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Mopgenb kamepsbl

Kamepa v yenoseveckunn rnas
BocnpusaTtne ceeta n uBeta
[Nukcenu

duneTpauna n3obpaxxeHnn
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[MpakTnyeckoe 3agaHne: NUHeNHbIE PUNbTPLI



CerogHslLHee 3aHATHE
PTK

[ IpoeKkTBHaAA reoMeTpua 1
MOAdenn Kamepbil

Slides from Derek Hoiem,
Alexei Efros, Steve Seitz, and
David Forsyth



w YTO HYXXHO, YTOOLI caenatb Kamepy?
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w Kamepa n peanbHbI Mup

PTK
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KoTopbin May bnuxke?




w dopmunpoBaHme U3oopaxeHus

PTK

object filrm

[ \

[laBante coenaem Kkamepy
— Vpes 1: noMecTm NNEHKY nepen obbLeEKTOM
— MNonyynm nn mbl n3obpakeHue? lNodyemy?

Slide source: Seitz



w Kamepa-o6ckypa

PTK

object barrier filrm

Noesa 2: nobaBmm bapbep 1 oTCe4YEM NOYTHU
BCE Iy4n
— IT0 YMEHbLUNT pa3MbITUE

— OTBepCcTME N3BECTHO Kak anadparma
(aperture)

Slide source: Seitz



w Kamepa-o6ckypa: mogenb

f
< >
image
plane
N pinhole virtual
image

f = dpokycHoe paccTosHue
C = LIeHTp KamMepsbl (LEHTP NpoeKumn)
Image plane = kapTHHaA NNOCKOCTb

Figure from Forsyth



w Kamepa-obckypa: npe-kamepa
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* I3BecTHa co BpeMeH [peBHero Kutasa un ['peuunn
(Mo-Ti, China, 470BC - 390BC)

0 10" Pt T
e e

NnntocTtpauyuss Camera obscura HacTtoswas kamepa obckypa
B YHuBepcuteTe CeBepHon KaponuHebl

Photo by Seth llys
(nat. camera obsclra — «TémHasa KoMHaTa»)



w Kamepa-o6ckypa: npumeHeHue (o6BoAKA)
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Lens Based Camera Obscura, 1568



w lNMepBble ¢poTorpacdmmn: Hoenc, 8 yacos
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Camas ctapasa coxpaHuBLLAsACS
dooTorpadous

— 84acosB, NblTepHad
(onoBsAHHAA) nNnacTuHa

doTorpadma nepsoun dpotorpadpum

Kosed Hbenc, 1826 YHusepcutet Texaca, OCTuH

Hbenc no3xe pabotan c Jlyn [arepom Hag co3gaHnem
OarepoTunos



lNMepBble ¢poTorpacdun: parepporun, 20 MUHYT

1837

L

vz

7z

ZZ

AT
7




MawwnHa gns yMeHbLEeHNUA pa3MepHOCTH
PTK

N300pakeHne — oTobpakeHue
CLlEeHbl Ha NIIOCKOCTW

TpexmepHbit mup  [eymepHoe u3zobpakeHue

Point of observation

Figures © Stephen E. Palmer, 2002



Slide source: Seitz

w lNMpoekumna moxeT ObITb OOMaH4YMBa
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Slide source: Seitz

w lNMpoekumna moxeT ObITb OOMaH4YMBa

PTK

5 CoolOpticallllusions.com
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lNpoekTBHaA reomeTpus
PTK

UT0 Tepaetca?
 [1InnHa (paccTtosHune)

t




w PaccTtosiHue He coxpaHsieTcsi

PTK

Figure by David Forsyth



w lNpoekTBHaA reomeTpus
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UTO Tepaerca?
* [1NnHa
* Ymbl 2

Hapanneanbl \

L4




w lNpoekTBHaA reomeTpus
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UTO coxpaHaeTca?
° npﬂMbIe JINHNN OCTaloTCA NpAMbIMUA




w To4ykun cxoaa

PTK

[TapannesnbHbie B peanbHOCTU IMHUY
nepecekarTcs Ha Kaupe B TO4KaxX CXOA3,
obpasyoLmX. .. :

&

»
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w Tou4yku cxopa v NUHUA rOPU30OHTA

PTK

MapannenbHble B peanbHOCTW NUHUY
nepecekarTcs Ha Kaupe B TOYKaX CX0Aa,
o6pasyoLmX. .. S .
NINHUIO FOPU30HTA
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w JlnHua ropmsoHTa
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w JlnHmna ropmnsoHTa

PTK

*‘ BepTukanbHas
TOUYKa cxopaa
(B 6beckoHe4HOCTH)

JInHus

ropu3oHTa
rouie Touka cxopaa
cxopaa

Slide from Efros, Photo from Criminisi



w JlnHuA ropunsoHTa
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Photo from online Tate collection



w JlnHuA ropunsoHTa
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w npoeKLWIFI: MUPOBbLIE KOOPAUHATbI -> 3KpaHHbIe KOOPAUHATbI
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X
OnTnyeckun —P=|Y
LEHTP 7




w OpHopoAaHble KooOpAUHATLI

PTK

[MpeobpasoBaHme kK 0gHOPOAHbIM KOOpANHAaTaM

D T
N Y
(z,y) = | ¥ (z,y,2) = | 7
| 1 A I ]_ ]
OpgHopoaHble OpHopoaHble
9KpaHHble KOOpAUHATLI MUPOBbLIE KOOPAUHATbI

[TpeobpasoBaHue N3 ogHOPOAHbIX KOOpAUHAT

y | = (@/w,y/w) 7| = (@/wy/w, zfw)



w OpHopoAaHble KooOpAUHATLI

PTK

MHBapmnaHTHOCTbL K MacLuTabdy

x hx ke | [ x
. kw | | w
kyi=lk|= |
W kw v L
OaHopoaHble [lekapToBbl
KoopauHaTb! KoopauHaThl

Toyke B JeKapToBbIX KoopanHaTax
COOTBETCTBYET Jy4 B O4HOPOAHbIX



Ba3oBas reomeTpusi o4HOPOAHLIX KOOPAMHAT

* YpaBHEHUE NPAMOMW: line, =| b
ax+by+c=0 c
« lo6aBuTh «1» ANSA Nnepexoaa P
B OHOPOHbIE KOOPAUHATbI

|l
<

Pi i

* [lpamagqa nonyvyaeTca Kak BEKTOPHOE
npon3BeneHne OAByX TOYEK line, = p,x p,
y ! J

* [lepeceyeHne npamMmbIx nony4yaeTca Kak

BEKTOPHOE Npon3BeaeHne npambix
q; =line; xline,



Ewe oaHa npobnema, pewaemass ogHOPOAHbLIMN KOOpAMHATaMMU

[lepeceyeHmne napannenbHbIX NPAMbIX

OexapToBbl: (Inf, Inf) Hekaptosebl: (Inf, Inf)
OpHopoaHbie: (1,1,0)  OaHopoawbie: (1,2, 0)



Slide Credit: Saverese

w MaTtpuua npoekuun

PTK
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X: QKpaHHble koopauHaTel: (u,v,1)
K: BHYTpeHHAa maTtpuua (3x3)

R: BpalieHue (3x3)

t: [NepeHoc (3x1)

X: Muposble koopaunHatbl: (X,Y,Z,1)




w 3ayem 31O HaOo?
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CoOTHEeceHne MHOXecTBa BMOOB




w 3ayem 31O HaOo?
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Pacno3HaBaHne oobekToB (CVPR 2006)




w 3ayem 31O HaOo?
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[lononHeHHas peanbHOCTb (SIGGRAPH 2007)

OpwuruHan [lononHeHue



w MaTtpuua npoekuun
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BHyTpeHHne gonyuweHnsa BHellHne gonyuwleHus

* EQMHNYHOE cooTHoweHne  * HeT noBopota
» OnTuueckuin uentp B (0,0) < Kamepa (0,0,0) K

* HeT nepekoca

x=K[I 0]X =

Slide Credit: Saverese

/S 0 0,0
0 f 010
0 0 1.0

— N e R




w Younpaem gonyweHusi: U3BECTHbIN ONTUYECKUUN LIeHTP

PTK

BHyTpeHHMe gonyuwleHna BHellHne gonyuwleHus
* EAVMHNYHOE COOTHOLLEHNE * HeT noBopoTa
* HeT nepekoca » Kamepa B (0,0,0)

x=K[I 0]X =wv|=j0 s v 0

— N =




w Youpaem gonyuweHus: KBagpaTHble NUKcenu

PTK

BHyTpeHHMe gonyuwleHna BHellHne gonyuwleHus

* HeT nepekoca * HeT noBopoTa
» Kamepa B (0,0,0)

W] fa 0 w0
x=K[I 0]X = wv|=[0 B w0
1] [0._0__1.0]

— N e X




w Y6V|paeM AonyuweHus. npsamMbie NMUKCeJin

PTK

BHyTpeHHMe gonyuwleHna BHellHne gonyuwleHus

* HeT noBopoTa
» Kamepa B (0,0,0)

x=K[I 0]X=> v

:a S Uy,
0 B voi
0.0 _ 1,

Note: different books use different notation for

— N R




w Y6upaem gonyLieHus: nepeHoc U NoBoOpoT Kamepbl

PTK




Youpaem aonylieHUs: NnepeHoc Kamepbil

BHyTpeHHMe gonyuwleHna BHellHne gonyuwleHus
* HeT noBopoTa

u oa 0 u (1 O
x=K[I t|X = wv|=j0 B w]o0 I
1] [0 0 1]0 0

— N X




Slide Credit: Saverese

w TpexmMmepHbIX NOBOPOT TOUEK

PTK

[TOBOPOT BOKPYr KOOPAUHATHbLIX OCEN, MNPOTUB YaC.CTPESIKN:

)

1 0 0

R (a)=[0 cosa -—sina

0 sina cosa

- cosB 0 sinf|

; R,(B)=| O 1 0
14 RN —sinf8 0 cosp |

(cosy —siny 0
R (y)=|siny cosy O
0 0 1




w Youpaem gonyLeHus: paspeLiaeM NoBOPOT KaMepbil
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u o S Uy|lh h Nhs [,
wv =0 B v, |ln n BH l,
_1_ _O 0 1 17 B B o

— N = ®
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Vanishing Point = Projection from

X

p=K[R t]|”
Z

0

v _f
wvi=|0

1] Lo

S N O
=
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Infinity
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w OpTtorpadunyeckasa npoekuums

PTK

* OcoObIn criyvyam NnepcrekTMBHOW NPOEKLNN

“ _ __x_
— Ta(|:<)>;<e Hae3vbIBaeTCFI napannensHou 11 o o 0
N Kumneun
P vli=lo 1 0 of”
— KakoBa maTpwuLa Nnpoekymmn? Z
1] |10 0 0 I 1

Slide by Steve Seitz



w MacwTtabupyemasi optorpacgpuyeckasi npoeKkuums

PTK

* OcobbIn crnydan nepcrnekTUBHON NPOEKLUNM

— Pa3mepbl 06bEKTOB Maribl MO CPaBHEHMUIO C
paccTosiHneM Ao kame

___X_

— Takke HasbIBaeTcs «Moaernbio | U f 0 0 0
Ena6om NepcneKkTUBbI» wiv|= 0 £ 0 0 Y
— KakoBa maTpuLa npoekymn: z
PURGTIPOSK™ 11 0 0 0 5]

Slide by Steve Seitz



w lNone 3peHusn (3ym, poKkycHoe paccTosiHue)
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1000 s 2!’}"
$00 mm 5
F00 mim 8

135 i 18

5 mm 28*
50 mm 47
28 mm 7§

17 an 04
=

From London and Upton
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Suppose we have two 3D cubes on the ground
facing the viewer, one near, one far.

1. What would they look like in perspective?

2. What would they look like in weak perspective?

Photo credit: GazetteLive.co.uk



w 3a npegenamMmm Kamepbl-00CKypbl: pagnaribHasi AUCTopcus
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No Distortion

Image from Martin Habbecke

Barrel Distortion

Pincushion Distdnion

Koppekuns gnctopcum
(undistort)



Y10 3aNnOMHUTBL?
PTK

I BepTVI KaJibHaf TOYKa
cxoaa

(Ha

Junis , 1 B |33 6ecroneurocTn)
* TOYKKM cxoda u NnHUST B2 4=
ropu3oHTa NP F ==

* Mopenb kamepbl |
obckypbl M MaTpuua -
NpoeKumm

 OgHOpOaHbIE x
KoopauHaThbl




w NomaluHee 3aaaHue
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 CpenaTtb 13 «3epkasnku» kamepy obckypa

O W3mepuTb yron 3peHusi kamepbl
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Adding a lens

cbject lens filrn

\

i W

* A lens focuses light onto the film

~—~—_“circle of
confusion”

— There is a specific distance at which objects are

“in focus”

 other points project to a “circle of confusion” in the

iImage



Focal length, aperture, depth of

aperture

optical axis /

focal point
optical center 5
(Center Of Projection)

* A lens focuses parallel rays onto a single focal
point
— focal point at a distance f beyond the plane of the lens
— Aperture of diameter D restricts the range of rays

Slide source: Seitz



Slide source: Seitz

Depth of field

)

/32
* Changing the aperture size or focal length
affects depth of field

Flower images from Wikipedia http://en.wikipedia.org/wiki/Depth_of field



Shrmkmg the aperture
I.l

0.6mm 0.35 mm

* Why not make the aperture as small as
possible?
— Less light gets through

Slide by Steve Seitz
—~n e rrr s ® l off &l



Shrinking the aperture

I '

2 mm

0.6mm 0.35 mm

0.15S mm .07 mm

Slide by Steve Seitz



Capturing Light... in man and

Many slides by CS 143: Computer Vision
Alexei A. Efros James Hays, Brown, Fall 2013



Image Formation

Digital Camera
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A photon’s life choices

Absorption

Diffusion

Reflection
Transparency
Refraction
Fluorescence
Subsurface scattering
Phosphorescence e
Interreflection

light source




A photon’s life choices

* Fluorescence

e Subsurface scattering
* Phosphorescence

* Interreflection



A photon’s life choices

. ) light source
e Diffuse Reflection




A photon’s life choices

* Specular Reflection

light source



A photon’s life choices

* Fluorescence

e Subsurface scattering
* Phosphorescence

* Interreflection



A photon’s life choices

* Refraction

* Fluorescence —_—
 Subsurface scattering "

* Phosphorescence

* Interreflection



A photon’s life choices

* Refraction o

e Fluorescence —
e Subsurface scattering

* Phosphorescence

* Interreflection



A photon’s life choices

light source

* Subsurface scattering



A photon’s life choices

light source

* Phosphorescence



A photon’s life choices

(Specular Interreflection)

* Interreflection

light source



* [n computer vision, surfaces are often
assumed to be ideal diffuse reflectors with
know dependence on viewing direction.

Lambertian Reflectance



> ObpaTHaga TpaccupoBKa JTy4en

Light 1 Light 2

Object 1
Image plain




* A digital camera replaces film with a sensor
array

— Each cell in the array is light-sensitive diode that converts photons to electrons
— Two common types

* Charge Coupled Device (CCD)
* CMOS
— http://electronics.howstuffworks.com/digital-camera.htm

Slide by Steve Seitz



Sensor Array

'.
’
>
¥
-
-
R
a

1anae

FZ7 771133\ S

CMOQOS sensor

ab

FIGURE 2.17 (a) Continuos image projected onto a sensor array. (b) Result of image
sampling and quantization.
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FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image,
used to illustrate the concepts of sampling and quantization. (¢) Sampling and quantization. (d) Digital scan line.

d Quantization
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Interlace vs. progressive scan

I
1stfield: Odd field 2nd field: Even field One complete frame
using interlaced scanning

{
!

One complete frame
using progressive scanning

http://www.axis.com/products/video/camera/progressive_scan.htm Slide by Steve Seitz




http://www.axis.com/products/video/camera/progressive_scan.htm Slide by Steve Seitz
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htt://www.axis.com/rodtsfvideo/camra/rresi scan.htm ‘ Slide by Steve Seitz




ing Shutter

Roll

PTK




Conjunctiva
Iris

Cornea

Aqueous

Choroid

Sclera

* The human eye is a camera!

— IrIS - colored annulus with radial muscles

— Pu pll - the hole (aperture) whose size is controlled by the iris
_ Wh a@kgottﬁée&ﬁ%ogcells (rods and cones) in the retina

Slide by Steve Seitz
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Thao Ratina

Cross-section of eye Cross section of retina

Bipolar cell layer

Receptor layer

@ 1998 Sinauer Associates, Inc.




PTK

Retina up-close

pigment _L (191 ©/ ¥ U Q[T T[S @ |@{8[C1®, 8 619G
epithelium \r\\ q\ — .
rods \ {\P ! r /A1 A
cones v {

outer limiting

membrane

Miller cells gi

horizontal , o > 3
cells — o A — - ;
bipolar % o\ >
cells 5

X 53

amacrine B
cells

ganglion
cells

nerve fiber
layer —.

inner limiting ./~
membrane T T T



tapetum

lucidum

What humans don’t have

PTK




wo types of light-sensitive

receptors
Cones
cone-shaped
less sensitive
operate in high
light
color vision
Rods
rod-shaped
highly sensitive
operate at night
gray-scale
vision

,rﬂ.ﬂ.rﬁlll_']_]_[['—"_nllrr & %m;

cone

LATAIIR A

rod



Rod / Cane sensitivity_

/\ Dazzling light; bright sun on snow

14 Outdoors in full sunlight

- Outdoors under a tree on a sunny day

Comfortable indoor illumination;
night sports events

=
2
2
5
&
S
g bright moonlight '
Threshold when dark-adapted

@ 1998 Sinauer Associates, Inc.

T
(&2}

1

Intensity of light reflected
from objects (lamberts)




Distribution of Rods and
Cones

Night Sky: why are there more stars off-center?
Averted vision: http://en.wikipedia.org/wiki/Averted_vision



Eye Movements
Saccades

Can be consciously controlled. Related to perceptual attention.

200ms to initiation, 20 to 200ms to carry out. Large amplitude.

Microsaccades

Involuntary. Smaller amplitude. Especially evident during prolonged
fixation. Function debated.

Ocular microtremor (OMT)

involuntary. high frequency (up to 80Hz), small amplitude.



Relative Sensitivity

PTK

Flprfmmagnp’rlr anrfrum

ultraviolet rays: microwaves

wisible -
spectrum

- lnfraned rays- =
1 s 5 i

2 o2 x-rays -
gamma rays
=2 o i

radlo waves .
g 3

400 500 600 700
VWavelength (nm)

Human Luminance Sensitivity Function

http://www.yorku.ca/eye/photopik.htm



Visible Light

Why do we see light of these
wavelengths?

...because that’s where
| the
Sun radiates EM energy

5000°C

2000°C
700°C

e

0 400 700 1000 2000
(I

Visible Wavelength (nm)
Region © Stephen E. Palmer, 2002




The Physics of Light

Any patch of light can be completely described
physically by its spectrum: the number of

photons
(per time unit) at each wavelength 400 - 700 nm.




The Physics of Light

OUrCes. Ruby Laser

# Photons

400 500 o600 700
Wavelength (nm.)

C. Tungsten Lightbulb

# Photons

400 500 600 700

B. Gallium Phosphide Crystal

# Photons

400 500 o600 700
Wavelength (nm.)

D. Normal Daylight

# Photons

400 500 600 /00




The Physics of Light

PTK
















Cone mosaic
530 560 nm.

v

RELATIVE ABSORBANCE (%)
an
o

400 450 500 550 600 650

WAVELENGTH (nm.)




Impossible Colors

Can you make the cones respond in ways that typical
light spectra never would?

http://en.wikipedia.org/wiki/Impossible_colors




Tetrachromatism
370 nm 445 nm 508 nm 565 nm
1.0 =
o Bird cone
Sos - responses
P
0.0 T 1 T
330 nm 400 nm 500 nm 600 nm 700 nm
Ultraviolet [IID R B N |

* Most birds, and many other animals, have
cones for ultraviolet light.

* Some humans, mostly female, seem to
have slight tetrachromatism.
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More Spectra

o8

metamers

/ yellow flower

orange flowear

white flower

‘N’—’—“—"J\‘ -

bluea flower

=
N el —— P

- ——

400 450 500 550 600
wavelength in nm

650

700
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= Color Sensing in Camera (RGB)
e 3-chip vs. 1-chip: quality vs. cost

* Why more green?

QCD(B)
11 [H |Prism
B / ]ocn(e) 7]
Lens —#
CCD(R) = -

Why 3 colors?

http://www.cooldictionary.com/words/Bayer-filter.wikipedia
Slide by Steve Seitz

Relative Sensitivity

Signal Processor

|
|




Incoming Light

Filter Layer

Sensor Array

Resulting Pattern

* Estimate RGB
at ‘G’ cells
from
neighboring
values

Slide by Steve Seitz
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N

2000 philg@mit,edu
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Images in Matlab

as a matrix

* Images represente

e Suppose we have a NxM RGB image called “im”
— im(1,1,1) = top-left pixel value in R-channel

— im(y, x, b) = y pixels down, x pixels to right in the bt"

channel
— im(N, M, 3) = bottom-right pixel in B-channel
e imread(f

wlo

||I&name) returns a uint8 image (v

255) £

%Iues Oto

0.93 | 094 [ 097 | 0.62 | 0.37 | 0.85 [ 097 | 0.93 | 0.92 | 0.99 |
. 0.89 | 0.82 | 0.89 | 0.56 | 0.31 | 0.75 | 0.92 | 0.81 | 0.95 | 0.91 h ImZdOl@IG
0.89 | 0.72 | 0.51 | 0.55 | 0.51 | 0.42 | 0.57 | 0.41 | 0.49 | 0.91 0,99 |
096 | 0.95 | 0.88 | 0.94 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 0.91
071 | 0.81 | 0.81 | 0.87 | 0.57 | 0.37 | 0.80 | 0.88 | 0.89 | 0.79 0.92
0.49 | 0.62 | 0.60 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 0.95 092 | 0.99
0.86 | 0.84 | 0.74 | 0.58 | 0.51 | 0.39 | 0.73 | 0.92 | 0.91 | 0.49 0.85 095 | 091
096 | 0.67 | 0.54 | 0.85 | 0.48 | 0.37 | 0.88 | 0.90 | 0.94 | 0.82 0.33 091 | 0.92
0.69 | 0.49 | 0.56 | 0.66 | 0.43 | 0.42 | 0.77 | 0.73 | 0.71 | 0.90 0.7 097 | 0.95
079 | 0.73 | 0.90 | 0.67 [ 0.33 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 0.93 0.79 | 0.85
091 | 0.94 | 0.89 | 0.49 | 0.41 | 0.78 | 0.78 | 0.77 | 0.89 [ 0.99 045 | 033
e e s 0.99 0.49 0.74
0.79 | 073 | 0.90 | 0.67 | 0.33 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 | 0.97 F """ ">
oo1 [ ool ogoloaoloaslozslozelorsloselol09loo oo
| 079 | 073 | 090 | 0.67 | 033 | 0.61 [ 0.69 [ 0.79 | 0.73 | 0.93 | 0.97
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Color spaces

* How can we represent color?

http://en.wikipedia.org/wiki/File:RGB_illumination.jpg
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Default colg@;lgsg Spaces: RGB

(G=0,B=0)

G

(R=0,B=0)

Some drawbacks

 Strongly correlated channels
* Non-perceptual

B

(R=0,G=0)

Image from: http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png
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Color spaces: HSV

Intuitive color space

Hue

fate—2= R I

T e D s

TR S
! 1 »

| O (H=1,v=1)
Saturation

(H=1,5=0)




compression, used by TV

Y= Y=0

ﬁ

Fast to compggl&gdsfgaces YCbCI’

(Cb=0.5,Cr=0.5)

Cb

(Y=0.5,Cr=0.5)

Cr

(Y=0.5,Cb=05)
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Color spaces: L*a*b*
“Perceptually uniform™ color space

(L=65,b=0)

(L=65,a=0)




If you had to choose, would you rather
go without luminance or chrominance?



luminance



Most information in intensity

Only color shown — constant intensity



I

PTK

Most information in intensity

COPUrIgnt 2000 philg@mit,edu

Only intensity shown — constant color
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Most information in intensity

Tant 2000 philg@nit,edu

Original image



097 [ 0.62 | 0.37 | 0.85 [ 0.97 | 0.93 | 0.92 | 0.99
0.89 [ 0.56 [ 0.31 | 0.75 | 092 [ 0.81 | 0.95 | 0.91
055 [ 051 [ 042 | 0.57 | 0.41 [ 0.49 | 091 | 0.92
094 | 0.56 | 0.46 | 0.91 | 0.87 [ 0.90 | 0.97 | 0.95
0.87 | 0.57 [ 0.37 | 0.80 | 0.88 [ 0.89 | 0.79 | 0.85
0.58 | 0.50 [ 0.60 | 0.58 | 0.50 [ 0.61 | 0.45 | 0.33
058 [ 051 [ 039 ] 0.73 [ 092 [ 091 | 049 | 0.74
0.85 | 0.48 [ 0.37 | 0.88 | 0.90 [ 0.94 | 0.82 | 0.93
0.66 | 0.43 | 042 | 0.77 [ 0.73 | 0.71 | 0.90 | 0.99
0.67 [ 0.33 | 0.61 | 0.69 [ 0.79 | 0.73 | 0.93 | 0.97
0.49 | 0.41 | 0.78 | 0.78 | 0.77 | 0.89 | 0.99 | 0.93




w Oanblie

PTK

0 0O 0 0 U

BocnpusaTtne ceeta n uBeta
Kamepa v yenoseveckunn rnas
CeHcopbl 1 nukcenu
duneTpauna n3obpaxxeHnn
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LLEHTPATNIbHbIN HAYYHO-UCCIEQOBATENBLCKUA U OMbITHO-KOHCTPYKTOPCKUN

w FTOCYOAPCTBEHHbBbIU HAYYHDbIN LULEHTP POCCuUwu
WHCTUTYT POBOTOTEXHUKW U TEXHWYECKOM KUBEPHETUKU
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