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A.B. Jlonoma, B.U. IOoun, E.H. IOpesuu
UCCJIEJOBAHUS U PABPABOTKH IITHUHU PTK IO SKCTPEMAJIBHOM POBOTOTEXHUKE /
A. Lopota, V. Yudin, E. Yurevich
RESEARCH AND DEVELOPMENTS OF RTC IN EXTREME ROBOTICS

T'HY IJHUU PTK, Cankm-Ilemepoype / RTC, Saint-Petersburg
yurevich@rtc.spbstu.ru

OkcTpeManibHasi POOOTOTEXHHMKA SIBISIETCS OAHUM W3 BaKHEHIIMX HaNpaBJICHHH COBPEMEHHOMN
poboroTexHUKH. Ee pa3BuTre BO MHOTOM ONpE/IeNseT MePCIEKTHBB POOOTOTEXHUKH B IEJIOM.

Hagano »HeprudHOro pa3BUTHS OTEYCCTBCHHOW DKCTPEMANIBHOW POOOTOTEXHHWKH B 3HAYUTEIHHON
cTeneHU Tmonoxmwia aBapus Ha YepHoObutbckoit ADC u paborer IIHUM PTK mo nukBumanmm ee
nmocieactBuid. W ceromHst SKCTpemaibHas pPOOOTOTEXHHUKA - OJHO M3 OCHOBHBIX HampaBlieHHH pabot
HHUUPTK. U, mo-npexxHeMy, BaXHOM 4YacTbi0 3TUX padoT octamuch emie ¢ pabor Ha YADC cucrtemsl
paavianMoHHON pa3Benku. B nanmpHeillieM OHM IOMOJHUIINCH KOHTPOJIEM B3PBIBOOIMACHBIX, XMMUYECKH U
OMOJIOTHYECKH OIACHBIX OOBEKTOB W Cpell, CHCTEMaMH OXpaHbl, MOWUCKAa KOHKPETHBIX OOBEKTOB U T.II
Pazpabotkn [ITHMUM PTK xopomo HUTIOCTPHPYIOT COBPEMEHHOE COCTOSIHHE W TEePCHEKTHUBBI Pa3BUTHS
JKCTpeMaabHOW poOOTOTeXHWUKH B TIiemoM. Ha pwmc. 1 mokaszana oOmras HOMEHKJIaTypa CHCTEM
pagualMoOHHOTO KOHTPOJSA, co3maHHBIX u moctaBmsiemblx [[HWMKM PTK. Dtm cuctemMbl JOMONTHEHBI
TPEHAXKEPHBIMHA KOMIUIEKCAMHU JIJISl IIOATOTOBKH OOCITYKUBAIOIIETO UX MEPCOHAA.

KoHTponb rpaHvy, i Aopor
-CTauMoHapHbIe NOCThI

- = ¢Opeon»
OucTaHUMOHHOS = sBenocunen»
obBcnefoBaHue

= aExceHep enbHUK?

= ¢ OSRAPYHUMEnbs

Mownck u cGop
WNCTOHHWKOB
MOHU3MPYIOLLEr O
nany4eHun

= gBepnora»

OeTanbeHbIA aHanu3
HYKMMAHOMO COCTABa

{nepeaBMxKHaA
. naSopatopuA)

. =gMoeagka»

¥y - «flechnAunas
= B - CMIEKTPOMETR
u gt~ CREXMpOMam)

OucTaHuMoHHOe
oBcnenogaHue

3kcnpecc aHanu3
I paavaunoHHo o6 cTaHoBKKM
= ¢[echnAauma» MN6-TC (y) = aExxeHegenbHUK?
= [loucxoebill a-f paduomemp = ¢ OBRapyRUMenss

AHanus sarpAsHeHuA
EOAHOW cpeabl
= «[pupoaa»

Puc. 1. Cuctemsl paguanronnoro koutpois LIHUU PTK

[IpuBeneHHBIC 371ECH CHCTEMBI Pa3HOTO 0a3MPOBAHUS WILTIOCTPUPYIOT B CBOEH COBOKYITHOCTH OOIITYIO
KOHIIEIIMIO PEUICHUS MPOOJIEMBbl MPEIYNPEKISHUS TEXHOJOTUYCCKHX W IMPHUPOJHBIX KaTaCTPOPUUICSCKUX
CUTyallui W MHHMMH3aUuu uX nocieactBuil. Crofa BXOOUT pELICHHE CIEAYIOUUX 3aJad: MOHUTOPUHT
MOTEHITHAIBHO OMACHBIX TEPPUTOPHUH W OOBEKTOB, BBIABICHHE HWCTOYHWKOB OJTHX OIACHOCTEH W WX
yCTpaHEHHE, JIMKBHUAAMSA TMOCIEICTBUI BO3MOXHBIX aBapuil. Hapsay c TakuM CHCTEMHBIM MOJXO0J0M
OTJICNIBHBIC U3 MEPEUUCIICHHBIX TEXHUYECKUE CHUCTEMBI HWCIOJB3YIOTCS M JUIS PEIICHUS OTACIbHBIX Ooliee
YaCTHBIX 3a/7a4.

Ha pwuc. 2 mokazaH BO3MYIIHBI KOMIUIEKC paadallMOHHOW pa3Benku. Ero Ha3HadueHHe —
OCYIIECTBJISATh KOHTPOJIh TaMMa W HEUTPOHHOTO 3arpsi3HCHHsI OOJIBIINX TEPPUTOPHA C H3MEPEHUEM
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MOIIMHOCTHU 103, HOCTPOCHUEM KapT pPAAUALIMOHHOTO 3arpA3HCHUA U nepe/:[aqeﬁ 3TOH I/IH(I)OpMaI_II/II/I Ha
Ha3eMHBIN BEIUHCIMTEILHBIN KOMILICKC.

Puc. 2. Bo3ayurHeiii KOMITIEKC pa3BeIKu

JanpHeiiee pasBUTHE OSTHX CHCTEM HANpPaBICHO HAa WCKIIOYCHHWE OIEepaTopoB Ha OOpTy
JIeTaTeLHOTO  ammapara, HCIOJIb30BaHHE OECIMIOTHBIX AalllapaToB M JIOMOJHEHHE KapT 3arpsA3HEHUs
TEJIEBU3NOHHBIM M300paKeHHEM MECTHOCTH.

Ha puc. 3. mokasaH OMBITHBIH 00pa3el] OECMUIOTHOTO BEPTOJIETHOTO KOMILIEKCA Pa3BEIKHA B CHUIIbHBIX
paMaIMOHHBIX MOJSX 0e3 00IyYeHHs TMYHOTO COCTaBa ¢ BO3MOXKHOCTBIO TIOCAJIKHU JIJISI B3SITHS TIPOO.

Puc. 3. becnunoTHBIN BEPTONETHBIM KOMIUIEKC BO3AYITHON pa3BeNKH

[Tocne co3manms cucreM Bo3mymrHON panuaronHoi pazsenku [ITHUW PTK mpuctymmn k pazpaboTke
CITYTHUKOBBIX CUCTEM TOI'O K€ Ha3HAYCHMUS.

Ha puc. 4 mpuBeneH Ha3eMHBIH KOMIUICKC Pa3BEIKH, BBIOTHSIONIMNA Te ke (DYHKIUU, YTO H
BO3IIYIIHBIA KOMILIEKC.
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Puc.4. HazeMHbIi1 KOMIUIEKC pa3BeaKU

Ha puc. 5 mokazaH BHEMIHWI BHJ JUCTAHIIMOHHO YIPaBISeMON POOOTOTEXHHUUYECKOH CHUCTEMBI
pazraoOHHON U XUMHUYECKON Pa3BEIKH.

Puc. 5. JIucTaHIIMOHHO YIIpaBIIsieMbIii MOOWIIBHEIN POOOT paualiiOHHON
u xumuueckoi passenku /AP PXP

Ha puc. 6 mokazaH KOMIUIEKC paaualldOHHOW pa3BEIKA W MOHHTOPUHTA BOJHBIX aKBaTOPH,
MpeaHa3HAYeHHBIA 11  oOecredeHus sOepHOM W paaualioHHOW 0e30MacHOCTH B aKBaTOPHH
CYyJIOCTPOUTENBHBIX TPEANPUATANA W 0a3 aTOMHBIX ITOABOIHBIX JIOJOK W HAIBOIAHBIX KOpabOiiel ¢ saepHBIMHU
SHEProyCTaHOBKaMH.

Puc. 6. CniexTpoMeTprudecKiil KOMIUIEKC pailalliOHHON pa3BeIKu U
MOHUTOPHHIA BOJIHBIX aKBATOPUH
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Ha puc.7 nokazansl poOOTOTEXHUYECKHE CHUCTEMBI MAJIOTO Kjacca, MpeAHa3HaueHHbIe Uil paOoThHl B
0OCBBIX YCIIOBHSX, BKJIIOYAas NPOBEICHHE PaJUallMOHHOW, XMMHUYECKOH, OaKTEpPHOIOTMYECKOW pa3BEAKH,
MOUCK ¥ 00e3BpPEeKMBAHUE B3PHIBOONACHBIX O0BEKTOB, MATPYJIMPOBAHHE, OXPaHy OOBEKTOB M TEPPHTOPHIA,
JOCTaBKH OOENpUIacoB, MEINKAMEHTOB, IPOIOBOIBCTBHS, TOUCK PAHEHBIX HA MOJIe 00sl.

Puc. 7. MoOusbHbIE pOOOTOTEXHHYECKHE CHCTEMbI MAJIOTO Kilacca
3P1, 3P2, PTK-07, CMP-01

Tpa uIMOHHO Ba)KHOM COCTABISIONICH CUCTEM AKCTpeManbHON pobOotorexuuku mns [[HUU PTK
ABISIETCS KocMuueckass poOororexHuka. [locnme co3maHus cucTeMbl OOPTOBBIX MAaHMITYJISTOPOB UL
KOCMUYecKOro Kopabns «bypam» 3Th paboTHl MPOAOIDKHIMCH CO3AaHUEM KOCMHUYECKOro IIararouiero
Manumynstopa «Llupkyne» u manunymnsaropa «Jlopec». Ha ocHoBaHMM Bcex 3THX pabOT M aHanuza
aHaJornyHeIX paspabotok B mupe B IIHHMU PTK Obuia paspaboraHa Hay4HO-TEXHHUYECKas KOHLETILNS
Pa3sBUTHS KOCMUYECKOI pOOOTOTEXHUKH, KOTOPAsk B HACTOSIILEE BPEMS SIBIISIETCS] OCHOBOM ISl TUNITAHUPOBAHUS
OTEYECTBEHHBIX paboT B 3Toi obmactu. Ha puc. 8§ mepeuncieHsl NPUHOMIBI TOCTPOCHUS KOCMHYECKUX
POOOTOTEXHIUUYECKUX CUCTEM, ITOJIOKEHHBIE B OCHOBY 3TOWH KOHLECTILIUH.

ONMTUMANBHOE COYETAHWUE (CUMEWMO3)
D POBOTOTEXHWKM 1 YENOBEKA
' ™y N F Ty i Ty
OnTHmManLHoe KomGuHHposanHoe
Yuuuraumun coveTanwe PTC w ynpagnenwe PTC:
koumnoxedTos PTC B Pexoudmryprpyesocis HEMOEEKA NP AETOMATHYECKOR H OT
BUGE CHCTEM b PTC EINOMHEHHH HENOBEKa-One paTopa
monyned TEXHOMOMMMECKHX (ABETOMATHIMPOBAHKOE)
onepauui
‘. r 4 e g < »
-~ s ~ ~
= BoamMoNHOCTE * MpruopuTat Yanos ek = Henons3oBaHine
* MakcHmansH il ONEpaTHENGND obecneuneaeTt NpodeCCHOHANEHBIX
TEXMMNE TR VPR ke HIMEH @HHA COCTAEA MAKCHMANEHD IHAHMA YENOBEKa ©
= WwHiam anbHE e Cpokn PTC coobipazno PaIYMHOE NOBEAEHHE. MAKEHMA NEH B
COAAAHRA QUEPELHOA 320348, # MpobGnema OCEOGOWA BHHEM 810
* Ynpow,enue paCIUMPRA SUENJBEUBCEDTD OT OMACHEX W
TENH MM ECKDMD S yHKL O KA NDH faxropas pewaerca PYTHHH RO OME PayUi
CBCTYHHEAH UA NP BOIMONHOCTA W GnoenpoeRo
MHHA MH3agH 0wy e NOBLILSA HESQEEBATHLIX
Macce Tpebye Mo spdexmeHocTe PTC AefCTEMA YenoBeEa
HoMeHKnaTyps PTC ABTOMATHEOR.
F 7 g 7

Puc. 8. IIpuHIHIIBI TOCTPOCHU KOCMIYECKAX POOOTOTEXHUIECKHX CHCTEM

[lepcnekTHBBI JanbHEWIIEro pa3BUTHS PadOT MO SKCTPEMalbHOH POOOTOTEXHHKE CBSA3aHBI MPEXKIC
BCETO CO CIEeIYIOMNMH TeHACHIUSIME: PEKOH(QUTYpaLys, HHTEIJICKTYaIu3alysl 1 MUHAATIOpU3aLHs poOOTOB.
IlepBas TeHaEHIMS OCHOBAaHA HA JaJbHEHIIEM Pa3BUTUH NPEJIOKEHHOTO U BIIEPBBIE PEATM30BAHHOIO B CBOE
Bpemsa B LIHWM PTK moznynpHOro npuHIMIA TOCTPOCHUS POOOTOB U 3aKJIIOYAETCS B CO3JAaHUU MOIYJBHBIX
pOOOTOB € agamTHUBHO IEpecTpanBacMO CTPYKTypoil. DTO co3gaeT NMPUHLUUIHAIBLHO HOBBIE BO3MOKHOCTH
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Opd  anpuOpHOH HEONpPEeAETICHHOCTH YCIOBHH MPEICTOSIIMX paboT M caMOro HUX TMepedyHs IyTeM
KOMIIOHOBKH CTPYKTYpHI POOOTOB HETOCPEICTBEHHO Ha MecTe pa0OThI C BO3MOXKHOCTBHIO M3MEHEHHS €€ B
xoJie caMux paboT. IMeHHO MOTyTbHOE TTOCTPOEHHE MO3BOJIAET PEeaTn30BaTh ATy HIEIO.

JanpHeHIMM ee pa3BUTHEM CTaHET CaMOOpraHW3alusi M CaMOCOBEPLICHCTBOBAaHHE pPOOOTOB.
Od4eBHTHO, YTO ITH MEPCIIEKTUBBI OCOOCHHO BaXKHBI 11 pOOOTOTEXHUYECKUX CHCTEM YAAJeHHBIX OT IIEHTpa
ynpasierns. Hanpumep, 310, 06€3yCIOBHO, CTaHET aKTyajdbHBIM HpHU OCBOeHWH JIYHBI, a BO3MOXHO W IS
nmonroBpeMmeHHbIX crannuii Tuna MKC. Konedno, 31ech HE00X0IMMO TEXHUKO-I)KOHOMHYECKOE 000CHOBAHUE.
11 HEKOTOPBIX MOCTOSHHBIX OINEPAalfii BHITOJHO UMETh CIIeHaIbHbIE POOOTHI, HO I MHOXKECTBA IPYTuX
paboT MOXKET OKa3aThCsl BBITOJHEE pacrojaraTh BCETO IBYMS-TPeMs PEeKOH(PHUTYPHPYEMBIMH pPOOOTaMHU
Pa3HOI pa3MepHOCTH, JOTOJIHAEMBIX IO Meépe HEOOXOTUMOCTH HOBBIMH (PYHKLIHMOHAJIBHBIMU MOJIYJISIMU IS
pacirpeHns uX BO3MOKHOCTEH.

He Menee akTyaneH Takoi MOAXOX W K POOOTOTEXHHKE JJISI UPE3BBIYAMHBIX CHUTYallUl, B YCIOBHUSX
BOCHHOTO IPOTHBOCTOSHUS, a TaK K€ B aTOMHOI »HepreTnke. DTO OYepeaHOH pa3 IMokasaja aBapus Ha
amnoHckux ADC. Okazanoch, 4To B SMOHMM, KOTOpasi CUUTAETCSI MUPOBBIM JIMJEPOM B POOOTOTEXHHKE, HET
pOOOTOB, KOTOpBIE TpeOYIOTCS [UIS JIMKBHIAIMH TIOCIEICTBHI 3TOH aBapuu. SIMOHHMA naxe 3aKymuia
HECKONBKO poboToB B ['epmanmn m Wrammn. OpHako, OCTaNOCh HESICHBIM HACKOIBKO OHH OKa3alluCh
NPUTOJHBIMA B KOHKPETHBIX ycnoBusx samoHckux ADC. [lpyroe peno, eciaum ©Obl 3TO  OBIIH
pexoH(pUTypupyeMbie poOOTHI, CIOCOOHBIE ONTUMAILHO CTPYKTYPUPOBATHCS O OAJIEKAIINE BHITIOTHEHHIO
3a/1a4d U KOHKPETHBIEC BHEILIHUE YCIOBUSL.

CrnenyiommM MEpCeKTUBHBIM HAINpPaBJIEHUEM Pa3BUTHA POOOTOTEXHHKH, B KOTOPOM JIMIHPYIOIIee
MOJIOKEHUE TaK K€ 3aHMMAaeT SKCTpeMalibHasg POOOTOTEXHHKA, SBISECTCS MOBBHIMICHWE HHTEIEKTYaJIBHOTO
YPOBHS YIIpaBIIEHHS, a 3aTeM U TEXHUYECKOE OCBOCHHE MHTYUTHBHBIX TBOPYECKHX CIIOCOOHOCTEH UenoBeKa.
Ilo cymectBy, 3T0 (pyHAaMeHTaNbHAs TpobieMa MOHNMAaHHS MBIIUICHNS YelIOBeKa, B PEIIEHHH KOTOPOi
POOOTOTEXHUKA HTPAET BAXKHEHIIYIO POJIb IKCIIEPUMEHTAIBHOM 0a3bl.

Hakoneu, mnocnenHsis B 93TOM IepeyHE, HO HCTOPUYECKH camMas IiepBas TEHIACHIUS — 3TO
MuHAaTopu3anust. CeroaHs poOOTOTEXHUKA OCBOMJIA MHUHH (CM) M YCIEIIHO OCBAaMBAET MHUKPOPA3MEPHOCTH
(MM). Biepenu mocneqHuii 3Tal —HaHOPAa3MEPHOCTH BIIOTH JI0 ATOMHBIX Pa3MepOB XMMHYECKUX 3JIEMEHTOB.
Ha »sranme co3manusi MHHUPOOOTOB C LENBbI0O YMEHBIICHUS HMX DPa3MEpPOB MPOM3OLIIO KOHCTPYKTHBHOE
o0beIMHEHNE OTACTHHBIX (PYHKIMOHAJIHHBIX MOAYJIEH B MHOTOQYHKIIMOHANBbHBIE MOayiu. OHU MTOJTOOHBI
MOJHOIIGHHBIM POOOTaM, OJHAKO TpeIHa3HAuSHBI ISl TPYIIOBOTO MPUMEHEHUSI MHOTHMHU COTHSIMH B 001Ier
KOHCTPYKIMH KOHKPETHBIX M3ACIHN MOJOOHO KICTOYHOMY CTPOSHHIO JKUBBIX OOBEKTOB. BO3HMKIO HOBOE
HAay4YHO-TEXHUYECKOE HAMPABICHUE, KOTOPOE TaK XK€ SIBISIETCS pa3BUTHEM MOJYJIBHOIO NPUHLIMIA
MOCTPOEHHUS,, HO HAa HOBOM YPOBHE MHHHATIOPH3AMH. OTO HAaMpaBlieHWEe YK€  BBIINIO 32 PaMKH
pOOOTOTEXHUKH, OXBaThIBas BCE HOBbIE 00JACTM TEXHUKH - 3TO CaMOOPTaHHU3YIOIIMECS TEXHHUYECKHe
CUCTEMBI.

B IHHMU PTK B pasauaHoM oO0BEME MPOBOMATCS HWHHUITMATUBHBIC HAyJYHBIC WCCICIOBAaHHUSI B
nepeyrcaeHHbIX HampaBieHusx u mnpukiangasle HMOKP mo MuHHpoO6OTOTEXHHMKE ISl KOHKPETHBIX
notpeduTenei.

C.I'. Ilapuuenko
3AJIAYA CO3JAHUSA POBOTOTEXHUYECKOM HHAYCTPUMU /
S. Tsarichenko
STATEMENT OF PROBLEM FOR ESTABLISHMENT ROBOTICS INDUSTRY

OI'BY BHUHIIO MYC Poccuu, 2. Barawuxa /
All-Russian Research Institute for Firefighting, EMERCOM Russia
tsarichenko s@mail.ru

Ha coBpemeHHOM »Tame pa3BUTHA Hay4YHO-TEXHHYECKOTO IIporpecca pPoOOTOTEXHHKA 3aHHMAaeT
JTUAUPYIONTYIO TTO3UITHIO, YTO 00YCIOBIICEHO HE TOIBKO COMMAIEHON COCTABIIAIONICH — CTPEMIICHUEM 3aMEHHUTH
YEeJIOBEKA MPHU BBIMOJHCHUH CJIOXHBIX M OCO0O OMACHBIX OIEPAIMid, peamu3anus KOTOPHIX HaXOIUTCS 3a
npeaenaMu (PU3NIECKUX BO3MOKHOCTEH YEIOBEUECKOTO0 OpraHu3Ma, HO U YPOBHEM COBPEMEHHOW HAayKH U
TEXHHKH, KOTJ]a CTAJI0 BO3MOYXHBIM PEalIn30BBIBATH OT/IENbHbBIC ()yHKIIMOHAIBHBIE BOZMOKHOCTH YeJIOBEeKa C
MTOMOIIBI0 MHTEIUICKTYaTbHBIX TEXHIYECKUX aHAJIOTOB.

[lo pesymbTaTam aHaiM3a MUHHMAJIbHAs IEPBOOYEPEIHAs MOTPEOHOCTh B POOOTOTEXHUYECKUX
KOMIUIEKCaX ISl TPOBENEHHS TI0XKapHO-CIACATENbHBIX W aBapUHHO-BOCCTAHOBUTENBHBIX — OMepaIuit
cocraBiusier 30-40 eauHHMIl TEXHHKH, MHHHMAJIbHOE KOJIMYECTBO KOMIUIEKCOB JUII OOecledYeHus
OTIepaTHUBHOCTH pa3BepThIBaHUs cocTaBisier 160-170, ontumaneHoe koimuecTBO — 500-600 enunui (rmo
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MHQOPMAIMKM U3 Pa3NUYHbIX MCTOYHUKOB B 0OEBBIX AeWcTBUsIX B Mpake m AdraHucraHe Ha CTOPOHE CHII
KOAJIMLUHU MPUMEHSATCS OT 3 10 5 ThIC. pOOOTU3NPOBAHHBIX KOMIUIEKCOB PA3IMYHOI0 HA3HAYCHUS])

OueBHIHO, YTO I pEIIeHUs 3a]ad MO0 pa3paboTKe, MPOM3BOACTBY U IMPHUHATHIO HAa BOOPYKEHHE
TOJBKO pPOOOTOTEXHUYECKUX  KOMIUIEKCOB JUISI MPOBEACHHS IOXKAapHO-CHAacaTeNbHBIX M aBapUiHO-
BOCCTAaHOBHUTEJIBHBIX OIEpanuuid TpeOyeTcs KOMIUIEKCHAs NporpaMma, 3aTparuBarolias HE TOJBKO
HOJIb30BATENCH 3TUX CHCTEM, HO M IPAKTHMYECKH BCE OTPAcIM HAyKHM M IPOMBIIUIEHHOCTH, TaK Kak
poOOTOTEXHUYECKUH KOMIUIEKC MPEACTaBISeT COBOKYIMHOCTh YCTPOMCTB U Y3JI0B, B NMPOU3BOJCTBE KOTOPBIX
3aHATHl MPAaKTUYECKH Bce oTpaciu. [losromy pemass mpoOneMy BHEAPEHHS SKCTpEMallbHBIX aBapUHHBIX
POOOTOB — MBI pelIaeM LeJIbli KOMITJIEKC YKOHOMUYIECKUX 3aad.

Ha 3aceganuu [IpaBUTEnhCTBEHHON KOMHMCCHU IO MPERyNPEKIACHUIO U JTUKBUAALUN YpPEe3BbIUaiHBIX
cUTyanuil U obecrneueHuo noxapHoit 0ezonacHocTu (mporokos Ne5 ot 23.06.2009 paznmen I m.m. 3-6) mox
npencenarenbcteoM C.K. Hlotiry ¢ yuactuem H.I'. KyThuHa U p. OBLIO MIPUHSTO pelIeHHE 0 HEOOXOUMOCTH
CO3/IaHMs MOJpa3feNeHUH pOOOTOTEXHWYECKUX CPEACTB I IPOBEICHUS II0KapHO-CHACATENIBHBIX U
aBapuitHO-BOCCTAHOBUTENBHBIX OIEPAIMiA B YCIOBHUIX MOBBILICHHOW OMACHOCTH Ha 00bekTax ['ockoprnopanun
«Pocatom», Munobopons! Poccun, Munmpomropra Poccun u Ipyrux 3anHTEpECOBAaHHBIX BeIOMCTB. Jlis
peanu3aluy 3TOro pereHust HE00X0IUMO OBIIIO BBIIOJIHUTE PSAA MEPONPHSTUIL:

- COCTaBUTH NlepeueHb 0OBEKTOB, MMOUIEKAIIIX OCHALICHUIO pOOOTOTEXHUYECKUMH CPEICTBAMH;

- OTIPENIENUTH COCTAaB HEOOXOANMOI TPYNIHUPOBKH POOOTOTEXHUIECKHUX CPEICTB MO THIIOBBIM OOBEKTAM;

- OTIpEeNENNUTh OOBEMBI U UICTOUYHUKH (DUHAHCUPOBAHUS CO3JaHUSI pOOOTOTEXHUYECKUX KOMIIJICKCOB;

- COCTaBHUTb IIPOrpaMMy MOJTOTOBKH OMEPATOPOB YIPABICHUS POOOTOTEXHUYECKUMH CPEICTBAMU;

- TIOATOTOBUTH IMPEIOKEHNUS N0 BHECEHHUIO U3MeHeHuH B deaepanbHblil 3akoH oT 21 uronsa 1997 r. Ne 116-
®3 «O npoMBIIICHHON 0€30IMacHOCTH OMAaCHBIX MPOM3BOJACTBEHHBIX OOBEKTOB» B YAaCTH OTBETCTBEHHOCTHU
COOCTBEHHMKA 33 OCHAILICHUE ONACHBIX MPOU3BOJICTB POOOTOTEXHUUECKUMHU CPEACTBAMH.

Yka3aHHbIe MaTepualbl OBUIM OATOTOBJICHBI, YTBEPKAECHBI U MPUHATHI K HcTonHeHuo. Kpome Toro,
npoekT m3MeHeHnit B @3 Nel16 ObLT pa3ociiaH Mo BCeM COTJIACYIOIMM OpraHaM W HampaiieH PoctexHamsop
JUISL BKJIFOUEHHS B HOBYIO PEAKIMIO 3aKOHA.

AKTyalqbHOCT,  TpoOJieMbl  Oblla  MONTBEPXKICHA  pPEHICHUEM  PACHIMPEHHOTO  3acelJaHus
[IpaBUTENBCTBEHHON KOMHCCHUHM 10 TMPEAYNPEXKACHUIO M JHUKBUIAALMM YpPE3BBIYAHBIX CHUTyallMd U
oOecrieueHuto mNoxapHOH Oe3zomacHocTH (mpoTokon Ne2 ot 26.06.2009 pasgen II mm. 2-4) mox
npeacenarensctBoM IIpencenarens [IpaButensctBa Poccuiickoit @enepannu B.B. ITyTtuna.

KoHCTpYKTHBHO ~ pOOOTOTEXHMYECKHH  KOMIUIEKC  MPEACTaBIsAECT  COYECTAHHE 3JIEMEHTOB
KOMITBIOTEPHOTO MPOTrPaMMHUPOBAHUS ISl PELICHUS CJIOKHBIX JUHAMHYECKUX 3a7ad YIpPABICHUS, B TOM
yyciae IpU TIPYNIOBOM YNPaBICHUH B POOOTOTEXHHYECKMX CHUCTEMaX, CHUCTEM CBA3M M OPHEHTAllUU B
MIPOCTPAHCTBE Ha OCHOBE PAcIO3HAaBaHHSA U WICHTHU(UKAIKUK 00pa3oB Cpedbl, CHCTEM U y3JIOB pealu3alluu
MOCTaBJICHHBIX 337jad Ha OCHOBE COBPEMEHHBIX NOCTHKEHHM MeXaTpoHUKH. To ecTh, I peamu3anuu
HIPOrpPaMMBbl CO3JIaHUA JH000r0 POOOTOTEXHHMUYECKOI0 KOMILIEKCa HEOOXOJUMO MMETh OTJIA)KEHHYIO0 CHUCTEMY
HAay4YHBIX M TPOMBIIUIEHHBIX CBs3€d, HAIPaBIEHHBIX Ha peaju3alii0 TPOEeKTa IO CO3JaHHIO0
B3aMMOYBSI3aHHOTO M COIJIACOBAaHHOIO PELIEHMs, KOTOpPbIE OXBAaTBIBAIOT MPAKTUYECKH BCE OTpaciu
KOHOMUKH,

IIpu co3manuy poOOTH3MPOBAHHBIX KOMILJIEKCOB AJIS IPOBEICHUS PA0dOT B YCIOBHSX IOBBIIIEHHOIO
pucka, 00yCIOBICHHOTO HAIMYMEM PaAHAIOHHOTO, XUMHYECKOT0, 0aKTEPHOIOTUYECKOTO 3apaKEHHUsT U MPH
HaJIMYUH B3PHIBOOIIACHBIX OOBEKTOB HEOOXOJMMO PEIICHHE CIEIYIOLIETo Psiia TEXHUIECKUX 3a1ay:

1. Pa3paboTka 3IeKTPOHHBIX KOMIIOHEHTOB

a. [IpoektupoBanme W TOAOOP KOMIUICKTYIOIIUX JUISI CO3JaHUS CEHCOPHBIX 0030pHO-
TEJICBU3HOHHBIX CUCTEM Ha 0a3e Telekamep, Ja3epHbIX CKAaHATOPOB, JIa3ePHBIX JAIBHOMEPOB
u Jap.

b. IlpoexTtupoBanue 1 MOAOOP KOMIUIEKTYIONIUX U CO3aHMsI HABUTAIIMOHHBIX CHCTEM Ha 0a3e
WHEPLHUAIBbHBIX JaTYHKOB (THPOCKOIOB, akceraepomeTpos) U GPS.

c. IlpoektupoBaHue U MOAOOP KOMIUICKTYIONIUX JJS CO3JaHUS CHCTEM KOHTPOJSI TETUIOBBIX
MMOTOKOB M TEMIEPATYPHBIX IOJIeH Ha 0a3e TEeIJIOBU30POB U MTUPOMETPOB.

d. IIpoekTupoBaHWE W MOAO0OP KOMIDICKTYIONUX JJISI CHCTEM PaTHAIMOHHOTO M XHMHYECKOTO
KOHTPOJISL.

e. IlpoekTupoBaHHME U M3TOTOBJICHUS CHCTEM IPUEMO-TIEpeaun YIPaBICHU U TeIeMeTpun (Ha
0a3e MOJIEMOB, YCTPOWCTB IMHPOKOIIOJIOCHOH MpHUEMO-TIepeaun) B arpECCHBHBIX YCIIOBUIX
(BHE 30HBI MPSAMOW BUIMMOCTH, B IUIOXHUX IMOTOIHBIX YCIIOBHUSX, IPU HAIHYHUH CEPhE3HBIX
MOMEX) Ha PACCTOSHUS CBBIIIE 2 KM.
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f. TIpoexkTHMpoBaHWE U M3TOTOBJICHHE CHUCTEM BHICOHAOTMIONEHUS (BHUIACOMUKIIMPOBAHMUS,

riepeadyd BUACOCUTHAIA HA PACCTOSHUS CBBIIIE 2 KM B YCIOBUSX, IEPEUUCICHHBIX BBIIIIE).
2. Pa3paborka mporpaMMHOro o0ecreueHusl.

a. 3ajava HaBUTALUM U OPUEHTUPOBAHUS pOOOTa B pEKUME aBTOHOMHOI'O JIBM)KCHHSI B 3apaHee
HEU3BECTHON 0OCTaHOBKE.

b. 3amada mocTpoeHus KapThl MECTHOCTH B hopmate 3D-m300pakeHIS ¢ HATO)KCHUEM PEATbHBIX
TEJIEBU3MOHHBIX KAPTMHOK MW BCEX OMacHbIX (akTopoB (Temmeparypa, paxuanus,
3arps3HEHHOCTDH) B PealbHOM BPEMEHHM M 3afjada Nepeayd BHICTpPAaUBaeMOW KapThl HA MyJbT
orepaTopa.

c. 3amava mocTpoeHHsi OOpPTOBOM 0a3bl 3HAHWH HWHTEUICKTYILHOW CHUCTEMBI YIIPaBICHHS,
coJieprKalllell 1 HaKaruTMBaroLe nHPopManuio o Gpakropax 4pe3BBIYaHHBIX CUTYalNH.

d. Bompocsl rpymnmoBoro yrpasieHus: poOOTOTEXHUYECKIMH KOMILIEKCAMU.

3. Pa3paboTka KOMITOHOBOYHBIX IPOEKTHBIX PEIICHUH U NCIIOTHUTEIHHBIX MEXaHI3MOB

a. Pa3paboTka KOHIeNTyaabHOrO AW3aliHa W 4YepTekKel Mt poboTa ONpeaeieHHOTO Ha3HAYeHUS
(pa3Bem4uK, MOKapHHK, OOETI).

b. IIpoexkTnpoBaHrEe THAPABIMYECKUX CXEM U MOAOOP KOMIUIEKTYIOUIUX ISl CO3aHUS CHIIOBBIX
arperatoB (IIaCCH, MaHUIYJIATOPHI, PA3IMUHBIA THAPOUHCTPYMEHT) C 3JIEMEHTaMH OOpaTHOH
CBSI3H.

c. IlpoexktupoBaHme KOHCTPYKIMH W MOAOOp KOMIDICKTYIOIIUX IS CO3JAaHHUA MEXaHUYEeCKHX
u3Zenuii Ha Oa3e dJIEeKTpOABHrareieldl TMEepeMEHHOTO M IOCTOSHHOTO TOKa C JJIEMEHTaMH
00paTHOI1 CBsI3U.

[IpoextupoBanue cuaoBBIX arperatos Ha O0aze /IBC.

e. Pacder m mpoexkTHpoBaHWE CHIJIOBBIX IIeTIeld MUTaHHWS Ha 0aze aKKyMyJSITOPOB Pa3INIHBIX
THTIOB.

YuuteIBas TO, 4TO 00JACTH ACATEIHPHOCTH POOOTH3UPOBAHHBIX KOMILIEKCOB OXBATHIBAET MOJABOIHYIO,
HA3eMHYI0 U a’3pO-KOCMHYECKYIO Cpelbl OOWTaHUS YelloBeKa, codeTas B cebe BCe MepelnoBBIe JTOCTIKEHUS
HAYYHO-TEXHHUUYECKOTO IpOrpecca, TO CTAHOBUTCS OYEBUIHBIM, YTO, NMPH COOTBETCTBYIOIIEM BHUMAaHUH K
Pa3BUTHIO 3TOH OTPACIH, MPOTPECCUBHBIN MONOKHUTEIBHBIA pe3yabTaT OyneT MOJy4YeH HE TOJBKO B YaCTH
pa3BUTHUS HAYYHO-TTPOMBIIIUIEHHOTO KOMILIEKCa CTPaHbl, CO3AAIINIET0 pOOOTOTEXHUKY, HO M B 00JIACTAX, T/Ie
9Ta TeXHWKa OyJAeT MCIONb30BaHa. B mepByro odepens 3To OyaeT UMETh MECTO NPU M3YyYEHWH M OCBOCHUH
MupoBoro okeaHa, BBIIOJHEHHUH PadOT MO II00ANEHOMY MOHUTOPWHTY HMOBEPXHOCTH 3€MJIM, B TOM YHCIE
npu OopbOe C TPUPOIHBIMH TOXKApaMH, MPOBEACHWH BOCHHBIX M AHTUTEPOPPUCTHUYECKUX OMepanuil -
obOecnieueHnN 0E30MMACHOCTH TOCYIApcTBa IO BOJOW, HAa 3eMJie M B adPO-KOCMHUYECKOM IPOCTPAHCTBE,
BBINTOJTHEHUH TTOKAPHO-CIIacaTebHBIX U aBapUHHO-BOCCTAHOBUTEIILHBIX Pa0OT B YCIOBHSAX 0COOOTO pHCKA.

Hcxons u3 BBHIIIECKa3aHHOTO, a TaKXKe, YYUTHIBAs COBPEMEHHOE COCTOSHHME BOMpoca B 00JacTu
pa3BuUTHS pOOOTOTEXHUKH, B TIEPBYIO OUYepeab IKCTPEMaJIbHON, CTAHOBUTCS OYEBUIHBIM, YTO HEOOXOANMO B
KpaT4yailime CpOKH MEepecMOTPETh MPHUHIUII OpraHU3alMyd PadoT MO Pa3BUTHIO POOOTOTEXHHKH B CTpaHe,
BBIBEJISl 9TH Pa0OTHI U3 PEKUMa Cyry0o BEJOMCTBEHHBIX IPOTpaMM pa3BHUTHUS, IPUIAB MPOTPaMMe Pa3BUTHS
pPOOOTOTEXHUKH OOMIerOCyIapCTBEHHBIN cTaryc DenepanbHOW II€NEBOM TpOTpaMMbl IO HAYAIOM
KoopanrannoHHOTO KOMHUTETa, HAIPaBIEHHOW Ha CO3/IaHHME CIICHAIN3UPOBAHHON OTPACIH 10 pa3paboTKe U
CO3JIaHHI0 POOOTOTEXHUYECKUX KOMILJIEKCOB, COOTBETCTBYIOIINX €AWHON CHCTEME CTaHIapTOB, paboTarouien
HAa OCHOBE YyHH(HIMPOBAHHOW »JIIEMEHTHOH 0aze c yderoM crenuduKA 3a7ad 3aKa3unka U
CKOHIICHTPHPOBAHHON Ha pemIeHnH Hamboyiee BaXXKHBIX W IEPCHEKTHBHBIX IMPOEKTOB, TMPEACTABIISIONINX
UHTEpEeC JJIsl BCEX BEJAOMCTB.

Paul G. Ploger, Erwin Prassler
EUROPEAN RESEARCH IN ROBOTICS — SOME GERMAN CONTRIBUTIONS /
IHayne IInézep, Ipeun Ilpaccnep
BKJIAJI TEPMAHUM B EBPONIEHCKHWE UCCJETOBAHHUS B POBOTOTEXHUKE

Yuueepcumem npuxnaomnvix nayx, bonn-Peiin-3ue, I'epmanus /
University Bonn-Rhein-Sieg, Germany

The paper contains a short account of some highlights in robotics in Germany including the new
areas of investigation in Bonn-Rhein-Sieg University. Attention is paid on a specific problem in service
robotics. Here we encounter with the problems connected with the fact that a service robot operates under
conditions of the every-day, e.g. like in regular households without any special provisions taken. Other
problems are the next: the robot should be able to communicate with human users, to navigate and localize in
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an apartment and especially be able to detect and categorize objects. For example, how to find an object and
its category like "a cup" instead of "my cup"?

In the presented approach a typical household scene, which contains some of the objects to be
grasped, will be sensed by a very cheap, off-the-shelf, noisy RGB-D 3D camera (Kinect) which produces
colour and -at the same time- distance-to-camera information per pixel. Result is an 3D, colour annotated
Unstructured Point Cloud (UPC). In this UPC firstly are reconstructed planes (since objects are usually
supported by desks, shelfs etc), then are subtracted these planes from the UPC.Then is segmented and
(euclidean) clustered the left over UPC, which gives us some isolated Candidate Regions for Objects (CROs).
In CROs are now reconstructed partial surfaces of the objects by a neural network technique.

A modified Growing Neural Gas (GNG) algorithm is applied for surface
reconstruction of the free-formed objects. From the CROs the GNG now produces a mesh, which has the
advantage of 1) being triangulated and 2) being a model-free reconstruction of the parts of the object in view.
Finally two feature distributions (point distances and surface normals) are extracted from the mesh and
compared to trained distributions which are discriminative for the object classes.

The experiments indicate that GNG generates consistent surfaces which allow the categorization of
object from partial views and is able to cope with the noise found in the UPCs. Therefore, the proposed
algorithm is an attractive alternative to standard triangulation methods and is also applicable as a basic
processing step ina perception pipeline for service robots.

The second pert of the paper is devoted to the SW development for service robotics, namely to the EU
funded project BRICS. Even after 50 years of robotics development and research the process of developing a
new robot and its applications has more similarities with ingenious engineering or designing a piece of
artwork than witha structured and well-defined process. This holds particularly true for advanced service robot
systems. The prime objective of BRICS is to structure and formalize the robot development process itself and
to provide development tools, computational models, and functional libraries, which allow engineers and
developers of complex robotic systems to reduce the development time and effort by an order of magnitude.

European project BRICS will work together with academic and industrial providers of robotic
components — both hardware and software — to identify and document best practices in the development of
complex robotics systems, to refactor existing components in order to achieve a much higher level of
reusability and robustness, and to support the robot development process with a wellstructured tool chain and
a repository of reusable, configurable code.

Some information on new the upcoming projects in EU funded framework program FP8 will be also
presented.

A.A. I'paoosyes, A.C. Konopamves, A.H. Tumogees
POBOTOTEXHUYECKOE OBECIIEYEHUE JIJISI OFbEKTOB INEPCIIEKTUBHOM
KOCMHUYECKO HH®PACTPYKTYPBI /

A. Gradovtcev, A. Kondratiev, A.Timofeev
MEANS OF ROBOTICS FOR OBJECTS OF OUTER SPACE INFRASTRUCTURE

THY [JHUU PTK, CIIoI'T1Y, Cankm-Ilemepbype /
RTC; Saint-Petersburg State Polytechnic University, Saint-Petersburg
agradov@rtc.ru; kondr@rtc.ru; timofeevan@inbox.ru

B nacrosiee Bpemsi mpopaOaThIBalOTCS MPEATIOKEHHS TI0 NaTbHEUIIeMy Pa3BUTHIO OTEUECTBEHHOM
KOCMOHABTUKU Ha mepuon a0 2050 r.[1]. [nst perieHus 3amad OCBOSHHUS OJMKHErO W JAJbHETO KOCMOca
(dhopmupyeTcst mepcriekTuBHAs kocmuueckas uHPpactpykrypa (IIKM). Ona BkIIOYaeT pa3IudHOTO
HA3HAYCHUS MWIOTHPyEeMble KOopaOiM, aBTOMATHYECKHE allaparbl, OpOUTalbHBIC CTAaHIIMH, HaIIAaHETHBIE
0a3bl M JIOTIOTHUTENBHOE OCHAIlEHHE. B TOM dmnciie BaXHYIO POJIb UTpaeT poOOTOTeXHHUIECKoe obecnedeHne
(PTO) o6bexToB ITKU.

B obmem ciayuyae momHomacmtabHble PTC kocMudeckoro HasHaueHHs (OpOHMTaIbHBIE) COIEPIKAT
CIIEIYIOIE OCHOBHBIE KOMITOHEHTBHI: MAaHHUMYJSATOPHI; INTAaTHBBl H3MEHEHHS MOJOKEHUS W (UKCAIIUU
pa3HOOOpa3HBIX 0OBEKTOB; CPENCTBA PHEPrOOOECIICUCHNUS, CBSI3U M yIPABICHUS; TIOCTOSHHOE U CMEHSICMBIC
pabourie OpraHbl W WHCTPYMEHTHI (TEJICBHU3UOHHBIC KaMEpbl, OCBETHUTEIH, JUATHOCTHYSCKUE HPHUOOPHI,
3aXBaTHBIE M CTHIKOBOYHBIE YCTPOHCTBa, 0O0pabaThIBAIONINK WHCTPYMEHT, Mara3uHbl CMEHHBIX pabodmx
OpraHoB, 00opypoBaHue 6a30BOT0 paboyero Mecra).
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Hamnbonee o0mumu npu3HaKaMyd CHUCTEMAaTH3alUU ANbTEPHATHBHBIX MNPOCKTHHIX 00mmkoB PTC
KOCMHYECKOTO Ha3HAYCHHsI SBIISIOTCS KOINUYECTBO M CTPYKTypa B3aMMOICHCTBUS MaHUITYJISITOPOB C 7-FO
BpaIaTeNbHBIMUA CTETIEHAMH MOABMKHOCTH (PUCYHOK 1).

[epBas cxema (pucyHok 1,a) ¢ 1-uM MaHUITYJIATOPOM sIBIIsieTCsl pocTeiimieil. OHa pacpocTpaHeHa B
MaHUIYJISATOPax, MpeAHa3HAUYSHHBIX IS JOCTYIa K 30HaM, yJAJICHHBIM OT OCHOBAaHHS Ha PACCTOSHHUE JIO
6...12 ™ [2]. Jlamee Takume yCTpOHCTBAa IEKaMETPOBOTO IHAlla30HA YCIOBUMCS Ha3bBaTh J|M-
MaHHIYJISATOpaMH. Bojbie BbUIETH HEN30€KHO MPUBOAAT K 3HAUYUTEIBLHBIM TOTpEITHOCTIM. M3-3a modToB
u nedopManuii mepenady 30Ha HEONPEACTICHHOCTH IMOJIOKEeHHsT pabodero oprana noxoaut 1o 50...100 mwm.
[loaToMy OHM TpPHMEHHUMBI TONBKO I TPYOBIX OIEpanuii, HampuMmep, TPAHCIOPTHPOBAHHS KPYITHBIX
00BEKTOB. MaHUIyJATOPBI ¢ JABYMs YCTpoiicTBamu 3axBarta U CThIKOBKH (Y3C) cmocoOHBI MO0 camu
MepeMeIaThcsl MIaraHueM 10 TaKeJIaKHBIM dJIeMeHTaM, 00 mepemeniate 00bekThl. Ho coBmenienne 3tux
IBYX (YHKUMH NpakTHYECKH HEBO3MOKHO. OAMHOYHBIE MAaHUIYJATOPHl ¢ BbuleTOM mopsiaka 0,6...1,4 M
MOTYT paboTaTh C MOTPENIHOCTAMH MeHee 2..5 MM. YCIIOBUMCS TaKHe YCTPOWCTBA METPOBOTO THAIa30HA
Ha3bIBaTh M-MaHunyssiTopamMu. OHE IPUMEHUMBI JJ1s1 TOYHBIX TEXHOJIOTHUECKUX OTIEPaliii, U IPEKAe BCETO,
COOPOYHBIX, BKJIIOYAs YCTAaHOBKY HIIM cMeHy oOopymoBaHwus. M3-3a mManod W30OBITOYHOCTH W HEOOIBIION
paboueii 30HBI M-MaHHITYJIATOPHI OKA3bIBAIOTCS yY3KO CIIEIIHAIIM3UPOBAHHBIMH, YTO COKpAIIaeT 00JIaCTh HX
1[eJIeCO00pa3Horo mnpuMeHenus. Ho rpymma Takux B3avMOJCHCTBYIOIIMX MOOWJIBHBIX POOOTOB CIIOCOOHA
pelmaTh CIOXKHBIE 33Ja4d W OTIMYAeTCS HENPEB30WICHHOW HAIEKHOCTBIO M YCTOMYMBOCTBIO K OTKa3am
OTJIENBHBIX TIOJICUCTEM.

Cucrema, o0Opa3oBaHHas NPUCOEAWHEHHEM OJHOTO MAaHHMITYJSTOpa K CEpelMHEe BTOPOTo (PHCYHOK
1,0), sBisleTcsi MUHUMAaIbHO JOCTATOYHOM AJISl TIepeMelieHus] M (UKCAlMU Ha TaKeNaXHbIX dJIEMEHTaxX U
BBITIOJTHEHUS TEXHOJIIOTHIECKHUX OTEPaIini.

[locrmenoBaTenbHOE COEAMHEHWE OJWHAKOBBIX MHOTOIENIEBBIX M-MaHHITYyJIATOPOB (PUCYHOK 1,B)
NPUBOJUT K KOMIIOHOBKE pOOOTOTEXHUYECKOW CUCTEMBI, ITOJIOOHON BEpXHEMY TOsCy uenoBeka. [lanee Takue
anTporioMopHBIE pOOOTOTEXHWYECKHE CUCTeMbl ycnoBuMcs HazpiBaTh A-PTC. OnHm  crmocoOHBI
IepeMenaTbcs IepemarnBaHieM 0 TMOPYYHSM Ui KOCMOHAaBTOB W JIPYTHM TaKeJaKHBIM dJIEMEHTaM
(pucyHOK 2).

B OonpmmHCTBE CiyyaeB OCYIIECTBUMO IyOnHMpoBaHHME 3axBaTa 3a MOPYYHH, YTO COOTBETCTBYET
mpaBmiaM  0e30macHOCTH paboOThl KOCMOHAaBTOB B  OTKPBITOM kocMmoce. AnHTpomomopdHsie PTC
MIEPCIIEKTUBHBl TSI BBIMIOJTHEHHUsST OOJBIIMHCTBA AaKTyaJbHBIX oOMepanuii 1o oOcienoBaHHI0, COOpKeE,
00CITy>)KUBaHHIO U PEMOHTY KocMHuUeckuXx anmnapaToB (KA) u ux o6opynoBaHus.

Jis HEeKOTOpBIX 3aJay, HANpUMep, 3axBaTa W OOCITYXHBaHHA aBTOMATUYECKHMX KOCMHUYECKHX
armapatoB (AKA), mpencraBisieT HHTepeC CHCTeEMa M3 MOCIIE0BATEIHHO COSAMHEHHBIX IECATUMETPOBOTO U
METPOBOI0 MuanazoHoB (JM-maumynaropa u M-MaHUIYIATOPA).

a 0
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Puc. 1. Pa3HOBUIHOCTH KOCMHYECKUX TPAHCIIOPTHO-MAHHITYJISIIMOHHBIX CUCTEM: &)
npocTeimas ¢ 1-uM MaHUITYISITOpOM; 0) ¢ 2-Ms MAaHUITYJISTOPAMU CMEIIAHHON CTPYKTYPHI
COETMHEHHS MEXITy COO0H; B) C 2-Ms IOCIEIOBATEIFHBIMIA MaHHITYJIATOPAMU; T) C 3-Ms
[OCIIEA0BATEIbHBIMA MAaHUITYJISITOPaMHU; 1) € 4-MsI MAHUITYJIATOpaMHU

IlepBriit mMaHumynsaTop 3axBaTeiBaeT AKA Ha 0e30macHOM AMCTAaHINH, a BTOPOW — BBIMOJIHSET
oTIepaIyy ¢ TOBBIIIEHHOW TOYHOCTHIO, HAIPUMEp, CMEHsET OJ0KH WIIM OCYIIIECTBIISIET 3alpaBKy.

YerBepTasi KOMIIOHOBOYHAsI cxeMa (pUCYHOK 1,r) B BHIE NOCIeAoBaTeNbHON memu 3-x u Oojee
MaHMITYJIITOPOB COOTBETCTBYET 3MeeBUAHBIM PTC. OHH nepcneKTHBHBI U1 IepeMeLIeHUs 1 paboThl B Y3KUX
W3BWIACTHIX TOJIOCTSIX, HApUMep, HerepMuTUIHBIX 00beMax KA. ITogoGHble poOOTHI ckopee Bcero OyayT
BBIMOJIHATH POJIb CMEHHOTO pabouero oprana MaoroueneBbix PTC.

[IsTast cxema (pucyHok 1,m1) ¢ 4-Ms8 MaHUIYJIATOpaMM IEPCHEKTHBHA IJISi BBIIOJHEHUS Haubojee
CJIOJKHBIX OIlepalii, TpeOyIOIIX OAHOBPEMEHHOIO Y4acTHsl HECKOJIBKUX pabounx opraHoB. Hampumep, nBa
MaHHUITYJISITOPA yAEPKUBAIOT COOMpaeMBbIe JIEMEHTHI, TPETUH — UX CKPEIUIseT, a YeTBEPThIil - o0eceunBaeT
¢ukcanuio Bceit PTC na KA. Ilpn yuIMHEeHMU LEHTPaJbHOTO KOpIyca CHUCTEMa CTaHOBHUTCS yNOOHOH IJist
IepeMEeICHU 0c000 TSDKENbIX M I'POMO3AKHX 0O0BEKTOB. BocmponssoauTcst cymiecTByromas METOAMKA
MEPEMEIICHUS TPOMO3JKHX IPYy30B JABYMsS KOCMOHaBTaMH Ha ABYX (anax BpacTskky. Oco00 CloxHbIC
omnepauuu peaku. [loaromy nanHas cxema OyAeT ompaBIaHHOH B ciaydae arperatupoBaHust AByX A-PTC nnn
YeThIpeX MOOMIBHBIX M-MaHUIIYIATOPOB.

Puc. 2. KocMudeckas TpaHCTIOPTHO-MaHUMYJISIIMOHHAS CUCTEMa [T 00ecrieueHus] OpOUTAIBHBIX
cranmui, pazpadorku [IHUU PTK

B namnanetneix PTC kpome Bbllle ONMCaHHBIX OyOyT BOCTPEOOBaHBI POBEPHl U MAHUIYJISTOPHI HA
CpeAcTBaxX NepeiBUKEHUS 110 HEYIIOPSII0OUECHHOM cpeie.

B Tex cnywasx, korma HeompaBIaHHO oOcHameHHe KA poOOTOTeXHHYECKUMHU CPEICTBAMH C
MaHHITYJISATOPaMH U TEIEBU3UOHHBIMH CHUCTEMaMH, MOTYT OKa3aThCS TOJIE3HBIMU «POOOTHI-MHCIIEKTOPBDY,
CBOOOJIHO JieTaloune B aTMoc(epe CTaHIIMK MM Ha PaKETHBIX IBUTATENAX B OTKPBITOM KOCMOCE.

B wurore PTO mns oO6wextoB IIKM mpeamonoxuTenbHO MOXET OBITH 00Opa3oBaHO CIETYIOIINMHU
BUJIaMU POOOTOTEXHUUECKUX CHCTEM:

- antporiomop¢usie PTC (A-PTC) B Tpex Mmoaudukanusix, a iMEHHO A7 pabOoThI:
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B repMeTHYHOM 00beme KA,
Ha HapyXHOU noBepxHocTu KA,
Ha IJIaHeTax;
- MaHunyJaTops! 10-meTpoBoro nuanazona (JAM-MaHUIYyIATOPEI);
- PTC B Buze mociaenoBaTeNIbHO CBA3aHHBIX MaHUIYIATOPOB 10-METPOBOro U METPOBOIO AMANa30HA
(PTC u3 IM- 1 M-MaHHITYISTOPOB);
- arperatupyemble aBTOHOMHBIE MOOWJIbHBIE MaHHITYJISATOpbl MeTpoBoro auanazoHa (PTC u3z AM-
MaHUITYJIATOPOB);
- CBOOOJTHO JIETAIOIIHE POOOTHI-HHCIIEKTOPHI.

BcerpanBanue 3TuX pOOOTOTEXHHUYECKMX CPEICTB B TOT WM wuHOM o0bekT [IKW momiexut
000CHOBaHHUIO.

Kaxnpiit 06wext [IKW npennasHaueH Ui BBIMOTHEHUs crienuuyHOro Habopa 0a30BBIX (YHKIIHH.
Hexotopas gacts w3 3Tux OGYyHKIUHA TpeOdyeT poOoToTexHMUeckod momaepkku. s obwekroB ITKU
Pa3NUYHOro Ha3HAUYCHHS UMEIOTCS IIOBTOPSAIOLINECS YCTOHUNBBIE COUeTaHNs (KOMOMHAIIMY, TPYTIbI) 6a30BBIX
¢yHKUMH 1 peanusyromume X podoToTexHnyeckue cpeacta. Pasnnyarores cienyromue Buasl PTO 00bexToB
IIKH. A umeHHO, pOOOTOTEXHHUYECKOE O0ECIICUCHIE:

- HHCIIEKIIUH, SKCILTyaTallui U peMOHTa 000pyI0BaHMsI BHYTpU KocMHuueckoro amnmnapara (KA);

- MHCIIEKIIUHY, pa3BepThIBAHUs, SKCILTyaTallul U PEMOHTa 000pYI0BaHNS Ha HapyKHOW NMOBEPXHOCTH
KA;

- BHeKopaOenbHOil nesTenbHocTH KocMoHaBToB (BK/I);

- B3aumMozeiicTeua mexnay KA;

- B3aumogeiicteust KA ¢ HekoonepupyeMbIMu 00bEKTaMH;

- B3aumozeiicTBusa KA ¢ KocMUYEeCKUMHU 00bEKTaMH;

- HaIUTaHETHO! JESTEIbHOCTH.

PobGororexnnueckoe oOecredeHne, WHCIEKLUUM, pPa3BEPThIBAHUS, OKCIUIyaTallMud M PEMOHTA
obopymoBanus BHyTpu KA (PTO oGopynoBanms BHyTpu KA) m Ha HapyxHO# moepxHoctm KA (PTO
obopymoBanusi cHapyxu KA) mnpenHasHaueHO s TOAMAEpKaHHUS pabdOTOCIIOCOOHOCTH ammapara B
CTallMOHApHOM pexuMe. MHceKkuus: cocTosiHus 000pyAOBaHHUS MOXKET OCyIecTBIsIThCS Tubo A-PTC, nubo
JIETAIOIKUM POOOTOM-MHCIEKTOPOM. Y TAJICHHbIC 3JIEMEHTHl KOHCTPYKLMH, HalpUMEpP, COJIHEUHbIe OaTapew,
MoryT obciienoBarbesi IM-manunynstopoM. s HHCTIEKIUU POOOTOTEXHHYECKHE CPEICTBA TOJDKHBI OBITh
OCHAILIEHBI TECBU3MOHHBIMH CPEICTBaMHU (OO30PHBIMH TeJIEKaMepaMH H/WIH CTepeoKaMepaMH) M, IO Mepe
HEOOXOJMMOCTH, 3HJOCKONUYECKUMH YCTPOWCTBAMU U ANNapaTypod Uil W3MEpPEHHs, HalpuMep, paauanuu
WIN TEMIIEPATyPHL.

Pa3sBepThiBaHME KOCMHYECKHX amllapaToB M KOMIUIEKCOB MOJPa3yMEBaeT PEKOHPUTYparuio
COCTaBJISIOIIMX X MOIYJIEH U BBIABU)KEHUE UIIH MOBOPOT CKIIAAHBIX KOHCTPYKIMHA. BoNbIIMHCTBO 3THX 3a1a4
B COCTOSIHUM BBINOJHATH POOOTOTEXHHUYECKUE CPEACTBA C BBUIETOM pabodero opraHa ao 1,5 m. Ecmm
norpedyeTcs mepeMelaTh KpynHble MOAYJIM Ha 3HAYMTENILHOE PacCTOSHUE, TO MOTYT morpeboBaTbes M-
MaHUMYJISTOPHL.

HeonnokpatHo mpopabateiBaimuch 3agadd  cOOpKM Ha OpOMTE U3 OTHCNBHBIX CTEpXKHEH
KPYITHOT'a0apUTHBIX KOHCTPYKUUH B BuAe (epM. B craamio mpakTHuecKol peasn3alid OHU HE HEPEIUIH.
Ecnu 5TH onepanuy oKaxKyTcsl aKTyalbHBIMH, TO OHU MOTYT OBITh ocymiecTBieHsl 1100 A-PTC, 6o PTC u3
AM-manrumnynsaropoB, mu6o PTC w3z JIM- u M-manunynstopoB. B mro0om ciydae, JOTOTHHUTEIHHO
HeoOX01Ma pa3BepHyTas HH(PPaACTPyKTypa JOCTaBKH CTPOUTEIBHBIX MAaTEPUAIOB — CTEPKHEH U y3J10B (epM.

K 3amauam skcmmyaranuu obopynoBanust KA oTHOCHTCs, HampuMep, 3aMeHa WM TePeOpPUEeHTAIUS
00pa3LoB, OTKPHITHE 3aCIOHOK, IEPEOPHEHTALIMS WIIM 3aMEHa HCCIIeAyEeMBbIX 00pa3oB. DTH ONEpaliii MOTYT
BeIMONHATEC A-PTC. B Hacrosmiee Bpems U B ONMKaiIeil NepcreKTHBe PEMOHTHBIE pa0OThI CBOIATCS K
3aMeHe HEeHCIIpaBHBIX OJOKOB WM APYTUX 3JEMEHTOB Ha paboTocmocobHble. Omnepainus yCTaHOBKH JII00OOT0
oObekta (Onoka WIM HWHOrO 00OpYIOBaHUS) BKIIIOYAeT: 3aXxBaT OOBEKTa M3 HEKOTOPOTO HCXOIHOTO
(UKCUPYIOLIETr0 YCTPOMCTBA; TPAHCIOPTUPOBAHUE €r0 K MECTy YCTaHOBKHM; HEIOCPEACTBEHHO YCTAaHOBKA
0o0beKTa Ha HOBOM MecTe. B OoOJBIIMHCTBE cClyyaeB 3Ta OIEpaunus BBIIOJIHUMA TONBKO JBYMS
MaHHUITYJISITOPAMHU, OJUH M3 KOTOPBIX MOJKMMaeT 00beKT K 0azaM TakelaKHBIX 3eMeHToB KA, a BTOpoi —
ero (Qukcupyer. AHajormuHble TpeOoBaHUS Tipu 3axBare o0bekTa PTC ¢ ucxomnoit mozmmmu. OgHUM
MaHHUITYJISITOPOM COOpKa BO3MO’KHA TOJIBKO IIPH YCJIOBHM OCHAILCHUS BCEX yCTAaHABIMBAEMBIX O0BEKTOB MM
UCXOJHBIX M KOHEYHBIX IO3UIMH YCTaHOBKH MHOXECTBOM YCTPOMCTB (HKCAIMU C JOTOIHUTEIHHBIMHU
NPUBOJIAMH, YTO OOBIYHO HEMPHEMJIEMO M3-32 MAacCOBBIX M Ta0apUTHBIX OorpaHuueHuid. TakuMm obpas3om, s
3aMeHbI 00OPYIOBaHUS U JAPYTUX COOpPOYHBIX omeparuii Tpedytorcs moo A-PTC, mubo PTC u3 IM- u M-
MaHHUIYJIATOPOB. JIM-MaHUDYJIATOPBl AL 3TOTO IUIOXO MOAXOIAT H3-32 YPE3MEPHBIX MOTPEITHOCTeH U
OTCYTCTBHS BTOPOr0  (UKCHPYIOLIET0 MAaHHIYIATOpa. B OTHaleHHOW MepchHeKTHBE M0  Mepe
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COBEpILEHCTBOBAHUS POOOTOB M CPEACTB aBTOMATHYECKOI'O YNPABICHHUS MPEIIONaraeTcsi BBIIOTHEHUE UMHU
OoJee CI0XKHBIX, 3apaHee HEMPEIBUACHHBIX PEMOHTHBIX padoT.

PTO obecnieuenust o6opynoBaHusl BHYTpU W CHapyHu KA B NpHHIUIIE MOKET HMCIOJIB30BaHO Ha
nro0bix o0owvekTa [IKW. Onnako 3arpaThl Ha €ro BBeIEHHE OKAaXYTCS ONpaBAaHHBIMH MpPEXIE BCEro Ha
umTenbHo  pabortatommx KA ¢ pasBuTOM  CTPYKTYpOH, MHOTOYHCICHHBIM O0OpYIOBaHHEM Kak
YCTAHOBJICHHBIM, TaK M HaXOJAIIEMCsl B pe3epBe Ul 3aMeHbl Bblmeamero u3 crpos. O6bvextsl IIKH, B
KOTOPBIX BHeApeHue 3Toro Buaa PTO Hanbosiee BeposTHO, TpUBEICHBI B Ta0wmIie 1.

PTO BHekopabenbHOM AesTenbHOCTH kKocMOHaBTOB (BK ) BKitouaet hyHKIMM:

- IOCTaBKH KOCMOHABTY MHCTPYMEHTOB, PACXOAHBIX MaTEPHAIOB U CMEHSIEMOT0 000py10BaHus;

- OCBEIIIEHUE U TEJIEBU3HMOHHBIH KOHTPOJb pabodeil 30HbI KOCMOHABTA;

- (hukcanysa KOCMOHABTA MPH BHIMOJTHEHUH 0CO00 CIOXKHBIX padoT;

- IEPEHOC KOCMOHABTA K yJaJICHHBIM OT KOpabJst 30HaM, HallpuMep, K oociayxuBaeMomy KA.

Ha Gompmieit wactn HapykHO#H moBepxHocTH KA 3T 3amaum cmocoOHa pemath A-PTC. A mns
JOCTyNa K yZAaJeHHbIM 30HaM mnorpedyercs HAM-manunynsrop. PTO BKJ akryansHo Tombko ans KA,
UMCIOLMX [UII030BYI0 Kamepy. OObekramu Takoro PTO ckopee Bcero OynyT oOpOMTajbHBIE CTaHLMH,
HaIlJJaHEeTHbIE 0a3bl M MWJIOTHPYEMble KOpaOiu IJis1 aBTOHOMHBIX IIOJITOB B OKOJIO3€MHOM IIPOCTPAHCTBE
(Tabmnuna 1).

PTO B3ammoneiictBust mexay KA mpusBaHo pemarh 3amayd 3axBaTa M NpHBEICHHE B TpeOyemoe
nojoxenue noaneraromero KA ornocutensHo KA-HOCHTENns poOOTOTEXHHUECKUX CpeAcTB. Pazmmuarorcs
IBa BHJA TMOAOOHBIX 3amad. [lepBbIif BHI - CTHIKOBKa Kopabieil, BKIOYas TepMETH3alMI0 CTBIKA U
NOCIEAYIOMNH TPOX0]] CKBO3b CTBIK KOCMOHABTOB. CoeAMHsIEMbIe TAKUM 00pa3oM KOpaOJii UMEIOT Pa3BHTHIC
CHUCTEMBI M3MEpPEHHUs] B3aUMHOIO IMOJIOKEHUS M TOHKOTO YNPABICHHA PAKETHBIMH JBUTATEISIMH. OTO
HO3BOJIIET B CBOOOJIHOM IIOJIETE C BBICOKON TOYHOCTBIO BBIBECTU IPUUYAIMBAIOIINN KOpalib B HA3HAYECHHOE
MOJI0’KEHNE OTHOCUTENIBHO MPUHUMAIOIel opOUTaIbHOM cTaHIUu. [lepeBot U3 3TOTo MOJI0KEHHUS B TTO3UITHIO
Hayasa paboThl MEXaHU3Ma I'ePMETU3ALNH MOKET MPOU3BOIUTHCS JIOOBIM MAaHUIYJSITOPOM, B TOM YHCIIE C
pasmepamu pabodedl 30HbI MeHee | M. Takue HeOouspIIME CIELUAIN3UPOBAHHBIE MAHMITYJIATOPHI OOBIYHO
BXOJAT B COCTaB MEXaHM3MOB 3axBaTa M CTHIKOBKU. BTopol Bun 3amau — 3axBaT KA Ha Oe3omacHoMm, W,
CIIEIOBATEIbHO, 3HAUYUTENFHOM PAacCTOSHUHM OT NpUHHMAlolero kopabms. [Hane, maxe 0e3 AanbHeHIIEero
commkenus, npudanuBmmii KA Moxxer oOciyxuBathes, Hampumep, ¢ mnomomipio PTC u3z JIM- u M-
MaHHMYISATOPOB. JIMOO OH MOABOAMTCS K (HKCHUpPYIOIIEMY YCTpOHCTBY Oe3 repmermsanuu. Takoe PTO
HEOOXOJMMO AJISl MIJIOTUPYEMBIX KOpalJiel IUisi aBTOHOMHBIX IIOJIETOB B OKOJIO3€MHOM IIPOCTPAHCTBE (CM.
Tabmuiy 1).

PTO Biammoneticteus KA ¢ HekoomepupyeMbIMH OOBEKTaMH HEOOXOIUMO IS OIEpaIuil 1o
CTaCEeHHIO YKHIAKEH KOCMOHABTOB, BOCCTAHOBIICHHIO pab0TOCIIOCOOHOCTH aBTomMaTtuueckux KA W oumcTku
KOCMUYECKOr0 TIPOCTPAHCTBA OT OOJIOMKOB KOCMHUYECKOW TeXHUWKU. Ha cerofHs He HaiiieHO mpHemiIeMoro
pemeHnss 3TuX 3amad. IIpencTout paspaboTarh 3axBaTHBIE YCTPOMCTBA, CIOCOOHBIE B3aUMOAEHCTBOBATbH
3JIeMEHTaMH KOHCTPYKIIMM TMpOM3BOJIBHOM, 3a4acTylo 3apaHee HempenBuieHHoN (opmbl. Haiitu pemenue
0e30macHOro B3aUMOCHUCTBHSI C POU3BOJIEHBIM 00pa30M BPaIIalOIIMMUCS 0OBEKTaMU.

PTO B3aumogeiictBus KA ¢ kxocMuueckumu OOBEKTaMM MpeNNoaraeTcsi ycTaHAaBIMBATh Ha
NEPCIEKTUBHBIE NMUIOTHPYEMBbIE TPAHCHOPTHBIE KOpaOnu AJsl acTEpOUIHOTO IOsCa WM aBTOMAaTHYECKHE
anmapatel—poOOTHI AJs1 KOHTAKTHOTO M3Y4eHHs] KOCMUYecKuX 00bekToB. OHO HeoOxoauMo i 3abopa mpod
TpyHTa W aHajlu3a CBOWCTB KOCMUYECKHX OOBEKTOB. BHI pOOOTOTEXHHMUYECKHX CPEACTB, B 3HAYUTEIHHOM
CTETICHH, OTPENeNUTCs ycIoBUsAMU paboTel KA BOMM3mM acteponsioB. MOTryT OKaszaTbCs MOCTATOYHBIMH M-
MaHHUITYJISITOPHI, U B CIIy4ae MOBBIIIEHHOW OMMacHOCTH NMoTpeOytoTes JM-MaHUTy IS TOPHI.

PTO namnaHeTHOH nesATENbHOCTH MOTpeOyeTcsl Ui TYHHOW M MapcuaHcKoW 0a3 (cM. Tabmuiy 1).
OHO HEoOXOOMMO U PELICHUS 3ahad IMEepeMeIleHHs M0 IJIaHeTe aBTOMATHYECKHX HCCIEIOBaTENbCKUX
anmapaToB, CTPOMTENBCTBA, JKCIUIyaTalM M peMoHTa 06a3el. llpeamomaraercs, urto B coctaB 3toro PTO
BOWIOYT poOBephl - MOOWIbHBIE poOoThI-uccienoBarenn, A-PTC Ha cpeactBax mnepensikeHus u JM-
MaHHUITYJISITOPBI U151 TSKEIBIX ITOTPY304YHBIX Pa0oOT.

PTO BzammopeiicTeus Mmexay KA, ¢ HeKooiepupyeMbIMHA O0OBEKTAMH U ¢ KOCMUYISCKUMHU 00BEKTaMHU
SBISIFOTCSL  O0s3aTeNbHBIMH. be3 HUX B TpPUHIKIE  HEBO3MOXXHO BHINMOJNHEHHWE 0a30BBIX (YHKLUWH,
OTIpEIeIIOMNX Ha3HauYeHHE COOTBETCTBYIOIUX 00bekToB [IKU (cMm. Tabauiy 1).

B otrmumume ot atoro PTO pasBopaumBaHus W MOAACpXKaHUSA dKcIuTyatanuu KA B cralmoHaApHOM
pexume, Bkiarouas PTO BKJ/l, ne sBmstroTcst ob0g3arenbHBIMH. MX 3amaudl MOTYT OBITH JHOO pelIeHBI
HETOCPEICTBEHHO KOCMOHABTaMH, JJHOO CHATHI MOBBIIICHHEM HAJCKHOCTH U PE3CPBUPOBAHUEM IOACUCTEM
KA wu pasBuTHEM cTeneHM aBTOMATH3allMM JTHX IOJCHCTEM, HANpUMeEp, HAYYHOH ammapatypbl WU
MEXaHU3MOB pa3BOpauMBaHusi W pekoHpuryparmu. s kaxmoro KA oueBugHOo TpeOyeTcs 0O0OCHOBaHHE
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nenecoodpazHoctu co3fanusi u peanusauuud PTO. Ilpu 3ToM OODKHBI NPUHUMAThCS BO BHUMAHHE PsIX
KPUTEPHUEB, B TOM YHUCIIE CIEAYIOLIHE:
- 4aCTOTa, KOJMYECTBO TOBTOPEHUIN ITUX OIEPALINN;
- moBbIIeHHE 3G PEKTUBHOCTH QyHKIUOHMpoBaHUS KA, HanmpuMep, SKOHOMHHM TOIUTUBA MJIHM 3aTpaT
Ha pa3paboTKy, CO3AaHUE U BBIBEACHUE HA OpOUTY 00opynoBanus KA;
- 3aTpaThl Ha pa3paboTKy, CO3laHMe, BBIBOJ Ha opOuTy M 3kcmayatauuio PTO u anprepHaTHBHBIX
CPEICTB aBTOMAaTH3allMK U pe3epBUpOBaHus noacucteM KA;
- HAIGXHOCTD U 0€30I1aCHOCTD BBIMIOJIHEHUS onepanuii ¢ momomusio PTO u anbTepHaTUBHBIX CPEICTB.

Tabnumna 1

Oo6wexTh! [TKW u ux 6a3zoBble yHKIMH, Ui KOTOPBHIX HanboJiee BEPOsITHA ONpaBIaHHOCTh BHeApeHus PTO

Kocmuueckue anmapaTst
[IKH

bazoBble QyHKIIH

INoreHumanpHble BUALI
PTO

Bnuocnuii kocmoc (8 npedenax 30Hbl, 3auuAeMou MAZHUMHbBIM noieMm 3emau)

MexnyHapoaHas ABTOHOMHBII TOJIET DKUMAKa Ha OKOJIO3EMHON PTO obopynoBanus
KOCMUYecKasi CTaHIIMS WM | opOwuTe. cHapyxu KA,
opOuTaIbHAs CTAHIIUA Hayuno-npuknanHele uccieqoBaHus PTO BK/,
HOBOT'O NTOKOJICHUSI PexoHuryparust ctaHuun
IlepcnexTuBHbIN JocraBka skumnaxei U rpy30B Ha OKOJIO3EMHbIE PTO ob6opynoBanus
NHJIOTUPYEMBI KOpabib opOUTANBHBIC CTAHLINH. cHapyxu KA,
JUISI aBTOHOMHBIX TTOJIeTOB | OOCIyXKUBaHNE HAa OPOUTE aBTOMATHIECKUX PTO BK/,
B OKOJIO3EMHOM Kocmuueckux ammaparoB (KA) PTO B3aumoneicTBus
MIPOCTPaHCTBE VY nanenue ¢ opOUTHI BhIeAINX U3 cTpost KA u Mexnay KA,
KOCMHUYECKOI'0 Mycopa. PTO B3aumoneiicTBus ¢
CTBIKOBKA C HEKOOIIEPUPYEMBIMH allllapaTaMu, B HEKOOIIEPUPYEMBIMH
TOM YHCJIE CIIACEHUE IKUIMAKEH. o0BbeKTaMu,
COopka KpymHOTa0apUTHBIX KOHCTPYKIUH (B TOM
YHCIIe C BBIXOAOM JKHUIIaXKa B OTKPBITBIN KOCMOC).
HayuHsble uccieoBaHus ¥ KCIIEPUMEHTHI
JIyHa u 0Ko10JlyHHOE NPOCMPAHCMBO
Jlynnas opOuranbHas Obecrieuerne MpeObIBAHUS IKUTIAXKA. PTO obopynoBanus
CTaHIIUSA CreikoBKa ¢ KA cHapyxu KA,
PTO BK/,
Jlynnas 6a3a Obecneuenne npedbiBanus dkunaxka oonee 3 cyrok | PTO HaruiaHeTHOH
JeSITENbHOCTH
Jlynnas opburtanpHas ObecnieyeHre MPEOBIBAHMS SKUTIAXKA. PTO obopymoBanus
CTaHUA CrpixoBka ¢ KA cHapyxu KA,
PTO BK/],
MesKIaHeTHBIN OyKCHp JocraBka ¢ okono3eMHo# opOouTsl a3xcenuiu win | PTO obopynoBanus
MOJIE3HBIX TPY30B HA OPOUTHI yNATCHHBIX cHapyxu KA,
KOCMHYECKUX 0OBEKTOB PTO BK/J,
Pa3BopaunBanue koHcTpykimii MBI
Mapc u oxonomapcuanckoe npocmpancmeo
MapcuaHnckas Ob6ecrnieuenne MpeObIBAHNS IKUTIAXKA. PTO ob6opynoBanus

Op6I/ITaJ'ILHaSI CTaHIIMA

CroikoBka ¢ KA

cuapyxu KA, PTO BK]I,

Mapcuanckas 0aza

OOecneueHue Hp€6LIBaHI/I$I OKHIIAXKa

PTO nanna"netHon

JIeSITEIbHOCTH
Jlanvruti kocmoc
ITepcnexTuBHbIN JlocTraBka skumaxei U rpy30B Ha KOCMUUYECKHE PTO obopynoBanus
MUJIOTUPYEMBIN 00BEKTHI (B 4aCTHOCTH acTepOuIbl) Bo BHe3eMHOM | cHapyxu KA, PTO BK/,

TPaHCTIOPTHBINA KOpabdITh

MPOCTPAHCTBE, CONMKEHHE U, HAIIPIMEP, B3SATHE

PTO B3anMoneiicTBu C

JUTSL aCTEPOUIHOTO Tosica po0 ¢ KOCMUYECKOTO 00BHEKTa KOCMHUYECKUMH
00BbeKTaMH
ABTOMaTHYECKUHA JeTtanpHOE N3ydeHne KOCMUYECKHX 00BEKTOB, PTO B3amMoneicTBHSA C
anmapar—po0oT It HaIpuMep, B3SATHE U aHATIN3 TTPO0 KOCMHYECKHMU
KOHTaKTHOTO U3YUCHUS 00BEKTAMHU

KOCMHYECKHX 00BEKTOB
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UccnenoBanuss ¢ wnenpto o0ocHOBanus wnenecoobpasHoctn PTO mpeamonaraioT mpopaboTKy
npuHIMIUansHbeIX pemeHnid PTO u ero ucmons3oBaHust B yCIOBHAX KOHKpeTHOro KA, a takxke cOop u
aHaJIM3 IKCHEPTHBIX OIIEHOK CIENHAaJINCTOB IO BHIIICTIEPEYUCIEHHBIM KpHUTEpHsIM. B ycedeHHOM oObeme
nofo6nas pabora Ova mposeaena LIHMUW PTK mpumenutensno k PTO MKC. Breuto ycranoBieno, yTto
HaMBBICIIEH OTHOCUTEIBHON 3((PeKTUBHOCTHIO (OTHOIIEHHMEM MHOT000pa3us BBIIOJIHAEMBIX (YHKUUH K

CJIIOKHOCTH CHCTEMBI) OTJIMYAIOTCS MOOWIIBHBIE aHTPOTIOMOP(HBIE POOOTOTEXHUYECKHE CHCTEMBI (PHUCYHOK
2).
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JLI. I'opboe, B.M. Jlesuwaxos, B.b. Conomamos
POBOTHU3UPOBAHHBIE TEXHOJIOTUA B COBPEMEHHOM CYJAOCTPOEHHUHA /
L. Gorbov, V. Levshakov, V. Solomatov
ROBOTIC TECHNOLOGIES IN MODERN SHIPBUILDING

THI] P® OAO «[TCCy», Canxm-Ilemepoype /
SSC RF JSC «SSTC», Saint-Petersburg,

B coBpemeHHOM MuHpe TOTPEOHOCTH W TEMI KH3HH YeJIOBEKa CTPEMHUTEIHLHO BO3POCIH, M Kak
CIIEICTBHE OSTO HE MOIJO HE OTPa3sUThcd HA TPOMBIIUIEHHOCTH M TPOW3BOJICTBE. llcmomp3oBaHue
POOOTOTEXHUKHU B IPOU3BOJICTBE MPOAYKIIUU BCEX BUIOB CTAJI0 HEOOXOIUMOCTBIO.

CerojHs 3HAUYHUTENBHBIC MPEOOPa30BaHUS MAaCCOBOTO MPOU3BOJICTBA TUKTYIOTCS HE TOJIBKO BRICOKUMU
TEMIaMH Hay4YHO-TEXHHYECKOTO IIporpecca, HO W COLUMANBHON HeoOXOoAMMOCThio. M3BecTHO, 9TO BCe
HEAaBTOMATU3UPOBAHHBIC TEXHOJOTHYECKHE MPOIECCH 00JIaAal0T HEBHICOKMM IOTCHIIMAJIOM H3-3a HHU3KOH
WHTCHCUBHOCTH, OTCYTCTBUS KOHIICHTpAIlMM OIEpaIfii, WX COBMECIICHUS BO BpeMeHH. [mOKoe
AaBTOMAaTHU3WPOBAHHOE TMPOU3BOJACTBO, KOTOPOE TPU3BAHO OOECIEYUTh BHIMYCK pa3HOOOpa3Heumeit
MPOAYKIMH, YK€ celuac CTaHOBUTCS BaXXHOW COCTABIIAIONIECH /I YCIEIIHON JAeSTEIbHOCTH TOTO MM MHOTO
NPEaNPUATHS.

K TakoMy mpom3BOICTBY OTHOCSTCS HMPOMBIIUIEHHBIE POOOTHI, 3a7aueil KOTOPBIX SBJISAETCS MOTHSATH
3Ty CTPYKTYpy Ha Ka4eCTBEHHO 0oJiee BHICOKHHA YPOBEHb.

ThICAYM KOMIIAHUHN 110 BCEMY MHUPY B HACTOSIIEE BPEMS JICNIAIOT CEPhE3HBINA YIIOp HA MCIIOJIb30BaHUE
po0OOTOB B cBOeM Mpou3BojAcTBe. HaOiromaercss TEHACHIMS YBEIHUYCHUsS Mapka poOOTOB B COBPEMEHHOM
MIPOMBIIIUIEHHOM TPOU3BOJICTBE, KOTOpasi 00yCIIOBIEHA PSIIOM 00beKTHBHBIX (pakTopoB. Kak mpaBuio, 3To He
TONBKO CTPEMIJIGHHE K TIOBBIIIEHUIO TPOM3BOAMUTENBHOCTH TpyAd, HO W HACylIHas HE0OXOJMMOCTh
o0ecrniedeHus: CTaOMIIBHO BBICOKOT'O Ka4eCTBa MPOAYKIIUU.

[IpoMbInieHHBIE POOOTHI MOTYT TPUMEHSTHCS Ul PEIIeHHs] CaMBbIX pa3HBIX 3amad. OCHOBHBIMHU
chepaMy TPUMEHEHHUS SIBIAIOTCA: DJEKTPOAYTroBas CBapKa, KOHTaKTHas CBapKa, MOKpacka, MEXaHW4YecKas
00paboTKa, MajyIeTHPOBaHUE, TIEPEMEILICHUE IeTallel 1 cOopKa

Kak orMeuaroT skcriepThl, UMeHHO B Poccuu cripoc Ha MPOMBINUICHHBIE POOOTHI B Ommkaiimue 10 et
MOkeT yBearmauThes 10 1000%.

Bot mo4yeMy, MHOTHEC IPOU3BOJUTCIIM, HAYaJIM OTKPBIBATHL CBOU IIPCACTAaBUTCILCTBA B Poccun n
CO3/I1aBaTh B 3TOM PETHOHE CUCTEMHBIX WHTETPATOPOB, CIOCOOHBIX pPEaIH30BBIBATH POOOTH3UPOBAHHBIC
MPOEKTHIL.

[IpuMmeneHne COBpEMEHHBIX IPOMBIIINIEHHBIX POOOTOB CIIOCOOCTBYET:

* YBEJIMUYEHHIO IPOU3BOIUTENIEHOCTH 000PYIOBAHHUS;

* YBEJIMUEHUIO BBITYCKA MPOTYKITHH;

* YIIyYIIEHUIO Ka9eCTBa PO TyKITHH;

¢ OKOHOMUH MaTCpUajioB U SHCPruu.

3HAYUMOCTh MPOMBIIUIEHHBIX pOOOTOB BhicOKa. OHU SBUJIMCH TEM HEAOCTAIOIIUM 3BEHOM, KOTOPOE
MO3BOJWIO OOBENMHATH Pa3pO3HEHHOE TEXHOJIIOTHYeCKOoe 000pyJoBaHHE B KOMIUIEKCHBIE THOKHE
ABTOMATU3UPOBAHHBIC TPOMU3BOACTBCHHBIC CUCTEMbI MalllUH U HpI/I60pOB.

B coBpeMEHHOM  CYIOCTpPOCHMH  CaMOi  pacHpOCTPaHCHHOM  OOJIACTBIO  NPHMEHEHHS
pPOOOTHU3HPOBAHHBIX  TEXHOJOTHYECKHX KOMIUIEKCOB  SIBJSIFOTCSI  aBTOMATH3WPOBAaHHBIE JIMHUW  TI0
M3TOTOBIICHUS TJIOCKUX CEKIHi (PUCYHOK 1).
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e ABTOMATUYECKAA DUMCTKE CBAPDYHOR
ronoBkn

Puc. 1. PoO0TH3UPOBAHHBII TEXHOJIOTUYECKHUI KOMIUICKC JUISI U3TOTOBJICHUS TUIOCKUX CEKIUH U
MaHejxen

JlaHHBIE KOMIUIEKCHl MPUMEHSIOTCS IJIsi OJTHO- WIIM JBYCTOPOHHEH NpPUBapKH Ha0oOpa SYEHKOBBIM
croco0oM (pUCYHOK 2, 3).

Puc.2. Tunuunas miockasi CEKIUs KOpIyca CyaHa

Caapounsle onepanuu coctaBisaoT 28-30 % ot o0beMa Bcex pabOT B CYAOCTPOEHMHM M Ha HHX
mpuxonutcsi 38-40 % Bcero motpebnenus sHeprun. [losToMy aBTOMaTH3anys M poOOTH3ANHS CBAPOYHOTO
MIPOM3BOCTBA SBJSIETCA OJHUM M3 TJIaBHBIX HAIIPABIEHHH MO MOBBIIIEHUIO TPOU3BOIUTEIHLHOCTH.

Puc. 3. PoGoTu3upoBaHHbIi KOMIUIEKC B JICHCTBUH Ha 3aBoze B T. Typky, OUHISHIMUS
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BriepBrle mpoMBILTIEHHBIE CBapOYHbIe poOOTH MosBWiIHCh 70-x Tomax B Snonun Ha Bepdsx [HI n
Kawasaki. Jlns cBapku Menkmx geraneir k cepenuHe 1980-x romoB kommanust Harbercraft (Kananma)
MpUMEHsIa OIWH W3 TMEPBBIX CBapOYHbIX poOoToB. Ha rpaduke (pucyHOK 4) MOKa3aHO paclpe/esieHue
CBapOYHBIX POOOTOB B cynoctpoeHur Ha 2007 T.:

15% 1%1%
0

O AnoHKA
10% g%, B AzrA

O CeeepHan AMepHka
OEepona

B ABCTRANMA

@ OcTaneHoe

25%

Puc. 4. PactipeiencHue cBapOYHBIX POOOTOB 10 YaCTSIM CBETa

[lepBbIMHU, KTO HaYaN MPUMEHSTH MIPOMBIIUIEHHBIE poOOTH B EBporie, Obuta rpynmna komnanuid Aker
yards, a wumeHHo Bepdpp B T. Typky (Punnsgumus). Kommanus Pema (Dunnsnaus) 3aHUMaeTCs
M3rOTOTOBJICHUEM U BHEAPEHHEM POOOTH3NPOBAHHBIX IPOMBILIIICHHBIX KOMIUIEKCOB.

Omnako ceituac EBporrelickuM JTHAEpOM TI0 TPUMEHEHUIO POOOTOB B CYIOCTPOSHUH SIBIISIETCS BepPh
Odense Steel Shipyard ([lanus). [IpoMbliieHHbIE POOOTHI TaM HUCIIOJIB3YIOTCS HE TOJBKO JJI U3rOTOBICHHS
IUIOCKHMX CEKLUH M MaHeJel, HO U Takxe A apobecTpylHON 0OpaboTKU KOpIyca Cy[Ha Iepes MOKPACKOM,
M3TOTOBJICHUS OTACNBHBIX JeTalei U T.A. B OCHOBHOM moOKymaeTcs Kak HeZOoporocrosiiee o00pymoBaHHE
¢upm Hitachi u Hirobo (SImonus), Tak 1 Motoman (LIBerms).

MHorue cyaocTpouTenbHble BephH 3aHHUMAIOTCS HE TOJBKO BHEAPEHHEM, HO M TPOU3BOACTBOM
POOOTH3MPOBAaHHBIX MPOMBIIUIEHHBIX KoMIIekcoB. Tak Bepds Kranendonk (Hunepnanasr) ycnemHo npogaer
poOOTH3NPOBaHHBIC CHCTEMBI 1O BceMy MuUpy. JlanHas xkommanus npumenseT PTK, kak mis M3roTOBICHHS
IUTOCKHUX MaTyOHBIX CEKUUH, TaK U JJIsl IBOMHBIX OOPTOB.

KpynHetiniei koMnanuel 10 BHEAPSHHUIO MTPOMBINUICHHBIX po00TOB B CeBepHON AMEpUKE SIBIISICTCS
Beppr B T. @Dunamensdpus (CLLIA). PobGoTusmpoBaHHBIE TEXHOJIOTHYECKHE KOMIUDIEKCHI B OCHOBHOM
mocTpoeHsl Ha 0aze poboToB dhupmel ABB (I'epmanus). [IpoMbITieHHBIE pOOOTHI TaM TAK)KE IPUMCHSIOTCS U
JUTsE IpoOecTpyiiHOol 00paboTKY KOpITyca Ha OCTPOSYHOM MeCTe (PUCYHOK 6).
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Puc. 6. I[Ipumepst poboToB, mpuMeHsieMbix Ha Bephu B Punanensduu (CLLIA)

Cpenu crpan CHI' nuaupyroiiee MecTo 1Mo MpUMEHEHHIO MTPOMBIIUICHHBIX POOOTOB siBisieTcs JIuTBa,
a nmeHHO Bepdb «bantusa B r. Kmaiinema». PTK ¢upmer Pema (Ounmisamns), ycTraHOBIEHHBIE Ha JAHHOM
MPEANPHUATHH, TIO3BOJIIOT H3TOTABIUBATh CEKIIMH MTUPUHON 10 17 M (pUCyHOK 7).

Puc. 7. PTK ¢upmsr Pema (Punnsaaus) va sepdu «bantus» (JIutsa)

B IlerepOypre OAO «Aamupanteiickue BephW» NPUHAIO B OSKCIUIyaTalUIO 3aKyIUICHHYIO Y
repmanckoit ¢pupmel IMG (I'epmanusi) poOOTH3MPOBAaHHYIO JTUHMIO AJSI TIEPBHYHON 00pabOTKH MeTaia —
OYHCTKH W pacKpos JTUCTOBOTO IMpoKaTa, packpoii mpodmibHOro Kopmuyca. B ommmune ot npeanpustuii CHT,
UMCIOIMX TMON00HBIE POOOTH3MPOBAaHHBIC JHHWH, Pa3pabOTKy YMPABISIOMIMX MPOTPaMM OCYIICCTBIISIIN
HEIMOCPEICTBEHHO CIEIHATUCTH A IMUPAITSHCKIX BEpPEid.

Bce omeparuu 3TOH NMHHWE MEXaHHU3MPOBAHBI, a PACKpOW MPOoQmIId IIa3MON BBEITOIHSAET pPOOOT,
yIpaBIIsieMbId TI0 3apaHee TMOATOTOBICHHOW mporpamme. JIMHUIO OOCTYXHBAalOT TPU OINEpaTopa, KOTOpPHIE
3aMEHWIN LEeIyl0 OpUraay pa3METYHMKOB W Ta30pe3yMKoB. IIpum 3TOM 3HAYMTENBHO MOBBICHIACH TOYHOCTD
H3rOTOBJIEHUS JETANEN M KauyecTBO packpos. Kak oTMETWIM Ha MpeanpUsaTHUH, Ha OYEpend - MOACPHU3ALUL
CcOOPOYHO-CBAPOYHOTO TPOU3BOJICTBA MO M3TOTOBICHHUIO CEKIUH s (pOopMHpPOBAaHUS KOPIMYCOB cynmHa. Jlis
3TOr0 IUTAHUPYETCS 3aKyNUTh MEXaHM3HPOBAHHBIE JIMHUM 10 U3TOTOBIEHHIO IUIOCKHUX CEKUUH U
MHUKpOTIaHENEeH.

OmanM w3 momyisipHeix npuMmeneHndt PTK sBisercs mpowmsBOICTBO CYIOBBIX TpPyOOIPOBOIIOB
(pucyHox 8).
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Puc. 8. Coenunenus TpyOOnpoBOAOB, U3TOTaBINBAEMbIE C HCIIOIb30BAHUEM MPOMBIIUICHHBIX
poboToB
BHeapennem Takux NpOMBIIUIEHHBIX pOOOTOB akKTUBHO 3aHuUMaroTcst Bepdu Mayer werft (Iapmanmus)
u B 1. Crnure (Xopmatus). ns 3Tux wnemed ObiM pa3paboTaHbl §-OCHBIE POJMKOBBIE MAIIUHBI IS
KOHTYPHOTO OTpE3aHusi M cBapku TpyO u QuaHueB. JlaHHbIE MEXaHU3MBI MOTYT IPHUMEHSITHCS U
TpyOOIIPOBOIOB BCEX AMAMETpOB. PoNMMKOBBIE MalMHBI (PUCYHOK 9) JETKO HHTErpuUpyeTcsl B NOTOYHBIE

JIMHHUHU.

Puc. 9. PomukoBas MamiHa J1st CBapKu TPyO

Ha Bepdsax FOxnoii Kopeun, SAnonun u CHIA Goinblnoe pacnpocTpaHeHHE NOTYYHIN KOMIUIEKCHI €
TTOBOPOTHBIM MaTpoHOM (prcyHOK 10).
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Puc. 10. KoMrieke ¢ TOBOPOTHBIM TTATPOHOM JIJISl CBAPKU TPYO

BaxHo#l cocTaBHOI 4acThiO KOPITyCOB CYyIIOB SIBISAIOTCS! IUIOCKHE Y3JIbI — MHUKpoOIaHenu. B obmem
CJIydae - 9TO OTKPBITHIE CBAPHbIE KOHCTPYKLHUH, COCTOSIINE U3 IUIOCKOIO JINCTA, K KOTOPOMY IPUBapeHb! B
OTHOM WJIM JIByX HampaBlIeHUsSX peOpa HaOopa. MUKpONaHEeNHn COCTaBISIOT OCHOBHYIO YacTh OOBEMHBIX
ceKMid 1 0JI0KOB ( OOPTOBBIX M AHWIIEBBIX CEKLUi, epeOOpOK, MUCTEPH, HAACTPoeK). KonndecTBo MUKpO-
naHelel B KOpIyce CyJI0B - XHMOBO30B cocTtanisiet 6osee 1000, a Ha Kpyu3HbIX cyaax - bonee 10000 exuaut.
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Puc. 11. Pa3nu4Hbie TUITBI MUKPO-TIAHEICH

s perieHus 3a1aud BBICOKOIIPOU3BOJUTEIHLHOTO M3TOTOBJICHHUS MHUKpOIIAHETIeH ¢ MHHUMAaJIbHBIMU
nedopMarsiMi M TapaHTHPOBAHHBIM KadecTBOM CBapkd LIEHTpOM TEXHONOTMH CYIOCTPOSHHS U
cynopemonrta coBMectHo ¢ OO0 «CMTT» u IMG GmbH co3nana nuHUS MEXaHW3UPOBAHHOW COOPKH U
POOOTHU3UPOBAHHON CBApPKH C JIa3€PHBIM CKAaHHUPOBAHUEM U (POTOTPAMMOMETPHUPOBAHUEM.

Jluans oOecriedrBaeT W3TOTOBJICHHE MHUKPOIIAHENeH IOTAaKTOBBIM METOJOM Ha ABYX paboumx
MO3UIMSX MPU MAaKCHUMAaJbHBIX pa3Mmepax jucra 3.2x12 M. u BbicoTe Habopa g0 0,5m. Ilosunuu cOopku u
CBapKH B mpolecce paboThl KOMIUIEKca Oy IeT B3aUMOMEHSITHCSL.

I'maBHast 0COOCHHOCTH JTMHUH MUKPOIIaHENEH - MPUMEHEHHE CUCTEMBI ()OTOTPaMMOMETPUPOBAHUS C
JBYMs JIa3epaMu ¥ KaMepaMH, KOTopasi o0ecrieunia moiaydeHue pakTHIeckux pa3mMepoB 3JieMeHToB B 3D, uro
MO3BOJISIET TOCJIE aBTOMAaTHYECKOW 00pa0OTKH pe3ylbTaTOB CKaHHUPOBAHUS T€HEPHUPOBATH YIPABIIIOIIYIO
porpamMmy TNepeMelIeHrs] CBApOYHOTO po0O0Ta JUI CBAPKHU B HIDKHEM W BEPTHKAILHOM MOJIoKeHUsX. Kamepsl
C Jla3epaMHy PacroIOKeHB Ha KapeTKe CBAPOYHOTO MOpTaia M HANPABIEHBI IO YTIOM B IIPOTHUBOIIOIOKHBIE
CTOPOHBI 110 IBMXKEHHIO MTOPTAJIa, YTO MO3BOJISIET TOJHOCTHI0 OTCKAHUPOBATH MOJIOKEHNUE HA00pa HE3aBHCUMO
OT €ro OpUEHTAllMH Ha JINCTE W 10 OTHOIICHUIO K HAIlPaBJICHUIO ABMKCHHUS MOpTana, B TOM YHUCIE U TaKUX
JeTae KaK TaBPBI, TOJIOCOO0YIBOBI, YTOIKOBEIN MPOGHITH.
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Puc. 12. JIuHns MEXaHU3UPOBAHHOW COOPKH M POOOTH3MPOBAHHON CBAPKH MUKpONaHenen

Jluaus BKITIOYAET B ceOs:
® [IOpTaJ AJIs YCTAaHOBKH mpoduiieii, 00ecneunBaomuil yCTaHOBKY, 00KaTHe U IPUXBATKY JETaleH.
®  CBapOYHBIN MOPTaJ ¢ POOOTOM, BBITIOIHSIIOMIAM CBAPKY IUIABSIIEHCS IPOBOJIOKOH B 3allIATHOM rase, ’
CHUCTEMOU (POTOTpaMMOMETPHUPOBAHUS U 0OPAOOTKH Pe3yIHTATOB.
e  HTY It COOPKU U CBAPKH MUKpOTIaHeNeH
® KacceTy ¢ NpOopUISMU.
[opTansl mepeMeInaoTcs Mo HAlOJIbHOMY PETECOBOMY ITyTH.
Ha noptane nist yctaHoBKH TTpouiield pacioioKeHbl:
®  KapeTka, epeMelIamasics mo 6aake noprana,
MaHUITYJISITOP C 3aXBaTHBIM YCTPOWCTBOM, YCTAHOBJICHHBIA Ha KapeTKe,
AJIEKTPOMATrHUTHOE YCTPOIMCTBO /ISl 00kaTusi Habopa K MOJIOTHHIILY,
BCIIOMOTaTeIbHAS AJIEKTPOTAb,
KOMIUIEKT CBapOYHOTO OOOpYMOBAaHUS JJIEKTPOIYTOBOW TIOTyaBTOMAaTUYECKOW CBAapKd B
3alIUTHOM Tas3e,
e  CHCTeMa YIpaBJICHUs MOPTAJIOM,
IIMpHHA ropTana — 9 M.

Ha cBapo4yHOM mopTasie pactoioKeHbl:

e  KapeTka, epeMeNIaoniascs 1o daike noprana,

e CBapouHBId pPOOOT, cHcTeMa (HOTOrPaMMOMETPUPOBAHUS C JBYMS KaMepaMH H CHCTEMa
BCHTWIAIIMU PACIIOJIOKECHHBIC Ha KapE€TKE,

®  KOMIUICKT CBAPOYHOTO 00OPYIOBAHMUS C BOJSHBIM OXJIAXICHUEM TOPEIIKH,

° CUCTEMa yIIpaBJICHUA,

—  KOJIMYECTBO CTETICHEH MOABMKHOCTH poboTa — 6,

— o0lIee 4MCiI0 CTEIeHEl MOABUKHOCTH — 8,

— mMpuHa noprana — 4,4 m.
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Puc. 13. CxanupoBaHue COOpPaHHBIX Y3JIOB

Cuctema ympasieHus obecredunBaeT paOOTy JUHMM B aBTOMAaTHYECKOM M I10JyaBTOMAaTHYECKOM
pexumax. B cucremax ympaBlieHHS TNIPETyCMOTPEHbI HEOOXOAWMBIE OJNIOKHMPOBKH M aBTOMATHUYECKHE
BBIKJIIOYATENH, OOECTIeYHBAIOUINE IPOBEACHHE paboT B COOTBETCTBUM C TEXHOJIOTUYECKUM IHUKIOM H
0€301aCHOCTh MX BBIIOJIHEHHUS.

[Iponiecc M3roTOBIECHUS MHUKpOMaHesed (IMJIOCKUX Y370B), a MMEHHO, TaKUX Y3JIOB Kak (IIOpHL,
npoJoNibHBIE pEOpa KECTKOCTH, CTPHHTEPHI, CKYJIOBBIE KHHIIBI, JETKHE HECYIIHe NepeOOpKH HAICTPOCK U
MAIIMHHOTO OTAEJCHUS M aHAJOTMYHbIE Y3JbI NPOM3BOAMUTCS B cieayiomeM mnopsake. C ydyacTKOB Pe3KH
JHUCTHI, OKAaHTOBaHHbIE B pa3Mep, 3auMINEHHbIE W pa3MEedeHHble, HoAaroTcsi Ha jauHuio. [Ipoduy,
3arpy’Ke€HHbIE B COOTBETCTBYIOIICH IOCIIEAOBATEIBHOCTH B KacCEThl C rpeOHe0Opa3sHBIMU CTOMKAMH YK€ Ha
y4acTKe pe3Kd, MOJAaloTCs B HUX Ha JUHUIO. JIUCTBI yKIaABIBAIOTCS HA IUIMTE KaK MOKHO IUIOTHEE APYT K
Ipyry. B kaccere mpodunu cKOMIJIEKTOBaHBI MO pabo4YMM 3aJaHUAM U IMEPeAaloTcss Ha pabouuii CTEHA.
MaHunynsSTop JUIsi YCTAHOBKH WM TPUXBATKH, BXOJIIIUI B COCTaB TOpTana Uil YCTAHOBKH M NPHXBATKH
Habopa, W3BJIEKAaeT MPOQHIb W3 KAcCeThl, PAaCHOIOKEHHOH pSIOM C JaHHOH MO3MLMEH. MaHHIyIsTOp
MO3ULMOHUPYET W TpMKuMaeT npoduiau B dr000M HampaBieHUHM (BAOJb, IONEpEeK, Mox yriom). Bce
NepeaBIKECHU (TIepeMellleHre IopTana, MaHUIIYJIATOpa, IOABEM U OIyCKaHHE HMPOQUIIS MaHHUILYJIATOPOM)
NPOM3BOJATCS C TOMOIIBIO AIIEKTPONPUBOAOB. [yisl ympaBieHHsT MPEeAyCMOTPEH HKOMCTUK B BHIE KoJjieca
yIpaBJICHHUA U IyJIBT YIPABICHUS HA MAHUITYJITOPE.

CaapousnsiM anmaparoM MAG, HaxoAAIIMMCS Ha TIOPTajle IPOU3BOANTCS IIPUXBATKA BPYUHYIO.

Juist mpuBapku mpoduiieil NpuMeHseTCsl CBApOYHBIH POOOT, OCHAMEHHBIH (OTOrpaMMOMETPHYECKAM
ceHcopoM. Kamepa, ycraHoBleHHass Ha mopTraie poOoTa, NPOM3BOAMT CKAaHHMPOBAaHUE MHKpOIAHEJeH ¢
MIPUXBa4eHHBIM Ha0OopoM Ha roiomany 12 x 3,2 m.

41



Puc. 14. KonTposnp pe3yabTaToB CKaHUPOBaHUS

OCHOBHBII TPUHIUIT Pa0OTHI CBAPOYHOTO MOPTAIa:

O6xox paboueit 3061 12 X 3,2 M, Ha KOTOPOH YJOXEHBI MHUKPOTAHETH (JHUCTHI C MPUXBAYCHHBIMU
npoduIsiMH) H  CKAaHUPOBAaHME CTPYKTYphl C  TIOMOLIBIO  CHCTEMBI JIBOMHOW  Kamephl
(mpomomkuTensHOCTh Makc. 10 MuH)

O0paboTKa JaHHBIX MO OTCKAHWPOBAHHOM CTPYKType Ha KOMIBIOTEpE, 3arpy3Ka MpOrpamMM CBapKu
(TIPO IO KUTEIIEHOCTE PUOTHU3UTEIHHO 5 MUH)

OrieHKa OTnepaTopoM pe3ysibTaToB C KOPPEKTHPOBKOM MpU HEOOXOAMMOCTH

ABTOMaTHYeCKass CBapKa TOPHU3OHTAIBHBIX TNPOJOJBHBIX M IMOMEPEYHBIX MIBOB, B TOM YHUCIE W
BEPTUKAIBLHBIX COCMHEHNI Habopa MeX Iy cOOOH Ha BCEX OTCKAHWPOBAHHBIX Y3JIax.

Puc. 15. BoinonHenue cBapku

Bo BpEeMs NPOU3BOACTBA CBAPKU TOT KE OIICPATOP HaA CICAYIOLICM pa60qu MECTC IMPOU3BOAUT

YCTaHOBKY TPOhHUIICH.

JInuus o6opy;[OBaHa OrpaKACHUCM [Jid 3alllMTbl 30HBI TICPEABUKCHUS p060Ta 1 3aluThbl OT

Ja3epHOTrO M3IyUYCHUs TPU CKaHUPOBaHWH. Ha BOpoTax ycTaHaBIHBAETCS CUTHANU3AIHS, OCTAHABIMBAOIIAS
paboTy mpu MPOXOJie YeTOBEKa B OMIACHYIO 30HY.

BeHTI/IJISIHI/IOHHaSI CHUCTEMA, YCTAHOBJICHHAA Ha CBAPOYHOM IIOPTAJIC, C OTCOCOM, pacClOJIOKEHHBIM Ha

CBapO‘lHOfI TOpCJIKE, MO3BOJIACT (I)I/IJ'II:TpOBaTB MaKCHMAaJIbHO BO3MOYKHEIN 00bEM BPCAHBIX BCHICCTB.
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Jlunus ycranoBnena Ha ombITHOHM Mwiomagke OAO «ITCCy» Ha TeppuUTOpUU CYIOCTPOUTEIHLHOTO
3aBoga «CeBepHas Bephb».

HOI[BOIUI HUTOI' CKa3aHHOMY, HGO6XOILI/IMO 3aMCTHUTh, YTO COBpeMeHHLIﬁ OTall pa3BUTUA IPOU3BOACTBA
B Poccuu xapakrepusyercs ero KOMIUIEKCHOM aBTOMaTu3anuei. 3a mociaeHue JSCATUICTUS aBTOMAaTU3AIIM
OCHOBHBIX TEXHOJOTMYECKUX OMNEpaluid JOCTUINIa TaKOTO YpPOBHSA, YTO BCIIOMOraTelbHBIE OIEpaluu,
CBSI3aHHBIE C TPAHCIOPTUPOBKOW U CKIAJUPOBAHMEM, pa3rpy3KOd U 3arpy3koll TEXHOJIOTHYECKOro
O60py,}10BaHI/I$I, BBITIOJIHACMBIX BPYYHYIO, JII/I60 C IOMOIIBIO CYIIECTBYIONIUX CpEIACTB MEXaHHU3alluu,
SIBJSIIOTCS.  TOPMO30OM, Kak B TMOBBIIIEHUH TPOU3BOJUTEIBHOCTH TpyHda, TaKk U B JallbHeHIeM
COBEpIIICHCTBOBAHUH TEXHOJOTHH. I[IpoMBIIIIEHHBIE POOOTHI SBISIFOTCS TeM HENOCTAOIIUM 3BEHOM,
NOSIBJICHUE KOTOPOTO TI03BOJISIET OOBEAWHATH CPENCTBA IPOW3BOJACTBA TNPEANPHUATUS B  CAMHBIN
aBTOMATU3UPOBAHHBIA KOMILJIEKC.

A.K. @Qunumonos
NOJABOJHAS POBOTOTEXHUKA /
A. Filimonov
SUBMARINE ROBOTICS

CIIoI’'MTY, Canxkm-Ilemepbype /
State Marine Technical University, Saint-Petersburg

fmp@smtu.ru

['eononuTHyeckre M3MEHEHUs, MPOU3OLICAIINE B KOHIE XX BeKa B MUPE NPUBEIIN K CTPATErHIECKUM
MacIITa0HBIM H3MEHEHUSIM BO MHOTHX AacCHeKTax >XH3HHM deloBedecTBa. [yobanumzamus, ¢Gopmupyromas
erHOe OOIIEMHPOBOE JKOHOMHKO-MH()OpMAIIMOHHOE MPOCTPAHCTBO MNpuoOpena CcTaryc JOMHHAHTHI
MHUPOBOTO pa3BUTHS. SIBHO mporpeccupyer Oopbba 3a pecypchbl, pacTeT yrpo3a HOBOTO dTama OOpbOBI 3a
nepenen chep BIMSHUS, YCWIMBAaeTCA Yrpo3a Oe30MacHOCTH M JKojoruu. Bcee 3T0 mpemompenensier
aKTYaJIbHOCTh Pa3BUTUS COBPEMEHHBIX INEPCIEKTUBHBIX CPEACTB HCCIIeAOBaHMNH MHpPOBOrO OKeaHa M €ro
3alIMTHl B HAIMOHATBHBIX M OOIIEMHPOBBIX MaciiTaboB. KapauHaibHOMY MEpecMOTpPY MOJBEPIJIMCH BCE
JOKTPHHBI, B TOM YHCJIE U MOPCKHE, BEAYLIMX rocynapcTB mupa. CMeHa TOKTPHH MpHBENa K TOMY, YTO Ha
IIEPBBIN IUIAH Pa3BUTUS TEXHUYECKUX CPEICTB BBILLIA CTPAaTErHs poOOTH3aLUHU KaK B IPaKIAHCKOM, TaKk U B
BOCHHOH cepax. B pe3ynbraTe CMEHbI MOPCKHX JOKTPHH KIFOUEBBIM TEXHHYECKUM 3JIECMEHTOM ITOJBOIHON
POOOTOTEXHUKH B HACTOSIEE BpeMs MPH3HAHBI MOOWIBHBIE moaBoxHble poboter (MIIP) [1, 3, 8, 10-13].
MIIP paccmaTpuBaroTCsi Kak YacTb HOABOAHBIX poOororexHuueckux cpeacts (IIPTC) m xommnoHeHT
BcecpeqHoi (Mope, cymia, atMocdepa, OIMKHIAN KOCMOC) CETEIICHTPUUISCKON CUCTEMBI pOOOTOTH3NPOBAHHBIX
cpencts (puc.1) [2].

il g

Puc.1. CereneHTprieckoe NpoCTPAHCTBO CHCTEMBI POOOTOTH3NPOBAHHBIX CPEACTB
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MIIP mpencraBisitoT coO0l caMOXOTHBIE aBTOHOMHBIE HeoOHTaeMble moaBoaHble ammnapaTsl (AHITA),
CHOCOOHBIE K AaBTOHOMHOH paboTe B MOpPE C LIEIbI0 CAMOCTOSTEIBHOTO BBIIOJIHCHHS PAa3IMYHbIX MUccuii [1, 4,
10-13].

OrpoMHasi TPOTSKEHHOCTh MOpPCKOH Poccuiickoii rpaHunbl, €€ OONBLION apKTHYECKHH CEKTOp,
OTCYTCTBHE TaM MH(PACTPYKTYPbI, BHICOKMI 3HEPreTHUEeCKUi TOTEHLHAl MOPCKOT'0 ¥ apKTHUECKOro ieibda
— Bce 3T (hakTopsl ompenenstoT MIIP kak sddexTuBHOE CpeacTBO pelIeHrsT MHOTUX JHEPIeTHUECKUX H
Boenno-mMopckux 3amad. Ha puc.2 mnpencraBieHa IEpCreKTHBHAs MacliTa0Has KapTa OCBOCHHS
MECTOPOXKACHUSI KOHTHHEeHTalbHOTo 1menbpa PO no 2030 r. Ha puc.2 Tak ke MpeicTaBiIeHbl IPOTHO3HEIC
OIICHKH TI0 TOOBIYe HePTH U ra3a ¢ MECTOpOXKIeHUH 1menbda PD.

3ANACH! HE®TH (MNH T) JANACHI CEOBOAHOTO TA3A (MIIPAL KYB. M) 3ANACHI TA30BOr0 KOHAEHCATA (MINH T)

BAPEHLIEBQ MOPE 4157 BAPEHUEBD MOFE 47827 OXOTCKOE MOPE 86,8

_ KAPCKOE MOPE 42684

QXQTCKOE MOPE 4094
KACMMACKOE MOPE 3750

K&PCKOE MOPE

OXOTCKOE MOPE 11991 i
KAPCKDE MOPE 146 I KACMWIACKOE MOPE  768,3 EAPEHUEBO MOPE G624
EANTHIRCKOE MOPE 52 | A3OBCKOE MOPE 239

A30BCKOE MOPE 24 ANQHCKOE MOPE 45 KACTIMIACKOE MOPE 327

KAK POCCHICKWE KOMMAHWH BYAYT OCBAMBATH MECTOPOXAEHUA KOHTUHEHTANBHOFO LWENb®A PO

GYKOTCKD
GAPEHLIEBO i
MOPE BOCTOYHO-
MEYOPCKO MOPE alglEPLEPCKoE
DF:E %PP%KUE TIAMTEBbIX s
(] [} -
«3apy6exnedTbe «Ta3npoms «POCHE b «PocHediTb

«faanpom» «PocHedTb: «[a3npom Hedy

«PocHed e «[aanpom HediTbs
«fasnpom Hedhre»
3./

OXOTCKOE
MOPE

KanuTtanoenowesus B passeauy
JIE ’ 3 7 W paspaboTky MEETIZI(FGD(FI,BHI‘IFI -?
’ -
@

B 2011-—2930 rogs (Mnpg py6.)

MANCKOE /f
OPE .

MPOTHO3 A0BbI4M HEOTH C MECTOPOXAEHNI WENb®A P® (MITH T) MPOrHO3 10BbI4H FA3A C MECTOPONIEHMI LUEAb®A P® (MAPJ KYE. M)
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PI/IC 2. KapTa OCBOCHUS MECTOPOXK/ICHMIA 1ienbha PD

B cBs3u ¢ Hem30eKHBIM HCTOIICHWEM 3e€MHBIX Henp (mo mporHo3aMm, k 2011r. Poccus mocturaer
100%-HOTO YpOBHS HCIOIB30BAHUS DPA3BEIAHHBIX HAa CYIIE MECTOPOXKICHHI) MPOIOKACTCS 000CTpeHUE
O0OprOBI 3a pecypchl, YTO JelaeT BEPOATHBIMH OOBEKTAMH arpecCH NpPaKTUYECKH BCe MPUOpPEKHBIE
rocyiapcTta. Yke B Ommxaiimee Bpemsi 200- MUIBbHBIE SKOHOMHUYECKHE 30HBI CTaHYT MPEIMETOM 3axBaTa
HanboJiee CHIIBHBIX MOPCKHX JepkaB Mupa. PaccMaTpuBaroTcss BO3MOKHBIE BapuaHTHI pasjelia akBaTOPHU
Cesepnoro JlenoButoro okeana. Ha puc.3 npexncraBnena cxema (o gaHHeiM ['Y HaBuranuu u okeaHorpaduu
Muno6oponsl PD) BO3MOXKHOTO pazfena apkTuieckoro menbda. [TyHKTHpoM moka3aHbl TPaHHUIEI MOPCKOTO
umensga, Ha Kotopyro mnpereHayer Poccus (1,2 muH. kB. kM). MMeromuiics, Oojiee deM, TPUALATUICTHUN
MUpOBOH ombIT Hcmonb3oBanusi AHIIA mns paGoTel B Je10BOM 0OCTaHOBKe, MOKa3aJl HMX YHHKaJbHOE
BO3MOXKHOCTH. Bo3pacTaromuii WHTEpeC K OCBOCHHIO apKTUYECKOTO Ieib(a, SIKOHOMHYECKas M HaydHas
[1eJIeCO00Pa3HOCTh OMPEACIAIOT HeoOXonuMocTh aiusi P® mmers moaBOAHBIE ammapaTsl JIEIOBOTO Kiacca
[1,9].

OcBoenne mMopckoro menbda mast Poccun — crparermdeckas BakHasl 3afada, 3TO TJIaBHBIM pe3epB
pasBuTHs HeTerazoBoro komruiekca Poccun B X X1 Beke.
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Pemaromue aprymentsl B nonb3y npumeHenus MIIP B cdepe uccrnenoanuii MupoBoro okeana, B
TOM 4HCIE€ M KOHTHHeHTanbHoro menbda P® 310 Bo-mepBbX, MoOmnbHOCTE MIIP, ompenensromas
BO3MOXKHOCTh OOCITY’)KHBaHHS 30H OOJBINMX IUIOIAACH, BO — BTOPBIX, MHUHUMAaJlbHas CTENEHb YYacTUs

YeNloBeKa — B CHIIY BBICOKOTO PHCKa YEIOBEKa BO MHOTHX IKCTPEMAJIbHBIX MOIBOIHBIX ONEPaLUsX.

OcHoBHbiME aHasioramMu MIIP sBRSiIOTCS NMpHUBS3HBIE TeNEyNpaBisieMble IOIBOIHBIC amIapaThl,
TOpIIEIHOE  OpYy’KHe, OOWTaeMble MOJBOAHBIC aIapaThl, OCCHIJIOTHBIE JIETATeNbHBIE AalIaparsl,
THIPOOUOHTHI.

Hopeeruns

RS

e OO HAYENI- )

m— 200-MUNbHAA 3KOHOMWYeckan 3oHa P@

| 200-MUnbHAR IKDHOMWYECKER 30Ha
" OpyrvX CTpaH pernoHa

-~ MLEF [panuLibl 30H6I MOPCKOTO LUBNBLDE, Ha
KoTOpYio NpeTeHayet Poccua (1,2 MAH. KB. kM)

MoTeHUMANBHLIE NPETEeHAEHTLI ' ! '. Xt ot :
\ Ha apKTUYECKUI Lienkd r. LHCL o
. m/“ ”5?““” ﬁ*’ ol bl e et

Puc.3. Bapuants! pa3aena akatopuu CeBepHOT0 JIemoBUTOTO OKeaHa

OcHoBHBIE aKkTyaJbHbIC (PAaKTOPBI, BIUSIONINE Ha co3nanue U pazsutue MIIP [1,3-13]:

e 3a7ayn OKeaHOrpapuu U THAPOPHU3UKH (MOPCKOW KapTorpaduu, TOMOTpadUH BEPXHETO CIIOS
MOPCKOTO [HA, WUCCIICAOBAHMS BOAHBIX 3KOCHCTEM, MOHMTOPHHIAa MOPCKOH Cpenbl, MapaMeTpoB BEPXHETO
CJIOSI OK€aHa U HWKHETrO CJIoA aTMOoc(epbl, IOBEPXHOCTHBIX, CPEAHETTTYOMHHBIX U TIIyOOKOBOAHBIX TE€UEHHH,
TEMIIepaTyphl, IUIOTHOCTH, COJIEHOCTH, CKOPOCTH DPacHpOCTpaHEHHs 3ByKa, HAJIMYUS W COCTaBa (HUTO H
300IIAHKTOHA U T.1.);

e 1po0JIeMBI MOPCKOH Te0JIoropa3Belku (TMOHMCK TMOJIE3HBIX MCKOIAEMBIX, Pa3Bellka MECTHOCTH JUIS
CTPOUTENBCTBA MOPCKUX OypOBBIX YCTAHOBOK, YKJIAIKU IOJBOTHBIX HE()TEIIPOBOAOB M T'a30IPOBOAOB U UX
WHCIIEKTUPOBAHUE U T.11.);

® 3a7aul  BOOPYXXEHHOW OOpBHOBI HA MOpe (MUHHBIEC, IPOTUBOMHUHHBIE, IPOTUBOJIOOYHBIC PA3BEIKHY,
OCBEIICHHUE MMOIBOTHON 00CTaHOBKH, CIICKEHHSI, OXPaHBbl, IOCTABKH CIICIIUANILHBIX TPY30B, CBS3H U HABHUTAIINS
B CETEBBIX y3JaxX U T.1.);

e po0emMa ocBelIeHUsI 00CTAaHOBKU B APKTHKE;

® IPOOIIEMBI SKOJIOTHH;

® 337aYd [IOMCKA M CIACCHMs IOCTPAJaBIIMX HAa MOpE, JUKBUAALMM IOCIEACTBUI TEXHOT'€HHBIX
karactpod) ©  aBapuid, OXpaHbl TIOABOAHBIX COOPYKEHHMH, aKBaTOPHH TMOPTOB, TaBaHEHd OT
HECAaHKLIMOHUPOBAHHOTO NPOHUKHOBEHHUS;

® 33/1a41 HHIYCTPUH MTOJIBOJHOTO Typu3Ma, CIOPTa U JaliBEHTa.

Bypusriit poct uaTepeca k MIIP onpenensiercs ciemyromummu ux cBoiictBami [ 1, 3-13]:
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® AaBTOHOMHOCTH (9HepreTHdeckasi ¥ HHpopMaImonHas);

® MIHHHMAaJIbHOE «CBS3BIBAIOIIEE) BO3/ICHCTBHE HA HOCUTEINb;

e CKPBITHOCTh B CHIIy HU3KOTO YPOBHS COOCTBEHHBIX (PM3UUECKUX TOJIEH;

® CMOCOOHOCTh K HWHTEJIEKTYaIbHOMY TMOBEICHHIO, T.€. K CAMOCTOSTEIbHOW WHTEPIpeTaluu
CEHCOPHOH HH(POPMALINK U IPUHITHIO aJJeKBaTHBIX PEIICHUH B HETIPeICcKa3yeMoi 00CTaHOBKe;

® BO3MOXHOCTB OCYIIECTBJICHUS] KOOPIUHUPOBAaHHBIX IPYIIOBLIX ACHCTBUN;

® BO3MOKHOCTH COOpa M XpaHeHUs OOJBbIINX HHOOPMAIMOHHBIX MACCHBOB;

e cr1I0cOOHOCTH 0OHAPYKUBATh NPEISITCTBUS U YKIOHATHCS OT CTOJIKHOBEHUS C HUMU;

® BO3MOXKHOCTH 3(QEKTHBHOTO ()YHKIIMOHUPOBAHUS TIO/I0 JIBJIOM U Ha MEITKOBOJBE;

® MOJYJIFHOCTh U MPOCTOTA PEKOH(PUTYPAIINH TIO/1 PA3IHYHbIC MUCCH;

® BO3MOXXHOCTh HaJIe)KHOTO aBTOKOHTPOJISI 1 CaMOIMAarHOCTHKH;

e CrocoOHOCTh K aKTUBHOMY B3aMMOJACHCTBHIO C JPYTUMH CpPEACTBaMH HH()OPMAIMOHHOTO
OCBelIeHUs] 0OCTaHOBKM Ha MOpe, Ha cylle, B aTMocdepe M B KOCMOCE B HMHTEpEcax CETCHEHTPHUUECKUX
onepauui 1 T.n.

Becb 3TOT KOMIIIEKC Ba)KHEHIIHMX CBOMCTB MO3BOJIAET PAaCCUUTHIBATH Ha AKTHBHOE HCIIOJIB30BAHUE
MIIP npu pelreHny MUPOKOro Kpyra Hay4HbIX, KOMMEPUYECKUX U BOGHHBIX 3a/1a4.

Pacnpenenenue MIIP o obnactsiM nprMeHeHHs B 3apyOexkHbIX Gpupmax Ha 2011 r. npeacraBieHo Ha
puc. 4 [13]

Kommepueckue

e

BoeHHble

UccnepoBatenbckue

TEEN

MHCneKUuMOoHHbIe Apyrve

Puc.4. Pacnpenenenne MIIP o obmactsm npuMmerernus Ha 2011 r.

Oo0mensBecTHa orpomHas HomeHkiatypa MIIP, coznannbix 3a pyoexom [1-9, 11-13].

MIIP cymiecTBEHHO pa3iIM4arOTCs MO CBOMM MaccoradapuraM, IiTyOMHaM HOIPY>KCHHS U LIEIEBOMY
Ha3HAYEHUIO.

Mopdonoruss MIIP Ttakxe upe3BbIYallHO MHOTOOOpa3Ha, Aa)ke €cl PacCMOTPETh BCEro TpHU
Mopdoaorudeckux npusHaka [13]:

e Cpena GpyHKIMOHMPOBAHUS: TOBEPXHOCTHBIE, IPUIIOBEPXHOCTHBIE, MEIKOBOIHBIE, TTyOOKOBOAHBIE,
JIOHHBIE;

e Crioco6 ynpasnenust: teneynpasienue no BOJIC, teneynpasnenue o ['A- kaHaiy, cynepBH30pHOE
yIpaBlieHHE 110 MAKPOKOMaHJaM, aBTOHOMHOE KOHTEKCTHOE YIIPaBJICHUE;

e Tun 3Heprocuctemsl: anekrpuueckue OCY ¢ XUT, temnoeie a3spobubie DCY, TemnoBble
aHadpoOHeie OJCY, rpaBUCTAaTHUYECKHE, COJIHEYHBbIC OaTaped, HWCIONb30BaHHE TpaJdeHTa TeMIeparyp
TEPMOKJIMHA, PaIUOU30TOIHBIE.

OcCHOBHBIE TaKTHKO-TeXHHUYeckue xapakrepucTuku MIIP moapo6GHO paccMOTpeHBI B MOHOTIpadusx,
y4e0HBIX TOCOOHAX W MHOTOYHCIICHHBIX ITyOJIMKansAX, B TOM 4rcie Bexymmmu npodeccopamu CII6 TMTY
B 00JaCcTH TIOJIBOTHOM poOoToTexHukH [1-13].
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MIIP »T0 Kjmaccuueckuit mpuMep ABOHHBIX TexHoioruil. CoBpemeHHble 3amanHele MIIP umeror
Pa3HOO00pa3HyI0 KOH(PHUTYpaIHIo, B TOM YHCIIE M TOPIIeA000pa3Hyo puc.S.

CootBercTBUEe Mexny TopnenamMu u MIIP mokazaHo Ha puc. 6 Ha MpUMepe IIBEACKOH TOPIEAbI
TI12000 xonuepHa SAAB. Buemne MIIP Huuem He OTAMYAIOTCS OT TOpHEA

Puc.5. Topnenoo6pazusie MIIP

Hzgemre TP 2000 (I & exmpe) | MTIP. - ATV A 2-( 5 erreea]

Puc.6. MoOWIBbHBIC 1TOIBOIHBIE POOOTHI

MonynbHable KOHCTpyKIMH oTcekoB MIIP mokazansl Ha puc. 7. Ha puc.7 HabGop mnpuBeneH
manorabaputuerii ucnanackuid MIIP Gavia (xkamubp 120 MM, make. mmHa 2,6 M). Kak BHIHO, MOAYJIbHBIE
KOHCTPYKIMH MMO3BOJISIIOT co31aTh 3 Buga MIIP pasnuuHOro HazHaueHHs TOJBKO 3a CUET PeKOH(UTyparyu
MOZYJIEH.

Puc. 7. MogynpHas koHcTpyKIus MITP
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B nacrosimee Bpems B Poccun npusHaHHBIM TuaepoM B co3nanuu MIIP sensercs MHcTUTYT ipobGiem
mopckux texnonoruit (UIIMT) JIBO PAH (r. BmaguBoctox). OcHOBHOE Hampasienue pazpadbotok UIIMT -

3TO CO3MIaHUE TSKENBIX TTy00K0oBOIHEIX (10 6000 M) MIIP puc.8.
.f.l |

= : g.

- @ o | ~

Puc. 8. Poccuiicko-xkurarickuii aBToHoMHBINH HITA «CR-02»

I'maBHBIME TIpOOIEMaMu B pa3paboTkax mepcrekTuBHBIX MIIP Opumi 1 octarores ciemyrommue [1, 3-
13]:

® SHEpreTHYecKas aBTOHOMHOCTH;

® SHEPrOCHJIOBBIE YCTAHOBKH U BCIIOMOTATEIbHEBIE CHCTEMBI;

® CHCTEMBI yIIPABJICHUS U HABUTAIUH,

® TIOIBOTHAS CBSI3b, CPEJICTBA PATUOCBA3H, PAIHOpa3BeIKa U PAAHOIOKAITHS;

e sjeMeHTHas 0a3a A MOCTpoeHHs KimouyeBbiX cucteM MIIP u obecneunBaromeil MOABOAHOM
WHPPACTPYKTYPHI;

e rupoakyctuueckue cpeacrsa MIIP;

® HEaKyCTHUECKHUE CPEACTBA OOHAPYKECHUS,;

® CIICHHAJIBHBIC MaTCpHaJIbl U IIOKPBITHA

e TexHoJoru 6azuposanust MIIP;

® CHCTEMBI CEPBHCHOTO 0OCTY)KUBAHUS M NCTIBITATeNIbHBIE TOMUTOHBI 17151 MIIP;

® CHCTEMBI TTOJITOTOBKH CIIEIHAINCTOB U TPEHAKEPHOU Oa3bl.

O‘IeBI/I)lHO, YTO B CJIOXUBHIUXCA YCIOBUAX, CAMHCTBCHHO BO3MOXXHBIM CIocooomM ImpopbIBa JJId
CO3JIaHMA MEPCIEKTHBHBIX oTedecTBeHHBIX MIIP siBnsiercst HaydHBIH, a HE TEXHUKO-TIPOU3BOACTBEHHBIN, TO
€CTh HEOOXOIMMO ONEepeKCHHE B UIESIX M TEXHUYECKUX PEeIICHUsAX. Takol MpOpBIB MOKET OBITh pealn30BaH
TOJILKO TIPH HAJIMYUHU BBICOKOKBATU(HUIMPOBAHHBIX HAYyYHO-TEXHUYECKUX KAJPOB M OOECIICUCHUH YCIOBHIMA
IUIs BX paboTHI.

B nacrosimee Bpemst mpobnema kaapoB B Poccu mpuoOperaer «(pyHAaMEHTABHBIN» XapakTep, TaK
KaK 3TO HE TOJBKO MpobiieMa MOATOTOBKH CIIEIHAIMCTOB, & 3TO W MpobjemMa KaJpoB IS CYAOCTPOCHHUS,
00OpPOHHO-TIPOMBIIINICHHOTO KOMIUIEKCa, 3aKa3uKKa, Tak W JUIs BBICIIEH KON Pemienue 3Toit mpoOieMbl
BO3MOJKHO TOJIKO Ha BEPXHEM YPOBHE BJIACTH.

Jnst co3manmst oredectBeHHBIX MIIP, mpexzae Bcero HEoOXOIWMO MPEOIONICTh TPATUITNOHHBIC
MCKBCIOMCTBCHHBIC paMKH, MEIIAIONIUC O6’be)Z[I/IHeHI/IIO YCI/I.III/II‘/'I 1 HE IMMO3BOJIAIONIUEC CYHICCTBECHHO COKPAaTUTH
3aTpaThl Ha pa3paboTKH U MPOU3BOACTBO MOAYIbHBIX MITP.

Baxneiimee Mecto cpemu 3TUX mpobieM B cdepe Halleld KOMIETEHIIMH M OTBETCTBEHHOCTH MBI
BUIVNM B OpTraHMW3ald{ aJeKBATHOW CHUCTEMBI TOJITOTOBKH BBICOKOKBAIH(HIIMPOBAHHBIX KaapoOB IIO
MIPOEKTHPOBAHHIO, IPOU3BOACTBY U SKCIUTyaTallUH MOJBOJHBIX POOOTOTEXHUYECKUX CUCTEM.

Jiisa co3maHusi KOHKYPEHTHO CIOCOOHOH ITOABOAHON POOOTOTEXHUKH HEOOXOIUMO TPEXKAE BCETO
COXpaHUTh 3P (EKTUBHBIE CYIIECTBYIOMINE TEXHOJOTHM W MHTEHCHUBHO Pa3BHBATH IEPCIEKTHBHBIE, CO3/aTh
pE3yIBTATUBHYIO TPOU3BOJICTBCHHYIO 0a3y, a TakkKe CO3[aTh aJCKBATHYIO CHCTEMY IOJIOTOBKH KaJlpoB,
0a3upyIOUIyIOCs Ha pealbHON MHTETPallii HayKH, IIPOU3BOJICTBA U BBICILIEH LIKOJIBI.
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NPUMEHEHUE CPEJICTB IIOJIBOJTHOM POGOTOTEXHUKHU BM®, ITPU BHIITIOJTHEHUH

MOPCKHX CITACATEJIbHBIX OIEPALIMM /
A. Zvyagintsev

APPLICATION OF NAVY UNDERWATER ROBOTIC MEANS WHEN FULFILLING SEA GOING

RESCUE OPERATIONS

40 THHUU MO P®, 2. Jlomonocos /
40th State Research Institute
Ministry of Defense of the Russian Federation, Lomonosov
deep-sea@list.ru

PasButne Haxomsmuxca Ha BoopyxeHMHn BM® cpenctB moaBOgHOW POOOTOTEXHHMKH TPHU

BBIIIOJJTHCHUHM IIOMCKa, 06CJ'ICI[0B3.HI/I$I 1 1oAbEMa 3aTOHYBIINX 00BEKTOB MMPpOUCXOAUT IO MEpPC MIporpecca B
00JIaCTH BBIIOTHEHUS MOPCKHUX CIaCaTCIIbHbIX onepaunﬁ U B COOTBCTCTBUU C MOCTABJICHHBIMU IICPCI BM®
3aJadyaMu.

B IMMOCJIEAHUEC T'OAbI B MUPEC IMPOUCXOAUT HACTOANIAA TCXHUYECCKas PEBOJIIOLUA B 00J1aCTH BBIIOJIHEHHMS

riyOOKOBOIHBIX paboT, cBsi3aHHAs ¢ OYpHBIM pa3BUTHEM poOoToTexHuku. s Oomee ycmemHoro u
Ka4eCTBECHHOI'O NPOBEACHUS ClIacaTeIbHbIX ONEPaLil ¢ IPUMEHEHNEM CPEICTB POOOTOTEXHUKH HEOOX0IUMO
HaJIM4YHe CYAOB C CHUCTEMON AMHAMHUYECKOTO MO3UIIMOHUPOBAHUS, CIIOCOOHBIX YAEpPKUBAThCA HAJ MECTOM
pabot 6e3 ucroNb30BaHus SKOpEl U peiiioBoro 060pyRoBaHuUsl.

B HacToAIee BpEMA I MPOBCACHHA ITOUCKA, 06CJ'I€,Z[0B8.HI/I${ U moaAbEMa 3aTOHYBIINX 00BEKTOB

IMPUMCHAIOTCA  KakK O6I/ITaeMBIe, Tak U HEOOHTaeMbIe TCJICYNIPABIIACMBIC  IMOJABOJHBIC  allllapathbl.
TeneynpaBﬂﬂeMHe HEeOOUTaeMbIE MMOABOJHBIC allltapaThbl MOAPA3ACIIAOTCS Ha:

- THIIA ocMotpoBoro Ttuma (ZOmoWCK M OOCIeqOBaHWE aBapUIHBIX (3aTOHYBIINX) OOBEKTOB,
oAIep kKa paboThI BOJOJIA30B);
- THITA ocMOTpOBOTO THIIA C BO3MOXHOCTBIO TOJKITIOUEHHUS JOTOTHUTEIHHOTO 000py I0BaHMUS;
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- Paboune THITA (aBapuitHo-cnacaTenbHbIE U TOABOAHO-TEXHUYECKUE PAOOTHI).
Ha Boopyxennn BM® P® cocrosr caenyromue THIIA:
1. Pabouwuii TeneynpaBiasieMblii OABOHBIN amnmapaT «Benom» (Puc.1).

Puc.1. PTTIA «Benom»

PTIIA «Benom» npenHazHaueH AJs:

- BBINOJIHEHHUS IOTIOMCKA [IOJBOJHBIX OOBEKTOB B OTPaHHUCHHOM PalioHE;

- o0cyiefoBaHUA KOHTAKTOB, IIOJyYCHHBIX IIOMCKOBBIMHM CHiIaMd (uIoTa IIpU  IIOHMCKE
3aTOHYBIIUX U aBapUHHBIX, JIKAIIUX HA TPYHTE, OOBEKTOB;

- OTI03HaHUs 1 00CIeIOBaHNS TIOJJBOJHBIX 00BEKTOB;

- BBITIOJTHEHUST TOABOAHO-TeXHUUecKUX padoT (IITP) B o0beme Bo3MOKHOCTEH

- MaHUITYJISITOPHOTO YCTPOMCTBA;

- JUTSL TOCTAaBKH Ha TPYHT (TTOJABEM Ha MTOBEPXHOCTH BOABI) TPy30B Maccoil 1o 250 kr;

- JOKYMEHTHUPOBAHUS BUJIEO M THIPOAKYCTHUECKON HH(POpMAIIUH.
. Teneynpasnsemblit HeoOuTaeMblil moaABoAHBIN anmapaT «Takirep» (Puc.2).

[\

Pnc.2. THIIA «Taiirep»

THIITA «Taiirep» npenHazHa4eH Jid:

BBIITOJIHEHUS JOTIOMCKA TOJBOJHBIX OOBEKTOB B OTPAaHUUCHHOM PalioOHE;

oOciieloBaHNsl KOHTAKTOB, IOJIyY€HHBIX MOMCKOBBIMHM CHJIaMu (DJIOTa NPH IOUCKE 3aTOHYBLIMX U
aBapUITHBIX, JISKAIINX HA TPyHTE, 00BEKTOB;

BBIIIOJIHEHNS MOABOAHO-TexHHYecKHX padoT (IITP) B oObeMe BO3MOXKHOCTEH MaHHMYJISTOPHOIO
YCTPOMCTBA;

JUTS TOCTaBKU Ha TPYHT (ITOBEM Ha TOBEPXHOCTH BOBI) TPY30B Maccoil 10 25 Kr;

JOKYMEHTHUPOBAHUS BHICO M THIPOAKyCTHYECKON HH(POpMAaLUH.

3. TeneynpasisieMblii HeoOUTaeMbIi TIOABOMHBIN anmapaT «Damkon» (Puc.3).
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l:ﬂ“
Puc.3. THITIA «®ankon»

THITA «®ankoHn» npeaHa3HauYeH s
- 00HapyKEHHUE TOJIBOJIHBIX 00BEKTOB C TIOMOIILIO THIIPOIOKATOPa KPYrOBOTO 0030pa;
- BBITIOJTHEHUSI OCMOTPOBBIX, 00CIEIOBATEILCKUX MTOABOAHBIX PadoT;
- nepeaady IBETHOTO WM YEPHO-0ENIOro BUACOM300paKEHUS HA CYJIHO-HOCHTENb, C

perucrpanyeit ero Ha BUAEOMarHuTo(oH.

4. TeneynpaBisseMblii HEOOUTAEMBIH ITOABOAHEIHN ammapat «O630p-150» (Puc.4).

Puc.4. THITA «O630p -150»

THITA «O0630p -150» npeanazHaueH:
- 0o0OHapy>KeHHE TMOABOAHBIX OOBEKTOB C MOMOIIBIO THAPOIOKATOPa KPyroBOro 0030pa;
- JUTSL BBITIOJTHEHUS! OCMOTPOBBIX, 00CIIEI0BATENLCKUX OABOAHBIX padoT;
- nepeAady LBETHOTO HIIM YEPHO-0ENOro BHACOM300paKeHHs] Ha CyAHO-HOCHUTENb, C
peructpauyeii ero Ha BUACOMarHuTO(oH.

5. IlouckoBo-obcienoBarensckuii komruieke «Kambmapy.
Kommnnekc npeanazHayeH amsi:

— MPOBEJICHUS THUAPOIOKAIIMOHHOTO TOMCKA aBapUUHBIX W 3aTOHYBIIMX OOBEKTOB Ha
rryomHax 10 600 MeTpoB 110 3aJaHHON CXeMe MaHEBPHUPOBAHHS,

— omnpeneacHusT a0COMIOTHBIX M OTHOCHUTEIBHBIX KOOpAWHAT OOHApYy>KEHHBIX TeNeh ¢
0TOOpaKCHHUEM MX Ha 3JICKTPOHHOM ILIAHIIETE MOUCKA;

- o0ecrieueHnsl BBICOKOTOYHOTO MAHEBPHUPOBAHMS CHJI TIOMCKA B COOTBETCTBUU C
3aJIaHHOW CXEMO¥ MMOKCKa U MIPUBSI3KOH K rI100abHOM cucteMe no3unuonuposanus GPS;

— OCYIIECTBICHHUs O€30IacHOTO B3aWMHOTO IO3UIMOHUPOBAHUS TeJICyPaBIIsIeMbIX
HEOOWTAaEeMBIX ITOJBOIHBIX allapaTOB U OOUTAEMBIX ITyOOKOBOIHBEIX alllapaToB ¢ OTOOPaKEHHUEM HX
MECTOTIONIOKEHUS U TPACCHI ABMKCHUS Ha 3JICKTPOHHOM IUTAHIIIETE WIIH KapTe;

- JIOTIONCKAa M BHU3yallbHOTO 0O0CCIOBaHUS IMOABOJHBIX OOBEKTOB C Tepenaucit
[IBETHOTO M YEPHO-0ENOro BUACOM300pPaKEHUS HA CYJHO-HOCHTEIb W PETUCTpAllMeil ero Ha
BHJICOMarHUTO(OH U )KECTKHE HOCUTENN HHPOPMAIIHN;

— o0o3HaueHHsT OOHApYKEHHBIX W  OOCIENOBAaHHHIX  MOJBOJHBIX  OOBEKTOB
TUJPOAKYCTUYECKUMHU  MAasiKaMU-OTBETUYMKAMHU  JUIsl  TOCJEAYIOUIEro IPOBEACHUS  IOJIBOJIHO-
TEXHUYECKUX PadoT.
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6. MoOUIBbHBIN aBUATPAHCTIOPTAOCIBHBIA KOMILICKC Ui OKa3aHWs MOMOIIM aBapUiHOW IMOJBOJIHOMN
JOJKe, JIeXkalled Ha TpyHTe, Ha 0a3e pabodyero TeneynpaBlsieMOro HEOOHMTAaeMOTO IOJBOJHOTO ammapara
«ITanTepa [Tmoc» (Puc.5).

Puc.5. PTIIA «ITantepa ITmtocy

Pabounii TeneympaBiseMblli HEOOMTaeMbI MOABOAHBIN ammaparT NpeAHA3HA4YeH AJIsl MPOBEICHUS
JIONIONCKA ¥ 00C/IeI0OBaHNS aBapUIHBIX U 3aTOHYBIIUX OOBEKTOB, BBIITOJHEHUS IIUPOKOIO CIIEKTPa HOABOAHO-
TEXHUYECKUX Pa0OT, KaK CaMOCTOATENbHO, TaK M COBMECTHO C BOJOJNa3aMH W (WIH) OOWTAaEeMBIMU
MOJIBOTHBIMH armapatamu Ha riyouHax 10 1000 M.

B mepuox moAroToBKM K NPOBEAECHUIO MEXBEIOMCTBEHHBIX HCIIBITAHMN KOMIUIEKTa YCTPOMCTB U
MEXaHHU3MOB MOJbeMa U TpaHciopTHpoBkH rpy30B (MBM KYMIITT') HoBoro cyana np. 20180 «3Be3nouka» B
2010 ronmy cmeumanucramu 40 'HHUM MO P® Opu1 mpuoOpeTeH OMBIT HOAbEMa MalorabapHTHBIX
3aTOHYBIIMX OOBEKTOB B MOPCKHUX YCJIOBHAX. sl moucKka 3THX OOBEKTOB OBLI MCIIOIB30BAH aBTOHOMHBIH
HeobuTaeMbIit moaBoaHbIN ammapat (AHIIA) «"aBus», cIOCOOHBIN ¢ MUHAMAILHBIMH 3aTpaTaMHd BPEMEHH
oOcienoBaTh OOLIMpPHBIE pailOHBl JHAa aKBaTOPHUM C TIOMOINBIO MHOTOJYYE€BOTO 3XOJ0Ta, HAWTH U
UACHTH()UIINPOBATE 3aTOHYBIINE MaJOrabapuTHBIE OOBEKTHI.

AHIIA «["aBus» mocTpoeH B Mcmanmuu Ha MpeanpusaTud «XapMIOHI), CIEHATN3UPYIOMeMcs Ha
W3TOTOBJICHUHM MAJIOTa0apUTHBIX MHOTOIICTIEBBIX aBTOHOMHBIX aIllapaToB.

AHIIA «I"aBus» COCTOMT U3 HECKOJIBKUX OTAEIBHBIX HMIMHIPUUECKUX MOAYJIeH (puc. 6), KOTOpble
coOpaHbl U COEAMHEHBI BMECTE C MCHOJIb30BaHUEM YHHKalbHOro coenunenus: Quick Lock, obOpasys eaunbii
MIPOYHBIM Kopiyc. MOAyu COEIMHEHBI C NOMOIIBIO CTAHAAPTHBIX KPYTIJbIX BOCHHBIX pa3beMoB. Kaxkablil
MOJIYJb TPEICTaBIsIeT COOOW CaMOCTOSTEIbHOE YCTPOHCTBO, C KOTOPBIM MOKHO paboTaTh BHE ammapata,
3apspKaTh M MOJIyYaTh JOCTYH K JAQHHBIM M AMAarHOCTUKE. BHEIHWI mocTynm K BHYTpPeHHEH ceTu ammaparta
TIpeIoCcTaBiIsseTCs o OecripoBoHON JokansHOU cetn (WLAN), o ciytHukoBOMy Tenedony «pummym» u
M0 aKyCTH4eCKOMY (4depe3 BoAy) KaHaiy. B momonHeHne uMeeTcs psiMoe COeJMHEHNE Yepe3 CeTeBoi kabemb
ycrpoiictBa Ethernet mis ObIcTpoil BBITPY3KH OaHHBIX 10 OKOHYaHWMHU pabOThHI ammapara HoJ BOZOM IO
3aTaHHOH TIporpaMme (MUCCHH) co ckopocThio 100 MowuT/c.

Puc.6. O0umit Bung AHITA «[aBus»

Coyck AHIIA «[aBus» TPOM3BOAUTCS C MaJOMEPHOTO ILIABCPENCTBa BpydHyH0. JloctatodHo
omyctuth AHITA B BOJy M HampaBHUTh €ro B CTOPOHY OT Oopta. Jlanee oH cam morpyKaercs Mo TIIMccaae u
BBIXOJIUT B TOYKY Hayalla BHITIOJIHEHUS MUCCHU. VcTpITaHus 1MOKasaiu, 4To mpu paboTe ¢ BEICOKOOOPTHOTO
cynHa ciyck AHITA MoOKeT MpOM3BOIUTHECS C WCIOJIB30BaHHEM pPabodveil MITIONKH, KOTOPYIO JHOCTATOYHO
CIIyCTUTh Ha BOJIY C OOCIYXHBAIOIIMM IEPCOHAIOM Ha OOpPTYy 0€3 OTCOSAMHEHUS OT CITyCKOMIOIBEMHOTO
ycTtpoiictBa. CyaHO TpW 3TOM HAXOAWTCA B Jpelide MM, YTO TPEANOYTHUTENEHO, CTOUT B PEKUME
TUHAMHYECKOTO TIO3WIIMOHWPOBAaHMUSA, TPUKPBIBasg pabodylo MUTIONKY CBOMM OOpTOM oOT BosHeHHs. llo
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okoHuaHnn wmuccun AHITA «['aBusi» BCIIBIBaCT TOYHO B 3aJaHHON Touke. Bo wm3bexaHue BCIUIBITHSA
ammapara 1o KOpIyc CyAHa-HOCHUTENS TOUKY OKOHYaHUSI MUCCHH BBIOMPAIOT HA pacCTOSHUHU 0KoJo 10 KOT.

O6napyxenue BerbiBaiero AHITA ocymecTtBisercs Omaromapsi paboTe yCTaHOBJIEHHBIX HAa HEM
MOLIHBIX MPOOIECKOBBIX OTHEH KpacHOro, cuHero u Oemnoro nsera. Kpome toro, AHITA coobuiaer Ha cyaHo-
HOCHUTEJIb CBOM KOOPIUHATHI IO OECIPOBOAHOMN CBSI3H.

Pa6oTsl, BeITTOJHEHHBIE ¢ ToMomibo THITA:

- ¢ nomormipio AHITA «I"aBus» TNPOBOAUIUCH pabOTHI MO TOWCKY MOHHOW MUHBI — H3ACIHS
MTIIK-1¥YT, nonHoro maska-orBerunka (mpubdop 15K) ¢ rmyOunsr 220 M ¥ MOTEPSIHHBIN BCIIEACTBHE O0phIBa
SKOPHOW LenH CynoBOH sikopb cynHa mp. 20180 ¢ rmyOunsr 57 M. B MoTtoBckoMm 3anuBe bapeHuesa mops.
AHIIA pacmosarancst Ha CyaHe-HOCUTENE cOC «3BE3I0TKAY.

- mpu oOCIETOBaHMM W TIOOBEME Iu3enb-dJiekTpoxona «bymrapus» B wmione 2011 roma
npumensics THITA «Dankon»

- oOcnenoBaHne W yHUYTOKeHHE dneMeHToB 1 otceka K-141(utons 2002 r., THIIA «Taitrep»
Co).

- nomnouck Bepronera Ka-2711C, SInonckoe Mope U OAbeM TeJl WieHoB akunaxa (Mapt 2003 r.,
THIIA «Taiirep» TO®).

— norionck u oocnenosanue i K-159 (aBrycr 2003 ., THITA «Taiirep» CO).

- y4acTHE B MEXTyHAPOJHOM YUEHUH IO OKAa3aHMIO MIOMOINY U CIIACAHUIO DKUIAXKa aBapUIHON
w1 «Copbet Postn-2005» (mrons 2005 1., THITIA «Taiirep» UD).

- oKa3zaHue momomu u cnacanue skunaxa CI'A AC-28 (aBryct 2005 r., THIIA «Taiirep»,
PTIIA «Benom» OKBC u PTIIA «Ckopmno-45» BMC BenukoOpurtanun)

- MOMCKOBBIE paboThl MO TMOHMCKY OOpTOBBIX camonucleB camonéra A-320 ApMsSHCKHX
aBuanuuuit (Mait 2006 r., [IOK «Kanemapy)

- ydacThe B MOKa3HbIX yueHusix CeBepHoro, UepHomopckoro u banruiickoro ¢maoros mo
OKAa3aHMIO TIOMOINM JKUIMAXy aBapuiiHOW moxBomHol moaku (mtoHb 2005 1., THIIA «Tatirep», PTIIA
«Benom» CD, THIIA «Taiirep» U®D, PTIIA «Ilantepa [Tnroc» 328 DACO, THIIA «Taiirep» bD).

- y4acTHe B MEXIyHApOJHOM YUYEHHUH IO CIIACAHHUIO KUK aBapHIHBIX MOJBOJHBIX JIOJOK
«bonx Monapx-2008» (utous 2008 1., PTIIA «Benom», THITA «Taiirep» C®D).

- norckoBbie paboTel B TatapckoM mponuBe Ha Tuxookeanckom iore B 2009 roxmy.

BeiBox:

B macTosimee BpeMsi cpeAcTBa MOIBOJHOM pOOOTOTEXHUKH HAXOMIT BCE OOJBINEe MPUMEHEHHUE TPHU
BBIITOJTHEHUH MOPCKHX CIlacaTeNbHBIX ornepanuii. OcOOCHHO aKTyalbHO MCIOIB30BAHUE TENEYPABISIEMbIX U
ABTOHOMHBIX HEOOUTAEMBIX MMOJIBOIHBIX allapaTOB MPH BBIMOJHEHUH padOT IO JOMOUCKY, 00CIEI0BaHUIO U
o0ecrieueHUI0 TMOoAbEeMa 3aTOHYBIIUX 00BekToB. Ilogpasznenenuss BM® ob6nagaroT coBpeMEHHBIMHU
CpeACTBaMH NOABOAHON POOOTOTEXHHUKH, KOTOPHIE MO3BOJISIOT B TIOJHOM 00BbEME BBIMOJIHATH TOCTABJICHHBIC
3aJaud B 00J1aCTH [TOMCKOBO-CIIACATEIBHOr0 00ECIIeYCHUSI.

B.B. 3enenyos, C.B. Meoeeyxuit, I1.B. Kocmaues, B.A. Kosanenko, B.b. Kyopauoe,
ILB. Jlanmees, B.B. /lykvanuuxos
COBPEMEHHBIE POBOTOTEXHUYECKHUE KOMIIJIEKCHI CHELHUAJBHOI'O
HA3HAYEHMNSI /
B. Zelentcov, S Medvetcky, P. Kosmachev, V. Kovalenko, V. Kudryashov, P. Laptev, V. Lukyanchikov
MODERN ROBOTIC COMPLEXES OF SPECIAL APPLICATION

MI'TY um. H.D. Baymana, Mocksa /
Bauman State Technical University, Moscow
mail@mail. robotmobot.ru

CriernanibHbIe POOOTOTEXHUYECKHNE KOMIUIEKCH MpeIHa3HA4YeHbl IS MPOBeJeHHsT paboT B MecTax,
IJie IPUCYTCTBUE YEJIOBEKa HE JKENaTeNIbHO, JIM0O onacHo Juisi u3HU. Kpome Toro, Bce Oolbliee 3HAYCHUE
npruoOpeTaroT 60eBbIe pOOOTOTEXHUUECKUE KOMILIEKCHI.

B HUUCM MITY wum. H.D. baymana mnpu TEXHHUYECKOM COINPOBOXKICHUM HAy4YHO-
uccienoBareabckux noapasaencanii @Ch Poccum pa3paboTaHBl W M3TOTOBJICHBI MHOTO(YHKITMOHAIBHEIE
MOOMJIbHBIE POOOTOTEXHUYECKHE KOMIUIEKCHI, KOTOpblE 00pa3yloT psAa poOOTOB CBEPXJIETKOTO W JIETKOTO
knaccoB: MPK "Besnexonq TM3", MPK "Besnexox TM5", MPK "Bapan", MPK "Butsass", MPK "Ko6pa PK",
MPK "Ko6pa AK", MPK "T'mom" u MPK "Manrycr". MPK "Besmexonq TM3", MPK "Besmexonq TM5"
paspabotanbl copmecTHO ¢ OAO "KOM3", rae 1 0CBOEHO MX CepHitHOE TIPOU3BOJICTBO.
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TumoBo#l psig oxBaTbiBaeT MOOMJIBHBIE POOOTHI, UMetonre Maccy otr 6 10 200 kr. Po6oTel MoryT
paboTaTh KaKk B PeKUME AUCTAHLMOHHOTO YNPABICHHUS, TAK U UMEIOT 3JIEMEHTHl aBTOHOMHOTO YIPaBJICHHS.
Po60THI BBIMOTHEHBI HA 3JIEKTPOMEXaHUYECKUX MPUBOIAX C MUTAHUEM OT aKKYMYJIITOPHBIX OaTapeii.

K nacrosmemy Bpemenn B8 HUMCM MITY um. H.D. Baymana paspaGoransl HoBble Buasl MPK
IpeJHa3Ha4YeHHBIE [UI1 CEPUMHOTO BBITyCcKa. JTO, mpexae Bcero MPK BToporo mokosneHus Jerkoro kiacca
«Benpb» 1 MPK cBepxiierkoro kiacca «Bapsir.

Bropoe mnokoneHne B3pBIBO-TEXHHUYECKUX POOOTOTEXHHYECKHX KOMIUIEKCOB OTJIMYAeT BBICOKAS
NPOXOJUMOCTh, OONbLIasg 30Ha OOCITYXMBAaHUS MAaHUIYJSTOPA, TONHOCTBIO HU(pOBas pacipenelcHHas
CHUCTEMa YTpaBlieHUs Ha OCHOBE 00pToBOi cetm CAN, MeXaTpOHHBIM TPHHITMI TTOCTPOCHHUS Ha OCHOBE
(YHKIIMOHAIBEHO 3aKOHYSHHBIX Y3JI0B 1 MOJTYJICH.

[Haccu MPK «Bemnps» BBIITOJIHEHO Ha OCHOBE KOJIECHO-IIArarolllUuX MOJIYJIEH, BKIIOYAIOIINX B ce0s
CIICASIIME CHUJIOBBIC JIEKTPOMEXaHWYECKHUE MPUBOJA C BEKTOPHBIM YIIPAaBICHHUEM Ha OCHOBE 3-X (a3HbBIX
0E3KOJICKTOPHBIX JABUraTeiell MOCTOSHHOIO TOKA C IIOCTOSIHHBIMU MarHUTaMH, 1 MEXaHU3MBbI YIPaBIAIOLINE
TUIIOM JIBM)KEHUS.

Hcnonp3oBaHue Takoro maccu no3Boisier npeogoneBars MPK He Tonbko cTaHAapTHBIE MPENSATCTBHS,
HO U JABUTaThCs 110 JIECCTHUYHBIM MapIiam, Jb1y U PHIXJIOMY CHETY.

Manunyssatopsl HoBeix MPK moctpoeHbl Ha 0a3e CleOAIMX DJIEKTPOMEXaHUYSCKUX MPHUBOJOB, W
UMEIOT pEeXHMBI COBMECTHOTO YIIPAaBIEHUS HECKOINBKUMHM CTENEHSMM W aBTOMAaTHYECKOTO MIIU
MOJTyaBTOMAaTHYECKOTO CKIIaJbIBaHUSL.

Bcee cnenamme npuBonst MPK «Bemnpb»  pa3paboTaHbl Ha COBpPEMEHHONW MHUKPOKOHTPOJUIEPHOM
ocHoBe, uMeroT uHTepdeiic CAN M mocTpoeHbl Ha OCHOBE HMOAYMHEHHOI'O yNpaBlieHHs (BKIOYas TOKOBBIM
KOHTYp), 4TO MO3BOJIAET B PeajJbHOM BPEMEHH IOgy4yaTh MH(OpMAIMIO O BEIWYMHE TOKa B JBHUrarede,
CKOPOCTH BpAaIllEHUS U MOJIOKEHUH BBIXOJHOTO 3BEHA.

Pob6oTtorexnnyeckne Komriekcel, pa3padoranHsie B HUMCM, mo cBoeMy COCTaBy SBISIIOTCA
NOJTHO(QYHKIMOHAIBHBIMU ~ M3ACTHSAMH, BKIIOYAIOUIMMU B ce0sf IUCTaHIHMOHHO—YNpPaBiseMbli poooT,
OCHOBHOM U OII€paTUBHO—TEXHOJIOTUYECKUII ITyIbTHI YIPABICHUs, aHTEHHBII 1T0CT, HEO0OXOAUMBIE KOMIUIEKTHI
3UII 1 cMeHHOTO 000PYI0BAHNUS, YEXJIBI U KOHTEHHEPHI.

Kpome Toro, 3a mociemgHee Bpems Obun paspaboransl MPK  nmias  mpoBemenHuss aHTH-
TeppopucTrdeckux onepamuii. K Hum otHOCcsATCs MoOmibHbEIE poboTh! "Kobpa AK" u "Kobpa AK-M".

B noxmane mnpuBOAATCS OCHOBHBIE TEXHHUYECKHE pELIeHHs, WCIOJIb30BaHHbIE IPH CO3JaHHUH
POOOTOTEXHUUECKUX KOMIUIEKCOB W OCHOBHBIE TEXHHYECKHE XapaKTEPHUCTUKU poOoToB. Ocoboe BHHUMaHHE
yaensiercs nocnennum paspaborkam MPK "Bapsr" u MPK "Benps" PaccmarpuBaercss Takke KOHIIEIIIHS
MMOCTPOCHUS M TEXHHUYECKHE TMapaMeTphl YIeOHOTO TpeHaxepa-cuMyisTopa "Bepcus 2" mpegHazHaueHHOTO
st m3yuenus MPK "Besnexon TM3", "Besnexon-TMS", "Bapan" u "Bapsr".

Yvan Baudoin, Geert De Cubber, Eric Colon, Daniela Doroftei, Sid Ahmed Berrabah
ROBOTICS ASSISTANCE BY RISKY INTERVENTIONS: NEEDS AND REALISTIC SOLUTIONS/
Hean bodyan, I'upm /le Kyooep, Ipux Konon, lanurna /lopogpmeu, Cud Axmeo beppavax
POBOTOTEXHHMKA IIOMOT AET ITPH BBIITIOJTHEHUU OITACHBIX ONEPAIIUI: 3ATAUA U
PEAJIBHBIE PEHLIEHUSA

Royal Military Academy, Brussel, Belgium/
Koponesckas eoennas axaoemus, bpioccens, benveus
yvan.baudoin@skynet.be

1. Introduction

According to the International Advanced Robotics Program (IARP— www.iarp-robotics.org ), the
Advanced Robots, while somewhat difficult to define precisely, have one or more of the following
characteristics: to be able to sense and adapt to their environment , to be mobile , to operate in harsh,
demanding or dangerous conditions or environments, to operate in non-manufacturing applications such as
space, underwater, nuclear, tunnels, agriculture, medical and healthcare, civil engineering and construction,
intelligent manufacturing, fire fighting and emergency rescue operations, services, domestic applications and
personal robotics.

Navigating intelligently in an unstructured unknown environment while accomplishing useful tasks is
not a trivial problem and many aspects have not been completely solved by the scientific community. A
complex mission cannot be simply solved by assembling disparate components and hoping that they will
seamlessly cooperate to achieve the mission.
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Two risky applications have been considered in the Robotics activities of the RMA: the Fire-fighting
operations when dangerous products may affect the safe work of fire-fighters, through the participation to a
European project called ‘View-Finder’ (https://www.view-finder-project.eu) , the CBRN-E threats (including
the de-mining operations on fields where AP-mines or sub-munitions have been laid or buried.

2. Objectives and requirements

2.1. CBRN-E

The scenario of a terror attack using mass destruction and non conventional warheads is today a major
concern of Europe. A device including CBRN-E (Chemical, Biological, Radiological, Nuclear agents and
Explosives) agents may be found before its activation. It is widely accepted that such a scenario will be
possible in the near future. In such a scenario it may happen that the device is not yet activated and Special
Forces are required to give an immediate response. Most of these devices will contain only explosive
warheads, but some chemical projectiles, which were left during and after WWI are still around in Middle
Europe countries. The current technology of neutralization of munitions is based on remote manual operation,
which is a very demanding and dangerous activity, since the human operator is assumed to remember
technical details of thousands of possible treats. The innovative technologies should thus include a computer
based device localization and identification, the development of an intelligent Command, Communication and
Control station, where new sensors and human supervised autonomous control enables a distant intelligent
robot to perform its task with maximum available knowledge; precise manipulation and world wide technical
support in order to maximize the probabilities to successfully complete the task to neutralize a terrifying
device. Some described activities are realized with the volunteered support of the Belgian relevant expert units
(DOVO and DLD).

The next figure illustrates the missions devoted to the DOVO (Defense Unit for EOD Explosive
ordnance disposal, IEDD, Improvised explosive device detection), including humanitarian de-mining
operations, over the world:
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2.2. Fire-fighting

The objective of the ‘View-Finder’ project is to develop and use advanced robotics systems, equipped
with a wide array of sensors and cameras, to explore a crisis ground in order to understand and reconstruct the
investigated scene and thus to improve the decision making. To reach its goals, the project should define and
develop an open, flexible and generic information tool which will allow the decision makers and the
emergency workers in the field to take the right decisions in an efficient and effective way.

The entire View-Finder system should be a complete semi-autonomous organism, composed of two
on place high level conceptual entities communicating with each other: the robots and the Control Operation
Centre (COC).

The key appliances of the system are the robots which are designed to navigate on an individual or
cooperative but semi-autonomously base within a crisis area. The purpose is to gather chemical and visual
data of a zone which might be inaccessible for men. The COC is the local operations centre, located nearby
the emergency ground, and can be considered as a decentralized command post of the permanent crisis centre.
It is staffed with crisis managers and technicians and combines : (1) a Base Station (BS) The BS is the main
control station from which operators, which are specialists in robot control, manage the robots by giving them
high-level instructions. By doing this, they monitor the intervention of the robots. This means that they can
renew task assignments or detail tasks of an individual robot.

Besides the monitoring duty, the operators will also be trained to interpret the raw data gathered from
the sensors, which they will send to the COC; (2) a Crisis Management Information System (CMIS) The
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CMIS is the nerve centre of the COC. It is a local access point of information to the crisis coordination
services in the COC, enabling real-time coordination of the View-Finder robot data with higher level
information and 3 crisis coordination decisions, coming from the Permanent Coordination Centre, which can
be found on a national or either regional level. The next figure summarizes the global system:

COC/Robots-COC/Humans

COC/Crisis Management
Center

2D, 3D
vision

mapping

2.3. Humanitarian De-mining

The mines have been used for the first time during the American Civil War in the United States (1861-
1865). Antitank (ATK) mines were later ameliorated and laid on the battlefields of the First World War: the
mine-clearing operations didn’t pose major problems with those visible or easy-to-detect ATK-mines, reason
why Anti-personal mines have been conceived and systematically used on the ATK minefields during the
Second World War: such mines prevented the enemy from easy de-mining of the defence system. But the
Anti-personal mines are today more and more used as offensive weapons and for sowing the terror among the
civilian population of a country affected by guerrilla war: the marking of the minefield does no more exist and
the Anti-personal mines, often buried in the ground, remain active after the war: about 60 millions AP-mines
infest today 70 countries all over the world, two-third of them in Africa and South-East Asia... AP mines of
the Second World War still exist in all the countries of Europe...45 countries are today assisted by the above
mentioned European Assistance, namely Afghanistan, Albania, Angola, Armenia, Azerbaijan, Belarus,
Burundi, Cambodia,Chile, Colombia, Croatia, Cyprus, DRC, Ecuador, Eritrea, Ethiopia, Georgia, Guinea-
Bissau, Honduras, Indonesia, Iraq, Jordan, Kosovo, Kyrgyzstan, Laos, Lebanon, Mozambique, Myanmar,
Nepal, Nicaragua, Peru, Russia, Senegal, Serbia, Somalia, Sri Lanka, Sudan, Tajikistan, Tunisia, Uganda,
Ukraine, Venezuela, Vietnam, Yemen. This list obviously evolves with new signing parties
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Two definitions coexist: according to the military standards, an AP-mine is a pyrotechnic instrument
developed for being activated by an involuntary action of the enemy in order to set him out-of-fighting.
According to the Civil Right, an AP-mine is some object placed on or under the ground or any surface,
conceived for exploding by the simple fact of the presence, the proximity or the contact of a person or a
vehicle. On a general way, two models of mines exist: the blasting mines and the fragmenting ones: more then
700 known types of mines have been produced in about 55 countries, varying each from other by the
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explosive-load, the activation mean, the action-range, the effects they have on the human body, etc. The next
Figure shows a sample of AP mines

Since 1975, the mines have killed more than one million people, essentially civilian people and
children: about 70 victims per day or 26.000 victims per year, about 300.000 severely disabled children. The
people affected by this plague are these ones who less support the medical, social and economical
consequences: the ICRC (International Committee of the Red Cross) estimates that 2/3 of the surviving
victims must get into debt for life, a life expanse reduced to 40 to 50 year: they will need about 20 prosthesis’s
and will pay about 120 euros each , that in countries where the individual mean income varies from 10 to 25
euros per month: crutches are often the only tool they may pay for walking

2.4. Requirements

The requirements defined in the above projects require many advanced capabilities. The robot has to
autonomously travel between assigned waypoints while collecting information with a gas or a CBRN-E
detection sensor. While the goal appears simple it is not and actually requires following capabilities:

2.4.1. CBRN-E and Fire-Fighting Assistance:

Reliable self location estimation

The estimation of the robot position is realized by a Visual Simultaneous Location and Mapping
system that integrates data from several sensors: GPS, Inertial Navigation System, odometer and images from
a monocular camera. This solution provides accuracy and reliability by combining information from different
sources.

Detection and avoidance of obstacles

The environment perception mainly relies on artificial vision. Several concurrent processing are based
on images:

- Motion augmented stereo-vision that provides superior results compared to the classical method

- Terrain Traversability estimation to discriminate passable and non passable ground
- Fast automatic human victim detection.

- Possible neutralization, destruction or removal of a suspected package

Mixed control

The robot can be remotely controlled by an operator (normal procedure) or be tasked to automatically
move between waypoints. The Behavior based control architecture integrates both control modes with
automatic navigation and vision modules.

Integration of distributed processes

All the previous capabilities have been implemented with the CORBA based framework CoRoBA
developed at the Royal Military Academy. Communication between processes running on board of the robot
or on the Base Station is simplified by the architecture of this framework that has been explicitly tailored to
Robotics applications [1]

Virtual environment for training and simulation

Operator’s skill can be trained in a virtual environment that reproduces typical intervention scenario.
A second advantage concerns mission debriefing and analyses. Offline processing of environment data
collected during the missions allows the automatic reconstruction of the environment and the motions of a
mission. This 3D reconstruction approach is based on dense structure from motion recovery from images. The
3D model can be imported in a 3D simulator for testing alternative procedures.

Disaster Management Action Plan and crisis management information system

In emergencies, crisis managers and emergency workers are very often faced with the information -
paradox”. Whilst information tends to be scarce in the early stages of a crisis, the responsible and intervening
personnel will be overloaded with information during the latter stages. This state of duality can lead to
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information not being appropriately considered and analyzed, to poor distribution and integration of
information, and consequently, to the risk of poor decision making.

Therefore, it is very important that, during each stage of a crisis, all involved managers and
emergency workers dispose of the correct information at the right moment, so they can intervene in an
efficient and effective manner. Consequently, one of the major challenges is adequate dissemination of
information; top-down as much as bottom-up. [2]

2.4.2. Humanitarian de-mining

Several workshops, a.o. organised by the European Network CLAWAR (Climbing and Walking
Robots and associated Technologies, now became the CLAWAR Association Ltd) and the IARP
(International Advanced Robotics Programme) allowed discussions on the possible R&D activities for solving
the problem(s): robotic systems are not (yet) felt today as the most promising solutions, due to their high cost,
the use and maintenance difficulties, the varying (daily changing) terrain conditions, etc. However, specific
tasks could be entrusted to mechanical mine disposal systems (or, if efficient, roboticized sensor-carriers):

1) the cutting of the vegetation : this is a mechanical (Tele-operated or not) assistance that doesn’t
need high level research activities, but adaptation of existing mobile cutters: one may consult the repertory of
the GICHD

2) the mine-clearance of large agricultural areas: a detailed and recommended study has been
managed by Havard Bach, Head of Operational Methods Section (GICHD, 2004).

3) the detection tasks in very dense and dangerous areas (woody areas, mountain,..that constitute
about 53 % of the infested areas) : such tasks could imply the realisation of specific robots, for instance multi-
legged robots, a difficult long-term challenge

4) the delineation of the borders of a suspected area : task that could be entrusted to aerial tools : the
EU encouraged several R&D projects focusing on this task

5) the systematic scanning of a zone : priority to the manual de-mining with enhanced multi-sensor-
heads, but also assistance by mobile robotics systems on request (safety)

6) the inspection of an area after manual de-mining or mechanical clearance

More than or about 53 % of the minefields are un-structured (terrain) minefields in uneasy accessible
areas: they are located in the South-East Asian Countries (Laos, Cambodia) and in South and Central Africa.
Some of them are also located near destroyed villages or cities in European Countries (Kosovo, Bosnia) .
Focusing on this kind of minefields (and thus avoiding the use of simple commercial vehicles (only road
access or easy terrain) and avoiding the pure mechanical mine-clearance efficient in the other cases), we may
underline some first advantages of light-weight modular low-cost robots:

1) improvement of the safety in very dense minefields or fields containing a high percentage of iron
(1/3 of the areas treated in Cambodia, for instance): a precise scanning, according to well-drilled motion-
procedures, will allow the mapping (terrain modelling AND mine localisation) of large areas with the same
(or better) efficiency (than this one of the Human de-miners) but improved safety. Dogs (and drawbacks of
their use) may also be replaced by RMV (remote controled vehicles): the standard de-mining procedures
would be applied with smaller intervalles between the scanned corridors (speed increase). The next picture
illustrates the actual standard manual scanning procedure

KPC Kosovo: paalel scning with metal-detector
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Corridor (1m large) Dulje Pas Area - Kosovo Area delineation Dulje Pas - Kosovo

2) improvement of the ‘productivity’ of Human De-miners (example of better productivity: larger
areas inspected with same number of H.D) Indeed, due to their (relative) inexperience, fatigue , lack of
attention and fear, Human de-miners are progressing very slow (less than 100 m? in difficult areas) Replacing
them by a sliding robot moving step by step (or another kind of robot according to the local constraints) could
allow the reinforcement of other teams of Human De-miners, necessary where no any robot may access to)

3) progressive implementation of High-Level/Low-Level Scanning procedures. As long as aerial
detections don’t give precise and reliable information, the combination of aerial detection information and
terrestrial scanning remain necessary: it is nevertheless excluded to ask human de-miners to take into account
with the ‘aerial maps’ for changing their scanning drills (corridor per corridor) while a mobile robot (or better,
several mobile robots) could ‘navigate’ according to well-known HL/LL strategies (path-planning methodes).
Such navigations could increase the efficiency of the detection tasks.

4) multi-Tooling of a mobile robot: even if a performing hand-held multi-sensors could increase the
efficiency of the detection by decreasing the FAR (false alarm ratio) , no doubt that the same de-miner cannot
detect, mark and neutralize the mine at the same time: the ‘manipulation of several tools’ in a dangerous
surface has already lead to accidents (loss of equilibrium, lack of protection during the pose of markers, etc..):
a multi-tool arm may equip a robot allowing the cutting, the scanning, the laying of a marker or the spreading
of a chemical neutralizer

5) multi-robotics , multiple locomotion means: in a same area, one can envisage the possibility to
combine several kinds of robots according to the terrain: multi-legged, wheeled and tracked, working under
supervision of Controllers while Human de-miners could focus on the unreachable areas.

6) development of DUAL USE systems: one of the problems of the HUDEM technologies lies in the
fact that the development of specific systems (robots) are not industrially rentable: the development of
techniques combining the sensory AND the robotics may be extrapolated to several applications and thus
enhance the industrial interest. Examples are:

- Systematic inspection of dangerous areas after earthquakes

- Systematic inspection of dangerous areas after Nuclear/Chemical accidents

- Space applications (March Rover...)

- Survey of forests and prevention of Fires

- Military Robotics (including the Mine-clearing Ops during Peace-keeping/holding missions)

Those technical challenges have defined the Research and Development activities of our Robotics Lab
of the department of Mechanical Engineering. It was first necessary to correctly try to define the basic
requirements of such developments (par 7). However, before designing mobile robots, a survey of the
mechanical mine-clearers was also felt as necessary and our IARP workshops combined scientific lectures and
on-the-field demonstrations. As an example, demonstrations have been organised by our Japanese colleagues
during the 6th IARP Workshop in Tokyo, 2005 8

3. Behaviour based Robot control (View-finder Project)

The next figure illustrates the general robot control architecture [3]. The ROBUDEM robot used in
this setup features 2 on-board processing stations, one for low-level motor control (SYNDEX Robot
Controller), and another one for all the high-level functions. A remote robot control PC is used to control the
robot and to visualize the robot measurements (color images, victim data) from a safe distance. All data
transfer between modules occurs via TCP and UDP-based connections, relying on the CORBA and COROBA
[1] protocols. The wireless link from the on-board high-level PC to the remote robot control PC is set up via a
Wi-Fi connection.
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The robot is equipped with four main sensing abilities: a stereo vision system, a GPS system, an
orientation sensor and a sonar array. All the modalities discussed above are encompassed in a behavior based
framework. We will now discuss the structure of this global control architecture, depicted in the Figure, by
explaining the different components from left to right.

To begin, the remote human operator disposes of a joystick controller, which enables him to steer the
robot, when in Tele-operation mode. For safety reasons, the wireless connection of the robot to its base station
is continuously polled by a connection checker. As such, the robot is ordered to stop or to return to the base
station when the wireless connection has been lost.

The information coming from the sonar array is used by a fuzzy-logic based obstacle avoidance
behavior which steers the robot away from obstacles detected by the ultrasonic sensors.
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The information from the stereo vision system is used threefold:

1. The color images are sent over the wireless link, such that the human operator receives at all time a
visual cue of the environment. This is absolutely necessary when the robot is operating under tele-operation
mode.

2. The (left) color image is sent to a victim detection module. This module incorporates a vision-based
human victim detector (adapted Viola-Jones algorithm [4] The victim detection module will report any
detected human victims back to the human operator at the remote control station.

3. The calculated stereo disparity image is sent to a terrain Traversability estimation module. This
module incorporates a stereo-based terrain Traversability analysis algorithm, generating a map of obstacles.
From the obstacle map, a behavior is constructed to steer the robot away from these obstacles. [5]

A Visual Simultaneous Localization and Mapping processor takes as input information coming from
different sensors: odometry, GPS, orientation sensor, prior map data (if present) and a color camera. From this
information, the V-SLAM module builds a map of the environment while localizing itself in that map. This
geo-referenced spatial information is sent to the remote station and is also used by a path planning module.
From the robot control station, the human operator is able to compile a list of waypoints for the robot. The
path planning module compares this list of waypoints with the robot position and calculates a trajectory to
steer the robot to the goal positions in the list. The first point on this trajectory list is sent to a GoToGoal
behavior module, which aims to steer the robot to this point, as such executing the trajectory defined by the
path planner.

A Behavior Fusion processor takes as input the objective functions of the different behaviors and
fuses this information to come to one consistent and globally optimal command to be executed by the robot.
These objective functions are multi-dimensional functions which reflect the preference of each behavior for
each type of possible actions.
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The presented behavior-based control methodology was implemented on the robot, using the
COROBA [1] software architecture platform. The experimental validation of the presented technique was
performed by doing field tests, evaluating the performance of all subsystems and of the robotic system as a
whole. The next figure shows the ROBUDEM robot during one of these field tests (post- aircraft- crash
management — see Wikipedia video View-Finder)

4. Dense Motion augmented stereo-vision (View-Finder project)

The next figure shows the results of our developed dense motion-augmented stereo estimation
algorithm [5]. By comparing the disparity estimation result of the developed methodology, as presented by
Figure (d) to the result of the classical stereo approach, without the presented augmentations, it becomes
immediately evident that the proposed methodology outputs superior results compared to the classical method.
The disparity map as estimated by our method presents no disturbing holes, the depth gradient of the ground
plane is well-visible, the 2 obstacles on the ground can also be easily discerned on the disparity map, and even
the building, which is very far away, can be distinguished on the disparity map of Figure (b). On the disparity
map from pure stereo, as presented by Figure (c), on the other hand, there is only a very limited depth
resolution, many holes are present in the disparity map, and only the big obstacle on the left can really be
distinguished. It is thus clear that the presented methodology outputs disparity maps which are not only
visually better, but also better suited for post processing, e.g. for terrain Traversability estimation.

The processing time required to estimate a dense depth map using the presented methodology is about
1 second, which is still reasonable for near-real time applications and it is to be expected that in the near
future, 10 with the constant increase in processing power, the calculation time will go down substantially,
allowing full real-time operation.
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5. CBRN-E Project

Our project, derived from the results of the View-Finder one, also suggests developing a specially
designed neutralization robot with mobility and manipulation capabilities that is controlled from a remote
supervisor station. This robot will be able to identify suspicious terrorist devices in urban environments
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(streets, squares, gardens, train/metro stations, airports, etc). It is assumed that neutralization will be required
in an urban scenario that may include some typical urban Traversability difficulties like stairs, slopes, debris,
and similar objects [6]. However, it may require operating also in environments like power plants, storage
tanks areas, etc. We ideally opt for an omni-directional robot [7]

This robotics system should include:

a. Sensors for IED with CBR(N)-E content.

b. Mobile platform carrying onboard sensor packages, robotic systems (manipulators, rovers),
localization [8] and communication subsystems [1].

¢. Manipulators for data gathering and neutralizing effects in the Red Zone.

d. (Mini)-Rovers that carry samples from the RED (danger) to the GREEN (safe) zone.

e. The Command and Control station.

All these subsystems will continue to be subject to extensive research activities. The sensors packages
for IED with CBRN-E content are major tools for neutralization of terrorist devices. They will reside inside a
mechanical device which provides appropriate protection, have fast locking/unlocking connectors, and will be
in a well defined position that is easy to reach by the operators. They will be handled by the operators to
investigate the suspicious target. More sensors will be used to assess the overall neutralization task, to
improve overall detection capabilities, to launch alarms, to control the robot subsystems and to monitor the
whole system behavior. Project partners (DOVO and DLD) have extensive experience in sensors for IED with
CBR(N)-E.

The mobile robot platform (MRP) performs a major innovative neutralization task: it will permit
remote IED and it will provide a safe envelope for the sensory heads and all other onboard equipments. All the
samples of volatiles and dust particles, which were gathered by the special tools with the help of the operators,
will be inserted into small containers and delivered to the green zone by means of the small rovers to be
analyzed in a mobile lab. In general, onboard analysis will be avoided because this will increase the
complexity and size of the MRP. Nevertheless, there will be “first alarm” sensors and even more complex
ones (for example some biological, radiological and radioactive meters) when their size, technical
characteristics and associated cost will allow it. The mobile robot platform will be able to move in urban
environment covering all the required working positions. It will enable the operators to fulfill their tasks using
manipulators capable of reaching their targets of interest. DGPS will allow fine positioning of the MRP [8]. A
sufficient power will be necessary to all onboard subsystems and will allow greater autonomy at maximum
performance than similar current systems. A third major subsystem comprises a dual manipulator system for
gathering data and to perform neutralizing effects in the Red Zone. Each manipulator will be designed to
handle the sensor payloads plus other necessary tools for demolishment of the device (laser, plasma or
mechanical cutting, spraying nozzle for decontamination, grippers, etc.). Both Tele-operation and robotic
modes (including playback of recorded sequences) could be used. Handling and reach capability of
manipulators will be decided according to the weight of payloads and to the operational requirements and
specifications. State-of-the-art force feedback capabilities will be incorporated to facilitate remote interaction
and careful manipulation around sensible targets. Materials (first approach indicates stainless steel) and design
(example using pressurized inert gas inside) of manipulators will allow external decontamination and re-
usability of most components.

First Lab Omni-directional robot (Techmical University of lasi —
|.Doroftei) for study of kinematical and dynamical properties
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The fourth major subsystem of the proposed methodology consists in using two small rovers
(PIONNEER types). Their mission is to transfer samples from the red to the green zone across the
Contamination Reduction Area (CRA). This will prevent the MRP to go back and forth between the red and
the green areas. This optimizes its use and saves vital time. We shall consider use of at least two rovers to
allow one of them to operate in the red zone while the other is transporting samples or is being
decontaminated. Rovers will be powered by small size, low energy consumption batteries. For the project
purposes, adaptation of existing rovers with the required new characteristics can be a good strategy. Remote
control from the Command and Control Station will simplify its operation.

6. Robotics for Humanitarian de-mining Projects (1997-2007)

It is necessary to identify which are low key technologies and which are the higher ones, in order to
take into account the development time scales required to bring to maturity the newer technologies - some of
these may be up to ten years away from maturity.

The reliability of the equipment to detect and neutralise mines will need to be specified in Quality
Assurance (QA) terms e.g 99.9% clearance guarantee. The European Joint Research Centre in Italy has first
published some quantified standards against which application trials should be measured. The ITEP
(International Test and Evaluation Program — www.itep.ws) pursues today the same objective through
dedicated tasks.

Measurement and pinpointing accuracy will need to be defined. It is suggested that the limit on this as
a benchmark could be a quarter of the diameter of the smallest AP mine, say 10-15mm resolution. As a result
the robot will need to be able to carry a marking work package and a means of communicating its position in
the minefield. Accuracy of +/- 1 cm would be ideal.

The environment will play a large part in determining the attributes or characteristics of the Robotics
equipment. In fact it is unlikely that a multi-purpose, single machine will be developed that will cope with all
forms of environment. The environmental issues fall into various categories and equipment operation will
need to be defined as desirable or mandatory under these conditions. Main environmental characteristics that
need to be taken into account are:

= Weather eg temperature, snow, ice, frost, rain, wind, humidity .
= Terrain, e.g., urban - street, inside buildings; rural - desert, rocky, heavy vegetation, possible
water scenarios.

Payload assessment must take into account two factors, expectations based on current engineering
capability and those desired for the future, although the latter may be quite impractical at the present time.
However, from knowledge of the various sensor systems being considered, a payload in the range 5-15kg is
likely.

Various mechanism types are being considered. There is a need to concentrate on scenarios where
tracked and wheeled vehicles will be unable to carry out the de-mining task. The likely configuration will
therefore be a light-weight, articulated legged walker able to clamber over rough terrain, cross ditches, walk
through heavy vegetation without disturbing it and hidden trip wires, climb steep slopes, etc. It will also have
sufficient degrees of freedom of its body with respect to its legs to deliver sensor work packages and marking
devices, probably on a boom or manipulator to difficult to access positions, accurately.

The actuation method is unclear. Electric motor driven joints seems the most likely although
pneumatics should not be ruled out. Either way, the power requirements of the vehicle are likely to exceed
significantly those of the work package. Use of an umbilical, although possible, will seriously degrade the
operational scope of the vehicle so suitable on-board power devices may be required. The weight of battery
packs or motors for producing compressed air is significant and a balance between functionality and mission
length may be hard to achieve. Soft pneumatic muscle actuators may provide some solution since, weight-for-
weight, they are able to provide much higher power for lower pressure than pneumatic cylinders. In the short
term, the use of an umbilical may be necessary whilst suitable on-board power technology is found

Motion control will need to be highly sophisticated. General motion in difficult terrain will need
advanced adaptive gait control such as is being developed at present in various research centres. Closely
controlled motion will be required to deliver sensor packages to accurate positions when detection is in
progress. The motion of the vehicle will demand by far the highest power requirements. Whilst some
scenarios will allow the use of an umbilical, many will need more autonomy so an on-board power supply will
be needed. Thus efficiency of motion will be most important, requiring advanced control algorithms. On the
other hand, speed is unlikely to be paramount since detection will take time and will probably limit forward
motion.

The modes of operation need to be specified. Most requirements will have a man-in-the-loop
operation and there will be a direct line of sight operation at a safe distance. This safe distance will have to be
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specified and as will the method of ensuring that the safety restraints are carried out correctly. Typically,
current methods for remote control from close in up to 1-2 km distance use Tele-operation.

Examples of the advantages of Tele-operation are that the task can be carried out by a single operator
and that camera positions are easily selectable using a microwave link or fibre-optic for a line of sight video
transmission from the machine to the remote command station. To carry out complex tasks, the numbers of
cameras needed and their positions will have to be considered. It is likely that at least two fixed or one
rotational camera will need to be fitted to the vehicle to give all round viewing during operation. Operator
control units can be fitted to display single or multi-image options. The communication link might be a 1.4
GHz video link as used in the systems for Grand Prix F1 racing. Fibre optic links that offer high bandwidth
can be used but the trailing of cables can be a problem over long distances. A communications link to carry
control and sensor feedback signals will also be required.

In summary, machines to carry out de-mining activities in place of human de-miners are generally
likely to be wheeled or tracked. However, there is a possibility that in certain terrain, walkers will add value.
There is little likelihood that pure climbers will be required. Assuming that the friction of its feet to the ground
is sufficient to provide the traction required, then provided the vehicle has the motive power to operate on
steep inclines by modification of its gait, then a walker is sufficient. Such machines are likely to be light in
weight. The control and communications system is likely to be of a nature which will facilitate the addition of
higher order functionality such as sensor fusion, HMI, navigation, etc.

The walker will need to carry several kg of work packages; a selection from vision cameras, IR
cameras, GPR, UWBR, metal detectors, chemical sensors and other more advanced detectors. Some may need
to be held on a boom arm or manipulator. The machine will need to be able to traverse rough ground without
operator intervention so a high degree of gait “intelligence” is required. Since ground conditions will vary
considerably within mission, it will need to be able to sense ground condition and adjust its gait in-mission. It
will need to be able to hold detectors in a pre-determined relationship to the ground contour and to control
delicate prodding movements.

The complete system will need to integrate the vehicle control and navigation systems with a data
fusion system that will discriminate, to a high degree of confidence, between mine and ‘no-mine’ conditions.

Some such machines may need to be specified so that they can operate fully submerged in shallow
seawater.

6.1. Our realistic solutions.

Conventional vehicle-mounted mine detector systems employ an array of sensors elements to achieve
a detection swath typically 2~4m wide maximum . Some systems employ more than one type of sensor
technology. These systems, while being very useful are often expensive, unsafe, complex and inflexible. The
IARP workshops have on the contrary shown that the use of Robotics Systems (Remote controlled vehicles)
could improve the safety and the clearance efficiency and that they may be considered as promising tools.
However, the development of a Robotics System (RS) implies the design, the reliability and the cost-
effectiveness of its modular components: those ones appear in next figures . (Nonami, 2005) (Fukushima,
2005) (Fukuda, 2005), (Doroftei, 2007).

a. Gryphon-1V remote b. Mine detection robot c. Mine Hunter Vehicle,

manoeuUvring experiment., ROBUDEM — Royal Military equipped with a

Tokyo Institute of Academy (RMA, BEL) teleoperated hydraulic

technology, JF manipulator, Chiba
University, IP

SLIDING ROBOT: a first strategy we suggested to start with consisted into the use of a step-by-step
motion of a multi-legged electro-pneumatic sliding robot equipped with a 3D scanning device:, namely a
metal-detector : the robot AMRU-4 was designed and demonstrated in 1997 on a dummy minefield laid at the
RMA.
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LEGGED ROBOT: the major drawback of this first sliding robot lies in the fact that it may not be
used on irregular terrains. As a consequence, I decided to build an electrical six-legged robot. The first
prototype was also ready by 1997, but again actuated by pneumatic linear and rotative cylinders and thus
constrained by a feeding umbilicus (AMRU-2).

e

T
We then decided to build an electrical six-legged robot, AMRU-5.

Building a walking robot requires more expertise than a simple programming. The robot designers
must own a compendium of basic skills from fields such as mechanical engineering, electrical engineering,
computer science, automatic control and artificial intelligence. On the other hand, they must be able to
identify the real needs, to create original ideas, to provide feasible designs, to consider environmental effects,
and to come up with reliable devices, products, systems with expected performance and with reasonable costs.
The main aim of these designers is to develop a machine that would satisfy at best the needs, would be
economic, and would have the best technical and operational characteristics.

Very often, it is hard to reach requirements at the first attempt. Therefore, an iterative procedure has
been continuously applied on our tentative design with the intention to reach these requirements.

Many walking robots are controlled using the hierarchical approach or a part of it except on robots
where:

A simple control (“bang-bang” or on-off control) is implemented and all possible sequences of the
states of the robots are determined in advance. This was the case of the first previous described

AMRU-4 and AMRU-2
Alternative or advanced approaches are implemented such as the hybrid architecture (obtained by
introducing reactive behaviors in a hierarchical approach).
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Almost all proposed architectures based on the hierarchical control are the same. They differ in terms
but the idea remains the same. We have considered the architecture shown in next Figure proposed by M.J.
Randall and A.G. Pipe [10].

SENSORY INPUT]

CONTROLLERS
status k V m
1. MOTIVATION flag v"r "
s X 3a. GATT
Y PLANNING
2. BODY \
TRAJECTORY
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KINEMATL for Balancing
staus R
flag ‘r 0 “
4. DYNAMIC 3b. LEG
COMPENSATION TRAJECTORY
t stams k 9
flag “

LOWER-LEVEL LOWER-LEVEL
SENSORY INFU CONTROLLERS

The first and the highest level is the motivation. For a walking robot used in mine clearance, for
example, the motivation could be “find a mine” by means of high level sensors such as metal detector, Ground
Penetrating Radar (GPR), video images, etc.

The second level is the body route generation. When the goal to attain is known, this level must
establish an appropriate body centred trajectory. This is done by converting the high level command (find a
mine, for example) into a velocity vector V and an angular velocity vector w, for the body centred frame.

The third level is the kinematic planning which involves two sub-levels namely the gait planning and
the leg trajectory generation shown in Figure 6. The gait is a walking pattern and it can be defined by phase
differences between the legs during their motion. At this level, the phases between the legs are determined,
and also the stroke of the legs endpoint, are determined.

At the fourth and the lowest level, named dynamic compensation, the target joint space vectors are
turned into actuator signals. This level minimizes errors between the target vectors and the actual position of
the joints.

TRACKED ROBOT: Beside the design of a multi-legged robot, we also started with the adaptation
of an existing but ‘obsolete’ tracked EOD robot of the DOVO. First by equipping its manipulator with a
frontal scanning metal-detector system controlled from an electric servomotor, then by designing a lateral 3D
scanner controlled from 3 servomotors: the technical characteristics may be found in the repertory of the
annexe 4 (HUNTER).

_

The next scheme illustrates the whole architecture of the Hunter. The HMI, called CORODE has been
developed by Dr Eric Colon, and later extended to a COROBA framework [1]

66



|

&

v
=e @ N |
e [, [ e i e 2288 I
=" S LA
=] R ame .4 "<fr
-F- i
i =9 0

WHEELED ROBOT: a next vehicle has been developed, equipped with three independent
driving/steering wheels for to obtain a very large mobility and modularity. The design of the TRIDEM has
been entrusted to a researcher of the Free University of Brussels, while the control has been achieved by Dr Ir
JC Habumuremyi.; 17 the robot is intended to be used for the ‘Quality Assurance’ of a de-mining task. After
the mine-clearance, a last detection task could confirm the total absence of remaining Explosive devices.

Intialig

” ol - -
b o S

COMMERCIAL WHEELED ROBOT: finally we opted for the se of a commercial platform (called
ROBUDEM)

The ROBUDEM is a commercial platform delivered by the French Company ROBOSOFT and
adapted by our UGV Centre:

- First with a 3D scanning system for Humanitarian mine detection tasks (next picture) (project
HUDEM)

- Then with a set of sensors (DGPS, Inertial sensor, Stereo camera, Ultrasonic sensors and chemical
sensor) for the robotics assistance to Fire-fighting services (project VIEW-FINDER)

The ROBUDEM has four wheels that are individually actuated by electrical motors. The two axles are
steerable and are actuated by two linear electrical motors via an Ackerman mechanism. The following figures
show the real robot and its 3D model.

The ROBUCAR of ROBOSOFT The adapted ROBUDEM and its The MODEL as simulation tool in
lateral scanner (D.Doroftel, 2007) | the COROSIM software (E.Colon,
2005)
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The control architecture describes the strategy to combine the three main capabilities of an intelligent mobile
agent: sensing, reasoning (intelligence) and actuation. These three capabilities have to be integrated in a
coherent framework in order for the mobile agent to perform a certain task adequately.

The working principle of the proposed control architecture is sketched on Figure 17. There are three
distinctive modules to be discriminated: Navigation (on the right side), Mine Detection - Scanning (in the
middle ) and Metal Detection (on the left side). These three processes are controlled by a watchdog, the robot
motion scheduler, which manages the execution of each module and decides on the commands to be sent to
the robot actuators. This robot motion scheduler is explained more in detail in [11]

l Mine sensor | Sensors
Scanning

[ !
Metal Detection Metal Detection

1 SLAM
Mine Imaging

Global map

B
MNo Yes Mavigation
Safe Path

‘ Robot Motion Scheduler

Robot command

7.Conclusions

From the analysis of the realized [9] and proposed technical solutions, other related tasks that need
intervention in a hazardous arca may be envisaged (earthquake, Vulcan eruptions, Nuclear Explosion,
SEVESO Accident, etc). This paper is a summary: readers interested by details may consult the View-Finder
Website or our http://mecatron.rma.ac.be and, obviously, the references
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3anavya U3ydeHusl U CHHTE3a JIOKOMOIUI — 3TO MPEX]Ie BCEro 3ajada CO3JaHus MAllliH U YCTPOKCTB,
CITIOCOOHBIX TEpPEMENIaThCS B E€CTECTBEHHBIX YCIOBHSX, IO O€3IOPOXKBIO, JTUOO BOOOIIE HCHOIB3YIOIMINX
HETPaJULMOHHBIE JABVKUTEIIH.

B rTakux 3amayax miararoliue MalllMHBI Ba)KHBI M aKTYaJbHBI, OCOOCHHO KaK CpPEICTBO DPEUICHHS
MPOOIIEMBI TIEPEIBIKEHSI TI0 0€3/TOPOKBI0 M, BOOOIIE, TI0 MECTHOCTH CO CIIOKHBIM penbedoM. OObsicHAETCS
9TO CIEAYIONIMMH OOCTOSTENFCTBAMH. YTBEPKIOAeTCA, YTO Oojiee TIOJOBHHBI 3€MHOW ITOBEPXHOCTH
HEAOCTYIIHO IJId TPaAUUIHUOHHBIX TPAaHCIOPTHBIX CPEACTB - KOJICCHBIX, 1100 T'YCCHUYHBbIX. Ho BOo mHOTHE
HEJIOCTYITHBIE MECTa JIETKO IOOMpPAroTCs IIararoline XUBOTHBIC. [Ipobnema 3/mechk 3akiovaeTcss B XapakTepe
TOYKH OmOphl. KoJjeco JWIIe 9acTUYHO pemraeT mpodieMy MepeaBHKeHHs, T.K. Uit ero 3(h(eKTHBHOTO
HCIIOJIb30BaHMUs HYKHA I'JIaJIKas OIOopHasd MOBEPXHOCTh. Hlara}omee YCTpOfICTBO B COCTOSIHHUHU CaMO BI)IGI/IpaTB
TOYKH KOHTaKTa HOTH C IMOBEPXHOCTHIO M YYHUTHIBATh €€ HEPOBHOCTU. lIpM HaimWyum TIagKoil TBEpHOi
JIOPOKHOW TIOBEPXHOCTH KOJIECO, OE€3yCIIOBHO, CIY)KUT OCHOBOM Hambonee 3(PQeKTHBHBIX CPEICTB
nepensmwkenus. Korma jke €m0 KacaeTcs €CTECTBEHHON 3€MHOM MOBEPXHOCTH, KOTOpas, Kak MpPaBHiIo,
COJICP)KUT HEPOBHOCTHU, KOJECO BO MHOTHX CIy4asX OKa3bIBAaeTCS OCCIIONIC3HBIM M 37€Ch MOXKET OKAa3aThCs
MPUMEHUMBIM IIIararomiee yCTPOHCTRO.

OtmeTnM, 9TO, KaK yKa3bIBaeTcsd B psA/le MCTOYHWKOB, B HACTOAIIEE BPEMS CO3JaHO MHOXECTBO
MPOCTBIX YCTPOMCTB, KOTOPBIC HA TEPBBIN B3I KaXXyTCs IIArarollMMH, HO HA CaMOM Jelie TIEPECTaBIISIFOT
HOTH YHCTO MEXaHMYECKH, HE UCIIONB3YS MOTEHIINATBHBIX BO3MOXHOCTEH PETYIIMPYEMOTO B3aUMOJIEHCTBHS C
OTIOPHOM TTOBEPXHOCTHIO. UTOOBI marath "Mmo-HacToAMEeMY", HY»KHO pacIioyiaraTh MOAPOOHBIMU TAaHHBIMHU O
Cpeac nepeaABUIKCHUSA. Ma]_[II/IHBI, CcHocOOHBIE IaraTb UMEHHO B TAKOM CMBICJIC, ITIOSABUIINCH JIMIIB ITOCJIC TOTO,
KaK JUId TPOBEICHUS MHOXKECTBA HEOOXOIUMBIX WM3MEPCHHI U TPOLEAYP NPHHSATHS COOTBETCTBYIOIIUX
peIIeHuil CcTalM UIMPOKO HWCIOIB30BaThCSI KOMITBIOTEPHI, CBsI3aHHBbIE C MOOWIJIFHOW MAIIMHOW, BHaYale
MIPOBOJHBIMH CBSI3SMH, WM, TIO3][HEE, KOT/Ia CHCTEMBI YIIPABICHHUS PEaTN30BBIBAIICH HA OCHOBE PaTUOCBSI3U
poboTa ¢ ynpaBISIONIMM KOMIBIOTEPOM, - OCCIPOBOJHBIMU. A 3aTeM MOSBUIUCH OOPTOBBIC CHCTEMBI,
CZeNaBIIINe NIATar0IINe annapaThl aBTOHOMHBIMHU

PaccmoTpuM HEKOTOpBIE MOMEHTHI HICTOPHH CO3/IaHUSI MHOTOHOTHX IIAraloIIvX amapaTos.

1. Ipeareua. 130 JeT Ha3an.

OpHMM W3 MEPBBIX 33/1a4ci aHAJIN3a TEPEMEIICHUS CTOMOXOSIINX KUBOTHBIX M YCTPOUCTB 3aHSIICS
W3BECTHBIA pycckuii marematnk W MexaHuk I1.JI.YeOwmmeB. O B 1878 romy paspabortanm oOpaserr Tak
Ha3bIBaEMOH CTOIOXOJAICH MAaIMHBI, €e cXeMa MoKazaHa Ha puc.l. MammHa ObUIa TIOCTpOCHA Ha Tak
Ha3bIBAaCMBIX JIIMOa-MexaHu3mMax UeObimieBa U ObUIa YUCTO MEXaHUYECKHM YCTPONCTBOM - IPUMEPOM €To
BBIIAIONIUXCSA PadOT 1O TeopuH MexaHu3MoB. MammHa UYeOblmeBa TmoKa3ana PHHIUITHAIEHYIO
OCYIIECTBUMOCTD IIArafoIIero yCTPOUCTRA.

Puc.1. Cronoxonsamas mammuza I1.J1.YeOblmesa

69



HccnenoBanus IO CO3JaHMIO MIAraloNIMX poOOTOB HMEIOT B COBpEMEHHOM Poccnu 1aBHIOI MCTOPHIO,
HacuuThiBaouryto 6osee 40 ner. B CCCP skcniepuMeHTH 110 MIararliiM MalliHaM Hadaluch Ha pyoexke 70-
X rogoB XX Beka. OTo ObUTM IMPHOPUTETHBIE NMHOHEPCKHWE paboThl, B TOT MEPHUOA IIIJIM aHAJIOTUIHBIE
uccnenoBanus Tonbko B CIIA, HO oTeyecTBEHHBIE HMCCIECAOBAHHS ONEPEKald aHAIOTUYHBIE 3apyOeKHbIC
pabotel. OpranuzatopoM M BaoxHoBuTeneMm 3Tux pabor B CCCP Ob1 akagemMuk (TOraa emie WieH-
koppecniorneHT AH CCCP) JI.E.OxomuMmckwii. [IpruMepHO B 0OTHO M TO ke BpeMs - B mepuoxa 1972-1975 rr. -
OBUIM CO3AaHBI MaKeThl MHOTOHOTHX IIAralolxX MamuH B VHCTUTYyTe MPUKIaTHOW MaTeMaTUKH AKaJleMUHU
Hayk (pyxoBomutens — mpocdeccop J.E.Oxomumckuit), B8 MI'Y B HMHcTHTyTe MeXaHMKH (PYKOBOIUTEIb
npodeccop E.A.JleBsHuMH) a HECKOAbKO paHee - B HMHCTHTyTe MammHOBeAcHHWS Akamemun Hayk
(pyxoBonutenu — akagemuk .M. Aptobonesckuii, npodeccopa A.Il.becconor n H.B.YMHOB).

2. llepBbie nuoHepckue npoexTbl B CCCP.

Ha puc.2 mokasaH MakeT wIararolmieil MalluHbI, pa3paboTaHHbIM B WHCTUTYTE MalIMHOBEICHHUS
Axanemnu vHayk CCCP.

Puc.2. lararomas mammuaa UMAII PAH

B sT0# MammHe ObLT UCIIONB30BaH OPUTHHATBHBIN MPUHIIMIT OPTaHU3anU X0Ip061. Mammnaa umeer 4
HOTH C TaK Ha3bIBAEMBIMH OPTOTOHAJBHBIMH IMpHBOAaMH. Ero mpemmymiecTBa cocTosT B Oojiee MPOCTHIX
pacUeTHBIX CXEMaxX CHHTE3a ABM)KEHHUS HOT M KOpITyca ammapara.

Hmxe Ha puc.3 moka3aHbl MakeThl HIECTHHOTHX IIAararolllMX MalliH, co3JaHHble B MHCTHUTYTe
npuknanHoid marematuku AH CCCP. CneBa mokaszaH mepBblii oOpasel, co3naHHbIi B coapyxectse UIIM
uM.M.B.Kenapima AH CCCP u Jlenunrpaackoro mexanudeckoro uHctutyta (JIMU), cmpaBa - BTOpOi
obpaser, CO3MaHHBIH HECKOJNBbKO mo3maHee mpu corpyaaudectBe MIIM um.M.B.Kemmeima AH CCCP u
Jlenunrpanckoro nactutyra BHUMTPAHCMAILL

Puc.3. llararomme po6otst UIIM um. M.B. Kennerimra AH CCCP. ®otorpaduu 1975 T.
OTMeTHM, 4TO 3TH amnmapaThl UMENIM TaK Ha3bIBAEMbIC HHCEKTOMOP(HBIC HOTH, KaXIas U3 KOTOPBIX

MMeIa [0 TP CTETIeH! MOJBWKHOCTH (TpH cTereHu cBobobl). Ha puc.3 o0a ammapara rmokazaHbsl B BapHaHTe
C OCHAIIICHHEM JIa3ePHBIM JATHbHOMEPHBIM ycTpoiicTBoM - Jlazepueim Usmepurenem Paccrosuuit JIMP. C
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nomo1sio JIMP po6GoTsl ocMaTpuBaiu HOBEPXHOCTH MEPEABIKECHHS U 3aTE€M YIIPaBIAromas poOoTaMiu MHHU-
OBM npuHumana peieHus o ABMKeHHU. Hannyne mecTy Hor mo3BOJISIO PEIUUTh NPUHUIUIUAIBHYIO 3a1auy
YCTOWYMBOCTH JBM)KEHUS poOoTa - poOOT MOT MepeABUraThCsl CTAaTMYECKH YCTOWYMBOW TMOXOJKOM, eciu B
KaXAblii MOMEHT BpEMEHH B OIOpe HaXOOWJIOCh HE MeHee TpeX Hor. VIMEeHHO 3TO 00CTOSTEIbCTBO
ONPEIEIUIIO UHTEPEC K MHOTOHOTUM MallluHaM.

[Mozmuee ©Ha 6Gasze »TEX pa3pabotok coBmectHo MWIIM wMm.M.B.Kemmerma AH CCCP u
BHUUTPAHCMAII B 1975 r. Obu1 co3nan OoMbIONW HATYpHBIM MakeT miecTWHOrod Mamuasl HMIIIA
(Harypnsrii Maxker Lllaratomero Anmapara), kKotopas Oblia cocoOHa HECTH 4YeJOBeKa-omeparopa. Macca
mamuHbl 750 kr. Cxopocth amxkeHus 0,7 kM/4, Tpy30moabEMHOCTh S50 KI, JTOPOXKHBIM mpocBeT 1,5 M.
MarvHa noka3ana Ha Gpororpadusx Ha puc.4.

Puc. 4. Maker HMIIIA

YkazaHHbIE HCCIIEIOBAHUS MPOJOJDKAIOTCS B HACTOSIEE BPEMs, Ha PHUC.5 TMOKa3aH TPEeTUH MakeT
pobota, co3maBaemblii Kak Momudukarusa mpeapiaymmx B WIIM mMm.M.B.Kenmemmra PAH. Ha poGote
peaiu3oBaHa OpHUTMHAJIBHAS OOPTOBas MHUKPOIMPOIECCOPHAs CUCTEMa YIPAaBICHHS, MOCTPOCHHAS Kak
00pTOBasE KOMITBIOTEPHAS YIIPABIAIONIAs CeTh. POOOT OCHAIEH HEOOXOUMBIM HAOOPOM CEHCOPOB.

Puc.5. Hlaratomuuii po6otr UIIM um. M.B. Kennpriia PAH. @otorpadun 2009 r.

PaboTsI 1o HccilefoBaHMIO IECTHHOTHX aIapaToB MpoaoukatoTes U B MHcTuTyTe Mexanuku MITY.
OHu BelyTCsl HA OCHOBE MOJIEPHHU3AIIMH CaMOTO MEPBOr0 IIPOEKTa 3TOr0 HHCTUTYTA, B KOTOPOM CO3/1aBajiCs
pobor MAIIA (MAmmHa [ Araromas).
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Puc.6. Po6otr MHCcTHTYTAa Mexanuku MI'Y. Ilepsas (1975 r.) u coBpeMeHHAsI BEpCHH

Ha puc.6 mokasana mepBas (ciieBa) U coBpeMeHHas (cmpaBa) Bepcun pobdora MAIIIA, Ha BTOpOH
¢dororpaduu amnapar moxasaH Ha nepeqHeM IulaHe. PoOOT Takke MMeeT HIeCTh MHCEKTOMOPQHBIX HOT U
CHa0’XCH HEOOXOAMMBIM HA0OPOM CEHCOPOB.

3. 3apy0e:kHble pe3yJbTaThl.

[lepeunciium HEekoTOphie TpuMepbl. Ha puc.7 mpuBenena ogHa w3 mepBhIX pazpaborok B CIIIA.
ABTtopsl — podeccopa Frank n McGhee.

Puc.8. 1969 r. GE Walking Truck. alph Mosher. CIIA
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Ha puc.8 - msoxenas mararomas mamuaa General Electric, CILIA. YnpasieHnue €0 ObLI0 TOCTPOSHO
M0 KOMUPYIOIIEH cXeMe, HO YelIOBEK, BEMYyIIHi ¢ M PyKaMHu U HOTaMH, BBIIEPKUBAT BCETO MOPSIKA ECITH
MUHYT. Takoil cioxxHOH OblIa crcTeMa yIpaBieHus, TpeOyIolas OrpOMHOI0 HAMPSYKCHUsS BHUMAHHS M CHIL.
ITo aTuM pe3ysbpTaTaM ObLT CACTaH OAHO3HAYHBIN BHIBOM: YIIPABICHUE aNapaToM HEOOXOIMMO MEPEIOKUTh
Ha KoMIblOTep. Bce mocnenyromiue ammapaThl CTPOMIUCH Kak pOOOTHI ¢ KOMIBIOTEPHBIM YIPABICHUEM,
peaNn3yonuM OOJBIIHIA WM MEHBIINN 00beM (QYHKINI YIpaBICHHUS B CYNEPBU30PHOM MM aBTOHOMHOM
peXuMax.

Ha nocnenyrommx ¢ororpadusx Ha puc.9-14 - pa3paboTku ceMHIECATHIX rofoB XX Beka, Ooiee
MO3/JHAE U COBPEMEHHBIC annaparhl 3aMaIHbIX JTa00paTOPHId.

Puc.11. Plustech Oy. ®unnsaaaus
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4. CoBpeMeHHbIe mIarapmue Mmamunsl Poccun.

CymiecTBeHHO MHOE HaIllpaBJeHUE UMEIOT PabOThl IO MHOTOHOTHM Iararoum podoram B Poccun B
Bonrorpanckom rocygapcTBeHHOM TexHUYeckoM yHuUBepcuTeTe (Bonrl TY). 3meck co3maroTcst MammHbI ¢ TaK
Ha3bIBAEMBIMU IIMKJIOBBIMM MEXaHM3MaMM LIaraHusl ¥ MAallMHBl C OPUTMHAJBHBIMU OpPTOTOHAJIBHBIMHU
npuBonamu AswxkuTenel. [IpumepoM Takux pa3paboOTOK MOKET CIIY>KUTh Iararomias MamuHa "BocsmuHor",
rmokazaHHas Ha puc.15. B 310l pa3paboTke MeXaHW3MBI IIaraHUs Tak)Ke IOCTPOCHBI Ha Wiee JIMOma-
MeXaHU3MOB UeObleBa, MO3TOMY UK IaraHusi akTUYeCKH CO3/1aeTCsl MEXaHMUECKHUM YCTPOHCTBOM HOTH.
Bo03M0OXHO, 3TO HECKOJBKO OTPaHMYMBACT aJaNTallMOHHBIE BO3MOXXHOCTH MAIMHBI, HO €€ OecCIOpPHBIM
NIPEUMYIIIECTBOM SBISIETCSl 3HAYUTENbHAs IMPOCTOTAa CHCTEMBI YNPaBIEHHS M BECbMa BBICOKAas OINOpHAas
NPOXOJUMOCTh MAIlMHBL. MalnHa crnocoOHa JBUTaThcs W paboTaTh Ha OUYEHb CJa0BIX TPYHTaX, Kak
MIOKa3bIBaeT MpaBbli pUCYHOK Ha puc.15.
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Puc.15. Mammuna "Bocemunor" BoarI' TY. Bonrorpan

Eme ongHo wHampaBienue pabor Boar[TY — MammHBI ¢ OpPTOrOHAJIBGHBIMU — IIATAOIUMU
merkuTesiMA. Ha puc.16 mokasaH Manblii MakeT BOCBMHHOTOTO pPo0OTa C OPTOTOHAJIBHBIMU TPHUBOJIAMHU
(xapaxTepHBIi pa3mMep MamuHbl — 1 M). [IBikuTeNs OpraHU30BaH Kak /Ba CyOMOYJISl C YETHIPHEMS OMOpaMH
KOKIBIA ¥ JUIS Peali3allii MOBOPOTa MAIIMHBI 3TH CyOMOIYJIM MOTYT TIOBOPAYUBAThCS JPYT OTHOCHTEIBHO
Ipyra.

: t : b o s
Puc.16. Po6oT ¢ opToronaiabHO-oBOpoTHEIM ABmxuTeneM. Bonrl'TY. Boarorpaz

CucreMa ynpaBieHus Ui 3TOH MaluHbl pa3zpadarsiBaetcs B UTIM um. M.B. Kenapima PAH.

Kak pa3Butne stux wucciemnoBanuii B Bonl TY BBIMOTHSAETCS MPOEKT IO CO3MAHUIO OOJIBIION
mara}omef/i MAaIlUHEL ¢ 4-Ms CITap€HHBIMH OPTOTrOHAJIbHO-IIOBOPOTHBIMU ABHUKUTCIIAMU O6HII/IM BECOM 2 T U
rpy3onoabeMHOCThi0 10 1 T (puc.17). B Hacrosimiee BpeMs 3aBEpIICHO HM3TOTOBICHHE MAIlWHBI, HAYaThI
WHTEHCUBHBIE PaOO0THI 110 IPOTPAMMHPOBAHHUIO €€ CHCTEMBI YIIPaBICHUS.
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5. 3akiaouenne.

B zaxmrouenue cnemys [1,2] cmemaem cienyromee pestome. lllararomuii cmmoco0 mpeactaBiseT
OCHOBHOM WHTEpeC IS JMABMKCHHSI II0 3apaHee HEMOATOTOBICHHOM MECTHOCTH C TIPEMATCTBHSIMHU.
TpanuiMoOHHBIE KOJECHBIE M TYCEHHUYHBIC TPAHCIIOPTHHIC MAIMHBI OCTABJISIOT 32 COOOH HEMpPEPHIBHYIO
KOJICI0, TpaTs Ha 3TO 3HAYUTENHHO OOIBIIYI0 JHEPrHio, YeM B Ciydae IMepeABIDKEHHS IIaraMu, KOoria
B3aMMOJICHCTBHE C TPYHTOM IPOUCXOMIUT TOJHKO B MECTaX yrmopa cTombl. [IToMHMO 3TOTO mararmmmi crnocod
NIEPEIBMIKCHUS 00J1a1aeT U OOJIbIIEH TPOXOAMMOCTHIO Ha IIEPECEYCHHON MECTHOCTHU BILIOTH JI0 BO3MOYXKHOCTH
MIEPE/IBUTATHCA TMPBDKKAMH, TPEOJOJCBaTh MNPENATCTBHS © T.M. llpW IiararomeM croco0e MEHbIIe
paspyimiaercss TPYHT, YTO, HalpHUMep, BaXXHO B TyHIpe. [IpW IBMKEHUW Xe 1O TOCTATOYHO TIIAIKUM H
MOATOTOBIICHHBIM TIOBEPXHOCTAM OTOT CIMOCOO YCTymaeT KOJECHOMY B OKOHOMHYHOCTH, CKOPOCTH
MEPEeABIKEHUSI U IPOCTOTE YIPaBICHHUS.

I'oBops 0 mpobieMax, peleHHe KOTOPHIX HE 3aBEpIICHO, YKakeM clieayrone. OaHol u3 npobiem,
KOTOPOH YIeNseTcsl CYIIeCTBEHHOC BHUMAHHUE TP IMPOCKTUPOBAHWH MOOWMIIBHBIX IIATaloOlIdX aIliapaTos,
SIBJIACTCS. YMEHBIICHHE HEOOXOJUMOW MOIIHOCTH HCTOYHHKOB IMHUTAaHUS M COKPAIICHUE 3aTpaT SHEPTHH.
Jpyrumu cinoBaMu, HEOOXOIUMO TTOBBICUTH K.IT.J. MHOTOHOTHX MEXaHHU3MOB, T.€. YMEHBIIUTH MOTPEOIIIEMYTO
MOIITHOCTh W TIOBBICHTH Pa3BHBAEMYI0 MOIIIHOCTh. B caMoM 1ese, ecii ydecThb, 9TO B OOIIEM ciiydae Kaxmas
U3 KOHEYHOCTEH MMEET NBE-TPH CTENEHU MOJBMXHOCTH W YIIPABJICHHUE KaXKIOH M3 CTEMEHEH COMpPsHKEHO C
ONpeIeICHHBIMU 3aTpaTaMU dHEPTUH, TO OYEBUIHO, YTO CPAaBHEHUE IIATAIONIUX U KOJECHBIX TPAHCIIOPTHBIX
CPEICTB MO K.IL.JA. OyJIeT Najeko He B TMOJb3y MEPBHIX. B CBA3M ¢ 3THM, MO-BUIUMOMY, TJIaBHAs IENb, K
JMOCTIDKCHUIO KOTOPOM JOJDKHBI CTPEMHTBCS HCCICIOBATENId CETOMHS, 3aKII0YacTcsl B CO3JaHUHU
SKCIIEPUMEHTANBHBIX IIATaloliX aIllapaToB, CIOCOOHBIX HA MPAKTHKE MPOJEMOHCTPHPOBATH COYECTAHUC
BBICOKHX (DYHKIMOHATBHBIX BO3MOXKHOCTEH C JOCTATOYHO OONBIION pPa3BHBAaEMOW MOIIHOCTHIO IIPU
CHIDKEHHBIX 3aTpaTax dHEPTHUH.

[ToTrpebHOCTH B MOOWIIBHBIX pOOOTaxX CHEIWAILHOTO HAa3HAYCHWs, HampuMep B poOOTax it
o0CITyXKMBaHUA SACPHBIX PEAKTOPOB, Ha CTPOMKAX, WIIU ISl TYIICHHS MOKAPOB M BEHITIOTHEHUS TEXHUYIECKUX
paboT Ha ToXkapax, OyIyT Bo3pacTaTh. BakHBIM MEpPCIIEKTHBHBIM HAIIPABJICHUEM SIBIIICTCS CO3MAHKE MaITHH
JUISL CeBepHBIX pernoHoB. OTnenpbHOE BaKHEHINIEE HAIMpaBICHHE — CO3/aHWE HOBBIX MEPCIEKTUBHBIX
TUTAHETHBIX poBepoB. Crnemyer no0aBUTh, YTO, MO BCEH BEPOATHOCTH, OTH MOTPEOHOCTH OyayT
YAOBJIETBOPSTHCS, TIPEXKJIE BCETO, 38 CUET MIATAIONINX alapaToB C MECThI0 KOHEYHOCTIMH.

B noknane mpencraBieHHBIN 0030p AaH Oosiee MOAPOOHO. AHATU3UPYIOTCS OCHOBHBIE TEXHUYECCKHUE
JIAaHHBIC ¥ OCOOCHHOCTH IAraroux poOOTOB.

JIureparypa

1. E.M.IOpeBud. OcHoBHI poboTorexuHuku. YueOHuk mis BTY3os. JI.: MammHOcTpoeHue. JIGHUHTp. OTI-
Hue, 1985.
2. DmextpoHHBIN pecypc: http://en.wikipedia.org/wiki/Walker (machine)

P.M. Ocynos, A.B. Tumoghees
PA3BUTHUE TEOPUU UHTEJUJIEKTYAJIBHBIX CUCTEM YIIPABJIEHUA IBU)KEHUEM U
MYJbTHATEHTHON HABUTALIMU B SKCTPEMAJIbHOU POBOTOTEXHUKE/
R. Yusupov, A. Timofeev
DEVELOPMENT FOR THEORY OF INTELLIGENT SYSTEMS FOR MOTION CONTROL AND
MULTI-AGENT NAVIGATION IN EXTREME ROBOTICS

CIIHUPAH, Canxm-Ilemepbype /
Saint-Petersburg Institute for Informatics and Automation (Russian Academy of Sciences)
spiiran@iias.spb.su, tav@iias.spb.su

Beenenue

B mocnennue roxer B Poccun m 3a pyOeskoM 3HAUMTENbHOE BHUMAHHE YAEISIETCS HCCIIEIOBAaHHIO
npoOsieM HWHTEIUIEKTYAIN3aluy  JIOKAIBHBIX CHCTEM YIPaBICHHS pOOOTOB M pa3pabOTKe cTpaTeruit
MYJIbTHATCHTHON HABHTAllMK W YIPAaBJICHUS IBIKCHHEM CIOXKHBIX poboToTexHmueckux cucreM (PTC) T.e.
rpymnisl (KOMJIEKTHBa) POOOTOB, 00bEAMHEHHBIX 00LIel (ro0ansHOi) 1ebio. B cBs3n ¢ OypHBIM pa3BHTHEM
CHCTEM HAaBWTAIlMM W YIPABICHUS JBIDKCHHEM MEXaTPOHHBIX pOOOTOB Kak IIOJBIDKHBIX areHTOB C
JJIEMEHTaMH HMCKYCCTBEHHOT'O HHTEJUIEKTa M HEOOXOJMMOCTBIO OpPraHM3allii HMX KOJUIGKTUBHOW paboThI
BO3HMKJIA TIOTPEOHOCTh CO3/aHMsI OCHOB TEOPHH MYJBTHAareHTHBIX poOororexHmueckux cucteM (MAPC).
Takue MAPC 00benuHSIOT TPYIIy areHToB-po0O0TOB (HampuMep, MOOHIBHBIX POOOTOB WMIIM OECIMIOTHBIX
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JeTaTeNbHBIX aNnapaToB) Ui JOCTHXKEHHs oOmeidl (rao0anbHOM) 1en B AMHAMHYECKOH cpene ¢
NPENSTCTBUSIMH WM 3aIIPETHBIMU 30HAMH U BO3MOKHBIM IPOTHUBOJCHCTBHEM.

@DyHIaMeHTalbHbIE M TOMCKOBBIE HCCIIEOBAHUS B OOJACTH aJalTUBHOTO M HMHTEIUIEKTYaJIbHOTO
ynpasnenus podoramu u PTC aktuBHO mpoBoaunuch B Poccun B psane Hayunsix mkon (MI'TY, CITMUPAH,
CIiery, Mry, MMpA, HUM MBC, HHUU PTK, UIIM PAH wu np.), Haunnas ¢ 60-x rogoB XX Beka.
BaxHasg ponb B CTAaHOBJIICHUMH U PAa3BUTHHM 3THUX HUCCIEIOBAHUM MPUHAIIEKUT akageMukam M.M.MakapoBy,
J.E.Oxommumckomy, E.ILIIomoBy, I'.C.IlocmenoBy u @.Jl.UepHoycbko, wieHam-koppecnoHaeHTam PAH
B.A fxy6oBuuy, P.M.IOcynoBy, B.A.Jlomorte, I'.I'.CepOpsikoBy, E.l.TepseBy nu M.A.KanseBy, a Takxe
npodeccopam E.N.10pesuay, B.M.Jloxuny, A.B.Tumodeeny u mp.

[IpoGneMbl M MeTOABl aJaNTHBHON HAaBHUTAllMM WM HHTEIUIEKTYaJIbHOTO YTPaBIEHUS ABHKEHUEM
poboToB, a Takke 3amaud TrpymmnoBoro ynpasieHuss PTC oOcyxpanuce Ha psne MeXIyHapoOAHBIX H
Poccuiickux koHGpepeHUni, NpOBEAEHHBIX B IOCiHeAHHE aAecsiTwierus B Poccun, B TOM umcie Ha 2-X
MexayHapomHbIX KoH(pepeHIAx “MexaTpoHnKa U podoToTeXHUKA”, 15-1 KoH(pepeHIUAX ‘“DKcTpeManbHas
poboTtorexHuka”’, 7-u KoH(pepeHIHAX “MexaTpOHWKa, aBTOMAaTH3alHs, yIpaBieHue”, 6-u KOH(EpEeHIHIX
“Yupasienne U HHPOPMALMOHHBIE TEXHOIOTHH U 3-eX MyIbTHKOH(EPEHIUAX 10 po0IeMaM yIpaBIeHHUs.

[TapannensHo B Poccum mnpoBOAMINCH IIOMCKOBBIE HMCCIENOBAaHMS U ONBITHO-KOHCTPYKTOPCKHE
pa3paboTKH MO CO3/[aHHI0 WHTETPUPOBAHHBIX CHCTEM HABUTAIlMM M YIPABICHHS JBIKCHHEM OOBEKTOB
pPa3NUYHOrO TUMAa W Ha3HA4YEHUS (B OCHOBHOM IJIsi DKCTPEMANBHBIX Cpel M YaCTHYHO HEeOoNpeAelIEHHBIX
YCIOBUH SKCIUTyaTallMd HOABHKHBIX OOBEKTOB M poO0TOB). JloCTHXKEHHUs clenuaiucToB u3 Poccun u
3apyOeXHBI ONBIT B 3TOW o0macTh oOcyxianuch Ha 18-Th MeXIyHapoaHBIX KOH(QEpEeHLHUsIX O
MHTETPUPOBAHHBIM HABUTALMOHHBIM cucTeMaMm, oprann3oBaHHbiX LIHMU «3nexrponpubopy», n ma XXXII-x
HAaYYHBIX CecCHsIX MeXIyHapoAHOW akaAeMU HAaBUTALMH U YIIPABJICHUS ABHKCHUEM, IPE3UICHTOM KOTOPOH
aBisieTcs akaneMuk B.I'. IlemexoHoB.

[epBrIii MexxayHApOIHBIH MPOEKT O UccienoBanuio MAPC Ha temy “Multi-Agent Robot Systems
for Industrial Applications in the Transport Domain” 6s11 BeimonHeH B 1997-1999 rogax mo EBpometickoit
nporpamme COPERNICUS. Koopaunatopom 3toro mnpoekra 0v11 Prof., Dr.—Ing. U.Rembold (University of
Karlsruhe, Department of Computer Science, Institute for Process Control and Robotics, Germany), a ero
YYaCTHUKaMH —

Saint-Petersburg  Institute  for  Informatics and Automation of Russian Academy of Sciences
(Russia),Unite de Recherche INRIA Rhone—Alpes (France), Technical University of Budapest (Hungary),
Technical University of Poznan (Poland), Belorussian ~ State  University (Belarus), Ufa State Aviation
Technical University (Russia), Daimler-Benz AG (Germany), Beta Computer Automation GMBH (Germany).

PazBuBaemble B Hacrosieidl paboTe HOBBIE HHQOPMALMOHHBIE M TEJICKOMMYHHKAIMOHHBIE
TEXHOJIOTUH W WHTEJJIEKTyaJbHblE CHCTEMBl HABUTALMKW M yIOpaBieHUs aBwkeHneM mui MAPC B
3HAYUTEJIFHOW CTeleHH 0a3upyloTCsi Ha OpHUTHMHAJIBHBIX HAy4YHBIX pe3yJbTaTax [OHUCKOBBIX H
OPHECHTUPOBAHHBIX (DyHIAMEHTAJbHBIX HCCIECIOBAHUM, IOMYYEHHBIX B IIOCIECIHHE TOABI NPH IOIAEPIKKE
rpantoB Poccuiickoro ¢honna dynnamentansabix uccnenopanuit (PODU), POOU u T'OEH Kuras, nporpamm
[pesuanyma PAH u rocyaapcTBeHHBIX 3aka30B MUHHCTEpCTBa 00pa3oBaHus 1 Hayku PO.

OcHOBHbBIC 3Tambl Pa3BUTHS TEOPUM M HAay4HBIC pE3yJbTaThl aBTOPOB MOXHO MPEICTABUTH
CIEeIyIomnM 00pa3oM:

— TeOpHsl UYyBCTBUTEIBHOCTH U CaMOHacTpauBaromyecs cucteMsl [17]°;

- TEOpHUsl aJalITUBHOTO YIPABICHUS IPOrPaMMHBIM ABMXKEeHUEM [2—11];

- MPUHITUIIEI HHTEIUIEKTYaTN3aIliid CUCTEM aIallTUBHOTO ypaBieHus [ 12—15];

- MeToAbI GYHKITMOHATBHON AMATHOCTHKHU U paclio3HaBaHus o0pa3oB [16—19];

- METOAbl MYJIbTHATCHTHON HABUTAllMM W HMHTEIUICKTYyaJbHOTO aHamu3a HH(OPMAaLUOHHBIX
nmoTokoB [20-23].

B noxnaze oOcyxIaroTcsi OCHOBHBIE 3Tallbl Pa3BUTHS TEOPUH HMHTEIUIEKTYaTU3allMl U HMHTETPalluu
CHCTEM aJalnTUBHOTO YNpPAaBICHUH IBIKEHHEM M MYJIbTHAar€HTHOH HaBUTAllMM MEXaTPOHHBIX pPOOOTOB B
IKCTPEMAaJIbHBIX YCJIOBHAX M cpemax. lIpum 3TOM H3/araroTcsi TOJBKO T€ HAy4HbBIC PE3YJIbTaTbl, KOTOpHIC
HEIOCPEICTBEHHO TOIy4YeHbl aBTopamu [1-23].

[IpunoxxeHus: mpeIoKeHHON TEOPUH TECHO CBSI3aHBI C IKCTPEMAIbHOM poOOTOTEXHUKOM, @ UMEHHO C
KOCMUYECKOM pOOOTOTEXHUKOW (JIyHOXOA ¢ OOpPTOBBIM MAHMIYJISATOPOM C INArOBBIMH HPUBOJAMH,
KOCMUYECKUH MAaHMIIYJIATOpP U1 OpOUTAIbHOM CTAaHIMM), HEHPOXUPYPTUYECKUMH MAaHMITYyJIATOPaMU HU
poboTamH, TOJBOJHBIMH POOOTAMH U AHTHTEPPOPUCTHYECKMMH pPOOOTaMHU (OTHOOCHBIE NBYXKOJIECHBIC
PpOOOTHI AT pa3BeKU U Pa3MHUHUPOBAHUS MECTHOCTH).
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1. 'nodajsibHas ynpaBJjsieMOCTh W ONTUMH3AIUs IPOrPAMMHBIX JIBHJKEHUH POOOTOTEXHUYECKUX
CHCTEM

PaccmoTpum HekoTopyro poGoTtoTexHuueckyto cuctemy (PTC) S, cocrosimyro u3 m poOOTOB
o i = L,2,, v, M. O0b1uHO po00TH U PTC (DyHKIIMOHUPYIOT B qUHaMHUUECKOM cpene E ¢ mpensaTcTBusIMu Wi

sanpeTHbivu 3oHamu O; € E,j =1,2,,..., q. B ponu 1MHaMU4ECKUX TIPETISATCTBUH 171 OJJHUX POOOTOB T3 U3
PTC S moryT BeIcTynaTh Apyrue poOoTsl 13, j F i.

PTC 6yaem Ha3sIBaTh TOMOTEHHOM, €CJIM OHA COCTOMT W3 OJHOTHITHBEIX POOOTOB (HAmpuMep, TOIBKO
U3 MaHUMYJSIHOHHBIX po60oToB). CnoxHyto PTC 6yzaeM Ha3bIBaTh T€TEPOTEHHOM, €CIIM OHA BKJIIOYAET B ce0s
HECKOJIBKO Pa3sHOTHIIHBIX POOOTOB (HampHMep, MAaHUIYJSIIMOHHBIX M MOOMJIBHBIX POOOTOB) HIIM Pa3HbBIX
romorendsix PTC menbIiero macmrata, T.e. romoreHusix PTC.

ApXUTEKTypa TOMOTeHHBIX U reTeporeHHbIX PTC 1o cymiecTBy sIBISETCS CETEBOM U TEPPUTOPUATHHO
pacmpenenéHHoi, T.e. BKIOYaeT B ce0s MHOXECTBO POOOTOB, B3aWMOJCHCTBYIOLUIMX MEXKAY COOOH C
NOMOLIbIO (PU3UUECKUX, CEHCOPHBIX (MH(POPMALIMOHHBIX), YIPABISIOMMX W KOMMYHHKALMOHHBIX KaHAJOB
npssMoil U oOpaTHO# cBs3u. [TodTOMY BO3HHMKaeT MOTPEOHOCTh B Pa3pabOTKEe HOBBIX MPHUHIUIIOB CETEBOU
OpraHHu3alyy, YIPaBJICHUs ABIKCHUEM, HaBUTaK, 00padOTKU U mepenadn uHGopmanuu B caoxubix PTK B
JUHAMHYECKOM OKPYKAIOILEH cpefie ¢ MPENsATCTBUAMH WM 3allPETHBIMH 30HaMH.

Heo6xomuMocTh B CETEBOM YIPaBIECHHMM W TPYNIIOBOW HAaBUIallMM BO3HUKJIA MPEXIE BCErO B
ro0abHBIX MH(OTEIEKOMMYHHUKAIIMOHHBIX ceTAX (Hampumep, B Internet), B poOOTOTEXHWKE W THOKHX
ABTOMAaTU3HMPOBAHHBIX MPOU3BOACTBEHHBIX CHUCTEMAX, & TAKXKE B CIOXHBIX aBTOMAaTH3UPOBAaHHBIX CHCTEMax
BOOPY>KE€HHH (HalIpuMep, B CTEPEOLEHTPUYECKUX U MYJIbTU-aT€HTHBIX CETAX 0OOPOHHOTO Ha3HAYECHNU).

B cnoxHbIx roMoreHHBIX U reTeporeHHbIX PTC mon gelicTBHEM BEeKTOpa YIPaBISIONINX BO3AEHCTBUI

ult) = |lu (DI, 2 € [to. £1], (D

KXl pOOOT ¥; (1i; ) MOKET BBIOIHUTL HEKOTOPBIM HAOGOP JIOKATBHBIX TEXHOJIOTHYECKUX OTEpaIHii

[ J-(’.r;-], j =12, ..,p,p M, Ha 33laHHOM HMHTepBajie BpeMeHu | = I — I;. B pesynbrare BHIMOIHEHHS 3THX

JIOKATBHO YIPABISIEMBIX OTEparuii U3MEHSIOTCS cocTostHUS Kak camoit PTC S(z), Tak u okpyxaromieit e€
cpensl E(1).
[Ipenmonoxxum, uro spomrorro PTC S(2) m okpyxkaromieid cpenbl E(¢) mon melCTBUEM BEKTOpa
yrpasieHus u(t) popMaIbHO MOKHO OomHcaTh MU PepeHINaT,HEIMI YPaBHEHUSIMH BHIIA
S=F(5wE), S(t;)= S, (2}
E=o(s5E), E(t)=E, @)
rae F u @ — HekoTopbie onepatopsl, a Sg u Eg — HavanbHbie coctosiaust PTC u cpensl.
OO0muM (KOMITIEKCHBIM) nuHamMudeckuM coctosiareM PTC S u okpysxaromryro e€ cpenst E B Texymuit
MOMEHT BpeMeHH t OyeM Ha3bIBaTh BEKTOP-(DYHKIMIO BUAA

x(t) = gﬁ% JtE [, tr]. 4)

OO0pryHO Ha BekTOp rpymmoBoro ympasneHus (1) u cocrosHuit PTC u cpenbl (4) HamoXKeHBI
OorpaHUYCHHS BUA

u(t) €Q, ER™, Q)
flxt)) =0t e [totsl. (6)

I'moGanbrast (oOmmas) 1ens ympaeinenus PTC  3akmrouaeTcs B TOM, YTOOBI CHHTE3WPOBATh TaKOMH

3aKOH TPYIIIOBOTO YIPABICHHS JIOKAIBHBIMH TEXHOJIOTHYECKHMH OmeparusiMiu pobotoB L = |I;(r) |§’:1,

y1006! MepeBecTd PTC S u okpyxatomiyio e€ cpeny £ U3 33aHHOTO HAa4aJbHOTO COCTOSHHUS B JK€JIaeMoe
KOHEYHOE (LIeIeBOE) COCTOSHHUE, T.€. B Mpolecce TPYNIOBOH HAaBUTALMM M YIPAaBICHUS AOJDKHBI OBITH
BBINIOJTHEHBI TPaHUYHbIE YCIOBUS BUIA

x(tg) = xq, x(t7) =x1, (7

¢ YY€TOM 33JaHHBIX OIPaHUYEHUI Ha BEKTOp yNpaBieHul (5) U BEKTOp cOCTOsTHUM (6).

PTC (2) Oynem Ha3pIBaTh rI00albHO yNpaBIsIeMON B JUHAMHUYecKou cpere (3), eciam CymecTByeT
3aKOH TPYIIIOBOTO yIPaBICHUS (BOOOIIE TOBOPS, 3aBUCIINMA OT TeKyIero crossaus PTC u cpenbl) Buma

up () = U(t,x(8)) € Qu.t € [tut,], (8)

o0ecreunBalOIUK  BBHINOJHEHUE TpaHWYHBIX ycioBui (7) ¢ ywyerom orpanudeHuid (5) u (6).
CooTBeTcTBYIOIIIEE ITOMY TIPYNIIOBOMY YPAaBHEHUIO (8) IBHIKEHHE X (t),t e [tg,tr]J OyZeM Ha3bIBaTh

nporpammubM asrkeHueM (I1J1) PTC S(¢) B nunamudeckoit cpene E(?) ¢ NpensTCTBUSMH W 3alPETHRIMU
30HaMH.
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Cpenu MHOecTBa TpynnoBbix ympasieHui (8) u I1J] PTC M0XHO BBIIENUTH HaWITyuylliee
(onTuManbHOE) ympaBieHHe U cooTBeTcTBylomiee emy I1J[. Jlist 3Toro 3amaguM HEKOTOPHI MHTETPalTbHBINA
(yHKIMOHAN KayecTBa IrPYyMIOBHIX (MyJbTHAreHTHBIX) [1/] BHaa

T .
K(x,) = [ w(x, 0,4, )dt. o
Torga ontumansHbiM [1]] x:?’r{t}, tc [tmtr], 1A COOTBETCTBYIOIIUM €MY ONTUMAJIBHBIM I'PYIIIOBBIM

t
yIpaBlIeHHEM u:?’ (t) Oymem maseiBate To IIJ] m 3akon ympasnenuss PTC, mpu KOTOPBIX JOCTHUTAETCS

IKCcTpeMyM GyHKITMOHaNIA kKadecTsa (9), T.e.
H(x;m} =minK (x ).t € [tp.t7] (10)

CrnenmyeT OTMETHUTh, UYTO KpPUTEPUH TJIOOAIBHOM YIpPaBISEMOCTH MEXaTPOHHBIX pOOOTOB C
HEeNMMHEeHHON AnHaMUKO# copmymupoBansl B [11,16]. MeToabl aHamuTHYECKOTO cHHTE3a U onTuMu3anuu [1]]
MEXaTPOHHBIX POOOTOB, OOECIEUMBAIOIIME BBIIONHEHHE TPAaHUYHBIX YCIOBHH (7) ¢ ydu€ToM 3alaHHBIX
OTpaHWYCHHUI Ha BEKTOPHI ymparieHuid (7) m coctosHuil (8) MpH HATMYUH TPEISTCTBUH IMPEIIOKECHB B
[3,5,7-11].

2. YCcToilunBOCTh, CTAOMIM3ANMSA, JEKOMIO3UMIMA U CHHXPOHU3ALUS MPOrPAMMHBIX JABUKEHUIl
poboToB
[peanonoxkum, uro nporpammuoe agukenue (I1) PTC x, {£), £ € [t t7], u cooTBeTCTBYMOMMIA

€My 3aKOH MPOTrpaMMHOIO yrpaBicHus (8), yIOBICTBOPSIONINE TPAHUYHBIM YCIOBUAM (7) U OTpaHHUYCHHUSIM
(5) u (6), cymectBytor. Torma I1J Ha3zpiBaeTcs MpakTHYCCKW (WIM ACHMIITOTHYCCKH) YCTOHYHMBBIM IO
OTHOIIGHHIO K HAYAbHBIM BO3MYIIEHHM elty) = x g — X tg) (MM, BOSMOXHO, K JAPYTHM BO3MYILCHHSIM),

€CITU CYIIECTBYET 3aKOH I'PYIIIOBOTO (MYJIbTHATCHTHOTO) YIpaBieHus poboramu (8) Takoi, 4T0 B 3aMKHYTOU
atuM ynpasineHueM PTC u okpysxatoiieil e€ nnHaMu4ecKoi cpesie BBIOIHSIOTCS YCIOBUS BUAA

le{t)|] — ||x.p(t} — x(t, u}” =& L2t =ty (11)

rae £ = 0 - mapamerp, onpeneNAOIIHMiA KeTaeMyro TOUHOCT ocymectsienus 1)1, a T, = t, — tp -

BpeMs IepexomHoro mporecca. OUYeBHAHO, 4YTO IS MOCTIDKCHHMsI menu ympaeienus (11) mommkHO
BBITIOJTHATHECA YCIIOBUEC
ty = tr. (12)

3akoH TpynmoBoro (MynbTHareHTHoro) ympasieHuss PTC (8), oOecrieumBaromuii BBIMOJHEHUE
neneBeix yeaosuit (10), (11), OymeM Ha3pIBaTh CTAOMIM3UPYIOMIAM. OTOT 3aKOH YIIPABICHHUS SBISICTCS
JEKOMIIO3UPYIOIINM, €CIIH LEJIEBbIC YCIOBUS BBIIOJIHAIOTCS HE3aBHCUMO sl Kaxkaoro pobdora u3 PTC, T.e.
e;(t) me saBucur or e;(t),j =i . DT0 O3HAYAET, YTO JIOKAILHOE YIPABICHHE KAXIbIM POOOTOM T

OCYILECTBIISAETCA HE3aBUCUMO OT JIOKAJIBHOIO YIPABJIECHHS APYTUMH PoOOTaMu 7;,j F [ , C KOMIICHCAIUEH

BO3MOXKHBIX MEPEKPECTHBIX TUHAMUUECKHUX CBsI3ei Mexxay podoramu PTC.

B HexoTophIX cinywasx (HampuMep, Ha KOHBeWepax) OT 3aKOHa TPYIIOBOTO YIpaBIeHHs TpeOyeTcs
00ecneunTs TMOJIHYI0 WM YaCTUYHYIO CHHXPOHM3AIMIO ABIKEHUH pa3nuyHbix poboroB m3 PTC. B atux
ciydasx nenesble ycnoBus (11) mpuobperaroT Buj

e O = [|xps (@) —xj(tupdl| = & 0 £0 £ =t (13)

Bo3HukaroT Takke 3amadud  TPYMIIOBOro (MyJBTHAreHTHOTO) YIIPaBICHUS poOOTaMu,
CBsI3aHHBIC C JIOCTHXKEHHEM KOHCEHCyca (concensus), koraa kaxaeiid podot u3 PTC ctpeMutcs, 4ToObl €ro
I 6buto 6mu3ko c¢ I1J1 cBomx cocenmeli, wim panneBy (rendezvous), xorga Bce po6oTsl U PTC momkHBI
MIOTIAaCTh B 33/1aHHOE COCTOSTHUE B 3aJaHHBI MOMEHT I' = £ — £ .

Crienyer OTMETHUTD, UTO IS JIOKAJIbHBIX CUCTEM HABUTALMH U YIIPABICHUS ABUKEHUEM MEXaTPOHHBIX
pOOOTOB C HENMHEHHOW NIWHAMUKOW 3aKOHBI CTaOWIM3HPYIOIIEro, MOAAJIBHOTO (CHEKTPAILHOTO) U
JEKOMIIO3UPYIOIIETO YIpaBiIeHus OblIN MpeAsoxKeHsl panee B [4,5,9-11,16-18].

3. YeTbIpe MOKOJEHUNA CUCTEM HABUTALUMHU U YIIPABJIEHUS IBUKEHUEM poOOTOB

B paborax [6,10,17] ©Obuia mnpeasiokeHa KiacCU(UKALUS JIOKAJIbHBIX CHCTEM HAaBUTALUH U
ynpasienus nemxenneM (CHY /1) po6oToB Ha deTbIpe Kiacca (TIOKOJIeHuUs):

1) mporpammusie CHY /I;

2) apnantuBaeie CHY [I;

3) uatemnexryanpabie CHY /1;

4) meitpocereBsic CHY /1.
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IIporpammusle CHVYJl po0OOTOB OCHOBaHBI Ha KJIACCHYECKHX MPHUHIMNAX TMPOTPAMMHOTO WU
ONTUMAJIBHOTO YIPABJICHHUS MABIKECHHEM, €CJIM MoJenb AuHamMuku pobotoB mimu PTC (2) momHocThIO
M3BECTHA, a cpea (WK CBA3aHHbIE C HEW BO3MYILEHHS) U3BECTHBI U HEM3MEHHBI, T.€. B MOJIENH TUHAMHUKHU
cpensl

E=0 E=5¢t€ [t,tr] (14)

AnantuBable CHYJ] 06a3upyroTcs Ha COBPEMCHHBIX NPHHIIMIIAX POOACTHOTO WIIM aJallTHBHOTO
ynpasienus, korjaa moaens auHaMuku PTC (2) u cpenst E (umu cBsi3aHHBIX ¢ Hell Bo3MyIeHni) (3) 4acTUYHO
Heu3BecTHB. B 3ToM cimyuyae mporpamMMubele CHY/l nomonHsroTcd cnenuanbHBIMU CPEACTBAMM afanTallud
win uaeHTH(GUKauK (akTOpOB HEONPEAETEHHOCTH WM HECTAallMOHAPHOCTH, K YHCIY KOTOPHIX MOKHO
OTHECTH HEU3BECTHBIC BO3MYIIIEHUS WK npensrcTsus [3—5,9-11,17].

Wnrennexryansusle CHY /| nomonHAIOTCA HE TOJNBKO CPEACTBaMHU aJalTallid, HO U HEKOTOPBIMHU
3JIEMEHTaMH (aJIrOpUTMaMH ) UCKYCCTBEHHOT'O HHTEJIJIEKTa (HaIpuMep, CIOCOOHOCTHIO Paclio3HaBaTh PEUEBhIC
KOMaHbl WIM MICHTU(QUIMPOBATh HEU3BECTHble mpemsaTcTBus). Kaxk mpaBuio, 3TH  3JIEMEHTHI
MCKYCCTBEHHOT'O MHTEJJIEKTAa OMHUCHIBAIOTCS JIOTHYECKUMH, aireOpandeckKuMU M HEUETKUMH aITOPUTMaMHU.
[losToMy oHHM MOryT OBITH IPOTPAMMHO pEANM30BaHbl HA TPAIULMOHHBIX MHKPOIIpPOLECCOpax H
KoMITbioTepax [9—18].

HeiipocereBsie CHYJl ocHOBBIBalOTCS Ha OOYYEHHH, CaMOOpPraHM3allMd W paclapajjieluBaHUU
npoueccoB  00paboTku uMHpOpManMM, HaBUTallMd W YOpPaBJICHUS HA HEHPOHHBIX CETAX WU
HelpokommbioTepax [10,22]. B aToMm 3akiatoyaeTcsi UX OCHOBHOE OTJIMYHME U MPEUMYIIECTBO IO CPABHEHUIO C
CHVYJ] poG0TOB mepBhIX TPEX MOKOJICHUH.

4. CTpaTterun HeHTPaJIM30BAHHOIO, AeleHTPAJIM30BAHHOIO U MYJIbTH-aT€HTHOI0 YNPaBJeHHs
POOOTOTEXHUYECKMMH CHCTEMAMH

BaxxHO O0TMETHTB, UTO POOOTHI PEAKO MUCHOIB3YIOTCS M30IMPOBaHHO. OOBIYHO OHM BXOIAT B COCTaB
PTC w mpemnazHaveHBl il TPYNNOBOTO (KOJUJISKTUBHOTO) BBIMTOJHEHHUSI HEKOTOPOH CIOXKHOW o0O0meit
(Tmo6anpHOI) 3aMa9H, KOTOPYIO KaX B POOOT CaMOCTOSITEILHO (ABTOHOMHO) PEIIUTh HE MOJXKET.

Crnoxnas rereporertas PTC MoxeT BKIFOUaTh B ce0sl IECSITKH WIM COTHH POOOTOB MJIM FTOMOTEHHBIX
PTC, ¢yHKuMOHMpYOUMX B AWMHAMHYECKOH cpelle C MPEMATCTBHAMHU. B CBA3M ¢ 3THM BakHOE 3HAUCHHE
MPHOOPETAIOT MPOOJIEMBI CHCTEMHOTO (CEeTeBOTr0) aHajun3a M CHHTE3a WHTETPUPOBAHHBIX CHUCTEM TPYIIOBOM
HABUTALMH, YTPaBIEHUS IBMKEHHEM M 00paboOTKH ceHcopHOW uHpopmanuu. OnHAKO MPOEKTUPOBAHUE U
CO3JIJaHHE HWHTETPUPOBAHHBIX CHUCTEM HEBO3MOXKHO 0€3 OpraHuM3ald W KOOPIMHALMU B3aMMOJACHCTBHUS
po6otoB B PTC ¢ momoripro KOMMyHUKaIIMOHHON cetn [19-23].

MareMaTH4eCKOi MOJIENBI0 TaKOW, BOOOIIE TOBOPS, THHAMUYECKON KOMMyHUKanmnoHHOW cetrn PTC
MOXET CITy>KUTh KOMMYHHKaIIMOHHBIH rpad BUIa

G(t) = {R(0), C(t), w(t)},t € [to,t7] (15)

rame R — MHOXECTBO Y3JIOB, COOTBETCTBYIOIIMX JIOKATFHBIM CHCTEMaM HaBUTALWH, YIPaBICHUS
NMBIDKEHHUEM W 00paboTku mHpoOpManuu poOoToB 7;,i = 1,2, ...,m, C — MHOKECTBO KAaHAJIOB CBS3U MEXIY

HUMH, a W — MHOKECTBO BECOB (HapUMep, JJIMHA WK IPOITYyCKHAS CIIOCOOHOCTH) KaHAIIOB CBS3H.

B npomnecce pemenus o0mieit (rimobanbHON) 3a1aun cTpykTypa u napamerpsl PTC MOryT n3MeHSAThCS
(HanpuMep, HEKOTOpBIE POOOTHI WM KaHAIBI CBS3HW MEXIY HHUMH MOTYT BBEIUTH W3 CcTpos). Torma OymyT
U3MEHSATHCSI CTPYKTYypa (TOMOJIOTHSI Y3JI0OB M KAaHAJIOB CBS3M) WM MapaMeTphl (Beca) KOMMYHHKAIHOHHOTO
rpaga (15). Oror rpad xapaktepusyeT MHOOPMAIMOHHOE B3aWMOJCHCTBHE Mexay podotamu T; m3 PTC

5(t). TlosToMy ero CTpyKTypa TECHO CBsi3aHa CO cTpaTerueil rpymmoBoro ympasierus I1J] po6oros u PTC

(8), obecnieunBatoreii foctmkeHre o0IIeH (rodabHON) LENN YIpaBICHUS.

[lepBonavanbHO (HaumHast ¢ 60-x romoB XX Beka) CTpaTeruu rpyIoBOro yrpaBJieHUus po0oTaMu B
PTC pa3pensanuce Ha 1Ba Kinacca:

— CTpaTeruy HEHTPATU30BaHHOTO (r100ampHOr0) yrpasieHus PTC u3 o01iero koManHoOro IIEHTpa;

— CTpaTeruu JCICHTPATM30BAaHHOTO YIPABICHUS, OCHOBAHHBIC HA JIOKATHHOM YIPABICHUU KaXKIbIM
po6otom u3 PTC.

IIpenmymiecTBa cTpaTeruu IEHTPATU30BaHHOTO (Tio0anpHOr0) ymnpaBieHus PTC 3axmrodaroTcs B
MPOCTOTE UEPAPXUICCKON OpraHU3aAIMH U MPOTPAMMHO-AIMIIAPATHON peal3alil CUCTEM TPYIIIOBOTO (B TOM
YHUClle ONTHUMAILHOr0) ympaBieHus. OmHako e€ HEeNOCTaTKH TMPOSBIIOTCS B HHU3KOH JKHBYYECTH
(Hame)XKHOCTH) M BO3MOXKHOCTH HMCKXEHHWH M BPEMEHHBIX 3a/Iep)KeK MpH Iepenade KOMaH] MPOTPaMMHOTO
YIIpaBIEHUS OT BEPXHETO YPOBHS HEPAPXUU K HIDKHEMY.

[IpeumyriecTBa cTpaTerul JCIEHTPATU30BAHHOTO (JOKAIbHOrO) ynpaBieHus podotamu u3z PTC
3aKJIFOYAIOTCS B BBICOKOH JIOKAIIBHOW TPOU3BOAMTENBHOCTH (MajloM BPEMEHH TNPUHSTHS JIOKAIBHBIX
pelIeHuii) W mapayuienu3Me JIOKAIbHOTO YIpaBieHHs poOOTaMH, a TakKe B IOBBIIICHHON >XHBYYECTH
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(mangéxHoctn) PTC. B Toxe Bpems eil CBOWCTBEHHBI TaKHe HEJOCTATKH, KaK IMOBBIIICHHBIE TPEOOBaHHSA K
HaaA&KHOCTH Y3JI0B M KaHaJIOB HH(GOPMALUMOHHOM CBSI3M MEXOY pOOOTaMH W HEBBICOKOE KadecTBO
rpynnoBoro ympasneHus PTC, T.k. naxke U3 JOKaJIbHONW ONTHMATBHOCTH YIPaBICHUS OTAEIBHBIMU pOOOTaMH,
BOOOIIIe TOBOPSI, HE cIeAyeT rnodanbHas ONTUMaBHOCTS yrpasieHus PTC B nemom.

CpaBHUTENBHBIM  aHANU3  NPEUMYLIECTB W HEJOCTATKOB  TPAJAWLMOHHBIX  CTpaTeruil
LEHTPAJIN30BAaHHOTO U ACLEHTPAIM30BAHHOI'O YIIPABJICHUS TeppUTOpHaibHO pacnpeaeinéHusix PTC npusén k
HeoO0XoaMMOCTH pa3zpaboTku (HauuHas ¢ 90-x rogoB XX Beka) HOBOM rmMOpuAHON (CMeIIaHHON) CTpaTeruu
MyJbTU-areHTHOro ympasieHuss PTC Ha coBpeMEHHOM YpOBHE Pa3BHTHS POOOTOTEXHHKH, MEXaTPOHUKH U
WH(OTEICKOMMYHHUKAITMOHHBIX TexXHOJNOTHIA [19—23]. DTOT ypoBEeHb pa3BUTHs XapaKTepHu3yeTcs Bc€ Oosee
IIMPOKUM BHEIPEHHEM pOOOTOB C MHTEIEKTyalbHBIM U HEHPOCETEBBIM YIPABICHUEM, IITO0ATBHBIX CHCTEM
Haurauuu tuna ['JIOHACC u (unun) GPS n nHdoTenekoMMyHHKaIMOHHBIX cucteM Tumna Internet u Grid.

5. IIpyHUMNBI HHTETPALMM CHCTEM HABUIAIMU U YIPABJIEHUS ABH:KEHHEM B MYJIbTH-areHTHbBIX
POGOTOTEXHUYECKUX CHCTeMaxX

B coBpemeHHOH pOOOTOTEXHHMKE M MEXAaTPOHHKE, a TakkKe B HH(OPMALMOHHBIX TEXHOJIOTHSIX
HaBUTallUU ¥ TEOPHM YNPABICHUS ABHXEHUEM, CYILIECTBYET psifl MPOOJIeM, CBSI3aHHBIX C NIPOCKTHPOBAHUEM,
CO3/IaHMEeM U MHTerpalueil CUCTeM aJalnTHBHOHN (JIOKANbHOM) U MyJIbTH-ar€HTHON (TPYMIIOBOW) HaBUTALIWH,
(YHKIMOHANBHOW OUATHOCTHKM W WHTEJUIEKTYalbHOTO YHPABICHHs IBWKEHHEM MOOWIBHBIX POOOTOB B
JUHAMHYECKON Cpelie ¢ M3BECTHBIMM MM HEU3BECTHBIMU NpensTcTBUAMH. HexoTopwle U3 3THX mpobiem, a
TaKkKe TEepCHEeKTUBHBIE MOJIXOIBI W HOBBIE METOABI MX pemeHus paccMorpensl B [10-23]. Paccmorpum
NPUHIMIIEI TPOSKTUPOBAHUSI HHTETPUPOBAHHBIX CUCTEM MYJIbTH-areHTHOW HABUTAIMH M UHTEIUIEKTYaJILHOTO
yIpaBlIeHHs JBHKEHHEM MOOMIBHBIX poboToB u PTC.

MoOWIBEHEIE POOOT paccMaTpUBacTCs KaK WHTEIUICKTYAIbHBIA ITOABM)KHBIA MEXaTPOHHBIM areHr,
uMmeromui Ha 6opty [6,10]:

— CEHCOPHYIO CUCTEMY JaTYMKOB BHYTPEHHEH M BHEIIHEH nHpOpMaIuy;

— MHTEJUIEKTYaJIbHYI0 CUCTEMY HAaBUTAlMK U YIPaBJICHUS IBHKCHHUEM;

— JIBUTATEIbHYIO CUCTEMY C TPaJUIMOHHBIM (HallpUMep, T'YCEHHYHBIM WM YETHIPEXKOIECHBIM) WIIN
HETPaJULIMOHHBIM (HaIpHUMeEp, C OJAHOOCHBIM ABYXKOJECHBIM MIIHM IOJI3AIOIINM, T.€. MEPEMEIIAIoIUMCs 110
MOBEPXHOCTSIM MPOU3BOJIBHOM OPHUEHTALNN) LIIACCH;

— KOMMYHUKAIIMOHHYIO CHCTEMY U MHPOPMAIIHOHHOTO B3aMMOJIECHCTBUS C YeIOBEKOM-0TIEPaToOpOM
U IpyTUMH pOOOTaMHU-areHTaMH.

BaxHpIMM 3a1adaMy OpU CO34AHUM MOOWJIBHBIX MEXaTPOHHBIX POOOTOB KaK HMOIBIKHBIX AareéHTOB
MAPC sBisiercsi MHTEICKTyalIn3alysi OOPTOBBIX WHTETPUPOBAHHBIX CHCTEM HAaBUTallUU U YIPaBJICHUS
JBHKEHHEM, 00ecleunBaomas BO3MOXHOCTh aBTOMATUYECKOT0 TUIAHUPOBAHUS W ONTHUMH3AINH JBMKEHUI
Ui 00XO#a W3BECTHBIX WM HEW3BECTHBIX NPEISITCTBUH, ajanTauud K JAWHAMHYECKHM (akTopam
HEeonpeAeaEHHOCTH (HampuMmep, K BO3MYINEHMSM M HEHU3BECTHBIM IOJBIDKHBIM IPEHATCTBUSAM) H K
BO3MOXKHBIM ~JieekTaM WM OTKa3zaM, paclio3HaBaHHs o00pa3oB (HampuMep, CTepeo-H300pakeHHu
OPENSATCTBUI), MOACTUPOBAHHUA W aHANM3a CIOXKHBIX 3-D CleH W AWAarHOCTHUKH COCTOSHUH MOOWIJIBHOTO
poOoTa-areHTa B peaslbHOM Maciitade Bpemenu [9—23].

Hosble axTyanpHble NIpoOJIEMBI BO3HHMKAIOT IIPU TIPYNIOBOM  (KOJUICKTMBHOM) HCIIOJIb30BaHUU
MOOMJIBHBIX MEXaTPOHHBIX po00TOB-areHToB B coctaBe MAPC mis peuienust oOmeit (riobanbHON) 3aaauH.
I'pynma (KomieKTUB) MOOMIIBHBIX MEXAaTPOHHBIX POOOTOB-areHTOB, OOBEMUHEHHBIX OOMIeH (TI00aTbHOM)
LEIbI0 U (QYHKIHOHUPYIOLIAas B €AUHOM HMH(POPMAIIMOHHOM U KOMMYHHUKAIlMOHHOM IIPOCTPAaHCTBE Ha 0Oase
COOTBETCTBYIOIINX CTaHAAPTOB, KOMaHA U (OPMATOB Mepepadn MOTOKOB JaHHBIX, HAa3bIBACTCS MOOWIBHON
MAPC.

KitoueBbiMH mpo0sieMaMu TIPH CO3JaHWM WHTETPUPOBAHHBIX CHUCTEM HABUTALMM M YINPaBICHHUS
JnBkeHneM MoOrIbHBEIX MAPC sBnsrores [19-23]:

— JIeKoMITo3MIHMs o0Imeil (rmobanbHOM) 3aayun, BO3JIaraeéMod Ha TpyIny (KOJJIEKTHB) MOOHMIIBHBIX
POOOTOB, Ha PSAJ JOKATIBHBIX 3a/1a4 AJIS KAKIOTO poOOTa-areHTa,

— MYJbTH-areHTHOE (TPYyNIIOBOE) IJIAHUPOBAHUE MAapIIPyTOB ABMKCHHS M HAaBUIallUs MOOMIIBHBIX
poOOTOB-areHTOB B JMHAMUYECKON CPE/Ie C M3BECTHBIMU MIJIM HEM3BECTHBIMU MPENSATCTBUAMH,

— (yHKUMOHANBHAS OUATHOCTHKA M OTKA30yCTOHYMBOE YIpABJICHHE [BMXCHHEM MOOMIIBHBIX
pOOOTOB-areHTOB,

— HHTEJUICKTyaJHM3alusi W HWHTETpalus CHCTEM HABUTAllMU W YIpaBJICHUS [BIKEHHEM Ha 0ase
OOPTOBBIX CPEACTB PACO3HABaHMS CIIOKHBIX 00pa3oB (MyJbTH-U300pa)KCHUH, PeYEeBBIX KOMaHI W T.I.) U
MOOWITBHBIX HaBUTAaTOPOB (crryTHUKOBBIE cucteMbl [ JIOHACC u GPS u 1.11.) B cocraBe MoOminbHBEIX MAPC.

BaxupiMu 3a7agamMu  SBISIIOTCSL TaKyK€ OPraHU3allUs HHTEIJIEKTYaJIbHOTO YeJIOBEKO-MaIIMHHOTO
uHTepdelica M  KOMIUIEKCUPOBAaHHWE TEPCIEKTUBHBIX  pEIICHHH ASTHX NpoOieM Ans  CO3JaHus
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MHTETPUPOBAHHBIX CHUCTEM MYJbTH-ar€HTHOH HaBUTALMM W HMHTEIUIEKTYaJbHOTO YIPABICHUS IBM)KEHHEM
MOOHIIBHBIX POO0TOB Kak areHToB MAPC B 5KCTpeMasbHBIX YCIOBHIX U CPEAaXx.

3akinroyeHune

AKTyaJIbHOCTh IPOBEAEHHBIX HMCCIEN0BAaHUM CBA3aHA C MOBBIIIEHHBIM MHTEPECOM BO BCEM MHpeE K
MHTEJUICKTYQJIbHBIM MEXaTPOHHBIM POOOTaM Kak IMOABMXKHBIM areHramM u MoOminsHeIM MAPC BBHOy HX
CIIOCOOHOCTH aBTOMAaTW4eCKU (YHKLMOHUPOBAThH II0J] KOHTPOJIEM YeJIOBEKa KaK B TPAAULUOHHBIX OTpaciisiX
MIPOU3BOACTBA (MAaLIMHOCTPOECHHE, IPHOOPOCTPOCHNE, MUKPOAIEKTPOHUKA U T.I1.), TaK U B HETPATUIIMOHHBIX
00MacTsIX M JKCTPEMAaNbHBIX cpenax (KOCMHYEcKash M IMOABOAHAS pPOOOTOTEXHHKA, aTOMHAas JHEPreTHKa,
JMKBHUJALMA TEXHOTCHHBIX aBapUil M TEPPOPUCTHUYECKHUX yrpo3 U T.n.). CiiexyeT OTMeTHUTh, YTO KPyT 3aaad,
pelaeMbIX MeXaTpoHHBIMH pOoOOTaMHu-areHTaMu W MoOWiabHbIMH MAPC, HempepblBHO pacuiupsieTcss |
ycnoxHsercss  (Heo0xomuMocTh d(dexkTuBHO paboTaTh B IKCTPEMalbHBIX CpeAax B  YCJIOBHUSAX
HeonpeAeaEHHOCTH WIKA NPOTUBOACHCTBUS IPH HAJIMUNH MPETIATCTBUN MIIH 3alIPETHBIX 30H U T.I1.).

bonpiryro Hay4Hyr0 3HaUYMMOCTb M AaKTyaJbHOCTb HMMEIOT IIOMCKOBBIE HCCIIEOBaHMS B 00JacTé
CO3JIaHHsl WHTETPUPOBAHHBIX CHUCTEM MYJIbTU-areHTHOW (TPYNIOBOH) HABUTAMM W HWHTEIUIEKTYaJLHOTO
yOpaBlieHUS JABMKCHHEM MEXaTPOHHBIX pOOOTOB-areHTOB M MoOWiIbHBIX MAPC B nuHaMuveckux
(m3MensIOmKXCA) cpepax ¢ npensaTcTBUAMHU. CerofgHs 3TUM HMHHOBAIlMOHHBIM HMCCIIEIOBAaHHUSM U OIBITHO-
KOHCTPYKTOPCKHM pa3paboTKaM BO BCEM MHpE yAeseTcs IPHOPUTETHOE BHUMaHHeE.

PabGota BBIMONHEHAa TpH YacTUUHOW moxanepkke TpantoB PODU  Ne  09-08-00767-a
"MogenupoBaHu€e MOBEICHUS U aHUMAIMS IBHKEHUN NONBWKHBIX areHToB" u POOU-I'®EH Kuras Ne 10—
08-91159-T'®EH-a “UccnenoBanre HayYHBIX TPOOJIEM HHTEIUIEKTYaTbHOTO YIPABICHUS MarucTpalbHBIMU
TPaHCIOPTHBIMH CpEACTBAaMH U MOOWIBHBIMH poboTamu” u Ilporpammber Ne 13 “TIpoGnemsl co3maHUS
HallMOHAJBHOM HAay4YHOH pacnpenenéHHON MH(OPMALMOHHO-BBIYMCIUTEIBHONW Cpelbl Ha OCHOBE Pa3sBUTHUS
GRID-TexHOI0THIT 1 COBPEMEHHBIX TEICKOMMYHHUKAITMOHHBIX ceTeil” [Ipesmnnyma PAH.
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Beenenue

M3 MHOTHX TEHICHIIMH W HAIPABJICHWHA pPa3BUTHSA POOOTOTEXHWKH HambOojee (yHIaMEHTATBHON
npobseMoll  ABNSETCS HEOOXOIUMOCTh COBEPIICHCTBOBAHMS CTENEHH 11eJIeco00pa3HOCTH, pPa3yMHOCTH
MoBeJIeHUs: poOOTOB.

Bo3MmoxHBI B2 HyTH pemeHue 3TOoi mpobieMbl: (1) COOTBETCTBYIOIIEE COBEPIICHCTBOBAaHHE
COBpPEMEHHBIX KOMITBIOTEPHBIX CPENICTB U (2) TEXHHUECKOE BOCIPOU3BEACHNE (PYHKIIMOHUPOBAHHUS TOJIOBHOTO
Mo3ra uyenmoBeka. (O0a HampaBJeHHS BO3HUKIM NPUMEPHO oOJHOBpeMeHHO. [lepBoe Hauamoch ¢
MPOBO3TJIAIICHUST WIEN «yHHBepcanbHOro pematens 3amau» (General Problem Solver - GPS) u
MIPOJIOJDKUIIOCE CO3IaHUEM HOBOTO TIOKOJICHHS KOMIIBIOTEPOB, BKIIOUas SIMOHCKUH mpoekT OBM 5-ro
NOKOJICHHsI, HAIPaBJICHHBIA Ha pa3BUTHE CYIEPKOMITBIOTEPOB, CIIOCOOHBIX HCIIOJIB30BATH  METOJIBI
UCKYCCTBCHHOTO WHTEJUIEKTa, OCHOBaHHbIE Ha 0a3zax 3HaHWHU, Iy pemeHds J0ObX 3amad  Oe3
IPOrpaMMHUPOBAHUSL.

Btopoe mnampaBnenune Hawanmock ¢ mepcentpona @. Poszenbrmata u pa3BuBaeTCs B paMKax
UCKYCCTBCHHOTO HHTEIIEKTa IyTeM CO3[aHUSl Ha OCHOBE HCCIICIOBAaHMN (PU3HOJIIOTOB M ICHXOJIOTOB
TEXHHYECKUX aHaJOrOB CTPYKTypa Mo3ra (HEHPOHHBIE CETH, acCOLMATHBHAS NaMsATh) W OTAEIBHBIX €ro
gacTel (MO3KEUOK, TUIIITOKAMII, OTICIBI KOPBI MO3Ta).

HecmoTpst Ha BHeuaTnsiomue ycrexyu NepBOro HaNpaBICHUs, MPENCTABISETCS COMHUTEIbHBIM, YTO
HapsAy € MPOTPECCHUPYIOIIUM POCTOM BBIYHMCIUTENBHBIX BO3MOXKHOCTEH KOMIIBIOTEPOB MOXKHO BBINTH Ha
YPOBEHb HHTYUTHBHOI'O B OCHOBHOM II0JICO3HATEIBHOIO MBIIUIEHHUS Y€I0BEKa, KOTOPOE A0 CHX IIOP OCTAETCS
«BeUIbIO B cebey.

Yro kacaeTcs BTOPOro OWMOHMYECKOTO HANpaBJICHHs, TO €ro MEPCHEKTHBHOCTH 3aKII0YaeTcs B
cienytomeM. HecMOTpsi Ha TaMHCTBEHHOCTH pabOThI HAILIETO MBIIIJICHUS, HAM MOHSATHO KaK OHO BO3ZHHKJIO B
MIpOIlecCe DSBOJIIOLMOHHOTO pa3BUTHS dedoBeka. [loaTomy mpencTaBiseTcss BO3MOXKHBIM ITOMBITATHCS
NOBTOPUTH 3TOT IpOLECC Ha TEXHHMYECKOM aHajore >KMBOTO CyLIecTBa B BHIE po0OTa, 00Jaaaromero
HEOOXOOUMBIM IS 3TOTO JIByXCTOPOHHHUM HH(OPMAIIMOHHBIM M CHJIOBBIM B3aMMOJICHCTBHEM C BHELIHEH
cpenoil. Co3aB Takoi aHAJIOr Ha TOM HMHTEIUIEKTYalbHOM YPOBHE, KOTOPBIA B HACTOSIEE BPEMs JOCTHIIA
poOOTOTEXHUKA, U, BBEIS B HEro CTUMYJ (MOTPEeOHOCTH) CaMOYCOBEPIICHCTBOBAHMS B XO/€ KOHKPETHOH
npoQecCHOHANBHON JesTeNbHOCTH (CBapka, cOOpKa, OXpaHbl M TMp.), MOXKHO  3allyCTUTh IIpoLecc
9BOJIFOLIMOHHOTO PAa3BUTHUS 3TOr0 PoOOTa, COBEPIIEHCTBOBAHNUS €0 MPO(PECCHOHAIBHOIO MBIIUICHUSL.

PaccmoTpenne BO3MOXKHOCTEH peanu3aliMyd 3TOTO HANpaBJIEHHS HAYHEM C aHajin3a BBIMOJHEHHBIX
COOTBETCTBYIOLINX UCCIEAOBAHUI.
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[epBbie nccnenoBanus U pa3pabOTKH 11O CO3aHUI0 HHTEIJIEKTYaIbHBIX POOOTOB OBLUTH BBHITIOJTHEHBI B
paMKax yKa3aHHOTO «KOMIIBIOTEPHOTO» HAIpaBICHUS, OCHOBaHHOM Ha BepOanbHOW HHOpManuu Hu
ucHoap30BaHMi 3HaHMH. Clofa OTHOCATCA TaK Ha3blBaeMble MHTETpajbHbIE poOOTHI MoA00HBIE «llleitkn»
(1966-1977 r.r., Crendopackuii uHctutyT, CHIA) n Hamemy «JI[IM-3», 3aTreM  ryMaHOWAHBIE U
COBPEMEHHBIE HHTEIUIEKTYaIbHbIE POOOTHI.

B HayyHOM maHe HOBBIM pE3yJbTaTOM 3THUX pPAa0OOT CTajl0 BO3HUKHOBEHHE WH(OPMALMOHHON
KOTHUTHBHOW TEOPHMH MO3ra M KOTHHTHUBHOH pPOOOTOTEXHMKH. WX CyTh B Pa3BUTHU HCKYCCTBEHHOTO
MHTEJJICKTa B HAlPaBJICHUU CO3JaHHsI CHUCTEM, CIIOCOOHBIX OOYyYaThCsl M HAaKaIUIMBaTh 3HAHHWA B MpoLecce
(YyHKIMOHUPOBAHUS, T.€. KYMHETbY.

PaboTbl B 0011aCTH MCKYCCTBEHHOTO MHTEIUIEKTa POOOTOB SIBUJIUCH NIEPBBIM 3HAYUTEIBHBIM IIIarOM B
TEXHUYECKOM OCBOCHHH pa3yMa 4eJIOBEKa, OCBOCHHH €ro BepOajlbHOTO (CHMBOJIFHOTO) MBILIUICHHS JIEBOTO
MOJIyIIapHs TOJIOBHOTO MO3Ta, OCHOBAHHOTO Ha (DOpMaTU3yEeMBbIX 3HAHUSIX.

Bnepenu Oplna 3HAaYMTENEHO OoJiee CIIOXKHAS MpoOiieMa OCBOCHHS OOpPa3HOTO MBIIIUICHUS MPaBOTO
nojymapus rojoBHOro wmosra. lllaroMm B 93TOM HampaBJICHWHM MOXHO CYHMTaTh HCCIEJOBaHUS MO
KOTHUTHBHOMY HCKYCCTBEHHOMY WHTEIUIEKTY. I3BECTHO, YTO OCHOBHOW OOBEM MBIIUICHUS YeJIOBEKa
COCTaBJIsIeT 00Pa3HOE B OCHOBHOM II0/ICO3HATENIPHOE MBIIUIEHHE IIPABOro HOIyIIapus, KOTOPOE BKIOYAET U
TBOPYECKOE Hayalo MBIIIICHUS (KPeaTHBHOCTH). TeXHUYECKOE€ OCBOEHHE ATOM YacCTH MBILIUIEHUS MOXHO
CUMTATh TPETHUM ILIArOM B CO3JaHUH MOJIHOLEHHOTO UCKYCCTBEHHOTO pasyMa.

dyHnameHTanbHas npodiieMa HayKH U TEXHUKU B Pa3BUTUH YEIOBCUECKONW HUBHIN3ALMU — CO3IaHUE
MCKYCCTBEHHOT'O pazyMma — BIIepBbIe 0003HaumMiach B pabdore [1] u Obuta pa3BuTa B MOCIHEAYIOUINX paboTax
[4]. CoBpemMeHHBIH ypOBEHb MHKpPO- W HAHOTEXHOJIOTHH IO3BOJISIET CUYHMTATh 3Ty 3aJadyy B OTHOLICHUH
anmapaTHON peaJn3aliy BIIOJHE peaan3yeMoi. KonndecTBO ruImoTeTHYeCKUX KOMIIOHEHTOB HCKYCCTBEHHOT'O
pa3yMa, COOTBETCTBYIOIEE UYHCICHHOCTH HEHPOHOB B TI'OJOBHOM MO3IY 4EJIOBEKAa, YXKE CErOAHA MOTYT
YMECTUTBCS B IUIJIOMATe CPEIHUX Pa3MeEPOB.

PaccmatprBaemblil OMOHMYECKHI MTOAXO0 K CO3AaHUIO UCKYCCTBEHHOTO pa3yma, OUE€BUAHO, AOJDKCH
OBITh OCHOBAaH Ha CO3/aHMM HMCKYCCTBEHHON HEpPBHOW CHUCTEMBI, NMOJOOHON MO (YHKLIUSIM U IIOBEICHHUIO
HEpBHON cucteme uenoBeka. Ha puc. 1 mokasana rumoreTMdeckass CTPYKTypa CHCTEMBI YIPaBICHUS
pasymHoro po6oTa, chhopMHUpOBaHHAasi HA OCHOBAaHHU COBPEMEHHBIX MPEICTABICHUN O CTPOSHHH HOBOH KOPBI
TOJOBHOTO Mo3ra dyenoBeka. Cucrema BKIIOYAaeT Ba HMH(OPMAIMOHHBIX KaHaja — KaHal OCBOCHHOTO
BepOaIbHOTO MHTEIIEKTYyaJlbHOTO YIIpaBIEHUS M KaHal, ONepupyoummii oOpa3sHod wuHpOpManuei,
SIBIISTIOIEHCST OCHOBOH TBOpYECKHX cIlocoOHOCTel uenoBeka. O0a KaHama Kak B JKUBOM OpTaHH3ME
JEWCTBYIOT COMIACOBAHHO MOCIE0BATEIbHO U MapajluIeibHO, IEPUOIUYECKH TIepeiaBasi APYT Ipyry 3aJaqyd B
xone WX pemeHus. Kaxmelii kKaHal MMEEeT HECKOJNBKO (4-6) ypoBHEH IOCIIeIOBATEIBHOTO OOOOIICHIS
BXO/IHOW WH(OPMAIH C €€ acCOIMAaTUBHBIM 3allOMHHAaHHEM, (OPMUPOBAHHEM MOJEJCH BHEIIHEH Cpelpl, ¢
ee aHaJM30M U MPHUHATHEM aJeKBaTHBIX pelieHuil o moBeneHuH. [lokasaHHble Ha cxeMe (DYHKIHMOHAIbHBIC
0JIokM 00OWX KaHAJIOB CBS3aHBI IO ITHM YpPOBHSAM. BHU3Y Kakmoro OJIOKa yKa3aHBI pa3paboTaHHBIE K
HACTOSIIIIEMY BPEMEHH METOJAbl MX BO3MOXKHOW peaju3allid B O0JACTH HCKYyCCTBEHHOTO WHTEIIICKTA,
KOTHUTHBHBIX U KPeaTHUBHBIX cucTeM. [loka 5TH peanuzanuu oTpabOTaHbl B OCHOBHOM TOJIEKO B BepOalbHOM
BapuaHTe (IIOCTPOEHHE MIIOTE3, TEHEPALsl MOJIEIeH CUTyalnii, TeHETHUECKHE U HBOJIIOLMOHHBIE aNTOPUTMBI
u 1.71.). Ho kpeaTuBHBIE CLIOCOOHOCTH 4€TI0BEKA, OIPEAEISIEMbIE IPABONIONYIIAPHBIM 00Pa3HbIM MBIILICHUEM,
OCTalOTCS MOKa HEAOCTYNHBIMH MOJIEIIMPOBAHMIO U TEXHHYECKOMY BOCIPOW3BEACHHUIO. [103TOMY OCHOBHBIM
OyTeM [UIi WX pealn3aludd JODKHO CTaTh 3BOJIOLMOHHOE CaMOYCOBEPILICHCTBOBaHHME Ha 0ase
IPEeACTaBICHHON CUCTEMBI YIIPABICHUS IIOAOOHO TOMY, KaK 3TO IIPOMCXOIMIIO B )KUBOU IPUPOJIE.

[pu dbopmupoBanuy o0mIel HEHPOHHON CETH M COCTABIIIONIMX € ()YHKIHMOHANBHBIX JIOKAJIHHBIX
ceTell MOTYT OKa3aThbCsl IMOJIE3HBIMH WA W METOABI MOCTPOCHUS MHOTOAreHTHBIX ceTel. B Bume Takux
areHTOB MOTYT OBITh PeaIM30BaHbl U (YHKUUH SBOJIOLIHOHHOTO CAMOYCOBEPIICHCTBOBAHHS.

AccOMaTUBHOCTh U CAMOCOBEPIIEHCTBOBAHNWE — JIBA OCHOBOIIOJIATAIOIINX KauecTBa €CTECTBEHHOTO,
a COOTBETCTBEHHO M HCKYCCTBEHHOro pasyma. IlocieqHee CBOMCTBO BOCHPOM3BOAMT  IpOLECC
3BOJIIOLIMOHHOTO Pa3BUTHUS KHUBOH mpupoisl. OgHako cHOpMHUPOBAHHBIA B OyIyIleM B pe3yibTaTe TaKoro
npolecca UCKYyCCTBEHHBIM pa3syM, KOHEYHO, OyAeT BOCIPOM3BOIAWTH HE INOJHOLCHHBIM pa3yM 4elOoBeKa, a
TOJILKO €T0 4YacTh, CBSA3aHHYIO ¢ KOHKPETHBIM BUJIOM €ro Mpo(ecCHOHAIBHOH NEesTeNbHOCTH, T.€. 3TO OyaeT
npoQecCHOHANEHO OPHUEHTHPOBAHHBIN HCKYCCTBEHHBIH pasyM. COOTBETCTBEHHO M TBOPUYECKHE CIIOCOOHOCTH
OyAyT peanu30BaHbl TOJIBKO NPHUMEHHUTEIBHO K TAaKOMY HA3HAUCHUIO MMHUTanuell HeoOXOAMMON IpH 3TOM
SMOLIMOHATFHOW MOTHBAIlMHM, KaK OCHOBBI BCSKOTO TBOPYECKOTO Mpollecca. BaxkHO 3aMeTUTh, 4TO TaKoil
pa3yMHBIli poOOT OyneT, O4eBHIHO, CBOOOAEH OT MPOOIEMBI «UYEIOBEYECKOTO (akTopa». ITO BaXKHOE, a BO
MHOTHX CIIy4asix ¥ OIpeAessionee JONOIHUTEIFHOE OCHOBAHHE TS 3aMEHBI YeJIOBEKa TaKUM POOOTOM.

84



Oneparop

CoemecTHo nedcTeyrowme poboTel U

¢ ApYrue TeXHWYECKMe CUCTEMbI
MHTennekTyansHbIil MHTEpheirc MHTepdeic
¢ Q Brnwouas ueneyma:awﬁ¢ Jr c
o MapannensHele NokaneHan HelipoHHas lNokaneHan HeApoHHan NokaneHan HedpoHHan
=
&3 noKaneHble HeHpPOHHbIE ceTe thopm MpoREHNE. CeTb OLEHKN CHTYaLMMN CETb yNpaBneHua
9 =—»cetu obpabotin | ,|komnnekcHoit o6paaHoi »| ¥ NPUHATUA PELUeHUA NO || ABMKEHUAMI =
a i) ]
Fie] CEHCOPHOWM Moaenwu cpefbl ¢ NOBEAEHWI0 (npuBOgaMK) g
g g MHBOpMALUK C accouuaTUBHbIM N ]
g = aCCOUMATHBHBIM 3anoMuHaHuem g
z 3anoMuHaHuem v
o Cpeqcrsa: Cpencrea: Cpenctea: Cpepacrea:
5] HelpoHHLIe CeTH TUNa AWHaMu4eckne, OWHaMu4eckue, nupamuaanbHbLIe CeTi
= KOTHUTDOH, HeAponoriyeckne u Hefponorudeckue u
HEOKOTHUTPOH, HelpoMopHbIe CeTH HelpoMopdHbIe CeTu
nupamMmuoanbHele CeTH
JNokaneHas HeilpoHHas MukponpoueccopHana 1
ceTb (hopMMPOBaHUA HepoHHanA cetu
KOMMNMEKCHOR NPUHATUA KPEATUBHbBIX
BepBankHoi Mogenu _| pelenuit no noseaeHio .
BHELUHEN cpeabl 1 4
pobota
C acCoLMaTUBHBIM CpencTea: reHepauus
3anoMWHaHUeM runoTes U Moaenen,
Cpepcrea: reHETHUYECKME U
MHOTOMOIYNbHBIE ABONKLUNOHHBbIE
HEﬁpOHHbIE Cetu anropuTmMel
Puc.1. Cxema cucteMsl yrpaBiieHHs pa3yMHOT0 podoTa
HpO6J'IeMa TCXHUYCCKOU pealr3allu TIponecca HSBOJIONUOHHOIO CaMOCOBCPIICHCTBOBAHUA

MHTEHCHBHO H3y4yaeTcsi, B TOM 4YHCI€ M B TEOpPETHUECKOW poOoToTexHuke. I[losBUIUCH MOHATHS
«3BOJIIOIIMOHHAs POOOTOTEXHUKAY», «UCKYCCTBEHHAS 3BOJIIOLM». DBOMIOLUSA pazyma poOoTa mpennojaraert
€ro CaMOCOBEpIICHCTBOBAaHHE W 3TO JUIMTENBHBIM mpouecc pa3BuUTHA pobota. Ilpu 3TOM ecTecTBEHHO
MaKCHUMaJbHO HCIOJIB3YIOTCS 3HaHMSA 00 SBOJIOLMOHHBIX 3aKOHOMEPHOCTSX B JKMBOHM NPHPOJE W NPEKAC
BCETO B KOPE r0JIOBHOI'O MO3ra 4eJIOBEKa M O POJIM IPU 3TOM I'€HETHYECKOH HHPOPMAIHH.

Jna peanuzanuu 3TOro mpolecca HyKHBl CaMOpPa3BHBAIOIIMECS KOMIIOHEHTBHI THIA OHTOTEHHBIX
cereil HelipomopdHoro Tuma. [lo cymecTBy OHHM MNPEACTABISIIOT cOOOM HOBBIE THITBI HMCKYCCTBEHHBIX
HEHPOHHBIX CeTel, B KOTOPBIX HCIOJB3YIOTCS HEHPOHBI, OTJIMYAIOLIMECS OT TPaAWLHOHHBIX (HOPMAaJbHBIX
HEHpOHOB Ooubiiell OMU30CTHI0O K €CTECTBEHHBIM HEWpOHAM, BKIIIOYas, B YaCTHOCTH, HAJIUYHE CBOCH
aCCOIMAaTUBHON MaMATH M CHOCOOHOCTH K CaMOYCOBEPIIEHCTBOBAaHHUIO. Takue ceTH MOAYMHSIOTCS 3aKOHAM
OHTOT€HE3a, T.€. UX CTPYKTypa MOXKET PacTH B MIPOLIECCE IBOJIOLHH.

MOXHO OIpelenuTs CIEAYIOUIYI0 IIOCIEAOBAaTEIbHOCTh pPEATU3alUl PACCMOTPEHHOW CHCTEMBI
HCKYCCTBEHHOTO pa3zyma poboTa:

- CO37aHne HEWPOHHOH CTPYKTYpBl 00pabOTKU 00pa3HOW CEHCOpHOW MHPOPMAINH C aCCOLATUBHBIM
pacrmo3HaBaHHEeM 00pa30B Ha HOBOM dJIEMEHTHOU 0ase;

- peanm3anus Ha TakoW kK€ HEWPOHHOM ceTw KaHana oOpaboTku BepOanbHOW HH(OpManmu c
MOCTPOEHUEM MOJEIH CPENbl U MPUHATHUS PEILICHUH;

- 00BbeIMHEHNE 3TUX JIBYX HEUPOHHBIX CTPYKTYp 00paboTku 00pa3HOl U BepOanbHON HHpOpMAIH B
COBMECTHO  (DYHKIMOHHMPYIOUIYI0  €IWHYI0  MHOTO(QYHKUIHOHAIBHYIO  HMH(GOPMALMOHHYIO  CHCTEMY
HCKYCCTBEHHOI'O pa3yMma;

- pa3paboTKa 1 peau3alys B 3TOM CHCTEME aNrOPUTMOB CaMOOOYUEHHUS U CAMOCOBEPIICHCTBOBAHMSL.

B ocHOBe U3/105k€HHOI MOCIEN0BATENBHOCTH PEIISHHs IPOOJIEMBI CO3JaHUS UCKYCCTBEHHOTO pa3yMa
JIEKNT, KaK OTMEYEHO, HEOOXOMUMOCTh CO3JaHMS NPHUHIUIHAIFHO HOBOM 3JEMEHTHOW 6a3bl B BHIE
reTepPOreHHOIN CUCTEMBl HOBOT'O MOKOJICHUS! HCKYCCTBEHHBIX KIETOK-HEHPOHOB CYIIECTBEHHO OoJiee OIM3KUX
©CTECTBEHHBIM HEHpoOHaM, YeM COBpEeMEHHEIC (GopMaabHbIC HEUPOHBL. DYHKIIMA HOBBIX HEHPOHOB, HX
CTPYKTypa, KaKk M CTPYKTypa W aITrOPHUTMBl OCHOBAaHHBIX HA HUX HEHWPOHHBIX CETel IOJDKHBI OBITh
NpEeABAPUTENBHO OTPa0OTaHbl HA KOMIBIOTEPHBIX Moaensx. OJHAaKO X KOHEYHas peanu3alus — 3To 3aj4a4a,
OYEBHUIHO, HAHOTEXHOJIOTHH.

Co3pmanHast TakuM 00pa30M CHCTEMa HCKYCCTBEHHOI'O pa3yMa J0JDKHA CTaTh OCHOBOH JUI pa3paboToK
poOOTOB pa3nuyHOro Ha3HadeHHd. [{ng 3TOro MOMHUMO pAcCMOTPEHHBIX WH(GOPMAIMOHHBIX CHCTEM
Hen30e)KHO MOTpeOYIOTCSI HOBbIe Ooyiee  COBEpIUCHHbIC MAHUMYJSIIMOHHBIE M JIOKOMOLIMOHHBIC
UCIIOJIHUTEJIbHBIE CHCTEMBl C COOTBETCTBYIOLIMMHU CHCTEMaMu yIpasieHus. IlocienHue, o4yeBHIHO, MOTYT
OBITh peaqu30BaHbl TOKE B paMKax oOIel HeMPOHHOH CTPYKTYypHl. JleficTBUTENbHO, U1 pa3yMHBIX pOOOTOB
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C UX TMOBBIIICHHBIMU (PYHKIIMOHAILHBIMA BO3MOXKHOCTSIMH HEOOXOJUMBI U COOTBETCTBYIOIIHE YITyYIIICHHBIC
WCTIOJTHUTEIIHHBIE CUCTEMBI. YK€ MHOTO JIET B MHPE BEIYTCS WCCIICOBAaHUS IO MOWUCKY MPHHIUIMHAIBHO
HOBBIX IPUBOJIOB, IO KpallHEl Mepe HE YCTyHaroUMX II0 CBOMM XapaKTEpUCTUKAM, BKIOYas U
MaccorabapuTHBIC MapaMeTPhl, ECTECTBEHHBIM MBIIIIaM (IpobiieMa UCKYCCTBEHHBIX MbII). KapauHanbHbEIM
MyTeM ee PelIeHHS SABIISETCS TaKKe CO3JaHne HOBOW AJIIEMEHTHON 0a3bl B BHJIE DIIEMEHTAPHBIX JBUTATEIEHBIX
MHUKPOIJIEMEHTOB W3  IIOCJIEOBATEIbHO-IAPAIIIENIEHOTO  COEOUHEHHS KOTOPBIX MOXKHO  COOHpaTh
WCKYCCTBCHHBIC MBIIIIBI CTPYKTYPHO TOAOOHBIE €CTECTBEHHBIM. TakuM 00pa3oM, Takoe pelIeHHE 3TOH
npoOJieMbl CBOJAUTCS, KaK U mpoOjeMa HCKYCCTBEHHOTO pa3yMa, K CO3JaHHI) TeTePOTCHHOW CUCTEMBI
MCKYCCTBEHHBIX JIBUTATEIFHBIX KJIIETOK Ha 00IIe HAaHOTEXHOIOTHIECKOW OCHOBE.

Bce nepeuncienHble BbIIIE 3TANbl CO3AAHUS UCKYCCTBEHHOTO pasyMa M pasyMHBIX POOOTOB JOJKHBI
OBITh TIPEABAPUTEIILHO MCCICIOBaHbl M OTPa0OTaHbI HA CYNISCTBYIONICH MUHU- U MUKPO3JIEMEHTHOW 0a3e u
BBIUMCITUTEIHHON TEXHUKE C CO3/IaHUEM M OTPaOOTKOM Mozemnel Oy IymuX pa3yMHBIX POOOTOB.

3ameTM, TIpH 3TOM, XOTS BBIIIE MPEINOJarainoch, 9Yro BcsS WHGOpPMAIOHHAS CHCTeMa
UCKYCCTBEHHOT0 pa3zyma OyJeT peajan3oBaHa Ha OCHOBE HEHPOHHOH CETH HOBOTO THUMA IO aHAJIOTHUU C
€CTECTBEHHBIMH HEHPOHHBIMH CHCTEMaMH, HE HCKITI0OYAEeTCs, YTO YaCTh BEpOATLHOTO KaHalla MOXKET OBITh, 110
KpaifHell Mepe, Ha MEepBOM 3Talle peaju3oBaHa B BHUJIE CTAHIAPTHOM MHUKPOMPOIIECCOPHON CETH, TTOCKOIBKY
TaKOe PEIIeHUE YKe 0TPad0TaHO U MCIIOJIb3YETCS B COBPEMEHHBIX TEXHHUCCKUX CUCTEMaX.
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