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Yeascaemvie konnezu, ynacmnuxu
KoHgpepenyuu!

Om umenu Munucmepcmea o6paszoeanus u
nHayku Poccuiickoii @edepayuu u om cebs JUUHO

npuUBemcmeyl0  8ac  Ha - MexCOYHAPOOHOU  HAYYHO-
mexHuyeckou KOHGhepenyuu «OKrcmpemanvras
pobomomexHuxay.

Lns COBPEeMEHHO poboOmomexHuKu
xapakmepHo — bwvicmpoe  paszeumue U UWUPOKOe
npuUMeHeHue — NPaKmudecku 60  6cex  0OAACHAX
yenoseueckoll O0essmeslbHOCMU. 8 NPOMBIUIEHHOCTU,
MeouyuHe U COYuanbHolu cghepe, Oas pabomol 6
OKCMPEMAIbHBIX — VCILOBUSIX, npu bopvbe ¢

MeppopuUIMoM, NOACAPOMYUEHUY, PeuleHUr 000POHHBIX
3a0a4, npoobeMm AMOMHOU IHEeP2eMUK.

Tapanmueii ycnewmnocmu u 3¢pghexmusnocmu
Meponpusmus. AGIAemMcs mom Gakm, 4mo 6 pamrax
KOHpepenyuu cobuparomes emecme npeocmasumen
HAyuHo20 coobwecmea, CuioBblX MUHUCIEPCE U
sedomcme Poccuu, dusneca u npomviutieHHocmu 0Jis
COBMECMHO020 NOUCKA peulenuli 8 obnacmu obecneueHus
bezonacnocmu.

Bempeuu maxozo yposus cosopam o cepvesrnom
63AUMHOM  uUHmMeEpece K  PEWeHUI0  BAadICHLIX
20CY0apCMEeHHbIX 3a0aiy U CHocoOCmeyiom O00OMeHy
nepedosviM ONBIMOM, PACUWUPEHUIO COMPYOHUYECMEd
Mmexncoy 0bpazosamenvHbIMU, HAYUYHO-
uccne0o8amenbCKUMu u npoU3E00CMBEEHHbIMU
Op2anU3ayUAMU.

Haoerocv, umo 6 xo0e koughepenyuu 6yoym
svipabomanbvl Hogble cmpamezuu pazeumusl
OKCMPEMANbHOU ~ POOOMOMEXHUKU N0 KIIOYeBbiM
B0NPOCAM, CBA3AHHBIM C pa3pabomxou u co3oanuem
pobomomexnuyeckux cucmem u cpeocme
be3onacnocmu HO8020 NOKONIEHUSL.

Xouy nooicenamv yuacmuuxkam KoHgepeHyuu
unmepecHou pabomuvl, YCHEUHbIX 0eN08bIX U HAYYHBIX
KoHmakmosg!

Jupexmop [lenapmamenma nayku u
mexnonoeuti Munobpuayxu Poccuu

A

Dear colleagues and participants of
Conference!

On behalf of the Ministry of Education and
Science of the Russian Federation and on my personal
behalf | welcome you to the international scientific and
technical Conference «Extreme Robotics».

Up-to-date robotics is featured by rapid
development and wide application in almost all areas of
human activity: industry, health care and social sphere,
operation in extreme conditions, fight against terrorism,
firefighting, defense  purposes, nuclear power
engineering.

The fact that the conference gathers the
representatives of the scientific community, defense and
law enforcement ministries and departments of Russia,
business and industry to jointly seek solutions in
security shall ensure the event to be successful and
effective.

Such high-level meetings suggest a serious
mutual interest in solving important national objectives
and promote best practice exchange, increased
cooperation between educational, research and
industrial organizations.

I hope that the Conference will allow to
elaborate new strategies on key issues of extreme
robotics related to the development and creation of
robotic systems and new generation security facilities.

I wish you interesting work, successful business

and scientific contacts!

Director of the Department of Science and
Technologies of the Ministry of Education and Science
of the Russian Federation

C.B. Canuxoe
S.V. Salikhov



Yeaorwcaemuire konnezu!

eocmell

Ilpusemcmeyem  yuacmuukos  u
MeJCOYHAPOOHOU — KOHGhepeHyuu  «DKCmpemanbHasl
pobomomexHukay 8  CmeHax — 20Cy0apCmEeHHO20
Hayunoeo yeumpa Poccutickoii @edepayuu «[[HUH
POOOMOmMeEXHUKU U TMEXHUYECKOU KUOEPHEMUKILY.

Omo 26-as konpepenyus, u Ha Hell, Kak 6ce20d,
b6ydem 00OcyscOamvcs, 4MO HOB020 NOABUNOCL 8
obnacmu 3KCMpemManbHOl pobOMOmexHuKy, cmasuiell
Ce200Hs A8AH2APOOM HAYHUHO-MEXHUYECKO20 PA36UMUSL
pobomomexHuKy 8 yeaom.

Ocoboe enumanue Oydem yOeneHo KuouesbiM
eonpocam ynpasnenus u Hasueayuu
PpobomomexHueckux KOMHAEKCO8, NPEeOHAZHAYEHHbIX
ons pabomvi 8  IKCMPEMANbHBIX — VCIOBUAX U
Upe36LIYAUHBIX CUMYAYUSX.

Tpaouyuonno muvl yoersem o0coboe HUMAaHUE
BLICMIYNIICHUI) € OOKLA0aMU  MOJOObIX  VUEHDIX,
UHIICEHEPO8, KOHCMPYKMOPOS, Npe3eHMAayusiM HOBbIX
MBOPUECKUX KOJIEKMUBO8, NPeOCmAasIaouux enepavle
6 pamKax Hauiell KOHepeHyuu ceou paspadomxu.

Kenato  6cem  yuacmuuxam  KoHghepeHyuu
VCHEUIHbIX 8bICMYNIICHUL U HOBBIX 0EN08bIX KOHMAKMO8!

Ilpedcedamenv npocpammnozo Komumema
MmedncOyHapoonot koupepenyuu « IP-2015»,
0.m.H., npogheccop

Dear colleagues!

We are pleased to greet the participants and
guests of the international Conference «Extreme
Robotics» within the walls of Russian State Scientific
Center for Robotics and Technical Cybernetics.

This is the 26" Conference, and during this
event it will, as always, be discussed, what new has
happened in Extreme Robotics as far as it is at the
cutting edge of scientific and technological development
of robotics nowadays.

The main attention will be paid to the key issues
of control and navigation methods of robotic systems,
designed for operating in extreme conditions and
emergency situations.

We traditionally pay special attention to the
reports of young scientists, engineers, designers,
presentations of new creative teams representing their
developments at our conference for the first time.

Wish all the participants of the Conference
successful reports and new business contacts!

Chairman of the Program Committee of the
International Conference ER-2015,
doctor, professor

L%

E.U. Opesuu
E.l. Yurevich



OPTAHM3ATOP

Tocyoapcmeennwiti  nayumwiti  yeump Poccutickot  @edepayuu  «llenmpanvusiii  HayuHo-
UCCIe008amenbCKUll U ONbIMHO-KOHCMPYKMOPCKULL UHCIMUMYM POOOMOMEXHUKU U MeXHUYecKoll

xubepnemuxuy (L{HUU PTK), Canxm-Ilemepoype

ITIPH TIOJIEPKKE

Munucmepcmsa obpazosanus u nayku Poccutickoii @edepayuu

Munucmepcmesa Poccutickot @edepayuu no oenam epadcOaHCcKol 000pPOHbL, Ype38blYalHbIM
CUMYaAYUAM U TUKBUOAYUYU NOCTeOCMBUL CIUXULHBIX Oe0CcmBUll

Munucmepcmasa o6oponst Poccutickoti @edepayuu

DedepanbH020 KOCMUYECKO20 A2eHMCMBA

Omoenenus sHepeemuKu, MAuUHOCMPOEHUs,, MeXaHuku u npoyeccos ynpasienus PAH
Accoyuayuu 2ocyoapcmeeHubix Hayunvlx yenmpos «Haykay»

Ilpasumenvcmea Canxm-Ilemepoypea

NHOOPMAIIMOHHASA NOAJEPKKA

Teopemuueckuii u NPUKIAOHOU HAYYHO-MeXHUYecKull Jcypran «Mexamponuka, asmomamuzayusi,
ynpasnenuey (pexomenoosan BAK), Mockea

Edcenedenvnas cazema nayunoeo cooowecmsa «lloucky, Mockea

Kyprnan «Hoeuwiti Oboponnviil 3axas. Cmpamezuuy, Canxm-Ilemepoype

Kypuan «Unnosayuuy (pexomenoosan BAK), Cankm-Ilemepbype

T'azema «Komnvromep-Hngpopmy, Canxm-Ilemepodype
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N. Rudianov, A. Ryabov, V. Kruschev
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TERRITORY OF RUSSIA
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H.A. Pyouanos, A.B. Psabos, B.C. Xpyuiee
HA3EMHBIE POBOTOTEXHUYECKHUE KOMIIJIEKCbHI KAK DJIEMEHT
CHUCTEMBI OBOPOHBI OBLEKTOB M TEPPUTOPUI POCCUNCKOM ®EJEPALIAN

3 IJHUU MO P®D, Mockea

AHHOTAIUSA

B cratee paccMmaTpuBaroTcs HpoONEeMHBIE BONPOCH OXpaHbl U OOOPOHBI OOBEKTOB M MO3UIIMOHHBIX
paiionoB. IlpetokeHsl TPUHIMIBI MTOCTPOEHUS TUCTAHLIMOHHO-YIPABISEMOrO pPa3BelbIBATEIFHO-OTHEBOTO
kommekca (Y POK), ncnonb3yromiero mraTHele CpecTBa pa3BeIKd U OTHEBOTO BO3JACHCTBUS (TOPasKEHHMS).
PaccMaTtpuBaeTrcst cocTaB 1 OCHOBHBIE XapaKTEpUCTHKH KoMIekca. [Ioka3aH MOAepHU3alMOHHBIN TOTEHIIHA
Y POK.

KaroueBble ciaoBa: 000poHa OOBEKTOB, MCTAHIIMOHHOE YIpaBIICHHUE, pa3BebIBATEIILHO-OTHEBOM
KOMILJICKC, [IITATHOE BOOPYKEHHE.

VYrpo3el, BozHHKaromwe mepen Poccuiickoit Deneparveli, obnanaromieil camoil OOJNBIIOH TeppUTOPHUEH,
caMoO¥ TIPOTSHKEHHOW CYXOIYTHOH TPaHUIICH B MHUpPE, MHOTOYHCIICHHBIMHU yJOOHBIMH, C TOYKU 3PEHUS BBICAIIKH
JICCAHTOB, MPUOPEKHBIMA palOHAMH, 3aCTaBISIOT MOJHATH BOMPOC O Pa3pabOTKE TaKMX POOOTOTEXHHMYECKUX
xomiiekcoB (PTK), koTopeie akkyMyupyloT B cebe IperMyILecTBa KOMITIEKCa C OOJIBIION OTHEBOM MOIIBIO, IPH
OTOM HCIOJIB3YIOIIUX TPAaAUIIMOHHOEC HITATHOC BOOPYXKCHUE W BOCHHYIO TCXHHUKY. Ha3pena HCO6XOI[I/IMOCTB
CO3JJAHUSI CHUCTEM BOOPYXKEHHs, NPHUKPBIBAIOIIMX 3HAYUTEIBHOE MPOCTPAaHCTBO, B TIEPBYIO OYEPElb,
JHMCTAaHLIMOHHO-YIIPABIISIeMbIE PAa3BEIbIBATEIILHO-OTHEBBIEC KOMILICKCHI.

Takoii /1Y POK nomkeH BBIMONHATD 3a1auU.

— OXpaHbBI ¥ 000POHBI TO3UIMOHHBIX PAHOHOB (OTHEBBIX M CTAPTOBBIX MO3HIINIA, KOMAH/JHBIX ITYHKTOB, y3JI0B

CBSI3H, CTIEIIHATLHOI BOSHHOM TEXHUKH, TIOJIEBBIX CKIIAJIOB U JIPYTHX BAXKHBIX BOSHHBIX OOBEKTOB);

— KOHTPOJS, OXPaHbI ¥ O0OPOHBI OCHOBHBIX JIOPOT, MEPEKPECTKOB, JIOMIWH, OBPAaroB, TOPHBIX IMEPEBAJIOB,
TpOIl, AaKBEAYKOB, MOCTOB, TOHHeHeﬁ, BOAHBIX TIICpPETIpaB M [Ap. BaXHBIX YYaCTKOB MCECTHOCTU U
WH)KEHEPHBIX COOPY)KEHHI, B TOM YHCIIE B TOPHBIX U MPUTPAHUYHBIX PalioHaX;

— o0ecrieueHrs] TOJOCH TIPUKPBITHAS BOMCK, HAXOIAIIUXCS B OOOpOHE, C IENBbIO CPbIBa BHE3AITHOCTH
HACTYIUICHHs] MPOTHBHUKA W OOOPOHBI 33JaHHOrO paifoHa (ydacTKa MECTHOCTH) 1O BBEICHHUsSI B OOi
OCHOBHBIX CHIT;

— OXpaHbl W OOOPOHBI PAaHOHOB BO3MOXKHOW BBICAJKM BO3AYIIHBIX (MOPCKHX) JI€CaHTOB, MECT U
BBDKUIATENLHBIX PAOHOB BOMCK OT HAMAJCHUS IUBEPCAHTOB (TEPPOPUCTOB).

Oco0y10 aKkTyanbHOCTh MPHOOPETAIOT BOMPOCHI OXpaHbl U OOOPOHBI MHTCHCUBHO pa3BHUBAOLICHCS B
HacTosIee BpeMsl MH(PPACTPYKTYPHI apKTUYECKHX paiioHOB [1], TAe B CHIIy KIMMAaTHYECKHX OCOOEHHOCTEH
CITOYKHO WJIM HEBO3MOXKHO OPTaHH30BaTh 000POHY 0OBEKTOB TP IUIIMOHHBIMH CITIOCOOaMHU.

Ha nepBom stane npemnaraercs /IY POK B cnenyromiem cocrage:

— MYHKT AWCTaHIIMOHHOTO YTIPaBIICHNS,

— TpaHCHOPTHAS MaIlIiHA;

— 710 4 GOEBBIX MOCTOB.

Boeoii moct coctout 13 4...6 poOOTH3NPOBAHHBIX MOAYJIEH PA3IMYHOTO Ha3HAYCHHSI.

Turer poOOTH3UPOBAHHBIX MOYIIEH GOEBOTO TIOCTA:

— pa3BeAbIBaTENbHBIH pOOOTU3UPOBAHHBIA MOAYJIb;

— TyJIeMETHBIH pOOOTU3NPOBAHHBIH OTHEBOW MOIYIIb;

— TpaHATOMETHBIN POOOTH3UPOBAHHBIN OTHEBOW MOIYJI;

— apPTWUIEPUICKUI MOYIIb;

— TIPOTHBOTAHKOBBII POOOTU3UPOBAHHBIH MOIYIb.

Bo3MOXHBI 11 IpyTHe BapUaHTH MOITyJIEH OOEBOTO TIOCTA:

PaIOIOKAITMOHHBINH POOOTH3NPOBAHHBINA pa3BeABIBATECIIHHBIN MOTYJIh;
OTHEMETHBIN POOOTH3UPOBAHHBIM OTHEBOW MOJYIIb;
POOOTH3MPOBAHHBIN MOAYJIb ONTHUKO-3JIEKTPOHHOTO IPOTUBOICHCTBUS,
— 3CHUTHBIN POOOTH3UPOBAHHBIA MOIYIIB JIp.
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PoGotusnpoBanHbie MOIYIIH O0BEIUHSIOTCS B 00€BOI MOCT. THITOBOM cocTaB 60€BOTO MOCTa:

— OIIMH pa3BeNbIBATEIIBHBINA POOOTU3UPOBAHHEII MOTYJIb;

— OJIWH ITYJIEMETHBIA POOOTH3UPOBAHHBIN MOITYJIh;

— OJIMH rPaHaTOMETHBIA PpOOOTH3NPOBAHHEIN MOTYJIb.

B 3aBHCHMOCTH OT KOHKpETHBIX YCJIOBHH COCTaB OOEBOTO IMOCTAa MOXKET OBITh JIOIMOJNHEH 3a CYET HMHBIX
pOOOTH3MPOBAaHHBIX MOJYJIEH. Ammaparypa 00eBOro mocra JIOJDKHA O0ECIevnBaTh OOBEJUMHEHUE JIO0 IIECTH
POOOTH3MPOBAHHBIX MOTYJICH PA3TMIHOTO HA3HAYCHUSI.

Y POK B BOHCKOBBIX (POPMHUpPOBaHMSIX HOJDKEH OOECIEUMBATH PA3BEPTHIBAHUE U OJHOBPEMEHHOE
yrpaBieHue 00eBoil paboTol 10 YeThIpex O0EBBIX MTOCTOB PA3IMYHOIO COCTABA.

I[pu 3TOM 30HA OTBETCTBEHHOCTH OJJHOTO OOEBOTO ITOCTA!

— 1o ¢pouTty — He Meree 800...1000 m;

— mo niryoure (ganeHOCTH) — HEe MeHee 700...1000 m.

Tunossie rienw, nopaxaemsie J[Y POK:

— Pa3IMYHBIC TUIIbL 6pOHeTaHKOBOI71 TECXHHUKU,

— JIeETKOOPOHHMPOBAHHASI KOJIECHAS ¥ TYCEHNYHAsI BOCHHAS TEXHUKA;

— TPYIIOBAs ABMKYIIASICS JKUBAS CHJIA B CPEICTBAX MHIMBHIYAIILHOTO OPOHUPOBAHKS,

— OTKpBITO pACIIONIOKEHHAsT W 3aMacKHpOBAaHHAsi TPYMIOBAs HETOJBIIKHAS JKHBAs CHJIA BEPOSTHOTO

MPOTUBHHUKA.

B cocraB rmyHKTa AUCTAaHIIMOHHOTO YIIPABJIEHUS OJKHBI BXOUTH:

— aBTOMAaTH3MPOBAaHHOE pabouee MECTO KOMaHINPa;

— aBTOMAaTH3HMPOBaHHBIE PabOUKE MECTa ONIEPaTOPOB Pa3BEAbIBATEIILHBIX U OTHEBBIX MOJYJICH;

— KOMIDIEKT almapaTyphl CBSI3U C BHIIIECTOSIIIAM KOMaH/IOBaHHUEM;

— KOMIUICKT alllapaTypbl CBA3U C YCTLIPbMS 6OCBLIMI/I IIOCTaMH,

MakcuMarnbHas YAAIEHHOCTh ITyHKTa JAWCTAHIMOHHOTO YIpaBieHHWs OT OOEBOro IMocTa — HE MeEHee
1300...1500 m.

TpancriopTHas MalvHa peTHa3HAYEHA JIJIST:

3arpy3KH, TPaHCTIOPTUPOBKH, TIPOBEPKU M YCTAHOBKH HA MECTHOCTH pOOOTH3MPOBAHHBIX MOAYJICH U3 pacueTa
Ha 2 00€BBIX I10CTA;

TOJIBO32 M IOYKOMITJIEKTOBAHHS BOOPY>KEHHSI OOEBBIX TIOCTOB OOEKOMILTIEKTOM M PACXOIHBIMH MaTepPHAIAMH
u3 pacyera 2-X 0OEBBIX KOMIUICKTOB Ha OJIMH OOCBOI TIOCT;

3aMCHBI BBIIICAIINX U3 CTPOS U MOBPEKACHHBIX pO6OTI/I3I/IpOBaHHI)IX MOI[y.]'ICﬁ 6OCBLIX IIOCTOB.

B Y POK wucmons3ytoTcss IITaTHble, NPUHATEIE Ha CHaOXXEHHE BOOPY)KEHHE U  CPEeACTBa
PaaHOTIOKAMOHHOTO M ONITUKO-3JIEKTPOHHOTO OOHApYEHHS U compoBoskaeHus, noatomy Y POK ne notpebyer
OONBIIMX 3aTpaT Ha pa3paboTKy, MPOU3BOACTBO U AKCIUTyaTanuio. KoMrmeke MokeT ObITh pa3paboTaH U MCHBITaH
B KpaT4aiIlIie CPOKU.

[Ipu GoeBoit padore /Y POK He TpeOyer cnenuaabHO ITOATOTOBICHHBIX B HWH)KEHEPHOM OTHOIICHUH
TIO3ULIMI, UCTIONB30BAHUE IITATHOW TEXHUKU TapaHTHPYET BCEIIOrOJHOCTh, BCECYTOYHOCTh M MPUMEHEHHUS, B TOM
YycIie B HEOIaronpusTHBIX METEOPOJIOTMUECKUX YCIOBHSIX.

I[Ipy >TOM KOMIDIEKC HWMEET BBICOKHMH MOJCPHM3AIMOHHBIA ToTeHmual. I[lo wMepe pa3paboTKu
COOTBETCTBYIOILIETO ~ MPOTPAMMHOTO  OOECIIEUeHUs] TOJHOW aBTOMAaTH3allMd  TOJJAIOTCS  OOHapy)KeHHe,
pacro3HaBaHUE W COIPOBOKACHUE IIENIEH, BIUIOTH J0 NPHHSATHS PEIICHUs] HAa OTKPBITUS OTHS, YTO TPHUBEAET K
COKPAIIIEHUIO KOJIMYECTBA OTIEPaTOPOB.

Ha crnemyronmux stamnax poOOTH3UPOBAaHHBIE MOIYIIH MOTYT OBITh KaK CTAIIMOHAPHBIMH (POOOTH3HPOBAHHBIH
MHHHU YKpPETPalioH), Tak 1 MOOWIHLHBIMU, U MCHATH CBOE TIOJIOXKEHUE B xo7ie Oos. Hampumep, pa3BenbpiBaTeIbHbIC
MOJTYJT MOT'YT OBITH HETIOABIDKHBIMH, a 00€BbIEC pacrionarathcsi Ha OporupoBaHHbIX PTK maccoit ot 2 10 7 TOHH.
CrereHp pOOOTH3AIMM TPAHCTIIOPTHOM MAaIIMHBl MOJKET TIOBBIIATHCS, HAa Hee OyIyT BO3NAraTbCs 3afadu
9BaKyallid TMOBPEXACHHBIX Monyneil. BrocnenctBun MoxeT ObITh BHeApeHa Oojiee COBEpILIEHHAs CUCTeMa
OpraHM3aliy CBS3U U YIIPABIICHUSI.

Taxkum o0pasom, mpeyiaraeMasi CXeMma JaeT BOSMOMKHOCTh B KpaTdaiIlvie CpoKd pa3paloTare M IMPUHATH HA
BOOpY)XKeHHE o00paser] MoOmwibHOro MHoroyHkmmonansHoro PTK it G0eBOro WCMONB30BaHUS B COCTABE
00I11EBOIMCKOBBIX (POPMUPOBAHHI TAKTUYECKOTO 3BEHA, a TAKKE [T OXPaHBI M 0OOPOHBI MPUOPEKHBIX, TPUTPAHUYHBIX U
TIO3UITMOHHBIX PaliOHOB.

1. C.I. Iloiiry. BeicTymienue MUHHCTpa OOOPOHBI Ha COBEIIAHUHU C PYKOBOASALUM coctaBoM BC PD
14.01.2014.
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V. Levin, B. Luskin, D. Semenov, A. Zakharov, I. Mokhov
PROCEDURE FOR DETERMINING CONFIGURATION OF THE SHIP'S AUTOMATED SYSTEM
FOR CONTROL OF MULTIFUNCTIONAL UNMANNED VEHICLES OF DIFFERENT KINDS
WITH ACCOUNT OF LIMITING CONDITIONS DEFINED BY MARINE OPERATION

CDB ME «RUBIN», Saint-Petersburg
neptun@ckb-rubin.ru

B./l. Jlesun, b.A. JIyckun
M.0. Cemenoe, A.U. 3axapoe, H.A. Moxoes
METOJIUKA ONPEJAEJTEHUS OBJINKA KOPABEJIbLHOM ABTOMATHU3UPOBAHHOM
CUCTEMBbI YITPABJIEHUSA MHOI'O®YHKIINOHAJIbHBIMHU HEOBUTAEMBIMU
ANMMAPATAMH PA3JIMYHOI'O TUIIA C YYETOM 'PAHUYHBIX YCJIOBUI,
OINPEJEJSIEMbIX MOPCKOM SKCILIYATALMEN

OAO «JKBb MT «Py6uny, Canxm-Ilemepoype
neptun@ckb-rubin.ru
OcHOBHbBIE T€3HChI:

—  ompeJesieHre BeCOBBIX K03 (OUIIMEHTOB OrpaHHYMBAIONINX (PaKTOPOB (TPaHUYHBIX YCIOBHIA), HUMEIOIIUX
MECTO NpU MPOEKTHPOBAHMM CUCTEM, amlmaparypa KOTOpPBIX NpeAHA3HaueHa Ijisl pa3MeIleHHs Ha
MOPCKHUX TOIBIXKHBIX TaTGopMax;

— (opMHpOBaHUE CTPYKTYPHI CUCTEMBI YIPABJICHUS Ha OCHOBE aHalN3a ()yHKIIMOHANBHBIX 30H (JJOMEHOB),
ompenensIeMbIX MOJEIBIO (PeKUMaMu, QYHKIMSIMH) UCTIOJIb30BAHMUS allapaTos;

— ¢QopmupoBanue (ompeeneHune, 3aaHie) KOHCTPYKTUBHBIX U 3PrOHOMHYECKHUX TPeOOBaHUH K pabodnM
MeCTaM OMepaTopoB, OINpeJelicHHe HEOOXOAMMOCTH ILEHTPAIM30BAHHOTO WIIHM  PacCIpeeICHHOTO
(JIOKaIIBHOT0) YIpaBICHUS! HEOOUTAEMBIMH alapaTaMy Pa3InYHBIX THITOB;

—  CpaBHUTENBHBI MHOTO(AKTOPHBIH aHAIN3, YYUTHIBAIOIINI TaKHe acleKThbl Kak 00beM BBITOJHIEMBIX
cucteMoil (hyHKIMH, Macca W OJHEPronoTpeOSieHHE amnmaparypbl, CTPYKTypHblE UM KOMIIOHOBOYHEIE
pelieHus, 00CTyKUBaHUE TMYHBIM COCTABOM, CTOMMOCTh CO3/IaHUsl, BO3ZMOXKHOCTh MOAEPHHU3ALIUH U JIP.

1. ®opmupoBaHuE aPXUTEKTYPHO-KOHCTPYKTHBHOTO M aJTOPHTMHYECKOTO KOHIENTYalTbHBIX OOJIHKOB
CJIOKHBIX MOPCKHUX MHKXCHCPHBIX CUCTEM, 3JICMCHTOM KOTOPBIX, SABJIACTCSA HeoOUTaeMBbIi HOI[BOI[HbIﬁ armapar,
OMpeacIa€TCA pa3siInYHbIMHA Q)aKTOpaMI/I, Ha paHHUX CTaJuAX CO3JaHUA CUCTCMBEIL.

Ha ocHoBanum monokeHHH MpeaBapUTEIbHON MOIENTH SKCIUTyaTallid CHCTEMBI, pa3paOOTaHHOH, Kak
npaBmio, ['0CyaapcTBEHHBIM 3aKa3yMKOM, OIOPO—IPOEKTAHT CO3/AeT CHCTEMY TpeOOBAaHUHA pPa3IMYHOTO
YPOBHA K MMIPOCKTUPYEMOMY O6’beKTy U TPAaHCIUPYET UX MOCPCACTBOM BbIJIAYM YaCTHBIX TEXHUYCCKUX 33[[3HI/II71
COWCITIOTHUTEISIM PaOOTHI.

JlaHHBI MeXaHW3M IO3BOJISIET OIOPO—TIPOCKTAHTY PaCIpeAeiiaTh PAaOOTHI MO CO3MAHHIO PA3ITHYHBIX
COCTaBHBIX YacTell CHCTEMBI MCXKAY COHUCIIOJIHUTCIISIMUA C 06CCHGLICHI/ICM 6C3YCJ'IOBHOFO BBIINTOJTHECHU S
TpeOOBaHMI TaKTUKO-TEXHHYECKOTO 3aJlaHusl, a TaKKe, YTO Hanboyiee BaXKHO, KOHTPOJIUPOBATH COXpaHEHHUE
LEOCTHOCTH 3aMbICIIa CO3IaHUs CUCTEMBI Ha BCEM IPOTSDKEHUH BBITIOJTHEHHUS paloT.

2. Ilpu mpOeKTUPOBAHUHU CHCTEM YIPABJICHUS, Pa3MEINAaeMbIX Ha MOPCKHX IOJBIKHBIX IUaTdopmax
(MIIII, nanee - ruatgopma), HEOOXOIUMO YYUTHIBATH Pa3IMYHBIC OrPaHHYMBAIOININE (AKTOPHI, CBS3aHHBIC
KaK C KOHCTPYKTHBHBIMH OCOOCHHOCTAMHU IIATGOpM, Tak M C TpeOOBaHUSMH K OpraHm3aluu ciykO0bl. K
OCHOBHBIM KOHCTPYKTHBHBIM OCOOE€HHOCTSIM, KOTOPBIE SIBJISIOTCS] OTPAaHUUMBAIOIINME (HaKTOPaMu, OTHOCSTCS
B TIOpAJKE YOBIBaHHSI BECOBBIX KOO PHUIIMEHTOB:

— Malblii 00beM U, KaK CIeJCTBUE, OONbIIas 3aTECHEHHOCTh IIOMEILEHHH, B KOTOPBIX OYyAeT pa3MemaTbes
anmaparypa CUCTEMBI,

— HEoOXOOUMOCTb MHMHUMH3AaLMM  KaOENbHBIX  CBS3CH, OIEKTPOMOTPEOICHUS,  TEIUIOBBIACICHHS
anmnaparypsl,

— HeoOxomuMmocTh oOecreueHusi TpeOOBaHMKM [0 KOHCTPYKTMBHOM 3aIlMIIEHHOCTH annapaTypsl,
BEPOSITHOCTU €€ 0e30TKa3HOW padoThl B YCIOBUSAX HOCHTENS, B T. Y. IPU HAJMYUU BHEUIHUX
BO3JCHCTBH.

K tpeboBanusm opranm3aiuy CIry>kOb OTHOCSITCSI:

— HaJu4ue NO0CTOB YNpPaBJIEHUs, IPUMEHEHHE CPEACTB KOMMYHHUKAIUH, OIIOBEIIEHUS U T.1.

— HaJW4ue yJaleHHBIX (pachpeaeieHHBIX 10 IaThopme) IocToB (MecT) oocmyxuBaHus Kak camux HITA,
TaK ¥ TEXHUYECKUX CPEACTB UX MPUMEHEHNS,

—  MUHHMMH3ALIUS KOJMYECTBA JIMYHOTO COCTaBa, HEOOXOAMMOTO JUIS BHIMOJHEHUS (DYHKIMN yIPaBICHUS U
oOcmyxuBaHuA anmapatypsl ynpasienus HIIA,
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— HEeoOXOOUMOCTh oOecneueHrs KOOpAWHAUUK (YHKIMOHUPOBAHUS JI/C, OTBETCTBEHHOI'O 3a MPUMEHEHHE

HIIA, c n/c mnatdopmsbl.

3. ®opMupoBaHUE CTPYKTYPHI CUCTEMBI YIIPABJICHUS MPOU3BOAUTCSA OIOPO-TIPOEKTAHTOM Ha OCHOBAHHHU
aHanuza peanusyembix HITA ¢yHkuuii, pa3neicHus ux Ha QYHKIMOHAJIbHBIC 30HBI (IOMEHBI), OMPEICICHUE
OJIMHAKOBBIX (CXOAHBIX) AoMeHOB ans paznuuHbix HITA. OcHOBHBIMEH pexuMamMu paOOTBI CHCTEMBI
YIpaBJIeHHS SABISIOTCS:

— (opMupoBaHre 3aaHNA Ha BBHITTOTHEHHNE PA3IMYHBIX ONeparuil (MUCCHIA),

— olecriedeHue BBOJA-BbIBOJa WHpopManuu ans noarotoBku HIIA k pabore, 3arpys3ka 3agaHui,

nposepka rotopHoctd HITA,

— ympasieHue onepanusMu BeiBoga HITA ¢ mnardopmer u ero Bo3BpaieHus Ha miathopMmy, BKIIOYas

ynpasiieHHe 00IIeCyJOBBIMU CHCTEMaMH,
— obecrnieueHue cBsa3H, 1O0 HabOmoneHus 3a HIIA mpu BeINOJIHEHUH MUCCHHM, Tieperavya WHPOpPMaLUH
Ha CpeJIcTBa OTOOpaKEHHUS M PETUCTPALINH,

— ofecrieueHue qUCTaHIMOHHOTO yripasieHus HITA,

— BHEITPY3Ka U 00paboTka nH(popmanmu, HakorieHHOH HITA mpu BBITONTHEHUN MICCHU, BU3yalln3alus B
Buje 3-D Moneneit pe3ynbTaToB MUCCHH.

Jlis peanu3anuy yKa3aHHBIX PEKUMOB arlliapaTypa yIpaBlieHHsI MOXKET OBbITh pa3JielieHa Ha CIIeTyIOIIue
(hyHKIIMOHATBHBIE 30HBI (IOMEHBI):

— ammapatypa oOecriedeHHs B3aNMOACHCTBHUS «OTepaTop — CUCTEMa YITPABICHUS,

— amnmapatypa 00pa0boTKu HH(pOpPMaIIHH,

— anmapatypa ynpasJeHHs] TEXHUYECKUMH CPEICTBAMH,

— KOMMYTAI[MOHHAS ammapaTypa.

MyneT
ynpasneHus
HIMA tvn 1

-

BbluncnurensHas

annapatypa HIMA tun 1 Cme?.;b.x
cucrtem

YeunutenbHas K aunm

annapatypa HIMA tun 1 MPOBOAHbLIM
cpeacrteam

csA3n ¢ HMA

\ \ \ \

KommyTaumoHHas
annaparypa HIMA tun 1

K TexHnueckum cpencTeam
AaTynKkam 1 curHanusaTtopam

Puc. 1. TunoBas cTpykTypa cuctemsbl ynpasieHuss HITA

bonee meranpHBI aHANMM3 (QyHKIMOHANHEHOTO HaszHaueHMsS HITA pa3nuyHBIX THIOB ITOKa3BIBACT, UTO
TakMe JOMEHBl KaK «amlmapaTypa B3auMOJCHCTBHUS ONEpPaTop - CHCTEMa» W «ammaparypa o0paldoTKu
MHQOPMaIU» NPAKTHUECKH MISHTHYHBI A pa3Heix THIOB HITA Kak Mo KOHCTPYKTUBHOMY HCIOJHEHHIO,
TaK ¥ 10 QYHKIIMOHAJIBHBIM (BBIYMCIUTEIEHBIM) XapaKTEPUCTHKAM, a JIOMEHBI «armnaparypa yrnpasieHus TCy
U «KOMMYTalMOHHas amnmaparypa» OyAyT HUMeTh OTIMYMs, KaKk B COCTaBe Tak M B (YHKIMOHAIBHOM
Ha3HA4YECHUU.

Hamnpumep, B nomen «ynpasnenust TC» THIIA Gyner BxoauTs anmapaTypa TeneynpasieHus (i1e0eaxu,

KaOeNnbHble KAaTYIIKH, yCTPOHCTBA Mepeladr IJNEKTPOIHEPTHH H Jp.), B OTIMYME OT aHAJOTHYHOTO TOMEHa
AHIIA.
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TakuMm 00pa3om, yIuThIBass HEOOXOIUMOCTh BEITIOIHEHUS TPEOOBAHUI 110 MUHUMHU3AIIUU allapaTypHOTO
COCTaBa, YMCHBIIECHUS OOIIETO AJIEKTPOIOTPEONICHUS, KOJIMYECTBA KaOCIBHBIX CBA3€H W JUIS WCKITFOUYCHUS
nyOnupoBaHua (YHKIWN B ammaparype yIpaBleHHs, OJHOTHITHBIE JOMEHBl OOBEAMHSIOTCS B €AMHBIN OJIOK,
obecnieunBarommii mpuMenenne HITA pa3HbIX THTIOB.

MynbT ynpaenexusa HIMA
Tmn 1,2,3...n

BbluncnutenbHasa annapatypa HIMA
OT CMeXHbIX
T™mn 1,2,3...n cncrem

i)
3 % T

YecunutenbHas YcunutenbHas YeunutenoHas
annapatypa HIMNA annapatypa HIMA annapatypa HIMNA
Tmn 1 T™n 2 T™n n

\ 4 4 \ 4 4 Y 4
KommyTaunoHHas KommyTaunoHHas KommyTaunoHHas
annapaTtypa HIMA annapaTtypa HIMA annapaTtypa HIMA

Tmn 1 T™n 2 ™n N

K TexHnyeckum cpeactsam
AaTyvKam n curHanmaartopam

Puc. 2. OntuMu3upoBaHHas CTpYKTypa cuctemsl yrpasieHus HITA

4. Tlocne GopMHUpOBaHMSI HaYaIbHOM CTPYKTYPBI CUCTEMBI, B COOTBETCTBHUH C HEOOXOAMMOCTBIO ydyeTa
TpeOOBaHUI OpraHU3alMy CIIy>KObI JINUHOTO COCTaBa MOPCKOW HOABHMKHON IIAT(OpPMBI, peliaeMbIX 3afad
Opd TOpPUMEHEHUH pa3nudyHbix THNOB HIIA, Oropo-mpoeKTaHTOM ONpEAETSIIOTCS KOHCTPYKTHBHBIE H
3ProHOMHUYECKUE TPEOOBAHMS K TOCTaM yIPaBICHHS.

OpauM U3 HaKTOPOB, UMEIOIIMX OOJIBIIOE 3HAUCHHE MPU (POPMHUPOBAHUN OOJHKA CUCTEMbI YIPaBICHHUS,
ABJISIETCS. HEOOXOAUMOCTh OIPENIENIEHHs] «TOIIOJOTMUECKUX» TPeOOBaHUHN K CTPYKType ynpasieHus. Hamuuue
pasHotunueix HITA, yder 30H ux pasmenienuss Ha miardopme, HEOOXOAMMOCTh HMX TEXHHUYECKOTO
o0CITyXKMBaHMsI, OPTaHMU3aINS BaXT ¥ CMEH JIMYHOTO COCTaBa SBISIOTCS YCIOBUSMHU ONPEIEIECHUSI CTPYKTYPHI
yIpaBlieHUsT Ha OCHOBE PACIpPE/ICICHHOW ceTH (JIOKAJbHOTO YIPaBIICHHS), JIMOO MPUMEHEHHUS! MPUHIIUIIOB
LEHTPAIU30BaHHOI0 YIPABIECHHS U CO3/IaHUS €IMHOTO MTOCTA YIIPABIICHUS.

OCHOBHBIMHM TNIPEMMYILIECTBAMHU PACHPEACICHHOrO (JIOKAJIBHOTO) YHpaBieHus pasHoTunHbeiMH HITA
SABIISIOTCS:

— COKpallleHHe MPOTSKEHHBIX JIMHUH CBSI3U U YIPABICHUA,

— CO3JaHME amnnapaTrypbl, YYUTHIBAIOIIEH KOHCTPYKTHBHbIE 0COOEHHOCTH Kak KOHKpeTHoro Tuma HIIA,

TaK U yCJIOBHUH €ro pa3MelIeHNs, OOCITyKUBaHUA U TIPUMEHEHHUA,

— BO3MOXKHOCTB HerocpecTBeHHOTro HaOmoaenus 3a HITA npu ero o0ciy>xuBaHiH U XpaHEHUH.
OCHOBHBIMHM K€ HETOCTATKAMU SIBJIIOTCS:

— YBEIMYCHHE KOJMUYECTBA OJHOTHITHOW anmnapaTypsl MPONOPLHOHAIBHO KonndecTBy TuiioB HITA,

— HEeoOXOJIMMOCTh OPraHU3aIMU HECKOJIBKUX TIOCTOB U, KaK CJICJCTBUE, YBEJIHMUCHHE TMIHOTO COCTABA,

— OTCYTCTBHE YHU(PHKALNU B CXeMOTEXHUYECKUX, KOHCTPYKTUBHBIX U IPOTPAMMHBIX PEIICHUSIX,

— YCJOXXHEHHasi KOMMYHHKALUSI MEXy oneparopamu pazHoTunHbIX HITA,

— OTCYTCTBHE €IMHOTO MH()OPMAIIMOHHOTO IPOCTPAHCTBA.

YuuThIBas TEXHUYECKHE BO3MOXKHOCTH COBpeMeHHBIX cpencts L[BT, a Takke NmepCcreKTHUBBI pa3BUTHUS
KaK CpPEIICTB BBIYMCIUTEIBHON TEXHUKH, TaK M CPEICTB OTOOpakeHUs] MH(POPMAIMHY, CBI3M U KOMMYHHKALIUH,
U MpUHKMMAas BO BHHMAaHHUE TepedyeHb 3a/1ay, B T. 4. KOMIUIEKCHBIX, pemaeMblx pasHoTunHbiMu HIIA, Oonee
TEXHUYECKH M OPraHU3allMOHHO OOOCHOBAHHBIM SIBISCTCS CTPYKTypa CHCTEMBbl [EHTPaJHM30BAHHOTO
ynpasnenust HITA.
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JanHas CTpykTypa 0a3upyercs Ha HepapXU4eCKOM IPHHIUIE MMOCTPOCHUS, TJIe Ha BEPXHEM YPOBHE
YIpaBICHUS HAXOIUTCS ammapaTypa JTOMEHa «B3aWMOJICHCTBUS OMEpPaTop — CUCTEMay», Ha BTOPOM ypPOBHE —
amnmaparypa JoMeHa «00paboTku MH(pOpMaIMW», Ha TPEThEM YPOBHE — ammaparypa JIOMEHOB «YyIpaBlicHHE
TC» n «xkommyTanus». [Ipu 3TOM mepBbIe JBa JOMEHA «TOMOJOTHYCCKH» OOBETUHEHBI B paMKax €JHHOTO
HeHTpanbHOrO mocta ynpaeneHuss HIIA, a anmapaTypa JOMEHOB HIDKHUX YpPOBHEH pacrpejieieHa 1o
mwiatdopme B 3aBucuMocTd oT pasmenieHus TC u HITA.

MocT
MyneT ynpaeneHuns ynpasneHus
HMA Tvn 1,2,3...n HIMA

BbluncnntensHas or
annapartypa HIMA t1n CMEXHbIX
1,2,3..n cuerem

T
| 1]

<

YcunutenbHas YcunutenbHasa YcunutenbHas
annapatypa HIMA annapatypa HIMNA annapatypa HIMA
T"mn 1 T™n 2 ™Mnn
KomMyTaLmoHHas KommyTaumnoHHas KommyTaumoHHas
annapatypa HIMA annapatypa HMA annapatypa HIMNA
T™mn 1 T™n 2 mn n
Kr/avwnm K TexHuyeckum Kr/avnu K texHuyeckum Kr/avnnm K TexHuyeckum
nNpoBOAHLIM  CpeacTBaMm, NPOBOAHbLIM cpeacTeam, NPOBOAHbLIM cpencrteam,
cpencrteam aaTtymkam n cpeacrteam Aatyukam n cpegcrteam pat4ynkam mn
CBA3N C CuUrHanmsartopam CBA3UN C curHanusatopam CBA3N C CUrHanumsatopam
HIMA tvn 1 HIMA tun 2 HIMA t1n n
3oHa pa3mewenus HMA 3oHa pasmeweHusa HMNA 3oHa pa3mewenus HMA
™n 1 T™MN 2 T™MN N

Puc. 3. Tononorunueckas cTpykTypa cucteMsl ynpasnenus HITA

Hcxons U3 NpUHATOrO pellieHHs O LEHTPAIM30BaHHOM CTPYKType CUCTEMbI yNpaBieHUs, GOPMUPYIOTCS
KOHCTPYKTHBHbIE, B T. Y. 3PrOHOMUYECKHE, TpeOOBaHUs K ammapaType JIOMEHOB BEPXHUX YpPOBHEH.
Amnmaparypa, o0ecreunBaioias B3aUMOJICHCTBUE «OMEPAaTOpP — CHUCTEMa», OOBETUHSIETCS B MYJIBTHI
YIpaBIEHHUs. DPrOHOMHUYECKHE U KOHCTPYKTHBHBIE PEIICHHA, 3aJI0KEHHBIE B OCHOBY CO3JIaHUS IYJIbTOB
yIpaBIIeHUs], JOJIKHbBI 00€CIIeUMBAaTh!

— pa3MeLICHWE COBPEMEHHBIX CPEICTB OTOOpaKeHUS MH(POPMAIMHM — LBETHbIE MOHHTOPHI BBICOKOTO

paspeLIeHus ¢ BO3MOXKHOCTBIO 3-D n300pakeHns1 1 CEHCOPHOTO YIPaBJIeHNUS,

— pasMelieHre MHOTO(QYHKIIMOHAIBHBIX OPTaHOB YIPAaBJIEHHS MPOCTPAaHCTBEHHBIM mojokeHuem HITA
(«mKOMCTHKI»), C BO3MOXHOCTHIO BBIOOpa (PYHKIMOHAJIHHOTO HA3HAYEHHS OTAEIHHBIX OPTaHOB
yIpaBJIeHHUS,

— pa3MelleHne MHOTO()YHKIMOHAIBHBIX CPEICTB BBOAAa HH(OPMAIMM — CEHCOPHBIX MOHUTOPOB C
BUPTYaJbHBIMH (YHKIIMOHAIGHBIMHU KJIABUATYPAMH,

— pa3MeLICHUE CPEICTB KOMMYHHUKALUH (CBSI3H),

— BO3MOXXHOCTbH JUIMTEIBHOIO HAXOXKACHHS OIlepaTopa 3a IyJbTOM,

— BO3MOXXHOCTH COEIMHEHUS MyJIbTOB B €AWHBIN MYJIHTOBOM KOMIUIEKC (€AHHBIH IMyJIbT yIIpaBJICHU),

— BO3MOXHOCTh KOMMYHHKAIIUH ITYJIETOB C JIOTIOJHUTEILHBIMEA CPEJICTBAMU OTOOpakeHUs! HH(MOpMAaIuu
KOJIJIEKTUBHOTO TOJIB30BaHMA, B T. Y. CO CPEACTBAMU BH3YyaJM3alM Ha ocHOBe 3-D m3o0paxeHus,
TOJIOTPaMM H JIp.

Pa3paborka ammaparypbl JgoMeHa «o0paGoTku uH(OpMamum» OCYIIECTBISIETCS HAa  OCHOBE

WCIIOJIb30BaHMS COBPEMEHHBIX M INepcreKTUBHbIX cpenctB LIBT, a Takke apXWUTEKTypbl pacHpeaeseHHBIX
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cereii Ha Oasze wmHTep(eiicoB Bbicokoro ypoBHs (Ethernet). /laHHBIII TpPUHIMI TMO3BOJISET COKPATHTH
KOJIMYECTBO  BBIYUCIUTEILHBIX MPUOOPOB, OOECIEYNTh HEOOXOAUMBIM  YPOBEHb  PE3ePBUPOBAHUS
BBEIYHCIIUTEIBHBIX MOIIHOCTEH, OO0ECIIEUNTh «IIOTOKOBOE» peIIeHne Kak oO0mmux (KOMIUIEKCHBIX) 3amad
(hopMHUPOBaHHUS AITOPUTMOB YIPABJICHHS, 0TOOpakeHUsT MHPOPMALMK, 00paOOTKH NEPBUYHON UH(POPMALIHH,
TaK M 4YacTHBIX 3a1a4 s kaxaoro HITA mo ynpasnenuto um u ero TC.

AN

<:> CpepctBa oTobpaxeHus nHdopmaumnm
(KONNEeKTUBHOrO NOSb30BaHUs)

CpeacTtBa nnaHMpoBaHUs

BbluncnurensHas
annapatypa HI1A —

E
9

OnepaTop PykoBogutens
HMA pa6oTt
MNynbTbl
ynpasreHnsi
HIMA tun
1,2,3...n Onepatop

HMA

]
@

NS OnepaTtop MocT
HNA ynpageneHus
HIMA

Puc. 4. Tunosas cTpykTypa nocra ynpasieHnus HITA

Co3nanHast Ha 6a3e yKa3aHHBIX BBIIIC MMPUHIMIIOB annapaTypa YHIpaBICHUs BEPXHErO yPOBHS MO3BOJISAET
chopmupoBath enuHbIA TOCcT ymparienus HIIA um obecrnednBaer pemieHWe HE TONBKO YACTHBIX 3aaad
ynpasinenus KaxiasiM HIIA, HO M ciegyromue KOMIUIEKCHBIE 3a/layd, CBS3aHHBIE C IPUMEHEHHEM
pazHotunHeix HITA:

— KOMIUIEKCHOe OToOpakeHHe uHQopmanuu, nomxydaemoir ot HIIA, B ToM umcne madopmanmu ot
Pa3HOTHUIIHBIX CpeNCTB HaOmroneHus (GpoTo-, BUIEO-, THUIPOAKYCTHUECKHX, SJIEKTPOMArHUTHBIX H
ApYTHX),

— oToOpaskeHHe B3aMMHOI0 pacnojoxeHus miatdopmer-Hocurens, HIIA, nccnenyembix oOBEKTOB, B
TOM 4HcIIe Ha (POHE HABHTAIIMOHHOW KapThI,

— ofecrieueHne eIWHCTBA W CHHXPOHHM3AIMU HWH(MOpMAIIMH, TIONy4aeMOW OT CMEXHBIX CHUCTEM
miatdopmel B oOecriedenne npumeHenus HITA,

— ofecricueHre KayeCTBEHHOM 3BYKOBOW WM BH3YaIbHOW KOMMYHHWKaIMu omeparopoB HIIA,
obcyxuBaromero HITA u TC nuyHOTO COCTaBa, a Takke KOMMYHHKAIUIO rmocta ynpasienus: HITA ¢
LEHTPaJIbHBIM (TJIABHBIM) TIOCTOM YIPaBJICHUS I1aT(OPMBEI.

Takum 00pa3oM, BBHIMOIHSIIOTCA OCHOBHBIE 0a30BbIe MPUHLIMIIBI CO3AAHUSI «EINHOTO MH()OPMAIIMOHHOTO

MIPOCTPAHCTBA», YTO MO3BOJISET, B TOM YHCIIE, ONTUMHU3UPOBATH KOJUYECTBO JINYHOTO COCTaBa (IIepcoHasa) 3a
CYET BO3MOKHOCTH 00beIUHEHU (COBMeIeHHs) TocToB ynpasneHust HITA pa3nuuHbix THIOB.

5. Co3nanue cuctemsl ympasieHuss HIIA Ha OCHOBE LEHTPaIM30BAHHON CTPYKTYpBI YIIpaBJICHUS
MO3BOJISIET OPraHM30BaTh eAuHbIN mocT ympaBieHus HIIA pa3nuyHBIX THIOB, ONTHUMH3UPOBAB COCTaB
anmapaTypsl yIpaBIeHHUs.

[Ipy opranmzanmy AaHHOTO MOCTA BBISIBICHO AOMOJIHUTEIHLHO HOBOE KayeCTBO, HE PacCMaTpPUBABILEECS
U3Ha4YaJIbHO B MpoekTe. Co3laHue eIMHOro MH(POPMALMOHHOTO NMPOCTPAHCTBA B PaMKaxX OTAEIBHOrO MOCTa
yIIpaBJI€HHs TO3BOJISIET OPraHU30BaTh B TOM IIOCTY MECTO PyKOBOAUTENS PaboT.

Opranuzanysi IpOCTPAHCTBA MOCTA YNPaBJICHHUS NPU HCIOJIB30BAaHUU YHU(UIIMPOBAHHBIX ITyJIBTOBBIX
KOHCTPYKTHBOB, €AMHBIX TEXHHYECKUX pEIIeHHWH B YacTH OPraHoB OToOpakeHHs HH(pOpMauuy,
WCIIOJIb30BaHMs  JIOTIOJIHUTENBHBIX CPEACTB BHM3yalM3allMd KOJJIEKTUBHOTO IMOJIb30BAaHUS, I103BOJIIET
pa3MecTuTh B IOCTY YIPaBJICHUS] aBTOMAaTH3UPOBaHHOE paboyuee MecTo pykoBoauTens padbot (APM PP).
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[lpu pemeHMM KOMIUIGKCHBIX 3aflad HAYYHO-HUCCIICIOBATEIBCKUX WJIM TIOMCKOBBIX paboT ¢
WCTIOJb30BaHUEM Pa3JIUYHBIX TUIOB MHOTO(YHKIMOHANBHBIX HITA, mMeromuxcs Ha OOpTy miIaThOpPMBI,
nJanHbeii APM 1103BOIISET:!

— obecneuuTh JO0CTYI PYKOBOAUTEIO pa0d0oT KO BceMy 00beMy HH(BOPMAIIUH,

— BBIBECTH Ha JFO00E CPEACTBO BU3yaTH3aI[lKi HEOOXOUMYIO eMy HWH(GOPMAITHIO,

— o0ecCmeyuTh  HEMOCPEACTBEHHOE  PYKOBOJCTBO  OIEparopaMH W JPYTUM  IIEPCOHAIIOM,

BKCHHyaTI/Ip}/IOHH/IM HHA, TEM CaMbIM ITOBBIIIAsA KaA4€CTBO, HAJC)KHOCTh U OHepaTI/IBHOCTB HpI/IHSITI/ISI
OpraHU3alMOHHO-YTIPABICHUYECKUX PEIICHUN.

6. BeiBoIBI:

[IpuMeHeHne JaHHOW METONWKM TIO3BOJIMJIIO HA PaHHUX CTAJAUSAX TMPOSKTHPOBAHUS CHOPMUPOBATH
CHCTEMaTH3UpOBaHHbIE TPeOOBaHUS K OOJHMKY KOpaOeIbHOH aBTOMAaTU3MPOBAHHOW CHUCTEMBI YIPaBIICHUS
MHOTO(YHKIMOHAIBHBIMH HEOOMTAEMbIMH allllapaTaMy Pa3M4HOrO TUIA C YYETOM Pa3IMYHBIX TPaHUYHBIX
YCJIOBUH.

Ha ocHoBe ananm3a QyHKIMOHAIHLHOTO Ha3zHaueHWs pa3inuyHbiXx THHOB HITA, ompeneneHus OCHOBHBIX
TPaHUYHBIX YCJIOBUH, BBIIIOJHEHBI CIEAYIONINE PaOOThI:

— OIpeleNneHa CTPyKTypa CHCTEMBI, ONTHMH3MPOBaHHAs MO COCTaBy ammaparypbl U NpUHIMIAM €€

pa3MenieHus,

— c(hopMHUpOBaHbl KOHCTPYKTHBHBIC U SPrOHOMHYECKUE TPeOOBaHMs K IIyJbTaM yNpaBJICHHsS, BKIIIOYas

TpeOOBaHUs [0 OpraHaM yIpaBJIeHHUs U OTOOpa)keHHsI HHPOPMAIUH,

— ompeneneHa BO3MOXKHOCTh CO3JaHHMS B paMKax CHCTEMbl aBTOMAaTH3MPOBAHHOTO pabodero mecra

pyKOBOAMTES padoT,

— chopMyIrMpOBaHbl OCHOBHBIE IPUHIUIIBI OPraHU3aMK €INHOTO I0CTa YIIPaBJICHUS,

— OIpeneNeHbl OCHOBHBIE aITOPUTMBI JKCIuTyaTauuu (ucnonb3oBanusi) HIIA pa3nuuHbBIX THUIIOB B

oOecriedeHue BHIIOJIHEHHS TIOCTABIICHHBIX 3a]1a4.

Wznoxxenusie mpuHIUIB peann3ytorcs B HacTosmee Bpems OAO «IKb MT «Py6un» npu paspaboTtke
MHOTO(YHKLIMOHAIBHBIX KOMIUIEKCOB Ha OCHOBE HEOOMTAEMBIX IOABOJAHBIX aNapaToB Pa3MYHBIX THUIIOB U
KJIACCOB, B TOM YHCJIE, UCTIOJIB3YEMbIX C MOPCKHX ITOJIBMYKHBIX IIIAT(HOPM.

AKTyaJIbHOCTb ITOCTABJICHHBIX 3aJja4 IMOATBEPKIACTCS KaK MMOBBIIIEHHBIM HHTEpecOM ['0Cy1apCTBEHHOTO
3aka3uuMKa K CO3JaHMI0 MOPCKOW TEXHUKH NAHHOTO BHJA, TaK M MHOTOYUCIICHHBIMHM ITyOJMKALUSAMH O
pa3BOpauYMBAHUN aHATIOTUYHBIX padoT 3a pyOesKoM.

[IpoBeneHHbIii aHanM3 WHQOPMALUK, COAEPIKAIIUKMCS B OTKPBITBIX HCTOYHHMKAX, IOKa3aj, dYTO
MIPOEKTUPOBAHUE AHAJIOTMYHBIX CHCTEM Pa3BUBACTCSA B TOM )K€ HAIlPaBICHUH.

Hampumep, Hmke npueaeH noct ynpaBieHus AHIIA pa3HbIX THUIIOB, CO3[aHHBIM aBCTPATMHCKUM
Ilentpom moneBori pobororexHuku (Australian Center for Field Robotics) u Byncxomickum
okeanorpapuueckum uncrutyrom (Woods Hole Oceanographic Institution).

Puc. 5. Iloct ynpasnenust HITA (ABctpanust)
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Puc. 6. Iloct ynpasnenns (I1IBemmst)

C y4eToM BBIIICH3IOKECHHBIX TOIXO/0B, a TaKXKE BO3MOXXHOCTH JAJBHEHINEro pPa3BHTHUS METOIMKH,
ONHMCAaHHOW B HACTOSIIEH CTaThe, MOXXHO TOBOPUTh O (OPMHUPOBAHMU TEOPETHUYCCKOH, IPOCKTHO-
KOHCTPYKTOPCKOH M TEXHOJIOTUYECKOW OCHOBBI JUIS CO3J[aHUSI B CPEHECPOYHOW MEPCIEKTHBE KOMIUIEKCOB
ABTOHOMHBIX HEOOMTAaeMbIX MOPCKHMX IOJBWKHBIX TAT(GOpM pa3IrMyHOro Ha3HAYEHUs, KOTOpble OyayT
SIBJIATHCS OC3IKUNAXKHON aNbTEPHATUBONW AKCIUTYaTHPYIOIIUMCS W CO3JAIONIMMCS B HACTOSIIEE BpeMs
obuTaeMbpIM 00BEKTaM MOPCKOM TEXHUKH.

S. Tsarichenko, A. Ivanov, Yu. Osipov, A. Kartenichev, V. Ershov
FEATURES OF USE OF UNMANNED AERIAL VEHICLES
IN INTERESTS OF THE EMERCOM OF RUSSIA

FGU VNIIPO of EMERCOM of Russia
tsarichenko_s@mail.ru

C.I. lapuuenko, A.B. Heanoe, I0.H. Ocunoe, A.JO. Kapmenuues, B.U. Epuios
OCOBEHHOCTHU NPUMEHEHUS BECIINJIOTHBIX JIETATEJIBHBIX AIIITIAPAPATOB
B UHTEPECAX MUYC POCCH

@I'FY BHUUIIO MYC Poccuu
tsarichenko_s@mail.ru

OCHOBHBIMU 3aga4aMu, peuracMbIMHU CHJIaMHU MUC Poccun ¢ HCIOIB30BAaHUEM 66CHI/IJIOTHBIX
netatenbHBIX anmapatoB (BJIA) sBISIOTCST  TIOMCKOBO-CIIAcaTENbHBIE W aBAPUHHO-BOCCTAHOBUTEIHHBIC
oIepalyy, a TAKKe MOKAPOTYIIEHNE POTSHKEHHBIX OTKPBITBIX 04aroB. IIpy 3TOM BBIMOIHSIOTCS CIERYIOIINE
BUJIbl OTIEpAIUM:

— MOHCK 0OBEKTOB Ha 3a/laHHON TEPPUTOPUH;

— OIpenesieHHe TOYHBIX KOOPAUHAT 00BEKTOB MOMCKa | rpaHul paiiona YC;

— MOHHTOPHHT paiioHa KaTacTpo(dsl;

— ucnojnr3oBanue BJIA B kauecTBe perpaHciasTopa B 30Hax YC; oOecriedeHHE COTOBOM CBA3BIO
MOOWIILHBIX Tpymn (cracaresiell); mepeiada CHUTHAIIOB VYIPABICHUS HA3eMHOW TPYyMITUPOBKE
POOOTOTEXHUYECKHUX CPEJICTB;

— UH(QOPMAIOHHOE COTPOBOXKACHUE U HaBEJICHUE Ha O0BEKTHl MOOHMIIBHBIX TIOUCKOBBIX TPYIIIL;

— Bugaeo, K- u ¢portochemka;

— KOHTPOJIb JIEIOBBIX 32aTOPOB U IMABOJAKOBOH OOCTaHOBKU;

— DKOJIOTHYECKUIT MOHUTOPHHT BOJHBIX IOBEPXHOCTEH;

— TIPOBEAEHUE 3aMEPOB B PallOHE XMMUYECKHUX U PAJUALIMOHHBIX aBapuil;

— MOHHTOPHHT COCTOSIHUSI JJMHEHHBIX OOBEKTOB (TPyOOIPOBOIOB, pycell peK, JOpOr, K/J MOJOTHA U
T.IL);
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— TIOMCK TMOCTPaJABIINX MPU CXOJ€ CHEKHBIX JaBHH;

— o0ecreyeHune Moucka NOABOAHBIX 00BEKTOB (cOpoc pagnoOyeB).

[Ipn Bu3yambHOM moucke (¢ wmcmonb3oBanneM Buaco W WK- kamep) BJIA camomerHoro tuma
11eJ1eco00pa3HoO BBIONTHATH TOJIET Ha BhicoTe He Bhime 500-600 M, BepTomeTHoro — Ha Bhicote 200-300 M Hax
pesibedoM MECTHOCTH (TIPETITCTBUSAMH, BOJIHON IIOBEPXHOCTHIO).

Bricota monmera MOXET YTOYHATHCS B 3aBUCHMOCTH OT OCOOCHHOCTEH paiioHa ITOHMCKa,
METEOPOJIOTHYECKUX YCIIOBHH, YPOBHS IOJITOTOBKH OIEPATOPOB W JAJbHOCTH OOHApYKEHUS OOBEKTOB B
yCIOBUAX (PAKTUUECKOW METEOBUIUMOCTH.

BusyanbHblii TOMCK Haja TYCTBIM JIECOM JIOJDKEH HAUMHATBCS C TojeTa Ha OOJIBIION BBICOTE,
obecrieurBaronieil 0OIIHiA MPOCMOTP 33JJAHHOTO paioHa B IIEJISIX 00HAPYKEHHSI 0YaroB MOXKapa M JBIMOB, a
TaKXe JJIs1 YCTAaHOBJICHHUS BU3yaIbHOTO KOHTAKTA C MOTEPIEBIINMH OEICTBHE.

Paccrosiane Mexy MapipyTaMi 0CMOTpa MECTHOCTH JTOJDKHO OBITH He Oosiee OBYX BBICOT moiyieTa. Hax
Y4aCTKaMHd MECTHOCTH C T'YCTOH PaCTHTENBHOCTBIO IENIECO00Pa3HO BBITIONHUTH JIOTIONHUTEIBHBIA TPOCMOTP
MCECTHOCTU «C BHpaXxar, oo YMCHBUIUTE PACCTOAHUEC MCXKAY TajiCaMHM W CHU3UTL BBICOTY IIOHMCKa OO0
MHUHUMaJIbHOW 0€301acHON BBICOTHI OJIETA B JAHHOM paiOHe.

B monerax Ha MOKMCK B Topax CIEAYET BBINOJIHATH JETANbHBIA OCMOTP YLICHHMA, JOJIUH, PyCel TOPHBIX
pek. OCMOTp TOPHBIX BEPIIMH HEOOXOMMO ITPOU3BOIUTE CO BCEX CTOPOH.

B mensx TmaTensHOro MpOCMOTpa CHIIBHOIIEPECEUYEHHONH MECTHOCTH Pa3BENKY CIEIyeT OCYIIECTBISThH
HEOJTHOKPATHBIM TIPOJIETOM yYYaCTKa C Pa3HBIX HAMPABICHUH.

[Tpu oOHapyXEeHUU TePIISIINX OEICTBHE JIFOJIeH HEOOXOAMMO ONPENEIUTh H 3a()UKCHPOBATH:

— BpeMs O0Hapy>KE€HUS U KOOPAMHATHI TOTEPIEBIINX OE/ICTBUE;

— HaOII0JJaeMOE COCTOSTHHE U TTOJIOKEHHE TIOTEPIIEBIINX OEICTBHE;

— UH(OPMAIHIO, TOJ]ABAEMYIO TOTEPIIECBIINME OEJICTBHE C MOMOIIBIO BU3YaIbHBIX CUTHAIOB M 3HAKOB,

— TIOTOAY B paiioHe OeJCTBUS;

— JaHHBIE O penbede W COCTOSHUU 3eMHON (BOAHOI) MOBEPXHOCTH (BONHEHHH MOPS, IETOBOM

00CTaHOBKE), HA KOTOPOHW HAXOASTCS aBapHiHbIE OOBEKTHI U JIFOIH, IIOTEPIIEBIIHE OSICTBHUE;

— CBCIACHUA O MPOXOJUMOCTU MECTHOCTH,

— TUI W PaCIOJIOKEHHE CPEJCTB MEPEIBUKCHHUS, KOTOPbIE MOTYT OBITh MCIOJIB30BAHBI MPH OKa3aHUHU
TTOMOTIIH;

— Mepbl, KOTOpble YK€ ObLIM MpEeAnpUHSATH AJIs OKa3aHHs MOMOIIM (IEeCaHTUPOBAHUE CIacaTelbHO-
MMOWCKOBOM TPYIIIbI, BEIOPOCKA aBApUITHO-CIIACATEIFHOTO MYIIIECTBA U CHAPSKEHHUS U T. 11.);

— JaHHbBIe 00 yepbe, HAHECEHHOM Ha MECTHOCTH.

[Ipn mpoBeneHNU aBapUHHO-BOCCTAHOBUTENBHBIX omepanuii ¢ ydactueM BJIA HeoOXoauMo OLEHHUTH
pasMmep 30HBI MOpaKeHHs W yuiepba HaHeceHHOro B pesynbrare UC C 1enbio KOOpAWHALUHM JIEHCTBUH
OCHOBHBIX TI0KapHO-CIIacaTeIbHBIX (POPMHUPOBAHUH.

OpganM ©3 HamOoJee pacmpoOCTpaHEHHBIX croco0oB mpuMmeHeHwst BJIA sBnsercs wx ydactue B
JMKBUIAIMHA OTKPBITHIX MPOTSDKEHHBIX OYaroB TOXapa, B 4YacTU IMOKMCKAa BO3MOXKHBIX OYaroB TOPEHUS,
oTIpeiesIeHHs TMHAMHUKHY W HalpaBJICHHOCTU Pa3BUTHS MOXKapa, a TaKKe KOOPAUHAIMH JACHCTBUHA MOXKAPHBIX
noapazaenenuii. B wactHoctn BJIA paccmarpuBaroTcss kKak 3¢ (GEeKTHBHOE CPEACTBO BHICOHAOIIOICHHUS,
LesieyKa3aHus M yOpaBieHUs Ha3zeMHOH TpynnupoBkoii PTC, paGoraromieil B 30He MOBBIIICHHOTO PHCKA,
00yCJIOBIEHHOT'O BO3MOKHOCTBIO PaIMallHOHHO-XUMHUYECKOTO U OCKOJIOYHO-(DyTaCHOTO MOPasKEHHS.

[Towck ouaroB Bo3ropaHusi HEOOXOAMMO TPOBOIUTH IMyTEM TOJIETa 0 3alaHHOMY MapIIPyTy WX o0JeTa
pafioHa BO3MOXKHOTO BO3HHKHOBEHHS TIOXKAapoB, a Takke TajlcupoBanweM (OappakupoBanueM) BJIA B
MpearonaraeMoM pailoHe BU3YaJIbHO U ¢ ToMoUIbio TexHuueckux cpeacts (TB, UK- cuctem u T.11.).

PasBeska mpezcraBisieT co00H COBOKYITHOCTh MEPOIPHUSATHIA, TPOBOJUMEIX B IeNsAX cOopa WHPOpMAITUH
0 TIOXKape IS OIIEHKH OOCTAHOBKH ¥ MPUHSITHS PEIICHHUH 10 OpTraHU3aIIH [T0KapOTYIICHHS.

[Ipu opranu3zanuy BO3AYIIHON Pa3BEIKH PYKOBOAUTENb TYLICHUS MOXKapa JOLKEH ONpeAeTIUTh 3a1aul 1
HaNpaBJICHUs MPOBEACHUS BO3AYLIHOHN pa3BeKH, NOTpeOHOE KoIudecTBO BbUIETOB BJIA 1 MX mepuoauyHOCTb
(T10 BBI3OBY HJIM B COOTBETCTBHY C IUTAHOBOM TaOIUIIEH), @ TAKXKE YCTAHOBUTH MOPSIIOK Mepejadu MOTy4YeHHOH
B X0/l BO3AYLIHOM pa3Belku HH(OpMAIIHH.

[Ipu npoBeneHNM pa3BeaKH, B 3aBUCUMOCTH OT XapaKTepa 00beKTa IoXKapa, yCTaHABINBAIOTCS:

— MECTOHAXOXJCHHUE JIIOJCH; HaJIMYUe M XapaKTep Yrpo3bl UM OT OTHS M APYrux (hakTopoB Moxkapa,
MyTH, CIOCOOBI M CpEICTBA cracaHus (3alUThl) JIIOAEH, a TaKkKe, HEOOXOIUMOCTh 3allUThI
(9BaKyalnu) UMyIIECTBa,

— HaJIN4YUC M BO3MOXHOCTHU BTOPHUYHBLIX HpOSIBJ'IeHI/Iﬁ OITaCHBIX q)aKTOpOB nmoxxapa, B TOM 4YHCIIC
00yCIIOBIEHHBIX 0COOCHHOCTSMH TEXHOJIOTUH U OpPTaHU3alluK MTPOU3BOJICTBA HA 00BEKTAX MMOXKapa;

— MecTa M apaMeTphbl 04aroB I0XKapa, a TAaKkke BO3MOXKHBIC ITYTH PACIIPOCTPAHEHHSI OTHS,;

— MECTOHaxXOXKJIeHHE OIMKANIINX BOZOMCTOUHMKOB M BO3MOXKHBIE CIIOCOOBI MX MCIIOIB30BAHUS;
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— COCTOSIHHE W TOBEJCHHE CTPOMUTENILHBIX KOHCTPYKUMH 34aHUH (COOPY)KEHHI), pallioHaJIbHbIE MECTa
WX BCKPBITHS U pa300pPKH;

— BO3MOXXHbIE ITyTH BBOJ@ CUJI M CPEICTB IOAPA3AEICHUI I TyLICHHUSA IOXKapOB U IPOBEAEHUS
aBapuilHO-cIlacaTesIbHBIX paboT, CBA3aHHBIX C TYLICHMEM I[OXapa, a TakXKe WHble [aHHBIE,
HEO0XOIUMBIE [T BBIOOpa PEIIAOLIET0 HApaBieHHs ICHCTBHH.

Bo3zayiinas pa3Benka MoxapoB BBIIIOIHIAETCS pa3IMYHBIMU CIIOCOOAMU.

BJIA MoryT coBepmiaTh MMoJeThl HEMOCPECTBEHHO HaJl 00bEKTaMH MO0 B CTOPOHE OT HHUX HA yJIAIICHUH,

o0ecreynBaroieM NonaiaHue 0ObEKTOB MOKAPOTYIIEHHUS B IOJIOCY 0030pa IPUMEHIEMOTr0 000PyI0BaHuUSI.

Brixon Ha 00BEKT pa3BeiKH U YXO OT HET'O MOTYT OCYIIECTBIISITHCSI KAK C MAHEBPOM IO HAPABJICHHUIO U

(wmm) BBICOTE, Tak W 0Oe3 MaHeBpa. MaHEBp HCHONB3yeTCsS I BhIOOpa Hamboiee IenecooOpa3HOro
HanpaBJieHHsT W (WIKM) BBICOTHI BEACHMS Pa3BEIKH, BBIOJHEHUS MOBTOPHOTO 3aXOAa WM U BBIXOJA Ha
MOCTIEAYIOIHI OOBEKT.

Hanpasnenne 3axona BJIA Ha 00BEKT MpH ONpeneNeHUur odara Ioxapa IieJecoo0pa3HO BhIOUpATh C

MOJIBETPCHHOM CTOPOHBI JjIs M30eraHus MoMagaHust B J5IMOBOM IICH(.

OCHOBHBIMH CHIOCOOAMHM BEIEHHSI BO3AYIIHON pa3BEAKH 0U4aroB BO3TOPAHUS SIBISIOTCS:

— BBINOJIHEHNE BO3AYLIHOM pa3BeIKU MPOXOAOM HaZ 00BEKTOM,;

— BBINOJHEHNE BO3YIITHON Pa3BeIKM HECKOJIBKUMHU MTPOXOJIaMH W OappaskupOoBaHHEM HaJl 00BEKTOM;

— 3aBHCaHHE B palioHe oudara Bo3ropanus (ans bJIA BepToneTHOro THMA);

— TOJIET 1O 33JaHHOMY MapILIpyTy WJIH IIpovechiBaHue (IIPH ITOUCKE JIECHBIX HOXKaPOB).

Crioco0 BO3IYIIHOW Pa3BeAKH “nosem npoxodom Hao obwvexmom” (Puc. 1) npuMeHsieTcsl, Kak MpaBuio,

NPY pa3BeJIKe MOKaPOB:

— OIHOI'0 MaJOpa3MEpPHOro 00BEKTa C 3apaHee U3BECTHBIMU KOOPIAMHATAMM;

— HECKOJBKHX PSJIOM CTOSIINX U3BECTHBIX Majlopa3MepHBIX 00bEKTOB;

— JHMHEHHBIX OOBEKTOB (OMpe[elicHHe TPaHMI] BO3TOPAHWH TPH MOXKapax OOJBIIMX MaclTadoB,

Hanpumep, TpyOOIPOBOIOB, JIECHBIX MAaCCHUBOB).
Criocob «8030ywiHas pazeedka NOGMOPHBLIMU NPOXOOAMU ULU OAPPANCUPOBAHUE HAO O00bEKMOM»
(Puc. 2) npumensiercs:

— U1l YTOYHEHHsI COCTOSIHUS paHee 0OHAPYKEHHOI'0 00BbEKTa MOKapOTYLLICHHNS;

— IS IOBBILICHUS BEPOSTHOCTH OOHAPYKEHHUS 04ara BO3rOpaHHUs;

— TIpH pa3BejKe IUIOMAAHBIX 00BEKTOB (M0JI0C MeCTHOCTH) ogHUM BJIA.

B oTnenpHBIX cityyasx JaHHBIN IPUEM MOXKET MPUMEHSTHCS KaK JJIsl ONpeieIeHUs] U3MEHEHUST COCTOSHUS

00BbEeKTa BO3AYIIHOW pa3BelKH, TaK U HAOMIOJATh TUHAMUKY M3MEHEHHs MapaMeTpoB IOXKapa B pa3iHyHbIE
MOMEHTHI BpEMEHH.

Puc. 1. Bo3nymnas passeaxa npoxoaoM HaJl Puc.2. Bo3nyuiHas pa3Besika IOBTOPHBIMU
00BEKTOM MOKAPOTYLICHHUSI MIPOXOaMH HaJl 00BEKTOM TOKAPOTYIIICHIS

[Ipy BBINOJIHEHUHU NPOXOAOB OAMH M3 HUX BBIIOJHIETCA HAa MEHbLIEH BBICOTE Ul MOJIY4eHUs! Oojee
KPYITHOTO MacuTaba u300pakeHusl, Jpyroi — Ha OOJbIIel BBICOTE IS 3aXBaTa BCEX AJIEMEHTOB O0BEKTa M
OKpY>KaroIlell MECTHOCTH.

BJIA BeproleTHOTO THIIA HWMEIOT BO3MOXXHOCTH 3d6UCAHUS HAO 00beKmomM WIH paioHOM odara
BO3TOpaHMsl C BBIOOPOM ONTHMAJIBHOIO pakypca HaOIrofeHHs. OTOT INPHEM MO3BOJIAET OCYLIECTBILATH
JETaJbHYIO Pa3BEIKy CIOKHBIX MO apXUTEeKType o0bekroB, Hanpumep ADC. Kpome Toro, mpu crnaceHuu
JOJIEH ¢ BEPXHUX ATAXKEH MPH Mokapax B BBICOTHBIX 3aHuAX (coopykennsx) bJIA BepromeTHOro THIIA MOTYT
OBITh crenuasibHO O00OpYyNOBaHBI ISl JOCTAaBKM YCTPOMCTB CHAacaHHsi, CPEACTB CBS3M, a TaKke
MaJIOrabapUTHBIX CPEACTB MOXKAPOTYIICHHUS.
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Cnoco0 «lIpouecviganue» (Puc. 3) mOIKEH NPUMEHSTbCA NPH BO3AYIIHOW pa3BeAKEe MOXKAPOB Ha
OONBLION MJIOIIAg W PAaBHUHHOW MECTHOCTH, TaKOW Kak, JICCHbIE MAacCHBBI, TYHIpPa, MOPCKHE aKBaTOPHH.
MapmpyT 1mosietra 3aaeTcss 30HOH OappakupOBaHuUs, MPEICTABIIIONIEH COO0M MPSIMOYTOIBHUK C 3aJaHHBIMH
CTOpOHAMH W mmaroM OappakupoBanus. lllar OGappaXupoBaHHsI BBHIOMpPAETCS TaKWM, YTOOBI 0OECIICUNTH
NPOCMOTpP BCEr0 paiioHa C TapaHTHUPOBAHHBIM MEPEKPHITHEM MOJIOC 3aXBaTa MECTHOCTH pPa3BeAbIBAaTEIbHBIM

obopymoBanueM BJIA.

BozmymHas pa3Begka KOHKPETHBIX OOBEKTOB
BEAETCS C BBHICOT, OOECHEYMBAIOIIUX JOCTATOUYHYIO
MOJHOTY M JOCTOBEPHOCTH MOJy4aeMoi 00 aBapritHOM
o0bekTe wuHpopManMu U TpeOyeMyr TOYHOCTb
ONpeAeseHHs €ro KOOpAMHAT.

OCHOBHBIMH ~MaHEBpPaMH Uil TIOBTOPHOTO
BbIX0/Ia Ha OOBEKT MoXkapa ABISIOTCSA: JBa Pa3BOpOTa
Ha 180°, cTanmapTHBIA pa3BOpPOT, pa3BopoT Ha 270° u
BO3BpaT Ha MPEIIIECTBYIOIIMI IMOBOPOTHBIM ITyHKT
mapmpyta ([1IIM) (Puc. 4).

[Ipu opranuzamuu pa3BeIKH U TOHMCKA OYaroB
BO3rOpaHuss ¢ wucnoiab3oBaHueM bBJIA B ropHOU
MECTHOCTH HEOOXOIUMO YUUTHIBATH:

— pe3Kue KoyiebaHUs YCIOBHH MONETa B TEUEHHE
CyTOK W TIpU HW3MEHEHHH OCBEIIEHHOCTU
CKIIOHOB TOD);

— DJKpaHupyolee BIIUSTHUE
pacrnpocTpaHeHHe PaIuOBOIIH;

— YCIOBHSI TIOBBIIIEHHOW TYpOYIEHTHOCTH U
CHJTBHBIX BOCXOSINNX M HUCXOISAIINX MTOTOKOB
BO3/yXa.

[Ipu nnanupoBanuu noinetoB BJIA B rophHoit
MECTHOCTH 0Cc000€ BHHMaHHE HEOOXOIUMO VAENSITh
BBIOODY  MapumipyToB W TOpoduieid  IMOJETOB,
COOJTFOICHUIO YCIIOBHIA paginoBuIuMocTu Mexy BJIA u
HITY.

MapuipyTsl MOJIETOB BBIOMpaioTcsi B 00X0x
TOCHOJCTBYIOIIUX BBICOT, a Npopuib Mmojiera — B
COOTBETCTBHH C TPOPHUIEM MECTHOCTH IO MapIIPYTYy.

HeoOxomumo y4uTHIBaTH, WTO pacIpOCTpaHEHHE
JBIMOBOTO IUIEH(a OT MCTOYHUKA MOXKapa B CKIAIKaxX
MECTHOCTH (HampuMep, BIOJb TOPHBIX YILEIHH)
3aTpyqHSeT Oe30MacHOe BBHIOJIHEHWE IIOJIeTa W, Kak
NpaBUIIO, HE COOTBETCTBYET HANPABICHUIO Ha OOBEKT
noxapa.

rop Ha

IIar 6appaxupoBaHUs

Puc. 3. Bo3nymHas pa3seaka
MTOBTODHBIMH «IIDOYECHIBAHHEM)

Puc. 4. ManeBpbI HOBTOPHOIO BBIXO/IA HA
00BEKT MmoXxapa:
a — n1Ba pa3Bopora Ha 180°;
0 — cTaHIApTHBIN Pa3BOPOT;

Ha oprammzanmro u BBIMTOTHEHHNE BO3MYIIHOW Pa3BEIKH IMOKAPOB B MYCTHIHHOW MECTHOCTH OKa3bIBAIOT

BJIMSTHUC!:

— YacThbIe BETPHI C IIEPEMEIICHUEM OOJIBIIINX MACC MECKa, 3aTPYAHSIOIINE BU3YAIbHYI0 OPUEHTHPOBKY H
SKCIUTyaTaliio HA3eMHOW U aBUAIIMOHHON TEXHUKH;

— BO3MOXXHOEC OOpa30BaHHE B IIPU3EMHOM CJIOC CTCIIIOLICTOCS Ha OOJBIION IUTOINAIAM JbIMa,
3aTPYAHSIIONIETO OINpPEICICHUEe MECTa €ro MCTOYHHMKA M YCJIOXKHSIOIIETO MPollecC MUIOTUPOBAHUS

BJIA B monere 6e3 BU3yaabHOTO KOHTAKTA C HHM;
U TPOJIOJDKUTEIHHOTO

— BEPOATHOCTb 00jic€  CHIIBHOI'O

3apaX€Husd BO3AyxXa MW MCECTHOCTH

PpaaAnOaKTUBHBIMHA UJIU XUMHUYCCKUMU BCHICCTBAMMU IIPU IOKAPAX U aBAPUAX HA OMMACHBIX 00BEKTAX.
Ha YCJ10BUA BEACHHUA PA3BCAKHU MOXKAPOB B CCBECPHBIX paﬁOHaX 0co00e BIHSIHUE 6y,Z[YT OKa3bIBaTh:
— YacCTbIC U PE3KUC U3MCHCHUA ITOr0Abl, COITPOBOXAAOIIUECA CUIIBHBIMHA BETPpaAMU U METCIISAMU,

— NPOAOJIDKUTCIIBHOCTD IMOJIAPHOI'O AHA U HOYHU,

— HH3KHC TCMIICPATYpPhbl BO3YyXa B TCUCHUC OOJIBIIIEH YacTH roaa,
— HCIIOCTOAHHBIC MW 3HAYUTCIBHBIC BCIWYHMHBI MAarHHUTHBIX CKHOHCHHﬁ, HacCTbIC I/IOHOC(beprIe n

TreOMarHuTHBIE BO3MYIIEHUS (OYpH);

— Hammuue obneaenenus bJIA B Bo3ayxe u Ha 3emiie;
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— COKpallleHHE MPOODKUTEIBHOCTH Tojera BJIA mpu 3KcIuTyaTtanuu akKyMyJIsSTOPHBIX Oarapei B
YCJIOBHSIX HUZKUX TEMIIEPATYp;

— CIIO)KHOCTB TOATOTOBKH BJIA K cTapTy (3amycKy) B YCIOBHSAX HU3KHX TEMIIEPATYD;

— CJOXHOCTh TEPEBIKEHHS TIOApa3/ieNeHnii, qoctaBku bJIA Ha cTapTOBBIE MO3WIMH M IBAKyallld C
MECT MOCa/IKH;

— TPYTHOCTH MPOU3BOJICTBA HHXKEHEPHBIX pabOT Mo 000PYIOBAHHIO IO3HITUOHHBIX PAiOHOB,

— CJOXHOCTh TPUBS3KU IMO3UIHMHA ITyCKOB W3-32 OTPAHMYEHHOTO KOJIHMYECTBA OPHEHTHPOB WU ITYHKTOB
MIPUBSI3KU.

[Ipu opranuzanuu BO3AYLUIHOM pa3BEIKH MOXKApOB B JIECUCTOM MECTHOCTU CJEIYEeT YUYUTHIBATH, YTO B
yTpEHHHE W BEYEpHHE Yachl BO3MOXXHO OOpa3oBaHHE TYMaHOB, KOTOpPBIE CMEIIMBAsCh C IBIMAMHU, MOTYT
3aTPyIHATH OOHAPYKEHHE 0YaroB BO3ropaHuid. DQQeKTUBHAS ITUCTAHIHUA OOHAPYKEHUS «JIbIM — TOUYKH» Ha
BbIcOTE TosieTa B 600 M He mpeBblaeT 6-8 kM npu mioniaay noxapa B 0,1-0,2 ra, 9T0 JOHKHO YUUTBIBATHCS
MIPU MTOCTPOEHUH MapIIPyTa NaTPYIUPOBAHMS.

st onpenenenus ¢ Bo3ayxa BHjIa ToXkKapa CITy>KaT MPU3HAKU:

— HHM30BOT0 — FOPEHHUE MPOUCXOIUT MOJ MOJOrOM APEBOCTOSI WIM Ha OTKPBITOM MECTHOCTH, IUIOIIAb
Mo’Kapa UMeeT BBITIHYTYIO ()OPMY C M3BHIIUCTHIMU TPAHHUIIAMH, OTOHB TIOJ] TIOJIOTOM JPEBOCTOS BUICH
00BIYHO MECTaMH, IBET JIbIMa OEIOBATHI;

— BEPXOBOTO — IUIOIIAh MOXKApa UMEET CUIBHO BBITSHYTYIO (hOpMY, BUIHBI TOPSINNAE KPOHBI IEPEBHEB,
OTOHb XOPOILIO 3aMETEH C BBICOTHI B 600 M, IIBET AbIMA TEMHBII;

— TOpP(SIHOTO WM MOJ3EMHOTO NMPH MPUMEHEHWH BHJICOKAMEpPhl ONTUYECKOTO TUAlla30Ha — TPAHUIIBI
HEeZaBHO BO3HMKIIIETO MOXapa IUI0OXO 3aMETHBI, IbIM MOJHUMAETCS M0 BCEH IMJIOLIaAN MoXapa, OrOHb
HE BUJICH;

— Ha CTapoM IMOXapuIlle TpaHULbl BBITOPEBIIEH IJIOMIATM XOPOLIO 3aMETHBI, bIM COCPEIOTOUYEH Ha
nepudepuu noxkapa, MHOTO TIOBAIMBIINXCS JEPEBHEB, OTOHb MPAKTUYECKU HE BUJICH.

s onpeneneHnss HHTEHCUBHOCTH HU30BBIX TIOXKAPOB CITYKAT CIEAYIOUINE TPU3HAKH:

— TIpH CHJIHHOW WHTEHCHBHOCTH IOKapa — IUIaMs BUIHO ¢ BHICOTHI monéTa B 200 M 1o BceMy (QpOHTY
Mo’apa;

— MpU CpelHEH MHTEHCUBHOCTH MOXapa — miaMsa ¢ BbICOTBI B 200 M BHIHO JUIIb HAa OTAEIbHBIX
yJacTKax 1moxapa;

— Tpu cnaboli MHTEHCHBHOCTH IOKapa — OTOHb ¢ BBICOTHI 200 M MPaKTUYEeCKH HE3aMETEH.

[Tpu ucnonszoBanuu Buaeokamep MK-nnamnazona (TemaoBU30poB) TpaHHMIIBI MTOXKapa BUIHBI Ooliee-MeHee

oTueTnBO. bosee cBeTiIble TOHA COOTBETCTBYIOT y4acTKaM C BEICOKOHM TeMIIEpaTypOil TOPEHHS.

OO01muMii OCMOTp TI0XkKapa 1EJIeco00pa3Ho MPOU3BOAUTE C BhICOTHI oniéra BJIA B 600 - 800 M. YcTaHOBUB
MECTO W BUJ T0XKapa, oNepaTrop JOKEH 3aceub €ro KOOpPIWHATHI, HAHECTH TPaHUIbl HA KapTy (KapTy-cxemy)
paiiona pabot. Iy neTarbHOTr0 0CMOTpa 04aroB Bo3ropanus BeicoTa nojneta bJIA cHmxkaetcs go 200-300 m.
[IpousBoautcs onpeaencHUe U ONKUCAHUE XapaKTepa HAaCaKACHUH (cocTaBa, MOJHOTHI, BO3PACTHOM TPYIIIBI —
MOJIOJHSIKH, CpEeIHEBO3pacTHBIE, CIelble AEpeBbs W KyCTapHHKH). Eciam moxkap pacnpocTpaHseTcss Ha
HETMOKPBITHIX JIECOM TUIOIIAAAX — YKa3bIBACTCS MX KaTEeropus. Y CTaHABIMBACTCS HAIMYME WM OTCYTCTBHE HA
MoXape J0JIeH, TEXHUKH.

[Tpy MOHUTOpPUHTE MOKAPHOH CUTYallMU ONIEPaTop AOJDKEH YCTAHOBUTH HanOoJee ONacHbIe HapaBlIeHUs
pacmpocTpaHeHus oXkapa, ONPEeACIUTh TAKTHKY TYLICHHUS M0Xapa, €CTECTBEHHbIE MPerpabl, KOTOPbIE MOTYT
OBITH MCIIOJIB30BAHbI I OCTAHOBKM OTHS, a TaK e MOTPeOHOe KOIMYECTBO TEXHUUYECKUX CPEICTB U JIIOJEH
Ui noxaporyuenus. [Ipu aTom cienyer yunThiBaTh BEPOSTHOE pacIpOCTPAHEHUE MOXKapa A0 IPUOBITUS CHIT
U CPE/ICTB MOKAPOTYILICHHS.

B cnyuae, xorna BJIA He MoXeT B TedeHUE IJIUTEIBHOTO BPEMEHM BBINOJIHATH 3a/a4y OINpPENEIICHHS
MECT BO3TOpaHMsI U3-3a OIPAaHUYEHUS €ro MPOCTPAHCTBEHHO-BPEMEHHBIX BO3MOKHOCTEH IO J1000H IpUinHE
(HeZOCTaTOUHBIA 3apsA] AaKKyMyJSTOPOB, Majlblii OCTaTOK TOIUIMBA M T.I.), HEOOXOAMMO TPOU3BECTU
MOBTOpHBIN 3amyck BJIA unm opraHm3oBaTh WX CMEHSEMOCTb, a B Clydae 3HAYUTEIBHOTO yJaJICHHS Odara
BO3TOpaHMs OT IIOAPa3AENEeHU BO3IYIIHO-PAa3BEIbIBATEIILHOIO KOMILIEKCa — BBIOpaTh Oojiee ONIM3KYIO
IUTOIIAKY AJis cTapTa u nmocaaku bJIA.

B 3aBucuMocTd OT BHIa NMPUMEHSIEMOro OOPTOBOrO 00OpyaOBaHUs (ammapaTypbl) KoMmIuiekcol ¢ BJIA
00eCreYnBalOT MOHUTOPUHT OOBEKTOB ¥  TEPPUTOPUH  CIEAYIONIMMH  CHOCOOAMH:  BO3JYIIHBIM
¢dororpadhupoBaHreM, TENEBU3NOHHBIM, HWH(paKpaCHBIM 30HIMPOBAHUEM W, B TNEpPCHEKTHBE, —
PaanoNIOKaMOHHBIM 30HAMpoBaHUEeM. CriocoObl ITUCTAaHIIMOHHOTO 30HIMPOBAHHMS MOTYT NPHMEHSTHCS KaK
pa3aenbHo, TaK U KOMITJIEKCHO.

BozaymHoe ¢oTorpadgupoBanue U TEIEeBU3MOHHOE 30HIUPOBAHUE BEAYTCS JHEM (C OrpaHHYCHHEM IO
MUHHMAJIBHOM OCBEIIEHHOCTH 3E€MHOH IOBEPXHOCTH, IOMYCTUMOH IO TEXHHMYECKHUM XapaKTEPHCTUKaM
000pya0oBaHuA), UHPPAKPACHOE — JHEM H HOUBIO.
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[Ipu TeneBu3MOHHOM, HH(PAKPACHOM 30HAMPOBAHUM OCYIIECTBIACTCSA Iepenada WHGOpPMAIUKM 10
panuokanany c ©Oopra BJIA Ha nHazemHublii nyHkT ympasiaenus (HITY). Ilepemaya wundopmanuu 1o
pasroKaHaTy MO3BOJSET MONMYYHTh JaHHBIE B MacliTabe BpeMEHH, OJM3KOM K peatbHOMY. 3O0HIANPOBAHHE B
3TOM Cydae MOXKET BECTHUCh Ha MPOTHKEHHH BCETO IMOJIETA TPU yCIOBHH O00ECIEYeHHS PaJHOBHANMOCTU
mexay BJIA u HITY).

Haunnsle Bo3ayiiHoro ¢ororpadupoBanus Ha Oopty BJIA dukcupyercs Ha IIU(PPOBOM HOCHTEIE.
IIpoTspk€HHOCTE ydYacTKa 30HIWPOBAHHUS B JTOM CIIydae OINpEAeHseTcs OObeMOM TIaMSATH HOCHTEIS
UHQOPMALUH.

[onpazaenenusmu BJIA MOryT MpUMEHSATHCS CLIOCOOBI MPAKTUYECKHUX JACUCTBUH, COIEpPIKAIIe OANH UK
COBOKYIHOCTD CJIEAYIONTAX OCHOBHBIX IIPHEMOB:

a) 8 3a8UCUMOCTU O PACHPEOeNeHUS YCUTULL NO 8PEMEHU U KOIULecmsea ucnov3yemvlx bJIA:

— noaemut 00uHouHvix bJIA;

— 00HOBpeMeHHOe BbINONHEHUE 3a0adu (nonémoi) Heckorvkumu BJIA.

[onetsr oguHOUHBIX BJIA TpPUMEHSIOTCS TMPH pelIeHHH HEOONBIIMX O 00bEMYy M IOCIIEIOBATEIHHO
BO3HUKAIONIUX 33/1a4, HApUMep, Uil JAUCTAHIIMOHHOTO MOHUTOPHHTA OTJIENBHBIX OOBEKTOB, a TaKXkKe, IMpH
HEOOXOIUMOCTH, JJIS IUTUTEIHHOTO M CUCTeMaThdecKoro HaOmrogeHus 3a HuMU. [lomersl ommHOuHBIX BJIA
MOTYT OOBEIHMHATHCS EIMHBIM 3aMbICIOM, - Koraa moiyer mnocienytomiero BJIA Oynmer 3aBuceTh OT
pEe3yAbTaTOB, MOJNYYECHHBIX MNpeablayuM. OIHOBPEMEHHBIM MoyeT Heckonbkux BJIA BbeIMonHsETCS, Kak
MIPaBHUIIO, TP HEOOXOUMOCTH B KOPOTKHE CPOKU 0OCTIETOBATh OOJIBIIKE MPOCTPAHCTBA, MOMYYUTh JaHHEIE O
3HAYUTEIILHOM KOJIMUECTBE OOBEKTOB WIIM Oojiee TOJNHBIE JaHHBIE 00 OJHOM OTAETHHOM OOBEKTE.
OpnnoBpemenHoe npumenenue bJIA ¢ paznuyHbsIM 060pYJOBaHHEM B COCTABE IMOJIE3HOM HArpy3KH MO3BOJISIET
MOBBICUTH JOCTOBEPHOCTh MONYYeHHBIX JaHHBIX. KomuuectBo BJIA, 01HOBpEMEHHO HAXOASAIIMXCS B BO3AYXE,
3aBucuT OT kKonmduectBa TIIY, HITY, HIIO, Hanuuus MOATOTOBICHHBIX OMNEPATOPOB, a TAKKE KOIMYECTBA
paavoKaHaNoB Tepenadu moiydaemoil mHpopMmanuu. [Ipu orpaHuueHHOM KOIHYeCTBE HH(OPMAIIMOHHBIX
paduoOKaHATIOB JOJDKEH MpelycMaTpHUBAThCS PA3HOC MO BPEMEHHU MepeNadyd NaHHbIX pa3HbiMu BJIA; wnm
IMyCKU OAWHOYHBIX BJIA MOMKHBI BEIONHATHECA C MHTEPBAIAMHU, OOECIIEUMBAIONIMMHU IOCIEIOBATENIbHBINA
npueM UHGOPMAIMH OT KKJOr0 U3 HUX.

Jnst McKImOYeHWs W3 TPAKTHUKHA TOJOOHBIX OTpaHWYEHWH C MEeNbl0 MOBHIIEHUS 3()()EeKTHBHOCTH
npuMeHeHus BJIA mpeanaraercst HCOIb30BaTh MPUHIIMI KOJIJIEKTUBHOTO YIPABICHUSL.

S. Lysyj
SCIENTIFIC PROBLEMS AND PROSPECTS
FOR THE DEVELOPMENT OF SPECIAL-PURPOSE (SPACE) ROBOTICS

FSUE TSNIImash, Moscow region, Russia
corp@tsniimash.ru

C.P. JIvicouit
HAYYHO-TEXHUYECKUE NPOBJEMBI U ITEPCIHEKTUBbBI
PABBUTHUA POBOTOTEXHUKHU CIIEHUAJBHOI'O (KOCMHUYECKOI'O) HABHAUEHMUSI

DedepanvHoe 20Cy0apCmeeHHoe YHUMAapHoe Npeonpusimue
«L{enmpanvublil HAyyHO-UCCIE008AMENLCKUL UHCIMUMYM MAWUHOCMpPOoeHusy, 2. Koponés
corp@tsniimash.ru

CriernanibHass poOOTOTEXHHWKA TPENCTaBISIET COOOM CTPEMHTENBHO Pa3BHBAIOIIEECS MEPCIEKTHBHOE
HalpaBJeHUe, OXBATHIBAIOIIEE KaK IPOSKTHPOBAHUE, Pa3pabOTKy W IPOM3BOJACTBO, TaK W SKCIUTyaTaIHIO
POOOTOTEXHUYECKUX CUCTEM, MTPEJHa3HAYCHHBIX [T UCIIOJIb30BaHMs B TPAKIAHCKONW U BOGHHOH cdepe, B TOM
quciie M B KOCMUYECKO# oTpacin. Pa3paboTka poGOTOB BO MHOTOM 3aBHCHT OT IIPOTrpecca COITYTCTBYIOLIHNX
0a30BBIX TEXHOJIOTHH, TaKMX KaKk TEXHOJOTHH TOYHOTO TO3UIMOHUPOBAHMS, TEXHUYECKOE 3pEHHE,
OMoMexaHWYeCKUE YCTPOMCTBA, MCKYCCTBEHHBI MHTENJIEKT W Ap. [IpopbIBHBIE AOCTMKEHHS B KITIOUEBBIX
TEXHOJIOTHSIX MPUIAIOT UMITYJIEC PA3BUTHIO POOOTOB.

HecmoTpss Ha 3aMeTHBIE yClieXW WM 3HAYMTEIBHBIC MEPCICKTHBBI, ITOKa POOOTOTEXHHWKA HCHIBITHIBACT
3aTpyAHEHHS C MPHUBJICYCHUEM WHBECTUIMK B CHJIY AJHMTEIBHOTO IUKJIA U BBICOKOW CTOMMOCTH Pa3paboTOK.
OCHOBHBIMH TIpOOJNIEMaMH €€ Pa3BUTHUS SIBISIOTCS CJIOKHOCTh IMPHKIAIHBIX HAayYHO-TEXHHYECKHX 3ajaad,
MEXIUCIUIUIMHAPHOCTE POOOTOTEXHUKM M HE3PENOCTh HEOOXOAMMBIX 0a30BBIX TexHOMOrmi. MHTepec
YAaCTHBIX MHBECTOPOB TAKXKE CIEPKMBACTCS TAaKUMH (DaKTOpaMH, KaK BBHICOKHE PHCKM M HH3Kas OXKHIaeMast
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JOXOAHOCTh. [103TOMY Ba)KHYIO POJb B Pa3BUTHH POOOTOTEXHUKH B OOJNBLUIMHCTBE MPOMBIIIJICHHO Pa3BUTHIX
CTpaH MHUpa UrpaeTr rocygapctBo. IMeHHo Onaromapsi mpoayMaHHON MPOMBIIIICHHOW MOJIUTUKE, aKTUBHOMY
¢unancupoBannio HUOKP u mporpammam momaepxku ctapranoB CIIA u psay crpan EBpomsl yaanochk
JOOMTHCS 3aMETHBIX PE3YJIbTATOB B JAHHOW OTPACIIH.

Uro kacaercst Hamiel cTpaHbl, 0e3ycioBHO, Poccust ob6namaer cymecTBeHHBIM MOTEHIHAIOM B 00J1acTH
CITCIIMAIFHON pPOOOTOTEXHUKH. YK€ B CPEOHECPOUYHON ITEPCIEKTHBE YPOBEHHb PA3BUTHS OTCUCCTBEHHOU
pOOOTOTEXHUKM OyIeT OKa3blBaTh CYIIECTBEHHOE BIHUSHHE Ha OOOPOHHBIH TOTEHIHAl CTPaHbl U
NPOM3BOJAUTENBHOCTE TPyla B OCHOBHBIX OTpaciisiX NPOMBIIUIEHHOCTU. PemeHne 3THX 3agad TpeOyer
KOMIIJIEKCHOTO DPa3BUTHsI POOOTOTEXHHMKHM, BKIIIOYAs IOATOTOBKY COOTBETCTBYIOIIMX KaapoOB, pa3pabOTKy
COITYTCTBYIOIINX TE€XHOJOTHI U MTPOU3BOACTBO KOMITJIEKTYIOIINX.

PoboToTexHrka crenuanbHOrO Ha3HAYEHHUS, BO MHOTOM HCIIOJIB3YIOIAs HAKOIUJICHHBIH B COBETCKHE
TOJbl TIOTEHINA, SBJISIETCS OTHOCUTENIFHO KOHKYPEHTOCIIOCOOHBIM HampaBlIieHHEM B Hamiei crpane. OgHako
3aBHCHUMOCTH OT KJIIOYEBBIX 3aKa3YMKOB M HEJOCTATOYHOE (HMHAHCHPOBAHHUE SIBISIFOTCS CACPKHUBAIOIIUMHU
(hakTopaMu pa3BUTHsI POOOTOTEXHHUKH CHEIUATLHOTO Ha3HAYCHUSI.

[lo onenkaM psiia CHEUUATUCTOB OTCTABAHWE OTEUYECTBEHHBIX Pa3padOTOK OT MEPENOBBIX 3apyOC:KHBIX
CTpaH MO CO3AaHUI0 POOOTOTEXHHMUYECKUX KOMIUICKCOB CIELHUAaIbHOrO Ha3zHaueHus coctasisier 10-15 mer.
PaGotel mo poOoTH3amMyu BOEHHOW M KOCMHYECKOW OTpaciu MpoBOASATCS B Poccun B paMKax OTENbHBIX
HEMHOTOYHMCIIEHHBIX MPOEKTOB, KOTOpBIE, KPOME TOT0O, HE MMEIOT OIpPECICHHOW HANpaBIEHHOCTH, 4TO, B
CBOIO Oyepenb, OOBSICHIETCS OTCYTCTBHEM JOJDKHOM KoopauHauuu padoT. HecorjmacoBaHHOCTH neiicTBuiA
OTEYECTBEHHBIX Pa3pabOTYMKOB 1O CO3JaHUI0 POOOTOTEXHUYECKUX CHCTEM CIICHUATBFHOTO HAa3HAYCHUS
BCJIE/ICTBUME OTCYTCTBUS €IMHOMU IIE€JEeBOW MPOrpaMMBbI BII€UET 3a coO0O0M mapamenusM U 1yOaupoBaHHE NMPU
nposeneHnn HUOKP, uto BexeT k cHMkeHUI0 3()(EeKTUBHOCTH MX PE3yJIbTaTOB.

B nactosiee Bpemst B Poccun pazpaboTkamu B 00J1aCTH CIIEHUATBHOTO POOOTOCTPOSHHS 3aHUMAIOTCS
BeJylIe HAyYHO-NCCIIE0BATEIbCKUE HHCTUTYTHI U TTpoMblluIeHHbIe ipeanpuatus: [IHWUM poGotoTexHuku u
texandeckor kuOepHetuku, MI'TY um. H.D. baymana, HUI[ po6ororexauku BHUUIIO MYC Poccun,
BHUU Tpauncmaru u ap.

B nmnocnennmne nBa-Tpu roma Tema poOOOTOTEXHUKH CHEIHATBHOTO, B TOM 4YHCIE KOCMHYECKOTO,
Ha3HAYCHMs CTajla PacCMaTpUBAThCA KaK NPUHLUMIHNAIBHO Ba)KHAS AJISI AajbHEHIIEro pa3BUTHS OOOPOHHOTO
komrutekca crpanbl. C 1 uroHs 2013 roma npu Muro60opoHsr Poccun Havan nefictBoBath | maBHBIN HaydHO-
UCCIIeIOBATENbCKAN UCTILITATENIBHBIN EHTP POOOTOTEXHUKH, KOTOpHIH B (heBpase 2014 roga pacmnopsbkeHHEM
[Ipesunenta PO Obl1 HazeneH cTaTycoM QeepaibHOro roCyJapCTBEHHOTO OFOKETHOTO yupexkaeHus. Taxke
B 2013 romy npu Boenno-npomsinutenHoi komuccun (BIIK), Bosrnasmsemoii 3amecturenem llpeacenarens
[IpaButensctBa PO Porosuneim [.0., Obla co3maHa MeXBeIOMCTBEHHas pabodvas rpymma «Jlaboparopus
POOOTOTEXHUKM», KOTOpasi BBHIMOJHAET POJb LEHTPa KOMIETEHIMH M HHTETPALIMOHHOW IUIOIIAAKH MEXKIY
3aKa34YMKaMH, HAyKOW U IPOMBIIIIIEHHOCTBIO.

Jnsa @enepanbHOTO0 KOCMHYECKOTO areHTCTBA TeMa CHEITHAIBbHON (KOCMHYECKOH) POOOTOTEXHUKH TAKKe
ABIISETCSI OJHOM W3 MPHUOPUTETHBIX, TAK KaK AJ MOIY4YEHHS KOHKYPEHTHBIX MPEUMYILIECTB M COXpPaHEHHs
JUIUPYIOMUX TO3WLIUA B MWIOTHPYEeMOH KOCMOHABTHKE HeoOXoauMma pa3paboTKka U BHEIPEHUE
WHHOBAaLlMOHHBIX PEIICHUH, KOTOPBIE IIOMOIYT CHH3WTBh CTOMMOCTB OKCIUTyaTallud IHIOTUPYEMBIX
KOCMHUYECKHX allapaToB M TNPEOJONeTh OrpaHUuYEHHs, HaKJIaJblBacMble YeJIOBEYECKUM (aKTOPOM.
Brinonnenne paboT B OTKPBITOM KOCMOCE BCET/Ia CONPSHKEHO C BBHICOKMM PHUCKOM JJISI KH3HH KOCMOHAaBTa
BBUJY OIIACHOCTH IOBPEXIEHUS CKadaHIpa HEOCTOPOKHBIMU ICHCTBUAMU WIM MEJIKMMH METEOPUTaAMHU.
Kpome Toro, 310 4pe3BbIYaiiHO 3aTpaTHas MPOLEAYPa C TOUKH 3pEHHS DKCIUTyaTallid KOCMUYECKON CTaHIIWH.
PemennemM naHHBIX MpoOJEeM SBISETCS BHEAPEHHE POOOTOB MPHU BBINOJHEHWH HECIOKHBIX, HO OMACHBIX
olnepauuil pu BHYTpU- U BHEKOPAOEIbHOM JESITENbHOCTH, a B MEPCIIEKTUBE IIPU BBINOJHEHUU OIEpalui Ha
MOBEPXHOCTH JIyHBI M APYTUX IIIAHET.

OcHOBHBIE HANPABJICHUS HCIIOIB30BaHMsI KOCMHUYEeCcKoi pobdoToTexHuku (Puc. 1):

— KOHTPOJIb COCTOSIHUSI OOCITY’KHBAaEMBIX OOBEKTOB;

— TepeCTHIKOBKA MOAYJIEH KOCMHUUECKUX CTAaHIIMI M KOpaoieii;

— MOHTa)XHO-JEMOHTaXXHbIE PaOOTHI;

— TapyUpOBaHUE HEIITATHBIX CUTYalUi;

— TNPOBEACHUE PEMOHTHO-BOCCTAHOBUTEIBHBIX paboT;

— 00cIyXMBaHHUE LIEJIEBBIX U CIIY>KEOHBIX CUCTEM KOCMHUYECKOW CTaHIM;

— CTPOUTEIBLCTBO 3ALUIUTHBIX COOPYKEHHI OOMTAEMBIX TNIAHETHBIX 0a3;

— TEeXHHUYECKOoe OOCITyKHBaHHE 3JIEMEHTOB aBTOMAaTHUECKUX IIJIAHETHBIX 0a3;

— o0ecrieueHre BHYTPU- U BHEKOPAOEILHOH NI TETbHOCTH;

— 3abop rpyHTa ¢ moBepxHocTH Tesl COIHEYHON CHCTEMBL;

— cOopka KpymnmHOTrabapUTHBIX KOCMUYECKUX KOMILJIEKCOB.
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OI'VITI IHWHWmam, sBAsACh TOJOBHOM — Hay4YHO-HCCIIEIOBATEIbCKOM opraHu3anueldl pakeTHO-
KOCMHYECKOH NPOMBILIIICHHOCTH, AaKTHBHO BEAET PadOTHl MO Pa3BUTHIO POOOTOTEXHUKH CIIEHUATIHLHOTO
(xocMuueckoro) Ha3HaueHus. CrieruaaucTaMy Halllero MHCTUTYTa OIPeesIeHb] IePCIeKTUBHbIE HallpaBJIeHUs
pa3paboTOK, MO KOTOPBIM BeJeTCsl paboTa B TECHOM B3aMMOJCHWCTBHU C BEAYIIUMH MPEANPUATHAMH U
HAyYHBIMHU HHCTUTYTaMu — pazpaboturkamu podororexuuku: [IHUU PTK, MI'TY um. H.3. baymana u ap.

Tak, B cooTBercTBHM ¢ neWcTByromeld ®DenepanbHON KOocMuYeckod mporpammoii 2006-2015 rr.
MIPOBOJATCS HAYYHO-HCCIIEIOBATENBCKHE PAbOTHI MO pa3paboTKe POOOTOTEXHUYECKHUX CHCTEM, B TOM YHUCIE
AHTPONIOMOP(HOTO THMA, A NHIOTHPYEMBIX M aBTOMAaTHUECKHUX KOCMHUYECKHX KOMIUIEKCOB C LENbIO
aBTOMaTH3alUK PadOT NpU BHYTPHU- U BHEKOPAOEIbHOU NEATETHHOCTH KOCMOHABTOB, & TaKKe BBIIIOJHEHHS
orepanuii CTHIKOBKH M COOpPKH B KOCMOCE KPYITHOTa0apuUTHBIX KOHCTpyKwid. B wactHoctH, ¢ 2011 roxa
OCYILECTBISIIOTCS pabOThl MO0 HCCIEJOBAHUIO BO3MOXKHOCTEH HMCIOIB30BaHUS AUCTAHIHMOHHO-YIPABISIEMBIX
aHTPONIOMOPGHBIX POOOTOB Ui OMNEPALMOHHON MOIAEPKKU NESATEIBHOCTH KOCMOHaBTOB. [IpoBeneHHbIE
ucHbITaHus moslo0Horo podota ¢ yuactuem OI'BY «HUUW HIIK wmenn FO.A, Tarapuna» mokasanud ero
3¢ (GEKTUBHOCTh TPU BBITIOJTHEHUH HanOoJiee THIIOBBIX ONepanui, BBIMOIHIEMBIX KOCMOHAaBTAMH Ha 0OpTY
MKC.

Hayuno-Texnuueckuil 3az1e, NOIy4eHHBIH B X0/I€ BHIIIOJHEHUS YKa3aHHBIX paboT, MO3BOMIAET HepeiTu K
MPOBEJCHUIO  KOCMHYECKOTO  JKCIEpUMEHTa II0  HCCIEOBAHHIO  BO3MOXKHOCTEH  HCIIOJIb30BaHUS
JUCTAaHIIMOHHO-YTIPABISIEMOT0 aHTPONOMOP(HOro podoTa A OMEPALMOHHONW MOAAEPKKH JESTEIbHOCTH
KOCMOHABTOB B YCJIOBUSIX OPOUTAILHOTO MOJIETA.

B nacrosmuit moment ®I'YII IIHUMmam B pamxax CH OKP «IIITC» (Ilepcnexkrusa-TIL,IIT)
paspabarbiBaeT SCKH3HBIE TPOEKTHI M MaKeTHbIE 00pa3ibl podoTa aHTPONOMOP(MHOTO THUIA IS TOJJIEPKKU
BHYTPUKOPAOEIbHOIN AEATENEHOCTH KOCMOHABTOB, a TAaKXKe POOOTOTEXHUIECKOTO KOMILIEKCa IS TOAACPKKH
JKUTIaKa MPH BHEKOpaOETbHON e TELHOCTH.

Hcnonws3oBanue antpornomopdHoro podora Ha 6opty [TKK mo3BoMT yCcHemHo pemiath Takue 3aiadw,
KaKk aBTOMAaTH3MPOBAaHHOE TEXHUYECKOEe OOCTy)XHBaHHE OOPTOBBIX CHUCTEM M almapaTypbl, aBapuiiHO-
cracaTeflbHble U PEMOHTHO-BOCCTAHOBUTENBHBIE PA0OOTHI, a TaKkKe MOANCPKKA BHYTPUKOPAOEIHHOM
nestenpHocTH  Skunaka [IKK, B 49actu ocymiecTBieHHs ONEpalMOHHOW, HWHMOOPMAIIMOHHOW |
MICUXOJIOTMYECKOH MOIAEP’KKH KOCMOHABTOB.

Pa3pabatbiBaemMblii  pOOOTOTEXHUYECKHIT KOMIDIEKC ISl TOANEPKKH BHEKOPAOEThbHON NeATeThbHOCTH
Oyzer BKJIOYaTh B ce0si POOOTOTEXHHUYECKYIO TpPAaHCIOPTHO-MAHUMYJSIHOHHYIO CHCTEMY, CIOCOOHYIO
CaMOCTOSITETIFHO TMEpEeMeIIaTbcsa MO TMOPYYHSM M TaKeNaXXHBIM ayieMeHTaM BHemrHeil moepxHocTH [IKK,
MPOBOJUTh aBTOMATU3UPOBAHHYK HHCIEKUUIO BHemHed mnosepxHocth [IKK ¢ BO3MOXHOCTBIO
OCYILIECTBIICHUSI PEMOHTHO-BOCCTAHOBHUTEIBHBIX paboT, a Takke MOJCHCTEMY TEXHUYECKOTO 3peHUs,
yIpaBlIeHHUS U CBS3H, 00ECIIEYNBAIONTYIO0 aBTOMAaTH3UPOBAHHYIO MHCIICKIIMIO BHEITHEH MMOBEPXHOCTH MOAYJEH
KOpaOIst ¢ HEOOXOAMMOTO PACCTOSHUSI.

ABTOMATH3ALMA

v poboTuaauma

nonérosu pabot
3a npefenamu

ConHeYHOR cucTembl

Puc.1. HaHpaBJ'IeHI/IH HCIIOJIb30BaHHUA pO60TOTeXHI/I‘leCKI/IX CHCTEM B KOCMHUYCCKOH JACATCIIBHOCTHU

Pa3paGoranHpie B paMKkax NaHHOW PabOTHl TEXHUYECKHUE PEUICHHUS W HAYYHO-TEXHOJOTHYCCKHUHA 3aJen
OymyT B manpHeHmeM ucmosb3oBadsl B OKP 1Mo co3manmio poOOTOTEXHUIECKUX CHCTEM IS KOCMHUYECKOTO
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NPUMEHEHUS ¥ UX COCTAaBHBIX YacTel, MPeLyCMOTPEHHBIX B poekTe DenepanbHON KOCMUYECKOM MPOrpaMMBbl
2016-2025 rr.

Uro kacaercsi CyILIECTBYIOIIMX IPOOJEeM B BBICOKOTEXHOJOIMYHOM CEKTOPE B YAacTH Pa3BUTHS
CHEeLUaJIbHOW POOOTOTEXHUKH, HEOOXOAMMO OTMETHTh clleAylolnee. B HacTosee BpeMs HMEET MecTo
CYLIECTBEHHOE OTCTaBaHHUE B YaCTH CO3JaHUS OTHENBHBIX 3JEKTPOMEXaHHMUECKHMX W MHUKPOAJIEKTPOHHBIX
KOMIIOHEHTOB, YTO OTpPEeNseTCs] OOMNM COCTOSHHUEM JIeT B OT€UECTBEHHON 3JIEKTPOHHO-KOMIIOHEHTHOH 0aze
(OKb). OredecTBeHHOE TPOM3BOJCTBO HCIIOTHHUTENBHBIX 3JEKTPOMEXaHHYECKHX MOJyJeH-IIapHUPOB,
NPUBOJIOB MaHUIIYJIATOPOB, aKKyMYJISATOPHBIX OaTapeid W Op. NMPeAOoCTaBIseT OrpaHUYEHHBI acCOPTHMEHT
NPOAYKIMH, HAa 0a3e KOTOPOH HEBO3MOXKHO CO3JaHHUE COBPEMEHHBIX MaJIorabapUTHBIX POOOTOTEXHUYECKUX
CHCTEM, B TOM YHCJE IJs1 KOCMHYECKOTO MpuMeHeHHs. bombmas wacte (10 95%) poOOTOTEXHWYECKHX U
MEXaTPOHHBIX KOMIIOHEHTOB, BKJIIOYasl ABUTATENN, KOHTPOJUIEPH! U BOJTHOBBIE PEAYKTOPBI, HEOOXOUMBIE IS
CO3J1aHHUs POOOTOTEXHHUUECKUX CHCTEM CIICLHAIbHOTO HAa3HAYEHUs, [TOCTAaBIIsIETCA M3-3a pyOexka, U B 1IeJIoM,
CTaBHT BCIO OTEUCCTBEHHYIO POOOTOTEXHHKY B KPUTHYECKYIO 3aBUCHUMOCTH OT MPOJYKIWHU JAPYTHX CTpaH, B
nepyto ouepens CLUA, ['epmanun, llBeitnapum.

OtcyTcTBHE UCTIONHUTEIBHBIX JIEMEHTOB OTEYECTBEHHOI'O IPOU3BOACTBA B pas3bl 3aMeIAET pa3padoTKy,
NPOCKTHPOBAaHHE M OOCIY)XKMBaHHE POOOTOTEXHMYECKHX CHCTEM HOBOTO MOKOJICHUS, YTO TNPHBOAMT K
MOCTOSIHHOMY YBETHYCHHUIO OTCTaBaHUS POCCHICKOI POOOTOTEXHHUKH OT 3apyOeKHOM.

[Ipu sTOM cmenuduka BOCHHOHM M KOCMHYECKOH NESTEIbHOCTH HAKIAIbIBAaeT XECTKUE TpeOOBaHUS K
COCTaBHBIM 3JIEMEHTaM TMOJOOHBIX KOMIIOHEHTOB POOOTOTEXHHKH, KOTOpBIE YacTO HE YUYUTHIBAIOTCA B
UMIIOPTHBIX DJIEMEHTaX.

[MoMuMO 3TOTO, UMIIOPTHBIE KOMIUIEKTYIOIIME, B OTJIMYME OT TOTOBBIX UMIIOPTHBIX POOOTOB, 00JIAraroTCst
TaMOXXCHHBIMH TMOLUIMHAMU. DTO JECTUMYJIHUPYET MPOU3BOJICTBO KOHEYHOH POOOTOTEXHUUYECKON MPOIYKLIUH
Ha Tepputopun Poccun. Tak, OONBIIMHCTBO BUIOB Kabeseid, UCTIONb3yEeMbIX B CHIIOBBIX YCTaHOBKax poOOTOB,
obmararorcst mouuuHoit ot 10% mo 17,5%. Ilo mommmmHMKaMm, HE OTHOCSIIUMCS K COOpKE MOTOPHBIX
TPAHCIIOPTHBIX CPEACTB M MPOW3BOACTBY aBHALMOHHBIX JABHraTtened, nomumHa coctaBuder 10%. Ilo
3yOuaThIM KoJiecaM U IepeadaM MOLUIMHBI B OOJIBIIMHCTBE ciydaeB 4—5%.

Co3aHue IIMPOKOro CIeKTpa pOOOTOTEXHUISCKUX CUCTEM HEBO3MOXKHO 0€3 UCIOJIb30BaHUS TPUHITUIIOB
MOJIYJIBHOTO MOCTPOCHUS, YTO TpeOyeT BHEAPEHHS €ANHBIX CTAHIAAPTOB Ha MEXaHUYECKHE, SIEKTPUUECKHUE U
IporpaMMHbIE HHTEpQEHchl Takux Monyned. [lns sToro HeoOXOAWMO CO3JaHHME CHUCTEMBbI HALMOHAIBHBIX
CTaHJapTOB B 00JacTé poOOTOTeXHHKH. Kakaplii cTaHmapT NOJKEH coliepKaTh TPeOOBaHUS TEXHUYECKOTO
pernamenTa (3HeprodHEeKTHBHOCTD, 0€30MaCHOCTh, HAZAEKHOCTh, YHU(UKAIMS TEXHUIECKUX XapaKTePUCTHUK,
cucrema oOecneyeHus KadecTBa MNPOAYKUMM W T.J.) ¥ ONMCHIBaTh B3aUMOACHCTBHE 4EJIOBEKa C
POOOTOTEXHUYECKUM CPEICTBOM.

B nienomM, xouercst OTMETHUTH CIIEAYIOLIEE.

HecmoTtps Ha Bce BO3pacTaroluil HHTEPEC rocyJapcTBa K pOOOTOCTPOCHUIO CHENUAIBHOTO Ha3HAYEHUS,
OTCYTCTBHE LIEJIOCTHOM INOJUTUKM M NPOAYMAHHOW CHUCTEMBI IMOIIECP)KKH, a TAKKe PacCOrIacOBaHHOCTb
JEHCTBUI OTJENBHBIX BEAOMCTB B IaHHOM HAalpPaBJICHUH OCTAIOTCS CEPbe3HON MPOOIEMO.

KavecTBeHHBIX MO3UTUBHBIX M3MEHEHUH B POCCHUCKONW POOOTOTEXHHKE MOXKHO OXKHUIATh JIHMIIb MPH €
CHUCTEMHOM NOJIEPKE, BKITIOUAIOIIEH:

— (QopMupoBaHHE CTPATEruu Pa3BUTHS OTPACIH, COACPKAILECH LIeJIM K MEXaHU3MBI €€ pealn3alii;

— CO37]aHHe YCIIOBHH /ISl MOSIBJICHHUSI MHHOBALIMOHHBIX POOOTOTEXHMYECKUX MPOEKTOB;

— CHCTeMAaTH3alHI0 Mep TOCYAapCTBEHHOH MOAJEPKKH OTPACIIN U UX HACTPOWKY Ha JOCTHKCHHUE IIeTeH

ee pa3BUTHSI.

WHcTpyMeHTaMu BBITIOJIHEHHUS 3TUX 331a4 MOTYT CTaTh:

— paclIupeHHe IporpaMM HCCIIEIOBAaHUN B CBSI3aHHBIX ¢ pOOOTOTEXHUKOM 00/1acTIX HAYKH;

— (QopMupOBaHHE HHKEHEPHOT'O U MPENIPUHIMATENLCKOIO IOTCHIMAIA OTPACIIN, UIMEIOLIEr0 KIF0UEBOE

3HAYEHUE U1 €€ Pa3BUTHUS;

— OpraHM3auusi  B3aMMOJEHCTBMS M KOONEpalMu  MpelIcTaBUTeNiell  oTpacim B paMKax

npogecCHOHANBHBIX aCCOLMALMI U SKCTIEPTHBIX MEPOTIPHUATHIA;

— CO3JaHMEe MeXaHHW3Ma KOOpAWHALWW ACWCTBHH Pa3IMUHBIX BEJAOMCTB U WHCTUTYTOB PasBUTHS IS

MPOBEIEHHsI AKTUBHOM OTpaciIeBOM IMOJIMTHKH B chepe pOOOTOTEXHUKH;

— MoAJepKKa pa3paboTUMKOB Yepe3 rocyJapCTBEHHBIN 3aKas3;

— ToAJep)kKKa IKCIIOPTa POCCUUCKON POOOTOTEXHUKH.

Peanuzamms BBIIICYKa3aHHBIX MCpOHpI/I}ITI/Iﬁ IMO3BOJIMT CYIIECTBECHHO IMOBBICUTH OO0 OTCYECCTBCHHBIX

pa3pa60TOK Ha r1a100aJIbHOM PBIHKE pO6OTOT6XHH‘-IeCKOfI MNpOAYKIHHN CIICHHUAJIBHOTIO Ha3HAYCHUA U BHCAPHUTH
X B ACATCIbHOCTD 060p0HHO-HpOMbIHJHeHHOFO KOMILICKCA CTpaHBbI.
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This paper presents the results of the development of basic software and hardware elements of the
network associated laboratories and robotariums as a project "Intelligent robotronics"”, initiated by the Central
European branch of the International Academy of Engineering in conjunction with KIAM Russian Academy of
Sciences, IINET RSUH, the universities of Russia, Croatia and Austria. The project gives the participants
access to the full range of mechatronic devices and mobile robots, classrooms and facilities 3D-prototyping
placed in partner organizations, their methodological / pedagogical development and lecture courses on the
basis of joint research conducted with broad participation of graduate and undergraduate students, and even
schoolchildren. This trend seems to be most promising for learning various popular specialty - computer
science, robotics, marine and other technologies. The relevance of this project-oriented approach can be seen
in long-term programs of the Russian Federation, and in the experience of cooperation CNRS (France) with
the Russian Foundation for Fundamental Research to create a virtual scientific associations of real
international research groups. Therefore, it was selected this area of cooperation in order to create intelligent
mechatronic devices, integrating software (“middleware") and the means of knowledge representation and
deduction algorithms.

“Intelligent robotronics” (IR) denotes the shortlist of methods related to the integrated use of robotics,
sensorics, mechatronics, electronics (oriented to mechatronics), and methods of intelligent systems, applied to
data processing in the feedback loops with delays (due to remote sensors or network specific effects) and to the
planning/navigation systems in robotic devices. Thus, for education purposes, we collected the description of
these methods into lectures and laboratory practice: two kinds of training activities for students and PhD
students (totally up to 7 ECTS). The size of the course can be corrected in either side + 4 credits. The course is
based on the Russian-Austrian scientific school IR.

We consider our didactic approaches on the example of a recent experiments with groups of students from
technical universities. Often these students had a minimum experience in programming and never used Python,
but in 2-3 months (due to their interest to subject) they built interesting mathematical models for simulation of
mobile robots in an unknown environment, using different combinations of remote sensors (ultrasonic and IR
locators or TV-cameras), based on our decomposition of the task. The functions implemented by them simulate
the SLAM algorithms and data flows between sensors and making decision modules.

Our main didactic tasks were: (1) Involve the students into the world of scientific and practical disciplines
named “Intelligent robotronics” (using high motivation of students); (2) Give them an experience of
“knowledge engineers”; (3) Write and verify simulation models of mobile robots (coding of final programs) on
Python. The Python interpreter has a lot of advantages for our approaches. The objective of the course is to
teach students to use the main concepts, approaches, and models of sensorics and mechatronics, as well as to
study the regularities of modern methods of control; acquire skills in designing and finding applications,
building models that arise in engineering, and perform computations with these models. The main goal of the
course is to conduct a practical study of the foundations of information-sensor technologies for solving
creative and typical control problems in future scientific or industrial fields.

The main didactic units (chapters) based on our own works and experiences are listed below.

Contact sensors (force-torque and tactile sensing; internal data sensors in robotics): feedback concepts,
specific features of remote and contact sensors; sensor types: tensometry, principles of force-torque
measurement; multicomponent sensors, tactile matrix and its implementation into real-time computer
networks; pulse and code sensors for position and velocity measurements, Hall sensors, current measurements
in control systems (CS), environment monitoring (pressure, humidity, temperature, etc.).

Remote sensors (sensor—locators and computer vision systems): acoustic location systems (models and
methods of data processing; Fresnel-Kirchhoff models and its investigation; embedding filtered data flows
from sensors into tracking/servo systems, into PID-regulators; triangulation and navigation methods); optical
and laser range sensors (processing of discrete-range measurements conducted from mobile platforms for
approximation of 3D objects); radar, electromagnetic, pneumatic, and infrared location sensors, pyrometers,
side-view locators; conventional and non-conventional computer vision systems (classification of sources of
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matrix images — CCD, IR, light-sensitive memory, gamma locators; properties and synthesis of optical
elements; conventional image processing algorithms — Huckel-like operators, chain code for contour
description; stereo vision, photogrammetry); models of human vision and bionic approaches to designing
image processing algorithms (human and insect — constancy, overexposure, gray field; inspection vision;
segmentation and histogram analysis of color images);
Technology of intellectualizing the sensor-control systems (knowledge representation, automatic inference in
predicate calculus, heuristic methods): methods of knowledge representation (graphs, Petri nets, flows in
networks; production rules, frames, reduction to disjunctive normal forms), new and classical expert
techniques for SLAM tasks and group control; Prolog-like descriptions, construction of inference mechanism
and Herbrand’s theorem; Herbrand-based and heuristic algorithms, A* optimal search in the space of states;
new types of logic and deductive procedures.
Design of program-controlled autonomous systems (by examples of mobile robots and manipulators),
intellectualization of sensor-control systems: control systems of mobile robots with Al elements (classification
of ground and underwater robots; dimensions of the operating environment and mathematical simulation,
design of simulators; expert schemes of coordination of information-motion activity); intellectualization of
supervised sensor-control systems based on wireless internet-technologies, control methods with unpredictable
delays; manipulator control (automatic assembly in engineering industry: avoiding 10-100x difference in
accuracy, specification/construction of operation and testing graphs; direct and inversed kinematic problems in
CS for welding, laser cutting, and painting; machine processing of parts by force manipulators).

The international laboratory “Sensorika” standardized the software development kit (SDK) for AMUR
and other robots (both for simulation and modeling) in the form of a virtual box that can be set over all main
operating systems and also integrates other software tools; for example, the Robotino software.
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AHHOTAIUSA

[IpemyorkeHa TEXHOJIOTHSI IPOTrpaMMHO-AINIapaTHON peaau3alud BEPXHETO (MHTEIICKTYalbHOTO) H
HIDKHETO (pOOOTPOHHOTO) YPOBHSI CEHCOPHO-YMPABISAIONINX CHCTEM PpaCIpeNelICHHBIX MEXaTPOHHBIX
KOMIUIEKCOB ¥  acCOLIMUPOBAHHBIX  J1ab0OpaTopuii-poOOTapUyMOB — HOBOC HAyYyHOE HAIpaBJICHUC
«HMHTEJUIEKTyaJ bHasi POOOTPOHUKAY.

Beenenue

B pabGore paccMarpmBaeTcs CcO3MaHWE HAYYHOM O0a3bl M TEXHOJOTHH IPOTpaMMHO-aIapaTHON
peanuzaniy HalpaBleHUs «MHTEIJIEKTyalbHas podoTponuka» (IR) , mpeaxycMaTpuBaromero nocTpoeHue ceTu
ACCOIMMPOBAHHBIX POOOTOTEXHUUYECKUX Jaboparopuil - YHUPHUIMPOBAHHOW Cpenbl Uil OBICTPOH COOpKH
HIDKHETO YPOBHSI CHCTEM YIIPABJICHHUS TPYINIIaMUA MOOMIBHBIX POOOTOB, pacrpelieIieHHBIMA KOMIUIEKCAMH U3
COTEH B3aWMOJAEHCTBYIOIINX MEXaTPOHHBIX YCTPOHCTB BHE 3aBHCUMOCTH OT NPUMEHSIEMBIX B HUX JIEMEHTOB
OT Pa3IUYHBIX MIPOU3BOAUTENEH M MOCTAaBIIMKOB [1-4]. DT0 mocTuraercs 3a CUeT MOCTPOCHUS] IWHAMUYECKH
PEKOH(DUTYPUPYEMBIX HEpapXUUeCKuX TpadoB NMPOrpaMMHBIX CETEBBIX B3aUMOJICHCTBUN W TpaB JOCTYIIA,
peanuzanysi KOTOPBIX MOXKET OBITH OTHECEHa K CO3JaHUI0 Tak HasbiBaemoro «middleware» [9] —
CHEUUANTU3UPOBAHHOTO MPOTPaMMHOT0 00eCIeUeHHs, JAIOIIET0 BOBMOXXHOCTb OBICTPEEe COCPEIOTaunBaThCs Ha
AKTyaJIbHBIX TIPOOJIEMax WHTEIUICKTyallU3alliy, He OTBJICKAs! CHIIbI Ha TIPEOIONICHNE HU3KOYPOBHEBBIX 3a/1ad H
OCYIIECTBIISIA TEePEnporpaMMHUpPOBAaHUE YCTPOMCTB 0e3 mx ocTtaHoBkA (B ommmuuu OT [7,8]). OcHOBHOE
BHUMAaHHUE YACISICTCA TakkKe CO3JaHui0 3()(EKTHBHBIX CIIOCOOOB MPEACTABICHUS 3HAHUM, TEXHOIOTHH

Paboma noooepycana 3adapckum yHueepcumemom 6 Xopeamuu, DAAAM International Vienna (Bena, Aecmpus),
Medsicoynapoonvim uncmumymom Hoguix obpaszosamensvuvix mexuonozauti PITY, MJI «Cencopuxay, UIIM um.M.B.Kenoviua PAH
(Mocxea, Poccus) u LJEO MHUA (Bena, Aécmpus) ¢ pamkax Coenawenus om 04.06.2014, a maxoce wacmuyno epanmamu PODU Ne
13-07-00988a, Ne 13-07-01032a, npocpammoii ghynoamenmanvuvix ucciedosanuti OMH PAH «Aneebpauyeckue u xombunamopmvle
Memoobl Mamemamuyeckoli Kubepnemuxu u UHPOPMAayuoHHble CUCIEMbL HOBO20 NOKONEHUSY.
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MOCTPOEHMS BBIBOAOB M JOKAa3aTeIbCTB, MCHOIB3YIOIMX ACAYKIMIO KaK Ha OCHOBE JIOTMKHM BETBSILErOCs
BpeMeHH (oOnajaromeil J0CTaTOYHOW BBIPA3UTEIBHOCTBIO M ONHM30CTBIO K €CTECTBEHHOMY SI3BIKY IIPH
OIJHOBPEMEHHOM OOECIIEYEHUH 3aKOHAa HCKJIIOUEHHOI'O TPEThEro), TaKk M B COUYETAHUU C aJIbTEPHATUBHOU
HOBOM, MpPEIIOKEHHON HaMU «IEHTa-JTOTHKOW». Takas JIOTMKa JlaeT BO3MOXKHOCTh T€HEpAIlMud HECTPOTruX
NPOTUBOPEUYMBBIX PACCYKICHHUH, KOTOPBHIE XOPOIIO BOCIPUHHMAIOTCS UYEIIOBEKOM, Oojiee €My MOHSTHBI H
HIO3BOJISIFOT PEajIM30BaTh MOUCK «OIMKaIIero NpueMiIeMoro pelieHus» B peajbHOM MacliTade BpeMEHH, U B
TOM 4Hcie o0ecreuynBarh paboTOCTIOCOOHOCTH MPH BBIXO/E M3 CTPOS OTAEIHHBIX YacTel POOOTOTEXHUIECKUX
KoMIIeKCOB. OCHOBHasl W€ TaK Ha3bIBa€MOIl «IIEHTA-JIOTMUKW», COCTOMT B (hopMmanuzanuu MexaHu3Ma
OLIGHKM HE TOJIBKO pealbHbIX 3HAHMH M (PaKTOB, HO U CYOBEKTHBHBIX OLICHOK (IOBEpUS, BEPHl, OKUAAHUS) B
KauecTBe 0asbl ISl TOCTPOEHUS DKCIEPTHBIX YIPABISIONIMX CXeM C IMPHMEHEHHWEM armapara JOTHKH
BETBSIIETOCS BPEMEHH.

Bce npeanaraemble METOOBI M MPOrpamMMbl OTpadaThIBalOTCS B poOapuyMax Ha aBTOHOMHBIX poOoTax
“AMyp”” HOBOTO TTOKOJIEHHSI COBMECTHBIM KOJUIEKTUBOM 10 30 4elIOBEeK M3 OpraHu3aluii-mapTHEPOB (B paMKax
npoekra PUA/MIUA). K npoBeneHu0 HayqHO-HCCICIOBATEIBCKUX pa0d0OT B paMKax pa3paO0TaHHOIO yueOHO-
METOJUYECKOrO KOMILIEKCA TAKXKE aKTUBHO MPUBJICUYEHBI CTYAeHTHI U actiupaHThl U3 UIIM um. Kengpima PAH,
MI'TY «Crankun», MOTU/CronTex, MexayHapoqgHOr0O MHCTHTYTa HOBBIX OOpPa30BaTENbHBIX TEXHOJIOTUH
PITY, npyrux ynuBepcureroB Poccun, ABcTpun, XopBaTuu, KOTOpblE 00y4aloTCs MPUMEHEHHIO TEXHOIOTUN
«HMHTEJUIEKTyaabHOH poboTpoHukm» [10-12], maunHaBmmxcs ¢ pabdot [5,6]. Ilomumo momydeHUs] HaydHBIX
Pe3yJBTaToOB, MOCTPOCHA peajibHas CeThb aCCOLMHUPOBAHHBIX HAYYHO-Yy4eOHBIX J1abopaTopuii-poOOTapuyMoB,
(YHKIMOHUPYIOIMX KaK €IMHOE Ieloe B TMEpPEYUCICHHBIX OpPraHW3allMsiX W peaM3ylolux Haubomee
COBPEMEHHYIO MOJIeNIb MEKIYHAPOIHBIX HAayYHBIX HCCIIEIOBAaHUI C OIEHKON €€ pe3ylnbTaTMBHOCTH HE IO
PEUTHHTY B 3aKpBITOI YaCTHON KOMMEpPUYECKOH 3apyOexHON (upmMe, a o IKCTIIEPTHOH olleHKe u3 6onee yem 50
Beaymux yausepcureroB EC, Azun u PO, Bxogsamux B Accoluanyio 1Mo aBTOMaTH3aIMH U MaIlTHHOCTPOEHHUIO
DAAAM International Vienna.

Hogble 00pa3oBareibHbIe TEXHOJIOTHH

«MHTENNEKTYaThHOH POOOTPOHUKOIY» 0003HAUEHA COBOKYITHOCTH METOMIOB, CBSI3aHHBIX C KOMIUIEKCHBIM
MCTIOJIH30BAHUEM POOOTOTEXHHKH, MEXaTPOHUKH, CEHCOPUKH, DJIEKTPOHUKH, BCTPAHBAEMON B MEXaTpPOHHBIC
YCTPOMCTBA, U METOMIOB MHTEIICKTYaIbHBIX CHCTEM, MPUMEHSIOMUXCS JUIsi 00pabOTKY JaHHBIX B KOHTypax
o0paTHOW CBs3M C 33JCpXKKaMH, BbI3BAHHBIMH TNPUMCHEHHEM JHCTAHIIMOHHBIX CEHCOPOB WU
crier(pUUIeCKMMH CeTeBbIMH dddextamu. J1is 1eneit nocTpoeHus o0pa3oBaTeIbHOIO MpoIiecca, Mbl coOpain
OTIMCAHUE ITHX METOJOB B JICKITUHU U JIA0OpaTOpHBIE paboTHI ¢ BapsupyeMbIM o0bemMoM oT 4 10 10 ECTS. Kypc
ocHoBaH Ha pabotax Poccwuiicko-ABcTpuiickoii HaydyHOW mkonbl IR [16]. Hamm numakThdeckue MOIXOIBI
pacCMOTpPEHBI Ha TMPUMEPE DOKCIEPUMEHTOB C TPYIIaMUd CTYACHTOB W3 HECKOIbKUX TEXHHUYSCKHUX
yHUBepcUTeTOB. CTYIEHTBI, HMMEBIINE MHUHHMAJbHBIA ONBIT B IMPOrPAMMHPOBAaHMM W HHUKOIAA HE
MCTIOJIB30BaBIINE s3BIK Python, yke uepes 2-3 mMecsia CMOIJIM CTPOUTh MaTeMaTHIECKHE MOACITH MOOMIBHBIX
POOOTOB, IITAHUPYIONIUX TIEPEMEIICHUS B HE3HAKOMOM 00CTAaHOBKE M UCTIONB3YIONINX Pa3InYHbIE KOMOWHAIHH
JMUCTAHIIMOHHBIX JAaTUYMKOB (YJIBTPA3BYKOBBIX M HH(pPaKpacHbIX JIOKaTopoB, TB-kamep). PeanusoBaHHbIC
GbyHkIMM MonenupoBanu padoty anroputMoB Tuna SLAM [13-15] u oOMeH MOTOKaMu JaHHBIX MEXKIY
JIATYUKAMU ¥ MOYJISIMUA TIPUHSTHUS PEIICHUN.

HammiMu ocHOBHBIMH yueOHBIMH 3amadamu Obut: (1) BOBIIEYL CTYIEHTOB B MHPE HAyYHBIX U
MPAKTHYECKUX TUCIHIUINH, OOO3HAaYeHHBIX HaMH Kak «VIHTemekTyanpHas poOOTPOHMKa» (BBICOKas
MOTHMBUPOBAaHHOCTh OOy4YCHHS 3a CUET HMHTEpeca K MpeaMeTHOH obOmactw); (2) Hark UM ombIT paboThl B
Ka4eCcTBe «WHKeHepoB 1o 3HaHusIM» (Puc. 1); (3) Hanucare u npoBepuTh pabOTy MMHUTAITMOHHBIX MOJCICH
MOOWMIIBHBIX poOOTOB Ha s13b1ke Python, mMerorem st Hac OOJNbIIUE TPEUMYIIIECTRA.

Lenp pa3paboTaHHOTO Kypca COCTOsIa B TOM, YTOOBI HAyYUTh CTYJACHTOB HCIIOJIb30BaTh OCHOBHBIC
MOHATHUS, TOAXOAbI M MOJAEIM CEHCOPUKHM M MEXaTPOHUKH, a TaKKe M3YYUTh COBPEMEHHBIC METOMABI
YIPaBJICHUS; TPHOOPECTH HABBIKA U KOMIIETCHIINHU B MPOSKTHPOBAHUH M IPUMEHEHNH, IIOCTPOSHHBIX MOJIEIeH
B pOOOTOTEXHWKE W MAIIMHOCTPOCHHWH, NPAKTUYECKH M3YYUTh OCHOBBI TEXHOJOTHH TOCTPOCHUS
WHTEIUICKTYaJIbHBIX MHQOPMAIMOHHO-U3MEPHUTEIBHBIX U YIIPABIISIONUX CUCTEM.
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Puc.1. Pa3zpaboTku mporpaMMHO-anmaparHeix komiwiekcoB D,C,A u nmpoennpoBanne cooTBeTcTBytonux HUP Ha
y4eOHbIC pabOThl «KMHKCHEPOB TI0 3HAHHUSAM», HAIPUMEP, IIPH PEATH3AIMA MATEMATHUCCKOW MOJICIH BhISIBIIIACH
HEOOXOMUMOCTh €€ MUHHMHU3ALUU ITyTEeM 3aMEHBI MOJHBIX 3D-ueprexel yaeOHOro podoTra (A) ero yrnpoIieHHbBIM
MPEJICTABICHUEM [0 KIIFOYEBBIM TOYKAaM (TaKoe MPEJCTaBICHUE CTAHOBUTCS YHUBEPCAIBHBIM it pobotoB D,C,A)

Hwmwxe npuBeneHo mnepeyncieHHE OCHOBHBIX AMJAKTUYECKUX €IMHMIl (pa3fesoB) Oazupyroluxcs Ha
HaieM cOOCTBEHHOM OIBITE. DTO TO3BOJISCT OLICHUTH HAIIPABIICHHUS, IPOBEACHHBIX paHEee NCCICAOBAHMUM.
Konmaxmuvie O0amuuxu (CUJIOMOMEHTHBIE, TAKTWIbHBIE WM JApPYTHe JaTYMKU BHYTPEHHEH WHQOpPMAIUH,
BCTpanBaeMble B MHUKPOIIPOLIECCOPHBIE CUCTEMBI): KOHIICTIUH ITOCTPOCHUSI 00paTHBIX CBsA3EH, 0COOEHHOCTH
JUCTAHIIMOHHBIX U KOHTAKTHBIX JaTYMKOB; TEH30METPUUCCKUE, TAaKTUIbHBIE MAaTPUIIbl, MHOTOKOMIIOHEHTHbBIE
JaTYMKH U peanu3alus UX paboThl B peXMMe PeajJbHOTO BPEMEHH B KOMIBIOTEPHBIX CETSX; UMITYJIBCHBIC U
KO/IOBBIE JIATYUKH TIOJIOKEHHUSI U CKOPOCTH, JAaTYMKH XOJUIa U TOKa B CHUCTEMax YNpPAaBJICHUS,, MOHUTOPHUHT
OKpYXAaroIIeH cpebl (M3MepeHne IaBICHUs, BIXHOCTH, TEMIIEpaTypbl, XAMHYIECKOTO 3arpsI3HEHUS H T.JI.).
Jucmanyuonnvie damuuxu (JTOKaIMOHHBIE CEHCOPBI M CHCTEMBI KOMITLIOTEPHOTO 3pPEHHsI): aKyCTHUECKHUE
CHCTEMBI OIPEACICHNs] MECTOTIONOKEHUs (MO U MeToAbl 00paboTku AaHHBIX, Ppenene-Kupxrodosckue
MOZIETI W HMX HCCIIC/IOBAHUE;, BCTpaWBaHWE OT(QHIHTPOBAHHBIX ITOTOKOB CEHCOPHBIX JAHHBIX B CIICHISIIHE
cuctemMbl u PID-perynaropsl; TPHAHTYISIMS W METOAbl HABUTAINH); ONTHYECKUE JATYMKH ¥ JIa3epHbIC
JaipHOMEphl  (00paboTKa uW3MepeHHid W OCOOCGHHOCTH  IUCKPETH3allMd  AaJbHOCTEH);  paaapsl,
JNIEKTPOMATHUTHBIE, MHEBMaTW4ecKue W HH(QpaKpacHble [aTYMKH ONpEIeNiCHHS MECTOIOJIOKCHUS,
MUPOMETPHI, JIOKATOPBI OOKOBOTO 0030pa; MPOCTEHINNE aarOpUTMBl 00pabOTKH M300pa)KeHUH - OonepaTropsl
XIOKKeJIs, eMHOe KOJAMPOBAHKE JUIsl ONMMCAHUS KOHTYPa, CETMEHTAIMs U TUCTOTPaMMHBIN aHaji3 [BETHBIX
M300paXXeHuil, cTepeo 3peHHe M (HOTOrpaMMETPHS; HETPAAULMOHHBIE W HWHCIECKUHUOHHHBIE CHUCTEMBI
KOMIBIOTEPHOTO  3peHust  (kiaccuuKalys HWCTOYHMKOB MaTrpuUuHbBIX —m3o0paxennit - CCD, UK,
CBETOUYBCTBHUTENBbHAS MaMsITh, IaMMa-JOKaTOpPbI, CBOWCTBA M CHHTE3 ONTHYECKHX 3JIEMEHTOB);, MOJICIH
YeJI0BEUECKOTr0 3pEHUs 1 OMOHMUYECKUE ITOIXOABI K pa3paboTKe aaropuTMoB 00pabOTKK N300pakeHuH (3peHne
YeloBeKa M HACEKOMBIX - KOHCTAaHTHOCTb, 3aCBETKM W OOpa30BaHUE CEpOro IOJsl, CKaHUPOBAaHHE
MPOCTPAHCTBA, POJIH TPEMOPA).

Texnonocuu uHmen1eKmyanu3ayuy CeHCcopuvix cucmem (TpeNCTaBICHUE 3HAHWH, aBTOMaTW4YeCKUN BBIBOI B
WCYHUCIICHUN MPEAUKATOB, dBPUCTHYECKHE METOIBI): METOAb! HperncTasBieHus 3HaHui (rpadel, cetu Iletpw,
MOTOKH B CETSIX; MpaBUiia BbIBOAA, (peliMbl, MIPUBEACHNE K AM3BIOHKTHBHOW HOpPMalbHOHM (opMme); HOBBIE H
KJIACCHYECKHE METOJbl IKCIEPTHBIX CHCTeM Uit pemieHus 3agady SLAM W TpynmoBoro ympaBieHUs; SI3BIK
IIporor, cTpouTenbcTBO MEXaHU3MOB BBIBOAA W Teopema OpOpaHa, DpOpaHOBckas 0aza W IBPHUCTHUECKHE
ANTOPUTMBI, A* - TMOUCK ONTHMAJBHOTO TYTH B TPOCTPAHCTBE COCTOSHHI; HOBBIE THIIBI JIOTUKA H
JEeyKTUBHBIX MIPOLETYP.

Paspabomxa npoepammmnozo ynpasnenwus adanmusHvix cucmem (Ha TIpEMEpax MOOWIBHBIX POOOTOB H
MaHUIYJISATOPOB),  HHTEJUICKTyaJu3alys  CEHCOPHO-YIPABISIIOIIMX  CHCTEM: CHCTEMbl  yIpaBiCHHSA
MOOMJIBHBIMH pOOOTaMH C 3J€MEHTaMH HCKYCCTBEHHOTO HWHTeJUIeKTa (KiIaccH(pUKanus Ha3eMHBIX H
MOABOIHBIX POOOTOB, Pa3MEPHOCTH ONEPALMOHHON Cpeldbl M MareMaTH4ecKoe MOIEIMPOBaHME, Pa3pabOTKH
TPEHAXXEPOB;  3KCHEPTHbIE  CXEMbl  KOOPAMHAIMKM  HMH(POPMAIMOHHO-ABUIaTENbHOW  aKTMBHOCTH);
MHTEJUICKTyalu3alys yIpaBicHUsl Ha OCHOBE OECIPOBOAHBIX MHTEPHET-TEXHOIOTHH, METOIOB yIpaBlIcHHS B
YCIIOBUSIX HEIMpPEICKa3yeMbIX 3alepiKeK; YIpaBlICHHE MaHUIYJISITOpOB (aBromaruueckass cOOpka B
MaIlTUHOCTPOCHUN:  aJITOPUTMUYECKOE TpeofoseHue pasHuilkl B TouHoctd 10-100x, dopmmpoBanme u
peanuzanysi cCOOPOYHBIX M TECTOBBIX rpadoB); mpsaMasi 1 oOpaTHasi KuHeMaTuueckue 3anauu B CY 1uis cBapkuy,
Ja3epHON pe3KH, MalIMHHON 00paboTKU AeTaneil CHIOBBIMU MAaHHUITYJIATOPAMH.

36



CrnennaJn3upoBaHHOe IPOrPaMMHOe obecriedeHne

Peanuzanus HOBBIX 00pa3oBaTeNIbHBIX TEXHOJIOTHH OTpeOoBaia CO3AaHUS HE TOJIBKO YIEOHBIX KYPCOB H
cetn Jsaboparopuii-poOoTapmymMoB, HO U Ppa3pabOTKM CTAaHAAPTH3MPOBAHHOTO IIAKeTa IIPOTPAMMHOIO
obecmeuenust (SDK) mis MOOMIIBHBIX pOOOTOB, MCHONB3YIOLICTOCS KaK JJIsi MX MOJICIMPOBAHUSA, TaK IS
pa3pabOTKH M TECTHPOBAHMS CHCTEM pEalbHOrO BpeMeHH B Buzae virtual boX, KOTOpeIH MOXET OBITh
YCTAaHOBJIEH Ha BCE OCHOBHBIE ONEPAIMOHHBIE CHCTEMBI, a TaKXXe IO3BOJSET WHTETPUPOBATH WU JPYTHE
nporpamMmmusle cpenctia. Kak ormeuanocs, K IpoBeAeHUI0 cooTBeTCTByonMX HP akTMBHO NpUBIIEKAIOTCS U
ctyaeHTsl. [loaToMy ans pa®oTel ¢ NPUIOKEHHUSAMH, CO3JABACMBIMU JUISI PAa3IMYHBIX POOOTOTEXHUYECKUX
ycrpoiictB  (Amyp, Festo-Robotino) wu  gma  MUKpPOKOHTpoiUlepoB, OblT  HpeajiokeH  Habop
crernanu3upoBanHoro mnporpaMmuoro obecrneuenust (I10), KOTOpbIH MO3BONISET HUBEIMPOBATH H3BECTHHIE
MpoOJeMbl JKCIUTyaTallid M pa3pabOTKU pa3HOOOPA3HBIX MPWIOKEHUH B YCIOBUSX paclpenesieHHON
“HecTaOMIBHON” KOMaHABI Pa3pabOTYMKOB - TO €CTh KOMaHIbl, K paboTe B KOTOPOH Kak pa3 LIMPOKO
MPUBJIEKAIOTCS CTYJCHTHI U ACITUPAHTHI:

— TopJep)KaHue BEPCUOHHOW M KOH(UTypannoHHOM nenoctHoctH [10;

— ObIcTpoe OOHOBIICHHE IPOTPAMMHBIX IPOAYKTOB /10 MOCIEIHUX CTAOMIBHBIX BEPCHIA;

— COBMECTHMOCTb NPUJIOKCHHUH, HAMMCAHHBIX Pa3HBIMU Pa3padOTUYUKaMH, BKIIIOYAsl 00yUYaroInXCs

CTYJIEHTOB;

— JIOCTYIHOCTb U COXPAaHHOCTh pe3yJbTaTa padoThl KaKA0TO pa3paboTymKa.

[Ipu ¢dopmupoBanuK Tako yHH(UIMPOBAHHOH Cpelbl NPOCKTUPOBAHUS, Pa3pabOTKH U TECTUPOBAHUS
AMUR-DEV MBI oOTTankMBajuch OT WAEU CO34aTh YOOOHBIH, Kpocc IUIaTQOPMEHHBIA W MOOMIILHBIN
MHCTPYMEHT, ¢ KOTOPBIM MOXKHO HadaTh paboTy cpa3y Mocie 3amycka, 0e3 HeOOXOMUMOCTH B JOTIOTHUTEILHOM,
3a4acTyl0 CIOKHON, KOH(PUIYpaluu HNPWIOKEHUH W UX MHTETrpaluy APYr ¢ ApyroM. MIMeHHO mo3tomy ObII
BBIOpaH QopMar AMCTPUOYLMH B BUAE NPEABAPUTEIHLHO HACTPOSHHOH BHUPTYalbHOW MAIIMHBI, KOTOpAs
COBMECTHMA C HanOoJiee TMOMYJISPHBIMHU, OCCIUIAaTHBIMU, HACTOJILHBIMU PEIICHUSIMA BUPTYaJIN3alliH, TAKUMH
kak Oracle VirtualBox m VMware Player. Takum o6pazom, chopmMupoBaHHas YHUGDHUIIMPOBAHHAS cpena
AMUR-DEV mnpencraBmsier co0oif BUpPTyaJdbHYI0 MallnHy Ha 0as3e omepanuoHHOW cuctembl Ubuntu c
NpPEAyCTAaHOBJICHHBIMA MPOTPAMMHBIMM ~ TaKeTaMH JUIsl  pa3paOOTKHM MPWIOKEHHH W yIpaBleHHS
pobotoTrexHmueckuMu ycTpoiictBamu Amyp, Festo-Robotino u apyrumu, a Taxxke cpemy mporpaMMUPOBaHHUS
MUKpPOKOHTpoOJuIepoB Arduino. B cBi3m ¢ TeM, 4ro B MOOWIBHBIX poOOTax AMyp NIpenMyIIeCTBEHHO
UCIIONIb3YETCs SI3bIK MIpOrpaMMUpoBaHusi Python, B onepanyoHHy0 CHCTEMY YCTaHOBIIEHBI JOTIONIHUTEIbHbIC
MaKeThl, rpa)UYCCKUE U BBIYMCIUTEIbHBIC OUOIMOTEKHU IS TaHHOTO s3bika. B kauectBe rpaduueckoii IDE
ncrnonp3yercs miardopma paspadorku Eclipse ¢ momymem pacmmpenns PyDev. Ilporpammabie MpOmyKThI
BBIOMPAHNCH C YYETOM JIHIEH3HOHHOM “UMCTOTH” M BO3MOXXHOCTBIO M OECIIaTHOTO Hcmoib3oBaHus. [Ipu
koHpurypanmu AMUR-DEV ocoboe BHHMaHHE YIENsUIOCh COBMECTHOH paboTe B paMKax BHPTYyaJlbHON
nabopaTopuH, YTO MMOAPa3yMEeBaeT HHTETPAINIO C IIEHTPAIM30BaHHBIM cepBepoM npoekta AMYP, Ha koTropom
pasMeLICHbl PENO3UTOPHil, CPEACTBA ABTOMATHYECKOI'O TECTHPOBAHUS M CEPBUCHI KOJJIEKTHBHOW DPabOTHI.
Takum oOpazom, JaHHas cpela 00ecreunBaeT OBICTPYIO0 HHTETPALMI0 HOBOTO YYAaCTHHKA B MPOEKT, KOHTPOJIb
Bepcuil, apPekTrBHOE 00yUeHHE cCaMbIM COBpeMeHHBIM [ T-TEXHOIOTUsIM 1 BO3MOXXHOCTh BEJICHHUS JOCTATOYHO
MacmTaOHBIX TIPOTPaMMHEIX pa3padoTox u HUP.

KomnuiekcHoe nmprMeHeHne aBTOHOMHBIX MOOMJIBHBIX po0oToB AMYP

Mobunbabie poboTel cepunt AMYP (konecHble, TyceHHYHblE W IIATAIOMIMK JBMXKUATENH) Havaju
paspabarbBaThCsl M HM3TOTABIMBAaThCS B MexayHapogHou Jlaboparopun «CeHcopuka» ¢ 2009 rtoma.
CymectBenHo Ooiee paHHSAA Hama pa3paboTka TYCEeHHMYHOTO pobora Tmokazana Ha Puc.1D.
YcosepmienctBoBannbie CY (cepunt 10 u 20) mO3BOJSAIOT OCYILECTBISATh YIPaBIEHHE MO CETH KaK OTAEIbHBIMU
YCTpOMCTBaMH, TaK M HECKOJIBKUMH poOoTamu rpymnsl AMYP depe3 chelnuanbHble BHICO-TIOCTHI
yhnpaBieHHs, B T.4. YJQIEHHO U C OJHOBPEMEHHBIM JOCTYIOM K HX IEepenporpaMMHpOBaHuI0 0e3
HEOOXOIUMOro B TPAJAWIHUOHHBIX CHCTEMax Iepe3amycka MporpaMMHoro obecnedenus. [Ipumensiemas B
JaHHOW pa3palbOoTKe TEXHOJOTrHs Oblia OTIIaXKEeHa JAJIs YIPaBJIeHUs! BUAEO NOTOKaMu B ycrpoiictBax MUC npu
yenoBusix akcrnryataruu -30C,...,+40C (Puc. 1C). MBI nocTaBisieM HCCIEI0BaTENbCKUE TIPOU3BOACTBEHHO-
yueOHbIE KOMILJIEKCHI MOOMIIBHBIX TEXHOJIOTUIECKUX poboToB
(Puc. 2), opueHTHpPOBaHHbIE Ha PEIICHUE TAKUX MCCIEAOBATEILCKUX 3aJad Kak: OTpabOoTKa ajJropuTMOB
YKJIOHEHUS] OT TMPEMSATCTBHA 1O JaHHBIM YIABTPA3BYKOBBIX JIOKATOPOB; CO3JaHHE METOAOB IOWCKa
OpPHCHTUPOB/MapKepOB ISl HABUTAIMM MOOWJIBHBIX TEXHOJOTHYECKHX poOOTOB; pa3paboTka crocoOoB
TPYIINOBOTO YIpPaBieHUS TEXHOJOIMYECKUM O0OpyIOBaHHEM M MOOWJIBHBIMH POOOTaMH, BKIIIOYAs CETEBOE
yIpaBjIeHHUE Yepe3 MOABIKHbIE PETPAHCIATOPHI U MOOMIIBHBIE CUCTEMBI TEXHIHUECKOTO 3PSHMS.

OtH xe 3a1a4un 3QHEKTUBHBI [T UCTIONB30BaHUs B YUCOHBIX IENIAX B KAYECTBE OCHOBBI JaOOPaTOPHBIX
pabor u crynenyeckux HUWP. KomOuHMpoBaHHOE CynepBH30pHOE YNpPABICHHE TEXHOIOTHYECKHX POOOTOB
BKJIIOYAET 3JIEMEHTHl aBTOMaTU3UPOBAHHBIX METOAOB IOCTPOCHUS TPACCHI IBMXKEHHS HA OCHOBE HKCIIEPTHBIX
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CXEM TIPHUHATUS pEIleHUH I oOeclieueHHs ClelIO0BaHMs BAOJIb CTEH, MPEONOJCHUS OBEpEi, OTCIEKUBAHUS
TYTIMKOB U ApYyTuX 3ajau [14,15].

Puc.2. BHemnuii BUa 1 OCHOBHBIE ITapaMeTpPhI
po6otoB AMYP

1. Bec HHTEIEKTYaIbHOTO T€PMETU3HPOBAHHOTO
KOJICCHOTO MJIM T'YCEHHYHOTO Iacch — 110 21 KT, B
T.4. CY - 10 3 KI, U JONOJHATEIbHAs BO3ZMOXKHAS
CEHCOpHasI Harpy3ka, ycTaHaBInBaeMast
3aKa3uynukoM , BecoM 0 - 7-10 kr.

2. Taccu cHaGXKEHbI ABYMS 3aAHUMH BELYIIMH
KOJIECAMH, Ha OCSIX KOTOPBIX YCTaHOBJIEHBI
OJIOMETPHI, U JByMsI I'YCEHHLIAMU WU NIEPETHUMHU
POSUTBHBIMH KOJIECAMH.

3. CkopocTb TIaBHO perymupyercs ot 15 mo 750
MM/c, 3amac xomaa - ot 0.9 10 2.5 KM, aBTOHOMHOCTh
— JIo 2 JacoB.

4. CxopocTh yNpaBJsIIOLIEro pajnokanana - 2
M6/c Ha 50 M (B YCIIOBHSIX MPSMOit
PaTMoOBUANMOCTH) WM MEHBIIAs CKOPOCTh JUIs
Gonbinx paccrosiauit 1 M6/c, 400 m.

. Mcrionb3ytoTcst IETKOXOCTYIHBIE IBUTAaTeIH IIOCTOSHHOTO ToKa 128, 10 40 BT., 2 3aKkpBITEIX akkymymsTopa > 4.5 A-4.

. Ucnonuenue pobora: -10C,..., +40C, ¢ 4acTU4HO# 3aIIMTON OT aTMOC(EPHBIX 0CAIKOB, B CIUIOIIHOM 3alHPaeMOM KOpITyCe,

rabaputsl: Make. 580x560x380 mm (IxILIxB).

7. O60pynOoBaH 3aXBaTHBIM yCTPOMCTBOM JUIS TSXKEIIBIX OOBEKTOB (IOMOJIHUTENbHAS OIS ).

8. YHubpuuupoBaHHbIe MeCTa ONepaTopoB BHIMOIHEHBI Ha 6a3e MOHOOIOKOB ¢ HE0OX0aMMOit epudepueii, a TakKe

TEXHOJIOTUUECKHE ITYIIBTHI YIIPABIECHHsI pOOOTaMH, CAeIaHHBIe Ha 0a3e CTaHAapTHEIX HOYTOYKOB.
9. B cucremy ynpasieHus: BCTpoeHb! MUKpO-PC B aHTHIIIOKOBOM HCIIONHEHNH ¢ MasiorabaputasiM LCD-3kpaHOoM, B T.4.
HeTOyk min TabneT-PC, 1o 1.4 I'Ty ¢ onepanmonHoii cuctemoit Ubuntu, CkoHGUTYpUPOBaHHOI IO/ HAIITY 3a]1a9H,
1 sneKkTpOHHAs IIIaTa JUTs YIpaBiIeHus 4 KaHaJTaMu 1o 4-5A B pexxnme on-off, 8 kaHaramMu BBoJa AMCKPETHBIX JaHHBIX,
2-13 xaHanmaMu ynpTpa3ByKOBBIX CEHCOPOB M OTKPBIThIM HHTepdeiicom 12C/USB mist pacuMpeHus cocTaBa CeHCOPOB
2-ms kananamu cunosoro LHIMM-ynpasnenust o 6-10A.

10. Ha poGoTe ycTaHOBIECHBI YABTPa3ByKOBbIE AaTUUKH (2-13 mrt.) m3mepenus gaiapHocTd 15-400 cM 1 ananorosast TB-
KaMmepa ¢ YIpaBIeHHEeM OT JEKTPOHHOH miaTel. Kamepa yaydIIeHHOTo pa3pelieHns MOAKII0YAEeTCs 0 CTaHAapTy
Ethernet, ycranaBmuBaercst Ha 2-X CTEIIEHHOM IOJBECE C YIIIOM MOBOpoTa He Menee 210 rpan.

11. IIporpammHOe obecnieueHre, NPEeMMYIECTBEHHO Ha si3bIke [InToH, obecriednBaeT rHOKUI JOCTYII K 000pYIOBaHHIO B

pacnpeneneHnoi cpene ¢ Wi-Fi coenunennsvu 10 50 MeTpoOB IS peIIeHUs TOKOMOIIMOHHBIX 3a/1ad CyIIepBHU30PHOTO

ympasnenust co coopom TB u ymbTpa3ByKOBEIX JaHHBIX Ha rpymre po6otos 1o 10-50 mT.

Onnoli u3 ocobenHoctell paspaboranHoro [1O sBiseTcs paboTa B peXHME pEallbHOTO BPEMEHH Ha
pacmpeneneHHOi ceTH, MpU 3TOM Bce JaHHble QUKCHUPYIOTCs B cneunanbHeix nmeidax (DTF), orpaxkarommx
Bce AeTanu paboThl B TE€UCHHE HeAenu/mecaua (yHKIMOHHUpPOBaHUS MOOMIBHBIX poOoroB. Illneiigsr DTF
o0ecreynBalOT HE IIPOCTO 3alKMCh JAHHBIX B (alybl; OHM OOECIEUMBAIOT CHHXPOHU3AIMIO JAHHBIX,
SKCTPANOJISLHIO U MHTEPIOJISLMIO, n30erast mpooieM 3aepsKeK NepeJad JAaHHBIX U YIPaBISIOMINX CUTHAJIOB,
oOpa3oBaHusl MPOOETIOB B MOTOKE JAHHBIX 332 CYET COOTBETCTBYIOIIEH OBICTPOW JIOTHUECKOH (uiIbTpanuu
(ymanoch ucmonb3oBaTh MeHee 10 apudmeTHyecKuxX ornepanuii Ha KakIylH 3allkCh), YTO O0ECIeYHBaeT
yaajgeHue U BocnonHeHue 10 60% HEKOPPEeKTHBIX IAaHHBIX OT JUCTAHIMOHHBIX CEHCOPOB, KOMIIEHCUPYET
3aJepKKH MTOCTYTIJICHUS JaHHBIX ¥ CUTHAJIOB YIPaBJICHHS.
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Puc.3. Cxema cepBucHOro pobGoroTexHuueckoro komiiekca: 1- Puc.4. IIpoexT poGOTH3HPOBAHHOTO PACIIPEICICHHOIO CEPBUCHOTO
0a3oBast cTaHnus, 2-MOOWIBHBIE MOIYIH (3 1IT.) 3-00bEKT paboT, KOMIUICKca JUIsi OOCIeIOBaHUS CyIOB: 1-0a3oBas CTaHIWSA,
4-conpoBOXKIAIOIIEe CYAHO 2-MOOWIIbHBIC HHCIICKIIMOHHEIE MOIYIIH
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Takoli moOAX0A OCOOCHHO OIpaBIaH JUIS peaju3alid YIOPaBICHHUS MOOWIBHBIM HWHCIICKIIHOHHBIM
KOMIUIEKCOM, COCTOSIIUM M3 HECKOJIBKUX YHU(DUIIUPOBAHHBIX MOJIYJICH, pabOTalOMMX Kak CAHHOE IIeJIoe C
MEXaHMYEeCKUM COCTMHECHUEM MJIM O€CKOHTAKTHO HAa PACCTOSHUAX HECKOIBKHX JAeCATKOB MeTpoB (Puc. 3,4).
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AHHOTAIUSA

Tema cratbm OTHOCHUTCS K 0OmEH TIOOANBHONW MpoOJeMe «JeTOBEK-TEXHUKA», OIHAKO B Ciydae
MPUMEHEHUS] POOOTOTEXHUKH B JKUBBIX CHCTEMaX, a IMCHHO B MEJUIIMHE HA TICPBBINA TUIAH BBIXOJUT TyaTu3M
(TBOWICTBEHHOCTH) B BOIPOCAX aHAN3a U CHHTE3a 3HAHUM.

JleficTBUTENTEHO, B MTAHHOM AacCIEKTE C OJHOW CTOPOHBI UYEJOBEK SBISETCS OOBEKTOM BO3ICHCTBUS
POOOTOTEXHUIECKUX CUCTEM, a C IPYTOl-CyOBEKTOM, YIIPABIISIONINM dTUMH MEAUITMHCKUMH cucTeMamu. lpu
CO3/IaHUW U TPUMEHEHUH POOOTOTEXHUYECKHUX CUCTEM MEIUIIMHCKOTO Ha3HAYCHHsI HEOOXOJUMO YYUTHIBATH
3Ty CHUTYyalul0 C TIO3WIHUNA JOCTH)KCHUH (DU3HOJIOTHUHU, TICUXOJIOTHMH W COBPEMEHHBIX JIOCTHKCHHI
MUKPOSJIEKTPOHUKH, MEXaTPOHUKHU ¥ B OYIyIIEM — HAHOTEXHOJIOTHH.

BbricTpo pa3BuBaercst BHepeHne poOoToB B chepy 3apaBooxpaneHus. CTpEeMHUTENBHO CTaperolee HaceleHue
B Pa3BUTBIX CTpaHax MHpa, W3MEHEHHE CTPYKTYpHl 3a00JI€Ba€MOCTH B CTOPOHY TPYAHOM3IEUYUMBIX
OHKOJIOTUYECKHX W COCYJUCTHIX 3a00JICBaHHI TPUBOAUT K YBEIMYCHHIO MPOU3BOJCTBEHHOW HAarpy3KH Ha
CHUCTEMY 31paBOOXPAaHCHUS. YiKE HUMEIOTCS (aKThl HECOCTOSTEIHLHOCTH TPATUIIMOHHBIX TIOAXOJ0B K
OpraHu3alMyd CHUCTEMbl 37pPaBOOXPAaHEHHs, IMPHBOJSAIIME TOJNBKO K YBEIWYCHUIO (DMHAHCOBBIX 3aTpar
o0I1ecTBa, KOTOPBIE HE SBISAIOTCS Oe3pa3MepHBIMH. B 3TOM IutaHe Hamo mosarath, AadbHEWIIUN mporpecc
MOXET OBITh CBs3aH C BHEIPCHHEM MEIUIMHCKUX pPOOOTOB B JICUEOHBIH, JUArHOCTUYECKUHA U
MpOUITAKTHYECKUH TPOIECC, KOTOPOe TOJKHO TMOBBICUTH 3()(PEKTHBHOCTH CHUCTEMBI 3/IpaBOOXpaHEHHS 32
CUCT YBCIMYCHUA TPOU3BOANUTEIILHOCTU TPpyda.

O¢ddexTuBHOCT, TNPUMEHEHUS POOOTOTEXHHKH B MEAHWIMHE OO0YyCJOBIEHAa HEOOXOIUMOCTHIO
oOecreveHuns: 3HAYUTENBHO BO3POCIINX TPEOOBAHUN K TOYHOCTH BBIMIOJIHEHUS XUPYPTUIECKUX MaHUITYJISAIIAN
(MHKpOXUPYpPTHS), YBEIUYCHUIO JITUTEIBHOCTH (DYHKIIMOHUPOBAHHS B YCIOBUSAX YCIOXKHEHHS TEXHHUKH
omepanyi ¥ TEHJACHIMM K KOMOWHHPOBAaHHBIM M COYETAaHHBIM BMEIIATEILCTBAM, HEOOXOIUMOCTH
obecrievueHns1 ynajieHHOTO aocTyma (TenemenuimHa) [2]. HambGomee BOCTpeOOBaHHBIMH TaKHE CHCTEMBI
OKa3bIBalOTCA B YCJIIOBHUAX LIpe"’,BI)I‘IEII\/'IHI)IX chyauHﬁ uin 1pu BO3II€I71CTBPII/I Ha OpraHu3M 4YCJIOBCKa
3KCTPEMAaJIbHBIX (PAKTOPOB, 0OCOOCHHO MPH MaCCOBOM XapaKTepe MOPaKeHUH, KOT/1a BO3HUKAET Ne(DUIIUT CHUI U
CPEJICTB METUITUHCKON CITYKOBI.

COBpeMeHHaH XUpyprusa Ha IyTH CBOCTO pa3BUTUA CTOJIKHYJIAChb C O6’I>€KTI/IBHBIMI/I OrpaHUYCHUAMUA
I[ElJ'ILHGfIHICFO COBCPIICHCTBOBAHU, CBsA3aHHBIMU, mpexKae BCETO, HE C HEBO3MOKHOCTBIO
YCOBEPIIICHCTBOBAaHMS MATEPHAJIOB M allapaTroB, a UMEHHO C JOCTI)KEHHEM Tmpefena (pr3HOoIorHIecKruX
BO3MOXKHOCTEH YEIIOBEUEeCKOTO OpraHu3Ma, Bpada - XHpPypra W ero acCHUCTeHTa KaK CyObeKTa
TEXHOJIOTMUYECKOT0 MpolLecca.

[ToaroroBka coBpeMeHHOTO XHpypra TpeOyeT IIMTETHHOTO BPEMEHH, TIIATEILHOTO MPOo(ecCHOHaTBFHOTO
otOopa m obxomuTcsi oOmecTBy KpaitHe moporo. K coskajgeHHo, TMPOAOKATENEHOCTh aKTUBHOW pPaboTHI
XyUpypra, KakK IIpaBWJIO, OrpaHHUYMUBACTCA IABYMA-TPEMA JACCATUICTHAMHU HMMCHHO M3-3a IMOBBINICHHBIX
(1)1/13I/ILICCKI/IX 1 IICUXO0-OMOLMOHAJIBHBIX HArpy30K, CBA3aHHBIX C YCJIOBHAMU €TI0 Tpylda. Bce BrIlIecka3zaHHOE
OTHOCHUTCA M K IPYTHM YJIEHAM XAPYPTUYeCcKOW OpHUraJbl — aCCHCTEHTaM U OTIEPAIlMOHHBIM CECTPaM, a TaKKe
aHecTe3nojoram, nepdysuonoram, 1ad0paHTaM U JPYroMy TEXHUUECKOMY U MEIUIIMHCKOMY HepcoHany [2].

Heo0xommumMo oTMETHTD, YTO €ClIM 3aMeHa MaHyalbHBIX (YHKIMH XUpypra cpelcTBaMi pOOOTOTEXHHUKH,
MO-BUMIMOMY, SBIISIETCS AEIIOM JaJeKoro OyIymiero (XOoTs MpOoTe3upOBaHME OTACIHHBIX HAHOOJIee MPOCTHIX U
YacTO TOBTOPSIEMBIX IBW)KCHWH BO3MOXKHA, HAIlpUMEp - IIOAXBATHIBAHWE XUPYPTrHUECKOH HUTH TIpH
HaJIOKECHHUU IHBa), TO COBPCMCHHBLIC pO6OTbI BIIOJIHE OOCTUTJIM TAKOI'O0 YPOBHSA COBECPLICHCTBA, YTO MOTYT
YaCTHYHO WJIM TOTHOCTHI0 3aMEHUTh ACCHCTEHTA WM ONEPAIMOHHYIO CECTPY, MPUYEM MPOSBUB MPH HTOM
3HAYUTENHFHO OOJBIIYI0 TOYHOCTh WCIIONHEHUS MAHUIYJSIIANA, BBIIONHATE WX B aBTOMATHYECKOM,
MHOTOKPATHO MOBTOPSIEMOM PEKUME U, YTO SBISETCS YPE3BBIYAHHO BaXKHBIM, MPAKTUYECKU HEOTPAaHUUYCHHOE
Bpems [5].

K mepcnextuBam ymnpaBieHHs pPOOOTOTEXHHYECKHMMH CHCTEMaMH OIEPaToOpOM OTHOCHUTCS pPa3BUTHE
WHTEPAKTUBHOTO — JMAJIOTOBOTO ympaBieHua. HeoO0X0oAuMOCTh MpH STOM OIMCAHHE ITapaMeTpOB BHEIIHEH
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Cpelpl TOJHKHO COMPOBOXKAATHCS co3aannuM 3D cTUNN30BaHHBIX H300paKeHUH 3TOH Cpelbl C UCIOIb30BaAHUEM
METOZOB BHPTYaJIbHOH pEalbHOCTH, JOMOJHEHHBIX BBEICHUEM TI'€OMETPHUYECKUX Pa3MEpPOB M HAHECCHHEM
IUTAHUPYEMBIX TPACKTOPHH ABHKEHUS.

Bo3MmoskHa Ha COBPEMEHHOM 3Tale 3aMeHa PYTHHHBIX MPOIEIYp, BBIIOIHIEMBIX KBaTH(UINPOBAHHBIM
MEAWLMHCKHM TIEPCOHAJIOM, TaKuMX Kak o0paboTka OONBIIMX pPaHEBBIX IOBEPXHOCTEH CIELUAIBEHBIM
MHCTPYMEHTOM, pabOTOACCUCTUPOBAHHBIMU OIEpALMsIMU, BBIIOJHAEMbIMA B aBTOMAaTU3UPOBAHHOM pPEKUME
(;1azepHOE OOITyUEHHE U JIP. BUIBI 00Pa0OTKH SI3BEHHOW TOBEPXHOCTH B JIEPMATOJIOTHHU, PAHEBOH MOBEPXHOCTH
B THOWHOW XHUPYPI'HH, 0’KOTOBOM MOBEPXHOCTH B KAMOYCTHOJIOTHH U T.I1.).

Baxnoii 3agaueil, pemeHHe KOTOPOW BO3MOXKHO TOJIBKO C TNPUMEHEHHEM pPOOOTH3MPOBAHHBIX
MEIUIMHCKUX KOMILUIEKCOB, SIBIISIETCS IUCTAHIIMOHHOE OKa3aHUe KBATHU(PHUIIMPOBAHHONW METUIIMHCKOW TTOMOIITH
paHeHbIM, OOJIBHBIM M MOCTPAJABIINM B YCIOBHSIX ONACHBIX Ul HaXOXACHHUS MEpcoHaia (pagualdoOHHOE
3apakeHHe MECTHOCTH U T.II.), WJIM HEBO3MOXKHOCTH JIOCTYIAa K HUM (HaXOKICHHUE IOJ 3aBajaMu, Ha OOpTy
aBapUHHOTO CyHA, KOCMUYECKOHW CTaHIIUU U T.11.) [3].

Cepbe3HbIe yCIeXH IOCTUTHYTHI TIPH CO3IaHUH U allapaToB MOJICPKAHUS )KUZHEICATEILHOCTH.

OnHako, uX (GYHKUMOHUPOBAHWE B AaBTOHOMHOM WM JAWCTAHUMOHHOM peXHMax CTaBUT 3aladyd
aJalTUBHOTO U MHTEJUIEKTYaJIbHOTO YIIPaBICHHS.

310 Tpebyer pa3pabOTKW HOBBIX KHOCPHETUYECKUX AalTOPUTMOB (QYHKIMOHHPOBAHUS TEXHHUUECKUX
CHCTEM Ha OCHOBE BBISBICHHBIX OHOJOIMYECKHX aJrOPUTMOB. DTO MOXKET CIIOCOOCTBOBATH CO3IAHMIO
anmnapaTroB KaueCTBEHHO 0oJiee COBEPILECHHBIX.

WznoxeHHOE WILTIOCTPUPYETCS] MPUBEIECHHBIMA HUKE KPAaTKUM OIUCAHWEM IPOEKTOB MO Pa3paboTKu
POOOTU3MPOBAHHBIX U MEXATPOHHBIX CUCTEM IS MEAMIIMHBI, TpoBoauMbix B [IHMN PTK.

1) MexaTtpoHHble nephy3HOHHBIE HACOCHI AJIS HKCTPAKOPIOPAIBHOIO KpoBooOpaiieHus. B mepuon c
2004-2006 rr. ObLIa MpoBeicHa paboTa 1Mo pa3padoTke MepPy3uOHHOTO Hacoca HOBOTO mokoieHus «KMAPC»
JUI KapAMOXUPYpPIuM, OblIa BHINYIEHAa ONbITHAs mapTus HacocoB. Hacocel «MAPC» (cm. puc. 1) mo
CETOIHSIIHETO IHS yCHEIIHO padoTalT B MEAMLUMHCKHUX YUYPSKICHUSAX. B HacTosiiee Bpems NMPOBOISATCS
HUOKP 1o pa3paboTke KOMIIAaKTHBIX HACOCOB KPOBH Ha 0a3e POJIMKOBBIX U IIEHTPOOEKHBIX HACOCOB.

l‘IEiIL‘ ‘ql. Pa

Puc. 1. Ilepdy3uonsiit Hacoc «MAPC»

2) ABTOMAaTH3MPOBAaHHBIN JIe4€OHO-IUATHOCTUYECKUN KOMIUIEKC IOAJEP)KAHUS >KU3HEAEATEIbHOCTH
yenoBeka «AHI'EJI», pazpaborannslii coBmectHo ¢ MI'Y um. M.B. Jlomonocosa. Kommnexc «AHI'EJD» (cm.
puc. 2) mpenHa3HaueH Uil aBTOMATHYECKOM JOUArHOCTHKH HEOTJIOKHBIX COCTOSHUM MAalMEeHTOB II0
OO0BEKTHBHBIM (YHKIIMOHAIBHBIM ITOKA3aHUAM M BBEJCHUS JICKAPCTBEHHBIX NPENApaToB IO ONPEAeICHHOMY
anroputMy. B HacTosIM MOMEHT WAET OpraHu3aius cepuiHoro npousBojacTBa koMmiuiekca «AHI'EJD» Ha
npeanpustiu OAO «HITIO «CIIJIAB» r. Tyna.

Puc. 2. ABTOMaTH3UPOBaHHEIH JIe4eOHO-THarHocTHIeckuit Komruieke « AHI'EJD»
B MOOMJILHOM UCTIOTHCHUHU
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3) PobGoToTexHHUYECKHd KOMIUIEKC KOMIPECCHHM TPYyIHOHW KJIETKM M KOHEYHOCTEH MJsl IMOBBILICHHS
3¢ EKTUBHOCTH MEPOTIPUATHIA cepaeuHo-erounoi peanumanuu (CJIP) mpu BHe3anHO# ocTaHOBKe cepaua. B
X0JIe TIPOBEICHUSI PabOThl pacCMAaTPUBAETCS BO3MOXKHOCTh MPUMEHEHUSI MEXaTPOHHOTO MPUHITUIA TepeIadn
MEXaHUYECKON HEPTUU OT UCIOJIHUTEIHHOTO YCTPOHCTBA K TPYAHOUN KJIETKE MalMeHTa IpU OJHOBPEMEHHOU
paboTe cucTeMbl MHEBMATHUECKUX ABTOMATHYECKHUX JKI'YTOB, HAJOKEHHBIX HA KOHEYHOCTU MAlMEHTa, AJIS
nobitieHus 3¢ dexruBaoctu CJIP. Ocoboe BHUMaHUE yaenseTcs cucteMe KoHTposst addextusHoctu CJIP. B
HACTOSIIIUA MOMEHT WJIET 3Tall 3CKM3HOTO MPOSKTUPOBaHUs. ICKN3 KOMILIEKCca IPEICTaBIIeH Ha pucC. 3.

Puc. 3. PoOoTOTEXHUYECKUIT KOMILIEKC KOMIIPECCUHU TPYIHON KIETKU U KOHEUHOCTEH

4) PoOGOTH3UPOBAHHBIN KOMIUIEKC MO BBEACHUIO PAIMOHYKIUIHBIX MHKPOUCTOYHHUKOB B OMYXOJb MPU
orepanusax Opaxurepanuu. AKTYaTbHOCTh CO3JJaHHs KOMIUIEKCa 00YCIIOBIEHA HEOOXOUMOCTBI0 00eCIIeYeHHU S
3HAYUTEJILHO BO3POCIINX TPEOOBAHUH K TOYHOCTH BBINOJHEHHS XHPYPTUYECKMX MAHUIYJISLMA M 3aIlUThI
MEIMIIMHCKOTO TIEPCOHAa OT PaJUAIlMOHHOTO O0JTyUeHUsI IPH paboTe ¢ PalMOHYKIHIHBIMA UCTOYHUKAMH.

B HacTosimiee Bpems HIET 3Talm TEOPETHYECKUX HcCclenoBaHuil. PaspabareiBaeTcss mareMaTudeckas
MOJICJIb IBUKCHHS THOKHMX MTJT [0 KPUBOJIMHEHHON TPAaeKTOPUH (CM. pHUC. 4).

PagnoakTHBHEIE [IpAMOTHHCHHEIC PamnoakTHBHEIE
HCTOYHHKH HMITIBD HCTOYHHKH VMHEIE HITTEI
IIpocrara

S

IpocTata

erovodu

41OBIQ0 BENTHAIEJA

eroyodn

9LOBIQO EEYU0q

Vpetpa

Tlpsayan Kimmka Tlpsamas kimmka

(A) (B)

Puc. 4. Ilitan npoBeieHNST MAHUITYIISAIAHN C UCTIOTB30BAHUEM THOKHX U
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Introduction

One of the activities of medical support during space flights is on-board trainings aimed at reducing the
influence of negative impacts of the space flight on the human body and preparing cosmonauts to return to
"usual” earth living conditions. Besides these activities, which are constantly carried out, sometimes trainings
are held inside the Russian segment (RS) of the International Space Station (ISS) aimed for improving
readiness of crew members: (1) to survive and rescue in extreme conditions with equipment failures and
emergency situations; (2) to provide medical care in the case of emergency medical situations (diseases and
injuries) and with increasing risks of reduction of the efficiency of the crew members. Given the importance of
health problems, which are solved by the crew during flights, it is very actual to consider the question of
expanding an arsenal of tools available on the board, cures of the medical care and the medical care in general.
At the same time, in the category of useful devices it should be included not only the traditional medical
treatment kit, diagnostic apparatus and instruments, but also solutions, built on technologies of robotics and
computer science. It is very important to use them in situations, where getting crew advisory support from
healthcare professionals is difficult because of autonomous flight conditions and crew members should carry
out medical activities on the board of the ISS by themselves relying on their own resources and skills only.

New directions of using medical robots at manned space flights
New areas of application of medical robots in the ISS could include:

1. Building on-board trainers: simulators based on the technology of virtual reality, computer science and
robotics, which allow providing production of new practical skills and maintaining old skills and techniques
for emergency medical care during space flights for the crew members.

2. The use of manipulation robots in some emergency cases during a free flight for robot-assisted surgery
at certain diseases and injuries of the crew members.

3. Creating (and development of existing medical technologies and prevention of violations of
cosmonauts’ health) robotic biotechnical complexes that allow, according to the bio-feedback principles,
providing favorable conditions for: (a) adaptation of human’s organism to different flight factors; (b) proactive
correction and prevention of violations of the pre-clinical level; (c) recovery of cosmonauts' efficiency after
illnesses, injuries, stress-induced disorders, etc.

Each of these areas has its own characteristics, and today it is important to make a systematization of variants
of the usage of medical robots at the manned space flights in addition to a robot-assistant of the crew planned
to perform professional tasks and to work with the payload on the manned space complex (MSC).

Conducting medical trainings during the flight with the use of on-board trainers built with robotic simulators.
In [1], the importance of using new medical and information technologies, which can reduce the risk of the
crew unintentional errors associated with the loss of in-flight skills performing medical procedures, is reported.
Recently, the usefulness of using simulation technologies for preparing professionals in various areas of
activities was indicated [2]. In particular, a set of medical procedures and techniques, which were possible to
work out and to assess with the use of modern robotic simulators, today turned out to be quite extensive;
moreover, it covers the areas of surgery, anesthesiology, resuscitation, and first aid.

Prerequisites of the use of these technologies for medical training on the board of MSC are as follows.

* The use of modern simulation technologies will allow organizing the trainings during long-term space flights
aimed at the formation and maintenance of the crew's skills for performance of medical procedures, including
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invasive means and tools, which are available inside the RS of the ISS as a part of the first aid kit and medical
packages.
Development of an educational technology opens new opportunities for cosmonauts to gain manual skills
relevant to applications during autonomous flights if it is necessary to give the first medical assistance to the
crew members (as a self-assistance).
One of the most perspective options for education and training in the RS of the ISS may be the usage of
airborne simulators built on the basis of virtual reality technologies and/or constructed in the form of robot-
simulators. The method of medical training simulators on the robot simulators is justified in situations, when
the executive component involves development of "muscular sense”, proper execution of the exercises, taking
into account anatomical relationships and proximity to the area of manipulation of vital organs, large vessels,
nerve trunks, etc. In these cases it is also important to know and have an idea of the resistance of various
tissues to mechanical stresses with the use of medical instruments.
In addition, in many situations, performing activities related to the risk to the patient and potential medical
errors, the performer focuses on getting "back” links from the patient, including the involuntary reaction of
his/her body and voice transmission of his sensations that can be received with the help of robot-simulators.
In order to develop and maintain cosmonauts' skills of performing medical methods and procedures it makes
sense to: a) severely restrict scenarios with most typical and most probable cases (non-standard medical
situations); b) focus the attention of learners on accuracy and speed of enforcement actions, when the
appropriate methods for relief of the emergency medical situations take place; ¢) base on the availability and
proper selection of medical equipment for the ISS. Also, for these purposes on-board information support tools
with the usage of the augmented reality technology can be used.
Among the vast literature devoted to creation of medical robots, there are descriptions of medical simulators
that are used to build and maintain practical skills and to perform typical procedures and manipulations.
For example, in [3], the problem of learning the technical devices of venisection, catheterization and
venipuncture with the usage of a medical simulator is solved. Besides, there are some publications, where it is
used the learning of techniques for airway and medical care of wounds: local anesthesia, surgical treatment of
wounds and sutures [4,5] as a mandatory component of training scenarios. The medical simulator for the
assessment of putting in stitches, described in [4], allows measuring efforts that were applied. Appropriate
removal devices (e.g. strain gauges) and signaling ones are implanted into the robot-simulator. In another
product [5], an anthropomorphic simulator designed to teach airway and intubation training, the implanted
strain gauges to measure the applied force. When the educable on the simulator performs intubation, the
doctors measured the application of force in the area of teeth, temporo-mandibular joint, tongue, etc. In
addition, as a feedback the pulmonary ventilation performance is calculated from the measured values. From
the structural and methodological points of view it is essential that this simulator can change geometric
relationships of its drives, which are located in anatomic areas of the temporo-mandibular joint and neck. This
allows controlling the resistance during intubation at different anatomical proportions of the patient airway. By
implementing this feature, the simulator can imitate a "patient” with a closed jaw, with small and large jaws,
with muscle spasms, with those features that determine the difficulty of intubation performance. Using these
opportunities with planning the training on a trainer- simulator to perform the procedures with individual
patients it is possible to specify anthropometric indices in advance and configure the simulator accordingly.
As a perspective program of development of airborne simulators based on 3D-visualization technologies and
robotic simulators it is proposed to consider the following list of medical techniques and methods, which
should be based on competence of a cosmonaut conducting urgent measures such as resuscitation, intravenous
medications, defibrillation, bladder catheterization, limb immobilization trauma, methods for extraction of
foreign bodies (in an eye, ear, nose and throat), treatment of wound surfaces, etc.
Elaborating on this list in the future, one can significantly narrow down the search of terrestrial prototypes,
which could form the basis for on-board (flight) medical simulator based on a robot-simulator.
Having completed the characteristics of possible directions of medical robots use for building on-board
simulators, we should mention such a possibility as the usage of robotic simulators together with remote
controlled robotic manipulators to perform surgery on the board of the MSC in the remote control mode from
the Earth. The possibility of the usage of the American anthropomorphic robot Robonaut-2 at the ISS is
mentioned in interviews of testers of its analogs in clinical settings [6,7].
In the general formulation the possibility of application of the robot-assisted surgery on the board of the MSC
will be discussed in the following part.

Use of medical robots for robot-assisted surgery during the manned flight

Today, the most of publications devoted to medical robots refer to robot-assisted surgery issues. The
question is: what extension is needed to transfer these technologies to the board of the MSC? If we turn to the
terrestrial analogues prototypes, we can note the following. It is an ability to perform manipulation specialized
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tools, built and operates on the principle of human’s arm and hand, is based in the foundation of the usage of
the surgical robotic manipulators. With their appearance, a new stage in the development of medical science
started and many unshakable ideas about what can and should do medical robots controlled by the physician in
patient care have been revised. It is essential that today there are works on creation of surgical robots, allowing
the doctor to carry out an increasing number of tasks without the expansion of the medical team, and without
additional means of ensuring [8,9].
The robot «Da Vinci» consists of many tightly integrated with each other subsystems, including manipulators
such as hands, devices for endoscopy, high resolution monitors, etc., which all together form the united system
to perform a large set of surgical interventions. A unification of this type of devices leads to an increase both
weight and size characteristics (for example, the robot «Da Vinci» weighs half a ton) and the demanding
stationary accommodation, comfortable working conditions of physician and medical staff and so on. These
circumstances limit "direct" carrying over of experience in the development of surgical robots like «Da Vinci»
in the practice of manned flights. Does it follow from this that the question of application of robot-assisted
emergency medical help cosmonauts in flight is not timely? Answering on this question it is necessary to have
in mind the following. Indeed, to create a universal health robot-assistant, adapted to the full range of medical
operations, which may be required on the board of the ISS in the interest of sick care for member of the crew,
is rather difficult today. But for some extraordinary medical situations the use of a robotic assistant may be
appropriate and even needed for vitally important reasons. In this case, under the choice of design and
functionality of the medical robot on the board of the MSC, it is possible to find a compromise, i.e. to abandon
the excessive flexibility and to narrow the set of robot-assisted operations.
In favor of seeking more compact (but specialized) solutions we can say that there are some developments
different from «Da Vinci» on the ratio of the universalism / specialization, dimensions and weight, with a
pronounced trend is to look for ways creating small robots [8,9]. From the domestic development of robotics
systems (RCS) we can mention on the creation of a mechatronic device for outdoor chest compressions during
cardiopulmonary resuscitation [10]. Great expectations of professionals are connected with the progress in the
creation of more compact and functional robot-assistants for surgery, in particular, micro and nano robots [11,
12].

Prospects of robotics system use for cosmonauts’ medical support on the board of the ISS

Some of the major theoretical and methodological achievements of the domestic aerospace medicine
include results related to the prevention and correction of violations of health status and health of cosmonauts
during the long fly with the use of on-board systems intended to create adequate load on the cardiovascular
system, the musculoskeletal system, the system of external respiration et al. [13], as well as life-support
systems for the construction of an artificial habitat for the MSC. Many scientific results of the implementation
of space medicine have found their realization in the regenerative medicine and rehabilitation in the form of
software and hardware systems operating on the principles of bio-feedback [13], as well as in the practice of
training on simulators with the control of functional state of the human operator [14]. On this experimental and
theoretical basis, robotic biotechnical systems for space purposes can be built. Robotic medical complexes of
this type differ from those traditionally studied ergonomics systems “human operator - RCS - environment* by
that in the complicated system must be considered a new link - the patient, the condition of which may be
affected by factors of the work environment, the physician (or his deputy), RCS medical devices, and bio-
feedback allows to automate RCS [15]. With regard to clinical applications we can specify the original
development of an apparatus for normothermic perfusion, which shows the ways of constructing artificial
environment to ensure the viability of isolated organs [16].
For the aerospace medicine in consideration of the biotechnical system it must also be included such a
component of the RCS as a complex of artificial gas environment creation based on hardware flow control gas
mixtures [17]. In combination with metered mechanical impact on specific areas of the cosmonaut body
(overpressure or, on the contrary, with the help of cavities, creating a vacuum and selective loading of the
individual units of the musculoskeletal system using load costume) the bioadaptive respiratory support system
can be considered as a non-drug treatment for correction of the functional state of physiological reserves and
increase stress resistance to extreme influences. It is widely used in the practice of Russian medicine, for
example, hypo-, hyper- and normobaric hypoxic interval [18]. Also we consider as a promising solution using
hermetically isolated capsules apparatus on the board of the MSC for creating an artificial gas medium (with
individually optimized parameters - temperature, gas mixture composition, the partial pressure of gases with
additions of biologically active substances and so on). It is equipped with sensors for measuring the
physiological parameters (blood pressure, pulse rate and respiration, blood oxygen saturation, the composition
of exhaled air, etc.) and monitoring the results of the instrumental correction of the human condition on the
principles of bio-feedback. The presented approach can be seen as the use of medical robotics technology for
developing new generations of bioadaptive simulators.
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Conclusion

Today we can claim about a significant potential of the use of medical and service robots in the manned
space flight [19]. This article shows some special perspective areas of medical robot application in space
medicine, although few experience of their actual use does not allow us to talk about substantial progress of
their implementation in practice. In particular, despite the success of the application of robotics simulators on
the ground, the question of their usage during actual space flights for the on-board trainings of the cosmonauts
requires advanced studies, taking into account possible health risks and emergency medical situations. It
should be a careful approach to selection of complexity indicators for executing on-board medical simulator
and its functionality. Even harder problems arise at the implementation of manned space robot-assisted
medical support of health interventions, including robot’s weight and size characteristics and difficulties of
RCS remote control by experts from the Mission Control Center. Finally, unique achievements of Russian
aerospace medicine in the field of protective equipment for pilots and cosmonauts, as well as at construction of
an artificial habitat environment for MSC, individual means for cosmonaut’s safety require some adaptation
for their implementation as a part of the adaptive robotic biotechnical complexes.
All mentioned above arguments are evidence of the necessity to further intensify the research in this
interdisciplinary field involving results of advanced information technologies: computer science, automation,
imitation modeling, simulation, robotics and mechatronics.
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Beenenue

OnHUM U3 MEPONPHUITUH METUIIMHCKOTO 00eCreueHHs MIOTHPYEMBIX KOCMUUECKHUX MOJIETOB SIBIISIOTCS
OOpTOBBIE TPEHHPOBKH, HANpABICHHBIE HAa CHIDKCHUE BJIHMSHUS HETATHBHOTO BO3JEHCTBUS (DakTOpOB
KOCMHUYECKOI0 II0JeTa Ha OpraHu3M 4eJIOBEeKa W Ha IOJArOTOBKY KOCMOHABTOB K BO3BpAllCHUIO B
«TIPUBBIYHBIC» 3E€MHBIE YCIOBHsS oOuTanusa. Kpome »5THX, BBHINOJHSEMBIX Ha TOCTOSIHHOW OCHOBE
MeponpusaTuii, Ha MexayHapoaHoi kocmuueckor cranuun (MKC) nmepuoandecku nmpoBOASTCS] TPEHUPOBKH,
HallpaBJICHHbIE HA IIOBBIIIEHHE TIOTOBHOCTH WIEHOB 3KMIAXa: 1) K BBDKMBAaHMIO M CIIACEHUIO B
9KCTPEMAaJIbHBIX YCJIOBUSAX NMPHU OTKAa3aX TEXHWKH W aBAPUMHBIX CUTYaIUAX; 2) K OKa3aHUIO MEIUIINHCKOU
NOMOIIM TNPH BO3HUKHOBEHHHM HEIITATHBIX MEIWLMHCKUX CUTyaluuid (3abosieBaHMid W TpaBM) WU MpH
BO3PACTaHUU PHUCKOB CHIKEHHS pabOTOCIIOCOOHOCTH WICHOB SKUIAXKa. YUYUTHIBasi BaXKHOCTh MEAUIIMHCKHX
3a/a4, pelIaeMbIX OKHUIaXeM B TI0JIeTe, aKTyaJlbHO pAcCMOTPEHHE BOIPOCOB pACHIMPEHHS apceHana
JOCTYIHBIX Ha OOPTY CpeACTB OKa3aHUSI MEIUIIMHCKONW MOMOIIM U MEAUIIMHCKOro obecriedeHus B 1enoM. [Ipu
3TOM, B Pa3psij MEPCIEKTUBHBIX JOJKHBI ObITH BKIIIOYEHBI HE TOJIBKO TPAJULIMOHHBIC MEAUIIMHCKNE J1e4eOHO-
JUAarHOCTHYECCKHE almapaThl ¥ MPUOOPBI, HO M U3JENHs, MOCTPOCHHBIE HAa TEXHOJIOTHUSIX POOOTOTEXHHUKU W
uHpopmaThki. OCOOEHHO 3HAYUMO HX HCIOJIB30BAHUE B CHTYallUsX, KOTJIa TIONYYEHHE OJKHUITaXKeM
KOHCYJIbTaTUBHOW MOJAEP)KKHA MEAUIMHCKUX CIICLUAINCTOB 3aTPYAHEHO M3-3a YCIOBUI aBTOHOMHOTO TOJIETa
U MEIULMHCKHE MEpONPHUATHS SKHUIaX JOJDKEH OCYIIECTBIATh Ha OOPTYy MUIOTUPYEMOrO0 KOCMHYECKOTO
anmaparta (ITIKA) camocTosTebHO, OITUPAsCh TOJIBKO HAa COOCTBEHHBIC CUJIBI, YMCHHS U HABBIKH.

HoBple HanpaB/1eHUsl NPUMEHEHHUsI MeAUIMHCKUX POOOTOB B MUJIOTHPYEMOH KOCMOHABTHKE

K HOBBIM HanpasieHusiM npuMmeneHnst Ha MKC MennnuHCKkux poOOTOB IpeaiaraeTcsi OTHOCHTS:

1. TocTpoeHre Ha TEXHOJIOTHSX BUPTYaJIbHOH pealbHOCTH, MHPOPMATUKU U POOOTOTEXHUKU OOPTOBBIX
TPEHAXEPOB-CUMYJISITOPOB, TO3BOJSIIONIMX OOECIeYNTh BHIPAOOTKY HOBBIX M IOJJIEPKAHUE y OSKUIaxa
UMEIOIINXCS TNPAaKTHYECKUX HABBIKOB M NPUEMOB OKa3aHHWsS HEOTIOKHOH MEJUIMHCKOW IOMOIIM B
KOCMHUYECKOM IOJIETE.

2. [IpuMeHeHre B SKCTPEHHBIX CHTYallMsiX B aBTOHOMHOM IOJIET€ MAaHUIYJISIIHUOHHBIX POOOTOB s
pOo0OOT-acCHCTHPOBAHHOW XHPYPIHHU IIPH HEKOTOPBIX 3a00JICBAHUSX U TPAaBMaxX Yy WICHOB SKUITaXKa.

3. Coznanve (B pa3BUTHE CYIIECTBYIOIIUX MEAMIMHCKHX TEXHONOTUH NpO(MIAKTUKKA HapylmIeHUH
COCTOSIHUSI 3[JOPOBbSi KOCMOHABTOB) POOOTH3MPOBAHHBIX OMOTEXHHMUYECKMX KOMILICKCOB, MO3BOJISIOIIMX Ha
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NpUHIMIIAX OMOTOTHYECKOH 0OpaTHOW CBs3M oOecreyrBaTh ONAarompusATHBIE YCIOBUS IUISA: a) aJanTaluH
opranusMa K (hakropam mnosera; 0) ynpexaaromeil KOppeKIuy U NpoUIAKTUKY HAPYILIEHHH JOKITMHUYECKOTO
YPOBHS;, B) BOCCTAHOBJICHHUSI pabOTOCITOCOOHOCTH KOCMOHABTA ITOCJIE TIEPCHECEHHBIX 3a00JICBAaHUM U TPaBM,
CTpeCC-UHIyLIUPOBAHHBIX PACCTPOICTB U Ip.

Kaxnoe ©3 mepedyncieHHBIX HANpaBICHUH HMMEETCBOM OCOOCHHOCTH, M CETOAHS BaXXHO IPOBECTH
CHUCTEMAaTHU3allMl0 BApUAHTOB IPUMEHEHUS MEIUIMHCKUX POOOTOB B IMWJIOTUPYEMOH KOCMOHAaBTHKE B
JIOTIOJTHEHHE K pOOOTaM-TIOMOIITHUKAM 3KHIaXa, TNIAHUPYEMBIX JJISl BBITIOTHEHUSI TPO(PECCHOHANBHBIX 3a/1a4 U
paboTsl ¢ one3Hoi Harpy3koit Ha [TKA.

Ilposedenue 6 noneme MeOUYUHCKUX MPEHUPOBOK C UCNONLIOBAHUEM OOPMOGHIX MPEHANCEPOS,
HOCMPOEHHbIX Ha ba3e poOOMOG-CUMYIAMOPOS

B pabore [1] oTMeueHa aKTyanbHOCTh HPHUMEHEHHS HOBBIX MEIMLMHCKHX M HH(POPMALUOHHBIX
TEXHOJIOTHH, KOTOpble MOTJH OBl CHU3UTH DPUCKM MOSABICHHS Y SKUIaKa HEMPEIHAMEPEHHBIX OIIHOOK,
CBSI3aHHBIX C MMOTEPEH B MOJIETE MPAKTHYECKUX HABBIKOB BBITOJHEHUS METUIIMHCKUX MEPOIPUSTHA.

B mocnenmnee Bpems mpu TOATOTOBKE NMPO(ECCHOHATIOB B Pa3HYHBIX HAMPABICHUSX JEATCIHHOCTH
OTMEYaeTCs MOJIE3HOCTh HMCIOIb30BAaHMUSI CUMYISILIMOHHBIX TeXxHoJorui [2]. B wactHocTH, Hab0Op BpaueOHBIX
OpoLenyp M IMPHEMOB, KOTOpPbIE OKa3aJloChb BO3MOXHBIM OTpabaThIBaTh M OLIGHUBATh C NPUMEHEHHEM
COBpPEMEHHBIX POOOTOB-CUMYIISITOPOB, Ha CETOJIHS OKA3aJICs IOCTATOYHO OOIIMPEH W, B MEPBYIO OYepe/b, OH
OXBaTbIBaeT 00JAaCTH XUPYPIUH, AHECTE3MOJIOTMH M PEaHWMATOJIOTWUH, TMEPBOH MEIUIMHCKOW IMOMOIIH.
[IpennoceuiK NPUMEHEHHUs 3THUX TEXHOJOTHH ISl MEIULMHCKUX TpeHupoBok Ha Oopty IIKA cocrosr B
CJIEYIOIIEM:

— MHcnonp3oBaHre COBPEMEHHBIX CHMYJISIIMOHHBIX TEXHOJIOTHI MO3BOJIHUT OPraHU30BaTh B JUTHTEILHOM
KOCMHYECKOM II0JIeTe TPEHUPOBKH, HANpaBICHHbIE Ha (HOPMHUpPOBAHUE M MOIACP)KAHHE y SKUIaXKa
HAaBBIKOB BBIMOJIHEHNUST MEAMLIMHCKUX IPHUEMOB M TPOLEAYp, BKIIOYas WHBA3WUBHBIC, CPEACTBA U
WHCTpYMEHTapui njis BeIIONHEHUs KoTopbix umerorcs Ha PC MKC B cocraBe 06opToBOif
MEAUIUHCKOHN aNTeYKH U MEIUIIMHCKUX YKIIAI0K.

— Pa3Butne 00yuaromux TEXHOJOTHH OTKPBIBAET HOBBIE BO3MOKHOCTH Ul MOJIYYEHHUS] KOCMOHABTaMHU
MaHyaJIbHBIX HaBBIKOB, 3HAUYMUMBIX JJS TMPUMEHEHUS B YCJIOBUSX AaBTOHOMHOTO IIOJIeTa TIpU
HEOOXOIMMOCTH OKa3aHMs HEOTIOKHOW MEAUIIMHCKOM MOMOIIN WICHaM dKHUIIaXxa (B MOPSIAKE caMo- U
B3aUMOTIOMOIIIH ).

OnHUM U3 IepCIEeKTUBHBIX BAPUAHTOB OpraHu3anuu o0y4deHus: u TpeHupoBok Ha PC MKC moxer ctath
UCIIOJIb30BaHne OOPTOBBIX TPEHAXKEPOB, MOCTPOCHHBIX HA 0a3e TEXHOJIOTHH BUPTYalbHOW PealbHOCTH H/WIN
CKOHCTPYMPOBAaHHBIX B BHAE POOOTOB-CUMYIATOPOB. CIOCOO METUIIMHCKMX TPEHHUPOBOK Ha pPoOOTax-
CHUMYJIITOPax OCOOCHHO OMNpaBlIaH B CHUTyalUsX, KOT/a MCIONHHUTENbHBIA KOMITOHEHT MOJpa3yMeBaeT
Pa3BUTOE «MBIIIEYHOE TYBCTBOY, MPABHIBHOE TEXHUUECKOE HCIIOTHEHUE MMPUEMOB C YUETOM aHATOMHUYECKHX
COOTHOWICHUH M ONM30CTH K OONACTH MAHMIYJSALUHA >XKU3HEHHO Ba)KHBIX OPraHOB, KPYNHBIX COCYHAOB,
HEPBHBIX CTBOJIOB U T.I. B 3Tux cioyyasx Takke Ba)KHbl 3HAHUS M IPEACTaBICHUS O CONPOTUBICHUH
pa3IMYHBIX TKaHEH OpraHu3Ma MEXaHWYeCKOMY BO3ICHCTBHIO TIPH HCIOIB30BAHUU MEAMLIMHCKHX
MHCTPYMEHTOB.

Kpome TOro, BO MHOrMX CUTyalMAX, BBIIOJNHAS MEPONPHUITHS, CBSI3aHHBIE C PUCKAMM VIS 310pPOBbS
MalueHTa W IOTEHIHAJIbHBIMUA BpaueOHBIMH OIIMOKaMH, HWCIIOJIHUTEIh OPHEHTHUPYETCS Ha TMOJyueHHe
«0oOpaTHBIX» CBSI3€H OT MallMeHTa, BKIIOYas HEMPOU3BOJIbHBIE PEAKIMU €r0 OpraHu3Ma M PedyeBylO mepenady
«TIALMEHTOM €ro OLIYLICHUI», YTO BO3MOKHO HMUTHPOBATh HA POOOTaX-CUMYJIATOPAX.

Jisi BeIpaOOTKHM M TONAEP)KAaHUS Yy KOCMOHABTOB B IIOJIETE HABBIKOB BBINOJHEHHUS MEIUIMHCKUX
MPUEMOB U TPOLEAYP LEeNecoo0pa3Ho: a) KECTKO OrpaHHYHTh CIICHApUW HanOosiee THIUYHBIMU M HauOolee
BEPOSTHBIMH CITyJassMH (HEIITATHBIMA MEIUIIMHCKUMU CUTYAIHSIMH );0)COCPETOTOYNTh BHUMAHNE 00ydIaeMBbIX
Ha IPaBUJIBHOCTH, TOYHOCTH U OBICTPOTE HUCIOJIHUTENbHBIX JICHCTBUI IpU BBINOJHEHUU COOTBETCTBYIOIIMX
NPUEMOB JIsl KyIUPOBAHUSI BEPOSTHBIX HELITATHBIX MEIWIMHCKUAX CUTyallMi; B) MCXOAWTH M3 HAJHYUS U
NpaBUIBHOTO Moadopa MenuuuHckoro uHctpyMeHtapus Ha MKC. Taxxke mms 3Tux neneil MOryT OBITH
UCIIONIb30BaHbl OOpPTOBBIC CpeAcTBa HMH(OPMAIMOHHONW TOJAEPKKH C HCIIOIb30BAHHEM TEXHOJIOTHH
JIOTIOJTHEHHO! peaIbHOCTH.

B oOmupHOi# nuTeparype, MOCBSMICHHONW CO3JaHUIO MEIUIMHCKUX POOOTOB, MMEIOTCS OIHMCAHHSA
MEJUIUHCKUX CHMYJISITOPOB, HCIOJB3YyEMBIX JIJIsl BBIPAOOTKM W TOJJICP)KAHHS IMPAKTUYECKUX HAaBBIKOB
BBITIOJTHEHUST THITAYHBIX MTPOTICTYP Y MaHUTTYJISIINH.

Tax, Hanpumep, B pabote [3] ¢ HCHONB30BaHMEM MEAWLIMHCKOTO TPEHAXKEPA-CUMYJISITOPA PeIIaeTCs
3ajaya OOy4YCHHs] TEXHUYECKHM NpHEMaM BCHECEKIIMH, KaTeTepH3allid W BeHEMyHKIuu. Kpome TorO,
UMEIOTCSI MTyOIMKALMKU, B KOTOPHIX 00s3aTeNIbHBIM KOMIIOHEHTOM OOYYaIOIIUX CIIEHAPUEB PaccMaTpUBACTCS
U3y4YeHHE NMPHUEMOB oOecreueHHs MPOXOTUMOCTH AbIXaTENbHBIX IMyTeH M OKa3aHWE MEIUIMHCKOW MOMOIIH
NpU PaHEHUSIX: MECTHOH aHeCTe3UH, XUPYPruieckoil oOpaboTku paH M HanokeHus WBoB [4,5].OnucanHbIi B
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pabote [4] MEeIUIMHCKUN TpeHAXKEp ISl OLEHKH HAJIOKEHHS LIBOB MO3BOJISIET B MpOLeCcCe HAJOKEHHS [IIBOB
Ha CHUMYJISATOpE H3MEpATh IpujaraeMble npu 35ToM ycuius. COOTBETCTBYIOIIME YCTPOHCTBAa CbheMa
(TeH30METpUYECKHE NaTYWKH) M Tepeladyd CHTHAIOB HMIUIAHTHPYIOTCI B poOOT-cuMyistop. B apyrom
U3JIENUN —aHTPOIOMOP(OHOM CHMYJSATOpE, MpeaIHAa3HAYeHHOM IS OOy4YEHHS MOAJEPKAHUIO IMPOXOTUMOCTH
JOBIXaTeNbHBIX TyTeH W TPEHUPOBOK II0 BBIIOJHEHUIO WHTYOALMM, TAaKXKe HMEIOTCS MMIUIAHTHPOBAaHHBIE
TEH30METPHYECKHE NaT4YWKH, JUISI u3MepeHus npmiaraemoro ycmius [5].Korma oOydaemsbrii Ha TpeHa)kepe
BBITIOJTHSCT WHTYOAIMIO, W3MEPSIOTCS TPUIOKEHHS CHI B 00JIACTH 3yOOB, BHCOYHO-HHMIKHEUYETIOCTHOTO
cycTaBa, Ha A3bIK U Ip. JOMOJHUTENBHO, B KadecTBE OOpPATHOM CBSA3M BBIYMCIIAETCS MPOU3BOIUTEIHLHOCTH
JIETOYHOM BEHTWISLMU 10 HW3MEPEHHBIM 3HadeHUsIM. C KOHCTPYKTUBHOH M METOIMYECKOW TOUKH 3PEHUS
CYIIECTBEHHO, YTO Il 3TOTO TPEHa)Kepa IMPelyCMOTPEHO H3MEHEHHE I'€OMETPUYECKHX COOTHOIICHWH ero
NPUBOJIOB, KOTOPBIE PACIIONOKEHBI B aHATOMUYECKUX O0JIACTAX BHCOYHO-HM)KHEUETIOCTHOI'O CYCTaBa M ILEH.
OTO MO3BOJSET OCYIIECTBISATh KOHTPOJb CONPOTHUBJICHUS NpU NPOBEICHUM HWHTYOAMM TPH pa3HBIX
AHATOMHYECKUX COOTHOLICHUSX JIBIXATENbHBIX MyTeH y nanueHTa. Peanusys oty QyHKIUIO, TpEHAXKEP MOXKET
HMUTHUPOBATH «IIALIKMCHTa» C 3aMKHYTOI71 YCICTHIO, C MAJICHBKNMHU U OOJIBIINMU YCIIHOCTAMHU, IIPHU MBIIICYHBIX
crasMmax, TO eCTb C TEeMH OCOOCHHOCTSIMH, KOTOpBIC ONPENENSAIOT TPYAHOCTH BBINOJHEHHS HHTYOAaLWH.
Hcnonp3yst 5T BO3MOXKHOCTH IIPU IIAHUPOBAHMM MOATOTOBKH HAa TPEHAXEPE CHUMYJIATOPE K BBIOIHEHHIO
nmpoucayp y KOHKPETHBIX IMMAaOUCHTOB MOXKHO 3apaHCC YTOUHUTH AHTPOIOMETPHUYCCKUE II0KaA3aTCIn U
COOTBETCTBEHHO BBITIOIHUTH HACTPOUKY TPEHAXKeEpa.

B kadecTBe mepcneKTHBHOW MPOrpaMMbI pa3BUTHA OOPTOBBIX TPEHaXepoB Ha 0Oaze TexHonorud 3D-
BU3yaJM3allid U POOOTOB-CUMYJATOPOB TpEAJaraeTcsi pacCMOTPETh CIENYIONMHA TepeueHb MEAUIMHCKUX
IMpueMoB U METOOOB, KOTOpOﬁ JOJDKECH COCTaBJIATHL OCHOBY KOMHeTeHHI/Iﬁ KOCMOHAaBTa I10 MNPOBEIACHHIO
HEOTJIOKHBIX MEPOTIPUATHI TaKWX Kak: TIEPBUYHAs pEeaHUMAIHS, BHYTPHBEHHOE BBEIICHUE JIEKaPCTBEHHBIX
MpenaparoB; AehUOPHIIALINS; KaTeTEPU3ALUsI MOUYCBOTO My3bIPs; MMMOOMIU3AIUs KOHCUHOCTEH IPU TPaBMax;
npuéMbl U3BJICUCHUS MHOPOJIHBIX Ten (Tlasa, yxa, ropiia, Hoca);00paboTKa paHEBBIX MOBEPXHOCTEH W Jp.
KonkpeTnsupys B ganpHEHIIeM 3TOT MepevYeHb, MOKHO 3HAYUTENHHO CY3UTh MOMCK HA3€MHBIX MPOTOTHIIOB,
KOTOpBIE MOTJIH OBl CTaTh OCHOBOM iIsi OOPTOBOTO (IIOJIETHOTO) MEAWIIMHCKOTO TpeHaxképa Ha O6aze poboTa-
CUMYJIATOpA.

3aBepmias XapaKTEPUCTHKY BO3MOJXKHBIX HANpaBICHWH TNPUMEHEHHS MEIUIIMHCKUX pPOOOTOB I
MOCTPOEHUST OOPTOBBIX TPEHAKEPOB, CIEAYET YIOMSIHYTh U TaKyl0 BO3MOXKHOCTh, KaK TPUMEHEHHE pOOOTOB-
CUMYJIATOPOB COBMECTHO C JUCTAHIIMOHHO YIPAaBJIACMbIMU MaHUNYJIAHUOHHBIMU pO6OTaMI/I JJIA BBIITIOJIHCHUA
XUPYPru4eckoro BMemaTenbctsa Ha 60pty [1KA, BeimonHsieMoe B pexiUMe TeJeyIpaBiIeHus ¢ 3eMIIu.

O BO3MOXKHOCTH TaKOTO NMPUMEHEHHsSI aMEPUKAHCKOTo aHTporoMopduoro podora Robonaut-2 nva MKC
MUMEIOTCSl YIOMUHAHUS B UHTEPBBIO HCIBITATEIICH €ro aHAIOTOB B KIIMHUYECKUX YCIOBHSIX [6,7].

B o0mieli mocraHOBKE BO3MOXKHOCTh NMPUMEHEHHS POOOT-acCUCTHPOBAaHHOH xupypruu Ha Oopty [TKA
PaccMOTPEHO B CIEIYIOIIEM pa3ere.

Ipumenenue 6 nuromupyemom noieme MeOUYUHCKUX poOOMO8 OJisk pOOOM-ACCUCMUPOBAHHOU XUPYPeUlL

Ceroanst Gonblias 4acTh MyOJNUKAIMK, TOCBSIIEHHBIX MEIUIMHCKAM pOOOTOM, OTHOCHUTCS K BOIIPOCAM
POOOT-aCCUCTUPOBAHHONW XHPYPTrUH. 3aKOHOMEPEH BOINPOC, B KaKOM 0OBEMe BO3MOXCEH IEPEHOC ATHUX
texuosoruii Ha OopT IIKA?Ecam oOpaTtuThcsi K Ha3eMHBIM TPOTOTHIIAM M aHajoraM, TO MOKHO OTMETHUTh
cienytomee. VIMEHHO CHOCOOHOCTH BBINOJHATH MaHUITYJISUH CIEHAIU3UPOBAHHBIME HHCTPYMEHTaMHU,
MOCTPOCHHBIMU ¥ (DYHKIIMOHUPYIOLIMMH 10 MPUHLMUITY CTPOSHHS YeJIOBEYECKOM PYKH M KUCTH, IOJIOKEHA B
OCHOBY NMPUMEHEHHS XUPYPTUYECKIX MaHUMYJLIIHOHHBIX poO0TOB. C MX MOSBICHWEM HavajCs HOBBIN JTall
pa3BUTHUS MEIUIWHCKON HayKH, OBUIM MEPeCMOTPEHBI MHOTHE, Ka3aJIoCch Obl, HE3bIOIEMbIE TIPEICTABICHHUS O
TOM, YTO MOTYT M 4YTO JOJDKHBI JeNaTb MEIUIMHCKHME POOOTHI MOJA KOHTPOJIEM Bpaya IMpH OKa3aHWUU
MEIWIMHCKON TmoMomu manueHTaM. CyIecTBeHHO, 4YTO CETOAHS MPOBOIATCS pPadOTHI MO CO3IaHHUIO
XUPYPrUYECKUX poOOTOB, MO3BOJSIONIMX Bpady OCYIIECTBISTH BCE OOINbIIEE YHCIO 331ad 0e3 paclIupeHus
cocraBa BpaueOHO Opuransl U 0e3 IpUBIICUCHUS JOMOTHUTENIBHBIX CPEACTB obecreueHusI[8,9].

B cocraBe po6ota «Da VincCi» umMeercss MHOKECTBO TECHO HHTETPUPOBAHHBIX IPYT C APYTOM IOJICUCTEM,
B TOM YFHCJIE, MAaHHITYJIATOPOB THUMA KHUCTH YEJOBEKa, YCTPOMCTB ISl SHAOCKOIHH, MOHHTOPOB BBICOKOTO
paspelieHust 1 Ip., YTO COCTABIACT €AMHYIO CHUCTEMY JUIS BBIOJHEHHUS OOJBIIOrO HadOpa XUPYPrHYECKHUX
MEpONPHUATHH. YHHMBEpcanM3alusi TaKOro THIA YCTPOMCTB NPUBOIUT K POCTY MaccorabapuTHBIX
XapaKkTepUCTUK (Hampumep, poboT «Da Vinci» BECHT NOJATOHHBI) M K JKECTKHMM TpPEOOBaHUSIM K
CTallMOHAPHOCTH pa3MeNieHus, KoMQOPTHOCTH YCIOBHI pabOThI Bpaya M 0OCTYKHBAIOIIETO IEPCOHAa | TIp.
OT0 00CTOSATENHCTBO OTPAHMYMBACT «IPSIMOID MEPEHOC OMbITa Pa3pabOTKH XUPYPrHUECKHX pOOOTOB THMA
«Da Vinci» B MpakTHKy NTWIOTHPYeMbIX moneToB. CrlenyeT ¥ W3 3TOT0, YTO IIOCTaHOBKAa BOIIPOCa
IIPUMCHCHUA pOGOT-aCCI/ICTHpOBaHHOﬁ HEOTIOKHOU Me}lHHHHCKOﬁ IIOMOIITM KOCMOHAaBTaM B ITIOJICTE SABJIACTCA
He cBoeBpeMeHHOH? [Ipu oTBeTe Ha 3TOT BOMPOC HEOOXOOMMO MMETh B BUAY cieayromee. [leiicTBUTENBHO,
CO31aThb YHHUBEPCAIBHOTO MEIUIMHCKOr0 poO0Ta-acCUCTEHTa, AaJaNTHPOBAHHOTO KO BCEMY CHEKTPY
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MEIMIUHCKUX OIepauri, KOTOpble MOryT moTpeboBaTbcs Ha Oopry MKC B wuHTEepecax okazaHHA
MEIUIIHCKON MOMOIIY 3a00JIeBIIEMY WICHY dKHUIIaXKa, CETOIHS MPEICTaBIseTcsl 3aTpyJHUTENIbHBIM. Ho s
HEKOTOPBIX «HEIITAaTHBIX» MEJULIUHCKUX CUTYyallMi NpHMEHEHHe poOO0Ta-aCCHCTEHTAa MOXET OKa3aThCs
1es1ecoo0pa3HbIM U Jjake OCTPO HEOOXOAMMBIM I10 KU3HEHHBIM IIOKa3aHWsAM. B 3ToMm ciyuae mpu BbIOOpE
KOHCTPYKUMH U (PYHKIMOHAJBLHOCTH MeTUIMHCKOro pobora Ha Oopry IIKA BO3MOXXKEH KOMIPOMHUCCHBIH
IyTh— OTKa3 OT U30BITOYHOI YHUBEPCATBHOCTH U CyXKeHHe Habopa poOOT-acCUCTUPOBAHHBIX OIEPAIHH.

B monp3y moncka 6onee KOMIAKTHBIX (HO CTIENMATH3NPOBAHHBIX) PEIIEHUH TOBOPHUT TO OOCTOSATENBCTBO,
yro  uMeTcs  ommm4Hble  oT  «DaVinci»  pa3paboTKM 1O~ COOTHOLIEHHWIO  TOKasaTeneit
YHHBEpCaIN3M/ClIe[MaIn3alusi, 0 rabapuraM M Macce, NPUYeM BBIPAKEHHBIM TPEHIOM SIBISIETCS ITOUCK
nyTed co3maHus MajorabaputHeix poOoToB [8,9].M3 oTedecTBEeHHBIX pa3pabOTOK POOOTOTEXHUYECKUX
kommiekcoB (PTK) HeoOxoanmo BBIAEINTH CO3JaHME MEXAaTPOHHOrO ammaparta Ajs HapyKHOH KOMIIPECCHH
TPYAHOHN KJIETKH NPHU NMPOBEIECHUH CEPACUYHO-TIerouHoi peannManuu|10]. boabmme oxugaHus CenUaIucTOB
CBSI3aHBI C TPOTPECCOM B OOJIACTU CO3JIaHHS Bce Ooliee KOMITAKTHBIX U Ooliee (PyHKIIMOHATBHO pPa3BUTHIX
U3eIuil poOOT-aCCUCTUPOBAHHON XUPYPTUH, B YACTHOCTH, C MUKPO- U HaHopoOoTamu[11,12].

Ilepcnexmusvl  npumenenuss poOOMUUPOBAHHBIX OUOMEXHUUECKUX KOMNIEKCO8 0N MeOUYUHCKO20
obecneyenus kocmonasmos na bopmy MKC

B  uynmcno 3HAaUMTENBHBIX  TEOPETHYECKMX M METOAUYECKHX  JIOCTHKEHMH  OTE€4eCTBEHHOU
ABHAKOCMHUYECKOW MEIULMHBI BXOIAT Pe3yibTaThl, CBA3aHHBIE ¢ NPO(UIAKTUKON W KOPPEKIHeH HapyIIeHUH
COCTOSIHUSI 3J0POBbS U pabOTOCIIOCOOHOCTH KOCMOHABTOB B YCJIOBUSX JJIMTEIBHBIX MOJETOB C MPUMEHEHUEM
OOPTOBBIX KOMILIEKCOB, MpeIHA3HAYCHHBIX AJIS CO3JaHMs aJeKBAaTHBIX HAarpy30K Ha CEpJeYHO-COCYAMCTYIO
CHCTEMY, OIOPHO-IBHTaTEIbHBIN ammapaT, CHUCTeMy BHemIHero nbixanmss u np.[13], a Takke cucrem
KU3HeoOecneueHnss sl IOCTPOEHUS HCKycCTBeHHOM cpeabl oOuranusi Ha [IKA. Muorue HayuyHble
pe3yabTaThl KOCMHYECKOH MEOUIMHBI HAIUTH Peajln3aldio B OONACTH BOCCTAHOBUTEIHHONH METUIIMHBI U
MEIMIUHCKON peabunuTanyd B BUAE MPOrpPaMMHO-ANMapaTHBIX KOMIUIEKCOB, (DYHKIMOHHMPYIOMIMX Ha
MPUHIMINAX OWOJOTHYecKor oOpaTHOW cBsa3u[13], a Takke B NpaKTUKE MOJTOTOBKH Ha TpEHa)Xepax C
KOHTpoJIeM (DYHKIITMOHAJIBHOTO COCTOSHHSI deJoBeka-oreparopa [14]. Ha oaroil skcnepuMmeHTaIhHO-
TEOPETUYECKOM OCHOBE MOTYT OBITh MOCTPOCHBI POOOTU3MPOBAHHBIE OHWOTEXHUYECKHE KOMILICKCHI
KOCMHUYECKOTO Ha3HaueHusl. PoOOTH3MpOBaHHBIE MEIULIMHCKHE KOMIUIEKCHl TaKOTO THMA OTIUYAKTCS OT
TPaJULHOHHO PAacCMaTPUBAEMbIX JPraTH4ecKux cucreM «denoBek-onepatop — PTK — cpema» tem, uto B
CIIO)KHOW CHCTEME HEOOXOAMMO YYHMTHIBATH HOBOE 3BEHO — IIAlMEHTa, HA COCTOSHHE KOTOPOTO MOTYT
OKa3bIBaTh BiMsIHUE (DakTOpbl pabouel cpenbl, Bpay (WM Juio, ero 3amemarorniee), PTK memurackoro
Ha3HaueHMs, a Ouonormyeckass oOpaTHas CBsI3b MO3BOJISET IO ONPEAEICHHOW CTENEHH aBTOMAaTU3UPOBAaTh
BozzeiictBua PTK [15].IlpuMeHnTeNnbHO K KIMHUYECKUM TPIIOKEHUSAM MOXKHO YKa3aTh Ha OPUTMHAJIBHYIO
pa3paboTKy amnmapaTHOM HOPMOTEpMHUYECKONW NepQy3uu, KOTOpas TOKa3blBaeT CIOCOOBI MOCTPOCHUS
HCKYCCTBCHHOM CPeIbI [Tsi 00eCTIeueH s )KU3HECTIOCOOHOCTH U30JIMPOBAHHBIX OpraHoB [16].

s aBHAIIMOHHO-KOCMHMYECKOH MEAMILMHBI B PAaCCMOTPEHHME COCTaBa OHOTEXHUUYECKOW CHCTEMBI
HEOOXOIUMO [IOTIOJIHUTEIBHO BBOAWUTH Takoi kommoHeHT PTK, kak kommiekc co3laHHs HCKYCCTBEHHOU
ra3oBoi cpepl Ha OCHOBE ammaparypbl yOpaBieHMd Nojadeld ra3oBeix cmecedl [17]. B coueranum co
CpeACTBaMH [O3UPOBAaHHOTO MEXAaHMUYECKOI'O BO3ACHCTBUSI Ha KOHKpETHbIE 00JacTH Tena KOCMOHABTa
(cozmanveM W30BITOYHOTO AABJICHUS WJIHM, HAIPOTHB, C TOMOLIBIO MOJOCTEH, CO3MAIOMIMX pa3psDKEHHe, a
TaKkXe BBIOOPOYHBIM HAarpyXeHHEM OTACIbHBIX 3BEHBEB OINOPHO-ABHIaTEIbHOTO armapara ¢ MOMOIIbIO
Harpy304HOro KOCTIOMa) OMOaJanTHBHAs CUCTEMa PECHHPATOPHOW MOJAEPKKH MOXKET PacCMaTpHUBAThCS B
Ka4yecTBE HEMEIUKAMEHTO3HOI'O CPEICTBA JICUCHHS, KOPPEKUUH (YHKLIHMOHAIBHOIO COCTOSIHUS, ITOBBIILIEHUS
(DM3NOTIOTHYECKUX PE3EepPBOB M CTPECC-YCTOHUMBOCTH K OKCTPEMAaJbHBIM BO3IACHCTBHUSIM, YTO IIHUPOKO
INPUMEHSETCS] B IIPAKTUKE OTEYECTBEHHOM MENULIMHBI, HAalpUMep, TUIO-, TUIEep- U HOPMOOapuuecKou
WHTepBaTbHOU TunokcuTepanuu| 18].Kak mepcrekTuBHOE pelIeHne MOKET pacCMaTPHUBAThCS TIPUMECHECHHE Ha
oopty [1IKA repmeTnyecku U30JIMPOBAHHON KaIlCyJbl C almapaTypoi AJisi CO3AaHUsI HCKYCCTBEHHOM ra30BOM
cpenpl (¢ MHAMBUAYAILHO ONTUMH3MPOBAHHBIMHU IapaMeTpaMHu — IO TEMIepaTrype, COCTaBy ra30BOM CMECH,
MapIuaIbHOMY NaBJICHUIO Ta30B, C TOOaBKaMH OHMOJIOTHMYECKH aKTHBHBIX CYOCTaHITMI W TIp.), OCHAIIICHHOMN
000pyIOBaHHEM I U3MEPEHUS (PU3MOIOTHUECKUX MAapaMeTpoB (apTepranbHOE JaBlIEHHE, YacTOTa MyJbca U
JBIXaHUS, HACHIILIEHHE KPOBU KHCJIOPOAOM, COCTAB BBLIBIXaEMOT0O BO3/yXa W Mp.) U KOHTPOJS Pe3ylbTaToB
anmapatypHOH KOPPEKIIMM COCTOSIHHMS 4YellOBeKa Ha TPUHIMIAX OHOIIOTHUECKOW O0OpaTHOW CBSI3H.
IlpencraBineHHbIl  TOAXOJ MOXKET pacCMaTpuUBaTbCAd KakK MPUMEHEHHWE TEXHOJOTUM MEAUIUHCKOU
POOOTOTEXHUKH MPH CO3IaHUM HOBBIX TMOKOJICHUH OMOaIalTUBHBIX TPEHAXKEPOB.

3akaoueHue

CeromHst MOKHO C YBEPEHHOCTBIO TOBOPHUTH O 3HAYNTEIHFHOM MOTEHITHAJIE UCTIONB30BAHUS MEIUITMHCKUX
U CEPBUCHBIX POOOTOB B MHIOTHpPyeMO# kocMoHaBTHKe[19]. B nmanHOlN paboTe moka3aHBI MEPCIIEKTUBHBIC
CTeIMaIbHbIC HAIPaBJICHUsS TPUMEHEHHsS] MEIUIIMHCKUX POOOTOB B 00JIACTH KOCMHYECKON MEIUITUHBI, XOTSI
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HEeOOJBIION OMBIT UX PEATBEHOTO UCIIOJIB30BAHUS HE MO3BOJISET C YBEPEHHOCTHIO TOBOPHUTH O CYIIECTBEHHOM
nporpecce HMX BHEIPEHUS B MNPaKTHKy. B YacTHOCTH, HECMOTpsl Ha YyCIeXW MNPUMEHEHUs poOOTOB-
CHUMYJISTOPOB B HAa3¢MHBIX YCJIOBHAX, BOIPOC MX HCIOIB30BaHMS B PEaTbHOM KOCMHUYECKOM IOJETE IS
OOPTOBBIX TPEHUPOBOK KOCMOHABTOB TpeOyeT J[OMOJHHUTENBHOTO U3Y4YEHHUS C YYETOM BO3MOXHBIX
MEAMIMHCKUX PUCKOB U IEpPEYHsS BO3MOXKHBIX HEIUTAaTHBIX MEIUIMHCKUX curyanuid. Ilpm sTtoM cnemyer
0COOEHHO TIIATENILHO MOJOWTH K BBIOOPY IOKa3aTesiel CIOKHOCTU HCIIOIHEHHsS OOpTOBOTO MEIUIMHCKOTO
TpeHakepa MW ero (QyHKIHOHAIBHOCTH. He MeHbIme mnpoOieMbl BO3HHKAIOT NMPH BHEAPEHHHM B 001acTh
NWJIOTUPYEMOM  KOCMOHAaBTHKM  POOOT-aCCUCTUPOBAaHHOM  MEAMLMHCKOH  MOJAEPKKM  BBIIOJHEHHUS
MEIUIUHCKUX MEPOIPUATHHA, TaK KaK B YHCIO (DaKTOpOB, OTPaHUYMBAIOIIMX BO3MOXKHOCTH BHEIPEHUS,
BXOAAT MmaccorabaputHele xapaktepuctikun PTK w  TpymHoctm mucranmmonHoro ympaeinenuss PTK
cnenuanuctaMu u3 llenTpa ympasneHus nonetoM. HakoHen, yHUKanbHBIE ITOCTHXKEHHS OTEYECTBEHHOM
ABHAKOCMHUYECKOW MEAMLIMHBI B O0JIACTH CO3[aHUs 3aLIUTHOTO CHAPSKEHHUS JICTYMKA U KOCMOHABTA, a TAKXKe
MIOCTPOCHUSI MCKYCCTBEHHOH cpenbl oOutanus Ha [IKA, WHIUBUIYadbHBIX CpEJICTB JKHU3HEOOECIICUCHUS
KOCMOHaBTa, OOpPTOBBIX CpPEIACTB NPOMWUIAKTUKKA U JAp. TPeOYIOT ONpeAENCHHOW ajanTanuu Uil WX
BOIUJIOIICHUS B COCTaBe aallTHBHBIX POOOTU3MPOBAHHBIX OMOTEXHHUYECKIX KOMIUIEKCOB.

Bce BrImecka3zanHOe CBUAETENBCTBYET O HEOOXOAMMOCTH MHTEHCU(DUKALIMY JAIbHEHIITNX UCCIIeIOBaHUMI
B JIaHHOW MEXIMCLUUIUIMHAPHONW 00JacTH 3HAHMH, MPEANoJararmeii NpUMEHEHHE IEePEIOBbIX
MHQOPMAIIMOHHBIX TEXHOJOTMH: HH(POPMATUKH, AaBTOMATH3ALMM, WMHTALHMOHHOTO MOJEIUPOBAHUS,
TPEHAKEPOCTPOEHHSI, POOOTOTEXHUKU M MEXATPOHUKH.
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Nowadays robots surround people everywhere — at home, outdoors, in the shop, and so on — it comes to
smartphones, smart home appliances (consumer electronics), robot cleaners, robot surgeons, robots for
telepresence, industrial manipulators (such as robots for machine assembly, production sorters, robotic
packers), educational robotic Kits, robots butlers, robotic art objects, animatronic robots and so on.

Social robots are used for communication and help people at home or in the public places and it may be
robots-babysitters, nurses, psychologists, butlers, clerks, tutors, promoters, hosts and telepresence robots for
people with disabilities.

Among the most prominent representatives of up-to-date social robots worth be mentioned such ones as
Nao, Pepper and Romeo — robot from French company AldebaranRobotics, robot barman ARMAR, household
helper HSR, robot-fireman Octavia, Babyloid — robot that simulates the behavior of the child who need
constant care, robot seal that needs constant caress — Paro, Japanese android girl HRP-4C that starred in the
music videos and able to sing songs, Japanese robot actor Wakamaru and English robot actor Thespian.
Among Russian social robots the most popular are the followings: R.Bot, PromoBot, WeBot, Cubic, The
Gingerbread Man (“Kolobok™), anthropomorphic robots with a portrait likeness (similarity, resemblance) from
Neurobotics: A. Pushkin, Alisa Zelenogradova, Oleg, A. Turing and others. They might be used as “live
audiobook”, chat bot or telepresence robot.

The appearance of the robot is usually primarily caused by its functional abilities: so, it doesn’t matter
how the military or medical robot looks like — the main goal here is preciseness and quickness of its
functioning. For instance, robot sapper, using in rough terrain — the accurate arm, mounted on a tracked
platform. In order to inspire confidence, devices, which are actively interacting with people, should be to some
extent similar to humans.

52


mailto:r.bogacheva@neurobotics.ru
mailto:a.zonov@neurobotics.ru

Nowadays space robots are created both for internal ship activities and extra ship activities. If the robot
serves for extra ship activities, its appearance does not play significant role — the robot does not communicate
with astronauts.

Astronaut has to be functionally and psychologically prepared to interact with the robot whose
appearance is far from anthropomorphic. At the same time, if the robot is supposed to work onboard, it’s
appearance is much more important. Provisionally, it should be anthropomorphic because it has to inspire
credibility and be predictable for the crew.

Antropomorphic robot must be able to operate in several modes: interactive (under the control of an
operator using a joystick, exoskeleton, etc.) and offline (supervisory) under the control of the operator of the
Control Center or an astronaut. In order to build an effective communication between the crew and the
anthropomorphic robot in space it is necessary to carry out additional preparations of the astronauts:

crew must be prepared for such "communication" (to know its possibilities and limitations, distinct
features of robot’s behavior, etc.);

to study in detail the individual characteristics of the members of the crew (temper, temperament,
interests, circle of friends, family, etc.).

the robot must "know" initial, typical and individual features of behavior (habits) of each member of the
crew and be sure to take them into account in the process of "communication”, assessment of their current
status and its correction;

create and use individual programs of the robot’s behavior to communicate with each member of the
crew;

use in communicative act set of various themes (functional music, voice letters, color and visual themes,
photos, voices of friends and family, psychoregulating exercises, surprises, etc.).

Specialists of the Cosmonaut Training Center had developed criteria for necessity and possibility of
introducing robots into the flight operations of manned spacecraft [3]. As a result, it is recommended to use
anthropomorphic robots in number of cases: emergency conditions threatening to life and health of the
astronauts; threat to flight program; necessity to perform laborious and monotonous operations or operations
requiring great physical load that exceeds of astronauts’ liabilities; when the duration of the work in the open
space exceeds the allowed residence time for astronauts in spacesuits. In this case the ability to perform flight
operations by the anthropomorphic robot for space applications largely depends on the following reasons: the
degree of determinateness of flight operations; structure and functionality level of the anthropomorphic robot;
the ability to navigate and movement in the internal volume of the space station and on its surface; technical
characteristics; evolving physical efforts, degrees of mobility; the availability of appropriate working tools and
opportunities for its use by an anthropomorphic robot.

Due to the continuous improvement of space robotics and limited opportunities of astronauts, it can be
said that already in the short term future space robots may become quite effective in the number of areas. It is
also necessary to take into account the following circumstances: space robots do not need clothes and hygiene,
variety of food, they are not affected by emotions, etc. However, the robots have their own drawbacks: they
can break, require maintenance and power supply, it is difficult and sometimes impossible to perform
intellectual and creative operations, as well as to work in poorly deterministic environment. Perhaps these
flaws will be corrected or minimized in the coming decades, but at this moment joint work of an astronaut and
a robot for space operations seems to be the most effective application of last ones.

ISS has already been visited by two models of humanoid robots for internal ship activities: Kirobo and
Robonaut2.

Robonaut 2, developed by GM by request of NASA, was the first anthropomorphic space robot. The
robot consists of a torso with head and hands, which has been fixed on the platform. The robot was delivered
on the ISS in March 2011. His appearance till this moment has been changed - it received adapted for
movement on the station feet.

Japanese anthropomorphic mini robot Kirobo was delivered to the ISS in August of 2013 and looks like a
child. It’s 34 cm height and its weight is 1 kg. Mini robot is equipped with a voice recognition system and
word processing unit, a speech synthesizer, a video camera for recording images, face recognition unit, and is
able to move and navigate in weightlessness onboard the ship. In addition to psychological support to the crew
robot also acted as a link (the communicator) between crew members, between the astronauts and the Mission
Control Center, between the astronauts and technical systems, between the astronauts and its double — mini
robot Mirata. On 11th February of 2015 Kirobo has been returned to the Earth, the mission considered as a
successful; mini robot twice entered the Guinness Book of Records.

Among the other most successful world developments stand out: Valkyrie (NASA), SAR 400 and 401
NGO "Androidnaya technica», Justin (German Space Agency DLR), and others. Generally, these robots have
a limited functionality and in general are served for mechanical work. In the second half of 2014 TSNIIMASH
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commissioned Neurobotics to develop a brand-new robot — Andronaut — which will work not only as a
assistant to the crew (both in standalone mode and “avatar” mode), but will also provide information and
psychological support for the crew members. Tasks related to the mechanical work on the Station remain
typical, but at the same time tasks related to the psychological and informational support of the crew becoming
more and more complex.

Thus, to provide assistance information for the crew robot will know the scheme of the space station,
location of all of the components of the control system, location of cargo, etc. and will be able to help
astronauts to find required objects. Andronaut will be provided with extensive database to provide crew
members with all necessary information and the ability to connect to the electronic resources; recognition of
images, including faces and emotions of people, as well as voice and speech, a wide range of entertainment
opportunities based on chat bot technology and augmented reality glasses.

Augmented reality glasses will allow transfer to the astronauts the next kinds of information:

— Status of the physical parameters of the organism under different loads (including training);

— The instructions for the repair and maintenance of complex parts;

— Encourage information (for example, within the psychological support);

— Data from the chat-bot at the time of communication;

— Confidential or personal information;

— Leisure-time information, such as: video (records of important events, family chronicles, movies),

games (partially or fully virtual), etc.

Andronaut will as well be able to produce general and personal training cyclogram for astronaut's
professional skills support and recovery in case of long-term space station stay. This can be implemented in
autonomous mode with intermediate testing of professional knowledge. In case when the test is passed with
low rating, Andronaut suggests a learning course for missing information recovery.

An important part of robot functional is the detection of deviations in austronauts' condition or mood
basing on their face analysis and estimation. To achieve this robot is supported with face identification
software (face expression, lip articulation, head pose). It is assumed that given the portraits of the crew
members a trained robot will not only recognize them but also detect the symptoms of tension, tireness or
irritation on their faces, make appropriate derivations and even initiate some appropriate forms of
conversation. Usually the psychological support is remote and brought to the astronauts through means of tele-
and radio communications, however, using a social robot for this purpose will give the crew members an
opportunity to choose any suitable time for conversation as well as its subject and duration. Robot can vary its
"temperament” and "mood" settings considering the particular recognized austronaut, his preferences and
current emotional state, it can communicate verbally and nonverbally. Moreover the psychologists will be able
to communicate with astronauts via robot in telepresence mode if necessary.

A social robot will be able to act as a psychologist, informer, personal coach, stuff (rubbish cleaner, food
cooker etc) or a companion for the routine work, and in case of emergency, the Andronaut body can be used
for execution of the operations which are dangerous for a human. All these require a robot to have an
anthropomorphous appearance as in some cases it will lead to more effective operation, among all, due to
nonverbal communication and trust. In other cases like manipulation via exoskeleton the anthropomorphous
feature is necessary. Therefore, the idea of a social anthropomorphous robot is a perspective formal
implementation of all state-of-art technologies supplying robot interaction with objects and its space
orientation, as well as more effective communication with crew members and reaching the required goals.

The permissible degree of anthropomorphism is often being debated in scientific and academic circles.
Opponents of the human-robot appearance refer to the effect of "Uncanny valley”. In the 1970s, Japanese
scientist Masahiro Mori published an article [1], where he offered a plot of the people's reactions to robots
according to their external similarity with the man and called it «Uncanny valley». The article does not say
anything about the studies which were carried out and how they were carried out; author relies mainly on his
perception of prostheses, industrial robots and humanoid toys, as well as to postulate that most things in human
life, including the attitude to something else, is possible to express as the function y = f (x).

According to Masahiro Mori, such effect arises from the fear of death: after certain degree of external
likeness the person begins to perceive the object as a living creature of its own kind with abnormalities and it
causes disgust and horror. As a result, Mori recommends to designers not to seek to clearly replicate human’s
appearance in robot’s exterior.

However, when we talk about anthropomorphic robots, there isn’t any clear border between “beautiful”
and “terrible”. So, employees of Neurobotics not once seen that the more beautiful and more human-like robot,
the greater interest it causes, especially between elderly people and kids — people starting to talk with him,
touch him and to make photos. It was also noted that even if the first reaction was negative, it was going to
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change after a short conversation with the robot. Moreover, if the person hold near the robot for more than 10
minutes, he was getting used to it and stopped to pay attention to the robot’s appearance.

In Andronaut case we have decided do not focus on very close anthropomorphic appearance as we did in
case of android robots with portrait look (like for Pushkin, Turing, Alice robots) but rather concentrate on
robots proportions similar to human ones, for example, eyes and hands and head location, size and proportions.
That requirement greatly restricts possible solutions from variety of all possibilities. Let us consider
restrictions applied to robot head, related to its vision and mimics. Firstly, distance between robots eyes with
built-in cameras should be appropriate for binocular display to human operator vision system. Secondly,
robot's face should be used for non-verbal communication with humans by displaying various emotions. But
eyes presence on robot upper face area doesn't allow us to incorporate LED display to show mimics. As a
result, the solution was chosen to add bright LEDs around eye to express emotions using various colors and
patterns.

Furthermore, modern doll robots for adults quite precisely replicate the appearance and actions of real
people, but at the same time, it’s visibly that they aren’t real. However, they aren’t subjects to the “Uncanny
valley” effect. In this way, we can assume that the perception of the anthropomorphic robot depends not only
on their appearance, situational context, people's interest in their work, but also on the personal characteristics
of each person and the degree of habituation. Research in this area also will be repeatedly carried out in future,
and its results will allow robotics and industrial designers of the future to decide whether it is necessary to
develop and produce anthropomorphic robots and for which purposes they will serve.
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B mocnegame 10-15 mer B Mupe HAMETHICS POCT HE TOJIHKO BOCHHOW, MEIUITMHCKOW, OBITOBON M
MIPOMBITIUICHHON POOOTOTEXHUKH, HO TAaK)Ke COITMAIBHOHN, pa3BiIeKaTeIbHOW W oOpazoBarenbHOW. PoOOTHI
OKPYXarOT COBPEMEHHOTO YeIOBEKa MOBCIOY: JIOMa, Ha padoTe, Ha YJWIle, B Mara3uHe U T.1. — CMapT(OHBI,
yMHass OBITOBas TEXHWKA, TIIBUIECOCHI, MAIIMHBI I YUCTKH OacceiiHa, pPOOOTHI-XUPYPTH, pPOOOTHI
TEJETIPUCYTCTBHS, TIPOMBIIIJICHHBIE MAaHHITYJIATOPH (COOMPAIONINE MAIIWHBL, COPTHPYIOMIHE OOBEKTHI,
YIIaKOBBIBAIOIIUE TOBApPHI),  00pa30BaTebHBIC pOOOTU3UPOBAHHEIE ~ KOHCTPYKTOPBI  JUIS  COOpPKH H
MPOrpaMMUPOBAHUS, POOOTHI TBOPEIKHE, POOOTU3UPOBAHHBIC aPT-00BEKTHI 1 AHUMATPOHUKH U T.J.

ComnmaneHbpie pOOOTHI HCMONB3YIOTCS ISl OOIIEHUS M TOMOIIM JIFOMSAM, HAXOIIIMIUMCA JOMa WIA B
MyOMYHBIX MECTaX, 3TO MOTYT OBITh: HSIHH, CHJCIKH, ICUXOJIOTH, JABOPCIKHE, CEKPETapH, PEIeTUTOPHI,
MIPOMOTEPHI, BEAYIIHNE, aHUMATOPBI, POOOTHI TEICTIPUCYTCTBUS ISl JIFOJICH C OTPAaHUYCHHBIMY CIIOCOOHOCTSIMU
u ap. [4]

Cpemun  Hamboyiee  SPKHUX  IPEACTAaBHUTENICH  COBPEMEHHBIX  CONHMAIBHBIX  POOOTOB  MOXKHO
BeiieuTh: Nao, Pepper u Romeo ¢panmysckoii  kommanuu Aldebaran Robotics, po6ot-6apmer ARMAR,
yOopmvk u momomHuK 1o pomy HSR, pobor-moxkapusiii Octavia, pobor Babyloid, umutupyrommuit
moBeZicHUEe peOEHKa, 32 KOTOPBIM HYXEH ITOCTOSHHBIH XOJ, poOOT-TIOJIeHh Paro, Hy)kmaromuics B Jlacke,
smoHCKast neBymnika-anapoun HRP-4C cHumaercs B KiMIIax W TOET, SMOHCKHEA pobOoT-aktep Wakamaru,
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aHrnuiickuii  pobot-aktep  TecnmaH, Ccpeau  POCCHICKHX  COIMANBHBIX  poOOTOB  Haumboiee
nonyssipusl: R.Bot, PromoBot, WeBot, Cubic, Konobok, anTponomopdHbsle poOOTHI € HOPTPETHBIM
cxomcrBoM kommanmm «Heiwpoboruke»: A.C. Ilymkun, Annca 3eneHorpamosa, Omer, A. TeopuHT U Jp.
MOTYyT paboTaTh, Kak B PEKUME KUBOHM ayJAHMOKHUTH, TaK U 4aT-00Ta, ¥ poOOTa TENETIPUCYTCTBHSL.

Bremrnuii Bua po6oTa 00YCIIOBJICH MpeXke BCero ero (hyHKIMOHAIOM, TaK, BOCHHBIE U MEIUITMHCKUEC
POOOTHI MOTYT BBITIAZIETh KaK YTOTHO, €CJIA 3TO HAET Ha MOJb3Y TOYHOCTH M CKOPOCTH MX PabOTHI, HAIIPUMED,
poboT-camep, paboTaromuii B YCIOBUSAX IIEPECEUCHHONM MECTHOCTH — OTO TOYHBIM MaHUIYJISATOD,
3aKPEIUICHHBI Ha TYCCHWYHOW IUIaTGOpMe; YCTPOWCTBA, AKTUBHO B3aUMOJICHCTBYIONIUE C YCIIOBEKOM,
JIOJIKHBI OBITH JI0 ONMPECIICHHON CTENCHH MOX0XUMHU Ha JIF0JIeH, 9TOOBI CXOIHBIM 00pa30M OpUEHTHUPOBATHCS
B MUpE U OBITh 0E30MTaCHBIMH, @ TAK)KE BHI3BIBATH JOBEPHE.

B mamm pmHM KocMUYecKWe POOOTBHI CO3MAIOTCS JUIS BHYTPUKOPAOETHHOW H BHEKOPAOEIHLHOM
JesTenbHOCTH. BHemHOCTs poO0Ta, 3aHMMAIOIMIErocsi BHEKOPAOEIbHON JEsTEeNbHOCTRIO, HE UMEET 0Co00ro
3HAYEHMs, €CIM OH MPAaKTHYECKH HE B3aUMOJEHCTBYeT WM Clab0 B3aMMOJEHCTBYeT C KOCMOHaBTaMu. B
MPOTUBHOM cIllyyae Jii COBMECTHOH paboTsl moTpedyeTcsi Oojee CIIOKHAs CIEIUaTbHAs IOATOTOBKA.
KocMoHaBT n0mkeH OBITh (YHKIIMOHANBHO M TICHMXOJOTHYECKA TOTOB K B3aUMOJCUCTBUIO C POOOTOM,
KOHCTPYKITUS KOTOPOTO OTJIMYaeTCs OT aHTporoMopgHoit. O0muK podoTa s BHYTPUKOPaOEIbHBIX JICHCTBUMH,
HaIlPOTHB, BaXXK€H, OH JIOJDKCH OBITh, IO BCEH BUAMMOCTH, aHTPOMOMOPGHBIM, TaK KaK TakoW poOoT OymeT
MOCTOSHHO HAXOJWTHCA B TIOJE 3PCHHS KOCMOHABTOB M €r0 JICWCTBUS JOJDKHBI OBITH TPEICKA3yeMbl U
MOHATHBI YWICHAM 3KUIaXKa, a TAKXKE OH JIOJKCH BBI3BIBATH JJOBEPHUE H KEIIAHUE MTOOOIIATHCS.

st Toro, 4T00bl aHTPOITOMOPGHBIH POOOT MOT MPUHOCUTH HAHOOJBINYIO MOJB3Y, OH JIOMKECH YMETh
paboTaTh B HECKONBKHX pEXHMax: B HHTEPAKTHBHOM (TIOJ YIIPABIEHHWEM OMNEPATOPOM IIPH ITOMOIIH
JOKOWCTHKA, AK30CKEJeTa W T.I.) U B aBTOHOMHOM (CYIIEPBH30pPHOM) IOJ KOHTpoJieM omeparopa lleHTpa
yIpaBJIeHHS MOIETOM I KOCMOHABTA.

B nensx moctpoenus 3pGeKTHBHOW KOMMYHUKAITUA MEXIY SKHUIMAKEM H aHTPOHOMOP(HEIM POOOTOM B
KOCMOCE HEOOXOIMMO MPOBECTHU MPEABAPUTEIEHYIO pa00Ty BO BpeMs IOJrOTOBKH KOCMOHABTOB K TOJETY [2]:

— 9KHITaX JOJHKCH OBITh MOATOTOBJICH K TAKOMY «OOIICHHIOY» (3HATh €r0 BO3MOKHOCTH M OTPAHUYCHHUS,
0COOCHHOCTH TOBEICHUS POo0OTa U Ip.);

— moApOOHO W3YYUTh WHIUBUAYAIEHBIE OCOOCHHOCTHM WICHOB SKHIIaXa (XapakTep, TEMIICPaMEHT,
MHTEPECHI, KPYT OOILEHHS, CEMBH Ip.);

— poOOT MHOMKEH «3HATh» WCXOIHBIC, XapaKTepHbIe, WHAWBHIyalbHBIE OCOOEHHOCTH ITOBEICHUS
(TIPUBBIYKH) KXKIOTO YICHA DKHITaKa M 00s3aTEIbHO YIUTHIBATH MX B MIPOIIECCE «OOIICHUS, OTICHKH
WX TEKYIIETO COCTOSIHHS U €T0 KOPPEKIIHU;

— COCTaBUTh W HCIIONB30BaTh WHAMBHUIYaJIbHBIE TPOTPaMMbl OOMIEHHS PoOOTa € KaXKIBIM HICHOM
IKHTIAXKA;

— WCIOJI30BaTh B KOMMYHHUKATUBHOM aKTe HA0Op pasmuvHbIX TeM ((QyHKIMOHAIbHAs MY3bIKa,
ayJIMONMChMa, IIBETOBHIC W BU3yallbHBIC CIOXKETHI, QoTorpadum, ToNOCa Jpy3ed U POJHBIX,
MICUXOPETYIUPYIOIINE YIIPaKHEHUS, IPHUATHBIE CIOPIIPU3HI, YTO-TO U3 YBIECYECHUH U Ip.).

Crnemmanucramu L{eHTpa mOATOTOBKM KOCMOHABTOB MM. FO.A. I'arapura ObutH pa3paboTaHBI KPUTEPHH

HEOOXOJUMOCTH W BO3MOXXHOCTH POOOTH3AI[MM TOJETHBIX OIEpaluid Ha MHIOTUPYEMBIX KOCMHUYECKHX
ammaparax IPUMEHHUTEIIBHO K aHTPOmoMOpdHBIM podoTaM [3]. AHTPOIOMOP(HOro podOoTa PEKOMEHIYETCS
MCTIOJIB30BaTh B HECKOJIBKUX CITyYasx: KOTJa BOSHUKAIOT dKCTpeMalIbHbIE (aBapUitHbIE) YCIOBHS, OTTACHBIC JJIS
JKU3HU W 3JI0POBbS KOCMOHABTOB; CYIIECTBYET YI'pO3a BBITIOJHEHHUIO MPOrpaMMbl II0JIETa; IOSBISICTCS
MOTPEOHOCTh BHIMOJIHUTL TPYAOEMKHE M MOHOTOHHBIC OIEpaldd, JTUOO Omeparuu, TPeOYIOUINX OOJBIION
(u3NYecKoil Harpy3KH, MPEBBINIAIONICH BO3MOXHOCTH KOCMOHABTOB, KOTJa JUIMTENLHOCTH Pa0OTHI B
OTKPBITOM KOCMOCE MPEBBIIIACT JOMyCTUMOE BpeMsl MPEObIBaHUSI KOCMOHABTOB B CKadaHapax.
IIpu 3TOM BO3MOXKHOCTH BBITIOJIHCHUS TOJETHBIX OINEpaluid aHTPOIMOMOP(HBIM POOOTOM KOCMHYECKOTO
Ha3HAYEHHS BO MHOTOM 3aBHCHT OT CIEQYIOIWX NPUYHMH: CTENEHH IeTEePMHUHHPOBAHHOCTH TOJETHBIX
oreparuii; KOHCTPYKIHUHA U YPOBHS (YHKIMOHAIBHOCTH aHTPOIIOMOP(HOro poboTa; ero CIoCOOHOCTH K
HABUTAIIMM W TICPEMEIICHUIO BO BHYTPEHHEM O0bEMe OpOUTANBHON CTaHIIMM W Ha €€ IOBEPXHOCTH;
TEXHUYECKUX XapPaKTEPUCTHK (HAmpuUMep, CKOPOCTH M TOYHOCTH BBITIOJHEHHS OIEpannid, Beca W rabapuToB
nepeMeniaeMoro 000pyI0BaHUA U p.); Pa3BUBAEMBIX (PM3NIECKHUX YCHIIHA, CTETIeHEH TIOBMKHOCTH;, HAJTHYIHUS
COOTBETCTBYIOIIIETO paboO4Yero WHCTPYMEHTA M BO3MOXKHOCTH I €r0 NPUMEHEHHUS aHTPOIOMOPGHBIM
poboTom.

3a CYeT TOCTOSHHOTO COBEPIICHCTBOBAHMS KOCMHYECKOM pPOOOTOTEXHWKM U TIpH HAJIWYHA
OTpaHHYCHHBIX BO3MOXKHOCTEH KOCMOHABTa, MOKHO TOBOPUTH O TOM, YTO B YXKe OJIMKAWIIECH MEpCIEKTUBE
KOCMHUYECKHE POOOTHI MOTYT OKa3aThCS B HEKOTOPBIX OOJIACTAX JEATEIHHOCTU JOCTATOYHO 3(()EKTUBHBIMH.
Heobxomumo Takke NMPUHUMATh BO BHHMAHHE CJENyIOIIHE OOCTOSTENHCTBA: KOCMHUYECKHM poOOTaM He
HY>KHBI BEIIIM U CPEJCTBA TUTHEHBI, pa3HOOOpa3HOe MUTaHUE, OHU HE TIOJABEPKEH BO3ACHCTBUIO SMOLIUH U T.1I.
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OpHako y poOOTOB €cTh CBOM HEIOCTATKU: OHH MOTYT CIOMAaThCS, TPEOYIOT 00CITyKUBaHNUS, JICKTPOIIUTAHHUE,
UM CJOXXHO, a MOpPOH M HEBO3MOYKHO BBITIOJHATH HMHTEIUICKTyaJbHbIE M TBOPYECKUE OIEpaluHu, a TaKKe
pabotaTh B ciab0 JETEpMUHUPOBAHHOW cpene. Bo3MmoxHO, 3T HemocTtaTku OynyT HCIIPaBIEHbl HIU
MHUHUMU3UPOBAHBI B OJIMDKANIINE IECSITUIETHS, OJIHAKO Ha JJAHHBIA MOMEHT HauboJsee 3 (PEeKTUBHBIM KaXKETCsI
COBMECTHBIH TPyl KOCMOHABTa U po0OTa KOCMHUYECKOT0 Ha3HavYeHUs [2].

MKC yxe moceTrio 2 MOJEIH YeIOBEKONON00HBIX BHYTPHKOpabenbHbIx poboTos: Kirobo u Robonaut2.

[lepBeIM aHTPOITOMOP(HBIM KOCMHUYECKHM POOOTOM CTaj aMepuKaHCKuii PoOOHaBT 2, pa3paOOTaHHBIH
General Motors o 3aka3zy NASA. PoOot cocTosin u3 Topca ¢ rojIoBOil U pyKaMu, KOTOPBIi OBl 3aKperuieH Ha
wiatpopme. Ha MexayHapoaHyr0 KOCMUYECKYIO CTaHIHIO poOoT Obl1 moctaBieH B mapte 2011 r., rae on
HaxomutTcs u ceidac [4]. Ero oOmmk B Hacrosmiee BpeMs M3MCHHIICS — y HETO TMOSBUINCH HOTH, OHU HE
NOJOOHBI YEJIOBEUYECKUM, a MPHCIOCOONEHB ISl MEePEMEIICHUIO TI0 CTaHLIWHU. ACTPOHABTBHI MPOBOIST €ro
UCTIBITAHUS B HEBECOMOCTH.

Snonckuii rymMmaHouaHbIH MuHUPOOOT Kirobo 6wi1 nocraien na MKC B aBrycte 2013 1., OH chenan
TakuM 00pa3oM, 94TOOBI pazMepaMy W BHEITHUM BHIOM HaroMuHATh pedenka. Ero poct coctamuser 34 cwm,
mupuHa 1mied - 18 cM, TommumHa - 15 cm, Bec uyTrh Oosbmie 1 kr. MuHHpOOOT cHaOXEH CHCTEMOM
pacmo3HaBaHUsl TOJOCa M CJIOB, OJIOKOM 00paOOTKH BOMpPOCOB M (OPMHUPOBAHUS OTBETOB Ha HHUX,
CHUHTE3aTOPOM PEUH, BHICOKAMEPOU IS 3aICH U300paKeHUH, OJI0KOM pacrio3HaBaHUs JIHII, BO3MOKHOCTBIO
nepeMenaTbcsi B HeBECOMOCTH M OPUEHTHPOBAThCs Ha Oopry Kopabms. Ilpm BeiOOpe BHEHmIHOCTH poOOTa
yUEHbIE CTPEMHJIMCh MOMHMO BOIUIOILEHHS B OOJHKE «IETCKOCTH», CrIa)KUBAIOIIEil OrpaHUYeHHbIH
WHTEJJICKT, HAUBHOCTH U MPOCTOTY PEeYH M MOBEJACHHUSI, TOCTYITHOCTh U JJOBEPUHUBOCTb, CIIENATh €r0 MOXO0KUM
Ha kocMoHaBTa Konun Bakara, ¢ KOTOpBIM eMy MpencTosano ObITh BMecTe Ha MeXIyHapoaHONH KOCMUYECKOMH
cranuuu. [loMHMO OKa3aHHs MCHUXOJIOTMYECKOW MONACPKKH POOOT TAaKKE BBICTYNAI B POJH CBS3YIOLIETO
3BeHa (KOMMYHHKATOpa) MKy YJeHaMU 3KHUIaXKa, MEXIy acTpOHaBTaMU U LIeHTpoM yIipaBiieHUS ONETOM,
MEX/y aCTPOHABTAMHU U TEXHHUYECKHUMHU CUCTEMaMH, MKy ACTPOHABTAMU U CBOUM MHHHPOOOTOM-AYyOJIepoM
Mirata. 11 depans 2015 r. Kirobo BepHyncs Ha 3eMiT0, MUCCHIO TIOCYUTAIN YCIEIIHOW, MUHUPOOOT ABaK/bI
BOILIEJI B KHUT'Y peKopAoB [ 'MHHecca: Kak nepBblid poOOT-HAaNapHUK (KOMIIAHBOH) YeJIOBEKa B KOCMOCE M KaK
po0OT, OOIIABINKICS C YSIIOBEKOM Ha caMoi 0oubiiol BeicoTe — 414,2 kM. KOHKpETHBIC UTOTH 3KCIICIUIIUH
[I0Ka He pasrjamaiTcsa. B nHTepHeTe B OCHOBHOM TOBOPHTCS, YTO poOOT GoTorpadupoBai U CHUMAI BUAEO, a
TaKXXe pa3roBapHBajl C aCTPOHABTOM Ha SIMOHCKOM s3bike. B manpheiimem Kirobo OynyT coBepliieHCTBOBATH
KaK B MEXaHHMKO-3JIEKTPOHHOM HaMpaBiIeHUH, TaK U B CTOPOHY YCHJIEHUS €r0 HHTEJJIEKTa.

Cpenu apyrux HanOoJjee YCIENIHBIX MUPOBBIX pa3paboTok Beiaenstorces: Banpkupus (NASA), SAR 400
u 401 HIIO «AnapoumHas TexHukay, Justin (Hemenkoe kocmmaeckoe areHTcTBo DLR) u np. Kak mpasmio,
9TH POoOOTH 00JaNat0T OrpaHUYEHHBIM (DYHKIIMOHAIOM U CIyXaT B OOJNbIIEl CTemeHu Uil MeXaHH4YEeCKO
pabotel. Bo Bropoit monosune 2014 r. [THWMmamm coBmecTHO ¢ KoMmnanued «HelpoOOTHKC» MPUCTYIIIN K
pa3pabotke poboTa AHAPOHABTA, aHTpOTIOMOpGhHOM podoToTexHUIeckoit cructeMbl (APTC), KoTOpsIii JOMKEeH
Oyzner pa®oTaTh HE TOJBKO B KadeCTBE MEXAaHHMUYECKOI'O IOMOIIHHUKA (KaK B aBTOHOMHOM PEXHME, TaK U B
pexuMe aBaTapa), HO Takke oOecrneynBaTh MHPOPMALMOHHYIO M ICHUXOJOTHYECKYIO MOAJICPKKY UICHAM
JKMTaXKa. 3a/1auu, CBI3aHHBIE C MEXaHUYECKOW PabOTON OCTAaIOTCSl CTaHAAPTHBIMH, HO Bee OoJiee CI0KHBIMU U
HHTEPECHBIMU CTAHOBSITCA 3aJadyd B paMKaxX IICHUXOJOIMYECKOH W WH(QOPMALMOHHON NOANEPKKH, I
BBITIOJTHEHHUSI KOTOPBIX HEOOXOIUM aHTPOIIOMOP(HBIN COIMANTBHBINH POOOT.

Tak, 11 BO3MOXXHOCTH OKa3aHHs WHPOPMALUOHHON MOMOIIM PoOOT OyaeT 3HaTh CXeMy KOCMUYECKOH
CTaHLUM, PAacIlOJIOKEHUE BCEX KOMIIOHEHTOB CHUCTEMbl YIPABJICHUS, MECTOHAaXOXKICHUE IPY30B,
JOCTaBIISIEMbIX HA CTAHLUIO U T.J. U CMOXET IIOMOTaTh KOCMOHABTaM HAaXOAWTh HEOOXOAUMBIE UM IPEAMETHI.
AnzapoHaBT Oyner cHaOxen oOmmpHbiMH BJ] ans oOecriedeHHst 4iI€HOB SKUMaka BCe HEOOXOIUMOI
nHbOpMaLMe W BO3MOKHOCTBIO IOJKJIIOYAThCS K JJIEKTPOHHBIM pecypcaM B cCilydae HEOOXOIMMOCTH,
pacriosHaBaHuEeM 00pa30B, B TOM YKCIIE JIMI] U SMOLMI JIOZEH, a TakKe T0JI0ca U PeUH, IHUPOKUM CIIEKTPOM
pa3BiIeKaTeIbHBIX BO3MOXXHOCTEH 32 CYET TEXHOJIOTUH 4aT-00Ta M OUYKOB JIOTIOJTHEHHOW PeatbHOCTH.

OukH JONOJIHEHHON peabHOCTH TO3BOJIAT MEepeJaBaTh KOCMOHABTAM CIIEAYIOIIYIO HH(POPMALIUIO:

— cocTosiHME (U3MUECKUX IIapaMeTpoB OpraHu3Ma IpH pas3jIMdHbIX Harpy3kax (B TOM YHCIE,

TPEHUPOBKaX);

— HMHCTPYKLHH IPU PEMOHTE U 00CTYKMBaHUH CIOKHBIX y3JIOB;

— CTUMYJHPYIONTYI0 HHPOPMAIHIO (HAPUMED, B paMKaxX MCHXOJIOTHICCKOMN MOIICPKKH);

— JaHHBIE OT 4aT-00Ta B MOMEHT OOIIECHMS;

— KOH(MACHIUATBHYIO WU JHYHYIO HH)OPMALIHIO;

— JIocyroByto HH(QOpMaIHMio, HampuMmep: BHIEO (3aMUCH BaXKHBIX COOBITHH, CeMEHHbIe XPOHUKH,

(nIBMBI), UTPHI (YACTUYHO WITH TTOJTHOCTHIO BUPTYAIbHBIE) U T.1.

AHIPOHABT TaKKE€ MOXET OCYWIECTBIATH OOIIYyI0 M JHMYHYI LUKIOIpaMMy TPEHHPOBKH IS

MOJAEPKAaHUST M BOCCTaHOBJICHHS] NPO(ECCHOHAILHOTO HABBIKA KOCMOHABTa B YCIOBHAX JIUTEIHHOTO
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npeObIBaHUA Ha KOCMHUYECKOW cTaHIMH. OCYIIECTBISTHCS ATO ACHCTBHE MOXKET B aBTOHOMHOM PEXHME C
NPOMEXYTOYHON OLEHKOH MpoQecCHOHANBHBIX 3HaHWK. B ciydae eciu TecTUpOBaHME MPOLUIO C HHU3KOU
OIICHKOHM, AHIPOHABT MpeyTaracT MPONUTH KypC IT0 BOCCTAHOBJICHUIO YTPAUYCHHBIX 3HAHU.

BaxupiM snemenToM (yHKIIMOHANIA poOOTa CTaHET BBISBICHHE OTKIOHEHWH COCTOSIHHMS W HACTPOCHHS
YJIEHOB JKMNaXka, Oaszupyrolleecs Ha aHaIM3€ M OLECHKE HM300paKeHWH WL acTpoHaBTOB. st sToW menu
po0OT oOcHamaercsi NPOrpaMMOl JMIEBOM (MUMHKA JIHIA, ApTHKYJSALIUS Ty0, TIOJIOKEHHE TOJIOBBI)
unentudukanuu. [Ipenamonaraercs, 4To UCMONB3yss CHUMKH JIUII YWICHOB dKUMaxa, 00y4eHHBIH poOoT OyneT
HE TOJIBKO Pacro3HaBaTh UX, HO MPU 3TOM OH OyIeT B COCTOSIHUU OINPENENIUTh CUMIITOMBI HAIlPSHKEHHOCTH,
YCTaNOCTH, Pa3IpakeHus], 1eaTh HaJUleXallie BBIBOJBI U JaKe BCTYNATh B aJeKBaTHbIC (OPMBI OOILICHUS.
OOBIYHO TICHXOJIOTHYECKAas TOJJICPKKA OKA3bIBACTCS WICHAM JKHIIaXKa AMCTAHIIMOHHO MPU TIOMOIIH Teie- H
paAnoCBA3H, MCIOJB30BAaHUE AJIS STHX LENEH COUMANbHOro po0OoTa MO3BOJMT 4WICHAM JKMIaxka BbIOpaTh
moboe ymoOHOe Bpemsi AJsl OOIIEHHS, TeMbl M AJHUTEIBHOCTH Pa3rOBOPOB, pPOOOT MOMKET MEHSTH CBOH
HACTPOUKH «TEMIIEpaMEHTa» M «HACTPOCHUS» C YUYETOM pa3roBOpa C KOHKPETHBIM pACIO3HAHHBIM WM
KOCMOHABTOM, YUYHTBIBAsI €T0 MPEANOYTEHHUS] U CHIOMUHYTHOE SMOLMOHAIBHOE COCTOSHUE, MOXET 00IIAThCs
Kak BepOaJibHO, TaKk U HeBepOanbHO. KpoMme Toro, B ciydae HEOOXOOMMOCTH MCHUXOJIOTH CMOTYT OOLIaThCs ©
KOCMOHABTaMU U Yepe3 po00Ta B PEKUME TEIIEIIPUCYTCTBUS.

ConanbeHelid po0OT OyJeT BBICTYIATh B POJIK: IICHXO0JIOra, MH(OpPMATopa, MEPCOHAIBHOIO TpPEHEPA,
npucayru (yoopmiuka Mycopa, i TOJOrpeBa IMHINM W T.J.), MMOMOIIHHWKA MPHU BHIMOJIHEHUH PYTHHHON
paboTHl, a B CiTy4ae SKCTpEeMaIbHBIX YCIOBHUH, TENO AHIPOHABTA MOXKET OBITh MCITOIE30BAHO TSI BEITIOJTHEHHUS
OIIaCHBIX JUISl YEJIOBEKA OIIEPALMIA.

Ocoboe BHMMaHHE YJEIIEHO BHEIIHOCTH PO0OTa — OH JOJDKEH OBITh aHTPOMOMOP(HBIM, TaK Kak
YIOpaBIseTcsT OT HK30CKeTeTa C KOIMMPOBAaHWEM KHHEMAaTHKH YelIOBeKa, a KPOMe TOr0, 3TO HEeoOXOAUMOoe
yCIIOBUE JJIsl TIOMTHOLCHHOM KOMMYHHKAIUKM AHJPOHaBTa C YEJIOBEKOM, B TOM 4YHCIIE U Ha HeBepOaIbHOM
YpOBHE (IBM)KEHHUS TJ1a3 U MUMUYECKUX MBIIII).

[lo moBoxy OOMyCTUMOM CTEIIEHH aHTPONOMOP(HOCTH YacTO BEAYTCS AMCKYCCUH B HAYYHBIX U OKOJIO
HAaYYHBIX Kpyrax. [[poTUBHHKH 4e0BEKOMOA0OHOW BHEIIHOCTH POOOTOB cChlIaroTcs Ha 3QQeKT «3moBemeit
nmomuHE. B 1970-x Togax simoHCKWi y4ueHblid Macaxupo Mopu omyOMKoBaNI CTaThio [1], THe MmpemIosKut
rpauK 3aBHCUMOCTH PEaKLUUH JIOeH Ha pOOOTOB B COOTBETCTBUH C UX BHEIIHHM OZOOHMEM C YEJIOBEKOM U
Ha3Bai ero «Uncanny valley» (Hanboinee 4acTOTHBIN epeBo «3II0BEIIas 0JIMHA»). B cTaTbe HEe TOBOPUTCS O
TOM Kakve OBLIN MPOBEIEHBI HCCIIEIOBAHMS M KaK; aBTOP ONMMUPAETCS MPEHMYIIECTBEHHO Ha CBOE BOCIIPHSTHE:
MIPOTE30B, MPOMBINUICHHBIX POOOTOB W HYEIOBEKOMOJOOHBIX HWTPYIIEK, a TaKkKe Ha IOCTyJaT O TOM, YTO
OOJNBLIIMHCTBO BEILICH B JKU3HU YEJIOBEUECTBA, B TOM YHCJIE M OTHOLICHHE K YEMY-THOO, MOXKHO BHIPa3UThb
¢dyuknueit y = f(X).

Macaxupo Mopu TOBOPUT O TOM, YTO ONMUCAHHBIA MM 3P GEKT BO3HUKACT U3 CTpaxa CMEPTH, YTO IOCHE
OTIPEJICIEHHON CTENeHNn OJM30CTH BHEIIHEro OO0JIMKa, YeNOBEK HAUMHAET BOCIPHUHUMATh OOBEKT Kak cebe
noJ00HOE KUBOE CYIIECTBO C OTKJIOHEHHSMH, YTO BHI3BIBACT: OTBpAILEHHE U yXac (MepTBel, 30MOU U T.11.), U
pPEKOMEHIyeT Au3aifHepaM He CTPEMHUTHCS K SIPKO BBIPAKEHHOMY YEJIOBEKOTIOJOOUIO TIPH CO3IaHUH POOOTOB.

OnHAKO HET YETKOH TPaHHMIIbl «IIPEKPACHOTO» M «YKACHOTO» B OTHOIICHUH aHTPOTIOMOP(HBEIX POOOTOB.
Tak cotpynnukamu komnanuu «HelpoOoTukc» He pa3 3aMedanoch Ha BBICTaBKaX, 4TO, YeM KpacuBee H
YEJIOBEKONOA00Hee poOOT, TeM OOJBIIMKA HWHTEPEC OH BBI3BIBACT, K HEMY MOAXOMAAT, (oTorpadupyroTcs,
pasroBapMBarOT, TPOTAIOT, B OCOOEHHOCTH 3TO TPOSBIISETCS y ACTed W JIOAeH MOXKUIOTO Bo3pacTa. beuio
OTMEYEHO TaKXKe, YTO JakKe MPH HEraTHMBHOW MEPBOHAYANBHON pEakiyH, MOcje IUaiora ¢ poOOTOM U B XOJe
OOIIEHUS] C YeJIOBEKOM, OOBITPHIBAIOLIMM CHUTYAIMIO Yepe3 IOMOpP MM OOBACHSIOIIEr0 MOJE3HOCTh TaKUX
po0OTOB B OyayIieM, OTHOIIIEHHE MEHSETCS B MIO3UTHUBHYIO CTOPOHY, a €CIIH YeJIOBEK MPOBEIET Bo3iie podoTa
6onee 10 MUHYT, TO IPUBBIKAET U YK€ He oOpalaeT BHUMAHKS Ha €0 BHELTHOCTb.

Kpome toro, coBpeMeHHBIE KYKIBI-POOOTHI AJISl B3POCIBIX JOCTATOYHO TOYHO MOBTOPSIOT BHEIIHOCTH H
JNEHCTBUS peanbHBIX JIOAEH, W MPH 3TOM 3aMETHO, YTO OHM HE HACTOAIIME, OJHAKO OHH HE MOJMaJaioT
non 3bdextT «3yoBeme  JIONMHBDY, TaKUM 00pa3oM, MOXKHO TPEANONOXKHUTh, YTO BOCIPHUSATHE
aHTPONOMOPGHBIX pOOOTOB 3aBHUCHT HE TOJBKO OT UWX BHEHIHOCTH, CHTYaTMBHOTO KOHTEKCTa,
3aMHTEPECOBAHHOCTH JoJAelli B WX paboTe, HO W OT JHUYHOCTHBIX OCOOEHHOCTEH  KaXKIO0Tro
B3aMMO/ICHCTBYIONIETO CyOBeKTa 1 MPUBBIKaHM. VcciienoBanrs B JaHHOH 00JIacTH e1lle HeOJHOKPATHO OyAayT
NPOBOAMUTHCS, M HMX PE3YIbTaThl MO3BOJISAT POOOTOTEXHHMKAM M MPOMBIIUICHHBIM JAW3aiiHepaMm OyIyliero
pelaTh CTOUT JIM pa3padaThiBaTh U MPOU3BOAUTH AHTPONOMOPGHBIX POOOTOB U I KAaKuX IieJied OHU OyayT
CITY)KHTb.

B cnyyae AnaponaBTa ObIIO penIeHo He (POKYCHpOBAThCS Ha SPKO BHIPAKEHHOM UYEJIOBEKONOJO0HH, KaK
9T0 OBUIO caenaHo komnanuen «HeiipoOoTuke) B aHAPOUIHBIX PoOOTax ¢ mopTpeTHBIM cxoacTBoM (IlymikuH,
TrropuHT, Anrica U 1p.), HO HEOOXOMUMO OBIIO COOIIOCTH HAIMYKE 0A30BBIX YacTel Tejla B MX COOTHOIICHUH
C YeIIOBeUeCKUMH (HaIpuMep, paciioio’KeHue U pa3Mep Tiia3, pykK, TOJIOBH U T.1.). Takas 3agada morpeboBana
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B Ka)XJIOM CJIy4Yae U3 MHOXXECTBA BO3MOXHBIX BapHAHTOB KOMOWHAIWN BBHIOMpPATh MMEHHO TOT, KOTOPBIH
COOTBETCTBOBaJ OBl €€ 3apaHee OINpENeICHHOMY pelleHuto. Hampumep, npu BEIOOpE pacloNoXKeHHUS TEXHO-
rJ1a3 ¢ BO3MOXKHOCTBIO o0OecrieueHus] OMHOKYJISIPHOTO 3pEHUST M HEOOXOMUMBIX UIS UCTIOIB30BaHMS B paMKax
HeBepOaIbHOTO OOIIEHHSI B XOJAE WCCIIENOBAHWN MPUIUIOCH OTBEPTHYTH BApPHAHTHI C IWCILICSMHU, KOTOPBIC
MoOrM OBl pacmojiaraThCs TOJBKO BBINIE WIM HUXKE Kamep, W CAeNaTh Tja3a-KaMephl CO CBETOIUOTHON
MOJICBETKOM, TTO3BOJISIONIECH [IBETOM U MOACBETKON HY>KHOW 30HBI BHIPAXKATh SMOIIMH.

Takum oOpa3oMm, coluadbHBIE AHTPOTIOMOP(HBIE POOOTEI — OTO IMEPCHEKTHBHOE (HopMallbHOE
BOIUIOIIEHUE BCEX COBPEMEHHBIX TEXHOJOTHH, MO3BOJSIFOIIUX POOOTY B3aUMOJICHCTBOBATH C MPEAMETaMU U
OpUEHTHPOBAThCS B MPOCTPAHCTBE IIOJOOHO 4YEIIOBEKY, a Takke Oonee J(PQGEeKTUBHO BCTyNaTh B
KOMMYHHUKAIIMIO C YWICHAMH YKUTIaKa U IOCTUTaTh ITOCTABJICHHBIX IEJIEH.
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MIREA, Moscow, Russia
cpd@mirea.ru

The entire history of artificial intelligence is mainly connected with attempts to develop the most
advanced technigues and management tools in the face of uncertainty. At the same time, while controlling
autonomous robots or other types of complex dynamic objects [1], it is necessary to overcome the effect of
uncertainty on various levels of the hierarchy of management: planning levels of behavior and appropriate
action, the level of performance of these activities, information and measurement level. In other words, we
have to solve the problems of adaptation in general, at all levels of the management hierarchy; at the same time
as the foundation of these solutions is promising to consider the intelligent technologies.
Over the past two decades, the concept of building management systems (MIS) are mainly formed and
justified in detail, particularly in [2-4]. It is obvious that the current intelligent technology has become a
natural basis, not only to improve the quality of ACS, but also to enhance their adaptive capacities (Fig. 1).
The key provision of the concept is:
the principle of situational management, according to which each class of situations, the occurrence of
which are considered acceptable in the operation of the system is associated with a management
solution;

the principle of hierarchical structure, involving, in general, the presence of a control system of the
executive, tactical, strategic and information-measuring levels;

the use of information Intelligent technologies (expert systems, neural network structures, fuzzy logic,
associative memory), and combinations thereof for the implementation of subsystems of different
levels of management hierarchy based on modern methods of knowledge processing;

the introduction of intelligent feedback loop that ensures the formation of new or update existing
knowledge in the process of self-study based on the generalization of accumulated experience.
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Fig. 1. Development of principles of construction of automatic control systems

The first three principles that underlie the concept of building management systems, until recently quite
satisfied most developers of extreme robotics tools. However, as the complexity of created samples and tasks
assigned to them the issues of improving the properties of adaptive autonomous robots on the basis of self-
study begin to take on a special urgency.

Therefore, it is proposed the fourth additional basic position, suggesting self-organization and
characterizes the degree of intelligence of the system (that is, its theoretical properties) adequately reflecting
its adaptation properties (as the material possibility of struggling with factors of uncertainty).

The main architectural feature that distinguishes the intelligent automatic control system (IACS) (Fig. 2)
from built one on the "traditional” pattern is associated with connection mechanisms of storage and processing
of knowledge to perform the required functions specified in incomplete (or uncertain) conditions at the random
nature of the external and internal disturbances. In due to perturbations of this kind they may include
unforeseen changes in purpose or program management, system performance, and facility management,
environmental parameters, etc.

The introduction into the structure of the ACS the units of Knowledge Base (KB) and the inference
engine (MLV) and the organization of the corresponding channel tuning control device (RU) (i.e. the the
creation of the intellectual loop adaptation) should provide a parry of some uncertainties.

In [4] for the organization of control actions, appropriate to different levels of uncertainty, it was
proposed to introduce (by analogy with the gradations of stability in the theory of automatic control) the
concepts of a degree of intelligence of small and a large ones, in general. In developing these concepts as
applied to problems of adaptive management, it is offered in the block diagram in Fig. 2.to provide the
additional intellectual circuit blocks (except for BR and MLV) capable of maintaining a high degree of
intelligence and consequently to ensure (if necessary) the high level of adaptation, including the formation the
output about program change or management purposes. Similar blocks are "self-learning” and "Forecast™ ones.

Using this structure, we can give the following interpretation of the various degrees of intelligence and
levels of adaptation:

IACS with a degree of intelligence ‘in a small’ has a layer of the work with the knowledge base and the
formation of solutions (the latter is completed by mechanism of logical input - MLI), provides parry of
uncertainty and adaptation by changing parameters of RC (Fig. 2) and has the I-th level of adaptation;

IACS with a degree of intelligence “in a large’ has the additional self-learning level and can perform not
only the update of algorithm, but the program of the system, i.e. work in a wider range of uncertainties and has
the 11-nd level of adaptation.

IACS with a degree of intelligence generally has, in addition to the two previous ones a layer of
prediction of events and carries out not only the setting and modification of the software algorithms (i.e., the
adaptation-level I1), and if necessary the adjustment control target. Such a system can provide full functionality
throughout the range of possible uncertainties and has a Level I1l-adaptation.
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Fig. 2. IACS block diagram

As it can be seen, in addition to the above-noted four basic principles that form the basis IACS we can
formulate the fifth one: the higher the level of uncertainty, in which the system works, the higher the degree of
intelligence, which determines the required level of adaptation it needs; and the level of adaptation is
determined by ACS to operate with the knowledge base, the presence of self-blocks and prediction and
appropriate channels of influence on the parameters of the controller, action program or the management
objective.

It is obvious enough that knowledge system I1I-m adaptation level should be higher than the degree of
intellectual IACS with ‘a small’ (i.e., I-st level of adaptation).

Naturally, the fifth basic principle (equally as the first four ones) will be developed and improved to the
extent that will accrue scientific and practical results in the field of adaptive and intelligent control.

In particular, the accumulation of experience in the organization of self-study and forecasting probably
will be able to more clearly priorities, affecting the change management objectives and the corresponding
Action Programme.

It is crucial that the proposed approach allows enough at this stage to put specific design problem IACS
with different levels of adaptation.

The main purpose of self-organization processes of management systems of autonomous robots is to
increase their adaptability to the operating environment uncertain terms.

For example, it is obvious that the intelligent system of an autonomous mobile robot, in general, the
gasket must provide optimum route in some sense it purposeful movements. At the same time (depending on
the formulation of the problem being solved) map of the area in which the robot operates can be considered
known, or be forming directly in the course of its movement to a depth determined by a range of on-board
complex data-measuring means. In any of these options, actual permeability of various terrain, depending not
only on the nature of the underlying surface and the type of soil, but also from the effects of weather and
climate, as well as daily and seasonal factors should be considered as an a priori undetermined parameters
significantly influencing the choice of route and formed his marketability.

It should be noted that the performance of evaluation patency of robot on different types of soil can be
calculated on the basis of indirect data gathered directly in the course of its movement and connected, for
example, with the difference between set and actual speed of the platform.

Simultaneous fixing of visually observed parameters of the environment creates preconditions for
attempts to establish regularities between the color characteristics of the underlying surface and estimates the
corresponding cross section of the route.

The formation of such knowledge in the process of self-autonomous mobile robot on the basis of an
analysis of accumulated data enables operational forecasting and accounting the estimates of some cross areas
in the path planning.
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A promising approach to self-autonomous robots processes associates with the development of
mechanisms for generalization of the acquired experience, which accumulates in the form of implicit in
indications of onboard information and measuring tools. Analysis and interpretation are accumulated in the
memory array of sensory data could provide the identification of significant patterns of both the effectiveness
of the actions of the robot, and the nature of his work environment.

In this context, methods of data mining (Data Mining) [5, 6], using inductive learning paradigm and being
of wide application in such application areas as pattern recognition, medical diagnostics, economic forecasting,
etc., are extremely in use for solving the problems of formation new knowledge as part of management
systems of autonomous robots.
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Fig. 3. Experimental evaluation of the effectiveness of tools for self-adaptation of autonomous mobile robot to
a priori uncertain terrain characteristics of the operational environment

As shown by the study authors [7], an effective tool for the withdrawal of new knowledge in the
processing of large volumes of disparate data is a method for constructing classification trees (decision trees),
based on a plurality of sequential separation of existing examples on the basis of information gain.

The conducted simulation experiments fully confirmed the possibility and expediency of the mechanisms
of intellectual self-loop feedback control system of an autonomous mobile robot. As can be seen from Fig. 3,
performance efficiency of the autonomous mobile robot motion to the target point (such as time and speed,
length of passed route considering obstacle avoidance, etc.) by improving adaptation based on self-managed
was significantly improved.

The particular relevance of the questions of self-study is becoming in due to self-autonomous robots that
operating in conditions of uncertainty in the composition of multi-agent groups. In this case, autonomous
agents that ensure the implementation of a common application tasks could implement a mutual exchange of
knowledge generated independently of each other.

The practical implementation of the proposed approach to the creation of intelligent control systems of
autonomous mobile robots with self-learning based on the formation of classification trees suggests the need
for fundamental research on a range of critical issues, foremost among which are:

— rational organization of databases for storing sensory information accumulated as a part of intelligent

self-learning management systems;

— mechanisms for constructing associative memory to form generalized images build mechanisms of
associative memory to form generalized images of the observed objects, situations and phenomena in
an integrated application of technology of neural structures;

— appropriateness of the criteria for generalized operation of intelligent systems.

However, the tasks are undoubted relevance and interest from the standpoint of the principles of building
intelligent self-learning systems for information processing and management of autonomous robots and other
types of automated devices with enhanced abilities to adapt to a variety of uncertainties of the external
environment on the basis of different methods and approaches to the development of knowledge.
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IMOBBIIIEHUE AJAIITUBHBIX CBOUCTB ABTOHOMHBIX POBOTOB
HA BA3E UHTEJUJIEKTYAJIBHBIX TEXHOJIOTUHN

MUPDA, Mockea
cpd@mirea.ru

Best uctopust pa3BUTHS MCKYCCTBEHHOTO WHTEIUICKTAa CBS3aHA B OCHOBHOM C IOMBITKAMH Pa3paOOTKH
HauOoJIee COBEPIICHHBIX METOJOB M CPEJACTB YIIPABICHUS B YCIOBUSAX HeompeaeneHHOCTH. [Ipu sTom,
yIpaBiisisi aBTOHOMHBIMH pOOOTaMH WM JPYTMMH TUIIAMH CIIOXKHBIX JIWHAMHUYECKHX O00BeKkToB [1],
JIPUXOJAUTCS TIPEOAOJIEeBATh BIWSHUE (AKTOPOB HEONPENETICHHOCTH Ha Pa3IMYHBIX YPOBHIX HEpapXuH
VIpaBICHHS: YPOBHSX IUIAHUPOBAHUS TMOBEICHUS U IEJIecO00pa3HbIX JEHCTBUIA, YPOBHE HCIOIHEHHS STUX
JNEHCTBUM, WHGOPMAIIMOHHO-U3MEPHUTEIBHOM YypoBHE. MHBIMH ClIOBaMH, MPUXOAUTCS peIlaTh 3aJadu
aJanTauy B 00mIeM CiTydae Ha BCEX YPOBHSX HEPapXHWH YIPABICHUS, MPH dTOM B Ka4eCTBE OCHOBBI ITHX
pelIeHnii IEPCIIEKTUBHO PACCMOTPEHUE UHTEIICKTYaIbHBIX TEXHOIOTHH.

3a mocneaHue 1Ba JECATHICTHS KOHIEHIUS ITOCTPOSHUS UHTEILIEKTYanbHbIX cucTeM yrpasienus (MUCY)
B OCHOBHOM C(OPMHpPOBAaCh M JOCTATOYHO TMOAPOOHO 0OOCHOBaHA, B YAaCTHOCTH, B padbortax [2-4].
O4eBHIHO, YTO B HACTOAIIEE BPEMs UHTEILICKTYaIbHbIE TEXHOIOTUHU CTAIIN €CTECTBEHHOW OCHOBOU HE TOIIEKO
JUTst ToBBIIEeHMsI KadecTBa CAY, HO U IS pacIIUpeHns WX aJanTallMOHHBIX Bo3MoxkHocTel (Puc. 1).

KitroueBbIM 10JI0KEHHUEM KOHIICTIIIMU SABJISCTCS

— NPUHYUN CUMYAYUOHHO2O YNPAGIeHUs, B COOTBETCTBUH C KOTOPBIM KaXKIOMY KJIacCy CHUTYaIlui,
BO3HUKHOBEHHE KOTOPBIX CYHUTAIOTCA JIOMYCTHMBIM B TIpolecce (yHKIIMOHUPOBAHUS CHCTEMEI,
CTaBUTCS B COOTBETCTBHE HEKOTOPOE PEIICHHE TI0 YIIPABICHUIO;

— NPUHYUN UepapxuiecKo2o NoCmpoeHus, TPEIIoNaralonii B o0ieM cilydyae Haludhe B CUCTEME
yYOpaBIeHHs]  HCIOIHUTENFHOTO,  TaKTUYEeCKOrO,  CTPaTeTH4eckoro W HH(OPMAaIMOHHO-
M3MEPHUTEIFHOTO YPOBHEHH;

— HCIOJb30BaHME UWHPOPMAIMOHHBIX  WHTE/UICKTYAJIbHBIX  TEXHOJOIMH  (KCIEPTHBIX  CHCTEM,
HEHUPOCETEBBIX CTPYKTYp, HEUETKOH JIOTMKH, ACCOLMATHUBHOM NaMSITH) W WX KOMOWHAIMH Jyis
peanm3anuy TOJCUCTEM pAa3MYHBIX YPOBHEW HEpapXWy YIIPABICHHS Ha OCHOBE COBPEMEHHBIX
METOJIOB 00paOOTKY 3HAHUIA,

— BBEJICHHE KOHTYpa MHTEIUIEKTYyallbHOH 0OpaTHOW CBs3H, oOecreuuBaromero (hopMHUpOBaHUE HOBBIX
WIH YTOYHEHHE WMEIONMXCS 3HAaHWKH B IIpollecce camMooOydeHHs Ha OCHOBE OOOOIIHUS
HAKaIJTMBAEMOTO OITBITA.
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sMHTeNNekTyankbHble oGpaTHbIe CBA3U
eMopenb mupa 1 pa6oden o6¢cTaHOBKU

sMexaHN3Mbl camMo00yYeHUA
sMexaHN3MbI MPOrHo3a pasBUTuA coGbITUN

WHTennekTyaneHble
eMexaHM3Mbl XpaHeHUA U 06paBoTKK 3HAHWI No
CUTYaLUUOHHOMY YNpaBneHuto

CAY
¢BUBNMOTEKN anropuTMOB YNpasreHus
«BMBNMOTEKN HACTPOEK anropuTMOB YrpaBrneHus

one,qCTBa o4vYyBCTBNeHuda

+*BHewHne oGpaTHbIe CBA3MN
+«BapuatMBHaa nporpaMMa AencTBuin

ApanTUBHGbIe
CAY
«3TanoHHas Mojerb
sAnropntMm naeHTupMKauum
«AQANTUBHBIN anropuTM yrpasneHus
«06paTHada cBA3bL
CAY «ANropnTM ynpaBneHus
e[lporpamma neric TBUA

Puc. 1. Pa3putue MMPUHIAIIOB TOCTPOCHUA CUCTEM aBTOMATUYCCKOI'O YIIPABJICHUA

[lepBBle TpW HPWHIMIA, COCTABISIONINE OCHOBY KOHIEMNIMH TOCTPOCHHS HHTEJUIEKTYalbHBIX CHCTEM
VIOpaBICHHS, 10 HEJaBHETO BPEMEHU BIIOJNHE YIOBJICTBOPSUTA OOJBIIMHCTBO pPa3pabOTYUKOB CPEJICTB
JKCTpeMalIbHONW poOoTOTEXHUKH. OIHAKO IO MEpe YCIOXKHEHHS CO3[aBaeMbIX OOPa3IOB M BO3JIara€MbIX Ha

HUX 3aJla4 BOIIPOCHI IOBBIIICHHUA adallTUBHBIX CBOMCTB aBTOHOMHBIX pO6OTOB Ha OCHOBC CaMOO6y‘-IeHI/I}I
npeamnoJjararomice
€

HAYMHAIOT IPUOOpETaTh 0CO0YIO aKTYalbHOCTb.

[losToMy w® mpeanaraercs [OOMOJHHUTENBHOE YETBEPTOE 0a30BOE IIOJIOKEHHE,
OpraHu3alMi0 caMOOOY4YEeHUS U XapaKTepU3YyIOIlee CTENEeHb WHTEUICKTYaIbHOCTH CUCTEMBI (T.€.
TEOPETUYECKOE CBOMCTBO), a/lEKBATHO OTpaXkamollee €€ aJalTaldOHHBIE CBOMCTBAa (KaKk MaTepHAILHYIO

BO3MOXKHOCTh CUCTEMBI 110 00pb0e ¢ (hakTOopaMu HEOIPEIEIICHHOCTH).
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Puc. 2. O606mennas cxema MCAY
I'maBHass  apxXWTeKTypHass  OCOOCHHOCTh, KOTOpas  OTJIMYAeT  HMHTEIUICKTYaJbHYI0  CHCTEMY
aBromarndeckoro ynpasierus (MCAY) (Puc. 2) oT moCcTpOeHHOW IO «TPATUIIMOHHOW» CXEME, CBS3aHa C
MOJIKIIIOYCHHEM MEXaHM3MOB XPaHECHUS W OOpabOTKM 3HAHWN JUIS BBITONHEHHS TpeOyeMbIX (YHKIMA B
HEITOJIHO33TaHHBIX (MJIM HEOIPEACICHHBIX) YCIOBUAX IPH CIYIaWHOM XapaKTepe BHEIIHUX W BHYTPECHHHUX
Bo3MyIieHH. K BO3MyIIeHHsAM MMOAOOHOTO pojJa MOTYT OTHOCHTHCS HENPETyCMOTPEHHOE M3MEHEHHE IICTH



WIA TPOTpaMMbl YIPABICHUS, SKCIUTyaTallMOHHBIX XapaKTEPUCTUK CHUCTEMBI M OOBEKTa YIpaBJCHUS,
napaMeTpoOB BHEIITHEW CpeAbl U T.1.

Brenenmne B ctpyktypy CAY OiokoB 6a3el 3Hanui (b3) m Mexanm3ma jgormdeckoro BeiBoga (MJIB) u
OpraHu3ammsi COOTBETCTBYIONIEIO KaHajga IMOJICTPOUMKH perynmpyromero ycrpoictsa (PY) (T.e. coszmanme
MHTEJUICKTYAIbHOTO KOHTYpa aJanTaldH) JIOJDKHO OO0ECleunTh MapupoBaHHWE HEKOTOPHIX (HakTOpoOB
HEOTIPEe/IeTICHHOCTH.

B paGore [4] mns opraHW3anuy yHIPaBISIOMIUX BO3IACHCTBUHN, aleKBAaTHBIX PA3IMYHBIM YPOBHSIM
HEONPEACTICHHOCTH, OBUIO TMPENIOKEHO BBECTH (MO aHAIOTMH C TpajalysMd YCTOHYMBOCTH B TEOPHH
ABTOMAaTHYECKOTO YNpPaBIICHHS) MOHSTUS CTENEHW HHTEIUIEKTYaJbHOCTH B MajioM, B OOJIBIIOM, B LIEJIOM.
PasBuBasi naHHBIE TOHSATHS NPUMEHUTENFHO K 3a/layaM aJalnTUBHOTO YIpaBJICHUS, Npeaiaractcs B
CTPYKTYpHOH CXeMe pHC. 2. IPEeAyCMOTPETh B MHTEIUIEKTYyaIbHOM KOHTYpE HOMOJIHUTENBHBIE OJIOKH (KpoMe
B3 u MJIB), cnocoOHBle NOAAEPKUBATH BBICOKYIO CTENEHb MHTEIUIEKTYyaJbHOCTH M COOTBETCTBEHHO
obecrieunTh (IPU HEOOXOJMMOCTH) BBICOKMH YpPOBEHb ajanTalid, BKIO4as (QOpMUpOBaHHE BBIBOjA 00
W3MEHEHUH TMPOTpaMMBI WM I[IENH yNpaBlieHHs. B kadecTBe Takux OJOKOB Ha pHC. 2. TPUBENEHBI OJIOKH
«caM00OyUCHHE» U KIIPOTHO3Y.

[lonmb3ysick Takoil CTPYKTYypOW, MOXXHO JaTh CIEIYIOIIee TOJKOBAaHUE pA3IUYHBIM CTEICHIM
WHTEJUICKTYANBHOCTH U YPOBHSM aJalTalluu:

UCAY co cmenenvio unmennekmyaibHOCmuy 6 MAaloM WMEeT cJOoH paboTel ¢ 0a30if 3HAHMNA H
dbopMupoBaHus pemnieHui (MOCHCIHUN pealn3yeTcs MEXaHH3MOM JIOTHYECKOro BhiBoga — MUJIB),
OCYILIECTBIISIET NTAPUPOBAHHUE HEONPEICTICHHOCTH U aJIANTAIMIO 32 CUET M3MEHEeHHs napaMeTpos PY (puc. 2) u
umeer |-it ypoBeHb ajanranum;

HUCAY co cmenenvro unmeniekmyaibHocmu 8 001buloM UMEET JTOTIONHATENBHO CIIOH caMOOOYUYEeHHS U
MOYET OCYIIECTBIIATh U3MEHEHUE HE TOJBKO aJrOpUTMa, HO M MPOTPaMMBI PadOTHl CUCTEMBI, T.€. paboTaTh B
OoJblieM AMana3oHe HeonpeaeseHHocTel 1 umeeT |l-i ypoBeHb aganrtanmu;

HNCAY co cmenenvio unmennexmyanbHocmu 8 yeiom UMEET AOMOIHUTEIBHO K IBYM NMPEAbIIYIIUM CION
MPOTHO3a COOBITHI W OCYIIECTBISIET HE TOJNBKO HACTPOWKY AITOPUTMOB M MOAU(HKAIHIO MporpaMm (T.e.
apantanuio |l —ro ypoBHS), HO U TIpU HEOOXOIMMOCTH KOPPEKTUPOBKY IeNn yrnpaBieHus. Takas cucrema
crocoOHa 00ecIevnTh MOJIHYI0 pab0TOCIIOCOOHOCTh BO BCEM TUAa30HE BO3MOXKHBIX HEONPENEICHHOCTEH U
umeert ll1-it ypoBens amanrammm.

Kak BHIHO, B JOMOJHEHHWE K OTMEYEHHBIM BBIIIE YEThIpeM O0a30BBIM MPUHIMIIAM, COCTABIISOIINM
ocHoBy MCAY, MOXKHO COPMYITUPOBATH TISITHIN:

YeM BEIIIIE YPOBEHBb HEOMPENETICHHOCTH, B KOTOPOM (PYHKITMOHHUPYET CUCTEMa, TEM BBIIIE JODKHA OBITh
CTCTEHb €€ WHTEUIEKTYaJIbHOCTH, OIpeAeisiomas TpeOyeMblii ypoBeHb aianTalud; MpPH 3TOM YPOBEHb
agantanuu CAY onpeensercss BO3MOXKHOCTBIO pa0OThI ¢ 0a30ii 3HAHMIA, HATMYUEM OJIOKOB CaMOOOYYCHUS U
MPOTHO3a M COOTBETCTBYIOIMX KAaHAIOB BO3/JICUCTBUS HA MApPaMETPhI PETYIATOpa, MPOrpaMMy NEHCTBHIA WITH
eI YIIPaBICHMSL.

JocTaTouyHO OYEBUIHO, YTO YPOBEHb 3HaHUH cucTeMbl ¢ |1I-M ypoBHeM amanTanuu AOIKeH OBITH BHIIIE,
yem y UCAY co cTeneHbr0 HHTEIEKTYalbHOCTH B MAJIOM (T.€. ¢ |-M ypoBHEM aganTaium).

EctectBeHHO, 49TO mATHIA 0a30BBIA NPHHOWI (B PaBHON CTETNEHW KaK ¥ TIEPBBIE YeTHIpe) OymeT
pa3BUBAaTBCS M COBEPLICHCTBOBATHCS [0 MEpE TOrO, Kak OyIyT HaKalUIMBAaThCsl HAY4YHBIE W MPAKTUUYECKUE
pe3yabTaThl B 00IaCTH alalTUBHOTO M MHTEJJICKTYaJILHOTO yIpaBlieHHs. B wacTHOCTH, 10 Mepe HaKOIICHUS
OTIBITa B OPTaHW3aIllMU CaMOOOYYEHHUS M MPOTHO3a, BEPOATHO, yaacTcs Oojiee YeTKO PacCTaBUTh MPHOPHUTETHI,
BIHSIIOIINME HA H3MEHEHHUE IIeTTH YIIPABIEHHUS U COOTBETCTBYIOIICH MPOrpaMMBbl AEHCTBUH.

[IpuHOUMUanEHO BaXXHO, YTO NpEAJaracMblil MOAXOA TMO3BOJSIET HAa JaHHOM JTale JOCTAaTOYHO
KOHKPETHO CTaBUTH 3a7a4uu npoekTupoBarnsa UCAY ¢ pa3iauuHbIM ypOBHEM aJalTalliu.

['maBHOM 1I€NBI0 OpTaHU3AIMU MPOIECCOB CAMOOOYYEHHSI HMHTEJUIEKTYAJIbHBIX CHCTEM YIPaBICHUSA
ABTOHOMHBIMH POOOTaMH SIBIACTCS TMOBBILICHWE YPOBHS WX aJalNTHBHOCTH K HEOMPEIENICHHBIM YCIOBHUIM
cpeapl QyHKIMOHUPOBAHMUSL.

Tak, Hampumep, OYEBHIHO, YTO WHTEIUICKTyalbHAas CHUCTEMa YIIPABJICHUS aBTOHOMHOTO MOOWMIIBHOTO
poboTa B o01ieM ciaydae I0JbKHA oOecleunBaTh MPOKIAAKY ONTHMAIBHOTO B HEKOTOPOM CMBICIIE MaplipyTa
€ro IeJieHanpaBlIeHHOro nepemenienus. IIpu 3Tom (B 3aBUCMMOCTH OT IIOCTaHOBKH PEIIaeMON 3aJauu) KapTa
MECTHOCTH, B KOTOPOW (YHKIMOHUPYET pOOOT, MOXKET CUUTAThCS HW3BECTHOM WM (OPMHPOBATHCS
HETOCPEICTBEHHO B TIPOIIECCE €r0 JABIKEHUS Ha TIyOUHY, OTpeIesieMyr0 JallbHOCTBIO AEHCTBHS OOPTOBOTO
KOMILIEKCa HMH(POPMALIMOHHO-U3MEPUTENBHBIX CpeAcTB. B mo00M W3 3TUX BapuaHTOB, (aKTHUECKHE
MOKa3aTeNy TMPOXOAUMOCTH TeX WM HMHBIX YYacTKOB MECTHOCTH, 3aBHUCSIIME HE TOJBKO OT XapakTepa
TIOJICTUJIAIONICH MMOBEPXHOCTH M THIIA TPYHTA, HO U OT BO3JCUCTBHS MOTOMHBIX M KIMMATHYCCKHUX, a TAKXKE
CYTOYHBIX U CE30HHBIX (PAaKTOpOB, HEOOXOOUMO pPAacCMaTPHUBATH B KAuyeCTBE allpPUOPHO HEOMPEAETICHHBIX
napaMeTpoB, CYILECTBEHHO BIUSIOMINX Ha BEIOOP GOPMUPYEMOTO MapIIPyTa U €r0 pean3yeMOCTb.
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Crnenyer OTMETUTh, YTO OLIEHKH XapaKTEPUCTHK MPOXOAMMOCTH po0OTa Ha Pa3IMYHBIX THUIIAX TPYHTOB
MOTYT BBIYHCIIATHCS HA OCHOBE KOCBEHHBIX TaHHBIX, COOMPAaEMBIX HEMOCPEACTBEHHO 110 X0y €ro IBUKECHUS U
CBSI3aHHBIX, HAIIPHMED, C pa3IndueM 3a/1aBaeMOi U (aKTUUECKOI CKOPOCTH IBIKEHUS IIATGOPMBI.

OnHoBpemeHHas (ukcanus BU3yalbHO HAOJIOZAaEMbIX MapaMeTPOB OKpYXKarolleld 0OCTAaHOBKH CO31acT
OPEANOCHUIKH IS TIOTBITOK YCTAHOBJICHUS 3aKOHOMEPHOCTEH MEXIY LBETOBBIMU XapaKTePUCTUKAMH
HOCTHJIAONIEH TOBEPXHOCTH U OIIEHKaMH IPOXOIMMOCTH COOTBETCTBYIOIIETO YHaCTKa MapIIpyTa.

dopmHupoBaHHE MMOJOOHBIX 3HAHWH B MPOIECCE CaMOOOYYeHHS aBTOHOMHOTO MOOMJIBHOTO po0OoTa Ha
OCHOBE aHaJIM3a HAaKaIUIMBAaE€MbIX JaHHBIX, MMO3BOJSIET OOECIEUHUTH ONEPATHBHOE MPOrHO3MPOBAHME M yYET
OLIEHOK MTPOXOJIMMOCTH OTAEIBHBIX Y4aCTKOB MECTHOCTH IIPH TUIAHUPOBAHUH MapILIPyTa IBHKEHUSL.

[epcniekTHBHBIN TMOAXOJ] K OpPraHW3alyd IPOIECCOB CaMOOOYYEeHUsS aBTOHOMHBIX POOOTOB CBSI3aH C
pa3BUTHEM MEXaHHU3MOB 0000IICHHUS TIPHOOPETAEMOrO OIbITa, KOTOPHIN B HESIBHON (hopMe aKKyMyJIHpPYETCs B
MOKa3aHUSAX  OOPTOBBIX  MH(POPMALMOHHO-U3MEPUTENBHBIX  CPEACTB. AHaIM3 W UHTEPIPETALHs
HAKaITUBACMBIX B TAaMSITH MacCHBOB CEHCOPHBIX JAHHBIX MOTJIH Obl OOECIEUUTH BBISIBICHHE 3HAYMMBIX
3aKOHOMEpHOCTEH Kak 00 3 dekTHBHOCTH NEeHCTBUI camoro poboTa, Tak U O XapakTepe ero pabode cpespl.
B oT0it cBsi3M MeTonabl riyOMHHOrO aHanusa manHeix (DataMining) [5, 6], ucmonb3yromue mapaaurmy
MHIYKTHUBHOTO OOYYEeHHS M HAlleAlIMe IIUPOKOE MNPHUMEHEHHE B TaKuWX NPUKIATHBIX cdepax, Kak
pacmo3HaBaHue O0pa3oB, MEAMIMHCKAs JMAarHOCTHKA, JKOHOMHYECKOE IPOTHO3MpPOBaHWUE H  IIp.,
NPEACTABIAIOT KpaHWH WHTEepec Ui pelleHHs 3anad  (GopMHpOBaHMS HOBBIX 3HAHMH B COCTaBe
MHTEJUIEKTYAJIbHBIX CUCTEM YIIPaBJICHHS aBTOHOMHBIMH pOOOTaMHu.

Kak mokasanu uccienoBanusi aBTOpoB [7], 3pPEeKTUBHBIM MHCTPYMEHTOM BbIBO/Ia HOBBIX 3HAHHU MPH
00paboTKe OONBIINX MACCUBOB PA3HOPOIHBIX JAHHBIX SBISIETCS METO]I TIOCTPOCHUS JCPEBhEB KilacCU(DUKAIIIN
(lepeBbeB TPHHATHS PEIICHUI), OCHOBAHHBIM Ha IOCIIEAOBATEIILHOM DPAa3ICICHUH MHOMKECTBA MMEIOLIHXCS
NPUMEPOB IO MPUHIHITY TPUPOCTa HHPOPMAIHH.

[IpoBeneHHble  MOAEIBHBIE  OKCIHEPUMEHTHl  TMOJHOCTBIO  TONTBEPXKIAIOT  BO3MOXKHOCTH |
1e7IeCO00Pa3HOCTh pealn3alii MEXaHU3MOB CaMOOOYYeHHsI B KOHTYPE MHTEIUIEKTYAIIbHOI 00paTHOM cBs3M
CHCTEMBI yIIPaBJICHUSI aBTOHOMHBIM MOOMIBHBIM poboToM. Kak BumHO u3 puc. 3, mokazatenu 3pGeKTHBHOCTH
(yHKIIMOHUPOBAHUST AaBTOHOMHOT'O MOOMIIBHOTO po00Ta MpH JABHKCHUH B 1IETIEBYIO TOUKY (TaKHe Kak BpeMsl U
CKOPOCTH JIBH)KEHHS, TIPOTSHKEHHOCTD MPOWAEHHOT0 MapIIpyTa ¢ Y4eTOM 00X0/1a NPETsSTCTBUH 1 T.J.) 3a CYET
HOBBIIICHHS YPOBHS aJIallTAlliM HA OCHOBE CAMOOOYUCHHMS YIAI0OCh CYIIECTBEHHO YITyUIIUTb.
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ABTOHMHOTO MOOMIILHOT'O po0OTa K allpHOPHO HEeoarpe/IelIEHHBIM XapaKTepUCTUKAM MTPOXOUMOCTH CPEIbI

(HDYHKIIUOHUPOBAHUS

Oco0yr0  aKTyambHOCTh BONPOCH CaMOOOYYeHHMS NPUOOPETaloT Il aBTOHOMHBIX  POOOTOB,
JIEHCTBYIONIMX B YCIOBHUSX HEOIPEEICeHHOCTH B COCTaBe MHOTOAreHTHBIX TPYNIHUPOBOK. B 3ToMm ciydae
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ABTOHOMHBIC arcHThI, 0OECIICUUBAIOIINE BEITIOJTHCHHUE OOIICH MPHUKIATHON 3a7aud, MOTIU ObI OCYIIECTBIISATh
B3aMMHBIF OOMEH 3HaHUSMH, HAKAIUTMBACMBIMH HE3aBHCHUMO JIPYT OT JIpyTa.

[MpakTudeckass peanuzanys TNPEAJIONKESHHOIO TOAXO0Ja K CO3JAaHHI0 HHTEIUIEKTYallbHBIX CHCTEM
VIPaBICHHUS aBTOHOMHBIMH MOOHIIBHBIMHT POOOTaMH ¢ caMOOOydeHHeM Ha 0a3e (pOpMHUpPOBaHHS JCPEBHEB
KIIACCU(UKAIIMK TPEANoNaracT HeoOXOAUMOCTh (YHIAMEHTAIbHBIX HCCIEAOBAHUI TIO0 IIEJIOMY pPSay
NPUHIMITHATEHO BAXKHBIX BOTIPOCOB, TJIABHBIMH U3 KOTOPBIX SBIISIFOTCS:

— panuoHaNbHasl opraHu3aiys 0a3 JaHHBIX JUIS XpaHEHWs HaKAIUTMBAEMOW CEHCOpHOW WHQOpMAIUH B

COCTaBE MHTEIUICKTYaIbHBIX CAMOOOYYAIOIINXCS CHCTEM YIIPABIICHUS;

— MEXaHM3MBl TIOCTPOSHHUS acCOIMATUBHOM maMaTh misi (opMUpOBaHUS OOOOIIEHHBIX 00pa3oB
HaGHIOJIaeMI)IX O6’beKTOB, CHTyaHHﬁH 1 SABJIEHUH Ha OCHOBE KOMIIJIEKCHOTO MMPUMCHCHUA TEXHOJIOTUN
HEHPOCETEBBIX CTPYKTYP;

— 00001IeHHBIE KPUTEPHH ENIeCO00Pa3HOCTH (YHKITMOHUPOBAHUS HHTEIUIEKTYILHBIX CHCTEM.

Bwmecre ¢ TeM, OCTaBJICHHBIC 3aJIa4M MPEACTABIISIOT HECOMHEHHYIO aKTyallbHOCTh U MHTEPEC C MO3ULIHIMA
Pa3BUTHS NPUHIIMIIOB MOCTPOSHUSI MHTEIICKTYAIbHBIX CAaMOOOYYAOIIMXCS CUCTEM 00paboTKH HHPOPMAITUK U
VIPaBICHUSIABTOHOMHBIMA POOOTaMH W JIPYTMMH BHJAMHU aBTOMATHYECKUX YCTPOMCTB C pacIIUpEHHBIMU
CIOCOOHOCTSIMH TIO aJamlTaliid K MHOT000pasuio (pakTOpOB HEONPEIeIIEHHOCTH BHEIIHEW Cpelbl Ha OCHOBE
Pa3UYHBIX METOJIOB U MOAX0A0B K (OPMUPOBAHUIO 3HAHUH.
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A technology of supervisory control of robotized systems via the Internet has been developed. We
consider a hierarchical structure of the controlof a group of mechatronic devices by the example of mobile
robotic systems through the unification of their information—-measuring and control systems into a local area
network with mobile nodes. A unified approach to the organizationa full-function access via the Internetto
specific robotized devices of different models and manufacturers is proposed. We describe the technical
implementation of the pilot project forthe hardware and software system by the example of supervisory (via
the Internet) control of AMUR (IL “Sensorika”) and Robotino (Festo) educational robots with a
videosurveillance of command execution.

Keywords: mobile robot, supervisory control, spatially distributed control, mechatronic device, robotic
system, local area network, network technologies.

Introduction

At present, there have been a large number of application software and system software designed for
arranging control of heterogeneous mechatronic devices. The most significant frameworks are

* This study was partially supported by the Russian Foundation for Basic Research, project nos.13 07 01032 and
13-07-00988.

67



RoboticsOperatingSystem (ROS) and MicrosoftRoboticsDeveloperStudio (MRDS) as well as their
predecessors:PalyerProject, LAAS GenoM, and URBI (see Wikipedia). These software systems can efficiently
solve the task but merely within a single territory (laboratory, production unit, plant); i.e., they do not solve the
problem of spatially distributed control. Consequently, these software systems have no mechanisms of control
(via the Internet)of a group of mechatronic devices with a visual feedback to monitor the execution of
commands and control programs, which is particularly critical in supervisory control systems. The peculiarity
of this method of control is to organize the transfer via Internet multistream video and command/programs of
control taking into account network latency and non-guaranteed delivery times of packets.

The task becomes complicated for mobile robotics, when the communication channel comprises a radio
channel; this raises the problem of ensuring the system stability to disruption of communication. It is also
necessary to ensure a high performance in the transmission of both long (for example, multistream video) and
short messages.The mentioned softwaredoes not solve this problem. In a geographically distributed
system,when control of "foreign” mechatronic devices is permitted, it becomesextremely important to have a
mechanism of the distribution of access rights;this mechanismis missing in ROS and MRDS.

A similar project was accomplished in 2009-2011 in the Russian State Scientific Center for Robotics and
Technical Cybernetics (RTC) and the Rocket and Space Corporation Energia (Russia), jointly with the
Institute of Robotics and Mechatronics of the German Aerospace Center (DRL-RMC). The project
investigated the possibility of using the Internet for controllingfrom the Earth a ROBOTIC two-link robot
mounted on the outer surface of the Russian segment of the International Space Station (ISS). The
communication sessions with the ISS were provided from both DRL-RMC (Germany) and RTC
(St. Petersburg, Russia) throughDRL-RMC using the Internet for the communication between RTC and
DRL-RMC. The project had the specific feature that a human-machine interface with torque/force feedback is
used. This project considered only the influence of delays in communication channels on the process of control
[1,2].

Below, we consider the problem of geographicallydistributed control(via the Internet)of a united group of
robotic systems consisting of mobile robots of different models and manufacturers.

Geographically distributed control of a group of mobile robots

Digital representation of data in the information—measuring and control system (IMCS) of a mobile
robotic systemmakes it possible to combine its electronic and mechatronic units into a local area network
(LAN) with mobile nodes [3, 4]. This method of combination allows the network features to be extendedto the
structure of the IMCSof both an individual robotic systemand several robotic systems on the basis of network
technologies. In our case, themost importantfeaturesare reconfigurability and scalability. These features imply
thatone can easily extend or modify any resources of the robotic system (sensors, calculators, microprocessors,
radio channel generators, and other IP-systems)and specifically combine the IMCSs of multiple mobile robotic
systems into interconnected geographicallydistributed system. The use of network technologies makes it
possible to arrangea geographicallydistributed "multi-operator” control of a group of mobile robotic systems.
The term "multi-operator" means that individual robotic devices involved in the group can be controlled by
operators located in different territories. Under certain conditions, this control allows for the one-to-many
mode, i.e., if granted with theappropriate right, one operatorcan interfere into the operation of electronic and
mechatronicdevices in any robotic systems involved in the group (including dynamic reprogramming of
computing devices). An example of this structure for controllinga group of mobile robots (MRs) is shown in
Fig. 1.

The communication system designed for control (via the Internet and radio channels) of a group of
mobile mechatronic devices must have the following properties:

— provide both "direct" (from onboard TV-cameras) and "alien" (external view from the MR operational

range) visual feedback for remote monitoring over the execution of commands and control programs;
— be stable to disruption of communication;
— provide high performance in the transmission of both long and short messages.

We consider the hardware and software solutions ensuring these properties.
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Fig. 1. Geographicallydistributed “multi-operator” control of a group of mobile robots

The main requirements for a multi-component robotic system are as follows [5]:

the electronic and mechatronic components of the IMCS of the robotic system must be elements of a

local area network with mobile nodes;

thecommunication between mobile and stationary units of the robotic system must be arranged through

digital radio channels (Wi-Fi, Wi-Max, etc.);

the radio channel range should be increased and its quality should be improved through the

construction of an optimal operational remotely controlled architecture of the distributed IMCS;

it is necessary to use a multi-camera system of technical vision: multiple cameras (including those with

the PTZ (pan-tilt-zoom)functionality) onboard the mobile unit of the robotic system and cameras on

remote Sputnik-devices (stationary or mounted on mobile platforms);

video signals and signals from other sensors must be preprocessed in a stand-alone mode onboard the

mobile unit of the robotic system (digitization, noise filtering, error correction, image compression,

etc.);

operational remote monitoring (with a control desk) of the power system and the radio channel quality

is mandatory;

the remote control desk of the operator must provide:

e continuous (with a standard frame rate) display of video streams from all TV-cameras as raster
images;

e mnemonic display (on the monitors)of indications of other sensors and the state of controlled
parameters (including audio alarm at critical values);

e  possibility of remote control of TV-camera functions (such as PTZ) and LAN settings (for
example, the choice of an algorithm for the compression of images or its parameters);

e  possibility of remote monitoring of the program code execution on the onboard computer and its
dynamical correction without rebooting the system;

the communication channels (both the Internet and radio channels) must be protected from

unauthorized access (for example, by using VPN-tunnel).

A structure that satisfies the above-mentioned requirements was implemented as a specialized software
and hardware system designed for supervisory control of a group of educational mobile robots. The
networking mechanism developed by us was used to organize full-function access (via the Internet) to
mechatronic devices of different types. This mechanism is based on the concept of "drivers".

The concept of “drivers”

Minimal control object in the proposed structure is any electronic or mechatronic device, such as an
onboard computer, a microcontroller, a sensor, a manipulator, or another actuator. Therefore, a key problem in
this case was to develop a unified system of software construction rules for specific models of robotic devices,
allowing mechatronic components to be included into the LAN without remodeling their low-level code. In
other words, it was required to develop a finite set of program instructions of control and network protocols for
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building an application programming interface (API). This interface must provide a transparent integration of
the elements of the mechatronic device and its software into the information space of the global IMCS.

We implement this API on the basis of the concept of "drivers": for each mechatronic device, a unified
network control protocol must be builton the base of existing low-level APIs. Then, the manufacturer of
mechatronic devices can relatively easily integrate its own device into the network by constructing only an
additional driver that implements the protocol-induced program instructions of control and the networking
protocols. When a new mechatronic device appears in the network, the software of the control subsystem
automatically adds this device into the shared network during the interaction with the driver. Simultaneously,
the available mechatronic devices and their descriptions are written into the general catalog of technical
specifications.

Implementation

The hardware and software system was implemented with the following properties:

— universality: integration of robotic and other mechatronic systems of different models and
manufacturers into the system;

— network reliability: guaranteed delivery of packets between control interfaces of the system at all
networking levels;

— integrity: a mechanism of control for access rights and delineation of privileges between users;

— flexibility and scalability: decentralized control of the network structure, its on-lineconfigurability;

— security: protection from unauthorized access to control interfaces.

The data exchange between the distributed IMCSelements was arranged on the basis of well-known
network technologies and solutions with synchronous and asynchronous interaction based on the TCP\IP
protocol stack. It contains the following components:

— protocols of synchronous and asynchronous messaging;

— unified directory of services;

— program unit of operator.

According to the classification of the well-known OSImodel, the interaction in our case occurs at the
application level, which can be conditionally divided into two sublevels: transport and logical.

The transport sublevel should meet the following requirements:

— high performance in the transmission of both long (for example, multi-stream video; megabytes) and
short (for example, control commands; bytes) messages;

— stability to connection breaks (for example, because of the unstable operation of the radio channel);

— possibility of arranging a one-to-many interaction, which is necessary for group control.

The logical sublevel should meet the following requirements:

— be cross-platform and multilingual: the possibility of working on different operating systems
(Windows, Linux x86\64\arm, Android, MCST Elbrus) and in different languages (C, Java, Python,
Fortran);

— human-readability: capability to perceive the information received without using special-purpose
program tools(this is achieved by data transmission in a textual format, except for cases when this is
critical to the performance; for example, in the case of videostream transmission);

— the possibility of isolated operation: the performance of interacting mechatronic devices involved in a
LAN of a given hierarchy level should not be violated when these devices are disconnected from a
higher level network that is external to them;

— decentralization and capacity for self-organization: there is no need for the existence of a "central"
server regulating the operation of all components of the system, except in cases when the access rights
are restricted and users are registered.

The exchange of messages was based on the ZeroMQ library, over which a model of actorsis
implemented [6]. This mechanism provides message scheduling and makes it possible to arrange a remote
dynamic (i.e.,without stopping the operation) change in the executable code on the onboard computer. A more
detailed description of this approach can be found in [7]. The software developed fully meets the above-
mentioned requirements. An additional advantage is the use of the library under GNU LGPL V3 license;
i.e.,this library is free software.

Conclusion

The proposed structure of geographically distributed control (via the Internet)of a group of mobile
robotized devices was implemented as a hardware and software system and proved its efficiency for creating
operational channels of multi-operator control of AMUR (Autonomous Educational Mobile Robot, IL
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“Sensorika”) and Robotino (Festoconcern, Germany)type educational robots. These VPN-tunnels are currently
operating between the MSTU STANKIN (Moscow) and the Center for Technological Support of Education of
the International Institute of New Educational Technologies (CTSE IINET) of RSUH (Moscow). A similar
communication channel also exists between the Keldysh Institute of Applied Mathematics, Russian Academy
of Sciences (Moscow), CTSE IINET RSUH, and the Far East Federal University (Vladivostok).

This geographically distributed network structure of IMCS ensures that the multidisciplinary experts
(including representatives of manufacturers) that are far from the place of activities can be simply engaged in
the mobile robot control.

This information and communication infrastructure can be used in the system of distance education
[5, 8, 9] for arranging student access to real mechatronic systems located at remote areas (specifically, for
connecting branches to laboratory facilities of the main educational institution). This makes it possible to
concentrate the technical resources in one place and organize the education of student groups remotely (from
branches) without reducing the education quality. In addition, this structure allows geographically dispersed
research teams to be combined around an entity that has appropriate facilities and resources, or mechatronic
devices of different groups to be combined into a single system with any-to-any access.
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CeTh ¢ MOOWIBHBIMU y3maMu. [IpenoxkeH eMHbIN TOAX0 K OpraHu3aIiuy NOTHO(YHKIIMOHAIBHOTO JOCTYIIa
yepe3 VHTEpHET K KOHKPETHBIM POOOTH3MPOBAHHEIM YCTPOMCTBAM Pa3IMYHBIX MOJAEIEH M MPOU3BOIUTEIICH.
OnwrcaHa TexHWYecKas peau3alys MUJIOTHOTO MPOEKTa MPOrpaMMHO-AIMIIAPATHOTO KOMILIEKCa Ha TpUMepe
CYMEPBU30pHOro ynpasieHus uyepe3 MHrepHer yueOubiMu podoTamu AMYP (MJI «Cencopuka») u Robotino
(Festo) ¢ opranuzaiueit BUACOKOHTPOJIST HCTIOTHEHUS] KOMAH]T.

Kntouegvie cnoséa: MOOWIBHBIA POOOT, CYNEPBU3OPHOE YIPaBICHHE, TEPPUTOPHAIBLHO-PACIIPENEIEHHOE
yIpaBJeHHEe, MEXaTPOHHOE YCTPOMCTBO, pOOOTOTEXHUYECKHUI KOMIUIEKC, JIOKAIbHAs BBIYHNCIUTEIbHAS CETh,
CETEBbIC TEXHOJIOTUH.

Beenenue

Ha cerongusimauii eHb CyiiecTByeT OOJIbIIOE KOJIWYECTBO MPUKIIAJHOIO U CUCTEMHOI'O IPOIPaMMHOIO
obecnieuenust (I10), mpenHasHayeHHOro IS OpPraHM3alUM YHPABICHUS Pa3HOPOJHBIMH MEXaTPOHHBIMH
ycrpoiictBamMu. M3 Hambojee 3HaYMMBIX NPOrpaMMHBIX KapkacoB (framework) MOXHO BBIIENUTH
RoboticsOperatingSystem  (ROS) u  MicrosoftRoboticsDeveloperStudio (MRDS), a Takke wuxX
npeniiectBeHHnkoB — PalyerProject, LAAS GenoM wu URBI(cm. Wikipedia). Dtu  kommiektst 10
3¢ (EKTHUBHO pEIlalOT MOCTABICHHYIO 3ajady, HO JIMIIb B PaMKax OJHOW TeppuTopHu — JabopaTropu, Lexa,
3aBOja; T.C., OHM HE PELIAaloT 3a/ady TepPUTOPHAIBHO-PACIPEAeIEHHOr0 ynpaBieHus. Beneacteue 3toro B
HUX OTCYTCTBYET MEXaHW3M OpraHM3alliH YIpaBJieHUs depe3 MHTepHeT TpyNnoil MeXaTpOHHBIX YCTPOMCTB ¢
BU3yaJbHON OOpaTHOM CBS3bI0 AN HAOMIOAEHHS 32 MCIOJHEHHEM KOMAaHA/MPOTpaMM YHPAaBICHUS, YTO
0COOEHHO KPUTHYHO B CHUCTEMaxX AWCTAHIHMOHHOTO M CYNEpBH30pHOrO ympasieHHs. OcOOEHHOCTH TaKOTro
crioco0a yrpaBJIeHHsI 3aKJII0YAeTCsl B OpraHU3alliy Iepejadu 1o kaHajgaMm VHTepHeT MHOTOTIOTOKOBOTO BUJICO
W, OTHOBPEMEHHO, KOMaHJ/TpOrpaMM YIpaBlIeHHUS C y4ETOM 3ajJiepKeK B CETH M C HerapaHTHPOBAHHBIM
BPEMEHEM JIOCTaBKM MAKETOB. 3ajada YCJIOXKHACTCS B Cilydyae MOOMJIBHOH pPOOOTOTEXHMKH, KOTJa
KOMMYHHKAIIMOHHBIH KaHAJIBKIIOYaeT B ce0s paJuoKaHal; TPH STOM BO3HUKAeT Mpobiema oOecrieueHus
YCTOWYMBOCTH CHCTEMBI K HAPYIICHUSM CBS3H M 00ECIIEYEeHHUs] BEICOKOW MPOU3BOAUTENLHOCTH NIPHU Tepeade
KaK JAJIMHHBIX COOOLICHUH, HAIpUMEp, MHOTOIIOTOKOBOE BUIEO, TaK U KOPOTKUX. B ynomsuytom 11O nanHas
npobjema He pemaerca. B TeppuropuanbHO-pacipeeiéHHOM cucTeMe, KOraa JOIYyCKaeTcs YIpaBiieHHE
«UYXHMI» MEXaTPOHHBIMU yCTPOMCTBAMH, KpaifHe BaXKHBIM CTAHOBHUTCS HAJTMUUE MEXaHU3Ma pacpe/ieIICHUS
mpaB AOCTyMa, 4YTO Takxke orcyTcTByeT B ROS 1 MRDS.

brmuskwii mo 3amadam mpoekt Obu1 peanuzoBad B 2009-2011 rogax 8 HHUU PTK u PKK «3Dueprus»
(Poccust)coBmectHO MHCTUTYTOM POOOTOTEXHHKH M MEXaTPOHMKH HeMenKoro a’poKOCMHUYECKOTO LEHTpa
(DRL-RMCO)[1, 2]. UccnenoBanach BO3MOXHOCTh HCIIONb30BaHMs ceTH VIHTEpPHET s yIpaBlIeHHs ¢ 3eMiIn
nByx3BeHHBIM pob6oromM ROBOTIC, ycTaHOBNEHHBIM Ha BHEIIHEH TOBEPXHOCTH POCCHICKOTO CETrMEHTa
MesxnynapoaHoi kocmuueckoi ctannuu (MKC). Ceancsl cBsizu ¢ 6oprom MKC nposogumiuce kak u3 DRL-
RMC (I'epmanus), tak u u3 LHHUU PTK (Cankr-IletepOypr, Poccus) uepes DRL-RMC c ucnonbs3oBanuem
kanama MWateprer mns cBszu [IHUMM PTK ¢ DRL-RMC. OcobGeHHOCTh TpOeKTa 3aKiodanach B
WCTIOJB30BaHUH YEIOBEKO-MAITMHHOTO HHTep(delica ¢ CHIIOMOMEHTHON 00paTHOH CBs3pI0. B maHHOM TpoekTe
paccMaTpUBalIOCh JIMIIb BIMSHUE 3aJiep)KeK B KaHallaX CBSI3M Ha MPOLECC YIIPaBICHUSI.

Huxe paccmaTpuBaercss 3amada TeppUTOpUAIbHO-pACHpPENENEHHOIO YIpaBieHus dvepe3 IHTepHer
00BeTMHEHHBIMY B TpymITy poboToTexandeckumu koMmruiekcamu (PTK), coctosmmmu n3 MOOMITHHBIX pOOOTOB
pasHbIX MoJeNeil 1 TPOU3BOAUTENEH.

TeppuTopunanbHo-pacnpeneiéHHOe yIIpaBJieHHue rPyNnoi MOOMIbHBIX Ppo0OTOB

HudpoBoe mpencraBieHne MTaHHBIX B WH(GOPMAIMOHHO-U3MEPHUTEIHFHOW W YIPABISIONIEH CHCTeMe
(MNYC) mobmnbaoro PTK 103BOIIAIET BEIOTHUTE O0OBEINHEHHE €T0 JIEKTPOHHBIX U MEXaTPOHHBIX MOIYJIEH
B JIOKJIbHYIO BhIUUCIHTENBHYIO ceTh (JIBC) ¢ MoOmbHbIMU y3mamu [3, 4]. Takoii cmoco0 o0beuHEHUS TaéT
BO3MOKHOCTH PacIpOCTPaHUTh CBOMCTBA CeTeBOM opranm3anuu Ha cTpykTypy UMY C Kak oTaenbHOro, Tak u
Heckonbkux PTK, mcmonb3yst amst aToro ceteBble TexHONOruH. Hanbosee cymecTBEHHBIMU B HAIIIEM CITydae
CIIe[lyeT CYHMTaThb TaKWE CBOMCTBA, KaK peKoHpueypupyemocmv WU MACUmMadupyemocms. ITH CBOWCTBA
03HAYal0T BO3MOXHOCTH JIETKO HapalllUBaTh WM M3MEHATH JitoObie pecypchl PTK: marumku, BeIUUCIATENH,
MUKPOIIPOLIECCOPHI, (hopMUpOBaTENH paAWoKaHana, a Takxke WHbIe [P-crcTtembr, B TOM umcie OOBEAMHATH
HNNYC neckonpkux MoomibHbIX PTK B eannyto TepputopraibHO-pacipenenéHnyo cucteMy. MenonszoBanne
CETEBBIX TEXHOJIOIMHA MO3BOJSAET OPraHU30BATH TEPPUTOPUATBHO-PACHPENEIEHHOE «MHOTOONEPATOPHOE»
yopapienne TpynnupoBkoir MoomneHBIX PTK. TepMuH «MHOTOOIEpATOpPHOE» O3HAYAET, YTO OTIEIHHBIC
pOOOTOTEXHUYECKHE YCTPOWCTBA, BXONANIME B TPYNIHPOBKY, MOTYT VIOPABIATECS OIEpaTOpamH,
HaXOJALIMMUCSA Ha Pa3HbIX TEPpUTOpUsIX. Takoe ympapieHUE IOMYCKAET, MPHU ONPEACIEHHBIX YCIOBHSIX,
PEXKHM OJIMH-KO-MHOTHM, T.€. OIWH OIEpaTop, €CId €My IMPEeIOCTABIEHO COOTBETCTBYIOIIEE MPAaBO, MOXKET
BMEIINBATHCA B PaOOTYINEKTPOHHBIX M MEXAaTPOHHBIX yCTpoicTB moObix PTK, BXxoasfmmux B rpynmupoBKy,
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BKJIIOYasi AMHAMHYECKOE IMEPernporpaMMUPOBAHNE BBIYMCIMTEIBHBIX YCTPOMCTB, B TOM YHCIE OOpPTOBBIX.
[Ipumep Takol CTPyKTYpHI IUIsl yIIpaBiIeHHS TPYIIHPOBKON MOOMIBHBIX poboToB (MP) mpusenén Ha Puc.1.

Lincdbposoi pagnokaHan

Onepatop 2

OGbLEeKT BO3AEHCTBUS [MocT ynpaeneHus 2 Moct ynpaeneHus 3

Puc. 1. TeppuropuanbHO-pactpeei€HHOe «MHOTOOIIEPATOPHOELY
VIIPaBJICHUE TPYIITUPOBKOI MOOHMIBLHBIX pOOOTOB

KOMMYHI/IKaLII/IOHHaH CUCTCMa, MpEAHA3HAUCHHAA AJid OpraHu3alui YHIpaBJICHUA YCpC3 I/IHTepHeT u

pasrioKaHaN TPYyMIIoil MOOMIBFHBIX MEXaTPOHHBIX YCTPOHCTB, JOJHKHA 001a1aTh CIEAYIONIIME CBONCTBAMH:

— o0ecrieunBaTh KaK «HETIOCPEACTBEHHYIO» (C OOPTOBBIX TEJIEKaMep), TaK M «CTOPOHHIOIO» (BHI CO
CTOPOHBKI U3 30HKI JeicTBUs MP) BU3yanbHYI0 00paTHYIO CBSI3b JUIS AMCTAHIIMOHHOTO HAOIIOICHUS 32
WCTIOJTHEHUEM KOMAaH I/TIPOrpaMM YITPaBIICHUS;

—  OBITh YCTOMYMBOM K HAPYIICHUSM CBS3H;

— o0ecrieynBaTh BBICOKYIO TPOU3BOJUTEIHLHOCTh MMPH IEpenadye Kak JJIMHHBIX, TaK U KOPOTKHUX
COOOIIEHUA.

PaccMoTpuM TexHMYECKHE W TIPOTPAMMHBIE PEIICHUS, ITO3BOJIAIONINE 00eCTIeYnTh yKa3aHHbIE CBOWCTBRA.

CHavana chopMmynupyeM OCHOBHBIC TPeOOBaHHS, KOTOPHIM JOJDKEH YAOBJICTBOPATH MHOT'OKOMIIOHEHTHBIN
PpoOOTOTEXHUYECKHI KOMIUTEKC[S]:

1.

2.

JJIEKTpOHHBIE W MexaTpoHHble KommoHeHTHI MWUYC PTK nomxHBI OBITH AJIEMEHTAMH JIOKAJIHHOU

BBIYUCIUTEIBHOMN CETH C MOOWIILHBIMU Y3JIaMHU;

CBSI3b MEXIYy MOOWJIBHBIMHA M CTallMOHAPHBIMH MOAYJISIMH KOMIUICKCA JOJDKHA OCYILECTBISITHCA II0

1 poBeiM paauokananam (Wi-Fi, Wi-Max u T.1.);

YBEJIMYEHHE NANbHOCTH M TOBBIIICHHE KadyecTBa PAJUOCBSI3U ClIEyeT AOCTHUraTh MyTEM CO3MaHus

ONTUMAIBHON, OTIEPATUBHOM TUCTAHIIMOHHO YIIPABISIEMON apXUTEKTYpsI pacupenenéunoin MNYC;

HE00XO0IMMO HCIOJIB30BaTh MHOIOKAMEPHYIO CHUCTEMY TEXHHUYECKOTO 3pEHHS: HECKOJIBKO TeJleKamep, B

ToM uymcie ¢ ¢ynkiueit PTZ (Pan-Tilt-Zoom - mnaHopamupoBaHHe-HAKIOH-MacITab), Ha OOpTy

MobumisHOTO Monysi PTK u Tenexkamepsl Ha BBIHOCHBIX ycTpoiicTBax — «CIyTHHKax» (CTallMOHAPHBIX

WM YCTaHABIMBAaEMbIX Ha MOOMIIBHBIX IUIaT(OpMax);

npenoOpaboTka BUICOCUTHAJIOB M CUTHAJIOB OT APYTMX CEHCOPOB J0JDKHA BBIIOJIHATHCS aBTOHOMHO Ha
6opty mobOmwibHoro wmoaynss PTK (mpeobOpazoBanne B 1mdpoByo ¢dopMmy, GWIBTpanus IIIyMOB,

KOPPEKIMS UCKaKEHUH, CKaTue N300pakeHUH U T.11.);

o0s3aTeNieH  OUCTAaHLIMOHHBIM (C  MyJbTa YOPABICHUS) OMNCPATUBHBIA KOHTPOJIb  COCTOSIHUS
SHEProCUCTEMBI M KauecTBa paJiMoKaHaa;
MyJIbT YIPaBJICHHUS ONepaTopa AOJDKEH 00eCcTIeYnBaTh:

— HempepbIBHOE (CO CTaHOAPTHOM KaJpOBOH 4acTOTOH) OTOOpakeHHE BUICOMOTOKOB CO BCEX TelIEKaMep
B BUJIC PACTPOBBIX H300paKEeHUIA;

— MHEMOHHMYECKOE OTOOpakKeHHE Ha JKpaHaX MOHHTOPOB IMOKa3aHWHA HMHBIX CEHCOPOB U COCTOSHHUS
KOHTPOJIMPYEMBIX IapaMeTpoB (B TOM YHCJIE 3BYKOBYIO CHUTHAIM3ALUIO JOCTHKEHHS KPUTHUECKUX
3HAYCHHH);

— BO3MOXHOCTh YAaJEHHOrO ympaBiieHHs (QYHKUOUsMU Tenekamep (Hampumep, PTZ) u mapamerpamu
y370B JIBC (Hanmpumep, BBIOOp alTOpUTMa CHKaTUS H300paKEHUH WITH €T0 TapaMeTpoB);
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— BO3MOXHOCTH AUCTaHIMOHHO KOHTPOJMPOBATH UCTIONHEHHE Ha O0pToBOii DBM ympasisomero koaa
U IMHAMHUYECKH BHOCUTDH B HETO UCTIpaBiicHHE 0e3 mepe3arpy3kKu CHCTEMBI.
8. KaHajel CBs3M  (kak B MHTEepHET, Tak W paauOKaHANBI) MOJDKHBI OBITh 3alUIIEHBI OT

HECaHKITMOHHPOBAHHOTO TOCTYIIA (HaIpHUMep, 3a CUET UCIToNb30BaHus VPN-kaHamon).

CTpykTypa, YIOOBJICTBOPSIOMIAas MEPEUYHUCICHHBIM TpeOoBaHWsM, Oblla peajnu3oBaHa B  BHIE
CIEIMATN3UPOBAHHOTO TPOTPAMMHO-ANMNAPAaTHOTO KOMIUIEKCa, OPHEHTHPOBAHHOTO Ha CYNEPBH30PHOE
yHOpaBJIeHHE TPYMIoil y4eOHBIX MOOWMIBHBIX pOOOTOB. B OCHOBY pa3pabOTaHHOrO MeXaHHM3Ma CETEBOTO
B3aUMOJICHCTBUS, TOCPEICTBOM KOTOPOTO OBLIT OPraHU30BaH MOJIHO(YHKIIMOHAIBHBIM AOCTYN Yepe3 MHTepHeT
K MEXaTPOHHBIM YCTPOWCTBAM Pa3IMYHOIO THIIA, ObLIA ITOJIOKEHA KOHLEIIHSA «IpaiBepOB».

Konuenuus «apaiBepoB»

MuHUMaTEHBIM OOBEKTOM YIPAaBICHUS B TpeJIaraeMoil CTPYKTYpPE SBIISCTCS JIFO00E 3IEKTPOHHOE WITH
MEXaTPOHHOE yYCTPOUCTBO, OYIh TO OOPTOBOW BHIYMCIIUTEH, MUKPOKOHTPOJLIEP, CEHCOpP, MAHMITYJIATOP, WU
WHOM HCIIONHUTENbHBIM MexaHu3M. llodTomMy OIHOM W3 KIIOYEBBIX 3aJad, B JAHHOM Ciyd4ae, sBIIJIACh
pa3paboTka yHUQUIMPOBAHHOH cUCTeMbl TpaBuin co3manuss [IO Ui KOHKPETHBIX — MoJielneit
POOOTOTEXHUYECKUX YCTPOMCTB, MO3BOJSIONIMX BKJIIOYATh MEXaTpOHHbIE KomroHeHThI B JIBC 0e3
nepepaboTKH WX HU3KOYPOBHEBOI'O TPOTPAMMHOTO Koja. MHBIME cioBamu, TpeOOBaNOCH pa3paboTaTh
KOHEYHBIM Ha0Op MPOrpaMMHBIX MHCTPYKIIMK YIIPABICHHS M CETEBBIX MPOTOKOJIOB I CO3AaHus HHTepdeiica
nporpamMMmupoBanusi npuwioxkenuit (APl — application programming interface). Takoit mHTepdelic nomKeH
oOecrieunBaTh IPO3pavYHOE WMHTETPUPOBAHUE DIIEMEHTOB MEXAaTPOHHOTO ycrpoiictea u ero 11O B
uHpopMarmonHoe mpoctpancteo MY C komiiekca.

Hns peanuzanmu APl npennaraercs HMCHoJib30BaTh KOHIIETIUIO «APAaBEPOB» — JUISL  KaXJ0ro
MEXaTPOHHOTO YCTPOHCTBA JOKEH OBITH CO3[aH YHU(DHIIMPOBAHHBIA CETCBOH YIPABNISIOIINN MTPOTOKOJN Ha
0a3e CyIiecTBYIOUINX HU3KOYPOBHEBBIX MMPOTPAMMHBIX HHTep(helCcoB B3auMOIeHCTBH. Toraa mpou3BOIUTEND
MEXATPOHHBIX YCTPOICTB MOKET CPABHUTEIIBLHO IIPOCTO HHTEIPUPOBATH CBOE YCTPOKCTBO B CETh, CO3/1AB JIUIIb
JIOTIONHUTENBHBIA JpaBep, peau3yIOMUi JEeTCPMUHUPOBAHHBIE MPOTOKOIOM MNPOTPAMMHBIE HMHCTPYKIHU
YOPABICHUS M MPOTOKOJBI CETEBOr0 B3auMOJCHCTBUA. [Ipu mosABIEHMM B CETM HOBOIO MEXaTPOHHOI'O
ycTpoiictBa paspaborannoe [IO moacucreMbl ympaBieHHS KOMIUIEKCOM B TIpOIlecce B3aWMOJEHCTBHUS C
JpaiiBepOM aBTOMATHYECKH BKIIOYACT 3TO YCTPOMCTBO B 0OmIyr0 ceTh. OIHOBPEMEHHO BBITIOIHACTCS
MyONMKaIysl TOCTYITHBIX MEXAaTPOHHBIX YCTPOHCTB M HUX XapaKTEPUCTHK B OOIEM KaTalore TEXHUYECKOTO
OTIMICaHWSI.

Peanuzanua
[Ipu peanmzamuu TpOTpaMMHO-AIAPATHOTO KOMIUIEKCAa OBLIO OOECIIEUeHO BBITOIHEHHUE CIIETYFOIUX
CBOMCTB:
- YHI/IBepcaJH)HOCTI) — BO3MOXHOCTb BKJIIIOUCHHIA B CI/ICTeMy pO6OTOTeXHI/I‘IeCKI/IX U HWHBIX
MEXaTPOHHBIX CUCTEM PA3NUYHBIX MOJENICH U NPOU3BOJUTEINEIH;
ceTeBas HAEKHOCTh — TapaHTUPOBAHHAS JIOCTaBKa MAKETOB MEXAY YIPaBISIFOIIUMU HHTephercamu
KOMIIJIEKCA Ha BCEX YPOBHSIX CETEBOTO B3aUMOJICHCTBIS;

— TIICJIOCTHOCTh — HAJIMYHE MEXaHW3Ma YIPaBICHHUS IMPEJAOCTaBICHUEM TMpaB JOCTyNla W
pasrpaHUYeHrEM TIOJTHOMOYHH MEXIy YIaCTHUKAMU;
— THOKOCTh W MacmTabupyeMOCTh — JICLCHTpaIM3aIUs YIPaBICHUS CETEBOM CTPYKTypoHl, ¢

PpeKoHguzypupyemocms B pexuMe OHJIANH;
—  0e30macHOCTh — 3alUTa OT HECAHKIIMOHUPOBAHHOI'O IOCTYIA K YIPaBIISIOLIMM HHTEpdercam.
Opranuzanusi oOMeHa JaHHBIMH MEXAy sieMeHTamu pacrpenenéHnoil UMY C peannzoBaHa Ha OCHOBE
XOpOIIO 3aPEKOMEHOBABIINX Ce0sl CETEBBIX TEXHOJIOTHH ¥ PEIICHHH C HMCIOIh30BAHHEM CHHXPOHHOTO M
ACHHXPOHHOT'O B3aMMOJICUCTBUS Ha OCHOBe creka mpoTokoioB TCP\AIP. OnHa COCTOMT H3 CIEIYIOIINX
KOMIIOHEHT:
—  TPOTOKOJIBI CHHXPOHHOTO M aCHHXPOHHOT'O O0OMEHa COOOIICHHUSMU;
—  eIMHBIN KaTaJor CEpPBUCOB;
—  IpOrpaMMHBIN MOIyJIb OIIEpaTopa.
CornacHo knaccudukanuu u3BecTHo Monenu OSI, B3anMojeiicTBUE B HalleM CITydae MPOUCXOAUT Ha
MIPUKJIATHOM YPOBHE, KOTOPBII MBI YCIIOBHO pa3fiesisieM Ha 2 MOAYPOBHS: MPAHCROPMHbIU Y I02UYECKU.
K mpancnopmuomy nogypoBHio ObLIM IPEABSIBIEHBI CIEAYIOIINE TPEOOBAHUS:
—  BBICOKas MPOW3BOAMTEIHHOCTH MPH Tepeave Kak JTUHHBIX COOOMIEeHUI (MerabaiThl), Harpumep,
MHOTOMOTOKOBOE BHJIECO0, TAK U KOPOTKHUX (OaThI) — KOMaH/Ibl yIIPaBICHHUS;
—  YCTOHYHMBOCTH K OOpBIBaM CBsI3H, HAIIPUMED, U3-32 HEYCTOWYUBOM pabOTHI pagroKaHaia;
— BO3MOXXHOCTb OpIaHU3allM{d B3aUMOJCHCTBUS OJUH-KO-MHOTMM, 4YTO HEOOXOAMMO MJs 3aaad
TPYMIIOBOTO YIPaBICHUS.
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K nozuueckomy nogypoBHIO OBLTH MPEABSBICHBI CICAYIONTUE TPSOOBAHYS:

KpOCCIIaTOPMEHHOCTh W MHOTOSI3BIYHOCTh — BO3MOXKHOCTh BECTH Pa3pa0OTKy B Pa3IUYHBIX
omnepannonusx cucremax (Windows, Linux x86\64\arm, Android, MIICT Dms06pyc) 1 Ha pa3iInaHBIX
s3eikax (C, Java, Python, Fortran);

—  YEJIOBEKO-YUTAEMOCTh — BO3MOXXHOCTh BOCIPHHUMATH IMOJIy4aeMyr0 WHGOpMAIUI0, He Tpuderas K
Crenu(pUIecKUM TPOTPAMMHBIM CpelCTBaM (IUIA 3TOTO [aHHBIE MEPENaloTCsI B TEKCTOBOM BHIE,
KpOME TeX ClIydaeB, KOIr/ia 3T0 KPUTHYHO JJIs MPOU3BOIUTEIILHOCTH, HAIPUMEP, B Cliydae Mepeaadu
BUJICOIIOTOKA);

—  BO3MOXXHOCTHh M30JIMPOBAHHOW pabOTHl — PabOTOCIIOCOOHOCTh B3aMMOACUCTBYIOIINX MEXaTPOHHBIX
ycrpoiicts, Bxomsanux B JIBC Toro miM MHOTO ypOBHsS HEpapXvu, HE IO/DKHA HAPYIIATHCS MPH
OTKITFOUEHHUH UX OT BHEITHEH JIst HUX ceTH (0oJiee BRICOKOTO YPOBHS);

—  JISICHTPAIIM30BAaHHOCTh W CIIOCOOHOCTh K CaMOOpPTaHHM3allMd — OTCYTCTBHE HEOOXOIMMOCTH B
CYIIIECTBOBAaHWU KaKOTO-TMOO “IEHTPAJIbHOTO” cepBepa, pEeryIaMEeHTHPYIOIEro padoTy Bcex
KOMIIOHEHT CHCTEMBI, KPOME CIIydacB OrPaHUYCHHUS JOCTYIIAa M PETUCTPALMN YIaCTHUKOB.

Peanmzamnust oOMeHa cOOOIIEHUSMHU BBITIONHEHa Ha Oa3e OubOmmorekn ZeroMQ), MOBEpX KOTOPOW

peanmn3oBaHa MOJETh B3aUMOJNEHCTBUS axkmopos[6]. bmaromaps TakoW KOHCTPYKIIMH, OOECIIeUUBAIOIICH
JUCTICTYCPU3ALINIO COOOIICHHUH, YIaeTCs peajin30BaTh TUCTAHIIMOHHOE TUHAMHYECKOE, T.€. 0€3 MPeKpaICHHs
paboThI, M3MEHEHUE HCTIONHAEMOro Kona Ha 6oproBoit DBM. TloapobHee ncnoiabp3yeMblil TIOJX0 ONHCAaH B
pabote[7]. Co3maHHBI IPOrpaMMHBINA MPOIYKT MOIHOCTHIO YIOBIETBOPSET MEPEUNCISHHBIM TPEOOBAHUSM.
JIONOTHHUTENEHBIM TIPEUMYIIIECTBOM SIBIISIETCSI UCTIONIb30BaHue Onbmuotexu mo numen3nd GNU LGPL V3, te.
3Ta OMOJIMOTEKA SBJISETCS CBOOOIHO PACHpPOCTPAHICMbBIM IPOTPAMMHBIM 00€CIICUCHUEM.

3akioueHue

[IpennoxeHHas CTpyKTypa TeppUTOpUANbHO-pacpeAeN€HHOr0 yIpaBleHus depe3 KaHanbl MHTepHeT
rpynmoi MOOMJIBHBIX POOOTH3HPOBAHHBIX YCTPOWCTB ObLIA peaiM3oBaHa B BHJE MPOTPaMMHO-AINAPATHOTO
KOMILJIEKCA M TIOKa3ajga CBOWO 3(PQeKTUBHOCT, B YACTH CO3JaHUS [JCHCTBYIOIIMX KaHAJOB JUIS
MHOT'OOIIEPATOPHOTO yIpaBiieHHUs yueOHbIMU poOoTamu Tuna «KAMYP» (ABToHOMHBINH YueOHbIH MOOUIBHBIN
PoGot, MJI «Cencopuka») u «Robotino» (Hemerkuii koHnepH Festo). Takoli MOCTOSHHO ACHCTBYHOIIUN
KaHan ympasieHus depe3 MHTepHeT B Hactosmiee Bpems ¢yHkmuoHHpyer Mexay MITY «CTAHKUWH»
(r. MockBa) u LleHTpoM TEXHOJOTHYECKONH MOANEPKKH 00pa3zoBaHUs MEXIyHApOIHOTO MHCTUTYTa HOBBIX
obpazoBarenbubix TexHonorui (LITIIO MUHOT) PITY (r. MockBa). AHATOTHYHBINA KaHAN JIEHCTBYET TaKKe
mexny UM um. Kenapimia PAH (r. Mocksa), HTIIO MUHOT PITY u IBOVY (r. Bnagusoctok).

Hcnonp3oBanue maHHOW TeppHUTOpUATbHO-pactpenencéHHon ceteBor cTpykTypsl MY C obecnieunBaet
NOPOCTOTY TOAKIIOYCHUS K YHPABICHUIO MOOWJIBHBIMH pOOOTAMH KOMIUIEKCA CICHUATUCTOB Pa3HOTO
npoQuIIs, HAXOIAIINXCS AATEKO OT MECTa MPOBEJICHUS padOT, B TOM YHUCIe U3 (UPM - U3TOTOBUTEIICH.

Jannas uH(GOpMaLMOHHO-KOMMYHHUKALMOHHAsT HMHQPACTPYKTypa MOXKET MHCIOJb30BaThCS B CHCTEME
JUCTAaHIIMOHHOro oOpa3zoBanusA [5, 8, 9] s opraHu3anuy IOCTyNa YYalIUXCsl K pealbHBIM MEXaTPOHHBIM
chUcTeMaM, pPAacloJOKEHHBIM Ha YAaJIEHHBIX TEPPUTOPHUSX, HANpUMeEp, UIA MOAKIIOUeHHs (QUIHaioB K
nabopaTtopHOi 0a3e OCHOBHOTO Y4eOHOTO 3aBEJCHHUS. JTO MO3BOJIUT COCPEAOTOUUTH TEXHHUECKHE PECYPCHI B
OTHOM MECT€ W OpraHW30BaTh OOYYEHHE TPYI CTYAEHTOB AWCTAaHIIMOHHO (W3 ()HMIMAJIOB), HE CHIDKAS
kadecTBO 00yueHus. Kpome Toro, JaHHas CTpyKTypa MO3BOJISIET OObEAMHUTD TEPPUTOPHATIHLHO pa3HECEHHbIE
HAYYHO-UCCIIEI0OBATEIbCKHE KOJUICKTHBBI BOKPYT KaKOTO-THOO OJHOTO, 00Jajaromero COOTBETCTBYIOLICH
MaTepHaIbHO-TEXHUUECKOW 0a30l, Win k€ OObeANHUTh MEXaTPOHHBIE YCTPOMCTBA PA3HBIX KOJJIEKTHBOB B
€IMHYIO CUCTEMY C JOCTYIIOM K&K OIr0-K-KaXI0My.
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Beenenue

C poctoM KOMMYECTBA OHKCIUTYyaTHPYEMbIX IIOJIb30BATENSIMA POOOTOB aKTyalbHBIM CTAHOBHTCS
WCCIIEIOBAaHNE YOPABICHHUS TPYyNIaMHd pPOOOTOTEXHHMYECKHX ammaparoB. Vcmomp3oBaHune OOBIIOTO
KOJIMYECTBA OJHOBPEMEHHO 3a/ICHICTBOBAHHBIX POOOTOB OCOOCHHO XapaKTEePHO IS MEPCOHATBHBIX OBITOBBIX
poOOTOB ¥ CIOPTUBHOW poOOTOTEeXHUKH. McTOopHuecku, mydie BCEro pa3paboTaHbl METOMbI YIPaBICHHS
rpynmnoil poO6OTOB It 0OecledeHrs MPOMBIIUIEHHOTO IMPOW3BOACTBA, HO WX INPHUMEHEHHE B CHCTEMax
yIpaBlieHHsT MOOWIIBHBIME POOOTaMHU OTPAHUYEHO PSAZOM OOBEKTHBHBIX (DaKTOPOB. BakHEWIINM H3 KOTOPBIX
SIBIIIETCS. OTCYTCTBHE BO3MOXKHOCTH CTPOTO JETEPMUHUPOBATH CpeAy W YCIOBHA (DYHKIIMOHUPOBAHUS
MOOWIIBHBIX POOOTOB, MCKIIOYMB Y4eT HeomnpenenéHHocTel. DyHKIMOHUPOBAHUE XK€ POOOTOB B alpHOPH
HEW3BECTHOW W HEAECTEPMHUHHUPOBAHHOW HW3MEHAIOLIEHCs cpexe TpeOyeTr pa3paOOTKHM HOBBIX METOAOB W
aJTOPUTMOB YIIPABJICHHUS], a TAKXKE METOJIOB TECTUPOBAHUSA U OTIAJKU MOIYYCHHBIX PELICHUH.

Lenpto maHHOW pabOTHI SBISETCS HWCCIEIOBAaHHE 3aBUCHUMOCTEH BPEMEHU TPHUHSITHSA YIPABISIONUX
pemennii 1 06bEMa UHPOPMAIIMOHHOTO 00MEHa OT TTApaMeTPOB TPYIMITEI POOOTOB TPH IIEHTPAIN30BAHHOM U
JISIIEHTPAIM30BAHHOTO YIPABJICHUN Ha MMPUMEPE KOMITBIOTEPHON M HATYPHOU MOJIENel TPy POOOTOB.

AHanu3upys OCTYIHBIE HAayYHBIE PE3yNIbTaThl, OTHOCAIIUECS K MpoOJeMe TPYIIIOBOTO YIPaBICHHUS
pO6OTaMI/I, IMOJIYYCHHBIC C IIOMOLIBIO KOMIIBIOTCPHOI'O MOACIHUPOBAHUA MW MATCMATHUYCCKHUX MCETOI0B
MCCJICIOBAHUI MBI 3aMETHITH CJIa00€ MPAKTUIECKOE IPUMEHEHHE U3BECTHBIX TEOPETUUYECCKUX PE3YJIbTATOB.

Kak w3BecTHO Kaxmas Tpymnma poOOTOB MPOEKTUPYETCS W3 OMpPENEICHHBIX KOMIUICKTYIOUINX H
(YHKIMOHUPYET IO/ YIPaBICHHEM CBOMX TNPOTPAMMHBIX CPENICTB, 4YTO CYIIECTBEHHO BIHSIET Ha UX
COBMECTHYIO paboTy Haj oOied 3amaucii. B Hammx HCClIeOBaHUAX MbI COIMOCTABISAEM IPAKTUUCCKUN
pe3ynbTaT, TOJYYEeHHBI Ha OKCIEPHUMEHTAIBHBIX pPO0OTaX ¢ pe3yidbTaTaMH, MPEICKa3aHHBIMH B

* Pabora BhINosHeHa npu noanepxkke bPODOU-M, norosop Ned14M-139 «Pa3zpaboTka alrOpUTMOB JMCTAHI[MOHHOTO
LEHTPAJIN30BAHHOTO YIIPABICHHUS IPYINONH MOOHIBHBIX po6oToB)» (2014-2016 rr.) u moprana http://www.robotics.by [9]
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TEOPETHUYECKUX paboTax. DTO TMO3BOJIACT OIMUCATh XAPAKTEPUCTHUKH, YTOYHHTH HEOOXOIUMBIC YCIOBHS
(DYHKIITMOHUPOBaHUS, Pa3bsICHUTh ©  TOATBEPAUTh HAa TMPAKTHKE TCOPETHYECKUE  MPEIINOCHLUIKH,
(YHKIIMOHUPOBAHHS TAKHX CUCTEM.

B teopernueckux pabdorax [1]-[3] AeTanbHO pacCMOTPEHBI ITPOOJIEMBI YIPABACHHS OOJIBIIMMH FPYIIIaMH
po0oTOB. ABTOpaMH YKa3aHHBIX pabOT HaileHBl YeThIpe (yHIAMEHTAIbHBIC CTPATCTHH YIPAaBICHUS. JTO
e/IMHOHAYAaJIbHAs, UepapXuiecKas, KOJJICKTHBHAS U CTaliHas cTpaTterud. [IpeioxeHa cpaBHUTENbHAS OICHKA
BPEMEHH TPYIIIOBOIO PEIICHHUS HPU Pa3jIMUYHBIX CTpaTerusx ymparieHus. OO0OCHOBaHA I1€1eCO00pPa3HOCTh
MIPOBEJICHUS JIOMOHUTEILHBIX UCCIICIOBAHNMN, CO3aHUs U IKCIUTyaTalluy TPy POOOTOB IS MPUMEHEHUS B
MIPOMBIIIJICHHOCTH, OBITY U BOGHHOU chepax.

1. MeTonunka ucciieq0BaHMii U ONMUCaHUE IKCIIEPUMEHTAIbHBIX POOOTOB

OKCHEpUMEHTATIBHBIE UCCIIEIOBAHUS IPOBOAMIINCH B ABa 3Tana. Ha mepBom 3Tamne npoBeAeHbI HATYPHBIE
WCHBITAHUS C MCIIOJIB30BaHUEM TPYIIBI SKCIEPUMEHTAIBHBIX MOOMIBHBIX poOoToB [4]. ['pymnmna coctout u3
BOCbMH PO0OTOB ¥ LeHTpaiabHOH DBM. Kaxmpiit poboT ocHamién paguomoaemom XBeePro, paboTaromum B
IIUPOKOBEMIATENIFHOM ~ pPEKHME, MHKPOKOHTPOJUIEPHOW CHCTEMOH YIpaBle€HHUS HIDKHETO YPOBHA U
ryceHn4HbIM maccu ¢ rabapurtamu 150x190x100 mm (PucyHok 1, a).Buemnuii Bua mimaTel cHCTEMBI
yIpaBlieHUs HIPKHETO YPOBHS C YCTaHOBJICHHBIM paaromoaeMoM XBeePro mokaszan Ha Pucynke 1, 6.

Cucrema yrpaBlieHUS! HIDKHETO YPOBHS peasi3yeT aJpeCHBbI MPHEM MaKeTOB JAaHHBIX OT IEHTPaTbHOM
OBM, 1 ucnoNHEHNE yIpaBIsAIONINX KOMaH, a TAKXkKe OTIPaBKy Ha HEHTpalbHyl0 OBM CeHCOpHBIX JaHHBIX.

Hentpansnas OBM ocHamieHa paanoMOIeMOM TOTO K€ THMA, 4To W pobotel. EE mporpammuoe
o0ecIieYeHre TO3BOJISIET OCYIIECTRIATh WHGOPMAIMOHHBIA OOMEH ¢ pOOOTaMH, COXpaHEHHE NOaHHBIX W
(hopMHpOBaHUE KOMaH]| YIPaBJICHUs C HHTEPBAIOM B CTO MHJUTUCEKYH/I.

Puc. 1. [IporoTun MoOWIBHOTO POOOTA AJIS 3a]1a4 TPYIIIOBOTO YIIPABICHHUS

st B3auMoielcTBUS poOOTOB M HeHTpaibHOM DBM pa3paboTaH ceTEBOM MPOTOKOJ, Oa3UPYIOIIUIACS Ha
¢u3nUeckoM 1 KaHATBHOM YpoBHiIX XBeePro u peanmsyromuii npukmnagHoii yposenb mogenu OSl, a takxe
3JIEMEHTHI CETEBOT0 U TPAaHCIIOPTHOTO YpOBHEH B 00bEME, HEOOXOIUMOM JUIsl YIPABJICHUS IPyNIold poOoToB
[5].

Hcnonb3oBanne OEHCTBYIOIIMX POOOTOB  MO3BOJMJIO  ONPEACIHTh OCHOBHBIE  COOTHOLICHUS,
XapaKTepU3yIoLIe MNpoLecCch Mepefadyd uHpopManuud B rpymie poboroB. OmpeneneHbl 3aBUCUMOCTH
BpEMEHH Iepe/jauy MMakeTa JJAHHBIX OT pa3Mepa MakeTa, BIUSHHUE yJaleHHss pOOOTOB Ha MOIIHOCTh CHT'HAJA
(RSS) m Ha cBs3aHHBIE C STHM OIIMOKH TEepeaayd, MaKCHMAaJbHO JOIyCTHMOE YHCIIO OTHOBPEMEHHO
paboTaronux Ha nepegady B IIMPOKOBELIATEILHOM PEXUME PaJANOMOIEMOB.

[Mony4yeHHble SKCIEpPUMEHTANLHBIE JAaHHBIC HCIOJIB30BAaHBl HA BTOPOM JTale, 3aKI0YalolieMcsi B
KOMITBIOTEPHOM MOJISIMPOBAHUH TPYIIIBI POOOTOB, YIPABISIFOIIUXCS IICHTPATH30BAaHHO U JICIICHTPATH30BaHO.
Takum 00pa3oM, MpeanpHHATA MONBITKA SKCTPANIOIUPOBATH pealibHble JaHHbIe Ha OoJbllee YUCIO POOOTOB,
(YyHKIMOHUPYIOIIMX B OOJIBIIMX MOMEIICHHUSX C 00JIee CIOKHON KOH(pUrypamuei.

2. Pe3yabTaThl 3KCNIEPUMEHTOBIIO Nepeaaye JaHHBIX B IpyIie po6oTos

YnpaeieHue podoTaMu OCYIISCTBIICTCA KOMaHIHBIM ClIoc000M, Ha ckopoctu 19200 out/c. OTnpaBka
YIPABIAIONIMX KOMaH] poOOTaM OCYINECTBIACTCS KKIbIE CTO MUIUTHCEKYH]I, YTO SBJISICTCS OJHUM TAKTOM
CHUCTEMBI YIIPABJICHUS.
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BFIEMH OTAPSAEKH W NONYYeHWA NaKeTa, Mo

Pazmep naketa BaHHeX, BaiT

Puc. 2. 3aBucuMOCTb BpeMeHH OTKITUKA OT POOOTa MPU Pa3HBIX pazmMepax

OmHako B CBA3M C OCOOGHHOCTSMH omepaloHHON cuctembl WindOwS peanbHas CKOPOCTh
HHGOPMAIMOHHOr0 00MeHa HeHTpaibHoi DBM ¢ pobotamu cocrapiseT nmopsaka 3200 OuT/c, Kak BUAHO M3
rpaduka Ha Pucynke 2. I'paduk Ha maHHOM PHUCYHKE TMOKA3bIBACT BpeMsl TaK HA3BIBAGMOTO IMHTA Po0OTa,
CKJIaJbIBAIOIICECs] M3 BPEMEHU OTIIPABKH MAaKeTa JaHHBIX, MONYyYEHHS ero poOOTOM H OTHpaBKH poOOTOM
00paTHO TOTO KE MaKTe (9Xa).

Takum 00pa3om, HCIIONB3YSl TEKYIIUH MPOTOKOJ, BO3MOXKHO OCYIIECTBIIATH yIpaBieHHE He Ooyiee Yem
JecAThI0 poOOTaMM 32 OTUH TaKT CUCTEMBI YIIPABJICHUS B Ta00PATOPHBIX YCIOBHUSIX.

B pesynbrare HaTYypHBIX HCIBITAHUN Ha IEHCTBYIOIIUX MOAEISIX pOOOTOB Oblia MOJTy4eHa 3aBUCUMOCTD
YKCIIa MOTePSIHHBIX MMAKETOB JAHHBIX, B MpoOIeHTaX, oT BenuunuHbIRSS, dBm.(Puc. 2). Kak BuaHO U3 rpaduka,
YHCJIO TMOTEPSHHBIX MAKETOB JAHHBIX PACTET HEJIMHEHHO C YMEHBIIEHHMEM MOLIHOCTU cHTHajda. M3mepeHus
NPOBOAMIINCH NPU OTIPAaBKE CTa MAKETOB AAHHBIX C MOCIEAYIOIIMM MIOJyYEHHUEM OTBeTa (3Xa) OT poOOTOB U
MOCTETIEHHBIM Y/IaJIeHHEeM POOOTOB OT IepejaTumKa.

Be1o oTMeUueHO 3HAUYMTENbHOE CHIDKEHHE YHcla YCICUIHO OTIIPABJICHHBIX IMAKCTOB IIPU OTAAJICHHUU
poOOTOB HAa MAKCUMAITBHO JIOMYCTUMYIO JUTSL PaIHOMOJIEMOB 1aibHOCTh (Puc. 3).
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Puc. 3. 3aBUCHMOCTD KOJIMYECTBA AOCTaBJICHHBIX IMTAKCTOB OT MOIIHOCTHU MMOJYUYCHHOT'O TPUCMHUKOM
CUTrHaJa

3. [InaH 3xcnepuMeHTOB 10 HMUTALIMOHHOMY MO eJTHPOBAHUIO

JIns KOMMYecTBEHHOTO TOATBEPKICHUS W KOPPEKTUPOBKH TpHBEACHHOTO B [1] rpadmka 3aBUCUMOCTH
BpEMEHH MPUHATHA pELIEHUs OT crHocoba TIPYINOBOrO ympaBieHHs ObUIO MPOBEIEHO HMHUTAIMOHHOE
MOJeNnupoBanue (YHKIMOHHUPOBAHUE TPYMNNbl pPOOOTOB MpH [BYX Ppa3IMYHBIX CHOco0ax yMpaBlICHHS:
HEHTPATN30BAaHHOM H JCUEHTPATU30BAHHOM. 3ajaya MOETUPOBAHUS 3aKII0Yajach B ITOMCKE HMCKOMBIX
00BEKTOB B alproOpH HEM3BECTHONW MECTHOCTH. MozennpyemMas MECTHOCTh Oblila MpeACTaBIeHa AUCKPETHBIM
MoJIEM B BHJE IJIOCKOTO KBaapaTa pasmepoM 256%256 kietok, 20% W3 KOTOPBIX SIBISAIMCH HpPErpagaMy.
[IpuuéM pasmep KIETOK COM3MEpUM C rabapuraMu MOOMJIBHBIX POOOTOB, YTOOBI OHH MOTJIH
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OecIpernsTCTBEHHO Pa3BepHYThCA Ha MecTe. Eciam B KadecTBEe MPOTOTHIA TPYMIBI POOOTOB HCHOIB30BATH
yKa3aHHbIE BbIIIE MOOWIBHBIE POOOTHI, TO B SKCIEPUMEHTE MOXHO MMHUTHUPOBATH CKJIAJICKOE MOMEIICHHUE
nopsiaKa 6 THIC. KBaAPATHBIX METPOB.

[Iman sKcmepuMeHTa 3aKIoYaicsl B CIEAyoImeM: 1) yCTaHOBKAa OJHOTO W3 BEIOPAHHBIX CITOCOOOB
TPYNIOBOTO YIpaBicHHS, 2) TeHepalus HOBOW KapThl MECTHOCTH (DMKCHPOBAHHOTO pa3Mepa IMyTEéM
pPacCTaHOBKH CIy4alHBIM 00pa3oM mperpas; 3) BhICTABIECHHE POOOTOB HA CTAPTOBYIO ITO3HIIUIO — B HIDKHUN
MPaBBIH YTOJI IUCKPETHOTO MOJIsA; 4) paccTaHOBKAa CIyYailHBIM 00pa3oM 3-X MCKOMBIX OOBEKTOB; 5) 3aImyck
(yHKUIMOHUPOBaHUS POOOTOB C MOCTOSHHBIM IOJCYETOM ILIArOB MOJENBHOIO BPEMEHH; 6) MpeKparieHue
MOJICJIMPOBAHMS TIPU YCIIOBHH, YTO B OO0JIACTh CTapTa OBLIM JOCTAaBJICHHI IO KpaliHEH Mepe JBa U3 TpEX
UCKOMBIX 00beKTa; 7) YBEIHMUYCHUE YKCIa WICHOB TPYIIBI MOOWILHBIX pOOOTOB Ha OJHY eauHUIy (0T 1 1 1o
64).

[lox maromM MOAETHHOTO BPEMEHU MMOHMMAETCS TAKT CHCTEMBI YIPABIEHUS IMPEIIOoIaraeMoil CHCTEMBI
yIpaBlieHUs TPYNIOBBIMH  MOOWJIBHBIMH POOOTAMH Kak TMpH I[EHTPATM30BAHHOM, TaK M IIpH
JEIIEHTPAIM30BAHHOM CIOcOo0ax yIpaBieHUU. [IpyruMH CJIOBaMH, BO BpeMs KaXKJOr0 Iara MOJEIBHOTO
BpEeMEHH (TaKTa CHCTEMBbI T'PYNIIOBOTO YIIPABICHUS) B 3aBUCUMOCTH OT BBIOPAHHOTO Ccrioco0a yIpaBiIeHHUS
MIPOUCXONT TIEPEIBIKEHNE (PUKCUPOBAHHOTO YKCIIa MOOMILHBIX pOOOTOB Ha OJHY KIETKY (€CIH I 3TOTO
€CTh BO3MOXHOCTE). VICKOMBIN OOBEKT SBJISICTCS HAHJACHHBIM M PACIO3HAHHBIM TOJBKO TOTZA, KOTAA JI0OOH
u3 poOOTOB OKa)xxeTcs ¢ OOBEKTOM Ha OJHOM KieTke. Takum o0pa3oM, B MOAETUPOBAHUM HE YUUTHIBAIOTCS
BPEMEHHBIE ¥ BBIYHCIUTEIFHBIE 3aTPAaThl CHCTEM YIIPABJICHUS WICHOB IPyNIbl. Pe3ynbTaThl MOJIEITHPOBAHUS
MPOJIEMOHCTPUPYIOT TPEOOBAHMUS K POU3BOJAUTENFHOCTH U XapaKTep MOBEICHUSI BCEH IPYTIITBL.

Jlis peanuzanuy IEHTPATU30BaHHOTO CII0C00a yrpaBieHus: ObUT MOJU(PHUIIUPOBAH paHee MPe I0KEHHBIH
aHTPOTIOMOP(HBIA aNTOpuUTM [7], KOTOpPBIA OBLT pa3paboTaH UIsi TOYHOTO OPHEHTHUPOBAHUS OIMHOYHOTO
MOOHMIIFHOTO POOOTa B MPOCTPAHCTBE B allPHOPU HEM3BECTHOW MECTHOCTH. AJITOPUTM OBUT M3MEHEH TaKUM
00pa3oM, YTO JIOKalbHBIE JaHHBbIE CEHCOPHBIX CHCTEM BCEX MOOWIIBHBIX POOOTOB, TONYYEHHBIE 33 KasKAbIH
TaKT CUCTEMBI YIPaBIEHIsI, PETUCTPUPYIOTCS B €IMHOM BBIUYHCIUTEITHHOM IIEHTPE.

B xagectBe nmeMoHCTpammu pabOTHI ENEHTPAIH30BAHHOTO TIOAXO/a HWCIIONB30BAICITAKKE paHee
NPEIUIOKEHHBINA alrOPUTM Ha OCHOBE aHAJOTMH MypaBbEB (ypaxupoB[8], B kKoTopommpe/mnonaraercs, 4To
cTas poOOTOB COCTOUT M3 (PYHKIIMOHATHFHO PABHO3HAYHBIX M TEXHUYECKU MPOCTHIX W OJHOTHUITHBIX pOOOTOB,
JIEHCTBHSI KOTOPBIX OCHOBAHBI Ha TIPOCTHIX JIOTHUECKUX MTPABHUIIaX.

4. AHAJIN3 aJITOPUTMOB M Pe3yJIbTATOB HMUTALHOHHOTO MO/IeJIMPOBAHMSA

Ha cnenyrommx rpadukax (QyHKIUA TpUBEICHBI KOJMYECTBEHHBIC IMMOKA3aTeId  Pe3yJbTaToOB
MIPOBEAEHHBIX MMHTAIMOHHBIX SKCIEPUMEHTOB II0 COBMECTHOMY PEIIEHHIO 3a7add IMOUCKAa OOBEKTOB B
Hen3BecTHON MecTHOCTH (PucyHok 4). Cienyer 3aMeTUTh, YTO Ha YKa3aHHOM rpaduke K HeHTPATN30BaHHOMY
YIpaBIEHUIO OTHOCATCS ABE PYHKIMU. ITO CBA3AHO C TEM, YTO B KCIIEPUMEHTE ObLIa MPEANPHUHSTA MOTBITKA
y4ecTb HEKOTOphIE (U3MUECKUE MAapaMEeTPhl CUCTEMbI LIEHTPAIN30BAaHHOTO YIPABIIEHUS I'PYNIION yKa3aHHBIX
BBIIIIE PEATbHBIX MOOMIIBHBIX pOOOTOB, KOTOPBIE €CTECTBEHHBIM 00pa3oM BIHAIOT Ha 3()PEeKTHUBHOCTH PabOTHI
Bceil Tpynmbl B HenoM. Kak ObLIO BBISIBIECHO MPH Pa3IUYHBIX PEANTbHBIX WUCHBITAHUSIX TPYHIBI MOOMIBHBIX
pOOOTOB, CaMbiM YS3BUMBIM DJIEMEHTOM, IOJBEPKEHHBIM BHEIIHHM BO3JICHCTBUSAM, SIBISIETCS MOMYIb
OeCIIPOBOIHON CBSI3H.

[lepBbiii rpaduk QYHKIUH, OTHOCSIIMHCS K HEHTPAIM30BAHHOMY YIPABICHHIO, YYHTBIBAET TOJIBKO
3aBUCHUMOCTh 4YHCJa TIOJYyYEHHBIX CHCTEMOW YIpaBieHHS MOOWIBHBIM pPOOOTOM MAaKETOB IaHHBIX OT
paccTOSHUS 10 BEIYMCIUTENBHOTrO LIeHTpa. Ha ocHoBaHuM rpaduKoB [IOTEPH HAKETOB NP OTAAJICHUN pOOOTOB
Ha MaKCHMAaJbHO JOIyCTUMYIO AJISI PajlOMOJIEMOB JAJbHOCTh HAa MOAEIb ObUIM HAJOXKEHBI CIIEAYIOIIUE
OTpaHUYCHHUSL:

1. 100% BepoOSATHOCTH IOJYyYEHHUS TAKETOB MPH PACCTOSIHMA MOOWIBHOTO poOOTa OT
TOYKH cTapTa He O00ibIne 200 KIETOK;

2. 90% — ot 200 1o 250 KIETOK;

3. 60% — ot 251 mo 256 KneTok.

Bropoii rpaduk mumocTpupyeT cmnoco® IpyNIIOBOTO YIPABICHHUS, B KOTOPOM YUYHUTHIBAIOCH €IIE H
KOHEYHOE YHMCII0 MOOWMJIBHBIX POOOTOB, KOTOPBHIM BBIYMCIUTEIBHBI LEHTP MOXET IepelaTh YIpaBIsioIIue
KOMaH[bl. YUNTHIBAs NPAKTUUECKUIl OIBIT U YKa3aHHBIM BBIIIE MPOTOKOI MEpeladn JaHHBIX, B IPOBEIEHHOM
OKCIIEPUMEHTE IMPUHUMAJIOCh, YTO B Ka)K)IBIﬁ mar MoOACJIbHOI'0O BpPEMCHU BBIYHCIIUTENLHBIA LEHTP MOXET
YIPaBIATh TONBKO 10 MOOMIBHBIMU POOOTAMHL.
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Puc. 4. 3aBUCHMOCTE YHCIIa IIIATOB MOJICITLHOTO BPEMEHH OT YHCiIa POOOTOB B TPYIIIIE

JlJis yMEHBIIICHUST CTATUCTUYCCKOW TIOTPEIIHOCTH YKA3aHHBIX M TOCJICIYIOIIUX 3HAYCHUN MOKa3aTese
(hYHKITMOHUPOBAHUS TPYIITHEI POOOTOB MPHU PA3INYHBIX CIIOCO0AX yIpaBiieHUs ObUTO mpoBeneHo 30 u3MepeHuin
KaXXA0T0 U3 2X64 OnBITOB.

PaccMmoTpuM pe3ysbTaThl ACIEHTPATM30BaHHOTO CIIoco0a yrpapiieHus. Kak BUIHO U3 TpeThero rpaduka,
C POCTOM YHCIIa WICHOB IPYIIbl MOJACIHHOE BpeMs, HEOOXOUMOE IS BBHITIOJHEHHS ITOCTABIICHHOW 3aJlauH,
MMOCTOSTHHO YMEHBINAeTCs, OCOOCHHO M0 pa3mepa rpymmbl B 30 poOOTOB, IOCIIe KOTOPOTO IajeHUE
MIPOMCXOAMT TOpa3ao MeajeHHee. 3aMeTUM, 4TO paccMaTrpuBaeMblii rpaduk (QYHKIMH HAYWHACTCS 1O OCH
a0cImce He ¢ €MHUIBL. DTO CBSI3aHO C TEM, YTO MPEIOKEHHBINA NEIEHTPAITH30BaHHBIA allTOPUTM TTO3BOJISIET
PEIINTh 33729y TOJIBKO HauMHasl ¢ 3-X poOOTOB.

Ha cnemyromem pucyHke TpuBeACHb Tpapuky (QYHKIHMH, HUTIOCTPUPYIONUE 3aBHCUMOCTD
3¢ (EeKTUBHOCTH BEHITIOIHEHUS TOCTABICHHON 3314l OT YHCIIa MOOWIBLHBIX pOOOTOB B TPYIIIE MIPH Pa3IHMIHBIX
croco0ax yImpaBieHHs, KOTOpPhIe OBUTH IMONyYeHBI IyTEM BBIYMCIICHUS OOpATHBIX 3HAYCHUN IaHHBIX W3
OIMMCAHHBIX SKCIICPUMCHTOB.
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Hucno poboToe B rpynne, Wr.

Puc. 5. 3aBucrMOCTh IPOU3BOIUTENBHOCTH PA3INIHBIX CITIOCOOOB YIIPABIECHHUS OT YHCIa pOOOTOB B
rpymrme

MOXHO 3aMETUTh, YTO TMPH JCICHTPATN30BAHHOM YIPABICHUUA C POCTOM KOJIUYECTBA YICHOB T'PYIIIHI
3G (GEKTUBHOCTh PACTET MPAKTUYECKU NPsAMONMHEHHO. [Ipy IeHTpanu30BaHHOM YIPAaBICHUH SBHA 3aMeTHA
HEJIMHEHHOCTh W3-32 BBEACHHBIX OTPAHWYCHMI, MpUYEM, Ha BTOPOM TIpaduke SIBHO 3aMETHO BIIHSHUC
MOPOTOBOY BEJIMYMHBI, OTBETCTBEHHON 32 MaKCHMaJIbHO BO3MOXKHOE YHUCIIO OJHOBPEMEHHO OOCITYKHBaEMBIX
po6OTOB.

3akiIoyenue

B pabote wuccrnenoBaHbl OCOOCHHOCTH MAacIITAOMPOBAHUS YHUCICHHOCTH TPYIIBl MallOra0apUTHBIX
MOOMJIBHBIX POOOTOB MPH HIEHTPAIM30BAHHOM M JCIIEHTPATU30BAHHOM CIIOCO0aX YIpPaBICHHs C YY€TOM psijia
OTpaHMYCHHUI CBSI3aHHBIX CO CIIOCOOOM Iepeaadyrd KOMaHJ M0 KaHajgaMm CBs3u. [1oATBepKAeHbI, YTOYHEHBI U
pasbscHeHbl (pyHIaMEHTANLHBIE OCHOBBI 110 BBIOOPY CTpaTeTHil YIIpaBIIEHUS MOCPEACTBOM aHAIIM3a
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MIPAKTUYECKUX PpE3yJbTaTOB OJHOBPEMEHHO CO 3HAYEHUSAMH, IIOIY4YEHHBIMH IIOCJIE HWMHUTALHOHHOTO
MOJIETTUPOBaHMUSL.

[IpoBenénHble 3KCIEPUMEHTHI IIOKa3ajiM, YTO MPEMJIOKEHHBbIE aIrOPUTMbl LIEHTPAIU30BAHHOIO U
JELEHTPAIN30BaHHOIO CIIOCO00B YIIPABJIEHUS I103BOJIAIOT poOOTaM KaK LEJIOCTHON CHUCTEME IIOC/IE0BaTEIbHO
¥ METOJMYHO 00CIIEeI0BAaTh BCIO JOCTYIHYIO TEPPUTOPHIO, Aa)K€ IPU BBIXOJE U3 CTPOS HECKOJIBKUX CBOUX
yieHoB. Clie0BaTeIbHO, KOHEUHBIH pe3yibTaT B3aUMOJAEHCTBUA pOOOTOB B IPYIIE 3aBUCUT TOJBKO OT MX
KOJIMYECTBA M CIIOCOOHOCTEH pacro3HaBaTh UCKOMBIN MpenMeT.biarogaps TomMy, 9To MpH IEHTPATU30BAaHHOM
crocoOeynpaBieHus] BEIYUCIUTENbHBIA HEHTP 00s1aaeT rao0ansHoil nHpopManyei o Bcex McCiel0BaHHBIX
00acTsIX KapThl MECTHOCTH M PAacHOJI0KEHHH POOOTOB, 3TO MO3BOJISIET BCEW Ipymme JeiicTBOBaTh Oojee
3¢ (exkTnBHO, YeM TpU JEIEeHTPATM30BAaHHOM ympasieHHH.OQHAKO, TPH JOCTHXKEHHH ONpPEAeNEHHOTO
KOJINYECTBA WICHOB IPYMITHl MPOU3BOIAUTEIBHOCTD LIEHTPATN30BAaHHOTO CIIOCO0a YIpaBIIeHHUsI OKA3bIBAETCS HE
BBIILIE, YEM TIPU [IEHTPATN30BaHHOM.
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In recent years, intelligent control systems are increasingly used in various applications, civil and special
purpose.Firstofallitrelatedwithperfectionofvarioustypesofengineeringtechnologies, asaresult, requirements to
control systems are increased: high speed and running accuracy(servo drives, guidance system, items of
microsystem technology, etc.). In addition, another important requirement to such systems is to improve the
control quality in conditions of various factors of uncertainty (temperature changes in the coefficients of
viscous friction; size changes in the back play and backlash of the driver transmission elements; mismatch in
dynamic characteristics of the power switches for required frequency range; various types of perturbations,
which both act upon the shaft of operating motor and its input, etc). As show the studies of foreign [1, 2] and
local [3-5] scientists, the application of intelligent technology (IT) can provide all of the above requirements,
submitted to the modern control systems. However, implementation of IT into the engineering practice goes
rather slowly, mainly because the constructive methods of analysis and synthesis are absent. Actuality of this
problem became the basis of the presented research.

This paper present the intelligent control systems based on fuzzy logic technology. Taking into
consideration the researches conducted in [6, 7], which show the redundancy of universal design of PID -
controller (both classical and fuzzy) for objects of different classes, its simplified modification, the fuzzy P
controller (FPC) are invited to consider. Block diagram of the system shown in Fig. 1.

f

HITP | oy

Fig. 1. Block diagram of the ACS with fuzzy P-controller (FPC);
CO- control object, x — reference variable, f — external disturbances.
As shown by studies [4, 8], all transformation in the fuzzy controllers are essentially non-linearand this
explains the improvement of the control quality of ACS with fuzzy controllers:the value of the gain of the FPC
is changing in the process of processing the reference variable (Fig. 2).
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Fig. 2. The influence of the nonlinear characteristic of the FPC (a)
on the quality of the transition process (b)

Parameters of the nonlinear characteristic of the FPC depend on several factors: the dimension of the term -
the sets of linguistic variables, the shape and relative position of the membership functions of individual terms, the
priority of the relationship of input and output terms. By varying these factors, taking into account the influence of
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the parameters of the nonlinear characteristics of the FPC on the dynamics of the system, the authors have
developed a generalized technique of forming a non-linear transformation in the FPC [6, 7].

Taking into consideration the non-linear nature of the transformation U (g) in the FPC,the need to study
the dynamics of the system and first of all study the stability arise.lt is obvious, that to solve this problem, we
can use the modified research methods of non-linear systems, for example, analogue of the unconditional
stability criterion of VM Popov and method of harmonic balance.

According to this criterion, the condition of stability of the equilibrium of such a system takes the form:

Re[l + jqw]~Wco(jw)+%>0 1)

Where q - real number (positive or negative), Wco frequency response of CO, k - the slope of the vector,

limiting sector, within which are non-linear characteristics U(g).However, features of the type of non-linear
transformation of the FPC, especially the flex point (s) in it, leads to the need to apply the criterion of absolute
stability of the processes (considering Fig.2), that can be written as:
Re-Wco (jw) Jrki >0 (2)
S
0< () <k
o
wherekg is the slope of the steepest part of the nonlinear characteristics U(e).Graphic interpretation of

condition (2) is shownin Fig. 3, wherewgg (p) = 50[ p(1+ 0,002 p)(+0,05p)] "+
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Fig. 3. Graph-analytical intérpretation of the conditions for the absolute stability
of processes of ACS with fuzzy P-controller

As can be seen, the condition (2) is violated. It is easy to show that the condition (1) for the same system
will be implemented. Comparison of conditions (1) and (2) shows that the criterion of the absolute stability of
processes is more "rigid"”, that’s why it will have to be used in analysis and synthesis parameters of FCP. At
the same time it is important to emphasize that, in one hand, the conditions (1) and (2) are sufficient and
consequently it is difficult to give a reliable estimate of the stability region, on the other hand, the more "rigid"
requirements for condition (2), in most cases, lead to non-compliance of it, which leads to the use of
alternative approaches to the analysis ACS with FPC, one of which is a method of harmonic balance [6, 9 ].

Complex gain of the nonlinear element Wgpc (A) (similar to a presented in Fig. 2) can be written in the

form:

2 2
2 . a . b 2kpa+2c—kob b koa+kia aj

W A) == (k1 —ko)arcsin—+ ko arcsin—+—4&—— =~ o= 1| — | 22”2 |
FPC (A) . (k1 —k2) A ke A A \/ (Aj A A

c—d
b-a

d

ki =—.ko =

1=k
©)

Where A is input signal amplitude; kiandk.areslopeofcurvel-th and2-th part of the nonlinear characteristics
U(e);(a,d)and(b,c)arecoordinatesofflexpointofthenonlinearcharacteristicU(e).

The solution of equation of harmonic balance is reduced to the definition of the points of intersection of
the characteristics —WFpC_l(A) and Wco (jw), grapho-analytical interpretation of which is shown in Fig.4

(for the same example as in Fig. 3).

As shown in Fig.4, there are no oscillations in the system. It should be noted, the values that define the
boundary of the absence of oscillations, closer to the values that define the range of absolute stability of
processes, but not to the values that define the range of absolute stability of the equilibrium (Fig. 3).This
suggests that the method of harmonic balance is more precise (in case, the order of the control object is not
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less than a three).Moreover, it possible to get an indirect estimation of quality, using the methodology

presented in [9, 10], on the basis of the method of harmonic balance.

-0.08

¢ balance of ACS for FPC

A :
Fig. 4. Graph-analytical solution

of the harmoni
Consider an indirect estimation of quality of ACS with the FPC in grapho-analitical form. So, Fig. 4 shows the
equivalent complex gain of FPC —Wgpe “1(A), obtained from (3) for non-linear transformation of the form Fig.

2a.Then according to [9] , Fig. 6a shows a set of curves corresponding to different oscillation parameters ACS
with the FPC (Fig. 5), where c— is oscillation index(whenc=1,1 6=10%, whenc=1,2 6=20%, whenc=1,3

0=30%).Fig. 6b shows the transient of system.
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Fig. 5.0scillation indexes of SAU with fuzzy P-controller
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Fig. 6.Thesetofcurves, corresponding to different oscillation indexes (a)
transient of system (b)

Indirect estimation of oscillation index (and accordingly, overshoot) is carried when the hodograph of
linear part Wco (jw) and one of the curves from Fig. 6a. have a tangential point. By varying the parameters of

the nonlinear transformation (the slope coefficient ki and ki, and the inflection point A)it is possible to
change -Wgpc —1(a), respectively curves in Fig.6, and, therefore the overshoot in the system.
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So, the obtained grapho-analytical method of indirect estimation of quality based on the method of
harmonic balance is sufficiently precision and convenient to analyze the ACS with the FPC and is quite
constructive tool for the synthesis of non-linear transformation in a fuzzy controller.

To determine the direction vector further research it is worth noting some of the shortcomings of this
approach. Firstly, the harmonic balance method is applicable to systems not less than the third order; This
condition is determined by the need to perform hypothesis filter. Second, the harmonic balance method does
not provide an estimation of the stability region of the system, although, as shown in this paper the values that
define the area of sustainability and value indicating whether the oscillations are close enough.

It is obvious that developing, known in the theory of nonlinear ACS, techniques of improve the accuracy
of the harmonic balance method, the obtained result can be modified for fuzzy PI - and PD - controllers.
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CHUHTE3 HEUETKOI'O II-PEI'YJIATOPA
HA OCHOBE METOJA TAPMOHHUYECKOI'O BAJIAHCA

Mockoeckuil 20cydapcmeenHblil YHugepcumem uHGOPMayUuOHHbIX MEeXHOL02UM, PAOUOMEXHUKU U
anexkmporuky (MUPOA), Mockea
nkazachek@yandex.ru

WnTennexTyaabHble CUCTEMBI YIIPABIEHHUS B MTOCIIEIHIE TOIbI HAXOIAT BCe OoJiee MHPOKOe MPUMEHEHHE
B Pa3NAYHBIX MPHIOKEHUIX TPAXKAAHCKOTO M CIENUATFHOTO HAa3HAYeHHA. B mepByr0 ouepens 3TO CBSI3aHO C
COBEPIIICHCTBOBAHUEM PAa3IMYHBIX 00pA3IOB TEXHUKH, CIICJICTBUEM YETO SIBIIICTCS BCE OoJiee BO3pPACTAIOIINE
TpeOOBaHM K CHCTEMaM YIIPABJICHHUS: BBICOKAS CKOPOCTh M TOYHOCTH TEpPEMENIeHUH (Clesiye MPUBOIBL,
CHUCTeMBI HaBeneHUsu jap.). Kpome Toro, eme omHWM BaXHBIM TpeOOBaHHWEM K TaKUM CHCTEMaM SBISIETCS
MOBBIIIICHUE KauyeCTBa YIPABICHUS B YCJIOBUSX BO3ICHCTBUS Pa3IUYHBIX (DaKTOPOB HEOIPEISICHHOCTH
(M3MeHeHne BENMUYMHBI JIO(MTa W 3a30pa B MEPENATOYHBIX D3JIEMEHTaX TMPUBOJIA, PA3IUYHOTO poja
BO3MYIIIEHHS, TMPUBEACHHbIE KaK K BaJy HCIOJHHUTEIBHOTO JBUTATENs, TaK M K ero Bxoxmy H jap). Kax
MOKA3bIBAIOT HUCCIIeOBaHUS 3apyOexHbIXx [1, 2] W oTedecTBeHHBIX[3-5] y4YEHBIX, MPUMEHEHUE
uHTEIUIeKTYanbHbIX TexHomorudt (MT) woxker oOecnednTh BCE BBIIICTIEPEUUCIICHHBIE TpeOOBaHUS,
MPEICTABIISIEMBIE K COBPEMEHHBIM CHUCTeMaM yrpaiieHus1. OHaKo B HHXKEHEPHYIO pakTuKy UT BHEpsroTCS
JIOCTAaTOYHO MEJICHHO, B OCHOBHOM H3-32 OTCYTCTBHSI KOHCTPYKTHBHBIX METOJOB MX aHAJIM3a W CHHTE3a.
AKTyaJIbHOCTB 3TOW TIPOOJIEMBI JIETJIa B OCHOBY IPEICTaBICHHON PaOOTHI.

B nmanHO#T cTaThe paccMaTpUBAIOTCS HMHTEIDICKTYAJbHBIE CHCTEM VIIPABJICHHS, ITOCTPOCHHBIC Ha
TEXHOJIOTMM HEYETKOW JIOTHKW. YUWThIBas MCCIACIOBaHUS, NPOBOIUMBIE B pabotax [6, 7], KOTOpbIC
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MOKA3bIBAIOT HM30BITOYHOCTh YHHBEpPCANbHOU cTpykTyphl [IM]J] — perynstopa (kKak KJIaCCUYECKOTO, Tak U
HEYETKOT0) I 00BEKTOB PAa3IMYHBIX KIACCOB, MPEIaracTCs pacCMOTPETh €ro YIPOIICHHYO MOIU(DUKAIIIO
tura HedeTkoro I1-perymsaropa (HIIP), ctpykTypHas cxeMa CHCTEMBI IIpeAcTaBieHa Ha Puc. 1.

f

HITP | oy

Y

Puc. 1. Ctpykrypnas cxema CAY ¢ neuetkuM [1-perynsaropom;
OVY-00beKT ynpaBieHus, X — 3aJ1atoliee Bo3jeiicTeue, f — Bo3MyIeHue

Kax mokazanm uccienoBaHus mpeoOpa3oBaHM, OCYIIECTBIIEMBIX B HEUCTKHX peryisTopax [4, 8], Bce
OHH SBIISFOTCS 0 CYIIECTBY HETMHEHHBIMU M HIMEHHO 3TUM OOBICHSICTCS YIyUIICHUE KaueCTBa YIIPABICHUS B
CAY C HEYETKMMH pETYyJISITOpaMH: B TPOIECCEe OTPAOOTKH 3aJarolIero BO3ACHCTBUS MEHSCTCS 3HAUYCHUE
koadduimenta ycunenus HITP (Puc. 2).

1

15 -

0

1 0 1 0 5 10 15 20

Puc. 2. 3aBucHMOCTS TTOKa3aTesieil KauecTBa MePEeXoHOTo mporecca (0)
oT Buja HeNMHeHHOH xapakTepuctuku HIIP (a)

[Tapametps! HenuueiHoM Xapaktepuctuku HIIP 3aBUCAT OT HECKONBKHX (DAKTOPOB: pa3MEPHOCTH TEPM-
MHOKECTB  JINHIBHCTHYECKUX IIEPEMEHHBIX, (OPMBI M  OTHOCHUTEIBHOIO pa3MeIleHHs  (GYHKIMI
IPUHAUIEKHOCTH OTAENbHBIX TEPMOB, INOPSAAKA B3aUMOCBS3€ll BXOAHBIX U BBIXOAHBIX TepMOB. Bapbupys
BBILIETIEPEYHCICHHBIE (DAaKTOPBl C YYETOMBIHUSHMS IapaMeTpOB HeNMHEiHo#H xapaktepuctuku HIIP Ha
TUHAMHKY CHCTEMBI, aBTOpaMH Obla paspaboTana 0000meHHass MeToanka (hOpMHPOBaHHS HEITHMHEHHOTO
npeobpazoBanus HIIP[6, 7].

VYuuThiBas HENMHEWHBIA Xapakrep mnpeobOpasoBanus U(g)s HIIP, Bo3Hukaer Heo0X0IUMOCTb
UCCJIEIOBAHNS JUHAMUKH CUCTEMBI U B IEPBYIO OYEpENb YCTOMUUBOCTH. OYEBUIHO, YTO AJIS PELICHHS JaHHON
3aJ]a4d MOKHO TPUMEHUTh MOJUQHUIIMPOBAHHBIE METOJbI MCCIEOBaHMUsS HEIMHEWHBIX CHUCTEM, HAlpHMep
aHaJor KpuTepus abcomoTHOH ycroitunBocTr A.M. IlonoBa u MeTox rapMOHHYECKOTO OaaHca.

ITo xpurepuro B.M. IlonoBa, ycnoBHe yCTOHUNBOCTH MOJIOKEHUSI pABHOBECHSI IMEET BH/I:

Re[l+jq'w]" W04 [jw) +1/k >0 (1)

rae € JCWCTBUTENBHOE YHCIO (TOJOXKHUTEIBHOE WM  OTPHIATCIILHOE), Wor(jw) - gacrormas

xapaktepuctuka OV, k — yrimoBoit ko uiueHT ayda, OrpaHUIUBAIOIIETO CEKTOP, BHYTPH KOTOPOTO JICKAT
HenmHelHble xapaktepuctuku U(g). OmHako OCOOCHHOCTh BUAA HENWHEHHOro mnpeoOpazoBanus HIIP, a
HMEHHO HaJMYME TOYKHM (TOYEK) IepesioMa B HEM, IPUBOAUT K HEOOXOAMMOCTH NPUMEHEHHUS KPUTECPHUS
a0COJIFOTHOH YCTOWYMBOCTH MPOLIECCOB, KOTOPBIH (¢ yueToM Prc.2)MoKHO 3amucaTh B BHIC:

)

rie Kz — yrmooit koddduiment kpyToro yuactka HenuHeinHOH xapakTepuctuku U(g). I'paduueckas

MHTepHpeTamus yciosus (2) npencrasiena va Puc. 3, rae , mpu Koy =50 | Ty = 0,002 T, = 0,05
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-1/k=-0.1485 |

ycroitunBoctunpoueccoB CAY ¢ neuetkuM [I-perynaropom

Kax BunmHO ycnmoBue (2) Hapymaetcsi. HecmoxHo mokazaTh, 9To yemoBue (1) mist 3ToH e CUCTeMBI Oy et
BEITIONHATECSI. CpaBHenue ycimoBuid (1) u (2) mokas3pIBaeT, 4TO KPUTEpHA aOCONIOTHOW YCTOMYMBOCTH
MIPOIIECCOB SABJISIETCS O0Jiee «OKECTKMM» W MMEHHO €ro HeOOXOJUMO HCIIONB30BaTh MPU aHAIM3E U CHHTE3C
napametpoB HITP. OnHako cTouT oOpaTUTh BHUMaHHMS ¢ OIHOW CTOPOHBI, Ha TO, uyTo yciuoBus (1) u (2) HocsT
JIOCTaTOYHBIA XapakTep, YTO 3aTPYAHSET AOCTOBEPHYIO OLIEHKY OOJIACTH YCTOHYHMBOCTH Ha MX OCHOBE, a C
JIPYTOH CTOPOHBI, HA TO, YTO OOJIee «KECTKUE» TPeOOBAaHUS K YCIOBUIO (2) B OONBIINHCTBE CITy4aeB MPUBOJIST
K €r0 HEBBINOJHEHHUIO, YTO MPUBOAUT K MPUMEHEHHUSl allbTepHATUBHBIX MoaxonoB K aHanusy CAY c HIIP,
OJTHAM M3 KOTOPBIX SIBJISIETCSI METOJT TApMOHUIECKOTo OanaHca [6, 9].

KomrmekcHpiii ko uuuent ycunenns —Hemuueitnoro smementa  Wauns(A)  (amanormanoro
HPECTaBIEHHBIM Ha pUC. 2) MOXKHO 3aIlUCaTh B CIEIYIOLIEM BUJE!

Wiare (A) = 2 (k, —k;)arcsinS + k, arcsin 2 4 2Ke@+2C Kb

V4 A A A
d c—
kl =, k2 -
a —a
3)
rae A — ammmryga BxoxHoro curHana; k1l w k2 — yrmel Hakiona 1-i m 2-if yacTM HenMHEHHOM
k; > k
xapaktepuctukd  U(g); ; (@d) m (b,c) — KoopAMHATEI TOUYEK TIIeperuda HEIMHEHHOM

xapakrepucTtuku U(e).
Pemenne ypaBHEHUS TapMOHHUYECKOrO OallaHCa CBOAMWTCS K OIPEICIICHUI0 TOYEK MePEeCCUCHHS

XapakTepUCTUK ~ Wi () § Woy(jw) , TpadoaHamUTHYECKasi HHTEPIPETALMs] KOTOPOTO MpeICTaBIeHa Ha
puc.4 (ans Toro xe npumepa, uro u Ha Puc.3).

W3 Puc.4 Buzmno, uyro KonebGanmit B cucteme HeT. CTOMT 3aMETHTh, YTO 3HAYCHUS, ONPEACISAIOIINC
rpaHuIly 00JacTH OTCYTCTBHSA KojeOaHWil, OMKe K 3HAUCHUSAM IIapaMeTpPOB, OMpPEeISIONIMX 001acTb
a0COJIIOTHOM yCTOWYMBOCTH TPOLECCOB, HEKENW K 3HAUYCHHSIM, OMNPEACISIIOIIMM O0JIacTh aOCOIIOTHOM
YCTOMYMBOCTH NOJ0kKEHUs paBHOBecHs (Puc. 3), 4To mo3BoJseT TOBOPUTH O METOAE TAPMOHHUYECKOT0 OanaHca
Kak 0oJiee TOUHOM (ECTECTBEHHO, P NOpsAIKe 00bEKTa YIIPABICHUS HE MEHEe TpeThero). boiee Toro, Ha ero

OCHOBE MO>XHO HOHyT-II/ITB KOCBCHHyIO OHeHKy KadeCTBa, I/ICHOHBSYSICB METOIHKH, HpeHCTaBHeHHBIe B pa60Tax
[9, 10].
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Puc. 4. I'padoananurnueckoe perieHue ypaBHEHUsI TApMOHUYECKOro OanaHca
CAY c neuetkum II — perynaropom

PaccmoTpum, kocBeHnyto oueHky kauectBa CAY ¢ HIIP B rpadoananutuueckom Bune. Mrak, na Puc. 4

. N _w-1i .
TPECTABICH OSKBHBANCHTHBI KOMILICKCHBIH Kod(dumment yewrtenus HITP~Wane | nonyuennsiii w3

cooTtHomeHwus (3) i HeMUHEWHOTO TpeoOpa3oBanus Buaa Puc. 2a. Toraa cornacHo [9]Ha Puc. 6a moctpoeHo
CEMENCTBO KPHUBBIX, COOTBETCTBYIOLINX Pa3IMYHBIM noka3zatessiM kosebarensHoct CAY ¢ HIIP (Puc. 5), rae

C — mokasarenb konebdarenpHOCTH (mpu ¢=1,1 0=10%, mpu c=1,2 6=20%, npu c=1,3 6=30%).Ha Puc.60

c=12

MIPEJICTABIICH MEPEXOJHON MPOIIeCC B COOTBETCTBYIOIIEH CUCTEM.
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a
Puc. 6. CeMelCTBO KPUBBIX, COOTBETCTBYIOIIUX PA3IMIHBIM ITOKA3aTEISAM KOJIeOaTSIIEHOCTH (a)
Y TIEPEXOTHOU MPOIIECC COOTBETCTBYIOMIEH CHCTEMBI (0)

rmokasareiss KojeOaTelbH

Kocsennas

OCTHU

nepeperyIupoBaHus)

(1, COOTBETCTBEHHO,

OIICHKA
OCYIIECTBIISIETCS TIPH KacaHuH rojorpada nuneiinoi gactun Wi (jw) ¢ OJTHOW M3 KPUBHIX Ha puC. 6a. MeHss

rmapaMeTphl HeJIMHEHHOro mpeodpazoBanus (koddduuuenta HakioHa k1 u k2 u Touky nepernda A) MOXKHO
—Woi
MEHSTh HITF, COOTBETCTBEHHO KPUBBIE Ha puc.6a, a CIeI0BaTEeIhHO U MEPEPEryINPOBAHNS B CUCTEME.
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Takum oOpa3om, mosryueHHas TpadoaHaTUTHICCKAs METOAMKA KOCBEHHOHN OIICHKM KauecTBa Ha OCHOBE
METOJ]a TapPMOHUYECKOTrO OallaHCca SIBIIICTCS JOCTATOYHOTOYHOM M ynoOHoW mns anammza CAY ¢ HIIPu
MIPEICTABISICTCS BIIOJIHE KOHCTPYKTHBHBIM HWHCTPYMEHTOM CHHTE3a HEJIMHEHHOTO IpeoOpa3oBaHus B
HEYETKOM PETYJIATOPE.

Jns ompeneneHuss BEKTOpa HAMPABICHUS MOCIEAYIOMIMX HCCIEIOBAHUNA CTOUT OTMETUTh HEKOTOpBHIC
HEJOCTATKH JAHHOTO MOIX0a. Bo-TIepBhIX, METO] TApMOHHUYIECKOTO Oalanca IMPUMEHNM JIJISl CHCTEM HE HIDKE
TPETHETO TOPSAKA; TAaHHOE YCIIOBUE OMPEACNIeTCS HEOOXOIUMOCTRIO BBIMTOTHEHHS THUIOTE3BI GuiIbTpa. Bo-
BTOPBIX, METOJI TAPMOHUYECKOr0 OajaHca He JaeT OIEeHKH 00 00JacTH YCTOWYMBOCTH CHUCTEMBI, XOTH, KaK
MOKAa3aHO B JIaHHOW paboTe 3HAYSHUsI, ONPECIISIONINe 00JIACTH YCTOWYMBOCTH M 3HAUCHUS, OTPEISIISIFOIINE
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1. BBenenue

AHITA gBASIFOTCS  CIOXHBIMU HEITUHCWHBIMH JUHAMUYCCKUMH OOBEKTAMU C TICPEMEHHBIMH H
HEOTIPE/ICTICHHBIMH TTapaMeTpamMu, (yHKIIMOHUPYIOIIUMHU B YCIOBUSAX CYIICCTBCHHBIX B3aMMOBIHMSIHHNA MEXIY
WX CTETICHSAMH CBOOOIBI TP HATMIUH BHENTHUX BO3MYIICHHH [1, 2]. DTH HeraTuBHBIE 0COOEHHOCTH 0COOCHHO
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CWJIBHO MpOsBIAOTCS B mpouecce ABMkeHH AHIIA 1o ciokKHBIM NPOCTPAHCTBEHHBIM TPAEKTOPHUSIM C
BBICOKMMH CKOpOCTSIMH, KOTJla NPOUCXOAUT OJHOBPEMEHHOE YINPABICHHE IO HECKONBKUM CTENEHAM HX
CBOOOIBI.

st peanu3anuy BRICOKOTOYHOTO yIpaBieHHs aBmkeHueM Takux AHIIA yxe paspaborano OosbIimoe
KOJINYECTBO poOacTHRIX M afganTuBHBIX CVY, KOTOpBIE MO3BOJSIOT KOMIIEHCHPOBATh HEOIPEACICHHOCTh U
MEPEMEHHOCTh WX TapaMeTPOB, a Takke BHEMHWUX Bo3acicTBuil. K Takum CVY OTHOCATCS CHCTEMBI C
MEPEMEHHON CTPYKTYpor [3] M ¢ STAIOHHBIMH MOAEIAMH [4], KOTOPBIE 32 CUET WCIIONH30BAHUS PEIICHHBIX
CUTHAJIOB yIpaBiieHus mo3BoJisitoT npuaath AHITA xenaemble quHaMmudeckue cBoicTBa. [Ipu aTom, HECMOTps
Ha TPOCTOTY peaM3allid M BBICOKYIO CTENEHb POOACTHOCTHM K HM3MEHSIOIIMMCS IapaMeTpaM W BHEIIHUM
BO3MYIIEHMM, YKa3aHHble CY 0071a/1al0T CyIeCTBEHHBIM HEJJOCTATKOM, 3aKIIOYAIONIIMCS B TOM, YTO IS MX
KadeCTBEHHOM peanu3auuu Ha 00pToBEIX KoMmbioTepax AHITA HeoOxonumo obecrieunBaTh BEICOKYIO YaCTOTY
(cotau I'ep1r) BeIpabOTKH yIpaBISIOMINX BO3ACHCTBUHN, YTO HE BCETAa BO3MOXKHO.

Hpyrum TpamuimonusiM TunioM CY, MO3BOJSIONINM 00ECTIeYNBaTh BHICOKOKAUECTBEHHOE YITPaBIICHUE
AHIIA, sBnstrorest anantuBHble CY, B KOTOPBIX IOJICTPOHKA HX TApaMeTPOB B Mporiecce paboThl POUCKOAUT
Ha ocHoBe uaeHTH(uKauu napamerpoB AHITA u BHemHuX Bo3aeiicTBuil Ha HUX. DT CVY onmcaHsl B padoTe
[5]. Omnako nockonsky AHIIA siBnsroTCS HETMHEHHBIMU, MHOTOMEPHBIMH U MHOTOCBSI3HBIMU OOBEKTaMH, TO
ITOPUTMBI HJCHTU(DHUKAIIMN WX TTApaMEeTPOB 00JIaIat0T OOJBIION BEIYUCIUTEIBHONW CIIOKHOCTBIO U 4acTo He
MOTYT OBITh peai30BaHbl Ha OOPTOBBIX KOMITBIOTEPAX.

Takum obpaszoMm, B npouecce paspadotkn MNMYC AHIIA Bo3HHMKaeT HEOOXOOMMOCTH HCIOJNb30BaHMS
npocThix B peanuzaiu CY, KOTOpbIe MO3BOISsUIM Obl oOecnieunTh TouHOe jaBrwkeHue AHIIA mo 3amaHHBIM
MIPOCTPAHCTBEHHBIM TPACKTOPHUSM B YCIOBUSAX MEPEMEHHOCTH M HEOIPENEIeHHOCTH HX mapameTpos. Jlims
ToyHOro ynpasineHus nsmwkeHueM AHIIA mo mpocTpaHCTBEHHBIM TPAeKTOPHUSAM IMpeIIaraeTcsl HCIOIb30BaTh
CY HoBoro tuna [6], cocTosiiue U3 AByX COBMECTHO JEUCTBYIOIINUX KOHTYPOB yIpasieHus. [1epBolii KOHTYp
coJiepkuT mpocTyro nuHedHylo CVY, obecreunBarollyl0 yCTOWYHBYIO OTPabOTKY MPOTPaMMHBIX CHTHAJOB
newxkenna AHITA, 3amaromux OBH)KEHHE LEIEBOM TOYKM MO 3aJaHHOM NPOCTPAHCTBEHHOW TPAaEKTOPUU C
JKEJTaeMOM CKOPOCTBIO, a BTOPOH COAEPKUT CHCTEMY KOPPEKLHH IOJIOKEHUS 3TOM NpPOrpaMMHOM TOYKH,
(hOopMHPYIOLIYIO OMOMHHUTENbHBIE CUTHANBl YIpPaBICHUS, OOECIEYHBAIONINE KOMIICHCAIMIO BHEUIHUX
BO3JICHCTBUN 1 epeMeHHbIX napameTpoB AHITA.

OpHako, McclenoBaHUs MOKA3alM, YTO HCIIOJIB30BAHUE PETYIATOPA MOJOKEHHUS MPOrpaMMHOM TOUKH,
MPEJUIOKEHHOTO B pabore [6], MOXKET MPHUBOIUTH K TMOSBICHUIO KoJieOaTteabHOCTH B nBkeHHsx AHIIA,
MOATOMY B JJAHHOM paszjielie pemaercs 3agada pa3padotkn CY, OCHOBaHHOW Ha MPHUHLUIAX, OMUCAHHBIX B
pabortax [6], HO IWIIEHHBIX OTMEUEHHBIX HEIOCTATKOB, CHIDKalommxX kadecTBo nBmwxeHHs AHIIA mo
3a/laHHBIM TPACKTOPHSIM.

2. Onucanue matemaTuueckoit Mmogeau AHITA u mocTaHoOBKA 3a7a4n

Haunbonee monnas nuHamMuveckas MoJesb mpocTpancTBeHHoro aBwkeHuss AHITA mpeacraBnser coboit
CHUCTEMY U3 IIeCTH HeIHHEeHHbIX auddepeHIralbHbIX YpaBHEHHH C TEpeMEHHBIMH TapamMeTpamu,
3armcanaeiMA B CK, cBs3anHO# ¢ kopmycom AHIIA [1]. OTu ypaBHEHHS YIUTHIBAIOT NMEPEKPECTHBIE CBSI3U U
B3aUMOBJIMSHUS MEXIY BCEMH €r0 CTENCHSIMHU CBOOOBI, a TAaKXKe MIPOANHAMUYECKHE M TMAPOCTaTHUECKHE
CWJIBI U1 MOMEHTHI, feiicTByronie Ha AHITA co cropons! okpyskatomieil Bs3koil cpeasl. B MatpuuHoM BHe 3Ta

Mojieab umeeT Bu [1]:

Mo + (C(v) + D)) +g(X) =7, 1)
x =J(X)v, (2)

rie M eR*® — marpuna mnepmun AHITA (BKTIOYaromas NPHCOEIMHEHHBIE MACCHI M MOMEHTH MHEPIUH
X 6x6
xuakoctn); C(v)eR®® — marpuma kopuonmcoBbix W meHTpoOexHbx cur; D(v)eR™ - martpuma
6
M._..M_]eR —  BEKTOp

ecx ! ecy !

rujpofuHaMudeckux  cun - u - momentos; §(X) =[F ,F, ,F, ..M
THIPOCTATHYECKHMX CHJI M MOMEHTOB; X =[X,Y,Z,9,0,]" € R® — BexTop nosnoxenus u opuentanuu AHIIA B
aocomotaoii CK (ACK); ¢, 6, w — yrael kpena, muddepenra m kypca AHIIA, coOOTBETCTBEHHO;
t=[r,.7,,7,.,M,,M M ] € R® — Bextop mpoeximii ynopos u MomenToB awkuteneit AHITA Ha ocu
cesizannoii ¢ uum CK; v=[v,, v,,,0,,0,,0, ]" € R® — BexTop mpoekuuit muHeitHOM U yTIOBO# CKOpOCTeit

nerkeHus AHITA Ha ocu cBszanHoi# ¢ HUM CK.
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VYpasuenus (1) — (2) onuckiBaroT aemwkenus AHITA B BogHOH cpene Kak CBOOOJHOTO TBEPIOrO Teja Mo
BCEM IIIECTH CTEIMIEHSIM CBOOOIBI C YYETOM B3aUMOBIUSHUA MEX /Ty BCEMH KaHaJaMH yIIPaBICHUS.

YA Y

X

-
o

Puc. 1. Ismxenne AHITA ¢ CVY (2.7) B TOpU30HTaIBHOM IIIOCKOCTH

[Ipu cunTeze CY AHIIA 6ynem momarats, 9To B Iiporiecce aermkenns AHITA Bce BpeMst opueHTHPYETCS
Ha TPOrpaMMHYIO TOYKY  X,, JBIKYLIylOCS 1O 3aJaHHOH  TpAaeKTOPWUH, JUIi  yMEHBIIEHMS
TUIPOJIMHAMHYECKOTO COMpOTHBICHUs (cM. Puc. 1). DTOT pexum nBmKeHUS HanOoliee XapakKTepeH s

oAaBJIstroIero oosnpnacTBa THIIOB AHITA.

Panee B pabore [6] B KayecTBe peryiasTopa MOJOKEHUS NPOrPAMMHOM TOYKH X, OBLIO MpENIOKEHO
ucnosb3oBath [1-perymstop, paboTarouuii COraacHO BEIPaXKEHHIO:

Ae=K g,

L ®3)
=73 (XK (X, +Ag) -X),

roe €, =(&,,,&,,&,) - Bekrop oTknonenus AHIIA or samamHoii Tpacktopunm B ACK; A& — BekTop

ny !
cMmenenus nporpammuoii Touku X, B ACK; rae X, =(X,,Y,,2,,9,,0,,,)" — BEKTOp KeIaeMOro MOJI0KCHHSI
u opuentatmn AHITA B ACK; K =diag(K,,K, K ;K ,, K K) - marpuua nonoxuTenbHbIx

k03¢ pULMeHTOB.

UccnenoBanus nokazanu, yto CVY (3) obnamaet BICOKOH 3()(HEKTUBHOCTHIO M MO3BOJISIET B HECKOJBKO
pa3 ymenpmuTh oOTKIOHeHHEe AHIIA 0T 3amaHHON TpaeKkTopuM €ro JBWKEHHS TIPU HCIOJIB30BAHHUH
MPOCTEHIINX JINHEHHBIX PETYISTOPOB B OCHOBHOM KOHTYpe yrnpapieHus. OIHAKO MOSBISIOMNECS KoJeOaHus
AHIIA 0THOCHUTENBHO TPAaeKTOPUl UX IBIKEHUS IPU yBeIMYeHHH Kodduiuenta K, He MO3BOJISIOT TOUYHO
BBITIOTHATh HEKOTOpBIE Omepanuii BOim3u 00beKToB paboT. [loaToMy B KadecTBe perymsitopa MOJOXKEHHUS
nporpammHoi Touku AHITA peanmn3oBath Ipyroi peryisTop, YCTPAHIIONNH YKa3aHHbIE HETOCTaTKH.

3. Anamms I1/{-peryasitopa moJioxxeHusi nporpamMmMmHoii touku AHITA

Jlnst ycTpaHeHWsI OMUCAHHOTO BBINIE HexocTaTka BMecTo Il - perynsTopa IMOJIOKEHHS MPOrpaMMHOMN
TOYKH IIeJiecoo0pa3Ho wucmnoib3oBath I1J[ - perymarop, muddepeHmmpyromas COoCTaBIsgioNas KOTOPOTo
CIOCOOHA TMOTaCUTh BO3HHKAIOIIME KOJEOAHWS, a €ro peau3alus OTHOCHTEIBHO MPOCTa. DTOT PETYNIATOP
OTIMCHIBACTCS BBIPAKCHUSIMHU:

Ae=K g +K ¢,

) @
=3 (X)K,((X, +Ag)—Xx),

rne K, ,K,, — nonoxurensusie ko3pGUIUEHTHI.

np?

Hccnenyem 3akoH ympaBieHus (4), UCHOJNB3yS CIEAyIOUIME MPEAnojokeHus. [I0CKOIbKY Mexmy
BeIMunHON €, oTkaoHeHus AHIIA ot TpaekTopun u ommbkoi € =X, —X cnexenuss CY AHIIA cymecTByer
cootHomenue | g, ||<||€||, To B 3akoHe (4) BMECTO €, MOYHO HCIOJIB30BaTh . C y4eToM 3TOro 3aKOH

yrpasieHus (4) MOKHO TiepenucaTh BUAE:
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1= (0K, (K, +De+K 8). (5)

Hnst ananuza 3 HEeKTUBHOCTH 3aKOHA yHpaBieHUs (5) UCHONb3yeM METOHA MCCICAOBaHUS yCTOWYMBOCTH
JlsamynoBa, BBoas ¢yHkuuto JlsmyHoBa Buna [1]:

V=;XTKRX+;UTM0, (6)

rae K, =K, (K, +1) - 1uaronanbHas MaTpuIa MoJIOKUTENbHBIX KOO()QUIMEHTOB.

[TpousBoanas 1ol GpyHkuuu B cuiay yenosut M =0 u M=M" >0, a takike ypaBHenus (2) Oyuaer
UMETb BUL:

V=x"Kx+v' Mb=v"(Mo+J" (X)K_X) . @)

INoncraBuB B Bepaxkenue (7) BeipaxkeHue (1) moxydnm:
V =v" (1-C(v)v—-D(®)v+J" (X)K X) . (8)

[Toacrasus B (8) 3akoH ynpasienus (5) u yuntbiBast, 4to v' C(v)v=0 u v' D(v)v >0 [1], mony4nm:

V =0" (3" (x)Kx=JI" (X)K K x = C(v)v—D(v)v+J" (X)K .X) =

9

=-v' (K K, +D(v))v<0. ®)

W3 Bepaxenus (9) ciemyer, YTO HCIOJIB30BaHUE 3aKOHA yrpaBicHHs (4) MO3BOJSET OOCCIICUUTH

YCTOHYHMBOCTH paboThl Beeli CY B 11€JI0M IIPH YCIOBUHU BbIOOPA MOJOKUTEIBHBIX KO3(PPUIIMEHTOB peryisiTopa

(4). Ilpu srom noGasicHue auddepeHIMPYONIEH COCTABIAIONICH B 3aKOH ympaBieHus (4), kak Oyaer

MOKAa3aHO Jajiee, IMO3BOJSIET YIYYIIMTH KauyeCTBO IMEPEXOMHBIX TporeccoB mnpu aprwkeHun AHITA u

UCKITIOYNTh HETaTHBHYIO KoJiebaTenpHOCTh. HoO mpu peanmusanuu 3akoHa ympaBieHus (4) ciexyer
UCIIOJIB30BaTh CIICAYIONINE PEKOMEH IAIIHH.

1) Moaysb BeKTOpa Ag CMEHICHUS MPOTPAMMHON TOYKH HE JOJHKEH MPEBBIIIATH 33/IaBACMOM BETHUNHBI

Ag

max *

K&, + K& ecmu| K g +K ¢ |<Ag
AS = (Knpsn + Kndi‘:n)AgmaX
” Knpen + Kndsn ”

(10)

y €CTU ” Knpsn + Knd‘(;n ”Z A‘gma\x '

VYcnosue (10) mo3BoisieT MCKIIOUMTH OMMOKKM HadanmbHoro nBwkeHuss AHIIA, korma tpeOyetcs
OCYIIECTBUTH MOJIXOJ K 3alaHHON TpaekTopuu. IIpu 3ToM BennunHa Ag,, JOJXKHA OBITH B 1Ba pa3a MEHbIIIE,
geM MOJIYIb TOIMyCTUMOMN AWHAMHYecKoi ommOku nrwkenns AHITA.

2) Bwmecro yrna o s popmuposanus MoMeHTa M, MOXHO HCMOJIB30BaTh BEITMYMHY &,. OTO

00yCJIOBJIEHO TEM, YTO 3HAKU OLIMOKH 1O YTy OL M BEJTMYHHEI Ey COBMAZAIOT (CM. pUcyHOK 1), a ipu &, — 0

u @ — 0. Kpome TOr0, Npy JBUKEHUH 110 3aIaHHOM TPAEKTOPUH, KOT/IA YTOJI . MaJI, CIIPABEUTMBO yCIIOBHE:
a=sin(a) ~ &, =|| € ||sin(a). (11)

Hcnons3oBanue BeipaxeHus (11) MO3BOJSET CYIIECTBEHHO YIPOCTUTH PealM3alluio 3aKOHA YIPaBICHHUS
(4), 9TO OCOOCHHO aKTyaJlbHO JJIsi OOPTOBBIX KOMITBIOTEPOB, HUMEIONIMX MAaIYI IPOW3BOIUTEIEHOCTS.
OCHOBHBIMH JIOCTOMHCTBAMH 3aKOHA yTIpaBiieHUs (4) SABIISIOTCS:

1) Bo3moxHOCTB BbIOOpa GonbInux KodddunmentoB K -, KOTOpble 00€CIeYHBAIOT OOJIBINYI0 TOYHOCTh

np !
newxenusa AHITA no 3ajiaBaeMbIM TpaeKTOPUSMHU, TIO CPABHEHHUIO C 3aKOHOM YIIPABIICHUS, IPEJIOKEHHBIM B
pabote [6]. [Ipu >ToM yBenunuenue TouHocT aBmwxeHHss AHIIA mo TpaekTopuu HEe NpPUBEAET K MOSBICHUIO
HE)KeNaTeJIbHON K0J1e0aTeIbHOCTH.

2) BO3MOXXHOCTh aBTOMAaTHYECKONH KOMIICHCALIMM HEWU3BECTHBIX IOABOTHBIX TEUCHHH, YTO CJIOKHO
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peanuzyemMo B TpaguiiuoHHbIX cneasmux CY neuxenueMm AHITA.

3) Tounsle naBwxkeHus AHITA mo 3amaBaeMbIM TpaeKTOpUsIM oOecreunBaloTcss KoddhuimeHramu
YCUJIGHUSI €ro PEryJATOpOB B JECSTKM pPa3 MEHBUIMMH, 4eM B TpaauuuoHHbIX CVY, obecneuuBaromux
CPaBHHUMYIO TOYHOCTb ABMKEHH. DTO OCOOEHHO BaXKHO IPU HU3KOH dacToTe (hopMupoBanuu 60pToBeiMu CY
curHanos ynpasinenust AHIIA, korga Gomnbime KO3(QQHUIMEHTH yCHJICHUS MOTYT cAenaTh ykazaHHyio CY
HEYCTONYMBOM.

4. UccaenoBanue padoThl NpeaiosKeHHOH cucTeMbl ynpasiaenusa AHITA

Hnst mpoBepku kadectBa paborel mpeanoxenHo CY AHIIA Obuto mpoBeneHO MaTeMaTHYeCKOe
MoJelIMpoBaHne. B mporecce MoaenupoBaHUs HCIONB30Balach MOJHAs MaTematndeckas mozaens AHIIA,
onmckiBacMas ypaBHeHussMH (1)-(2), mapaMeTpsl KOTOPOH UMETH CIEAYIOIINE 3HAUCHHUS

m, =300xz; Y,=0.05m; J, =9z m*, J, =30ke-m*, J,=30ke-m*; A, =80ke, A, =140ke,

Ay =140ke, A, =5ke-m?, A =30ke-m*, Az=30ke-m*, A;=0, i#j,i,j=(@16); d, =30«ke-c™,

]

d,, =10xe-m™, d,=60ke-c*, d, =30ke-m", d,=60xe-c?, d,,=30ke-m?, dj, =20Huc,
d2, =10 Hue?, ], =40 Huc, d}, =20 Huc®, ], =40 Huc, d, =20 Huc? ;

B mnpouecce monenupoBanus uccienosanoch ABwkeHne AHIIA mo TpaekTopuu, pacroyioK€HHOW B
TOPU30HTAIBHOM INIOCKOCTH U OIIMCHIBAEMOM BBIPAKCHUSMHU:

X. (t) = 40c0s(0.025t — 1) + 40, y. (t) = 30sin(0.025t) . (12)

[IporpammHast CKOpOCTh IBMXKEHUS MO Tpaektopun (12) mensack B npenenax ot 0.75 mo 1 m/c. Ilpu
3TOM MaKCHMAJIbHO BO3MOXKHAsI CKOPOCTh ABIKeHHMs AHITA, KOTOPYIO MOT 00ECHEUUTh €ro JIBHKUTEIBHBIN
KOMILJIEKC, COCTaBlIsia 1.6 m/c.

[Tpu 3TOM HCCIIEOBATIOCH M CPaBHUBAIIOCH KauecTBO paboTh Tpex CV:

1) tpaguunonnoit CY, onucsiBaemoii Beipaxkenusimu (3), korna K, =diag(25,0,5) n K, =0;

2)CY c¢ II - perynaropoM, (GHOPMHUPYIOIIMM TOJOKEHHE MPOrPAMMHOW TOYKHM M OIMHCHIBAEMBIM
BeIpaxkeHHsAMH (3), korna K, =diag(25,0,5), K, =20;

3)CY ¢ IIJ] - perymsropoM, (GOPMHUPYIOIIAM IIOJIOKEHHE MPOTPAMMHON TOYKH M OIMCHIBAEMBIM
BeIpakenmsamu (4), korma K, =diag(25,0,5), K =20,K , =80.

OtmetnM, uTO NpH ykazaHHele CY MMEIOT TpU KaHajla YIpaBJeHUs: [0 KOOpAWHATAM X, Y U YTy Kypca
W, a aBwKuTenbHbIM Komiuieke AHITA He uMeer BO3MOXXHOCTH (DOPMHUPOBATH CHIIBI TSATHU BIOJIL OCH |

cesizanHoi CK. Ota kondurypauus xapakrepHa s 6onpmmacTea AHITA.

PesyneraTter MopenmupoBanus npmwkenmst AHIIA mo TpaekTopum, 3amaBaemoil BeIpakeHHsIMEH (12)
NpeACTaBIeHbl Ha pUCYyHKE 2. 31ech Ha pUCyHKe 12a To4deyHOH uepHOW JMHHMEH 00O3HaueHa TPaeKTOpHs,
JBUKEHHSI NIPOrPAaMMHOM TOYKM X, (CM. BbIpakeHHE 12), IMyHKTUPHOH cepoil JMHUEH — TpaeKTopus

nmemwkeHns AHIIA ¢ tpamunmonHoi CVY, CIUTONTHOW depHOU JMuHUEH — TpaekTopus asmwxkeHus AHITA ¢ CY
(3), a crmomHO# cepoit muHUEH — TpaekTopus aBwkeHus AHIIA ¢ CY (4). A Ha pucynke 126 mokazaHbl
BEIIMYMHBI COOTBETCTBYIOMMX OTKJIOHeHUH AHIIA 0T 3amaHHON TpaeKTOpWU: CIUIONIHASA cepas JUHUS -
obo3nayeno otkioHenne AHIIA ot tpaekropun (12) mpu ucmonb3oBaHud TpaauuuoHHOH CY, TOUeHYHOM
YepPHOU JTUHUEH — OTKIIOHEHHE OT dTOW TPaeKTOPHH IpH ucronb3oBanun CY (3), a CIIIONIHON YepHO# JIMHUCH
— npu ucnonb3oBanuu CY (4).

v T T T T T 3
’ P i P le.

, M

Ao 0 0 20 30 40 S0 0 0 s X OO 50 100 i 150 ’ 200 250
Puc. 2. Pesynbratel MmogenupoBanus mpoemioxennoit CY AHITA: a) — TpaekTopus ABHXKEHUS, 0) —
otkiioHenns AHITA ot 3agaHHOM TpaekTopuH
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W3 npencTtaBieHHBIX PUCYHKOB BHJHO, YTO MPH HCIOJNB30BAHMU TpaauLMoHHON CVY, HacTpoeHHOU Ha
paboty B pexxume 00X0Aa MOCIEN0BaTEILHOCTH 3aaHHBIX Touek, u aABmwxkeHnn AHIIA mo tpaextopuu (12),
HOSBJSIFOTCA OTKJIOHEHMS OT 3TOM TPaeKTOPHHM, MpeBbllaromue 4 M, 4TO SABJSIETCA HEIPUEMJIEMBIM JUIS
BBITIOJIHCHUA OONBIIMHCTBA omepanmid. Ilpm BkmodeHnn momosHUTENnbHOro Il-perymsropa  (3),
KOPPEKTHPYIOLIETo MOJIOKEHHE MPOrPaMMHON TOUKH, aMIITUTY1a OTKIOHEHUH yMeHbLIaeTcs 0ojiee yeM B JBa
pasa, HO KosieOaTenpbHBIA Xapaktep nBrkeHUs AHIIA mpu sTtom coxpansercs. M TOMBKO HCIOIL30BaHHE
npemioxerHoro [1/[-perynaropa (4), KOPpPEKTHPYIOMIETO TOJIOKEHHWE MPOTPaMMHONW TOYKH, IMO3BOJISET HE
TOJIBKO TOJHOCTBIO HCKIIOYMTH KojieOanus AHIIA mpu ero IBMXEHMHM IO 3aJaHHOW TPAGKTOPUH, HO H
o0ecreynTh BETUUMHY OTKIOHEHHUS OT 3TOH Tpaekropun He Oomnee 0.12 M.

[Ipu 3TOM CiieyeT OTMETHUTH, YTO aHAJIOTHYHBIE PE3YNBTAThl MMOYUYEHBI IPY HATWYUH TEUEHHH, a TaKKe
npu u3MeHeHnn napamerpoB AHITA. 3o roBopur o Beicoko# 3 hekTuBHOCTH npeanoxeHHon CVY.

3akioueHue

B pabote mpemioxkeH MeTOJ CHHTe3a HpOCThiX i peanmzanuu CY AHIIA, HO oOecreuMBarOIInX
BBICOKYI0 JUHAMUYECKYH0 TOYHOCTH yrpasieHus aABrxeHueM AHITA 1o 3agaHHBIM CIIOKHBIM TPACKTOPUSIM.
PesynpraThl MaremMaTn4eckoro MOAEIHMPOBAHUS, MOJHOCTHIO NOATBEPAMIN 3(P(PEKTUBHOCT MPEIOKEHHOTO
nonxojga K ynpasiaeHuro ABrmkeHHeM AHIIA B yclnoBHAX HEONPENENIEHHOCTH M MEPEMEHHOCTH MX
[IapaMeTPOB, a TAKXKE IPU HAJTMYUH BHEIIHUX BO3MYILECHUM.
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Herein we suggest a mobile robot-training algorithm that is based on the preference approximation of the
decision taker who controls the robot, which in its turn is managed by the Markov chain. Set-up of the model
parameters is made on the basis of the data referring to the situations and decisions involving the decision
taker. The model that adapts to the decision taker's preferences can be set up either a priori, during the process
of the robot's normal operation, or during specially planned testing sessions. Basing on the simulation
modelling data of the robot's operation process and on the decision taker's robot control we have set up the
model parameters thus illustrating both working capacity of all algorithm components and adaptation
effectiveness.

Introduction

There are many ways to increase the effectiveness of the robotic system (RS). Thus, we either can
provide a high effectiveness of the sensor systems (SS) and/or maximum possible independence of the RS.

Within the framework of the first method, it is possible to increase the informativeness and a number of
data collection channels. However, it may also require increasing the productivity of the on-board computer.
SS effectiveness can also be increased by using effective algorithms for data processing that are received from
them (for example, we can do it by applying different filtration models: Kalman filtration, Bayesian filtration,
POMDP etc., as well as using an effective solution of SLAM problem etc.). Within the first approach, the task
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of one of the problems is to discover the structure and composition of the SS that would possess a minimum
sufficiency for the performance of RS's tasks.

The second approach is closely related to the necessity of providing a special behavior of the RS that
would correspond to the objectives and preferences of the decision taker that controls the RS. This direction is
closely related to the research undergone in the field of training RS to behave adequately and to interconnect
more effectively with the decision taker [1, 2, 3]. Here we make a good use of the Bayesian education tools
and Markov processes including POMDP.

The solutions that were obtained when implementing these approaches quite often can complement
and/or compensate each other's disadvantages.

The purpose of this work is to solve the problem of selecting the minimum composition of SS that would
be sufficient for RS to execute tasks independently. However, due to the limited size of the article, the work
concentrates only on teaching independent mobile robots (IMR) preferences of the decision taker and
estimating effectiveness of the task performance within the selected configuration of the SS. As an RS we take
an IMR possessing two contact (or other functionally similar) sensors and a pair of driving wheels. The task of
the robotic system lies in scanning some area (room, territory etc.). Typical example of such IMR is a robotic
vacuum cleaner (RVC) or a robotic lawn mower. RS can perform this task by scanning the room using one of
the stored programs that is chosen by the decision taker. At that, the effectiveness of the task performance shall
vary according to the program selection. It depends on both the program and the room's shape. The logic of the
RS is the following: by using different behavior modes applied for similar situations (activation of specific
sensors), it makes different decisions. For example, when the left sensor is activated, the RS shall decide to
move back taking a right turn etc. In order to simplify the presentation of this work’s materials we shall
consider the simplest variant of IMR containing two sensors (states) and two decisions (variant actions). In
particular, the sensor area is presented by two front (left and right) crash/proximity transducers with the two
actions/decisions being the crash reactions (states). The decisions take form of moving back by turning left and
moving back by turning right. The increase of the multitude of states and decisions will boost up the variety
and effectiveness of IMR behavior not influencing in any way the content of the suggested algorithm. All main
mathematical constructions shall be performed for the case with two states and two decisions.

This class of problems is often solved with discrete Markov Decisions Processes (MDP). The suggested
algorithm of adapting RS to the objective preferences of the decision taker is founded on the reverse problem
for the Markov payoff chain (RPMDP). The problem to be studied here observes effective actions of the
decision taker thus computing the estimate of the payoff/objective function of MDP. Therefore, when solving a
direct problem for MDP (DPMDP), the optimal controls shall be adapted to the objective preferences of the
decision taker.

Markov Models Applied in RS Management

Markov payoff chains or Markov profit chains, which are also called controlled Markov chains are the
developments of Markov chains, whose description is complemented with the control element, i.e. the decision of
the decision taker made when locating Markov chain in one of its states. The decision is presented as a multitude
of alternatives and their corresponding multitude of transition probability matrices.

A large group is comprised by the Partially Observable Markov Decisions Processes (POMDP). In
comparison with MDP its additional element is the multitude of dimensions. These models contain all
components that are inherent to the traditional models of dynamic controlled systems [12], which, in their turn,
contain equations of process/system, control and dimensions. This presentation allows us to solve three main
groups of management problems: filtration, identification and optimal control.

When using MDP in RS management problems [5, 6, 7, 8, 9], we consider payoff functions (PF) be
known and a priori set up when the system or controlling algorithms were developed. Structure and
parameters of PF influence the specific value of the optimal decision. If PF does not correspond to the value
hierarchy and preference system of the decision taker that controls the RS, the computed solution shall be
optimal for the specific PF at the same time being non-optimal for the objective preferences of the decision
taker. Therefore, the optimal controlled influence that is obtained by any method is optimal to the PF.

MDP is considered to be set up if we know its such elements as multitude of statest = 1.m  start state
probability vectorPe = WP: Ik, multitude of solutions %= 1.K. one-step process transition conditional

1

L4
i
b

k_—

7= il . onof WP
probability matrix T llmm, one-step conditional payoff matrix mm. The solution of MDP is
the optimal strategy /'~ being one out of many 5 -strategies. The random strategy that possesses § = 1.5

index can be presented as the following column vector: ¥ = [k ki -~ k3,17 Here T is the conjugation
symbol. Hereinafter we shall record column vector as a conjugated row vector for the purposes of
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compactedness.  Optimal strategy provides a maximum of one-step accumulated or mean profits/payoffs.
Within the strategy structure, %; is the decision that should be made according to 5 -strategy should the
process at the current stage ™ is in state .. The structure of the specific strategy that is applied for usage

(decision making) within the current presentation leads to the fact that instead of the multitude of P¥ and R*
matrices we shall see the generation of single working matrices, correspondingly P* and R*.

Solution of Direct Problem MDP (DPMDP)

When solving MDP we usually apply [10, 11] a recurrent algorithm based on the principle of Richard
Bellman or iteration algorithm of Ronald Howard [11] that allows to improve the solution stepwise. Should
the spaces of states and solutions be not large, the optimal solution of the problem may be found with the
brute-force search for strategies. We used brute-force search method for the model calculations below.

Brute-Force Search for Strategies suggests comparing the competing strategies using the value of one-
step mean payoff that is existing within the steady-state conditions. The search is performed within the class of

stationary strategies. Let us define mean payoff value calculated for one step of V¥ for the random s -strategy

within the steady-state conditions. Let us construct #¢ and ¥ work matrices for the 5 -strategy. They are
formed from the original transition matrices where we use a specific strategy configuration

FS=Iki ki - k17 asthe key. Thus, the first row of P is moved from the first row of P** matrix, the
second row is moved from the second row of P*2 matrix and so on. R°matrix is constructed in the same

manner. Thus, for the purposes of 5 -strategy referring to the multitude of P ¥ and B* matrices, we can build a
single one-step transition matrix £ and a single one-step payoff matrix £%. Therefore, on condition that the
process was in i-state, the one-step mean payoff shall be defined as:

™M
[ 2 4.8
=) pirs

=1
In order to calculate the undoubted mean payoff we shall define the state probability vector within

A r T r T .. —
=[Py i — pil steady-state conditions, where V' stands for the fact that probabilities correspond
to the large step numbers accounting for the steady-state process character. In this case, the mean payoff of

V' _step shall be defined as the following value for the 5 -stationary strategy:

m T m

i=1 i=1 =1
Should the payoff have a meaning of profit, the optimal strategy selection criterion is:
s%argii = max V*
se{L.5}

Limited probability vector of states referring to Markov B -process complies with the following matrix
equation:

(PS'].TF_}.".'- — ﬁ.".-'
At that, the condition of normalization should be performed for the probabilities of states:

m
Zp‘f =1

i=1 R
The solution of the system comprised of two last equations allows obtaining coordinate values of i
vector.

Solution of Reverse Problem MDP (RPMDP)

Let us consider what data is included into the observations and what should be found as a result of

RPMDP solution. A multitude of presentations is available to the observations. At each ™ -step we can see in
chain conditions and k. decisions that are available for observations and which were made by the decision
taker, where in, k. € {1;2} After the end of presentation, the v value of the received payoff shall be
computed. Within the context of the example under consideration (IMR scanning robot), the condition is the
actuation of the left or right sensor while the decision shall be its moving back making a left or right turn. A
useful (without consideration of wastes) duration of the path that was made by the robot during the certain
period of time (which is proportional to the scanned area) can serve as each presentation's payoff. Thus, the
component of the observation that is considered within the reverse problem solution algorithm is one
presentation, i.e. the totality of the alternating conditions, made decisions and presentation's total payoffs.
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The result of RPMDP solution is the elements that are necessary for the direct problem (DPMDP)
solving, i.e. probability and payoff matrices.

RPMDP solution scheme can be presented with 3 stages.

1st Stage. Each presentation contains the f* € {f*.f%. F2.f*} strategy, which was chosen by the
decision taker. The complete set of strategies is the following: f* =[1 117; f* =01 2I"; f*=[2 11",

fA=1I12 2I". Referring to each presentation, we estimate the frequencies of some decisions made within
some condition. Afterwards, on the basis of these frequencies, we define the closest strategy, which later
corresponds to the given presentation.

2nd Stage. The whole multitude of transition probability matrices is estimated in relation to each
presentation: P*, P* P#* P* Each of these matrices is a conditional one (i.e. it is applied when we select the
solution that corresponds to the upper index of the matrix). Similar to the 1st stage, we separately compute the
frequencies of transitioning from one state to another per each presentation (using the pairs of steps of Markov
chain) taking into account the made decision (conditions of the transition). The frequencies that are obtained in
this manner are the estimates of one-step MDP conditional transition probabilities. Afterwards these
probabilities are put into the corresponding places of the transition probability matrices.

3rd Stage. The purpose of constructing the payoff estimates is the following: to calculate the estimates of
the payoff vector Ti" on the basis of the observed parameters (estimates) of the transition probability matrices
and according to the payoffs in each observation (presentation). For this we shall use the least square method,

whose recurrent form [11] that connects the previous (& ) estimates of the observations with the current ones,
(g+1) is the following:

Fgea =Tg + Q@P@[P@TQQPI? + 1]_1[%—1 - quﬁi:]

Qg+1 = Cq — QI?P,?[P@TQ@P@ + 1]_1qu@@
where:

-1
Qe = (A FR) ; Ya+1 is the payoff within the (q+1)-numbered observation; F; is the transition matrices

that are obtained on the 2nd stage within @ -numbered observation.
Within the recurrent estimation equations, the MDP presentation is the observation step while the MDP
step is actually one step of Markov chain made within the framework of the specific presentation.

With the appearance of each new @ -numbered presentation of the payoff vector, its estimates are refined
recurrently. This is the formal characterization of the decision taker's positive experience made with the help of
MDP. Here we can also say that current preferences of the decision taker are approximated by the Markov
chain of decision making.

The recurrent estimation algorithm not only removes the prior doubt, but also allows adapting to the drift
of payoffs, objectives and preferences of the decision taker by correcting the strategies on the basis of the
payoff vectors, which are adjusted according to the current observations of the decision taker's actions.

Model Example

In order to check the working capacity and effectiveness of the suggested scheme of the reverse problem
solution (which is the nucleus of the mobile robot adaptive control procedure) we have conducted the
simulation experiment. The given data was formed randomly. One of the parameter variants of the modelled
MDRP is provided in the table below.

Table 1.Parameters of Modelled MDP

One-Step e 80
Solutions | Conditions Tran5|.t|_o.n One-StepPayoffs = 60
K . Probabilities Fij A =]
I . g 40 =
j = =
j=1 i=2 =1 j=2 ~ 20 H
i 1 0.05 0.95 45 79 =
2 0.19 0.81 44 31 0 -
) 1 0.27 0.73 25 23 L2 Ghatedy.
2 0.48 0.52 93 45

Fig. 1. Mean Payoffs
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Solving direct problem by the brute-force strategy search showed that the 2nd strategy is the optimal one:

=N 21", According to its logic, we should choose the first solution for the first process state with the
second being chosen for the second one. In this case, the one-step mean payoff shall constitute 71 units within
the steady-state mode. Using the Games Theory terminology, this solution corresponds to the decision taker's
pure strategy. As a rule, when the operator (decision taker) controls the robot in reality, he/she takes into
account a multitude of performance targets (and not only a single one). At that he/she does not "feel" the
strategy, whose optimality is based on many criteria, therefore the decision taker may often use his/her own
subjective and mixed control strategy.

In order to solve the reverse problem we have simulated 100 presentations, with each of them containing
30 points. It means that the modelled decision taker made 30 decisions in relation to the appearing values of
the current states per each presentation. One out of four pure strategies was applied during each presentation.
This data was processed in accordance with three stages of the reverse problem solution algorithm that are
provided above.

According to the statistics of made decisions, we have definitely identified the pure strategies that were
applied by the decision taker at the first stage. This is caused by the fact that each research considered a fully
observable MDP.

At the second state we have computed subsequently refined estimations of one-step transition matrices.
At that, within the iteration process of the estimate refinement, each of 100 presentations was used as another
observation. On Picture 2 you can see step-by-step changes of the estimates referring to 4 probabilities (the
total number of matrix probabilities is 8, but 4 of them are independent while the rest 4 are computed as one's
complement).

. £
T,
. A =
. X A
o
04 ——p12(1) ——p22(1)
0.3 —<—p12(2) ——p22(2)
0,2 + pl2(1)_model A p22(1) model
0.1 X pl2(2) model O p22(2) model 10 © ; 20 40 G0 s0 Stepsigo
0,0 2 —t—111(1) —e—r12(1) —_—121(1)
§ —— 1 2(1} ——==r]1(2) ——fym=r]12(2)
0 20 40 60 80 100 gedet0 =—f==121(2) ==@==122(2)
Fig. 2. Convergence of MDP's Probability Estimates Fig. 3. Convergence of MDP's Payoff
Estimates

Modelled probability values (provided in Table 1) are marked separately on Fig. 2.

1 estimates of the elements that are folded into the vectors of payoff matrices are computed at the third
stage with the help of the observations that are calculated on each step (i.e. that refer to each new presentation)
and the payoff that corresponds to the performed presentation according to the recurrent correlations. Their
sufficient number for the purposes of the considered dimensionalities is four (similar to the probability
estimates). The estimate convergence of these values is shown graphically on Pic. 3, while Pic. 4 contains
solutions of the direct problem MDP made on the basis of the step-by-step estimates. It is clearly shown on
Fig. 4 that the adaptation process is converging quickly.

4
3

Strategy
]
+

D

——k + k model

0 20 40 60 80 100 Steps 120
Fig. 4. Convergence of MDP Solutions According to its Parameter Estimates
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Conclusions

The research that was made for other dimensionalities of state space (capacity of the sensor field)
referring to the solution space showed that the solution convergence in relation to the considered class of
models stays high. Moreover, the e