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NPUCKOPEHHA CUJTN TAXIHHA 3 IBOKAHAJIBHUM €EMHICHUM TPABIMETPOM

Abstract: The examined subject - the dual-
channel capacitive gravimeter of an automatic
aviation gravimentric complex (AGC) with 1 mGal
of accuracy, which speed work (completely
automatic) is considered to be the highest one
amongst the known gravimeters. The operational
principle of the dual-channel capacitive gravimeter
is described along with its main advantages over the
known gravimeters (absence of discrepancies in an
outcoming signal caused by the influence of vertical
acceleration and residual nonidentity of the two
capacitive elements of construction). A new filtration
method of an outcoming signal is suggested and
namely filtration with no need for the low frequencies
filter to be used in the capacity of an automatic
aviation gravimentric complex.

Keywords: the dual-channel capacitive
gravimeter, an automatic aviation gravimentric
complex, acceleration of earth gravity, sensitive
unit .

INTRODUCTION

The aviation gravimentric complexes, the
sensitive unit of which is a gravimenter, are meant
for the Earth gravity performances measurement.
By means of the aviation gravimentric complex
(AGCQC) it is possible to obtain the gravimentric
information in the awkward-to-reach zones of the
globe much faster and at lower costs than doing
this by means of ground-mounted, sea-going and
land-based gravimetric units. The data of Earth's
gravitational field are stored in the onboard digital
computer of the AGC will sufficiently promote
navigation parameters accuracy increase along
with efficiency of the gravimentric discovery. Than
is the reason, why the realisation of a high-quality
calculations is a very topical issue as of today

PROBLEM STATEMENT

Operational efficiency of an automatic aviation
gravimentric complex is strongly influenced by the
choice of a sensitive unit of the system -
gravimeter. The accuracy of the existing
gravimeters of automatic aviation gravimentric
complexes as of today is insufficient, only (2-10)
mGal. Speedwork of of the existing gravimeters is
insufficient as well. The majority of them is
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AHomauyis: PosensHymo Hoeul 0s0KaHaslbHUl
emHicHul epasimemp (HEI) asmomamu3osaHoz20
asiauyjtiHozo epasimempuy4Hozo komnnekcy (ArK)
moyHicmb (1 mlan) i weudkodis (mosHicmo asmo-
mMamu3ogaHull) $Ko20 euwe 8i00OMUX CbO200HI
epasimempis. OnucaHo npuHyun Oii Hoeozo LET,
OCHOBHI lio20 nepeesazu Had sidoMUMU epasimempa-
mu (8idcymmHicmb y auxioHomy cueHani €l cueHarnie
Moxubok ei0 eriugy eepmuKaribHO20 MPUCKOPEHHS
ma 8id 3anuwkosoi HeideHMuU4YHOCMIi KOHCMpPYyKUit
080X eMHiCHUX erleMeHmig). 3arnpornoHoeaHo Hosul
memod hinbmpauii 8uxiOHo20 cuzsHarsy epasimempa
6e3 HeobxiOHocmi eukopucmosysaHHs ¢binbmpa
HU3bKUX Yacmom siK okpemozo brioky AlK.

Knro4vosi cnosa: 0dsokaHanbHUl EMHICHUU
epasiMemp, asgiauiliHuli epagimMempuy4HUl KOMIIMEKC,
MPUCKOPEHHS CUMU MSKIHHSA, Yymugul efieMeHm.

BCTYN

ABiauinHi rpaBiMETPUYHI KOMMNNEKCU, YYTIIMBUM
enemMeHToOM $SKUX € rpasiMeTp, npusHadveHi Ans
BM3HAUYEHHS XapakTepuCTVK rpaBsiTauinHOro nons
3emni. 3a ponomoroto AIK  moxHa 3806yTn
rpaBiMeTpuYHy iHopmauito Yy  BaXKOAOCTYNHUX
paioHax 3emHoi Kyni Habarato wBuawe Ta 3
MEHLUMMU BUTPaTaMm, HXX 38 JOMOMOTOI0 HA3eMHUX,
MOPCbKMX abo CyxonyTHMX rpaBiMeTpU4HNX 3acobiB.

OaHi npo rpasiTauinHe none 3emni, BBeAeHi Y
nam'ate  OOpTOBOI  UMAPOBOI  0BYMCHOBaNbLHOI
MawuHn  (BLUOM) AlK, cytteBo cnpuatumMyTb

NigBULLEHHIO SIK TOYHOCTI BM3HA4YeHHS HaBsirauinHux
napameTpiB, Tak i eqEeKTMBHOCTI rpaBiMETPUYHOI
posBigkM.  ToMy  MpoBedEHHS  BUCOKOTOYHMX
asiaLinHNX BMMIpIOBaHb € akTyarnbHUM.

NMOCTAHOBKA MNMPOBJIEMU

EdektnBHicTb pobotn AIMK 3HayHOw Mipoto
3abe3nevyeTbcs BUOOPOM  4YyTNMBOIO €neMeHTa
cuctemMum — rpasiMeTpa.  TOYHICTb iCHYHOUMX Ha
CbOrofHilWHIN AeHb rpasimeTpie AlK HegocTtaTHs,
Bcboro  (2-10) wmlan. LWeumgkogis  icHyrumMx
rpaBiMeTpiB € TakoX HegdocTaTHboW. binbwicTb i3
HUX € HeaBTOMaTM3oBaHUMU. O6pobka pesynbTaTia
BMMIipIOBaHb MPOBOANUTLCS MiCNSA NbOTY NiTanbHOro
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manual. The data reduction process of the
investigations is usually performed after the
aircraft (AC) flight over the Earth throughout the
duration of several months. Moreover, these
gravimeters measure not only the acceleration of
earth gravity, but also the vertical acceleration JIA

h .

The h high-accuracy measurement is a difficult
scientific-and-technological challenge which
expects usage of additional filters.

As of today, the most advanced of the known
gravimeters is the single-channel capacitive
gravimeter [2]. However, the single-channel
capacitive gravimeter is in errors. The present
article suggests using of the new dual — channel

capacitive  gravimeter, where all of the
abovementioned errors are abolished.
Nowadays, there are no scientific-and-

technological and practical works dedicated to the
investigations of possibilities and usefulness of
the dual — channel gravimeter as a part of an
automatic aviation gravimentric complex. The
advantages of the abovementioned gravimeter
over the known ones are the exact accuracy (due
to the abolishing of the influence of the vertical
acceleration, instrumental and other errors) and
sensitivity along with low weight-and-dimensional
characteristics, simplicity of construction etc.

MAIN ARTICLE

The present article suggests an automatic
aviation gravimentric complex (Fig.1) consisting of
the dual-channel capacitive gravimeter 1, system
2 of the current navigator parameters definition
and the measuring unit 3 of the current altitude,
the outputs of which are commected to the inputs
of the onboard digital computer 4, besides, the
gravimeter 1 is installed at thr horizontal-stabilized
platform.

The gravimeter is constructed with the two
channels, where the capacitive elements €1 and
€r2 are installed. The capacitive elements €I'1
and €I2 of the both channels are identical and
designed in the form of two metal (movable and
immovable) plates, both having equal masses m1
= m2, each of the two is attached to the lower
and upper parts of the movable plates €1 and
€2 correspondingly. The outputs of the
capacitive elements €1 and €2 of the two
channels are connected to the outputs of the
counter, an input of which is connected to the
onboard digital computer, where the actuating
signal of the gravitational anomaly is calculated in
accordance the set algorithm [3].

The dual-channel capacitive gravimeter works
in the following way. The acceleration of earth
gravity gz, has an effect on the capacitive
elements of the both channels along with vertical

acceleration h of the AC, instrumental errors
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anaparty (J1A) Ha 3emni npotaroMm micauiB yacy. [lo
TOrO X Ui rpaeBiMeTpy BUMIPOIOTL pasom i3
NPUCKOPEHHAM CUMKN TSHXKIHHA  BepTUKanbHe MPUCKo-

peHHs J1A h [1].

BucokotouHe BuUMiptOBaHHSA h € CKnagHow
HayKOBO-TEXHIYHO Npobnemoto i BUMarae 3acTocy-
BaHHS 40OATKOBUX QiNbTpIB.

CborogHi ogHMM i3 HaWnNepCrneKkTUBHIWMX i3
BiAOMWUX TrpaBiMETPIB € EMHICHUA OAHOKaHaNbHUN
rpasimeTp (€I [2]. OgHak, ogHokaHanbHU €I mae
noxmbkn, oByMOBrEHi, B OCHOBHOMY, i€l BepTU-
KanbHOTO  MPWUCKOPEHHS Ta  iHCTPYMEHTamnbHUX
noxubok. Y p[aHin cTaTTi 3anpornoHOBaHO BUKO-
puyCcTOBYBaTM HOBWUI [ABOKaHanbHui €I, y skomy
CKacoBaHO it BuULLie3ragaHux noxmbok.

CborogHi BiOCYTHI HayKOBO-TEOPETUYHi Ta npa-
KTUYHI poOOTKN, MPUCBSYEHI OOCNIMKEHHSIM MOXIU-
BOCTi Ta AOUNMbHOCTI BUKOPUCTAHHA Y SKOCTI rpasi-
meTpa AIK [El, nepeBaramu sikoro nepeg Bido-
MUMW rpaBiMeTpaMm € BUCOKI TOYHICTb (3a paxyHOK
CcKacyBaHHS Ll BepPTMKanbHOro NPUCKOPEHHS, iHCTPY-
MEHTanbHMX Ta iHWMX NOXMBOK) Ta YyTnuBICTb, Mari
MacorabapuTHi xapakTepucTuKkn, NPOCTOTa KOHCTPYK-
Uil Ta iHLWi.

OCHOBHUW TEKCT CTATTI

B3anponoHoBaHo aBTomaTtusoBaHuii AlK (puc. 1),
AKMA  cKNnagaeTbCs i3 ABOKaHaNbHOrO EMHICHOro
rpasimeTpa 1, cuctemMn 2 BM3HAYEHHS MOTOYHUX
HaBirauiHMx napameTpiB i BUMiptoBaya 3 NOTOYHOI
BUCOTW, BUXOAM SKMX NigkmodeHi o Bxoais BLIOM
4, npuyomy rpasiMeTp 1 BCTAHOBMEHUN Ha ropuso-
HTanbHin cTabinizoBanin nnatdopmi (F'CIT).

[paBiMeTp BUWKOHAHO 3 [OBOMa KaHanamu, y
KOXXHOMY i3 SIKWX BCTAHOBMEHO NO OHOMY EMHiICHOMY
enemeHTy €1 Tta €2. EmHicHi enemeHTn €1 Ta
€2 obox kaHaniB € iOEHTUYHUMWU | BMKOHaHI Yy
BAMAAI ABOX MeTaneBux (PyXOMOi i Hepyxomoi)
NMacTUH Ta OOHAKOBMX MAc M1 = M2, KOXKHA 3 SIKUX
NpuKpinneHa 0o HU3Yy Ta BEpXy PYXOMUX MNAacTuH
€1 T1a €2 BignosigHo. NacTUHM OBOX E€MHICHUX
ernemMeHTiB  KpinnaTbCA A0  KOPMycy NpYXHUMMU
erneMeHTamu.

Buxoan emHicHux enemeHTiB €1 Ta €2 0box
KaHaniB 3'egHaHi 3 BUXogamu cymaTopa, Buxig skoro
3’egHaHvn i3 Bxogom mopynsa (M) nepeTBOpeHHSA
aHanoroBoro curHany y uudposun. Buxig moayns
3'egHaHun i3 Bxogom nigcumoBaya (M), Buxig sikoro
3’egHaHo i3 Buxogom BLIOM, y skin pospaxoByeTbCs
BUXIOHWA CUrHan rpasiTauinHoi aHomanii 3rigHo i3
3agaHuM anroputmom [3].

[IBOKaHanbHU  EMHICHUA  rpasiMeTp npautoe
HaCTyNMHMM 4YMHOM. Ha eMHicHi enemeHTM 060X
KaHanis i€ MPUCKOPEHHA CUNKM  TAXIHHA gz,

BepTUKalnbHe NPUCKOPEHHA h nitaka Ta
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Al from the influence of residual nonidentity of
constructions of identical plates and masses, change
of temperature, humidity and pressure of the
environment.

iHCTpYMeHTanbHi NOXnbKu Al Bi, BNNNBY 3aNULLKO-
BOI HEiAeHTUYHOCTI KOHCTPYKLIA OAHaKOBUX MMacTuH
Ta mac, Bif BMMUBY 3MiHW TemnepaTtypu, BOMOrocTi
Ta TUCKY 30BHILLHBLOrO CepeAoBuLLa.

System of the current y
navigator parameters ——
definition / Cuctema k £
BU3HAYEHHSI MOTOYHMX —
HaBirauinHux napameTpis | ¢

z L
The measuring unit of the
current altitude / h
BumiptoBay noto4Hoi ]
BNCOTH

a 1
df
3 A
/ A+
- Ag
bLIOM
7
fZ ﬁ
The dual-channel capacitive gravimeter / £ =2
[BOKaHanNbHUIN EMHICHUN rpaBiMeTp z g

2

Fig. 1 — A block diagram of AGS: / CtpykTypHa cxema Al'C:
1 — gravimeter / rpaBimeTp; 2 — the current system of determining navigation parameters / cucmema 8u3Ha4eHHsI MOMOYHUX
HaeizauitiHux napamempisg; 3 — current meter height / sumiprosay nomouyHoi eucomu; 4 — onboard digital computer / 6L{OM,;
5, 6 — capacitive gravimeter / emHicHutl epasimemp; 7 — adder / cymamop; 8 - module / modyrb; 9 - amplifier /midcurnrosay.

If we project all these influences to the
measurement axis Oz the dual-channel capacitive
gravimeter and consider the fact that the capacity of
the €1 channel increases at the same time when the
capacity €2 reduces by the same level, we will get

[2]:

Akwo cnpoekTyBaTM BCi Ui BNAMBM Ha BUMIpHO-
BanbHy Bicb Oz [EI Ta BpaxyBaTu Te, WO EMHICTb
€1 opHoro kaHany 36inblUYETbCA Yy TOW Yac, Komu
EMHICTb €2 Ha TaKy X BENUYMHY 3MEHLUYETLCS, TO
oTpumMaemo [2]:

u, :k(mgjZ +mﬁ+Ai)
u, = k(mgZ - mﬁ—Ai)
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where u1 is an electronic output signal of the
capacitive element EI'1 of the first channel;

uz — is an electrical output signal of the capacitive
element EI2 of the second channel;

m — weight of the inertial mass in each channel;

k - electrical constant
The output electrical signals ul and u2 of the
capacitive elements of both channels are summarized
in the counter:

e Ui — BUXiAHWN EeNneKTPUYHWIA CUrHam €EMHICHOro
enemeHTy EIN ogHoro kaHany;

U2 — BUXIOHWN €neKTPUYHWUIN CUrHam EMHICHOTO
enemeHnTy EI2 gpyroro kaHany;

m — Bara iHepLiHOT MacK y KOXXHOMY KaHarni;

k — enektpuyHa ctana.

BuxigHi enekTpuyHi curHanM ui Ta Uz E€MHICHUX
enemeHTiB 060X KaHaniB CymyloTbCs Yy cyMaTopi:

Uy =Uu, +U, =2kmg,,

where Us is a counter output signal

The output signal us of a counter 7 is converted
from the analogue mode into the digital one in the
module 8 and intensifies with the help of an amplifier
9. As a final result we will get the output signal f; the
dual-channel capacitive gravimeter which has a
double signal of the acceleration of earth gravity.
There are no errors caused by the influence of vertical

acceleration N ang instrumental errors Ai in it.

The output signals from the system 1 of
navigation parameters definition and altitude
measuring unit are set to the output of the onboard
digital computer 4, where the output signal of
gravimeter 3 is also set at the same time. Taking
into account the received datad, the onboard digital
computer 4 calculates the anomalieas Ag of the
acceleration of earth gravity in the following way [2]:

2

Ag=1f, +Y11-2e.|1-2cos? p-(1—
r

ae U2 — BUXiAHUI curHan cymaTtopa.

BuxigHun curHan us cymartopa 7 nepeTBOpPHETHCS
3 aHamnorosoi y umdpoBy cdopmy B Moayni 8 Ta
nigcuneTbca 3a Aornomorow nigcunoBavya 9. Y
KiHLeBOMY pe3ynbTaTi OTPUMYEMO BUXIOHWIA curHan f;
[ET, aKMn MICTUTb NOABOEHWI CUTHAN MPUCKOPEHHS
CUMU  TSXIHHA. Y HbOMY MOBHICTIO BIACYTHI  Taki
NOXMbKM BUMIpPIOBaHb, SKi  CMPWUYMHEHI  BMSIMBOM

BEPTUKANbHOrO MPUCKOPEHHS h ta iHCTpyMeHTanb-
HUX NOXMOOK Ai.

Ha Bxig BLOM 4, kyou nogaetbca BUXiZHWUNA
curHan rpasiMeTpa 3, TakoX MOAalTbCsA BUXIOHI
curHanu Big cuctemun 1 BU3HAYEHHSI HaBirauinHux
napamMmeTpie Ta BumiptoBaya 2 Bucotn. bLIOM 4 Ha
OCHOBi OTpUMaHux [aHux obuncne aHomanii Ag
NPUCKOPEHHS CUNW TSHXKIHHA 32 chopmyroto [2]:

sin® k

) | +2w;vsink cose —

—ZHEvcosksin2¢+2&h+w§hcoszqo—yo,
r r

where v is the AC speed,;
r — AC location radius;
e — ellipsoid compression;
@ — geographical latitude;
k — AC flight track;
ws — Earth angular velocity;
h — AC altitude over the ellipsoid;

h - AC vertical speed:;

yo — informative acceleration of gravity.

Let's re-write the motion equation of the AGC with
the dual-channel capacitive gravimeter in the
following way:

ne v — wBuakictb J1A;
r — pagiyc micuesHaxomxkeHHs J1A;
e — CTUCK enincoiaa;
@ — reorpadiyHa LWnpoTa;
k — kypc J1A;
w3 — KyTOBa WBUAKICTb 06epTaHHsA 3emni;
h — BucoTa J1A Hag enincoigowm;

h - BepTMKanbHa WBKAKICTb JIA;
Yo — OOBIAKOBE NPUCKOPEHHS CUMNWN TAXKIHHA.
Mepenuwemo piBHAHHA pyxy AlK i3 AET y Burnaa;:

Ag=f,+E+A-y,,

where 1:Z - output signal of the dual-channel

sin’k
2 )}}-’- is

+20,vsink cosg — 2h v cosksin2g
r

capacitive gravimeter ACG;
2

E=v{1—2e~{1—20052 0-(1-
r

Eotvos correction;

ne fz — BuxigHun curHan A€l ArK;

sir122 k)}}Jr

+20,Vsink cosg — 2h € vcosksin2g
r

2

E:V{I—Ze-{l—Zcosz(;r(l—
r

nonpaska ETseLwua;
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h
A=20" @?h cos® ¢ - adjustment for altitude;
r

Yo = 7o, (L+0,0052884in* p—0,000005%in? 2¢)
- informative acceleration of gravity;
7o, =9,78049m/c? - informative equatorial

acceleration magnitude of gravity.

The analytic expressions of the useful signal
spectrum densities (w) [5] and vertical acceleration of
the AC (w) are received in the present work and the
graphical charts are built (Fig. 2).

wc' 0 10°

10* 10®

h
A=27"1 @?hcos® ¢ - nonpaska 3a BUCOTY;
r

Yo = 7, (L+0,0052884in? —0,000005%in? 2¢)
— [0BiOKOBE 3HAYEHHSI MPUCKOPEHHS CUMN TSKIHHS
7o, =9,78049wm/c? - posinkose exBaTopiankbHe

3HaYeHHSI MPUCKOPEHHST CUMKN TSXKIHHS.

Y poGoti [5] oTpumaHO aHaniTUYHI
CNeKTpanbHUX LUINbHOCTEN KOPUCHOIO curHany
Ta BepTMKanbHOro npuckopeHHs JI1A
nobyaosaHo ix rpadiku (puc. 2).

BUpasu

(w)

(w) Ta

10?107

“}ID

10°
10

10°

2.--"r

N\ i
[\

[
n
i
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1
:
1
1

ﬂa.(ﬂ?}- G,-,[m], 'wh%mgj.r.;

Fig. 2 - Schedule spectral density signal AOG (2) and vertical acceleration of the aircraft (1) / [pagik
criekmparnbHOi winbHocmi kopucHo2o cueHany NCT (2) i eepmukansHozo npuckoperHs J1A (1)

As it can be seen from the Fig.2, at frequencies
lower than 0.1 rad/s, the auto-pilot system makes a
dent in influence of vertical acceleration, at
frequencies higher than 0.1 rad/s, the spectral
density approaches infinity. That is why it is important
to secure the filtration process of the output signal of
the dual-channel capacitive gravimeter with the
frequency equal to 0.1 rad/s. The most popular
method of the constructive implementation of this
process in the known gravimeters is the usage of the
low-frequencies filters with the cutoff frequency equal
to 0.1 rad/s [6].

However, in the conditions of the dual-channel
capacitive gravimeter operation, the work of filter
electronic  components become inconsistent,
changing the cutoff frequency.

As a final result, the filter starts to pass the errors
to the output of the the dual-channel capacitive
gravimeter or will black the useful signal out at all.
That is why the availability of the low-frequencies
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I3 puc. 2. BMAHO, WO Npu YacTtoTax, MEHWMX 3a
0.1 pag/c, cuctema niTak-aBTOMINOT  CYTTEBO
3MeHLWye edeKkTM BMNAMBY BEPTUKaNbHOIO MPUCKO-
peHHs; npu Yyactotax noHag 0.1 pag/c cnekTpanbHa
rycTuHa BEepPTMKanbHOIO MPUCKOPEHHS MpsIMye [0
HeckiHyeHHocTi. Tomy HeobxigHO  3abe3neuunTn
npouec inbTpauii BuxigHoro curHany [O€Er i3
yactototo 0.1 papg/c. HainowwupeHiwumm MeToaom
KOHCTPYKTMBHOI  peanisauii gaHoro npouecy Yy
BiAOMWX T[paBiMETPIB € BUKOPUCTAHHA HU3bKO-
YaCTOTHUX PiNbTPIB i3 YacToToto 3pidy 0.1 paa/c [6].

OpHak, y Tux ymoBax, y sikux nepegbadeHa
ekcnnyaTtaudia [OEI, poboTta eneKkTpoHHMX KOMMO-
HEHTIB pinbTpa cTae HecTabinbHOW, UMM 3MiHIOHYM
MNOro YacToTy 3piay.

Y  KiHueBOoMy pesynbTaTi inbTp nodunHae
nponyckaT 3aBagu Ha Buxig [OEI abo He
nponyckaTh YacTUHY KOPWCHOrO CurHany B3arani.
ToMmy HasBHICTb @inbTpa HU3BbKMX YacToT, $K
okpemoro 6noka y cknagi rpasimeTpa, CYTTEBO
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filter, as a separate unit within the gravimeter, firs of
all sufficiently reduces instrument accuracy ant its
reliability

The method of the the dual-channel capacitive
gravimeter output signal filtration is suggested: by
means of creation of the AGC new gravimeter
sensitive unit, the natural vibration frequency of
which is equal to the highest frequency of the gravity
acceleration, which can be measured against the
background of culprits — 0.1 rad/s.

CONCLUSIONS

The new dual-channel capacitive gravimeter of an
automatic AGC suggested. It has the better of
accuracy of 1 mGal, and speed work (completely
automatic) if compared with the known ones. The
principle of the new dual-channel capacitive
gravimeter is described.

Due to the use of an additional second channel,
the absence of errors in the gravimeter output signal
caused by the influence of vertical acceleration and
the residual nonidentity of construction of the two
capacitive elements, which can be substantial, is
secured.

The problem of the the dual-channel capacitive
gravimeter output signal filtration from the high-
friquencies interference is solved due to the setting up
of the the natural vibration frequency which is equal to
- 0.1 rad/s, which in its turn allows to avoid the need of
using the additional low-frequency filters as a part of
the AGC.
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3MeHLye, Yy neplly Yepry, HafinHicTb npunagy Tta
TOYHICTb.

MponoHyeTbca  cnoci6  inbTpauii  BUXiAHOTO
curHany [OEr 3a paxyHOK CTBOPEHHSI YyTNMBOro
ernemeHTa HoBoro rpasimeTpa Al'C, yacTtoTa BnacHux
KONMMBaHb SIKOFO [JOPIBHIOE HAWOINbLIN  YacToTi
rpaBiTaLiiHNX NPUCKOPEHb, WO Moxe ByTn BuMipaHa
Ha ¢oHi nepewkog - 0.1 pag/c.

BUCHOBKU

3anponoHoBaHO HOBWIA OBOKaHaNbHUIA EMHICHUI
rpaBimeTp aBTomaTnsoBaHoro AlK, skunm mae GinbLui
TouHicTb (1 MIan) Ta weuakogito (NOBHICTIO aBTOMa-
TWM30BaHWUI), HiX BigoMmi cborofHi. OnucaHo npuHUMN
4il HOBOro [BOKaHaNbHOrO EMHICHOrO rpasiMeTpa.
3aBOsikKM  BMKOPUCTAHHIO  O0AAaTKOBO — BBEAEHOro
apyroro kaHany 3abe3neuvyeTtbcs BIOCYTHICTb Y
BMXiZHOMY CUrHani rpaBiMeTpa curHarnis noxvbok Big
BMMMBY BEPTUKANBHOrO MPUCKOPEHHS, Bif, 3amnyLLIKOBOI
HEIOEeHTUYHOCTI  KOHCTPYKUiA [ABOX €MHICHUX ene-
MEHTIB, siKi MOXYTb BYTV 3HAaYHUMMU.

BupiweHo npobrnemy  inbTpauii  BMXigHOro
curHany [ET Big BMCOKOYACTOTHUX 3aBafj 3a paxyHOK
BCTAHOBIEHHS 4aCTOTU MOro BriacHuX konueaHb 0.1
pag/c, WO [03BONSE YHUKHYTU HEOOXiOHOCTI BUMKO-
pucTaHHa [0OaTKOBUX INbTPiB HU3BbKUX 4acToT Yy
cknagi Ark.
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