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Emergence of Long-Range Angular Correlations in
Low-Multiplicity Proton-Proton Collisions
S. Acharya et al.*
(ALICE Collaboration)

This Letter presents the measurement of near-side associated per-trigger yields, denoted ridge yields,
from the analysis of angular correlations of charged hadrons in proton-proton collisions at /s = 13 TeV.
Long-range ridge yields are extracted for pairs of charged particles with a pseudorapidity difference of
1.4 < |Ap| < 1.8 and a transverse momentum of 1 < pr < 2 GeV/c, as a function of the charged-particle
multiplicity measured at midrapidity. This Letter extends the measurements of the ridge yield to the low
multiplicity region, where in hadronic collisions it is typically conjectured that a strongly interacting
medium is unlikely to be formed. The precision of the new low multiplicity results allows for the first
direct quantitative comparison with the results obtained in e*e~ collisions at /s = 91 GeV and
Vs = 183-209 GeV, where initial-state effects such as preequilibrium dynamics and collision geometry
are not expected to play a role. In the multiplicity range 8 < (N,) < 24 where the e"e™ results have good
precision, the measured ridge yields in pp collisions are substantially larger than the limits set in e™e”
annthilations. Consequently, the findings presented in this Letter suggest that the processes involved
in eTe~ annihilations do not contribute significantly to the emergence of long-range correlations
mn pp collisions.

PHYSICAL REVIEW LETTERS 132, 172302 (2024)
DOI: 10.1103/PhysRevLett.132.172302



The observables presented 1n this analysis are extracted
using two-particle angular correlations for pairs of charged
particles. The two-particle per-trigger yield 1s measured as a
function of relative azimuthal angle Ag and pseudorapidity
An of two particles—traditionally called trigger and asso-
clated—and 1s detined as

1 d’N,,. An, A

: 1
N g dAndAg B(An. Ag) (1)
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FIG. 1. Two-particle per-trigger yield measured for charged
track pairs with I < pryi, <2 GeV/c and 1 < pragec <
2 GeV/c within the multiplicity range 32 < N, < 37. The jet
fragmentation peak has been truncated to ensure a better visibility
of the long-range structure. The right panel shows the zero-
suppressed projection to A¢ overlaid with F(Ag) (red line) and
the area in which the rndge yield 1s extracted (shaded area). The
blue and purple lines represent the second and third harmonic
terms of F(Ag).



The per-trigger yield distribution as a function of Ag 1s
obtained by integrating the two-dimensional two-particle
per-trigger yield in the long-range intervals 1.4 < |Ap| <
1.8, 1n order to exclude the region dominated by the jet
fragmentation peak

1 dN

V(Ag) = dAg

N

trig

[ () Ly,
1.4<|An|<1.8 ngdﬂ?’?dﬁfﬂ 5&:; "

where 04, = 0.8 1s the normalization constant for the

chosen Ay range. The ridge yield Y™92¢ is extracted by
integrating the near-side area of the associated per-trigger
yield using

s — | Y (Ap)dAp - 2 ApminlCovam.  (3)
|Ag|<|A@min|
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FIG. 2. Ridge yield as a function of multiplicity. The black
points correspond to the measurement presented in this Letter,
while data from CMS [8,38] are drawn as green and blue markers.
Vertical bars denote statistical uncertainties while systematic
uncertainty 1s shown as a shaded area. For both results, at low
multiplicity where the lower uncertainty reaches zero, an upper
limit 1s reported, which 1s drawn as a bar and down arrow. Such
points are given at 95% CL for the results from this Letter and at
67% for the results from CMS. The “MB” arrow at (N_,) = 11.3
indicates the multiplicity averaged over the entire studied
multiplicity range.



Comparison to
e+e- collisions
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FIG. 3. Ridge yield as a function of multiplicity, compared to
the upper limits on the ridge yield in eTe™ collisions. Vertical bars
denote statistical uncertainties while systematic uncertainty 1s
shown as the shaded areas. The orange limits represent the
measurement in the thrust-axis reference frame with ALEPH
[34]. The horizontal bars in the ALEPH points represent the
uncertainty related to the multiplicity conversion from the
ALEPH to the ALICE acceptance (see text). All limits are given
at 95% CL.



In the multiplicity range 8 to 18 (24) the yields in pp
collisions are substantially above the ALEPH limit at /s =

91 (v/s = 183-209 GeV) while outside this range the
limits from e*e~ collisions are above the pp measurement.

I ., 0 ne

previous figure, in order to translate the ALEPH multi-
plicity into the ALICE acceptance range, a scaling factor is
estimated with PYTHIAS.3 events by counting the resulting
particles in the acceptance ranges of both experiments

(|n| < 1.738, py > 0.2 GeV/c in case of ALEPH).-
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et+e-

In Fig. 3, the result 1s compared to a recent measurement

performed in e"e™ collisions at /s = 91 [34] and at /s =
183-209 GeV [35] 1n the thrust-axis reference frame using

_ Because of the absence of beam

remnants, the thrust axis provides an estimate of the
longitudinal color field between the initially created out-

going gqg pair and 1s therefore the sensibl ice in ete—
collisions to search for collective effects.




Compare to MC

This
suggests that the mechanisms for ridge yield production
in very small hadronic collisions have not been understood
and more theoretical work is needed.

. The results presented in this Letter suggest

Yridge
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that the ridge yield measured from a hadronic system of
roughly equivalent multiplicity is nonzero and substantially
larger than the limit observed in e™e™ annihilations. Based
on this, one can conclude that additional processes besides
those in the e*e™ annihilations must play a role for the
emergence of long-range correlations in pp collisions.
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»Percolation string model and old predictions for critical beaviour --
where to search for the critical point

O.Kochebina and G.Feofilov, Onset of “ridge phenomenon” in AA and pp collisions and
percolation string modelarXiv:1012.0173v1



New phenomena in AA collisions observed by STAR [1]

Axial Autocorrelations

Example: jets '~ ' | Variation of low-p; “ridge” with centrality (Npart).
3 large azimuth peak | (pt> 0.15 GeV/C)
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Low-p; manifestation of
the “ridge”

The data showed a sharp transition at some definite energy-dependent centrality:
growing of peak amplitude and stretching of width.

[1]JAnomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 and 200 GeV 14
from STAR. M. Daugherity(QM2008), J.Phys.G35:104090,2008



Variation of low-p; “ridge” with centrality (Npart).

A sudden increase of the peak amplitude and n width of the near-side low p_t ridge were

found at an energy-dependent centrality point at definite number of participating nucleons
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transformed to tranvserse density.

Anomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 and 200 GeV 15
from STAR. M. Daugherity. QM2008, J.Phys.G35:104090,2008



N

part

0.3F

Variation of low-p; “ridge” with centrality (Npart).

A sudden increase of the peak amplitude and n width of the near-side low p_t ridge were

found at an energy-dependent centrality point at definite number of participating nucleons
Npart.
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Percolation model parameters
at the “critical” point

New! our calculation

Percolation sting theory[3]
_icsss

Transverse particle density
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string

2 dn
N, =112-1175[4] n P = 2,620,2 fm™[1]

Parameters of the model

[3] C. Pajares // arXiv:hep-ph/0501125v1 14 Jan 2005
[4] N. Armesto, M.A, Braun, E.G. Ferreiro, C. Pajares// Phys. Rev. Lett. 77, 3736 (1996)
[5]V.V. Vechernin, R.S. Kolevatov, 2007, Yad. Fiz., 2007, \ol. 70, No. 10, pp. 1858-1867. L



String model. Estimate of string percolation parameter.

<Dr>1 <Pr>s pos With growing energy and/or atomic
P 0 number of colliding particles, the number of
strings grows and they start to overlap,

forming clusters, new type of particle

P P P emitting source.
No fluctuations No fluctuations At a critical density a macroscopic cluster
appears that marks the percolation phase
Percolation parameter: transition.[3]

(b);zr Nstr - ?

(6) == Sai

ne=1,12-1,175 ([4]) Ngir = Nsea + Nyajent
17(N ) = N (N )7t /S(N ) Nair = XN Nogy + (L= X)N . [5]

Ng,, - number of strings, zr,? string transverse area, S overlap area of two nucleons.

r,=0,2-0,3 fm — change of string radius value results in different percolation parameter
[3] C. Pajares // arXiv:hep-ph/0501125v1 14 Jan 2005

[4] N. Armesto, M.A, Braun, E.G. Ferreiro, C. Pajares// Phys. Rev. Lett. 77, 3736 (1996)
[5]V.V. Vechernin, R.S. Kolevatov, 2007, published in Yadernaya Fizika, 2007, Vol. 70, No. 10, pp. 1858—
1867.



0, GeV/fm?

Transverse particle density vs. percolation parameter

Modified Glouber Model (taken in account Classical Glouber Model
momentum loss) [6] _
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[6] G.Feofilov,A.Ivanov //Journal of Physics: Conference Series 5 (2005) 230-237 would appear at energy 70_&5
[7] ALICE Collaboration: arXiv:1004.3034[hep-ex], arXiv: 1004.3514[hep-ex] GeV



Ridge in pp



String density in pp collisions

18 :AA collisions (our calculations)
| & 17,3 GeV PbPb
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Figure 4: Transverse particle density p vs. string density 77 in AA collisions for energy
Vs =173 GeV, /s = 62, \/s = 200 GeV and /s = 2.76 TeV. Points are our calculations.
Lines are fits to the points. Points for pp collisions are obtained from the experimental data
in the range of energies from /s = 17.3 GeV to /s = 7 TeV (see text).

O.Kochebina and G.Feofilov, Onset of “ridge phenomenon” in AA and pp collisions
and percolation string model, arXiv:1012.0173v1
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Azimuthal flow in hadron collisions
from quark-gluon string repulsion

lgor Altsybeev, Grigory Feofilov
St.Petersburg State University
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19th International Seminar on High Energy Physics

May 31, 2016



Unexplained long-range correlations

“Ridge” by CMS in p-Pb at LHC

— similar to pp and Pb-Pb |

LHC

Phys. Lett. B 718 (2013) 795
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arXiv:1210.5482 [nucl-ex]
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Experiment: Harmonic decomposition of long-range two-particle
angular correlations

» shape of the overlap region = large elliptic flow v,, non-zero v,

= fluctuations of the initial energy density profile = affect v,, give v,, ...

Most central (0-2%) Pb-Pb collisions at 2.76 TeV:
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“Double hump” structure — due to larger v, relative to v, in most central collisions.
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Our approach:

MC model of repulsive strings™

Assumptions:

* Pair of partons from colliding nucleons can form a string (a color
flux tube)

e Strings are repulsing each other within some distance (efficient
radius — R )

* Thus each string gets a summarized momentum kick

* Inits rest frame, string decays into particles isotropically in

azimuth, but in the lab frame the particles are boosted due to
string momentum kick

* see report by l.Altsybeev “Mean transverse momenta correlations in hadron-hadron collisions in MC toy
model with repulsing strings” at Quark Confinement and the Hadron Spectrum Xl 7-12 September 2014
St. Petersburg, arXiv:1502.03608, AIP Conf.Proc. 1701 (2016)



Visualization of a toy event

......

Pb-Pb collision at b=4 fm
blue circles — strings
green arrows — string boosts N
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Two-particle correlations in MC toy model

MC model results for A-A events at high energies:

(string effective interaction radius is 2 fm)

central events

peripheral events semicentral events pr > 0.15 GeV/c

pr > 0.15 GeV/c pr > 0.15 GeV/c

PHYSICAL REVIEWW~C.86, 064902 (2012)



Our results

G.Feofilov, I.Altsybeev,0.Kochebina, PoS (Baldin ISHEPP XXII) 067 (2015)

2.5
- = MC model
25 fit with harmonics

central events :
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Figure 5: Left: Toy model [19] two-particle correlation function obtained in the most central events for
charged particles with pt € [3,5] GeV/c. String-string interaction radius Rj, is 2 fm. Right: The harmonic
decomposition of the azimuthal profile of the correlation function shown in the left pad. The solid red line
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Radial boost of the strings: influence on p; spectra
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Bulk particle production in Pb-Pb
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clear evolution of particle spectra = hardening with centrality
more pronounced for protons than for pions
mass ordering as expected from collective hydro expansion

Roberto Preghenella

ALICE, PRC 88 (2013) 044910 13



Differential flow of charged particles
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v, {SP}

“Mass ordering” in MC model with repulsive strings
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However, “mass ordering” is NOT properly reproduced

(compare with ALICE results)

- modifications of the model are needed

Possible modifications:

"dynamical motion" of strings
“gquenching” of hadrons in medium

32
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Conclusions

High density string medium could be formed in hadronic collisions.

It is shown in Monte Carlo toy-model that collective effects appear due to
(rather weak) repulsive type of string interaction between color flux tubes
(strings): the particle-emitting sources (strings) are boosted by the combined
repulsion by neighbours.

Thus the initial space anisotropy is converted into the harmonics of azimuthal
momenta distributions of charged particles.

Similar results are expected at sufficiently high string density collisions (as is
expected for p-Pb and pp collisions PoS (Baldin ISHEPP XXI1) 067 (2015)).

...More detailed quantitative analysis including mass ordering of flows, in the
case of proton-proton and proton-nucleus collisions, will follow...
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» High and Low-Multiplicity pp-Collisions and Long-Range Angular Correlations
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Bonpochl:

1) KonuuyecTBO CTPYH B PP-CTOIKHOBEHUAX HONBLLION MHOXECTBEHHOCTHU
— CTPYHbI Kakoro tuna?
[JOMUHUPOBAHME MOPCKUX CTPYH [1].

2) TNOTHOCTb MOPCKUX CTPYH B CAMbIX LLEHTPa/IbHbIX PP-CTO/IKHOBEHUAX U
AanbHMe Koppenaunm?
3) <pr>-N,, - Koppenauuu

2) <p>-N_, -OanbHue Koppenaumm

[1] O.Kochebina and G.Feofilov, Onset of “ridge phenomenon” in AA and pp
collisions and percolation string model, arXiv:1012.0173v1
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Moaenb B3aMMOAEeNCTBYIOLMX CTPYH, KOHEYHbIX MO bbicTpOTE,
YUNTbIBAOLW,AA NONEPEYHYIO U NPOAOIbHYIO ANHAMMUKY

0.65

0.6

0.55

0.5

0.45

0.4

BO%<r» >80

pp@900 GeV, 0.15 < P, < 4 GeVlic
independent strings, T =1.5 fm/c
with string fusion, T = 1.5 fm/c
independent strings, Teepest

with string fusion, T o

independent strings, no transverse move
with string fusion, no transverse move
PYTHIA 8.3 no CR inelastic

PYTHIA 8.3 default inelastic

ALICE data

o

(kaHaupaTckasa Japbum Mpoxoposoit)

<p>-N,, - Koppenauum
B LlEeHTpa/sibHOM obnacTm bbicTpoT

Puc. 2.8: (pr)-N xoppensinmonnas ¢yHkuus, Berduciennas B akcenrance |n| < 0.8, 0.15 <

pr < 4 I'sB gaa meynpyrux p + p szaumojeiictsuil npu /s = 900 I'sB. Pesyasrarsr momenn

JUIs CTPYHHOI CHCTeMBl, 3BOJIONHOHAPYIOMEH 0 Tieepest, NPEACTABICHHEIE IIOJIHLIMH KPACHBIMH

TpeyroJibHUKamu, HacTpoedsl B coorsercrBuu ¢ ganabivu ALICE [129] (wepnas nmams: Toukm

AaHHbIX COCIHHCHDI, 4TOORL YIAYHIOIHTDL BDCHpHﬂTL'IC). HO,[[pOﬁHOCTH CM. B TEKCTeE.
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Moaenb B3anMoAeNCTBYOLWMX CTPYH, KOHEYHbIX NO bbiCcTpoTe,
YYUTbIBAIOLLLASA MONEPEYHYIO U NPOAO/IbHYIO AUHAMUKY
(kaHaupaTckasa Japbum Mpoxoposoit)

ln
B
3 bICTPOT

Wi

2<|An|<4

Iﬂlﬁnlﬂ

i\ o

Puc. 3.7: Cnea: Monenpnauiil pesynsrar juia aByxdacTu4HOl KoppensuuonHOH dyHKIMK
C(An, A¢), paccanranuolt jus wacrun c [n| < 2.5 u 0.3 < ppr < 3.0 I'sB u npeacrasnennoit
ni1s Knacca coburruit 0 — 10% Ha ocHOBe MHOMKECTBeHHOCTH 3apsiennbx qactun, N5’ ¢ || < 2.5 u
pr > 0.6 I'sB qys1 meyupyrux p+ p szaumogeiicreuil upu /s = 13 TsB. CnpaBa: cxemaruueckoe 37

obLaCHeHNe HabironaeMelX An — Ad xoppesrsmmii.



Multiplicity dependence of the average transverse momentum in pp, p—

Pb,and Pb—Pb collisions ?tﬂlt\fsikls_lfeiﬁers B, Volume 727, Issues 45, 18
ALICE Collaboratiofecember 2013, Pages 371-380

L L L L L L L L L
0.9 - ALICE, charged particles
t [n]<0.3, 0.16< p,<10.0 GeV/c

07} ]
o.as§— :
0.6 pp collisions ]
0.5 g2k o (5=7TeV ] »> <p>-Ng, - Koppenaumu
05 :i'u' . :i’iﬁﬁlﬁv ] B LLlEHTpa/ibHOM obnacTh bbicTpoT
O ST --- @ JaNbHUE Koppenaumm?
0 5 10 15 20 25 30 35 40
Nch

Fig. 1. Average transverse momentum (prt) in the range 0.15 < p7 < 10.0 GeV/c
as a function of charged-particle multiplicity No, in pp collisions at /s =
0.9,2.76, and 7 TeV, for |n| < 0.3. The boxes represent the systematic uncertain-
ties on (pr). The statistical errors are negligible.
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https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b/vol/727/issue/4
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Mean pT in pp, p-Pb and Pb-Pb

0.7 -
0.65

:151 .:

0.55 g eppis=7TeV
05! = p-Pb\s,, =5.02TeV
| s Pb-Pb\s,, =2.76 TeV
0.45 il TR - R B — ——
0 20 40 B0 80 100

":";.? 0.9° ALIGE shargecl partlcles :
O [ 1171<0.3, 0.15< p_<10.0 GeV/c |
¢y 0.85] v

E.- 0.8} .

[Q ALICE, PLB 727 (2013) 371

ch

Three different \'s for
pp, p-Pb and Pb-Pb

= but s dependence
expected to be weak
Much stronger
Increase of <p> in p-
Pb than in Pb-Pb

p-Pb follows pp up to
Ncy~14-15
N.>14 corresponds to

& ~10% of pp x-section:

v pp already highly
biased

&50% of p-Pb x-section
v only centrality bias
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EPOXUH AHapen AnekcaHapoBuy

BbinyckHaa kKBannpuKkaumoHHas pabora

NccnepoBaHme sHepreTMyeckom 3aBUCMMOCTU AaIbHUX
KOppenaumim MHOXeCTBEHHOCTU 3aPAMKEHHbIX YacTuUL, B
NPOTOH-NPOTOHHbIX CTO/IKHOBEHUAX B aKcnepumeHTe ALICE
Ha LHC

YpoBeHb 06pa3oBaHMA: acnnpaHTypa



Puc. 6: CxemaTnueckoe n300pakeHue OKOH, B KOTOPBIX IMPOM3BOAMINCE M3MEPEHNUS KOPPe LA
MHOYKeCTBEeHHOCTH 3apsKeHHBIX YaCTHII.
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VScm, I'3B | Ilepuon Yncto oTo6paHHBIX COOBITUA
pass/AOD

900 | LHC10c 4563735
pass4/A0D221

2760 | LHC13g 11349195
pass1/A0D155

5020 | LHC15n 99612 8453
pass4/A0D208

7000 | LHC10b 15642 255
pass4/A0D221

7000 | LHC10d 65100 283
pass4/A0D221

13000 | LHC17k 85846276
pass1/A0D234

Tabmuua 3: Habopb! maHHBIX, MCIIOJIB30BaHHbIE B aHAIU3€




0.9 TeV, én=0.2, 5¢=0.25x

Puc. 2: CibHO MHTeHCHBHas HaGmonaemas ¥(n ., n ;) MEXAY MHOKECTBEHHOCTSIMM B ABYX
oxHax mupuHoH 41) = 0.2 u §¢p = 7 /4 Rak GYHKUMA pacCTOSHMA MEXAY LEHTPaMy OKOH A7)
no 6eicTpore M A MO asMMYTY, PaCCIMTAHHED B MOZETH C HE3aBMCHMBIMM MAECHTHUIHBIMM
cTpoxamy B crathe[31] ¢ McnomsoBarmMeM ABYXYaCTHIHAS KOPPENAIMOHHAN QYHKIMS CTPYHBI
A(An, Ay) (6) nonygeHo nyrem ¢purnposarus [29] skcnepyumeHTanbHBIX AaHHBX pp ALICE
[8] mo FB moppensipaam MeRIy MHOXKECTBEHHOCTAMM NPH TPeX HavanbHeIX sHeprx: 0,9, 2,76
u 7 TsB B arcenrrance ncepnodsictpor ALICE TPC. ( PucyHok us crarey [31].)
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ALBCE Praliminarny ALICE Praliminarny
LT TP
0w 3 Wic e D g < WiG i
b2 Bqeds HH G2 Gy HH

- — e

ALL-FREL A1]-FREL- L
ALBCE Praliminarny ALICE Praliminarny
P 0F = 500 Teld B 1d = F Ty
02w <21 GaNie i E'""‘-n e <2 ) Gaic e
Pl Bepad 5 ——

—

ALICE Praliminary
w18 = 13 Te
fep <2 1) Vi -

Byl Spad 5 e

e

Puc.9: X [ng, ng|—1 B 3aBMCMMOCTH PaCCTOAHMA MEXULY IEHTPAaM¥ IBYX OKOH pasmepa dip = 0.2 it
dip = 45° mma 5 sHeprut pp croMKHOBEHMHA].



[Touck HeaHeMHbIX 3P HEKTOB
B alpOHHBIX CTOJKHOBeHMSIX Ha BAK

Marucrepckas auccepraius CTyIeHTa
Epoxuna Axjipesi AJleKCaHIpoBU4Ya
HayuHEbli1 pyKOBOOUTEIb:

K. @.-M. H., go11. I'. A. @eodunon
PerieHseHr:

K. ®.-M. H., cHC. E. JI. KpbIlieHn
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1.1

V”M/ (voMm) : 6.00-10.00
3Ta pabora -~ VOM/(vom) : 5.00-6.00
1.08 VOM/(vom) : 2.00-3.00
: S -w
s & —+—VOM/yom) : 1.00-2.00
e —e—VOM/(yom) : 0.50-1.00
—= 1.06 | /l-"' u VUM/(VOM} : 0.00-0.50
< ’ 3 —e—VOM/(yom) : 0.00-10.00
2”" ¢ — — 5
L 1.04 =T —
= L
1.02 - | - T
1 | | | | | |

|
0 0.2 0.4 0.6 0.8 1 1.2

Ngap

Pucynok 11 - Ceuenne nBymepHoro rpaduka ¥ [Ng, Ng| B (s, = 0 17151 pa3HBIX KJIACCOB TI0
MHO)KecTBeHHOCTH. 0.2 3B < pr < 2.0I'2B



1.1

VoM/(vom) : 6.00-10.00
aTa pabora -#--VOM/(yom;) : 5.00-6.00
108l o VOM/(yom) : 2.00-3.00
AT gl - VOM/(yon) 1 1.00-2.00
—e—VOM/(vom) : 0.50-1.00
— 1.06 - = VOM/(yom;) : 0.00-0.50
z —e—VOM/(y0nm) : 0.00-10.00
=z
L 1.04 |
1.02 |
1 I?r Iﬂ ] ?Ir -;1— | | |
-5 -3 0 3 9 F T X
(psep

PucyHok 13 - Ceuenne nsymeptoro rpadmka X [Ng, Ng| B 7y, = 0 1151 pasHBIX KJIACCOB 110
MHO)KecTBeHHOCTH. 0.2 9B < pr < 2.0I'3B

OGHapyKeH HeIMHeHbIi I1aTo BenunHbl X [Ng, Np| B 3aBUCMMOCTHM OT S5HEPIUM U POCT
IVIaTO IIJIST COOBITUI C OOJIBIION MHOKeCTBEHHOCTEIO. JIJIsT COOBITUI ¢ OOMBIIION MHOMKEeCTBeHHO-
cteio (5 < V/(v)0M < 6) oGHapy:keHa 0COGEHHOCTD TOIIOJIOTMY — IPOTSDKEHHBIN BIOMD 1gap
IPOBAJI I (Psep = (), KOTOPBI COOTBETCTBYET G/IDKHEMY PUIDKY B IByX4aCTUUYHBIX KOPpeJIsaly-
OHHBIX (DYHKIIMAX.
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