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NMPEAVUCIIOBUE

MNepBuit NYGHEHCKHIt CEeMHMHap HacCTOsmME# cCepuu, OpraHH30BaHHLIA B
1969 roay, 6bin NocBslleH BEKTOPHHM ME30HaM W BKt0Mal 3HauyvTellbHOE 4YHUCNOo
AoKnanos, Colepkaiux MONMHTKH CO3NAaHHA TEOPHH KAaJHGPOBOUHLIX IIONEH: BOnpo-
CH KHaHTOBaHud mojieft AHra-Munnca, MX reoMeTpHYECKOH HHTepnpeTauuu, Ho-
NHTKH BeHOMEHOMOTHHECKHX NPHMEHEHHA 3THX TEOPHHA U ONHCAHHA 3KCIEDPHMEH-
ToB, JTO GHIIO MepBoe KpYNHoe COBemaHHe, NMOCBAMEHHOE lHHE TJIaBHOMY Ha-
NpaBeHU0 TeOPeTHYECKON $H3IMKH 3JIeMEHTapHHX YacTHU. CpeH e€ro y4YacTHH-
xoB 6uu H.H.Borome6os, Ox.Bbépken, B.3ymnuo, M.A.Mapkos, C.Twuur,
J.[.banneer u Opyrve yuyeHbe, CnejaBline O0CHOBOMONAarawumuit BKNan B 3Ty 06-
nacTu. MNocnenywmHde ceMHHaph 3ToN CEPUHM GbTH nocBAmeHH GH3HKE CHIBHHX
B3aHMONEACTHHI, MHOXECTBEHHNM NMpoueccam, GH3IUKe DPEeNSTHBMCTCKMX ANep, T.e.
BOMPOCAaM, Kak TOrAa Ka3aloCh, AOBO/ILHO AANEKKMM OT Npc6JIEeMaTHKH NepBoro
ceMHHapa.

Hauunas co BTOPOW MONOBHHH CEMHAECATHX FONOB, TEOPHS KaNIHGPOBOHHHX
nofei cCTalla OKA3WBATL NOAABJsSKMEe BIHAHNHE Ha GH3HKY GYHOaMEeHTanbHHX B3a-
UMOOEACTBMI, H 3TO, eCTCCTBEHHO, CKa3afloCb Ha NPOOGAeMaTHKE CEMHHapoH.
KHaHTOBaR XpPOMOAMHAMHKAa KaK TEOPHS CWIbHHX B3aMMONEHCTBHII, OCHOBaHHas
HQ MepBHX NPHHUHNAX, H BOIMOXHOCTE €€ 3IKCMEPHMEHTAa/IbHOM NpOBEPKH CTanH
rNapHbLMH NYHKTaMy fnporpamm MocCleHUX CeMHUHapoB. TpaaHIHOHHO OoGCYXJaBmH-
ecs Ha CeMHHMapax Npo6lieMh PeNATHBHCTCKOM AAepHOW $U3NKH, MHOKECTBeHHHe
NPOLECCH, HAOyWHe NMPH CTONKHOBEHHWH RUPO-AAPO M YaCTHUA-AAPO, MPHOGPENH
HOBOC 3HaueHHe, OTKpHTHE B Hayalle CEMHAECATHX [OAOB KYMYJIRTHBHoe obpa-
30BaHWe ME30HOB, 3aKOHOMEPHOCTH npefenbHOM (parMeHTalHW sOep W 3aKORO-
MEPHOCTH fA0EepPHHX PeaKUHH C GOJILUMMH NepefavyaMH HMNynbca COCTaBHAH TNaB-
HOe HanpaBjieHHe HCclenoBaHu#t HAa NyGHeHCKOM CHHXPODA30TPOHE M HAWH HHTE-

pecHyl HHTEpNnpeTauHlw Ha A3IHKe KBaHTOBOH XPOMOOHWHaMHKH. [IOJIYMHIO 3HAYH-

TeNbHOe PajlBHTHE NOHATHE KBapK-NAPTOHHHX CTPYKTYPHHX QYHKUMA Anep.

Ha VI cemuuape oGCyxmanacCb HOPMHDOBaHHas Ha A /aTOMHHA Bec/ 3aBHCH-
MOCTb OT A CTPYKTYPHHX yHKIHH, NonyuHBWwasa no3nHee HasBawue EMC-sddexkra.
Ha ToM xe ceMHHape BrnepBne GHIH NONOXEHH PEIYNbTATH 3IKCNEPHMEHTOB MO
iTYGOKOHEYRPYTOMY PacCesiHMI MIOOHOB Ha fAPaX B KYMYJNATHBHOH 06nacTH, nae-
wHe yGeAMTeNbHHE OCHOBAHHA 33KJOMEHHWAM O CBOACTBAaX KBaPK-NAapPTOHHHX CTPYK-
TYPHHX GYHKUMA, cOeldaHHHX Ha OCHOBE H3YYEHHS NMpenenbHOH dparMeHTauHH
anep. Ha VI] ceMunape CBOACTBA KBapK-NMapTOHHBX CTPYKTYPHHX $YHKUHA sAnep
0Ka3alHCh B UEHTPe BHHMaHHA, H 3TOW NpobneMe GLUIO NOCBANEHO HECKONbKO
3acenaHpi, 3aMeTHoe MECTO 3aHHMaeT B MporpaMMe MOCJNEeNHHX CeMHHapoR deno-
MEHONOMHYECKOE OMHCAHHE XPOMOIAHHAMWKH GOJbWHX PACCTOANHA /MewKkH, CTDYHH,
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MYNLTHKBADKOBHE CHCTEMB, CKPWTHI UBET, KBApK-IJIIOOHHAs Ifa3Ma WM T.d./.
BypHoc pa3BHTHe B 110CJIQIHEC roab noiyuynna npoélieMa yueTa UBETOBMX CTC-
nened choboAW B siapax, W eil yke NauHHawT HOCBAWATbL CneuualibHeie CobBena-
HUA, H3yuesHe BANSHHA LBCTOBMX CTereHew CBofodbi Ha CROAICTBA RAep M Hlep-
HOX PEaKUHI, HECOMNENHO, COCTABAACT IIaBHYK TNEPCNEKTHBY OyHIaMeHTalbHbX
dccnenoBaHnii B sncpHoit dH3dHke, Ocobblii HHTepeC HHIWBAWT MYNbTHXKBapPKOBHC
BIAHMOIEACTBHA H CHCTEMM C HOCTAHAAPTHHM YHCIOM BANEHTHHX KBapkos, oco-
6€HHO IMGADPHOHW, MYNbTHKBapKobbe KOHDHCYPAUHWH B AOPAaX, CHCTEMW CO CKPH-
THM UBETOM H T.M. Bce 3TH npobnemsl HawlM OTPaXeyiue B npeajaraemodt lpo-
rpamme.

Ja uctexune nocwe VIl ceMHnapa aBa roxda ¢H3HKa PEeNSTHMBHCTCKWX saep
NONYYHIA CYWECTBEHHOE Pa3BHTHE: Haualu NeRCTBOBATL NYYKH SOEP C 3HCPIHER
200 A T3B M Howbic KPYNHWe OeTeKTOopHW. B HCCnefoBaHHE [NPOHECCOH MHOXECT-
BEHROI'O POXICHHA HACTHIU B DEeNATHBHCTCKHX SIAEPHbBIX CTOJIKHOBEHHRX H TlpoblieM
XPOMOINAa3Mbl HKMOYHIHCH NeCATKH GoJbWMx konnaGopauli. B 3ToR CBA3H COOT-
BETCTHYRMMC pa3jdens iiporpamMve [X ceMMHapa 3HAauHTeNnbHO pacmMpenbi, Yncno
PaboT, MOCHAUCHHRX H3YUEHUHW ACKHMITOTHYECKNX aBTOMOAENbLHHX CBOHCTE CHIb-
HO BO3BYKAEHHOIl MaTepuH,pacTeT CTONb BHCTPO, UTO OCHETHTbL ITY TeMmMy C jo-
CTAaTOYHOM IONHOTOi! B paMkKax HacTOsMero CeMHHapa OKa3alloCcb HEBO3MOKHEIM,
Tem He MeHee, OPIrKOMHMTET HageeTCs, YTO HAaHGONEE CYWECTBCHHHE pe3ynbTaThi
M nonxonw nporpamva [X cemMMRapa oXBaTWBaeT, W YYaCTHMKOB OKHIAwWT HHTE-
pecHeiillve AUCKYCCHM NO HauboJjiee aKTyajibHbM npofneMaM GM3IUKM CHIbLHBX B3a-

WMOIEHCTBHIA,

Npeacenatens OprxomuTeTa
AM, Bangue
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Department of Physics, Unlversity of Tokyo, Takyo, Japan

leter Kroll

Depariment of Physlcs, Unjversity of Wuppertal, FRG

(Presented by Keijl 1gi)

1. Introduction

What 1 would llke to talk about today is hased on the work f13 {n collaboration
with Professor Peter Kroll., This collaburation started al CERN tast fall.

In 1987, the UA4 coilaboration has measured the ratio DP'-, of real to {maglnary
part of the pp forward scattering amplitude at 546 GeV centre-of-mass energy (21.
Their resuli p - = D.24 ¢ D.'D4 15 surprisingly large. Normally onc would expect pP};
to Ile between 0.11 and 8.15 [3] from the dispersion approach depending on what one
assumes for the asymrflotlc behaviour of LI

This rcsult has already produced a lot of speculations.

(i) The first speculatlon has been done by Bernard, Gauron and Nicolescu (4]
who have pointed out that this might be due to the 50-called “odderon” £5], The
price you have 1o pay for accepting Lhis explanation t5 that UPI-) and upp cross at
some encrgy leading to "pp > % at very high energies, This consequence {s
unavoidable o5 has beenr dertved by Fischer [§} for a large class of odderon-type
awpl ttudes.

(11) The second speculation 1s due to Leader {7] and Martin {33 who have
pointed .t that an unexpected large rise of the crossing-even part of the total

cross-section above the energy of the CERN colllider may cure the above disease, You
could check this speculatton at the Fermilab Tevatron.



THieY The third speculalion bs due to Bourrely, Soffer and Wu(81. They clalm
Ut the el metbod  of anatyzing the Coulomb interference data bases on a very
simple paramctrization of the milear applitude, f.c. the t dependences for the real
and  imaginary parts of the amplitudes are assumed to be the same. This may lead to
incorrect results for P~ . There has been many hot controverstes,

So 1 would Iike to talk about how to test the crossing-odd part of high-cnergy
total cross secttons @i several models (including ibe odderon) using sum rules from
a new sland point.

A long Uime agyo. the so-called P sum rule had been proposed to test the J-
planc 5ingularities with vacuum quantum number, and P'(f) Regge trajectory had been
discovered [91. Let us follow this ldea to the crossing-odd amplitude but in a

somewhat modern way.
2. Sum Rules for Crossing-0dd Amplitude

Firstly, let us define the crussing-odd {spin averaged) forward amplitude for
pp and pp Scattering:

(-1 _ 1l -
Fite) = 2 (FP};(M - l"pp(u)l. 2.n

where w |5 the laboratory eneray.
Suppose we start from an unsubtracted dispersion relation such as

- T o 8] By
ReF'wy = £ deu o), gells leu Eted 2.2)

where €, 15 a contour along the large circle in the upper-half complex @ plane.
Def ining

lu') 12.3)

and putting u to be a nuclcon mass m.
we obtain

( .
Ref' T < £ [ qur 1850 | gy (2.4}

n N @ w'-m

As was already pointed out by Lam and Truong (10]. one can always write an
unsubtracted dispersion relation provided that the high-energy behaviour of the
amplltude is known 50 that he contribution of the large semicircle Cl can be taken
into account, It 15 straightforward to shuw that the Integration over the
semicircle < is equivalent to the integration from -= to -N and N to @ along the

10




real axis If the dispersion integral converges. It is very important to emphasize
that an unsubtracted dispersion relation holds even If the dlspersion integrai at
high energies diverges as mentioned above.

Using the crossing symmetry

{~)n (-}

F (~uw) = =F" “(w), 2.5

we can rewrite eq.(2.4) as

(3 L1 2 T A PR
ReF" "(m) = &8 T-vi7am (g /dn) + "PJu(Zu) w-n? lanp(ub
v, =)
. PJN R LA
n
+ Relim) . {2.6)

Here m(uw) i5 the nucleon (pion) mass, w(2u} = -m+2u?/m s the tip of the unphysical
part of the Pp cut and N is the highest emergy at which IaF'™’ is avallable from
experiment. Assualng F'")(w) to approach .. the maximal odderon term £4]

Foqq(¥) = culn? ( -t :’—a s 2.0
for large w, we evaluate eq.(2.3) at w=m as

1n2(~1%)
odd o

I (m)=mI dw

nl u-p
B

- N, 12
-cn[ln?("n) |2l

= Rei®(m) (2.8)
The left-hand side ILHS) of eq.(2.6) can be evaluated from the pp scattering length
as well as pp scattering length obtained from measurements of the shift and width of
the 1s lavel of antiprotonic hydrogen [11). The first three terms of right-hand
side (RHS) of €2.6) are read|ly calculated by the plon pole, the unphysical part and
the total cross-section data for pp and Pp scattering measured up to N. The last
term Rel(m) 1s obtained by eq.(2.8) for ihe odderon.

Thls corresponds to our previous sum rule, and the experimental test has shown
that the last term of the RHS IS too tiny to detect any odderon term [12], We can

11
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then ask ourselves [{ there Is any method to detect high-energy behaviours such as
odderon. We would llke to propose to use the sum rule, eq.(2,2) at other energies
than w=m. Let us take, for example, w values In the ISR energy region since these
are the highest energies at which ReF(')(u) is avallable from experiments, Far the
purpose of a numerical evaluation. a more suitable form of eq.(2.2) is:

InF -(w')
(=) ur 2 " w
.ReF" "(w) = -~ ==y (g_/4n) T —T + w* T )
8n " wi-u, LIPS v'-u
(=),
12¥ PIN do WOE_W0) peppy 2.9
n n W i-w
A

Here I¢w) {s the Integration over the semicircle as given by eq.(2.3} and LR R
u2
2

3. Results of the Sum Rule Calculatton

It Is the first time that this unsubtracted dispersion relation (2.9) s
uttllzed for detecting high-energy behaviours including odderons. We believe that
the use of (2,9) at the ISR energy region s very powerful since the LHS 13

sensitive to the high-energy hehaviours.
The LHS 1Is known from experimenis for certain values of v at the [SR energy

reglons (see the Figure). The first ti-ve terms on the RHS can also be computed as in
our previous work [121. The last intcgral on the RHS has to be elther saturated by
the odderon and‘or by standard Regge exchange.

Evaluation of the Jast intesral I(w) on the RHS

Let us evaluate [(«) when F(') approaches_ to the maximal odderon terms given by
eq.(2.7). Using the expansion —ri~=Li¢ oy €y | for wi<e’, we obtain

v-w w w'? " wd
from (2.3) and (2.7),

odd .\ _ 0,1 _C T
R CHER M I B

me0
with 10t = Ic de o In2 (- 1w/, 3.1
1

-
Hence Rel®w) = & [ & 1 D1wy . a.2

=0
Since l:(wl Is real for m=0.2.4...., we have contibutions to (3.2) only from
m=1,3,5..... as

13



Rel?n(u) = cw [1n? Nrw, - n2/12]

. w.m 1 .
+ 2N [ L R lin bwy - 7521 3.9
W=3,5,.. |
when F'™0 + w1 = v ® € i+ tan Lo (3.4)
< 2!1? .
for large w, we have
Ry . ¥ .. s.m R
M) = Msmm‘l ) lm(w)
n=0
with 11w j dor w ™ LRy Ry 13.5)
o
1
Similarly as before. we can obtaln
Ry - - 2t R w om
RelMw) = - =Ly L (= (3.61
" mel,3,.. 0 RP

Now, we are going to evaluate the various terms appearing in eq.(2,9). Here we

have the following remarks.
-1 )

_ (- (-1
(1) Data pojuts [or @ = ReFe)(p / lrnl"exp were obtalned via [13)

0~
(=) P
= (g~ ~p ) +n . 3.7
PP PP Upp opp PP

o

f11) ppole_term 1s computed using q: /4n = 14,28 ¢ 0.20 [143.
{111} Unphysical cut [UPCt s calculated with the same Input as ref.12.
Contrary t{o the case of the sum rule (w=m) this contributfon is unimportant at high

energles.

(1v) Physical part of dispersion Integral. the 3rd term on the RHS of eq.(2.9).

For technlcal reasons (principal value) 1t Is necessary to take for N a value a bit
larger than the higshest energy for which the integral is to be evaluated. We take
N=2500 GeV is order to be able to evaluate the dispersion relation at 2064 GevV.

Nuserical results

Me can now compare the theoretical evaluation of ReFl'l(-l at high encrgtes
with the bxperimental values. For graphical purposes. we show ReF(' (')”'Fl‘ie;qe["
for data polnts as well ag theoretical curves.
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We computed the contribution from the semicircle for the followlng examples of
asymptot ic behaviours:
at Regge: 1oF' twizw = 53067098 Gevl |
(This gives good f1t of ad'~’ data down to 5 GeV. For Regge asymptotics.
this corresponds to a standard dispersion analysis.)
b) Reggcrconst: taf'™tw) 15 the same as before.
¢ extreme odderon: 1nF'™ ' (wa/w = -0.0508A1nw/3000.
{This links smoothly to data in the ISR region.)
d) Regsesoaderon: 1aE' ™ (wizu = 3.07w 0+58-0. 025010 w/t800.
(Thls fits data tn thé 1SR region.)
e) Reggetodderontconst: lnF(')lui Is the same as before.
These examples are not to be understood as best fits to the Rer”’ data. They
are chosen such to 1link as smoothly as possible to the aa'”? data and compromise

betueen the n,; data point at vs = 540 GeV and the ReF'”) data polnts. Results are
shawn in the table and figure, For comparison, we shall also plot the value of
ReF(-)("')/I"FRegge In the ISR energy reglon as a consequence of the parametrization

of Ref.{dl(see the Figure).

Table. %2/data points for the various examples of asymptotic behaviours and npp- B

ao =05 - at 5 = 540 GeV the crossing symmetric amplitude is taken from
ref.[4)). The results of ref.[4) are shown for comparison.

%2
/data point P_-(540GeV) Aﬂ{iepGeVl

Dispersion 1.32 E— _—
relations
Regge 0.76 6.153 0.05

+ t. 1,83 0.159 0.05
extreme 2.2 0.215 -6.16
odderon
Bodagsn 1.94 0.192 -3.4
Regec+odderon 1.8t 0.203 -3.4°
sconst
Bernard et al. 11, 7% 0.205 -3.41
tref.[4])

*  known parts of unsubtracted dispersion relatlons lntegrat'ed up to
N=2500 GeV.
#x without data point at 2064Gev: x? = 2.2.
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Discusalons

As Is easily secn from Fig.1, we have checked the validity of the unsubtracted
dispersian relatlon which Indeed Is beautifully consistent with Regge asympototics.
This case does not give. however, such A large value for o - = 0.24 t 0.04 as
measured by Un4 [21 at 540 GeV. Other asymptotic hehaviours such as the odderon or
a real constant or combinatians are not ruled out completely but the strength of
lhese terms has lo be small. If you want to explain the 0p5 at 540GeV with such
=)

terms. you could do jt at the expensc of a bad fit of the ReF' '(w) data in the 1SR

eneryy regions.
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HAMILTONIAN ETGENSTATES OF HADRONS IN LIGHT FRONT QCD
INCLUDING VACUUM CORDENSATES

St.Glazek

Warsaw UniversiLy, Poland and Regensburg University, BRD

Inyroductii
Hadrons can be viewed as composites built of quarks and gluons, whose
interactions are governed by QCD. At high energies and short distances

one can usc QCD perturbatiun theory and one obtains a parton-like pic- <
ture of hadrcnjc structure. To give the parton distributions a precise

mcaning as distriburions of constituents particles one can use a light

/'/. The FccCk stete

wwl-

frunt Fcck state decomposition of hadronic states
wave functions provide the link between hadronic phenomena and the
our dynamics. These wfs must satisfy the eigenvalue equation of the QCD
Hamilturnian expressed in terms of quark and gluon quantum fields. One
is naturally led to the light front QCD Hamiltonian-eigenvalue problem.
However, at low energies and large distances, the eigyenvalue equaticn
becomes appallingly complicated. It remains a puzzle how the experimen-
tal picture of hadrons may emerge as a solution. Attempts to find the
solutxon/2'3/du not yee include some essential nonperturbative features,
e.g. chiral symmetry breaking or gliuon condensation. The standard light
front guantization uxcludes non-zero expectation values of normal order-
vd operators i the physical vacuum. Un the other hand exactly these
nunperturbative vacuum properties appear tc govern the structure of the
hadrcnic spectrum. In particular the QCD sum rules/A/suCcessfully cor-

relate many pruperties of hadrons with the quark and gluon condensates.

The nuestion arises, where is the vacuum structure hidden in the light

front eigenvalue problem? How dc the vacuum condensates influence the

ei1genvalues and wave functions? This 1s the subject of my talk. I can
not give the ccmplete answer or prove the existence of the condensates, N
nevertheless, if the condensates ex:ist, they may lead to a simple ef-

fective picture of hadrons built out of interacting quarks and gluons

in the physlical vacuum.

QCD Hamiltonian on the light fronL/S/

One derives from the QCD Lagrangian the canonical light front Hamilton

ian. The equaticnsof motion are used tc express the Hamiltontian by the

independent parts of the quark and gluon fields in the gauge AD. The
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Gorpodent fuelds aee fhen decmpesed into plane waves, egpi{3e 2 1o BN
At the anitval "time” «¥=0 . The Fourier covfficients a(@ﬁﬁ are anni
Lrlittien . vreatton spefators of bare ;artans. The partons have Lime-~
Tike four-mumenta and thertfarve k‘)O . The theoury needs to be regular-
toe doand this o ou catothe region Weld , whare § is a parameter which
H oull eventuaily go to Zero. The vacuum canno® vontain Lare guanta
wivh k'8, Lecause tnen 1t would not be invariant uncer translations

sl g the light Froest, He 2 the annihilation coperators of bure partons

with W& annibilate the vaeunum and ell parmal-ordered products aof bate
T full nave 2aro vacuum expeoctarion values. If there are vondensates in
fne the oy, they must come from the rogion K&, ( sec also’ 1°7).
Encluding condensates meaas writing the quark and gluon fields in the

torn ¥=de and A=Ava , wheredand A are the usual light froat
tietds, while® and & are supposed to detect the vausuum structure aun:l

+
otitain wnly tne modes K< .

The Hamultonian is them o tunctional of four fields H({,A,@,a) , wiere
4 oud A cxcite bare paxtons with lengitudinal momenta out of the wee

. 7
regron, Fields W anidl & represent the universal vacuum wee partons /.

Following QCD sum rules wne can find out how to write down the fields
© and @& in pusition space in the gauge a¥=d . ror example, to include
the gluon condensate it is sufficlent to use a®=infe¥egi6™+q36%] .
where 6™ is the gluon field tensor at %=0 . Other forms, including
K*~1ndependent ones, are possible thanks to the gauge choice freedom.
Going to momentum space one obtains finally the light front QCD Hamil-
tonian including fields which detect the vacuum condensates.

Old-fashioned vacuum pclarizaticnls/

How does one know that® and o may describe quark and gluon condensa-
tes? I calculated a short distance expansion of the vacuum polarization
induced by the current :Jyt:(xt)= up(i%ﬂﬂ):ﬁ'{:(n.o) exp(~i3Hx)
according to the old fashioned canonical rules. Terms independent of

the background fields® and & result in the perturbative expansion.
There are also terms containing bilinear products p-i} G—‘&VIQ> or
<Qlﬂblsl> . The resulting coefficients of <ﬂ|%6"" G,.‘..l.ﬂ.> and
‘M<Jllﬁu|.ﬂ.> coincide with the corresponding coefficients in the sum
rules for charmonium.

I conclude that operators@ and A detect the vacuum structure which
is the corner stone of QCD sum rules.

The next step is to search for the eigenstates of H(*Ih‘lolﬂo . “hey
should be hadrons with masses as predicted by the sum rules, if one
takes the same values for the condensates. In this way one has a chance
to find the dynamical structure behind the remarkable quark-hadron du-

ality observed in the sum rules.
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7/

Quark pairs in the gluon condensate
The QCD Hamlltonlan.“(+|ﬁ|w‘qo is rather complicated, and it 1is
reasonable to make simplification .o understand the roles of different

terms. I start with massive quarks, put >0 and neglect the gluon ra-
diation; A20 . Then the Hamiltonian in the Qﬁ sector simplifies to
Heficdie e 504 + 240 Ty oy dhred ) .
where the first term represents the quark kinetic energy term in the
gluon background, with r-(iﬂ:'-gof.)m‘i-pm . and tne second term
is the Coulomb-like potential. The gluon background fleld operator @
depends explicitly on !“, and this violates translation invariance,
Fortunately,H is 1lnvariant under gauge transformations which change x
by an arbitrary value xF . Therfore one has to use the corresponding ga-
uge invariant basis for 96 pairs to obtain the translation invariant
spectrumn for eigenstates QEH projected on the Qﬁ sector. This is a-
chieved by connecting a bare quark to a bare antiguark by the exponent-
ial string-like Factor, formed with the background gperator & ., One
then divides + into W4V , where W annihilates hare quarks and ¥ cre-
ates bare antiquarks. Thus QE pair basis states are of the form
l"')'—‘ut T(‘Z) LA ‘51> uhereT(ﬂ) denotes the string connecting points 4 and
2. The Q@ e:qenstate,lﬂ> is described by a wave function ¢u through,
M> = t‘n '{’ui“-> . The projected eigenvalue problem becomes <41]Hlﬂ>=
= M~<A2{M> . The CM motion decouples From the internal dynamics and
the eigenvalue is the QQ state mass squared M In momentum space the
internal wf which solves this eigenvaluf proflem factorizes into “-
= Y0 E(W*), where X:l:‘/H and l."-(l-:)k‘-xlq . Gluon radiation has
been neglected so 1 only consider zero internal angular momentum pro-
jection on 2z axis, L{O. For massive quarks, the equations for § and £

become

(% m*- w“) () = o £QeY
ATk gy - % §4 gt g0 = My,

x(d-x)
where ’u‘: (%)’.ﬁ‘ <.ﬂ.l%G’NL G,\y‘ l.ﬂ.) . The harmonic relative trans-
verse motion is thus confined to a separation of about 1| Em. The long-
itudinal equation coincides with the mesonic eigenvalue equation for
1+1 dimensional QCD in the large Nc lelt/B/. The mass Spectrum is dis-
crete thanks to the linear one dimensional Coulomb potential along the
light front direction and the transverse harmonic force originating
from the gluon condensate. The coupling constant szr can now be flxed
from the J/+ mass for a standard value WMaw ILB6eY, Then, followlng/B/,

= . 2 2 ar3 Ay
the 00 mass spectrum is roughly M- ?['ﬂl‘ + 4» (1 + M en )]‘

19



where w* and A' denote quantum numbers of the transverse and longitudi-
nal motion. I observe that for w0 a parameter fl'}u--SOOHI.V replaces
the constituent quark mass of non-relativistic quark model. For in‘id
Lheg meson mass would be !*'!?l’,k‘ﬂﬁt\’which is only 10& too large.

This QQ model cannot describe a pion, because the quark condensate is
neglected. I may speculate that for some Qﬁ pair quantum pnumbers the
quark condensate is able to compensate the e¢ffective mass following
from the binding by the gluon condensate and that the pion mass is
much smaller than m! . Note that for A0 the bound state mass 15H=O.
The treatment of up and down quark massgses as perturbatlons could find
a support in this plcture/g/.

Quite unexpectedly there is achanrce to obtain another feature of the
spectrum. If l‘-L'O would effectively be put into formula for M? by
a naive addltion to m* as is the case in a harmonic oscillator, then
one would obtain the relation, H‘- ?.W‘M‘L*"G‘VI'L r 1.e. a Regge tra
jectory corresponding to the well-known string tension =~ a(:a‘vf
Let me also mention that similar equations can be dartived for the [e]ele]

sector for baryon-like states and the gg sector for gluonium-like state

QE pairs and gluon radiation
I now proceed to the inclusion of ‘h‘&) sector in the eigenvalue prob-
lem for W ., which in the space h‘)"“%) reduces to Sdfd‘l("l(".l‘) .

where . . R S -
A= Pepep s T dREA ¢ #1@Eu & - FRINANAN] +

14 a& é‘ WA
Now §'=x (l‘d‘— %A‘) °'-L+P'"\ ¢ includes the coupling to the standard bare

transverse gluonic Eield,A‘ . l‘d‘.- l‘r-aﬂt" ' Q‘ is a colour charge
density for bare quarks and gluons. The basis states for thelq‘* sec~
tor are constructed through |02 w u.:T(w) i?'ﬂ: T(o2) vy | S2> .
An elqensta:elﬂ> of H projected onto the h‘) [ 2 l,f&> space is
described by two wfs, lll)- #l’. \l'¢‘41> + g”,_ +‘.‘ l407.> . The eigen-
value problem gives H--(H‘ﬁ"ﬂ)hfund the mass, M% , can be found from
two coupled equations, which are represented graphically as follows

@ s o W C o Gy = O O
e EE X2

| ERLECS




where Anv denotes a bare gluon, ~ha is the Coulomb potential and

the black spots with emanating dashed lines are the quark or gluon en-
ergies. A plack dot for a parton f is equal to L(#&n +V, + condensaze
term) + radiative self~energy correction E In th;s notation, the QQ

eigenvalue equation of the previous Sectxun is

T T )R - B

wkere the self-energy Z;is not included in the black spots,

New features appear in the [402) sector. The quark and antiquark are
harmonically attracted to the gluon, with the same strength as the
quark-antiquark attraction in the MZ) sector. The condensate term in
the black dot on a gluon ligf is . el

. Aaeia)ep (- ) ] '
wilere Xy (X5 and xp are the quark, gluon and antiquark transverse posi-
tions, respectively, and for SU(3) onc has, % =4~Cafdcy = Va6 , and
P“‘A/c, =9/4 . The gluon obtains a mass-like term which grows with
the relative distance between quark and antigquark relatively slowly,
but rises very rapidly with the relative distance between the gluon
and the Qa centre. From comparison with the Qé sector one could express
this result as saying that the gluon constituent mass is about 500-600
MeV, in agreement with other estimates/lo/.

At short transverse distances the condensate terms disappear and this
coupled set of equations leads to the one gluon exchange potential. At
large transverse distances the transverse dynamics can be solved ana-
lytically. The remaining coupled integral eguations in the longitudinal
variables, 04{%,{x; 44 are not yet solved.

Nonrelativistic analogy/ll/

The relativistic light front dynamics including the gluon condensate
looks in two transverse directions like a nonrelativistic one, generat
ed py a Hamiltonian of the type : \‘F:.‘.-' (l""'—gu" l‘l’: and in the longi-
tudinal dynamics effective constituent masses can be defined. This ob-

servation suggests that we could consider a nonrelativistic model, with

the Hamiltonlan s S -3" .
h itont H-&dl~‘|’["hﬂ -r%]*

It can be diagonalized in the lqi> and (qg{) sectors using basis
states which contain string factors in analogy to the light front
scheme. The CM motion can be separated and the gluon condensate leads
to a harmonic quark confinement of the sort commonly used in non-rela-
tivistic models for light hadrons. With m,,.d.-saon.v :heg § split-
ting is perfectly reproduced for the standard value q (dé0 MV)‘

of the gluon condensate. The oscillator constants in mesons and baryons
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are uniquely rela:ed,u..-’f!’/s-‘_‘,, U.-Jr; Wy which glves ubs32|rﬁv
while the ground state baryon Spectrum and radil in the old Karl-Isgur
model are fitted by Yg= 320 MeV |, For exotic states qgqaq the correspond-
ing aquation is known but not yet solved,

For heavy guarkonia the harmonic force can be neglected in comparison
to the effects of gluon radiation. One can introduce other terms of the
Foldy-Weouthuysen expression for nonrelativlstxc quark Hamiltonian. They
lead to spin~dependent potentials containing Lﬁ ¢2upling and -Ji
terms. Unfortunately, the negative expectation value <] Ez]5§> ‘ZF the
®@lour electric fleld requires negative norm states and we have not
reached a satisfactory interpretation of the formalism, although {t is
likely that the gluon electric field may result in a mass independent

linear potential between heavy quarks.

Conclusion

On the basis of the results obtalned so far I may conclude that the
light front QCD Hamiltonian including the gluon condensate may be a
good candidate to describe many properties of hadrons in agreement with
their observed properties. Hadrons are defined as the eigenstates of
the Hamiltonian. The solutions can be successively approximated by en-
larging the number of bare duanta created in the physical vacuum with
the gluon condensate. The light front dynamics lets us split the hadron-
ic constituents and the vacuum background - a property not found in
other dynamics. There is a reason why the procedure may converge - the
bare partons created in the physical vacuum interact with the canden-
sate and obtain effective masses. It is too early to say if the effect-
ive coupling constant stabilizes at sufficiently small values not to
destroy the intuitive picture obtained in the lowesat Fock sectors.

According to this picture one can think of hadrons as small sets of
bare quanta in the physlical vacuum. The quanta interact with the vacuum
because they carry colour charges, and obtaln effective properties cer-
responding to the observed quark model systematics of hadrons. Finding
the light front wave functions offers a posslbllity of calculating many
hadronic properties.

The most intriguing question is how asymptotic freedom manifests it-
self in the Fock space bullt on the vacuum with the gluon condensace?
There ig a problem of a consistent inclusion of both the gluon aad
quark condensates. This is related to the chiral symmetry break:iny me-
chazisx which is no¢ known in QCD. The renormalization of the bouni
state eguations 15 1ot ja2asrally dafined and netter understaniing o€

vhe .acaum fields Operactotrs must foliow.
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A NEW AFPROACH TO QCD (GLUON SECTOR)

A.A,Bogoljubskaja, Yu.,L,Kalinovsky, W.Kallies, V,N.Pervushin

Joint Institute for Nuclear Research, Dubna

Nowadays, the difficulties to describe the low-ensrgy hadron
physics by QCD are ussociated with the large value of the strong
coupling constant and the instability of the psrturbative vacuum.

These difficulties aere tried to be resolved within quantization
methods developed for the construction of the: S-matriz with elemen-
tary particles as ssymptotical states (by using Direc®s method where
all components are invoked aa physical,for exampls),

We would like to smphasize that the hadron physice needa neces-
sarily for their description bound states as asymptotical states and
a corresponding S-matrix.RBven in QED the principles used for the
conatruction of an S-matrix of that sort differ from Directs. These
prinoiples are the "minimal" quantizeation hased on the explicit solu-
tion of the Geues equation, i.e. the equation for the time component
of the gauge field ( A, = ?-A ; /g‘r! ), and the choice of the exiu
of quantization (l? ) parallzl to the vector of differentiatign
with respect to the total coordinate of the bound mtate

“Minimal" quantisation scheme means that we shall quantize only
the dynsmical degrees of freedom of the initial theory., Thia minimal
set of the physical variables 1s given by projecting the gauge inva-
riant quantities (& , ‘J;,e ) into the set of the solutions of the
Gsuss equation, whioch reduces the configuretion apace. In this app-
roach the Belinfante tansor ‘J;,, appears as a naturel gauge-inva-
riant tensor in the reduced configuration spsce.

In that "minimal"™ quantization (unlike the Dirac's one) the
concepts of gatge invariance snd relativistic covariancs hava to be
changed, too 1, .

The requirement of gauge invarience is imposed not on the mat-
rix elements but streightforwerd on the physical quantities. The
usual Lorents transformations of the initial fislds correspond Just
to the Heisenberg-Pauli ones 73 of the physical varisbles undor~
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lying an additional gauge rotation, For more detalls ses, please,
refs. 4

We restrict ourselves in this contribution only to these very
brief comments and some notee about physical consequences of the
approach.

The application of the "minimal"™ quantization method to QCD
(let us call this model, inspired by the quantum chromodynamics,
QCD¢p, y) leada to the topological degeneration of the color 8tutes
and to the mechanism of confinement as the destructure interference
of the phase factors connected with this degeneration 4 « Another
consequence is the increasin7 potentinl betwesn the sum of quark-
and gluon-color currents /8 « Note that QCD(m) is de facto the
relativietic 7enemlization of the potentisl model of hadron inte-
ractions /7,8 , 1f one neglects the radistive corrections coming
from the transversal fields.

To give arguments that one can really neglect these corrections
is the main aim of our contribution.

Let us atart with the following action

S =f Sandy L Vix-9)]@,
where (Z, - ;a (quarks) + ], (gluona)
and B
Vir)=- 2"+ Vorf

Here ols , \{ are fres paramstera. From the spectroscopy of quar=-
konia ons has

oKy & 0.2 3 V= (234 NeV)3,

The behaviour of the potentials 79/ is similar at an intermediate-
~distance, but differs at short and larga distances (see Pig. 1).
One can show thet the details of the potsntial at short distances
may be important for e*e™ anninhilation of the ? and T » but the
results depend on the ¢ querk mass, So let us conmider the gluon
sector where one can hope to study the corrections due to the trans-
versal fields,

Ag we want to study only the gluon sector, it ie obviously
encugh to keep the gluon current ccntribution end a furthsr poseible
approximation is to work only with the oscillator part of the poten~
tial.
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The gluon Green function is given by

. - P 1 9
2, (,7)- S~ "FY_
3 CH 2 2, .
G -e(1g])- <t
Here w(fﬁ)) is the single-particle energy defined as the solution to
the following equation

H I4J;(§)> = co(191) [4gy (D> )

where H = H, +H;'t

Ho= 3 Clox [ (ER)+ (83°]
wt 3, [, ;& _ '
He™= 3 g‘a xd’y Jf-:)V(x YN 3
Vi) ‘g(::‘,ls V@™, V-t iy,
and EI“-(X) = ‘ddt_ A:m(x)

B:°0) = Euju 3 AW 1Y)

with



~i[RR - L(rIt] ([ ®3- fx)
9 = (2L e Twfal b ™ ol e

where

H; e:'(x)za’ e, (n)e,, (%) = 8en- ‘f'-

oL2l2,

>

P

” 7 stands for transversal components. After soms easy steps equa-
Py

tion (1) for wW(K) becomes ( M=K )

o - W dww 2
:9(«) - Vo 4 {[ x/w(.n] - ?‘}- )

To obtain the molution of (2) two numerical methods are uged: the
"mhooting” method /10/ and the Runge-Kutta-Gi11 method 711/, Both
give similar results (the solution is shown in Pig. 2).

1 - without spin effects
2-with  -~v- —e-

0 1 2 3

Pig. 2
In dimensionless variables { w(x)=(A/, V,,)L_.)Q:): X -(N,V.)ig ) the
esymptotic behaviour 1s the follcwlng

2

K40 =



Are in our modsl two gluon glueballs? This queation naturelly
arises when looking for the solution of (1), There are a lot of pre-
dictions seen from a non-exhaustive inspection of the literature of
another agiroachesz The bag model /12,,,16Q/GD sum 1.‘\!1135/1 3/, lattice

and quasipotential models ive an saverage "gluon
conltituont maas” of an order of 0.7 GeV 1 , but there are large
uncertainties, too.

Lot us censider two gluon glusballs with the zaroth totsl spin,

Using th: expreesion for the Hamiltonian (1) and the equation
for the two gluon glueballs

H [7,-f> = £ |%,-7>
IR Rl o ot @ a”‘(-a)\ o> - “
’ G h e 1)

ror $§=0 ( Z' 12 7>:‘=|2>) we can rewrite (4) in the form
Ve
2> = 2u)la> - i”’ - (d"’“’/ m)' - *26-]}‘2)(5)

The wave function can be written in a stendard form

12> = ¥(x) P(2,¢)-

For the function Y(x)= ¥ T{K) we obtain

TIL 4 [ p1- Vg (0] 90 =0

I

with the effective potential Vi (k) (ase Pig. 3)

-

2N e o wm e DV
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(K)--u(x)+——)+ M €=0,1,2,.

The eigenvalues were found numericelly by the "shooting" method /10/
too. The normalized wave functions are shown in Fig. 4; the eigen-
values,in Mg, 5
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Fig. 4

One can see thet the values for the glusball mass are in the
region expected by the other approaches =,

The behavicur of &2{x) in the gluon Green functicn eliminates
all infrered divergences and modifiss the asymptotical freedom for-
oula at small transfer momente. A rough estimation shows that the
coupling “"constant" o, (R') ie smaller than 0,2 in egresment with
the calculation made with the "gluon oonstiiuent mase™ of an order
of 0.7 GeV +» A more precise calculation has taken into account
the Coulomb part of the potentiml. Only after doing that and solving
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the spectromcopy problems for hedrons in the framework of our model
we can reéally anawer the question: is our approach a model or a
thecry to describe the hound-state physics.
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INTERACTION BETWEEN THE SKYRMIONS
LS POTENTIAL OF NUCLEAR FORCE AND POTENTIAL BETWEEN THE OCTET

T. Otoluji

Department of Physics, College of Education,
Akita University, Akita, 010, JAPAN

{ 1 Introduction

Backed with persuasive theoretical arguments, the Skyrme model/!/ has giver amazing phe-
nomenological success in Lhe general rlescnplmn of the haxyon slauc pwperhes/’/ and the nucleon-
nucleon (N N} interaction./*A/ There are, , some p logical failures of the
model: the size of the nucleon axial coupling constant and the absence of central allraclion in the
IV N interaction. The latter is too crucial that the model is nol yet considered seriously as a useful
model in nuclear physics.

A tecent hidden symmetry argument// shows that the model explicitly contains the isovectos-
meson degrees of freedom, 1t is then a natural question how well the Skyrme model describes parts of
the NN interaction which are generated by the vector mesons in the conventional meson cxchange
description.

On the other hand, hadron physics which includes a strangeness freedom  attracts cnes interest.
In SU(3) case, Lhe Wess-Zumino-Willen {WZW) term influences a baryon properties and is crucial
for the model/S7/ since the term gives a fermion properly Lo the classical soliton configuration of the
chiral field.

The object of this report is two-fold:

1. To investigate the spin-orbit interaction of the nuclear force in the SU(2) model./3#/ Tn nuclear
force, it is well known that the spin-orbit potential is important, By the meson exchange
picture, the LS potential is constructed by the light x, p, o, and w mesons. In the standard
Skyrme model, adiabatic potential well d the 7~ and p-meson exchange property.
HNowever, the attraction in the intermediate range which is related with the o-meson exchange
is missing. Is such potential featute conserved or changed ?

2. Toinvestigate Lthe adiabatic polential between the octet in the SU(3) model. The Skyrme model
kas an advantage Lhat Lhe systematic investigation of the baryon property and interaction is
possible. In the baryon physics, interesling problems are open yet. For example, interaction
between nucleon and hyperon is not clear, and that the H state exists or not is open./1%/

To tnlold the problems we use socalled product ansatz. The ansatz has been known to fead to an
ambiguous interaction in the contact region, since the baryon state deforms in the region. However,
the snsatz works well in the asymptotic region and gives the first insight of the resuits.

The organizalion of this report is as follows: In section 2, outlook of the formulation and some
remarks are given. In sections’ 3 and 4, the results of the LS interaction of nuclear force and the
interaction between the octect in the SU(3) model are shown. In section 5, concluding remarks are
gl\’tn.

§ 2 Outlack of the Formulation

The standard Skyrme Lagrangian is written as a sum of the kinetic energy, the quartic term,
chiral symmetry breaking term and Wess-Zumino-Witlen urm,l 1

L= fd‘r[t; + L4+ Lysnl+ Luzw (ta)
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!1
Ly=- JTr[L,.L“] (1)

Ly =33, ,“{[L.. LJ}, (19
2 Eys f = -2}, InSU(2) case
Lxsb =1'L'32—"—)1\{u +Ut-2)
+ ﬂ"j—"ﬂ}‘—)n(,\,(u +U'-2)}, inSU(3) case (1d)
Lwgw =N.T = S / dE T LyLuLyLoLa), (1e)
a

where L, = U'8,U denotes the left-handed current for a SU(2) matrix U, fx is the pion decay
constanl, and e is a parameter related to the vector-meson coupling constani. m,, m, and my
denote the masses of pion, ela~ and K mesons, respectively. For the iwo-baryon system the matrix
is expressed using the producl ansatz,

U(F, A, Az, R) = uz(r-— PRI R 4 (2a)
and
L R ., R - R .
U7+ 5,40 = MolF + 5)AL UnlF = 5, 42) = Aalo(7 ~ )AL, (26)

where Up(F) = exp(i¥ - #F(r)) is the commonly used SU(2) matrix for a single Sl(yrmlon with lhe

symmetric (hedgehog) ansatz, and F(r) obeys the usual boundary conditions for
one and compactification. In SU(S) case, SU(2)~valued chiral field & is assumed to be embedded
into SU(3) space. Ay and Az denotes the c i di which describe the spin and isospin

degrees of frecdom.

By substituting Eq. (2} into Eq. (1), the lagrangian can be grouped into two parts: One involving
each Skyrmion separately and the other involving both Skyrmions. The second group describes the
baryon interaction. Furthermore, the interaction should be classified by kinematics for the spin and
isospin degrees of Ireedom. This can be accomplished by using the adjoint representation D,-U'(A;A,)
= 'I}{r,-A}A;r,A;Al}/Z of the collective coordinates combined as A{A;; first index corresponds to
the spin for A; and the second one that for A;. In the SU(3) case the domain of D;; is effectively
restricted to the SU(2) as the SU(2) valued soliton configuration is assumed to be embedded to SU(3)
space. By this fact, the structure of the interaction in the SU(3) case is very similar to that in SU(2),
afthough the matrix element is slightly modified. Clearly, the interaction is given by the integral of
the left/right current made by the chiral field and the D;;. Since the order of the representation is
up to second order, by using the tensor decomposition/{/

1 1 1 1 1
Dii(A) Du(A) =5'5-'k5ﬂ - EﬁijDH(A) - gﬁuD-'j(A) + g0 Dxi(A) + 56 Di(A)
+ Higher order tensor terms (3)

interaction between the skyrmions including the SU(3) baryon are obtained.
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§ 3 LS Potential of NN Interaction

The LS potential emerges due to a coupling between the relative motion of the two Skyrmions
and their spins. K is thus necessary lo carry out simultaneous quantization for the relative motion
and the rolational motion, rather than the conventicnal quantization only for the latter. The LS
potential is made by the terms which are praportional to the relative velocity, & = dﬁ/dl. The other

ingredient is the spin operator J{A;) (i = 1,2) and defined by

MAi= %\7- J(a0, )

where ) is the moment of inertia satisfying the relation Ma ~ My = 3/(2)). The product of J(4;)
and 1;;(A;) completely determines the spin-isospin siructure of various potential terms through the
use of the formula

1
JiDj = — —la[Mqu =&l — 6,-51.‘]

i
+ ED"[%“Jj — 3858 - 35,'*.’.‘] 5

where [ 'is the isospin operator.

Before we proceed fusther, let us discuss how we treat a subile ambiguity that always arises
upon a collective quantization of a classical nonlinear Lagrangian. The ambiguity stems from the
indefinite ordering of operators and is often not negligible. We firsi carry out tensor decompositions
using Eq. (3), and then symmetrize for the iwo Skyrmions neglecting {chiral} symmetry breaking
terms.

The symmetry breaking term gives no contribution to the LS potential since the term does
not contain the time derivalive term. The kinetic enetgy term in Eq. (1) gives a potential term
expressed in terms of the zeroth components of the right— and left-hand currents of the first and
second Skyrmiona, respectively:

g g
They nte explicitly T'“(Ru Ly ). (6)

B =ufF+ %,A,w.,u,(n E.A.) = Al - aldy + 1)l -

RO =ufr- % ARl (7~ %A:) = MU A AsU — ALy - RV 2)A)

where Us = U(7 & /7). Note that te genetic form of the right-hand current is R, = U8,U".
Following the procedures, we find Eq. (6) yields

éf% / Prifi(A2) D(A1)(F x A

g 2N o) - 94 (100 ) ®

Here, l.'(AtzD,‘k(Al) gives a matrix element between baryon states of the first Skyrmion (5'), By)
as Ty - TySY{2A(B'1, By). A(B'y, By) is the reduced matrix element in the spin-isospin SU(2) x
SU(2) = SO(4) space with the values ~1/2 for (N, N'), 1/2 for {A, N) and (N, &), and —1/15 for
(A, A)JY 5 and T are the generalised spin and isospin matrices, respectively.
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The total LS potential is expressed as
Vis = L+ (81 + ST - T)v(R) + Vis(R)} (9)

where Vijy and Vs are the isovector and isoscalar parts, respectively. Vjy comes from both the
kinetic term and the quariic term, while Vjg coriies only [rom the quartic term. Actually the quartic
term contributions are divided into iwo groups: V,(J) aud V,(:’, one which is linear in D;; and the
other which involves products of more than one D;j, respectively. VI(\;) contributes more significantly
in outer regions (R 2 1fm) than I(V]' as will be seen in the figures. This behavior agrees with a
schematic view of various parts of the two-Skyrmion interaction in the asymptolic region: each D;;
corresponds to an exchange of a pion, which is combined with vertices in various quanium states to
yield the interaclion. Because of this, we will show separately the contributions from the two groups
of the quartic term.

The quartic term in the Lagrangian turns out to be

1
W=

& ,A(R x @) Ji(Az) Du(A1)

R-#yf o%el o o3 o}o? 2, slat
« [ & [T{P;_(n +h et ) Ad

+ 34 -f-)’a;f “(-Fy + ’:J)} ' (10a)

O s (TR

+(1~2) ,

| S
v = G Deli(A2) Du(Ar)
y=(F 344 _t)

7.2 2 2
x / &r [RR:+(i+-i_ (e _ L
ry ry i (108)

R (8 ayey
7= ~Fys {2(r+ )F‘r_; T

+(1=2) ,
Yis = ————(R x ﬂtJA(Al)
*,: P 1’_1t '1_i:t
(Fy - F-) — (F+ '1)

R-#_s 2
-3— 0 (z +3:ic)]

d*

(10¢)

l
+1e)

where
ra=r+ Rf2, Fi=dF(ry)/dry,

63 = sin Fy, cx = cos Fry), (10d)

The potentials calculated are shown in Fig. 1, for parameter value of Adkins and Nappi./?/
We see that the isoscalar part is repulsive and has the sign opposite to that in the conventional



meson-exchange potentials. 1L is well known that the Skyrme model does not provide the central,
isoscalar attraction in the intermediate range. We thus find that the model consistently fails in the
isoscalar polentials at intermediate and short distances. This is our major result. These potentials
are often described in terms ol the sigma—-meson exchange that is actually a consequence of compli-
caled, Van der Waals-type two-pion exchange. It is not clear whether this finding merely indicates
importance of loop corrections or a basic inadequacy of the Skyrme model. An interesting question
is whether the present failure could be overcome by new derivative terms in the Lagrangian, though
the missing central atiraction cannot be cured by themn. A calculation of these terms is being carried
oul.

40 T ~r 0 |, 2 3
V(Mev) R {fm)
——
Isoscalar LS R d
Frr = 108 MeV
30 e-48¢4 7
-2 Isovector LS ]
Fp = 108 MeV
e-484
20} 4
—
4 ——
L] N 771 A4 — vio
V(Mev)
. . 1
0 6
(b)
(a}
The calculated results of isoscalar (a) and isovector (b) LS potent.als./*/ In Fig.
(b) the contribution of the kinetic and quartic terms, VX" and Vl(\:) are shown.
In the Figure we also show the nucl inucleon (N N) potential which resuls from the preceding
calculations. The difference between the NN and N N potenlials is small and app only at short

distances; the LS potential emerging from the Skyrme model is thus basically G-parily even. The
small G-parily mixing at short distances is due to a peculiarity of the model that is known to be
jated with short-distance behavior. The simplest example of this is that the lelt-hand current
consists of two parts with oppos’ie G-parity. In the asymptotic region, the odd G-parity part is
much greater than the even part and the current is identified as the pion current. At short distances,
however, both the paris are appreciable and such identification is difficult.
From the figures, as expected, it is evident that the quartic term gives the major contributions
and no discussions of the LS potential is ad te without this term.




§ 4 Inleraction between the Baryon in the SU{J) Model

The collective coordinate A in SU(3} is parametrized as follows/?/:

A = exp(~a2s) expl~38h) expl ~ 5 7hs) expl—5vha) -
X exp(—%a',\;) exp(-—%ﬂ'z\;) exp(—%‘y',\;y

Here, A, denotes the SU(3) Gell-Mann matrix. It is noted that left multiplication of A by the SU(3)
eiement makes Lhe slate within SU(3), while the right multication by SU(2) element induces
the rotation of the configuration space. Thus, left and right transformations of A are related with
u-spin and spin transformations, respectively. It is clear that the Euler angles a, f, 7 and v in
Eq (11} correspond to the Euler angles of the u-spin, and o', 8’ and ¥' those of the spin. Hereafter,
indices a, b and c are used as the indices in SU(3) with the value from 1 to 8, indices i, j and & those
in SU(2) with the value from 1 to 3.

Following the canonical quantization rule for the Euler angles, spin and u-spin differential oper-

ators are oblained as follows: ., o
Atd = Fidj and - AA = Al (12)

Here, J and ] denote the spin and u-spin operators, respectively. 1t is straightforward to show that
the J and /J satisfy the commutation relations

(i) = ifiieden o l) = ifaeles

. 13
[J.',A]=A%, [lﬂ.A]=—%A, (3

where £, denotes the structure constants of SU(3). The domain of the adjoint representation should
be enlarged to the SU(I) of cource,

Since the representation of the spin and u-spin degrees of freedom is defined, one can obtain
fundamental representation of the SU{3) x SU{(2), which is equivalent to the SU(6) quark model /1%
The unnormalized qurak state with spin up is given by

but = —(D() 14 D(R)4- cosv + D(R)4-D()_-),
Ya1= (D(Q)-+D{0)4_cosv + D(R)-_D(Q)_2), (14)
Yo7 = —iD{R)sinv,
where, D(2);; and D(fY');; denote the D-function of spin 1/2 with the Euler angles 2 (=f7) and '
(a'f'y'), respectively. As the Skyrme model is the classical one, it is natural that the baryon states
are expressed in totally symmetric tensors in SU(6). The octet has [21] x [21] symmetry in SUpyyor
(3) x SUupin(2), and the decuplet [3] x 3] symmetry. For example, proton state is represented as
Viproton,) = — €05 ¥{ D(§2) 4.4 D{Q') _ cos v + D{Q), _DUQ')__)

= Ccod vw“'p

(ts)

1t is noted here that Euler angle v in Eqgs. (11), (14) and (15) is the newly appeared ingredient
compared with the SU(2) case, and gives a SU(3) degree of freedom. As the proton state should be
the state with the 1/2 spin, 1/2 isaspin and 0 strangeness, the proton state is always proportional to
ty,- When the SU(3) symmetry is breaking, the state is represented by the linear combination of
the states with definite spin, isospin and hypercharge. This fact shows that, for example, the proton
state includes the 3 component in the case of symmetry breaking./11/
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The interaction in the SU(3) case is obtained by substituting Eq. (2) into Fq. (1). In the
calculation, space component of left current Ly can be replaced with
. R . R
Li = Al AaLi(Uol7 - FNALA - RelUs(F+ 5))
= ilAl A Al A L — ")
Ao Dail Al AN LT — 6 RE).

(1)

]

Since the adjoint representation Dgy is truncated with the SU(2) valued left and right currents, the
domain of the adjoint representalion D,.,-(A{Az] is restricted to the SU(2): The SU(3) indices are
restricted to the SU(2) indices in Lhe expression of the adiabatic potential. Thus, the first index ol
l),.-(/l}.'h) is the spin indlex of the right skyrmion, and the second one that of the left skyrmion,
respectively. ILis noted here that the Wess-Zumino-Witten term Lwzw does not contribute to the
adiabatic potential because the terms in Lwzw should include time derivative even after integration
on 5-dimensinnal disk. By using Eq. (3), onc can obtain Lhe interaction as follows:

2
V= /;' /4%(1‘11.) (17a)

Vi= 2% d*r[2(RRRL)Y + A LLLR) + (RRLL) + (RLRL) + (RLLR)} (176)

2
VisB = —% /"“"

x {(m+md)(Uy ~ Do(t- = 1)p

3
+ (Uy ~ (U= = D {(2m? + m: - m}) Zl)(j(A;]Du(Aﬂ
=1

7
+ (%m,’, +mlt %m}()g Dy (A7) Die(Ar)
+ (m + mk ) Daj(A2) Dos(A1)}] (17¢)

where V3, Vi and V\gp come from the £;, £4 and £ysp in the lagrangian Eq. (l)f respectively. In
Eqgs. (17a) and (17b}, the expressions {AB) and {ABCD)) are abbreviations A:: B} and Aj- B;:C‘EDL
- A;B,‘; ,',!D' , respeclively, where }.Z’k (i‘lt) denotes R:mD.','(A:Aﬂ (U.’,’(A:A;)L;m). In Eq. (17¢),
[A)j means T{r;4/2}, (j = 0,1,2 and 3).

Since I).‘_;(A:A;) is a representation of an SU(3), D.','(Ai/h) = D4i(A1)Daj(Az). Then, once
the matrix element of Dqi(A) between the baryon states is known, the interaction betwoen the SU(3}
Skyrmion is known. The nonzero matrix elements between Lhe two octet baryons are summarized in
the Table.

"The characteristics of the interaction between the two SU(3) skyrmions ase observed from Eq. (17)
as follows:

First, the potential form is independent of the baryon configuration, and the only difference in
magnitude arises from the matrix element of D. Especially, the central potential is universal in the
model.

Second, the spin dependent potential is modified compared with the SU(2) case. In the SU(2)
Skyrme model, the batyon state is given when the Euler angle » set to be zero in the fundamental
representation Eq. (14). Since the spin space is cnlarged to u-spin space, the nucleon amplitude



Table, Nonzero matrix elements of the adjoint representation Dy;. In upper and lower
rows, the states and matrix elements are shown. All the matrix elements are
those for spin up states.

| em &% gt 2 ae e
-7/30 -d’(l -5220 -fB712 K20  1/18
-iDyg <p,n¥ «* L”) d: d:a £y <, <a".5 >
7730 &g .Gj:o £/12 Mao -1/15
gy | ®p m «t,L> & D &8 @5
-7/ _7/30 -\/6 A5 1/6 1716 1716
iy | @D @h @ B R @ w
-42730 -8B/16  -1/16 -7/30 -7/2/60  S5/60
by | pI> > a0 % s e
30 1/15 7730 7860 /60
Dgs | <oith <n.r."> a0 2,8 5> &
115 730 K16 -TH/60  -7:30 - K780
-0, | b @ a5 e P
-1/16 -42/30 _ B/15  7/2/60 uau &/80
805l @p @ e @ €, @ an
-1/10  -1/10  -3/10 -3/10 _-3/10 /5  2/5 310

D,

in baryon multiplet is reduced and the matrix element D,;(A) of the baryon states is modified.
For example, the matrix element D,;(A) of nucleon state gives ~1/3rio; in SU(2) case, and while
~7/3070; in SU(3) case. This shows that the spin-spin and tensor potentials in nuclear force
contributed by £ and £4 terms are reduced by 51 % in magnitude.

Furthermore, the fact that the matrix element D,;(A) of a = 8 has a nonzero value brings about
an isoscalar spin dependent force. Thus the general formn of the ¥ ¥ potential in the SU(3) model is
given as

V= Vet (V2 +Vir-rio o)+ (VR + Vir - 7)Sn. (18)
The ratios of V,3/V;} = VP/V.} when negleting the symmelry breaking term are calculated by nonzero
matrix element in Lhe Table,and is 3 /49 in N'N interaction. This i lar spin depend

potential is brought by the nonzero matrix element of Dy;i(A). The isoscalar terms also appear in
the nucleon-lambda interaction and others .

The most characteristic point is brought by the fact that the SU(3) symmetry is not well conserved
compared with SU(2). The contribution of the symmetry breaking term becomes large. The factor of
Lhe attractive central potential, the first term in Eq. (17c), is changed from m} f2 /4 to f3(mi+m3)/8.
This factor is about 8 with the experimental masses m, and m,. However, the isovector spin
dependent potential in nuclear force does not modify very much since the SU(Z) symme!ry is rather
well conserved. The contribution of the Dy;{A) also gives a ligibl lar spin dependent
potential.

§ 5 Concluding Remarks

We have reported the LS interaction in the nuclear force in the SU(2} Skyrme model, and the
diabatic interaction bet the octet in the SU(3) model in most simplified case.

In the LS potential,
(i) the isovector polential is consistent with the OBE potential, and
(i) thei lar potential has opposite sign to the OBE potential. This defect is the same as in

the central potential.




In the SU(3) model, we have ined the BB potential in the fi k of the pure summetry
case. .
(i) We showed that the contribution for the £,sp term is attractive and rather strong.
(i) 7The isoscalar spin dependent term is appeared in the potential.
(iii} The effective 1 ial fer each ch ] can be obtained by doing diag
tial matrix Eqg. 18 including the coupling effect of the other channels.
This work is the collaboration with S. Saito and M. Yasuna (Nagoya Univ.}, H. Kanada (Niigata
Univ.) and R. Seki {Caltech). The author gives special thanks fo the coflaborators.
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TRANSPORT THEORY BASED ON OPERATOR-FIELD LANGEVIN EQUATION
TOWARD THE QUARK-GLUON PLASHA*

Mikio Namiki

Department of Physics, Waseda University, Tokyo 169, Japan

1. Introduction

Recent development of QCD suggests that a phase transition between
hadron and quark-gluon phases can be observed in very-high-energy
nuclear collisions, and that it took place in a certain step of cosmo-
logical evolution. It is true that it is one of the most challenging
topics in modern physics to analyze theoretically the phenomena based
on QCD, but such complicated phenomena would be very far from QCD. For
this reason, an appropriate phenomenological model is, first of all,
required to explain details of the phenomena in terms of a few vari-
ables or parameters., For example, we know that a hydrodynamical model
is working well for the expansion process of QCD matter. The next
step 18 to derive the variables or parameters and their thermodynamical
properties from a deeper theorstical base toward QCD. For this purpose
some authors have already introduced a relativistic kinetic theory’zl
based on a Boltzmann equation or Fokker-Planck equation, as a semi-
phenomenological theory between first principles and phenomenology.

* Based on collaborations with Masashi Mizutani and Shin Murcya, Wassda
University, and Schin Date, Universidad de Santiagc de Compostela.
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It is, really, necessary to introduce such a semiphenomenological
theory because direct derivation of thermodynamical gquantities and
transport coefficients is not so adequate. Most of the fundamental
interactions in first principles are considered to be spent to form a
systematic part of motions such as a certain collective mode, while its
residual a1nteractions must be responsible for fluctuations around the
systematic motion and, therefore, for the dissipative effect to give
transport coefficients. However, it seems to us that the above rela-
tivistic kinetic theories are still far from QCD, and furthermore, that
they may not generally be justified because of the non-Markoffian
character of the process rooted in the guantum property.

Many years ago one of the present authors {(M.N.) and his collabo-
rators formulated a transport theory of meson fluid produced in high-
energy particle collisions within the framework of gquantum field
theory, and discussed hydrodynamical expansion of the meson fluid./a/
The similar idea was applied to the optical model of low-energy nuclear
reactions by means of a Langevin-Schrodinger equation, and for a
transport theory of nuclear matter./‘/ In this paper, we develop an
operator-field Langevin eguation approuch,sl to the gquark-gluon plasma,
as a semiphenomenological theory between QCD and phenomenclogy, keeping
the quantum property. Finally, we show that the guark-gluon plasma 1is
preserved for a remarkably longer period than that in simple cases by
virtue of the presence of phase transition and viscosity.

2, Operator-field Langevin squation and quantum Nyquist theorem

Suppose that a special mode is mainly excited in a local system of
QCD matter produced by a very-high-energy nuclear collision, and assume
that the mode 1is represented by a canonical annihilation operator
a(f,t) for its conjugate a (f,t)) obeying an operator-valued Langevin
equation in the following way:

.+ €, + N +
ia(k.t)sioK(k,t-t')a(k,t }at'+f(k,t}, and its conjugate, i1)

where K is a c-number kernel function and f represents a random source
operator.

We can identify a(f,t) with any kind of annihilation operator for
a special mode of gluon and/or Quark, or their composite particles such
as a hadron or glue-ball. Anyway we deal with a(i,t) as if it were a
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éingle boson or fermion operator, suppressing other quantum numbers’
than momentum k. It is true that we have assumed the one-mode sector
to be closed by itself, but this does not mean that we have discarded
all possible couplings of the mode with others. Reaction effects of
the mode-coupling are included in K and its residual parts are repre-
sented by f (we can improve it if necessary}. In EqQ.(1) we have assumad
space-time uniformity, for the reasons mentioned later.

Rewriting Eq.(1) in terms of Fourier transforms, ;(i,w) and
?(K,w), of a(ﬁ,t) and f(i,t) with respect to t, we obtain

[w-E(R,w) 13(K,wi=ia(k,0)+¥(k,w), and its conjugate, (2)

where E(X,w)=c(K,w)-1(1/2)y(¥,u) with €SReE and YZ2ImE. It is natural
to assume that [w~E(f,w)]_1 has simple poles only on the lower half-
plane of w. Denote the jth pole and its residue, respectively, by
E (k)= €y (®)-i(1/2)v, (%) (v, (K1>0) and R, (K) for later discussions. It
xs easy to show that the xnxtal conditions for a(k t) and a (k t) are
satisfied if thj(k)=1 and EjRj (K)1=1.

We are now led to the problem of damped quantum oscillator, so

that the canonical commutation relation

>

fatk, 61,27k, 611,263 (X% (3

cannot hald at every time unless f is an operator. The guantum theory
of a single damped oscillator/G/ suggests to us that we can retain

EqQ.(3} at every time by putting
.
£K,t)=0" dw Iy (X0 1721 20K 0 a0t e 10t (4

vhere A(K,w) should be a canonical operator subject ta the commutation
relation

(MK, 03, 8T (R0t 1 1a6 3 (KR 16 (w-w) 5)

and D(E,m) is a c-number function to be determined under a certain
condition, 6 as given later. After some calculations, we obtain the
stationary solutions of Eg.(1) as follows:

alk, )=r duivik,wi/2m) 2 (K,w)atk 0) [0-B(K,w) ) Tem 10t
and its conjugate. (6)

Inserting Eq.(6) into EQ.(3) and using Eq.{5), we easily obtain a
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‘necessary condition

- 2k 01y 1k fow 2

17t/ 20)0° (R, w)y th,w) |w-Blk,w)| "“=1 N
to be imposed on p(K,ml.

Another important requirement is that the correlation function of
a and af should satisfy the Kubo-Martin-Schwinger (KMS) condition

at(k,1a(k' e +ipr=catk e yat (£, 0PV (8)
for ensemble averages in thermal equilibrium with temperature T:B" and

chemical potential u. As is easily shown, this requirement can be
satisfied if we start our theory with the following ansatz:

Ak,wr=al ko0, (9a)
Ak,at % 0 16T E-E st ) [14Entw, TS, (9b)
@tk wtaiE 0 a3 E-E 6w 1nlw, T, (9¢}
Ak, Ak ,w =t @,uat@E,u 0, {9a)
and Wick's rule for other polynomials, (9e)

where £ takes +1 for boson and -1 for fermion and

nlw,T)=[eBf(B-1} =1 (10)

The ansatz must work only for positive w, so that we have to impose
another constraint on p(?,u) as follows:

o(k,0)=0 for w0 . “n
It is a rather delicate problemls/ to solve Eqs.(7' and {11), but we
have only to put ¢=1 for a good approximation i€ y i very small.

Equations (4) and (9) immediately give the averages and the
correlation functions of f and f' in the following form:

EE, et (@ e00=0 , (122)

.
k08t @t asptauanio? iR o)y (R D ekate, 11 1e ) (0p)

“



TR O£ e )5 (aw/ 2002 (Kow) v (R wdne, 11t ) (12¢)

R, R e =Tk, et e a0 L (124}

This is the quantum version of the Nyquist theorem (fluctuation-dissi-
pation theorem) for the operator-valued stochastic process given by
Eq.(1), through which f and y are surely related to each other. Notice
that Eqs.(12b) and (12c) are not proportional to §(t-t') mainly because
of the presence of n(w,T} responsible for the guantum property. This
means that the present process is not Markoffian and cannot be describ-
ed by a simple kinetic theory.

Now we can make a thermal field operator by means of linear
combination of a and a+. Here let us consider only a thermal boson
field (for fermion case, see ref.5), whose definition is given by

etr=tiv2te! M xree e (13
where

o r=ratrizn 0V 2k, vexplik %) (142)

o on=ratkrezmded 1 2t &, rexpi-ike By (14b)

x being (;,t). The normalization constant ﬂ(i) is so determined as to
give the canonical commutation relatir, (¢(;,t),5(;',t)]_:iﬁa(;-i'),
in the stationary state, that is,

(k) =rGtdu/2n 08 (K 0oy (K 0) lu-E(R,0) |72 . (15)

Thus our thermal field can completely be determined by giving the
spectrum function C(f,w) and the damping constant Y(k,u) { or their
substitutes :j(I) and Yj(ﬁ)) of the original Langevin equation, as
input. As will be seen later, all thermodynamical gquantities and
transport coefficients are written in terms of the input. Our next
problem is then how to give € and Y, especially their temperature
dependence, on the basis of a possible phenomenclogical model or
numerical results of the lattice QCD.

3. Temperature dependence of hydrodynamical quantities

One of the most important applicability-conditions of a hydro-
dyramical model to our problem is that QCD matter produced in very-
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high~energy nuclear collisions has a huge number of local systems, each
of which is microscopicall very large but macroscopically very small
and is in a local equilibrium. Macroscopic state variables of the QCD
fluid at a macroscopic space-time point are defined by averages of
correspoding microscopic quantities over a (microscopically large)
space-time region of each local system surrounding the point and over
statistical ensemble with temperature 'l‘-B'.I and other thermodynamical
parameters. Our first task in this section is, therefore, to derive
temperature dependences of thermodynamical quantities and transport
coefficlents, by applying dynamical atatistical mechanics to a uniform
and very large system with the same temperature and other parameters as
in a local system in consideration. On the other hand, we sh:ll use,
in the next section, the hydrodynamical equation

auT”“(x)=o (16)

for the energy-momentum tensor of fluid, Tuv, in order to analyze
hydrodynamical expansion of QCD fluid. This is the business on the
macroscople scale, because x in Eq.{16) stands for a macroscopic
space-time point. Note that our scale should be twofold, the first
being microscopic and the second being macroscopic.

For simplicity, let us start with a simple definition of TDU(X)

given by
T =t eoBTbe s an
where E:=(1/2)(3u—5u). This contains only a convection flow of energy-

momentum transported through & mode deacribed by alﬁ,t). but we can
improve it, as will be discussed in another chance. Using the standard
method of statistical mechanics and the Kubo tormula-” , we can chtain
theoretical formulas of thermodynamical guantities and transport
coefficients in terms of our inputs, cj(k) and Yj(k) as follows:
_r a2y (o 2 -1 2

E(T)={./2n )Iok dakR (k)EjRj(k)c (k)n(cj(k),T) ' (18a)

P_(T1=(1/672)15k2akk®a™ (k) E R, (K)nley (k),T) , (18b)

s 0 373 J

s1T1=03/282) Fgk2did 11430 (k, TV 101+ (K, T) 1-To (k, T) Lndg (k, T} ), (18c)

for energy density, pressure and entropy density, respectively, where

RUk) =L Ry (K)Eg (k) (16d)
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J kT.—ﬂ1 kIS R, {kIE,{kIn{E,{k),T 8e
0( , T} { )J' j( )jl ) lj‘ 1.T) [h] )
and

«(T1=01/73r21) 1Tk %akk 2R~ 2 (k) L, R2 (k) vs toe 2 (konce, (), T) [1+n(e, (K),T) ],
0 373 3 3 bJ bl

(19a)
ns(T)=(2/15"2T)f;kzdkk4ﬂ'z(k)IjR§(k)Y;lk)n(tj(k),T)[14n(Ej(k),T)l .
{15b)
n (=01 /m20y roktake 2 £ r2 gyt tor 731k 2 (k) (3p/0E) ) 2
v 0 173 J 3
*nley k), TIlT+enle k), )] {19¢)

for thermal conductivity, shear and bulk viscosities, respectively. We
can also derive similar formulas in fermion case.

Here we restrict ourselves to the case in which [w-E{k,uw)]”
only one pole at w=e(k)-(i/2)y{k). Note that all formulas are free
from the residue R(k} in this case, and also remark that we have

! has

E(T) » Eg (D=(n2/30)01%, 2_(T) + (1/3)E(T),
t20)

S(T) » Sgp(m=(2n/45)3, (x/ngd + 3, n s+ 0

as T goes to infinity, provided that e{k) + k in the same limit. They
imply that our fluid is subject to the Stefan-Boltzmann law at very
high temperature.

Next we introduce a simple model of the dependence of e(k} and
¥{k) on k and T given by

et =kZew2) /2 J11-cann}(7-7 ) 14k (1 +tannd (7T )1 (21a)

Y(k)=Ck . {2tb)

Here we have supposed that the relevant phase transition takes place in
a region with a width @ around a critical temperature Too M and € being
adjustable constants. Note that e(k)sk for T>>TC, that is, we have the
Stephan-Boltzmann law at higher temperatures. We have also designed
Y(k} to give the thermal conductivity proportional to T  at higher
temperatures, for simplicity. This model with IH/TC)-S and (d/Tc)-D.D1
can reproduce the numerical result given by lattice QCD for P(T),
although we cannot exactly fit P(T). Seea Fig.l, in which S(T) is
for weak damping to obtain the temperature dependence of «, Mg and nv,
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whose numerical results are N
shown in Fig.2. Among them we
B
should remark that n, has non- [
vanishing values only around T.. E »
The case of two poles may be E
more interesting to our problem p .
{see ref.5). 3 s
Yo
a
as o8 os Yo vz e b
TiTe
20 Fig.l. T-dependence of E{T): The solid
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tice QCD.
10
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4. Analysis of hydrodynamical expansion and concluding remarks

We are now going to discuss the hydrodynamical expansion of the
guark-gluon plasma produced in very-high-energy nuclear collisions,
solving Eq.{16). To make our model realistic, we have to multiply E(T)
and related quantities with the relevant weight 2xB+2x2x2x3x(7/8)}=37
for T>Tc and to fix hadron modes for T(Tc. Furthermore, if we want to
discuss the problem within the framework of the bag-theory, we have to
add B (bag constant) to E(T) and to subtract it from P(T) for T>T . For
simplicity, however, we discard all of them here, supposing that we
have only a neutral scalar glue-ball state in the colar-singlet state



for T<T.. Our purpose is to Bee how a viscous fluid behaves around
T.. Realistic details will be discussed in a forthcoming paper.

Using UY and A““-g““-u“u“ (o being local d4-velocity), we can
decompose the energy-momentum tensor of viscous fluid, Tuv, as

LV _ UV gHV by,
T -T(p,+T(V’¢T(h, B (22a)
Tg;)=gu“uv-psA““, ng).-(p-ps)A““+n"“, T?K,:q”u“.q“u“, (22b)

where P_, P, M"Y and g" are, respectively, static pressure (given in
Section 3), total pressure, viscous stress tensor and heat flow. The
phenomenological relations are written as

q“=-rAup[TapT-1*U°30U°] (23a)
v _ [TRRY PO, A0LRs 2 uv'pa
il —(nS/Z)[A aA 0(a U +3"U )—3A A SDUUI ’ (23b}
o [
P—Ps- nvaou (23c)

in terms of transport coefficients. Our task is to solve Eg,{16) after
inserting Egs.{22) and (23), with the temperature dependences given by
the preceding section, in the eguation.

Discarding all transverse motions to the collision axis, we only
discuss the (1+1)-dimensional expansion of the viscous fluid, Follow-
ing Bjorken/1/, we further assume that T is a function of proper time 1
alone. In this case it is easy to show that the Bjorken's particular
solution (originally obtained for perfect fluid]

ohe(xM /1) (24)

becomes a solution again even in our case. After some calculations it
follows that

-1
g0, 1Vadn ¥, p-pe-n T, (252)
and then that
uv UV uv_,uv 2 -1
T =EUTUT-P A" 48 (nv~3n3)1 . (25b)
Equations (24) and (25) reduce Egq.{16) to

ar/ar=-(ag/ar) "'t 1(Be ) -1 (nyedn, 01 (26)



We have numerically solved Eg.{26) under the initial condition, To
=300 Mev at t0=1.0 fm, for the values of parameters, M, d and C, chosen
in the preceding section which reproduced E(T) given by the lattice
gauge theory. The result is shown in Fig.3, in which the present
theoretical curve (solid line) is compared with three other cages: (i}
the Stephan-Boltzmann fluid without phase transition and dissipation
{dotted 1line), (ii) the Stephan-Boltzmann fluid without phase transi-
tion and with dissipation having transport coefficients proportional to
? {dashed line) and {iii) the perfect fluid with phase transition and
without dissipation (chain
line). In every case T goes
down from Ty to T, and then
leaves Tc for zero. Denoting
the leaving time by Tos we  know
that rclsolid line)> Tc(chain
line)>1 (dashed line)>t (dotted
line). Thus we conclude that
viscosity and phase transition,
especially the latter, have an
important effect te give a
remarkably longer lifetime to
the quark-gluon plasma, The
effect must be taken into all

Fig.3.Cooling-down of the quark- phenomenological analyses based
gluon plasma. on hydrodynamical model.
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SKYRME MODEL AND NUCLEON STRUCTURE
V. A. Nikolaev
Joint Institute for Nuclear Research, Dubna

In the low-energy region, where the hadronic mass spectrum is
formed, quantum chromodynamics is characterized by spontaneous breaking
of the chiral and conformal symmetries. This leads to generation of
quark and gluon condensates. The effective Lagrangian describing strong
interactions in this region must express these pecularities of QCD in
terns of the effective degrees of freedom. The latter are bosonic
fields. In this approach the observable mesons are treated as small
fluctuation above chirally non-symmetric vacuum while the topologically
non-trivial solitons correspond to baryons.

In this talk I would like to discuss some results of work I
recently made in collaboration with V.Yu.Novozhilov and 0.G. Tkachev.

Our main goal was to find how one can include scalar mesons
( dilaton - gquarkonia ) in the low-energy effective Lagrangian starting
directly from the QCD generating functional. We investigate some static
nucleon properties within the framework of the model that can be
obtained by the simultaneous conformal and bosonization method”*”

Our starting point is the fermion integral over the quark fields
1n the low-energy region. The integral is specified according to the
finite mode regularization scheme introducing a cutoff that plays also
the role of a low-energy boundary. Performing simultaneous chiral arid
conformal bosonization we derive an effective action for both the
chiral UCx) and dilaton o{x) fields. These fields enter the effective
action 1n the combination g¢(x)=Usexp(-c) familiar for the linear sigma
model. We start with the quark Lagrangian

;,.q_ = IF[L&'L( 3{&*‘ f\f("'JSAr»@ﬂc + ﬂf QG}H)

-S+iyPle = 'q?,xg,, 45
where the external fields V“= V“aTa, ... take value in the flavour

SUc2) - algebra
At the quantum level, processes whithout external fermion lines

are described by the functional of the external fields, which generates
Green functions of quark currents and densities
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Z(V, A,3,0)= [ (DG)exp (iWm) 2, (V,A,8,P, 6),
Z4(V,A8,B,6)= [2F D% exp (1fdkdy (=), @

( Wyy being the Yang-Mills action )

In nrder to carry out the bosonization program the following steps
al e necessary:

allntegrat.ion over quarks should be restricted to a low-energy
region L defined 1n a maximally tnvariant manner

b} The region L should be identified with thal where physics 1is
governed by chirally and conformally non-invariant quark {luctuations
leading to formalion of Lhe quark and gluon condensates

— 2
C7: <FY> Cg: <Guvy -
¢) Quark degiees of freedom corresponding to these fluctuations
should be described by local bosonic fields.

The non-invariant fluctuations of quark fields can be treated as
local chiral and conformal transformations preserving the hermiticity
of & ¢ in euclidean space ).

The low-energy region L may be specified by two mass parameters A
and M 1n terms of eigen values K of the Dirac operator
SN M € K AEM-

These parameters are related to those characterizing the
spontaneous chiral and conformal symmetry breaking i.e. the quark and
gluon condensates

2 3 2
Cq = = Ne (AWM - M7/3) /2%,
Cq = 3N, ( 6A™ME- H¥-7")[2x®
Then we define the effective action WgrplU,a) by

(B
BN 2y, ()= [apexpbwy (ug)]
2o @)= J2b zH (bR @

2s.

[4<)]

(42

(52

)

Thus one obtains the effective Lagrang;an’
Jejr(ue)= (R74)e™¥mr uu- 3t + Ne(E)E > o)
+ (4 /1282*) v L3uU- LY, 3 u-0t]2 -
-G (M/ug)] i+ & (1-e75)].

This model Lagrangian is a generalization of the well-known
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Skyrme model/3/which takes into account the scalar field o(x}
interacting with the chiral field U(x). F, 1n eq. (8) is the pion decay
constant (93 MeV) and Ny is the number of flavours. The magnitude of
the gluon condensate parameter Cg lies within the interval of
admissible values ( (300-4003MeV3. The first and second terms are
kinetic energies of the chiral and scalar fields, the third corresponds
to the Skyrme self-interaction.

The effective polential for the scalar field given by the last
term of the Lagrangian is the exirapolation of the low-energy
potentiai”®” into the high energy region. In this extrapolation  the
one loop -approximation to the Gell-Mann-Low QCD f-function is used.
The parameter e depends on the flavour number:E= 8}#/(33—2}#).Passing to
baryonic sector we have Lo make some assumption about the form of the
static chiral and scalar field. In particular o for the chiral fxeld we
choose the Skyrme-Witten ansatz U(x)= e:r.p{ TR F(=} ¢ where A= )
and propose spherical symmetry for the scalar field o(x). Then, for
the mass functional M we have

.M = J“g + Juq +\/.
= 2
-3:,5 {%[Emz(f')z* lef'z(F—)%in F]}, (1o
%of {Sm + siF-(F')* } ()

V=4 (*;r/e).]Db#-J’g/x.xz[ff1+ &i@—f"s)l (12

O(x)= exp(-e(x),

In egs.(10)-(12) the dimentionless variable '.'c=§-e-r'includes the
Skyrme parameter e equal to 2r in accordance with eq.(B). For tihe
potential facior Dypp we have, =g!{f/lﬁe2¢1‘he mass functional leads to
the following system of equations for F(x) and p(x)

Pl 2sin®Fl+ 2 Flc [2pp'+ p?] + sin (2F)- (F)%
= fz'Sn'n (2F) - §"%;,-: Sin(2F)= o, a
%fm[my"w_p'] ~-ap ‘_'Jc"( F%2 +SinF) "‘l_-De#[ 93- 9HJf=n,

where prime corresponds to the derivative with respect to x.
According to the virial theorem, the solutions should satisfy the

@

Here
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following condition

b = Me - Bv=y, (1
that we use to contrel the accuracy of numerical calculations.
For smaii x we have FE)~TN-dx , P(x)~ p(0) +8 T£? and for
asymptotically large x: Fl)~a /x® P d- b/af There are relalions
between the numerical qufflcxean o and 3, a and b:

A= Lp0)dE+ 3 (9%0)-1)Degs 1/ 0, as
b= 507/ Degf.

The boundary conditions ensure a finite mass functional for a
given value of the topological charge N. We may quantize the rotational
degrees of freedom by means of collective variable method”®. As a
result, we get the following expression for the nucleon mass MN

My = M+3 /31, (16
where the rolational momenl of 1nertia 1s now

1= Z(ES) jdemaF[pm +’F)m+SnF} (7

Some numer 1cal xﬂsults are givern. 1 .o Table, where also the mean
square rool radius of Lhe baryon chacoe Strlbutlon (]‘ Sz

'z. 4/2 [_2 r'n,,,‘ <% F(:c)S.'nQ’F] 2 ‘kc/Fe

15 shown
Cy (300 MeV)? (300 Mev)4 Skyrme
Nf 3 2 2
Fn a3 MeV Q3 MeV 93 MeV
e 2n an en
L0 0.29 0.22 i
M 867 MeV 827 MeV 1087 MeV
g 72 0,37 Fm 0.38 Fm 0.36 Fm
MN 1072 Mev 1033 MeV 1260 Mev

Table. Our numerical results in the generalized Skyrme model. In the
last column the results obtained in the original Skyrme model are given
for the same values of Fy and e.
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One can see a partial restoration of the chiral symmetry which
appears as a big deviation of p(x) from its asymptotical value 1 ( See
the Fipure ).

We should like to point out that the classical and rotational
components of the nucleon mass aré much smaller here as compared to the
original Skyrme model.

35 S S

30 1\ F(x)
2.5
2.0 1
1.5 -

(x
N
05 1. . ~—
0.0 R T R =
0.0 0.4 0.8 1.2 1.6 2.0

r{Fm)

Fig. The solution of the system (13) for the chiral angle F(x) and
scalar Tield p(x)

To conclude, in the present talk we formulated the generalized
Skyrme model that takes into account the basic features of QCD ( the
formation of quark and gluon condensates due to the breaking of chiral
and conformal symmetries ). In contrast to the original Skyrme model it
leads to the following results

a) The chiral symmetry at small distances partially restored.

b) The classical skyrmion mass crucially decreases

¢) Skyrmion is the very compact object that leads to large value
of the N-A mass splitting.

d) The nucleon mass in this model is in the resonable agreement
with the experimental one.

I am most grateful to V.Yu. Novozhilov and 0.G.Tkachev for the most
fruitful collaboration and to A. A Andrianov and V.A. Andrianov for
stimulating discussions. I also thank A.V.Radyushkin for the critical
reading of the maruscript and comments
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QUANTUM EFFECTS IN THE SKYRME MODEL
KoPujii*and A.P.Kobusikin

Institute for Theoretical Phyaics, Kiev, USSR

1. Introduction

The aim of the present paper is to investigate the quantum struc-
ture of the SU(2) Skyrme model, especially of the skyrmion mass term,
in the framework of the collective-coordinate formelism. Usually, as
in the standard apuroach“/, canonical quantization is performed on-
1y aefter the lagrangian is expressed concretely in terms of the col-
lective coordinate treated classically. In order to zo to a quantum
theory from a classical one, it is necessary to specify the quanti=-
zation procedure., In contrast to the procedure of Adkins et al. 1 .
we have treated 2/ the Skyrme lagrangian guantum-mechanically from
the beglnning in mccordance with the guantization procedure of non-
linear theories, which has already been investigated by some au-
thor 3 + In our treatment, we have to take care of the ordering from
the outset. In the following, it is to be poin‘ed out that, in the
skyrmion mass, a new negative term appears, which serves to stabi-
lize the rotating chiral solltonsj therefore, the instability prob-
lem/u of such solitons should be reconsidered with the existence of

new term taken into account.

7 Department of Physics, Faculty of Sciences, Hokkaido University,
Sapporce 060, Japan



We start with the SU(2) Skyrme lagrangian density

J( ULq’ 'L) {.,rTn(UL, UW)/" *
+ Te [Uli,,Uu]’)/(?ﬂes fama Tl U2)/4

with UL =(a U)Uf and l = 93 MeV. Existence of the soliton with
? (4 T = ‘

appropriate boundary conditions is assumed, and the collective coor-
dinate A“) ig introduced as in ref./1/: U(i,ﬂ-—-A“.)G(i)A'(f). We
us2 & set of three real parameters b (b=4,2,3) 50 as to speci-
£y an SU(2) matrix A(“:) . As A*(aA /aq") belongs to the Lie
algebrn of SU(2), we can \vrlte

At 3A/agqe =ity 04 /2. .
Yere the summation convention is adopted. The inverse of[ is de~

fined gs [,
b » D [ b
C E[:L =5e ’ C € Cn. =3¢_ (3)

b
‘C } and{f_ ‘ have various important properties, one of which

C"ed (%4 /0g" - C* g 3%, /gt == €, (°,, @

where EEBF is the totmlly antisymmetric tensor.
The basic assumption in the construction of quantum mechanics
of ths present model is that we require the commutation relation bet-

ween (.7"1 gdq‘/dt and 1"
(34, 981 =-i4*cq), (s

wherc 4 (1)is a function of q 's and is determined after the quanti-
zation condition is imposed. Next we define

we={§*, C l‘}/2 , ©)

and also the quantum form or Aol A/dtag

A = {3+, 2A(9/29% /2 . o
By employment of

(4% AQl =14 Bacp/agh, -

it is easy to derive

AtA =iTew®/2 -1 4*/8, (9a)
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where

“-B'D:CGBCBD%Q'LA (9b)

I{n the classical consideration the last texrm in eqs(98) is absent be-

cause in that case it is assumed that ;“ = 0. Note that , as
defined above, has the desired "unitarity" property:
. . . .
ATA + AtA- AAT L AAT-0. (10
¥
The quantum form of A A hes & term proportional to the unit
matrix. This correaponds to a term Q, a,*nn appearing in A'A

when we use (G.o a) variables with Asa, +at ./Vwe can, however,
take A A to be equal effectively to LT uf/? :mi(u ), bacause

. 1 1 t t
U, =-iA[AA -6 A AGJA =X AT, we AT, (e
where
T - 6(E) T 6T (%) = 2X35 T - (116)
Some properties of X:B(‘i.)were summurized in ref, /2/.
2., Canonical quantization end a new mass term
For the purpose of defining the canonical momentum 1 oconjugated
to the coordinate q" , we express legrangien density (1) in terms
of b and q ~variables.
With the help of
D
(we, A] = {B Aty /2, (12
we can demonstrate that

- - ) TS
i(ULp;:’“ =ann(€5"‘) Ww 4 [term of order (ur')"] s (1D

where
I 2)
A3p(O;%) = 4[ 3E,2p + Y:E.np]a (148)
@ m Fon
BE, DK 61,- ansx /q IEN_ELEQ X,Jﬂ‘ (14v,¢)
-Epqp € /(16ed?) ,
(de)/axk) 6T @) = i-rﬁ: 2)/12. (144)

The proof is given am follows: First, the contribution of Ulg toI

I (UL -o) i ":TN(UI« Uu-) /‘1 4T [Du. R Uulz/e € C:) (15a)
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ig rewritten es

LU} =Yy A TAwrtw e, Y. e

BE,KI
In contrast to classical case values Uf and A became noncommu-
able and we cannot simply eliminate A ana AT in the trace,HBy using
eq. (12) this part is expressed as

Tl ) =2uw Sy - (§ 0+ w0 € s +
+{B”‘{E~ (8"‘\’ SJ'N —Sm qu + SMM Sl(y)/z.

The first term on the right~hand side of (16) corresponds to the term
obteined in the standard approach’ 1 and leads to the rotational
energy, while the remaining terms are new contributions which are
brought about by our quantizetion procedure. Making use of

nl ) —
BE, kL (2) - Yea Lk (%), i1.2, (178)

(16)

1
we see that the terms of order (w 5) on the right-hand side of (16)
reduce to ones of order(ld")o because of

[ara,{sln] ____1_{54 CLBaFFM/‘;?" (170)
Similarly, we can prove from (13)

I(UL,;f,iF t}“d_k(cr, #)4°/2

+

[term of order (‘i“)'_] ,
(18)

- p8p D
where d oy (0, B)=a @[ [,
Thus, we have

LU =Sdrx LU ) =
ANe) wiw'/2

+

[ term of order (w®°
19a)

1 ha b -
3’1 gab(q) q + [_ term of order {qﬁ)‘],

where
AG) e "S‘Iz Qg (5.3), (19p)
8.ulq)= AlS)C %C.® {190)



Howy we can define the canonical momentum Pq , conjugate to !1"&.9

=§'{Eil" g'o.k}.

We impcose the commutation relations
b . Qb
lpe.a®) =-1dc. 1)

Then we easily obtain

fbgu=8:. (220)

(20)

ATh=itgw®2 + }i Ala), (22%)
[w®, A =ATe/2 A(s). (22¢)

ror Rp= i{PnaC“a} we can prove from {(4)
[Re, Rpl=i€ape Re s (238)
=weA(5). (23b)

Using these relations, we get
L{UL) =jRaRa /A(S) -[M(s) +aAM(s)], (20)

where /\(6) and the "classical" mass term M(o-) reduce to A[F] and
MCF] for the hedgehog form of O (k)= %P{l_ 27T F(’l)} . Their expli-
clte forms one can find elsewhere/V A M(ﬁ') is the new contribu-
tion appearing ithrough our quantum-mechanical treatment of the Lagran-
gian part with the time derivative, (158); in other words, this cont-
ribution comes from the last part on the right-hand side of eq, (16).
Note that the sevoud part on the right-hand side of ¢qe(16) vanishes
as a result of %”’= Sat /NG, AM [F] for the hedgehog solution is
given by

3 1
AMIFI=-3___ , 4
4ALF) /\’[F] : dioin F(K} (2y)
k-3
Considering from tlhe beginning AAf=£?u.+“ {BB instead of (9a)
one can obtain T‘BTB in the 1agz'ang:|.an (24) instead of Rg Kg .
The operators TB satisfy the following commutetion relations

Te=u® Als), (230)
[Te, To) =i€3e TE, (T, Ro}~0. (23a)
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The operators RA correspond to the spin operators and the operators
Ta correspond to isospin onea.

3. Skyrmion stebility problem

For the hedgehog configuration, the energy of 11‘3" '“bl)state ia
from (24) equal to

He (F1=M[F]«aM{F] ~ £ ({L-4) /(2 ATF1) . o)

Note that both the second and the third terms on the right-hand side
are of the order 2 » The integrodifferential equation 1is derive!zjﬁ/
g0 as to minimize Hl with respect to F . With the aim of examining
the asymptotic solution, we derive the linear differential equation
for sufficiently lerged : '

eF" +2¢F! —JF—'M;IL?F'—"O, €

with

2 s 24(1+1) 7
M= g =g 1 g e

}li >0 1is needed for & desirable asymptotic behavior F~e"‘"/¢. We

have for the chiral limit
a L
i, (Mg =0)

4
—_— F (29)
s Tver Avger S

where
TOR)={daz?32(1+F2-32/e7)
v (30)
2-fpe g, F@=F@), 3-pink.

J[F] is not always negative as & result of 4M and possibly be-
comes positive, [t is necessary to solve the integrodifferentisl equ-
ation to see whether or not there exists & physically aoceptable F(IZ) .
Nevertheless, in spite of existence of AMUFT , the A(f— 3/2)~
state remains to be unateble for smell M, . On the ather hand the
nucleon (l=4h)-atate, in contrast to the case which was considered
in refs. /4/, oould be gtable even in the chiral limit {(Mg->0) .
Instead of solving the appropriate integrodifferential equation
we used the following procedure, For the function Fv; ((‘ one ocan
choose the parametrization



N
T+ A"

F,{/z(") = ——3%—-—-—-( | *Pllz 'L)e""”t . (G20

1+ Z '3m"-"|
it satisfies the bouna‘;‘y condition at origin and desired asymptotic
behavior, AN+ parameters @, and L,,, are defined from the mini-
mum conditions of the mass functional Hy, [Fy'] s and F va is deter-
mined by itermtions. At first iteration one choosespiy =0 o The
value wag saturated at third iteration step with the accuracy
V4 -“l‘.:’,/}l.".;:l < 3 for N = 2 ag well as for N = 3,
Por the experimental value of &'11' = 93 MeV and the QCD-motivateu
75/ value e;'fl'!t and My = 0 one obtaina |
= Y Te: = -
m. Y29 MoV, aM 497 MeV, G2)

.. K}
A = 01201 - 1076V, Pig= 0.2049 108 mev?,

The experimental Wy = 040 HleV is reproduced for € = 6.24

4. Ligcussion and remerks

The new quantum tewm was shown in gsect.3 to be important for
stabilizing rotating skyrmion. Numericamlly it gives the large contri-
bution to the skyrmion mass and gives the possibility to obtmin Wiy
which coincides within 1% accurecy with the experimental velue when
g.,, = 93 MeV and the QCD-motivated Skyrme parameter €y=2% was used.

It was also pointed out’”’ the new quantum term leads to some at-
traction for central NN ~potentinls Onccan evaluate the energy dil-
ferenoe between two free skyrmion systems (with relation distance
of their centers) and two frece skyrmions by taking into amccount the
time derivative Bg U . isual product ansatz was ada.pted'

UGz, , 3, 9~ A"Wa@E) A" A B (3 AW, )

it = iiFL/Q.

The guantum cverrections for the N”—potenti&l were obtained:

") 1n ret. /7/ there was cunsidered the go-called gymmetrized an—
satz which leads to some attractive contribution in the ceutbral
potential.
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A VC+ & gd- x X;u(xf) XEE (I ) (34a)
4yA:

2
4Vss™ |£;A1 gd;l e,,c,X,,,(i,)em XE: (1) ) (34b)
4 V"_' = 72 2 gdx[ elﬂmxlm(:[ )£EFG X“(I )+

(34c¢)
*€yay Xyg(1+) €crs Xsp (X-)},

Y + + .
. e usual notalions arce used,

Avt=AV,.'AV Tt 1 H /3/ d

We gsee 4 ch ig negative in the sawe wuy o AH[F]. For the hed-

mehog ansatz 2

AVQ‘:—%(J’I d«th(If)élth(I~), (39}

A tentative evuluations show the macnitude ol (3%) is go small (~107%)
that the main i‘eahure/a/ of V:' obtajirul from the space-derivative
par: does not shange.

fn vef., /9/ an extension of the method on the SU(3) Skyrme model
wag made, [t was assumed existence of an HU(!) rlassical solution of
the hedgehag type, which is embedded in the 5U(3) solution. Then
there was treated the coset manifold .JU(J)/V(1), , which is para-
natrized ty a set of seven real paramcteru ‘1" « The Wegs~Zumino-
witten term was taken to be the symmetrized form of the well-known
topological contribution to the effeckive lairangian l(q,fi) + From
the starting Skyrme Lagraapian with derivetives, two kinds of terms
with order X appear: one ia independent of 1" and gives & new
contribution to the skyrmion mass, and the other depends on
through vielbeins in the q -menifold. The formerterm plays a role
to stabilize the rotating chiral soliton, which, the latter disap~
pears in ’.(1.1) when expresaed in tcrms of the covariant kinetic

term, leaving & new masa contribution with negative signu.

The authors would like to express their thanks to Prof, GoM.2i-
novijev and the other members of the bhivision of Physics of High
Energy Densities of the Institutc for Theoretical Physics. One of
the authors (K.F.) expresses his cordial thanka the support from
the Soviet Academy of Sciencea and Javan Society for Promotion of

Sciences.
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THE CHIRAL BAG AND HADRONIC REACTIONS
F. Myhrer
Cepartment of Physics and Astronomy
University of South Carolina, Columbia, SC 29208, USA

At low energy strong interaction phenomena are guided by chiral symmetry.
The success of current algebra and soft-pion theorems on the SU(2)x5U(2) level

/1/. This symmetry is only

in explaining experimental data testifies to this
broken by 7%/2/ and in strong interactions only isospin-cymmetry or flavour
$U(2) is a more perfect symmetry.

The hadrons are made of quarks and when probed in high momentum transfer
reactions the experiments tell us that the quarks are (almost) free. Quantum
Chromo Dynamics (QCD) has been very successful in explaining these experiments
since QCD is an asymptotic free theory meaning as(oz)/as(pg)»o as Q2= where pz
is some hadronic scale. Quarks have only been observed indirectly via hadronic
jets at very high energies and no single free quark has been detected. Therefore
quark-confinement has been postulated. This confinement has not been proven
by QCD although lattice calculations give hints that QCD can give rise to
quark (color) confinement. In the following we will examine three "low-energy”
topics. Because momentum transfer is low we have to use QCD-inspired models
of confinement to compare with experimenta) observations. The basis is the
MIT bag mode]”’ where quarks move freely inside a spherical cavity of
radius R. They can at most interact "perturbatively" via gluon exchange.

In this model multiple gluon exchanges and the non-Abeiian gluon-gluon
interactions which are believed to give rise to confinement, are simulated
by the sharp surface boundary condition. The latter gives imsediately the
quark eigen-energies. Since quarks (u,d) are almost massless m =m0 MeV
we have

Py =0 r<R (1)



and

innyp =y for r=R, (2)
where for a static bag the unit vecter is n=(n,;c). The boundary condition (2)
implies that the radial component of the current

riyu=0
at the surface but the radial component of the axial current

E‘d‘ Yo ye#o
for r =R. To restore chiral invariance we postulate that the QCD vacuum
surrounding the bag (cavity) is realized in the Goldstone mode. This means
the quarks inside the cavity polarize the vacuum outside in a manner
prescribed by chiral symmetry and the vacw contains zero-mass qq pairs with
JP
17/4'5/. On the chiral SU(2)xSU{2) level the confining guark boundary

=0". 1In the chira) bag mode) the latter is approximated by a pion field

condition (r=R) should read

gy o= explifR yg/f) b )]
where f"=93 MeV is the pion decay constant. To have chiral symmetry the axial
current must be continuous, and outside the bag it is the pion field which
carry the axial current. Remark that the sharp boundary (2) acts like a
Lorentz scalar (infinite step function in the quark mass), and the chiral

/6/ says that confinement and chiral symmetry

7/

boundary condition (CBC) eq. (3)
are intimately connected as a'so argued by Weise in order to generate

the pion wave function. What are the consequences of this picture?

I. The Nucleon-Nucleon Interactions

The nucleon (N) in the chiral bag mode? has a quar® __..e with an extended
pionic c]oud/s/. ‘\then two nucleons are relativély far apart (m4fm) only the

mesonic clouds overlap and we have the standard meson (one- and two-pion)



exchange nuclear furces/m'u/ earlier madeled by the boson-exchange petentials.
For large impact parameter {b) NN scattering or large NN angular momentum

(£22) these meson clouds dominate the "measured" phase-shifts. However, for
b=0 which classically means £=0 the two nucleons' quark cores will overlap
substantially and both quark and meson degrees of freedom are important to
explain the (£=0) phase-shift. For very low energy (E<5MeV) NN scattering the
mesonic forces give roughly the correct scattering lengths and effective
ranges/m/. However, the energy-dependence of the S- and 1Pl NN phase-shifts,
/11/

6=6(E), were parametrized as (i) short range forces or (ii) blamed on

nucleon form factors/m/. Today we know that the repulsion seen in 6(£) vs.

E is due to quark degrees of freedom. See the review by Oka and Vazaki/m/

and in particular Oka and Hurouitz/n/. The argument is as follows. When
we scatter NN for £=0 the six quarks can all be in their ground state (S-state)
which is a completely symmetric wave function (XXxI=[6} or (since parity
is even) two quarks can be in P-states and 4 in S-states and this giv-s a

spatial wave function of mixed syuetry/“/.

B = 1427 .
Higher excited states are less important/lz/. The six quark spatial wave
function is:
vg = AL6] + B[42] -
Naturally the part [42] will be energy suppressed by a factor Aqu(wp'uls)
due to the two quarks in the excited P-state. However, if we allow the quarks
to interact perturbatively (usaﬁ)) via one-gluon exchange, we find/15/ as
hinted to earlier by Obukhovsky et .1_/16/ and Harvey/u/ that the spatiat
states {6] and [42] are (almost) energv-degenerate. Then ane can calcuiate
the Clebsch-Gordan coefficients A and B/u/ for the NN channel (ro=)
=361+ . ®
This equation says the mixed spatial symmetry component dominates. Since the
two states are orthogonal and [6] has no nodes {1S-state quarks only) the
[42] state in an effective expansion with NN(2=0) has nodes. The position
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Fig. 1. The 1 WN phase-shifts for various confinement models Fig. a
is for a_=0, FQQ. b for a_#0 and Fig. c includes alsh”e long-range mesonic
interactfons. The f'iguref are from Oka and Horowitz .

r=R0 of this node corresponds roughly to the {almost) energy independent
radius in the ca]culated/ly "hard-core" like NN phase-shift
S(E) = Ry JME + 56(0) (5)

seen experimentally in 150' 351 and 1P1 for E=0-300 MeV. The influence of the
gluonic corrections (2 #0) is seen in fig. 1 which are taken from Horaowitz and
Dkalla/. Basically the [42] state dominates due to the antisymmetry requirement
of the six-quark wave function "'6‘ The chromomagnetic correction (usio) just
helps make [6] and [42] energy-degenerate and ensures the dominance of a mixed
symmetry state.

To describe in detail the NN phase-shifts one has to rely on models for
short-range quarks and long ranye mesonic interaction like, for example, the

Quark Compound Bag (QCB) mndel/ls/. For a review see Myhrer and Hroldsen/lg/.



1I.  Nucleon-Antinucleon Annihilation

Like NN scattering we have for very large impact parameters b only an
overlap of the mesonic ciouds of the quark and antiquark-cores of N and N
respectively. Therefore for b large we do not expect any annihilation and NN
scattering is described by meson exchanges. Annihilation takes place only
in the lower partial waves when the quark and antiguark cores overlap.

To study the dynamics of the annihilation process one needs a quark model

for the nucleons. The "range” of the annihilation ~1fm determined experimentally
is really a reflection of the very attractive meson potential which "pulls"

the K wave function into the annihilation region as can be seen in the black
sphere annihilat{on nodelfzu/ which is very successful in describing
differential cross sections of recent precise measurements of pp elastic

and charge exchange scatterinq/ 21/,

] \

a b

Fig. 2. Two possibilities of coupling effective, timelike gluons to quarks
are illustrated.

The NK annihitation at rest inta two mesons (ASTERIX experimentslzz/)

necessitatesquark dynamics to explain suppression of some allowed channels.
To discuss the dynamics involved we concentrate on two diagrams, Fig. 2, with
the least number of effective, timelike gluons. (We have %o allow many giuon

“exchanges” since a, is large for relevant Q2).
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(i) The effective gluons in the diagrams are timelike, i.e. they carry
an energy 2 2E where E_ is the quark sigen-energy in the proton, but they
carry on the aeerage ver low momenta.

(ii) In the diagrams the gluons carry an energy > E_ which means the
final-state quarks will be relativistic. If one naively uses a non-
relativistic quark model the quarks ip the final mesons will be very far off
their mass-shell.

(iii) If the two outgoing mesons are pointlike (no gqq form factor F(q?))
diagram 2a is zero due to energy-momentum conservatfon. In diagram 2a F(q2)
is probed at very high g2 and one can easily change the amplitude of 2a by
an order o;aygnitude by using different, "standard" quark wave function for
the mesons .

(iv) For massless u and d quarks the (CD Lagrangian is chiral invariant.
For massless quarks the guark helicity is preserved in guark-gluon interactions
(no gquark spin-flip). It is hypothesized that the non-Abelian gluon-gluon

ractions Tead b

infer ons Jead to quark confinement, which means confinement conserves
quark helicity. (This is simulated_in the chiral bag models by the presence
of the pion-cloud). [o calculate NN annihilation using diagrams 23/2” b
we canyﬂgljust use C)ebsch-Gardﬁsyuefﬁcients like Faessler et al. Green
et al. or Maryuama and Ueda’ since quark spin-flip is not allowed.

We keep these consideration in mind and ask which effective operator
will give the experimentally observed suppression in,for example,pp+np.
The timelike gluons touple to the quarks' spin, and since helicity is
conserved this effective quark operator g only counts the helicity of the
varjous quarks and antiquarks and it is easy to find that pB(lsa)anp <«
pﬁ(asl)Mp/zy. This resuit also follows in the 390 model where a qq pair
with 390 (in LS coupling scheme) annihilates into vacuum provided standard

barrier-penetration factors and competition with other channels are includedlza/‘

III. The Spin-Structure Function of the Nucleon

The structure functions of tie proton and neutron are measured in deep-
inelastic leptan scattering (DIS). Some behavior of these functions can be
related to quark model wave functions which are constructed to describe static
or Jow energy phenomena. Specifically the MIT bag model was constructed with
the OIS results in mind. Jaffe has made some early calculations using the
MIT bag model in the Bjorken 1imit (q2sc and the lepton energy loss v=E-E’'s=)

/29/.

to calculate moments of structure functions A review of this is in the



lecture notes by Jﬂffe/ao/. Here I will specifically concentrate on the integral

of the nucleon spin structure functions
Jaxg) = Lewstiy, v, Q2uine> (6)
! H ¥2¥5 '

where ¢ is the quark operator, Q the guark charge and |Nt> denotes a spin-up
nucteon state. The Bjorken sum rule relate these high energy, high momentum
transfer results to the low energy quantities, the axial charge 9 of neutron

decay.

1 P n 19
5‘”‘(91(")'91(‘)) *8q, - (7}
This can be evaluated using a model for the nucleon. 1f the nucleon 1s
assumed to be the symmetric spin-flavour SU{6) wave function, then the
r.h.s. of eq. (6) vanish for the neutron. However, when the chromomagnetic
exchange current corrections is included, which explains why Hzalhy =
-0.61n.m. and why the ratio Aspew/I +nev = 2’3/ jnstead of the SU(6) value
732/

3, the r.h.s. of eq. (6) for the neutron is negative This exchange

current process is illustrated in fig. 3. As seen from Fig. 3 we have both

A U B S

—
Sta, Siz, Paz Sie,

(v)

Ao
L]

Fig. 3. I1lustration of the different Feynmann tree diagrams which contribute
to the chromomagnetic exchange currents.
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intermediate three quark and the dominant four-quark one antiquark states as

/31/. This results in a two-body operator of

shown by Hégaasen and Myhrer
the form
2 Uz(k)Qz(l) ’ (8)
k2

where ,gg/smn is over all quarks pairs. As calculated by Myhrer and
Thomas'

1

%’dxg'l'(X) = % o O]
and

1 p 1,1

gdxgl(x) = g9t 3t (10)

where 9y = gx - %C" where gx is the additive quark model result (C"=-0. 056)/31/.
Note here that the Bjorken sum-rule is preserved by this exchange correction.

If we now add this result to the correction due to the pion cloud of the
nucleon as found by Schreiber and Thonas/33/, we find for the integral
of the neutron spin-structure function a value -0.036. To compare with the
very recent European Muon Collaboration (EMC) r‘esu]t/M/ of -0.078t0.012¢0.026
we have to correct our value by the QCD radiative correction -0.036 (l-us(Qz)/n)
=-0.033 since the structure functions are measured at a finite Q% = 20GeVZ.
Certainly we are incompatible with the EMC result. However, this result is
sensitive to the extrapolation of gl(x). and a re-analysis of the data by
Close and Roberts/35/ gives -0.043£0.01210.026 which is in reasonable
agreement with out resutt. The value of the integral for the spin-structure
function of the proton is also Towered both by the pionic and chromomagnetic

exchange current correction and is consistent with the re-analysis of Close

and Roberts
1 p
Jdxgy(x) = 0.1495:0.01240. 026
0

but not consistent with the original EMC analysis. Here we have pointed out
two corrections which do not leave room for a more exciting suggestion by



Jarfe/35/. It certainly is too early as pl‘oposed/34’37/ to abandone the old
quark model based on the EMC result. Certainly we show that the pionic
cloud of chiral invariance and quark-quark correlations which explain the
N-A mass difference are important.
By these three examples 1 want to show that the chiral bag model is
a rough, but reasonable model for the nucleon. This model inspired by QCB
makes "predictions” for what we should expect in a wide range of reactions.
The short-distance perturbative quark-quark interaction in the model
manifest itself in boih nucleon-nucleon scattering for energies below
400 MeV and in sum-rules of the high-energy structure functions. Since u
and d quarks have basically zero mass, chiral symmetry demands a continuous
axial current which leads to a model calculation of the pion-nucleon coupiing
constantls/. Furthermore, for a zero mass quarks, its helicity is conserved
which has consequences in analysis of nucieon-antinucieon annihilation. This

research is supported by a Natienal Science Foundation grant.
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OK30THYECHME MEJ0OHH-88
H.H.Auacop

Bucrnryr mmremaTnxs CO AH CCCP
HomocuGepex

Joxaan 06 3K30TMUECKMNX ﬁ:_ag?lx CTAR TpAIMUMOHMMM HA 3TO KOHje-
peHumn, Haukeas c ‘1981 roaa B pexou psage cayusep CHTYauls 3a
nocxepHWe 158 oA NPAXTMUECKN He M3MEHMEACH KBK B TEOPETHUECKOM NO-
HEMAHNK DO3OHAHCHHX SBXCHNR, KoTopwe MOryT OnTb OfyCXOBREHE IK30TH-
YeCEKMN MO3OHAMN, TAK M B IKCIEDMMOHTANLHOM MCCRCNOBAHMM KX IPHPOIM.
NosvoMy anech # OCTAHOPADCH TONbKO HA CAMHX BA&NHMMX, C MoeR TOUKM 3pe-
HNA, “9K30THUECKMX" DOIOHANCHMX CHIHAAGX, B NOHMMAHHW NPHPOAM KOTOPMX
MOKHO PENNTENLHO MPORBNHYTLCA GRArOfApA ACHOH TeoperMuecKofl CTpPATErMM
OXCNEPHMEHTANDHIX lcc.IBAOBllllﬂ. posunxmeft 8 nocaeaHee speMs.

Cefluac HEADIS NCKYNUNTH BO3MORHOCTH, UTO HACTh 9K3OTNUECKMX CHI-
Haxos (waM game Bcel) womeT OMTb OGBACHEHA CO BpeMeHeM HeTPMBMANGLHMMM
afpexramn cuabHMX BIANMORERCTEMA. B mwoM cxyuae MccAenoBaMMe ITHX
KpPaCNBMX AARGHNA NMO3BOASET HAM NMPORBMHYTLCS B NMOHMMAHHK OGEACTM XOH-
GaRtHueHTa,

CHauama 0 Tex CAYWAAX, Korns GAs oOnAcHesMAa afdexra Tpedymrca
cocroaHus ¢ ApHOA SKaoTHKOA.

I. Momoe pesonaHcHOe ycayeHMe OKOXO nopom peaxuuu Y¥— P p
M OTCYTCTEN® SHAROINWHOTO YCHNAGHMNA B X! f _P - fABXeHNe, mpen-
CRAJAHNOO MSMN TEODETMUSCKM B ”7:“ q q,’-mnm / H OTKpNTO® BNC-
MEPMMENTANBHO, CM., HAINPNMED, » MO-HpemHeMy OCTAETCA BANHoRWNM BO
scell mpofxems ox30THNECKMX MOIOHOB, (GBACHEHME 3TOTO OTKPMTNA Tpalyer
cymecraosanns mupoxoro (I /gm )aB) we3ona ¢ maccoft 1400-I500 MaB c
N3OTONNUECKNM cnmHOM [ =2 OpNPMHAALHO® NPeACKASAHNO ocuo-un-
xocs Ha cnexrpe q23%-cocrommxt » MIT -wemxe x mpexmomsraer JFC u2t
ARl 3TOrO MOICHA. JNCNOPMMENT NONTBODEAAET M 3TO MPEACKASANNE (mm,
Wa] PLUTO), XOTA HO MOEST OXOHuATEALHO Nckmwumrs O*(TAB50), cm.

N LNTHDOBAMHYD TN ARTODATYDY.

Bonpoc 0 CYmECTBOBAMNR ABHO IXIOTNUECKOTO COCTOAMNA B %crr
PP MOXOT GuTH ONNOIMANHO DONSH P CAGAYVEMMX SKCTIEPMMOHTAX

(1) Momcx cocrommn ¢ Iyu2
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PP—=n (9P In, ®P=R(p*P*In, KPP~ K (PPN {
npu na{uemﬂl croaxsoneHdA Peage Tpackropulf B UeHTPASbHOR OGEACTH f
(P P — $*P*) npu ne ouerms Goxwmx sHeprumx g, ,,q =10 + 100

3B,
Hirepecha Taxme peaxips &=*p > y’_p*n . ,
(ii) Nomex cocrommit ¢ Iy «iI s/ II

!

¥P~(9Pdn, ¥r—(¢¢)p .

_ +
Hoyuenne § £ (nomex cocrommn ¢ Iy =-2) n § _P° {nomex cogro-
aumit ¢ Iy =¥1) manauop mowe? Ouvh Oveu nepenexTMRHMM Ha LEARTI/Y/, -

(iit) Pn—-(fPIR*, Pn—-(p p>)m°,
PP—-(9PHs", PP~ (9*9°)m .

KoHeuno, wnrepecru ¥ Hehrpexsiue xamaxy PP~ u §°P° (nouck coc-
Tomtuh ¢ I =0)

(i) Pp—-(p'p7)m°, Ppr— (P°p")m°,
Pr-(g*¢H&, Pn— (£p") o

Orwerun, uto B LEAR nps wayuesus peaxuuu Pn—(P°P*)5t" B cnenrpe
sace , £°¢° o6Hapywen pesonancuil curnax X (1480) ¢ JPC 2%, '~ 120
MaB %/ .

2. Berextopu I‘%narm ¥ B CERN OCHADYSXMAN MECKOABKO HMeOoOWUHNX
pPescHaHCHMX C oB / *°/, TEOpPETMUECKOO OCMUCAGHNE KOTOPMX TOAbLKO
oNe HAUANOCH . 3nech A OCTAHORMOCH HA CAMOM NOCASTHEOM OTKDNTHH
arof rpynmd Ny peaxumu K p—=K°Y n opu 100 I'aB B cnextpe wacc %y
NpU NAPUMANBHO-BOXHOBOM aHAXU3e GMA OCHADYNGH pesoHaHc ¢ M =(I406 *
20) MsB, I'=(180 * 30) MsB, JE€ «I* u 1% I, Taxoe cocrommme He-
BOSMOEHO B CHCTeMe 4§, . AHAXMS B RWHHOM CAyuae HEODOCT, T.K. B
aToft o6xacTH moMMiMpYeT peaoNaHc Olg(1320), W no3TOMy NENATEABHO Npo-
neAaT> €ro eme pas c ayuwedl crarscruxoff, manpugep, npu 40 I'sB,

Tenepb 0 coCTOAHMAX C BosMOmHOM cxpuToR ox3orixoR, B gsyx cayus—
AX eCTb TEeJpeTHueckde HOPOCTM, XOTODWE NOSBOAANT DAAMKAXLHO NPOABM-
HYTBCA B NOHNMARHMN NPMPOEM 3TMX COCTOMMMR,

3. 3a npomegmMe g»a roga Guao ycramomaexo, wro O (I1480)-peso-
HaHc, orxpurult b MBED p cucrewmc Ji°¢ b peaxpm FiTP > GPHR°N  u
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ﬁumlcn pe-.l%u’ xauaugaToM Ha SS(uii - dd) /T coc-romme/a/ R
er JFC " CoBceM HeEABHO MOSBMEACH MHTEDSCHAR &XbTEPHATH-
% 1 axsoryeckosy otnacHenmo C (1480)-pesonanca. B nameft pafore

Guxo NOXASRHO, UTO C (1490)-curHax momer Curh OCyCAOBNEH pef-
xmy pacnagom ’(1600)— ¢ R° , mosHWRADWNM B peayabTatre cmuoro
lnpymeuu npasixa Hpefira 3a cueT NpoMewyTOUHMX NpOLECCOB 9 (1600)—~
~K*'K+K'K—> ¢ &° B OGXACTX JZorapisiueckoft 0COSEHHOCTH. 3'ry
nonoclolpoxyn GALTODHATABY MOWHO OpOPEPNTL ONHOIHAVHO B Peaxipiax e*e”
- $q° , e’e” ~ K*'K+K*K , P~ (K'K+K*KIn .

4, Craxapmve Ms3omu &, (980) 7 £,(9%) gasno ywe spamrca
KAHINOATAMM HA a,’q, ~cocTo QZeTUPEXKEADKOBAR WHTEPMPETAIMS
NpeJNOIATAET CHELHYD, CYnepPaspemehHym no Iizefiry cpasn £, (975)-
sosa ¢ KK -xaHaxom n  Q,(960)-meacHa ¢ KK » oy - miumﬁig/
B Hacrosmee BpeMA CHEbHAS CBASH f. (975 )—wmeaona ¢ KK -xaHamoM ycra-
HOBXGH& OCTATOYHO HARGRHO. B 70 me BpeMs cCHabHaa cBsap (.,(980) c
KK » J"'LZ ~KaHAXAMM l",,in:e eme OCTAeTCA TOALKO IMNOTE3IOR, ROTODAsS, KAK
GUNO HRMN OBAEH + He MPOTHBOPEUNT 3xcnepMMeHTy. Hegasho OM-
X0 NOKA3AH » UTO 3XCNESPUMEHTARLHOE MCCAONOBAHUE pacnm P+yaiy
MORET MPAKTHUECHN ONHOSHAWHO pemNTh STOT Bompoc. fam q,’ -lrﬂepnpe-
raup BR(¢+¥Qo~ ¥6if) = BR{(p—~¥§,— ¥5isi) = 2° 104 é
no xpaftveft mepe MA MOpAROX GoAnLme, ueM mas q,q, ~HHTEPIPETAIM
HayueHne pactagon ¢+ ¥ §ifp N ¢~ XHF  AnxAeTCA npuﬂmecn
pesasoll 3agaveft ¥ Gymer BanoxHeHO P GaMxafimMe oss.
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KECTIME ALFOHHWE NPOUECCH C YYACTVEM BAPMOHOB M TAREILX
ME30HOB

B.H.Bailep, A.T'.Tpoaus
UncraryT anepHodl feamxe CO AH CCCP, Homocmduper

1. Beenenue

B nociensee BpeMa ycRAWICH WHTEDEC K pACHANAM B _mesomor. 3To
cpA3aH0 ¢ OTRpuTHeM BB -cmemapamms B axcnepamesrax UA1 m ARGUS
¥ C Haunexnolt oGuapyxaTh u mccaemoparh (P -mapymemme B pacnapax B .
lina sToro tpedystcA OrDOMHEA CTATHCTARA — MUALIMOHH B -masomoB. Hoa-
TOMY IIDOEKTHDYDTCH CHELMANASAPOBAHHHE HAKOMATENZ C BHCOKOE CBETHMOC-
™0 - B -gadpurd. Coma oTHocETCS npoekT BANI-5 B AL (HOBOCHOEDCK)
AHAJOTMYHHE MPOEKTH MMEDTCA Takke B EBpone n B fltoHAA. B HeZaneRoM
SynymeM BCeBO3MOXHHe MOmH pacnana B -wesoson OyAYyT NSTANEHO H3yue-
HH HA 9TAX YCTAHOBKAX.

Bamiyn posb ErpapT OONYAGNTOHHHE paclagy B -me30u08. Bo-nmepBHX,
OHA COCTABJANT 3HATUTENBHYV YACTH HOAHO# BepPOATHOGTE pacunaga. 1o cob~
peMeHHHM 2KCNODEMEHTANBHHM JAHHHM, BODOATHOCTH DRCHANOB C DORNEHAOM
SJBKTPOHA ¥ MOOHE COCTABIANT IO 12%. Bo-BTOpHX, OHE ABKT METRY, NO3-
BOLAYIYO DA3NYATE B- # 8 -Me30HH: O pacnane KBADKA DOREAETCH
OTDRUATONEHNE JenTod, & NIDM pacuname ?_ - NONORETOXBHHY, MMEeHHO B
NONYASNTOHANX DAcHATAX GHEE OTRDHTH BB - ocwuri@a; mpE dolee BHA-
IMATEJIGHOM EX ESYYCHEN GYAYT LETANBHO HCCHRELOBAHH HONYJENTOHHHE Dac—
man. M, HaKoHel, 5-TPeTHHX, DOAYIENTCHBHE DARCOANH Npolleé HOARADTCH
TEOPETHYECKOMY DACCMOTDEHAD, YSM HeJIeNTOHHHE.

Vueiompecs oleHK’ (CM. M.3) NOKASHBANT, WTO OCHOBHY®D YACTH BEpO—~
ATHOCTY HONYNENTOHHHX DACHANIOB COCTABAANT KaHaxy B—=>DEV u B

ol AV B HACTOANGM LOXNZEO MH DACCMATDMBAEM BTH DACRANN, yIe-
JIAA OCHOBHOE BHEMAHWE NISDBOMY B3 HEX. AHAJM3 BTOPOrO KAHANA TEMH Xe
MeTofaMd OyneT ONYCIMKOBAH OTAEABHO.

B O.2 paccMarpuBasTcA KMHOMATHRA 3THX DAcHafoB K BBOJATCA #X
¢opmbarTop. B n.3 paercs o63op amexmefica o HAX HEpOpMAImE. B m.4 MH
OpdMeHEASM MeTOR mpasdx cyud NXE zna BHeacaoHBR (opsspaxTopos. B m.5
NPABORATCA pPESYABTATH YACAOHHOrO AHAMKSA IPABHI CYMM.
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<o Kanemariia

Pacoen, #3ofpaxen ma pdc.l. ldd npeHedpe-
raeM maccoll xenToHa, M TEM CAMHM YCKJIDYEEM
B3 DACCMOTPGHEA DACHanH He T -AsnToH. OHd
HONABAGHH MO a30BOMy 00%neMy; Xpome TOro, HX
CYWECTBEHAO CIOKHEE BHAEIATH DKCIHEpPEMEHTaIb~
HO.

ToNEKC BeKTOPHEY cadull TOK L}‘: cy, ¢

Puc, I (Mo He axcpanpHull) AMeeT MATDHYHHA BJEMEHT
B->7
KUVUIB>= £ (P, +5 (4) 9,
P=Putlos 95 F~Fo s £= 72 (2.D)

B npudmmxesa# HyIeBoll MaccH Jenroma, fopufarTop f_ He naeT Bruaza B
MATDUYHHE 3JOMERT DacOaza.

§E¢(GeV) ByneM DRCCMATDERATH DACOal B CHO—
g m gy Teme TOKOS B -Mesoma. B kawecTpe <& He-
SEPHCHMEX LEDSMEHHHA DEN BHEpIU®
| P/ "t
L 8 D-mesona £ & 9HEDTHEO 3apAREHHOTO
“‘m“!; ””” menrona Ep . dmameeckad o6IacTh B
Mg -T0p .
2 2THX NEDOMEHHNX B300DAXEHA HA DEG.<e
+ Ee rpuBoamHeiiHAA rpaHMuA oOpeTeadeT~
. CA ypapHeHHAENM
1,1 .
E‘Mn:(M.—E-ZE(Jz, (R.2)
o 1 oy lepemennan £ = g +405 ~2mgE o

E(ag%) XoT MeHATHCH oT O {xoraa £V zeTAT
Pre.2 DAPAINGABHO) 10 4,4, = (my-h1y)* (KorZa
o0pasopapmaiicd 1) -MOIOH NOKOHTCH).
CramnapriHoe BHYWAGHGHHAE [ARET AAA BePOSTHOCTH pacnana (Vgc ~ alle~
Menr varpmp Kodamma-Mackapn)
&' Vi ) [ e s
- = < 5 _ - _ .
dEdE, g (_'"B 4y (g6 ) PRE (i 285)|(2:9)

JuepreTaveckull cueRTP 4L -MeSOHOB MOXST OHTh BHYHCJEH B OCWMOM BHLE
dr _ CVimg §14) s o)
JE ‘—""_B—‘-gq P I (2.
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Iloporosoe IOBSLEHHE p: PR NAEHX EMIYALCAX OOLACHASTCA TeM, Yro D~
ME30HH poxpabrca B P BoJHe.

Takum odpasoM, nanaveil TEOpMM ABAAETCS BHOONHEHEE ORHOrO dopm~
garropa §,(t) B (uamgecrod odmacTw WaweHoHaA T . AHANOTHWHE OG-
pasom MOKHO NoRasars, ¥ro B pacnane B-> DYV meerca 3 cymect—
PeHHNX opsfaxropa.

3. KavecrBeHHAT RADTRHE

Qopjaxropy pacuenos B=D€V g B>D*C7 pumgenmmcs B pas-
JIMWHX BRRaHTaX KBApKOBOH More . JLx onpenenmeRBa SEBHCEMOCTH
Qopupaxropon o ¢  JNOHONHATONEHO NPMBASKASACE CANOTESA JOMMHANTHOCTH
Omamalimero pesopayca B ¢ Kanaxe. B cAy9ne BeRTO[MOLO TOKA TAKEM
pesoHancoM ApafeTca Bertopan#t €C -MesoH. BuwEcae nawr mas £, ({)
(e, 3)

"~ {4(")
f,x07, & () x m (3.1)
g -
OnHaRO NOTEHIHMAXBHHE KBAPEOBME MONOH He
mEUr HauexHoro odooHobanmsy B KKK, ® TpymaHo
OLEHATH MOOIPEMHOCTH oiejybmrm (3.1).
B menmasrefl pad HPOXSBEAECHH IpoCc~
THE OIEHKH, DROACHAINES KADTAHY ROAYIEITOH-
> Eyx B -pacnanos. IppeneM REKOTODEHE OCHOB-
Puc.3 fume HHe DesyabTaTH 3Tof padoTH.

Bo-neppux, paccmorpaM caywsll 1= fuwe. . Ecam npereSpevn mpmme-—
HEEM TAESJOrO KEADRA B MESOHE, TO KADTHEEA DaclgiA CBOJBTCA K TOMY,
Tr0 norommiic: € -KDapR NEPEBONETCS CUAGHM TOROM B HOKOMmiCR < -
KBapk (Gea MaMeHeHRA upeTa). JOCKONENY NAd CTPYKTYDH MESOHE BalHO
TOABEO HBETOBOS NIOAe, CO3NABAENOS MOROANMCA TANCHIM KBApRoM, B -me-
20H OpeBpaTATes B D AuE e BepoATHOCTED 1. B cayuae BEKTODHOI'O
ToRa padoTasT KomuoHeHTa Vo, , CINH KBADRE He MEHARTCA, X 5§ nepexo-
mar B D 1 <DIV, 18> = JAmg JTmg  (ord MmoxETeNR mpoHCXOMAT OT
DpenATEBHCTCRO HODMMDOBKHM BONEOBHY yHKmEH). Jro gaer max dopMpaxropa

folag) = 2TEM
+ max gt Mg
B c/yuse AKCAANEHOrO TORA DadoTAnT ROMIOHONTH A; , CURH KBapKa Iepe-
BepTHBAOTCH, @ B mepexommr B D* . MowHo noxywre RaA foppaxropon
3TOrC mepexoma fopMymu, asagorayane (3.2). HIRoERNe COCTOMHMS, KpPOME
D m D¥, » oToM NpAGMMXEHEE He DOXRANTCA. OxEpaeMsd NOPAUOK moupa~

x 0,43. 3.2)


file:///lXing

BOK K IOpencKasaHmAM Tana (3.2)
(%}) £5%. (3.3)

Jlanee, cRABHO JE MeRAWTCA $opMPakTopH B Hmpefenax fusHueckoll oG-
nacTE? XapaKTCpHHA MAacWTa$ HX H3MeHeHHA .uaemﬁ Maccolt myzx Mgty
Quanwecxan oozacTs £ (0T 0 o (Wg- )t ) smamerca B oTom macmrade
OTHOCHTEJEHO y3koli, B mamMoHeHus $opMBaRTODOB MEBOJEKA:

0(( o +m,, ) ~ 20%. (3.4)

Tostouy meposTHooTR pacaanos B> D€V u B=D"V ¢ towocren
~50% MOXHO BHMACHATH, CORTAS HOPMPAXTODH TOCTOAHHHMM.

Ecxy npeHeOpeyh NOUDEBEAME HR JBARSHMEe ofpasymlerocs B pachale

C ~KBapHa, KOTODHE NPOMOPIMOHANBHH MaIOMy mapaueTpy (3.4), To HuKa-
KPge MHOUOYACTHEYHHE COCTOARHEA He poxuapnrcsd. B 3TOM NpROMMEEHER HAGTo-
naeTcd uneanbHad AYAIBPHOCTh: BOPOATHOCTH DACHANR CBOGONHOIO KBAapKa
€~ c ¢V papua pepostROcTE pammenns D m D*. B meficTERTEMBHOCTA
5TO, KOHeYHO, He Tak, HO BEeDOATHOCTH DOXKOHEA MHOUOTACTHUHHX COCTOS~
HAl mozaBiyeHa mapamerpom {3.4). HosToMy pacmafy ma 2 & 0 jommmmpy-
OT CPRH OOAYACTITOHHEX nagos B -Me30HOB.

PesyapTaTH pAGOT) NOSBOJANT HOHATH OPAWMHH BUTEIbHON MO~
nenpHOE HeSABMCAMOCTA DACYETOB B KBADKOBHX 1sao.|1eix.rtx/i . DelicTeETentio,
coodpaxeHnd, NpuBONMIMe K fopyre (3.2), BepHH He TONBKO B KX, HO E
B Jmdoli noTemnmansHol Monesmm. IeoaTouy cames NpeBad TOYRA Ha rpafnke
fopbaxropa (pec.3) §urcEpopaEa ¢ BHcoxof TowHocrsw (3.3). Hammom
KpaBofl ompexmeasercd APEMOJOROHHEM O JOMAHEHTHOCTH BEKTOPHOTO & pe-
30HAHCA, B paBeH !/ m}c— . SapmomMocts +( ¢} MOXHO C NOCTATOY-
HOll TOWHOCTBD 3ameHkTh JHHefHOf, OTHIOHEHRA MMENT HODPANOK KBaADATa
napametpa (3.4). TeM coMuM OLHO3HAWHO JwRcupyeTcd B 3HAYSHEE f, (o) 2

0,7. Xord OHO R ONpemeldeTCA B KBADKOBHX MQNENAX KaX MHTErDAT IEepSK—
DHTRA BOJHOBHX QyHEUEE, HO IDSRTMYESCKA HE 38BECHT OT HOTCHUPATA H
opounx Jerenedl moneom!

TaxuM 00pa3oM, EMESTCA NOBOJHHO MHOTO EHfODMAIMA O HOBEASHAX
domsfartopor B> L # B> 0", Ogpaxo Jexamme B ee OCHOBS I'HNOTe-
3H, OCOOEHHO GOMEHEHTHOOTH GiExafimero pesomanca, He Iorasamd. dosro-
My XOTeX0CH GH MMevh HOJABMCHMHE KOXAYEC TBeHHHH noJ.'x ofocHOBaHHHH
B pamxax KXIl, Taxofl momxoxn IaeTcs MATOLOM I é u/ﬁ /n R-me30-
HH DACCMATDEBAJACE DTHM MOTONOM B DAGO -5/, B paOor MBTOM
OpaBsE CyMM ORI OCOCRGH HA TDOXTOUS, KODDEJATODH, TTO HOIBOJRIO
BHmECHATs fopsspaxrTopu. Hakomerm, B paccMoTpen pacmax O—>K v )
BO MHOPHX OTHONGHEAX SHAXOIRWHNE METODECYNMHM HAC pacnagaM. Pesyis-
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TaTH NPYMEHEHHA METONa NpABAT CYMM K Pacneny B -~ D¢ ©/  OIMCEHH B
Me4~3.

4. Lpappaa cywes pia fopsdaxropa
PaccMoTpEM KOPDEJATOP 3 TOROB
Ky (P = Jdzaby PR 1 CINCOS
= Kolpibt) b + KPS P G, (4.1)

e [p=d8%€ . jp7THC - zoRa o xsanvomwm woxamn B-u D-eso-
Ha. Hac 6yAeT MHTepPEecOBATH TOMBKO K, ol aToll QYHKIMA MOERHO Bell-
carh IBOJHHOE IMCMEPCHOHHOS NPELCTABISHME IO TIGDEMEHHHM /’,‘ '3 ,Df :

K. (p2 P ) = LG Sut)dsidse (4.2)
Apspsts B
(P s, rio) pi-54+i0)

rie MHOroTOWME 0G03HAYAST BHYATATENEHHE YWIEHH, NOMMHOMAANEHHE MO Frl s

a1,
B P .

Koppelssirop MoRHO BHYHCHATE ABYMI crnocofamil. § ofsolt CTODOMH, MOX-
HO 32nMcaTh CHEKTDARBHYD IUIOTHOCTE KAK CYMMY 0O (MI¥YSCEEM COCTOSHEAM.
|IpoKnanHBas HA3IME COCTOAHEA — B _Me3on mexny J g 2 % 5 D.Meson
ME&IUV/‘ I J:. MH TIOIYWM BEIAT

25 (4.3)

_ 4 by Z; ml 2 2
P7= T 2T (1) 8 (5 mp) Sl
rhe NONCTABIEHH MATDRYHNE ONPMOHTH <ol jy1B>= ifymy /my <ol [0>=
Hn"’; /m, . Brial BuCIMX cocromHmil MM SNIPOKCEMEDYeM OGHYMHMM odpa-
aoM:

am!__

Sa -f,,”"-&(s,-sg)s(sz—sal (4.4)

roe fj’"‘" - CNERTPATBHAA IUIOTHOCTH, ANTAC/HOHHAR IT0 TEODAW BO3MymEHHi,
a 55 , Sa - MODOrY KOHTHHYYMA B COOTRETCTBYWNAX RaHATAX. KoHcTamTs

/ig : f, ¥ moporn Sz , S, ONPENENSLMACE B3 ABYXTOYSWHHX HDERKA CYMM B

C ppyroif CTODOHH, KODPeXATODp B €BKAANOBOY odiacTh MOXKHO BHMHC—
JUTh KAK cYMMy BRJANZ2 Teopud BosMymeHEN (pEc.4) E Dins CTENeRHHX HOm-
paBOK (PRC.5-6). [ermult M3 HEX JASTeA ARCHODCHOMHHM mHTErpatoM (4,2)
CO CHERTDANEHO MIOTHOCTHD ﬁ* mo Boedl fmsAveckoli oSIACTH. Buumc-
JeHEE CHERTDANBHON IWIOTHOCTE IO REArpamse DHC.4 LaeT

fr'{ - ﬂ (5,—”12')[51(—5,*Sz~£} H"‘NC(S,;{,,—-“]* (1{::) (4.5)
! 7 [SE+SEsdioa5,5, - 25,4 -254 ]2
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rie N = 3 ~ 4Eea0 upeTOB., UUBHYECKAA OGJIACTH B TWIOGKOCTR { S7 ,Sa )
ABIAETOS yraow ¢ pepumiol (Mg, M) (pmc.™)

s g Ve s - (gL} (4.6)
¢ ¢ (SemENs-mE) < 0.
JInarpam puc.5 IaeT BKAAN, Mponop-
UMOBAJIEHE] KBADKOBOMY KOHAEHCATY (f«y).
. JlrarpaMMy DHC.6, & TaxXe NONpaBRa BTO—
Luh POro NopsERa IO NMPOX3BOLHKM BO BRJAME
pEC.5, HADT BRJIAK, IPONCPIMOHATHHG
KTCt 9> =m2<71> | o
cTeneHHas TNONpapKa NOMEHA OHWTH MAJA B
o0NacTH NMPHMEHUMOGTH TPABAT CYMM.
Braian Teopuy BosMyleHmd (pHc.4) wAc-
"X Pue.S E MBHHO MaJl M3~32 HAIMWMA NeTiH. Mu He
YIATHBaEM BRJIAI I'VKMOHHOTO KOHNeHcaTa, AsaAnupiics maiol mompaBxofi K
BRJIGNAY DPAC.4. 3aMETRM, YTO STH BHYACHCHAA IONYCKAUT AHTEPECHYD Ipo-
BEpKy: B (ODMANEHOM Npefiesre My=M, , f= A , ¢ ~>~0 TpexTotewHut
ROppeNATOD K, BHDAXAETCH 4Yepe3 MPOEIBOIHYO OT ABYXTOYEHHONO KODPes-
TOpR, BHWACJEHHOTO B .
llpEpaBHABAR 3TA 2 BHPAZSHHA RJIT KODPEJATODA X NMPOUIBONA XBORHOE
npeodpasopatae bopeJn 1O HEepBMEHHEM f,l )4 ,Df , MH MONYYAEeM RPEABUIO
cymm g ¢opmpaxropa. IpeoSpasopanue Bopead nospoldeT MIGABATECA OT
BHIATATENBENX WIGHOB; OHO NPABONMT K IKCIOHEHLEANBHOMY OONABJIEHAD
BRA&NA BHCUWMX COCTOAHME ¥ K (axTopEanbHOMy HOjABJIeHMw KoadfaiueHToB
Op¥ BHCHMX CTETEHHHX NONDABKAX.
llopeHOCA BKIAN KOHTHHYyMA 43 @M3MuecKofl 9ACTA NpEBANE CyMM B Te-
ODETHYECKYD X O0beluEAR ero Cc BRIATOM TEODAN BOoSMymMeHmll, MH MOIydaeM

OROHTATONBHO S, (6evY)
c e . ———— —— - -
£T
[’ P
. —1;' 'y - 17: “
24 . :
m¢ H ]
! ]
DR S S
p . 10 0mg 308, 5(6e7)
7% Puc.b Xy ” Puc.?



2

fgm: fom g _ my £ _ 5
J_J_a_ﬂf[.“e M, Mz:gg'pwl..,,.; ;;;.
"¢ v e ds,ds,
[4
_ 39> (e ) e M'g s [1 o (_1_ g r2me R mE
A ° (ngtme )ME Ty M
4‘*’) 1 g rmé - g myme =t ) ] (4.7)
+ + -
(1) « 4 2ertde
rne R - yacTs ﬁmsnmcxoﬁ o6nacTH B maockocTa (S , 5 ), BHpesaHHad
yoaobuami S, < S5, Sy< 5y (pme.7).

Bupamenwe MR Gopuparropa §, (4] , noxyuaemoe s npa.aum cyMM
(4.7), COTEPEAT < TMPOXBBOABHHX GOpEJEBCKAX napamerpa M i M; . B
0GIACTH NPHMEHMMOCTH NpAaBMIa CyMd 3RaweHue +,(f) He ZLosmHo 3aBmCeTh
OT BTAX NapameTpoB. [l1d cro NDAMEHMMOGTH HeOUXOAMMO, BO~OEDBHX, WTO—
GH DAL CTENeHHHX NONPABOK NOCTATOYHO GHCTPO CXOANCA, TAK YTO MQRHO
OrpAHATATECH HECKONBKMA NEDBIME er0 wieHaMM. Bo-~BTOPHX, MH 3aMeHiId
BTN, KOHTHHYyva rpydoii Monednd (4.4). ITodu 5TO NPHCIMAMEHAE HE CKA-
3aJI0CE CYWECTBEHHO HA TOYHOCTE IDABAIA CYMM, BHIAN KOHTEHYYMA B 5,,_ 1)
LOJEEH OHTBH MAN JO CPaBHEHED ¢ NOJYIEeMmM 3HaveHEeM dopmparTopa.

5. Pesysera

Mu npﬂﬂumaem crafmapmoe gHAYRHEMe maapxosom KOHmeHeaTa < ¢ 7™>=
= (250 14aB)3 ?u erpa mr = 0,8 TaB® (ox OnpeleNANCA M3 NDABRI
cyMM AJIA GADEOHOR’ ) B TOuUKe HOPMMPOBKM 500 MsB. B mpasumo cymm Hys—
HO NOACTABIATHL KOHAEHCATH, HOIMEDOBAHHHE HO XADAKTEDHOM DacCTORHAM
Mexny TOYKAME X, ¥ X, Ha pAc.5=6. 0RO onpenendeTcA COJbMEM H3 2 pac-—
croaumit or O no x, m or O mo x, . Mpomararop c .Iuaapna fiMeeT MEHR—
mym BUDTY&IBHOCTE, MEHMMANBHOE 3HAWEHME KOTOPOH Npa ,Dz = 0 paBHO
c . Budmpada TOYKy Hopnmpom HECKOJBKO BHIIE M" 2 A = I00 MeB, mu
moxyuaem (¢ y9eToM TOro, 9TO aama.nsuaﬂ paawpuocrb <7 9> paBHa 4/9 ,
a mlLF9> - mam) <§9> = (260 MaB)3, = 0,63 I'”, JIMM,. £,
Sg B m. , {‘, , S» MH HCHOXD>30BANA SBB‘IGH.Bﬁ 3 paﬁoru/ , KoTopaes
Hamdolee GXM3KA X HacTommedl padoTe NO MCHONBSYEMOMY METOAY (perdTH-
BECTCKEE CODSJM30BAHHNE NpaREia CyMM).
NpaBaao cymMM NDAMERAMO TOINA, KOIJIa MAJA CTeNeHHAA MONpaBKA
B Mal BRIST KOHTREHYyMa (o OTHODEHHD K DOJMHOMY pesyakraTy). Ha puc.8
EAOCpaXeHN H3OJMHEM CTexeHHO#l HORpaBKA ¥ BRIANS KOHTAHYYMS, COOTBET-
creyomee 50%, 40% & 30%, mna §, (o) . BEmHO, wTO padouas o0mACTH
OpABXJA CyM4 INOBOJBHO MUPORE. B Hamiywmel Towke CTeneHHAA NONPABKE
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¥ BRIAX KOHTHEHYyM@ He npepwuabr 25%. Ha puc.9 m IQ norgsana sapucE-
MOCTL _Fr (o) OT M{ IpE HECKONEKEX SHAYGHALK M; ¥ HAoOopoT. Y4acTHA
KDHBHX B O0JACTH, I'Ne CTONOHHAR MONpABKA R BRJGN, KOHTAHyyMa < 307,
nsodpaxenH omromiofl auumeli; oT 30% mo 40% ~ mrpuxosoft; or 40% no 50%
- Tovewsod. BumHo, r0 mMeeTcs xopomee iLzaro, A f.(o)x 0,7-0,75.

OnTAMACTAYOCKHE OUSHARAA HOYYTEHHHE CTENGHHHE NMONDPABKE KaX KBal-
DAT yWreHHO#, & HEONPeAeNOHHOCTB, CBA3AHHYD C MOMEJABD KOHTEHYyMA, Kax
30% ero BriIgHa, MH IIOAYTAEM OIEHRY TOWHOCTR De3yianpTara~I10%. CTasmib-
HOCTE WNATO He OPOTRBOPEYMT TaKol omenxe. PasyMmeeTcs, peeJRHO ONEGKA
MOXET GuTH B Golblle, OCOCEHHO ©CJH y4eCTh MMERUYRCS HeompsheJeHHOCTH
B suawmHERT {4 , §p , <F9> E IDYTEX DAPAMBTDOB.

JpollHoe ZHMCNEPOROHHOS OPEECTABJEHMO, 8 C HMM H TDABUNO cyMM, IDU-
MBHEMO ToNBKO NpE ¢ € O, OmHero A fopmpextopa f, (#) Ttowa £ =0
He ABJAeTeA ocodofi. lloaroMy mommo HaltThn GopMbaRTOD B OGIACTH HEGONE—
EEX OTpAUATENEHEX € , W 3aTeM SROTPANOIMDOBATE 6r'0 B PraMYEcKyD of-
nacTh. Kak rosopusock B m.3, ROCTATOYHO JHHOHHON sKeTpanonaimu. Bsas

M*p M B onmmmamsHol odxretd 1w 4 = O, MM Bymommm f, (4)  pH
HeSOJIBLI OTPHATENBHHX {4 , o pauE makioH. ECAH samMcaTh ero B BHIe
1/m* , TO MH noAywmM # X 7 T'sB, 370 He HPOTHBOPEUHT Macce BEKTOD-
Horo € -mescHa. Boxee TOr0, JEHelHad IKCTPARCIAIMA ¢ TAKAM HARJOHOM
or §, = 0,70,75 mp £ = 0 K £ =%pmy He UpoTABOPETMT fopMyie (3.2)

HoMYEePRAGM, 9TO Halle PACCMOTDEHME COBEIMIEHHO HO38RUCEMO OT COoO0-
paxeHuit 0.3, EyKBeEHO SHAavyeHEme QopMjarTopa M £ro HAKIOH HE AMODT HEYe-
ro odmero ¢ (3.2) m maccol €€ wesona. Beamquue £, (°) BocEMA TyBCT-
BUTeNnHa K sHawemamM {5 , fp , <777, MACC HBEDKOB, M B HECKOIBKO
NMeHHIfl oTeNeHA ~ B M), S, , 5y o 0oTOMy corviacse BemmwmHH f, ¢ (3,2)
NONTBEDENAEeT CAMOCOPNACOBAHHOCTE HCNOAb3yeMOl RaprEEH. B gacTHOCTH,
COBEIMSHHO MCKINGADTCA HONEHEHAR fg , ¥p , <7¢> Ba MHOKETONH ~ 2
(ecud TONRHO OHR He OROMIEHCHDYWT XDYF Ipyra).

B sarmpueHmMe Ham DPEATEO nodxaroiapeTh A.M.Meamnrefiza, B.C.oem#-
Ha, B.0.9epaaxe A 9.B.lypaka 3a moxesHHe O0CYXNCHAA.
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SEARCHES FOR QUARK EFFECTS IN FEW NUCLEON REACTIONS

S.K.Abaullin, A,.V.Blinov, I.V.Chuvilo , V.V.Drobot, V.E.Grechko,
L.A.Kondratyuk, Yu.V.Korolev, Ya.M.Selektor, V.V.Solovier,
V.N.Shulyachenko, V.F,Turov, I.A.Vanyushin, S.M.Zombkoveky
Institute of Theoretical and Experimental
Physics, Momcow

1,Introduction . From the first aight the problem to search for
quark effects in few nucleon reactions looks rhetorical beceuse
now it is not easy to find somebody who has doubt thmt nucleons are
composite objects consisting of quarks.The composite structure of
nucleon emerges,from one side, in its dimension and , from another
pide, in its axcitation spectrum. In the framework of conventional
approach the nuclear structure as well as nuclear reactions at low
and intermediate energles are described in terms of hadronic degrees
of freedom which include nucleons and low-lying nuclear resonances
(mainly A ). From the fundemental point of view which is
basnd on QCD guch variables are¢ collective ones and the conven-
tional approach is approximate whers all the uncertainties are hid-
den in the properly chomen phenomenclogical parameters. As the
exact solution in QCD when the large distances are important im
usually not known the researches who are trying to start from the
quark degres. of fresdom are forcad to uwe different models which
alpo contain free parameiers. Many experts believe that there exista
the so-called &uality principle acoording to which the colour sin-
glet hadronic systems can be described asimultaneously in terms of
quark as well as in terms of hadronic variables (using, for example,
dispsrsion or potential approach). Then the main question is which
language is more economic - Quark or hadronic one. Therefore when
we speak about a guark affect in some obmervahle we understand this
obssrvable can be described in terms of querks much simpler and its
desoription in terms of hadronic variables is much more complicmted
and less transparent.

The search for quark effects in few nucleon reactions is ons of
the main objectives of the detailed and systematic study of 3l!e-p and
3l-l-;o interactions at medium energies which is performed in ITEP. In
this telk we dimcuss some recent results of our experiment and pre-
sent their possible interpretation.
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The 80 cm liquid hydrogen bubble chamber wam exposed to the 3y
and JHe meparated beams at momenta 2.% and 5 GeV/c. The ¢hamber was
situeted in a magnetic field of 2.05 7. The cireulating 9.7 GeV/c
proton beam interacted with tx2x15 mm” beryllium tmrgst. The magne-
tic mystem melected positive particles emitted at 62 . .ad to the
internal beam direction. The beama of “j! and JHe were formed by a
two-3tage electrostatic separator. Separated beams were focused
and directed into the bubble chamber. The spread in the momentum of
incident particles was less than 0.5%, and the average intensity
was about 10 particles for chamber extension. There were obtained
about 60 000 and 120 000 pictures for “lie-p interactions at moments
2.5 and 5 GeV/c reapectively. For “H-p intermctions at S GeV/c were
obtained about 160 000 pictures. The pictures were twice scanned
with the overall efficienty of more than 95%. For the measurementa
we used seml-automatic scanning devices PSP-2 in the minimum guidan-
ce mode. The WYDRA (CERM) program was used for the spatial_reconst—
guction and kinematic balance .The kinematically valanced “H-p and

He-p events at 5 GeV/c were identified on the seanning table uming
the momentum analysis combined with the ionization and mimsing mass
measurements. llote that at our incident energy the two and three
prong 1C intermctions can be definitely meparated from the 4C in-
teractions as well mas from the interacticnes with pion produetion.
The identification of “He-p interaciions at .5 GeV/c was performed
automatically by the computer (the contribution of the pion produc-
tion into the total cross mection of “He-p interaction at 2.5 GeV/c
is less than 1%).

2.The nucleon momentum dimtributions }_n__J_i_{_g_g‘n_d_‘Ji._ The nuclear ver-
tex functiona (I'VI') of “He and “H are important physical quantities
describing the mtructures of those nuelei. In our previouz papers’ '’
2/we have extracted the NVF'a of 3Ha-o-pd end Jre - ppn transitions
using our data on the reactions 3Hq: -~ ppd and 3Hop -+ 3pn at “He
momenta 2,5 end S GeV/c. Special attention was devoted to the care-
ful melection of the quasifres (QFS, pN scattering events, which
corrempond to the graphs of the fig.ts typs (to extrect the NVF of
the complets disintegration we consldered the graph of fig.a with
the exchangs of deuteron by the apectator pN peir}. All the criteria
of the pole doimnimance were cheoked. Note that such & detailed analy-
sis was performed at the firat time and it was poasible due to com-
plets infermation on the 4-momenta of all the partieles in the com-
plete phase mpace (4 ¥ -geometry). Continuing the investigation of



EVP for two body Aisintegration in the reaction 3Hp -pnd at 5 GeV/c
we pressent here our results for the NVT of the 3}1 -nd transition.
The proecedurs of extracting of the NVF {or the nucleon momentum

aintributionf) 2(q) which i@ the NVF squared) from the experimental
data we have deacribed in detail in refs.”' 2/, To melect the GFS
events which correspond to the graph of fig.1a we ume two restric-
tions:I) q< 0.3 GeV/c and II) Icosg',<0.8, hers q is the deuteron
momentum in the nucleus rest frame, 8" 1n the acattering angle in the
c.m, of pp or pn aystem. When the restrictions T )-II) are satiafied
we have : i) practically isotropic distributions on the Treiman-
Yang angle (mee figs.1b-4);ii) snergy independent ), (q) (mes fig.2);
111) the fraction of the events with the relative kinetic energy of
Nd system T!(d< 50 MeV when the final state interaction (FSI) is im-
portant is less than 5%; iv) the noncomplanarity angle in the p¥N
vertex doeam not exceed 1°-2° and the differential cross sections
are proportional to the one-shell elastic pN secattering cross sec-
tions; v)if the more strict limitation than II) is introduced leoas‘l
<0.4, the resuli is the same within the experimontal errors.

a) ; b) ’ <) q
i e 2586l Oy Yo 5 Gd
i ;
25 )
P b 5 hﬂ
- & 201, ® s
P S s
53
$ e
Helh) d as:

Fig.1.(a) "he quasifree pp(pn) scattering diapgram;(b-d) the Treiman-
Yang sngle distribution The non-shaded histograms corrempond to all
the events; the snaded ones correspond to eventa under the two Timi-
tations discussed in the text.

The results 1)-v) demonstrate not only the smallness of FSI
of fect but give evidence that the multiple seattering corrections
at |eoa8'|<o.8 are aleo small. The corrections due to the off-shell

" effeots oaloulated for the Mongan potontial/ ¥ inersase the KVF at
Q< 0.16 GeV/¢ not more than by 1%/1/.

Our final results for the nu.leon momentum dimtributions Pg (q)
in He and 7H are pressnted in fig.2 where the statistical arrors
ara only shown. As can be sesn from tig.2 the NVF°m of the tran-
sitions e -+pd and 3H -nd are in good agreement within the expe-
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Fig.2 The nucleon momentum distributions in 34e and JH. The empty
and bleck circles show the results obtained from the reaction -“Heps
ppd at 2.5 and 5 GeV/c respectively, The black squares are the re-
sults obtained from the reaction “Hp~-pnd at 5 GeV/e¢. We show almo
our calculations for different potentials:a) the dotted curve taken
trom veta./1=2:4/ corresponds to RSC model with S and D componments
according to the parametrizations of the 34 and a4 wave functions
proposed in rets./ 58/ (note that the HVF's for RSC and Paris poten-
tials are practically the same/ 76;)the dash-dotted curve corresponds
to the Mongan separable potentiall ¥y {the S wave components of
the 3H and d wave functions were only taken into account, the paramet-
rization of the °H w.f. was taken from ref. Y3c) the solid curve
Yan correaponds to the separable potentiml of Yamaguchi(the 3H w.t,
was taken from ref. 9/ and the RSC deuteron w,f. from ref,/ /d) ihe
dashed curve corresponds to the quark compound bag model (QCB) and
waa teken from rer./ 10/ (the S and D components of the 31-1 and d wave
functiona were taken into account).

rimental errors (note that the Coulomd corrections are mn/ v ). At
snall relative momenta they both agree very well wilh the TRIUM.'F/“/
and Snollr“z/ data. At 0.2<q9<¢ 90,3 GeV/c our data are mituated
between thome of TRIUMF and Seelsy-NIKHEF/ '3/. From the comparisen
of ths data on NVF with the theoretioal curves it is diffiocult



io give preferance to some model without considering experimental
results on NVF for 3He - ppn disintegration.

3. Searches for quark effeeis in the charge-exchange reaction EJHP
npPpp. Let ue conmider the charge-exchange reaction at high snergy
pBH- —= NFppp [@D]
where nop is the fast neutron in the nucleus rest frams. One of our
objectives is to compare the croms section of the reaction (1) with
Glauber sum rule (GSR) for differential cross section, which holds
in the Glauber-Sitenko multiple scattering theory. Elrlior the GSR
analysis ns/tuecnlrully applied to the quamielamtic p He scat-
/14,15

tering

pBHe - ppk . (2)
Where PF 18 the fast proton in the 3I-le rest frame. We shall also
conipare here different two and three partiele distributions in the
reaction (1) with the predictions of the pole model with FSI teken
into account.

The charge-exchange reactions on lightest nuclei have very in-
teresting property which in connection with the reaction pd——n?pp was
firatly discussed by Pomeranchu 1 (see also ref, 17 )e At the mo -
mentun transfer X . O the charge exchange of the fast proton on
deuteran in the impulse approximation should be accompanied by the
spin-f1lip, because due to Pauli principle the w.f. of 2p-system in
the triplet state oamnot contain S or D wave components.

In the charge-exchange rsaction (1)_even more peculiar picture
is expected. The coordinate part of the “He w.,f., is dominated by the
completely symmetric component. Due to Pauli principle this compo=
nent cannot give contribution into the charge-exchange croas section
in the impulse approximation when Z =0 and when the symmetry of
the coordinate three-nucleon w.f. is not changed, but the neutron
in 3l{e accoptas the positive charge and transforms into a proton.Then
the cross section in the single scattering approximation has the form

Ury Y A ~ -
d‘C;c ( )= dé',pnonp (8) (7-S(A )), (3)

where 3'(5)=:‘T',7,,(0|§ gL (Z~7%)H0)  is the two particle correlation
form-factor of o which in the independent particle model is pro~-

A .
portional to the body form-factor squared F(K)=;\’-(OI§Z9‘ 10} .



For A + 0 S(X) =1 and therefore the cross section ‘3) is equal
to zero.The contributions of dou?la and triple scattering terms as
well as small components in the “He w.f. are not equal to zero at
A~ 0. However they are amall end the cross section of the reaction
(1)on the nucleon level should be suppressed at g -0,

It is easy io demonstrnte that these restrictions based on Pauli
principle are nhsent on the quark level, If all 9 quarks of JHe( 5u
and Ad quarks) were in one bag, then even spatially symmetric confi-
guration (where nll 9 quorks were in S wave) would contribute to
the charge exchange cross gection p+(5u+4d) = np + (6u+3d) because
the maximnl number of u quarks which can be in_5 wave states is equal
to 6, Assuming the admixture of 9q beg in the "He w.fjg pB ( where
all the quarks are in the S wave)we find the following expression
for the charge cxchauge cvoss section in the single scattering
approximation

@, s dsex(z)l ,

a2 ek Tgqz lBes )
h (4 N2 dE (o 2
where ds'% )[Ba’ N, &%(pu nd)FBag(Z') )

EQ(SAF’V{U‘(%%I%‘::F(iﬂ’i';)lng'p ig the form-factor of a 9q beg, noxmalized
by the condition Faa9(0)=1 s Byp 1o the branching ratio of the meson-
less transition (99)=3p. Accerding ta (4)-(5) the quark component

of the cherge exchenge cross section should have a peak at A -~ o.
Therefore it is very interesting to inveatigate the charge-exchange
reaction at smnll momentum trensfer where we may expect conaiderable
enhancement of the quark effects. In figs. 3 end 4 we present the
differential cross pections ddaﬂﬁz, dB'ex /A2 o1 tne reamction (1)

at '1‘971(8)7318 and 0,978 GeV., Comparing the data and the GSR predic-

tiona we concludes

1) The data on t/(i'u/‘{zz at Tp=0,318 GeV (fig.3a) are in good ag-
reement with GSR up to A° = 0,2 (GeV/c)2. For lavger X2 an im-
portant contributlions may be due to such effects as phase space
corrections and the background neutron spectators. Some aystematic
excess of the experimental deta over the GSR at ‘I‘p.o.g"(a Gev (fig.
3b) for the rogion 0.15¢ &% g 1 (GeV/e)? can apparently be due to
the possible production of A isobars in the intermediate state.

If alternatively we atiribute this discrepancy to the 9q bag exci-
tation effect we may using exps.(4)-(5) estimate the upper limit
on the 9q admixture in ~He PgRsp <5-7% which is not very rest-

rictive, At & » g there 18 &n apgreement of the data with GSR
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I T =0.318 GeV
‘ (a) |.2g=0.978 GOV

M (v)

T by vy,

do @ o &
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Fig.3. The differential cross sections Fig. 4. The differential cross
d6er/of(Z? tor the reaction (1) at Ty= sections oS /@2 tor the
0.318 GeV and 0.978 GeV in the 3He rest the reaction (1). Notations
frame. The full curve corresponda are those of fig.3.

to the GSR prediction. The chain curve

represents the charge exchange NN

cross sections reconstructed through

the phase shift mlysis/19/,

within the experimental accuracy of about 5¢10%. To make more
careful comparison 1t is important to perform simultaneocus measure-~
ments of differentional croas sections of the reactions pn » nmp and
p’He -»ngp(3p) with accuracy of few percents at different energies.
2) The anguler distributions dGer/@2 &t 0.755 co8Bm s 0.96
are in agreement with GSR (fig.4). At cosepnzﬂ there is clear dis-
agroemont which is very essential at T =0,.978 GeV. This disagree-
ment can be caused by the effects which were neglected in the stan-~
dard Glauber-Sitenko theory (the account of the longitudinal momen-
tum transfer effects and others) as well as by the possible manifes-
tation of meson or quark degrees of freedom, There may be alsc the
contribution of the p-3l{0 quasielastic scattering events with neut-
ron-aspectator. Such svents correspond to the large A* and there-
fore 1t is better to confront theory and experiment for d€e /32,

Last years many efforis have been spent to find the di- and
tribaryon resonance which werqe predicted by the quark bag mo~
dels (see, for example, the revi a )e To look for those states
we invastigated the masw spectwys of 2p and 3p syetems in reaction
(1), In the mass spectrum of 2p system "2 there are not any sta-
tistically significant struotures. The data are generally in agree-
ment with the pols model predictions (ses ref, ). However in the
mass spectrum of the 3p system Mjp (fig.5) at Tp=0.978 GeV there is
the structure near I3p= 3.05 GoV which cannot be described by the
Ppole model
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responds to the pole model pre- 0.318 Gev, cosBFnF> 0.96 (a);
diction ~ T _=0,318 GeV (a); Tp= T,20.978 GeV, cos 6,,,F> 0.98 (b).
0.978 GeV (b). the full curve corresponds to the

pole model prediction.

It ig intereasting to investigate the distributions of M; for small
gcattering angles (see fif.6) where we have disagreement between
GSH and the data for 6 . For T, =0.318 GeV the peak at M, =
2.95 GeV (fig.6a) is satisfactorily described by the model.For Tp=
0.978 GeV the structure at M, =3.0% is also present and the pole
model fails to describe it. This structure can apparently be attri-
buted to the effecis related to the nonnucleon degrees of freedom.
However to be more confident in the resonance interpretation of
this structure it would be importent to have better statistics and
better understanding of the mechanisms which describe the produc-
tion of pions and A isobars in the intermediate statie.

If it's a genuine 9q resonance cne of its possible production
mechaniams could be the excitation of the 9q bag which is admixed in
the 3He w.f. with the probability Py discussed above. This may how-
ever be not the main mechanism, The resonance can algo be produced
ty the excitation of 3N component in “He. If 81l 9 quarks of thie
rgsonu.nce were in S waves it would have the quantum numbers I=3/2,
J =3/2% and could not decay into 3p syatem with all the protons in
S waves. It is important to note however that in the bag model such
& resonance is predicted to be very heavy M(3B) > 3.7 6ev/22/ due to
the large colour-magnetic repulsion. The stretched rotating bag mo-
del predicts lighter systems, For example the lighteat state of tue
system (4q)3-(5q)3‘ in P wave has the mass near 3.05 aev’ 2 (tne
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parity of such a state should be negative). Interesting information
on the existence of 32 and ]?'3 resonances can be found from analy-
sis of the mass spectra MZN and MJN in the cherge-exchange reac=-
tions with pions in the final states.

References

1. Blinov A.V. et al. J.Phya,G: Nucl.Phys., 1985, 11, 623

2. Blinov A.V. et al. Nucl. Phys., 1987, A469, 566.

3., Mongan T.R. Phys. Rev., 1969, 178, 1597

4, Blinov A.V. et al., Nucl. Phys., 1986, A451, 701

5. Hajduk Ch., Green A.M., Sainio M.E. Rucl. Phys., 1980,A337, 13

6. Alberi G., Ross L.P,, Thome 2.D. Phys. Rev.Lett.,1975, 34, 503

7. MWeier-Hajduk H., Hajduk Ch. et al. Nucl. Phys., 1983, A439%, 332

8. Kotlyar V.V., Shebeko A.V. Preprint HFTI-B4-26, Moscow, 1984,
Atominform

9. Blinov A,V. Nucl. Phys., 1987, A463, 566

10. Kalashnikova Yu.S5., Narodetskii I.M., Yurov V.Y. Preprint ITEP
N12, 1988, Mosccw, Atominform

11. Epstein M.B. et al. Phys. Rev., 1985, C32, 967

12, Jans E. et al. Nucl. Phys., 1987, A475, 687

13, Keizer P.H.M. et al, Phys. Lett., 1987, B197, 29

14, Blinov A.V. et al. J.Phys.G: Fucl.Phys., 1984, 10, 727

15, Blinov A.V. et al. Sov, J. Nucl. Phys., 1985, 42, 211

16. Pomeranchuk I.Ya. J. Expt. Theor. Phys., 1951, 21, 1113; Dokla-
dy Akad. Nauk USSR, 1951, 78, 249;J.Bxpt. Theor. Phys., 1952,
22, 624

17, Lapidus L.I. J. Expt. Theor, Phys., 1957, 32, 1437
Lykasov G.I., Tarasov A.V. Sov. J. Nucl. Phys., 1974, 19, 825

18. Blinov A.V. et al. Sov, J. Fucl. Phys., 1988, 47, 933

19. Arndt R.A. et al., Phys., Rev., 1983, D28, 97

20. Blinov A.V. et al. Pis?’ ma J. Expt. Theor. Phys.,1980,32,538
Chuvilo I.V, et al, Preprint ITEP 86-164, Moscow, 1986
Glegolev V.¥. et al, Preprint JINR E1-83-59, Dubna, 1983
Azimov S.A. et el. Preprint FTI Akad, Nauk Uzbek. SSR36-86-FVE,
Tashkent, 1986
Abdinov 0,B, et al., Sov. J. Nucl. Phys,, 1986, 44, 1502

21, Kondratyuk L.A. Few-Body Systems, Suppl.2, 1987, p.242

22, Maiveev V,A., Sorba P. Nuovo Cim., 1978, 454 , 257

23, Kondraiyuk L.A., Lev F,M., Shevchenko L.V. Sov. J. Nucl. Phys.,
1981, 33, 1208; 1982, 36, 377



QCD INSTANTON VACUUM AND DIQUARK PROPERTIES

M.M. Musakhanov and I,V., Musatov

Tashkent State Univeraity
USSR

The study of nonstrange hadron physics at middle and high ener-
gles neods along with constituent u,d querks of mass 340 MeV the in-
troduction of diquarks as well. For oxample, the spectroscopy of high
epin baryon states [ 1] dictates the existence of scalar J w0, Ta0
with Mpe220 MeV and vector Jfa1”, Ta1 with My =550 MeV diquarks in
colour 3 stmtes. Hadron collisiona contain elso information on diqu-
ark properties. A lot of problems in explaining experimentmnl data is
solved by iniroducing diquarks both in 3 and 6 colour states. The
main parameter here is a rms diquark radius Tp (see, e.g., rerview[Z]
and references therein), A diquark should be a sufficiently ccmpact
formation (rD < 0,5 fm)s In this case a diquark could be expected to
be formed at distances, where confinement forces are unessential,
but importent are the effects due to spontaneous breaking of chiral
symmetrye.

Diquark propertiss wers discussed in Refs. [8,9] under different
agsumptions. Accounting for g complex QCD vacuum structure can pley
an ewsential (perhaps, crucial) role in the description of hadron
physics. In this connection, of greet interest is the investigation
of instanton effectss For example, instanions ere woll known to give
8 golution of the U{1) problem.

The behavior of quserks in instanton vacuum appears to be most im-
portent, It is known that in this case essentinlly a nonlocal quark
interaction, which cen result in specific effecta, ism generated.
This makes us hope that quark systems can be directly described in
texrms of "the first QCD prinoiples™ at the distances, which are much
larger than a typical mcele of the asymptotic fresdom. On the other
hand, instantons seem to yield no oonfinement, Hence, instanton QCP
vacuuz models can claim to describe well the behavior of quarks at
the distances of the order of the mean instanton radius
P~ /600 mev?,

Another phenomencn to be described by a low-energy effective QCD
Lagrengian is spontaneous ohiral symmetry breesking, occuring at the



same distances -~ 1/600 l.v“. Instanton effects in this case must
be essential, though it is unknown how large other nonperturbative
contributions are [37 .

As will be shown latoer on, ome fails to obtain a self-consistent
degeription of mesons in terms of instanton-generated four-fermion
interaction without using extras assumptions on confinement forces.
Such is not the oase with diquark channels, where bound states are
not coclourless.

In the present paper on the basis of the effective low-energy
QCD Lagrangien, as obtained from the dilute inatanton gas, an effec-
tive Lagrangian describing diquarks is deduced.

A fermlon determinent in the external gluonic fleld, which is
the superposition of far removed inatantons and anti-instantons, has
been evaluated in Ref. [4] . 4s shomn in Ref. [ 5] e grand statisti-
cal sum of QCD instanton gas at large distances can be represented
as the (euclidean) field theory describing effective quarks, and a
set of abelian gauge fields. Quarks acquire a dyneamioml mass propor-
tional to the initial quark oondensate. 4 colour charge is screened
at distences of the order of P s 6t large distances effective
quarks interact a&s chromomagnetic momentm. Repulsion of instentons
at small distances [10,7] is assumed to lead to stabilization of
the instenton size and the occurrence of f o

We will be interested in the fermionlc part of the legraengian

L= ngvy + L, + X
99 [(@u)d d,)- (@,d)(d, u)] + 0(x),
2ot = $ LGFyf-(Fipy) + (PinFyi- (FEW ]+

PREEET 2 ()

Here we confine ourselves to the leading crder of 1/Nge The vons-
tant of the four-fermion interaction 9, is expressed via 3
and a cut off parameier, a numerical value of 9 being fixed phe-
nomenologicallys

The Lagrangien (1) is also to be determined at small distances
(r < f ) {11] « In Rez, [6] e similar Tesult was obtained by &pply-~
ing & somewhat different method under the assumption that the main
contribution to the statistioal sum of insianton gas is made by con=-
figurations of the zero topological oharge (i.e. the number of ins-
tantons end anti-instentons is equal, N «N_«N) and those, which cor-
respond to the mean quasi-particle density N/V. The answer is that
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the interaction in (1) is nonlecal, i.e. all the fislds are taken
at different points and multiplied by the cut off factor vM(k)/M,,
vwhose explicit form is not needed here.
We will make use of the last result, as i} gives & simple recipe
of calculations and understanding of going to a high-energy region.
Now eqe{1) will be rewritten via meson fiszlds by using a stan-
dard procedure of bozonization

= -— . -
=-1 g (87 + =g = B2+ Plo+/ yB- gy~ 22 )y (@
The eva.luat:.on of quark loops for zero external momenta contri-
butes to the effective potential

Z2M
V,,: ‘/NV(2)~&1(1—I(‘TH: ),
Z‘=a‘+7rz+7‘+22. 3

Beering in mind, that M(k) cuts off the integral for large |k|
of the order of X = 600 MeV [7] , we obtain

2NV 242 X
V,_ —"(—3‘7"—;) [Al'ﬂv(f"’}—z)'* Z* X *Z‘eh(1+?)].

(4)

By adding the first term from (2) to (4), we will find thst in
[+] ,9_’\‘ _channels sponteneous symmeiry breaking takes place, and for
A 2 the energy is not placed at lower limit. To obtein bound sta-~
tes Il , 2 , confinement is evidently to be taken into account. We
will agsume that the correaponding effects slightly affect pion pro-
perties [3]s

Spontaneous chiral symmeiry breaking results in 8 nonzerc vacu-
um average <8)=g,~ N/V [6] , and the occurrence of the dynamical
quark mass M(k). In the following, it will be included in Lss In
this representation an Buclidean quark propagator is written as

S(x)= ——————- T (5)

Consider now quadratic terms in the effective sotion of the
pion field. They resulti from a diagram:

> |

Their contributicn can be written as the sxpansion over P

"= 7 L7, L=7(0)+70)p . (6)



The condition for the minimum of the G field potential

"3 v I0)=0 )

leads to pion masslesaness. This relation will be made use of for
the evaluation of the diquark mass.

With the help of the Fierze tranaformation the interaction (1)
can be written (in the loecal limit) in the forms

a a ad v
S T2 A M
/ll
/,a": fa‘c (Eg "Xs d;.-' - d—l ‘¥s u: ) r
al

1 - ! 3 -~ 1] -
’[)v:?(ua G"Nd‘— dqqy,u“+u‘c},,d,— dy T a;). (8)

e (o d - dya),

1

The prime denotes charge conjugation u'aC ET. The rest terms (0eg.,
a term containing a scalar 6-multiplei) in the local limit vanish.

After bozonization of the Lagrangian (8) hes been dome, we ob-
tain a bound state, i.es the field with squared positive mass, for a
scaler diquark in the colour 3 states. A corresponding Lagrangisn has
the form

to__ 1 nan+ 4 a .+ a 4t
;"".?DDu*z("xDa*Dfn)- (9)
To obtain the effective action one has to evaluate the diagram

2= D=

which ig distinguished from a similar one for the pion (6) only by

triviel colour and isotopic factorss
=2

L=%1 {10)

Renormelization of the field providing a regular form of the
kinetic term yields the diquark mass

o1
Hn " $7(0) (1)
By using the eatimate for 9'J *(0) from the expression for i

[6] (22.49.1'(0)1!/”. we find the value for the diguark mass to be
0,8 GoV,



The comparison between the diagrams describing the interaction
of the pion with photon, and af scalar diquark with photon indicates
that their difference liea only in a normalized factore. Hence, rms
radii, as defined by the relation

oy _ £._1_ dE(9Y
<=5 R.(0) dg? /¢’=o ’ (12)

for the pion and scalar diquark coincide to leead to

2 = (0.6 fm )2

The cffective diquerk action, as obtained in terms of the instanton
QCD vacuum model, leads to unsatiasfactory, in view of phenomenology,
resultss One should, probably, include into the consideration the ef-
fects, which have been taken no account of in this models Particu-
larly, the contribution of perturbative gluons can result in extra
attraction in the channel with quantum numbers = 0%,
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NUCLEON-NUCLEON POTENTIAL FROM MODELS OF QCD
M. Beyer

Paul Scherrer Inatitut, 5284 Villigen, Switzerland

L. Introduction

In the last couple of years there has been a considerabie amount of effort Lo
link our notion of the nucleon-nucleon (NN)-force to the hasic concepts of quantum
chromodynamics (QCDY), which is now widely believed ta be the correct theory of
the strong interaction. Although conventional NN potentials, based on meson
exchauge dynamics, are quite successful in describing the rich data with a dozen
or more parameters, their ambiguities prevent an understanding of the true nature
of the NN interaction, especially at shorter distances. Therefore the prominent
interest of recent investigations has been the short range part of the NN-force,
where quarks are expected to play a more direct role. Between this part of NN
interaction and the very long range, which is dominated by pion exchange, a rich
number of ideas to describe the NN force in the spirit of the new developments
have been discussed. This variety stems from the fact that there is no rigorous
solution of QCD for the energy region of interest.

The potential under consideration tries to use our notion of “QUD at low ener-
gics" ! - al short range as well as at long range - while reproducing the scattering
phase shifts, deuteron properties, etc. quantitatively. At short range, this means
that the description of the NN force takes into account the six-quark content of the
NN-system, which is not so important for the longer range part, where nucleons
are well separated. Here, the parameters of the meson exchange picture usually
fitted to the data, i.e. the vertex form factor and the coupling constants, are re-
placed by calculated results that rely on the three guark content of the nucleon
and QCD-symmetries.

The treatment of the medium-long range part is based on an effective quark
interchange mechanism suggested by H.J.Weber!!! and will be outlined in Sect. II.

VThis term is nsed here an & collective cxpression for the models and principles prople have
though: of. 1 am well aware that there is no QCD at low energies as long an the confinement

problem is not solved.
101



The short range part is treated similar to the compound bag model, which has
heen snggested by Yu.A. Simonovld. The concept is connected to the P-Matrix
methad and the version used here will he summarized in Sect. 111

In Sect. V. some applications will be given. The scatlering phase shifts will
not be displayed. They have leen puhlished elsewhere and are reproduced well
by the pn!onliallJL In fact, the scatiering data have heen used to extract the
remaintng paramelers of the six qnark conz. The only (ree parameter of the one
basan exchange part (OBEP), i.e. the overall meson-nuclesn coupling strength G,
has been fitted to the empirical pion nucleon coupling constant, g2y /4m ~ 14.

I shall make some remarks ahout deuteron observables and discuss to some
extent charge symmetry breaking in the neutron-proton (np) system connected to
the question of sensilivily to the short range.

The conclusion, Sect. V, is dedicated to further developments of this madel of

NN interaction, especially in the shorter range part.

I1. The Quark Interchange Mechanism

Conventional NN potentials are based on mesonic exchange with freely ad-
justed meson nucleon coupling constants and finite-size vertex form factors. In
contrast the quark interchange mechanism provides a tool to connect the men-
tioned quantities with the underlying quark picture of the nucleon directly and to
calrulate them. A constituent quark model (CQM) of the nucleon with harmonic
oscillator confining potential has been used here. Relativistic corrections have
heen incorporated, namely a lower Dirac component, to reduce the deficiencies of
a nonrelalivistic description of the nucleon!4l.

The mechanism has heen described in detail elsewherel'*l. Here I give only a
short summary. For very short range the one-gluon exchange would be sufficient to
describe the strong interaction among quarks. There are two contributions which
are shown in Fig. . Note that the nuclcons need not overlap completely to have
the considered situation = # y as shown in Fig. 2.

Of these diagrams, only Fig. 1b has a color singlet contribution. The proof uses

a Fierz- Translormation, transporting the diagram from a (-channel to a u-channel

< dy
gluon
¥l 5l
, @ g e; (B) g,

Figure 1. Diagrams of lowest order in the quark-giuon coupling constant.
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exchange. This lesds Lo the following replacement in the amplitude of Fig. 1h,

T

Zaa, (20 y 1 (2 (17 2)

4
gv.-,(I)O..llr.(i‘)qd,(z)()..qd. t color uctet lermas. m

‘The non-strange content in the operators O, is

1 i
O ¢ |17, Ve Q1,7 2
e iy \fZ‘h‘ \/27‘:‘75]( I« (2}

"I'n describe the cffective NN amplitnde correctly, higher order diagrams of
QCD and non-perturbative contributions should be included in a fult cafculation,
il £ 7 y. i is needless to mention that up to now, none of these have been rig-
orously caleulated for the NN scattering amplitude. However, the range under
consideration has hern successfully described by mesonic exchange models of the
NN {orce. Indced, there is a one-to-one correspondence between the four meson
nonets with spin-parity # ,0',1 ,1* and the spin isaspin structure given in eqgs.
{1) and (2). This leads ta the basic assumption of the quark interchange mechanism
that this spin-isospin strurlure of the vertex is recovered alsa for long range, i.e.
r / y. This enables us to calculate the coupling constants and to make a connec.
tion to the underlying three quark structure of the nucleon. Fur lack of a rigorons
derivation, the propagator has been assumed ta be sufliciently deseribed by effec.
tive meson propagatars that parametrize the effective gg multigluon exchange for
z / y, sce Fig.2. The masses m, of the mesons are set to Ltheir experimental values.

The basic medium-long range interaction between quarks in different nucleons is

then given by

Vooonelg?)  GPY 07 mi) o, (3)

%3 c‘....'c
T~y TAY

Figure 2. Interaction hetween nucleons in terms of quarks for short 2 = y and long
distances z 7/ y.
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‘Table 1. Meson-nucleon coupling conslants at ¢? = 0 = ¢° from the (!QM;
a ~- m, > my/3, with my the nuclean mass. The normalization constant Ng
is given by N, 7 (1 ¢ o7/dm]).

Srcalar : awn - 9GENA(L - a’/‘in:zj""“v
giny - GCNJ(1 - o?famy?
Pseudoscalar : glyy - G?N2dm} /9m]
v - gGPN3am} [9m;
Vertor : Zan - 9G7/2

fonn = GNE[V22my/3m, - 3NG?)
y:NN - (;2/2 .
fonn = GNE/VEH10mpy (9m, - N;?)

Arial  vector: aiyy = RGINE(1 - a?/12ml)?
Sann »~§GN,§4m}v/\/i 18m?
gbww < GING /2L - “’/12"1:]:
fonn - —GN}m% /2 18m?

whereq - p} -pi - - Py i6 the (nucleon) momentum transfer and G is determined
from the pion-nucleon coupling constant. As an example, the effective mcson
nucleon coupling constants calculated from the CQM are given in Tab. 1. The
harmonic oscillator parameter o and the quark mass m, are taken to have the
usual constituent values. Two-pion exchange is treated effectively via an effective
o exchangr with m,  195Af¢V and fitled coupling constanisfor T = 0and 7 - i

channels.

III. The Short Range Interaction

The tatal potential is described by a 1wo channel equation

(THV -E)lgn» = -V l9 >
(T V- E)[g> ~ -Vl {4

where h,q stands for hadronic and six-quark core channels, respectively. This
separation is justilyed by the strong damping provided by the bound three-quark

wave functions. As a ronseq ¢ the meson cxchange potentials & g ity

negligible inside distances of aboul 1fm, in contrast to conventional polentials.
Since the major part of the six-quark wave funclions are color ocleis Lhe six-quark
core potential ¥, should be confining. In fact, since the NN continuum is described
by the meson exchange pari of the potential, the remaining six-quark spectrum is
discrete with energies E, and stales p,. So ¥, can be expanded in terms of ¢,
that are the solutions of the six-quark confinig potential (7 + V, - E) |, > = 0.

The nonconfining part is expressed as a transition potential Vi,. In coordi-

nate space ils paramnetrization is patterned afier the P-matrix approach of the
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compound bag model. A motivation of Lhis appracch has been given in ref./2.

Eliminating the internal degrees of freedom leads to an oplical potential that is
given hy

ST < F L Van ln o n [ Van 107

Va(r\ 7' B) %, TTTTUE EY . . (5)

The transition potential Vs from the six-quark core to the hadronic NN chan-

nels consists of a surface term V¥, with the pole structure of the P-matrix and a

volume term that arises from nanorthegonality of the six-quark and the hadronic

channel, < py | pn > £ 0,

Cpn | Van Lo =< onlVelon > +(E, - E) - puipn - (6)
Without a decent model of the six-quark dynamics the reievant matrix elements
cannotl be calculated. This leads to additional paramelers that have to be fixed
from phasc shift analysis. To avoid part of them, the following assumptions have
heen made. Only n = 8, i.e. the one level approximation, is taken into aceount.
This is a reasosable choice for scattering encrgies below 400 MeV'®, The six
quark core energy is chosen close to resulls of six-quark calculations, e.g. in the
rontext of the bag modell’l, and is consistant with the results of the P-matrix
analyscs/®. Except for the S-phases the delicate energy dependence of the optical
potential given in eq.(6), cannot be extracted from the phases. Therefore the
aptical potential has been replaced by a constan( volume term for the higher phases.
The simplest transition potential V; one can think of, is a surface delta inter-
action. This leads to a local optical potential. Putting everything together Lhe
parametrization of the short range potential as used here is given by
2
Vi(r, E) = %’EJ(LE—:)) +{woEo t WENWE r). n
This complements the mesonic potential of Sect. Il to solve the Schrédinger
equation of the NN system. The parameters ¢ and y; a.e sel to zero for other than
S-waves as mentioned above. The extent of the six-quark core region is associated
with the parameter b, which is of the order of | fm. For numerical purpose the

&§- and 8-functions are softened. So bestdes the energy eigenvalue ¥y and the core

radius b, inclusion of the optical polential with its channel-dependent parameters
provides us with 13 additional parameters, a number cotnparahle to that of modern

mesonic NN potentials.

IV. NN Scattering and Deuteron Properties
The few mesonic parameters, i.e. the overall meson quark coupling G of the

one boson exchange part and ihe coupling constants of Lhe effective o-exchange,
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Table 2. Seattering lengths a,. @, effective ranges r,, r and stalic deuteron

observables for this potendiat with six-qnark core radins b ffmor b 1.2fm.
boafm b 12fm Frprrimenis
] frml 5400 5410 5.423(5)
wlfoert 20775 23715 - 2R.715(15)
rdfm) 1.722 1.807 1.748(14)
() 2.72 2.85 2.73(6)
Ep|Mel'] 222462 222642 2.22643(8)
WUnlfm?) 0.276 ¢.286 .2869(15)
107 81%] 2.58 2.63 2.56(1)
LA 5.7 5.3 5(3)
Fegl ) 2.3 14
0t i fm] 1.96 199 1.9635(45)

have been adjusted to reproduce the higher partial waves. The radius b should
be propartianal to ithe extention of the six-quark core, althongh it is a parameter
that has a dynamical origin; its value indicates, where the dynamical describtion
is changing from an ellective hadronic picture to the more microscopic six-quark
tfmand b 1.2fm; b cannot be

much smaller or larger, since either the energy dependence of the phases

pirture, Twa versions have been pursued, b
chosen
or the law erergy parameters will not be reproduced, respectively. The six-quark
750 el

This value is close to the value given by P-matrix analyses and some six-quark

gronnd state energy Ey has heen chosen independently ta he £y
calculations in the bag model® ™,

The parameters of the six-quark core cptical potential have heen adjusted to
reproduce the remaining low [, phase shifts, low energy scattering dat. «nd static
properties of the deaferon. Only phases with L+ 2 where found to depend on the
shorl range potential.

The phases are given elsesherel™. To give an impression of the guality of the
caleudated observables the low energy scattering paramwiers and slatic deuteron
properties are shown in Tah.2,

To tepraduce the structure functions A(q?} and B(q?) of the clectromagnetic
scattering of the denteran, effects coming from meson exchange currents (ME('"'s)
via the dominant pionic g¢ pair current have been included. An explicit form
factor for the six-quark core has also been included, but found negligible for g2 -
50fm 2. The clastic farm [actor A(q?) agrees with the data and those from other
patentials, but is not sensitive to the fine stencture of the short range; unlike
the magnetic form factor B{q?). This form factor is sensitive to the short range

parametrization and the minimum shifts to lower ¢7 values for farger 4. For b

0fm 2.

1 fm the minimum appears at around ¢*
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It has been argued that the denteron tensor polarization is sensitive lo the
six-quark core. However, the results found here, using parameters for the six-
quark contribution thal arc consistent with the potential give no implication for
the dramatic effect seen by Ref.!®l, This effect only appears for unusually small
six-quark core radius & ~ :fm and large six-quark probability Fs, ~ 7%, which

are both excluded by the polential.

V. Charge Symmetry Breaking in the pn-System

Charge Symmetry impiies the invariance of a system under a transformation
which reverces the sign of the third component of the isospin for all of its compo-
nents, (e.g. n -+ pand p - n). A recent TRIUMF experiment has found evidence
of charge symmetry breaking in the neutron-proton system. The measurement has
been performed at 177Afe}” L.boratory enetgy and the difference in analyzing pow-
ers AA  Aq(8) - A(8) has been found to be AA - [37+17(stat.)4 8(syst.)] x 10 *.
‘This result is significant since charge symmetry breaking {(!5B) had not previously
heen cstablished unambigiously.

CSB in the np system arises from gamma exchange, the nucleon mass difference
in m- and p-exchange, and direct pw-mixing. These are the most important con-
tributions. Since CSB potentials are small one can use Born approximation with
distorled waves that are calculated with the charge symmetric potential. Besides
the potential under consideration with ils two versions b 1fm and & 1.2jm,
Reid soft core (RSC), Paris and Bonn (OBEPR) potentials have been considered.

The results are shown in Tab. 3. For the Bonn(OPEPR}) and the potential
c:msidered here the parameters that arise from constructing the CSB potentials
have been set Lo be consistent with those potentials, whereas for the RSC and Paris
potentials, which are not parametrized in terms of observed mesons, resonable
values have been chosen.

The Bonn(OPEPR) putential is clearly outstanding from the others, since the

Table 3. “;omparison of various model predictions of A4 x 109 at By = 47TMeV
at the c.m. angle 8. . where the analyzing power goes through zero.

enfia t 1 pw p Total Experiment
Tfm ~ 73 73 4 13
b . 1.2fm 4 12 2 5 60
RSC 43 7 -6 8 52 3741748
Paris 46 12 2 10 70

Bonn(QPEPR) 67 16 38 27 148
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experimental value is not reproduced. Tlis may be partially due to the high wN N
conpling. which rises the pe-mixing considerably. Further discussion will be fonnd
in o9,

Here cur interest is only connecled lo the question whether the differen! ex-
tention of the six-quark core is of any ipfluence to the data. Explicit six-quark
contributions have been shown 1o he negligible for CSBYY, Indeed, the different
versions of the potential cxplain the experimental result equally good and there
is no steong dependence in the net result, although the pionic CSB contribution

which is dominant peaks at about 1 to 1.2fm.

VI. Conclusion and Perspectivee

The patential constructed and applied to several investigations is reasonably
consistenl with the internal quark structure of the nucleon, both in short range
and medium-long range parts. This is in contrast to conventional NN potentials.
However, the parameters saved in the mesonic sector through the quark interchange
mechaniin have come in through the back door of our insufficient knowledge of the
shorl range, ending up with practically the same amount af convential potentials,
although their number is ranging at the lower edge compared to Bonn or Paris
potentials.

The real achicvement of this approach is the fact, that it is now possible to
make a connection between the extracted short range parameters of tbe optical
potential , c.g. Eo, ¢2, ¥, and y, and a possible microscopic six quark model.
This is new. The solution to this problem is not easy bui (easible. Surely, a
microscopic calcutation would not give the required precision, bult knowing the
order of magnitude, or even extract their channel dependence would be quite a
success.

In fact, it is not necessary to solve the confinement problemn in the first place.
[n the beginning vne may try o first reduce the parameters by assuming a relative
wave function, c.g. a series of Bessel or Gaussian functions. This has already been
done in i he context of the P-Matrix approach. Or, one may assume a confining six
gunark potential and starl a resonaling group equation. Having this relative wave
function several integrals could be soived, e.g. the overlapping integral beiween
internal and exiernal wave functions that is & fitting parameter in this approach.

The model depend, of the medium-long range part has been tesied by using

several quark models of the nucleon, i.e. MIT, linear confinement models etc., to
calculate the veriex form f{aclors and coupling constants and found not to he
crucial. The largest differences in coupling constants occur for the heavier mesons
which are not so important since the quark models generally susyly a stronger

damping of the shorter range than usual monopole or dipole fits with regularization
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masses that shrink the hadronic radius of the nucleon to a few tens of a fm and
make heavier mnesons more important.

Part of the work has heen supported by D he Farsch cinschalft
I gratefully aknowledge an inspiring collaboration with H.). Weber, University

of Virginia, on most of the reported work. I also like to thank A.G. Williems,
University of Washington, with whom the model dependence on charge symmetry

breaking effects have been worked oul.
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The Nucleon in a Relativistic Constituent Quark Model
H. J. Weber

Institute of Nuclear and Particle Physics

University of Virginia, Charlottesville, VA 22901
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Since the relative quark momentum (B 2) ~ mg? in the nonrelativistic
quark model (NQM), a nonrelativistic treatment of the light up and down
guarks is not justified. PRelativistic corrections to lowest order in mq'1
have often been estimated by including a small Dirac wave function for the
interacting gquark in <the impulse approx'ma\'.ion./ v Relativistic
corrections are then t‘ound/l'z/ to be ~30% for the axialvector constant ga,
which changes from the NQM value §/3 to 5/4. However, translation
invariance and the Pauli exclusion principle are violated, when only one
Dirac-quark wave function is incorporated in nonrelativistic three-quark
baryon wave functions. In bag models this approximation 1ijes at the root of
rather model dependent recoil and center-of-mass corrections. A
resolution c£ these serious problems forms part of the motivation for a
more rigorous relativistic treatment of multiquark configurations.

Consistent relativistic many-body formalisms have taken long to
develcp; most originate from Dirac’s pioneering work./a/ His light-cone (or
front) form has been applied in time-ordered perturbation theory in the
infinite-momentum frame (for deep inelastic electron and neutrino
scattering) and extensive calculations of perturbative QCD./Q/ For some
quantization axis z, the theory provides in momentum space a Fock-state
basis for composite relativistic bound state systems defined at equal
light-cone time x* = t + z = o + X3 , rather than the more conventional (t -
Xp = constant) equal-time wave functions of the instant form. The

stability group of the null plane x~ = 0 has seven kinematic generators p* =

Py + P3, ﬁTr Ey =Ky +J,, Ey = K3 -3, K3, J3, where Ep are the transverse
boosts and Ky the boost along the 2z axis. The dynamical Poincare

generators M {mass) and TT also form an algebra together with the spin /4 =
J3 + (EyPy - LpP)/2P* needed for closing it. The kinematic and dynamic
algebras ccmmute, which allows factorizing many-body states into their
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kinematic and internal dynamical components. The kinematic algebra acts on
the total momentum P independent of the intermal variables. Hence, there
is no Wigner rotation of spin states as in the instant form, where also the
total momentum and internal motion are inextricably entangled, essentially

because the kinematic generators P and J act transitively in coordinate
space (T = X5 = 0 plane) rather than in momentum space. Moreover, the
interaction dependence of Pg =H in the instant form implies from current
conservation [Pu,j“] =0 that single-particle and many-body (so-called
exchange) currents are not separately conserved. In front form the

kinematic nature of Ky and Ep allows boosting internal wave functions in
the Breit frame without involving interactions, so that single-particle
currents may be conserved there separately. Essentially because the
kinematic algebra acts also transitively in momentum space, can internal
and c.m. motion be separated in light-cone dynamics./s/ Thus, the three-
quark nucleon and A(1232) wave functions ¥(x,q3,03) depend on the total
momentum P only in terms of their mass M2 = p2 = p*p~ - Bp2. This
separation property is crucial for the suitability of light-cone dynamics
as a relativistic many-body formalism despite the interaction dependence of
the anqular momentum TJ'T. It is also reflected in the Weinberg equation of
motion (for the three-guark system)

- ’d Q. dx
Gzolw=I " ﬂ—ls } xy -1|w m

aer)2
which sums up the 1light-cone time-ordered perturbation series. The
relative momentum variables

X2P1 - X1P2

TR Q3 = (x1 * X2)p3 - x3{P1 + P2} (2)

a3 =
are properly space-like because g3* = 0 = Q3%, so that
2_ 4 - o 2_ o 2 2__z 2
9y =9 9 "Gy TG €0 and O Qyp =0 -

The invariant momentum fractions x4 (Bjorken-Feynman variables)

P
xm e, Y xj=1, oemen @)
F 3
are a relativistic analog of reduced masses. The free three-particle
propagator
2 3 2
6, lenu?+q? i‘is_+°:_-z“‘_L
30 3 ):1)(2 x3 (1-)(3) T X5
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is characteristic of the one-time form of light-cone dynamics. Moreover,
Gyg and V satisfy the cluster decomposition property reguired of a
consistent many-body theory, when V derives from two-body interactions
mediated by particle exchanges in (light-cone) time-ordered perturbation
theory.

Since the spectra of Pt are bounded from below, Fock states of light-
cone dynamics can be constructed from the physical vacuum. A basis of
single particle states is provided, as all particles are on their mass shell
including those in intermediate states. For constituent quarks in the
dominant valence configurations of hadrons, for which there is growing
evidence in QC'D,/7/ these are Dirac light—cone spinors/‘/ u; = u(pj) of
helicity :1/2 and mass mq. Requiring covariance of wave functions, or
vertex invariants, of multiguark configurations is essential to prescribe
their angular momentum and spin (-flavor) cont'.ents./ 5/ The nonrelativistic
symmetric spin-isospin wave function of the mucleon consisting of three S-—
wave quarks has two components of quark-pair spin-isospin 00 and 11. If the

Clebsch-Gordan coefficients C[%%Smlazalc[s%%.‘mqq] for mucleon pair

spin S = 0 or 1 are written as spin matrices in

xlt ;‘yzxz‘ . x]f 3)(“ , §=1
le bzxz'- X:" Xy ¢ 5=0 s)
and similar isospin matrix elements, the invariants
- . = "
L™ -G T E,) - Gy E + 201+ (12

ID(N) =;Q,1).,5c5"'(p2, - AR, JuN (@) + (23)1 + (31)2 (6)

are implied, where Cx iryc = €T with the charge conjugation operator C =

#1240, uy(P) is the nucleon-Dirac spinor of (conserved) total momentum
3

o+, T = Z p*+T, and (23)1 denotes cyclic permutation of the momenta p; in
1

the first term (12)3. Many more totally symmetric invarijants for the
nucleon may be constructed; but they are all linearly dependenc/ 8/ on

1M, 1, ™) ang
IZ(N) =dmn .p,sca"'(pz) s, BRo@mremron - o
¥

For the A(1232) there are only two linearly independent invariants, namely
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1, Ay _ G(pl),"c;'l‘(pz) < Upy)u, M (P + 2301 + (31)2

@) _a, v T - v
LY =depi, HaTe) - depyt@meemson - @

The complete nucleon and A(1232) wave functions for the three-~quark Fock
state correspending to S-shell quarks in the static limit can be expanded in

terms of these invariants I, ™) and 1,{A) as
Y,a = Z"u["i'qa 2, 2 ="‘N,A2] L 08, )
v

with completely symmetric momentum distribution ¢,. For simple quark
conf inement models, such as a scalar and separable Vg ~ f(M432)f(#M32) with
the three-body mass M; of Eq.{4), the invariants ], may be eliminated from
Eg.(1). This leaves a system of coupled integral equations for the ¢, in one
variable Mj, whose solutions ¢, = ¢, £(M32)/ (m2 - M32) with constants ¢, and
.

mass eigenvalue m2 have all the same shape f as the driving potential
vs./ 8/ Such wave functions have been used in recent attempts/ 8/ to
construct a relativistic harmonic-oscillator model for baryons, where

£~ (m2 -M32)exp(-M32/6a2) , m= (my, Or mp). (10}
The Gaussian shape is the appropriate relativistic generalization of the
radial S-wave function exp(-(F,2 + By2)/202) of the NOM, where B, and B
are the relative quark momenta conjugate to the Jacobi distances 7 =
(T1-T2)/v2 and 3= (F1+T2~27;)/v6.

When this relativistic h.o. model is used to calculate the E2/M1 ratio,
nuii-zero values are obtained without any tensor forces in the dynamics.
This is due to nonspherical components required in the N and & wave
functions by relativistic invariance. In other words, the three small-Dirac
quark spinors and total-momentum spinor coupled by even and odd Dirac
y-matrices in the N and A wave functions are responsible for orbital mixing

akin to the nonrelativistic D waves admixed by the tensor potentials
mentioned earlisr. However, this relativistic calculation is carried out in

the 1light-cone formalism, where J, is well defined, but J2 is not
necessarily. For the small E2 transition amplitude from N to A one needs
to avoid contributions from spurious spin 3/2 components in the nucleon
(and spin 1/2 in the A) wave function. To this end we have used Melosh
transformations from the nonrelativistic 3-quark egqual-time wave function

to the light-cone states for free quarks. This preserves 7 2 at least
approximately and yields specific admixture coefficients ¢, in the N and a
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wave t‘unctions,/lo/ viz. ¢, = ¢, and ¢, = 0. With these we obtain a small,
but not negligible, co' ibution between -0.1% and -0.2% to the E2/M1 ratio
for an acceptable ra.ge of parameters, viz. 300 < mg < 350MeV/ct and
internal momentum scale (h.o. constant) 280 <a < JGOHeV/cz.

Thus, if the spin wave function of the nucleon is constructed in terms
of the conventional Clebsch-Gordan prescription for free quarks, but with
the total energy of the guarks taken to be the nucleon mass, then a Melosh
transformation from the one-particle instant tq the light-cone states
yields the relativistic spin wave function I+1,.

Next, let us examine the axialvector current in conjunction with scalar
confinement dynamics,/u/ which will shed light on the absence of I, in Eq.
{9) for the nucleon in such models. Note that L—T, in the static limit.

sSince the invariants I, are not orthogonal, the axialvector current of

the proton consists of direct (A'}-m) and interference (A’}m‘ NN’ ) terms,

w=1 Zjdm'. 3 )77, (D ey
1

= A . .

1 S e drenth it > Ava an
i,n,n n ,n

only A’:I contains the terms responsible for a second-class axialvector

current -7‘0’\’% with ¢ = P -P. Upon substituting I, from Eq. (6) into Eq.
(11) and summing over the intermediate quark spins one obtains for

&), = 25k far o6, (w01 - Bytmg) 2 (g - pyy -
- e[ - pomg g - p)] +
-u A .7
-7 @g=r * P (Trl_v (e pmg)? (mg—y < P17 % tmg =1 + B, )1 +
(v . A

- Tl'l_'v (e By Mgt G - Pt mg—r -p,)InuN . (12)
where uy = u(P ) with ¥+ = p* and Py = Pp+gp. Evaluating the traces it is
‘seen that the first term, where quark #3 is active, contributes only to the

axialvector form factor gm;y'\ and the induced pseudoscalar gp'y‘q'\, which
are ignored in the following and denoted by + ... . If the other terms are
relabeled using the total symmetry of ¢, so that the active quark is always

13, &), takes the form
A - .
A}, = 18myuy M7 fard! 619 (Mg (2B'3,+2P3,*P2,*P1,)
= 140,(P3ptP3tP2p) ~ 7+ P,(P'sp*'l’:,*'mp)) ug + .., (13)
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where ¢gi23 = 1. Imposing covariance the relevant integrals may be
expanded, for constant four-vectors a and b, using 6'31- = 63-1- + (1-%,)dr in
¢} and p,, as
fdrt! $a« (p*p,) =Fa-P+Fa-q .,
[are{g,@a<pbeptaspb-p)=Fya+b+Fa-Po-P+F,a-gb-q
+F,asgb.P+F, a.Pbegq , (14)
only F,, and F, are of interest here and terms containing p,+p, do not

contribute. For the Gaussian shape §, = c,¢ of Eq. (10) they are readily
evaluated and yield the second-class axialvector current

2., | 2
AA" = '18“‘:101 [“N 1-15uA" q‘,rlu"][%] -
1 1-x, 1-x 4 m:
. J dx, J A, [mey (1-%,)+2mpx,x, Jexp( (5~ @* = ; ‘x!}»)/aaz] + e (15)
o o a
=1

The factor m:l indicates that it is characteristic of the chiral symmetry
breaking regime of QCD. Since no second-class current has been seen
experimentally,/u/ c, must be small; c, = 0 in the Melosh case mentioned
earlier./1% 1m the NOM or in bag models, where the spectator quarks are
treated nonrelativistically, such a pseudotensor does not arise. From Eq.

(12} it is also evident that AL = 0 in a static approximation, where » pj Mg
for the spectator quarks.

In conclusion, then, the relation between the spin invariant I, of the
nucleon and the second-class axialvector current it implies provides a
useful constraint on quark dynamics, It is satisfied by some scalar (but
not vector confinement) interactions that generate the often used
relativistic Gaussian wave functions. And it supports the use of Melosh
transformations to generate relativistic spin invariants in 1ight-cone
dynamics.
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1. Introduction

The traditional approach to three body systems proceeds expressing the
kinetic energy 1n terms of Jacobi cnurdinates“//z/. However, pos)tion gependent
form factors and potentials describing the two-body interaction are in their
simplest expression function of the relative distance between the two-bodies of
subsystems (r‘.j = |F1 - Fjl, central interactions), Jt is possible to express the
kinetic enerqgy as a pure quadratic form in the two-body relative momenta, thus
allowing an approach closely patternea along the actual dynamics of the three body
system. The same method is applicable to n-particle systems. The approach described
here allows one to reveal simply some' interesting features of three and n-
particle systems, and to interpret certain terms of the Hamiltonian as momentum
dependent {three Dody) "potentjals“. Such terms seem to correspond to the so-
called main component of the three-body force in three nucleon systems. In the
relativistic aomain there appear some drastic differences. A fSiscussion of a
system of three Dirac fermions is included with regard to the description of
nucleons. However, a topalogy consistent with confinement and asymptotic freedom
of subnucleons {quarks) could be that of a closed chain with three links implying
@ much more complex dynamics than that of point like quarks.

2. HNon-relativistic systems

ft is well known that physical particie systems are constructed dasically
from two-body- interactions. There 1is no universal centre of attraction for
systems of particles, except as an approximatios  Two-body interactions can be
sometimes described by Lagrangians and Ham 1tonians wnere a potential depends on
the distance between the centers of mass of the bodies: Vig ® Vu(rij), where

ryc 1?1_14 = |F‘ - Fj|. Given 3 three-body system the Hamiltonian 1in the three
bogy center-of-mass system is
3 gt
He I ——+LVys (1}
=] Zm‘. 3
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wnere the I mplies three terms v” obtained from the cyciic permutation of 1, 2,
3. This notation s preferred for applications to n-body systems. The center-of-
mass momenta satisfy the closure relation

= Q. (2}

The Hamltonian (1) 15 expressed with center-pf-mass momenta, function af the
velocities 1n the three bhody center-of-mass system, and ceatral potentials,
expressed 1n  terms of moduli of relative coordinate vectors. Thus (1) 1s not
eupressed in a canonical system of coordinates. It is possible to transform it
1nto 4 Hamiltonian containing a pure quadratic form of the relative momenta, given

by
Piy = g Tyt (3
l"'lill. N
where = _ 1) . Expressing p 1n term of centre-of-mass momenta
g mpmg I\
R m.p, - mp,
FR s Il (a)
1 my o mg

It follows from {2) that
p.c=-2p..0p.. {5)

where ;| has the same meaning as before. From (4) it follows that
3

2 2.2 2 2 . e -2
L (mj 0, +m, Py - Zm‘mj Py nj) My {6}
where L mo* mj. Thus 1t follows
2 2 2
[ Ps P; . .
o o L em ol - g .. 7
TR B PP I o

summing the three equations of type (7) corresponding to the three body system and
using {5) one obtains for the kinetic energy

2
My Pis
T= LR Rn b B (8)
3 M 2y
vhere M = Tne kinetic energy 1s thus expressed as a function of a pure

quaaratic form of the three relative momenta. Indeed 1t 15 a lvnear sum of the
kinetic energies of the two-body sSubsystems multiplied by scaling factors
depending on the three masses 5|j = —ﬁ-l © 1. Tnese factors reduce the two-body
relative motion kinetic energies of the 1Iwo body subsystems (considered in
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1solation), which 1teeds 1into the other two-hody subsystems. The following

cquivalent Hamiltonian 1s obtained instead of (1)

W s

1]
H= {7 V) 9}
AN E ij
mij ,
It 15 convenient to define the momenta Pij = W P‘j ana the generdlized reduced
massesﬂ” = !ﬂﬂb The Hami!tonian becomes
p2
= Gl vy -
i X (3"'ij i) (1v)
Tne momenta
b oos oy
llJ iy My (1)

thus corresponding closely to defimition {3) of the twn-nody relative momenta,
replacing 1he two-body reduced masses by the generalized anes. The Hamiltonian
(10) 15 expressed 1n terms of the relative position vectors r'” and the momenta

i"J. They obey the following ciosure relations
Tyt b (12)
and
r..
Al 0 {13)
K]

i3

respectively. The relation (13} 1s a direct consequence of {12) ana {11}, taking
the time derivative of (12). Expression (10) possesses a nigh degree uf symmetry,
the same as the equations (12) and (13). Clearly {10) has redundant coordinates.
1t 1s possible to write it elimnating one of the relative momenta.

2 2
. PLs M. P My
i () g v
i i ik @M My M

SRt Vij + ij* Vki (14)

"is,5K

The symmetry 15 partially but not totally Inst. Equation (14) yields three
equivalent Hamltomians for the three booy problem.

3. Harmonic potentials
For the class of harmonic potentials:

N 2 2 2
Vit etV HE g ry© s Kik Tk * Ky Ty ) {15}



An  exact solution of poth the classical mechanical system and the quantum
mnecnanical one s straightforward. The closure relation of the relative
coortinates allows one to obtain

2 2 e

V= 5[(K‘J. + Kh)r”. + “‘jk k) rik Ky iy "jk] (16)

We give here an outhine of tne exact solution, triggered by the expression (16} wn

terms of relative cvordinates and generalized relative womenta. In cartesian
coorginates
. . Yy vy e M
= N + + k
by = My g Ty iz k) (17

. - . y . 5 '.
designating generically by X, X the projections of ru., rjk and "J‘ er upon the

X axis one obtains
. -, . AN
Tx = Hu”)('j + llikx.]k + Zﬁu. ,jkxlj jk) (18)
Vo= BDk k) X Btk s k) X B ek X K] (19)
x 1] ki 1 jk k1 Ik ki“ijogk” "

Tne components X acquire the status of generalized coordinates for the
system. It 15 always possible to find a linear transfcrmation of the coordinates

such that the kinetic a. . potential energies are af the forl”/
.y 2
=3 70 X, (20}
v, = H (21}

to describe the wotion projected on the x axis £=1, 2. Similar equations are
obtained for the motion projected on the y and z axes. Correspondingly, for

posons the Schrodinger equations are given by“l

2 2, 2
R T RPN (z2)
2
In this form the prabiem yields an equation separable into equations for Xl and

2

2.d%v.
L4 i 2y 2,
iy ax; +!<ui Xi v = Exivi- (23)

The solutions of (22) and (23} are the well-known oscillator wave functions and

en. gy eigenvalues.
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£ = Ex_l ' EXZ B hl.“(n)(1 + 1) "’Z(n)(o +3) (24)

RN COME S RANE SR (25)
v2Mn! h
The linear transformation 1s symlar for the two other axes. Hence the
general solution has the form

E =‘h[..1(nxl + nY1 + nzl +3/2) + mz(nxz + nvz + nZZ + 3/2)1 (26)
1(X,Y,2) = anl(xll ‘/nXZ(XZ) "‘,—,h(vl] \",-,VZ(YZ) ‘VnZ](Zl) "'nzz(Zz)- (27)

Oscillator potentials allow a closed form solution of the three body problem
in 1ts most general form with a1fferent masses {and oscillator strengths)/s/.
without recurring to Lippmann-Scnmnqer’ﬁl or Fauaeev/” equations. It woula be
most interesting to compare sulutiunsla/ obtained Dy such methods with the closen

form solutions given here.

4. General central potentials
As mentioned bpefore equation {14} yields three equivalent Hamilronians,
privileging pairs of relative coordinates. HWriting explicitly one of tnem, for

"120 23’
2 2
M P. M P. M O
31,712 31,.23 31
H = (12 )oe + (14 Y5r— 4 T Poe By + ¥, (1 )+V23(r..)+ ryy). (28}
12,23 M12 ZMIZ NZ3 2MZ3 M]2M23 12° 23" 12V 25 ‘5] 31
where

R > - _ [ v
Yalra) = V3plirgy + a3l = Vaytirsafyy * rageysl) (29)
Thus, le 23 is a function of F12+ T23 and of the assaciated momenta (kinetic

,
momenta with redefined masses), the directions of reltative position and momentum
vectors are also involved in {29). It is reasonable to split the Hamiltonian in

two:
2 2
0 Mo, P M P.
1,712 a1, P23
H = {1+ = gr— + (1 ¢ =) 5=+ V., (r,) + Y, (r,.) (30)
12,23 .20, My 2yy * Vi2M2) * Vaalra ,
1) M
Hiz,23 ™ i Prze Paa * Varlimgfie * astaal) - 1

[}
The Hamilttonian le 23 has in general solutions in closed form for certain
potentials. It is separable in 12 and p3° Hence it 1is possible with the
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ortnhonormal basis of {3U} to approximate the solutions of the full Hamrltonian
using (31) as a perturhation. As the full Hamiltonian possesses 1in general
solutions, the converqence of a perturbation calculation seems assured. FEquations
(30) and {31) provide solutions for exotic atamic systems, like kaonic helium like
systems, explored els-ewnerelg/. It vs to be noted that le 2y 1s a mathematically
carrect formulartion for the zero order approximation of ;.nree body systems in
congruent coordinates and momenta, 1.€. where momenta correspond to the relative

cuordinates of the interaction potentials.

It 1s worth noticing the structure of the first term of H12,23 an eq. (31).
It corresponds quite strikingly ta the momentum dependence of the matn component
of the two pion exchange three-body force of Fuiita and Miyazava/m/. It is easy to
treat such term 1n  the cdase of three bady findl states with asymptotically free
aarncles.’“/ Correlation spectra of nucleons in the deuteran break — up induced
by nuclegns seem to confirm effects stemming from such terms, which can be

reinterpreted as momentum dependent potentials.

P Extension to n~-body systems
The Hamiltonian can ne written almost identical to (10}

covc) {32)

t?
Cy
n{n-1}) s : S
R the number of combinations Iwp at a time, without repetition.

where an =
n(n-3)
2

Tne Hamiltonian has 4 number of redundant v .: R= + 1. Tnere are a number

1)

Cn3L105UTE relatrons between the r. 's, and correspondingly between the lle, which

allow the elimnation of redunaar'\i coordinates. Here again 1t is possible for
harmonic oscillatur potentials to reduce the system to an ensemble of uncoupled
oscillators 4and  to obtdin a cloused form solution. Of course, a simlar technique
to that outiined ror the three body problem can be applied to appraoximate the
general solutions of the n-body problem, starting with an “unperturpbed”
Hamiltonian Ho' Here 4qain one finds the scalar terms oproportional to two pairs
of twwo-hody nomenta, “momentum dependent potentials®, mocking up three-body
farces. It seems "prima facie" that the apornach of the present paper provides 4
systematic approach particularly spitable to the generation gf super-computers
Arriving now 10 the market. Thus, aside from the methods based on sertes
expansinns other numerical teckniques may he used to solve equations stemming from
{32) and the ulosure equations, which have very simple linear structures. Here

/57

again there a~e no restrictions on masses or oscrllator strengths.
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6. Relativistic equatiens

Prior to discussing such equations 1t 1is necessary to establish relations
between the polar position vectors r:‘ and the relative vectors ':‘J" Such
relations can be expressed i1n general by a linear transformation:

xf] - sz « -4 0 f]
:xr:z - BI:J = 0 a -B :2 (31)
arg = Bry -8 0 «a rq

evidently setting o= 1 and B8 = 1 one finds the expression linking ;11' with ;1"
However, the transformation matrix becomes singular. We shall work within the
context of transformations where B8 = n+4. and o = 1, thus allowing the 1nverse

transformation to exist:

v ol ap 82 ufy - BF
" . . Ty " P
o = — 8 a aB ar, - [ry . {34)
* ¢ \ar 62 W2/ \ufy - uf

Choosing ¢ small enough the equations (33) ano (34) allow the systematic
treatment of a vector representation of the system from polar to relative
coordinates and vice versa. Tnis artifice 1s convenient but by no means
necessary. We may write a Hamiltonian

, 2 3% B
H o= 2 (p;+vm . C) 45 V.. (35)
PR oi 5 13

For three Dirac particles, we can linearize and write

H = kX x;. -[5. + R, VL, (36)
i, 31 i"oi 3 13

Transformations (33),(34) allow one to establish equations linking v"l and Fu’ hence
p, and plj {or P”.)

by = 5«,_,- Pyt (37)

wnere 1 are (1, 2), (2, 3) and (3, 1). Thus it s possible to write a

Hamiltontan in terms of ﬁu.'s, and finally it 15 possible to eliminate redundant

variables in ap expression

H= "”12'5"’23"‘1"'.;1*"‘3' {38)


file:///7~-7j

It 15 notanle that in the Tinearized equations the cross terms of momenta of the

non relativistic equations nave Oisappeared. However there is stiil! a coupling
> - -

via the potentials, hdden in  the coordinate r:u = -(rlz + r23) =

v 1Y
-(r)2€12 * ragp3)-

A generalization for n-body systems seems straight forward. The relativistic
Schréainger equations pose a more difficult problem for three and n-body systems.
In principle, for three body systems it 1s possible to write

(€= v, 08 = 1ot e m 222 (39)

3 i

Equation {37) could be used to express the Bi's in terms of the B,.J.'s. but
the operators are strongly ron linear, a mixture of square roots of terms like in
(39) and squares of momenta. Probably brute force numerica) solutions are
obtainanle, particularly decause after transforming to the ;ij‘s the variables are

congruent.

7. Quark topology
Equations described 1n 6. may be particularly useful to describe nucleons, as

composites of three constituents quarks. However it is difficult to understana
the bastc properties af quarks, asymptotic freedom and confinement with point Tike
Dirac particles.Of course this may be simply an approximation to a more complex to-
nylogy.The Figure shows a non-pointlike topology of quarks forming a nucleon as a
three link chain closed into itself.
Clearly, the 1inks have consicerable
freedom of motion. 1f energies to
break a link were very high
{extremely) confinement would be its
consequence. The Vinks may be one
dimensional “curreat” Toops, with
spin  1/2. Eack Tink would consyst
then of a string closed into itself.
These 1inks may possess “excited”
states, in addition to excitations of
the three link system. The excited
states of links could consist of oscillations {vibrations) and rotations. The
quantization of such system should present a formidable theoretical challenge, but
the extra degrees of freedom may allow a petter interpretation of excited states
of nucleons. Within this topological model hadronic mesons wouia consist of two
linked loops, having thus the same properties, asymptotic freedom and confinement.
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In this case the “chain" 1s ‘“open", i.e., it does not close into itself  This
difference with respect to “closed” chains may be at the root of the quick
transition of hadronic mesons into energy and structureless leptonic matter.

Baryonic quantum numbers may be tied to a given topology of quarks and antiquarks.

8. Concluding remarks

The purpose of the present work was twofold. On the one hand to treat
multiparticle (three and n} systems within a set of relative coordinates and
correspanding kinetic momenta. On the other hand to discuss three quark systems
proposing a finite one dimensional topology for them in order to account for their
apparent properties, asymptotic freedom and confinement.

Within this framework genuine three body forces may stil) have the final word
n the explanation of nucleons as quark composites. It has been pointed cut here
that three body forces in three nucleon systems may be harder to 1dentify than
believed, particularly due to the dynamical correlations in such systems stemming
from the nature of a three particle system, as shown above. The Hamiltonian (10}
and (32) may provide generally useful starting trial wave functions even with
redundant coordinates « In the relativistic domain, for Dirac particles,
expression {38} and extensions to n-partizles szem applicable.
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JEKTPOMATHMTHHL: PACTIAL A -M30EAPH
B T'MBPHIHOA HEPEIATYBICTCKOA KBAPKOBCGK MOLEIV
A.A.KemwHckult, 0.A.Kyoepun, C.Il.MepkypreB, E.A.flpeBckuit

Jenwmnrpanckell rocynapcTBeHHHR yH@BepcwTeT

1.BBenenre

HepexaTEBACTCKAR KBapHOBAf Mozess (#RQM) mupoxo npumens-
Jack B nocJjefHee BpeMA RAA HCCACNOBAHMSA CTATHYECKYX XapakTepPHCTHK
6ap¥oHoB. IIDE 9TOM BHMACHEJAOCH, HTO HApALY € HOCTATOYHO TOUHHM
ONECAlFEM CHEKTPA MACC [AA EHPOKOIO KJAacca KBapk-KBapkoBex {¢¢)
norenumaioB, ¥RQN MeHee YAOBACTBOPHTENLHO NEPef8eT AETAILHHE
XapaKTePHCTHRE O0apROHOB (3aps;u:onue pamuycH, 3IJEKTPOMATHUTHHE
'yOPM.8KTODH H T.N.) , Aake OPH TOYHOM pElieHHY COOTBETCTBYoue
TpexuacTHIHOM aana‘m/ -8/ . Onnoft ¥3 mpwuuH 3TOro OOCTOATEJNLCTBA
MOXET CJYXHTH npeHeGpeXeHEe BKJAKOM MESOHHWX OGMEHOB B gg —B3auMo~
JelicTBHe . ARKypaTHOMY pacdeTy BRIATA NHOHHHX crenexHell cBOGORH B
pamHeiilHe XapaKTePUCTHRE HYRNOHA M A ~H300apH IOCBfmEHa HacToAuas
padoTa.

Ipn mocTpoensn TuSpumiol pepcur ARQM, yunrupamueii cnass
KB2DKOB ¢ IHOHHHM [IOJieM, MH OIIMPAJMCh Ha NPeAJOXeHHYD B
MOZEJb, YIUTHBaMQY® MHOHHOE NoJie B BEAE J00ABOYHOI'O OTEHLMATE
X g}q;asamoneﬁc‘rhm) HexoxHolt HepeJssTHBBCTCKOK MOzesw. B oTinriue
oT , nocTpoeH:Hl! B Hacrosme# padore OPE~mOTeRLMaN IJIATKO 38BE~
CHET OT OpPOCTPAHCTBEHHHX MEpeMeHHHX, YTO IO3BOJWJIO OPMMEHHTH LIS
pacueTa BONHOBMX ¢yHeuER A/ B A 304OKTHBHNG THCJIEHHHE MOTOIH
pelleH#A ypaBHeHNR wanReopa, IDPOLJIOKEHHHX B /1, BJA ONBCRHHS CBHA-
38HHHX COCTOAHER TPeXKBAPKOBHX CHCTEM.

Hapsny ¢ yveToM Braana JT —-o6MeHa B CTATHYECKMe XADARTEPECTH-
ke A/ ¥ A B padoTe BNUHCJEHEN DeJATEBHCTCKME HONDAEKY K DTEM X&-
PaRTEPHCTEREN ¥ IIPORENEHO CPaBHEeHHe OTHOCKTEJBHOT'O BKIANA
NHOHHEX cTeneHe# CBOGOMH M DPEJAATHBHECTCKHX 3(/EKTOB.
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2.MoreJs
Ira nocTpoeHEss odycJoBAeHHOA OINHONMMOHHEM OOMEHOM YACTH
n%—mpkoaoro BIAEMONORCTBEA MH BCHO.Ib3YeM NONXON ,IPOIJIOXOHHEM
B . Bymem cqATATh, YTO KBADK-IHOHHAS CBASEL ONDPENEJASTCH Jar-
pasxmanoM Dxasu:

< =—t‘37{5(%’~$)'}’, (1)

KOTODHH y4HLTHBA®T COXDAHOHMO AKCURIBHOTO TORA B KipaNbHOM IIpenievs,
Max =0.3 HOPEIATUBMCTCKOM HPEXENS JATDAHKEAH (I) mopommaeT 4
NOTeHUHAR MOXKBAPKOBOIO B3aEMoneficTBRA

PE . 2 > - - > —
Vi (7)) =7£7;. (T D)0V (5, V) ., (21

-
B KOTOpOM (yHxuma 2 (/) cBA3aHa cO CTATAMECKEM UMOHHHM HOJNeM P
DABEHCTBOM:

—» - d - -
F 7y -E- 2T (S5 VYuF). (3)
& -mi 4

TareM 06pasoy, y9eT ONHOMHOMHOTC oOMeHa B pamxax #RQM
CROIATCH K PemeHM® CBCTEMH ypRBHeHHE npEReHHs, OorBevamwmel Jarpau-
xmany (I}, ¢ DouXoimmAML I'Di JCNODHAME, B&flaHAe ROTODHX
MH CBA3HBAEM C OpeLIOXeHHoE B rpex}asHofl cTpyrTypoll 6apuOHOB.
3Ta CTPYKTYpa, HOCAMAS XAapakTep I'ECDEKA KBADKOBOTO MONKA H OapH-
ona #RQM , onpenemsercs pasGmeHmeM NBYXYACTHYEOTQ KOH}ETypalE-
OHHOTO OpOCTPASHCTRA Ha TDH 00aacTH -Q—,', {=I,2,3. l‘f.Q‘- =7R3,
Kexnas 3 KOTODHX XADAKTOpU3YerTcd CROMN THNOM ¢4 -BagumonelcTena.
PasdmenHo NpOMSBORETCH chpepems paxamycoB R 8 Ka (Rq<R,)u mpm
9TOM CUHTAPTCH, 9TO HA MAmX paccrosmaax (F < R.) 9q ~IHHAMUKS
nOposHeeTCA TOJBKO IVIDOHHHME OOMOHEMH; B NpOMOXyTOwHOH# oGiacTh
-Q-g (Rse < "<Rz) CYNeCTBYNT BCO CTENEHE CBOCOAH; H, HawOHew, B
acmmTormIscxol odnacre £L 5 (P>R :)q,—nsamoneﬂcmue HOpoNTaeTcs
TOJNHKO NEOHEHM ODoneM. OmHMcamHOR kapThHe Jokaum3atgs nouefl orTse-
93T ausaTi, B KOTOPOM IVIA CTATHYECKOrO KBAPKOBOTO NOJA BHIOJ-
neno paseicrso b [n, =%in,= consi,‘?.[_n_;o. a g mons b : [n;
const , ;I‘\_‘ = $In’=0.

Tlonpasky K ITOMy &H3aTUy MORHO HaliTH ¢ HOMOMEN TEODHA BO3MY-
neHAl MO KOHCTAHTE CBAIU g P YPABHEHAAX IBENCHES. Jna nocTpoeHus
HEUPEePHBHOT'O MOTEHLKYANA OJHONMOHHOTO OCMEH& V °"® neosxommo
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yqec?é/s-ropoﬂ NOPANOK TeopkM Bo3mymeHuli. COOTBeTCTBYMUAE BHYHCJE-
HAA OpHECHAT K HOTeHINATy
Py - 2 (5T [,z "
Vi ""~E;’-‘;g"-;‘-[f6‘fv;>(¢z/m+

28,7 N

B 45y (8- &) (4
3necs ‘fi - KOOPIWHATHAA YaCTB MAOHHOTO OOJA % so BTOPOM HODAHKE
TEOPHA BOSMYmEHISH: i’z =¥%, 7 =(1/72, 0, I); Sij = 3(65 7).
Aoy Rp~2 - (6565).

NpexcraBiageT EHTepet paslel¥Th JWUOKTH, OCYCIORIEHHHe TeH-
30DHEM B COMH-COEHOBNM cJaraemiMy OPE-pzssmojieficreua (4). B
Hacrosmell padoTe MH IIPORHANMBMPYSM TOJBKO BRJIAK CHNMH-CIMHOBOH
yacTH noresymam VOrE

YaCcThr MeEKBADKOBOIO B3ayMOneicTBHA V,q, , OCYCJOBJERHAS TIH-
OHHHM OCMOHOM, 387ABAJACE NOTEHHUANIOM PHUapHCcOHA €O CHAJIAPHHM
KOHya#HMEHTOM. MH paccMaTpuBacM TPA MOLEJN {BapK-KBapKOBOTO
paammoneticTeun: ¥ = e+ Vss (moneus RML V= Vg +Ves + vere
(womens RMr)u V=g +V/* (uonems Rir}.

Cnun-cuMHoBOe BaammoxeltcTsue Ves omperesserca coorHowesHem
mmea Pepmu-Bpefita:

Voe =25 (6:63) & Vaq. ()
3 77"7'

3. BmekTpomarnmTHHe xapaxrepucTirr & m A u
NOOpEERE K HIEM

B repuwHax moiHo#t BosHOBOM i YHRIAK ff’ JIETKO ONpeleJuTh
OCHOBHNE CTATHYECKN® XADAKTEPUCTAKR nporcaa p (1a =+I/2), HefiTpona
n(Ta =-I/2) u A -wsodapy, roe T - monHu#t E3OCHHH GApHOHE.
Odosustam uepes &y w ¥, kommonents Boaomott gyrxumr ¥ B cmim-
HsocmHToBOM Gaskce, orsevapmme coctomHRmM®® *if =15, m 25, .,
NroTHOCTH mg {r) pacmpexexensa U u d KBAPKOS B TpoToHe | 7; =+I/2)
oupefiesOTCA B TEPUGHAX KOMIOHOHT 4y, Y,  pupaxenusma:

ot = 73 [($1(x,957) ~ i 0x, V3 r))dx
N 2= ()
Fi o < 2f7 [ 75 r)dx.
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I neftrponal Ta =-I/2) cJlenyeT cheJaTh (OopMaTbHYD 3aMeyd «d,
anexrpiveckne CpP u maruwtie 4P wopw axropu Heitpoua
TpoToHa ymOGHO BHDAAWYEL YEpe3 IePeHOPMADOBAHHHE MMOTHOCTH: SApA-

JoBHe f:l'f U MATHHTHHE _f,:" . Tax, Hanpmep, s n (Ty=I/2):
-

G, (@7)- f Pikom (1) ——Q—sg‘, L dr (9

H QHANOTHYHO At f) ( L=+1/2).
3apAmoBHe [AOTHOCTH Pc'ﬁ" neliTpoHa ¥ NPOTOHA MOSBOJANT BH—
9UCJARTE COOTBETCTRYDME cpelHeKBaZpATHYHHe 38pANOBHE DAREYCH:

<Hmp 7 o

Baxrolt XapaKTepHCTHROR (NOMHMO MePEYHCJOHHHX BHES) CTPYETYPH
GapHOHOB FIBIAETCH NADHAS KOPPeJANUOHHAA MATDULA Po~ -

Poz (%) = jd’fa SWix,y) (B Pp Stxo=0l'E > (9

TIe P,_- , &~ - 1ByxuacTHUHNE CTIMH-H3OCHWHOBHE MDOEKIMOHHHE onepa-
TOpH HA COCTOSHAH,B KOTODHX idpa HACTAL ALU6eT CILH &~ ¥ H30CHEH
T. MaTpuuHHE 2JeMEHTH Ps-r KOPDEJALUMOHHON MATDULN HMEDT CMHCH
BEPOATHOCTH HA eUMHMLY OodBeMa OCHADYRUTL Napy KBApKOB ¢ KBAHTO-
BHMY YUCJamMk € W T Ha DACCTOAHHH Xo . B YacTHOCTE, KOPPENALBOH—
HHE yYHKUMY Parz MOTYT OHTH NCNOJNL30BAHH [JIA BHYMCJCHUA IJEKTDH-
decKolt DOJApU3yeMOCTH HYKJIOHa H

I
8ol m 2 2
k =227 cx?> (3 el -4 e (10)
2% £ 2 &7
t=1 ”(-)
3rech «{ ~ MOCTOAHHAA TOKKOH CTPYKTYDH, 77".; — mMacca KBapxa, a <x2>-
cpemHee 3Hauense < X2 MONCYNTHBASTCA B TEPMUHAX KODPEJISIMOHHHX
pamuycoB: < X2> =3(n2 ~/3), The

re, = [r’-frtmdn (11)
o

Jonomuremsase (o cpanneHmo ¢ MRRM) prragu nuonmoc crene-
Helt cBOGOJE. B SJEKTPOMATHUTHHE XaPAKTEPUCTHHM GAPHOHOB OGYCJIOBJE-
HH KaK U3MeHeHmeM GapuoRHoll BosmoBO#t fyHRUMK W 3a cwer modamou-
Horo OPE-miauimoreficTruA B zg-—iloreuuua.ue, Tak U M3MeHEeHHeM
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ornepaTopa 2JeKTPOMATHWTHOTO TOKA. BeJWYMHA 3THX BKJIANOB CYWECT~
BOHHO 3aBUCHT OT MPOCTpaHCTEEHHO# chyxTQHI -noas. B mocTpo-
eHHOM HamM BODCHY TRGpMIHOR MoOIeJM mose ¥ ABIACTCH TJIANKHM,
OTJIMYHO OT HyJA B o6JacTh {2, KBADKOBOTO KOpa ¥ MMEeT CHeldab-
HYD M30BEKTODHYD CTPYRTYDy: $=F ¥ , Ime » - nocTommHuli BEKTOp,
P(r)- cranspHas cepUIecKE CHMMETPEUHAS [yHKUMA, [IMOHHOe noJje
Takolk CTPYKTYPH He NPMEOMT K M3MEHEHWO MATHETHHX MOMEHTOB jep, n U
3JIOKTPOMATHATHHX HoPMIaKTOpPOB G:'}: 34 CYeT ONeparTopad JJeKTpoMar-
HHTHOP'O TOKA.

Mi paccMOTDHM DeJIATHBACTCKHe NODDABKH HJIA OMHCAHHA NOBELCHHA
GapyOHHHX JOPMPEKTOPOR NpE NepefaHHHX HMIYJBCAX sz, 77!:'. B raxo#
nocTaHOBRe yUeT HpocTefiero peJATHBHCTCKOrO affexTa - JOpPEHI-Ipe-
o6paldoBaHUA NPOLOJBLHHX DAcCTOAHER OpH nepexoXe oT cucremy Bpeilta
K sagopaTopHolf - NpHBONAT K caeXypmed cBAsyY pesmTHBMCTCKOTO & R

H HEpEeJIATUBUCTCKOro & dopmparTopoB 1% :
¢ (a®) - (22)" 6 (o L) (22)
R 5 P 2 /.

2
3necs E,z‘= M, pa}Q/é a M, - sppexTEBBH] NapameTp Ipeospas’o-—
enmd, R xoroporo B /¥ nomyueno npemcrantenme:

Ma=mg 3+ 4 <v2/e®>), (13)

e <v¥cry- cpefHee SHaveHMe KBaJpaTa CKOPOCTH KBapKOB B
OapHoHe.

Yyer pelATEBHCTCKEX »djexToB B pOpMPAKTOPAX NDPHEOIMT, CorJac-
Ho dopuyne cr?ya - L. G, (@), ® yBesaeHmm cpenHeKBATpATI-

dQ3
HOTO 3@PANOBOTO DANEYCA CECTOMM:
<PPo, =<P> 4 Mi‘ G (o). (£4)
A

Mi BuuHCAseM DeJTEBHCTCKHE NONDABKH K § , CBASAHHNO C Hapy-
mengem SU(6)~ ciomeTpur 3a cueT Nepexoia OT ABYXKOMIOHEHTHHX
NAyJMEBCKEX CIMHODOB K qernpen%?xemm CIMHOpAM, OTBEYANUEM
IBUNGHND HYKOHA C AMIYILCOM P . Yunrupas ciepUIecKyn CHMMOT-
PHD KBADKOBHX BOJHOBHX (iysRumE H PHDOTe3y O COXDANEHWH BERTOPHOTO
Toxa (g, =I), nosyumm

—1/2
g, = g{i-é[i—m,(m,fw:rm;w‘» ]}, (15)
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Mi BHUMCHsieM TaxXe COMpANBHHE SMILIATYIH Aj izepexona A-Hy,

KOTOPHE ONpPeReJADTCS WopMyJoft paivy

Ay = <¥E M= Hontl p ¥, D=0y -2y K>, (26)

BHech ) -KBEHT KMEST MMIYILC K ® cnwpamnoets Ny, M= D ~npoermza
cpima A -u3odapu na ocs K . T'amwunronman pasmMonieficTems Hing ompe-
ReJeH B 1/ . Amwmryna (I6)soxer GHTH UPERCTABJCEA B BEKE:

= 2 2 s sin TV I, Y
Agja = 3m’;/rk' ey nx;,m)f—ﬂ(—f.%’ ), (17)

re T= k/ﬁ. AWM'I‘H&A:/;=€A1/¢-

4.Pe3ysbTaTH BHYMCJIOHHR

BouiHOBHE (yHKURK y-’ HYRJIOH2 A A ~H3068pH BHYWCASNMCH A pas-
JUTHEX MoZedelt §4-Bsaumoneftcrsus (RM ,RMx, Rx) 8 ocuope wmeaemso-
ro pelleHMs ypaBHEHHW] Pauleesa METOROM KOHAYHO~PASHOCTHHX &NNPOKCH-
manit 2 . [lapameTps My, , A, s, Rs , Ry momeneii OnpenenLIuch Cae—
Nywinum odpasom. B momesH RM s OTCYTCTBEEG N ~moJf (g. =0) napameTpH

, /\ ORHO3HAWHO YUTHPOBAYMCH O MACCE HYKJIOHA 77 =940 MaB u pas-
HOCTH Macc M- 9, <300 MeB. B MORessix c ¥ -lo’eM (PMx , Rx) macca
KBapKe NoJaranach pasmolt My 350 MsB naa RMx u g% 230 MoB 1 Ror,
a zaa paxiycos Ry , R, BHOH¥pasych 3HAYeHMs, XADaXTOPHIYRGME LBe Ope—
NeJBHHE CHTYalil: NPOCTPAHCTBOHHOT'O CTPOeHMs 0apuoHa: I) MAVMI KBApKO—
BHil KOP M GOJHWOE NKOHHOE OGJAKO; 2) 3HAUMTEJEBHHA KBADKOBHH KOD M
OTHOCHTEJNBLHO TOHKOE NAOHHOE OCJNERO. UCTABNMECH BeJHIAHH ? b i{ /1 IR~
CYPOBAJCE IO 3HAYCHUAM My B My- My,

PesyJhTaTH BHUMCJIEHHHE 3apANOBHX PaIAycOB, MATHATHHX MOMEHTOB ¥
ApYTBX XapaKTepUCTHK LI DasJrdHHX MoReqell Zq-naamoneﬁcmuﬂ
OpenCTABJISHH B Tada.l.

3HauenAA npEBelEeHHHX B TaO0A.1 3apAnoOBHX DAIWycoB HeliTpoHa
cnado 3aBHCAT OT NPUCYTCTRUA JT -NOJNA, ¥ BO BCEX WOASMAX (3a HCKINUS-
HieM R¥) G/M3KY K HENABHO IOJYYOHHHM SKCHODHMOHTANBHEM IAHHHM :
<ry» ==0,0I2 q,m'a QNerTpHIECKAA MONAPHIYEMOCTE DPOTOHA £ B radn.I
a1 Beex monexelt (sa mcrmoyenmem Kor) okasamach cy%c'l OHHO MEHBIe,
9eM DKCIIEPHMEHTAJEHOe 3HaYeHHe k =I,07 x 10'3 qu3 3, . 9T0 ofCcTOA-
TEJNHLCTBO CBASAHO C TeM, YTO NDH BHYACACHEA k mo wopmyse (I0) yau-
THBAICA JUIL BKJIAK KBAPKOBOrO Kopa. CAeNOBATEJNBHO, OCHOBHO{ EKIGN B
MONAPU3YEeMOCTS HYKNMOHA BHOCET 2YORT HOOPMALIHE MHOHHOIO 00JAaKa B
AJeKTpUMecKoM mose. C ApYroff CTODOHH, BTOT BHMBOX HNOATBEPRIGETCHA
SomblMM dnauenuem R B mofems R7r , vax kar B Hefl BKIAN NMMOHHOTO
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Tadmma [
JNEKTPOMATHATHHE XApaKTepPUCTHKH HYKJIOHE ¥ A ~n3osapH

RM RMme RMira R
Mg, MoB 405 355 355 226
VB 335 344 347 340
Ry ,om - 0.30 0.70 0.30
R2 yum - 0.60 0.80 0.35
- I1.7 12.8 7.5
;p 2.31I6 2.642 2.842 4.155
~1.544 -1.762 -1.762 2,777
<PRE om 0.51II 0.533 0.542 1.090
<r o -0.022 -0.029 -0.026 -0.228
<R3 om 0.229 0.230 0.232 0.6I2
<r ¥ am 0.I32 0.132 0.133 0.302
o 4.9x107P 4.4x107%  4.6x1075 1.8x1075
<y 0.59 0.80 0.76
<V3/ei, 1.28 1.21 1.28
Aua,Tox /2 0.087 0.095 0.097
Az »To8" 0.151 0.165 0.168

NOMA CYymecTBEHRO GOJNBIe: OH NOJHOCTHY OCYCJOBIMBAGT Ducliemienme #-4,

CrenyoaA Tpynoa HadJomaeMHX - 3JEeKTDOMATHHTHHE (OPMEaxTOpH
Gs:ﬁ ¥ KOPDeJALMOHHHE (yHKIMK JJ,-.,_- ,~ opefcTrasieHa Ha puc.I-5,

Odmas KapTWHA — 3ameTHOe COXWEeHHMe TeopeTUYECKHX M B3KCIepHIMeHTAJNb~
HEX 3HaueHMfi cTATAYECKHX XapaXTEPHCTHK HYRJIOHA - HaduolaeTcd IJIA
Beex Momenelt V%% mpm yueTe muomnux cremenelt ceodomu B ARQM n
POJIATHBUCTCKMX HNONPABOK .

Ha puc.I npWBeZEHH I'PapUK¥ HYRIOHHHX HOPPEJALMOHHHX (yHKuuft
‘Pg-r A kaHanoB & =T=0 y 0 =T=I. CymecTBeHHOE IOMMHHDOBAHHE Ka-
Hajia 0" =T=0 Ha paccTomHuax °< 0,5 g (prc.I) mpuBONMT X BHBOLY
0 Joxamsanmy #d -NapH B HYRIOHE B COCTOAHME O =T=0, UT0 MORET
OHTh MHTOPIDETHPOBAHO KaK CHTHAN O CYUMeCTBOBAHHY IMKBADKA C DaXWyCOM
~ 0,25 « 0,35 {m. HocoemoBaresbrHll yueT BKJIANA MAOHHHX cTeneHelf cvo-
GONH ¥ PEeJATHBECTCKEX IONPABOK IpUOJURAET TEOPeTHYeCKHE 3HAYEHUA
AAEKTPOMATHATHHX GOPMUAKTODOB GE"’ ',5 , OPUBEAEGHHHX HA pHC.2-5, K
3KCHEPUMEHTANLHNM JAHHHM. ORHAKO $©3MACCOBOCTL NHMOHA M JMHeRHNM
XapaKTep NHOHHOT'O MONA He NMO3BOJANT HANGATHCH HA OYEHB TOYHOS OMMM-
C8HH® HEPSAATHBECTCKEME {OpM)aKTODAMM DKCIEDEMeHTANsHOR chTyalns
npE st 'm,z. PeagrapACcTCKMe NONPABKH K (JOPMPAKTODAM HAYMHAKT pa~
dorars B odaacrs (%2 Mg H He MOTYT, TEM CaMHM, CYLECTBeHHO
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.:\?rr(xo),qm-"

e Xo, ort
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Puc.2. (nerTpuueckmi popmpaxTop Lelitpona. CrulouHas Junusa — RM .
l'rpux-nyuxTap - RM ¢ pe’aTwedcTcruMM nonpaBkamy. UTpuxoBag JUHMA —
RMxz Qynxrup - KMrz ¢ pesATURACTCKEMY NOMPABKAME.
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1
Puc.3. merTpuveckeft Jopubartop npoToHa. 0C03HAYEHHE Te Xe,
9TO HA pHC.Z2.

Q> re8°

B B
Prc.4. MaruwtEuit dopspexTop HeftTpona. (Odo3saveHnA Te X,
9TO HE DHC.Z.

YAYYIMTE CETYALMD B ¢ JIACTH MANHX NepeNaHHHX MMIYJILCOB.
HocTpoeHsas IEOPHEHAS MOREJb DOSBOJAIA CAMOCOTrJIACOBAHHHM
ofpasom yuecTh B pamzax #/RQM NROHHHe CTONOHR CBOCONH, M Ha OCHOBe
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Puc.5. MaruuTHu#t gopmpaxTop mporoHa. 0603HaueHHS Te Xe,
4YTO Ha pHC.Z2.

MATEMATHIeCKH KODPEKTHHX DACYeTOB GADHOHHHX BOJIHOBHX WYHKLZ BHTe-
JIUTh AHMOHHHE BRISAH B BaxHellmiue craTHyeckde xapaxrepuctury A x 4.
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PAIMAUMOHHHE PACIIAZH M CTFYKTYPA HYHIOHA
A.C.Omenaenro, I1.B.Copokun

XapproBCKHE Pranko-Texuwdeckaldl uHcTATYT AH YCCP

I. BeemeHae

HayueHde pacmamHHX XApaKTepACTAR HYKJOHHHX PE3OHAHCOB dAMeeT nep-
BOCTEHHOe SHAYeENe NIT MOHAMANEA RBAPR-TJAPOHHOTO B32UMoZeficTBEA HA
TPOMEXY TOYHHY DAcCTORHAAX. VX ofpenejieHde CTAHOBATCA PeNANNAM LA ODO-
BEpRA H pAsBETAS IpeRaaraeMix momesell oieMeHTAapHHX dacral. [paBiibHHe
npelcKAa3anMA 3HAYeRAfl CIEHOB 1 veTHOcTel WacTili, COEKTpPA MBCC He MO-
TYT paccuMaTpaBaTLCA EAK pemanmpe NOBOLH B DOJNB3Y KOHKpDeTHOR Momesd,
TR KAR OHE CJNA00 3ABACHAT OT N@HaMUEA BsauMonieficTBéf, H B CylleCTBeH-
HOl Mepe ompeRenApTCA KCIONbL3OBAHHHME CHMMETDHBHHMA MDENCTERICHEAMA.
llosToMy pasaEuEHe REHAMHICCKEE MOJeAd JaCTO RANT ONAHAKOBHE NpDENCRa-
38HAA OTHOCHTEALHO CURHOB, YerHocTeff B 2HEPTEeTHIECKOro COEKTPa BOIOYE-
JERES YacTHn.

Oco6o BaxHOE 3HAYEHHE EMeeT HCCJIeNOBAHAE BIEKTPOMATHATHHX pacna~
IOB HyRJIOHHMX PescHAHCOB. JT0 CBA3AHO C TeM, 9T0 {OTOR ABIAETCA TOd9eR-
Aol wacrumel, He momBepmeH KoppafEMenTy B BaamMomeBcTByeT ¢ KBADHOM
TOCPENCTBOM XOPOmO HSBECTHHX caXx. Jig pacyera PANMANHORHNI DepeXoRoB
HEOOXORAMO SHATH JMNWL EBADROBME BOJHOEHE (YHRIMZE ROHEYHOrO H HAYANLHO-
O cocrosmmit ampoHOB. B CAyuse xe, HanpaMep, MESOHHHX pacnanos 6apEo-
HOB HEOGXONWMO yMETH DEWATH 3amady B O BHyTpeHRel CTPyRType ACIycKae-
Moro mesona. IlosToMy CBASH Meranell GapEoRHOR CTDYXTypH C DANEANAOHHH~
MZ mUDRHAME Gofee HENOCPENCTBeHHA M B MeEbiel CTemeHE 3aBECAT OT He-
onpenenegHOcTel TECPETHIECHEX pACUETOB.

B mgacrogmed odsope OGCYEmANTCA DeBYALTATH ONYOJIMROBAHHHX B JATE~
parype TeopeTRMECKAX pacieTOP pDANMANUOHHHX DACHANHHX SMIIATYNL HecT-
PAHHNX HYRAOHHHX DEZJHEHCOB M pesyAbTATH HX ONGHOK K3 BKCHEDHMERTa.
CETyaues Co BpeMeHE o03opa CYWMECTBEHHHM 00pASOM He H3MEHANach,
ONHARO NOABANCS PAN BONPOCOB, DACCMOTPEHHE KOTODMX OPENCTARTNAET BHTe-
pec.

2. PesyspraTH TEOPETRIECKEX A BKCHEPANEGHTAJALHHX MCCAeNOBaHAE
PAnNANNOHHEX DACHSNOE HYKAOHHHX DeSOHAHCOB

Pacuery peNEANNOHHHY DACIANHNX AMIAKTYZ, EMIQMHHHNe B DAMRAX
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Tatnmma 1.

}eope'r,qecxle pacqe'm paguau;oam PECUIANHEX aMIA#TyX CapuoHoB (eX. 1073 I‘nB'I/ 2) m /3 4/,
FIR /5 6/ Ine (omeqenaﬁe 3!8.R07 * DnaHHHE B3ATH A3 (eHOMEHOZOIWYECKOrO
anannza), ABT / Ib/ / Ii/ / 12/ For
a)Amnrymx Af OPOTOHHMY DANAAUEOHHMX DacmamoB N - PeB0HAHCOBR
Pe3okauc R FEB KO Mat ST ABT X1 BP For SFR  Experiment
s(I440)PII 1I/2 29 27 -5 75 -28 -24 -2 -50 -20 -69%7
n(I520I3 I/2 -38 -34 6 41 -I12" 17 23 -28 -4 45 -2%t10
3/2 II4 109 I74 I74 158" Is7 I8 95 Isl g2 Ie7tI0
m(I535)8II I/2 166 IS 97 26 63 98 47 97 68 II0 7M™iia
N(I6508II I/2 0 0 0 a4 4 88 95 -9 8 ¥1s
X(I875)pI5 1/2 0 0 0 0 T2 0 9 1912
3/2 0 0 0 0 16 0 12 1912
®(1680WI5 I/2 -I3 -I0 24 2T -4 ~0 7 6 27 -I7%*1I0
32 73 59 I06 58 132" 9T 47 IS4 ™ I27%12
m(I70DI3 1I/2 0 0 0 I -I9 -7 0 -3 2213
3/2 0 (] (] -9° 2 II 0 33 o1
s(I7IO)PII I/2 -39 -40 -7 -48  -30 -47 -a7 5216
s(I720)PI3 I/2 IIS 100 42 86° -I33 74 36 52 %39
3/2 -37 -3 -54 -60° 46 -23 -85 -35 % 24
N(I990)FI7 1/2 -8 -I0 24t3
3/2 -10 -13 3155



6€l

Tadmma I (npononzenne)
0) AVIIR TYIH Af\ PaIRALTOHHHEX PACHANOB A -Pe30HaHCOB

Pesonanc wm IR x0 Mas 8T ABT  KI EP  For Rxperiment
A(I232)P33  1/2 -fol  -I08  -IOI -I24 -I3” -I2I -103 -94 -IR7 -I4I %5
3/2 -Is -I87 -I7 ~-2I5 -237 -2I0 -I79 -I62 -220 -257 *II
A (ISS0)P3I  1/2 I6 ¥ 16
A (I600)P33  1/2 27 34 2 -33 16 61 -50 -20%29
3/2 -47 207 4 -57 -46 -I07 -87 I*t22
4 (I620)s31 1/2 46 47 86 87 81 59 43 ™ I8t 16
A (I700)033  1/2 93 88 90 83 1I7 100 78 106 IIsfI7
3/2 85 84 oI a7 IST 105 ) 77 %28
A (1900)831 1/2 -3 07
A (I05F35 1/2 -Is ~20 20 15 8 -10 4 27t 13
3/2  -68 -90 -8 -26 -33 -41 I5 -47%19
A (ISI0)P3I  1/2 23 30 -I6 -6 ~0 15 5 -I2*30
A (1920)P33 I/2 -I2 -22 407
3/2 19 38 23t
4 (I93035 I/2 -I7 -30% 40
3/2 24 -I0%t35
A (195037 I/2 -42 -50  -34 =25 -40 50 -2 -48 -73+14
3/2 -53 -0 -44 -26 -44 69 -3 -6I -9 *1I3



ovl

Tadnuma 1 (oxoxzauae)

B)AMILTETY N A]‘.‘ RelTpOMHHX DRNEANRORHMX PACTANOP N - DEaoHRHCOR

Pesonagc A R FXR KO Mat er ABT KT BP For Experisent
R(I440)PII 1/2 -19 -18 4 50 33 -2I 13 38 3719
N(I520)PI3 1I/2 -31 -3 =52 -5 -36 =50 -45 29 -23 -65 ¥ 13

3/2  -TI4  -109 -I44 -I3T  -T25 -I42 -I22 -I02 -I24 -TI44 f 14
W(IS35)811 I/2 -I1I6  -I08 -IDI -7 66 -89 -JI9 -83  -I02 76t 32
¥(Ie50)8I1 1/2 3r 30 4 -50 g -35 45 -6 -I7 % 37
H(I675)DI5 1/2 -39 -38 -3 -31 -0 -31 -55 -47 t 23
3/2 -56 -53 51 -44 -0 44 -78 -69 ¥ 19
K(I680)PI5 1I/2 43 35 19 3 47 26 22 -32 ) G
3/2 0 0 -2I =-I5 10 -25 0 2 -30* 14
®(I70MDI3  1/2 -I14 -10 15 2a I3 -IS -9 23 0%56
3/2 -73 -40  -I7 4  -30 -76  -42 -28 2% 44
R(I7IO)PIT 1/2 13 10 2 16 45 -2 29 -5%23
B(I7T200PI3  1/2 -34 -30 13 ~4 57 -28 I2 2*t2%
3/2 0 0 I2 9 -I0 0 -61 -43 % 94
R(I9OW®I7? 1/2 -18 -I9 -49 t 45

3/2 -23 -25 -I22 %55



paasmIHEX TeopeTWdeckux Momenel, nprBeXeHH B Tadamue I, rme nomeme
TaK®e NAHHHE, YCPeXHEHHHEe DO HEeCROJBREM (JeHOMEHOJOTMIEeCKHM aHaInaa 2(

U3 radamm I BERHO, YTO, HECMOTPA Ha CYLlECTBEHHHE DAaRNINYAR B HC-
XOIHHX NMpPEenNOoJIOXEHARX, TeopeT#decKue MoNeld B DoTaBIIKUeM GOJBUUHCTBE
ciyiaes NpPUBOTAT K KAYECTBEHHO COTVACYKIIAMCA MEXLY codoli pesyabTaTam
(3naKA, DOPANKY BeJMINH ONWHAROBH). OHARO KOJMIECTBEHHHE DASINIMA
BechMa 3JHAYMTENBHH. CTeNeHb COIVIACHA KA HecOornacud ¢ OHEHKAMK MyJE-
TENOJBHHX AHANM3IOB HE MOXET GHTH KDHTEDEEM BdOODA ODEINOuTHTENBHOM MO-
HeJH, TAK KAK HTA OLEHKA He SEIADTCA ONHOSHAWUHHME, 33 UCRINYEHAEM

A (1232) pesonarca. Ero paneanpoHHHe XapaKTepUCTUKKM YCTAHOBIEHY Ha-
ZexHo. UTo Xe RacaeTCs TeOPOTYYECRMX PAacueTOB, TO HN OOMH U3 HUX He
COTJIACYOTCA C OIHTOM.

AcTouHHRAME BRCIEDEMEHTANBHON HHPOPMALINM O DANMAIMOHHHXY pacHamax
HYKJOHHHX DE30OHAHCOB MOTYT CHTH Deamildl pamuallioHHOro 3axeara di -me-
30HOB (7H — K — Ny ), GOTODOXNERUS MEIOHOB (FN —» n*—»(f’,g AN 7
KOMIITOHOBCKOTO paccesHHA (F'N —» N ¥ N ). flomannAwiee KOJIMIECTBO AMEK-
WAXCA K HACTOAMEMYy BDEMEHA SKCHEePEMEHTAMbHHX NaHHHX OTHOCATCA K peak-
LA ONAHOYHOTO (OTOPOXIEHAA NAOHOB HE HYKJOHe, IJIABHHM odpaaoM, Ha
npoToRe. MMeHHO Ha OCHOPE BTUX NAHHHX B DPesyibTATE MyJIbTANOJBHHX aHA-
JA30B M ONpeNe/AMMCh COMPANBHHE DANMAMUOHHHE AMIUINTYAH GADHOHHHX pe-
3JOHAHCOB.

PagaallORHNe aMRIMTYIN OnpemeneHH, BOoOWe I'OBOPA, IAOX0, U 8TO
CRA38HO NPexUe BCET'0 ¢ OTCYTCTEHEM HEOGXONUMOTO KOJAYeCTBA M KAUeCcTEa
BHCHOEDUMEHTANbHHX INauHHX. Hadop SKCHEeDUMEHTANBHHX TAHHHX B OONIACTH
sHaveHu? pHepr'mA foToHa 250 MeB< Ea._e 450 MsB, coormeTcTEyMuelt BO3-
GyRLGeHMY IepBOr0 HYKJOHHOrO peSoHasca, ARIAeTCA Haufosee NMOJHHM (XOTA
¥ 3Kech HEOOYONAMH YTOYHEHEF). 3T0 HOZBONWIO BHNOJHETHL SHEPrOHE3IaBH—
CHEMHE AHAaJI#3H B TepMRHAX 5 , P-BOJHOBHX MyAbTEOONER ~-~*°/ ., HemaBHWe
pacueTdH NMOKR3aNdE, 4TO cymecm_vm?a wapopmwauna mocraTodHa @ LIA onpene-
JieHE d - BOJHOPHX AMILTHTYT, 719 .

llpn dosee BHCOKEX SHEPIrHAX JOTOHOB SHEPrOHEeSABHMCHEMHE aHaNu3 MoKa
He odecnedweH Heodxommuolf sxcmepmeHrTanbHol urjopmaunell. B nocaenHue
TOEH NPATOK B MUPOBYD KOMORIANYD HOEHX NAHHHX BAMETHO yMOHBOAICA, He-
GMOTPSA H& TO, 4YTO CO3NAHA XODOMAA TEXHOJIOTHA NMOAYIEHHA NOJIAPASOBAHHHX
mymeHefl Bomopona ¥ AefrepeA, DONAPAIOBAHHHX IMYyYx0B POTOROB H BJAEKTDPO-
HOB, W3MepeHAs NOAApRJalAA HYRAOHOB OTHATIA. IapHad NpUIMHA - OTCYTCT-
BAE€ COOTBETCTBYDmEX ycKkoprredeB, C samycxoMm HOBHX yckopureneft, Koro-
pull HawevaeTCA B DASHHX CTPAHAX, O0BEM M TOYHOCTEL BTON MmpopmaiHa cy-
mecTBeHHO BospacTeT. [loka xe RAA DOXNYYeHAR ONHOBHAYHOIO pemeRds B de-
HOMEHOJOTAYeCKAY aHanxdsax HoTOPORNSHNA DHOHOB HADARY C IaHHuMA daso-
BHX aHanA3oB &' N - DAcCefHms ACOONbSYeTCA Ta WIA UHAA NOMOAHATENBHAH
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undopmalaa, B UTOTE DESYJABTAT CTAHOBUTCA MOAGABHO 3aBHCHMHM, C TPYHRHO
ouernmoft cucremarmaeckolf omuGKOL.

3. PeaokaHCH, "NOTEpAHHHE" P AHAIN38X PeaKUHRFN —»F N,pN —afN

Mmenuyecs B HacToAljee BpeMd CBeIEHHA O DARVAINHORHHX pacnagex
HYKJIOHHHX DE2OHAHCOB, KAK NDABWUIO, OTHOCATCA K TeM peao%r. KOTO-
pue pacnanawrcs no & N-karany. OmHaxo, cODI&CHO padoTe + B CIEeR-
Tpe BO3GYRNEHUA HYRKJOHOB MOT'YT CYMECTBOBATE COCTOSAHAA, IJA KOTOPHX
pacnan 3anpeneH, HO paspemedi CuAbAwe ¢N-~ u w N- pacnamu. B omm-
9de OT HadinmaeMuX B & N- DRCCEAHAHM De3oHAHCOB, TAKHE De30OHARCH He
BO3OYXAANTCA NpH ONHORBAPKOBHX nepexomax. Mx waccH Jexar B oGaacTd
1900-2200 WeB. CocrogRWA ¢ Taxdmu CBORCTBAMM NOJKHH MMETh GOJMBIYD pa- |
REAUMOHHYD DAPARY, ¥ SPPEKTUBHOE WX WCCIENOBAHME BOSMOXHO B DEARLMAX
YN — 25N,

4, TaGpumHHE pe3OHAHCH

B cBA3# ¢ TPYIHOCTHMHM omycaHmsa CBOfCTB H, B 4acTHOCTA, DacNaiHHX
xapakrepucTir peachancos N (I440)PII, K (I535)S8II, N (I7I0)PII,

N {I720)PI3 odcymnaetcs Bonpoc 068 ux coelmpideckolt cTpyktype U Xa-
pakTepe BO3CyxmeHus. W3 dasoBoro aranvia & N-pacceAHmsa NOAy4YeHO yKa-
3anne Ha pacmesvienue pesonasca K (I440)PII, ORHAKO B MYJIETATIONBHHX
aHANM3aX 7 N -peakuafi COOTBETCTBYNUMX yxasaumt mer. Taxoe pacmerute-

Me MOXEeT UMEeTH MecTo %5 /B NORMPAIIAPOBAHAOR MomenH Memron 21 , Tax
¥ B I'MOPUIHHEX MOIEJIAX , TIe odcyxuaeTcs BO3MOBHOCTE BO3CyxueHAT
TJICOHHHX cTemeHel CBOGONH .
XapaxTepHolt 0COSEHHOCTED THODHEHHX DE3OHARCOB ARBAAETCH HANAIME
3anpeToB Ha palUalMOHHHNA pacmaj NOJOXHTENBHO 3apAIReHHHX cocroaHmit.
Jina npoBepka 3TOI0 HEOOXOLUM CDABHMTENHHHA aHAIN3 CNERTpA HYKJIOHHHX
cocTosHA)t, NPOARIAKMAXCA NpR POTODOXREMAA ME30HOB Ha NPOTOHE u Heffr-
pPOHe, INA ROTOPOr'O, B CBOD odepelb, TPeGYOTCR SNERBATHHE BHHCIEDEMeH-
TATBHHE MAHHHE O Deakudd KAk HA MPOTOHE, Tak ¥ HA HefiTpoHe. OdHapyme-
HUE NONOJHETENBENX COCTOAHMR B NMOCJIENHEM CJydae ABWIOCH ON yKa3aHUeM
Ha CyueCcTBOBAKME TUSDHIHHX DE30HAHCOB. :
JocTaTouHO TOYMOE ONpENEJEHEe XAPAKTEDACTUK PATUAIMOHHNX pacna-
OB CIOCOOCTEOBANO OH BHACHEHARM DOJIE MeXAHU3MA NapHoik wiacTeprsalldu - 4
KBADKOB B HYKJOHHHX pe3oHaHcax. Yuer sroro sffexra mng N(I440)PII
NpUBEN K JHAYEHUAM DANMAUMOHHNX DACOARHHX aMUNKTYZR, CHAESRUM K IKCLepH-
MEHTANBHHEM QlSHKAM Kak L% HefiTDOHHHX,TAR H IR IPOTOHHHX pacua.uoj 23,
Onhako aHanorwdrde pacyeTd nafg  N(I7IO)PII nxoxo corzacymrcs ¢ maH-~
HH'Y AHATH30E. :
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Tacamg 2

Teopermieckue sEadcHEs EMR (%)

Ccunka Noxens ENR

80g , cijepraeckue MOMeJH 0
/25/ IiserHoe TANEPTOHNOE B3-€ -(0,3 + 0,4)
/26/ S - -0,4
/2 —e - 0,05+ 0,8
/28/. Monems nefopMEPOBEHHOTO MEmKa - (8 + 23)
/29/ CoNETOHHRA MOIEND 2
/30/ OperHoe B3-e, NMHOHHHE OOMEH - 0,8
/31/ BapranT MONGTH MEmEOB ~-1,8
/40/ Monexs Crapma - 2,5

Tadmmia 3

Jpume 0 EMR @3 pAamIRMHMX GHAMH3OB peakuudt pp ~»-& K

Cecrnka Ananaa [lapameTpraanan, ¢ur EMR (%)
OMesiaeHKo,
Coporm’3%/  Berends 715/ moe116/3/. 1 _(0,5* 0,14)
2 -(0,79 %0,I3)
- Mepousmaerso’ 16/ I -(I21 0,08
2 -(1,3%0,0)
rpyon’3¥  Tpyum/18/ Foelle 733/ - 1,83 %0,22
Copoxan,
Canan’ 35/ I‘eman/ 17/ Noelle 133/ -I1,65%0,I4
Tonabe,
thta /36/ Berends /15/ 'beﬂg;;;gh YHUTADH. 20
Yang /37/ /15/ DeHomeH.TaMiIbTORWAH 8
/3%/ -1,5%0,2

Davidson /38/ Berends /15/

Olason
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5, Amexrpudeckull xpanpynomsuult pacmag A (I232)P33 nsodapu

llpa wccremoBaHMM CTPYRTYPH HYKJAOHA BEChMA BAEHHM OHAsajici BOO-

poc 00 IeKTpARecKol kBampynoJbHOl AMILINTYHe DREAAUIUOHHOTO pacTama

A (1232)P33 - pe3oHaHca wid O BeNWYMHE €€ OTHOUWEHWS K AMIUIATYRE MAT-
HATHOrO REMOJBHOTO Nepexoma (EMR). 9ra BeadMMHa TECHO CBASaHa C TeH-
30pHEMU cwiam, felicTRyoudMy MEXNy KBapkamd B HywioHe u A (I232)P33-
u306ape, M ARIALTCS MAZMKATOPOM NDHCYTCTBEA d - BOJHOBOM KOMNOHEHTH
B COOTBETCTRYIUMX BOJHOBHX @yx%ﬁx.

Hemasio nosipanach padora , B KOTOPOZ NOK&3aHO, ATO OTIAHTHOE
or Hyan sHadenne EMR {oxomo - 0,2 %) noayugerca B pendTHBACTCKON
KBRADKOBOH Momesn M NDH OTCYTCTBAK TEH3OPHHX CHI.

Teoperudecrk4e olietki EMR 0o pasivuHHM MOLENAM NpABENEHH B Tad-
Juie 2, a SHCl=pUMeHTaNkruHe - B radaupne 3.

AxcnepumenTankHOe onpenesedve EMR HRIAETCH JOBOIBHO CJIOXHOH
3anadell, Tak Kak pesoHaHcHas E2 aMIIMTYZa Maia 110 CPABHEHMD ¢ Hepeso-
HaHcHoll, Pesyabrar CUNBHO 3aBUCHT OT KauecTBA BKCITEPHMEHTAIbHHX JaH-
X, NpOUEHYDH MyJLTHNOJLHOT'O aHAJM3a, BHOOpa NApAMEeTDH3AlMy NP TPaK-
TeRKe GOIOBHX ¥ PCAOHAHCHHX BKJIAX0B. llpuBeNeHHHe B Tadjdue OmACKA He
corepxaT CHCTeNMaTHMeCKUX OWNGOK, CBABAHHHX C DTHM. AHAJIA3 [OKASHBAET,
yro 3Hadexue EMR JsemuT B otiacTH oT Hyas jo - I £.

HeoOxomuiy HONOJHKUTENbHRE BKCIEPUMEHTH AJs Gojlee TOYHOI'O oupene-
nenua  EMR.

6. Bupomu

HecmoTpa Ha BCE BoapacTamupii niTepec K KUCCIGHOBAHWN paRAalloH-
HHX DacnafoB pe3OHAHCOB, BKCNEPHMEHTANBHO OHM M3YYeHH ILIOXO.

Heofxonumu HobHEe BKCNEpPAMEHTAJLHHE JAHHHEe of adcoymoTHol Beamdiie
RUAQiPepeHIIKANBHOI'0 CedeHud 1POLECCOR (OTOPOXUEHHA & — MEe30HOD 4 AX
N0JIAPA3AUMOHHHX XAPAKTEPHCTERAX, C BHCORMUM JTVIOBHM H# SHEPIeTHIECKHUM
pazpemeHdeM, Ka{ Ha NPOTOHHON, Tak W ~ 4T0 OCOGEHHO BaxHO - Ra Heli~
rposHoit mumenu. Tpedyerca najbHelimee yCOBEpWEHCTBOBAHNE H pa3BUTHE
npoUenypH HeHOMEHOJNOTMYeCKOTO AHANNAA M NONYYeHUA HaNexHNX ¥ CyuecT-
BeHEO dOJMee TOYHHX cBemeH#fl O 3HAYEHMAX DANBANKOHHHX DACHANHHX KOH-
CTAHT HYKNOHHHX DE30HAHGOB C Maccamy fo 2500 MsB.
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CONSEQUENCES OF QUARK STRUCTURE OF HADRONS AND PEW
RUCLEON SYSTEMS

I.M.Narodetakii

Institute for Theoretical and Experimental Physics,Moscow, USSR

Introduction

The title ~f ny talk suggests a rather general coverage of the
subject of quark degrees of freedom in light nuclei. This means that
I have a vast range In which I can forage. Generally, quark effects
ir. nuclel can bt~ separated at least into the following three catego-
ries:

1} The incluaion of the full quark antisymmetrization has im-
portant consequences for nuclear form factors and ilnelastic struc-
ture functions ", Recent calculations using the nalve constituent
quark model show that a sizeable fraction of the EMC effect on 3He
msy be mttributed to coherent effects due to Permi statistics at the
quark J.evcl/'yi '

2) @ffect of multigquark states which cannot be alternatively
d«s:ribed as short~range multinucleon correlatio
Stnce topics 1) and 2) hnve been recently reviewed 24/ I omit them
from ny presentdiscussion. Instead, I will concentrate on the point

3) a complete microacapic calculation for trimicleons consi-
dered as mult'quark systems.

The selection of what I will talk about will be influenced to some
extent t2 remain orthogonal with the subjects ambout which you will
a~nr in great detall from other talks in this Seminar. I will pre-
svnt recent theoretical results on the JH and "He binding ener-
zies and nucleon momentum distributions derived within the Quark

G- mpaund Bag model/y for the NN interaction. OQur main result here
will be simply that the binding snergies and the mucleon momentum
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distributions in 3He are consistent with the considered model which
provides definite improvement over the predictions of the few nucleon
observables derived in most of "realistic" NN force models.

The QCB model

Let me start from recalling that the mcst sophisticated meson mo-
dela (with the excep¥ion of the Bonn result) have consistently
fmiled when confronted with trinucleon properties: moat of these mo-
dels systematically underbind triton by approximately i1MeV. Among the
classical mechaniams that could produce the requisite additional bin-
ding attention has been focused on relativistic corrections and the
three-nucleon force. The latter indeed produces additional binding. Yet.
the results are extrewely sensitive to the range chosen for the J NN
form factor, so the amount of additional binding is presently proble-
matic.

The successes of the meson iheory of the nucleon interaction
suggest that at intermediate and long range meson degrec: of freedom
are well suited to describe interhadronic forces. However the clasmsi-
cal meson interactions all including a fine, rather arbitrary,tuning
the short range behaviour become inadequite in the region
where nucleon substructure comes into play. Because the mass scale of
QCD is comparable with the inverae nuclear radius, it is difficult to
argue that nuclear physics can be studied isolated from QCD. Yet, our
quantitative understanding of QCD in the long energy regime still re-
mains nuclear. FPresently there exists many attempts to derive the
short-range NR interaction using the so-called QCD inspired quark mo-
dels (see review paper: and references therein), There 18 no clear
understanding of how these models interrelate and relate to the under-
1ying properties of the QCD vacuum(see Simonov's talk at this Seminar
As an alternative to these models, a more phenomenological approach -
the Quark Compound Bag (3CB) model’”/was proposed in which the quark
degrees of freedom manifest themselvea as confined multi-quark states.
Below I will concentrate on the QCB model that has been tested recent-
ly for various hadronic reactio -

The QCB model is e semiphenomenological model that incorporates
the important role that multiquark confined states play in the short-
range hadron interaction. In this model the short-range NN force is
glven by the energy dependent and non-local potential which contains
few parameters determined from the datm. The employed QCB potentialm
have the moat simple form when written in the momentum representa-
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In eqs.(1-3) z 1is the energy parameter, k,k' are the off-shell momen-
te, b 1is the radius of the potential in the coordinate space which
coincides with the equivalent bag radius used in the P-matrix method
ot ret/ T/, VEX (1 k') is the Pourler transform of the long-range
interaction which is most economically described in terms of meson ex-
change. I refer to/B/ for the discussion of the meaning of the QCB
parameters in eqs.(1-3) and further bibliography"), I use the title
sign 'n order to siress that eqa.(1-3) define the modified QCB poten-
timl and the modified QCB form factora. An advantage of introducing
of the modified QCB interaction is that in the few-nucleon problem

it reappears as a subsystem interaction: the few-nucleon Hamiltonian
may be written in the form

~
H=H°+ZVAJ, (4)
‘|.<J
where Ho is the kinetic energy operator. Por the case N = 3 this has
been verified by an explicit calculation with the halp of the stan-
dard cluster methods for trinucleons considered as a nine-quark
syste ‘0/. One can argue that the pair-wise QCB forces do not require

)V por ease of presentation, we write eq.{1) only for uncoupled chan-

nels, but in actual calculations the mixing of 351 and 3D.I pn chan-

nels has been included.

**) In what follows I adopt the additional constrainbs xJ @ ).1 or
(1 )2+ xd(”z = 1 for the uncoupled and coupled NN channels, respec-

t vely. that were shown to be sufficient to preserve the causality

properties of the QCB interaction at all, even asymptoticelly large,
energies
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any additional modification when going from the three-to four-nucleon
syaten/”/. So, within the QCB method the account of the admixture of
the six-querk copZined states results only in the specific form of
the short-range NN interaction but does not interfere with the stan-
dard technique of calculation using only nuecleon degrees of freedom,

Eys(4) shows a way to implement quark degrees of freedom without
desiroying more conventional approach.One finds it encouraging to rea=
lize that, despite the complexity of the aystem under consideration,
the few-nucleon systems in the QCB method can be handled on the same
footirg mm ordinary potential problem.

Before discuasing the realistic three-nucleon calculation I sum-

marize in Table 1 some few-body results obteined using simplified
central QCB interactions neglecting S-D mixing., More details may be
found in refs. %Hi1,12/ .A8 one can see from the results the agreement
between experimental data and those calculated within "the ‘toy QCB
model” is quite impressive.
Table 1

Three- and four-body results for the central QCB interactions

3y He
zt. MeV -8.48 zf. YoV -29.0
n, m 0.28 thp' i 5.5
4, o 6.35
@Gy 1.29 s o 8.6

The more realistic celculations were carried out for
several combinations of the S, end 38.|-3D qCcB potenciala/ . The
paranmeters of the singlet QCB potentiala with x,~1 are given in
Teble 2.). Theae potentials include the 1S° Hamade~Johnaton potential

Table 2
The parameters of the 1s°QGB potentials with X =1 used in the tri-
nucleon calculations

Ho 1 2 3
b, Gev ) 6.1 6.7 7.3
zy, GeV 0.3950 0.3191 0,2504
cl. GeV’ 0.3708 0.3571 0.3213
5o GeV 0.0901 0.0750 0,0820

Y As in ref./e/the contribution of the excited QCB states is para-
metrized by the constants §L'
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as the peripheral interaction, The parametera of the QCB 331-3D1 po~
tential with the peripheral Nijmegen OBEP mre given in Table 3.
Table 3
The parameters of the QCB 351-3D3 potential with the Nijmegen OBE
tetl. b = 6.7 cev™!, x{002, £{2)2,

2,0 CeV, 0.2933 x,(2) 0.2
Gor GeV¥ 0.3036 S, Gev 0,060
oo CeV¥ 0.1455 S, CeV 0.185

The quality of the fit to the phase shift parameters 8’(351). 5'(33,)
and E, 1s ghown in fig.1. The corresponding predictions of the

3
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T, teg - © 7Y, deg

Y r
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Paris interaction madel are alsc shown. It is cleer that the QCB

force gives better description of the data for TL ' 300 MeV. The va-
lues of the deuteron parsmeters practically coincide with those given
in ref, 8, . [n particular, the D-state probability for the QCB inter-
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action, Py= 4,9%,1ies between the valuss predicted by the Faris and
Bonn interactions.

The triton binding snergy predicted on the basis of the 5 chan-
nel Faddsev calculations, ntu-8.1 KN is pot veyy semsitive to the
choice of the singlet redius b'._lo obttm zt=-8.02, ~5.10 and
=8.14 MeV for b = 6.1, 6.7 and 7.3 GV~ ', respeotively. The pattern
of independence of 3y Oa the radius of the QCB intersction with x = 1
agrees with the previous finding for the central QCP interactio E .
Note that the inclusion of the tensor force leads to a considerable
reduction of £y relative to the case of central QCB force considemd

. Our value of %, 18 contrasted with that predicted for a number
of realistic XN interactions in Table 4. Found underbinding of tritan

Table 4
The triton binding energy (in MeV) for 5, 18 and 34 channel Faddeev
calculations for the QCB intersction and other "realistic®™ potentials

:"‘] b‘”lgf QcB BSC 880 Via Paris Bonon
5 8.1 7,02 7,46 7y 48 7.30 8,36
18 - 7023 789 7457 7-}8 al"
34 - 735 7.53 7.67 - 8.33
B %) 9.7 - - 89,85 90,13 -
g (9 1, - - 1,12 1,30 -
P, (%) 2.3 - - 8.9 8.50

is partially due to the nsglented contribution of the MN kermels
other than 'S, and %8,-7D,. The inclusion of higher NN ksrnels is ex-
pected to modify the 5 channel resulits oxnly slightly. Judging from
analogous results for the "reglistic®™ NE interactions one could ex-
pect an inoresss of sy £ 0.3 NeV. In Table ’arealso shuwn the
weights of the principle B, mixed B8' and D components. Note that the
triton D-state probability approximatsly satisfies the ®3/2 rule"
that results from ? = 0 pairs in the triton.

A an additional test of the trinucleon wave funotion I show in

figs.2,3 the proton omentum distribution for He and the two-pody
breskup amplitudes slomg with SHe(e,e'p) data analyzed in PWIA. The
results using theoretical spectral functions correaponiing ta the QCB
interection are very similar to those derived from ®realistic® Reid
and Paris wodels. A satisfactory agreement betwsen ihs theorstical and
experimentsl results can be obssrved. Our last example is the theore-
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tical momentum distridution of~nnutrnns @ mpared with that extracted
in the PWJA analysis of the }He(p.pn) resction at the JHe momenta of
2.5 and 5.0 Gov/c’ 1%/, #he sgresment of the data with the latest go-
lantion 9f the Feddesv equation with the QCB intersction is almost
perfect.

Co ions

The presentation above should indicate that the QCB model is ca-
pable of providing a reasonabls explenation ¢f trinuclecn data., This
model providesa definite improvement in prediction of 3n binding ener
gy while the theoreticel wave function agrees with that determined
from the analysis of the {e,e'p) reactions at least up to 500 MeV/c.
Our main conclusion hers is that QCB model provides s simple and
univeraal short-range nucleon interaction which succeeds in quantita-
tive reproducing low-snergy trinucleon observables revealed by expe-
rigent.

nep)
(bevie)?
0¥
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10!
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PMg.3. The proton memenjum distridution for >5e. Notations ars the
same as in fig.2.
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HYKNOH-HYKJOHHOE PACCESIHUE B JMAIIASOHE O = 3 9B KAK JIEMOHCTPALMA
TIYEOKMX TIOTEHIWANOB IPHIYIXKEHMA C SATIPEUEHFRUAS! COCTOAHIAAMK

D.J.hoponeux, B.T.Hoyzavmm, K.T.00yxoncxuli, H,Il.D@aH
Hs® MIY, Mockea

I. Boenexxe

Boppoc O PoXN KBADKOB N TANCHOB B A4  ~p3ammoXeflOTEEN mueo?
nepROCTENOHROe SHAYSHNE NS sEepHoR JwexE npoua n,x sHeprall, T
B HACTOAMRO BpOMT TNDPOKO OGCYXESOTCS B JANTEDATYDE ~¥, Keg wsBecr-
HO, KOHUPIAA "poartoTEYecKEX" AN -[oTOMIMAXOB ¢ OTTANKNBAHNOM
HA MAMHX DacCTOAHMEAX BOSHMRJA B 50~60-6¢ TONH HA OCHOBE OpPEACTABACHNR
0 MESOHHHX olMoRaX, ONHOBDSMOHHO O8MA STA ROHUPIIMA CTEMyAXDOBATE
OORCKE TAXGJHX BOKTOPHHX MESCHOB, ¥ EX MOCXOAYNEGG OTKDHTEG DNSDBAIO
BoEOGme® YRORRGTBOpEHHe. ONHAKO TENGDPH ME NOHEMASM, 9YT0 TOBOPETH O
MESOMHHX NOMEHEX B odnacTx paccromumll € 0,5-1 (M BONpPABOMEDHO, T.R.
aNpOHH EMOXT CAUCTBOHKYD HPOOTPRHCTBEHNYD CTPYRTYPY, X BOUDOC O Ipa-
BRALHOR FoHuemmsH YV -~DSANMOXGNCTHEA HA MRNHX DACOTOSHAAX 0CTA~
6TCA OTHDHTHM (5TO BRANNSET TAXNE ¥ Bompoc 0 eHoMoHOXOTEN YN -
BagEmoneBcrENs b wasaumol oGXACYN). HaM onpeMSMeHHO He XBATAGT 3HA~
Exft XBAPK~TANoHHHX psamuoneficremll B HemeprypdaTmrHOR oGRACTH, H,
BROXHO BO3JMOXHO, Yro fopMyaMponxa yaausol noxydemoMeHcxormwyecxoll
oxeMi NN -B3amMoNofCYENS MOTER 0N CTEMyXNDOBATS TONCK KAKNI~AN-
00 HOBMX CBORCTB KBAPK~TIDOEHHX CNOTOM,.

MmesTos Mgoro ymcermfl HS DDOABNEHN® XBADKOBMX crameHell cBOCONH
B sfpax, HaumAag ¢ mefivpoHa, xommmmnoaumong;nmmﬂ
Iapaxrep. HampuMep, SISRTpoMRriNTING dopmlerropy

IDH nepoimSsolx mayasosxr Q2 0,5 - I ¢° nxs ceostt
mu'epnpe!am EYRREDTCA B TEATOXGHOM aHANESe BRNAKOB MOBOHEMX OGMe-
76 7rnmn /5! | yuare EuTepROpORIAN HYZAOHHUX N KBADROBHX SMIARTYH

*““ . a1.:m, HD:I zaxoll cXoEAGR RADTEN® CTOANAS B4 DKODODEMOHTOM Dé-
ANBLHOOTH HO BOCCTAHABANBAOTOR OXHOSHANHO.

Exe doxco noxasarexiuol B 9TOM CMECRS ABEASTCA mpodNeMa HyR-
AOR~HYRIOHEOTO BeamMoXelloTEmA, Xoropad pac T0A 3 _ANTEDATYDE
EA OCHOBE MOOTR HXM COME KOHUPIIER EXN LOXXOXOB sde 8,811/ oo
BEPWOHHO ACHO, Yr0o OCAACT: HESKEX vBepruil Egag £ 0,5 - I TeB, moxy-
QUBNAA ONMNCEHEE B OTEX MORGAAX, OKABANACH HOKDETNUHOR X nmgy AV -
seamMoneRorEA, HoXp3A HONEATEOA Taxkme B& T0, TR0 B OGO3[MMON CyNy-



meM OyfleT MOJAYYOHO KOJUNYOCTBOHHO® OmEcAaHme AN ~psanmose#icTBRA
ROXOZAR HS OepRIX npwHUNNoB KXIl, HO NDORAUDOCHINK XIS HAYIHOTO HOREMa~
HAA JapHoR npodwessi cefiusc pce M mMevTcs, Momem VAV ~paammonedl—
CTEES JIVNHH COYZyT HUIDYATH Reneprypoarapnye ofdexTH KXIL y=owe vaypop-
4o 6q —NemroB, & HR J0X68 MEKDOCKOIMMIOCROM YDOEHO, HAIDHMOD, B BREO
8JeXTUBHOTO HNSKOSHOPTOTNYOCKOTC BSAHMOZefOTENA KOHCTETYSHTHHX KBAp—
KOB Rak "omeTHX" %,mnu © YYOTOM HOTDHBESJEHOTO BaxyyMa KXI
(mHCTAHTOHN X AD.) .

PasgiTEe TOODEN HA TPYAHOM DYTH OCBOGHEA HeNepTYpUaATHEBHEX 8-~
Jexrop rpedyer caMOTO TECHOTO KOHTAKTA C SKCHEDHMOHTOM, JUIA oCMuCae-
HEZ cofiepmameficA P HoN EERJOPMAIE GONEIYD DOJNE MOIYT CHIPATEH NOAY-
DPOHOMEHONOTNYSCKEO MONGMN, DACKDHBANING, MOMOT GHTB, C HEOEMTAHHON
CTOPOHH o6myD JemEIeckyn RADTRHY RaamMomelicTEMa HywaoHoB. Umcro dop—
MSNBEHO, OTMOYSHHOS EHNO DaSHCOODRSHE® BO BSTVIMNAX HA HYRICH-HYKJIOHHOE
paeEMoneficTEEe CBASAHO 6MP W C TOM JeKToM, YTO IMNTOALHOE BDEMA IO
sToll Mpodreme ECUONEIOBANCA BOObME YSREH KpyT Aaummx (cpoflorea mefit—
DoHA B 7pETOHA, (aSW paccesmmA No sHepre# E .. £ 0,5 -~ 0,8 TeB,
EHOTRA cpolleTBa smepHOR Mavepus), KOTOPHE (EHTNIECKE OKASHBANCH HOLOC—
TATOYHNM, YTOCH OneAaTs BMOOD, fICHO, UTO HCOAONOBAHES XBADKOBHX 9
$erT0B TpedyeT DACENDOHNA AREHHX JMOO B OGNACTE BHCOKNX NEDONAHHHX
maymecos & > I TeB/c, Mubo Soree micomnx sxepre@ E > T TI'eB,
T.6, JEIMATHPYeTCA BROMOM B OTpoM HOBHX moxomeHER yckopETesell.

HosroMy GHB OH OY6HH DSHHH (RADANy ¢ JaHHMmM no Qopudarropam
X XPYyTEME DOSYXbTATAME,BOCEMA ONOCDEJICTBOBAHHC CRASAHHEMZ ¢ dfexTamy
BHYTDOlMeH OTDYRTYDH ) APKN® ABIOHEA, TNe KBADKOBHe 50PeRTH BHCTY-
naas 04 B Gozoe OCHANGHHOM BENS. M HAXONEM KPYT SKCHEDEAMENTOB, BOCE-
Ma GMESKEE R TAKI TPeGOBANNSM, HE NYTN NOBHIGHAA SHEDIEH YN —cHC~
oM, RO He BO %g}v pas, RAK ODHHATO IyMaTh (M. odcymmeime (MIyRTOH-
uux sfdexToB B , & BCOTO AWk B 2-3 pasa. MMemHC, OWeHB coneDXa~
TENLAHME HOCHTEXAMN NHjopuaumm of ANY  -~asammomeMoTEEE OKASHBARTCA

OBNG GEENTN ~ DSOTE HMSHMX NAPOEANEHHX BoHAX ‘S, , 7S, ,
i~ 3PI, 3P2. Py, BIATW® B NNDOKOM IHanascre emepraft (0 - 3 IsB),
TAKOM, KOTODMA HOSPONAST YBNESTEH BHIIOJHEHNO OGOOMEHHOR TOODeMH JoRWH-
oona A ormx §as, 3meob HymHHE BRONEPEMONT (mkeymmw ceve-
A NN =paccesNd X NONADESAUNE) IARHO YOS OReXaH 14,55 s HO em®

HO OWJ, IO HANGMY MMOHNY, ANGKBATHO WHTEDNDETEDOBAH.

B xausorhe NOXYPOHOMOHOXOTWYSCOKOR Momesm, moseoyamell RaTh Tpee
OYOMyD MMTODODOTAIND, MM XO) SyeM SMe0b KOHISHRUND ROTOHUNAXOE O Ba~
IpSNSHIAS 0OOTOSHEAM (II3C) 16,17/ 3 ROBIONIEA EMGOT KAJeoTBOH—
HO6 MEXDOOKONNRACK0S COOCHOBAHEO HGDES ODORTANLHO=-BOSOYINOHHYD KBAD—
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XoEyD oSonomWyD kommrypamm  s*p*[42], 2], (oM.Fum), moTO-
paA CTAHORNTOA BHEPIOTHIECKE BHTOMHOA B 64, ~oHCToMe HOCTATOUHO
MONHOM UBGTOMATHETHOM XBADK-TVIDOHHOM BasmMofeicraim + [I3C~omeca~
nEe cBolffors mefitpona w A3 paoceaHEa .fg’ HEAKEX SHODTEAX Em < 500
MsB BumeifsercA oBoei BROHOMNIHOCTED / - HI?IO n,pnnrpoa B 4-5 pas
MEHEDS, YOM AMA "DeAMCTEYSCKEX" NOTORIMAJIOB 8-10, « Ho rmasnes opw-
THHANBHAA YepTa IB3C, KoTopDAA OTVMIRET OTY KOHUPRUED OT JNDYIYEX , =
cposocpasiuil xon a8 PrOCEAHEA B SABHOMMOCTE OT SHEDIMH. VMemHo, S -
H P ~fasH npw ype/WdeHEM SHeprum or NN -NOpOTA HaYHMHELs oBofl Xom
He 0T Hy/omIX SHaveREld (B Sy ~samie o1 J Y,aor X (b S
pomHe or 27 ). TakeM oépasoM, S -¥ P~fasH M0 HX BHXogs B GODHOBC~
Ky® o618CTH, KOTZA Iéll £ 1, mpoGerawT HONOMHETSXEBHENH mHTepBan J ,
IO cpaBHeHH® ¢ olmempruAToll mHuTepnperammefl Paschoro awamsa B TODMM-
Hax HeIVy$OKHMX DOTSHIMANOB, DODHEOBCKAA OCJRCTBH, KYH8 CXOIATCA C DOC—
ToM bHepruM Boe JasH, JeXHT TONepPhL IDE LSOBONBHO BHOOKEX SHeDIRIX
Ejag & 35 TeB, THe HeyuUDYTOCTH BEJIMKW, ¥ BOSMOKHOCTb "NDOTAHYTH"
NOTOHIMAJLHOS ONMCAHME TaK BANSKO N0 3HEDIEM paNee JaZs He O0CyXua—
Jach, OEHARO, OCHR HOXONHTH B3 TOTO, 9T0 BaaEmomeiftormwe melcTBETONE—~
RO ABJAGTCA CEABHHM ¥ IuyowHa sidexrmpHoro VA -noTeHnpans EMeeT
macwTal anponnol smeprrm = 0,5 -~ I I'sB, HMKaxux NpoTuBOpewm# c
SKCTIODEMOHTANLHEMY TIAHHEMY B TAKOM NOIXOJe He odHapymmeaeTcA., IIpocTo
onTEYackyll NOTOHLAAT HMeeT OONBIYD  MHEMYD TaCTh, KoTopas DacTer ¢
3HOPIMe}! CTOMIHOBEHMA, RO OCTASTCA MO SHEPITER 2~3 I'sB menrme meflcr-
BRTENBHOR uacT® ¥ CPABRHMBAGTCA C Hefl JRIE I'e=TO Ha TPAHWUE O6PEXOa
B GODHOBCKYD oduacTh (2,5-3 IBB 1A IuyGoHMX NOTSRUMAJOB NDATAXSHHEA
~ M HENO).

OpmupIaTEHas BaXHOCTE PACCMOTPOMES MMEHHO IMPOKCTO MEANasoHa
sHopruit mpw omacaHMM B3auMoneficTEES x.v:ao'reEo? OHne MPCASMOHCTDHPOBENA
pavee Ea NpEMepe  Oolol -ssamoxeﬂo;my /19 , & Takme BaaEMoxefcT—
BEfl MDYTHX COCTABHHX ANODHHX HacCTRI[ 19 + J1A HyRNOHOB RAK KBADKOBHX
KNACTOPOB, NO-BHIRNOMY, CNPABOIUMEBH OCIEO BANOHOMEDHOCTH KJIACTOD-
XA20TEDHEX B3aEvoneficTer#. B 9ACTHOCTH, NMpOABJAGHEe OCOOMeMHON TeopeMu
JIeBEHOOHE MOXHO YCMOTDSTH B TOM BANHOM fiaxre, Yro NDE SRePTHAX
Epg® I IeB P~QasH, yMOHEmAACE OT SHAYGHMEA JL , O POCTOM SHep—
T'HE OKASHBANTCA (UHMSKEME X SHAYOHED ‘7’/-2 » T.8. P=paccesiue MaKCE-
MaTSHO GRTEBHC, B BTC CAYAMT NpNIHHOf NaPHO SKCNOPHMOHTSABHO YCTRHOB—
JEHHOTO APKOI1V ABNGHMHA - DASPYmeHHS NPH YKASAHHHX OHeDTRAX U —odpas-
Holt dopsex ymono;o paeypenemm np -pacceAndd, xaparreprol man
MOHENEX BHOPIHM 14,15 .




OmioppeMeNRO BAHHAS MONEJE 088 Karofle:iGo crnemmampHol nomron-—
KB TNEpeMeTDOP XODOmO ONECHBAST YIVMIOBYD H SHOPIOTHUOCKYD 3QBHCEMOCTD
arpdepeHIMassHOrO COYeHRA X NOMADEIAIEE B PP-DACCEAHME BIVIOTH O
sHepruit 2,5 - 3 T9B. Taxma o6pasoM, OGCYXEEBAEMHe COYATHe NAHHHE 10
VN =paccessERD B o6RacTE I-3 I'eB OCHADYRHBANT XODOIYX EHIODMATHB~
HOCTH 06 NN ~PoamMomeflOTHER Ha DAcCTOMHEAX < I du, B Bromie
MOTYT DAcOMATPRBATHCA KAk Hacrommul "KpmrEueckwd SKCHOPEMeHT", KOTO—
puft, ORESHBEATOHA, NARHC YEe CHE’AE, HO el He MHTepOpeTHpoBancA B
TEePMHEHAX ONTHYOOKOTO NOTOHNEANA,

2, ONTHIOCKAS MONSNE

PaccMaTpHBAA HYRAOHH KK TPEXKBADKOBHE KJIACTODN, MH HCHOJNHIY—
oM IUIAl AHEJH3a MNSHHHX 00 NN ~pacceAHEN B OGAACTH BHEDPIHR E.nadk
I I'sB ONTEYECKYD MOESNb, NOMOSHYD ToRt, KOTODAA NABHO HSBACTHR B (-
SEKe ManHX PHOPI'RE mpM ONROAENE DACCOANES HYKJOHOB HA fpaXx. Texaa
MOZEXB, EKDURKERR B ce06A ruydowsd npErarmeamendt AN  -moremupan,
paEes 8Meoh HO NPEMBHANACH, T.K. BOGM OO H3BeCTHO (KAK DAHEDE
KASAN0CH) CYMeCTBOBAMNG OTTAnKwpanmeft cepmeBEHH B AV -psamMonefi-
CTHEA, AKTHBHO DASEEBAPINOCH B_NOOAGMHOM NECATEAOTHH KBADKOBHe NOI-
xom ¥ NN ~B3aamonelicTEED 12,14 TARS 3898CTYD HCXONBRAN HS
HoOOXOMEMOCTE JaTh "KBapKoBos odsacHenme” NN —orrememamm B
KaweoThe anpTopHaTEBEH OBFP. My ®e Bcnoapdyem II3C kak Hamdomee oT—
Jmantil or OBEP no (WasvoCREM CVIOKCTERAM BEDHAHT KBEDHOBOTO HONXONA,
H TOJBKO HE TAROM NYTN YIAeTcs IAThH RAYECTBOHHO HOBYN WHTODIDS TAIMD
FoHHIM Mo NN -DacosfHEN B OGNACTE NPOMBNYTOYHHX BHepIuft,

KomyecTBeHHOS OCOCHOBEHES HA MEKDOCKOIMYOCHOM YDOBHe Eiydo—
KNX OPETATHBANNEX NN ~IOTOHUMANOB IOKA OTCYTCTBYET. MH MOEEM
TODRBEOTH TOJBKO KAUGCTBOHHHO APIYMOHTH, OIBpADLWEcs Ha NpEHIEN Jlay-
NH, B HOKOTODHe NAHKEG O XADARTEDEe CEMMOTDEH KBADK~TJNOHHOYO BSAHMO-
nefloTesta, Hampawep, MOMHO ROXOANTE HS Toro, 4ro offenTEBNOe B3EEMO-
ne#0THHe, CBASAHHOS C OCMOHOM WBETOM, DOATASYSTCH B BOKTODHOM BADH-
aHTe, T,0, SABHCNT TAKES B OT CINHA. ToITA CYNSCTBEHHYD DONb OFAYT
BIPATE OOMOHHHO CHMH, HPONODIEMOHANBHHE ONeparopy —2: Y4 68
{ UBOTOMATHATHOG BIANMONERCTENE), KOTODHS ABJIADTCA nphmmammm
B KBADKOBHX Napax, HAXONAWEXCSH B COCTOAHMAX, CENMOTDHIHHX OTHOCH-
TONEHO ONHOBPEMOHHON NEPECTAHOBKE EX LUBETOBLX H ONMHOEHX KOODIMHAT
(npoeriugtl), X OTTANXNBAINNNE D SHTHCHMMOTDUIHHX, Ompi Gamesc can
B DeCTEKBAPKOBoH CHCTOM® (IDATARGHES WIH OTTAIKHBAHEG) ONPENBIHOTCH
nepecranosowHoll cxemoll Dura » mRerochmHosoM mpoorpamorse [ fl.. .
B coorBercTEEE C NpEHUMMOM laymw cxema Dura [f ], #e seoAeros
NPORSBONEHON, & SABNOAT OT THNA NODACTAHOBOTHON CEMMOTDEM B OpOH-

159



TATBHOM ODOCTPAHOTBO, T.8. ONDOINBAASTOA xapem%gum OCHTOAEHOTO
MBMZOHEA HYKIOHOE KAK TPEXRBAPKOBHX KAACTEDPOB %/ . HemCoxsume
CIWIH TNPHTAREHAA NDH S = I am O BOSHRRANT B COOTOAHEAX CO CxoMol
tura [42], wm [3%], , Ho B rraMEX mapmmamsmx Boxmex L =0,I
TAKHS COCTOAHEA ~ MOIYT OWTD> DEANHSOBAHH JMUE B TOM CAYY&S, KOIMA
BOVHOBAA (YHKUMA 0C OTHOCHTSALHOMY NEEMOHND KAR0TODOE EMEOT Y38I HA
METHX DACCTOSHEAX, T.0. COOTROTCTHYO? HOTDPEBEANEHON ODOETANEHOR CNM-
morpm [42]y L =0 mm [32]x L =1 . xeepanenrault noxaxsaEk
NN —nmoTeHIpan B STOM CIy988 ABJASTCA NPETATHBANNEM ¥ CONSDENT
omio "¥imee", IIyCORO JeMalLe CBAYAHHOS COCTOAHEe. ONHAKO CHCTEMA
B3 IEYX 3¢ =RIACTODOB HE MONOT "HDOBMTECA" B 0OSYAXOBOS CBABBHHOO
COCTOAHWE, T.6. NDH TAROM OODEXONS NOMMHA GHAR OH KSMBHWTHCA ODOK~
TANBHAA ONMMOTDHA MecTRKBAPROBON RoufMTypammm. Fesysxosas BOXHOBAS
QyHKIEA OCHOBHOYO COCTOSHMA MONOT OTBOYATH JEMNE OONHOR OHMMMOTDEN
[6], bomwae [ =0 n[5I], mocmysme L=1I,mo
CaJiaHC KBADKOBHX OBN MOHAGTCA OT ODPETANCHHA K OTTAAKEBAEND /3 . Ta-
KEM OODASOM, TJIYCOKO Jexamee CBASAHHOO® COCTOAHE® B S(feKTHBHOM NpE-—
rArEBaxmeM NN -nOTGHIMANEe OKASHBASTCH DEANEHO HONOCTHARIMIM I
HacTep~RIRcTepHO CECTOMH 31; + 3q,.

Hamn 8@mAYA COCTOANA B TOM, YT00H IDOBEDHTE, HACKOMEXO (BHO~
MEHOJIOTRA TNYGOROTO IpHTATEBaMmSre NN —moremmmars ¢ "o
CRASEHHIM COCTOSHMEM B Kamgol mmwsmefl mapmamsoff Bamwe L = 0,I
COOTBETCTEYS? NAHHEM N0 ANDIepeHUNANEHEM COVOHEAM B NOAAPMSALNAM
mpn sHeprusx E . > I TsB, Ime HARGNHHO RasEHe 10 $asOBOMY AHANRSY
OKA OTCYTOTEYXT, PACYOTH NPOBONKAMCH B DAMKAX ONHOTO H8 BADEAHTOB
PEXATEBRCTCROTO HBASHIOTOHIMANEHOTO YDARHOHES /20, » KOTODO® XEA map~
UEANBHHX aMIUIATYX AMSOT BHI

TaCB) =V (o + JNI (b gk T (e,
VL’; (re) =(Ffr)b(P'§.ny“fYL: (A) \{:('i)}’m () idi"
VS (5 =r) ™ {expg OV (D1’ | e

g = 2k Tisepy | - En’, G5B

J
Ime NOTOEUESNH \Cs ABNANTCA KOMILIOKCHLSMN, 91! HEA pemB-
JHO0b ¢ HOMOmMEX Deryapesaummy Hofleca-~KoBaXsoxoro weTONOM odpame—
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t

HHMA MBTPEIH /22/ » CRA9L MONY HADIFATEHHMM aMIUMTYRaME # $asoBHMH
CHENTBME nasTca (QopMysolt 3

T, = EAp/pRT € s, @)
me p=fis-m® . [EifopeHuMaNbiOe cOTSHNE <, R W CTEDIE TOJA~
DHSAIER MO HOPMAIE K IUIOCKOCTH DaccesHEA 17 , P(®), B obmempe~
HATHX OCOSHATOHMAX SAIMCHBANTCH B BENO

ds o = ;,;_Z,Vﬁ 138 (8) B Cend)

. ) 2 P Y
By = Zo | 2Catadise)] RATL T}

172712

p)- 2I5TTH @
S SP {’I‘ T 1_}-
BEAVEN A
SP {5‘,7‘ T “} = g_f 74 Z ("")z I(2L‘l)(2¢-"'/)(2-7'-')(2]'-/)~
LUTE
. . v {uyq)fLed Py S (4)
[(LDL leo>] {“'}{Hi} Im{TL., TS }Ee ().

Hexonen, nosHoe ynpyroe cedoHme O, M CYMMADHO® CeYeHEe BCeX Mpo-~
meccop S t BamApICA fopmynavm

eJ
-5 : o |2
- F 2 (25er) [ 1-97 o nj
rd

el 41/5401,”:) ST - (5)
a¥ S [ J %_r ]
T T 2741} | 1 = 97 cos 20,
S ™ AZsf( ) by ©05=% . 23/
Tlapame?pH NOTEHIMANOB, NPEJCTRENOHHHE B Tadmue I , ompemens-

7;2!27 HOXONA W3 H3BECTHHX (a3 pacceAHEA NPE SHEDIWAX E.;zao < 800 MeB
H HO MOHANHCE JIANES IDH Em > 0,8 T'eB, llpg /. = 0,I Bce
Vé B HAmell MOMSVM EMERT CUHO JIIHEe CBASAHHOS COCTOAHWe, KOTOPOe
pacCMATPEBARTCA KEK 3alPeMeHHOS B KJIACTED-HIACTODHO! cmeTeme,

FonE aMumzyIH 72; sgeeAr of & ® S, HO He SABECHT
or J , 7O monApASauEA Oo0PAMASTCA B HONB. HAIM HOTOHIEAINM ORALHO S8~
BEcaAT or J , ¥ TIONADASANEOHHHE IAHHHE B pacoMaTpEBaeMof umpoxoft
oGEacTE bEepraEfl 0,5-3 I'oB ARmAmTCsA CymecrBeHHOR HesabRomuol mposep—
ol NOTOHIMANOB, TeM GoNee, YTO ITHX JAHHHX MHOTO., PeayanrarH mpei~
oramreRN Ra prc.I ( np ~paccemme) ¥ 2 (pp-paccedHEe). Mu BumEM,
970 EWPPEDOHUNANLHES COYOEMA M DONAPHBAINHE, KOTODHO ONDONGNARTCH YAS
B odmaore 0,8 £ E 4 £ 2,5 I'oB 0ed OHOCONHHX DSDEMOTDOD HA OCHO—



Be ONTAMECKOTO NoTeHumala ¢ (urcuposauroff meficTBETENEHO# TacTED (mMO-~
TeHIMATH radumuH 1) B pacTymefl 7 pHepruef mmMofl uacTE, onpemexsemoft
TONEXO E3 OTHOSHEA Ot 6, 23 » XODONO JOOTBOTCTEYNT UECICDEMOE~
7Y, IIpE DTOM, XA NPOOTOTH, IMIYOHHA MEMMOH waoTw 14/‘, TnpB samaEHOl
SHOpPIEM E 1ad Beex mapUEaABHHX BOMH dpanech ONEHAKOBO#, a pejmycH —
TeM: %8, wT0 E B TAGmp I, Buwmciemnye Qesu DacoesHEA 0. X Be-
s § :.J UPOACTABNOHH Ha DHC.2 ¥ CONOCTABJAGHH C DASyALTATAME
SMIMPHYSCKOTO aHAMM3a XOLW3AKHN /25 + Hama peHOHOTPYRUpS (MASHA Kk de—
3aM XOUM3AKK, ecy¥ ero S -~ ¥ P-fa3y CHBRRYyTH BBEDX HR L , ODENO~
Bas atEM QasaM, TEKEM o6pa3oM, NOLMEHHHI TeopeTHYecKEA cMuoJ. OTMe-—
THM, 9TO HOKOTODHS JIOKATEHNO EepeIYJApHcCTH E~3aBEcEMocTE (a3 pacces-
HUA, UMOXIpecCH y XOmMSaKy, MOTYT CHTH OBASAHH C TMGADHOHHHMA DOBOHAH~
caMy, IULT KOTOpHX Halli IUIABHHO KpPHBHe ARAJANTCA "JOHOM", HO BTO MOXBT
CHTH ¥ Pe3yJhTATOM ONpemneseHHo# HeyorohumpocTE asoBoro aHaxmsa, [loa=
TOMY MH E OIMPAJMCEH HENOCPOJCTHOHHO Ha IpfepeHIHarsHEe COTOHEA K
NOJMLW3aURE, BIATHE NDH MHOIWX SHOPTZAX, KAK HA AuUXONHYY SKCIODEMOH-~
TIBHYD HHPOPMAIII.

Mockoneky KBapkoBHe >PPOKTH (HAMMYHEe NERHAMEAYOCKH 3aNpemeHHMX CO—
croaHul) DAIMKATEHO ¥ COIVIACOBAHHHM OCDA3OM BJIEMANT cpasy na 6 des,
KAK OTMOYOHO BMII®, TO WX NPOABNOHHE ABJIAOTCA BOCHMA HDKEN, HAnpEmep,
KavecTBeHHOe OCBACHEHME IOJMYdasT IIepeXol OT U —otpasHo#t dopas yTiIo-
BOTO DAacHPONOJOHHA Np =pacCesHuAs IpH BHEPIEAK Em < 0,8~1 TeB
%?anpamemiow BIODe} YTJIOBOMY DACODSNEJOHMD IDH Em 2 I 4

Tadmua I NOKASHBAOT, YTO HANE ONHCAHAe ARNOTCH OYONB IDOCTHM,
LJIA HOTO XapaKTePHO MAJOe UACJO NADAMETPOB, KOTODOS Ome MOXHO YMeHDb~
INTh, BBORSA, HANDEMSD, B ABHOM BUA® IOTOHUMANEHOS cm—oacz}mnoe
pacmeIvienme, Kakx 5TO CHOJNAHO AIi MaNHX 3HepTER B padore I?/ 5 eay-
988 P~BOJH, 9TO DacuelUieHEe ARJAGTCA BAXHHM HCTOTHHKOM HHIODMAUER O
%H}D&Moﬂ KOMIOHEHTS HAIMX TIYCOKMX I'"DOTHONSHCTIYINRX NOTOHURAIOB

7 « HHTOpecro, WTO OOCYREAGMHE NONALJ3AUMOHHHe NaHHWe He noTpedoBa~ .

JIE y4eTa YIVIOB CMEIMBAHWA MOXIY DASHHME ODOHTEJEHHME MOMOHTAMM, Xa-
PAKTOPHEX 118 TEHSOPHMX cwi. Lipamma Mmenmse Qasw “D, & °F,  mpm
MAJIHX IHODIMAX SRAANTCH OTPUUATONLHHMI, TTO OTDARRST BJIKAHME YTVIOB
CMOIMBAKWA Ha BeymvmHy "sffexTmeHoro $asoBoro clsETA", CIMH~OPORTAND~
HO® OTTAJIKMPAWEe [P¥ J< L & T.H. MH SKRCTDANOIADOBENE HX IPE BHEp—
TRAX E.nad > 800 MoB KOHCTAHTaMB, HO OHE HYXTADTCA, KOHOYHO, B THE~—
TEJIEHOM DACCMOTDOHHE, M MHOTO® CKAZYT O HepEDepMYecKoR JacTH BBAEMO-
me#cTeMA. BOBMONHO, TDE AHANHM3E SKCIODUMONT. DPOSYABTATOB, NOAY~
YOHHEX ¢ NPT “THEO NOIADKSOBAHHKME 1Ty YKAMH s YTV CMOUEBAHEA Oy~

162




IyT BrpaTs yxe dojlee BamHYD Dok, Jiamee, Hame npocTeituiee BaammogeficT—~
BE@ HE CONGDMUT " 7/ ~MOSOHHHX XBOGTOB", KOTODHO TeDANT CBO® SHAYEHHe
mpE SHepruax E a6 2 I TeB, HO CH/M BUOMHE YMACTHH DM MOHBIMX SHED-
fAX. B 19J0M, BOSMOXHOCTH YJYINGHMA HAmMOTO OOHBCAHWA, COSYGAOBHO,
BMepTCH. Ho nng Hac ceflwac Bamyo, 4TO MH BERMM HOEYY OONyX KEDTHHY
NN -ppamuoneficTaA.

3, OCCYRUOHRA ¥ NE6PCISRTEEH

YrasaHHAR o0maA KADTHHA TAXKOBA, YTC MH HadmoraeM paagesenme Jes
paccesHHA He ABe IpymmH: "dombume” S - m P-fasy (oHE pamwu J wix
%Jr ggy HyJoBoH SHODIMH) B "MAMHe" - BCO OCTANEMHO. DTOT MTOT padoT

HAXOUMTCA B HDOKDACHOM OCOTBOTCTBHE O xaamconm xonfmrypa~
wmom P2l L2l L =0 S=1,  s'le2) (3% 4e0
3 qe y]

sm0, $'p3[3], [a ]c L=I &= ous,o’bé]x [31],, L=13=1
Ha NAJHX paccmmm: B NN -cECTOM® B & - pm P-pomax. Taxke
HouJWIYDAIMH COOTBeTOTEYDT yaXy Bommopolt fymxuwx 3 & -~y P~poamax
BMECTO OTTEJKHESNDRH copmeEMiH B NN ~kanane, Wro u sBiAeTcA NpE-
qEHo cmra - o P=¢as Ha peymaeny 7  BBepx (oCoCmeHEAA Teope-
U /Koi%ngwem 5",0 [a2], 42], . ym0 memo odeymma-~
eT0A B JHTEDATYDe KAK BaxHad KOMIIOHGHTA BOJHOBOR Pymmuam

NN-omcTeM: B S~-BosHe, ¥ TeM HHTGPECHES NOJYWOHHHO DPOSYJISTATH
B NOALSY HMOHHO oTOM KOH(WIYDalUMu, a TARES B AHANOIWMYHHX 6ff RoHPury-
pamatt c ysaom B NN-kaname B P= » Ml Y20 OTMOYATE BHG, UTO
HA RHHOUHKOM yDOBHe 3HaHWH HET OTDOTHEX BPTYMOHTOB, NOYOMYy MAHHHE KOM—
TOHOHTH B 5 ~yP~BOJHAX MOTY? NORABAATL BCe OCTARILHHS, (GpHOOBaNHAA
npodueMa NOSST OHTE npoxolueamponana C pasuHX TOYEK 3DeHZA.

I) Kopferypamm S%° @ s'p? HMODT HOSTBACATEVeOXyD NpH-~
POy 10 BIANMHOMY REEMSHMD HYRJIOHOB /28 / X OHR OYEYyT SAPOTOMO JOME-
HEJYIRDOME NDH SHODTHAX CTOMKHOBOMEA Em = I -1,5 I'eB, mocTaToyHHX
InA BOSCYXUOHEA AEYX HIH TPeX KBADKOB B P—COCTOSHHe.

2) Npr momx oHeDINAX SDOKT, BODBMORHO, HENO HCKATE B KBADK~IN-~
KBEDKOBO# OTPYKTYDS HYWIOHA H B OUDASOBAHEE 47 ~ 29, OTDYKTYDH, KOTO-
paa oxa7a.n7on TIONe3HOH NpE aHAMMBe DOTANMOHHOR OepHE AMGADHOHHHX DOSO~
HAHCOB CTDYRTYPa 49~ 2¢ XOIX0 cOBMOCTEMA C cumMerpmedl [42 ]

[2] .5 « 3TOT IpMMED NOMOTEET NOHATH, YTO COMUHM® NPENCTABNGHEA O
KBAPKOBMX MEIKAX MOTYT OHTL OEALHO NBMOHOHH,
3) Iaa [I3C xapaxTepHO CYMECTBOBAHEe YSJB y BonHOBON (yrxumm B
NN - xauane Ha Mecre oGmenpmarol orraxxNBaxmel cepIIBMEH, OHAKC
B OGSACTH NOPEKDHBAHMA HYRICHOP HYRHO yuNrubarTs o(ibeKTH anTHONMOTDE~
SAIKE IC KBADKAM, BCJEJCTEN® Yero BePOSTHOCTH: B SHAYMTENHHOR creme-
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He uepererasT #3 NN -KaHATA B EYTEe XAHAMH, CTPYRTYDY AHTHCEMMTDR-
sopanioft mecrHEBapkoBol PyHRIGM MORHO DDOACTABHTE Y6Des KAACTOPHO-
TOHEATOTMGOCK0S DASNIOMIHEY REK

NN +4a +CC +N*N + N'N « A"+ a'a+ .., 6

byic:) N ~BHYTpeHHee BO3C(yXIOHES HyKJIOHA 'p) o OFHEM KBAHTOM
o = 500 MeB, N"" - sp® ¢ pEyma xBaETaMx ® 7.7, Muave romo-
DA, 7iBa KBANTA BOSCyRISHRA ¥ RomfETyparms s%0% [42],  surpm-
PY®T N0 DASIEYHHM CTONEHAM CBOCONH. Ha-8a 5roTo, ¢ OWHOR CTODOHM, aMI~
JRTYRe ToraH pomjopolt fymkwm $,, B codorpemHo NN -xammte Mo-
BOT SEMOTHO YWeHBUETECA [0 CPRBHONED C HOAHTHCHMMOTDNSOBAHHOR CHTyA—
mpelt, a ¢ apyroft cropons, (WsEdeoxan RApTEHZ OCOIRRR9TCH ¥ NONYCKAsT
MHOTOTDAHHYN NDOBAPKY, XOTH aoymemcmma SKCIEPEMEETH TDYXFEH, Hao-
pmwep, » peanmmm Al d,p) X %/, xomma y persorpamyesoro mporons-mad-
JAATENA HMOSTCH NOBONEHO COMBuOl MMIyILC oTipTE @ > 500-700
MeB/c, RONEMH DETHCTPRDOBATECH TPH ONALHO PASNEUSNMAECS N0 BESDPTEH HE
BosrmEy ~ hd = 500 MsB rpynnmH TAKEX NPOTOHOB, COOTBATCTEYXUME
craraemd N N , N'N u N™W B DMemmo DaSHNS RMIyALCHHE DacHpe—
IexeHEA. TPYNHOCTH, ONHAKG, B TOM, YTO COYGHMA B OGNRCTN CONLUEX SHA—
oexEll Q MamH, B OWOHR CymecTBeHHOR aBaserca mpodmoMa (foma. NovroMy
HEOGXOMMM TaREe AHANMS JTAMHHEX HONOCDENCTBORHO A NefiTpoEa ~ 9TO 99—
axuHE keasEyIpyrore EuCmRarEn  d <e,e'p)X & d(ee'pyn 73/
Ho B BTOM CUyvas EMEOTCA BOSMOMHOOTE “'NeBosdyspennA” aNEHO  BOS—
CysmerHOTO Hykaows N* mm A** mw ero mudwpammw . 9TO youOR-
HABT WHTODPUPSTANEND,
4) KiacTepRO~TOHeaOT¥YACKOe DASIOMKERE (6) MOmeT OHTH HCOMeHO-

BAHO TERXS ¢ NOMOMED WIORTDONHNX fopmbexTopon mﬁﬁgg?, H 3mAck, B
NPONPAPETENEHON NODAIKS, BOSHEKAET Tamas Kaprmma ‘“*°/, yro mapsmy ¢
otcymgasmoft HoME yamosolt Bosmiopolt JymrumeR B VN ~genare (xBapro-
BaA KOHIMTYDAES ¥ p*faz] x ) TPNCPTOTEYeT H KBAPKOBAR KOMIOHOH~
ta S [6], [2%]c, ¢ wnmi nuxomow B AN ~xaman {semormt
BrIAN SToft xopdwIyD! BCE BpEMS NDOHBXHOTCA B DAOYSTAX N0 MOTOLY
pesomEpynmX Tpyunt /%), %ra xoumouemta eors B mefiTpoRe ¥ B BomHoBal
Gy NN ~paccesmMa IpN Mamix SEODIWAX, BO MDH HPOMBRYTOTHHX
SHODIWAX, KaX HOKABHBADT NDOAICTEBNOHFEHE BNSCH DOBYALTEYH, OHA CHIBNO
noyaBreHA X HpeoduANAeT YanoBas NN —zosmonerrs. Ee 0COGSHHOCTED
HBESOTON CBOSTO PONE "HecorsacoBaHHOCTH" ¢ teM NN -Bsamsopneficrmem,
KOTOPO® OHR BNSHBAOT! ROMJEIypAIEA S° OCOOTHGTOTEYET MAXOHMYMY
LGIOTHOOTE B IPNTDO, T.0, NOXHOMY HSDEXPHEANNN HYRJAOHOB, a B TC X0
BpeMz mopoxacmoe erofl xomlwrypaumel NN —orraxMbaume He RonyoRaer
OAMOTC BTOTO NEDOK[-BaHRA., TaKol HeCOINECOBAHNOOTE HOT JAR KOHIMIY~
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vame &% [2], [42]

. 5) Omur sAmepHOH (WsERE MaupX SHOPTHH NOKASHBAET 132/ s UTO NDK
HEJETAE HOCKOVIEKHX THNOB OpPORTELHON CHMMOTDEN “Jx B paccesHmR
JeTYAllNEX COCTABHHX WACTHLU GOJNHIYR POVIE HAWMHAKT KIDAT: "NOYTH Yo~
pyTEe" mepeXopH (¢ ONDOKAJHMBAKAGM CIMH-RSOCUKRA IPW NPEMEDHOM COXDa-
HOHRER TIPOCTDAEHOTEOHHOH TACTH BOMHOBHX {yHkuEll cramwsaomExcd gacTan),
HAODUMOD, B CHETVIETHHX KAHejaX 4 ¢ -DaccesHES 8To mpomsoch & o+,
AMIUHATYIA TAROTO NEPEXONR OHPONEJAASTCHA BHDABGHHEM

-4 L) (221
E,Cﬂpnluﬂ, T2 (TL L~T; x)’ 4

Ime B NpaBo# YacTA CTOMT DASHOCTE CONEIMX HOTOHNUANERHX aMIUIMTYE,
COOTBOTCTEYNIMX DASHEM OPCHTAJIBHHM CHMMOTDAAM H}x » Taxam odpasom,

MH AMOOM MHTEDOCHOO 0COOmOMEe NOTEHUMAIEHOTO CIMCAHEA, KOTOPOE NO3BO~
Je? YIATHBATH ¥ HOYIDYTHe KAHAM, YOpyras HOYHHTADHAA aMIUIETYZA Oll-

pefiesifeTcAd BHDABAIHEOM

4. [22]
7:-,:mmrr = 21'(72[]:*71 ). (8)

B paccmurpEBaemoll Hamm npodnems YA ~psaumoneficrEEs awanorams yxa-
3aHHHX "NONTE yIDYTHX" NepeXOoRoB OymyT 'Heynwrocm CO OMMH~ABOCTHH-~
weeTHOR mepscrpofiofi NN —AA g ANN—CC |, xoropHe moryr
IaTh BAXHYD FNJODMAUEN O DASJAYHN AMIVIETYL VA ~DROCEAHHA C DASHHEMF
cesorpmme  [f], [fl.s . MEage ToBopA, ecMM NOMEHEDYGT TOMBKO
oma ammmryma 7,71 o [f] = {421y [42]5 + To HeympyTOoTH
YKASAHHOTO THNA NONKHH OHTH CBASAHH NDOCTHME AXTedpAMIeCKEME COOTHO-
DOEEAME C YNDYTEME aMIVMTYLOMA, T.6. MH MOEEM TIONYYETE HeSABHOEMyD
TPOBEDKY NNEBRNIEHOOTH HOIMX BHBOJOB NPH Eu.u. B HeORomEKo T'eB

( NN+~ CC dyner surnapeTs Hax OCPROOBSHES CTDPYHM, T.0. HAR DIy=-
doraA HeyupyTooTE, /NAN->AA -~ gax yMopeHHan HeYUPYTOCTE, & AN>AN
- K8K YOPYTOCTE, H COWSHMA STHX HPOSCCOB CBASHBANTCH COOTHONRHMAMA
rema (7)=(8)). HeympyrocTs GymyT Mam, KOIja ammETyga T, Ho Sapy-
oer of [f] =~ om.Qopuyny (7). Taxem 0OpasoM, MH KpaTRO SATDOHYIHM
BOSMOXHYN HPOTDaMMYy CYRymEX ECOJONOBAHEH,

B 34KJIOY6HRO ABTODH BHpaxapT OzaromapHocTs M,B,KasapHOBOROMY,
J.AJKommpamky, B.J.KyxymaHy, B.A.CappiHy n YYaOTHHEaM [YROBONHMOTO
HM COMNHADR 94 OTHMyJHpyNEmie OCCYMUEHEA. ABTODH GNATOTADAT TAKSS IDO-
Jecoopos @.Lpocoa, A.H.0zexocona, HL.JApexcens, X.M.Jaxe, [.0.Pucra ¥
P.A,3paMRAHA 38 MECKYCOMN H GOBOTH.
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MIKPOCKOMMYECKOE (IMCAHME A3 ~PACCEAHWA C YYETOM
KBAPKOBOW CTPYKTYPH AJIPOHOB

T.B. Bjumop, M.A. Mpanos, B.E. Indommmxmit, A.M. MauapapeaH®,
AL Yemmnze

OCpefMHeHHHE WHOTNTYT ANepHHX Hccrefopaumit, Nydma

AHHOTAINMA

HyrROH KAR CECTOMA, COCTOANAR HY KBADHA B INKBADRA, HCCIEHyeT-
A B MOREAM ROHPAfHMEDOBAHHEX KBADKOB. BHYNCAOHH OCHOBHHE CTATHIECKHS
XapaKTePMCTHRE NPOTOHA M HellTpoH&: MATHNTHHE MOMGHTH, SXOKTDOMOIHAT-
HHe DARNMYCH, OTHOMEHHe 6; G-V . ToXy4eHH BMORTPOMATHETHHE H CHALHNE
ME30H-HYRAOHRHe dopubaxrops RAK JYHKIME KBAApaTa NEPERAHHOIO EMITYAL~
ca. Bumonens cuBErm das /VA/ -paccedHma B MOZSMM OIHOGOIOHHOTO OOMeHA.

Beenenue

HyKMOR~HYKAORHOE BIaEMONSHNCTEEE ErpaeT (yHIAMOHTANLHYD DOXE B
Aneptiol (WamKe RAK OCHOBONOAATSNEHA BNOMEHT MAKDOOKOIMOOKOIO MOHMMA-
HMS ANEPHEX ORN, B HACTOAMO® BpPEMI MOXKHO CYMTAThH YCTAHOBEOH-

, 970 Ha GONBUMX PRCOTOSHRAX (T2 I,5-- 2 du) OcHOEHOR BRIAR

B /V/V -paccedHNe JAST OHONMOHHME oOMeH. B IpoMexyToWHOR 06XacTX
(0,5< ¢ « I,5-+ 2 ) RauEHADT HrpaTh POXG OOMPHN CONee TaXeNH-
MI MoSOHEMK (> , W 4 H S*, & . € ), a Taxme gEyxosoMmMNE
oOueMu. Bo Bryrpemnel odrxacrx ( 2 < 0,5 {u), T.0. H3 PACOTOAHREAX,
MOHBEEX WAN HODANXA DEUMyoca HYXRQHA, pPOACTABRNGHNE o/V/V- BaaEMogeiicT—
ENN, OCHOBARHOS HA GOSOMHHX OGMBHAX, P HENOODSNCTBOHHOM BEXE HeIDHMe-
HEMO - ESOGXOJNMO YHUNTMBATD TAK RasHpaesill ggepHu? Kop. Opmpoma dKep-
HOIO XOp8 NOKA HO OOBCOM SCHA, XOTX N3 COBDOMSHHMX NpONCTABICHER OX6-—
Xyer, 10 .d O0yOXOBNEH I'NABHMM OOPABOM KBADKOBOR OTPYETypofl HyEIOHA.

DMPEICOXNe NAHHHE OO OfBETEM A8 HYRNOHR-HYKNOHHOM® pAOOeMHER
no sHepruit EMJ‘ 2 300 MeB ¢ xopome# TOUHOCGTHD ONNCHMBANTOR B MO—
HeARAX, CCHOBAHHMX HA /go- X NBYXOOSCHHHX OCMSEAX O JY6TCM BEDTYJNLHON
A (1230) - wxsodapu B STEX MOXSAAX OGMEH MOJOHAMN ONECKBAETCH
OONYHMME XOXAXLHMME NDONATATODAMN, 8 BHYTPOHHAA OTPYKTYpA HYNIOHA,
OCYONOMIGHHAS KBAPNAMN M IDYINMN TAXSNMME COCTOMHEAME, yUNTMBAETOR
JeHOMBRONOTNISOKEM odplaou TyTeM ne.lsm QRASHMX MOSOH~HYKKORHHX (POpM—

gaxzopo Bga ,v(?) M”fﬁﬂﬂ) fﬁi:’;j]z -




rme IV, - macca MaSoMa, 7— NAIYAEC uesona..AM— napameTp odpesa-
ma (A, = 1,27 2 IB). Crmmie Mesox-HymicHRMe fopalertopy (I)
RCNOALIYNTOR TAKES® ODE ONNCAHRA HYRXOH~HYNIOHHOR am/gy « opM-
gaxropy (I) BBOEATOA B SHATNTEAEHOM MGpe TPOHSBONEHO 7 7mlpam'ca 3
JONOENA HARAYTNSTO ONMCAHNA BSKOHODNMOHTANBHHX NAHHHX o/,

Taxmm odpasou.lV - psamMonefioTbEe HA paccToAEMAx 0,47 I,5 dm
OpefcTaRAAeT coCoff NOBOABHO ONOKHOS IEpELNGTEHEe ORMN, OCYONOBAGHHHX
OCMBHOM HE TOXEKO MOBOHAMM, HO K KBADXAME. C TOUKN SpPeHNA COBPOMOHHHX
nperoranyennit, AN - BeamMonefoTENe OPOROXOANT HA TEX X2 DP&CCTORHMAX,
EHA KOTODMX OOymeoTBAfeTod KoHJalHMeHT XBapXOB X MDOHX APYIWX IBOTHHX
OUHGKTOB, M BOSHMKANT CTACRALEMS GeOIBETHHE COCTOAHRA ~ ANPOHH. KBaH-~
ToBad YpomopHaMuxa (KXI) KoK JYHAAMGHTAARHAA TEODEA CERABHHX BSAHMO-
FellcTaERt XOAEMA RATH NOMHO® OUNOAHNG® BOeX OTEX ABNCHEE, ONHARC OMA
IOKS He B OOCTOMHNE JATH XOANYOCTBEHHOE ONMCAHNEG IpOLBCCCB B Opexexs

. oNBEOR XDOMOINHAMENIOOKOR KOHOTAHTH GBARN. [loBTOMYy DASPACOTAHH Da3HO-

00pasHHe MONEJN, B KOTODMX EQ OCHOBO TOTC WM HHOTO OPOAIONORSHER O
rBapxopoit o'rpyn%pe alnynonn NeAAPTOA NONHTKRE OC500HOBATH (@HOMSHOROTH-
98cKRe ODoxxomH /<Y,

0% X3 TAKNK MoXeael sEagerTcA Mozenb KOHPARHMEDOBAHHHX KBApROB
(MKK) , OCHOBRHHAS HA ONPONGNOHHOM NPENCTABNGHNN 00 AXPOHNSAINN ~
SAPOHM DACOMATIMBADION KAK KONAONTNRHHO JOCIBOTHHO BOSCyRmeHEA B3 KXI,

n xonfelnmenre Kak cBolloree KXl - BAKyyMa. MOmeX: HO3BONAET O ONEHNX
moammuit ommoMBArE SffexTH mmmpren}aom WSRER ¢ Y16TOM KBADROBOR
OTPYRTYIM aIpoHOR. IIpoBexeHHME pACISTM 748 no?sm. gr0 MEK %?nus-
HO ONNGNBAOT HXCHSIWMOHTAALHEE MAHHHE MeSOHHOK 8/ H HyKEOHHOR

fmonxa.

B zmamHOf pAcOTe HYRXOH PRCOMATDEBAGTOS RAK KBADK-ANKBADROBAA
ONOTOMA, IpEYeM B KAUeOTR® NSPBOTO NPEGNRXCHER NUNBADK OPONCTABAAETOH
B BEE® EBOTKOTO OGPRSOBAHRE, He BSANMONOROTEYNNEIO O MesOHAMM. B pam-
KAX 97Of MAPTNHW BUTNONSHM OTATNYOOKN® XBPAKTODNOTEKN HYKNOHA, 6T0
SAEXTDOMATHNTHMS X ORNEHMe opmparrop. HONMyIsHHNE ORABHHE n::,—xy—
XoiNMO fopMfaxToOpM NONOARSYNFOR B MONGAN OXHOGOSOHHOTO OGMS! L2/,
Bumoxemu gasu A// - pacoesumx X NpOBOASHO ODARHEHWS G DEQNGPEMAHTANL-
HiME NARAIME. [ONABAHO, TTO 94 NORXNYOHEeM Jasu _P_{ EMOOTOA XOpo-
W96 OOIWACES C BXOLODMMAHTOM.

0. Hyrxoeu 3 MKK

OanoBof m%"momm ONNCAHNA axpoHOB MR ABAANTQA NATDAHRNRHN
BsamMoxefioTRII

%H@% GHE I . @0
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meor H=M R - anpomoe moxs,

|, ~— KBApROBHit TOK, NMenmil KBAHTOEKE TROAS COOTBETCTEYNUEIO afpo-
Ha, g, - KoHcranTa B3amMoefoTERA. G PC »
HRapXoBNE TOKE 0;4 ¢ weaomsa M=T ")  x capromuam R=T57" |
KBAHTOBHMN IMONAMN HMODT GIOXYIENE BHY:

T )= .60 [A 9, 6)

Tp ()= Ry g9, 00 £2°¢ T (2.2)
rae I, » Ay s R - 00OTBOTOTESHHO MATPEDM [EpaRa, apoMera ¥ MX ;
npomsBemenMe, g , 4 , C - UBOTOBHO MHIUSKCH.

CymeoTRORMYD Poib MM %?xcam MW~ pasmmopettoremn mrpaer ser-
xugt © (500 -~ 600) - meson / » XoTopiil, NO-BUNAMOMY, XRpPAKTeDESYST
HOpeSOHAHCHKR BKNAN CEABHMX BeamMmoxeficTeEi B 0% - mamane. B manuoft
pacoTe B KAYSOTBE TAROIO MB3OHA GyeM HCOONBIOBETE & —Mesux

g&(x)=_é£5(x)§ [qf(x)@-iH%)qf(xﬂ-cosc‘;_ (2.3)

Bugop napameTpoB H . 55 b4 mé NOAPGORC OOOYRIATOA B padore /8/ . B
IaHHOR pado:%’cuouayeu snavenms emwnm | = 0,27, Mg = 740 Mab,
TOJIy IOHHKE , 8 BeXNIEHY 6; CUBTAEM CBOGOTHHM OADAMETPOM. KOR~
CTAHTH CBA3W m;g?% ¢ Kpapxam¥ P JATpalx@aHe (2,I) onpenelamrces 3
YCROBEA CBAIHO .

Marperdine saeMeHTH (SSEYSOKEX mpomsocoR P MKK omnpenendwros xsap—
EOBIME mt‘pmua%) MHITY IO OMEME ,S ~MATDEIPR, MOCTPOSHHOR NO JArpan-
zxany (2.1) (em./')

100N C YIRCTEOM CADMOHOB DAOCMATDEBANACH B pamxaxr MKK B pe—
a . B SA0THOCTH, OHIX BHYHCIGHH BODEMHHHE NBYXMOTXOBHE KEATDAMME
ONECHBANUME MOSOH-HYRACHHHe BIAEMOZeficTEEA (cM. pNo. Ia). B marpamse,
ngodpasentof ua pmc., la, B CWIY OMMMETDEN OTHOOKTAJNHHO NOpacCTARHOBKE
BOEX TpeX KBADKOB  BHEGAASTOCS NONIMATDAMME, O00TBOT! KBAPKO-
sokt nerne. Yopoanenme No KXl -Baxyydy B JaHHOM c)yda onpenexdaT—
cd TAK, WTOOH, ¢ OmHORt CTOPOHH, 00ECNEYNT: KOHPAUHMOHT XBapxoB, X, C
apyrofl oTopoHM, XOCETHOA yAbTpafmoneropolt oxomoc:, 'DEYATEI O
WHTOTPAROB, TaRAH NPOTpaMM GHAG BENONHEHA B pacoT « ON438X00B,
YTO HE STOM OYTR BOBHEKAGT NPOGNEMA POCTE MATDNYHHX BXEMBHTOB IO EM-
OYASCHMM TEPOMEHHHM, TTO OBABAHO C NBYXNOTXEBHM XADAKTEDPOM HRAIDRM-
MM PRO. I,. TpedoBANOE OMOIMANBHHS OPENIONOREGHNA, TTodH odolra Ty
nposaeny’ %/,

B namHoR padoTe, RAK PTO UWNO yKASANO BO BBONOHHN, MM NQUHOXHIYEM
KBAPX-IIKBADXOBYD KAPTRHY HyXNOHA, DACCMATPNESS HA NSPROM PTANS IN-
KBADK KAX ROOTKYD ONCTEKY, He B3ANMMOXOHMCTEYNNyD O MeBoHaME, B oTOM
oxysne PODEREHAAL IMETDAMME PRa. I0 ARIASTCA ORHONGTASBOR M MOEST
ONTH OPANOTANIGEA B BENS:
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A -6 s [ o [ BT S MG s 0D 3 80

Hpouararop .unlpn BUCNDESTON B BNKS

it e ) iR
D ",’( 2 21r)" AEA Az 2 ’
’ Oﬂll l‘ = SP
J {2&,‘3‘?' Ll r_'lsp -'T

JonoxrxrexsHull IRpaMeTD Ad XApaKTe[NsyeT MMXBADK X ABASSTCA CBO—
Gomuad n-p-w'po-

9},‘71-& MATDNTHMX SAOMERTOB oopra (2.4) r»onpodno u3~
AcxsHa B pador Tar, mmp.nclymf}‘=l"=]j L= J
BSpEDIHAT T8CTH (2 4) mmser Mg

Arp)=6 jjfd,gou Aty S (-di-dyd).
{Za(z}P/Aﬁ =) 2+ / Ag-d (2-4)- v ey + f olu. [{wz)}

TIe P P - E¥FJALCH HYKA
B (U ARy (1-4,) pRt Ly Q2T SN
Q-9 - (p-p1)?

37e0s X P XAXSHOMNNX BUINOXSHNAX NDSANOXATESTOA, TTO MYKAOH HAXOMNT-
oX 58 WB000BOR ToBepuHOOTE: Pmp’Lm, Tae M), wacca HymIORA.

B gauHof padoT® B DAMKAX KBADX~TAKBADXOBOR KApPYEHM HYRXUHA Bl-
THOANM 6T CTSTEYSOKES N ENHAMEYOOKNS XADAKTOPNOTEEN: MATHNTHWS MO~
MBHTH, CPOEHOXBATDATNYHKS DANNYOM, SNSNTPOMATHNTHAME N ONALHMO JOPM~
dexromu. Homoassyx momma gopmjaxtopit, B pauxax ORE - mopemm
Toxya ncpeneRe gaaMAV/ - pacoemHNA B SABECAMOCTR OT SHEPIEN,

e e
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D. CTaTEvecKNe X INEAMRYSCKN® YAPOXKTODMCTNRN HyKAOHS.
Qaau ANV -paccemmn

J00YI00C DApAMATDH, KOTODHE BXOMAT B RHIMGIOHNA.

Pxn dynxondt (Ci) x £fi;) u smavemme TApgMgTA eCTDRRTIoNO XBap-
xa /A Opaxmos Te %o, WIo E B MesomHOR JN3NKe 8/. napamrp/tl o
CNDAXOH HS TPAGOBAHNA EAKAYYNETO OOIWACENA O 9XCHODEMBHTOM MATHNTHHX
MOMEHTOB /Yy, X CPONHOKBANDATNUHMX DRINYCOB < 'Z,f) ©"" HYKEORS N UMOH-
nyxxorok Eomorantw psammozetoremn & (0) . Omasaxocs, wro A =
= 696 MeB, Cymecrmemnad poxs upe omcamux fasA/V -pacoemms npemaxze-
am? cHaaAmEOMY 6 -MesoRy. BRAL & ~mesona 3//V -novemmsax ompexe-
amercd yriom owsmmpanms O, . llapamerp 3; TOXCEPAXOR ¢ UMD HANEYS- |
moro omdcarms mmemx S~P-x D -fe3 pacoemmi¥, xOTOpUS EANGONSe TyB- |
CTENTONBHH nonuoopy KOHGTAHTH AN~ B3amMomoRoTEEE. ORONUATAALHO -

5. = -46°.
$ PesymuTaTH BHUNCAOHNE NpNBSNeHM B Tadammax I,2 M Ba pwc. 2,3,4. !

B radmme I mpexcTanieHN SHAYGHEA SNOXTDOMRTNETHMX CTATEYQOKEX SRpAR-
ropmotax ¥ omnomemnz G /€, B cxados pacmaze HeRTpOHA. OtweTEM, ‘TrO
omsomeret S /fn X & /€, Re sasmosr or napawSTROB MER M copuammwT
¢ NPeRORASEHIAME HOPAXTTEENCToX0R KRapxopof SU, -momenm:

ﬁPfh=—5/2 , Ql/@.,= s. @

HA pMC. 2 DpNB6XSHO NOBEJeENe AReETDOMATHETHHX Jopmiaxtopod Hyxzoua
B IPOOTDRHOTBEKHO-HOROCHOM EETEpBaxe smavemt 04 Q% < 2 I'eB?,
Hetos YIOBXSTHOMITONLHOS COTAACNS ¢ mmoxsHof fynxme D(Q2) , xo-
Topad 0 XopomsS TOWHOGTHY ONECMEAST IXONG[NMOHTANEHNS RAHNHMO. B radm-
B 2 UpEBeNHU EAwSHEA fopmiextopos Gy, (0) . DuTmoxsmme B MEK.
Jlis CpARHOHNA DPARCTABASHE POSYALTATM JRHOMOHOXOTNNeCKOTO omaumsa A4
~paccesERd. Homoramru ceasx P- , K x G -Mp3OHOP O HYKROHAMN Ea-
XORATOA B XOPONEM OOIAACEN O QeHomeHoXorwek. Komoramva (3, () oms-
sama o G, (0) , cormacmo SIIJ7 - cmesmrpm. KOT ONNCAHNA DXCIHE-
POBHT xeusnx » padorax /Y mouoramta Gy, (0) sudnpaxacs
2, + 2,5 pasa GoNnme, oM SHATSHNS, Npexcrasubacuos SU;, - cmmserpmes,

TloPexsMys CRABMMX MOSOH-HYKXOHHRX fopmfexTopos, HODMEDOBRHAMX X

» UPOROTARNeHO HA pmo. 3, MMsercx cormaas » cxywme G-, - ,uW-

- unsomOn, B oxywss - ¥ & ,fsmmpmnomym
INAUNTONERO GMOTDSS XpaMix padomy /<,

TMorenmEax OXROGCBOHROIO OCGVAHA BSAMNONRESTOR B BNRS

V@ -F ST

W .
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Tacamm I.
Crarxsackme oBoRoTBa HYKXGHA

porece mm SXODEPIMBHT M | Apyrme momxomk
HMp 2,791/ 1V 3,642 |3Gsue); 2,79/ 15/
Hn -9V | 2,48 [-2(sv); 1,97 15/
/\/—»A/x <2t 4n? | 0,715 0,059 /] 0,519 0,656 (4n)
B2, bt 0,117 % 0,002’19}~ 0,162 [0@an); 0,130/
<eFSN bu? 0711/ 1V 0,367 | (an
<A™ Pt 0,762/ ¥ 0,367 0,656(47)
hos pe| G /6, [ 1250 0,006 5/3  [s/s(sw); 1182/ 1Y
Tedinm 2.
MOSOR-HYRNOHHKES KOHOTAHTH
3
E’Oﬂ GMAW (O)ﬂf"’
V&R Jpyrxe momxoNs
a 13,20 14,08/%/; 14,11 716/
b 8,94 3,75%; 3,67 /1
Y 8,34 3,7V %/} 4,33 71/
5 0,89 1,60%; 1,39 /%
5 5,20 4,5¢%; /Y
P 0.t (Foms.09)| 0, (=60 0,000
w 3,7 (F/g=0,21) | 10,6 (F/6=0)"*’; 7,90(Ffg=o

I - ARNONEROS TIIMOXDESHNS.
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8
’0 s 36
18 ! 7 1 3
/ s
133 fo 4
- 4 . -3
3 2L //.
2 0 f ' -S s N . 2
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———= Epaf {M3B]}
PHc.4 (npoXosReHuEe)

Monoassys (3.2) B yDAEHOHME THNA JINTIMAHG- m“nrepa/l’z'/ BH~
TmoaseM JasH NN ~pacCesEn, PesyabraTH BHWIONE IDABEJIORH HA
mc. 4. Qud opeEHEHNSI NORABAHH KpMBHe H3 PadoTH maercn Xopouee
COIAON® ¢ SKCHSDHMOHTOM B QIyd9Re BceX das , Kpome (Inau E « [oBe~
AeEze Jask iP_{ PeBRO OT. oa £AK OT 9RCOGPAMEHTAABHHX KPHEHX,
TAK X OT DOSYXETATOD DPACOT + Mo-BAMHMOMY, TAK06 OTANYNE OBABAHO
O GOXNMEEM SHAYOHNOM ROHCTAHTH Gwaw .

Haorosupie peSyXETATH MM DACOMATIMBAGM KAK TPONBAPNTOALHNS. JarL-
Hefimee MoonanosarMe B MKK /V/V ~ B3amMONeRoTEER OyReT NPONOXOINMTL B
CHOQYONEX HAODABACHEAX, BO-IOPEAX, MH HPOEOANNM HCCXE[OBAHNS BHYTpDOH-
Huf OTPYKTYDM HyKEoRA. lIpsmorarasTca y4ecThb B JMKBApPKOBOH# oXems Hyk—
XOHA KBSPKOBYD OTDPYXTYDPY IBGBapka. KpoMe T m, EMBDTOA YRASAHEA HA
CON6e CHOEHYD CTDYNTYDY ORANADHMX MeBOHOB , HOXeXNM XBYXKBADKOBOE
COOTOAKKS, B GRISH ¢ ®TEM MM DXAHEDYeM UNCNENOBATH DASNHYHHE BOIMOX-
ROCTK MOCTPOSHNS OKANAPHMX XBEEDXOBHX K FHKBADXOBHX TOROB. Bo-BTOpHX,
HONOXHSOBATE DASANTHMS YDARKAHNA, OMECHBANNHS NV ~PROCESHEA, B (Pt~
HATH BO BHMMEGINO BIOMBCOOBHS 3PPeKTH IpM MOCTPOSHRR (ﬁaa/V/V ~paOCceA-
HES,
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PACIIPRIEIEHHE 6 q,~RIVKTOHOB B AILPAX i XBAPKOBOE
YCWIEHVE HECTIMX [POLECCOB ¢ BHLLSTOM IEATPOHA

C.l. Kypramau, 0.M, YQyBuibckuit

Hay'{HO-HOGIONOBATEIBCRAY MHOTATYT Ailepuo#t (uanKy
MoGKOBOKOD0 I'0CYAADGTBEHHOI'0 YHMBEDCHTETA

Omia 73 QOPMYIAPOBOK NPOGIEMH HEHYKIOHHHX CTelneHel oBOGOIH B
ANpax - HallTW ANepHHO ODOUECCH, B KOTODHX NPOABRIANTCH GTPYKTYDH,LNe
BAJIGHTHNEG KBAPKA HE 8&CCOURADPOBAHH B TPOIH-HYRIOHH, a ololuleCTANALT-—
CA MeRNY HeQKOXRKUMHM HYKIOHAMH, o¢pasyf WeoTHd-,HeBATH— K T.L. -KBap-
KOBHG MGLLIKH/ 1'2 lme ra!mx CTPYKTYD MORET OKA3ATHCA nyn?moﬂ
RYMYJIATABHOIO athi)exra .oueqam, 0T4a0TH, 3a bMC-admeKT 005~
AIOHATE IDYrae IKCHepUMEHTAIBHHe PaKTH QUINKKA IPOMEXYTOMHHX 3neprml.
Bamon, moaromy, Bonpoo 0 IPHERTADHLX uncjaaX (CTaTUCTAYEOKMX Becax)
Skq,— qUIYKTOHOB B AXpaX.

3pPeKTUEHOS YMGJIO KBADKOBO@ [ONCUGTOMH, XADAKTEPHOYVOWEHCS BHYT—
penHelt BoyHOBoit dyHkumed (XD, onpelNenAeTCA NOJMHOOTBN AHAIOLAUHO -
(bexmanomy YHGNY HYRIOHHHX KIACTODOB

wh= (5 Z 1A@-0, ¥, (R)X>l 0

rre 4}AulA- X > npencrawimor codou OYHKIMA HAYATBHOIO W KOHOUHOIO
aneu. 3alMcaHHHe B KBapkoBof dopMe. l1A moHoro sd(eKTABHOLO wcna
W CYMMMDOBAHME NMPOBOAMTCH [0 MOXHOMY HAadODY COGTOAHME OTHOCHUTETH-
HOI‘O IBUKERAA J, ¥ ANDA-0CTATKA L . JHOPPOTUYSCKO® DACHpEREEeHAS
W ( E')npe.zmonaraar, yTo B cymme (I) duKOHpOBAHA SHEDPI'MA BOICYRAGHMA
E" » @ pacnpefsnenue N0 MoMenry Wgg(L)-momenr L no!{epﬂero Axpa.
InA BNWMONEHRA MPOCTDPAHCTBEHHOIO DPACIIPOSIeHRS W (R)s npasyn uacts
BHpaxeHuf (I) clenyer BEECTA MHOKAMTAIL I\F R .

Eqmu _AineDHHA npOUSCC NPOACXCOMT Ra nonenureue X , a omeperop
pearumit T mmaronaren mo se BHYTPOHHEMY COCTOSHMN, DaonpeeIeHus
9PPORTHBHMX uMGeN CTPYKTYD X BXOUAT B BHDANSHWe HHKNOOWBHOTO Cede-
HHA Npolecoa Aa ALPe HADALY ¢ GEHYOHMOM BJEMEHTADHOIO Ipouecea Ha
cmoGomuolt cuoTeMe X B HCRamamomuMy FAKTODAMM. Hanpumep, npn xBa3u-
YIpYyroM BHOMBaHAMM OHCTpol wacTHue# @A Kiacrepa X

doaan | (54 (M @

ds T dﬂ)ax-»Xa !

IHe NOGASIHKYE MHORMTEUNb - CEYSHUE YNDPYFOro DAGOSAHAA,
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= [WAR (b 2) d*R, ®
a f z(s 3)- ma.nrop IIDI‘JONGHIA'/ 5/ lips aroM OROMiOTBA HAYRARHOIO AApA
XapaKTepUIYNTCA HMEHHO pacnperesoHNam 3dHexrTunHMX wHoex.

VoxonuuM nyHKroM Zassoif padoTH ABAASTOA HONONGHNe, IT0 SIPO
OpeNoTARIAGT 00GOH OROTEMY HOMHAKTHHX 3q,-uaorapon. ABEAXYANICH n
0BMOCOIVMIA00BAHHOM ANSPHOM MOTeHNMEANe. Bayrpenume iymwamu aq‘
=0ROTEMH ONNMOHBANTCA OOMRLAATODNIAN Romfuryparmam |S¥n | S >ooor—
BaToTBeHHO, CymeorseHHO, 4TO DasMeDH 3 q-RIACTSPOR MHOO MOHLNG IA-
DpaKTepHOr'0 MERHYRIOHHOIO DACCTOAHMSA, m:%?me Y6I'0 OGMOHOM NKBADRA-
MR NMOXRY EMME NMORHO IpeHeCpeub. B padore NOKA38HO, YTO B ITAX §yo-
JIOBHSAX BHpaxoHAe a@enmmoro umona QRYRTOHOR JaxTOpNIyeTOoA:

w = Wy ﬁ a.m , )
rae aG =IQ0/9 ~ omm = UBOTHOHR MHONNTSXB, OHDONELMENE DASANYNS NDO-

USAYD NPOSKTAPOBANNA OUMH-M30CIMH~UBOTROR UAOTH MOGTHRBADEOBOH
QYHKURE B ONMH~H300DHHOBOR IACTA ABYIHYRAOHHOR B NN-xanan.

pECYA T = 22y )] @

~ BETErpal NepeEpEBAHRA BHYTpHENX Poxmomux gyaxmmft | S Drpexxbapro-
BHX OMCTEM O XBADKOBIMA OOTBLIATONGAMN NADEMOTDEME HYRIOHR Yo' -\
® @nyrrona TR, a WA~ odfexrammce maro meYmEyRIOHHMX rxastepon

TOPORIBONLHOI'O DA3MApA.
JinA BHYHCJOHMS Wz,‘uu BOCMIOALIOBANROE NIBOOTHMM lafsl 060T0H-

TOALOTROM, ¥T0 SPJORTHBHHO HAOAS HYNIOHHMX HISOTEPOB ONPORSEADTCA
PROCANLHMMA XapaxrepuorsEaMa oxorew A x X (macocoff, pasmepom),oxaco
SGBNOAT OT BHOODA BEMIA CAMCOOTZA00BAHHOTO NoTeHImaza, NN -moppeas—
mit, N30TONNYS0MEX R 000n0veuHHY 30jexToB N ARIATOS MUARHEMM (yER-
mNAME NMaOJH Afpa A, JT0 NAST BOIMOXKHOOTE EOUOXLS0BATH HpooTefuyd
MORGASH = A HYRNOHOR B OOUMRRATODHOR AMO —~ ¥ BAOTH DagTRT BRAA 00—
TULAATODHNY MArNJSCREX SN6D.

Bunon mupameHNE Eus HOOCXOEMMEX DacHponexsHEME mpooT, HO IpPOMOS-
IOR, [ipmBonos aums xoHowHHE DE3yABLTAr, PaonpeicxeHNe IO MOMONTY

zﬂu(x)= g W.‘,‘:‘(N,)f), (6)

Pamuarnioe paonpomeNoHRS

WARY= S WA (NZ) (RO @
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Oongoe 3ffexTUBHOE HAGIO:

A - A = 25, +1)(2T,+1)- Z
2w %}qu(”'*’ (‘s, e )""‘n"’nu.r«)

2

dim (b p)/im (n0)[ d ,_.«ilm LR (f)]z Co . @
z ’

rre dim (Ap) =('\”)(f‘”}\"’ﬂ‘z)£‘§ d,,{j;(“f) ~ oOnuHaA

d- ~ QyHKUBA,

A =(28 +1){2T.+ (2 +1) ¢}
WZN:Nxx) ( Sx )( A )(t\,zp‘u)ﬂ“‘""m @
[dZo g wen (£)1K(NOIX (nO)OI A )03 5,

z T2

a NooJeHHY MHORRTEND ~ Kodfifuunent Kredwa-TopraHa IDYMIH S U(3),
BupaxeHre LU SHePreTHIeOKoro paompenetenus 2N -w1acTepos ooBnajaeT
o {8) mpy pomomnurensson yoromm n'tle n(®) -, F*-

@n™ ~h) hw,

SRAYOHES NONHHX JIORTHBHHX WHOENA HOATPOHOB M QUIVKTOHOB MAIOrc
pamyoa ( Figa = .70 MaB) oo ommmow S,= I u mscommom T, =0
OPEACTABAGHH B Tadmume.Bamuo, 4T0 3J{OKTHRHO® RGO HOHRTPOHOB 0 pOC-
ToM A paorer Ouorpes, YeM OfPeXTHRHOO TMan0 6 §-JMIYKTOHOB, HO HMEaT
607607 WHAYN AHOMBJHD B AUPO N

CoduHMO REOTEOTO OpOUeOca HA ANPe A B OPOINONORSHAK, YTO ‘OH o=
JIKOM 0Bf3aH C pAaocoesHREM HA 6a'~thnykroue, NPOIIOPUH OHANEHO WG@’ a
HOPMEDOBAHHE 60 HA AHANOINMYHOe JGHTPOHHO® CoYsHMe N0 axanorms o (2)

naor pesviuar: \7\’/‘ do
C"P P'd) - (1 x99
da - WG‘D' (dn)ad—m'a ) (10)

rIe, BBEHAY BHOOKOM GTONGHN NOROGHMA DAINMANLHEX DacnpoisueHAfl sfdex-
THBHHY WHOGN NOHTPOHOB B (uyxToHOR (NoONenme pej]CcTARISHH HA PHOYHES),
A = A 174 4
Weg, W, Wi/ Wy . {11)
TlonydesHHe JOpMyJIH MDOSBONANT BOOCOUAB3OBATLOR DO3YALTATAME TEO-
pOTHUSOKAX HooJemopaHMlt WHRINIWBHHX Deakuuil KBASNYIDPYLOro BHORBAHUR

He#TPOHOB GHOTPHMH NPOTCHAMA uyz GOABNOM NepelNaHHOM EMIYABO6, KOTO-
PHO OYMMEDOBAHH B uoaorpat[lu/ 6/, B orax pacoTax HeTMONLI0BANAch 0e0-
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KBADKOBAA TPAKTOBKA MOIEIR AApA A XOPOMO 33POROMOHEOBABINGS Ceds IpH-
GIRRCHHO [MATOHATEHOGTH ONeparopa poaxtmm oo © YTPeHHSMY GOOGTOA~
Huw meftrpona. Iiia sueprmft mporona E > 0,67 MaB odHapyxeHo cHOTeMATHA-
YO0RO0® NPSBHISHRS IKONEPAMOHTATBHNX OOWSEMZ Hall TeopeTHTeoRHME. Or-
HOWOHHS /] = Wi ™h/ W] , rme 'VIJ"“" - 3JQeRTHENOS W¥QJNO, HIRN6~
KEsMOe H3 DKONGDHMBHTA, CIA00 3ABROHT OF JHoprEm E . OHO AHOMAIERHO
BeJIMKO BAR 'He ~ 5,I + 0,85 B omamae? ¢ pooToM A, ODHHMMAs 3HAYEHAA:
3,0 ¥ 0,3 yopemHeHHo ans muanasoRa 4 < A < I6; 3,0 ¢+ 0,5 nna *0;
2,5+ 0,3mrI6 <A <IIO’5,7mA'¥200.

PenHTepOpeTalMA TAHHKX €/ 5 ooxose BpeACTaBISHRE O ANSPHEX
HYWIOHEX Kar 34-Kiacrepax, # IAANOHATEHOOTH oneparopa | mo BHyT~
DPeHHeMy IEXeHHD 6q -QnykToHa coraaco (I0) m (II) OpEBORMT K H3Me-
HOHUD TEOPSTAYOCKAX UHIIDI oevenntt B £ = Ws‘q/ W;d Wipas 0
OpaBHEHHD C MPHLENCHAHMA B 6. . 3nayouuA £ OpUBOIGHH B NOCJIOIHOH
OoTpoxe Tadmumiy.OHE 3aMeTHO IPEBOCXONAT GAEHELY M ONPOAGXINT KBAPKOBOE
YOWINO RXSCTHAX KBASHYNDYIEX NMpOUECCOB BHOHBAHWA NOATDOHOB H3 AUSD,

A % %e I8 40ga w0z, Idoyp Phie e
W¢, 0.0169 0,224 0,787 2,06 5,26 9,2 14,8 22,1
wh 7w;‘,1 13,8 46,6 I22 I3[ 545 86 1308
YW 1,83 19,2 68,2 I64 326 566 900

7,28 2,42 1,78 I,90 I,67 I,55 1,45

lipn orom £ GM3Ko ® 1, T.e. COBmANGHNG OeYeHUE, PHOGMHTAHHHX B RIY-
Yaeu~* B namef padore MOmAIM, G SKOMOQNMOHTETSHHMH OPOICTARIASTCT
xopomeM, Kpowe rore, arA He oammrom dorsmex fuyxroHoB ( qu,,. >
40 NoB) BoumuMHA £ PaKTHUOOKH HO IRBACAT orhw.,,.. Jr0 mo3BONAGT YT~
BOpRUAYH, UTO OPOAAKA3NBASNGE MOISABD hBAPKOBOS YCHIGHHE HAXORHMT
NOLTBEPAIAHNE B OOCYXIAEMOM KIA00E IKCHEPAMCHTOD.

AsTopi pador MO KBASHYIODYIOMY BHOABAHND, CYMMHDOBAHHHEX 27/6/,
TARXS NOCTAIVIM OMROAHMA BA6X OUCYMIABIMXGA 3XOMEPAMEHTATBHEN NAHHEX
G TOMOWLD eTHHOIO AnA BGEX sAZeD POHOMOHQNOrAYECKOro napaMetpa C4
onpenenmmmero amuiaryny NN-fynxinu B snpe Ha Mamux pacoTomunsx. [pa
3TOM HONOABR3OBAHO NDOIIICAOKSHHE O 8 ~odpasfootu omeparopa I .llpen-
JIOXeHHAS HOMH CXEM& 00ranasT REYMA OPEEMYMECTBAMH: NPO3PavHOCTHD
HOXOIHHX OPSANOORNOK B OGBACHEHHEM NAXS AGCONDTHHX BAJMAWWMH ceodeHnk
Ge3 MOATOHOYHHX NAPaMeTPOB.
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Bo3BpamaAch K DECYHKY,yXameL HA
ABa 0BoMoTBA pamMaNBHHX pacipegeJe-
Rult: macwuente mc. .y WA (R=0)
s A 2 80 (ananoruumoe HAOHIEHHS
npoABIASTCA M B JPYIHX OBOHoTEAX
(foRTHBHHX TMCON) B VHARGIBLHYD
(8 3,5 pasa G4rsayn) NIOTHOOTH B
ueHTpo ARpa "He, llocuendee nomdep—
KHBReT 0C000e MOOTO Of ~NACTHUH IS
HM3YIeHNA HOHYWIOHHHX cTeleHe# oBo-
dog4 B ANPAX ~ UMEHHO B Heil MOMHO
OXAIATH Hamdolee APKOrO WX POSTBIG-
HRA. Cephe3HHe yKa3aMHd HA JTO MME-

2 4 6 8 R(tm) wnroa,napany o oﬂcv)mam;’oa 7ume
SKCMOPAMGHTAME, B CEUOHAMX KYMYAATARHOTO MOSOHOOGpazopamas’ 'Y,
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CBA3AHHHE, COCTQAHMA HECTPAHHMX BAPHOHOB B HEPEMATHBUCTGKOH
KBAPROBO! MOREIN

A.E.MHonum, E.B. Mhomid

XaprkoBcrult quMsMKo-TexHAYcCKUl mHCTRTYT AH YCCP

I.Hamg npoBelell PacyéT CBASAHHHX coc‘rosgnﬂ BeCTPAHHHX CapHOHOB
LA HYHJIOHA tT-t) ¥ KGJABTE-H300aDH (Jf=;t ,T-{-) B 0GHacTE 9Heprui
BoaoyxueHnaAd £ ¢ 1200 MoB. PacuéT NpoBOARICA METOROM IHepcdepryecKEx
rapuonak { IT ).

2. TEMWIBTOHMSH HepeJATHBUCTCKOH kBapkoPod Mopexn (HPHM) Opasca

B BAle
H = Hoth_f'
H, = Z (w, 7:?— Z (__o(l‘ ..f .
4 F ‘fzm‘-) —’.{Z.: ey /v‘:l)/
i<y

A Fol = -
Hy= 3 2 T (10 FART)SFy +
“:,/ ¢

1‘2 ALy [z(f.'PL)(fFfL) (}’F)]
. _I < - - .
“— J ’”‘ ,?’ f: J l‘" J { J .
(1)
Jlecr CRASCHHAA C OJHOI MIOHMHHM OCMEHOM HACTh XapakrepmayeTcA 9ffer~
‘THERHO# xonc'ramoﬁ.(_r ,SaIMpaHie KBADKOB odeCmeywBacTCA JEHeRHEM mo-

Temmanom ¢ xoucraErod & . Wacts Ay § FRATETC DOARTRBNCTCHOM KO-
MpPBBKOR X ONHOMANOHHOMY OOMEHY.



3.Cxonnad sasgda pACCMETDHRAJACE BO MHOIMX padoTax, BHNOJNHEHHHX
B NoCJeAHue I‘O.ILH/I - 4/. IEpORO H3BECTHHMY PACOTAEMM B HTOM HampaB-
senre asnmorca padotul Kl ,’/{;g,(/l/, B KOTODHX NPHMEHRICA METOX
LMBrOHANHIANAR MaMIJBTOHAAHA B OIDAHAYeHHOM 0A3Uce COOCTBEHHHX dyHx-
it rapMoHMMecKoro OCHMUIATOPS. YIRTHBAJMCH COCTOAHMA G TVIBBHHME
KBAHTOBHWE wiciamg A/ = 0,2. OTMHIMe raMiipTOHWaHA l(apua-Marypa oT
(I) cocToMT B oTHaEE Hp , LA KOTOPOTO HE MCHOJBIYETCSH NOTEHIMAJ
OAHODJIOOHHOTC OOMEHR, a NPEMEHACTCA NOTEHLMAJ OGmero BMNA,ONpeleis-
eMHll HECKOJIBRMMM TOIATOHOYHHME NADAMEeTDaMU.

HenaBHO BHIIONHEHO HECKWJEKO pAGOT, B KOTOPHX LA pacvyéra B HPIM
ucnonassosajca Meton IT /3 - 4/. Crenyer oTMeTHTb,0LHAKO,YTO B BTHX
padoTax Najc BHHMAHHA VLEMACTCA HCCISAOBAHMD BOBCYFLEHHHX COCTOSHUA,
Kpome TOro,CcoBepEHHO He YYATHBADTCA TEHIODHHE CHJH,BKJIAJ KOTODHX Ofl-
penesAaTCca Tolt Xe camoit KOHOTAHTOH .l_r , TTO M KOHTAKTHOe BaamMoncli—
cTBMe. I[pK 9TOM OYcHbL BAXHHM ABAAETCA TO OOCTOATENBCTBO,HUTO BHJAA
HKOHTAKTHOI'O B3aHMONCHCTBEA YYHTHEACTCSHS JMUE B NePBOM [ODALKE TCODHA
BO3MYLICHUH],

4.B IT - meTole KCHONB3YNTCA I'APMOHIKHK, XAPAKTEDU3YENHe Iunep-
MONEHTOM H M OGH'NHM YTJIOBHM MOMEHTOM [, . Ina cocToaHmll noaoXATEN b=
Holt yéTHocTH K = 0,2,4,... B HAIMX DACYETAX MH OrDAHUGLIMCEL 3HAYECHH-
aE K = 0,2, TApMOHMKE JOXKRH TRKEE XADAKTEDPHSOBATLCA THIIOM CHMMET-
PEE OTHOGETEJBHO HepeoTsHOBOK Tpéx xsapkob S , 4, /7 ( cmmerpmi-
Hiill, AHTECHMMeTPAIHHA,CMETARKHA)., TAKEM OODASOM,TADMOHEKA CYAYT X8-
DPaKTeDPE3DBATHCA YeTHpHMA KBamTomsMm wacaaw A L A V ( ) -upoesuma
JTIOBOLO MoMeHTA, ¥ — THN MepecTaHODOHOH CHMMETDmT).B SBHOM BALE

/000.\") =

v
/100/'/)7:%.”!9@—"}!5%7 /27
/800//); = £ o510 = @’

1888,5) = L Lol ()~ Anol (6 = Yy

j22 Ay = —J;—;_-_— Mzzeg (114p121) bl ) ¥, D= 57y

y a : ’
Ry « £ bt ] €



1K, 4> = \p;' ;mzeZ(m/j/t//;)Kd(ﬂ /f/
7=EF-7), ?-—/F’W 25,

rie F’ , F , E - ROOmeHBTH KBapKOB, T.€, , Z - BEKTODH flosu,
(q/, %m "’ ’ » & - runepcfepAYecKAN yrOX, KHIeKCH # Wi rd

ofipege. KOMHOHOHTH Auymepx.or-o npeACTARIeHNA I'PYNNH IepeCTaHBOBOK
TDEX KBapKOB.

5. CnuH-M30CNAHOBAA BoJHoBasd JYHKIMA TARXE OTHOCATCA K OIHOMY
13 TPEX THIIOB NCPCCTSHOBOYUHON CUMMETpUM. YIMTHBAA, 9TO IBETOBasg (iyHK-
AR ABIASTCA NEPecTAHOBOYHUM AHTHCAMMETDHYHHM CHHIVIETOM, MPHXOIAM K
BWBOLY, YTO CAELyeT CIH-H30CNHHOBHE FYHHRIMH CKOMOUMADOBATE C I'MIIED—
ciepHyeCRAME TApMOHMKAMA TAKAM 00DA20M, 9TOOH NONYYSHHAS QYHRINIA AD—
JANACH CAMMeTPHdHOM! OTHOCHMTENLHO JIGOR NMepecTaNOBKE Tpéx KBAPKOB.Ta-
Kkafg PyHKums CYNeT XADaARTeDPNIOLATECA KBAHTOBHMK dHCjaaMd k LVS' T.r ﬂff
COROKYTHOCTE ROTODHX MOXer OHTI HasBang KAHAJOM, A TaKkad QYHKIMA -
kananopolt fiynximelt,
Symwom kavanos i =9z, T P= "/;+ ( HywaoH )
I)[oéap; .cmm —1/;;_
¥, = i "%(/luv Ay /?72%- /tyz .
2) £ = ZZDH-/f , onm § =

w PR RO - W)

3 k= zzzf=// .cmm.r—w
Y} ’—L//Iyz[¢?,,l%]n|/z+ Iy‘ [-’2 ) l%]f/ ylj
4 K= z,L 1,V=4 Lo ©= 4p

{)177[}34, Iri]rm A, [Z"I‘Z %Vz}. o

3mecs Rsa.u.pa'nme CKOOKE 03HEYANT OCHUHYD CBASKY HBYX YIJIOBHX MOMENi-
TOB B NoJHult yrioBof MOMEHT.
‘Dymum ramanop asT=¥z , T }2 ( RespTa-waotapa)

I} K=0, ?=s , oot S = Y2
'\f ,y;lvz
2)[212 V— . com 5= 32

[9;. ;l ]f/;’/a.
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3 K=2 /=2 ,V=HMeum 5= e,
Y;=u'7‘([vzf, liz]y,x/z +[£7IIZ2 e ls (4}

6.Jlomasa BosHOBaA (YHKIMA Gapwolia NpPCACTABMICT COGOM JUIHE Iy
KOMOUHSINM KaHaJoBHX (YHKIME ¢ KOPIMUMCHTHIMM (YHKIMAMM, 3aBHCAUMA
OT ruNepCHepUIecKoro rpa,zuu.yca y =(F ¢rp%) e
=,F /Zizfe.(f}y‘. (5)
Yloc/le NONCTAHOBKY B ypaphesde UpELMNrepa MoAy4aeTCa CHCTEMA OGHKHO-
BE| RAfpepe HIMENbHEX YpaBHCHIE RJIA (yHILGTI F-¢ (JO)

[ rrWip) - EFE () = 2. T W ) Py (), e

=7 n
rme W, = 2 f g (f,fz , 5, g,}dJ? , T.C. MATPUYNEI DJCMEHT,
nonygamuMitcss B pe3yJbTaTe MHTETDHDOBAHNA MO YIJOBHM ¥ CYMMHDOBAIMEM
N0 CIMH-U3OCHMHCBLM HepeMeHHEM, Pe3yAETUDYRIME BETHMUMHT FPUBOJATCAH
HVRE

7. CucreMy MudicpeHIMAJEHIY, YDPABHCHMI MH CBOLILIM K CHCTCMC ypah-~
yenit neproro Nopska, A4 ITY CHCTCMY HHTEIDHUPODANM NYTHM HAXQRACHILT
rmoJoro Hoadopa peuelntit Koum ¥ gopMIIpODAHUCM IY¥HOT'O pCUCHMA MyTé&M Ha~
JOXEHVST I'DaHMIHEX yCerowut: ‘P(?= o)= 0, f/f:[) =0 . £
31eCh BHOIpanOCh 3HAYEHME,3AaMCTHO IIDPCBHuANMEe DAIMYC Oapl{oHal“;y 1P
(E > 3@m). MpaBUIBHOCTH BHOOpA 9TOH TOWMH HDPOBEPMIACE HCMUMEHHOCTHR
HONYYaEMIX PC3YABTATOB OT YBeJMYeHMA . _37

BaxIiM OGCTOATCABCTROM ARIATOCL TO, YTO NOTCHIUIAJH ~ JJ , BO3HI~
Kawuye B KOHTAKTHOM H Teua?pl OM WICHAX, NDUBOIAT K ABJCIN " najeis
yacTMIM HA cioboll uentp” /', 4T0 BHDARAETCA B HEOTPAHMYEHHOM YMEHL~
LICHMM 3HEDPI¥M OCHOBHOI'O COCTOAHMA. ITO OOCTUATENBCTBO CLA3AII0 C HEKOP-

PEeKTHOCTHY MAHNOR MOLC/M VI OINMCAHMA OPMACTH MAJHX DACGCTOAHML JO .
JUIA _YCTPaHCHMA 9TOTO SIBICHMA MH PCTYJAPUMAyeM MMOTCHLMAJ MYTCM BaMelH
f- —>( f’j. f’)—{ TIe ﬁ — NONOIHUTEJBHUY llapameTp Mojlean.,

8.3 Taome.ue nUpeACTANIEHU peayabTaTd Hallx pacdéToB. IMabHOE OT-
JOtie 3THX pe3yABTATOB OT DE3YABTATOB NPEIHAYUMX paloT -~ SHAYHTOJEHO
Gonce goratult cnexTp. Tak, b oSsacTi SHeprull BoaGymAeHMs HYRJIOHA 1O
1200 MoB Mu MMCoM, WieCTe C OCHOBHHM, TPMHAAURTE COCTOSTHUM ’/Z L)
padoTa 1,2/ 3feCh TOJABKO ILNTTH COCTOAHML. B pndo'rax/ 3,4/, 3acch yYeTHpe
COCTOAHMS. JTO CCTECTBEHNON, T.K. B padotax /5,2 cooTBeTCTRYI Ca-
sue (npu /V_(,Q\ COCTOMT TOJBKO M3 NATH cocTosmull,n pa(xo'rc/a/manoe
YHCAQ KAHAJNOB BXOAMT B PACYET,aBTOPH OTUpacuBapnT kaHaiH ¢ K=2.B Ha-
weM NMoAXOLe MH MMCEM,TIONOoGHO Kapay # Uarypy, Towe uYeTHpe KaHaza, HO 3a
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culT UBMeNeHUs UNC/A YIJI0B ITMENDAIMANENHX QYHKIME, WHCIO NOJYYan-
{MXCA COCTOSHMI CHIBHO Bo3pacTaeT.llpd CDADHGHIG C SKCNEDUMCHTOM, Go-
TATCTBO IONYYCIHOrO CHGKTDE CTABAT BABTEPHATHBY: WM OKCIECPUMEHTANE-
HHE JOHHHG 1JOCAT OKOHIQTEJNBH X8paKTep, M TOILA HeoGXOIMMO NepecMo—
TPETh BONPOC O BUAE ¥ NADPAMETPAX MOTEHIMANOB, WM BOBMOKHH HOBHE NaH-
HHE O DEBOHAHCAX — MX KOJIMYeCTBE,paclojoXeHMn, UMPHHAX B PACCMATDPABRae—
MOl oGJacTH, ¥ TOLHA HAWM DEe3YALTATH MOTYT OHTH TTOJCIHEMR NIPH MHTED~
uperampt dToif HomoH KH@O}MW. B noapsy BTOPOH BOSMOMHOCTH I'OBODAT
HeJABHO NOJYYEHIHe AaHHHEe 0 BEDOATHOCTH CYWECTBOBAHEA PaclieIlIeHuA
’/t+ pesonanca ¢ Maccoli 1440 MeB (Pomeposcrult pezoHanc). He HCrmZe-
HO, YTO NOfOCIHE CTPYETYPH MOTYT GUTL OCHADYWEHH ¥ ¥ ADYrux CapHoH-
HHX DE3OHAHCOB,

+
TABJIMIA : ChnexTp MacC Pe3OHAHCOB ,Viu: a4 zl , MsB

/I/E Haw pacuéT

romen

PeayavraTH padoTH ducrepEMeHT

939 240 938,2
1419
1405 1574 1440
1629

v rmos 1760 7I0
2 1871
1924
1890 1975 1900
2061 2100
2154
1925 2205
2260
1230 1231 1232
' 1618
780 1665 1600
677
1925 1906 1920
1942
1952

D
1w

1975
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PORJEHVE YACTIH B ANEPHHY CTOJKHOBEHWAX H
IACCOLMALMA AREP HA HYRIOHH

B.C.Crapuncrarit
O6venAHeHHHt HHCTHATYT SNGPHHX Ucchenomannf, HycGHa

B proft padore M paccmoTpaM Haudogee WHHOPMATHBHHE 3KCIEDEMEHTANb—
HUE NauKHe N0 BIaMMoleCTEMAM ANPOHOB, KOTODHE N0 NOCTAHOEKE DKRCIEDH~
MENTA,onpenesdnuelt KAHOMATHIECKUE neye,ex-mue peBKikd, MOTYT IATH MA~
fopmauyn 0 KBApPKOBOM CTDYXTYDPE AHED I .

303MOXHOCTE HIYUYATH HKCTIEPHMEHTAABHO RBAPKOBYD CTPYRTYPY EHDOHOR
U Anlep, B 9ACTROCTH, HA DACCTOAHHHE NODANKE 074 CM, OCHOBEHE H& ABYX
npennonoXeHNAX, TPeOYNIMX NeTRNbHOR OpoBepXH:

(X) EMIYIBLC W YTOR BMECCHH, POXNEHHOR BO B3GMMONEfCTEMR JaCTHN,
COOTBETCTEYNOT, [0 ONpPeNE]eHHOMY AITOPMTMY, KRHOMATAYSCKAN XAPAKTEPHC-
TUREM KBADRA-IPAPOARTENAA.

(XX) B TBKHX NOCTAHOBKAX BRCNepumMenTa SPQEeRTH OCA8GAEHHA 'IOTOKDB
gacTii N0 B3auMOAeRCTRAS ¥ NepepacCeARRMA P KOMEYHOM COCTOSHME, COC~
TaBJAROME OCHOBY TPEIMIUIONHNX NOKXONOB ACNONBIOBAHAA ANpa RAX Mume—
HE-8HEAXIATODE, HOCYNOCTBOHHM. .

B sTEX npemnoNoXeHMAX NpOEENEH BHAVINS HBROMACHHOTO BKCIIePHMERTAJD-
HOTO MATepHana no JATHEHOMY POXRNEHHD YACTAU B PASAHYHHX TEOPETH-
9ecRAX NOIXONax %, s UATHPYEMEX DACOT CAeXlyeT, 910 BEepPOATHOCTH
HECANAEHW] WHKANSABHHX JACTHUL onpelleieTcA KBapK-MapTOHHOR CTPYXTYP—
Hoit dynxumedt anpa G (x). [pu srom QYHNUAA pacnpeleAeRdA XeCTREX
KEAPKOB N0 MMIYIBCEM G (X) oOychoRneH8 JuG0 MANOHYKJOHHHMY KOppenf-
uaAMe, apdo, B OONACTH ComBumX X, C NOOGBACHHEM HOECTO DOLEHTE-
duyxrona ( 6q , 3q u T.X. cocTotmMA).

B indom caysee, B KOBEYHOM WTOTe, YHMEEDCANBHOE nobefieHne CHEXT-
POR BTOPHYMHX JACTHER onpemessieTcA yRurepcasbnol fyrmwel oinoR nepe~
verHof X. EcTecTBeRRO OTOXNECTEATH STY YHKIMDCO CTpPyXTypHOR f¥HMLM~
et Axpa G (X). B sToM cMHCNe Cpellr BCEX TeopeTHYEcRNX padoT ReOGXo~
IHMOCTD MCCASNIOBAHMA CTDYXTYpHOR QyRXUME snpa Aad noum%/excnepu—
MERTAIBHHX NBHRHX HerOonee 4YeTKo CHOPMyAMPOBERA P paboTe .

llens HacTOAmETo OGIOPA COCTOKT B TOM, 9TOOH CHCTEMABTHIRPORATE
9KCIEDUMEHTANEHNA MATEpHAN, HeoOXOmMMHM 14 NanbHeRuwero reopeTavec—
KOIC AHBAMSA, ! NPOMUIDCTDAPOBATH HOBME MOZIOZ K Npodieme KyMyAATHE-

HOTO DORNCHAAR 4YACTUll A JACTAU C CONLINM NOISDEeYRMM IIIW.DCDM/U.
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KYMYJATUBHAHY. SPOEKT

He OCHOPE RETOMOREABLHOCTH M ARAJIOFHH C TOYEYHHM F3DHFOM 2% Sh0
CReNAaHO NPGICKA3HHEE O PeJMYMHE CeveHWA DOXIEHAA IHMOHOE NpH BIAMMO—
HeflcTEMH DEJATHRHCTCEMX Aflep B odaacTH KMHeMaTUYeCKAX NepeMeHHHX 3a
TpeleNary HYRAOH-EYRJIORHOR RUAeNATURHA. [leproe yyggmelmoe npeRcTanne~
HRe O MeXaH'Re DOMUNEeHHA MHOROB Aupamy lelirepms '/ nonTBeplsaoc nper—
CRASERAE O MACUTACHO-WHEEPHAHTHOM NONOGMA CNEKTPOR TMOHOB B JeHTpoH-
ANEPHOM # HYRIOH-SNEPHOM pagumoniefiCTBUM R 38BBACHMOCTH OT NEpPEMEeHHON
P4- / Py-m ( P aTOf mepemenmoft mmi neftrpon-antepHoro paaumonefteTeii
P,™ (D ) MEXCHVATBHO BOSMOKHHT WMITYJILC DOXNEHHOIO IIMOHE, KOLLA BCA
RMHeTHIECKAA 9HePIHA NeNTPOHR KEK UEeJOTO NepelaeTCA DORIEHHOW 4ACTH-
ue). OnHAKo, OYEeBWIHO, YTO CNEKT[H BTOPUYHHX YacTHL IiA $parmeHTaIyy
AIpa ypaRa He MOTYT ONTH YHABepCcanbHEMH NO nepemeHHoft P /P,'i" m"( V),
rRe P,-,""( U )-makcuraupiul uMIYJARC DOXHEHROTO NMOHA, KOTOPOMY nepena—
HA KHHETHYECKAA IHEprus PCeX HYRJIOHOP ANpA ypena.

C HEpyro#t CTOpOMH, ¥ II€FEOM NpUOJMXERMH, [OK® BHEPI4l PORIEHHHX
DAOHO? HE NPEBHlIaeT MAKCHMEJIBHO RO3NVONHYN P HYKIOH~HYKJIOHHOM B3AMMO-
HeficTEHA, 3HepreTHYeckuH CNEKTD NOAXEH NOPTOPATH chiekTp NN - paawmo-
Reftersus.

Ha pic.I norasaMH sKCTEDPUMEHTETb—
HHe JeHHHEe Mo 3HEepreTHYeCHO# 3apu~

10} o * (e .
[] o dp CUMOCTHA (KHHGMBTW‘{BCKBR aneprud Mi—
. OHOR 7 Tall) mnA yrae HaGmoleHus
H . 180° /6.15/ MHBAPHEHTHHX CeYeHuft nu—
10} s okor B dp. 0 pp-B3anMOLENCTEMAX,
. " MpM MMITYALCE CTAIKHPAMUMXCA YACTHI
. 3 | 8,9 I9B/c Ha HYRIOH. OTKPHTHH CAM-
t 16 % ron -~ dp-paaumoneficTeme, 3aKpHTHHN ~
a ¢ noAycymva cedesH#lt poRIeMAA OJORH-
aw TENBHHX d OTPMUATSNBHHX NMOHOB B
;é _, ¢ pp-psauoneftcTeran. 43 pec.l BumHo,
w 10 970 B ofdnacTH KEHemaTAkA NN- paa-
¢ montefcTEMA ( MOYTE HO KMHEMATHYEC—
KOTO Npelena, HA piCyHKe NMOKASaH
1) ¢ CTpeARON) ceuyeHmsi POXHEHWI GHOHOB

[ OPAKTAYECKH COBIIANANT.
Horoe SABJIEANE, COREPHEHHD Heo—
X L MUOAHROE C TOYKN 3DER4A TPANMLAOH-~
10 X HHX NIpeRcTapJeHu#t o Anpe, COCTOAT
01 062 03 04 B TOM, 4TO, KRK PHAHO 43 DECyHRa I,
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Npd DHEPTMAX POXEEHHHX IHMOHOB ANpami nefirepus opu T > TN
napsMeTp HAKIOHa crexTpa ( cpeliiee SHademMe T 17O crexTpy) ocTaercd
roYTH TaKMM, Kak P NN -paaumvoneftcTBHu. Tawofl ze X%agyep 9HEpreTH=
YeCKUX SapucumocTeli GHJI TOJYYeH B AA APyruX Amep ’ '™/, npudem aTh
M3MepeHnA CHJI1 BHMONHEHH NP DASHHX HMOYALCAX R& HYKHIOH BIamMORefcT—
Byousx anep 4,45; 6,3; 8,9 IsB/cN .

] Ha puc.2 pTA HHRIKS. € CeveBMA NOKASAHH
BMecTe ¢ HBHHHMM DAasoTH 8/ ns aanysbsca 1,5
TeB/cN . Hs pac.2 pumHO, YTO, HEYMHEA C MM-
s OyJLCOP Ha HYRIOH <~ 4 T'9B, ceuenne poxmewna

, \‘ *~%"| mono b RumewaTETecKOR odnactn T > T™ (NN)

0}

10
6 N\g crpemuTca (CBepXy) K RoHcranTe. llpwdem, sTO
S8 . N ——t MACHTECHO-MHRAapREHTHOE TIoBeileHe MHRapHaHTHHX

w0 N NY . ceuenult, HODMADOBBHRHX HA HYRAOH ANpa B mep-

\, \,ls\i‘—“-!“ BOM NDEGJMEEHUA, HE SEBACUT OT STOMHOTO Beca

10 oc by o {anpa ( C, AL , Cu ). B 5575ueHmeu OHJ BCCAelo~
oty BaH Goxpmoft Heson Anep 9 , Tjle OWNo TBepno

- ¥ BNEpRie INA ANDPOHHHX HPOLECCOB YCTAHORJEHO,

2 4 6
P, /Gev/e / 9TO MHKINSKPHHE CeYeHMA NPOTIOPUMOHANEHN 00BE—
»=T/, My Anpe.
Ten TaxmM OGPASOM, OTMEUCHHHE BHIIE SRCHEeDHMEH—
Prc.2 TanbHHe (aRTH:

1) npuCarmeRHOe paBeHCTHO MApAMeTPa HEKJIOHA,XBPAKTEpPESYNIIETO 3KCHe—
may max
PHMeHTANBHLHA chekTp poxmeHmux gactay mpe T < T (NN) u T> T
(NN};
2) mAacmTafHO-MHBAPHAHTHHI XapaxTep WAKMO3MBEHX ceueHuft npm T > ™
(NN) B SaBHCHMOCTR oT nepemenmoft T/T  (NN);

3) npPONOPUMOHENBHOCTH MHKNNSHEHHX CEIeHRfl 00teMy fAmpa (ycHueRHast
A-38BHCUMOCTD) TNOSBOJAANT SARMUMMTE, 9TO B ANDO~ANEDHHX CTONKHOREHMAX
OCHEPYASHO HOROE SABJNEHKE, TIONYIHBNEE HASBAHHE KYMYyJNATEEHHE sddext.

llo cymecTey Kamu# 23 Tpex NYHKTOB NpelcTaBmieT coboll momul#l # -
76123pu2na.'uamiﬂ faxT, ONHAKO OHM OGHEIAHEEH OMEUM OGUMM TpeICKesSaHMEM

, OCHOBAHHHM HE JIOREJIBHOM XapakTepe SIpo~illepHiX BsamMoneiicrreuft,
4 OWan TMpeIcKasaHH N0 MX SECHEPEMEHTAXbHOrO OCHAPYEeHMA.

KBAPK-TIAPTOHHAA CTPYKTYPHAH OYHKIWH AZPA

C TOYKM SPEHEA COEPEMEHHHX NpelCTABNCHAR O PIAHUMONEHACTEHH aXPOHOB
HMOYNBCHHMEe pAcHpegeneH:s BTOPHMEHX MACTHL, COOTBETCTEYNT HMIYNLCHHM
pacrpereseRiaiM KOHCTATYEHTOB (KBEDNOE). EcTecTmeBHO OHAO npemnoJo—
XETH, YTO Habinnaesad YHMBeDCANBHOCTE M HeSABMCMMOCTS OT HNEpPRAYHOR
SHEPI'HH CTNERTPOP HACANIAEMIX RYMyJITNEHHX BIDOHOE COOTEETCTBYET MM—

MyXBCHOMY paclpeneleHUY KBADKOB B Anpe /IO/.



AHasIM3 BKCIEPUMEHT X
5127“
9ACTHL B NePeMEHHHX X! u
mewnad (X I5%) dawropmaemua ampucAMOCTelt MHKMOIIEHHX ceyeHult

npngem

A E 56,6 (%) w(P?),

¥(r) = 0.9 e

76}

.0,

JQHHHX /117 10 KYMyJATHUEHOMY PORNEHHI
P? TOKA3Ak, YTO OCHBpyXiBeeTcHd NpusIu-~

(1)

(2)

A —aTOMHH}I Bec Ampa-¥siydaTesd ¥ G () - ero Kpapk-NapTOHHEA CTpYk—
TYpHad dyHKUAA. :

10

I'Re X =

e

pEIPb-1, K' K
& o o

;

Puc.3
CTDYRTYDHOB JynRuue#i Aapa. JymmumAa 6 (X) mas X > I umeeT npocToit
OKCMIOHEHUMANEHHT BB

0,14,
Ha pue.5 npusenes >KCNELVMEHTANBEHE JBHHME N0 OTHOLEHMAM CTPYK-
TYPHHX JyHiual RA7 pasHEx yactan mp X > I, noyyqem-lue U3 KYMyJSITHER-
Horo poxzen:d u Opy X < I no Zannuam pacdoTH /13 .
3 pucyHxa 5 BUNHO, 4YTO:

6(x) ~ Exp (- %cx>),
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Ha puc.3 npurezeHa Halinen-
Had M3 cooTHowenuA ([) Kpapkr-
TapTOHHEA CTDYKTYDHEA QyHHIuA
( 6, G (x) ) mma azpa ceuH-
La B 38BUCHMOCTH OT MNepemeHHON
X, & Ha puc.4 MOKe3&HH JKCrepu-
MEHTEVIbHHE JaHHHE M7 PasHHX
YIJIOR HACJONEHAT B 38BUCHMOCTH
OT KAHEeTHYECKOJ HHEPIMM HHKIO~

t Tt
syBHO# wacTw (N7, X7, P ),
HCNONBIOBEHHHE 1A DHc.3. Uz
COMOCTaBNeHMA DUCYHEOE 3 n 4
MOXHO CHIeJIATH O9eHb PaAmhi BhH-
BOI: KYyMYyJHITHBHOE DORIEHUEe
9aCTHU, CHABHO SBPHCAliee 0T yI-—
Jia HaGaxmeHAA MHKMOSKPHON yac-
TULE,ee sHepruyu u copra (puad),
B NepemeHro# X (puc.3) xapax—
Tepusyerca enunHofl dyumunel

G (2.),K0TOpYl €CTEeCTPEeHHO
OTOXNECTBATE C KPaPK~NapTOHHON

(3)
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| Puc.5
500 1000 1.Bce cTpyKTypHe JVHKUMM npu
T, = m; 8 X 21 nmewr ONMHAKOEYH @HAJMTH-
2 YeCKY®w 38BHCHMOCTEH OT X;

Puc.4

2.0THOWEHA® CTPYKTYpPHHX gyHkuuft K /at npx X >1 OaAE3KO e?muue.
4YTO ECTEeCTBEHHO OX{IaTh M3 npoctolt PparmMeHTOUHOHHON uozleme I Tax
Kex K* u II*-Me30H coXepmaT OMINEKOBNE BANEHTHHE KBALKM;

3. oTHoOweHKe CTPYKTYPHUX QyHIalult KY/K =~ 20430, 4TO MOXHO NOHATE U3
fparmenTaUMOHHO! MORENM KBK NoIepieHue MOPCKMX KBapKOP, HO HE3aPHCH~
MOCTH 3TOTO OTHOWEHMA OT X TOBODUT O TOM, 9YTO B ReCTKO{ YACTH CReKTfa
3BBACUMOCTH OT X I/ BAJEHTHHX U MODCKAX KBAPKOER TORLECTEEHHH;

4. paccmaTpMEaemie OTHOWEH®A CTLYKTYpHwX dynkuuit npu X <1 B wapmcu-
MOCTM OT &pIyMeHTA [JaBHO [epexQidAT K BCCHUMITOTHYECKAM BENAYAHAM B :
RYMyJATHBHON o0sacTy;

5. HAad/MEAaeTCR KHTEPECHEA 3@KOHOMEDHOCTH "HPJHTOBAHMA" OTHOmEHuM
CTPYRTYDHNX dryﬂmﬂﬂ B xywn:gxanoﬂ oozang

™oL e~ E~em.

Cnegyer 0co00 NONYEPKHYTE, YTO HafileHHAd M3 aHaiu3a JAHHHX 1O Ky-
MyJATHBHOMY DOXIEHKN 4YacTull 3apucEMocts oT Py (2) ouenb caaded.
MoxHO myMaTh, 4TO YyJeT BJEAHUA GTPYKTYpHOR diyHknuy CHapAlla B npocToit
sapucumoctu (I) macT eme dosee caalylo 38BHCHAMOCTE OT Py .
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Takum 06pasom, MOXHO CHENBTH OOWA#! BHPOH, YTO 3KCTEPUMEHTANbHHE pe-
JHMYHHH AHRTOSNEHHX CedeHuil POXNEHWS KYMyJATMBHEX 98CTMI, KAR OCHOB~
HHE 3BKOHOMEDHOCTX RAHHHX, TAK ¥ NeTeiH, OCYCHORJEHHHe 3HepreTuyec~
KM M MACCOENMZ IONPAEKEMH, ONMKCHEANTCA KBADK-NAPTOHHOM CTDPYRTYDHOU

dynxuve®t anpa.

SKCIEPYMEHTAJIBIHE BAHHHE

OKCMepUMMEHTANbHEE NOHHHE IO WHKJM3MBHHM CEeYEeHWAM DOREEHMA YacTHll
®, K, py By @ nHa Ampax Ay (usumysarems) rpit GoMOApIMDOEKe WX All-
pamit Ae (cHepam):

Ac+ Ay~ IE, K, pt, d (4)
MH OymeM ZAPAKTepH30BATE HHEAPHAHTHUMH PEJAMYAHAMY, DAPHHMH
dpde . A E A% 4, d%
A, - dp An p* dpd oes9dY Anc?dda dE"d_\,o (5)

B emMHMIAx [M6 ToB™ op1] .

B kevecTre ANEp-CBRPANOE HCIOJBSOBAIHCE P, d, C, Cu ,Pb . B raue-
CTBe Alep-udjydareselt HsydeH HMMPOKXH Hadop Amep, U3 KOTODHX OCHORHHE

H,D , He, AP , Pb.
Hnpo pomopona HEOGXOIMMO IJA NONYYEHWA INAHHHX 1O HYRJIOH—HYKAOHHHM
CTONRHOBEHMAM, T.€. "3JEMEHTADHOTO 8KTA", HEOGXOIMMOrO LJA CONOCTAR-
JEHUA ¢ JAHHHMM N0 ANpo-AlepHOMYy E3aumoleficTeuio. B paaaugHoro poma
HeKBaApKOEHX NMOIXOHAX BTH IEHHHe HUCTMOJB3YWTCA P YACTOM EHEE C NpPemno~
JIOASHMEM O PHYTDHANEDHOM IBMXEeHMM HYRJIOHHHX cTeneHell cBodoiH. Hapo
IeffTepni UHTEPECHO B 3TOM OTHOWEHM: TEM, 9TO 3TO EIMHCTEEHHHH! OOTBEKT,
%muxo'ropom HM3BECTHA BOJMHOBAA (VHKIMA P HYKJIORHHX CTeleHAX CBOGOIH
. flopo reama seryafuwee w3 Alep, MM KOTOPOTO MMelmMecd HA OIKTe

MAKCAMEJIPHEE PeJU9HH nepeMeRHO#i X eme He NpEB3OWIM BTOMHHE Bec
(An =4). JAnpa amOMMHMA OpeNCTaRMART codoll mpocTedmme #3 chopmupo-
PAPLMXCA F CMHCTE pACTpellefleRuA ANSPHO! NJOTHOCTH AXpA U INA MCTAENo—
PAHKA BJWAHMA NMPOTAACHHOM AlepHOft cpeld HCRNONB3YDTCH ANLA CBEHLE.
T4 Anpa K3YYEHH Haudonee NMOZPOGHO.

Ina uayuenna A-38BACHMOCTH PDOXIEHAA HACTHI MCIOJH30BBNCA MKPOKMK

HAOOp Azlep, BKJNMAA PA3TeNeHHHE MWIOTOMH: 2 » 2
Li, Be, Mg, Si, Fe™, N:'s:, Cu,Zn“, Sn Smm, Wm, v
Fe®, Nif! 5.4‘“4, Sm™ W
« 12
Fe®  ni® Sn .

BesM'UHE AHIVIOSHPHHX CeYeHMR NpUPeReHH JAA NAHHOIO YTJia HAGHNNeHHA X
HMIYJBCA MHEASHBHOR uacTmm ( 8 , p) P cucTeme Anpa-usaydarent (An )
A PR3KHX AMIYALCOR HA HYWIOH AIpa-cHapana. I'pafudeckoe npepcramie-

FWe NGRHMX BHNOJNHEHO B NepeMennofi $'2, -mEMANLHON sHeprEz CTAMKE-
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zmyuxea KOHCTHTYEHTOR, HOOOXONEMol JIA pOXNEREA EHIMOSKEBHON YACTHUH

AprymenT S‘,,:,i,. €CTh HeTpUBHEJILROe of0OmeHHe TepeMeHHOM Xw — mumHm~
MEsBHON MBCCH MNULEHM, KOTOPYO M R B Opemnonoxemnd, 9To X, =
B eM a L7

oo TS g = { (XePe + xmPW?) ©
Ogoomene nepeMeHEofi Xw COCTOMT B TOM, WTO Teneph M BAXOIMM MAHIMYM
He TOXBKO 0O pemIuAe Xn , HO (@RTHIecKR no BemriuHaM X, # Xy . JiA
TpoeccoB KYMySATHEHOTO THIE OXAsHBAeTCH, 4TO X, MATO, L'opBJma OTHO-
meyusl BHEPTWA DORNGHHON HECTHIN K SREpIUM cuapana. Tex wro 2 'min B
OCHOBHOM onperesderTcd Maccolf wmumenm.

IrclepRMeRTANBHHE IaHEHEe N0 PEANIRE (4) M4 pasOmBeeM HA IBe TPy~
mi, Ipynna A - poxmeHme wacTER ¥ rpymma B — ImccollmalliAd HE HYRJIOHH M
ReRfTpOoHH.

A. PORIEIME YACTML B sEPHHX CTONKHOBEHMAX
§ I Posgenue dacTHN Ha BOIOpOHe:
Ac+p->1'[1'. lgo P-ﬁP‘
B gavectee Anpe-cREpANA HCHONHSOPAMECH J00 NPOTOHH C MMNyabccM 8,9
ToB/c, /MG0 nefrpord ¢ uMmyabcom 4,45 TeB/c me HyRIOH.
K T Ha pEC.6 MORESENE SABECHMOCTE
1 EHXADSUBRNX ceveHMR pp-psamMonel-
CTBEA EMECTe ¢ NAHHHME DPACOT Ifm
10} fb PaSHEX aneprmg B QYRKUME MEAHAMANE-
% 125 HOM SHEPIER 5 min . CEMBONOM (V)
e 6 30 & | DOKRSaH sHepreTAYeCcKH@ cuertp (or
} 1 0,3 mo I,3 TeB/c) [M-mesomoB mox
a yrrou smuccan 32° naa mepmmumX
~— 16’ NPOTOHOR C EMIYXECOM 3,72 IbB/c/ 16/
'31'“ 2 Covpoxesz (& (@), & (o)) morasa-
w Bl SHEePTeTHYCCKEE SABUCEMOCTE I
10} { yran madwomerma 180° (62°) mam I
¥ I ~MeSOHOB COOTRETCTEEHHO A (+)
16 | = yraOBa7 BABNCEMOCT: IAY pp~BSaE-
woxeficTexn npE mmyasce 8,9 IeB/c.
____.___._____.____._ Crupoxss (  (#) ¥ (0)) noxasara
1 3 4 yraowan sspmcmeocTs ( 0%:33°) ms
S:, oayarca ~ 3,5 TeB/c I u I ue-
Prc.§ S0EOB COOTEeYCTBOHHO HDE MMIYALCe
nepeN9ssx mOpoTomop 12,5 TeB/c /T u covpoxmaa (A ) NORABAHA BREPTe-
Tavecxan sapmcmMocts (2,9 + 9,4 IvB/¢) mad yrom Hadmmerna [ mesOHOB
9,2° nan mepENTEMX npoToBOP ¢ SHepreR 30 18/,

16 R
37
1 * 89

o+ BB
o% q3

-]
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CrenyeT 3ameTHTh, 9TO HE DHCYHKe Np#PeleHH TONBKO Te ABHHHE U3 I—
THpYeMEX [AGOT, A KOTOPHX pelieHie 38faUu H MUHMMYM NaKT BeJMYMEH

Ao M X< I

Ha pucyHnke 7 NOKeSaHH BEJMYAHH UHKINAUBHHX ceYen il poxmeHus K me-
90HOP M SHTHNIPOTOHOR B HYKJIOH-HYKJIOHHHX ESAMMOAefICTRUAX B IBEUCMMOCTH

T K K B
89 ﬁ
v
100 \ 12,5 ‘(c) o & l
T a K‘ \
lO.h 10 L LN 4
+‘¥ y\\(/
L. - 0‘0. .
& 10 KB %\
wha °\ \\
g5 | AN
10t %y \\ i
N \\
. i\
10+
2 3 4
3
Puc.?

OT MAHHMBABHOR BHEPIUKM CTAMKAEED-
WMXCA KOHCTUTYEHTOR. CUMBOJAMM

( (¥) u (v)) noxasany sKCnepy-
MEHTAULHHE XAHHHE No BHepreTAYec—
kol sarMcuMocTh IR K* u K -meso-
HOR, CHMBOJAMM (% )-maHune 43 yI-
noBoft 3EBACHMOCTH poxzemus K'-me-
80HOB. Cumpoiamn {®) Tokae3mHA yI-
nopes seBucuMocTs (904 220) mm

munynsce P 2 3,7 ToB/c u (o) -

HMHYJILCH&H 9amiicHMocTE (2,3 4+ 3,2
TeB/c) mis yraa HeGmomeHus I4°

K'-mesoroe. Cvmeosamu (o) noxazsu
nexuie WA K -Me3ohop (yriosad 3a-

1 encumocrs (8% I8°) gan mmmymnca

3,65 IvB/c) u (&) - mamsme no po-
RHOCHKO AHTUNPOTOHOB { 6 ~8°, p~
4,4 ToB/c). Bce NpupelleHHHe N&HHHe
NOJYYeHd NpU MMIYALce NepRiIMEX
npororor 12,5 I'sli/c IyHETH-
poM HA PUCYHKE TIORB32HA 38PUCH~

MOCTE 3KCMEDMMEHTANBRMX ceueMull poxmermd muoHor (puc.6).

Bce mpupenersHe RR pUcCyBKax 6 n
EETCTBYOT U3MEHEHUO KUREMATHYECKUX
0,I <X, €1
0,I < €1

0

3

Xn
P

P

NN g

< 30

[¢]

7 BKCNepMMEHTANBHHE HaHHHE COOT-
NepeMeHHHX B HMHTEpbhanax

< 3 (TeB/c)?

TeB/c -

Kak BUNHO M3 pHCYHKROR 6 K 7, [ACCMOTPEHNHHEe BKCTEPUMEHTAJBHHE NEHHHE
L0 YHIJWSUBHOMY pOXUEHAI qac-ruu pasHoro CopTa onncupamcn npocTot
3KCTIOHEHIMANTEHOY B3E8RACUMOCTEI OT NepeMeHHOH 6" min {® ToB):

Vs

Ea—=6i_EXP("Smin/<Sm.n>) Y )
raie {5 %, 0,3 TeB, a 6; (M6 ToB~2 cp~l) paema
il T x" X p
6; 280 220 140 54 54,
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Ee
Tagym o0pasoM, MH #MeeM fPOCTO} AATOPATM OIMCEHMA BHKMNGNEHHX cede— |
Hult poxneHAd 4acTH B "DNEMEHTAPHOM" HYRJIOH-HYRNOHHOM BSAuMONeNCTEMH
(cooTHomenme (7)), KOTOpuH MOXEeT GHTEH ACNONBIOBEN P DPESIHITHHX TEope~
THYECKMX MOIXofaX I OMMCEHMA AHPO-ANEpPHMX B3akMoueicTBMii,

§ 2 Pommemte gacTHu na nefivepun
B xadecTBe Anpa-CHepLNA UCIONEIOBANRCH JMOO [POTOHH C HMIYABCAMK
8,9 TeB/c, Mmido meitrpomt ¢ muymscom 4,45 ToB/c Ha HyRNOH.
Ha puc.8 noxaseHH 3KCIEPAMEHTANENNE NABHNe 110 MREAOSHBMHM CEUSHWIM
po g TR S poxnorEa B # K ~Mesonon p aamp-
° }PD cmoct® ot 85, (B TB). Jimar

: H@ DHCYHKe COOTBETCTEYET SHCNEpH—
MeHTEJIREHM NEHHNK pp — ' &S npe~

pp | AWIymero naparpafa. Kak pumso ma
0gogRAYeHHA Ha pAcyHRe, Baudonee
NonpoCwHe nanmHe noxywems zad It-

a «

_._.
& o
ZFassk @

v
.
*
°

& 10}
ofe Neaonop. Bl COBOKYTHOCTH DRCHEpH-
wi< 10] MeRTANBR(X NAMENX OINCHBPEETCH oXd-
_‘ ROft SAPHCEMOCTED UT Sprin. TaruMm od-
10 pasom, WOXHO TOBOPHTE O TOM, YTO
HMeeTCH moAMAad #RfopManns o poxme-
10 HEN YACTHN HA Anpax nefirepns:
12 6 7 I, pasmie NepEMvYRNe SHepIME
sk, (4,45 » 8,9 TsB/c);
Prc.8 2. pasme ANpa~CHADATH (nNpoTOHM
# HefiTposs);

3. pasme yraw redmmemwr (62°, 90°, 120°, 150°, I54°, 180°);

4. pasmie copra WRKMOBEBRMX wacTmt IIY, I~ #, 9TO ocodeHHo cymecT-
venwo, K'u K,

§ 3 FPoxfierwe YRCTAR BB AIDEX Temms
A, +He = ¥, &

Kax u not nmeRTepnd, AwA ANDA TEMRA MM AMeEM NPAKTHYECKH IOXANH
ONHNT TIO MEKMIBHEROMY PONJEHND YACTHL PESEOID COpTA. "

Ha pucynme 9 oTw DaRMEe NOXASGHM p DABNCRMOCTE OT O mn . Hax
BEIEO K3 DUCYHNG, SKCIEPMMCATANEHHE MeTepNaX NMOAYYeH NpR OGIYHCHER
#jlep Teamd IPOTOREMA C WMnyascou 8,9 I'sB/c (a) & mefrpoRama ¢ AMIYAL~
com 4,45 IeB/c ma mywmmon (c).

B meproM NPNOXEESREME BCA SRCUS[NMEHTANEHER WHHOPMALIAN TpyIMpyeTcR
OKOAO APOCTOR OSXCIOHOHNAAALEOR SORHCEMOCTN, mpudeM Jmured BR DRCYHKe
TORASEMA SEENCAMOCTE, COOTEETCTEYOGSR pp - [Tt peanmmm.
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(5enemntx?)

g6
dp
S,

£
A

TREWTRT) Hex BMARO 43 DUCYHKA, B CAyYae An-

.e
-
x
L}
-
-
aa
voR
[N}
e ce
- o

*

pa reJui He HadJanpeeTcA OTKJIOHE-~
Hult ¥ npu CONBUMX BEJIMUAHAX Smm
(mo 4,5 I'sB).

§ 4. PomaeHne uacTHl Ha ANPAX

aTKMAHIA A CEMHUA

Agt AL (Pb) - T, K,
B kevecTre snpa-cHEspAita (Ac) ne-
DONB30BAJLICE TPOTOHN € HMIYJTBCOM
8,9 I'sB/c # 4,45 TaB/c # IeltTpoHH
¢ umyascom 4,45 ToB/c Ha HywiIoH.
Handosnce TouyHHe mamepeHud cedyeH:ll

poBanHoM yTie Hadmmpemma 119° p padoTe

-t

Puc.

S!l‘n
9

7 FORIEHA! KYMYJATABHUX YRCTHU, NPt
GOJIBIHX BEJAMYMHAX X PHIOSHEHH
s.ne?'rgoauon MetoymKol npu duKCH—

. 3TH IauHHe CYWeCTEEHHO

TPOACHALT CATYAIMD B OOHBCTH X# ” 3 {1 OTpAXEHW HA WJLINCTPALAAX.

10
1]
10

1d

2

%(dAl){

&
%

!

-

- WRes ,4p 6

n

-] Ha pucywke I0 nmokassHH akcne-

° DAMCHTAABHHE JaHHHE N0 HWHKJANSHE~
M HHM CEYEHWIM DOMIEHMA [HOHOE,

o

HOPMHDOEBAHHHX Ha HYKJIOH YADJIydam-
{1 mero smpa { An) LNT afXMUHMA X
Ha puc.II mng cepunua. Jweuedt no-
KB38Ha DEBACHMOCTE WA DPeaKIu
pp ~ 1L

Ha prc.I2 ® I3 nokasaHd NeHHHe
IR pomieHUA K-Me3doHOB # aHTUNpO-
TOHOB.  Yepe3 SKClEHMEHTANE—

HHe TOYRM,cOOTEETCTEYIOIme K

u K, npopermemy npimHe muHMM C
TeM Me HaKJOHOM (CpeIHAH .BRUA —
aTo TammHe pp -~ II).

Ha pucynxax IO+ I3 pasmHe yrum
HeCANIeHHA TIOKASEHH DESHAMA CHM-
BoMAMA, ¥rOM 1-176:171131%{ 119° 370
naHHHe pacoTH

1

2 3
Puc.I0

W aTHX WLmOCTDaIAft MOXHO
cHesaTy cAeNynume BHBOJH:
I. BenauduHH HOPMMPOBAHHHX H8 HyE-

JIOH HHRMOSHBHHX CedeHn#t pomneHmsa NHOHOP mpa psaumoreflcTRiM ¢ Anpamm
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¥ JaMHMA ¥ CEMHUA CJMSKH EpDYT ¥

° |ZPYIY ¥ paBHH CeYeHAAM DOMIEeHHA

7 {OUOHOB B pp—naamaoneﬂc'rnnn e 8@~

o |ewenmocra or 8 mine [pit 2TOM
GOMEIME 3HEUSHMA APTYMEHTA B Xy-
MYJIITREHOM POXNEHMM ONpeXesAnTcA
wesnvy aHedennav X, (i, crenona-
TeJBHO, MANad JONA 3HEPTMH CHepAna
lonpegenser p3sAMONENCTEBME) U GOMB~
WM BETIREMH Xy , 8 dosmume
13Haverus aprymenta B NN —p3ammo-
IeftcTREE COQTBETCTEYOT GONBIM Be-

o

PO

'%ﬁ (gﬁ’b—-“')
3,

wia 10 JHYHHAM XC'
16 R 2.BeJMIMRA HOPMHMDOBAHHHX HA
[ a HYR7IOH MHEJNSHEHHX cedemufl poxme-
> t +m K -Me30HOR ¥ BHTHOPOTOHOB LA

fAllep aNXMMHMA ¥ CBUHIA GIM3KK

|BpyT ® XpYTY, OMMCHRNTCH 3KCIO-

10y < { HEHIATRHO} SABUCHMOCTER ¢ TeM Xe
L nexnonom ( < $%in> ), mo 6

T2 3 4 S 6 7 (p wupamemm (7)) paemo IOD MG-
Pyc. 1T TsB~2 cp'I H& HYEJIOH.

3. 1A K'-MeSOHOB NpH COXDAHEHME TApAMETPA HAKNOHA HAGHKIAEeTCS
3ARMCUMOCTE hapameTpa ©; Kek OT yria Haoimgems?, TaK # OT ANpa-H3-
Jydyaread. ITY npodieMy MH oCCcyQOuM Huxe 0N PACCMOTDEHMM A-~3ABUCHMOCTU
POXIEHUA KYMYJATHEHWX YacTHIU.

PaccMorpenstie B naperpafax I-4 sgcoepAMeBETaNbHHe NapHHEe IO DOXIE—
HED PasHOIO COpPTE 9AacCTUll ¢ PASHHMU PHEDPIUAMY MOX pASHHME yIiamy HaG—
JRreHnd, NOJYYeHHHe Npn o0AydeHuMm DasHHX Agep-asiayuareneft Anpame—cHe—
pAnaMy PAIHOTO COPTE ¥ DASHHX 9Heprui, Kar BHINO S DHCYHKOR 6113 onp~
CHBELTCA NpocToit skcnoHeRmManbRoft diynknuelt omHoff NMepemeHHOM! 8% min -
MyHMNANEHOR 2Heprueft CTANKUBROIAXCA KOHCTETYEHTOB (MOZCTPYKTYD B3auMo—
IeACTBYONRX A4ep). 3T0 rJAPHNH M HETDHBHAJILHHA BHEON B3 SKCIEepHMeH—
TANBHOTO MATEPHAJIE.

§ 5. An -38PECHMOCTL MHKNUSABHHX ceuemuft

My yme oTMewesst BHme, YTO TIDE HCCAENOPEHME KYMYARTUEHOTO POXUEHNS
9acTHL M4 OJRAPYAWIM YCUJIEHHYD (IPONOPUAOHAUBHO aTOMHOMY Becy, &
He Tmomeum Anpe) A-3aBMCHMOCTE. [I0TOMYy MH OylieM DACCMATPHBATS MHKIN-
SHBRHe CEUeHW DONIEHM? 7aCTull,HOPMAPOBARHHE HA aToMHHt BeC Ampa
( A n E %—g— }, 9TOGH pAacCMOTPeTh HKeT&NW OTKAOHEHHA OT NPOTO[IHOHETL—
HocTn Ay .

-
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w oa " paccMaTpHBETh OTHOLEH:AR 3TAX ceve-
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bo Puc. 14
16} | OPMMPOBEHEHX HA A4 MHIJOSABHHX
! ePeHIMAIEHHX ceYeRufl A nam-
T T - Horo Axpa Aw (M3 NpUBENEHHOTO BH-
% e CUMCKa, BKI0Jad DasheleHHHE
L4
Puc.12 x5 ]
M30TOMH) K ALY CBMHUA LWL pOXIe=~ % A
nust M-peaonor (o) ¢ X" ~ 1,3 T e
(ummyasce 0,500 TeB/c, yroa He- H
omogerma 180°). fmpa odayyamucs HEH
npoToHeMZ ¢ MMIYILCOM 8,9 TeB/c. o 10
CHMBOJIOM (0) TIORAABHO OTHOWEHHE ‘v
cedennit poxzerwt 1T u ' goa kax~ !
JIOTO M3 H3YUeHRHX Amep. Cumsojavu n%u
(A) 1 (O5) DoHazapH COOTEETCTBYM- —

e BeJIATAHN
X w %2 padoTH
Bo~mepewx, A3 pUCYHKa BUIHO,

4YTO €CTh CCIVIECHEe P 3KCNepHMeH—
TANBHHX JJaHHHX DasHHX DadoT.
Bo—PBTOpHX, BAIEO, 9TO B IETRIAX
A-3aBMCHMOCTL OYEHb HeLeTyJApHa:
cedeHne A OmmxaffifX ALep-A30To—
0OB ESMeHAeTCHA CHJIbHEe, YeM ycpen-
HeHRHf XapaKTep SABHCUMOCTA.

ym OI{3RMX SHaYeHHH
19/

wig

3’3 10

-5
10
10
10; ! ]
T 5 8 ¢
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Puc, I3
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B-TpeThHX, 3aMETHO OTKJIOHEHZe OT eIMHMLH I JeTKEX fAllep, caadoe
NpeRNleHde HAL eAMHMIeN IJd CpeXHAX ¥ MOIARJEHHe I -MESOHOB ©O cpap—
weran ¢ II7 gna ANep CpelHErO ATOMHOTO BECE.

/I3 pucyHK® BUIHO, YTO OmACKM M3MepeEmMt PelMKH, ORJM CPABHMMH C Mac—
wradom HeperyaApHocTed. OUHAKO, MOCKOJBKY EHXOX NPOTOHOB, PeTHCTPHDY-
eMiX YCTAHOBROM, OIHOBUEMEHHO C I"-mesonamMi Ha xpa nopAfxa foibme, TO
JUIA HAX C TOYHOCTHI MOPANku OXNHOTO INpoUeHTa GHJ YCTEHOBNEH MIOTOMI-
yecRull adfigkT: BHXOI TPOTOHOE i Hnep—ygg}onos He S&8BMCHT OT #ICHTHE
HeftTpOHCR 'Y, 3aTem GHJO NOKE3AHO , 9TO BHXOZ HeflTPOHOB He 3&—
BHCAT OT #SCHTKE NDOTOHOB.

A HeTaIbHOTO MCCIEXORAHMA DTOr0 APJeHssl Ha NHOHAX Ohxa HadpaHa
CTATHCTHYECKAT TOYHOCTh Ha YPOBHE ONHOTO TpoleHTa IAi CeYeRmd poxme~
mua [T x [T=Me30HOR.- HaMepeHHA EHNOJNHEHW FAA EMIYJhca DuoHoB 0,500
Tod/c c yraom nadmomensa I20° mps ofayuemny ANep NPOTOHSME C HMIYIb~
com 4,45 I'sB/c. 9Ti namide nokasamu Ha pic.IS. HA 3TOM ®e pHCYHKe no-

B KegaHd NeHHe VA EMECTE C aHe—
ff ) \r . JIOTHYHHMY HM3MEDEHWAMKA, BHTIONHOHAHE
{ e , B padoTe 9 , & TEREe TNpHBeNeHa
{ U ‘_‘,%;_:‘ U COTOCTapaeHusl Kpuran (yraaasu
o o - {i s ) CTEEJKO} p) WA A-3APHCHMOCTH Bh~

't 4

{LPEY g ¢a)

o

450 )46 (po)

=]
[}

Xoza NPOTOHOE.
V3 pHcyHMka EMIHO, YTO:

o N/

® K
* K* (uT30)

e 1. BesqWuumi ceueHHi, TOJyYeHHue
55 6 —#0 200 B DasHHX padoTax,coBNAmawT; .
A 2. A-3aERCEMOCTH poMfehmd K -me-
Puc. IS5 30HOE M NPOTOHOB G/MSKY H XApaXTe-

DUM3YWTCA CUIbHHM "rMomaBlieHMeM" BHXOIA YECTHL HE TOJBKO HA JIETHHX Al-
pax, Ho ¥ Anpax cpemHero aromHoro reca ("nonamneHue™ 3TO Hama Touxa
3PEHUT, HO MOXET OHTB, 9TOT $aKT CeuEeTesBCTBYET X O PEIKOM mo3pacTe—
wau suxona p u K* ¢ poctom Av );

3. Cedelue pOXueHMA IT*-meaonoE, HOPMI:POBAHHHX HA HYKAOH K3Jyvan-
Wero ANpa B OGABCTY CPeNHMX ATOMHHY BECOE, CYMECTBEHHO IPEBRIEAET COOT-
BETCTEYIUYK BEANYMHY JUIA TAXGJHX Afep. OXHOBPeMEBHO MOXHO ERUNIEeTH, YTO
BHX0Jl [ —ME30HOR OXAIHEBETCA CHABHO MOKEEJEH OTHocHTetbHo I,

A-38BHCHMOCTE IR DASNENCHHNX M30TONOP MMeeT APKO BHPANERHYO He-
PETYJAAPHOCTE ("Sy6") — IAA TPYyNIH M3 Y30TONOB HMKEAA, UMHKA M Mels U
"CTYyNEeHEKY" »5- MBOTOIOR 0J0Ba. Ha 3TOM Xe DUCYHKE MOKA3AMO OTHOmE—
HUe "CpeNHAX HYKIOHHHX mnorHocTeff” ( oTHOmeHMe A K OOLEMy, onperne—
JIEHHOMY 10 CDEIHEKBBIPATAYHOMY 3JIEKTDOMATHATHOMY DAmUYCY Anpa).

s comocTamieRiA 3TOrD OTHOWEHWS ¥ OTHOWEHMA IuHepeHIMANbHHX Ce-
Yenuft caemyer:
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I, ilpensKcrnoHeHL1aNMEHHIE MHOXUTENE B JIOGHX &1ir POXCHMMALMAX 3HePTeTH—
YeCKMX 3JABUCHMOCTEll mporopluoHaneH cropee ofbeMy Anpa %ﬁ R s » 8 HE
er0 aTOMHONY BecY;

2. JleTesy, XaparTepHHe A AIep-AS0TONOB, B JRENATENLHO! CTeneH)
OCYCRORNEHH HepelYAAPHOCTHO DBBYCUMOCTH OGBEM2 AIpa OT €r0 aTOMHOIO
Beca.

Yo MOMHO CKASATh 00 A~3ABHCAMOCTM ceyeHmil pOXneHusd r~MEBOHOD,
6nmskoit K A-SABACHMOCTI BHXOIE HpoTOHOR? Kek dyler rumHoO 73 pasmera,
NOCBAWEHHOTO FUCCOLMALM ATEP HA EYKIOHH, DKCIIEDMMEHT it €TI0 uuTep.ipe-
Tauus ¢ GoBlOl HOCTOREPHOCTH0 OTBEPTART HeJituxe BTODAYHHX B3an-
momeficTRuff P MBIyYawmMX Apax. B 9TOM crydae nopapjenue BHXOma NpPOTO-
HOP MOXeT OHTH OCYCJOEJIERO HEKOTOPHM "napaMeTpoM HeNoKaTBHOCTH™, TaK
4YTO ceveHAe NPONOPUMOHAJIBHO He OULEMY ANpA, 4 BAJLILIHE

47(Ra- 9? (8)
Poxnenne K'-mesoHa cBA3aKO C poxmeHueM A ~runepowa, T.e. 3aTpard-
BAEeT HYKJIOHHHE CTENeHx CPOGONH Ampa. BMmmo, 3TO M 0O0yCAOBILBAET CXOX-
CTBO A-38PACHMOCTEHl I OpoTOHOB ¥ K'-MO30HUB.

OueHKH NokasHBawT, 4To ¢ ~ I ¢m. _ xkxo

M yXe oTMevayM BHIE, Y4TO B CTPYKTYPRON QVHRuiM Ampa € napa-
merp <1} = 0,I4 6iu30K K PEJMYMHE CPelHeil ANEPHO} TWIOTHOCTZ ALep.
3TO NpeNCTARAIETCA €CTEeCTEEHHHM, T.H. Xy ™My — 110 CMHCIY VHHAMANBHO
BO3MOXHAA Macca MALE Ll.

Ha pucynke 16 noxasana 3aBICHMOCTD OTHOWeHiA napsmerpor <X > A

1: T yaam;x ANep K napamerpy()()m AIlpa CRKHLA
i—* = (o). Ha »ToM Xe PHCYHKe CHMMEOJOM (@) Ind
oK (197, 7 wo)

Am—MGSOHDE # (%) mma K'~meaonoy_Noxasam:
pe3y BTATH, NOJyYeNHHe B padoTe . Kpome
TOTO,Ha DACYHKE NOKA3aHA KpUBAA OTHONEHHA
Aldepmix mroTHocTel (puc.IS).

LA J BuOHO, YTO DKCNEPUMEHTANBHHE JAHHHEe NO OT—

o - jg - HOUEHHD NapaMeTpOER L1 PBSHNX AIEP B PESHHX

A padoTax coryacyoTcA JAPYT C IpYTOM.
Puc.16 TeHneH 38BACAMOCTA JTOIO OTHOWEHMR OT

A cooTreTcTEyeT H3MEMERHNO HIEDHHX IJIOTHOCTEN.

3mecs YMecTHO 38METHTBH, 4TO MHTETpas oT IxdfepeHUNanbHOIO CEYeHHAd,
NOCKONBKY OH NMPOTIOPLMOHANEH TPOU3BEIEHHD G, <X

: ::}(.w,unm]

crado 3BBUCHT OT A,
3apACHMOCTE WHIJIOIMBHHX cedelnil POXTeHus YACTML (MMOHOE) B peaR-

Lon Ay + Ay = IT
OT MaccH Ajxpa-cHapAla ucciaelopaia B padore

/22/,
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Tlpt uMmysbce Ha wywaor 2,9 TBB/c OHia HAyyeRa 38BUCHMOCTH CeYeHuA
POXIUEHAA OTpALATENBHRY NHOHOE C PASHMMM MMIyJbcama (YToJ HacIoueHts
180° & cucTeme NoKoA AIpB-R3NyYaTesd I'elUA) np¥ "oCiyueHHM" SIpAMi-~
chapanamy C, Cu , Pb.

B »Tux MccuenoBaHMAX GLNO NOJyYeRO, YTO MHIINSABHOE CEYEHEE MOXHO
aIIPOKCAMA PORATE 3a13ncmgogmo

E a_ﬁ(Ac\)zﬁ'Ac (9)
llps sToM noxasarens n ~ 2/3 ma P-= 0 u h = 0,4 B KyMyJISTHEHOY OG-
nactx (X, > I).

B padoTe 3TO#f Ae nadopaTopAM IAT TOl Re peamimy B TeX Xe KUHEMATH-
YEeCKUX YCJHORMAX, HO NPYTUX ABTOPOB , OHNIO HaltieHo, 4YTO TOKasaTeNb
CcTeneHu & KynyMATUEBHOM obmacty n = 0,33.

Tarad xapakTepHes A,-3aBIiCHMOCTE, KOHETHO, CYTECTECHHE JUIR NOHMMAHMA
MeXaHU3MA KYMYAATHEHOTO DOXHSHUA YACTHIl B ANDO-ANlepHHY B3amMonelicT—
FuAX. MH odcymvM 3TY npoGneMy TNOCKe PaCrMOTPEHRA Ac-aa.encmoc'm I¥cco-
U1l ANep Ha HyKJIOHH.

B. WICCOLBIAIIR SIZEP HA HYRIOHHN
§ I, Inccowranua uekrepua
Pearuma ¢ nuccouvannest meittpoHa LpH B3gsHMoZelcTEMM ¢ NDOTOHAMH
d+p - p sApmeTcA npocTeiUEl M KiwKYePofi IV TOHMMAHKA SIpPO-fiep-
HHX D3aumofeiCTBall ¢ mxccollrailife’i Ha HYKJIOFH,
/2598 %g;m?zI; TIPMBeAeHd BKCIEPAMEHTIIbHEE XaHHHe Da3HHX pacSo-r/ 24/,
. , 10 peaKuMy IMccolwaliy RefTpona mpu OoCJHy9eHMM ITPOTO—
HaMi C KUHETHYECKO) sHepruell mopAgka I I'sB (mepeudmbe 3HeEpIMM ¥ KOCH—
HYCH YIJia HedJKNEHWA PTOPUYHHX MPOTOHOE YKA3aHH He LACYHKe) KpMpad
Ha pHCYHRe coo'nae}c'r €T pacieTy ¢ mapuxckoft poaHoBok diyHMIedH
(2 6, = 35 mo) . s pucynka I7 BumHO, YTO BKCIEpMMEHTANbHHE Be~
JYMEH cevyenull pasHNX pAGOT pasamyanTces GoJbme, 9eM Ha NMODAROK FesmYi-
HH, YTO NPHBOTUT 722359/pme 0 pasHOMy XAapakTepy HMMIYJLCHHX CIeKTPOE
NPOTOHOR. FadoTH R EHNOMHEHH KaMepHoli MeTomukoif. B RMX oT-
YETAXBO BKIHO NpeBHNEH’E BKCIEPHMEHTAIBHHX IQHHHX HEJl pacueToM B 00—
NGCTY AMIYIHECOB OPOTOHOB ~ 300 MpB/C Ha NOpAmoK PeymuiaHH. Ommako
TP’ Pp'v 2 2%1713/0 TBHHWE STHX padoT OTANYAKTCA HA NOPREON BEJHYMHH ,
a B padore noxyye codu;m 98 KuHeMATMYeCKyM npelesiom (~ 400
MsB/c¢) peamumun. PadoTu 25/ y 26/ BHTOJIHEHH 3JNEKTDOHHON METOIMKOf M
Jyvile COTJIACYRTCH HPYr' C Lpyrom. Jaumie 3Tux padoT NPSKTHYECKH OMHMCH-
BAKTCA NApaXCKoflt BOJHOBOM dyHknuell, ocTapadAA HedonpuMe FOSMORHOCTH
ENA BKJIATE BTOPHITHHX MEXaHU3MOB B im're%g?'raunn IAHHWX, XOTA YHEpTHH
CTAMIEBAKIEXCA Aflep MaJH.JaHiie pacoTH HOpIuIpOBaHH Ha Ag”.
Ha puc.I8 MOKa3@HH 3IKCNEPHMEHTENHHHE NOHAHE N0 AMCCOLMaunyd IelTpo—

n(Pg-)
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T, cos® ] HOB Ha Hy®moHH npu GONBUMX BHED-
095 -ap {197,09) | rusax, Cumeoson ( * ) nokasamu

W0 g (983, AvD) axcnepmei-x}u npA sHepruAx 8 IsB
ros w00 Goeabeed T non 76/ Crveonany (@0 mo-

098 -p83 (1985,AMRP)
wr KAZeHH 3KCNEepKMCHTAJEHHE NaHHHEe

jox ow

3
10 | padoTH , TIONy4eHHHe pasHoCT-
\ HHM MeTomoM (CH-C) aieKTDpoHHO
10 MeTomkod npu sHepruu 3,7 I'aB Ha

HYKJIOH. CHMBOJ (+) nokasauy
maHRHe Bepium NP DHEPTUK
2,1 I'sB Ha HYWJIOH A9 Dearuyn

d + C = p, nepeHOLMMpOEaHHKE,

Wi ﬁ#

10 m 1®ax » mna pucynka I7. Kpuean na
» 4 pHuCyHKe T4 #e, YTo i Ha puc.I?.
10} ' 1B 1esoM sKClepuMEHTaTbHaA CHUTya~

IMA P CMHCJE COTJIACHA NAHHHX LiM-
THpYeMHX pAGOT HAMHOTO Nyuule, 4em

p2 02 03 04 05 NpH MAJHX DHepruAX. JKCNepHMeH-
e, TBJ!I:?H& PEJIATMES cedeHui E pado-
rax /6426 XOpOWO CORNARERT HIPYT

Puc. I7
C JDYTOM I MMIYJbGOB NPOTOHOB, MHBUMX 450 MaB/c, M NMpakTHYeCKH COB-

nanawT c¢ pacyeToM. OHAKO NJA MMIYJALCOR NDOTOHOB, NperHuWenRIxX S00
MsB/c, HadnunaeTcd pesKoe DACcXOxTe! g/mem pacdeTaMH M DKCIEPUMEHTOM

L T cos®
) ' * g'g :‘;gg g:;’gx)) Ha pucyske IS mad yHO6CTBa MOKG~
10 + 21 -100 Goms,bow) |38HA XeCTKa YacTh crekTpa. CuMpo-
—~ WE mamy { % ) noka3aHM NAHHHE IPH
10° Jomeprin 8 T9B uHa HywIOH /8/ A yr~
= 12 madmomenns I80°, cumponavu (e) —
L 10 Jana yraa nadmomerma 62° 1 (o) - mo-
a JOBMHA ceveHus peaimd D + D - p.
g2 10} ] Omma xpupad Ha pucCyHKE COOTBET-
L CTBYET pacdeTy IJA 180‘,’ npyrada mas
10 =2
| Ha pucynka I9 pumno, 4TO Iad
1§t 1 180° pacdeT M HKCNEPUMEHT pasizyga—
a |PTCA Ha IIBa NOpANKA EEJMYMHH Ha
f TDeHWlle CIIeKTpa, XOTA NPH EMIYIB—

07 02 03 04 @ op cex 0,3 + 0,4 TsB/c ecTs Xopouee
R coryiacre. SKCNeDAMEHTANBHEHE NaHKHe
Puc. I8 I yraa nadmomenns 62° oTawvenres
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[
10 :
b N
—~ \#‘ ,’ ’ 62°
a . ~
ala 0 \\_ -
b _‘ \\n — ~
10 o \ >
.gr% \\ -
10: | \ 180
\

OT pacyeTa NpMM4ePHO B HEecATh pas
119 BCETO MHTEpBANE HMIYARCOB.

Peskoe mpormpopedne pacyeTe C
9KCIepHMEHTOM, I'PA HCNOJHSOBRHEH
napurckolt BoJHOBOH# % , Haou0-
neeTcd 1II B padore , Tlte Ha~
dinipemMie NpOTONH RUCCOOHEIH
UMeJM nonepedHlit MMIYJEC, OTANY~
HE OT HyaA.

Taxum odpasom, 3 pacCMOTpeHis
pACYHKOR 17 4 19 MOXRO 3aKmONUTE,
yTo:

\
03 04 05 0O 07 08
P
Puc. I
DHEPTWA Npu W3MEHeHm:! KuHeTHYeckKoli
Ager ot I mo 8 T'aB.

I. BenwuuHd ceueHuil peaxpm
D+ p - p mm yooa HaGmameHusa
180° ne BaBRCAT OT TepRHIHON
3HEPTUN HE HYRJOH, CTAJIKABANARXCA

2. CranmapTHad BojHOBaA (YHKIMA HefTpOHE C NADIACKHM NOTEHLMAIOM
He ONKCHBAET Bceil COBORYIHOCTH 9KCIOPHMOHTATBHHX NAHHHX OO JECCOIEBA-

uiz melrepid HA HYWIOHH,

§ 2. Inccoumalms remas

3 HacroAmee ELeMA MMeXTCHA 9KCIepHMEHTaNbHHe IaHHHEe IO JMCCOLMALAM

Anep reaud HE HYKJOHH o meiTpomu
Iehrponann ¢ uMmyJbeom 8,9 Tal/c

—

) ‘\\ o

10 . \\:\
ag N
nfD 10“ \ \3\1
L ™ \\.
s Ne O
wla

10

*
03 04 05 06 07 108

P
Py, 20

987 dom0apiApoRKe uX TpOTOHaMI MJA

Ha pucyhke 20 nokasaHd 3Ti Iak—-
mue. Cumponamu ( # ) NoKasaH M-
MyJBCHHA CTEKTP NPOTOMOB NOT YI—
som I80° 1 ( o) 62° npu obaydennn
NpoTONaMM ¢ aMnyascoM 8,9 TeB/c.
CyMponavu (0) MOKA3ERH JeJIeHHHE
Ha B2 CeYeHRA IMCCOUMALMHM HA Npo—
TOHN A4 yraa Hadmumemus 62° mpn
o0MyYeHHH NeHTpOHaMA C UMAYJBCOM
8,9 T9B/c. Cumposamx ( & ) m (4)
NoKA3aMH CNERTPH TO JMCCOLMAIME
He IefiTPORH A YTVIOR HAGHMEEeHHT
1807 i 62° COOTEETCTREHRO NpH OG-
JyYernn meftrponamt 8,9 I'sb/c.

Cimeosiom (+) rOKABAHA BKCNEpMMEHTANbHEA BEJAMIMHA CEYeHHA LIA peaKiy

He+p—+ d
HywIOH 2,9 I'sB/c

Jla.HHHX/G/ K MOHbllM HMIYJIBCaM.

. no.}[gg(}imaa pPesHOCTHHM MeromoMm (CH-C) nmpm nMIOyJBEce Ha
» HOTOP&A XOPOWO COOTBETCTEYET IKCTDPANOJIINH
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Bce cnexTpd B MEpPROM MPAGHAREHMM IMEWT SKCIOHEHLBNBHHY BMN E 38—
BHCHMOCT: 0T AMIYJABCA QPATLEHTA.

LlesHocTh BTUX BKCIEDHMEHTAJBHHX NEeHHHX COCTOMT P TOM, YTO OHM IawT
BOBMOXHOCTE NOMWATE NPOGJNEMY LOXHEHMA NDOTOHOR A1 IeHTDOHOE Ha npumepe
npocTeilweft Ameproit peaxin.

§3. Inxccoupaums HE HYKIOHH CAORHHX AHOED

B sTom naparpafie Md CpABHMM MAKINSHBHHE CeYeHuA IHCCOLfallitn Ha
Hywnoms caommhx fmep ( Cu Pb ) ¢ zéeémeu. Bynmem paccMaTCHESTE BeJH—
YIHY _2\%. _;_.;1 . E 35
B 38BUCAMOCTH OT WMIYNBte HywmoHa (T8B/c) ® cucTeme rokosd AApa—~UIMy-
yarend (He, C, Pb = Ag).

Ha pucymme 21 npopeneHO Takoe CpaBHeHde.

Campostarss ( & ) noxasasH sxcyg}m—
Pbepn MEHTaJbHHE HaHHhe LA IeiA
Pbsp=p 80
C+C-p 21 | TpK dHepruE 8 I'aB HA HYWIOH,
4 Wi velSh i [ (%) namme 28/ npn smeprun
\{ ¢ Heepwp 21 | 2,1 9B H& HywIOH, NONYIEHHHE
., % Hero-o 80 | pogyocTHHM MeTomoM (CH-C). 9tn

" E (A
&6

[~
beo

o 10
) \:\\Qv HaHHHE XOpOWO CORNANAKT IDPYT C
.‘;‘3 10 - Qg\. APYTOM, XOTA 3HEpTHE HA HYKNOH
w o \7\\\ CTRJKABANIMXCA ANEeP OTIHYRITCA B
% 10 He . ~ 4 pasa.
o \'\\ I Afpa yryepofa NCUMEEleHH
10 )] AeHme Tpex pa?o-r. Campont { 8 )
AN COOTRETCTEYET 26/ o crocoly no-
02 04 [ 08  JIydeH#d HAMHNX IMCCOLAALMA JBHXY-
R merocH fOpa yriepola NPM B3AMMO-
Pi1c.21 meficTemn c yraeponHoft Mmuensi,

cumeost (Vv ) COOTBETCTERyeT TOM Xe camol peam}% /n sHeprur 2,1 T'eB HA
HYKIOH, HO B CACTEME TNokod ANpa-uzmydaTesd /™ u, HakoHel, CHMBOJ
(v) coo‘rae'm}n¥e1‘ o6yden:in yraepofa NMPOTORAEMM ¢ KuHETHYeCKoft
aReprueft B8 T'sB 3 /. :

Coenanenire neHEX (v ) u ( 8 ) oGAsaHo Oua0 CNTH ¥ HRCANNAETCH.
Copnamerne (V)  ( ¥ ) HETDUBAGIERO H OSHEYAET KaK He3ABACHMOCTE Ce-
9eHult OT HAYSMBHOM SHEpPIME,TaK I 75??105;;0“5 HOpMypOEBK Ha A, .

Cumposiams (@) TOKasaHH HNeHHHE no EACCOUMALME ARep CBKHIE Ha
OpoToHM. Cimposom (o) noxasaHH (ne:tem? H7 2,2 nna ymo6CcTRa) IaMHHe
10 AACCOUMAW: A fleD CRMHUA HA HelfTpoHW 32 npK aHeprs4 6,6 I'sn Ha
HYRJIOH. Jxchie[NMEHTANbEHE NaHMde pasoTH / YHURGNEHH P TOM OTHOIe—
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ILL:, YTO B HEl MONMyYelH RaxHKe nuA O9eHE MBAHX MMITYJAHCOP HYRJIOHOE
(reracTpApyRTCA HeHRTPOMH) B CHCTeMe TOKOA AXpa-K3yearend (Pb ).

A3 pacysra 21 BumHO, YTO MMIYJBCHHE CNEKTDH LM ANpR TeMWi M CRAH-

iia nopodw. Eosee TOTO, rMOyMBLCHHA CNERTD aTHX ANCp He CRIBHO OTJM~
4yaeTcd ¥ OT chexTpa Iy mefirepmdi.

Hukakiax orperayeHuit BOMSK rpatmm §asosoro o6nema ( X — Ay ) He na-
Gmonaercel. VMIYJbCHAT 3GPHCHMMOCTE IPH MEUBX BEJFUMHAX MMIYJECOE Xopo~
40 OMMCHBAETCA EBOJMHOBOft fiymmniefi meltrpona, prmcuss supo CeMHua, Ta-
KM 0GDa30M, HItRAKMX ACTapHTENBHNX HYRJIOHOE H& ONLTE He HAOIMN2eTCH.
Dece wadnonaemie NpoTORM MMITYJTHCOE, MERBIMX 3004400 MaB/ G, COOTHETCTRY—
0T BHYTPuANEDHHM IBUXGHUAM HYKNOHOB, OOYCAOBAGHHHM HX NOTEHIMATIOM
BraMoleficTERA (HANpUMep, MAPAXCKAM NOTEHIMANIOM). UACTHUE-CHEDAN TOME~
KO "pasHrpHpdeT” 2Ty CBASH.

YHUEEPCANLHOCTD NPOTOHHHX OfleRTPOB, HaC/MUaeMad B 9KGIEDHMEHTAM—
HHX lCCNEeNOB2MAAX, K3ReCTHaA KAKR "SIepHHH CReAMmHT™ / 33, B rﬁaﬁayux
CBOXX 4epTrax OGBACHAETCH THNOTe3oft MAJOHYRNORRHX KOpDpEJuilimit e/,

HecooTeercTEHE pECYeTOn 3 SRCREPUMENTa ANA HMIY/HCOB NPOTOHOE
Goxswe 500 MoB/c, T.e. ma paccTodmmM Memnme 0,4 ¢, BRIEMO, ecTOCT-
EEHHO. OHAKO NpOTMBOpedEPas CHTYAILIA Npa HEHYJNEBHX MONEPEYHHX M-
yJsbcax UpeHCTaEadeT Ooybime TPYZHOCTH: HEOGXONEMO BEOEMTE HOBH{t Me—
XaHi3m B3aHMOREHCTERA, MO0 OCHOBETONBRO MEHATH BOMHOBYD Eymrilmo IeliT-
poHa.

§ 4. A, -sammcHmOCTH IMcconMenm AEep
Mi y=e BWAesM U8 DACYHROB I7 4+ 2I , 9TO DOPMADOBK3 H2 BTOMHHN PeC
Anpa Tame A, ®  XOpomO yuRTHRoeT BmEIFMe Appa-cHepsiza K BEePOATHOCTH
IUGCOLMALMA fAlep HA HYKNOHH .

Ha pacyare 22 npojleMORCTpPHpPOBa=-
H8 TOYHOCTH HKCNEpIMEHTAJNBHHX Ian-
HHX. Ha puCyHRe nOKA38HO OTHOLERue
AspfepeEnzanbENX cedeHHRt mmccouue~
WM Anep yraepolia HA NPOTOHH C kM-
nyxbcom 400+ 500 MsB/c, mameramummx
B 3aMHon Nosaycdepy OpE GOMGAPIMPOB-
ke ANpemy Ne@repma, rems (4,45

e TsB/¢ ma HyRmOH) ¥ ANpaMu yrIepoxa
Puc. 22 aprona, Memu M cmgua (3,7 TsB/c
Ha wywnon)/ 26030/, Hpupast Ma pHCYHKe ~ SEBHCAMOCTH A LA
lIpr oScy=Zaenun Azsanucmocwek HHIJIOSABHHX CceveHd)i PORIEeHuA 9YacTil
(IT') M BENESM, YTO ORM EMEDT SREMCHMOCT OT BTOMHOTO BECA fANpe—CHE-
pAga Tena Ag' ., e n = 0,40.

a(cm;p)/dn (€opp)




Takizd 00pa3oM,MORHO CKasa" .,uTo JPSHe diepHHe .N0LeCCH JpareHTa-
Ky, IIA OGRACHEHHMA KOTO, . HeoOXOIMMO [ACCMATLIEET: PHYTPHALEDHHE
HYKWIOHH Ha MAMHX paccTOosHMAx, INE CEMO TOHATHEe CROGOHHOTO HYKWIOHE Te-
DAeT CMHCA, KMeDT wsac&qgocrs oT a‘romﬂorc); peca Alpa-cnapAla TENE

TIponOpUROHAIEHOCTE .mgmloa.mmx cevemtil ofvemy AIpa~E3JayYaTend Te-
nepb yxe kaxeTcd ecreCTEeHHON. lelicTBATENBHO, BeLOATHOCTH COMMKEH.IA
HYRJIOHOE Anpa NDM NPeKTHIeCKM NOCTOAHHON ANEpHON LJAOTHOCTH, DABRHOEE-
POATHA MO BceMy o6BmeMy Anpa.

C npyroft cTOpPOHH, A~SBEMCHMOCTH OT 8TOMHOIO BeCa ANpa-CHapAlla O3He-
d9geT, 910 AnepHas cpela CHapAllda paspyriaeT MANOHYKIOHHHe KODPeaSmifH.
310 oveHp cupHHM addexT. Hanpimdep, BepOATHOCTE COXpEHEHMS MANOHYHJIOH-
HNX KoppeJAumi! B AHpe yIviiepolla npa "RPOXORIEHZ™ ero yepes ALPO CEMH-
na (G P NMpUBATHX Hemy oCO3IHAYEHudX npu Goméepm{poBKe AIEp yrJiepora
ANPAMY CEifHlla) COCTARIAET

@ T% > 0,03.

ABTOTH pAGOTH / 34/ AHTEpUpeTHLYA SKCIEPUMEHTAJ BHEE N2HHHe 70 YIjo=
BOY 3aBMCAMOCTH mxo:ua TMIPOTOHOE BOJMUBH 180° 35 ("mix" B yITJIOBON
pacnpelnefielitn B oJ Pb ~B3auMoIeRCTENM), LLAWELT K EWBOLY, 9TO liepBHYHMi
gelirpon "mupeaseT" B AOpe MumeHA "kaHena", Ha miafiparme KOTOPOTO Tpo=
HCXOIAT iHTepfEFeHNOHIKe ABICHNH,

Sakmodans 3TOT pasSKeN, MONHO cfopMyJMPOBATE BWEOX:

B OCHORHOM HeCJDIAEeMHE WMIYJBLCHHE CNEKTpH HYRJIOHOB INiCCOLMEIMH
ARep, MO-ERLAMOMY, COOTBETCTBYNT X BHYTPHALEDHOMY IBHESHAD. OIHAKO
A TAMEJHX Afep Md aToft” fyHKIMK pacnpeleselu He SHaeM. LA Jerdai-
wero Anpa lejiTepaA SKCNEPAMEHTANBHHE NAHHHE He ONYCHPAKTCA NOJHOCTHD
Hamoosee PeanMCTHAYECKO}t BONHOROR FyHKumel (mapumcrutt noTeHunan).

SAKHEHHE

NoJy9eHN aHEPreTMHYECKUE BABMCKMOCTH IO WHKIWBMBHOMY POXIEHMIC dac-
T/ JUIA PASHEX YIVIOB Had/miteHud He AIpaxX ZefTepua u reins, YHURAILHHE
HA ceropBAumxfi Aeub. IloApoGHO B DAl padoT H3IYIEHO KyMyJATHBHOE
poXTeHue 9acTill Ha ANpeX &MOMANAA R CBHHUA. Bce 3TH ®KCNEPHMEHTANbHHE
AgHibe OMICHBADTCA NPOCTHMH SKCIOHEHUMENBHHMA SABXMCUMOCTAMM OT MUHA—
MAJBEHO BOSMOXHON I DOXISHUA MHKJWIMBHON 9YaCTHIN 3HepIu: CTATK{BAN-
maxca xoncwwryel-t‘r%a (S /mm. !

Eas ~ 6 Expé - 8% / 0,30),

e 5%, = '[(X X By) _}'/f
Tipr aToM Gospume EEJ!W‘MHH S',f,‘;,, A HYyKIOH~HYKJIOHHHX EBsammoleltcteuft
COOTBETCTRYRT JoNbliofl none WGeTHPexMOyasca crepana ( X Po ), a mma
KyMyJATABHOrO POMIGHRS YACTHO - OOnblieMy BKISLY YeTHPeX/MIOyJInca Anpa—

nanyvaTena (xyPy).



lleTasbHO , BRIIUAH PasjflefieHHHe W3O0TOIN, M3ydeHa 38BHCHMOCTD WHRMOSAB-
HNX ceyeHMd DORIEH.I1 9acT.Li OT ATOMHOIO Feca AIpa—uaxydaTeds ( A ).
1iCHB BAPHCUMOCTBL 4 OT STOMHOIO Beca Rupa~cHapAna ( Ac). B KyMyJMATAD—
HOM OGJACTH MH .IMEEM:

b
ESS ~ 605"%m) a2,

JAKTHYECRIl MMeeTCs HeolXomAMAs KCNEPMMeNTANEHER uudopmalya no uH-
KIN3APHEM CeYeK1AM IMcCollMaliy Amep HE NMPOTOHH 4 CGojee TAXE/HE Agmep—
HHe fparmeHTH. MRyJbcHhe CNEKTPH HAGHAIABEMMX [POTOHOR JJIA WHPOKOIO
HaGopa Afep oT AeliTepus O CBMHUA CJAMSKA APYT K IPYTY. AGCOMNTHHe Pe-
JUI4AHN ceueHmi OAA KJNdepofl PeaKUMEM IACCOUMalMK Nefirepad He 3aPUCAT
OT NepEAYHO) SHEPrid Ha HYKJIOH P3amvolefiCTEYUWX fmep yxe HAWiHAas ¢
sHepraa I Dol

3 neproM NMpUOJLIReHUH SHCNEePUMeHTAJbHHE NeHHHE T'0 IMCCOUHAUMA Axep
EeliTeritd ONMMCHPANTCA CTaHAapTHOY EBoNHOROH (iymmumelt meitTpoHa. Onmawo
¥eCcTKad 4aCTh CUeKTpa ¥ Hadjmfeemic NPDOTOHH C NoNepeqHHM MMITYJLCOM,
OTJWMYHHM OT HYJH, B COOTE€TCTEYOT pacyeTy. 3 >TOM CMHCNE He YIABHTeNb—
HO, 4TO C ACMOJB3OBAHMEM CTAHIBRTHHX EOJHOBHX dyHIU.H IMA MAJOHYRJIOR-
HHX KoppedAusl (T:ir@ NeiiTPOHOR) He YRBETCA OMMCATH 4 KyMYyJATHEHOE
PORIEHKEe YacTJL.

.. ueyoM pAIe fadoT crelaHe [OIHTKE OYHICHITL HadmaIaeMie pacxoxne-
HiH P MHKJIO3;{PHHX CEYEHHAX POXIUEHH KYMYJATHPHHX NZOHOP BBEHNEHMEM HO—
BOTO COLEKTa NMORCTPYRTYpH Alpa - (UiyKToHa. [louToHKOii NOR SKClieDHMEHT
HalileHd napaMeTpHd STOr0 o0bOKTA. [Ipn 3TOM OKA3AJOCH BOSMONHHM ONMCATh
pasHbe NpoOUEeCCH: aALOHHHEe i SJEKTDOMATHATHHE C eRAHEM pacnpeleseH:ieM
KOHCT.TYEHTOP N0 NPONONEHOJ KOOpILIHaTE. 3aXHO Tereph LOHATH, .IMed
NOJIHNI; OIHT (rPOROJBHHE ;! NOTEepedHH: COCTARJINILE HMIYJALCOP CAMHX pas—
HHX #HKMo3apHEX vactmn (11, K, '13)), MOXHO J¥ XOTA OH B NIpRHUANE o0msic—
HUTE [ACCMOTPEHHHE JKCNEe:IMEHTANBHEE 3AKOHOMEPHOCT.!.

3aKkueR:e PHpAKaK TPAIHATENBHOCTE MO:M Koajeram D.K.FGonmapery,
A.T.JitTERHEHKO, . A.llaHed] aTUery, EMECTe C KOTOTLMI [OJYHEHH 3KCLepi—
MeHTaJbHHE IaHHHEe, 104y NOGJNarolap.Th 33 MHOTOWHMCIHEHHHe OGCYXHAeHaA
3BTPOEYTHX B 0030pe ronpocor A.M.Banmuue, M.[.Crpurxmanz, J.J.Cpanr-
dynra, A.B.Bppemora, A.M.Turora, I.:l..luxecora.

Bupaxap dnarofiarHocTh O.10.Kyannumoit 3a donbuyno romowk B odoprmeHz:
pasdoTu.

JUTEPATYPA
I, A.M.Benmuu. KpaTkme coodmemna no ¢manke & I,crp.35, AH CCCP (I97I)
2.{a) M.l Crpusxman,Ji. ). opanrgypr 94Ad, 1980, r.1I,m.3,c.571;
() A.B.Bfpemor A%, T.24, B.6, ¢,1208 (I976);
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TPEARIEHAS SPATMEHTAIAA TPOTOHOB C POXIZRHVIFM

IE, K, pt [PV BOSEYENRMMM ITPOTOHANU

1 LLITPOHALL C LRIMAIBCOM ©,9 Tel/c
Tuopmanecky H., T'pexy B., Bdopomcku U., Jurpunenxo A.T.,
Nanedpaties K,A., Nemis M., Crapusckait B.C., Znpo#t M.
O6rellsHeBHEE MHCTITYT ANEPHHX dccaemoramilt, JyoHa

CornacHo TinoTese ﬂHra/ I{ HHRJIOGUBHRE CeYeHuA poxXueHss YACTIIE ¢
IMOYABCOM D B CuCTEMe KDODIMHET, THE YBCTHLA~JDATMEHTATOD FOKORTCH,
C [OCTOM BSHepI#H Baamonenc'rnymmx 9aCTHL, CTPeMHTCA K npeflely, 3&PH—
CAlleMy TOABKC OT uwmvmca P
E4: (S,P) ET(P) (0

JTa ramoresa uanecTHa B JITEDParype Kek I'NnoTeda npeneasHolt dpar-
NEHTAllL, YHPEDCAJHFHOCTH CMNEKTPOR BTOPMYHHX SacTur, ofYCHOBJIgHE TeM,
YTO HadaonaeMide aAPOHH ® NEPEOM IpHOMMXeHUM NepellapT UMNYJABCHOE Dac-
npeResiedde KPApPKOr (JpAarMeHTATOD&.

Tmnoresa npellenbHoil fparMenTanuy spep 2/ Ha OCHORe HHeil arToND~
HeRABHOCT, AQHEJIOTUA C TOYeYHHM PApHROM, NpeNCKasHBaeT RPApK-ISPTOHEYD
CTPYKTYPHY® qyHKUxK Azpa. XBparKTepHoiél 0COGeHHOCTHD CHEKTPOER BTODHY~
HHX YacTml AEJHeTcd HadlbleHAe 3HAYNTENHHO C0JNee XEeCTHMX aNpOoOHOR, CO-
OTEETCTEYDLAX KBADKAM, HeCYIMM MMIYJXBC HECKOJBKE!IX HYKJIOHOR @parmeHTi-
LyRItero ANpa. YHipepCaJbHOCTH CTEKTPOE COXDAHAETCA HpY DPACIMPEHAM
npeneJior UIMEHEH!IA APryMeHTa.

JKCIePUMEHTANEHEA CUTYallMd KA CerONWIUHAK IeHb 73/ OR&3aJ8cEk Takol,
YTO IMAna30H A3MeHeHWsI KMHeMATHYECKMX NePeMeHHHX B ANpOo-fIepHHX B3ax—
monellcTEMAX oka2aycA mipe, YeM B HYKJOH-HYHJIOHHHX B32MMOIECTBHAXN.

B mannolt padoTe npemmpURATA NOMETKE DECLMPHTH MNMaTe30H NePEMEeHHHX
InA pp-paarmonelfcrena. HeoSxommioeTs Taxol nﬂ@op%/m o] /yc.nomeua
eme A TeM, 4TO E GONBWMHCTEE TeOpeTHYeCKuX padoT TOCBALEH—
HHX ONHCEBHKN KYMyJAATWEHOTO PORNEHMA YACTHI, HCXONHNMA SEAARTCA HYKIOH-
HyKIOMHde plaumozielicTPua. TPETHA 3afeus, BHTEXOOHAA w3 NOCTAHORKE
DKCIEPUMEHTR, COCTOAT P MCCHENOBAHMM OMHEPHHX Deakluit Tana

pp - DI
pp - (Ap x M T.0.

WlamMepeHu NPOBENEHH Ha CrelMamM3nPOREHHOH SJAeKTPUHHON YCTAHOPKE
16/ , B KOTOpOfl MMNYABLCH MHKJIWSMBHHX YACTMI M3MEDWIACH C TOTHOCTHIO
¢4%. & yron smuccan wectmr O.2°. VHTEHCHEROCTS USPEATHOTO NYUKA Ho-
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MepANars Ha icripaLait yracpoma ( 6 (pC) = 28ud, 6 (dC) = 4I,6m6).
OCHOBHAA CACTEMATHYECKAST OWL.IGKE HOLMADOBRH OCyCJoEJIeHa ouwnCkoff © Ee-
ZMYAHAY 9TIX CeYeHud i TO HAULIM ONEHKAM COCTREMAET & 7%.
JKCnepAMeHTaRbHHE XaHHKe

Nosrydert sKCNEDMMEHTAThHNE NAHEHE 1O MHEJIW3KEHHM CEUSHMAM P 3aF:i-
CAMOOTA OT UMIYABCA DORUSHHHX YACTAU 1pX GWKCUDOPAHHHX YIVIZX BMHMCCMH
s pp 1 dp-raanvonefcrTisilt COOTI-CTCTEEHHO. [fa pric. I riokzsalk yelHue 1

—

nt o K® K- [SEFHCHMOCTH OT KAHETAYECKOl aHep-
h 2° e o rud pomueHHMx vactiu ( T ), papHoi
S pp{sz“. s % B T =mibix
N, T dp e g s i ] 3 ()
10f "-.\ . e m; Emaccappogmeuaoﬁ YacTIK,
. \\ . a Bv,f'(—‘m‘,c - W‘,) —KPaJpaT pA3HOC-
" e w ™. T YETUPeXCKOpoCTeH RMHKII3: EHON
x \Q - [ .
"= 0} \\- o T~alumermm (L= Y, 10, K, KD oa
i \ dparmentaropa ( K ) ( B Hawem omy-

49ae LpoTOH). 113 pAcyHxe I PilHO,
YTO CMEeKTPH N0 nepemenHoif Ti #me-
0 \t\ ’ 10T BRCIOHEHUAANBHHY BUA:
R Eg3~6sexp(-T: /<T(8)2). (3)
X Tlpuyem P pp~E3aunvolelcTeAu Ind Dn-
10 domor ( II* ) 6, = 50 Mé/TeBcp, a
. <T (I80%)> =49 MeB u  T(62°
R __|= 152 MsB.
01 02 03 04 05  (Coyenus pommersia Kt —mesomor muA
T, = mb./2 yona HabmaneHns 62° coCTSBAAKT NpPH
Pre.I @murcupopsHHomM eprymente T; npeMep-
so Iy K'Y IC = 1: 1072 1070

CymeCTREHHOH PASHALE P ceYeHMAX DORNEHMA YacTWl P pp-il pd -P334M0-
IeficTERAX He HAOJONEETCH.

Ha pmcynke I crpesxofi nokasaH Kuwemarideckuit npemen (K. L. ) max
pPOAIEInIA MOHOB IO YTJIOM 3MMCCHHA 180°. s MOROTOHHOTO XApEKTepa Ba-
BucHMOCTH oT T{ Jare BOJM3M KHHEMATHYECKOTO npellesa cleEyeT, 9T0
CYWeCTREHHEE OTFaHMyenns Ha ceyemmA mad X < 0,95 He HadIKUewTCA.

He prcynke 2 NOKA3LIH HKCTEDUMEHTIENALHHE JaHHHE No AABMCAMOCTH OT
KOCAHYCA yIula aMMCCilA HHOHOE, KROHOB M IPOTOHOE C UMIIyJhcoM 700 MaB/¢c
A pp-paammoleitcTens. B yriioBom pacnpeneneHum ILA LIPOTOHOB XOPOLO
BufeH TR JUPYTOTO DaccefAHsA NPOTOHOB HA NMPOTOHAX C NMepelaHHHM YeTu-—
PEXRMIYIBCOM 0,44(I5B/c)? ( dt (pp)~2Md/I‘sB2 ). Ipa aToM MH He
HAGOKIAEM HepeTYAADHOCTe! npM yryax aMUCCHMM (HE DNCYHKe NOK83aHH
CTpeNKaMHM), COOTBETCTEYONAX KOHEYHMM cocTodnmem DITF i AP (2200)

X% #a yposie 1074 o7 Yilpyrore pp-paccesHusd.
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v — PaKTHIECKH OCCYAlacMie HKOHeYHHe
COCTOAHIIA ARJUINTCA KAHEMATHIECK/AMA
npegenams (K.L.) peamimm. Xaper—
TepHO#i 0COGEeHHOCTEN YIVIOBO} 3aen—
CAMOCTH IUT NHOMOP ABAAETCH peIRoe
H3MeHeHde RAKJOHE npa cos © ~ 0,2
i 3aTeM CHOBA MOROTOHHOE YMEHBIie—
HHEe KOCHMHYCA YTV SMACCHA BIJIOTH
IO KMHeMaTuvecKoro Tpelena. Tak
9T0 X P 3TOM ChOyJyae, K&K N B 3HCD-
TeTHYECKOM crieKTpe Moo Ha I80°
He RaGANNAeTCA TPOAENECHME IPAHMIN
fiesororo oGrema,

AITOpHTM ONMCAHHA DKCITeDHMEeH~
TaMBEHX JAHHHX

Haxoxnmenue Haudosiee MPOCTOIQ

BJITOPUTME OMACAHIA DKCIIeCUMEHTANb—
HHX NAHHHX OTpefeJAETCH EHOOLOM

TIePEMENHE X,

. L A o Axanu3 sxCORpAMEHTANEHHX H&H-—
0 02 04 06 HHX P Tlepemermux X (MuHmManbHad
cos o macca qparventapyomefl Mmue ”/ )

Puc.2 ® P’ c MCTOJB3OBAHHEM TDPANNLIAON-

HO{l 3aBACHMOCTH OT MONePeYHCI'0 UMMYJAHCA AIPOHHHX NPOLUECCOR HAEeT YHOE—
JETPOLHTEAbHOE OILICAHJe [OJNYYEHHHX B padoTe NaHHHX. OHHAKO B BTHX
NepeMeHHHX npy COJbUifX sHepr#AxX (20 + 30 I'sB) naGmouaeTcs pasasume B
ZaHHWX Ha NOpANOK EEJMYIHH.

AHaMM3 PKCTEPHMEHTANIBHHX HAHHUX P nepeMeHBNX o (cpeTORad nepemeH—
Had) 4 P maeT Taxoro noyfIKa PasAnume NLH MAIHX BEJMLIHAX & .
Kpome Toro, e aTux XBYxX nomxomax (X, P,) u (<, P,) BOBHikaeT NpuH-
WATHATEHEA HEONDEZeJNeHHOCTE B "UeHTpaNbHOH 06JzCcT™, TIe X{ RhogH
HeT NPAHILIMAILHOR POIMOXHOCTIH pasiendTh @parvMeHTalAl0 CHApANA K MA-
HeHA.

Ha pucynxe 3 Noxa3aka 3IaRiiCMMOCTh MHKINSAPHNX ceyeHuil oT MiHMMAND~
HO#l dHepImIY P3AMMOLENCTRYIMX ROHCTATYEHTOR () M )u( Xz Mz ),
The M; ¥ Nj - nepeaurne YacTmm ( B npmronemm .ua.ua ceAsp g N Vﬂ- c
Hadnnnaewm PeJIMUAHAMY ) .

Cumposom ( v ) Ha pucynHe 3 nokesam sHepreTaveckntt cnekrp ( ot 0,3
zo 1,3 TsB/c) 1T non yraom 32° o repeuumsx npotoos 3,72 Tb/c/
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Crveonevy (K (®) u #(0)) nore
13aMH sEepreTHYeCKAe 3ABHCHMOCTH
I yrae wedammenns 180° (62°) mam
" 1 T —ME30HOB COOTBETCTBEHHO,
u (+) - yrIoBAH 38BHCHMOCTHL 1O IAB-
- %. & |HuM BacToAmedl padoTH. CMMpOIAMH
( ® ¥ 0 ) noKasaHe YIJOPBA 3&BACH-
° moers ( 0° + 33%) nna mvmymsca ~
- A 3,5 TeB/c ' u I -ME30HOB COOTRET-
CTBEHHO IILM HMIyJbCe HpoTOHOR I2,5
ul To/e /107 & cumponamm (4 ) noxase-
10 HA SHepreTHYECKan 3aEACHMOCTD

(2,9 ¢+ 9,4 Tol/c) ,u,;m yIva HaszAme-
B HiA [ -mesonoB 9,1 NpOTOHOR
1d ¢ axepraeit 30 I'sB ? ?M

. 3aMeTHM, YTO Ha piCYHKe 3 NOKa—
1 3 4 aami ne pe manmde UATAPYEMEX |.200T,

S:.E Petiexne yraEHeH
Puc.3 [X4PI+X2( )Pn

cywectryer rcerna (Xp (X4) -MumumansHO ROSMORHAA Eemi‘lvﬂ'la X5
JaHHOTO A4 ). H~ HA DACYHKe MOKA3aHH Te PeJMUMHH ceyeHili,Ind KOTOPHX
ny(m 1\’2) < 1. Hanpuwmep, M3meHeHre BaxJoH& P YTJVIOBOJ 3AaBHCAMOCTH IJA
mionor (puc.2) npu cos 8 = 0,2 COOTBETCTBYeT Deliehahd )2’-“ I.

Ha pucyere 4 NOKa3aHk 3AEMCHMOCTH KHIJIL3MBHHX CedeHull POREEHAR K-
MC30HOB { AHTHIPDOTOHOE B HYKIOH-HYKJIOHHHX p3auMoNeliCTRUSAX R 3ARKCI~
MOCT! OT NMHAMAJIBIOK 3HEpIMM CTAIKINammiXCA KOHCTATYeHTOR. Ha pucyH-
Ke CMEOMAv: (¥ I V ) NOKa3aHH BKCICDMMEHTENBbHHe Nammde InA Khi K-
ME20HOE N0 JHEepPreTHYECKMM CIIeKTpaM IAA yriaa HataameHin 620, A CEMPO—
aamy (&) IaHHHe J3 YTJIOBOH BABHCIMOCTA [okleHns K'-Me3OHOR, NoJyuer~
HHe B Hacrosmelt padoTe. Cameponamat (@) Moxasaka YTJORSS 38BHCEMOCTH
(9% 22°) pam ammyaBca p~3,7 THB/c B (®) — AMIYILCHEA DABHCHNMOCTE
(2,3 + 3,2 Tob/c) aan yrna nedmomenna 14° i K'~mesomor. Cumporzams
(0) nokesann maHmse gat K -meaoHop (yrnopas ssmcmmocts (8% 18%) mum
amnyabca 3,65 ToB/c) m (1) — panmde LA POXTERMS aHTHNDOTOHOE,

(8 ~8°. £ ~4,4 ToB/c). Bce npweenenHHE NaHEHE MNOXyJeMd NPH MMIYJIBCE
npoTonor 12,5 TaB/c . llyBxTMpOM HA 3TOM [ACYHKe NOKA3auH DKClle-
[HMERTaNbHHe Hallkke 1A naonop (puc.3).

Bce npzpenenHde Ha PHCYHRaX 3 o 4 SKCNepAMEHTANBHHe NAHHHE COOTEET-

CTEYOT M3MEHEHAD KIHeMETHYEeCKHX NMepeMEeHHHX P MHTEPRAjIsx:
0,I =4 <1

s
S
w
]
E]
+
ﬂI

—
o,

T

#
o+ 88
ok aq

o
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F "\ K™ KB 0,1 g £ 1
R P % 3 (TeB/c)?
] N 12,5 o) 0 & 3 Pt <30 IbB/C

10r N 1  Hax pEmmo ws pucysmor 3 m 4 ,

pRCCMOTPeRHNe 9KCOePXMENTANGHHE

IeHAHE ONMECHEANTCA TNPOCTON HRCIO-

HEHUHAJBHO, }}1 3ABNCAMOCTER OT nepe-

| MeHBod Smm :
E d _6 exp( Sm.n/<5mm>>)(4)

THe <S rmn> 0,30 TeB, a RomcTan-
a6 ((md- I‘aBz cp ) pamua
\| * r x © %
ﬁr |6:280 220 140 54 54.

Kex emmno ms pncymror 3 n 4,pas-
0poc sKCNEePAMEATRIBLHHX TOYEK CTHO-
L +— s <! CATeJEHO 3aBHCEMOCTR (4) cOCTaBAII~
! 2 3 4 eT no nopAfky pexrymen IO +,IS% ,

fh ROTOpt MOXeT GHTEH CylieCTBEHHO
Pac.4 YMeHplleH, et OpaTh KOHCTaKTy
pasHoft Iid pasHkx pador.

CussyecKas NpERYAHA Tekolfl mpocroft 3aBmcmMocTx (4), KOTIA Heyupyroe
ceyeHne DORNEHNA YACTMUH C ONpeleNleHHHM HMIYALCOM M YTJOM BijeTa (ar—
THYECKN BABACHT TOJNBKO OT OXHOR nepemermof ( S',f..-n ), o6ycropnena
TEM, YTO ceYeHme OHBADHON peAKumy

XyMp )+ (X M) = mi + (X M +X Mg+ m,)

B CECTEMe LIGHTpA CTAIRMPARMJXCH KORCTHTYeHTOB (X, M) ® (X, Mg)
He 3BBNCHT OT YT/IA BHlleTa poXUeHHO ZacTEy ™M: ( DOARNeHHe XOGABOY-
Hoft MACCH M, NMOACHAETCA B NDAXOXCHWE). C TOYKE SpeHMA TAKOTO NOAXONA
MHOXECTEEHHOE POXIEHME YACTHMI NPH BHCOKXX BIHEDIWAX CBASEHO C DOXIEHH~
eM 30fexTEERNX MACC M; C NOCASLYXIHMM PACOANOM HA RECRONBERO 9aCTHMI,
8 TerXg p3guMOfeHiCTBED ROHCTATYenTOB { I - X4 )My m (I - X, Mjy.

Bupomn
I. B padoTe noJyYeMH 3KCHNEDEMEHTANbHHE PEJNYHHR MERJIOSEBHHX CEYoHHN
poxnenmsa I —mesonos I yrua wasmuenna 180° p sapEcEMOCTE OT MX
BHEPTHE. MsMepemd ceWemns poxmemma IR » KY man yraa nadmmemss 62° s
SEBACNMOCTH OT XX SHEPrAM, KAR LA pp; Tak M AMA d p-psammozieltcTrA
npA MMIyABCe cHapAma 8,9 IeB/c. Msuepeue TMOXPOGHO YIJIOB8A B&BACHMOCTL
CeYeRAd DORIEHRA D, ™'a K'-Mes0HOB B Dp-BsamsofeficTomn.
2, Toaywer npocToft ayTOpATM OIMICANMA NOAYIEHHOR BKCIIePEMERTANbHO! AE—
fiopMansE COBMECTHO C JAHHNME NDYTAX DAGOT.

AN p
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3. B yraosoit BARMCEMOCTH cedeHul! DOALEHNA Me30HOP He HACIKISETCA ka
ypoeme 1072 or YNpYTOro pp-paccedHms npx + 0,44 (I‘aB/c)2 Heperyip-

HOCTelt, COOTEETCTEYIOIIX peaxnanaw
pp - dI*
pp — Ap (2200)K*

Mpirnoxenne

Mrrrovynm 1nTosTHO#t SHEPTHHM CTEJIKHBEWIMAXCA KOHCTATYEHTOB
d{Xy Pr+ Xe (X)) P -0 (s)

f
HAXOIUIM, FROIA CEAB Ap (X,) (wm X, (¥, )) us RMHeMaTHKM IEYX4ACTHY-
HOYt peaxim
(X M) + (XgMp) —=my + (X, My + XoMp+myg), (6)

rite "yacTmia" X, My + X, My + m; IBHReTCH Kak leJoe, & M, — HAGMO-
Haemas MHWIO3MBHOA vactmua ( ¢ ummyabcoM Py 15 yrAom smmccmu 64 ).
Macca m; onpame.itTCY MEccof my : ecm my = l'l’, 70 Mp= 0, ecut
m=K, To Mmg= K" u .1, s (6) HexommM cpasb

Xp= Ao B . )

2 X4 -C
The 4= {BiEs- PBr Picos B + Myma) )

( Er Eg+pz Py - MMp)
B= 4 (mf =mi)/ ( BrEs+Prpg-Msli),
C = (BsEy + Pgpy cos 8y + M;ma)/ ( BiEj +pppy ~ MiMg)

3 ypasrenus (5) Haxommm:

X 2cac.c? { I +\f _ (264 C% CO-aMZc) (8:440)
! : (36-4C0+0%) ’
(8

1

G-A+C

rae 6= E;E; + Prer.
loxoremnas X #3 ypaemem (8) B (7), naxolm X, K, CleNOBETESHO
2
s min :
S

2

%
i [m M2 (X M2 a2 x1-xag:,.

JMTepaTypa
I. Beueckc et.al. Phys.Rev. 1969, v.188, p.2154.
2. A.M.Panmur  Kpatime cooSmemwa no gusmke ¥ I,ctp.35,
Axanemun nayx CCCP (I97I).
3. B.C.Crapauckisit. 94941 I97¢, 10, B.5, cTp.949 .
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6. T,B.Asepuvuena ;1 #p. CooSuenns OVAM, I-II317, jiyOwa, 1978.

7. B.C.Crapmucrat. Coofmemms OMAM, P2-9528, Iiyoka, 1976.

8. B.C.Crapmickufl. Kparxme cootmerxs OWTM, ¥ I8-86,ctp.S5, LyoHa, I986.
9. A.C.Melissinos et.al. Phys.Rev.Letters, 7, 454 (1961).

I0. C.W.Akerlof et.al. Phys.Rev. D, v.3, N3, p.645 (1971)
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PONJEHME KYMYISTTHESHBIK 1IMOHOB M1 KAUHOB
C. B. BOAIPMHOB, C. A. TEP30H, W.W. EBCEER, 0. T. KUCEJIEB,
I, A. JIEKCHH, A. H. HAPTEMLSHOB, K. P, MMXAKNIOB, 8. J1. HOBHKOB,
C. B. CEMEI'OB, ©. B. TEPEXOB, B. A. 2 {HKMAH.
HIUCTUTYT TUOPRTHHECKOM M OF ¢ DOPMIAONTANLHOIM 441 11Ix14, Moc ki

1. BeeaeHue

B nocfnegHne rogs BCe Gofiee WHMELY 02 PACTDAC THaH e MUty aoT 1una
3PpeHWA Ha rAySOXOHeYTpYTHe sigepHue peakuid { THAP ) © pomdactinnged kyny-
AATHBHHX YacTHL kKak HCTOMHUE HMHOOPMAUMM O KBaPKOBOM  CIDUCHI siapa.
THAP oGnagawT PAOOM CBOMCTB, NPHCYUMR CAYSOKOHEeYnpyroMmy PaccosHumn nen-
TOHOB Ha HyknoHe. B peakunax o6pa3’chaHMfa kK yMyAaTHEHUX 4aC T SAPOHHOH
CHCTeMe NepejaeTCR IHAMHTONLIL A JHOPrLA. O ee Beiuvitie HOXHO CYAMTL no
2HEPrMH OAHOrO M3 MNEHOB CHCTOMH - KYMYJAATHBHOrO agpoHa. B 21 cnepumen-
Te HaGNAaXT—A HYacTHUH € SHeprueM Goflee 1 TaB. Tlockunbry ¥ YHYITHBHEL
NpoUecE SBNAGTCA HEeYNPYrUM, SCHO,\MTO Nopedalda SHeprin B aako il coc Tap-
nAeT BenMYUHY nopsaaxa Heckomaux MaB. KuaapaT “eTupaxMepHNru BRIYysbCa,
flepeaaHHoOro ot HaneTalllen Yac THUR K Peric TPULY HMOMY ALOHY,. L TannseT
aecsaTku I":’Bz. B 2THX YCNOBHAX 2JHAMEHME GECYUSH KOMCTANTH B3 KXA
CTAHOBHTC A1 MEHbWE eaMHMUM, H B KauecTie KPaluftau iy siapa cJicdyeT pac-
CMATPHBATE He HYKNOHH , a XBapii . DTa ML Susa bucraszana A M Fanan-
HHM B XOHUE CEeMHOECATHR FOAOPR.

DI03IUBHODY  ceveHne

Cornacxso runoTese A. M BanaMHa, HUHBAPHAHTHOR
OGPA30BAHNA K YMYJATHBHEX Me30OHOL C MaJIHMI NePnelguy ysiphidit Imyabcati

s Ve
NPONOPUMOHANLHO KBAPK-NapTOHHOM CTPy: TYDHOM dylkumi sapa’ * JanuHen-

uMe HCcnegopaHidd., PBLTIONHENIe B MT:‘D’Z/. noka3ami, YTO 3IKCACDHE :HTINGE-
HHE XAPAK TP THE Bphullica O6PpaY HaHMA NPOUTOHUE BULLMA Ot K MTHOH
HUM M YTO  (apaMeTP,  Xapak TOPUIYKIM  3aDMCMMUSTE  CTHYETYRHLH  »YHKUKK
Aapa OT MACWTABHONM MEPCMEHHOM X, HMOET Ty Xe Beanyiiy 1 NPKW  OOALEHK
neprenaMk ynapuux  HURynLcax. [IPONOPUMOHANLHOLTL  COUMEHHA L TRYKIYLHuK
SYHELINt, kax WIBECTHO, XapakTepHa  AaAns rny&i:akom_-ynpyr‘.-l'u PaccenHin
nenTHHOB Ha Hyk NoHe.

M3BoCTHO, M NPOULECC FIYSOKOHEYNPYr o JeNIHHLIO PACCOsSHAA  HO=
Me O NOXanbLHOCTH

g %
CHT NOKaNkHUWM XaPak T -p. Buckalauuoe 8 Npoanonum
B3aUMOOSeHC TBH, IENMBLWEro K+ .PAIGBAHMIN Ky 2 THSHIUX 13 T, Kak
UHIMC - S CHOP MO TTan L=

AYAeT BHANO M3 ADNLBHOMINETO, HE L WU THBODOUMT  MES

HUM ganHumM.
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Haytene raySoxoHeyspyrore  paccastivst RefiTonon 1la SN IX N0 a'alo
RAMPHIe CTPYETYPHUX dyHRUMH CBOGOAHOTO 1 CBA3aMMOrS W S/PC YL RoHA
HAXC 1IPHM x<{1 (W-ONQKT/,/). EQuiC TUCHHEN SKCRHGPHUMOHTAALIID 40 TYNHUM
Ceroflid CROCOGOM NIYUHUHMST CTPYX TYDHON DYHKRHI1 040 8 OSJAC'TH N>) 5D~
AAETCH HMCCMeADBAHHS OGPAIORAHUSI XYMYASTHEHMX ‘AcTHL. OTHeTHM, YTO B
nocAeAgHe® BpeMA  NUSBUWAMCL  MOGEeNH, eadHEM  O6pPajoM  PACCHATPHBEIIME
CAYSOXOHSYNpYoe PACCEeaHNC JIGNITOHOB Ha AApax # ) YMyJSSITUBHOSe poxacHile
anponou/“s”.

2. MMCHODAMOHTANLIR: LOo3YALTATH H HX  OGC YRACHHN

2. 1. BneprMeTalbiana  YC1HOBK S

HaMepennst npopoauaMch  Ha  JOKyCUpylmioM  a/(POHIOM  CNOX TPOMOTPE
SAC-1 /6/, CNexX-TPOMOTR e M TPUPOBaR KYMyMATUBHLG 4ac TV, BHOIGTaOEWe
noa4 yraom sn.:_-ne" NpPK¥ B233aHMOAEHC TBHUM BHYTPCHHENO RPOTOHHOrO nyuxa
yekoputean HI3D € AACPHEHMM MUBeHsTHH. TonHaA 3HepryAa JprmToHLB COC Tasaa-
fa 10,14 I'aB, MHTEHCHBHOCTL ~10*" npoToMoB 33 makaA.

2.2. CnekTPH XYMyRATHEHHX MEe30HOB

E *

Hamepeny THHE C f-: gsg peakuiid pA+«R x B guana’oMe
HUMNYABCOB BTOPHYHEX NHOHOR O, 6-1 ,'62 TaBsc n peaxuHn pA-oKzu B AMana3’OHe
0,687-1,42 r2B/c. Tas € po nNHOHOB NPHBeaeHH

s2s Vs 24
8 %7, nonoxuTeNbHHX KADHOB B CnexTPH ME3I0HOB MOTYT GHTb annpoxcu-

MMpoBaHb pupaxeHreM (T =Cexp( -T/I'o). rae T-xHHeTH4Yeckad 3Heprus BTo—
PHYHOH HEcTHUN. BeNMUMHH NapaMeTPOB HaKNIOHA Chek TPop T° COCTapAART
OKono 80 MaB. CpapHeHHMe HAWMX JAHHEX C Pe3yaAbTaTaMi aKCnepumeHTa, BH-
NOJSIHEHHOI'® NP JHepraKn 400 rsB",/ MOXA3HPAEeT, YO CeYEeHMA 3aBNcAT OT
HaYalNbLHOH 3HeprHu. Tak, npu 60m=_-1x T cevewnn u3 paﬁo‘l'u’-/ npeaLERoT
flofy4eHHHe HaMit NP HAYaNLHOM 3HeprHH 10 B ApHGIMInTeNEHD Ha NApsAdK
BEeNNYKHN,

2.3, 3aBMCHUMOCTE QT XYMYJISITMBHOrO 4ucna

8 pasore”™ npeamoxemo McnonbIomaTL anm aHanMda  AAHHEX NEPEeMOH-

HYD %= KYMyASRTHBHOE YHCNO.

2
E ]
E+m -1 E-flopcos® _ w t_
No(y — ——E) I—T_" al-:onl ANA POXAEHHA A~ -ME30HOB

_, E-~flopcosé ‘z —-’--: -
XwCf — t + ) ana po; K -meacHs
- 2Eom
Evmtm _  E-flopcos® m -
Xl — ——) | ————— + =) ana POEACHMA K ~Me30HOB

Eo n Bo
3neck Eo.fo-AofHAR SHEP it M CKOPOCTE HaleTaomero npoToHa, 8.E.p -yraa
BLNeTa, JHEPrHA KB HMIYNLC BTOPMYHOH HacTHUM, MW, -’l' -K' -A - ™MACCH
MPOTOHA, MuoHa, xaona u A°- runepowa.
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NepemMeHHAA X ONPeaenAeTCA Xax MMUHHMANBLHAA Macca MHWeMH, BHPaMeH-
HAA B eAMHMUaxX HYKJIOHHOR HMacCH, NPH BIAHMOREACTBHH C XOTOPOH KkHHeMAa~
THYECKH BOIMOXHO O6PadaBaHWe HaGnogaeMon vacTiun. Mpu E + o X nepexo-
AWT B nepeMeHHYd CBETOBOIO $POHTA as(E=p ) /m. B cHCTeMe 66CTPO ABMmY-
werocs AAPa X €CTb AONA HMHAYALCA KOHCTHTYSeHTA 4HANDIMYHO NEepeMeHHON
EbépkeHa B rlySOXOHeYNPyrud NenTOHHHKX NpoUeccax.

Ha pwuc.1 nokasaHa aaeucuMocTs {(x) gnAa a*-mesoHoB, Buano, uTo
AaHHHEe, hoNy4eHHue npu 3Heprusax 10 v 400 I's>B,6nuaku.Ha pUc. 2,3  npuee-
genu $yHkuuu £Cx) ans K u K -Me3cHop. .M 34ech TOuKM. OTHOCANMECA X
oSeuM IHEPrusiM, NexaT Ha ogHom NpAMoK. TaknM O6Pa3’oM, noBEe4eHWe CeYeHMA
POXQEHNA KYMYNATHBHHY ME30HOP B aAMANaloHe HavallbHEX 3Heprud 10-400 aB
HOCHT MACWTAGHO~WHBAPMAHTHHA XapakTep, UYTO MOXHO PpaCCMATPHMPATL Kak
npMaHax NokaNbHOCTH A3aumoaenc TBHA. HanoMHuM, YTO Takoe xe nobedeHHe
AEMOHC TPUPYIOT CEeYeHMA DOXASHUA K YMYJATHBHEX npo'roucan/.

CeveHns POXIEeHMA BCEX MEIOHOB HOPODO ONMCHPaKTCH BHPaXeHNeM
fCx)mCenpl -xlxo) . llapaMeTpn Hak NOMOB Chnex TPOB xo NnoxasaHs Ha PHC. 4. 06—
PALAET Ha ce6f BHMMAHHE EAM3OCTL BENMUMH X AN BCEX BTOPHUUHLX 4acTUU.
M3 37TOro ke PUCYHKA BHAHA 23BUCUMOCTE X OT MBCCOBOMD YUCNA A dparueH-
THMPylwero Aapa.

2.4. 3JaencumocTh £ oT maccosoro uncna

Ha pHc. S npuBegeHo OTHoOmeHMe fA(x)/r“(x) anfa a1 “ K ~Me30HOoB.
BuaMo, YTC IKCNepUMeHTANbHEY TOYKHM COoBnNaganT, T e A-233BHC HMOCTH
CevYeHM CauHakoBH. Ha pHc. 8 npuBeaeHO OTHDWEeHHe f‘(x)/f"(x) ana n* L
K*-meacHap. fAanHue MOKa3HBawT, 4YTO 3aBUCHMMOCTL AanA k*-mezonoe Hausanee
cunbHaA.  BQIMOXHAA MNPHYMHA 3TOro 6ygdeT ascyxdeHa Huxe. Ana  Bcex
MCIOHDOB HAGRIAAETCA YCUNESHUHE A-JABHCHMMOCTM Kak NPH YBesHYeHHH X, Tak H
NPy BRAKYMEHVWM B PacCMOTPeHMe Jerkux saep.

Cornacuc/"/' anA POXASHHMA HME3QHOB OTHOWeHHe R'(x)-r“/fn ana
faep Al U A2 gaeT MHGOPMAUMXO O6 OTHOWEHMKM CTRYETYPHBX OYHKLUN ITHX
Anep. Ha puc.7 NOoka’aHy WIMePEHNEE HAMM OTHOWEHHA AnA NHoHOB. BUAHO.
9TO .I.oglt‘ NoYTHN JNMHEeMHO BO3pacTaeT € X, [pUYeM rh/r“ pacTeT auYeMb
6HCTPO, B TO BPEMA xak l‘_h/fcu OCTAeTCA NOYTHM NODCTORHHEM. OTHOCHTeNLHO
noBegeHHs R.B OSNacTM x31 UMSSTCA PAA TeOPeTWUHEeCKMX npeacxasanun. B
PXCMEPUMEHTE HE HAGNOAAKTCS NPeacka3’aHHLe 87" 3nauenun R <1 w
CHALHOS HIMaHEeHMe TeMmna PocTa R, B OGRACTAX uefus JHauenmn X

OAHAKO TOYHOCThE 3XCNEPHMEHTANbHEX A3HHHK HE MO3IAOASAET MCKMOHHTL
HAsMYMe ocC >CTeH B nopeaeHuH Rle). BHTEXaMX 13 Mykmuuctf MO-

. /87
AeNH € QUHAMISYECKHM PeCKeHITHIrOM . 3Ta Mogens eanHHM OSpaloM ONHCH—

PAeT Kax rNySOKOHeYNPYroe pacCenHHe JIeNTOHOE HA AgPax, Tak W poxaeHne
KYMyAATHBHLX nuoHos. [pa napameTpa Mogenu (  pagMyc XOrepeHTHOCTH M
KO2QOHLMEHT DECKEHMNMHIAD) SHKCHPYTCA NO  NeNTOMHLBM JaHHEM 1 3aTeM
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OMUC AHHC  OTHOW':HHIT COYRHHA POXACHIIA MHOHOB NPOROQIY H 63 CBOSOAHEX
napameTpoB. Ha PHC.B NOXa3aHO CNMCANME NONYMCHUMHK HaMW A3MIKNX B ABYX
npeanoncweHMax © pacnpeneneHwt AaepHou nnoTHoc w2’

HaGnogaeroe Pa3anuyue CcNexTPOB KyMyJIATHBHLIX ME3OHOB, BO3HHKIOUMK
NpH $parMeHTaur Pa3HEN saer, B pPaMkax J¢uYKTOHHLHX MOASNeM o3HadaeT,
YTO B TAXEAHx SA4APAX MHOTOHYKJIOHHHX @Uyk TOHOB OTHOCHMTenBLHO GonblWe, YeM
B nerxHx. € APYT'OM CTOPOMH, ecNM BIaMMOAENC TEME, NDUBOASILSE K PORACHHAG
KYHMYNATHBHUR 43CTHUU, ASWUCTBUTENbHO JIOK3aNLHO, TO ero XapP3ak TEDHUC TUK I He
AOAXHU 3aBUCeTh OT TaKMX BeM4YMH, Ka3X PaauycH SAeP WA MX MAcCH. MoxHO
NPeAnoNOXMTL, 4TO BEPOATHOCTH OGPA30BAHMA VYK TOHOB He 3JABUCAT OT A, a
yka3laHHoe pa3anyue CNeKTpoB CPA3JaHe € BAMSHUEM NPapoR KUHEeMATHMEC Kk oM
rpaHMuLN peaxlumd ﬁA-onX/"’. MonuTaeMcA y4ec Tk 2TO BhMAHHe, Rofaras, u9YTo
r(xJ-rochu-x/A_)", rae ! {x) He 3aBUCHT QT A, n-napaMeTP-OltaausaeTcn,
YTO Takoe onMcaHue Bo:m:mo. npuyeM ne?:l anA o -Me;oHD.e. na71,7 ann
K -Me3oHoB 1 nw10t1, 4 ana k*-mMeacHOB. OuMSKXM m BemuMHax n HanaeHw H3
YCAOBMS yBeauueHVs B ABA pa3a 3HaveHun x sv.

Oyuxuuﬂ [ XOPOWO aNNpPoKCHMMPYETCR BHPaXeHUEM f (x)=C exp( -x/x.)
BennuMHE x «o,uo H OTNM4AKTCA AR PA3HHX MEeacHoP acero Ha HeckoAbkO
NPOUEeHTOB. [IPeAdKkCNOHEHUHANLHEE KO3IPPUUUEHTH C AN imn .vr .K‘ GAK3KH
apyr apyry. BeayynHa Cx‘d)’ OSC"—. 3HaveHns ro. BHYMCJIeHHe no yxa-
3aHHOM ¢OPHMyNe C NMPHPEACHMHMMY 3HIYCHUSAMU N, 4NN A3HHEKX, TONYYEHHHX NpPH
IHeprun 400ras/°’. QKAa3KBaWTCH &S 3K UML NOny4YeHHuM HaMit. JABUCHMOCTL
r°~A° Takas ¥e, Kak M 4N [POUecca  AYSDKOHeYynpyroro  paccesHus

S14s
nNenToHOB Ha Aapax . .

TakmMM O6pa30M, A5 BCex ME30HOB CYMecTBYeT MacWTaGHO-HMHBaPHaHTHAas,
He 3aBUCANES OT A, SyHK LR £ (XY, NPEACTABAAKGAR COGOM XAPAXTEPHCTUKY
NOKANBHER CHOWCTB AACPHOM MATEPMH. KyMyAsITMBHHE 4ACTHUH BO3HWXALT, NO~
BMAMMOMY., B Pe2YNnbTaTe B3aHMOACUCTBHMA C KBAHTOBHMH QNYyKTYAUHAMH saep-
HOM NAOTHOCTHM. JEHCTBHTERLHO, NYCTh PNYKTYauust COCTOMT B TOM, YTO Ha
ppeMs AL BoaHMrkaeT HAcca M. BeposTHOCTL TAkON MIyKTyauwy ~axpl-= MAL).
Y4TA, YTO Msm X, U3 HAGNZAECMOW Ha ONNTe 3IARMCUMOCTH expl =x-0,14) no-
Nyqaem AL-Ez:;:.I &M, CoOTBeTC TEYImMYL 3TOMYy At BenuyiuHy r MOXHO paccMaT
PHBaTL KkaKk oueHKY pa3zMepa &Nyx TOHa. 3TOT PailMep He MeHReTCH B U3yYeH=
Hou oBnacTH 1<x¢3,5.

2.5, JapHcHMOCTs { OT NOPNeHARKYNRPHOI'O HMIYNbLCa

Ha puc. 9 noxasaHa NosyvYeHHas HaMH 3ABMCHMOCTL CeYLHMA OCPA3OBAHKA
n ~Me30HOB OT x ANA AAPa Ta BMECTe C AAHHEMH paﬁnru/’/ anA sapa Pb npu
6=00°,120°1 1680°. JMHMAMU CoeAMHEHN TOYKM C OAMHBKOBHMM €. BuaHo, 4TO
APM Xx<1 JMHMK PACXOARTCRA, a NPH ¥>1 MAYT NaApafiIeNntbHo. AHANOCHYHEM OS5-
pAa3loM BeayT cefsl AaHHue Ann K-Me3oHos. Ta xe kapTHHA HaGAKNA3eTCA K Ansa

8
NUOKHHX CEeYeHHR NpH 3Reprun 400 l"aBI '.
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YacTo cevenue f PacCcMATDHMBAKT Kak SYHKUMD ABYX NepeMeNHHX X U p:.
H3pecTHO, 4TO B UEHTPANLHOM OSN3CTU CceYeHWe GHLCTPO NagaeT ¢ pocToM pi.
Ha punc. @ Taxoe nopejeHHMe HaGmoAaeTcst npy¥ x<1. [pn x»1 xapaxTep 3api-
CHMOCTH f(p:) MIMEHAETCA. JeACTBHTENbHO ,MPH HIMEHEeHHH X OT 1 go 3 Be-
NUYMHA P_: anst yrna 110° yBenuiBaeTc HB.J,GI-:B:. a napaMeTp xo ocTa-
eTCA TaxpM xe. kar ansa yrna 180°, rge p1.=_0. Taxum o5pa3om, npHM x>1
npipocT p: He MPpUBOANUT Kk NOAABNEHWID CeYeHHA. 3Ta KapTHHA CYliec TBEHHO
OTAMYaeTCA OT OGUYHO HanwdaeMOW B C TONKHDBEHHMAX agpoHoB.

OcnacneHme 3aBMCMMOCTH [ OT p AN KYMYAATMBHLX TMOHOB HasaKaa-
noce pastee 8”°7. Tam re Ha ocHoB A » nony nna yraom 9=90°
H 1680, GeUT cOehaH BNBOIN O TOM, MTO CeueHue POXOEHHA MUOHOE MomeT OHTh

npeacTaRNeHD B ¢ak TOPM3IoBaHHOM Buage fOx, p:J-rl(x)fz(piJ. CoBok ynHoc Tb
BCOX WUMEIUMXCA A3HHHK MOXa3HBaeT, uTO Taxasd ¢axTOPH3IaUMA He HMeeT Mec—
Ta, M Y1O {x, @IXLLXIFCE).

N o/
H3 agaMMuid Hal ToSNen PasoTH U patoTH

MOXHO MOAY4MTH IABUCHUMOC—
™ f oT p: api PUKCHPOBAHHHX X, Ha puc.10 npusedeHa GyHkUHA
p(pi)-r(x. pi)/f(x. 0} AnA NMUOHOB. C yBesMYeHHeM X HaGHAICTCH yuupeHne
pacnpegeneHism No p:_‘ 3HAA GYHKUMKM p, MOXHO BHYMCIWTL 33BUCHMOCTL Chea-
Hero xpagpaTa honepeyHoro HMnyiabca OT x (puc.11). BuaHO. 4YTO (pi) ana
Aans NUDHOB PO3PacTaeT C )(, AOCTHINas BenuiMHu & (F:’B/c)'. Ha TOM xe pu-
cyHke nokalaHa xpuBasm Ams K -MEIOHOB M NOAYYeHHAsm HaMu Pavee 3aBucii-
MOCTH anst npoToHom 2. AwanormuHoe apeac rasngHie aanmn™’,  oTHocammx-
€A k HayanbHOM 3IHEPrun 400 TdB, rge x=a, NOXa3IWBAGT Ty X KAPTHHY.

OTMedeHHast HeoQHOXPATHO OSULHOCTH XapPak TepPUc THX POXASHWS NUOHOB #
NDOTOHOB ABASETCA eCTecTPEeHHOW B pamkax Mogenw *”, T x. n n p CogepxaT
BaNeHTHLE KBapKi SRASPHHX HYKJIOMOB, M HX¥ OSDa30BaHKMe ONPeaeNHeTCs CTPyK-
TYPHOW QyHXUMEN RAPA.

2.6. Oco6eHHOCTH PoxAeHnsa K-meiloHos

Ha puc.12 npyveegeHo OTHoweHise Rz-l‘ko(x)/r"¢(x) anA PasHuX  AAep.
3aechb xe nNoka’aHH QadHHe, RoAy4YeMHHe B pp- W pPb-BIauHOAeNC TBIAX NP
?Heprry 19M3B, OTHOCAWHECH X O&Jac Tl $PACHMSHTAUNM HaANLTaARUEero npoTo-
Ha/“/. Buxog Ktne:lonos 8 KYMyNRTHBHEX pPeakuMsaIx YCcHuneH, 4To oTMe4anoce
panee 87%'%7. HasmogaeTcs 3aBMCHMMOCTL addekTa OT A. B paMkax mogenu
pekoMeHHaumit i BenitvtHa Rz ofNpegenseT cTenedbt SU=-3 cUMMOTPIIM MOPA.
BuaHo, 4To ans TAxenoru Aapa Ta aHayeuue R, SIM3K0 Kk eauHitue.

Ha puec. 13 nokasaxo oTHoweHus Rsnt“—(x)lf"—(x) ansa Afep Be, Al, Cu,
Ta. Bennunna R’=0,05 H He 3aBMCUT oT x. Takoe nopegeHMe OTHOWEHWSA
R'(:) HAXOOMTCA B COTBETCTBMM € npeacxa’ladHMAMM KeapKOPOR MOOENH $par-
MeMTaumuK ¢nyx'muoe/'/. AHanui B paMkax 3ITod mMoAenH EMC-3dpekTa nNoKa-
3an, 4TO B AAPE MNPOUCXOAMT NEePexauka 4acTit MMAYALCA BANSHTHHX kBADKOB

B XPAPK-aHTUK BAPKOBHE Naph MoOpA. B oThuuyle oT “mAarkoro™ MOps Hyk noHa
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K~ u n ~me3oHoB K wu K -Me3oHos.

“konnex TMEHOoe' HOope SApa AOANHO GHTh "XecTkuM”, T.e, HMeThs Takyon xe
3ABUCUMOCTH OT X, KaK W BaneHTHHe kbapku. Haénoaacmas He3aBCMMOCTb R’
OT X NOATBEPXASET 3TO Npeackas’aHite. 3KCNEepUMOHT NOKa3upPAST, YTO CTpaH-
HAR KOMNOHEHTa "XOnNnex TUBHOro"™ MOPA (R;std) HE 3aBMCUT OT A.

MoxaszanHoe Ha PHC. 14 R‘-f"-(i)/f"r(x)"l-.l/u npeac TaBnAST COSOH He-=
STPAHHYI0 XOMAOHEeHTY '“KOnnex TMBHOro' MopA. R‘ HE 3AaBUCHUT OT X, HQ 3aBM-
CUT OT A. MpeackasaHHan 8" semrunma R‘-O, 04+0, 08 anA cpeaHnx 1 TAXe-
nex AAep 6amM3ka K IKCNEePHMEHTaNbHOW.

OSpamaeT HAa cefi BHIMAHME TOT $aKT, YTO A-3aBMCHMOC Th HastmMOAaeTcs
TONBKO ANA Tex OTHOWEHWM, B KOTOPUX yuacTeyeT K. Tak, oTHOweHWe R =
®f <(xdIsf -(x), TAk Xe kak R ,He 33BUCMT OT A% Cpeau apyrux me3loHoB
K* BHaenen TeM. 4TD B €ro COCTAB DXOAUT CTPAHHWH AHTUKBAPK, B TO BpeMA
xak n”n" K" CONEP®AT HECTPaHHHE AaHTHKBAPKM. OQHO W3 BO3IMONHHX OGbLAC-
HeHMN BHAENEHMOCTH K -MeIOHOB COCTOMT B TOM, uYTO B AgPe, BeneacTane
GaAPUOHHOrO Ok PYXEHUST, HII3WME 3JHEPreTUYEeCKMe YPOBHM Hec TPaHHEX KBapkos
3anofHeHw, a YPOBHM CTPaHHHX XBApKkOB BakaHTHH. B aTux ycnoemwsax poxae-
HWe Nap ull MM dd HOXET OKA3AThCA JIHEPreTHYECKH HEBLrOAHHM.  APYTHMM
CnoBaMK, X¥UMMMECKHH NOTEHUMAN B HAEPHOM BelecTBe u GYAeT NoJaBnATh
DOXOEHHE HECTPaHHHEX MOPCKHX XBapkoB. B >TUx nNpeanonoXeHMAX. COrJacHO
HAWWM A3HHEM, BENIMMHA g 3ABUCHMT OT A. C APYro# CTOPOHH, BO3IMOXHO, TO
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HPIIMMIUN HAGAWAADCHOro ek Ta CHYXMT NOraomeHi me3osoB B Aapax. B

+
3TOM cayvar uvuAeneHHoC Tb K CBslaHa C TeM, YTO CeveHHA BIAUMOAESRCTBHA

HeM COOTBETCTHYIUWME CedYeHMs] A4iA aAPpyrMx Melonob. Oavako

COBMOCTHTE C

K*N teHbWe,
npeanonosesite © CYWeCTBEHHOW DO  NOMACWEGHHA TPYAHO
HaSmogaeMuM @3k TOM YHHABEPCANLHOCTH NapaMaTPOP HaknoHa JOLnekTpoB anAa
BCex BTOPHUHLIX “ACTHR (PUC.2J. 32 KOTOPHM, AO-BHAWMMNMY, CTONT Nodocue
N-pacnpeAenioHid BCEeX KBAaPhOB M AHTHXBAPKOP B o6hacTis x>1.
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COMPARISON OF BACKWARD PARTICLE PRODUCTION
FROM v.NEON AND v.D

BEBC WAS9 Colluboration
presented by J. Guy, Rutherford, UK

1. Introduction

Secondary protons from interactions on a free nucleon target cannot go backwards. Many
experiments have used backward particle production as a tool to investigate bound nucleons, (sum-
marized in references 1 to 4). It has been suggested(%! that selecting events with fast backward
protons might allow one to study the high momentum tail of the Fermi momentum distribution
arising, perhaps, from short range nucleon-nucleon correlations in the nuclens. From another point
of view, experiments in deep inelastic lepton nucleon scattering' 57} have shown that the nuclear
structure functions deviate from the corresponding ones for the free nucleon (EMC effect). Accord-
ing te some of the models which have been proposed to explain this effect(®) the Fermi motion and
the nuclear binding play an important sole, while other authors have emphasised the additional
role of correlations between nucteons®™: these might be better understood by studying backward
proton production.

Several classes of models have been put forward to explain the fast backward proton produc-
tion :

- two-nucleon correlation (or short range order) models(*®'" suggest that the high momentum
component of the backward proton arises from correlations between two (or more) nucleons inside
the nucleus (called two, three or four nucleon clusters).

- average field models**~!%) assume that the initial state of tbe muclevs contains a fast
backward nucleon whose momentum is balanced by the remaining A-1 nucleons : an exponential
tail to the Gaussian distribution of the Fermi motion s introdured to deseribe the momentum
spectrum of the fast nucleon.

- reinteraction models (also called multipl ing or intr lear cascade) suggest that the
backward protons result from several successive rescattering processes inside the target nucleus('6),
including intranuclear absorption of slow pions(\*}.

Some of the predictions of tbe two-nucleon correlation model are not expected in other models
(discussed in section 3). The antineutrino data from Efremenko et al{1%:19) 'with a neon hydrogen
mixture for the target, gave evidence for two-nucleon correlations. Other neutrino data from
Ammosov et al{201), with a higher atomic number target, CF3Br, did not observe the correlation
and concluded that nuclear reinteractions (intranuclear cascade) were responsible for the majority
of the backward protons.

This paper presents data on backward proton and backward charged pion production in
neutrino and antineutrino charged current interactions. The results for protons ate compared with
the expectations of the reinteraction model!™ and the two-nucleon correlation model(1?) . taking
deuterium data to represent this model in the same conditions - and with other experiments.

The simplest two-nucleon correlation model rep target nucl as i baving
a partner which is related to the target like the spectator in deuterium. For example in nevtrino
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cbarged current irteractions, if significant two-nucleon correlations exist, then the backward (spec-
tator) proton would be correlated with the produced muon. One correlation is simply that as the
bacrkward proton increases its share of the conserved sum of the energy minus the longitudinal
momentum (along the beam direction}, the muon share decreases. (The initial neutrino energy, E,
and longitudinal momentum, Py, are not known for each event, but their difference is, of course,
zero. The spectator and target are usually assumed to have initial values of E ~ Pr, whose sum is
constained to be the mass of two nucleons, 2m,,.) As the backward proton, or spectator, takes more
of the initial E -~ Py there is less for the target nucleon and therefore leas for the other particles,
including the muon. The target nucleon is often taken to be off the mass shell in order to conserve
the energy and momentum in the scattering process.

The predicted E — Py correlations may also be written in terms of the scaling variables zg,
and yg, and their product v, = (E - F),/mg :

{zu,)ep = (28,)(2 - a) (1)

where (7g,)up and (zy,) are the average rp, values for the events with and without backward
protons,
{va,)or = (v8,) (2)

and

{vadop = {vu)(2 - a) (3)
where a = (E — Py)gp/m,, for the backward proton (backward protons bave a above 1, as F is
negative). [n contrast to rp, and yg, the muon variables have small systematic errors as they are
not dependent on reconstructing the hadronic shower.

2. The Experimental data

The neon data wsed in this experiment come from an exposure of BEBC {the Big European
Bubble Chamber) to the wide hand antineutrino and neutrino beams generated by 400 GeV protons
from the CERN S5PS. BEBC was filled with a 75-mole per cent neon hydrogen mixtute. Deuterium
data (CERN experiment WA25) have already becn compared in detail with neon!?”) | here they
quantify the predictions of the two-nucleon correlation model in the same conditions (see section
6). Backward and forward tracks are defined with respect to the neutrino beam direction. Further
experimental details for the neon data are given in reference 22, while the protons seen in the
deuterium are analysed in reference 18. A summary of some of the measured quantities is shown
iu table 1.

3. Backward Parlicle Sample

The proton and »* identification efficiencies in neon are shown in figure 1. For the remainder
of this paper the proton and pion differential distributions from this experiment are weighted to
correct for thes, identification efficiencies whose mrans are 87% for protons. 76% for n* and 91%
for x~.

Backword particle differential distributions. Figure 2 shows the normalised invariant p? distri-
butions of the backward particles for both beams combined. The normalised invariant differential
cross section for backward particle production can he fitted as:

i ESN

Ko7 = Cexp(— B(8)p*) (4)

where E and p are the energy and the momentum of the backward particle respectively and 8 is
the angle between be particle direction and the beam direction(!9/,

The lines shown on figure 2 are fits of equation (4) to the data averaged over the whole
backward region. Table 2 shows our measured values of the parameter B.
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Table 1. Summary of experimental details, (p is short for proton). The data are for particle
momenta above 350 MeV /c, except for the last line

v — Ne v—-D 7 — Ne v-D
CC events selected 9520 22196 16536 15332
Mean v,,, (called (v,}} x10* 960+£10 998+ 601+5 61146
1 backward proton events 712 129 875 32
2 backward proton events 43 - 51 -
3 backward proton events 1 - 6 -
1 backward proton rate x10* 85.3+3.2 56+0.5 603+ 2.0 1.7+03
2 backward proton rate x10° 59105 40106
Backward 5~ rate x10° 72409 13202 10808 51105
Backward x+ rate x10° 12113 4905 10.5+0.9 19103
1 backward p and no other p events 322 468
D data : p with 150 < p < 350 MeV/c 665 227 J

Table 2. The parameter B for the lines fitted to the p? d:strlbunons showa in ﬁgure 2 The

second errors shown are the systematic errora due to the P on the id ion
efficiencies
(v + b)- Ne data {v +7)- D data
Backward protons 10.77+ 0.29 + 0.04 121+ 1.1
Backward xt 91+£08+04 147 2.0
Backward x~ 10208 153121
1 backward p and no other p 113104 -

Table 8. Results of fitting Lines
protons

to the variation of the {v,) with o for events with backward

Fit Data x? NDF Skope % with Dy stope
A v - Ne 229 u-1 Q

B 7 — Ne 75 4-1 []

c v — Ne 16.6 M-2 -0.48+ 0.19

[} ¥ - Ne 4.6 14-2 -0.28+0.17

E v — Ne 1 proton 35.9 11-1 []

F & — Ne 1 proton 15.1 1-1 ]

G v — Ne 1 proton 14.2 11-2 -1.2110.26

H & — Ne 1 proton 44 11-2 -0.72+ 0.22

' v — Ne 1 proton 14.2 12-4 -1.56+0.23 7+”
3 = Ne 1 proton 44 12-4 -1.92+ 0.42 3843
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Figure 1.Identification efficiencies for protons
and xt, (combined v-Ne and ¢-Ne data).

Figure 2.
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Figure 3 shows B (for protons) averaged over the whole backward region as a function of
the hadron energy for neon. We see Do variation of B with energy. Our data spans a range in
hadron energy that was previously only available from comp di expenments The mean
B =108+ 0.3 jor nm lies within the range 10 to 14 quoted for several prevxous experiments.
However a change in the slope is clearly seen on figure 2 for deuterium at p* ~ 0.1{GeV/c)?,
near the minimum momentum used for heavy targets. Thus the mini in diffi
experiments may effect the fitted alopes. For momenta above 350 MeV /¢, the deuterium data gjves
B=121%11

Figure 4 shows B (for protons) as a function of cosd after both our data samples are combined.

4. The Data and the Reinteraction Model

In the reinteraction (or intranuclear cascade) model the backward protons are produced by
one or more rescatters inside the nucleus. These models predict events with several forward protons;
these are seen in the data. These events also exhibit features expected from several reinteractions,
becanse the more protons there are, the more backward protons are produced (see Figure 5).
Indeed, Figure 5 indicates that the average multiplicity of the backward protons linearly increases
with the number of the forward protons observed, for both the neutrino and antineutrino beams
as seen previously(?!).

A further prediction of the reinteraction mode] is that the E — P, of the backward proton will
not be related to £ — P; for the mnon, because the target nucleon is not related to the backward
proton. In order to compare with other results, we scale the axes and plot ":‘:, against a.
Figure 6(a) and (c) show these variahles plotied against one another for both the neutrino and the
antineutrino beam. In both cases it can be seen that as the backward proton’s sbare of E ~ F;
increases that of the muon ins roughly in agr with the model.

5. The Data and the Two-Nucleon Correlation Model

In this model the beam interaction occurs on the target nucleon, the otber nucleon acting
as a spectator during the prooess If the target nucleon is muving forward before the interaction,
tbe spectator nucleon is emitted in the backward hemisphere (because the two correlated nucleons
have equal and opposite momenta).

E — P (or v,) correlations. We looked at neutrino scattering on deuterium to see what
distributions to expect from two-nucleon correlations. Figure 6(b) and (d) show results for v-
D and #-D : here the selected proton momenta are between 156 and 800 MeV/c - because the
statistics for bu_kwud pmtuns above 350 MeV /c is small. For a increasing from 1 to 1.5 the v-D
data qualitati the 4 in v, d by the t Jeon correlation model,
indicated by the I.me

Figures 6(a) and (c) showed that v, has only a small correlation (slope of the data points)
with o for the complete samples of hackward protons in neon. Thus the full sample backward
protons in neon show only inconclusive evidence for two-nucleon correlations.

However, we can reduce the contributions from rej jons in the neon nuclei (mtranudeax
cascades) by selecting events with just one detected proton. Flg\u-e6(b) and () show the ratio T'T
plotted against o for events with no more than one proton in the final state. ;e e the correlation
seen in deuterium is partially reproduced in neon. The smatler decreases in neon of v, us o increases
are expected to be due to both residual single protons from reinteractions, and from correlations

between more than two nucl In the p of both t; leon correlation and reinteraction
contributions, we see no way to identify the multi-nucleon correlations in onr data, We also note
that we do not detect , 50 that an i jon with just one observed backward proton,

may also have produced neutrons.
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We calculate the significance of this correlation by various fits to the data (shown in Table
3.) First we note that the fits (A and B) to the complete backward proton data sample with
0o correlation (slope zero) are reasonable, but do improve when slopes are introduced (fits C
and D). However after the pelection of events with just one pruton, the neutrino data shows a
marked preference for a negative slope (at some 4.5 stand pare fits E and G).
The antineutrino data shows the same tread (the slope is some 3.1 standard deviations from zero,
compase fits F and H). We can express these slopes in terms of the a fraction of the correlation
seen in deuterium, and an additional flat contribution (see fits I and J.)

1f we assume yi, is not correlated to a then there are more backward protons with momentum
above 350 MeV/c in neon, (3.0 £ 0.9)% for v and (1.2 £ 0.5)% for 7, attributable to two nuclean
correlations than in & i 0.6% for v and 0.2% for #. The neon rates need increasing by a
factor ~ 2 for the removal of the of events with extra protone. After this correction the aumber of
backward protons in neon with momenta above 350 MeV/c and showing tbe correlation is a factor
10 4 3 larger than in deuteriam for v and 12+ 5 for 5.

8. Conclusions

We have presented data on backward particdle production from interactions of ueutrinos in
neon. The main results are :

- The invasiant p* distributions of the backward protons are similar to those observed with
other heams and targets.

- As expected for protons from reinteractions in the neon nncleus, the coraplete sample shows
no strong dependence of v, on o (Rge- 5(a) and (¢).) This is in agreement with the results of
Ammosov et al(?!) and in contrast to an earlier 5-Ne experiment, Efremenko et all*®, (with smaller
statistics but a lower threshold for detecting backward protons.)

1 Fl

- When we remove events with more than one proton (i d for i
from the sample, the neutrino and antineutrino data both show effects expected from two-mecleon
correlations (see figure 6(b) and (d)), in agreement with Efremenko et al(3®),

- The number of backward protons in neon with momenta above 350 MeV /¢ and showing the
iwo-nucleon correlation i3 a factor 10 + 3 larger thap 5n deuterium for » and 12 % 5 for 5.
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OEPASOBAHWE AJIPOROB C BOJBIKMY NOIEPEYHHME
MY IECAMY B AIIPOH-ANEPHHX COYEAPEHIX

P.M.Cymen
MHCTATYT JRSHKE BHCOREX 3HepTHRt, CepOyXoB

Bpenenne

TlpoueccH 06PABOBAHWI AKPOHOB C GOJBINMZ HONEPSHMME MMITYJIhCANMA
(P;) TPOMCXOAAT Ha MAJHX N0 CPARHEHAD C DRSMGPAME GIUPOHOB DACCTORHH~
Ax. Mx, HApAAY ¢ IVIYOOKOHEYUDYTHM DRCCEeAHHEM JELNTOHOB, OUPA30BAHMEM
MACCHENEX JENTOMHMX nap ¥ e*e —ammrwrmpelt, OTHOCAT K TAX HAINBAGMHM
ZECTKHM IPOLECCAM.

B HacToAmee BpeMmA MPRHATO CUATATH, ITO B NONOCHHX BsammoielicToE-
AX HeNOCPEeACTBEeHHO YYACTEYNT CTPYRTYpHHE COCTARIANIME ANPOHOB = Nap-
TOHH, [OX KOTODHMYM INOHUMANTCA KBADKYM M TVIDOHH, & BpARE CaAyYaeB~K Co-
Iee CuoMHNe CYOAUpoHHHe OOBEKTH, TAKHE, RAK "COCTABNANMEE" KBADKM, IH-
KBAPKH, MEB0HO- M GRPMOHONOROGHHe COCTOAHHA.

KeCTREE COYAAPEHEA AUPOHOB C SIPOM HMEDT CreIEiMYecKHe OCOUEH-
HOCTH. CevYeHHA ROCTKHX HNPOLECCOB MAJH IO CPABHEHWN ¢ THHMTHIMM &%~
POHHEMI COYOHEAME. IOSTOMy AWPO A TAREX NPOLECCOB OKASHBAGTCH NOC—
TaTOYHO NpospadHIM, TeM He MeHee, HAjeTanu#t anpoH, mpexne 9eM ero
ducTpul DApTOH XeCTRO NMpopaamMoRefCTHYeT BHYTpA sampa, MoXeT cpoelt
MATKOR KoMIOHeHTOR HpeTepmeTh BBaEMOUeficTHie Ha NMOBEDXHOCTE ANpa,

a 9T0, B CBOD OYEPElb, KAK-TO NOJKHO OTPABHTECA HA HabHeRmeR cyAnde
naprona. PacupocTpaHeHme ONCTpOTO LAPTOHA B IIOTHOR anepHoit cpene mo-
XeT CONPOBOXJATHCA MITKAM MHOTOKDATHHM DACCEAHHEM ¥ HWIYICHHEM IVIDO-
HOB, 2 Tax®e NOBTODHHM XSCTHMM B3aEMojelicTEHeM. Ecim mapToH IpeBpaua-
eTcAd B aEpOH B Opefe]ax Apa, TO OR MOXeT M OOIVIOTETHCH. BaammomefcT-
EHE HA NOBEPXHOCTE AIpA Re ARMAETCH OCH3aTeyrHOR cramwelt B ciylae,
KOTNa anpoH HAXOJUTCA B COCTOSHMM cxaTol KomfuMIypaipm H BemeT ceda
nMono0Ho HApTOHY.

Bce 9T™® 0COGEHHOCTH, HeCcMOTPA HA CJOXHOCTH IPONECCOB, INOSBOJANT,
no xpafigeft Mepe IPHHUMIHAUBHO, HCIOZHSOBATH AAPO KAK YHEKAIBHEHR
fwmTp Bomiopof (YHKIPE ANPOHOP B AHAMEBATOD HPOCTPAHCTBEHHO-BPEMEH-
Hoft RapTHEHM XECTKOTO P3amMOmelCTERA.

BosHuKaeT Takxe BOHPOC O TOM, HACKOJBKO AJCPHAA Cpela OTPaxaeTCR
HA IpONIecCce afpOHM3ANME IAPTOHOB, HE CONEPEET JM OHA HEHYKJIOHHHE CTe-
nenm cBodopH, He AedopMEpyeTcA Ji CTPYKTYpHAa (IyHRIMA IMOOHOB B ANpe
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4HANOTHIHO M3BECTHOMY EMC-3(fexTy I8 KB&[KOB. Jrd ¥ APYTHE NORCO~
HHE BONPOCH OTHOCATCA yXe K OONYYeHHU HOoBoll mapopMaipm O cBORCTBAX
ANepHOM MarTepHu.

Toxem 06pasoM, IPOLECCH OCPABOBAHEA BNPOHOB C GOJBUPMHE P, HA
Anpax HecyT B cede HOBYN mnjopmalmo o B3aHMMONCMCTEREM KBADKOB H IVID-
OHOB M NPeRCTABRADT CAMOCTOATEJbHHI B MHTepocHHA mpemMeT HcciexoBa-
il .
B HACTOALEM JOKEANE NEJASTCA MOMHTHR ZATH O0630D OCHOBHHX BKCIG-
PUMBHTANBHHX DeSYJHTATOB 00 00pAZ0BaKIM ARPOHOB ¢ COJHIMMI lonepeg—
HHMH MMIYABCAME B ATPOH-HICRHHX COYBAPEHUAX, M MPOKOMMEHTHPOBATD MX
¢ TOYRH SpEHRA COBDEMEOHHNX KBapK-TIAPTOHHHX Momenel.

I. OmmHOYHOE 00paszoBaHWe ANPOHOB C COJHLIMMIL PT

Tlepene 9KCHEPHMEHTH 0O OCDASOBAHNN ANPOHOB € COJBIMMH Pp B afi~
POH~INEPHHX COYAADSHEAX GHIM CBAZAHH C M3YMOHNEM NHKIDBKEHHX peaxmud
00PA30BAHNT 3APTREHHHX AJPOHOB BO Baamoneicmu’ Bpo'ronos CO CJIOXHH ~
Mz ampamy Be, Ti u W npm sHeprmm 200-400 T'sB 1,

PrA-—=+h®+X

’ (1)
+
rie h® oGoanauesu T* -, K -mesomH, p ¥ T. FUH M3MEDEHN MHBADHARTHHE
MHKJDSUEHNE CEdeHHA 0OF yrioM okoio 90° B c.Il.M. CTATKUBAOUMXCA HYK~
JIOHOB B O0JACTH NONepedHHX JILCOB O,SSPTS 7,0 aB/c. loxydeHnne
IaHHHE 3aTeM OHDM yTOUHEHH . Wamepennne ceveHmsa JNONYCKAMM Dapa-
MeTDHSAIAD MPOCTHM CTENeHHNM JIAKOHOM:
d*

E g% = C=¢ R @
OKOHYaTeJbHHE OKCIEDAMENTABHNE De3yIbTaTH 1wl Nokasateni ok (Pp)
npepcrapieHs Ha puc. I. OGupm LN BceX COPTOB OODATYINIIXCT QPOHOB
ABIeTcA 70, YTO NOKASATENL o pacTeT ¢ yBEJMYEHHeM Pp ¥ FPH caMux
OOJIBUIFX NOCTETHYTHX HMIYIBCAX MMeeT TEHRCHIMD R BHXOIY Ha IVIATO WA
NATeHAD, BeJMYMHA X B WMPOKOH 0GI2CTH P,r CylleC TBEHHO TPeBHIIZET AU~
HELY. JT0 O3HAYAET, YTO 3IJPEeKTHBHOE YHCIO HYKJIOHOB B AXpe NpehLmaeT
X peanbHOoe WMCJO. Jaxoe AnepHOe YCHAeHEE BA NEPBHX NOPAX BHIUIAKENO
ROBOMBHO CTPAHHHEM M IOJYYANO HAYBAHUE AHOMAMBHON A-3aBACHMOCTH.
OTMeTHM eme OIHY OCOGEHHOCTH A=3ABHCEMOCTMY WHK/NSHMBHHX CEYCHHE
B 9TEX pesyapTarax. lloxasaTefs o HEONMHAKOB AN DPA3HHX COPTOR dac—
THI. MuHEMAALHOE ANEPHOe yCHMcHHe EME6T MECTO A ceveindt odpasoBa—
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man 57 - # K'-mesonop, BeMMWHHR o He mpesmmmer I,I5. Ln cevemut
0o6pasopaHA K -Me20HOB H MPOTOHOB oL HOCTHIGET yxe asadewmd I,3, a
I cedeHwl OOpASOBAHMA SHTHITPOTOHOB - 3HaveHma I,5.

0eR aned by, 6B

Puc. I. SaBHCHMOCTH o. OT P'r B IDPOTOH-ANEDHNX COYAADESHIIX
DK aue9m7 400 I'eB. Cnmommad JHHEA - DPACIETH MO
MOTeJH 16 , OYHRTHDHAA JENMA - HO MOZeJ /Ig/r.!

lipy pacUEpeHNs IEANAS0RA JHeprull HareTaIMpEX NPOTOHOB OT 70 mo
800 3B, rme HIMepeHHA OWAN BUIIOAHGHM TAKKE LHOJN YIVIOM 9 s C.l. M,
/3-5/ , OHED BHACHEHO, YTO HOBEACHNE DOKASATENH X B 32BHCHMOCTA OT
Pr CPABHHTEALHO cyado, HO BCE Xe BABNCHET OT JHEprud. [GARLMCH M Ho-
BHE KAa%ecTBeHHEE OCOUEHHOCTH Uponecca. Tak, MPE MARCHMANLHOR ROCTAI-
HyToi sHeprmn 800 I'»B peswysHA norasaresd o (cM. pc. 2) mamaer jo
eIuHELH OpE Py OKogo 8 TaB/c 1 ocTaeTcA MOCTOAHHOR BIrOTH Mo IOI'aB/c
(DpH GouBEMY HAYEHNAX Pr Bawepesmll moKa HeT). Bamuo DOQYepHHYTS,
YTO BHXON HA GNMHMLY HOKABATEAA o HMEET MECTO )M BceX COPTOB HC~
CICTOBABIAXCA ME30HOB B onnofi X Toll me odmacTH Pr' B TOM YHCJIe H
LA K -uea0HOB.
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Puc. 2. 3aBHCHMOCTB o OT P, B HPOTOH~AKEPHHX COYIADPEHHAX
npa axeprym 800 I'sB,

Tlpr exeprim 70 I'sB Gimd TPOBGREHH, MO-BUMMOMY, HamCosee gme-
TAJBHHE, nc?uenoaam HpONECCOB OGPASOBAHAA aXPOHOB C COJBIMA P.r Ha
Anpax /63, . B mamepemwx ONT OXB2TEH HaHCONBUMY BHTEPBAN CHeRJMHTO-
Bolt nmepemenHolt Xp = 2 PT/‘G B OOJydeHH Jydume TOYHOCTH HA UEPOKOM
sadope amgep (D , C, AL, Cu,5n , P§). B aTHX HCCASEOBARAAX GRJIO
OCHapyXeHO 33METHOE OTHIOHeHWe ceveHWll o0pR30BAHRA BCEX COPTOB &Ipo-
HOB OT cTenexHo A-saBmcEMocTE, [OKasaTesh o Ipm 3TO# SHEpIER 2aEB-
CHAT He TOJBbKCG OT PT. HO H OT A, IpEYeM C yBeJAYeHMEM A EIO BesMYMHA
najaer. Hamdosiee HATJIANHO HTO MOXHO YERAETH HA HpAMEpe SKCHEpUMeH-
TaJbHO# 33ABMCHMMOCTA TEK HABHBaeMOI'v Koo(fuImeNTa ANEPHOTO YCRNEHRT

R or maccoBoro wmesa A (cM. pme. 3).

R = Gpa/AGpp. (3)

I TpuBeneHMA cedeHuit X ycpeiHeHHOMYy HYRJOHY BsdATa cyMMa cedeHmil
oopasoBaMa ST - K 917 -MO30HOB B DP-COYARPEHEAX. B ciyvae cupasen-
JHMBOCTE CTElSHHOTO 34KOHA JKCIEPHMEHTAJNBHHE AAHHHE B BHODAHHOM Ha
DHECYHRS JIorapuiniriecKoM MacuTade JQUAHK ONMECHBATHCA NDAMHMN JIEHUAMYE,
Y70 B JefcTBETENRHOCTH HE BHIIOJHAETCHA. Ha 3TOM ®e DHCYHKE LA CPaB-
HEHAA NMPABEREHH PEesyJALTATH, DOJyYeHHHe mpm sHeprw 400 I'eB, mpm Ko-
TOopolt cTeneHHas A~38BHCHMOCTH MMEET MECTO.
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Puc. 3. BaBucHMOCT: wospisipienta amepsoro ycmremma R or
MACCOBOTO THena A i JWKCHDOBAHHNX 3HaveHmi P,I..
fneproe ycmueHwe Npm sHeprmz 70 I'sB mMeeT COJLIYD BEJIMMHY,
RocrEramayw 20 An1 ANep P B olnacTh NpenemHEX asavenmit X.. fnep-
Hoe yCHISHWe NPOSBJMIETCA Xaxe IJA npocrelmero smpa - Lefitposa. 3dro
HUCTPHpYeTCA Ha pac. 4 7 5.
' 40 -

! p.d =TMaX
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-

o ) ulz ’ n‘& ’ (1‘6 0‘5
Xy
Prc. 4. 3amucuMocTh R paa cymss cevexutt o6paszopaHmA fr'e # 9T =

Me30HOB NPOTONaMM He FeBTpone mpH aneprmi 70 T'sB.
CriomHA JHMHUA - pacYeTH ¢ yueToM feaE-TBUMOHNA HYRIO—~
HOB, NYHKTHDHAR JIMHMA — DRCYETH C YYETOM IEPepacCeaHHA
¥ BRJIAUA WECTHRBAPKOBX COCTOMHMH.

Ra pECyHRe 4 NOKA3aHA BABHCHMOCTH R OT Xy LA CYyue cevueHut odpaso-

BaHEA Nr*- & ST -ME30HOB, g HA pHCYHKe 5 - Ond ceveHm oGpasoBaxmd

K —830HOB B ANTMIPOTOHOB, KOTODAR, KAR M cyMMa cedexmdt 7 -Me3OHOB,

He NOJIHA BABACETh OT TOTO, NPOHCXOIAT JH MX OUDRSOBAHME HA MPOTOHAX
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W HeilTponax, MoCKONBKY K -Mesond ¥ D He coZep®aT BajleHTHHX KBADKOB
HexoxHolt cucTEMH.
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(0) z aHTIMIPOTOHOB (@) MpOTOHAMM HAa NekTpoHe IR
sHeprm 70 I'aB, CniomtHe Jomvu - PacyeTH ¢ yYETOM
depMM~IBUXCHAR HYKJIOHOB.

Sucnepmem?m,?ue JAHHHe, NOJYYEHHHe B OyIKE 77 -ME30HOB IPX
anepmm 200 I'eB 1o, , KATeCTBEHHO MOBTOPANT A-BAFHCUMOCTEL B {IPOTOH-—
AREPHHX Coygapenuwax (cm, puc. 6).
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Puc. 6. 3aRMCHMOCTB o OT Py B COYIADEHMAX 71~ -ME30HOB C ALPAMH

op! Igyepm 200 TeB, CwomHas JomHuA - pacdeTH 0O MoOXe-
T .
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Hexorophe Had/mpjane@ecs 3nech OCOCEHHOCTM CBASAHH C SABMCAMOCTHD <
OT KBAHTOBHX YHCEJ OODAZYWIWNXCA JACTMI[, JTY SABACEMOCTE JYUNE BCETO
MORHO NPOGJENMTH IO OTHOMGHHD COYEHRH WIM BUXOXOB PasVMIHEX JacTHMl.
OTHOmEH®A CEYeHH, KAK K caMM CeYeHmd, ONMCHBANTCA CTENEHHHM 3aK0o-
HOM, 2 HORA3aTeJb CTSNEeHE mpu A BHpaXaeT DASHOCTb HokasaTencd B A~
SAMICHMOCTH CeTeHAll o6paBoBAHKNA COOTBETCTEYDWHX HACTHIL:

B8 = =0z, ()

PesyapTaTH MaMepeHuE BEMEMMHH A B HyYKaX HPOTOHOB Np¥ 3SHeprmax 70
7 400 TsB, a Tarkae B OY4RE JT -Me30HOB Ipu oHeprma 200 I'sB, noxasaHy
Ha puc. 7.
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Puc. 7. CABECHMOCTD Atk OT PT. 0 - PA-COYEADEeHMA OPH 3HODPIER
70 I'aB, ® - pA-coymapeHRA OpR 2Heprmm 400 I'9B, & -
17"A-CcoyZapeHEr npm aHepram 200 I'sB.

Wa pucymra BumHO, YTO CYWMECTBEeHHO# pasumi B A-SaBRCHMOCTH CeveHwil
06pa30BAHMA MHMOHOB PASHHX 3HAKOB He HadmopaeTcd. CedeHEA OCPaSOBAHHEA
BCEX NDYI'EX YACTAL OO CPABHEHHMD C JT -MeSOHAMA DACTYT C YBEeJHYeHHOM
A, 4TO BHpamaeTCcd B OOJONATENBHOR BesmuaHe A% . PocT oTHomenu#t cede-
it G+ /Gx+ He 3aBUCNT OT Py, HO MMEeTCH 3aRACHMOCTh OT SHEPIMM HA-
JeTanipx MpoToHOB. C yBeJMJIeHAeM SHEPrHH IPOTOHOB 2TOT POCT 3aMend-
eTcd. 3aBMCEMOCTD OT COpTa HajeTammcd YacTAEIH afech He HAGKIAETCH.

Bojiee cuOXHYD RApTHHY MH BENMM OpE OCpadoBAHAN K -M830HOB. B 06—
JmeTR Py no 3 TeB/c A-3amEcuMocTs OTHOmEHHE ceveHmi Gy-/Gw- OcTaeT-
cA ofMHaxoBod BO BCeM MEANASOHe SHeprud Ian OCOBX COPTOB HAJOTAMIEX
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vacTi. Oprako B OONAcTR COMBIMX SHadeHwit P, BeMwuMHA Ao , NMOAYIeH-
Hag B Oy'YKEe NPOTOHOB, BAMETHO pAcTeT C YBeJirieHEeM P, ODEIEM pocT
samMenmIeTca NpH doJee BHCOKMX BHEPIMAX. B NMyuKe 77~ -MEBOHOB TaKoro
pocTa Heé HAGWKIAeTCH.

Hanooumplni! pOCT OTHOWEHMI ceveHM NpocueamBaeTcAd B 00pPAaZ0BAHER
npoTonoB, B odnacT# Py mo 3 I'sB/c nemiluma oo He BAEdCET HE OT
3HEPI®M, HM OT COpPTa HAJeTARUMX YacTud. B oGsactn P, mume 3 TeB/c ax
B Iyuke IPOTOHOP yMeDeHHHX aHepIull nagaer, B TO BpoMA Kak Ipu dojee
BUCOKMX SHEPIMAX OHa pacTer. Jamite, MOJyueHHNe B [yyKe Ji ~ME30HOB,
NoXOxM Ha pesSyJEBTATH B IYURe NpOTOHOB mpn 70 I'BB.

Tarym 00pas3oM, HAGIONASMAA SABHCMMOCTL CEYEeHMK OT KBAHTOBHX YH-
ceJl o0pasywucs alpPOHOB CEWIETENHCTEYET O PamMuuAX B MEXEHWEMAX
00pa3eBaNHA PAVIMYHEY YaCTHLl ¥ NOCJEIYKILITO XX UPOXOXIEHMs yepes
AJIEPHYD cPefy.

ANpoH-aNpOHiHe B3aMMOHEHCTEAA C 00Da30BaHWEeM YACTHIL & GOJBIMME
Pr TMPHHATO ONMCHBATE B DAMKAX KBAPH-DADTOMHHX Monenel. HamGonee nomy
JYIDHEMY B3 ABIADTCA xsasmaoxp:mmwmecva? n7pmom{ax MojieJIb
( KXli-moxeJs) 1/ H MOBENh OOMEHA COCTABRTANMME (MOC). B ocuoBe
nepeoik B3 mmx (cM. pac. B) JeEMT mpe:sTARIEHME O TOM, Y70 B XavecTBe
DAPTOHOB BHOTYNAKT KBADKE H DM0Cin, ooIeHEA BIAMMONCHCTBEA KOTODHX
BHYACJAOTCA 110 KBAHTOBOR XpOMOD - 2rie, KBapKM H IVIOHH HECYT onpe-
DeneHHNe NOJE MMIYJBOA HANETAUMETO afpoHa. PacOpeleseHne N0 AMIY/ILCY
OIMCHBAGTCA CTPYKTYDHEME dymkimmm F (x G), ompefiesderam B3 sKcHeM—
MEHTOB U0 TUyJOKOHEYNIDYTOMY DacCessHul JeNTOHOB. KsapkaM B IVIDOHAM
NPEIMACHBACTCA TAKKE HEKOTODHE nonepeuxul maryskc Kp. oTpasanuEl X
BHYTpeHHee NEWmEHYe, ITYy BEVEMOMHY OOWRHO OepyT M3 OUHTOB 0 06paso-
BaHMD B QUPOHHHX COYNADOHWAX MOOHEHX Iap < OoJbamvi Maccam#. llocxe
BaapmofieiCTBAA KBADKE ¥ IVINOHH 3aTeM ANPOHW3NPYWTCA, 00pasyd CTPYH
QIPOHOB (B TOM WMCAE M ANPOHH € COIBHUDAMA PT). pacIpefescHAe 10 HEM—
IYZBCY B KOTODHX BBOINAT B COOTBETCTREK C (yHmamel (fparvenTamad
G (Z_G?), onpele/menoll ¥3 SKCIEPUMOHTOR O OGDASOBAHAD ANPOHOB B
pouecce ete ~ammrmanpm. CTPYRTypHEe Oymxwm BiyHkumd $parmenTa-
UHHE SaBACAT oT G°.

Baxio NMORYEPKHYTE, YTO OTGOP B SHCIEPHMEHTAX AHNPOHOB C GOEImMH
P, U3-3a KpyTO NANANIWX CHGKTPOB HPUMBORHT X TAKOH ceaeKipm CTpyH,
ROITA &IpoR ¢ GIbIM P, HeceT okono 0,8 mvmyssca meXORHOTO IApTOHA,
7 NMO9TOMy XOPOmO OTparaeT cBOofCTBA PACCEAHHHX NAPTOHOB.

Kil-momesth CPRBHHTENHLHO XOPONO OIECHBAeT 00pPAS0BAHHE MESOHOB C
GoaBAME P, HO CWIRHO HPOTHBOPSTUT SKCHEPEMEHTANHLHHM NAHHIM HO 00—
pasopaild CApACHOB. MONeJNh OCMOHS COCTARIADIMMY UONYCKAeT B KagecTse
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NapTOHOB TaKke ME30HONOMOGHHE M Gap:iOHONOKOCHHE COCTOAHA.I800X0hMHe
CapaMeTpH IJb ONMMCaHRA B3amvoleHCTEMA TaKMX HADTOHOR SAMMCTEYWTCA M3
OHHTOR N0 PACCEAHMR &IPOHOB,

a Fod? Giza?
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Prc. 8. llwarpamMH Moxejielt XecTHOrO 0Cpa30BaHMA ANPOHOB:
a) K-monenb; G) Monesb OCMEHA COCTEBITOUFMA,

C TouKm 3peHmA 3THX Molejell snepHoe yCHIEeHWe MHIUID3UBHHX cede-
HUlt oCpasoBaHEA YACTHL C GOJIHIMNMIT PT Ha SIpaX MOIVIO CW TPOMBOATH WM
n3~3a JefopMAINT® CTPYKTYPHHX (iyHKI!I DapTOHOB B fXpe, WK 3a CYeT
afipexTa 0T NepepACCEAHNA DADTOHOB B ANEPHOt cpelie. JKCHEPHMMEHTAIBHHE
IaHiHe N0 ASYy4YEeHHD IJYCOKOHEYIPYIOTO pacCedHHA JENTOHOB Ha HAfpax Io-—
BODAT HaM, OAHAKO, YTO MEBMEHEHRA CTDYKTYDHHX (yHKiMil KBADKOB B fAxpax
W He TOTO BHaKka M macurada (EMC-addexT), WHM COCDPEROTOYEHH B 06—
JISCTE OCJIBIAX 2HAYEHIH X,l. (pepMu-nmEEACHME HYRJIOHOB B sgpe). loaToMmy
eCTeCTBeHHO! MpEIKHOR ANEePHOTO YCHWIeHHA /lla agggy;eccax ¢ Cosbmna P,
clefiyeT CUETATH NepepaccedHwe IapTOHOB . Hepepaccesmue MomeT
ITPORCXOMTH KAX NO XeCTKOTO B3amdoneltcTBmm, Taxk ¥ mocje Hero. B ogo-
¥X CJIy4aAx NproCPeTaeTCH NONOJHHTEJBHO X MECTHOMY PACCEAHUN IONeped—
HHif AMOYJBC, BERAY Yero MSMeDEHHHE WHKINSHBHHe COYeHHI MOIYT CHJIBHO
BO3pAcTaTh.
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B pamMrax TVIOTESH O HepepacCesHVy NapTOHOB JIETKO NOMATH HEKOTO-
pHe KayecTBeHHHE OCOCEHHOCTH 3ABMCHMOCTE [OK33aTeqd o OT KBAHTOBLX
ypces cOpasOBABIEXCA SIPOHOB, K ~Me3OHH He MMENT B CBOEM COCTaBE Ba-
JNIEHTHHX KBADPKOB MCXONHOI HYyHJIOH-HYHJIOHHOR cucTemu, llosToMy X o0paso~
paliye B NPOTOH-ANEPHHX COYTAPeHX CBASHBANT, B OCHOBHOM, C IVIDOHAMA.
TUOOHH Xe yMenT MOYTH IBOltHOW OPeTOBOH 3apAx, YTo FOJMHO HPUBOIMTL K
ooJbwelt mo CPABHEHMI C KBapKam¥ BePOATHOCTH NePepacCefHnA K TeM ca-
MHM K GoJiee BHCOKOMY SHaYeHmmo moKasaTesd oo . To xe camoe MORHO 0T-
HEeCTH ¥ K 00pa30BAHMI aHTMOpOTOHOB., HampoTum, B ciyvae Bzamozeiicr-
BEA 77 “-MESOHOB C SNDAME OCHOBHHM HCTOYHUKOM K -Me30HOB JOJXHH GHTB

U ~KBUpMAE, COZEPRAUMECA B MCXOMoil CHCTeME, B CWIY ¥el'0 M IOKAZa-
TeTh % B A-33BUCHMOCTH OOpa30BaiWA K™ -ME30HOB B MyuKke 77 -ME3OHOB
HE CHJIRHO BHEEJAETCH 110 CPABHEHV C NpyTuMd.

MoxHO OPSINOJOKATH, NOYEMY ¥ IJA OCpa30BaHMA MPOTOHOB BEJUIMHA
o Soablie, YyeMm IS 5T -Me30HOB. Mu yXe oTMedaJs, 4TO MOXeJb ¢ (fpar-
MEHTAUMe)! KBAapKOR B ANIPOHH He ONMMCHBAET 0ODA30BaHUA ODOTOHOE C (QJB—
v Vvt Pr B QNPOH—ANPOHIHX BaaumonelicTEMAX. Boamoao, Y10 B 06pasoBaHi
TMPOTOHOB_QCHOBHY® POJL AIpPapT doJlee CJIOMHHE CHCTEeMH, HAIPHMED, M-
kpapkt /Y. Torna ecTecTBeHHO OXUEATH M GOJIBIES IO CPABHEHIN C o0Da-
3oBarMen Me30Ji0B 3HaueHHWe nokasarTend o .

JUiR KOJMYECTBEHIOTO ONMMCAHMT AHOMANEHOR A-32BACHMOCTH cedeHv
00pa30BaHRA aNpPOHOB C CONBLIIMK 1'—'T cymecTByeT pan momeneit. O OTMmA~
YaTCR, B OCHOBHOM, BHOOPOM OCBEKTOB NELepaccedHud B CTafky MTPOLECcea,
Ha KoTopolt nepepacceRHre Xaer Haudouwumfi sfdexT. IIpuBefeM pe3yILTATH
HEKOTODHX TEOpeTIYECKMX DacueToB, 00parsMcA cHavasna K KXI-momenm.

B pamkax sToit Mofesm B padore /16 OWI0 BBEAEHO ONHO EECTKOE MOBTOD-
HOe paccedHMe KBApKOB M IVOHOB. Pe3yABTATH pacyeTOP NOKAZATEAR ok
L9 A-3aBUCMMOCTM CEYeHMil o0pazoBaiiA MEBOHOB B NydKe IPOTOHOB C
3xepruedt 400 I9B ¥ mydxe 717 -Me30HOB c ay2prmedt 200 I'aB nokaszai Ha
prc. [ 6 COOTBETCTBEHHO, Kax BUEHO H3 3THX DHCYHHKOB, MOLEJb KadecT-
BEHHO OMUCHBAET JKCNEPUMEHTANbHHe JAHHHE, B TOM QMcjge W OCOUEHHOCTH
00pasoBaHnA K -1M€30HOB MPOTOHAMK M T -Me30HaMM, OJHAKO XOPONETo KO-
JHYECTBEHHOIO COIVIACHA C BKCNEPHMEHTANLHHMYE De3yJbTaTaMd OHa He JaeT.
Her, ® cozanepup, TaKkme M pacuyeTOR LA OGJACTE GoJle¢ BHCOKWX DHepIaif
¥ 3HaveHui P'r' e HAOJKUAeTCA BHXOL O HA eRuHMLy.

Jpyrofi NORXOL K ONMCAHM® A-3aEMCEMOCTH WHKMDSHEHHX CNEKTDOB Me~
S0HOB C GoJBmuRMM Pp, MCXOZMT %3 IMDEINOJNOXEHHI O TOM, UTG MECTHOIO
NEPepacCcesHuas HeT, 4 UMEeeT MeCTO MATKOE MHOTOKDATHOE paccefime Nap-
TOHOB Nepel XECTKMM COYIApeHmeMm ~19/ . B padote 9o/ Ll yCHIEHRR
sfbexra MpemnonATAETCA, UTO PACcCCEMBADTCA COCTARMANOME KBADKE, MMEREe
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CeYeHNA NOPANKA ANpOHHHX. IIpMMeD pacyeToB, OCHOBAHHHX HA 3THX IPeE-
NOVIOXEHEAX, [pEBeneH Ha pRc. I NyHKTEpHOl Jmmmelt. 3Ta MONEb HECHOJb-
KO Jyuue ONMMCHBIEeT SRCHEPHMEHTAJbHHE JAHHHE, OCOGEHHO B OGNAcCTH CpaB-
HRTENbHO MamkX Fp, HO He BHmenAeT ADKoil 3ABHCMMOCTY OT KBARHTOBHX M-
ceJi 06pasyRuMXCcl APOHOB.

Homapio NOABKIMCEH OPAMEE SRCICDUMEHTANBHHE HOKA34aTeBCTBA TOIO,
9T0 NAPTOHH NEPOA RECTKAM HPOISCCOM TpH IPOXOXIEHHM 4Yepe3 AIepPHYD
cpeny NpROGDETANT HeKQTOpHM monepeunnil mMIyabc. OHm OHIM HOJYYEHH
NP A3YYeHAH BABMCHMOCTE CedveHuit o0pA3CBAHWA MOOHHEX 0ap HA Afpax oT
nepeyggyoﬁ Pout (oM, puc. 9), xapakTepusymuel!l HeKOMILIAHADHOCTEH COOH—
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Puc.5. HopMupoBaHHOe OTHOmEHAE cedeHEi! o0pasSOBAHHA MOCHHHX
nap Ha D ® "W 7" ~Mesonamu npR 3xeprmix 140 »
286 I'aB B 3aBACEMOCTH OT Pout .

[MooHHHE IapH, KaK ODAHATO CYATATL, OCPLIYNTCA B DPeSyJbTATe AHHEIAA-
UMM KBA[KOB W AHTHKBADKOB B "TANEMA" BUpTYauIbHEH (foH, NpeBpalANMENCH
3aTeM B MoOHH. Moo csiado BsammopefCTEYOT C RuepHMM BENOCTBOM H, [O—
3ITOMY, nonepedHHil WMIyJEC Pout MOMET BOSHMKHYTH HJM 3a CYET BHYTDEH-
HErO NONepevHOIV IBUNEHRA RBApKOB X, wm 33 cYeT BaaumofelicTEBuMA ne-
pen amtmrrummefl. K, He NPNBOIMT K A-3ARECAMOCTH., CEROBATEJLHO, Halt-
Jmpaesegt afexT cedsaH ¢ paccesHHEeM KM HANYYeRNMeM KBADKOB Hepen
XECTKEM TpouUeccoM. 310T QerT ykpelumeT NOBWMM mochenHedt MoZesm, Ho
HYXHO YOENHMTHCH B KOJMIECTBEHHOM COTJIACHM NpeAckasaHumli MOIEJM C 3THME
9KCNEPHMEHTANBHEME JAHHHEME, Ha nepBiit saranAg, afdexr oT MATKOIO nepe-
paccefHnd, NOMYYeHHHA B ITOM JKCHEPHEMEHTe, He CTOJL 3HAYHTENeH, TTO0H
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NIOJTHOCTEI OIUCATH A-BABMCHMOCTh cedeHult 00pasoBaHmA ampoHOB ¢ OGONb-
sy P,

OTHeJEHO PACCMOTDUM OGJACTH NONEDEYHHX HMIYALCOB BOJHASH KiIHEMA~
THdeckot IpawmH, T.e. OGAACTE COJBINX 3HAYeHHH xT. dra 067acTh YyB~
CTBUTENBHS, K (EPMY-TBMACHIN HYKJIOHOB B AXpe U MHOIOKBAPKOBHM COCTOM~
HMAM, €I OHM B REeHMCTBUTEJNHHOCTE CYWLECTEYNT. OOpaTUMCH CHAYAJA K
pesyJbTaTaMm, NOJYYEeHHHM Ha CaMoM JIeIKoM Aflpe ~ MeiTpoHe, rume affexTH
0T nepepacceAnus MUHMMANBHE (oM, pHc. 4, 5). CriouHoli Juwell Ha 3ToM
PHCYHKE HAHECEHN pPEeSyJLTATH, YUTHRADIME BIMAHME PeDMU-~TBHXSHUA HYyK~
JIOHOB. Bummo, 410 omuo depMm-IBEREHRE He HaeT colviacsd C IKCHepmMeH~
TANBHHME TAHHHME,

boJiee NMOCJEMOBATENLHHE PACYETH OHIM BHIIOIHERH B padore /21/ ,
TIe, HapALY ¢ QepME-DBANXCHEOM, YUATHBAJIOCH MATKOE Ji€pepaccedHne nap-—
TOHOD B WECTUKBAPKOBHE COCTOMHWA, Pe3yJbTaTH 3THX pPacyeToB, IpnBe—
IEHHHe HA ToM X& PUCYHKe NYHKTEpHOR JmHHel, Jyuile OUMCHBANT SKCOe-
PUMEHTABHNE JAHHHE., HejocTaTodHad TOMHOCTh U3MepeHull MOKa saTpymHA-
eT CHEeJATH OKONURTEJEHHE BHBORN O DDOABIECHUE MeCTHKBADKOBHX COCTOA-
Huil B HeliTpone.

Ta %Xe cxema pacyeToB ¢ IPUBJICICHMEM MONEJ® QIYKTOHOB OHIZ UpH-~
MEHEHA K AHAMZY JAHHHX, TOJYYeHHHX HA CoJiee TANEJHX Aupax. Pesyms-
TaTH PACYETOB BMECTE C JKCUEPMMEHTANBHHMY TOYKAMY I XT = 0,81 no--
KasaHH Ha puc. I0. Tam ®e nid CpaBHEHMA IPMBEIEHH TeopeTEYecKue
OpeXCHABAHMA HA UCHOBE yYeTa TOJLKO NepepacceaHma depmy~IBmKeHad,
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B BaBHCHMOCTH OT A, IlyHKTHDHAA JMHWA - PacieTH C
yYeTOM Nepepacceshud H (OpMU~NBUXEHBA HYKJIOHOB,
CIVIOMHAA JHMHUA - pacYeTH, YUYHMTHBIKmue eue H BIIAL
qmyx'rouonl 21/ .
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TR xBe NpWUEHH JANT TONERO 20% or Hadmmaemoro afdekra, B TO Bpem:
KaKk BRIDYeHHE B PACCMOTDEHME (MIYKTOHOB XODOWO OCBACHAET SHCIEPMMEH-
TAJEHHE JawHHe. BepOATHOCTE (MIYKTOHOB B fKpE OUEHUBAETCA B 20-30%

B BAEECHNOCTH OT ATOMHOTO Beca AIpa. MOXHO Jm CYMTATh 3TOT aHaM3
JORR3aTeJHCTBOM IPOSBNEHRA QIyKTOHOB B Ampax? Cropee BCETO K 3TOMY
cJaeyeT OTHECTHCH C OCTOPONHOCTED, IOCKOJBLKY MOJENh He YIMTHBAeT
FECTKHX NepepaccedHHit NAPTOHOB, DPOJH KOTOPHX KO KOHUA HE AcCHA.

[lp onmMcAHERE SKCHEPEMGHTAJEHHX De3yJLTATOR MO MHKMOZMBHOMY OG-
DAs0RAHURN anpPOHOB ¢ Gojeumavs P, odpasiaioch BHUMAHME Ha TO, YI0 He
pH BCEX SHEPIHAX A-3ABACAMOCTL OIMCHBAETCA CTENEHHHM 3aAKOHOM.
OTCTYILICHRe OT CTENEHHOTO 3AKOHA ARHO HadmomaeTcsa mpu sHeprmm 70 T'sB
¥ He ofHapyxupasTCA IpR Oojle@ BHCOKWX DHEpIwAX. [0 xapakTepy OTKIO-
HEHE OT cTeneHHO#t A-3aBMCHMOCTH MORHO TDERIOJOEMTEH, YTO BRIKNYaeTcA
HeKOTODHE NexaHMaM BHOBBAHMMA NMAPTOHOB, YCHBanUMiCA ¢ YTAXEJEHAEM
Anep. HamGosee ecTECTBEHHHM OUbLACHEHWEM HTOTO T2 CJYRAT IpeznnoJo-
XEHUe O NpOABISHEA JJMHH QODMEDOBAHEA ampoioB 22/ . [Ip¥ CcpaBHMTEJBHO
MAJHX PHePTHAX MHA (OpPMEPOBAHEA OK23HBAETCHA CDABHMMOA C pasmepaMit
Axep, ITO NMPUBOFMT K NOIVIOUEHMI aIPOHOB B afxepHoli cpene. lIOCKOMBKY
wnHa GopuMApoBaHKA JMHERHO 3ABHCHT OT MMIyJbca, GopMIpOBAHUME ANPOHOB
npE GoJiee BHCOKEX 3HEPIWSIX [POMCXOIMT BHE Anpa. D janHoM Ciydae MH,
HO-BRAVMOMY, SIBHO CTOJIKHYJRCH ¢ BOBMOXHOCTEN HadJmIeHHA IPOCTPaHCT-
BEHHO-BpeMeHHOd RapTHHE BsauMomefcTEmA,

AHams HKCOCPAMEHTAIBHHX XAHHHX, HOJy4eHHHX wpy 70 I‘a%anosao—
JIAI ONEHETH WJHMHY PopMEpOBAHMA ANPOHOB B XECTHOM mponecce / . Pe-
SYJBTATH QHANASA, BHNOJHEHHOTO B PaMKAX KBApK-NAPTOHHO! MoNeqM c
Yy9eTOM EeCTKOrO IepepacCesHMd NAapTOHOB, NOKA3AHH Ha puc. II.
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Pre. II. Jauma GopEpoBammi fi —MeSOHOB [y B saBucHMOCTH
oT Pp. CruomHad Jomud ~ JMHERHAA aNIPOKCMMEIEA JEHHHX
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Ha HeM IpHBENCHH OLeHKH HJMHH QOPMMPOBAHUA ST ~ME30HOB JUIA DAaHHX
3HaveHui PT. Kax ¥ oxumasoch, IymHA GOPMMPOBAHWA OKASHBAGTCA CpabB~
MMOi ¢ pa3vepanm AIpa ¥ JEHedHO PacTeT ¢ MMIYJLCOM,

2. OCpasoBanne aPOHHHX Tap ¢ CoJmuMME Pp B cTpyH

HoBNE MPOKME BOSMOXHOCTH MIYYEHEA JIPONECCOB OGPA3OBAHWA ANpPO-
HOB C GOJBUMMA DOIEPEYHNMA HMIYNLCAMA OTKDHBADTCH B CJYYAe, KOITA
DErnCTPUPYRTCH He OMMHOYHHE SAPOHN, A NADH AZPOHOB, PAAETAUMXCA B
C.1.M. CTAJKMBAOUPKCA YaCTUL B IIPOTHBONONORHHE CTODPOHH:

h+A— h—f"hz"'x. (5)

Ocoduli MHTepec UPEICTANIAKNT COCOH TaK HalHBAEMHE CHMMETDUYHHE IADH.
llox cuvMeTDHYHNME TAPAMA NOXPASYMEBADTCA ATPOHH, DASVETARIMEECA B pe— |
3yJbTATe BIAMMONEHCTBUA B MPOTEBRONOJORHHE CTOPOHH IIOK YIVIOM 180° u
odnazanue PABHHMY UMIyJbcamy. OCOGEHHOCTE ITOIO IPONECCA COCTOMT B
TOM, YTO er0 CEYeHme MaJo TyBCTRETENHHO K SfexTam nepepaccesamad.
A-3aBUCAMOCTH ce}eﬂyﬁ CYMMETPRIHEX ANPOHHHX 12D MPELCKABHBASTCH
JpocTo Jniieinioit 1s . B TO ®Xe BpeMd HeCHMMETDAYHHE NO WMIYJBLCY HOapH
anpoHOB TOJRHM BOJHWKATE, B OCHOEHOM, 3a cdeT IepepaccedHuil IapTOHOB
RO XECTHOIO COYMApeHHA W/ NocJe Hero. A-3aBHOHMOCTD MX CeueHuit Xoj-
RHA CKOpee HalOMMHATEL A-32BHCEMUCTD MHKJIOIMBHAHX IIPONECCOB,

flepBHe ONHTH NONTBEPMWE 3TH npemmonoxera. Ha prc. IZ2 mpen-
cTanteHa A-3aBUCHMOCTE CeYeHMil OCPR3OBAHMA CIMMETPHYHHX [O MMIYJILCY

J7° -Me30HOB NPOTOHaMy Npy 3aHeprsm 70 I'sB /24 . Ha puc. I3 mokxasaHa
A=3aBUCMMOCTD CeueHUil 00pa30BaHud 38pAXSHHHX aXDOHOB 083 DAa3ReseHus
10 COPTAM YacTull, NOJNYYEHHHX [IPM JHEprdfax HpoToHoB 70 / u 400
TaB 6~28 . UABKHCHMOCTH TIPELCTaBJIEHH OT [EPEeMeHHOH m'= PTI + PTZ'
BesnriuHa noxasaTesd of AIA CUMMETPMYHHX Nap B UMPOKOM AUAAIABOHE IO~
nepeyiiLx MMIYALCOB pxﬁaunae'rcs coeMecTiIMOl ¢ emmmuell. Pesyisrath
JHLE ONHOX paCoTH /27 BHIIQUANT W3 OfWel KapTwHN, DOIMOXHO, 3TO CBA-
3aHO ¢ pawirdieM B BHOODE HUMHEMATMYECKMX IEPEMEIHHX.

LA HecYMMETPUUHNX [0 MMIYJbCY NMap A-3aBUCHMOCTE OT NE€peMeHHHX,
XapaKTepuayIMX Pas3caNalic VMIYILCOB Pout WM asmMyTAIBHOIG YyTI& MER-—
Iy WoyJbCaMy QIPOHOB ¥ , CTAHOBATCH [OXOKeH HA BABHCHMOCTDH MHEOSUB-~ -
HHX CIEXTPOB OT aToMHoro Beca (cM. puc. I4). B aToM MecTe HanOMHMM
Pe3yAbTATH M3YyYelnA A-3aBUCMMOCTH ceuenmil 06pasoBAHRA MOOHHHX NAp
0T Pout . JaHHHE N0 H¥M, NEpecUMTAHHHEe Ha NOKABATeNb & , MpHBe-
IeHH Ha puc. 14 BvecTe ¢ AHANOTEMHEMM JAHHEMW IJA alpoOHHHX nap. U3
CPABHOHHA B3THX DeSYJbTATOB CJIENyeT, W10 AKEPHOE YCUNEHUEe N4 npoLec—
ca o0pasopaHyd SQPOHOB BuNE, UeM LA 00Da30BAHME MOOHHHX I2p, 9TO
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MOXHO DACCMATDNBRTEH KAK YKASAHHE HA HAJIHIHE NESDEpPaCcCemHBd DapTOHOP
1IOCJIe XeCTROTO COYAADEHRH.
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Prc. I2. GAaEECHMOCTS o OT BEJIETMHH M = P-rI +Pyp B o0paso~
BAHEA NADM IT°-MEBOHOB B DA~COYJAPEHRAX NPH DHODIHM
70 TaB 7 KBYX EHTEDBAAOB ASAMYTaJBHOIO YIJA.

Puc. I3. JammcEMOCTE o OT tn'B OCDASOBAHME CHMMETDWHHX Iap
saynammx %onon ,g?mﬂml 4 - aHeprx 70 I'ab,
Az’.o r ® - HeprEda 400 I'aB.

bonee ReTexbHMe B TOYHHE SKCOGDEMEHTH IO HSyYeHUMD OCDaSOBAHEA
CIDMe TPNYHHX ARPOHIHX HAD RAMN HEONMASHHHE DesyAbTaTH. [ e TaKHe
IHCIICPEMCHTH CWIN BHIOJNHEHM ODE 3HEPIMM npoToHoB 70 I'aB . B mx
HEyuaT0Ch OCPASOBAHNE CIMMETPAMHHY NOAOENTENHHO SAPAKEHHHX NAD AIEpOo-
HOB (7'y1*, r*p, pp, Ko, K'p), paateTapsEXC B C.H.M. CTAIKHBAD-
UMXCA HYXJIOHOB DOR yruow 90° npa paamsonefCTEEN NPOTOHOB ¢ SIPAME
Be, Cu ¥ P8. MamepeHHHe CevoHEA XOPOMO OINCKBANTCA CTeneHHof A-sank-
CHMOCTED. [IONYYERHNC PesyabTATH NpexcTaBAeHH Ha puc. IS. Orasaiocs,
Y70 OOKASATENDh o YEE KAd CyMMM CeweHNHl BCeX apoHOB, HA4YNHAA C
P, > 1,5 I'eB/c, nanaer amze emmmp. 3feR? BOOMNHAKOB GNA Dam/ma-
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HHX KOMOMHalml anpoHoB. U MAD, CoNePMAIMX TONHKO Me3oHH (977,
m’*K"), BeJMUMHA & NanaeT no asayewma 0,7-0,6. i nap xe, uUMeoumMx B
CBOEM COCTaBe NPOTOHH, X HAXORETCA HA YPORHe SIMHULH.
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Puc. I4. 3aBACHMMOCTH * OT Pout B Iponeccax oGpaloBaHMA
ANPOHHHX B MOOHHHX OAp.
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Pgc. I5. SapECAMOCTD o Of P, B HpOMECCAX 0CDASOBAHUA CEMMET-
DRYHHX SIDOHHHX 1AD DASHHX KoM qacTAR. Crurom-

HAsA JHMA - DACYOTH O MOJIENH a).
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HeXapHo cTam! MSBECTHH IPEXBADHUTH e DeayJLTATH IKCIEPUMEHTA
E-605 QHAJL mpr sHeprmy mpoToHoB 800 T'aB 5/ . B mmx rtakee HadmogaeTcA
IageHwe NIOKAZATeT o HHKE ONFHENH LU CYMMH CeYenuit PABHOIADAREHHHX
CHMMETINHHX ATPOHHHX Map B odnacTa P, oxogo 4 IeB/c (cm. pme. I6).

PeA-=RW-X |

10 ¢ Ep = 80001
°
< a9 "o o !
¢ 4 l
¢
00y !
0.8, 1
!
0.7 . . . . 1
6 a 10 12 % 16
M, M8/c?

Pac., I6, 3aBHCHMOCTE ® OT SPPeXTUBHO# Macck M B o0pa3’cBaRHE
CHMMOTDRYHHX Pa3HO3ADAXEHHHX ANPOHHHX UAp DA 3Hep=—
rEm 800 TeB.

llagesns, npasua, He cToxs Beymko (0,85), Ho cymecTBeHHO NpOBHIAET
70, TT0 MOXHO CHIO CH oxBuaTh oT EMC-afdexra. Obpamaer Ha cedd RHM-
Masme 70T far®, 4YTO IANEHHE o B O0ORX JIKCIepEMEeHTAX Opl COJBIOM
PARNYEE B SHEPIHEAX HANOTADEEX MPOTOHOB HDOMCXOMAT IPHMEPHO B OmHO#
7 To#t e odnacTE creliEHIOBOM mepementoft XT

InA 0GBACHEHHA CEPOyXOBCKEX Pe3yIbTamlos B padoTe /30/ Onia
IOPEJLTOXCHE MONSNH HBETHOIO TODMOXGHWA KBALKOB ¥ IVIDOHOB. B cooTBET-
CTEEM ¢ S5Toff MOHNEJBD UBETHHE NADPTOHH HE CBOGONHO DPACIPOCTPRHANTCA B
AnepHot cpene, & DONANADT B IBETHOE NOJE, BORMYWEHHOE B3AMMOREHCTBH~
€M aIpoHa HA NOPEPXHOCTH AXp2, H HCONTHBANT TOPMOXOHEE. Ecum y4ecTb,
70 CoNbiMe SHAYEHEA X, IPOH He MOAST EMOTH HA GOummol pumie QopuE-
popaHid, To POBHEKAET CBOEOCDASHAA HKPAHEDOBKA A7 0CDABSOBAHEA aunpo—
Hop, Ipa: x,—v I nokasaTems o« B 270X MOfieam cTpemurcA ¥ I/3, T.e.
AIPOHH MOTYT OCPA-OBRTHCA TOMBKO B KOALIGBOM MOACE RAREpA.

B WHCJORHHX pacYeTax aBTopaMi 3Toi MONeJsm GHIO IPHHATO BO EHE-~
May®e, 9YTO OPN OTHOCHTENEHO MAJHX Pp, B CETeHUAX 00paso SIIPOHHHX
nap EMeeTcea mux7u OT NMPOLIECCOB MATIKOTO BaamMonelcTRAA aI » BEMEXmero
SAEECHMOCTH A% 3/. PegyJbTaTH pacyeToB, KaK BAUHO B3 puc. I4, Xopb-
MO COTVIACYWTCA ¢ SKCOODMMOHTANBHHME JNAHHHMY NO OCPASOBAHHN MESOHHEX
map upd KoodfmmenTe HATAReHRA cTpYEE & = 3 IaB/jm.
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Yro KacaeTeA o A cevesui 0CPASOBAHEA AP, COXEPEAINX MPOTOHH,
TO 3HECH CJefyeT BCNOMHMTH, 4YTO KXJl-mapToHHAS MOZEJb HE OIMCHBAET 00~
%zac}aa:m HYRJIOHOB ¢ GoJbinmt Po. ECTh OCHOBAHMA MOJATATE ( HampaMep

}, 970 HApH HPOTOHOR C OCOJLUMMA PT o6pasypTed 38 CYeT KBAZRYNpy—
TOT0 paccedHns OenX, CRATHX B IPOCTPAHCTBE, TPEXKBADKOBHX KOWIMIypa-
i, B KOTODHX 1BETOBON 3apAN CHILHO IKpaHUpoBaH, Takue cxaThe KOH-
¢uryparma cia0o B3aMMOReACTEYRT C -REPHHM BENECTBOM, B NO9TOMY A-3a-
BHCHMOCTS cedeHmil oCDABOBAHEA IADPTOHHEX NAap JoJxHa JmHelHo MeHATHCA
¢ A. Hamrume B nape BMEcTe C NMPOTOHOM MESOHOB, HAK INOKABHBANT OIESHKY,
MANO MBMEHBT A-3aBHCUMOCThL., PeSyJLTATH pacyeToB o« LA Nap, COAepRA-—
EX MPOTOHH, TakAe IPUBENEHH HA puc, IS, U B arom cuydae HadymonaeTcA
Xopowee COTVIACHE C BKCIEPUMEHTRJLHHMM ISHHEMIL OTO OGCTOATENLCTRO
no3BOJIAET PACCMATPMBATE MPOLECCH OCpA30BAHMA NPOTOHHHX II2p Ha Appax
Xax Xopoumt mpAMEp, yKAasHBamiuil Ha CYmeCTBOBAMME CHATHX KOHJWTyparmii,
npenckaszupaemux KXR. [lomdeprHem, UTo B NAHHOM CJydae SIpO NOCJYAILIO,
0-CYWecTBy, AHAMM3aTOPOM BOJHOBOA JyHKIMHM TPOTOHOB.

iloness, OCBACHADLAA CEDIYXOBUKUAE DPEe3YJIbLTATH, He CONEpEUT CKei—
qmura no Xp. loaToMy HeACHO, HACKONBKO XOPOWO IPM €€ HOMOUM MOXHO
OyneT omucaTh De3yJAbTATH 9KcHepumenra E-605. He mcwmueHo, wro Had-
JREADLVECT B OCDASOBAHMY CHMMETPHYHMX afpoHHHX hap afpexTH mpx 70 1
BOO I'aB uMenT pasugyn NPUPOLY, LIA NOJHOTO NOHWMAHUA OCHADYREHHHE 3HP—
(PEKTOB Hy#HN HOBHE JKCNEDUMEHTAbHHe JaHHHe, B NEpByR 09€peRb, OYeHb
Baxiio NOJYIATL JAHHHE O BABMCHMOCTH HOKA3aTesa o OT KBAHTOBHX YHCEN
oCpazyUFXCA ANPOHOB Ipx aHepruu BOO T'aB., Hymin nampnetume uccnenoba-
HWA W Tp¥ YMEDEHHHX 3HeprmAXx. Moleih, Hanpumep, NPeNCKA3HBAET, 9TO
L cedenii odpasopaint KYK -nap, nafenme o mMe eRNFNNIN KOJEHO HA~
9aThCA paHblle, 9eM 4 NN-1ap, NOCKOJBKY B 0dpasoBayEM nap K-Meso-
HOB BaxXHyw poJib MIPanT MMOOHH. WHTEPEecHO TarkXe NPOBECTH OUHTH B OyY~
Xax APYIUX COPTOB ARpOHOB.

Hocsiepuye SKCHNEPUMEHTANBHHE DESYJABTATH, O KOTODHX XOTEJOCh OH
YIOMAHYTh, CBASAHH C OCPA30BAHMEM B NMpPOTOH-AXEPHHX COYJADEHMAX cTpyh,
KOTOPHE OXMEAKTCA B IpOHecce ReCTKOIO paccednud. llepaue HaHHHe 7 37on
06aCTH NOJyYeHH npr SHeprmu 800 B B axcuepmmMenTe E~-672 CHAN 3, .

B 3TOM BKONEpUMEHTe N3yTeHH COCHTHA C GOJBUMMY HONEepeYHHMM 3HECDPIRAMI
E'r' 0UPR30BAHHNEG B IPOTON-UPOTOHHHX M NPOTOH-AREDHHX COYMupeHmAx. Co-
OHTHA ¢ ConpumMd E, ®SyYaumce ® paies OpE aneprum 400 IsB /34, :5/.
OHM XapakTepusypTceA GOVEIOA MHOXACTBEHHOCTHY YacTull, BHIETANREX QO
GoybUnaE yTaaMit. CTpPYM B 9TEX COONTHAX BHNEJMTH, ONHAKO, Ke YRAIOCh.
A~33BMCEMOCTL coueHMil o0pa30BaMMA COCHTHE ¢ GOJIBIGIME E'x-' HonoGHO
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EHK/MSRBHEM TponeccaM 0CPASOBAHEA QPOHOB ¢ COUHmOMA P, oTMHYapTCs
OCOXEQDR¢ SHAYEHNEM NORasarTesd « (I,5-1,6). Npw sHeprmm 800 I'sB cTpym
yEe NPOABMANTCA X MOIYT OHTH BHEeTOHH HA foHe COCHTHA ¢ GOJBINME E..
Iad BenencHWs CTpyHK MCHONBIYyeTC NEPEMOHHASA IMAHADHOCTA COONTHA. OHA
onpeieeTcd OpE HAXORNOHNN MOKCHMAJEHOR BeJIrDMHH OTHOMEHMA:
Z Pn "Z PL

Zewrze.’ (8)

P = max
rre P, (P, ) ecTs nepmengEKyAipHAA (napasiesibHAA) KOMIOHONTH Homeped—
HHX WMIYABCOR UACTHL OTHOCKTENREO HeROTOPOd ocu, BuOmpacmoll ma ycso-
HEA MaxcEMyM2 P, CTDYOnoROCHHMA COCHTRAMM CHATANTCA TAKHe, Y KOTOPHX
BOHUNHA P OANERA K efuHMIe, 970 COOTBOTCTEYET OCPABOBANMN NHYX
crpyll, pasmeTaam@xcs B NPOTHBONOJNOKHOM HEIPARICHHH.

Ha pmc. IV npemcrasnmeHa SKCHEPAMEHTANBHAS 3ABECHMOCTH IOHASA-
TEJIA CTeNeHEX NpH A OT WIAHAPHOCTR coduTelt nm caywas E; > 8 TeBe

18- .
" o]’
L6 - +«L.+.‘§" )
- + SRS VT

g |,A: +
12- EpTBOOTsB,EpB0MB ++ .
1.0r . i ) +

0% "6z aqu as " as 1o
NAQHOPHOCTE

Pre. I7. JAEMCUMOCTD ¢ OT BeVIHHNHH IVIBHADHOCTM B OPONBCCAX
odpazoBaw coCuTxl ¢ Gommmom E, npg 3ueprmm 800 I'sB.

Dpst ManNx 3HATCHRAX IJAHADHOCTH o CYWOCTBOHHO NPeBMIAeT OIMHULY.
C pocTom P ot NATAGT, H OPN HPERSJLHHX SHAYEHHAX NJAAHADHOCTE COIJACY-
erca ¢ enmnmell. 370 DoATRPepXmAST HAMNIMe KOCTKOIO BaamMonelicTERA X
HALDOMNHAET TO ,9YT0 OPONCXOZNT C A-3ABNCNMMOCTED COYeHME 00pasoBaHmA
CEMMOTINTHMX ANPOHHHX nAp ¢ Gounmnas P,
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3. BuBomH

K HacTomlieMy BDemeHH y®e HAKOWIEH GOTATHR SKCIepEMEHTANBHH) ma-
TepHas O [poleccax o6pa30BAHMA ANPOHOB C GOJIBINMIE [ONEDeTHHMM UM-—
TyJascamy HA Axpax. Ero amams noKasHBaeT, YTO OCHOBHHE BAKOHOMED—
HOCTA IPOLECCOB MOI'YT OHTH, 00 kpaliHell Mepe KaveCTBEHHO, OIMCAHH B
pamMKax NpelcTARIEHWH KBAPK-NAPTOHHMX MofeJseil.

fmepHoe ycWIeHMe MHIUN3UBHHX CIEKTPOB AIPOHOB ARIAETCH, B OC-
HOBHOM, CJGICTEEEM IePepacCedlMA H, BOSMOXHO, HIIYYeHuA IapToHOP B
fillepHoM BelecTBe, OcraeTcd N0 KOHIA HE ACHHM COOTHOMEHWE MAIKEX M
RecTKEX nepepaccedni, [o-BUNMMOMY, ¥ Te & ApYyTUE CJIEIYET NPHHUMATH
B pacyeT. He MCHINYAeTCA TAKKEe POJTh MHU OKBADHORNX COCTOAHMA B Ampe
(uIyxTOHOR) TIpM COMI-UMX 3HAYCHUAX XT Iipd CPAaBHUTENEHO M3JHX 3HEp—
TWAX CeYeHf OCpasORAHMA ANDPOHOB € OGOJBITAME P'r CYMEeCTBEHHO 3aBUCAT
OT IJIMHH $OPMUPOBEHUMA ANPOHOB. IONyYeHN ykasaHwd Ha CYHECTBOBAHWE
TOPMOXEHRd NapTOHOB UBETHHMA CANAMA HA HAYAJBHON cTamm Ipouecca.
Ha npumMepe odpasoBaHus CHMMETDEUHHX NTap HPOTOHOB HpOCMATDMBAETCH
ocodai poJb CRATHX KoHPEIypaimii MpoToHOB, EAA KOTOPHX SAPO OKA3HBA-
eTcA NpO3paYHHM.

lloka HeU3BECTHO, HACKOJBKO YCIEMHO yNAeTCH OUMCATH B PaMKax pas~
BUTHX TEOPeTHIECKUX MOHEeJell HOBHEe pesyianTaTtH E-605, flcho, 9r0 mamm-
Heimrf mporpece B MayUeHUM XECTKHX HPOLECCOB Ha SANpax OyHET 3uBHCeTh
OT HOBHX SKCIEPYMEHTANEHHX JAHHHX, KOTOpPHE, KOHEYHO, HEOOXONUMH, HO
B oT NOoCTpoeHMA MONEJel, moCJeNoBATENFHO BR/OUANMMX B cedd Bce 0cCo-
OEHHOCTH BaamMonelicTeua.

Bupaxap dnaronapnocTs B.B.Acpamosy, A.A.Boumomy, B.H.Emmoxumosy,
B,B,3vyuxo un B.U.KpHnKuHY 33 [eHHHE 3aMedaHmd.
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JHEFTETHUECKAH U A-3ABHCUMOCTY CEYEHWM OBPABOBAHMA
KYMYJATYEHNX TBAOHOB B IPOTOH-AMEPHHX B3AMMOIE/CTBUAX
PY SHEPTMM OT I7 JIO 62 T'3B

Beases H.M.*, Tappmuyk O.0., Somm JI.C.,Mepecezos B.®.
OGvenuHe Rl WHCTHTYT AEEPHHX HccaeffoBadut, Hydwa

E-BABHCYMOCTD

CreKTps A1pOHOB, DORIANMMXCA BO BBAMMOREACTBHM DPENATHBMCTCREX
YacTui, C AIpaMd B oﬁnaCTn,xuﬂema'rmecRu ganpeuentofl ma paamMonefcT-
BIA ¢ KBA3WCBOOOIHHMY HYKJIOHaMH Alpa, IEMOHCTPMPYHT NpH SHEprHAAX CBH~
we HeckoJrkux I'9B momefieHue, COOTBETCTBYWHEE NpeNCKA3AHMAM T'BIOTE3H
npenefbnol parmMexTaudi. A AMEHHO, (PopMa CNeKTDa PORNeHHHX 8IpPOHOB
cJado 3aBHCAT OT SHEPr¥M Hajeranmelt wacTUud; AONOMHUTENEHO K BTOMY
OHJID YCTAHOBJEHO, YTO BEJHUMHA WHBADMAHTHOT'O CEYeHms, HOPMWDOBAHHOTO
Ha NojHOe coveHde Heynpyroro s3aumonellcTBUA, MANO 3aBHCHT OT BHEPTHY
M copra Halertanmed YACTHUM. ITY OCOGEHHOCTR NOBEASHMS CIEKTPOB CHJIM
OTMEYeHH B MEPBHX SKCIEDHMEHTAX N0 MCCJEeNOBAHUK [OBENEeHHA cedeHml
NnpoTONCB, BHIETANIUMX B 3aIHKPD NOJycHepy ? /p(:’ )JA —- B3amMoneffcTBMAX,
¥ MOJYYHAM HA3BaHMe “ANEPHOTO CKi ra"

TenoTesa KyMyJATABHOro 3fdexTts’ CBA3KBAET poXIeHWe afpOHOB B
odcyxnaemoft kPHeMATUYeCKOR oOnACTH ¢ HANWIMEM KBApKOBHX cTeneHeR CBO~
Oofx B smpax. [lopor, BHI€ KOTOPOTC KBADKOBHE CTelleHW MPOARANT Ceds, B
3aKOHOMEPHOCGTH KYMYJAATHBHOIO DORINECRHA 8APOHOB NEMOHCTDADYNT YHRBED-
CcanEHHt XapaxTep, B o000WeHHOR JiopMe BHDAKAETCA Yepea PasHOCTE YeTH-
peXMepHHX ckopocTeft qactuy (U =p/m, rme p - 4~1/mny.vu,c) YIaCTBYMIHX

B UHKJN3UBHOM IPOUECCE g +4 —» o », :
Gos- /«,--a,_)‘ 2 s @

B cayuae pA-szapmoneficTeuit ycaobun (I) cOOTBETCTBYeT SHEPTHR NEPBAY—
HHX nporonoB E,& 3 I'aB, sume sToro nopora peatmsyeTcA PEXEM Npenels-
noff fparmentaumn. [ogaraercs, 4To b Hamdojgee YRCTOM BHAE 3AROHOMED~

HOCTH KYMYZATHBHHX IIPONECCOB NOXHH NpOABUTHCA NpPM DPOXNEHHM Hamdolee

3
HHeTATYT TeopeTmdecKolt M sxcnepmmeHTANBHOR PusmKku, Mocksa
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57 ‘AX @IPOHOB~NHOHOB. llogBMEHHe NAHHHX 110 KyMyJATHBHHM MHOHAM ODH
aueprum 8,9 I'eB 1 400 I'aB noka3a70, ONHAKO, CYWECTBEHHOE Pa3jHYue B
BeJIHIAHEe CEeYoHMA ¥ HAKJIOHe B KyMyAATHBHOH YACTH CNERTpa NMHMOHOB: mpH
KYMyAATHBHOM YMcJe 2 Ce4eHHA OTJEYAINCH HA LOPANOK BEeJWYHHH., JTO pas-
JIMYRe [POTHEOPEYHT OXMIAEMOMY NOBSNEHHD CEeYeHH#t B pexume npexensHOR
bpamenTaie /4,57

B skcnepEMeHTe N0 HCCASHOBANAK KyMYJAATHBHNMX (POMECCOB NpH 3Hep-
reAx ycropurend HEB3 (CepmyxoB), HAMA OHJIO NPORENEHO TEHATEABHOE M3Y-—
qeHue aHepreTHYecKof 3aPHCHMOCTE ¢o4eHmt o0pa30BaHMA NMOHOB B MHTEpD-
BaJie auepruit NepBAYHHX OporonoB IS - 6I I'sB, ComocTapsenre ¢ HAGODAMA
mauuux mpu 8,9 I'eB B 400 I'aB X0XHO OWJIO MPOACKMTH CTENEHb HPACIHXE—
HHA K 9HEepreTHYECKOMY CKefmmHry,

JuepreTHIecku? KHADASOH OT
I5 mo 61 I'sB npr o6padoTke HaH-
HHX OHJ pasfieXeH HA 7 HHTepBAIOB. [ 1
Ha pac.I npemcTapneHH HHBADHAHT- ) £, ;
nue cevenmn(E/A)dé/cd/d B aanuce- » o r.‘s}
MOCTR OT KEHETHYECKOM PHEDIHH mME- " 457148
OHOB mIA Kpaftihx mHTepsatos I7 = “"F
97 I'aB, ceueHAs [T OCTAJBHHX KH-
TEpBAJIOB 3AHMMANT MPOMEXYyTOYHOE
noJoxeHMe. BuIHO, YTO BEJIAINHA
cevenaft npa BOSDACTAHHA  SHeprEH
pacTer o4eHeE He3HauYHMTeNbBHOo,a $op-
M8 CleKTpa NPAKTHYeCKA He MeHaeT-
cA. HaduoraeTcA M3MEHEHWE HAKAOHA o
T-cnextTpoB MHOHOB BOJAHSH RYMYJA-
THBHO# rpasmme (X = [ ) mpm
T =380 MaB(.q,= @ = 500 MeB/ ¢ ).
Kpurepuit )( NOKA3HBABT,4YT0 ONN —
C8HRE CneKTpa OYMeCTBOHHO yJyauma-~
€TCA [p¥ ANMpOKCHMMALMM HesaBWCH— "
MHMH BKCNOHEHTAMH B MATKOR(G<g, )
u Eectkolt (94,>4,) 4ECTAX CNEKTpAa. |
Mn dosee Hu3ROR SHEpTEM nonoGHOE % s w1 % s ra——
;:geie;::}:;:n:n?u:;: up;_ E‘?; 3'49/ 00 0 0 w0 S0 600 7007, MsB
IsyxnapaMeTpH4ecKoe ONMCANRE BHIA Puc.I.
cI 2 (= T/TI 2). OTHENBHO B JIOKY~- UHBApAAHTHEE ceYeHRA OGpA30Ba-
MyAATHEHON tq,<q, ) B KyMyAsSTHB- uug 7 *- u - MeaoHoB nporo-
Holl (g,>g, ) dacTax cneKTpa RaeT Hemu ¢ axepruedt I7 w 57 T'sB.

)

*17raB) .-
57 r:a}""
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Gu3KNe K oUIHWUEe 3IHAYEHRA )Z/NDF. lloBenenta TeMIepATYPH CNEKTDPOB
TI.Z B 38BNCHMOCTH OT HavaipHOH oHeprmE E, noxasano ua puc.2. 3neck
npUBENCHH ToKKe JAHHHE AHAMOTHYHON GNMpOKCEMAINM LT  Deaxmt
+ Al >r=(166°) + x npr B = 8,9
B/A + € 2y ™(I60°) + x mpm W¥
400 I'aB/ 5 R Tz IpY M3MEeHEeHuu
E, or I5 mo 61 I'a3 MeHToTCA He3-
HAWITENLHO, [pU BTOM 3HaveHue Tp 4
HEIUIOXO COTVIACYeTCA ¢ NamHmm npit I 3,
8,9 I'sB 1 400 T'aB. L1a"xymMyaaTis- ‘ &F:{c‘m,_,_,m et
Holt Temneparypr" T2 TAKOTO cOlVla~ ¥ Adla|comnt T gag,
cust HeT, ee sHavcHue npu E, 60 T'aB o S0raBC
cymecTBeHHO HUEE, UeM NpH E0=400 A P
T'sB. 310 OTpaRAETCA COOTBETCTBEHHO
B HApACTAHINI C yBEeJMYEHMeM MMIyJIb- Puc,2, CaBuCHMOCTE TEMIEDATYDH
ca PACXORNEHUA WHBADMAHTHHX cege- CIeKTPOB TI o OT BHEPI Mep-
Huil, Y70 X0poNO BUIHO Ha mMc.3 Due BIYHHX upo'rox-xon E
COTOCTABJIEHH MHBADUAHTHHE CeueRuA
(HopMupOBaHHHE HAa A) OOpa30BaHWA
KYMyJATHBHEX TTMOHOB WA TPeX 3KC—
NMePUMEHTOR .

E-3aBrcmMocTe cedeHull B Ha-
welt odmacTy sHeprui (IS-BI TI'dB )
Onjia NapameTpUsOBaHA B BUEE
(E/8) el =C (17 B Log (“4x)(2)
AGCOJIOTHAR BeNurYuHa ceYewuit ~ npn
QHKCHDOBAHHOM imeﬂ.ﬂercﬂ € pocToM
E HEIHAWMTEJNBHO, TEMI DOCTa cede-
xmﬂ xapakTepuayeMul mapamerpoM B,
MEHACTCA C YBEVIMUeHkeM g, oT 300 no
B00 M3aB/c mpuMepsO BIBOE, HAYEHUE
MHBAPMAHTHHX cedyeruft B cOOTBETCT-
em ¢ (2) ypemmumBaerca Ha I5-25%
¢ pocrom E, or 15 10 61 T9B 1 Ha

Puc, 3.
SaBHCIMOCTD HHBADHRHTHOTO CEYSHmA
OT KMHeTHYecKo# BHEPIHMif OHOHOB 10
JeHHHM TPe SKCHEDEMEHTOB npi
E,<8,9 Tap'¥/, ~3’71‘/B( Hamk
spumye) 1 E, = 400 Te/>/
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30-60% ¢ ypexmdeHueM E, mo 400 T'sB (pac.4). Ipw X<1I {g<500 NsB/c)
PeSyABTAT JKCTPAmOMaIME no (2)

GARSOK K peayJbTATAM HSMEPEHHA P O el s e
npr E,=400 TsB, » xymyasrusHoll ¢ . a=300M1B/¢
o6JacTa (9 > 500 MpB/c ) Hmeer »E 0 o b BB e
MECTO pACXOXfeHMe, Hapactammee 3 | ]
C pOCTOM % (am X). ﬁ; PP ,“:D. ..,.,.-,..,.m.uuuunmlﬂl!l”ﬂll‘i
PaccMoTpeHEe pesyILTATOB g )
HAETO ¥ NMpeZUECTBYMMX BMctie- ol | E R,
DENEHTOB NO3BOJAET CIENATH Cle— “ < [ LA R
IyXmEe BHBORH. y .
I. B KyMyJATHBHOM OODASOBAHHE 107 ¢ R —
THOHOB ODH B3AMMORSHCTBME Tpo— : LA
TOHOB C ameprueft or I5 Ko 61 : ('
T'sB ¢ Anpamy yraepoja Hasome— ™ 70 |
eTcA NpUGNREeHHe K " 3HEepreTHA- S AL .3
YecKoMy" CHeDMIy— MHBADMAHT- ( ]
HOE COYeHME G DOCTOM  SHEprum 800 4
BO3pAcTAET He3HAUMTeNsHO (20%), 'l ghaivts e s
TeMnepaTypa (HRKJIOH) CHEKTpOB E
7% -mesoHoB ¢ TOWHOCTED 2 %
NOCTOAHHA B KymyJarupHoft (X>I) | L .
9ACTH CIEKTDOB. W 8% 100 zouEC'r:gn

2. Haxnonn criexTpop mpR SHave-
HEAX KyMyJATHMBHOR  nepemeHHoft

X <I # X>I cymecTBeHHO pasHy- Puc.4. 3aBHCHMOCTE WHBRDHAHTHHX
HH.MOXHO OPENnOJOXATE, 9TO CMe— cevenmit LA T *- # JrT-Me30HOB NpH
HA TeMmepaTypd CIERTPOB BOJIH3A PAANUYHHX MMITYABCAX OT PHEPTHH
KuHeMATRYecKof rpanmm X=I cpda- npororon E.

88HA C NepepacnpeleleHHeN BKAA-

I8 DAsTMYHHX MEXAHR3MOB OOpASOBAHMA NHMOHOB NDH Hepexole B KYMYJATAB—
HYD o6Ja0TE.

3. BesuumWHR ceveHME B RAKXOHH :::}p? mpe  E =I5-61 I'sB Cumsku K ms-
MEepeHHHM Npu OOJee HASKAX BHep: “/ 5 HCC/IeNCBAHROM MHTepBANE Hy—
OyAECOP HAOHOB NpH BSMEHEHHM KyMyJATHRHOM nepemenHol X or 0,6 mo 2.
OnFaRO B IRCNEDMMEHTE, BHITOJHEOHHOM NDA SHEPIRA NPOTOHOB E°=4m I‘aB/ 4/,
HAdMMIATOCH cymecTBeHHO WHOe NOBSHEHNE crexTpa mHoHOB mpa X >I. 3ro
pasaEyEe TPYNHO COPJIACOBATH C OMHNAEMHM NOBENOHMeM cedyeHEN B pexmMe
fparMeHTAUNR, KOTOpHE NpoABAsEeTCA B KyMyAATEBHHX MpONECCAX MpA SHepru-
fx E,23 - § TeB. B 8Toft cBASE HEOOXONMMH AOMOMHRTENLHHE 3RCHEPNMEH:-
TAXBHNG NAHHWE JIA NPOACHERMA SHEPreTHIeCcKON SaBUCHMOCTH HMHKMNSMBHLX

™

CeYoHUK B KVMyMAATRABHHX lipolleccax mpH B > 60 T'a3.
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A-3ARJCHMOCTD

MepBue cBefelus 06 A-3aBHCHMOCTH B KYMyJATHBHHX HOpPOLECC:
BeJM K 32KUNYEHMP, YTO OHa EMeeT ycwieHsult (no cpanHermd ¢ A%/Y)
XxapaxTep. JT0 OHIO BOCHDHHATO K&K CBMIETEALCTBO O JIOKAJNHHOM XApaKrepe
B3auMogeic RiA, LI ONKCAHMY KOTOPOTO NPAMEHMM KBADK~NADTOHHHA ABWK.
Konkpersan gopma A-3sBuacuMmocTd B W:?Z?"HI YacTHI PASHOTO COpTA
( # ,K, p) okasanach, OTHAKO, PEINATHO! . I MUOHQB XADAKTEPHO
npnOnu}gug; K A-~32BACAMOCTRE 00LEeMHOIC THNA Edé//f »AI. JlydHenckaa
rpynna’ ** '/ npoBena OOIPOCHOE M3yYeHHe A-3aBHCHMOCTH B PEaKUHAX
P(8,9 TaB)+A+m% + ... npu wanyabce muomom 9. =500 MeB/c (X<I,3),
OHA0 ACOAE30BAHG OKOA0 20 THROB agep Or Ol< Ko U nsoTOmHHE
Haodopd XA HEKOTOpHX M3 HRX. Ha pnc.5 NoxkasaHn pe3yJbTATH B3THX Kame-
PEHH}t COBMECTHO C JAHHHMH HpR ‘i =800 MaB/c (X = 2,1), MONydEHHHMA C
Menulell TOYHOCTH .ABTOpaME Oh~

&/ upi-

JI0 OTMEYEHO,4YTO ROBSASRME OTHOmE- l
HUF HODMMDOBAHHHX HA HYWIOH ceqe- 6A/6 ’_J_\,!
Hult B OCOMX CJYYamx MONGOHO, ¥ ITO Pb J -7 \//;\:,l
HOPMHDOBANHNE CedeNHa Hokaswmapr 1.0 ————-;;;/',-,—;—.:;. == .._l .
GHCTDHN POCT C yBENMYEHHEM A 1O 13,7 7 AB3.1982-4
20-30, ocrapanck B IATbHelueM B "/Y/ 93 A
npejesax oWRGOK MOCTOAHMMME, Buno ’2_1[ w168, %162
OTMEYeHO TAKEe, YTO A-TOPefmeHMe £, 83128
NPOABIET ABHO BHDAXEHHYX X-3&BH~ 0 Lt ‘110 2‘0 g'%‘“ﬁa"'ﬁ—
cumocTh npH X< I ¥ momeT GHT, Ind
NPEeXCTABAEHO B (OpMe Ed%é-'ﬂm(x-
rne m{X)=I npu X>I n Puc.5. lloBefieHne OTHOWEHMA HOP~
m (X)=2/3 + I/3 X npn X<I 74,8/ . MPPOBAMHHE, HA HYR/IOH CeusHm#
3 BonpocoB, CBA3AHHNX C A- nuoHoB fpr X=I,3 7 X=2,I no
~3EBACAMOCTEN ¥ TPESYOIMX Ha/IL — BEHHEM DPAsOT 4,7 .

Heflimero nMogpodHOro MIYYEHUA M Teo-
pETHIECKOro O0BICHEHMA, MOXHO BHIIGJHMTH JXBa:
a) nodemy A-3QBMCRMOCTE JUI1 KyMyJHTHEHHX 9ACTHI PA3HOTO COpPTA, B 4acT- -
HOCTE T ¥ K , CywecTBeHHO oOTJLivyHAT B
6) KAK CHIEHO A-TIOBEelleHRe MeHAeTcH ¢ pocTgu X npu X > I?

Wsmepenps waweR rpynmy ¥ rpynny HT: MOSBOJANT 8 3HAYNTENLHOR
mepe OTBETHTH Ha BTOpoft Bonmpoc. Ha yckopurene MOBY (Cepnyxos) B ama-
nascne aHeprmd E, =I5 - 65 I'oB HaMw OHXM BHMOMHEHW UdMepeHWs cedeHnh
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odpasosanug 7% -Me30HOB mox yraom [59°

HA WeCTH THNAX SAep B HWHTEp-

Bafe HMIyAbCOB NNOHOB oT 300 mo 900 MaB/c. Ha pHc.6 HOKa3AHH OTHOWe-

HrA R, HODMEPOBARHMX HA HYRJIOH Ce-
qennl é‘ =(B/A)dé/d na ampax Be,C,
AL, T, No r noxodmum ceqenwam a 10
BoAbfpaMe Ian WeTMDEX 3HAYGHWA Ky-

syaarusiol nepesermof X npe E =37

T'sB. OuKOR® OTHOMEHNI OCYCAOBJIOHH 0v5
B OCHOBHOM ommdxoR adcommTHOf# HOp-
MEDOBRM MONATODOB JMR DEIAMIHHX

ARep ¢10%),omadRA OTHOCRTANBHHX B3~ 0

MopeHRR 00 4 (AN X)CYMOCTBOHHO MEHL-
me . [IpeRcTARMEGRHNG PE3YALTATH nosno-,l 0
JADT CRENATH BHEOX O TOM,3T0 R4 '
NpOABJAET YeTXC BHPAXEHHYD 38BNCH—
mocTh OT X; c pocTom X En YMOHBEA~ ()5
erca. Mg NerxEX ANep DA A3MeHe-
Her X or I,I zo 1,7 R, ywenwrmaercs

BaBoe. Taxim odpasoM, A -~ nopenenue
CeYeHHR o00pa30BAHEA KyMyAATHBHHX
NROHOB JEMOHCTPNDYRT CHALHYN X-3a-

IIOKasHBADT

BHCEMOCTD.
[eHNe
S
, loAydeHHHE

Taxoe zme OB
HaHHHe Tpymm MT
npe E,=I0,I T2B nox yraow IIS° 8
WHTepBaJie MMIyAbCOB nmoHOB ot 0,6
no I,62 I'eB/c (puc.?).C yBenmdeHH-
oM X OTRIOHEHH® OT A ~ 3ABHCHMOCTRA
odtemioro runa (A*) wapaoraer, X
npe X=2,543 npudammaeTca K A-s7su-
CHMOCTH, NpcABiAemoll K-mesonam:’ o/
npu mensuwew X, Ha puc.7 comocrap -
Jeud naHHHe 3to# rpynny maa(X=2,6)
- ¥ K'(X=I,3)-M030HOB NpE  BIBOE
Pa3HYANIMXCA SHAYEHRAX KYMyJAATHD-
Holt mepemennofl X.

Herprspaxsuslt xapaxrep A= sa-
BRCEMOCTH B XeCTKEX NpOLecCax OT —
MeYeH B SKnNepHMeHTax Mo eHMD
AIPCHOB ¢ COJLIAME p,r/H'Ig?l: B
TAyCOKOHeyupyroM PAcOesHRN JGNTOHOB
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Pac.6. lloBenen#e OTHOMOHAA
HOPMNDOBAHHHX HA HYKJIOH Cede-
HHit mHoHOB npR E,=37 I'aB.

-
WT3%,1987
x,19°

A1

K13 E,101rsB

i n e

Cu Ta
InA
Pmo.7. Tlopemenne OTHOMEHMA
HOPMPPOBAHHHX HA HYRAOH ceye-
HA# NMHOHOP NpH E°=IO.I T8l .



Ha ;mpax/ 13/ . A~3aBMCHMOCTE ceveHHl OGH4HO npencrTaBiAeTCA B Bale

Fqce@ AFCP a)
BapHaupg « © Py MoEeT OHTL 3HAYMTEARHOM, B pado-re/ 2/ HAGMNAANOCE H3~
MeHeHHe o oT 0,9 10 1,4 np¥ yBesmYeHMH Pg 9T I no 4 T'eB/c, Ina odwac—~
HeHMH o (p.r)-saancmocw aBTOpH padoTu /12/ NpexcTaBALIH CEedeHAe B

fopme FaAE e AP, @)

Tae Bropofl WieH yYATHBRET MMOBTOPHOE pAcCesHde NAPTOHA, BEPOATHOCTE
KOTOPOT'O, TaK @ KAK W BEPCATHOCTh NOTJIOMEHWd DOXNSHHHX &IDOHOB, CBA-
agHe ¢ BvHON OpPMMDOBAHAA ANPUHOB § s p, =1 T'aB/c Ouna noxydena
oleHra @74 [ 78

[lpn” #HTeprpeTaUHdy NpOileCCa KYMyMATHAHOIO DORNCHEA ANDOHOB CAEIy-
eT NPVHATH, KAK HAM NpeNcTABRIASTCA, NBA HONYWMEHHA.

I. @opMEpoBaNMe TAKMX AIPOHOB, KAK NHDOKO npnsuae-rcn/ 2,14,15/ , CBA3A-
HO ¢ QUIYHTYALGUIMA IIOTHOCTM ANEPHOIO BelieCTBA (UYKTOHEMH, KOTOpHE MO-
IyT peaiE30BATHECA B BHNe MHOTOKBADKOBHX cHMcTeM (MKC). BepoaThocTh 00-
pR30BAHAA TAKAX KOHPUIypauudi, ecTeCTBEHHO NONYCTHTh, SABRCET OT NJIOT-
HOCTH AflepHOR MBTEDMH ¥, BOSMONHO, ee TeMmiepaTypH. B arom caydae mon-
uenTpauma MKC B medgysHOM NOBEPXHOCTHOM CXO8 ANpR JyReT hounncuHoR, X
OH OyZeT OTHOGHTEeABHO NRCCHBEH B NpOLleCCe PORACHREA KyMYAATHBHHX vac-
THy. 3fferTuBHEE pasmep aToro ciod (Z) womer OuTH passeM A MKC
pasHol maccu H, CAeNOBATENbHO, A pasawdnux X. Ero BKIAX B ceveHnNe
nmponeccA OYIET NOBEPXHOCTHOTO TANR, T.e. ~A 2/3,

2. lnuna QOpMHPOBAREA IAA ANDOHOB ¢ MMIyAscoM < I T'aB/C MeHbue pamiy—
ca TAXeNHX SACD R HEOOXOHEMO YIHTHBATE HX BSayMONeficTRHE B AXepHOM
BeMmecTEe, JITOT NPOLECC XAPAKTEPMSyeTcA BEAAIOM ~A™ °,

B COOTBETCTBMA C 3TEM  NIpM
AMNMDORCAMAIEA A-38BHCHMMOCTH HMHBA—
DHARTHHX cevemmR §=EcdAM  Ho-
NONBSOBAAM TPEXWNEHHHE nOXEHOM
(ay +a, +az ) sum

1

1 2/ 4f3
§=C; 823 ey e ey a3 () I RuCA+GA+GA
1 2 41 3 asal

50 100
inA

Anupoxcmxzwx éa) IAeT Xopowee no ?60
RpRTepIo X “( x“/war ~1)onncanue

(puc.8). Yren 02~A oTpasAeT 00%-
eMiyD PeHepaLMi YacTHL BO  BHYT-
. DeHHem "aKTMBHOM" o0%eMe ampa. B
COOTBETCTEHH C 1) R 2) wWienn arx

Puc.8, lloBefieHme OTHOWEHHA
KODMMDOBAHHHX HA HYKAOH ceveHml
r*-MESOHOB NpDH DABAFTHHX SHE~

QA g< 0. Ux orsnomTeAsHHll BRIAX B
38BHOMMOCTH OT A BAA Kpailbigx 3Ha-
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vepnt X ( I,I m I,7) noxasas Ha Q,,/d,
pRe. 9. KaK CeIoBAN0 OXKAIATS, Biman 0
nosepxHocTa () ywmeHnmAeTCA [
pocTom A # ymeusmenuem X. IffexT
nepepacceanns (Q;) noxasHBaeT 06—
PATHYD 3aBHCIMOCTE 0T A K X (pocr

G yMEHHUGHMEM WMIYARCA NEOHOB ¥ .
yBeandoHNoM pasMepe anpe), 10 50 100 200
He IOBOABOTBYACH HONOGHHM Ke— b InA
ue. 9.

90CTPEHHEM DacCMOTDEHEOM, MOXHO
NOMHTATECA NOAYYHTS: KOANIECTBEHHHE
OlIEHRM, A HMEHHO, SPHPERTNBRYD TOM-
IMHY DSCCRBHOro CJoA Ampa (2) o JRY GOpMMPOBRHHA (é) I porec—
ca KyMyJATHBHOIO OGpAa3OBaHWA NACHOB HA ANDAX MOXHO OLEHMTE M3 HAWUX
JIAHHHX, €CcJHM NONYCTHTH, 9YTO KyMyJAATHBHHE NWOHH I'eHEpHPYNTCA ¥ AKTHB-
HOM OGBeme anpa pamayco =R -2’ ( Rﬁ -pelEyC MOJOBMHHOR NIOTHOCTHE
B npofuasHoft JyHKIEA ANpA) B 4TC CHOPMHPOBABEMACA NMHOH TEPAETCA MOcae
OEPBOTO AKTA HEYNPYToro BsaEmonelCTBMA B Aumpe (3TO NONymMEHHNE ONpABRA-
HO IIpB KDYTOM HAKIOHE MMOY.ALCHHX CUOKTPOB):
7 Ba2! 222y
&, (A)=C [ | A0tz 228t exp(- 274 ) @)

o O
roe 24 A3, rnal2m, (2% §)—upader cOpMAPOBABIIETOCH MHO-
Ha B Anpe, A =3 (M -nIEHAR Heympyrord BsaumoneficTBMR HMOHA B ANpe ApH
NIOTHOCTH pacmpeXeneHas mymaowos [, =0,17 @—I ( 6‘; =220 M0). ANNpOKCH-
MauRa EIMEepeHHOR SABECHMOCTH g“ (A) B mireppane X =I,1 +I,7 Bupaxeny-
em (4) maer mrr 2’ & ¢ suavemna, norasaume Ha puc. 10, Bemwa 2pa-
SyMHO COTrJACyeTOA C pasMepow Kpaesok odnacTd npodunpHoft JYHKUMH Arep,

NOAYHEHHOR B OMNTEX N0 SNSKTPOMATHUTHOMY v \\\\\\\w' {Em

7

paccerm asereponc. e

SN
Taxmu 0OCpasoM, B DAMNAY MONGJN,CBI- 20 t\\\\§
susammel KyMyAATEBHME BPPERT ¢ ROMNINEM )

MHOTOKEGpKORHI ONCTEM B axpe (MKC mm MK 15¢ \\\\\\\\\\%

- N\ 2
=-KNACTEPOB), HAOKOIAGMYD A-3ABNCEMOOTE S
MORHO OSHACHETH, SCAR IONyCTATE, qro; W9y Y .
I.Imdfiysnnit nopepxsooTHME CXGR ANpA OX&-
00 TEHEpApyOT KYMyAATNBAME ARPOHR (MaAa 113 15 17
BEPORTHOCTh OOPASOBAHNA MIC-RRAOTEPOB B py. 10, BaBRCEMOCTE 2 X g
oTOM OJNI08); OT KyMyaaTEBHOR OOPOMSHHOR
2.3aBHCHEMOCTS LACTHOCTM DAOIDeNCISHEA X,
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MK-kjacTepop OT TIOTHOCTH SNEPHOTO BellecTsa (u ero Temmeparyps T-?)
YCHIHBAETCHA ¢ POCTOM BecA KAACTEPOB, MIA TAXeAHX MK-xaacTepon afdex—
THBHHH pajuyc "AKTMBHOR" 30HN ANpA yMeHmmaerca (Z'~X);
3. yMeHLWEHNe BHXONA KYMYJATHBHHX ANpOHOB H3-38 BRTODHIHHX BSEUMOZeH-
CTBHA B ANEDHOM BEWECTRE MIDAET BAMBTHYD PON, KOTAR IJMHA (ODMEpOBaA—
HRA apOHA CYMECTBEHHO MEHBNe pasmepa fARpa (TAReNHe AApR).

O4eBHHC, 4YTO TPANMEHTHYD CTPYKTYDY fEpa OJeNyeT yIRTHBATE M HpH
IEeTaNIEHOM M3YYEHHH RBADK~NApTOHHOR CTPYKTypHO# dyHKuME Amep

=6 x,af/az ,AT/ 32, ..) -
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HCQARNOBAHME IOUAFHBALIM KYMYAATMBHLX ITPOTOHOB
B IPOTOH-ANEPHEX B3AMMONRICTBMAX [IPH HEFTHHA
OT I7 J0 62 TA ’

Beanes 4.M.®), Bancos H.B., Taspmmyk 0.1,
3oxmn X.C., Ilopecenmon B.2

Obsemmemm®t ERCTETYT ANEDHEX WeCXenonenmdt, lIyora
’)Hac-rmr TeopeTEYeckof H SKRCmepEMeHTAALHOR Bu3HKH,MocKBa

HrreucusHoe NccAenoBaHNe NHKANSEBHEX MPOLMECCOS G POKIGHHEM Ky~
MyZATHEHHX QNPOHOB He NPNBEXO, X CORANSHHN, N0 CHX NOp K ONHOSHAY-
HoR Teoperwiecxof WHTSPIDETALNN MOXZHNSMA MX DOMICHUA. [ONESHYD MH-
(bopasIpn mpa pPOPROCTKE DASANYHEX TEOPETHYECKEX NONXONOB NMOTYT EATh
HCCAOROBAHEA CONHOBMX 3ffieKTOB P KyMyASTNEHOM DORNGHMM.

Hamepenme DOAAPNSAIMN KyMyAATEBHEX GapROHOB BNIIOJHAJIOCE HECHOAL—
KRN 3KCIICPEMEHTRXEHHME OpN PASANIHHX SHEPrHAX M DASAMIHOM
COcTABE NEPENYHMX DY4ROE' “, CBONKA NANHMX 0O DE3yALTATAM NaMepe—
HNA NOAAPESAINN KYMYAATEBRUX IPOTOHOB IOKA3AHA HA pHc.I. MOmHO oTMe—
TRTE Goxpmofl pasGpoC RaMepeHHMX spaveHMR BeXNGEHM TIOMADHIAINHA, UTO
He IO3BONAET CAGXATH YETEOrO BMDONA O BeXWIMHe afijexta B ero moeele-
Ham. HeoOXommso, OAHEKO, OTuMeTMTS o TO OGCTORTEABCTRO, YTO
[OITH BOe SKCOEPEMENTM BUNONHEMU NN HENOBTODAKKMXCHA YCAOBRAX, B BH-
BOX O OPOTEROPEIMBOCTN NAHHMX MOXST

GUTE NOCHENHMN, CAE YI00TE CAORHYD P
SABACHMOCTD HOXAPHBAMAOHHMX 3ffex- % { }

TOB OT ycaoBail omHTa.llpa sHeprum a6 T __++
OOPBNTHUY SACTER CEMNe 7,5 ['aB ma~ I t

MOPGHNSA NOAAPASAINK KYMYASTHEHHX _¥

NPOTOHOB B0 ONX NOp HE NPOBONMROCE,  fij_ i

Hogodmie wswepeuwa B orolf odmacrs ° [¢ B

snepraft npemcTABANDT HecommeHmil 170 W0 0 O N0 720 X0 260Tpme

500 0 60 850 M0 750 Fyoac

ERTepec, TEK KaK B nOcRkexnee
Pt NOABRANRCE HOBNE ROKASATEALCT-
BR TOFO, YTO ONEHOBME 3jjexTN B 00~
MROTE BuCOXMX SHEPIER MOTYT OuTE

- -pl90°}+X ) v hap.

* PN C +X j i8R, A

a -plrm)C-plksiex 'F“"m""""_ uz:'l' o9

B -FUINAL)IC -~ 2+ X, Gyr on w ABHTIE H980r)

SHAURTONLHLMN, B BABNCEMOCTE l! or - _-]"(IMJQC-“KS'IQX.W

sEeprux HOONTS Heperyarpmuft = -pISIBEIeC=PUSI X, - - -
. - C= a0

Xapaxre v - yWRSOBL)eC=pl95T s X, m'&s'

B mamnoll padore MU NPeRCTABRA-
M PeSyNLTATH NSMSDEHEA NORADESAIEN
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KYMYJATHBHHX TTPOTOHOB_NOL yriamm 158% » 95° » pearuun
P+ 2g . pg + X
NpR SHEpTAH NEPBMYHEX DPOTOHOB OT I7 Mo 62 T'eB. JKCNEPEMEHT OHJ BH-
nosHex Ha ycropuTene Y-70 (CepmyXoB) ¢ NOMOWBY MONADAMETDA, B KOTO-
POM B KA9ECTBE TPEROBHX NETEKTOPOB MeOoaLsoBamch NpafPoBue KaMep.
Cxema SKomepmMeHTa Al yrna 158°
| norasaxa Ha puc.2. Hadop craTme-
THKK NPOHIBORBAOA ONHOBDEMEHHO B
Mo wmHTeppate oT 17 no 62 I'eB dasro-
IepA copocy BHYTpEHHETO [y4ka yc-
s i € xopAesHX NDOTOHOB HA MHleHE HA

e - eoceoooTTel ) HepacTammeM yUACTRE MATRHTHOTO
nons, Bemrdmma JoxHofl acHMMeTDRE
Prc. 2. ROHTPOAHPOBANACH H3MEDEHHEM acHM-
METDHR DACCeHHE? (EecCHMROBHX YAC-
Apte Eol38 THU-HOHOR ¥ HEXONWIECH HA yPOB-
" t + w32 He I-2%.
+ % Pesyabrary mgMepenpd noaspu-
¢ % 4 + Saumd npx suepruu I7-62 ToR
ot 8) [oagpusagmq nox yraow 156°
roti Tipy odpadoTke HAHHHX HadpaHuas
© + . CTATHCTHRA DRCHPEeNSALNach IO
o [ +—_+— e SHEPIME NEpPBAUHNX NpOTOHOB E; mo
! $+ TpeM unTeppanau 17-32, 32-47 ¥
ol 47-62 T3B » no 6-7 MHTEpBaiaM IO
s :62 UMIYXBCY KYWyJASTHBHHX MPOTOHOB.
0 _J[_ HamepeHran BeMMYMHE GCHMMOTDHE
o 4 I paccesHuA KYMyJLITHBHHY MPOTOHOB
t + np yrae Buxons I58° noxasana xa
W pHC.3. MOEHO OTMOTHT:, YTO Her
om0 a0 sos CYWEOTBEHHOTO DPAs/MYEA B BeXNYNHe

500 600 700 800

q, M8 H B AMIYAEOHOHM 3aBNCHMMOOTH QCHM~
s

MOTpME NpHE pazmmwHoll smRepru¥ nep-
Pue.3. BEWHHX NPOTOHOB, 3aBECHMOCTH NO—

JFPH3AIME QT MMIYJALOR 1O BCEMy MHTepBAly SHEPIEN NEepBUYHHX HPOTOROB
OpMBeNEeHA HA PHO.4. BeAHiEHa NOJRpHSAUME B EHTEDEAJNE HMOYJLCOB OT
510 no 840 MeB/c waxomurca Ha YPOBHE HOCKOARKHX IPOLSHTOD ODH Opel~
Hem sHavenu# P = + 0,033 ¥ 0,021,

JxepreTHieORas IXMMOEMOCTS NOJIPHSALRY OT 3Hepr¥m E, npencras-
JeHa Ha pro.5. Ha 8TOM Xe pHOyHKe NOKASAHO YCDENHEHHOS [0 MMOYJIBCY
3HAYeHMe NOMAPRSALMM AAA ABYX KDYTUX SKONEPHMEHTOB IDH BHEDIHK
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02 EF17:62058 0.2
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o e R
0 »+.. - - :+:_$__ -] — 0 . . N +
-01 ¢ -01 F
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L
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E, I,%4 I‘sB/3/ uE, 7,5 I‘BB/4/ Iad 9TOH me peaKiumm fNpH yrJe BHXO-
M8 NPOTOHOB 145°. Had:m.uae'rcﬁ OTJIMIHE OT HyJA TOJADH3aiMM BO BOEX
Tpex 3KCHepHMEeHTax, XOTA OTRJIOHEHME OT HyJEeBOJ BEJWYMHH HAXOIATCHA HA
YPOBHE OJHOR-/IBYX SKCHODAMOHTAJLHHX OUHOOK.

0) DNoagprsauud 0OR YIJIOM 95°. Msmepennn nox yraom 95° nemoncTpepyer
GoJpliee SHaYeHMe NAA BeNHYMHH NOAADHIALMM KYMYJATHBHHX LUpPOTOHOB. [lo-
BEeNEeHWe NOJADW3ALME B MHTEDBANS RMNyJaEcoB oT 550 ;o I000 MeB/c e mo-
KasuBaer, kak @ nom yriom 158°, cymecTBeHHOA 3aPMCHMOCTH OT EMIIYAECA
[POTOHOB, HO CPeAHeEe 3HAYEHHE NOJHpHIAUMH 3aMETHO BHNE M PABHO

P =4+ 0,I3 ¥ 0,0I (puc.6). BeAWumHa NOARpM3ALAHM TOX YIVIOM 95° mna
PESJIMYAKX MHTEpPBAJOB SHEPTHM NEPBHYHHX NPOTOHOP NOKA3AHA HA DHC.7.

P ° E,16-
95, E,=16-64r3B P 95, q =580-1000MsB/c

02 02

=, e
B OF v .
o N -01
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q,MaBjc E.l28
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269



MomHO cnesaTh JAKINMEHHE, YTO HON YriAamu, GIHSKEMH K 90(,’ TOAApEIRLRS
KYMyJAATUBHHX NPOTOHOS B PeaKIWMH Ha ANpe yITAePOlla B WHPOKOM EHTepBaje
SHepraft nepBUYHHX NMPOTOHOB OTVIMYAA OT HYAA M HAXOmMTOA Ha yposHe I0%.

OTHOCHTENIBHO HeGOMABIOe 3JHAYEHWE BEJHYMHH NOAADHIAUMM, Had/mnae-
Mot B OIMCAHHOM BKCHEDHMEHTE, MOKHO MCTONKOBATE KAK 8PIYMEHT B NOJB—
3y TOro, 4To B (OPMHDOBRHAR KyMyJAATHBHEX NDOTCHOB MpeoOJaNamuyld polb
UTpANT TAKHE MEXAHM3MH, IJle OTCYTCTBYET CRASL CMHHA NPOTOHA C NJOCKO-
CThD NEPBOHAYAJNBHOTO pACCEAHMA; K TAKMM ODOMECCcaM MONHO OTHECTH CNER-
TATODHRA MEXRHW3M Wi 06PA3CBAHHEe KYMYJAATHBHHX [POTOHUB Yepes poXhe—
HMe ¥ nocjemywuMit pacnan BHCOKOBOIOYKESHHHX CAPWOHHHX KIRCTEPOB.
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TRANSVERSE MOMENTA OF CUMULATIVE HADRDNS AND MUL TTQUARK CONFIGURATIONS IN NUCLEL
A.B.Kaidalov, G.I.Lykasav, N.V.Slavin

Joint Ingtitute for Nuclear Rescarch, Dubna.

As is known, the investigation of cumulatjve hadron preduction processes can
qive nontrivial information about the nature of nurivar forers at small distances.
These investigations are related ta the attempt to find a new phenomenon: the so-cal b
muitiguark configurations 1,2/ or few nucleon correlations /3 . If we ascume that
there are multiguark configurations in the nucleus, then a qurstion arises about the
distribution of quarks in them, The guark distribution in a multiquark cluster on the
light cone variable x has been derived in refs. /0'5/, integrated over the transverse
momentum P, 14/ or at Pt =a /5/. It is interesting to derive the quark distribution
in the nucleus as a function of the transverse momentum Pl' The present paper is to
analyse the Pt-distributiun of quarks in nuclei. To resolve this problem we can use
the guark gluon strings model (QGSM) 18/ based on the 1/N expansion in QCD.

Let us consider the hadron production in o A-P reaction in the rest Frame of the
proton target in the kinematic region beyond the N-N intecraction. This consideration
is equivalent to the anslysis of the cumulative hadron production in the rest frame
of the rucleus-target.

The process of cumulative meson production can be represented in the frame of
the GGSM /6.1 in the following manner. A nucleus consisting of multiquark clusters
collides with the nuclcon target. In each cluster there is a quark configuration of
the x- and Pt-djstributian prepared in advance (sece below). After the colour inter-
action.two quark gluon strings are produced between the diquark, the quark of the
cluster and the quark and diguark of the nucleon-target respectively, which corres-
ponds to the one-Pomeron exchange in the t-channel /6'7/. Then these strings are torn
if the diquarks and quarks at their ends move away and hadrons are produced; the
fragmentation of diquarks, quarks of the multiguark cluster results in cumilstive
particles, The production of the multipomeron showers is aslso possible but we neglect
them breause we consider the kinematic region of large x where their contribution is
cmall /6’7/. The inclusive spectrum of such hadrons can be written in a way similar
to that of the hadron spectrum in the P-P collision in the frame of the QGSM /6,7-5/
but it is peccssary to take into account that there is a certain probability of wmulti-
quark clusters being present in the nucleus and that the quarks distribution in them
differs from that in the nucleon. Then the expression for this opectrum can be writ-

ten as
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EF R ~x T RxR) w
whore Vi is the probability of the r‘n-‘!t-m:e of a k configuration consisting of k
}q-:;y.’;lmns,\Yk(x P‘) is the sprectrum of Lhe cumulstive hadrons, in particular mesons
produced in the interaction of the k cluster with the nucleon-target.

(1) is determined with the accuracy to a constant due to the inelastic cross
section of the nucleus-nucleen interartion. According to refs, 769/ the expression

fur\Yk(x,PL) will have the form:

s I (&Y, .
g R -»k{lw Gp) r‘w \x,PL)]y @

where
F[x)( P) -«dL Sl L y
xP)= .
14 L \ K, ) Ix & S“d X K‘) Gud .‘tht)+
X, (3}
iy > 7 o 2
* A uu \Cuu »h M ‘I‘)} Zy %,
0, ? : e 5
o ey (0 ‘\rlv :
Ay & Ky .\X:'{ 3 Iy Go(\.,»h ) “w
Y oo
57 ARSI (-,Lh‘\"\‘ 4 ' Kikk SN are the distribution

functions of quarks, digquarks over * and Kl and their rragmentation to hadrons; the
symbol ‘T. is to show ihe loveur ot IThe quark or the diquark, The x-distribution of
the quarks integrated oves K, obtained in ref. n/ has the fallowing form:

S.IX\ N )( L‘ X, (V'J‘BS(K‘ 1) 4_eN R (5)

g K

wvhere K is the number of Three guarks (3g) in the cluster, X, = x/k, x is the light
cone variable /‘V, [;N ,l\{:ﬂ_ 2 ,)'A; «‘L,f 1/2, J;N = <0.5 - -0.75 are the intercepl
N
of the bosan (?, 1, A,
z 167/,
index corx('sponqu to the gquark distribution in the nucleon the faclor
{1- X )Z(L B)(K B 15 due tu the probability to slow down k-1 3-q cluslers

w' aod averaged nueleon Regge-trajectories; bN is the pover

(consisting of quarks, diquarks); \){ is the inrtercepl of the average baryon (N, Q)
Regge-trajectory, ils value iu badly known. Therefore, in ref. / the valuc of
1s determined Trom the best deseription of Lhe experimental data on the sprelra of
cumulative hadrons, ed —e'X reaction and 'MC-dala,

To gel the diquark distyilulion { (‘l) over x we wust replace by loxy in
the cxpression )L' &‘(u)[i_ K t. .m‘onh\ng to the MQGS /6, 7/, and the probability

to delay k-1 3q l?JUSL(‘l’S is the swwe as in the above mentioned case

g (0~ (=) Y (g T ). ©
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We shall take into account the dependence of the quark (diquark} distributions
on Pt' First we shall consider the production of cumulstive mesons. Suppose thal the
quark (diquark) distribution is factor.\zed on x end Kt

5?1 ICRRES Sv Kix) 9o (K,)

According to the parton model and the hypothesis of the existence of multiquark
configurations in nuclei 1,2 the quark of every K-cluster in the pojectile nucleus
can have the maximal momentum equal to the momentum of this cluster. If we are inter-
ested in cumulative hadrons at large x, for example, the fast quarks, diquarks in the
nucleus vill give the mgin contribution to their spectrum, therefore their distribu-
tion over x 35-(1] can be taken in the form {3), (4) respectively. This fest auark
(diquark) can have a large transverse momentum owing to the consequent division of the
internal transverse momentum Kt between 2K quarks snd diquarks in the K-cluster. This
division is shown in fig. la for a 6q-cluster.

Then, according to what was mentioned above, we have the following expres-

sion for q (Kt):

- M § M3 "
g, (R = 3’13 RO -G U I S
where (3( (K,;) is the querk (dxquark) dxstnbutwn over the transverse momentum

after each separate i division. .
If the Gauss distribution is taken as 3(")(\(&, i.e.

(L) >
K (K) = 2 exp ¢ ¥KL)
then we shall get frum (3) s~

it

¥, - ¥ Ky
()= el Ly o E @
.k it x 1 ™M %4t
it is ne;cesar)’ to know the fragmentation functions of quarks snd diquarks into
hadrcnsCD ()1 G—(?) for the calculstion of hadron spectra and other observed

X
values. We shah represerh: them in the factorized form, as in_ ref. H

Gl‘tK By= G(ip) (k)
8/, ~

vhere, according to ) =
' 9 Ky P ZK

G'r (1 Py ~ (1-— 2) dhelad 4 2al () B> = (41— 1)_'“”

)i dg@ = 1 (Eeve)

can be taken

% @xp(-245 @R tn

For simplicity the Gausa function 8/

( "4 } — - b’K
t
9.80= L e
Substituting nov these distribution functione of the quarks, the diguerks and their

fragmentations into hadrons into (3) and (4) we get:
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1,\/ (X,pt): S 1% ‘\uv(x‘\ Guv—(i\"'Pt) ¥ j3 Sc\\, (x) =

; . - R (A
Lo By T2 B)= 2 g %R
: . S

>

J (i| P
x L‘fd\l_ BN

e L RS
Ve con yrite the folloving expression for the average value of the transverse
momentum squared:
SN e ! & e
PPN == LN 2xeg / e
L - h X 3 PERYY 1« 3 o
where:

" ‘ T\\ \‘""\ g\ﬂ\\;x_}l\ ‘“I-IPL 5 % o= F l"\ + FLK)‘K) )

L

BER OB IR )

B r.\u >l,,

b \\ : ‘\“(\)(~ (% )+'§,mb

&) A
prrpssmn (9) -howu a strong dvpendvncr uf the quark (diquark) K -dx',h':buhon in
the multiquark cluster ot the number of 3g-systems in the clu.,l’r'r, K, beecause

m = 2k - 1 , It can also be ween from (8) that the mean value of the quark (the di-

quark} transverse momenlum squared

SeN ) I LA S A C |
<“t> . 5 y O

WA
increases with K or x because K is proportional to x. Therefore the mean value of

the transverse momentum squared of the badron (9) produced in the fragmentation of
the quark (diquark) increases with x. The numerical calculations confirm it.

The mechaniszm of the cumulative proton production is more complicated than the
mechanism of the cumulative meson production. Cumulative protons can be produced not
anly from the diguarks fragmentation but alse with the help of the spectatar mecha-
nism, i.c., the 3q-system-spectator of the K-cluster goes inte the cumulative proton,
i.e., the mechanism of the cumulative proton production consists of two parts:the
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mechanism like that of the meson production and the spectator mechanism. Then the
expression for the inclusive spectrum of the cumulative protons can be represented

in the following form:

de;
LA an
T = 3, 0 X7 e T R s
vhere T {x P) 19 Uw 3q-system d:stnbutmn in the { multiquark cluster.

We shall chouse (X P)m the fsctonzed form as vell:

ny
TR T, 6 T ()

The transverse momentum inside the K-cluster can be divided in hffcrent ways in the
case of the cumulative protons production. We shall consider the limiting case when
the number of divisions is minimal, i.e., the transverse momentum is divided between

TR

the"white", colourless 3g-systems (see fig. lb). Then we have for
~ () %, . ¥ P’~
TO®)= = e
JC
wvhere B/ K A\ Y\= ¥- 4, i.e., the distribution of the "white" 3q-system in the
K cluster is more sharp than that of mesons. Thercfore, the mean value of the trans-

verse momentum squared of this system

IR N T C . | (12)
Gy o= ot

n
increases with K slower than that of the guark or the diquark (see (10)).

The distribution of the 3g-system in the K-cluster over x can be obtained, as
in ref. /l‘/, from the guark x-distribution S (X) in the K-multiguark (see (5)),
using the Mellin convolution formula. The exprdssion for it is represented in thr
Follnwmq form: - ¢
Ay T(-A ) (k-1Y -1
Te00 = Cu X (4= x) *

the expression for C\ is given in ref. /h/. Then the mean value of the transverse

\

Z
\

=
=

i

6y

Fig. la. The transverse momentum division Fig. 1b. One ¢i' the possible divisions

K, inside the ¢g-cluster in the case of of Kk inside the 6g-cluster in the
the cumulative meson productiaon. case of the cumulative proton
praductian,
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momenLum squared of the cumulative protons is represented in the form:
3 — gt ~
<Pt>?: . DN 21%-1 T o+
¥ < ¥ K LS a3
VL T o] /0,7 3 T w D8 KT 4

y.o e O 1/7, ; J= - AR R
Since lhe mean value of the transverse momentum squared of the 3q—syslem<P >(12)
increases slower than that 'of‘" Ehr- quark (diquark)<|<£ > (10),<‘21>Df protons will
also increase slower than <Pl:‘ h of the cumulative mesons. The numgrir.‘al calcula-
tions confirm it.

Actuslly, the internal transverse momentum in the cluster cen be consequently
divided, for example, between diquarks, quarks and a 3q-system which then passes into
the cumulative proton. Other variants of the division of the transverse momentum
inside the cluster are possible. We have considered two background cases: the maximum
and the minimum of the division number Kt' Therefore the suggested mechanism of the
cumulative proton production can be considered as a preliminary qualitative analysis.
And the results of the calculation of the cbserved values of those protons (they are
given below) is just an estimate.

Note that we consider the cumulative hadron production at large % , for
example,X?H 2 where the background processes, for example, the multiple rescattering
of hadrons and of produced resonances inside the nucleus can be neglected. In other
words, we assume th~*+ the cumulative hadron production is due to the existence of
multiquark clusters in the nucleus.

The A -meson and proton spectra produced in P-A collisions and calculated by (1)
and (11) are shouwn in fig. 2 as a tunction of Pt at the fixed X. There are also the
experimenlal data at Pox. 10 (GeV/c) /10/. The curves in fig. 3, especially those
foi protons, shaw that Lhe P: -dependence of the inclusive spectra becomes weaker

as pt increases.

Fig. 2, The ratio of inclusive
spectra R(Ptl)': T(X,?CS/T(X,O)
as a function of P:'. Dashed curves
1,2,3 are for the cumulative protons;
solid curves 4,5,6 are for the
cumulative K-mesans; the experiment-
al data are represented _al.
Py = 10 (Ge\l,/c)z/m/:B’:B(Gn\I/c)_g
PEEENCSRE A (Gev/e)2.

d
OFBMO 2K 68 02850 RUEBY ?(5"/‘)’
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Fig. 3. The mean value of the transverse
momentum sguared of the cumuiative
protons (dashed line) and ) -mesons
(solid line) as & function of X;

the experimental data are represented
at P, = 10 (Gev/c) 107,

01{ - ]
05 /,/{IIII
”{ll

1]

16 20 24 28 32 36 40 X

The mean values of the transverse momentum squared of A -mesons and protans
calculated by {(9) and (12) and the experimental data are represented in fig. 3. It
is seen thav (P > of the hadrons increases with X, the increase being greater for
mesons than For prntuns Note that there sre alsa the experimental data on the 13
dependence of the cunulative badron spectra /1

Finally, the following conclusions can be drawn. A mechanism is proposed to
take account of quark transverse momenta in the nucleus. It is shown that the inter-
nal motion of quarks, diquarks in multiquark clusters in the nucleus can be the
cause of the increasing dependence of(P )on X . The mechanism considered leads to
the weakening dependence of the inclusive cumulstive hadron spectra on p‘Lat large
X and large P (see fig. 3). Then we shall note that the inclusive sper:tra of tke
cunulative hadrms are not factorized an ¥ and £, (see the expressions (7}, (E)
and (10)) but the quark (diquark) distributions were factarized on X snd P he
difference in X -dependence uf(\l>|“ur mesons and protons sre explained by dxfferent
mechanisme of their production,

At the end the authors would like to express their decknowledgement and gratitude
ta V,.5.Stavinaki, Yu.T.Kiselev, G.A.leksir as well as to A.I.Titov and L.P.Kaptari
for useful discusaiona and advice,
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XAPAKTEPHCTHEM BTOPMURLKX YACTHL, OBPA3OBAHHWX B ITC—-B3AMMO-
JIEACTBMAX IIPY 40 TeB/c, KAK SYAKIMM IIOMHOM SHEPTIM
1 K NTOAYEECTKOIO MPOIECCA
1l.Baatap
HacTaryT fuomMM m TOXENKE AH MHP, YaaH-Barop

HsyYeHEe mponecca MHORECTEEHHOTO DOXIGHES BTODAYHHX YACTHI B afpOH-
HYEXOHEHX H &JPOH~AROPHHX B3AHMONeACTBHAX NPH BHCOKWX DHEPTRAX
HMOOT GOMbIoe DHATOHHO® Nud NOHEMAHEA MEX3HAIMA CATRHHX BsamMomeicr-
BER X BEYTpeHEOR KBAPK-IVINOHHOK CTPYRTYpH CTAJIKEBANUMXCA OULEKTOB.
DKCHepHMeHTH IPH BHCOKNX SHOPTEAX XAPAKTepHSynTcA GONBIHM 3HA-
JOoHEGM BeNMYMHH NOJBOR sHeprEM I/, ompexenseMoli chexymmelt dopmymof:

S=(h+B)~ 28, mp @O
w=ys, (2)

e 2 & [} ~ YOTHPOXMEDHHO EMIYALCH B3aAMORefcTByISMX O0BEKTOB,

£, — DHEPTHA HANOTANUOR 1ACTHUN, ¥Xe — wacca MEmerE. Ws Jopmym (I)
BHKHO, YTO BeXWTHHA § B OCHOBHOM ONDSIEJAETCA HDOE3BOJOHEOM SHEOPTHM
gaxeramefl QACTHAOH ¥ MACCH ‘JMMIOHE, 370 03HAYAeT, YT0 GOABNOE 3HAYEe-
HEE ToJHOl SHEPIHN NOCTATASTCA WM IyTeM FBOXMMIOHAA SHOPTHR HajleTam-
mell vACTNIH, WMH CONLNMEM 3HAYOHNGM MACCH MEIGHE,

B anpoA-AnepHHX BSaMMOREMCTBENAX [P BHCOKAX SHEpraAX B HDONOCCe
CTOXRHOBOHEA MOTYT 2JoRTHBHO YYACTBOBATH HOCKONEKO HYRJIOHOB ANpa-
MENGHN, T.0. IOAYYRSTCH COMHUCe SHAYOHHO MACCH MENOHH HO CPABHOHED
¢ ARpOH-RYKAOHHHM B3aEMOXefOTBNOM.

COTNACHO SAKOHAM COXDAHOHNSA DHOPTEE H MMIYABCA MACCA MEEIOHH

onpeNeaNeTcA CHOAYNEEM OSpA3SOM:

2
Me= 2 (€-R)/ 7, 3

e £ x 4 - saeprubn NPONONbEESR MMIIyJABC BTODEUHON MACTRIM,
72 - 4mono PTOPAYHHI ACTEN, M- MACOA MPOTOHA.

lipopenenmt B pado-re/ T/ ansums HorasaX, ITC THONGHHOO SHAYGHHE
MaccH MumoEN man [ C-psaumoneloremk mpx 40 T'sB/o, BHYECHEHHOS IO
Jopuyae (3) nan SaPARGEHHMX SACTEN, NOCTHYAeT 8 HYRAOHHHX MACC
(pxc.I). 310 n@eT HAM BOBMORHOOTH HONYUGHEAM CONRNEX SHadeHml moaHoR

SHEPI'NE B CNOTEME I[GHTDA MROCC:
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e . Spe = S,;d'M"" s Sy LEp M. (4)
Hacrommaa padora Merc7

TOIXOHNOM Npemupywe#t padorw’ /. B aen

HCCAONYDTCA SABRCHMOCTH OF nmmoﬁ SHepruy

- ., = ys,.‘." Cpe/HEX SHAYGHHY MHOXOCTBOH-
. HOCTH W NONEPOUFHX HMIYALCOB BTODHYAHX

« I*-mesoHoB, ofpasopaHmux B I C-BaamMomeit-
- CcTBEAX mpa 40 I'sB/c. [onyusHEHe De3yanTa-
TH CPABHEBANTCA C TEUDETRISCKHMH %?xcna-
S sanEAME XXJ| MOJNYXecTKOro NPONeces!

Prc.l. Pacmpenenetds

COOHTRA 1O MACCe MH~ NMoTOoIMRA BRCIODAMEHTA

menw M4 SKCHOPEMSHTANLHNY MATOPHAA ORN ICVyIoH
¢ DOMONED nynerpawri oponakosolt MySHPHRO-
poit xamep IB3 OMAM, odxyweHHOR Iyuxom

T -mesopoB ¢ manyxscoM 40 T'sB/c ka cepmy-

XOBCKOM YCKODETONO.
B padoTe HCCAGIYDTICS XADAKTEPHCTHKN BTOPRYHMX [MOHOB, 0Gpasc—
BAHAHX B CAONYNUEK DOAKIMAX:
F+C >7* + X {5)
CratrcTaRa coOHTRl, NCNONLROBAHHKX B 2TOH padore, cocraBuAer 11048
[C-psaunoneiicTBl, MOTOMAIECKH® 0COCOEHOCTR SKCHODEMOHTS LUOINPOGHO
ONNCAaHN B padore

O DOJYROCTKOM NPOUECCO

B padore/ 2/ GHIA ONECARA NOBGNEHO RpOCTaN R HATJAREAN RAPTEER
UPOCTPARCTBEHAC~BPOMEHHOTO DASHATEA NPONSCCA MHOKOCTBOHHOTO DOXIS-
HEA YACTHL. BuM0 NOKASAHO, YTO B ANPOH-AKPOHHHX BIamMomeficTBUAX Ipx
BHCOKRX SHSDPTEAX BTODNUHNE YACTRIN OOpABYDTCA KAE B PeSYARTATE XOCT—
KOT'O CTOXKHOBGHEM, TAK N B DOSYABTATO IOAYRECTROTO Ipomecca. [ol
NOAYXSOTKEM NPONECCOM NOHMMAOTCA OTOXKHOBGHME, B EOTOPOM HeCOLHDAA
9ACTH N6pBOHAYRXHHONR SHEPINM yYACTBYeT B XeCTKOM COYNAPOREE, T.O.
EeT TMpooecc ¢ MaruM SHAYENNeM TopeMeRHOR ¥ ( x <«I), 3ror mpomecc
HO ABIAGTCA DOIKAM, TAR RAE OpE X < I uoXer O4TE MHOIO HAPTONOB C
MATIDM DasMePEME NODANKA ~ f /fpZ' & O WGXIM CeTOHHEM 6;m~1/¢‘;
Tloxroe ceuease 3TOTO HPONECCA MOXOT OHTH NOCTATOVHO GOMBENM, T.€.

o Camiburd) A’;’ . OTCNNR BEIHO, YTO NOXYRGCTKEE HDONEOC E-9eT
HOYTO O0Nee C MATKEM HDOUECCOM, HO K6 ARANGTON MATKENM HDONECCOM,
TAX XAK MOXYROCTENG NPOLECOH NPOHMOXONAT HE MANHX DACCTOMENAY NOPAR-
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/»u»(acl)

no TB Kx.ll
Taxms odpasom, B aroit pado'ra/ 4 BOGPEHE GHJIO NMOKASRHO, 4YTO MO-

IYEECTRO® COYAADOHAE He FBAMGTCA DOIiM TDONOCCOM, U TINIHOS AXDOH-
Hoe B3aEMONeficTpme (¢ O ~ /Q ) MOXeT OHTH MCCNENOBAHO G HOMOMBD
T8 KXI.

CoraacHo OCHOBHOK #Iee 3TOH padoTH, B PESYJIbTAaTe LOIYEECTKOTO
COYIADOHEA 0CpPASYNTCH TJINOHHHO CTDYE C OTHOCETEALHO GOMBINME IIOTIE-
POYHHME HEMOYJALCAME fl/?d_s—' .

% ~ £ (6)
H COYSHEGM, CPABHEMHM G DeOMCTDEYSCKEM DagMopoM axposos (T.e. Uiz ).
9ro NPEBOTET K YBEJWISHER CDEJHOTO SHAYOHEA NONEPEUHHX HMIYJILCOB
(®rE KBaJpaTop NONEPEYHNX AMIYALCOB) BTODHYHHX YACTHI C YBEIE@HHAEM

.t/}/gl. « /?4 H, CHONOBATEJLHO, WX MOXHO BHTHCJATH

NOXHOR SHEPrHEH S @ —_—
EVens
<F> ~ € " Gl
28T r s
<H>~e ) (9)
a TaKEe K Pocry CpeNHero SHAYEHARA MHOXOCTBOHHOCTH BTODPWYHHX UACTHIL
<n> ~ 7T, (9)

CoraacHo TeopeTAUECRON ONEHHe, NapameTp £= -I 26/ 2/

3apECEMOCTE CP@JHEX XAPAKTEPECTHR
IT"-mo30HOB OT BREPTEM Wi
C menasp ASYdeHmS SHepreTHIecKodl SRBHCHMOCTH X CDARBHEHHA ¢
NpencKasaddeM TeopeTAYecKod Mopeym’ </, HA pHC.? NPHEBONHMTOA SARKCE-
MOCTH CDEJENX 3HAYGHNA MEOXGCTEOHHOCTH BTODEYHHX IIY —me30HOB, 06~
pasopaumMx B I C-psammonefiorTeeax mpE 40 I'sB/r, OT BesqEHH noaHof
SHOPTEN Wy~ Sy o auuc.nean% /no dopuyne (4). DRCIOPEMOH-
TONHHEO RAHHNEe OWIM BSATH HS DAGOTH!
B cooTperTCTEEN ¢ JopMynof (9) oRCUEpPAMEHTAABHAA SABHCEMOCTH
O5an ANTPOKCEMNPOBAHA (HOPMynoi:
< Ay >=02, + 2 €
Bisy moxyueHH cNeqyImme SHAYEHRA NADAMOTDOB:
7, =3,83%0,18, 2 =0,0086%0,0048 = £ =I,3780,I2,
Opx sToM j”' HE ONAY CTONeHE: CBOJONH moAywmrock pasinM 0,8. Bmmso,
qro fopuyxa (I0) XOpomo ONECHBAGT SKCIGPRMOHTANHEYD SABROEMOCTDL
cpexgell MEOREGCTRORACOTE OT BEIMIWHE z«/,c B mapaMeTp B mpene-
Anx OENGOK OOTXACYeTOS C TOODETRYOOKOM onelmot ( b”m,o =1,28).

2 ST (10)
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Pac.3. SasmcEmocTr <AT> u < P>
I -mesoHop ms I C-nsamMomeficTrf
or pexmmmm Wy, ().

(¢ ~ oTHOCATCA K €' -aEEErKAAIER)

Ha pmc.3(a,6) HPRBONATCA SABACEMOCTA CPOEHEX SHaveHull momeped—
HHX EMIOYNECOR M KBANDATODR NONOPEURHX EMIYABCOB (OTKPHTHO KDYXHH)
¥ —me30HOB B3 peaxiue (5) oT NOJHOR 2HeprEH W;‘c . BEmEO, 9TO C
YBeJYOHEeM NOJHOR PHEpPI'HA w;.c HAGINNASTCA POCT B OUOHX CJYIARX.
B COOTBETCTBEH O TEOpeTEYeCKEME fopMyaamE (7) B (8) oTH 3apm~
CHMOCTH GHJA ANMIPOKCHMEPOBAHH JODMYXAMH CJeNYXMEeIc BHIA:
P> =<Be> ra€ ase (1)

<Pls-<BE> +ae Gasic ., (12)

Tloxy9eHHye IBAUCAAA napauerpon .4 f’- HA OXHY CTON6H: CBOGONH HIPHBE-
IeEH B Tadneuex I ® 2. M3 pmo.3(a,6) m Tada.l B 2 pEmHO, YTO S8BH-
CEMOCTE CpEQHRX BHAYSHAM MOMEpeYHHX HMIYARCOB R KBANpATOB IONepey-
HEX HMIYIBCOB OT - XODOHO ONECHBAMTCA Hopmyaswm (II) m (I2),
pz 2TOM 3HAYCHAA UADAMBTDOB ¢y ¥ 4y B OPONSIAX OWEGOK He OpO—
TEBODEUAT TEODETHNSCKON CLIGHRE (& = £/4 = ap = 126

C UesbD CDABHGHEA HANMX 3KCOOPAMONTEABHEX DOIYJILTATOR O COOT-
BOTCTBYDIEME JAHHNMA 9 JPYTHX SKCHepEMeHToB Ha puc.3(a,d) Mpaso—
RATCA Tay¥e BABHCEMOOTH OT HONHO! 3HOPTEH B O,I.M. 1.~ ~CPOAHEX
3HAYEHA NONEpGIHHX BMIYABCOB I xsanpa'ros OONePeTHHY EMIYALCOB Sa-—
PARGHHHX JACTHI, OOPASOBARHHX B €' € —agMArmyAmy (I6DHNE KDYRER).
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JKCHNepAMOHTAJBHEE MATODHAN CHI BBAT H3 paaom/ 3/ . JKCHBPEMEHT Opo—
BelieH NDE 7 DASIMYHHX BHAYOHEAX HoNRoft sEeprmm oT I2 I'sB mo 4I,5 I'sB.
CoromAHe rpueHe Ha pHC.3(a,d) CNOTBETCTBYDT ANIPOKCEAMAIMA OKCHODEMOH-
TANLHHX SaBHcHEMocTelt fopMymamz (II) ® (I2), 3HAYeHHM nAPAMETPOB IODH-
BOLATCA TaKme B Tadumuex I x 2.

Tadsmma I.
Peaxups < B > a; & Ko
jrg; 0,246%0,035 0,0I7%0,002 0,9%0,30 0,8
ee 0,253%0,035 0,00094%0,000I14 1,95%0,56 1,0

Taduuam 2,
Peakips e 2y & “%
e 0,I32%0,015 0,0006%0,0002 2,5%0,5 0,8
ere” 0,I113%0,0I6 0,000020%0,000005 3,5%0,5 0,7

Y3 TaoJ,. ¥ 2 BAIHC,YTO TaR X8,KaRk Z B cayuae [ C-BaamModedcTeuil,
3HepT'6TAYOCKAS B8BHMCAMOCTDH CPEIHVWX SHAYGHAE NONAPETHHX WUMITYILCOB ¥
KBampaToB TONEPEeYANX HMNYJILCOB BTODHYRMX SapAREHRHX 9YacTHI, o6paso-
BAHHHX B €€ ~GHEETRIAEAX , MOXeT CHTH omEcaHa popayramz (II) & (I2),
O@HAKO C IPyTUMA IEAYOHMAME NADAMETDOB 8' H 81,, qeu nua [ C-paamgo-
nmeficrenlt.

PacmopeXesoHMe N0 KBAgpaTaM NOMGPEHHHX WMHYALCOB

. i
J\ Ha pHEc.4 mpemcTaBNeHH pacHpofmete—
Ty ) HRA 0O KBanpaTaM NONepedHHX EMIyJAb—
n s cos Bropmumux [I* -mesoxoB #8 I C-

‘T‘ BsaEmoneflcTeil naa IBYX D&SANIHEX

HATEPBANOB IQNHOK 9HEPTEH B C.IL.M.
W< 4,36 0 17,4 ¢ #. 4 24,6,

Ha3 pEc.4 BMmEO, YTO C YBOJMYOHHOM
"’;'c pacnpelieJoRNe OO KBAIPATAM HO-
NBPEIHHX AMIOYALCOB SAMETHO ymMpAeTCH,
T.6. BHXON 9&CTEN ¢ COJIHWEMA Noneped-
I aCEE RS S R P HHMA HMIYJLCAMH YBeJR9EBaeTcA. Taxoce
Pac.4. Pacmpegersmin mo A  HOBONGHHe pacmpeneremma mo 2% mm
It -mesorop 3 I C-psamMomeftior-I C-PSaEMOeACTENE KAYEOTBEHHO OOIAA—
BE{l NpE NBYX pa3NEIHHEX OyeTcA C DHEPreTNYeCKOll BABHCHMOCTHI
SHAYOHHAX BENHWRHH Wp-o, 9TOTO DACHpliedcHRR, LOMYIEHHOM!
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INA AEPOH-AfPOHHHX BaammomeficTERRd m e’e'-aunnrummu/ 4,5/ .

CoraacHo TB IO(.II,ynmpeime pacopoieNeHHEA HO KBAApaTaMm Noneped-
HHX MMIOYJIECOB BTOPHYHHX YACTHR C YBeJd#qoRHeM #  OGBACHASTCA TOp—
MOBHHM NSTYdOHHOM MATKAX ¥ XOCTRUX TJIDOHOB, OGpASYMREXCA B IPOLOCCe
CTOJIKHOBOHMS .

Ha OCHOBe KBADK-NAPTOHHOM uo,ue.rm/ 6,7/ HHBAPRAHTHOE TRPepor-
ImANbHOe CoveHEe B3amMomeflcTBEA NBYX ofzoxToB (I m II) Momer OTH
BanUCAHO B CIGHYXIOM BHAO; o

- - 2) —
E{:? a~ 5{A,i}§ﬂli)9&ri) d}:.f_l (13)

te 2-20/57 . Afi)m {,-»[r,-t) — CTPYRTYDHHe (yHRIMK BaamMomehcr—
BYIEX O0BOKTOB, * Ofkd)- PyHIUEA fpOTMOHTAIM NAPTOHOB B AXPOHK,
“%‘ - CceqyeHHe NAPTOH-HAPTORHOTO B3amMogelicTBZA.

*  Ha ocHoBe Keapr-TapTouHON RepTHEM fymmmit 5 /%), I3 ) & ce-
YOHAA NAPTOH-NADTOHHOTO B3ARMOKOHCTBEA, SKCHCPEMOHTANLHHE pacIpemp—
JSHEA 1O KBAKDATAM MONEPETHHX HMOYJABCOB CHIM OUACARH POPMyJIold cuae-

JUmeI‘O BHOA:
Lo g (-2)" (14)
rd AFL,"' ,é"' .

YncheHHHe 3IHAYEHEA pmapameTpos S , 7, M ® XL pa ogAy cremeHb cmo-
SoXH DpYBOAATCA B TASMANE 3.

Tadmmma 3.
Besurqmua Wy A V4 A A
av Wi 64,3 0,0I2%,008 4,I2%0,85 2,75%0,32 0,35

RS

4£* 17,4¢4,<24,6 0,0014%0,00I2 27,9%3,7 2,0030,20 0,47

Ws aTolf Tad)EUH BENHO, YTO ¢ YBONMYOHNGM HOXHOM SHepIME #}, mapa-
NeTD 72 CYWECTROHHG BOSPACTAET, 8 NADAMBYD #/ NPAKTHIOCKN OCTAaeT-
CA DOCTOABHLM.

B pado-re/ </ NOXa3aHO, YTO DAONPONGEGHNX TO NONEPEYHNM MMITYXE~
caM BTODAYHHX YACTEI OPE BHCOKEX SHEPIEAX B DOSYALTQTE NOAYRECTHOIO
npomecea CyIyT HANATL MONAeHHOe, WeM 1/,2' . [IpEBOZeHHHO B TACAHENS
3 SHAYeHEA DApAMeTPa /1L~ HORASHBAKT, 10 HOXYROHNHO HaMl DOSYALTATH
HAXOUATOA B KAYOCTBOHHOM COTVIBCNE C STRM MpEfCKASARNEM.

Sarmrieane

I, SHeproTNYOCKEO SAPNOEMOOTHE CPORNEX MHOESCTBeHHOCTe# H cpen-
HEX SHAYORN} JONOPOUHHX EMOYABCOB (IR KPAXDATOB HONEDOTHHX HMIYJIE~
cop) I¥ -wesoHoB, OSpascBaEEEX B [ C-RsamMomoiloToEAX mpX 40 T'eB/o,

e

R BTOPRYHHX SAPARGHHHX TACTER, OGpDASOBARHHXY B &€ £ —QHHEIRNALMEAX
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OpE BHCOKAX SHEPI'EAX XOpOmO OIMCHBANTCA SKCHOHeHIMANBHHMA JyHROEA-
MR (@W/g (I0),(II) = (I2)), npencrasupaemumz KXJ| NOJYyRECTKOIO
nponecea’ </,

2. C ypenmdeHveM DHEDI'TR "5-(; HAGMNIAESTCH CYMeCTBUHHOE YUHpe-
HES DAcNpsefie/IoHHA 0 KBATPUTAM HONEDeYAHX AMOYJBCOB BTOPIIHHX
¥ —mesoRoB ES I1™7-BsamMomie#icTBAft. PacIpemelesms IO KBANDATY NoNe-
POYHHX RMIOYJHCOB XO0pOMO OmMcHBaeTcA fopmyrolt (I4). C pPOCTOM BeNMIH-—
HH ﬂ;-c SHAYeHHe NapameTpa %2 B 3Toi JopMyse CymMECTBEHHO YBEJMYK-
BAOTCA, @ NADSMETD 7/ B TpeIeJaX OWMGOR NPAKTHYOCKM HO MOHAOTCA.
Takoe yumpende pacHpeleJeHHs N0 KBAIpPATY NONEPedEHX MMIYJIECOB BTO~
PAYAHX 9ACTHEN HACGJINIAOTCA TAKKS B 8DOR-ANPOHEHX B3ARMOTOHCTBRAX H
€'€ -aEHETHAAEN DK BHCORMY SHOPLAAX Z RHTEDNPETHPYSTCHS KAK DO3YAb-
TAT TOPMOSHOTO H3JNYYEHHA TUINOHOB, OGDABOBAHHHX B IIPOOECCE CTOMKHO-
BeHRA.

TaxaM o8pa3oM, SKCMODEMOHTAJHHHO DOSYyNbTATH, HOMYIOHHHe B HTol
padore, B EX corviacHe ¢ mpexckasanmem KX mosysecTrOro Ipouecca,
DO-BANEMOMY, I2eT YKASSHEe HA BOSMOXHOO NPOABIEHHE IVIDOHHHX CTelneHel
CBOCOAH B HDAHAOM JRCIIG@DHMUHTE.
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AUTOMODELITY PROPERTIES OF MULTIPLE PARTICLE
PROCESSES IN HADRON~HADRON, HADRON-NUCLEUS
AND NUCLEUS-NUCLEUS INTERACTIONS WITHIR

AN INTERVAL OF 4 - 205 GEV/C

A.M. Baldin, L.A. Didenko, V.G. Grishin and A.A. Kuznetsov

Joint Institute for Nuclear Research, Dubna

1. Igtroduction

Multiple particie processes

I+ JI—1 42 + 3+ a0e (1)
are studied using the relativistic invariant dimemsionless
values' 1 : P P

b= ~C 5F - g )% = ~tugup)? &)
which are the relative 4-~velocities of two different particles.
Here Pi' Pk are the 4-momenta; By, @y - the magses of the
congidered particles; 1, k can be equal to I3II,1,2,3. A
knowledge of &1l the by, velues containg full information on
this process and supplements the inclusive approach to multiple
particle processges.

The approach used allowed us to formulate in general the
principle of correlation depletion/ 2,3 and automodelity
propertie. and to obtain a ber of q on the
limiting asymptotic states of hadron matter. On the basis of
the correlation depletion principle & nes idea of the isolated
system was introduced , as a group of particles with small
relative velocities of b:lk(bik << bk:l' whera j is & particle
not belongiag to the given system) with asymptotic properties.
Hadron jets produced in hadronization processes of the guark-~
gluon ayetems in hadron-hadron,hadron-nucleus, e*s” and deep
inelastic lepton = hadron interactions are important examples
of the ipolated systems.
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The automodelity property for multiple particle processes was
introduced by analogy with the automodelity of golving problems
in the mechanica of solid -edigls, « The automodelity means that
the function under study (e.g. the probability distribution W
in the relative 4-velocity apace) does not depend on any denoting
parameters, but on their dimensionless combinations. Such
combinations are called the similarity parameters. An example
of the similarity parameter may be the momenta ratio of
::-l'u/l’l..x in the case of the invariant scale, where the number
of independent variable functions is decreasing.

If the problem has a aymmetry, then the trarsition to the
variables, invariant with respect to the corresponding trane-
formetion group, decreases substantially the number of
independent variables as well.

The variables bik satisly the demands given above; they
are dimensionless , relativistically invariant values. An
additional hypothesin, i.e. that some by, tending to intinity
of probability (cross sections) distribution have an asymptotic
behaviour, is used to formulate the automodelity principle.

The correlation depletion and the automodelity principles
are formulated matlk-aatically as follows H

b
1_ oI k I1
Wb ., b, bd Lo - - W (b“, Ik-% yeed WS, (3)
ak 7 7&}-09 ‘_‘-}1 v

The funetion II does not , evidently, depend on by and obtains
automeodelity on this variable. Such an automodelity, not
stipulated by reasons of dimension and the demands of invariance
with respect to s transformation group, is called the second
class automodelity. The functions v and Wi » according to the
determination, describe the isolated systems with asymptotic
properties on the two asimilarity paremeters: noninvariant bk
and scale invariant Xy The corresponding asymptotics are
called intermediate asymptotios’*:>/. values of b ., b, and
are not fully independent: when one,bd}. tends to 1m’.:t£1ty, the
other,in ouroase y. does,too. The expression means that oross
sections must not depend on infinite values, but can depend on
their ratics, having finite values.

The formulated principle of automodslity is more general as
compared with the scale invariance of Matveev, Muradian and
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Tavkhelidze, a8 it ig formuleted in the relativiatie invariant
dimensionless parameters and includes the dependence of W
crogs sections on the two types of similarity parameters: scale
noninvariant bk and scale invariant Xpe Begides, the
principle of automodelity is supposed to be true for multiple
particle processes 1n various types of reactions.

Papers 4 express an assumption that the production of
baryon clusters is possible in the intermediate region of the
relativistic nuclear collislons because of e nucleon matter
excitement. The properties of these clusters must be similar to
hadron jet ones, produced in processes of quark systiem hadroniza-
tion, but they are in mnother kinetic regions of bik (the so=~
called first intermediate asymptotics).

Thus the atudy of production processes of hadron jets and

baryon clusters in different types of interaction and the
anelysis of their properties in the relative 4-veloclty space
gives a chance to check thoroughly the correlation depletion
and the automodelity principles formulated generally.

2. Experimentsl Material end Methods of the Jat {Cluster)

Selection

Hadron jets have been studied in soft hadron~hadron (Bp, pp,
#~p), hadron-nucleus (p@, 7#C, pTa) and inE interactions over
an energy range of 6 - 205 GeV/c. The experimental datae on
hadron and hadron-nucleus interactions have been obtained with
the aid of large bubble chambers at High Energy Laboratory, JINR,
at CERN and MuAL/7=12/ {2m hydrogen and propane bubble chamber
"Ludmila®, 81cm,76cm and 200ca). The data on the i’l collisions
wore obtained by the IHEP, ITEP, FNAL and Michigan University
collaboration at the FNAL accelermtor wiih the aid of a 15-foot
bubble chember filled with & neon-hydrogen mixture’ 274/, Tne
total statistics repraseants ~ 200000 eventa.

The study of hadron jet properties in soft hadron-hadron and
hadron-nucleus interaction assumes that they are produced as a
result of hadronization of noninteracting valent quarks , diquarks
or multiquark systems, forming the primary particles or nuclei 15/
(11g.1).



The analysis shows the produc-

mesan_ W)
v A e tion of mainly two hadron jets in
%} the regiona of the primsry particle
fragmentation in the system of
”‘L‘l’———_T—. hadron-hadron interactions between
Ry 423 € cumutotve light nuclei at these energles.
The Jet is considered as & hadron
Sy cluater with emall relative

veloclties bik /:.le the relative
4~velocity space’ 'L

Baryon cluster production has
been studied in hadron-puclsus
(pC, 7C) and nucleus-nucleus
(dC, o C,CC) interactions over a
momentum range of 4 - 40 GeV/c.
These data have been obtained with
the aid of the propane bubble chamber at Righ Energy Laborat..-;,
JINR.

In this case, mainly two nucleon clusters are supposed toc .e
produced in nuclel interactions. The analysis has shown that the
mixture of events with the production of three and more clusters
in CC-interactions 1s possgidle in the events with interacting
proton multipliedty r;/)>10 and does not exceed 10%. Spectator
protons of the targes-nucleus (Plab & 300 MeV/c) and stripping
ones of the projectile (Plab 2 3.0 GeV/c andﬁs 4°) are excluded
from the analysis. The hadron Jets and nucleon clusters o and
Ji are gelected using the relativistic invariant method by
oinimizing the gsums of the 4-velocities squared relative to the
centres of clugters (jet axes) V, and V{ﬁ" , i.e., by minimi~
zing the quantity:

to -] 5 0 - Ty ] @
All possible combinations of the particles selected in the events
(deviding them into two groups oA and p ) have been considered
by ninimization. The centres of clusters (Jjets axes) for each of
these groups were defjined as follows 2 H
m:iu/«(s u‘-)b, (5)

Here the pumsation is made with respeot to all particles included

in the selected groups A and . V&( ) is a united 4-dimension-
al vector. The combination giving the l’ﬂininun value of A, has
been selected.




It was assumed that two pion jets (two nucleon clusters)
= =(Vy - V ) obtained

could be selected in the event, 1f b
z Jeta (nucleon cluaters),

the value of by, .2 10( 2 1) s pi
produced in the region 0¥ beam and target fragmentation, could
have different properties in the case of non-identical particle
interaction, they were devided using the invariant variables
Xre and X7, - These variables characterize a fraction of the
four~momentum primary particles, carried away by the jet (cluster),
and are defined as Iollowa-
. 2p) v"‘_{f)“II ) 6)
X1 * "By (87 Sp7 T
g = 2 Uy up)
IIc = @;7- Uiy "upp

Here My, ) is the effective mass of the pion jet (or proton
cluster{' irs  the incident parficle mass and myy, the target
mags. For the case of nucleon interaction "I""II"p'gJa MeV.
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Pig.2

Pigs. 2 a,b 1llusirate typical hadron Jet X1e and x IIe
distributions in j-p interactions and 'proton clusters in CC
collisions. The regions ol large Xy, and Xite valuss correspond
to the beam and target fragmentations, respectively, and in both
cases they are well devided.

The diastributions of particles in jets (clusters) have been
analysed by 2 b

by ==V, =up) and x.= &ﬁk (7)

where b w e (Vy = uy ) and denotes the squared 4-velocity
of parti%len from the cluater & with respect to the centre Yﬁ
of the cluster } « At large wvalues of b s I changes to the
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light ftroant vari.sble xk'“k -u.kz s where u.k w  Ex s u:z is the
projection of u on the axes z, connecting = the centres of
the clusters V and v_} .

In addition, the distribution of hadron jets (proton clusters)
has been studied on the value of b, = ~(V, = V}; )2. The
automodelity principle allows one t6 expect that this diatribution
will be described by a power dependence of the form

A
- _ . (8)
HS" Ik)

3. Universality of Hadron Jet Properties_in Sofi
and_Hard Collisions of Particles

The b, distributions of 7 ~ mesons in the jets produced
in the domain of beam { 7 ~) and target {p,C) fragmentation in

7P, U~C (p=40 GeV/c) ana pp (205 GeV/c) interactions are
shown in fig.3.

o 2‘\ = PP-224CV/
E AN
bl TN
) ' b
" L
+
L3 f{
} t
m'% q
: T o
5 5 » - w 0 4 8 1 16 zﬂG
[
Fig. 3 Fig. 4

In fig.4 the same distributions are compared for the jets
produced in the target fragmentation region in j~p,;~C and Pp
(p=22,4 GeV/c) interacticns. As is seen from the figures, all the
distributions are similar within the experimental errors. The
average ¢ by> value for pioms in Jets is equal to <& bl:> x> 4.
At lower energies P < 22 Go¥/c, the by distributions of -
mesons become narrower, apparently, because of the phase volume
1limitatton’ T/
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Pig. 5 presents j -meson distribu-
tions in the jets produced in jip,
W~C and pp collisions on the
T, second similarity parameter. The
figure shows that these distribu=-
tiong are also similar within the
experimenial errors.

Thus, hadron jets in goft hadron-
hadron and hadron-nucleus collisions

Fig. S LN S <4
have universal properties on the two bk and x, simitarity
parameters, i.e. the distribution of pilons depends on neither the
type of interaction nor its energy over a range of P=22-205 GeV/c.

The analo%ous apalysis has been made in F'N deep inelastic
interactions . There, according to the exigting idees, the
"igolated” (knocked out) quark, hadronizing in vacuum, and diquark,
which hadronization 1s similar to the quark and diquark one in
soft hadron~nadron collisiona, are produced. The selection
criteria of P’N events are depicted in paperﬁa/. According to
the traditional notations in 75 interactiona, the particles with
y;>0 { '; is the rapidity in the hadron rest frame) relate to
the knocked out quark jet and with ;< 0 to the jet left from
the diquark nucleon. The hk digtribution of 7~ - mesons from
the three energy intervals of the hadron system has besn obtained
for the selected pion jets: 1) W=l-4 GeV; 2) Wad-6 GeV; 3) W6 GeV.

The average values of

< bk> for the jets produced by querk and

diquark hadronization at these energy values W are presented in

fig. 6.

e -
Pt Wi oNpRE

N JorRE.
e m WA % ae W MW
() Eov

Pig. 6

The ¢ bk) values for the jets in soft
hadron-hadron and hadron-nucleus
interactions depending on the energy
S 4n the c.m.s. are represented
here as well. The data for [-p
events simulated in the frame of the
LUBD model at Pw40 Ge¥/c and
360 GeV¥/c have been pruented/ 19/,
A8 18 seen fram the figure,the average
values of ¢ bt> for the jets in
quark and diguark fragmentation
processen in soft and hard particle

interactions are similar at l:llillr energies r =W and grow

with its increasing. When

¥5' = ¥>6 GeV, they reach an

asymptotic regime and the average sise of the pion jet is <b?z4.
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Thus, the analysis shows that the bk digtributions of hadrons
in jets have a universal character in both goft and hard particle
collisions depending on neither the type of fragmentating quark
system nor the collision energy for Plab > 22 GeV/c (b,\ﬂ; 10).
This universality suggests that the jet properties are defined
by the interaction of the color charge with vacuum and do not
depend on the quark system origin.

Since in the new approach the hadron jets are relstivistically
invariant objects with universal properties, it allows one to
formulate the observability of color charges by analogy with the
observability criteria of short-lived particles’2%/.

1 1,0 T — T T
a) w N dbap IN  wa3Gev
ok, . -
W dby ¢
0ol A .
Y m
m=28+03
m 0pot |- .
o
haed o 0w oot 4 uitew
[ 0 10 50100
Pig.7 ﬁoL_P

Pigs. 7 a,b prelenj the pion jet b‘,ﬁ digtributione in
P, i"C, pp and ¥ N interactions st W a 3 GeV. The figures
show that all the distributions ere depicted by a power dependence
(B) in the reglon b 220 for WP, N ¢ and pp collisions
and Q12 tor Hginteractions. The value of the parameter
mx 3 i:.s the same within the experimental errors for sofi and
hard collisions and independent on its energy over the range
40 - 205 GeV/c.

Thus, the results of the analysis of hadron jet propertiea
produced in soft hadron-hadron , hadron-nucleus and hard ;7 N
collisions confira the main consequences of the correlation
depletion and automodelity properties .
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The =, dependence of the function W meana its depgndence
on the direction of the segment connecting jet centres V, and
V} s hence, the particle distribution in the jet reast frame must
have an apnisotropic character. The pion angular distributions

dN/dfCos@fin the jet regt frame produced in the beam and target
frogmentation regions in 7p and }C collisions are shown
in fig. 8a). Pig 8b) presents the analogous distribution for

N

ark
N + jzagm!:tauon N § d"ml

200+ + 4 100 P—+ J

100 B Sot

Fig.8

quark (diguerk) fragmentation processes in JN collisions. Here

ia the angle between the velocity vector of the particle i& and
the direction of the vector (V*- V ). The figures show that all
these distributions are anipotropic, though an enisotropic character
in soft and hard interactiona is different. It may be due to the
difference of interaction dynmics leading to verious orientations
of the vectors V,\ and \D, in the )-dimensional space.

4. Properties of Barion Clusters in Hadron-Nucleus

and_Nucleus-Bucleus Collisions

The selection of proton clusters by minimizing A2 in CC
inelaatic interactions at Pm4.2 A GeV/c gives the following
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results: the average cluster size in the relative 4-velicity
gpace is equal to < bk)z 0.32 , and the average distance between
the clusters < b, ,>=2,3), i.e. considerably more than <b, .

The data obtained indicate that the proion clusterization is
really obgerved in the 4-velociiy space.

Later on the clusters from the target fragmentation (C) region
have been studied in all types of the considersd pC, dC, xC, CC
and FC interactions. They were pselected according to the criteri-
on x,nc> e o Invariant funations of £ depending on
!:k for protons in the selected clusters were studied to check the
main congequences of the automodelity principle. They are written

in the following way:
2 { %6

£ a2 A ’

ap A R

The function P(bk) integrated on the angle . and normalized on
the cross sectiona of proton production in the clustera for all

types of interactions are shown in figs. 9,10.

(9)

00 IR 00T T ‘c_n“w:l. - T
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o hpro 6722 (8) / obprr
obprt
v 3 1 1wl
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0 A4 » ° 19 1] o
b b ? Y ®
Pig. 9

Prom the figure we can see that the given distributions for pC
and dC collisions are deacribed by an exponential dependence

of ilhe type

P(bk) = “‘?""k’ ‘bk)i.) : (10)
The variable hk has such property that it i1s directly connected
with the mean kinetic energy of the particles in the cluster rest
syste2 called "temperature®.,

B

247>
<by> -(25k—-2>._<...!..

"
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A3 18 gseen from the figures, the protons in clusters produced
in pC and dC collisions at p=4.2 and 10 GeV/c per nucleon

have the game within the experimantal error <Tk>. 60 - 70 MeV
corresponding to <byy = 0.13 « 0.15.

——
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il
ot

ot
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Fig. 10

The analogous function F(bk) for protons in the clustera in
C 8snd CC collipions at P=4.2 GeV/c per nmucleon (fig. 10) is
described by the expression consisting of the sum of two exponen-
tial functions
P(by) = A 0%p- b/ <Y q) + 2,880/ < by > 5) a2

with the aversge values of ¢« be> g and < bk> 2 diftering
almoat twice: <bk7 ; = 0.147 - 0.15¢ snd ¢ bk7 2-0.25-0.29.
These values of < b, > corregpond to the following temperature
valuesg: <Tk>1 = 67 - 72 MeV and <Tk>2 a 118 - 135 MeV for
dC send CC events.

Thus in nucleus~nucleus collislons C and CC) the production
of proton clusters of the two types 1s observed; one of them has
the same temperature {Ty> = 60 ~ 70 MeV like the clusters in
pC snd dC collisions, the other has a higher temperature
{Tk> 2= 120 - 130 MeV. As the analysis shows, the production of
high temperature clusters in mucleus=-nucleus interactiona is
connected with multinucleon coluaion‘m/ « These clustera are
characterized by the large transverse momenta of their protons.

To compare the propertios of the selected proton clusters with
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the data for j;C interactions in similar methodical conditiona
in all the considersd reactions, the protons with 300 & Plab R
BO0 MeV/c have been selected. So the protons selected in

this way belong eassentially to the type "cluster I". The cenire of
the cluster Vi was found for them and the b, distributions
were made. The distributions dll/clhk obtained for pC, d4C, GC

and 3~C interactions over an energy range from 4 to 40 GeV/c are
in fig. 11a). Pig. 11b) presentus the proton diatributions in the
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Fig.11

same clugters on LW defined in this case as followa:

x . S;f' . where by = ~(uy - u:)z
bye = =(up = Vg )%,
index I is the incident particle or nucleus.

The presented figures show that proton distributions in the
clusters of the first type are universal on the two similarity
parameters bk and X i.e. for the same target nucleus they
are independent of the type of an incident partiole and its energy
over a range from 4 to 40 GeV.

The propertiss of high temperature proton clusters depending
on the type and collision energy urge futher inveatigations.

Pig. 12 showa the bys distribution of the two selected
proton clusters in CC interactions. One can see that thia distri-
bution es well as the hadron jet one is deacribed by the power

dependence (8) ir :-.e region of baiﬁz,S with the parameter m= 4.3.
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Thus, the main resulta on the study
of varyon clusters properties in
hadron-nucleus and nucleus-nucleus
collisions pr:)ve the oonolusion/ 4,6/
about the existense of the first
intermediste agymptotic in relativistic

nuclear interactions.
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Copelustion
The obtained results on the study
o i of the properties of hadron jets and
baryon clusters in muliiple particle
production proceases confirm the
o0~ truthfulneas of mein consequences of
e the principle of correlation depletion
and the automodelity principle formu-
lated in general way:

1. The production of mainly two
pion jets in the regions of beam and
terget fragmentations are cbaerved in
soft hedron-hadron and hadron-nucleus
interactions. The average size of pion jets in relative 4-velocity
space 18 ¢ b > 4.

2. The universality of pion distribution properties in jets on
the two similarity parameters bk and x, is observed. These
distributions do not depend on the type of the reaction and energy
of interaction within an interval of P, .= 22 - 205 GeV/c.

3. Baryon clusters production is obaserved in the intermediate
region of relativisiic nuclear collisions. Their properties are
similar to the hadron jet onea, but they are in another kinematic
region of bik' The average size of baryon clusters in the relative
4-velocity space 1s <b2=0.3 .

4. Proton distribution ir clusters as well &8s pion distribu-
tions in jets are universal on the two similarity parameters by
and ., i.e. they depend on neither the target nucleus nor the
type of the incident particle and collision energy cver an ensrgy
range from 4 to 40 GeV/c.

5. The distributions of pion jets and baryon clusters on bug
are described according to prediction (4) by the power dependence

of the type

. S S
dbep  Dag"



6. For the first time in nucleus-nucleus coliisions (uC and CC)
two types of nucleon clusters with different properties are select-
ed. One of them is characterised by <I>, = 60 = 70 MeV and
universal properties in the 4-velocity space, the other by
:.'rk; 2" 120 « 130 MeV, in related to multinucleon collisions
and is characterized by the large transverse moments of protona.

In conclusion the authors are grateful to the Collaboration
for the treatment of pictures from the propane bubble chamber,
for asaistance in obteining the experimenial data.
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PEAKIHSE (£,€7) HA'C ¢ HYMYIATWBHEM [POTOHOM
K.l Epumm

Epesascrult dusuuecrull WHCTHTYT

I. HsyueHue npoueccoB posgeHun xymymitstix vactiy (KY) ua anpax,

7.@. YACTHY, DONZEHHO HOTOPHX KWHEMATHUSCKH 3ANPENIGHO HA CBO-
GOEHONM HYKIOHe, smanfeTcA onHuM w3 sfpexrrusHuX cnocoGop uccne-—
AOBAHUA CBORCTP ALEPHOE MATODMM HA KOPOTKMX paccTosHumx. [o
cux nop npouecc poxaenun KY mccaeposaxcs B OCHOBHOM B 3KCHEpH-
M@HTAX, B KOTGDHX DETrMCTPHDOBANWChL AMG0 NHID KyMyAATUBHHE ac-
THH (MHKOIHBHOE DOXNEHWE), AHGO B HOPPEAMIMM C ADYTHMM Yac—
majaMH, 003 onpeXsAeHMA nepanasacssx waynbea (&) n sHepruw
(V). Nexay Tem cTeneHb NPOHMKHOBEHUA B AIepHyn Cpejy onpefe-
AAOTCA VMOHHO STHMM DOAWTHHAMM.

HauGonee ajpenTnsHM MeTONOM MCCHONOBAHMA npoliecca poEne-
run K4 ¢ napecrmam @*n V  smamoTes omcnepmdeH™ ¢ mep-
BHUHHMK 3MeKTROHAMW. HanWuue MOHOXPOMATHUSCKHX HHTEHCHEHHX
NyuKOB DAENTPOHOB IO3BONNET HANGATLCE, UTO SHCNADHMEHTH THIA
(e, €’HY) Oynyr BHOCHTH SCHOCTb B MOXSHMIM DOXNEHHs KY,wro,
B CBOD ouepens, JACT BOSMOEHOCTh ONPONGNHTL CBOHCTBA ANEDHOH
wmarepui, JparssHTupyomsit » KY.

B HacToameft paGore NPUBONATCA NEPEMe SKCIEpHMEHTANLHHE
pesyAbTATH N0 ESYWeHWD peawquk (€,€ ) , rne Bropwmml
NPOTOH KYMyAATHDHRA .

PaGora Guna mumoxHena Ha EpeBancxoM asexTpOHHOM CMHXPOTOHE,
HA ycraHoske “Jlslirpon-2". YcraHOBMA COCTONT M3 RBYX CneKTpO-
marpos. {poGemstt cnexrpomerp ([IC) cxymmr nam waeHTabumamin
BTOPHUHHX NPOTOHOB B MHTEDBRI® YTXOB = 656 = 166° ¢ yrao-
DS 3AXBATOM A'\9~,.-IS°I yraoma paspemenmes L 1,5°. 3uepre-
THUSCKHMA MHTODBAN DOTMCTDAINMM HDOTOHOB cocTasams /o =80 + 2I0
MsB ¢ pastpocams 8/ ~I0 MeB. Marmumssl cnexrposerp (MC)
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TOPH3OHTANBHOI'O OTKAOHOHMA CHYXUT IMf MGH‘I‘W)HKEHHH pacccesaH-
HMX BAOXTPOHOB B MHTEpBAXE YIMOB 'Sb’ = II° = 29° ¢ yrnomum
saxpaToM 48;= 4%; 4= 2° pas6pocam 3% =% 0,4°, -
nyascHa saxsar MC sasucKT OT KOHPUrypALUM CNIEKTPOMETDA U MO-
38T MenThCR O 4P/0 = 8% o %% (SP/p = 8% no 3Pfo = 2
COOTPOTCTBEOHHO, ©CINH I'ODHIOHTANLHHR DAIMED NATHA NMYUKA MULEHH
Sau). Jlxm nopammeHuw GoHA BTOpUUHHX anpoHoB B MC Ouna wenons-
30 CHCTOMA M3 Tas’0BOr0 MOPOroBOI'0 YOPOHKOBCKOIO CUETUHKA

W AWBHOBOI'O CUWHTHAAAIMOHHOIO NETORTOPA THIIA "ceHmBru".
Cysapsft xosfpumuent %o — pemermn cocramwn 107°.

Coturen (20 cosnaxenwft BHONPANNCE IyTeM NIMOPEENR Bpe—
MEHHOT'O MHYSDBAAA MEXNly SASHTPOHOM W NpoTOHOM. DOH CayuafHHX
copnanieHiil B JABHCHMOCTH OT Yria Mexfy TPOTOHOM 7 ?lexrpouou
xoxecaxca or 28 (per= 90°) o 108 (Foer= 155°)/%/.
HsuepoHuR OHXM BGTONHOHH HA MHIOHW M3 YTAEpOAA, TOMAMHON
0,024 par. emmuur. OCHOBHOR LHENhD HACTOANMMX HSMEpOHHR mRngeT-
CR NCCROJIOBAHME CMOKTDA BTODHUHHX BASKTDOHOB B 3ABMCHMOCTH OT
cTeneHN KyMyANXTHBHOCTH NpOTOHA COBnajeHWA. B xavecTse napa-
MATDA NSMEHOHHS KYMyAATABHOCTH Oia BHOD&H YTOX MPOTOHA, KOTO—
PRl TIDNHMMAX USTHDE IHAUSHHA \9P¢ = 74°, 90°, 120° u 140°.
[lpy sroM SHOPrHA MPOTOHOB Xexana B TPEX HHTepBANAX:
85¢7,¢ 95 MoB, 96¢[,¢I07 MoB n II3¢) < 210 MoB. Yroa sxex-
TDOHOB DACCENHMS [N BCEX KOMSDOHHA Onr miGpen Ve’= I5 % 20,
[} LOeAbD YMOHDIOHNA CHCTOMATHUOCNHX H CTATHCTHUROCNHX o@HGoN
KOHPMTYDOINN CNOETPOMSTpA Ohina BHGpaHS TAXMM OGDR3OM, YTOOH
OXBATHTL EAX MOEKHO Goabmmil WMTYABCHNI 38XBAT BXEKTDOHOB NpH
OfIHOM SHAUSHMM TOKA B MATHMTE crnextpowmerpe. [lsm »2o0ro Guno
BeOpAHO MAKCHMAXBHO® 3HAUeHue AP/ = B69%. Hockonbky Wcnoas3o-
BAXCE DYGOR SAGRTPOHOP C SHeprieht Ee = 2B, 10 AL, = 4R
= 1,2 I'eB).

Taxind 0GpasoM, H3MSDAXHCH CTIGKTPH BTODHWHHX SXSKTDOHOB B

peaxuuu ”2 ,

e+ “Cc werp+r kX (I
npw Ee=2,0TeB; U =15%2% 5=90%5MB, IOl £6
MeB w 173 €7 € 206 MaB; $,o= 74° + 8°, 90° % 8°, 1400 £ 0 p
wiTopsaze wamenerux Eg = 0,8 ¢ 2,0 PoB (r.e. V =E4-E =
0 + 1,2 I'sB).

BuGop MOCASAOBAHME ONEXTPOB WMEHHO BTOPHWHMX SXEKTDOHOR B
SABNCHMOCTN OT CTONSHN KYMyIRTMBHOCTH H8 CIYGUASH, T.K. HMSOT-
CR NPOACYASAHNE 1O OfHOR M3 HAMGONG® WHTOHCKRHO obcyxmasoR
MOReEN PORROHNA KU - CHeETaTODHOTO BApDMAHTS MOKORM MAROHYKAOH-
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HHX Koppeamumil. COrfacHo aTuM npencxaaaﬂm/ 3{ ycpeaéHie
XARPAKTEePHCTHKK CNEKTPOB BTOPHYHHX BNeKTPOHOR ONpeseRSHHHM
06pasod CKODPEJNPOBAHH CO CTENEHH® KYMYAATUEHOCTH NPOTOHOB
coenagenun. Hampumep, ecnu A~ cpenHee aHaveHMe GrepmeHoBCKok
nepemeHHOR [NA IMEKTPOHOB, DErHCTPUPCBAHHLYX B COBNIATEHHH C
KyMyZSTHEHNM NPOTOHOM, & A; To W2 Ces cosmagexud, TO

Xy = o X, = 85% i )
rne 8 - nopmpok xoppenmiuu, o —NepeMBHHAY CBETORONO KOHYCA
AR HywioHe (B KOppenmiuu¥), ¢ KOTODMM RDOH3OWMNO BISHMOLEHCT~-
pue, o5 - TO X8 JIA CHEXTATOPHOTO HYKIOHS, CoorHomeume (2)
JOrK0 MHTEPNPEeTHPOBATL HA F3HKE KBAPKOB: ecaM X, -CPOfHee
3HAYEHHe LONH MMIynbca  HYKIOHA, yHOCHMO ~ KBADROM, Of; =
Hong WMIYABCA KOPDEMALMH, YHOCMMAR HYHIOHOM, TO A —cpefHee
3HAWSHHE ROMH UMIYJhCa KODDONALHH, YHOCHMO xBApKOM. 3aMeHa
o, ya 8-¢5 B (2) ABNAETCH YCAOBMEM CIEHTATODHOrQ MEXAHK3MA,
3aKMOYANKErocA B TOM, UTO WMIYALC HYRIOH& (B KOppelmiuu), ¢
KOTOPHM UMEJIO MECTO CTOJKHOBeHHE, KOMIEHCHDOBAH MMITYRLCOM
CMEKTATOPHOPO HYKIOHA (HYKAGHOB), HEMOCPEHCTEOHHO HE YWRCTEYD-
mero B0 BaauMonefcrauu.

Uz coorHowenun (2) BUEHO, YTO CNEKTATODHHA MeXAHU3M
NPeACKASHBAOT yMeHbLioHHe X € POCTOM O , T.e. OEHIAGTCA
CLBUr JHEPPrEeTHUECKOTrO CNEKTPA MMEKTPOHOB B 06AACTH MANHX &F
C yBenUyeHHOM KyMYMATUBHOCTH DPErMCTPHDYEMOrO ApDOTOHA B COBNG-
LEeHHH,

C Rpyro#t CTOPOHN, P DAMKAX TaxuX MOofneneR, Kax YuST BTODHY-
HHX NepepacceAHul] WM oGHYHOTO q)epuu-mmﬂuﬁ, MOXHO KAueCTBeH-
HO yTPEpPRIATH, YTO CAKTPH 3AEKTPOHOB AMG0 (3aMeTHO) He ACAN—
HH MEHATHOH, AMGO CAOTKA JONKHM CABMraThCA BIPABO (B obnacTs
Gombmix £e ) npu ymesuwuendu ol , T.e. B 9TOM cAyUsS X,
IONEHO C POCTOM g 1uGQ OCTABATBCA NOCTOMHHEM, AHGO pacTH.
. OKCnepHMEeHTANbHHE DE3yNbTATH 110 WIMODSHWD CNEKTPOR INEKTPO-
Hoe B peaxjui (I) npH uemupéx yrzax npotoxos (ueTHpéXx 3Hade-
Wi ofg ) npuvenens a phc.l. B cayune Vpe = 74° cnextp ox-
sATHBAET OSAGCTH KBASHYTIDYTOrO DACCENHHA, NMO3TONY B NpHMIANe
MORHO TEOpEeTUUECKH DACCUMTATH 3Ty URCTb criekTpa. Ha pre.la
CrUTOMHO! KpUBOR NpHBENeHH PE3YALTATH PACYSTOB B [UIOCKOBONHO-
BON HMITyNbCHOM :ﬂ7neuuu € YUuSTOM CXOIA C MACCOBOH NOBOpX-—
HoeTH Tio a2dopec Cnexrpanbsan fyHxuns Guna onpeneneHa
NpH TOMOE(H oumy?'ropuon ponHOBOA PyHKuMu anpa ‘“C , npuse—
nénxok B pacore’ . Hak swgHo, pacuértHde peaynbrartd (c yué-
TOM XADAKTOPHCTHK YOTRHOBKM) HOMAOXO ONMCHBANT KBAIHYNPYT'YD
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YyaCThb CNEKTpA TPy '8',= 74°, ilocKONbKY OCHOBHAR LENb HACTOR-
mVX WM3MepeHHit CBABAHA ¢ ONpeNenoHWeM BHA CMEKTPA PACCEeHHNX
9/IEKTPOHOB, COMPOBORAASMHX KyMYJIATHBHMMM NpoToHaM#t (B oGaacTu
6,,290"), TO CDABHEHHE PACUSTHHX M SKCNIEPHMEHTANLHNX DE3y/ib—
TATOB NpH '\‘}Pe = 74% vMcer xanwGpoBOowHHA xapakTep W l03BONSET
OHTb yBOPOHHHM, UTO H3MEDEHHA NPH APYTUX KUHEMATHUECKHX YCAOBH-
X HanEmHn.

Buayanshuit BHRIHD CNEKTPOB SNEKTPOHOB MNMpU pAINMUHHX CTene-
HX KYMyNSTHBHOCTH TNOKASHBAET, UTO WMEETCRA CYUeCTBEHHOS Da3au-
yue MeELY STHMM CMEOKTPaMW, OCOUeHHO B OGRAcCT® MAMHX nepenaBas—
sux aneprad ( V < 0,5 I'sB).
flpueenenutie HA PUC.2 cnek NO3BOASOT AENATb CPABHEHNA HAmMX
DaHHHX C NPEeNCKASaHHAMY no coorHomeHwo (2). HyxHo OTMETUTB,
yro cooTHoweHHe (2) CMpaBeAAMBO LA Beex JNEHNTO fpoleccoB
runa (I). Taxue nponeced uaydeHw 7 yaﬁo'rax *’/ B HEHTPUHHHX
(aHTHHEATPHHHEX) mydkex. B paSore 6 CleNaHN CpaBHe! u.7 ¢ cooT-
HomeHneM (2). XoTs omuGku OHAX OUEHb BENUKHU, aa'ropa? 6 yTBEpR-
AaoT, yTo B O6nacTu OL < 2 COOTHOmEHH® (2) HEWIOXQ BHTIONHAEST-
ca npn B2, C .qpy‘ro’ 7'ropom, peaynsTATH padoTw’ ) GuNu aHa-
A43UpoBAKH B paBore b W HaliieHo, uTo cooTHomeHue (2) umeeT
MecTo cKopee Bcero npk B=4, T.e, yTBepRAcTCA, UTO €M KyMyRA-
TUBHHE NpOTOHH B (V, MP ) peaknu# CyTh NPORYKTH CMEKTATOPHOTO
MexaHWama, TO HauGonbmuR BKIAL RADT AHGO KOPPEAALMH C UYETHPbMA
Hyknonamv, nuGc 12- XBApKOBHS RORIETyparwE.

B sKcnepHMeHTAX ¢ MEPBUUHHMY SAEKTPOHAMM MOKA QHRJIOTHYHNX
pesynbTATOB HeT. Ha puc.2a mOKA3SHM Hamu LaHHHe. As Halnenw
10 CMEeKTpaM BMSKTPOHOB pHC.I, a napaderp ofg GHn BNUWCISH NG

Popuyne
°(“= (Ep “em‘gpe)/m' (3)

KaK GHio cAeNaHo B paﬁo'ra.x/ 6,7/ . Ha puec.2a nokasaHu Takme Au-
HuM 1o coorHomeHwo (2) npu B = 2,3 u 4. Hax BunHo, HAmM HaHHHe
Kax SYRTO OAOT NMPEANOYTEHHs xoppeaAuusm ¢ B = 2. OfHaxo rakod
BMBOJ, HENb3R CUUTATH MOAHOCTHO OGOCHOBAHHWM. [leno B TOM, YTO
suparene g, 10 (3) CnpaBefnuBO NANL B ACHMNTOTWUECKOM Cay-
uae, KOr4) NEPeRAaBAEMAs DHEPTHA 3FHAYATENbHO Golblie NMOAHOR IHep~
ruM perucTpupyemoit uacTHuH. MOXHO Noxa3aTh, UTO BENMUMHE ol
naa peamunu (1), rmeomas cMuen monu wdnyrsca fparmeHtupyonel
cHCTeMH, yHOCHMOR perucTpupyomum nporoHom (B cucrteme rae dipar-
MEHTaTOp GHCTPHMH), UMEET BH
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i@ i
odgy= [Qémv G Prma'ﬁi)]/a ~T,), @

woropag npn ¥ > u 2mV¥» Q (r.e. X,«I) nepexomur B (3), T.K.
B TAHOM cIyuyae \9”* 3” " I;lzv

trra flpy KoHewrmx 3HaveHumy V
ofl G W m w Heo6XonMMO of; BHUHCAATE 110
. ® (4), oyeswgHa apn V>Ts, B
I» ' 3 HallioM c.uyuaeT.sEOO M3B,
B AN noaroMy man vV pasyMMo Bul-
;: :" *_ ?‘\*\* < parh obnacth ¥ > 500 MsB.
rd ~
4 \ Pue.1. Coverme peamuuu (I)
st * B 3aBUCHMOCTA QT nepe-
T J ,n,ana.euon aseprnn V
§ K I ' I
i . __*_ 140 g g5 Tp4 2b5 MoB.
f‘ '} Y ‘* Ha puc.26 npusenena asBHCU-
o ’_*_ '+‘+*[ woers Xy/H, or olgy, suume-
" newHag no (4) npu ¥ > 500
u* ' MaB. Hax BumHO, peayabTaTd co—
e e % BEDUEHHO ApyrHe: BenuuMHa X,
3,08 daxTHUeCKH HE BABUCMT OT c{m\

CBNJOTEJIECTBYRMMX nuGo 0 cy-

mMeCTBeHHOM BRIANE Koppe.mn;un
¢ SonpmMM QNCIOM HYWJIOHA, 460 O EECOCTOATEeABHOCTH MPUBEIGHHOIO
aHANH3A.
. MqTepecHo BHANHMSUPOBATH YrAOBHE DACNPENENeHHA NPOTOHOB MPU pas-
AUGHHX 3HaueHARx V . OmsemmM, WTO yriomde ApefeNeHHA KyMy=
NATURHEX (POTONPOTOHOB, KAK GHAO NOXA3AH0 B , CWIBHO 3aBHCAT
OT 9Hepruu NPOTOHOB W ORAIAGAWCL HHBADUAHTHHNM M0 OTHOLGHMOD K A~
Py MuueHu W nepBuuHOR SHEPIMH B 061BCTH f,.'"") 1,2 I'aB. Ha pue.
3 npuBefest SBE SGBMCHMOCTH ceweHMit peaxuyu (I) or yrne munera
NPOTOHOB MO OTHOMGHWO K HANPABAOHWD NEPBHWHHX 3A6KTPOHOB. Ha ToM
X¢ pUCYHKE 2BUEDHEHHHMK SHAUKAMK MOKA3AHN SHAXOTHYHHE DEIy/nbTaTH
W3 padors’ “~/, BHITOKHEHHBA TOALKO NDA KHHEMATHKE DACCORHUA B 00—
RACTH KBA3MYPYTOTO nuxa. Kax mugHo, Bums ssasucumocrteil B 060X
DNCNEDHMEHTAX ONMHAKOMM B NepeXpHBapEMXeA obracTax. Jam oGomx
yraomix zabhcamoctell npu Jpe-<90° oHA sHAUMTEABHO KPYUS, WeM



npH 3,.>90°. C vamenenwem W or I po I,69 'aB Hawio npu
-SP, 2 90° cramomuTeR samerHO MeHbme. B aToft obmactu yrmosse

PACTIpEHeNeHUA XOpOmO AlpOoK=
CHMUDYOTCH 3KCIOHEHTOR Tima

. " T GXP(-GcoA'\’r”). Ha puc.4 npu-
w0l BefieHe. 38BUCHMOCTE NApaMETE
o8 - oT V,
o 4 ot Puc.2. 3aBMCHMOCT OTHOmSHMS
os x&/x, or eL{. a)-ang
bl o a2 no,(g()).(li), 6)=nna ofy
. S .
s . e Bugno, uto B obmactd V2 0,5
" I'sB & daxruuscku ocrabres
10 NOCTOAHHHM. JiIA cpaBHeHus Ha
os —4 puc.4 norasaHy TauKe 3Haue-
06 :; HWA BENUUMHH 2 doropomne -
0% HMA ¥ SMEKTDOPORLEHHN (npH
02} ® -t Q= 0) KyMyMATHBHHX MHKTO3HB-
HHX MPOTOHOB, 3ApErHCTDHDO-
! 1 dny 20 BayHNX B TOM Xe DKCTIEDHMEHTE.

Mocnepuuit npogecc MHKMO3UB-
HOTO SIEKTPOPORIGHEA Gil M3y-
YeH MeTOLNOM HAXOKIeHWA CeueHWA OGDA30BAHWUA NMPOTOHOB AREKTPOHHHM
NyyYKOM MDA HyAEBO# TONWMHE MUmEHW 1/ . Jna aToro npu $uxcuposan-
HOM Y@ NPOTOHOB GHUIM M3MEDeHH 34BUCHMOCTH BXCHEeDPHUMEHTANIbLHOrD
coweHuA OT ToNMHM Muwenx. Hax wasecmo [11],
)(5)

g
(A'ZI,JEP)Q—_- d'd/n,as,) *"J‘n(d%,,ds

(V0 P‘n

rhe nepauit wieH ¢ npasol CTOPOHH - NIMOpAeMoe CoJeHNe, K ~ HoC-
romman, ¢, - TomguHa mumenu. [Ipn €,=CO ocraSres TONLXO BMNAL
OT SmexTpoHoB. OWeBMEHO, WTO B ITOT NpPOUECC R&NT BKAAJ BCE 3HA-
wernun Q% , OmHAKO MOCKOABKY CeueHMe CHIBHO pacTéT ¢, yMeHbIe-
wiem G¥, 7o cuMraertes, uTo MaMepemMe npowexogur npy @*=0 .
Hax munuo us puc.2,npu & = £7°7 = 2,0 I'sB HawnoH yraosux sa-
BUCHMOCTOH GNNSOK X HAKACHY TOX Xo 3ABHCHMOCTEH, MOAYYEHHHX B pe—
ampu (I). HooOXORWMO, ONHAKO, OTMETHTL, UTO YIVIOBOE DaclpefieneHye
NpH PEANbHHX ¥ -KBAHTAX HYNHO CDPABHHBATB He C pacnpefieneHyueM
no om\?p. ,ano om¥,, , rme Vog - yrox mpoToHOB Mo oTHO-
LeHWO K HANDABJEHWD BMDTYAXbHNX )~ -KBAHTOB. s HAmux AaHHX



MOXHO NOJYYNTb Takne 3apucuMocTd. Ha pue.30 nokasauh 9TH4 3aBi-
cumocT#. CBETINE 3HAUXM OTHOCATCA K OGJGCTHM KBA3UYTIPYLOrd MNuKa,

Puc.3. Yraosue
— i 38BUCHMOC—
\ TH NpPOTO-

) % :%nggg_?_-
< Tp

b, Tel
$

n

i1y
o

a [

d*6/dRydptlydly , nS crtaant
-,

a8 ) El

bl

IpRBeXOHH
4yepes IKCMEPHMEHTANbHHE TOYHHA METOMOM HAHMMEHLDMX KBALPATOB M0
akcnoHeHTe exp(-beos Spe) ; G)-3aBHCUMOCTD IS re (yroa
NOXIy HApaBIGHUAMH TMPOTOHA M BHp’ryaJleOr'? y ~-xpanTs). CBeTiHe
3HAYKA - OONACTL KBA3Wynpyrorg pacceaHus (v - V < 100 MaB
o - [00<V < 300 MaB). Sauegﬂeme JHAUKYK MIA obnacTed ¥ > 500
NaB (® - 500 <V & 700 MaB; = 700< ¥ €900 MoB; 4 — 900< Vv £
1100 MaB; ® - [I00<Vv £ 1200 MaB). CnnomHumy  JTHHWANH COEHM~
HEHH DKCTEPHMEHTANBHNE TOUHW JIA HACNAOHOCTH.

Torfa Kak uépHHe - LA obnectd 0,54V £ I,20 I'sB. s puc.36
BHIHO, 4TO OpE Depexome B odsacts . Y > 0,5 I'sB (W > 1,29
['aB) saBucuMocTh ceuenus peamuud (I) oT yrna memny HanpapneHu-
6N NIPOTOHA H BHUPTYANLHOTO (OTOHA CTAHOBMTCA YHNMBEPCATERORA,

Puc.4. 3amucu-
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6. B sariEMeHNe OTMETMM, YTO HACTOANME WIMEPEHWA OYLYT NpOnoame-
HH C LENb0 CYWSCTBEHHOTO yAYUWEHMH K&Kk CTATHCTUUYeCxOH obecrie—
YEeHHOCTH, TAK W paspemeanmux crnocoSHocrelt cnerspomeTpos. Ypes-
BUYARHO BaRHHM SBIRETCHA UIMEPEHHE DHEPreTUUECKHX COOKTPOB Ky-

MYJSITHEHHEX MPOTOHOB NPH DASAUYMHX 3IHAUEHWAX VY BANOTE 0 V =
3 I'eB.
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VHKISARIOE OBPABOSAHUE Ty O-MEA0HOB
B pC-BSAMMOIEACTRAAX IIPH 4,5 Tes/c

X.¥Y.Ad6paaman, B.B.Apxunos, P.T,Acreauarypos, C.E.Bacnabes,
3.M.MavwpoB, E.KHamux, I',J.MeaxywmoB, C.I'.PeSHHMKOB,
C.H. JLruncenns, M H,Xavarypss, A.T.Xymasepnsu, A.C.UBHpoB

O¢peMHENHN MHCTUTYT ANEPHHX Xccyienopanwit, Nycdua
BpeBanorut rocyfapcTBeHHHNE YHEBepcHTeT

PensTrBACTCKAA AePHAR (MBMKA, OCHOBH ROTOpO# OWM BAlXOEeHH
AM.banmanum B 1970 r., B noclemHHEe T cTANA OFNHEM H3 BamHeHmmx
HanpasJienuit fW3KKA BHCOKAX SHEepral N

B napHolt padoTe npemcTABNEHH [ePBHE peayABTATH LEKIA HCcHenona—
Hufi, KOTOpHIi IlpemmonaraeTCa MpoBecTd HA ycramoBre POTOH-MACCEP mnpm
OGNYUeHMY DA3NMYHHX MANEHe# MyUKAMA DEJTHBACTCKAX SAep CHHXpodasor-
pona JB3 O, llexnl 9TUX KccaeXoBaAE# SBEAETCA MOAYYSHEE EROODMAIMH ,
HeoGxommoft 17 BWACHEHAA MEXAHH3MA KyMYJIATEBHOTO a@ex'ra/ 2/ B Opo-
neccax POXNEHUA ANPOHOB B SUPO~ANECPHHX BIaEMOReHCTBAAX.

ViMenopecs B HacTosllee BpeMA CBeNEHRA O TAKAX XapaKTepHCTH:
BeckMa (paTmeHTapHH, % EM 3RATMTENBHAT MX YAacTh OTHOCHTCA K C
JAcTA HASKEX SHepTHH# , [IpE HOTODHX KYMyXATHBHOE Me3oHO0(pasoL
HEe el He BHIUIO Ha ACMMITOTUYEeCKH# pexmd,

Hume omucaHa MeTOIMKA SKCHEPMMEHTA, KPHTEpEM OTdOpa COOWTHH,
TPOLEXYPA KX OCPaGOTKA ¥ DESYABTATH HCCJSNOBAHEA DEAKIMH :
p+ R -mo.x, /1/

JKCNepHMEHT MPOBOMMJCA HA OyYKe NPOTOHOB ¢ mmmymxscoM 4,5 I'aB/c
/AP/P = + 2%/ m wHTeHcMBHOCTE® [50 THC.WacTEIV/IMRIN.

B 9KcHepMMeHTe W3MepsiMch SHeDIHA M HANpABAEHHA BHAETA
¥ -KBaHTOB, 0OpasynEUxXcA B peaxwym /I1/.

TONmEHA JTIEpOmHOl MELERE HO NyIKY cocramnAna 12,6 r/oMe,

Coourea Tuma hyY (rxe n= 1, 2 ...), ToHepEpyeMie B MMIeHN,
PeTHCTPAPOBAUMCE Y0-KAHANBHHM TePEHKOBCKEM Y ~CHeKTpOMEeTDGM U3
CBAHIIOBOT'O CTEHJIA.

JeBAHOCTO ¥ ~CIIEKTPOMETPOB padOTAYT HESARACHMO M COOPaHH B
Matpay 7 x I3 pasmepamu 140 x 2I5 cu2 (S= 3 Mz). OCHOBHHE XApAK-
TepucTEKE ycranoBku POTOH-MACCEP npmBexewy B radmate I.
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Tadmaua I

Tlamma-cnerTpoMeTpH

Pazmepn MonmyaA:
a/ ceuende

¢/ nmHa

TlpocTpaHCTBEHHOE paspeleHse
YrnoBoe paapemeHie Npd pacCTOARUM
MexTy MAMEHRPM M JeTexTopoM 350 cM

SHEpPTeTHYBCKOE pPA3peleHRe
CracwarHocTe Rosddumenta yewnesua
Juuamudeckuft auanasoq

MUHMMANBEHAH SHEDPTUA, BHIEJAEMAS 3apA-~
ReHHoff yacTHiel B CNEKTpOMETpS

U momyse#f M3 CBHHUOBOIC
crexaa mapxu Tée—1

TekcalOHaJIbHOR; IMaMeTh
BMcaiHOf OKPYMHOCTH 18cm;
35 cm = [4 pan. ell.

4 cm
-0

i

(4,34/E)%, TaB
123

50 + 4000 MaB

40U Mal B aneKTPOHHNX
SKEIBAJIEH Tax

/

-
¥,

Puc. I. CXxeMaTHUECKRAH YcpTe¥ DKCIEPMMEHTAILFOH
ammapaTypH: S — CIMHTRUIAIMOHHHE CYETYMKM, A -
CUMHTAVLIMOHHEY cUeT'MMK, padoTawimil B perme

anTHcoBOagenufi, M - mumeiun,S,i 5 Tonockomrdec—
Me CIEHTEAAAMONHHE ' TWKK, C - ¥ - chexTpo~

METPH B3 CBHHUOBOI'O CTEKNa,

PaccTosHme OT IeHTPa MHMEHM no ¥ —CHEKTPOMETPOB DaBHO 34U cm.
Brepepst COEKTPOMETPOB N0 HYYKY paclolaralTca JNBEe IVIOCKOCTH I'0HOCKO-
MIISCKAY ClUMHTAUIANAOHHEX CYEeTYUKOB, GLMEHTIDOBAHHWX [0 BepPTHHAI H
TOPUICHTANXH ¢ OCIEM TACJIOM 3JIeMeHToB, paBiun 40. MomrTopmponaHue
NMy9KA OCymecTBAAETCA CHCTeMOR CLMHTUULIIIOHNHEX CYETIMKOB pa3MepoM
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5x5 cM. CxemaTHdeclKuy YSpPTEeR IKCIEePEMEHTANBEHOR ammapaTyPH NpHBOIMTCA
Ha DHC. . MJIEMEHTH NeTeKTopa paazesieRd HA 14 rpymu. CETHaJM B Kax-
Ioit rpynne JHHGHHO CYMMADYNTCA I MOCTYNART HA JTHCKPAMAHATODH, y4acT--
sylume B CWcTpolt Joruke. IlopoI ZMCKpIMAHATODOB B SKCIEDUMEHTE ChUM
yCTaHOBNEHN HA ypoBHe [ I'sB. YxasanHaa opraHmsau@d TPHITepa HO3BO-
JJeT CYMEeCTBEHHO YMEHBIMTH YWUCJIO (POHOBHX 3aNyCROB., YCOTAaHOBKA pado-
TaeT B JoHAW ¢ OB HP-2I1608. CxopoCTh HAGOPA GO0 7 COCHTH/IHAKN
npy gmHe coluTia [32 [G-paspAnHHX cnoBA., B TedeHHe IKCIEPRMEHTE
NPOROMETENEHOCTBD OKONO 26 U Yepe3 YIJIEPONHYD MENEHB OGHJIO HPOIYNEHO
{,4 * 10" OpOTOHOB H HA MATHMTHHE JEHTH sanucada 81 THCAYa TPHITEPOB.

llepBruHAaR ﬂ7®opma.tmﬂ ofpadarHBasach 10 MporpamMe TeOMeTPHYECKOit
PEKOHC TPYHIDIU . Ha Jenty cymmapsux peaymmratos (DST) Gwro aamz~
CaHo GB660 COCHTUN, YIOBIETBOPSOUMX CIEAYROEM yCIOBASM /A/:

€U
1/ 3 E;» 2 Te3;

I
Y 25 NS
3/ £ % 0,5 I's3,

re f;—- oHeprms, BuneJMBUAACA B | M ¥ —CcuexTpoMeTpe, /\/,; —UACTO
§ ~HBAHTOB B COCHTHM, Emiq— MUHEMANEHAY JHEPTUA ¥ ~KBaNTA,

Pacnpenenenne mo sGPerTHEHON Macce Myy TONApHO CROMOMHEPOBRHHX
¥ -KBaHTOB NPeNCTABAEHO Ha PHC. 2,

Hla BTOpOM 3Talle QHAM3A YKCNEPEMEHTRJIBHEX JBHHHX C leJBD YMeHb—
HEHAA OTHOCHTEALHON Zosmt OHOBNX NpOLECCOB A C yYeToM TOIQ 00CTOS-
TeJLCTBA, YTO HamdoNee MHTEPECHO} ARIAETCH OGMACTD CONBINX 3HAYEHHN
pesiiaMHH Xg, OWJDf TpUMeHeHh Gojlee ReCTHME KPHTepHH /B/ or6opa codu-
TUi:

I/ HaimMure He MeHee IBYX ¥~RBAHTOB B COCHTHE C dHepIuel
> I T'aB min xammoro ¥ —KBaHTa

</ BHIOJHEHME YCJIOBMS I:M/Bb> 0,4, rme By # Eg - COOTBETCTBEHHO
MeHbEAd § COJbIAA SHEPIWA ¥ — KBAHTOB.

Lﬁmeﬂmtt.uxamﬂ‘nO-M%omn B OUEeHKa BKrana (PoHOBWX POIECCOB
[POUSBOUMILCE C NOMOMBYD Y “-aHaymMsa, KoTOopHEt MOCNAENOBATENLHO LpAME-
HANCA KAK K YKCIEPMMEHTANHHHM COCHTHAM, TAK B K COORTHAM, IeHepapo-
BZHHHM MeTomuM MoHTe-Kapjao B YCJIOBUAX, MAKCHMANLHO (JIM3KUX K YCJIO-
BMAM HACOpA SKCNEPMMEHTATBHEX RAHHHX. IUIA Kaxuol napd ¥ -KBAHTOB
BHYMCIACTCA VMHUMANBHOE 3HAveHme QyHkmi

2o, 322
X 'z(w‘l m|)/di+2¢x+, /2/

min

E;
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rme my = By, swig=E, ,M3=0yy C, (i = Is3) - cpesHe-
KBATPATHYECKNE OUMGKHM YKAJAHHHX BelMamH, 4 = 0 - ypaBHeHue coxpaHe-
HMA OHepIMM—aMIyabea Ana M © »yy pacnamos:

5’ = EJI + ER - (m121°+ E%l"' E%’Z + 2El’l Elz * co3 9")[/2 =0, /3/
/5

}_2 MYUHAMA3HPYEeTCA MTEPALWOHHHM CIOCOGOM

, . . . . [

2000 PC=A°X USTIBT

Mo 7657 [y 03508 Pac. 2. Pacnpenenenne no ajbexTunHOR

macce M” TONapHO CKOMOHHEPOBEHHHX
¥ —KBAHTOB IJiA COCHTH{l, 3alMCaHHWX Ha
JNeHTY cymmapuuX Iauux DST. Crnomas
KpuBas -~ GOHOBAA, MOMYYeHHAsI MOXEJMpO-
! BaHMEM TI0 MeTORY MonTe~Kapio, mOTpHXO-
] ! Baf IMCTOTPAMMA HONYyYeHa BHIMTAHHEM
i ol ~— | oHOBOIt KDHBOIt M3 BKCREPAMCHTANBHOMH
i bo s wis e o THCTOTDAMME .«

Huc e codamau

Pacnipeneserue no napamerpy Oyy PABHOMEPHOE It OTPaHHYMBAETCS
pasMepam# MOXYJMA ¥ —CIEKTPOMETpa.

llooToMy MEHIMISAIMA MO X  MPOU3BOMMTCH B XBa dTaia. Ha nepsom
aTane onpe.zée.vmeq'c.q ¢uTApOBAHHOE 3HAVEHNe 6” . Ha BTOpOM 3Tane MuHM-

Musama X © NPONSBOIATCA NpH (MKCKDOBAHHMX 3HAYEHMAX O yy :
\.d min
Oy , eom Oyy < enr < 6"
min w min
Oy = 6” , ecm exs S en' /4/

™A X mﬂ’(
Le‘ﬂ , ecim 61{1 < e .

Havancine 3HaveHWs mapaMeTpos Dy M By, Ha BTOpOM brame MAHA-
MASAlENT PABHH COOTBETCTBEHHO Eyp = ,3';‘ , Byo = ,'5 .

Ha puc. 3 nokasaHo pachpendeteidie mo pdeKTHEHON Macce ¥ ¥=cofH-
THH Tochie NMpUMEHeHHA KpUTepHa b, CoCHTHe UEeHTE{MIMpYyeTCS Kak
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T O-meson, eCJH, }zé L /puc. 36/. Ina onpexenenns wucaa T\ O-Me3oHOB,
L7 KOTOPHX X > [, asazormuHas npouexypa oTdopa CHiA TpMMEHeHA
K MONEJMPCBAHHNM COOWTHMAM.

Ouel-ma noKasana, 4TO OTOOp COCHTHH C } I npxso.mn K norepe
I7% 1 ®_yesouoB. Lns oueHw: QoHa / ¥¥=Naph oT pasHEXT -MeaoHOB/
OHJM MCTIOJB30BaHH COOHWTUA, MONeMPOBAHHHE MeToHOM MonTe=Kapso /cM.
puc. 4/ OueHia! NOKA3AM, YTO TOABKO 4,5% POMOENX YY -lap mMeoT

} £ I.

o N Puc. 3. Pacumpenenenue no adperTas-
[ R Holt MacCe ¥ ¥ ~COONTEH Nocue TpEMe-
! Heuma ¥purepms B /a/ # no sfdexTun-
i Hott Macce yy-codutuit /6/, npemcTta-
BIEHHHX Ha IugTOTpamme /a/ mocxe
! oTéopa To )( < 1. 3avepHeHHad
h | TcTOrpamMma - (QOHOBHE COGHTHEA.

“uea? cofumud

0 00 :0 3GJ 100 0 100 200
My R Ty, MoB

MozesmpoBanue HPOLECCOR pbn;e!m:{ T O-mezonoB TPOH3BOLIOCE Ha
OCHOBE JaHHHX [0 MHOXECTBEHHOMY PORIEHEN T\ °-Mfaao705 NOXYYEeHHUX B
BKCIIEPMMERTAX Ha 2-MeTpOBOit nmpomaxnomo#t kamepe JIB3 PosurpHm co-
OHTHEIf NPOBONMICA COCOOOM, MpERJIOXEHHHEM B DagoTe « BRJIO ZCnouibzo—
BaHo (eHOMEHONOTHYECKOe BHpameHHe IJA uddepeHIMaNEHOTO CedeHan:

Edc/dp ~ (T-1%:1 02 exp (<bpP) - (X 22, /5/

rge a = 4; f= II (I'ali&/c)':a ¥ (e, 2) - QyHKMT, yWTNBAMOAST KOp-
penaipmt Mexly Xp ¥ D).

Las mone/MpoBaHHWX COGHTHll IpoBepAnoch modaaHKe ¥ ~KBAHTOB B
JCTaHOBKY, DA3IHTPHBANOCh DHEPTOBHIENEHAE B MOAYJIAX ¥ ~CIeKTpoMeTpa
¥ TPEGOBAJOCH BWIONHEHHE YCJOBAR TREITepa. Ui BHIAC/HEHHA JHEPI'OBH-
nejenslt B guellvax  Y-CHexTDoMeTPA BPOTpaMMA £0LENucnomsaopana naxeT
nporpawes EMCASR /8 ¢ nomomzw xoroporo mozemrposammcr smeRTpoH-
{oToRHHE JHBHK,

CoduTEs samichBamichk HADST Zr1a mocmenymiest o6paCoTHE ¢ TOMOWEM
oporpaMM reoMeTpEYecKO} Z SHepreTHYeciolf DeROHCTPYHIME cOCHTHIl, Be-
JATMHE DHKTDIABHHX CeYsHRH 0o0pasoBanusa HeBTpambHWX HHOHOR OLUM BH-—
umcJeHH maA wHTepsania 0,15 < P < 0,85 I'eB/c B odmacta dparmexTarmn
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P, N,
L RODER —} ]
@on H $0%) {
=N PC ~¥yX. 45 MBL i i
Lo
5 0 ! o PC =X
‘Ei . 1 prusragi
2 8 ] |
E or -I | —l
ET
|
o
|
'] 150 )(I)‘ﬁﬂ 'IIJ 750 w'f-
My, M8 .\
Prc. 4. MomesEpoBaHHOE 0O
merony MouTe-Kapso pacmpe- Gl g s -
TeneHue IJA POHOBHX COCHTHI x,
/¢ —naps or pasuux 77 O-me-
30808/ . Prac. 5. 3aBACEMOCTH MHBAPAAHTHOI'O

BHKMo3MBHOTO cevema § (X ) oT mepe-
MeHHOH Telumana X .

nywsa X > 0,5. B raGmne 2 m Ha puc. 5 NPUBORATCA 32BHCEMOCTH HH-
BapAaHTHHX FAHKIOSEBHHX ceYeHH# oG6pazoBaHMA T ©_mesonon npY B3AMMO—
neltcTRm npo'mﬁos [ mmm:com 4,5 ToB/c ¢ mmpav® yrmepoa OT BesmI—
e Xp = pll / pmax :

d pz wo/smpo 19C, 76/

fxe)- Jm,, dp; dpf - dx. clx L

CTeneHHas SABACEMOCTD
§(Xg) =Ap (T-X )B4 /"

YEOBNETBOPHTENEHO OMACHBAET BHCOEPEMeHTANBHHE RaHHHe B HHTepBale
0,50 < X < 0,95, 310 COrNACYeTCA ¢ NPENCKASAHMAME HBRPROBHX MoneJsef
0 XapakTepe HHKINSHEHHX pacnpe;eﬁe}mﬂ MESOHOB B OONACTAX (parMeHTa~
1ME B3aEMOmelCTEYDIHX AINPOHOB JKCTIePAMEHTANLHHE RAHHHE NAPAMST-
pU3OBATHCE C NoMor:x fyHkmu /7/

a A m By HallmeHt sHaYeHHd, KOTODHE COOTBETCTBEHHO PABHH:
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Ap ~ (126 & 21) wo/anpo 1%C; By =(2,72 + 0,14); X ? = 7/5 or.ca.

Ha pc. 6 HaHHWe KIS j-()(F ), monyvemune B HacTosmeldl padore wIn
peawap /1/ npa m%u?ce 4,5 I'sB/c, CPRBHEBADTCA C PEIYABTATAM:, OO—
JYYEHHUMY B padoTe % nna peaxipmt pC - T~ X npy mmoysscax 1,75 7
2,89 IsB/c. Hax BumHO ¥3 pHc. 6, OMMYRe pachopeXesermit no X¢ npa
YRABAHHHX SHepTUAX He3HaWMTeNbHO. JiaAHHe XOpOmO OIECHBANTCA CTedaH-
noit sammcMocTsw tuge  § (Xg ) ~ (I -~ Xg)® /B = 3 npm mvmysscax
1,75 1 2,89 I'ed/c m B = 2,72 * 0,14 opr mmmyasce 4,5 TaB/c /.

Pacopenenenue ) °-Me30HOB B 3ARACEMOCTH OT P npencTaBieHo B
radmiue 3 ¥ HA puc. 7.

UKCHePHMEHTaMbHEe NAHHHE [apaMeTPRACBAIMCh BSKCIIOH eHIMATEHOR
gyutopel! dc /ch;2 = Azexp(-szf). Jun pemeH_ Ay w By HaltleHu creqymn—
mre suavexusn: A, = (19,65 + 0,8) MO(I‘aB/c)"z/ AOPO 20,

By = (6,3 £ 0,2) (I‘:aB/c)"z,_)(2 = 4,5/4 cT.cB. OUMOKE, yKa3aHHHe B
radmmax 2, 3 & Ha pitc.D-7, — craTucTyyackue.TOYHOCT A0COMOTHOK HOD-—
MMDOBIM coCTaBtseT ~25%.

OCHOBEHE DESyJBTATH ¥ DHBOIH MOXHO CHODMYJBPOBATE CJELYRIMM OG-

pas3om:

-

e ity
102]- ‘!
g N . m’[do/dp"_n&”iﬂlc?/ﬂwn"t J
’§ 109} \;
3 P!
=y
H ¢ ;
T o ;
o
.
L o
08~ ds oW
Xl.
Pic. 6. 3aBMCEZMOCTDL HHBa-— L. . . . J
PUAHTHHX MHIINIUBHHX Cede— "m0
umlt § (Xg) or X upa 0° mun
pearupmt pC-+T { NP UMIYIL- Pac. 7. 3aBHCEAMOCTE ceueHuA
cax I,75 /meP43,23.98 peamiwr pC +WX oT KBampaTa

/ennoman Kpusas/’ 'm TIoDepedHorc HMITYJbCa.
4,5 I'a3/c "+" - nammue
HacTommel pacoTH.
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Sie

Tadmeua 2

X 0,55 0,625 0,675 0,75 0,775 0,825 0,875 0,925 0,975

(Xe)
5“‘ '9,740,7 9,130,2 6,1s0,I 3,640,1 2,150,065 1,40:0,05 0,62;0,03 0,2140,02 0,08540,005

Tadoma 3

o2 (rab/e)? 0,024 0,074 0,125 0,175 0,247 0,400

dc/dpf. uo/(lsd/e)°  17,8:0,3 12,140,2  8,340,I 6,7+0,2 4,140,1 1,3940,05




I. Ha cratecTare I4 Twc. N °-meacHoB H3MEPEHO HHBapHAHTHOE
MHRINIABHOE ceYeHue peakmm pC —+Ti°X npe mayiece 4,5 I'aB/c B saBu—
CUMOCTH OT Py X TepeMmexHol defhumana XS

<. InfdepemimaNtioe ceyense Mo pr MapameTpHayercd dyHximelt
§(p2) Agexp(- Bop{) C DapaMeTpoM, XAPAKTEpHSYNWEM HAKNOH (dyHRIpm
}(p_L pamuum By = (6,3 + G,?) (TeB/c)™=,

3. 'MBAPUAHTHOE HHKINSHBHOE ceverme 4 (X;) B murepBaxe
0,50 <Xg<0,95 napamerpuayeres crememmoll dynkumedt § (Xp)=A; (I - XF)
¢ TapaMeTpOM, XapakTepusyRmEM HawroH dyumpm § (Xp), paBiEM
3 = (2,72 + 0,14). JT0 comiacyerca ¢ NPeRCKA3AHNAME KBADKOBHX MOLE—
Jeit

4. CoBnancHne MHBAPHAHTHNY HHIIDSABHWX CEYCHRH }(XF) LA peak—
wm pC-TnX npr wmayascex 1,75, 2,89 1 4,5 TaB/c, Do-BAREMOMy, YKa-
3HBAET Ha TO, YTO CRISMIHT N0 Xp HACTyNaeT yXe OpH HMIYIECAX TPOTO-
Hos 1,75 I'aB/c.

3 sawnoveHne aBTOpH GiaromapaT axalemura A.M.Bammia sa monnepE—
Ky T BHMMaHWe k padore; 3.M.llpoxopoea, A.P.Emmesa ¥ A.d.lkpoxoes -
3a maMomb .
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THE STATUS OF NARROW MULTIRARYONIC RESONARCES STUDIES

B. Tatischeff, N, Willis, M.P. Comets and Y. Le Bornec

Institut de Physique Nucléaire, Orsay, France

1. Introduction

The study of dibaryons is of great importance for different reasons. It is the
simplest state of nuclear physics where twe baryons interact through meson exchanges.
It provides one of the best way to etudy the quark picture proposed for the descrip-
tion of NN short range interaction. Moreover it opens a natural way to look at possi-
ble hidden color states forbidden in the classical description of nuclear physics
but allowed in quark models’1/. Broad dibaryons (' -~ 150 MeV} observed in NN and deu-
teron photodisintegration experiments, are usually related to NA interactions. We
will therefore limitste our discussion to narrow (I . 20 MeV) non strange dibaryons.

The experimental results will be shared into three different paragraphs :

a) since a few years many studies have been carried on in different laboratories
to look at narrow structures in two proton invariant masses or in missing
masses spectra. These results have been already discussed/?/ in review talks

We will use them in the discussion but skip their presentation.

b} They are "ofd" published datas, measured in order to study other problems out-
gside the scope of multibaryonic context. Therefore, they are less precise but
also not suspected to be influenced. We will discuss some of these results
after careful re-analysis to give evidence of positive or negative signals of

dibaryonic states.

c) Finally some new, often preliminary and unpublished data, will be presented.

2. Dibaryons

21B=2,T=0
There are very few results on experimental search for narrow isoscalar diba-
ryons. Qur dd + dx results have been published without wention to structures/’/. In-
deed there are bumps at Td = 2.29 and }. 65 GeV which where located 6 MeV¥ apart, and
nothing at Ty = 2.0 GeY. However it turned out recently that close to the maximum of
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Saturne energy a correction of some MeV -depending on the energy- has to be done.
This makes the centroid of the two bumps to lie at 2 MeV apart, with intermediate
canfidence level since at Tgq = 1.65 and 2.29 GeV the number of standard deviations
is respectively 5.D. = 3.3 and 3.1, There is then a ppssible candidate for an isos-
calar dibaryon at Mx = 1.930 GeV with a width FWHM close to 11 MeV, corresponding to

the experimental resolution (see Fig. 1).

The pp total cross sections versus incident energy,

"“--.--.-._...: UT(pp), have been measured by various authors/"/, with some-

times large error bars, precluding any conclusion about the

L ETRS

Tt g pe b agmgs, ...1' ecxistence or not of any narrow structure. The same conclusion

A W, g holds for o, {pp) and 0; (pp) likewise for o (pp + nta)

1 inel,
and DT(pp + pn ©') where inaddition the number of measure-

Fig. 1 . Missping mass ments is mot large enough. At Saturne in the NN group,
spectna 4ot uaagtlzfaa

dibargon seanch! > F. Lehar et al.’?% determined directly 11 linearly indepen-

dent amplitudes from p-p elastic scattering at eleven ener-
gies between 0.83 and 2.7 GeV (30° 5 8 < 90°). The results

c.M.
show a smooth angular dependence at all energies except at T_ = 2,t GeV where a diba-
ryonic resonance has been observed for v8 = 2.75 GeV, FWHM ¢ 52 MeV. This is close

to the structure observed in Ac measurements at Acgonne/“?/.

xperd
Some years ago, Cverna et al./S/ measured the pp + X reaction at

Lampf, using 800 MeV proton beam. A bump corresponding to the np Final inmteraction

appears at all angles. The other structures which are mainly observed at small pion

angles, do not correspond to stable missing masses except possibly at 2.04 GeV,

At LAMPF also, using the Epics Spectrometer, Killnme et al. have measured
IHe(vl.p)x reactions for differcent pion energies/”. The data which arce unprecise and
must be shifted”’/ have been published without error bar. The masses cerresponding to

possible structures are not stable for different pion energies.

2,2.3 Recent_and_new_data

The recent data have been already discussed in review talks’zl, and the
references piven within. One work must be added to previous reviews. No structure
has been found in two proton invariant masses in 7.5 GeV/c p on some nuctei’*®/ in
the range 1,92 s My S 2,00 GeV, The poor resolution (AM.[ ~ 24 tleV at Hy = 1.97 GeV)

could explain this negative result.
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As concerns new data, since many experiments have been {and are pre-
sently) studied st Saturne, they are summarized in table 1. In the same table we pre—
sent the measurements devoted to the search for O and Z isospin dibaryons and search
for narrow tribaryoms. It is clear that many raw data are presently analyzed. Fig. 2
shows the last and most precise missing mass spectrum obtained in *He(p,d)X reac-
tion/% ., Although the meagurements are very precise (at 1.2 CeV, 33°, the statisti-
cal precision Ao/0 = * 0.7 X) the structures have not been extracted at all angles.
The corresponding cross sections are therefore poorly determined. Fig. 3 shows the
comparison of the masses of these structures with those found previously/"/. At Lampf,
very vecently, a structure has been observed in the missing-mass spectra of the ana-
lyzing power for the ‘He (p,d)X reaction at 800 Mev. Preliminary results of the ana-
lysie indicate a correspondence between maxima in this structure and those we have

observed at Saturne.

*Help, )X Tp=12Ge¥  94:33" lab.

3

b+

& 40
3o

z | 2w} | g 2zm a0
c

8|7 2022 160 604,
b 2398 10]
o110 120 0 5

20 2, (Gev) 2D 25

Fig. 2 . Misaing mass aspectra fon Lacvecton dibarnyon seanch/ ¥/,

3Help,d)X

06 \.\‘ Tp=0.75Gev 1

84 = 40°lab
%
i Tp = 0.925 eV 1
- B9 = £0° lab.
0f of

A 205 220 25 2.30
” My (GeV)

Fig. 3 . Stauctares in *Help,d) observed in diffenent hinematical conditions.
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Tabge 1.Summany of measunements done at Saturne fo seanch for nanrow mubtibargyons

Reaction Beam Tine | 110€- Reference Results T 8
{GeV)
0.75 |B. Tatischeff |Narrow structures
3He (p,d)X SPES | 0.925 et al, My = 1.969 GeV
1.2 2.122 "
(2.155)2"
p('He,d)x 2.7 18/ 2,198 v
2.233 "
N . SPES 1 [|1.2<Tp {[R. Bertini Broad resonance
pip,din . (=150 HeV),
SPES 4 <2.3 Jet al. 141/ Jox2.7 Ge¥
Internal lo.50 <T pl. Garcom et Ro narrow structure
pip,p)p gas jet ) Plal. VAR N4 obseryed
90°
dogaq [ %0
R Ligne 5 f.655<T_(M. Garcon et | No narrow structure
p(pp)p by 17 <n P al. observed
< 35¢ t.017
nz2y
11 ener{F. Lehar et al| Resonance at
T " gl:s to be publis- /s = 2.73 Gev
pep.pIP -83<Tp hhed FWHM § 52 MeV
27 139/ .
. . J. P.Didelez Analysis not
UT(Pp > epn’) ligne 8 |0.48<T, et al. completed
< 0.56 1824
2
N 0.13<Tp |R. Beurtey Very few data ;
plp.plp SD 2 et al. preliminary
< 0.26
D(E.pﬂ)x a) SPES 3 2.t [B. Tatischeff | Data taking will
2.0 et al. start in July 88
p(d,pp)x b) a) Bx = 2
b) By =2
. 1.65 {M.P. Combes One candidate (see
aid,d)x SPES 4 2.00 let al- before) 0
2.29 73/ M = 1.930 GeV
R 1.45 IN. Willis Analysis not com—
p(p,7 )X SPES 3 2.0 Jet al. pleted 2
2.70 f22/
. - 155 g Hibou Analysis not com- 3
d(p,m )X SPES 3 2.10 fet al. pleted
2.70 134¢
plp, KX seES 4 | 2.3 |R. Frascaria | AUalysis mot com- | § = -1
et sl. pleted
4123/ B =2
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2,2.4 Discussion

There is a lot of results concerning narrow isovector dibaryons. The
experimental sitnuation is satisfactory above the pion production threskold since
here the masses concentrate around some defined values. It has been shu'm/"/ that
these masses can be displayed using a rotational like mass formula M = Mg+ M3 J(2+ 1)
-see Fig. 4. Since for the two rotational bande M; corresponds precisely to ZMN+Mﬂ
and 2 My o+ 2 M" respectively, it has been speculated that in this range of masses,

M > 2.015 GeV, the narrow structures correspond

to quasi molecular mod:1/1%/ of two oucleons and

pions. However since tae observed masses corres~

M (Gev} . .
! pond to experiments looking at two proton inva-

riant masses (without pion) as well as to experi-
ments studying missing masses, that assumption
has to be eliminated. The observed dibaryons could

correspond to quark dagrees of freedom, in parti~

cular since they are narrow. However the calcula-

20 ted masses in earlier bag model studies// were

Mg = 2004 GeV . :
Hf:w.l Mev larger (by the order of 200 Mev) and this gap in-
creased recently to 500 MeV as a result from clou-
- 1 .
209 M=MgsMy JUTIL dy bag model/%%/, Moreover J=1 and 3 states must
be excluded from total antisymmetry for these

| 8 anmey
= 0 states, although they appear in Fig.4.

The region of mass below M = 1.015 GeV

is at the same time very important and

95|
f./// experimentally more confused since the obser-
.,/j‘” "0'197:5" ved dibaryons do not concentrate at fixed masses.
. My = TMeY
19 LY L Very precise p-p eiastic scattering data have to
sy s 10 I(1s1) be performed, with high precision and small shifts
¢« 1T 1 3 in energy.
23B=2,T=2
4 . Diaplay of T = 1 . .
ZZ%—_yorus versus a J[J + 1) Har_ly theoretical vorks have been devoted
mass goamula. to the (7 nn) system since several years,either

using the Faddeev equations and a purely mesic
assumption/”/ or in the framework of a model where short range inceractions werc
parametrized by constituant quark forces/!*/, Th; possibility of having one or seve-
ral (7 nn) bound states has been considered by several authors/!S/. If there is such
a T =2 state at a mass lower than 2.018 GeV it will be bound by strong and electro-

magnetic interactions ; then it will be very narrow and could be detected (as is the

pion).
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Sceveral experiments were performed in order to observe such states, but an
upper limit of the cross sections could only be extracted :

- Bozzoli et al. using 200 GeV protons on Be/*8/ found an upper limic of
20 pb/sr-(MeV/c).

~ de Boer et al. using 590 MeV protons on Be/t?/ have published very small
upper limits for ("—>Z nN bound states, 2 being equzl to ! or 2, and N varying from
2 to b. The upper limit varied from 1.5 ¥ 107%% to 6.1 x 107 cm?/se.{(MeV/c).

-~ a measurement has been carried out at Saturne, with the SPES 3 spectrome-
ver/22/ using 2.7 GeV protons un a lead target an upper limit at 40° lab. for gta-
ble (nnn") system has been obtained : d%0/dR dp § 0.1 nb/sc. MeVic (for
0.65 © pc 1,35 GeV).

~ the double pion c¢xehange reaction on J has been studied several times
Kyle ot a1./18/ qeasaring d¢x*,r7IX found an upper limir of 2 nb/sr.{(MeV¥/c) for
(=" pp) bownd states. Piascezky ot al./2% a1so gave upper limits of 200 nb/sr and
U0 to 500 nbfsr respectively for (r nn) and =t pp) bound states, by studying

a¢+’,»FIX with 256 and 331 MeV pions at Lampf.

Cverna et al. measured pp - 'n‘(w“pp) missing mass spectra using the 800 Mev
proton beam from l.ampff‘/. The measurements werce performed for anather purpose and
were not very precise (no error bars were quoted). Nevertheless two structures ap-
pear  in the speccra at more or less all angles for missing mass values around
Nx = 2.002 and Mx = 2.030 GeV (Fig. 5).

Pion double charge exchange reactions on d have

buen recently measured by Ashery ot a1./2/ using '
£ 1 Coerng et i

T,- = 256 MeV and T_, = 262 MeV pion beams, at the EPICS To- MM op ¥
channel (LAMPF). There are indications for peaks at S . 200,
+ : .
2.003 CeV missing mass for the (n pp) system and at 5 J
2,001 GeV for the (= nn) system with J standard devia- EI [, I
N : oo |
tions -sec Fig. 6. 290 2,
An experiment has been carried out at Saturne ‘ ?:,; !

. - . s a 4
using the SPES 3 famhty/”/. The analyzing power and 20 9 1deq1®
differential cross sections for the missing mass reac-

i o o ¢ he as 2 :
tion pp * 7 X have heen measured at 1.45, 2.1 and Fig. 5 . Masses of struc-
2.7 GeV incident energy. The analysis of the data is tunes e pp ~ 17X data

Reg. 5.

nat yet completed.
In conclusion, regarding all these data. structures could really be present
at 2,00 and 2.03 GeV. Lt is clear that the available data have however to be confir-

med (with better statistics) before claiming these structures for evident.
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Finally long lived exotic dibaryons with
charge - 2 (isospin T = 3) have been searched/?¥
at the laboratory of High Energies, Dubna. The
fragmentation of 17.7 GeV/c alpha particles on
carbon has been studied and an upper limit of
(E/p?) d%0/df2 dp < 107 ° mb. GeV/ sr.(GeV/c)®
was found for longlived (1 > 1077 s) systems.

3. Tribaryons

It is well known since many years that three

nucleon systems display a resonance - like beha-

L
2000 2010 2020

Moss (MeV] viour at a few MeV excitation energy. This has
been observed for instance in 'H{p,n)ppn and
Fig. 6 . Data from necent measu- *He(p,n)ppp reactions at 30 and 50 Mev/ 5/ inci-
wements at Lampg/?%/ :

: dent energies, or in ‘e (z~,1*)3n/2%/ reaction
a) dirt,n" )X and b) din”,7*]X.

at T“ = 140 MeV, It was noticed’?”/ however that
the attruction between two of the final nucleons
can account for the observed structure which
therefore has nothing to do with a three nucleon resconance. On the other hand mulei-
neutron systems have never been observed. There is a recent uurk/“/ on transfer reac
tions studies with heavy ion incident beams, which concludes ¢ an upper limit of

10 nb/st.MeV for stable n. Again the SIRN cxperiment/”/ searching for n’n” system
was negative and upper limits published for d?o/fdS: dp are:1.48 > 107 cm?/fsr. (MeV/c)

and 2.2 « 1073% cm?/sc. (MeV/c) respectively for n’t and n'n"Z,

An experiment has been performed at Saturme using a 2.7 GeV incident proton beam
impinging on a lead target and the SPES 3 spectrometer. No negative charged particle
with a mass close to 3 HN has been observed with an upper limit of 0.015 nb/sr/MeV

(in the range 0.65 <pc < 1.35 Gev)/22/,

This leaves room for possible rribaryonic unstable resonances ar excitation ener-
gies larger than 10-20 MeV. Such resonances have been predicred/'/ within MIT bag
model calculations. Some experiments have been carricd on to look for such resonances.
Table 2 summarizes these measurements. In an old experiment devoted to the study of
pd v R R renct'mn/”/. the authors assume the narrow peak observed at P = 0.36 GeVY/e
to be a signature of a narrow dibaryon M = 2.161 + 0.002 GeV (I = 0.020 GeV) froma

p4nip) » 1 4 P (p) reaction. However, the Fermi nment\llflzshould extend this
wideh 5 o width of + 150 MeV/c will comtribute to ¢ {00 MeV for AMx' Since Fx=20HeV
here , we have to conclude that a cribaryon has really been observed at
M. = 3.30 ¢ 0.003 Gev, Bx =13, Tx = 3/2. The data corresponding to 'He(‘nt.p)x measu~
/el

rements are not very precise (no error bars). If however we try to peint out

stroctures in these data (some shifts have to be done/?/ between published and
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Tabge T Exprruamental studies fon tadbanyen seanck.

-7

Reaction T M (Gev) Authons Location Ref.
X X
pd » 07X 312 3.30 * 0.003)J.H. Hall et al.| Lirmingham 29
R B . ;
He(n ,p)X 172,172 2,915 J. Kdllne et al.| Lampf 6
nC -+ pppX
AC » pppX /2 2.9% 5 2.94 |H.N. Agakiskicv | JINR 3
(A=p , d, NHe,O) et ale
""C » pppX 342 3.27 0.B. Abdinev et JINR 32
al.
He p ~ agppp 342 1.65 A.V. Blinov ot JINR 33
al.
pd o> oTX 3/2 Analysis not com- | F. Hibou et al. Saturne 34

pleted

corrected data), # striking srability for a given missing mass appears at er 2.915 Gov.
We have to remember however that in 3He(n’,p))( data the spread of the missing massus
corresponding to the obsarved structures was imporcant. Blinov et PRAL ~using
2.5 GeV/c tritens impinging on p- have sludied invariant masses af lpan) and

tpy nn) systems and found structures at 2,90, 2.94 and 3.01 GeV. They concluded how-
ever that these structures were not resonances since they were tog strungly dependent
on kinematical variatious. Structures in the effective mass spectrum of three pro-
tons have also been observed for Mt % 2.91 and 2.94 GeV by Agakishiev et at /97,
They used 40 GeV/c incident picas to study m C =+ ppp + X reactiom, and 4.2 GeV/c/A
p.d, “He and '2¢C on € -+ ppp + X (200 $ P, % 600 MeV/c). A structure was also obser~
ved in the three proton invariant mass by Abdinov et a1./32/ in the analyzis of

5 GeV/e m + ¢ » ppp + K reaction, at Ht = 3.27 1 0.02 GeV, ' = 70 £ 40 MeV. &linov
ot al./”/, using 2.5 and 5 GeV/c 'He impinging on p, observed a structure in the
three proton mass spectrum for 5 GeV/c incident *He particles. Since they were not
able to describe it by the theorerical pole model calculation, they concluded that
the struccure at 3.05 GoV wos not due to nucleonic degrees of freedom. Finally at
Saturne, using the $PES 3 spectrometer, the ;d + TX reaction has been measurvd/ "/
using polarized protons at ‘rp = 1.45, 2.10 and 2.70 GeV, The final analysis of the
differencial cross sections for missing mass spectra and analyzing powers is not

yet terminated. The masses of all previously quoted structures, candidates for tri~

baryons, are displaycd in Fig. 7. The confidence we can have in ctribaryon studies is
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i ];2 - clearly smaller than for isovector dibaryons. The
Vilg 3y -

.

precision is perhaps better for Mt = 2.91, 2.94 and

i+ = 3.29 Gev.
gnrxn,m-
7 lspame 4. Theoretical surve
o 2 Jleoretics” survey
= N - laul
30} i In the framework of the cloudy bag model , the
ot . - .
" ;:: :[‘__;’l---x - masses found for six-quark resonances (M~ 2.6-2.7 GeV)
N are larger than those discussed in the pcesent work.
Retaz 29 w6 nw The width also are larger (= 50 MeV). A different

Fig. 7 . Masses of stnuctures calculation within a non relativistic quark model,
candidate for tribaryons. has been recently presented/>3/. Here again the found
masses are larger than the predicted ones using the
MIT bag model//, by 400 MeV for 6 quarks and 800 MeV
for 9 quarks. Using a semiphenomenological digquark
clu.zer model Konno and Nakamura/?®/ found many states which degenerate to a single
energy level. There is also degeneracy for isospin. In this model, the resonating
energies and widths of the dibaryons with T = 1, JP = 1" and 0 are close to the
masses and widths of the narrow dibaryons observed experimentally and discussed in
the present paper. The model of stretched rotating (string-like) bags -with coloured
quark cllisters at both ends{a diquark and a four quark clusters) proposed by
Kondratyuk et 31_137/ predict many levels and particularly a T = 0 J® = 27 with a low
mass 1.95 ~ 2.05 GeV -not far from our candidate at 1.93 GeV. Bazhanskij et al./3®/
within the assumption that many dibaryonic resonances exist with a width close to
20 MeV, developed a statistical calculation showing that interferences -depending
on the observables-lead to narrow peaks. Such deseription leaves some unexplained
questions : why are similar narrow peaks not cbserved in NN data ? And why is the
spread observed under 2 GeV, not really observed above ?

5. Conclusion
Thexv is experimental evidence for narrow structures at well defined masses in the
T = 1 dibaryon sector. The evidence is not strong enough for the T = C or 2 dibaryons
and for tribaryons. The structures observed in all cases are often tinny effects
lying over large physical background NN, NNm, NA... It is then important to confirm
the first observations by inde,-ndent measurements. We have to increase the number
of experiments and vary their nature in particular by measuring spin~dependunt obser-
vables. We need :
1~ angular distributions for some of the mostly excited T = } dibaryons ;
2- precise pp elastic scattering in the range 50 § T £ 280 MeV with small
steps in energy (1:\1'p = 3 MeV) in order to clarify the region M < 2.015 GeV.
These two types of measurements ] an 2 are important and should be performed

as soon as possible ;
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3~ a scarch for possible dibaryons with larger masses, and particularly in the

regionM22MN+3M1| and H = 2,7 GeY ;
4= cxperiments in purc T = 0, 2 and 3 states ;

5- experiments in tribaryon sector.

We need also thearetical studies to specify masses and widchs of multibaryonic
states as well as dynamical calculations of che relative size of the multibaryom
signal and of the background to explain why the structures appear for different reac-

tipons and incident epergies.

Some narvow stTuctures are really observed. Their identification to quark deprees

of freedom remains the simplest explanation but it is still a working hypothesis.
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Y3KUE JMIPOTOHHME PESOHAHCH B PRAKUMA np—vppgt‘

.4, Tposw, A, B. HaraTer , B, H. levénon, B. U . Mopos , A II . Hepycaammon,
A.I,Cremmuax ,B.I'. Ommutios

OCbemuneHHHE MHCTRTYT SUGPHHX Hccaefopammlt, lyOHa
K. Bemazmy
Eyxapecrcrmit yamRepcETeT
I.larTea, @, Koropodaft
UentpamsRull uECTATYT (WSEdeckx Eccnemonamm#t, Byxapect
C.T.Aparexms, 1. M. Papanonmy
Epepancrelt fmsuveckelt RECTETYT
A, AdTwBammep
Jenmnadafickeit rocynapcrheHHnil neraroruveckulf EECTETYT

AHHOTALKSA

lpezicTanneHy pacopefederR? 3PfeKTHEHHX MARCC ABYX NPOTOHOB HS
peaxian wp-+ppf mpr P =I,25; I,43; 1,72 u 2,23 TeB/c (Bcero oEo-
a0 I9 tee. codurmit).Marepmay momydern ¢ I-m somoponmoft KamepH B3
OUA, o0aygennolt MoHoxpoMaTHueckemy Heftrpomaum (aR. /Pa=3%) or camxpo-
fiasorpona IBJ. C mocTaTodHo BHCOKoH ROCTOBEPHOCTED OGHAPYXeHH I6 mu-
OPOTOHHMX Pe3OHAHCOB ¢ MCTHHHHME LEDRRAME mopsmka I Ma3/cBxaan pe-
30HANCOB cocTaBnAeT okoxo I0 & npm raxgoft speprmm.Mccxenomar xmama-
30H s(iexTABEEX Macc oT I876 mo~ 2300 llaB/cz.Peaomane s@perTH
CYWeCTEYDT BO BCEM HTOM IHAINASOHS.

BBEIEHHWE

B padore /I/ Mu 0OpaTEAY BHMMAHMS HR KIACC MHOTOKBADEOBHX De30-
HaHcop (Wacho KBapkoB GOAEmE TPEX) €O CPABHETENLHO HOCOALNEMA MACCE—
M, EOTODHe MMEJW mHDWHM, CDABHNMHE ¢ IKCHOPEMOHTRJHHEM DASDOmEHHEeM.
B nocxexynemx padorax /2,3/, EAacammXcs cHCTOM XS MECTH KBADEOB,OH-
70 OTMENEHO GOMLNOS WHCAD YIKUX IENPOTOHHMX pesomancos.B /4/ cxeaa-
RO NODNTHA HX OHCTEMATESAIEE B MONeJN BPANANUMXCS COOIMHEHHHX CTDYH.

EcI GofplROS TRCAO FENDOTOHNHX DOSOERHCOB MOXHO NPEACKASaTH Ha
CCEOBO KBAHTOBOZ XDOMOAMHAMEXZ /5/, 70 HX DHPMHN, XOTOPHe HA Lsa HO—
DANKA MEHbNE UEDAH OCHYHEX ANPOHHHX DOJORAHCOR,CRANETEABCTHYDT O CY-
MECTBOBAHAE KAKEX~TO ODABEN 3AOPeTa,NPEPONa KOTOPHX NORA HeACHE,Npe-—
OATCTEYOOMX PACDATLY OO CRJABHOMY KAEAXY.
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Toaprmmeca nocae I983 rojs muorouMczeHHue padoTR HA TeMYy YSKEX
JENDOTOHHHX PESOHAHCOB B COABIMHCTBE CBOEM NOXTREDIMMM CYHECTROBAHEE
raxux sdipexros /6,7,8,9,10,11,12,13,14/.0nA8%K0 B HECHOMBRAX SRCISPHE-
MeHTaX NONOCHHX ABNCHAR Ee ooHAapyxewo /I5,16,I7/.

B nacTosmem COOCMeHNE HA GOMBIOM CTATUCTHYECKOM MATEPRANE MH IIO-
RAREM C BHCOROM CTaTECTHHYeCEOE ROCTOBEPHOCTED CYNECTBOBAHEE GOJBINOTO
YHCNA YSHEX NANPOTOHHEX DESOHUHCOB, & TAKKE OLEHEM HCTHHHHE UMDEHH
3THX pesoHaHcoB, llocxenmilt Pompoc oGXONATCS ABTOPAME BCEX pACOT,BHIOJ-
HEHHHY HA JAHHYD TEMY.

B wacrw I CyzeT paccMOTDeHA DEARNEA hp->pp DR B =1,25 I'sB/e,
Ha OpEMepe xoTopof My OCCYREM Bce EMeDUMe OTHOWEHHE K K6y MeTONHE=-
JgoxEe BonpocH.B wacTE I OynyT ofcymmeHH cymMapHHe cHeRTPH PoKTHB-
HHX MacC JABYX LPOTOHOB B3 Deaupd apspps~ mpu R =1,43;1,72 » 2,23 IsB/c.

I, Pearges Wp-PPf~ mpm Pw =1,25 ToB/c

Peaxims npappl'" OpE 5T0ft 3HepTME, KAk B OPA BcexX IPYTHX 2HEPImaAX,
oTCEparachk ¢ HCOOXHB8OBAHHEM METOIA j:’ C YOTHDPEMA CTeNeHAME CBOCORH HA
mareprazax ¢ I-u BomopoxHof mysmpexoBo# xamepu JBY OMAY,oGxydueHnoft
MOHOXPOM2TEYECKMME HeHTpOHaME OT cmpo@gaowpoﬂa JIB2.Pas6poc myura oo
' EMIyIBCEM BO BCEX CXywasX aByFa=3%. C er.# 12,5 orodpaso 3611 co-
OuTER peaKumE NpsppR 0pE Pw =1,25 I'sB/c.

By TuateAbHO HCOJNEROBEHH PasNEYHHE (POHOBHE DACHPENENeHHA IIA
onmcaHwa cuexrya ddPeKTERHMX Macc IBYX OpoToHOB.M3 mATeE Exom foHOB
(MeTox "nepesemMBAHEA",TeOpeTRYCCKAQ DACISTH IO MOZEIM OXHOTACTHEI~
HOTO OOMEHA ,MONEJHMPOBAHHE SKCIEDEMEHTA ¢ yYETOM SHCOEpPHMEHTAJLHHX pac—
npemeneHE} B oOmel cMCTEMe MACC,MONEMpOBAHWE SHCHIEPEMEHTA B CHCTEME
nexrpa macc 9'P,MOREMEPOBAREE SRONEPEMEETA ¢ yISTOM pacnpeleneHsl B aa~
GopaToprO# cEOTeME) HARCONEe ANEKBATHHM HKCHOEDHMEHTY OKASANCA NOCASN-
HEt MeTOR ~ MOJGARDOBAHEE ¢ yUSTOM pacOpefeyeHEE B madopaTopHoff cEC-
reme (MIIC),

B o1oM merTone Touma rpafmxa Pr v¥ Py B aadopatopHol cHcTeme
(PI # P2 - EMDyABCH MEYX RPOTOHOB B BBESHE) CONOCTABAAETCI CAyTARHEM
00pasoM TOYRe HA Tpadmre yIvia MexXny OEYMA OpotoHamy B aadopaTophof cH-
creme . Bumenennan nocxe 910ro sffeKTEBEAS Macca ABYX OPOTOHOB SAHOCET-—
¢A B rpafex QoHOBOTO pacupeneNeHAs. 'f’m ommcaHEA cuekrpa tdfexrmn-
HHX MAOC JEYX ODOTOHOB NMOMYYEHHIM TAKEM OODABOM DACHDENENCHEEM DaBeH
II7 Ha 60 ToYeR ¥ ABMAETCA HOMMEHBEMM NJIA BCEX BENOB JOHOB.

3107 BHPOX ONDABE/UONR R IIA DOARIME Wp+Pp¥ mpR B,=1,43; 1,72 7
2,23 I'sB/c.Beaze B zaxtHekueM B RagecTBe (OHA NONOJLSYNTCHA pacupenese—
HEA,HONy9eHHRg MeTomoM MAIC.

SYHKIES] paspemeENd MO MaccaM oopelenteTcd OGHTHHM 0CpAsOM
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RGam) = (Fpe expl-am¥ispens/S pedds, “)

rne aM ~ pasHOCTE MORLY SKCHOPHMEHTAAEHHM 3HeYoHNeM wlexTEBHOR Maccu
IBYX NPOTOHOB B IANHOM COCHTHM ¥ 3HAYCHHEM MACCH,IONYI6HHHM IR N3Me-
HOHWH MSMepeHHHX NapaMeTPOR TPEKOR HA BEJNTMHY, KDATHYD OWRCKAM W3Me-
penzft.lIps sTOM DpenmoOsAraeTCH,TT0 ONMCKE MSMepemift nmapaMeTpoB TDPEeKOB
EMEDT TayccoBH PACNpeNeNoHNT, & ~ouNOKA MSMEDSHNA MAccH B NAHHOM COCH-

=N,

210" — — Ha preyuse I npepeRer EmK
"-ﬁ&x-"{“ GYHKIER DaspemeHER AR BCETO

o= PAYCEY = 16/55 IMENASOHA MACC KEYX NPOTOHOB B

peaKmm wp+ppA” npu Fu=l,25T5B
SYHKURA PA3DEmeHEA OIECHBAXACDH
OpeR7-BuTHEDOBOROR KpHBOM(X=72
Ind 66 TodeR) B rayccosoft KpE~
poft (f’-IGZ).Bmmo.q'ro 6pellT-
BETHEPOBCKas fopua Xopomo omma-
cHpaeT (YHKIED paspemeHRd.dTo
0CTASTCA CUPABEARMENM H I
omecanma fynxmdt paspemerus AuA
PASIAYHEX TRAnAB0HOR S{fieRTHs -
“ o - HHX MAacG EBYX OPOTOHOB.Msmene—
05-10°1 ; L3 1 HEe HOJHHX WRpEH JyHRm# paspe-
. ’ NeHES B DeaXOmH hp->ppf~ NpE
Pn =I,25 I'sB/c nia pagmuHEx
N, IBanasoHop 3(feRTHBHEX MACC
) L IBYX NPOTOHOB IORRSEHO Ha Dit.2.
2 4 6 llanee ¥3pecTHO,YTO CBEPTRA
&M Mayc® BCTEHHOR De3oHaHCHON XDHBOM,MMe~

Pac.I. By GyNKIEE DaspemeHEA mo nme#t dpefr-BErHEpoBCKyD fODMY,
Maccaw BO BoeM IManasoHe s ¢ (fiyakumel paspemeHdA,TAKES EMED- )
$eRTHBHHX MACC XBYX HDOTOHOB B peaK- ued GpeftT-BETHEPORCKYD Popuy,
MR np~ppR~ npE Pa=I,25 [sB/c. JBET  cHOBA TAKYD X0 :
I . Ha n core fopmy axcHepUMeRTANLHOR pesoHaH- *
T paI ap>a2 8! MaB/c2 0 crofl xpmpoR ¢ Mo sRen.=Mo meT.
» ? .
B Taxen.Tuer.t Tpasp. 1-0-
B TAKHOM CIydae HOATOHRE
K BRCHEDEAMEHTY DEeSOHAHCHHME KDNBHE HAZO SanapaTh B me“g;m.me-
DOBCHAX RPUBHX,8 BCTHHHNE NHIMHH DeSOHAHCOR MONHO ONpENeJHMTH Kax
Taer. Taxcn, ~Tpasp. * T8 Tpycy, - IMPEEH DO3OHAHCHHX KDEBUX, IOY-
YeHAHE NPE OOATOHKE K HKCOEPEMEHTY.

2
-
o
=
=1
-
. -

yucne col. /02 MsB/c
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Ha pme.3 nopeneTapacHo pachpexeneHye 3({OKTHBHNX MACC EBYX IDOTO-
HOB H3 PeaXtyH np-»ppi npE P =1,25 TeB/c.Ha atoM pECYHKe CIIOmHAA
RPEBAS - OMECAHEE SKCHSJEMEHTA HEKOTepeHTHOR cymmoit 5 PE630HAHCHHX
RpEpEx B (ouopoll XpEBOS,HoayueHnof MIJIC-MeTONOM; KpecTRRAMA odosr{a-
wern prmX oRoBoY Xpuso#, ooTammefica mocne moxronma (9I %). j Ha
I crenesr ceofoms Bus ciumwmHof xpEpo#t pesex I,3,

-7 B redmue I cymmpopapH TOdyMeHHMEe
8l ﬁ IAHEHE:B nepBol KOJOHKe HPWEENEHH 3HAYe-
HEA MRCC PE3OHANCOB,B0 BTOpoR = sHAYeHHA
- r SECOSPHMOHTEIBHEY IRDIHH ,1OJYIGHHEX ApH
OOATOHKE, B TDeTheH ~ HCTHHMAS{ MMDEHA De—
somaHca (Bce pemmms b MaB/c®), B eTBep-
Toft = ceverme oCpasoBanmi pesoHaxca (mpm
?87 5' 19' ! 9935 BTOM CUeHEe PeaKiE hp-ppx” ISH P..=I,250._.B
¥ 355 % pasmo (0,8940,15) m¢ /I8/).B marod xonou-
Mpp, MoB/A? K6 TAGKEI YKASAHO WHCHO CTAHNADTHHX OT—
roHeHmll or §oHA, B mecTof - BEPOATHOCTH
Prc.2. Mswenenme DOMHOR  1ori vy pammeft spert ammieTca coywali-
UEPERH QYHRIRE DASPEle=  nay npgpocoM.
HRA B 3BHCHMOCTE OT SHE~ BepoATHOCT: Cayualinoro BHOpoce OOpe-
YeHun offeRTuBRO} MACCH  jo;ie0rcq B GOOTEETCTHENM ¢ METONEEOH,Das—
ZBYX OPOTOHOB B PEARIEH  pogapapuoft 3 /19/,rne yumTHBAGTCS RMAHEE
npappy 0pE Bu=I,25 ToB/C. L. pseny meex Towex mayumeMoro pachpele-
NOHRA.

Ha pec.3 oTmedeHo nom!erme elle 4eTHpPeX BHOPOCOB IPH MAccax
1900,I912,1927 » 1969 MaB/c®, goropue nadmmmaymes B padorax /3,10,
I3/.0Ron0 EAXNOTO FHAYEHMA MACCH IPEBEIEHH CCHAKM HA paGOTH, B KO-
TOpKX HadANGalECh OMKE NpE OapsKex (P mpefesax omudox H3MeDeHnft)
3RAYEHHAX MACC.

Tpes, MaB/?
-5

Tadmava 1
Me:aM |G 2al Ik [p Toes |GBISD] P
192221 40155 | 06 % o

o5 (15sfa2lss0’
103421 | 5058 | 102 o |19e5(3.6)21-107
194321 | 50 *13 *5% 116:5)3.6(81-10"
195821 ] 4.6 el 00 +30 | 6+3l2.1/17-10"
14802 s.o—:.AuJ 051 &8 |1 tafao|us 10’

. Peaxmma NP>PP" mpm Pw =I,43; 1,72 m 2,28 TsB/c

Less aToro pasfiena - NPejACTAEATH IOKASATEJBCTEAE CYHECTBOBAMNHA
GOJEIOr0 WHCXA YSKEX IMNPOTOHHHX DE3CHAHCOB.CIYUaM [eaKIlR wp-~ppx™
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Pac.3.Pacparne-
netEe a@feRTRR-
HHX Macc ABYX
OPOTOHOB H3 De~
SKOAEE Wp-ppa”
npe PawI,25 TpB.
Ciromras annga-_-
HEKOT'@PeHTHAR
cMech 5 gpelir-
ENTHOPOBCKAX
DESOHAHCHHX XKpH—~
BHX ¥ (foHOPOR
KpEeofl B Emme
N3G, Kpecrare -
BRAY foROBOR
rpmpoft (9I%).

Puc.4. Paonpage-
JenNe sfpanTan-
HEX M8GC RBYX
HPOTOHOE ¥3 De=
aKImE hp-sppa”
TAS Pn -1,431__%3
- LRI, 72 I5B_
;B2 28 ToB/c



OPE YKA3ISHHEX KMIYALCAX NOPERTHHX HelTpoHOR oTOZpasmich ApPE KCROALIO-
BAHEE METOAS)C JeTHPHMA CTENEHAME CBOCONH, Rak ¥ B pasuexs I.Bcero
oTocpano 4847,4568 x 5521 cAyuaeb pearimE npappf~  nmpE B 1,43;
1,72 1 2,23 IsB/c coorBeTCTREHRO.

Ha puc.4 npencTaBaeKH pacnpefenexmd dfexHMBEHX MACC EBYX Npo-
TOHOB OTHEJLHO IAA RamuoRt sHeprmm — rEcTorpama I mna Pw =I,43;
O- gna Pw =1,72; Il - xa Pa =2,23 T5B/c.BepTHRANEHEMY JHHAAME OTME—
9YeHH HEKOTODHe paffoHH S{feRTEBHNX MACC IEYX OFOTOHOB, B KOTODHX OT-
YEMIMBO RAGINEANTCH OCOGEHMOCTE OPE BCEX Tpex aHepruax./lowTopsemocts
oQ}eRTOB CAyXMT CRNLEMM NORASATELCTBOM ¥X DEOHS8HCHOTO NPOHCXOXAE-
HAA ¥ A8eT OCHOBAHMA JAA CYMMEDOBAHWA BCEX TPEX pacnpenedeHnd.

Ha puc.5 mpmeepmeHo pacupenencHEe adfexTHaHHX Macc JABYX HPOTOHOB,
CYMMEDOBAHHOE 1O BCEM TDEM SHepIEaM,CoiomHad KHHEA - ROANOHOTHAR
Pac.5.Pacnpegene—

t HHe 3feRTHBHHEX
MECC XKBYX IpOTO-
270p HOB K3 peaiItee
T npppo~ P
x Pa=1,48; 1,72;
22 < 2,23 IsB/c (oym—
25 0% MA HG BoeM SHep-
H 150L ] M) . CronHas
B / . N KpEPaA — HEKOTe-
x Backer.88% b
2 ose coents 3 PEHTHAS cyada
i

I3 dpefir-purhe-
DOBCKAX DE3OHAH-

LY CHHX KpPEBHX R
% foroBORt KpEBOH
2 i n L 1 A L 1 1 n
18755 79435 20155 20855 2155 22255 B Bige WRIC.
KpecTaRE -BRASK

Mpp, Mevi' fonorott KpEBott
(88%).

90

PAT Y
P -— 2251

RpEBAZ, COCTARNEHHAR N3 HOROTEDeHTHOR cMecE foHOBOR KpmBOY,ROMy9eH-
HOR mevozion MIMC omexemo XA Kaamoll 2HepTEE M NPOCYMMEDOBAHHOX o
COOTBETCTBYDUMM BECOM,IDONOPLEORANEHEM HCHY O0CHTHE npH kKazmol aHep-
IWE,N 13 DPO3SONSHOHNX OpefT-BNIHEPOBCKEX KDHBHX. KpOCTRRAMK OTMOMSHA
JoHOPAs EpHBAS,0CTANMASCH LNOCXe NOAroHKR (ee sraen cocTamder 88%).
Ha rpafume otMewsHEN TaKme NONOXeHMY 3{eRTHBHMX MABCC,ODE KOTO-
DHX HaO/XZapTes BHODOCH,CTATHCTAYCCKHE HE SHAYEMHE B NAHHOM pacupenele=
HEF ¥ posTOMy He BRANYOHHEE HAME B IpOLELYPY HOATOHKH,HO OGCymiae—
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MHEe B ADYTAX SHCOEPEMEeHTAX.OKOZO RAXNOTO SHAYEHEA MACCH NDPEBEMOHH
CCHIKA Ha paCoTH, B KOTODHX HAC/NNANACH KM LpW O/HM3KPX SHAYEHMAX
Macc.

Ha puc.6 noRasaMy TpafeKA HSMEHEHER DOJHEX mApAR JyHRuEf# pas-
DemeH®A B 3aBHCHMOCTE or SdfieRTREHON Macew ABYX MpoTOHOB IIPE TPEX
3HAYEHMAX NePBHIHOTO mMOymbca HefiTpoHoB.[pm nambRefimeM onpexeseHER
RCTHHHHX WEDAH PE3ORaHCOB mEpMHE (yHKMR paspemeHyd 0P NAEHOM 3HA—
YeHm! MACCH BHYRCATETCA KaK CpefHee M3 MNDHEH ODE Kespoit oHEprmm ¢
BECcOM, IPONoPIMOHAIBHEM BRIGTY N0 WHCAY CoOuTAN B jaHmul MHTepmai
Macc oT Kaxmoldt aHepTHE.

Bee Qynmamm paspemeHEA MMeRT EMI, O/maxwit K OpedT—BUTHODOBCKEM
fopmam, B MO3TOMY OpOLEAYPA ONpeleZeHAR RCTHHHHX UApPWMH TaRad Xe,
xax B pasmene I, T.e. Iyop =Toeen ~Thasp, -

B Tadmue 2 CyMVIPOBAHH MOMydYeHHHE Xamkue.0Co3HadeHmA Te X6,
uyro ¥ B Tadmme I.

~ 10 20, T T M\uzl‘.
~x W ] o
g g ?16 6) ; 20,
z Z. 12} - 16
- 4 3
[ of a
a 4 LE_S- 212
[ .
2 4} 4 8
] o N T | 4
WI5E 19555 20355 18755 20155 21553 18755 20355 25155
l“|Fo|:a,P‘|3B/«'.l MPP, MaB/? MPP‘M3B/(.‘

Prc.6. HameHenme moaroff MDHHH JyHKUPE pa3pEmeHEA B SABACEMOC-
TA OT 3HavennA sdfexTwpHOR MACCH REYX IPOTOHOB B DeaKIEE RP-ppd~ :
a) g R- 1.43 I‘gB/c; B) R-I,72 I‘aB/c; c) g Pu =2,23 T‘aB/c.

BHBOJH

B npencranfteutoft padoTe NPRBEINEHN NOKASATEALCTBA CYMECTBOBAMMA
COJBIOTD umCHA YSKEX pespgHaECoB.Mccaemopan doasuoft mmanasol sace
(or I876 mo ~ 2300 MB/c®), PesoHaHCH CymeCTBYDT Bo BCEM HTOM T¥a—
nasoHe macc.CTaTECTEYeCKAR SHAYEMOOTS: EAGMuaeMx S{HJEeKTOB JOBOJIb~
HO BHCORA,0CO0EHHO €CJE Y4eCTh HOBTOPIEMOCTh 3(EKTOB P DASHEX SKC-
NepEMEHTAX M IEPEMHOANT: COOTBETCTEYNMEE BEPOATHOCTH CAyWAREMX BHO-
pocos (nanpmaep.g;m pesonanca c smaccolt I935 laB/c2 PuPp 25 vPI 43 :

.Io- ” » 2

1,72;2,23 » Kax 570 onexyeT ¥3 Tadmum I m I namHoft padoTn).

Cysmapiidl BRXAY TEXKEX DOSOHAHCOB B DEANINE npapfﬂ'cocmanmer

npumepro I0% mpm RSyUeHHNX SHeprmAX.lNpMEm pesoHancoB - HORSKKA
OUNCOR B NX CHpemeXeHNN.
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Tadmma 2.

MpiaM [Toptal Mol Mg | SD| P

193621 | 2¢1s | 26l |s2]46°
196641 | 229 | 103 | 3sje0.10
1g0t1 |7 8 | o02t% | 27]|24-107
204741 {9t 20 ao+z20 | 3.8 11-107
2083%2 [141% w23 [ 37] 15909
2106 21 2,3321‘3 ap +20 58| 97.10"
9139t2 rv.o:is 20433 |a2| 2310]
217122 heo'3S | astdd  [4a( 2210]
223721 (go*l% | 00-10 | 58] a1
225121 Jigo*i3 | oo+20 |33 83-14]
22502 18040 | ao-+40 38| 11-16°
2286%2 [210t30 | 10+30 |53 1.4-16j
231022 (219035 | 10+35 | 32{ 1510

COCTOSHRAX C JPYTEM

T.0.,MOXHO ZyMATH, YTO MM EME~
€M Jed0 C HOBHM (W3AYecCKmM AB~
JIEHHaM, IPEPOTi2 KOTOPOTO elle

He AcHa.lmnoresa o tom /2/,wro
MaNHe URPMHN TAKAX DEeSOHAHCOB
MOKHO OOBACHMTH 00PazORAHAEM
Ha NPOMERYTOUHO} CTapm pear-—
IEH COCTOAHKA C E30TONHYECHHM
cmauom Is2, KoTopoe saTeMm mpn
TOMOIE ¥ ~lIePeXONOB Deaa=
3yeT YSKAO DEe30OHAHCH B CHCTEeMe
ABYX IOPOTOHOB,He TONTBSDANAET~
Cf1, TO—BRIMMOMY, WMMODIHMECH HKC—
neprmenravw /20/.C ppyroli cro-
DoHH,ec/id OH 3Ta TEMOTE32 B OH—
Jia COPaBeLINBa, BONPOC IPOCTO
nepemecTANCA GH B APYTYD Mioc-
ROCTH — RaK OUBACHHTEH GoJbloe
TWCJIG TAKMX DE3OHAHCOB yme B

HBOTOUNYECKHM CIOUHOM.

lloaTOMy €CTeCTPSHHO HCRATE DameHEe NPOCJAEMH B YIETE IBOTHHX CTE—
neHefl GBOGOAH, KOTODHH MONET XaTh ¥ GoJBmOE THCIO TAREX COCTOARHY m
OpaBmia 3anpeTa HA EX pacuaz.

ABTODH GMAaromapaT A.B.Kaﬂnamm,Jl.A.Rmmpa-rm,B.E.Konenom,
B.J,Indomzna , 1. E.lloxposckoro sa nonesHue 00CYXIeHNsT,
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MULTIQUARK BOUND AND RESONANT STATES

B.A. Shahbazien, A.O.Kechechyan'), V.A,Sashin,
A.S.Martynov, A.¥V, Gusev

Joint Institute for Nuclear Research, Dubna

Our group started searching for multiquark states long 350/1/.

Making up our mind to elucidate the role of baryon number, strange-
neass and hypercharge we have investigated the invariant mass spectra
of forty nine hedronic systems varying the mentioned quantum numbers
within the limits: 0SB 6, -2£5& 1 and 0£Y< 6, It turned out
that resonance peaks hed revealed the invariant mass spectra of Y& 1
only. So far as invariant masaes refer to free systems, e hyper-
charge melection rule was suggested: "The hypercharge of free had-
rons (the multiquark ones including) cemnot exceed unity Y€ 1%. Here
Y=B+8s 4+ ¢+ b, Perhapa, this rule is based on a new symmetry
principle. As the exotic resonances, as a rule, are narrow and
satisfy this rule, omne can probably expect that tha atability of a
system should increasse with decreasing its hypercharge up to the
formation of bound multiquark states. Our gearch for all these
exotlic states wes performed using propane bubble chamber technique.

Here we present & breif review of the resulis obtained, which
suggested us the above possible selection rule. The bubble chamber
technique uged in this experiment ia adequate for our purpose.
Protons were identified by their ionization in the momentum range
0.1<py£1.0 GeV/c.

1. Seaxrch for mmitiguark resonant states of Y >1 hypercharge

Inveriant mass spectru of Y = 2-5 nonstrange multibaryon
8ygtems from n'%c and 1“120 collisions at 7 and 4 GeV¥/c respec-
tively,shown in fig. 1, do not revesl any significant enhancement.
The sams is true for the sfrange-system mass spectra Amp, m = 2-4
and to K”P' n = 1-5/1-9/,

As far 8 at this section of the Seminar ithe dinucleons (di-
baryons) are of a speclal interest let us discuss their status in

”!arevan Physical Institute, USSR

337



va2 - =
Figet p ";;:;:‘;E% i

Neqy »:

>l

R =vobat

N g

w8 oW e

¥ ale® —ppp yale
LELTU I

re-pop0
N

d
e -t [
W ey 95 A% Mubed TSI s SR N mnf.q

t e wp ¥ [N
ol MR . Nes0s
‘ 0
uﬂl N
( L 3
| ——
} A A RN B st g e
e
00

wa
Fig.2
Ll
wh
m‘ "
ew T aew wiw T T e it
n/ameict
150 { * ”}H
SRS
30 +Hn
t
[ **Ho
Py *"Hf’.’ toatpe. ot
e e X R nt; $1449004 Fig.3
881 91 94 977 2404 2081 Mg (M)



more deteil. The diproton invariaent mass spectra do not reveal
enhancements even at 1 IoV/c2 bin-size/1'9/ (fig.2). Moreover there
is not meen even the expected strong peak near the pp-threshold due
to zero energy negative seatisring length (a = -7 fm, r = 3 fm)
effect. Note that the bulk of the l.pp spectrum 18 below the p i
threghold. Surely one should expect & large yield of fragmentation
processes. But one should bear in mind also that the intranuclear
low energy rescattering cross section reaches hundreds of millibarans.
Therefore it is urgent to select the low energy intranuclear scatte-
ring of pecondary protons on boupd nucleons. A kinematical 1C-fit
is feasible for terget nucleons at rest.

The invariant mage spectrum of the elasticeally scattered pro-
tons on resting in laboratory protons is shown in fig. 3.

The only peak-like enhancement seen near the pp-threshold can
well be ascribed to the mentioned singlet pp virtual level
(a = -7 fm, r,_ = 3 fm). Of course one has to take into account
lomses of very slow protons. No other significant peaks or enhance-
ments are seen.

The maxima of the invariant masa resolution functions and FWHM
over 51) ranges of 1884-1905, 1905-1940, 1940-1960 and 1980-2100
MeV/c? respectively are: 1.64 and 0.40 MeV/c?; 1.86 and 0.60 MeV/c?;
2.45 and 0.70 MeV/c2; 3.14 and 0.70 MeV/cZ.

2. Search for multiquark resooar’ wiates of Y £ 1 hypercherge
2.1, Ap (I = 1/2, =1, B= 2, S=m=1)

The parameters of the ocamdidates for QG- Ap resonant states
sare displayed in Table 1. It should be noted that these resonances
were assumed to occur in the Ap elastic scattering channel amd
fairly well reproduce the elastic acattering effective cross sec-
tions in the momentum range p = (0.1 - 2.5) Gev/c’ 1913/, The best-
~fit low energy Ap-acatt.rinhg parameters a, = (-2.44 + 0.25)1m,
rg= (4.30 + 0.50)fm, a; = (=1.96 & 0.20)fw, r, = (4.6) + 0.70)fm
are in fair agresment with those measured in direct experiments’ 112

Let us note that all sesn /lp enhancements were confirmed in
#7125 (4 cev/c), p'%c (10 Gev/c), p'OBe (2.95 Gav/c), pp (2.5-3.0
CeV/c), KD at P = (0 - 1.5) GeV/c 14-17, experiments.



Table 1. Ap(I «1/2, ¥=1, B= 2, Su =1)

N r . Signifi- (4 . Bag model predictions
(Mev/c? (Mev/c?)  cemce (b 1%0) M

9 N ¢ (MeV/c?) JP

gd

2095.042.0 7.0+2.0  5.70£1.20 55.04#16.0 2110 1~
2181.042.0  3.220.5 4,36+1.21  60.0+15.0 2169 1*
2223.641.8 22,0:1.9  6.2431.23 40.0412.0 2230 ot
2263.043.0 15.642.3  8.5521.35 85.3:20.0 2241 2t
2356.644.0 98.6+2.5 13.81%1.39 65.0+17.0 2253 1t
2129.2+0.3 0.7+0.16 11.3721.37  90.0420,0 £N antibound stete

2.z, _MpWUI = 3/2, 3/2, Y= 1, B =2, S =1
Another candidate for dibaryon system reveal Ap JT* inva-
rient mass spectra. Itg pearameters are M = (2495.2:8.7)H0V/c2,
= (204.473 5.6)MeV/c?, N 4 w 12.86 3 1.68 = (70.5515.0) b/'%.
The Bag Yodel prediction 1s M = 2500, JPa= o=, 1~, 2/4¢/,

2.3, AA(T =0, Y20, B=2 5=22)
It should be atressed that the yeild of dilambda pairsz emounts
a value which is less than 0.3% of the single A yield, The peak
trom % =12¢ (4 GeV/c) and n'2c (7 Gev/c) ez'posu:ras/"'9 with
resonance perameters
My = (2365.3 1 9.6)MeV/c?
Taa = (47.2 3 15.1)Mev/c?
nsd = 4.2 + 1.4
6 = (24.2 1+ 7.0) un/ %
based on 57 events was enhanced by new 25 evenis from p120 at
10 GeV/c. The summary 7~ , ne, p-dilambds spectrum is shown in
flg. 4. Events from the AAp -peak were excluded.

2.4 Adp (I=1/2. Y = 1sBmd 52

Again the eddition of new 45 AAp combinations to the 79 old
ones leads to & new AAp-mase spectrum, shown in tig. S. Bvents from
the AA peak were excluded. The peak is centred at 3568.3 lev/c2
with <60 WeV/o? and 6 w (16.1 & 5.2) wb/'%. It should be
noted that both the AA and AAp peaks are enhanced by (25-28)%.
The Bag Model predictions are M = 3570, JP = +5/2.
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2.5, ATA(1 a2 Y20, Buty8==1) ;

- 2

Three candidates for exotic stirange baryons were observed/4'6/.

Table 2, Q% ATF*I* (1 w2, Y= 0, Ba i, 5= -1)

Signifi- Bag model predictions
M r ciﬁge d " P
(uev/c?) (mev/c®) N, (ub/'20)  (Mev/c?) J
1704.950.9  18.040.5  5.3#1.6 19.0:0.6 1710 /2"
2071.644.0 172,9+12.4 10.2+1.5 88.0+27.0 2120 172~
2604.9:4.8  85.9521.5 5.2¢1.4 31.919.0 2615 e

3, Search for bound multiguark states

Evidence for a possible astable dibaryon H of I = 0, Y = O,

J = 0% weakely decaying vie H-*Zp mode was rep..ted on this
Seminar in 1984 and 1986. Let us remind its parematers: My =(217394%+
;r_1.32)llle\r/c2 for the fitted value and (2172.82315-47)!&\!/02 for the
measured one, as well as the life-time - 0.668° 10710 5, The produc-
tion effective cross section in p1 C collisions at 10 GeV/c ie
less than 40 nb per carbon nucleus/1e'21/‘

A new method explolting the intranuclear conversion process
Hp"’Mp was proposged 20’21/. Apart frpm one event found in n12c
collimions at 7 GeV/c/w'”/ a nev one was found in p12c-coll:l.siona
at 10 GeV/c (fig, 6) with the following parameters:

A, » 0.77, C.L.w 38%, P, = (4733 & 119)MeV/c , Bye =(1416260)
MeV/c, Pyp » (1901 & 36) MeV/c, P, = (1924 3 31)MeV/c, at fixed
M, = 2173.94 Mev/c?.

Hypotheses on alternative reactions = p*AM (X;- 467.12)
and I'n-pAA (/‘(!- 210,86) have to be rejected.

Dilambde invariant messes in these two events, 2344 and 2360
IeV/c2. are rather close to the mass of the mentioned possible AA
resonance, i.e. 2365 MeV/c2, On the other hand the respective AP
masses, 3363 and 3875 llevlc2 are rather remote from the mase of the
possible MP resonance, i.e, 3568 leV/cz. These facts tempt us to
think that the conversion proceeds via Af-resonance formation with
a subsequent stromg decay into two lembdas: Hp— RP. R+AA.

Thus the totality of available experimental facts on the search
for multiquark states forces us to think that the hypercharge selec-
tion rule Y€ 1 governs the formation of free hadrons. Nonstrange
quark plasma of Y> 17 is inherent in nuclear matter and 1s confined
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to the atomic nucleus just as quarks are confined to elementary
particles. It is possible io tear away only quark plasma peaces of
hypercharge Y 1 from the nucleus.
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MOMCKH YOKWX MBAPHOHHNX PEJOHAHCOB
1. C. Bopodbes, B. B. Taspunos, H. A. Topsaunos, P. T. Tpiuyx,
1. B. derrapenxo, D. B. E§pemenrxo, B. B. Barpees, C. B. Kynexop,
C.T. Kysueuop,T. A. flexcaun, A. B. OuupruTckui, B. B. degopoe,
B. B. Bpapumas, C. M. Dypanop
VHCTUTYT TEOPETWMECKOM U SKCTIEPMMEHTAJBHOH UM, MOCKBA

B Dafe OSKCNEPUMEHTANBHHX padoT OHAM TMONYYOHH  YKasaHMA Ha
odpasopaine yskux (I<10MaB) AMNPOTOHHMX PO3OHaHCOB B ANANa30He Macc
1,62-2,2T3B/c* B ANepHHX pPeAKUAAX BHCOKMX 9Heprufl.  BONBURHCTBO
3IKCMEOPUMEHTOB OHNO BLITIONHEHO C NOMORLY MOTONMKH NYSWPBKOBHX KaMep,
NpHYeM YCNMOBHA HaCMDIEHHA YSKHX PE3CHAHCOB yNyvwanmuch DPH YBeaMMeHNN
MHHHMATLHOTO AMNYNLCA OTCMpaeMMX NpoTOHoB go 0,22-0,28I3B/c. Cpean
SKCNEePHMOHTOB C HaWdonee CTATHCTHYECKK 3Hawmnai (4-5 cTaHRapTHHX
OTKJIOHEHMR) HeperynspHOCTAMH B CHEKTpaX MAacC AMOPOTOHOB MOXHO BMRENHTH
pado'ru’ L, , B KOTOPHX OlUEHeHW TaK®e M COUeHHs OCPASOBaHMA YIKHX
NHCapHOHOB. sl HadIDAAMMCh ARODOTOHHMEe Pe3OHAHCH C Maccamu 1,922 w
1,84'3B/c* Bo PzaumoiefcTBuAX nC (npu & ¥ 40laB) u pNe (mpm 300T'3B).
BeposTHOCTh 0OPa3OBaHUA ITHX PE3OHAHCOB cocTapnana W=5-656-10" @a omuo
Heynpyroe paauMONeRCTRHE afApPOHZ ¢ AXPOM. HadADIAMNCE ANIPOTOHHWE
pesonaHck ¢ Maccamu 1,966 u 1,989T9B/c?, odpasymmiecs C BEDOSTHOCTHED
W=3-4:10"" p HeynpyTuX B3aUMONOMCTRNAX n ~ME3OHOB B NPONAEOBOR N
(peoHOBOR NYSWPLKOBMA KamepaX. Yakxe ANCapHOHHNe De3OHaHCHM B OONacTH
Mmace 2,12-2,23M9B/c* Haonpaanuck ® B SKCNEPHMEET® NO HCCNOZOBAHND
peaKLEe p+’He-od+Mx. BMIIONHEHEOM anexTpoHrok MeTORHKOA" S,
3KCNepHMOHTANBHAA CHTYallHd 1O YSKMM ANGAPROHHMM PEe3CHARCaM
NPECTaBASNACh HOBONBLRO MPOTMBOD@UNSOR, Tak KaKk B DAJHMX IKCNEPHMOHTAX
HeperynapHOCTE Had/IDAANNCH NPK Pa3HMX MAcCax.

C uenbd MOMYYeRNA  CTATNCTHHYEOKN  oOGecneyeHHMX  JaHEMX od
0CPasOBAHNN Y3KMX RMTMPOTOHHNX pe3oHaHcos B PA(C,Cu,Pb) poammoneRCTBUSX
npy 7,5TaB/c B MI3¢ dun NOCTaRNeH CHNOUMANHHNR  HKCHEPHMOHT 7,
BHIIONHEHHNA C NONORLP 3MEKTPOHHOR METOAWMW. DBuneTapuue nox yriou 8-90°
10 OTHOWGHMD K HAJOTaP@eMy OPOTOHY M MMeDMNe YTON pasneTa p=70-90°
BTOPRUHWE NPOTORN PErNCTPHPOBANMMCH GO3MATHNTHWM AAPOHHMM CIOKTPOMOTPOM
(6ACYY’. Yrmu ewneta NPOTOROB YTOMKAMMCH C [IOMOKBD MPOBOJNIOWHMX
CTPHMEPHHX KaMep. 3aBHCUMOCTL paspeUsHNs no Macce OT 3$PeXTMBHCR MaccH
ABYX MPOTOHOB NoKa3aHa Ha puc.la. Ha puc.1b npumonsTcs pacnpeneneHns
no 3PPeKTHBHMM MaccaM Nap NPOTCHOR, ANA PpC -P3auMOXeRCTRRA — NpX
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PasAUYHLX OTGODAX MO WMIIyJbCAaM
TIPOTOHOB. Kpupoft TIOKa3aHo
pacnpenenenue 1mo  3fdexTHBHOA
Macce JHnd MNPOTOHOBR N3 PpagHbX
CoONTHR. Ha Bcex pacnpemeneHusx
OTCYTCTBYDY CTATHCTHYOCKN
odecnevelHie Hepel'ymApHocTH. Ha
puc.1c  noxasanN OrpaHMYeHHT
(Q0%CL) Ha BOMUYMHY WHKADIKBHOTO
COYOHNA RNA YOKHX IHOPOTOHHMX

| pesomascos, ofpasynauxca B
KNHEMATHYECKHX YCNnOBHAK
3KCNOPUMOHTA. Ins OLEHKK
OTpaHHYeHHf Ha HHTOTrpabHYR

BEPOATHOCTL oOCDAasOBaHWA  YBKMX
OMMPOTOHHHX PpE3OHAHCOB B pA-

B3aNMORORCTBHAX HEOOXOLIHMO

° cReNnaTh NPeAnoIOReHNe ]
MOXaHESME KX OCpasoBaHusa. Ha

e | puc.2 MOKa3aHN OleHKN
OTPaHMYeHNR Ha BOPOATHOCTH

" 00pasoBaHHA YSKHX  ANIPOTORHHK
wer 1 pesonancos, CcReNaHHNe B
. TpeRNONORBHNSX 00  OCPa3CBaHNM
10 I.90 I.94 I.98 2,02 Pesorancas ap “m@.mn
x,, oei/e? MPOTOHOB 3 XOHOWHOM COCTORHMM

Pue. 1 ¥ (FSI) u mpr xmasucBOGORHOM

a) PaspeweHNe 1o SPPOXTEBHOR Macce BNCUDABNN pE30HAHCOB N3  sapa
D pabapenonesns mo odgextusmon  (F). Comocrasnemte ¢ aTim
MACC® NAap DNPOTONOR ANA pC-  OTpIHNYGHRAMK seposTHOCTSR
33 mymnmn PN mmnpmugf OOpagoBAENA yOKMX  ANIPOTORMMX
COOTBOTCTIYOT DACHDOASNGHUD PE3CHAHCOB ANS 3XCNOPAMBHTOB Ra

2P JPoToHOD X2 paaNMx mm NYINPLEORMX KQMOPIX TQNAIMRAGT,
coyeNns 0dpazoBaAHNA YIKEX yTO xna KBAINCBOGORHOTO
ANUPOTOHEUX D@3OHAHCOB. BHOHBAHNS MONYYOHHMS OTDAHNUOHES
QOXTNUOCKN Be MNPOTNBODOUAT XNAMGDHMM RaHHMM, 7TOrXa Xax Ais
BIANMOAOACTENA B XONOWNOM COCTORHNN  OTPaHNUGHMR OXaIMDADTCH

IHAYNTOALEC HNZ® DOPOATHOCTOR OUDAZOBAHNA DOIORRHCOB ¢ MACCAMN

1,822,

1,04 n 1,006T3B/c" B IySHDLKOBHX EAMEpPAX.
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OrpanNuenNs Ha
wmom

——pC QF PAIOBSHRA YIKMX
ggaouancon o0 :
e(F.TB*- )

67 %ga‘nxanlgtmna

s T pC Fsi 30
%1 ~ OBARNS YIKHX
3/3 HHMX
peacancos W2
HE, YTEX
uﬂulmuu.
NpRBOSKANS B
16" padorax "1t u
(),
e(N,0)
10(, S T VRGN OVU S DO 4<,________J
17 b iy 206 2.1 215
Mp, GeV/c?

linA uaydeHHs OOpa’OBAHNI YONMX AMIPOTOHHNX PE3OHAHCOB B  WHPOXOM
ARanazone yriop BHeTa OWMM ECNONB3OBAHN AAHHME C NETeXTOpa A /,
padoTapmero Ha HaKOMHTeALHMX xombuax DORIS, o B3aMMoReRCTBMAX €~ ¢
ocTarow o4 rasoM (anpa N m 0) npx 5TsB/c. B gzeTexTOpe HaNeXHO
POTHCTDADOBARACDE ¥  KIGHTRENUNPOBAINCD OpPOTOHN c NIy TBCAMR
0,3¢<P<1,2T3B/c ¥ yrnamu mnera |cos€)<0,9. CnexTpw NPOTOHOB AN 3THX
COONTHR OKa’anKCh NOROGHW CNexXTPaM mpoToMos B peaxuxs hC-pX ‘, a
PICNpeAGNEGHHO 110 MHOZSCTDOHEOCTN BTOPNUHMX NPOTOHOM GANIKC MO JopMe K
COOTBOTCTRYDROMY PacNpoReNeRND ANd NPONnaHoRoR Kawmep! npM np)l. Ha
pKC. 32 NMOXASaHC pazpeweNHe NO Macce, a Ha puc.3b - pacnpeseneHMe mno
Macce ABYX MPOTOHOR ¢ Wumynmbeawmy 0,3<P<1,2l3B/c AnA eA-B3auMORERCTRMR.
Ha pme. 3¢ noxadaKa senkuMHa R - OTHOWGHMe DacmpeXensuufi no addexTHBHOR
Macce Nap MPOTOHOB NI OQHOTO X M3 DasHMX codwTuR. Phc. 3¢  NozsondeT
TOROPKRTD, YTO:
a) BeMUVHHA R MoMeHAeTCA CONe® YoM B 2 pada OPN  NIMOHOHNM Macch
napu nmpoToHos oT 1,9 po 2,el9br¢;
d) 3a HCKTDUGHMEM yd9KOA NOPOroBofl HEPETyNAPHOCTN, CMAJAHHOR ¢
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.l — a) Paspewerie To M.
"
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' 5 | BIANMOZORCTD
N/SMeV /e s 51'35/0_
ey ) OTHOWGHN®
- 3KCTIOPUMORTANBHOTO
soof- pacnpezeneHsa no
30JeKTHREMM MACCaM nap
o0} 0B X
PacTIDOAGNGNNY,
NONYYOHEOMY ANA MPOTOHOB
400 H3 paSHMX <
200}
R {sxper/mimd} (e)
12 M
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08 _,,}-
oal—— 1 i 1 1 L
18 19 by 2.1 22 2.3
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Mw GeV/c

S-BOTHOBMM B3ZANMORORCTINOM BTOPNVHMX npo'ronos’g/ . He HaomomaeTcH
CTATHCTHUOCKN 3HAVINGIX YIKNX OCOGOHHOCTOR B 3aBNCHMOCTM R(M_ ).

Ha puc.3b Taxze He BEAHO OTKNOHQHNR 3aBNCEMOCTE ﬁ(H”) oT
JOHOBOT'O PACHPORONSHNA, NONYWOHHOTO MYTOM YMHONSHNS DACHpOXONOHNR ANA
OpOTOHOD W3 PajsHMX coduwTmll Ha JaamcumocTb R( p). noxXa’;aEsyp nuassuof
xpusoR Ha pHc.3C. 3aMOTEM, WTO B IXCIOPRMOATAX C NYINPLKOMMN KaMepaMx
B Xa%ecTEe (OHOBOTO PACNPOACNOHRA OCMYHO MCNONBIYOTCA PACNPOAGNSHNO [0
MaccaM nap APOTOHOB, BISATHX N3 DASHNX COSWTER, TO @CTh B OPOHOGPORmeNNN
KOPpOSALNMOl TPOTONOD.

Orpaxavenns (Q0%CL) Ha BOPOATHOCTL OGDAZOBANNA YIKNX ANIPOTONNMX
peaonalcop » o(N,0)- 33aNMOXeRCTBNAX NOKAZARM HA pNC.C. ITH OTPANNVONNSA
MORYYOHW G@3 XONOM WTONbHMX NPEXNONONEHNR O MOXAHNIMe OCDAIOBANRA
YIXNX DPOIOHBNCOR R HAXOAATCK Ha NOPAXOX HNZS BOPOSTHOCTeR OOPA3OBANNA
B SYIMPLXODMX KAMSDAX AMOPOTOMHMX DE3OHANCOM C Maccas 1,922, 1,84 x
1,966I'3B/c*. 410 KacaeTcs pesoHaHca 1,989T'aB/c) To aAng Wero HET Taxoro
PEIXOTO NPOTHBOPOURS NORAYUORHOTO OTPANNUGHEA C  BOMNUNNOA BSPOATROCTR
OI0 OOPASOBANNA B OONTAX C NYSNPLXOBMME Kamepauy. [lonomeNwe 3ITOrO
POIONAHCA NOKAIANO CTPeAXOR Ha puc. 3b.
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2
W/ 5 mev/e P40 = papeX

7.5 Ge¥/c

2.15
Mpp GeV/c*
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Puc. 4

To X¢,4r0  Ha pHC.J,HO AAS OPOTOHOS,

BUTOTADRNX 3 TNPOTHBONONORHNG  CTOPO
3 pC-apsaumoxefoTaRZX npX 7, SI‘aB/c

Kax curo suamo ma pwe.l,
OfIMT, BMITOXNOENMR C MOMOEBD GAC
AR NPOTOHOB, PAINGTADMNXCK NOX
yThAaMx 70-90°, OMI GYBCTBNTONGH

Tx odpasopamsp mAp NPOTOMOR C

afPexTudEMMN Macoamx OoT 1,8 xo
2,0l'eB/c*. Jna mccnexomammt »

1 00TacTE  CoMBENX  MacC oun
OpOBOASH RONONMHETONBLHMR OONT ¢
PerRCTpauNel HOPOTOHOB,
| pasneravaNxcs  nox yraam,
Omeaxmue k 180°. Kax x 3
axcnepmaerre” 4, HAMepeHUA

NPOBOANANCH Ha MyUNe NPOTOHOB ¢
naynrcon 7,5I9B/c ana axep C x
Pb ana Omsxex k 90° yrios
BNMOTA BTGPNVHMX NPOTOROM N0

{ OTHONGHEN K nyuxy. Ha puc.4a

TIOKA3aHO PaspemeRNe IO Macce,
Ha puc.4b - pacnpexeserse no
JOXTEBHOR Macce NAp MNPOTOHOM

anc pC -maammoReRkcTaRfl, a Ha
pxc. 4¢ - OTHONOHN®
IKCTIOPEMSHTANBROT'O

1 pacHpeXeNeHES K NEPOMOBARHOMY.

3xech Tak X6,KAK M Ha DEC.3C,
HAONDREETCA 3aBUCHMOCTD R oT

pr  OREAXO ee XapaxTep
HOCKONLKO NHOR. HeperyXsprEocTs
3 HAUAN® MACCOBOTC ANANAZOHA
MORHO CBEBATD € OOCYZXIABEEMCS
BMN6 pe3oRancoM 1,980T3B/c*.
Oxa TpedyeT  XOMOMMNTONEEOTO
AHANMNGA DASANVEMX  NCTOUREKOM
CHCTOMATHWOCKEX  NOTPOWNOCTeAR,
TAK KaX HAXOANTCK CaMOM Xpap
YYBOTERTEXhHCHE 0GRACTH B HMEOT
MNDENY MOHLM®  ANMAPATYPROR.
SaBucHMOCTD R(H"J B ANANAI0HO



T T T T uacc 2,0-2,2lae/c*  oTmivaeTCA

¥
AASS (a)
so | Ko mpsoamioN { or noxazammok na puc.3c Tem,
wf { uro oma mo wMeeT MoHOTOMHOTO
wp - ] xapaxtepa, u  oTHockTemsuoe

WIMEeHeHHe R 3zeCh CYRECTBOHRO
) | wewpwe. lloxasauHYP Ha puc.4c
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OBSERVATION OF NARROW DYPROTON STATES IN THE PPJ=MODE

Budagov Yu.A., Lomakin Yu.F., Flyegin V.B., Kharzheev Yu.N.
Joint Institute for Nuclear Research, Dubma

Abdinov 0.B., Bayramov A.A., Mei ov A.A.
Institute of Physics Acad.Sei.Az SSR, Balm

In recent years the intensive gearch for narrow dibaryon (6q)
states by various groups and by different methods has lead to dis-~
covery of a number of candidates for such states 1-15/, e positi-
ons of these states are lo. lized at some definite wvalues in the re-—
gion from the pp threshold up to 2.3 GeV and the widths are smell
and in general are in agreement with the experimental resolution. The
narrowness of peaks may be a reason why these states were not diasco-
vered earlier o . either the resolution was not sufficiently good
or 1t is difficult to catch the resonance pnosition (for example,
tor the elastic pp Bcattering) in the experiments with the exact
knowledge of the initial energy.

The nature of these states and the mechanism of their forwation
is not yet understood. Therefore, the question about the reason for
the narr 18 much & d now and various hypotheses are put
forward. For exewple, one has supposed that quarks are groupped into
colour clusters, that 1s why the probebility of a 6q-state decay into
colourless objects 18 suppressed (1t 18 ne «ssary to have time for
reorganization of comstituent quarks). B,Z.Eopeliovich explains a
small width of these states by discolouration of colour (29)- and
(4q)~clusters. He has hypothesized that the probability of discoloura-
tion is proportional to the cross secticn of the interaction of the
diquark and fourquark and is defined by the size of the smallest ob-
Ject ( G ~ P*énP). As the size of the diquark is small, the cross
section of this process is swmall and hence the probability of the
annihilation of the colour cluaters is alsc small. That is why such
a state will be longlived one (it kas a small width). There are also
suppositions tho* ‘e width of the pp structures is small because of
the presence of tha ' : “vifugal barrier (the pp system is produced
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with a high orbital womentum 716/ ) and thet marrow structures are of
statistical nature 1 )s A tempting hypothesis is put forward by
A.M.Baldin and A.B.Kaidalov /8/, It is comnected with violation of the
quantum number (isotopic spin) at the decay of lowlying (up to

M<2 +m’.) dibaryons. For example, if the initiml narrow state has
the isotopic mpin Iw2, then the decay into pp~ and ppJ-mode may be
carried out by means of electromagnetic interaction. In the papers
/8,16/ the decay partial widthas of lowlying dibaryons with the iso-
gpin I=2 into the above-mentioned modes are estimated. These widths
are found to be very small and roughly equal. An attempt to find the
ppd-mode of a dibaryon decay was processed using the data of the two-
meter propane chamber axposed to megative pions at 40 GeV/c /8 « The
concentration of events on the ppJ effective mass plot is obgerved
near 1936 MeV for the J-quanta from the region (10 €E£ 50) MeV, but
unfortunately, the atatiatics is poor.

In the present paper possible candidates for the ppJ mode of
dibaryon states and oorrelations beiween the pp- and ppj~channels of
their decays have baen Searched for. The data are obtained by analys-
ing the photo teken in the dne-~meter bubble chamber of the Laboratory
of Nuclear Problems, JINR, exposed to 5 GeV/o negative pions. About
15 000 pion-carbon interactions (the propane exposure) and 7 500
pion-nuclear onas (the propane-freon exposure) with the visible eigns
of the inelastic nuclear collision (except quasi nucleon picn-neutran
interactions) are found. The procedure of the selection and analysis
of the events was described earlier 2,18 « Here we have to review
some general conditions for pelection of events. We demand that pro-
tons (with the momenta up to 750 MeV/c) were unembiguous identified
in most cases wmeasured on the run; J-quanta with the relative error
of the tum remont Ap/p > 30% end the mo-called bremsstrah~
lung J-quanta were excluded from the consideration; the wean errors
in the determination of the azimithal end polar (depth) angles for
the J-quanta in propane are 3 and 7 milliradians, respectively, and
for the propane~freon mirture they are a bit larger. The mean weight
of J-quanta in selected sample of the events is w = 3.9:0.1. 4
total of 2901 events with at least two protons and ome J~quantum for-
wing 9311 ppJ-oombinations are found.

To search for possible resonance states we applied a repeatedly
used method /2,6,11,13/ of distinguishing a weak signal from a consi-
derable background based on the step-by-step increasing of the lower
momentum limit of ths selecting protons. This metbod helips to distin-
gulsh an effect on the decreasing background from the "evaporated”
protons without appearance of the false peculiarity.
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a comb. Fig. 1. The ppj~inveriant mess spectra
(llp jJ) for various limita of the proton
momentum value: a) P_» 170 MeV/c;

:; b) B,z 230 MeV/c; cg P> 260 MeV/c. The
= 50 solid line is the approx:lmtim of the
‘g ) spectrum by the sum of the Breit-Wigner
§ functions and the third degree polynomtal
pe w #Mcomb. (the background - -—- J.
% W
8 o In Fige 1 & series of ppJ effective
© % T Tawcoub. mass dlstritutions is presented. It is
AT &) "1 seen that the structures in the masas spect-
o lard " 9 .1 ra become more clear as the momentum of &

195 25 2% proton included in the ppi-combination ine
Mepr, GeV creases. In the low wmass region there are

structures at ~1.92 and ~ 1.96 GeV and mbove that peaks at 2.015,
2.050 and 2.160 GeV are spaced {(registered). All aforesald structu~
Tes were already observed with different significance in the pp-
gpectra in a nuuwber of experiments. In the plots presented the effec~-
tive mass resolution & (M) is 2¢3 MeV in the low mass region,
446 MeV in the widdle one; then ¢ (M) slowly increases amd reaches
11420 MeV for 2050-2160 MeV masses. Fig. 1 ¢ presents the ppJ-effec-
tive mass distribution for events with the proton momenta more than
270 MeV/c. At the sawe plot one can see a curve conforming to the
deacription of the spectrum by the sum of the Breit-Wigner functions
and the polynomial of the third power. The results of the fitting are
presented in the Table for the case of the fixed widthe. This des-
cription corresponds to the comfidence level (C.L.) about 80%, while
the fitting of this distribution only by a polymomial is much worse
(C.L. < 2:1072). So the structures at ~ 1960 and ~ 2015 MeV are dis-

Table

(8+ M), MeV 195941 201442 205242 215943
e e 5 5 =
*)
N, st.dev. 4.6 4,8 2.6 3.5
*)

including the uncertainty of the background behaviour
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tinguished an a level of almost 5 standard deviations (s.d.) and a
bump at 2160 is distinguisbed on a level of 3.5 8.d., including the
ancertainty of the background behaviour. The estimation cf the pro-
duction cross section of the state at ~ 1960 MeV (the cut of the pro-
ton momenta equals 260 MeV/c) for a nucleus corresponds to ¢ =
(1.7340.37) abe. It practically coincides with the cross section

6 = (1.4110.19) mb measured in the paper 1/ for the pp atructure
at 1966 MeV under close conditions of picking out an effect. The
statistice for the bumps at ~ 2052 and ~ 2159 MeV is lower though they
were earlier observed in pp spectra as well, On bottommost boundary
ot the spectrum there is a narrow (< 3 MaV) throw-up at ~ 1915 MeV
on a level of more than 2 s.d.

In the pp effective masas diastributionr the development of struc-
tures is also clearly seen when the momentum value of protons parti-
cipating in pp-combinations ie increased. There are peaks at 1885
and 1915#1920 MeV and scme structures st the higher masses. So, the
two proton effective mass spectra for the ppJ-combinmation effective
wmasses lying nsar 1920 and 1960 MeV demonstrate narrow waxime at

~ 1885 and ~ 1915 MeV (see Fig. 2). This permits one to suppose the
existence of radiative transitions between various dibaryon states,
i.e. (ppd)y., —> (pplp,, + J + Neglecting the motion of ppj-systems
in LAB we must see sharp lines in the J-spectrum st ~ 35 and ~75 NeV/c

19k Mprr <108 Moppp <189
B, 7200 Mov-:

20 »
i " S =
> Ll b N, — © 30 PravoMeV/e
g e or i = r
K] 3 11
~
. i\
a # 5
3 ,>2%0 Mov/c 10
°
o

I [
5. 5 ! w0 300 s0C
P, MeV/e
W

o
Pig. 3. The J-quanta

M. GeV
momentun spectrum for
Fig. 2. The invariant mass spectra ' events with P > 270
(lsp) from the M g 1.94 end MeV/c. The sogi.d
1.94 = :DP]" 1.98 GeV regions of ocurve is plotted by
the ppJ-epectrum. hand.



for decays of the narrow atate 1960 MeV into the narrow states
19151920 and 1885 MeV and at ~ 35 MeV/c for the dscay (1920) MeV -»
(1885) MeV + J . The J~quantum spectrum presented in Fig. 3 shows

at least two sharp lines just for the above-mentioned values. Both
facts, namely structures in the pp-spectrum and the nerrow lines

in the J-quantum spectrum indirectly point to existence of radiative
transitions bstween the narrow diproton states. Indeed, if the decay
of a narrow ppJ-state 1s only determined by the phase space there will
be no lines in the J-gpectrum and in place of narrow pp Structures

we will seen smeared enhancements (peaks-satellite) / conforming

to the kinematice of the processes.

Recently the search for the ppj-mode of the dibaryon decey has
been comnected with the possibility of ha the igospin I=2 for
nerrow dibaryons. The authors of papers 8,16/ showed that if & low-
lying dibaryon (Mp , < 2 +ng ) has I=2, it can decay into pp(Im=1)-
end ppJ-modes approximately with the same probability via the elec-
tromagnetic interaction. However, this hypothesis cannot be used for
heavier states (Mp_, 7 lelp'ﬂlf )« Besides, the states I:I.th/;lone 170-
tope apin I=2 have been searched for in some experiments »21 .
the results being negetive. Another approack was propoged by B.Z.
Kopeliovich., If resunances are sufficiently narrow because of the
reconstruction of the constitusnt quarke, then they have almost
equal probabilitles of decaying from the I=1 state into pp- end ppl-
chennels. Praoticelly, there is no ordinary suppression of the ppl-
mode for the lowlying states because of the phase space factor for
the cascade decays, for exawple, (ppdly, ~» (PPlg , + J + So, this
hypothesis looks more preferable as it can explain both the narrow-
ness of the states for the whole range of masses and abSence of
suppression of a ppj-mode for the low mass structures. Certainty,
it is needed to have much more various experiments especialy thoge
which can yileld information about spin stute atructures. Unfortunate-
1y, now there are only indications that the narrow structures at
1966 and 1989 MeV considered as oandidates for the dibaryon resonances
are found in P-wave, i.e. their parity is negative /!%/. L.A.Eondra-
tyuk witk the colleagues 119/ predicts the existence (for the arran-
genent (2q)-(4q) taking into acoount a spin-orbital interaction) of
three diproton states with the negative parity, namely 07, T and 2~
states at 1.99, 1.96 and 1.93 GeV, respsctively.

In oonclusion, for the first time ths candidates for the
narrow diproton states decaying into the ppJ-mode axe observed with
a great degree of certainty. Thers are also data indicating the exis-
tence of the radiative iransitions between different diproton atates.
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0 CTATVCTHUECKX NIYKTVAUMAX B CHEKTPAX JMBAPHMOHHEX
PE3S0HAHCOB

H.}. Baxanckmit, B.K. lyxbanos, B.Jl. Pesmmk, A.4. THTOB
OObeIMHER I HHOTATYT ARC[HNX HccRezoBammit, Hyona

I. B cnerrpax >}JeRTHEHHX M&CC np- B pp - CHCTEM B ENTepBaie
3HeprEt € ~ I900 = 2 MaB OHIM OCHAPYROHH Y3FME MMKE C BEpMHOM
M~ I0 + 30 MeB /1-2 » KOTODHO HMHTEDPIPOTAPYNTCA KBR BOICYRMEHHHS I~
CapuOHHNe COCTOAHAA. OHR OTAMYANTCA OT IMPOKEX DPE30HAHCOB (i‘D2 ’F;,...),
HalmeMHHx x3 $AI0BOIV aHaNH3a NN -paccesHEA N mopue'n P-
-MATPHMYHOM TTOIXOJNE & HMHTEPIPEeTHPYNTCA KAK HDeCTRKBAPKOBHE “IDMMUTHBH"
¢ uMpuHO# nopsaxa coTHE MaB. B ympyroM N -paccesHdM J3KMe UHKHE He
HacmonanTcA. OHM TaKXe He EMEDT Opafit — BHIHEPOBCKOR PopMH, & EX UHC-
N0, TIGVIOREHME H ummma7 K [IDAEWNO, OKABHBANTCA DABHHMA B DajHHX 29K-
clliepEMenTax, B padore OHa BHCHE3AH2 THIOTe3a O ToM, YTO Hadumrae—
MHe IDSKM MMENT CTATHCTHYECKYD NpEpony. JelcTBMTENBHO, PACHETH mpel-
CHA3HBADT BHCOKY® IVIOTHOCTD NMOAPHOHHHX COCTOHHH{, OOJIaNaMIMX Da3Iy-
HHMM CBOJ{CTBAMM CEMMOTDAM B IBETOEQ) y KOODIMHATHOM, CHHH~B30CIHHOBOM,
1BEeTOCIHHOBOM B T.l. npocrpaﬂc'tﬂsa.x‘6 . Taroft xe BHBOX CTEXNyeT X B3
pacyeToB POTAIMOHHNX CNEKTPOP B CTDYHHHX MONENSX AACAPEOHOB, YTATHBAN-
UEX BCEBO3MOSZHHME KBADKOBHE HOMOHHAIMM HA KOHIAX c'rpyu?v » Bomm
Y4eCTh YPOBHR DasHO{l MpHpoMH, TO MORET OK&3aTBCA, ITO CPONHee pAcCTO-
RHAe MexNy YDOBHAMM, HENpEMED, B 3P4 - BoxHe, cocTapager <10~ 20
MoB npm E ~ 2, + 2,9 I'sB. Torna mg-sa DepexpHBaHRA IN(APEOEHNX
COCTORHEM mpR /9 > 2 CJIeAYeT OXMEATE QIYKTYAIRR COOTBETCTEYNUMX Ce—
QeHu]) ux odpasoparud. JpE 9TOM NOJOKeHHe M MEPMHA MUKOB OYIYT 3aBACETH
0T KOHKDOTHHX YCNOBME 3KcnepumeHTa., Takde MAKR He CYXYT MMEThL OpeldT~
BATHepOBCKO#t JOIMH, A WX pAcODENeNeHMs IVIKHO NONYMHATBOR ONPeNeNeH-
HHM CTATHECTHYECKMM 3aKOHOMEDHOCTAM. [[PEMEpH NMOROCHHX @YKTyalm{t cede-
il mem%n /n PeaRLMAX NpA HA3KAX SHEPIHAX, HIYIMX ¢ YyJIACTHeM COCTaB-
HoTO Amp’™ .

Lisnp HACTOMMEID AORAANA ~ NORA3ATH, HACKAXBEO WIEX O CTATUCTHYSC-
KOft NMpEpoRe INMCAPROHHHX DE3OHAHCOB COOTBOTCTEYET HMONOEMCH 3KCHSDHMeH-
TIbHHM JAHHINM.

2. Yenornme moAmteHRA QIyrryaltmt cedoHE#l CBA3AHO C BSANTIAHON IMPWHH
pacrnaze M3IEPOBEHHOTO FMGAPHOHA B HYRAOHHHI RaHan.B xavdecTBe npaMepa
By [T B MoTeHIMANHHOft KBApKCBOM MONeXm ImdapmoHa. PaocMoTpuM
paonax mméapmoHa 1q°> - INN>  mna cocromma 1q°> ¢ OPOHTANBHOR
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caMveT el s° ¥ KBAHTOBHME HCAAMH neitpona ( S=1I, I =0):

!(5‘ng‘t>‘ ﬂ,, /F; plz(NaIZ)]-M: . (D
3meck HAYATEHOE |i> K KOHOUHOE |§> COCTOSNWA ONpENENEHH KAR

thy=A 1k 1 A (1B (B0 ey ) /i )

rne A w=d- Z p-ne ~ GHTHCHMMET[M3ATOP N0 NEepPecTAHOBKAM KBADKOB U3

PpasHHX M&CTBPOB. BY% -~ BonHOBHe (YHKIDM BHYTDOHHEIO IBUXGHNA

KBADKOB B K1acTepax, ‘¥  OMMCHBAeT OTHOCHTENEBHOC NEVEEHHE KIacTe-

poB, Ny - HODMHDOBKR, My (M,) ~Macca mdapuoHa (HyKIOHA),

Hiat = H-H; - B3aHMOZeilcTBHe, NpEBOIAWee K paclany IHGAPNOHA.,
TloyHut TAMWIBTOHREH

H = Hy+ Hg + Hip -8 )+ H: Blr-n) (3)

£ II
OIMECHBAET BHYTpPEeHHOe NBUECHHe B KIacTepax - Hia ' Baamoneﬂc'rnne
KBADKOB B IPHTDAJIBHOR oonacTH mndm‘ypamouﬂoro NpOCTPaHCTBA HL i
BIguMOielcTBHe BO BHemHel#l odgacTm - H » KOTQpOe ecTeCTBEHHO
OTOXNOCTEATH C NOTEHLMAIOM omiodoaomioro odmeﬂa V" | B noreHimaas-
HHX KBADKOBHX MOZeIaX Hir) . H-. s Hi - ects cyram affex-
THEHHX % - naammneﬂc'rm nu.na'

H' -z_‘.\

vejzd
Hcoonraya (2)-(4), nomyvaeM aMIUIATYLY Oepexofa

Ui = v+ 8.8 v (4)

2

<§IHM|a:>=A,“<&,.,H‘.\u>- ok JVL T, XK T8> L (8)

el

Inr pacvera (5) samammM & B ¥ B BEMe:

Y ()= (\‘\‘*‘P( LICGEW RS L R (.\-) exp(-Rr/B)y q’,.eF (6)

Koopmmath AKOGH 1 ., * coasami ¢ monmaram KBapROB Vi
COOTHOSHRAMN 74 = #/2 - K.,'F,, =t 28,388, B =-Ta-2f, T =-¥2aER,
HopumpoBodsue KOHOTAHTH B (2) PABHK Ai=40/3; #; = Viativay »
a,= ?;E exp(-8pr/sh) «4 . MapameTp & onmpeneaAeTcA KBADKOBNM
pamoou HymioHa «, = 2/9%

Pacder (5) NPMPODMT K DE3yABTATY:
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CHIHili = fofvi, (LI« £ 19%Y

TME, 2.0 =45 Y GOV ridr ;&= My-2M, 5 &= ,C8, (7
A3

I'me V. ~ IRHEMAYecKRlt napaMeTp, NO DODPANKY BeJwdMHHN DABHHR YEZBOBHHO-
My pamEycy HYREOHA W =0r. =4MT , [M°_ wpertnHe  crmmi-
ESOCHEHOBHe MATDEWHEe wMeMeHTH: L = I0/9, [°° = 560/27. Eom
AU puGpaTH M3 YOJAOBHMA ONHCAMMA DACUOIMERES N-4 sace { U=

=~ - I9 MaB), 7o H» omHomemws L"/L s 4.I07% amexyer, YTO BRIANOM
TNepBOTC GAATAGMOTO & (7) MOXHO NpeHedpedh. B HameM cTyvae BIAEMI-
TneltcTEue v-; He naeT BRIAZA B (7) H3-3a P3GAMHOL OPTOTOHANBLHOCTH
CIDD{-HIOCIMHOBNX (YHKIHNE GecUOBETHHX M LBOTOBHX OKTETHHX COCTORHMMY
6apEOHOB.
- Ha puc. I npmBemeH pacdeT LWPURH
= 2.2 0,58 K] [  Rak dyHiigd “nemyca B3a-
o seo3sty EMoflecTEMA" r, ¢ OapaMeTpaMu,

2 XApaKTeHEMR LT 7o're¥1f7t'mmoﬁ

2 b
i KBADKOBO! MOREIST :
0,314 20,58 (TeB/c)? ( % ~ 0,52 @) u
P 0.259 A=0,2 5+ 0,4 TeB. B mpsom n3

pactera chaenyeT, 9TO AIA yRA3AH—
HHX SRaEveHml & H £ =
0,3 & I (TaB/c)® mmpmma orpamye-

Y S

o5 6 Gf2,pn HA cBepXy sHaveHmeM 40 MaB. 2ror

Pue. I. pacler nonTBe| g ONEHKaMH
IRpuHa pacnaga TROapPEOHA Ipyrax padoT ¥ maeT npei-
Iq > = (WW> . CTARIEHNe O NOPANKEe BOJEUMHH WADE--

HH pacnana JmoapuoHe.

3. PaccMoTpEM B KRY6CTBe NPHMEPA Deakimm np - ppi-, The OHIX
OCHAPYXEHK MBKH B cOeKTPAX SYPeXTHBHHX MACC PP -OHCTEMH /2 / [Ipexto~
ACKNM, 9TO HADANY ¢ "IpmaM” (ONOBEM npompccoM dGd /dM B ce-

4YoHEe NAeT BKAAY De3OHAHCHHI WieH BO2CYRIEGHRA IMCAPEOHOB dS./dM
8 raxke WX EHTepdeperimA - €y jdM

defdm = 6, /dM + 6. /dM + A6, fdM, (8

3mecs M - WHBA[WANTHAA MACCA ABYXHYMNONHOR cHCTOMM, 3 O6./dM
EMgeT BRI

de; /d =3, (A2 00t ROO /43, 9
Tme D, - HAATBME mOTOK, R(M)=T(4-M)VM-AMD/8A - oifexvummutt



dazopuii 00LeM, A ~ KBaZpaT MOIHO{ SHEPIUM B CUCTeMe IIGHTDa 1acc. A
IWIMTyAa #2° onpelieqideTcd KAK CYMMA "NADUMANEBHHX" BMUMTYR

o L] . [

Al =Sl redmeimy, it )
KOTOpHE ARNSOTCA MPOM3BEISHMEM AMILTKTYIH OGpPAa3OBaHUst ﬂ H pac-
naga X” Ir0aproHHOT'0 pesoHaHca Ij g> . [ CHABHOM MepeKpHBa~
HE® yponnen MOZHO CYHTATH amum'rymi y=ly| o'¥  croxacTmiecrmm, Tor-
Zn, yMMTHBAA, 9T0 A€, ~ F A miTepbepeHimeli B (8) MoxHO npe-
HeGpeyb.

CooTHometma (9), (I0) mMO3BONANT CASNATH OUpeleNeHHHe NpeACHKasa-
HEsI, XBPAKTepHHe BAT CTATACTHYECKO# TeopHM. PAcCMOTDEM XBA M3 HEX:
pacnpeleneHne cedenmil () K Koppermponsyw dyniwmo C(e),

H3-sa daktopa R(M) B (9) ynodHes DACCMATPMEATE paclreneieHNe Be-
JHTHE o) = (G fem) 7 R(M), AoumTygs ¢ 8 (I0) ABLMOTCS KOMI-
JIeKCHHMZ IHCNEMH, MOTOMY pachpeneXeHwe [P(2=w/3) B npemexne IM9» 4
mangerTca X2 -pacmpemefelnmeM ¢ 2n — cTeleHAMH CBOCOAM

P(2) = Bu(d) =)/l expl-ar). (1D

3meck N - MAGIO KAHATOB, TO €CTh YHCNO HADIMANSHHX BOMH, B KOTODHX

BO3CYXRANTCA JMGAPHOHHHE POSOHAHCH,
KoppeasiMoHEAA ¢YHKIMA oNpenenAeTCA CIASIYKUEM 00pa3oM / 8:/

C(e) = (Cw(e)w(Ere)> - <t«=<«=)>’)/(<c~*(c)>)l y (12)

% B npemene [/ »4

C(&) :n.‘i. I—;Z/(FZ*‘EI). (Ia)
Ha pMo. 2 MpmBenenH pacnpemenexnd P(1) ® KoppesmimoRHKe yHK-
m®  C{¢) , anem?e /na OOpACOTHA BHCTEPEMOHTANEMEX NaHHEX B
peaKumAX np > ppi- opw P, = 1,25 I'sB/c (1), P o=
=I1,43TeB/c (i )u dprppn Wum p, =3,3 TeB/e s
np-() ® pp -cHcrews (¥) . s TeopeTHiecKEX OueHok /17
clenyeT, Wro HABGOARUAR MIOTHOCTH MMCADHOHHHX COCTORHEE No/sia mpo-
ABUTHOA B P,, - BOWHAX, YO COOTBETCTEBYer n =I. (27+4) =4-3,
OIHaKo, TMOCKONEKY CHGKTD SfeKTHEHHX MACC M3MOpPeH B MHTapBajie
1,88 + 2,3 I'oB/c®, moTopuft HERe XapaxTepHolt OGXACTH IDOARIEHRA
P - rananoB, TO mapaMeTp KAHANOB MONST OMTH MGHEIE: W=I- 3,
TeopeTEYEeOKEe KDEBHE pacowwTaHd oo fopwgwmmm (II) u (I3) mar sHave-
mit n =1,2,31 C = I0,I5 MaB. BaaHOo, TTO OCHORHHE KA4YeCTBEH-
HHe 3aKOHOMEDHOCTE B XOfe SHePTeTHISCKEX KODPEJALWOHHHX QyHMIU
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P T (\. B i
g \i A
, f A

e UL .
N | w:d {\\tw-w iy,
[ Y AN Pac. 2.
/ l‘\ L ﬁ/\ Pacnpenie/ienue cedeHmd P(2=w/S)
¥ o/ I ] v roppenmmome qynxmn <) |,

o TIOMYYEHHYe B3 peaRmud np-> ppi-

) P:m..'.a o % ].( P = I,25; 1,43 TeB/c) %
/TT{_B ‘.“‘\\ ofp > ppn (Pd =33I'aB/c).
L | -
Ny \.

P e P
HO npo-maopem OPAIONOXEHER o%o.. NepeRPHBAHMY IMOAPMOHHHX DO~
30HAHOOB X CTOXACTHYECKOH Kaprmme HadmoumaeMdx coweHE#. lIpm sToM mEpk—
H8 [HGApHONa OO HNOPANKY BENWURHH OKANBAETCH paBHof (" = I0: IS
MeB, w0 coonererﬂ;t pacyeTaM # OIHKS = I8 MeB, noaydenuol
3 aHANN3A m%,x no fopdyse &t ofHoMaHamsHoro onytax ¥
0,55 -Ag/y » @ v - XapakTeIsioe URCAO (MKOB HA EHTepBaNe AF .

Hrak, MOEHO 3GEANINTH, Tr0 HAC/ANNAcMMO "mNEN" B cnexrpax adjex-
THBHMX MBCO NBYXHYKMOHHHX OMCTOM BIGNHE MOTY?T OHTH CRONOTENOM (XyR-
ryamit effoNTEBHMX ceWeHER ¥ YRASKBADT HA CYNOCTBOBAHNG® mpoKoR od-
n,a‘m NOPRPUBAUIXOA INCAPMOHMEX DOSOCHANCOB ¢ XApaxTepHOR MEpaHOR

= IS MsB.

4. Moo XN HAGANIAT: HOXoCHMe (MyXTYAINM B pp - PacoemHEm? MHo-

ONSIYSM TORHO® 08WGHE® YNpyIoro pp ~PACOBRHRH

e
6:.0. 9.:1 2 (238) (R + {Ragl*+ 1R n\z +1Ryyy, A« (RN2) (14)

X Pa3HooTR npononmlx CeUoHER C ANTENAPAISHLHEME X A DELTGNRHMMG
OIMHAMN IPOTOHOR:

AG G:n Gi =- 19@{2(2‘]*9(&_\ ng‘ E(Ru 4 n'agq 5)“12 vJ(ﬂﬂ R E (I5)

3n60h CONHOBKE OSDUBANEHHG AMLINTYAH ONPeNOAANTCH IATAHNOM COOTBOT-
oTEynmRX e paccesMEN O , KOSJIWINEHTOB HEYOPYIOOTE 7 X DApa-
MOTDOB OMOIMBAHNA ¢ K £
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camrner: Ry =q,@np(2i8,)-5 | 9:02,4 . | (16)

Tprmwier: Rog = q,,exp(2ilyy)-4, I =435. . (17
)
R’J:.\,u =91 -0.0,23) Pexp (246, - 4 R & a‘:'ﬂ e
R = 59, W, @xp (11884 ¢8.),
Rz=Mys1n , St 8374
(iR HEJMTAR DO3OHARCA COOTBETCTEYNMAR NAPIMATLHAR SMIUIMYAA GyeT
COGTOATE W3 MBYX GAATAEM:

R = Ruo * Rue ., &=3,93,7%43 . (18)

3nech R, - TApIARIBHAR aMLIATYLA “"NOTEHIMANLHOIO" pPacCefHMA, KOTO-
pas onpemeideTcA cooTHoueHmAME (I6),(I7), Pauer R,, mmmE =R:3
TaB CTATKMBAETCA C M3BECTHHMM TDYFHOCTAMA, NOCKOILKY COBDEMEHHHE
TeopeTHIecKue "M230HOOOMEHHHe" MOTeHIMANH ONpenefeHH B OONACTH
€ £ 2 I'oB. TlooTOMy B xanEuelmeM, B kavectBe 8. ., 7. . §, ¥ &y,
HAMM HCNOMB30BAINCE 3HAUEHHA, MONYYEHHHe /n 9eaym,rare TUVIEBHOA amIpoK~
CAMAIEN JAHHHX A30BOTC aHaIH3a pacoTH IS/, yugrupamics cimtrmeTiue
'S s "D, 'C, 0 T, B TpmmeTmIe PR HL RGBT HL T,
NapIHEATBHHEe BOIHH.
Pe3oHAHCHAdA HACTH AMIUMTYRH NpelCTERASETCS B BUme CYMMH

Rae =10, oy TG -E -irf2), (19)
by M: M - COOTEBeYCTBeHHO MOCKOHEE B NOJMA IMpAHA pe3OHaHcA,
X -NpEBERSHHNO NAPIEATHHHE AMIVATYZH DesoHaHca, KOTOPHE BERIY MX
OOIBIOTO WHCAA CYETADTCA HOZABWOHMHMA M CTOXACTHYECKHEME, £ -NOmHAA
SHepr®A B CHCTEeMe IBHTpPA Macc. Buecro (I9) u}mo HMONONbL30BATE XDy~
Toe NPeNCTARTEHAS IR Pe3OHAHCHON aMILIATYAH 16/ , ABHO yUATHBANUEE
YHATAPHOCTE S -MATPAIH, JJOCKOMBKY, ONHAKO, OPH STOM KOHEYHaA Huryx-
TYGLMOHHAA KAPTHHA He MEHAeTCA, TO MH OyleM HCIONL30BATH dONee HpH—
BHUHYD Mogzens (I9). Ha prc. 3 npmBeleHu pacieTH G R A6, © pe-
sonemce@ B P, -~ BOmAX. AvmmTymi X%t B (I9) Xf =Y} exptigl)
BUOMpEUHCE CTOXACTHIGCKIMI ¢ &), <X, B O ¢ 9 <25 . MAKCHMATBHAR
"YynpyrocTs" X. Opanack paBHo# 0,05. Nlpupemem Taime pasHOCTRA

B OBl Gm0) . 4,7 A5,(u) - 8, (2 =),
ROTOpHE WLINCTPEDYRT ACCONDTHYN Beimdmuy dwykryawwit, Prcyumu I~ co-
OTBETCTBYNT DASHHM HadopaM crydatux wacen (%) @i\, Paoyer mokasu-
BT, YTO QMYKTYAIEH NPOARIANTCA B BHNE HeOONEIMX OCOGEHHOCTeR B ce-
YSHHAX HR (OHe CAIBHOIC “NOTEHIMANEHCIO" pACCesHMA. VMeDMecHd SKCIe—
PUMGHTANEHNE JAHHHE He TO3BONANT MOKA CHENATh OTHOSHATHHX BHBOZOB O
Bruane duyxryaimit, Tem He MeHee, yxe celiuac MOXHO HOHCTATHDPOBATE, WTO:
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oth,md T AGL. 48 duoud

i

&
: —r

;

!
<1<

?

. o * pi
M [ . of- o -
za[ S -5‘-
T ey R 7 T S TR T I TR TR T
£,18
Pro. 3.

UIYRTyalMy CeveHull ¢ pesoHaHCAMU B ’P.,,,,,,—Bozmax.
=20 iaB, X4 = 0,05, D = I5 MaB.

I. B npmHI@Ne NpeJuoIOXeHHe O JUYKTYaiMOHHOR KapTwe He IpOTHBO-
PEYMT BKCIePEMeHTY .

2. Jlymue BCETO COOTEOTCTBYNT HMEXMEMYCA BKCIODMMEHTY KOWBHE,
paccuRTamHHe ¢ X, ¢ 0,05 ¥ nomioft mEpEMO# IMGAPMOHHHX PO3CHAHCOB
" £ 20 MoB.

3. QIyKTYaLMOHHHE OCOUEHHOCTH — [MKH B CedeHEAX HMEKT IpMMepHO
TAKyD 25 SHepreTHUecKyD mEpaHy ( [ ~ I5~20 MaB), Kar ¥ HacINIacMEe
Yy3KHe IEKE B cnexrpax afdelTRRHHX MACC DANA DearLmit.

4. Bna Gonee ofHOSHAYHHX BWBOZOB O XapaxTepe {ykTyalmit HeoG-
XOIEMH MpeUMsSHoHHNE HUYMBPOHAA KAK YNDYIHX, TAK M OOIAPEIALMOHHKEX CedYe-
Huit, OTPOBENOHHHO C MAVIHM UIATOM IO 2HOPIHH.
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FRAGMENTATION OF RELATIVISTIC DEUTERONS
AND DEUTERON WAVE PUNCTION AT LIGHT FRONT

Te e .zmigirey, e .ol matenko, V,V.rivanov, ru, \.i.ozhevnikov,
.edenuiznetsov, U.V.lazin, C.D.Stoletov, 1.K,Vzorov, V.N.Zhmyrov,
P.V.Zrelov, N.P.Yut‘l.'ml.l

Joint Institute for Nuclear Research, Dubna

1. Considerable experimental data on the momentum speetra of
protons erutted with lorge transverszl momenta (pn ~ 0,5 = 1 GeV/c)
in the reacticns of the frogrentetion of relativistic deuterons (with
initial momenta nenx 4 ‘eV/c) on nuclei 1re ctored ut prerent. he
ctudy of recction: .{d,;)X with welativistic deuterons, on the one
hand, iz of irterett ic clear up the necinnisr of the interaction of
tire siwrlest relativistic objeets — the deuterons ~ with nuelei: on
the other linnd, the intericl strueture of a relativisiic deuteron has
‘¢h procecges, and it can shed licht on the
quegtions of the congcervotion of the nueleon individuality at the
short distances in a deuteron, of the reole of sixquark configurations
in the deuteron wave function end so forth.

'he study of a nuclear structure by means of the beams of rela-
tivistie nuclel .n certain eases has the advantage over the experi-
ments vhere %he explored nuclei are in the rest. n partieular, in

to beccie opparent i

gtudyins the irasmentotion of the accelernted nuclei an cecessible
to investipation domein of the intrenuclear momenta ol fragments is
broadened. Secause of the lLorentz dilation, one sueceeds in reasu-~
ring the momentum distributions with the better nccuracy'.”/

Ve present here new data on the momentum spectra of protons
nrising with the large trangsversal momenta in reections ..(d,pX{ at 9
CeV/e, and give the results of the theoretiscl analysis of the data,

2, Yhe necsurerents of the spectra of protons from reactiong

‘)Moacow State University
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5.(d,p)X have been performed at the JIIL! synchropinsotron Ly nears of
e with . corpuie.

a magnetic spectroueter with wire clhuber; om-1li:
Jne apparatus of the spectrometer and the experimental procedure have
2 . The experimente have heen carried out

been described previously
The niensn=

in the extracted deuteron beam yith a nomentum of 9 “eV/c.
urements have been made at angles of 0,103 and 90.139 rad, corres-
pondin_; to the tronaversal wo.eniun reliosn: oif V.dd = Uo7 Ml 000

- 1,00 -eV/ec., The resultas of the mecsurements at an angle of 0,139 rad

have already been publighed 2 .
freliminary data on the gpectra of protons enitted in the col-

lisions of 9 ¢eV/c deuterons with i, i, 2nd 12, nuclei ot an angle

of 0,103 rad are shovn in ¥ The soliid curves are ine
=3
o % d+A->p+X
~ 10 °
o s, pg=3 GaV/e
S % 0=0.103
- .l
Rt 2 00
Z . LN
-0
E

#1ge 1.Momentun cspe-
ctra of protons de-~
tected at an angle
of 0,103 rad in the
interactiona of 9
GeV/e denterons with
1, 2 12,

ity 7 and ¢ nue=~

(E/p21d2s5 /d0 dp,
=

10
lei. jolid curves
aa the reault of a
-1 spline-interpolation
10 of the ecarbon data
puperimposed on spe-
ctra for the deute-
10_2 rium and hydrogen
targets.
4 5 B
p,GeV/c



result of n spline~interpolstior of the cnrbon dnte superimposed or
coeetes Jer osile qeuterdw. (oG Lydrogen target=. It is seen that the
new date reatfirm the made before conclualon/2/ that the high nomen-
ium parts of the gcpectra of protons emitted with large transversal mo-
menta in the fragmentation of the relativistic deuterons on nuclei are
universal, i.e., their guope deoes not depend on farget mieleus.

3. “he estimation shows that the protons deteeted in reaction
RI(d,p}x at angles 0,103 and 0.139 rad camnot be gpectators. Che
simplest mechanism that could cause protons to fall inito the consi-
dered kinemetic domein is rhoen in Pig.2 . Here B is an incident

Fige2. The basie hard
geattering model dia-
gram.

deuteron, 4 it a target proton, $ and b are spectator and off-
shell nucleons, regpectively, C is 2 detected proton. The mechanism
of Fig.2 to be supplemented with a parameterization of the deuteron
vertex in the infinite momentum frame (ZMF) forms the comtent of the
hard scattering model ’/3'5/. The invariant differential cross section
for the procega described by the diegrem of iig.2 is

de M(B-‘*G\&) i4.4) J \
Ec o‘.c 2(11()3-/" ‘ I(B,A) ) cd.C (&A EX) (1)

Here EH, nnd Ep are the total energies of particles C and $ with
3-momenta C and [s , M(B~>8p) is the invariant amplitude of a
diggociation of the deuteron to two nucleons , 1(B,A) and 1(8,A) are
the invariant fluxes of colliding particles, e.g. .

1{8,8) =VIL-R) - g¥ar, )



where £ and A are 4-momenta of the pariicles 4 and A . .n inva-
riant under boosis along the three~axis
) X
AT )
B, + B3
is the fractiion or ithe total longitudinai momentwa of B carried aweys
by g . The mass squared E" of this ofi-shell fragment is derined by
energy conservation in the deuteron dissaciation vertex,
-
o 4Byt
i-y !
-
where [T is the transversal momentum of Ifrepgment b,
i Turther concretization of the hard scattering wodel is closely
asgociated with quantity /lL(B*&JS),/(tL—m") . liamely, there 1is
a relation in Il¥ ,

14

f.‘ﬁ(gff’}‘) = ’y:(_"]..’tT) 57
Prom® U
-
where Y(j,'{f) has the meaning of a vave function witn the nor-
malization

{ / - L olq d"
- ry, 8 = 4.
(1.7[)3 |"J’:f. 1-)- Z'—t” l” =1 (6,
by introducing the structure function
> 1
Gerply ) = s Y T - it ,) : ¢

the invariant cross section can be wriiten in the form

178,84
§ = [yl Gyl 1(3,;) AU ST

The gtructure function is normalized by conditions

Y CRIVEDELE 3 6ty telydyde =1, )

where N is the number of constituents in a nueleus, and the gecond
condition expresses the momentum conservation.



Une assumes that y».-a,?,) in uqgs.(5) and (6) is the function
of two independent variables il and 2, . .t present, however, this
guestion is noi clear enough. ln the Feynman dicgrom technique +the
series; function of the deuteron break -up and, consequently, ?(?,r,)
depends on single variable 8*  {see also ‘°/). in cnotier ie-
ecaniqgue descloped in paper U » the vmve function of the relativistic
deuieron depends on two variantles Y and (’.1. . .hen earrying out the
excet considerations the resulis obtained by both techniques snould
be in agreement. liowever, when approximate consideration has been made,
i¢ is noi cleur beforehand wiai technique should be favoured. the-
refore, tue differcnti varianis of the struciure funciion were examined
wiile anniysing the experimental data.

1n such a eituation ihe use of the phenomenological structure
fwiciion detcrrined iimediately from the experimential data seems to be -
105t natural. wor practical purposes we have determined the structure

ifunctlion wiiliin the scope of the parametierizantionsa suggested i11/5/ H
- [yt-9]? .
Gy ()= N B B T (107
estytr C[mteprd Ty Y[+ TR/ My ]I £
wihere
kS _ [ X 2,
Moy = {4-q) "+ g p7 -y lt-g)B, 01

N, is the normalization factor, 9 and S" are adjusted parameters.

Another way to determine the structure function reduces o the
detinition of the iransforuation-of the momentum diastribution ‘?(I—ZM
in tramsition from the rest frame to I1LiF. in general, this transfor-
mation is rather complicated since the Loreniz iransformation opera-
tor contains an interaction ilamiltonian. Cormonly, the momentum dis-
tribution is assumed to transform purely kinematically. .gain there
is no unambiguous correlation bet;ween vhe nomentwn ct the iaternal
motion [  and variables y &

The following ratio between the variables 8/ N

bord VR kg rA

EECARE I - (12)
lj 1104,33 My ’ T kT:
gives
- Myk, - 2 i
Gty b =—=" 19 (R} k= Vmieic',
EE T Tk ! ° (13)
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-~
inother ratio between K end Yy, £+ proposed in 79/

Vmte e T Vwi R Lk [ (8
e = e = 1
B, +By 2k, T T 4

reduces to the structure function
- k; I
Gernlyobe) = mh+ “;Zl,.w('“l ’ (15

4. Once the structure function has been defined, the invariant
differential cross section ,/ is detérmined by the eross seetion of
a process ba <+ Ci . The elagtic p~p scatiering gives the main con-
tribution to the kinematic dowain under cousideraiion. .ome contri-
buiion can resuli from reactions np »pn, i.p +pA , ond other in-
elastic processes. r'or a twobody reaction b. -»Cd the iavariant
crogs gection has ihe form

de ¢,A) ,
ECdE'.u,A—»CX):ﬂ-(;— -8("1;—"[;) i’:, BAs(d), t1oJ
where dg (bi - Cd)/dt’ is the differential crosa section, and s’=
(b + 4.;2, t'= (b - €)% are the usual invariants for this reaction.
ihe parameterization of the differential cross gections d&/dt’ and
the calculation prc -~“dure are given i1:1/ 10.

The results of the analysis of the momentum spectra of protons
detected at an angle of 0.13%2 rad are described in /0. . the calcu~-
lations of proton spectrum made with the structure function (10) and
the parareter values found in 10 are compared with the new oxperi-~
nentai data for an angle of 0,103 rad in .'igeds

e followiny conclusions can be made on the basia of ithe re~
cults obtiained.

1) “he relativistic hard scattering model, on the whole, sotis-
factorily describes the experimental datm on the reaction‘ﬂ(d,p)a
wnen tne otructure function is being properly chosen.

2) we fail to describe the experimental data with the structure
functions obteined from the nonrelativistic momentum distributions of
nucleons in the deuteron by means of the simple kinematic transition
frou the reat frame to ifl' This fact may be regarded mas an indication
that the structure function Gy . ( Y .fr) should be a function of the
independent veriables 11 and ﬁ- .
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" d+H->p +X
-~ po=9 GeV/c
=

[ B8=0.103
[}

e
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~

)
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~ -+ e \\

b ~1 / 5
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10 =
4 5 6
p,GeV/c

+'iGe3. “he momentum spectrum of protons emitted at the angle of 0.103
red in reaction 1li(d,p).\ at 9 teV/c. Curve 3 is the result of
caleulations in the hard scattering model, curves 1 and 2 corres-
pond to the contributions of elastic and inelestic scatterings at the
lower vertex of the diegram of Fig.2 .

5. We have attemped to derive the momentum distribution of nue-
leons in the rest frame from <he deuteron phenomenclogiecal structure
function., Assuming again that this transition can be carried out by
means of the purely kinematic transformation one obtains

J
fg(t = ;— /G‘-’B(ﬁ‘:" i) J(g(i), Lp)aine do, an
o

where
[Ep| = [kl = k#in@, ky=Keand,

Iy &) =12y /2 | ., 1s the Jacobien of the transition from vari-
ables y B ?, to K . The derived momentum distiribution (which does
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not practically depend on the way of the transition) is shovm in
Piged ¢

M4 o+ the values of ihe
deuteron wwve function
gquared obtained frou the
dato on remection “i{n,elk
{cireclés), frou tie datw
of the preseanil papexr on
reaction 11i(d.p)l. (cuzvet)
from the ieid potential
{curve 2), and from the
r‘aris potentinl (curve 3),

[GeV/c1-3

[4 lk112,

0.2 0.4 0.6 0.8
k,GeV/c

“hough the obtained resul{ should not be overestimated beczuse ol ihe
above uncertainty of the corregpondence between ILT and the rest Trane
neverthelegs it is of interest to note that the ly(f)l’* calculated
for fu.nc‘t_ion (10} reproducing our data coincider in a broad range of
values k with the momentum distribution obtained from the data on
reaction 21{(e,e’ )12/11/ « This result is in apgreencent with the distri-
bution extracted from data on reaction Li(d,p(0°)x 712/ too, but dif-
fers froun distributions given by the routine potentinl models of

-1 interactions.

6. .. satisfactory description of the proton momentum spectra oy
means of o structure function with cdjusted porometers can be in foact
ochieved owing to an effective accouni of ithe contributions of necho-
nicms different from one ghown in .ig.2 « In this comnection we have
colculated the cinlribution of diasroms with the ezecitation of the
pion degrees of freedom showm in xig.$ to the reaction 1Zl(d..p)l'. .

B 8 C B
) _\>~~ it

@) by Ax £)
A —> X A

#ig.5 o The vechaniaus of the reaction 1Zi(d,p);\’ vith the excltation
of the pion degrees of freedou.
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me reoults of ccleulaticnas of the invarient cross section of
this reaction for the incident deuteron momentum of 9 tieV/c and ihe
proton ermission angle of 0.139 rad /13/ are compared with the
experimental data in Fig.6, Here dashed curve 2 shows
the contribution of +the diasgram of Fig.2 calculated with the

- %ﬂ d+H->p+X
2 10 Pe=8 GeV/c
©~
> 0=0.139
L.l
(]
£ 10
N
ER

10
-
o -2
T 10
=]
‘o
& -3
o 10 1
~
u

-4

10

4 5 B 7
p,GeV/c

Piz.6, The momentum spectrum of protons emitted at the angle of 0.139
Tad in remction NI{d,p)x at 9 tieV/c.Curves 2 and 3 correspond to
tie contributions of ihe elnalic and inelastic scattering at the lo-

wer vertex of the diagran of Fig.2 , calculated with tiie phenomenclo-
gienl struecture function (10), curvea 4 and 5 correspond to the
contributiona of the diagrama of Mipgs. S5a and 5b, curve 1 repre-

sentis the pum of all the contributions.

phenomenclogieal function {10) on the sssumption that at the Lower

vertex of the diagram only the elasiic p-p scattering takes place,
curve 3 pshows the contribution of the inelastic proceseses at this
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vel‘texf"'lol" the curves 4 and 5 show the contrihbuiious of the dippvaic

of ‘igg. 5a and 5b, respectively, and curve 1 shows the sum of all

e contribuiions.

lere calculations led us to the following resulig’
1. ‘“he contribution of the diagrams taking account of the execi-

tation of the pion degrees of freedom is on the wiole siall and ¢ori-

‘13

narable witir the contribution of the plon prxwoduction procesues nf i
lower veriex: oi the din ram of 1.2 . +ig maxinel salue is 370 at
51 .e¥,c, and 1t is in exceas of 30, ir the varrow :worenfiuw insevval
from 4.2 to 5.4 eV/c .

2) hone of the cnleculation varionts wilh tlie structure functions
obtained from the nonrelativistic deuteron wave functions in tle rest
frame reproduces the high momenium prri of the proton specirwn in the
cage of adding the coniributions of diagrama with the exaitatior of
the pion derrees of freedom either. lloreover luese /nriants differ
frou one arother (we have compared ihe vave [unctions for the .eid
z0ft core and !oris potentials,. hereiore, Lhe ~tiempis Lo adjust e
resulipc by nddirng; the contribution of "fiqe=component” rhwuld lead to
a sirong dependence of this contribution upon the specific form: of =
wava functiion used.

s Whe experimental data considered nud their anelynis have led
us to the following conclusions.

1) The new experimentnl datm on the monentuwa snectrn of protons
emitted at an angle of 0,103 rad in reaciions *.d,pJs.. ' YU e. ¢
conTima tie uriterunlity of the high momentw: paris of these spectra,
i.e., their independence on the target nucleus, that heos been recent-
ly reve’lled/a/. “hig faet proves that the speetra investigated depend
on the internal structure of deuteron to the decisive degree.

2} "he hard scatterin model connects ihese apectrna with the de-
uteron structure function, i.e., wilh the denteron vave function in
the irnTinite momentw1 frame. “herefore, measuwrenents of the momentum
apectrn of protons with the large trancversal momenta iIrom reaction

(d,v).. becone an effective method to deteriine this vave function.
3/The structure function doubtless containg a valuable infor-
mtion on the short-distance structure of o deuteron. rhe "aspatial™
interpretation of this informntion however has substantinl diffi-
culty owvii; vo o expleziiy or tue trangiormmiion of the vave func-
tion from JiZ* to the rest frame, .f this transformation in done pur-
ely kinenctienlly,then the momentum disiribution of nucleons in de-
uteron following from our datn is 1in good apreement with the dis-
iribution ohtained from the data on tie electrodigintegration of the

7



deuteron and disagrees witlhi the distributions corresponding to the
nonrelativistic potentiala of Ii=N interaction.

4} in ppite oif that ithe momentwn spectra under investigetion
have to depend on Geuleron properties at distances of the order of
0.3 fm, no peculinrities have been observed that show an entry of the
quark-gluon degrces of freedom into the play. This question has Leen
considered, for exmuple, in 415 /.
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DEUTERON FRAGMENTATION AT RELATIVISTIC ENERGIES

H. Miiller

Zentralinstitut fir Kernforschung Rossendorf, 8051 Oresden, GOR

1. Introduction

In recent years the fragmentation af deuterons has been intensively
studied with the aim to get information about the high-momentum compo-
nent of the deuteron wave function. In this connection the experiment
of ref./l/ is of special interest, because the proton spectrum at

0* from the reacticn C(d,p)X at % GeV/c has been measured almaost uatil
the kinematical limit. Around 300 Mev/c proton momentum (in the deu-
teron rest frame) the spectrum shows a characteristic enhancement. In
this region the cross section is up to a factor of three larger than
that calculated/l/ on the basis of Glauber theory using conventional
deuteron wave functions. Therefore, in ref./l/ the existence of a
six-guark admjxture in the deuteron wave function was supposed 1o
explain the data. It is interesting that the same type of enhancement
around 300 MeV/c has also been found in a more recent measurement of
the reaction p{(d,p)X /2/(see fig. 2). In the following a description of
this reaction is proposed taking into account the guasi-elastic scat-
tering as well as the guasi-frec inclastic channels. As shown later,
phase space constraints become important in the high-momentum part of
the spectrum, and thus the enhancement can be explained as a kinemat-
ical effect without Introaducing a six-quark admixture.

Further interesting information about the deuteron wave function
has been obtained from lhe measurement/}/ of the B* proton spectrum
arising from the same reaction (see fig. 3). According to rer./B/ the
momentum distribution of the nucleons in the deuteron extracted from
the 8' spectrum agrees with that derived from the D° spectrum/Z/ but
differs from those predicted by the Reid or Paris nucleon-nuclean (NN)
potential. In contrast, the approach to be presented here allows
us to reproduce the D® as well as the 8° spectrum fairly well with a

conventional deuteron wave function.
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2. The model

The differential cross section is calculated in the framework of the
impulse approximatian, One nuclion (the participant) is assumed to in-
teract with the target proton, while the momentum distribution of the
other one (the spectator) remains unchanged. The differential crass

nangenget

al b} c)

Fig.l. Phase space decomposition for quasi-elastid d+p scattering a)
quasi-free inelastic interaction with the formation of two
excited nuclegns b) and of a single excited cluster c). Par-
ticle 1 represents the spectatar, p, and p, are the four-momenta
of the deuteron and the target protgn, s' "is the sguare of the
c.m. energy of the NN subsystem, and t' denot:s the corresponding
four-momentum transfer squared.

section is splitted into contributions arlsing from elastic and fnelas-
tic NN coliisions

06 tano-aRSI/RS + 2enbZ aRR/E R (s
Here, the two processes are separately normalized ta the carresponding
integrated NN cross sections. The quantities R: represent the Lorentz
-invariant phase space factor times the square of the reaction matrix
element centaining the deuteron wave function 73 and a term A% describ-
inp the NN interactian:

RS = dp-37., T, (%0, /20,0 ¥] AL 2)
A channel o. is defined by the mssses af the n final particles, whose

four-momenta are denoted by plx(pio.ﬁa). The relativistic deuteron wave
functlon ¥, is tsken In the usual form

¥,@ - o2 g @, (3
where the non-relativistic deuteron wave function fy is calcylate
by usinp the Paris NN-potential, and q=(q°,ﬁ) is the spectator momentum
in the deuteron resc fraeme. In fig.l a schemstic representation of the
phase space decomposition for the processes under considatation is
shown, The incoming deutercn with four-momentum p, fragments into the

Y
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spectator 1 and the pacticipant. Thereby, the momentum distribution of
the spectatar is governed by the deuteron wave function. Far a given
spectator momentum Py (in any frame) the momentum nf the participant
results from

Py = Rg - Pp {(8)
The c.m. energy ﬁ;? of the interaction between the target proton and

the participant is related to the spectator momentum Lh via

v 2 2
s = (p, + pp) =Py + By - B (5)
In the case of elastic NN scattering the angular distribution is para-
metrized according to

A%loc exp(b(s')-t') (6)

as a function of the four-momentum transfer
= oy - 0% = (o, -yt o3
with the slope parameter b depending on s' (see rer./5/).
for the calculation of inelastic NN interactions a mode
used which has been successfully applied to the description of hadron
-hadron interactions up to 100 GeV/c. It is assumed that during an in-
elastic NN interaction translational energy is transformed into inter-
nal excitation erergy of the two interacting nucleons, which decay
afterwards independently of each other (see fig. lb). The excitation
af a nucleon proceeds either via quark-rearrangement resulting in the
creation of a baryon resonance or via the production of additianal
quark-antiquark pairs with subsequent random combination of quarks
into hadrons. The probability ot the decay inte a cectain channel is
assumed to be proportional ta the curresponding statistical weight,
These weights, however, are modified in accordance with the actual
paopulatian of the phase space by using the following expression for

the square of the reaction matrix element:

A% exp(b- 1) (rapys )" 2T o (2my (28 AT S, CMy70) Ky (My78)).  (8)
Here, the first term describes the angular distribution of the two ex-
cited nucleons with the slope parameter b=2 cev-2. The factors (261tl)
are the number of spin states and the volume V results itun integra-
tion over coordinate spece. !i is taken as a parameter which determines
the number of particles produced and the value R=1 fm s used tor its
radius. With Kl standing for the modified Hankel functlon the terms
(HJIB) Kl(ljlﬂ) determine the smount of energy transformed into inter-
nel excitetlon energy of the nucleons by restricting their invariant
masses “j' The expression MJKI(MJIB) is the kernel of the so-called

16/

is
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K transformation and is usually applied to transform a microcanonical
phase space distribution into a canonical distribution characterized by
a temperature 8 (cf. ret./7/). #ith regard to the small number of nar-
ticles involved the quantity B8=240 MeV 1s simply considered here gs a
parameter which determines the mean kinetic energy of the particles
arising from the decay of the excited nucleons.

The borderline case where the whole enargy of the two interacting
nucleons is transfarmed into excitation energy becomes important espe-
cially at low energies #;P . With no cnergy left for the relative mo-
tion of the two excited nucleons they form a single excited cluster
(see fig. 1c). Instead of eq. (8) the expression

K oc (rgiy VAT (20, (26 1)) (Fs 778K (Ve 7/0) D)
is used, that means the cluster is treated in the same way as an ex-
cited nucleon. Only the minimum number of quarks to be cambined inta
hadrons is naw six instead of three, because the cluster contains the
valence quarks of two nucleons.

The values of the parameters b, R and 8 are adopted to proton
-proton data, and so the calculation of the d+p interaction is per-
formed without adjustable parameters.

3. Results and discussion

In fig. 2 the 0°' proton spectrum/2/15 compared with the results of mod-
el calculations. It can be seen that the overall description of the
spectrum is quite satisfactory. Around the peak at zerc momentum the
spectators clearly dominate and the sum af the inelastic channels gives
the largest contribution. Up to momenta of about 200 MeV/c the deuteran
wave function determines the momentum dependence of the cross section,
because in this regian the phase space 15 a rather smoath function. The
spectator momentum and the invariant mass f;T of the NN subsystem are
connected with each other according to eq.(5) with the maximum momentum
limjted by the minimum mass. For a certain NN channel the minimum inva-
riant mass is given by the sum over the masses of all finsl state par-
ticles. Fherefore, particle production lowers ithe maximum spectator
momentum and results in 8 faster decresse of the inelastic comiribu-
tions compared with the elastic channel. Due to the different momentum
dependence of these two partial spectra their sum reproduces quite well
the enhancement around 300 MaV/c. At high mamenta the cross section is
no longer predominantly determined by the deuteron wave function, but
is modified by the phase space fsctors which rapidly decrease in the
vicinity of kinematical limits. Since the limits of the various chan-
nels are different, we are confronted with a complicated superposition
of functions whase momentum dependence differs from channel to channel.
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Fig. 2. Invariant cross section fig. 3. Invariant cross section
versus proton momentum in the versus proton momentum in the
deuteron rest frame. Cutve 1 (2) laboratory system. For
regresents spectator, curve 3 (4) curves 1...5 see fig. 2.
participent contributions Data are from ref. /3/.

arising from quasi-elastic (quas:
-free inelastic) collisions.

Curve 5 is the sum of all par-

tial spectra. Oeta are from ref. /2/.

Comparing fig. 2 with fig. 3 we see that the relative importance
of the various contributions to the spectra changes considerably in
going from 0® to B* (compare curves l...4 in the two figures). The peak
around 4.3 GeV/c laboratory momentum in the B® spectrum is due to par-
ticipants arising from quasi-elastic scattering. In the region between
S and 6 GeV/c the cross section is somewhatl larger than the result of
the calculations. This may be caused by more complicated processes
which are not described by the impulse approximation. The high-momentum
part of the 8° spectrum is governed by spectator contributions and the
difference in the momentum dependence belween the elastic channel and
the sum ot the inelastic channels has the same origin as discussed
above in connection with the 0" spectrum. So we see that also the 8°
spectrum represents a8 superposition of various contributions and this
makes it extremly difficult to extract the deuteron wave function from
an inclusive measurement.

The inelastic channels influence the high-momentum parts of the
spectra via the kinematical relaticn between the spectator and the in-
variant mass of the interacting nucleons. Therefore, it is necessary to



test the modelling of the inelastic interactions very carefully, before
relisble conclusions concerning the depvterpn wave funciion can be drawn.
A measurement of those parts of the spectra oripinating predominantly
from fnelestic collisjons would be a direct check on the treatment of
the inelastic channels proposed here. In the case of the spectra under
discussion the model calculations predict a plateau on the left of the
peak in the 0' spectrum (see fig. ?) and in the low-momentum part of
the 8" spectrum an increase of the cross section with decreasing momen-
tum (see tig. 3). Moreover, for elucidating the reaction mechaniam a
direct comparison of spectra of different particle typea from praton
-proton and deuteron-proton interactions would be of great benefit.
Another way of investigating the deuteron wave functlon consists
in performing coincidence experiments in order to exclude the channels
with particle production. This would simplify the analysis considerably
and provide a better basis for investigating the importance of more
complicated reactian mechanism as e.g. the creation of a pion in an
intermediate state (cf. refs. /8'9'10‘11/). The other problem to be
dealt with is the open question whether a nonrelativistic wave function
is still adequate at high energies. Alternative descriptions of the
deuteron discussed in the literature are the use of structure functions

(e.g. refs./lo’lz'l}/) or of light cone dynamlcs {e.a. refs./]'z"u”"IB"“/L

4. Summary

The interaction of deuterons with protons at relativistic emergies is
described in the framework of the impulse approximation. We use a con-
ventional deuteran wave function for calculating the momentum distribu-
tion of spectators and a model af NN interactions for taking into ac-
count elastic as well as inelastic participant-(target) proton colli-
sions. It turnes out that the kinematical relation between the specta-
tor momentum snd the c.m. energy of the NN subprocess is important for
the correct reproduction of the data. Because of the complexity of the
various processes contributing to the inclusive spectra a more thorough
check pn the modelling of the reaction mechsnism seems to be necessary,
before reliable information about the deutsron wave function can be obt-
tained. The results achieved here do not contradict the application af
conventional deuteron wave functions for interpreting the proton spec-
tra measured at 9 GeV/c deuteron momentum.
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Introduction

A great deal of experimenial effort is devoted to studying nuclear matter with the
help of heavy ion collisions {HIC). Important aims of these atudies are to determine
the nuclear equation of state (EOS) and to look for phase transitions (liquid—gas,
hadronic matter—quark plasma, etc). To extract these basic properties of matter from
experimental data one needs dynamical models using the notion of EQS.

The standard hydrodynamics is probably not adequate description for HIC even at
bombarding energies of GeV range, because at Jeast at the first stage of the collisions
the systems are not in local equililzi»m (incomple(é stopping) /1/. At higher
bombarding energies this effect is expected to be more significant.

One pomibility is to apply multi fluid theories /2], however, such models have
several shortcomings. There is no smooth transition from multi-fluid to one-fluid, so
these models are unnatural for stopped states. The couplings of the fluids are ad hoc
forms. There is no clear way to formulate the phase equilibrium conditions (e.g. for

deconfinement ).

Extended thermo-hydrodynamics

In our twofluid model we avoid these conceptual problems. In this model the system
is a single and indivisible interacting unit. Although the system is a single unit two
fluids can be seen in il with different flow vectors. This means that the local state can
be characterized by one particle flux and a relative momentum. So two fundamental
vector fields are attarhed to the rontinuum namely the hydrodynamical velocity, u®,
belonging to the 1otal particle flow {Eckart's definition) and a space-like veclor field
t". describing the momentum-space anisotropy. In the local rest frame the
three—vector part of t" describes the magnitude, (which will be defined later,) and the
direction of the anisotropy, the zeroth component has no clear physical meaning,
therefore we set it 10 be zeru. 1t means we choose 1" 10 be orthogonal to u®: lvul’=o .



a. Extended thermodynamirs

Obviously two sysfems with the same standard extensive densities { particle density
n. and energy density, e.). but with ditferent nomentum-—spare anisotropy
macroscopically differ. We postulate that such an anisotropic system can be desciibed

by thermodynamics, and postulate that

=81, (1)
where

{=

is an extensive density measuring the momenium-~space anisotropy, assuming that the
entropy density, s, as a thermodynamical potential depend on n, e, and q

According to our approach the thermodynamiral potential, s(n,e,q) defines the
intensives by

'lf"’e , ;-—s', ¥‘_"q’ p=ls-crprrvyg. (2)

where T, # and p are the familiar intensives, namely the temperature, chemical
potential and the pressure, and v regards to the relative velocity of the fluids /3,5/. In
the case of two phase medium the equality of the four intensives gives the phase
equilibrium  condition ( pgeneralized Gibbs condition ). To describe the
thermodynamical behavior of a certain anisotropic system the entropy function,
s(n,e,q) is needed. In f3/ the standard, isotropic entropy function was estended
phenomenologically for anisotropic systems, in f4f an anisotropic distribution function
and a Skyrme interaction were used to get an anisolropic EQS.

b. Extended hydrodynamics

W= restrict ourselves to slab geometry. (This is a technical simplification, what
makes the formulae and the calculations simpler. The full calculations can be done.
this symmetry assumption neglects the currents perpendicular tn the beam direction.
which are now not important for our puipose.)

in siab geometry the energy—momentum tensur and the entropy current 1an he

decomposed, as

LI A N R R R A 1 - Ry
11
3)

, 9 g
PP

Lel us define q, the anisotropy, as the dfference of the eigenvalues ol the stiess

tensor in the direction of 1% and perpeudicular t it:
a

g1 -p.
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The standard hydrodynamics comes from the baryon and the energy—momentum

conservations,

L 0. (4)
(-
W (5)
where NP is the baryon current, and " ; " is the covariant derivation. We need one

more equation, hamely a balance equation for q. The form of this balance equation is
restriried by the requirement that

L0 (6)
must hold identically. Decomposing eq.(5) into two parts one pets the relativistic
energy and momentum conservation. which give the evolution equations for e and u”,

{1) gives the penlution equation for n:

By 4+ l"w= 0, (4

0o o

Be + (e + pi .P'-l" !;? """v;p' (U4 J”);y— ' i”’l”- a. (58')

- -’-y) . (58%)
where we used the notation " 8 ' for the comoving time derivative : " w-" " (6)

using (4') and (5a’), can be written as

CEE R NCES RN l"wo s he s l'wv s 8 1", o

-s 8" 20,

2,8 _ v
+ 3, "t 4 wt (e~ 3.0} ¢ . (s,

(7) must hold for arbitrary u” and t¥, so in Aq only such terms can appear what can
kill out in (7) the terms with indefinite sign. So let us assume that

Bg=—-3mg+v (I“'* 1 'l‘l t"s 9 l"l’uy;‘o v l";” ' (8)
where g, v, # 3nd # are Lransport coefficients. In (8) the firsl term is responsible for

the dissipation of anisotropy, the form comes from kinetic theory /6/, we can have,
and may expect terms linear and quadratic in t¥, which have 10 be coupled to a



verfor and to a tensor. We assume that the vector is the heat flow, the tensor is the
deformation tensor. The first term in {7) is ger commg from ) Substituting (R) into

{7) we get the meaning of the coefficients appearing tn ¢ $). and (51

.
g=-rdnt:
1]
l’=~lql {v I+ v} ()
.r
1=52

q
We get for the entropy production:

,‘l:l" —regs,

This is positive. because y is positive [t/ and % negative fi-5/. so the madel is

sellconsistent. The unknown coefficients, g, ¢ and s an le caleulated in kinetic

theory, as was done in 6/ for g

Results
In /3/ and /4/ we studied the deconfinement phase transition in anisoiropic matter,

using Jifferent EOS for nuclear matter. We found steomg and nontrivial effect on the
phase diagram by the relative velocity of the imterpenetisting nudlear systems. In
these calculations with increasing relative velocity it hecomes easier to vnter the
mixture region, however, the difference «f the densities of the twn phases also
increases, so barrier penetration problems may prevent the development of the phase
equilibrium.

To describe the evolution of an anisotropic system {3') (4') and (7) equations have
to be solved with given transport coefficients g, v and v, and with a specified EQS. At
the first attempt for the sake of simplicity we set v and » to be zero, and instead of
sulving the eyq. (1b') we approximate the veloity field by

e [m.o.n.u] .

v -, [garc lg[ﬁ(]]z-

where V.= 0.6, = 0.3, z is the third ceordinate and t is the time. This velocity field

simulates a collision between two slabs touching each other at t = 0 with initial
velncity v and a thermalization spreading out from the center with the velocity v I

the velocity field is given the partial differential equation aysiem reduces in the
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comoving frame to an ordinary differential equation system, what makes the
calculations very simpl-. The numerwal resnlts are reasonable. The baryon density,
temperature and the entropy munotonously increase asymptotically to constant values,
while the anisotropy has a maximum, then goes to zero indicating stopping and
thermalization. '

The next studies will incude the full dynamics, (include eq.(4b'), the equation of
motion for the velocity field) and will be three dimensional ( not including the
assumption of plane symmetry). That mode! would be a useful tool for studying

deconfinement phase transition.
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JMHAMVKA  B3AMMOJIEVCTBUA  PLAATUBUCTCKMX AAEP
H.C. Amenmun, K.K.Tymuma, B. . ToHeeB

06BeMMHEHHHE MHCTUTYT ALOPHUX CCReloBAlME, lyOHa

Brenerne

OTKPHBIAACA HOIABHO B LLPHe BOSMOKHOCTb YCKODOHHMH ANP KLCJIODOLA M
CepH N0 YAbTPapendTHBUCTCKOR DBHepruu 200 ['sB/HYKNMOH ABHNACh BaXHHM
NpaKTHYECKHM WArCM Ha NMYTH COBAAHWA E KOHEYHOM o0beMe ANEDHOR MaTepuu
9KCTpeMaNbHOR NMOTHOCTH SHEPTMM, HEOGKOLMMOA [Nd NpelcKaiNBaeMoro Teo-
puelt nepexoja aAPOHOB B HOBYD a3y BHCBOCOXLEHHMX KBapKOB M TJIDOHOB
OxspaeTcda, uTO Npolecc o6Pa’OBAHHA TaKOA KBAapK-T/ANCHHOA [IMaaMy  LOMNEH
CONpPOBORKATLCA PANCM CHTHAMOB, KOTODHE BO3MORHO HadnnZaTh  3KCIe-~
puMeHTansHo ~1,2/. HepaBHOBecHHR XapaxTeD M MHOTOCTYIeHYaTOCTb Mpouec:a
B3aUMONENiCTBUA ANEP He [O3BONADT HaleATbCA, YTO @TH CHTHamMH OyXyT
LNOoCTaTOYHO ApKMMM. Ho nage ycnewHoe feTeKTHpOBaHMe OTAENBHOTC CHI'Hanma
BPAN ¥ CMOXeT CIYKUTb YOeAMTeNbHHN NOKa3aTeNbCTBOM OCPadOBaKMf KBapK-
rEnoHHOR fasn K2-3a CHOKHOCTH caMorc (Mauyeckoro ABMEHKA, HaNHYUA
MHOTHX KOHKYPHDYDUMX QOHOBMX mpoleccoB, NpUSTHEERHOro XapaKTepa HCXON-
HWX TEeOPEeTHUYeCKHX OLUSHOK. B 3THX YCMOBHAX HEOOHOLMM CHCTEMaTHYECKHA H
BCECTOPOHHUA aHaMM3 HOBHX [AHHHK C LEeNbD NOMCKA HeOOKYHHM, aHOMaNbHHX
ABNEHUA, YTO NPEANONATAeT MOHMMAHWE AMHAMMKM SAEPHOT'O S3AUMONEACTBUA H
HeOOXOQMMOCTL Da3paCOTKM HE3K3IOTHYECKHX, “CTAaHJapTHHX" Molenell nAs
ONUCAHUA OCHOBHHA CBOACTB DefATUBHCTCKMX SAPO-ANEPHHX CTONKHOBOHMA

OTmuumTenpHOR  OCOOEHHOCTBD OOCYXZaeMoll OOGfacTH BHEpruft dBRfeTcs
“pasMopamsBanue” KBAapPKOBHX CTeneHefl cBoGofl. OONeH KBapkamy M TJIDOHaMM
B ARpOH-aDOHHHEX BIAWMOZSNCTBUAX NDUBOAMT K OODa3OBAHKD UBETOBWX CTPYH,
KOTOpHE 3aTeM $ParMeHTHPYDT B Hacnpiaemoe aipokHoe cocrosune. Takoro ze
THMNA NPOUECCH OYRYT, KOHEYHO, NPOHCKOAHTH H B  SAEPHNX CTONKHOBEHHAK
Bonee Toro, BOSMOXHO NPOABJIEHHMEe HOBHX (HIHUECKHX 3JeKTOB, CBAIRAHHHA C
BIHAHAEM ANECPHOTO OKPYReHMS HA DasBUTHe CTPYHH, CO BIAUMOLERCTBHEM
MeXIy OCPasOBaBWMMUCA CTPYHAMM, a NpH NOCTATOYHO BHCOKHX MAOTHOCTAX - ¢
00pazoBaRHeM COCTOAHMA KBAaDK-T/NDOHHOM NnaaMk. B maHHOA padoTe MW orpa-
HUYMMCA TIPOCTEORWHM NPHOTHEGHHEM AN PacCMOTPEHHR ANPO-~ilePHHX CTOMNKHO-
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BEHUR - MONENbE HeSaBUCHMBX KBAPK-TNDOMHWX CTPYH. dopMMpoBaHWe CTPYH B
afpOHHHY CTOJKHOBEHNAX U WX NOCNENYDWHR pacual OMUCHBaRTCE B paMkax
RYaNnbHO-TONONOTHYeCKO# TapToHHOl Momenn. [uHamuka ANepHoro BaauMoReR-
CTBUA OCHOBHBAETCH Ha DENATHBHCTCKUX KUHETHUECKHM YPaBHEHWAX OojblMa-
HOBCKOrO THMa, NPH ITOM IBONDUUA COCTOAHMA, OCpa3OBAHHOI'C B pesynbTaTe
alpoH-alpOHHOI'G  CTONKHOBEHUWA,  YuTeHa B npUAnuXeHKH BPEMeHH
dopMUpOBaHKA

ChopMmynupoBaHHas Mogesb NDHMEHeHAa K aHaAH3y BOJHMKADWEX B CUCTEME
NJAOTHOCTH IHEPTHN, XapPaKTeDHIYDUER GNAM30CTb COCTOSHHS K KPUTHUSCKOMY, M
ero BOIMOKHOMY NpOABJNEHUD B IKZMEPUMEHTANRHO UAMEPAEMHX BeNMUWHaX.

BazucHbie ypaBHeHUA

B cnyvae CTONKHOBEHMA DeATUBUCTCKUX sAllep HauyarbHOoe M KOHEUHoe
COCTOAHHA CHCTEMH ABASNTCA aNPOHHHMU, & B MPOMEXYTOUYHOM COCTOAHWM KBAp-
KOBHE CTereHH CBodufn, GecycNoBHO, pasMopoxeHM. [loaToMmy ¢yHmameHTanbHas
Teopud NOMAHA ONMUCHBATL Kak IBOMDUKD COCTOAHHA AADOHHOR ¥ KBapKOBOH
pasp, Tak ¥ nepexoll koHpaRHMEHT-ZAeKoHPaRHMEHT M NPOULCC AINPOHHIAUUM
KBapKOBC? wadd. [IOHATHU, 'ITD CKOMBKO-HNGYAb MONHad peanuasuud aTol
nporpaMMi ceffyac HepOIMOKHA MW DaceMOTPHM MpOUecC ANEpHOTC B3auMomeft-
CTBUA B NPUOANESHHN HeUABUCHMMHX KBADK-THNDOHHWX CTPYH, UTO OTBevaeT
MHHUMAJIBHOMY YUETy KEADKUB.R IMHaMukW. [locnenHee o3HauyaeT, UTO OCHOBHLE
KUHETHYECKHE Yl:abiieHMA 3aNNCaHH HA alPOHHOM YDOBHe, a KBapkoBasd AMHaMH-
Ka yuTeHa ABHC B MoIe/upnBaiWd aIPOHHHX CTONKHOBeHHR ( wmoxenb KBapk-
CANOHHHY CTPYH ) U 3GdeXTUBHO - B NPOXOMIEHMM 3TUX CTPYH uepe3 fmepHoe
BewecTso ( NpHOKUXSHME JOHH POPMUPOBAHMA ).

MaTeMaTHUeCKyO OCHOBY MOLEMU COCTaB/IAeT CHCTEMAa DEeNATUBHUCTCKHUX KHHe-
THYECKUKX YPABHOHMH COMEUMAHOBCKOT'C TUNA HNA CMECH CTACUNMEHMK H KOPOTHO-
AMBYWAX ALPOHOR

de“fL(p,x) = E:C“’“U"/J) + }:kRk LR (S8
Kak BMIHO, 3Iech MH npeHedpernu 3ddekTamu cpexHero nond. [lepBHR YreH &8
npaBof yacT# ypaBHenus (1) oTBeyaeT IBYNYACTHYHWM CTONKHOBEHUAM, a BTO-
poR oGycnoBneH pacnaloM Pe3cHaHCOB, MPUBONALMX K OGDa3OBaHMD YACTHUUH L,
XapaKTepuayeMofl 4-UMIYNbCcOM p W 4~KOOPAMHATOR x. KOHKpPeTH3HpYA CHCTEMY
(1), yaoOHo oTnen.Th ypaBHeHUS INA HYKNOHOR AApa-cHapsla (P) ¥  MMLeH:
(T) OT cHCTeMsl ypaBHeHUfl ANZ PORZCHHHX KACKANHHK YACTHL, COCTOAWMMN U3
CTAOHMBLHNX YacTul, (5} ¥ BO3CYXReHHWX afpoHOB - peacHaHcos (R). (ucrema
NpHHUMAET CNelyOWHR BUA:

INA HYKNOHOB-CMEKTATOROB ANpa-MUWEHH

= - S)
P I7Cxpd = ~f1x.p) [J=§.R fdw, f (x.p> G5, o +

¢ Jdup fptx,p> Grp ol | (2a)
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¥ CHMMETPUUHMM OOpa3OM INA #Ipa-CHapia < 3aMeHod P4T, TaP |
LT CTACHABHNY aIPOHOR - YYACTHUKOB

P Ixp) = - folx, p) Jdu, 1,Cap)) U, )+

PFRS’ J

+ dw dwy, $(p, Pulx,Py 1) ¢ [dodwr $Cpp, X, Py Tpd +
b7 kel TRk 3Py PElP Tt [dopder #CppipriXi Ty

;=§ o k=§' oy jﬂuvdmk &(pj,pklx.p.rr) +

+ fdugdup fExpR) TRSY 6pp  p - pg (26)
¥ AHANOTHYHO IT# pesonaﬂcos-yuacmukos
3nech BennunHa Q = (p p ) cBA3aHa C OTHOCWUTeNnbHON
CKOPOCTHD cranxuaanmuxcx qacrdu 15 3 [ - d, gy’ ELEJ , . dw=d p3E

ecTb 3/1eMeHT WHBAPUAHTHOTO $azoBoro odseua CKOPOCTb OGPA3CBAHHA YaCTHI
C UMNYALCOM § B TOYK® X, €C/ BIAUMOLEACTBHE NPOUIOWNO MeXRY UacTHUAMK
1B R,

(P, plx.p.Tp) = JAdx £ OX.D,) X" PR g /R aCx’ 1x,py7pd.
BHP2EAGTCH yeped aaonnuHOHHyD $yHruno x| x, p.rr) XapaKTepHaypuyo
BEPOATHOCTE ( B SRUHULY BpPeMeHM ) (OPMHDOBAHMA aZpPOHA C MMOYTbCOM p B
ToYyke X, eCl¥ CTONKHOBeHWe NPOH3OWRO B ToWke x'. Yepes i odoaHayeHa
COBOKYIHOCTL NapaMeTpoB, OnpeleNdpmAX 3IBOADUMD KBApKOBOR CHCTEMH (CTpPy-
HH) H ee nocAefypuyp aipoHM3auup. B odueMm ~1Tyvae QYyHKUMS ¢ ROIXHa Haxo-
OUTHCA M3 peWeHHs 3IBOJDUHOHHNX yPaBHeHMR, YUUTHBADEmEX BAMAHHE AXEPHOTO
OKPYXEHHA X BIaHMONEWCTBUE C NPYTHMH CTpyHamy. Bocnone3oBaBuMCh MpHGTH-
XeHUeM KOHeuHoro BpeMeHW (JopMMpPOBaHKA afpOHOB, NPeACTaBUM 3BONDUUOHHYD
$yHKUHD B BHAe

Wx prp = b9 ac - -1 6Pk - - e &)
CooTHoweHne (3) NOKaawpaeT, uTO BWKOIN alpOHOB Ha MACCOBYD NOBEPXHOCTb B
Toyxe x = (¥, () NDOHCXONMT C BPeMeHHOH 3ajepxxofl Tg, @ 3a 3TO  BpeMd
"NPHrOTORNEHHNN" alpoH OBHEETCA Oes B3auMoledcTBHA ( B COOTBETCTBHM ¢
NPUHUMNOM acuMITOTHUEeCKON cBodosu ). Benuuuwny Tp MOKHO BHPaSUTL uepes
Bpeuﬁ 7v° POPMHpOBAHHA alpoHa (Macch m} B COGCTBEHHOR cHCTeM® KoopauHarT,

T = = (E/m ro H paccMaTpusaTb T Kak CBOCONHHA MapameTp, TOYHOe
3HayeHHe KoTOporo JUKCHPOBaTH M3 YCNOBHA HAaHAYVWeTQ ONUCaHHA aipoH-
ANePHNX HaHHWX. CnellyeT OTMeTHTb, uTO B Tfpemene 7 + O cHCTeMa (2
NepeXoOuT B KIaccHUecKue PendTUBHCTCKHe ypaBHeHud Bomsumaua.
BxonAuwee B (3) cnexTpalbHoe pacnpefencrue do/dw YacTl, PCXICHHNX B
anpOH-aIpPOHHNX CTONKHOBEHHAX, OyAeM pacCuUMTWBATL B paMKax  MolesH
KBapK-T'NDOHHNK CTPYH.
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MozenupoBadMe afpoH-afpOHHHX BIauMoLeRCTBUA

My npeznonaraeM, YTO OCHOBHOR BKNAR B Heynpyrse B3aHMOREACTBHA AapT
NMATKNE CTONKHOPEHRA AfPOHOE. QA MX ONHCaHMd MH MCHONbIYeM IyalbHyp
NapTOHHYD Nofefib -3+ W ee KHTYKTHBHYD KHTepNpeTauwo B TePMHHaX KBapk-
TINOHHMX CTpYH /4-. B ochose mozeny nemur 1/N -pasioxekde aMmmmuTyAH OH-
HApHKX NpOLecCoB, TZe N_- uMCTO apoMaToR MNH LBETOB KBAPKOB. [Harpanmy,
COMOCTaBAAENHE OTASNbHHM UNeHaN 1/N,-PasfoXeHus, MOKHO KIACCHPHUHPOBAThH
N0 MX TONMONOTHYECKMM CBOMCTBAM, MPHUEN TJABHHA BKJAAR JHapT IJJaHAapHHe
¢ nopaaxa 1/N, ) % uunuuapudecke < lbe ) aHarpamMi,  OTBeYabuKe
COOTBETCTREHHO OCMeHY B [-KaHane MonnCamM Penxe ¥ NOMEpoHOM /4. Paspe-
3aHHUM B {-KaHazne TOMNOJOTMYECKHM LWArpaMMaM NOXHO COMCCTAaBHTHL oOnpene-
NMEHHUR NPOCTPaHCTBEHHO-BPEMEHHOR MeXaHUIM 0GDA3OBaHUA M pacrnana Kpapk-
TADOHHNYX CTPYH

B odcyxsiaeMol 0GNacT# IHEPTHA RO HECKONbKUX coTeH ['aB MM  OrpaHHuK-
MUCh PACCMOTPeHHeM LMMMHIPMYECKUX K NMaHApHEX fZHarpaMM, TnpeHedperas
IAmaTpaMMaMy ¢ MHOTONOMEPOHHWM OGMEHOM, & Takke yunM Amarpass augpaxuu-
OHHorOo THmMa. Bce yuTeHHNWe npolleccH Ha mnpuMepe n-N BaapMolefcTeUs
NpUBONEHN Ha pKc. 1.
w L1y

N

bl i1 f -~ .
- < <
S =€ e,
< <C: <
= =

NS NS

—

(a) (6} (B) (r)
Puc.1  [umarpammst n-N psaHmoNedcTBHS, YNTEHHme B RaHHWX pacueTax
(a} - nnaHapHas, (d) - wwaMHOpHyeckas, (B) - HepasBHTOrO
uxnnapa, (r) - gudpakiMoHHas
Binag 3THX QMaTpamMM B NOMIHOE ceVeHHe NAeTCA BHpaXxeHneM
%ot = %1 * %yl * Yuncyl * %dif * el
Bpecy ceveHne
aR(D) -1
op = 16n yp (57542 [¢)]
OTBeYaeT mpoueccy, NPeACTABNEHHOMY IJIAHAPHOR gwarpamMo ia, Korma npy
CTONMKHOBOHKY 2LDOHOB NPOMCXONNT AHHUTRWIAUMA HOBYX MORNTEHHNX BaNOHTHHX
KBApKOB C OO .OBaHKeM OLHOR KBApK-T/WOHHOR CTPyMd. B dopmyne () 7y, =
0,683 FaB_z - BHYET pejxMoHa, a aRCOJ = 0,5 - UHTEpcenT PenKUOHHOH
TPAeKTOPHH, S0 =2 FaBz . CeueHMe npouecca, KOTOPOMY COMOCTaBNifeTCA
O4arpasda “Hepa3BHTOTO" UMNHHAPA 1B, onpexenserTcA Xax /S/:

€3]
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af0> - 1 LA
Ouncyl = 8n v / Yp /4 Xg (57542 e .
T@e yp - BHYET RNONSPOHA, 4 = ap(0)-1 ecTh npeBsWeHHE HHTEpcenTa
NOMEPOHa HAX enMHUUed, Ap - TAPAaMeTP, KapaKTEpHIYDUHR SABHCHMOCTH
aMNAUTYIN PeAXMOKHOM TPAeKTOPHHM OT NMepelaBaeNoOTo WUMIYNAbca
Ag = R + ap In(S/Sy)
C HaK/JOHOM TPaeKTOpuM ap = 0,25 IaBf u & = 1,895 rsg! .

CeveHne npollecca 1T AHPPAKUMOHHOI'O POXNEHHA YaCTHU TNPUHATO PaBHHM
g s = 0,5 Ogp - OCHOBHOR BKNAll B OCCYXRaeMyp OGNacTb IHEpPruft naeT mpo-
uecc, onMUcHbaeM! UMIMHEPUYECKOR IMarpamuof 10, OTBeUYavuHf UBSTOROR Ne-
pesapsgke ¢ OCpasOBaRMeM IBYX CcTPyH. Ero ceueHMe onpezenseTcs us
CcOOTHoweHHA (4), ecmu ana Oypy ¥ Up) HCNONLIORATH COOTBETCTBYDUME
JKCNIEepHMOHTANbHHE IHAYEHUS.

[lpouecc 06pa3cBaHHA ¥ padIphbBa KBAapK-TADOHHHX CTPYH MOIENHpyeTca
MeTonoM MoHTe-Kapnmo. Macca H® MMOYnbC CTPYHH OnNpeneninTcs KBAPKOBHM
COCTaBOM M UMNYNLCHWM pacrnipelenieHieM BaNeHTHHX KbapioB. B yacTHOCTH,ans
npoueccoB 16 u 1B ucmonbaoBanoch clelypuee pacnpelefeHHe no aone
UMNyNbCa X aApOHOB, YHOCHMOA KBapKaMy,

uglx) ~ — (1 - xJ (5a}
w
1 -172
ux) ~ — 1 - xJ . (503
x

ACHMIITOTHKA 3THX pacLpolieneMyft mpy x40 M x+1 crnegyeT M9 peAReBCkoro
aHaNM3a NNaHapHHX ZmarpaMmM ~5/. COOGCTBEHHMA NonepeyHHit MNAYAbC KBapHOB
HaxORMMcA W3 paclpeleNeHusA

wpl) = ! ep(-pfrfs . (6
I

1

B cnyyae Zu(pakUMOHHOR RHUCCOUMAUMK MMIYNbC KE.pka B BOACYKAEHHOM alpoHe
CKNamwBanca U3 TMONEpeuHoro UMNyAbca OTZa4¥ HeBO3CYXRREHHOTO ampoHa,
ONUCKBAE: JTO pacrnpeznencHueM

Wl = il exp ( - bpt > d&p N
YUt A i 1 1

CO 3HayeHHeM b = 6 FsB'z. W COOCTBEHHOTO NONePeYHOTO HMIyNbCca COTJIacHO
(5). Pacnpezenenue no X AN KBapkos B npoueccax IHPPAKUMOHHOR ZMCcoUMa-
MM BHOMpanock B fopme (5Ha). npu ITOM MacCH KBapKOB H AMKBApKOB nonara-
ANCh DaBHLIMM Hynp. llapameTpd B pacnpefeneRuAx (6),(7) NONOHPaNHCh TaKHM
0Gpa3oM. YTOOH onMcaTb MHK B paclpellefleHHM Nc AMGPAaKUMOHHOR Macce My,

B 0ONacTH pescHaHca N%1470%, a Np# CONMLUWHA 3HAYEHHAK Mdl caNo pacrnpe-
nenenHe cnagano oW kak 1/ dij+ YTO COOTBETCTBYeT TpeXpelXHOHHOMY

1IOBRABHIL,
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[Tpy MomenupoBaHuu npoueccop GparMeHTalU¥ HKBApKOB, AHTHMKBAPKOB M Iu-
KBapKOB HCMONb3cBANCA MeTOIl, NPEANOKSHRNA B padoTe /B/. GYHKUMM fparmeH-
TaUUM BHOUDANUCh B CNelypUeM BUle:

fauf® =1 -arac -2t a=07t,
Fagei(@ ™ U4 + 0.6 expl-20 C1-2)1/(1 + expC-20)] .
. 22
qu_m(z) = 3a (-20%
rie z = (E; + Ip,yl2/E, - Lona nepemernoRt cBeToBOTG ($POHTA KBapKa,

KOTOpYD yHeceT alpoH Budop dykkumu f . g NPOIMKTOBAH HEOOKONUMOCTHD
yueTa adfexTa AuAnpoBaHuA. !lonepeuHHRt UMNYMBC BaKyyMHOR TfapH cuwTanes
paBHWM HYD, a MMOYJIBC OTHENBHOTO KBapka HaxOmuncs U3 pachpeleneHuda (6)
co = 0,51 TI'sB-c.

B Mofenu yuTenW u,d # S kBapkM. B 3aBUCHMOCTH OT apoMaTa g3 - TapH
pPOXIANTCS C OTHOCWTENBHHMM BEDPOSTHOCTAMM

Pua:Pda:Psg = 1 :1:038.

Ana nu~, po-, uP-, no— Ji4 nU'~ ME3OHOB YYTEHO cCMewuBauue. [lpesnonara-
Noch, YTO CTanNKWBabWHecd W PORNADWMECA aAPOHM TPHHALYEXAT OCHOBHHM
cocToAHMAM 35- #  56- myauTunaeTad rpynnw SUCS), YTO KOHKPeTH3MpYeT
YHCNO BXOAAWMK B SUSTeMy (<0} ypaBHeRMR ONiA CTadMMBHNX alpoHoB (S) o
pe3oHaHcoB (R).

CpaBHEH)e C 3K:MEPUMEHTOM TNokasalo, UTO MOfefh KBAPH-TADOHHHWX CTPYH
NOCTATOYHO HAREMHO ROCTIPON3POLUT OCHOBEME XaPaKTepHCTHKM afpOH-aRPOHHBIX
B3auMoIeACTBHUA

Konuenuus Bpemedd GOPMHPOBAHKA aANPOHOB

HeonpeleneHHMIt fTapaMeTpaMi MONENM OCTanuch ele BpeMeHa (QOPMUPOBaHKR
agpoHoB 9 (cM. cHucTeMmy ypaBHeHuR (2) ). CTporo roBopf, NOHATHE BPeMeR#
GOpMHPOBAHUA TIDUMEHMMO K OCpasOBAHKR GECCTPYKTYPHMX HacTHUl, RAA KOTOPHX
MPHHUKN HEONMpegeNeHHOCTH faeT €CTeCTBeHHYD uxamy

P =hmg 8
RI¥, COOTBETCTBEHHO, "IMUHY (OPMUPOBAHHMA™ alpoHa
lp = Toru T p/mf . (9)

B napTOHHWK WMOReNAX ALPOH-ANEPHOro BIaMMORERCTBHA cOTnacHe C IKCnep-
NEHTON ROCTHI'2eTCS P BHOOpe mf = 0,5 rag /17, Toe. OHCTpHe afpoHH
dopMupypTeA BHe Afpa. ORHAaKo RJIA COCTABHWX VacTHU, KAXOBHMM ABJANTCA
afgpoHN, BpeNs PODMUPOBAHUA He €CTb BeAHYHHA OZHOIHAYHO ONpezeneHHas.
OHa dyneT sapuceTh OT MEXaHW3Ma MNH TPUHATOR NOZENM ajpoRmaauuu. B
YacTHOCTH, B MOMNNH UBETOBOR TPYOKH OMNO BnepBHe NMOkasaHo B/, uTO B
odmacTy fparvenTauny ( ® + 1 ) HaneTapmeR] YACTHUM INAHA GopMUPOBAHMA
Lr = pp 1 -xx,



rpe » = 1 ['3B/¢M - KOHCTAHTA HATAXEHHS CTDYHH, Pp - MMIYNLC NMEPBHYHOTO
afipoHa, MOXeT OHTDL CYWeCTBEeHED MeHbuwe oueHku (9). TakuMm oOpa3oM, XoTg
acUMIITOTHYeCKas# BONHOBaf (YHKUKSA BHCOKO3HepreTHYECKOTO aApoHa QopMHUpY-
eTcs Ha pacCTOAHMAX nopsaka (9), ero “NPHroTOBNEeHHWe" cCOCTaBAANUNe MO-
T'YT ¢ GONBULOA BEPOATHOCTBHN MCINTATh SAepHGe BlauMoXeRCTBMe. 3TOT BHBOA
OHN MOATBEpANEH HelaBHO ReTaNbHHMM pacyeTaM¥ paclipefieleHHs 1O BpPeMeHH
$opMHpPOBaNAf, BHIONHEHHWMH B paMKaxX NYHACKOR MOZeNH ajpoHHaauun -9/

B cBsA3M cO GKalaHHHM BHlWe MY BHEeNMM 3¢$eKTHBHOE BpeMs (OPMHPOBAHMA
TMAMPYPUETO ANPOHa T°= Ty p. @ ANA BCEX OCTANbHHY YacTUll MONOKHN T =Ty
KoHxpeTHNe 3HAYeHNA BTUX IOBYX TNapaMeTpoB saduxcupyem ycloBUEM Haunyuwe-
TO ONHCaHKA HeYNDYrMX alpoH-sHePHHX BIaUMONERCTBHR no peakumy p + Xe
( 200 TaBr/c ). Mo mpoBemeHHOTO aHaNU3a CIEAyeT, UTO Bcerfa HeoSXORMMO,
YTOOM T;;p « Ty, AP ITOM HaMiyulee coriacue C ONKTOM ROCTHTaeTCA AnA
IHAYSHMA T, p > 0,005 fm/c u Ty > 1 guc. YUUTHBAA OTPaHHYEHHOCTDH 3&3—
TIePHMEHTANBHOTO MaTepHarna, HCOONbIOBAHHOTO ANA OGOCHOBAHMA BHGopa T°,
B NaHHOR padoTe Mu NpHBeZeM OCHOBHWe peayibTaTH pacueTOB PeNATHBUCTCKHMX
AANO-AREPHHK BIAaUMOXERCTBHR HNA clyyasd - 0 x Ty ® T.e€ oynex
npeHedperaTh paaMHONeHHeM (KackalupoBaHUeM) MENJIOHHNK ME3IOHOB B ANEPHOM
BemecTBe. Kpome Toro, WA Hayana M YNPOCTUM UCKOLHYD CHCTEMYy YPaBHEHMR,
ONYCTHB MONHOCTBE TPeTHR YNeH M IBa claraeMdy B INepBoM U4leHe mnpasoft
YacTH ypaBHeHusa (26) ¢ J=R,S’, uTO oTBevaeT NUHeRHOR BIKCTPANONAUMM Me-
XaHWINa anpoH-ANEepHHX B3aUMONEeACTBUR Ha ciyval ARPO-AXEPHNX CTONKHOBE-
HUR. BnusHHe HenuHeRHNX 3¢QPexTOB MM PACCMOTPMM B JAKJDMHTENbHOR YacTH
pacoTH.

AHaMH3 JAMHAMMYECKHX XapaKTePUCTUK BIaMMONERCTBHA

MoHTe-KapnoBcKoe pelleHHe cHCTeMH ypaeHesuf#t (2) gaeT OZHOYACTHUHYD
JyHruup pacnpeneneHus f(x,p). [lyTeM ycpenHeHHf Da3lMuKHX COXPaHADMHXCA
BEeNHYHH NO 2TOR JYHKUMH DACNpeRENEHHA MOXHO RN ADUOTC MOM@HTA BPOMEHH
PIGHMONOACTBUA UCCNEROBATL, HANPHMED, IUIOTHOCTH 3IHEPTHH &, JapHONHOTO
WHCNIA Mg, CTPaHHOCTH 5 M T-. 0. lns onpeneneHHd NOKANLHHX IHAYEHWR ITHX
BEJMUHH BCH OONACTb BIAUMORSACTBHA padduBaeTcA Ha AUEAKN, NOTOpHE B 00—
WeM Cnyyae ABMEYTCH C HEKOTOPOR CKOPOCTBR OTHOCHTENBHO CHCTEMH HaombRa-
Tens. B kauecTBe CHCTeMN HAONDZATeNd MH BHOpPanU CHCTEeMYy PaBHWX CKOpoc-
TeRt. C 9TOR Xe cHCTeMON HAadMDAATENA CBAGANH MOMEHTH B3AMMOZEACTBHA X
ceTKa pasCHenud. I[lpHBoIMMHe HAXe OJHAUEHHA OTHOCATCE N COGCTBEHHOR
CHCTeMe BHIENOHHOTO 3JeMeHTa odseMa ( nompodHee oM. B ~10/ )

3BOMDUHA MONA INIOTHOCTOR SHEPTHH M CApHOHHOTO YMCNA ANE USHTPAIBHOTO
CTONKHOBEHYA 150+197Au C 200 TeBrHyrioH ) npeicTaBineHa Ha puc. 2. flnpa
CTaNKKBADTCA BRONL OcH Z. [IpMBEAeHO BpeMs "MOMEHTANLHOrC CHUMNA™ B M .
CTpeliKaM}l YKalaHH NONOXeHHA B JAHMHMR MOMEHT LUeHTPOB CTAIKNMBADMMXCA ALeD,
echM ON ARpa NPORONEANH RBHTATBCA C HeHIMOHHOR HavaNbHOR cKopocThD. Kax




0+AU (200 ras/A)
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Puc.2 OBONDUMA NNOTHOCTK 3HepruM (cmpapa) ¥ OapHOHHOTO 4HMcha B
LeHTPaNBLHOM 0+AU-CTONKHOBOXHE NpM 3xeprud 200 T'aB/N (cu. TexeT)
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BHIHO M3 NPEACTaBJEHHNX De3YAbTAaTOB, MaKCUMajJbHOe JIOKAJbHO® 3HAueHHe &
ROCTHTaeTcs B MOMEHT BPEMeHH, OTBevaDuu#l NAKCHMANLHOMY CONUXEHHMD LUEeHT-
poB cTankupapuMXcd Afep, NpH 3TOM adcofPTHAadA BEJMUMHA £ BAMETHO NDEeBH-
waeT £, =3 FaB/¢u3 B NpoCcTPaHCTBEHHON odnacTH odbeMOM nopAnka 50
CrenyeT OTMOTHTDL HaMHuMe CONbUHX TPalUeHTOB & W Np, YTO CBHUETENbLCTBYET
O CYWeCTBEHHO HEepaBHOBECHOM XapaKTepe Mpolecca.

3BONOUMD CHCTIMH YEOCGHO NMPOCMENMTH MO EMHAMMYECKHM TPaeKTOpHAM ee
COCTOAHNA B NepeMeHHHX <c>-<nB> (oM. puc. 3). Kampas Touka Ha 3Toft aso-
BOft TPaeKTODHH OTBEYAeT HEHOTOPOMY (MKCUPOBAHHOMY MOMEHTY BDeMeH: WU
floMyyeRa ycpeiHeHMeM NMapy pachpexefeHudt Tuma Tex, WTO foKadaWw Ha
puc. 2. BuAaHO, UTO BOIGYXNEHHA$ CHCTeMa OveHb OHWCTPO HOCTHTAET 3IHAYeHHR
(&> BuWEe 5.,, a 3aTeM HacTyMaeT dofiee MelNeHHAd cTalMd pacfiafa. OnHako
CTONb BHCOKHE NMOTHOCTH 3HEDTMM HEOCTHIAapTCs /MWL HA OYeHb KOPOTHOe
Bpema > 0,5 ¢a/c. ECTECTBOHHO, UTO C NEPeXOAOM K MeNbWHM 3HepI'HAM CToN-
KHOBEHHA "TNIHKOBHe" 3HAYeHHd <&> NoHuEapTca. Donee Toro, nomyueHHwe sHa-

<> IB/gm®

Pyc. 3 IuHamueckue
TPaeKTOpHM B ($A3OBOM INpoO-
CTPAHCTBe <€>-<ngp> LA UEHT-
PaNBHOTO  COynapeHus O+4u
NPE TPeX YKAaSaHHWX JHEprusx
CTONKHOBEeHHA. PacerosHne
MeNLY "saceunaMn” Ha KPHBHX
L L COOTBETCTBYRT MHTEpBany Bpe-

L ~; MoHN 0,3 ¢u/c (CHCTeMa paBHHX
0 02 oél’ <Ny, g™ CKOpOCTER) .
<Epy, F3B/pm

O+Au{ 200 FB/A

20

Puc. 4 Junamiyeckre
TPAeXTOPMH B  NPOCTPaHCTBE
<ep-(ng>. Bee odosRaveHNs
- Xax Ha puc.3. JauTpuxomaH-
HMM KPYEKOM YKa3aHO COCTOSHHE
CHCTEMN B MOMOHT BDEMEHM, OT=

1 1 1 BOVADRKR OUGHKe £y, CNENaHHOR
0 0,2 04 <np, (PM‘-‘ B padore Bréprena /11/

201




UeHHA <> He CBA3aHH HENOCPeACTBEHHG C 3HEPTHeR, HeOOKONMMOM and
$a30BOTO Nepexofa 2JpOHOB B KBAaPK-TIADOHHYD MIasMy, NOCKOMLKY COCTORHHE
ABNAGTCA CHABHO HePABHOBECHWM. INE XApaKTeDHCTUKK TODMANHIOBAHHOR YacTH
3Hepruif Colee COOTBETCTBYeT SHEPTUA B HEKOTOPOM AROCTATOYHO YIKOM
MHTepBane CHCTPOT WM NONepeuHas COCTABNANWAA 3HOPTUM <ep. Kax cnenyer
#3 pesynbTaToB, NPENCTaBNeHHWX Ha PHC.4, "NMHKOBME" 3HAYeHMR ROCTUTHYTHX
NIOTHOCTeR 3HePTHH baMeTHo noxuzapTes. Ha ocHope meroza Enépkena /IL/ B
padore ~12/ MONYYeHN OUSHKN MAKCHMANBHHX 3HAYeHHA e?“x22.7 ®1,3 l'aB/qu3
BRf GeRATpaneHux O+Au ~cTONKHOBERWA Npu 3RePrux 200 u 60 TaB/wyknow co-
OTBETCTBEHHO. EC/MM NONWTaTLCA CPaBHHTL ITH OUEHKK ¢ DeSyTRTAaTaMM pacue-
Ta, TO BOIHUK3ET BOMPOC: KAKOMY MOMEHTY BpPeMEeNM MX Hajo CONOCTaBUTH.

Ecmy mpHHATE, YTO BOICYRAEHHAA CHCTEMA CPOPMUpPOBANach K MOMEHTY JOCTH-
XGHUE @D MAHCUMANMBHON MIOTHOCTH, @ BpeMd Pacnaja NONOXWTh PABHHM 1 g c
(3T0 3HaveHMe OWIO WCMIONBIOBAKO B 12/ NPH CHEPKEROBCKOP OUEHKE crmax)'

TO COOTBETCTEBYDUME® TEOPETHHECKHe IHAYEHHS <5T> OKa3HBaLTCA NOYTH BIBOR

HHEEe IKCTIEPUMOHTANBHNX (CM. pHC.4). ClemyeT nomuepxkHyTb, WTO DACCUMTAHH
CReIHUE BEIMUMHH €1, a "UIMEPEHH" - MAKCHManmbHue. [IpUHAMAd BO BHEMaHUE
doiblyn ancnepcHn D5 TEOPeTHYECKOTO pacmpeRefeHHs no &p, Dc E] (ET), 4
HeompenenesHOCTH B BHOOPE HavalNbHOTO MOMSHTa odpazobalud BO3SyXIeHHOR
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Puc.5 Pacrpernenesite no nonmepevHoR 3Hepri# B yKaBaKHOM HHTepBarne
TCEBROCNCTPOT 0 = — In g (§/2) and YacTHU, PORIGHNNX B peaxuux
04197 iy TpK 3HEPrHH 200 T'3B/HyKNOH. THCTOTpaMMy - pe3yNbLTATH
pacueTa ¢ y4eTOM (NYHKTHpP) R 089 yYeTa CTONNHOBOHMR Nexay
GapuoHaMIt-yJacTHIKaMH. SKCEPHMERTaNbENG TOYKH - §3 PAdoTH /13/.
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CHUCTEMH, MONHO CKa3a~  YTO NONyYeHHHe TeopeTHYecKHe OLEHKM He NpPOTHBO-
peuaT SKCNEPHMEHTANLaNN NaHHNM. [1a donee OnpelleNleHMHNX BHBOJIOB HEOXOLH-—
NO TPAMOE CONOCTaB/IeHHe WAMEPEHHNX U PACCUUTAHHWX XapaKTepHCTHK

Ha puc.5 Zan mpuMep TAKOTO CpaBHeHUA pachpefleneHM® MO nNoNepeuHok
3Kepruy Ey POXKIGHHWX YacTRU AN4 PaccMaTPHBAaeNOR peakuuy. Molenb kavecT-
BEHHO NPABMNBHO BOCNPOMIBOLMUT pacmpeLefeHue Mo £, HO MpelcKasuBaeT cy-
WeCTBEHHO MEHbIME MaXCHUMAlbHHEe 3HaueHus. WHTepecHo OTMETHTb, YTO nepe-
XOI K MOZENM C KOHEUHHM BPEMeHeM JOPMMPOBaHHA MEJOHOB Ty, T.©. BKJIDUe-
Kue addeKTa KacKanMpOBaHUA MEIOHOB B flNePHOM BewecTBe (BTOpo%t uYnek B
ypaBHeRMM (26) ), He ynyuywaeT COT/NAcHf Pe3yibTaTOR pacueTa ¢ OINNTON
OnHako yuveT BIaUMOleRCTBHA Mexmy OSapHOHaMM-YUYacTHHKAMH, UTO OTBeyaeT
CYWeCTBEHHO HeNMHeBHOMY MeXaHH3MYy B3aMMOReRCTBMA (CM. TPeTHR umeH B
ypaBHeHK# (20) ), Kak BMAOHO M3 DHC.S, NPUBORMUT K JAMETHOMY YCHNEHMD CO-
OWTHA ¢ COMbUMMM SHAuEHHAMM Ep

3aknnyerue

llpeanoxeHa KUHETHYeCkas MOAeNb AAPO-~ANEDHHX CTONKHOBEHWR Npu pensTH-
BUCTCKUX BHEPTUAX, YUHTHBaDWas oGpasoBaHMe X pacriaj He3aBUCHMBX KBapK-
TJIOOHHWX CTPYH ¥ CNelUduKy MPOCTPAHCTBEHHO-BPEMEHHOR KapTHHN BIaUNOReNH-
cTBHA anpoHoB. [loxalaHo, 4TO JOKanNbHag TJIOTHOCTb BHEPTMM B OONacTH
o0BeMOM B HeCKOJbKO NeCATKOB ¢M3 MOXeT CYWeCTBEHHO NMpeBWCHTb KDUTHUec-
KOe JHAYEHHE £.., HO NPH ITOM NPOUECC BIAUMONCHCTBUA ABNAETCH CUILHO
HEePaBHOBECHHM, a BPeMA NpeCHBaHMA CHCTEMN B 3TOM COCTOAHMU HeBesMKo

MlokasaHo, YTo NpocTefwuft (KBaIU) IUHENHWA BAapUAHT MOIEAM KaueCTBEeHHO
COTNIacyeTCA C 3IKCTEePUMEHTOM M0 OLKOW M3 Haudonee BaXHHX XapaKTePHCTHK,
Hecyuelt MHPOPMALAR O GNUIOCTH BOIGYKASHHOTO COCTOARUA K  KPHTHUECKOMY
OTMeYeHa BaXHOCTb HENMUHeMHNX 3QPeKTOR ANA JNOCTHREHUR KONUYECTBEHHOTO
cOoTnacuA NpPencKa3aHUR MONEN C ONLTOM.
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TOPMO3HAS CNIOCOBHOCTEL H NMOMHOE W3AYYERHE
B PEASTHBHCTCKWX SAEPHMX CTOAKHMOBEMWHX
M.H.MwmycTHH, B.H.Pycckux, J.M.Carapos
MHCTHTYT aTOMHOR SHepruy MM.M.B.HypuaToBa, MockBa
1. BBEAEHHE

Mocnegn¥e JABA rofa AMA (H3IHKH TARSJNX HOHOB O3HAMEHOBAJHCH
BHXOZOM B HOBYD 00JACTh BHEPLHA - MOABMAMCH MySKM HowoB 190 u 3235 ¢
aHeprueR 60 M 200 [sB/Hykn B UEPHe'!/ u nywok !0 c sHeprmenm I3,6
[sB/Hyka B Gpykzefisene’?’ . OCHOBHAA LEJb HOBOTO BTaNa MCCIENOBBHMA -
noJydeHHe B  JaGOpaTOPHHX  YCJHOBHAX KBApK-TJWOHHOR NJasMi. Qs
06pa30BAHHA STOR @asH TpedyeTcd BHCOK8R MJOTHOCTh SHEPrHH, o
OolleHKaM, BuEe 2 ToB/Df . MoaToMy OXHH M3 HanOoJee BaXHzi BONPOCOB
KacaeTcA CTENeHH B3RHMHOR NpPO3PAYHOCTH AJE[ HJIK TOPMOSHOR CMROCOGHOCTH
AJepHOTO BemecTBa. Yem OoJbmE TODMO3HAA CMNOCOOHOCTb, TEM BHEe
MAKCHMAJbHAA NJOTHOCTb SHEpPrMM BemecTBa, KoTopag MoXeT OHTh
JOCTHCHYTA B Mpolecce B3aHMOJERCTBMA AREp. IKcnepuMeHTH B IEPHe
nokesamu’3/, uTo cTeNeWh TepMAJMBAUHM  AADOHHOTO BEWECTBR, a
CJeA0BATENbBHO, H TOPMOBHAA CMOCOCHOCTh fIEP NPH IHEPTHAX CTOJKHOBEHHA
~100 TaB/HyKA  BHEe, UYEeM OXHIAJOCh HA OCHOBE JKCTPanoJAUHA
NpOTOH-ARESPHHE JAHHHK .

g ONKCAHMA AACPHHX CTOJKHOBEHHA B OGJACTH YJbTPaPEAATHBHCTCKHX
SHEPr'HA  TpeOYWTCA MOReNH, B KOTODHX ABHO YYHTHBEETCA YACTHUHAA
npo3payHOCTh AZep H MHTEHCHBHOE DORACHHE BTOPHYHHX 4YaCTHLU, B OCHOBHOM
nuoHoB. TlOAXONAEEA MOJEJbH TAKOrO THNA ABJASETCA JBYXXHAKOCTHESA
THEpOAMHAMHYECKAd MOZe b (ATM), npeilozxenHas B pagore’ 4/ B Hen npH
BHYHCJEHHH CHJAH TPEHHR MEXAY B3AHWOXCACTBYNENMH XHAKOCTAMH CHapaja M
WMHEEHH YYHWTHBBOTCA KaKk YNPYCHE CTOJKHOBEHHS HYKJOHOB, TBK H HEympyrxe
KaHaJH MHOHODOXXEHHA. [pH 3ToM npeznosaraeTcd, YTO pOXACHHHE MHOHH
CBOGOMHO MOKHIANT CHCTEMY B BHA® NHOHHOTO H3JYYeHMA, YHOCA C CoGoA
YacThb BHEPrHH H HMnyAsca. [ipeneOSpexeHHe nNepepacCesHHEM MHOHOB Ha
HYKJOHAX MOXET OHTh ONpPaBAAHO MAJOCTBO CEYeHHA nN-DACCEAHHA BHE
06JACTH A-pe3OHaHCa M COXbAMM BpeMeHeM QODMHPOBEHHA NHOHOB (~IIM/C).

2. GOPMYAMPOBKA MOAEAM

Mp BHCOKHX 3HEPrHAX CToJKHOBEeHHA AHdfepenuxalbHOR CeYeHHe
NN-B3BHMOREACTBHA XapeKTepHayeTcd GONBEOA BHH3OTPONHeW BhepeA-HAl3ex,
T.e. B [pollecce BOAEMOREACTBHA HYKJOHH CN200 OTKJOHAWTCA OT
HaYaJBHOrO HENpEBJEHAA. 3TO NPUBOIHT K TOMY,9TO NPH CTOAKHOBEHHH
PeJATHBHCTCKHX AXep OCYMECTBJAAETCA XBYXMOTOKOBHA pexHM. B npolecce
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BIAHMONIPOHHKHOBEHHA HYKJOHHHE NOTOKK CHADAAR W MHNGHM TODMOSATCA H
HArpeBaNTCA. B STOR CHTYAURH JOoKaJbHYR QYHKUHD DAcOpeAe]eHHS HYRAOHOB
(6apHOHOB) MOXHO MPEACTEBHTL B BHAE

t (e, p)=t P (e pye it () (I
rae HHAGKCH p H t OTHOCATCA K OApHOHAM CRHEpAAR H  MHECHH
COOTBETCTBEHHO . 380 MOLHA QyHKIHK pacnpeAeeHRa ofNHcHBaeTCA

PEJATHBACTCKHM KHHETHUECKHM YDABHEHHEM CO CTOJKHOBHTEJBHHM WJCHOM,
CONEPEANHM KAK MEXNOTOKOBHE, TAK H BHYTDHNOTOKOBHE CTONKHOBEHHA
HYKJOHOB. M MpeAnoJaraeM, 4TO BHYTPH KAZAOr0 MOTOKA H3-3a HeCONBNOR
OTHOCHTENHHOR  CKODOCTH  4YaCTHU  QyHKUMA  pacnpepefeHHA  OHCTpo
PEJAKCHPYET K DRBHOBECHOMY (mxcaennoacl;%g) pacnpeAeseHH©D

{-(p-u
PEC TP S i L. LS @)
~rr-mN-T -K, (mN/T )
rae K.Z(z) Qyukuus MaxkzoHanbza. SAeCL n, - MJIOTHOCTD oapuoHoB ;]

COOCTBEHHOR CHCTeMe oTcueTa. U2 - THADOAHHAMHHECKRS 4-CKOPOCTS H T,
TeMnepaTyDA B MOTOKE x. C YYeTOM TOFo, 970 QYHKLHH pacipelelends BALa
(2) 3aHYBANT BHYTDHNOTOKOBME HHTECPAJH CTOAKHOBEHHR, HCXOAHHE
KHHETUECKHE JPABHEHHA MOKHO PASOHTh Ha ZBA YPABHEHHA, OMHCHBAWAKe
sosnuio 5P’ M rl') 38 cuET CTOAKMOBEHMA OABDHOHOB M3 pa3HHX
notokos’%’. fanee, YuUNTHBAA WMANOYTAOBOR XapaKTep NN-pACCeSHHA MpK
BHCOKHX SHEPrEAX M HMCNOJb3YA CTAHAADTHHR METON MOMENTOB, NPRXOHM K
YPaBHEHHAM RBYXXHIKOCTHOR THADOARHAMHKH:

2,(n Ur) = 0, 1,k=0,1,2,3; @)

o, T," = F,  app.t, )

rae Ti* - TeHaop oneprHH-mMmyACA B NOTOKe a, F, - CRMA TpeHns,
00yCNIOBAEHHAA CTOJKHOBEHHAMH HYKAOHOB W3 NOTOKR « C HYKJOHAMM 3
NPOTHBONOROTHOTO MOTOKA.

KRHeTHYeCKMR NoaxoX >’/ noaBoAfeT NMOJYIHTL ABHOE BuUpAEEHHE AJA
CHJH MEXNOTOKOBOLO TpEHHA P: OHa BHPAERETCA 4Yepes JABA MOMEHTa
HHBAPHAHTHOTO CEYEHHMA HHKJNBHBHOLO npouecca NN + NX :

Fl = %— non, <vr¢l[(pﬁ pﬂ) trp(a) (pﬂ#'p ) UE(n)b {5)
3mecy M P, - A-MMOYABCH HYKNOHOB H3 « M 5 NOTOKOB (amg),
2=(p,*p, 32, V,,,=ls(a-4n2)1"/?/202- oTHOCKTEMBHER CKOpOCTH MapH
Hymlouoa YraoBHe  CKOOKH 03HaYanT YCpPeAHEHHe no  JYHKUMAM

pacnpeXesieins 4acTuu. BxoaAwne B (S) ™MOMEHTH HWHBADHAHTHOTO CEYEHMA
AanTCA BHPRECHHAMA:
op (8)=fdoyy g (1-Py( Py 6)
VE(s)=maNN‘N,(1-E-/ ) (1)

rAe BBEACHO ODOBHANEHHE dopy .= &' p-(oyy . /a®py, B B u B .E;
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~ HMIYABC H 3HEDPIHR HYKNOHOB A0 H NOCAE CTOAKHOREHHA B MX C.U.M. Io
ONpEeAeJEHH HYKJOHH OTHOCATCA K D H t [OTOKAM, ECHH [oclhe
NN-CTOMKHOBEHHS OHH JIBHRYTCA COOTBETCTBEHHO B TEpEeNHKN H 3aXHEN
nonycQepy yrnos B C.u.M. [03TOMy MHTerpHpopaHHe B BHDameHHAX (6),(7)
BeJeTcs JMmb No nepeaHeft (a=p) HIM 3aiHeft (a=t) Moayclepe yraoB B
C.U.M. napH HykJowoB. [pH 3ToM npeinojaraetca, 9YT0O B CRIY
MAJIOYTIOBOTO  XapaKTepa NN-B3aHMOZEACTBHA INIPH BHCOKAX BHEpPTHAX,
HMIYABCH UEHTPOB MACC DASAMUHHX MAp HYKJAOHOB MAJ0 OTKJOHANTCA OT
HanpaBAeHHA Nyyka.

Hapaay ¢ o, B o TOME3HO BBECTH TPAHCNOPTHOE CEYEHHE o, ,
XapeKTepHaywlee CcpeaHNl nepeaauy 4-WmMnyasca t=(Bi-F ¥ B npotecce
NN-B3anMOZERCTBHA. MCnoab3ys MpPOCTHE Kuueua'mqecrme COOTHOWEHHS ,

noJjyuyaeM a

o, (s)= S_f = Sy (8] = 0, (8) - s-mﬁ'”E(S)' @)

Mz BupamenHs (7) BHINO. WTO JA4 YNPYTHX KaHANOB BEMHWHHE op
-00pAmAETCA B HOJB B, CAel0BATEAbHO, ee NOBEJEHMe onpelensercd
HEYUDYTHMA NpOUECCAMH. My CYHTAEM, YTO OCHOBHOR BKJAN B o BHOCAT
NPOUSCCH NHOHODOXIGHHA NN » nX , M STOM

. ogla)=a” " faoyy, oy Eps o
rae E_ - BHEPrMA MHOHQ B C.U.M. CTAJKHBAKNXCS HYKJOHOB.

Bamioe nNpeAnojoxeHHe HameM MOJESM COCTOHT B TOM, YTO
MOKHAAKT CHCTEMY O3 NePEepACCEAHHA HA OApHOHAX. YHOCHMNE 1.
SHEPrHS H HMIYJBC ONPENENANTCA UJEHOM CHAN TPEHHSI, MPONOPUHMOHL
og . TBKMM OOpasoN, B [pOUECCE TOPMOREHHA JWEb 4aCTh M0
KHHETHYECKOR SHEPCHH NOTOKOB MIET HA MOBHNEHHe BX BHYTPEHHER SHe[:
(pasorpe M cxaThe). JpYTAA YACTb DACXOIYETCA HA MHOHHOE HBAYUEHHE.
HadMuHe THOHHOTO MAJYUEHHR H OOXee CJXOXMAA CTDYKTYpA CHAM TPEHHS
COCTABJAWT TJABHOE OTJAHYHE MANETO TOAXONA OT JADYPHX BApHAHTOB

IS8, Lna pacveTa op(s) HCMONb3OBAAHCH SKCEPHMEHTAJBHNE XaHHHe
A7S DeaKUHM NN + Nn B OCJACTH 3Hepruft E, . oT mopora (0,3 I'aB) Zo
=00 ToB®’. Pacver o (s) nposouacs 4e . ocHope annpoxkcimail’ 1%/
CEeYeHHRA oy, .~ B nuanaaoue SHEeprik ot 4 2o 108 I'sB(noapodHee cM.
8’%). Npn Gosemrx s oy K v, COTMEANTCA H BEXORAT HA DEEAM CAACOrO
JOTApHQMHYECKOrO POCTA, CBA3ANHOTO C POCTOM MHORSCTBEHHOCTH MKOHOB.

PacYeT ¢, (s) NpeACTEBAACT COCOA Oosee TPYAHY® 3aaey, T.K. NpH
COABENX s OHO CTDEMHTCA K Hyam. [paMof pacieT no JopMyre (8) ¢
HCnoabaoBaHHeM annpokchmandf’ 1%/ npHAOAMT NpH COXBEHX s K 38BHCHMOCTH
Thna a7° /5. 310 HeckoAbiO MeRsemHEE, YeM 3KOH (a~4mi) ’, KOTOpMR
noaydaeTcs, €CAH  HCNOAL3OBATD HIBECTHYD  NApAMSTPH3ALMD
ANQPePEHIHAXLHOTO CEYEHNA BMAR do/dt = e°%, rAe B = 7 + 8 [8B™2 oveHs
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cJaf0 38BHCHT OT =. B 3ToM cayyae oy (a) nyoGHo npencman‘rb B BHIE
oy {(a) = [n (s/lm" 1)] (10)
rre w= 0.17 o8- HOPMBJIBHBH alepHas nOTHOOTS 1y~ SQYeKTHEHAA
IMMHA JENOSHUMM SHEDUHM B MMEEHH (CM. HuEe). Takoe NOBEZEHHE XOPOmO
COrJBCYeTCA C BMIHDHIECKOR 3RBHCHMOCTBE, NOJYdeHHOA B pagorax’!l:12/
W3 8HANM3R NDOTOH-ANEDHHX H AKDO-ANEPHHX JAHHMX TNpDM SHEprusx I+5
I'SB/HyKJOH. B 9ACTHOCTH, OHA MO3BOASET OOLACHHTB YHHBEPCANHHOCTH

HHKIWIHBHHX NPOTOHHHE CEKTDOE B OOMACTH QparMentaumM# wimenn’ '3/ .
Kak nokesasu WMCIeHHHe pacueTH' Y/, B OOJACTH OHeprmA Bume I I'sB
op{s) # % (s) ABJAKTCA NJaBHUMM OQYHKUHAMH s H nosTouy mry'r OHTB
BHHeCeHH us—non 348Ka  YCPeBHEHHA npH s=s -mN(Upw . Tocue
YCDEIHEHH OCTaBNHXCA MHOXUTENe@l MOJYYASTCA OKOHYATE bHOE BHpaXeHHE
mna F!, npusememwoe B pabore’*’. [lpy BHIMCIEHHM TewmEpATYDHHX
NONpABOK  YUMTHBANKCH JWEb UJEHH HAWWHSIETO NOPAAKE Mo T /m . 3TH
JONPABKK CTBHOBATCA CYNECTBEHHMMM JHUb MPH MBJHK OTHOCHTEJBLHHX

CKQOPOCTAX MOTOKOB M OOECMEYHBANT BHPRBHUBAHKE MX TeMIEPATYD.

LR 38MKHYTOCTH CHCTEMH CHADOAUHAMHIECKHX YDABHEHHE HEOGXOZHMO
SBMRTH YDABHEWHE COCTOAMMA AAEDHOTO BENECTBA. 3S7eCh MM OepeM
YpaBHEHHE  COCTOAHMA,  HMCMOJB3OBAHHOE paAHEE B  OGHOWHEKOCTHOM
THIpoInHEMuTecKoR moedn’ t*/

foNyueHHoe BHPAREHHE IJA CHNH TPEHKA MOXET ONTH HCLQIB30BAHO
L18 HSYUSHHA BOMpOCA O TODMOXGHMH OHCTPOTO HYKIOHA B  AZEpHOM
BemeCTBE . YpaBHEHHE, ONHCHBANAE® TODMOESHHE HYKJOHR, MOXHO NOJYYHTH
NyTeM MHTErDHDOBAHKA YDABHEHMA CHADOIMHEMHKH (4) mo oO0reMy capaia’ >’
Cpefnsis MOTeps SHepCuH MMAADYRMErC HYKJOHA HB eRHHHIY €00 Mposera z &
AIEPHOM BEmECTBE MIOTHOCTK n, Bupa:ae'rca B BHZE

E E -my
- a2 -
T “t[—z"t £ oy a]‘E m) = - an
rze E - 3Heprua HyKAOHA B Cretene nokos cpemy (a.c.), A,

SPPEKTHBHAA KAMHA HOMCHEHHS SHEPrEM HYRJAOHA. TIpH BHBOLE STOA QJOPMYJ M
NPeanosAratoch, 4TO HYKJOH XABHEETCA NPAMOAHHERHO BHOJh OCH z M 9TO
IHCTIEDCHAME MPOAONBHOTO M TOMEpeTHOro HMIYALCOB MONHO nNpeHespedh.
OTCOZA BHAHO, YTO NOJHOE W3MEHEHHe 3MEeprHH CHAPHEA CKAAEHBAETCH HS
ABYX uscTef. UaeH, NPOMOPUMOHANBHHA o,  YINTHBGET ACTIOSHUMN BHEPrHM B
MHEEHH (0TZa9a HYKJIOHOB MMEEGHH), TpHIeM napaseTpasauks  (10)
ofecneyHBaeT NoCTOAHCTBO  AENOSHUHOKHHX NOTEPh HA EXWHHUY npodera:
(aE /dz),, = - my/i,. BTODOR 9ieH CBA3AM C HIMGHEHHEM B2HEPrHE
CHapAA8 38 CYeT POXEEHHA HOBMX UACTHU. [IpH COABNHX SHEprHAX 9TOT
BRARA DACTET pOMOPUHOHBALHO E . BequiuHa |dE/dz|, XapakTepH3ymmAd
TOPMOBHY® CIIOCOCHOCTH HAGDHOrO BemecTBa, mnokasaHa Ha puc.I kak



QYHKUHA KHHETHYECKOA SHEepruM HAJETARNEro HYKJoHA. TaM Xe NpeACTanJeHH
38BHCHMOCTH |dE_/dz|, KOTOpHE TOJYYANTCA NpH NapAMETPH3AUMAX CHJH
TPEHHA, HCNOJb30BAHHHX B padorax’7*®/ . Mo cymecTsy oxu yumTuBAmMT JHmL
nepeufl 4JeH QopMyJNH (5), UTO NPHBOAHT K DHAYHTEALHOM HEJOOLEeHKe
|dEp/dz| no CpaBHEHH® C Hamefd MoZeJbl.

Puc.1 TopMoSHaR CROCOSHOCTL
ldEp/dzl AAR WyHAOHA, RBUEY-

Warocs MO ARGPHOMY BENeCTBY

nnoTHocTM ny= 0,17 o . Hpu-

Bag 1 - pacyer mo gopuynam
(6);(71;011);1' ~ aHRAOCUYHHA
pacyeT ¢ MCMO/LBOBAHWMEM Hapa-
MeTpUIaLMU (10) anm o, ¢

15=5 Ow. Kpuswe 2,3 - pacyer

no aaHHuM padot ' cooT~-

f
BETCTBOHMO . CTpEnKOR MOK&BAHO
noporopoe BHAYEeHue @Hepruu
maa kaHasa NN + NNn.

10 1kin 10 10!

Jnq4 NpOREPKH MpEAJOXEeHHOR MOJEJH KYKAOH-AREPHOrO CTOJAKHOBEHHSA
OHJNK CcHeJaHH OLEHKH 2HEPreTHYeCKHX TMOTEeph MPOTOHA MpH NPOXOXACHHK
pa3JHYHHR Afep. [peRnoaarafock, 4TO MPOTOH B CPeAHEM TPOXOAHT TOJLMHY
anepHoro BemecTBa 4/3-R, rpe R-paauyc fAapa. B Tadsmue npuBefeHo
cpaBHeHHe MpPeRCKASAHUA MOAENH C BKCMEPHMEHTANBHHMH AAHHHMH pBGOTH/lsl
B aToff padoTe OHNM BHAENEHH TPH MCTOUHHKE BTODHYHHX UACTHU: MELJCHHHE
HYKJOHH, TMNHOHR H UHCTPHE HYKJOHH ¥ HBCCJAeNOBAHA SHepreTHka 3THX
HCTOYHHKOB., K3 TAOAHUN BMAHO, YTO MOJeJb KaYeCTBEHHO [PaBHABHO
ONMACHBAET DHEPreTHKY NPOTOH-AASPHOCO B3AHMORCACTBRA.
Cpeaune sHeprux wactuu (s TeB) na coSurxe » paaxumx
ptAl » 51} + X, E_ - xowswwas sucprus cuapsaa, E, -

eRepruy, u-fplwonun- BAa  ROSCYRROHNS  NNESHM,
E E,ap"E,"E, — "HOprns meoKos.
E b [Ex nuouu E, "MenneHHue " EP *BucTpse "
[BKc.) HYKAOHH HYKAOHW
{reop. ) (Teop.) (ske. ) (Teop.) {oxc.}
2,2 | 0,73 |0,610,2| 0,33 0,320,1 0,92 0,710,2
3,2 1.26 1,110,2| 0,64 0,420,1 1,30 0,920,2
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B npeanonoxeHun, YTO = nh-ch(y)’ ypaBHeH#e (II) mnosBosger
OUCHMTE CpPeAHKR CHBMC OHCTPOTH Ay JMIHPYDNEr0o HYKJOHE  OPH
B3aUMOBCRCTBHM C pasanynuMA Axpamii. Iaa nNpoToHos ¢ sueprmed I00 I'sB,
B38KMOJEACTBYSEMX C AXpaMA Pb, OH OKA3&JCA paBHHM Ay=2,I, UTO Hemaoxo
coryacyeTcs ¢ OLUEHKamH ADYTHR aBTOpPOB.

3. PE3YJABTATH PACHMETA RIEPHHX CTOXKHOBEHMA HA OCHORE
IBYXEMAKOCTHOR TMAPOAMHAMWYECKOR MOLEAM

MoZennpoBaiHe DENATHBHCTCKHX HANEPHHX CTOJKHOBEHWA Ha OCHoBE
ypaBHeHn® JIM (3),(4) c cHIoA TpeHud B {Qopue (5) CONpAXEHO CO
BHAYHTEABHNMA BHUMCIMTEJBHHMH TPYAHOCTAMH. B npeauzyhef pacore” %/
OWJ¥ TpeiCTaBJEHW DE3yALTATH pPACUYETOB B PAMKAX ONHOMEDHOR BepCHH
MOZENM (CTOAKHOBEHWE CJoeB). B JaHHoM pacoTe NpepcTaBieHd PeayabTaTH
MO JICTHPOBAHHA CTOJNKHOBEHMA CQEDHYECKHR AleD B TPexMepHOA CEOMETPHH.

fipexze BCero, OwJM BHMOJHEHH pACYETH DEBKUAR C+C M C+Pb TpH
3HEeprHH RYOHEHCKOTO CHHXpodas3oTpoka (okogo 3,6 TIB/HYKS.), KOTOPHE
Ropomo (Mo kpafieR Mepe C+Pb) ONHCHBBNTCA B pamkaX OAHOXHAKOCTHOR
razpomkuamiueckod mozea *4/ . Orassdocs, 4ro nepexox Kk JTM caado
CK&3HBEETCA HE (JOpME HHKJNOHBNHX [DOTOMHNX CNexXTpo8 B8 0048CTH
{(parMeHTauny MHICHH, rae oXHI8eTCH [ LY MOAEJIbHEA
YyBCTBHTENBHOCTE 12/, HEKOTOpOE NPEmNOuTEHHe RAA C+C  MMEET BRDUAHT
ITM ¢ napameTpoM x,= 5 ¢u. BoJee ONRrONPUATHAA CHTYAUKA MMEET MECTO B
LEHTpaNbHOM OOJACTH GHCTDOT, BKCNEPHMEHTAJNBHHE IGHHHE B KOTODOM OHJH
noJjyyeHy JHmB HEASBHO C NOMOWBY NpPONAHOBOR MY3HDLKOBOR  HAMEpH
oMM’ 18/ | CooTBETCTBYNNME MHTErDEAbHNE OHCTPOTHHE CNEKTPH TMPOTOHOB 3
peakuun C+C npin 3HePruu 3,36 [@B/HykA nNpeiCTABACHH HA PHC.2 BMECTe C
npexckagakudwd JTM. M3 pHCYHKA BMAHO, UTO XOpOmMEe OMKCAHHE CMEKTPOB B
UEeHTpANpHOR O0JACTH  OWCTPOT BOSMOXHO TpH ,= 5 Ox. PexuM
ORHOXHZKOCTHOK [HAPOAMHEMAKH M DEXHM CHJBHOR TMPO3PAUHOCTH (X,= 10 Ou)
pesKko paXOARTCA C BKCMEPHMEHTOM. Ha OCHOBAHMH STOTO aHaJH3a BO BCEX
ZaNbHEAMMX pacueTaXx MCNOJL3YETCH X = 5 Ou.

BaxHuM JOCTOMHCTBOM TDeXMepHOfl MOZEeNH ABAAESTCA TO, 9TO OHA ZaeT
MOJHYD MPOCTPAHCTREHHO-BPEMEHHYI KADTHHY rpolecca CTOAKHOBEHHA HZep.
Ha pHc.3 nokaseHa CepHA MCHOBEHHHX “JoTorpalHA™ pasiMaHHX CTAIWA
UEHTPAJBHOr0 CTOJKHOBEHHA ANEP O+Au TpH BHepru I13,6 [sB/uyka. 3ra
peakiuds BHODaHA MOTOMY, 4YTO, C OXHOR CTODOHN, NMpPH CoXee BHCOKOR, YemM
3,6 [8B/HyKA, BHEPrHH Bo3pacTaeT poib 2DPeKTOB BIAHMHOR NPO3PATHOCTH
A%ep, & C JIPYTOR - NOTOMY, HTO OHA SKCNEDHMBHTAJbHO H3YYaeTcA B
bpyxxefieene. Ha pHCYHKe DNYHKTHDHHMH KDHBMMM  [IOKa38HN KOHTYpH
CTAJKHBAKMHXCA AJep B CHCTEMS DaBHNX CKOPOCTeR B pasfHyHEe



C+C - p+X, 3.8 GeV/nucl. Puc.2 5""—""?‘;;'/"*9 pacnpenenenua

"nepBuYHNX" TPOTOHOB B POAK-
12ge12¢ & poX npm E;,, - 3.6

FeB/nyrn. BepxHM#s STPMXOBAS KpM-
BAR—pPACYET B PREKAN OAHOZMAKOCT-

HOA TUAPO /147
C " BTp Kpn—
BWS - DESYALTAT DACHETA B PANKAX
OrM npu %,= 5 u 10 0w ocooTmeT-
CTROHHO . Fuerorpaysa -sxcnepm—

MOHTANL HEO m’wl ARW TOR Re
peaKUMH TPKX El.b=3'35 FeB/uyxa.

B sKCNOpMMeHTAARHMX M DRCUSTMMX
CNeKTPAX BMUTOH DRARR MOSNSHHMX
(Pjap < 0,3 MB/c) un OucTpux

-
>3 l's®/c, @, ,< 4" ) mpo-

tp lab
TOHOB.

MOMCHTH BpeweH¥. CnAOEHMEe ® NTDHXOBME KDMBNE COOTBETCTBYNT YPOBHAM
MOCTOMiuON - -aepATYpd Cc maroM 40 MSB B MEOCKOCTR DEakuUNM, cBeBR -~
A 9ypa-cHepAER, CUpaBa - AA7 AApe-MRECHE. M3oTepws 40 MSB nomedens
KPeCTAKAMA. M3 pHCYHKE BMRHO, 9TO HA HAYAABHOR CTRENN peaKusm
OCYRECTBAAETCA DEMDIN BIGMMOMPOHNKHOBEHMS Axep. CHAPSA AOBOABHO GMCTpPO
pasorpesaeTcq X0 TeMIeparyp Bume 200 MsB. B AApe-MNBONM OTYETANBO
BHZHAE KONHYECRAA BOXHNE CEATRA. HA OJojee NO3BNHEAX CTagNAX npouecca
SHRYNTEABHENA YACTH CHADARA 3ATODMAENBEETCH B MNNENN, OODRsSyN OOABCTH
TEPMAINSOBAHHOTO ARPOMHOTO BEMRCTEA C ¥ = U, T = T = 160 MBB. B a1y
00AACTh MOMARAET OKOAO 60 HYXKAONOB NpH UEHTDANBNOM YASpe X oxox0 30 B
nepreprdeckon. BosHa CEATAS, PRcnpoCTpaHASCh NO CHEKTRTOPHOR O0CXACTN
AApa-MEEEHE, JOBOJLNO OUCTPO TEpSeT CBOB KONNWOCKYS Jopuy X
pacnagaercd. Ilpm 5ToM B UGHTPARAMNOM CTOAXHONENER (pmc.d) BCH
cnexraropnas oO0ZaCTh nporpesaerca A0 T > 40 MeB. B nepmfiepuecxod
CTOAKHOBEHNN OCTRETCR XOJSOMMMA KYCOX ARpe-MEESAE, XOTR ropayNf caeg
S8 HANCTANEMNM AKPOM N B ITOM CAYNEE ONASMBRETCA INASRTEARNO EMpe
OGSRCTN NEPeKPHTRA AAep - BMAGH nepexoxHoR ropavak caofi c T ~ 40 + 80
MsH. B pesyaraTe B3aNMOASECTBNA AMEp BOSHNXART KOZESKTESMNME NOTOXN
BemECTBA: B LUEHTPAIBHOM CTOAKHOBEHNN SAPO-MENEHL “DACTASCKNBACTCA" B
doka, B nepwdepHiecKkOM CTOAKHOBEHNN WACTh  BHCOXOBOSOYREEHHOIO
BAPOHROTO  BEMECTBA  [pNOOpeTAECT  NEPRCHJNKYASPAYD  COCTABANMYD
KOARZKTHBHOR CKOPOCTH (side splash). ITOT BFJERT XOpPONO NESBECTEH B
OFHOENAKOCTHOR  TNEDOXNHEMEGECKOR MOACAN NPN MENBEMX  BHEPTNAX
croxxnosenna /17
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.0 + Au, Elab=13.6 GeV/nucl.,, b= 0 Fm

N time=0.09 Fm/c

10

time=4.41 Fm/c

s



Ha puc.4 NpeACTABReHH AHANOTHUHHE PACUETH XA DEAKUWH O+Au MpH
SHEprHH 200 T9B/HYKA - MEKCHMAXBHOR XOCTYNHOR Cefvac SHEprHE, NpH
KOTOpOR BexyTca skcnepusenTd B [EPHe. EcTecTBetno, 4T0 mnpH 3ToR
SHEpPrHA 3HAUMTEABHO BO3pACTAET CTENEHb NPO3PATHOCTH AAEp H BeReCTHO
CHAPAZA TPAKTHYECKH HE CMEEHBRETCA C BENECTBOM MRNCHA. W3 CpABHEHHA C
pHC.3 BRAHO, 9TO C YBeAWYeHHeM SHEPrH GoXee CHABHO pasorpeBaeTca
CHAPAZ M TOpAYMA KAHAX B AZpDe-MHNEHH. 3aMETHM, HTO BO3CYRAEHHE
CNEKTATOPHHX O0AACTed MMEEHR Xo TeMiepa:yp =~ 100 MeB B UeHTPAAbHMX
CTOMKHOBEHMAX O+Au COTJACYETCA C  SKCHUEDHMEHTAXNBHHMM  RGHHMMY
KoARBOOpAUMM WA-80, HoyusBmeR QparmenTaumw sapa-wwmenw '8/ . Aptopu
o0pasHo CQOPMYZHDOBASH pesyabTaT cxoBamu: "TIpH SHeprik LEPHa
CEKTATOPH HMENT TAKYN X TeMneparypy, KaKk YUACTHHKH OpE SHeprHM
BepkAR". BoSMOEHO, ORHAKO, 9TO NPH CTONb BHCOKHX B3HEprufix Tpelyercs
MOXHQMKBURA MOAEAH, B YACTHOCTM, YY€T KOHEYHOCTE JJHHH QOpMHPOBAHHA
aAPOHCB . '

Ha puc.5 npeACTaBXEHH TPAEKTODHH GAPHOHHOR MBTEDHM HA MNAOCKOCTH:
OBpHOHHAA NAOTHOCTH - TEMNepaTypa B UEHTPAABHHX CTOAKHOBEHHAX O+Au
np¥ siepruax 13,6, 60 H 200 I'aB/rRYKA. MpABEZSHHNE 3HAYESHHS MAOTHOCTH
H TeMnepaTyph MOAYYEHH YCpeAHEHHeM N0 00beMy BEMECTBE CHapaRa. Uudps
Hé KDMBHX YK&3NBENT BpeMs OT HAYAAR CTOAKHOBEHMA B epMHmusx Ow/c B
CHCTEME DABHHX CKODOCTeR. TpeYTrOABHWKE, KBREPATHKH M KDYROUKH Ha
KPHBHX pDACHONOREHN Uepe3 paBHHEe MNpPOMEXYTKR BpeMeHH. M3 pHCyHKa
cAeAyeT, 4TO NpoUEeCC pacnejaeTcA HAa OHNCTDYR CTaZM® CEATHA H
CpaBHHTENbHO MeXXCHHY® cTagHp paspezenud. [IpR mnepexoze or 13,6
[eB/HYKE x 200 I'sB/Hyka MEKCHMBNBHOe CERTME Bo3pacTaeT ¢ 3 A0 Tn,,
a Temepatypa ¢ 200 zo 280 MsB. B KoHue CTEEMM DACEMDEHMA NDH nsn,
TeMiepaTypa OBpMOHHOTO BEmeCTBA NajaeT A0 3HaUeHHA okoso I20, 140
160 MBB mpE Tpex DACMOTPEHHNX SHEPrMaX CTOAKHOBEHRA. EYDMIOBKOR Ha
pHc.5 mnoKasaHa OORRCTL OXMAREMOrO (A30BOT'0 ii2PEXORA B COCTOAHEE
KBaDK-TMNOHHON N&a3MM (KIT). BHAHO, 4YTO BO BCEX CXYYASX BOSMOTHO
ZOCTMNEHHe MapaMeTPOB, HeOoUXORMMMX 224 9Toro {asoBoro mnepexois.
0zHAKO BpemA NpeUMBRHHA CHCTEMd B 3TOR OORSCTR COCTABAAET BCEro
HECKOABKO “@M/C, UTO MOXST OKASATBCA HEXOCTATOUHUM AN §ASOBOTO
nepexoz8. Bosee 8axEKBATHOR BEeNHUHMOR, XADSKTEDRIYSEER nepexox B
cocToAHe KITl, ABAAETCA MAEOTHOCTb SHEPrmM . Ha puc.6a W 60 AaA Tex
2 DeeKUWR NOKA3RHM BPEMEHHHE SABNCHMOCTE MAKCHMANBHOR NAOTHOCTH
SHEPrNMM OapuoHHOR H CpeaHeR NJIOTHOCTH SHEPIEN MNEONHOR KOMIOMEHT.
flocReaHAA pPACCUNTHBARACH NYTEM HHTETPHPOBAHNA NO BPEMEHN SHEPrNN
MHOHHOTO MSXYUEHNA H J2eNCHNA €€ HA MNCHOBCHHNR OOBSM 00SACTN,
saHuMEesif NHOHHUM OORAKOM. B 9TOR OlieHKe He YUNTMBEACH DasseT
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0 + Au, Elab= 200 GeV/nucl, b= 0
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22 Puc.5 3ponpuns pemecT-
O+Au, central collision ..° cuapasa s nponscee
300 UEHTPAALHKOIO CTOAKHO ~
BeHHA O+Au HA niockoc—
Ti, TeMnspatypa T - 6a-

PMOHHAA AACTHOCTL M.
3Hauenua T ¥ 0 ycpea -
HEHH N0 O6beMy cHapflia
B KARIWA WOMEMT BpOME-
Hu t c wauana croaxHo-
BeHUs . Kpuaue, nose-
Tpayrof ,
KBAIPATHKAMK M KPYEOM~
KaMi,0TBeYaNT SHAUEHK™
M BHEPruM CT: iKHOBO-—
s 13,6, 60 x 200
F»B/Hykn cooTBEOTCT -~
BeHHO . Lindpu Ha KpuBHX
O60BHAYADT SHAEYEHHST t
e Pu/c. NETpMXOBKOR mo-
ARRAr S RS SR | SR "I KasaHa [peRnonaraesas
061aCTL KEAPK—T ADOHHO—

average baryon den-ity, n/n, ro QasoBOTG. MepEXOKA.

MHOHROrO o00Jaka, KOTOPMR OYAET CYWECTBEHHHM HA MO3AHHX CTAEHAX
npouecca. W3 pHCYHKOB BEAHO, 4TO B NOpOUECCe pPEeAKUMH AOCTHTawTCR
SHAYEHHA ¢ > 2 TsB/Ow°, HEOOXOARMHE /A Hadada (BSOBOro Nepexoza. fpu
STOM HeoOXOJMMHE YCJOBHA IJH OOpPA30BAHHA OapHOHHO~osOrameHnof KIT
peanHsynTCA, HRYHKRR C 3HEPTHH CTOJKHOBEeHHA I0-20 I'aB/Hyka, 4TO ymE
otMeuaxoch paee’*/ . TpH AaAbHeANEM yBeJMuEHHH 3HEPLHH CTOAKHOBEHWA
BOBPACTAET NPO3PAUHOCTh AZEP, ¥ MAOTHOCTR BHEPTHH OAPMOHHNR MATEDHH
pacTeT oyeHb MeXSEHHO. HANpOTHB, [JOTHOCTL 3HEPrMM, 3aKANYEHHOA B
NROHHOM O0X2Ke, OMCTPO PRCTET C 3HEpPrHed, H MpH 3HeprEm 60 I'sB/HYyRA
yE© nNpeBMEAET KDHTHYECKOE 3HAYeHHe AAf  OODPA30BAHEA  OADMOHHO-
HeATpaABHOR KIT, & npm 200 TsB/Wyxx JXocturaer 8 TobB/&a’. Ima
RadbHeMWEro pemeHMf Bompoce O BO3MOEHMOCTA $aS0BOro NEpeXoxd TpedyeTcsd
ABHOE BKANYEHME B pDACCMOTDEHNE KBAPK-TAROHHOR Qa3 C OOASATEAbHUM
yieTou sjfeKTOR 38MaSAMBRHNA’Y R passeTa MHOHHOTO OOSEKS.

Mosmo BpeMeHHOR @KAXM NPOLUECCA OYEHB CYMECTBEHMEM sBRRETCA
o0beM OORACTH C BHCOKOR NJAOTHOCTBE 3SHEPrME. MM RPOAHAXNSNPOBAAN
NPOCTPAHCTBEHHOE pacnpeAemeHMe OapPMOHHOA NXOTHOCTE 2Hepr¥Em npe Tpex
SHAYCHNAX HavaabHOR axeprmm: I13,6; 60 ¥ 200 IsB/RyxA. Jaa xaxiof
SHEPTrEA OMAM BMOD&HM MOMEHTH BDEMEHH, OTBEYODENE TOUNAM NIOBOpOTA HE
$a30Bix TpaextopuAx (pmc.S). fpm sHeprud 13,6 TaB/Hyxa MAKCNMAXBHOE
sHaveHMe ¢ eABA XOCTNraeT SHadeiia 2 TaB/Ow, NpEY&N B 9TO COCTOAHNE
ONAARET BCETO OKOMO 3 HYRAOHOB, B COCTOSMWE C ¢ > 1 I'sB/@w’ NONAARET
NpEMEPHO 20 HykXOHOB. Tipm 3HeprAm 60 [3B/HyxA 2T 4UMCAR paBHK
coOTBeTCTBEHHO 7 H 30, & NpH 200 I'sB/NyxaA - I3 ¥ 26. [pr aHeprmax 60
[] 200 T9B/HYRX BERECTBO cHapaza NpaKTHIECKH He

o~

average temperature, MeV
8

o

a1



0+Au, central collision
.18 a

[ ]

: e g i
time in equal velocity frame, Fm/c
0+Au, central collision

>

o] pion source

6

Energy density, GeV/Fm#**3

Energy density, GeV/Fm**3

time in equal velocity frame, Fm/c

Puc.6 Te OT B[ AWHMX - CON P "
CPORHMX —~ WTPMXOBAR (MO OOWANY BONSCTEA OHAPAAR) SHAYGHMR RAOT-
HOOTOR SHODrNM £ Oapuonos (8) # CPSAHMX BHRUGHHA MRAOTHOCTER
awepruk fNuchuoro osaaxe (0) » ueHTpamwuux oToAKHOBSHMAX O4+Au npu
sHepruM CTOAKHOBEMNN 13,6 (xpMsMe noNeYeHW Tpeyronshmxawnl), 60
(wpazparuxanu} u 200 FeB/uykn (wpyzouxamm). ludpu ua (a) yrasu-
BADT YHOAO HYKAOHOE B obaacTax c £ > 2laB/éu™ .

S8CTpEBRET B MANEHN H HACADARETCA WHTEDeCHNR 3@PexT - HaiWuWe BHCOKRHX

MAOTHOCTER SHEPrMH B CHEpAEe, COOTBETCTBEHHO BuWe 2 H 2.5 Fab/ad,
NpH CPABHNTEXLHO HESKOR NAOTHOCTE 3HEPrMN B MMBOHN (COOTBETCTBEHHO
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1,5-2,0 ¥ 1,0 I'sB/&’). 3To CBA3AHO C TeM,9TO CPABHHTENBHO HECOMBNOR
CHApAX MorjowaeT 38 CYET TPEHHUA TY Xe BHEPrHM BO3CYEAEHHA, 4TO H
ropaszo 0ofiee MpOTAXKGHHAA OCJACTh SAPR-MHAMEHH, MO KOTOPOR OH fpomes
(9d@eKT "CTHIKK", KOTODHA BNepsue oOcyxmaicA B pacore’'2/),

Pa3BHTa? MoJeMb MO3BOJAET MPOBECTH pACYET HHKJN3KBHHX H
SKCKJD3HEHHX XAPAKTEDHCTHK BTODHUHHX 9acThil. B KadyecTee npUvepa MH
NPHBOAHM 3JeCh pe3yNbTAT pacyeTa OHCTDOTHHX DACpele]eHHR MeAJeHHHX
HYKJIOHOB M JIETKHX AJEPHHX (PArMEeHTOB, BHJETANNAX NOJA CONBUHMH YTJAMH .
3TH pacnpeaefieNHsa OHJM M3mepelin B UEPHe KoanaGopauwef WA-80 c nomombi
naactHkosoro mape’ 1%/ . Kek caeyeT H2 Hamero 8HAJM3A, BSTH YACTHUN
MPOMCXOAAT H3 CMEKTATOPHHX OCJACTeRA AXpa-MAMEHH. WX pacnpeXeneHHe
XapaKTepH3yeT SPPEKTHBHOCTL Mepeladd BHEPTHH M HMIYJAbCE CHapala
BEEGCTBY AZpa-MABEHH. Ha pHC.7a ® 70 MpHBEJeHH  pacyeTHue
pacnpeledeHHf aN/dy B DeaKUHH O+Au MK BHepruax 60 u 200 I'aB/Hyka , &
TRKXS COOTBETCTBYWEWE SKCNEDHMEHTANbHNE AaHHMe M3 pacory '8/ . Pacuer
NpoBeReH C YYeTOM 3KCMEepHMEHTaJbHOTO KDHTEDHA OT0opa LEHTPaJbHHX
COOHTHR (20% coCHTHA c HaWSosp@ed nonepevHodl sHeprueit). JTM xopomo
80CNDOM3BOANT SKCMEPAMEHTAXbHHE JAHHHE NO “CHOCY" AXpa-MuueHH. K
COXAJIEHHI, BKCMEDHMEHT OrpaHHYeH MAJHMH 3HAYEHHAMM y, MIPDH KOTODHX eme
He TMpPOABAASTCA MAKCHMYM B ONCTDOTHOM pacfipeliefcHnM. [0 HeMy MoXHO
OHNO OH OoJee HaXeXHO CYAHTE O CTENEHH YBJEYEHHA CHApAXOM fxpa-
MMIEHH. HO y®e H3 3THX XaHHHK BHAHO, YTO CHOC AApa-MMEEHM, no KpafHed
Mepe, NpH 3Heprud 200 [3B/HyKA 3HAYHTEABHO MEHbE, YeM NpelCKasHBAeT
ONHOXHIKOCTHAR CHAPOAHHAMUIECKAR sozens’ % (puc.7). aro
CBHJETENbCTBYET 0 3HAYHTEJbHOR Npo3pavHOCTH AZED.

4. 3AKABYEHME

B ZXaHHOR pafoTe pAB3BHTA HOBAA  BEPCHA  ABYXXHAKOCTHOM
THIDOJMHAMAYECKOR MOJeXH, B KOTODOA HApAJYy CO B3AHMHHM TOPMOESHHEM
MOTOKOB YYHTHBACTCA MHOHHOE H3JYdYeHHe. [0 CpABHEHHD € pACcYETAMH
ZDYTHX aBTOPOB HAE MOAXOA NPHBOAMT K OOJee BHCOXOR TOPMO3BHOA
CMOCOCHOCTH ANEPHOrO BEMECTBA, YTO COIJIACYETCH C HOBHMH BKCMEpPHMEH—
TAJbHEMHY JZAHHMMH MO CTOAKHOBEHHAM YJALTPAPEJAATHBHCTCKMX AZKEp.

JnA ONHCAHKA CTOJKHOBEHHR YJABTPAPENATHBHCTCKHX fAZep nNpoeeReHo
QHCJeHHOE pemleHHe YpaBHeHHRA ATM B TpexuepHOR reoMeTprH. Ha mnpRAMEpe
pEBKUHH O+Au TpH 3Heprmax I3,6, 60 H 200 TI3aB/HyKn HcchaepoBaHa
npocTpaHCTBEHHO-BpeMeHHad KapTHHA npouecca M CBOACTBA 00pa3yRREroCH
BHCOKOBO3OYRACHHOI'0 QAPOHHOCO BEWECTBA. PAacYeTH NOKas3adH, 4YTO NpH
sHepruM 13,6 T[9B/HYKA B  LEHTPAJBHHX CTOAKHOBEHHAX NPOHCXORHT
OCBLEHHEHHE (B3AHMHAR OCTRHOBKA) 3HAYHTENBHOR dYaCTH AXpa-cHApAAA H
COOTRETCTAYRNSR OONACTH AApA-MHEEHH. [pH STOM JOCTHCANTCA SHAYEHHA
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w0 O+Au 60 GeV/nucl O+Au 200 GeV/nucl

central collision central collision
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Puc.7 BucTpoTHHe paclipefnefneHus G6apuoHOP B UOHTPRIAbHHX CTOAKHOBE-
uuAx O+Au npu E, .= 60 TeB/uykn {(a) u 200 MsB/uyka (6). Cnaow-
HHO KpUBHE =" "pacvyeT B pawxax AM'M, wTpPMxXoBhE — pacueT Mo o4~

THOR THAPO lonenu{}?;, 3apTpUXOBAHHAR 06~

MBCTL — BKCMOp TallbHHe pasoT .
MJIOTHOCTH BHEPrHH YyTh BlEE 2 [3B/0", HEOOROAMMOTO LIR 00pa30BaHKA

KTTl. NpR sHepruAx 60 U 200 TaB/HYKR OGARCTD B3ANMACR OCTRHOBKM
MPaKTHYECKW He BOBHAKAET, AAPO-CHADAZ BOBCYWNAETCA 3HAUATENLHO
CHIbHEE , YeM ropaYas S0HA AApPa-MHDEHH.

lipw yBeAWYeHH® DBHEPIHH CTOJKHOBEHHA OHCTPO HApacTaeT 4YHCHO
o6pasynmRXcAd NHOHOB. [IpH BHepruAx 60 # ocofenwo 200 [aB/Hyka
MAOTHOCT BHEPrHH B NHOHHOM OGJAKe CTAHOBHTCA JOCTATOUHOR 1as
nepexoza B cocTosHme KITl. OAHAKO BpeMA XH3IHH COCTORHHA C BHCOKOR
NJIOTHOCTBY SHEPrHM oOYeHb Maxo (N0 KpamyeR wepe 1AXa  CapHOHHOR
MOACHCTEMH), nopalka I &N/C. BoamoXHOCTh (@30BOro nNepexolia B TaKHX
YCTOBHAX ABAAETCA MpOCAEMATHIHOR M TpedyeT CMEUHANBHOTO HCCAeROBAHHA.
Ho aage ecan TepwoaRHaMHIeCKE-DaBHOBECHOe OMHCaHAe 3TOrQ (aseBaro
mepexoAs HeBO3MOXHO, B HaHGoJee NJIOTHOR @$A3E JOXRHO MPOHCXOAHTH
"pa3pymeHde™ aipoHoB H XOTH OH 4YacTHYHOe OCOCNECTBJEHHE KBApPKOB
(cMemaHHAA (e3a). OTH SBAGHHA MOTYT CONPOBOREATHCA CREUHBHUECKHMH
CHCHAMAMH, KOTOPHE He BOZHMKANT B YHCTO aAponHoRt dase.

HaM®  OuAR  npoBefeNN  pacYeTH  TJOCAABHHX  X8PAKTEPHCTHK
pacnpelieeH#f BTOPHIHNX UACTML, KOTopHe JAOMYCKAKT CpasHelHe C
HMEORAMUCA SKCMEDAMEHTATbHNMY JXaHHHMH. [IpeACKASEHHA MOJACNH HenJIoxo
COrMAcCYNTCS ¢ SKCREepHMEHTANBHHMH AAHHNMH. 3TO MO3BOARET HAAEATDHCA,
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YTO OH@ KAYECTBEHHO NPABHABHO BOCTPOHIBOAHT KADTHHY CTOJKHOBEHHA
YAbTPRPENATHBACTCKEX AAEP.

HauGosee BAXHMMH 38JAUAMH, KOTOpNE NPENCTOHT PEDHTL B OYRYEOM,
Mi CUATAEM: ABHOE BKJNUEHHE B DACCMOTDEHHE KBADK-TJMWOHHOR (QasH,
IHHAMHYECKOE ONHCAHHE NHOHHOR EHAKOCTH H BBEfEHHE KOHEYHOro BPEMeHH
QOPMHPOBAHMA 8APOHOB .

B 3aKmpuomne ABTOPH  BHpemamT OJerodapHocth  C.T.Beadesy,
D.5.MBatoBy ¥ B.J.ToHeeBy sa NoJesHMe OOCYREEHHR H HHTepec K padoTe.
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CMETAHHAA TA3A KX MATEPHA B PEXATHBUCTCHHX
SUEPHHX COYJAPEHMAX
M.H.T'opesmrey

Hicrnryr Teopernveckot duawkn AH YCCP, Kues

¥ayvene ypaBHGHHR COCTOAHHA CHALHOB32HMONEeACTBYRmeR MATeDHH AB-
AMSTCR OnvM H3 BAXHOMEBHX HANMPABNOHHIR B IXCISDUMEHTOALHHX HCCAENOBA-
HMAX PENATHMBHCTCHMX COYAAPOHMt TAMONHX HOHOB. (OcoSHM MHTEPEC BHOHBA—
DT corogHa nMpotuema QOPMNPOBAHNA KBAPK~INDOHHOR MNASMH M AHANH3 €8
BOSMORHNX IRCUODHMEHTANLHHX cxruaxon (cu,, wampuwep,’V/ ). Tpymwoers
O0HADYREHHA TAXMX CHIHAXOB COCTOMT B TOM, YTO XBADK-TADOHHAA NAA3MA
3AHKMAAT CNHDXOM MANYD OGNACTE NMpOCTPAHCTBA-BpeMSHK (ecXR BooGme dop-
Mapyerca) naxe IpH MAKCMMARGHX sHepriax LEPH E. /A = 200 T'aB/nywn,
N 86 BENSAH B DASXNGHHG HAGAXNDASMME HE YNASTCH, N&X NPASNIO, BHRGAHTD
Ha fone Bxxasios or mcelt nocaenyomeR spompmuM. C qpyroR CTOPOHM ,Cyme-
CTBYOT COPbASHNG API'YMSHTH P MOXb3Y TOro, UTO NeXOHPAMHMEHT ABAAETCA
desomas mepexogos I-ro poga ¢ GomsmoR mexmannoR (a2 I'eB/fw”) "oxpu-
roft TennoTH". B sTOM CNyUAS [OARHA CYNECTBOBATD CMOWAHHAR KBADK-81-
poxnan ¢asa, NPOCTPAHCTBOHHAA OOERCTD K BDPOMA CYMECTBOBAHMA XxOTOpOR
B POAATMBNCYCKNX AOPHEX YASPOHKAX MOryT OHT: yme NOCTATOUHO GOALIMMH.
Ten casad CTAHOBNTCA nt,ncmmm HSYWSHW® CNI'HANOP XBAPKOBOR KOMIO-
HEHTN CMOEAHHOR qnau/ 2 , & raxme cnermmdwueckmx npoasxexnft casoro da-
30BOr'0 Depexons.

Lext HacTOmmero moxxama - oGCYANTh BOSMOXHOCTH (OPMNDOBAHWA K
BRCNOPAMSHTANLHOTO MAYWSHNA cMamaHHOR fasu KX uaTepMn » PEXNTUBHCT-
CNNX AEODHUX COYAGPSHMAX Npi MPOMEXYTOWHuX SHOprusx I I'sB/mymx &

Eno £ 10 I'sB/nyxa. Hwsimio p Taxol o6ASCTN SHODIMR [ASHKDYRTCH
ONCMOPHMBHTE C TANONWAMM NOHAMN HA NYCHSHCXOM NyRXOTpORe B OXimaimue
romM.

B neppou passexe IORZSNA DACCMATDMBSSTCA (JASOBSA INAIDAMMA CHAL-
HOB3AMMONSHCTBYONOR MATODNX, & BO BTOPOM  UPONCTABRSHM DE3yALTATH -
BUHCAOHKR yRaDHHX SANAGAT CEATNA B DOAATHENOTCRNX MIODHHX coynape-

416



Huax/y . B Tpersem pasmene OGCYRRANTCA BO3MOXHHE OKCIIEPUMEHTANbHHE
CHPHasH cMeumaHHOR dasu.

I. YpapHeHWe COCTOSAHWA ANEpHOR Marepuu u dasopuh nepexon
BHO! HTR

B penmunuc'r%?n TEODMK CPERHero Mojs, Koropad GepeT cCBOe HAUAJO
¢ patoru Bameurn ‘7', paauNonelcTBHE HYKJOHOB OMMCHBAETCS C MOMOMLID
CK&JIApHOro ‘f W BEHTOPHOIO 74 nonelt. reHw 6apHOH-ME3OHHOrO B3a-
HMOLefiCTBHA B JarpaHmMaHe MMEDT BHI s'f"‘f’ H ;, Y’f"‘/’ Upe .
Ira onHopomHOf M paBHOBeCHON ANEPHO MATEDHUM ME3OHHHEe NONS CUMTANTCSH
nocTosHHuNK Knaccuueckim peanursami ( (A =0), uucnemrme sHauenns ko-
TOPHX ONPELeNSAMTCA W3 CUCTeMH ypaBHeHult. BsaumonelicTBM® CO CHAJIADHHM
nojem onucwsaeT 3fdeKTH MPUTAXGHHA W OTBEYAGT CHBUI'Y MACCH HYKIOHA
MM = M-, ¥( M- macca uyxioHa 5 pakyywe), a saaumoneficT-
BHE C BEKTOPHHM [10JIeM ONUCHBAET HYHNIOH-HYKJIOHHO® OTTAJNKWBEHHE W MEHA-
er oHeprmm Hykrowa Ha pemuauny [, = U, (~ & ina anruuyxiona). B mpo-
creftmemM cayuas 7'’ B NMOXHOM JArDAHXMAHE KPOME JTHX WIGHOB B3AKMO-
BeHcTBUA CONepRaTCA TONLKO CBOSONHWE yacTk monei ‘f' , V4 . ™. B 6o~
Jlee CNOXHHX BAPUSHTAX TEOpUM MOJAA  YuMTHBasTCA Mx camonefcrede (cM.,
Hanpuuep{s'w ).

AHanna noxaswBaeT, Yro B NPUCAMXEHMM CPSAHErO MOJA IR NarpaHMH-
aHa ofmero BHIA TepMONUHAMHMYECKHE BEeJMUMHH - IUIOTHOCTb GapHOHHOrO
uncaa A, , LABAeHKe P ¥ TVIOTHOCTb SHEPrMM § - MOPYT OHTL NpEACTABNE-
HJ Hak PyHKOWM TeMnepaTypH ¥ xumuueckoro (SapuoHHOro) nOTeHIMana
M crenyoaqum oSpasom ( X - YHCNO CHMH~M30CHUHOBHX COCTOAHMl HYKJIO-
He, paBHOe 4 HIA cMMeTpHuHON AnepHOR marepuu):

n(Tu)= (%r), SJ’K(U- ") : (D

P(T)L):‘a—(%_fs("l—z;-—ffﬁ:% (n*+ n‘) + M)+ Fitn) @

§(T )= (ZLTP SJsK(mMu)&(mn n)+nl - P(M’j-.?(qa)

+ -
rae L ( b)) ~ dyumupn pacnpeseneHns wicna HyKNOHOB (BHTHHYKNOHOB)

T, - L
(K T, )= exp[if‘*”‘")"‘ M t“‘”] +1 v
- .
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3asucimocts M¥ or T7, AL onpenensercA YCROBMEN SKCTDEMANLHOCTH TED~
MONMHANMHUYSCKOrO TOTeHIMANS {MakcHMyM Asmnewms)

(-SSWP*)"M = 0. (5)

Ws (I) u (4) crenyeT, uTo MMMyABCHOE DACNPEIONEHHE HYKAOHOB {aH-
THHYKJIOHOB) HMEET BHZ PRCTDERENeHH WOSATLHOI'O T'a3a KBRIHGRCTHL, C
waccot M* o "pnemmen” mone WM - U) gxa AHTHHYKNOHOB) . Ouens
cymecTBeHHO, omHako, uro B (2) u (3) posHMXewT RomomHmTenLHMEe crarae-
MHe, CBARAHHNE C NABAGHWEM H BHeprwefl camkx GO30HHHX noxeil.

MoxHo roxasaTh, YTO B NMONXONE CPOZHEro NOAR ABTOMATHUECKM BOSHH-

KaeT CBASb MERLY .afn)u Uin) n

An)=nh Uin) - Sa/n’a(ny , )
o

XOTOpAR MpercTaBAfeT cofofl ycnosse TOIMORKHAMWUECKON COBMECTHOCTH
(ypasnenwe Tuna (6) xax crefcTBME TOPMOXHHAMMUECKON COPMBCTHOCTH G-
70 BOEPBHE MOAYUEHO B ).

Qopuyau (I-6) onpemexspT KAGCC TEPMONHHAMHUOCKH CAMOCOIAACOBAH-
HHX YpPABHEHMl COCTOAHWA ANepHOR Marepus. HOHKpETHAA Mopens M3 ITOro
Knacea {mrcupyerca sagammed dymami (L (R) u ?( M') (B Teophu
CPefHero MoxAa 3TH QyHKUMM ONHOIHAYHO HAXOLA™ I M3 FBHOrO BHOA HYKJIOH-
ME30HHOrO narpammuana). Ypassemswe (5) momer Outb ¢ yweron (6) nepemn-
caHo p puue

dP)_ o (A (nten)
AT =T @FP IRk : n
Pacesarpupas (1-6) kak deHoMeHoJurHuecxoe oSOCHMEHWE TEOPUH Cpem-
Hero NOAR, MH CTANKMBAEMCA NpETe BCErc C BOMpOCOM O XapakTepe OSmMX
guonueckux orpanueruht v sun qyuxm (L(h) v P(M*%). s repuonu-
HAMHYECKHX TORGECTB OUGBMZHO, WTO INOTHOCTh GAPHOHHOID YMCAa ANDEHA
OuTh HeweTHo# dyurtmeR M . 3To BegeT R PABAHCTBY

U(-) = - tin), @

s yesopns npuuMHHOCTH Cfg I ( C; - cropocts 3Byka) nomydaem orpa-
HHYSHHA HE CROPOCTh POCTE (yHEIMM

Un) ~ n®, act. (9)
n=-» 0O

4
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PaccmoTpiM Tenepk OrpaHHyeHHA He QyHKLpm .p(M*), NpEnC™28HD 66 B BH=

fe
x
S PM) = % i (M-M) (10
K20

U3 ecrecrmennoro dusuueckoro Tpedosamua Dm0, M*‘—)M me T 0,
,u-"’o ¢ nomogep (2) u (7) naxonum, uro oo w d =0, a anax peanunHu
M*~M mpu  M* > M omperennercs anakon kosddumenta oy .

[[pumepeHHWe SO YCMOBHH HOCHAN copepumeHHo ofmuR xapakrep. fomoa-
HUTEnbHYe orpaHMvenna Ha pug, dyerapn (L(A)n P (m* caenyeT M3
Tpetobanns, wrobu Moneab (I-6) wocmponasonuna ceoficTBa HOpNANLHOR
RﬂepHOﬂ MATEPHH, KOTODME M3IBECTHH IKCICPHMEHTANIBLHO HI CaMoro @KTE
CYMEeCTBOBAHUA ATONMHHX RNEP. A WMMEHHO, TpPeGyeTcA, UTOGH NMpPU HODMAXBLHON
anepHoft morkoetd U = Mo n T' =0 (Mu Mcnomsayem nasee M,=0,I7dn™
SyHrmA W(n)‘?- g/’l.)r.; M umera vumgym (7.0, P = Po=0),
3HAUEHHe B KOTODOM D&BHO Mn,)- - 16 MaB. Eme onvuM uMCXOHIMM NApDaME-
TPOM AJA HOpManbHOR AREpHOR MaTEPHH ABRAETCHA KOS(IMIHEOHT CRHMAEMOCTH

X = 9n? J‘W(n)/
dn?*  In=n, ’

UMC/IEHHOE 3HEYEMMe KOTOpOro HaxomWrcs B npemesax (200 # 300) MeB.

[loxaxen ceffuac, YTO WHOTME MSPECTHHS B AHTEDATYP® MOIGAH CRO7AT-
A K uacrHoMy meopy yemmt  ({(n) u P(M%)s (1-6).

A) MMpocTeflmift AGrpaHEMAH HYKACH-MEBOHHOTO BIGMMOREACTEMA B MO-
lenr Baneuxwu 74,5/ COOTBOTCTRYOT

Un) = Con , .?(M*) = -2—4(.: (M- M*),l n

Hamuume nayx napamsrpor C: , C: NO3BOXNST NOXYUNTL TPOCYMS UNCAOH—
HU® SHAGSHMA BORNWNH N, , Wit). lapmerp FC » aroft Momean oxasu-
sesrca cxmuxou Gomsmmu (J{ 540 MoB. HegocTaTroM MOneN ABAMeTCA
TANRS, NMO-BAANMONY, CRHEXOM MAXCS 3HAUSHNS B HOpMaRbHOR smepuoR
sMaTepus.
B) Odofmexms momeAs Bameuyxs m pafioTax A TOMOEBD BXADUSHMA
unenos camogefiersua ¥ u \PY cranmproro nona oxmesexenTHo yuery
ABYX Aono.u?renb:m ua;uon fea::t(neﬂn: p (I0). Torpa mueercs weTHDE
napameTpa , = , 3, oly, KOTOpH® Moryr Owrb ONpeneRe-
HH 38JaHNGM :ncaem-mx 91-{;,22‘“! pemume Mo, Wino), X » M‘(h'h.,m
C) B Hepasueft paSoTs JumaHm K Ip./ v paccMaTpHBRNach MOReAb C
Mis M (u, cremosaTeaALHO, ?(M‘)z 0O ), Ho c Gonee CEOMHHM
nosenennen (L {(1):
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Uin) = Ytn) - X(n), (12)

e Y(h.) =Cvl h.s X (n),onpegensence us pemenun ypasweuna X+
+ ezx 3=rL , onucupaeT adfexrs nguﬂmeﬂua. Momenb COuErHT TaxKMM 06—
pasom Tpi napamerps (. , at , €% , uTo nmeT BOIMOXHOCTH MOMYuHTH
TpeSyeMwe aHBUEHMA BenMuMH Mo , W(nc), . .

1) Ina gymemn W({n) #sBecTHN deHOMOHOZOTUUBCKHE NOJFOHKM

2
n'np
\Nl(h-) = %’. LTL-n_o)
. _]—(—-z (h-h, 2 (13)
W= TRE

Henoaways (I3), MomHO MpeacTapdTh NMPOCTEfNee YPABHEHHE COCTOSHUA HyK-
JIOHHOR MATepuM, KOTOPOE YACTO HCMOAL3YETCH B I'MIPONMHAMHMECKMX PAC-

veraXx B BUIe
£ = Mn+§n7’+ n Win), (14)

Mlepewe nBa caaraeuux B (I4) noayusprcs B MPHOTHMEHHH HEPENHTHEHCTCHON
GONbLMAHOBCKOR CTATHCTHKM MIEANLHOTO rasa HYKAOHOB, & TPeTLE  ONWUCH-
BAST 3HEDPHD CXATUS XONOLHOW sIEPHOR Matepud. B pasore’9’ paccmarpu-~
B&AOCH DEARTHAHCTCX0e (epMM-pacnpeneneHye HYKNOHOB, UTO MOSBEONUNIO
yuecTs BEnay PepMM-IEMREHMA B ILIOTHOCTh sHeprwu. Amrops pasor’ 19/
OTMOTHAW HeOOXORMMOCTH CODAAcOBATH BHGOD MOTEHUHaza (h-) B HMITyAbLC-
HOM (JepMU-pacnpefeseHuK HywIoHos ¢ BrioM Gymiumn W/ (M) (I3). Mopxon,
HenonbaopanHut » / 19/, oxasupaeTeA, ONHAKO, TOPMOAMHAMHUECKHM Hecorya-
copanHuM, Tax xax B opMymax tene (I), (3) (pacemarpusancs cayualt
M= M ) e yuurusanca sreran - P (h) .

fps T= O e (3) Haxomum

Un) = M +wn) + n;i'_th&'-J_ [M*1+(%Hn)z’3]4_/2(15,

Ecan M*=M, 1o (I5) paer mckomyn csasb wemny U(n) u W) .

Ecan xe sanaHa ¢ywroma ?(M*) # O , TO HPOOBXONMMO YUMTHBATB, YTO

M* 5 (I5) sapucur or iU n or euna dynxpn UlL) 1o gomiyne (7).
PaccMoTpeHHMe Bume NDUMEDH YPABHGHHMA COCTOAHHA HODNHDYDTCA HA
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omHK n Te me BeMMuMHH N, M W(Mo). TepMonuHamuueckue QyHKUMB B 2THX
MOReNAX OTIHYANTCH ORHAKO,ADPYT OT APYra NPH HOHEYHHX T u AL+ Ho.
Nonyuenne cpeneHuR o6 YpaBHEHHH COCTOAHNA ANEPHON MATELHH ABAAeTCH °
OnHOM M3 PaxHelmMX 387AY JIHCNEPUMEHTANLHHX WCCefOBAHHH 10 pensTHBn-
CTCHUM CCYLAPEHWSM THREJHX WoHOB. JinA nocrpoenns fasopo#t guarpammu
cuabHoB3aUMOfeficTBynme ! MaTepul MH PACCMOTPMM omMcaHHMe anpoHHOR fasu
C roMombo %oﬁei'[ze/n Baneuky (n/og./oﬁnue pacueTH MPOBORWIMCh paHee
B patorax ' * ') w 3umaHM M 1p. (ons xparkocTd, genee momenu A
u C). B repmoguuamnyeckue dynxumn (I-3) wu QoGapuM TOXbKO BKAALM
WIeanbHOTO PeNATHBMCTCKOTO 60ae-rass § -MeaoHoB, NMpeHeSperss Bia-
JaMH GapUOHHEX M MeSOHHHX peaoHaHcoB. Mogenu A 4 C npemcrasnsmoT co-
Goft nBa NpefesbHHX Cayuas B criocofe yueTa NDUTSMSHHMA MEXLY HyHJIOHa-
MH: B MOJeNH A MPUTSARMEHHE OIMCHBASTCH TOJBKO 32 CUeT YMEHBUIEHHA MAC-
e M* HyKJIOHa B smepHofl cpefe, 8 Mogeau C BBOOUTCA NMOTEHUMAN MpPH-
ramerna 8 U(n) u mpu aron ME= M.

Jlnsi OnNMCAHWA KBADK-TMOCHHOR $A3H MH UCTOAb3YEM YPABHEHWE COCTOS-
HUA Mogzenu memkoB c SeamaccobuMu (Lo —kxBapramu

PUTH) = 3EF T Lt Ty Ay 1B
& (T = 3P (Tm) + 4B (e
Mo (TR = 34 (TH gha p2)

rge BaKyyMHOR [BBJEHHE B npuMeM pasHuM (235 MaB)4,

®azoenft nepexos I-ro posa Mexny ARPOHHON M KBEPK~IINOHHOK MaTe-
pHe#t npoucxonuT Ha kpusoRt B T- - MINOCKOCTH, ONPERENAeMOl U3 KPHTEpHA
n66ea ypasheHuem (cM. pue.I)

RUT, pe) = R (T, M) am

Kaxgot Toune ’T:-_ ’ /uc Ha DTOR KPUBOW OTBEUYAET NHORECTBO COCTOAHKR
(cmece §a3), gnR KOTOpHX TEpPMOZHMHAEMAUECKUE Gy HRUpH

€ = 8,(T,u)8 + 8T u) (1-8)
Ro= g (T M) 8 + M (T, i) (4-6)

(18)
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napaNeTpU3ynTcs BeJIMUHHOR g = OTHOCHTEJBLHOft A0neft KBAPHOBOft KOMMO-
nersrs (0 ¢ 0 & I) muyrpn cwemanxoft dasu.

I'aB ,w

2

1,5

1

0,5

5;3 100 150 200 MaB
Pac.]l. Kpupas §830BOTO Depexofls MEKNy SNPOREOR A KBADK-

rngonxo uaé'epnen B - AL BROCROCTH AR MORe-
nel ¥ C.

II. Ynapuwe BONHN CXATH B _PEAATHBHCTCKMX fnepHWX COYIADSHWAX

LieHTpansHe® COYRAPEeHUA TAKONHX ATOMHEX ANED MH DACCMOTPUM B ITpH~
GnumeHHM ONHOMEPHOR yAaapHOft BOMHH CMATHA 12,13, . Takag rapThuHa A+A
coynapeHult MoxeT ONTb, NMO~BHIWMOMY, GXIM3aKa K DeanbHOCTH NPY HE OUeHL
Gombumx Hauambit oHeprusx By £ 10 I'sB/wyxn. B pesynbrate mpoxo~
®ASHHA BONH CRATHA NPH CTONKHOBEHWM ATOMHHX ARED HOPMHADYETCA INIOTHAR
HArpeTaf MaTepus,TePMORMHAMHUECKHE NApAMETPH HOTOPOM CBABAHH ypaBHEe~-
HHEeM ymapHol agMasaTw

2_ 2 (BHPI(E+P)
h. - {1 (§°'+P)—(E°f—‘&)' » (Ig)
e BeANYMHH Mo , 8° = h/{n.,)no + M., Po= 0O coorsercTByRT HOp—

MaJIbHON AnepHoft MaTepuy ¥ OMpemensdT LHTp YRapHoft agxadaTh. HoHkper-
Hefd TOUKR Ha ynapHol agmatate (I9) durcupyeTca coorTHomenMeM

Ener _ (E+RI(E+P) _
A = M[Z(E*P) 5P, 1] (=0
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YnapHue aaWadaTd cmatma gas ypasseHuR A u C noxasawu B 7'—n, oRoc-
KOCTH HAa DpEC.Z2 W 3, OTMOTMM, WTO OUNACTD CMeBAHHON dasW oTPeyaeT
HHTEpBAXY SHOLTMR E, (/A= (2.3 ¢ 4.4) I'aB/kynmn B womean A w E

nag/A=
(3 + 6.5) I'sB/nyxa. » moneam C.

n
rand 15 Iy
x 1073

101 Puc.2

l'r!

50 100 150 200 MaB :
Yuepras ensadara czaras OAIBIJII ¢ uentTpow B rouxe O nas
Monexs A. Ay - TOUNa BXOZA B CMemesRyD Jeay, By - roura
BXON& B KXBAPK-TADOHRYD DAASMY.
Tapd n
x 1073

Prec.3
15

10

5y j 150 200 MaB
To ®me, YT0 m Ha pNC.2, O IAR MOXeXE C.

CrempraxbHufl NHTepec MpeACTAREmET HCCAGROBAHNE yeroumBocTH yARp-
HMX BOAH. BOMpocH TepMONHHAMMUECKOR M MEXAHNGYECKOR YCTORUNBOCTN peXs-
TMBMCTCNNX YRSPHX BONH PACCMATPMPAXNCE D Hogamiwx padorax /14-16/
HanGoxee npocTo xpurepMR ycTORUNBOCTH ynapHoR BONHM MomeT Owrb cfop-
uyxupopant AR yiapHoR sgmetatu » repumax fymxmm P = P(x)  ,rge
Xx=(§ fp)/n‘ . ¥naprmuR mepexon cmatus (paspexemms) (X, % )-»(x, p)
ABRASTCR yOTOMUNBUM, ecHM wa ovpeawe memny Xom X  BCe 10 Xpi-
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Boft P(X) xemar muse (sume) cerymeR,npoxossmeit uepes Touxu (Xo, Po)
m (X, P) . Ha prc.4 norasanu ygepuwe anuabams P (X ) nns woneactt
A u C. Us pec.4 B¥mHO, uTo B Momexu C BCe ynapHNe MEPEXONH CRATHA
ABAAOTCA YCTONUMENMH, TOPAA XaK B MOAEAH A HOYCTOMUHBIMA ABNADTCA Ne=
PEXOAH BO BCE COCTOAHHR BHYTPH CMEmAHHOl dasH W B WaACTB COCTOSHHR
xBapxoBoft dasu.

a3 I Trap?

Puc.4. Ynepnue anmaars cxares
OABL nna Io.ugnel AuCop x-p
OepeMenNIX. JAGpHNEe NepeXOnH Ha
g:gg::x ArB1E spnaprca neycroht-

x 102 Tep~2

I11. Carnemy oessunoR asy
Boxzmoe uncxo pafor NOCBARSRO OGCYRISRND DOSMOEMUI CEIMAROD

KBADX-TENOBMOR DNG3MY B DORSTEBECTCKAX AXEPENX COYRAGpeNESX. 3N Xe
SRCUOPEMEHTANLHUE CEINAXN MOREO OEREATL N HPR §ODMNDOBANES chxemannoft
$asy, coxepuane] XPapK-I'IDOREYD KOMIORGHTY C NADAMOTDAME, IDENARIOER-
mmsa xpenoft Jasovoro nepexoxs (17). Ormersw » srofk cBA3E Opomeccw
SENOCNN XOITORNLX DSpP 8§ $OTONON,XOTODNS ASDT ENJODMAIINDG XK O TeMne-
PATYDS, TAK N O NBAPE~AXPONNOM COOYSD® E3Xyuakmel MaTEDAN, B ABAADTCA
DOSTOMY WYRCTBXTONLENME X fOpMEpOBansn omemannof Jasw %, HapaRy ¢
STIM EMEETCA DAX cneUBNHecENY afdexToR DN JODMNDOBERAN OMONSRHOR

sasu.
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1. HeycroR9#BOCTh YREPROM BOMAH CRETHA

My paccmoypens yAapRWe BONHH CX8THS B DeNSTMBECTCKAX SIeDREX CO-
YAEpEeREAX # DONe’amM,q9ro EX ycrofumpocTh Npk fopMEpoBeHE cuemamHOR
dasy pemanmuM o0; ason 38PECAT OT YDaBHEHEA COCTOAHMA anponyoR Komno-
HemTH. B padore ,Pie ANA YP8BHEHBS COCTOARNA SNepHOR marepmw
NCIOMBIOBEEACH @puyna (14),rexEe OuA OORADYEER HeyCroRumpNB ydacTox
yneproR anEadary x o6CyxRanach BOSMOXHOCTER OOpA30OBAHHA NBORHOR ymap-
ROt pomnn. Cremyer oTMerEth,4T0 HeycTORUMBOCTEH yASpHOR BOMRM CReTAA
OpAMO CBA3GEA C REXNINEM 067acTM JU3uYecKEX DEPaMeTpoB,Tie CHRABAO-
BI8MMONeAACTBYIORA MOTEDNS SDNAETCA TEDMOLHHAMNYECKR BROMANBHOR - 310
N ecTh KaK pa3 o6xacth (asoBOTO nepexoma. B odmeMm cxydae TaRas meyc-
roflugpocTs 03nagaeT,drc NCXOXMHA PESPHE B HAYANMBLHHX yCAOBRAX Pacna-
Naerca Ra oOpeXefACRRYD ROMONHELEO YLADHHX BONH M GBTOMONEABHHX Tede-
Rk, [ocrenoparexbRyfl ~RanN3 TAKMX yAapHO-BOXHOBHX KORfurypaumil B
cpene ¢ GHOMAABLBHME OURACTAME TEPMONKHAMEYECKNX NApAMEerTpon B PACCMOT-
PERE@ IKCNEPAMORTANLRNX CAefCTBM ANA PEeNATHBECTCKEX AREPHNX COyRa-
PeBsfl 3aCEyXEBEET OTHEXLHOTO PACCMOTPERRA.

2. Pasnerense CTPERBOCTH K 8HTECTDPAHHOCTH

IRChepaMeRTANbHNE XAPAKTCDECTEKE,CBA3SRNHE CO CTPAHBUME 4acTula-
ME,KGK XODONO NIBECTHO (CM.,RaNpEMep, ) ,Ba¥BH INA OONCKA CATHE-
AOP KBAPKOBOR mareps. Bayrpe csemandoft fasw moxeT DDONCXONNTE MH-
repecEsA HOWE sddext: mpE HOEEOR CTPARHOCTN CNOTEMN, pawnOf HYyAD,
KBSPKOBES ROMNOHERTA nploo;eraer OTANYRYD OT RYAA CTPAPBOCTH,@ &R-
POBHAS - AHTRCTPANBOCTE Taxoe pasfefenEe CTPHRROCTE W &H-
THCYPABBOCTN TPONCXOANT TONLKO B CHNCTEME C BERYNEBHM OGPRORHHM 4NC-
XOM,DpNYEM 3TOT PeSyAbT ecTh CHeACTBNe DAEHOBEeCHOR TepMOXEHAMENN
(r.e. DpeRDORAPaeTCH,UTO BpEMA YCTSROBNEHER “XBMNJECKOTO™ PABHOBECESA
¥ EpeMs QUPOBESALNN MAAW 00 CPEBHEHND C BpeMeHEM CYWGCTBOBEHNA CMe- -
waBroft $asu).

yors My= AL/3 3 HgecTs XuMEiecKNe NOTERINEANW XETREX U , o
E CTPEHEOTO S -KBGPXOB. BPOI® P pacCMOTpeREe DOMEMO BYRXOROB M }T-
mesonod crpamEve K -me3omw 8 /\-GapNORY B AXpORHOR Jase,noxyqaes
NONORNEYORLAME YCHOBRA DEBHOBECHS

M= dly , M =My -Ms , Uy = 2 M, tus (2D
Bamange CTDARANX SRCTEL Ma YPaBHeHEe COCTOSBEA B OSeNx $asax & ma
SHAYSREA NEDAMSTDOR T, /l-, $30B0TO NEPOXON OKABSHBAGTCS MENMM.

C xpyrof oropOEN,CAMO pacnpeneNenNe CTPAHENX YACTEL BRYYDE CMemanHOA
$834 QTAROBEYCS MEORAWOPOANNM. B KBapx-ramonnofl nxasse ¢ noxmod Crpam-
ROCYED MONb AL= 0, TOrIA KaK PABERCTRO NYND NOXROR CTPAEMOCTE B AX-
pormoft fase osmpavaer ,ll.# 0. Puamvecxoe OULACHOHNE ITOr'0 DOIYALTETE
COCTONT B TOM,9?0 3 EBGDK-TADONEOM nxaswe § N I PORAEDYCH TOABKO
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napame,T™orna Kak B ANpoRHOft (CapuOHROft) Jeie cymecTBEHRYD DPOAE: KIpa-
er accousaraenoe poxiense KA papsny ¢ npawus naprum poxzenmem K K .
B cwemengoft dase oTKpHRapTCs NOOOMAMTENLHHE KAHANW XAS CTPARHOCTH.
Hanpemep,posnerne K -we3ona § ANDORROM CERYODE MOKET KOMIEACHDOBETH-
ca § -KBEPKOM,ROTOpHA OCTAETCA B KDEDH-TIDOHHOR KOMIOHeRTe CMeman-
HOf $a3N ¥ IPHBONRET X HeHYyNeDOMy 3pavenmo napamerpa AL, @ nenynemoft
cTpanHoCTE. Hawonnenge S -KBADKOB B YMEHBOSOUEMCA 00beMe KBEPKOBOR
KOMDOREHTH B mponecce aNpOHRIANKM MOXET,N0 MHERED 8BTOPOB , Tpg~
BecTh K 00pasoBanu (KBE3IM)YCTOMUABYX KBADKOBHX KMACTEDPOB C (OMBEOR
crpasRocTbi. [InA peanmaslu@ T8RO BOSMOXHOCTH REOGXORUMO,d9TOOH pOCT
TEeMISPATYDY CHCTEMY B gpolecce afpoRE3aumE (43-38 DpleNcHEA "CKpuroR
tennory") KOMOEHCEDOBENCA H3INyYenyeM ATDOHOD M3 cMemenmof die3w. Ecam
B 270M maNyueHEr ecTs K -MeaoHu,yHOCAIUE BRTHCTPEHNOCTH,TO OCTEBLA-
ACA KBEDR-GNPORHAS CHCTEeMa CTEROBMTCA SapAXEHHOR CTPARHOCTHD,TITO YCH~
nyBaer affeNT HAKONNeHHs S -KBAPKOB B KBADKOBWX KABCTEDEX.

3.0nyxryaunn

Ecnu ppollecc anpoRs3audy sBrsercs fa3opyM pepexomom 1-ro poma,To
BEEHYD PONE B CMemarHOR dade MOr'yT WIparh MeTACTAGHALAHS COCTOAREA H
REepPABROBECHNE MEX8RH3MH. [OCHEeNOoBATENHROS DACCMOTDEHEE KNHETHRH pa3-
AWYBYX ClleFapHeB @APORE3ELAR B PAMKAX MONENM MEMKOB C y4YeToM NOBEpX-
HOCTHOTO HATHKERHA HPOBENERO B PaCOT 217, Peanmaalign OXHOTO M3
CueRapBen (pamone}za# cMemannas §@sa @nE BIPYUBHOM POCT NY3WPBKOB)
38BACHT B DOXKXOXe KaK OT BefKUNHY DOBEPXHOCTHOI'O ROTAKEHES,TaK
B OT nauanpHEX YCAOBE!. B HexoropoR o6ReCTH JN3HYECKNX OEDEMEHHNX BO3-
MONHA KORKYPERLEA MEXIy DO3ANYRNME CLICHADRAMN,YTO LOMMAC NPEBOINTHL K
CRABREM (AYRTYSURSM HAONONAeMEX BeARYSH. B aroft cBs3@ mpemcraprser
FATEpeC HeranbRas BRPOPMAIIEA OO OTRENbANX COOWTNAX ANpO-BNEPHHX COYy-
RapenuR,AnA KOTOPYX pacnpefefienme YS8CTEL NO OHCTPOTaM B Cpennmfi mo-
gepeqny NMNYMTBC MOTYT CHABHO OTANYATHCA OT WX CpPENHMX 3nadeHEft no
aRcamine colnTted.

OCROBEHE BWROLY KOKNAXE COCTOAT B CAGAYOUEM.

B LeHTpanbRNX COYLEPPHEAX TARGNHX AKED C SREPraaME Epas/A = (3
~7) T'sB/nyrn moxno oxmnarh dopuwpoBanNe cmemannoB $asy (X marepau.

Crneun¥deckaMe CHrRanaMe ee JODMEDOBERNS MOTYT CHYXNYbL Reycrofium-
BOCTH PexuMa yNapRol'c CXerss,00p&a3oBaRNe KBAPKOBHX KAACTEPOB C JOMb-
woft CTPARHOCTHR ® CHAbHHe (MyRTyalMN HACARIAEMHX XAPAKTEDUCTER BTO-
PHYHNX QIPOHOE B OTHAENEANX COONTRAX.

Al onaronepen K.A.Byraepy 3a coTpymRwdecTso,a raxme B.H.Kiawoby,
T'.M.3mionbeny,b.Kamodepy,0.A. loruzencromy B 0.1l.llaBAenko 38 mones-
RHE ofCyREeHEA.
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TVHAMIKA QABOBHX MMEPEXOIOB KBAPK-TUIIOOHHOX
ITASMH B AIIPOHH

C.l,Bapanon, J,B,dwanskon

Iusmgeckult pHeTHTYT WM. I H.Jedenepa AH CCCP, Mocwpa

I, Mpu neyvyenuu $ASOBHX MEPEXONOB KBADK-THNOHHOR mrasuu (KIT) B
BIpPOHH sal%nlna 7mme'rca PACCMOTDEHUE BCeX BOSMOXHHX CHEHADMEB TaKUX
TepexoaoB . PasiyunHe cueHapu nepexoia MOTYT XAPAKTEpH30BATHCA
PasAIHYHEMY BHXOZGMA AIPOHOB, ¥X TeMuepaTypoft ¥ ckopocTem. Caemosa-
TEJIEHO,  CUTHANH (a30BHX NEpEeXONOB JABMCAT OT CHOCO0A EX OCYMECTBIE—
Hus, B HACTOANE# padoTe MCQIEZYDTCA KAK HepaBHOBecHWe {aednarpenys,
NEeTOHAIMA, CBEDX3EYKOBAA KOHEEHCAIMS), TAK M DABHOBECHHe (mCIapemye)
dasonpe nepexomy KITl B ampomd, HsysmercA IMHoMUKA OCpasoBAHEA Iepe-
oxnaxnentol KITl » pasjwuyHHEe CNEICTEHA 8TOrO HepeoxAamIeHuA, Buwmcaa-
OTCA W CPABHWBANTCA MHOXECTBEHHOCTH KOHEUHHX &IPOHOB, OGpA30BABNHXCA
UpE DA3JWIHHX CHEHAPEAX $a30BOTO Iepexons, M KX TeIMOBTHAMMWYEeCHHe
XQpaKTe PHCTHIH,

2, lns omrcenvsa HepARHOBECHHX $A30EHX IEPEXOHOE BOCHONBIYEMCA
YCJIOBRAMHM HENDE[HBHOCTH HOTOKOB EEMECTBA, PMIYALCA W SHEPIHK Ha

rpaxmne pasgena fas

0%, YV, = 1)2‘5,‘/'\/’a , (99
1011)3‘? ‘R ma“}": + P2, (2)
w2 - w,,.'a.,x;' , 3)

Tge V0, ¥ O, - CKOPOCTH HAUANBHOf (xpapxonoft) m ronewmoR (anpoxuolt)
day orHocATENIEHO (poHTA Depexoda (B cucTeme nokc: poura);

%" (4-1)?;)’”2; V., '®, WW - 00bEM, NABIeHde H IMIOTHOCTH SHTAJIEIMM
fass { B codcTBeHHOM cECTeMe mOKOA,

InA ONHOSHAYHOT'O BHYMCAEHHS OCDASYNIMXCA BIPOHHHX CHEKTDOB He—
O0XOMMO NOCARATHL YPABHEHWA COXDAHEHWA JETKOTO ¥ CTDAHHOTO ADOMATOB
(pacopeneter®s JETKEX u~- B o — KBAPROB VI UPOCTOTH NONATANTCH
OIMHAKOBEMA), CuuTad, YTO B mpouecce {B30BOTO NEPEXONA KBADKM MOTYT
CBOGOAHO AHHMTMMPOBATH EAN POREATHCA NApEMN, SANNIDEM RIF COXPAHEHHA
PAsSHOCTM MORLY YHCJIOM KBAPKOP A GHTHRBAPKOB

Loy - nedlgVe = Lngy-n@ iV (4)
THe . n(q} -~ KOHUEHTDAIRS XBADKOB q {q»u EWA & ) B kBapkoBol (Q)
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(amporHoft (H)) fase, Ecqm ®e Nepexon MPOMCXOMAT HACTOIBKO GHCTDO, 4TO
AHHHTHIAIMA ¥ POXIEHME KBARPKOB B TeYeHMe ero He yCmeBanT CHIDATh 32—
METHYD poib, To BvecTo (4) sammem

fPgVa * "DV Vg " n(ﬁ\HVH . (5)
Henonesyemie Hamy ypapHenus cocTosHMA KT ¥ a@pOMHOTO rasa OCHO-

BAHH Ha pacmpefiefieHmax depmu ¥ Boze C HEHYJIEBHME MACCAMM ¥ XRAMIYEC-
KAMH¥ DOTEHIHANAME TIH KOHEUHHX TemmepaTypax ¥ HE Momenm Memxos MIT,
BaaumozeficTRHA MeXTY KBADKAMN B TJINOHEMA YYKTHBATCA B MPUCIMEECHUH
0(ely ), 8 B3auMORGCTENA MOXTY ANDOHAME - HyTeM BEIDUGHAA DESOHAHCOB.
Paccumpune.nocb 06pAIOBAHRe CAOAYHUHY AINPOHOB: W , N ALL LK,
Q, ¢ , K, R ,¢,0,0,9,K, K,

néM KiacCEQUKAIMD HeDARHOBECHHY (A30BHX NEDEXONOB COTVIAC-

HO /4 . PazpraiuM pexyMaM §asoBOTO Nepexolia COOTBETCTEYNT pASJUMHHE
cxopocTH kpaproB ( ¥, ) = axpoHoB (9, ) oTHoCETENBHO $poHTA $A30BOTO
nepexonga ¥ PA3JNYHHE COOTHOMEHUA MexIy o0héMAMM W JABJIeHMAMA HAYaIb-
Hoft  xoHewHOR (as,

I) 9,29, D, €0, V< Vy; V>V, , 8 §B - odracTs
TednarpamioHHHX NMEepexonoB, 3MeCk v, - CHOPOCTh 3ByKA B fase i .

2) VPV, D>V L0, Ve i V, BV, 0 g, <p, - ofuacT
CBepX3IBYKOBOft KOHNEHCALNH,

3) D, »Vy, 0,37V ‘,vira“.\/) ' B4R ~ 06JaCTh
LEeTOHAUMOHHHX Tepexouos,

4, PaccMoTpuM mpexlle Bcero NepexomH JMeduiai’DaIOHHOTO THIA /5/ .
Buwmc/oHMS NMORASHBANT, YTO B BTOM cayuae CKOPOCTH PponTa JasoBoro
nepexona ©, He MOReT ONTh Buuie, ueM~0,Ic, B NPOTHBHROM CIYYAE LRasSH-
BAETCH, 9TO V, > Vye , llopexon xe ¢ D, < Vg E D, > V4 HO YROBAET-
BOpAET 4/ YCHIOBHD "SBOJIDIMOHHOCTH" ¥ NOBTOMY HE MOEST COOTBETCTBO—
BATH HERAKOMY PEAIBHOMY DeXuMy IEDeXoIa,

T(MaB)

. Puc, I, BaBHCEMOCTE OT
160 ny reumeparypu KITl T & TemmepaTymM
140 axponEoro rasa T, mocie JaBOBOTO mepe-
Xona OyTEM medviarpeimm,
Iefuarpamponnut nepsxoll HAWMHAGTCA
NP ISBNEHER 6, * B, '» COOTBETCTRYD-
meM HyIeBoMy npmpocTy surpomm (46= 0),
HO BoencTEAe pacuuperns KIT OHCTPO
nepexofAT B 00AAcTh MAMHK £, % 0.
00 o4 62 03 04 NP (o8 >0), Mosrouy pesynsﬂpyml BXOZ
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&IPOHOB, B OCHOBHOM, MPOMCXOLUT M3 OGNACTM HHSKMX B, ¥ XapaKTepusy-
eTcd TMpM MANHX CAPMOHHHX MIOTHOCTSX Ng KITI GOibmM BHXOIOM & — Me-
30HOB, Ha pnc. I nokasanu TemmepaTyps B KITl ~. B QXPOHHOM I'ase B 38BH-~
CHMOCTH OT ny' , W3 pHCYHHa BUIHO, UTO MPM IefViarpamMoHHOM nepexone
odpeaonanmnecn 8 POHH mwexo-r TemnepaTypy To > TI s nY 0,45 gM™

Tp < Tg s g 20,45 qM

5, Tax kar gedmarpalOHHNt Hepexol O4eHh MeLJEHHEN, TO Haudaree
BEPOATHEM cueH?pneM Tiepexona CYMTAETCA B HACTOAmEE BpeMS ZeTOHALIOR-
HHit Tepexo. /2 llpr TakoM mepexofie KBE&PKOBRR MATEINA BHAYANE CNHUME~
€TCA ¥ HATDeBSETCHA B yIapuolt BOJHEe, & 3ATeM TPOUCXONET $A30BHI mepe-
X0 B 8UpoHH, YTOGK MEpexon Taxoro THNA GHI BOSMOREH, HEOOXOIMMO He
TOJBKO YBeJWyeHNe SHTDOMMM KoHedHOR $asH 1Mo OTHOmEHMm XK HAYAIBHOM
6,>6, ,Horaxxe v §,>6, , 6 >6, (me § , &/, S, - aurpomts
MCXOHOR, TpoMexyTouHoft (T.e. B yrapHolt BonHe) M koHewHo# gas, Uu-
CJIeHHRYt aHam3 cucremy ypasHemuit (I1)-{(3), HanMcaMHHX IIA Kasioro
K3 IBYX NnoeBpameHu#, C yyeToM YHA3EHHOTO TPeCOB2HWA HeyCHBAHUA BHTDPO-
JIf¥ NOK23a1, 4TO0 BTA CHCTEMAa He EMeeT pemewmil, OTCyTCTBHE peweHul Io-
BOPUT O HEBO3MOXHOCTM B Damiax DPACCMOTDEHHHX ypaBHeHuit COCTOAHMI me-
TOHALMOHHEX nepexonok KIT B anporw, BTOT Pe3yAbTAT MOXHO KAYECTBEHHO
NPOWLTOCT PMPOBATh CJEHYIIMY DACCYRUCHNAMA,

Cycrema ypastemyt (I)-(3) mng nepexona ms cocrosmus "I'" B "2"
M ycaosue €, > 6. coBNATAnT C YCIOBMAME M IedViaTpampoHHOre (as030-
TO mepexona., B 3TOM CJyuEE, KK GWIO TOKA3AHO Bume, ¥, £ 0,Ic, C
IpyTolt CTOPOHH, VLA CXATHA KBADKOBOY MATEDMM B YEADHO} BOTHE MMeeM
(B-e) e ) 12 (BB (e, )12

H (6
(&1-EME#P) < (e{~eN(el+ ) )

0|9

TRe &, - IIOTHOCTH 3HEPTMM B CocTomHMM i . JnA ypessermft cocTosmmMs
YALTPAPEJIATHBHCTCKOTO rasa, roTopte &na KINl xopomo BumOJHANTCA, #S
(6) ciemyer 0,0, = ¢%/3, HecomMecTmMocTh ¢ ycuiomMem 9 ¢ O,Ic owe-
BUIHA: D, NouyuaeTcA CONblLE CKOPOCTY CBeTa.

C xpyro#t CTOPOHH, (POTMANEHO pemad ONHO X3 ypamHemuit (6) OTHOCH-
TEABHO ©, , NOIYIM, YTO IUIN OCYWECTBIEHMA NETOHAIKOHHOTO Iepexona
TpedyeTcs, YTOOH §, OHJIO HUXe HAWMEHBUETO fM3MYECKH HONYCTHMOTO IHA-
derna: p, < - ® , DIe ® - MOCTOAHHAR MOMENM MEmKOB, /1-2/

OTayMaMe NOIYYEHHOTO DE3yALTATA OT Pe3yILTATOB PRUOT CBA3AHO
C TeM, yYTO ABTOPH YKA3aHHHYX paCOT He DACCMATDMBANM cocToswMe "I'",
CpRBHMBAA JMUb SHTPOIMW cocTosHWE "I" u "2, Tem camuM He yWITHBAICA
IpMPOCT BHTPOIMH NIpH Nepexole B yAapHol BouHe oT cocTomHA “"I™ K co-
crommp "I’", noropult NesaeT HEBOSMOXHHM CreXymimit OepeXxol M3 COCTOA-

gER "I" B cocroAHue "Z2".
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6, llepeRnEM K pRCCMOTPEHHE CBEDXSEYKOBOW KOHIEHCAIMH % « C rouxm
3penMs POCTZ SHTPOIMM HaMGoJee ENTONHHM HRIASTCA nepexonm npx V, =V, ,
B atoMm ciyuse CKOPOCTH D, B D, CTPeMATCA R CKODOCTA CBeT&, & no'rox
BellecTha OSPRUASTCA B OecRoHedHoCTh, llocnenHee QOIMAABHO OSHAHYAET,
9TO NePEXon NPORCXONHT HEe3ABMCAMO B DPA3HHWX TOURAX Kamm KITI, Jina Te-
KAX GHCTPHX NEepPEeXONAO0B MMeeT CMHCA YIUTHBATH ofe BOBMOXHHE MOJENW KakK
¢ "paspemeHHOR" TEK K ¢ "sanpememnof” emumrunmmed (¥ pomnermem)ad -
nap B Teuenme $a3OBOTO NepexoAs. 3ABACEMOCTL OT N IABIEHAA ?1"“ ’
HU®e KOTOPOT'O pa3spelieHa CBEepPXSBYROBAA ROHIEHCAIMA, HIOGDAFEHA He
prc, 2. Hag BHIMHO M3 3TOTO DMCYHRA, Iawe HAuBNTOXHefume cpel¥ Iepexo-

50 FlMa0/pd) Prc, 2, 3asucmsocts & o1 a R
o y LA CcBepx3ByroBoi xofmeucam;
a - Momess G "paspewéHHOR AHHETHIA-
-50 | 2 meeft, 6 - Momens ¢ "aampemEHHOR
100 5 aHARTWIALMeR,
_isoh IOB OYyTeM CBepXSBYROBOH KOHIGHCALMH
- 1 OKASHBANTCH BO3ZMOXKHHMA TONLKO HpH
OTpPUIATEILHOM JABIeHWN, JCKmudeHde

80 04 02 03 04 N lqu) cocramm OCNACTH ¢ O4YeHH BHCOKOR
GApHOHHOR MMOTHOCTER: N 2 ()4 du

Buxomy aiapoHoB, OOpPasyNmHXCA DpY caepxanyxonoﬂ HOHIEHCAURM B
MoneJx C “paspelEHHOR”™ aHHATUIALHEl, B CpRBHEHEe HX C BHXONAMY NpH
IPYTHX CHOEHAPWAX NePeXo;os, SyayT maxd B m. I0, & 3mecs MM DACCMOTPMM
TONBKO HEKOTOpHEe PEBYABLTATH, noﬁy\xemme IJIA MOTENE ¢ "IRNpemEHHOR™
aHiTwisime, B oM c.nyqaa Op# BCEX Mg qzammecm OTCYTCTEYOT DOX~
neHme aHTEYACTHN, ITp|t n" = 0,2 + 0,35 (lll BCJISACTRUN MAAOTO BHXOZA
DMOHOB YpeaBuyaiino ae.rmxo o-momaxme 00pa3OBABIMXCA HYKIOHOB K IHOHAM
(W/% 3 I5 + II0), N ng* = 0 He OXNANTOR E BOBCE HNKAKME ANPOHK,
Tpedymmeacs 1A Pa3OBOTO NEpPeXORA B STOM CAydYHeé PAYJOKOS NEPeoXIMERS-
HNO T[MEOJHT R TOMYy, 4T0 B HIIl mpaxTEYeCKM He OCTASTCA XEAPKOB, H JHNGE
HEMHOT'O IMDOHOB, [loAyueHHNEt pesyAsTaT yRasMBAeT HA TO, WTO,NO KpaftHefs
uepe ma n"s" = 0, XOHZOHCAUMOHHMA NODEXOR MOXOT OCYNECTEMTHCH TOABKO,
eC/I¥ O IANTCA B TOUSHN® DPEMOHH, AOCTATONHOM IAA DOXNOHNS ¥ AHHAIH-
nAEE 93 - DAp 88 BPEMA NEPeXONiA.

7. OcraHoBIMCA NONPOCHE® HA COCTOAHNAX C OTPMOATOABHAM JABNOHNOM,
[IpseeHETONEHO K ypaBHOHMD cocrosHEa KIT OTpMIATOABHOS LARIOHNG MMSET
TOT CMMOX, YTO BKAAR B IABRAGHEE, OGeCHeuHPAcMME RBADKEMX N TADOHAMN,
OKBINBAGTCH MEHBEDM, Y6M BHOEHE® BAKYYMHOO NABNOHES, MOZSRENpYeMOe B
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"MemwouHoM" DOmXoNe KoHCTaHTOY B, HauMeHEmee BO3MOXHOE TABNEHWE DABHO
-B. EMy orTBevaeT HyneB&H IMIOTHOCTHL BHEPIMM KBATKOBOTO M TJIMOHHOIO
nonedt,

B nepeomméli?og nnasMe ¢ <0 uMeeTCss BOSMOXHOCTH BOSHUKHOBEHMA
BAKYyMHEX nysupelt ? . Tex xex namnenwe BMYTpH OysHpA (® = 0) B aTHX
YonopuAx Soublie, YeM IFamIeHMe B oxpyxamelt cpexe, TO HySHpH CYIyT
CTPEMUTHECA K HEOTPAHMYEHHOMY pPOCTY M CMOTYT pasoppaTs Kawm KITI,
OnHAKO BOBHUKHOBEHMI ¥ POCTY HysHpeft MoIvio (H NMpPenATCTBOBATE [XOBEpX—
HOCTHOE HATAXeHWe B WrasMe, JnA DPACHHDeHMA NYSHDH HEoOXONEMO, 4TOCH
cmia, OCYCJOBNEHHAas NABNEHASM BaKyyMAa HA CTOHKA OY3HpA, OHia Ooiblue
CAJH IOBEPXHOCTHOT'O HATAREHHA:

8aral + 4xc'p <O, 3

TO ecTh
¢ 2 2a0/0-0). . (8)

3gech * - payC IYSHPA, oL — KOAMIMEeHT NOBEDXHOCTHOr'O HATAEEHUA,
Torna BepOATHOCTE OCPASOBAHHA B De3yNbTATE TePMONWHAMAYECKO#t QIyKTY-
Il NMYSHPA C DAOMYCOM s« 2ol/(-pd onpeflendeTcs “HDAXCHAEM

: 2z pl 16aad (9)
w o~ (- HEE) - a3 ).

¥3 papeHcTBA NOKA3ATENd HKCIOHEHTH EMHHIE P TOUKEe P ™ - g-B. rze w
nocryraer maxchMyma (miang = 0), MOXHO ONpeNeJMTh XADRKTEPHOE 3HA-
yenMe & : oL = 53,3 ]laB/(lIlz.

Ecny o( sHamTenbHo MeHpme 53,3 IaB/duz, TO O6pA3IORABMAECA CO-—
CTOSHMA C OTPHMUATE]LHHM JNARIORAEM OKASHBADTCH Kpafite HEYCTOMIMBHME,
B HITl OyxyT SOBHEKATH ¥ DACHMPATHCA BAKYYMHHE TysupM, B pesyabrare
CTPYKTypa IIASMR CTaHeT NOPWCTOR ¥ nenooSpasHoff, Kax ¥ CTDYKTYpa,
paccMaTpnBaeMas B Mouean Bap-Xopa . [IpencTamieH®e o IasMe Kax ol
OTHeNHHHX CTYCTKAX, PasHeNEHHNX GONBMMMY NPOCTPAHCTBAMH BAKYYMHHX
Oy3Hpefl, MOIVIo OH B ODHHIWMIE CJAYEMTH OCHACHEHHEM AHOMENBKO GONBIMX
QayrTyait MHOMECTBOHHOCTA HA BHTEpDBAJ CHCTPOT B PACODPSHSNEHMH 0O -
GHCTpPOTaM, 67mmnnmxca B 9RCHEDHMEHTAX 00 CTONRHOBEHHE BHCOROBHED-
THYHEX .wzepﬂ7B .

8, [lepeflnéM K AIyYeHUD MHHAMUKE CODASOBAHES NEPEOXNARIEHHOro CO-
CTOAHUA / . PaccnoTpeM chepideckn CHMMETDHUHO DECHMPANMYNCH KAILTH
KITl, PasospéM usyuaeMyn CHCTEMy HA MHOXECTBO AOCTATOWHO MEJHKMX Aueex,
Kampyo ¥s 5THX Adeex MOXHO PACCMATPUBATEH KAK CEMOCTOATEIBHYD TEIMO-—
TEHEMIMeCKy®w cHCTeMy. llpexedperas mddysmeft ¥ TOIONPOBOTHOCTRD KAK
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TipouieccaM, TPeCYNNUMY SHAYATEJHLHOTO BPEMEHM, MOXHO CUNTATE KAXIYD U3
STHX TEIMOXMHOMMHECKEX CHCTEM M3oipoBaHnoft, IlycTh B HAYANEHHA MOMEHT
BpEMEHH MSBECTHO pacupefiesieHMe BCeX TEPMOIMHAMAYECKMX BEJIHIMH I
THAPOIRHAMHYECKIX CHopocTelt, MameHeHMe CKOpOCTH Kexmoft U3 AYeeK Kak
IeJIOr0, CIyCTs Bpema at  , MOXHO HAfTH C NOMONER 3AKOAA COXDAHEHNHR
HMIEYJIbC8, NOCKOJIBEY HaM HSBECTHA PASHOCTE JARTEHM), OKASHBAEGMHX HA
fAueliKy e€ BHYTPEHINM M BHEIMHMM COCEIAMM:

&, PR e P
5(\‘1_—02')‘ £ oe(e-edat , P o= 6, (10)

Te & , LR ’ e-‘ - IMOTHOCTH BHEDTHAM, IARIEHKE, CKOPOCT: H LIMH&
BROME pamMyca 4t - off guefhm, Janee, 3HAS pasHOCTE GKOPOCTeft MRIDREHUA
COCeNHMX AYeeK, MOXHO BHYHMCIMT: M3MEHEHWe OObEMA Kaxuoff u3 Hax:

aV, . lm(\)‘('} -ar?) st , Yt ‘i‘_‘_’ll‘l‘.ﬁi , (11)
* [y
tne % ¥ Y. - PACCTOAHMA OT LEHTPAa KA JO BHYTPERHETO ¥ BHENHEro
Kpaép aveliru, HakoHel, SHAA MSMeHHBIMHACH O0HEM HM3OQMHPOBAHHOR CHCOTEMH,
MOXHO HAlTM HOBHe SHAYEHMA BceX €€ TeMOIMHAMWIECKHX MEDPAMeTDOB, HC-
XOIA KS COXPRHOHMA CapPHOHHOTO Bapmis ¥ CTPAHHOCTHE, & TAKKE M3 TOTO,
970 K3MC:IE€HHe BHYTPOHMHER SHODIMA DABHO CoBepmEHHOR HAn cHCTeMo# pa-
dore,

[IOBTODAA OMMCAHHYD NPOIENYpPy MHOESCTEO DAS, MH IOVIYZA6M IOIHYD
KApTHHY 3BOINIAM LIASMH, B CRIy nopemmonaraemoft WSOMMpOBAHHOCTH AYeek
SHTPOMAA KAXNOf X3 HMX AOANHA CTPOTO COXDAHATHCA, MH WMCIOALSOBAJIM
COXPAHOHME SHTPOIDMM B pacYéTaXx B KAYECTRe KPHTEDHA, KOHTPOAMpyIMEIro
TOYHOCTH BHYACJSHHER,

TlonyuanmadCA B PeSyXbT&TE /m?mmxa passuta KONl oramyeerca oT
MpeXcEASaHR) MONen? Bréprena 9,

PaccMoTM KBAPK~TINOHHYD HALAD, HOXORALYNCA B HAYANGHHR MOMSHT
B TIOKOE NPR pEBHOMEDHOM DACIPeResCHME NABNeHHA, TeMIepaTypu ¥ IIOTHO-
CTH SHOITHH, PACHEpeHMe KRN HeuMHAeTCA NOX fAeficTueM o¢é COGCTBEHHO-
I'o JARNGHHA, PeSyALTAT MOXSAFPOBAHKA SBOJDIMA TAROf RALINC n‘;= 0 mra
ragansHoR remueparyin T = 162 MeB momasaH HA PEC, 3 B BRIO HOCAS8ROBA-
TEXRHOCTH I'DAJWROB, OTHOOMNEXCN X DASHMM MOMOHTAM BpSMEEH, Bravsae
NOBSPXHOCTHME CNOX DACENDANTCHS M OCTHBAKT GHCTPOS, WeM CJION, pACIONC—
XOHHHE B IryoEse, OHN NepB&ME JOCTETADT OTDENATOABHOTO MARIGHNS,
nmocxe wero nox meflcTBHEM NARNGHHA CO CTOPOHM BAKYYMS MX PACREDeNEe X
OXXARICHES SaNeNAARTCS. PaclEpexue X OXNARNGHKS BHYTPEHHHX CROEB
ASMM ODONCXOAAT TOmeph CHCTDee, HeM BHENHHX, JTR BHYTPOHHRE CROM
ZOTOMAT BHEMHN® E CNEMADT XX, B pesyAbTaTe B IPMIOBSIXHOCTHOM CX0

433



P j(Mabsond)
50 S04
S04
tad ' tedd - =24
r
-5
$0 ] 504
.lmu
ted b
L=203 °
<304 1:25
~sa<
52 4
r
r t'/B
=] \]
o \/v

Puc, 3. Pacumpenne v nepeoxnamietriie xammm KIT,

BHOBR CO3HRETCHA NONORUTENBHCE jviivieHME, JTO HaBNEHWE 3aMEelIAeT Dacmi—
PEHe BHYTDEHHMX CJIOEB M YOwo™% T DAcUMpeHNe BHEUMHMX, NIHMBOLA X MX
BTOPUYHOMY NepeoxiarieHvi, HadimolaeTcCH depeloBamme HCXONAMMX ¢ MO-
BEDXHOCTYM CRATHHt ¥ paspemeNuit, ¢ TeueHMeM BpeMEHN CMEHAMISRCA XaoTH-
9eCKUM BOJHSREEM.K MOMEHTY npucimsuTensHo t = 3 dM/c pacmupense Bceft
RaIUld B LelOM MpeKpamaeTcd, ¥ KALlA HAYMHACT CEUMATHCH,

C ypemrdenyeM HayanpHON TemMnepaTypH KAMIM €€ DACIEpeHMe Ha NepBoM
JTane CTAHOBUTCT (olee OINHOPOIHHM,

Ecom B Mconemyemoli nepeoxnaxmerHofl kante HITl no KakuM-iuGo Npwul-
Ham He TIPOM3OMJia CBePX3IBYKOBAA KOHIEHCAUNWA, TO KallA NoX ZeilcTBMeM
BHEMHETO BRKYYMHOT'O NaRIeHWA HAYHET B LEJAGM CAMMATLCH ¥ HArpeBaThCdA.
Bes yuéTa IMCCHUATHBHHX TIPOLECCOB Takoe Xofedanie pasMepob M Temiepa-
Type xand KTl Ro¥HO NPONQUIXATHCH XO TeX TOp, NOKA OHAa TeM WAW MHEM
CHOCOGOM He nepefiuéT B aUpoHH. ECIM Me MH Y9TEM TEILIONPOBOXHOCTL H
mnddyamo, TO 3TO KONEGAHME IOIXHO Yepe3 KAKOe-TO BPeMA NPERPATUTHECH,
¥ B PeayJabTaTe MOXeT OOpPA30BATHLCA HepeOXNaxneHHad "IONroxusymas” Kan-
aa KIT ¢ namnemueM ©,x O 10/ . OCHOBHHMM ClIEHADUAMM NCPEXOX8 B 3TOM
cayvae OWIY OH Jednarpums U UcnapeHue,

9. iUpocTelurM TpPEANONOREHNEM O XapakTepe $asoBHX IeDEXONOB RRIAECTCA
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pennoJioXedne O TOJHOM TEILTOBOM, MeXaHu4YeCKoM W XMMW4YEeCKOM paBHOBECUH

Mexny IByma (pasamu
T=T, . 8=%,

1

(I2)

[INEL T TN Ma® WL+ My, M Mu- Mg, oo
rhne M, - XYMMUEOKMe MOTEHIMAMH ANPOHOB ¥ KBAPKOB, nepe7o,|fy TAHOTO
THOA COOTBETCTBYET UCNADEHMe ANDOHOB C fNosepxHocTh KITl CommecT-
noe pewenne (I2) ¥ ypaBHEHNA COXpAHEHWS GAPUOHHOTO 3apAfa TOBBOLAET
HailT¥ napameTpH, COOTBETCTBYWUME Hadany $a’osoro nepexofa.

JomycTiM, 4TO B HAYRALHME MOMEHT BDEMEHNM MCDAPMIOCH HEROTODOE
{OeckoHeTHO MaUioe) KOJMYeCTEO aNPOHOB, HCIapeHHe 3THX &ZPOHOB IDHBO~
JUT K W3MEHEHMO TEeDMOIWHAMITIECKMX napmeTpob ocTarmelicAd KT, Tak xax
HcrnapeHyie NMPOUCXOIMT LOCTATOYHO MELNEHHO, TOo NMpelmonaraeTcf, 4To
U3MEeHUBLAACA CHCTEMA yclepaeT NpUiATH B COCTOAHME DABHOBECHA NPW HOBHX
SHayermsx napameTpoB V, M, , My, T . 3TH 3HAuEeHMA HaXOIATCS U3 3aKo-
HOB COXDAHEHMs] GapMOHHOTO WiCla, CTPAHHOCTY, NOJHONK SHEPTMM ¥ cOXpae-—
HEeHWsl MEXanydecKOoTO paBHOBeCHs, NocTa Hero IONyCKAaeTcA WCIApeHWe Ho-
BO{ MOPIMM SUPOHOB ¥ ONMCAHHAA NpOLeNypa MOBTOPAETCA,

lipopeneHHHe BHUMCHEHVA TMOKRSHBAKNT , 4TO LIS n'g‘ > 0 xumyec-
rMit cocrTaB ¥ Temieparypa nepexofia B ocrapmeilca KITl cHIBHO MeHAETCA B
TeueHue BCeT'0 BpeMeHM ¢a30BOroO Nepexoza, & BTO CRASHBAGTCH HA BHXOJAX
pasIMyHEX anponoB, Tak, w3 KTl ¢ Saumbumm ng‘ HYKJOHH [TpeNMylleCTBEHHO
M3NYYaWTCA HA HAYEABHO! CTAmMM, NPABOLA K YMEHBUEHHo ®ny . C yBemre-
HUEM BpeMeHM BHXOI HYKJIOHOB YMEHBLRETCH, 3 OMOHOB — BO3pacTaer.Tak Xag
B KITl ¢ Gonbinm Ny, MATO G -KBapROB R, CJAGROBATEIBHO,MOARTNEHO O6pa-~
30BaHKe K - Me3OHOB, TO CO BpEMEHEM B IUIasMe HAKAIUIMBANTCH & - KBAD-
Ki. YMeHbleHMe B TedeHue R30BOIO nepexona ry BeIeT K YECJIHYEHMUD
TemiiepaTYDH DABHOBECHOTO MEpexofa, uTo HOAKHO NDUBOIWMTE X DASJINTHEM
nollepeyHHEM MMITYJILCAM AMPOHOE ONHOTO ¥ TOTO Xe COpra, HO KCIApeHHHX B
pasHoe BpemA ¥ KITI,

I0. B 3armpyeEEe [POAHATIM3IKDPYEM BHXOINH HEKOTOPHX AIPOHOB, OGpa3s-—
PaBUMxCA NpY Pas/UMMHNX ClieHapmsax chaaonoro nepexona KITl B &XPOHH
DAC, 4 M3OGPARSHH OTHOCHTENBHHE BEXOM X *fer(a), Ka-(5) z(""')/u (8)
RAK fynkmm W@ . KpuEwe “I* Ha BTOM IMC, COOTRETCTEYDT CBETXSBYKOROH
KoHIeHcalmy, "2" - nejmarpanpomdomy mepexomy, "3" - mcnapeHmn. Kpusue
"H" COOTBETCTBYDT MCIAPEHMD ANPOHOB M3 ANPOHHOTO RIACTEDA C TeMIepa—
Typolt, GMaKoR K TeMieparype paBHOBeCHOT'© (ASOBOTO NepexoRA MM TaHHOM
o . dymkrupise RwBHe Ha e, la ¥ I6 momasypamt orHomemms K'Ar ' g-
¢e3 ydera BKIAIS PE30HAHCOB, A CIUIONHHe KIHMEHE - ¢ ydeToM BRiaza B K
u & OT pacnauoB §-, W- ¥ KE _ MesOHOB. 3TOT BKNAK ORASHBAETCS
CymecTBeHHNM LA CBeDX3BYKOBOJ} KOHNSHCAUME W npanmecm OTCYTCTEYeT

s gefuarpagEoRBOr0o NEDAXORA.
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Puc, 4. OTHOCHTENBHHE BHXONH alUPOHOR NPA DA3YHEX CLEHAPHAX
dasoBoro mepexoma; a)®'/ad, 67%7a-, B)MEVAL "I* - ceepx-
3BYKOBaf KoHIeHcaima, “2" - mefmarpaumus, "3" - ucnapeHue,

. -
Kag BMUHO M3 [WC, 4, 38BACHMOCTH OTHOCHTENBHHX Bhxolom X'/¥ ¥ %-

n B2 o ng CYWECTBEHHO OTJMYEOTCS OT TOTO, YTO ORUIAETCHA NpH Pac-

“

naje ANpOHHHX KJACTEPOB,M MOTYT CJAYEMTE KaK CUTHAIOM $a30BOTO Nepexo—

nal

TaK ¥ CBUICTENbCTBOBATE B NMWIL3Y TOTO WM MHOI'G cleHapus, 1o

KOTOPOMY OH OWJ OCYueCTBIEH, B OepBy® OYeDENb 3TO OTHOCHTCA K OTHOme-
o (AT /N, 1Ipy BTOM cieIyeT YUMTHBATE TOT $PaKT, YTO O0pasoBaBUmeCH
3 KO A ¥ Z. - 4acTHIH JOVIKHH O aTh HyJaeBolt noaspusalmeit P onpe-
JEeNIeHHHX KMHEMATHYECHUY 0CIaCTAX .
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GA30BHIt MEPEXOHN JEKOHGAMHMEHTA W KOHEUHOPAMEPHH{ CHEWIMHT
B Std2) KAIMEPOBOYHOR TEOPUK HA PEUETKE
0.4 .Morune pckuit
Hreruryr reopernueckolt dusuxy AH YCCP,Huep

1.BEEIEHUE

Kax MspecTHO, mpu Bhcokux Temmepatypax (T~~200 MsB) neaGenesw
KAJUOPOPOYHHE CHCTEMH TpeTepresanT $a3oBHit nepexol OT HH3HOTEMNEepa-
TypHc# dasu xoHfalliMeHTa ¥ fase KBapK-TIOOHHOW mmasmu. CoraacHo on-
TUMUCTHYECKUM OLEHKAM, YCIOBMA AJS OCYMZCTBAEHHA 3TOr'C [EPEXOA& MO-
ryT GuTe DOCTUIHYTH Ha YCKODWTENAX 1OcJedHero MOoKOJeHWA. B HacTodAmee
BpEMS TMOUCKM KBApPK-TJINOHHO# $asw anpoHHON MOTepuM BeAyTCA B CTOAKHO-
BEHMAX TARENEX WOHOB.

fipneHue pexoHPalHMEHTa MMeeT HeNnepTypOaTWUBHYD NpHPOLY, ¥ AaA
ero ucenelopaHUA HaHOoNEe eCTECTBEHHO HCRONB30BATH pemeTOYHHHR NOf-
X0f, KOTOPHR RofyCKaeT uMcleHHyD peanusaijumw Ha DBM. [ipocrefmnit mpu-
Mep peuweToyHo kKanMGpPOBOUHOM TeopuM, cojepwamelt dasopufl Nepexon fe—
xonaimmetits, - S £L(2) Teopus Ges keaproB. HMeHHo B cuny cBoed nmpoc-
TOTH ¥ HaraagHoct pewetoynad S(4(2) Teopus Mo HacTOMMEro BpeMenu
ABIAETCA OJHUM M3 OCHOBHEX oﬁ-ne;ros INA WBY4YSHHA KPHTHUE :KOPO MOBe—
HeHHA Kanu6poBOYHEX 'reopv.n/ 1-10 .

UYnenensoe uccaienonatite $asoBoro lepexona fexoHpalHmeHTa nS'Ll(Z)
KannGpobpouHofl TEOPHMM Ha PedeTxe CEpbE3HO 3aTpyfHAeTCA, OQHAKO, TEM
06CTOATENbCTBOM, YTO BHUMCNEHWA MPOBOGATCA HA PEUETKAX KOHEUHHX pas-
MepoB. B uacTHOCTH, napameTy 'icpaAnka TEOpMM - CTATHCTHUECKOE CpenHee
<L> or netau longxopa’ **“, ~ gBrseTCA TAKOBEM TOJbKO HA OGeCKOHEWHOM
petierxe., B syoM cayuae <43 = ( B c6nacTd KoHfRHHMEHTA, B TO BPEMA
KaK B pexuMe jeKoHbalHMEHTA CyWECTBYOT JIBa 3KBHBAJEHTHWX COCTOSHUSA,
pasauuanuuxcs 3HaKoM <L>. Ha roHeudolt xe pemeTKe ncerna CYmNECTBYET
TAMUHAA OT HYNR BEPOATHOCTh "TYHHENMDOBAHWA" MeXLy aTHNM NBYMS CO~
CTOAHUAMM, ~a¥. UTO Mpit GOXbLIOM yMcie UTepauwit cpepnee aHauekMe <L)
ofipamuerca r HyAb Bo P 'e#t ofinacTu remmepaTyp. Ha npakruxe sTy npoG-
JEMy pewabT, MCHONbayA riecTt. <L senuuuHy <ILID>. Opguako us-3a HeHy-
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JIeBX {nykryaun? HAa koHewHof pemerue LI uurne He oSpamaerca B Hynb
M He MOReT OHTbL MCTHHHMM napameTpoM nopspxa. [looroMy napaserpn fa-
30BOTO nepexoga NexoHiallhwenTa, Takue, KAK KPHTMUECKas TeMnepaTypa H
KPHTHYECKHE HHAEKCH TeoPhM, HA PemeTHAX KOHEYHOTo pasmepa MOTYT OHTb
BUUMCNEHH JIMOb MPUONWKEHHO, TPWYEM PpesSylbTaT B8BHCHT K&K OT pasMe-
poB PemeTKH, TAK M OT CMoco6a OGPAGOTKU UMCJACHHBX HAHHEX.

B Hacrosgel paGoTe NpepnaraeTcs MeTOR BHUWCJEHMs fapameTpoB {a-
aoBoro nepexoja AekoHjaliMeHta, OCHOBEHHWH Ha ucno?zf:io?%?m TEOpHH
KOHEUHOpa3MepHOro cKefIHHra (Zinlte size soaling) s/, Cyrb me~
TOJA COCTOMT B NOCTPOSHMM yHHBEpCaabHol ckeinuHroBol fyHKUMM HA OCHO-
BE UYMCJIEHHWX RAHHWX, NOJYUEHHHX HA KOHEYHWX DeNeTKaxX PasNKuHHX pasMe-
pOB,Y M3BAEYEHMM M3 Hee NapameTpoB §azoBoro nepexoga GeckoHewHoll pe~
meTOuHO! CHCTeMH. MeToJi KoHeuHopasMmepHoro ckefitMHra Ghji pasBMT NpH-
MEHHTeNBHO K Teopuu CIHMHOBEX cucTem.Od XOpomo 3apexoMeHposan celd, B
YACTHOCTH, MPH BHUMCNEHHN KDHTHUECKUX HHOeKcoB Mojnend Haunra .Oc~
HOPAHHEM [NS ero NpuMeHeHms 7I£7mewom-nm KANWGPOBOUHHM TEOPHAM Cay=-
XHT THIOTE38 YHHBEPCRIBHOCTH » COracHO KOTOPOR KpHTMyeckoe Nope-
nenme SU(MkanuopoBouHx CHerem Ha pemeTKe pasMepnoctH cl+ I comna-
IAET ¢ KPUTHUCCKUM NOBEfeHWeN (& -MepHWX CNMHOBKX CHCTEM.

C fNomomer METONA KOHEUHMOPASMEDHOTO CKEWIWHra HaMH BHUMCle-
HH KPUTHMYECKHU} MHOEKC ﬁ ma netnk Nlonakosa M Temnepartypa jexoHfaiu-
merTa S ((2) pemerounofi KanMGpoBouHOH Teopwk. [lomyueHHoe 3HAYEHHE
HAXOOMTCA B NMpeKpacHOM COrJIACHM C KPHUTHUYRCKNM HHOSKCOM HaMAIHHYEHHOC-
TH B TpeXMepHod Mopesn Maumra.

2. KOHEYHOPASNEPHHN CHEMAVHD

Crarcymma S({(2) ranuGpopouno#i Teopun ma (3+I)-MepHol eBrAMnO-
Boit peweTke ¢ uMcaom yanos AL3xA4- paerca pupameHnem

Z={Ndllexp(-Sc), o

rae  Tay~ vatpsim rpynme S ¢4(2), saganmwe Ha pecpe (4 1) , a/l(,—
HABApHAHTHAA Mepa HA Tyne. Peweroutoe neficteie S (%) uueeT Bug
(sunbcoHoRCKAR d:opua)/ /

S(u)=# z( -5 TR Up) @

3neck uP- NMPOM3BEREHHE MATDHL u/a;v BAOXL BAEMEHTAPHOro KBazpaTa-
nnaxera, §(4)- ronan XOHCTAHTA CBASH, JABHCANAA OT NOCTOAHHOW pewer-
g A . 06séM V u remneparypa | panrch eupamenusu V~(a2)®
T= (/Vra)'-‘ . [lpennonaramres neprouMyeckie TPAHAVHHE YCJIOBHA BO BCEX
yeTHpex HanmpasieHHWAX. DOAMSH KoMTHHyeabHOro npegmena (A-0) g"' BHpa-
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xaeTCA yepe3 MOCTORHHYO PemeTKM (L C nomoubl (OpMyJN BCHMITOTHYS~

ckoil cBoomu _ 54
A a1g*Y - 272
A=A, (24/971) e:rp(— 1147 ) 3

KOTOpas [03HONAET CONMOCTABATH KAaXOMy 3HaUSHMD Elweunepa'rypy T =
=( 'V?'a)‘{ 3

Nletns TonakoBa (napamerp nopspxa) Ha pemeTke A Ve onpefens-
eTcA B Byle CTATHCTHYECKOTO CPEmHETo OT yNOPANOUEHHOTO NPOH3BELEHHA
MaTpHL 7,(/4, v BLOJAb TEMNEPATYDHOTO HAMPABNCHHA

A
A>=+TT1Uzn. @
<1 lj r B >
B orpecTHOCTH KpHTHYeckolt Toukw napameTp HOPAOKa <L> peger ce6s
caeaysuyUM OOpA3BOM!

0, Wi Vgt

U> = Y . l? %>ch(’b)

rae 4/5‘;- KPUTHUECKAA KOHCTAHTA CBASH, ﬁ ~ KpHUTHYeckult MHOEKC, aHa-
JIOTHUHND KPHTHUECKOMY MHISKCY HAMACHHUEHHOCTH B TPEXMEpHOR MomenH
Maunura, Ecau crnpapennkea runoresa ﬁﬂyaepcubﬂocwu, ﬁ ROJMHO OHTH
FaBHO M3HHrOBCKOMy aHaveHun 0,325 5 .

Buumcnenue ﬁ MpoBOAMAOCH B pAfe pado'r/ 6-10/ . Pacuetn Besuch

meTomom MoHTe-Kapio Ha pemeTrAX PR3NHUYHHX PA3MEPOB C M= 7 4 18,
Az = 3 + 5. llonyuennse aHauenus ﬁ BapbHpyDTCA B Npefenax

0,207 < 3 < 0,409. Jlanbuefiuee yTouHeHHe 3HAuEHMA ﬁ TpefyeT yBendue~
HUA pasMepoB DEmETKH, ORHAKO MOmHOCTH coBpeMeHHWX OBM He RoasoaswT
CYWeCTBEHHO NPOABMHYTBCR B ITOM HAMPABIEHWH.

OcHopuBasiCb Ha runoTeae yuuaepcanwoc'ru/ 14/ » MH npepnaraed us-
GaBuHTBCA OT dddexToB xoueﬂg;-o pasMepa pemweTHH C MOMOMBLD MEeTonR Ko-
HEUHOPaaMepHOro CxeRaHHra » PAABHTOIO B TEOPHM CNMHOBHX CHCTEM,
KoTOpNil NO3BORAET BKCTPANOAMPOBATE MOHTE-KAPAOBCKME fAHHHE IAA KO-
HEUHHX CHCTEM K TepMoguHamuueckoMy npegeny. CornacHo aToMy MeTogy,
cBoGoAHAs 3HEPTHR KOHEwHOW cnuHoBoll cHcTemw paswepa L MnpM TeMnepa-
TYDPE T~ sagercs Gynmumelt opHoRt cxeftnmiropoft mepementol

FLT)=L" L), 6)

roe d- paaue_gljoc b CHCTEMH, )~ KPHTHUGCKMI MHOEKC KOPPEARUMOHHON
pu, £=(7=7el/Te, Te=7e({=>°) . lipn 3TOM CApHr KPHTHUECKOH
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TeMnepaTypH KoHeuHOR cHcTeMs e (4) 0O OTHOWEHHD X @e HCTHHOMY 3Haue-
Huw Je (£=<°) onucuBaercs fopuynof .

A
Tolt==)-To(y~ L.

Jas napaweTpa nopagxa Pus 6 MONYYSETCA BHpameHHe
P = LBMeL™) @

rne /‘l (X) - Hexas yHMBEpCANbH&A CKefinuiropan gyuxuma. {pu -0,
[~ o° napawerp nopagka umeer nosemenne PCE)= 1£[F | mosrouy B aTOM

npepene ,
My~ 2 @

CregyeT oco6o MoAuepkHyTh, YTO B (6)-(9) BCe KPHUTHUECKME WHOESKCH OT-
HOCATCA K TEepMONMHAMUYECKOMY Npejeny.

@opMynn (6)-(9) MoryT GHTH Jerko OepeHeceww Ha cayuafl S ({(2) pe-
meTouHoR KayMGpoBOuHO#t cHcTems, omucwsaemolt (I). [nA aTOro HeoGXomUMO
yuecTh, uTo {asosult nepexon mexonfaftsmenta B SUA(2) wauGposouHof Teo-
PHH CBA3BH C HApYUEHHeM riobaibHolt 2, 2 CHNMETDUM M uTO “TemnepaTypol”
adfexTuHolt TpexmepHoHl Z ; CHHOROH CHCTEMH ABIAETCHA KOHCTAHTA CBA3M
977 KanuépoBouyHo!l Teopuu. Pasmep cucTeMy ompenenfseTCs UMCJOM y3jiom B
MPOCTPAHCTBEHHOM HAIPABJIGHHH /l;' Torga no asanoruu ¢ (8) yuusepcanb-~
Has creflIMHroBas (YHRUMA N1A napaweTpa nopsnxa <~ > (NpH (HKCHPOBAHHOM

A7) crpourea caepynnuM ofpasom:

% £
M(f/V )= Mo <L, (10)

rie t= |9/‘/_ ] ‘/‘l' / 3/‘/ Qopuyna (I0) noaBonfeT BHUMCAMTbL KPHTH-
YecKNe napameTpH ﬁ ] 9‘ ¢ /& GecroHeuHO! pemeTOUHOR CHCTEMH 1O MOHTE-
HRPIOBCKUM JaHHEM LR nerau loxaxopa <4 > , MOYWEHHMM HA pemeTHAX C
HOHEUHEM uMcioM y3108 VG- B MPOCTPAHTCBEHHOM HANDABAEHUH.

3. WCIEHIHE PEIYILTATH

Jna nocrpoeHks crefnmuroof fynkumm /M (X) My _MCNOABSOBANH mMAH-
HHE MOHTE-KapAOBCKHX pacue'roa HB g8yx vemeTkax I8°x4 u 8%x4. 3Ha-
yenus <A > Ha pe e’me 18%4 B wireppane 2,28<%/9°<2,475 pas-
TH HeMH M3 padom7 Buwicnenne <A > ua pemetre 8°x4 B nuTepsaie
2 2d6"/3 £2,70 TpOBORAAOCH MBTOROM MeTponoauca. Jna xamporo fuxch-
poBAHHOTO 3HAYEHMA 4/4*wicmo wrepaumi cocrasasmo 2xI0000. Fesyabrar
syuMCIeHU! NpUBeneH ia pHC.I BMacTe C MOHTE-KAPAOBCKWMM DAHHLMM HA pe-
wmere 18°x4. Janmye ua obeHx pemeTxax (UTWPOBAANCH C NOMOMbED GyHKUKM
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L>=A ‘379—9% g(b B[QZ' 971/9]“), (11)

roe A » B8 N )3 )} ‘3‘/‘/- cBOGOAHKE TapameTpH. CTeneHrHofi nokasartens
0,b B monpaBouHOM uleHe, CBA3AHHOM C KOHOYHOCTHD PEWeTKH, BHOPaH Lo
aHajoruy ¢ mMogenbo isuura . 3HauyeHHs napaMeTpoB NpHBENEHH B TaG-

akne 1.

TABIMUA 1
3 & E)

MM Y] A 8 £ | 2 1%

g x4 | 2,28 |0,763(7) | -0,328(10) | 2,249(0b) | 0,458(42) [ 1,70
2,30 |{0,691(6) | -0,202(11) | R,26I(1I) | 0,405(%6) |I,67
2,31 |0,664(7) | -0,220(11) { 2,265(12) | 0,385(66) | 1,76

16% 4 2,30 |0,724(5) [ -0,445(12) | 2,298(0I) | 0,366(30) (1,00
2,302 | 0,697(6) ( -0,405(13) | 2,R%6(02) | 0,352(40) | 1,16
2,305 | 0,766(6) | -0,497(14) | 2,294(03) | 0,380(40) | 1,16

U3 raGauw 1 crenyer, uToO 3HAUEHWe KPHTHMUECHOTO MHEEHCa ﬂ Ha
peuetke 18° x 4 Gnume K M3UHrOBCKOMYy 3HaueHun 0,325 no cpaBHeHHD
¢ peweTxo#t 8“x 4, ogHako Bce eme He JocTHraer ero. JumGka B BHUHCHE-
HHH ﬁh, HECMOTpA Ha GOABLNYW CTATHCTHKY (mo 60 000 urepaumlt Ha peweT-
we 18°k 4), poboabHo Beamka M coctaBnset I10%-15% Ha ofeMx pemeTxax.
Tor ¢aKT, uTO napameTp {3 CpaBHMM N0 BenMuMHe ¢ awmwiMTygol A au-
nupyumero wieda B (II), cpugerTenbcTEyeT o ToM, yTo gpfeKTH KOHeuHoro
pasmepa BEIMKH Jaxe Ha peKOpaHo Gospuwol pewerwe 18¥x4. Ms ratanuw I
crenyeT Tawkke, UTO NApAMETPH "'/gcu 3 ua onHo¥ peweTke CHALHO CkOp~
PENIWPORBHH = CJa60e MAMEeHeHWe BeNUuMHH "/gf: NPHBOAMT K OTHOCHTENLHO
GONbMOMY M3MEHEHKD IHAUCHHA _ﬁ

llocTpoum Tenepb yHuMBepcasbHyw ckefamurosyo dynxume /f(x)na ocHo-
Be MOHTE-KAPNOBCKAX GAHHLX, NMPENCcTaBReHHWX Ha puc.l. DBuGepem mnn
Heé mapameTpusauMn B buge, aHaxoruuHoM (II)

L) 0%, "

C Moo=A2=Axfe+8ix™), o

rge >(=i‘l1/,\/", V - KpRTHueCKM#l MHOEeKC [NA KOPPenfUMOHHOR L7MHE. 9{5
'V BuGepeM 3HAUEHHE V= 0,63, HatlieHHoe B 3-MepHof MogjesH WsuHIa </ .

PesyznbTaty §UTHPOBAHUA NpeacTaBieHH Ha puc.2, My BUmMM, 4TO MOHTE-
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Puc.I. llapamerp nopsnxa <L,
M(x)

1.25

1.00

0.75

0.25

'y i 4 2 L
2 - 3 4 5

6
£
Puc.2. Creftanurosas qynxums /MOO=ALLLY .

442



KapJIoBCKHe naHHHE HA ABYX pelleTKax C BHCOKOR cTeneHnon TOUYHOCTH OMK-
cupapTea enuHolt cxefmmronoll kpueoft. IlapameTpn aTofl xpHBOfl MpMBEREHH
B Tabnuue 2. 06patoTKa MOHTE-KapJOBCKHX NAHHWX Bejach JAA HEeCKOJbLKNX
HAGOpPOB HAWAJNLHWX TOWEK Ha ofewx peweTkax.B oTamume oT Tadumumu I,
3HAYEHUA NAPAMETPOB He SABMCAT OT BHOOpPR HAYAJLHWX TOYEK.

TAEIMIA 2

8% 4 | I8% 4 P 2
S ) 8 % | B |

2,335 | 2,303 |0,801(5) |-0,029(3) | 2,297(2) | 0,316(6) | 1,81
2,305 |0,803(7) | -0,029(3) | 2,297(I) | 0,318(7) | 1,81
2,310 |0,802(8) | 0,028(3) | 2,297(2) | 0,318(9) | 1,98
2,350 | 2,308 |0,798(7) | -0,027(3) | 2,298(2) | 0,317(6) | I,42

2,310 |0,799(7) | -0,027(3) | 2,298(2) | 0,318(8) | 1,67
2,40 | 2,30 |0,783(7) | -0,027(3) | 2,200(2) | 0,310(I5)| I,46

Cremyer ommeruTb, uto ammnutyna 8 nonmpasousoro umena B (I2) npened-
PERIBIO MANA N0 CPABHEHMD C AMIIHTYHON JMWAMpyDmero wieHa A . 970 os-
HawaeT, uyTO mopefeHHe ckeftnMHropod JyHxumu A7 (X) ¢ xopomeR TOUHOCTEHD
aNMpOKCHMHPYeTCA 38PHCHMOCTHD, XApaKTePHOR RAA GeCKOHeuHOft CHCTeM:

Moo =Axif x-o. (12)
Taapuum pesyssraToM panMoft padoru MJ CUNTAEM BLUNCACHNE napameT-
poB dasoroTo nepexoss AexonpahuMenTa 4/g.u B . #s ragmum 2 1 Gopuy-
xu (3) zerxo HafTH Tesmepatypy nexchapHMeHTa

Tep, =9,9%02 (10)

MR B JusuueckHx emmiMuax Jc= (209,5 + I) MeB (A, = 5 keB pan
rpynm SU(2)). Buavense ﬁ, NPeACTARAGHHOE B TAGAMLE 2, NPEOKPACHO
coraacyercs co 3H34EHWEM KPHTHYECKOT'O WHAESKCA HAMATHNIGHHOCTN f3 =
= 0,325 TpexmepHoR mopenx HauHTa, B MOAHOM COOTBETCTBMN C FMIOTESCH
YHUBEPCANBHOCTH.

Taxkist o6pA3OM, MOTOR KOHEWHOPASMEPHOTO CKERAMHIA OKASAXCH BecCbMa
sfbenTHRIIMM PN BMUMCAEHMM KPNTHUECNOrO MHOSNCA NADAMOTDA INOpARKA B
$U(R) xaantposowHOR TeopkM Ha pemeTre. JaibHeMWRA SApgAUA COCTONT B
NDPMMEHEHNN STOTO METORA N BUNMCACHMD NDNTHUECKMX NHOEKCOP TOIECEMKOC=
TM H BOCHPMNMUNBOCTM, WTO NOSBOJHT OKOHUATEABHO DONNTL BONpPOC O CIpa-
BERANBOCTM FNTIOTE3M YHMBEPCANLHOCTH.
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COCYNECTBOBAHUE MYNBTVKBAPKOBUX KIACTEPOB M KBAPKOBOJ TLIASMH

A.A. llaHenxo, B.J. Kxanos
OCbeIMHEHHH MHCTUTYT AEepHHX yuccaepmonammii, Iytua

Npencrazanmmit A.M, Garnunnmv # 3§CHGPMMGHTBJH>HO oGHepyReHHHIt Ky—
MYJIATUBHEN 20feKT poxmerusa Meaouo:s »& TaKEe SKCOePMMEeHTH L0 IMyGOKO-
HOYIpyroMy DAcCEAHED JIONTOHOB Ha .cw.pax/ 2/ nosBosmsnu CHeJarhk BHBOL O TOM,
Y70 B ANPAX CYWLECTBYWT TRX HaSHBAeMHEe MyIbTMKBADKOBHE KIACTEDH — Co-
JIee KDYTHHE, YeM HYKIOHH, OBA3AHHNE COCTOSHNA KBADKOB. PasiM4HHE MYJIb-
TUKBAPKOBNE KJIACTELH MHTePHPOTHPYHTICA KAk ¢as30BHE COCTOAHMA KE&PKOBOL
marepun. C HacTywneHueM neKoH(eilHMeHTa KBApKM IIPEACTAKWT B BHIe KBap-
KOBOR JARME (WDI KBEDK-TJHOHHOL IJIA3MH), KOTOPAA Takke ABJIASTCSH
($2a30PHEM COCTOSHMEM KBEDKOBOH maTepuu. LUin usyueHms ycwoBuit mexondaki-
MEeHTa CHJIO CO3MAHO MHOXSCTBO CTATMCTHYECKMX MOIEsel DeATHBUCTCKON
AnepHo# MaTepua. B OMOTDEHME, KOTODOe [pOM3BOIBUIOCH TOJNLKO DY BH-
CORNX Teumeparypex’™, BRINGAMCEH BCe BOSMONHNS MYJNBTHKBADHOBHE KJIACTEDH.
OHN POETAMICE U3 BAKyYMA ¥ MX B3aMomeilcTBHe yuuTHBanoch MO BaH-mep-
Beaxbcy, TO ecTh BBORWICA MCKMoYeHHHE o0teM. B pesymbTaTe NOMY4&IOCH,
9TO € POCTOM TEMIepPATYDH DASMepH MYJIbIHKBADHOB YKDYNHANMCH, NOKE, Ha-
KOH6l, He MOARNSICH KNACTED, 3aHMMapuMit Beck 00hEM CHCTEMK, — TO €CTH
TPOMCXOI®I Hepexof NexoHfalknMeHTa. ONHAKO 9ACTO NP TaxoM NOTXONe
mecT0 a30BOTO Mepexola B HKBAPKOBYD ILIAasMy nodylamchk Hediiauveckye
DPACXOMMOCT! 4/ .

Tomumo mepexolia mexoHfalizMeHTa, BUSHBAIE HHTEpPOC (R30BHE NOPEXOIM
MOXIy MY.JhTHKBAPKOBHME coo?OTmmn KBAPKOBO# MaTepms, B uweoTHoCTH, B
MonesH “XyfSHeHckol rpymH“ aCCMATPUBAMMCE [P HU3KUX TEMIIEPATYPEX
HYKNOHH, [MOCTMKBARPKOBH®, IOBATHKBEDKOBHO M NBOHANIATHKBADKOBHO KIACTE-
pH, B38EMOmefioTBYNOM® N0 BaH-Iep-Baamboy. YUMTHBANMOH ANEPHHE DEaKIEM
OJRAHEA ¥ DACIANS KJAACTOPOB, B DESYIBTATE QOT0 BHBONMIHObL YONOBHA 00~
OYmMeOTBOBAHAA PASMNYHHX MYJNBTHKBADKOB. B MTOTe® DACCYATHBEANCH KOHIGHT-
paipy MYJNLTEKBAPKOB B 3EBACHMOCTE OT ILTOTHOOTA AREPHOK MaTepmm,
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B pmamHoit pasoTe {OpMYyJMpYyeTCs CTATHCTUYSCKEA MOLeNTs suepHoft qw—
3MKY, BKIOUAKUAA B COCA BCe BUNH KBADKOBHWX KIGCTEODOB M CBOCONHHE KBAD-
xu, [TonoGHO TMomxomy "IyCHEHCKOR I'DYINH', YIATHBAOTCA ANSpHHE DeaKitHh
MeRLY KIACTOPEMA ¥ KBAPKAMA. BHOHDBRTCH DOANMCTHISCKWE IOTOHIMANH
B3AMMONEACTBHA MYJIBTHKBADKOD ¢ MyJhTHKBapKaMHA. KBapKOBaA IIA3MA pac-
CMATDHBASTCSA TaK Xe, KaK 5T0 Juno cnenaHo B paCoTe Xapaeesa B Mocxa-
ReHKo’ °/, UpMueM, eCJM ¥ HUX XuMEueciil TOTOHIMAN CBOGONHHX KBADKOR
own papeH O (KBapKM DORIEJHCH U3 Baxym%; TO ¥ HAC OH OlIPeNeAAeTCH
YCJIOBMSAMM COCYWISCTBOBAHHA, 4TO, KAK ¥ B He NPEBOJUT K TDABHATE~
HOMY CHBHTY JPMIMOCKOTO MOTOHIMAA,

QopMymIpYeMas MOJeNb NMpAMEHVMA MDY BCEX TEMOepaTypex X B IMEPOKOM
¥HTepBaJe MaoTHocTel,

NorasuBaeTcg, 4TO TPE HOPMANBHOR ANEpHO# IIOTROCTH KBADHOB e =
Po = 4105 MoB® u Tpa TemIepaTyps 6 = 0 MMEOTCHA HYKJIOHHEA MATepUs
¢ HeGomsuolt (= I8%) mpumecko weCTHKBEPKOB. [lpA To#t Xe MUOTHOGTH R IDH
@ ~—» oo KBAPKOPAA MATODKA ACHMITOTHYECKM NEPOXOJUT B CROCOLHHE KBADKH.
CaenoBaTemBbHO, MPONCXOIRT (E30BHY NepexoN KeroRjalimMeHnrta, Bouse TOTO,
¥MeeTeA OGMACTE OOCYMECTBOBAHHA MYXBbTHKBADROBHX KIACTODOR M KBAPKO-
BO#t MIA3MH, DPAYEN OCHOBHAA 98CTH MYJNBTHRBADKOB - BTO HYKJOHH.

TaMubTOHMAH KBADKOBOH MATODAM 3&IMCHBASM B BUIG:

A +
= W —u) Ogze Quze + U, 2
H ,‘:_,a\ '”7 /4) g&e “gie 7
+
fZ: (ViR M —/Un) Qnisnds * Un ,

wen
£
TIe 07;2 , Gglie - ONEPATOPH POXNOHMT X YHUUTOMGHUA KBADKA C

EMIYTBOOM & W B KBAHTOBOM COCTORHMH € ; (hie , Unds - ONGpa-
TODH POXTEHHA M VHHUTOREHMS /2 - KBADKOBOIO KIACTEPA C UMITYJIBCOM A
M B CIMH-H30CIHHOBOM cocTosiun & ; [h  ~ wieH, onmousemmmh Baa--
wmonelicTene KpapkoB ¢ cucreMolt, T/, - WIGHH, OTBETCTBeHHHE 38 B3AU-
MometCTBME /) -KBADKA C MYJBTHKBADKAMH; Mg - MAcCA KBapKa, M, -
- Maces /1 -KBEpKA; 4 -~ YUMUUECKH{ NOTOHIMAI CBOCORHKX KBADKOR,
Mdp - xaMudeckult mOTeHUMen /2 - KBADKOBOIO COCTOAHWA. BEPOATHOCTH
COHADYXUTE CHCTEMY B KAKOM-JEGO MYJBLTMKBAPKOBOM COCTOSHMM BHIMANKT
TaK:

(I

n +
= oA {Ang >
Wa %V._P @nis amu-), (2)

446



TAe p - noxHad [IOTHOCTD KBADKOB. AHAJOTHYHA BEDORTHOCTS OOHADY-
AKUTH CHCTEMy B COCTOAHMM KBADKOBOX ILTAAMH

'V:? Z. <a72¢ 072@) (3)
NPUYGEM BHIIOJMHEHO DABEHCTEO
0
W+ Zg Wn = i . (4)
n=

Mexny cBOCORHHME KPBPKSMH M MYJBTEKBADK( JLMM KIACTODEM: ARYT peaxImn
CJMAHWA KBADKOB B MYJBTHKBADKM, MEHBUMX MYJIHTHKBEDKOB B COJBINMS H,
HaodopoT, peaKuMM pacuans, ClelOBPaTeNbHO, YCJOBMe COXPAHBHMA CapHOH-
HOTO wucnaa TpedyeT, YTOOH:

Ma=nu. (5)

Jna narppelfimelt — HKDETRIAMH MONE/MM HEOCXOMMMO PHODATH HOTerUA-
aJlH B3AIMOnefOTBAN MY.hTUKBEDKOBHX KJIACTEePOB. M3peCTHO, YTO B MOTOH~-
1IMAT MORHYKJIOHHOTO B3erMoIoMcTBEA BXOLAr OOHTPANBHHO M TOK3I0ODHHS Wie-
HH, Tax KAKX HAC MHTePeCYeT TePMOTMHEMMKA KBEDKOBOHM CHCTEMH, ONODEDY-
WaA CPOXHMMA BOJITIMHEMHM, TO A HARC OyMeT BaMHA CPeXHAA IOTOHLHANEHAR
anepr?a /aaamonenc'ram HYKJIOHOB. BidCMpeA 3a OCHOBY "GOHHOKH# MOTeH-
Jivi(:V MH YODOIHAGM OTO IO CIMHOBHM NODOMOHHNM M CUUTASM, YTO 3=
(POKTHRHO HYKIOHH B3AMMONOHCTBYNT € MOMOWBH TAKOTO YCDORHOHHOIO "GOH-
HOKOTO HOTeHupajJa'. Hpn YCPODHOHMM BCE CJATAEMHO, COROpRAIMe BHDAXe-
Hus S, [3@.’1&"2 &&f uégé 2.8, naor nynesok mwmg,n
MH [0JIy486M KOMNAKTHH! pamsanbHit MOTeHipmaxa:

Rar) = Z Va(®d; (6)
Vs 00 = - S L1 41 2] Y () +
ma[v 9( 21+ 3(nuz~z) V‘J} ;

Vie (1) = &m f[4+ 3( 282 ] Yomyer> - 2 Voim-

“ i, Yy z)vj 1 g:.&.m o D) g2 ®)

7)

2 X
L.

m —uabcawona,7=i/°/—, %,L:-n-&'}ly(x): ix—-
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T
$ Sz My [Mey] ¥ Bux Mesona

I. 6 -mesoH 7,75 550 - CHAJApHHE
2. § -mesoH 2,67 963 - Me 30HH
3. @ -me30H 0,95 769 S'Iﬂs BOKTODHHE
4. W -Me30H 20 62,6 0 ME&30HEH

Hanbonee 4acTO MHTEDECYNTCA NMANAIOHOM IUIOTHOCTel KBapkoBoll mMa-—
repun, HB"mHBH ¢ HopMasBHOX muepHo#t, KOTTA IIOTHOCTH KBAPKOB P = fo=
=4 IO MaB3 nmp = I0 po , 4WTO COOTBETCTEYET MIDTHOCTH KBADPKOB
B LSHTDP&ILHUX o0nacTAX hefiTponHolt spesmH. B oToM MHTepBA&Te IAOTHOCTel
CpelHee PECCTOAHME MeXLY HywIoHeMu Oy = / ($r2) ta OPUHEMAST SHAYSHNA
or 0,004 Mev? 30 0,009 Mev™ | B To BpeMR KEX PATMYC KoDA HYKIOHA

7. = 0,002 Mw™ = 0,4 . Crenoareasto, mpu P€ L pe,40p.]
BOJHOBHE (YHKIMM HYKIOHOB NMeDEKpHBAXTCA CXA00, M MOXHO MpeHeOpedh He—
JOKENBHHMH WICHEMH B IOTSHIMANS BaaMMOmelcTEHA. B MTOTE MH MMEeM Cle-—
IDywumit 2PQerTHBHHI NOTORIMANT P3e¥MONeNCTBUA JNBYX HYKIOHOB:

%3(¢J=§C-<m-ly(md2) , Tme Ci=16Fum=mp; (9)

Cr~2,% u my=rp, Ca=-F8u my=mg ; Cfu =27« My =y,

Terteps ¢ momomsw ($) MOXHO HOMYTUTH IOTEHUMAN BIAMMOROACTBAA IMONX

n - KBADKOBOTO ¥ 7’ — KBAPKOBOTO KJIACTEPOB, IIyCTH UMOWTCA TDM Hyk—
JOHA, U3 KOTODHX NBA CJMBAKTCA B WMECTUKBADKOBNR KJAACTED. G3AKOH COXpa-
HeHWs SHEDTEM B DSAKIIM 6y,neT BHTIANOTE TAK:

w/k"fM_, f}/ﬂ_, r/k_, Ba(2p) + Byles) + But) =
(10)
FYRM + B+ /R M

rme £, M K, - EMIyTBOH DEDROTO M BTOPOTO HYRIOHOB, CIMBANIMXCA B
WeOTAKBADK; 7p - PACOTOSHME, HANMHAA C KOTODOTG UPOHCXONMT DOAKIMA
OJHAHEA [eDBOTO ¥ BTODOTO HYRMOHOB; Zy3 ¥ Z,; - DECOTOSHMA JO
TPOTHEIO HYRACHA COOTBOTCTBOHHO OT NGPBOTO B OT BTOPOIO; 2 B
- EMIyABOH TPOTHETO HYRXOHA IO DOAKIME K [OGNe Hee, K - HMIOYIEC
00pASOBABIIETO0K WOCTAKBADKA B /i -DACOTOAHEG MEXTY W6CTEKBAPKOBHM



KAACTEPOM M HYKJNOHOM, ECNM MpemmoNomuTh, 9T0 <2 « Ts3, T3 M, COOT-
BETCTBOHHO, 7p « 2 , TO NApA CMBARUMXCA HYKMOHOB odpasyeT KOHCep-
BATHBHYD TOICHCTEMY, B TOTHA:

/’:r‘*M; + V"Z’J"M{J * ?jg(zf) = }/E'If M: > (1I)

2
4 s q;h-)ij?s(zls)*?g(?.z;) '—‘-24_;;(?). {2)
Tak KAK MH ONHIGEM, 4TO DEAKIMA oCpa30PaHus MeCTHHBAPKA MPOHCXOIMT
mpg Tp = % = 0,4 (M, a cpennee paccTosHMe (3 MEXOY HYWJIOHOM X
MeCTUKBADKOM HE MEHBII® cpem{em PEOCTOAHAS MERLY HYIJIOHEMA, KOTODO®
mu P= P. =410 MeB? cocrantzer I,8 ¢m, opu f= I0p. coor-
BeTcTBOHHO 0,8 M, TO OpX TAKOM COOTHOWOHMM MERLY T £ B Q3 mprGIH-
2oHUS 95& (23=2 993 (2D HBAASTCS KOPPEKTHHM.

> -
Ky =K

AHAJIOTHYHO MONHO NOJIYUMTH, UTO NOTEHLEAN BEAUMOLOHCTEEA /I ~KBED-
¥a B 7’ -KBapHAa:

nn'
B (= 5 % @, (13)
SHepTHD 0BOGOMHOIC KBADKA 3aNMCHBAGM B BHIS
Eu={Rtm + ﬁ , (14)
1
e 5om.n OAOTHOGTE: KBEPKOB B CHCTeme, & “ = 235 MsB, wak o

B pado'te KBEDK HEXOMMTCSA B CDOJHeM IloNe BOeX OCTANLHHX KBADKOB,
OpE 9T0M OH BRARMOREHCTEYeT u ¢ TemE KBEDKAMM, KOTODHO SAKINIOHH P
KIBCTEPAX, AHAMOIMYHO, KBEDKE BHYTDE KJAOTEDA TaRxe WBCTEYRT 9TO
ooJe, YT0 NPOARNABTOR B MECOAX MYABTHKBADKOB.

Torma, ¢ y9TOM BCoX KOHKpeTHMaalMll FeMEIbTOHEGH Remefl Momem: Oy-
EOT BUIAATETH 'rax.

/? Zfdx ,e(x)(;’vfm,f;ﬂ) O #
+ Z [Zfdl %_‘-(X)(” V'zi-ﬂ'l /Un ng (X) T
zz Jfazdq B 020 %w%@’)%wry)%(w} 9

t Z ZZf_fJny o (1%-§D ,,,(x)‘/;”q)‘f’,s/(g)%’,,(x)

nsnt & 9!
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TIe ‘f’7¢ 5, %e (R) - NoNeBH® ONEDATODH KBADKOB; Yhe(X), Whe(R)
~ TIOJNEBHS ONEpATOPH MYMBTHKBADKOB ( 72 ~KpaTHO TpeMm);

- Balop CIMH-M30CIHHE COOTBOTCTBYMWEIO /2 - xBapka; € - HAGOD KPAH-

TOBWX HOMEDOB KBADKA,

danauy pemaeM ¢ noMoupn MerToina fyHiumil I'puba, PacoMaTpuBasM noc-
JIeTIOBATONBHO TP NPUCIMXOHMA:

a) He yuTHRaeTCcA BzayMonelicTBHE MYABTUKBADHOB C MYJAbTHKBAD-
KoM,

6) lIpuGmEeHMe XapTpw,

B) lIpudmskerme XapTpu - doxa.

JloroBOpEMOA B JgUmbHeHmeM KCIONB30BATH Clefynpe 0§03HAUOHMA:
fye - WIOTHOCTH CBOCOAHNX KBESDKOB ¢ IAHHHM KBEHTOBHM HoMepoM € ;
P9 - noyHan WIOTHOCTE CBOCONEHX KBAPKOB; [ny - IWOTHOCTE /2 -

KBAPKOBLX KIACTEPOB ¢ AAQHHHM HBAHTOBEM HoMepow & ; Pn - nomsas
[UIOTHOCTS /2 -KBADKOB,

Hike BHIIUCHBAKTCH ILIOTHOCTH KBEDROB M MYJBTRKBADKOB, INe VA
MoCASNHNX HCIOJNB3yeTca npunimxerve Xaprpy - foke (moxpasyMeBaeTcs,
qTO K CAYYAK XADTPU~OpUORUKEHHs MOXHO NepefTn HyTeM BaHYAGHMA OOMeH-
HHX MNTETDRJIOB B OHOUACTEMHHX CIOKTDAX MYJBTUKBADKOB, K WMEOAIBHOMY
CJIyY8R — NyTeM 3aHYJNEeHMA eme ¥ XAPTPHEBCKHMX WISHOB):

4 w 2 Jdu

e =55 jat ————m—
$oe = 27 : exp(%t_'t_))+1
wy(Rr = T i s & -, an

£r=Z Pre (18)

’, (16

Juisi 2 -KBApKOB MMeeM CJIOLymilee:

a) eyl 77 - HGYeTHO, TO /2 - KBADK ABISOTCA POPMHMOHOM:
1o
T
s =
2r< enp( w,,(w) 2 (19)

Wy M /men ,,,,.() -4- (2,)3?n(lk+k)fn(") (20)
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6) ecim 2 — 9OTHO, TO £ - HBADK FRAASTCA GOIOHOM:

+e0
{ e (21)

Prs '=Pons + E‘\rlf

° eixf)(%g))-i ’

(ANES) ={,;a+/q,j S %Pﬂ.qgm,(o),»ggﬁé%; ‘},’,,,(/E'Ey)_g,,cf') (22)

B o0oEX cayusax £f4)-AcH0 BHYTDOHHHX KBAHTORHX CTeNeHe# cBOGONH,

z T > > = LK 2
Pn= ;fﬂ: o Pn ’f‘%,fn(“), B 02 =foﬁ Paife (23)

Yepes Pons MH 0003HAYAEM IUIOTHOCTD YACTHI, B KOHNOHOATE. YpeBHeHWe,
onpefeJswillee XUMHYECKAY MOTEHIMEN ¥ IJIOTHOCTH YACTHML, B KOHNGHCATS,

crexynlee :
-]
P+ Zngn=p s (28)

TR STOM WONONB3YSTCH YCNOBM® COCYNECTROBAHUA /1A =Aln . AHBJmTE-
9eCKE yNeeTOA MCON6IOBATE IBA NPOJENBHHX CAyYad.

I) 8 =0, P = 4-108 MaB3. AHEMM3, NpOBeXSHHHY "IRyCHeH-
cxolf rpynnot"/ 5,/ HOKA3AJ, 4TO OPU TAKAX NAPAMETDAX KOHUeHTPAUMM IeBd-
TUKBADKOB U NBEHANUATHKBADKOB MHOTO MEHbBUle KOHUGHTpaipdi HYRJIOHOB M
MeCTHKBAPKOB. [losTOMY, aHEmMBMpYA HoBefeHmMe Hamed Momeyw mpu & = 0
¥ pP=pPe , B3 BCol DOBOKYNHOOTH KBADKOBHX KMAGTEPOB OTPAHNYHMMOS DAO-
CMOTDEHNOM HYKAOHOB ¥ WECTHKBADKOB., A KBADKOB EMEWTCAIZ KBAHTOBHX
crenoHel CBOGOMM: 2 ApoMaTA, 2 MNpOeKOEU cmuue, 3 IpeTa.

Macey kBapra m, BuOZpaeM papHoft 7 MaB, A HykmoHa -
156 NMPOSKIME OMMHA, NBe MPOSKIMM U30O0IHMHA, ETA YeTHDE KBS&HTOBHX OTe-
ey OBOGONH, MJ = 938 MaB, Jl1A meoTHKBEDKA — TPH IPOSKOUM CIHHA,
TRH ESOOMEHA (CHEH paBeH I, HS00UMH pABeH I), KAA HeBATH OTemeHef
0B0OOZH, Mg HAXOZMTOA M3 CDABHOHEA KOHUSHTPAIME MCTHKBEDKOR B AXED-
HOR MATepHR ¢ ONHTHEMA XEHHHMH.

YuceHHuY SHEMA NOKASHBAGT, WTO MK P=Po & & =0 HeBOIMON-
HO OOCYWMECTBOBAHKE KBADKOBCH ILIA3MH C HYWIOHAMHE E WOCTAKBRPKEME. Cxe-
JIOBATELHO, DEQIESYSTCA ONHA K3 HBYX BOSMOKHOOTeH: JMHOO AMODTCA HYKIO-
HH M MOCTAKBEDKH, JBUC EMORTCA CBOCONHH® KBADKM. BWWHGNAA OBOCOIHYD
9HOPTHD JIA KAANOTO CIYYAR, BHOMpDAA MEHAMBNBHYN, MH HAXOINM, KAKGH RS
IBPYX BOMOXHOCTO# posIHSyaTCH.
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a) Cuayvait HOB3AMMONEHCTRYNIMX HYKIOHOB M WIGCTHHBADKOB.

p = CP/p =4 My g sTE M) (25)
- ,__ M, M -~ M
e ( T '“3)) “fom,( M) ,,,Nz(g ”5)f (26)
(4376~.< Me s 1956 Mo ),
we=0  { Me 2 1956 pav) (27
c.?{ = (,lb, 470 COOTBETCTBYOT OLOHKSM KOHLUEGHTDAUMM WEeCTH-
KBapKOB 10/ 'ro Me = 1944 MaB.

0) HywmoHH M WECTMKRAPKM B MpHOMAeHEM XapTpu. PesyabtaT mii
Wi(M,) OCTaeTCA TeM e, YTO K B a), TaK Kakx MMEeTCA COOTHONeHMEe
MEATY TOTCHIMSAEWA Py(c ) = 4 B o) = iq}‘(a) (28)

B) HywioHH ¥ WecTukBapku B Mpudmixesmm Xaprpn ~ Qonal

We =4 (Mo ¢ 1864 Mev), (29)
We =G I8 (Mo = 1965 Mev T §Mav ) (30)
we =0 (Mo 2 1927Mw 2 SMac) (3D

TocsenopaTeEHOe PACCMOTPEHME TPRX NPRONMMeHMA NMokA3HBEET, 9TO
PesSyNbTATH HOIHAURTENBHO HSMEHANTCHA IIpN [epeXoXe OT OXHOTO MpHOImMXe-
HUA K Npyromy, CAONOBATENHHO, PAR NpROMMEOHEHl MMeeT TedNeHMD K CX0-
JMMOCTH.

Mpg © = 0 ceofoRHAA SHepPTHA COBNAARET ¢ aHeprmel cmeTems. [LioT-
uoc'rl: BHYTDeHHeli 9HepPIUM HYRJIOHOB M WECTHKBApKOB mpu & = 0 chely-

EG-I;J; H_g) ["l’ (ﬂ“M’)'{—M}(-Z‘M)

(32)
473 M'M)J} O i sz"JfJ + ()ffs *3 ()ﬂ,

rie P, = W‘f S “E.P: . GopMyna BummcaHa B npHOM¥erME XAPTDH.

Eeam We ..018 TO wJ = 0,82, M, = 1944 MaB - ‘E_ge =

= I,25¢ 10 MaB4. {I1oTHOCTH 3HEPTMK B CJyuae XapTph _¥a W HeB3au-

MOJiefCTBYIMX HYKJIOHOB ¥ WOCTHKBADKOB OTJAYASTCA OT HAHHON BeJMUIHH

HE COTHE MOJA.
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L715 YHC 0k 3838 CBOOOZHHX KBaDKOB MMEeM CJAeIYUY®D ILIOTHOCTBH

auepm'm el =Cu P -53

‘Iv'— g/-l 3
)g'f 7-%)*,—,,,74'

f’"”’?'ﬁ mi/"’"fp)j*E’
TaK Kak M = 947 MaB (u3 yeaosus %_Pfe =P7), 1 Ey =36+
109 M3B4. CJIezoBaTeBHO, CBOCONIHER BHEPIMA HYKIOHOB M WECTUKBADKOB
MOHBWE, UM CBOCOMHAd SHEPIMA KBapkoBo#t miasmu, Torma mp © = U n
P =P- B fmepHoll MATEPAM CYLECTBYOT HYKIOHH } WECTHKBAPKM, DU~
ueM wy = 0,16 mpu M, = IS08 MaB + o MaB.

(33)

2) € - +oo, TIpH BHCOKRX TEMNEDATYDAX YpaBHeume (24) asamvumer-
cf B cxexyouem Bane ( P=Po )i
/e /’/9 /'/9
1% 93 12 ge 54 93

Tz 2
M;,fA,, )
+ Z R EmE (9)—-e g e = po s (34)
nz9

rme £(n) - wucao KBEMTOBHYX CTemeHell CBOCOIN WA /7 - KBApPKa,

Aﬂ = nZ‘P”'?,n,(a) = 5— ;fn’?’g(e) :5.% ?j(a))

Ye) = f e , O<H(er<a,
(£ 2¢ Mo )™

Ecym pewerme (34) cymecrByeT, TO MORHO ySeIMTBCH, QTO:

a) pag B (34) cxomrres; sy

6) ¢ pocToM Temmeparyps & YyOHBAOT K HYJID;

B) DOWOHHO OIUHCTBEHHO;

T CXORAMMICA DAN Opu INOCTATOYHO BuCOKkXx ©  jacT BKARN cy-
LBCTPOHHO MEHbINe, W6M IPeFHUYIMe NPH CAATREMHX; 3u

I} cIATasMoe, OTBOTCTBOHHO® 32 HYRIOHH (comepaames @ ), Gy-
ZIeT OPH HEKOTOPHX ©  CYWECTBOHHO MOHEM® CNATASMOTO, COOTEETCTBYMMIS—
IO CBOCONHHM KBADKEM, I CYWLECGTBOHHO GOJBLS CJIAraeMoTo, COOTBETCTEY-
meIe MeCTUKBEPHAM,

AcmvmroTRR6CKEA fopMa ypABHeRMA (34) caexywmen:
/1/9 _ y.sr‘ (35)
e = 7’; .
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Tewaen (35), NOZCTaBNIAEM pewende B {(34) M, TNOJLIYACH CUEKTpoM Xare-
TOpHE! 4 1ia oueHKn &n) ¥ JOIMYTOfl INA MECC MYJBTUKBAPKOB

M -z 3/4
= (Gz—) . The M = 1000 a3, (38)
TIOJTyYAEM:
\ 2.0
> <““_[2(&)1341  Mc W chet. I
neg T 14 M 2M82 (1293 ‘n 4287 * (37)
a(4%)
P
e ¢ = 6,45-10° MaB%/2, M, - 2800 Mo
3/_,/ . a3 4, 8
12 3, 778_ (2 M3 Py X po
J[‘Qe -m 126°/ ~ . gE - ()
= [
s6 3 Yo 18.407°% 7 po (39)
w6'e = X
915-

Teneps HeTpyMHO yOeIMTRCHA, WFO ACHMITOTHUGCKY ypasHerme (34) mpm Ta-
koll TMopcTaHOBKE OCPANAGTCH B TOXNecTBO. CRENOBATONBHO, PeueHMe Haii-
IeHO ¥ OHO SCHMUTOTHIOCKM ONHCHBAET CHTYALMI0, KOIZA BHXMBROT TONBHO
CcBOCOIHH® KBaPKM, [IpoBeNeHHH) anesms3 HoBeleHMa MojesM Mpu P =fFe

u temieparypax © = 0 u € + +°° NOKESHBAST, YTO CBOCOJIHHX KBAPKOB
MpY TeMOepaTYpe, pABHOH HyJmo, HET, HO OpR © - 5o  KBADKOBaA MaTepud
NepeXomAT B KBADKOBY® 1IAMY. Taiu o0pasom, IpE HexOTOPO# NpoMemy-
TORHOY TemmepATYpDE NPOMCXOMAT (a3opuf mepexorn rexoHpeftiMeHTa.
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