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.0 PABOTE MAPTKOMA

N AUPEKUMM JIB3 No
MOBUAMBALLLIA KONNEK-
TUBA JIBD HA PEWEHUE
3AAAYU NO COOPYXKE -

HU HYKNOTPOHA *

(aokAaA A.U. MAAAXOBA HA BBIE3AHOM
3ACEAAHUM NAPTKOMA KIMCC B OUAK )

A6.01. 8%,

3AAAUA COCTOUT B TOM,UTOBbl B
KOHKPETHbBIX YCAOBWKAX ﬂBC—) HE
CHUXAS] TEMNOB BbINOAHEHMUS HAYY-
HOW MPOrPAMMBI Y NOAAEPXUBAR
PABOTY CUHXPOPABOTPOHA HA AOA-
HKHOM HPDBHE COCPEAOTOMNATD YLK~
AA HA cosmumm HUKNOTPOHA

B KPATUAUAWMUE CPOKM




"NAAH... "

NAPTUMHO-X03. AKTUR - nioHs 86r.

NAPTCOBPAUA 1B :

e nTorum 86r. u 3AAAUM HA BFr —fPEB,B?r,
® O XOAE PEAAMU3ZALWK NPOEKTOR

COZAAHNA HOBBIX ®U3IMUY. HCTAHO-
BOK U NEPCNEKTHMBBI HAYYHBIX

WCCAEAOBAHML B AB3 — ceurt. 8%-

® O NOAOKEHWM AEA NO COOPYKE-
HUK HYKADTPOHA - OKT. B%r
CEHT. 88

BOMNPOCHI HA TAPTKOME :

e UHPOPMALIMA O NPOEKTHbIX . 3 6
PABOTAX N0 HYKAOTPOHY - MAWK E

o O XOAE PABOT noO HYKAOTPO-

HY e 033A,HNITO,HUKD PEG Bir-
2TO, Lo3N -Hoss, 88r;

M.-Jl. U 3KOHOMUY, OBPA30B, , AEKLIAOHHAS

e e e

MPONACAHAA .

® KPYMAbIV CTOA" AAA MPO-
NATAHAMCTOR , PA3BUTME Yck0- - AEK.86¢
PUTEABHOM BA3bI SIB3”




m MACCORO-NOAUTUMYECKAS PABOTA

@ BCTPEUA MOAUTUHOOPMATO- — uioab 87
poR JAB3 C FAABHbIM UHXKE-
Hepom JB3 J.I MAKAPOBLIM

® BCTPEYA MOAOABIX YUEHBIX C = FIHB.B7r,
AAMUHUCTPALIME A, OBILECTS.
OPTAHM3ALMAMIK J1B3

® OCBEWEHME B rA3eTe , AusHa" - %Egﬁ 5
(PusPura ,Hamewveno naTuaeTHUM naaom DHAK")

= HACASIAHASL ATUTAUMS

® NO3YHI .

BEAUAU
koen, N° 1

Coreyauuku /B!
CBOEBPEMEHHO U
KAYECTBEHHO BbINOA-

HUM PABOTBI NO
COOPYXEHUHO

HYKAOTPOHA !
ki %




o CTEHA :  YCKOPUTEAbHBIA

(8 Aamunmerear.  KOMMAEKC JIB3”
Kopnuce AB3)

YCKoPUTEALHBIA KoMnAaEke NB3
(CMHXPOPAZOTPOH = CNUH~ HYKAOTPOH-CYNEPHYKADTPOH )

CHMHEPOPALOTPOH HYKADTPDH CYNEPUSEADTPOH

I

e HATARAHAA ATUTALIUA

B OTAEAAX
¢ POTONHDOOPMALUS - 2%3
, CO CTPOUTEABCTBA PA3Q. B rpg,
HYKADTPOHA "
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[TAPTUMHO -X03AV CTBEHHbIV AKTUR

(Uions 86r.)
BBICTYNAEHUSG :

" 3AMEYAHUA WU NPEANOXKEHUS NO
JCKOPEHUK PABOT

® MEPDBI ND YCTPAHEHUH HEAOCTATKOR
NOCTAHOBAEHUE :

@ BbIAEAEHBI MAABHBIE 3AAAYU AQ OCTAHOB-
K CUHXPODA3OTPOHA HA MABOAKOBbIW NEPU-
oA 1981

Perosaudobaies :

® AVMPEKUMM JIBD NPOBECTU PAGOUEE
COBELWAHKWE N0 NOAFOTOBKE TEXHUYECKMUX

N PUBUUYECKMUX UCCAEADBAHUIA NO NPOr-
PAMME , HYKAOTPOR"

® OTAEAAM NPOBECTM NAPTCOBPAHUSA, HA
KOTOPbIX NPOAHAAUIWPOBATDE XOA, PABODT
No HYKAOTPOHY, B MAKCUM. CTENEHI
MOBUAUZOBATL KOMEKTUB HA BbINOCAHE~
HUE 3TOW 3AAAYM, BBECTU B AEAD PE-
3EPBBI.

11



OBcyXAEHUA AEA NO HYKAOTPOHY
COCTOAAUCH TUET n/c

OTAEAOR U JRBR3

HO0OPA -> nPoCbEA B AAPEC NAPTKOMA
JBD 0 HEOEX0AUMOETH CO3AA—
HWA NOCTDAHHOAEUWCTB. COBEWA-
WA No HYKAOTPOHY.

® TENEPL X0A PABOT NO COOPYXEHUO
HYKADTPOHA EXEKBAPTAABHO 3ACAYLIU-

BAETCS HA AUPEKTOPCKOM COBEWAHUN
AB2.
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@ K NPOREAEHWIO MACCOBO-NOAUTUY. PABOTBI MPUBAE-

[MPONAFAHAUCTCKAR PABOTA

OBCYKAEHUE AOKYMEHTOB 27 cie3aA KNCC B
CUCTEME M-Jl, OBPA30BAHNA TECHO CBA3HIBAETCS
C 3AAAYAMU, CTORWMUMUN NEPEA KOAAEKTUROM

FA. uixerePom JIBI noneocsse N/K noaroTosAEH
BOALWOI METOAMMECKMUA MATEPUAA NO PAIBUTURD
YCKOPUTEABHOU BA3bI ABI(AAR MPONATAHAUCTOR),

Ha TEOPETUY. CEMUHAPE HU3TO (puk. Auuienko B.I".)
— 30Dazu 0Tdesa no peanus, npoexro. , Hyknatron !

B WKOAE HAYYHOrO KOMMYHUZMA STD(m.Eu%wEuuunu;

— 2 sauatus nocksugenic nepcrexriéas
pagburas. dasobecx 3::?&#&&% OUTH

C QHANOTUYHOU TEMATUEOG Npoticit JanITUR
4 nponazouducrod bationy 5.8 u Jocoweneo A3,

WAEOANOTUY. KOMUCCUA N[K UIYYAET BONPOCH] 14

NPEANOKEHUS, NOCTYNAOULUE OT CAYWATEAEY,
UHDOPMUPYET O NPUHATBIX MEPAX.

KAKTCA AEKTOPCKUUA AKTUB, PYK.OTAEAOB,
CEKToPOB, reynn,

AKTUBHOE UYYACTME B 3Toir PABOTE NPUHUMA oT
AL Makapoe w AM EAAAMH.

— BbicTynaan neped Monodicttn pabouuuc,
anmgum:a,ma.., oAt At YEEHb A e
Cneyuasuera .

NunkuaTor Takuyx BETPEY NPodkom u Eropo BAKCM A83,
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B UEAAX WAEOADIMYELKOrD OBECNEYE HUY
PAEOT NAPTKOM U AMPEKUUA JIB2
MNCNOALIYHOT NPAKTUKY 3ACAYWWBARMA
PYKOBOAMTEAEN HA:

® [1APTKOME - £ HAU. OTAEAOB
(1986+.) 5 CEKPETAPEN NJO

® AUPEKTOPCKOM COBEWAHUM

(1986r) =12 HAY.OTAEAOR

® MNAPTCOBPAHUSAX —141un.KNCC, 39-6/n,

B 1986+ Pyk.padoTHUKM ﬁ{gggexu%ﬁ
ece

pHKﬂEﬂﬁHTEﬁM 26 - ﬂPDﬂﬂ.l'ﬂH'B'u:Tb;, YAEHB|
MeTodcoBeTa

12 — noauTUHPOPMATOPBI

B 89 puk.
= 15 -YaeHbl 0d-Ba,,3HaHUe"

lnPOKO UCNOABIYETCR AAHHAR NPAKTUKA
g LL03M, 3TD, 032A.

Mo utoram 1986 . 2T OTAEABI NPA3-
HAHBI AYYWKUMU B BBINOAHEHUU PAEOT
no HYKAOTPOHY.
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o C LEAbO BOAEE UETKOro KOHTPOAS PAGOT

NO CO3AAHUKO HYKAOTPOHA HA OTKPbITOM
NAPTCOBPAHUU JIBD 24.06.87r. NPUHA-
TO PEWEHUE O CDIAAHUK KDMUCCUA NO
KOHTPOAHO 3A AEATEABHOCTBH) AAMMHUCTPA-
LUK NO PABOTAM, CBR3AHHBIM C CO3AAHU-
EM HYKADTPOHA W NOATOTOBKE K éu3y-

YECKUM UCCAEAQBAHUAM HA HEM.

MPuHs0 2 ADNOAHUT. COLDEASATEALCTRA
No PAGoTAM no HYKADTPOHY B YECTs
J0-neTua BOP.
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YCUNEHUE COUMANBHOW HANPABAEHHOCTU B
AEATEABHOCTU PYKOBDARUWMUX KAAPOB,
JAGOTA O YEADREKE,

MeexpachAR cToaosAs JSIBD (BusET, kuau-
HAPUS)
HOBbIA NPOAYKT. MArazuH CAMOOBCAUKMBAHUS

PACWAPEHHBIN MEGNYHKT,

MeUEM TPEUTDABHUKA" KAXKDe1it 1-biit ueTBEPr
MECAUA (B OCHOBH. XUABE) ( BOCHUTAT, MOMEHT)

" ME!"O""”H_" HE MEADYWU
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OTAEAb! AB3
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COBMECTHOE 3ACEAAHUE
AUPEKU UM
MAPTKOMA 22.04.%8

NMPCPKOMA
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[IOCTAHOBIEHNE
6wpo Ilaptroma KICC B O mo Bompocy "O padoTe IMpeKIHEu
i napruiHo# opraHmsamEy JB3 IO COOPYXEEHHN HYKJOTDPOHA".
or I6 mang 1987 r.

CozpaHue HyKJIOTDOHA ABIsAeTCA BaxHefme# samave# JB3 u omHOM
#3 maBEEX B OAM B IZ-o#t marwrerke. HoBaa GazoBas ycranoBka OMAM
NO3BOJMMT B TedeHHe I5-20 JeT MPOBOIUTE KOHKYPEHTHOCIOCOOCHHEe HC-
CJ6IOBaHMA N0 DPEJATHBHCTCKO# ANepHO# (M3dKe. Peasm3ala 3TOTO
IPOEeKTa CYMEeCTBEeHHO COKDATHT DACXOIH HA SKCIUIyATAIlM® YCKODUTEJNd.
OCOCEHHOCTER COOPYXEHHA HYyKJIOTPOHA ABJIAETCA TO, YTO NAPAJUIEJBHO
BelleTcAd padoTa CHHXpofasaTpoHa Ha (U3HYECKH# SKCIEDEMEHT (e3 CHU-
XeHHA TeMIOB HAay4YHHX HCCJIeIOBaHME Ha ero IydJrax.
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Time-of-Flight (ns)

100 200

MapT 1994 r., D+ Au — ...

300 400
Energy loss (MeV)

P, =3,813Blc

20



MNew quality o
poelarization, etc.) N
Polarized deuterons
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experiments
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‘,_' NMepBasa npemua OUAN 3a 2000 r. “ CTaHUMA BHYTPEHHUX
MULLEeHeN AN 3KCNepUMMEeHTOB Ha HYKIMOTPOHe” , aBTOpbI.
l0.C.AHucumos, A.C.Aptemos, B.A.KpacHoB, A.N.ManaxoB,
B.M.CnenHes, A.HO.CtapukoB, A1.KnumaH, B.MaTtoyuuek,
M.Mopxau, U.Typ3so.




Buaut aupexuumn ONAN
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Cm:'reMa Menl'leHHOI'O BbIBOAa I'IY‘-IKa

NMepBasa npemusa OUAN 3a 2002 r.
"MepreHHbIN BbiBOA ny4Yka HyknoTpoHa".
ABTopbl: b.B.BacununwuH, B.N.Bonkos, U.b.UccuHckun,
B.H.KapnuHckuin, A.[1.KoBaneHko, B.A.Muxaunnos, B.A.MOHYMHCKNN
C.A.HoBukos, B.B.CenesHeB, .. XoaxuobarusH.
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UcTouHunk Tsxenbsix vonoe KPUOH

b .
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The International lon Source Prize “Brightness Award” for the
“Development of an Electron String Source of Highly Charged lons”
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B2aumopencteune uoHos *°Fe cE,, = 1 A-lNsB,
ebleedeHHbix u3 HYKNNOTPOHA, ¢ adpamu
SMynbCuU

ToREN . W
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BianmopgencTteue noHoe 1**XecE,, ,, =1 A-NB,
ebleedeHHbix us HYKIIOTPOHA, ¢ sopamu

IMynLCUU




UHTEHCUBHOCTbL NMYYKOB HYKINOTPOHA (wacTtuuy B uMkn)

BEAM INTENSITY BEAM INTENSITY
D 5.1010 160 7-108
d 5.1010 24Mg 1108
“He 3.10° WOAF 3.107
L 1109 56F ¢ 1.2.108
108 2.108 BAK I 1103
12C 2.10° 124 g 1.102
14N 1107 dt 3.108




OnuTenbHOCTL PACTAXKM Ny4vka Ao 10 cek.

1002

| A . . | Macurab -

Beam intencity, arb.units

Time, msec.
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YckopuTenbHbIW KOMNNEKe

DELTA-SIGMA

SYNCHROPHASOTRON DELTA
Polarized Proton
Target
i -:--L‘*au' g SPHERE
= STRELA PIKASO
Tl /e ALPOM SMS MSU
b MARUSYA
MED-NUCLOTRON
Hialos BECQUEREL
Station: ENERGY + TRANSMUTATION
DELTA-1
- huclei

EN s NUCLOTRON
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NMone3osatenu HYKITIOTPOHA

Belarus: The Institute of Radiative Physical-
Chemical Problems of NASB, The Academy of
Scientific and Engineering Complex ‘SOSNY”,
(Minsk) ...

Bulgaria: Institute for Nuclear

Research and Nuclear Energy of

BAS, University of Chemical Czech Republic: Nuclear Physics Institute (ReZ),
4 Technology and Metallurgy (UCTM) Charles University, Czech Technical University
Sofia) ... (Prague) ...

Greece: Italy: Istituto Nazionale di Fisica Gerr_nany: Technishe I_—|ochschu|e Darmst_adt -
A University of Nucleare. Sezione di Firenze In_stltut fiir Kernphysik _(E_)armsta_dt), L_vaersﬁét
ressallandid (Florence) ... (Siegen, Karlsruhe), Philipps-Universitat
(Thessaloniki) \ \ Marburg (Marburg), Forschungszentrum Jiilich
GmbH (Jilich) ...
Mongolia: Institute of Physics and -
Technology of MAS, National University of Slovak Republic: Institute of Experimental Physics, P.J. Safarik University
Mongolia (Ulaanbaatar) (Kosiée), Institute of Physics SAS, Comenius University (Bratislava) ...
A
Poland: Niewodniczanski Institute Russia: Institute for Nuclear Research of RAS (Troitsk), Lebedev Physical Institute of
of Nuclear Physics (Cracow), The RAS (FIAN), Skobeltsyn Research Institute of Nuclear Physics at the Moscow State
Andrzej Soltan Institute for University, Russian Nuclear Research Institute of Experimental Physics (Sarov),
Nuclear Studies (Otwock, Warsaw) Institute of Atomic Energy (Obninsk) ...
And the Scientific Centers in Armenia, Georgia, Egypt, Kazakhstan, Romania, USA, Aust;ah_a: . .
Uzbekistan, Ukraine, France, Japan The University of Sidney
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CMELLAHHARA ®A3A

A.H.CucaksaH

300

200

<T> MaB

B.[1.ToHeeB

A.C.CopuH
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Nuclotron-based lon Collider fAcility
(NICA)

Ton somrce-Preaccelerator-Linac |

U.H. MeLIJKOB Building b ,.."““

Boostﬂ

'L
"' 1

¥ 5
pi, iubiahldl. - gl

Nuclofron 11g -

Superconducting collider rings S
circmnference - 170 m
maximun dipole field -6 T
magnet stvle - " two-in-ome”’

A.[1. KoBaneHko

= et - ) L& ] . 4% *
. . \ Existing beam lines

i

Ll rm——

Building 205

Average luminosity 102’ cm-2s-1
U + U collisions Vs, =9 GeV

NICA / MPD General Layout
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MultiPurpose Detector (MPD)
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NMoaxon Banauvuna A.M.

I+1]l » 1+2+3+ ...

bik = - (Ui - Uk)2

u = pi/m;
Uk = pPi/Mm g

I, k=1,11,1,2,3, ..



Knaccupukauuna aaepHbIX
B3anMOaeUCTBUN

Classical Nuclear Physics

Transition region

b, >>1
Quark Gluon Systems




HYKNOTPOH na dhazoBon agnarpamme

e 200
g B quark-gluon matter
- 175 [ eritical endpoint
O RS */ Lattice, QGD
= C
E 150 ﬁ)
m. =
£ - dilute @
" di
= 125 -  hadronic o
C meedium + ggnrys::?n'c
B ' 1
100 / + medium
C n=0.12 fm™®
TS —
50 - * RHIC ¥
- * SPS
- AGS
25 B ¢ MUCLOTRON
- = SIS
n [ 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
(1] 0.2 0.4 0.6 0.8 1

baryonic chemical potential py [GeV]
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A.M.bangvH

B.C.CtaBUHCKMM
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& B.K.HykbﬂHOB

C.b.N'epacnmoB
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PIKASO, LNS, pHe3,
BECQUEREL, DELTA,
GIBS, ETA-NUCLEI,

| FAZA, NA49, PHENIX
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ITA-AOPA

C.B.AdaHacbeB

24T\

= : 0 =180
Eyin = 1.5 A-GeV Beam

o N A B o
Fe===

1450 1500 1550

M. , MeV/c? P,
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OEJIbTA

A.B.KypenuH

B.A.KpacHoB

] 3
0.10] d+ Ag \lﬂ!/!

09’ \f 4 :
;f‘f/y

0-06- L TR AT T TR T L L LT
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E - ( MeV/nucl.)

beam
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o
o
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Mised Phase
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B.A.KapHayxoB 53



FMMNEPALOPA

B.T.MaTrowuH

N.MaunnuvHr £4



NepBoe HabniopeHne NapamMeTPUIecKkoro N3Ny4eHun
OT PeNATUBUCTCKUX AAEp B KpucTannax

400 [~
O = 22.5°
£
€ 200 -
] Ey=11.4 keV
Q -
i |
0 :ﬂmmﬂ
I T T S T R
10 12.5

Photon energy, keV

5 GeV protons

Counts

2.25%10% photon/(proton-sr)

150

100

50

O = 22.5°

E, 710.6 keV

[ R N R N [ R
10 12.5
Photon energy, keV

2.2 A-GeV C!?2nuclei
9.76x10° photon/(nuclei-sr)

A.M.TapatuH
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CTPEJIA

B.B.maroneB

I MapTuHCcKa

H.M.lMnckyHoB
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MCTOYHUK NONAPU3OBAHHbBIX YACTUL

CIPIOS - CIS Resonant Charge Exchange lonizer

Injection Layout

1010 AL >
Id A 10+9d/ CyC e . S

(available 3-108 d/cycle)
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50 years of CERN

Dear Dr Malakhov,

Great research has been conducted and new
discoveries made during the 50 years of CERN.
To get an impression of this research, please visit
our website www.elsevier.com/locate/cern where
you will find a selection of 50 most highly cited
papers written by scientists affiliated with CERN
and published with Elsevier.

We wish everybody at CERN another successful 50
years of great research.

Kind regards,

Carl Schwarz

Publisher Nuclear and High Energy Physics
Elsevier
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I.J1.MenkymoB

Heavy lon Physics

ANOMALOUS J / PSI SUPPRESSION IN PB + PB COLLISIONS AT
158-A-GEV/C NAS5O0 Collaboration (M. Gonin et al.); published in: Nuclear
Physics A

HADRON PRODUCTION IN NUCLEAR COLLISIONS FROM THE
NA49 EXPERIMENT AT 158-GEV/C/A NA49 Collaboration (Authors from
LHE JINR: V.l.Kolesnikov, A.l.Malakhov, G.L.Melkumov,
A.Yu.Semenov); published in: Nuclear Physics A661 (1999) 45c-54c.

HADRON YIELDS AND HADRON SPECTRA FROM THE NA49
EXPERIMENT NA49 Collaboration (Authors from LHE JINR: S.V.Afanasiev,
V.l.Kolesnikov, A.l.Malakhov, G.L.Melkumov, A.Yu.Semenov);
published in: Nuclear Physics A610 (1996) 188c-199c.
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CMS

Heavy lons in CMS

HIJING & CMSIM115

PbPb central collision at 'S =5.5 TeV | nucleon

Superconducting Solenoid
Silicon Tracker

N.1.3apyouH

-

INRNE, Sofia & JINR, Dubna

Calorimeter )
Electromagnetic

Calorimeter ¥ Muon
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Dubna, LHE




The Compressed Baryonic Matter Experiment

Resistive |

CBM |Transition | Plate

Radiation ChamBers
Detectors \

_1|

1

Electro
Calorim

Ring Imaging
Cherenkov
Detector

Silicon
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MEQ-HYKINOTPOH

Bragg peak measured with Diamond detector

25

2,0 4

C.[ly6Hunyka
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_______ Bragg peak measured with Diamond detector
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FrAMMA-2
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Beam direction
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FrAMMA-2

Benopyccusn C.Ctonoc

M.3amaHu-
Banacuaau
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JHeprua+TpaHcMyTauua

M.KpuBonyctoB

Activation and tracking
detectors and the samples

B . Ba rHe p of radioactive waste

Termometric
SENSOrs

E.CTnyranbckas-lona
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B0O3MOXHble NnepcnekTuBhI
nccnegoBaHUM
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L.S.Schroeder et al. Phys. Rev. Lett., v.43, No.24, 1979, p.1787
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Dependence of T, parameter for pion at 180° for p-Cu collisions on the
energy of incident proton T . Pion cross-section parameterized by the form
E-do/dp3 = C-exp(-T/T,), where T is the pion laboratory kinetic energy
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hadron gas cumulative mixed phase quark-gluon
region =T ) plasma
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Invariant Definition of
Hadron Jets

The jet is a cluster of hadrons with small
relative b j k.

The jet axis (a unit four-vector):
V = 2(ui NCEuw)?d)

V,s2-V2=1.

The summation is performed over all the

particles belonging to the selected particle
group (cluster).

It is possible to determine the squared four-
velocity with respect to the jet axis:

bk = - (V - u)?
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) Pacnpeneenust 7 - Me30HOB o by B

target fragmentation
o T p 40 GeV/e CTPpydAX B aJAPOH-AJAPOHHBIX M A/APOH-
— AACPHBIX CTOJIKHOBCHUAX npu
# o C 40Gevic AP P
BBICOKHX IJHEPIrusix

PP 0sGevie VHUBEPCAJIbHBI. OHM He 3aBHCST
% < PP 224Gevie HUA OT JHEPrUM CTOJKHOBEHUS, HU OT

£, beam fragmentation THNA (parMeHTHPYIOLIEH CHCTEMBI
°o 7T C 40 GeVic (p, 7 p,C,..)

T

¥ () <by> =4 xapakrepuzyer cpeIHION
t YeThbIPpeXMePHYI0 CKOPOCTh -

t ME€30HOB OTHOCHTEJIBHO OCH CTPYH B
npouecce GpparMeHTAlIMM PA3THYHBIX
KBapKOBbIX 00bEKTOB

Illllll
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I

O Orkpeitas ~ YHUBEPCAJIBHOCTD
CBOICTB  4YeTbIPEXMEPHBIX  AJPOHHBIX

CTpYH YKa3pIBaeT Ha TO, YTO
apoHU3ALMA KBAapPKOBbIX CHCTEM
onpeaeasercs AUHAMM KON

B3aUMOJCHCTBHS LBETHOrO 3apsaaa c
KX/I Bakyymom




| + 1l - 1+ ..

P, =mou;

Pi=mouy,

(N\P, + NPy, - p1)°=
=(Nymgo +Nyjmg + A)°

A is the mass of the particle

providing conservation of the
barion number, strangness and
other quantum numbers
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I1,,;, = min [1/2V(uN; + ugNi)°]

(Nymgu; + Nyjumyg - 11:1u[]3=[!\ilm“. + MNygmg + .-"-..}3
NyNp - ©Ny - ©OpgNp = D5,
Dy = [(my/meg) (um;) + Al/mgl/[(upuy) - 1]
Dy =[(my/mg) (aguy) + A/mgl/[(upuy) -1]
D5 = (A® - m PV [2me” ((upuy) - 1)].

[(Ny/@pg) - 1T [(Np/Dy) - 1] = 1 + [D5/(DPyDPy)]

mae s Baldin A.M., Malakhov A.|
Fy= [((N/®w) - 1], Fu= [N/ - 11| D3 YN AL, VIdlakhov AL

FiFn = 1+0:/(PyPp) = o JINR Rapid Communications,
g . anE 0 No0.1(87)-98, 1998, pp.5-12.

411 = Ny* +Ny® +2Ny Ny (uyug)
A =(F +1)’®y" +(Fp+1)° O+ 20y @y (Fr1) (F+1) (uguy)

Fu = o/F; d(411%)/dF; = 0
Fi' + FOI1 + (wpug)/z] - (o/zyFr[(ugug) + (1/2)] - o2/28 =0
z = O/

L<> Il: z-— (1/2);: F;— (a/Fp).
Fi' +F [ 1+(upu)z] - 2o Fy lz+(uuy)] - o’z = 0.

In the central rapidity region (u;u;) = (uuy) > z=1 >
F;= F", D= f—bn= b
Fi= Fgp, (NyD - 1) =(Np/DP - 1), Ni=Np=N
F=a ,F;=Fy=Va =1 + (©y/D})

Ny =Np=N=1+F)y® = [1 + V1 + (Oz/DH)]D
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Yield ratios
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TEMHASN MATEPUA

#» [aHHble O pacnpegenedHnn ranakTuk, penMKkToBoM U3ny4YeHum

» rpaBUTauMOHHLIE CUNEI B CKONNEeHWAX ranakTuk
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TeMHas aHeprus

TemHasi aHepausi — ropa3ao 6onee crpaHHas cybcTaHUMA, YeM TeMHas
maTtepusi. OHa He cobupaeTcs B CryCTKU, a paBHOMEPHO «pasfnuta» BO
BceneHHon. B ranaktmkax M CKOMMEHUAX ranakTUK €€ CTONbKO Xe,
CKonbkKo BHe wux. Camoe HeoObI4YHOE TO, 4YTO TeMHass 3Heprusa B
onpeneneHHoOM CMbICne UCNbITbIBaeT aHTUrpasutauuo. CoBpeMeHHbIMU
aCTPOHOMUYECKMMMU MeTOAaMU MOXHO He TOJIbKO U3MepPUTb HbIHEeLIHUN
TemMn pacwuumpeHus BceneHHON, HO U onpeaennTb, Kak OH U3MEHANCA COo
BpeMeHeM. ACTPOHOMMYECKMEe HabnwaeHMs cBUAOETESIbCTBYKOT O TOM,
yToO cerogHA (M B Hepanekom npowrsiom) BceneHHas pacwwumpsieTcsa
YCKOpPEeHUeM: TeMNn pacluMpeHns pacteT co BpeMeHeM. B aTom cmbicne u
MOXHO TroBOpuUTb 00 aHTUrpaBuTauuMn. oOObIYHOE TrpaBUTaLNOHHOE
NpUTSXKeHMe 3ameansano Obl pa3beraHMe ranakTMKk, a B Hawen
BceneHHOM, nony4yaeTcs, HA0OOpOT.

OavH M3 KaHAMAATOB HA pPoOJSib TEMHOM 3HeprMm — BakyyMm. [noTHocTb
3HeprMM BakKyymMa He WU3MeHsieTcsl npu pacwmpeHun BceneHHoMW, a 3To M
O3Ha4vaeT oTpuuaTesibHOe AaBlieHne BaKyyma.

N3MeHeHue 3Hepauu npu u3mMeHeHUu obwbema ornpedesissemcsi 0assieHUeM,
AE = —pAV. lNpu pacwupeHuu BceneHHOU 3Hepausi saKyymMa pacmem eMmecme ¢
o6bemMomM (MIOMHOCMb 3HEeP2uu MOCMOSIHHA), YMO 803MOXHO, MOJIbKO ecJslu
daeJsieHue eaKyyma ompuuyamersibHo.



Energy balance of the modern Universe

5% — Usual matter
0.5% — Stars

0.3—=3% — Neutrinos

65—70%

4

Dark energy Dark matter



AE = - pAV

|+1l>1+2+ ...

by =-(u—uy)?=
=2(uu, -1)=2(E,/m,— 1)

— AE, =

-(1-2uy;—1) =

(m,/2)Ab,, = - pAV

= - (m, /2)Ab, , /AV)

V=02r,Al3

ﬁ

AV = Ao 2r Al

- - [m| /4 I’0A1/3]Ab| 1l /AO-
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p =-[m, /14 r,A]AD,, Ao
bIII ‘
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Dependence of T, parameter for pion at 180° for p+Cu collisions on the
energy of incident proton T,. Pion cross-section parameterized by the form
E-d3ofdp® = C.exp(-T/T,), where T is the pion laboratory kinetic energy
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AE = - pAV

target fragmentation

T P 40Gevic

o ;T C 40Gevic AE ~Abk

% + PP 205Gevic
:A/av xa; x PP 224Gevic

AV ~ Ao

beam fragmentation

o 7T C 40 GeVic

P ~tga«a
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CTpyKTypa KBapKoB



bl]l < 5 I':)III > 5
(E <3.5 A-GeV) (E > 3.5 A-GeV)

OO\ |
o0/
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b,<5 b,>5

(E < 3.5 A-GeV) (E > 3.5 A-GeV)
‘He OO —>
OO
bum< ? b,,>?
(E< ?) (E >7)

., (@
> (€8
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doidbn dofdbi

Me+p—wn

™ JCep—=TT%n

L L L
1] 5 10 15

b1
dofdb,, = A- exp(-b,,/B)

A.l.Malakhov, G.L.Melkumov. JINR Rapid Commun., No0.19-86
(1986) pp.32-39).



P~ Gevic

As It possible see in figure
asymptotic regime IS
beginning with pion
momentum p, ~ 25 GeV
which is correspond b, , ~ 380.
Thus we can propose that at
b,, =380 beginning
manifestation of the internal
structure of quarks and in this
region possible to study
Internal structure of quarks.
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by, =- (U, - Up)2 =-(1-2uju,-1) =
=2(uju, -1) =2(E/m, - 1) =2T,/m_ =
~ 2-25/0.130 = 380.
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bIII < 5
(E< 3.5-AGeV)

Nee
He QO

b, <380
(E < 25-A GeV)

" (¥

bm > 5
(E >3.5-A GeV)

b,,> 380
(E > 25-A GeV)
> .
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Knaccudmkauna aaepHbIX
B3anMOaeUCTBUN

b, — 102 - Knaccnuyeckas saepHas @u3nkKa
0.1<b,, <1 - NepexoaHasa obnacrtb

b, — 5 - KymynatuBHaa obnacrtb

b, =5 - CMewlaHHas a3a

400 > p,, == 5 - KBapK-r/JitooHHas njia3ma

b, =400 - lNpoaBnsaeTca CTPYKTypa KBapKoB

/
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Cnacubo 3a
eHUMaHue!



Lloporou [laBert
Viropesndt
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