BOAbLLOU AAPOHHBIN KOAMAUAEP:
NMEPBbIE PE3YAbTATDI

Primary cosmic rays
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BOAbLLOWU AAPOHHbBIU KONNAUAEP

Omkpsbin Hosyro 3py 8 uccriedosaHuu Mukpomupa

CmaHOapmHas MOOersib CI1y>Kum OCHO80U
cospeMeHHO20 orucaHus ripoueccos Mukpomupa,
eoduHoe oriucaHue criaboz2o u arrekKmpomMa2HUMmMHo20
g3aumooeucmaul, curibHoe e3aumMooelcmeue

Imoil mooenu Hyxcen 60301 Xueeca, KOmopblil eué He
HAUOeH

DyHoamenmanibHvle NPoUeccsl, uzydaemvle 6 huuxe
MUKDOMUPA, OKA3AIUCH CBAZAHHBIMU C NPOYECCAMU 8
Mezamupe, popmuposarnuem Bcenennou — epasumayus,
meMHasa macca

- samo obsacmu uccireoosarull bAK




McroPua BeENnEHHOR

* Yom o6y O OB 8HE MOCCH §YHOOMOHTONBHBIX YCTHL T

+* KakoBpg NpH pond TEMHOR MOTSpHH, 0600 eYHBOM L SH CTOEHNEHOCTE NOANOKTHKT

* Moyemy HOT OHTHEOLLSCT B B OKPYMOIOLISM HOC MHpaT

+* B KOKOM COCTOAHKH HOX QQMAOCE BOLLOCTEO B MOPRLIS MIHOZOHHA WHINH BronoqHon 7
IcnepMmonTsl Ha BONelUOoM GAPOHHOM HOMNaOWpepe OTKPOKT NyTe K POIrape
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DYHAAMEHTANBHBIE

YACTHLUBI

BELLEeCTBO

3J1eKTPOH

KBAPKU

U-KBOPK
BXOAMT B COCTAR NPOTOHOB H

HeHTpOoHOR °

M = 3 MaB/c2

nepeoe

d-keapk
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HeHTpoHOR

M = 6 MaB/c2
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oTkpeTe 19641,
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&
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SAEMEHTAPHbIE
YACTHULbI BOKPYT HAC
A B MPOTOHHOM
KOANAUAEPE

Collision Event at
7 TeV

JA EXPERIMENT

2010-93-30, 12:58 CEST
Run 152166, Event 316199

SOATLAS

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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HEM OTAUYAETCH BAK:

Pa3mepbil: -

[1nnHa ToHHenS 27 KM
MarHntHoe none 83T
OHeprua coygapeHus -

pa3a

ABa

{ —14 TaB Bblwe B 4-7 pak3
Cmasnkuearomcsi ny4yku yCKOPeHHbIX

MMPOMOHO8

CBETUMOCTb (4acToTa CTONKHOBEHUN B

cekyHay Ha 1 cm 2) - ebiwe 8 4 u b6osiee

pas




9/2010

CPABHEHMUE:

AHepaus A380,
Jiemsujeao co
ckopocmbto 700 km/Hac
coomeemcmeyem
3Hepauu, 3aKmo4YeHHoU
8 macHumax bAK: eé
docmamoYyHo, Ymobsbli
Hazpemsb U pacrisiasume
12 MOHH Meou

OHeprua ny4vka npotoHoB BAK
akBmBaneHTHa 90 Kr
TPUHUTPOTONYyoNa




& The LHC, accelerating science

KOMMAEKCA LIEPH

CXEMA
YCKOPUTEABHOIO

CERN Accelerators

(not to scale)

0.999999c by here

nanncs i Gan Sassc (1)

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnlLine DEvice
PSB: Proton Synchrotron Booster

P5: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy [on Ring

CNGS: Cern Neutrinos to Gran Sasso

Start the protons out here
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YCTAHOBKH BAK







OCHOBHbIE BOIIPOCbI DU3NKH HACTHULI

Uem obycriosrneHbl macckl Yacmuu? — ATLAS,
CMS

Kakoea ripupoda memHou Mamepuu? —
ATLAS, CMS

[loyemy Hem aHmMugeuwjecmea 8 oKpyXxarouem
Hac mupe? — LHCb, ATLAS, CMS

B kakom cocmosHuUU Haxodusiocb 8eUlecmao 8
nepeble M2HO8eHUS XU3HU BceneHHOU? —

ALICE, ATLAS, CMS

Ha amu eoripockl 00/1KHbI omeemuma
aKcriepumeHmsl Ha borbwom aopOHHOM

Kosinauoepe 14




a3MeLleHNe YCTaHOBKM

~100 m
noa
3emMmnen
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CTPYKTYPA AETEKTOPA

Tpekosasi cucmema: BHympeHHuUU
demekmop u MoOHHBbIU criekmpomMemp

IrekmpomMacHUMHbIU U aOpPOHHbIU

K‘fﬁ rimNMiIIRANAPrMNIL |

llhulnnu

electron positron o

MOms . ey

pions proton - =1
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ATLAS DETECTOR staliat

installation —

August 2008

Trigger Scintillators
[MBTS) ut =*3.5m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr electromagnetic calorimeters

|V|U on Solenoid magnet iti iati .
spectrometer Inner Detector Calorimeters




CEYEHUA U CKOPOCTU NOTOKA COOTBETCTBYHOLLIUX
COBbITUM PA3AUYHBIX ®U3IUYECKUX NPOLIECCOB PP-
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UHTEFPAABHAA CBETUMOCTD PP MYYHKOB INPU 7 T9B B 2010
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8 Hos16psa 2010 B bonbwom AapoHHom Konnangepe
BNepBbI€ OCYLLECTBIIEHbI CTOJIKHOBEHUSA A4ep CBUHLA C

9Hepruen 2,76 TaB Ha HYKNOH-HYKNOHHOE coyadapeHUe.
CoeHc npoanutca ao 6 gekabpst 2010.




Early heavy ion event in first heavy-ion fill with
stable beam collisions, 8 November 2010. Raw
“number of reconstructed tracks with pr >1 GeV is

AT LAS Run Number: 168665, Event Number: 57983
ﬁ;\-..h;,#_i

Date: 2010-11-08 11:29:31 CET

1A EXPERIMENT




A HEAVY ION COLLISION WITH TWO JETS.
PRELIMINARY ESTIMATES OF THE JET E;'S ARE THAT
THEY ARE AROUND 160 GEV.

Run 168875, Event 1577540 [\ )
Time 2010-11-10 01:27:38 CET S\

1 EXPERIMENT

3
2
o1

Heavy lon Collision Event with 2 Jets R




These are online reconstructed events from the High Level Trigger,
showing tracks from the Inner Tracking System and the Time Projection
Chamber of ALICE.

Pb+Pb @ sqrt(s) = 2.76 ATeV
Pb+Pb @ sqrt(s) = 2.76 @sart(s)

2010-11-08 11:36:37

2010-11-08 11:30:46 ) A [ Fill : 1482

Fill : 1482 L ‘ / Run : 137124

Run : 137124 Event : 0x000000009D4C1693
Event : 0x00000000D3E




ONE OF THE FIRST EVENTS FROM LEAD-LEAD COLLISIONS AT A CENTRE-OF-MASS

ENERGY OF 2.76 TEV PER NUCLEON PAIR. AN ONLINE RECONSTRUCTED EVENT FROM

THE HIGH LEVEL TRIGGER (HLT), SHOWING TRACKS FROM THE INNER TRACKING
SYSTEM (ITS) AND THE TIME PROJECTION CHAMBER (TPC) OF ALICE.

Pb+Pb @ sqri(s) = 2.76 ATeV

2010-11-08 11:29:42

Fill : 1444

Run : 137124

Event : 0x00000000271EC693




Particle multiplic
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Charged particles with

pt>500 MeV/c
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*No subtraction for
single/double diffractive
components
* Distributions corrected
back to hadron level
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Particle Multiplicities at 0.9 and 7 TeV

on n and n(ch) for pt > 100 MeV/c and | n| < 2.5; n(ch) 22
W|th models predictions
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*Measured over a well-defined kinematic region
*No subtraction for single/double diffractive components

* Distributions corrected back to hadron level
* High-precision minimally model-dependent measurements
* Provide strong experimental constraints on MC models

-dN_ /dn,,

1/N,,

Ratio

ev
=4
o
~

o
[=}
1)

P >100 MeV, | |<2.5, n,>2

\s=0.9TeV

©" == Data 2009

= PYTHIA DW
- - PYTHIA 8
PHOJET

— PYTHIA ATLAS AMBT1
== PYTHIA ATLAS MC09

.. ATLAS Preliminary

dN_ fdn,,

1IN,

ev

0.04— ,~

R R B B e
pT>100MaV,|n|<2.5,nc,,22
\s=7TeV

ATLAS Preliminary

-
~

| PRI ENRNEEE RN EEr B

— PYTHIA ATLAS AMBT1
==*PYTHIA ATLAS MC09
= PYTHIA DW

- - PYTHIAS

PHOJET

" == Data Uncertainties

=== MC/ Data

" Data Uncertainties
=== MC/Data

2 4 6 8

‘ 70

15 14 16 18

6 8 10 12 14 16 18 20
nch

T T

P >100MeV, [n|<25n,22 R

E

*Data \s=7TeV
== PYTHIA MC08 ND™ SD = DD

ATLAS Preliminary

— MC/Data

= Data Uncertainties.

10
b, [GeV]

25




Pt measurements for charged particles with pt>100 MeV/c
In|<2.5; Nch=2

at0.9 and 7 TeV
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Pt measurements for charged particles with pt>100 MeV/c
In|<2.5; Nch=2

at0.9 and 7 TeV
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Particle Density Angular Correlation

» Define the event orientation by the azimuthal angle of the track with the highest p
» Plots are reflected about ¢=0; highest p; track is not included

0.9

=3 L L I L L e

&2 C ATLAS Preliminary 7 g 2'5:' r r ATL-'IIS F‘relirlninary ]

5 08p s = 900 GeV - i ]

| P05 GeVandp <25 . ‘“E}:m o[ p>05 GeVicand |y <25, “S=7TeV -

% 070 pead s 1.0,15,2.0,25GeV, bottomtotop | & " pead s 1,23, 5 GeV, bottom to top )
- Data 2009 4 ©° T " Daia 2010

0.6 PYTHIA ATLAS MCOS9 Tune —] ’ 5‘_ PYTHIA ATLAS MC0O9 Tune N

. 1 I 1 1 1 _Inwl-‘rdl 1 1 1 . I 1 rII-“-IISI"EIrSEI 1 1 ' -I nvl‘;!!ll 1 I Tnu;lsu;ersle I 1 1 TD-AT‘IdI 1 | 1 I T;anlsuer:ﬁ 1 IA":‘I—!!‘II r
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2
[rad] Ad

wrt leading track

3
[rad

0 ,
wrt leading track

» Monte Carlo tunes only reproduce the general features

Disagreement in rates both in the transverse region (UE) and in the Toward and
Away regions (MPl/Hard Core)
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KOPPENALUWUU B PP COYAAPEHUAX

{a) CMSys = 0.8TeV (b} CMSys= 236TeV (e} CMSy5 = TTaV

R(ANAD)
R(ANAD)

R(ANAD)

Figure 2. Two-particle correlation functions versus An and A¢ in pp collisions at /s = (a) 0.9,

(b) 2.36, and (c) 7TeV.

(a) PYTHIAE = 0LOTaY

(b} PYTHIAYE = 236TeV (e} PYTHIAY S = TTaV

R(ANAD)
R(ANAD)
R{AMAD)

e

Figure 3. Two-particle correlation functions versus An and A¢ in PYTHIA D6T tune at /s =

(a) 0.9, (b) 2.36. and (c) 7TeV.
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Figure 8. Projections of 2-I) correlation functions onto Ag for 2.0 < |Ap| < 4.5 in different pr
and multiplicity bins for fully corrected 7 TeV pp data and reconstructed PYTHIAR simulations.

Error bars are smaller than the symbols. 31
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YeOHUKU

Detector is in excellent state, dimuon spectrum is very impressive !
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CMS EXPERIMENT AT THE LHC MAKES FIRST OBSERVATION OF 2
BOSONS IN HEAVY-ION COLLISIONS - 18TH NOVEMBER 2010

Z-0030HbI OTKpbIThI B 1983r. M HMKOrAa npexae He Habnodanuch npy coyaapeHusx
NOHOB

ECal 2339, pt: 37.9 GeV

Figure 1: Candidate Z boson decaying to two electrons (two tallest red towers) in a lead-lead heavy ion
collision at CMS. The other red and blue towers indicate energy deposits in CMS from other particles produced.




PEFTMCTPALUUA Z-BO30HA NO PACMAAY HA ABA MIOOHA
BCEro CMS SAPEFMCTPUPOBAA L0 KAHAUMAATOB B Z-6030HBI HA 20.11.2010

CI\"IS/ CMS Experiment al LHE, CERN

= ¥y | Data recorded: Tue Nov B 23:51:56 2010 CEST
2=\ | Run/Event: 150590 / 776435

;ﬁ_:\r' | Lumi seclion;: 183

Figure 2: Candidate Z boson decaying to two muons (two red lines) in a lead-lead heavy ion collision at CMS.
The green indicates energy deposits in CMS from other particles produced.
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CANDIDATE EVENT WITH A Z DECAY TO MUON PAIRS, RECOILING AGAINST
MISSING-E;. THE MUON CANDIDATES HAVE TRANSVERSE MOMENTA OF 50
AND 126 GEV AND A DIMUQON INVARIANT MASS OF 94 GEV; THE MISSING E; IS
MEASURED TO BE 161 GEV.

AT LAS Candidate Event with a Z—pp and missing E..

"’* A EXPERIMENT

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET
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Fig. 13: The measured value of 0z j,« x BR (Z/y* — (£) where the electron and muon channels have been com-
bined, compared to the theovetical predictions based on NNLO QCD calculations (see text). The predictions are
shown for both proton-proton and proton-antiproton colliders as a function of /5. In addition, previous measure-
ments at proton-antiproton colliders are shown. The data points at the various energies are staggered to improve
readability. The CDF and DO measurements are shown for both Tevatron collider energies, \/s = 1.8 TeV and /s
= 1.96 TeV. All data poinis are displaved with their total uncertaingy. The theoretical uncertainties are not shown.
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Fig. 12: The measured values of ow -BR (W — £v) for W™, W™ and for their sum compared to the theorerical
predicrions based on NNLO QCD calculations {see rext). Results are shown for the combined electron-muon
results. The predictions are shown for both proton-proton (W=, W —and their sum) and proton-anitiproton colliders
(W) as a funcrion of /s In addition, previous measurements at proton-antiproton and proton-proton colliders
are shown The dara points ar the various energies are siaggered to improve readabilivy. The CDF and DO
measuremenis are shown for both Tevairon collider energies, /s = LETeV and /5 = 1.96 TeV. All data points are
displaved with their toral uncertainty. The theoretical uncertainiies are not shovwn.

RJ.[

Ri‘v[*l,’z Wi /2

WH | 844 1.1 (stat) £ 0.6 (syst) | 6.5 £ 0.7 (stat) £ 0.3 (syst)
W= [ 57207 (stat) £ 0.4 (syst) | 4.4 £ 0.5 (stat) £ 0.2 (syst)
W [4.0 & 1.8 (stat) £ 0.9 (syst) [ 11.0 £ 1.1 {stat) £ 0.5 (syst)

Table 14: Measured cross-section ratios Ry, . RifL - and Ry, in the electron and muon final states.
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Fig. 14: The measured ratios between the W and W~ and the Z /y* cross section (left) in the electron and muon
decay channels as well as the combined result (vight) compared to the theoretical predictions based on NNLO

QCD calculations (see text). The ervor bars represent successively the statistical, the statistical plus svstematic
and the total uncertainties (statistical, svstematic and lwminosity ). All uncertainties are added in quadrature.
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pp 7 TeV, 17 nb-1

Jets performance and results
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Measured Inclusive jet cross-section extended up to jet pt =500 Gev/c and dijet
masses of 2 TeV

Data are well described by fixed-order NLO pQCD, corrected for
non-perturbative effects
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Inclusive jet measurements with |ID: numbers
of track distributions and fra_qmentati

funchons
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HOBbIE OTPAHUYEHWUA ANA LLIKAADI

KOHTAKTHbIX B3AUMOAENCTBUI
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B-TAGGED JET IN PP COLLISIONS
AT 7 TEV

S ATIAC Run 152166
\,

Event 817271 b-tagged jet in 7 TeV collisions

jet

J
pT=19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet




NMPOLIECCDHI POXXAEHUA TOMN-KBAPKOB

ToP PAIR PRODUCTION
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NNLO ## cross section in pp collisions - uncertainty about 6%
(scale + PDF - see Langenfeld et al, arXiV:0906.5273):
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7 161 55% 18%

SINGLE TOP PRODUCTION

3 channels for single top production.

Cross-sections significantly
smaller than for tf
production. Can hope to
measure t-channel
production cross-section
with early data.

\ 3
/"
¢
v \b
¢
7TeV | 14TeV
t-channel (a) | 58.7pb | 246.6 pb
s-channel (c) | 3.9pb | 10.7pb
Wt-channel (b) | 13.1pb | 66pb




ToP DECAYS

Tops almost always decay to a 1" and a b.

Branching ratio of W to leptons - BR(W — [v) = 0.11.

m single lepton tf — bbggly - 44% . Lepton can be triggered on,
missing energy due to neutrino escaping the detector,
hadronic top can be reconstructed.

m dilepton tf — bbll'1 s - 10% - limited statistics, but clean
events, small background, easy to trigger on; hard to
reconstruct top due to two neutrinos.

m ol-hadronic tf — bbqqqq - 46% - lots of jet activity, very busy
Tor MEASUREMENTS

Measurements involving top quarks (x-sec, mass) generically
involve leptons, jets (light and heavy flavour) and missing energy,
and therefore require understanding of most detector components
and their perfomance.

Timeline:

event displays with ~ 1pb~! of data
H clear signal with a few pb™!

subsequently cross section measurement, in the single lepton
and dilepton channels.

with @(100)pb™': rich top physics programme, including top
mass measurement, single top, rare decays and more!

All the results in this talk are for 10 or 14TeV, with scaled
expectations for 7TeV where explicitly stated.

TOMM-
KBAPKH

)
=l

Puc. 2. Jlenton-cTpyiHbIi
KaHan pacniata ti-naps. [pu
STOM  TOJBKO 9/IEKTPOH |
MIOOH  TIPHHHMAlOTCd  Kak
NeMTOHEL
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A TOP PAIR E-MU DILEPTON CANDIDATE WITH TWO B-
TAGGED JETS.

THE ELECTRON 1S SHOWN BY THE GREEN TRACK AND CALORIMETER CLUSTER IN THE 3D VIEW, AND THE MUON BY
THE LONG RED TRACK INTERSECTING THE MUON CHAMBERS. THE TWO B-TAGGED JETS ARE SHOWN BY THE PURPLE
CONES, WHOSE SIZES ARE PROPORTIONAL TO THE JET ENERGIES. THE INSET SHOWS THE XY VIEW OF THE VERTEX
REGION, WITH THE SECONDARY VERTICES OF THE TWO B-TAGGED JETS INDICATED BY THE ORANGE ELLIPSES.

Run Number: 160958, Event Number: 9038972 || Ny /\

Date: 2010-08-08 12:01:12 CEST
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BriepBblie B EBpone Habnoganoch

poXgeHne ToMNn-KBapKoB U UAMepeHa
BEPDOATHOCTb 3TOIO Mpouecca

CMS/ ;

Top Quark Physics at CMS

m First measurement of the top pair production cross section in
dilepton channels

0 - | ] | | ]

E | CMS Prehiminary . ?ﬂlﬂ ]

- tthar. sinole 12|~ 3.1pb”at ys=7Tev | [l signal _
tthar, single top, i T Events with ec/up/ey| [ DY prediction
Drell-Yan->tt and double N B 2y -ttt ]
boson estimate from simulation W:— ¢ E :::gle top _:
al [ TL prediction

- Drell-Yan-=ee, puu and events L , . [ZZ] Bekg. uncertainty
with fake leptons estimated : i

: - . 6 @ ]
via data-driven techniques L 4
4 -

2p —

.-_."""J_ =

°—3 3 >4
m Uncertainty on cross section statistics dominated Number of jets
Manfred Jeitler The CMS Experiment Protvino, 19 Oct 2010
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Events / (20 GeVic?)

TON UISMEPEHUA

N =]

i

I |

150

CMS

31 pb™ at Ns=TTeV 7]
Cuents wih setuuien B AMAENTOHHOM KAHAAE
A Data MWT
# Data KIM
o Il All simulation MWT 1 Source Number of events
All simulation KIN ] Expected tt 7715
A @ ——— Background MWT ] Dibosons (VV) 0.13 £ 0.07
- BN Background KIN 1 Single top (tW) 0.25+0.13
| — Drell-Yan Z/4* — 171~ 0.18 £ 0.09
] Drell-Yan Z/4* — ete™, utu~ 1.4+054+05
~ Events with non-W/Z leptons 0.1+054£0.3
N - Total backgrounds 214+1.0
200 250 30-[] 350 400 EJ(pE'!{StE'!d f'DfEll,, il'liifll.,ldil'lgIr ﬁ 98+ 1.8
Reconstructed top mass [GeVic’] Data 11

The first measurement of the cross section for top-quark pair production in pp col-
lisions at the LHC at center-of-mass energy /s = 7 TeV has been performed us-
ing 3.14+0.3 pb~! of data recorded by the CMS detector. This result utilizes the
tinal state with two isolated, highly energetic charged leptons, large missing trans-
verse energy, and two or more jets. Backgrounds from Drell-Yan and non-W/Z bo-
son production are estimated from data. Eleven events are observed in the data
with 2.1 £1.0 events expected from background. The measured cross section is
194 £ 72(stat. ) & 24(syst. ) & 21(lumi.) pb, consistent with next-to-leading order pre-
dictions.




U3MEPEHUE KOCMHUYECKUX MIOOHOB:
OTHOLUEHME NM*/NM-

1.7

1.5

1.1

- —e— CMS

- —*— MINOS

- —— Utah

- —— OPERA

——=— L3+C
Schreiner et al
- —=- CMS fit

CMS 2006-2008

Ll L1 H

10°

10°

- cosb,, (GeV/c)

The expected muon spectrum has been parametrized [32] based on the interactions of primary
cosmic ray particles and on the decays of secondary particles, and from this parametrization,
the charge ratio can be extracted [7] as a function of the fractions of all pion and kaon decays
that yield positive muons, fr and fg, respectively. These constants are not known a prior, and
must be inferred from data.

A fit performed fo the combined CMS charge ratio measurement in the entire pcosf, re-
gion, with a fixed relative amount of kaon production [32], yields fr = 0,553 £0.005, and
fr =066 £0.06, witha /ndf=78/7. Figure 6 (b) shows the fit to CMS data only, together
with a fit performed on some previous measurements by L3+C and MINOS 7],
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AUATPAMMbDI, COOTBETCTBYOLWWMUE PASAUYHDBIM
MEXAHU3MAM OBPA30OBAHWUA H-BO30HA: (I)CAUAHUA
TAFOOHOB, (lI) CAMAHUE BEKTOPHbIX BO30HORB (VBF), (lll)
ACCOUMUPOBAHHOE POXXAEHUE

(B CONPOBOXAEHUU W, Z UAU TT).).

(i) Gluen-Fusion

KD—\;-

ifij —+ |‘I||I

alpp — H + X)) [pb
Ve = 14 TeV
MEST/NLO
o= 178 GeV

(ii) Vector Boson Fusion (VBF)

VW, 22 fusion = 9 paq — WH .,

(iii) Associated Preduction (W/Z, +) | v~ 7/ .. .

v
iy — LM ". *
e I! +"- : e

My [GeV]




BEPOSATHOCTHA PASAHYHbBIX MOA PACITAAA

BO30HA XUITCA (CAEBA) U CEYEHUM
POXXAEHWS1 BO3OHA XUITCAB

CTAHAAPT HOH MOAEAH Mﬂ PA3HbIX
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[TOUCK BO30OHA XHUITCA C MACCOU
120 raB MO PACMAAY HA ABA ®OTC

- Signal

Irreducible bkg

[ | Reducible bkg
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VIHKMO3UBHbIU aHarslu3
3aghPeKmMuUBHbLIX Macc rnap
gomoHos8 ripu ombope
niuoupyrou,e2o gpomoHa ¢
rnornepeYvHbIM UMy 1IbCOM
ebiwe 40 3B u ebiwe 25
3B Ons cnedyroweao 3a

SIUGUpYOWUM.

Criekmp agbgbeKmuHbIX
Macc rnap gpomoHos 8
cobbimusix, umerowux
OO0roJsIHUMersriIbHoO 08e
aopoOHHbIe cmpyu (
pacyYemHoe ceyeHue
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SAKAKOYEHUE

bonbLwion AgpoHHbIM Konnangep BbiBEnN
nccnegosaHme Mukpomumpa Ha HOBbIN YPOBEHb

PelleHne noctaBneHHbIX 3agad oyget obecneyvyeHo
MOCTOSAHHbLIM COBEPLUEHCTBOBAHUEM YCKOPUTENSA U
OETEKTOPOB

PesynbTaTthbl Konnangepa no3BosiaT NOHATb MPOLECCHI
Meramupa, passutne BceneHHon

[leTeKkTOpbl NPOAEMOHCTPUPOBaANu Tpebyemoe
KayecTBO paboThl

N3amepeHbl MHOXEeCTBEHHOCTU, Koppenauun, W/Z, t-
KBapKW, CTPYM.




