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Why Microscopes? Magnified images of objects at the nanoscale
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Why Microscopes? Magnified images of objects at the nanoscale

resolution limit of

super-resolution

Microscope features?

» High contrast
» High resolution
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Fluorescence as a way to increase contrast

Fluorescence: emission of light by a compound which absorbed light.
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Fluorescence as a way to increase contrast

Fluorescence: emission of light by a compound which absorbed light.
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Fluorescence as a way to increase contrast

Fluorescence: emission of light by a compound which absorbed light.

Why using fluorescence?
» High contrast.
» Hih specificity
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Fluorescence as a way to increase contrast

Fluorescence: emission of light by a compound which absorbed light.

Why using fluorescence?
» High contrast.
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Fluorescence microscope

Fluorescence Microscopy
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Point Spread Function (PSF)

‘Widefield Microsco . . . . e '
Point-Spread Function Lens cannot focus emitted light into an infinitely small point
~200 nm
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Point Spread Function (PSF)

Widefield Microsco . . . T .
Point-Spread Function Lens cannot focus emitted light into an infinitely small point

J200 o IMAGE
OBJECT

[’1 . IMAGING LENS ID‘

A point source is not imaged as a point, but as a "blob"
called Point Spread Function (PSF)
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PSF & OTF

Real space Frequency space

Frequency spectrum of object

Object

Image of object
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Resolution: the Abbe diffraction limit

The minimal distance d to resolve two point sources is given by
A

i = a——=~ ~ 200 —-250nm

2nsin(0)

where X is the emission wavelength, NA is the numerical aperture, nis the refractive index.

Abbe Diffraction Limit Simulation of overlapping emitters with A = 500 nm and (n sin 8) = 1
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Need of image reconstruction pipelines

To acquire more information, introduce extra information:
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Need of image reconstruction pipelines

To acquire more information, introduce extra information: time / space.
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Need of image reconstruction pipelines

To acquire more information, introduce extra information: time / space.

Processing steps are needed!

_w Computational Statistics Molecular Microscopy ° -t N
3| and Machine Learning and Spectroscopy 1ITH



Need of image reconstruction pipelines

To acquire more information, introduce extra information: time / space.

Processing steps are needed!

Reconstructed

Real Object Acquired Data Processed Data Image

Modern algorithms: analyse datasets coming from advanced microscopy
measurements!
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Widefield VS Confocal
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Confocal Laser Scanning Microscope (CLSM)
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CLSM: pros and cons

CLSM exploits a closed
pinhole to achieve:

v/ Super-resolution
v/ Optical sectioning
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CLSM: pros and cons

CLSM (1.4A.U.) CLSM (0.2A.U.)

15 um

CLSM exploits a closed
pinhole to achieve:

v Super-resolution
v/ Optical sectioning

Computational Statistics Molecular Microscopy

and Machine Learning and Spectroscopy



CLSM: pros and cons

CLSM (1.4 AU) CLSM (0.3AU)

CLSM exploits a closed
pinhole to achieve:

v/ Super-resolution
v/ Optical sectioning
X at the cost of limited SNR
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CLSM: pros and cons

T i CLSM exploits a closed
g pinhole to achieve:
2 3 v/ Super-resolution
sl E v/ Optical sectioning
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Image Scanning Microscopy (ISM)
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ISM collects a 2D micro-image on the detector
plane (xy, y4) for each scan point (xs, ¥s).
The 4D dataset is thus:

» A collection of (Ny, Ny) micro-images: i(Xs|Xy)
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Image Scanning Microscopy (ISM)
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ISM collects a 2D micro-image on the detector
plane (xy, y4) for each scan point (xs, ¥s).
The 4D dataset is thus:

» A collection of (Ny, Ny) micro-images: i(Xs|Xy)
» A collection of N, scanned images i(Xs|Xq)
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ISM PSFs
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Each detector element x4 generates a
scanned image with a different PSF:

(Xs|Xg) = Pexc(Xs) X Nget(Xs — Xq)
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ISM PSFs

Dataset i(Xs|Xq)

Bl o =d ol
. . . . . Each PSF is unique, so are the scanned

images even though they represent the
Vf i same sample — redundancy!
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ISM PSFs

PSFs h(xs|Xq)

. . . . . Each PSFs can be approximated as

h(xs|xq) = h(xs — p(Xq))

T. . . . . ) where p(X4) is the shift-vector of the

scanned image.
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ISM Shift-vectors and Fingerprint

PSFs h(xs|xq4)

p(xa) f(xa)
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The shift-vectors p(xq)

are calculated as the Fingerprint map f(xq4):

shifts maximising sum of all the

similarities between micro-images collected
yf images. during the scan
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ISM datasets

Dataset i(xs|Xq)
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Main characteristics of ISM dataset:

» High dimensional data (4D or more)

@ A. Zunino et al., Nature Photonics volume 17 (2023
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ISM datasets

Dataset i(xs|Xq)

Vs e
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Main characteristics of ISM dataset:

» High dimensional data (4D or more)
» More spatial information encoded

@ A. Zunino et al., Nature Photonics volume 17 (2023
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ISM datasets

output 25 & comunication bus.
{ PCB controller

Main characteristics of ISM dataset:

output 12 - 17
g - 0Indino

» High dimensional data (4D or more)
» More spatial information encoded
» No read-out noise ~» pure Poisson

output 18 - 23
L1 -9 Indino

PCB detector

E[A. Zunino et al., Nature Photonics volume 17 (2023)]
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ISM datasets

output 25 & comunication bus.
PCB controller

Main characteristics of ISM dataset:

output 12 - 17
S -0ndino

» High dimensional data (4D or more)
» More spatial information encoded

» No read-out noise ~» pure Poisson
» High temporal resolution

output 18 - 23
L1 - gindino

PCB detector

E[A. Zunino et al., Nature Photonics volume 17 (2023)]
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Linear Space-Invariant (LSI) System

Amap S: f+— gis a Linear Space-Invariant (LSI) System if:

1. Linearity
Slafi + bf] = aS[fi] + b S[f]

2. Shift-invariance

S[f(x = x0)l = 9(x — x0)

Any input function can be written as
F(x) = / F(\) 6(x — \) dA
R
Thus
a(x) = / f(N) h(x — X)dX = (f = h)(x)
R

where h(x) = S[6(x)] is the impulse response.
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Image Formation in Microscopy

» A microscope is modeled as a linear shift-invariant (LSI) system.

» The observed image y [r] is the convolution of the object’s fluorophore distribution
u [r] and the system’s Point Spread Function (PSF).

» The PSF represents the response of the imaging system to a point source.

m_J Computational Statistics Molecular Microscopy iit N
= £

and Machine Learning and Spectroscopy



CLSM Forward Model

The forward model in confocal imaging is
y = P(h*u) =P(Au)

where:

y € NV is the measured image

u € RY is the unknown object

A € RV*N is the Toeplitz matrix computing the convolution with the PSF h
P: Poisson noise

v

v

v

>
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ISM Forward Model

The forward model in ISM imaging is
Yo = P(hg xu) = P(Agu), d=1,...,25

where:
» yq € NV is the measured image from detector d with p = ny x n, pixels
u € RY is the unknown object
A, € RV*N is the Toeplitz matrix to compute the convolution with the PSF hy
P: Poisson noise

v

v

v
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Common Sources of Aberrations

These effects distort the PSF shape:

» Spherical Aberration: Caused by
refractive index mismatches between the
immersion medium and the sample.

» Astigmatism: Often used intentionally in
3D super-resolution microscopy to encode
depth.

» Coma: Results from misalignment of
optical elements.
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Aberrations examples on ISM
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Photon resolved microscopy

conventional microscopy
2D photon histogram
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Photon resolved microscopy

photon-resolved microscopy
multi-parameter list of photons
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Photon resolved microscopy

photon-resolved microscopy conventional microscopy
multi-parameter list of photons 2D photon histogram
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Photon resolved microscopy

photon-resolved microscopy conventional microscopy
multi-parameter list of photons 2D photon histogram
Id Xq | X4 las | T
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Photon resolved microscopy

photon-resolved microscopy Image Scanning Microscopy
multi-parameter list of photons 4D photon histogram

Dataset i(Xs|xq)

Id Xd | Xg | taps | T
R HEEEN
o - FEEL
spatial  temporal

<
tag tag

~

Computational Statistics Molecular Microscopy

and Machine Learning and Spectroscopy



Photon resolved microscopy

photon-resolved microscopy Image Scanning Microscopy
multi-parameter list of photons 5D photon histogram

Dataset ix(Xs|Xq)
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Lateral Resolution (z = 0)

The intensity PSF at the focal plane (z = 0) is determined by the circular aperture
geometry. Using Bessel functions, the lateral intensity profile is:

Ji (kKNAr) |2

KNAr

2
1
hr.0) = | [ do(kNAT)pdlp| =
0

» The first zero of J;(x) occurs at xp ~ 3.8317.
» Setting KNAr = xp and solving for r gives the Rayleigh Criterion:

Lateral Limit
Fmin = 0.61 g%
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Axial Resolution (r = 0)

Resolution along the optical axis (z) is defined by the depth of focus. Along the axis
(r = 0), the integral simplifies to a sinc-squared function:

2n \? _, [ kzNA?
n(o,z):<kZNA2) sm2< i )

» The first zero of the cardinal sine function occurs at .

. 2 .
> Solving N2~ =  for z gives:

Axial Limit

2\n
Zmin = NA2

Note: Axial resolution scales with 1/NA?, making it much more sensitive to Numerical
Aperture than lateral resolution.

mEJ Computational Statistics Molecular Microscopy iit N

and Machine Learning and Spectroscopy



	Introduction to Fluorescence Microscopy
	Confocal Microscope
	Image Scanning Microscopy (ISM)
	Image formation modelling
	PSF model
	Optical Aberrations
	Appendix

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	0.196: 
	0.197: 
	0.198: 
	0.199: 
	0.200: 
	0.201: 
	0.202: 
	0.203: 
	0.204: 
	0.205: 
	0.206: 
	0.207: 
	0.208: 
	0.209: 
	0.210: 
	0.211: 
	0.212: 
	0.213: 
	0.214: 
	0.215: 
	0.216: 
	0.217: 
	0.218: 
	0.219: 
	0.220: 
	0.221: 
	0.222: 
	0.223: 
	0.224: 
	0.225: 
	0.226: 
	0.227: 
	0.228: 
	0.229: 
	0.230: 
	0.231: 
	0.232: 
	0.233: 
	0.234: 
	0.235: 
	0.236: 
	0.237: 
	0.238: 
	0.239: 
	0.240: 
	0.241: 
	0.242: 
	0.243: 
	0.244: 
	0.245: 
	0.246: 
	0.247: 
	0.248: 
	0.249: 
	0.250: 
	0.251: 
	0.252: 
	0.253: 
	0.254: 
	0.255: 
	0.256: 
	0.257: 
	0.258: 
	0.259: 
	0.260: 
	0.261: 
	0.262: 
	0.263: 
	0.264: 
	0.265: 
	0.266: 
	0.267: 
	0.268: 
	0.269: 
	0.270: 
	0.271: 
	0.272: 
	0.273: 
	0.274: 
	0.275: 
	0.276: 
	0.277: 
	0.278: 
	0.279: 
	0.280: 
	0.281: 
	0.282: 
	0.283: 
	0.284: 
	0.285: 
	0.286: 
	0.287: 
	0.288: 
	0.289: 
	0.290: 
	0.291: 
	0.292: 
	0.293: 
	0.294: 
	0.295: 
	0.296: 
	0.297: 
	0.298: 
	0.299: 
	0.300: 
	0.301: 
	0.302: 
	0.303: 
	0.304: 
	0.305: 
	0.306: 
	0.307: 
	0.308: 
	0.309: 
	0.310: 
	0.311: 
	0.312: 
	0.313: 
	0.314: 
	0.315: 
	0.316: 
	0.317: 
	0.318: 
	0.319: 
	0.320: 
	0.321: 
	0.322: 
	0.323: 
	0.324: 
	0.325: 
	0.326: 
	0.327: 
	0.328: 
	0.329: 
	0.330: 
	0.331: 
	0.332: 
	0.333: 
	0.334: 
	0.335: 
	0.336: 
	0.337: 
	0.338: 
	0.339: 
	0.340: 
	0.341: 
	0.342: 
	0.343: 
	0.344: 
	0.345: 
	0.346: 
	0.347: 
	0.348: 
	0.349: 
	0.350: 
	0.351: 
	0.352: 
	0.353: 
	0.354: 
	0.355: 
	0.356: 
	0.357: 
	0.358: 
	0.359: 
	0.360: 
	0.361: 
	0.362: 
	0.363: 
	0.364: 
	0.365: 
	0.366: 
	0.367: 
	0.368: 
	0.369: 
	0.370: 
	0.371: 
	0.372: 
	0.373: 
	0.374: 
	0.375: 
	0.376: 
	0.377: 
	0.378: 
	0.379: 
	0.380: 
	0.381: 
	0.382: 
	0.383: 
	0.384: 
	0.385: 
	0.386: 
	0.387: 
	0.388: 
	0.389: 
	0.390: 
	0.391: 
	0.392: 
	0.393: 
	0.394: 
	0.395: 
	0.396: 
	0.397: 
	0.398: 
	0.399: 
	0.400: 
	0.401: 
	0.402: 
	0.403: 
	0.404: 
	0.405: 
	0.406: 
	0.407: 
	0.408: 
	0.409: 
	0.410: 
	0.411: 
	0.412: 
	0.413: 
	0.414: 
	0.415: 
	0.416: 
	0.417: 
	0.418: 
	0.419: 
	0.420: 
	0.421: 
	0.422: 
	0.423: 
	0.424: 
	0.425: 
	0.426: 
	0.427: 
	0.428: 
	0.429: 
	0.430: 
	0.431: 
	0.432: 
	0.433: 
	0.434: 
	0.435: 
	0.436: 
	0.437: 
	0.438: 
	0.439: 
	0.440: 
	0.441: 
	0.442: 
	0.443: 
	0.444: 
	0.445: 
	0.446: 
	0.447: 
	0.448: 
	0.449: 
	0.450: 
	0.451: 
	0.452: 
	0.453: 
	0.454: 
	0.455: 
	0.456: 
	0.457: 
	0.458: 
	0.459: 
	0.460: 
	0.461: 
	0.462: 
	0.463: 
	0.464: 
	0.465: 
	0.466: 
	0.467: 
	0.468: 
	0.469: 
	0.470: 
	0.471: 
	0.472: 
	0.473: 
	0.474: 
	0.475: 
	0.476: 
	0.477: 
	0.478: 
	0.479: 
	0.480: 
	0.481: 
	0.482: 
	0.483: 
	0.484: 
	0.485: 
	0.486: 
	0.487: 
	0.488: 
	0.489: 
	0.490: 
	0.491: 
	0.492: 
	0.493: 
	0.494: 
	0.495: 
	0.496: 
	0.497: 
	0.498: 
	0.499: 
	0.500: 
	0.501: 
	0.502: 
	0.503: 
	0.504: 
	0.505: 
	0.506: 
	0.507: 
	0.508: 
	0.509: 
	0.510: 
	0.511: 
	0.512: 
	0.513: 
	0.514: 
	0.515: 
	0.516: 
	0.517: 
	0.518: 
	0.519: 
	0.520: 
	anm0: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	1.34: 
	1.35: 
	1.36: 
	1.37: 
	1.38: 
	1.39: 
	1.40: 
	1.41: 
	1.42: 
	1.43: 
	1.44: 
	1.45: 
	1.46: 
	1.47: 
	1.48: 
	1.49: 
	1.50: 
	1.51: 
	1.52: 
	1.53: 
	1.54: 
	1.55: 
	1.56: 
	1.57: 
	1.58: 
	1.59: 
	1.60: 
	1.61: 
	1.62: 
	1.63: 
	1.64: 
	1.65: 
	1.66: 
	1.67: 
	1.68: 
	1.69: 
	1.70: 
	1.71: 
	1.72: 
	1.73: 
	1.74: 
	1.75: 
	1.76: 
	1.77: 
	1.78: 
	1.79: 
	1.80: 
	1.81: 
	1.82: 
	1.83: 
	1.84: 
	1.85: 
	1.86: 
	1.87: 
	1.88: 
	1.89: 
	1.90: 
	1.91: 
	1.92: 
	1.93: 
	1.94: 
	1.95: 
	1.96: 
	1.97: 
	1.98: 
	1.99: 
	1.100: 
	1.101: 
	1.102: 
	1.103: 
	1.104: 
	1.105: 
	1.106: 
	1.107: 
	1.108: 
	1.109: 
	1.110: 
	1.111: 
	1.112: 
	1.113: 
	1.114: 
	1.115: 
	1.116: 
	1.117: 
	1.118: 
	1.119: 
	1.120: 
	1.121: 
	1.122: 
	1.123: 
	1.124: 
	1.125: 
	1.126: 
	1.127: 
	1.128: 
	1.129: 
	1.130: 
	1.131: 
	1.132: 
	1.133: 
	1.134: 
	1.135: 
	1.136: 
	1.137: 
	1.138: 
	1.139: 
	1.140: 
	1.141: 
	1.142: 
	1.143: 
	1.144: 
	1.145: 
	1.146: 
	1.147: 
	1.148: 
	1.149: 
	1.150: 
	1.151: 
	1.152: 
	1.153: 
	1.154: 
	1.155: 
	1.156: 
	1.157: 
	1.158: 
	1.159: 
	1.160: 
	1.161: 
	1.162: 
	1.163: 
	1.164: 
	1.165: 
	1.166: 
	1.167: 
	1.168: 
	1.169: 
	1.170: 
	1.171: 
	1.172: 
	1.173: 
	1.174: 
	1.175: 
	1.176: 
	1.177: 
	1.178: 
	1.179: 
	1.180: 
	1.181: 
	1.182: 
	1.183: 
	1.184: 
	1.185: 
	1.186: 
	1.187: 
	1.188: 
	1.189: 
	1.190: 
	1.191: 
	1.192: 
	1.193: 
	1.194: 
	1.195: 
	1.196: 
	1.197: 
	1.198: 
	1.199: 
	1.200: 
	1.201: 
	1.202: 
	1.203: 
	1.204: 
	1.205: 
	1.206: 
	1.207: 
	1.208: 
	1.209: 
	1.210: 
	1.211: 
	1.212: 
	1.213: 
	1.214: 
	1.215: 
	1.216: 
	1.217: 
	1.218: 
	1.219: 
	1.220: 
	1.221: 
	1.222: 
	1.223: 
	1.224: 
	1.225: 
	1.226: 
	1.227: 
	1.228: 
	1.229: 
	1.230: 
	1.231: 
	1.232: 
	1.233: 
	1.234: 
	1.235: 
	1.236: 
	1.237: 
	1.238: 
	1.239: 
	1.240: 
	1.241: 
	1.242: 
	1.243: 
	1.244: 
	1.245: 
	1.246: 
	1.247: 
	1.248: 
	1.249: 
	1.250: 
	1.251: 
	1.252: 
	1.253: 
	1.254: 
	1.255: 
	1.256: 
	1.257: 
	1.258: 
	1.259: 
	1.260: 
	1.261: 
	1.262: 
	1.263: 
	1.264: 
	1.265: 
	1.266: 
	1.267: 
	1.268: 
	1.269: 
	1.270: 
	1.271: 
	1.272: 
	1.273: 
	1.274: 
	1.275: 
	1.276: 
	1.277: 
	1.278: 
	1.279: 
	1.280: 
	1.281: 
	1.282: 
	1.283: 
	1.284: 
	1.285: 
	1.286: 
	1.287: 
	1.288: 
	1.289: 
	1.290: 
	1.291: 
	1.292: 
	1.293: 
	1.294: 
	1.295: 
	1.296: 
	1.297: 
	1.298: 
	1.299: 
	1.300: 
	1.301: 
	1.302: 
	1.303: 
	1.304: 
	1.305: 
	1.306: 
	1.307: 
	1.308: 
	1.309: 
	1.310: 
	1.311: 
	1.312: 
	1.313: 
	1.314: 
	1.315: 
	1.316: 
	1.317: 
	1.318: 
	1.319: 
	1.320: 
	1.321: 
	1.322: 
	1.323: 
	1.324: 
	1.325: 
	1.326: 
	1.327: 
	1.328: 
	1.329: 
	1.330: 
	1.331: 
	1.332: 
	1.333: 
	1.334: 
	1.335: 
	1.336: 
	1.337: 
	1.338: 
	1.339: 
	1.340: 
	1.341: 
	1.342: 
	1.343: 
	1.344: 
	1.345: 
	1.346: 
	1.347: 
	1.348: 
	1.349: 
	1.350: 
	1.351: 
	1.352: 
	1.353: 
	1.354: 
	1.355: 
	1.356: 
	1.357: 
	1.358: 
	1.359: 
	1.360: 
	1.361: 
	1.362: 
	1.363: 
	1.364: 
	1.365: 
	1.366: 
	1.367: 
	1.368: 
	1.369: 
	1.370: 
	1.371: 
	1.372: 
	1.373: 
	1.374: 
	1.375: 
	1.376: 
	1.377: 
	1.378: 
	1.379: 
	1.380: 
	1.381: 
	1.382: 
	1.383: 
	1.384: 
	1.385: 
	1.386: 
	1.387: 
	1.388: 
	1.389: 
	1.390: 
	1.391: 
	1.392: 
	1.393: 
	1.394: 
	1.395: 
	1.396: 
	1.397: 
	1.398: 
	1.399: 
	1.400: 
	1.401: 
	1.402: 
	1.403: 
	1.404: 
	1.405: 
	1.406: 
	1.407: 
	1.408: 
	1.409: 
	1.410: 
	1.411: 
	1.412: 
	1.413: 
	1.414: 
	1.415: 
	1.416: 
	1.417: 
	1.418: 
	1.419: 
	1.420: 
	1.421: 
	1.422: 
	1.423: 
	1.424: 
	1.425: 
	1.426: 
	1.427: 
	1.428: 
	1.429: 
	1.430: 
	1.431: 
	1.432: 
	1.433: 
	1.434: 
	1.435: 
	1.436: 
	1.437: 
	1.438: 
	1.439: 
	1.440: 
	1.441: 
	1.442: 
	1.443: 
	1.444: 
	1.445: 
	1.446: 
	1.447: 
	1.448: 
	1.449: 
	1.450: 
	1.451: 
	1.452: 
	1.453: 
	1.454: 
	1.455: 
	1.456: 
	1.457: 
	1.458: 
	1.459: 
	1.460: 
	1.461: 
	1.462: 
	1.463: 
	1.464: 
	1.465: 
	1.466: 
	1.467: 
	1.468: 
	1.469: 
	1.470: 
	1.471: 
	1.472: 
	1.473: 
	1.474: 
	1.475: 
	1.476: 
	1.477: 
	1.478: 
	1.479: 
	1.480: 
	1.481: 
	1.482: 
	1.483: 
	1.484: 
	1.485: 
	1.486: 
	1.487: 
	1.488: 
	1.489: 
	1.490: 
	1.491: 
	1.492: 
	1.493: 
	1.494: 
	1.495: 
	1.496: 
	1.497: 
	1.498: 
	1.499: 
	1.500: 
	1.501: 
	1.502: 
	1.503: 
	1.504: 
	1.505: 
	1.506: 
	1.507: 
	1.508: 
	1.509: 
	1.510: 
	1.511: 
	1.512: 
	1.513: 
	1.514: 
	1.515: 
	1.516: 
	1.517: 
	1.518: 
	1.519: 
	1.520: 
	anm1: 
	2.0: 
	2.1: 
	2.2: 
	2.3: 
	2.4: 
	2.5: 
	2.6: 
	2.7: 
	2.8: 
	2.9: 
	2.10: 
	2.11: 
	2.12: 
	2.13: 
	2.14: 
	2.15: 
	2.16: 
	2.17: 
	2.18: 
	2.19: 
	2.20: 
	2.21: 
	2.22: 
	2.23: 
	2.24: 
	2.25: 
	2.26: 
	2.27: 
	2.28: 
	2.29: 
	2.30: 
	2.31: 
	2.32: 
	2.33: 
	2.34: 
	2.35: 
	2.36: 
	2.37: 
	2.38: 
	2.39: 
	2.40: 
	2.41: 
	2.42: 
	2.43: 
	2.44: 
	2.45: 
	2.46: 
	2.47: 
	2.48: 
	2.49: 
	2.50: 
	2.51: 
	2.52: 
	2.53: 
	2.54: 
	2.55: 
	2.56: 
	2.57: 
	2.58: 
	2.59: 
	2.60: 
	2.61: 
	2.62: 
	2.63: 
	2.64: 
	2.65: 
	2.66: 
	2.67: 
	2.68: 
	2.69: 
	2.70: 
	2.71: 
	2.72: 
	2.73: 
	2.74: 
	2.75: 
	2.76: 
	2.77: 
	2.78: 
	2.79: 
	2.80: 
	2.81: 
	2.82: 
	2.83: 
	2.84: 
	2.85: 
	2.86: 
	2.87: 
	2.88: 
	2.89: 
	2.90: 
	2.91: 
	2.92: 
	2.93: 
	2.94: 
	2.95: 
	2.96: 
	2.97: 
	2.98: 
	2.99: 
	2.100: 
	2.101: 
	2.102: 
	2.103: 
	2.104: 
	2.105: 
	2.106: 
	2.107: 
	2.108: 
	2.109: 
	2.110: 
	2.111: 
	2.112: 
	2.113: 
	2.114: 
	2.115: 
	2.116: 
	2.117: 
	2.118: 
	2.119: 
	2.120: 
	2.121: 
	2.122: 
	2.123: 
	2.124: 
	2.125: 
	2.126: 
	2.127: 
	2.128: 
	2.129: 
	2.130: 
	2.131: 
	2.132: 
	2.133: 
	2.134: 
	2.135: 
	2.136: 
	2.137: 
	2.138: 
	2.139: 
	2.140: 
	2.141: 
	2.142: 
	2.143: 
	2.144: 
	2.145: 
	2.146: 
	2.147: 
	2.148: 
	2.149: 
	2.150: 
	2.151: 
	2.152: 
	2.153: 
	2.154: 
	2.155: 
	2.156: 
	2.157: 
	2.158: 
	2.159: 
	2.160: 
	2.161: 
	2.162: 
	2.163: 
	2.164: 
	2.165: 
	2.166: 
	2.167: 
	2.168: 
	2.169: 
	2.170: 
	2.171: 
	2.172: 
	2.173: 
	2.174: 
	2.175: 
	2.176: 
	2.177: 
	2.178: 
	2.179: 
	2.180: 
	2.181: 
	2.182: 
	2.183: 
	2.184: 
	2.185: 
	2.186: 
	2.187: 
	2.188: 
	2.189: 
	2.190: 
	2.191: 
	2.192: 
	2.193: 
	2.194: 
	2.195: 
	2.196: 
	2.197: 
	2.198: 
	2.199: 
	2.200: 
	2.201: 
	2.202: 
	2.203: 
	2.204: 
	2.205: 
	2.206: 
	2.207: 
	2.208: 
	2.209: 
	2.210: 
	2.211: 
	2.212: 
	2.213: 
	2.214: 
	2.215: 
	2.216: 
	2.217: 
	2.218: 
	2.219: 
	2.220: 
	2.221: 
	2.222: 
	2.223: 
	2.224: 
	2.225: 
	2.226: 
	2.227: 
	2.228: 
	2.229: 
	2.230: 
	2.231: 
	2.232: 
	2.233: 
	2.234: 
	2.235: 
	2.236: 
	2.237: 
	2.238: 
	2.239: 
	2.240: 
	2.241: 
	2.242: 
	2.243: 
	2.244: 
	2.245: 
	2.246: 
	2.247: 
	2.248: 
	2.249: 
	2.250: 
	2.251: 
	2.252: 
	2.253: 
	2.254: 
	2.255: 
	2.256: 
	2.257: 
	2.258: 
	2.259: 
	2.260: 
	2.261: 
	2.262: 
	2.263: 
	2.264: 
	2.265: 
	2.266: 
	2.267: 
	2.268: 
	2.269: 
	2.270: 
	2.271: 
	2.272: 
	2.273: 
	2.274: 
	2.275: 
	2.276: 
	2.277: 
	2.278: 
	2.279: 
	2.280: 
	2.281: 
	2.282: 
	2.283: 
	2.284: 
	2.285: 
	2.286: 
	2.287: 
	2.288: 
	2.289: 
	2.290: 
	2.291: 
	2.292: 
	2.293: 
	2.294: 
	2.295: 
	2.296: 
	2.297: 
	2.298: 
	2.299: 
	2.300: 
	2.301: 
	2.302: 
	2.303: 
	2.304: 
	2.305: 
	2.306: 
	2.307: 
	2.308: 
	2.309: 
	2.310: 
	2.311: 
	2.312: 
	2.313: 
	2.314: 
	2.315: 
	2.316: 
	2.317: 
	2.318: 
	2.319: 
	2.320: 
	2.321: 
	2.322: 
	2.323: 
	2.324: 
	2.325: 
	2.326: 
	2.327: 
	2.328: 
	2.329: 
	2.330: 
	2.331: 
	2.332: 
	2.333: 
	2.334: 
	2.335: 
	2.336: 
	2.337: 
	2.338: 
	2.339: 
	2.340: 
	2.341: 
	2.342: 
	2.343: 
	2.344: 
	2.345: 
	2.346: 
	2.347: 
	2.348: 
	2.349: 
	2.350: 
	2.351: 
	2.352: 
	2.353: 
	2.354: 
	2.355: 
	2.356: 
	2.357: 
	2.358: 
	2.359: 
	2.360: 
	2.361: 
	2.362: 
	2.363: 
	2.364: 
	2.365: 
	2.366: 
	2.367: 
	2.368: 
	2.369: 
	2.370: 
	2.371: 
	2.372: 
	2.373: 
	2.374: 
	2.375: 
	2.376: 
	2.377: 
	2.378: 
	2.379: 
	2.380: 
	2.381: 
	2.382: 
	2.383: 
	2.384: 
	2.385: 
	2.386: 
	2.387: 
	2.388: 
	2.389: 
	2.390: 
	2.391: 
	2.392: 
	2.393: 
	2.394: 
	2.395: 
	2.396: 
	2.397: 
	2.398: 
	2.399: 
	2.400: 
	2.401: 
	2.402: 
	2.403: 
	2.404: 
	2.405: 
	2.406: 
	2.407: 
	2.408: 
	2.409: 
	2.410: 
	2.411: 
	2.412: 
	2.413: 
	2.414: 
	2.415: 
	2.416: 
	2.417: 
	2.418: 
	2.419: 
	2.420: 
	2.421: 
	2.422: 
	2.423: 
	2.424: 
	2.425: 
	2.426: 
	2.427: 
	2.428: 
	2.429: 
	2.430: 
	2.431: 
	2.432: 
	2.433: 
	2.434: 
	2.435: 
	2.436: 
	2.437: 
	2.438: 
	2.439: 
	2.440: 
	2.441: 
	2.442: 
	2.443: 
	2.444: 
	2.445: 
	2.446: 
	2.447: 
	2.448: 
	2.449: 
	2.450: 
	2.451: 
	2.452: 
	2.453: 
	2.454: 
	2.455: 
	2.456: 
	2.457: 
	2.458: 
	2.459: 
	2.460: 
	2.461: 
	2.462: 
	2.463: 
	2.464: 
	2.465: 
	2.466: 
	2.467: 
	2.468: 
	2.469: 
	2.470: 
	2.471: 
	2.472: 
	2.473: 
	2.474: 
	2.475: 
	2.476: 
	2.477: 
	2.478: 
	2.479: 
	2.480: 
	2.481: 
	2.482: 
	2.483: 
	2.484: 
	2.485: 
	2.486: 
	2.487: 
	2.488: 
	2.489: 
	2.490: 
	2.491: 
	2.492: 
	2.493: 
	2.494: 
	2.495: 
	2.496: 
	2.497: 
	2.498: 
	2.499: 
	2.500: 
	2.501: 
	2.502: 
	2.503: 
	2.504: 
	2.505: 
	2.506: 
	2.507: 
	2.508: 
	2.509: 
	2.510: 
	2.511: 
	2.512: 
	2.513: 
	2.514: 
	2.515: 
	2.516: 
	2.517: 
	2.518: 
	2.519: 
	2.520: 
	anm2: 
	3.0: 
	3.1: 
	3.2: 
	3.3: 
	3.4: 
	3.5: 
	3.6: 
	3.7: 
	3.8: 
	3.9: 
	3.10: 
	3.11: 
	3.12: 
	3.13: 
	3.14: 
	3.15: 
	3.16: 
	3.17: 
	3.18: 
	3.19: 
	3.20: 
	3.21: 
	3.22: 
	3.23: 
	3.24: 
	3.25: 
	3.26: 
	3.27: 
	3.28: 
	3.29: 
	3.30: 
	3.31: 
	3.32: 
	3.33: 
	3.34: 
	3.35: 
	3.36: 
	3.37: 
	3.38: 
	3.39: 
	3.40: 
	3.41: 
	3.42: 
	3.43: 
	3.44: 
	3.45: 
	3.46: 
	3.47: 
	3.48: 
	3.49: 
	3.50: 
	3.51: 
	3.52: 
	3.53: 
	3.54: 
	3.55: 
	3.56: 
	3.57: 
	3.58: 
	3.59: 
	3.60: 
	3.61: 
	3.62: 
	3.63: 
	3.64: 
	3.65: 
	3.66: 
	3.67: 
	3.68: 
	3.69: 
	3.70: 
	3.71: 
	3.72: 
	3.73: 
	3.74: 
	3.75: 
	3.76: 
	3.77: 
	3.78: 
	3.79: 
	3.80: 
	3.81: 
	3.82: 
	3.83: 
	3.84: 
	3.85: 
	3.86: 
	3.87: 
	3.88: 
	3.89: 
	3.90: 
	3.91: 
	3.92: 
	3.93: 
	3.94: 
	3.95: 
	3.96: 
	3.97: 
	3.98: 
	3.99: 
	3.100: 
	3.101: 
	3.102: 
	3.103: 
	3.104: 
	3.105: 
	3.106: 
	3.107: 
	3.108: 
	3.109: 
	3.110: 
	3.111: 
	3.112: 
	3.113: 
	3.114: 
	3.115: 
	3.116: 
	3.117: 
	3.118: 
	3.119: 
	3.120: 
	3.121: 
	3.122: 
	3.123: 
	3.124: 
	3.125: 
	3.126: 
	3.127: 
	3.128: 
	3.129: 
	3.130: 
	3.131: 
	3.132: 
	3.133: 
	3.134: 
	3.135: 
	3.136: 
	3.137: 
	3.138: 
	3.139: 
	3.140: 
	3.141: 
	3.142: 
	3.143: 
	3.144: 
	3.145: 
	3.146: 
	3.147: 
	3.148: 
	3.149: 
	3.150: 
	3.151: 
	3.152: 
	3.153: 
	3.154: 
	3.155: 
	3.156: 
	3.157: 
	3.158: 
	3.159: 
	3.160: 
	anm3: 
	4.0: 
	anm4: 


