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PaccmaTpuBaeTcs npeabiCTOPUS CO3AaHUS
nasepHoro rupockona (JIr), kotopas 6epet

CBOE Haya’sio C 0AHOIro U3 pyHAaAMeHTa/IbHbIX
HanpaBieHUN PU3NKUN — ONTUKMU ABUXKYLLUXCS Cpej,
1, BYacTHocTH, 3bdekTa CaHbsika. AHANU3MPYIOTCS
npeanocbiIKMU NPOrHO3NPOBaHUS U CO3[aHUS
nepBoro TBepaoTesibHoro Jil, KOTOpbIv OTKPbI
HOBYIO 3pYy BOJIHOBbIX FTMPOCKOMNOB. Ee Hay4YHbIM
dyHAAMEHTOM SiBUNACh TeOPpUS BbIHYXXAEHHOIO
M3ny4vyeHus DHWTeNHa, KoTopas 6bl1a pasBuTa
naypeatamu Ho6eneBckon npemun H.I. bacoBbiM,
A.M.TlpoxoposbiM U Y. TayHCcOM, co3AaBLUINMU
nepBbiii B MUpe KBAHTOBbIV reHepaTop (Masep) —
npeaLwwecTBeHHUK ONTUYECKOro KOrepeHTHOro
n3lyyeHUs — asepa. OTOro okasasocb AOCTaTOYHO
Ans co3paHua B 1962 roay nepsoro naébopatopHoro
MakeTa sla3epHoOro rupockona. B goknape
paccmaTpuBaeTcs no3TanHas NCTopus pa3BuUTuUS
KOHLenuum noctpoeHus JI ot ux nepebix 06pasy,oB
MUWHMMAaJIbHOM KOHPUrypauum 0 MHOro4acTOTHbIX
3eeMaHOBCKUX MOANDUKALMUN C HEMJIAaHAPHbIMU
pe3oHaTopamMu. Noka3aHa rnaBeHCTByOWAs posb
JlazepHOM Fr’MpOCKONUN B CO34aHUN UHEPLUabHbIX
Mopaynen, 6ecniatpopmMeHHbIX UHEpLMasbHbIX

M UHTErpMpoBaHHbIX HABUTALMOHHbIX CUCTEM.
Ocob6oe BHUMaHUe yaenseTcs COBpeMeHHOMY
COCTOSIHUIO PbIHKA F’MPOCKOMOB B LLeJIOM U MecTy
JIT cpeau HUX, BblAeNsOTCA OCHOBHbIE TeHAEHLUN
B pa3sBUTUU PbIHKA NHEpLUA/IbHbIX AaTYMKOB.
MpepcTaBneHbl OCHOBHbIE MPOU3BOAUTENIN KaK
HenocpeacTBeHHo JIIN, Tak U cMcTeM Ha UX OCHOBe.
MpuBoauTCca nHpopmMauums o pa3BuUTUK obaacTun
CBepXx60/1bLUNX J1a3epHbIX TMPOCKOMOB.
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LASER GYROSCOPE
IS 50 YEARS OLD

D.P. Lukyanov, Y.V. Filatov, Y.D. Golyaev,
V.N.Kuryatov, V.I. Vinogradov, K.-U.
Schreiber,M. Perlmutter

The history of laser gyroscope (LG) creation is
considered in this paper; it originates from one of

the fundamental schools of physics — moving media
optics and, particularly, Sagnac effect. Preconditions
for forecasting and creation of the first solid-state LG
which started the new era of wave gyroscopes are
analyzed. Einstein’s theory of induced radiation was
its scientific foundation; this theory was developed
by N.G. Basov, A.M. Prokhorov and C. Townes,

Nobel Prize winners, who created the first quantum
generator (maser) in the world, predecessor of
optical coherent radiation - laser. It turned out to be
enough for the creation of the first laboratory model
of laser gyroscope in 1962. Stage-by-stage history

of the development of LG construction concepts

is considered in the report starting from their first
samples with minimum configuration and finishing
with multi-frequency Zeeman modifications with
non-planar resonators. Dominating role of the laser
gyroscopy is shown in the creation of inertial modules,
strapdown inertial and integrated navigation systems.
Particular attention is paid to the modern condition
of gyroscope market in general and role of LGs among
gyroscopes; the main tendencies of inertial sensor
market development are marked out. The main
manufacturers of LGs as well as systems based on
them are specified. Information on the development
of very large laser gyroscopes is given.

INTRODUCTION
Age of "iron" gyroscopes which started from the
invention of Léon Foucault in 1851 (in reality, Johann
Bohnenberger in 1817) gave to the humankind the
keys to the revealing of outer space secrets and depths
of the World Ocean, formed the preconditions for the
development of navigation systems of new generation
and control of different civil and military facilities.
During cold war years "iron" gyroscopic technologies
reached their peak from the height of which the
capacity of military confrontation and deterrence of
two world systems was evaluated [1].

By the middle of the 20th century academic
science in the USSR and USA developed the theory



RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN
I LASERS AND LASER SYSTEMS m
RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN

BBEAEHWE

Jmoxa ">keje3HBIX' THPOCKOIIOB, OTKPHITASI H30-
bperenueM B 1851 rogy JK.B.JI. Pyko (a Ha camMom
nene U.I.®. Bonenbeprepa B 1817 roay), mana 4eso-
Be4yeCTBY K/IIOUYH K OTKPBITHIO TAMH KOCMHYeCKOT0
IIPOCTPAHCTBA U IJNyOMH MHPOBOrO OKeaHa, CO3-
Iaja MpeAIoChUIKY sl Pa3paboTKH HOBOIO IIOKO-
JIeHHs CUCTeM HaBUTAallMKM U YIpaBJIeHUS pPas-
JTUYHBIMH 00beKTaMH TI'Pa’KAAHCKOIO U BOEHHOTO
HaOpaBAeHUs. B rombl XOJIOLHOM BOHHBI ">Kejes-
Hble" THPOCKONHYECKHe TeXHOJOTHH JIOCTHUINHU
CBOEeI BepUIMHBI, C BBICOTHI KOTOPOM OlleHUBAIACh
Crioco6HOCTh BOEHHOI'O ITPOTHBOCTOSIHUS U CHep-
SKHBaHMUS IBYX MHUPOBBIX CUCTeM [1].

K cepegunHe XX CTONETHS aKaJeMH4yecKas
Hayka B CCCP u CIIA paspaborana TeopHio KBaH-
TOBBIX MOJIEKYJISPHBIX TeHepaTopoB, KOTopas
SBUJIACh OCHOBOM HOBOTO IIOKOJIEHHS IPUbOpoOB -
nasepoB. C UX IIOSIBJIEHHEeM B HeJlpax BOCHHO-TIPO-
MBIIIIEHHBIX KOMIIJIEKCOB CTaIH pa3pabaTsiBaThCs
M peaJn30BBIBATHECA (PaHTACTHUYECKHE IIPOEKTHI
7Ma3epHbIX TUIEepPbH0IOUI0B, BBICOKO3IbOEKTUBHBIX
CpelCTB HaBeJeHMS, HOBBIX TEXHOJOTHM WU MHO-
roe apyroe. CrocobHOCTb CTPaHBI pa3pabaTsiBaTh
Y pa3sBHBATh Jla3epHbIe TeXHOJIOTHUHU TOBOPHIIA O ee
BeJIMYMK K MOTYILIeCTBe He MeHbIle, 4yeM obia-
JaHHe SIepHBIM Opy>KHeM M KocMocoM. HaunHasg
c 1961 roma masepnl pa3sHBIX THIIOB 3aHUMAIOT
IIPOYHOEe MeCTO B OITHYeCKHUX aabopaTopusx.
[TosiBJIeHME IIePBBIX ONTUYEeCKUX THPOCKOIIOB HBIIO0
IIpefopeneneHo.

JTa CTaThd MPeACTaB/sAeT KPATKYI0 HCTOPHUIO
Pa3BUTHS Ta3epHOU THPOCKONMHHU. B Hel paccma-
TPHUBAIOTCS IIPEAIIOCHIIKH U YCJIOBHUS, B KOTOPBIX
IIPOMCXOJHMJIO 3apOKJeHMe JIa3epPHOM HPOCKOIHH,
bopMHUpOBaNKCh MHOTOYHC/IeHHble KOHILIeNLIUU
HMX ONTHUKO-QU3HUUYECKHUX CXeM, BOSHUKAIOILIKe IIPU
3TOM IIpobsieMBbl, IYTH U CPeICTBA UX PelleHus.

MCTOKU JIASEPHOM TMPOCKOMNUU

ITpenmOCBIIKOU K CO3JaHHIO JIa3epPHOro TMPOCKOIIa
IIOCJTY>KMJIN UCCIeIOBAaHUS B 06/1aCTH OIITUKHU JIBU-
SKYHUIUXCS TeJl, paccMaTpHBawollen ¢H3HMYecKHe
SABJIEHUS B TeX C/Iy4asx, KOTJa KMeeTCs IBUKeHHe
cpenbl, B KOTOPOM PaCIpPOCTPaHSIETCS CBeTOBas
Bo/IHA. [IpakTH4YeCKHU BCe 3P PeKThI, COCTABJIAIONIHE
OCHOBY ONTHKU ABHKYIIUXCS TeJ, OBIIHM OTKPBITH
IIPU IpOBeJeHUHU HCCAeNOBAaHHI, HallpaBIeHHBIX
Ha H3y4YeHHe CBOMCTB "ddupa’ - HeKOH CpenHl,
OTBETCTBEHHOM, 0 MHEHHIO OOJBIIMHCTBA yue-
HBIX B KOHIIe XIX BeKa, 3a pacIipocTpaHeHHe CBeTa.
Pe3ynbTaThl OIBITOB, HAIpaBJIeHHBIX Ha H3ydye-
HHEe CBOHCTB '3¢upa’, B 3HAUUTE/IbHOM CTeIleHU
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of quantum molecular generators which was the
basis of the devices of new generation - lasers.
When they were designed, fantastic projects of laser
hyperboloids, high-efficiency guidance systems,
new technologies etc. were being developed
and implemented in the military industrial
establishments. Country ability to design and
develop laser technologies showed its greatness
and power not less than the possession of nuclear
weapons and outer space. Starting from 1961, lasers
of different types had been holding strong positions
in optical laboratories. Occurrence of the first
optical gyroscopes was predetermined.

This report gives short history of the laser
gyroscopy development. It considers the
backgrounds of and conditions under which the
laser gyroscopy origin took place, many concepts
of their optical and physical schemes formed, as
well as occurring problems, methods and means for
their solution.

LASER GYROSCOPY ORIGINS

Research activities in the area of optics of moving
bodies, considering the physical phenomena in
the cases when there is movement of the medium
in which the light wave propagates, served as
the backgrounds for the laser gyroscope creation.
Practically all effects which are the basis of the
physics of moving bodies were discovered during the
research activities intended for the study of properties
of "aethyr" - certain medium which was responsible
for the light propagation according to the opinion
of the majority of scientists at the end of the 19th
century. Results of the experiments aimed at the
study of properties of "aethyr" to considerable degree
determined the creation of the special theory of
relativity by A. Einstein which he set forth in the
paper "On the Electrodynamics of Moving Bodies" in
1905 [2].

One of the first tests on the study of aethyr
properties was the experiment set up by Georges
Sagnac, French physicist, in 1913. During the
study on the detection of "aethyr" drag by the
rotary apparatus he discovered the "swirling
optical effect” which allows measuring the object
rotating velocity relative to the inertial reference
point using the optical methods [3]. During Sagnac
experiment the interrelation between the value
of interference pattern shift formed at the output
of interferometer with closed optical loop (ring
interferometer) by the counter-propagating light
beams and its angular velocity was established.
Later the experiments of A. Michelson and H. Gale
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OIlpe/le/IM/IM CO3JaHHe A.DMHIITEeHHOM CIIelHalb-
HOM TeOPHUH OTHOCHUTEJIbHOCTH, H3JI0OKEHHOH UM
B 1905 rogy B pabote "K 371eKTpOgHMHAMHUKE ABHXKY-
muxcya ten" [2].

OnHKM M3 OIBITOB I10 U3y4YeHHUIO CBOMCTB 3QHupa
SIBUJICSI 3KCIIEPUMEHT, IIOCTaBJIeHHBIN B 1913 rogmy
¢pannysckuM ¢usukom Kopkem CaHBSKOM.
IIpu uCclefoBaHUAX IO OOHApy>KeHHIO YBiede-
HUS 3QHPa BPallAIOIIEHCs yCTAHOBKOM, OH OTKPBIJI
"BUXPEBOHM ONTHUYeCKUN 3ddeKT", MO3BOMSIOIHUN
OIITUYECKUMHU METOJAMH H3MePSATh CKOPOCTh Bpa-
meHUsI 06beKTa OTHOCHUTENbHO HHepLHaJIbHOMN
cucTeMbl oTcueTa [3]. B akcmepumeHTe CaHBbsSKa
6blla yCTaHOBIEHA B3aMMOCBSA3b MEX/Yy BelHYU-
HOM CMeIleHHUs HHTeppepeHIIMOHHOU KapTHUHEL,
o6pa3oBaHHON Ha BBIXOJe HHTepdepoMeTpa
C 3aMKHYTBIM OIITHYECKHUM KOHTYPOM (KOJIbLIEBOTO
HHTepdepoMeTpa) BCTPEUHO PaCIpPOCTPAHSIIOUIU-
MHUCSI CBEeTOBBIMH JIy4aMH, K ero yIJIOBOK CKOPO-
cThi0. Ilo3fHee 3KCIepUMeHTH A.MaKKe/lbCOHA
u X.[eHns NpPoAeMOHCTPHPOBAJIM BO3MOKXHOCTD
M3MepPeHH CKOPOCTH BpallleHWI 3eMJIHM C HUCIIO/Ib-
30BaHHEM KOJIbLIeBOTO HHTepdepomeTpa C Mepu-
MeTpoM 1,9 kM. B obracTu HaBUrallUu Iepen
TUPOCKOIIOM, He HMEIOIIMM MeXaHMYeCKHX JeTa-
7er, OTKPBIBAJKUCh IIHPOKHEe IMepCIeKTHUBE. TeM
He MeHee, 3¢ppexT CaHBAKA [OJIr0e Bpems OCTa-
BaJICSI HeBOCTPeGOBAaHHBIM, B IIepPBYIO oOuepelb
M3-3a HHU3KOM YYBCTBUTEJIBHOCTH. B ero omeiTe
HHTepdepoMeTp BpallaiCsd CO CKOPOCThIO 2,3 06/c.
[Ipu nnomanu uHTepdepomerpa 866 cm? cMele-
HHe HHTeppepeHLIMOHHOM KapTHUHBI COCTAaBHIJIO
Bcero nuub 0,04 mosocel. [103TOMy B TeueHHE MHO-
TUX JeCATHUIeTHH ONTHYeCKHUM THPOCKOIl He ObLI
BOCTpebOBaH.

ChTyauusi KapAUHAJIbHBHIM obpa3oM H3Me-
HHJIAach C HadyaJoM pa3sBUTHSI KBAHTOBOM 3/eK-
TPOHUKM M CO3JaHHEeM IIePBBIX JIa3epoB.
OcCHOBOIIOJIATAOIIUM OTKPBITHEM B Pa3BUTHHU
KBAHTOBOM 3JIeKTPOHUKH SBHJIOCH IIpeJCcKa3aHHe
B 1916 romy A.DHHIUTeHHOM SBJIEHHUS BBIHYX-
JEeHHOTO HM3Jiy4eHHs. BrepBble MHAYLUPOBAHHOE
H3iydeHHe 6pUIO monydeHo B 1950 romy amepu-
KaHCKUMH ¢usukaMmu E.Ilapcennom u P.IlayHgom
B 3KCIIEPMMEHTAX II0 CO3JAaHHI0 MHBEPCHUM Hace-
JTeHHOCTeH SIepHBIX CIIMHOBBIX CHCTeM. B 1953-
1954 rogpr H.T.BacoB u A.M.IIpoxopoB (CCCP) u,
He3aBHCHUMO OT HHX, Y.TayHc (CIIIA) IOy YHIH
reHepanuio B CAHTHMeETPOBOM [JHala3oHe Ha
MojleKynaX aMMuaka. Tak OblI CO3[aH IepBBHIH
KBAaHTOBBII FeHepaTop -~ Masep (maser - microwave
amplification by stimulated emission of radiation).
B 1955 romy bacoB u IIpoxopoB IpenoKHIH
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demonstrated the capability of the Earth rotation
velocity measurement using the ring interferometer
with the perimeter of 1.9 km. In the navigation area
before the gyroscope which did not have mechanical
parts, big challenges were offered. Nevertheless,
Sagnac effect remained unused for a long time,
first of all, due to low sensitivity. In his experiment
interferometer rotated with the velocity of 2.3 turns
per second. With the interferometer area of 866
cm2 the interference pattern shift was only 0.04
band. Therefore, during many decades the optical
gyroscope was not needed.

This situation has changed considerably with
the beginning of quantum electronics development
and creation of the first lasers. The fundamental
discovery in the quantum electronics development
was A. Einstein prediction of induced radiation
phenomenon in 1916. For the first time the induced
radiation was obtained in 1950 by E. Purcell
and R. Pound, American physicists, during the
experiments on the generation of population
inversion of nuclear spin systems. In 1953-
1954 N.G. Basov and A.M. Prokhorov (USSR) and
independently of them C. Townes (USA) obtained
the generation within the centimeter range on
ammonia molecules. This is how the first quantum
generator - maser (maser - microwave amplification
by stimulated emission of radiation) was made.
In 1955 Basov and Prokhorov offered three-level
method of obtaining of population inversion of
molecular levels. Operating three-level solid-state
quantum amplifiers were created in 1957-1958 in the
USA and USSR. For the obtained results N.G. Basov
and A.M. Prokhorov and C. Townes were awarded to
the Nobel Prize in Physics in 1964.

Further development of quantum electronics
was guided to the transfer to the optical range. In
1958 A.M. Prokhorov and R. Dicke (USA) advanced
the concept of open resonator which was the
important factor for the creation of solid-state and
gas optical quantum generators - lasers (laser - light
amplification by stimulated emission of radiation).
The first laser was created by T. Maiman (USA)
in 1960 using the open resonator and crystal of
synthetic ruby as the actuating medium (radiation
wavelength was 0.7 pm). In 6 months A. Javan,
V. Bennett and D. Herriott (USA) constructed the
first gas laser based on the mixture of helium and
neon.

Then, during the years of quantum-optical
engineering origins the scientific world
was constantly disturbed by many effects,
discoveries and hypotheses. Information flows
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TpPexXypoBHeBBIKI MeTOJ, IIOJyuYeHUSI HHBepC-
HOU HacCe/eHHOCTH MOJIeKY/ISPHBIX YyPOBHEM.
JencTByoOIIMe TpeXypOBHeBble TBepAOTe/lbHbIE
KBAaHTOBBIE YCHUIUTEIHU OBLIM CO3aHBl B 1957-1958
roapl B CIIA u CCCP. 3a mony4eHHBIe Pe3yJIbTAThI
H.T.Bacos, A.M. ITpoxopoB u Y.TayHc 6bIIH yI0OCTO-
eHBl B 1964 rony HobeneBcKoM IpeMHUHU B 061acTU
QU3UKHU.

JanpHeHIlee Ppa3sBUTHe KBAHTOBOM 3JIEKTPO-
HUKH OBIIO HaIpaB/leHO Ha Iepexof B ONTHYe-
CKMH Auana3oH. B 1958 romy A.M.IIpoxopoBEIM
U P. Juke (CIIIA) 6bL1a BBIABUHYTA U OTKPBITOTO
pe3oHaTopa, KOTOPBIM SIBUJICSL BaKHBIM GaKTOPOM
CO3JaHUs TBEPAOTENbHBIX U Ia30BBIX OHNTHUYECKHUX
KBAaHTOBBIX reHepaTopoB - jnasepoB (laser - light
amplification by stimulated emission of radiation).
[lepBBIXl n1a3ep 6vl1 co3maH T.MelimaHom (CIIA)
B 1960 rogy Cc MCIIOIb30BAHKEM OTKPBITOrO pe3oHa-
TOpa M KPHCTa/l/la HCKYCCTBEHHOro pybrHa B Kaue-
cTBe pabouero Tena (OJAMHA BOJHBI H3Ty4YeHHUS
cocTtaBisgaa 0,7 MKM). Yepes monroga A. JI>kaBaHOM,
B.BenHetoM u [I. OpproTom (CIIA) 6BI71 CKOHCTPY-
HPOBAaH IIePBbIM Fa30BBIM JIa3ep Ha CMeCH TreyHsd
Y HeoHa.

Torma, B ToAbl 3aposKAeHKS KBAHTOBO-OIITHYE-
CKOM TeXHHKH, Hay4HBIH MHP IIOCTOSSHHO Oygo-
PaKMIHM MHOLOYHC/IeHHBIE 3QPeKThl, OTKPBITHSA
U rumnoTessl. IIoTOKM MHPOpMALKUU 06 OCBOEHUU
BCe HOBBIX M HOBBIX YCHJIMBAIOLIMX Cpel U AIUH
BOJIH POKZA/IM CMeJIble IIPOTHO3BL CO3JaHUs CBepX-
MOIIHBIX 'runepbomounos”, roaorpadprvyeckoro
TeJIeBUJEHU U T.[. U T.II.

HeynuBUTeIbHO, YTO Ha 3TOM QOHE /11 MHOTHX
0CTajJIOCh He3aMe4YeHHBIM COobmeHHe O BO3MOXK-
HOCTH CO3JaHMS Ha OCHOBE Jla3epOB IPUHIMIIN-
aJIBHO HOBBIX M3MEPHUTeNIbHBIX NPUOOPOB - J1a3zep-
HBIX THPOCKOIIOB, CHeJaHHOe B KOHIIe 1962 roma
OynymuMm jaypeatom HobeneBckon MpeMHUU
A.M.IlpoxopoBbiM B O®HU3IHMYECKOM HHCTUTYyTe
AH CCCP. Ho rpymnma MoJIOAbIX MHXXeHepoB HHH
IIpuknanHon ¢usuxku (B.Kypstos, E.HacenkuH,
I. Ko KUH) CO BCeI Cepbe3HOCThIO OTHEC/IACh K Uee
COo3aHUS TaKUX npubopos. K 3ToMy cienyeT moba-
BHUTb, 4TO elre 3a 10 j1eT 10 OSAB/IeHK A IIePBIX J1a3e-
poB B CoBeTckoM Coroze H.JI. BepumiTelHOM OBIIH
[IpOBeeHbl 3KCIepPHMeHTa/JIbHble HCC/IeJOBaHUS
3pdexTta CaHbsIKA B paguUofHalla3oOHe IIO CXeMme,
KOTOpasl 10 CYyIIeCTBY COOTBETCTBYeT COBPeMeHHOM
apXUTEKType IIOCTPOEHU S BOJIOKOHHO-OLTUYECKHUX
rupockonos [4]. OgHAKO IpeAIOCHIIOK A/ Iepe-
HeCeHM S 3THX MCC/IeJIOBAHUU B ONTHUYeCKHUU JHa-
[1a30H TOIJa elle He CyllecTBoBajo. TeM He MeHee
npuoputeT M.JI.BepmTeliHa, HpeJBOCXUTHBIIETO
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Puc.1. B.Mauex c nepabim AasepHbim 2upockonom (1963 209)
Fig. 1. V.Matsek first laser gyroscope (1963)

on the application of new amplifying media and
wavelengths gave rise to the bold forecasts of the
creation of superpower "hyperboloids”, holographic
television etc.

It is not surprising that against this background
many people did not notice the report on the
capability of creation of the fundamentally new
measuring instruments based on lasers - laser
gyroscopes; this report was made by A.M. Prokhorov,
future winner of the Nobel Prize, at the Physical
Institute of the Academy of Sciences of the USSR at
the end of 1962. But the group of young engineers
of the Research Institute of Applied Physics (V.
Kuryatov, E. Nasedkin, G. Koshkin) seriously
considered the idea of creation of such devices. In
addition, even 10 years before the occurrence of
the first lasers in the Soviet Union, I.L. Bernstein
carried out the experimental study of Sagnac effect
within the radio-frequency band on the basis of the
scheme which essentially complies with the modern
architecture of fiber-optic gyroscopes construction
[4]. However, there were no preconditions for the
transfer of this study to the optical range at that
time. Nevertheless, the priority of I.L. Bernstein
who anticipated the concept of fiber-optic gyroscope
construction is recognized in Russia as well as in
the USA.

In 1962 A. Rosenthal (USA) suggested [5] and
V. Macek and D. Davis (USA) implemented the
first He-Ne laser with ring resonator (ring laser)
from which the development of laser gyroscopy has
started (Fig. 1) [6]. Mixture of He-Ne was used as the
actuating medium; 4 discharge tubes were filled
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KOHIIeMI[HI0 IOCTPOEHHU S BOJIOKOHHO-OIITHYECKOT0
TMPOCKOIIA, IIpU3HaIoT B Poccuu u B CIIA.

B 1962 rony A.PoseHTtans (CIIA) mpeniosKHII
[5], a B.Mauek u [.JeBuc (CIIA) peanun3oBanu
nepBbld He-Ne jiazep Cc KOJBLIEBBIM Pe30HATOPOM
(KoJIBLIEBOM J1a3ep), C KOTOPOro HaydaloCh pa3BU-
THe Jla3epHON rupockonuu (puc.l) [6]. B kadecTBe
paboueri cpenbl 6plyla HMCIONb30BaHa cMech He-Ne,
KOTOPOM 3aIlOJIHSIIMCh YeThlpe Ta30pa3psafHBIX
TPpyO6KH. BMecTe ¢ OTpaskalOIMUMU 3epKaJlaMHU 3Ta
KOHCTPYKLIMS Ipe[CcTaBisania cobon 3aMKHYTBIH
pPe30HaTOp IPSMOYroAbHON GOPMBI CO CTOPOHOM
okono 1 M. Pabouast yacToTa pe3oHaTopa BeIOKPa-
nack U3 coobpaskeHUM MONy4YeHU I MaKCHUMa/lbHOIO
Ko3pPHUIIMeHTa YCHUIeHHUSI, KOTOPBIM JOCTHUTIAJCs
Ha JJIMHe BOIHBI 1152,3 HM. JIabopaTOpHBIM Make-
TOM OblIa HPOZEMOHCTPHPOBAHA BO3MOKHOCTH
H3MepeHUs YITIOBBIX IlepeMelleHUM OTHOCHUTEIbHO
HMHEepPIMa/IbHOTO IPOCTPAHCTBA C JOCTATOYHO BBICO-
KOM 4yBCTBUTEJIBHOCTBIO.

Crenyer OTMeTHTh, YTO B Havajse 60-X ToIoB
7a3epHasi TUPOCKOIKS 3aBOeBbIBaJIa CBOe NPH3HA-
HHe B YCJIOBHUSX CJIOKMBILIENCS 32 MHOTHe [eCsaTH-
JeTHsl pa3BeTBJIEHHON HHAYCTPUHU IIPOHU3BOACTBA
MexaHH4YecKUX (">kene3HBIX") THpPOCKomoB. OHH
BIIOJIHE COOTBETCTBOBAJIM IapHBIIeN B TO BpeMsi
HU/Ie0JIOTUH TJaTGOPMEHHBIX HHepLHalbHBIX
cucteM. MMenach pa3BUTas TeOpHUsl, HeobxonrMas
IIPOU3BOACTBeHHAs 6a3a M, 4TO 0COGEHHO Ba’KHO,
IIpoBepeHHble BpeMeHeM TPafHULUU, ONHPAIOMIU-
ecsl Ha HellpepeKaeMble aBTOPUTETHI. [I03ToMy pob-
KHe IONBITKY SHTY3HUaCTOB Pa3BUTh UCCIe0BaHUS
B 06/1aCTH J1a3epHOM T'MPOCKOIHH, KaK IIPABHIIO,
He HMMeJH yClleXa, a B psife MHUHHUCTEPCTB U He
HAUYMHAIHCh.

Bonpiie "moBe3so” ya3epHOM TMPOCKONHHU Ha
NpeNpUSATHUSIX, TTe He OblJIO 1aBsIIero aBTOpUTETA
TPaJULIMOHHBIX TMPOCKOIKUCTOB, HO OBlJIa ONTH-
yeckasi U 3/71eKTPOBaKyyMHasl IIPOM3BOJACTBeHHas
6a3a. [ToaTomy Haubosee 3¢pdeKTHUBHO pa3paboTKa
JIT Hauanace B HUU IIpukiagHou GU3HUKU (Hayq—
HBIN pyKoBoguTenb HHUH II® Kypbartos JI.H.), a
HauOOJNBIIMK Pa3Max IOJy4YHIa B JajbHeHIIeM
B HHUH "Tlonwooc" (reHepaibHBIM AUPeKTOp M.D.
CrenpMmax), rme OBIJIO OPraHM30BAHO CepUIHOe
npou3sBoacTBo JIT.

B cepenuHe 1963 roma mepsBeld B CCCP maker
JIT 611 cobpaH M (KaK MasgTHUK PyKo) IopBe-
IIeH K II0TOJKY KOMHATBI ISl CO3JMAaHUS YITIOBBIX
mepeMelleHUMN (YaCTOTHOM MOACTAaBKH) M Ppas-
BA3KH OT QyHAAMeHTa 3[JaHHS, HCIBITHIBAIOIIETO
ceiCMHUYeCKHe BO3JeHCTBHS. HecMoTpst Ha Ppsn
TeXHOJOTUYECKUX OTPAaHHUYEHUN U HeymobCTB
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with this mixture. Together with reflecting mirrors
this construction represented closed resonator
with squared shape and side of approximately 1 m.
Resonator operating frequency was selected for the
reasons of obtaining of maximum amplification
coefficient which was reached on the wavelength
of 1152.3 nm. Laboratory model demonstrated
the capability of measurement of angular
displacements relative to the inertial space with
quite high sensitivity.

It should be noted that in early 60s laser
gyroscopy was winning its recognition under the
conditions of divided industry of mechanical (“iron")
gyroscopes production which had been formed
for many decades. They completely complied with
the ideology of platform inertial systems which
dominated at that time. There were developed
theory, necessary production base and particularly
important time-proven traditions which relied
upon the indisputable authorities. That is why, as
a rule, timid attempts of enthusiasts to develop
research activities in the area of laser gyroscopy
were not successful and in a number of ministries
they were not even commenced.

Laser gyroscopy was more "lucky" at the
enterprises which did not have the pressing
authority of traditional scientists but had the optical
and electro-vacuum production base. Therefore, the
most efficient LG development began at the Research
Institute of Applied Physics (L.N. Kurbatov was
the research supervisor of the Research institute
of Applied Physics) and subsequently it obtained
the widest scope at Polyus Research Institute
(M.F. Stelmakh, General Director) where the batch
production of LG was organized.

In the middle of 1963 the first model of LG in the
USSR was assembled and (as Foucault’s pendulum)
suspended to the room ceiling for the generation
of angular displacements (dithering) and isolation
from the building foundation which experienced
the seismic loads. Despite a number of technological
restrictions and inconveniences (limited lifetime of
discharge tubes, infrared radiation band invisible
for eyes, semiconductor radiation detector from
the exotic materials - indium-stibium which
requires the regular cooling by liquid nitrogen and
compels to be under constant stress due to the
construction fragility, use of powerful 300 W high-
frequency pump oscillators which are hazardous
for health etc.) the model functioned successfully!
Many interesting characteristics and effects were
detected on it which led to the new technical
terminology: "capture”, unidirectional emission,
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(OTpaHHYEHHBIM CPOK CJYKOBI Tra3opa3psiiHBIX
TpybOK, HEBHUAMMBIN IJsI I7a3a HHOPAKPACHBIH
OUaIa30H H3JIy4YeHHU s, [TONyIPOBOJHHUKOBBIN IIPH-
eMHHUK H3JIyUeHUs U3 3K30THUUYeCKUX MaTepHaJIOB
MHIUN-CypbMa, TPebyIOIUN PeryJsipHOrO OXJIaX-
OeHUsS SKUAKUM a30TOM U 3aCTaBISIONHNA I1pebbl-
BaTb B IOCTOSSHHOM HaIPSI’)KeHUH M3-3a XPYIIKOCTHU
KOHCTPYKIIMH, HCII0Ab30BaHHe He6e30MMacHbIX JJIsI
340pOBEs MOIIHEIX 300-BT BRICOKOYACTOTHEIX I'eHe-
paTopoB HaKa4dKH U T.A.), MaKeT yCIIeIIHO QYHK-
uuonuposan! Ha Hem 6511 o6HapysKeH LieJIbIH psif
HHTepecHBIX ocobeHHOCTeN U 3)deKToB, IIpPUBEL-
IMKUX K IIOSIBJIEHUIO HOBOM TeXHUUYEeCKON TePMHHO-
JOTUHM: "3aXBaT', OLHOHAIIpaBJIeHHAs reHepanus,
"momcTaBKa’, AMOPAaKLHUOHHAS HEB3aHMHOCTB,
KBAaHTOBBIE IIYMBI U T.A. [7].

Yepes mosroza, Ha claeAymoomeM Makere, pabo-
TalolleM B BHAKMOM J[Halla30He CIIeKTpa, YXKe
MOXHO ObIJI0 O0OHApy>KHTb BpallleHHe 3eMJIH,
NeTaJlbHO H3YYHUTh CHUHXPOHH3ALIHI0 BCTPEUYHBIX
BOJIH, IIOYYBCTBOBAaTh BIHUSHHUE MarHUTHOIO IO/,
ornpoboBaTh pa3iHUHBIE CIOCOOBI JIMHeAPU3ALUU
BBIXOJHOM XapakTepUcTuKHK JII (MexaHHUecKoe
BpaweHue, 3¢dpexkTsl Papanmes, Puso, 3eeMaHa
U Ip.).

B 1965 rony Oply1a 3allMIleHa nepsas B CCCP
NpHUKIafHAagd KaHAWUAATCKas AUccepTauusg mo JIT
(B.H.KypsTOB), IIaBHBbIe II0JIOKeHHSI KOTOPOH He
[IOTePs/IK aKTYaIbHOCTH [0 HACTOSIIEro BpeMeHH.
JanpHelInee pa3BUTHe paboTel B obnacTu nasep-
HOM THPOCKOIMHU IONYyYHUIU B Psfie OpraHH3a-
uui MockBel u KumeBa. B HHUHM "Ilontoc” paboTsl
IIJIM 10 ABYM HamnpaBiaeHUsIM. OLHO, IIOf, PYKOBOJ-
cTBom B.H.KypsaToBa, pa3BHBaJI0O CO3SaHKE MOHO-
61ounoro JII Ha ImpHU3Max IIOJTHOTO BHYTPEeHHETO
oTpaxkenus (IIIIBO), BTopoe moJ PyKOBOACTBOM
B.B. PribakoBa - co3manue JII Ha 3o derTe 3eeMaHa.
B HIIO "Actpodmsmka" 1oL PyKOBOACTBOM
B.A.360poBcKoro mpopabaTsiBajiuCch MOHO6/10Y-
Hple JII' Ha 3epKanax ¢ dapageeBCKHMM HeB3aHM-
HBIM 3JeMeHTOM, CTaBIIMe Ipoobpaszom mnpubo-
POB, CEPUIHO IIPOM3BOJLUMBIX Ha KMEeBCKOM 3aBOjie
"Apcenan” mmog, pykosozxcTBoM B.U. By3aHoBa.

He cexpet, uTo Haubosee 3HAYHUTe/IbHBIE HAYY-
Hble U IIpaKTH4YeCKHe pe3yabTaTsl B ob1acTu
JIa3epHOM U BOJIOKOHHO-OIITHYECKOM TMPOCKOIIHHU
6bLIM IOTy4YeHBl B HeAPax BOEHHO-IIPOMBIIIIEH-
HBIX KOMIIJIEKCOB BeIYIHX TOCYyIapCTB. JeTanbHas
nHbopManMsg O TeXHOJOTHMUYeCKHUX Ipolieccax,
HCHOBITAHUSAX M MPaKTHYeCKUX I[IPUMEHeHHUSIX
JIT 6bplJ1a ¥ BO MHOTOM OCTaeTCSl [0 HACTOSIIEro
BpeMeHHU 3aKPbITOM. ITOT Ipollecc ycyrybisics
Ha/JIW4YHheM '>KeJe3HOro 3aHaBeca’, pa3/elsiBIIEro
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"dithering”, diffraction non-reciprocity, quantum
noises etc. [7].

In 6 months on the following model operating
within the visible spectrum range it was possible
to detect the Earth rotation, study in details the
synchronization of counter-propagating waves,
feel the influence of magnetic field, test different
methods of linearization of LG output characteristic
(mechanical rotation, Faraday effect, Fizeau effect,
Zeeman effect etc.).

In 1965 the first applied candidate’s dissertation
on LC was defended (V.N. Kuryatov) main provisions
of which have not lost their topicality up to the
present day. Activities in the area of laser gyroscopy
received the following development in a number
of organizations in Moscow and Kiev. At Polyus
Research Institute the works were carried out in
two areas, one area was under the supervision
of V.N. Kuryatov and developed the creation of
monoblock LG based on totally reflecting prisms
(TRPs), the second area was under the supervision
of B.V. Rybakov and worked on the creation of LG
based on Zeeman effect. Astrophysica Scientific
Production Association under the supervision of
V.A. Zborovsky worked on the creation of monoblock
LG based on mirrors with Faraday nonreciprocal
element which became the prototype of the devices
manufactured in batches by Kiev Arsenal Factory
under the supervision of V.I. Buzanov.

It is not a secret that considerable scientific and
practical results in the area of laser and fiber-optic
gyroscopy were received in the military industrial
establishments of leading states. Detailed
information on the technological processes, tests
and practical applications of LGs was and in many
aspects has been staying confidential up to the
present day. This process worsened due to "iron
curtain" which separated NATO countries from
Warsaw Pact countries. Under these conditions
the international collaboration and scientific
and technical cooperation of LG researchers and
developers were practically eliminated. Therefore,
despite the large amount of open publications
which, first of all, reflected the issues of optical
gyroscopes theory many essential details connected
with the industrial development and application
of new technologies turned out to be confidential
and the period from the demonstration of the first
laboratory models to the batch production turned
out to be quite long.

In addition, the development history of one
of the leading world firms in the area of laser
gyroscopy - Honeywell - convincingly testifies of
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PaspaboTka nepsoro Jir

BOeHHble KOHTaKTbl

Bbinyck /1M co cTopoHon 10,5 cm

PaspaboTka 371eKTPOHUKHN

PazpaboTka JII co CTOPOHOM 5 CM

1970 1980

Pa3paboTka nepsoro /Il

Fig. 2. Research and development firm LG Honeywell (1965-1994)

MocTasKka Ha Boeing 757/767

Puc.2. Viccnedosarus u pazpabomku JII pupmbl Honeywell (1965-1994)

L N O S B B R B R
1985 1990 1995

Pa3zpaboTka /Il co CTOPOHOM 2 CM

crpanbl HATO ¥ y4YaCTHHMKOB BapiraBCKOro ImakTa.
B 3THUX YCIOBUAX MEXIYHAPOSHOE COTPYAHUYECTBO
Y1 Hay4YyHO-TeXHHUUYeCKas Koolepalus HcCaefoBaTe-
nei U pa3paborumukoB JI[ MpaKTHUYeCKH HCKJIIOYA-
nace. ITosTomMy, HecMOTps Ha 60JibIII0e KOTHYECTBO
OTKPBITBIX NY6IMKALIUH, IOCBSIIEHHBIX IIpexXse
BCETO0 BOIPOCAM TEOPHUH ONTHYECKHX TIHPOCKO-
[I0B, MHOIHMe IIPUHLUMIIHMAJbHbIE [eTaJih, CBs-
3aHHBIe C IIPOMBIIIIEHHON pa3paboTKoM U ocBoe-
HHeM HOBBIX TeXHOJIOTHI, OKa3a/IUCh 3aKPBITBIMH,
M Iepuof OT JeMOHCTpallMH IepBbIX nabopaTop-
HBIX MaKeTOB [0 BBIIIYCKa CePHHHOU IPOAYKIHH
0Ka3aJICSA JOCTATOYHO IMPOAOJIKHUTEIbHBIM.

BMecTe ¢ TeM, HCTOPHUS Pa3BUTHA OLHOU
M3 BeAyIIUX MHUPOBBIX GUPM B ob1acTh nasep-
HOM rupockonuu - Honeywell ybegurensHo cBUze-
Te/IbCTByeT O TOM, UTO Cepbe3HbIH KOMMepUeCKHI
ycIex MoKeT OBITbH JOCTHUTHYT depe3 3pPpeKTHB-
HOe OCBOEHHE BOEHHOIO0 M IPa’XJaHCKOIO pBIH-
KOB HJIH, APYTHMH CJIOBAaMH, 4epe3 obIiue Tex-
HOJIOTHYeCKHe IIPOLecChl ABOMHOIO IpPUMeHEeHHUS.
OnHoBpeMeHHasi pa3paboTka U BHeJpeHHe 60/b-
Ioro 4yucia nNpubopoB U cHucTeM obecreuuBalOT
pe3koe CHMKeHHEe HMX CTOMMOCTH, YTO, B CBOIO
odepenb, BeJleT K PACIIMpPeHHUIO PEIHKA COBITA. ITO
MOXKeT OBITh IIPOUJITIOCTPUPOBAHO pe3yabTaTaMU
nesTenpHOCTH ¢upMbl Honeywell B mepuog c 1965
1o 1994 rons! (prc.2) [8].

Kaxk cnenyeT M3 pHC.2, IePBBIM 3Tall MCC/IeM0-
BaHUM U pa3paboTok, 3aHSABIIMHN 3HAYMUTEJbHBI
nepuon ¢ 1965 mo 1979 romger, Mor OBITH BBIIIOJIHEH
TOJIBKO IIPU TOCYyJAPCTBEHHOM (QUHAHCHPOBAHHU,
KOTOpOe, O4YeBHIHO, IIPOLOJIKANIOCH A0 IIePBBIX
IIOCTABOK JIa3€pHOr0 HaBUTALIMOHHOTO obopymo-
BaHHUS Ha caMmoiieThl Boeing 757/767. IlonydeHHBIe
pe3ysibTaThl MO3BOMUIK 3aTeM B TeYeHHe CpaB-
HHUTEJIPHO KOPOTKOIO HHTEpBasia BpPeMeHH pas-

paboraTth cepuio HOBBIX JI[ C IOC/IemZOBaTeIbHO
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the fact that considerable commercial success can
be achieved through the efficient development
of military and civil markets or, in other words,
through the common technological processes of
dual application. Simultaneous development and
implementation of large amount of devices and
systems provide the sharp reduction in value which,
in turn, leads to the marketing development. It can
be illustrated through the performance results of
Honeywell for the period from 1965 to 1994 (Fig. 2)
(8.

As it is seen from Fig. 2, the first stage of
research and development activities which took
the considerable period from 1965 to 1979 could be
performed only on the basis of the government
financing which, obviously, continued up to the
first deliveries of laser navigation equipment
for the airplanes Boeing 757/767. Then, obtained
results made it possible to develop the series of
new LGs with the sequentially improved weigh-size
characteristics during relatively short period of
time and increase the amount of production units
with the simultaneous reduction in its value. By
the beginning of 1992, the ratio of civil products
to military products was more than 10:1 with the
reduction in unit value by 6.5 times from 1981 to
1992.

The development history of laser gyroscopy in
the former Soviet Union looks differently at one of
the leading enterprises - Central Design Bureau and
Arsenal Factory (Fig. 3).

Here the development of prototypes and output
of batch products were performed at all stages upon
the systematic government financing of orders
which almost did not provide the development
of equipment samples for civil application. Plan
nature of the production and tight control were
aimed for the reduction of necessary research and
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PaspaboTka yaaponpoyHbix 1l

PazpaboTka XOH Ha /T

Mogaunoukauma XOH (120g, 0,006 °/4)

HoBble yaaponpoyHbie 1M

J1azepHble UcnblTaHWs TpexocHoro J1I

Cepuisi XOH Cepus XOH (40g)

(XOH — xpaHuTenb ONOPHOro HanpaB/eHws)

Puc.3. Nccnedosarus u paspabomku JII e LIKG u Ha 3asode "ApceHan” (1961-1994)
Fig. 3. Research and development LG at Central Design Bureau and Arsenal Factory (1961-1994)

JBYpeXXUMHbIN /1T

yaydIlaeMBIMHU MaccorabapUTHBIMH XapaKTe-
PUCTHKAaMH H yBeJIMUYUTL KOJIHYECTBO eJHUHHUIL
BBIIIYCKaeMOM MNPOAYKLUHH IPH OLHOBPEeMEHHOM
CHUKEHUH ee CTouMOCTH. K Hadany 1992 roma
COOTHOIIEHHEe TPa’kJaHCKOM MPOAYKIMH K BOEH-
HOM cocTaBuJIO 6osee 10:1 IPU CHUXKeHHHU eJHHHY-
HOM CTOMMOCTH ¢ 1981 110 1992 rozsl B 6,5 pas.

HecKoJIBKO HMHaye BBIIVISIAHUT HUCTOPUS Pa3BU-
THS JTa3ePHOM THPOCKOIIHU B ObiBIIeM COBETCKOM
Colo3e Ha OJHOM M3 BefyUIUX Npefnpustuu - IIKb
U 3aBoze "ApceHan" (puc.3).

development terms, improvement of tactical and
technical characteristics of products, as it is seen
from Fig. 3.

FIRST SAMPLES OF LASER GYROSCOPES

Soon after the first demonstration of laser gyroscope
the development of its semi-industrial samples has
begun. One of the first models was demonstrated

by Lockheed Martin Company in the middle of 60s.

Photo and construction of the offered device are
shown in Fig. 4 [9].

PHOTONICcs N21/43/2014 g1
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3mech pa3paboTKa OMBITHEIX 06Pa31I0B U BBIITYCK
CepUMHON MPOAYKIIUU OCYIIeCTBISIUCh HAa BCEX
3Tamax IpPU CUCTeMATHU4YeCKOM TrOCyJapCTBEHHOM
GMHAHCHPOBAHUHU 3aKa30B, KOTOpOe IOYTH He
IpefycMaTpHBaIo pa3paboTku 06pas3IoB TeXHUKHU
rPaskAaHCKOrO IpUMeHeHHs. [IIaHOBBIM XapaKkTep
IIPOM3BOJCTBA U KECTKUU KOHTPOJIb ObIIM HaIlPaB-
JIeHBI Ha COKpallleHHe HeoOXOmMMBIX CPOKOB HCCIIe-
OOBAaHUM M Ppa3paboTok, yiydlleHHe TaKTHKO-
TeXHUYEeCKUX XapPaKTePUCTHUK H3JeIHH, KaK 3TO
ClemyeT U3 puc.3.

MEPBbLIE OBPA3LLbI

JTA3EPHbIX TMPOCKOINOB

Bckope mocie mepBoM AeMOHCTPAallMH JIa3epHOIO
THPOCKOIIA Hadajaach pa3paboTKa ero moJaympo-
MBIIIJIEHHBIX 06pa3noB. OAHY M3 IIEepPBBIX MoJe-
eyl MpoAeMOHCTpHpoBaaa KommaHHsa Lockheed
Martin yxe B cepenuHe 60-x romos. ®orTorpadus
1 KOHCTPYKIHA IIpeJJIOKeHHOI0 YyCTPOMCTBA IT0Ka-
3aHBI Ha puc.4 [9].

JIT 6BIT IOCTPOEH I10 MOAY/IBHOM CXeMe U BKJIIO-
yan B cebs He-Ne na3zep ¢ AJIMHON BOJHBL 1152,3
HM, TPeyTOo/JIbHBIH KOHTYP CO CTOPOHAMHU 7,62 MM,
06pa30BaHHBIN NPU3MaMHU IIOJIHOTO BHYTPeHHEro
OTpa>keHH s, PapajieeBCKyl0 SIYeHKYy [JIsSI HCKYC-
CTBEHHOTO CO3[JaHHS HEB3AHMHOCTH M IIbe303-
JTeKTPUYeCKHUH MPHUBOJ, HA OLHOU M3 IPU3M I/
KOHTPOJISL U YIIPAB/IEHUS IIepHUMeTPOM. Pe3oHaTop
ObLI BBIIIOJIHEH K3 aTIOMHUHUS U JOIOTHUTEIBHO
OCHallleH JaTYUKOM TeMIlepaTypsl U Habopom 060-
rpeBaTeseri. OHH IOAJEPKHBAIU IIOCTOSIHHYIO

LG was constructed according to the module
scheme and included He-Ne laser with the
wavelength 0f 1152.3 nm, triangular circuit with the
sides of 7.62 mm formed by totally reflecting prisms,
Faraday cell for the simulation of nonreciprocity
and piezoelectric actuator on one of the prisms for
the control and direction of perimeter. Resonator
was made of aluminum and additionally equipped
with the temperature sensor and heating set.
Heaters maintained the constant temperature of
65 °C providing at the same time the constancy
of resonator geometry. General assembly was put
into the case equipped with thermal and magnetic
screens for the maintenance of stable operating
conditions. This is how the first demonstrated
laser gyroscope sample looked like; it did not have
rotating rotor.

By its characteristics LG turned out to be the
most suitable for the usage in strapdown inertial
systems (SIS) development of which started rapidly;
it was caused by the occurrence of quick operating
computer technology. The idea of installation of
the sensors triad in the case appeared attractive
for the creation of inertial measuring modules.
Despite the number of shortcomings (tube lifetime
was less than 1000 h, long readiness time, high
energy consumption) developed gyroscopes were in
demand. Particularly, their testing was carried out
in NASA as well as in laboratories of naval and air
forces of the USA.

Approximately during the same period
Europe showed interest in laser gyroscope too.

[Mpr3ma NOMHOro BHYTPeHHero OTpaXkeHns

®dapajgeesckas

ayemnka \

[OetexTop

CCW-ny4ok
CW-ny4oK

T He-Ne rasopaspsaaHas Tpybka TOKHO bptoctepa

a)

Fig. 4. One of the first laser gyroscope: a) scheme, b) device

CoBmecTuUTeNb ny4yKoB

Puc.4. OduH U3 nepabix Ad3epHbiX 2UPOCKONos: a) cxema; 6) ycmpolicmeo

6)
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TeMIlepaTypy 65°C, obecrmeduBasi TeM CaMBbIM
IIOCTOSTHCTBO TeOMEeTPHUUYeCKUX pa3MepoB pe3oHa-
Topa. KoHCTpyKIMs B cbope ImoMenianack B KOPIIYC,
CHabGXXeHHBII TepMO- U MATHUTHBIM 3KpaHaMU
OJIsI COXPaHEHHUS CTAabMIBHBIX YCIOBHM 3KCILIya-
TalMu. Tak BBIT/ISIeN IIpecTaBlIeHHBIN BIIepBble
obpaser] yla3epHOro TUPOCKOIIA, B KOTOPOM OTCYT-
CTBOBAJI BPalllalOIIHICS POTOP.

ITo cBOMM XapaKTepucTHKaM JII' oka3ajcs Hau-
6osiee IPUTOAHBIM /IS UCIIONB30BaHUS B becriar-
bopMeHHBIX HHepLHAIbHBIX cucTemax (BHUHC),
pPa3sBHUTHe KOTOPBIX HauasaoCh OYPHBIMHU TeMIIAMH,
YyeMy B HeMaJsOH CTelleHHU COAEMCTBOBAJIO IOSBIIe-
HHe OBICTPOZEMNCTBYIONIEN BBIUKC/IHUTENBHON Tex-
HUKH. 3aMaHYMBOM IpeACTaBa4aach YCTaHOBKaA
B KOPIIYC TpHaAbl JATYMKOB /IS CO3MAHUS HHep-
LHaJBHBIX H3MepPHTeJbHBIX MOAylIeH. HecMmoTpsd
Ha Psif HeJOCTaTKOB (CPOK CIy>KO6BI TPy6KU MeHee
1000 4, 6osablioe BpeMs TOTOBHOCTH, BBICOKOE
3HepromnoTpebieHue) pa3paboTaHHBIe T'MPOCKOIIBI
[10JIb30BAJIMCh CIIPOCOM. B YaCTHOCTHU, UX HCIIBITA-
HUSMU 3aHUManuch B NASA, a TakKe B naboparo-
PHSX MOPCKUX U BOEHHO-BO3AyIIHBIX cuJ CIIA.

[IppuMepHO B Te >Ke TOABl JIa3epHBIM THPOCKO-
IIOM 3aMHTepecoBaJuch U B EBpome. B 1967 romy
B r. dapubopo, BenukoOpUTaHHS, COCTOSJIACH

i g

In 1967 in Farnborough, Creat Britain, the first
demonstration of laser gyroscope capabilities was
performed. Sensor constructed on the basis of order
of the Ministry of Defense of the United Kingdom
was shown in all its beauty but for some reason the
government did not take interest in it. As a result,
the development activities on LG systems in Great
Britain recommenced only in 10 years [10].

During this time in the USSR the development
activities on LC were carried out by the employees
of Polyus Research Institute in the most intensive
manner. One of the first problems which the
developers faced was the absence of high-quality
optical mirrors. For that matter it was decided to
use the totally reflecting prisms which by that
time had loss of less than 0.01% and it insured
the value of capture area of about 100 Hz. Carried
out research activities made it possible to reach
the record measurement accuracy of the absolute
angular Earth rotation velocity of 810-4 °/hour
by the monoblock prism LG by 1969 and develop
the precision maritime navigation complex using
these LGs in several years. The first sample of LG
with totally reflecting prisms developed at Polyus
Research Institute by V.N. Kuryatov is shown in
Fig. 5.
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IepBasi [JeMOHCTpPallMsl BO3MOXXHOCTeH Ja3ep-
HOrO0 TMpOCKoma. JJaT4MK, CKOHCTPYHPOBaHHBIU
I10 3aKa3y MUHHUCTePCTBa 060poHBI CoeHEHHOTI0
KoponeBcTBa, IoOKasal cebgs BO BceH Kpace,
HO IIOYeMY-TO OH He 3aMHTepPecoBajl IIPaBUTE/Ib-
cTBO. B pesynpraTe paspaborku cuctemM Ha JIT
B BeTMKOOpHUTAaHUU BO306OHOBUINCEH TONBKO CITYCTS
10 nert [10].

B sto BpeMmss B CCCP Hamubosiee MHTEHCHBHO
paspaborkon JII 3aHMMAIMUCh COTPYOZHUKHM HUHU
"Tlontoc”. OmHOM U3 IepBBIX Ipobirem, ¢ KOTO-
PBIMU CTOJIKHY/IHCh Pa3paboTUUKH, OBIIO OTCYT-
CTBHE BBICOKOKAYEeCTBEHHBIX ONTHYECKHUX 3epKal.
B cBsi3u C 3TUM 6bl/IO pellleHO HCII0Jb30BaTh IIpH-
3MBI IIOJTHOTO BHYTPEHHEI0 OTpa’keHHs, KOTO-
pble K TOMY BpeMeHH MMeJH ImoTepu MeHee 0,01%,
yTo obecmeunBano BeTHYHUHY o61acTH 3axBaTa
mopsaka 100 I, IIpoBefeHHBIe HCCIeLOBAHHUSA
II03BOJIMJIH Y3Ke K 1969 rony LJOCTUTHYTHh MOHO6/109-
HBIM IPHU3MeHHBIM JI[' peKOpAHYIO 10 TeM Bpeme-
HaM TOYHOCTb H3MepeHHUSI abCONIOTHOH YINIOBOU
CKOpPOCTH BpameHus 3emnu 810 4rpaa/4gac, a yepes
HeCKOJIbKO JIeT Pa3paboTaTh IPeLM3HMOHHBIN MOP-
CKOM HABUTAaLIMOHHBIM KOMIIJIEKC C HCII0JIb30Ba-
HueM 3Tux JI[. IlepBeiii obpaser JII' ¢ mpU3MaMu
[I0JIHOTO BHYTPEHHero OTpa’keHHUs, pa3paboTaH-
HbIl B HUU "Tlonroc” KypsitoBeiM B.H., moka3aH Ha
puc.5.

NMHEAPU3ALUSA BbIXOAHOW
XAPAKTEPUCTUKWN NI
CiieqyeTr OTMETHUTH, YTO C IIE€PBLIX IIATOB Pa3BUTUSA
Jla3epHOM T'MPOCKOIMM BCTAaJ BOIPOC O crocobax
60ppOBI C 30HOM 3axXBaTa WM B3aUMHOH CHHXPO-
HHU3aIMell BCTPeYHBIX BOJIH. CornacHo obuemnpu-
HATOU Mogenu JII OH COCTOMT M3 [BYX KBa3H-
AaBTOHOMHBIX TeHepaTopoB, BO3OYyXXAAMIUX
BCTpe4yHo-6erymue BOAHBI, Ha IIYyTH KOTOPBIX
B pe3oHaTope HeM36eXXHO BO3HHUKAIT HEOJHO-
PONHOCTH, pacCeMBalpliHe BCTpPeYHble IYYKH.
PaccesHHOe H3Iy4YeHHEe CO3TaeT CBsA3b MEXIY
3THMHU T'eHepaTopaMU U UIPaeT pPojib CHHXPOHH3A~
TOpa, CTpeMsIerocs: K c6JIM>KeHHUIO YacTOT BCTpey-
HBIX BOMH. JTOT 3pdeKT Haubosnee CHUIBHO IPO-
SB/seTCS B 0OJaCTH MaJbIX YIJIOBBIX CKOPOCTEH,
IZle CBSI3b T€HepPaTOpPOB IPHUBOAUT K UX CUHXPOHU-
3alMU. B pesynbraTe BCTpedHO-berymive BOTHBI
npuobpeTaoT OAMHAKOBYIO YaCTOTY, IIPU KOTOPOM
Pa3HOCTHAs YacTOTa CTAHOBUTCS PaBHOM HYIIIO.
TUIHMYHAsg BBIXOAHAS XapaKTepuUCTHKa JII' mmpuBe-
IeHa Ha puc.6 [11].

3mech OT4YeT/AMBO HabmomaeTcss 30HA HeUYB-
CTBUTEJBHOCTU U 06JIaCTH HeJTMHENHOCTH. TaKUM
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Puc.5. r'upockon KM-22 npou3zeodcmea H/W "IMoatoc”
Fig. 5. LG KM-22 developed at Polyus Research Institute

LINEARIZATION OF LG OUTPUT
CHARACTERISTIC

It should be noted that from the first steps of laser
gyroscopy development the issue of the methods
of struggle against the capture zone or mutual
synchronization of counter-propagating waves
arouse. According to the generally accepted LG
model it consists of two quasiautonomous generators
exciting the counter-progressive waves, on their
way in resonator the inhomogeneities which scatter
the counter-propagating beams inevitably occur.
Scattered radiation plays the role of synchronizer
which tends to the approximation of counter-
propagating waves frequencies. This effect is shown
in the greatest manner in the area of low angular
velocities where the synchronization of beams causes

Av, KL, L <o

0, 1 10

Q,°/C

-10

Puc.6. BbixodHas xapakmepucmuka JIT: S=0,017 m2,
L=0,6 M, A=0,63 MKM

Fig. 6. Output characteristic LG: S=0,017m2, L=0,6 m,
A=0,63pum
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DILAS

Cpepn  notpebutenen nasepHbiX AMOAOB
1 MOZyNEN Ha X OCHOBE W3NSt KOMMAHWM
DILAS nonb3ytotcs cnpocom. 1o B ToM, 4To
XOTl HA PbIHKE AVOAHLIX JIA3ePOB MPUCYT-
CTBYET MpOAYKLWMSI MHOIVX NPOM3BOANUTENEN
JVIOAHDIX YMMOB, HO KXKABIN W3 HUX OpUeH-
TMPOBAH Ha Y3KWI KACC 33aY. 33 ABAALATH
JIET (BOEr0 CyLUeCTBOBAHMS Mbl XOPOLLO
V3y4rnn BeCh 3TOT pbiHOK. DILAS BbicTyrnaet
VHTErparopom 060pyA0BaHNS ANS NPOMbILL-
JIEHHBIX, MEAVLMHCKUX WM HAYYHbIX 33[34,
BblbMpas M nokynas y npou3BOAuTeNei
camble IdeKTVBHLIE U Camble HAAEXKHbIE
YWNbl 151 KOHKPETHBIX 33434, Aenas U3 HUX
CTeKU U MOZYNM BONbLLMX AMANA30HOB MOLL-
HOCTe W [MH BOMH (450-2200 HM). Mbl
Jenaem YCTpoucTBa [/ Hakayky TBEpAO-
Te/IbHbIX JIA3ePOB M BEPTUK/IbHO-M3/y4alo-
LUVIe MaTpLIbl AVOAHDIX 1a3epOB. YCTPOMCTBA
COCTOSIT U3 HECKO/LKMX YMOB, A KKABIN YuN
B CBOIO 04epefib COCTOUT W3 MHOIMX IMUTTe-
pOB. TaK, Ha OIHOM Y¥Me MOXET COfEepXKaTbCs

ot 10 Ao 75 amuTTepoB. Cenyac DILAS npoums-
BOAUT MOy, coiepxkatyye [0 70 YMMoB.
Monb3oBateisiM  M3BECTHO, YTO J1A3epHble
vogbl  0b7afaloT  HepaBHOMEPHOCTbIO
pacripegeneHns W3ny4eHust Mo Hampasne-
Huio. KomnaHus DILAS Bnajeer cekpetamu
pelLeHu st 3343441 BbIPaBHUBAHWS MIOTHOCTU
MOLLHOCTM Niy4a. [py 3TOM MOXHO ChopmMu-
POBATb /Iy4 B MaJIoe MSTHO, Harpumep Ans
BBOA M3/y4eHUs] B OMTUYECKOE BOJIOKHO,
1AM B BONbLLIOE MSTHO ANIS HAKAYKW orpe-
[Je/eHHbIX MOLLHbIX 1a3epOB, WK B TOHKYIO
MoI0CKy — YTO HEOBXOAVIMO NPU MeYaTV raseT
1 SKYPHANOB ANS ObICTPON 3aUMBKMA KPACoK
nonurpadum. DILAS npou3BoauT YCTPOMNCTBA
[/19 MOACBETKY Npy paboTe B TymMaHe wian
HOYbHO. MpOoM3BOAMMBIE KOMMAHWeN YCTpoit-
CTBA CMOCOBHLI PaboTaTb B XKECTKUX KAMMA-
TUHECKWX YTI0BUSIX. HaAeKHOCTb YCTPONCTB,
13rotoBNieHHbIX DILAS, obecrieyeHa BbICO-
KO/ HapaboTKOW HA OTKa3. KoMnaHus Bna-
[eeT pa3HbIMA METOAUKAMM  YCKOPEHHbIX

Xeiiko Kuccenb, unxeep komnakuu DILAS

UCMbITAHWN, KOTOpbIE 3KBUBAIEHTHLI TECTO-
BbIM WCMbITAaHUSIM, MPOBOAVMbIM MPY BbICO-
KVX MOLLHOCTSIX M TeMMeparypax.

C.fapcua, riaBa 0Tena MapkeTuHra
X.Kuccenb, uxenep, DILAS, www.DILAS.COM

PHoToNIcs N21/43/2014  gg



obpa3zom, boprba c 30HOM 3axBaTa IIpeciIefyerT,

Ipesxje BCero, Ie/b JIMHEeapHu3allMd BBIXOLHOU

XapaKTepUCTUKH.

BBIIM IpefsiokKeHBl M OIpo6OBAHBI HECKOJIBKO
BAPHAHTOB PellleHHUs NPobaeMBl:

» BpameHue JII' C HOCTOSHHOH YIJNIOBOHM CKOPO-
CTBIO.

* Mcmoonp3oBaHHe BBOAKMBIX B Pe30HATOP HeB3a-
HMHBIX $a30COBHUTAIIKUX YCTPouCTB (HODY),
OCHOBaHHBIX Ha 3ppekTax duso, Papames u op.

+ IIlpuMeHeHHe BUOPAIHOHHOTO yIJIOBOIO ABHKe-
HUsI, KOTOpOe IOJIyYH/I0 Ha3BaHHUe BUOpOIOA-
CTaBKH.

* Mcmonp3oBaHHe 3eeMaHOBCKOIO pacClLlell/IeHMs
YaCTOT BCTPEUHBIX BOJH B MAaTHHUTHOM IIOJIe.

¢ MHOro4acToTHBIE PeKHMBI PabOTHI.

e JIT c ecTeCTBeHHBIMU HEB3aUMHBIMU Ga30CaBU-
rapmuMuy snemedtamu (HOI) [12].

Ha mepBbIx 3Tamax pas3Butus JII mpobrema
JWMHeapu3alMy pellajack B OCHOBHOM IIOCpeJ-
CTBOM BBeIeHHS HCKYCCTBEHHOIO 'Ha4aJIbHOIO"
pacimeneHHsl 4acTOT BCTPeYHBIX BOJH. C 3TOH
TOUKHU 3peHHs Haubosee MepCIeKTUBHBIM IIpef-
CTaB/ISIIOCh HKCIIONb30BaHHe HeB3aMMHBEIX daso-
CABUTAIOMIHUX YCTPOKCTB.

OnHa U3 BO3MOXHBEIX cxeM H®Y - ycTponcTBa
IJIs HayaJIbHOTO pa3HOCa YacCTOT, KOTOpPOe HKHO-
IAa Ha3blBalOT suekikon dapajges, m3obpaskeHa
Ha puc.7 [13]. 3mech UYeTBepTbBOJIHOBBIE IIJIa-
CTUHKM 1 M 3, pa3sMelllaeMble Ha TOpLLaXx Mar-
HHUTOONTHYECKOH CpeAbl 2, UIPAIOT poab TPaHC-
dbopmaTopOB MoNgpU3ali MU, IIpeBpallas JHHeHNHO
ImoJNsipU30BaHHOe KonebaHHe BHe MArHHTOOI-
THYeCKON cCpenbl B KojebaHHe, ITOISIPU30BaH-
HOe LHPKY/ISPHO BHYTPHU Hee. [ CBeTOBOU
BOJIHBI, OeryImel cjeBa HaIlpaBo, KaK IIOKa3aHO
Ha PHC.7, IJIaCTUHKA 1 sBAseTCcsl BXOLHOM, IIpe-
Bpalllaloliel JHUHEMHO IOoJspU30BaHHOe KoJeba-
HUe E B LUpPKyIdpHOe, Bpallalomieecs, HaIlpH-
Mep, IO 4YacOBOM CTpejKe. BHellHee MarHHUTHOeE
moyse H, co3maBaemoe C IIOMOILBIO COJIEHOH[A
WM IOCTOSHHOTO MAarHHTA, BbI3bIBaeT H3MeHe-
HYe I0Ka3aTess IMPeJIOMJIeHHS T;, U30TPOIIHOU
cpesbl 2, Kak OBI/IO MOKa3aHO BbIIIE, YTO IIPHUBO-
OUT K JOIOJHUTEJIFHOMY IIPUpAIleHHI0O dassl AQ.
[Iporiast myTh OAMHOU l, cBeToBas BOJMHA KpYyro-
BOI IOJISIPU3AallMU MPOXOAUT 4Yepe3 IIpeobpasoBa-
TeJIb IIOJIIPHU3ALIUU 3, BOCCTAHABIUBAs UCXOLHYIO
JTHHEHHYIO HolspHU3aluio E. AHaJOTMYHBIM IIpe-
obpa3oBaHHUSAM IIO[Bepraercs BCTpeuHo Oerymas
BoJHA. OT/IIMYMe COCTOMT B TOM, UTO /i Hee BXOJ-
HBIM TpaHCGOpPMATOpPOM SIBIseTCsS IpeobpasoBa-
TeJIb 3, IIOC/Je KOTOPOro JHHeMHAas MOoAsSpHU3alusl
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Puc.7. KoHcmpykyusg HOY
Fig. 7. NPSD design

their strong bond. As a result, counter-progressive
waves obtain the same frequency at which the
difference frequency becomes equal to zero. The
typical LG output characteristic is given in Fig. 6
(11].

Here the dead zone and nonlinearity areas are
clearly observed. Thus first of all, the struggle
against capture zone is aimed at the linearization of
output characteristic.

Several variants of the problem solution were
suggested and tested:

+ LG rotation with the constant angular velocity.

 Use of nonreciprocal phase-shifting devices (NPSD)
introduced into the resonator and based on Fizeau
effect, Faraday effect etc.

« Application of vibratory angular motion which is
called dither.

Puc.8. KoHcmpykuus duppepeHyuanbHoz2o HOY: 1- Heg3a-
UMHbIe 3AeMeHMbl; 2 = 8MyAKa 0451 ycmaHosku H®3 noo
y2nom bprocmepa

Fig. 8. NPSD-differential design:1- nonreciprocal elements;
2 - bushing for installation NPSE at Brewster angle
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TpaHCHOPMHUPYeTCsd B KPYTrOBYIO, HO C BpallleHHeM
IIPOTHB 4YacoBOM CTPe/NKH. B pesynbraTe BCTped-
Hasl BOJIHA Ha BBIXoJe HOY mpuobpeTaeT NpoTHUBO-
IIOJIOKHBIM II0 3HaKy $a3oBBIM CABUT (B paccMma-
TpPUBaeMOM CJlyuae OTPHIATeNbHBIH -A@) U Ha
BBIXOJle COXPaHseT MCXOAHYIO JIMHEHHYIO I[I0JISIPH-
3aljM0. BHeIIHMMN BHJ KJacCH4ecKoH Qapazees-
CKOHM SIYeHM KU IIPHBeJleH Ha pHc.8.

OuyeBHIOHO, 4TO IpuMeHeHHe HOY, ocHoBaH-
Horo Ha 3¢dexrte dapanes, MOBBIIIAET MATHUTO-
YYyBCTBUTENbHOCTh JII. [l ee CHH KeHHS IIPHU-
MeHsI0TC nubdepeHnuanpHbele HOY (puc.9) [14].
YCTPOKCTBO COCTOUT K3 JBYX MaTrHUTOOIITHYECKUX
CeKIIMH 3, pa3/ie/leHHBIX [I0J1yBOJIHOBOM IJIACTUHOM
2, KpucTajysorpapuyeckre oCM KOTOPOM OPHEHTH-
POBaHBl NIPOM3BOAbHO. OpHEHTALMs KPHUCTAJJIO-
rpaduveckUx ocerd TPaHCPOPMATOPOB IOISAPH3A-
UKMK 1 opToroHanbHad. IlonyBo/mHOBas IJIaCTHHA
HUIpaeT poJib BHyTPeHHero TpaHchopMarTopa I10JIs-
pH3alMK, IpeBpallialllas JeBOLHUPKYISIPHYIO
MOoNAsIpPU3allMI0 B OAHOM M3 ceKUHUH HOY B mpa-
BOLIMPKY/ISIPHYIO B [IPYror. YeTBepTbBOTHOBEHIE
IIJIACTUHKU 1 HUIparT posib TpPaHCHOPMaATOpPOB
JTUHENHO IOJISPU30BAHHBIX KoJebaHUN B LIUPKY-
NsipHBble U 0OpaTHO.

Kak npaBuiao, HecTabuiapHOCTH nApenda JIT
¢ HOY okasplBajachk B Jy4lleM Cjlydae Ha YpOBHe
0,1 rpam/u. [IpUYMHAMH TaKOHU HeCTabUIBHOCTH
nperida ABIsIACh UYBCTBUTENBHOCTh HPY K M3Me-
HeHUI0 TeMIlepaTyphl, HeCTabUJIBHOCTh MAarHHUT-
HOTO I10/15, HeTOYHOCTb Npeobpa3soBaHHUs IIOJS-
pHU3auKy Ga3soBBIMU IJIACTHHKAMHU U Pl OPYTHX
3¢pdexToB. I[lo3TOMY 4Yamie BCero Ajs YMeHbIIe-
HUS BIHSHUS CBSI3M BCTPEUHBIX BOJH Ha pabory
JIT cTaau HUCIOIb30BaTh METO BI/I6paL[I/IOHHOI‘O
YIJIOBOI'O IBH>KeHMSI, KOTOPBIM II0Jy4YHJI Ha3BaHHe
BUOPOIIOACTABKH.

ITpu ucIonb30BaHKUK BUOpomoacTaBky JII mpU-
obpeTaeT 3HaKollepeMeHHOe HadaJbHOe CMeIle-
Hue. B pesynpraTe pabouass TouKa HAXOIHUTCS
B 30HEe 3axBaTa B Te4YeHHe OYeHb MaJIbIX IIpoMe-
SKYTKOB BpeMeHH. Takol MeTof cTaja Hauboee
MONYASpHBIM. KOHCTPYKLHSA MeXaHHUYeCKOro
BUOpomoJBeca aKTHBHO pa3BHMBalach, Ipejara-
JIUCh PAa3/IMYHBIe MeTOABI AJISl yCTPaHeHHs 'TIO0NOo-
4yek' B BBIXOJHOM XapaKTePHUCTHUKe, CBOMCTBEHHBIX
JIT ¢ BUOPOIIOACTABKOM, U MHOTHe JPyTrHe HHHOBA-
UK. OOHUM M3 BRICOKOTOUYHBIX BAPHUAHTOB 3HAKO-
[lepeMeHHOT0 MeXaHH4YeCKOro Hadya/IbHOIO0 CMelle-
HHUS CTaja CHCTeMa C 'KapyCeJbHBIM' IIPHBOIOM,
KOTJla THPOCKOIl COBepIlaeT HeCKO/IbKO 060poTOB
B OZJHY CTOPOHY, IIOC/Ie Yero IpaKTHU4YeCKH MIHO-
BeHHO (MeHee yeM 3a 0,1 c) oCTaHaBJIHBaeTCS
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Puc.9. Cxema cosmeuieHH020 duppepeHyuarbHozo HOY:
1-A/4 naacmuHku; 2 = A/2 naacmuHka; 3 — u3omponHasl cpeda
Fig. 9. Scheme of differential combined NPSD: 1-A/4 plates;
2-A/2 plate; 3 -isotropic medium

e Use of Zeeman splitting of counter-propagating
waves frequencies in magnetic field.

¢ Multi-frequency operating modes.

« LG with natural NPSEs [12].

When using the dither device LG obtains the
alternating-sign initial shift. As a result, the
operating point is located within the capture zone
during very short time intervals. At the early stages
of laser gyroscopy development such method became
the most popular. Construction of the mechanical
dithering suspension was being actively developed
and different methods for the removal of "shelves'
in the output characteristic which are inherent
to LG with dither and many other innovations
were being suggested. As a result, the system with
“carousel” drive became the most suitable when the
gyroscope performs several turns in one direction
and afterwards practically instantly (less than in 0.1
s) stops and repeats its motions in opposite direction.
Despite the obvious advantages of dithering as the
method of LG output characteristic linearization
long-term operational experience allowed detecting
a number of serious shortcomings:

« Considerable tangential accelerations of LG
construction elements which approximate to 30 g;

o Excitation of associated mechanical oscillations;

+ Considerable level of random walk which does
not make it possible to approximate the potential
accuracy of LG;

 Increasing of weigh-size characteristics.

Besides, introduction of the element which
creates the similar "mechanical shivering" into LG
construction causes the return to the age of "iron"
gyroscopes depriving the optical gyroscopes of their
main advantage - solid state. Use of nonreciprocal
phase devices (NPD) appears to be prospective from
this point of view.

One of the possible schemes of nonreciprocal
phase-shifting device (NPSD), device for the
initial frequency spacing, which sometimes is
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1 IIOBTOpSIeT CBOE ABHU KEHHEe B IIPOTHBOIIOIOKHOM

HaIlpaBJIeHUH.

HecMoTpsi Ha o4eBHIHBIE JOCTOMHCTBA BUOPO-
IIOICTABKK KaK crocoba JHMHeapu3allUH BBIXOJ-
HOM XapaKTepUCTUKHU JII, MHOTONeTHHUMH OIIBIT
paboThl IO3BOMMJ BBISIBUTb U PSf, CepPbe3HBIX
HeJI0CTaTKOB:

* 3HAuMTe/bHble TaHIeHIHMaJibHble YCKOPeHUS
3/1eMeHTOB KOHCTPYKUHUH JIT, IpUbIMKAIOMH-
ecak30g;

¢ BO030yXXZeHHe CONYTCTBYIOUIUX MeXaHHYeCKHUX
KoJIeDaHUM;

° 3HAYUTE/JbHBIH ypOBeHb CIAy4aMHOTO Ipenda,
He II03BOJISIIOMIMI NPUOIU3UTBCS K IOTEHIIH-
AJIBLHOM TOYHOCTH JIT;

* yBeIM4YeHHe MacCcOorabapUTHBIX XapaKTepHu-
CTHUK.

Kpome Toro, BHeJpeHHe 3JIeMeHTa, CO3-
Japolnero IMomoOHBIM "MexXaHHUYeCKHH 03H06',
B KOHCTpykuIHwo JII orbpachiBaeT Hac obpaTHO
B 3I0XY '>KeJe3HBIX' THPOCKOIIOB, JIHIIAs
ONTHYeCKHe  THUPOCKONBl KX  OCHOBHOIO
[IperMYIlecTBa - TBEPAOTEIbHOCTH.

Ipyrum 5dPeKTUBHBIM MeTOoLOM OopbrOBI
C CUHXPOHM3AlLlMel 4YacTOT BCTPeUYHBIX BOJH
SBUJIOCh MCIIOJIb30BAaHHE YeThIPeXBOJIHOBOTO
pekrMa TeHepallMH, IpefsoxkeHHoe [le JIaHroM
(15]. TIatent CIIA [16], BRIZaHHBIN Ha nuddepeH-
uuanpHeint JI[ (Differential Laser Cyro System),
3aKpemnu/ 3a YeThpeXuacTOTHBIMHU JIT obmemns-
BeCTHYI0 a66peBraTypy DILAG. Pa3paboTKa ogHOTO
13 nepBbix 06pasnos DILAG oTHOCUTCA K 1977 rony.
[IpoMBIIIJIEHHOE IIPOM3BOJACTBO YeThIPeX4YacCTOT-
HbIX JI[ Hauato upmom Litton B 1991 roay mocie
nprobpeTeHUs] el0 TEeXHOJIOTHU CO3JAHUS TaKHX
JIT, paspaboranHol ¢upmor Rayteon Corporation
(17]. B dupme Litton ueTslpex4acTOTHBIH JI 1oy~
yua Ha3BaHue Zero Lock Laser Cyro (ZLG) - JIT
C Hy/leBOM 30HOHM 3axBaTa. C 1991 mo 1998 rr. dup-
MoM Litton (BHocJeACTBHUH BoLlefIled B duUpPMy
Northrop Crumman) npou3ssezmeHo 6omee 1500 mpo-
MBIIIJIEHHBIX HaBUTAIIMOHHBIX CUCTEM Ha OCHOBe
ZLG.

B HUU "Ilomioc" pa3BUBAIUCh CPa3y HECKOJIBKO
HamnpabaeHHH. B.H.KypsToB pyKOBOAMJ TPYIIION
1o pa3paboTke rupockomos cepuu KM, mCIonp3y-
IO M X BUOPOIIOACTABKY, a IIapa/lIe/IbHO YCUIUSIMU
A.B. MenbHUKOBa, B.B.PslbakoBa U APYrux pas-
BHUBA/IMCh HalpaBjieHUs ¢ HOY pasnuyHOro THUma,
C 3eeMaHOBCKMM pacllel/eHHeM BCTPeUHbIX BOIH
JIT (3JIT'), 0CHOBY KOTOPBIX COCTABJISIIOT Pe30HATOPEI
HeIlJITAHAPHOIO THUIIA.

ITpodoaskerue 0630pa 8 caedyouem Homepe.
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called Faraday cell, is shown in Fig. 7 [13]. Here
the quarter-wave plates 1 and 2 located on the
ends of magnetooptic medium 2 play the role of
polarization transformers turning the linearly
polarized oscillation outside the megnatooptic
medium into the oscillation polarized circularly
inside of it. For the light wave progressing from left
to right, as it is shown in Fig. 7, the plate 1 is the
input plate which transforms the linearly polarized
oscillation E into the circular oscillation rotating
clockwise, for example. External magnetic field H
generated with the help of solenoid or permanent
magnet causes the change of refraction index nl,2
of isotropic medium 2, as it was shown above,
which results in the additional phase increment
A¢. Passing the way with the length of I the light
wave of circular polarization passes through the
polarization transformer 3 restoring the initial
linear polarization E. Counter-progressive wave
is subjected to the analogous transformations.
The difference consists in the fact that for it the
transformer 3 serves as input transformer after
which the linear polarization is transformed into
the circular one but with counterclockwise rotation.
As a result, counter-progressive wave at NPSD
output obtains the phase shift opposite in sign (in
the considered case negative -A¢) and at the output
keeps the initial linear polarization. Appearance of
the classic Faraday cell is shown in Figure 8.

Itis obvious that the application of NPSD based on
Faraday effect increases the magnetic sensitivity of
LG. For its reduction the differential NPSD is applied
(Fig. 9) [14]. It consists of two magnetooptic sections
3 divided by the half-wave plate 2 crystallographic
axes of which are randomly oriented. Orientation of
crystallographic axes of polarization transformers
1 is orthogonal. Half-wave plate plays the role of
internal polarization transformer which turns the
left-circular polarization in one of NPSD sections
into the right-circular polarization in the other
section. Quarter-wave plates 1 play the role of
transformers of linearly polarized oscillations into
the circular oscillations and inversely.

Simultaneously several areas were developed
at Polyus Research Institute. V.N. Kuryatov
supervised the group on the development of
gyroscopes of KM series which use the dither
device and simultaneously the areas with NPSD
of different types, Zeeman splitting of LG (ZLG)
counter-propagating waves based on the non-
planar resonators were developed by the efforts of
A.V. Melnikov, B.V. Rybakov and others.

To be continued.
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ONTUYECKUE 3JIEMEHTDI
n Mmoavsim KOMNnAHmMM LIMO

pynna komnawui LIMO npowu3BoguT oONTw-
Yeckue 3NeMeHTbl M MOAYAW AN HAKauKu
BONOKOHHbIX M TBEPAOTE/IbHbIX  JIa3epOB.
Mpou3BOACTBEHHbIE  MAOWAAM W WTab-
KBApTMpa KOMMAHWM HAXOASTCA B lepMaHuu,
B [lopTmyHZe. Konnektus cotpyaHukos LIMO
YUCNeHHOCTbIO B 240 YenoBek CBA3LIBAIOT
Tennble ApyXeckue OTHOWEHMS. Hawa Kom-
MaHUs  WMEET  PYCCKO-HeMeLKMe  KOpHM
(Lissotchenco MicroOptic), Begb ee OCHOBa-
TeNb = y4eHbl U3 Poccun SOKTOP JINCCOTHEHKO.
LIMO obnagaet onbiTOM [BYXCTOPOHHMX Hayy-
HbIX CBSI3€A, B YNC/E HALIMX NApTHEPOB MO MHO-
UM MPOeKTam ectb N MHCTUTYT obLeit Gusnkm
nm.A.TpoxopoBa PAH, 1 TexHu4eckui rocysap-
CTBEHHDbIV YHUBEPCUTET UM K.baymaHa.

Mbl Ha4anu cBoii bu3Hec 20 NeT Hasag, cTap-
TOBaB C MPOM3BOACTBA OMTUYECKMX 3NEMEHTOB
ANA Na3epos, a Nepewsin Ha NpOM3BOACTBO
33KOHYEHHDBIX /1a3epHLIX MPOAYKTOB MO Onpe-
JeeHHble Lenn 3akasynkoB. Mbl Tak BXOAUM
B MX TEXHOMOTWIO, HACTPaUBaACh MOJ 3aKa3umka,
YTO HaM KAXETCsl, Mbl NyHLIe HWX MOHMMAeM,
B KaKOM N1a3epHOM WHCTPYMEHTE OHM HyX-
faloTcs. Ho no-mpexHemy OCHOBHOW YacTbio
Hawero 6W3HeCA OCTAeTCs  WU3rOTOBNEHWe
ONTUKN CBEpXMANbiX pasmepos. [lpepcrasbTe
cebe — Mbl M3rOTOBWAN OMTUYECKMN 3NEMEHT
ANS SHAOCKONMUM AUAMETPOM MeHee 1 MM, OH
3ameHsieT 5 NpubopoB CTaHAAPTHOM NPOAYKLIAK
W WCMONb3YeTCS B PasfNYHLIX MeULMHCKUX
33jja4ax. [leno B TOM, YTO MO Mepe pa3BuTUS
TEXHUKW  HEMHBA3UBHON MEAULMHCKON AMa-
THOCTMKN 0603HauYMAach Npobnema — 3a4acTyio
Bpay, Xenas nonyy4nTb MaKCUManbHO MHPOP-
MaTUBHbIE JaHHbIe 00 MCCMefyemblx OpraHax,
BbIHYKAEH NMOC/EA0BATENbHO  MCMO/b30BATL
AOCTATO4HO  MHOTO  BOJIOKOHHO-OMTUYECKIX
AATYNKOB C Pa3HbIM YIJIOBLIM MOJEM 3PEHNS.
Mbl M3rOTOBUAN ONTUYECKMW INEMEHT, 3aKpe-
N/EHHbIA HA 0BHOM BONOKHE. [pryeM 3ameTbTe,
ero MOBepXHOCTb achepuyeckas, K Tomy e
B Pa3HbIX NAOCKOCTSX, TO eCTb B OAHOM 06bekTe
CYLLECTBYIOT OAHOBPEMEHHO TpU Pa3NYHbIX
BapMaHTa achepuki.
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Ewe o4HO HanpaB/neHWe Hawero mpoms-
BOACTBA — MaJieHbKue Jia3epHble MOAYIN AJist
Hakayku 6onee MOLWHLIX AMOAHBIX NA3epoB,
MOLLHOCTBIO B HECKO/IbKO [ecATKOB BaTT. Hatu
MOZy/bHble  AMOAHbIE  PelleHus  3KChayaTu-
pylOTCS B YCTPOMCTBAX HAKAYKW BOMOKOHHBIX
W TBEPAOTe/IbHBLIX N1a3ePOB. 3aTeM yXe 3T
/1a3epbl UCMO/b3YIOT B MEAULMHCKUX Liensx, A/ist
N3MEpPUTENbHOW TEXHUKM W ANS MapKMPOBKM.
Mbl 3HaeM, KaK C034aTb paBHOMEPHYIO 3aCBETKY
KpuCTania, WUCKI0YUTL pasHOHAMPABNEHHOCTb
W3Ny4eHns OMOAA, BNafeeM CeKperamu C03Aa-
HUS CneLuanbHLIX ONTUYECKMX YCTPONCTB. TN
YCTPOWCTBA MWUAMMETPOBLIX Pa3MepoB Mpes-
CTaBnsloT Cobon ckopee KombMHAumMio And-
pakuun u pedpakumu. [ns X M3roToBAEHNS
komnaHus LIMO crpoekTupoBasa W MnocTpo-
Wna CneuuanbHbIA CTAHOK, HO WUCMOAbL3yeT
ero TONMbKO A/1S COBCTBEHHLIX HYXG BBUAY
CeKpeTHOCTU TexHonoruu. Kasanocb 6bl, MpuH-
LMN  peanu3yemoro MnpoLecca Ype3sbl4aiHoO
MpOCT M OCHOBAH HA 3ddekTe packasbiBaHWs
CTekna, HO CTaHOK YHUKanbHLIA. Ha Bompoc, a
KaK e y Bac MoayyaloTcs Takue MaseHbkue
[eTann, Mbl oTBevaem, nepedpasupys cnosa
3HAMEHUTOro  ckyabntopa  MuKensgHmkeno:
"OTceKaeM BCe JIMWHee, OCTaBISS  TOMbKO
HY)XHOE", — XOTS C TBOPYECKUM MpOLEeCcom
MuKensSHIXeN0 Hac pasanyaloT pasmepbl 06L-
€KTOB 11 MHCTPYMEHTbI.

Mol aHOHCupyem naaHbl passutus LIMO
B HanpaBfieHUNn MHAYCTPUANbHLIX MPUNOKEHNH.
Jlornka Hawero [BWKEHWs TakoBa — CHayana
ONTUYECKME INEMEHTLI, 3aTeEM = YCTPOWCTBA
Hakayky, OT HWUX — K pa3paboTke W CO3AAHNIO
nasepa, 3aseplialoWwni 3Tan - u30bpeTeHue
Ha ero OCHOBE TEXHONMOrMW CO3AAHWS HOBOTO
npogykta. LIMO y4acTByerT B pasHblX MpoekTax,
(BS3aHHBIX C MPOV3BOACTBOM MOLLHbIX /1a3ePOB.
KomnaHus yxxe npuctynuia K paspaboTke HOBOMO
MHOTOYHKLIMOHANILHOMO TEXHO/IOrNYeckoro
J1azepa MOWHOCTb0 150 KBT, AnvHA BOMHLI 13Ny-
YeHus T MKM, npeaHa3HaYeHHoro Ansl 06paboTku
KPYMHBIX 06LEKTOB. TeXHUYECKUM 3aaHNeM Maa-
HUPYeTCs AOBECTU MPOM3BOAUTENLHOCTL 3TOMO
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[ayab XapmeH, Ha4anbHUK omdeaa KOMMyHUKa-
uuii u pazeumus 6u3Heca Komnanuu LIMO

nasepa A0 10 MWINMOHOB KBAAPATHLIX METPOB
B 0Z} TepMUYecki 06paboTaHHbIX NOBEPXHOCTEN.
Onepauum TepMuyeckor 06paboTku, npeaycmo-
TPEHHbIE K BbINMONHEHMIO HA pa3pabarTbiBaemoi
YCTaHOBKe, Pa3HOObpa3Hbl: 3T0 W Hamnaeka,
W YNpOYHeHWe, 1 NpuUAaHMe MOBepXHOCTAM
HOBbLIX  (PPUKLMOHHBIX 1 AHTUKOPPO3MOHHbIX
CBOWCTB, U M3MEHEHMe 3MeKTPUYECKUX CBOWCTB,
11 YBENMYEHME TBePLOCTH, W NOUPOBKA.

Mbl CBS3bIBaEM CBOE byayllee C CO3aHMEM
HOBbLIX YCTAHOBOK, MO3TOMY yaenseM 60b-
WOe  BHUMAHME  OMbITHO-KOHCTPYKTOPCKUM
paspabotkam. Begem cobcTBeHHble HUOKPGI,
BbinonHsieM OKPbl Mo 3aka3am notpebutenen.
MNioC K 3TOMy WMeeM rocyAapCTBeHHbIN 3aKas,
y4acTByS B MpoeKkTe MO TepMOSAepHOMY CMH-
Te3y, [Ae Hala YacTb — 370 CO3JaHUM MOZyen
AN HaKaukv AMOAHbIX Na3epoB. Haw aHanm3
PbIHKA TEXHONOTMYECKNUX /1a3epOB MOKA3bIBAET,
YTO MPOMDILIEHHbIE /1a3ePbl  MO-TIPEXHEMY
6bynyT aKTMBHO pa3BMBaTLCS,  MAEPaMU CPeau
HUX CTAHYT Jlasepbl ANS pe3ku MaTepuasnocs,
HANAaBkW, YAYHLEHUS M M3MEHEHWUS CBOWCTB
NOBEPXHOCTEN.

M.XapTeH, LIMO (Lissotchenko Microoptik)




