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20 20CcY0apcimeeHH020 MeXHU4ecKoz0 yHuéep-
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oOeiicmeue MmMexHoOzeHHbIM, OUO02EHHbIM, COUUO-
KyZIbmypHbIM y2po3am, meppopusmy u uoeo-
JI02U1ecKOMy dKCmpemMusmy, a makxie xubep-
Y2P03am U UHBIM UCHMOYHUKAM ONACHOCHU O
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Higher Attestation Commission

Member of the Council for the priority direction
of the Strategy of Scientific and Technological
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“Counteration to Technological, Biogenic, Social,
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Member of the Bureau of the Moscow Physical
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Editor-in-Chief of the Bulletin of the Bauman
Moscow State Technical University, “Natural
Sciences” series
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IIpedcedamenv opzkomumema Bcepoccuiickoii
Kongepenyuu «Heobpamumvie npoueccot 6 npu-
pode u mexnure»

TocymapcTBeHHbIe HAarpaabl, 3BaHNA U IPEeMIN

Bnazooapcmeennoe nucomo IIpesudenma Poc-
cuiickoti Pedepavuu (2024)

Meoanv «300 nem Poccuiickoti akademuu HaAyK»
(2024)

Houemnwviii 3nax umenu K.O. Iuonkxoséckozo
(2020)

Jaypeam npemuu umenu C.1. Mocuna (2019)
Meodanv umenu C.II. Koponesa (2009)
Ilouemnoe 36anue «Ilouemmviii pabomuux évic-
uezo npogeccuonanvrozo obpasosanus Poc-

cuiickoti Pedepavyuu» (2005)

Jaypeam npemuii umenu A. Yuncescxozo (2004)

KOJIOHKA TEMATHYECKOrO PEJAKTOPA @

BECTHHK Pl

Chairman of the Organizing Committee of the
All-Russian Conference “Irreversible Processes
in Nature and Technics”

Honours and awards

Letter of Appreciation of President of the Russian
Federation (2024)

“300 Years of the Russian Academy of Sciences”
medal (2024)

Honorary Badge named after K.E. Tsiolkovsky
(2020)

Winner of the S.1. Mosin Prize (2019)

S.P. Korolev Medal (2009)

Honorary title of the Honored Worker of Higher
Professional Education of the Russian Federation

(2005)

Winner of A. Chizhevsky Prize (2004)

Anppeit Huxomaesira Moposos po-
owcs B roposie Mockse B 1959 1. B 1982 1.
OKOHYMI MOCKOBCKOE BBICIIEE TEXHIYE-
ckoe yumwmmie uMenn H.9. baymana no
crienmanbHOCTH  «IIpomsBopcTBO  JeTa-
TETbHBIX anmapaTos». Ilocne okoHUaHMA
acmpaHTypbl Kadenpbl (GU3NKM 3alim-
T B 1987 I. KaHAMPATCKYIO Juccepra-
L0 TI0 TEOPETMIECKO MeXaHMKe, a B
1994 1. — HOKTOPCKYIO IO CIIELaIbHOCTI
«IIprMeHeHMe BBIYMCIUTEIbHON TEXHU-
KM, MaTEMAaTMYECKIX METOLOB ¥ MaTeMa-
TUYECKOTO MOJEIMPOBaHNA B HAay4YHbIX
nccnepoBansax». C 1998 r. A.H. Mopo-
30B AB/IAAETCA 3aBeHyIOLMM Kadempoit
¢msuxm, a ¢ 1991 . — reHepaIbHBIM M-
pexropoM LlenTpa npukIagHoit GpusMKu
MITY mm. H.D. baymana. B nepumop ¢
2015 r. mo 2020 r. paboTas 3aMecTuTeneM
IUpeKTOpa 0 Hay4HoIl paboTe Hayuno-
TEXHOJIOTMYECKOTO LIEHTPpa YHUKA/TIbHOTO
npubopocrpoerns PAH.

A.H. Mopo30B 13BeCTHBII YIEHBIN,
aBrop 10 mMoHorpadmii, 6omee 330 Hayd-
HbIX crareil u 31 usobperenus. OCHOB-
Hble €r0 Hay4Hble pabOTBI ITOCBAIIEHBI
paspaboTKe TeOPUM M CO3[AHNIO CUCTEM
IIACCMBHOM ¥ aKTMBHOM OINTIYECKO
TOKaIlMM XMMWYECKUX COEIVIHEHWA B
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OTKpBITOIT aTMocepe 1 Ha MOACTIIAOIINX OBEPXHOCTSIX; OITO-
9IeKTPOHHBIX MH(OPMAIMOHHO-U3MEPUTEIbHBIX CUCTEM, BKIIIO-
Yas TPaBUTALMOHHBIE aHTEHHBI; pa3pabOTKe TeOpUM HeMapKOB-
CKUX (pU3MYECKVX IIPOLIECCOB; CO3MAHNUA TEOPUM CBS3aHHBIX Ipa-
BUTALIOHHBIX BOJTH.

A.H. Mop030BBIM ITPeM/IOKEHBI X1 HAYYHO 0OOCHOBAHBI METO-
JIbI OIITMYECKOII JIOKAIIMY XVIMIYECKVX coefiuHenuit. OH AB/sAeTCs
IJIABHBIM KOHCTPYKTOPOM Cepyi MH(OPMALOHHO-U3MEPUTEIb-
HBIX KOMIIIEKCOB 1 IPUOOPOB XMMIYECKOI pa3BefKN M MOHUTO-
pUHTa, IPUHATHIX Ha CHab>keH1e MuHucTepcTBoM 060poHbI Poc-
cuiickoit Qemeparu 1 Ha BoopyskeHre DefepanbHON CTyKObI
6esomacHocTu Poccyu. PaspaboTaHHble M3fienus MO3BOMWIN pe-
IINTH IPo6IeMy obecredeH s BOOpy>KeHHBIX CUT M CIIEIa/IbHBIX
CITy>X6 CpeficTBaMyl OIEpPaTMBHOIO AVCTAHIIOHHOTO KOHTPO/IA U
PasBeKY I NPeJOTBPALIEHVsI YIPO3 IPUMEHEHNs TOKCUYHBIX
XVMUKATOB.

ITop HemocpencTBeHHBIM pyKoBOACTBOM A.H. Mopososa
BBINIOJIHEH LMK/ paboT 1o paspaboTke HOBBIX MHpOpMAIN-
OHHO-M3MEPUTENTbHBIX NMPUOOPOB ¥ KOMIIIEKCOB Ha OCHOBE
nnddepeHaNbHOrO MOMIONEHN ], KOMOMHAIIMOHHOTO pac-
cessHMs cBeTa U moMuHecHeHunu. CosfaHa Teopus 1 MpoBe-
ieH pacdeT sABJIeHNS COOCTBEHHOrO (JOHOBOTO M3IYyYEHUS B
dypbe-cnekTpopaguoMerpax. Paspaborana u anpobuposaHa
MaTeMaTH4ecKass Mogenb 60/bue6asHoro cBO60LHOMAaCCOBO-
ro unteppepomerpa ®abpu - [lepo, yunToiBaromias faBaeHne
CBeTa Ha 3epKajia pe30HaTopa. YCTAHOBJ/ICHBI SIBJIEHNE HEM-
HEHOJ TreHepauyuy BBICOKOYACTOTHOTO ONTUYECKOTO IIyMa
B cBoOOIHOMaccoBoM pesoHaTtope Pabpu - Ilepo u sBIeHNE
HU3KOYAaCTOTHOTO OITUYECKOTO pe30HaHCa B MHOTOTY4€BOM
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unteppepomerpe Pabpu — Ilepo. Ha ocHOBe mpoBeeHHBIX
UCCIIeIOBAHNIL NIPEMJIOKEeH TeTePONMHHBIN METOfl perucTpa-
oM rpaBUTAlMMIOHHBIX BOJIH N O6OCHOBaHa JIa3€pHas MHTEpP-
(depeHIVIOHHAA TpaBUTALMOHHAsA AHTEHHA, NCIIONb3YHOMIasd
ABJIEHNE HM3KOYaCTOTHOTO ONTHYECKOro pesoHaHca. Ilpen-
JI0)KEHO MCIIO/Ib30BaHMe HM3KOYaCTOTHOTO ONTUYECKOTO pe-
30HaHCA V1A perucTpanut BbICOKOYaCTOTHBIX I'paBUTALMOH -
HBIX BOJIH PE€JINKTOBOTO ITPONCXOXIEHNA.

AH. Mopo3oBbIM paspaboTaH MeTOJ, ONMCAHMSA HEMapKOB-
CKJIX CTy4alHBIX IIPOLIECCOB, 33/IaBAEMbIX JIMHEIHBIM VHTEIPajb-
HBIM IIpe0Opa3oBaHVeM, U IPOBENEHO OINNCAHMe KUHETHYeCKUX
IPOLIECCOB B KOH/ICHCMPOBAHHBIX CPellaX C IIOMOIIbIO MHTEIPab-
HBIX CTOXAaCTMYECKVX ypaBHeHWil. Pa3paboTaHa Teopys HeMapKOB-

CKkMX (pUsMYeCKUMX MPOLIECCOB, KOTOpast
UCIIONIb30BaHa JLs1 OMMCAHUS PU3NIECKIX
ABJIEHNI C JONTOBPEMEHHOM ITAMATHIO.

A.H. Mopo3oB COBMECTHO C aKa-
meMukoM BmammcmaBom  VIBaHOBUYeM
IlycToBOMITOM TeOpeTHYecKM IpefcKa-
3a/I1 HOBBIN K/TacC CBS3aHHBIX I'PaBUTa-
LVIOHHBIX BOJIH M YCTAHOBWIN VX CBOII-
CTBa; B YaCTHOCTH, OBUIO MTOKA3aHO, YTO
CKOPOCTb CBSI3aHHBIX TPaBUTAIVIOHHBIX
BOJIH B Ta3aX MeHbIIIe CKOPOCTH CBeTa B
IIyCTOTE ¥ paBHA CKOPOCTH CBeTa B [IU-
9JIEKTPUYECKON Cpefe.

About the Editor of the Themed Section RAS Corresponding
Member Professor Andrey N. Morozov

Andrey Nikolaevich Morozov was born in Moscow in 1959.
In 1982, he graduated from Bauman Moscow Higher Technical
School with a degree in aircraft manufacturing. After completing
postgraduate studies at the Department of Physics, he defended
his PhD thesis on theoretical mechanics in 1987 and his doctoral
thesis on the application of computer science, mathematical
methods and mathematical modeling in scientific research
in 1994. He has been Head of the Physics Department since
1998, and General Director of the Center for Applied Physics at
Bauman Moscow State Technical University since 1991. From
2015 to 2020, he worked as Deputy Director for Research at the
Scientific and Technological Center for Unique Instrumentation
of the Russian Academy of Sciences.

AN. Morozov is a well-known scientist and the author of 10
monographs, more than 330 scientific articles and 31 inventions.
His main scientific works are devoted to the development of
theory and creation of systems of passive and active optical
location of chemical compounds in the open atmosphere and
on underlying surfaces; optoelectronic information-measuring
systems, including gravitational antennas; development of the
theory of non-Markovian physical processes; and the creation of
the theory of coupled gravitational waves.

AndreyN.Morozov proposed and scientifically substantiated
methods of optical location of chemical compounds. He is the
chief designer of a series of information-measuring complexes
and chemical reconnaissance and monitoring devices adopted
for supply by the Ministry of Defense of the Russian Federation
and in service with the Federal Security Service of Russia. These
developed products made it possible to provide the Armed Forces
and special services with means of operational remote control
and reconnaissance to prevent threats of toxic chemicals.

He performed a cycle of works on development of
new information-measuring devices and complexes on the
basis of differential absorption, Raman scattering of light
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and luminescence. The theory and
calculation of the phenomenon of
intrinsic  background radiation in
Fourier spectroradiometers are created
by him. He developed and tested a
mathematical model of a large-base free-
mass Fabry - Pérot interferometer, which
takes into account the pressure of light
on the resonator mirrors; established the
phenomenon of nonlinear generation of
high-frequency optical noise in a free
Fabry - Pérot mass resonator and the
phenomenon of low-frequency optical
resonance in a multipath Fabry - Pérot
interferometer; with the basis of the
conducted research, substantiated a
heterodyne method for registering
gravitational waves is proposed and a
laser interference gravitational antenna
using the phenomenon of low-frequency
optical resonance; and proposed the
use of low-frequency optical resonance
for registration of high-frequency
gravitational waves of relic origin.

He developed a method for
describing non-Markovian random
processes defined by a linear integral
transformation, and described kinetic
processes in condensed media using
integral stochastic equations. The theory
of non-Markovian physical processes,
used to describe physical phenomena
with long-term memory, has also been
developed by him.
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Together with RAS Academician
Vladislav ~ Ivanovich  Pustovoit he
theoretically predicted a new class
of coupled gravitational waves and

KOJIOHKA TEMATHYECKOrO PEJAKTOPA @ BECTHHK Pdrbi

established their properties, in particular, showing that the
velocity of coupled gravitational waves in gases is less than the
speed of light in the void and equal to the speed of light in a
dielectric medium.

AHHOTAIMA K TeMATUIECKOMY OTOKY

VHunyaTopoM IpoBefieHNsT MeX-
OVCUUIUIVMHAPHBIX MCCIEJOBAHMIT IO
teMe «DyHIaMeHTaIbHBIE IPOOIEMBI
IPaBUTALIMOHHO-BO/IHOBOM  aCTPOHO-
MU U TPaBUMETPUM» SIBJISJICS aKaje-
muk PAH B.A. [TanueHko, B TO BpeMs —
npencenarenb copera POV, Mununa-
TyBa ObI/Ia MOfiepXKaHa aKaJeMUKOM
PAH B.J. ITycToBOMTOM M aKaIeMIKOM
PAH A.M. Yepemnamykom.

B paMkax ImpoBefleHHBIX JMCCIIeTO-
BaHMII BBIIOHAIICD PabOTHI 1O ABYM
HAIpaB/IeHNAM: CO3[aHNs HayIHbIX OC-
HOB [/ peajM3aluyl OTeYeCTBEHHBIX
YCTAaHOBOK IIO perucTpanuy rpaBuUTa-
[[MOHHBIX BOJH ¥ Pa3pabOTKM COBpe-
MEHHBIX BBICOKOTOYHBIX I'PaBIMETPOB.

[paBuTaLIMOHHOE M3/TydeHUe OBUIO
IpefcKa3aHo A. OJHINTeHOM B 00-
iell TeOpUM OTHOCUTENTbHOCTH. IlepBbIe
OOHapy)XeHNsI TPaBUTALMOHHBIX BOJTH
OBUIM BBITIOTTHEHDI MIOCPEICTBOM Ha3eM-
HBIX JIa3epHbIX nHTepdepomerpos LIGO
u VIRGO, 4TO 1T03BO/INIIO CAENTATh BHIBOT
O TIOABJIEHNMM HOBOTO MHCTPYMEHTA LA
HPEV3UOHHBIX U3MepeHnit B 06macTu
acTpO(U3MKI 1 KOCMOJIOTUIL.

ST BOJTHBI MIHTEHCUBHO U3/Ty4al0T-
Cs1 KOMIIAKTHBIMIY ¥ MACCUBHBIMMI aCTPO-
¢msuyeckuMu  06beKTaMy, HaIrpuMep,
IIpM CTOJIKHOBEHMV YEPHBIX IbIp WK
HEJITPOHHBIX 3Be3ll, KOIZa, KaK IIpPaBU-
710, HEeT 37IeKTPOMATHUTHOTO M3/Ty4eHNUA.
[paBMTaLIOHHBIE BOMTHBI C1a00 B3aMMO-
IEeJICTBYIOT C BellleCTBOM, MEHBbIIIE II0ITIO-
IIAIOTCS, YeM 3/IeKTPOMArHUTHOE M3IIY-
JeHue, 1 TI09TOMY HeCyT MH(OPMALINIO O
B3aJIMOJIEVICTBMY MAaCCUBHBIX OOBEKTOB
U IIpOIIeCcax BHYTPY HIX.

CoBpeMeHHbIe Ha3eMHbIE IeTeK-
TOPBI, KOTOPbIE IMEIOT MaKCHMAJIbHYIO
JyBCTBUTETbHOCTD B [UAIIA30HE YaCTOT
ot 10 Ity o 1 kI, obecneunu mepBbie
oOHapy>XeHNs TPAaBUTALVIOHHBIX BOJIH.
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A.H. Moposos

[IpoekTnpyeMblil KOCMUYECKMIT JIa3epHBINI MHTephepoMeTp
LISA paccuynran Ha amana3oH 49actoT 0.1-10 mIL, opuenTNpy-
AChb, IPEVIMYILIECTBEHHO, HAa IBOJHbIE YepHbIe ABIPbI U Oeble
KapJIUKIL

B M1pe Ha CerOpHAIIHNI IeHb pean3yeTcsl HeCKOIbKO IIpo-
€KTOB IOVICKa TPAaBUTAIVIOHHBIX BOJH, TaKue Kak MpoekTol LIGO
(CHIA), VIRGO (Mrammst, @pannus), TAMA-300 (SInonns), GEO
600 (Tepmanus) u gp. OCHOBHOM MX 0COOEHHOCTBIO SIBJISIETCS T10-
IIBITKA PErMCTPALVN KOPOTKVX BCIVIECKOB IPABUTALVIOHHBIX BOIH
acTpOU3NIECKOTO IIPOUCKXOXK/IEHNS OT JOCTATOIHO PEIKIX COOBI-
T, TAKVMX KaK CVSHVE YE€PHOI AbIPbI VIV HEVITPOHHBIX 3BE3].

Pa3paboTKa IPOEKTOB U IYCK B JIeiICTBUE IPAaBUTAIIIOHHO-
BOJIHOBBIX aHTEHH IIpec/iefyeT Lie/lb CO3/IaHNA HOBOTO, Hed/leK-
TPOMAarHUTHOTO, KaHaja IOAy4eHus MHPopManuu 06 OKpy-
KaloleM MIpe.

[IpyHUMIT WCTIONB30BaHMsA Tapbl CBOOOAHBIX MacC-3epKas
U J1a3epHOro MHTepdepoMeTpa I PernCTpaLi UX MAJIBIX KO-
ye6aHMil, BBHI3BAHHBIX TPaBUTALIIOHHON BOJIHOIA, 6BIT BIIEPBBIE
npemoxeH akagemrkoM B.JL. TTycrosoittom n mpodeccopom M.E.
Tepuenimureiinom B 1962 1. B 1970-x ropgax B CIIIA npaes ncnonb3o-
BaHU Ta3ePHBIX MHTepPepOMeTpOB OblTa 000CHOBaHa B paboTax
P. ®opsappa u P. Baiica (R. Forward, R. Weiss) ¢ corpynaukamn.

CTpONUTeNbCTBO JTa3epHBIX MHTEPPEpPEeHLNOHHBIX TPaBU-
TALMOHHBIX aHTEHH, 00/I1a/jaloNnX 6a30il MOpPs/IKa HECKOIbKIX
KIJIOMETPOB U BBICOKOJ YYBCTBUTEIbHOCTDIO, OCYIL[ECTBIEHO
B pAfe 3apyOeXXHbIX HayYHBIX 1[eHTpoB. OHN peann30BaHbI 110
cxeMe nHTep(depomeTpa MalikeTbCOHA, IJIEYV KOTOPOTO COfep-
xar pesoHatopsl ®abpu — Ilepo. Takas cxema IOCTpOeHMs Tpa-
BUTAI[VIOHHOJ aHTEHHBI IMeeT PsAJ IPeNMYIIeCcTB, B YaCTHOCTH,
BO3MOYXHOCTb TOYHOM HACTPOVMKY U FOCTUPOBKY, ¥ OFHOBPEMEH-
HO II03BOJIAET IOJTyYUTb OUYeHb BHICOKYI0 UyBCTBUTEIBHOCTD II0
OTHOIIEHMIO K JiepOopMaIyaM IIPOCTPAHCTBA, BBI3BAHHBIM IIPO-
XOX[IeHJeM I'PaBUTALVIOHHBIX BOJIH.

Il cHyOKeHMs BIUSHMS BUOpPAIWil ¥ LIYMOBBHIX (pakTo-
POB CelICMIYeCKOTO IIPONCXOXKIEHN 3epKasa pesoHaTopa Pa6-
pu - Ilepo ycTaHaBIMBAIOT Ha MPOOHBIX Maccax, C1abo CBsA3aH-
HBIX C OCHOBAaHMeEM, YTO IIPUBOAUT K IIPOSIB/ICHUIO HOBBIX OojIee
TOHKUX 3¢ ()eKTOB, HalIpUMep, BbI3BAaHHBIX JJaB/IeHNEM Ta3epHO-
TO U3Ty4eHNs Ha 3epKaja MHTepdepoMeTpa.

CoBpeMeHHbIe UCCTeOBaHMs B 00/1aCT CO3[aHNsI HOBOTO
IIOKOJIEHNSA JIA3€PHBIX MHTEPQEPEHIIMOHHBIX TPABUTAIVIOHHBIX
AQHTEHH HAIIpaB/IeHbl HAa IOBBIIIEHNE UX YYBCTBUTENbHOCTM U
HaJIeKHOCTH. VlccmenytoTcsas dyHAaMeHTaTbHbIe LIYMbI, BKITIO-
Yasi KBAHTOBBIE, TEITIOBbIe 3G (DEKThI, OTpaXkeHMe Y pacIpoCcTpa-

RN 9




BECTHHK Pl @ KOJIOHKA TEMATUYECKOI0 PE[JAKTOPA

HEHJe ONTHYECKOrO M3/ITyYeHMsI B IEepUOANYECKNX CTPYKTypax
3epkan nHTepdepomerpa. PazpabarsiBalOTCs IPEIIOKEHNUS 110
VICIIO/Ib30BAHNIO TPAaBUTALVIOHHBIX AaHTEHH, PabOTAIOLINX B BbI-
COKOYACTOTHOI 9aCTU CIIeKTPa, B YACTHOCTH, IIPe/IHA3HAYeHHbBIX
IJI PeTUCTPALMM PEMUKTOBBIX IPaBUTALIVIOHHBIX BONMH. O1eHn-
BAETCS BO3MOXXHOCTb CO3JAHIUA BBICOKOTOYHONM KOCMMYECKOI
JIa3epHOII TPABUTALNOHHO-BOTHOBOJ aHTEHHDI HA OCHOBE IPYII-
HOUPOBKM CIHYTHUKOB Jemay. llepcrieKTMBHBIMM IIpenCTaBII-
I0TCsI pabOTBHI 110 PErMCTPAlNU VICTOYHUKOB TPaBUTALMOHHBIX
BOJIH IIO pe3y/IbTaTaM MHOTOBOJTHOBBIX HAOJIIONEHNIT B LIMPO-
KOM JIaIla30He 3/IeKTPOMArHIUTHOTO M3Ty4eHNA I IO peTUcTpa-
L[VIM BBICOKOSHEPTMYHBIX HEITPUHO.

[lMupoxum (PpOHTOM NPOBOAATCA MCCIELOBAHNSA BO3-
MOXXHOCTY CO3[aHIS BBICOKOTOYHBIX KBAaHTOBBIX I'PaBMMe-
TPOB U I'PAINEHTOMETPOB C UCIOIb30BAHMEM XOJTOTHBIX aTO-
MOB ¥ TeXHO/IOTMY ATOMHOTO YNIIa. BRIIOTHANMNCH paboTHI 11O
CO3[JAaHUI0 CETM BBICOKOCTAOVIIBHBIX CTAaHAAPTOB YaCTOTHI U
BpeMeHU B MHTepecax obecliedeHNsI HaBUTALMM 110 TPABUTA-
LJIOHHOMY IIO/II0 3eMJIM I CO3[aHMI0 KOCMUYECKON TPYyIIN-
POBKM HOBOTO IIOKOJICHNA [JIs1 U3MEPEHN A IPABUTALVOHHOTIO
1oJs 3eM/IM C BBICOKMM IIPOCTPAHCTBEHHBIM ¥ BPEMEHHBIM
paspelleHueM.

[IpenymaraeMblll BHMMAaHMIO 4YMTaTesIell BBITYCK XXKypHasa
«Bectauk PODVI» nocssAleH pe3ynbraTaM IPOEKTOB YYEHBIX —
nobenureneit KoHKypca Poccuiickoro ¢pona GyHAaMeHTaIbHBIX
UCCIelOBAHMII Ha JIydllle Hay4dHble IIPOeKTbl MeXAMUCIVUIIN-
HAapHBIX (QYHIAMEHTA/TbHBIX VICC/IETOBAHMII II0 MCCTIEOBAHNIO
po6/IeM perncTpanuy rpaBUTALMOHHBIX BOIH U IPaBUMETPUNL.
B Texywmmit BBIITYCK BOLUIN IIITb OPUTMHA/IbHBIX CTaTell, IOAro-
TOBJICHHBIX 110 JAHHBIM MHOTOJIETHUX JMICC/IEJOBAHMII U paspa-
60TOK. Bce aBTOpBI cTaTell, BKIIOYEHHBIX B TEMATUYECKMIT O/TOK
KypHasa, — YYaCTHMUKY VHNLVATYBHBIX IPOEKTOB, IOALEePIKaH-
HbIX Poccuitckum ¢pongoM pyHmaMeHTaTbHBIX NCCIe[OBAHNI.

B crarpe B.O. Tmapeimesa, M.B. ®omwmnua, Mn.C. Toma-
Ka, A.JI. Hasomuna, ILII. lemxuna, B.JI. Kayna, A.A. EcakoBa
n C.E. Tabamuua «Onrmaecknii MeTOf, perucTpaLuy BbICOKO-
YAaCTOTHBIX TPABUTALVIOHHBIX BOTH» OOCYXMAIOTCSA METOZbI
U TIPefIaraloTCs TeXHMYeCKNe pelIeHUs, KOTOpble II03BOJIAT
PeTUCTpUpPOBATh BLICOKOYACTOTHBIE TIPaBUTALVIOHHbBIE BOJIHBI
C HeoOXOAMMOIl YyBCTBUTEIBHOCTBIO. IIpoaHanm3upoBaHbI
TUIIBI KOCMOJIOTMYECKMX U aCTPOPU3NIECKNX UCTOYHNKOB, Te-
HEpUPYIOLIMX TaKye TpaBUTALMOHHBbIE BOMHBL OmpemenieHbl
OCHOBHbBIE XapPAaKTEPUCTVKU BBICOKOYACTOTHBIX PEIMKTOBBIX
TPaBUTALVIOHHBIX BOJIH U IOKa3aHA BO3MOXKHOCTD UX PeTUCTpa-
UM IIOCPEACTBOM TPaBUTALMIOHHO-ONTHYECKOTO pPe30HaHCa
B nHtepdepomerpax ®abpu — Ilepo. Cosman pusmyuecknit Ma-
KeT KOMIUIeKCa /I PeruCcTpaluy BbICOKOYACTOTHBIX TpaBU-
TAI[MOHHBIX BOJH M IIOKa33aHO BO3MOXXHOCTb IIPM peannsaniun
IpeIIOKEHHO MEeTOAVIKI HAaXOXXIEeH!A KOPPeALUI CUTHAIOB
C HECKOJIbKUX I'PABUTALMIOHHO-BOJTHOBBIX AHTE€HH IIPOBOAUTD
BepU(UKAINIO Pa3INIHBIX K/IACCOB KOCMOIOTMYECKIX MOJIETIeTL.

[Tpo6neMe MMHMATIOpPU3ALMY TPABUTALVIOHHBIX aHTEHH
nocsAmeHa cratba H.M. Ilerposa u B.J. IlycTtoBoiita «Maro-
rabaputHslil nHTepdepomerp ¢ pesoHaropamu Pabpu — Ilepo
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mna oOHapy>KeHNSA TpaBUTALVOHHBIX
BOMH». OCHOBHAA Ufe 3aKI04aeTcA B
VICIIONIb30BaHMM B Ka4eCTBe 3epKall pe-
3onaropa ®abpu - [Tepo oTpaxkaromine
epuonMdIecKre CTpyKTYphl, MMEIoLe
9KCIIOHEHIIMAJIBHO Y3KYIO IION0CY MPO-
IIyCKaHNA JTa3epHOro usnrydeHus. Teo-
peTUYeCKH IOKa3aHo, YTO TaKOM pe3o-
Harop ®abpu - Ilepo mosBonser mpu
TabOpaTOPHBIX pasMepax YCTAHOBKMU
HOYYUTDb YYBCTBUTETbHOCTD II0 OTHO-
HMIEHNIO K T'PaBMBOTHOBBIM BO3MYlIe-
HIAM, CONIOCTaBUMYIO C YYBCTBUTENb-
HOCTBIO ycTaHoBOK LIGO m VIRGO.
Taxxe mpepnioKeH MeTof, IpU KOTO-
POM OCYIIEeCTBIAETCA U3MepPEHMEe KOp-
PEIALUOHHON QYHKIUN MHTEHCUBHO-
CTell pPE3OHAHCHBIX MOJ, HEHYIEBOIO
HOopsAAKa C [IBYyX IUIed MHTepdepoMe-
Tpa Maxa - IlaHfepa, 4TO O3BOMIAET
CYLeCTBEHHO IIOBBICUTH pa3pelleHue
TPaBUTALVMOHHON AHTEHHBIL.

[IpyHUMIINATBPHO BaXXHBINI BO-
IPOC MOBBIIIEHNS YyBCTBUTEIbHOCTU
JTa3epHBIX MHTep(PepeHLINOHHBIX I'pa-
BUTALMOHHBIX AaHTEHH PAaCCMOTPEH B
cratbe A.B. Angpuanosa «IloBbimie-
HYle YYBCTBUTEIBHOCTU MHTEpdepo-
MeTPUYECKNX M3MEPEHUI C MCIOMIb-
30BaHMEM CXKaTOro cBeTar. Vlccmenmo-
BaHbl CBOJICTBA KBAHTOBOTO CXKaTOIO
CBe€Ta, KOTOPBINl Te€HepUpyeTcs Ipu
pacIpoCTpaHEHUM ONTUYECKUX WM-
Iy/IbCOB B Cpefie ¢ KyOuuHoit (KeppoB-
CKOJT) HeJTMHEeTHOCTbI0. DKCIIepUMEeH-
TaJIbHO IIOKa3aHa BO3MOXXHOCTb IIO-
BBIIIEHNSI YyBCTBUTEIbHOCTU T'PaBU-
TaIlMOHHOJ aHTEHHBI Ha 4 b mydimre
ypOBHs Apo6oBoOro uryma. Vcnonb3o-
BaHIe KEPPOBCKMX Cpefi /A reHepa-
LMY CKATOTO CBETa 3aMETHO yIpolla-
eT BBIOOD HeMMHEIHBIX MaTepPUajIOB U
IJIVH BOJIH, B YaCTHOCTH, NOSABNAETCA
BO3MOXXHOCTb Ilepexojfia B [Malla3oH
IUIVH BOZH 1.5 MKM u 6071ee, KOTOPBI
IpefcTaB/isgeTcs Hamboee IepcIeK-
TUBHBIM JI/IS1 HOBBIX I'PaBUTALVOHHBIX
aHTEHH C 3epKaJlaMM Ha KPeMHUEBOI
OCHOBE.

Pa6ora 1. A. bunenxo, C.IT. BaTua-
HuHa, B.Il. Murpodanosa, C.E. Ctpsi-
ruHa u O.A. Xammwmm «DyHpaMeHTaIb-
Hble LIYMBl ¥ Ipefe/nbl YYBCTBUTEIb-
HOCTV MHTeP(PepOMEeTPUIECKNX JIeTeK-
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TOPOB TPABUTALVOHHBIX BOTH HOBOTO
IIOKOJIEHNA» HAIlpaB/IeHa Ha Pa3BUTHE
METOJIOB INTOBBINIEHUSA IyBCTBUTENIBHO-
CT MHTephepOMeTPUIECKUX JeTeKTO-
POB IPaBUTAIIVIOHHBIX BOJTH HOBOTO I10-
Ko/leHus. bonpmoe BHMMaHue B CTaThe
YHE/IE€HO aHa/IN3y KBAHTOBBIX IIPEMIETOB
YyBCTBUTEIBHOCTU U Pa3paboTKe Me-
TONOB UX NPEOJONEHUA B JIa3€PHBIX
uHTepdepomerpax. IIpoBeneHo mccre-
TOBaHNE CXeM KBAaHTOBBIX M3MepEeHMIA
MaJIbIX CMELIEHNI Ha OCHOBE JIBYX BU-
TOB CBA3U: JUCIIEPCUOHHON U IMUCCU-
maTuBHON. Ilokasama BO3MOXXHOCTD
nogasieHnsa s¢pdekra Mmapamerpude-
CKOJ1 Konie6aTebHOM HEeYCTONIMBOCTH,
BO3HUKAOIIe! Ipy OObIINX MOIIHO-
CTAX ONTMYECKOV Hakadky. Ilomyden-
HBI€ Pe3y/IbTaThl, IOMUMO IPYMEHEHUSA
B TPAaBUTALMOHHBIX AHTEHHAX, MMEIOT
00bIIOe 3HAYEHNME /IS CO3JaHMA IIpe-
LV3MOHHBIX M3MEPUTE/TbHBIX CUCTEM B
Ipyrux o0/macTAX, B YaCTHOCTHU, B MM-
KpO- M HAaHO3/MEeKTPOMEXaHMYECKUX U
ONTOMEXaHNYECKUX CUCTEMAX.
PesynbraThl SKCIepMMEHTaIbHBIX
MCCTIEOBAHUII C IIOMOILIBIO ONTOAKY-
CTUYECKOV TPaBUTALMOHHONM aHTEH-
HBbI U37I0KeHbl B cTaThbe B.H. Pynenxo,
A.B. I'ycepa, H.JI. Kammauna, C.M. Ilo-

KOJIOHKA TEMATHYECKOrO PEJAKTOPA @ BECTHHK Pdrbi

moBa n CJI. Opemxknna «[lomck TpaBUTAIMOHHBIX CUTHAJIOB
KOJITAIICHPYIOMMX 06beKTOB B [amakTrke». YHMKaTbHOCTD Ipa-
BUTALMIOHHO-BOJIHOBOM ONTOAKYCTUYECKOV aHTEHHOM 3aKIII0-
9gaeTcsA B TOM, YTO C €€ MMOMOIIBIO yAAeTCA N3MEPATh BbICOKOYa-
CTOTHBIE, KMJIOTEPLIOBbIe, Bapyalluy IPaBUTALVIOHHOTO Tpajii-
€HTa, KOTOpble MOTYT MMeTb KaK acTpoduandeckoe, Tak 1 Ieo-
¢dusndeckoe npoucxoxenne. Cpeny MOTy4eHHBIX OpPUTMHAIIb-
HBIX pe3y/IbTaTOB pabOTHl HEOOXOAMMO OTMETUTb V3MEpPEHMs
HI3KOYACTOTHBIX BapMaLMil TPABUTALMOHHOIO TpajilieHTa Ha
nuTeppepomerpe VIRGO, a Taxke n3MepeHye cericMOrpaBITa-
LMOHHBIX ITYMOB B ITTaBHOM IITONbHE bakcaHCKOI HEMTPUHHOM
obcepBaTopun 1 pa3paboTKy aropuTMa MOKUCKa HETPUHO-TPa-
BUTAIIIOHHBIX KOPPEIALNI C IOMOIIBIO TPaBUTALIOHHOTO Jie-
TE€KTOpa ¥ HEMTPOHHOIO TENIECKOTIIA.

Ba)kHOCTDb IpOBeeHHBIX (PYHIAMEHTAIbHBIX UCCTIE0Ba-
HUI B 00/1aCTAX pa3pabOTKM METONOB 1 TEXHUYIECKVUX CPEfICTB
perucTpanuy rpaBUTALIOHHBIX BOJIH 1 IPEel3MOHHOI TpaBu-
MeTpun B paMKax KoHKypca Poccuiickoro ¢onma dpyHmamen-
TaJIbHBIX MCCIEIOBAHNI TIOKa3ala BO3MOXKHOCTY U TOTEHIIMAT
POCCUIICKMX HAay4HBIX KOJ/UIEKTMBOB. [lanbHelillee pasBuTHe
3TUX HAIIPaBJICHNUI B HALllell CTpaHe MPeACTaB/IAeTCA abCOMOT-
HO HeOOXOAMMBIM KaK C TOYKY 3peHus QyH[aMeHTaIbHOI Ha-
YKU, TaK ¥ B paMKax IPUKIAIHBIX IPUMEHEeHNiT paspaboTaH-
HBIX 57IeMEHTOB TPaBUTAL[MIOHHBIX AHTE€HH VU TPAaBUMETPOB [/
pellIeHns 3a/jad CO3TaHMA NePelOBBIX OTeYeCTBEHHbIX MHPOP-
MallIOHHO-M3MEPUTEIbHBIX CUCTEM Pa3TMYHOIO Ha3HAYEHN .

IIpencraBneHHble PabOTBI OTPAXKAIOT IIEpPeNOBbIE JOCTHU-
YKEHUA POCCUIICKNX YYEeHBIX B 00/IaCTY MCCIe[OBAHNSA TPaBIUTa-
LIVIOHHBIX BOJIH, BK/TI0Yasi HOBble TeXHMYECKIE pelleHus 1, 6es-
YCTIOBHO, OYAyT MHTEPECHBI INPOKOMY KPYTY YMTaTeell.

Abstract of the Themed Section

The initiator of interdisciplinary
research on the topic Fundamental
problems of gravitational-wave
astronomy  and  gravimetry  was
Academician of the Russian Academy
of Sciences V.Ya. Panchenko, at that
time Chairman of the Council of the
Russian Foundation for Basic Research.
The initiative was supported by
Academician of the Russian Academy of
Sciences V.I. Pustovoit and Academician
of the Russian Academy of Sciences
A.M. Cherepashchuk.

Within the framework of the
conducted research, work was carried
out in two directions: creating the
scientific basis necessary to implement
the domestic installations for registration

N 1 (125) January—March 2025

A.N. Morozov

of gravitational waves, and developing modern high-precision
gravimeters.

Gravitational radiation was predicted by A. Einstein in the
General Relativity Theory. Gravitational waves were first detected
with the ground-based laser interferometers LIGO and VIRGO,
which led to the conclusion that a new tool was thus developed
for precision measurements in the field of astrophysics and
cosmology.

These waves are intensely emitted by compact and massive
astrophysical objects, such as colliding black holes or neutron
stars, usually accompanied by no electromagnetic radiation.
Gravitational waves interact weakly with matter, are less absorbed
than electromagnetic radiation and, therefore, carry data on the
interaction of massive objects and the processes within them.

Modern ground-based detectors, with a maximum
sensitivity in the frequency range from 10 Hz to 1 kHz, provided
the first detections of gravitational waves. The planned LISA
space laser interferometer is designed for a frequency range of

RN 11




BECTHHK Pl @ KOJIOHKA TEMATUYECKOI0 PE[JAKTOPA

0.1-10 MHz, focusing mainly on double black holes and white
dwarf stars.

Several gravitational wave search projects such as LIGO
(USA), VIRGO (Italy, France), TAMA-300 (Japan), GEO 600
(Germany), etc. are currently underway in the world. Their main
feature is an attempt to record short bursts of gravitational waves
of astrophysical origin, created by rare events such as black hole
or neutron star mergers.

The development of new projects and launch of
gravitational-wave antennas pursue the goal of creating a new,
non-electromagnetic channel to gather information about the
world.

The principle of using a pair of free mass-mirrors and a
laser interferometer to register their small oscillations caused
by a gravitational wave was first proposed by Academician
V.I. Pustovoit and Professor M.E. Herzenstein in 1962. In the
USA the idea of using laser interferometers was justified in
the 1970s in the works of R. Forward and R. Weiss with their
colleagues.

Construction of laser interference gravitational antennas
with a base of the order of several kilometers and a high sensitivity
has been carried out in a number of foreign research centers.
They are implemented according to the design of the Michelson
interferometer, the arms of which contain Fabry - Pérot resonators.
Such a design of the gravitational antenna construction provides
a number of advantages, in particular, the possibility of precise
tuning and alignment, and at the same time achieves a very high
sensitivity to the deformations of space caused by the passage of
gravitational waves.

To reduce the influence of vibrations and noise factors of
seismic origin, the mirrors of the Fabry - Pérot resonator are
mounted on proof masses weakly connected to the base, which
leads to the manifestation of new more subtle effects, such as those
caused by the pressure of laser radiation on the interferometer
mirrors.

Modern research in the field of creating a new generation
of laser interference gravity antennas is aimed at increasing
their sensitivity and reliability. The subjects of study are
fundamental noise including quantum noise, thermal effects,
and reflection and propagation of optical radiation in
periodic interferometer mirror structures. Proposals are being
developed for the use of gravitational antennas operating in
the high-frequency part of the spectrum, in particular, those
designed to register relic gravitational waves. It is evaluated
whether it is possible to create a high-precision space laser
gravitational-wave antenna based on a constellation of Earth
satellites. There is also promise in the works on registration
of gravitational wave sources based on multiwavelength
observations in a wide range of electromagnetic radiation, and
on registration of high-energy neutrinos.

The possibility of creating high-precision quantum
gravimeters and gradiometers using cold atoms and atomic
chip technology is being widely researched. Work has been
carried out to create a network of highly stable frequency and
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time standards to ensure navigation in
the Earth’s gravity field and to create a
new-generation space constellation to
measure the Earth’s gravity field with
high spatial and temporal resolution.

The present issue of the Russian
Foundation for Basic Research Journal
(RFBR Journal) is devoted to the project
results by scientists who won the
Russian Foundation for Basic Research
competition for the bestinterdisciplinary
basic research scientific projects on the
study of gravitational wave registration
and gravimetry. The current issue
includes five original articles based on
data that were collected over the course
of years of research and development.
All the authors of the articles included
in the thematic block of the journal
are participants of initiative projects
supported by the Russian Foundation
for Basic Research.

In the article High Frequency
Gravitational Waves Generation by
Optical Methods by V.O. Gladyshev,
L.V. Fomin, ILS. Golyak, A.L. Nazolin,
PP. Demkin, V.L. Kauts, A.A. Esakov,
and S.E. Tabalin, methods are discussed
and technical solutions are proposed
that will allow to register high-frequency
gravitational waves with the necessary
sensitivity. The types of cosmological
and astrophysical sources generating
such gravitational waves are analyzed.
The main characteristics of high-
frequency relic gravitational waves are
determined, and the possibility of their
registration by means of gravitational-
optical resonance in Fabry - Pérot
interferometers is shown. A physical
model of the complex for registration
of high-frequency gravitational waves
has been created and the possibility to
verify various classes of cosmological
models by using the proposed technique
of finding the correlation of signals from
several gravitational-wave antennas has
been shown.

The article by N.I. Petrov and
V.I. Pustovoit Small-Sized Interferometer
with Fabry - Pérot Resonators for
Gravitational Wave Detection is devoted
to the problem of miniaturization of
gravitational antennas. The basic idea
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is to use reflecting periodic structures
with exponentially narrow bandwidth
of laser radiation as mirrors of the
Fabry — Pérot resonator. Theoretically, it
has been shown that such a Fabry - Pérot
resonator makes it possible, with an
installation that may fit in a laboratory,
to obtain sensitivity to gravitational
wave disturbances comparable to the
sensitivity of the LIGO and VIRGO
installations. A method is also proposed
in which the correlation function of the
intensities of nonzero resonant modes
is measured from two arms of the
Mach - Zehnder interferometer, which
significantly increases the resolution of
the gravitational antenna.

The fundamentally important
issue of increasing the sensitivity
of laser interference gravitational

antennas is considered in the article by
AV. Andrianov Quantum-Enhanced
Interferometer Using Kerr Squeezing.
The properties of quantum compressed
light, which is generated during the
propagation ofoptical pulsesinamedium
with cubic (Kerr) nonlinearity, are
investigated. The possibility of increasing
the sensitivity of a gravitational antenna
by 4 dB above the level of shot noise has
been experimentally shown. The use
of Kerr media to generate compressed
light significantly simplifies the choice
of nonlinear materials and wavelengths,
in particular, it becomes possible to
switch to a wavelength range of 1.5
microns or more, which seems to be the
most promising for new gravitational
antennas with silicon-based mirrors.
The work by I.A. Bilenko, S.P.
Vyatchanin, V.P. Mitrofanov, S.E.
Strygin, and E.Ya. Khalili Fundamental
Noise and Sensitivity —Limits of
New  Generation  Interferometric
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Gravitational Wave Detectors is aimed at developing methods
to increase the sensitivity of interferometric gravitational wave
detectors of a new generation. Much attention is paid to the
analysis of quantum limits of sensitivity and the development
of methods to overcome them in laser interferometers. The
subjects of the study were quantum measurement schemes of
small displacement based on two types of coupling, dispersive
and dissipative. It is demonstrated the possibility to suppress
the effect of parametric vibration instability arising at high
optical pumping powers. The obtained results, in addition to
their application in gravity antennas, are of great importance
for the creation of precision measurement systems in other
fields, in particular, in micro- and nano-electromechanical
and optomechanical systems.

The results of experimental studies using an opto-acoustic
gravitational antenna are presented in the article Search for
Gravitational Signals of Collapsing Objects in the Galaxy by
V.N. Rudenko, A.V. Gusev, N.L. Kvashnin, S.M. Popov, and
S.I. Oreshkin. The uniqueness of the gravitational-wave opto-
acoustic antenna lies in the fact that it can be used to measure
high-frequency, kilohertz variations of the gravitational
gradient, which may be of an astrophysical or a geophysical
origin. Among the original results of the work, it is necessary
to note the measurements of low-frequency variations of the
gravitational gradient on the VIRGO interferometer, as well as
the measurement of seismic-gravitational noise in the main adit
of the Baksan Neutrino Observatory and the development of an
algorithm for searching neutrino-gravitational correlations using
a gravitational detector and a neutron telescope.

The vital fundamental research in the fields of
development of methods and technical means of gravitational
wave registration and precision gravimetry within the
framework of the contest of the Russian Foundation for Basic
Research showed the capabilities and potential of Russian
scientific teams. Further development of these directions in
our country seems absolutely necessary from the point of
view of fundamental science as well as within the framework
of applications of the developed elements of gravity antennas
and gravimeters as solutions for creating advanced domestic
information-measuring systems for various purposes.

The presented papers reflect the most advanced achieve-
ments in the field of gravitational waves investigation, including
the novel technological solutions and, undoubtedly, will be of in-
terest to a wide range of readers.
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