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CneKkTp SMUTUPOBAHHDbIX 3/IEKTPOHOB
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PeXXum BTOPUYHbIX 9/1eKTPOHOB
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[NybuHa aMMCCUM BTOPUYHbBIX 3/1EKTPOHOB,
paccymTaHHaa ana Cu
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CneKTp BTOPUYHbIX SN1EKTPOHOB

N(E) (arbitrary units)

Secondary electron energy spectrum for Cu (E; =1 keV)
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Cumulative secondary electron emission

CneKTp BTOPUYHbIX 3/1IEKTPOHOB

Cumulative secondary electron energy distribution (Cu, Eg=1 keV)
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KoapdnuMeHT amnuccum BTOPUYHbIX
3/1eKTPOHOB

Secondary electron coefficient

Secondary electron yield vs. atomic number (E; =5 keV)
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PeXXnm BTOPUYHbIX 3/1€KTPOHOB

Au 6apbep LLoTTKM Ha GaAs



KoapdnuMeHT amnuccum BTOPUYHbIX

™

Secondary electron coefficient

Secondary electron emission vs. beam energy

3NEKTPOHOB

{=-—i

1.8
16 Reimer L. and Tolkamp C. (1980), Scanning 3, 35.
14 _
1.2 - YT
10 % o ég
o v Lu
[}.H - - 0 AI
v m C
0.6 O
u [ ]
0.4 1 - -
0.2 v
- A L
' a
G.D T T I I I
0 5 10 15 20 25

Beam energy (keV)

30






3aBUCUMOCTb OT HAKJ/IOHA
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Secondary electron emission for copper vs. surface tilt
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3aBUCUMOCTb OT Yrna BblaeTa
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UHTepnpeTaumna nsobpaxkeHus
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PeXXnm BTOPUYHbIX 3/IEKTPOHOB

IPTM RAS

[1oBEpXHOCTH MOJUKPEMHUSA



Поверхность поликремния


PeXXnm BTOPUYHbIX 31eKTPOHOB

Muxkpokpucrammmdeckuii SiC K-Gay03

OpTopoMOUYECKUi



Микрокристаллический SiC


κ-Ga2O3 


PeXXMm BTOPUYHbIX 91eKTPOHOB

6kVv  X12,000 1pm 0000 17 34 SEI 20KV X2,000 10pm 0000 0948SEl

[Tonepeunsiii ckos mieHKH AlGaN [Toniepeunslii ckoJl mieHKU K-Ga,0s



Поперечный скол пленки AlGaN 


Поперечный скол пленки κ-Ga2O3 


27KV X27,000 0.5pm 0000 0530 SEI

" 18KV X25000 dpm 0000 0930S

Hanoctonouku ZnO



Наностолбики ZnO


PeXXnm BTOPUYHbIX 3/IEKTPOHOB
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25kV  X20,00 1um 1412 [IPTM RAS

Hanocto0uku ¢ InGaN/GaN MQW




PeXXnm BTOPUYHbIX 3/1eKTPOHOB

412 IPTM RAS

10kV  X50,000 0.5um 1412 IPTM R/

HaHocTonOMKu CBETOAMOAHBIX
CTPYKTYp Ha ocHOBe GaN




Наностолбики светодиодных структур на основе GaN 


PeXXnm BTOPUYHbIX 3/1€KTPOHOB

10kV  X100,000 0.1pm 0000 07 15 SEI

[Tonepeunsiit cpe3 cinost W TOJIMHON S HM B S1



Поперечный срез слоя W толщиной 5 нм в Si


PeXXnm BTOPUYHbIX
3/1eKTPOHOB

S$4800 15.0kV 6.1mm x100k SE(M) 5.

[Tonnepeunsiit cpe3 cios W
TOJIIIIUHON 5 HM B Si

S4800 1.0kV 4.7mm x150k SE(U) 5/18/2009



Поперечный срез слоя W толщиной 5 нм в Si


PeXXnMm BTOPUYHbIX 31eKTPOHOB

25kV  X15,000 1um 0000 IMT RAS

DOmuccusa BD 3aBUCUT OT JIOKAJIBLHOI'O BJIEMEHTHOTO COCTaBa
00BEKTA U JTOKAJIbHBIX JIEKTPUUECKUX CBOMCTB



Эмиссия ВЭ зависит от локального элементного состава объекта и локальных электрических свойств


PeXXnM BTOPUYHbLIX 9/1€KTPOHOB

20pm 0000 2241 SEI

20kV X850

K-Ga,05; HaknoH O n 70°



UHTepnpeTauma nsobparkeHus

10kV  X100,000 0.1pm 0000 07 15 SEI

IIleas B S1



Щель в Si


Mpoueccbl ynpyroro U Heynpyroro
pacceaAHUA NPUBOAAT K YLUUPEHUIO NYYKA

YwmnpeHue nyyka ~ z3/2

Pasmep 0b6nactn B3anmMoaencTama pacTteT C yBEANYEHNEM
SHEePrmMn 3NEKTPOHOB N YMEHbLLAETCA C YBeNNYEHUEM Z.
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OnTumusauyma paspeLueHun

CrpaTtermm
YMeHbLUaTb SHEepruto
YmeHblatb BKAag SE2 wm SE3

a

Everhart-Thornley

detector
10 nm ~10 nm carbon or high-& metal
carbon foil coating for discharging and stability

Grid bar,
eg. Cu

Deep
blind
hole in

carbon

YMeHbLWNTb BANAHUE NnoAaNOXKKH
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SE signal
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Scan position

HanblneHne ToOHKoMU
MEeTaN/INYEeCKOMN NNEHKN C
6onblwNM KO3 PMUNEHTOM
3MMNCCUN



Pe)Xum BTOPUYHbBIX SNEKTPOHOB
(noTeHuWanbHbIN KOHTPACT)

MJIIT Tpan3ucTop, Ha MMPAaBOM PUC. K UCTOKY (CJIEBA) MPUJIOKEHO 5 B



МДП транзистор, на правом рис. к истоку (слева) приложено 5 В


PeXXnm BTOPUYHbIX 3/1EKTPOHOB
(KoHTpacT nernposaHua, B B Si)
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PeXXnm BTOPUYHbBIX 3/1EKTPOHOB
(KOHTpacT nernpoBaHmA)
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[Tpodunu curnana B Si, teruposanom B (Ng=10""cm™)
(J. Appl. Phys., 91, 9116, 2002)



Профили сигнала в Si, легированном B (NB=1019cm-3)

(J. Appl. Phys., 91, 9116, 2002)


Pe)XMm BTOPUYHbBIX SNEKTPOHOB
(noTeHuWanbHbIN KOHTPACT)

/\ %21 Pa3zjnune MHTErpajJbHOIo

koHTpacTa ~ 7%

Cxema, UnACTpupytowaa BaMsaHne GUabTpaLvm SHEPTUK



Pe)Xum BTOPUYHbBIX SNEKTPOHOB
(noTeHuManbHbIN KOHTPACT)
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Доменная структура в сегнетоэлектриках


Pe)xum 0bpaTHO OTpaXKeHHbIX SNEKTPOHOB
CocTaB v Tonorpadus



Pexknm 0b6paTHO OTPaXKEHHbIX 9N1EKTPOHOB

BSEs BSEs




N3mepeHuna KoapdpuupmeHTa obpaTtHoOro
paccesHun




3aBMCUMOCTb OT aTOMHOIo Homepa

Backscatter coefficient

Electron backscattering vs. atomic number
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3aBUCUMOCTb OT HaK/IOHa 06pas3sLa

1.0

Backscatter coefficient

0.0 T T T T
0 20 40 60 80

Tilt angle (degrees)

Monte KapJio n(8) = (1+cos B}‘“‘“E



3aBUCUMOCTb OT Yrna BblaeTa




Tonorpadwus

NMoBepxHOCTb cepebpa, cHATaA ¢ 6onbwium (a)
Mmanbim yrnamm cbopa (b)



Pexknm 0b6paTHO OTPaXKEHHbIX 9N1EKTPOHOB
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Профиль сигнала от ступеньки на поверхности


Pexknm 06paTHO OTpPaXKEHHbIX SN1EKTPOHOB
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Curnan OP), orH.ep.

Pexknm 0b6paTHO OTPaXKEHHbIX 9N1EKTPOHOB

_Beicora cryneHpku/R
135
10°40.5
0.3 MopeaunpoBanue cnekrpa OPJ
10.05 Ha CTylleHbKe
10*4 0 /




Моделирование спектра ОРЭ на ступеньке


Backscatter 1)(E), normalized

PeXum ob6paTHO OTpaXKeHHbIX SNEeKTPOHOB

Backscattered electron energy distribution
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N3mepeHUna cnektpa OP3

2000 7 N(E)

Si

1500

1000 —

500

0 500 1000 1500 2000 2500 3000
E,2 B

T'octreB A.B., Komie H.A., OpankoBcKuu
H.A., Pay D.. «KAnnaparHas GyHKIust
TOPOUIAAJBHOIO criekrpoMerpa POM u ee
BJIMSIHME HA CIIEKTPHI JeTEKTHPYEMbIX
3j1ekTpoHOB» XXIV Poccuiickasn
KOH(pepeHIHA M0 JIeKTPOHHOU
MuKpockonuu. Yepnorososka. (2012) C. 177



MopaenunposaHue cnekrtpa OP3
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[nybuHa BbIXoaa
0bpaTHO OTPaXKEHHbIX
3/1EKTPOHOB

Backscatter fraction

Cumulative backscattering (normalized)

Backscattered electron penetration
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PeXum ob6paTHO OTpaXKeHHbIX 3N1EeKTPOHOB

Beam 0a4l o= 1 . ]
1 E . | | ] 1 -
apcp o0nm 1 '

':iE-ﬁ.E- [ o

| | 14 = 0324 | [ :
Gafs GaAs 0.30} |
0.28} | B

Amim20 10 8 5 3 2 1 .26 F
Alag

Cxema obpazma |
Cnou AlAs B GaAs 0 200 400 600 BOO

(Ultramicroscopy 88, 139, 2001) Ipodunu BSE curnana npu 5 koB

(Ultramicroscopy 88, 139, 2001)



Схема образца

Слои AlAs в GaAs

(Ultramicroscopy 88, 139, 2001)


Профили BSE сигнала при 5 кэВ


(Ultramicroscopy 88, 139, 2001)


Pexxum obpaTHO
OTpPa*KeHHbIX
3/1eKTPOHOB

S4800 15.0kV 10.3mm x300k YAGBSE 5/18/2

5Hm W B Si

10kV  X100,000 0.1pm 0000 07 15BEC



backscattering coefficient backscattering coefficient

backscattering coefficient
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3aBucumoctb n ot E,
Mnenkn Au TonwmHom 10, 20 n 40 Hm Ha 4H-SIC
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PeXum ob6paTHO OTpaXKeHHbIX SNEeKTPOHOB

100

2#1 3,4 #5

80 - | Polymer

90

Au

N(E), arb. units

0.2 0.4 0.6 08 g, 1



Sheet: Chart2

Sheet: Sheet1

Sheet: Sheet2

Sheet: Sheet3

Sheet: Sheet4

Sheet: Sheet5

Sheet: Sheet6

Sheet: Sheet7

Sheet: Sheet8

Sheet: Sheet9

Sheet: Sheet10

Sheet: Sheet11

Sheet: Sheet12

Sheet: Sheet13

Sheet: Sheet14

Sheet: Sheet15

Sheet: Sheet16

0.2

0.2

0.2

0.2

0.2

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9900000000000007

0.9900000000000007

0.9900000000000007

0.9900000000000007

0.9900000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

7.0

19.0

7.0

8.0

7.0

7.4

20.0

7.55

8.02

7.5

7.835000000000001

20.915000000000003

8.184400000000002

8.094

7.875

8.263

21.810000000000002

8.8132

8.2127

8.285

8.689000000000002

22.665000000000006

9.413200000000002

8.4078

8.715000000000002

9.118

23.520000000000003

9.983200000000002

8.6384

9.125

9.559000000000001

24.400000000000006

10.531400000000001

8.9163

9.565000000000001

10.023000000000001

25.290000000000003

11.075600000000001

9.2124

10.02

10.506

26.215

11.602800000000002

9.546600000000002

10.505

11.0

27.125

12.0888

9.894400000000003

11.0

11.495000000000001

28.060000000000002

12.545800000000002

10.250700000000002

11.500200000000001

11.986000000000002

28.995

12.9796

10.619100000000001

11.9987

12.481000000000002

29.92

13.394

11.004800000000003

12.488999999999999

13.003

30.810000000000002

13.784

11.391200000000001

12.953800000000001

13.579000000000002

31.660000000000004

14.169

11.766800000000002

13.374400000000001

14.21

32.5

14.5708

12.139300000000002

13.744200000000001

14.864000000000003

33.34

14.995800000000001

12.530800000000003

14.074800000000003

15.524000000000001

34.184999999999995

15.434000000000001

12.9308

14.396200000000002

16.197

35.055

15.880200000000002

13.323500000000003

14.714400000000001

16.927000000000003

35.915

16.3348

13.7072

15.0461

17.710000000000004

36.73500000000001

16.8216

14.105800000000002

15.381200000000002

18.565000000000005

37.495

17.332600000000003

14.541000000000004

15.7106

19.440000000000005

38.24

17.905400000000004

15.0107

16.0258

20.320000000000004

38.995000000000005

18.505200000000002

15.506700000000002

16.3316

21.185000000000002

39.730000000000004

19.1116

16.025000000000002

16.611800000000002

22.085

40.39500000000001

19.705000000000002

16.585

16.9144

23.025000000000002

40.994

20.221000000000004

17.185000000000002

17.2317

24.005000000000003

41.572

20.685000000000002

17.815000000000005

17.605

24.997

42.150000000000006

21.047000000000004

18.415000000000003

17.9783

25.983

42.71000000000001

21.384000000000004

18.975

18.343

26.942000000000004

43.177

21.709000000000003

19.495

18.661

27.872000000000003

43.540000000000006

22.102000000000004

20.0

18.9612

28.798000000000002

43.81900000000001

22.561000000000003

20.495

19.246700000000004

29.770000000000007

44.06100000000001

23.065000000000005

20.975

19.5252

30.812

44.28200000000001

23.575000000000003

21.41

19.787600000000005

31.883000000000006

44.489000000000004

24.048000000000002

21.790000000000003

20.0046

32.923

44.67400000000001

24.495

22.098000000000003

20.1832

33.87200000000001

44.828

24.927000000000003

22.387

20.3063

34.698

44.931000000000004

25.340000000000003

22.661

20.392500000000002

35.385000000000005

44.974000000000004

25.754000000000005

22.960000000000004

20.42

35.97

44.95300000000001

26.139

23.262

20.384100000000004

36.494

44.887

26.527

23.557000000000002

20.274

36.99400000000001

44.792

26.876

23.838000000000005

20.081500000000002

37.476

44.675000000000004

27.164000000000005

24.082000000000004

19.7904

37.935

44.529

27.358

24.297

19.381500000000003

38.361000000000004

44.33500000000001

27.484000000000005

24.464000000000002

18.858900000000002

38.768

44.08500000000001

27.572000000000003

24.578000000000003

18.2403

39.189

43.76700000000001

27.641000000000005

24.636000000000003

17.538

39.687000000000005

43.386

27.706000000000007

24.620000000000005

16.765800000000002

40.298

42.92800000000001

27.763

24.536

15.906500000000001

41.012

42.374

27.832

24.397000000000006

14.991

41.76600000000001

41.703

27.909999999999997

24.215000000000003

14.0638

42.525000000000006

40.905

27.982

24.003

13.185000000000002

43.33500000000001

40.03000000000001

28.031000000000002

23.799000000000003

12.395400000000002

44.230000000000004

39.095

28.046

23.643

11.699

45.22500000000001

38.12500000000001

28.068

23.527

11.084800000000001

46.23500000000001

37.07000000000001

28.124000000000002

23.421000000000006

10.5286

47.30500000000001

35.95

28.236000000000008

23.286

10.0077

48.425000000000004

34.760000000000005

28.398000000000003

23.116000000000003

9.5052

49.715

33.565000000000005

28.616000000000003

22.939000000000004

9.0172

51.195

32.51500000000001

28.945

22.791000000000004

8.5494

52.925000000000004

31.8

29.458000000000006

22.709000000000003

8.122000000000002

54.92000000000001

31.620000000000005

30.258

22.737000000000002

7.753

57.17500000000001

32.075

31.409000000000006

22.955000000000002

7.459100000000001

59.650000000000006

33.300000000000004

33.019

23.533

7.234300000000001

62.305

35.33200000000001

35.197

24.742

7.049600000000002

65.095

38.088

38.004

26.84

6.8946000000000005

67.89500000000001

41.214000000000006

41.158

29.966000000000005

6.744700000000001

70.425

43.98500000000001

44.02700000000001

33.82

6.623400000000001

72.24

45.652

45.72200000000001

37.90500000000001

6.5008

72.74

45.46000000000001

45.53200000000001

41.39

6.375600000000001

71.38999999999999

43.124

43.156000000000006

43.55000000000001

6.222500000000001

67.88

38.848000000000006

38.85900000000001

43.69000000000001

6.052300000000002

62.220000000000006

33.317

33.3294

41.379999999999995

5.872800000000001

54.93

27.305000000000003

27.3656

36.765

5.687400000000001

46.685

21.580000000000005

21.8018

30.630000000000003

5.5065

38.28000000000001

16.735000000000003

17.268

24.35

5.340000000000001

30.520000000000007

13.015

14.070000000000002

18.97

5.1888000000000005

23.830000000000002

10.425000000000002

12.045200000000001

14.955000000000002

5.087600000000001

18.5

8.7

11.0

12.1

5.035

16.0

7.5

10.0

10.0

5.0

0.21000000000000002

0.22000000000000003

7.835000000000001

20.915000000000003

8.184400000000002

8.094

7.875

7.83

20.950000000000003

8.15

8.05

7.9

0.23000000000000004

8.263

21.810000000000002

8.8132

8.2127

8.285

8.270000000000001

21.85

8.85

8.15

8.25

8.3

0.24000000000000005

8.689000000000002

22.665000000000006

9.413200000000002

8.4078

8.715000000000002

8.69

22.650000000000002

9.444

8.4

8.75

8.7

0.25000000000000006

9.118

23.520000000000003

9.983200000000002

8.6384

9.125

9.11

23.5

9.994

8.607

9.1

0.26000000000000006

9.559000000000001

24.400000000000006

10.531400000000001

8.9163

9.565000000000001

9.540000000000001

24.400000000000002

10.518

8.914

9.55

0.2700000000000001

10.023000000000001

25.290000000000003

11.075600000000001

9.2124

10.02

10.01

25.25

11.082

9.178

10.0

0.2800000000000001

10.506

26.215

11.602800000000002

9.546600000000002

10.505

10.5

26.25

11.646

9.537

10.5

0.2900000000000001

11.0

27.125

12.0888

9.894400000000003

11.0

11.0

27.1

12.106000000000002

9.903

11.0

0.3000000000000001

11.495000000000001

28.060000000000002

12.545800000000002

10.250700000000002

11.500200000000001

11.5

28.05

12.55

10.242

11.5

0.3100000000000001

11.986000000000002

28.995

12.9796

10.619100000000001

11.9987

11.990000000000002

29.0

12.990000000000002

10.596000000000002

12.0

0.3200000000000001

12.481000000000002

29.92

13.394

11.004800000000003

12.488999999999999

12.469999999999999

29.950000000000003

13.42

11.004

12.502

0.3300000000000001

13.003

30.810000000000002

13.784

11.391200000000001

12.953800000000001

12.96

30.85

13.790000000000001

11.412

12.982999999999999

0.34000000000000014

13.579000000000002

31.660000000000004

14.169

11.766800000000002

13.374400000000001

13.530000000000001

31.650000000000002

14.15

11.774000000000001

13.416

0.35000000000000014

14.21

32.5

14.5708

12.139300000000002

13.744200000000001

14.200000000000001

32.5

14.55

12.112000000000002

13.77

0.36000000000000015

14.864000000000003

33.34

14.995800000000001

12.530800000000003

14.074800000000003

14.880000000000003

33.35

14.990000000000002

12.520000000000001

14.072000000000001

0.37000000000000016

15.524000000000001

34.184999999999995

15.434000000000001

12.9308

14.396200000000002

15.52

34.15

15.438

12.945

14.403

0.38000000000000017

16.197

35.055

15.880200000000002

13.323500000000003

14.714400000000001

16.150000000000002

35.050000000000004

15.872

13.340000000000002

14.698

0.3900000000000002

16.927000000000003

35.915

16.3348

13.7072

15.0461

16.900000000000002

35.95

16.314000000000004

13.696000000000002

15.040000000000001

0.4000000000000002

17.710000000000004

36.73500000000001

16.8216

14.105800000000002

15.381200000000002

17.650000000000002

36.800000000000004

16.82

14.073000000000002

15.394

0.4100000000000002

18.565000000000005

37.495

17.332600000000003

14.541000000000004

15.7106

18.55

37.5

17.270000000000003

14.517000000000003

15.713999999999999

0.4200000000000002

19.440000000000005

38.24

17.905400000000004

15.0107

16.0258

19.450000000000003

38.2

17.896

15.0

16.029999999999998

0.4300000000000002

20.320000000000004

38.995000000000005

18.505200000000002

15.506700000000002

16.3316

20.35

39.0

18.5

15.5

16.362000000000002

0.4400000000000002

21.185000000000002

39.730000000000004

19.1116

16.025000000000002

16.611800000000002

21.150000000000002

39.800000000000004

19.11

16.0

16.592000000000002

0.45000000000000023

22.085

40.39500000000001

19.705000000000002

16.585

16.9144

22.05

40.45

19.77

16.55

16.910000000000004

0.46000000000000024

23.025000000000002

40.994

20.221000000000004

17.185000000000002

17.2317

23.0

41.0

20.240000000000002

17.150000000000002

17.176

20.1

0.47000000000000025

24.005000000000003

41.572

20.685000000000002

17.815000000000005

17.605

24.0

41.550000000000004

20.77

17.85

17.606

0.48000000000000026

24.997

42.150000000000006

21.047000000000004

18.415000000000003

17.9783

25.0

42.14

21.060000000000002

18.45

17.989

0.49000000000000027

25.983

42.71000000000001

21.384000000000004

18.975

18.343

26.0

42.79

21.400000000000002

19.0

18.386000000000003

0.5000000000000002

26.942000000000004

43.177

21.709000000000003

19.495

18.661

26.97

43.26

21.650000000000002

19.5

18.667

0.5100000000000002

27.872000000000003

43.540000000000006

22.102000000000004

20.0

18.9612

27.89

43.59

22.05

20.0

18.968

0.5200000000000002

28.798000000000002

43.81900000000001

22.561000000000003

20.495

19.246700000000004

28.760000000000005

43.830000000000005

22.53

20.5

19.245000000000005

0.5300000000000002

29.770000000000007

44.06100000000001

23.065000000000005

20.975

19.5252

29.700000000000003

44.07000000000001

23.060000000000002

21.0

19.53

0.5400000000000003

30.812

44.28200000000001

23.575000000000003

21.41

19.787600000000005

30.79

44.29

23.62

21.450000000000003

19.824

19.92

0.5500000000000003

31.883000000000006

44.489000000000004

24.048000000000002

21.790000000000003

20.0046

31.910000000000004

44.5

24.060000000000002

21.85

20.026

0.5600000000000003

32.923

44.67400000000001

24.495

22.098000000000003

20.1832

32.980000000000004

44.690000000000005

24.5

22.1

20.223000000000003

20.33

0.5700000000000003

33.87200000000001

44.828

24.927000000000003

22.387

20.3063

33.95

44.86000000000001

24.94

22.400000000000002

20.317999999999998

20.26

0.5800000000000003

34.698

44.931000000000004

25.340000000000003

22.661

20.392500000000002

34.800000000000004

44.97

25.330000000000002

22.630000000000003

20.427999999999997

0.5900000000000003

35.385000000000005

44.974000000000004

25.754000000000005

22.960000000000004

20.42

35.45

45.02

25.79

22.96

20.463

0.6000000000000003

35.97

44.95300000000001

26.139

23.262

20.384100000000004

36.0

44.980000000000004

26.12

23.27

20.428

0.6100000000000003

36.494

44.887

26.527

23.557000000000002

20.274

36.5

44.900000000000006

26.54

23.560000000000002

20.317999999999998

20.33

0.6200000000000003

36.99400000000001

44.792

26.876

23.838000000000005

20.081500000000002

37.0

44.800000000000004

26.92

23.87

20.139000000000003

20.19

0.6300000000000003

37.476

44.675000000000004

27.164000000000005

24.082000000000004

19.7904

37.49

44.690000000000005

27.24

24.090000000000003

19.871

0.6400000000000003

37.935

44.529

27.358

24.297

19.381500000000003

37.96

44.56

27.400000000000002

24.330000000000002

19.453000000000003

0.6500000000000004

38.361000000000004

44.33500000000001

27.484000000000005

24.464000000000002

18.858900000000002

38.379999999999995

44.370000000000005

27.5

24.5

18.918000000000003

0.6600000000000004

38.768

44.08500000000001

27.572000000000003

24.578000000000003

18.2403

38.77

44.129999999999995

27.580000000000002

24.6

18.286

38.8

0.6700000000000004

39.189

43.76700000000001

27.641000000000005

24.636000000000003

17.538

39.14

43.800000000000004

27.640000000000004

24.69

17.568

0.6800000000000004

39.687000000000005

43.386

27.706000000000007

24.620000000000005

16.765800000000002

39.6

43.43000000000001

27.720000000000006

24.67

16.834

0.6900000000000004

40.298

42.92800000000001

27.763

24.536

15.906500000000001

40.21000000000001

42.980000000000004

27.75

24.560000000000002

15.950000000000001

0.7000000000000004

41.012

42.374

27.832

24.397000000000006

14.991

41.0

42.45

27.82

24.42

15.0

0.7100000000000004

41.76600000000001

41.703

27.909999999999997

24.215000000000003

14.0638

41.800000000000004

41.800000000000004

27.909999999999997

24.25

14.029

0.7200000000000004

42.525000000000006

40.905

27.982

24.003

13.185000000000002

42.5

40.95

28.0

24.0

13.118000000000002

0.7300000000000004

43.33500000000001

40.03000000000001

28.031000000000002

23.799000000000003

12.395400000000002

43.25

40.050000000000004

28.07

23.750000000000004

12.336

0.7400000000000004

44.230000000000004

39.095

28.046

23.643

11.699

44.150000000000006

39.1

28.04

23.610000000000003

11.648

0.7500000000000004

45.22500000000001

38.12500000000001

28.068

23.527

11.084800000000001

45.25

38.2

28.04

23.52

11.049000000000001

0.7600000000000005

46.23500000000001

37.07000000000001

28.124000000000002

23.421000000000006

10.5286

46.2

37.1

28.080000000000002

23.450000000000003

10.51

0.7700000000000005

47.30500000000001

35.95

28.236000000000008

23.286

10.0077

47.300000000000004

36.0

28.210000000000004

23.320000000000004

10.0

0.7800000000000005

48.425000000000004

34.760000000000005

28.398000000000003

23.116000000000003

9.5052

48.300000000000004

34.800000000000004

28.380000000000003

23.12

9.5

0.7900000000000005

49.715

33.565000000000005

28.616000000000003

22.939000000000004

9.0172

49.6

33.5

28.560000000000002

22.92

9.008000000000001

0.8000000000000005

51.195

32.51500000000001

28.945

22.791000000000004

8.5494

51.050000000000004

32.300000000000004

28.84

22.75

8.526

0.8100000000000005

52.925000000000004

31.8

29.458000000000006

22.709000000000003

8.122000000000002

52.75

31.450000000000003

29.27

22.650000000000002

8.088000000000001

0.8200000000000005

54.92000000000001

31.620000000000005

30.258

22.737000000000002

7.753

54.75

31.25

30.05

22.650000000000002

7.698

0.8300000000000005

57.17500000000001

32.075

31.409000000000006

22.955000000000002

7.459100000000001

57.050000000000004

31.6

31.160000000000004

22.770000000000003

7.412000000000001

0.8400000000000005

59.650000000000006

33.300000000000004

33.019

23.533

7.234300000000001

59.550000000000004

32.800000000000004

32.68

23.18

7.212

0.8500000000000005

62.305

35.33200000000001

35.197

24.742

7.049600000000002

62.2

34.800000000000004

34.72

24.16

7.035

0.8600000000000005

65.095

38.088

38.004

26.84

6.8946000000000005

65.05

37.75

37.66

26.1

6.9030000000000005

0.8700000000000006

67.89500000000001

41.214000000000006

41.158

29.966000000000005

6.744700000000001

68.0

41.42

41.25000000000001

29.450000000000003

6.714

0.8800000000000006

70.425

43.98500000000001

44.02700000000001

33.82

6.623400000000001

70.8

44.64

44.78

33.6

6.624000000000001

0.8900000000000006

72.24

45.652

45.72200000000001

37.90500000000001

6.5008

73.05

46.88

46.980000000000004

38.300000000000004

6.502

0.9000000000000006

72.74

45.46000000000001

45.53200000000001

41.39

6.375600000000001

73.9

46.94

47.03

42.2

6.4030000000000005

0.9100000000000006

71.38999999999999

43.124

43.156000000000006

43.55000000000001

6.222500000000001

72.8

44.42

44.43000000000001

44.800000000000004

6.232000000000001

0.9200000000000006

67.88

38.848000000000006

38.85900000000001

43.69000000000001

6.052300000000002

69.3

39.6

39.6

45.300000000000004

6.0520000000000005

0.9300000000000006

62.220000000000006

33.317

33.3294

41.379999999999995

5.872800000000001

63.25

33.6

33.6

43.0

5.885000000000001

0.9400000000000006

54.93

27.305000000000003

27.3656

36.765

5.687400000000001

55.6

27.1

27.1

37.9

5.678000000000001

0.9500000000000006

46.685

21.580000000000005

21.8018

30.630000000000003

5.5065

46.6

20.950000000000003

21.064

30.6

5.496

0.9600000000000006

38.28000000000001

16.735000000000003

17.268

24.35

5.340000000000001

37.9

15.950000000000001

16.328

23.55

5.348000000000001

0.9700000000000006

30.520000000000007

13.015

14.070000000000002

18.97

5.1888000000000005

30.200000000000003

12.3

13.306000000000001

18.0

5.144

0.9800000000000006

23.830000000000002

10.425000000000002

12.045200000000001

14.955000000000002

5.087600000000001

22.0

9.950000000000001

11.528

14.200000000000001

5.050000000000001

0.9900000000000007

18.5

8.7

18.0

8.2

5.02

1.0000000000000007

0.2

0.2

0.2

0.2

0.2

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.21000000000000002

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.22000000000000003

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.23000000000000004

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.24000000000000005

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.25000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.26000000000000006

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2700000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2800000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.2900000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3000000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3100000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3200000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.3300000000000001

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.34000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.35000000000000014

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.36000000000000015

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.37000000000000016

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.38000000000000017

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.3900000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4000000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4100000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4200000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4300000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.4400000000000002

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.45000000000000023

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.46000000000000024

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.47000000000000025

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.48000000000000026

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.49000000000000027

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5000000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5100000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5200000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5300000000000002

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5400000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5500000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5600000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5700000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5800000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.5900000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6000000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6100000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6200000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6300000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6400000000000003

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6500000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6600000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6700000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6800000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.6900000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7000000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7100000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7200000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7300000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7400000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7500000000000004

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7600000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7700000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7800000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.7900000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8000000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8100000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8200000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8300000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8400000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8500000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8600000000000005

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8700000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8800000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.8900000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9000000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9100000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9200000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9300000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9400000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9500000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9600000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9700000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9800000000000006

0.9900000000000007

0.9900000000000007

0.9900000000000007

0.9900000000000007

0.9900000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

1.0000000000000007

7.0

19.0

7.0

8.0

7.0

7.4

20.0

7.55

8.02

7.5

7.835000000000001

20.915000000000003

8.184400000000002

8.094

7.875

8.263

21.810000000000002

8.8132

8.2127

8.285

8.689000000000002

22.665000000000006

9.413200000000002

8.4078

8.715000000000002

9.118

23.520000000000003

9.983200000000002

8.6384

9.125

9.559000000000001

24.400000000000006

10.531400000000001

8.9163

9.565000000000001

10.023000000000001

25.290000000000003

11.075600000000001

9.2124

10.02

10.506

26.215

11.602800000000002

9.546600000000002

10.505

11.0

27.125

12.0888

9.894400000000003

11.0

11.495000000000001

28.060000000000002

12.545800000000002

10.250700000000002

11.500200000000001

11.986000000000002

28.995

12.9796

10.619100000000001

11.9987

12.481000000000002

29.92

13.394

11.004800000000003

12.488999999999999

13.003

30.810000000000002

13.784

11.391200000000001

12.953800000000001

13.579000000000002

31.660000000000004

14.169

11.766800000000002

13.374400000000001

14.21

32.5

14.5708

12.139300000000002

13.744200000000001

14.864000000000003

33.34

14.995800000000001

12.530800000000003

14.074800000000003

15.524000000000001

34.184999999999995

15.434000000000001

12.9308

14.396200000000002

16.197

35.055

15.880200000000002

13.323500000000003

14.714400000000001

16.927000000000003

35.915

16.3348

13.7072

15.0461

17.710000000000004

36.73500000000001

16.8216

14.105800000000002

15.381200000000002

18.565000000000005

37.495

17.332600000000003

14.541000000000004

15.7106

19.440000000000005

38.24

17.905400000000004

15.0107

16.0258

20.320000000000004

38.995000000000005

18.505200000000002

15.506700000000002

16.3316

21.185000000000002

39.730000000000004

19.1116

16.025000000000002

16.611800000000002

22.085

40.39500000000001

19.705000000000002

16.585

16.9144

23.025000000000002

40.994

20.221000000000004

17.185000000000002

17.2317

24.005000000000003

41.572

20.685000000000002

17.815000000000005

17.605

24.997

42.150000000000006

21.047000000000004

18.415000000000003

17.9783

25.983

42.71000000000001

21.384000000000004

18.975

18.343

26.942000000000004

43.177

21.709000000000003

19.495

18.661

27.872000000000003

43.540000000000006

22.102000000000004

20.0

18.9612

28.798000000000002

43.81900000000001

22.561000000000003

20.495

19.246700000000004

29.770000000000007

44.06100000000001

23.065000000000005

20.975

19.5252

30.812

44.28200000000001

23.575000000000003

21.41

19.787600000000005

31.883000000000006

44.489000000000004

24.048000000000002

21.790000000000003

20.0046

32.923

44.67400000000001

24.495

22.098000000000003

20.1832

33.87200000000001

44.828

24.927000000000003

22.387

20.3063

34.698

44.931000000000004

25.340000000000003

22.661

20.392500000000002

35.385000000000005

44.974000000000004

25.754000000000005

22.960000000000004

20.42

35.97

44.95300000000001

26.139

23.262

20.384100000000004

36.494

44.887

26.527

23.557000000000002

20.274

36.99400000000001

44.792

26.876

23.838000000000005

20.081500000000002

37.476

44.675000000000004

27.164000000000005

24.082000000000004

19.7904

37.935

44.529

27.358

24.297

19.381500000000003

38.361000000000004

44.33500000000001

27.484000000000005

24.464000000000002

18.858900000000002

38.768

44.08500000000001

27.572000000000003

24.578000000000003

18.2403

39.189

43.76700000000001

27.641000000000005

24.636000000000003

17.538

39.687000000000005

43.386

27.706000000000007

24.620000000000005

16.765800000000002

40.298

42.92800000000001

27.763

24.536

15.906500000000001

41.012

42.374

27.832

24.397000000000006

14.991

41.76600000000001

41.703

27.909999999999997

24.215000000000003

14.0638

42.525000000000006

40.905

27.982

24.003

13.185000000000002

43.33500000000001

40.03000000000001

28.031000000000002

23.799000000000003

12.395400000000002

44.230000000000004

39.095

28.046

23.643

11.699

45.22500000000001

38.12500000000001

28.068

23.527

11.084800000000001

46.23500000000001

37.07000000000001

28.124000000000002

23.421000000000006

10.5286

47.30500000000001

35.95

28.236000000000008

23.286

10.0077

48.425000000000004

34.760000000000005

28.398000000000003

23.116000000000003

9.5052

49.715

33.565000000000005

28.616000000000003

22.939000000000004

9.0172

51.195

32.51500000000001

28.945

22.791000000000004

8.5494

52.925000000000004

31.8

29.458000000000006

22.709000000000003

8.122000000000002

54.92000000000001

31.620000000000005

30.258

22.737000000000002

7.753

57.17500000000001

32.075

31.409000000000006

22.955000000000002

7.459100000000001

59.650000000000006

33.300000000000004

33.019

23.533

7.234300000000001

62.305

35.33200000000001

35.197

24.742

7.049600000000002

65.095

38.088

38.004

26.84

6.8946000000000005

67.89500000000001

41.214000000000006

41.158

29.966000000000005

6.744700000000001

70.425

43.98500000000001

44.02700000000001

33.82

6.623400000000001

72.24

45.652

45.72200000000001

37.90500000000001

6.5008

72.74

45.46000000000001

45.53200000000001

41.39

6.375600000000001

71.38999999999999

43.124

43.156000000000006

43.55000000000001

6.222500000000001

67.88

38.848000000000006

38.85900000000001

43.69000000000001

6.052300000000002

62.220000000000006

33.317

33.3294

41.379999999999995

5.872800000000001

54.93

27.305000000000003

27.3656

36.765

5.687400000000001

46.685

21.580000000000005

21.8018

30.630000000000003

5.5065

38.28000000000001

16.735000000000003

17.268

24.35

5.340000000000001

30.520000000000007

13.015

14.070000000000002

18.97

5.1888000000000005

23.830000000000002

10.425000000000002

12.045200000000001

14.955000000000002

5.087600000000001

18.5

8.7

11.0

12.1

5.035

16.0

7.5

10.0

10.0

5.0


CpaBHeHue peXXMmoB BTOPUYHbIX U
0bpaTHO OTPaXKEHHbIX 3/1eKTPOHOB



CpaBHeHWEe PEeXKMMOB BTOPUYHbBIX W
06paTHO OTPa*KEHHbIX 3NEKTPOHOB

BO BTOPUYHbIX 3N1EKTPOHAX YaCTUYHO NPOSABAAIOTCA
CBOMCTBA 06PaTHO OTPAXKEHHDIX.

[TOTEeHUMANbHbBIA KOHTPACT M KOHTPACT JIETMPOBAHUSA
TO/IbKO BO BTOPUYHbIX 3/IEKTPOHAX.

BTOpuMYHbIE 3N1EKTPOHbI bonee YyBCTBUTE/IbHbI K
penbedy NOBEPXHOCTMU.

B 06paTHO OTpa*KeHHbIX 3/IEKTPOHAX Nerye
Pa34eNnUTb KOHTPACTbl OT NJIOTHOCTM U Tonorpadun.
ObpaTHO OTPaAXKEHHbIE 3/IEKTPOHbI bonee
4YyBCTBUTE/NIbHbI K MOTHOCTU MaTepPMana.



CpaBHeHWEe PEeXKMMOB BTOPUYHbBIX W
06paTHO OTPa*KEHHbIX 3NEKTPOHOB
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Atomic number Z

3aBNCUMOCTb KO3DDULIMEHTOB SMUCCUN BTOPUYHbBIX U
0b6paTHO OTPaXKEHHbIX 3/IEKTPOHOB OT aTOMHOI0 HOMEPa



CpaBHeHue pexnmos B3 n OP3

Cmout W B Si1
TOJIIAHOU 5 HM

10kV  X100,000 0.1pm 0000 07 15 DLI




Слой W в Si толщиной 5 нм


CpaBHeHue pexnmos B3 n OP3

10kV  X25,000 A1um 0000 41155 DLI

Crnou W B Si1 TOJIIIIMHON 5 HM



Слои W в Si толщиной 5 нм


CpaBHeHUue pexxumos B2 n OP3

X100,000 0.1ym 0000 07 15 DLI

N306parkeHna wenu B Si



CpaBHeHue pexnmos B3 n OP3

0000 0940 DLI

CJ101 30J10TA B JIAHTACUTE



Слой золота в лангасите
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10kV  X2,000 10pm 1412 IPTM RAS

MpodunuposaHHbIN Si
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e

MpodunuposBaHHbIN Si



CpaBHeHue pexnmos B3 n OP3

10kV  X2,300 10pm 1412 IPTM RAS

Bkiarodyenue yrijaepoaa B MYJIbTUHKPUCTANINYCCKOM KPEMHHUHA



Включение углерода в мультикристаллическом кремнии


CpaBHM pexknumos B3 1 OP3

10kV X1,000 10pm

Cnanen, OP3 (compo) cripaBa



Сланец, ОРЭ (compo) справа
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