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The article is devoted to the theory of calculating mirror systems with anastigmatic properties, namely, the area of
research in terms of developing methods for parametric calculation of dimensions and aberration correction. The such
systems can correct three third-order aberrations. Mirror anastigmats allow developing the angular field of view of
devices while maintaining a high numerical aperture, which allows them to be used in optoelectronic equipment
operating in a wide spectral range. Complete absence of chromatic aberrations, high resolution, permissible wave
criteria for image quality provide excellent opportunities for using mirror anastigmatic systems. General
methodological approaches have been developed that can be applied to the creation of detailed engineering and
technical methods for calculating a group of mirror anastigmatic systems. A serious drawback of reflective optics is
center without central screening, which degrades image quality. To eliminate it, rotations or displacements of the
mirrors are introduced, but non-elementary aberrations of even orders appear, which must be corrected. The creation
of compositions with decentered catoptric elements requires further development of the calculation and methodological
base. Mathematical solutions to the problem of creating basic models of non-centered mirror systems are presented.
Accurate formulas are obtained for the calculation of real rays from the conditions of astigmatism and coma correction
for the given angles of incidence of the chief ray on the mirror surfaces and the «oblique» thickness d, which
determines their relative position. Based on the proposed formulas, a new method for parametric calculation of
decentered mirror systems has been created, which allows one to compose algorithms and design both basic models
and complex mirror systems from off-axis mirrors. The development of new algorithms for two- and three-mirror
decenter lenses will increase the accumulated potential of computational optics. The scope of the proposed technique
can be expanded in terms of the number of components.
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Introduction. One of the important areas of
modern optics and optical instrumentation is the
creation of mirror systems with astigmatizm aberration
correction, which make it possible to develop the
angular field of view of devices while maintaining a
high luminosity, for use in optoelectronic equipment
operating in a wide spectral range.

Modeling and development of new circuit
solutions for mirror systems have been intensively
carried out for several decades; this direction is
receiving a new round of development in connection
with new impulses of research and technologies of
space technology and the expansion of the spectral
range of wavelengths in scientific research;
development of new-generation optoelectronic
equipment  receivers, = which  determines the
development of a number of other applications of
mirror  optics: UV microscopy, medicine,
photolithography, microelectronics, military equipment,
telecommunication systems, information recording [1;

2]. Various schemes and concepts for creating mirror
circuits are known.

In [3], the analysis of decenter two-mirror
systems is given, the types of compositions are
considered: operating with an off-axis field; having
entrance pupil decentering or component decentering.
The off-axis Cassegrain and Camichel schemes are
best known as basic ones [4].

The axisymmetric mirror systems disadvantage
is central shielding, which reduces the amount of light,
contrast in the image plane, changes the energy
distribution in the diffraction spot and increases light
scattering [5]. It can be argued that this disadvantage
is the need to withdraw the rays reflected by the
mirror from the space in which these rays fell on the
mirror. To eliminate it, rotations or displacements of
the mirrors are introduced, but in this case non-
elementary aberrations of even orders appear.

In «lopsided» systems or schemes with
preservation of one plane of symmetry (the centers of
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surfaces curvatures are in the same plane), the tilt of
the mirrors solve the problem of separating reflected
and incident ray beams, but such construction causes
the appearance of decenter aberrations: I and II orders
astigmatism, II order coma, which need to be
corrected.

The approach to solving problems related to the
calculation of decentered mirror systems is similar to
the approach to creating centered mirrors: by
eliminating and compensating for the corresponding
aberrations, or by determining the shape of the profile
of a mirror surface based on the already known shapes
of other mirrors. The question lies in the absence of a
general theory of decentered systems aberrations and,
as a consequence, the solution of problems by some
particular method and way.

One of the solutions to such a problem — the
creation of a second-order aberrations theory - was
proposed in [6]. This is a method for calculating the
second-order aberrations coefficients as partial
derivatives of third-order aberrations from the aperture
angles and angles of the field of view of an optical
system. The disadvantages of this theory include the
fact that the expressions of the second-order aberration
coefficients were obtained for small values of
decentering, as well as the fact that the effects of
significant aberrations in some parts of the scheme,
where their mutual compensation occurs, may remain
unaccounted for.

A completely different approach — an integral
method for calculating two-mirror systems, and,
basically, two-mirror systems have been studied so far
— is described in [7], where the profile of a secondary
mirror is calculated when calculating a stigmatic two-
mirror system with an independently specified
primary mirror of usually spherical shape and the
general condition of an off-centered lens, stigmatic in
the meridional plane, is derived.

Design in the field of off-center mirror systems
has expanded significantly, thanks to new ways of
computer optimization. Multi-mirror systems without
shielding have been created, which have high optical
characteristics and good image quality [8]. The new
modeling  decenter mirror systems algorithm
development makes it possible to increase the
accumulated potential in the field of calculation optics.

The aim of this work is to develop theoretical
fundamentals for structural models of decenter mirror
circuits and calculating two- and three-mirror
anastigmatic basic models algorithm based on the
coma and astigmatism correction conditions.

Two-mirror decentered module. The simplest
is a two-mirror centered system, the properties of
which, as well as the location of the mirrors, have
been carefully studied [7]. It is advisable to choose
such a system to study aberrations in non-centered
systems. In the report [9], a basic module consisting of
two spherical decenter mirrors is considered, on the
axis of which aberrations of astigmatism and coma

occur, while the main provisions of the synthesis
theory presented in [10] are used. The basic
elementary system is considered, consisting of two
spherical mirrors, on the axis of which aberrations of
astigmatism and coma appear.

It is convenient to determine the magnitude of the
first order astigmatism using the meridional and sagittal
Abbe — Young invariants [11], which for a reflecting
surface, taking into account the facts:

g=-¢', cosE '=coseg,
are expressed by the formulas:

1 1 2

—4+_= ;

't rcos€ (D)
1 1 _2cose

4= .

NN r

Where, ¢t and ¢; § and §' — front back and back
lengthes in the meridional and sagittal planes,
respectively.

For a two mirrors system, we introduce the
following designations: r; and r, are the radii of
curvature of the first and second mirrors, €; and &, are
the angles of incidence of the chief beam on reflective

surfaces, 3 — is the «oblique» thickness between the
mirrors along the chief beam.

We believe that S;=f;=c0 (the object is infinitely
distant), then the back segments from formula (1) for
the first mirror are:

1_ 2 1 _2cosé

I ; !
1, rncosE S 7

For the second mirror, the expressions for the back
segments: f, =1, +d; S =S5, +d , and formula (1) is
transformed to the form

1 1 2
— =

; —
fy t, I,COSE,

S, S, )

The first order astigmatism correction
condition. To carry out anastigmatic correction, it is
necessary to combine the meridional and sagittal
segments S 5=t".

From the Abbe-Young invariants for the second
mirror, we obtain the expression:

2 1 _2cosg 1
1, COS &, _E h 7 SZ.

We have formulas for the connection of

parameters in the meridional and sagittal planes:

1 + 1 _ 2cosg,

~ _FCOSE -
t2:tl'—d:r1 L—d;
2
o 2)
S, =8 -d=—"—-d.
2cos ¢,
which in expanded form have the form:
2 _ 1 _2cosg, 1
T, COS &, VICOSSI_J r n —j’
2 2cos &,
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1 COSE, _ 1 COS &,
rlcossl—Zcz rl—Zchosé‘l'
We transform the resulting expressions:

7, COS &, r,

sin’ £, (r1 COS & —23)(}’1 -2d cos 81) =11, cOSE, sin” &
-
4cos & sin’ €,
I _ 252;’l _ ZJr]
4 4cosg 4

From where we have the final condition for correcting
astigmatism in a two-mirror non-centered system:

23 in2
B+ _dn L +cosg |- 12N G085 ‘91?0552 =0. (3)
4 2 \Cos§ 4 cosé& sin” &,
Knowing the radii of curvature and tilt angles of
the mirrors, from condition (3) we determine the

then multiply we have formula

202
T, COSE, sin” &

cosg +d* = —L.
4 cosé sin” &,

«oblique» thickness between the mirrors d.

Coma correction condition. The image quality
of the system under consideration is largely
determined by the coma. To estimate the size of the
coma, we use the invariant of the meridional coma,
obtained for the case of refraction [9]:

R'cos’ &' (cos2 g cosf’j Rcos’ ¢
+3 = +

t?siné&' " t'r tsing
2
cos’ & cosE
3 ——-—, 4
t tr

Where, R and R 'are the radii of curvature of the
caustic before and after the reflecting surface. The
invariant allows you to quickly and accurately
determine the state of the system using the course of
the chief beam.

Taking into account the relations for the mirror

surface cose' = cose and, multiplying by —, we
S &
obtain & :3tg5(i_lj_ 3ige (l_lj_ﬁ
" t? ) reose\t t) r

Consider what R'| equals under the infinitely
distant object condition (¢ = o) for the first mirror. We

: : A
have R =3tge s (1-——).
r, [dos &
Transforming, we obtain that for the first mirror
the caustic radius is expressed by the formula

,_3 .
R =—singpn .
4

Caustic radius for the second mirror:
R, 1 1 3tge, (1 1) R
S E3gs |5 e B -
f £ 1) rcosg\ty t,)
Where, R,=R'|, and ¢, taking into account the formula
1 2 1
) S=——-—
ty I,COSE, t,
Let us transform the expression for the invariant of the
meridional coma and, accepting the condition for the
second order coma eliminating R',=0, we obtain the
relation:

3tge 2 2 . 1
8G -= —éns1n£]7=0.
r,Ccos&, \ ,cosE, t, ) 4 I

T, COS &,
ge,

Then multiply we have formula

7y sin €, cos’ £, _
8tge,

1) =131, COSE, — 0.

Taking into account formula (2), we present the final
form of the condition for correcting the coma of a
two-mirror decenter system.

3 2
Cosé 5 1 cose, neosé 5 _
2 2

2 . 2
_5in singcos” &, _
8tge,
To determine the parameters of a two-mirror system
with first-order astigmatism and second-order coma

correction, it is necessary to jointly solve equations (3)
and (5).

Let's consider a special case when S, =, =—d .

0. &)

We have a connection of radii for mirror surfaces
using formula (2):

zg(fl 08 -fzJ
r = . (6)
COS &, (23 _r]cc;sé‘lj

An algorithm for determining the angle &, was
compiled:
1. We use formula for anastigmatic correction
2 1 _2cosg, 1

5, COSE, t, r S,
2. Let 's transform this equality. We use (6) for r,:

cos” &, 2a}_rlcosé‘l :61_40056‘1 +ﬁ
2 2 S,

here —t:c? i COSé, -d !
S, oo

s

3. Conversions are introduced:
~ T COSE ~ T COSE
coszez£2d——‘ 5 ‘j=[d——1 > ljx

d

ri ~

x| 1—

2cos €

4. We have the final formula for the angle ¢;:

ViCOSfl _C"Z' 26?— Vi
2 2cos €,
n _d“ zg_YiCOSEI
2cos & 2

So, setting r; and ¢, selected taking into account
shielding and reducing higher-order aberrations,

)

2 —
cos” &, =
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changing 3 , we determine r, and &,, after which we
calculate the coma value according to formula (5).

Thus, to eliminate the second-order coma, we
use the coma invariant, applying it sequentially to
each surface, fulfilling the condition R'- 0 common to
the system.

With a change in the distance between the
mirrors, the angle €, also changes, but the diameter of
the main mirror remains constant. With an increase in
the angle of inclination ¢, the coma value increases
insignificantly, therefore it is practically impossible to
simultaneously correct the first order astigmatism and
the second order coma.

Elimination of the second order astigmatism.
To solve the problem of evaluating second-order
astigmatism, which affects the image quality over the
field, it is advisable to use expressions for the so-
called tilt invariants, which describe the relationship
between the surfaces rotations and the tilts of the
meridional y', and sagittal ', images relative to the
chief beam when the entrance pupil is aligned with the
surface apex. For the refraction case [9]:

— meridional tilt invariant

—(Ztg &+ tgz//[) cots,g’ +tg_£' =

-
COSE  tg&
=-(2tge+igy, )+ ES ®)
t r
— sagittal tilt invariant
_teys L we gy | tee 9)
S'cose’ 1 Scose r

Using formulas (8) and (9) for a two-mirror system,
when the object is located at infinity, ¢ = S =00, we have
for the first reflecting surface in the meridional plane
gy, =tgé&. In the sagittal plane tg¢; =—tgé&, ie.
the rotation of the first reflecting surface is associated
with the slopes of the meridional and sagittal images
by the formulas tg¢; =tg& =—tgy; .

For the second reflecting surface at €,=-¢',: in the
meridional plane tgy,=tgy'y; in the sagittal plane

tgVs:=tgV's:-
From the slope invariants, we obtain

2tgE, | tg€
e et 4
* \ncosE, o,

2tg &, cos &, Llgé

gy, = ‘[ ]Sé- (10)

To eliminate the second order astigmatism
associated with image tilts, it is necessary to equate
the angles y's;=y', (10), i.e. combine the straight lines
formed by the foci of the meridional and sagittal
infinitely thin beams, and combine the focal plane
with them. Further, we have

%(I—Z+cosé‘2$;]+tg£} {t—2+%j =0.

r, Ccos 52 5 5

n 2

Since £,#70 and g,#0, two conditions must be met:

t, =S, cos’ €,
1 =-Sicos’ g,

Unlike the 1st order astigmatism, where #,=S",
for the 2nd order astigmatism, — 005282 is added, i.e.
ty ==S,co8 &, .

The second-order astigmatism correction
condition is transformed into two equations that
determine the parameters of the second mirror: r, and
the tilt angle &,

_ I COSE -2d
PR htiihs Bl

COSE,
= 1)
) _\/rlcosé‘l—Zd
COS™ &, =, |[——=——COS &
1, —2d cosé,

In the particular case, when g =0, we have the
condition of equal inclination of mirrors of the same
radius: r,= % ry; COS€= + COSE;.

Composition with a third mirror. The addition
of the third mirror leads to the appearance of new
correction parameters of the equivalent system (radius

r3, its inclination angle and distance &2 ), i. e. with the

help of three decentered mirrors, it is possible to correct
simultaneously astigmatism of the I and II orders and
the II order coma. Formulas for the third mirror are
obtained using analytical relations (1) — (11).

The second order astigmatism elimination
condition. Determined by the equality of the slopes of
the meridional and sagittal images after the third
mirror y'3=y';. Using formulas (8) and (9), we
obtain:

2ige [ 2128, | g4 t =
rcosg, (ncose, t, )t |°

_ | 2tg& cose, +(2tg£2 COS &, +tg£1JS;}S,

22 g1,
h S,

S3

The first order astigmatism eliminating condition for
the third mirror is determined by the relation t3'=S;".
We have another equality:

r U 2
2tge, 1,5, + 5,1, cos8” &, +t

&

58,8, +S,t,t,
22— =

r, 1,5, cosé&, 1,5,t,8,
2tg &, (1+cos’ &
=285 >, (12)
r, oS &,
At the same time (f=Sy); — 2 1 =2€08& _ 1
rCOSE, r s,
and
S, —t
Syty = —————< 1, COS &, . (13)
2(1—cos2 53)

Substituting (13) into (12), we get:

2 tgE, 1 tEE, 1+cos’ €
2 g 2 + 2 g 1+tg£3 : 3
7, COS &, t I1—cos” &,
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t 1+cos’ &, 2cos&,S,tgE S,
e S 22g2—tg£1—2.
S, “1-cos” &, r, S,

1+cos’ &

Denote tg &, =a, given that S, =S —d,,

1-cos’ &,
t, =t,—d,, we have:

— t;(s;-gz){tgq%m)(s;-az):

=(—tg£1§—;+aJ(t; —&2)—%005‘5‘2% (t; —Jz).(14)

2 )
Substitute the values of the segments
, _  hl,COSE, §' = S,

£ ——=—=—— and consider
28, cos &, —r,

2t, —71,C08 &,

separately the left and right sides of the equation (14).
The left part:

nhLS,

2 o eose,) (25, cose, 1)

+

2
r, S, COS &,

e i (2t2 — 1, COS 52)(252 COs &, —7'2) )

_ 2tg&,td, +igEr,S,d, . G(Sz' —fiQ)(th -1, cosgz)
(2t2 1, Cos 52) (2t2 =1, COS 82) ’
The right part:

a(t; _dz)(zsz cos€, =1,) L 218 cos€,S,d, +tggnd,
28,cos&, -,

28,cos&, -,
2tg €, cos’ £,5,nt,
(2S2 COSE, — rz)(Zt2 —1,cos 52)

tg £7;t, COSE,
(2S2 COSE, —r, ) (21‘2 — 1, COS 52) .

We equate these parts, bringing them to a common
denominator (2S2 COSE, —T, ) (2t2 —7,COS &, ) .

After some transformations of the above formulas,
we obtain a parametric calculation equation that
determines the anastigmatic three-mirror composition
model with decenter elements. The relative equation c?z
is considered as a function of a number of parameters,
thatis d, = f (&.1,d,.&,,1,).
~ _b
d,=—, (15)
c

Parameters:
b=2tg&1,S,t, +1g&1; S, COSE, +
+ar,S, (2t2 —7,C0S €, —2t, cos’ 82) -
2tg & 1t, Htg 1) COSE, +21g E, co8” E,1, 5,1, +
+1g & 75, COS E,;
c= (2tg &, tig ElrzSz)(2S2 COSE, — rz) +
+21tg £, COS £, S, (2t2 —1,COSE, ) —arnt, Cosé,.
The next stage of modeling determines the third
mirror parameters:
2
. :2(1—cos 53) St ' (16)

COS &, S, -t

The calculation algorithm based on formulas
(11), (14) — (16), was used to develop a three-mirror
off-axis lens without central shielding. As a result, the
design data of some variants are determined, one of
which is shown in the table 1.

Table 1. Parameters of a three-mirror non-centered system

The angles of incidence of the chief The «oblique» thickness between the
beam The radii of curvature, mm mirrors along the chief beam, mm
&= 0,05 r1=-1000,00 d 1=-300
£=-0,12 r,=400,25 d ,=150,81
&=0,25 r3=-300,67

Due to the small number of calculated options
(especially with three mirrors), it is impossible to
draw a conclusion yet — about the possible technical
specifications of the decentered mirror systems — the
light intensity and the angular field of view.

Conclusions

The article proposes a method of parametric
calculation of non-centered mirror systems using exact
calculation formulas for real rays from the conditions
of correction of non-elementary aberrations of
astigmatism and coma in «lopsided» mirror systems.

The technique allows you to create algorithms and
design both basic models and complex mirror systems
from off-axis mirrors. The scope of the proposed
methodology can be expanded by the number of
components. The creation of new algorithms for
modeling decentered mirror systems will increase the
accumulated potential of computational optics.
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H. K. ApTioxuna

bBinopycvruii nayionanvuuii mexuiunuu yuisepcumem, Mincok, Pecnyonika binopyce
TEOPETHUYHI OCHOBUA METOAUKN PO3PAXYHKY TPUA3EPKAJIBHUX

HELHHEHTPOBAHNUX AHACTUI'MATIB

CTaTTIO MPUCBIICHO TEOPii PO3PAXyHKY I3EPKATBLHUX CHCTEM, SKUM TpUTaMaHHI aHACTUTMATHUYHI BIIACTUBOCTI, a caMme
—IOCTIDKEHHSM y YaCTHHI PO3p0oOKH METO/IB ITapaMeTPUYHOr0 PO3paxyHKy rabapuTiB i abepauiiiHoi kopekuii. Cucre-
MU JI03BOJISIIOTH BUIIPABUTH TPH abepaliil TpeThoro nopsaKy. [l3epkanbHi aHacTUrMaTy J03BOJISIOTH PO3BUHYTH KYTOBE
ToJie 30py NpUIIAAIB NpU 30€pEeKEHHI BUCOKOT CBITIOCHIIH, IO JO3BOJISIE X BUKOPUCTOBYBAaTH B ONTOEIEKTPOHHIN ara-
parypi, sika Mpawioe y NIMPOKOMY CHEKTpajbHOMY Jiana3oHi. [IoBHa BiACyTHICTH XpoMaTHUHKX abepaliiif, BUCOKa po3-
JIbHA 37aTHICTh, NPUITYCTUMI XBHJIbOBI KPUTEPIi SKOCTI 300pa’keHHs 3a0€3MeuyoTh BiIMIHHI MOJIMBOCTI BUKOPHUC-
TaHHS J3epKaJbHUX aHACTUTMaTiB. Po3p00iIeHO 3aralbHOMETOJOIOTIYHI TIXO0IHU, IKi MOXYTh OyTH 3aCTOCOBAHHMH JI0
CTBOpPEHHS JICTaJbHUX 1HKEHEPHO-TEXHIYHUX METOAMK PO3PaXyHKIB TPYHH J3E€PKaJbHUX aHACTUTMATUYHUX CHUCTEM.
CyTTEBUI HENOJIK M3epKaTbHOI ONTHKH — IEHTpallbHE SKpaHyBaHHS, SIKe TOTIPIIyE SKiCTh 300pakeHHs. s fioro
YCYHEHHS BBOJISITH MOBOPOTH 200 3MillIEHHS A3EpKal, aje IpH [IbOMY BUHUKAIOTh HeeJIeMEHTapHi adepallii mapHuX 1mo-
PAIKIB, sIKi HEOOXiqHO KOpUTyBaTh. CTBOPEHHS KOMITO3HUIIIH 3 HEIIEHTPOBAHUMH KaTONTPUIHUMHU €JICMECHTAMH BHMAarae
MOJAJBUIOTO PO3BUTKY PO3PaXyHKOBO-METOUYHOT Oa3u.

[IpencraBneno MaTeMaTH4Hi PO3B’S3KH 3a7adi CTBOPEHHs 0a30BMX MoOpeieH HELEHTPAIbHUX JI3EPKaJbHUX CHCTEM,
OTpPHUMAaHO TOYHI (GOPMYJIHM PO3pPaxyHKY JJIsi AIHCHHUX NMPOMEHIB 3 YMOB KOPEKLil KOMU 1 acTUTMaTU3My JUIs 33JaHuX
KyTiB TaJ[iHHSA TOJOBHOTO MPOMEHS HA TIOBEPXHi J3€pKal i «KOCOI» TOBIIMHHU d , IO BU3HAYAE X B3a€MHE PO3TAIIy-
BaHHs. [IpencTaBieHo po3B’s3aHHS 3a7adi OIIHKY acTUrMaTu3My 11 mopsaKy, 1o BIUTMBAE Ha MEBHI 300paskeHHS B MOJTI
300pa)KCHHS 3a JONOMOI'OI0 TaK 3BaHHMX 1HBapiaHTIB HaXWJIB, SKi ONMCYIOTHb 3B’S30K IIOBOPOTIB J3€pKAILHUX ITOBEP-
XOHb 3 HAXMJIAMU MEPUII0HAIBHOTO Ta CariTalbHOI0 300payKeHb BiJIHOCHO FOJOBHOTO MPOMEHIO.

OTpyMaHO YMOBY aHACTUIMaTHYHOCTI TpHI3epKasbHOI cucremu. Ha minrpyHTi 3anpornoHoBaHux (opmys CTBOpeHO
HOBY METOJIMKY NapaMeTPUYHOI0 PO3pPaxyHKY HELIEHTPOBAHUX J3EPKAJIbHUX CUCTEM, sIKa J03BOJISE CTBOPIOBATH ajro-
PHUTMH, a TAKOXX MPOEKTYBATH, SIK 0a30B1 MOJIEII, TaK i CKJIAJHI A3epPKalibHI CUCTEMH 3 1103a0ChOBHX J3epKai. CTBOpeH-
HSl HOBHX aJITOPUTMIB /IBO- 1 TPUI3EPKAIbHUX HELIEHTPOBAHUX 00’ €KTUBIB J03BOJIMTH 301IBbLINTH HAKOIIMUYECHUH IOTEH-
mian oO0YnCITIOBANBHOI onTHKKH. OO0JIaCTh 3aCTOCYBaHHS 3allPOITIOHOBAHOT METOJIMKH MOJKHA TIOITUPUTH 32 KiJTbKiCTIO
KOMIIOHEHTIB.

Kniouogi cnosa: onrtorexHika; 00’ €KTHUB; KOMa; aCTUTMATH3M; HEIIGHTPOBAaHI J3epKajbHI CUCTEMHU; KOPEKIlis abeparriid;
SIKICTh 300pasKeHHSI.

H. K. ApTioxuna

Benopyccxuii nayuonanvrolil mexuuueckuti ynusepcumem, Munck, Pecnyonuxa benapyce
TEOPETUYECKUE OCHOBBI METOJUKU PACYETA TPEX3EPKAJIbHBIX
HELHEHTPUPOBAHHbBIX AHACTUTMATOB

CraThs OCBSAIIEHA TEOPHH pacueTa 3epKabHBIX CHCTEM, 00JaaloNINX aHACTUTMATHYECKIMH CBOWCTBAMH, & IMEHHO
o0JlacTh MCCleIoBaHUH B YacTH pa3pabOTKM METOAOB MapaMETPUYECKOro pacyera rabapuToB U adeppallMOHHON KOp-
pexnuu. CucTeMbl IO3BOJISIIOT UCIPAaBUTh TPU abeppaliy TPEThEro MopsjKa. 3epKajlbHble aHACTUIMAThl ITO3BOJISIOT
pa3BUTH YIIJIOBOE I10JIE 3PEHHS IIPUOOPOB NPH COXPAHEHHH BBICOKOH CBETOCHIIBI, YTO ITO3BOJIIET MX HMCHOJIB30BAaTh B
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OIITOAJIEKTPOHHO# anmapaTrype, padoTalolIel B IIMPOKOM CIIEKTpaIbHOM Ananazone. [1ojgHoe OTCyTCTBHE XpoMaTHde-
CcKUX abeppanuii, BRICOKAs pa3pelraromias ClioCOOHOCTh, JOIMYCTHMBIC BOJIHOBBIC KPHTEPUU KAavyecTBa H300paKCHUS
00eCIICYNBAIOT OTIUYHBIC BO3MOXXHOCTH UCIIOJIb30BAHUS 3¢PKATBHBIX aHACTUTMATOB.

PaspaboTaHbl 00IIEMETOIOTOTHYECKHIE MTOIXOBI, KOTOPBIC MOTYT OBITh MIPUMEHEHBI K CO3JIAHHIO JIETABbHBIX WHKEHEP-
HO-TCXHUYECKUX METOJIUK PACUCTOB TPYIIBI 3ePKATBHBIX aHACTHIMATHYECKUX cucTeM. Cepbe3HbIl HEOCTAaTOK 3ep-
KaJbHON ONTHUKU — LEHTPAILHOE 3KPAHHPOBAHUE, KOTOPOE YXYIIIACT KA4eCTBO M300paxkeHWs. [l ero ycTpaHCeHUs
BBOJSAT MOBOPOTHI WJIM CMEIICHHS 3¢pKaj, HO IPU 3TOM BO3HUKAIOT HEJICMCHTApHBIC a0eppalliil YETHBIX MOPSAKOB,
KOTOpbIE HEOOXOMMO KOppUrupoBars. Co3aaHie KOMIO3UIHIA C HELIEHTPUPOBAHHBIMU KATONITPUYECKUMHU IEMEHTaMU
TpeOyeT NajdbHEHIIero pa3BUTUs paCIeTHO-METOJUIESCKON Oa3bl.

[IpeacTaBneHbl MaTeMaTHYECKHUE PELICHUS 3a7ady CO3aHusi 0a30BbIX MOJIENEH HELIEHTPUPOBAHHBIX 3€PKaJIbHBIX CHC-
TEM, MOJTy4eHbI TOUHbIe (HOPMYIIbI pacueTa [is ACHCTBUTEIBHBIX Jy4ei U3 YCIOBUI KOPPEKLIUH KOMbI i aCTUIMaTH3Ma
JUTS 3aJJaHHBIX YTJIOB MAJEHHs TIABHOTO JIyda HA TIOBEPXHOCTH 3ePKal M «KOCOH» TONIIMHBI ¢ , OTpENENSIONel X
B3aUMHOE pacrojioxeHue. [IpeacTaBiaeHo pelieHne 3a1a4n oleHKy acturmaruama Il mopsinka, BIUSIIOMIETO HA Ka4ecT-
BO M300pa)KCHUS IO MO0 M300pPAKEHHUS C TIOMOIIBIO TAK HAa3bIBAEMBIX HHBAPUAHTOB HAKJIOHOB, OIIMCHIBAIOIIUX CBSI3b
[IOBOPOTOB 3€PKAJIbHBIX MIOBEPXHOCTEH C HAKJIOHAMU MEPHIMOHATIBHOTO U CATMTTAIBHOT0 N300paKEHHI OTHOCHTENLHO
[JIABHOTO JTyYa.

[MosyueHO yCllOBHE aHACTUTMATUYHOCTH TPEX3epKaJbHOW cucTeMbl. Ha OCHOBaHHMHM TpeIUIOKeHHBIX (GopMyI co3naHa
HOBasi METOJIMKA ITAPAMETPUICCKOTO PacyeTa HELICHTPUPOBAHHBIX 3€PKABHBIX CUCTEM, KOTOPAs MO3BOJISIET COCTABIIATh
aNTOPUTMBI ¥ MPOCKTUPOBATH KaK 0a30BbIC MOECIH, TAK M CIOXHBIC 3€pPKaIbHBIC CHCTEMBI U3 BHEOCEBBIX 3epKait. Co3-
JTaHKE HOBBIX aJITOPUTMOB JIBYX- M TPEX3EPKAIBHBIX HEIICHTPUPOBAHHBIX 00BEKTHBOB ITO3BOJUT YBEIHMYUTh HAKOILICH-
HBI MOTCHLHAN BBIYHCIUTENBHOW onTUKU. O0IacTh MPUMECHEHUS IMPEUIOKECHHOW METOTUKH MOXKHO PACIHIUPHUTH 10
KOJINYECTBY KOMIIOHCHTOB.

Kniouesvle cnosa: ontoTexHuka; 00bEKTHUB; KOMA; aCTUTMATHU3M; HELCHTPUPOBAHHbIC 3€PKAJIbHBIE CUCTEMbI; KOPPEK-
Ut abepparmii; KauecTBO H300pakeHNsI.
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HA3EMHNHN POBOTU30BAHNN KOMITJIEKC 3 ITACUBHUM
BUMIPIOBAHHAM JTAJIBHOCTI

DMukumenxo B. I, 2)CeHamopoe B. M., ”I ‘ypHosuy A. B.
I)HauiOHaﬂbHuﬁ mexniunuu ynisepcumem Ykpainu « Kuiscokutl nonimexniunuii incmumym imeHi
leops Cikopcvkoeo», Kuis, Yxpaina
Z)UeHmpanbHuL? HAYK0B80-00CHIOHUL IHCMUMym 030po€nHs ma 8ilicbkoeoi mexwixu 30potinux Cun
Ykpainu, m. Kuis, Yxpaina
E-mail: v.mikitenko @nil-psf.kpi.ua; v.senatorovi945@i.ua

Asmomamuynuii poo6OMU306aHUNL KOMNAEKC OYEGUOHO CTAHe OOHUM 3 OCHOBHUX CYO’€KMIi8 Y NPo6eOeHHi CULOBUX
axyiu 6 He0anekoMy Manoymuvomy. s KOHMpPOio napamempis pyxy, a maxKoic ROWYKY, GUAGIEHHA yinel i npuyinio-
8aHHSL 00 CKAAOY KOMNIEKCY 6X00UMb CUCeEMA MexHiuHo20 30py. Minimaneha docmamus Kongizypayis maxoi cucme-
MU BKTIIOYAE NOULYKOBY MENeBI3IUHY KAMepy WUPOKO20 NOJsL 30pY, MeNesi3itHull I meniogizitiHuil npuyiiu, 0aieKomip.
3acmocysanus nazepuux oanexomipie 3abesneuye GUCOKY MOUHICING HABeOeHHs 30poi, ane 2eHepye NOMYIUCHY demac-
Kyrouy o3uaky. [ns 3abesneuens cKpUmHOCMi (QYHKYIOHY8AHHS POOOMU308AHO20 KOMNIEKCY OANeKOMIPU MOUCYMb
npayoeamu 8 NACUGHOMY DENCUML 3 GUKOPUCMAHHAM IH@opmayii 6i0 6opmosux menesiziliHux kamep. Ane 6o0Houac
CYMMEBO NOCIPULYIOMbCSL MEMPOJIOSTYHT XAPAKMEPUCTIUKY THHOPMAYINHO20 BUMIPIOBATbHO20 KaHALy. Y cmammi oyi-
HEHO MOYHICMb N’mu Memoodié NACUBHO20 BUMIPIOBAHHS OAAbHOCMI 00 YiNi 3 8UKOPUCTNAHHAM MeNesi3iuHUX Kamep
HA3eMHO020 po6omu308ano2o Komniekcy. Knacuunuii memoo 308HiUHb00aA308020 0ANeKOMIPY MeNei3itiHo20 Npuyiny i3
WKAan010, po3paxo8anolo na spicm moounu 1,65 m, 3abesneyye moynicmo sumiproganns 135 m npu danvrocmi 1000 m.
Memoo 306HTUHBOOA308020 OANEKOMIDY, NPU AKOMY WKANA OANEKOMIDY POopMyEembCa Ha 8iddanienomy oucniel'y eueis-
0i 8epmuKanIbHOI iHil 3MIHHOT 008JICUHU 8 npoyeci obpamaeHHs yini, 3abe3neuye mounicms sumipiosanns 100,3 m npu
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