HAHOTEXHOJIOI UA - TexHonoauu coepemeHHo20 MUPA, ux
3apoXxoeHue u passumue

04 urwnsa 2017

Bukrtop A. bbikoB, 1.T.H.,
HOP u rpynna komnanuiit HT-MAT Spectrum Instruments,
Ilpe3uaeHtT
s ek, N NT-MDT

Spectrum Instruments




15 thousand million years ﬂ

15 MuUTHApIOB JIET CITYCRS

1 thousand million years
| Mmusmrap JIeT CrycTs

300 thousand years
300 ThICSY NET CIyCTA

3 minutes

10—5 seconds

electron

10—'° seconds _ v
10—34 seconds ’ ? 2y
. B .. o .
ATs-
,"//' {“.
WA
)
\ 7 2
\\ /,/ - Sl
\\‘\\ = /:L:
—TE 1032 degrees £
- N - n
1027 degrees o ", SN §
g =
-
10'5 degrees « 2L A & q
: i
10'° degrees g
10° degrees \‘
radiation positron (anti-electron) 6000 degrees \“" -
paﬂi0|e$ . proton e » s
heavy particles ‘ neutron S : s
carrying 18 degrees i .
the weak force oot %3
"1 hydrogen
uark 3
3, deuterium
anti-quark helium 3 degrees K

' lithium




Tun

Juamemp

Torwuna

Yucno 36€30

Macca
Bo3pacm cmapeiiwieni uz uzeecmuulx 36€30

B Paccmoanue om Connua 00 2an1aKmuyecko2o ueHmpa

B [ anakmuueckuil nepuoo oopawienusa Connya

Ilepuoo oopawenusn cnupanvHoii cmpykmypul

5 d Ilepuoo oopawienun nepemvluku

- Cropocmb omnocumenvHo (hoH08020 PETUKMO8020
BN 143/1VUCHUA

g
1411aCb ?analﬂaka' L =

Yemeépman kocmuueckas ckopocms (6 paiione Connua)

= '7 8 -

XapaKTepucTukm

[
SBbc (cnupanvhas 2anaKkmuka ¢ nepemuvlyKoil)

100 000 ce. nem’”

3000 ce. nem (Gandnc)™
1000 ce. nem (OuCK)Ql

200—400 mapo.F"

4,810" M)’

13,2 mapo nem™

9,18 mnpa. Jlet
Poaunocb ConHue!

26 000+ 1 400 ce. r1em

225—250 man nem 570 | MJIH.- 230MJIH.

naseo3ou

220—360 man nem™ A,

100—120 man aem™™

552 ren/c 9,21 mnipa. Jlet

Poaunacb 3emns!
550 km/c t
—

SR B R UL DT L B U U T R T ||'|||n UL LB O R R

13 13,75
MnpAa.net

10 LR 12


https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%A5%D0%B0%D0%B1%D0%B1%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D0%B0_%D1%81_%D0%BF%D0%B5%D1%80%D0%B5%D0%BC%D1%8B%D1%87%D0%BA%D0%BE%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BB%D0%B4%D0%B6
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/HE_1523-0901
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D0%B0_%D1%81_%D0%BF%D0%B5%D1%80%D0%B5%D0%BC%D1%8B%D1%87%D0%BA%D0%BE%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D0%B8%D0%BA%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D0%B8%D0%BA%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%BB%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%9F%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%82%D0%B2%D1%91%D1%80%D1%82%D0%B0%D1%8F_%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
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B npoekTte yyactBoBanu ousnku U apyrue y4éHble ¢ MmpoBbiM nMeHeM2: Pyaonbd
[Nanepnc, OtTo ®puwl, dasapa Tennep, AHpuko Pepmu, Hunbc Bop, Knayc dykc, Jleo

Cunapga, [bxoH doH HenmaH, Puyapa Pendmad, xo3ed Porbnart, Ncmgop

Pabu, CtaHucnas Ynam, Po6ept YuncoH, Buktop Baickond, FepbepT Nopk, KeHHeT
Bannopumxk, Camtoan AnnmncoH, 3asuH MakvunnaH, Pobept OnneHrenmep, O)KoH
JloypeHc, 'eoprun KuctakoBckuin, MaHc buse, 3pHect JloypeHc, P. Pobeptc, ®. Monep,
Anekcanap Cakc, XaHc bete, LLiBebep, by, dkkepc, Xanbaxc", CumoH, 3.

Barnep, Pununn Xayre AbenbcoH, [bxoH Kokpodt, QpHecT YonTtoH, Pobept

Cepbep. [xoH KemeHn. AnbbepTt Baptnett Huk Metpononuc. Ixxenmc dpaHkK. A.Tl. AnekcaHaposB A.A. bouBap



https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A3%D1%87%D1%91%D0%BD%D1%8B%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%85%D1%8D%D1%82%D1%82%D0%B5%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B9%D0%B5%D1%80%D0%BB%D1%81,_%D0%A0%D1%83%D0%B4%D0%BE%D0%BB%D1%8C%D1%84_%D0%AD%D1%80%D0%BD%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B9%D0%B5%D1%80%D0%BB%D1%81,_%D0%A0%D1%83%D0%B4%D0%BE%D0%BB%D1%8C%D1%84_%D0%AD%D1%80%D0%BD%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B8%D1%88,_%D0%9E%D1%82%D1%82%D0%BE_%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%BB%D0%B5%D1%80,_%D0%AD%D0%B4%D0%B2%D0%B0%D1%80%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B8,_%D0%AD%D0%BD%D1%80%D0%B8%D0%BA%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80,_%D0%9D%D0%B8%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BA%D1%81,_%D0%AD%D0%BC%D0%B8%D0%BB%D1%8C_%D0%AE%D0%BB%D0%B8%D1%83%D1%81_%D0%9A%D0%BB%D0%B0%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0%D1%80%D0%B4,_%D0%9B%D0%B5%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0%D1%80%D0%B4,_%D0%9B%D0%B5%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D0%BC%D0%B0%D0%BD,_%D0%94%D0%B6%D0%BE%D0%BD_%D1%84%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%B9%D0%BD%D0%BC%D0%B0%D0%BD,_%D0%A0%D0%B8%D1%87%D0%B0%D1%80%D0%B4_%D0%A4%D0%B8%D0%BB%D0%BB%D0%B8%D0%BF%D1%81
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%B1%D0%BB%D0%B0%D1%82,_%D0%94%D0%B6%D0%BE%D0%B7%D0%B5%D1%84
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%B8,_%D0%98%D1%81%D0%B8%D0%B4%D0%BE%D1%80_%D0%90%D0%B9%D0%B7%D0%B5%D0%BA
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%B8,_%D0%98%D1%81%D0%B8%D0%B4%D0%BE%D1%80_%D0%90%D0%B9%D0%B7%D0%B5%D0%BA
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B0%D0%BC,_%D0%A1%D1%82%D0%B0%D0%BD%D0%B8%D1%81%D0%BB%D0%B0%D0%B2
https://ru.wikipedia.org/wiki/%D0%A3%D0%B8%D0%BB%D1%81%D0%BE%D0%BD,_%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82_%D0%A0%D0%B0%D1%82%D0%B1%D1%83%D0%BD
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%BF%D1%84,_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80_%D0%A4%D1%80%D0%B5%D0%B4%D0%B5%D1%80%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%99%D0%BE%D1%80%D0%BA,_%D0%93%D0%B5%D1%80%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%B8%D1%81%D0%BE%D0%BD,_%D0%A1%D1%8D%D0%BC%D1%8E%D1%8D%D0%BB_%D0%9A%D0%B8%D0%BD%D0%B3
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BA%D0%BC%D0%B8%D0%BB%D0%BB%D0%B0%D0%BD,_%D0%AD%D0%B4%D0%B2%D0%B8%D0%BD_%D0%9C%D0%B0%D1%82%D1%82%D0%B8%D1%81%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BF%D0%B5%D0%BD%D0%B3%D0%B5%D0%B9%D0%BC%D0%B5%D1%80,_%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D1%82%D1%8F%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%93%D0%B5%D0%BE%D1%80%D0%B3%D0%B8%D0%B9_%D0%91%D0%BE%D0%B3%D0%B4%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D1%83%D1%80%D0%B5%D0%BD%D1%81,_%D0%AD%D1%80%D0%BD%D0%B5%D1%81%D1%82_%D0%9E%D1%80%D0%BB%D0%B0%D0%BD%D0%B4%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%82%D0%B5,_%D0%A5%D0%B0%D0%BD%D1%81_%D0%90%D0%BB%D1%8C%D0%B1%D1%80%D0%B5%D1%85%D1%82
https://ru.wikipedia.org/w/index.php?title=%D0%A5%D0%B0%D0%BB%D0%B1%D0%B0%D0%BD,_%D0%A5%D0%B0%D0%BD%D1%81&action=edit&redlink=1
https://en.wikipedia.org/wiki/Hans_von_Halban
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B9%D0%BC%D0%BE%D0%BD,_%D0%A4%D1%80%D1%8D%D0%BD%D1%81%D0%B8%D1%81
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D0%B5%D0%BB%D1%8C%D1%81%D0%BE%D0%BD,_%D0%A4%D0%B8%D0%BB%D0%B8%D0%BF%D0%BF_%D0%A5%D0%B0%D1%83%D0%B3%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BA%D1%80%D0%BE%D1%84%D1%82,_%D0%94%D0%B6%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A3%D0%BE%D0%BB%D1%82%D0%BE%D0%BD,_%D0%AD%D1%80%D0%BD%D0%B5%D1%81%D1%82_%D0%A2%D0%BE%D0%BC%D0%B0%D1%81_%D0%A1%D0%B8%D0%BD%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B1%D0%B5%D1%80,_%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B1%D0%B5%D1%80,_%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%94%D0%B6%D0%BE%D1%80%D0%B4%D0%B6
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%80%D1%82%D0%BB%D0%B5%D1%82%D1%82,_%D0%90%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D0%BB%D0%B8%D1%81,_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D1%81_%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D0%BA,_%D0%94%D0%B6%D0%B5%D0%B9%D0%BC%D1%81
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IBM «CTPEJIA», 1953 roa, 6200 namn, 60 Tbic. nonynpoBOAHNKOBbIX
anopos, 2000 TpexaapecHbIX KOMaHpA B cek., 150 kBT, 300 kB.M.




[lepBbIN TPAH3UCTOP
LLloknun, bpateuH, bapguH, 1947

a Cerka
Karon AHon

(7]

TpaH3ucTop: @ — TAKUM XOTEeJl €ro BHACTH [Hloknu; 6 — TaKuM OH
nonyuuncs y Bparreitna u bapauHa




1959 eod, Cmapm nosiyripoeoO0HUKO80U
MUKPO3JIEeKMPOHUKU -rnepebie MUKPOCXeMbl

-y TP -
.’.{:,-1121 = »\\
;,'")_1,.- A ﬂL.‘
. - ,1 -
L - -z <
v \\“-‘- . = * . v
LA s
. T 4
IR g
;AR Seatics % &
R T+
N
Dy
'~

Prc. 15, Gororpadis UC Micrologic » Puc. 14, DECoepHMeHTATEHRA TpaITep
g .t 7 d l -
Aypraaic sLifcs P-Honca



~ Puuapa ®eriHMaH npeacKasajl NOSBICHUE HAHOTEXHOJOTUM emE B 1959 rony,
BBICTyHas C JIeKiuen « Tam, BHU3y, moaHo Mecta!» B KanudopHuiickom
TEXHOJOrn4eCcKoM MHCTUTYTE. Ha poTo ciieBa P. dertHMaH paccMaTpHUBAET C
ITOMOIIIBIO MUKPOCKOIA CACIIAHHBIA MUKPOMOTOD, pazMepoM 3380 MKM,
[MOKa3aHHbIK HA PUCYHKE ClipaBa. BBEpXy Ha pUCYHKE CIipaBa II0Ka3aHa rojioBKa
OynaBku. B3sto u3 poroapxusa KanndopHUHCKOro TEXHOJIOTHYECKOTO
nHCTUTYTA http://physicsweb.org/articles/world/14/2/8/1/pw1402081
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[lepnognyeckas Tabnuua snemeHToB

www.melytec.ru
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KomnaHus Taiwan Semiconductor Manufacturing Company (TSMC) obHapoodoeara
niaH UHeecmuuyuu 8 0CceoeHUE 8birycKa rosyrnpoeooOHUKO80U MpodyKuuu rno HopMmam 5
HM U MeHee. Omom rifiaH, 8 YacmHyocmu, rnpedycMmampusaem co3oaHue Hosou
rpou3zeoocmeeHHoU ba3bl 8 toxxHou Yacmu TauesaHs. Obwas cymma uHeecmuuuu
cocmaserigem ripumepHo 15,6 mrpo oornapos.

http: //vwwv pvsm ru/news/217880



http://www.pvsm.ru/news/217880

Poccutckasd MUKPO U HaHO3/1EKMPOHUKa Ce200HS

L]
i WCCNEAOBAHHA NPECC-UEHTP ENG 2,
mikron S T pr——

O xomMnaHum TexHonoruu Ycnyrv chabpuku Mpecc-ueHTp KoHTakThl

TEXHOH OrM M nasxan > TexHonorvu > TexHonorus 90HM BaHYCK B 3 'M KBapTEUIe 20 1 5 FOHa
Texwonorus 130 HM
MHTErpanbHbie MAKPOCHEMbI
RFID kaprsi u :Dfxgtn;r.(ounawi «Mukpom» Ann paspaboTkv W NPOM3BOACTES MUKPOCXEM MCTONE3YIOTCA CEAYIOLLME TEXHONOTHHECKHE Tasaoriorms 00 TeXHonong 90 HM HpOI/ISBOHCTBeI.H.Iaﬂ MOIIIHOCTB — 1 5 OOO
S I T KMON 90 LP/RF. OcHoBHsle
Hapcune oo oo e  Feature RRETIELY IIJIACTUH B MECHII.
. «4-6wer
Tpynna komnanwii "Mukpon" . M»4«p::x:ﬂzagsnepmue;awcuuni NAMATLI0! MUKPOKOHTPONNEps! 8-16 6uT, NaMATL 4MB, UMNLI CMAPT-KAPT, YWNLI KMOM 80 LP/RF. Process Generation 90nm
T DaAMOUACTOTHO WABHTHGhMKBLIMI TexHonoruveckue
N BO3MOXHOCTH Leff or Lpoly 63nm (Physical on-wafer dimension for Lpoly)

MnaTexHbie pewenua 5‘;"“;'5?’

= Ananorosbie MC ynpapnenina NATaHHem
= Nunelnpie npeobpasosatent

= ONepaLMoHHLIE YCUNMTENH

* LUMM — koHTponnepbl

= fipasisepe LED

1.8v

Pad Cell Option 25v

3.3v
KHW =
= MpoexTras HopMa — 250 1M Std SRAM cell 1.18 pm2

= MpoexTHaa HopMa — 180 M (2012 rop) Cneuuqmnauuu

= Yiansi NamMATH, MHKPOKOHT ponnepos, npoueccopos, LIAM/ALIN ¢ noBbilweH MM NapaMETDaMKH HaAEXHOCTA

EnKMON SiGe

= MpoexTHan HopMa — 250 wm (2011 rop)

= MpoexTran Hopma — 180 wm (2012 rop)

= CBY « ¥YBY ao 10Ty (ADAP, KOHBEDTEDPL i CHHTE3ATOPL ANA PAAMONOKSUMOHHBIX CHCTEM M CNYTHHKOBOW CBAIM)

KaloueBble YHaCTHUKA

HoeocTu rpynnel KonaHuia

"MukpoH" N o AMD Inc, CLLA Metalization Ry Komiiekc no3BossieT npoBOAUTE
B o S6 b wemae 0 2012 0R) MocTaBlMK 6a30BOM TEXHOAOTMM. [ Disloctric 1LD) ERIER MOJIEPHU3AIMIO TEXHOJIOT A IO YPOBHS
MUKpOH» »=e = KMOM + pcrpoenksin inew 90 w1m (2013 roa)
* Jlorvka, MMKPOKOHTPONNEPDY, CHCTEMbI-HA-4MNe |—|OCTaB MK KOMIMAEKTa TEXHOAOITMYECKOro 400Kgates/mm2 o o
e p 6OPYAL(’;BaHm =3 s 45 uM 6e3 CyIECTBEHHOW NEPECTPONKH
ORD <HMHMD  Hoort, axamesk PAH T 5. MoAAEPXKa TEXHOAOTUUECKOrO =3 .. VHXXEHEPHOU MH(PaCTPYKTYPHbI.

cwmmermseenee B 2014 rogy 00bsBI€HA LEJIb JOCTUYDb B TEYEHUN rpaschepTa =3
2122053 b s s o OJIMXKAMIIMX JIET MPOEKTHBIX HOPM 32 HM M+W Group, lepmarins oL o B e S Soe B

“3nMHRS WKONES BNGrOTOOPATENSHOMD (oHAR ['eHepaAbHbIM MPOEKTUPOBLLMK.

«CuCTeME® =os . 90RF has added RF features
ABTOPCKMIA HaA30P.

SoC integration for portable applications

Low Power |1 Low standby power
1 T] [M] D v Of] (90LP and 90RF) | Standard and low leakage FETs

A

' AOTIN

HAYUYHO-MCCJIEIOBATEJILCKHAM HHCTUTYT : , Ut L e S
CACTEMHBIX UCCJIEJOBAHUIT POCCANCKOM Cucrema B kopriyce MKM «baret83 mMukpo» aas

AKAJIEMUM HAYK MaKeTHbIM oOpasen), cepusi ¢ 2016 . P

TEXHOAOrMUECKUMMH UMKAAMH - ‘
KOHCTPYKTOPCKOE BIOPO OBIIAS YAUCJIEHHOCTD — 996 OTAEJIEHHUE paspaboTKu ¥ NPOM3BOACTBA ——

YUCJIEHHOCTD — 184 yen. A MHUKPOTEXHOJIOI'MA HUMCH CBY-TpaH3UCTOPOB, MOHOAHTHBIX <
ITPOIYKIIUS — MOJIYJIA B CTAH/IAPTE B HAVK — 115 weu. PAH WHTerpaAbHbIX cxem U MmoayAed CBY \ p
. VME YHCIEHHOGE A060# QYHKUHOHAABHONH CAOXKHOCTH. ol
I'OJIOBOI OBBEM — 10 000 mr. VK — 34 uei. T ﬁ p
s " 1 4 \ x““ 3

7] i A Y

S | e T

HAYYHO-NPOU3BOACTBEHHOE NPEAMNPUATUE "UCTOK"

S HOBOCTHU

14/07/2016 - 13/07/2016 HayuHo-npou3BoAcTBeHHOe npeanpusiTue  "Mctok" ocHoBaHo B 1943 rogy u
AadiiihiandbhRRebRRARAAMARRRRA L<ts "WcToK" - ropoay :' M \': Tk ribaGapRNA L 2018 pacnonoxeHo B ropoae ®psianHo Mockosckoi obnactu, Poccus.

OCHOBHOE  HanpaBneHue [esTeNnbHOCTM - HOBble pa3paboTku W cepuitHoe
NPOM3BOACTBO COBPEMEHHBIX W MEPCMEKTUBHBIX u3aenuit CBY-aneKTpoHuKu Ans Beex
BMAOB CBSA3U U paavMonoKauuu.

01/06/2016 20/05/2016 B Hactosiwee Bpems HIMM "WUctok" noaaepxusaer okono 30% BCel HOMEHKNATYpbl

L<ts OnuMnuaaa no CAD [P= = Onumnuaaa no CAD v3penuii CBY-3neKTPOHUKM, BbinyckaeMow B POCCMM, YTO OnpeaensieT ero ronosHylo

"SolidWorks". Pe3ynbTarbl. "SolidWorks" POnb B OTPaCiu.




YHu(puuupoBaHHAas dJIeMeHTHas 0a3a:
—3mapa. $ (300mm, 32 um) — 8 mapa. $ (450mm, 14 Hm),
HPou3BOAUTEIbHOCTL 1000 miacTuH B CyTKH




Ceroans B mupe padoraot ®ABbI o rexnosorusim 32, 28, 22 (naTh NPUU3BO/JACTB),

14 um (aBe ¢padpuxu B CIHHA).

Bce DADBDI padoTaroT 10 aMEPUKAHCKUM JHUIECH3UAM HA TEXHOJIOTHIO.
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MornekyrnspHas HaHOMEeXHO102US, B03MOXXHOCMb c030aHUSI OOHO3/1eKMPOHHbIX
mpaH3ucmopos, epaHm [KHT «OﬂHOSﬂEK TPOHUWKA» (c 1988 200a)
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PAIPABOTKA MAKETA MATPWIHOTO PENPOTPAMMHAYE-

MOF0 KONMYTATOPA HA OLHOBE SPEKTA 0BPATUNOTO
NACCONEPEHO(A B (HCTEME METAM -/IB-nagHka-nonynpo-
BOINMK. . 5

Lles - cosbanuu NAKEW MaToHUMOTO PERPOTPAMMNPYEMOTo
KOMAYTATOPA, HCAOAB3YA B KAYecTBE PABDYEW CPeddl
C(UCTEMY METAAA - A BnAeHKA - NOAYTIPOBODHYUK,

CToumMotTs = 240 7. ( 1990 - /991)

Kourarentsl — HUOMuK

OCHOBHbIE PE3YABTATI:

CEAYAC K KONGY TEMC

" °'P?¢ﬂ "SPEmoun
1‘I 0%

HAKET KOMYTATOPA:
HUCAD INEMENTOR —— (0 X 10

PAHEP FREMENTA — |D = 100MEM

URCEAD UMKAOR NEPE -

3anUeH — 210

HANPANE. CTUPARUE — =1 = =108

HATPMM. SAMILA  — 42 4loR

“8 4KCho yuKAeB Eoi 2B
CUNTBIBAHUR =~ (D = (D

Un 248 NPOBOYUMOCTS . o0 s1d

e 8 HEKOMANT, CocTORN, — 10 = 0 on

-6, .
B KOMMYT. cocTogn = 10 '—.'10'7,,,

2. PA3PABOTANA TORDMo-

FUR MAKETA Kopmm.
TAToPA. l
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- |IBM, Globalfoundries 1 Samsung co3ganu nepBbie B MUPE YuMbl MO S-HM
TeXHosornm




HaHomexHoso2us1 8 npoueccax MUKPO3JIeKMPOHUKU,
8Ks1ad Poccuuckou HayKu
AMOMHO-csi0esoe HaHeceHUe OU3JIeKmMpPUKO8 U MemaJsisioe

Uctopusa TexHonorum ALD ALD-npouecc

0 BnepBble KOHUENUMS Npouecca aTOMHO-C/T0EBOro
ocaxaeHus 6bina npeanoxeHa B. b. AfeCKOBCKUM B
ero AOKTOPCKOW anccepTtaummn, onybMKoBaHHOM B
1952 ropy.

0 [Mpouecc BnepBble 6611 ONUCaH NoA4 Ha3BaHWEM
«MonekynapHoe HacnameaHme» B Hadane 1960
ronos npodeccopom C. U. KonbLoBbIM 13
JIeHNHrpaacKoro TEXHOIOMMYECKOro MHCTUTYTa UM.
JleHcoBeTa.

O 3DKCMepUMeHTbl MPOBOAUINCL NOA HAY4YHbIM
pykoBoacTBoM B. b. AneckoBCKOro.

o BnocnepgcrBuMu TeXHONOrMA aTOMHO-C/I0E€BOIro
oCa>aeHusa Halljla NpuMeEHEHUE B pa3pa60T|<ax

BaneHTtnH bopucosu4

- An .
(PUHCKMX Y4€HbIX B 1970-x roaax n 6bina (1;3?;;:2;‘

KOMMepuuanmsuposaHa B OUHNAHAMN, @ 3aTEM U B
APYrnx cTpaHax Mupa.

CHUMOK CTPYKTYpPbl MOBEPXHOCTU C WCMOSIb30BAHMEM CKaHUPYIOLWErO 31EKTPOHHOMO
MUKpOCKona

a) bes nokpbITUA b) MNnéxka TiO2 TonwmHon 100 HM

¢) 50 HM Al2O3+ 50 HM TiO2 d) 5 x (10 HM Al2O3+ 10 UM TiOy) [::
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- INna pa3BnTUA HaAaHOTEXHONTIOrMN HeodbxoanmMo BUAETb
HAaHOCTPYKTYPbI U nNpoueccChbl B HUX



BO3HMK BOMPOC — KakK »Xe& MOXXHO MepUTb
HAHOMETPbI?
Uem?
Kakme dousndeckme npuHUUnbl MOXHO
019 3TOr0 MCNoJ1b3oBaTb?












MypaBen B 35IEKTPOHHOM MUKPOCKOMNe



Copa3smepHbIn pusndecknt apdeKkT: TyHHENbHbIN 3PPEKT;

PETNCTPUPYETCA TOK MeXAYy OCTpbIM MeETaJUJTMHECKNUM 30HOOM U

Impenetrable

1 8

barrier
L

£ ]

Tunnel
effect
- ; )
€ ;

Fig. 1.1. The difference between classical theory and quantum theory, illustrat-
ing tunneling through a potential barrier (Bleanev, 1984).
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The Review of Scientific Instruments, July 1972
7 Years before the first publication of Binnig and Rohrer
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1982 r. OTKpbLITUE MeTo4a CKaHUPpYOLLen
TYHHeNnbHOM Mukpockonuu (CTM)

Nueaonpusopn
(Tpunop)

Heinrich Rohrer-Egger

é. June 1933 - 14, May 2013

Phys. Rev. Lett. — 1983. V50.—- P. 120
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CTM naobpaxeHuns pectpyktypmpoBaHHOU nosepxHocTtn Si (111)(7X.

Silicon (111) 7x7 and Silicon Carbide.



STM i1s NOT a true Microscopy!.

Si(111) 7x7 Empty States.
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Plate 1. The IBM Zurich Laboratory soccer team. On October 15,
1986, the soccer team of IBM Zurich Laboratory and Dow Chemiecal played
a game which had been arranged earlier. To everyone’s surprise, a few hours
before the game, the Swedish academy announced the Nobel Prize for Gerd
Binnig (right, holding flowers) and Heinrich Rohrer (left, holding flowers).
Newspaper reporters rushed in for a press conference.



r. Don Eigler, 1989
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San Jose, Calif. - 28 Sep 2009: On this day in 1989, IBM Fellow Don Eigler became the first
person in history to move and control an individual atom. Shortly thereafter, on November 11 of
that year, Eigler and his team used a custom-built microscope to spell out the letters IBM (NYSE
IBM) with 35 xenon atoms. This unprecedented ability to manipulate individual atoms signaled a
quantum leap forward in in nanoscience experimentation and heralded in the age of
nanotechnology.

IBM Celebrates 20th Anniversary of Moving Atoms
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Manipulation of Atoms and Molecules
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D. Eigler . K.-H. Rieder.
IBM Almaden, USA FU Berlin.
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HBC-C,, na Au(111)
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13%x13 nm?

£

16 x16 nm?
J. Am. Chem. Soc. 127, (2005)
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Mevyer G., Amer N.M. Erratum: novel optical approach to atomic force microscopy// Appl. Phys.
Lett. 53 (24), 2400-2402, (1988)
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OparmeHTbl Monekyn AHK
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ACM-un300paxkenue Beicokoro pazpemmenus Tpuruiekca JJTHK poly(dG)-—poly(dG)—poly(dC) (Dmitry Klinovl,
Benjamin Dwirl, El1 Kaponl, Natalia Borovok, Tatiana Molotsky and Alexander Kotlyar - Nanotechnology



Poccuiickue Kommepueckue npoaykrsl HT-MT cerogusi
COJIBEP HEKCT

MonHoctblo aBTomMaTusnpoeaHHbin ACM / CTM
AMIA WMPOKOTO Kpyra UcCneaoBaHmii

IR ALSNOM,
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TUTAHUYM 2016
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Bbicokoe paspelnneHue, HU3KUE IIYMbI M Jipeurd, MOJHbIA HA00P PYyHKIMI

Improved Optical Beam Deflection Sensor noise
<25 fm/VHz
Improved Hi-Voltage noise <1mV/600V

Time-proven capacitive sensors Closed Loop
noise: < 0.3 nm
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77 nm

3.5><$.5 hm Calcite atomic resolution,
HOPG atomic resolution, 1.5x1.5 um AM-AFM in liqud

STM mode DNA on mica

N NT-MDT

Soectrum Instruments

Calcite atomic
resolution, AM-
AFM in liquid,
800x800 points,
scanning speed —
2Hz. NSG probe.



Probing of Local Mechanical Properties

Quantitative Nanomechanical Measurement s in Hybrid Mode
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C3M nutorpadus

INNokanbHoe aHogHOe okucneHue, TiO, Ha Ti

TokoBas nutorpadums, 512*512
To4ek, okena Ti Ha Ti, ckaHepbl C
€MKOCTHbIMW JaT4YMKamMu Ha
cucteme MHTEIPA

nm



Fig. 1. STM and AFM imaging of pentacene on Cu(111). (A) Ball-and-stick model of the pentacene
molecule. (B) Constant-current STM and (C and D) constant-height AFM images of pentacene acquired
with a CO-modified tip. Imaging parameters are as follows: (B) set point / = 110 pA, V = 170 mV; (O tip
heightz=-0.1 A [w1th respect to the STM set point above Cu(111)], oscillation amphtudeA 0.2 A; and
(D)z=0.0A,A=0.8A.The asymmetry in the molecular imaging in (D) (showing a “shadow” only on the
left side of the molecules) is probably caused by asymmetric adsorption geometry of the CO molecule at
the tip apex.

Fig. 2. Constant-height AFM images of pentacene on NaCl(2ML)/Cu(111) using different tip modifications
(16). (A) Ag tip, z=—0.7 A, A= 0.6 A; (B) COtip, z=+1.3 A, A=0.7 A; (C) Cl tip, z=—1.0 A, A= 0.7 A; and
(D) pentacene tip, z=+0.6 A, A = 0.5 A. The z values are given with respect to a STM set point of /=2 pA, V=
200 mV above the NaCl(2 ML)/Cu(111) substrate.

The Chemical Structure of a Molecule
Resolved by Atomic Force Microscopy

Leo Gross,™* Fabian Mohn,* Nikolaj Moll,* Peter Liljeroth,*> Gerhard Meyer®

28 AUGUST 2009 VOL 325 SCIENCE

B T e e S Ly, o S e

CBepXBbICOKMN BaKyyMm,
Hunskaa temneparypa (5K),
[1obpoTHOCTb KaHTUnesepa - 50000



Objectives: Study reactive intermediatos .
* Generation by atomic manipulation
* Bondorder analysis

* Applications for on surface synthesis
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Breitfussin A

AreitfussinA, a natural

roduct assigned with the
el ofAFM?an NMR, M5,

DFT)

Six different atom species
(B, | and CH, can be

dlmngulshod by AFM)

New unexpected class of
molecular structure

Structure could not be
solved withoutAFM

(I K. Hansen et al. Angew. Chem. Int. Ed. 51, 12238 (2012)




1-st pass.
Sample profile
acguisition.

Copyngnt & MNT-MOT, 2004
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Co/Fe
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MCM un3sobparkeHue cepBo-ceKTopa

[llae cvema oaunwvix 10 um, A. Kanunumn,
HT-MJT, sueaps 2016, NTEGRA-Prima

24 oTMeTOK «HpaButcsa»

ntmdt #MFM image of 1TB #harddrive
fragment captured by #ntmdt NA_FM/CoFe
magnetic #afm probe demonstrating 30 nm
lateral resolution in air. #scan size: 10x10
um. Image courtesy: Arseny Kalinin.
#nanotechnology #HaHOTEXHOIOMMNA
#microscope #microscopy #science
#datastorage #HTMAOT
#atomicforcemicroscopy
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«HpaBVITCﬂ» nn o000
NPOKOMMEHTUPOBATb.
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