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Quaternion Method of Calculating Angles while Measuring via
Goniometric Precision Instrument System

The article is devoted to the topical problem: increasing accuracy and performance of angle measurements
necessary in various branches of science and technology. One of the ways of increasing accuracy and perfor-
mance of angle measurements is using modern algorithmic methods and mathematic devices for processing
measurement information. Thus, in order to increase accuracy and speed of angle measurements on the ex-
ample of the well-known goniometric precision instrument system (GPIS), it was offered quaternion calcula-
tion of angle values while performing goniometric measurements in the work. The efficiency of quaternion
calculation is unquestioned as quaternions unlike other traditional methods (in particular matrix with the use
of Euler angles, direction cosines) are presented only with four parameters describing angle positions of the
objects and have only one connection equation unlike six equations for matrix methods, in particular for di-
rection cosines. The suggested quaternion calculation is used in GPDS as general theoretic and information
basis of contactless precision goniometric measurements in preliminary setting navigation sensitive elements
(NSE), plane angles, pyramid prisms etc. The usage of the developed quaternion calculation enabled to in-
crease accuracy by 0,25" (in 3 times) and measurement performance in 9 times (up to 6.5 sec.) in comparison
with the famous ones. Applying quaternion calculation of angle values implies using a smaller RAM capacity
of PC that increases performance of system work. Besides, a smaller amount of mathematic operations per-
formed in quaternion way of calculating angles, except increasing performance, enables to decrease a round-
ing error in calculation results that is accumulated in multiple measurements and may reach great values.
Thus, accuracy and performance of measurements increase.

Keywords: quaternion, goniometric system, accuracy, performance, measuring angles, precision.

Introduction

Setting the general problem. Precision angle (goniometric) measurements serve as an important met-
rological task aimed to provide quality of production. Precision angle measurements are conducted in var-
ious branches of machine-building and instrumentation (for example, in producing such precision joints
and parts as direction ones like «dovetail» joint, conical seats of precision axes, optical prisms etc.),
in preliminary setting navigation sensitive elements (NSE) [1] (accelerometers and gravity meters used in
modern systems of orientation and navigation in directing the motion of different moving objects — cars,
aircraft systems of various purposes, systems of artillery shells guiding), verification of dividing heads [2],
determining straightness tolerance of positioning work benches angles, rounding error of measuring auto-
mated-measuring systems [3] etc. At the same time the branches of applying angle measuring means
are constantly being expanded and their quality is also dramatically increasing, in particular, their quality;
besides, their functional abilities are expanded, the automation of measuring and processing measurement
information is provided.

One of the topical ways to increase accuracy and performance of goniometric systems, for example, a
famous goniometric precision instrument system (GPIS) [5] is using modern algorithmic methods and
mathematical apparatus for processing measurement information, in particular, mathematical apparatus of
quaternions.

Famous research and publications analysis. [1-9] showed that mathematical apparatus
of quaternions may be successfully applied in tasks of spatial measurement of angles and enables to in-
crease performance and accuracy. It relates to the fact that unlike other classic methods (in particular,
matrix ones), quaternions are introduced by four parameters only describing angle positions and have
only one constraint equation unlike six equations for classic matrix methods, in particular, for direction
cosines.
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Thus, in works [1, 2] it was introduced the research results of two algorithms of auto-collimation
measurements of object’s spatial turn based on the matrix and quaternion models. It was shown the ad-
vantage of a quaternion algorithm according to the criterion of reducing measurement rounding error.
However, the issue of applying quaternion calculation in angle measurements via modern goniometric sys-
tems are fragmentary shown. It was introduced a new quaternion filter for gyroscopes and accelerometers
in spatial measurement of angles in the work [3]. So called projected quaternion is calculated by the au-
thors on the basis of angle speed of a gyroscope. It was shown by the authors that application of quaterni-
ons increases efficiency of calculations and measurement accuracy. However, unfortunately, the practical
aspects of work are only partially shown.

The authors developed quaternion algorithm of determining angular rotation with high calculating ef-
ficiency in any positions of measurement objects in the article [4]. It was proved by the authors the oppor-
tunity of increasing accuracy and rate of angle measurements. However, the issues of applying quaternions
in modern goniometric measurement systems while measuring plane angles of polygonal prisms,
pyramidality of prisms and other production objects are not considered.

In the work [5] it was introduced the results of calculations concerning measured angles in spatial
turns of the objects. The issues of measuring plane angles of polygonal prisms, pyramidality of prisms and
other production objects are not considered by the authors. In the work [6] it was given the results of qua-
ternions application in the formalized description of objects angle motion; it was proved their advantage
over other mathematical methods. The issue of applying quaternions in goniometric measurements is not
considered by the authors. In the work [7] it was stated that quaternions application is of a special im-
portance in cases when quaternion is used not only for setting object’s orientation in three-dimensional
space, but also for determining some additional scalar value. Practical aspects of applying quaternions in
goniometric measuring plane angles of polygonal prisms, prisms pyramidality and other production ob-
jects, except NSE, are not highlighted.

In the work [8] it was introduced the results of modelling a quaternion algorithm of determining spa-
tial angles via accelerometer and gyroscope that demonstrate its advantage. However, the possibility of
using quaternions in other goniometric systems is not considered.

In the work [9] it was considered the application of quaternions in auto-collimation measurements of
the preliminary setting NSE and it was determined its efficiency compared to the matrix method. The giv-
en results of computer modelling prove the efficiency of quaternion models for increasing accuracy of an-
gle measurements.

Thus, the perspective of applying quaternions in precision goniometric measurements regarding to
the experience obtained, is unquestionable. At the same time the issue of applying quaternions in precision
goniometric systems, for example, a famous goniometric precision instrumental system (GPIS) [10], have
not been considered yet.

Highlighting the unsolved part of the problem set. Thus, it is possible to claim that despite essential
scientific and practical achievements the problem of measuring values of plane angles with high precision
and performance has not been solved completely. Rounding errors of the vast majority of modern gonio-
metric systems are unacceptably large and comprise from 1” till 0,12". Impossibility of applying such go-
niometric systems is caused by the fact that according to the international standards of quality, modern
production always sets tougher and tougher requirements concerning accuracy and performance of meas-
urements. One of the most effective ways of increasing accuracy and performance of angle measurements
is developing new and improving well-known devices and measurement apparatus for processing meas-
urement information including mathematical apparatus of quaternions.

The purpose of the article implies offering quaternion calculation of angle values to provide increas-
ing accuracy and performance in goniometric contactless measurements via famous IPAMS, with prelimi-
nary setting NSE, plane angles, prisms pyramidality etc.

Description of the suggested quaternion calculation of angles

Goniometric precision instrumental system (GPIS) [10] (Figure 1) developed on the basis of preci-
sion angle-measurement system GS1L [12] (ARSENAL SDP SE (Kyiv, Ukraine)). GPIS may be applied
for contactless precision goniometric measurements with preliminary setting NSE, plane angles, prisms
pyramidality and other production objects, optical glass index deflection.
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Figure 1. GPIS Scheme: 1 — side bar; 2 — printer; 3 — rectifier; 4 — power supply unit; 5 — voltage stabilizer;
6, 14 — box for implements; 7 — measuring bar; 8 — rotating device with angle converter and subject board;

9 — autocollimator; 10 — spectral (laser) emitter; 11 — panel of switches and control lever; 12 — side bar with the
unit of initial processing and managing information; 13 — personal computer (PC)

In order to increase accuracy and performance of GPIS it is offered to apply the previously developed
methodology of calculating necessary amount of measurement in multiple observations [13], algorithmic
correction of measurement results [14] and the suggested quaternion measurement of angles in goniometric
measurements based on the theorems and axioms of quaternions Algebra in a complex and serves as a gen-
eral theoretic and information basis of defining various angles in preliminary setting NSE, plane angles,
prisms pyramidality and other production objects. Applying the stated methodology of calculating the neces-
sary amount of measurements and algorithmic correction of measurement results [13, 14] as for processing
measurement results in complex with the suggested quaternion measurement of angles in goniometric meas-
urements will enable to conduct measurements of IPAMS with the increased accuracy and performance. De-
scription of methodology for calculating the necessary amount of measurements in multiple observation and
algorithmic correction of measurement results is introduced in sources [13, 14].

In general, quaternion ¢ itself is a structured four of real numbers s, a, b, ¢, connected in between via
four basic elements /, i, j, k (Figure 2), and have the following properties: i’ = j° =k’ = —1; ij = k; j-k = i;
kei = joi = —k; kj = —i; i-k= .

[ REALNUMBERS |
Basic elements
1
| COMPLEX NUMBERS | | [  VECTORS IN SPACE |
Basic elements Basic elements
Li i j, k
[ QUATERNIONS |
Basic elements
Lij k

Figure 2. Numeral systems and basic elements of quaternions

Quaternion ¢ is introduced in different ways:
_as a sum of two quaternions: scalar (s) 1 vector (a-it+bjtc-k), that is
q= S(q)+ v(q) = [Scalar ; (vector )]
— as a number and 3D-vector, that is as a hyper-complex number with three imaginative units i, j, k,
thatis g = [s,a,b,c]: [scalar,(vektor)]z [s,(a,b,c)]:s-1+a-i+b-j+c-k =s+V.
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— as a vector — a quaternion looks like a vector in case its scalar part is equal to zero:
g(vector)=a-i+b-j+c-k;scalar=0;

0] .o, . . . . ® N0
— as asum COSE and smE in solving goniometric tasks, that is g(v,®) = cosE+v-sm5, where v

— a unit vector, co-directed with pivot axis; ® — angular rotation.

An important peculiarity of quaternions lies in the fact that their subset comprises real numbers
(s, 0,0, 0); complex numbers (s, a, 0, 0); vectors in three-dimensional space (0, a, b, c¢), and the law of
commutativity is not obeyed in performing multiplication while multiplying quaternions, that is

9192 492 9.
Besides, three imaginative basic units i, j, k£ of quaternions may be interpreted as basic vectors of Carte-
sian coordinates system XYZ in three-dimensional space (Figure 3).

M(a,b,c,)

Figure 3.

While conducting GPIS goniometric measurements in three-dimensional space, for example, in prelim-
inary setting NSE angles, at the last stage it is necessary to fix the reflecting element, for instance, a mirror,
sensitive to its movements. NSE setting is conducted before navigation system functioning via the method of
angle coordination, enabling to reach higher accuracy and comprises comparison of angle position of coordi-
nate system of the local coordinate system xyz NSE regarding axes of absolute, in advance adopted Cartesian
coordinate system (Figure 1, a). In this case, NSE turns will be defined as altering position of coordinate sys-
tem xyz of reflecting element regarding Cartesian coordinate system XYZ, connected with GPIS autocolli-
mator (Figure 4, b).

Figure. 4. Example of setting NSE (pendulum accelerometer): a — rounding error of setting,
b — position of light-reflecting element coordinate system xyz regarding Cartesian coordinate system XYZ
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The position of NSE is described by turns of axes XYZ in coordinate system of autocollimator into an-
gles w, 6 v, accordingly. The result of some sequence in NSE movements while its setting is a turn in coordi-
nate system XYZ to a certain angle XYZ regarding the axis, collinear to the unit vector (Fig.4, b). Correcting
movements as for setting initial NSE coordinates and its levelling may be introduced via quaterni-

ong,(v;p) = (cos 2 —~ + vsin —) and sequence of movements — via corresponding turn parameters
— product of proper quaternions, introduced via expression (1):

o, .. O,

v;w) = (cos ——+ isin —
g, (v;o) = ( 5 5 )’
q,(v; 9)=(cose—k+ jsina—k)
2 2 1
, (1
g;(v; ) = (cos 5 +ks1nw").

Product Q of quaternions ¢,(v; ), ¢2(v; ), g3(v; v), is calculated by formulae (2) performing multipli-
cation operations according to the rules of quaternions multiplication:

OW; p) = (cos%+zsm—) (cos%+]sm—) (cos 5 £+ ksin l//") S+id+ jB+kC, 2)

where S = cos—"cosﬂcosﬂ—sin&sin&sinﬂ;
2 2 2 2 2

2
) ) o, . 0, .
A :smﬂcos—"cosﬂ+cosﬂsm—ksmﬂ;
2 2 2 2 2 2
B:cos&sinﬂcosﬁ—sin&cos&sinﬁ;
2 2 2
. . 0 o .
C = sin 2 sin 2= cos Z- + cos Lk cos - gin Lk
2 2 2 2 2

For example, while setting NSE it was performed turns @ = 10° d=27° w=40°. Hence the beam of
a circular laser [IPAMS will be reflected from the reflecting element, fixed on NSE to CMOS-matrix
of IPAMS autocollimator at an angle of 50°52" with coordinates (0.158, 0.189, 0.350) calculated in the fol-
lowing way:

q1(v;10)-g,(v;27)-q3(v;40) =

10 10 27 27 40 40
= (cos —+isin —)-(cos —+ jsin —)-(cos —+ ksin —) =
( > 2) ( S > )+ ( > > )

cos 24 .43 + (i0.158 + j0.189 + £0.350 )sin 25.43 =
= 50.86 + (i0.158 + j0.189 + k0.350 ) = q(v; 50°52").

While conducting goniometric measurement of plane angle values, for example, polygonal prisms with
n-number of facets, the lengths of which comprise /y, /;, ..., /, and proper angles ¢, where ke(0, 1, ..., n);
if each vertex is connected with right Cartesian coordinates system with unit basis i, j, £ (Figure 5), it is pos-
sible to use the normalized quaternion as:

q,(v; @) = (cos (02 +vsm¢2—k, (3)

where: v — unit vector, regarding which the value of angle ¢, v (i, j, k) is figured out
¢ — flat angle value;
k — ordinary number of angle (facet), k€(0, 1, ..., n).
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Figure 5.

Each n-vertex of polygonal prism is connected with Cartesian coordinates system with unit basis i, j, k
(Fig. 5). Resulting this, n of coordinates system is formed, each system is supplied quaternion in accord-
ance (3). Then, for each vertex (and angle accordingly ¢ | k€(0, 1, ..., n)) of polygonal prism, it is possible
to form a proper quaternion g{(v; @), ¢2(v; @), ..., g, (v; @,).

Quaternions of plane angles in polygonal prism ¢ in three-dimensional space of coordinates system
with basis i, j, k is convenient to introduce in the form of a vector in the following way:

Dy

D . . Dy
; jsin —; ksin —). 4
J 5 2) 4

q,(v; ¢) = (cos BN i sin 2k

At the same time, if proper quaternion (4) constituents equate zero, angle ¢; will be defined regarding
one or two coordinates axes of right Cartesian coordinates system with unit basis i, j, k. Thus, for example, if
angle ¢, is defined regarding axis X, then quaternion (4) will have the following simple expression:

g,(v; 9) = (cos (”7 i sin "’7 0;0).

Quaternions of so-called exponential angles £ (Fig. 5) in three-dimensional space of coordinates system
with basis i, j, k are convenient to introduce in vector form in the following way:
B oo Bi. .. P . S
v; = (cos —=;isin ——; jsin ——; k sin —), 5
q,(vi B) = ( 5 5+ 5 5 )
2
where S, = arccos(l+ ﬁ) , figured out via cosines theorem, where R — radius;

k — ordinary angle number, k€(0, 1, ..., n).

In a similar way, if angle £ is defined regarding certain coordinates axis of right Cartesian coordinates
system, collinear to one of the vectors of basic elements i, j, k, then corresponding constituents of quaternion
(5), connected with other basic elements, will equate zero. In this case quaternion (5) will have a simple
form.

For example, presenting quaternion (5) in the form ¢, (v; f) = (cos 475; 0; jsin 475; 0),

means that exponential angle /3, between 2nd and 3rd vertices of polygonal prisms (Fig.5) equals 45° and it
was determined regarding axis Y of right Cartesian coordinates system, collinear to unit vector j and basis
LJj, k.
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Taking into account properties of quaternions, their application for calculating angles in goniometric
measurements of GPIS in preliminary setting NSE, plane angles, prisms pyramidality etc., enables to figure
out directly angle values, and also axis of rotation and coordinates of laser radiation reflection onto CMOS-
matrix of GPIS auto-collimator.

Random examples of quaternion introduction of angles in absolute right Cartesian coordinates system
with basis i, j, k, are introduced in Table 1.

Table 1
Random examples of quaternion introduction of angle values in absolute right
Cartesian coordinates system with basis, i, j, k
Results of turns
Lfgﬁgi&ﬁ;ﬁ taeI;gsl;sstSn]? Arfeg; réhng Position of vector v regarding basis
T of absolute coordinates system X, ¥, Z

® ° y/o 1) i ] k

5 5 5 9 0.45 0.45 0.42
7 7 7 12°47' 0.64 0.64 0.57
10 27 40 5052’ 0.158 0.189 0.350
60 25 70 82°5' 0.5070 -0.1269 0.3967
60 25 70 101°52/ 0.5070 -0.1269 0.5736
60 25 70 101°52/ 0.2923 0.4333 0.5736
60 25 70 82°5' 0.2923 -0.1269 0.5736
60 25 70 101°52 0.5070 0.4333 0.3967
90 90 — 120 0.5 0.5 0.5
— 90 90 120 -0.5 0.5 0.5
50 40 — 63°17' 0.397 0.31 0.145
- 50 30 57°52' 0.11 0.409 0.236
53 53 — 74 0.399 0.399 0.199

In general, the algorithm of quaternion angle calculation in IPAMS may be introduced in the following
sequence of steps:

1. Angle description via product of proper quaternions in expressions (1), (2);

2. Resulting quaternion calculation in accordance with quaternions characteristics:

— commutativity and associativity in addition: 91 +42 =42 + 41, @+ @)+ =0 +(0+05),
— non-commutativity in multiplication: 41927924,
— associativity in multiplication: (4,-¢,)-¢,=¢,-(¢,-4,) »

— distributivity: 92 +4:)=41-9: +4, -4,

3. Definition of angle, direction and coordinates of light beam reflection to CMOS-matrix of [IPAMS.

Application of the quaternion method of calculating angles in goniometric measurements IPAMS im-
plies performing 29 mathematic operations, in particular 16 multiplication operations, 12 addition operations
and 1 operation to figure out angle arccosine. While applying classic matrix method engaging Euler’s angles,
described in sources [15], it is necessary to fulfil 45 mathematic operations, in particular 30 multiplication
operations, 15 addition operations and 3 operations to define arccosines of angles in the similar case.

It is obvious that applying quaternion calculation method enables to decrease the number of mathematic
operations in 1.55 times compared with classic matrix methods of angle calculation. At the same time, taking
into account the fact that multiple observations are applied in measurement, the number of results N may be
quite large, so it obviously leads to decreasing the time spent and RAM capacity of computer system of
IPAMS. Measurement performance increases due to this fact. In general, a complex approach to applying
quaternion methods of calculating angles and other methods and means of automated processing of meas-
urement information in GPIS, described in sources [6, 10, 13, 14] enabled to increase performance of goni-
ometric measurements in 9 times (up to 6.5 sec) in comparison with well-known goniometric means [12, 16].
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The developed algorithm of GPIS functioning and software allowing application of a quaternion meth-

od and measuring GPIS angles in the automatic mode with the
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Increasing accuracy of goniometric measurements GPIS in applying the suggested quaternion method
of angles calculation is reached due to a smaller number of mathematical operations. It allows reducing
rounding errors for both end and intermediate results of calculation that are accumulated in multiple meas-
urements and may reach rather large values. In general, application of a quaternion method of calculating
angles in IPAMS in complex with other methods and means of automated processing measurement infor-
mation, described in sources [5, 10, 13, 14], enabled to increase accuracy in 3 times (by 0.2"), compared to
famous goniometric means [12, 14].

Conclusion

1. It was introduced a quaternion method of calculation in goniometric measurements that serves as a
basic theoretical and information ground for contactless precision goniometric measurements GPIS, with
preliminary setting NSE, plane angles prisms pyramidality etc.

2. Application of a quaternion method of calculation in GPIS enables to expand its functional abilities,
providing measurements of angle values in three-dimensional space with preliminary setting NSE, and also
plane angles of polygonal prisms, and may be used in determining prisms pyramidality and other production
objects, index of optical glass deflection.

3. It was defined that quaternion models enable calculation of angle values with preliminary setting
NSE, plane angles of polygonal prisms and may be applied in determining prisms pyramidality and other
production objects, index of optical glass deflection. Applying quaternion models of calculating angle values
requires a smaller RAM capacity of PC and increases measurement performance.

4. A comparatively smaller amount of mathematical operations performed via quaternion method of
angles calculation enables to reduce rounding errors in calculation results accumulated in multiple measure-
ments and may reach larger values. Thus, measurement accuracy increases.

5. Application of quaternion method of angles calculation in GPIS enabled to increase accuracy by 0.2”
(3 times) and measurement performance from 6.5 s (9 times) compared to the well-known goniometric
means.
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N.IO. Yepenanckas, A.1O. Cazonos, H.W. Kpymnnckas, B.A. Ilpsako, H.B. JIykuntok

TI'oHMOMeTPHSIJIBIK 19J1 ACTANTHIK ’KyileMeH oJiIey Ke3inge
OyphBIIITAPABI ecenTeyliH KBaTePHUSIJIBIK dfici

Makasia FBUIBIM MEH TEXHHKaHBIH op TYpPJIi cajajapblHAa KaKETTi OYpBIITHIK OJIIeYIepAiH AJIIrT MeH
JKBUIIAMIBIFBIH  apTTHIPYABIH ©3€KTI MOCeNeCiHe apHajlFaH. DBYpPBINTHIK emeyiaepaiH Joiuiri MeH
JKBULIAMBIFBIH apTTHIPYABIH JKOJBI — OJIIISY aKMapaThlH OHJEY YIIIH COHFBI aJTOPUTMIIK 9AIiCTep MEH
MaTeMaTHKAaIBIK KYPbUIFbUIapAbl KoigaHy. COHABIKTaH, OYpBINTHIK OJIICYIepAiH QNI MEH acep eTyiH
apTTHIPY MaKCaTBIHIA XXyMbIcTa OGenrili TOHMOMETPHSUIBIK mon actanthlk sxyHeniH (ITAXK) mblcansina
TOHHOMETPHSUIBIK, OJIICYJIeperi OyphITap/AblH IIaMaJIapblH CAaHJBIK €CEeNTey YCHIHBUINBL. KBaTepHUOHIIBI
ecenTeymiH THUIMIUIr KYMOH TyIbIpMaiibel, OHTKeHI 6acka IocTYpill ofiCTepaeH ailbIpMaIlblIbIFEI, KBaTep-
HUOHZAp (atam aliTkaHza Oiinep OypbIUTApPBIH KOJAAHATBIH MaTpULaiap, KOCHHYC OaFbITTayIIbLIaphl)
o0beKTiNepiH OYpPBIITHIK TTO3ULMSIIAPEIH CUIIATTAHTBIH TOPT NapaMETPMEH FaHa YChIHBUIFAH JKOHE alThlIaH
afpIpMaIIbUIBIFBl Oip FaHa OaiimaHeic TeHAeyi Oap, MaTPUUANBIK SAICTEp YIIIH, aram aWTKaHAa, KOCHHYC
OarpITTaylIbUIAPbIHA apHAjJIFaH. ¥YCHIHbUIFAaH KBaTepHUOHABI ecentey ['JIAXK OarpiTTarbim cesimran
anementTepain (BCD), xa3blk OypbIITapABIH, NPU3MaIapAblH NUPAMHUIATBIFBIHBIH XKOHE T.0. aJiblH ana
KOpCeTy YIUIH >KaHACHAaNTBIH [0 TOHHOMETPHUSUIBIK OJIIEMIEPAIH JKajllbl TEOPHSIIBIK-aKIapaTThIK Herisi
perinne maiimamaHeUIABL.  O3IpICHTeH KBaTCPHHOHABI €CENTEeyAl KOJJaHy Oenrii — ecentepMeH
canbicThpranna gonaikti 0,25 (3 ece) skoHe emmey KbUIIaMabFeH 9 ece (6,5 C peifin) apTTEIpyFa
MYMKIHJIK Oepeni. ByprImTapisH nramanapblH KBaTEPHHUOHJBI €CENTEYAl KONIaHy AepOec KOMITBIOTEpHiH
JKeJlel JKaJIbIHBIH a3 KeJeMIiH IaiianaHynsl Ke3leHmi, Oyl sKyHeHiH »KYMBICHIH jkakcapTaasl. COHBIMEH
Katap, OYpBIITApABI E€CEeNTEyHiH KBaipaT oficiH KOJlaHa OTHIPHII OPBIHJATATHIH MAaTeMaTHKAJIBIK
ornepanusIapablH a3 caHbl, OHIMAUTIKTI apTTHIPyMEH Kartap, OipHelle ejieyaepae KUHATAThIH )KOHE YIIKEH
MOH/IEpre KETETiH eCcenTey HOTIKENEPIHIH KYBIKTay KaTeciH asaiTyra MyMKinaik Oepemi. Ocbuiaiima
©JILICYJICP/IIH IJIIrT MEH *KbUIAAM/bIFbI apTa/IbI.

Kinm ce30ep: KBaTepHUOH, TOHUOMETPUSIIBIK JKYiie, JOMAIK, XKbUIIAMIbIK, OYPBIITAPABI eJIILEY, JAJI XKYHe.

N.10. Yepenanckas, A.}O. Cazonos, H.U. Kpymnnckas, B.A. IIpsako, H.B. JIykuntok

KBaTepHHOHHBII MeTO pacyera yrji0B IIPH H3MEPEHHUsIX
TOHHOMETPHYECKOH NPelu3nOHHOM NPUOOPHOM cHcTeMOit

CraThs NOCBAIIEHA AKTYalIbHOW NMpo01eMe — TMOBBIIIEHHI0 TOYHOCTH M OBICTPOAEIHCTBHS yIIIOBBIX U3MEpe-
HHI, HEOOXOMMBIX B PA3IMYHBIX 00IACTSIX HAYKU U TeXHUKU. OHUM U3 ITyTel MOBBIIIEHHS TOUHOCTHU U ObI-
CTpPOAEHCTBHS YTTIOBBIX U3MEPEHMI SIBISIETCS NMPUMEHEHHE HOBEHIINX aJTOPUTMUYECKHX METOJOB U MaTe-
MaTHUYECKHX allapaToB 11 00paboTkyu n3MepuTenbHoi nHpopmanuu. [loaToMy B paboTe ¢ Ienbio MOBbIIIe-
HUSI TOYHOCTH U OBICTPOMICHCTBUS YIJIOBBIX H3MEPEHUIT Ha IIPHMEpe U3BECTHOH TOHHOMETPHYECKON IIpenu-
3uoHHOI npubopHoil cuctemsr (I'TITIC) npenyoxkeH KBaTepHUOHHBIA pacdyeT BEIWYUH YIIOB IPH TOHHOMET-
pHUYECKHX HU3MepeHHsIX. D(P(PEeKTUBHOCTh KBAaTEPHHOHHOTO pacueTa HE BBHI3BIBAET COMHEHHS, MOCKOJBKY,
B OTJIMYME OT APYTHX TPAAUIMOHHBIX METOIOB (B 4aCTHOCTH, MATPHYHBIX C MPHMEHEHHEM YIJIoB Oiinepa,
HAIPaBIISIONIMX KOCHHYCOB), TPEICTABISIETCA TOJIBKO YETHIPhMS MapaMeTpaMH, OMHCHIBAIOIMIMMU YTJIOBbIE
TIOJIOKEHUs 0OBEKTOB, U UMEET JIUIIb OJHO ypPaBHEHHE CBSA3HU, B OTIMYUE OT LIECTH, A MATPHUUHBIX METO-
JIOB, B YaCTHOCTH, ISl HANIPABISAIOIINX KOCUHYCOB. IIpenosxkeHHbIl KBaTepHHOHHBIH pacueT UCHONb3yeTcs B
T'TITIC kak o6miast TeOpeTHKO-NH(DOPMAIIMOHHASI OCHOBA OECKOHTAKTHBIX NPEH3HOHHBIX TOHHOMETPHUIECKIX
HM3MEpEeHUH P IPeBAPUTEILHON BHICTaBKE HABUIALOHHBIX YYBCTBUTEIILHBIX 3JIEMEHTOB, INIOCKHUX YIJIOB,
MUPaMUIAIIBHOCTH IPU3M U T.11. [IpuMeHeHne pa3paboTaHHOr0 KBaTepHHOHHHOTO pacyeTra MO3BOJIHMIIO ITOBEI-
cuth ToyHOCTh Ha 0,25" (B 3 paza) u ObicTpoaeiicTBue u3MepeHus B 9 pa3 (1o 6,5 ¢) mo cpaBHEHHIO C U3BECT-
HblMU. [IpyMeHEHrEe KBaTEpHUOHHOIO pacyeTa BEIMYKH YIJIOB IPElyCMaTPUBACT UCIIOIb30BAHUE MEHBILETO
00beMa ONepaTHBHON ITaMSITH NIEPCOHATEHOTO KOMITBIOTEpPA, YTO MOBBIMIAET OBICTPOJEHCTBHE PAOOTHI CHC-
TeMbl. Kpome Toro, MeHblnee KOJTHMYECTBO MATEMATHUECKHX OMNEPALi, BBITONHAEMBIX C HCIOIb30BAHUEM
KBaTEPHHOHHOT'O CIIOCO0a PacyeToB YII0B, KPOME MOBBIIIEHUS OBICTPOACHCTBHUS, TO3BOJISIET YMEHBIIUTD M0-
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TPENIHOCTh OKPYTJIEHHS PE3YNIbTATOB BHIUMCICHNH, KOTOPask HAKAIINBAaeTCs PH MHOTOKPATHBIX H3MEPEHUIX
U MOJKET JOCTUraTh OONBLINX 3HaueHnH. Takum 0O6pa3oM, MOBBIMIAIOTCS TOYHOCTh U OBICTPOJEHCTBHE U3Me-
peHuii.

Knouesvie cnosa: KBaTCpHUOH, TOHUOMETPUYCCKaAsA CUCTEMA, TOUYHOCTD, 6LICTpOZ[eI71CTBPIe, HU3MEPECHUC YIJIOB,
npeu3ruOHHasA CUCTEMA.
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