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B HacToswen paboTe NnpuBeaeHbl pe3ybTaThbl
TeopeTu4ecKmnX 1 SKCNepuMeHTaIbHbIX
uccnenoBaHUM paboTbl MOAEPHU3UPOBAHHOM
CUCTeMbl peryJinpoBku nepumeTpa pesoHaTopa
3eeMaHOBCKOro fiasepHoro rupockona (3Jr)
npu 3anosHeHUn 50% cmecbio N30TOMNOB

HeoHa NeZ° u Ne?. Mpu noaaepxaHumn
nocrosHcTBa nepumetpa 3/ o MUHUMYMY
CUrHana paccTpovnku nepumetpa (B oTanume
OT O4HOU3OTOMNHOr0 HEOHA) 3aBUCMMOCTb
aMnAnTyAbl YaCTOTHOM NOACTAaBKU OT
paccTponku nepumeTpa oKasbiBaeTcs
HECMMMEeTPUYHOM NpU YBEJINYEHUHN

M YMeHbLIeHNUN nepumMeTpa. 3To NpUBOAUT

K AOMNO/IHUTENbHOM BU6paLLMOHHON ownbKe
Takoro 3JIN npn MexaHn4yeckux yaapax

1 Bu6pauuu. MNMpepioxeH MeToa NOACTPONKHU
nepumetpa 3/l B TOYKY MMHUMAJIbHOM
aMnNAnNTyAbl YACTOTHOM NOACTABKMY,
obecneyMBalOLLUN OTCYTCTBUE CTATUYECKOMN
paccTponku nepumeTpa. MpuseaeHbl
3KCrNepuMeHTasjibHble pe3y/bTaTbl U pacyeTHble
OLLeHKU AUHAMUYeCcKux apendos Hyns

M BU6paLMOHHbIX OWIN60K ABYyXmn3otTonHoro 3/
Tuna K-5.
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Hyns, BUBpauns, paccTpomnka nepumeTpa

pe3oHaTopa
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the Vibrational
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In this paper the results of theoretical and
experimental studies of the optical path control
system of Zeeman laser gyro (ZLG) filled with

a 50% mixture of Ne2° and Ne?? isotopes are
presented. Unlike one-isotope ZLG, the beat
frequency dependences on the optical path
length turns out asymmetric form, which leads
to a change in the character of the dynamic
drifts of zero and errors of two-isotope ZLG
under mechanical shocks and vibrations. The
authors proposed a method for adjusting the
ZLG perimeter to the point of the minimum
amplitude of the dithering which eliminates the
static detuning of the perimeter. Experimental
results and estimated dynamic drifts of zero and
vibration errors of two-isotope ZLG of type K-5
are presented.
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INTRODUCTION

One of the important factors affecting the accuracy of
a Zeeman laser gyro (ZLC) is the vibration error that
occurs due to the movement of the cavity mirrors
under the influence of vibration acceleration [1]. Its
value reaches hundreds of angular degrees per hour
at vibration frequencies multiple and half-multiple
of the switching frequency of the dithering. This is
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BBEAEHUE

OIHUM K3 BOKHBIX GaKTOPOB, BIHSIONINX HAa TOYHOCTD
3eeMaHOBCKOTO JIa3epHOro rupockomna (3J/IF) siBsieTcst
BUOpallMOHHAs OIIMOKA, BO3HHMKAIOMIAS H3-3a Iepe-
MeIlleHHs 3epKaJl pe3oHaTopa II0f, BO3[eHCTBHEM
BubpoyckopeHus [1]. Ee BelMYMHA AOCTUTaeT COTEH
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(kpusas 2) om omHocumenbHol paccmpoliku nepumempa
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AN =+AMNg (mouka B), A\g=0,5 A ANz (mouka C),
AnepB=AnepC)

Fig. 1. Dependence of the amplitude oftheAm,, signal at the
PAS photodetector (curve 1) and the dithering f (curve 2) on
the relative detuning of the perimeter of the ZLG laser cav-
ity AN, at the frequency of the dithering with amplitude:
a)0.5A;b) 0.9A [y, fy, fc - dithering when the perim-

eter is detuned by ANp,=0 (point A), AAp=+AN; (point B),
ANp=0.5 A ANy (point C), Aperp=Aperd)

=

caused by the modulation of the amplitude of the
dithering due to vibrational changes in the perim-
eter of the laser cavity, which is not being able to be
counteracted by the ZLG perimeter adjustment system
(PAS).

It was found that the use of a 50% mixture of Ne?
and Ne” isotopes in the working gas instead of one
Ne isotope makes it possible to reduce the vibration
error by a factor of 5 - to tens of degrees per hour [2].
Although initially a more significant reduction in the
ZLG error was expected. This assumption was based on
a broadening of the gain loop of the working gas and
a decrease in the gain maximum. In [2], the reason
for this phenomenon was pointed out - in the stan-
dard construction of the ZLG PAS, the minima of two
functional dependences (modulation of the perimeter
adjustment signal and the dithering amplitude) on
the path tuning do not coincide with each other. As
a result, the sensitivity of the amplitude of the fre-
quency bias to the change in the perimeter of the ZLG
laser cavity increases sharply.

The article discusses the electronic method of reduc-
ing this effect, and discusses the calculated and exper-
imental results.

UPGRADED PAS FOR THE TWO-ISOTOPE ZLG
To maintain constant tuning of the laser cavity to one
longitudinal generation mode, the perimeter adjust-
ment system (PAS) is used in the ZLG design. Its work
is based on the use of modulation of the intensity of
the rays when a longitudinal alternating magnetic
field is applied to the active ZLG medium. This field
creates an alternating current of the frequency stand
unit (FSU) that occurs in coils wound around gas-
discharge gaps [3-6].

Fig. 1 shows the experimental dependences of the
signal amplitude at the photodetector and the dither-
ing on the relative detuning of the perimeter of the
ZLG laser cavity AA, of the two-isotope ZLG of type
K-5 (JSC “M. F. Stelmakh Scientific Research Institute
“Polyus”), obtained at two values of the amplitude of
the dithering currents with the value of 0.5A (Fig. 1a)
and 0.9A (Fig. 1b).

For small values of the relative detuning of the
perimeter of the laser cavity AA, for the amplitude of
the A,,, signal at the PAS photodetector and the dither-

per
ing f, one can use the formulas from [1]:

A=Ky | AN, |; f=fo- [1+x- (AN, ANy)2], (1)

per —

where f; is the amplitude of the frequency tuning at
AN,—ANy=0. The constants x and K, are used in formula
(1), which depend on the amplitude of the dithering,
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AMAANTYAbI BUHPALMOHHbLIX ApendoB ans 3/1T K-5 Ha YacToTax BU6paLmm, KpaTHbIX M MOYKPATHbLIX HacTOTe KOMMYTa-

unn noactaBku

Amplitudes of vibrational drifts for the ZLG of type K-5 at vibration frequencies, multiple and half-multiple of the

frequency of dithering switching

[BYyX130TOMHbLIN K-5 co
CcTaHaapTHowm CPI. AMAan-
TyAa TOKA YaCTOTHOW noa-

cTaBkn 0,5A

Two-isotope K-5with a

standard PAS FSU amplitude

[BYyX130TONHbIN K-5
cMoanduumpoBaHHom CPI
AMNANTYAQ TOKA YaCTOTHOWN

noacrtaskm 0,5A
Two-isotope K-5 with a
modified PAS FSU amplitude

[ByX130TONHbIN K-5 co
CcTaHaapTHou CPM. AMnaun-
TyAa TOKA YaCTOTHOW NOA-

CcTaBkn 0,9 A

Two-isotope K-5 with a

standard PAS FSU amplitude

[BYyX130TOMHbLIN K-5
c MoanduLMpoBaHHOM CPr.
AMMNINTYAA TOKA YaCTOTHOM
noactasku 0,9 A
Two-isotope K-5 with a
modified PAS FSU amplitude

1,5 2+1 1,51 3+x1 31
2,5 1+1 1+1 21 21
3 61 11 40+1 5+1
3,5 0+l 01 1+1 1+1
5 12+1 2+1 32+1 31

YIJIOBBIX IPaJycoB B Yac Ha YaCTOTaXx BHOpALIMM KpaT-
HBIX 1 IOYKPaTHBIX YacToTe KOMMYTallMK1 YacTOTHOH
[IOACTaBKHU. I[IpHYMHA BBI3BaHA MOAYJIALIMEN aMIUIM-
Ty[bl YaCTOTHOM IIOACTaBKU M3-32 BHOPALIMOHHBIX
HM3MeHeHHH IIepHMeTpa Pe30HaTOpa, KOTOphle CHCTeMa
perynupoBku nepumerpa (CPII) 3JII He crocobHa
[1apUpOBaTh.

B0 06HapyskeHO, YTO HCIIONB30BaHUE B pabouem
rase 50% cmecH H30TOIIOB HeOoH-20 M HeOH-22 BMeECTO
OJHOTO M30TOIla HeOHa, II03BOJseT B 5 pa3 yMeHb-
IIKUTHh BUOPAI[MOHHYIO OIIHOKY — /10 IECSITKOB IPajlyCcoB
B 4ac [2]. XoTst M3HAYaIBHO OKUAAIH 6ojlee 3HAYHMMOI0
CHIDKeHMS morpemHoctd 3JII. IDTo HpenronoxkkeHHe
CTPOMJIOCH HA yIIMPeHUH KOHTypa YCHIeHHUs pabouero
rasa 4 CHIDKeHHM MaKCUMyMa ycusaeHUs. B pabore [2]
6pUIa yKa3aHa MPUYHHA 3TOTO SIBJIEHUS - IIPU CTaH-
JaptHoM 1octpoeHHH CPII 3JII MUHHUMYMBI IBYX QYHK-
LMOHA/JIBHBIX 3aBHUCUMOCTeN (MOAYISLIMH CHUTHalIa
PeryIHUpOBKU IIepUMeTpa M aMIUIMTYAbl YaCTOTHOM
IOACTaBKU) OT PAcCTPOMKH IIepHUMeTpa He COBIIAJAIOT
Ipyr C ApyroM. B pesyibraTe 4yBCTBHUTE/NLHOCTH BeJIM-
YMHBl aMIUIMTYAbl YaCTOTHOM IOACTaBKH K H3MeHe-
HHUIO [IepruMeTpa pe3oHaTopa 3J/II' pe3ko Bo3pacTaer.

B cTaThe paccMOTpeH 3MeKTPOHHBIM MeTOJ, CHEKe-
HUSI BIHSHUS 9T0oro 3ddeKrTa, U 06Cy>KIeHBI IONydeH-
Hble pacyeTHbIe U 3KCIIePUMEHTA/IbHbIE Pe3y/IbTaTEL.

MOJAEPHN3UPOBAHHOE CPI1
ANAa ABYXU3OTOMHOIO 3/1Ir
1 mopAepsKaHUS IIOCTOSIHHOM HACTPOMKH pe3oHa-
TOpa Ha OJHY NPOMOJBHYI MOJY reHepalHdH B KOH-
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the gain of the active medium, the level of losses
in the laser cavity, and the sensitivity of the PAS
photodetector. The lines connecting the calculated
values are shown in Fig. 1. The distance along the
abscissa between the positions of the minima of the
dithering and the signal at the PAS photodetector
(ANy~-0.023+-0.03) depends on the ratio of the neon
isotopes Ne?? and Ne? in the mixture.

It is possible to avoid static path tuning by using
the developed PAS system in the ZLG (Fig. 2). After the
PAS is turned on by the signal from the photodetector,
the pAS is tuned to point A (see Fig. 1a, b). In this case,
the DAC signal is equal to zero, and the alternating
signal from the PAS photodetector is also equal to zero.
The frequency f, of the output sin- and cos-signals is
measured, and the voltage U, on the mirrors with
piezoelectric motors is measured using the ADC.

Then, the processor sets the signal at the DAC
output equal to the signal from the PAS photodetec-
tor with a path tuning of AA;~+0.05 (point B in Fig.
la, b) with the amplitude A, 5. The frequency fj of the
output sin- and cos-signals and the voltage Uy on the
mirrors with piezoelectric motors are measured.

The next step at the output of the DAC is the proces-
sor that sets the signal equal to the signal from the
PAS photodetector with an amplitude of A5, but with
an inverse phase when the path tuning is close to -AA,
(point C in Fig. 1a, b). Again, the frequency f. of the
output sin- and cos-signals and the voltage U, on the
mirrors with piezoelectric motors are determined.
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CTpyKUMHK 3JI KUCIONB3YyeTCs CHUCTeMa PerylupOBKHU
nepuMetpa (CPII). Ee paboTa ocHOBaHa Ha HCIIO/Nb30-
BaHWH MOJY/ISILIMK HHTeHCHUBHOCTH Jy4el IIPH HaJjo-
JKeHUH Ha aKTUBHYIO cpeny 3JI' IpoAo/IbHOTIO 3HAKO-
[lepeMeHHOr0 MarHMTHOIO II0jisg. JTO II0Jie CO3JaeT
3HaKOIlepeMeHHBIN TOK 0/10Ka YaCTOTHOM IIOACTaBKHU
(BYII), BO3HUKAIOMIMM B KaTyllIKax, HAMOTAaHHBIX Ha
rasopaspsifHble IPOMeXYTKH [3-6].

Ha puc. 1 npuBefeHbl 3KCIIepUMEHTA/IbHBIE 3aBH-
CHUMOCTH aMIUIMTYAbl CHUTHajla Ha QOTOIIpPHEeMHUKE
M YacTOTHOM IOACTaBKH OT OTHOCHUTEJIBHOM pac-
CTPOMKH IIepUMeTpa pe3oHatopa 3JII AA, AByXH30-
tortHoro 3JIT K-5 (AO «HUU «ITonroc» uM. M. @, Ctenb-
Maxa»), IOo/ly4eHHble IIpU J[ABYX 3Ha4YeHHUSX
AMIUIUTYAbl TOKOB YaCTOTHOM IIOACTABKH, BeIHYH-
HoH 0,5A (puc. 1a) u 0,9A (puc. 1b).

[Ipy MalbIX 3Ha4YeHHUAX OTHOCHUTEIBHOM Ppac-
CTPOMIKH IIepHMeTpa pe3oHaTopa AA, I aMILIUTY/IbL
CUTHana A, Ha ¢oTonpueMHuke CPII U 4aCTOTHOH

nep
IIO/ICTaBKH f MOSKHO HCII0/Ib30BaTh GOpMYJIbI U3 [1]:

Aep=Ky'[ ANy s f=fo: [L+x- (AA=BND2], (D

roe f, - aMIUIMTYAQ YaCTOTHOM IIOACTaBKH IIPH
AN,-ANy=0 -=0. B dopmyine (1) HCIIOTB30BAHBI KOH-
CTaHTBl X M K,, KOTOphIe 3aBHCAT OT aAMIUIHUTYIBI
YaCTOTHOM IOJCTaBKH, YCHJIEHHS aKTHBHOM CpeJEl,
YPOBHS IIOTEPh B pe30HATOpe, YyBCTBUTEIBHOCTH
dotonpueMHuka CPII. JIMHKMM, COeOUHSIOIIHE pac-
YeTHbIe 3HaueHHMs, [IOKa3aHbl Ha puc. 1. PaccrosHue
o ocu abcrycc Mexay IMOMOXKEHUSIMU MHUHHMYMOB
YaCTOTHOM IOACTaBKH M CUTHa/Ia Ha POTOIIpPHEMHHUKe
CPII (AAy~-0,023+-0,03) 3aBHUCHUT OT COOTHOLIEHHUS
B CMeCH M30ToII0B HeoHa Ne?® i Ne?.

MoskHO K36eKaTh CTAaTHUeCKOM PACCTPOMKH II€pH-
MeTpa, eCIH HCIoNb30BaTh B 3JI[ pa3paboTaHHYIO
cuctemy CPII (puc. 2). Ilocne BratodeHus: CPII 1o
CUTHajly, IOCTyIampineMy ¢ ¢orormpueMHUKa, CPII
HaCcTpauBaeTcs B TOUKY A (cM. puc. la, b). IIpu sTom
curHan LAIl paBeH Hy/II0, W IepeMeHHBIM CHUIHaJ
oT ¢oronpueMHrKa CPII Taxke paBeH HYIWO. M3me-
psleTCs 4acToTa [, BBIXOAHBIX SiN- KU COS-CUTHAJIOB,
a ¢ nmoMoiubio ALII n3MepseTcs HampsbkeHue U, Ha
3epKajiax C [1be303/IeKTPUYECKMMHU JIBUTATE/ISIMU.

3aTeM mporeccopom Ha Beixone LIAIT BeICTaB/IseTCA
CHI'HaJI, PaBHBIM CHUIHaldy oT doronpuemHHKa CPII
IIPHU PACCTPOMKe IepuMeTpa Ha Al ~+0,05 (Touka B Ha
puc. la, b) ammiurynon Apepp- FI3MepsieTcs 4acToTa fa
BBIXOJHBIX SiN- M COS-CUTHAJIOB K HaIllpsbKeHHe Uy Ha
3epKajiax C [1be303/IeKTPUYECKMMU JIBUTATEISIMHU .

CnepyromuMm marom Ha Beixome LIAII mmporieccopom
BBICTaB/ISeTCS CHUTHAJI, PaBHBIM CHUCHaly OT (OTO-

nprueMHuKa CPIT aMIUIMTYROH Apepp, HO ¢ 06paTHOM

=

Knowing AA,, f,, fg, fc, we can determine the coeffi-
cient x, the static detuning A\, and the corresponding
A .

per0*

T fs+fc 2-f,

C2A

_fo—fe
4% Ahy;

O

perO_KA |A)\ |

A signal equal to A, is set at the output of the DAC,
and the analogue PAS system will adjust the perimeter
to a point corresponding to the minimum frequency of
the output sin- and cos-signals and completely com-
pensate for the static perimeter detuning.

VIBRATIONAL ERRORS

IN THE TWO-ISOTOPE ZLG

Earlier, when studying the impact of pressure on
the Zeeman effect in a ring gas laser [5], an expres-
sion was obtained for the vibrational error of a laser
gyro AQg:

fo—x(%) ﬁsm(ZnVT +2¢,)sin’ (nvT)-

_fo_xALMO(

T 05(2nvT +¢,) +Cos @, —2cos(mvT +¢, ), (2)

where T is the period of switching the current of the
FSU, AL is the vibration amplitude, v is the frequency
of the vibration, f, is the amplitude of the dithering
with AL=0, y is the constant described above, ¢, is the
phase difference between the mechanical vibration
and the alternating current of the FSU.

The vibrational error consists of two terms (2). The
first of them does not depend on the static detuning
AM, and reaches its maximum at frequencies that are
half the frequency of switching the current of the FSU,
i.e. 1/2T.The second term (2) has maxima at the odd
switching frequencies of the current of the FSU, i.e.
1/T, and depends on the static detuning AA,.

The dependences of the zero drift Q (for a two-
isotope ZLG of type K-5) on the vibration frequency
were studied experimentally at a vibrational accel-
eration amplitude of 10 g with a standard PAS design
and a modified PAS design. An analysis of the results
obtained for two values of the amplitude of the cur-
rent of the FSU (Fig. 3) showed the presence of peaks at
VT values equal to 0.5; 1; 1.5; 2.5; 3; 3.5; 5. The values
of the amplitudes of the peaks of zero drift AQ, are
given in the table.
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dazoil mpu paccTporike mepuMeTrpa OIH3KOM K —Alg
(Touka C Ha puc. 1a, b). CHOBa ompeziensieTcst 4acTora
fc BEIXOMHBIX Sin- M COS-CUTHAJIOB U HanpsoKeHHe U- Ha
3epKajlax C [I1be30371eKTPUYeCKUMU ABUTATEISIMH.

3Has AN, fy, f5, fc, MOKHO ompenenuTh Ko3ddULIH-
€HT X, CTAaTHYeCKyI0 PacCTPOHKY AN, U COOTBETCTBYIO-
m1ee eMy Apepo’

- fB+fC_2'fA

X =X'f0— Z-Aké ;
AXO:fBﬂ;fC
4-% -Ahg;

AnepO =Ky ‘ Adg ‘ .

CECEEEEEEEE e e e e e e e e e e e e e e e
ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il
CECEEEEEEEE e e e e e e e e e e e e e e e

The results obtained correspond to the values cal-
culated by formula (5), taking into account the fact
that, due to the mismatch of the current phases of
the dithering and vibrational oscillations (p,#0), the
experimental vibrational drift is less than the maxi-
mum value of the calculated drift. The use of a modi-
fied PAS did not lead to a decrease in vibration drift at
half vibration frequencies. Vibration drift decreased
by 4 times at the first multiple frequency and by
6-10 times at other multiple frequencies.

Incomplete compensation of vibrational drift when
using a modified PAS is apparently associated with
the mechanism of the occurrence of additional static
detuning. The PAS itself introduces this additional
static detuning when vibrations occur at frequencies

BBIXO[HBIEe CUTHAJIBL BPAIlleHUS
Rotation output signals

sin
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K reHepartopy
TOKa BYIl

To FSU current
generator

3epKaia

C 1be3037IeKTPUYECKUMU
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Piezoelectric mirrors
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Fig. 2. ZLG scheme with a modified perimeter adjustment system

Puc. 2. Ycmpoticmeo 3J1 ¢ moduguuuposaHHol cucmemol pezyAuposku nepumempa
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Ha Beixome LIAIl BBICTaBISIETCS CHUTHaJI, PaBHBIM
Apepo, M aHajnorosast cucrema CPII HAaCTpOUT Iepu-
MeTp B TOUKY, COOTBETCTBYIOIIYI0O MUHHUMYMY YaCTOTHI
BBIXOJHBIX SiN- M COS-CUTHAJIOB U IIOJTHOCTBIO CKOM-
IIeHCHPYeT CTATUYeCKYI0 PaCCTPOMKY ITepHMeTpa.

BUBPALMOHHDIE OLLNBKH

B ABYXU3OTOIMNMHOM 3/I

PaHee NpU HCCIefOBAaHUM BIHSHUS [aBAeHUS Ha
3ddexkT 3eeMaHa B KOJBLIEBOM Ia30BOM Jiaszepe [5]
6bLIO IIONy4eHO BBIPaskeHHe [ BUOPAILMOHHOM
omubKku na3epH0r0 rupockorna AQg:

foX
= 3 51n(21th+2(p0)sm (nvT)-

T
foTX ALWA;” (cos(2mvT + g, )+ cos, —2cos(tvT +,)), (2)

rae T - mepuoJ KoMMyTaluy Toka BYIl, AL - aMIIiu-
Tyzna Bubpanuu, v - 4acrtora Bubpamuu, f, - aMILIH-
TyZa YaCTOTHOM MOACTAaBKU IIpU AL=0, Y -~ KOHCTaHTa,
OIlMCaHHas BhHIIIE, (, — Pa3sHOCTh a3 MeXOYy Mexa-
HUYEeCKON BUOpallMel U 3HAKOIEepPeMeHHBIM TOKOM
BUII.

BubpanuonHast omubka CKJIAABIBaeTCsl U3 ABYX
crnaraeMbIx (2). IlepBoe M3 HUX He 3aBHUCHUT OT CTaTH-

YeCKOM PaCcCTPOMKU ANy U JOCTUTaeT CBOETO MaKCH-
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that are multiples of the frequency of switching the
current of the FSU. It is likely that the appearance of a
signal from the PAS photodetector is perceived as a sig-
nal of path tuning [4]. This assumption is supported
by an increase in the efficiency of the modified PAS at
vibration frequencies higher than the first multiple
frequency, since, according to [4], the static detuning
arising from them is smaller.

CONCLUSION

The proposed modification of the PAS for a Zeeman
laser gyro with a 50% mixture of Ne isotopes allows
several times to reduce vibrational drift at frequen-
cies that are multiples of the frequency of switching
the stand. The residual vibrational drift is caused
by additional detuning of the perimeter due to the
signal from the PAS photodetector caused by mirror
vibrations.
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Puc. 3. 3asucumocms dpeligpa HyAs AazepHo20 2upockona 3/1 K-5 om napamempa vT npu Haauvuu ubpauuu npu moke
yacmomHoli nodcmdeku ¢ amnaumydoii: a) 0,5A; b) 0,9 A (amnaumyda subpoyckoperus 10 + 1g,; nuHus 104 A)\H =0; AuHug 2

Fig. 3. Dependence of the zero drift of the laser gyro (ZLG) of type K-5 on the vT parameter in the presence of vibration at the
current of the dithering with an amplitude of: a) 0.5A; b) 0.9 A (vibration acceleration amplitude 10 +1g; line 1 for A)\‘,: 0, line

MyMa Ha YaCTOTaX, IIOJYKPATHBIX YaCcTOTe KOMMYyTa-
M Toka BUIl, T.e. 1/2T. Bropoe cilaraemoe (2) umeet
MaKCHMMYMbl Ha HEYeTHBIX 4YaCTOTaX KOMMYTALHMH
ToKa BUII, T.e. 1/T, U 3aBUCUT OT CTaTUYECKOM pac-
CTPOUIKH A),.

IKCIIepHMeHTa/IbHO ObUIM K3ydeHBl 3aBUCHUMOCTH
npeﬁ(ba Hy1sa Q) (mns IByxu3oTomnHoro 3JII Tuia K-5)
OT YacTOThl BHOPAaLIMH IIPU aMIUIHTyJe BHOPALIHOH-
HOIo yckopeHHs 10g cO CTaHAAPTHOM KOHCTPYKLIHeEH
CPII u MomuMPHULIUPOBAHHOM KOHCTpyKuHen CPII.
AHa/IM3 pe3y/IbTaTOB, IIOJlyYeHHBIX IIPHU [BYX 3Haue-
HUSX aMIUIATYAb ToKa BUIl (puc. 3), moKasan IpH-
CYyTCTBHe IIMKOB IpH 3HaueHUAX VI, paBHBIX 0,5; 1;
1,5; 2,5; 3; 3,5; 5. 3HaueHUs aMIUIUTY[ IIMKOB gpelnda
Hy/1s1 AQy IpHBefieHbI B TabuIie.

[Tony4yeHHBle pPe3yJbTATBl COOTBETCTBYIOT PacCUH-
TaHHBIM II0 popmysie (5) 3HAUEHUSIM C y4eTOM TOrO,
YTO M3-33 HecoBIIaZeHHUsI (a3 TOKa YaCTOTHOH IIOf-
CTaBKU K BUOpALIMOHHBIX KomebaHUM (@,#0), 3Kc-
IIePUMEeHTAIbHBIA BUOPALIMOHHBIN Jperd OKa3bIBa-
€TCSl MeHbllle MaKCHMAaJIbHOTO 3HaYeHHUsI pacyeTHOIo
aperida. HcnonpzoBaHue mopudunupoanHou CPII
He IIPUBeJIO K yMeHbIIeHHI0 BUOpallOHHOrO Jperda
Ha II0JIyKPaTHBIX 4acToTaxX BHUOpauuu. BubpannoH-
HBIF Aperid yMeHBIIMIICS B 4 pa3a Ha I1epBOI KPaTHOM
4yacToTe U B 6-10 pa3 Ha APYrux KPaTHAIX 4acTOTaX.

HemonHast kKoMIleHcanusi BUOpAIIMOHHOrO Aperida
IpH IpUMeHeHHMH MoAuduUHpoBaHHOU CPII,
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MIO-BUAUMOMY, CBSI3aHA C MeXaHH3MOM BO3HHKHO-
BeHHUS JOINOJHUTEIBHON CTaTU4YeCKOHM PaCCTPOMKH.
9Ty OOMOMTHUTENBHYIO CTATUYECKYI0 PACCTPOMKY BHO-
cutT cama CPII mpu BO3HHUKHOBEHHU BHOpallMi Ha
YaCToTaxX, KPaTHHIX YaCTOTe KOMMYTaluu ToKa BYIL.
BeposiTHO, mOsIBIeHHe CHIHala ¢ QOTOINpHEeMHHKA
CPII BOCIpHHMMAETCSI KakK CUTHa/I PacCTPOMKHU IIepU-
MeTpa [4]. B monb3y 3TOro IpenIlonoXKeHHsI TOBOPUT
noBbileHUue 3QOeKTUBHOCTH MOAUOHULIMPOBAHHOM
CPIl Ha 4yacToTax BHUOpALIMU BBHIIIE IIEPBOM KPAaTHOMN
YaCTOTBI, IIOCKOJIBKY, COIJIAcHO [4], BO3HUKaOLas Ha
HHX CTaTH4YecKas pacCTPOMKa MeHBIIIe.

3AK/TIOYEHUE

IIpennoxkenHas Momudukanusa CPII mis 3eeMaHOB-
CKOTO JIa3epHOr0 THpocKoma ¢ 50% cMeCp0 H30TOIIOB
HeOHa I103BOJIsieT B HEeCKOJIBKO Pa3 YMeHBIIHUTh BUOpa-
LMOHHBIM Aperd Ha YacToTax, KPAaTHBIX YacTOTe
KOMMYTalMK IOACTaBKHA. OCTAaTOYHBIM BHUOPALIMOH-
HBIH Aperd BBI3BAH AOMOJHUTEIBHOHN PacCTPOMKOM
IlepuMeTpa HM3-3a CHTHaja ¢ ¢oTompueMHHKa CPII,
BBI3BAHHOI'0 KOJIeOaHUSIMHU 3epKall.
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I [lpOMbILL/IEHHbIE BO/TOKOHHbIE /1a3epbl

MpoMbILLABHHBIE BOAOKOHHBIE naszepsl IPG noayqnnm
LIMPOKOE NPUMEHEHWE B TAKKMX OTPACNAX NPOMBILLNEH-
HOCTH, KaK asTomobunecTpoeHe M BaroHOCTPOEHME,
METannyprua M 3HEepreTuka, CyA0CTPOBHWE W asua-
CTPOEHUE, U B 33DOHOCMUYECKOM OTPaCcIM.

MPEMMYLLECTBA

« KM o7 poseten go S0%:

*  BONOKOHHBIA BbIXOA C BBICOKMM KAYECTBOM NyYKa;
BPP = 0,35 mm-mpan);

*  BBLICOKAA MOWHOCTL NA3epHON0 M3NYHEHMA
(0o 100 kBT v BbIWe);

*  BLICOK3A HAOEKHOCTL, OrPOMHLIA pecypc pabors;

*  KOMMNAKTHOCTb, MOHONMTHBIN OW3aAH;

*  OTCYTCTEME pernamedTHex pabot v npocrora

IKCNNyaTaUmm;

' peXMM DBICTPOrO YNPaBAeHWA MOLLHOCTBIO M3NY-
YEHWA naiepa no uwdpoBOMY WMAKW AHANOTOBO-

MYy KaHany ynpasneHus,

* 3008 rapaHTHK C BOIMOMHOCTLID PACLUMPEHMA

no 8 ner,

IPG ABAASTCA TEXHONOMMYBCHMM  33KOHOAaTENSEM
PE3BUTUR NA3EPHOW MHAYCTPUM U EAMHCTBEHHBIM
B MWpe Npor3BCavTenam NPpoMbILLNEHHBIX BOAOKOH-
HbiX Nd3epoe MYyNETHRMNOBATTHOMD AWana3oHa — 40
100 BT v BrIWE.

BamHeNUME XaPAKTEDHMCTHEA BONOKOHHEIX Na3epos
HTO «P3-MNonocs—yHUKaNbHO BoICOKKE 3QdeKTHB-
HOCTE M PECYPC, MUHMMANEHBIR MHKEHEDHBLIR CEpBMC,
2 TaHMEe PacKOAMMOCTE NydKa, Bau3kas v dusnuec-
KoMy npeaeny. PA3mMeLLeHHbIE B FepMETUHHBIX KOpny-
cax NOBLIWEHHOM NPOYHOCTH, 3TH CUCTEMEI NPEAHAS-
Ha4yeHsl 40 paboThl B CNOMHLIX MTPOW3BOACTBEHHBIX
YCNOBMAX M HE HYKA3BWTCA B NepuogMYecKom
oBcayHMBaAHUK,

Peawa, ceepnesme CrapHa METANNOB

W noaMMe pos

hWaprupoBka
W TPAEMROEKA

Maika

MnakwpoBaHme ALAWTHEHOE

NPOWUIBGOCTEO

=

MenuumHa Hayka [Mepcoxanyzalikg
YoaneHue NoXPeITWE Tepmidueckan [oAorpagma i
ofpaborka UHTERDE POMETMA
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