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1.1. Mansimes B.B.
BcrynurenbHoe c10Bo. OTKkpbiTHE XXVII KOHpepeHIIMH

«CHCcTeMHbI! aHA/IU3, ypaBJIeHUe U HaBUTALMsI»
(MAH, 2. Mockea)

1.2. MatwwmuH M.M., Kyromanos A.10., Kycrozos A.1I0.
Bonpocel opraHu3anuu 6a/J1JIMCTUKO-HAaBUTALUOHHOTO
oGecrneyeHHs yIpaB/JIeHHs 0JIETAMUA MHOTOCIYTHUKOBBIX
KOCMHUYeCKHuXx cucrem /133
(AO «l{HHHMmaw», 2. Kopoaes)

B mocnenHue fgecATUNETHSA CYLeCTBEHHO yBeJUYUJINCh TeMIIbI
pocTa 4uciaa GYHKIMOHUPYIOUUX KoCMHUYecKux amnmnapatoB (KA) Ha
0opOUTaxX UCKYCCTBEHHOIO CllyTHUKA 3eMJid. K HacTodmeMy BpeMeHHU
yZAaJI0Ch CYILeCTBEHHO COKPATUTb CTOUMOCTD U BpeMs co3faHusa KA u
NO0sIBUJIaCh BO3MOXHOCTb UCIO0JIb30BaTh OKO0JIO3€MHOE KOCMHUYECKOe
IPOCTPAHCTBO KaK YHUKaJbHBIN PeCypc, C IOMOIbI0 KOTOPOI'0 MOKHO
NpeoCTaBJsATh pas3JjMuHble YCJAyrd, TaKMe KaK HaBUralLlMs, CBsI3b,
JVCTAaHLMOHHOE 30HAYMpPOBaHWe 3eMJId, LINPOKOMY Kpyry Jiny. s
NpefoCTaBJeHUs] TaKUX YCAYr aKTUBHO peajn3yeTcsa LeJablid pAfn
NPOEKTOB [0 CO3JAaHUI0 MHOTOCNYTHUKOBBIX KOCMHYECKUX CHUCTEM,
yKe COCTOSALIMX U3 HECKOJIBKO ThIcAY KA c nepcneKTUBOM paclivpeHUs
Jl0 1eCAITKOB U JlaXke coTeH Thicsad KA.

[IpakTHyeckoe HCII0JIb30BaHUE MHOT'OCIYTHUKOBBIX
opbuTanbHbIX rpynnupoBok (Planet Labs, Starlink) yxxe npoxasasno
cBOI0 3QdeKTUBHOCTD. Cle[j0BaTe/bHO, OKOHYATe/JbHas pealu3alus
CYLIECTBYOIHUX U MOSIBJIEHHE HOBBIX MPOEKTOB MHOI'OCIYTHUKOBBIX
KOCMHUYECKUX CUCTEM SIBJIIETCS TOJIBKO [1eJIOM BpEMEHH.

C y4yeTOM OrpaHHYeHHOIO COCTaBa Ha3eMHBIX CpeJCTB
yIpaBJ/ieHUs], BpeMeHHbIX OrPaHUYEHU I Ha IOATrOTOBKY U peau3aLuio
IpOLeCccCoB yIpaBJ/ieHus, $HUHAHCOBBIX OTpaHUYeHUN Ha
MacuITabupoBaHMEe  HA3eMHOW  MHQPACTPYKTypbl  yHpaBJeHUS
noJjeTaMy, a TakKXKe HeoO0XO0JHWMOCTbI0 0e3yCJ0BHOTO BBbINOJTHEHUS
IeJieBbIX 3aJlad KOCMHUYECKOW CHUCTeMBbl C Y4€TOM BbINOJHEHUA
TpeOOBaHMM 1O  OrPaHUYEHHUI0  TEXHOTEHHOTO  3aCOpeHHUs
0KO0JI03€MHOT0 KOCMHUY€eCKOI'0 NIPOCTPAHCTBA, 0COOYI0 aKTyaJIbHOCTD B
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HacTosillee BpeMsl MpUOOpeTaldT Npo6JeMbl CO3JaHUS HOBBIX
NOAXOLOB K o0OecreyeHUIO YIpaBJeHUs] MHOTOCIHYTHUKOBBIMU
op6HTa/JbHBIMU IPYNIIMPOBKAMHU U3 €JMHOTO LIeHTpa.

OfHUM U3 OCHOBHBIX BUJOB oObecredeHUsl yNOpaBJeHUs
nojeTaMyd fBJsieTCS Ga/VIMCTUKO-HAaBUrallMOHHOe obecliedyeHHue,
KOTOpOe BKJIIOYaeT B cebsl pellleHHe BCeX OCHOBHBIX 3a/lay, CBSI3aHHBIX
C AvHaMUKOW JBWxeHHUs1 KA B NpocTpaHCTBe, a TakXKe BOINPOCHI
3a/leliCTBOBaHUS HAa3eMHbIX U CIYTHUKOBBIX CPEJCTB YIpaBJIeHUS
noseraMu. TakMM o06pa3oM, YyCHellHOe pelleHHe Npo6JieMbl
OopraHusalMu pelleHUss Bcero cnekrtpa 3aga4y BHO ynpaBienus
[oJeTaMd MHOTOCIIyTHUKOBBIMU KOCMHYECKHMMH CHCTEMaMH U3
opHoro LYII co3gacT Bce HeobxoAMMble NPeAIOChIIKN K pealn3anuu
HOBBIX [OJXOJ0B, TO3BOJISIOIIUX OCYLIECTB/SATb YIpaBJjeHHe
KOCMUYECKUMH T[0JIeTaMU MHOTOCIYTHHUKOBBIMM KOCMHYECKUMU
CUCTeMaMM OTrpaHHWYeHHBIMU pecypcaMu. C y4eTOM OTHOCHUTEJBHO
He3aBUCUMOCTH 6aJI/IMCTUKO-HaBUTALMOHHOTO obecnedyeHUs1
yIpaBJ/ieHUs1 KOCMUYeCKHMHU 10JIeTaMU OT JPyTUX BUJ0B obecliedeHUs
(koMaH/ZHO-IpOrpaMMHOro, MHPOPMALUOHHO-TEJeMETPUYECKOT0 U
Ap.) 1esiecoobpa3Ho paccMoTpeTh Impobsemy BHO ynpaBieHus
MHOTOCIIYTHUKOBBIMH KOCMHYEeCKUMHU CUCTeMaMH, KaK
CaMOCTOSITE/IbHYIO.

B fok/ajie paccMaTpUBaOTCS OCHOBHBIE TPOGJIEMHbBIE BONPOCHI
opranusanuy BHO ynpaBiieHHs MHOTOCIyTHUKOBBIMU KOCMHUYECKUMHU
CUCTEeMaMH, TaKhe KaK: OTCYTCTBUE eJUHBIX IMOAXO0J0B K CO3JaHHI0
crielMaJIbHOTO MaTeMaTHhdeckoro obecneyenuss BHO ynpaBieHus
pasinuHbIMA KA, QyHKIHMOHUPYOIMMH Ha pas/JUYHbIX OpOUTAX,
Heob6xoauMocTh oGecrniedeHUs] MPOBeAeHUs 6GOJIBIIOTO KOJHUYEeCTBa
MaHeBpOB, KakK /[Jd [oJJepXXaHusl OpOUTaJbHOH CTPYKTYphI
KOCMHUYECKOW CHUCTEMBI, TaK WU JJIsI YKJIOHEHUS OT KOCMHYECKOIO
MycOpa, CBsi3aHHasl C CYLeCTBEHHbIM yBeJudeHHeM 4ucaa KA,
GYHKUMOHUPYIOIMX Ha  OorpaHudyeHHOM npoctpaHcTBe  OKI],
OTCYTCTBHE aBTOMAaTU3UPOBAHHbIX CUCTEM IIJIAHUPOBAHHS MPOLLECCOB
BHO o6GecneyeHusi yipaBJjieHUs] MoJieTaMH pa3sHOpoAHbIMH KA wu
KOCMHUYECKUMH CUCTEMaMHU U JIp.
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1.3. bopucos A.B., Epemiko M.B., EMenbsHOB A.A., CesiuH B.A.
B03MO0XHOCTH KOMIJIEKCHOIO MOHUTOPHUHra CeBepHOro
JleZ0BUTOrO0 OKeaHa OpGUTAJIbHOM rpynnupoBkH /I33 B
4acTHU OLleHKH N0Ka3aTesied NpOUu3BOAUTEIbHOCTH
KOCMHUYECKOH CUCTEMbI
(AO «Poccutickue kocmuueckue cucmembl», 2. Mocksa)

B nensax peasu3anvd 3KOHOMUYECKUX TPOEKTOB Pa3BUTUSA
ApkTtrudeckod  30Hbl  Poccuiickor — ®egepanuud  He06GXOIUMBI
MOJilepHHM3alMUsl W pacliupeHrue HWHPPaCcTPyKTypbl OOBEKTOB B
CeBepHoM JlemoBuToM okeaHe (CJIO) u ero mpubpexxHoi 30He [1].
Tpenp yBennyeHus o6'beEMOB rpy30000poTa MpejnosiaraeT BHeApeHUE
CUCTEMbl MOHUTOpPHUHrA U MNPOTHO3HWPOBAHUA pPa3BUTUSA Jie[OBBIX
ycaoBud B akBaTtopuu CJIO, B TOM 4uc/e B 3a/MBax U YCThSX
KpYIHENUINX CHOMPCKUX PEK.

B cuny 6osapwoit nporsikeHHocTH CJIO M ocobeHHOCTeH
M3MEHYMBOCTU MPUPOJIHO-METEOPOJIOTUYECKUX YCJOBHUM aKTyasibHA
3ajaya obecrnedyeHUsi TJ06aJbHOrO NOKpPbITUA akBaTtopuun CJIO
JaHHbiMu  /133. HcxonHble OLIEHKM NOTPEOHOCTEN OCHOBHBIX
noJb30BaTesed B oepaTUBHON MHPOPMALIUKU O COCTOSIHUM JIe[ISTHOT'0
nokposa akBatopuu CJIO [2] mokasasn HeoOGXOAMMOCTb B JAHHBIX
pazuosioKanoHHoro HabuwoaeHus (PJIH).

MouuTopuHr akBaTopuu CJIO B 3aBUCUMOCTH OT LieJIeBbIX 33434
MOXeT TIPOHU3BOJUTHCA KOCMHUYECKHMMHM CPEeJCTBAaMU  ONTHUKO-
3JIEKTPOHHOIO  HabuwAeHuss  (BUAUMBIA W MHPpaKpacHbIH
JAuana3oHbl) u PJIH.

CrnenoBaTe/IbHO, HEOOXOAMMBI OLI€HKH CJIeIVIOIIUX TOKa3aTe el
MPOU3BOIUTENbHOCTH:

— KOJIMYeCTBO HabJII0/IeHUH 3alaHHOM o6siacTu akBaTopuu CJI0 u
UX MlepePHIBLI;

— BpeMs M KPaTHOCTb CILJIOIIHOT'O MOKPBITUSA JIAHHBIMU CheMKH
akBatopuu CJI10;

— BpeMs 0’KHJIaHUS OT OKOHYAHUs CbEMKHU 0 MPOLeAyphl copoca
JaHHBIX C KOCMHUYECKOro afmnapata Ha MyHKT MpueMa
vHbopMaluyd HazeMHOW MHOpacTpyKTyphl /133 mocie chbeMKU
(zukI0rpamMma).

B obecreyeHue MoJIy4YeHUs OII€HOK nokasaTeJsiei
MPOU3BOJIUTEJNBHOCTH KOCMHYEeCKOW cucteMbl [J[33 TmpoBeaeHO
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MOJieJIMPOBaHUE C MpPHUMEHEHHWeM MeTOoAuYecKoro 3azena [3,4] u
HCIT0JIb30BaHUEM HOBBIX MOJXO/0B K pacueTy 3THX II0Ka3aTeJseH.

Jluteparypa:
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2. MenentreB B.B., MesienTheB A.B., YepHook B.U., [lamenko B.E.,
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Possibilities of complex monitoring of the Arctic Ocean of
the remote sensing orbital constellation in terms of
assessing the performance indicators of the space system

Borisov A.V., Ereshko M.V., Emelyanov A.A., Selin V.A. (JSC Russian
Space Systems, Moscow, Russia)

In order to implement economic projects for the development of
the Arctic zone of the Russian Federation, it is necessary to modernize
and expand the infrastructure of facilities in the Arctic Ocean (AO) and
its littoral zone [1]. The trend to increase the volume of cargo turnover
involves the introduction of a system for monitoring and forecasting the
evolution of ice conditions in the Arctic Ocean, including in the bays and
estuaries of the largest Siberian rivers.

Due to the large extent of the Arctic Ocean and the peculiarities of
the variability of natural and meteorological conditions, the problem of
providing global coverage of the Arctic Ocean with remote sensing data
is relevant.
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The initial assessments of the needs of the main users in
operational information on the state of the ice cover in the Arctic Ocean
[2] showed the need for radar observation data.

The monitoring of the Arctic Ocean, depending on the target tasks,
can be carried out by space means of optical-electronic observation
(visible and infrared ranges) and radar. Therefore, assessments of the
following performance indicators are needed:

— the number of observations of a given area of the Arctic Ocean and
their breaks;

— time and frequency of continuous coverage with survey data of
the Arctic Ocean;

— waiting time from the end of the survey to the procedure for
resetting data from the spacecraft to the point of receiving
information on the ground-based remote sensing infrastructure
after the survey (cyclogram).

In order to obtain estimates of the performance indicators of the
remote sensing space system, modeling was carried out using the
methodological backlog [3,4] and using new approaches to calculating
these indicators.
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1.4. Josranwk E.W., Makapos H.I0.
O coBepLIEHCTBOBAHMHU IPOTPaMM peau3anum
KOCMHUYeCKHUX MPOEKTOB NPU U3MEeHEHUH NPUOPUTETOB
pPa3BUTHSA KOCMUYECKOH AeATEe/IbHOCTH
(T'ockopnopayus "Pockocmoc”, 2. Mockea)

AHanyM3z MUpPOBOM MNpPaKTUKWA peaju3aldd KOCMUYECKUX
NPOEKTOB U NPUMeEHEeHHUS pe3yJIbTaTOB KOCMUYECKOU J1esITeJIbHOCTH B
3KOHOMHKeE U rOCyJapCTBEHHOM YIIpaBJIeHUU OJHO3HAYHO YKa3blBaeT
Ha CBfI3b KOCMMUYECKOW [esTeJbHOCTH CO CIIOCOOHOCTBIO CTpPaHbI
pe3y/IbTaTUBHO OTCTauBaTb CBOW HAlLlMOHaJ/bHble HHTepechkl Ha
MHpOBOM apeHe, obecrneuynBaTb 3)PeKTHBHOe pelleHHe 3ahayd B
006J1aCTH COLUAJIbHO-3KOHOMUYECKOT'0 Pa3BUTHSI.

B HacTodA1lee BpeMsa KOCMUY€ECKOH J1eITeJIbHOCTbI0 3aHUMAIOTCS
BCe BeJlylllle CTpaHbl MUpa U MHOT'Me pa3BHUBAKOILMeECd [oCyJapCcTBa.
Cepimie 130 cTpaH MOJB3YKTCA pe3yJbTaTaMd KOCMHUYECKOHN
JleITeJIbHOCTH, YUCJIO CTpPaH, UMEIHUX COOCTBEHHblE KOCMHUYECKHe
annapartsl ¥ opouTa/IbHbIE IPYNNUPOBKY, TPeBbICUI0 60-H YUCI0BOU
nopor. [Ipu aToM okoJi0 30 aKTUBHO MJIAHUPYIOT CBOIO KOCMHUYECKYIO
JleITeJIbHOCTb, UMEIOT IoCyJapCTBEHHbIE KOCMUY€eCKHe IPOrpaMMbI U
peasiu3yroT UX B KOHKPETHbIX MPOeKTaX.

C yd4eTOM YyKa3aHHOIO, CTpaTerdyeckoe IIJIAHUPOBaHUE U
yIpaBJ/ieHHue KOCMHUYeCKO 1 J1eTeJIbHOCTbI0 B COBPeMEHHBIX YCJI0BUAX
SIBJSIETCS BaxKHEeMIIUM (GaKTOpoM obecrnedyeHds] MeXAYHapOAHOU
KOHKYPEHTOCIIOCOOHOCTH rocyapCcTBa.

Poap ¥ MecTo cucTeMbl CTpaTerMyecKoro IJIAHWPOBaHUA B
CTPYKType uesel, 3aga4d M (QYyHKUMUM HaALMOHAJbHOTO OpraHa
ynpaB/eHUs1 KOCMUYECKOW JedaTe/IbHOCTbIO 00YC/I0BJIEHBI, Ipex/e
BCETro, CTpaTeryyecKUM XapaKTepoM BJIMAHUS  KOCMHYECKOH
JlesiTeJIbHOCTU  Ha  IHOTEeHLWaJ  CTpaHbl B COLMaJ/IbHOW,
TEXHOJIOTUYECKOU U 9KOHOMUYeCKOoU chepax.

MexaHM3Mbl CTpPAaTErHyecKOTro IJIAHUPOBAHUSI KOCMHYECKOU
JlesITeJIbHOCTH Ha 3JTamnax LesenosjaraHus U HPOTHO3UPOBAHUS
0TpaboTaHbl U AeUCTBYIOT 3 PEKTUBHO, 06ecreurBasi CBOEBPEMEHHOE
dbopMupoBaHMe W YTOYHEHHE HaNpaBJEeHUH TOCyAapCTBEHHOM
NOJUTHKHA B COOTBETCTBHMU CO CKJIAZbIBAIOIIENCS OGCTaHOBKOH.
[Ipo6sieMbl B 3HAYUTE/JbHOH CTeleHW NpPOAB/AITCSI Ha 3JTale
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IJIaHWPOBaHUS W [pPOTPaMMHUPOBAaHUS B 4YaCTH peaU3aluu
YTBEPK/J€HHBIX TPOTPaMM.

B cBA3M C 3TUM B NOCTAaHOBOYHOM IlJIaHE aKTYaJU3UPYyeTCs
BOIPOC COBEPILEHCTBOBAHUSA nojxoza K OpraHHU3alUU
CTpaTerMyecKoro IJIAHUPOBAHUS M IMPOTPAMMHUPOBAHMS, pelleHHe
KOTOpPOTO MpeArnoJiaraeT TpaHCOpMalMl0 HOPMAaTHBHON 6a3bl
YTOUHEHHUs] TOCYJApCTBEHHBIX MNPOrpaMM B YacTH BBIPAGOTKHU
auddepeHIIMPOBAHHBIX MpaBuUJ (OpU YIPOLeHUH QYHKIUOHAIBHO-
CyTeBOM 4acTu), obecneyuBalIUX pPa3pabOTKy M peasU3alUIo
JIOKYMEHTOB Pa3BUTHs KOCMHUYECKOH J1esITeIbHOCTH.

On improving the programs for the implementation of space
projects when changing the priorities of the development
of space activities

Dovgalyuk E.I, Makarov N.Y. (ROSCOSMOS, Moscow, Russia)

An analysis of the world practice of implementing space projects
indicates the connection between space activities and the country's
ability to effectively defend its national interests. Also, space activities
allow for the effective solution of problems in the field of socio-
economic development.

At present, all the leading countries of the world and many
developing states are engaged in space activities. Over 130 countries
benefit from space activities. More than 60 countries have their own
spacecraft and orbital constellations. At the same time, about 30
countries are actively planning their space activities and have state
space programs.

Thus, strategic planning and management of space activities in
modern conditions is the most important factor in ensuring the
international competitiveness of the state.

The role and place of the strategic planning system in the
structure of the goals, tasks and functions of the national space
management authority are determined by the strategic nature of the
impact of space activities on the country's potential in social,
technological and economic spheres.

The mechanisms for strategic planning of space activities at the
stages of goal-setting and forecasting have been worked out and operate
effectively. This ensures the timely formation and refinement of the
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directions of state policy in accordance with the current situation.
Problems are largely manifested at the stage of implementation of the
approved programs.

In this regard, the issue of improving the regulatory legal
framework for clarifying state programs in terms of developing other
approaches for the development and implementation of documents for
the development of space activities is being updated.

1.5. Kogkos /JI.B.
O puckax peasm3sanyy nporpamMm uuppoBoii IKOHOMHUKH B
PaKeTHO-KOCMUYeCKOH OTpaciIu
(AO «HHpopMmayuoHHast BHedpeHYecKkash Komnauusy, 2. Mockea)

O6ecneyenue TEeXHOJIOTUYeCKON HE3aBUCUMOCTHU U
6esonacHocT  UUbpPoBOM  UHPPACTPYKTYypbl -  BaKHelllee
3aKOHOJaTe/IbHOe TpeGoBaHHUe.

[ ero [JOCTWXXeHUsT Heo6X0JMMO peajn30BaTb HOBBbIE
pemieHrss B o6sactu IT ¢ wuHTerpanued B CyLeCTBYIOLLYIO
MHQpACTPYKTypy, o6ecrneduB CONPOBOXKJEHHE, TEXHOJOTMYECKYIo
noAJepKKy U 6e30MacHOCTb B TeyeHHUe KU3HeHHoro nukiaa (KL).
OpHako cyuecTByoLiass UHQPACTPYKTypa B TeueHHe [JJIUTEeNbHOI0
BpeMeHHU CKJIa/IblBajlach Ha OCHOBe 3apy0OeKHbIX TEXHOJIOTU.

Heo6x0UMBIM yCJIOBUEM HMMIOPTOHE3aBUCUMOCTU SIBJSIETCS
paspaboTka ¥ BHeJpeHHe, MO KpaillHel Mepe, [ByX 0a30BbIX
TEXHOJIOTMH: TPOEKTUPOBAHUS W MPOM3BOJCTBA OINEpalOHHbBIX
cucteM (OC) u nmpoueccopos.

[ToHBI TEXHOJOTHYEeCKUH LMKJ CO3/JaHHs, BHEJpPEHMUS,
MOJIepHU3aL MU U MOJJepKKH KU3HeHHoro nukiaa OC peanusyeTcs B
pPENno3UTOpPUU, KOTOPBbIA BKJKYAET XpPaHW/IHLIEe HPOTPaMMHbBIX
NaKeTOB, Cpe/ly pa3paboTKH, MOJlepPHU3AL MY TPOrPaMMHbBIX NAKETOB U
OnepanuoOHHbIX CUCTEM. YnupaBieHue OCYLL|eCTBJISIETCA
COOGCTBEHHUKAMH M TEXHUYECKUM COBETOM JUPEKTOPOB.

B MupOBOH mNpakTHKe HaKOMJIeH ONbIT 006pa3oBaHUs
peno3uTopueB, KJao4yeBasi pojb B Pa3BUTHU KOTOPBIX MPUHAJJIEKUT
coobliecTBaM CcBO60JHOro mnporpaMMHoro ob6ecnedenus (CCIIO),
IpPUBEP>)KEHHBIM onpe/ieJIeHHbIM 6a30BbIM TEXHOJIOTUSIM,
BKJIIOUAIOIIUM apXUTEKTYpPy, pazpaboTky u noaaepxanue XKL OC.

[lo Mepe HachblllleHHUS] PENO3UTOPHS MaKeTaMH MPOrpaMm
yHpaBJISOILEN CTPYKTYPOU NIPUHUMAETCS PellleHUe CTabUIM3UPOBaATh
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cos3laHHyl maaTdopMmy. Ha kaxzoMmM aTame ycTaHOBUBILHECH
(cTabuIM3HpPOBaHHBIE) B PENMO3UTOPHUSIX MIATGOPMBI MPEACTABIAIOT
CO60M OTKPBITBII Pecypc, AOCTYIHBIN Pa3/IMIHbIM 0/Ib30BATE/SAM 1
ABJAOLIMICA 6a301 A1 CO3/JaHUSA MHOTOYUC/IEHHBIX JUCTPUOYTUBOB
OTepallMOHHBIX CUCTEM.

Psap mupoko ucnosbzyembix B PO OC, mo3UIMOHUPYEMBIX KaK
OTeyeCTBEeHHble, UMEIOT B CBOEH OCHOBe 6a3y OJHOTO W3 3apyOeKHbIX
peno3uTOpHEB UCXOAHBIX MakeToB nporpamMM: Red Hat, SuSe u Debian.
Takue (0] MOJIy4yarT B pe3yJbTaTe VCN0JIb30BaHHUS
CTabUJIM3MPOBAHHBIX B 3apy0OeKHbIX PEIIO3UTOPUSAX MJIATPOPM NyTeM
BHECEHHUs] B HUX aBTOPCKUX M3MEHEeHUH, JUKTyeMbIX TPeOOBaHUAMU
cepTHPUKALLMOHHBIX OPTAHOB.

[lo Mepe HakoIlJIeHUs HU3MeHEHWH U COIJIaCHO HU30paHHOU
CTpaTeruu B PENO3UTOPHUU OCYLLECTBJISIeTCS CTabW/iM3alus HOBOU
miaTdopMbl, Ha 0Ga3e KOTOPOW OTedyeCTBEHHbIEe Pa3pabOTYUKHU
BBIHYK/|eHbl IPOM3BOJUTHL KaXKAbld pa3 HOBYH «poccuuckyoo» OC.
[Ipo6/1eMbl COBMECTUMOCTH, AOTIOJHUTEJbHbIE TPYA03aTPaThl BJAEKYT
3a co060¥ cylllecTBEHHbIE IPOEKTHbIE PUCKHU.

Kak nokasepiBaeT 3apyOeXHbId U OTe4YeCTBEHHBIA OIBIT
paspaboTka M ucnosb3oBaHue OC, MpUBA3aHHBIX K MHOCTPaHHBIM
PEeNno3uTopUsM, He NI03BOJIAET pa3pabaTbiBaTh
KOHKYpPEHTOCIIOCOOHble  00pasipbl MNPOAYKLUUHM UM  00eCledyUuThb
MMIIOPTOHE3aBUCUMOCTD [IUPPOBBIX pelIeHUH.

Eme oaHoM mnpob6JsieMod sBJseTcsd 3amuTa HUHOpPMAILUY,
MOCKOJIBKY CYLeCTBOBAaHHUE PENO3UTOPHEB, KaK OTKPBITBIX CHUCTEM,
M03BOJIsSIET BHEJPSTh B HUX BpeJJOHOCHOE MPOorpaMMHoOe obGecrieyeHue.

Kpome TOro, cymecrByeT pHUCK NpsSAMOro 3amnpera Ha
HCII0/Ib30BaHUe Ha TeppuTopuu Poccun paspaboTaHHbBIX Ha 6ase
«lleJIeBbIX IJIaTPOPM» ONEpallMOHHBIX CUCTEM, UYTO NOATBEpXAaeT
npumep ¢ OC Fedora Linux.

[MoaTomy CJI0’KUBLIASICS npaKTUKa dopmMupoBaHus
MHPOPMALMOHHBIX CTPYKTyp Ha 6asze OC, KoTopble MpaBOMEPHO
OTHECTU K KaTeropuu «ICeBJ00TeYEeCTBEHHBIX», SIBJSIETCS NPSIMOU
yIpO30H HaJEeKHOCTH (PYHKIUOHUPOBAHHUSI BBICOKOTEXHOJOTHUYHBIX
CUCTEM U IPOM3BOJACTBEHHBIX KOMIIJIEKCOB, BKJIIOYAasd KOCMHUYECKYIO
OTpacb.

[IpeosiosleHUI0  CJIOKUBLIENCA CUTyallUd U 006ecCledyeHHIo
MMIIOPTOHE3aBUCUMOCTH  CHOCOGCTBYeT  HajlWyhe B  CTpaHe
COOCTBEHHBIX TEXHOJIOTHHM NMPOEeKTUPOBaHUS MpoleccopoB. OAHAKO
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NOTpeGUTEeNbCKUE KauyecTBa MPOIECCOPOB NPOSIBJASAIOTCI vepe3
OTNEPALIMOHHYIO CHUCTEMY, OT PYHKIMOHAJbHOCTU KOTOPOU 3aBUCHUT
3pdeKTUBHOCTb OTeYeCTBEHHbIX MHPOPMALIMOHHBIX TEXHOJOTUH U UX
pbIHOYHAsl LEeHHOCTb. Heo6X0oAMMBIM yCI0BHEM oGecledyeHus
YCTOWYHMBOCTH W 6e30mMacHOCTH IHUPPOBONH IKOHOMHUKHU SBJISETCS
OTKa3 OT 3aeMHbIX TEXHOJIOTUH U pellleHHe 33/]a4 UMIIOPTO3aMelleHUsl
M HMIIOPTOHE3aBUCUMOCTU BO Bcell cdepe HHPOPMALUOHHBIX
TEXHOJIOTUH, B KOTOPOU MPHUOPUTET OTHAAETCS OlNepaluOHHbIM
cucTeMaM.

B 2000 rogy coopmupoBasiock CCIIO, 06'befuHUBIIIEECS BOKPYT
poccuiickoil koMnaHuM «basanbT CIIO», KoTopas sABJAsAeTCA
COOCTBEHHUKOM, BEpPOSTHO, €AUHCTBEHHOTO0 B CTpaHe Peno3UTOpHUs
CU3ND C COBpeMeHHOH UHPPACTPYKTYypOH pa3paboTKH,
MojepHusanuy, nogaepxanuss KL OC. B  penosutopuu
cocpegotodyeHo cBbille 23000 nakeToB MNporpaMM, 4YTO BIIOJIHE
COM3MEPHUMO C KPYNMHEHLIMMM pENO3UTOpPUSAMU. Bca TexHUYeckast
NOJMTHKa, peanusyemas CU3U®D, crTpouTcs 1ok KOHTpOJIEM
OTeyeCTBEeHHbIX KOMIAHUH U IPOrpaMMUCTOB.

Ha 6a3e JaHHOro Jeno3uTapys BBINYCKAIOTCSA ONepanuoOHHbIE
CUCTEMBI «AJIbT», KOTOpbIe 6oJiee IBAALIATH JET 3KCIIYaTUPYIOTCH B
denepasbHbIX OpraHax BJACTU W IMOJHOIEHHO paboTalT Ha
O0Te4YeCTBEHHbIX IPOIECCOPAX.

TakuMm o06pa3oM, CyLeCTBYeT BO3MOXHOCTb OTKasa OT
ucrnosbzoBanuss OC Ha 6ase 3apy6GexHbIX PpPeNo3UTOPHUEB.
[IpeacTaBisieTcss Lesecoo6pa3HbIM MPOBeJleHUE HWHBEHTAapU3aL WU
npuMeHseMbIX B oTpacau OC, 1 nepexos Ha onepaliOHHbIE CUCTEMBI
Ha 6a3e 0TeYeCTBEHHBIX PENIO3UTOPHUEB.

Jluteparypa:

1. Be3onacHOCTb B pPaKeTHO-KOCMHUYECKOM OTpaciu Ipu
BHeApeHUU Tmporpammbl "lludpoBas skoHoMHUKa Poccuiickoi
®epepanuun” / B.B. Ilanos, /I.B. KoBkoB // HoBoCTH KOCMOHaBTHUKH. —
2017.-Ne 12. - C. 48-49.

2. «basanbT CITO»: [3/1eKTpOHHBIN pecypc]. URL:
https://www.basealt.ru. ([lata o6pamenus 28.04.2023).
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1.6. EpoxuHT.A., Kpyriios A.B., beranos B.B.
K Bonpocy pa3paGoTKH CUCTe€M UCKYCCTBEHHOTO
HHTeJ/UIEKTA AJIS1 HABUTaLMOHHO-6a/I/IMCTUYECKOTr0
oGecneyeHus ynpapienus KA
(AO «Poccutickue KocMuveckue cucmembl», 2. Mockea)

Peanuzanusi  HEOOXOJUMBIX  JKECTKUX  TpebOBaHUM K
HaBUTallMOHHO-6a/IMcTHYeckoMy obGecriedeHuto (HBO) ympaBienus
KocMUYecKMMM annapatamu (KA) (yHHBepcaJlbHOCTH, TOYHOCTH,
ONepPaTUBHOCTH, aOCOIIOTHONW JOCTOBEPHOCTH, HAJEXKHOCTU U JAp.)
TpebyeT BBICOKOTO YpPOBHS aBTOMAaTH3alUM [JAaHHOTO KOHTypa
yIpaBJ/ieHUs. YKa3aHHOe 00CTOATe/IbCTBO NpejlojaraeT IpUuMeHeHue
BBICOKOU CTEeNEeHU UHTEJJIEKTYaJIbHOM COCTABJAKLIEH, B YACTHOCTH,
KOMOWHHUPOBAHHBIX pPAacyeTHO-JOTUYECKUX WU IKCHEPTHBIX CHUCTEM,
OpPHEHTHUPOBAHHBIX Ha BBIYUCJIUTEbHbIE AJITOPUTMBI C
OCyIleCTBJIEHUEM XpaHEHUS] YHUKa/JIbHbIX 3HAHUN U JaHHbIX B 06/1aCTU
HBO kocMuyecKkol TEXHUKU.

HewmrraTHble cuTyanuy, BO3HUKAaWOIIMe B IPaKTUKe YIIpaBJIeHUs
CJIO)KHBIMHM CUCTEMaMH U KOMILJIEKCAMH, B TOM YMCJIe, KOCMUYECKUMU
annapaTtaM{, HMeEILMMH MeCTO B XOJe BBIIIOJHEHUs JIETHBIX
HCNBbITaHUU U TexHoJsiorndeckux nukaoB (TL) HBO mpu mraTHOMN
3KCIUIyaTaluy, IpeJoJaraloT NpuMeHeHHe ru6pUIHBIX TEXHOJIOT UM
HCII0/Ib30BaHUSA KOMOMWHAIlMM MaTeMaTU4YeCKUX U 3BPUCTHUYECKUX
METO/I0B.

[IpuMepaMu NMOJOOHBIX HEIWITATHBIX CUTYalluid MOTYT CJIYXXKUTb
Cy4yah OTpaHUYEHHOro oObeMa BBIGOPKM U3MEpeHUH TeKyLuX
HaBUTallMOHHbIX  mapamerpoB  (MTHII) npu  omepaTUBHOM
onpeJiesieHUU NapaMeTpoB JBuxkeHUsA KA, 00yc/0BJIeHHBIH CpBIBOM
IITaTHOW  CXeMbl  peajy3alldd  LMUKJIOTpaMMbl  [pOBeJeHUs
paauokoHTposia op6uTel (PKO); orpanuyeHHOro o6bemMa BBIOOPKHU
WUTHII npu peanusauuu wrtaTHOM cxembl PKO, 06ycsioBJsieHHbIN
Ha/IMYMEM HEeNpPUrOAHBbIX AJs1 OnpejiesieHus] NapaMeTpoB JBHXKEHUS
ceaHcoB HWTHII; HecoOTBeTCTBHA pACYETHOIO INPOCTPAHCTBEHHO-
BpPEMEHHOTI0 IepeMellleHUs LeHTpa Macc KA peasbHOMYy; U3MeHeHUsA
BHEUIHUX YCJIOBUH M TpPeOGOBAaHMK Ha pelleHHe PacCMaTPUBAEMBIX
3ajJla4 ¥ ApyTHe.

YKa3aHHble OGCTOSTENbCTBA TPEOYIOT TILATeJbHOI0 aHaJjiu3a
BO3MOXXHOT'0 YCIENIHOTO pellieHUs KaK OT/e/IbHbIX 33/1a4, TAK U OOLIUX
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npo6JsieM, BO3HHUKAWIIUX B XOJle BBINOJHEHUS TEXHOJOTHYeCKUX
nukaoB HEO. MojiepoBaHye AaHHBIX /1J15 IOJI0OHBIX HCCIeJ0BaHUN
BO3MO>KHO OCYLIECTBJATD nyTeM anpuopHOro (3apanee
J10 OKOHYaTeJbHOTr0 GOPMHUPOBAHUS TexHoJoTH4Yeckoro 1ukiaa HBO)
MaTpPUYHO- TEH30PHOT'0 aHaji3a U B IMpoliecce ONepaTUBHOTO
BBINIOJTHEHUS PabOT.

B noksaze chopMysUpoBaHbl YCIOBUS pellleHUss 3afad C
HCNOJIb30BAaHUEM TUOPUAHONM TEXHOJOTUM HAa OCHOBE 3JIEMEHTOB
HMCKYCCTBEHHOT'0 UHTEJIJIEKTA, a TaK:Ke MPUBOJSATCS peKOMeHJaluy o
NPUMEHEHHUI0 UHTeJ/JIEKTyaJbHbIX CHUCTEM TMPU pPeEUIeHUH Tak
Ha3bIBaeMbIX 00001eHHbIX HEKOPPEKTHbBIX 33/jlay NEPBOTO U BTOPOTO
poJa C BBeJEeHHbIMH MOJAMUQUKAIUAMU C YYETOM MpeJCTaBJIeHUs
pellieHus 33/1a4 B 00'bEKT-CUCTEME «3a/]a4a-UHCTPYMEHT ee pelleHUus»
B npaktuke HBO.

On the issue of developing artificial intelligence systems for
navigation and ballistic support for spacecraft control

Erokhin G.A., Kruglov A.V., Betanov V.V. (JSC Russian Space
Systems, Moscow, Russia)

The implementation of the necessary stringent requirements for
navigation and ballistic support (NBS) for spacecraft (SC) control
(universality, accuracy, efficiency, absolute reliability, reliability, etc.)
requires a high level of automation of this control loop. This
circumstance implies the use of a high degree of intellectual component,
in particular, combined calculation-logical and expert systems focused
on computational algorithms with the storage of unique knowledge and
data in the field of NBS of space technology.

Emergency situations that arise in the practice of managing
complex systems and complexes, including spacecraft, occurring during
flight tests and technological cycles (TC) of NBS during normal
operation, require the use of hybrid technologies using a combination
of mathematical and heuristic methods. Examples of such emergency
situations can be cases of a limited sample size of measurements of
current navigation parameters (ITNP) during the operational
determination of the parameters of the motion of the spacecraft, due to
the disruption of the standard scheme for implementing the cyclogram
for conducting radio monitoring of the orbit (RCO); a limited sample
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size of ITNP in the implementation of the regular RSC scheme, due to
the presence of unsuitable for determining the motion parameters of
the sessions of ITNP; inconsistencies between the calculated spatio-
temporal displacement of the center of mass of the spacecraft and the
real one; changes in external conditions and requirements for solving
the problems under consideration, and others.

These circumstances require a thorough analysis of the possible
successful solution of both individual tasks and general problems that
arise during the implementation of technological cycles of NBS. Data
modeling for such studies can be carried out by a priori (before the final
formation of the NBS technological cycle) matrix-tensor analysis and in
the process of operational execution of work.

The report formulates the conditions for solving problems using
hybrid technology based on elements of artificial intelligence, and also
provides recommendations on the use of intelligent systems in solving
the so-called generalized ill-posed problems of the first and second kind
with the introduced modifications, taking into account the
representation of the solution of problems in the object-system "task-a
tool for its solution” in the practice of the NBS.

1.7. WibuH AM.
IIpuHBUIBEI opMUPOBaHUA HOBOM oTpacau Poccuiickoit
depepanuu - «becnujioTHas aBuanuAa» (Hay4YHoe
000CHOBaHHUE)
(HMnHosayuoHHbIl yeHmp «Cko1k080», 2. Mockea)

BypHoe pa3BuTHe 6eCIUIOTHOIO TPAHCIIOPTA BCEJIUJIO HAZIEXK bl
Ha NosiBJIeHHe TPaHCnopTa 6yAyliero, ocobble HaJleX /bl CBA3bIBAJIH C
O6ecnW/IOTHBIM  BO3JAYIIHBIM  TPAaHCIOPTOM, Kak  HauboJjee
3¢ PeKTHUBHBIM TPAHCIOPTOM OYAYILETO.

OcHOBHOe BHMMaHHe ObLJIO CKOHLEHTPUPOBAHO Ha CO3JaHUU
6eCnUJIOTHHUKOB, a IPUHLUIBI KOHTPOJISA M YIpaBJeHUsl MpeAKeHO
OCTaBHUTb, KaK AJs1 MUJIOTUPYEeMOM aBHALUM, TaK Kak [Jisl CO3JaHUs
HOBOM CHCTeMbl HYXHbI JIMO0O HOBbIe TEXHOJIOTUM, JIMOO HOBBIE
OPUHIMIBL, @ Y MUPOBOr0 COOOIIECTBA HE 0Ka3aJloCb HU TOTO, HU
Jpyroro.

Pa3sHu1a B peasiM3alnyy 3aK/JI1049a€TCs B TOM, UTO /11 pa3paboTKU
TEXHOJIOTUA HYXKHbI GoJsibliive (QUHAHCOBBIE PECYPChI U PA3BUTOU
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TEXHOJIOTMYeCKOM 6asbl, a [ GOpPMHUPOBAHUS HOBBIX NPUHLHMIIOB
HY>KHbI y4yeHble cloco6Hble cHOpPMYy/IMPOBAaThL H/JEel0, pealu3anus
KOTOpOH pemuT mnpobseMy. I[IOHATHO, YTO W JJI 3TOTO HYXKHBI
dUHaHCOBBIE pecypchbl, HO Ha NOPSJAKHA MeHblIMe, a TJIaBHOE — 3TO
CyL1leCTBEHHO MeHbllMe CPOKHU NpaKTU4Yeckod peasusauud. Ho eciau
IPaMOTHO 0O0'beIMHUTbL HOBble TEXHOJIOTMH C HOBBIMM NPUHLUNAMH,
To 3¢ PekT 6yaeT omesoms oM. Ho 3i1ecs MHOTOE OY/IET 3aBUCETD
oT 3¢ PeKTUBHOCTH YyIpaBJeHUs peasu3aldell NpoeKTa UHTerpayuu
6eCnUIOTHUKOB B 001jee BO3AyIIHOE IPOCTPAHCTBO.

MupoBoe aBualMoHHOe coobiiecTBo B 2011 roay mnpuHsIO
pewierue (uupkysssp UKAO 327), KOTOpbIM OBLJIO OMpeeseHo, YTO
MHTErpupoBaTh B 00llee BO3AYLIHOE NPOCTPAHCTBO MOKHO TOJIBKO
JUCTAHLMOHHO MUJIOTHPYEMble aBUALMOHHbIE CUCTEMEI, a BCe JApYyTrye
0eCnuMJIOTHUKA  MOTYyT JeTaTb JIMIb B  CerperdpoBaHHOM
npocTpaHcTBe, a 3To 6osee 90% OGecnunoTHUKOB. IloaTomy
pa3paboOTUUKK CKOHLIEHTPUPOBAJIM BCE CBOU YCUJIMSI Ha CO3JaHUHU
COOCTBEHHO OeCNUJIOTHUKOB. /Il 10JIeTOB B CerperMpoBaHHOM
NpPOCTPaHCTBE ObLIM pa3paboTaHbl COOTBETCTBYIOLIHWE MPUHIUIbI
ynpaBJ/eHUs1 6eClUI0OTHUKOB, KoTopble Ha3BaHbl UTM (ynpaBjieHue
TpadrKaMu 6GeCTUJIOTHUKOR).

Centyac craso o4deBUJHBIM, 4yTOo npuHAToe HKAO pemenue
SIBJISIETCS OLIMOGOYHBIM, IOCKOJIbKY CHCTEMHYI Npo6JeMy Hadaau
pellaTh JIOKaJbHbIMM MeTOJAaMU. IJTO pelleHHe MpPOTUBOPEYUTH
M3BECTHBIM HAy4YHbIM NMPUHLHUIAM — «CUCTE€MHbIe MPO6JeMbl HYKHO
pellaTb CUCTEMHbBIMM MeTOJaMH, a JIOKaJbHble MpPOO6JEeMBI
JIOKaJbHBIMU MeToJaMu». HapylieHue 35TUX MpaBUJ BeJeT K
HeyJayaM, 4TO, COOCTBEHHO, W uMeeM. [Ipomsio 6Gosee 10 Jer,
KOJIMYECTBO MX pacTeT, HO NPaKTUYEeCKOro IPUMeHeHMs], KOTOpOe
O’KU/JAJIM, He MOJIYYUJI0Ch, TaK KaK OTCYTCTBYET CUCTeMa KOHTPOJIS U
ynopaB/jeHUs1  HaJ,  6e30mMacHbIMM  [PYNNOBBIMHA  IOJIeTaMH
6eCUI0THHUKOB.

Mbl npepsiaraeM pa3paboOTKy TaKOM CHUCTeMbl, KOTOpbIE
OCHOBAaHbI Ha 06beJUHUTEJbHBIX NPUHIMNAX CUCTEMHOTO aHAIU3a C
NpYBJIeYeHUEM C/IeYIOILUX JJONOJHUTENbHbIX 3HAaHUMU:

— JIOTUCTUKY;
— HCKYCCTBEHHOI'O MHTEJIJIEKTa;
— HeUpOHHBIX CETEH;
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— WJIII-TexHo/0TUH;
— ynpaBJieHHe PUCKaMHU.

Hcnosnb3yst 3TH NPUHLHUIIBI, Mbl [IPEAJI0XKUIN HOBYIO LHUPPOBYIO
CUCTeMy OpraHM3alluy BO3yIIHOTO ABWXEHHs, KOTOpas peanusyeTcs
COBpEeMEeHHBIMHU 1M GPOBBIMU TEXHOJIOTUSIMH, obecneyuBas
Ge3omacHble TPYNIOBblE MOJIEThl GECHUJIOTHOM aBUAlUM B 0OIIEM
BO3AyLIHOM nOpocTpaHcTBe. CHcTeMa  BKJWOYaeT  LUPPOBYIO
aBTOMAaTU3UPOBAHHYI0  CHACTEMY  KOHTpPOJIA W  yIpaBJIeHUA
6ecnuJIOTHUKAaMU U Ha3eMHO-BO3/IyIIHY0 HHPPACTPYKTYPY.

Ha coBemanuu y [lpe3ugenTta Poccuiickoit @enepanuu

B.B.[lyTvHa mo cTpaTeruu pasBUTHUsS OeCNUJIOTHOW aBUALUMU
Hallle npejJioKeHHe ObLI0 KOMILJIEKCHBIM pelleHHeM Mpo6JieM C
KOTOPBIMH CTOJIKHYJIOCb MHPOBOE aBHALlMOHHOE O0OIIecTBO MpHU
peanusanuu 3¢pPeKTUBHOI0 6€CIHUIOTHOTO0 BO3AYLIHOI0O TPaHCIOPTA.

1.8. Xapros B.B., PuszBanos A.A., IlycroBasios E.B., Cu3zos A.A.,
Ocrammok A.U.
AcneKTsl CepuilHOr0 NpOU3BOACTBA MAJIBIX KOCMUY€eCKUX
anmnaparos, IVIAHUPYeMBIX K CO3JaHHI0 Ha 6a3e
nepcneKTUBHON MaclITa6upyeMoil YHUPUIIMPOBAaHHOM
KOCMHMYeCKO! MI1aTPopMbI
(AO «l[JHHHMaw», 2. Koposeg)

OfHUM K3 TPeHJ0B Pa3BUTHUSA KOCMUYECKON OTpaC/IM ABJLIETCA
HCIOJIb30BaHUeEe MaslbIX KocMuYeckux anmnapatoB (MKA). Texuudeckoe
M TeXHOJIOTUYeCKOoe  COBepIIeHCTBOBAaHME, MHUHHUATIOPHU3ALUA
Croco6CcTBYIOT TOMy, 4To MKA CTaHOBATCA CHOCOGHBI BBINOJIHATH
3a/layy, paHee [OCTYIIHbIE TOJIBKO KOCMUYECKUM allllapaTaM Maccou oT
HeCKOJIbKUX TOHH.

OCHOBHBIMU HamnpaBJeHUSIMHU UcnoJib30BaHUsA MKA aBisoTCA:

— 0630pHOE ONTUKO-3JIEKTPOHHOE HAGJII0/IEHUE;

— BBICOKO/IeTaJIbHOE ONTHKO-3JIEKTPOHHOE HabJII0/IEHHUE;
— PpaAuo0JIOKAllMOHHOE HabJIIOAEHUE;

— ollepaTHUBHas Nlepesaya JaHHBIX.

[IpuMeHeHue cymecTBylouero B Poccun noaxoaa npu co3fjaHuu
KA npumeHuTenbHo K MKA MHOrocnyTHUKOBBIX OPOHUTANbHBIX
IPYIIUPOBOK He [103B0JIseT 06eCleYuTh IpUeMJIeMYI0 peKYPPEeHTHYIO
CTOHMMOCTb, HO3BOJISIIOIIYI0 UM ObITh KOMMepYeCKH 3P PEeKTUBHBIMH.
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OfHMM U3 BO3MOXHBIX MyTeHd COKpalleHUs BpeMeHHU
pa3paboTKH, CHUKEHHS] CTOMMOCTH U CPOKOB U3TOTOBJIEHUS U 3aMyCKa
MKA  dgBisgeTci HUX [pPOEKTUpPOBaHUE C  HCIOJb30BaHUEM
MaclTabupyeMo yHUPUIUPOBAHHON KOCMHUYECKOW MIaTHOpPMbI
(MYKII), o6saparouield BBICOKOM CTeleHbl0 YHHUBEPCaJbHOCTH, B
COCTaB KOTOPOH BXOJUT 60OpPTOBAasi ammapaTypa CAy>KeOHBIX CHUCTEM,
obGsajiatoniasi JIETHOM KBasupUKAlMEW WM BBICOKON CTeNeHbI0
MPOXOXK/IeHUSI HA3eMHOMW 3KCIIepUMEHTa/JbHOU 0TPaboTKHU.

MYKII, o6Jiafas TrMOKOHM ajanTalydel, MM03BOJIAT 3a CYET
MacIITabUPyeMOCTH W YHUQPUIMPOBAHHOCTU COCTABHBIX YacTel
NpefoCTaBUThL He0OXOJHWMble pecypcbl U 00ecneyduTb YCJI0BHUS
OYHKIMOHUPOBAHUS  [JI1  TOJIE3HBIX  HArpy3oK  pas3JIMyHOro
Ha3Ha4veHwus.

[IpuMeHeHe YHUPUIUPOBAHHOW MAATPOPMBI MPU CEPUUHOM
BBINYCKe MO3BOJIUT CO3/jaTh SKOHOMUYECKH BbITO/IHble OPOUTAbHbIE
IPYINUPOBKY 3a cueT YHUUKALUU NTpoLeccoB NpousBoacTBa MKA Ha
BCEX CTaAUSAX >KU3HEHHOTO [[UKJIA.

B moksazme o60CHOBaHO CHIKeHHe cTouMocTh MKA Ha 6ase
MYKIlI no cpaBHeHuto c¢ TpagunuoHHeiMu KA. IlpejgcraBiieHbl
npeaJsoKeHUsl M0 acneKTaM OpraHU3alUy CEPUIHOr0 MpPOU3BOJCTBA
Ha TeppuTopuu Poccum.
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I'IHgﬁopmauuorlele CNyMmMHUKoO8ble cucmembul

2.1. BosakyHoB A.HU., Manbimies B.B.
TexHonornuyeckasi 3¢ppeKTUBHOCTb HABUTALMOHHBIX
cucteM U 3P PeKTUBHOCTD BbINIOJTHEHUS HAYYHO-
HCCJIe0BAaTEIbCKUX U ONBITHO-KOHCTPYKTOPCKUX PaGoT
(AO «l[JHHHMmaw», 2. Koposaes, MAH, 2. Mockea)

B HacTofllee BpeMs pellaeTcsl WHWPOKUH psJi NPUKIALHBIX
3a/1a4, TPeOYIUX MPOBeJeHUs Pa3JIUYHbIX OlleHOK 3G EeKTHBHOCTH
HaBUTALMOHHBIX cucTeM. [Ipy 3TOM cCyliecTBymlass MeTO/0JIOTHS
olleHKH 3(PQPeKTUBHOCTU UCHOJb3yeT TPU O6JIaCTU NPOBeJEeHHUs
OLleHKM - OLEHKY OYHKLHOHa/IbHON 3(PEeKTUBHOCTH, OLEHKY
3KOHOMUYECKOH 3¢ PEKTUBHOCTH U OLIeHKY 3O PEKTUBHOCTH CUCTEMBI
HOPMaTHUBHO-NPaBOBOTO U HOPMaTHBHO-TEXHUYECKOTO
peryJMpoBaHus U, B OT/E/NbHbIX Cy4asX, UX pa3/IMdHble KOMOUHALMH.

OpHako, MNOSIBJASIIOTCS NpPUKJIAJHble 3aaud, AJs peLleHus
KOTOPBIX CYILLeCTBYIOLIAs METO/,0/I0THs HAMIPSIMYI0 HEe IPpUMeHUMa.

Ha Tekym Ml MOMEHT MOXHO BBbIJIeJIUTh JBE TPYIIbl TaKUX
3ajay. [IpuMepom 3ajauu NepBOH TpPYMIbl SBJSETCS MOJydYeHHe
Hay4yHO U MeTOAuYecKH 0O0CHOBAHHOTO OTBeTa Ha BOIPOC, [TOYEMY,
IpU HaJIUYUM COOTBETCTBYHIOIIUX HNPOU3BOACTBEHHBIX JIMHUH,
KBaJUPUIMPOBAHHOTO IEepCOHaka, TEeXHOJIOTUH, ¢(UHAHCOBOIO
obecriedyeHHUs W Jp., UTOTOBBIM pe3yJbTaT NMPOW3BOJCTBA JlajieK OT
yJlea/IbHOro. YCJIOBHO JAaHHYI0 TpPYIINY MOXHO Ha3BaTb OLEHKOU
«TEXHOJIOTN4YeCKo 3P PEeKTUBHOCTHUY.

[IpruMepoM 3a/jauy BTOPOM IPYMIIbI IBJISIETCS NOJTYYEHUE HAYYHO
M MeTOAUYECKHM OOOCHOBAaHHOTO OTBETA Ha BONPOC, MOYEMYy, IpHU
HaJIMYMU KBaJMGUIUPOBAHHBIX CIELUAJUCTOB, ONBbITA, HAPAGOTOK B
006J1aCTH, 3KCIIepUMEHTAJbHON 6a3bl, GUHAHCOBOrO ObecreyeHUs U
Jp., UTOTrOBBIN pe3yabTaT BbinosHeHUss HUOKP (pab6orT, ycayr) ganek
OT HJlea/IbHOTO. YCJI0BHO J@aHHYIO TPYINy MOXKHO Ha3BaTb OLEHKOMN
«3dpdpextuBHoctr HUOKP u paboT (yciyr)».

B pgaHHOM fAokJaje 06e rpynmbl 3ajad paccMaTpPUBAIOTCA Kak
e/lUHasl TpyNna, MMewllass NPU3HAKK BCeX TpeX CYILeCTBYIOLIUX
o6J1acTel MPOBeAEHUS Ol[eHKHU.

B HacTos1ee BpeMsi IPOBOAUTCS PaboTa 1O OLeHKE UMEIOLIUXCS
MCXO/IHBIX JJAaHHBIX, IPUMEHUMBIX JJIs1 pelieHus 3a/1a4, QOpMHUPYIOTCS
CXeMbl OpraHU3allMOHHO-TEXHUYECKOT0 U JIOTUKO-UHGOPMALHOHHOI'0
B3aMMOJIEMCTBUS YYaCTBYIOIUX 3JIEMEHTOB /I JAHHBIX 3ajjay,
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pa3pabaTbiBaeTcsl IepedyeHb OlLIEHWBAEMbIX XapaKTEPUCTHK U
MEeTOJMKH UX pacyeTa.

Jlokyiai  TOCBSIIEH  OMHCAHUID  TEKYIIEro  COCTOSHUS
HCCIeJIOBaHUM 1O [JaHHOMY HalpaBJieHHI0, BKJIOYash OCHOBHBIE
npo6JieMHbIE BOIIPOCHI U IOPOKHYIO KAPTY AATbHENIITUX PAabOT.

2.2. AponuH A.C,, EBrpados A.10.
JJIeKTPpOMarHMTHOE MoJe/IupoBaHue MOHoIuTHOM CBY
WHTerpajbHoOi cxeMsbl pa3oBpaiaTesia X JUanasoHa Ha
ALGaN/GaN rerepocTpyKrypax
(AO «HIIII «Ilyabcapy, e. Mockea)

AO «HIII «Ilysabcap» pa3paboTajl HOBYI TEXHOJIOTUYECKYIO
miatdopMy AJs co3aHus MOHOJUTHBIX CBY MHTerpajbHbIX CXeM Ha
AlGaN/GaN rertepocTpykTypax Ha 6a3e CBY mnepexstouaTesneil c
HCII0JIb30BaHUEM €MKOCTHBIX KOHTaKTOB. IdPeKTUBHOCTD
TEeXHOJIOTHUU Obla MoATBepKAeHa pu pa3spaborke MHUC CBY SPST u
SPDT nepexkntoudaTtened aas S, C, X arana3oHoB yacToT. Peannsanus
MUC CBY ¢asoBpawarenss X [AuanasoHa, 3JIeKTPOMarHUTHOe
MOJieJIMPOBaHUE KOTOPOro pacCMOTPEHO B JAaHHOM COOOLIEHUH,
IJIAHUPYeTCd TakKe MO0 3TOW TexXHOJOrnu. B KoHCTpykuuu
¢dazoBpalaTesis UCIOJIb30BaHbI HANPABJIEHHbIN OTBETBUTEJIb JIaHTe U
MMUC CBY nepekstodyaTesii ¢ EMKOCTHBIMU KOHTaKTaMH.BO3MOXXHOCTB
NPOEKTUPOBATh AJi KaxAoro paspsiza cBoil CBY mnepexsroyaTesb,
obecrneynBalwIUi MaKcuMajibHOe corsiacoBanue CBY mapameTpoB
OpyU MHUHUMAJbHBIX BXOJHBIX TOTEPSAX SIBJSAETCI OCHOBHBIM
NPEeUMYyIIeCTBOM pPapabOTAaHHOM TEXHOJIOTHH. [IaTUpaspsagHbIA
¢dasoBpaiaresib AJi 4aCTOTHOrO Auana3oHa 8-12 I'Th o6ecrnedynBaeT
¢dazoBbIe CABUTHU 11,25°, 22,5°45°,90° u 180° npu CKB
¢dasoBoit omubke < 5°. BxoaHble moTepu B paboyeM [JuanasoHe
yactoT < 2 (aB), BxogHasa MoimHOCTL He MeHee 10 BT B UMNyJIbCHOM
pexume Tumn=100mkc, S=10, ty=40HC

Electromagnetic modeling of X-band phase shifter
monolithic microwave integrated circuit on AlGaN/GaN
heterostructures.

Adonin A.S., Evgrafov A.Yu. (JSC NPP Pulsar, Moscow, Russia)

JSC NPP Pulsar has developed a new technological platform for

creating monolithic microwave integrated circuits on AlGaN/GaN
heterostructures using capacitive coupled contacts (C3), the
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effectiveness of which was confirmed during the development of MIS
microwave SPST and SPDT switches for S, C, X frequency bands. The
design of the MIS of the X-band microwave phase shifter, the
electromagnetic modeling of which is discussed in this report, is also
planned using this technology. The design of the phase shifter uses a
directional Lange coupler and MIS microwave switches with C3
contacts. The ability to design for each discharge its own microwave
switch that ensures maximum matching of microwave parameters with
minimal input losses is the main advantage of the developed technology.
A five-digit phase shifter for the frequency range of 8-12 GHz provides
phase shifts of 11.25, 22.545 Input losses in the operating frequency
range of < 2 (dB), input power of at least 10 Watts in pulse mode T =
100mics, S = 10, rise time 10ns

2.3. Cepko C.I'.,, MukpwokoB A.H., YepkacoBa M.A.,
Cepadumos B.II.
OneHKa MOMEX0YyCTONYUBOCTH HABUTALlMOHHOM
annapartypsl norpeéouresieii THCC k BO34eCTBUIO
MMUTALMOHHOU IOMEeXU
(PI'BY «'THML]» MuHo6opoHbt Poccuu, 2. Mbimuwu)

[IpeactaBieHbl pe3y/bTaThl KOJUYECTBEHHBIX MOKa3aTesel
MOMEeXO0YCTOMYMBOCTH HABUTALMOHHOMW ammapaTypbl NOTpebuTesiel
'HCC k BO31eiCTBUI0O UMHUTALlMOHHON MOMEXH

B HacTodllee BpeMA 'HCC MOJIy4YHUJIN LIUPOKOEe
pacnpocTpaHeHHWe W MPUMEHSAKTCS B Pa3U4YHbIX chepaX. OCHOBHBIM
HEeJ0CTaTKOM NPUMEHEHHUA ['HCC ABJISAETCA HU3Kad
noMmexoycronunBoctb HAII, 4To 00yc/i0BJA€HO MajJbIM YpPOBHEM
M0JIE3HOT'0 HaBUTalMOHHOTO0 curHaJja (10-16 Bt uau munyc 160 aiBBT),
3TO JeJjlaeT BO3MOXXHBIM €ro MoJiaBjJeHus B GOJIbIIOM pajuyce Aaxe
MaJIOMOUIHBIMKM  T[OMEXOBBIMM  M3JydaTeasaMu. llosaTomy mnpu
paspaboTke u wucnbiTaHusax HAIl Heo6xoAuMO oOmIpeAessaTb
KOJIMYeCTBEHHbIE [10Ka3aTe M TOMeX0YCTONYUBOCTH.

[To moMex0oycTONYHUBOCTBIO (IoMexo3amuineHHocTbio) HAII B
IIMPOKOM CMBbIC/Ie TMPUHATO IOHHUMAaThb €€ CINOCOOGHOCTh pellaTh
HaBUTAIIMOHHYIO 33/1a4y B YCJIOBUSIX BO3/IEWCTBUS BHEIIHUX IToMeX [1].

[Ipu 3ToM Haubosee yacto jusa HAIl THCC npumeHsitoTcs
aKTHUBHbIE BU/IbI TIOMEX, 10 IPUYUHE UX HauboJiblliel 3P GEKTUBHOCTH.
AKTHBHBIE NOMEXU [IeJIITCS Ha MacKUpYOIIUe W HMUTHUPYIOLIUe
MOMEXH.
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[IpuHLIMI AeHCTBUS MaCKHUPYIOIUX IOMEX OCHOBAH Ha CO3JJaHUU
nojaiswilero ¢oHa MOJAE3HbBIM pPaAUOCUTHAJAM. Mackupyouive
NoOMexXd HHOTJA Ha3blBalOT 3HEPreTUYeCKUMH, TaK KaK OCHOBHOM
3ddekT oT ux Bo3geiictBus Ha HAII - sHepreTuyeckoe mo/jaBJjieHue.

KoJsinyecTBeHHOM XapaKTepUCTUKON oMexoycTonuuBocTH HAII
NpU BO3IEWCTBUU MACKUPYIOIIMX TOMeX PEKOMEHI0BAHO MPUHUMATh
rpaHuyHoe (Haub6oJiblliee) 3HAYeHHE OTHOIIEHUS  MOU[HOCTHU
MOMEXOBOTO PaJIMOCUTHAA K MOIIHOCTH IOJIE3HOTO pPaJlMOCUTHaa
npu kotopoM HAII erie MoXxeT peliaTh 1iejieByI0 33/ja4y (BbINOJHATh
HaBUTaLlUOHHO-BpeMEeHHbIE omnpejeJieHus ) C 3a/laHHBIMU
xapakTepucTukamMu. CTaHJapTHOe 3HaYeHUEe MOMEXOyCTOWYUBOCTH
HAII, npeacraBasioomed cob60l NpPUEMHHUK C OJHO3JIEMEHTHOU
aHTEHHOW U KPYroBOM JAuarpaMMoOM HalpaBJE€HHOCTU B BepXHeH
noJsiychepe, npu npueMe cyuiectByoiux curdanoB 'HCC cocrapiiset
(30...40) ab [1]. MeToabl U CcpeACTBa OLEHKH MOMEXOYCTOMYHMBOCTHU
HAIl Ha BO3ZelCTBHE MACKHUPYWOIIUX MOMEX IIUPOKO H3BECTHBI M
peasu3ylTcsd B JIaGOpPaTOPHBIX YCJIOBUSIX C MNpPUMEHEHHEM
reHepaToOpOB CUTHAJIOB.

WMmuTupyooliue noMexyd IO CBOEH CTPYKType aHaJIOTUYHBI
M0JIE3HBIM pajuocurHaiaM, HO HMEIT napaMmeTphbl,
Jle3uHPOpMUPYIOIIME MO/IaBJIsieMOe CPeJCTBO, Hapyllasi TeEM CaMbIM
ero HopMaJjibHoe QyHKIMOHUPOBAHHeE, B CBSI3U C YEM HX HA3bIBAIOT €ellle
U ae3nHdopMupyrouMu. UMuTtupytouive nomexu 3dpdeKTUBHBI PU
CYLleCTBEHHO MEHbLIEW MOILIHOCTH HM3JIy4eHMsd, YeM MacCKUpylolihe
NIOMEeXH, B YeM 3aKJ/II0YAEeTCHI UX OCHOBHOE IPEUMYIILECTBO.

[Ipn 3TOM KOJIN4€eCTBEHHYIO XapaKTepUCTUKY
noMmexoycronunBoctd HAIl K BO3/1eliCTBUI0 UMUTUPYIOLIUX MTOMEX B
HacTosllee BpeMs B Tpe6oBaHUsAX NpHU pa3paboTke HAII He 3a7a10T.

B KayecTBe IoKa3saTeJss NIOMEeX0YCTONYHUBOCTHU HAII,
npeACTaBAAIIENd COO0M MPUEMHUK C 0OJJHO3JIEMEHTHON aHTEHHOU U
KpPyroBoW JuarpaMMod HamlpaBJEHHOCTH B BepxHel mnoJsycdepe, K
BO3JIEWCTBHUI0 HMUTHPYIOILUX T[OMeX aBTOpaMH IpejJaraercd
YCTaHOBUTH aHAJIOTMYHBIM MOKa3aTeJb IOMEXOYCTOWYMBOCTH, KaK U
AN MacCKUpyoIMX noMmex. /Jlyig OLEeHKM JaHHOrO IOKa3saTeJss
MOMEeX0yCTOMYUBOCTH HAII MpoBeJleH 3KCIIEPUMEHT C
HCI0JIb30BaHMEM YCTAHOBKU U3MEPUTENbHON — UMUTATOpPA CUTHAJIOB
nepeBo3uMoro K2-100 B pexxruMe MMHUTALUU TPAEKTOPUHU [BUKEHUS
00'bEKTA-HOCUTEJISI 10 eé NmapaMeTpaM, NOCTyNawIIMM B peajbHOM
BpeMeHU. B pesysbTaTe mNpoBefeHUs 3KCIEPUMEHTA MOJY4YEeHbI
KOJIMYeCTBEHHble TMOKa3aTeJu mnoMmexoyctonuuBoctn HAIl k
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BOSAEﬁCTBHm HMMHUTALMOHHBIX ITOMEX 3HAYEeHUA KOTOprX COCTaBHUJIHU
(3...5) AB.

Jluteparypa:
1.Tlepos A.M. TJIOHACC. MogepHu3auusi U MepClHEKTUBDI
pasBuTtus. - M: PaguoTtexnuka. 2020.- 1072 c.

Evaluation of the noise immunity of navigation equipment
of GNSS consumers to the effects of simulated interference

Serko S.G., Mikryukov A.N., Cherkasova M.A., Serafimov V.P. (FSBI
"GNMC" of the Ministry of Defense of Russia)

The results of quantitative indicators of noise immunity of
navigation equipment of GNSS consumers to the effects of simulated
interference are presented.

Currently, GNSS have become widespread and are used in various
fields. The main disadvantage of using GNSS is the low noise immunity
of the NAP, which is due to the low level of the useful navigation signal
(10-16 W or minus 160 dBW), this makes it possible to suppress it in a
large radius even with low-power interference emitters. Therefore, it is
necessary to determine quantitative indicators of noise immunity
during the development and testing of NAP.

Under noise immunity (noise immunity) NAP in a broad sense, it
is customary to understand its ability to solve a navigation problem
under the influence of external interference [1].

At the same time, active types of interference are most often used
for GNSS NAP, because of their greatest efficiency. Active interference is
divided into masking and simulating interference.

The principle of operation of masking interference is based on the
creation of an overwhelming background to useful radio signals.
Masking interference is sometimes called energy interference, since the
main effect of their impact on the NAP is energy suppression.

The quantitative characteristic of the noise immunity of the NAP
when exposed to masking interference is recommended to take the
boundary (largest) value of the ratio of the power of the interference
radio signal to the power of the useful radio signal at which the NAP can
still solve the target task (perform navigation-time definitions) with the
specified characteristics. The standard value of the noise immunity of
the NAP, which is a receiver with a single-element antenna and a
circular radiation pattern in the upper hemisphere, when receiving
existing GNSS signals is (30..40) dB [1]. Methods and means of
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assessing the noise immunity of the NAP to the effects of masking
interference are widely known and are implemented in laboratory
conditions using signal generators.

Imitating interference is similar in structure to useful radio
signals, but has parameters that disinform the suppressed means,
thereby disrupting its normal functioning, and therefore they are also
called disinforming. Simulating interference is effective at significantly
lower radiation power than masking interference, which is their main
advantage.

At the same time, the quantitative characteristic of the noise
immunity of the NAP to the effects of imitating interference is currently
not specified in the requirements for the development of the NAP.

As an indicator of the noise immunity of the NAP, which is a
receiver with a single-element antenna and a circular radiation pattern
in the upper hemisphere, to the effects of imitating interference, the
authors propose to establish a similar indicator of noise immunity as for
masking interference. To assess this indicator of noise immunity, an
experiment was conducted using a measuring installation - a signal
simulator of the transported K2-100 in the mode of simulating the
trajectory of the carrier object according to its parameters received in
real time. As a result of the experiment, quantitative indicators of the
noise immunity of the NAP to the effects of simulated interference were
obtained, the values of which were (3...5) dB.

Bibliography:
1.Perov Al GLONASS. Modernization and development
prospects. - M: Radio engineering. 2020.- 1072 p.

2.4. BacuabeB P.M,, 3emnoBa E.B., CugsakuH U.B.
OueHKa JONOJTHUTE/IbLHOW NOrpeltHocTd GOopMUPOBaAHUA
ncesgoganbHocrei 10 HKA THCC npu u3aMeHeHUHU
TeMnepaTypbl OKPYKallero Bo3ayxa
(DPI'BY «'HML]» MuHob6oponubt Poccuu, 2. Mbimuwu)

[IpeacTtaBieHbl  pe3yJabTaTbl  OLEHKUM  HEeCTaGUJIbHOCTU
dopMHUpoBaHUS NCEB/0ATIbHOCTEeN nMUTaTOpoM curHanoB 'HCC mpu
M3MEeHEeHUN TeMIepaTypbl OKpYXalollero BO3JAyXa B Juana3oHe
paboyuuXx yCJA0BUM 3KCIJIyaTallUU.

B Hacrosilee BpeMssi JJi  OIlEHKHM CHUCTEMaTUYECKHUX
COCTABJISIIOIIUX  WHCTPYMEHTA/JbHOW MNOTPELIHOCTH  U3MepeHHUs
nceBgofanbHocteit HAIl ucnosnb3yeTci MeToJ, OCHOBaHHbIM Ha
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npuMeHeHUH umutatopoB curHasoB 'HCC. B cooTBeTcTBUU C [1]
umuTaTtopbl curHasoB 'HCC ucnosip3yroTca B KayecTBe 3TaJOHOB 2
paspaja U ABJAAITCA UCTOYHUKOM 3TaJIOHHOTO HABUT'alMOHHOTO I0JIS
c HOPMHPOBAHHBIMHU XapaKTepUCTUKAMHU. OcHOBHOM
METPOJIOTUYECKON XapaKTEpPUCTUKOW HMMHUTATOpoB curHasoB I'HCC,
onpefesollell  abCOJIOTHYIO  MOTPEIIHOCTh  GOPMHUPOBAHUS
ncesgoganbHocted  go HKA THCC, 4aBagerca  abcoJsiroTHas
NOTPEIIHOCTh CUHXPOHU3ALMU LIKaJbl BpeMeHU 6JI0Ka HMMUTALMU
(BbIXOJ, CcUrHaja MeTKH BpeMeHHM 1 «c») C MeTKOH BpeMeHH,
nepefaBaeMol B HaBUTaLlMOHHOM cUTrHaJse. /[ pas/JUYHBIX THUIIOB
MMUTATOPOB CUTHAJIOB JaHHas XapaKTepUCTHKa BapbUpyeTCs B
JlvanasoHe 3Ha4eHUH oT 1,9 1o 50 Hc, YTO B aBCOIOTHBIX 3HAYEHUAX
norpeurHocTy GopMUpoBaHus NceBAoanbHocTel 1o HKA cocTaBisieT
or 0,6 o 15 M. OCHOBHBIM METOJIOM H3MepEHUs1 BPEMEHHOIO
VHTEpBaJla MeX/Jy CeKYHAHOW MeTKOU mMuTtatopa curiaiaos 'HCC u
COOTBETCTBYIOILUM €My COObITHEM B HABUIALLMOHHOM CHTHaje Ha
BBIXOJle MMHUTATOpa CUTHAJIOB ABJIAETCA METOJ C HUCIOJb30BaHHUEM
udpoBoro 3amnoMuHarwluero ocuusiorpada [2]. OgHako B JaHHOU
paboTe TIpUMeHeH MeTOJ, OLeHKH XapaKTepUCTHK MMHTaTopa
CUTHAJIOB C NPUMEHEHHEM paJUOTEXHUYECKUX CpeJfCTB, 3 UMEHHO
annapaTypbl KaJTMOPOBKH HAaBUTALlUOHHBIX CUTHAJIOB.

CywecTBylomue MeTpoJIoTHYecKHe XapaKTepPUCTUKU
uMutatopoB  curHasioB [HCC  mo3BosiAl0T  MeTpOJIOTMYECKH
obecneuuTh mnojaJsiwolnee GospwinHcTBO mapka HAIL. Ho B psge
npuMeHeHuit  HAIl, Hampumep, B cocTaBe 06e33alpOCHBIX
M3MEepUTEJIbHBIX CUCTEM, Y4YacTBYWOIIMX B KOHType yIpaBJieHUd
cuctremor T'HCC TJIOHACC, BO3HHMKaeT HeOOXOJMMOCTb OLIEHKH
xapaktepucTuk HAIl B yacTu wH3MepeHMH TIICeBLOJAJbHOCTEN C
MaKCHMaJIbHO BO3MOXXHOW TOYHOCTBIO. JIJIfl JOCTHXKeHUs TpebyeMbIx
XapaKTepuCTUK UMHUTATOpoB curHasioB 'HCC B Takux ycCJOBUAX
HeoOX0JMMO Y4YUTHIBATb  BJIMSIHME  [JIONOJIHUTEJNbHBIX  BH/IOB
norpemHocrted. OJHUM U3 CcaMbIX paclpOCTPaHEHHBIX BHJIOB
JOTIOJIHUTENBHON MOrPEIHOCTH ABJIAETCSA HNOTrPELIHOCTb,
BO3HUKAOLAA 3a CYeT HW3MEHEeHHA TeMIepaTypbl OKpYKalollero
BO3/lyXa B iUalla30He pabo4yuX YCJOBUH 3KCILyaTalMH.

Jnsa OLIeHKHU HeCcTabUJIbHOCTH dbopMupoBaHus
ICeBJO0AA/IbHOCTEN NPU HW3MEHEHHWU TeMIlepaTypbl OKpY:Kalollero
BO3JyXa B Juana3oHe pabouyux YCJAOBUHM 3KCIJyaTalyMU BbIOpaH
uMmutatop curHasoB 'HCC ¢ HauaydmIMMU Ha CerofHAIIHUNA JeHb
XapaKTepUCTUKaMHU [0 CHUHXPOHM3alMHM LIKajJbl BpeMeHU O6JioKa
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HMUTAllMd C MeTKOW BpeMeHH, Iepe/laBaeMOil B HaBUTALMOHHOM
curHaze (1,9 HC), a UIMEHHO YCTaHOBKA U3MEpPUTENbHASA — UMUTATOP
CHUTHAJIOB NMPENU3UOHHBIH MHOTOQYHKIMOHATBbHBINA K2-99.

Pe3yibTaThbl OLleHKM MOKas3ajH, YTO 3HAYE€HHUS NOTPEIIHOCTH
CUHXPOHHM3alMWK IIKaJbl BpeMeHU OJIOKA HMHUTALMA C METKOU
BpeMeHH, Nepe/laBaeMoil B HABUTALIMOHHOM CHUTHaJle TPYU U3MEHEHU U
TeMIepaTypbl OKPYKalolllero Bo3ayxa B juana3oHe pabouux yCaoBUN
3KCIJIyaTanuy cocTaBasAoT g0 550 nc (25 % oT HopMupyeMoW
MOrPellHOCTY Ha UMUTATOp curHaioB K2-99) u B abGCOJIIOTHBIX
3HAYeHUSX ICEBAOJANbHOCTH JocTuraeT Ao 0,15 m.

TakuM 06pa3oM, pu OlleHKe HHCTPYMEHTAJNbHOM MOTPELIHOCTH
HM3MepeHUH IceBAoJlaibHOCTEN BbicokoTouHOM HAIl Heo6xogumo
uMmutarop curHaioB ['HCC pa3smemarr B TepMokaMepe (160
CTabUIbHO MOAJEepKUBATb TeMIepaTypy OKpYKalolllero Bo3JAyxXa B
noMelLleHUH) [AJs  YCTpaHeHUsl  BJMUSHUA  JIONOJIHUTEJbHOU
norpemHocTu GopMHUpPOBaHUS NceBaoAanbHOCTeM 1o HKA THCC.

JlutepaTypa:

1.llpukas @PefepasbHOr0 areHTCTBA 10 TEXHUYECKOMY
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Estimation of the additional error in the formation of
pseudo-distances up to the GNSS NC when the ambient
temperature changes

Vasiliev R.M., Zemtsova E.V., Sidyakin LV. (FSBI "GNMC" of the

Ministry of Defense of Russia)

The results of the evaluation of the instability of the formation of
pseudo-ranges by a GNSS signal simulator with a change in ambient air
temperature in the range of operating conditions are presented.

Currently, a method based on the use of GNSS signal simulators is
used to assess the systematic components of the instrumental error of
measuring pseudo-distances. In accordance with [1], GNSS signal
simulators are used as standards of the 2nd category and are the source
of the reference navigation field with normalized characteristics. The
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main metrological characteristic of GNSS signal simulators, which
determines the absolute error in the formation of pseudo-distances to
the GNSS NG, is the absolute error in synchronizing the time scale of the
simulation unit (the output of the time stamp signal 1 "s) with the time
stamp transmitted in the navigation signal. For various types of signal
simulators, this characteristic varies in the range of values from 1.9 to
50 ns, which in absolute values of the error in the formation of pseudo-
distances to the NCA is from 0.6 to 15 m. The main method of measuring
the time interval between the second mark of the GNSS signal simulator
and the corresponding event in the navigation signal at the output of the
signal simulator is the method using a digital storage oscilloscope [2].
However, in this work, a method of evaluating the characteristics of a
signal simulator with the use of radio equipment, namely, navigation
signal calibration equipment, is applied.

The existing metrological characteristics of GNSS signal
simulators allow metrologically providing the vast majority of the NAP
fleet. But in a number of NAP applications, for example, as part of
unsolicited measuring systems involved in the control loop of the GNSS
GLONASS system, there is a need to evaluate the characteristics of NAP
in terms of pseudo-distance measurements with the highest possible
accuracy. In order to achieve the required characteristics of GNSS signal
simulators in such conditions, it is necessary to take into account the
influence of additional types of errors. One of the most common types
of additional error is the error that occurs due to changes in ambient air
temperature in the range of operating conditions.

To assess the instability of the formation of pseudo-distances
when the ambient temperature changes in the range of operating
conditions, a GNSS signal simulator with the best characteristics to date
for synchronizing the time scale of the simulation unit with a timestamp
transmitted in the navigation signal (1.9 ns) was selected, namely a
measuring installation - a precision multifunctional signal simulator K2-
99.

The evaluation results showed that the values of the
synchronization error of the time scale of the simulation unit with the
time stamp transmitted in the navigation signal when the ambient
temperature changes in the range of operating conditions are up to 550
ps (25% of the normalized error on the signal simulator K2-99) and in
absolute pseudodality values reaches up to 0.15 m.

Thus, when assessing the instrumental error of measuring
pseudo-ranges of high-precision NAP, it is necessary to place a GNSS
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signal simulator in a thermal chamber (or stably maintain the ambient
air temperature in the room) to eliminate the influence of an additional
error in the formation of pseudo-ranges up to the GNSS NC.
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2.,5. IllynenK.I.
Pe/iATUBUCTCKHE NONPABKH K YACTOTE U YXO4Y
KocMuyeckux yacos 'HCC
(AO «PHUPB», 2. Caukm-Ilemep6ypz)

BpICOKOTOYHAsi CHHXPOHU3ALUM KOCMHUYECKHUX 4acoB Ha 60pTy
KocMuyeckux annapatoB (KA) B coctaBe op6UTaIbHBIX TPYNNUPOBOK
(OI') rno6anbHBIX HaBUrallMOHHbIX cnyTHUKOBbIX cucteM ([HCC),
npejnoJiaraeT o06si3aTeJIbHbIA y4eT PeJISTUBUCTCKUX CMelleHUuN
4acTOTbl GOPTOBOr0 CTaHZApTa 4YacTOTbl M  KOMIIEHCALUIO
pesIITUBUCTCKOTO yxo/a 60pToBoii wikasibl BpeMeHH (BILB), koTopblie
06yCJIOBJIEHbl PEJSATUBUCTCKMMU M IPaBUTALUOHHBIMU 3ddeKTaMu
(PI'3), ycraHOB/NEHHBIMM 0OlLleld W  cOelUUaJbHOM  Teopuew
OTHOCHUTEJIbHOCTH.

B o6meM ciydae HOJHOTa M JOCTAaTOYHOCTb KOMIIEHCALUU
BausiHUs PI3  omnpepensiercs TpeGOBaHUSMH K  TOYHOCTHBIM
XapaKTepucTukaMm >3deMepuHO-BpeMeHHOro ob6ecneyenuss ['HCC.
Eciu PI'D KOppeKTHUpPYHOTCA He MOJIHOCTbK, TO 3TU HEYUYTEHHbIE
COCTaBJIAIOILHE:

- UMeIT XapaKTep He WCKJIKYEeHHbIX IepUoJUYecKux U
KBa3uIIepUOANYECKUX CUCTEMAaTUYeCKUX NOTrPeLIHOCTeN U B IIpoLiecce
JIETHOW 3KCIJIyaTallMd O0pToBbIXx 4acoB KA TpyaHOpas/iM4YMMBI C
NOTPEIHOCTAMY 3deMepu/, B CUIy UX BUTKOBOM NOBTOPSIE€MOCTH;

- MOTYT OBITh COU3MEPUMBI WA NpeBbILIATH
HENPOTHO3UPYeMbIH  yXoJ, GOPTOBBIX 4YacoB, 0OYCJIOBJEHHbIN
HeCTaOMJIbHOCTBIO YaCTOTHI YacOB, YTO CHMXKAET TOYHOCTh IPOrHO3a
4aCTOTHO-BpeMeHHbIX nonpaBok K BIIB KA.

OueBUHOU ocob6eHHOCTbIO PI'3 gaBigeTca To, YTO OHH He
HaOJIOAAl0TCA TOpU  Ha3eMHOM 0TpaboTke Ji06bIX 00pasloB

40



I'IHgﬁoprauuormble CNnymHUKoO8ble cucmembul

KOCMHUYECKUX YacoB, I[0O3TOMY [JOJoKHA HpefycMaTpUBaTbCS HX
KOMIIeHCcalusl IPH 3KCIJIyaTalluM KOCMHYeCKUX YacoB Ha opouTe.

K 4uHciy OCHOBHBIX peJATUBUCTCKUX M TPaBUTALMOHHBIX
3¢ deKkTOoB, BIMSAHUE KOTOPBIX HAa 4aCTOTY KOCMHUYECKHUX 4YACOB yxKe
JIOCTaTOYHO XOPOIIO U3y4YeHO U MOATBEPKAeHO, oTHocATcA [1,2]:

— OTHOCUTEJIbHbIN rpaBUTaLMOHHBIN CABUT 4acTOThI,
00YCJIOBJIEHHBIN BJIMSTHUEM MacChl 3eMJIM C y4YETOM BTOPOU
30Ha/IbHOW rapMOHUKU [TOTEHLHAJIA;

— OTHOCUTEJIbHbI JOIJIEPOBCKUU CABUT YacTOTbl BTOPOTO
nops/Ka, o6ycjoBJeHHbIH JBMxkeHHeM KA Ha KpyroBoi opbute
B IPaBUTALMOHHOM IoJie chepUyecKor 3eMJIu.

BinaHue 3TUX 3¢ PeKTOB NpoABASAeTCH B CMellleHUH HOMUHa/Ia
4acTOTbl W IEepUOJHUYEeCKOM €ero U3MeHEeHWH, CBSI3aHHOM C
HepaBHOMEpPHBIM ABU:KeHUueM KA B HeOJHOPOJHOM I'PaBUTALLUOHHOM
noJie 3eMJIY, a TaKXe M0/ BAUSHUEM I'paBUTALMOHHBIX N0J1ei JIYHBI U
CosiHnia. PeniITUBUCTCKOE U3MeHeHHe 4acTOThbl KOCMHUYECKUX 4YacOB
NPUBOJAUT K COOTBETCTBYIOLIMM U3MeHeHUAM B BIIIB, nepenaBaemMon
KA THCC. 3tu 3ddekTbl JOKHBI ObITh CKOMIIEHCHUPOBAHbl MyTeM
pacyeTa pesIITUBUCTCKUX MONPABOK C 1leJiblo npubamkeHus BIIB KA k
KOOpJWHATHOMY BPEMEHH, UTO SIBJISIeTCA IepBOHA4YaJbHbIM YCJI0BUEM
KoppekTHoro ¢pyHkunonuposanus T'HCC.

B [fmokyame Ha O0CHOBe JaHHBIX OTKDPBITBIX HCTOYHHUKOB
BbINIOJIHEH 00630p pe3y/JbTaTOB KOCMHUYECKHUX 3KCIEPHUMEHTOB IO
006Hapy>KeHHIO U OlleHKe BKJIaja PI'J v npejcTaBiieHbl Npeii0KeHUs
10 YCOBEPIUIEHCTBOBAHHUIO PeJSITUBUCTCKUX NPe0bpa3oBaHUM B CBS3U
C UCIOJIb30BaHHEM B cocTaBe KocMHyeckrx yacoB 'HCC 6opToBbIX
CTaHJApPTOB 4acCTOThI c yJy4lleHHbIMU TOYHOCTHBIMHU
XapaKTepUCTUKaMHU.

[IpeacTaBieHbl TNpefBapUTesbHblE AHAJMTHYECKHE pacyeThl
Bk/aaJla PI'J, obycsoBieHHoro ABwxeHueM KA B rpaBUTallMOHHOM
nojie 3eMJM C y4eTOM BJIMHUA BTOPOM 30HAJbHOW TapMOHHUKH
HOpPMaJIbHOrO MNOTeHuuasa 3emyau a1 KA Ha TreoCHMHXpPOHHOW,
reoCTallMOHAPHOM M 3JIMITUYECKOW oKos03eMHbIXx opbuTt KA T'HCC
Galileo, Beidou, QZSS. BrimojiHEHO CpaBHEHHE C aHAJOTUYHBIMU
BKJ1aJlaMu Juis KpyroBeix opout FTHCC GPS u IJIOHACC.
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B cucteMe Navstar. «3apybexHasi paJuo3JjieKTpoHUKa», 1989, Nel,
c.54-60

2.6. Canbudepr A.B.
YdeT BJIMAHUA KOCMUYECKOH cpeAbl IPY NPOrHO3UPOBAaHUH
yxoJa 60pToBbIX miKaJjJ BpeMmenu 'HCC
(AO «PUPB», 2. Cankm-Ilemep6yp2)

Jis ycremHOM 3KcIlyaTaldu KocMudeckoro anmaparta (KA) B
coCcTaBe IJ100aJIbHOM HaBUTALIMOHHOH ciyTHUKOBOU cucteMbl (THCC)
Heo0X0/JUMO VYUTBHIBAaTb BJMSIHME Ha ero OGOpPTOBble CHUCTEMbI
OKPY?Kalollero KOCMU4eCKOTo MpoCcTPaHCTBa.

Pa6oune xapaktepuctuku THCC onpezessitoTCd TOYHOCTHBIMU
XapaKTepUCTUKaMU OOpPTOBOro KBAaHTOBOrO CTaHJApTa 4YacTOThI
(KCY). B cBsA3H ¢ 3TUM 0COOYI0 3HAYUMOCTD OOpeTaeT 3a/jauya OleHKH
BJIUSHUS KOCMHYecKOoW cpefbl Ha 6optoBele KCY B mpouecce
a3kcmiyatanud. OcHOBHble 3¢GGEKThl YCHEelHO MOJAEeNUPYITCI U
YYUTBIBAIOTCS Ha 3Talle pa3paboTKU U Ha3eMHOW 9KCIIepUMEHTabHOU
O0TpPaboTKHU KCY. OpgHako CyLLLeCTBYeT Heo0X0JIMMOCTb
uieHTUGUKALMU U KOppeKTHoro  ydera  3ddekToB, He
BOCIIPOU3BOJMMBIX B 3eMHBIX YCJIOBUAX U ABJAOILUXCH CJeACTBHEM
BO3/lefICTBUsI KOCMUYeCKOoU cpesbl HAa 6opToBble KCY.

Haubosiee BaxxHbIMU paKTOpaMU KOCMUUYECKOHN Cpesibl, KOTOpbIe
Heo0X0JJMMO YYUTHIBATh NMPU MPOEKTUPOBAHUU U SKCIIyaTauuu KA,
SIBJISIFOTCSI COJIHEYHAs] aKTUBHOCTb ¥ MarHUTHOE MOJIe.

BbinoJIHEHHOE KauyeCTBeHHOe cpaBHeHHe (a30BbIX BapUallUy,
Hab6soaaeMbIX B 1ikanax BpemeHd KA GPS u [JIOHACC, a Takxke
V3MEeHEeHUH 3HadyeHWH MapaMeTpPOB COJHEYHOW U TeOMarHUTHOM
aKTUBHOCTH MOKa3ajo, YTO MPOCJEXKUBAETCA Ha/lW4he YCTOMYMBOH
B3aMMOCBA3U MEXJAYy 3THMHU MNpoleccaMy. 3a4acTyl H3MeHEHUAM
curHasioB 6opToBbix KCY mpeziiecTBYOT BCIJIECKM COJHEYHOU U
reOMarHUTHOM aKTUBHOCTH. [loyioKUTeNbHBIM (GaKTOPOM SIBJSETCS
TO, YTO 3TU MPOLECCHI NPEACTABISAIOT CO60UM MeJlJIEHHO MeHsIIoU[hecs
0 BpEeMeHW Bapvaluu (C NepuoJOoM OT HECKOJbKHUX 4YacoB [0
HECKOJIbKUX CYTOK) W MOTYT ObITb YCIENIHO CKOMIEHCHPOBAHBI
MaTeMaTUYeCKUMH MeTOJaM{, Hampumep OOGHOBJIEHHEM IPOrHO3a
yxozaa 6opToBbIx mikasa Bpemenu (BILIB) KA.

Jlns BeIsiBJIeHUsT HauboJlee 3HAYMMbIX B3aHMOCBsI3ell MPOBeJieH
CHEeKTpPaJbHbIA M KOppEeJALMOHHBIM aHajJu3bl pAJ0B JaHHBIX

42



I'IHgﬁopmauuorlele CNyMmMHUKoO8ble cucmembul

pacxoxaeHu 60PTOBBIX llIKaJ BpeMeHU KA 1 napamMeTpoB coJTHEUHOH
¥ reOMarHUTHON aKTUBHOCTH.

[lpeacTaBieH  alropuTM  ydeTa  BJAUSAHUA  (GaKTOPOB
OKpY>Kalollero NpoCTpaHCTBa U YCIOBUH 3KCIJIyaTallMi Ha TOBeJleHUe
BIIB KA npy nporHo03upoBaHUM YaCTOTHO-BPEMEHHBIX IIONPABOK.

Jlns  GoJsiee TMOJIHOTO TOHUMAHUSI MEXaHU3MOB BJIMSIHUS
KOCMHUYEeCKOM cpelbl Ha mnoBeJleHue 6opToBbix KCY Heobxoaumo
CO3/JaHUEe CUCTEeMbI HEMPEPhIBHOIO KOHTPOJSA GYHKIIMOHUPOBAHUSA B
npoliecce 3KCIUIyaTallMM, a Takxke JajJbHeHIlNe HCCAeOBaHUS C
y4acTUeM CHeLHaJU3MpPOBaHHbIX HAy4YHbIX OpraHU3alui, 4YTO
NMO3BOJIUT B  INepClHeKTUBE  BBbIABUTb  3aKOHOMEPHOCTH U
YCOBEPIIEHCTBOBAaTh MaTeMaTH4yeCKHe MOJeJH, ONHChIBamollve
noBefieHre 6GopToBbix KCY, a Takke UCNOIb30BaTh JaHHBIE,
noJiyyaeMble KOCMHUYECKMMM MHUCCUSMH, [Jis1 U3YYEeHUs] JUHAMUKU
OKpY»Karoliero KOCMU4eCcKoro nNpocTpaHCTBa.

2.7. IIa6anos B.E., Yeasimos C.10.
IIpyieMHBIE MOAYJIU Ha3€MHBIX PaJMOHABUTALIOHHBIX
CHCTEM
(AO «PHUPB», 2. Caukm-Ilemep6ypz)

B HacTosliee BpeMs B [IONOJHEHHE K TIJI0O6AJbHBIM
HaBUTALlMOHHBIM COYTHUKOBBIM cuctemMaMm ([HCC) craHoBUTCA
aKTyaJbHbIM IIpUMeHeHHe Ha3eMHbIX PaJJMOHABUTALMOHHBIX CUCTEM
(PHC). 3To ocobeHHO SIpKO MPOSIBJASETCA B YCJAOBUAX MPUMEHEHUS
CUCTEM paAU03JeKTPOHHOTO NPOTHUBOJEHWCTBUSA, MPUBOJAIIUX K
rnckaxxeHuto curHasioB 'HCC BIJIOTh 10 HEBO3MOXXHOCTH KOPPEKTHOM
paboThI IO UX CUTHAJIAM.

HUmMmeromumucsa uvenoykamu Ha3eMHbix PHC mnepekpbiBaeTcs
3HaYMTeJbHasd 4YacTb CyIIM W aKBaTOPUM MHPOBOTO OKeaHa,
NpesCTaBAAKIINX 30Hy MUHTEPECOB Halllero rocy/apcTBa.

[IpueMHas annapatypa notpeouteieii (All) PHC paspa6oTaHa u
BbIyCKaeTc B  HacTosllllee BpeMd psaJOM  [peANpUATHH-
usrotoputesed. CylecTBylOT [JBa BapuaHTa CTPYKTYpPHOIO
NOCTPOEHUsl NpPHUEMHBIX MOJYyJiell 3THUX CUCTeM: Oe3 Iepexoja Ha
npomexyTtounyto yactoTy (1Y) u c nepexogom Ha ITY.

B Boinyckaemoir AO «PUPB» AIl 06a CTpyKTYpHBIX BaphaHTa
peasM30BaHbl B CEPHUMHO BBIMYCKAEMBIX MOAYJSAX Ha 3apyOeKHOU
ajsieMeHTHOH 6asze ¢upm Analog Devices, Texas Instruments, AMIC,
MAXIM, Silicon Laboratories, Altera u psga apyrux. B Hacrosiee
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BpeMs UMeTCd NPo6JeMbl BIVIOTh 10 Hepa3pelluMbIX C TIOCTaBKaMH1
Bcel 3apyoexxHou IKB.

[IpoBenen aHaimu3 (IKBb mnpexasaraeMbpiX OTe4YeCTBEHHBIMH
HU3TOTOBUTEJSAMU: HA 1-M 3Tane - no nepedyHio IKb-2021 ¢ npuemkoi
«5» nnepeynro Kb HX 01-2022, Ha 2-M 3Tamne - 1o UHTEPHET pecypcam
NpeANpUsATUNA U3TOTOBUTEJEM M MOCTABUIMKOB, Ha 3-M 3Tale - MO0
HENOCpPe/ICTBEHHbIM KOHTAKTaM C NMpeJCTaBUTEeNSIMU NpeANpUaATHN
HU3TrOTOBUTEJEN M NOCTABUUKOB KaK Ha MNPOPUIbLHBIX BbICTaBKaX
(PAZ13J1-2022 u ap.), Tak U MO 3JIEKTPOHHOM MOYTe U TesiepOHHBIM
neperoBopam.

Kak pe3sysbTaT BbIOOpa [ peanu3aidu otedectBeHHOH IKbB
661710 CGOPMUPOBAHO MOJIMHOKECTBO HO3UIUM UMIIOPTO3aMeELeHHS.

C npuMeHeHHeM BblbpaHHOW JKbB 6bL1M pa3dpaboTaHbl CXEMBI,
BbINIOJIHEHA TPACCUPOBKA MeYyaTHbIX MJIAT, U3TOTOBJIEHbl 06pasLbl U
NpoBeJieHa UX NpeJBapUTesbHas HacTpoMKa. [Ipy 3TOM coxpaHeHBI
rabapuTHble, YCTAHOBOYHbIE U MPHUCOEJAUHUTE/bHbIE pa3Mephl
3aMelllaeMbIX CepUHUHBIX MoAyJiell. Takke coxpaHeHbl UHTepdelcHble
XapaKTEePUCTUKU KaK [0 CUTHAJIbHOM, Tak W 1Mo UH(POpMaLHOHHOU
gyactu. CoxpaHeHbl Bce (QYHKIHMOHAJbHble W  TOYHOCTHBIE
XapaKTepPUCTUKHU.

[IpoBeneHue nepevyurcJeHHbIX pa3paboTokK MO3BOJIUT
06eCcrneyuTb CEepUMHBIA BBINYCK MPUEMHBIX MOJAYJed Ha3eMHbIX
pajlMOHAaBUTAUOHHbIX CUCTEM He3aBUCUMO OT mnoctaBok JKb
3apy6exxHOoro npousBoJcTBa. CoxpaHeHHe BCeX XapaKTEPUCTUK
MOAyJIEX MO3BOJIUT MEPEUTU HA MX UCHOJIb30BaHHUE B KOMILJIEKCHOU
annapatrype 6e3 [JONOJHUTEJbHBIX 3aTpaT Ha KOHCTPYUPOBAHHUE,
J0pabOTKy NPUHUUIHAIbHBIX CXEM U KOPPEKTUPOBKY MPOTrPaMMHOT0
obecrneyeHuUsl.

2.8. HukutuH A.B., [Ipumakos /J.A., Yeabimos C.10.
KomniekcHas HaBUraljMOHHas annaparypa AJis
MOCTPOEHMS KOHTPOJIbHO-KOPPEKTUPYWOIIMX CTaHIUA
(AO «PUPB», 2. Cankm-Ilemep6ype)

[Ipu aHa/M3e COBpEMEHHbIX TPeOOBaHUM, MPeAbSBASEMbBIX K
TOYHOCTH Y HENMPEPBIBHOCTH KOOPIMHATHO-BPEMEHHOT'0 06ecneyeHus
notpebuTesied paJMOHABUTAIMOHHBIX CUCTEM, KpallHe aKTyaJIbHbIM
CTAaHOBHUTCSI BOIPOC NOCTpoeHUs AudPepeHIHaTbHBIX MOJCUCTEM,
OCHOBaHHbIX Ha COBMECTHOW Imepejaye  KOPPEKTHUPYIOILEH
vHGOpMANMM KaK K CHUTHaJaM IJI00aJbHbIX HaBUTAIMOHHBIX
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cnyTHUKOBBIX cucteM (CTHCC), Tak u K cMrHajlaM UMNYJ1bCHO-)a30BbIX
pagvoHaBuranoHHblx cucteM (MPPHC). Ilpu 3TOoM aKTyaJbHBIM
TaKKe OCTaeTcsl BOMNPOC 00 MCHOJAb3yEMbIX KaHajJaX /[JdOCTABKU
KOppeKTupyouieid MHGOpMaLH KOHEUHBIM MOTPEOUTEISM.

B  3aBucumMocTh  OT  (PYHKUHOHAJBHOTO  Ha3HAYeHHs
auddepeHIMaTbHON MOJCUCTEMBI /Il AOCTABKU KOPPEKTUPYIOIIEN
I/IH(l)OpMaL[I/II/I MOTYT OBITh UCIIOJIb30BaHbI CAEIYIOL1E KaHAbI CBA3U:

KaHa/l Iepejfayd HWHQPOpPMALMKM Ha OCHOBe IepejaTydKa

Cpe/IHeBOJIHOBOT'O PaIOMasiKa;

— KaHaJ nepejaadyd uHPopManMu Ha OCHOBe mepejaTyuka YKB
JAUuana3oHa;

— KaHaJ MepeAayud uWHGOpPMALMK HA OCHOBE JOCTyNa K CETH
HHuTepHeT c ucnosibzoBanuem JIBC, Wi-Fi niiu GSM-moemoB;

— KaHaJ nepeZauyu HH$OpPMaLMK Ha OCHOBe NepeaTiMKa CTaHLIUU
HUDPHC
KoHuennuss  mocTpoeHHUS]  KOHTPOJIbHO-KOPPEKTHUPYIOLIUX

CTaHUYH, GOpMHUPYIOLUIMX KOPPEKTUPYWLyI UHPopMaLU K
curHasiam HCC u UOPHC, B oT/ivuMe OT CTaHZApPTHBIX pelleHUi
npeaycMaTpUBaeT Caeylollee:

— [I0NOJIHEHUE CTAaHIUU UHTErPaJbHOTO KOHTPOJIS U anapaTyphl
ONOPHOU CTaHIMHU 6JIOKOM NpHeMHUKa curHasioB UOPHC.

— [ONOJIHEHHWEe TMpOrpaMMHOTO  obecrneyeHUs  amnnapaTyphl
OTNOPHOM CTAaHL MU MaTeMaTHYeCKHUM alapaToM, I03BOJISAI0IUM
bopMHpOBATh KOPPEKTUPYIOLIYID HWHPOPMAIUI0 K CHUTHAJIAM
HUOPHC;

— JIONOJIHEHHWe  TpOorpaMMHOro  obGecredyeHUs  amnmnapaTyphbl
CTAaHLUUHW  HHTErPaJIbHOTO  KOHTPOJIA  MaTeMaTU4YeCKUM
annapaTtoM, IMO03BOJISIIOIIUM  KOHTPOJHUPOBAaTh  KauecTBO
KOppeKTHpylollel uHpopManuu K curHaiam UOPHC;

— [ONOJIHEHHWE NpPOrpaMMHOTO obecrneyeHUss KOHTPOJbHOMN
CTaHUMU BO3MOXXHOCTbI) KOHQUTypHUPOBAaHHUS: IpUeEMa U
06paboTtku curHasoB HUPPHC, dopmupoBaHus u mepefayu
KoppekTupyouei nHpopmanuu k curHasam UOPHC, npouecca
nprveMa U KOHTPOJISI KayecTBa KOPpPeKTHpyoleld HHGopManuu
K curHasiam UDPHC;

— KOMILJIEKT CPeJCTB Iepefadyd KOppeKTHpYlolel MHopMaluu
NOTPe6GUTEISAM M0 PAa3/IMYHbIM KaHa/IaM CBSI3U.
HaBuranuoHHble KOMILJIEKCHI [Ji1 MOCTPOEHHS KOHTPOJIbHO-

KOPPEKTUPYIOLIMX  CTAaHIUK,  OCYLIECTBJISIOIIME  COBMECTHYIO
00paboTky HaBuranydoHHbIx AaHHbix [HCC u HWOPHC, a Takxke
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HCIOJIb3YI0L[HE KOPPEKTUPYIOLIYI0o HHopMaluto k curHasaMm THCC u
WU®PHC, HaxoAATCA B CTaINK Pa3pabOTKH.

2.9. HukutuH A.B., I[Ipumakos J.A., Yeabimos C.10.
OCHOBHBbIE XapaKTEePUCTUKUA HABUTALMUOHHBIX KOMILJIEKCOB
reoMH$opManuOHHbIX CUCTEM
(AO «PUPB», 2. Cankm-Ilemep6yp2)

HaubGosee BaXHbIMM TpeGOBAaHUSIMM K HABUTAIIMOHHO-
BpeMeHHOMY 006ecrnedyeHUI0 annapaTypbl NOTpebuTeel r106aabHbIX
HaBUTAIMOHHBIX CIyTHUKOBBIX cucTeM ([HCC) ABAAIOTCA: TOYHOCTB,
HENpPepbIBHOCTD U IJ1IaJIKOCTh KOOP/IMHATHO-BPEMEHHOT'0 pellleHUSl.

[locsie aHasM3a pbIHKA MOAYJEN, 06eCcneYrHBaAIUX MPUEM U
o6paboTtky curHajsoB T['HCC, ¢ y4eToM BO3MOXHOCTH WX
BOCIIPOM3BOJCTBA U JOCTYINHOCTH TNPHOOpPEeTeHUs KPYMHbIMHU
NapTUSAMU, ObLJIM BbIOPAHBI CJeAYIOIINE MOLYIU:

— MOAYJb IPUEMOU3MEPUTENbHBIN KOCMUYECKUX HABUTALLUOHHBIX
cucteM [JIOHACC/GPS «K-161» TCION.468157.109 TY;

— HaBUTaUUOHHBIN Moayab PHM-214 [[/IKT.464315.098;

— HaBUTaUMUOHHBIA MoayJib Sino 803;

— HaBUTALMOHHBIN MOJYJIb ['JIOHACC/GPS/SBAS/GALILEO
[TPO-04M NUJITA.464346.008 TY.

[Ipy mnpoBefileHUH HCNBITAHUA HaBUTALLMOHHBIX MOJyJel
WCIO0Jb30Basicda uMUTaTtop curdasoB ['HCC co crnepuasbHbIM
CleHapueM, HWMUTHUPYIOUUM @epeMellleHUs1 BbICOKOJUHAMUYHOTO
00'bEKTA.

[lo pe3yabTaTaM UCOBITAHUW HauboJiee XOPOIIMe Pe3yJbTaThbl
nokasaJid HaBuraguonHble mogyau K-161 TCHOU.468157.109 u PHM-
214 IJKT.464315.098.

Hcxons U3 nporHo3oB co3gaHusi oredectBeHHOU Kb u ananusa
TpeOOBaHMNW MNOTpebUTesel B 4YACTU PA3BUTHSI IOCTPOEHUS
HaBUTALIMOHHBIX MOJIy/Iel MOXXHO CAieJ1aTh CeAYIolIMe 3aK/II0YeHUs 0
NepCNeKTUBHOCTH Cey0LUUX HAallpaBJAeHUN:

— BKJIIDUYEHUE B COCTaB MOJYJIEW BBICOKOIPOHU3BOJAUTENbHBIX
BBIYMCJIUTENbHBIX CpeJicTB JUis pelleHust 3aj4a4
KOMILJIEKCMPOBAHMUS NPY MOJYYEHUU HABUTALMOHHOTO pPellleHus
Y paclIupeHUs pean3yeMblx MHGOPMaAIMOHHBIX HHTePDENCOB;

— JpobGaBjieHHe B COCTaB MoayJien MaJI0rabapUTHBIX
BcTpauBaeMbix HWHC jsa peanusanuu  HempepbIBHOCTHU
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HAaBUTAIIMOHHOTO pelleHUs1 B C/Ay4YasgX KpaTKOBPEMEHHOrOo
npekpaigeHus npuema curaanos 'HCCG;

— mnpueM U 06paboTKa HaBUralMoHHbIX curHasoB 'HCC Galileo u
BeiDou, ocHoBbIBasicb Ha BMK-TexHoJsioruu.

2.10. NonsikoB A.A., 3amupuHckui C.A.
MeToa BbIGOpa MPOEKTHBIX IAPaMETPOB r'HNEPCKOPOCTHBIX
NeHeTPaToPOB JJisl UCCAeJ0BaHUA HeOEeCHBIX TeJl
(AO «HIIO JlagouKuHay, 2. Xumku)

AHHOTauus: /[l u3y4eHHUs XapaKTepUCTHK I'PyHTa HebeCHbIX
TeJl COJIHEYHOM CUCTeMbl Ha HEOOXOAMMO pellleHue 3a/ja4y CO3/jaHus
TMIIEPCKOPOCTHBIX  NeHeTpaTopoB. /Jlisg  BbIOOpa  MPOEKTHBIX
napaMeTpoB  TUIEPCKOPOCTHbIX  INEHeTpPaTopoB, HeobxoAuMa
pa3paboTka MeTOJUKH, BKJIOYAOLas MOJesb JUHAMUKA BHeJpeHusI
00'bEKTOB CO CKOPOCTSIMU GoJsiee 1 KM/c B TBEpPAYI0 MOBEPXHOCTb U
YYUTBIBAOILYD OCOGEHHOCTH BO3HUKHOBEHHUSI HHEPLHUAJTbHOIO
B3pbIBa MeTAJINYECKUX U3JeJIUH [JI51 eT0 HeJJONYLeHUs NP YJapHOM
BHeJIpeHHH THIIePCKOPOCTHOIO IeHeTpaTopa B TPYHT HebGeCHOro TeJa.

KitoueBble cJoBa: ['MnepckopocTHOM HeHeTpaTop,
MHepLUaJbHbIA B3pbIB, BHEJ[peHHE B IPYHT, HebeCHble TeJsa, MOJesib
JAUHAMUKHU BHeJpeHUs, lepopMuUpyeMbId yIapHUK.

Jnda usydenus tes CoTHEUHOM CUCTEMBI aKTUBHO UCII0JIb3YIOTCA
N0CaZlouHble MOAYJM KOCMHYECKOr0 almapaTa, OCYLeCTBJSIOLiHe
"MArKyr" MocajiKy Ha uccielyeMblii 06'beKT. Takasi onepanus TpebyeT
OpraHU3aluy TPYAOEMKHX ONepaluid CBA3aHHbIX C HCIO0Jb30BAaHUEM
Pa3/IMYHBIX TPUOGOPOB U CI0KHBIMU 6ANTJIMCTUYECKUMY MaHeBPaMHU.

[ToaToMy JJ151 JOCTAaBKH [10JIE3HOM HAarpy3ku Ha TeJia Co/THeYHOH
cUcTeMbl 06e3 MpHUMeHEeHHUs] BapUAHTOB MSATKOW MOCaAKH ObLIK
pa3paboTaHbl  «MEHETPATOPbI» -  YCTPOWCTBO, JOCTHUTAKIIMUX
NOBEPXHOCTb MCCJEeAyeMOro Tejla C BbICOKOM CKOPOCTBIO U
3arJiy6JeHUeM B IPYHT.

Jli1st n3ydeHUs XapaKTePUCTUK IPyHTa HeGECHBIX TeJl COTHEYHOH
CUCTEMBl Ha O6OJIBIIMX TJy6HHAX HEO0OXOJUMO pelleHHe 3aJayu
CO3/JaHUs TMIIEPCKOPOCTHBIX NeHeTPaTopPOoB. /l/isl BbI6opa NPOEKTHBIX
HapaMeTpoB  T'MIEPCKOPOCTHBIX  IE€HEeTPaTOpOB,  Heob6XoAUMa
pa3paboTKa MeTOUKH, BKJIIOYalolLlas Mo/ieslb JUHAMUKN BHeIPEeHUs
00'BEKTOB CO CKOPOCTSIMH GoJsiee 1 KM/C B TBEpPAYI0 MOBEPXHOCTb U
YYUTBIBAOILYID OCOGEHHOCTH BO3HUKHOBEHHUSI HHEPLHATBHOIO
B3pbIBa META/JINYECKUX U3/IeJTUH [IJIS] er0 HeIOMyIeHUs IPU yAapHOM
BHE/I[pEHUU TUIIEPCKOPOCTHOTO EHEeTPaTOpa B TPYHT HEGECHOTO TeJia.
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['MnepckOpoCTHOW mNEeHeTpaTop JMAOJLKEH COCTOATh U3 JBYX
y3JIOB - TOHKOTO [JIMHHOTO HaKOHeYHMKa (yJapHHUKa) M IMPOYHOIO
KOHI|eBHMKA C I0JIe3HOM Harpy3kod. TOHKMH HaKOHEYHHK JOJDKEH
BBINOJHATD POJIb IOTJIOTUTEISA KHHETUYECKOM 3HEepTUU NleHeTpaTopa.
OpHako 1mpyU BBICOKOW yJAapHOW Ieperpyske MCIOJb30BaHHe
MeTa/JINYeCKUX H3JeJMA MOXeT MPUBOJUTb K MeTa//IM3alMU Ha
BHYTpPeHHeHN MOJIOCTH BOPOHKM 3a CYeT UCIapeHusl MeTaslla U Jaxe
MHEPLHaIbHOMY B3PbIBY, HEFaTMBHO BJMAKIIUX Ha 3P PEKTUBHOCTD
BCeU HAYYHOU MUCCHH.

Ha ocHoBe aHaiM3a cocTaBa I'pyHTa HeGeCHBIX TeJsl MOJy4eHbI
aHAJIMTUYeCKMe  3aBUCUMOCTH /[JI1  ONpeJieJieHUs  CKOPOCTH,
JedopManum yaapHUKa NeHeTpaTopa, IJyOMHbI NPOHUKAHUA Kak
bYHKLIMM TapaMeTpoB NeHeTpaTopa, yCJI0BUH ero 3amycka u Gu3nkKo-
MeXaHW4YeCKUX CBOWCTB peroJjuTa.

Ha cerogHsiliHU{A JileHb 3KCIIepUMEHTaJIbHOM OTpaboOTKHU
NOJIHOpa3MepHbIX MEHETPATOPOB CO CKOPOCTSIMU Bbllle 1 KM/C He
npoBoAuaock. C [eJbl0 3KCOEPUMEHTAJbHOTO NOATBEPXKIEHUA
3aBHCHUMOCTEHN IJIyOGHHBI IPOHUKAHUSA U CKOPOCTU JBUKEHUS, a TAKXKe
Ba/IMJALlUK IIpeJIJIOKEHHOT 0 MEeTO/la BbI60pa NPOEKTHBIX IapaMeTpOB
TMIIEPCKOPOCTHOIO MeHeTpaTopa OBbLIM HCIOJIb30BaHbl pe3yJ/bTaThbl
3KCIEepUMEHTOB TJle B KauyecTBe YJAAapHHUKOB OBbLJIM HCIOJIb30BaHBI
KOMIIAKTHBbIE U yAJMHEHHbIE CTEP>KHU C IIJIOCKUM TOPLIOM.

CpaBHUTENBHBIN aHa/Iu3 TEeOpeTUYEeCKUX 5|
3KCIIEpUMEHTAJbHBIX  WUCCAe0BaHUKA IOKa3blBaeT JOCTAaTOYHO
XOPOILYI0 CXOAUMOCThb pe3yJIbTaTOB pacyeTa U ONbITOB.

PazpaboraHn MeToJ; BbIOOpa NPOEKTHBIX IMapaMeTPOB
TMIIEPCKOPOCTHBIX NEHeTPAaTOPOB JJi UCCJIeJ0BaHUsA HeGeCHbIX TeJl.
[IpennoxkeHHBI MeTOJ, MO3BOJIIeT ONpeJeJUTb IapaMeTpbl U
XapaKTepUCTUKHY, a TakKXe YCJOBUSA 3alycka IeHeTpaTopa,
JOCTaBJIAIOLIEr0 MOAYJIb LieJIeBOU U CIyKeGHOH annapaTyphl.
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5. K.M. I[Inuxazase, B.B. MasbiieB MaTeMaTHu4ecKkoe obecredeHue
i MPOEKTHO-0ATUCTUYECKOTO HCC/eIOBAaHUS  JUHAMUKHU
HeyInpaBJsieMoro ABMXEeHHUA CllycKaeMoro annapara. M.: MAH, 2018.

2.11. TepenTbeB M.H.
IIpuMeHeHue GeCIPOBOAHBIX CEHCOPHBIX CeTel B
KOCMHUYEeCKHUX CUCTEMaX
(MAH, 2. Mockea)

AHHOTauus: PaccMoTpeHbl Tpyniibl 33Jlad, pellieHHe KOTOPhIX
npyd nomoinu GecnpoBoAHbIX ceHCOpHbIX ceTed (BCC) mo6amiser
HOBbIe, He JOCTWKUMble HHBIMU CIOCO6AMH BO3MOXKHOCTU. B 3T
IpyINbl BXOASAT OpraHu3anys KOMMYHHUKALUil B OpOGUTaJbHBIX
rPYNIUPOBKaXx, MOHUTOPUHI Ha O6OPTYy KOCMHYECKOro amnmnapara,
pacuiMpeHre BO3MOXKHOCTEN JUCTAHIIMOHHOIO 30HAMPOBAaHUS 3eMJIU.
HoBble BO3MOXXHOCTU o06ycsoBJeHbl crnocobHocTthio BCC K
JOJrOCPOYHOM paboTe B  HEOOCAY)KMBAaeMOM  pexume 6e3
npeaBapUTEIbHOTO CO3JjaHUs MHPPACTPYKTYPbl U MPU CBEPXHU3KOM
noTpe6JieHUU SHEPTUH.

KioueBble cyioBa: 6GecnpoBoJHble ceHcopHble ceTH, BCC,
KOCMHUYECKUE CUCTEMbI

K nepBoii rpynme OTHOCATCA 3aJayd  OpraHU3aluu
KOMMYHHUKaLUH MeXAY HAHOCIYTHUKAaMH KOMIIAKTHOW OpOUTaIbHON
rpynnupoBky (OI'). XapakTepHbIMH YyepTaMH 3ajay NEPBOU IPyMbl
SIBJISIIOTCSI HEOOJIbLINE PACCTOSIHUS MeXJy HaHocnmyTHuUKamu O —
JeCATKU KWJIOMETPOB — U JePUUUT 3JeKTPUYEeCKOW 3SHEpPTruu.
Jeduuut aHepruu 06ycaoBeH MaJbIMU pa3MepaMyd HAHOCITYTHUKOB,
a, CcJe/loBaTeJIbHO, U UX MaHeJied coJlHeuHbIx 6aTapeil. [IpuMeHeHue
BCC BMecTo 6GoJiee 3Hepro3aTpPaTHOW OCHOBBI A/ KOMMYHUKAI[UH
o6ocHoBaHO TeM, 4T0 BCC cHMKaeT ocTpoTy AedULINTA SHEPTUH, UTO
OTKpBbIBAae€T HOBblE BO3MOXHOCTH, HampuMep, MO HCIO0JIb30BAHHUIO
Hay4YHOU anmnapaTypsl. [IpuMepamu 3a/jay NepBOU IPyMNIbl SABASIOTCA
3a/la4ya nepejiayd KOMaHAHOU U TeJeMeTpUYecKord uHopMaluu npu
CTbIKOBKE HAHOCIYTHUKOB, a TaKXe 3ajJjada OpraHusaluu
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KOMMYHUKALUH BHYTPU pOsI HAYYHbIX HAHOCIYTHUKOB, MOJPOOHO
paccMOTpeHHasd B IeCTOU IJiaBe.

Ko BTOpO# rpymnme OTHOCATCA 3aZd4d  OpraHU3alUU
MOHUTOpPHHra Ha 60pTy kocMuyeckoro anmnapata (KA). Hampuwmep,
CUCTEMA HeNpepbIBHOIO MOHUTOPHUHIA MNCUXOPHU3UO0JI0IUYECKOT0
cocTtosiHUA 3kunaxa KA, He orpaHuYuBas ABUraTEJbHON aKTUBHOCTHU
KOCMOHABTOB, J0J/KHa QPYHKLUOHUPOBATb GaKTUYECKU HENpPePbIBHO
BO BpeMsl 0ObIYHOM KU3HeesTeJbHOCTU KOCMOHABTOB. OHa COCTOUT
M3 3aKpelJIEHHbIX Ha KOCTIOMaX MasikOoB, pPeTrUuCTpPUPYIOLIUX
MeCTOHAx0X/leHHe YJIeHOB 3KUIaXka U 00'beKTUBHbIe NIOKa3aTe I UX
NCUXOPU3UOJIOTUYECKOTO COCTOSIHUSL, U penepoB C H3BECTHLIM
nosioxkxeHueM. [IuTanve MasgKOB OCYLeCTBJISAETCA OT raJbBAaHUYECKUX
ajieMeHTOB. [lepesjaya MHPoOpMaLMK MeXJy MasKaMU U 6OPTOBBIM
MeJULUUHCKUM KOMIIbIOTEPOM BbINoJHAeTcA npud nomouu BCC.
CBepxHuskui pacxop sHepruu BCC obGecneyuBaeT HeO6XOJUMYIO
JOJITOBEYHOCTb U3MEpHUTeJIeH, YTO IO3BOJIAET JOCTUYb OCHOBHOU
[leJI1 HCCJIe[J0BaHUS — €ro HeNpepbIBHOCTH B TeYeHHUe 3aJaHHOro
nepuoJia BpeMeHH.

JpyruMu npumepamu 3aZjad BTOPOM I'PYIIbI ABJASIOTCA 3aJa4ya
OpraHM3alM¥ MOHUTOPHUHTA PACKPbITHS IaHeJ el COJIHEeYHbIX 6aTapeit
KA, 3ajaya opraHusalMd MOHHTOpPHUHTA cOCTaBa aTMocepbl
nujaotrupyemoro KA.

[IpumeHenue BCC B aToi rpymie 3aga4 060cHOBaHO TeM, UTo BCC
obecrnieynBaeT OOPTOBOW CHCTEME MOHHUTOPUHra He0OXOJVMble
KayecTBa —  JOJITOBEYHOCTb, OTCYTCTBUE TpebGOBaHUH K
MHPPACTPYKTYpPE, BOSMOXKHOCTD ONIEPATUBHOTO Pa3BEPThIBAHMUS.

K Tperbeld rpynme OTHOCATCA 3aZa4d  paclIMpeHus
BO3MOXHOCTEH JUCTAaHIUOHHOT0 30HAMpoBaHusa 3emiH (/[133) 3a cuér
crielMa/IM3UPOBAHHBIX BCC, obecrneynBaroLIUX KOHTPOJIb
HeJIOCTYIIHBIX KOCMHU4YecKkoMy cerMeHTy /I33 napametpoB. O4HUM U3
NpPHUMEPOB SIBJSIETCS CUCTEMa OOHAPYXeHHUsI U KOHTPOJIS TYLIEHUS
TOPQSAHBIX IOXKAPOB.

Tywenune TOPPAHBIX M0XKapoB OCJIO’)KHEHO JAByMsS
ob6cTrosiTesIbCTBAaMU. Bo-mepBbiX, TOpd HaChILEH BO3AYXOM, UTO
[103B0OJIsSIeT eMy NIPOJi0/KaTh FOPEHUE JJaXKe B YCJIOBUAX U30JIALLUH O]
3eMs1€l. Bo-BTOpbIX, cjoucTasgd CTpPykTypa Topda NpensTCTBYeT
BbIXOly TNPOJYKTOB TOpPEeHUs Ha MOBEPXHOCTb, YTO 3aTpPyAHsSET
obHapy>xeHMe oyara T[OJ3eMHOro TOpdsHOro TMmoXxapa IO
CIYTHUKOBBIM CHUMKaM. CHcTeMa 06GHAPYKEHUSI U KOHTPOJIS TYLUEHUS
TOPOSHBIX MOXKAPOB pacmupsieT pgaHHble [JI33 3a cuér wuX
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KOMOHWHUPOBAHUSA C U3MEPEHUSIMU HAa3eMHOT'0 CETMEHTA, COCTOSIIIEro
13 coTeH/Thicsad y310B BCC, U3MepsAINX TeMIEPATYPY B NOA3EMHOM
cioe Topda.

[Ipumenenne BCC ob6ocHoBbIBaeTcsa TeM, 4yTo BCC pacmupsiet
BO3MOHOCTHU /[33, n03B0JAIs1 CO3/1aBaTh NPOU3BOAHbIE NPOAYKTHI Ha
OCHOBe  JaHHblIXx EguWHON  TeppUTOpHaIbHO-pacnpefeléHHON
nHdopmanuoHHo# cuctemsl (ETPUC) [33. Ha 6a3e ETPUC /]33 Takxke
MOTYT OBITh CO3/IaHbI NPOU3BO/IHbIE MPOJIYKThI Jis
HHTEeJJIEKTya/u3alU U1 CEJIbCKOX035IMCTBEHHbBIX TPEANPUATUN (YMHbIE
110J1s1, yMHbIe pePMbI) U TOPOJICKUX TEPPUTOPUHN (YMHBIH TOPO).

06061ass paccMOTpeHHbIe TPYMIbI 33/ja4, AeJIaeTcsl BbIBOJ, O
ToM, 4To mnpuMeHeHHe BCC mo3Bosisser KC mnpuoGpecTH HOBBIE,
HeJJOCTIKUMble WHBIMU cnoco6aMu BO3MO>HOCTH, 4YTO
CBU/IETEJIbCTBYET O 1ieJieco06pa3HOCTH ucnosib3oBanus bCC B cocTaBe
KC.

2.12. Kopusak A.Il'.,, Mopo3sosa T.A.
Cnenuduka pa3paboTKyu BU3ya/IbHbIX 10JIb30BaTe/IbCKUX
uHTepdeiicoB B NpOrpaMMHOM oGeciedYeHHH Ha si3bIKe
nporpaMmmupoBaHus Python B 3ajauyax HayyHbIX
BbIUMCJIEHU#, aHA/IM3a JAHHBIX U MAIIMHHOT'O 06y4Y€eHMs
(MAH, 2. Mockea)

Python — coBpeMeHHBI OBICTPOpPA3BUBAIOLIMKCH  SI3BIK
nporpaMMupoBaHus. OCHOBHbIMHM HalpaBJEHUSAMU HCIIOJIb30BAHUS
si3bIKa MporpaMMupoBaHus Python sBisSHOTCS HayYHble BHIYMCIEHUS,
aHa/IM3 GOJIBIIMX MACCUBOB JJaHHBIX U 33/Ia4¥ MAIIMHHOT'O 00y4YeHUs.
[TonysnsipHOCTh HCIOJIb30BaHUSA f3blka Python B 3Tux 3azavax
06bACHAETCA HaJIMYUEeM 00JIBILIOTO KOJINYeCTBa
CrelMalu3upoBaHHbIX 6ubOAMOTEK, Takux kak NumPy, Matplotlib,
Pandas, SciPy, Scikit-Learn, TensorFlow, Keras, coaepxaiux 60/1b110M1
Ha6op TroToBOro  yHKIMOHAAa,  HCNOJb30BaHHE  KOTOPOIO
CYyILIeCTBEHHO YIPOIAeT MPOIeCC pelieHUs BblllleyKa3aHHbIX 33/1a4 U
COKpallaeT BpeMs, TpebyeMoe Ha pas3paboTKy MNporpamMMHOr0
obecreyeHus.

PaccmoTpeHsb! 0COGEHHOCTH  pa3paboOTKH  BHU3yaJIbHOTO
M0JIb30BaTeJbCKOTO MHTepdeiica B MporpaMMHOM oGeclieueHUH Ha
a3bike Python B 3a/jayax Hay4YHBIX BBIYUCJIEHUH, aHAIU3A JJAHHBIX U
MalllMHHOTO 06y4yeHus [1,2].
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Bblin paccMoTpeHbI HauboJiee NONYyJIsipHbIE
crelUaJu3UupoBaHHble OUOJHUOTEKH s3bIKAa HPOTPAaMMUPOBAHUSA
Python  npejgHasHayeHHble  JJid  pa3paboOTKU  BU3yaJbHBIX
110JIb30BaTeJIbCKUX HHTepdeiicoB [3]:

1.BctpoeHHass B saA3blk  Python 6u6Gauotreka  Tkinter,
pa3paboTaHHass HA OCHOBe OUOJIMOTEKU rpadprUuecKuX KOMIIOHEHTOB
Tk 1 gAuHaMUYecKoro s3bika NporpaMmMmupoBanus Tcl;

2 JlonosHuTenbHas 6ubauotreka wxPython, paspaboTaHHas Ha
ocHoBe 6ubsMoTekn wxWidgets si3bika mporpaMMupoBaHust C++;

3./lonosiHWTeNbHAA OuGaMOTeKa PyQt, pa3paboTaHHass Ha
OCHOBe JiM3aiiHepa BU3yalbHbIX UHTEPENCOB cpe/ibl pa3paboTku Qt
sI3bIKa TPOrpaMMUpPOBaHUst C++;

4 JlononHutenbHasas 6ubauoteka PyGTK, paspaboTranHHass Ha
ocHoBe 6u6noTeku koMnoHeHT GTK;

5.lononHuTenbHas 6ubanoreka PySimpleGUI;

[IpoBeseH CpaBHUTEJIbHBIN aHaJ/u3 ocobeHHOCTeN
ucrnosib3oBaHus 6ubsuotrek Tkinter, wxPython, PyQt, PyGTK,
PySimpleGUI pgsnsa co3gaHuss BU3YaJbHBIX  I0Jb30BAaTEJIbCKUX
HHTepdelicoB B MporpamMMax /Jjisd HAay4YHbIX BBIYMCJIEHHWH, aHaAJIHU3a
JaHHBIX M MAaIIMHHOrO O06yYeHHUs Ha SI3bIKE NPOTPAaMMHPOBAHUS
Python.

OnpeneneHbl peKOMEHJANMHA K BbIGOPY OHOJIUOTEKH [
CO3/laHHSl  BU3YaJIbHBIX  I0JIb30BaTeJbCKUX UHTepdeilicoB B
nporpaMMHOM obecrnedeHMH Ha s3blke Python B 3aBUcUMOCTH OT
pellaeMbIX pa3paboTIYNKOM 331a4 [4,5].

Takke paccMOTpeH BONpPOC BO3MOXHOCTH HUHTErpanyu
JABYXMEPHbIX W TpexMepHbIXx rpadukoB 6ubamotreku Matplotlib B
COCTaB BU3YaJIbHbIX 110JIb30BATEIbCKUX UHTEPPENCOB, CO3/JaHHBIX HA
ocHoBe 6ubsnotek Tkinter, wxPython, PyQt, PyGTK, PySimpleGUI.

Jluteparypa:

1. Xopusk AT, MoposoBa T.A., Haymuenko B.II, Pa3pa6oTka
BU3YyaJIbHOI'0 I0JIb30BaTe/JbCKOr0 MHTepdelica B IporpamMmMax AJjs
Hay4YHbIX U UHXEHEPHBIX BBIYUCIEHUHN Ha SI3bIKE NPOrPaMMUPOBAHUSA
Python. YacTtb 1. OcHOBBI pa3paboTKH BU3yaJbHOTI' O
[0J1b30BaTeJIbCKOTO HHTepdelica, HayyHo-TexXHUYeCKUH BeCTHHUK
[ToBomkba, 2022 Ne11, C.51-54.

2. Kopusik AT. MoposoBa T.A., Haymuenko B.II., Pazpa6oTka
BU3YyaJIbHOI'0 I10JIb30BaTe/JbCKOr0 MHTepdelica B IporpamMmax AJjs
Hay4YHbIX U UHXEHEPHBIX BBIYUCIEHUHN Ha S3bIKE TPOrPaMMUPOBAHUSA
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Python. Yactp 2. Bu6smoreka wxPython, Hay4Ho-TexHu4yeckui
BecTHUK [loBomkbg, 2022 Ne12, C.131-134.

3. XKopusak A.T., PazpaboTka BH3yaJIbHOTO MOJIb30BaTEJIbCKOTO
nHTepdelica B mporpaMmax Jijist HAYYHbIX U UHXKEHEPHbIX BBIYUCJIEeHU N
Ha s3blKe mnporpamMmmupoBaHus Python. Yacte 3. /[usaiiHepsbl
0Jb30BaTeNbCKUX HHTepodeiicoB wxPython, Hay4yHo-TexHuueckuii
BecTHUK [ToBoJnkbs, 2022 Ne12, C.135-138.

4.Kozope3z [.A, CrapkoB A.B. ®opmanusanus 3aJayuu
pacnpepesieHUs1 TOTOKOB 1LieJieBOM HMHPOpMAlMU B  CJAOXKHBIX
OopraHu3alMoHHO-TexHu4eckux cucremax // CTUH, 2022. Ne 7 c. 2-5.

5.CrapkoB A. B, ®emopos A. B, 3aii fp BuH. [IporpamMmmHo-
MaTeMaTH4YecKoe obecriedyeHue [l aHaJu3a BApUAHTOB MOCTPOEHHUS
opbuTanbHbIX TIpynnupoBok ponosHeHus [JIOHACC // BecTHuk
KOMITBIOTEPHBIX U HHPOPMaIMOHHBIX TexXHoJsIoruH, 2021, Tom 18, Ne3,
c. 18-25 DOI: 10.14489/vkit.2021.03.pp.018-025.

2.13. Xopuak A.I', Mopo3soga T.A.
Pa6oTa c 6a3amMu JaHHBIX B IPOrpaMMHOM OGecrie4YeHUH Ha
A3bIKe NporpamMmMupoBaHus Python B 3agayax aHaiu3sa
JAAHHBIX U MAIUMHHOI'O 00Y4YeHM A
(MAH, 2. Mockea)

OfHMMHM U3 OCHOBHBIX HallpaBJeHHUH HCIOJIb30BaHUS S3bIKa
nporpamMmupoBanus Python siBasitoTcs 3a1a4u MalIMHHOTO 06y4YeHUs,
a Takke 06paboTKa M aHaJM3 GOJIbIINX MaCCUBOB AaHHBIX. [Ipu 3TOM
OJHMM U3 HauboJiee pacIpOCTPaHEHHBIX CIOCOO0OB XpaHEeHU:A
60JIbLIMX MAcCUBOB JaHHBIX ABJSAKTCA 06a3bl JaHHBIX, a [JJs HUX
GYyHKIMOHUPOBaHUA UCII0JIb3YI0TCA pasJinyHble CUCTEMBI
ynpasJsieHUs1 6azamu gaHHbIx (CYB/l), Takue kak: MSSQLServer, Oracle,
PostgreSQL, MySQL, FireBird. Takum o06pa3oM, CTaHOBHUTCS
aKTyaJIbHbIM BONPOC OPraHU3alMU B3aUMOJENCTBUS NPOTPaMMHOIO
obecnevyeHus Ha s3biKe Python ¢ pasnuunbimu CYB/,.

Ha ceroaHsiluiHUM AeHb SI3bIK NporpaMMupoBanus Python umeer
JIOCTaTOYHO IIMPOKUN Habop OUOJUOTEK, MpeAHA3HAYEHHBIX [Js
OopraHusalyi B3auMOJIeMcTBUS C 6aszamu JaHHbIX: PyODBC,
SQLAIChemy, Pymssql, Psycopg2, PyMySQL, cx Oracle. U pusa
f6osbimIMHCTBA M3 cyulecTBywiux CYB/l B sa3bike Python ecTh
HECKOJIbKO Pa3HbIX OGUOJIMOTEK, C MOMOIIbI0 KOTOPBIX MOXET ObITh
OpTraHMU30BaHO B3auMozencTBue [1].
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PaccmoTpenbl yHUBepcasibHble 6ubanoTeku SQLAIChemy wu
PyODBC s3bika Python, mogjep:kuBatoinye BO3MOXKHOCTb PabOThI C
MHOKecTBOM CYB/I.

PaccmoTpeHsb! OCHOBHbBbIE NPUHIUIIBI IIpOrpaMMHOTO
uHTepderica ODBC ansa jgoctyma K 6asaM JaHHBIX, a TaKke
MOCTPOEHHas Ha OCHOBe JlaHHOTro MHTepdeiica 6ubanoreka PyODBC.

PaccMoTpeHbl OCHOBHble MPUHLUINBI 00'beKTHO-PEJIALMOHHOU
Mmogeau ORM, a Takke MOCTpOeHHass Ha OCHOBE JAaHHOM MOJeJH
oubsmorexka SQLAIChemy.

Taxxe paccMOTpeHb! y3KOCNeLUalu3upOBaHHble GUOJIMOTEKU
s3bika Python gss B3aumogetictBus ¢ CYB/l: 6ubanoreka cx_Oracle
mias CYB/J| Oracle, 6u6saunoreka Psycopg2 amns CYB/, PostgreSQL,
oubaunoteka Pymssql gna CYB/Z] MSSQLServer, 6ubsnoreka PyMySQL
aas CYB/J MySQL.

[IpoBeneH CpaBHUTEJIbHBIN aHaJiu3 3 PeKTUBHOCTH
paccMmoTpeHHbix  6ubsanorek  PyODBC, SQLAIChemy, Pymssq],
Psycopg2, PyMySQL, cx_Oracle si3bika Python jJis1 B3auMogelcTBUsA C
pasinyabiMu CYB/I.

[TogroToBeHbl peKOMEHJALUMU 110 BbIOOpPY OMOJINOTEKHN A3BIKA
nporpaMMupoBaHus Python a/1s B3auMogzelcTBHUA ¢ HauboJiee 4acTo
ucnoab3dyembiMu CYB/J[ [2,3]: MSSQLServer, Oracle, PostgreSQL,
MySQL.

JlutepaTypa:

1. Xopusk AT, Mopososa T.A, Haymuenko B.II, “Cnepuduka
NpYMeHeHHd si3blKa IporpaMMupoBaHuda Python npu pa6oTe c 6a3amu
MaHHbIX ', HaydyHo-TexHU4YecKui BeCTHUK [ToBonKbs, 2022 Ne5, cTp.90-
92.

2.Kozopes /J.A, CrapkoB A.B. ®opmanuszanus 3azayu
pacnpepesieHUs1 TOTOKOB LieJieBOM HWHPOpMalMU B  CJAOXKHBIX
opraHu3aloHHO-TexHu4eckux cucremax // CTUH, 2022. Ne 7 c. 2-5.

3.CrapkoB A. B, ®enopos A. B, 3aii fAp Bun. [IporpaMmmHo-
MaTeMaTHhyecKkoe obecreyeHUe [JJisi aHa/JIUu3a BapUaHTOB MOCTPOEHUS
OpOUTaNbHBIX TrpynnupoBok ponosHeHus [JIOHACC // BectHuk
KOMIBIOTEPHBIX U MHPOPMALIMOHHBIX TeXHoJorui, 2021, Tom 18, Ne3,
c. 18-25DOI: 10.14489/vkit.2021.03.pp.018-025.

54



XXVII HayyHasa KoHpepeHIUs

CUCTEMHBIH AHAJIU3,
YIIPABJIEHUE U HABUTALIUA

AHaJIM3 M CUHTeE3
CUCTEeM



JJ1s 3aMeTOoK




AHau3 u cuHme3s cucmem

3.1. Iusasckui C.A.(), Masisimes B.B.(2)
MeToA yBEepEHHBIX CYKACHUH NPU NPUHATHH

MHOTOKPUTEpPHUAIbLHBIX peleHnil
(1-MT'T1Y Camapckutl puauan, 2-MAH, 2. Mocksa)

B [1] npeasoxeH J0CTaTOYHO pPa3BeTBJEHHbIM NOAXOJ K
OPUHATHIO  MHOTOKPUTEPUA/IbHBIX  pelleHMH B YCJAOBUSX
HeyCTpaHWMOW Heolpese/eHHOCTH U PUCKa, YTO 3aTpPyAHSET ero
NOHMMaHMe. B HacTofleM AoKJaaZe MOSACHAETCA OJHA U3 IJIaBHBIX
ujled nozaxoja. ABTOpBI NOJAralpT, YTO, C Yy4eTOM OpraHHU4YecKou
Heollpe/le/IeHHOCTH, MpPHUCYylllel MHOTOKpHUTepHaJbHBIM 33fadyaM,
HONBITKM «C aNTeKapCKOM TOYHOCTbIO» 060CHOBATh (HampuMep,
3KCHEepPTHBIM NMYyTeM) YMCJI0Bble 3HAaYE€HUsI BECOBbIX K03QPUIHEeHTOB
HOPMUPOBAHHBIX YAaCTHbIX KPUTEpPHEB B UX KOMIIJIEKCHON CBEPTKe
SBJSIIOTCS ~ HepalMOHaJbHbIMHU. BMecTo  3Toro  gocTtaTo4HO
OTPaHUYUTHLCS paclipesie/leHUEM 4YacCTHBIX KpUTEPUEB 10 HECKOJIbKHUM
rpyIna BaXKHOCTH, HANpHUMep, «OObIYHbIE», «BaKHbIe», «HauboJiee
Ba)kHbIe». /lesio B TOM, UTO, Kak cjlefyeT U3 TeopeMbl KosMoroposa o
CpeJHUX W HallUX HccaefoBaHUAX [1], yHUBepca/bHasl CTPYKTypa
KOMILJIEKCHOM CBepTKM 4YaCTHBIX KpUTepUeB HMeeT BCEro /JBe
Pa3sHOBUAHOCTHU: B cpefHeM (cBepTka Jlamsaca) Wjid N0 MUHHUMAaKCy
(cBepTka Tlepmeiiepa). [l KaxAoM M3 3TUX Pa3HOBUAHOCTEHN
[0Ka3aHo, 4YTO €eCJIM pPacCMOTPeTb BCEe MHOXECTBO BO3MOXHBIX
3HauYeHUU BeCcOBbIX KO3(QPULUEHTOB, YA0BJIETBOPSIOLUIMX 3aJaHHOMY
pacnpesie/leHUI0 YacTHBIX KpHUTepHeB IO TpynlaM BaXXHOCTH, TO
OKa)KeTCsl, UYTO CpeJiHee 3HaYeHHe KOMIIJIEKCHOTO KpPUTepPHsl N0 BCel
COBOKYIIHOCTU 3THUX KO03QPHULMEeHTOB OyZeT coBNajaTb C ero
3HaueHWeM JJI1 HeKOTOpOTro CpeJHero U3 3HauyeHWH caMux
K03$UIMEHTOB, a 3TO 3HAadYeHHe /Js KaxkJou KoHurypanuu
pacnpepesieHUs1 MOXKHO BbIYUCAUTDL 3apaHee. HanpuMmep, ecsiu B 3a1aue
NPUHATHS pelIeHUs yYacTBYIOT TPU YaCTHBIX KPUTEPHS, TO BO3MOXKHbI
BCEro 4 pas3/M4YHbIX KOHQHUTYpaLMU UX paclpejiesieHds 1o rpynnaM
BaxxHOCTH. Ecin Bce TpU KpHUTepHs HMEKT OJUHAKOBYI0 Ba)KHOCTb
(«0OBIYHBIE®), TO 3HAuYeHUs WX BECOBBIX KO3QQULUUEHTOB TaKXKe
OJIMHAKOBBI U paBHbI 1/3. Ec/iv ABa KpUTepusl «0ObIYHbIE», @ TPETUH
KpPUTEpPUU «BaxKeH», TO 3HAYeHUs1 BeCOBbIX KO3)PULIMEHTOB
«OOBIYHBIX» KpUTepueB 7/36, a BecOBOM KO3PPHULHEHT «BaXKHOTO»
kpuTepus 11\18. Ecuu e «0ObIYHBIMY» SIBJSETCS OAWH KPUTEPHUH, a
JlBa JPYyTUX - «BaXKHble», TO UX BeCOBble KO3()QUIIMEHTbl PABHBI
coorBeTcTBeHHO 1\9 W 4/9. HakoHel, eciu Bce KpUTepUsl HUMEIOT
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Pa3/JIMYHYI0 BaXKHOCTb, TO UX BecOBble K03doduineHThl paBHbl 1\9,
5/18u 11/18. UMesi 3apaHee pacCYUTaHHBIE 1010 GHbIE TAOJIUIIbI, 3HAS
QITOPUTMBI pacyeTa, IMO0Jb3ysCh MNPOrpaMMOM, BbIJAMIIEA HX
3HAYeHHUs IO 3alpoCy, CTAHOBUTCS JIEFKO pellaTb MHOIOCOCTaBHOE
3a/lau¥ MHOTOKPUTEpPHUAJIbHON ONTUMHU3aLMuu. Bce 3To moapo6HO U C
npuMepaMu U3J0xeHo B [1].

Jluteparypa:

1. MMusaBckun C.A., ManbimeB B.B. HoBble mMeTOoAbl NMpUHATHA
MHOTOKPUTEPUAJIbHBIX pelleHud B 1udppoBoil cpene. - M. : Hayka,
2022.-391c.

3.2. IIunasckuii C.A.(1), MaabiiueB B.B.(2)
Cuctema ¢opMUpPOBaHMS HABBIKOB TBOPYECKOTO

MBIILJIEHUA NPH NOJAT0TOBKE HHKEHEPHBIX KaJIpOB
(1-MT'T1Y Camapckutl puauan, 2-MAH, 2. Mocksa)

Bo BceM Mupe MNOpPOUCXOLUT CTPEMUTENBHBIA MPOTPecCC
o6pa3oBaTesibHOM cdepbl, CBSI3aHHBIA C ee IUbpoBU3ANUENd U
HCII0JIb30BaHUEM B IeJaroruieckoM MpolLecce UHTeJJIEKTYaJbHbIX
MHOpPMaLlMOHHBIX TEXHOJIOTUH, MOJeJINPYIOLUX nporecc
MHTEeJIJIEKTYaIbHOT0 Pa3BUTHUSA 00y4aeMbIX. ITO GOPMUpPYeET 3anpoc Ha
CUCTEMHYI0 PEOpraHM3aLUI0 CJO0XKHBIIMXCA B POCCUWCKON BbICLIEN
IIKOJIe MEeTOJOB BBIIBJEHUS W Pa3BUTHSA TBOPYECKH OJapeHHOH
MOJIOZIEKH B cpepe HayKH U TEXHUKHU. PeopraHrusoBaHHasi CUCTEMa, 110~
NpeXHeMy OMUPAIOLIASCS Ha BbINOJHEHUE Ha KadeJpax U B HAYYHBIX
rpyinnax aBTOHOMHBIX HWHAWBUAYAJbHbIX CTyJEHYECKHUX Y4eOGHO-
Hay4YHbIX MCCAEeJ0BaHUNA T0JA HWHAUBUAYAJIbHBIM pPyKOBOACTBOM
npernojiaBaTesiedl Mo TeMaTHKe, NMPeAJ0XeHHON NpefNpUATHUAMU U
IIpY KOHCYJIbTUPOBAHUH Clle[jMaJIMCTaMU 3THUX NIpeANPUATHH, JOKHA
OBITDb [JONIOJIHEHA HECKOJIbKUMHU CHCTEMOO0DOPA3YIOLIMMU MOAY/ISAMHU:

— eJuHad 6asa [pejsaraeMoy NpeANpUATUAMYU TeEMAaTUKHY y4eOHO-
Hay4HbIX UCCAEJ0BaHUM;

— eAMHas CUCTeMa KpUTEpPHEB  OLEHKH  pa3sBHUBAIOILEro
TBOPYECKOTO  YPOBHS  BBINOJHEHHOrO  y4eGHO-HAy4YHOTO
McCJe/l0BaHUS;

— eJMHasd CHUCTeMa MOHMTOpPUHIA W HAyKOMeTpHUYeCKOH
NOAJepKKHU X0/ BbINIOJIHEHNSA U pe3y/bTaTOB y4yeOHO-HAyYHOU
JlesITeJIbHOCTH;

— HHTeJUIeKTyaJlbHas MHPOPMALlMOHHO-KOHCY/IbTALlMOHHAsA
CUCTEMa, N03BOJIAI0LAA KaXKJ0My BK/JIIOYEHHOMY B COOOLLECTBO
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CTYAEHTY CaMOCTOATE/JIbHO MOAEJIMPpOBATb C y4Y€TOM CBOHMX

HHIUBUAYAJIbHBIX 0CO6EHHOCTEH CTpaTeruu CBOETO
npodeccHoHa/IbHO-TBOPYECKOT'0 Pa3BUTHsS Ha OMNpejeeHHbIHA
epuo/;

— aHaJIMTUYEeCKUH U HccieJoBaTelbCKUH MOJyJIb,

ob6ecrneynBaroLUi OlleHKY  30QPeKTHUBHOCTHU CUCTEMBI,

poBeJileHHe HeOoOXOJMMBIX HCC/IeOBAaHUM MO ee Pa3BUTHIO,

IJIAaHUPOBAaHUE U OTYETHOCTD;

— eauHas wuHPOpPMalMOHHY TMaaTdopMa U 6asbl JJAHHBIX,
obGecreynBaroLie adpdekTUBHOE GYHKIIMOHUPOBaHUE
nepevyrcaeHHbIX MOy 1e.

B fpoknaze wu3saraeTcs yCHeWHbIM ONBIT aBTOPOB IPH
peaJsi3alMu CylleCTBEHHBIX 3JIEMEHTOB N10J06HOM cucTeMbl B EfrHON
caMapcKol 06JIaCTHOM cuUCTeMe Mep IO BbISIBJEHUIO, Pa3BUTHI0 U
BOBJIEYEHHIO B MHHOBALIMOHHYIO JiesITeJIbHOCTb TBOPYECKU OJapEHHOM
MoJIoZeKH B chepe HAyKH U TeXHUKH, B MOCKOBCKOM aBHallMOHHOM
WHCTUTYTE (HanMoOHa/IbHOM YHUBEPCUTETE), CamapckoMm
rocyZJapCTBEHHOM  apXUTeKTYPHO-CTPOUTEJNbHOM  YHUBEPCUTETE,
CamapckoM ¢uimase MOCKOBCKOTO T'OPOJCKOro IeAaroru4eckoro
yHUBEpCUTETA.

Jluteparypa:
1. C.A.llusiBckuii, UccnenoBaTesibckas AeTEJbHOCTb CTYAEHTOB
B HHHOBaAIlMOHHOM By3e: yuebHUK; C[ACY. - Camapa:2011 -198 c.

3.3. Aoyo6ekepos M.K., Tyuyun M.C., Ctekonbiiukos 0.10.,
IloranuH C.A., 3axapos A.W.,, [Ipoxopos M.E., T'octeB H.10.
MasioraGapuTHBbIil 3Be3HbIN JaTyukK A3/1K-2
(000 «Asmepum», peaudenm UHTI] Bopo6beswi ['opbl,
T'ocydapcmeeHHbill acmpoHomuveckuli uHcmumym umeHu LK.
llImepH6epza MI'Y umenu M.B. J/lomoHocosa, 2. Mocksea)

B cBfA3M C nNoOBbIlIeHWEM TpPeOOBaHUM K MaJsiorabapUTHBIM
3Be3gHbIM gaTtuyukaMm (M3/l) koMnaHusi «A3MepUT» NPUCTYNHIA K
paspabotke M3/l A3JK-2.

MaccorabapuTtHble xapaktepuctuku M3/l A3/JK-2 6yayt
6J1IM3KUMU K xapakTepuctukam M3/l A3/IK-1. 3Be3aHbIN JaTYUK Oy/eT
HMeTb JiBe MOAUUKALIMHU — C KOPOTKOU OJIeH/|0M U JIINHHOM GJIeH10M.
BHemHU# 06JIMK W rabapuThl Npubopa OYyAyT MpejcTaBJeHbl B
noksaje. [lorpebsieHue nprbopa cocTaBUT 0KoJio 1.5 BT.
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[Ipubop 6yAeT onupaThcs B CBOel paboTe HA 3Be3/JHbIN KaTaJoT
rJIy6GHUHOM J10 7.5 3Be3/101 BeJIMYMHBL [JuamMmeTp MmoJist 3peHUs1 COCTaBUT
30° Chay4yaiiHasi MOTPEIIHOCTb ompejeseHUss opueHTauuu A3/JK-2
OyJeT Jiydilie 5 yTJI. ceK, 4acToTa Bblauu pewmenus Ao 20 I'.

[IpeanosiaraeTcsi WU3roTOBUTH IepBble 06pasibl NPUOOPOB B
yeTBepTOM KBapTaJse 2023 roja.

Nano star tracker AZDK-2

Abubekerov M.K., Tuchin M.S., Stekolshchikov O.Yu., Potanin S.A.,
Zakharov A.L, Prokhorov M.E., Gostev N.Yu. (Azmerit LLC, Resident
of the STIC MSU, Sternberg Astronomical Institute of Lomonosov
Moscow State University, Moscow, Russia)

In connection with the increased requirements for small-sized
star trackers, the Azmerit LLC has started developing the Nano star
tracker AZDK-2.

Weight and size characteristics of Nano star tracker AZDK-2 will
be close to those of Nano star tracker AZDK-1. The star tracker will have
two modifications - with a short baffle and a long baffle. The appearance
and dimensions of the device will be presented in the report. The
consumption of the device will be about 1.5 W.

The device will rely in its work on a star catalog with a depth of
up to 7.5 magnitude stars. The diameter of the field of view will be 30°.
The random error in determining the orientation of the Nano star
tracker AZDK-2 will be better than 5 arcsec, decision frequency up to 20
Hz.

[t is expected to produce the first samples of devices in the fourth
quarter of 2023.

3.4. Jpob6otyxuH B.K., Bacuibes E.B.
Teneynpag/isieMblii NOABOAHBIN HEeOOUTAaeMbIH annapar €
WHTErpupoOBaHHOM CUCTEeMOM ynpaBJ/IeHU: € 3JIeMeHTaMH
HCKYCCTBEHHOT0 HHTeJ/IJIEKTa
(AO «CIIMBEM «Maaaxumy, 2. Cankm-Ilemep6ype)

B wuccienoBaHUM paccMaTpUBAIOTCA OCHOBHbIE MOAXOJbI K
pa3paboTKe CUCTEeMbl YIpaBJeHHUS TeseynpaBJisieMoro MoJBO/HOTO
HeoOHUTaeMOro anmnapara c 3JieMeHTaMHU UCKyCCTBEHHOT'0 MHTEeJJIEKTA.

OLieHMBAOTCS BO3MOXXHOCTU CUCTEMBI YIpaBJIEHUs HAa OCHOBE
KOHTpoJuiepa Pixhawk, a WMeHHO paclno3HaBaHHe IOJABOJHBIX
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00BEKTOB W  KOHTPOJIb  NCHUXOPU3UOJIOTHUUYECKOTO  COCTOSIHHUS
onepartopa THIIA npu BelnoJIHEHUH IOCTAaBJIEHHBIX 33/1a4.

OcHOBOI pa3pabOTKHA CHUCTEMbl YIpaBJeHUS W aJITOPUTMOB
SIBJISIETCS HCIIOJIb30BAaHUE 3KOCUCTEMBbI KOHTpoJuiepa Pixhawk Ha
ocHOBe mpoTokoJsia mavlink. [lpuMeHeHWe JAHHOTO KOHTpPOJIIEpPA U
OJITHOIJIATHOT'O KOMIIbIOTEPA I03BOJIIET B KpaTyaillllue CpOKHU
nepeHacTparuBaTh CUCTEMY MO/, OTIpe/ie/IeHHbIE 33/1a4M B 3aBUCUMOCTH
OT KOHQUrypalud [JBWKUTEJIbHOTO KOMILJIEKCA YIPaBJSEMOTO
cpe/AcTBa.

PaccMaTpuBaeTcss BO3MOXKHOCTb NPUMEHEHHS OJHOIMJIATHBIX
KOMIIBIOTEPOB NpH KJacCHPUKALUHU MOABOJHBIX OOBEKTOB MpH
HaJIMYMM MUHHMMaJIbHOH MpeJBapuUTebHON HHPOopMaALUU 06 06'bEKTE
vuccaenoBaHus. llpuBefeHbl  CpaBHUTEJIbHblE  XapaKTEPUCTUKHU
KJ1accuUKau 06 beKTOB B 3aBUCUMOCTH OT TUIIA HEUPOHHBIX CeTel.
[IpoaHanu3npoBaH ONBIT pa3BepThIBAHUA HeUPOHHOU ceTH YOLOVS Ha
OZJHOIIJIATHOM KOMIIBIOTEpE.

KoHTposib 1cuMX0dU3MOJIOTUUECKOTO0 COCTOSIHUS oOIllepaTropa
onpefesgeTcs 3a CYeT WUHTErPUPOBAHHOTO MaKeTa UCKYCCTBEHHOTO
HHTeJJIeKTa mediapipe.

[IlpuBefieHa [OpoOXHas KapTa Hay4yHO-HUCCJIe[0BaTelbCKON
paboTbl C [JaJbHEUIIMMHU BO3MOXXHOCTSIMU MacIITaOUpPOBaHUS B
paMKax pa3pabOTKH aBTONHUJIOTHPYEMBIX MOJABOJHBIX HEOOUTAEMBIX
annapaToB ¢ IpUMeHeHHeM MeT0/a JOCTaBKU 0 TOYKHA Ha3Ha4YeHUs C
6eCnUI0THOTO JIETAIOILET0 annapaTa 3a cYeT NapallloTHONW CUCTEMBI.

[IpuBeieHbl OCHOBHBIE JOCTOMHCTBA NPUMEHEHUA aJJUTUBHBIX
TEXHOJIOTUM NPU pa3paboTKe HeOOUTAEMbIX MOABOIHBIX allllapaTOB.

Tele-operated unmanned underwater vehicle with
integrated control system with elements of artificial
intelligence

Drobotukhin V.K, Vasiliev E.V. (SPMDB “Malachite”, Saint-
Petersburg, Russia)

The study examines the main approaches to the development of a
teleoperated unmanned submersible control system with elements of
artificial intelligence technology.

The capabilities of the control system based on the Pixhawk
controller are evaluated, namely the recognition of underwater objects
and control of the psycho-physiological state of the underwater vehicle
operator when performing the assigned tasks.
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The basis for development of the control system and algorithms
is the use of the Pixhawk controller ecosystem based on the mavlink
protocol. Application of this controller and a single-board computer
allows in the shortest terms to reconfigure the system for certain tasks
depending on the configuration of the propulsion complex of the
controlled vehicle.

The possibility of using a single-board computer for underwater
objects classification in the presence of minimal preliminary
information about the object of research is considered. Comparative
characteristics of classification of objects depending on the type of
neural networks are given. Experience of deploying the YOLOv8 neural
network on a single-board computer is analyzed.

Control over operator's psycho-physiological state is defined by
means of integrated artificial intelligence package mediapipe.

A research roadmap with further scalability in the development
of autopiloted underwater unmanned submersibles using the method
of delivery to destination from an unmanned aerial vehicle by parachute
system is presented.

The main advantages of applying additive technologies to the
development of unmanned underwater vehicles are outlined.

3.5. KypHocos A.A., Pyako A.A.
COBMECTHMOCTbD CJI0KHBIX TEXHHYECKHX CUCTEM -
CHCTEeMHbIH aHa/IN3 TAKCOHOMMAM
(AO «CIIMBEM «Maaaxumy, 2. Cankm-Ilemep6ype)

[IpyMeHUTENIBHO K CJI0XKHBIM CHUCTEMaM paccMaTpUBaeTCs
MHOroo6pasve  nposijieHus1  3pQPeKTOB  COBMECTUMOCTH U
Y3KOAMCLUIIJIMHAPHblE TAaKCOHOMMM C LeJIbI0 HaxO0XJeHHs o6Liel
pPOJ0-BHI0BOM TAKCOHOMHHU COBMECTUMOCTH. JlaeTcsi aBTOpCKas
TPaKTOBKa MOHSATUSA COBMECTHMOCTH. CoBMECTUMOCTD
paccMaTpUBaeTCsl KakK MPU3HAK CA0XKHOCTHU cucTeMbl. [lokasbiBaeTcs
KaTacTpodUueCKU NOTeHLMasl, NPUCYLUN 6ONbIIMHCTBY 3¢ deKTOB
HECOBMECTUMOCTH.

PaccMoTpeH psii TAKCOHOMHUH U3 pa3HbIX chep yesoBeyecKou
JeaTesbHOCTH. [lokazaHO  OTCYTCTBUEe  OGBEAUHSIOIIUX  3THU
KJ1accuPUKALMK  CYIIHOCTHBIX INPU3HAKOB MpPU MHOroo6pasuu
TaKCOHOB.
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Ha ocHoBe aHa/M3a 4YacTHBIX TaKCOHOMHH, a TakKXe
onpenesisieMbIX MOHATUM CYU[HOCTEH BO3MOXHBIX WU abGCTPAKTHBIX
HHAWBUAOB TMpejJjaraeTcad o00Inas pojJio-BHUJOBas TaKCOHOMHUS
COBMECTUMOCTH, TAe B KaueCTBe POAOBBIX MOHSATUN HCIOJIb3YIOTCS
CYLIHOCTH, MPOIECChl, COOBITHS, B3aUMOJEHCTBUS, NPUYUHBI U
cJIeiCTBUA.

Compatibility of complex technical systems - system
analysis of taxonomy

Kurnosov A.A., Rudko A.A. (SPMDB “Malachite”, Saint-Petersburg,
Russia)

For complex systems, a variety of interoperability effects and
highly disciplinary taxonomies are considered in order to find common
rhodium-species taxonomies. The author’s interpretation of the concept
of compatibility is given. Compatibility is seen as a sign of the
complexity of the system. It shows the catastrophic potential inherent
in most incompatibility effects.

The article considers a number of taxonomies from different
spheres of human activity. It is shown the absence of unifying these
classifications of essential traits in a variety of taxa.

On the basis of the analysis of specific taxonomies, as well as the
defined notions of the essences of possible and abstract individuals, a
general generic taxonomy of compatibility is proposed, where essence,
processes, events, interactions, causes and consequences are used as
generic concepts.

3.6. Ilerpos A.10.
AHau3 npo6/ieM BuPpPoOBU3aALUM HENPEPbIBHBIX
NMPOU3BOACTB
(HMIITMY PAH, 2. Capamog)

CoBpeMeHHbIe NpeJPUATHS C IpeobaZlaHieM HellpepbIBHOTO
XapaKTepa INpPOU3BOJACTBA Ha MYyTU MNOBbIlIeHUS 3$EKTUBHOCTU
GYHKIIMOHUPOBAHHUSA CTA/IKUBAIOTCS CO C/IeAYIOIUMU NTpobieMamu: 1)
noBbIlleHUEe  3$PEKTUBHOCTU MCII0JIb30BaHUS HMMELIHXCS
IPOU3BO/ACTBEHHBIX AKTHUBOB, HAJIEXKHOCTH TEXHOJOTHYECKOTO
060py/l0BaHUS M TNPOM3BOJCTBA B LieJIOM, 2) COKpalleHHEe CPOKOB
IPOEKTUPOBAaHUS W BHEJPEHUS MPOU3BOJACTBEHHBIX CHCTEM, 3)
NOBBIIIEHWE MPO3PAaYHOCTH W  JAOCTYMHOCTH HHOpManuu o
TEXHOJIOTUYECKOM 0060pYyJ0BaHUH, 4) COKpallleHHe Bbl/le/IsieMbIX
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GVHAHCOBBIX CpPEACTB Ha MOJEpPHMU3ALMI0 MPOU3BOJACTBA IpHU
He06X0JUMOCTH yBeJnueHUs1 3PPeKTUBHOCTH OT UX MCIOJIb30BaHHUS,
5) apanTauus MNpPOM3BOJCTBA IMOJ U3MeHAIIINecs TpeboBaHUs
IIPaBOBOr'0 peryJyMpoBaHUs B 06JIACTM OXpaHbl TpyJa WM 3allUThbl
OKpyXatolled  cpeAbl, 6)  He0OXOAMMOCTb  MOJlepHM3ALUU
IPOU3BOACTBA JJIsl peajy3alUu TpeHJa Ha BUPTyaIU3alUI0 U
1 poBU3aIUI0 TPOU3BO/CTBA.

J1s TOBBIIIEHUS HAJ€KHOCTH NPOU3BOACTBA U IOBBIILIEHUS
3pdEKTUBHOCTU  MCIOJIb30BaHUSI  06GOPYZOBaHUSA  HEOoOXoJUMa
3pdekTHUBHASA cHCTeMa OOCJIYKUBAaHUS W PEMOHTOB 000OpY/I0BaHHS,
KoTopass 006/1afiaeT BO3MOXHOCTbI JUArHOCTUKHU  COCTOSIHUSA
060pyj0BaHUA U IIpeJiCKa3aTebHOU OLleHKH.

Ha cokpalujeHre CpOKOB NpPOEKTUPOBAHUS U BHeJApPeHUs
NPOU3BOJACTBEHHBIX CUCTEM CYLIeCTBEHHO BJIMseT MpPO3pPayHOCTb U
JOCTYIHOCTh HHGOpPMAIMM O TEXHOJIOTUYECKOM O6O0pyA0BaHUH,
KOTOpasgs obecredyuBaeTcd €AWHOM IeJIOCTHOM 06a30M JJaHHBIX U
MHCTPYMEHTAaMH  HWMUTALMOHHOTO  MOJEJMpOBaHUS.  AHaaus
pe3y/IbTaToB MMUTALMOHHOIO MO/ eJINPOBaHUs M03BOJIsSIET
onpe/ie/IUTh HaWJIyYllile TeXHUYeCKUe pelleHus], KOTopble obecreyaT
yBesnyeHUe  3QEeKTUBHOCTU  MCIOJB30BAaHUSA  BbIJe/seMbIX
brHaHCOBBIX CPeJCTB HAa MOJlepHU3ALIMI0 IPOU3BO/CTBA.

EnvHas 6a3a AaHHBIX ODKHA UMETh BO3MOXKHOCTb pa3MelleHus
Y aKTyaJIM3aluy 606110 HOPpMAaTUBHOM 633kl TpeOOBaHUH B 06/1aCTH
OXpaHbl TPyJZa U OKpYy:Kalolleld cpefbl, KOTOPblE HY>KHO COOGJIIOJATh
IpY NPOEKTUPOBAHUU U IKCIIyaTallUK TEXHOJOTHMYECKUX NPOLIECCOB.
C y4yeroMm »3ToM wuHHbOpMaUUM pa3pabaTbIBAOTCA aKTyaJsbHble
TeXHUYECKHe persJiaMeHTbl, WHCTPYKLHUM O6e30MacHOCTH U  Jp.
HeoOXoJUMble /[JIsl TOJIOTOBKM U TOBBILIEHUS KBaJuduKaLuu
0IepaToOPOB TEXHOJIOIMYECKUX TPOLLECCOB.

Jsisg  mosiydeHUss OTJAyd OT CPeACTB  BJIOKEHHBIX B
nudpoBU3aLMI0 MPOU3BOACTBA Heob6xX0JMMa KOMILJIEKCHAasl cpeja,
KOTOpasi MO03BOJisieT pa3pabaTbiBaTb aJleKBaTHble peasbHbIM
TexHoJsiorudyeckuMm npoueccam (TII) MmaTemaTHyeckve MoOJead U
HHTErpUupoBaTb MX € 0a3aMM [JaHHbIX peaJbHOI0 BpPEMEHH.
KoMmniekcHOe HCIo/Ib30BaHME CTAaTUCTUYECKUX M AHAJTUTHYECKHX
MaTeMaTHUYeCKUX MoJieJled MO3BOJIUT C03/aTh LUPpOBble ABONHHUK
npousBojcTsa (LI/I1), koTopble o6ecneyrBalOT a/leKBaTHbIA NPOrHO3
coctossHuss TII B KpaTKOCPOYHOW NepCrneKTHBe U IOHHMaHUe
¢ynkyuonupoBanuss TII Ha ocHOBe yHUBeEpCAJbHBIX 33aKOHOB
COXpaHeHHs] U JApyrux QyHJAaMeHTaJbHbIX QU3NYECKUX U PU3UKO-
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XUMHYecKux 3akoHoMmepHocTel. [I/II1 o6ecneyrBalOT ONTUMU3ALUIO
peXHMOB GYHKIIMOHHUPOBAHUS u BbIsSIBJIEHHE co4yeTaHUM
TEeXHOJIOTUYECKHUX IapaMeTpPOB, COOTBETCTBYIOIIUX aBapUHHBIM
CUTyalMsIM.

3.7. MoranoBa [.10., ®eokTucrona O.I'.
MeToAbl NPOrHO3a AUHAMUKHU M3MEHEHMA U MOCTPOEHHUs
MPOTHOCTUYECKOU OILeHKM OCHOBHBIX OKa3aTeJel
JeATeJIbHOCTH aBUAKOMIIAHNH
(MI'TY T'A, 2. Mockea)

[Ipy paccMOTpeHUM NPOTHOCTHMYECKUX 3aJay, CBA3AaHHBIX C
aBHAKOMIIAaHUSIMH, B GOJIBLIMHCTBE C/y4ae, Mbl UMeeM JleJl0 C O4YeHb
60JIbIIMM  YHCJOM peasu3alUi  CAy4yallHbIX COOBITHH: 4YHMCJIO
NpOJAaHHBIX OUJIETOB, Macca rpy3oB, BpeMs 3aJepXKKU peica, 4uC/I0
pelcoB, YWCJI0 BO3JYIIHBIX CY[OB, BbLJIET WM INPUJIET KOTOPBIX
3aflep)kad M T.1. HMeHHO Tmo3TOMy pabo4uMM annapaToMm
COOTBETCTBYIOILMX 33/ja4 BbICTyNIAeT MaTeMaTH4yecKasl CTaTUCTHUKA U
Teopusi BEpOATHOCTEN.

fAcHo, 4TO BCce NPUYMHDI, IPUBOJSILUE K MOLOOHBIM COOBITHSM,
He3aBUCUMBI JPYT OT Apyra Y BIOJIHE JONYCTUMO CYUTATh, YTO BKJIAJ
KakJoro u3 GakTOpoOB B 00LIeM C/y4ae OTHOCUTEJIbHO HeBeJHK. B
paMKax CKa3aHHOTO JOMYCTUMO CUUTATh, YTO KOJIMUeCTBeHHas OLleHKa
vccieayeMoro cooblTus § - mpeAcTaBJisieT CO60M CyMMYy 6OJIbIIOTO
4yycjla MaJlblX CJaraeMblX, TOPOXAEHHBIX OT/eJbHbIMHU (QaKTOpPaMHU.
JTO OTKpbIBAaeT NYTb K NPHMEHEHHUI0 LeHTPaJbHON IpeJieIbHOU
TeOpeMbI, yTBEPKAAIOLIEN, UYTO B 9TOM C/y4ae cay4yaiiHas BeJIMYHHA &
SIBJISIETCSI HOPMaJIbHO paclpeje/leHHOM BeJWYMHOW, IJIOTHOCTh
pacnpesie/ieHUs1 BepOSATHOCTEH KOTOPOH ONMUCBIBAETCS 3aKOHOM
l'aycca.

Kak u3BecTHO, CyTb CTAaTUCTUYECKOTO IPOTHO3UPOBAHUSA
CBOJUTCA K ONpeJesieHHUI0 CTaTUCTUYECKHUX  XapaKTepUCTHUK
C/Iyd4alHOW Beau4yuHbl Xx(t) B MOMEHT (;>t; 1O H3BECTHBIM ee
CTaTUCTUYECKUM XapaKTEPUCTUKAM B MOMEHT ti.

TakuM 06pa3oM, UMeeTCs1 BO3MOXKHOCTD 110 3HAHUI0 CIyYalhHOU
BEeJIMYMHbI B MOMEHT BpeMeHHU £ IPOBECTH KOPPEKTHPOBKY MPOTHO3a
Ha MOMEHT t. 3/1eCbh, KaK BU/IHO, PEIIAOLIYI0 POJIb IPU KOPPEKTHUPOBKE
IpOrHO3a UrpaeT CTeleHb KOPpPeJUPOBAHHOCTH, T.e. pPaJUycC
KOppeJsiLluY p UccaeyeMoro npoiecca.
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Oco60 crieayeT o6paTUTh BHUMaHHE Ha OQYHKIUMOHAJLHYIO
3aBUCUMOCTb KOPPEKTUPYIOILEr0 CJaraeMoro OT 3HAa4YeHHUs CpefHe
KBaJIpaTUYHOI'0 OTKJIOHEHUs Ha ypoBHe 3HayuMocTH 0,01. HazBanHas
B3aMMOCBSI3b MOKa3bIBAET, YTO JaXKe NpPHU MPaKTUYEeCKHU HEKOTOPOM
qyucie cTeneHen CBOOOABI KOPpEeKTHpYoLlee cjaraeMoe
yBeJIMYUBAETCAd NMpPU POCTe 3HAYeHUs 07 U JOCTUraeT JOCTaTOYHO
60JIbIINX 3HAYEHUU MPU 60JIbIIIOM 3HAYEHUU CPeJIHE KBAAPATUIHOTO
OTK/JIOHeHUd. [Ipy HaJIM4YUK CUJIBHOU KOPPEJSLUOHHOW CBA3U IpU
6OJIbLIOM 3HAYeHWH CpeJHe KBaJlpaTHYHOTO OTKJOHEHHs Of
KOPPEKTHPOBKY MOXKHO U36eXaTh. BnusHue 3HAYEeHUS
ko3¢ duUIMeHTa KOppeJsiiMd Ha TOYHOCTb INPOTHO3a peaibHO
HauyMHaeT NPOSABJATH cebs npu p=0,4-0,45. [Ipy MaJoM 3HAYEHUH 07
KOPPEKTHPOBKA MOXKET ObITh BECbMa 3aMeTHa.

Jnsg  o06GOCHOBaHMS TUINOTE3bl, YTO YHWCJO NPOJAHHBIX
aBUabUIeTOB NoAYUHsAeTCs ['ayccoBoMy pacnpefesieHUIo, UX MacCUB
U3 60 4duces ObLI MOJBEPTHYT COOTBETCTBYIOIEN CTATUCTUYECKOMN
06paboTKe W NPOBEPKE BBIJBHHYTOH THUIOTE3bl MO HECKOJbKUM
KpPUTEPUSM COTJIaCHs.

Jnsa MPOBEPKHU COOTBETCTBUSA CTAaTUCTUYECKUX
3aKOHOMEPHOCTEeM ObLI BbIOpaH, KpUTEPUH 2, AAIOIIUK BO3MOXKHOCTD
KOJIMYeCTBEHHO OLleHUBAaTh NPaBOMEPHOCTD UCII0JIb30BAaHUS TOTO UJIU
MHOTO 3aKoHa pacmnpejesieHus. KosWdyecTBEHHOW Mepoll B 3THUX
CJIy4asx BBICTYIIAeT CaMO YUCJIO ¥ 2:

OCHOBy oOpraHusaluUu NPOU3BOJICTBA JIOO0KW aBUAKOMIIAHWH,
3aHUMamwIlelcss MepeBO3KaMU MAaCCaXKUPOB, TPYy30B U  MOYTHI,
COCTaBJIsIET, B KOHEYHOM CcuyeTe, yMeHHe VyJauyHO [peJBUJIETb
NOCJIeICTBUS CBOEU OpraHHU3aluu NPor3Bo/CcTBa. KpynHble npocyeThl
B 3TOH 06J1aCTU PUBEJIU K pa30PEHHUI0 U, B KOHEYHOM CUETE, K rubesu
JIeCATKOB aBHAaKOMITAHUM Cpeid KOTOPBIX JaXKe TaKue KPYIHbIe KaK
«Tpancaspov, «Tartapcran», «Jlomoae0BCKHE aBUAJIMHUMNY,
«[lysikoBO» U Apyrue. KakoBbl 661 HU ObIJIM CBOW NPUYHUHBI KATACTPOd
3THUX aBHAKOMIIAaHWH, 06Lasd MPUYUHA — 3TO IpPyOble MPOCYETHhI C
JIOKaJIbHBIMU U AJMTEJbHBIMU NPOrHO3aMU Ha peaau3aliio Ux yCayT
B 4aCTU 06'beMa NlepeBO3KU MACCAKUPOB U IPY30B U, KaK CJIeACTBHE HA
pacxo/ibl U A0XOAbI OT OKa3aHUS YCAYT.

B3auMHbI# KOPpeJIsiIliuOHHBIN aHaJu3 OJJHOTHUITHBIX
dakTuyeckMx  mNoKaszaTesed  paboTbl  aBUAKOMIIAHUK  JaeT
BO3MOXXHOCTb pPasAejiuTh QJYKTyallud Ha Te, KOTOPble BbI3BAHBI
O0IIMMH MPUYHMHAMH, KaK IPABUJI0, BHI3BAHHBIMU 00IIIMM COCTOSTHUEM
3KOHOMHKHM CTPaHbl, ¥ Ha Te€, MPUYUHbI KOTOPBIX MPUCYIIH CAMOM
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aBHAKOMIIAaHUH. ITO JIaeT BO3MOXXHOCTb 060CHOBATh aHAJUTHYECKHE
3aBHCUMOCTH  WU3MEHEeHHs OCHOBHbIX I[OKa3aTejed  paboThI
aBHAKOMIIAHUM BO BPEMEHU U BBINOJHUTH KPAaTKO U J0JITO CPOYHbIE
OpPOTHO3bI 3TUX IMoKa3zarejel. Tak, Hampumep, A/ CyMMapHBIX
MokKasaTesjell Bcex aBuakoMmaHuil P® 3a paccMaTpuBaeMblil
POMEXYTOK BpeMeHHU JJOCTATOYHO YIa4HOU SABJIETCA KBaJipaTUYHAsA
annpokcuManus. B 3ToM ciyyae MOrpenrHoCTb MPOTHO3a PeJKo
OKa3sbIBaeTcd 6oJiee, ueM 6-8%.

Ecnu MPOTHO3UPOBATh C npueMJIeEMOU TOYHOCTBIO
HHTerpajibHble y3JIOBble XapaKTEPUCTUKH BCEH TPaXKJAHCKOU
aBUallMd B IeJIOM, MNpPeACTaBJSIeTCs] OTHOCUTEJbHO HECJI0XKHOU
3ajlayell, TO MPOTrHO3 /[AJis1 KOHKPETHOW aBUAKOMIIAHWM, HANpPOTHB,
JlaJieKo HempocTasg 3ajada. IJTo SBJSETCAd CJAeJCTBHEM pe3KOou
M3MEHYMBOCTU OCHOBHBIX JKHU3HEONPeAeJSIOINX XapaKTePUCTUK
aBUAKOMIIaHUM.

OfHOM U3 IeHTpaJbHbIX 33/lad aABUAKOMIIAHUU SIBJISETCS
pa3paboTKa MPOTHO30B IOKa3aTeJsiel ee JeATeJbHOCTU: JeHEXHbIN
060pOT, 06'beM MPOJAK, CPEJHUN TapHUd, U3MeHEHHEe YHCJIEeHHOCTH
paboTHHUKOB U T.A. [1o 3TUM noka3aTessIM Heo6xoiuMa pa3paboTKa:

- 3BPUCTUYECKOTO pPOTHO33, OMUPAIIErocs Ha
MaTeMaTUYeCKyI0 00paboTKy CTaTUCTUYECKHX JAHHBIX 3a MOCJeJHHe
20 J1eT 1 UX 3KCTPANOJIAIHI0 Ha GJIMKAUILIIE TOJBI.

- ONITUMHUCTHUYECKOT0 MPOTrHO33a, ONUPAIOLIETr0Cs Ha KOHIEMIHIO
MeJIJIEHHOT0, HO YCTOWYMBOTO pPOCTA 00beMa aBHUANEpPEBO30K U
COXpaHEeHHS J0JIY TPOJAK aBHalepPEBO30K.

- IECCUMUCTHUYECKOTO MMPOTHO3a ONHUPAIINErocs Ha KOHIEMI[U0
KOHIIEMNIUHU CYI[eCTBEHHOT'0 €XEeroJHOro NnajieHus o0’beMa MpoJiaKu
OUJIETOB.

[ mocTpoeHUs] TPOTHOCTUYECKUX MoOJesiell HW3MeHeHUs
MHTEpPEeCYIOIIMX aBHAKOMIIAHUI0 [I0Ka3aTeJseld, OmpeJessiondx ee
eI TeJIbHOCTb, CO CTENEHbIO IOCTOBEPHOCTH 10 5-6% Iiesiecoo6pasHo
HCII0JIb30BaTh:

- 111 OTHOCUTEJILHO «CIIOKOWHBIX» MEePUO0B IKOHOMHUYECKOTO
COCTOSIHUSI aBUAKOMIIAHMU - KBaJ[paTUYHYI0 3aBUCHUMOCTb, TJie
KOHKpETHbIE 3HaYeHUsA KO3POUITUEHTOB ONpe/Ie/ISII0TCSA, ONUPasCh HA
KOHKpETHbIE JJaHHble B TPeX XapaKTepHBIX JIJis JAHHOW BeJIUYHHBI
BpeMEeHHbIX TOUYKaX;

- JIJIS1 IepeXo/IHOTO Mepro/ia (HEYyCTOMYMBOT0) IKOHOMHUYECKOT O
COCTOSIHMSI aBHAKOMIIAHHUU — I1eJ1eCO000pPa3HO B KadecTBe OCHOBBI
HCIIOJIb30BAaTh CHUHYCOUAJbHYI0 3aBUCUMOCTb, a /15 KOPPEKTUPOBKH
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WHOTJJa UMeeT CMbICI  HCIO0JIb30BaTh  MYJIbTUIIMKATUBHYIO
3aBUCHMOCTb.

Ha3BaHHBIA NOJX0J NMepCHeKTHUBEH JJis JOCTATOYHO GOJIBIINX
IPOMEXYTKOB BpEMEHH, KOTJja Hebosblie QIYKTyallud He UrparoT
6OJIBILIOH POJIH.

CTaTHUCcTHKa HPOJaXK HaCCAKUPCKUX aBUaOUJIETOB
IpeLIeCTBYIOLIETO nepuoja MOKa3bIBaEeT XOPOIIYIO
KOPPEeJIMPYyeMOCTb UX C 00beMaMH NepeBO30K JjaXKe B HECTAOUJIbHbIX
YCJIOBUSIX JIeATEJbHOCTH. B U3MEeHUBILIMXCS Ke YCI0BUsX, 60pbba 3a
CaMOBBDKMBAEMOCTb CTAaHOBHUTCS  ONPEJEJAILUIUM  IPUHIMIIOM.
[ToaToMy npezcTaBsieTcs Lesecoo6pa3HbIM OEPUPOBAHNE MUHUMYM
TpeMsl BUIaMH IPOrHO3a MPOojaXk aBUalepeBO30K:

- 3BPUCTHYECKUM INPOrHO30M, 6a3vpylolMMcs Ha 06paboTke
CTaTUCTUKU MNpPOJaX IepeBO30K, KakK Jo0Ju OT o6uiero o6beMa
OTHPaBOK, KOTOpasi IPaKTUYECKH He U3MEHSIeTCS B IPOrHO3UPYEMOM
HepUOJE.

- OITUMHUCTUYECKUM IPOTHO30M, YYUTBIBAKOIUM
6/1arONpHUsATHOE DPA3BUTHE 3KOHOMHKH, COXpaHEHUE JOCTUTHYTOrO
B3aHMOJEICTBUSA C TPAJULMOHHBIMHU MapTHEpaMH-NepeBO3YHKaMY,
pa3BUTHE OTHOLIEHUH C JPYTMMH aBUAaKOMIAHUSMH, B TOM YHCJIE Ha
PBIHKE MEX/JYHapO/AHbIX IePEBO30K.

- IeCCUMUCTUYECKUM NPOrHO30M, YYUTBIBAIOIIUM
He6JIaronpUsATHBIN X0J, pa3BUTHs 3KOHOMHUKH, NOTEPH JOBEPHUS CO
CTOPOHBI TpaJAULMOHHBIX NapTHEPOB, HeJJ0CTaTOYHYIO

3$EKTUBHOCTh YCUJIMK 1O COXPAaHEHHIO CBOEro MecTa W POJIM Ha
PBIHKE [IPOJaX aBUANEPEBO30K.

BaxkHy10 poJib IPU MOCTPOEHUU TPOTHO30B UrpaeT uHdopMaIus
0 B3aUMHOH KOPPEeJSAINUOHHOW CBS3W MOMECSYHOTO YHMCIA MPOAAK
aBuabusnetoB. O6paijaeT Ha cebsd BHUMaHHUEe QaAKT HaJU4YUS OYEHb
BBICOKON KOPPENSLMOHHON CBSA3U (K03QPUIMEHT KOppeasiuu
6osbuie 0,9) uyucaa npoAaxk aBUAOUIETOB MeEXAy pa3/JMYHBIMU
MecsljaMH OTKpbIBAaeT BO3MOXHOCTH YCTOWYHUBOIO YCHELIHOIO
NPOTHO3UPOBAHUS NMPOJAXK aBUAOUIETOB TEUeHHe roja.

3aMeTHOe  yJay4YlleHHWE TOYHOCTH [POrHO3a  OCHOBHBIX
nokasaTesjied JledTeJbHOCTH aBHUAKOMIIAHWM, ONUpalwIeroca Ha
JIeTEpPMUHUCTCKYI0. aNIpPOKCUMAIUI0 W CBOJSAIIETOCS IO CYTH K
onpe/ieJieHUI0 COOTBETCTBYIOLIHUX MAaTeMAaTHYECKUX OXKUJAHUH, MOXKET
OBbITh JIOCTUTHYTO NpPH y4eTe MPOrHOo3a AUCHEPCHA U PajUycoB
Koppesasinui. [locnesHee MOXeT ObITh OCYLECTBJIEHO, TOJIBKO
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ONMpascb Ha COOTBETCTBYIOLMe I[JIOTHOCTH paclpejeseHus
BEPOATHOCTEN IPOrHO3UPYEMBbIX BEJIUYHH.

@yyKTyal My 4YMCIeHHbIX 3HAaYeHUH [TI0Ka3aTeJ el AeTeJbHOCTH
aBUMAKOMIaHMUH BBI3bIBAIOTCA GOJIBIIKMM KOJIMYECTBOM BCEBO3MOKHbBIX
¥, KaK MpaBWJO, MaJO3HAaYMMbIX M HE3aBUCHMBIX MexJAy C060H
OpUYdH. ITOT (GaKT B TOYHOCTH COOTBETCTBYET YCJIOBUSIM
NpUMEHEHHUS] LeHTPaJbHOW NpeJebHOM TeopeMbl, BbIBOASILEN Ha
FayccoBy  NJIOTHOCTH  pacnpefie/ieHUsI  BEepOSATHOCTENM  3THUX
nokKasaTeJsield, KOTOpble MOTYT BbIpaXKaTbhCsl B py6JisiX, KUJIOrpaMMax,
qacax, YucJjie aBuanacCcaXuposB U T.II.

Hanuyme KoppesALMOHHOW CBA3W MeXJy 3HauyeHHUAMHU
OCHOBHBIX IIOKasaTeJsed [esATeJbHOCTU aBUAKOMIIAHMM I03BOJISET
YMEHBUIUTDb JWCIEPCUI0 OLleHKU NPOTHO3UPYEeMON BeJUYMHBI, NPU
3TOM abCoJII0THAsl TOYHOCTh IPOTHO3a OLleHKY HAaPSIMYI0 3aBUCUT KakK
OT YUCJIEHHOTO 3Ha4eHUd paiuyca KOppeJslHH, TaK U OT OTHOLIEHUS
COOTBETCTBYIOUIMX CpeJJHEKBaJpaTUYHbIX 3HAYEHUH, OTHOCALIUXCA K
NocJieJ0BaTeJbHBIM MOMEHTAM BpEMEHH.

JlutepaTypa:

1. KOHKYpeHTOCNIOCOGHOCTL M MEePCHeKTUBbl  pa3BUTHUS
POCCUHACKUX aBHaIepeBO34YUKOB/AHATUTHUYeCKas 3alucKa.
JJIeKTPOHHbIN pecypc. JKCIepT. - 2003. -Pexxum

noctyna: http://www.raexpert.ru/researches/avia/avia.pdf
2. Konroxosckui I1.B. MaTeMaTH4Yeckrue MeTO/lbl KCCIeL0BaHUA
onepanuii B skoHoMuke / II. B. KoHroxosckui. - CI16., 2000. - 208 c.
3.Kpemep H.II. Teopus BeposTHOCTEH W MaTeMaTU4eCKast
cratuctuka. M.: OHUTHU: KOHUTHU-ana, 2003. - 773 c.

3.8. Bo6ponHuKOB B.T., Ipa4yyk A.K.
CucreMa noAJep>KKU NPUHATHSA pellleHNnH AJIs
¢opMupoBaHMs BeTPOAU3E/IbLHON CUCTEMBI
3HepProcHa6keHusi aBTOHOMHOI'0 MOTpe6GUTe s JHEPTUH MO
KPUTEPUIO «3aTPaThl-3PpPeKTUBHOCTb»
(MAH, 2. Mockea)

06 bexTOM paccMOTpeHus ABJIIETCA rubpuiHas
BeTpo/M3e/bHas 3HepreTudeckas cucrema (B/[9C), npegHa3HaueHHast
JUIs1 CHabGXKeHHUsl IHepruell aBTOHOMHOI0 noTpebuTess sHepruu (I13)
[1, 2]. O6cyxpaloTcss METOAWYECKHE, AJITOPUTMHYECKHE U
BbIUUCTUTEIbHBIE ACMIEKThI CO3/1aHUS CUCTEMBI MOJIEPXKKHA TPUHATHSA
pewenuii (CIIIP), npegHasHauyeHHOU [JIsT UCIOJIb30BAHUS HA JTare
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dopmupoBanus ob6suka B/IC mo 3akasy [13, mpeamnosararoliero
IPUMEHATh [aHHYI0 CUCTEMY B OIpeJieJleHHOM pervoHe P®, mo
KpPUTEPHIO «3aTPaThI-3PPEKTUBHOCTD» [3].

OcHoBHbIMU KoMmnoHeHTaMu CIIIIP gaBasioTca sapo, 6asa
JIAaHHBIX, a TaKXe BXOJHble W BbIXOJHble WHTepdeicel A5
B3aUMMO/J,eUCTBUS onlepaTopa C CUCTEMOM.

B cocraB gapa CIIIIP BxoaaT: JyHKUUOHA/NIbHAsS W
3KoHoMHUYeckasa mozeau BJIC; 6710k pacueTa 4acTHBIX MOKa3aTesei
3pEKTUBHOCTU CUCTEMBI, B TOM uucCJe (QYHKIIMOHAJIbHOTO,
3aTpPaTHOro, 3KCIJIyaTalMOHHOTO WM 3KOJIOTHYeCKOIo IoKasaTeJel;
6710k GOpMHUpOBAHUSA KpUTepUS MNPeANOYTEHHs, YIUTbIBAIOLIUN
yKa3aHHble 4YacTHble T[IOKasaTeJd; NpPOrpaMMHBIM MOAYJIb JJIA
ONTUMH3ALMY OCHOBHBIX IPOEKTHBIX IapaMeTPOB CUCTEMBI, TAKUX KaK
YCTaHOBJIEHHAsA MOIHOCTb BETPOTE€HEPATOPa, MOIHOCTh AU3eJbHOI0
reHepaTtopa, €MKOCTb HAKONHWTeJs 3Hepruu (akKyMmyJisITOpHOU
6aTapeu).

ba3sa gannbix CIIIIP copepkUT BapuaHThI UKJIOTPaMM Harpy30kK
[19, XapakTepUCTHKHM BeTpa AJfA 3aJaHHBIX MeCT pa3BepThIBAaHHUA
cUCTEMBbl Ha TeppuTopud P®P, dyHKLMOHA/JbHble U CTOWMOCTHbIE
XapaKTepuCTUKU KoMnoHeHTOB BJI9C, akTyasibHble [JaHHbIE O
3aTpaTax Ha IpuhobOpeTeHHe, JIOTUCTHKY, pa3BepTbIBaHUE,
3KCIJIyaTalluIoO U TEXHUYECKOe 00C/IyKUBaHHe CUCTEMBI.

[IpeacTaB/eHbl pe3yJbTaThl pacyeTa nNprMepa GopMUPOBaHUS
B/ZI3C, npeiHa3HAauYeHHOU AJ1s ee SKCIJlyaTalluyd B OJHOM W3 PEFMOHOB
P®, mosiyyeHHble € MCMOJIb30BAaHUEM MakeTa paspabotanHoii CIIIIP.

Jluteparypa:

1. Bobronnikov V., Trifonov M. Technique of a wind-diesel power
system formation for a stand-alone consumer using a cost-efficiency
criterion: systems approach. International Journal of Mechanical
Engineering and Robotics Research. 2022. T. 11. Ne 5. C. 288 - 295.

2. Shivaie M. et al. A reliability-constrained cost-effective model
for optimal sizing of an autonomous hybrid solar/wind/diesel /battery
energy system by a modified discrete bat search algorithm // Solar
Energy. 20109. Vol-189. P. 344 - 356
https://doi.org/10.1016/j.solener.2019.07.075.

3. bo6ponnukos B.T., [Ipsuyk A.K. Pazpa6oTka MakeTa CUCTEMbI
HNOJAJIeP>KKM  pelleHWH, MNpUHUMaeMblx Npu  GOpMUpPOBAHUHU
BETPO/IM3€e/IbHOM CUCTEMBI JIJIsi aBTOHOMHOI'O IOTPEOUTENsT IHEPTUU
// HayuHo-TexHu4eckuii BecTHUK [loBomkbs. 2023. N2 4. C. 55 - 59.
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The decisions support system to form a wind-diesel power
system for a stand-alone consumer using a cost-efficiency
criterion

Bobronnikov V.T., Diyachuk A.K. (Moscow Aviation Institute)

The object of consideration is the hybrid wind-diesel power
system (WDPS) intended to supply a stand-alone power consumer (PC)
[1, 2] with energy. Methodical, algorithmic and computing aspects of
decisions support system’s (DSS) creation for use at the WDPS
conceptualization forming stage by the request of PC, who assumes to
apply the given system in a specified region of Russian Federation, by
the “cost-efficiency” criterion, are discussed [3].

The main components of DSS are: the kernel, the database and
input-output interfaces for the interaction between an operator and the
system.

The DSS kernel consists of: functional and economic models of
WDPS; the efficiency criteria estimation unit, including functional,
economic, operational and environmental performance indicators; the
program unit, which is used to optimize the system’s basic design
parameters, as the installed power of a wind generator, the power of a
diesel generator and the storage battery capacity.

The DSS database contains variants of PC loads cyclograms, wind
characteristics at given regions of WDPS operation in Russian
Federation, functional and cost performances of WDPS components,
actual costs data of purchasing, deployment, operation and the system
maintenance service.

The results of the developed WDPS example, intended for its
operation at the specified region of Russian Federation, calculated using
the created DSS prototype, are presented.

Bibliography:

1. Bobronnikov V., Trifonov M. Technique of a wind-diesel power
system formation for a stand-alone consumer using a cost-efficiency
criterion: systems approach. // International Journal of Mechanical
Engineering and Robotics Research. 2022. Vol. 11. Num. 5. P. 288 - 295.

2. Shivaie M. et al. A reliability-constrained cost-effective model
for optimal sizing of an autonomous hybrid solar/wind/diesel /battery
energy system by a modified discrete bat search algorithm // Solar
Energy. 2019. Vol-189. P. 344 - 356.
https://doi.org/10.1016/j.solener.2019.07.075
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3.V. T. Bobronnikov and A. K. Diyachuk. The development of a
decisions support system prototype when a wind-diesel power system
for a stand-alone consumer is forming.// Scientific and technical Volga
Region bulletin. 2023. Num. 4. P. 55 - 59.

3.9. Bunorpapgos C.0.
Ucnosib30BaHUe HelpoceTeil 1 MAIIMHHOTO 06Gy4YeH s B
paAgno060pyA0BaHNM BO3AYIIHBIX Cy/I0B
(Pr60Y BO YU TA, 2. Yabs1HO8CK)

AKTyanbHOCTb  O0O6ycCJIOBJieHA  aKTHBHbBIM  pPa3BUTHEM U
pacnpocTpaHeHUeM HelpoceTel U MalIMHHOTO 06y4YeHus1. BHeapeHue
MallMHHOTO O6y4eHUs] B pasHble cepbl AesATeJbHOCTU 4YesI0OBeKa
OTKpbIBaeT MHOXECTBO BO3MOXHOCTeH B camMoil 3pdeKTHBHOU U
r1y60KOM  MoJepHU3aLMK  0060pyZ0OBaHUs, aBTOMaTHU3alud U
MUHUMU3UPOBAHUsl HeOJAronpUsTHBIX Cay4yaeB. JTO Cjelyrolas
CTYNleHb B PAa3BUTHHU TEXHOJIOTMH, MPUBJIMKAOLIAA HAC K OCBOEHHUIO
COBEpLIEHHBbIX METOJI0OB ONTUMHU3AIMU M  pelleHus  33jad
NPUKJIQJAHOTO XapakTepa MNPUMEHUMO K paJuo060pyZOBaHUIO B
BO3/IyIIHBIX CyAaX 6yAYIIETO.

Hanpumep, HelipoceTH aKTUBHO MCIOJIB3YIOTCS B 06paboTKe U
pacno3HaBaHUM H300paKeHUM, POOOTOTEXHHKE, a TaKXKe B 6oJiee
6JIM3KOM TeMe K PaJiuoo60py/I0BaHUI0 — GECITUIOTHBIE aBTOMOOUJIN.
[TocnenHsiss TeMa pasobpaHa 4yTh 6oJiee MOJPOOHO B MCCIEJOBAHUM.
Hcnosib30BaHHEe QIrOpPUTMOB M0 06paboTKe W Npeobpa3soBaHUI0
JIAaHHBIX MO3BOJIUT YaCTUYHO, a C TedeHHeM HEKOTOPOro BpeMeHHU
MOYTH TOJIHOCTBIO CHATh HW3JIMIIHIOW HAarpy3ky Ha amnmapaTtypy Hu
NWJIOTOB, a TakXke o0O6ecleyuT BO3MOXKHOCTb aBTOMAaTH3aIUU
HEKOTOpPBIX IPOIECCOB, TAKUX KaK B3aHWMOJIeHCTBUE C Ha3eMHBIMU
cny)k6aMM, CHCTEMaMM II0C3JIKHM, a TaKXKe CO CIYTHUKOBBIMHU
CHUCTEMaMH HaBUTALHU.

Takxxe B 3TOH cTaTbe OYAET MOJIE3HO PACCMOTPETh HEKOTOPbIE
METO/Ibl, UCI0JIb3yeMbl B 06yYeHHUH HelpoceTedl U NmpeJoCcTaBJeHHUU
MM JI0OCTyma K CHCTeMaM, NpUHUMAWIUM uHbopMaluw 06
OKpy>Kalolied O0OCTAHOBKE W COCTOSIHHUIO TMapaMeTpPOB Pa3IHUYHBIX
CUCTeM, TaKHUX KaK CHUCTeMbl HaBUTAIlMM W CaMOJIETOBOXK/EHMH,
CHUCTEeMbl  aBTONMWJIOTA, CUCTEM  PaJIUOCBA3U U JIPYTHX
PaZI03JIEKTPOHHBIX CUCTEM BO3/YLIHBIX CY/[0OB.

[niy6okass MoJepHH3aLUsl BCEX CHUCTEM BO3JYLIHBIX CYZOB
OyAyliero MO3BOJIUT HE  TOJbKO YMEHBUIUTh  KOJHUYECTBO
notpebsisieMOd 3Heprud O0O6OpPYyJOBaHHMEM, HO U 3HAYUTEJbHO
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YMEHBIIHUTb IJIOLIA/b, 3aHUMAEMYIO alllapaTypoy v npubopamu (4To,
KCTaTH, NPUMEHSIeTCS Ha HEKOTOPBbIX COBPEMEHHBIX CaMoJIeTax M
BepToJIeTax), HO U 0OLIMH UX BeC, TaK KaK UCI0JIb30BaHUE MAIIMHHOTO
00y4YeHHs BO3bMET Ha Ce0s PoJib MOJyYeHUs] U 06pabOTKU pa3JIMYHON
WH}OpMaLKH, MOCTYNaeMON OT JAAaTYMKOB CHCTEM, aHTEHH U JIPYTUX
IPUEMHHKOB.

[ToMuMoO Bcero nmpovero, HE06X0JHMO PaCCMOTPETb BO3MOXKHOE
BJIMSIHUE UCII0JIb30BaHUSI HEUPOCETEH U UCKYCCTBEHHOI'0 HHTEJIJIEKTA
Ha 6e30MacHOCTb MOJIETOB U IKCILJIyaTal[MX CUCTEM, TaK KakK 3TO MO-
HpeXHEMY O4YeHb Cepbe3HblId BOMPOC B COBPEMEHHOW aBUALUH, U
yBeJM4yeHHe 6e30MacHOCTH B BO3/yxXe IMO03BOJUT CTaTb OJHUM
KJIFOUEBBIX GAKTOPOB BBOJA MAUIMHHOTO OGYYEHHS] B 3KCIIyaTalHIo
paZiio060py/J0BaHMUS.

JlutepaTypa:

1. ®pancya onne, 'nybokoe o6ydyeHue Ha Python, 2018 r.

2.fcep A6y-Mocrada, MaragoH-Ucmaus, CroaHb-TsaHb JIWHB,
Learning From Data, 2012 r.

3. Hukonenko C., Kagypun A. ApxaHrenbckas E. [ny6okoe
o6y4yeHue, 2018 r.

4.Bbactuan llapgeH, Jlyka MaccapoH, Anbbepto bBockerTy,
KpynHoMacmTabHoe MaliMHHOE 06y4yeHue BMeceT ¢ Python, 2017 r.

5. Hunc [lxkeéi Huncon, BBeeHre B MalinHHOE 06y4yeHue, 1997 T.

Use of Neural Networks and Machine Learning in Aircraft
Radio Equipment

Vinogradov S.0. (Ulyanovsk Civil Aviation Institute)

The relevance is due to the active development and proliferation
of neural networks and machine learning. Introduction of machine
learning in different spheres of human activity opens many
opportunities in the most effective and profound modernization of
equipment, automation and minimization of adverse cases. This is the
next step in the development of technology, bringing us closer to
mastering perfect optimization methods and solving problems of
applied nature applied to the radio equipment in the aircrafts of the
future.

For example, neural networks are actively used in image
processing and recognition, robotics, as well as in a closer topic to radio
equipment - unmanned cars. The latter topic is dealt with in a little more
detail in the study. The use of algorithms to process and transform data
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will allow partially, and over time almost completely, the unnecessary
burden on hardware and pilots, and will provide the ability to automate
some processes, such as interaction with ground services, landing
systems, as well as satellite navigation systems.

Also in this article it will be useful to review some methods used
in training neural networks and giving them access to systems that
receive information about the environment and parameter states of
various systems, such as navigation and aircraft guidance systems,
autopilot systems, radio communication systems and other radio
electronic systems of aircrafts.

Deep modernization of all aircraft systems of the future will not
only reduce the amount of energy consumed by equipment, but also
significantly reduce the area occupied by equipment and instruments
(which, incidentally, is used on some modern aircraft and helicopters),
but also their overall weight, as the use of machine learning will take on
the role of receiving and processing various information coming from
sensors systems, antennas and other receivers.

Among other things, it is necessary to consider the possible
impact of using neural networks and artificial intelligence on flight
safety and system operation, as this is still a very serious issue in
modern aviation, and increasing safety in the air will be a key factor in
the introduction of machine learning in the operation of radio
equipment.

3.10. Boponuos B.A., Makapos H.10.
K Bompocy o koHnenuuu 6a/1aHca: "PanuoHaabHbIA KOCcMOC"
(Tockopnopayust «Pockocmocy», AO «Opzanudayus «Azamp, e.
Mockea)

CoBpemeHHas KOCMHYecKas JleTeJIbHOCTb JOCTUIIA
3HAUUTEJbHBIX MacliTaboB. MupoBas opbuTa/ibHasA rpynnyupoBKa 1o
coctossHMI0 Ha KoHer, 2022 roga Bkawodasa 7 188 kocMuueckux
annapartoB (gaJee - KA). CorslacHo NporHosam, UX KOJIM4eCTBO MOXKET
yABOUTHCA yke B 2025 rofy B CBSI3U C 0OILEMUPOBOUM TeHAEHIUEN
MCII0JIb30BaHUSI MHOTOCIYTHUKOBBIX CHUCTEM MaJibix KA.

YHudukauus v a¢pPekT MacutTaba Ipyu CO3JaHUNA KOCMUYECKUX
CpPeACTB, Jaloliye 3HAYUTEJIbHYI0 3KOHOMUIO Ha 3eMJie, FPO3ST CTaTh
NPUYMHON 3HAYUTENbHBIX HEYAOOGCTB Ha ee opbuTax. Hampumep, B
2022 roay KoJMYeCTBO oOMacHbIX (paccTosiHWe MeHee 1,5 kM)
COMMKEHU M KOCMUYECKUX 06 beKTOB (0pOUTAIBHOTO Mycopa) TOJBKO C
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KA oTedyecTBeHHOM OpOUTAJbHOU TrpynnupoBku (ganee - O
coctaBuo 6osiee 16 000. YuuTteiBad, yto 3Tta OI' B 2022 cocraBuIa
MeHee TpeX NpPOLLEHTOB OT MMPOBOW, MOXXHO NpPeACTaBUTb OGLIMH
MaciTab npobJieMsbl ceiiyac U ero koHurypanuto k 2025 rogy.

TakuMm o6pasoM B  HacTosillee BpeMs  KOCMHUYecKas
JleITeJIbHOCTb OCYIIeCTBJSAETCA B JIOTUYECKHM 3aMKHYTOH CHCTeMe
"3ems1 - KocMmoc", koTopas, mMOMHMO MpPOYEro, XapaKTepU3yeTcs
fasiaHcOM 3PPEeKTUBHOCTU: eCaM 3KOHOMHUYecKas 3PpQPeKTUBHOCTh
pacTeT Ha 3eMJie (B popMe y/eleBIeHUs U POCTA IPOU3BOACTBEHHON
addexTuBHOCTU co3aaHusi KA), oHa ke B 0/JHOM U3 CBOUX ACIEKTORB
HayMHaeT yObIBaTb B KocMoce (B ¢opMe CHHXKEHUS JOCTYNHOCTH U
6e30I1aCHOCTHU CaMbIX BOCTPeOOBAHHBIX THUIOB OPOUT - HU3KHUX, U
yBeJIMYeHUs1 BEpOSITHOCTU oTepb KA Ha 3TUX op6UTaX; TO ECTb B TOM
yucse U B popMe IKOHOMUYECKUX NTOTePb, BbIPAXKEHHBIX B BbIOBITUU
KA u 3¢ dekToB B 0Tpacisgx 3KOHOMHUKH, N0JIydaeMblX HA OCHOBAaHUU
MCII0/Ib30BaHUs NepefaBaeMoi aTuMU KA unpopmanuu).

JaHHasa cuTyanus GakTHUYeCKH SBJSeTCS NMOCTaHOBKOW HOBOM
3aJlauM [Jis MOUCKA ONTUMyMa 3KOHOMHYECKOH 3pQPeKTHBHOCTHU B
YHOMSIHYTOM JIOTUYECKU 3aMKHYTOW CHCTeMe NpPU HeOoO6XO0JUMMOCTU
obecrnieyeHHUs [AOCTYIMHOCTU pabOYUX OPOUT AJA BOCHOJHEHUS U
HapallluBaHUs OPOUTANIbHBIX TPYyNNHPOBOK, HAaNpHUMep, B paspese
MOMCKa ONTUMYMOB:

— OpOUTAJBLHOIO MOCTPOEHHS U CXEMOTEXHUYECKUX pelleHU KA,
kosmdectBa KA B cucteMe, BiUAHNA 3anycka KA aToll cucTeMsl

Ha JJOCTYITHOCTb OPOUT;

— PEeUHXXWHHUPHHIAa B KOCMUYECKOM IIPOMBILIJIEHHOM CEKTOpe IIpH
dbopMupoBanuu npoussozcTsa KA A/15 panoHaiM3aLnyy 3aTpaT

Ha UX CO3JlaHue.

PesynbTaTel  pelieHus  3TOM  3ajayd  MOTyT  OBIThb
MHTepnpeTUPOBAHbI IS pa3paboTKu HOBBIX acneKkToB
NPOXU3BO/ICTBEHHOM, TEXHOJIOTUYECKOHN U FOCYJapCTBEHHOW OJIUTUKHU
B cdepe KOCMHYECKOW [JieATeJbHOCTH - B KOHTEKCTe HCIO0Jb3yeMbIX
JUIs IPOTPaMMHO-1e/IEBOT0 MJIAHUPOBAHUS LieJIEBbIX, BDEMEHHBIX U
610/>KETHBIX TAPaMeTPOB.

Peanusanus onucaHHOM NapaJUrMbl Takke CIOCOOHA OKas3aThb
BJMSIHHE Ha XOJ, TEXHOJIOTUYecKoro pa3BuUTUsA. B  ciayyae
KOHLEHTPAaLUX CUCTEMbI TOCYJaPCTBEHHOTO YIIPABJIEHUS Ha pelleHuH
NOJ00HBIX KOMIJIEKCHBIX 33Jay, MOXHO OXHJATb KayeCTBEHHOIO
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M3MEeHEeHHUs] IOAXOJ0B 06IIecTBa K pelleHHI0 33jJady B cdepe
KOCMHUYECKOM J1eITeJIbHOCTH.

To the Conception of a Balance: "Rational Space”

Vorontsov V.A., Makarov N.Y. (ROSCOSMOS, JSC "Organization
"Agat", Moscow, Russia)

International space activities of today have reached significant
proportions. At the end of 2022, the sum of active orbital units have
reached 7,188. According to forecasts, this number may double already
in 2025 due to the transition to orbital systems based on small (micro-
and nano-) satellites.

Unification and economies of scale, which provide significant
savings on Earth, threaten to cause some problems in its orbits. For
example, in 2022, the number of dangerous (distance less than 1.5 km)
approaches of space objects (orbital debris) only from the spacecraft of
the ROSCOSMOS was more than 16,000. Considering that in 2022 this
approaches was caused by only 192 spacecraft of 7,188 that total
located in orbits, it is possible to imagine the overall scale of this
problem in 2025.

It means that space activities are carried out in a logically closed
system "Earth - Space", which also is characterized by a balance of
efficiency: if economic efficiency increases on Earth (as cheaper and
more productive spacecraft creation), it also begins to decrease in space
(as reduced availability and the safety of the of low orbits, and as an
increasing of probability to lose the spacecraft on this orbit; also in the
form of economic losses for economic sectors due to become space
information unavailable).

This situation, thereby, provides us a new view. It may be
introduced as a new task for finding the optimum of economic efficiency
in the mentioned above logically closed system. For example, the search
for the optimal configuration of spacecraft, the costs of their creation,
the capacity, the number of spacecraft in the system, the impact of this
system for the availability of orbits. The results of solving this problem
can be interpreted for the development of new aspects of industrial,
technological and state policy in the field of space activities - in the
context of the target, time and budget parameters used for program-
targeted planning.
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In addition, the described paradigm, if it is fixed in the legislative
and regulatory documents of the state and/or as industrial standards,
can influence the course of technological development. In the case of
concentration of both (the real sector of the economy and the public
administration system) on solving such complex tasks, we can expect a
qualitative change in the system of instrumental and planned
approaches to solving a variety of tasks in the field of society activities.

3.11. Boponuos B.A,, iluenko M.I0., Peixkkos B.B.
AHnanu3 ¢aKkTopoB, BAMSIOIIUX HAa KA4eCTBO POTOo- 1
BUJe0CbeMKHU Ha BeHepe ¢ IOMOLIbI0O MYJIbTUPOTOPHOT'O
JieTaTe/JbHOro anmnapara
(MAH, 2. Mockea)

B paboTe paccMaTpUBaeTCsl KOHLENLUs MccaeoBaHUsl BeHeprl
C MOMOIbI0 MYJbTUPOTOPHOIO JieTaTeJbHOro anmnaparta (MPJIA) -
YCTPOHCTBA BEpPTUKAJbHOTO B3JieTa U mnocajkd. OCHOBHas LeJb
paboThl - onpejesieHMe OCHOBHBIX (aKTOPOB, BJAUAIILNX Ha KAYeCTBO
doTo- ¥ BUAEoCcheMKHU Ha BeHepe, a Takke npessioKeHHe CIOCOGOB 10
UX y4eTy U MUHMMU3aLHUHU UX BJIUAHUA. I 3TOro aHaJIU3UPYIOTCA
yca0BUs  QYHKLUOHUPOBAHUSA MYJbTUPOTOPHOIO JieTaTeJbHOIro
anmapata B aTMocdepe BeHepbl, a Takke XapaKTepHUCTHKHU
HCIOJIb3yeMbIX KaMep W MeToJbl 00pabOTKH  MOJIyYEeHHBIX
HM3006paKEHUH.

KayectBo $oTo- u BUJeocheMKHd Ha BeHepe 3aBUCHUT OT psija
$aKTOPOB, KOTOpPble MOXKHO pa3/e/iuTh Ha [iBe TPyINIbl: BHELIHUE U
BHYTpeHHHUe.

BuemiHve ¢akTopbsl CBfA3aHbl C YCJAOBUAMU aTMocepbl U
00/1akoB BeHephbl, KOTOpble BJIMAIOT Ha NPOINyCKaHUe, paccessHUe U
norjoueHue cBeTa. TakuMu GakKTopaMU ABJAKTCA: COJHEYHOe
OCBellleHWe, O06JyIauHbld cj0id (KOTOpBIM sIBJSIETC OCHOBHBIM
NpensiTCTBUEM [JiI ChbeMKH TNOBEPXHOCTH IJIaHEThbl), aTMocdepHas
TypOYyJIEHTHOCTb (XapaKTepu3yeTCsl BBICOKOM CKOPOCTbI BeTpa H
60JIbLIMMU TeMIIEPAaTYPHbIMU I'pajjueHTaMu). BHyTpeHHUe daKTOpbI
CBfI3aHbI C XapaKTepucTUKaMu MPJIA 1 ucnosib3yeMbIX KaMep, a TaKxe
C METOAaMU 06pabOTKHU NOJAYYEeHHBIX U300paXKEHU.

TakuM 06pa3oM, B UCCJIeJOBAHUH ObLJIM pACCMOTPEHBI OCHOBHbBIE
dakTopBHI, BJIMAOLME Ha Ka4eCTBO POTO- U BUJIe0CheMKU Ha BeHepe ¢
NOMOILBI0 MYyJbTHPOTOPHOrO JIETaTeJbHOro amnmnapara. bbuio
0Ka3aHo, 4YTO /s CbeMKH Ha BeHepe Heo6X0JWMO yYUTHIBATHb
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yciaoBus atmochepbl U 06JiakoB BeHepbl, KOTOpble BJIMSIOT Ha
IponycKaHWe, paccessHWe U MorJolieHHe cBeTa. bbplio npejoxxeHO
UCI0JIb30BaTh KaMephl C BbICOKUM paspelieHHeM,
YyBCTBUTEJBHOCTbIO M JUWHAMWYECKHM JHMala30HOM, a TaKxe C
IIMPOKUM  IIBETOBBIM IPOCTPAHCTBOM. bBbLIO pekoMeH/0BaHO
NPUMEHSITb Pa3JIMYHble METOABI 06PaOOTKU U306pAKEHU N, TAKUE KaK
KOppeKIMsi I[BETOBOTO 0ajlaHCa, TMOBbILIEHHE KOHTPACTHOCTH,
yCTpaHEHHe UIYMOB, VBeJUYeHHe PEe3KOCTH U CTabuausanus
u3obpakeHus. bblIo cZleJlaHO 3aKJ/IOYEeHHE, YTO CheMKa Ha BeHepe
npeJCcTaBJseT OO0 CI0XKHY0, HO, BMeCTe C TeM, UHTEPECHYIO 3a/ja4y,
KoTopass TpebyeT MNpHUMeEHEHHS COBPEMEHHBIX TEeXHOJIOTUH H
aJIF'OPUTMOB.

Jluteparypa:

1. Auenko M.IO., BopoHuos B.A. K Bonpocy o0 BKJIWYEHUU B
nporpamMMy HccaefoBaHUsi BeHepbl JONMOJHUTENbHBIX TEXHUYECKUX
cpencts // Kocmuueckue anmapaThbl M TexHosioruy, 2022, T. 6, Ne 1, c.
5-13.DOI:10.26732/j.st.2022.1.01.

2. Anenko M.10., Boponuos B.A, Perkkos B.B. 0630p
Npo6JIEMHBIX BONPOCOB CO3JaHHUSI MYJbTUPOTOPHOIO JIETATEJbHOIO
annapara A4 uccaenoBaHua BeHephl. UHxKeHepHBIN »KypHaJI: HayKa U
WHHOBAlMH, 2023, BBIII.
http://engjournal.ru/catalog/arse/adb/2255.html.

3. Model of the structure of the atmosphere of Venus from the
surface to 100 km altitude /A. Seiff, ].T. Schofield , A.]. Kliore [et al.]. -
Text : direct // Advances in Space Research. - 1985. - Vol. 5. - No. 11. -
P.3-58.

4. ®dypaiues /[I. A. MeTobl yJIy4ylleHUs1 KauecTBa U300 paKeHU:
otyet o HUP / J.A. ®ypauies; Hay4. pyk. M. H. ®aBopckas; Cubupckuii
rocy/lapCTBEHHbIN a3pPOKOCMUYECKUI YHUBEPCUTET UMEHU aKaleMUKa
M.®. PemetHeBa. - KpacHospck, 2023. - 120 c.

3.12. MaabsimeB A.B.(1), CemeHoB A.A.(1), TenioB B.A.(2)

HekoTophble acneKThl NPOEKTUPOBAHMA KOCMUYECKUX

Cpe/ACTB MHCIIEKIIUU

(1 - AO «KoHnyepx BKO «Anma3s - Aumeii», 2 - MAH, 2. Mocksa)

C KaXJbIM TOJIOM KOCMHYECKOEe IMPOCTPAHCTBO Bce OoJee
3aN0JIHSEeTCS Pa3/IMYHbIMU 00'beKTaMH, OCTAKUIMMHUCT Ha OpOUTax
1ocJie BbIMOJIHEHUS] BCEBO3MOXKHbBIX 3KCIIEPUMEHTOB B KocMoce. Jlist
obecrieyeHUs1  6€30MACHOCTU  KOCMHUYECKHX  [MOJIETOB  HYXHO
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nepeMellaTb WJAM YHUYTOXKATb HEHUCIHOJb3yeMble OpOUTa/bHbIE
06'bEKTBI, HaX0ALMeCs Ha Tpaccax 10J1eTOB KOCMUY€eCKHUX allapaToB.
WHcnekyuss KOCMHUYeCKMX O00BbeKTOB - ¢opMa KOHTpoJs 3a
KOCMHUYECKOH JieATeJIbHOCTBIO TOCYJapCTB, HalpaBjeHHasd Ha
noJlyueHue JAaHHBbIX O KOCMHYECKOM OO'beKTe, NpeJHa3HAaYeHUU U
xapakTepe GYHKIIMOHUPOBAHUSA B LieJIsIX obecrieyeHUs1 yBepeHHOCTH B
COOJIIOIEHUU  MEeX/JYHapoJHbIX TIPaBOBbIX HOpPM. HHchnekuus
OpOUTAIbHBIX OO'BEKTOB, O KOTOPBbIX HET WJIM MOYTU HET HUKAKOU
npeaBapuTesbHONM HHGOpPMALMK, MNPEJCTABASET COOGOU CJI0XKHYIO
OTepalMIo C OCYLeCTBJIEHHEM BCTPeYHU U, BOSMOXKHO, CTBIKOBKY, T. €.
OIepaLMmIo, 10 HEKOTOPOU CTelleH! CXOHYIO C Olepalikel CllaceHus Ha
opbure.

HoBBIM BaXKHBIM HallpaBJIeHUEM AIBJIETCH pa3paboTKa METOL0B
ONTUMHU3ALMM  CO3JaHUsl CPeACTB KOCMHYECKOM  HHCIEKLUHY,
NO3BOJISIIOUIMX pellaTb BOMNPOCbl TEXHUYECKOr0 O0O6CYyXKHUBaHUSA
KOCMUYECKUX  allapaToB, 4YTO YyBEJUYUT CPOK aKTHUBHOIO
CyL1eCTBOBAaHHUSA JAaHHBIX allapaToB. BakHeHIIMM MpUMepoOM MOXKeT
ABJATBCA  HWHCIOeKTHUpoBaHWe  HanuoHanbHOM Op6uTasibHOU
Kocmuyeckoit Cranuuu (HOKC) U ciexxeHHe 3a KOCMHYECKUM
MYyCOpOM, KOTOPBIN MOXKET HaHECTH BpeJ, LieJIOCTHOCTH KOHCTPYKIUH.
[IpepnonaraeTtcs, yTo cucteMa s MHcnektupoBanusa HOKC, 6yget
paboTaTb Ha OKOJIO3eMHBIX OPOUTAX, B YACTHOCTH Ha OpOUTe MoJeTa
HOKC.

Bonpoc peanu3anuu HUHCIEKLWOHHOIO [BIXEHUSA BJeYeT 3a
co60¥ psiJ} 3a/1a4, KOTOPble MOKHO YCJIOBHO pa3/ieIuTh Ha iBe TPYIIIbI.
K nepBoii rpymnme OTHOCHATCS, HampuMmep, 3aZaya BbIOOpa
HOMHHAJIbHOM TpPaeKTOPUM M Hada/bHbIX TapaMeTpOB [ BWKeHMUH,
KOTOpble MO3BOJIAAT CIYTHUKAaM B TPYNNHPOBKE COXPaHATb CBOE
OTHOCHTeJIbHOe  IOJIO)KEHWe Ha INPOTSHKEeHUW  JJIMTeJIbHOIO
npomMexxyTka BpeMeHU. Ko BTopoil - BbIOOp CTpareruu
MaHEBPUPOBAaHUSA [Js1 MOAJEPKaHUSl HHCIEKIMOHHOIO JBWXKEHWUS,
KOTOpasd MO3BOJMUT ONTUMaJbHO WCIOJb30BaTh 3HepreTH4YecKHue
pecypchbl MaJbIX CIYTHUKOBBIX MJIaTHOPM.

O6o6uwanIUMH  MoKa3aTeJsaMd 3PQPEKTUBHOCTH SBJSIOTCS
NoKasaTeJd 3KOHOMHYECKOU 3PQPEeKTUBHOCTH, XapaKTepU3yloliue
11eJ1ecC006Pa3HOCTb Ipou3BeJleHHbIX Ha cos/laHue U
byHKIMOHUpOBaHKe CUCTeMBbI 3aTpaT. TpeboBaHuUs, IpebsABJsieMble
K CuCTeMe, JOJDKHBI YYUTBIBAaTh cpelly QYHKLHMOHUPOBAHUA
KOCMHUYECKOro amnmaparta, 3pQPeKTHBHOCTb CHUCTEMbI YIpaBJeHHUS,
3pdeKTUBHOCTDL YyIpaBJeHUs W peajdsaldyd, HWHTerpanud H
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HCOBbITAaHUM cucTeM. HafeXHOCTb JaHHOW CUCTeMbl omnpefeJsieTcs
He0o6X0JUMOCTbIO COXPAaHUTh BO BpEMEHU B yCTAHOBJIEHHBIX IIpeJiesiax
3HAayeHMUs BCeX IapaMeTpOB, XapaKTepPU3YIOIIUX CIOCOOHOCTh
BBINOJIHATb TpebyeMble YHKILUU B 33/laHHBIX YCJIOBUAX IPUMeEHEHMUH,
cpabaTbiBaHMEe OOPTOBBIX CHUCTEM, KOPPEKTHYK paboTy CHUCTEM
0OHapy>KeHHUs] HeloJIaJoK, onaJjaHue KOCMUYECKOro Mycopa B caM
CIYTHHUK-UHCIIEKTOD, 6€e30TKa3HOCTb, PEMOHTONPUTOLHOCTbD,
JLOJICOBEYHOCTb, COXPaHsIEMOCTb.

ABTOpaMM MNpPUBOJATCS HadaJbHble VCJAOBUSA [BHKEHUS
uHcnekTupylomero KA a1 nojydeHrus 3aMKHYTOW OTHOCUTE/JBHOH
TPaeKTOPUHM B LIEeHTPaJbHOM TIpaBUTALMOHHOM moJje. [Ipegsoxen
aJaropuTMm GopMHUpPOBAHUSA UHCIIEKIIMOHHOTO JBXKEHUA JIJ11 KPYTOBBIX
opouT omnopHoro annaparta. [Ipeg/ioxxeHo yTOUHEHHOe ompejeJieHre
MHCIIEKLJMOHHOT0 JABWKEHHs, YYUThIBaIOLee 3/UIMITUYECKUE OPOUTHI
onopHoro KA. Peanusapuio ¢opMUpoBaHUSI U YTOYHEHHUIO
onpejesieHUs VHCIIEKIIUOHHOT0 JBHKEHUSs npejJiaraeTcs
MCII0JIb30BaTh NMpPU pa3paboTKe CpPeACTB KOCMHUYECKOHW HHCHEKLUU
nianupyemor HOKC.

3.13. EromuH C.9.
OneHka 3¢ peKTUBHOCTH HOBOY aBUALJMOHHOM TEXHUKH B
ABHATPAHCNOPTHOM CHCTEeMe MeCTHBIX BO3AYIIHbIX TUHUHA
Poccun
(®I'BY «HHL] «HHcmumym um. H.E. 2Kykoeckozo», 2. Kykosckuii)

AkTyanbHOCTb  pabGoTbl  0GycCJOBJeHA  HeOOXOJUMOCThIO
pellleHUs] TOCYyJapCTBEHHOMW 3ajlayd, yKa3aHHOW B «TpaHcmopTHOM
ctpaterun Poccuiickoit ®epeparnuu Ha nepuof, mo 2030 romax:
obecrneyuTb JOCTYIMHOCTb M KayecTBO YyCJAyr TpaHCOopTa AJs
HacesleHUs, NpeJNpUATHA 3KOHOMUKH M TOCYJapCTBEHHBIX CJYXKO
NPUMEHUTEJIbHO KO BCEM THUIIAM TPAHCIIOPTHBIX NTepEeBO30K, BKJ/IK0O4Yad
MeCTHbIe acCaXKUpCKUe.

B pa6ore wuccieayeTci 3KOHOMUYECKasl 11ejiecO0OPa3HOCTD
BHe/I[peHUs HOBBIX TEXHUUECKUX pellleHUH U 06'beKTOB aBUAIIMOHHON
TEXHUKH, INpeJHa3HAYeHHbIX [Ji o6ecliedeHUs] TPaAHCIOPTHOM
CBA3HOCTHU TeppI/ITOpI/Iﬁ PO IIpHU OpraHrU3allM MECTHBbIX BO3AYIIHBIX
auHui (MBJI).

Pa6oTa cTpouTcs Ha METOJOJIOTUM CHUCTEMHOr0 aHa/IM3a.
PaccmaTpuBaeTcs o6mierocyiapcTBeHHass TpPaAHCIOPTHas CHCTeMa
MECTHbIX II€peBO30K, CC])OpMPIpOBaHHaH 0 INpH3HAKYy €eJUuHOro
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rocyJJapCTBEHHOro  cyocuaupoBaHusi. B kKaudecTBe  1esieBOM
ONTUMU3UpPYyeMOH GYHKLMM BbIOMpaeTca CcyMMa 3aTpaT Ha
GYHKLMOHUPOBaHUEe JAHHON TPAaHCIOPTHOM CUCTEMBI NIPU 3a/laHHBIX
o6’beMax naccakuponepeBo30K U 3aZlaHHbIX OTPAaHUYEHUSIX.

[lo uToram paboTsl:

— I0Kas3aHo, YTO B HacTosllee BpeMd opranusanusa MBJI B Poccuun
He COOTBETCTBYET COBpPEMEHHBIM TPEOOBAaHUSIM K MECTHbIM
nepeBO3KaM KaK NpeoCTaB/IsieMbIM TPAHCIIOPTHBIM YCAyraM;

— pa3paboTaHa MeTOAUKA OLleHKU 3PPEKTUBHOCTU MPUMEHEHUs
HOBOM aBHAaTEeXHWKHU U HOBBIX TEXHOJIOTMM Ha OCHOBe 33JauH
ONTUMH3ALUN TPAHCHOPTHOHW CHUCTEMBI MECTHBIX IIEPEBO30K C
y4eTOM OrpaHH4YeHHsT Ha BpeMs MeCTHOHW IOe3JKH, Kak
BBOJMMOT0 0011leroCylapCTBEHHbIN CTaHJAPT;

— MpenJoKeH aJTOPUTM TIOHUCKAa HPUOGJIMKEHHOTO pelleHUs]
cbopMyIMpOBaHHON MaTeMaTHUYeCKOM 3a1a4H;

— Ha OCHOBE pacCMOTPEHHOM MEeTOJUKU M  MOJeJIbHO-
MeTOJMYEeCKOro amnmnapata pa3paboTaH COOTBETCTBYIOLUM
NpOrpaMMHBINA KOMILJIEKC;

— IpOBeJieHbl UCCIe[0BAHNS JJ/11 HEKOTOPBIX HOBBIX JIeTaTeJbHbIX
anmnapatoB: camoJsieToB L-410NG, JIMC-901 «baiikasi», CUHTe3-
o6suka camoJieta JIMC, camoJsieTa KOPOTKOI0 B3JleTa U NOCaAKU
(KBIT) Ha ocHoBe L-410, ocHalieHHOro pacnpejejieHHON
3JIEKTPOCUJIOBOM YCTAaHOBKOW O0OAYBKM Kpblla, a TaKxke
BepToJeTa «AHcaT».

PacyeTpl mokasa/u, YTO NpPUMEHEHHE HOBBIX CaMoJIeTOB (3a
uckaodyeHueM camoJsieta KBII) mo3BosisieT CHU3UTH CyMMapHble
3aTpaThbl B aBUaTPAaHCIOPTHOH cucTeMe Ha 8+12%. B To ke Bpems,
3aJlelicTBOBaHMe B napke camoJsieTa KBII He NpUBOAUT K CHUKEHUIO
CYMMapHbIX 3aTpaT, YTO CBf3aHO C YMeHbLIeHWeM TPAHCIOPTHBIX
BO3MOXKHOCTeH caMoJleTa, HeCMOTps Ha 3JKOHOMHIO 3aTpaT Ha
bYyHKIMOHUPOBaHKe asponopToB. [lojiyyeHHble BbIBOAbI MO3BOJISIOT
6oJsiee palMOHa/JIbHO IJIAHUPOBAaTh pPa3paboTKy MepcrneKTUBHbBIX
CaMOJIETOB M pa3BUTHe aBUATPAHCIOPTHOM cucteMbl MBJI.
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Evaluation of the effectiveness of new aviation equipment in
the air transport system of Russian local airlines

Egoshin S.F. (National Research Center “Zhukovsky Institute”,
Zhukovsky, Russia)

The relevance of the work is due to the need to solve the state task
specified in the "Transport Strategy of the Russian Federation for the
period up to 2030", i.e. to ensure the availability and quality of transport
services for the population, economic enterprises and public services in
relation to all types of transport, including local passenger transport.

The paper investigates the economic efficiency of the introduction
of new technical solutions and aircraft facilities designed to ensure the
transport connectivity of the territories of the Russian Federation by
means of the organization of local air lines.

The work is based on the methodology of system analysis. The
national transport system of local transportation, formed on the basis
of a single state subsidizing, is considered. As a target optimized
function, the total costs for the operation of this transport system are
selected under the conditions of the specified volumes of passenger
traffic and the specified restrictions.

The results of the work:

— itis shown that present organization of Russian local airlines does
not meet modern requirements for local transportation as
transport services provided;

— a methodology has been developed for evaluating the
effectiveness of the use of new aircraft and new technologies
based on the nonlinear task of optimizing the transport system of
local transportation, taking into account the restrictions on the
time of local travel, as introduced by the national standard;

— an algorithm for finding an approximate solution to a formulated
mathematical problem is proposed;

— on the basis of the considered methodology and the model-
methodical apparatus, an appropriate software package has been
developed;

— studies have been carried out for some new aircraft: L-410NG
aircraft, LMS-901 Baikal aircraft, the synthesis appearance of the
LMS aircraft, the L-410-based short take-off and landing aircraft
equipped with a distributed electric wing blowing unit, as well as
the Ansat helicopter.
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Calculations performed have shown that the use of new aircraft
(excluding the short take-off and landing aircraft) reduces the total
costs of the air transport system by 8-12%. At the same time, the use of
the short take-off and landing aircraft in the fleet does not lead to a
reduction in total costs, which is associated with a decrease of the
transport capabilities of this aircraft, despite the cost savings on the
operation of airports. The obtained conclusions make it possible to
more rationally plan the development of promising aircraft and the
development of the air transport system of Russian local airlines.

3.14. KpaBuuk T.H., leTkuH A.B.
MeToauka napaMmeTrpu3sanuu Mmatematuueckoui CAD moaenn
(MAH, 2. Mockea)

Ob6cyxaaeTca MeToJMKa NapaMeTpU3allMd MaTeMaTH4yeCKOU
CAD w™openu pjsa mocjeayoiled pa3paboTKU  yHpaBJsiollei
nporpammel (YII) B Siemens NX 2206, koTopasi 03BOJISIET B IIpoOLieCcCe
M3MeHeHud napametpudeckoit CAD Mozenu ajlanTUpPOBaTh He TOJIBKO
3D Mopesb, HO ¥ IEPeCTPOUTD YIIPABJIAIOILYIO TPOTPaMMY, TEM CaMbIM
3HAUUTEJBHO COKpalasg BpeMs Ha paspabotky VYII. IlpuMmeHeHune
MeTOAMKH NapaMeTpus3alUu Mojeseld MpoJeMOHCTPUPOBAHHO Ha
IpYMepe MMUTATOPOB JIONATOK 3X CTyneHeill. B pesynbTaTe ObLIN
paspaboTaHbl: napaMeTpudeckasd CAD Mogesnb UMUTaATOpa JIONATKY,
OCHaCcTKa JJid YCTAaHOBKWM U3Jenvs Ha cTaHke, YII ana 3-x
KoopAWHATHOU ¢pe3sepHo o6padboTku c YIIY, aBTOMaTUueckKu
M3MEHSI0LIAsACs /151 KaXK0M CTylleHU UMUTaTopa. bbls paspaboTaH u
YCHEHIHO BHEAPEH TEXHOJIOTUYECKUHM MpOLEecC U3TOTOBJIEHHUS
MMUTATOPOB, KOTOPBLIA 6a3upyeTcs Ha napaMeTpHUieckod Mozesu. B
JlokjJase cOOpMyJUPOBaHbl OCHOBHble IMOJIOKEHUsSI W IpaBUJa
IPOEKTUPOBAaHUs OJHOTHUIHBIX MoOJesell JJd  TNocjaeAyolend
Pa3paboTKU yHUBEPCAJbHbIX YIIPABAAOLMX IPOrPaMM [iJIsi CTAHKOB C
YI1y.

3.15. Kyapsasues C.B., Po3oBeHko B.M.
K Bonpocy o MeToanYeCKOM 06ecrie4yeHUM UCTIBITAHUI
KOCMHUYECKON TEXHUKU
(AO «HIIO J/lagoukuHay, 2. Xumku)

B xo/ie ucnbiTaHU# (aBTOHOMHBIX, KOMIIJIEKCHBIX) KOCMHUYECKOU
TexHuku (KT) ocyuiecTBisieTcss ouneHKa O60JBLIOTO KOJIMYECTBA
GYHKIIMOHAJbHBIX MapaMeTpOB, M03BOJIAOIUX OLIEHUTb
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COOTBETCTBUE  XapaKTEepPUCTUK HU3Jenus 3ajaHHbiM B TT3
Tpe6OBaAHHUSAM.

B kaudecTBe mokasaTeJsisi OLlEHKH COOTBETCTBUSI HCIHOJb3yeTCs
CTeNeHb WJIM yYPOBEHb peajM3alUd TEeXHUYEeCKOW XapaKTepPUCTHUKU
o6pasna (Ugy) Kak COOTHOIIEHHE:

BIl
Ugp @= —
BIT <= pnp
rje BII- ypoBeHb XapaKTepUCTUKU (peajM30BaHHBIA Ha

HCIbITAaHUSX);

BIlr - TeopeTUYeCKU [AOCTUKMMBIM ypOBEHb XapaKTEPUCTUKHU
[1].

PacyeT TeopeTU4ecKU LOCTHKUMOIO YPOBHS XapaKTepPUCTHKU
6a3upyeTcs Ha MOJeJMpPOBaHUA (MaTeMaTHYeCKOM, [OJYHATYPHOM)
npouecca ¢pyHKLMOHUpOBaHUsA obpa3na KT (MakeTra) uiu 3ajaeTcs
creqUaarMcTaMu (3KCIepTamu).

Jlis KoMIJIEKCHOW olleHKU cocTtosiHusl usgenus KT BBoguTcs
NOHSITUE YPOBHS BBINOJHEHUs] TPeOOBaHUM K U3Je/MI0 Ha 3Tale
VCIIBITaHUM, KOTOpPOE paCcCUUTHIBAETCA 10 COBOKYITHOCTH MOJIYy4YEeHHbIX

pe3y/IbTaTOB MCIbITAHUA Ha OCHOBe O00O0OIIEHHUS] XapaKTePUCTUK
MeTO/I0OM JIMHEHHOHN CBePTKU YaCTHBIX NI0Ka3aTeJsel.

Jluteparypa:

1. Tammeos A.}0., MockBuTesneB H.W., Tammeos: B.A. [lpuksiagnele
MeTO/ibl CPAaBHUTEJbHON OlLlEHKHM U 60eBble IOTEHI|HaJ/bl BOEHHOU
TexHuku // M.: 2000. C.159-167.

3.16. Kyapsasues C.B., Po3osenko B.M.
OuneHKa TeXHUYeCKOro ypoBHs usgenauil PKT Ha ocHOBe
TeOpUU HeYeTKUX MHOXKeCTB
(AO «HIIO J/lagoukuHay, 2. Xumku)

BaxHeluieil 3ajjaueit npu co3fgaHuu PKT saBiseTcs oleHka
TEXHUYECKOT0 YPOBHS U3/IeJIMi Ha pa3/IMYHBIX 3TAaNax UX )KU3HEHHOTO
[UKJ3, K KOTOPBbIM OTHOCSTCH HCCJe[0BaHUE, NPOEKTHPOBAHUE,
KOHCTPYMpPOBaHWEe, TPOU3BOJACTBO, WCHBbITAHHUSA, 3SKCIUIyaTaIHs.
HHTerpasbHbli NOKa3aTe b TexHUUeCcKOro ypoBHsA PKT onpegensiercs
COBOKYIHOCTBIO IT0Ka3aTeJsield TeEXHUYECKOT0 COBEPIIIEHCTBA HA OCHOBE
MHOTOKPUTEPUAJIbHBIX OI[€HOK.

C y4eToM OGLIENPHUHSTOrO MepeyHs NoKa3aTeJael TEXHUYECKOro
YPOBHS MPOAYKIUU MalIMHOCTPOEHHS u COBOKYIHOCTH
BO3/IEMCTBYIOIIMX YCJIOBUM C/Iy4allHOTO XapaKTepa OLleHKY COCTOSIHUS
U kayectBa u3jenuit PKT MoxHO OTHeCTHM K pacueTHOH 3ajjaue B
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YCJI0OBUSIX HEONIPEIEJEHHOCTH C UCI0JIb30BaHUEM MO/IX0/Aa U3 TEOPUHU
HEe4YETKUX MHOXecCTB [1].

B MeToauKe pacyeTa TeXHUYECKOro YypoBHsI ob6pa3sua PKT
COBOKYHNHOCTb ¢GakTopoB (MIPU3HAKOB), BJIUAKIIMX Ha  €ro
TeXHUYECKOe COCTOSIHME, pacCMaTpPHUBAETCsS B KayeCTBe HeYeTKUX
MHOeCTB. KauecTBeHHbIE TOKa3aTeH BbIPAXKAIOTCS B BU/ie 6a/IbHON
OIleHKH, MPOCTaBJIsAEMOH 3KCIepTaMy, C JaJIbHEHIITUM
npeicTaBjeHUeM B Bujie OQYHKUUNA OpUHAAIEKHOCTH. DYyHKIUU
NPUHAMJIEKHOCTH, MOJIyYeHHbIe MO0 Pa3HbIM IpyNnnaM IMoKasaTeseH,
CYMMUPYIOTCA 10 paBusaM JI. 3a/ie ¥ arperupyroTcs B OAWH YHCJI0BOU
MoKasaTeJb H3BeCTHbIMU MeTojgaMu Ybto-Ilapka, Yanra, [bxeliHa,
Jwoo6ya-Ilpaza.

[Ipu pacyeTax UHTErpaJbHOTrO MOKa3aTe s BaXKHEUIIIMM 3TANOM
HWCccaeqOBaHUN SIBJISIETCS Hax0XJeHHe OTHOCHTEeJbHOro Beca [IJs
KaXKJIOro IMOKasaTesisd KakK CpeJHEro apudMeTHYEeCKOro 3Ha4YeHHs
OI[eHOK 3KCIIEPTOB BKJIaZa KaXkZoro ¢pakTopa.

JlutepaTypa:
1. Kooman A. BBesieHHe B TeOpUI0 HeYeTKUX MHOecTB//M.:
1982, 432 c.

3.17. Kyumos A.B.
IlocTaHOBKa 3324y NapaMeTPUYeCKOro CHHTe3a
aJanTHUBHOM cucTeMbl UHGOPMAITUOHHO -
Te/IeMeTPHU4YeCKOro o6ecneyeHus 3ayCKOB
NepcneKTUBHBIX paKeT KOCMUYeCKOro Ha3HauYeHMs
(MAH, 2. Mockea, AO «IJHUHmaw», 2. Kopoaés)

B noksaze npezacraBsieHa GopMasn3alnysi OCHOBHbBIX IIPOLLECCOB
GYHKIMOHUPOBAHUS CUCTEMbl MHPOPMALMOHHO-TEJEeMETPUYECKOTO
o6ecrieyenusi (CUTO) 3amyckoB pakeT KOCMHYECKOr0 Ha3Ha4YeHHUs
(PKH), koTopast onuchIBaeT:

— Bx0/blI U Bbixo bl CUTO;

— cTtpyktypy CHUTO, BkJjOYawulyro cpejicTtBa OGOPTOBOH
vHbopMallMOHHO-TesieMeTpuieckolr  cucteMbl  (BUTC) wu
HaszeMHOro usMeputeabHoro komiaekca (HUK);

— uH)OpMalMOHHbIE NOTOKH B 3jieMeHTax CUTO;

— mnapameTpsbl asieMmeHTOB CUTO.

B pesysbTaTre ¢$OpMasM30BAaHHOTO ONHCAHUS OCHOBHBIX
npoueccoB pyHKIHnoHupoBanus CUTO onpeeseHsI:
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— mnapaMeTpbl, XapaKTepu3ywollyde CTeleHb [OCTMXKEeHUS Iesn
CUCTeMbl - TepeMeHHble TapaMeTpbl HHGOPMAIMOHHBIX
MOTOKOB B KaHaJax nepegayu TMU;

— BapbHpyeMble apaMeTphl CUTO - mapameTphl, ompe/eAgomue
IJIaH 33/lelICTBOBAaHUSA KaHa/IOB IepefiauyM, TeJeMeTpUYecKou
vHbopMaluU U nporpaMmy GopMHUPOBaHUS UHPOPMAI[MOHHBIX
notokoB CUTO;

— JONyCTHUMble Npe/ie/ibl U3MEHEHUs BApbUPYEMbIX TAPAMETPOB —
ONpeJlesIAITCA MapaMeTpaMu TexHuueckux cpefcts CUTO u
napaMeTpaMy PeXUMOB UX QYHKIMOHUPOBAHUS;

— ¢JyHKUMOHANbHbIE 3aBUCHMOCTH BapbHpPyEMbIX MAapaMeTPOB OT
BXO/ZIOB Y ITapaMeTpoB 3jeMeHToB CUTO;

— ¢QyHKUMOHA/NbHbIEe 3aBHCHMOCTH, OIMCBHIBAIOIIME BJUSIHUS
BapbUpyeMbIX IapaMeTpPOB Ha MapaMeTphl, ONpejesdrliue
CTeneHb JOCTUKEHHE L[eJIU CUCTEMBI.

— cucTeMa nokKasaTeJsen U KpUTepHUeB KayecTBa
dynkuronuposBanus CUTO.

B nmoknaze mpuBeleHO, YTO B KadyeCTBe KPUTEpHUSA KadecTBa
CUTO npuHaTo obecliedeHHWEe MHUHHUMAJbHONH amoCcTEpPUOPHOU
HeOoNpe/le/IeHHOCTH TeJieMeTprupyeMbIx mapaMeTpoB PKH Ha Bbixoze
CUTO npu orpaHM4eHUH Ha UHOPMALIMOHHYIO TPOU3BOJUTENbHOCTD
[0 pacnoJjiaraeMbIM pecypcaM NPOINYCKHOM CHOCOOHOCTH KaHaJIoB
nepeaadyu UHGoOpMaLMH.

®opmanuzauus npoueccoB ¢yHkuuonupoBaHuss CUTO sersa B
OCHOBY ITOCTaHOBKH 33/la41 IapaMeTpPUYEeCKOTO CUHTE3a aZlallTUBHOMN
CHUTO 3amyckoB, KOTOpast BHITJIAAUT CJIELYIONIAM 06pa30M:

— U3BECTHbl NapaMeTphl, XapaKTepu3ywolliye: TeJeMeTpUpyeMble
napametpsl PKH, BHUTC, HHUK, JopmaTel [JaHHBIX B
vHbopMalMOHHBIX ToTokax CUTO;

— HeobOX0AMMO ONpe/eNTUTh: 3Ha4YeHHs1 BAPbUPYEMbIX TAPAMETPOB
CHUTO, obecneunBaroIIMX BbINOJHEHUE KPUTEPUEB MTOKa3aTeJsel
kavectBa ¢pyHKIroHupoBaHusa CUTO.

Pewrenue pgaHHOW 33Zj@yM 3akiyaeTcs B GOPMHUPOBAHUH U
aHaJIM3e HWCXOAHBIX JaHHBIX TeJeMeTpupyeMblx napaMmeTpoB PKH,
NOTOKOB TejJeMeTpuyeckux coobueHuii B CHUTO, 6opToBbIX U
Ha3zeMHbIX TexHu4Yeckux cpeactB CUTO, Bo3aMyiaomux Bo34eiicTBUN
Ha asieMeHTbl CUTO; B ompejeseHUH KosimyecTBa MHbOpMALUU B
NOTOKe TeJeMeTPHUYEeCKUX COOOIeHUH, pachpe-/leJleHUd pPecypcoB
KaHa/JoB mnepesayn TMU Mexay Ha3eMHbBIMHM H3MepUTESbHBIMHU
NYHKTaMH, ONpeJieJieHUH MapaMeTpoB MpPo-rpaMMbl GOpMHUPOBAHUU
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MHGOPMALIMOHHBIX MOTOKOB; B OIleHKEe MOJIyUEHHBIX Pe3yJbTaTOB U
000CHOBAaHUH peKOMeHJallMil M0 co3jJaHuio agantuBHod CUTO
3anyckoB nepcrnekTuBHbIX PKH.

3.18. Bypsak 10.1,, IleTrpos A.B.
IIpuMeHeHre MeTO40B UMUTALMOHHOI'0 MOJe/IMPOBaHUs B
3a/iayax CHUHTe3a MHOTOYPOBHEBOM CHCTEMBI MaTepUaabHO-
TEXHUYECKOTo o6ecnedyeHUs IKCIUIyaTallMi aBUALlUOHHOM
TeXHUKHU
(MAH, 2. Mockea)

Bo3MoKHOCTL ~ obGecredeHus1  TpebyeMbIX  TOKasaTesel
3KCIUIyaTallMOHHOW TOTOBHOCTH BO3AyWHbIX cygoB (BC) mnpu
MUHUMMaJBbHBIX  3aTpaTax  ABJSAETCA  BaXHbIM  3JIEMEHTOM,
onpeJesALUM KOHKYPEHTOCIOCOOHOCTb aBUAllMOHHONW TEXHUKH Ha
MHUDPOBOM  pbIHKe. BesuMyrMHa  3KclJlyaTaMOHHBIX  3aTpaT
onpeJiesigeTc XapaKTepUCTUKAaMM KaK CaMoOro u3Jejus, Tak U
CUCTEMbl €ro TeXHUYEeCKOM 3KCIJIyaTallud, BKJOYawlleil B cebs
B3aMMOCBSI3aHHbIe CUCTEMbI TEXHUUECKOI'0 06CIY>KUBaHHS U peMOHTA
(TOuP) u ™maTepuasbHO-TexHUYecKoro ob6ecrnedeHus (MTO). Kakx
NOKa3bIBaeT MPAKTHUKA, B CTPYKTYype 3THUX 3aTpaT OCHOBHYIO pOJIb
urparloT 3atpaTbl Ha MTO, Bk/oyarouve B cebsa 3aTpaThl Ha
dbopMupoBaHUe U NoJJiepKaHKe CKJIAJCKUX 3allacoB 3aMacHbIX YacTel
BC, ux xpaHeHHe U TPAHCIOPTUPOBKY. BesinurHa 3atpat Ha MTO, B
CBOIO o4Yepejb, OmpeJeseTcd CTPYKTypoM M napaMeTpaMu
cooTBeTCcTByMOIIeH cucteMbl MTO, co3maBaemMol s obecriedyeHHUs
3KCIIyaTanuu onpefesieHHoro napka BC B 3azsanHOM pernone. Kak
NpaBUJIO, Takas cucrteMa ABJIAETCA MHOTOYPOBHEBOU
(s1IeJIOHMPOBAaHHOW) MW BKJIWOYaeT B cebs: CKJIaAbl 3aBoja-
M3rOTOBUTEJISA (PEMOHTHOTO NpPeANPUATHSA), perMOHaJbHble CKJAJBbI,
CKJIaZbl aBUakoMIaHui, oguHouHbld 3UIl u ap. c onpeseseHHBIMU
JIOTUCTUYECKMMH IOTOKaMM MeXJy HUMHU W BbIOPAHHBIMHU [JIS
Ka)k/J0r0 THIIa 3allacHBIX YacTel MOZe/IIMHU NIONOJIHEHHS 3al1acoB.

3aZayy ONTHMU3ALUU 06'bEMOB 3aMacHbIX YaCcTeM, B TOM YUCJIE B
MHOT0ypoBHeBbIX cucTeMax MTO, [oCcTaTOUHO XOPOLIO TPOPabOTaHbI
B paboTax OTeYeCTBEHHbIX W 3apyOeXHbIX yUEeHBbIX - pa3paboTaHbI
MaTeMaThuyeckne wMogend Metric u Vari-Metric [1], MeTozbl
ONTUMM3aALMU 3alacoB B OJUHOYHBIX U IPyNNoBbIX KoMIiekTax 3UII
[2,3]. B npuBesieHHBIX MOJe/IX U MeTOJAax MOTOK 3asBOK B CUCTEMY
MTO saBasieTcs npoctediinuM [lyacCOHOBCKUM, YTO CIpaBeAJUBO JIJis
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60JIbIINX U UHTEHCUBHO 3KCIIyaTHpyeMbix napkoB BC. Ilpu aTowm, B
CWJIy JAHHOTO JONyLleHUs, WCIOJb30BaHHWE YyKa3aHHBIX MeTOJ0B
HelleslecOO6pa3HO MNpHU CAeAYOLIMX YCJ0BHUAX: pa3Mep mnapka BC
HeOOJIbIION WM MeHSIeTC BO BpeMeHHM, apaMeTp NMOTOKa OTKa30B
COCTaBHBIX YaCTeH CylleCTBEHHO 3aBUCUT OT HApaboTKHU (HanpuMep, B
cuiy  ux  QU3UYECKOTO  HM3HOCA), NPUMEHSAKTCId  MeTO/bl
«KaHHU6anu3anuu» BC npu HeXBaTKe 3amacHbIX YacTel U mp.

B  pokaaze — paccMaTpuBaeTcsl  MeTOJ, — OINpejeJieHus
ONTUMaJbHbIX OGBHEMOB 3alaCHbIX YacTed Ha KaXKJOM YpOBHe
31e/JIOHUPOBaHHON cucTeMbl MTO, OCHOBaHHBIM Ha MMHUTALMOHHOM
MOJIeJINPDOBAaHUM  IIPOLIECCOB  BO3HUKHOBEHUMs  OTKaszoB  BC,
NOCTYIJIEHUSI COOTBETCTBYIOLIMX 3aABOK B cucreMy MTO wu wux
yAOBJIeTBOpeHHd. B paMkax MoJe/nnpoBaHHsl, B 3aBUCUMOCTH OT
Mogenu HajexHoctu BC U ero coctaBHbIX 4acTel, ¢opMUpyOTCA
HeCTalMOHapHbIe TOTOKHU 3asgBOK Ha pa3Hble YpoBHU cucTteMbl MTO u
noA6MparTcsl Takhue 06beMbl 3aN1aCOB Ha KaXX[JOM YPOBHE, KOTOpbIe
obecrneyuBalOT 3ajaHHble TpeGOBaHUS K YPOBHIO TOTOBHOCTH MpHU
MUHUMaJbHbIX 3aTpaTax. /[l onpefesneHuss 06beMOB 3amacoB
npeJJjiaraeTcs UCI0Jb30BaTh U3BECTHBIN [3] aIrOPUTM rpaiueHTHOrO
CIyCKa, B KOTOPOM Ha Ka)X/l0M ll1are yBeJiM4eHHe 3anaca KOHKpPeTHOI0
THUIIA 3alaCHBIX YacTel OCyLeCTBJISETCA 110 KPUTEPUIO «TOTOBHOCTb-
3aTpaTbl» M 3HayeHHe Ko3pduIMeHTa TOTOBHOCTH  3amaca
pacCYUTBIBAETCA N0 pe3yJibTaTaM MMUTALLMOHHOTO MOJleJIMPOBaHHUA.

[IpepsiaraeMblii NMOAXOJ, NO3BOJISAET He TOJBKO PacCYMUTATh
06'beMBI 3aMacOB /ISl HAYaJIbHOTO NepHuo/a 3KCIIyaTanuu napka BC,
HO U ONpeJie/IMTh HAaWIY4YIlyl0 CTpPaTeruio U3MeHeHUs MapaMeTpOB
cucteMbl MTO npu u3sMeHeHUM pa3Mepa NapKa U YBeJHUYEHUU €ero
HapaboTKH.

Jluteparypa:

1. Sherbrooke Craig C., Optimal Inventory Modeling of Systems.
Multi-Echelon Techniques. Boston: Kluwer Academic Publishers, 2004

2.Yepkecos I'.H. Ouenka HagexHocTU cucteM c ydyetoMm 3UII:
y4eb. nocobue. — CI16.: BXB-IleTep6ypr, 2012

3. lllypa-Bypa A.3., Tomonbckuit M.B. MeToapl opraHusaluy,
pacyeTa ¥ ONITUMU3AL MU KOMILJIEKTOB 3allaCHbBIX 3J1eMEHTOB CJI0XKHbBIX
TeXHUYEeCKUX cucteM. — M.: 3Hanue, 1981
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Application of simulation methods in problems of synthesis
of a multi-echelon inventory system for the operation of
aviation equipment

Buryak Y.1, Petrov A.V. (Moscow Aviation Institute)

The ability to provide the required level of operational availability
of aircraft at minimal cost is an important element determining the
competitiveness of aviation equipment on the world market. The
amount of operating costs is determined by the characteristics of both
the product itself and its maintenance support system, which includes
interconnected maintenance and repair system and inventory system
(INV). As practice shows, in the structure of these costs, the main role is
played by the costs of INV, which include the costs of forming and
maintaining stocks of spare parts of aircraft, their storage and
transportation. The amount of INV costs, in turn, is determined by the
structure and parameters of the corresponding IINV system created to
ensure the operation of a certain fleet of aircraft in a given region. As a
rule, such a system is multi-echelon and includes: warehouses of the
manufacturer (or repair center), regional warehouses, airline
warehouses, single spare parts, etc. with certain logistics flows between
them and replenishment models selected for each type of spare parts.

The tasks of optimizing the volume of spare parts, including in
multi-echelon INV systems, are well developed in the works of domestic
and foreign scientists - mathematical models Metric and Vari-Metric
have been developed [1], methods for optimizing stocks in single and
group sets of spare parts [2,3]. In the above models and methods, the
demand to the INV system is the simplest Poisson, which is true for large
and intensively operated aircraft fleets. At the same time, due to this
assumption, the use of these methods is impractical under the following
conditions: the size of the aircraft fleet is small or varies over time, the
MTBF of components significantly depends on the operating time (for
example, due to their physical wear), methods of "cannibalization" of
aircraft are used when there is a shortage of spare parts, etc.

The report discusses a method for determining the optimal
volumes of spare parts at each level of the echeloned INV system, based
on simulation modeling of the processes of aircraft failures, receipt of
relevant requests to the INV system and their fulfillment. As part of the
simulation, depending on the reliability model of the aircraft and its
components, non-stationary demand is formed for different levels of the
INV system and such volumes of spare parts are selected at each level
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that provide the specified requirements for the availability at minimal
cost. To determine the volume of stocks, it is proposed to use the well-
known [3] gradient descent algorithm, in which at each step an increase
in the stock of a specific type of spare parts is carried out according to
the "availability-costs" criterion and the value of the stock availability
coefficient is calculated based on the results of simulation modeling.

The proposed approach allows not only to calculate the volume of
stocks for the initial period of operation of the aircraft fleet, but also to
determine the best strategy for changing the parameters of the INV
system when changing the size of the fleet and increasing its operating
time.

Bibliography:

1. Sherbrooke Craig C., Optimal Inventory Modeling of Systems.
Multi-Echelon Techniques. Boston: Kluwer Academic Publishers, 2004

2. Cherkesov G.N. Evaluation of the reliability of systems taking
into account the spare parts: textbook. - St. Petersburg: BHV-
Petersburg, 2012

3. Shura-Bura A.E., Topolsky M.V. Methods of organization,
calculation and optimization of sets of spare elements of complex
technical systems. - Moscow: Znanie, 1981

3.19. Bypsk 10.1,, IleTpos A.B., Cuaopuyk C.B.
MeToAbI U IpOrpaMMHbIE CPEACTBA NOAAEP>KKH NPUHATHUSA
pelieHM# B IPOIecCcaXx TEXHUYECKOro 00C/1yKUBaHUA
ABUALMOHHOM TEXHUKU
(MAH, 2. Mockea)

OfHMM M3 mnyTedl MOBBIIIEHUS TEXHUYECKOH TIOTOBHOCTH
aBUALlMOHHOW TEeXHUKM Ha CTaJMU ee 3KCIUIyaTaluu sBJSETCSA
UCIO0JIb30BaHWE PA3/JIMYHbIX TEXHUYECKUX CUCTEM U CPEeJCTB,
NO3BOJISIIOLIMX CHU3UTh NPOJO/KUTENbHOCTh NMPOCTOEB BO3JAYLIHBIX
cynoB (BC) Ha nJIaHOBOM U HEIJIAHOBOM TEXHUYECKOM 00CTYKUBAaHUHU
(TO). Kak MpaBuUJIoO, K TaKUM cpeAcTBaM OTHOCAT
aBTOMAaTU3UPOBAaHHbIe BCTPOEHHbIE Y HA3EMHbIE CPeICTBA KOHTPOJIH,
JIMaTHOCTUKA W TNPOTHO3UPOBAHHSA TEXHUYECKOI'O0 COCTOSIHMS,
HeInocpe/ICTBEHHO COKpallaloliie BpeMs OTbICKaHUs HEUCIIPaBHOCTEMN
BC 3a cueT cbopa, 06pabOTKU U aHAIN3a IaHHBIX 60pTOBBIX cucTeM BC.
[Ipy 2TOM HeO6XOAMMO OTMETUTb, 4YTO B COOTBETCTBUU C
COBpEeMEeHHBbIMU cTaHAapTamMu [1,2] JaHHble O TEXHUYECKOM
coctossHuM BC u ero cocTaBHbIX 4YacTel, BKJIlOYas CBeJEHUS O
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HapaboTKe, BBbINOJHEHHbIX paboTaX, BbISBJEHHbIX OTKasaXx M
U3MEeHEeHUsAX B KOMIUIEKTALMH, XpaHATcA B ¢opMe 6a3bl JAaHHBIX,
Ha3bIBaeMOH 3JIEKTPOHHBIM JieJIoM u3Jenus. CBeleHHus O TEXHOJIOTUU
06C/IyKMBaHUs, OTBICKAHUA U yCTPaHEHUsl HEUCIPABHOCTEH, B CBOIO
ouyepe/ib, TOCTABJIAIOTCA B 3KCIUIyaTUPYIOLILYI0 OpraHru3anuio B popme
T.H. UHTEPAKTHUBHbBIX 3JIEKTPOHHbBIX TEXHUYECKUX PYKOBO/CTB (MITP)
[3], mo3BosiOIIMX He TOJIbKO MPEAOCTABJAATh O00CYKHUBAOIIEMY
[epcoHasly B peXHUMe peajbHOro BpeMeHU CBeJleHUs1 O MOopsjKe
BbINOJIHEHUS pa6oT mo TO, Ho U ¢dopmUpoBaTh 6a3y JaHHBIX O
JleFICTBUAX 3TOr0 IepCOHAJIa U pe3yJbTaTax 3TUX JelCTBUH.

B  poxnajze  paccMaTpuBalOTCA ~ MeTOABl  COBMECTHOIO
HCIIOJIb30BaHUs JIaHHBIX 3JIEKTPOHHOTO Jiesa usgenus (3/11) u U3TP
B  paMKax MHTerpHpoOBaHHOTO  IPOrpaMMHOTO  KOMILJIEKCa,
HalpaBJIeHHble Ha COKpallleHWe MPOAOJIKUTEJNbHOCTH IJIAHOBOTO M
HemstaHoBoro TO BC 3a cueT aHa/IMTUYECKOM 06PabOTKHU 3TUX JaHHbBIX
U TNOAJEPKKU MNPUHATHUS pelleHUH TexXHUYeCKMM MepCcoHaJoM IO
pe3yJibTaTaM aHaJn3a.

Takoii  moaxoJ, MO3BOJIAET, B  YacCTHOCTH, CHM3HUTh
IPOJO/KUTENBHOCTh HelslaHOBOro TO 3a c4eT KOPpPEeKTHUPOBKU B
peXXrMe peaJbHOIO BpeMeHH JIOTUYeCKMX CXeM OTbICKaHUA
HEUCHpaBHBIX 3JIEeMEHTOB, OCHOBAaHHOM Ha COBMECTHOM aHaJu3e
JIaHHBIX 0 TEKYIeM TeXHU4ecKoM cocTossHUU BC (xpanumbix B 3/I1U) u
HaKOIJIEHHBIX JAaHHBIX O pe3yJbTaTax AeMCTBUM NepcoHasa IpyU 3TOM
coctosinuu BC (xpanumbix B UITP). CHH>KeHUE NPOAOIKUTENbHOCTH
miaHoBoro TO MoXeT ObITh JAOCTHUIHYTO, B CBOK O4yepesb, 3a CYeT
aBTOMaTU3MpPOBAHHOI'0 MWCK/IOYEHUA U3 INepedyHs perJaMeHTHBIX
paboT OCMOTPOB M TNPOBEpPOK, BBLINOJHEHHBIX paHee B paMKax
npouesyp OTbICKaHUSI HEUCIIPAaBHOCTEH.

[IpegBapuTenbHblx aHaau3 6a3 pgaHHbix IV u UITP Ha
pacnpocTpaHeHHble Tunbl BC rpaxJaHCcKod aBHaLMU IOKasall
BO3MOXXHOCTb 3HAYUTEJbHOTO IMOBBILIEHWA YPOBHA TeXHUYECKOH
FOTOBHOCTHM 3a CYeT MNPUMEHEHUS IMpelJOKEeHHBIX MeTOJO0B, B
OCOGEHHOCTH [JJis1 KOMILJIEKCOB 6GOpTOBOro 006OpyZOBaHUS U
ABurartesieil. Bojiee TouHble oueHKH 3PpPEKTUBHOCTH NPHUMEHEHHUS
npeJJjoXKeHHbIX MeTOJOB U CpeACTB OyAyT BbINOJHEHbl Ha
NoC/JeAyIHX 3Tanax paboThl.

Jluteparypa:
1.TOCT P 53394-2017 HHTerpupoBaHHAs JIOTHCTUYECKAs
nojiep:kka. Tepmunbl U onpefienenus. — M.: CtangaptuHdopm, 2018.
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2.TOCT P 54089-2018 HWHTerpupoBaHHas JIOTUCTHUYECKas
NOJAJEepPKKa. JJIEKTPOHHOe Jesio usfenus. OCHOBHbIE MOJIOXKEHUS U
o61ue TpeboBaHus. — M.: Ctrangaptuadopm, 2018.

3.TOCT P 54088-2017 HWHTerpupoBaHHas JIOTUCTHYECKas
nojiJiep>KKa. IJKCIJIyaTallMOHHAash U pPEMOHTHAas JOKYMeEHTalus B
dbopMe HMHTEPAKTHUBHBIX 3JIEKTPOHHBIX TEXHUYECKUX PYKOBOJCTB.
OcHOBHbIE TIOJI0KEHUS U 061He TpeboBaHuUs. — M.: CTanaapTUHOOPM,
2018.

Methods and software tools for decision support in the
processes of maintenance of aviation equipment

Buryak Y.1, Petrov A.V., Sidorchuk S.V. (Moscow Aviation Institute)

One of the ways to improve the operational availability of aviation
equipment at the stage of its operation is the use of various technical
systems and means to reduce the duration of downtime of aircraft on
scheduled and unscheduled maintenance. As a rule, such means include
automated built-in and ground-based equipment of monitoring,
diagnostics and forecasting of technical condition, directly reducing the
time for finding aircraft malfunctions by collecting, processing and
analyzing data from on-board aircraft systems. At the same time, it
should be noted that in accordance with modern standards [1,2], data
on the technical condition of the aircraft and its components, including
information on operating time, work performed, detected failures and
changes in equipment, are stored in the form of a database called the
electronic logbook of the product. Information about the technology of
maintenance, fault detection and isolation, in turn, is supplied to the
operating organization in the form of so-called interactive electronic
technical manuals (IETM) [3], which allow not only to provide
maintenance personnel with real-time information about the procedure
for performing maintenance work, but also to form a database about the
actions of this personnel and the results of these actions.

The report discusses methods of sharing data of the electronic
logbook of the product (ELP) and IETM within the integrated software
package, aimed at reducing the duration of planned and unplanned
maintenance of the aircraft through analytical processing of this data
and decision support by technical personnel based on the results of the
analysis.

This approach allows, in particular, to reduce the duration of
unplanned maintenance due to real-time adjustments of logic diagrams
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for finding faulty elements, based on a joint analysis of data on the
current technical condition of the aircraft (stored in ELP) and
accumulated data on the results of personnel actions in this state of the
aircraft (stored in IETM). Reducing the duration of the planned
maintenance can be achieved, in turn, due to the automated exclusion
from the list of inspections and checks performed earlier as part of
troubleshooting procedures.

Preliminary analysis of ELP and IETM databases on common
types of civil aviation aircraft showed the possibility of a significant
increase in the level of operational availability through the use of the
proposed methods, especially for avionics and engines. More accurate
assessments of the effectiveness of the proposed methods and tools will
be carried out at subsequent stages of the work.

Bibliography:
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3.20. Kyapsasues M.C.
OpraHnsanoOHHO-IKOHOMHWYECKHUIl MeXxaHU3M 0T60pa
CMEe>KHUKOB NPOMBINLJIEHHO! KOoNepauyy KOHKYpPEeHTHBIMHA
Ccroco6amMu
(AO «PaduomexHuveckutl uUHCMUmMym umMeHu akademuka
A.JI. Munya», 2. Mockea)

OpraHv3aMOHHO-3KOHOMMWYeCKHUI MEeXaHU3M oTbopa
CMEXHHKOB Ha OCHOBE KOHKYPEHTHBIX CIIOCOO0B 3aKyNKH SIBJSETCS
BaXKHbIM UHCTPYMEHTOM /AJ151 POPMUPOBAHUSA FOJIOBHBIM HAYKOEMKUM
NPOMBIIIJIEHHBIM NpeAnpusTueM 3¢PeKTUBHOW Koolepauud s
BbIinosiHeHHA HUOKP no co3paHuio c102KHOH BbICOKOTEXHOJIOTUYHOMN
NPOAYKIMH.

B nessax nmoBbIlIeHUs 06beKTUBHOCTU OTOOpa pa3paboTIHUKOB
BbICOKOTEXHOJIOTUYHOW NPOMBILULJIEHHOW NPOAYKLMU Mpe/JaraeTcs
TPaJUIMOHHYI0 METO/0JIOTHI0 KOHKYPEHTHBIX 3aKYMNOK JONOJHHUTh
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BHeJIpEHUEM KPUTEPHEB UCIOJHEeHUs. KpuTepuu UCIOJHEHUS - 3TO
cbopMHUpOBaHHbIE 3JKCIEepTaMH M OIHMCAaHHblE B KOHKYPCHOH
JOKYMEHTAllMU B BU/JE€ CEMAaHTUKO-YHCJAO0BBIX LIKaJ MpaBUJia OLlEHKHU
COOTBETCTBUS 3as1BJIsIEMbIX KOHKYpPCaHTOM NokasaTeJsiei
Tpe6OBaHUAM  3akKazuuka. [  GopMHUpOBaHUS  KpPUTEpPHEB
HCIOJIHEHHUSI B KOHKYPCHOM  JIOKyMEHTallUM  NpPUMEHSIEeTCs
MeTOIUYEeCKUU NOIX0/1 U3 TEOPUM HeueTKux MHOxecTB JI. 3aze [1].
PaspaboTaHHbIH OpPraHU3alMOHHO-9KOHOMUYECKUA MeXaHU3M
MO3BOJISIET MCKJIKOYUTh CO CTOPOHbl KOHKYPCHOM KOMHCCUM
JIO6O6MpPOBaHWE U CyObEKTHBU3M, TaK KaK OIeHKa peWTHHra
NpeTeHJeHTa COCTOUT HCKJIOYUTENbHO B NMPOBEPKE JOCTOBEPHOCTH
npeACcTaBJeHHON UM B X0/le KOHKYPEeHTHOH MpoueAypbl HHGOpMaIu1

[2].

JxoHOMHYeCKHMI 3pdeKT OT BHeJpeHUs] Ha HayKOEMKOM
npeAnpUsiTAU paKeTHO-KOCMHUYeCKOH NPOMBILIJIEHHOCTH
NpeJJjoXKEHHOT0  OpraHM3allMOHHO-9KOHOMUYECKOI0  MeXaHU3Ma
paccuuTaH MO MeTOAUKe, U3J0KeHHOW B [3], ¥ 3akioyaeTcs B
CHMKeHUH 3aTtpaT Ha BbinoJHende HUOKP mno cpaBHeHuo
TpaAUuIlMOHHbIM TnoaxoaoM Ha 1,5-2% oT ob6uero ob6bema
KOHKYPEHTHBIX 3aKyIOK.
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3.KyapsaBues M.C. MeToauka OLEHKM 3SKOHOMUYECKOU
3QPeKTUBHOCTH 3aKyNOYHOU /[ieATeJbHOCTU IPOMBIIIJIEHHOTO
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3.21. PacckasoBa B.A.
Moaeu napaaiebHON 06PpaGOTKH AAHHBIX B 3ajadax
IJIAHUPOBAHM A NOTOKOBOI0 MPOU3BO/ACTBA U LEXOBOM
JIOTUCTUKH
(MAH, 2. Mockea)

B crucTremax THIa MOTOKOBOI'O MPOU3BO/CTBA MOXKHO BBIJIEJUTD
cleAylolliMe KJacchl 3ajady IJIaHUPOBAaHUSA M ONTHMM3alUU:
IpPOrHO3HOe rpaduKoBaHMWe, ONepaTHUBHOe TIpadUKOBaHHE U
JIOTUCTHKA MTOJBIXKHOI'0 COCTaBa. 3a/la4uM KaXK/JJ0T0 M3 IlepeyrCIeHHbIX
KJIaCCOB MOTYT OBITb aleKBaTHO ONMCAHbl JUCKPETHbBIMU MOJEeNSIMU
MaTeMaTHUYeCKOr0 MPOrpaMMUPOBAaHHUs, YTO MO3BOJISET MPUMEHUTH
IIMPOKUHM apceHasl MaTeMaTHYeCKHUX TeOPUH, TOAX0L0B U METO/A0B AJ1s
ux 3¢PeKTUBHOTO HCCIe/J0BaHUs U pelleHUsl. BaXKkHO OTMeTUTh, YTO
CUCTEMbl OrpaHUYEHUH [MPUKIALHOTO TNPOUCXOKIAEHUS 4acTo
OKa3bIBAlOTC HECOBMECTHBIMU MO psZy €CTeCTBEHHbIX NPUYMUH. B
3TOM CBfI3M 0COOYI0 aKTyaJbHOCTb NpUOOGpeTaeT HalpaBJeHUe
pa3paboTKU U peasr3alvu MeTOJUKH GOpMUPOBaHUSA MaKCUMaJIbHbIX
COBMECTHBIX MOJCHUCTEM B 3ajayax C NMPUOPUTETAMHU OrpaHUYEHUH.
[pu 3TOM nepCcrneKTHBHbIM npeJ/CcTaBseTCs N0JX0[
pPEeKOMeHJaTe/IbHOTO  XapakKTepa, [03BoJiOLUA  PopMUpPOBAThH
pelieHus 6e3 CyleCTBEHHON NOTepHU KauecTBa B YaCTU QpYHKLHMOHAJIA
3a/lauM U COTJIAaCHO YCTaHOBJIEHHBIM IPUOPUTETAM OTPaHUYEHUH.

Ha oTame peleHus 3ajayd onepaTUBHOIo rpaduKoBaHUS
IOTOKOBOI'O MPOMU3BOJACTBA BBICUIMM IPUOPUTETOM 006J1aal0T
OrpaHUYeHHs], CBsI3aHHble C HOPMATHUBHOH JJINTEJbHOCTbIO
06pabOTKHU KaXKJ0ro Tpe60BaHUs Ha COOTBETCTBYIOIHUX MalllkMHax. Ha
3Talle pellleHHs 3a/ja41 L1eX0BOW JIOTUCTUKHY OrPpaHUY€eHHs], CBSI3aHHbIE
C TepeMellleHHEM eJUHUI] MOJBUKHOTO COCTaBa, 00JIaal0T 6oJiee
BbICOKMM MPUOPUTETOM IO CPAaBHEHUID C OTPAaHUYEHHUSIMU Ha
XUMHAYECKUN COCTaB KaKJoro TpeboBaHUsA (APYyrUMH CJIOBaMH,
peryJaspHbli  060pOT eJWHMI, TOJBHKHOTO COCTaBa MeXAY
OTZeJEHUsIMU liexa HMeeT 0oJiee BBbICOKMH NPUOPUTET, 4YeM
XMUMHUYECKUH COCTaB KOHEYHOW NPOJAYKLHUH B 33jaye CMelleHUs).
TakuM o06pa3oM, BO3HMKaeT 3aJjaya pa3pabOTKU OpPUTHMHAJIbHOU
MeTOAMKH GOPMHUPOBAHHS MAaKCUMaJIbHbIX COBMECTHBIX MOJCUCTEM B
MoOJe/X LEeJOYHUCJIEHHOTO JIMHEWHOTO MPOrpaMMHPOBAHHUSA C
NpPHUOPUTETAMU OTPAHUYEHHU.

Jnist 3TUX Lesed mpepJsaraetcs pa3paboTKa BCIIOMOraTesbHbIX
MoJeJiel, B KOTOpPOU MoJuprKaLK NOABEPraloTcs nesaeBas QyHKLUA
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M JieBasg 4YacTb OrpaHUYeHUH. Takod NOAXO0J BJIeYET pelleHue
HCXOJHOW 3a/la4yM JaXe B C/y4yae ee M3Ha4aJIbHOM HECOBMECTHOCTH,
rZie HapylleHUue OrpaHUYeHUU KMeeT INPHUOPUTETHBIA XapakKTep HU
TaKMM 00pa3oM He BHOCHUT CYIIeCTBEHHOTO BKJIaJla B KauyecTBO
dyHkuMoHasa. [Ipy 3TOM BMeLaTeNbCTBO UCK/IIOUYUTENBHO B JIEBYIO
4acTb OrpaHMYEeHUH KpoMe TOro, YTO IO03BOJISIeT INPeO0JeBaTh
TYNHUKOBble CUTyallUd CcaMoOro IIpoliecca pelleHUs  3aJauyly,
OPUEHTHUPOBAHO TaKXe U Ha BbIsIBJIEHHE NPOTUBOPEUYU B UCXOJHBIX
JaHHBIX M  HOpPMaTUBHO-COpaBOYHOM HHopmauuu. Crnenyert
OTMEeTUTb, 4YTO  I[IOCJeJHee  OOCTOATENbCTBO  OKa3blBAeTCS
IPaKTHYeCKHU He paspeliNMbIM B PYYHOM peKUMe.

Models of parallel data processing in problems of flow
production planning and shop logistics

Rasskazova V. A. (Moscow Aviation Institute)

In flow production systems, the following classes of planning and
optimization problems can be distinguished: predictive scheduling,
operational scheduling, and mobile fleet logistics. The problems of each
of these classes can be adequately described by discrete models of
mathematical programming, which allows for a wide range of
mathematical theories, approaches, and methods to be applied for their
effective research and solution. It is important to note that application-
specific constraint systems often turn out to be infeasible for several
natural reasons. In this regard, the development and implementation of
a methodology for forming maximum feasible subsystems in priority
constraint problems becomes particularly relevant. In this context, a
recommendation-based approach that allows for forming solutions
without significantloss of quality in terms of the problem's functionality
and in accordance with the established priority constraints is
promising.

During the operational scheduling stage of flow production,
constraints related to the standard processing time of each requirement
on the respective machines have the highest priority. During the shop
floor logistics problem solving stage, constraints related to the
movement of mobile fleet units have a higher priority compared to
constraints on the chemical composition of each requirement (in other
words, the regular turnover of mobile fleet units between departments
in the shop has a higher priority than the chemical composition of the
final product in the mixing problem). Thus, the problem arises to
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develop an original methodology for forming maximum feasible
subsystems in models of integer linear programming with priority
constraints.

To achieve these goals, the development of auxiliary models is
proposed, in which modifications are made to the objective function and
the left-hand side of constraints. Such an approach leads to the solution
of the original problem even in cases of its initial infeasibility, where
priority violations of constraints do not significantly affect the quality of
the functional. In addition to overcoming deadlock situations in the
problem-solving process, intervention in the left-hand side of
constraints is also aimed at identifying contradictions in the source data
and normative-reference information. It should be noted that the latter
circumstance is practically unsolvable in manual mode.

3.22. TpumuH A.A.
Hcnosib30BaHMe Pa3/IMYHBIX JUCNIETYEPCKUX KIMEHTOB
(my/1bTOB), KaK COCO6 MOMyJ/IIPU3ALUH aBHALMOHHOHA
oTpacju B Poccun
(MAH, 2. Mockea)

B HacTodlee BpeMs aBUANpPOMBILIJIEHHOCTb HAxXOAUTCA Ha
CTaguu nojbéma. B ycioBHUSX pocTa MHTEHCUBHOCTH BO3JYILIHOTO
nBwkenus (B/l) Bo3HuKaeT 3aj/jada obGecrieyeHUs] G€30MACHOCTU U
3pPeKTUBHOCTH BBINOJHEHHUSI TMOJIeTOB. BCcé 3TO BO3MOXKHO
peann30BaTh Ha Pa3/IMYHbIX M1aTdOpMax, Kak OTe4eCTBEHHOTO, TaK U
3apy6eXHOTO MpOU3BOACTBA. Ha [JaHHBIE MOMEHT He TOJIbKO
CHEeLMaJUCThl MOTYT MOJIeIMPOBAaTh JIBM)KEHHWE BO3AYLIHbBIX CYL0B, HO
M OObIYHBIE IMOJb30BATEJM MOTYT OLEHUTb 3arpyeHHOCTb
a3pONOPTOB, @ TAKXKE CAMOCTOATE/IbHO U3YUYUTh UX CTPYKTYPY.

B [dokyaZe paccMaTpUBAlOTCS pas/dyHble JUCIETYEpPCKHUE
KJWEHThl, HaxoAsluecs B OTKpbIToM Joctyne (IVAC, Aurora).
Biarozaps BO3MOXXHOCTSIM JIaHHBIX IPOTPaMM, JitoOOH M0Jb30BaTe /b
[IK uMeeT BO3MOXKHOCTb NOPAGOTATh C peaJibHbIMU a3pONopTaMH, UX
CcXeMaMHy, MOTPy3UThCsl B paboTy aBHajucneTyepa. B fanbHeleM y
HUX NOSIBJISIETCS] MOTHUBALMS IOWTH B aBUAIIPOMBIIIJIEHHOCTD. B TakoM
caydae no mpodeccuu OyAyT paboTaTh 60Jiee 3aMHTEpPECOBAHHbIE
JIIOZIY, YTO MOJIOXKUTENBHO CKaXKeTCA Ha KayeCTBax ClenyaaucTa.

B poknage mnpeacTaB/ieHbl YCTPOUCTBA W NIpPaKTUYECKOE
NpUMeHeHHe KJIWEHTOB, a TaKXKe TeopeTHdeckass 6a3a, Ha OCHOBe
KOTOPBIX 3TH KJIUEHTbl QYHKIIMOHUPYIOT.
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4.1. Yennokxos l0.H., Mos1oaeHnkoB A.B., /lornnos M.10.
AHanuTHYecKoe KBa3uoNTUMaJlbHOE GUKBATEPHUOHHOE
pelleHHUe 3aJa4y IPOrPpaMMHOI0 yIIpaBJaeHUs
NMPOCTPAHCTBEHHbIM ABMKEHHMEM KOCMUYECKOr0 annapara
(UIITMY PAH, 2. Capamog)

B [okjaze M3/10)keHO IOJy4eHHOe HAaMHM aHaJMTHYeCKoe
pellleHHe 33Ja4M NMOCTPOEHHUs] KBA3WONTHMAJIbHOTO IPOTPaMMHOIO
yIpaBJeHUs1  NpPOCTPAHCTBEHHBIM  JBMKEHHMEM  KOCMHYECKOIo
annapata (KA) npou3BoJbHOM JAMHAMHU4YeCKOW KOHQHUIypalUu B
MHEepLHaJTbHON CcHCTeMe KOOPAMHAT C UCIO0JIb30BaHUEM JAyaJbHbIX
napameTpoB OJiyiepa (Poapura-IamusbToHa) MU OGUKBATEPHHUOHOB
Knudodopaa (myanbHbIX KBATEPHUOHOB).

Jna pemeHusa 3aZjadd MCHOJIb30BaHa MpeJJIOKeHHasd HaMH
HOBasl MoJieJib NMPOCTPAaHCTBeHHOro JBmxeHus KA, cocrosmas us
nrddepeHnMabHBIX YPaBHEHUH /11 ya/IbHbIX TapaMeTpoB Jitsiepa
U JyalpHbIX CcKopocTe KA, a Takke U3 [AUMHaMHUYeCKHUX
ajqre6paMyeckKUx COOTHOIIEHUH 1  (POpMHUPOBaHHS BEKTOPOB
yOpaBJ/silolllell CWUJbl W yOpaB/swollero MoMeHTa. /JlyaJbHble
napaMeTpbl Jijiepa XapaKTepU3YIOT OPUEHTALUIO U MECTOTIOJI0KEHNE
KA B wvHepuuanbHOM cucTeMe KoopauHaT. OHU ABAAKOTCA
KOMIIOHEHTaMH OGUKBaTepHHUOHA Knuddopaa KOHEYHOTO
nepemeltenuda KA. JlyasnbHble ckopocTy KA 4BIAI0TCA KOMILJIEKCHBIMU
KOMIIO3UIMSIMU NPOEKUUN YIJI0BOW U JIMHEHHOU ckopocTted KA.
Ucnonb3yeMasa [ oONMCAaHUSA INPOCTPAHCTBEHHOTO JIBUXKEHMUA
KoMILIeKCHOCTb Kninddopaa ob61azjaeT cBOMCTBOM paBeHCTBA HYJIIO €€
KBajpara.

KpaeBbie ycioBUSA MO yrJIOBOMY U JIMHEMHOMY NoJioXKeHUsIM KA
B HMHepLHaJbHOM IPOCTPAaHCTBE U IO €ro YrJoBOW W JIMHEHHOU
CKOpPOCTSIM MPOU3BOJIbHBI, JlyajibHble yOpaBjieHUs (AyaJsibHble
KOMIIO3ULIMH IPOEKIMH Ha 00'beKTOBbIE KOOPUHATHBIE OCH BEKTOPOB
yIJI0OBOTO UM JIMHEHMHOIO YCKOpPEeHWH) He orpaHudeHbl. Bpewms
ynpaB/jeHUs  3apUKCUpOBaHO.  MHUHHUMU3WpYyeTCd  JyasbHbIH
HMHTerpaJbHbIU KBaJpaTUYHbIA QYHKIMOHA/ KayecTBa B OTHOLLIEHUHU
B3aMMOCBSI3aHHOTO  yIpaBJIeHUs] YTIJOBBIM (BpallaTeJbHbIM) U
nocTynatesbHbIM (OpOUTaNbHBIM) ABMKeHUsMH KA, T.e. pemieHa
3aaya NpOrpaMMHOTO MPOCTPAHCTBEHHOIO nepeMenieHus
(MmaneBpupoBanusi) KA, onTUMajsbHOrO B CMbICJEe MHHUMyMa
3HepreTUYeCcKUX 3aTpar Ha ynpasyeHue KA.
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fBHOe aHa/MTHYecKoe pellleHMe [OJy4YeHO B  KJjlacce
06001 eHHBIX AyaJbHbIX KOHUYECKHUX JBWXEHUH C HCIO0Jb30BaHUEM
MeTo/ia pelleHHs 06paTHBIX 3a/ia4 JMHAMUKH M IPUHLMIIA MaKCUMyMa
[lonTpsaAruHa. HaizieHbl oNnTHUMasibHble NapaMeTpbl 0006LIEHHOI0
BUHTOBOI'O KOHMYeCKOro JABMXeHUs KA M coOTBeTCTBywIlIHE WM
NporpaMMHble ONTUMaJbHble YIJIOBble W JIMHEHHble CKOPOCTH U
yckopeHus KA.

Pemenne  mnocTpoeHO € UCNOJIb30BaHMEM  NpUHLMINA
nepeHeceHnuss KorenbHukoBa-llltyau. IlosydyeH kBasnMONTHMaJsbHbIN
OUKBAaTEepPHUOHHBIN aJITOPUTM IIPOrPaMMHOTO yIpaBJieHUs
IPOCTPAHCTBEHHBIM JBMeHUeM KA. JTOT a/ropuTM NOCTPOEH Ha
OCHOBe 00001eHUsl paHee moJjydyeHHoro CamyHKOBBIM U
MoJsioleHKOBBIM NPUOJIMKEHHOTO aHAJIMTUYECKOT0 KBATEPHUOHHOIO
pelleHUs  3aZa4d  ONTUMAJbHOIO B  CMbICJe  MHUHHUMyMa
JHepreTUYeCKUX 3aTpaT pasBopora KA 1pu NpOU3BOJIBHBIX
IPAaHUYHBIX YCJAOBUSAX 10 YIJIOBOMY IOJIOKEHUIO U YTJIOBOM CKOPOCTH
KA.

[IpoBegenHoe MOJleJIMpOBaHHe KBa3WONTUMaJIbHOIO
IPOCTPAHCTBEHHOT0 MaHeBpHUpoBaHUsA KA B MHepLMa/IbHOM cHCTeMe
KOOpJHMHAT C IOMOLbIO0 IPeJJIOKEHHbIX OMKBaTePHUOHHBIX MOJesel
UM JyaJbHbIX 3aKOHOB YyIIpaBJeHHUs TMoKas3aiu 3PPeKTUBHOCTb
npesJIoKeHHOT0 MeToAa ynpaBJieHUsA NPOCTPAHCTBEHHBIM
ABmxeHueM KA.

Analytical quasi-optimal biquaternion solution of the
problem of program control of spacecraft spatial motion

Chelnokov Yu.N., Molodenkov A.V., Loginov M.Yu. (IPMC RAS,
Saratov, Russia)

The paper presents our analytical solution to the problem of
constructing a quasi-optimal program control of the spacecraft (SC)
spatial motion of an arbitrary dynamic configuration in an inertial
coordinate system using dual Euler (Rodrigues-Hamilton) parameters
and Clifford biquaternions (dual quaternions).

To solve the problem, we used a new model of spacecraft motion
proposed by us, which consists of differential equations for the dual
Euler parameters and dual velocities of the spacecraft, as well as
dynamic algebraic relations for the formation of the vectors of the
control force and of the control moment. The dual Euler parameters
characterize the orientation and location of the spacecraft in the inertial

102



baaaucmuka, JduHamuka nosema uynpaesieHue

coordinate system. They are components of the Clifford biquaternion of
the finite displacement of the spacecraft. The dual velocities of the
spacecraft are complex compositions of the projections of the angular
and linear velocities of the spacecraft. The Clifford complexity used to
describe spatial motion has the property that its square is equal to zero.

The boundary conditions for the angular and linear positions of
the spacecraft in inertial space and for its angular and linear velocities
are arbitrary, dual controls (dual compositions of projections of the
angular and linear acceleration vectors onto the object coordinate axes)
are not limited. The time of control is fixed. The dual integral quadratic
performance functional is minimized with respect to the interconnected
control of the angular (rotational) and translational (orbital)
movements of the spacecraft, i.e. the problem of program spatial
movement (maneuvering) of the spacecraft is solved, which is optimal
in the sense of the minimum energy costs for controlling the spacecraft.

An explicit analytical solution is obtained in the class of
generalized dual conic motions using the method of solving inverse
problems of dynamics and the Pontryagin maximum principle. The
optimal parameters of the generalized helical conical motion of the
spacecraft and the corresponding programmed optimal angular and
linear velocities and accelerations of the spacecraft are found.

The solution is constructed using the Kotelnikov-Study transfer
principle. A quasi-optimal biquaternion algorithm for program control
of spacecraft motion has been obtained. This algorithm is based on a
generalization of the approximate analytical solution previously
obtained by Sapunkov and Molodenkov for the quaternion problem of
optimal (in the sense of minimum energy costs) turn of the spacecraft
under arbitrary boundary conditions in terms of the angular position
and angular velocity of the spacecraft.

The simulation of the quasi-optimal spacecraft maneuvering in
the inertial coordinate system using the proposed biquaternion models
and dual control laws showed the effectiveness of the proposed method
for controlling the spacecraft motion.
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4.2. CesmuH A.U., Typkun U.K.
IocnepoBaTe/IbHOCT GOPMUPOBAHUA 0GIUKA
6eCnU/I0OTHOrO JleTaTe/IbHOrO anmnapara paéoTawiiero B

COCTaBe rpynnbl NPU BbINOJTHEHUH ONleparyii
(MAH, 2. Mockea)

[lepcieKTHBHBIM HalpaBJeHUEM B TaKTHKe IPUMeHeHUs
OeCnUJIOTHBIX JieTaTeJbHbIX anmapatoB (BIIJIA) cnenwasbHOrO
Ha3Ha4yeHUs ABJSAeTCA UX 00'be/JUHEHNE B TPYIIbI UM B POHL.

B Hamu AHU BOOpY)KeHHbIE CHUJIbl OOJIBIIMHCTBA TOCYAApCTB
BeJlyT pPa3pabOTKU U UCHBITAaHUSA B 06/1aCTH IPYNINOBOro NpUMeHEeHUs
BIIJIA. Hacrosimasi TakTHKa MO3BOJUT 3$PEeKTHUBHO MCIOJIb30BaTh
60JIblII0e KOJUYECTBO Pa3JIMYHbIX TUIIOB 6eCIMUIOTHBIX JieTaTeJbHbIX
anmnapaToB COBMecTHO. PaspabaTbiBaeMasi TaKTHKa CUYUTAETCs
NepCcleKTUBHOM W B OJiKailllee BpeMsi MO3BOJUT 3(PpPeKTUBHO
noJsiyyaTb MHGOpPMALMIO U NMPOBOJUTH ONEepallMM C MUHUMaJbHBIMU
MaTepHUaJbHBIMU 3aTpaTaMHu.

[TocTaHOBKeE 3aJauu dbopmupoBaHus 06Js1MKa KaK
KOHLENTYa/IbHOW XapaKTepHUCTUKHU anmnapara NpejliecTByeT aHaJN3
cueHapueB mnpuMeHeHuda rpynmnel BIIJIA. B kayecTBe oCHOBHOro
CleHapusi TNpUMEHeHHUs pPACCMOTPEHO IopaXKeHHe IJIOIAJHbIX
HaseMHbIX U HaJABOJHBIX LieJlell — TakKUX KaK a’spoApoMbl, MecTa
pacnosioxkeHus 3PK, »krBasi cusia NpOoTUBHUKA, pa3JIMuHble KOpabJiy, B
YaCTHOCTH B3JIETHO-IIOCA/L04YHble [Tal1yobl aBUaHocLeB [1].

B kayecTBe CpeACTB TPaHCHOPTUPOBAHUS PaCCMOTPUM
CYXOIyTHBbIE U BOJIHble HOcHUTeJH. [IpesiesibHble rabapUTHbIE pa3Mephl
onpejeJisgeM UCXO/A U3 KOJMYeCTBa alllapaToB U rabapUTOB CPe/CTB
TPaHCIIOPTUPOBAHHUS.

OnpezesiMB OCHOBHbIE TPEOOBAHHS K JAHHOMY THUIY allllapaToB
nepenieM K GOpMUPOBAHUIO BHENTHETO 00JIMKA U3/IEJUS.

3ajmava nmpoekTupoBaHusd JIA, paboTamINEro B COCTaBe rPyIIIb,
Kak u Jwob6oro JIA, peanusymooliero aspoJAMHaMUYeCKUH NPUHLUI
1oJ1eTa, CBOAUTCA K ONpeJie/IeHHIO IPOeKTHbIX IapaMeTpPOB, KOTOpbIe
XapaKTepHU3yloT JI060M MPOEeKTUPYEMbIN caMOJIeT KakK JieTaTeJlbHbIN
anmnapar TshKeJlee BO3/yxXa, CIOCOOHBIM JieTaTb B OINpeZie/leHHOM
JMana3oHe BbICOT U CKOPOCTEH, coBepuiaTb MaHeBpbl. OCHOBHbIE U3
3TUX COOTHOLUEHWW: ypaBHEHHWE BecOBOro 6asiaHCa, ypaBHEHHeE
3HepreTU4eckKoro 6GajsaHca M ypaBHEHHE YCTOUYUBOCTH H
6asancupoBkH JIA. YcioBue Qu3nyueckod peasn3yeMOoCTH CaMoJieTa
€CTb YJIOBJIETBOpPEHHE BbIIIENPUBEJEHHBIM TPEOOBAHUSAM C YIETOM
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HaKJ/JaJbIBaeMbIX OrpaHUYEHMH KaK Ha MapaMeTpbl, TaK W Ha
XapaKTepUCTHUKU [2].

B CcBs3UM € 0COGEHHOCTAMH HPUMEHEHHs JAaHHBbIX aNNapaToB
UMEITCS KECTKHEe OTpaHWYeHHUs 10 TPAHCIOPTHBIM rabapurTam,
BpeMeHH pa3BepThIBaHHS, CINOCOO0AX HaBUTalldd W CTOUMOCTH.
BciieicTBHE 3THUX OCOOEHHOCTEW BbINIEYIIOMSHYTbIE YpaBHEHUS B
TPaAMIIMOHHOM BHJle He TNPUMEHUMbl [JI1 pelleHUus 3aJadu
IPOEKTHUPOBAHUS paccMaTprUBaeMoro Tuna JIA u Tpe6yoT U3MeHEeHHUs.

Ha cTagusix 3CKM3HOTO M TEXHHUYECKOTO MPOEKTOB MpH
IPOEKTUPOBAHUM alNapaTOB HEO6XOAMMO MPOBECTU pPACYETHOE H
3KCIIepUMEHTA/IbHOE TOJATBEpPXKJEHWEe BO3MOXKHOCTH IycKa W3
3aJJaHHOr0 TPAHCIOPTHO-MYCKOBOTO KOHTeHHepa, MPOBECTH OLEHKY
YCTOMYUBOCTH U YIPABJISAEMOCTH H3JeJds, pa3paboTaTb MO/ieJb
JVUHAMHWKU ABWXKeHUs anmnapata. [losydeHue mapaMeTphbl JUHAMUKU
UCMOJIb3YIOTCA Il TIPOEKTUPOBAHUS  CUCTEMbl  yIpaBJEHUA
anmnapaToM.

JlutepaTypa:

1. Ceniun AWM., Typkun UK. [Ipo6sembl popMupoBaHUsl 06/1MKa
6eCcnUJIOTHOTO JleTaTeJbHOr0 anmnapara paboTawllero B COCTaBe
rpyInbl NOpPU BbINOJAHEHUMH onepauuid / CHUCTEMHBIM aHa/lu3 U
ynpasJyieHue. XXV Mex/yHapoJHasi Hay4yHasl KOHpepeHIUs: Te3UChl
JIOK/Ia/loB. MOCKOBCKUN aBHALlMOHHBIA MHCTUTYT (HaLlMOHAJIbHBIN
vccaesioBaTeNbCckud  yHuBepcutet), AHO IO  «Kocmoc -
ob6pasoBaHue». MockBa, 2021. - C. 112-115.

2. Masnble GecnuJIOTHBIE JeTaTesbHble allapaTbl: TEOPUS U
npaktvka. Panpman VY. buapg, Tumoru VY. MaxkJ/IaiH. Mocksa:
TEXHOC®EPA, 2015.

The sequence of formation of the appearance of an
unmanned aerial vehicle operating as part of a group when
performing operations.

Selin A.L, Turkin LK. (Moscow Aviation Institute)

A promising direction in the tactics of using special-purpose
unmanned aerial vehicles (UAVs) is their combination into groups or
«swarms».

Nowadays, the armed forces of most states develop and field test
the use of UAVs groups (UAV Swarm). This tactic will make it possible
to effectively use a large number of different types of unmanned aerial
vehicles together. Such tactics is considered promising and in the near
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future will make it possible to effectively receive information and
conduct operations with minimal material cost.

The formulation of the problem of the shaping as a conceptual
characteristic of the apparatus is preceded by an analysis of the
scenarios for the use of UAVs groups. The destruction of areal ground
and naval targets is considered as the main application scenario -
airfields, air defense missile systems, enemy manpower, ships and the
landing decks of aircraft carriers in particular (1).

As means of transportation, consider land and water carriers. The
maximum overall dimensions are determined based on the number of
devices and the dimensions of the means of transportation.

Having determined the basic requirements for this type of
apparatus, let's move on to the formation of the external appearance of
the product.

The task of designing an aircraft operating as part of a group, as
well as any aircraft that implements the aerodynamic principle of flight,
is reduced to determining the design parameters that characterize any
designed aircraft as an aircraft heavier than air, capable of flying in a
certain range of altitudes and speeds, performing maneuvers. The main
of these relationships are: the weight balance equation, the energy
balance equation, and the aircraft stability and balancing equation. The
condition for the physical feasibility of an aircraft is the satisfaction of
the above requirements, taking into account the imposed restrictions on
both parameters and characteristics [2].

Due to the peculiarities of the use of these devices, there are
severe restrictions on transport dimensions, deployment time,
navigation methods and cost. Due to these features, the above-
mentioned equations in the traditional form are not applicable to
solving the problem of designing the type of aircraft under
consideration and require changes.

At the stages of draft and technical designs, when designing
vehicles, it is necessary to carry out computational and experimental
confirmation of the possibility of launching from a given transport and
launch container, assess the stability and controllability of the product,
and develop a model of the vehicle’s motion dynamics. Obtaining
dynamics parameters are used to design the vehicle control system.

Bibliography:

1. Selin A.L,, Turkin LK. Problems of forming the appearance of an
unmanned aerial vehicle operating as part of a group when performing
operations / System analysis and management. XXV international
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scientific conference: abstracts. Moscow Aviation Institute (National
Research University), ANO DPO "Space - Education". Moscow, 2021. - S.
112-115.

2. Small unmanned aerial vehicles: theory and practice. Randal W.
Beard, Timothy W. McLain. Moscow: TECHNOSPHERE, 2015.

4.3. I0H CoH Yk, IleTyxoB B.I'.(2)
CKBO3Has ONTUMM3aLUA MeKIJIAHETHBIX TPAeKTOPHH
KOCMHUYECKHUX aNMapaToB C KOHEYHOU TAToM
(1-MAH, 2-HUH [IM3 MAH, 2. Mocksa)
*HccaedosaHue 8binosiHeHo 3a cuem epanma Pocculickozo
Hay4yHozo poHda Ne 22-19-00329, https://rscf.ru/project/22-19-
00329/.

B [pgaHHOW paboTe paccMaTpUBaeTCsl MeTOJ CKBO3HOU
ONTHUMM3ALMHU MEXIJIaHETHBIX TPAEKTOPUHU NepesieTa KOCMUYECKOTO
annapaTta (KA) c fBuraTeseM KOHEYHOU TATH C OKOJIO3EMHOM OPOUTHI
Ha OpOUTHI BOKPYT APYTUX IJIaHET B paMKax 3deMepuJHOHN 3aJadyu
4eThIPEX TeJl, BK/Iovarlei: CoyiHle, 3eMJII0, IIJIaHeTy Ha3Ha4YeHUs U
KA. TpaguliMoHHO Hcc/e/loBaHUEe MeXIJIaHETHbIX TpaeKTopuil KA ¢
KOHEYHOH TArOM COCTOMT W3 ONTUMHU3ALUU TeJIMOLEeHTPUYECKOH
TpaeKTOpUM  MeXJy [JByMA IUJIaHETaMHW B  HBIOTOHOBCKOM
rpaBUTALMOHHOM II0JIE UM pacyéTe OKOJIOMJAHETHBIX Y4acTKOB. B
paMkax MeToJa rpaBucep Hy/eBOW NPOTSIKEHHOCTH NPHU OTJIETE OT
3eMJIM C KOHEYHOW TATOM MCHOJIb3yeTCHd pacKpyTKa [0 JOCTHXKeHHUS
napaboJin4ecKod CKOPOCTH. Y [IJlaHeThl Ha3HAaYeHHs pacCMaTpHUBaeTCs
aHaJOTM4YHaa 3ajadya CKpPYTKU. llpy 3TOM TOYHAsd CTBIKOBKA
OKOJIOIIJIAHETHBIX y4acTKOB C reJIMOLEeHTPUYECKUM He
npeJnoJiaraeTcs, ¥ HayaJlbHble BEKTOPHI N0JIOKeHNUA U ckopocTu KA
Ha TeJUOLEHTPUYECKOr0 TPEKTOPUMU COBHAJAOT C BEKTOPaMH
MOJIOKEHUS UM CKOPOCTH 3eMJIM B MOMEHT OTJ/IETa, a KOHEYHble — C
BEKTOpa MOJIOKEHUS U CKOPOCTU IJIaHEThbl Ha3HAYeHUS B MOMEHT
npubbiTus. Takasg cxemMa pacyeTa OKasajacb  JJOCTAaTOYHO
3pPeKTUBHOH, OJJHAKO, OHA He MO03BOJIIeT NMOJYYUTh HellpepbIBHYIO
TpaeKTopHUIo JBHxKeHUA KA oT Hayasa ¥ 10 KOHLA, U, OUeBU/IHO, UMeeT
3HaUYUMYI0 MeTOJHUYECKYIO OTPEIIHOCTb.

B npepjiaraeMoil MeTOJe CHadaja pacCMaTpUBaeTCsl OJHA U3
BO3MOXHBIX CXeM IepeJsieTa MeXIJaHeTHbIX KA ¢ ncrnosb3oBaHHEM
KOJUIMHEApPHbIX TOYEeK JIMOpalMd B KavyeCcTBe Y3JI0B CThIKOBKHU
reJIMOLeHTPUYECKOT0 U NJIaHEeTOLLEHTPHUYeCKUX y4aCTKOB
TpPaeKTOpUH, aHaoruyHo [1]. i uMx mojydeHUs MpeAnoJiaraeTtcs

107


https://rscf.ru/project/22-19-00329/
https://rscf.ru/project/22-19-00329/

baaaucmuka, JduHamuka nosema uynpaesieHue

MPOJIET O/THOM M3 KOJIIMHEAPHBIX ToueK Jubpanuu L1 nnu L2 cucteMbl
CosHLe-my1aHeTa. [l1 CKBO3HOM ONITUMHU3aLUMU TPAEKTOPUH IlepeJieTa
MeXJy HadaJIbHOW OpOHUTOH BOKPYr 3eMJIM U KOHEYHOH OpOHTOH
BOKpYT IJIAHETBbl Ha3HA4YeHUs MCIOJIb3yeTCs MeTOJ, aHaJOrM4YHbIN
npeAcTaBJleHHOMY B [2], KOTOpPbIM MCNOJIb3yeT TPAeKTOPHUI0 CO
CTBIKOBKOH B TOYKe JIMOpaLMU B KaueCTBe HauaJIbHOT'O IPUOJIMKEHUS
JJIsT TPAaeKTOPUM C ONTHUMaJbHOU TOYKON CTBIKOBKM OTJEJbHBIX
y4acTkoB. PaccmaTpuBaeTcs 3ajjaya MUHMMU3aLMU 3aTpaT TOIJIMBA
JIJISI MeXIJIaHETHbIX TPAeKTOPUU NepesieTa C OTPaHUYEHHOM TATOMU.
J1g onTHMHM3aLMM TPaeKTOPUH MCIOJIb3yeTCs HEeNpsMOU MNOAXO[,
OCHOBAaHHBIM Ha MCNOJIb30BAaHMUM NpUHLHMINA MakcuMyMa [loHTpsAruHa
M MeToja MNpoJoJDKeHUsA No napaMetpy. [IpuBojsATCcs 4Hc/IeHHble
IpUMepbl TpPAeKTOPUH IepesieTa C IPOMEXYTOYHONH OpOUTHI B
OKpecTHOCTH 3eMJiu Ha op6uThl Mapca u lOnuTepa.

Jlutepatypa

1. Yoon S.W.,, Petukhov V.G. Minimum-fuel low-thrust trajectories
to the Moon, Acta Astronautica, available online 4 May 2023, 15 pp.

2. Petukhov V.G., Yoon S.W. End-to-End Optimization of Power-
Limited Earth—-Moon Trajectories. Aerospace, 10 (3), 231, 1-22 (2023).

4.4. Anexcanapos A.A.(12), Pycaapuyk A.A.(1), Mopo3sos B.B.(1)
Pa3pa6oTKka 60pTOBBIX AJITOPUTMOB /151 NOBbIIIEHM S
noMmexoycronunBoctd UCHC pa3/iM4HOro ypoBHA
WHTErpupoBaHMs
(1 - AO "KoHnyepH "T'paHum-3aekmpon”, 2. Caukm-Ilemepbype,
Poccus,

2 - BI'TY «BOEHMEX» um. /].®. Ycmunosa, 2. Cankm-Ilemep6ypz)

PaccmaTpuBaeTtca 3ajaya aBTOHOMHOTO IpYBeJleHusI
6ecnuJIOTHOTO JeTaTesbHoro amnmapata (Bbm/IA) k amnpuopHo
VM3BECTHOM TOYKe Ha3HadyeHUsA. B pexuMe HHepLHaJbHOrO
npuBesleHUsT  TpebyeTcs  obecliedeHHe  BbICOKOM  TOYHOCTHU
onpefiesieHHs] HaBUTAllMOHHBIX MapaMeTpPOB B CHUCTeMe yNpaBJIeHUd
Bri/IA npu paboTe OGOPTOBBIX HHTErPUPOBAHHBIX HHEPIMAJIbHO-
CIyTHUKOBBIX HaBUraluoHHbIX cucteM (MMCHC) B yc/10BUAX BHELIHEN
[IOMeXOBOH OOCTAaHOBKM, B TOM 4YHCJe INPU MaJlOM KOJIMYeCcTBe
BU/IMMBbIX/HCI10JIb3yeMbIX HABUTALMOHHbIX KOCMHUYECKHUX allllapaToB.

PaccmaTpuBaeTcs BiMSHMe JAeHCTBYIOIIUX [OMeX Ha paboTy
C/1a00CBSI3aHHBIX, CUJIbHOCBSI3aHHBIX, TECHOCBSI3aHHbBIX U
rIy60KOUHTErPUPOBAHHBIX HMHEPIHATbHO-CIYTHUKOBBIX
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HaBuranuoHHbeix cucrteM ([UMCHC), Bxojgsux B 6GOPTOBYIO
anmnapaTtypy cucteMbl ynpaBieHusa bnJIA.  PaccmarpuBaroTcsa
MOMeX0yCTOMYNBbIE aJITOPUTMBI COBMECTHOM 06paboTKH
(KOMIJIEKCUPOBAaHMsI) TOKAa3aHUM COYTHUKOBBIX HAaBUTAIlMOHHBIX
CUCTEM U HVHEepUUaJbHOM HaBUTaLlMOHHOW cucTeMbl JIA fida
Pa3/JIMYHBIX UHBAPUAHTHBIX CXeM KOMILJIEKCHOW 06pabOTKU JlaHHBIX,
BONPOChI MOCTPOEHUS] OGOPTOBOr0 HABUTALMOHHOTO GUIbTpPA s
pa6oTsl c TuMCHC.

I deKkTUBHOCTD NpeiyiaraeMbIX aJITOPUTMOB 3alUThI OT TOMeEX
NO/ATBEPXKJEeHAa MaTeMaTHYeCKUM MogeanpoBaHueM. [lokaszaHo, 4TO
paccMOTpeHHbIE aJTOPUTMBbI MO3BOJISIIOT NOBBICUTH BEPOSTHOCTHBIE
XapaKTEPUCTUKU TOYHOCTH npuBeleHusa bnJlA. IlpexcraBiieHHble
NPUHLUIBI OPTaHU3aLUU pacnpeieJlEHHON B BbIYMCIUTEIbHOM IJIaHe
F'MMCHC 1o3BOJISIIOT TaKXe IMOCTPOUTH OOPTOBOW JIMHEUHBIH
HaBUTALlMOHHBIA QUJIbBTP, MHBAapUAaHTHbIM K JABWXeHU0 BnJlA B
YCJI0BUAX BJUSAHNSA HAa CUCTEMY yIIPaBJIeHNUA Pa3JIMYHbIX BUJLOB IOMEX.

Development of On-board Algorithms to Improve the Noise
Immunity of Inertial-Satellite Navigation Systems of
Different Integration Levels

Aleksandrov A.A.(1.2), Rusalchuk A.A.(Y), Morozov V.V.() (1 - JSC
"Concern "Granit-Electron”, Saint-Petersburg, Russia, 2 - BSTU
"Voenmeh" named after D.F. Ustinov, Saint-Petersburg)

This publication discusses the problem of autonomous navigation
of unmanned aerial vehicles to a predetermined destination point.
Inertial guidance mode requires high accuracy of navigation parameter
determination in the control system of an unmanned aerial vehicle
during operation of on-board integrated inertial-satellite navigation
systems under external interference conditions, including a small
number of visible /usable navigation spacecraft.

Influence of external interference on the performance of weakly
coupled, strongly coupled, closely coupled and deeply integrated
inertial-satellite navigation systems included in the onboard equipment
of an unmanned aircraft control system is considered. Noise immunity
algorithms for joint processing (integration) of satellite navigation
system and aircraft inertial navigation system readings for different
invariant schemes of integrated data processing are considered as well
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as the problems of building an onboard navigation filter for operation
with deeply integrated inertial-satellite navigation systems.

The effectiveness of the proposed anti-interference algorithms is
confirmed by mathematical modelling. It is demonstrated that the
considered algorithms allow increasing probabilistic accuracy
characteristics of an unmanned aerial vehicle. The presented principles
of construction of computationally distributed deep-integrated inertial-
satellite navigation systems also enable construction of an onboard
linear navigation filter invariant to the influence of various types of
interference on the control system.

4.5. bBbikoB H.B., deayios B.A.
UMuTanOHHasA MOJEeJIb CUCTEMbI OGHAPYKEeHH S,
JIOKaJ/IM3allU4 U HeUTpaInu3aluy JeBUaHTHBIX
JleTaTeJbHbIX 6eCNUJIOTHBIX TPAHCIOPTHHIX CPEJCTB B
YCJIOBUAX YMHOI'O TOpoAa
(PYT(MHHT), MI'TY um. H.3. BaymaHa, 2. Mockea)
*Paboma 8vinosiHeHa hpu puHaHcosoli noddepicke PODPHU
(epaum Ne 19-29-06090 mk)

B paMkax pa3BUTHsI KOHLENLUN YMHbBIX FOPOJOB GeCIUI0THbIE
TpaHcnopTHbIe cpefcTBa (BTC), B YacTHOCTH JieTaTe /bHbIE, TOJIYYUIN
IIMPOKOe pacnpocTpaHeHue. [lnaHUpyeTCs HCNOJAb30BaThb UX [Js
MOHUTOPHHIA TPAHCIOPTHBIX MOTOKOB, JOCTABKM TOBApOB U YCJYT,
obecrieyeHUs1 6€30MaCHOCTU M JAPYyruX QyHKUUH. MoXHO cMesio
yTBepXKJaTb, 4YTO B OJmkadleM OyAylieM OHHM IPOAOJKAT
PacnpoCTpaHAThLCH, yAy4IlasicCh KaK 10 NPOU3BOAUTENBHOCTH, TaK U 110
dyHkuroHanbHOCTH. Co37aBaTh BCE 60Jiee KOMIAKTHBIE U JlellieBble
6eCcnuIOTHbIe TPAaHCHOPTHbIE MIATPOPMBI MO3BOJISIET MPOTrpecc B
06J1acTH  pa3pabOTKU MCTOYHUKOB MHUTAHUS, MHUHHUATIOPU3ALUHU
3JIEKTPOHUKA W  aBUOHHMKH, MaTepHaJioB U  METOJOJIOTHUU
[IPOEKTUPOBaHUA. BC€ 3TO pacmupseT BO3MOXXHOCTU NPHUMEHEHUs
BTC B pa3/iM4HbIX 06/1aCTAX, HO BMECTE C 3TUM yBeJMYUBaAET PUCK UX
aJIbTEPHATHUBHOIO MCI0/Ib30BaHUA B NpeCcTYIHbIX U
TEPPOPUCTUUECKUX LieJIfAX, B YaCTHOCTH, B YCJOBUAX ropoja (4
HEeCaHKLMOHUPOBAHHOIO I[OJIydeHUs] HMHPOpPMALUM, KOHTpabaH.bI,
IPOMBILIJIEHHOTO LINHOHAXa U 1p.). B aTux ciayyasax obHapyxeHue,
uieHTUUKANUA W 00e3BpeXMBaHUE TaKuX JeBUaHTHbIXx BTC,
nepeMenianUuxcs BOIM3N KIKYEBBIX 00 bEKTOB UHQPACTPYKTYPHI,
CTAaHOBUTCSI KPUTHYECKHM BaXXHbIMU. 3azava 3amuTel oT BTC, B
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YAaCTHOCTH, MaJloTabapUTHBIX, SBJSETCA CJOXKHOW Npo6JieMoi,
OCKOJIbKY pe4Yb HAET He TOoJibKOo 06 ycTtpaHenuud BTC, HO u o
HeMeJJIeHHOM OOHapy:keHHHM W wujaeHTUPukanuu BTC, ero
KOHTPOJIUPYEMOM W MNpeJiCKa3yeMOM BBbIBeJIeHUH [ 06ecredeHust
6e301aCHOCTH 06'bEKTOB HHPPACTPYKTYPhI U COLUATBHBIX 00'bEKTOB,
Y MUHUMHU3AIUU TO60YHOTO yilepba.

PaspaboTraHa wuMuUTanuoHHas wMojeab (MM), c mnomouibo
KOTOPOM MO>KHO MOJEeJHpPOBaTh MPOLECC NPOTHUBOAEUCTBUS TIpyIIe
BTC. Mojgenb  cucTeMbl  OOHapyKeHHUs,  JIOKaJIU3alUU U
NPOTUBOJIEMCTBUSI COCTOUT W3 MOJesIed MOJCUCTEM OOHApPYKeHHUs U
JIOKa/JIM3al{u Lesled U o[ CUCTeMBl HeUTpanu3anuu. Mozenb noseta
BTC peann3oBaHa Ha 0CHOBe KpUBbIX be3abe. CTaHLIMH 06HAPYKEHUS U
HeWTpasu3alud MOTyT OBbITb CTAalMOHApPHBIMHM, a MOTYT OBbITh
noABwHbIMUA. UM mo3BoJisieT TakKe YYUTbIBAaTb KapTy MeCTHOCTH,
BBOJI KpUTHYEeCKHE 30HBbI, B KOTOpble He Ao/nkHO ynacte BTC. UM
N03BOJIsSIeT pellaTb 3a4ayy OLeHKH 3PpQPeKTUBHOCTH TOW UM HUHOU
CUCTEeMbI 06HAPYKeHUs], IOKAJIM3aLUY U HEUTpaIU3al My JeBUaHTHBIX
BTC B yc/i0oBUSIX YMHOTO ropo/a.

Pa6oTa BeinosiHeHa Tpu GHUHAHCOBOMU nojepkke POOU (rpaHT
Ne 19-29-06090 MK).

Simulation model of a system for detecting, localizing and
neutralizing deviant aerial unmanned vehicles in a smart
city

Bykov N.V,, Fedulov V.A. (RUT (MIIT), BMSTU, Moscow, Russia)

As part of the development of the concept of smart cities,
unmanned vehicles (UAVs), in particular aircraft, have become
widespread. It is planned to use them for monitoring traffic flows,
delivery of goods and services, security and other functions. We can
safely say that in the near future they will continue to spread, improving
both in performance and functionality. Progress in the development of
power sources, miniaturization of electronics and avionics, materials
and design methodology allows one to create ever more compact and
cheap unmanned transport platforms. All this expands the possibilities
of using UAVs in various areas, but at the same time increases the risk
of their alternative use for criminal and terrorist purposes, in particular,
in the city (for unauthorized obtaining of information, smuggling,
industrial espionage, etc.). In these cases, the detection, identification
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and neutralization of such deviant UAVs moving near key infrastructure
becomes critical. The task of protecting against UAVs, in particular
small-sized ones, is a complex problem, since it is not only about
eliminating UAV, but also about the immediate detection and
identification of UAV, its controlled and predictable neutralization to
ensure the safety of infrastructure and social facilities, and minimize
collateral damage.

A simulation model (SM) has been developed, with the help of
which it is possible to simulate the process of counteracting a UAVs
group. The model of the system for detecting, localizing and countering
consists of models of subsystems for detecting and localizing targets
and a neutralization subsystem. The UAV flight model is implemented
on the basis of Bezier curves. Detection and neutralization stations can
be stationary or mobile. SM also allows one to take into account the map
of the area, introducing critical zones into which the UAV should not fall.
SM allows solving the problem of evaluating the effectiveness of a
particular system for detecting, localizing and neutralizing of deviant
UAVs in a smart city.

The research was supported by the Russian Foundation for Basic
Research (grant no. 19-29-06090 mk).

4.6. Boponuos B.A., Xmess /JI.C.
YnpasJjieHue BBICOTOH BCIUVIBITHA a3POCTAaTa NPH Harpese

000JI0YKH JHEM
(MAH, 2. Mocksa, AO «HIIO JlagoukuHa» 2. XumMKu)

[Ipy nylaBaHUM Ha OCBENIEHHOW CTOpOHe BeHepbl a3poCTaThI
«Bera» moaTBepAWaM cTabunbHbIM Apedd Ha BbIcOTE 54 KM C
HCI0JIb30BAHUEM MPOYHOTO 06a/IOHA He MEHSIIEro o6beM Mpu
HarpeBe ¥ yBeJIMUEHUH IaBJIeHHs B HeM rasa JiHeM [1]. BuepBbie 661710
NpPOJEMOHCTPUPOBAHO MO ep>KaHue BbICOThbl NPU pafHallMOHHOM
HarpeBe W BO3/IEUCTBUM BEPTUKAJbHOTO BETpa C UCNOJb30BAHUEM
OTrpaHUYeHHs 00'beMa Hecyllero rasa B 0060JI04YKe C HU36bITOYHBIM
JlaBjieHHeM Ha JApyroil miaHete Benepol [2]. Ilepen aspocratamu
BeHephbl CTOUT 33/1a4a JIVINTENBHOIO MJIaBaHUS HA PA3JIMYHbIX BBICOTAX
B fuamna3oHe oT 53 10 60 KM AJ11 MpoBeieHUs UCCIeIOBAHUH, TPUIEM
3HAUUTEJIbHBIA WHTEepec NpeJiCTaBJAsSeT pacliipeHue Iuana3oHa
JIOCTYIHBIX MCCJe0BaHUSI BbICOT aTMocdepbl [3]. Ucnoab3oBaHue
KOMILJIEKCA CpeJCTB HAy4yHOM ammapaTypbl pasMelleHHbIX Ha
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aspocTaTe MO3BOJIMT B TeUEHUHU AJIUTENbHOTO BPEMEHU UCCAE0BATh
a3p030JIbHBIE YACTHUIIBI U COCTAB 06JIAYHOTO CJI0S TO3BOJIUT MOJIYYUTh
00JIBIIONM 06'beM HAayYHBIX JAHHBIX C PAa3JIMYHBIX BbICOT [4]. s aTHX
1esed HeoOXOAMMO YIHPABAATH BBICOTOM W LIUPOTON IJIaBaHUS
aspocrtaTa. AHaJIOTUYHbIe 33/la4d BBIMOJHSAIOT B HACTOsIee BpeMs
CBOGOAHBIE a3pocTaThl B aTMocdepe 3eMJid, KOTOpPble HCHOJIb3YIOT
HM3MeHeHHe BBICOTHI JJI Mepexo/ia U3 OJHOTO TeYeHHUs BO3JAyXa B
Jpyroe.

W3BecTHO, YTO U3MEHEHHE BBICOTHI Apeiida asapocTaT BO3MOXKHO
C WCNOJIb30BAHWEM PETYJMPOBaHUsS 06'beMa HeCyllero rasa, B 3TOM
caydae A M3MeHeHMs1 o6GbeMa rasa B 06O0JIOUKE MOTYT
HCII0JIb30BAThCS CJIe/[YIOIHME THUIIbI 060JI0YEK a3POCTATOB:

— TaHjAeM u3 06a/uloHA HU36bITOYHOrO JaBjeHUs (060J0YKHU
CBepX/IaBJeHNSI) U HEBBINOJHEHHOW MOJIHOCThIO 000JIOYKH C
HU3KUM /IaBJIeHHEM NepeEMEHHOT0 06'beMa;

— 6aJIJIOH U30BITOYHOTO IaBJIEHHS C UCII0JIb30BAaHUEM CTATHBAHUS
IJ1sI U3MeHEHHUs 00'beMa;

— 6aJUIOH U36bITOYHOT'O JABJIEHUSI C OAJJIOHETOM 3allOJIHEHHBIM
razoM aTMmocdepbl peryJupyeMoro o6bema.

[TognepkaHue U W3MeHEeHHEe BBICOTHI IJIaBaHUA a3pocTaTa C
HEBBINIOJIHEHHON 060JI0YKOW C HECYL[UM Tra30oM IPOU3BOJAUTCSA C
HCII0JIb30BAHUEM  JIOTIOJIHUTEJNbHOTO  GaJJaHCUPHOTO  6aJlJIoHa,
3aMoJIHEHHOT0 Ta30M aTMOocdephl TPH U3MEHEHHH KOJIMYECTBA ra3a B
HeM [5].

[ moamepKaHWS W PETYJUPOBAHHUS BBICOTHI IJIaBaHUS
Heo6X0/JUMO YYUTBIBATb TO, YTO PaJUAlMOHHBIA HarpeB 060JI04YeK
JIHEM MPUBOJIUT K HAarpeBy rasa W yBeJUYEHUIO JIaBJIeHUs Ta3a WU
ob6beMa raza B 0060JIOYKaX C BO3pacTaHUEM BBICOTHI IJIABAHUSA
aspocTaTa B 3aBUCUMOCTU OT TOTO KaKOW U3 MepeyUuCeHHbIX THUIOB
perysmpoBaHus o6'beMa rasa ¥ BBICOTHI HUCIOJIb3yeT aspocTat [6,7].
Hampumep, cooTHolleHHe  MeXJy  KOJUYEeCTBOM ra3a B
HEBBINOJIHEHHOW 0060JI04Ke W KOJIMYECTBOM Trasa B 0GaJlJioHe
GUKCUPOBAHHOTO 06'beMa OTpe/iesisieT U3MeHEHNe BbICOTHI MJIaBaHUSA
aspocTaTa M BeJUYUHY U30bITKA JaBJeHHs rasa B ero 060/I04Kax U
MOXXET 06eClevyuTh CyIeCTBEHHOe H3MeHEeHHEe BBICOTHI IJIaBaHWA
aspocTaTa B IHEBHOM MEPHO/], 32 CUET HarpeBa U pacliMpeHus rasa B
HEBBINOJHEHHON MOJTHOCTbIO 060J104Ke. KosinyecTBO rasa B MpoYHOMU
0060JI04Ke oOImpefiesisieT W3MeHeHWe BbICOThI IJIABAHHUS a3pocTaTa
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JAHeM. [loaToMy A/151 yBe/IMUeHUS BbICOTHI [IJIaBaHUSA B JHEBHOW NEPUO]
KOJIMYEeCTBO ra3a B HallOJIHEHHOH 000JI0YKE J[JIO/DKHO OBbITh
yMEeHbLIEHO. ITO MOXeT ObITh 06ecrneyeHo MPHU 3ampaBKe 060J109eK
aspocTaTa ra3omM. B TeueHUH nyIaBaHUSA BO3MOXKHO YBEJUYHUTh BbICOTY
BCIJIBITHSI a3pocTaTa JHEM 3a CYeT BhINyCKa rasa aTMochepbl U3
BBINIOJTHEHHON MPOYHON OGOJIOUKM WJIM 3a CYET BhIIMycKa rejids U3
BBIMTOJITHEHHOW NPOYHOW OOGOJIOUKU C TejJiMeM B HEBBINOJHEHHYIO
0060JI0UKY C TeJINEM.

Heo6x0 MO yYUTBIBAaTH TO, 4YTO BJMsSHHUE HarpeBa JHEM
3aBUCUT OT IIUPOThI Apeiida, MOCKOJbKY B CEBEPHBIX HJM HOKHBIX
IIMPOTax UHTEHCUBHOCTb PaZHallMOHHOT0 HarpeBa NpMMepHO BJBOE
MeHbllle 4eM B 3KBaTOpHUaJbHOW 4YacTH. Kpome TOro, Ha BBICOTE
aperda 50 - 60 kM B atmMmocdepe BeHepn [8], a Takke B Tponocdepe
3eMsM TeMIlepaTypa B BbICOKUX MpoTax oT 50 go 70 cHmxeHa mo
OTHOIIEHUIO K TeMIlepaType BO3[yXa Ha 3KBAaTOPUa/bHBIX LINPOTAX.
[ToaToMy npu IJIaBAaHUM aA3POCTATOB HA OCBELEHHOM CTOpPOHE
NJIaHeThbl B 60Jiee BBICOKMX LIUPOTaX B MEHbIIEN CTeNleHU BO3pacTaeT
HarpeB 060JI0YKHU IPU MPOXOXKIEHUH MTOCOTHEYHON TOUKH.
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7. Franzke, A.M., Modl, C.M., Nesbit, T.J., et al. Buoyant Venus
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AIAA Balloon Systems Conf., Williamsburg, VA 2007, in: AIAA-2007-
2634

8. JI. B. 3acoBa, B. . Mopos, B. M. JluukuH, U. B. XatyHues, b.
MaiiopoBa CTpoeHue aTMmochepnl BeHephl oT noBepxHOCTH 0 100 kM
WKH PAH, r. MockBa 2006 r.

4.7. BopoHuoB B.A,, /Iio6e3HbIi B.B.
[IpoekTHbBIE pelieHus A1 AaTMOCPEPHBIX MVIAHETHBIX
30H/I0B
(MAH, 2. Mockea, AO «HIIO JlagoukuHa» 2. Xumku)

B 1985 roay B xoae ocyuiecTBeHus npoekTa «BE['A» BriepBble B
MHPOBOH MpPaKTUKe GblJ OCYLIEeCTBJIEH 3aMyCK 30HAOB a3pOCTATHOIO
TUna B aTtMochepy BeHepbl. A3pocTaThl MOJHOCTHIO BBIMOJHUIN
3alJIaHUPOBAHHYI0 NPOTpaMMy IOJETa, MOJAYYUB HHPOPMAIUIO O
rJ106aJIbHOM HUPKYJIAIUHA aTMOCheph], a TAKXKE ee COCTaBe, Mpoljeccax
U SBJIEHUSX, IPOUCXOJAIIMX B Hell. B HacTosiee BpeMsi yueHbIMHU
NposiBJIeHa 3aHMHTEPECOBAHHOCTb B Oopee IyOOKHUX HCC/e0BaHUAX
BeHepbl ¥ chOpMHUPOBAH KOMILJIIEKC HAy4yHbIX 3a/jady, KOTOpble
IJIaHUPYeTCs peasu3oBaTb B MUCCUMU TpoekTa «Benepa-Z». Jnsa
pellleHWs1  TOCTABJIEHHBbIX  33jJla4, HeoOX0AUMO  JIJIMTEJIbHOe
rcciiejoBaHre aTMOoCdephI MJIaHEThI C UCIIOJIb30BAHHUEM COBPEMEHHBIX
METO/0B U HAy4YHOH annapaTyphl.

B kauecTBe TeXHUYECKOrO CpeJjCcTBa [AJsl MPOBeJEeHUs
JJINTENTbHBIX HCCJieJoBaHUN atMmocdephbl 1es1ecoob6pa3Ho
HCNOJIb30BaTh aTMochepHbll 30HA «BeTposetr». Cpok aKTHBHOTO
CYlleCTBOBAaHUSA TAaKOTO YCTPOKCTBA 0KoJio 1 Mecsnia.

ATtMochepHBI 30HJ| COCTOMT M3 [JIBYX a3poJUHAMHYeCKUX
NMOBEPXHOCTENH - I[UIAHUPYIOUIEro M TOPMO3HOTr0 MapalliTa,
COe/IUHEHHBIX MEXAy COO0O0H MJIMHHBIM TpocoM. PYHKIIMOHUPOBaHUE
«BeTposieTa» B aTMocdepe OCyIIeCTBJASETCS 3a CYET eCTECTBEHHbBIX
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yCHOBHﬁ, d HMMEHHO - HaJIM4ud IMNOCTOAHHOI'O CHWJIbHOTO B€Tpa H
rpaanvueHTa B€Tpad, MEHAOIIETrocCd 110 BbICOTE.

B AOKJiaje pPacCMOTpPEHDBI IIPOEKTHLbIE pemeHua AJIA
aTMOC(l)eprIX IIJIAaHETHbIX 30HAO0B, a TaKxXe€ IpPHBeAEHbl OLEHKH
OCHOBHBIX UCCJIEAYEMDBIX [IAPAMETPOB.

Jluteparypa:
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2.Co6oneB H.A. AHa/M3 NOPOEKTHBIX  XapaKTEPUCTUK
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Design solutions for atmospheric planetary probes

V.A. Vorontsov V.V,, Lubezniy B.V. (Moscow aviation institute,
Lavochkin Association JSC, Russia)

In 1985 during VEGA project implementation the launch of
balloon type probes in Venus atmosphere was performed for the first
time in the world practice. The balloons completed the planned flight
program and received data on the global circulation of the atmosphere,
as well as its composition, processes and phenomena occurring in it. At
present, scientists have shown interest in deeper studies of Venus and
have elaborated a range of scientific tasks that are planned to be
implemented in the mission of the Venera-D project. To solve the tasks
range, it is necessary to study the planet's atmosphere for a long time
using modern methods and scientific equipment.

As a technical mean for carrying out long-term studies of the
atmosphere, it is reasonable to use Windship atmospheric probes.
Active lifetime of this equipment is about 1 month.

Atmospheric probe is composed of two aerodynamic surfaces -
gliding and braking parachutes, connected with each other by a long
rope. Windship functioning in the atmosphere is performed due to
environment conditions, namely the presence of a strong wind and a
wind gradient that varies in height.

The report examines design solutions for atmospheric planetary
probes as well as assessments of principal studied parameters are
provided.
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4.8. Boponuos B.A,, Kuciie Menao3a M.B.

AHa/u3 BO3MYILIAI0IIUX BO3/AeiCTBUH IPU BBOJE B

AeiicTBue aspocraTa B aTMocdepe BeHepbl

(MAH, r. Mocksa)

JIBM>KeHMe CIlyCKaeMOro amnnapaTa BecbMa HempocTas 3ajaya
3aBHUCsILAsA OT pa3HbIX BO3MYILLAKIIUX PAaKTOPOB

OcHoBHbIE BO3MYILEHMs, [JeHCTByWIHe B Mpolecce CIOycKa
CIlyCKaeMoro arapara, MOXHO pa3bUTh Ha:

— BO3MYLIEHHUS 10 HayaJbHbIM YCJIOBUAM BXOJa: OLIMOKHU
omnpejiesieHUs1 yIJa BXOJa, CKOPOCTH BXOJa, KOOpAWHAT
HavyaJIbHOW TOYKH, BpeMeHH BX0/a U JIp.;

— BO3MYLIeHUH, BbI3BaHHbIE HETOYHBIM 3HaHUEM
a’polUHAMUYECKUX M  KOHCTPYKTHUBHBIX  NapaMeTpoOB:
A3POAMHAMHYECKUX KO3)UIMEHTOB M ILJIOMIAN MHU/ENEBOTO
CevyeHHUs1, MacChl U T.J,.:

— BO3MYIeHUs], BO3HUKAWOIMe B pe3yJbTaTe HETOYHOTO 3HAHUS
XapaKTepPUCTUK aTMocdephl, B NEPBYI0 o4yepe/ib 3aBUCUMOCTHU
IJIOTHOCTH OT BBICOTBI, TYpOY/JIEHTHOCTH aTMocdepsl U Jp.;

— npubOpHble  OWMOKHU:  MOrPEIIHOCTH  YYBCTBUTEJbHBIX
3JIEMEHTOB, CpeJCTB 06paboTKH uHpopMaLuy,
HCIIOJIHUTE/bHbBIX OPTaHOB U T.II;

— BO3MYLIeHHE Ha Y4YacTKe OCHOBHOIO a3pOJMHAaMHUYeCKOro
TOPMOXEHHUS;

— BO3MYLIeHHE Ha y4aCTKe TOPMOKEHHUS MO/, APaILIOTOM.

B fok/1a/ie aHaIM3UPYETCS MPOLecC BBOJA a3pOCTaTa B IeHCTBHE
B aTMocdepe BeHepbl, B HOMUHAJIbHBIX U 3KCTPEMAJIbHBIX YCJIOBUSIX.

Haubosiee ynoTpebUTENbHBIMH METOAAMU NPUOIMKEHHOU
TEOPETUKO-BEPOSITHOCTHON OIEHKH TOYHOCTH PabOThl HEJTMHEHHBIX
JIMHAMHUYECKUX CUCTEM SIBJISIIOTCS METOJ, CTaTUCTUYECKUX UCTIBITaHUN
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(MeTon MoHTe-Kapsio) U MeTO/ 3KBHBaJIEHTHBIX BO3MYILleHUH (METOZ,
Jloctynosa).

HauMenee TpyfoéMKHM €BJSETCA MeTOJ 3KBUBAJEHTHBIX
BO3MYI€HUHM, HalleJIIUN ILIHUPOKOe MpPaKTUYeCKOe MpHUMeHeHUe B
TeXHUKe [JIs1 PUOJIMKEHHOT0 BEPOSTHOCTHOTO aHaJ/h3a COCTOSIHUSA
CUCTEM:

— BO3MYILeHHe Ha y4acTKe OT/eJIeHUsl BepxHero nojycepa;
— BO3MyLeHHe Ha y4yacTKe BBOJa B JelcTBUe A3: - BBICOTHI

OKOHYaHHUA HanoJIHeHUs 060/104KkM (Havasa pacxoxaeHus [TAC

U CUCTEeMOH HamoJIHeHMs), Ko3ddUIUeHTa CONPOTHUBJEHUS

aspocTaTa, Ko3pdUuieHTa CONPOTUBJEHUS MAPALIIOTA, BHICOThI

NOBEPXHOCTH, MOJeJIM aTMoCcdephl, BEPTUKAJIbHOTO I'pajJjieHTa

CKOpPOCTH BeTpa.

BOJIBIIMHCTBO BO3MYLIEHUH HOCUT CJAy4aWHBIA XapakKTep C
HOpMaJIbHbIM 3aKOHOM paclpefiesieHUdA. /I OLeHKU OTKJIOHEeHHUH
Obl/IM TNpOBeJleHbl COOTBETCTBYIOIIME pacyeTbl TPAaeKTOpUU MpH
Pa3/IMYHBIX BO3MYIEHUAX C BEPOATHOCTHOW OLEHKONM IO METOAY
JoctynoBa. 3 Bcex BO3MyIEHUH y4YUTBHIBAJUCh T€, KOTOpPble JAIOT
HauboJbllee OTKJIOHEHHE KOHEYHbIX IapaMeTpOB

[Ipu opMUpOBaHUM MaTeMaTHYECKHUX MoJeseld NPUHHUMAIUCh
JOMNylLieHud, IpeJile/IbHO yIpoUjapliue MaTeMaTU4eCKHue ONMUCAHUS C
LleJIbI0 BblJleJIeHUsl HauboJiee 3HAaYMMBIX [IJI JAHHBIX UCCIe0BaHUN

¢dbakTopOoB.
B  kauectBe  pa6Goyero = MHCTPYMEHTAa  HCHOJIb30BaH
pa3paboTaHHbIN IPOrPaMMHO-BBIYH CIUTETbHBIN KOMILJIEKC,

MOCPEeJICTBOM  KOTOPOTO0  OCYIIEeCTBJSETCA  IOCJe[0BaTENbHOCTD
aHa/M3a BO3MYIIAONIMX BO3JEWCTBUH NpU BBOJle B JeHCTBe
aspocrara.
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4. A.B. KocenkoBa, B.E. Munenko, C.b beikoBckuii, A.I'. fIkyies.
HUcciegoBaHue aspojUHAMUYECKUX XapaKTEPUCTUK aJbTEPHATHUBHbBIX
$opM 1ocalouHOro anmnapara /s u3ydyeHus: BeHepol - UHKeHepHbII
KypHaJl: HayKa U UHHoBauuu. — 2018. - Bein. 11.

4.9. Xwmeus /. C.
TpaekTopHbIe MapaMeTpsI IPU BBO/JE € CyCKaeMoro
anmnapara a3pocraTa Ip4 TOPMOKEeHUH 0060/109KO0i
(AO «HIIO J/lagoukuHa» 2. Xumku)

C CA mexmnuaHeTHoM ctaHuuu BET'A mocse rasoHamnoJiHeHHUSsI
060JI0YKH ObL MPOBEJIEH YCHEUIHbIM BBOJ a3pOCTAaTHOrO 30HAA C
HCII0JIb30BAaHUEM TOPMOKEHHSI a3POCTATHOTO MO/IYJis MapallioTaMHU.
Jlns1 yMeHblIeHHUS PUCKOB MPOCAJIKU HA BhICOTe HIKe 50 KM pU BBO/IE
aspocTtaTa B IJIaBaHWe U IeperpeBa CHUCTeM B psijie paGoT ObLI
paccMOTpeH BBOJ, a’3poCcTaTa C OCYIIECTBJIEHUEM TOPMOXKEHHUS
HaloJIHEHHOH rasoM 1apoo6pasHoi 060J104kH aspocTtaTta [1,2,3].

B napumyTHBIX CHUCTeMax BMECTO KylnoJa MapamnoTa
HCIOJIb30BaJICA BBOJ, B IIOTOK M HAllOJIHEHHE Yepe3 3a00pHbIE
YCTPOMCTBA OT HAbEramwIero NOToKa 060JI09YKH, KOTOpasi BHIMIOJHSET
pOJIb THEBMAaTHUYECKOTO TOPMO3HOI0 ycTpoucTBa. Takhe 0060J109KU
TUNa 60JIIO/] UCIIO0JIb3YIOTCA /i TOPMOXKEHUSI B IIOTOKE C BHICOKUM
CKOPOCTHBIM HamopoM. PaccuuTaH BBOJ, B IJIaBaHUE a3poCTaTa C
HanoJIHEHUEM O6O0JIOYKH Ha GOJIBIIONW BBICOTE C HCIOJIb30BAaHHEM
HWXecJeAyuleld MN0c/aef0BaTeJbHOCTU JeHCTBUU [AJ BBOJA C
HCII0JIb30BaHUEM 060JIOUKU THUIIA 1A NAPaAIIIOT.

Jlis BBOJla B IJIaBaHHWE C CIyCKAeMOTo ammnapara a3pocTaTa
1ocJie OTKPBITUSI KOHTEHHepa ero 060/104Ka(4KH) BBITSTUBAOTCSA 3a
BEpPXHUH TOJIIOC 32 CYET BBOJIA B MOTOK BBITSDKHOTO MapailoTa Ha
BeicoTe 70 KM, OJJHOBpEMEHHO COpachIBAaeTCA 4YaCTh KOHCTPYKIUH
KoHTelHepa. [locie 3atoro B TeyeHnu 3 - 10 ceKyHA NpPOUCXOAUT
HanoJIHEHWE BO3/[yIIHOr0 6Ga/sloHEeTa O06O0JIOYKA Haberawiuym
NMOTOKOM 4Yepe3 3a00pHbIe OTBEPCTHUS M 060Ji04Ka NpuobGpeTaeT
HaNOJIHEHHOCTh. CUCTeMa HAllOJTHEHUSA 060JI0YKHU TeJINEM 3aKpeIJieHa
32 HIDKHUM IOJIIOC 000JIOYKU BbIJleJIsieT T'eJIMM B ra30oBblil 00beM
000JIOYKM a3pOCTaTa, pacCHOJIOKEHHBIH BHYTPU Trasofieprkaiiei
NPOYHOM 060JIOUKHU IIapa mapaiwTa Tuna 6osuto/. [logady renvs B
pPacnoJioKeHHbIM BHYTPU Ta30BbId OTCEK OOGOJIOUKH TOCTENEeHHO
yBEeJIMUMBAETCA [0 Mepe YMeHbIIeHHWS BbICOTBI W BO3paCTaHUA
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IJIOTHOCTU M aTMocdepHOro JaBJieHUs, obecreyrBasi yBeJUYeHUE
ra3oBoro o6beMa M CyllecTBEHHOe yMeHbllleHUe 06beMa 060JI0UKH
HaloJiHsieMoro HaberaowyM noTokoM. [locse BblAeseHHs 4acTH
Macchbl rejivsi, OOPOXKHEHHble OaJlJIOHbl COpPAChIBAIOTCA Ha BbICOTE
okosio 60 kM. Ilocne Bble/ileHHMA OCTaBLIErocs rejiul Ha BBICOTE He
MeHee 55 - 53 KM cucTeMa ra3oHaloJIHEHHUs OTAE/ISAI0TCA OT adpocTaTa
B KayecTBe 6aJlJlaCTHOIO Ipy3a, [0ocC/e Yero a3pocTaT npuobpeTaeT
M36bITOK MJIaBYYECTH, BCILJIBIBAET HA BBICOTY 54 - 55 KM U nepexoauT
B pexuM IuIaBaHusA. [Ipy MaBaHMKM NpodyHas BO3AyXCOAeprKallas
0060JI04Ka BblJlepP>KUBAET JlaBJeHHe OT pacloJIoKEHHOI0 BHYTPU Hee
rasoBoro o6beMa C HeCylIMM ra3oM U3 JIETKOr0 IJIACTUYHOIO
MaTepuaJja 4 obecrieduBaeT nojjepxaHre GUKCUPOBAHHOIO 06'beMa
M BbICOTbl IJIaBaHUsI aspocTaTa. TeM caMbIM BBOJ, B [JleHCTBUe
aspocTaTa [JJis BbINOJHEHUA INPOrpaMMbl I0JIeTAa MPOU3BOLUTCH C
HCIIO/Ib30BaHUEM  HaJyBaeMOro OT  HaOerawouiero  IOTOKa
NHeBMaTUYECKOI'0 YCTPOWCTBA B KauecTBe KOTOPOTO MCIOJIb3yeTCs
000JI04Ka THUIIA lIap NapallioT, KOTopas Kak IoKasaJs pacyeT yCIelHo
3aTOpMaKMBaeT MajleHHe Iocje BBOJA U3 KOHTelHepa BbITSHKHBIM
napallToM.

JlutepaTypa:

1. KpemueB P. C., Kapsaruu B. I1., Banbi6epau B. B, KneBios A. A.
Aspocratsl B atMocdepe Benepwr UTIM AH YCCP Hayka nymka 1985 r.,
105 c.

2.BopoHuos B. A, Iluuxagsze K.M. IlpoekTtupoBaHue
a’pOCTaTHBIX 30HAOB [Js1 UccaefoBaHUs IaHeT CoJIHEYHOU
Cucremsl. U3a-so MAU-IIpunT. 2009r., 96 C.

3.CucteMHOe TMPOEKTUPOBAHHE KOCMUYECKUX JECAHTHBIX
anmapatoB. B.A. Boponuos, B. B. Maabies, K.M. Iluuxajgse.
Wz patenbctBo MAU 2021, 255 c.

4.10. KasramiaukoB A.H., MouceeB /1.B.
0 pacueTe TpaeKTOPHH HAaMCKOpeilero nepejiera Jerkoro
6eCIUJIOTHHUKA CaMOJIETHOIO THUIA MeXAY NPOTAKEeHHbIMHU
06'beKTaMM C y4YeTOM AeMCTBUSA BeTpa
(MAH, 2. Mocksa)

B  gokjaze  oGCcyxJaeTcd — TNpeAJIOKEHHAas  aBTOpaMH
NpOTPaMMHO-JITOPUTMUYECKAs peasn3alus pacyeTa TPAEKTOPUU
HAaUCKOpeUIlero nepejietTa MeXAy MapaMu NPOTSHKEHHBIX 0O'bEKTOB.
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[Ipu 3TOM /19 KOHKpeTHOUW mapbl 06'beKTOB UCXOJAHBIMU JAAHHBIMHU
SIBJSIIOTCSA: BO3JAyIIHAs CKOPOCTh OeCnUJIOTHHKA, CKOPOCTb U
HalnpaBJieHHe BeTpa B 30He M0JIeTa, MUHUMAaJbHO JOMYyCTUMBIN MO
neperpyskamMm paguyc pasBopoTra bJIA, a Takke KOOpJAMHAThl TOYEK
Haya/la U KOHIIa TPaeKTOPUU C COOTBETCTBYIOIIMMHU UM 3HAYEHUAMU
NyTEeBbIX YIJIOB, KOTOPhIE ONPEAEISITCS C Y4€TOM MECTOTIOI0XKEHUS U
KOHUTypallMd paccMaTpUBAeMON Mapbl MPOTKEHHBIX OOBEKTOB.
CTpyKTypa ONTUMAJIBLHOTO pElIeHUs], TO eCTh IpOorpaMMa U3MeHeHHUst
KypCOBOTO VyrJa, AJia Takod 3ajauu u3BectHa [1]. TpaekTopus
HauCKOpeullero mnepesjeTra COCTOUT W3 YYaCTKOB [JBWXKEHHUA C
NOCTOSIHHBIM KYPCOBBIM YTJIOM H/WJU Pa3BOPOTOB € MaKCUMAaJIbHO
BO3MOXXHOW CKOpOCTbIO. BMecTo pelleHHss KpaeBoW 3ajauy,
WCIOJIb3yeTCs CNelHaJbHbl UTepaTUBHBIN mpouecc [2]. [Ipu aTom
ABwxeHue BJIA pasjensieTcss Ha OTHOCUTEJILHOE BUXKEHUE B CUCTEME
KOOP/JAMHAT CBSI3aHHOW C BO3AYIIHOW MacCOU U MEPEHOCHOe JIBUKEHUE
3TOU Macchl 10 OTHOUIEHUIO K 3eMHOW IOBEPXHOCTH.

Jns  pemeHuss 3ajayd Oblia paspaboTaHa MNpPOrpaMMHO-
aJITOpUTMUYeECKasl peajv3aunuss TpexX Mpoleayp. BHyTpeHHss
npoueAypa 3aKJ/JlO4YaeTcsli B IOCTPOEHUU B CUCTEMe KOOpJHUHAT
CBSI3aHHOM C BO3AYWIHOW Maccod Tpaektopuit [abunHca [3] pnsa
npeAnojaraeMoro TMOJIOKEHUSI TOYKH OKOHYAaHUSI TPAEKTOPHUM.
BHewHsia mponeAypa SBJSETC UWTEPaTUBHOW U CBOJAUTCH K
HaXOXJeHUI0  (PaKTUYeCKOro [MOJIOKEeHHUs] TOYKM  OKOHYaHMUA
TPAaeKTOPUHU METOJ0M AUXOTOMUH. Ha ka0l uTepauuu JJjisi HOBOro
NOJIOKEHUs] MpejojaraeMoil TOYKH peasu3yeTcss BHYTPEHHSs
npouefypa. 3aBepuiarolias MOpoLeJypa 3aK/I4aeTcs B pacyeTe
HMCKOMOM TpaeKTOpuU. [Ipr 3TOM UCNOJIb3YIOTCA pe3y/bTaThl pacueTa
nporpaMMbl  KypcoBoro yrja 43  Tpaektopuu  JlabuHca,
COOTBETCTBYIOLIEN PaKTUUECKON TOUKE OKOHYAHUS TPAEKTOPUH.

OnucaHHOe BhIllEe NpOrpaMMHOe obecriedeHHe pa3paboTaHO B
cpefe MatJiab ¥ UHTErpUPOBaHO B OOLLYIO IPOrpaMMy MJIaHUPOBAHUSA
nosieta BJIA[4]. [IpuBesieH MoAe/IbHBINA IPUMeED pacyeTa TPAEKTOPUH.
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2. E.Croft, R. Fenton, B.Benhabib. Optimal rendezvous-point
selection for robotic interception of moving object. Transaction on
systems. Cybernetics vol.28 Ne2, 1998.

3. L. E. Dubins. On Curves of Minimal Length with a Constraint on
Average Curvature, and with Prescribed Initial and Terminal Positions
and Tangent, American Journal of Mathematics, Vol. 79, No. 3 (Jul,
1957)

4. KanamHukoB AWM., Moucees /I.B. HoBas Bepcus cneiuajibHOro
OpOrPaMMHOr0  KOMILJIEKCA  MapIIpyTH3alMH  MO0JeTa  JIErKUX
6eCcnUJOTHUKOB C ucnojsib3oBaHueM Bblyucautess INTLINPROG //
Hay4yHo-TexHU4Yeckul BeCTHUK [loBo/mkbs, 2021, - Ne5. - ¢.13-18.

Calculating the fastest trajectory for extended objects by an
lightweight UAV plane in wind

Kalashnikov A.L, Moiseev D.V. (Moscow Aviation Institute)

Abstract. This report discusses about how calculated trajectory of
UAV plane for extended objects. This problem has been divided by two
task - external planning problem and internal problem of overflight
beetween extensional objects. Dubins have solved second task in no
wind, Hedrick and McGee in wind conditions. We propose a software
solution based on find time optimal solution. The intrenal task based on
three procedures: finded optimal Dubins flight path, defines optimal
time between objects and defines trajectory via optimal control at
heading angle. Our software approach simplifies and makes clear the
theoretichal approach the optimal flight plan for extensional objects by
a lightweight uav plane in windshear.

4.11. llonakoB A.A., 3amupuHckui C.A.

pa3paboTKa METOAUKH OTPAGOTKHU JUHAMUKM NMOCAAKHU

KOCMMY€ECKOro anmnapara B 3eMHbIX YC/IOBUSIX HA IJIAHETY

Mapc

(AO «HIIO J/lagoukuHay, 2. Xumku)

AnHoTanus: PaccMoTpeHa ¢GH3HMKO-MaTeMaTU4YecKass MOJeJb
AWUHAMHKH IMTOCaJKH ITOCAA0YHOTI' O MoAayJid KOCMHUYECKOrIo dllllapaTa Ha
Mapc. OHpeﬂeﬂeHbI OCHOBHbI€ ITapaMe€Tpbl U YCJIOBHUA nocagKu
[I0CaZl0YHOr0 MOAyJA Ha 1noBepxHocTb Mapca. IlpuBeneHsl
pe3yJabTaTbl OPOCKOBBIX HMCIBbITAHUH HATYpHOTO TrabapuUTHO-
MacCcOBOI'0 MakeTa IocajJjouHoro MoAyJs. [[poBefiéH cpaBHUTEbHbBIN
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aHa/JM3  pe3yJbTaTOB MaTeMaTU4YecKOro MOJEeJUPOBaHUS U
pe3yJIbTaTOB GPOCKOBBIX MCIBbITAHUH. BbIsiBI€HO, 4YTO NpOBeAEHHbIE
no Bepudukanuy paboThl MO3BOJIAIOT HUCIO0/Ib30BaTh PHUMEHSAEMYIO
MaTeMaTUYeCcKyl0 MoJes]b J[JA MpoBeJeHUs pacyéToB IO0CAAKU
annapara Ha noBepxHocTb Mapca MetonoM MonTte - KapJo.

KitoueBble cjioBa: MaTeMaTHuecKass MoJesb; BepudUKalus;
HaseMHasd OTpaboTKa JUHAMHUKHU [OCAJAKH; NOCaZOYHBIA MOAYJIb;
yZAapHble UCNIbITAHUS; CTEHJ,

OjHOM M3 33/a4 Ha3eMHOW 3KCIepUMEHTa/JbHOW OTPabOTKU
ABJIAIOTCA HCNBITAaHUSA AWMHaMUKU mnocagku [IM, npexcrasiaswomue
co60M cepui0 COPOCOB Ha CTeHJe OpPOCKOBBIX MCNBITAaHUM MakKeTa
NoCcalouHON MIaTGOpMBI C PacyéTHOM BBICOTHI, ObecrneyHBaroLled
33JlaHHYI0 CKODOCTb I[I0OCaJKMU Ha NOBEPXHOCTb, HMUTUPYIOILYIO
YKJIOHBI B 30He NpejnosaraeMor nocagku KA.

BpockoBrele ucnbiTanuss H'MM Ha cTeHJe JUHaMHUKU NMOCAJKU
NPOBOJMJIUCH C LeJIbI0 NOJYYEeHUS IKCIIepUMEHTANbHbIX JaHHbIX JJIS
KOPPEKTUPOBKM  (PU3MKO-MaTeMaTHYeCKONM MoJead JUHAMUKHU
nocagku [IM Ha nmoBepxHOocThb Mapca Ha OCHOBe CPaBHUTEJNBHOTO
aHa/v3a JaHHBIX, I[OJy4eEHHBIX B pe3y/JbTaTe OTPabOTOYHBIX
HCIIbITaHUH.

[lo pesysbTaTaM IpOBeJeHUS CPAaBHUTEJBbHOrO aHaJW3a
3HaUYeHWM MapaMeTpoOB, TMOJYyYEeHHbIX B XOJe MCIBITAHUU U
pe3yJIbTaTOB MaTeMaTH4eCcKoro MO/leJIMPOBaHU4, 6bl1a
ocyulectBieHa Bepudukanus (PUIMKO-MaTEMATUIECKOH MOJeNH
JAUHAMHUKH [10CaJIKH N0CaZ0YHOTO anmnapara U yTOYHeHbl NapaMeTphl,
WCII0JIb3yeMble JIJI PACYE€TOB.

KoMmniekc paboT mo BepuPUKaUU (U3UKO-MaTeMaTHUECKOU
MoOJieJId AUHAMUKHU N0CaAKH 10 pe3yJbTaTaM OPOCKOBBIX UCTIBITAaHUN
N03BOJISIeT MCIOJIb30BaThb JAaHHYI MaTeMaTU4ecKyl0 MoJesb JJif
NpOBeJleHUs pacyéTOB IOCAJKM annapara Ha NOBepXHOCTb Mapca
MeToZioM MonTe - Kapso. PesyabTaThl gaHHOW paboTbl OyAyT
VICTIOJIb30BaHbI JJI pellieHN  3a/ja4, CTOAIIMX B KOCMUYeCKOM TeXHUKe
Y CBSI3aHHBIX C CO3JJaHMEeM CPeJCTB MOCaZKU KOCMUYEeCKUX alllapaToB
Ha NOBEPXHOCTH JIPYTUX MJIaHET.

Jluteparypa:
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2.benseB A.C, ®uaunac A.A., lJaBHuH A.B. ThoipbiimikuH A.B.
MeToauka pacyeTa CHUCTEMbl 06€3BeIIMBAHUS KPYNHOrabapUTHbBIX
TpaHCHOPMHUPYEMBIX 3JIEMEHTOB KOCMHYECKUX aNlapaToB INPH
Ha3eMHbIX UCObITaHUAX // CHUOUPCKUM a3POKOCMUYECKUN KypHaJL.
2021.Ne 1.C. 106-1109.

3.Ebanoe B.B, KapuaeB XK. Pocculickuli  cermMeHT
MEX/yHApOJAHOW KOCMUYECKOH sKcnequuuu «Jk3o0Mapc-2022»: B 2-x
T. XuMku: U3natenb AO «HIIO JlaBoukunHa». 2020. T. 2.

4.MlonakoB  A.A, 3amupunHckuit C.A. Hcnosb3oBaHue
BUPTYaJbHOT'O  NPOCTPAHCTBA  AJIs npoBeJleHUs MaKeTHO-
KOHCTPYKTOPCKUX  MCIObITAHUM MO  3J€KTPOHHOMY  MakKeTy
KocMuueckoro anmnapara // Tpyast MAU. 2019. Ne 107.

5. A6pocumos II.A., MansimieB B.B.,, CrapkoB A.B., Tutkos M.A.,
MImurupusio C.H)., MeToguka MaTeMaTUYeCKOTO MO/JIEJMPOBAHUSA
JAVUHAaMUYECKOTO OTKJIMKA KOHCTPYKLMHU CIYCKAaeMOro KOCMHYECKOTO
anmnapara B yCJOBHUsIX Ha3eMHOH CTeHJ0BOW oTpaboTku. HayyHo -
TeXHU4YeCKUU BeCTHUK [loBomkbs. KaszaHp, 2015, Ne2.

6. [luuxaase K.M,, MauibilieB B.B,, MaTemMaTuyeckoe
obecrieyeHre /I  MPOEKTHO-0A/IMCTUYECKOTO  MCCJEJOBAaHUS
JAVUHAaMUKH HeyNpaBJisieMOTO [BWXKEHHUs CIyCKaeMbIX aNnapaTosB.
MockBa, 2018.

4.12. Edpemos A.B., Tariuk M.C., Eppemos E.B,, lllep6akos A.H.
WHTerpanus nepcneKTUBHBIX CPeJCTB aBTOMaTU3anum JIA
AJis1 o6ecnieyeHUs1 MX 6e30MacHOr0 U TOYHOT0
NUJIOTUPOBAHUSA
(MAH, 2. Mocksa)

B HacTosiel paboTe NPUBOJSTCS pe3yJbTaThl HCC/Ie0BAaHUU
3pdeKTUBHOCTH UHTETPALMU IPOrHO3HOr0 AucIvies [1], azanTUBHOM
CUCTEMBI yIIpaBJIeHUsI C OH-JalH uAeHTUPuKaureid KoapPUIMeHTOB
perynsaTopa CHUCTeMbl yNpaBJeHUsa [2] U aKTHBHOIO pblyara
ynpasjeHUss [3] ¢ Uesabl0 [AOCTHXKEHUs HauiIydlled TOYHOCTU
NUJIOTUPOBAaHHUA.

[IporHo3HbIN Aucn/ed NpeAcTaB/seT U3 cebsi TpexMepHbIH
KOpPUZOp, B KOTOPOM Ha BbIOPAaHHOM pAacCTOSIHUU (JaJbHOCTD
IpOrHo3a) H300paxkaeTcsl cedyeHUe, KOTOpOe JBUIAeTCs BHYTPHU
KOpHJiopa €O CKOpPOCTBIO JIeTaTeJbHOrO0 ammapata M Kyja
npoeLupyeTcs, TaK Ha3blBa€Mbld, NPOTHO3HBIA BEKTOP CKOPOCTH.
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AJanTUBHBIA  peryJiiTOp peaju3yeT NPUHLUI  HeJUHEUHOU
auHamudeckod wuHBepcuu (NDI). B kadecTBe aKTHBHOTO pblYyara
yOpaBJeHUs  UCIHOJIb3yeTcs  OOKOBOM  pblyar  ymnpaBJleHUH,
bopMupylOLMA  CUTHAJ, NOCBUIAEMbIM B TpaKT yNpaBJeHHUS,
IPONOPLMOHAJBHO YCUJIUSAM, KOTOPble K HEMY IIPUKJIa/bIBaeT JIETUHK.

UccnenoBaHuss BbINOJIHEHbl MyTeM MaTeMaTUYeCcKOro U
NOJIYHAaTypHOrO MOJEJMPOBAaHUSI CHUCTEMbl CaMOJIET-JIETYUK JJIs
pas/IMuUHBbIX OO'bEKTOB yNpaBJieHUs. [O0Ka3aHo, 4YTO INpPH TaKou
MHTerpalMyd IOBBbILIAIOTCA Tpeb6oBaHUS K  ObICTPOJAENCTBHUIO
UCIOJIHUTENbHBIX YCTPOUCTB. /Jlnd obecreyeHHs 6e30MaCHOCTH
NUJOTUPOBAHUSA B paboOTe MpeJJoKeH aJTOPUTM OrpaHUYUTEJS
CKOPOCTH OTKJIOHEHUsI IPUBOJA.

[lybaukanysa noAroTosjeHa B paMKax peanusanuu [I[porpaMmel
CO3JlaHUA M pa3BUTUA HAy4YHOrO LleHTpa MHUPOBOrO YpOBHA
«CBepx3Byk» Ha 2020-2025 rogbl npu ¢(UHAHCOBOM NOAJEPKKE
MuHo6pHayku Poccuu (cornamenue ot «20» anpess 2022 r. Ne 075-
15-2022-309)
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3. Edpemos A.B., Edpemos E.B. / Mogudukayus cTpyKTypHOU
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Integration of perspective ways of aircraft automatization to
ensure their flight safety and improvement task
performance

Efremov A.V., Tiaglik M.S., Efremov E.V., Shcherbakov A.l. (Moscow
Aviation Institute)

This paper is dedicated to study of effectiveness of integrating a
predictive display [1], an adaptive control system with on-line
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identification of flight control system controller coefficients [2] and an
active inceptor [3] in order to achieve the best possible piloting
accuracy.

The predictive display is a 3D corridor in which a cross section is
moving at a selected distance (predictive from pilot range), moves
inside within the corridor at the speed of the aircraft and where the so-
called predictive path angle is projected. The adaptive controller
implements the principle of non-linear dynamic inversion (NDI). A
sidestick is used as an active inceptor that generates a signal
proportional to the force applied by pilot sent to the flight control
system.

The research was carried out by mathematical and modelling and
ground-based simulation of the pilot-aircraft system for different
control element dynamics. It is shown that the integration increases the
requirements to the actuators rate limit. In order to ensure flight safety,
an algorithm for the actuator deflection rate limiter is proposed in the
paper.

The paper was prepared under the Program for the Development
of the World-Class Research Center “Supersonic” in 2020-2025, funded
by the Russian Ministry of Science and Higher Education (Agreement
dated April 20, 2022, No. 075-15-2022-309)
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4.13. Topauenko E.C., IuTBUH4YYyK J.A., Po3uH IL.E., CumoHOB A.B.
IuppoBoii MoaeUMpyOIIUNA KOMIJIEKC AJ1 OTPAaGOTKH
60pPTOBOro NPOrpaMMHOro o6ecre4yeHus CUCTEMbI
OpHeHTaluM U crabuansanuu KA gycTaHIMOHHOTO
30HAUpOoBaHuA JIyHbI
(AO «HIIO J/lagoukuHa», 2. Xumku)

HaseMHass  akcnepuMMeHTajbHasl  OTpaboTKa  GOPTOBBIX
aJrOPUTMOB CUCTEMbl OPHMEHTAllMM M cTabuausdauuu Jwb6oro KA
BKJIIOYaeT B  cebGs1  HECKOJbKO  3TaloB:  MaTeMaTUYecKoe
MoJe/IMpOBaHue; 0TpaboTKa B cocTaBe LUGPOBOro MOJeJHUPYIOLIero
KOMILJIEKCAa UHTETPUPOBAHHOTO B KOMILJIEKCHBIN cTeH KA; oTpaboTka
B COCTaBe JIETHOT'O U3/IeJIHS.

HudpoBoii MoAeUPYIOIIUNA KOMILJIEKC MpPeACTaBJseT COOO0U
COBOKYIIHOCTb NpPOrpPaMMHOrO-aNNapaTHbIX KOMIIOHEHT, KOTOpasd
obecreyruBaeT UMUTALUIO N0JIETa (YyIpaB/iseMOro BpalaTeJbHOro 1
Oop6HTa/IBHOrO ABWXEHUS C y4éTOM Bo3MylleHHi) KA M umuTanuio
paboTbl U3MepUTENbHBbIX W UCIOJHUTEJNbHBIX OPraHOB CUCTEMBI
OpUeHTauuM U  crabunusapuu. TakuMm  o6pasoM, Oyayyu
VHTErpUPOBaHHBIM B cOCTaB cTeHJa KA, JaHHBIA KOMILJIEKC ABJIAETCH
BaXkKHeM1Iel YacTb0 Ha3eMHOM 3KCIIepUMEeHTaJlbHON OTPabOTKHU.

B  fpoksnajze  paccMaTpuBalOTCA ~ OCHOBHble  NPUHLHIIBI
NOCTpoeHUs1 MPPOBOro MoJesMpylolero komiekca giasa KA J3J1.
Ocoboe BHUMaHHe yJesseTCs OpraHu3aldd ero INpPOrpaMMHOHU
COCTaBJIAOILEN B YaCTU: UMHUTALUU CTOXaCTUYECKUX XapaKTepUCTUK
CUCTEMBbl OpHUEHTAUUM H CTabWIM3alUHd C TOBTOPSIEMOCTBIO
pe3yJbTaTOB; BO3MOXXHOCTEH KOHTpPOJIA MAacCMBOB MapaMeTpPOB
MOJEeJUPOBaHUsl IITAaTHbIMU cpeAgctBaMyu UYII u  cucremoit
BU3ya/JIbHOI'0 KOHTpoJisi camoro AIIK; mMuTanuMu OTKa3oB U c6GoeB
3JIEMEHTOB CUCTEMbl OPHEHTALMU W CTAaOWIM3aLUM U perucTpanuu
HelUITaTHBIX CUTYaluH.

4.14. Topauenko E.C., IutBuHYyK J.A,, Po3uH IL.E., CumoHoB A.B.
0Cco06eHHOCTH IPOEKTUPOBAHM A 6€3TUPOCKOINHBIX CUCTEM
opueHTanuu U crabuansanuu KA /133
(AO «HIIO JlagoukuHa», 2. Xumku)

3a mnocjefHHE HECKOJbKO JIeT BO3HUK/JIAa HeEOOXOJAUMOCThb
CO3JjaHUs GOJIBLIMX I'PYNIHMPOBOK, BK/IOYAIOLMX B €051 HECKOJIBKO
JleCSTKOB U Jlake COTEH annapaToB JUCTAHIIMOHHOTO 30H/JMPOBaHUSA
3emau. B cusy pas/sMyHBIX NPUYMH CYLIECTBYeT HEO6XO0JMMOCTH
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ycTaHOBKKM Ha KA B KayecTBe U3MEPUTEbHBIX NPHUOGOPOB CHUCTEMBI
OpPUEHTAlUHM W CTAaOW/IM3alUK TOJIBKO 3BE3/|HBIX [ATYHMKOB, 6e3
BKJIIOYEHHUSI B COCTaB CHUCTEMBI THPOCKOMUYECKUX U3MepuTeJel
BEKTOpa yIJI0BOU CKOPOCTH.

Tpebyemasi BbICOKasi TOYHOCTb CTaOWJIM3alM{, paboTa B
YCJI0OBUSX BO3MOXXHOM 3aCBETKU WJIU 3aTeHEeHHUS 3BE3/IHBIX JATUMKOB
co cropoHbl CosHuLa #u 3eMJiM, HeOOXOJAUMOCTb 00eCNneYyUuTh
MOCTPOEHUEe OpPUEHTALUM K3 MPOU3BOJILHOTO MNoJsoxeHUs KA npu
YCJIOBUU OTCYTCTBUS U3MEPUTEJbHBIX THPONPUOOPOB: BCE 3TO
OPUBOAUT K HEOOXOAHWMOCTH COBEPIIEHHOT0 WHOTO MOAX0Ja K
NPOEKTUPOBAHUIO CUCTEMbI OPUEHTAIMU U CTAOUIM3aLMK allllapaTa B
yacTd Habopa OGOPTOBBIX aJrOPUTMOB OOPAGOTKHM H3MEPEHHUH U
$GOpMUPOBAaHUS YIpPABJSIOUIMX CUTHAJOB HA HCHOJHUTE/bHbIE
OpraHbl.

Jloksas, TOCBAIIEH pPacCMOTPEHUID OOPTOBBIX aJOPUTMOB
06e3ruPOCKONMHON CHUCTEeMbl OpHUEHTAlMu W cradbuausauuud KA /133,
KOTOpble HEOOXOAMMbI [AJI1 pelleHUs KaK I[eJIeBOM 3aJlauyM, Tak M
6e3onacHoro GyHKLUOHUPOBAHHUS alllapaTa B AeXypHoM pexume. K
TaKUM aJrOpUTMaM OTHOCATCS: aJrOPUTM NpPOrHo3a YIJIOBOTO
JABKeHUs KA B yc/I0BUSIX OTCYTCTBHUSI U3MEPUTENbHONU HHPOPMALIUY;
QITOPUTM ONTHUMaJbHOM 0O6PABOTKU aACUHXPOHHBIX H3MepeHUuU
HECKOJIbKUX 3BE&3JHbIX JAaTYMKOB; aJrOPUTM [JUHAMHUYECKOTO
HabGJ/II01aTessI CUCTEMBbI JJI PACUIMPEHHOTO BEKTOPA COCTOSIHUS C
OLEHKOH BHEIIHUX BO3MYIIAIOIIUX BO3AEUCTBUH.

4.15. llepemer A.A., PoKkKOB B.B.
Pa3BepThiBaHUE J€CAHTHOTrO MOJYJIsSI C pPOTOPHON CHCTEMOM

B aTMocdepe BeHepsl
(MAH, 2. Mocksa)

JKcTpeMaJsibHbIe yC/I0BUsS Ha BeHepe, Takve KakK Ype3BbIYAHHO
MJIOTHas atmocdepa, gaBsenue 9,3 Mlla wu TeMIlepaTypa
noBepxHocTH 460 °C npeAcTaB/ISAIOT CO60M cepbe3Hble NPO6IEMBI AJ15
JII060M BEHEPHAaHCKON MUCCUHU.

Jl/1s1 pa3BepThIBaHUSA J€CAaHTHOT'0 MOAYJIsl C POTOPHOM CUCTEMOM
B arMocdepe BeHepbl moTpebyeTcsi TLIATENbHO CIIJIAHUPOBAHHAs
MU CCHS.

YT0OBI COBEPIIUTD YCHEIIHYIO MOCAZAKy Ha BeHepy, flecaHTHBIN
MOJYJIb C POTOPHOM CUCTEMOM JI0/KEH OBITh CIPOEKTUPOBAH TaKHUM
06pa3oM, YTO6GBI BbIJIEPKUBATb 3KCTPEMAJIbHYIO TeMIEpaTypy,
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JlaBjleHMe Y KOpPpPO3WOHHYI0 cpely BeHepUaHCKOW aTMocdepbl BO
BpeMs BX0/Ja U CIIyCKa.

Pa3BepTeiBaHMe anmapaTa M3 TeIJIO3AlMTHOrO KopImyca B
atMocepe BeHepbl, BO3MOXKHO OCYLIECTBUTD [iByMs CIOCOGAMMU:

1. [locazika Ha TOBEPXHOCTD B PeXXHUMe aBTOPOTAL M.

2.BBoJ B IelicTBMEe BUHTOB Ha BbICOTE.

Cnyck npu pexxruMe aBTOpoTal U

ABTOpOTalusl MPOUCXOJUT, KOTZA pOTOpPbl NPUBOAATCHI B
JBIPKEHUE HCKJIIOYHUTEJNbHO BO3JYLIHBIM IOTOKOM, MPOXOJSIUM
yepes HUX, a He JBUraTesieM WM MoTopoM. Korjia annapar cryckaeTcs
yepe3 aTMocdepy BeHepsnl, BO3AyLIHBINA NOTOK, MPOXOAAIIMN 4Yepes
pOTOpBI, 3aCTaBUT MX BpallaTbCd, CO3JaBas NOABEMHYI CHJIY U
3aMe/JIsd CIycK. /lecaHTHOMY MOAYJIIO0 NOTpebyeTcsa OTPeryaupoBaTh
CKOPOCTb BpallleHWs BUHTOB W IIAr JIONACcTeHd BO BpeMs CHWKEHMS,
YTOObI COXPAaHUTD YCTOMUYHUBOCTD U YIIPABJISIEMOCTb.

[locieqoBaTe/IbHOCTD 3TAIOB:

1. Bxoa B aTMmocdepy BeHephl.

2. BBoa napautoTa ¥ c6poc HHXKHEro TelJ03alUTHOr0 3KpaHa.

3.Kak To/sbKO HMIXHAA nojychepa OTAeNsI€TCsl, TPOUCXOAUT
aBTOpOTaLusl.

4. PazBopadyuBaHUe [10CaJO0YHBIX OIIOP.

5. OTpesieHre BepXHeTo TelJI03alMTHOIO IKpaHa.

6. PoTopsl mpojoJpkaT BpalaThes, 06ecneyrBasi MOLbeMHYIO
CHWJIy, U allllapaT 6/1aronoJy4Ho NPpU3eMJIMTCS Ha IOBEPXHOCTb.

BBoJ B lelicTBHE BUHTOB Ha BBICOTE

Ha onpezesieHHOU BbICOTE OTCTHIKOBATh A€CAaHTHbIA MOAYJIb, A
3aTeM 3allyCTUTb POTOPHYIO CUCTEMY JJ151 CO3JJaHUs IO'bEMHON CUJIBL.
JToT MeToA mNoTpebyeT TOYHOrO BpeMEHU U KOHTPOJS, 4YTOObI
rapaHTHPOBATh, YTO JleCaHTHBIA MOAYJ/b OY/eT BBIIyILeH Ha HY>KHOH
BBICOTE, @ POTOpPHAsA CUCTeMa HayHeT paboTaThb IPaBUJIBHO.

ITocnepoBaTebHOCTh 3TANOB:

1. Bxoa B atMmocdepy BeHepnl.

2. BBoa napamtoTa ¥ c6poc HXKHETO TeNJI03alUTHOr0 3KpaHa.

3.Kak Tosnbko HIXHSAA nojaychepa OTHensieTCsl, TPOUCXOAUT
aKTUBaL U POTOPHOHN CUCTEMBI.

4. PazBopauuBaHUe [10CaJ0YHBIX OIOP.

5. OTpesieHue BepXHero TellJo3alMTHOIO IKpaHa.

6. AKTUBaL Mg POTOPHOM CUCTEMBI, 06eCIeYUT 0L bEMHYI0 CUILY,
Y annapar 6/1aromnoJiy4Ho NpU3eMJINTCS Ha IOBEPXHOCTb, INOO HAYHET
HCCJie,0BaTh OKPECTHOCTH Y IPOBOAUTH Hay4YHbIe U3MEPEHUS.
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HecMoTps Ha 3TH TPYyAHOCTH, JECAHTHBIA MOAYJb C POTOPHOU
CUCTEMON MOXeT CTaTh LeHHbIM HWHCTPYMEHTOM /[J W3y4eHUH
NIOBEPXHOCTHU IJIaHETbl WU TIpOBeJeHUsl HaAy4YHBIX MWCCJIeJOBAaHUH.
[loTeHuMa/IBHO OH MOI' OBl HpoJieTaTb HaJ MHTEPEeCyMIIMMH Hac
palioHaMM U coOGupaThb JaHHble O reoJioTHH, aTMocdepe U KaUMaTe
miaHeTel. OfHAKO JJi TOro, YToObl ammapaT CTajJ peajbHOCThIO,
NoTPe6yTCA 3HAUUTEJIbHbIE UCC/IE/JOBAHUS U pa3paboTKH.
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Deployment of a landing module with a rotor system in the
atmosphere of Venus

Sheremet A.A., Ryzhkov V.V. (Moscow Aviation Institute)

Extreme conditions on Venus, such as an extremely dense
atmosphere, a pressure of 9.3 MPa and a surface temperature of 460 °C.
These conditions present serious problems for any Venusian mission.

Deploying a landing module with a rotor system in the
atmosphere of Venus will require a carefully planned mission.

To make a successful landing on Venus, a landing module with a
rotor system must be designed to withstand the extreme temperature,
pressure, and corrosive environment of the Venusian atmosphere
during entry and descent.

Deployment of the device from the heat-shielding housing in the
atmosphere of Venus can be done in two ways:

1. Landing on the surface in autorotation mode.

2. Putting the propellers into action at a height.

Descent in autorotation mode

Autorotation occurs when the rotors are driven solely by the
airflow passing through them, and not by an engine or motor. As the
craft descends through the atmosphere of Venus, the airflow through
the rotors will cause them to rotate, creating lift and slowing down the
descent. The landing module will need to adjust the propeller speed and
blade pitch during descent to maintain stability and control.
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The sequence of steps:

1. Entry into the atmosphere of Venus.

2. Entering the parachute and resetting the lower heat shield.

3.As soon as the lower hemisphere separates, autorotation
occurs.

4. Deploy landing legs.

5. Separation of the upper heat shield.

6. The rotors will continue to rotate, providing lift, and the vehicle
will land safely on the surface.

Putting screws into action at a height

At a certain height, undock the landing module, and then launch
the rotor system to create lift. This method will require precise timing
and control to ensure that the landing module will be released at the
correct height and the rotor system will start working correctly.

The sequence of steps:

1. Entry into the atmosphere of Venus.

2. Entering the parachute and resetting the lower heat shield.

3. As soon as the lower hemisphere separates, the rotor system is
activated.

4. Deploy landing legs.

5. Separation of the upper heat shield.

6. Activation of the rotor system will provide lift, and the device
will land safely on the surface, or begin to explore the surroundings and
conduct scientific measurements.

Despite these difficulties, a landing module with a rotor system
can be a valuable tool for studying the surface of the planet and
conducting scientific research. Potentially, it could fly over areas of
interest to us and collect data on the geology, atmosphere and climate
of the planet. However, for the device to become a reality, significant
research and development will be required.
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4.16. Maasiues A.B., Tennos B.A.
IlocTpoeHMe oNTUMA/ILHBIX IPOTrPaMM COIHKEHUS
KOCMHUYEeCKHX allllapaToB B YCJI0BUAX HAIMYMS OLIMGOK
BHEIIHETPAEeKTOPHBIX U3MepPEeHU
(AO «Konyepu BKO «Aamaz — Aumeli», MAH, 2. Mockea)

Ha cerojHAHUHN JjeHb KOJIMYECTBO UCKYCCTBEHHBIX CIIYTHUKOB
3eMJ/IM JJOCTUIJIO CBOEr0 MaKCMMyMa U NpOJoJnKaeT pacTy. [Ipuyém
CIeKTp oOmnepalyi, BBINOJHAEMbIX OPOUTAJbHBIMM annapaTamy,
pacimimMpsaeTcs, 4YTO 3acTaBJseT ClIellMaJMCTOB B 006/1aCTH yIpaBJeHUs
JIBM>KEHHEeM KOCMHUYEeCKUX alnmnaparTos pemaThb 3a/ja4u
HPOTrHO3UPOBAHUS OPOUTAJBbHBIX MAaHEBPOB aNNapaToB B YCJIOBUSX
Ha/IU4usl cay4alHbIX GaKTOPOB M TPeOGOBAaHUN K OJHOBPEMEHHOMY
BbINIOJIHEHUIO HECKOJIBKUX YCI0BUM cOIMKeHUsl. BcTpeya U CThIKOBKA
Ha opbuTe SABJSIOTCA CJAOXKHEHIIMM 3TAallOM COBMECTHOIO
GYHKLIMOHUPOBAaHUS KOCMMYECKHX aMNlapaToB, pelleHHe 3ajay
KOTOPOTO JMHAaMHUYeCKH pa3BUBaeTCsi U He HMeeT eJUHOH
dopmanuzauuu. Hcropuueckd omepauudu  BCTpedd JessAT Ha
HEeCKOJIbKO O6LIMX 3TANO0B: OATOTOBKA, CTAapT M BbIBeJleHUe Ha OPOUTY
(B TOM uucIie - B 30HY BCTPeuH), IOMCK U 3axBaT LeJH, COMMKEHUE,
npUyajJuBaHWe U CTbIKOBKA. B ciydae, korja TpaeKTOpHas
MH$opMaLUs 060X alapaToB U3BECTHA, JIMOO U3BECTHbI 3aKOHBI UX
yIpaBJ/sSieEMOro JABMXXKEHHs], 33/la4a BCTPEYM U CTHIKOBKH pelIaeTcs C
Y46TOM H3BECTHBIX M aNpoOGUPOBAHHBIX METOJOB yIpaBJIEHMUS.
OnHako, BO3MOXKHA CUTYyalLlMsl, KOr/Jjla NaCCUBHbIM 06'bEKTOM BCTpeYH
SIBJIIeTCSl HEMCNPaBHbIN annapar. B TakoM ciiyyae onepanuio BCTpeuu
U CTBIKOBKM NPHUXOAUTCSA OCYIIECTBJATb N0 BHEIIHETPAeKTOPHBIM
OLlEHKaM MapaMeTpOB €ero JBHXXEHHSs, YTO Ha MpPaKTHKe MPUBOAUT K
NOAIBJIEHUIO 06J1aCTH HeollpeJieIEHHOCTH HeHUCIPaBHOro ammapara B
o6Jsiactu BcTpeuu. TakuM 06pa3oM, B IpoLecce ynpaBaeHUs1 aKTUBHbIM
anmnapaToM BO3HHUKAeT 3ajadya He TOJIbKO YCTPaHEHUs MCXOAHOU
pa3HHULbI IPOTrHO3UPYEMbIX KOOPAUHAT, HO U IMHAMHUYECKOH, OLIMOKU
NPOrHO3UPOBaHUS, C/IyYalHbIN XapaKTep KOTOPOU 00yCI0BJIEH, B TOM
qucre, TOYHOCTHBIMH XapaKTepUCTHKaMHU CpeACTB
BHEIIHETPAaeKTOPHbIX U3MePEHHUH.

ABTOpaMHu mnpejsaraetcs MNOAX0J K IOCTPOEHHUIO HPOTrpaMM
ONTUMAJIbHOTO yIpaBJieHUsI aKTUBHbIM KA B 3azade cOIMMKEHUS C
naccuBHbIM KA 10 JaHHBIM BHEIIHETPAEKTOPHbBIX U3MepeHHU. B xoze
MCC/Ie/IOBAaHUM TMOJIyYeHbl ONTUMaJbHble MPOrpaMMbl yHpaBJIEHUS
JIBUTaTeJsIMU HMHCIIEKTOpA AJIs1 psijia KPUTEPUEB, B TOM YHUCJIE - JJIs
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KpUTepUsl OBICTPOAENCTBUS U KpUTEpHUs MHUHHUMyMa HOTpebGHOU
3HepreTUKH. Pe3y/sibTaThl MccleA0BaHUM MOTYT ObITh BHEJpEHBI IPU
IPOEKTUPOBAHUM AJITOPUTMOB COJIKEHHS C HeHWCIpaBHBIMHU
Oop6HTa/bHBIMM aNnapaTaMd B YCJIOBHUAX MOrPEIIHOCTeH Ha3eMHBIX
TPaeKTOPHBIX U3MEPEHUH.

4.17. Ayar Mbo TanTt, KoHcTanTuHOB M.C.
HuskosHepreruuyeckue nepesiethl K JlyHe yepes Toyek
Ju6panum B cucreme 3emisa-JlyHa
(AO «Konyepu BKO «Aamas — Aumeli», MAH, 2. Mockea)

[Ipo6sieMa ompejiesieHUsI U MCCJIeJOBAaHUSA CBOMCTB JIYHHBIX
TpaekTopuil KA Ba)kHa /111 KOCMOHaBTHKHU U HEOECHOW MeXaHUKH, U
OHa 3aHMMaeT 3aMeTHOe MeCTO B MWCCIeJ0OBaHUAX IO MeXaHHUKe
KOCMHYecKoro nmoJseta. B Hacrodmee  BpeMd, TO, 4TO
HU3KOIHepreTUyecKue TpaeKTopuu 3axBaTa KA JlyHOU peasbHBI,
JI0OKa3aHO He TOJIbKO TeOpeTHYeCKH, HO U NpaKTU4ecKkdu. B nesom,
HHU3KO3HEpreTUYeCKUH IepejieT — 3TO MOYTH OaJJIMCTUYECKUU
nepesieT MexAay 3eMyael U JIyHOU, KOTOPBIN UCNOJIb3yeT rpaBUTAL IO
CoJiHIIa AJ/151 CHU>KeHUsl ToTpeOGHOoCTel kocMUuyeckoro anmnapara (KA) B
TonuBe. HU3kosHepreTuyeckue nepeJsieTbl paclIMPAOT OKHA 3alycKa
U TpebyeTcd OTHOCUTEJNbHO HeOOJIbLlIoe YBeJWYeHHe TpebyemMon
3HePreTUKH NPU OTKJIOHEHHUHU JAThl CTapTa OT onTUMasbHOMU [1,2,3].

Pa3pa6oTaH MeTOJ, HU3KO3IHEPTreTUUECKUX NIEPeIeTOB C HU3KOU
OKOJIO3eMHON OpO6UTBHI B 3aJaHHy0 opouty JIyHbl 4Yepe3 TOUYKHU
Jlubpanuu B cucrteMe 3emisi-JlyHa. Y4YUThIBaeTcd BO3MYILEHHOE
ABmkeHue 1uaHeTbl  (Cosbua-3emins-JlyHa).  PaccmaTpuBaeTcs
NOBbIILIEHUS 3pPeKTUBHOCTH BBINIOJIHEHUA TPaHCIOPTHBIX
KOCMUYECKUX MaHEBPOB INpHU peasM3alUM JIYHHBIX IIepeJseTOB.
HacTtosmiye yHHble NporpaMMbl NpeAnoJaraloT peajn3aliio MHOTUX
NPOEKTOB, BKJIKYAKLIMX JJOCTABKY HA HU3KYIO0 OKOJIOJYHHYIO OPOUTY
rpy3oB 06oJsiblIOM Maccel. ['py30Bble IepeBO3KH  JOMYCKAIT
yBeJIMYeHUe BpeMeHM BBINIOJHEHUd IepesieTa. Hcnosb3oBaHue
IepeBO30K HHU3KO3HEPTreTUYEeCKUX TpaeKTOpUU ABJISIETCSA
1esiecoo6pa3HbiM. OHU MO3BOJIAIOT YBEJHWYUTDb I0JIESHYID HArpysKy
WM YMeHbIIUTb 3aTpaThl. [Ipy 3Tux mnoJiesHblx 3pPeKTUBHOCTEH
HU3KO3HepreTUUecKue IepeJsieTbl SBJASIOTCA BaKHOH MpoO6JIeMOH.
HuskosHepreTvyeckue mnepeseTbl HMET MeHee HaNpsSKeHHbIN
rpaduk paboThI C/1y:K6 CONPOBOXKAEHHUS U yIIpaBJIeHUs ABIKeHHeM KA
Ha  peajqu3yeMOW  TpaeKTOpUM  IepesieTa. Bpemsa  mexay
npejnoJjiaraeMbIMU MOMEHTaMU KOPPEKIMH JOBOJIBHO GOJIBLIOE, YTO
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JlaeT BO3MOXXHOCTb TIIATEJNbHOIO BBINOJHEHUS HaBUTAIIMOHHBIX
M3MepeHUH M BBIPAOOTKMU ILJIaHA JAajibHelniero mnepeseta. Ilpu
NPOEKTUPOBAHUU HU3KO3HEPreTU4YeCKUx nepeJsieToB ecTb
BO3MOXXHOCTh 00€CHeYHUTb BbIBeJeHHEe OJHOW paKeTOW-HOCHUTeJeM
HeckoyibKuX KA Ha oKoJIOJIyHHBIE OpGUTHI, pasaenssas KA Ha HU3KoH
OKOJIO3EMHON 0p6HTe U BbIOMpAs pas3/iMuHble IJIaHbl MoJeTa JJis
kaxkgoro u3 KA. Tpebyemas 3HepreTMka TaKHUX KOCMHYECKHUX
annapaToB 6yAeT ouyeHb 6JM3KOU. Takoil BO3MOXKHOCTU MPaKTUUYECKHU
HET NPU UCNOJb30BAHUU TPAIUIMOHHbBIX IPSMBIX MTepeieToB [4].

[Ipy mpoeKTUpOBaHUU HU3KO3HEPreTUYEeCKUX NepesieTOB eCThb
BO3MOXXHOCTh 00ECHEeYHUTh BbIBeJeHHEe OJHOW pPaKeTOW-HOCHUTeJeM
HeckosibKuX KA Ha okoJIoJIyHHbIE OpGUTHI, pasaensss KA Ha HU3KoH
OKOJIO3EMHON OpOHTe U BbIOMpasd pa3/iMuHble IJIaHbl MoJeTa JJs
kaxgoro u3z KA. Tpebyemas 3HepreThka TaKHX KOCMHYECKUX
anmnapaToB 6yAeT ouyeHb 6JU3KOU. Takoil BO3MOXKHOCTH MPAKTUYECKH
HET NPU UCH0JIb30BaHUM TPAJULMOHHBIX NPSMBIX epesieToB. UMes B
BU/ly Nlepe4yrCJIeHHble BbIllle NpeuMyllecTBa HU3KOIHEePreTU4YeCKUX
TpaeKTOpHUH IiepeJsieTa, 3aMeTHM, YTO MX peajusalus SABAAETCH
C/I0KHOW mpobsieMol. Takasg TpaeKTOpUsl OYeHb YyBCTBUTEJbHA K
JI00bIM OLIMOKAaM MO HavajJbHbIM YCJAOBUSAM JBWXKeHUS [5,6].
TpebyeTcss o4yeHb BbICOKAsi TOYHOCTb HAaBUTALlMOHHBIX U3MEPEHUN U
Ux 06paboTku. TpebyeTcss o4yeHb BbICOKAasg TOYHOCTb HCIOJHEHHUS
KOPPEeKLUUNA TPAaeKTOPUH. ITHU OOCTOSATEJIbCTBA BMeCTe C OOJIbIIUM
yBeJIMYeHUEM BPEMEHHU NepeJieTa JA0KHbI YYUTBIBAThCS IPU BbIGOPE
BO3MOXHbIX aJIbTEPHATUBHBIX CXEM IepeJieTa Npy BbiBeAgeHUU KA Ha
OKOJIOJIYHHbIEe OPOUTHI [7].

B HacTosilieli paboTe paccMaTpUBaeTcCs 3aJayva HaXOXAEHWUSs
palMoHaNbHON cxXeMbl MepesieTa C HU3KOM 0KO0JI03eMHOU OpOUThI Ha
OpOUTY MCKYCCTBEHHOTO CNyTHHUKA JIyHbI. /IBUraTesbHasl yCcTaHOBKa
KA npezIoJjaaraeTcs XUMUYECKOH. CunTaercsa MHOTHe
XapaKTePUCTUKU HHU3KOW OKOJIO3eMHOM OpOUTHI HW3BECTHBIMHU.
LlesieBasi op6UTa MCKYCCTBEHHOr0 ClyTHUKA JIyHbI mpejoJiaraeTcs
HU3KOM KpyroBoil. M3BecTHa BbICOTAa KOHEYHOW KpYroBOH
OKOJIOJIYHHOM op6buThl. BpicoTa 3TOH opbuThl mpejoJaraeTcs
3afaHHON. TpebyeTcss HaWTH XapaKTEPUCTUKHW ONTUMaJbHOMN
HMIOYJbCHOM cxeMbl mnepesietra KA ¢ okoJsio3eMHOM oOp6GUTBHI Ha
OKOJIOJIYHHYI0 op6uTYy. KpuTepreM onTHMHU3alMU pacCMaTpUBAETCS
BeJIMUMHA BTOPOrO MMIYJIbCA CKOPOCTH, KOTOPBHIM 3aKaHYMBAETCS
nepesneT. Bca Tpaektopus KA pasbuBaeTcs Ha JiBa yvacTKa:
reolleHTPpUYEeCKUH U CeJIeHOLEeHTPUYeCKUH ydacTKU. [Ipu 3aTom Ha
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nepesieTHOM TpaeKTOpUU Ha KA [eWUCTBYIOT CUJIbI NIPUTSXKEHUS TPeX
HebOecHbIX Teu (3emuiy, Jlyaol v CosiHIIA).

dna  onucanusa gBwxkeHua KA wcnosib3yerca  Mojesib
OTpaHMYeHHOH 3a/auu 4-x TeJl. [Ipex e Bcero, TpaeKTopus nepeseTa
JIO/DKHa ObITb BbIOpaHa TaK, YTOObI COJIHEYHble I'PaBUTALUOHHbIE
BO3MyllleHUs1 obGecneunau mnoajser KA k okpecTHocTH JIyHbI C
HeO6OJIbIION BEJIMUMHOM CeJIEHOLIEHTPUUECKOU ckopocTHU. [loaTomy, Ha
nepBOM 3Tale pPaboTbl ObLIM NPeANPUHSATbHl NONBITKU OLLEHUBATh
rpaBUTALMOHHbIE  COJIHEYHble  BO3MYILEeHUs  Kak  QYHKLUU
OTHOCHTeJbHOro  mnoJsoxeHusa CosHU@ B MOMEHT  3alycKa
KOCMHYEeCKOro anmnapaTa 4 3J1eMeHTOB NPOMeXyTOYHOM OpOUTHI, Ha
KoTOpylo nepeBoauTcad KA npu crapre ¢ HHU3KOH OKOJIO3EMHOH
opouTel. OCHOBHOe NpeJIoJIOKEHHe [JJId ONpeJesieHuss 3TOro
Haya/JbHOr0 NPUOJMXKEeHUS (M MOMXHO CYMTaTh, MpeAJaraeMoro
MeT0/la) - Cy}eHHe IPOCTPAaHCTBA IepesieTHbIX TPaeKTOPHUH.
BBoguTca npeanosoxeHue, 4To KA nmomazaeT B OKpecTHOCTh JIyHBI
yepes «ropJIOBUHBI» B OKPECTHOCTH TOUEK IMOPALMU CUCTEMbI 3eMJIs1—
Jlyna L1 wam L2. [lomosHWTeNBHO NpeAloJaraeTcsd, 4YTO IpH
npoxoxaeHnU KA okpecTHOCTH TOYKM JIMOpaluu pajuyc nepures u
pasuyc amnoresl OCKyJHUpYyIOLled TeOLeHTPUYEeCKOW TpaeKTOpHUHU
6/1M3KHU K aHaJIOTUYHBIM 3JleMeHTaM reoleHTpHUYeCKOu
OCKyJIMpyIOllell  opOUTBI  TOYKM Jubpauuu. MHgesa  Takoro
NpPEeAINoIOKEHUsT  3aKJO4YaeTcd B TOM, UYTOObl 00eCneyuThb
NPOXOXK/JAEHUEe  TOPJOBUHBI  OKPECTHOCTHU  TOYKHA  JiMbOpanuu
(«mpo6paThCsA» B OKOJIOJIYHHOE TMPOCTPAHCTBO) C HEOOJBbIION
BEJIMYMHOM CeJIeHOLEHTPHUYECKON 3Hepruu. JTO MOXKeT 06ecleyUuThb
BpeMeHHbIN 3axBaT KA JlyHoii.
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4.18. 3oHoB H.U., Moucees /1.B.
HaBuranus reoctaguoHapHbIX KA ¢ ucnosib3oBaHMEM
CNYyTHUKOBBIX HABUTALlMOHHBIX CUCTEM M aCTPOM3MeEpPEeHM il
(MAH, 2. Mockea)

Ha kadeape 604 «CucteMHBbIM aHaiu3 U ynpaBjaeHue» MAU
pOBeZleHO CpaBHHUTEJIbHOE vccjaefjoBaHue HaBUTALUMU
reoctauroHapHeix KA (TKA) ¢ wucnosb3oBaHHeM CIyTHUKOBBIX
HaBuranuoHHelx cuctrem (CHC) GPS, TJIOHACC, Galileo wu
aCTpOU3MepPEHUH, 10T KOTOPbIMH MOHUMAIOTCA YTkl 3Be3aa-06beKT-
3emns ([onspHas 3Be3na, Cupuyc, Kanomyc) u CosHue-O6beKT-
3emuid. MoziennMpoBaHue NPOLLECCOB HABUTA UK reocTauoHapHoro KA
IPOBOJUJIOCH C yYETOM CMeILIaHHbIX BO3MYLIEHUH, CONPOBOXAAIOLIUX
Ipoueccel 3BOJIOLWM U HAO/JIOJEeHUH, U HMeKLUX pasJNiHYIo
IpUpoSy HeonpeneséHHOCTH (CAy4yallHbIX U HeOllpeJes/éHHBbIX B
CTaTUCTUYECKOM cMbIcae). [IpoBef€HHBIA aHajlU3 MOMXKET ObITh
noje3eH TMpU BblbOpe KOHKPETHOM KOHQUrypalMU CHUCTEMbI
HaBurauuu I'KA.

Takke ObLIM HCCAE0BAaHbl pa3/jM4YHble MyTH MOBbILIEHUS
To4yHOCTU actpoHaBurauuu 'KA. B yacTHocTH, GbLIM pacCMOTpPEHBI
TaKue BapHaHTbl KaK yBeJM4YeHUMe 0ObeMa BBIGOPKM H3MepeHHl,
yBeJIMYeHUs1 KOJIMYeCcTBa MCHOJIb3yEMBIX 3BE€3J, IpUMeHeHHe
Pas3/IMUHBIX KOMOUHALUMKA acTpOU3MepPeHHUH, a TaK:Ke MCIO0JIb30BaHUe
JlyHbI B KauecTBe JONOJHUTEJTbHOI0 HABUTalJMOHHOT'0 OpUEHTHPA.

Pe3ysnbTaThl MccieJOBaHUM ONyOJINKOBAHbI B L{UKJIe cTaTe [1 -
7]. ABTOpBl HaAewTCS, 4YTO ONyOGJHUKOBAaHHbIE MaTepHaJbl
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3aMHTEPECYIOT CHELUANNCTOB, paboTaLIIMX B 06J1aCTH KOCMUYECKON
HaBUTraluu.
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4.19. 3oHoB H.H., Moucees /1.B.
Be3zoneparopHas No/JIMHOMHUAa/IbHasA aNNpOKCUMAaIMs

$yHKIUII MHOIOMEPHOT0 apryMeHTa
(MAH, 2. Mockea)

Bbuia chopmysiMpoBaHa M pellleHa 3ajiadya anmnpoKCUMaluu
GYHKIME nN-MepHOTO apryMeHTa MOJIMHOMaMH 3a/laHHOM CTeleH! Ha
3aJJaHHOM MHOKECTBE V3JIOBbIX TOYEK METOJOM HauMeHbIINX
KBaJIpaToB.

B oT/inuMe OT C0XKUBLIErocs TPAAMIMOHHOTO MOAX0Ja, MPH
KOTOpOM, Kak B ¢opmyse TeHsopa, HampuMep, HCIOJIb30BaHbI
auddepeHnManibHble onepaTophl [1, 2], B paccMaTpuBaeMoi paboTe
anmnpoKCUMHPYIOIIME TOJHHOMbI 3alHChIBAIOTCA B sIBHOM BHJEe Ge3
MCI0JIb30BaHUs ornepaTopoB. C y4éTOM 3TOro, pelleHHe 3aJayu
annpokKcUManuu GpyHKIMKA MHOTOMEPHOTO apryMeHTa MOJMHOMaMHU
3a/JaHHOM CTEeMEeHH MOJy4YeHO B MPOCTOM, KOMIAKTHOM BH/IE.

KoppekTHOoCcTh M 3)PEeKTUBHOCTb MNpeJIOKeHHOro crnocoba
anmnpoKCUMalMyd ObLIM  MOATBEPXK/JEHbl MNPU  aNNpPOKCUMAILUU
KOHKPETHBIX PYHKIUH C pa3/MYHbIMHA Pa3MEPHOCTSAMH apryMeHTa U
3aJJaHWeM pa3JIMYHbIX CTelleHel TOJIMHOMOB.

[ToslydeHHBIA pe3yJIbTaT MOXET ObITb HCIOJIb30BaH KaK B
TEOPETUYECKUX HCCJIEOBAHUSAX, TaK U NMPHU PEIIeHUH MPUKJIAJHbIX
3a/1a4 B pa3/IMYHbIX NTPEMETHBIX 00JIaCTSIX.
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5.1. Tkayenko HU.C.
Ba3a JaHHBIX 06ecIeYMBAKIUX 60PTOBBIX CHCTEM U
M0JIe3HbIX HArpy30K MaJIbIX KOCMUYeCKHUX annapaToB
JAMCTAaHIMOHHOT0 30HMPOBaHMs 3eMJIU KaK CpeJCTBO
UHPOPMaLMOHHOH NOAAEP>KKH Nponecca NpOeKTUPOBAHUSA
MHOTrOCNYTHUKOBBIX OPGUTA/IbHBIX TPYNNHPOBOK
(Camapckuti ynusepcumem um. Kopoaesa, . Camapa)

C pasBuTHeM HHQPOPMALHMOHHBIX TEXHOJIOTMH B MOCJeJHUE
JleCATUJIeTUSl 3HAUUTEJIbHO BBIPOC/Ia POJib CUCTEM MHGOPMALlMOHHON
NOAJEPKKH Ipolecca MNPOEKTUPOBAHUA TEXHHYECKHX H3JeJUH.
BosmoxxHocTH cucteM 3GQeKTUBHOrO yHpaBjeHUs 3HAHUAMU
NO3BOJISIIOT 06GecrneynBaTh OOIIHOCTb TEPMUHOJIOTHUH, ONpeJeseHUH
00'bEKTOB M OTHOLIEHUH MexAy HUMU. Pa3paboTka HOBBIX CIIOCOGOB U
pa3BUTHeE TEXHOJOTMH NPOEKTUPOBAHHUS U KOHCTPYHPOBaHUs Ha Gase
NOJXOJ0B CHCTEMHOM HWHXXEHEPUU MO03BOJUT He TOJIbKO pellUThb
aKTya/IbHY0 Hay4yHYI0 Npo6JieMy CO3/aHus JIETKUX, 3QPEKTUBHBIX U
HaJI&KHBIX MaJIbIX KOCMHUYeckuXx annapaToB (MKA), Ho 1 cnoco6¢cTByeT
CHIKEHHIO CTOMMOCTH CEPUUHBIX U3/ eJINM.

MKA ¥ KocMHUYecKHMe CHCTeMbl Ha U3 06a3e (B TOM 4HCJE
MHOTOCIYTHUKOBbIE) pa3pabaThiBalOTCSl B COOTBETCTBUU C TAKTHUKO-
TEXHUYECKUMHU 3aJlaHUSIMH, B KOTOPBIX ONpeJesieHbl UX TaKTHUKO-
TeXHUYeCKUe XapakKTepUCTUKUM. OJHUM M3 HalpaBJeHUHW B
NPOEKTUPOBAaHUM, obecneunBamux 3¢PeKTUBHOE pellleHUe 3a7ad
co3fanna MKA B KOpOTKUe CpOKH, HABJIIETCA MCIOJIb30BaHHeE
maTdopMeHHbIX NpuHLUMNOB. [lepexon k noctpoenuio MKA Ha 6ase
KPYIIHbIX KOMIIOHEHTOB II03BOJIAET CO3J4aBaTb ceMeWcTBO MKA,
OTJIMYAIOIIUXCA IO COCTaBy LeJieBOM anmnapaTypbl, HO HMELIUX
061y maaTopMy, BKIOYAIOIIYI0 B cebsd Habop 06ecrnedyuBaroLUX
CUCTEM.

BaxxHOCTh 0O6MeHa 3HAaHUSMHU B 006JIaCTM NPOEKTUPOBAHUS
M3JleJIUd Mex/Jy HWHXXeHepaMH LIMPOKO MNpPU3HAHA B HUHXXEHEPHO-
KOHCTPYKTOPCKOM JlesiTesibHOCTH. O/]HAaKO GOJIBIIUMHCTBO 633 3HAHUM,
CO3JlaHHBbIX [IJI1 0OMeHa MpPOeKTHOW HHbopMauuel U NOoAJepKKHU
npolecca NpoOeKTUPOBaHUA, cojepxaT ToJbKO JaHHble CAIIP u He
coZlep>kaT 3HaHUM 0 GYHKIIMOHa/IbHbBIX XapaKTepPUCTHUKAX U3JeJUH, UX
CTOMMOCTH, COBMECTHUMOCTM M HaJE&XKHOCTH, KOTOpble WIpalOT
peLIanILyo poJib B MOJYYEHHH YCIEUIHOT0 NPOAYKTA.
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PaspaboTaHa 6asa JaHHBIX, cozepiKanas MHbOpMaLUI0 O
GYHKLIMOHAIBHOCTH UHXXEHEPHBbIX U3JeJIMH, KOTopas MOXeT CTaTh
BO)XHbIM MOJCIOPbeM B MNOBbILIEHHH 3(PEeKTHBHOCTH NPOEKTHOU
JledTeJIbHOCTH. Mcrnosib30oBaHMe TaKOro poJla MHCTPYMEHTOB
N03BOJIIeT NPOEKTHUPOBLIMKAM OBICTPO HAxXOJUTb TpebyeMylo
MHpOpMaLMIO, YTO MOXKET COKPAaTUTb BPeMsl NMPOEKTHPOBAHHUSA U, B
KOHEYHOM UTOT€, IPUBECTH K JIy4llIeMy NPOEKTHOMY peLIEeHHUIO.

Jluteparypa:
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Database of on-board systems and payloads of small remote
sensing satellites as a means of information support for
design of multi-satellite orbital constellations

Tkachenko . S. (Samara University, Samara, Russia)

With the development of information technology in recent
decades, the role of information support systems for the design process
of technical products has increased significantly. The capabilities of
effective knowledge management systems allow to ensure the
commonality of terminology, object definitions and relations between
them. The development of new ways and the development of design and
construction technologies based on systems engineering approaches
will not only solve the urgent scientific problem of creating light,
efficient and reliable small satellites (SS), but also contribute to
reducing the cost of serial products.

Small satellites and space systems based on them (including
multi-satellite) are developed in accordance with the tactical and
technical tasks, which define their tactical and technical characteristics.
One of the directions in design ensuring effective solution of SS creation
tasks in a short time is the use of platform principles. The transition to
SS on the basis of large components allows to create a family of satellites
that differ in the composition of the payload, but have a common
platform that includes a set of supporting subsystems.

The importance of product design knowledge sharing among
engineers is widely recognized in engineering and design activities.
However, most of the knowledge bases created to exchange design
information and support the design process contain only CAD data and
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do not contain knowledge about the functional characteristics of
products, their cost, compatibility and reliability, which play a crucial
role in obtaining a successful product.

A database has been developed that contains information about
the functionality of engineering products, which can be an important aid
in improving the efficiency of design activities. Using these kinds of tools
allows designers to quickly find the information they need, which can
reduce design time and ultimately lead to a better design solution.

Bibliography:
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5.2. MoposoB A.A,, Ctapkos A.B.
AHa/IM3 NOAXO0A0B K PellleHUI0 3aJja4M pacnpeaeaeHus
CBepx60/IbINX 06'beMOB HHGOPMaL MU B IePCNEKTUBHBIX
ceteBbix OI' KA /133
(MAH, 2. Mockesa)

[IpeacTaB/eHbl pa3/M4yHble BapUaHTbl K peLIeHHI0 3ajaydd
pacnpejesieHdss ~ CBepxOoJibIIMX  00beMOB  HHbOpMAUMHU B
NepClIeKTUBHBIX CETEeBbIX OPOUTAJIBbHBIX TPYyNIHUPOBKAX C O6OLIUM
npejnoJjiaraeMbIM CLieHap¥eM paboTbl BCEH CHUCTEMBI, C Y4ETOM
OoXuJlaeMoW B OukadiieM OyAayiieM HoMeHkJAaTypel KA /133,
cornacHo ®enepanbHOM KocMUYeckor nmporpamMe Ha 2016-2025 rr.

3azava npeAcTaBJseT COO0OM Co34aHNe Mo/iesiel pacnpe/eleHus
neseBOM HHPOpPMallMM KaK C MCHOJb30BaHHEM KJIACCUUECKOI0
B3aumogencteua Mexay KA wu IIlIU, Takx u c ucnosb3oBaHueM
HOBeUIUX i cucTeM /133 MeKCNYTHUKOBBIX IMHUM CBA3H.

B xone aHasu3a MNOAXOJ0B K pEIIEHUID paccMaTpUBaeMOU
3ajlaud  pa3paboTaHbl OCHOBHblE MOJENU [JIsI TOCJeAYIOLEero
CO3/laHMA CHeLMaJM3UPOBAHHOTO IPOrpaMMHOro obecneyeHus], C
y4eTOM: BO3MOXXHOCTH HCIIOJIb30BaHUSl OTpaHUYEHUU Ha co3JaHue
MEXCIYTHUKOBBIX JIMHUM CBSI3Y, a TaKXe BbIOOD NpejnoJiaraeMblx
KpUTepHeB [Jis1 ONTHMHU3MPOBAHHOrO BblOOpa MaplipyTa Nepejayu
JlaHHBIX.

Bbuin  moJsiyueHbl MOJEJM  MEepPCIeKTHBHOW OpOUTATbHOU
rPYNIUPOBKH, KOMMYyTallMd paJUOKaHAJOB C IOCJAeAYIOLUIMM
HCII0JIb30BaHUEM B Hay4YHOH pa6ote U CO3JlaHUEM
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CHelaIu3upPOBaHHOTO NpPOrpaMMHOTO obGecredyeHUs s
MO/leJIMPOBaHUSA Pa3JIMYHbIX MePCIeKTUBHBIX KOCMUYECKHUX CUCTEM C
[eJbl0 TMOJYYUTh BO3MOXHOCTb BBISIBJIEHUS HEOOXOAUMOCTHU
CO3/IaHHUS JOMOJHUTEIbHBIX MOJAEPHU3UPYEMbIX aHTEHHO-QUAEPHBIX
YCTPOUCTB s HoBemux KA /133 Ha aTane co3JjaHUs WU TJy60KOH
MOJepHU3aL MU Bcel cuctembl /[33.

Jluteparypa:

1. MoposoB A.A. CrapkoB A.B. besnoycoB H.A., Yganosa H.B.
PacnpesneseHus TOTOKOB IjeJieBOM MHPOpPMALUU B NEPCHEKTUBHBIX
OpPOUTA/NILHBIX TPYNIIUPOBKAX AUCTAHI[MOHHOTO 30HAMPOBAHUS 3EMJIU
// CTHUH, Ne 11, 2021, c. 23-26.

2. EMenbsgHoB A. A., MaunbimeB B. B, CmoabsaHuHOB 0. A,
CrapkoB A. B.YmpaBjieHue mnoTokaMu LeJjieBOM UHoOpMaLuUu Npu
OYHKIMOHUPOBAHUM  KOCMUYECKOHW  CHUCTEMBbl  JUCTAHIIMOHHOIO
3oHgMpoBaHusA 3emsn - MockBa : MOCKOBCKMU aBUALMOHHBIN
HHCTUTYT (HalMOHAJIBLHBIN HCCIeloBaTeNbCKUM yHUBepcuTeT), 2020.
- 232 c. - ISBN 978-5-4316-0756-1. - EDN NFXLDE.

3. CrapkoB A.B., EMesnbaHoB A.A, 'pumannesa JI.A., XKykoBckas
K.H., Mopo3os A.A., TpuwrH A.A. MeToZ0/10rM4 yIpaBJeHUS IOTOKaMHU
1esieBOM HMHOOpPMANMKd B KOCMUYECKOM CHUCTEMe JUCTAaHIIMOHHOIO
30HgMpoBaHuss 3emau Yacte 2. @DopMuUpoBaHHUE  CUCTEMBI
B3aMMOCBSI3aHHBIX  MaTeMaTH4yecKux Mojened //  BecTHuk
Poccuiickoro yHuBepcuTeTa ApYy*X0Obl HapoOAOB, cepusi: WHKeHepHble
uccaegoBanusi, T. 22, Ne 2, 2021, «c¢ 148-161. DOI:
10.22363/2312-8143-2021-22-2-148-161.

5.3. Hekpacos B.B.
IIpoekT eKkumii No cnenMaibHOCTHU 2.3.1 10 HaNpaBJIeHUIO
KOCMHUYeCKHe annapartbl AUCTAHIUOHHOT0 30HUPOBaHUA
3emn
(AO «Kopnopayus «BHUHIM», 2. Mocksa)

Jisg oO0ydeHHUs B acCOUMpaHType aKIJMOHEPHOro o06lecTBa
«Hay4yHo-nmpon3BoAcTBeHHass Kopropauuss «KocMuyeckue cHCTeMbl
MOHUTOPHHTQ, MH(OPMaLMOHHO-YIIPaBJISAOLIHE U
3JIEKTpOMeXaHW4YecKre KoMIiuiekcbl» uMeHH A.I. HocudbsiHa» mno
cneguaibHOCTH «CHCTEMHBIM aHa/lv3, ynpaBjeHHe WU 06paboTka
uHopManuy, CTaTUCTUKA» peJjiaraeTcs co3AaTh JONOJIHUTENbHbIN
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C OCHOBHBIM KypCOM KOMILJIEKC JIEKIUMA [0 HallpaBJeHUIo
KOCMHMYECKUX alllapaToB AUCTAHLMOHHOTO 30HAUPOBAHUA 3eMJIH.

Co3jaHMe JaHHOrO MNpOeKTa JeKLHUH HalleJleHO B y4eOGHOM
npolecce Ha M3yYeHHMe U 3aKpellleHHe MaTepuaja I0JIOKEeHHUU
nacmnopra cmenuaabHocTd  2.3.1 Ha IpuMepax KOCMHUYECKHUX
KOMILJIEKCOB M anmnapaTtoB npousBoacTBa AO «Kopnopauus
«BHHUHU3M». 3To pas3/vudHble akKTya/bHble B HACTOsIllee BpeMs
CUCTeMbl JAJis1 JUCTAaHLMOHHOIO 30HJUPOBaHUS 3eMJIM, TaKUe Kak:
KOCMUYeCcKUH KoMIiekc «MeTeop-3M» [1], KOCMUYeCKUH KOMILJIEKC
«Kanomnyc-B» [2], kocMudeckuit annapaTt «JIoMOHOCOB», KOCMHUY€eCKUN
annapat «TaTbsAHa-2» U Ap.

JlaHHble JIeKLUM Heo6XoAUMbl AJs1 GOpMHUPOBaHUS 6a30BOrO
npeJCcTaBJeHUs Yy aclUpaHTOB CYLIeCTBYWOLIUX aJTOPHUTMOB
NPOEKTUPOBAHHUA MO CO3JaHUI0 CUCTEM KOCMHUYECKUX KOMIIJIEKCOB U
anmnapartoB, s ¢QopMUPOBaHUs JaJjbHeHlleldl BO3MOXHOCTU C
NIOMOIIbI0 JAHHBIX KaJ[pOB CO3JaHUA LeHTPaJW30BaHHOW, eNUHOM
KOHLIENLUY CO3LaHUSA KOCMUYECKUX aNlapaToB Ha MPeANPUATHH.

Co3faHre [AHHOTO MPOEKTa JEeKLHUH TakKXKe CTaBUT Iepej
aBTOPOM 3a/adyy OLEHKHU JaJibHellllell BO3MOXXHOCTH CO3JaHUA
HelpoCceTH KOCMUYECKUX aNlapaToB JUCTAHIIMOHHOI'0 30HAUPOBaHUA
3eMJI1 € BOSMOXHbBIM yIIpaBJeHHEM UCKYCCTBEHHBIM UHTEJIJIEKTOM.

Jluteparypa:

1. KocMuyecknuii KOMIJIEKC THAPOMETEOpPOJIOTUYECKOTO U
okeaHorpaduyeckoro obecrneyeHuss «Meteop-3M» € KOCMHUYECKUM
anmapatom «MeTreop-M» Ne 2-2. - MockBa : AO «Kopnopauus
«BHHUUAM», 2019. - 150 c.

2.KocmyyeckrMii  KOMILJIEKC  ONEpPaTUBHOTO MOHHUTOPHUHIA
TEXHOTEHHBIX U MPUPOHBIX Ype3BblYalHbIX cuTyanui «Kanomnyc-B» ¢
KocMHU4YecKUMH annapatamMu «KaHomyc-B» Ne 5 u Ne 6. - Mocksa : AO
«Kopnopauusa «BHUNIM», 2018. - 124 c.

Project of lectures on specialty 2.3.1 in the direction of
remote sensing sattellites of the Earth

Nekrasov V. V. (“VNIIEM Corporation” JC, Moscow, Russia)

For postgraduate studies at the joint-stock company "Scientific
and Production Corporation "Space Monitoring Systems, Information
management and Electromechanical Complexes" named after A.G.
losifyan" in the specialty "System analysis, management and processing
of information, statistics”, it is proposed to create an additional set of
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lectures with the main course in the direction of Earth remote sensing
satellites.

The creation of this lecture project is aimed in the educational
process at studying and consolidating the material of the provisions of
the passport of specialty 2.3.1 on the examples of space complexes and
apparatuses produced by JC "Corporation "VNIIEM". These are various
currently relevant systems for remote sensing of the Earth, such as: the
Meteor-3M space complex [1], the Canopus-V space complex [2], the
Lomonosov spacecraft, the Tatiana-2 spacecraft, etc.

These lectures are necessary for the formation of a basic
understanding among graduate students of the existing design
algorithms for the creation of systems of space complexes and
spacecraft, for the formation of the possibility of further opportunities
with the help of these personnel to create a centralized, unified concept
for the creation of spacecraft at the enterprise.

The creation of this lecture project also sets the author the task of
evaluating the further possibility of creating a neural network of Earth
remote sensing spacecraft with possible artificial intelligence control.

Bibliography:

1. Meteor-3M Hydrometeorological and Oceanographic Support
Space Complex with Meteor-M spacecraft No. 2-2. - Moscow: VNIIEM
Corporation JSC, 2019 - 150p.

2. Space complex of operational monitoring of technogenic and
natural emergencies "Canopus-V" with spacecraft "Canopus-V" No. 5
and No. 6. - Moscow: JC "Corporation "VNIIEM", 2018. - 124 p.

5.4. KanamHukoB A.U., Moucees /1.B.
Ils1aHMpoBaHUe HAUCKOPeNIIero 06/ieTa rpynmnbl
NMPOTSXKEHHBbIX 06'bEKTOB JIETKHM 6eClIM/JI0THUKOM
CaMOJIETHOTO TUIIA B YCJIOBUAX JeiiCTBUA BeTpa
(MAH, 2. Mockea)

B nocnenHee BpeMsi BO3pOC HWHTEpPeC K MOHUTOPHUHIY TakK
Ha3blBaeMbIX MPOTSDKEHHbIX 06bekToB. K HHUM OTHOCATCA Kak
HCKYCCTBEHHbIE COOPY:KEHHUS, HAIpPUMEpP, yYACTKH LIOCCEMHBIX U
»KeJIe3HbIX J0pOr, JIMHUU 3JIeKTpolnepejad, Tpy6ompoBOJbl, TaK U
IpUPO/IHble 06pa30BaHUs, HalpUMeDp, 6eperoBble JUHUH, WIH pycia
pek. Oco6eHHOCThI0 HAGJII0JeHUs] TaKUX 0O'BEKTOB SIBJISETCS TO, UTO
Heo6x0AUMbIN 3QPEeKT AOCTUTAETCS NPU NMPOJIeTe BJI0JIb HUX Ha BCEM
HIPOTSKEHUMU.
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dna  serkux BJIA, HWMeOLUX OTHOCUTEJBHO HEBBICOKYIO
BO3/JyIIHYI0 CKOpPOCTb, Haubojiee CyUleCTBEHHbIM (GaKTOpPOM,
BJMSIIOIIMM Ha BpeMs MOJieTa W, COOTBETCTBEHHO, HA IJaH 06JeTa
00'bEKTOB, fIBJSETCS BeTep. YUUTBHIBAasl, YTO BpeMsi U 30HA IOJeTa
JIETKUX allllapaToOB CPABHUTENBbHO HEBEJUKHU JOMYCTUMO IPU pacdyeTax
HCIIOJIb30BaHUE MO/IeJIU MOCTOSTHHOTO (10 HAaMpaBJIEHHUIO U CKOPOCTH)
BeTpa. OCHOBHBIM OrpaHUYEHUEM IMPU MOJIEJUPOBAHUMU JBUKEHUS
annapaToB  CaMOJIETHOTO THUMAa SIBJASETCS  Ieperpyska Impu
BBIMIOJIHEHUW PA3BOPOTOB JJisI U3MEHEHUs1 HAIpaBJIeHUs IMOJieTa OT
0AHOTO 06'bEKTA K Apyromy. BinsiHue sToro ¢pakTopa yCcHUJIUBAETCS C
yMEeHbLIEHHUEM PACCTOSTHUS MEXAY 00'bEKTAMHU.

[Ipoueaypa niaHupoBaHUs MOJieTa B pacCMaTpUBaeMoOM 3aj/jaue
eCTeCTBEHHbIM 00pa3oM pacmajaeTcsd Ha JBa 3Tama. Ha mepBom
HaXOJAUTCS IJIOCKasi TPAaeKTOpHsI HaUCKOpeHLIero nepeseta Mexzny
BCEMM BO3MOXHBIMU [apaMd OOGBEKTOB C VY4YeTOM 3ajaHHOU
BO3AylIHON ckopocTu BJIA U 3HauyeHUU MapaMeTpPOB BeTpa B 30HE
noseta. [Ipu aToM paKkTHYeCKH 33Jaya 3aK/IYaeTcsl B HaX0XKJeHUH
TpaeKTopuM, obecleynBawllell HaWCKOpPeHWLIUH MepeseT Mexay
napoil TOYEK C U3BECTHbBIMM KOOPAWMHATAMM W NyTEeBbIMH YyTJaMHU.
CTpyKTypa ONTUMaJbHOTO pelleHus] YKa3aHHOU 3a/la4M, HallileHHas C
MOMOUIbI0 IPUHIMIIA MAaKCUMYyMa, MpeJCTaBAsAeT CO60HM KOMOUHALUIO
M3 y4aCTKOB C MaKCUMaJbHOM, WA HYJE€BON CKOPOCTbI0 U3MeHEeHHUs
KypcoBoro yrya noJsieta [1]. KoHKpeTHbI! BUJL KOMOUHAL MU HAXOAUTCS
B  pe3y/JbTaTe  MCHOJb30BaHUS  CHELUAJbHOM  MpoLeayphl,
3KBUBAJIEHTHOU NMpoLeAype pellleHUs] KpaeBou 3a4a4u.

Ha BTOpoM 3Tame, mo W3BECTHOHW MeToAuKe [2], HaXoAauTCs
N0CJIeI0BaTeIbHOCTh Hauckopeiiiero obseta o6bekToB. [Ipu aTom
pes3yJbTaThl IEPBOTO 3TAMNa UCMOJIb3YIOTCS KaK UCXO/IHbIE JJaHHBIE.

[IlporpaMMHble MOJyJ/H, peajy3yIOllUe OMNUCAHHYI BbIlIe
npoueaypy, ObLIM J006aBjeHbl K NPOrpaMMHOMY KOMILJIEKCY
MapupyTusanuu —noJseta Jerkux BJIA  [3]. TectupoBaHue
MOAMPULIHUPOBAHHOTO MPOrpaMMHOTO KOMILJIEKCa MOATBEPAUJIO
paboTOCMOCOGHOCTD NPEAJIOXKEHHON NPOLeAYPhl IIJIAHUPOBAHHUS.

Jluteparypa:

1. Timothy G. McGee, ]. Karl Hedrick. Optimal Path Planning with
a Kinematic Airplane Model. Journal of Guidance, Control and Dynamics,
vol. 30, Ne 2, March - April 2007.

2.Moucee /[.B. u pgap. I[lnaHupoBaHHMe HauCKOpeuIiero
MapupyTta ob6JjieTa JIETKHM JPOHOM TOYEYHBIX M MPOTSKEHHBIX
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06'bEKTOB B I0JIe MOCTOSSHHOrO BeTpa // Te3uchl mokaamoB 16-oi
MexayHapoHOU KOHepeHIIUU «ABHUAIUSA U KOCMOHABTHUKA — 2017»,
20-24 Hos16ps1 20171, MockBa. — M.: Tunorpadus «JIrokcop», 2017 -
C.279 - 278.

3. Kanawnukos A.U., Moucees /I.B. HoBas Bepcus cneypajibHOTO
NpOrpaMMHOTO  KOMILJIEKCA MaplIpyTU3allMd MoJieTa JIETKUX
6ecnuJOTHUKOB C ucnosib3oBaHueM Bblyucautess INTLINPROG //
HayuyHo-TexHu4yeckuii BecTHUK [loBo/mkbs, 2021. - Ne5. - ¢.13-18.

Overflight planning for extended objects by a lightweight uav
plane in windshear

Kalashnikov A.I, Moiseev D.V. (Moscow Aviation Institute)

Abstract - In this discussing presented the actual problem -
overflight planning for extended objects by lightweight uav plane in
windshear. Explains the need to take into account factors such as
maximum turning rate and overload of the UAV, wind velocity and path
angle during extended objects and beyond. Path planning or routing has
been considering by many authors. However, in this article, the planning
problem is solving in relation to the UAV flight trajectory with
construcing constraints and wind.

For solving this problem, task divided into two subproblems. At
the first stage calculating all trajectories between objects in wind for
lightweight UAV plane. At the second planning stage is defines the
sequence overflight for extended objects. In second stage, the results of
the first stage are using as initial data.

This approach implementing in the software package for routing
lightweight UAV [3].

5.5. BacuaeBckuii B.B.
CneKTpasibHbIA MeTOJ, 06paGOTKM U OLl€eHUBAHUA
BHU/eOMHPOpPMaLiM MHOT030HAIbHBIX H306paKeHu
A3pPOKOCMHUYECKOTr0 MOHUTOPUHTA
(MAH, 2. Mockea)

HCCJ'IG,E[YETCH peuieHne HpO6JIeMbI BbIIIOJIHEHHUA MOHUTOPHUHIA

MaJIOKOHTPACTHBIX 00'bEKTOB B yCJIOBUAX aan/IopHoﬁ
Heonpeae/JIeHHOCTHU IMOMEX0BO-CUTHAJIbLHOU 06CTaHOBKU nyreMm
COBEpPIIEHCTBOBaHUA TEXHOJIOTHH KOMILJIEKCHOH 06pa6OTKI/I
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BUJIEOMHPOPMALIMM MHOT'030HAJbHBIX H300paXKEHUH, MOJydaeMbIX
NpHEMHBIMH YCTPOHUCTBAMM.

PelieHne Cc/0XKHOW CTOXaCTUYECKOW 3aZayd  GUIbTpALUU
CIEKTPO30HAJBbHOU BHAeOMHPopMaUUu HUHPOpPMALMU CBOAUTCHA K
6oJsiee MPOCTOM 3a/adye OTHICKAHWS 4YAaCTHOTO MHUHUMyMa QYHKIUU
NOTEepb, MOJIyYeHHOW HAa OCHOBE CIEKTPAJIbHOTO METO/]a OLleHUBAaHUSA
anoCcTepUOPHOH IJIOTHOCTH paclipe/ie/IeHUsT JAaHHBIX U306parKeHHUS.

[IpeacTtaBieHa MoJieib MHOI030HAJbHOTO HW300paKeHWSA Ha
OCHOBe (YHKIMU CHEKTPAJbHOW TJIOTHOCTH HPOCTPAHCTBEHHO-
rapMOHHUYECKHUX COCTABJISIIIMNX CYYaHHOTO MOJIS.

[IpuBeieHO ONMKCaHWE AAANTUBHOTO AJrOPUTMa KOMILJIEKCHOU
06paboOTKH W OIEHUBAHHWS CIEKTPO30HAJbHOW BHUAEOHWHPOpMALNH,
CUHTe3a e/JUHOTO U306paKeHUsl 00'beKTa HAGJI0IeH .

B nocnenHue roApl Bce 6oJiblilee pacnpoCTpaHEHHE MOJYYAKT
TEXHOJIOTUU U CUCTEMbI JUCTAHLMOHHOTO UCCAEeJ0BaHUS 3eMJIU U
JPYTHUX IJIAaHET, KOTOPbIE I03BOJISIIOT 06eCIeYUTh pellleHHe ITUPOKOT0
Kpyra 3aja4 HCCJe[JOBaHUS NPUPOAHBIX PECypcoB, Te€O0JIOTHH,
HaBUTALMU U B JIPYTUX MPAKTUYECKUX IPUJIOKEHHUSAX.

JanbHelee pacuivpeHde cdep W NPUKIJIAAHBIX 33734
HCII0JIb30BAaHUSI CUCTEM a3POKOCMHUYECKOTO MOHUTOPHUHTA CBSI3aHO C
noBbilieHueM 3¢ PEeKTUBHOCTU pPacHo3HABaHUSI 0OG'bEKTOB HAa OCHOBE
JaJbHEHIIero  COBEpPIIEHCTBOBAHUS  TEXHOJIOTUM W  METO/IOB
06paboTKK MHOTO30Ha/IbHbBIX U306paxkeHuit (M3H).

OpHO¥M W3 mpobJsieM NpUMeHeHUS CPeACTB AUCTAHI[MOHHOIO
30H/AMpPOBaHUA 3eMimn (A33) B YCJOBUAX  aAlpUOPHOHU
HeoNpeie/IeHHOCTH XapaKTePUCTHUK CHUTHAJIbHO-TOMEX0BOH
006CTaHOBKHM, fBJsAeTCA obecnedeHHe TpebyeMol [OCTOBEPHOCTH
BbISIBJIEHUSI MaJIOKOHTPACTHbIX OObEKTOB 3e€MHOM MOBEepXHOCTH. K
KJIaCCy MaJIOKOHTPACTHBIX (MaJio3aMeTHBIX) 06'bEKTOB HAOJIIO/IeHUS
3/1ecb OyJIeM OTHOCUTDb 06pa3bl, BEKTOP COCTOSTHUS KOTOPBIX SIBJISETCS
caydyaliHOW (QyHKIMeH pacnpejiesieHUus SPKOCTH U300paKeHUH,
dbopMHpyeMBbIX KaMepaMHd COOTBETCTBYIOLIEr0  CIEKTPaJbHOTO
Juamna3oHa.

O/11H 13 BO3MOXXHBIX ITOJIX0/IOB K pelleHU0 MP0o6JeMbl CBSI3aH C
peanuzanuen TEXHOJIOTUHU 06paboTKH U OIleHUBAaHUS
BU/IEOMHPOPMALIMHU CIIEKTPO30HAJbHBIX U300paXKeHUH, MOJIydyaeMbIX
kaMepaMyd  (MpPUEMHBIMH  YCTPOMCTBAaMU)  COOTBETCTBYIOIIETO
CIeKTpasibHOTO AxanasoHa [1,2].

M3BecTeH  HWHTEPAaKTHUBHBIM  METOJi KOMILJIEKCUPOBAHMUS
BUJIeOMHPOPMAI[UM CIIEKTPO30HAJbHBIX U300PAKEHUH, TPU KOTOPOM
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napamMeTpbl 06pabOTKH HACTPAWBAIOTCS OMEpaTOPOM Ha OCHOBe
anpuopHOW HMHQPOpPMALMU U HE H3MEHSITCd 0 MOJI Kajpa, T.e.
SIBJISIETCS HEaJJallTUBHbBIM, I03TOMY TPEOYIOT BBINOJHEHUs HACTPOEK
COOTBETCTBYHOILMX NAPaMeTPOB PH NOTOKOBOM 06paboTKe KaJpOB.

Bo3MOXHO  HCNOJIb30BaHHWE  SIPKOCTHOTO  MeToZa  MpH
MOCTPOEHUH AJTOPUTMa KOMILJIEKCHOH 06PabOTKH MHOT0O30HAJbHBIX
H300paKEHUN MaJIOKOHTPACTHbIX OO'bEKTOB HAOGJIOJEHUS, OJHAKO
Opd 3TOM HeOo6XOJMMO peasv30BaTh MPOLEAYPY IPOBEPKHU
BBITNIOJIHEHUS PsiJ]la OTPaHUYEHUH U YCJIOBUH, CBA3aHHBIX C pa3/IMYHMEM
XapaKTEePUCTUK NpHUEeMHBIX YCTPOMCTB COOTBETCTBYHOILHNX
CHEKTPaJbHBbIX [MAana30oHOB HW3JyYeHUH, HW3MeHeHHUEeM YCJIOBUU
OCBELIEHHOCTH OOBEKTOB HaOJIOAEHUs, BHUAA PETrUCTPUPYEMBIX
n3JydeHud (oTpaxkeHHOe, cob6cTBeHHOoE) [1,2].

B naHHOW paboTe MCCIEAYIOTCS BO3MOXKHOCTH HCII0JIb30BaHUS
CHEeKTPaIbHOTO MeT0/ia KOMIIJIEKCHON 06paboTKU CIIEKTPO30HaTbHbIX
M300paxkeHUH, obecrneynBalollero MHBAPUAHTHOCTb K U3MEHEHUSIM
XapaKTEePUCTHUK CIleH Ha6JI0/leHUs MaJIOKOHTPACTHbIX OO0BhEKTOB
HaGJII0IeHHS.

[IpepsiaraeMblii MOJX0J, BKJIOYaJ MOCTAHOBKY M pelleHUe
ceayrolero KoMiiekca 3a/ja4d uccjaefoBanus [3-7]:

— TMOCTPOEeHHEe MOJieJJdi MHOTOMEPHBIX MOJYTOHOBBIX (IIBETHBIX)
MHOTOMEpPHBIX  M300paKeHWH  BUJAMMOTO  CIHEKTPATBHOTO
JManasoHa, CojepKalUuX O6beKTbl HaGJIIOJEeHUs] U TEKCTYpPY
¢doHa 3eMHOH MOBEPXHOCTH. UcnonbsyeTtcs
JleTEpMUHUPOBAaHHO-BEPOSITHOCTHAsE ~ MOJesJb  HabJoAeHus
00'bEKTOB U300 paKeHH s, KOT1a U3MePeHUs MPOBOJAATCA 6JIOUHO
o Mepe TeKylleld o006pabOTKU KajJpa, OLIMOKU HaGJIIJeHUN
MOTYT ObITh KOPPEJUPOBAHbI;

— ONHCaHHe CIEeKTPaJbHOI0 MEeTO/la OIleHUBAHUS U aJJalTUBHON
GUbTpalUM  CIEKTPO30HAJBHONW BHJleOUHOpPMANIMK  TIPH
06paboTke M3U, npeycMaTpUBalOLIero OlleHMBAaHHE B KAXK/I0M
KaHase 06paboTKU CJy4yalHOro TMOoJisi NPOCTPAHCTBEHHO -
rapMOHHUYECKUX COCTABJSIOLUX U OMNpejeseHUs] MaTPUYHOU
OYHKIMM  CIEKTPasJIbHOM  IMJIOTHOCTH  CHEKTPO30HA/IbHOIO

HU300paKeHUs;
— paspaboTka MOJUPHUIMPOBAHHOTO aJAITHBHOTO aJIrOPUTMa
06paboTKHU BU/IeOMHPOPMALIHU CHEKTPO30HAJIBHBIX

M300pakeHUH Ha OCHOBE BBbIUUC/IEHUS ONTUMAaJbHBIX OLIEHOK
BEKTOpAa BeCOBbIX KO3QQUIHUEHTOB MNPOCTPAaHCTBEHHO -
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rapMOHUYECKHUX COCTaBJIAOIINX CIEKTPO30HAIBLHOIO
n300paxeHus 11 06 beKTa U POHA, COOTBETCTBEHHO;

— IOCTPOEHHE eAUHOr0 H300paKEHUS C y4eTOM HMEILIerocs
YPOBHSI anpuopHOHM HHPOPMHUPOBAHHOCTH O CHEKTPaJbHBIX
XapaKTepUCTUKaxX 06beKTa U PoHa HabawAeHUs. Beruucienue
SIPKOCTHOT'0 06pa3a BOCCTAHOBJIEHHOTO €JJUHOTO U306paXkeHHUsI
OCYIIIeCTBJISIETCA C MCIO0JIb30BaHHWEM Mpoleaypbl 06paTHOIO
6picTporo npeobpasoBaHuss Pypbe, COOTBETCTBEHHbIE KaJIpbl
CIEKTPO30HAIBHBIX BUAEOPPArMeHTOB OGBEAUHSIOTCS IpPU
CHUHTe3€ e/JUHOTO MOJyTOHOBOTO UJIH IBETHOT'O U300 paXKeHHUS;

— TeCTUPOBaHUE IOJIYyYeHHOro MeToza o6pa6oTkm M3U Ha
MOJieJIbHBIX 33/ladyax U aHa/lU3 JJOCTOBEPHOCTU Paclo3HABAHUSA
00 BbEKTOB HabOJIIOJeHUS.

TakuM o06pa3oM, TMoJiydeHHble pPe3yJabTaTbl MOKA3bIBAIOT
BO3MOXXHOCTH TOBBIIIEHUS OTHOIIEHUS CUTHAJI/IIYM U 3aMETHOCTH
HabJiroZlaeMoro o6pasa Ha eJJMHOM H300paKeHUHM N0 CPaBHEHHIO C
HCXOJHBIMH CIIEKTPO30HAJbHBIMU U306pAKEHUSIMH.

[[pyuMeHeHHEe CHEKTPaJbHOTO MeETOJla KOMILJIEKCUPOBaHMUS
N03BOJIAET  peajiM30BaTh  ABTOMAaTH3UPOBAHHYIO 06paboTKy
MHOT030HaJIbHbIX U300paXKeHUN B YCJIOBUAX HAJIWYUS OTPaHUYEHUN
N0  anpuopHOM  WMHPOPMHUPOBAHHOCTH,  HEOOXOJUMOH A
HCII0JIb30BaHUSA IPKOCTHOTO no/ixo/a [8,9].

JlutepaTypa:

1. BacuneBckuii, B.B. MHorocnekTpasibHass 06paboTka
BUJeOMHPOpPMALMM B 33Zladyax a3pOKOCMHUYECKOr0 MOHUTOPHHIA
MaJsio3aMeTHbIX 00'bEeKTOB MECTHOCTH // JJIeKTpOHHAasl TexHHKa.
Cepus 2. [lonynpoBogHuKOBBIE NPpUOOPHL. — 2018. - Bein. 4 (251). - C.
4-7.

2.BBefleHMe B CTaTUCTHUYECKYyI0 TEOPHUIO paclno3HABaHUA
o6paszoB. PykyHara K.: [lep. ¢ anri.—M.: Hayka. ['1aBHas pefakuus
¢du3rMKo-MaTeMaTHUUECKOU iuTepaTyphl, 1979. - 368 c.

3.Typman B.U. [IpyHumMn paciinpeHus B 3aZjlayax yrpaBJaeHUs. —
M.: ®usmatiur, 1997.- 288 c.

4. lutkud, B.A.  UWHTerpanbHble  npeobpa3oBaHUsA U
onepauuoHHoe ucuuciaeHve / B.A. Jutkun, H.IL. [lpyaHukos. - M.
dusmarrus, 1974. - 544 c.

5. llyraves B.C., Cununpid U.H. Teopust cToxacTU4eCKUX CUCTEM.
- M.: Jloroc, 2000.

-1000 c.
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6. PomuH B.H. PekyppeHTHOe olleHMBaHWe U aJaNTUBHasI
¢éunbTpanusa / B.H. ®omuH. - M.: Hayka, 1984. - 288 c.

7.Vasilevskiy V. Deterministic-Probabilistic Image Model in
Technologies of Aerospace Monitoring // «AIP Conference
Proceedings» https://aip.scitation.org/doi/10.1063/5.0125838.

8. CtapkoB A.B., EMenbsHoB A.A., 'puiannesa JI.A., KykoBckas
K.M., MoposoB A.A,, TpuiiuH A.A. MeTo0J10TUsl yIpaBJeHUs NOTOKaMU
1esieBoil MHOpMALMM B KOCMHUYECKOM CHUCTeMe JUCTAHI[MOHHOTO
3oHaupoBanus 3emun. Yactb 1. Popmanusanusa 3agaum // BecTHuk
Poccuiickoro yHuBepcuTeTa Jipy:k06bl HapoJoB. Cepusi: UHxKeHepHbIe
uccaenoBanus. 2021. T. 22. Ne 1. C. 54-64. DOI: 10.22363/2312-8143-
2021-22-1-54-64

9. CrapkoB A.B., EmenbaHoB A.A,, I'pumiannesa JI.A., ’ykoBckas
K.U., Mopo3soB A.A,, TpuiuuH A.A. MeTo0J10TUA yIIpaBJIeHUA IOTOKAaMU
neseBod MHPOpMaLUM B KOCMHUYECKON CHUCTeMe JUCTAaHIMOHHOIO
30HAMpoBaHuss 3emsn. Yacte 2. @PopMUpOBaHHE CUCTEMBI
B3aMMOCBA3aHHbIX  MaTeMaTH4YeCcKMx Mogesed //  BecTHHk
Poccuiickoro yHuBepcuTeTa Apy6bl HapooB. Cepusi: UHxeHepHbIe
ucciaesoBanus. 2021. T. 22. Ne 2. C. 148-161. DOI: 10.22363/2312-
8143-2021-22-2-148-161

5.6. CmosbsaHuHOB 10.A., CTapkoB A.B.
AcnekTsl IVIAHMPOBAaHUA AETA/IbHOM KOCMOChEMKH
KPYIIHBIX pETUOHOB
(MAH, 2. Mockea)

lleablo 3aza4d  IJIAHUPOBAHUA KOCMOCBEMKH  ABJISAETCH
COCTaBJieHWe  paclnucaHusl  ollepalUd CbeMKM M cOpoca,
onpeJesiA0Lero MOMEeHTh! tx BK/IIOYEeHUs/BBIKJIIOUEHNUsS U YTJblL @k
OTKJIOHEHUs LeseBOoM annapatypbel KA oT Hagupa Ha BpeMeHHOM
WHTepBaJie, OrPAaHUYEHHOM TOPU30HTOM ILIaHUpoBaHuda T. Ilpu
NpOBEJIEHUM BBICOKOJETAaJbHOU CBbEMKH MHOXKeCTBa {1 KpYIHBIX
IJIOIA/IHBIX PETMOHOB MPOM3BOJIbHONW GOPMBI rabapUTHbBIE Pa3Mephl
CHHMMaeMbIX IOJIM[OHOB 3HAYMTeJIbHO (B pa3sbl) NPeBbIMIAIT IUHPUHY
[0JI0Chl CbeMKU. YTOOBbI CHATH BCe peruoHbl us (), cieayeT INpH
nocsefoBaTeJbHbIX IpoxoJax KA Kak/Ablil IOJUTOH HAaKPbITh Y3KUMU
[10JI0CaMHU CbEMKH, BbIOHUpasa Hy>KHble 3HaYeHUs YIJIOB k TaK, YTOODI
NepeKPBITUA MeXJAy CMEXHbIMU MOJIOCAMU JieKald B JONMYCTUMBIX
npefiesnax M 00beJJUHEHUe IM0JOC JMOO LeJIMKOM HaKpbIBaJlIoO
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OT/leJIbHble PETrHOHBI, JTU60 KpUTEpUa/IbHAA QYHKIMS, HAIPUMED ero
IJI0IIa/b, OblJIa MAaKCUMa/IbHOW HA MHTepBaJie MJIaHupoBaHus T.

OAYH M3 BO3MOXHBIX MOAX0J0B K PELIeHHUI0 33Ja4i HaKPbITHUS
3a nepuoZ, T cOCTOUT B 3aMeHe KaXK/I0r0 MOJUI0OHA Ha MHOXKeCTBO Py
M0JIOCOBBIX ¢pparMeHTOB f, Tak, 4TOOGBI GoJiblnasg 4acTb () wiad )
[[eJITMKOM NMPUHAAJIEXaN0 00'beJUHEHUIO fi, .

Jlns  dopMupoBaHUS TOJOCOBBIX (PAarMeHTOB  KaXJIOMY
OT/IeJIbHOMY  TOJIMTOHY CTaBUTCA B  COOTBETCTBHE  HaGoOp
«TPUIIEJIbHBIX» TOYEK, KOTOpble pacloJioKeHbl BHYTPH IMOJIMTOHA
PaBHOMEPHO IO JOJITOTE C LIaroM, PaBHbIM YTJIOBOU LIUPHUHE MOJIOCHI
CbeMKH, M HMEKT WHUPOTYy LEeHTpouAa mojvuroHa. Haaudue
NpHUILEJIbHBIX TOYEK MO3BOJISIET NPU KaKA0M npoxoe KA B6nu3u uiu
Haj MOJIUTOHOM BBIUUCATH BO3MOXXHbIE MOMEHTBbI
BKJIIOUEHUS /BBIKJIIOYEHUSI tx U YIJbl CbEMKHU Pk, KOTOpble B
JaJbHeHIeM MCIO0Jb30BaTh JJis BblOOpa Hauw/Iydllied MNporpaMMbl
yIpaBJeHUs CbeMKOMU.

MogenupoBaHue paboThl TPyNIbl OAHOTUIHBIX KA cOBMECTHO
HaseMHbIM KOMILJIEKCOM [pUeMa [JaHHbIX KOCMOCBEMKH C
HCII0JIb30BAaHUEM TMPUJIONKEHHS], BEIYUC/ISIONIETO MPOrPaMMy ChEMKU
IJIOIAZHBIX OGBEKTOB MO «IPUIEJbHBIM TOYKaM», MOKa3bIBaeT
paboTOCIOCOOHOCTh TaKOTo Noaxo/a [1].

Jluteparypa:
1. B.B. Manbiues, 10.A. CmonbsauuHOB, [LE. Po3un, A.B. CTapkos,
AB. ®enopos. Kocmuueckue CUCTEMBI JIUCTAaHLIMOHHOTO

30HAUpoBaHusA 3emau. - M.: Usg-Bo MAHY, 2022 - 384 c.: u.
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