N MH®OPMALIMOMKBIE TEXARGOrM

BHPTYaNbHOGTH
‘! HasBy

lpuMeHeHne NHHOBaLMOHHbBIX TEXHOIOMMI, CO34aHHbIX B pe3ysbrare

MHOrOSIETHEIO YCMELUHOIO Hay4HO-TEXHUYECKOro COTpyAHNYecTBa busHeca

U YHEHbIX B KA4YECTBE 6a3bl 4/151 [IOCTPOEHUS] COBPEMEHHbIX TPEHAXEPHbIX

_ 11 06YHaIoLMX CUCTEM, JOIIKHO MPUBECTU K KAYECTBEHHOMY CKaYKy

B pa3BuTUM CUCTEM OBYHEHWUS U TPEHUHFAUKOCMOHABTOB, 10BbICUTb

3DheKTNBHOCTb MO[rOTOBKMN SKUMAXKEN Op /TbHbIX CTAHLMM 1 Kopabried,

OTIPAB/ISIOLNXCA K BPYrVIM r/1aHeTaMm. b

Tak, paspaboTka 0JHOM U3 Takux TeXHOsIormn — BupTyasibHovi

L[eATe/IbHOCTHOV 06pa30BaresibHoV cpebl — MHHOBALIMOHHOV MiaTghopMel

419 ANCTaHUMOHHOIO OOYHeHUS U yAaneHHOV MeXIM0Ib30BaTesibCKOoM

KOMMYHUKaLMN B TPEXMEPHOM BUPTYaIbHOM MUpe, CO3AaeT MOLYHbIE

KOMMYHUKaTUBHbIE BO3MOXHOCTN N MaKCUMasIbHO rpuobinKaet

BUPTYasibHOe MEeXJ/INYHOCTHOe 06I{.L16HM6 K peasibHoMy, 4TO [103BOsISieT
TPABUHA VpuHa AMarxonoBHa — npoébanbﬂoimecrHoe 06y4eHNe He TO/IbKO KOCMOHABTOB, HaX04aLUMNXCsl

- FeHepanbHbIil ANPEKTOp B reorpagu4ecku yaaneHHbIX LieHTpax noaroTosku Ha 3emne, HO 1 Ha 60pTy

3AO «CochT/1a6-HCK» (HoBocuGupck), . KOCMUHECKNxX opbuTasibHbIX CTaHUMI U quadnem. 9710 0CO6EHHO BaXkHO A/151

npeac Ta UPEKTOPOB [0/IrOCPOYHBIX OPOUTATIbHBIX SKCHEANLINIA U MOJIETOB Ha APYIUE.[IIaHETbI,

HM «Cu6AkaneMCod, Korga HeBOBMOXXHO 3apaHee oby4nTb KOCMOHaBW;% qro-a_«zQ(‘e:

unex Ha6ntopatensHoro Coseta TMOHaA06UTLCA UM B KOCMOCe

OAO «TexHonapk HoBocu6upckoro
Akagemropogka»

e

aBTOMATVKM U ek
(HoBocM6UpCK).
AgTop 60n1ee 35 Hay!

B.C. BAPTOLLL WB. BEJIATO, M. M. NABPEHTBEB, W.A. TPABUHA

HOBOCUOUPCKOM AKaZieMIrOpojiIke MHOTHE /IO CUX TIOp MTOMHSIT JPHE3]]
kocMoHaBTa Asekcest Jleonosa. Torza, B 1ajieKoM TelEPh '195’35 I., BO
BpeMs IEMOHCTPAIMK 1I€PBOI B CTpaHe MPOrpaMMHO-AlapaTHOH
CUCTEMBI BUPTYAJIbHON PEaTbHOCTU «AKCaily TPON3OIHENT KyPbhe3HBIN
cyJan. d
B nporecce BUpTyasbHOI TTOCAIKH, HAXOASICh B TPEX METPAX OT B3JIETHO-TIO-
CaJIOYHOI MOJIOCKI, OTIEPATOP CHCTEMBI BBITIOTHII «60UYKY> (TOBOPOT CaMoJIeTa
Ha 360° BOKPYT MPOJIOJIBHOI OCH) — MaHeBP, (haTadbHBII BO BPeMs TIOCAIKU
JUtst J1io60To Jeturka. OT HeOKUIaHHOCTH YBJIEYEHHBIN MPOIIeccoM AJeKceit
ApXWMOBMY BBIKPUKHYJI He BIIOJIHE EYaTHBIE CI0BA M Yy Th He PasOuJI TOI0BOi
3epKasio KOJIMMAaTopa. B TOT MCTOpUYECKHii AeHb ObLIO MPUHSATO PEIEHNE
00 MCIoIb30BaHUN «AKcas» B KQMBG TIePBOTO KOMITBIOTEPHOTO TPEHAasKe-
pa cTeikoBKM Kopabueii Coio3'€ kocMuueckoil cranrumeit Mup. PaspaboTka -
«Axcasi» Beach KOJJIEKTHBOM I3 HECKOIbKNX JabopaTopmii VHCTHTYTa aB-
ToMaTHKK 1 snektpomerpun (MAnd) u CKB Hayumoro npubepocTpoenus
(CKB HIT) Cubupckoro otaenenus akagemun Hayk CCCP moz pykoBoicTBOM

A. M. KoBaesa. } —
, =
Brioc.ie/ICTBIH KOJIEKTHE PaspaboTunkos IPUCTYIIIA K CO3IANIIO .
JPYIUX — GoJiee MOIHBIX CHCTeM /IS IeTHBIX U KOCMUYECKUX TPeHAXkKEepos,

HO TPsIHYJIa [IEPECTPOiKa, (DUHAHCUPOBaHUE PaboT coxparnioghra B 1992 r.
IIPEKPATHIIOCH BOBCE. : :

JJABPEHTBEB Mwuxann Muxannosuy —
{ 7 / — OOKTOpP (PU3NKO-MaTeMaTUHECKMX HayK,

“=._mpodeccop, NpopeKkTop

/ no MHdopmaTusaummn HeBoCNGMPCKOro

¥ rocyfapcTBEHHOr0 YHMBEpcUTeTa
(HoBocm6umpck).

ABTOp 190 Hay4HbIX paboT 1 3 NnaTeHTOB

Krntoyesble crosa: BupTyanbHas peasnbHo 0CMUYECK

[IOMONIHEHHas peasnbHOCTb, XXECTOBOE ynpaBnerie, Myntud 3 /
Key words: Virtual reality, space simulators, virtual wol aug ! y i T. K osocwﬁmpCK).
multifocal stereo display ﬁmj




BCMOMUHAET
APUCTAPX MUXAWIOBHY
KOBAJIEB:

«[Tpexne BCero NosCHUM, Y4TO Xe Mbl
Jnenann ang KocmoHasToB B 1980—
1985 rr. B T0 BpeMS BCECTOPOHHIOK
NOAroTOBKY KOCMOHABTOB K MONETY Ha
MUNOTUPYEMbIX KOCMUYECKIX annapaTax

(MKA) o6ecneynsan LieHTp noarotosku
kocMoHaBToB (LMNK) um. 0. A.TarapuHa
B 3BE3AHOM rOPOJKE.

LIMK 6b1n He TONbKO BOMHCKOIA 4aCTb!H0,
HO U MMEn CTaTyCc Hay4Ho-uccnenosa-
TeNIbCKOr0 MHCTUTYTA, KOTOPbIA 3aHU-
masncs pa3paboTKoi 1 CO34aHNEM CUC-
TeM NOAroTOBKM JIETYMKOB-KOCMOHABTOB
Ha 6a3e TPEHAXEPHO-MOZJENMPYIOLLEro
komnnekca (TMK) KoNneKTMBHOTO
nonb3osaHus. 06bI4HO B coctas TMK
Bxoaunu MKA-pgy6nepbl annaparos,

Ha KOTOPbIX NPeACTOsA10 paboTaTh KOCMOHABTaM. ITW annaparbl-Ay6epbl NOAKIIO-
Yanucb K pasfensieMbiM 351eKTPOHHbIM, MHDOPMALMOHHBIM W BbIYUCINTESIbHbIM
pecypcam TMK, KoTopbIit MOIENIMPOBAN BCE YCNOBUS NONETa, KOHTPONMPOBAN NOKa-
3aHUA NPUBOPOB 1 cucTeM BHYTPM KA, 06CNYXIMBAN HELLTATHbIE CUTYALMN, A TAKXKe
pearnpoBasl Ha AeCTBNUA 06y4aeMbIX M MHCTPYKTOPOB. Hero e He xBartano?
Jto6oi nunoTupyemblii annapar (CamoneT, CTaHUNA WK KOCMUYECKU Kopabib)
MMEET OCTEKSeHE KaBUHbI UITN MNSIFOMUHATOPBI, 4ePe3 KOTOPbIE IETYNK-KOCMOHABT
HabNt0AaeT 00bEKTbI BHEKABMHHOMO BU3YanbHOM0 NPOCTPaHCTBA (3eMITto, 3Be3[pl,
apyroi KA npu cTbIKOBKe, B3/1ETHO-NOCAZ04HYH0 NOSIOCY Npu nocaake v ap.). Tak
BOT, HaM MpPeACTOoAN0 pa3paboTarb KOMMbIOTEPHYIO CUCTEMY CUHTE3A BU3YanbHON
o6cranoskmu (CCBO) ana TMK.

Kak pa6otaet CCBO? [Ins Tex, KTO 3HAKOM C COBPEMEHHBIMU KOMMbOTEPHbLIMU Urpa-
MW 1 «CTPensnkaMmu», noHATHO, 410 CCBO — 370 cuctema BUPTYanbHOR peanbHOCTU.
Torpa Takoro NOHATKA He CYLLECTBOBANO, a NOABUSIOCH OHO C HACTYMMEHUEM 3pbl
NepPCOHAIIbHbIX KOMMbKOTEPOB MPU NOAMHHON «[eMOKpaTU3aLMN>» KOMMNbIOTEPHON
rpacgomkmn. Geiyac 0Kasanocb, Y4TO 3aHUMANMCh Mbl TOrJA eLie U «KOTHUTUBHBLIMM
TEXHOSOrMAMU»,

bonbloe pazHoobpasme 3afa4y NOArOTOBKM M NepenoaroToBKM ONepaTopoB BIXY-
LLMXCA 06bEKTOB, HEOOXOAUMOCTb 3KOHOMU TOMNBA, PECYPCOB LUTATHON TEXHUKN
1 CPeacTB YnpaBneHns LBUXeHUeM, 6e30MacHOCTb TPEHMPOBOK NPU aBapUMHbIX
cuTyaunsx, 60nbLIas 3KOHOMMUYECcKas 9DEKTUBHOCTb M BbICTPAs OKYNaemMocTb
npefonpeaesiuan co3fanne KOMNbIOTEPU3UPOBAHHbBIX TDEHKEPOB. 115 TaKMX cuc-
TeM CTasia akTyanbHOW npo6iema 3aMeHbl NCMNOIb30BABLUMXCA PaHee UMUTATOPOB

BU3YyanbHOW 06CTAHOBKM C (OU3NYECKUMI MOAENAMW HA UMUTATOPbI C MaTema-
TUYECKIM MOLENNPoBaHMEM 06bEKTOB HabnoaeHuns. Cuctema npejHasHavanach
Ans pOpMUPOBaAHNA 06LEKTOB U CHOXKETOB KOCMUYECKO 06CTAHOBKM HA 3KPaHax
BUEOKOHTPOJIbHbIX YCTPONCTB, COMPATraeMbIX C UIIKOMUHATOPAMU U ONTUYECKUMN
npu6opamu paboyero mecta oneparopa MKA.

Konnektne paspaboT4mMKoB CUCTEMbI «Akcal» Obll HarpaxaeH gunnomom Hpus
larapuHa. Cuctema 6bina BBefieHa B akcnyatauuto B 1985 r. u mcnonb3osanach B
coctase TMK LK um. H0. A. TarapuHa B Te4eHue JecaTn NeT. YHUKaNbHOCTb paspa-
60TKM COCTOANA B TOM, 4TO 3TO OblNia NepBas B CTpaHe CUCTEMA C MaTeMaTUYeCcKUM
MOZEenupoBaHWeM BU3yaNbHOW 06CTAHOBKM, MOCTPOEHHAA HA OTEYECTBEHHOMN 3ne-
MEHTHOI 6a3e».

Ho neno yuenbix He miponiaio gapom. He Bce yexanu 3a rpanuity. B 6ypHbie
1990-e rr. MHOTHE MOJIO/IbIe yU€eHble U WHKEHEPHI HAYAJIN CO3/IaBaTh MaJible
MPEATTPUATHS, KOTOPbIe TTOMOTJTM UM BBIKUTH B 9TO HENPOCTOE BpeMs. Tak
B 1991 r. mogBuiach nnHoBanronHasg komnanuu Codr/lad, o6beauHUBIIAS
CIIENMAINCTOB, pa3pabaThIBAIONIMX MPOrPAMMHOE 0GeCIiedeHre TPEHAKEPOB.
PazBuTHe mepcoHaIbHBIX KOMITBIOTEPOB IIPUBEJIO K TTOHUMAHWIO TOTO, YTO CHC-
TEMBbI BUPTYaJIbHON PeabHOCTH MOXKHO pa3pabaThiBaTh B BUIE IPOIPAMMHOTO

MIPOIYKTA.

A.A. JleoHOB 1 pa3paboTHymku
cuctembl «Akcan», 1985 r.,
Akapgemropogok, Hosocnbupck

BupTyarnbHble sKckypcum
no ctaHumn MNP
n Kopabnio Cotoa.
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B 1993 r. kommanuu CodrJIab yzanoch oaHO# U3 nep-
BBIX B MUDPE JTOCTUTHYTH peKOpJIHOfI 110 TEM BpEMEHaM
rpadudeckoii mponssoauteabHoctr: 40 000 mosMroHos B
cexynny Ha ctaggaptuoit IBM PC kiacca 486 DX33. Ona
ysKe Oblia COMOCTaBMMA € TIPOU3BOANUTETHHOCTHIO «AK-
casi», HO B OTJINYHE OT KOMITbIOTepa, «AKcail» BBITJISIC,
KaK HEeCKOJIBKO II0JIHOpa3MepHbIX ikadhoB 1 TpeboBal
OT/IETTBHOTO MATITUHHOTO 3aJ1a CO CIIEIMATbHBIM OXJIasK/1e-
Huem. Bekope Ha iepconanbabix D BM nosiBrinch nepsbie
rpadudeckue yckopurtesan. VX mpousBoanTeIbHOCTD y/Ba-
MBAJIACH TPAKTUYECKU €3KErO/[HO.

K sTOMy MOMEHTY 3a IJieuaMu KOMITAaHWK OB Pt
YCIIETTHBIX ITPOEKTOB B UTPOBOH MHIYCTPUU C BLICOKO-
KadyecTBEHHON TpaduKOi 1 peaJncTHIHON (r3ndecKoit
MOJIEJIBIO BUPTYAJIBHOTO MUPA. ITO MO3BOJUIO YOEAUTh
pykoBozcTBO [{enmpa nodzomosku kocmonasmos (III1K) B

HEOOXOAMMOCTH IIEPEX0/Ia HA IIPOrPAMMHbIE CHCTEMbI BUD-
TyanbHOM peaTbHOCTH, Ha3UPYIOIINECS HA TIEPCOHATBHDIX
komrbioTepax (bemaro u ap. 1995; Benaro, Kysukosckuii,
1995; Benaro u ap., 1996).

Kommanus CodrJlab paspaborana mepBbie mporpam-
MHBbIE CUCTEMbI BUPTYAJIbHOU PEATLHOCTH JIJISI TPEHAKEPOB
CTBIKOBKHU TPAHCIOPTHBIX KOopabJieii ¢ opOuTanbHOU cTa-
et MUP u cucremb 11 03HAaKOMJIEHUS aCTPOHABTOB
NASA ¢ unrepbepoM 1 60pTOBBIM 060pYyI0BaHIEM OPOU-
TQJIbHBIX MOJYJIEH U TPAHCIIOPTHBIX KOpabiieil, HCHoib-
3YIONUX TEXHOJOTHH CTEPEOOTOOPAKEHNSI B PEATHHOM
Bpemenu. Tak, B 1995 I. B HOBOCUOMPCKOM AKaJeMIOPOJIKE
yoke ymenn paborath ¢ 3D-oTobpakeHneM Ha 9KpaH, T.e.
C TEXHOJIOTUSIMU, TIOJTYYUBIINMHU BTOPOE JIbIXaHHEe Yepes
15 Jiet, a UMEHHO MOCJIe BBIXO/Ia HA MUPOBOH PhIHOK (QHIIb-
Ma «ABaTap».

Maket ctaHumm «Mup» B LIIMK.
CripaBa — KOCMOHaBTbI Nepef TPEHNPOBKOWA
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Paboras Haj TpeHasKepaMu Il KOCMUYECKOH CTaHI[H
MUP, paspaboTarkn TSKEIO TEPEKUBAIN PENeHIe O
ee nukBuzanmu u 3aromiennn B 2002 r. CreruanaucTs
KOMIIAHWY 3HAJIN CTAHIUIO HE XyXKe KOCMOHABTOB. Beb
UM TIPHUIIJIOCH CO3/IaBATh €€ MOAYJIM B MEJIbUANIINX JIeTa-
nsx. Janpreimue paspaborku CodrJlab Obuin cBI3aHbI
yike ¢ Meacoynapoonoi xocmuueckoti cmanyuet: (MKC).
W B 1epByI1o ouepeib 9TO KOCHYJIOCh CUCTEM BUPTYaJIb-
HOH peastbHOCTH JIJIs1 TPEHAKEPOB CTHIKOBKU. PaboThl 110
COBEPIIEHCTBOBAHUIO ATOTO TPEHAKEPA W MOJJIEPIKAHUIO
€ro B aKTYaJbHOM COCTOSIHUU MTPOJIOJIKAIOTCST U CETOJIHSI.
[MTostBAsIIOTCST HOBBIE KOCMUYECKKE KOPAOJIH, PacTeT u
cama CTaHIUs, COOTBETCTBEHHO MEHSIIOTCS 1 TPeOOBAHUS K
KauecTBY M (DYHKIIMOHATBHOCTH TPEHAKEPOB, HA KOTOPBIX

JIOJDKHBL 00y4daThCst Bee 63 MCKIIOUEHUS DKUTIAKU: KaK
POCCHIICKHE, TaK U MEKyHAPOTHBIE,

Ewe oxun unrepecupiii npoext kommnanuu CodrJlad
JUIST KOCMOCA — 3TO TPeHaKeP OPOUTATBHOTO MOHUTOPUHTA
3eMJIi MeTOIaMy BU3YalbHO-MHCTPYMEHTaTbHBIX Ha0110-
nernit. CucreMa MMUTUPYET BU/IbI 3€MJIU U3 HJLTIOMITHA-
TOPOB CTAHITUH U BUJIbI uepe3 OTO- U BUIEOAITTAPATYPY C
00BEKTUBAMU C PA3TMIHBIME (DOKYCHBIME PACCTOSTHUSIMH,
BIIoTh 10 800 MM. TpeHaxep CayKUT 1Jst OTPabOTKM
HABBIKOB BU3YaJbHOTO OPUEHTUPOBAHYS 1 (DOTO- U BUjIE-
OCHEMKH 00HEKTOB JETATHHOTO HAOMIOMEHUS HA 3eMHO
nosepxHocTH. JIjist 3TOr0 nmpoekTa Gbia paspaboTaHa Me-
TOJIMKA HEMIPEPBIBHOM MOAKAYKY JJAHHBIX PA3HOTO YPOBHS
JIETAIBHOCTH, BKJIOUasi yYacTKU ¢ pazpelrenreM 15 m
Ha MMUKCEJIb.
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B3raaa B Oyayuiee

Elte coBceM HeIaBHO Ka3aJ10Ch, YTO mepuo Oy PHOro pas-
BUTUS TEXHOJIOIMH BUPTYaJIbHOM peaslbHOCTU 3aKOHYNIICSL.
TpexmepHasd KOMIIbIOTepHAsl BU3yalu3alUs JOCTULTA
CBOUX BBLICOT, IIPUPOCT IIPOU3BOUTENIBHOCTI U KAauecTBa
rpahuIecKNX YCKOPUTETEN mepecTan ObITh OUEBUHDBIM.
[Momrymenn u 3atnxim 3D-TeXHOTOTHY B KWNHOUH/LYCTPUH,
KOTOPBIE CTOJIKHYJIUCH C TEMU K€ MEAUIIUHCKUMU [IPOGJIe-
MaMU 1 IIPOTUBOIIOKA3aHUAMU, UTO U [10JIBEKa Ha3a/l — CTe-
peoTexHosoruy. MHAyCcTpUs TpeHaxkepoB HaUTPalach CO
HIeMaM¥ BUPTYAJIBHON PeaJbHOCTH M OTJIOKUJIA UX Ha
JAJIbHION IOJIKY, TaK KaK pelleHue ICUXO0JOIMYecKoi
po6JIeMbl TIOTPYKEHUS YeJOBeKa B BUPTYAIbHbII MUD
0Ka3aJ1aCh 3HAYUTEIILHO CJIOKHEH, 4eM IPOCTO cHabKeHue
HaroJIOBHBIX MUKPOJUCILIEEB JaTYNKOM IIOJOKEHUS U
OpHUeHTAINN.

Hos ImocJjie/iHue roabl HE3aMETHO /1JI1 MHOTHX ITPOM30III-
JIN PEBOJIIOIIMOHHBIE TTO/IBUKKHW, OTKPBIBAIOINE Ka9Y€CTBEH-
HO HOBbI€ BOSMOKHOCTHU [IJIA O6y‘{€HI'IH " TpeHMHTa. Pac-
CMOTPHUM T€ U3 HUX, KOTOPbIE HEIIOCPEACTBEHHO CBA3aHbl
C IpoeccoM 1moAroTOBKN KOCMOHABTOB.

LOIAHCHOC® NepeHoca npouecca

KOJINLEKMUBHO20 ()(il/ll(’Hll}l 6 (i‘Ll])In]](l.’leblL? Mup

B paMKax 9TOro moaxo/a 06y‘{€HII€ IIPOXOJAUT B MHO-
TOIIO/JIb30BATEILCKOM TPEXMEPHOM BUPTYaJIbHOM MHPE, B
KOTOPOM ITI0JIb30BaT€JIN ITPEACTaB/JI€HbI CBOMMU aBaTapaMU.
Miororo/ib30BaTe/IbCKIe BUPTYaJJbHbIE MUDBI (')6J121Z[EII(')T
MOITHBIMY KOMMYHUKAaTUBHBIMHA BO3SMOKHOCTAMUA, MaKCH-
MaJIbHO H])II(/)III'I'/‘KHIOI_L[IIMI'I BUPTYaJabHOE MEKINIHOCTHOE

BHewwHui Bug MKC B cucteme
BUPTYanbHOM peanbHOCTU
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obmenue k peanbromy (Bapror, u gp., 2013). 1o gocTu-
raercs 3a c4eT BUPTYaJbHOW MMHUTAIINU TaKUX HauboJee
BaKHBIX aCTTEKTOB AMOITHOHATIBHOTO OOIIEHNST, KaK TOJIOC,
MUMUKA, JKECTHI, BOSMOKHOCTh CBOOOIHOTO MEPEMEIEHHST
1 MaHUITYIUPOBAHKS U3y4aeMbIMU OOBEKTAMMU MTOYTH TaK
JKe, KaK 9TO JIeJIAeTCsI B PeasibHOM MUPe.

Cosparorcst Bee He0OXOMMbIE MTPE/TOCHLIKH JIJIst OPTaHH-
3aI[M¥ KOMaHJIHON paboThl 00yJaeMbIX, TOCTHKEHUSA UMK
COBMECTHBIX IeJIell B y4eOHBIX TpoeKTaX. BoaMoskHOCTH
MPUMEHEHUsI HATIPABJIEHHBIX MHTEPAKTHBHBIX CUMYJISIITHIA
PEBOJIIOIIMOHHO 0OoraIanT 00pa3oBaTebHbIA KOHTEHT,
MO3BOJISIIOT CO3/IaBATh CUTYAIUH (BKJIOYas Te, KOTOPbIE
HEBO3MOJKHO CO3/IATH B 3MHbIX YCJIOBUSIX ), IPH KOTOPBIX
obydaeMble CMOTYT Ha TIPAKTUKE TIPUMEHSITD MOJTyYeHHbIE
3HaHus 1 HaBbikK. HecMOTpst Ha reorpaduyeckyio yiaieH-
HOCTb 10JIb30BaTeJIell, CTAHOBUTCST JIOCTYITHBIM COBMECTHOE
MPOEKTHO-IESTETHBHOCTHOE U OYHOE OOYUEHHE.

ABatapbl kocmMoHaBsToB 1 MKC B BMpTyasiBHOM Mupe

Kommnanus CodrJla6-HCK B corpyanunuecrse ¢ Hogo-
CHOMPCKUM TOCYAAapCTBEHHBIM yHUBepcuteToM 1 AHO
«Macrepckasa Metogosorndeckux paszpadorok SEHOH»
BeneT pazpaboTky BupryaibHoil gestesbHOCTHON 06pa-
30BaTeIHHOI Cpe/ibl — MHHOBAIINOHHON TEXHOTIOTUYECKOH
1aTOPMBI IS IUCTAHIIMOHHOTO OOYYEHUsT U Y Ia/IeHHO
MEJKITI0JIb30BATEIBCKON KOMMYHUKAIMN B BUPTYATbHOM
mupe. [lmatrdopma MOXKeT ¢ ycrieXoM MPUMEHSATHCS IS
COBMECTHOTO OOyUYeHMs] KOCMOHABTOB, HAXOIANINXCS B
reorpaduyecKky yJaJeHHbIX [EHTPaX MOJrOTOBKU — Ha-
npuMep B Poccutickom IIIK, 8 HACA u EBpormeiickom
KocMHUYecKoM areHTcTBe. C IOMOIIbI0 TEXHOJIOTUH BUP-
TYAJIbHBIX MUPOB CTAHOBSITCS JIOCTYITHBIMU COBMECTHbIE
tpermHT MeToancToB LIITK 11 KOcMOHABTOB, HAXOAATIIIXCS
Ha GOPTY KOCMUYECKON CTAHIMK. ITO 0COOEHHO BaXKHO

JUIST IOITOCPOYHBIX OPOUTATBHBIX IKCIIEAUIIHI U OTETOB
K IPYTUM IJIaHeTaM, Tak Kak HEBO3MOYKHO IIPeLlyCMOTPETh
BCe Hay4HbIe IKCIIEPUMEHTBI, KOTOPbIE OYIyT IIPOBOAUTLCS
Ha GOPTY CTAHIUK UK HA IOBEPXHOCTU APYTOil [IIAHETBI,
1 00yYNTH KOCMOHABTOB 3apaHee, elie Ha 3eMJIe.

Bosmoacrnocms mpenumnea aeﬂmeﬂbuocmu,
HanpaeﬂeHHoﬁ Ha Henocpeécmeeﬂuoe e3aumooelcmeue

¢ 6ausKuMU uejesobimu obvexmamu

B ocHoBe ycmemHocTu npuMeHeHUsl KJIACCHIeCKUX
KOMITBIOTEPHBIX TPEHAKEPOB JIEKUT OJM30CTh 3PUTE/Ib-
HOTO BOCITPUSITHST YEJIOBEKOM PeATbHON U BUPTYaTbHON
BU3YaJbHOW OOCTAHOBKHM B T€X CJIydyasX, KOIJA IeJeBble
00BEKTBI HAXOJIATCS OT YeJOBEKa Ha 3HAYUTEJLHOM Pac-
crosgunn. Harmpumep, BO BpeMsI MOCAIKU JIETYUKH OPHEH-
TUPYIOTCST 110 0OBEKTaM Ha 3eMJie (B3JeTHO-TI0CaI0uHast
10JI0Ca, CUTHAIbHBIE OTHM), BOAUTEIN aBTOMOOWUIE

AN
s

GOJTBIITYIO YaCTh BPEMEHH 3PUTETHHO CKAHUPYIOT TY YaCTh
JOPOKHOTO OKPY’KEHUsI, KOTOpas HAXOAWUTCS OT HUX Ha
ynanennu 10—20 M u 6osiee. Takue TUIIBI BU3YATbHOI
06CTaHOBKH YCIIENTHO HMHTHPYIOTCSI € TTOMOIIBIO MTPOEK-
I[MOHHBIX YCTPOHCTB, 9KPAHBI KOTOPLIX YCTAHABINBAIOTCS
Ha PACCTOSIHUH IIECTH METPOB U HoJIee 0T 06yIaeMOro Wiin
C TIOMOITIBIO KOJITMMAIIMOHHON ONTHKH, (POKyCHpyIoiei
YeJI0BEYeCKHi 171a3 Ha 6ECKOHEYHOCTb.

[t 0TpabOTKM HEMOCPEACTBEHHOTO B3aUMOIEHCTBIS
JyestoBeKa ¢ OJIM3KUMHI eTeBBIMU 00beKTaMu (HapruMep,
JeSATeJbHOCTH KOCMOHABTA HA BHEIIHEH MOBEPXHOCTH
KOCMIYECKON CTAHIIH UM PYYHBIX ONIEPAIlHiT HA TOBEPX-
HOCTH JPYTHX IIJIAHET) TPAJUIIMOHHbBIE METO/IbI BU3YaJIb-
HOI MMUTAIMX He IPUMEHHUMBI, TaK KaK Ha PACCTOSHUSX
MeHee LIECTH METPOB HAYMHAIOT COTJIACOBAHHO PaboTaTh
6oJiee CIIOJKHBIE MEXAHI3MbI 3PUTEIBHOTO BOCIIPHUSITHUSI:

e M
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Llenesoit 06bEKT

JleBbIN rnas [TpaBblit rnas

OCo6EeHHOCTH 3pUTESIBHOrO BOCMPUSATUS BIIN3KNX
06bEKTOB. F — TOYKa NepeceyeHns 3pUTenbHbIX OCEN;
Z — paccTosiHMA OT rnas ao NaoCKOCTU MOHUTOPA;

d — paccTosiHWe OT rnas Ao TOYKM hukcauumn B3rnsga
Ha MOBEPXHOCTU LeNeBoro o6bekTa

axxomodayust (poKycrupoBKa rirasa Ha OJIMBKHIT 1eIeBOIT
00beKT) U KoHgepzenyust (BCTPEYHOE JIBUJKEHUE TJIa3, B
pe3yJbraTe KOTOPOTO 00€ 3PUTETbHBIE JTMHUU CXOISTCS
Ha 1[eJIEBOM OOBEKTE).

[TonbITKM NCHPABUThH CUTYAIMIO 32 CYET IIPUMEHEHUS
CTEpPEOIIPOCINPOBAHNS U CTEPEOCKOMMNYECKIX UCIITICEB
OKAa3aJI0Ch MMEIOT «11060YHBIN 39 dheKT> — MeKILY aKKo-
MoJianuei 1 KOHBepreH1ueil BO3HUKaeT KOH(IMKT — 11a3
AKKOMOZIMPYeT Ha (GUKCUPOBAHHOE PACCTOSHUE /IO TIJIOC-
KOCTH 9KpaHa (Z — Ha CXeMe), He3aBHCHUMO OT TOTO, B KAaKOi
TOYKE BUPTYAJIBHOTO IPOCTpAHCTBA (GJIMKe WIIH [aJIbIIIe)
HepeceKkaloTCs 3pUTEeIbHbBIE OCH TJ71a3 BCIIECTBIE KOHBEp-
renin (Touka F — Ha cxeMe Ha PACCTOSIHUM d OT IJ1asa).
B pesysibrate y 4esioBeKka BO3HUKAaeT OUHOKYJSIPHBIN
cTpece, yTOMJIeHUE IJia3, TON0BHast G0JIb, TOIHOTA U T. 1.
ITo sroii mprunHe B Iporiecce 06ydeH st KOCMOHABTOB OTle-
parusiM Ha BHEIITHEH TOBEPXHOCTHU CTAHIINH 110-TIPEKHEMY
UCIHOJIB3YIOTCS METOAMKK TIOTPYKEHUs B rujipobacceiit,
B KOTOPOM PacCIIoJIaraeTcsl BOCCO3/IaHHOe B HATYPATIbHYIO
BEJIMYMHY BHelHee obopyaosanne moayeid MKC.

J1J1s1 TOro 4TOOBI CIIPABUTHCA € DTOI IPOOJIEMOI criery-
amucrsl kommanun CodrJla6-HCK, MAud CO PAH u
CKB HII CO PAH BenyT paspaboTKy Myismudokaiviozo

cmepeoducniess (MD]]), ugest KOTOPOTO TPUHAIIIEKIT
A.M. KosarneBy. B 6a30Boil TeXHOJOTUN CTEPeOTIAPDI
MPEJICTaBJIEHbl HE MIOCKUMHU, a 3D-n306pakeHrsIMU Ha
HOBEPXHOCTSAX, 00Pa30BAHHBIX y4acTKaMu 0OBEKTOB BUP-
TYAJIbHOI CPEJibl, KOTOPbIE BUIMMBbI B TIPe/IeJiaX Kaxk/I0ro
MUKCeJa, UJIN B «ITUKCEJIbHOW» TMUPaMujie BUAMMOCTH.
Takum 06pasoM, Kaxk/Iblil IKCET CTePeoTapbl HapsiLy ¢
IJIOCKUME KoopzinHatamu X Y TI0JIydaeT TPeThio KOOP/HA-
1y D =1/d, tie D — rry6una B IMONTPUsX, d — PacCTOSTHUE
JI0 BUJIMIMOTO y4acTKa 0OBEKTa B METPax.

Takast TEXHOJIOTHSI He UMEET METOJANYECKON TTOTpel-
HOCTH KaK TIPK MOHOKYJISIPHOM, TaK U IIPU OMHOKYJISIPHOM
3peHnn. B repBom ciyyae BUPTyaJbHOE IIPOCTPAHCTBO
BOCTIPHHUMAETCST OGBEMHBIM 32 CUeT aKKOMOIAITI TJTa3a
Ha Touky (ukcarn B3rsiaa F ¢ ray6ouHoii d. Ilpu atom
uzobpakeHue BOKPYT TOYKU (PUKCALUM CTAHOBUTCS
peskuM, a usobpaskenue yaajieHubix (d<DF) uau 6osee
6mskux To4eK (d>DF) B 1ojie 3peHusl eCTeCTBEHHDIM
obpaszom e oKyCcUpyeTcs.

Bo BTOpOM ciry4ae, Ipu CTepeo3peHH, aAKKOMOAINS 1
KOHBEPTEeHIIUS TJIa3 MPUXOIUTCS HA OTHU U T€ JKe TOUKHU
(pukcarmu F. BogHuKaeT mporiecc cTepeorcuca, KOTOPbIii
YCUTMBAET 0OBEMHOE OTIMYIEHNEe TPOCTPaHCTBa. Takum
06paszoMm, B 06J1acTH HHTEpeca N300pasKeHNe OKa3bIBACTCS
u pe3kuM, u cauTHbiM (6e3 aumionun). [losBrenne Bu-
3yaJqbHOTO AHCKOM@OPTa MTPUHIUTTHAIBLHO HEBO3MOKHO.
Jlebokycuposka nzobpaxkeHuii BHe obgacTi uKcarmm
0CTAETCH, YTO ABJACTCSI HEOOXOAUMOU KOMIIOHEHTON
JIOCTOBEPHOTO KOTHUTHUBHOTO BOCTIPUATHS TPOCTPAHCTBA.
Jlvicrien o6ecrednBaroT COrJIACOBAaHHOE CTEPEOCKOTINYEC-
KO€ M aKKOMOJAI[MOHHOE 3peHue PU GOJIBIIOM JUHAMU-
YeCKOM Hara3oHe pacCTOSHMI 10 mpeaMeToB (oT 40 cM
110 GECKOHEUHOCTH ).

Baenenne MmysTnhOKaTHHBIX CTEPEOICIIIICEB, OTKPOET
BO3MO’KHOCTH TIPUMEHEHUS TeXHOJIOTHH BUPTYaTbHOHN
pPeajbHOCTH B HOBBIX 00J1acTsIX 0OyUYEeHMsS ¥ TPEHUHTa
KOCMOHABTOB TaM, I'/le paHee UX MpUMeHeHue CYUTATIOCh
HEBO3MOJKHBIM WM HEPEHTAOETbHBIM.

Bosmoacnocmo cmewenus 6UpmyaibHozo

U PeanvbHozo MUpos 8 00YUeHUU 1L MPEHUHZe

CpaBHUTEIBHO HEJABHO BO BCEM MUPE TOSIBUJIHCH U
craiu GypHO PasBUBATHCS TEXHOJOTUU OONOJIHEHHOL
peanvnocmu (augmented reality), KOTOPBIE TTO3BOJISIOT
peasbHblil BOCHPUHUMAEMbI HAMU MUD CMEIIUBATDH C
BUPTYaJIbHBIM MUPOM, CHHTE3UPOBAHHBIM C TTOMOIIIBIO
komiibiorepa. Hanbosiee u3BecTHON U pacipocTpaHeHHOI
TEXHOJIOTHEN JIOTIOJTHEHHOM PEAIbHOCTHU SIBJISIETCS] TEXHO-
JIOTHSI TIOJIMETITBAH ST CHHTE3MPOBAHHbBIX N300PasKeHUIT K
KaJ[paM BUICOKaMepbl. DTOT METO/I [OJIyYaeT Bee Ooibliee
paciipoctpateHue B peKJIaMe, TyPUHYCTPUN, HHIYCTPUT
pasBiiedenuii. Harpumep, ecyin BbI CMOTPHTE XOKKEH 10 Te-
JIEBU30DY, TO, KAK IIPABUJIO, PEKJIAMa HA CTEHKAX XOKKEeHHOI
KOPOOKH — 9TO PETHOHATbHAS PeKIaMa, KOTOPYIO TTOMe-

MIUBAIOT B BUCOTIOTOK CHETNAILHO /7T BAIIeTO PETHOHA.
TexHosIOTHST OCHOBaHA HA PACIIO3HABAHUU KOMITBIOTEPOM
CIEIUATbHBIX IpahuuecKX MapKepoB, HAKIEEHHbIX Ha
00BEKTBI PEAIbHOTO MHUPa U HAJOKEHUN CUHTE3UPOBAH-
HBIX M300PaKEHMIT B T€ TOUKU BUICOKA/PA, B KOTOPBIE 3TH
Mapkepsl Ttonajim npu chemke. Kopriopanus Google Bezer
AKTUBHYIO Pa3paboOTKy 0YKOB JOMOJHEHHON PeaibHOCTH,
cHabKEHHBIX MUHUATIOPHON BHIEOKAMEPOil U MPOCBET-
HbIM (TTOJIYTIPO3PAYHBIM) MUKPOJIUCILIEEM, HA KOTOPBIi
BBIBOAATCS KOMITbIoTepHbIe nzobpaxennus (http://ria.
ru/technology/20120405,/618349194.html, 11.04.2013).

YesioBeK B TAKMX OYKAX BUIUT OJHOBPEMEHHO U OKPY-
JKAIOLLY10 00CTAHOBKY, U KOMIIbIOTEPHbIE M300paskeHus. B
KauecTBE KOMITBIOTEPA MOKET MCIOIb30BATHCST OOBIUHBII
cMapTdOH. AJITOPUTM paclio3HaBaHUs TTO3BOJISET OIpe-
JIETUTD He TOJBKO HAJTIM4INe KOHKPETHOTO MapKepa, HO eTo

N3o6paxkeHnss Ans nesoro v NpaBoro rnasa,
OEMOHCTPUPYIOLLIME pa3HY (DOKYCUPOBKY Npwu
dukcaumm B3rnsaa Ha 6nm3kme v ganbHue 06beKTbI

OPUEHTAIMIO B IPOCTPAHCTBE U CTEIIEHD yIAJIeHUs OT Ha-
Gamonatenst. B mpocreiiniem ciyuae aTa mHGOPMAIs 1aeT
BO3MOKHOCTb KaK Obl IPUKJIENTh CHHTE3UPOBAHHY IO OGUPKY
K 00BEKTY PeabHOrO0 MUPA MPU €ro TPOCMOTPE Yepes
1MPOBYIO BUACOKAMEDPY I OYKU JIOTIOJHEHHOI peasib-
HocTu. B Gosiee c10/KHOM ciiydae ajlropuT™ Paciio3HaBa st
MO3BOJISIET COBMECTUTD CUCTEMbI KOOP/IMHAT PEATBHOTO U
BUPTYaJIbHOTO MUPA U [IPOU3BECTU UX CMEIIUBAHUE B CO-
OTBETCTBUU C TEMU UJIM UHBIMU KpuTepusimi. Boiee Toro,
B KayeCTBE MapPKEPOB MOIYT ObITb MCIIOJIb30BAHbI CAMU
0GBEKTBI PEATTLHOTO MUPA.

PaccmaTpuBaeMasi TEXHOJNOTUSI B MIPUMEHEHUN K He-
MOCPEJICTBEHHOMY COTPOBOXKIEHUIO BHEKOPAOEIbHOI
JESATEILHOCTH KOCMOHABTOB TIO3BOJIUT Pa3MECTHTh BUP-
TyaJIbHbIE MOJCKA3KY HA PEATbHBIX 0OBEKTaX CTAHIIUY U,
60J1ee TOTO, TOGABUTD HA PEATHHYIO TIOBEPXHOCTD CTAHIHH
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BUPTYQJIbHBIC IETAJIN U arperarbl, KOTOPBIE €Ille¢ TOJbKO IIPEACTOUT TaM MOH-
TUPOBaTh. BusyaibHO KOCMOHABT OY/IET OCYIIECTBIISATh CBOIO JESITEIbHOCTD B
CMEIIaHHOM IPOCTPAHCTBE — YaCTUYHO PeajibHOM, @ YACTUYHO B BUPTYaJTbHOM.
AHasornaHoe 06yueHrne KOCMOHABTOB CMOJKET MTPOBOIMTHCST Ha GOPTY CTAHITHH,
HO y3Ke TI0JIHOCTBIO B BUPTYaJIbHOM IIPOCTPAHCTBE.

[IpenmyTtiiecTBa TAKOTO MOAXOA TPY/THO TEPEOIIEHUTD, YIUTHIBAS CIOKHOCTH
VCJIOBHIA, B KOTOPBIX BBIHYK/IEH PaboTaTh KOCMOHABT, OCOOEHHO TIPH BBITIOJ-
HEHUY He3alIaHMPOBAHHBIX paboT WM paboT, KOTOPbIE HEBO3MOKHO MTPELYC-
MOTPETb 3apaHee B J0JTOCPOYHBIX OPOUTATBHBIX IKCITEAUIIAX U IKCTICANIUSAX
ITOCEIIeHUA.

Bosmoorcrocmo UHMYUMUBHOZ0 YNPABIEHUA
obvexmami BUPMYAIbHOZ0 MUpa

O1HOi#T U3 CYIECTBEHHBIX TIPOOJIEM, CIEPKUBAIOIINX MTHPOKOE IPUMEHEHIE
TEXHOJIOTMH BUPTYaJbHOU PeasbHOCTH B 00y4EHUU KOCMOHABTOB, SIBJISAETCS
CJIOKHOCTD YIPABJIEHUS BUPTYaTbHON KAMEPOI U TIEIEBBIMI 00bEKTAMK BHYT-
p¥ BUPTYaIbHOTO Mupa. [1Jist TOro 4To6bl TOCMOTPETh Ha MHTEPECYIONIUH Hac
npeiMeT B PeaJbHOCTH, HaM JIOCTaTOYHO II0BEPHYTb OJIOBY U IIepeBecTH Ha
HETO CBOI B3MJISIAL. A JIJIs TOTO UTOOBI U3YUMTH MHTEPECY IO HAC ITPEIMET, HAM
JIOCTATOYHO B3Th €T0 B PYKU U TOKPYTUTD Me€pe]l TJia3aMu. DTH IBUKEHUS TIO/1-
CO3HATENHHBI M €CTECTBEHHBI /71T B3POCTIOTO UeoBeka. VIM He HYKHO 00ydaTh.

Mpu paboTe Ha NOBEPXHOCTU
CTaHuMn pearbHy 06CTaHOBKY
MOXHO 6yeT OOMOSNHUTL
BMPTYaslbHbIMW yKa3aTenamm
TpaekTopun MapLupyTa,
WHOMKATOpamu LieSIeBbIX 0ObEKTOB
n Opyrumm nogckaskamm

JXecToBoe ynpaBneHue
mogenbto MKC
npu BMPTYyasnibHOM OCMOTpe
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WuTtepdeiic uesoBeka ¢ KOMIBIOTEPOM He SIBJISICTCS U3HAYAIbHO MHTYUTUBHBIM.
B wactHOCTH, GOJTBITMHCTBO U3 HAC € JIETKOCTHIO CITPABJISIETCST C IBYXMEPHON
HaBUTAIMEH «MBIITKI» 10 PABOYEMy CTOJTY KOMITBIOTEPa, HO STUM HaBbIKaM HaM
MPUIILTIOCH HAYIUTHCS.

Eme xyske 06CTOUT [1eJ10 ¢ yrpaBaeHneM 06beKTaMi B TPEXMEPHOIT BUPTY-
anpHOM cpezie. laske onbITHOMY TpaduuecKoMy Iu3aiiHepy MPUXOAUTCS OPU-
EHTUPOBATHCS 110 TPEM ITPOEKIIUAM OOBEKTA U HEIIPEPBIBHO IBUTATh €0, YTOObI
BOCCTaHOBUTD OBICTPO TEPSIOIeecs OlLyIeHre TJIyOUHbI ClieHbl. B pesybraTe
3 PEKTUBHOCTD 00YUYEHUsI, OCHOBAHHOIO Ha €CTECTBEHHOCTH BOCIIPHUSITHUS
yessoBeKOM nH(opMarnum 06 00bEKTe 110 €ro TPEXMEPHON BU3YaJTbHON MOJIEIH,
CHIKAeTCS 32 CYeT CJIOKHOCTH OCBOEHUS YeJIOBEKO-MaITHHHOTO MHTepdetica
C TPEXMEPHOI BUPTYaIbHON CPEION.

OrpoMHBI yCIieX JKeCTOBOTO YIIPABJIECHUST, IPUMEHSIEMOTO HAa COBPEMEHHbBIX
cMapThOHAX U IIJIAHTIETaX, OCHOBAH HA TOM, UTO 3TH JKECTBI UMUTUPYIOT TPUBBIU-
Hble MAHWITYJISIN YeJOBeKa ¢ 0GBEKTAMU PeabHOTO MUPA, HATIPUMED, CABUT
WJIK TlepeBopaYrBatie GyMakHbIX CTPAHUIL, TTOBOPOTHI (hoTorpaduii, KoTopsie
MBI KDYTUM B pyke. HemaBiee mosiBleHre Ha MacCOBOM PBIHKE OCTATOTHO
KaueCTBEHHBIX GECIIPOBOJIHBIX TPEKEPOB (aTUNKOB MOJIOKEHNS) U GECKOH-
TaKTHBIX YCTPOUCTB PACIIO3HABAHIS YeJIOBEUECKUX JKECTOB JIa€T BO3MOKHOCTh
MepeHecT! JKeCTOBOe YIIPaBJIeHNe U3 TNIOCKOCTH B TPEXMEPHOE TIPOCTPAHCTBO
(http://rucap.ru/um5/about, 11.04.2013; http://ru.wikipedia.org/wiki/Kinect,
11.04.2013).

Kommanmst Cod1JIab saHmmaeTcst pazpaboTKONH TPEXMEPHOTO JKECTOBOTO
yIIpaBJeHUs: 0OBEKTAMU BUPTYaJTbHOTO MUPA, KOTOPOE B HEANE MO3BOJUT
HCKJTIOYHTD U3 TTPoIecca 00ydeHnst KOCMOHABTOB JIMIIHION (hasdy, CBI3aHHYIO C
MPUBBIKAHMEM K NHCTPYMEHTaM B3aMMOIEHCTBUS ¢ BUPTYAJTbHOM CPeoif.

B pamkax aToro ke HalpaBJIe€HUs CIEIMATUCTBI KOMIIAHUK PabOTAIOT HaJl
pacrosHaBaHleM NepeMenieHis 00y4aeMOoro B peaJbHOM MUPE ¢ OMOTIBIO Ha-
TOJIOBHBIX TPEKEPOB MOJIOKEHTS U TIEPEHOCOM 9TOTO JIBUKEHUS B BUPTYATbHBII
MUD. YUeT 9TUX JAHHBIX TT03BOJIUT OBBICUTH KAYECTBO MTOJATOTOBKU KOCMOHABTOB
K IEATEIbHOCTH 110 BU3yaJbHOMY MOHUTOPHHTY OOBEKTOB 36MHOMN TIOBEPXHOCTH
U TI0 OCYTIECTBJIEHUIO (POTO- U BUIEOCHEMKH Yepe3 NILTIOMUHATOPBI CTAHITUH.

CyTb IpobIeMbI TEKYIIET0 00YUYEHSI MOKHO JIETKO MOSICHUTH HA CJIE/YIOIIEM
npumepe. [TonpoOyiite ABUTATHCS BIIEPe,/HA3a 1/ BIEBO,/BIPABO OTHOCUTEIHHO
MOHHUTOPA Balllero KoMibiotepa. Mzo6paskenne Ha MOHI OYIeT OCTaBATHCS
Hen3MeHHbIM. Terepb monpodyiiTe TOBTOPUTD ITU AEHCTBUSI, CTOS PSIZIOM C O
HoM. Bol yBusire acdekr napariaxca — 00beKTh 32 OKHOM 0}

OTHOCHUTEJIHHO PAMBI 1 ]

JIBUKEHUH KO

TBHIBATh B TPEHAKEPaX OpOUTAIBHOrO MOHUTOpHHTa 3emin. Ha pucynke BuiHo,
KaK IPY ABYKEHII HaGJII0[aTe sl CIBUTAIOTC BHEIIHIE MMUATH 1ble 00bEK-
ThI (3€MHAsI TIOBEPXHOCTD U 9JIEMEHTBI KOHCTPYKIIUI CTAHI[UN ) OTHOCUTEIIHHO
obpamJIeHHs WITIOMIHATOPA B pa3pabaThlBAEMOM HAMU TPEHAKEPe.

CTaTbe IepeunciieHa JIMIIb HEKOTOPasA 4YaCTb MHHOBAIITMOHHBIX TEXHOJIO-

ruii, passuBaembix kommnanueit CorJlab u ee napraepamu. Crenyer or-
METHUTb, YTO 9TH PAGOTHI — PEAIbHbII TPUMEP MHOTOJIETHETO YCIIEITHOTO

HAYYHO-TEXHIYECKOTO COTPYAHUYIECTBA KOMMEPUYECKOTO TP PUSTUS
U ZIByX WHCTUTYTOB — aKa[EMUIECKOTO U KOHCTPYKTOpCcKoro. Ilpu momxHOM
(buHAHCUPOBAHWHY TIepeYrCIeHHbIe MHHOBAIIMK MOTYT ObITh MHTETPUPOBAHBI B
YHUKaJIbHBII MOJIYJIbHBIHM TEXHOJIOIMUECKUI KOMILJIEKC, He UMEIOII i1 aHAJIOTOB
B Mupe. [IpuMeneHre TaKoro KOMILIEKCA B Ka4eCTBe (Ga3bl I IOCTPOCHMS COB-
PEMEHHBIX TPeHaKEPHBIX 1 00YYAOIINX CHCTEM TTO3BOJUT TTOJHATH KaueCTBO
MO/ITOTOBKM KOCMOHABTOB HA TIPUHITUITHATBHO HOBBII YPOBEHbB, CYIIIECTBEHHO

Hab6niogeHve vyepes BUpTYyasnbHbIf
WNOMUHATOP: ciesa, crpasa,
CHU3Y, CBEPXY

|

HOBBICUTH 9(D(EKTUBHOCTD U CHU3UTh CTOUMOCTD 00yde-
“Hust. B coserckue spemena HIIK B cuiy cBoero npenmy-
HIECTBEHHOTO TI0JIOKEHHS NMEeJE BO3SMOKHOCTh OCBAMBATD
TEXHOJIOTHYECKUE PEIEHUFHAXOSIINECS HA TTePeTHEM
Kpae HayKu. SIBIIsseb OAHOBPEMEHHO JIUPYIOIIIM HCCTe-

e JIOBATEJIBCKUM IIEHTPOM U IIEHTPOM IPAKTUYECKOH TO/TO-

TOBKM KOCMOHaBTOB, LIITK o6mazan emte ogHOI, Ha II€PBbIiA
B3TJISA/] HEIPUMETHOI POJTBIO — POJIBIO AKCIIEPUMEHTATBHOM
IJIOIAAKY JUJIS OOKAaTKKM HOBEHIINX 06pasoBaTeIbHbIX U
TPEHMPOBOYHBIX TEXHOJIOIUA. XOTEI0Ch OBl HAJEAThCS,
YTO y HAIETO TOCYIAapCTBAa XBATHUT 3/[PABOTO CMBICTA T
#1106pOoit Bosiu BepHYTh LIeHTPY MOATOTOBKH KOCMOHABTOB

Vi MPUHAJIEKAUN eMy IO TPaBy CTaTyc W JUAUPYIOIiee

noJjioskeHue B Mupe. Benp maxke camasi fajnbHss opora B
KOCMOC HaUMHAeTCs Ha 3eMJie.
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