


ȭɑɏɒɟɡɕɋɐɆɇɎɢ ɗɋɊɋɍɋ 
Ʌɞɔɑɍɋɘ ɠɐɈɓɆɋɌ: ɒɓɑɛɎɑɈ ɋ 
ɐɃɔɕɑɢɜɈɈ?

ȳɃɔɔɍɃɊɞɅɃɈɕ ȫɆɑɓɟ ȲɈɎɈɅɃɐɡɍ
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ȱɄɑ ɏɐɈ

ȫɆɑɓɟ ȲɈɎɈɅɃɐɡɍ(1991)

ȱɍɑɐɚɋɎ - ȶɐɋɅɈɓɔɋɕɈɕ ªȧɖɄɐɃ¹ 
Ʌ 2013

ȲɓɑɗɈɔɔɋɢ ĉɒɓɑɆɓɃɏɏɋɔɕ

CERN Summer Student 2012
CERN Technical Student 2013
2013-2018 ĉJINR, CERN, IHEP(China)
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ˣ̛̛̙̤̓̑̎ ̋ 1930-̞

ē~2 ɖɚɣɐɞɘ Ʌ ɑɇɐɑɌ ɍɑɏɐɃɕɈ

ēȭɃɓɃɐɇɃɛ ɋ ɄɖɏɃɆɃ

ˣ̛̛̙̤̓̑̎ ̋1970-̞

ē~200 ɖɚɣɐɞɘ , ~10 ɔɕɓɃɐ

ēȯɠɌɐɗɓɠɌɏɞ

ˣ̛̛̙̤̓̑̎ ̗̖̤̎̌̍̚

ē~2000 ɖɚɣɐɞɘ, ~100 ɔɕɓɃɐ

ēȳɃɔɒɓɈɇɈɎɣɐɐɞɈ ɔɈɕɋ, Ɇɓɋɇ
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100 ɎɈɕ ɐɃɊɃɇĔ

ȱɒɞɕ ȳɈɊɈɓɗɑɓɇɃ
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100 ɎɈɕ ɐɃɊɃɇĔ

ȴɚɣɕɚɋɍ ȦɈɌɆɈɓɃ

ȴɚɋɕɃɈɕɚɃɔɕɋəɞ
ȧɑ 10000 Ʌ ɔɈɍɖɐɇɖ
100% ɠɎɈɍɕɓɑɐɑɅ
1% ɆɃɏɏɃ-ɍɅɃɐɕɑɅ
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80 ɎɈɕ ɐɃɊɃɇĔ

ȭɃɏɈɓɃ ȥɋɎɟɔɑɐɃ
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ȭɃɍ ɔɇɈɎɃɕɟ ɒɖɊɞɓɟɍɑɅɖɡ 
ɍɃɏɈɓɖ?
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80 ɎɈɕ ɐɃɊɃɇĔ

ȭɃɏɈɓɃ ȥɋɎɟɔɑɐɃ

1932, ȣɐɇɈɓɔɑɐ
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60 ɎɈɕ ɐɃɊɃɇĔ
ȲɖɊɞɓɟɍɑɅɃɢ ɍɃɏɈɓɃ
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60 ɎɈɕɐɃɊɃɇĔ

ȭɃɏɈɓɃȥɋɎɟɔɑɐɃ

d
w

L

˙̑ ̛̙̉̎̕d    =  ̃ ̨̙̉̍q

˝̛̖̙̎̋̉̔w    =  ˦ ̛̗̙̗̥̓̚V

˥̜̉̍̑̚2    К  Í ̑ 6   ,  q 

R

˙̔ ̖̖̑̉L   =  ˲ ̨̖̙̎̌̑W

˜̖̉̓̐̉ ̨̙̍̉
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60 ɎɈɕ ɐɃɊɃɇĔ
ȲɖɊɞɓɟɍɑɅɃɢ ɍɃɏɈɓɃ

ˠ̜̑̚ ˕̥̙̔̋̉̎̚
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ȲɖɊɞɓɟɍɑɅɞɈ ɍɃɏɈɓɞ Ʌ ȱȫɂȫ
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ȲɖɊɞɓɟɍɑɅɞɈ ɍɃɏɈɓɞ Ʌ ȱȫɂȫ
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50 ɎɈɕɐɃɊɃɇĔ

˝̖̖̗̘̙̎̕ ̛̛̛̛̗̗̥̖̗̥̙̗̙̗̑̐̋̍̑̎̔̎̍̋̊̉̊̓̑̚̚̚
̛̛̦̘̙̖̥̖̗̖̝̗̙̟̜̓̎̑̎̉̔̒̑̉̑̑̊̍̎̚̕̕, ̗̖̠̖̗̋̓̎̕
̛̠̯̎̚,̨̛̗̘̙̥̎̍̎̔Ȱ̘ ̛̛̙̗̗̥̖̗̥̑̐̋̍̑̎̔̚ȱ̝ ̠̞̑̐̑̎̓̑̚
̗̖̑̔̎̍̋̉̑̒̚̚

6 ̉ ̛̜̋̌̉̚1966
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50 ɎɈɕɐɃɊɃɇĔ
ȲɖɊɞɓɟɍɑɅɃɢɍɃɏɈɓɃ
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40 ɎɈɕɐɃɊɃɇĔ
ȲɖɊɞɓɟɍɑɅɃɢɍɃɏɈɓɃ

Big European Bubble 
Chamber

6.3 ɏɋɎɎɋɑɐɑɅɔɐɋɏɍɑɅɊɃ11 ɎɈɕɓɃɄɑɕɞ

ȴɑɅɓɈɏɈɐɐɞɈɠɍɔɒɈɓɋɏɈɐɕɞɐɃɄɋɓɃɡɕ
ɔɕɑɎɟɍɑɉɈɊɃ2 ɚɃɔɃ.

ȵɑɚɕɑɔɈɌɚɃɔɔɑɄɋɓɃɈɕɔɢɊɃ1 ɔɈɍɖɐɇɖ
ɓɃɐɟɛɈɔɑɄɋɓɃɎɑɔɟɊɃ13.5 ɚɃɔɑɅ
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ȫɐɕɈɓɈɔɐɞɌ ɗɃɍɕ
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ȫɐɕɈɓɈɔɐɞɌ ɗɃɍɕ!!!
1985 ĉCray 2
1.9 GFLOPS
2 GB RAM
ȲɑɕɓɈɄɎɈɐɋɈ 200kW
ȹɈɐɃĉ32.000.000$
NASA, US Defense Ĕ

2010 ĉ
1.6 GFLOPS
512 MB of RAM
ȲɑɕɓɈɄɎɈɐɋɈ 5.4 W
ȹɈɐɃĉ700 $
ȯɋɎɎɋɑɐɞ ɎɡɇɈɌ

iPhone 4
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ȫɐɕɈɓɈɔɐɞɌ ɗɃɍɕ!!!
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40 ɎɈɕɐɃɊɃɇĔ
˝̨̙̗̙̓̋̉̓̉̎̉̚̕
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ȫɔɍɓɑɅɃɢ ɍɃɏɈɓɃ Ʌ ȱȫɂȫ
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Large Hadron Collider 1994

ATLAS
1995 1997

ALICE

199?
CMS

199?
LHCb
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ATLAS

13 ʚʠʜʦʚ ʜʝʪʝʢʪʦʨʦʚ

~100 ʤʠʣʣʠʦʥʦʚ ʢʘʥʘʣʦʚ

1 bunch-cross: ~20 ʩʪʦʣʢʥʦʚʝʥʠʡ

~40 ʤʠʣʣʠʦʥʦʚ bunch-cross / ʚ 1 ʩʝʢ

~1 ʤʠʣʣʠʘʨʜʦʚ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʧʠʢʝ

ʆʜʥʦ ʩʦʙʳʪʠʝ- 1.6 MB 

ʇʦʣʥʳʡ ʧʦʪʦʢ: 1.6 MB * 1 000 000 000 = 1.6 PB/sec

ʄʳ ʤʦʞʝʤ:

ɿʘʧʠʩʳʚʘʪʴ ʥʘ ʜʠʩʢʠ: 450MB/s,

ʉʦʙʠʨʘʪʴ ʩʦʙʳʪʠʷ ~300 Hz

ɿʘ ʛʦʜ ~ 4 PB
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ȤɑɊɑɐ

BɈɓɑɢɕɐɑɔɕɟɒɑɢɅɎɈɐɋɢ ȸɋɆɆɔɃɅ 
ɍɑɐɍɓɈɕɐɑɏ ɔɑɄɞɕɋɋ ɐɃ LHC: 10-14

˧Ȣ̗. ̖ ̛̛̜̖̗̝̥̙̗̥̏̑̔̋̉ 
99.9995% ̚ ̛̗̤̊̑̒

ȨɔɎɋ ɋɐɋəɋɋɓɑɅɃɕɟɔɚɋɕɞɅɃɐɋɈɋ ɊɃɒɋɔɟɇɃɐɐɞɘɔ ɇɈɕɈɍɕɑɓɃ
ɔɎɖɚɃɌɐɞɏɑɄɓɃɊɑɏ, ɅɈɓɑɢɕɐɑɔɕɟɊɃɒɋɔɃɕɟɔɑɄɞɕɋɈɅɑɊɐɋɍɃɡɜɈɈɔ 

ɚɃɔɕɑɕɑɌ0.00001 Hz 

ɓɃɅɐɃ0

ȵ.Ɉ. ɒɓɋ 1 ɏɋɎɎɋɃɓɇɈ ɔɑɄɞɕɋɌ Ʌ ɔɈɍ 
ɄɑɊɑɐ ɄɖɇɈɕ ɒɑɢɅɎɢɕɟɔɢ ɚɖɕɟ ɚɃɜɈ 
ɚɈɏ ɓɃɊ Ʌ 3 ɚɃɔɃ
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Boson
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ATLAS Triggers

ȰɖɉɐɑɅɞɄɓɃɕɟɍɓɃɌɐɈɓɈɇɍɋɈ
ɔɑɄɞɕɋɢ(0.00001 Hz, ɓɃɊɅ 3 ɚɃɔɃ)
ɋɊɑɚɈɐɟɛɖɏɐɑɆɑɗɑɐɃ(1 ɏɎɇHz)
1 ɋɊ100 ɕɓɐ

Level 1 Level 2 Level 3

1 ɏɎɇHz

75000 Hz 3000 Hz

????

300 Hz
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ȴɍɑɎɟɍɑ ɔɑɄɞɕɋɌ ɐɖɉɐɑ?
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5 sigma
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0
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5 sigma(100 coin flips)
Expected number of heads = 50, uncertainty=5

1ů

2ů

3ů

4ů

5ů
1ǭĉ68,2%
2ǭĉ95,5%
3ǭĉ99,73%
4ǭĉ99,993%
5ǭĉ99,99994%

Probability

Number of heads

>1ǭĉ1/3
>2ǭĉ1/22
>3ǭĉ1/370
>4ǭĉ1/14285
>5ǭĉ1/1666666
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5 sigma(1000 coin flips)

0

0.005

0.01

0.015

0.02

0.025

0.03

350 400 450 500 550 600 650

Expected number of heads = 500, uncertainty~15

1ů

2ů

3ů

4ů

5ů
1ǭĉ68,2%
2ǭĉ95,5%
3ǭĉ99,73%
4ǭĉ99,993%
5ǭĉ99,99994%

Probability

Number of heads

1ůï1/3

2ůï1/22

3ůï1/370

4ůï1/14285

5ůï1/16666660
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5 sigma(any events)
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5 sigma ɔ ɏɑɐɈɕɍɑɌ
ȭɃɍ ɖɇɑɔɕɑɅɈɓɋɕɟɔɢ, ɚɕɑ ɏɑɐɈɕɍɃ 
ɔ ɇɅɖɏɢ ɑɓɎɃɏɋ ɇɈɌɔɕɅɋɕɈɎɟɐɑ ɔ 
ɇɅɖɏɢ ɑɓɎɃɏɋ ɈɔɎɋ:
1. ȰɈɎɟɊɢ ɇɈɓɉɃɕɟ Ʌ ɓɖɍɃɘ
2. ȯɑɉɐɑ ɒɑɇɄɓɃɔɞɅɃɕɟ
3. ȯɑɉɐɑ ɔɏɑɕɓɈɕɟ ɐɃ 
ɓɈɊɖɎɟɕɃɕ?

ȴɚɋɕɃɕɟ! Ȱɑ ɍɃɍ ɇɑɎɆɑ?
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5 sigma ɔ ɏɑɐɈɕɍɑɌ
ȨɔɎɋ ɏɑɐɈɕɍɃ ɑɄɞɚɐɃɢ, ɕɑ:
1-Ɍ Ʉɓɑɔɑɍ(ɑɓɣɎ) ĉ50%
2-Ɍ Ʉɓɑɔɑɍ(ɕɑɉɈ ɑɓɣɎ) ĉ25%
3-Ɍ Ʉɓɑɔɑɍ(Ʌɑ ɅɔɈɘ ɄɓɑɔɍɃɘ Ʉɖɇɖɕ 
ɑɓɎɞ) ĉ12.5%
4-Ɍ Ʉɓɑɔɑɍ ĉ6.25%
5-Ɍ Ʉɓɑɔɑɍ ĉ3.125%
6-Ɍ Ʉɓɑɔɑɍ ĉ1.5625%
7-Ɍ Ʉɓɑɔɑɍ ĉ0.78Ĕ%
8-Ɍ Ʉɓɑɔɑɍ ĉ0.39Ĕ%
9-Ɍ Ʉɓɑɔɑɍ ĉ0.19Ĕ%
10-Ɍ Ʉɓɑɔɑɍ ĉ0.097Ĕ%

1ǭĉ68,2%
2ǭĉ95,5%
3ǭĉ99,73%
4ǭĉ99,993%
5ǭĉ99,99994%

14-Ɍ Ʉɓɑɔɑɍ ĉ0.006Ĕ%

21-Ɍ Ʉɓɑɔɑɍ ĉ0.00004Ĕ%

1ů

2ů

3ů

4ů

5ů
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5 sigma ɔ ɏɑɐɈɕɍɑɌ
ȭɃɍ ɖɇɑɔɕɑɅɈɓɋɕɟɔɢ, ɚɕɑ ɏɑɐɈɕɍɃ 
ɔ ɇɅɖɏɢ ɑɓɎɃɏɋ ɇɈɌɔɕɅɋɕɈɎɟɐɑ ɔ 
ɇɅɖɏɢ ɑɓɎɃɏɋ ɈɔɎɋ:
1. ȰɈɎɟɊɢ ɇɈɓɉɃɕɟ Ʌ ɓɖɍɃɘ
2. ȯɑɉɐɑ ɒɑɇɄɓɃɔɞɅɃɕɟ
3. ȯɑɉɐɑ ɔɏɑɕɓɈɕɟ ɐɃ 
ɓɈɊɖɎɟɕɃɕ?

ȴɚɋɕɃɕɟ! Ȱɑ ɍɃɍ ɇɑɎɆɑ?

ȲɓɈɇɒɑɎɑɉɋɏ ɑɄɓɃɕɐɑɈ, ɚɕɑ 

ɏɑɐɈɕɍɃ ɑɄɞɚɐɃɢ, ɐɑ ɐɃɏ ɑɚɈɐɟ 
ɔɋɎɟɐɑ ɅɈɊɣɕ ɋ ɅɞɒɃɇɃɡɕ ɕɑɎɟɍɑ 
ɑɓɎɞ.
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5 sigma with Higgs
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5 sigma with Higgs
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ɀɍɔɒɈɓɋɏɈɐɕ
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CH0:0.001 ;

CH2:0.14;

CH4:0.34;

é

CH98039232:0.08;

ȴɞɓɞɈ ɇɃɐɐɞɈ
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CH0:0.001 ;

CH2:0.14;

CH4:0.34;

é

CH98039232:0.08;

ȳɈɍɑɐɔɕɓɖɍəɋɢ

ȣɎɆɑɓɋɕɏ
ɓɈɍɑɐɔɕɓɖɍəɋɋ+ +
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ȴɑɄɞɕɋɈ
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ɀɕɑ ɖɉɈ ɑɕɍɓɞɕɋɈ?
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ȯɑɇɈɎɟ
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ȴɑɄɞɕɋɈ
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ȴɋɏɖɎɢəɋɢ

+
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ȴɋɏɖɎɢəɋɢ

+

CH0:0.001 ;

CH2:0.14;

CH4:0.34;

é

CH98039232:0.08;
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CH0:0.001 ;

CH2:0.14;

CH4:0.34;

é

CH98039232:0.08;

CH0:0.001 ;

CH2:0.14;

CH4:0.34;

é

CH98039232:0.08;
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ȰɃɊɐɃɚɈɐɋɈ ɍɑɏɒɟɡɕɋɐɆɃ

ȪɃɒɋɔɟ ɇɃɐɐɞɘ
ȳɈɍɑɐɔɕɓɖɍəɋɢ
ȧɑɎɆɑɈ ɘɓɃɐɈɐɋɈ
ȣɐɃɎɋɊ
ȴɋɏɖɎɢəɋɢ
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1997

Internet 

ʧʦʣʴʟʦʚʘʪʝʣʠ: 

70 000 000

ʉʢʦʨʦʩʪʴ 28.8kbps
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ȫɐɕɈɓɈɔɐɞɌ ɗɃɍɕ!
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Cray -1  - 1976

ȫɐɕɈɓɈɔɐɞɌ ɗɃɍɕ!!!

ȲɑɔɎɈɇɐɋɌ ɔɖɒɈɓɍɑɏɒɟɡɕɈɓ ɔ 
ĎȴɖɒɈɓ-ɒɓɑəɈɔɔɑɓɑɏď 
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Ȧɓɋɇ
WorkNode

WorkNode

WorkNode

WorkNode
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Ȧɓɋɇ

Middleware

WorkNode

WorkNode

WorkNode

WorkNode



8ɐɑɢɄɓɢ 2018 RLTP2018 58

Ȧɓɋɇ

Grid site

Grid site

Grid site

Grid site
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Ȧɓɋɇ

Grid site

Grid site

Grid site

Grid site

Virtual organization 1

Virtual organization 2
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ȦɓɋɇɔɈɌɚɃɔ

Middleware
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ȲɓɑɔɕɈɌɛɋɌ Ɇɓɋɇ

Grid site

Grid site

Grid site

Grid site

Grid site

Grid site
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ȦɓɋɇɋɈɓɃɓɘɋɢ

40%

15%

45%

Tier -0 (CERN): (15%)
ÅȪɃɒɋɔɟ ɇɃɐɐɞɘ
ÅȲɈɓɅɋɚɐɃɢ ɓɈɍɑɐɔɕɓɖɍəɋɢ
ÅȲɈɓɈɇɃɚɃ ɇɃɐɐɞɘ

Tier -1 (13 centres ): (40%)
ÅȣɓɘɋɅɋɓɑɅɃɐɋɈ
ÅȳɈ-ɒɓɑəɈɔɔɋɐɆ
ÅȣɐɃɎɋɊ
ÅȴɅɢɊɟ ɔ ȵ0 ɚɈɓɈɊ10 Gb

Tier -2  (~160 centres ): (45%)
ÅȴɋɏɖɎɢəɋɢ
ÅȲɑɎɟɊɑɅɃɕɈɎɟɔɍɋɌ ɃɐɃɎɋɊ
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ȴɎɑɉɐɑɔɕɋ

ȤɈɊɑɒɃɔɐɑɔɕɟȲɈɓɈɇɃɚɃ ɇɃɐɐɞɘȸɓɃɐɈɐɋɈ ɇɃɐɐɞɘ

ȣɍɍɃɖɐɕɋɐɆ ȯɑɐɋɕɑɓɋɐɆȶɒɓɃɅɎɈɐɋɈ ɐɃɆɓɖɊɍɑɌ
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ɅɞɊɑɅɞ ɄɖɇɖɜɈɆɑ
NICA (Nuclotron based Ion Collider f Acility) ɀ̦ ̛̗ 
̖̗̤̋̒ ̛̜̗̙̥̖̤̓̑̎̔̒̚ ̗̘̓̔̎̓̕̚ȟ ̛̗̗̙̤̓̒ 
̨̛̗̯̐̍̉̚̚ ̖̉ ̊̉̐̎ ˣ̣̖̯̖̖̗̗̊̎̍̑̌ ̛̛̛̖̜̑̑̉̚ 
̨̙̖̤̞̍̎ ̗̖̑̔̎̍̋̉̑̒̚̚ ɉ˙̜̖̊̉ȟ ˥̨̗̑̚̚Ɋ ̚ ̧̟̥̎̔ 
̨̜̠̖̑̐̎̑ ̛̗̋̒̋̚̚ ̛̘̗̖̗̔̒ ̙̗̖̖̗̊̉̑̒ ̛̙̉̎̑̑̕.


