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I'maBa 1

BBenenue

1.1 AKTyaJIbHOCTbH

Bakon 06 obpasosannn Poccuiickoit @enepaiiu [1] ormeuaer, 1to cucrema obpa-
30BaHUsI JIOJIZKHA OBITH aJallTHPOBAaHA «K YPOBHSM U OCOOEHHOCTSIM Pa3BUTHS 1
IOJITOTOBKHM yUalnXcsi». BBUY HEXBATKHU 11€1ar0r0B, IIePEerpyKEeHHOCTH KJIaCCOB
1 y9eOHBbIX TPYIIl YINTE/s] OYeHb JacTO He MMEIOT BPEMEHU Ha, MOWCK WHJIMBU-
JIyaJIbHOI'O TIOJIX0/1a K KayKJIOMY YUIEHUKY.

HHOBAIIMOHHBIE TTOIXOBI, JIEYKAII[e B OCHOBE HAIIMOHAIBHOIO mpoekTa «(O0-
pasoBaHney, HaIleJeHbl B IEPBYIO 0YepeIb Ha TO, YTOOBI JIaTh YUAIIMC Kade-
CTBEHHbIE U NPOYHBIC 3HAHUS. Taknue 3HAHUs Ye/IOBEK IPUOOpEeTaeT TOJIHKO TO-
rjia, Korja eMy HHTEePeCHO YIuThest. [[o9ToMy yueHuK J0JIZKEH cTaTh aKTHBHBIM
YYaCTHUKOM 00pPa30BaTe/IbHOTO IIpollecca, a 3yOperkka W ydeba U3-110]] NaJIKn
JIOJI2KHBI OCTATHCsT B IIPOIILIOM.

[Tpegnaraemble B gaHHOil paboTe MHHOBAIMOHHBIE TEXHOJIOIHH ITO3BOJISIOT
HepcoOHnUIUPOBATH 00yUEHUE U CJeIaTh STOT IPOIECC DoJiee YBICKATE/IbHBIM,
IIOBBICUB TaKUM 00Pa30M KadecTBO 00pa30BaHUSI.

Bo BceM Mupe cerojmst cTajio MoIy/IsipHbIM HalpapjeHnne edutainment — 9TO
«0OyUeHne B IMPOIecce UIPbl» WM <«pasBjiedenne + obydenues (education -+
entertainment) [2]. Tlo npuniumy edutainment co3anbl Bce COBpeMeHHBIE My3en
HAyKH, 9TO MO3BOJIIET O0bEJIMHUTD UCCICOBAHUS C PA3BJICUCHUEM U YIUTHCH C
VJIOBOJILCTBUEM.

Hanpumep, Cybernarium [3] — sro BeicTaBounblit rientp B Japmmrrare, ep-



MaHUsI, UCIHOJIb3YIONINI TeXHOJOINN BUPTYAJIbHON U PACIINPEHHON peaibHOCTHU.
Ero nmocerurenn MoryT yBHAETb adpOIOpPT OyylIero, HaledaTaTb KHUTY B BUD-
TYaJIbHOM II€YAaTHOM I[€Xe, CAMOCTOSITE/ILHO IIPOBECTU YJIbTPA3BYKOBOE 00CJIe10-
BaHIe Ha BUPTYaJbHOM TPEHarkepe, a TaKxKe MpOry/saThes 1mo cobopy B Cuene,
MOJINCTATh BUPTYaJILHBII Tepbapuil, Ijie pacTenns BIPACTAIOT MPSIMO U3 CTPAHUI]
1 jazke 1moJieTaTh BJ10b MJledHOro IyT B BUPTYAJIbHOM IIJIAHETAPUH.

Bupryasbroe nmoectBoBamme [4] — 910 nHHOBAIMOHHAST HHTEDAKTUBHASA 00pa-
30BaTeIbHAST TEXHOJIOIHsI, KOTopas peaju3yetT npuniui edutainment. Ona obec-
[le4nBaeT IMOIpYyzKeHue II0JIb30BaTe/sl B BUPTYaJIbHBI MHUD C HCIOJIb30BaHUEM
TEXHOJIOIUH BUPTYaibHOro okpyzketusi (BO) u BkitouaeT mojib30BaTeist B ope-
JleJIeHHbII ctoxker (crieHapuil) B KadecTse jieficTytomiero Jinia [5]. OcHoBHOI
3aJladeil BUPTyaJIbHOIO MTOBECTBOBAHUS SBJIsieTcsl MH(DOPMUPOBaHUE UM 00y Ue-
HUe, IIPU ITOM I10JIb30BaTE/Ib UIPaeT aKTUBHYIO POJIb B IIPOXOXKJICHUN CIOZKETa
1 IMeeT OIIpeJle/IeHHY0 ¢BOOOIY JleficTBUII B BUPTYaJIbHOM Mupe. B otiimdne ot
KOMIIBIOTEPHBIX UI'D TEXHOJIOIUSI BUPTYAJIBLHOIO ITOBECTBOBAHUS ITO3BOJISIET [10-
OUTHCs BBICOKOI CTEIEHN MTOI'PYKEHNS B BUPTYAJIbHbBIN MUP Jla2Ke TP JIOCTATOY-
HO IIPOCTOM CIOZKETe U BTOPOCTEIHECHHON POJI Pa3BJIEKATE/ILHOU COCTABJIAIOIIEH.
DTO OTKpBIBAET HINPOKNE BO3MOYKHOCTHU 110 CO3JIAHUIO O0YYAIOIINX U TPEHUPO-
BOUHBIX npujioxkennii B BO.

Taxum obpazom, pazpaboTKa TEXHOJOIMH BUPTYaJbLHOT'O IIOBECTBOBAHUS IJIsI
o0pa3oBaTe/IbHBIX 11e/Iell MMO3BOJIUT PENTUTH CPa3y HECKOJIbKO aKTyaJbHBIX ITPO-
oJteM:

— obeclednTh IIepcoHaIbHOe 00yUeHNe [IJIsl KayKJI0ro yUallerocs;

— CIeJIaThb I1ponecc O6y‘{eHI/IH VNHTEPECHBIM U YBJICKATEJIbHBIM]

— MepPEeHeCTH MeCTO MPOBEJIeHNs YPOKa B BUPTYaJIbHBII MUP U ClIeJaTh Te Je-

MOHCTpali1i, KOTOpPbI€ B pe€aJIbHOM MHNPE HEBO3MO2KHDI.

1.2 Kocmuyieckoe obpa3oBaHmTe

B nannoii pabore yieneHo ocoboe BHUMAHHE KOCMHYECKHIM 00pa30BaTeIbHBIM
IPUJIOXKEHUSAM TEXHOJIOINN BUPTYAJbHOI'O ITOBECTBOBAHUSA, T.K. YTOOBI I10JIETETh

B KOCMOC, HEJJOCTaTOYHO OJHOI'O JIMIIL Halller'o »KeJIaHusd, a HaM OBLIIO ObI OUEHD



MHTEPECHO 3HATh, UTO K€ IIPOUCXOAUT Ha OOpPTY OpPOMTAIBLHON KOCMUYECKOIT
cranrmuu. MoTuBanus jaHHOI PabOTHI CBsizaHa C IpeioyKeHneM pekrtopa MI'Y
B. A. CajoBHn4Yero OTKpbLITH MHHOBAIMOHHYIO 00pa3s0BATEILHYIO MPOrpAMMY
«Obpa3zoBaHre U KOCMOC».

Paspaborka npuioxkenust «BupryajabHble W ypOKH U3 KOCMOCa» B KaHPe
BUPTYAJIHHOIO MTOBECTBOBAHUSI SIBJISETCS TTOMBITKON MPOIOJIXKITH KOCMUYIECKYTO
o0pa3oBaTe/IbHYI0 TPOrPaMMy «YPOKH U3 KOCMOCa», HAYaTyI0 KOCMOHABTOM
A.A.CepebpoBeiM Bo Bpems mojieta opbutanbHoii cranmnnn «Mups [6]. Ieabo
IpOrpaMMbl ObLIO HPOOYIUTH Y yUAIIMXCS UHTEPEeC K M3YUYEeHHI0 KOCMUYECKOil
TEXHUKH, YCJIOBUIT KOCMUYIECKOT'O 0JIeTa, HayK o 3emjie. Bejab IMeHHO B HEBECO-
MOCTH MOYKHO IIOCTABUTb YHUKAJbHBIE S9KCIIEPUMEHTHI, HEBO3MOYKHbBIE Ha 3eMIe,
1 C UX ITOMOIIbIO HAIJISIJIHO ITPOJIEMOHCTPUPOBATD sIBJICHUE MTOBEPXHOCTHOIO Ha-
TsI>KEHHUsI, 3aKOHbI MarHeTH3Ma 1 MHOI'O JAPYIMX MHTEPECHBbIX Beleil. B pamkax
IPOTrPAMMbI IIPOBOJIMINCH CEaHChI MPSIMOil CBSI3U HIKOJILHUKOB, HAXOJSIIUXCS B
IIVII, ¢ kocmonasramu Ha 6opTy opburasibhoil cranmuu (puc. 1.1). [kojbHu-
KU MOIJIM 3aJIaTh MHTepecyolre uxX Bonpochl. [locse mojera ObLIO BBIMYIIEHO
HECKOJIbKO 00pa3oBaTe/IbHbIX (PUIbMOB 110 (bU3KKe, IKOJI0TuN, Xumun. Becb Tu-
pazk ObLT OBICTPO PACKYILIEH, OJHAKO €ro IIOBTOPEHHE HEe COCTOsI/IOCh. XOPOIast
njes1 ObLIa 3a0bITa.

Coscem HepapHo, B aBrycre 2007 roga, NASA Bo300HOBIIA 3aILIAHIPOBAHHY O
ere moutn 20 JieT Ha3a/| IPOrpaMMy KOCMUYECKOTO 00Pa30BaHusl MIKOJIbHUKOB.
Tparndeckast rubesb «Hesrenkepa» 1 ero sKnIaxa, B cCOCTaBe KOTOPOT'o ObLIa,
yanrenbHuia Kprucra Makkoud, Ha JIBa JeCATUIETHSI OTCPOUNIIA Pean3allinio
kpacusoit uyien |7]. Bapbapa Mopran, B npomnutom ny6sep Kpuersr Makkosid,
IIPOBeJIa MEPBBI YPOK U3 KOCMOCA JIjIsI aMEePUKAHCKUX MIKOJIBHUKOB B aBIyCTe
2007 roma. OHa oTBevaJsa Ha BOIIPOCHl B paMKax CeaHcoB IpsiMoii csasu. OjHa-
KO CJIeJIyeT 3aMeTHTh, YTO MIKOJbHUKN 3a9acTyIO 3a/aBaJil BOIIPOCHI, OTBETHI Ha,
KOTOpble MOYKHO IIPOYECTh B KHUIE, & IIPU CMEHe ayJuTOPUU BOIPOCHI OOBITHO
nopropsich [8]. Bor mouemy Takoii hopMbl 00yUeHNsT HEJTOCTATOUHO JIjisi POP-
MUPOBaHHUsI Y YUaIUXCsl CUCTEeMATUIeCKUX 3HAHUIM 110 HAyIHBIM JIMCIUILITHAM.
J11s1 5TOr0 HY>KHBI XOPOIIIO [IPOIYMAaHHBIE, 3apaHee IOAr0TOBIeHHbIe YPOKU. BBu-

Iy 3arpyzKeHHOCTU KOCMOHABTOB BO BpeMs I10JIeTa, CUCTEMATUYEeCKU IIPOBOJINTD



TaKNe 3aHATNA 6y,ZLeT JOCTaTOYHO CJIO?KHO.

Puc.1.1. CeaHc npsMoii CB3U CO IIKOJIbHUKAMU

Ha BUPTYyaIbHBIX KOCMIYIECKIX YPOKAX, TEXHOJIOTUS CO3/IaHNs KOTOPBIX MPe/I-
JIOYKEHA B JIAHHON paboTe, CTepeoCKOINnyYecKas MPOEKITMOHHAs CUCTeMa oDectie-
YUBaeT MOTPYKEeHIe B MOJIe/Ib OPOUTAIBLHON KOCMIYIECKO CTAHIINN, & BUPTYaJIb-
HBI{l yIUTE/Ib-KOCMOHABT 00bsICHSET BarkHellle dpusndeckne 3aK0HbI. 3a 0CHO-
BY B34ThI PeajibHbIe YPOKH, KOTOPbIe IPOBOoAI ¢ opouThl Asekcauap Cepedpos.

Hpyrast BaxkHast cchepa mpuMeHeHns pa3padOTaHHOI MHOI TEXHOJIOTUN BUPTY-
aJILHOI'O ITOBECTBOBAHUS TaK:Ke CBs3aHa ¢ KOcMOocoM. OCHOBaHHOE Ha 9TOH Tex-
HOJIOTMH TIPUJIOKeHne «BupTyasibHble KOCMUYECKHE IKCIEPUMEHTBI» MOYKET HC-
10JIb30BaTbCsT JIJIsT TPEHUPOBKU KOCMOHABTOB U IOCTAHOBIIMKOB KOCMHIYECKUX
sxcrepumentoB (KD) [9] B yemoBusx, npubimkeHubx K «60eBbiM». [lepemerria-
fACb BHYTPU BUPTYAJIbHONI KOCMIYECKON CTAHIINN U B3aNUMOJICHCTBYS C Heil, MOXK-
HO TIOJIyYUTDb aJIeKBATHOE IpeJicTaBeHrne 00 00CTaHOBKe Ha OOpPTY. DTO MO3BO-
JINT JIeTAJbHO MPOJyMaTh U OTpaboTaTh METOAUKY HMOCTAHOBKKM K3, ydunThiBast
BCEBO3MOYKHBIE ONpaHUYEeHNs, U N30eKaTh OIMMMOOK IPU IIPOBEJIEHNN PeabHbIX
9KCIIEPIMEHTOB B YCJIOBHSIX KOCMEUecKoro moJiera [5|. B ocHoBy ganHOTO 11pO-
eKTa IO0JIOZKEH OOraThlil OIBIT IJIAHUPOBAHUS 1 OCTAHOBKM KD, HAKOILJICHHBI
cernrauctamu [leHTpa 1Mo IroToBKM KOCMOHABTOB.

B nasbHeiinem s He jiesialo pas3jimdnsd MeXKIy JAByMsl IpoeKTaMiu: «Bupryaib-



Hble YPOKH 13 KocMocas (Jjist 00ydeHuns: MKOJbHUKOB) U «BupTyasbHble KOC-
MUYECKHe IKCIEPUMEHTBI» (/11 TPEHUPOBKI KOCMOHABTOB), — IIOCKOJIBKY B HX
OCHOBY TIOJIOXKeHa, 0JiHa 0Opa3oBaTe/bHas TeXHOJIOTNs, 1 Ha3biBalo UX «Bupry-
aJIbHbIe KOCMHUYECKIE SKCIEePUMEHThI 1 YPOKU M3 KocMmocay uin Kpatko Obpa-
3oBaresbHoe [Ipunoxkenne. Tam, e 310 cymecTBeHHO, OyIeT yKa3aHo 0cobo, o

KaKOM MMEHHO U3 nppmomeﬂnﬁ niaeT pedb.

1.3 Ileap paboThbl

Ieawv duccepmayuonnoti pabomor — paspaboTaTh TEXHOJOTHIO BUPTYaAJbHOIO 110~
BECTBOBAHMSI JIJIsI CO3/IaHUsI HOBOI'O THIIA 00Pa30BaTEeIbHOIO IIPUIOXKEHIST Ha, IIPU-

Mepe ITpoekTa « Bupryasbible KocMITYecKne SKCIIEPUMEHTRI 1 YPOKHU U3 KOCMOCA».

1.4 Penraemble 3aga49n

B pamrax dannot pabomu, pewaromes caedyrousue 3a0ani:

— HWccitetoBanne pa3andHbIX [I0X0/I0B K BUPTYaJbLHOMY IIOBECTBOBAHIIO, aHAa-
JIN3 BO3MOXKHOCTHU U 9 PEKTUBHOCTH UX UCII0JIb30BaHIA B 00pa30BaTe/IbHBIX
PUIOYKEHUSIX.

— Paspaborka TexXHOJI0OrMH U BIOOP OINTUMAJILHBIX METOI0B BUPTYAJIbHOIO 110~
BECTBOBAHUSI C IEJIbIO CO3aHNIs 00PA30BaTE/IbLHBIX IPIIOKEHU B HAYyKOEM-
KX TEXHUIECKNX 00JIaCTAX TaKNX, KaK (pu3nKa, OMOJIOTHA, HAYKI O 3eMJIe.

— Paspaborka apxXuTeKTypbl U IPUTOIHOIO JIJIg TUPAXKUPOBAHUSI IIPOTOTUIIA
00pa30BaTe/ILbHOTO IPUJIOXKEHNs Ha IIpUMepe IpoeKTa «BupryajbHble KOC-

MHNYECKHE IKCIIEPUMEHTBI 1 YPOKHN M3 KOCMOCa».

1.5 HayuyHass HOBU3Ha

[lo HacTosIIIero BpeMeHn B 1eJIsIX 00yYeHs UCIOJIB30BaINCh U CUCTEMbI UCKYC-
crBeHHOro nHTEsIeKTa [10], n Texuomorun BupTyasibHoit peasbHoctu [11]. [pe-

IMPUHUMAJINCH IIOIIBITKH O6'b€[LI/IHHTI:> O6yquI/I€ C I/II‘pOﬁ 1 JazKe IIPOBOJUTDL YPOKU



3 Kocmoca. OHaKO 1T0Ka He CYIECTBYeT HHTEIPUPOBAHHOIO PeIleHns, KOTOPOe
00'beNHSIIO OBbI BCE Iepevrc/IeHHbIe BhIIIEe UJIeH U TeXHOJIOTHH.

HoBusHa jgaHHOIl PabOTHI 3aK/II0UAETCS B CJIEYIOIIEM:

Hosas mexnonozus. Pazpabotannas cucTeMa IPeJICTaBIsIeT HE IPOCTO 00b-
equnenne BO, uckyccrsennoro unresiekra (Artificial Intelligence — Al) u
BorpocHo-otBeTHO (QA) cncremsr [12]. Ha ux 6a3e mocrpoeHa mpuHIUITHAILHO
HOBas TEXHOJIOINsI OOYyUeHUd, TJle TIperoiaBaTe/IeM sIBJIAeTCA BUPTYaJbHbBI 11ep-
conaxx (B ObpasoBaresbroM [IpuoykeHnn 370 KOCMOHABT ), KOTOPbIil HE TOJBHKO
OTBEYAET HA BOIPOCHI MOJIL30BaTE e, HO U MEHSAET CBOE TOBEJICHIE B 3aBUCHMO-
CTU OT 3TUX BOIIPOCOB, BJIUsIsI, TAKIM 00pa30M, Ha CIOYKET CAMOI'0 BUPTYaJIbLHOTO
IIOBECTBOBAHNS.

Hoesvie memodvr npenodasanus. Bosbliasg 9acTh CyIMIECTBYIOMNX 0Opa30Ba-
TeJIbHBIX IPUJIOXKEHIII B »KaHpe BUPTYaAJJbLHOI'O ITOBECTBOBAHUS IOCBSIIEHA 00Y-
GEHUIO TOBEJICHNIO (HAIPUMED, TAKUM 00pa30M MBITAIOTCsT OOPOTHhCS ¢ HACHIIN-
eM Cpejii IIKOJIbHUKOB, HapkoTukamu, ajikorojeMm [13-16]|). Ho mpakruuecku
He yJIeJIsIeTCsl BHUMAaHIe TeXHUIeCKUM JuciuiiniaM. CauTraercst, 9To JJIsi HUX
BITOJTHE TTOJIXOIAT TPAJUITMOHHBIE METO/bI IperogaBatnnsd. OHaKO 3TO HE Bcerja
Tak. MHOIMM TeXHUYECKNEe JIUCIUILINHBI KayKyTCsd CKYUHBIMU U OTOPBAHHBIMU OT
JKI3HU. UesI0BeK XOPOIIO 3allOMIHAET TO, YTO HeceT KaKyH-TO SMOINOHAJIBHYIO
OKpacKy. Ydaluiicsi, BOBJIEUeHHbIII B BUPTya/bHOE 1TOBECTBOBaHUE B KayecTBe
yYIaCTHUKA, HCIIBITHIBAET TaKue K€ dMOINU, KaK BO BPeMsi MHTEPECHON WIPHI.
Takum obpazom, OJiarojaps BbHIOPAHHON TEXHOJIOIMHU IPOIECC O0yUYEHUs JlarKe
CaAMbIM «CKYYHBIM» U CJIOXKHBIM JUCITUIIMHAM CTAHOBUTCS OoJiee yBJIEKATE b
HBIM JIJIsI Y 9IallnXCs.

Hosas chepa npunooscenus. Kak ormMedasoch, yzKe JIeIaJUCh HOMBITKI ITPOBO-
JINTh YPOKU 13 KocMmoca. Ho B MHTEpaKTUBHOM pe:KHUME OHHU JIOCTYITHBI Y3KOMY
KPYTy yYallluXcs, a IpU IIPOCMOTPE 00ydJalolmuX (puJbMOB OTCYTCTBYeT 00paT-
Has CBA3b C IpenojaBaresieM. HoBas TeXHOIOT S TO3BOJINT, BO-IIEPBBIX, BHIOPATD
JUIST KayKJI0T0 yIeHUKa UHIMBHU/YaJIbHYIO IIPOrpaMMy O0yUeHHUsI B 3aBUCHMOCTHU
OT €ro CIIocOOHOCTE, YPOBHS 3HAHUN W TpeAnouTeHnit. Bo-BTOpbIX, ypoku Oy-
JIyT MPOBOJINTHCS Ha BUPTYaJIbHOM OpOUTE U B BUPTYaJIbHOM OTKPBITOM KOCMOCE.

[Ipu 3TOM KaxKIplil YYEeHUK MOYKEeT MOYYBCTBOBATL ceOs He HabJ/IomaTesneM, a



HEIOCPEJCTBEHHBIM YIaCTHUKOM 9KCIIEPUMEHTOB, UTO MOBBICUT KadeCTBO 00Opa-
3oBaHns. Kpome Toro, paspaboTanHas TEXHOJOTHSA MOYKET OBITb HCIIOJIb30BaHA
JUIst 00yUYeHUs KOCMOHABTOB METOJIUKE IIOJIIOTOBKU U IIPOBEJIEHIST KOCMUYECKIX
9KCIepuMeHTOB. IlorpyzKeHne KocMOHaBTa B TPEXMEPHYIO MOJIe/Ib OpOUTAIbLHOIT
CTAHIINH C KCIIOJIb30BaHneM TexHosiorun BO gacT BO3MOKHOCTH KOCMOHABTY €IIle
Ha 9Talle MPEJIIT0JETHO TOJATOTOBKI Oy TUTH ¢ebst Ha OOPTY CTAHIMHI 1 OIEHUTD
peaJibHbIE YCJIOBUsI, B KOTOPBIX OYIeT MpoBOAUThCs K.

Cdepa npumeHeHnst TEXHOJIOTHMH HE OrPAHMYINBAETCS KOCMUYIECKNM 00pa3oBa-
HUEM: OHa MOXKET HCIIOJIb30BaThCA JIJIsl IIPEIOJaBaHIsI IITHPOKOIO CIIEKTpa JINC-
uIinH. B gajibHeieM oy yueHurom B CUCTeMe BUPTYAJIbHOTO TOBECTBOBAHIMSI
MOHNMAETCs 00y9IaeMblil /| TpeHUpYeMblii, Oy/lb TO MIKOJbHUK, CTYIEHT, KOCMO-
HABT WJIN JIPYToii desioBek, ucnosbaytomnuit OopasoBaresibHoe [Ipuioxkenue st

00y 4eHus.

1.6 CrpyKkTypa AuccepTaln

[uccepranmontasi paboTa COCTOUT U3 BBEJIEHUS, TPEX IJIaB U 3aKJIIOUEHU.

Bo BTOpOIi rase gano odIee onucanme TeEXHOJIOTHN BUPTYaILHOTO TOBECTBO-
BaHWS W CMEYKHBIX C Hell HAyIHBIX JUCIUTLINH, PACCMOTPEHBI PA3INIHbIC TT0IX0-
JIbI K TeHepaIlii CIoYKeTa, BUPTYaJILHOI'O MMOBECTBOBAHUS, 0OOCHOBAH BHIOOD HaM-
6oJ1ee MOJIXO/SAINEr0 METOJIa MeHEepaIli CIOXKeTa JIJIsi IPUJIOKeHns «BupTyalib-
HbIe KOCMHUYECKIE SKCIEPUMEHTBI U YPOKH U3 KOCMOCa», IIPUBEJEH 0030p peJie-
BaHTHBIX PadOT.

B TpeTbeil riraBe mpejicTaB/Ienbl n30paHHble TeXHUUecKne pertennsd. PaccMoT-
peHa cucteMa BUPTYyabHOro okpyzkennst VEonPC, kKoropasi MoyKeT NpuMeHsTh-
Cs1 JIJIsT TPOBEJICHUST BUPTYAJIBLHBIX YPOKOB U3 KOCMOCA B yUEOHBIX KJlaccax IIKOJI
u BY3os. Jlasiee 11puBejieHO KpaTKOe OIICaHUe CHCTEMbI BUPTYaJIbHOM peabHO-
ctn Avango — 1atdopMbl pa3padbOTK.

HeTBepTas riaBa paccka3blBaeT O pean3alluil MpuiIoKenns «BupryaabHblie
KOCMUYIECKIE SKCIEPUMEHTHI U YPOKH W3 KOCMOcay. BHadaje mpuBejieHo obiiee
onucanne GyHKIINOHATLHON apXUTEKTYPbl CUCTEMBI, 3aTeM 0oJiee TTOAPOOHO pac-

CMOTPEHBbI OTAEJIbHBIE KOMIIOHEHTBI CUCTEMbBI U METOJUKa HX BSaMMOﬂeﬁCTBI/IH
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MEK,]1y COOOIA.
B saksoueHnn 1o/iBe/IeH UTOr 1IPOJIE/IaHHOM padboTe, 000CHOBaHA MpPAKTHIE-
CKasl 3HAYNMOCTL pa3padOTAHHON TEXHOJIOTHH U yKa3aHbl BOZMOYKHBIE ITepPCIIeK-

THUBDLI €¢ ﬂaﬂbHeﬁHleFO pa3BUTHA.
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I'maBa 2

BuprtyajabHoe moBecTBOBaHME KaK
MHHOBAIIMOHHAasI oOpa3oBaTeibHad
TEXHOJIOTHU S

2.1 Texnosoruss BUPTYaJbHOTO OKPY>KEHUSI

B poccuiickoit 1 3apybe:KHOI JiuTeparype BCTPeUYaroTCs Pas/IndIHbIe Olpejiesie-
HIS TIOHSITUST BUPTYaAJIbHAsT DEAJIbHOCTD (BUPTYyasibHOE OKpYyzKerue). OTHO 13 HIuX
riaacut [17): «BupryasbHast peabHOCTH — 9TO CUHTE3UPOBAHHOE KOMITHIOTEPOM
MHTEPaKTUBHOE TPEXMEPHOE OKPY2KeHne, KOTopoe obecriednBaeT 3pdeKT 1morpy-
YKEHUsI JesioBeKay. Bee 9Th Tpu acreKkTa: TpeXMEepHOCTh BUPTYaJIbHOMN CIICHBI, ee
HECTATUIHOCTb M A(M@PEKT MOrPYrKEeHUsT — IO3BOJISIOT TOCETUTEI0 BECTU CeOsI
HEITOCPEJICTBEHHO, KaK B peasibHOfl JKI3HNU, 1 JIEFKO yCBanBaTh uHbopManuio [5|.
[TockosibKyY BUPTYaJIbHOE OKPYZKEHUE — 3TO, IIPEK/JIe BCEro, TEXHOJIOT s B3au-

MOJIEfICTBHST YeI0BEKa 1 KOMIIBLIOTEPHOI CHCTEMBbI, IIpuBejieM OoJjiee pesieBaHTHOER
ompejiesienne 3Toro TepmuHa [5):

Bupmyaavnoe okpyorcenue (BO) — smo mexnonrozus uesosexo-

MOUUHHO20  B3GUMOJETCNBUA, KOMOPAA 0DECNEYUBAEM, NOPYIHCEHUE

NONB30BAMENA 8 MPETMEPHYIO UHMEPAKMUBHYIO CPEY USYUAEMO20 AG-

AEHUA UAU NPOUECCA U NPEIOCNABAAET, ECTECMEEHHBIT UHMYUMUG-

HoLll uHmepPetic i 63auUMo0eTCmBEus ¢ 006eKMaAMU (UCKYCCMEEHHBLMU

U/ UM PEANDHUMU) 6 BUPMYANLHOT cpede.

BO mnosBoJisier nepeiitu Ha KadecTBeHHO 0o0Jiee BBICOKHUIT ypOBeHB 00pabOTKH
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JIAHHBIX, MOJICINPOBAHNS U IIPOEKTUPOBAHUSI IKCIEPUMEHTOB, CO3IAHUS CJIOXK-
HBIX MaIllIH 1 MEXaHU3MOB, ITPOMBIIILICHHBIX 00'bEKTOB 1 IIPOIIECCOB. 3a PyOerKoM
TEXHOJIOTUH BUPTYaAJIbHOIO OKPY2KEHUS IITUPOKO IIPUMEHSIIOTCSI KaK CPEeJICTBO BHU-
3ya/I3allii B CaMbIX Pa3JIMIHBIX 00/IACTIX HAYKN W TEXHUKU.

[Ipex e Beero, aro Tpenazkepsi [18,19]. Texuosorust BO obecrieunBaer norpy-
YKeHIe I10JIb30BaTe/IsI B BUPTYaJbHbBI MUD ¥ IO3BOJISIET MaKCUMaJIbHO ITPUOJIN-
3UTh BUPTYaJbHYIO TPEHUPOBKY K peasibHoil. MHorme TpeHazkepbl HCIOJIb3YIOT
CJIOYKHBIIT mHTepdeiic ¢ CUI0OBOII 00pATHOI CBS3bI0. DTO MO3BOJISIET BbIpabaThI-
BaTh HEOOXO/IMMbIE MOTOPHBIC HABBIKI Y TPEHUPYIOIIErocs. B oTimdme oT peaib-
HBbIX TPEHUPOBOK BUPTYaJbHbIE CYIIECTBEHHO JICIIeBJe U He TPeOYIOT Ipe/iBapu-
TeJIbHBIX OPraHU3aIMOHHBIX YCUJINIL.

Bo-BropbIX, 3T0 o00JiacTH, Tje HYy»KHa IOJJIEPKKa IPUHATUS PEIIeHUIA.
VHTYnTUBHO-IIOHATHBII uHTepdeiic, KOTopblil IpegocTaniisdioT cuctembl BO,
II03BOJIIET I10JIb30BATE/IsIM CKOHIEHTPUPOBATHCSI Ha M3y4YaeMOM IIPOIECCe KN
siBJIEHNU. DTO npenmyiiecTBo BO aKTUBHO HCIIOIB3YETCs B CUTYAIMOHHDBIX [1€H-
Tpax (HampuMmep, B CUTYAIIHOHHOM II€HTPE YIIPABJICHUS JTUKBUIAINEH TTOCTIET-
creuit UC [20]) u mieHTpax yupaBJieHns CJI0KHBIMI YCTPOHCTBAME B YCJIOBUSIX T1O-
BBIIIIEHHOTO PUCKa (HAIIPUMED, s/IePHBIM peakTopoM ). COBMECTHO ¢ TeXHOJIOTHil
BO 3aech gacTo NpUMEHSIIOT YCTPORCTBA BBOJA JIjIs HHTYUTUBHOIO B3AMMO/Ieli-
CTBU, HAIPUMEDP C MOMOIIBIO »KECTOB 1 T'OJIOCOBBIX 3allPOCOB Ha €CTECTBEHHOM
s3bike |20].

[Tpumepom npumenennst BO st yupaBiieHHsl CJIOKHBIME  TEXHUIECKIME
00'bEKTaMU SABJISIETCS YHUKaJIbHAsl TEXHOJOIMsI MHJIYINPOBAHHOIO BUPTYaJbHO-
ro okpyxenusi (IBO), paspaborannas crennanucramu VHeTuTyTa (husuko-
rexandeckoii uuadopmaruku (UOTU, . [Iporsuno, Poccust) mist yupasienus
pa3BepPTBIBAHIEM U SKCILTyaTallleil CJI0KHBIX OPOUTAIbHBIX KOMILIEKCOB [21,22].
Cucrema IBO B pekume peaibHOIO BPEMEHU OCYINECTBJISIET MPUEM JAHHBIX O
COCTOSTHUU PeaibHbIX 00BbEKTOB U Ipeobpasyer 3Ty WHQOPMaINO B IapaMeTpPhI
COCTOSTHUSI BUPTYaJIbHBIX 00beKTOB. [lojiyueHHbIe JaHHbIE BU3YaJU3UPYIOTCSA B
CHCTEME BUPTYaAJbHOI'O OKPYKEHHA.

Cucrembr BO ncnosib3yrorest Tam, rie HeoOXO[IUMO PEJICTaBICHIEe TPEXMep-

HbIX JaHHBbIX — DPE3YJIbTAaTOB MOACJIMPOBAHNA HWJIXN U3MEPCHUA, HAIIpDUMED JTaH-
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HBIX, MMOJIy9EHHBIX CO CKAHUPYIONIEI0 MHUKPOCKOIIA, WM TeOIPOCTPAHCTBEHHOI
nHOpPMAaIINK, KOTOPasi 10 CBOEI IPUpPOJIe TPEeXMEPHA.

Ceityac OypHO pa3BHBAIOTCsS HOBOE HallpaBjeHHe B 00JiacTi reormHMOpMAaI-
oHHbIX cucreM — Tpexmeprbie ['IC [23], koTopbie coBmecTHO ¢ naTepdeiicom Ha
baze Texnosiorun BO MOryT mpuMeHSATHCs JJIsl ITHPOKOIO Kpyra 3ajiad, B TOM
quesie npu JukBugayn nocsegactsuit YC [20].

Haxkownern, Texnosoruss BO nHezamenuma, jijist mpejcTaBiieHnsi TaKoil mHpopMa-
I[I1, KOTOPYIO HEJIb3d I OYeHb CJIO0YKHO YBHUJIETH COOCTBEHHBIMU Iia3aMu. Ha-
PUMeED, B BUPTYAJbHOM ItaHerapun |5,24] MoxkHO Boounio Hab/roaTh 3D 1wia-
HEeThI U CO3BE3/IUsI, B BUPTYaJIbHOM OKeaHapuyMe — OIyCTUThCsI Ha MOPCKOE JIHO,
a Ha BUPTYaJbHBIX KOCMIYECKIX YPOKax, pa3paboTKa KOTOPHIX sIBJISETCS 1EJIbIO
JIAHHOM JIICCepTAIIMOHHO PabOThI, MOXKHO II0OBIBATh Ha OPOUTAJILHON CTAHIINAML.

OcCHOBHOE OTJIMYNTEILHOE CBOICTBO TEXHOJIOIMU BUPTYaJbLHOTO OKPYKEHIS —
9TO TO, YTO OHa ODecIeunBaeT MOIPyrKeHHe I101b30BaTe/sd B BUPTYaJIbHBII MUD.
[Ipu sTOM BOCHPHUSITHE YEJOBEKOM PEAJbHOCTH YACTUYHO WJIM MOJHOCTHIO 0JI0-
kupyercs. OJIHAKO OIBIT 1I0KAa3bIBAET, YTO HE MEHee MHTEPECHBIMU U BOCTPEDO-
BaHHBIMI OKa3bIBAIOTCS TaKue NpujioxkeHus TexHosiorn BO, rie mojab3oBaTe/ib
nMeeT JIeJI0 He C YUCTO BUPTYaJbHBIM MHPOM, a ¢ KOMOWHAIMEl BUPTYaJbHbBIX
1 peasibHbIX 00beKTOB. [IjIs1 TaKoro ciydast ObLI BBEJEHbI CIelUaIbHbIe TePMU-
Hbl: cMenanHast peajibHocTh (Mixed Reality — MR) u pacimpennast peaibHOCTS
(Augmented Reality — AR)! [25].

Bagaga MR 1 AR cocronT B HajI0KeHUN BUPTYaJbHBIX 00BEKTOB Ha M300pa-
JKeHne peasbHoro mumpa. Texnosorun MR um AR gacro nmpumensitorest tam, ri1e
HYZKHO TOKa3aTh MOJIb30BATEI0 CKPBIThIE OT €ro a3 0ObeKThI (Tak Ha3biBae-
Moe peHTreHoBckKoe 3penue — X-Ray vision [26]). Takum obpasom Xupypry Bo
BpEMsI OIlepaliil MOXKHO IIOKa3aTh BU3YAJbHO CKPBIThIE OT HEr0 O0bLEKThI, apXU-
TEKTOPaM — HeCYIne KOHCTPYKIH, KOTOPbIE HAXO/ISITCSI 38 V7K€ BO3BEIEHHBIMI
CTeHAMU 3JIaHUsI, a MOKAPHBIM — TO, YTO IIPOUCXOJIUT B COCEHENl KOMHATE MJIH

TO, ITO OHH HE BHUJAT n3-3a JbiMa |20].

LCornacno obmienpuHATON TePMHUHOIOrHH, Tpeioykennoit [loom Murpamom, cmemanunas peanbnocts (MR) Moxker mpesi-
CTaBIATH COOON peasbHOEe OKpPY?KeHHe, pacmupeHHyio peanbHocTh (Augmented Reality — AR), pacmupeHHyio BEPTYaJbHOCTH
(Augmented Virtuality — AV) nim BUpTyasbHOE OKPY?KEHHE B 3aBUCUMOCTH OT JIOJIM PEAJILHOIO ¥ BUPTyaJsbHOro Mupa. Haubosee
obmeynorpeburenbubiMu aBisaoTcsa repmunbl MR u AR.
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Texnosnorust AR coBmectro ¢ 3D I'MIC mokeT npuMeHsIThCs [1J1sl HABUTAIUH,
HAIIPUMED HABUTAINN TIONCKOBO-CIACATEIBHBIX OTPs 0B [20]. D10 mo3BosnT cria-
caTesisiM 3HaYUTEIbHO COKOHOMHUTHL BpeMs Ha JOPOTY JIO MECTa ITPOUCIIECTBHS.
Vm ve nyzkno Oy/ieT cpaBHUBATDL MIPOCTPAHCTBO, KOTOPOE OHU BUIAT BOKPYT cebsl,
¢ m300parkeHneM Ha, KapTe, 9TOObI ONpeJIe/INTh HallpaBJieHne, B KOTOPOM Heob-
XOJIMMO JIBUTATHCSI.

Jpyroit mpuMmep npuMeHeHus CMeNIaHHoi peaJbHOCTH — BUPTyaJbHas CTY-
Jus [27]. DTO0 BBICOKOMHTEIPUPOBAHHBIN MYJIbTUMEINITHBII KOMILIEKC, KOTOPBIi
obecrieunBaeT (OPMUPOBAHIE BUPTYaJbHOI CpeJibl U COBMEIIEHUE B PeajlbHOM
BPEMEHU ayjIno- U BUJEOJAHHBIX DA3JIUYHON MPUPOJIBI: «XKHBOE BHJEO» (JIEeK-
TOP, 9KCKYPCOBOJL), KOMIIBIOTEPHBbIE M300parKeHNsI, BUJICOJAHHBIE C PA3TUIHBIX
HocuTesieit, TekcT. IIpu aToMm co3mpaeTcd BHedaTenne HEMOCPEICTBEHHOTO B3al-
MOJIEIICTBHS JIEKTOPA C MOJEINPYEMbIMI 00beKTaMU U ABJIEHUSIME, KaK OYJITO OH
IPUCYTCTBYET B BUPTYaJHLHOM MUPE.

Texmosiorun pacmmpentoil peajJbHOCTH TPUMEHAIOTCS U B Pa3BJIeKaTeTbHBIX
nesisix, Hanpumep B urpe ARQuake [28]. Urpok nepemeriiaercsi B peajibHOM MUPE
1 cpakKaeTcs ¢ BUPTYyaJbHBIMI MOHCTPAMU, KOTOPLIX I'eHEPUPYET CUCTEMa Pac-
MU PEHHON peaibHOCTH.

B Poccun texnosorng BUPTyaabHOTO OKPYKEHUs TTOKa B ITOJIHOM Mepe He Ha-
nta cgoe npumenenne. Crernuaanctsl MHetuTyTa (usnko-TexHudeckoit nugop-
MATUKNA — OJIHA U3 HEMHOTHX, KTO 3aHUMAETCA HAyIHBIMU UCCJIETOBAHUAMUI W
pazpaboTrkoii cucrem BO u crapaercst paciuputh cdepy IpuMeHeHUsT CTOJIb [ep-

CIIEKTUBHOIl T€XHOJIOI'MI Y HaC B CTpaHE.

2.2 IlIpuanun edutainment

Edutainment - sTo coBMmenienne oOyueHns: ¢ pa3BjaedeHIeM WIN 00ydeHne B IIPO-
1ecce Urphl.

edutainment = education + entertainment.

DToT TepMmuH npugyman bod XsitmaH, ocHoBaTe/Ib U AUPEKTOP KoMmIaHun E-
Marketing Partners, korma cozpasaJj JoKyMeHTaJbHbIe buibM g Hammonab-

Horo reorpadudeckoro obiectsa CIIIA. Heosornsm Bckope craj HeoObIYaiiHO
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IIOITYJISIPEH.
Ceronng o npuanuy edutainment co3mganbl Beaylne HaydHO-TEXHUYECKUE
my3en Mupa, nanpumep Cybernarium B lapwminrajire, TeXHUYECKHiT My3eil B
Bene, «I'opon naykun n npombiniiennoctn JIsg Bunerrs B [lapmke, «Ilapk nayu-
ueix npuksodenuit [TACC» B Gesbruiickom ropojie MoHe, «DKCIIopaTopuyMy
B Can-®pannucko, «llentp naykn» B MoHpeaJie 1 MHOTHE JIpyTHE.
Texnosiorueit edutainment saunrepecosasinch u B Poccun. «l'opoj Hayku, 06-
pasoBaHns 1 WHHOBAIUil» B OJIKaiiliiee BpeMs MOSIBUTCA Ha, TeppuTopun Bce-
poccuiickoro Beicrapoanoro mnentpa (BBIL) [29]. On Gyner pacckassiBaTh moce-
TUTEJISIM BBICTABKU IIPOCTBIM SI3IKOM O CJIOYKHBIX Bellax, HAIlpUMep O CTPOEHUN
YeJI0BEUECKOr0 OpraHn3Ma, O CBOHMCTBAX KUJIKOCTH W POJIM BOJbI B KU3HU Ue-
JIOBeKa, MMo3BoInuT mocTtpouTh crnnpab JHK B «l'opoge oTkpbiTniis, msmepuThb
TeMIIEPaTypy U BJIAKHOCTH B «ATenibe «Mereoy, 3anncars Tesenepegady B « Are-

Jbe «TeseBusnonHast cTyaud» | T. ..

2.3 Cepbe3Hble UTPHI

CMezKHBIM ¢ TeXHOJIOTHEH BUPTYaAJIbHOIO OKPY2KEHNsI sIBJISETCsT HAIIPABJIEHNE Ce-
pbesHbix urp (serious games) [30]. Ceromust oueBuieH TOT GaKT, ITO CEPHE3HBIE
UI'PBI OKA3LIBAIOT BJIMSHIE Ha chepy BUPTYAJILHONI PeaJbHOCTH, & CaMa BHUPTY-
aJIbHAs PeabHOCTh, B CBOIO OUYepe/lb, BIUsIET Ha MHIYCTPUIO UID.
Cepveanas uepa — 2mo UHMEALEKMYAALHOE COCMAZAHUE, NPOBOOUMOE
C NOMOULLIO KOMNBLIOMEPA NO ONPEICACHHIM NPABUAAM C UCTLONDI06A-
HUEM PA3BAEKAMEALHDIT NPUEMOE OAA JOCMUNCEHUSA 20CYIAPCMEEHHBLT
UAU KOPNOPAMUBHBIL UEAeT 6 obaacmu 00pa306anus, 00YyveHus, 30pa-
B00TPAHEHUA, 20CYIAPCMNEEHHOT NOAUMUKY UAU CTPAME2UNECKOT KOM-

myrurayuy [30].

CepbesHble UIPhI - 9TO HEYTO OOJIbINee, IeM IIPOCTO CIOXKeT, rpaduka 1 Ipo-
rpaMMHOe OOecIiedeHre, OHU TaKzKe BKJIOUAIOT IJEMEHTBI MeIaroruku (Jefi-
CTBHSsI, HallpaBJIeHHbIe Ha ODyYeHHe U MHCTPYKTaxK, Ojarojaps KOTOPBIM Iiepe-

naroTces 3HaHust U HaBbiKW). [IIUPOKO M3BECTHBINH HMpUMEp Cepbe3HOl Urpbl —
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310 America’s Army. HecmoTpst Ha ckenTudecKkne mepBoHadaIbHbIe OIEHKH 9KC-
nepToB, America’s Army okazaJyiach 3(pPEKTUBHBIM BOCHHBIM TpeHazkepoMm. Ha-
IPUMED, COJIJIATHI, IIPOXOINBIINIE B UT'PE STAIl CTPEIbOUII, TOKA3BIBAJIM JIYUIIHe

pe3yJibTaThl U B peaJbHOll *KU3HMU.

2.4 BuptyaJibHOE ITOBECTBOBaHUE

2 570 HOBas dopMa OpPraHM3aIlNN M0Tb30BATC/Ib-

BupryaJibHOE 110BeCTBOBaHNE
ckoro unTepdeiica [5,31], copmupoBasiasicst B caMOCTOSITEIbHOE HAYIHOE Ha-
npasjenne. OcHOBHasl 3ajada BUPTYaJIbHOI'O I[IOBECTBOBaHUSI — Ilepejada HH-
dbopMaIum moJIb30BaTEeNI0 0T 3JIeKTPOHHOI nHbopMmannouHoii cucrembr (VC).
DTO HaIIpaBJ/IeHIE BOZHUKJIO OJ1aroiapsi pa3sBUTHIO TEXHOJIOTUI aHIMAIINN, MYJTh-
TUMEJINa U JIMHAMIYIECKIX JIOKYMEHTOB. 3aTeM OHO OObeJIMHIIIO B cede JIydIne
CTOPOHBI TEXHOJIOTHIl BUPTYaJbHOIO OKPYKEHUsI U UCKYCCTBEHHOI'O MHTEJIJIEKTa
(AI) [5,31].

TexHoJiorust BUPTYaIbHOIO IIOBECTBOBaHNS peasu3yer npuHiun edutainment,
T.e. coBMelaeT oOyueHne ¢ paspiedenneM. OHa mMeeT MHOIO ODIIEro C OIMCAH-
HBIMU BBIIIE TEXHOJOTUSIMEI U HAIIPpaBJICHUSIME, & UMEHHO: TPeHaykepaMu Ha Ha3e
texnosiornn BO, mHTepaKTUBHBIMI MOJIEJISIMI U cepbe3HbIMU urpamMu. Ho ectb n
CBOH OTJINUYUTE/IbHbBIE OCOOEHHOCTH.

lake B cepbe3HOil Urpe Ha IIEPBOM MeCTe JIOJIXKHA CTOSTH pa3B/eKaTeIbHasl
KOMIIOHEHTa, ¥ IIeIarOTMKa, JI0JIXKHA, IO JUNHAThCsI CIozKeTy. BupTyasibHoe mosect-
BOBaHUE I103BOJISIET JOOUTHCS BBICOKOW CTEIEHU IOTPYXKEHUsl B BUPTYaJIbHBII
MUD JIazKe IIPHU JIOCTATOYHO IIPOCTOM CIOYKeTe 1 BTOPOCTEIIEHHON POJI Pa3BJIeKa-
TEJIbHOU COCTABJIAIOIICIA.

OcHoBHasl OTJIMYNTE/IbHAST OCOOEHHOCTDh BUPTYAJIbHOI'O II0BECTBOBAHUSI — 3TO
HAPPAMUBHAA (NOBECMEOBAMENDHAA) HANPABAEHHOCMYb. YPOK B KaHPE BUPTY-
AJILHOTO IIOBECTBOBAHUSI IIPEJICTABIIIET CODOI paccKas, COpepyKalliil d/1eMeH-

Thl HTHTEPAKTUBHOCTU. MHTEpaKTUBHOCTH HYKHa, YTOObI YCTAHOBUTH OOPATHYIO

2B nurepaType MOYKHO BCTPETHTD TaKHe HA3BAHMUS, KAK HHTEPAKTUBHAS HCTOPHST (interactive story, interactive narrative), nesn-
HeliHOe MHTEepaKTUBHOE IIoBecTBOBaHKe (non-linear interactive narrative), naresiekryanbHoe BUpTyaiabHoe oKpy»kenue (intelligent
VE), BupryanbHOe pa3sBiekaTesbHO-O0yuaiomee okpyzkenue (virtual edutainment environment), KoHTeKCTHO-3aBHCHMas Hrpa
(context-dependent game), npamaryprudeckasi urpa (dramaturgical gameplay), unrepakrTuBHas apama (interactive drama) u
ap. [5,31].
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CBsI3b CO cjIyIiaTesieM 1 (POPMUPOBATH CIOXKET JIaJIbHEHIIIero pa3sBuTusd UCTOPUH
B 3aBHCHUMOCTHU OT ero mpejmnodrennii. Criocod opranu3aliiny 3Toil 00paTHOii CBsi-
31 MOYKeT ObITh pas3/IMYHbIM. B caMOM IIpoCcTOM BapuaHTe [I0BECTBOBAHUE MOYKET
OBITH pas3jie/IeHo Ha HECKOJIBKO 9TAIOB, 10 OKOHYAHNN KazKJI0T0 U3 KOTOPBIX MOJThb-
30BaTeIb BLIOMpAET OJINH U3 BO3MOYKHBLIX KJIIOUell JaJbHEHINEro mpoioszKeHnst
rcTopun (HAIpUMED, TPYCTHBIH WM BecesIblil KOHel[ CKa3km). B Gosee C1oxk-
HOM — I10JIb30BATE/Ib CaM SABJISIeTCsl aKTUBHBIM JICHCTBYOIIIM JINIIOM HCTOPHH,
HEIIOCPE/ICTBEHHO BJINss Ha €€ CIOXKET.

BuptyajbHOe 1MoBeCTBOBaHUE MOCTEINEHHO C(POPMHUPOBAJIOCH B CAMOCTOATE b
HYIO HAy9IHYIO JUCIUIIINHY CO CBOUMU IOJIXO/IaMU, METOJAMHU W ITOCBATIEHHBIMU
eMy HaydHbIMH KoH(beperiuamu [32-35|. OjHaKo cpejii yIeHbIX IIOKa HET Hu
YCTOSIBIIIEIOCsl MHEHHUsI, O TOM, 4TO K€ 3TO TaKoe, HU OOIICHPUHSTHIX I10JIXO-
JIOB K pa3paboTKe IPUJIOXKEHI B KaHpe BUPTYaJIbHOIO IoBecTBOBaHMA. MoxKHO
CKa3aTb, YTO 9TO HallpaBjeHne 00beINHIeT MHOYKECTBO Pa3IMIHbIX IIOJIX00B I
peJICTAB/IEHNiT O TOM, YTO YKe TaKoe NHTEPAKTUBHas UCTOpud. VX MOXKHO Kjac-

CUPUITTPOBATD 110 CJIEIYIONINM OCHOBHBIM KPUTEPUSIM:

— Cremnedb 1 CII0COO BOBJICYEHHOCTH HOJII)SOB&TGHHS B IIpoOIiecC ITOBECTBOBa-

und. [losb3oBaTens MoXKeT OBITH CIIyIIaTeseM HCTOPUHN, KOHCYIBTAHTOM —
cydirepoM (KOTODBIIT MOJICKA3BIBACT TEPOsIM, KAK UM MOCTYIIUTh B CJOZKHOI
CUTYAINN ), PEZKICCEPOM I OJTHUM U3 JIEHCTBYIONUX JIAIL.

— Criocob morpyzKeHus 10JIb30BaTe sl B BUPTyaJbHbII MHUp: ycTaHoBKa BO ¢
s dexrom nostHoro norpyzkenus (fully-immersive VR) win nacrosbroe mpu-
noxkenne (desktop-system).

— MexaHu3M reHepalny HMOBECTBOBAHUS — <«HAIMCAHUA mcTopun». OH Mo-
JKeT OBITh ocHOBaH Ha ciokeTe (plot-based) min Ha jeficTBUAX HepcoHaKei

(character-based).

2.5 MexaHu3M reHepalrm CroxKera

Pazmuuaror JABa OCHOBHBLIX IIpUHIIUIIA I'€eHEPpallul CIO2KE€Ta BUPTYaJIbHOI'O IIOBECT-

BoBanusl: character-based u plot-based.

3B suTepaType HCIOIL3YIOTCA TEPMUHDL: TTOJTb30BaTe b (user), urpok (player), spurens (spectator), my6muxa (audience), mep-
conax (character), akrép (actor) [5].
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B character-based (character-driven) storytelling [36] yaacTBytor aBronommbie
BUPTYyaJIbHbIE IIEPCOHAXKN, HaJeJIeHHbIe NHTEIeKTOM. OHI MOI'YT UMETh KaKue-
TO IIeJIH, BBIONPATh B COOTBETCTBUH C HUMU IUIaH JIEHCTBHUI U BBIparKaTh CBOU
smornn [36-38]. OObIMHO POJIb KaXKJ0TO MEePCOHAYKA OIICaHa KaK IJIaH, KOTO-
PBIil COIEPZKUT HECKOJILKO aJIbTePHATUBHBIX ACHCTBUN JId KaXKJIOW I1013a/1a491
1 TIPeJICTaBIIACT o0l 0ObeMHEHNE BCeX BO3MOYKHBIX POJIelt IepcoHazKa.

BzanmogeiicTByst 1pyT ¢ IPYroM, BEIOMpAst CTPATErHIO TIOBEIEHNUS 1 BBITIOJIHSS
COOTBETCTBYIOIINE JIeHiCTBUSI, BUPTYaJIbHbIE IEPCOHAYKI (POPMUPYIOT CIOXKET I10-
BeCTBOBaHM:A. TaKne CIOyKeThI 0OBIYHO JOCTATOYHO IIPABJIONOJO0HEI, MOCKOJIBKY
MOCTYIIKN BIPTYaJIbHBIX IIEPCOHAZKE HAXO/ISATCA B COOTBETCTBUY C X I€PCOHAJb-
HBIMH KadecTBaMU. Kpome ToOro, Takoil IOJXOJ IPEJOCTAB/ISET IOJIb30BATEIO
BO3MOZKHOCTb KOHTDPOJINPOBATD JIeHICTBUS OJHOIO MJIM HECKOJIbKHUX BUPTYaIbHBIX
epcoHazkeit, obecrieunBas NHTEPAKTUBHOCTL. (OCHOBHBIM HEJOCTATKOM IBJISIETCS
TO, ITO CIOKET 3a9aCTYIO OKa3bIBAETCs IIJIOXO CTPYKTYPHPOBAHHBIM 1 HEMHTEPEC-
HBIM, B HEM OTCYTCTBYET KYJIbMHUHAIINS WJIN Pa3BI3Ka.

B mporusonosiokaocts  character-based, B plot-based  (plot-driven)
storytelling! BupTyasibHble IepCcOHAZKN He ABTOHOMHBI 1 He OKa3bIBAIOT BJIMHUA
na cioker [38]. ABrop Jsmbo 3apanee muieT crieHapuii (OTCIOfa W HA3BAHIE
scripted plot), 6o ucTOPUST TeHEPUPYETCsT IMHAMUIECKH HA OCHOBE IDaMMAaTH-
KI pacckasa (story grammar) — obmieil cTpyKTypbl pacckasa.

OueBHJIHBIM HEJIOCTATKOM TAaKOIrO IIOJXOJa BJISETCS TO, YTO BUPTYyaJbHBIE
IIEPCOHAKN TEPSIOT CBOIO JIMYHOCTb, OHM BBICTYIAIOT JINIIL KaK CTPOUTEIbHBIE
OJIOKH JIJIs1 CO3/IaHUs CIozKeTa. KKpoMe TOro, KoIm4ecTBO BCEBO3MOZKHBIX CIOZKETOB
ICTOPUH BeCbMa OI'PDAHMYEHO, JlaykKe €CJIN aBTOP HAIINIIET CJIOXKHBIN pa3BeTBJICH-
HBIII clleHapuil, IIpeocTaBIsis 10JIb30BATE/I0 BBIOOD TPAeKTOPHUH €0 IIPOXOZKIe-
HUSI.

OcymecTBIAI0TCS MOMBITKE 00beIMHUTE JIBa 10/1X0/1a (character-based u plot-
based) [38]. Wnest cocTtont B TOM, 9TOOBI OrPAHIIUTL KAKIM-THO0 00pa3oM aB-
TOHOMHOCTB II€PCOHasKell I UX CIIOCOOHOCTD IOBJIHATH Ha CIOKET.

IMenHO TaKoil IpOMeKyTOUYHBIIT MEXaHN3M I'eHePaIli CI0ZKeTa s BbIOpaJia JJIs

IMPUJIOZKEH N A «BHpTyaﬂbele KOCMHNYECKHUE 3KCIIEPUMEHTBI 1 YPOKHN N3 KOCMOCa».

4Takske ynoTpebIsieTcs: TEPMUH <CIOZKeT, 3a/[aHHbI Kak crienapuit» (scripted plot).
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3a ocHoBy B34aT 110;1x0/ character-based storytelling. B nelicrBun npunnmaior
y4acTue JiBa IepcoHayka: YIuTelb U y4eHUK. JleficTBUsSIMU yIeHUKa ITOJIHOCTHIO
PYKOBOJUT I10JIb30BaTe/b, [I09TOMY B JaJIbHEMIIeM si Ha3bIBAIO €0 peasbHbIM
MePCOHAXKEM B TTPOTHBOIOJIOKHOCTH BUPTYAJIHLHOMY YUIUTETI0 — KOCMOHABTY.

Buprya/bHblil yuuTeib B CBOUX JIEHCTBUSAX PYKOBOJICTBYETCsI IJIAHOM (uepap-
XUYIECKON CTPYKTYPOit 38184, 1. 4.2.2), MOCTOSTHHO BBIOUPAsT ONMTHMAJBHYIO CTPa~
TErnio MPOBEJIEHNsT YPOKa B 3aBUCUMOCTU OT JEHCTBUIl yUEeHUKa, ero 3amHTepe-
COBAHHOCTH B TOM WJI MHOM IIpEJIMeTe.

Pea ibHBII TIepCOHAYK MOYKET MOBJIUSTH HA CIOXKET TOCPEJICTBOM TIepeMeleHUST
B BUPTYyaJIbHOM MUpe 1 BOIpocoB. OJIHAKO aBTOHOMHOCTH yUEHHIKA U €ro CIoco0-
HOCTH IOBJIMSITh Ha CIOYKET OI'PAHMYEHBI, Bejib CIOYKeT Bcerja (popMupyer ydu-
Tesib. Harmpumep, y4eHNK He CMOYKET YBECTH Pas3roBOp B CTOPOHY OT IIpejiMeTa
yPOKa, IOCKOJIbKY 3HAHWS BUPTYAJIbHOI'O IIEPCOHAXKA OIPAHMYUBAIOTCS TOJIHKO
paccMaTpuBaeMoil IpeJIMeTHO 00/1acThio U OH Beerja OyjeT BO3BpallaTh yde-
HUKa K TeMe 0ecelibl.

Taxkum obpasoMm, s1 ycTaHABIUBAIO KOHTPOJIb 38 CIOYKETOM U 9TOT KOHTPOJIb
BBITOJTHSIET BUPTYAJIBHBIIN IIEPCOHAYK — YUUTE/Ib, KOTOPHIil OJJHOBPEMEHHO UI'PAET
1 POJIb aBTOPA, U POJIb IEH3YPHI.

4 moJstarato, 9TO IPeJI0zKEeHHbIN MeXaHU3M I'eHepallii CIOyKeTa OITUMAaJIEeH JIJIsT
CHCTEMbI TUIIA YUIUTEIb-YIeHUK. B 1ojb3y 9TOro cBUJIETE/IbCTBYET U TOT (haKT,
qYTO JIAHHBI MEXaHU3M COOTBETCTBYET MOJIEN MOBEJACHNS YIUTEIsI 1 yIeHIKa B

peaJbHOM MUpE.

2.6 (O0630p pesieBaAaHTHBLIX pabOT

Muenust uccsiejioBareseil n pa3zpabOTINKOB O TOM, YTO YK€ TaKOe BUPTYaIbHOE
(MHTEpaKTHBHOE) MTOBECTBOBAHUE, CUJIBLHO PACXOAdTcsd. DakTHIecKn pasHble Hc-
cJ1eJIoBaTeIbCKIe JIadopaTOPUN Pas3padaThIBAIOT Pa3/INnIHbIe TEXHOJIOTHH, KayK-
Jasi 13 KOTOPBIX 10-CBOEMY yHUKaJbHa [32-35].

Tem He MeHee, MOXKHO U€TKO BBIIEIUTD IISITh OCHOBHBIX HAIIPABJIEHNUI, C KOTO-
PBIMU CBsI3aHBI MCCIEJOBAHUs B 00JIACTH BUPTYaJILHOIO TToBecTBOBaHus. [lasee

PaCCMOTPHUM HX IIO IIOPAIAKY.
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[Ipexkjie Bcero, 910 coddarue a8MOHOMHBIT BUPMYGALHOIT NEPCOHAHCE, KO-
TOpPBIE TIPABJIONOMO0HO B3aUMOJIEHCTBYIOT JPYT € JIDYTOM U BBIPAXKaroT CBOU
IMOINN. ABTOHOMHBIE BUPTYaJIbHbBIE TEPCOHAXKN JOJKHBI YMETh BOCIIPUHUMATH
OKPY>KaIOINN X BUPTYAJbHBII MUD, B3AUMOJICHCTBOBATDL C JPYTUMU TIEPCOHA-
JKaMI, a B ujeajie elie u uMeTh CBOil ocobeHHbIl xapakTep [39)].

Hanpumep, mpoekr VICTEC [13] mocssitier mpuMeHEHUIO TEeXHOJIOTHT BUP-
TyaJIbHOT'O TIOBECTBOBaHUs JIJIsi OOPLOBI ¢ OYJIJIMHIOM B INKOJBHOI cpeje. Byii-
JIUHT — 3TO JIUTETbHOE (PU3NIECKoe WM MCUXIIECKOe HACUINE CO CTOPOHDI
YeJJ0BeKa WJIM TPYIIIBI JII0jeil B OTHONIEHUN YeJIOBEKa-KEPTBbI, He CIOCOOHOTO
3alUTUTH cedsl B JIAHHON cuTyanun. B paMKax 1mpoekTa ObLI0 pa3paboTaHo Mpu-
noxkerne FearNot!, riae mko/JbHUK UI'paeT poJib HEBUIUMOI'O JAPYra BUPTYyaslb-
HOIr'o akTepa — »KepTBbl. [loBecTBOBaHUE pazdUBAETCs HA STAIIbI, 10 OKOHIAHUH
KayKJIOr0 M3 KOTOPBIX IOJIB30BATE/b MOYKET JaTh COBET BUPTYAJbHOMY yUaCT-
HUKY TIOBECTBOBAHUs, BLIOMPAasi U3 CIUCKA CTPATErHil JaJIbHEHIIEro MoBeJICHUS.
BupTtyaJjbHble 1epcoHaKu aBTOHOMHBI. OHE MOTYT MOCJIYINATHCS WK HE MOCJIY-
IaThCsl OJIb30BaTe 1. KpoMe Toro, ol 00/1a/1al0T OIPE/IeIEHHBIM XapaKTePOM
B COOTBETCTBHUH CO CBOUMHU POJISIMU, MOTYT UCIBITBIBATH PA3/JNUIHbIC UyBCTBA,
CUMITATUIO WJIM aHTUIATHIO K JPYTUM T€POsIM U YMEIOT JOCTATOYHO MPABIOIO-
JIOOHO «BBIPayKaThb» CBOU IMOIIH.

B npoekre, Boinosasiemom B yausepcurere Tuccaiiy (University of Teesside),
TaKyKe IPEJANPUHATA IOIBITKA CO3/aTh aBTOHOMHBIX BHPTYAJbHBIX IEPCOHA-
xeit [36,37,40|. 3aech mob3oBaTe b JOKEeH MoMOYb Poccy mpuriacutb Paii-
ges1 Ha cBujanne. Kaxkiplil mepcoHazk B MOBECTBOBAHUU 00/1aJ1aeT IJIAHOM Jefi-
CTBUIl, KOTOPBIN OIpeJIesIsieT Bce BO3MOYKHBIE CTpaTernn nopejeHns. Kak u B
ObpazoBarenibaoM IIpunoxkenun, ucrnonbsyercs ajaroputm HTN-mianupoBanms
(hierarchical task network planning)® [41,42|. Ilepconarku B3auMoefCTBYIOT,
KayK/IbIil 13 HUX IJIAHUPYET U [EePeIIAHIPYET CBOU JEHCTBHUSA B 3aBUCUMOCTH OT
JeficTBUil IpyTrUX repoeB, TaKuM 00pa3oM (pOPMHUPYETCsi CIOYKET MOBECTBOBAHIMA.
[Tepemeriast 00beKTHI BUPTYaJILHOIO MUPA U JlaBasi COBEThI T'ePOsiM IIPU TTOMOIIH

roJioCa, 110JIb30BaTeJIb OKa3blBa€T BJIMAHNE Ha Ppa3BUTHE CIOXKETa.

5HFFI\I — 9TO IIOAXOJ K aBTOMaTU3UPOBaAHHOMY IIJIAHUPOBAaHUIO, OCHOBAHHBII Ha TOM, 9YTO B3aUMO3aBUCUMOCTH MEXKIY ,HeﬁCTBPI-
AMU IIPEICTABIAIOTCA B BUC cereit.
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OnncanHble BBIIIE IIPUJIOXKEHNs JIOCTATOYHO JaJieKn oT «BupTyaabHbIX KOC-
MUYECKHUX SKCIIEPUMEHTOB U YPOKOB U3 KOCMOCa» HE TOJIbKO II0 TeMaTHKe, HO
1 110 IpecyeyeMoit e, B onncannoil BeIie cuTyalun JeiiCTBUTEIHLHO BayKHO
MOKA3aTh 9MOINN, KOTOPbIE HCIBITHIBAIOT PA3HbIE N€POU B CUTYAIMH OYJLIMHTA U
3aCTaBUTH YUEHUKA 3a/lyMaThCsl HaJ[ PA3JTUIHBIMU CIIOCODAMU Pa3pelieHmns KOH-
dumkTa. Ham ke HeT HeoOXOMMOCTH pa3bIlpbIBaTh KaKne-andbo CUTyallun, CBsi-
3aHHBIE C OTHOIIEHUAMU MEXKIY BUPTYaJbHBIMU II€PCOHAYKAMU, & HYXKHO JIUIIIh
nepejiaTh YUeHUKY 3HaHUsI B 3aHUMATEJIbHOI dopMe, I09TOMY aBTOHOMHOCTD U
B3ANMOJICICTBIE BUPTYaJbHBIX HepcoHaxkeil B ObpasoBarenbuoMm [Ipusoykenun
BTOPOCTEIEHHBI, 3aT0 00Jlee BayKHYIO POJIb UTPAIOT 0OyUaIoNasd COCTAB/ISAIONIAS
1 B3aMMO/IEHCTBUE C IT0JIb30BATEIEM.

Bropoe nanpasienne — 310 pazpaboTKa UHCMPYMEHmMapus 0A4 G8MOoPos, KO-
TOPBIit ObI IOMOTAJI UM <«IIUCATh» BUPTYaJbHbIE HCTOPUH.

Hanpumep, nanbojiee akTUBHO Pa3BUBAIOIIALACS ceifdac IporpaMMHas Cpejia
INSCAPE Storytelling [43| mosBosisieT mosib30BaTesio COUNHATD U BU3YaJN3H-
poOBaTh MHTEPAKTUBHBIE UCTOPHUH IIyTeM Hallncanus cieHapruen. CaM KOHTEHT U
obpa3oBaTe/ibHasT HAIIPABJICHHOCTD IMPUJIOYKEHUN 3aBUCAT OT I0JIB30BATEsI, KO-
TOPBINl NUIIET CIEHApUU U CO3/aeT MHTepaKTUBHbIe ucrtopun. OJHAKO JaHHAsI
cpeja, Kak 1 OOJIBIIMHCTBO IOJIOOHBIX CHCTEM, CKOPee IPUIO/IHA, JIJI CO3IaHMISI
UHTEPAKTUBHBIX MYJIbT(MUIBMOB, HEXKEJU CEPhE3HBIX 00pa30BaTe/IbHBIX ITPHIJIO-
YKeHIIT, XOTs1 ObI IOTOMY UTO CIIEHAPUil 3/1eCh BCETa 3a/1aeT aBTOp IPU HaINCa-
HUU UCTOPUU.

B-TpeThux, 9T0 pas/maHble SUPMYGALHBIE MY3eU / IKCKYDCUOHHDIE MYPDL.

Hampuwmep, npoekt [44] pacckasbiBaer o nocesennn Karo Manop B HOkHoit
Adpuke 1 1103BOJIIET B3IJIIHYTH HA HEIO ¢ TOYKKM 3PEHUS PA3HBIX BUPTYaIbHBIX
nepconazkeit. Kaxk n B Obpazosarenbuom [Ipuiozkenun, ucrojib3oBana Avango
VR-system (1. 3.2). OjiHaKk0o »KaHp MPHJIOKEHUST CKOPEe MOXKHO OXapaKTepHu30-
BaTh KaK MHTEPAKTUBHYIO MOJE/b, HEYKEJIN KaK BUPTYyaJbHOE IIOBECTBOBAHIIE.

Bostee cepbesnbiit ipoexT [45], Kacaonuiicss TeMATHKN BUPTYaJIbHBIX MYy3€€B,
UMEET HEKOTOPOE CXOJICTBO C MPUJIOKeHneM «BupryajibHble KOCMUYIeCKIe SKCIIe-
PUMEHTBI I YPOKU U3 KOCMOCa». DTO IHOIBITKA CO3/aTh BUPTYaJbLHOIO 9KCKYPCO-

BOJIa, KOTOPBIH OBI MPOBOJINI SKCKYPCHUIO W ITOKA3bIBaJl CBOE OTHOIIIEHNE K TOMY,
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0 deMm pacckasdbiBaeT. OH BbIOMPAET MMOPSJIOK IPOBEJICHIUST SKCKYPCUU U COCTaB-
JIsIeT CBOM paccKas M3 OMMCAaHUN pas3ImYHbIX dKCIoHAaTOB. OCHOBHOE OT/JINYME OT
Oo6pazosarebHoro [IpuioykeHusi — 3To0 OTCYTCTBUE OOPATHOM CBSI3U C I10JIb30-
BaTe/leM U MHTEPAKTUBHOCTH. BUPTya/bHBIN TH 3/1eCh — €INHCTBEHHbIN Tep-
COHAYK, U CIOXKET TTOBECTBOBAHUS 3aBUCHT TOJILKO OT Hpoduisd rujga (ero mosa,
BO3pacTa, HHTEPecoB, mpodeccurt u T.11.). [losp30BaTe b MOXKET JIUIH 3a/aBAThH
XapaKTEPUCTUKN THJIA.

YeTBepThIil ACHEKT — 9TO BUYAAUZAUUA SUPMYANLHHT nepconadiced [39,46,
47]. Dra 3a/]aua BeCbMa aKTyasibHa KaK Jijist TIPIJIOXKEHHUH B YKaHPe BUPTYaJbHO-
r'o MOBECTBOBaHUS, TakK U it Apyrux npuioxkennit BO. Ona cronT ocobHAKOM
1 3aC/IY2KUBAET OTJIEJILHOTO MTOPOOHOI0 paccMOTpeHns. ¢ He Kacaroch ee B JIaH-
HOIT paboTe, IMOCKOJIBKY I0Ka s He 3aHMMaJiach BU3yaJu3alrueil BUPTyaJbHOIO
KOCMOHAaBTa. JTO ILJIAHUPYETCs cllejlaTh B paMKaX CJIeYIOIIero Talla [POeKTa
«Buptryasbubie KocMUYecKe SKCIEePUMEHThI 1 YPOKH U3 KOCMOCa».

Haxowerr, mocJiejinee HallpaBaeHe — pasAuymvie 8udve urmeppetica ois up-
MYAALHO20 NOBECTNEOBAHUA.

Hauboiee moxoasimmmm 11t TpUJIOXKEeH!i B »KaHpe BUPTYaJIbHOI'O IIOBECTBOBa~
HIST BBITJISIAT €CTECTBEHHO-s36IKOBOM nHTepdeiic. Hampumep, B [37] mosb3oBa-
TeJIb MOYKET JIaTh COBET BUPTYaJbHOMY IepcoHaxKy Ha B, kak emy mocTynuTs.
Cucrema BKJIO9aeT Mojayan Speech-to-Text u obpaborku 3ampocos na Ef. B
JlastbHelieM s mraHupyio peajnzoarh B ObpasoBarebnom [Ipuiozkennn Bo3-
MOXKHOCTH BBOJIa BOIIPOCOB K BUPTYyaJIbHOMY yuuTe o Ha B nmpu momomm ro-
JIoca.

B HEKOTOpPBIX IIpOeKTaxX B KauecTBe nHTepdeiica [1Jisi BAPTYaJIbHOI'O IIOBECTBO-
BaHUsT MCIIOJIb3YETCsI CMelllaHHas WK PACIINpeHHas peajbHocThb [40, 48].

Ects m sK30THYecKue wujen Ha TeMy WHTepQeicoB J/Isi BUPTYAJIbLHO-
ro MOBECTBOBaHMsT — Hampumep, npoekT «llorepsiBimmiicst kocmonasTs (Lost
Cosmonaut [49]). [Tosib30BaTes b TOPUCOBLIBACT 3apaHee 3ar0TOBICHHBIE KADTHH-
KU WJIN JIOIUCHIBAET JIFOOOBHBIE IINCHhMA IIPH IOMOIIHU IIU(POBOI PYUKH Ha CIIEIH-
aJIbHOM T1aTdopme. A cucremMa BUPTYaJIbHOTO TTOBECTBOBAHUS MOKA3BIBACT €My
dparmMenTsl pUILMOB, U300paXKeHnit 1 BOCIPOU3BOJIUT (PPArMEeHThl 3BYKOBBIX

3aluceii B 3aBUCUMOCTUA OT IIpeaIojgaracMoro HaCTpo€HuA 110JIb30BaTEJIA.
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CyIecTBYIOT U APyrue 3ac/Iy KUBaIONne BHUIMAHIS ITPOEKTHI, KOTOPbIE CTOAT
OCODHSKOM.

B npunoxkenun [50] Bupryasbubiii 3D-j1e1yka paccKas3biBAT CKA3KI U YMeeT
BbIpaxkKaTh cBou sMormu. CKaszKa COCTOUT U3 HECKOJbKUX YPOBHEN, Ha KayKJIOM
YPOBHE €CTh HECKOJIbKO aJIbTepHATUBHBIX OUTOB mcTropuu. B Havase KazKjioro
VPOBHSI TI0JIb30BATE]Ib BEIONPACT OJIHY U3 HECKOJBKIUX KAPTOUeK (KApTOIKN CHAD-
JKEHbI MITPUXKOAMI) U BBOJUT ee B CIeNnaIbHOe YCTpoiicTBO. B 3aBucumMocTu
OT KapTOUKH JieJ] BLIOMPAeT, KaKoil OUT eMy paccKas3aTh. 9TO HECKOJILKO OJINKe K
pazpadaTbIBAEMOMY MHOI MMPUJIOXKEHUIO, MOCKOJIBKY U TYT U TaM I0JIb30BaTe/Ib
SIBJISIETCSI CJIyIIaTe/IeM UCTOPHUH, a He ee pexkuccepoM. OHako B « BupTyaabHBIX
KOCMUYIECKIX IKCIIEPUMEHTax U YPOKax X KOCMOCa» OH He IPOCTO CJIyIIaTeib,
a cJIylaTre/ib — YYaCTHUK, CO3JIaeTCs W03 IPUCYTCTBUS T10JIH30BATE/IsSI Ha
opOuTaIbHON CTAHIIMK U €r0 HEIOCPEeJICTBEHHOrO ODIIEHUs] ¢ KOCMOHABTOM IIPU
IIOMOIIM HCIIOJIb30BaHUS eCTeCTBEHHO-sI3bIKOBOIO MHTepdeiica U IMOrpyKeHusl B
TPEXMEPHYIO MOJIeJIb CTaHI. Kpome Toro, paznoodpasne pa3indHbIX CIOZKETOB
He NCUYEPIbIBACTCsT HADOPOM aJIbTePHATHBHBIX OMTOB UCTOPUN Ha KarKJOM Irare,
HCTOPUS PeHepupyeTcst 13 O60JIIIOro Habopa aTOMOB — HEOOJIBINX (pparMeHTOB
rcrtopun (3 — 5 npeoxkennit). KocMoHABT pacckasbBaeT MPON3BOJIbHOE KOJIN-
YeCTBO aTOMOB B IIPOU3BOJILHOM IOPSIIKE, €CJIU 9TO He IIPOTUBOPEUNT 3aJaHHBIM
CBSI3SIM MEXKJIy aTOMaMU, MOITOMY JIJIsi PA3/IMUHBIX I0JIb30BaTeeil OH MOXKeT
IIPOBOJIUTH COBEPIIEHHO Pa3HbIe YPOKU U IMPAKTHIECKN HUKOT/IA HE TOBTOPATHCS.
[To mepe HaxorieHns: 6a3bl ATOMOB, pacCKa3bl KOCMOHABTa OYJIYT CTAHOBUTHCS
BCe OoJiee pa3HOOOPA3HBIMI U MOXOXKHUME Ha PACCKa3 PeaJbHOIO YIUTE/I.

CpaBHuBasi BBIIIEOINCAHHBIE TEXHOJIOIMU, MOXKHO CJleJIaTh BBIBOJI, UTO pa3-
JINIHBI HE TOJILKO MOJIXO/bI K MeHEpallMi MUCTOPUU, HO W IIPEC/ie/lyeMble IEeIu.
[axke caMo IOHsITHE BUPTYaJIbHOT'O IIOBECTBOBAHUSI IIOHUMAETCs pas3spaboTInKa-
MU COBEPIIEHHO 0-Pa3HOMY. BOJIBIIMHCTBO ONNCAHHBIX BBIIIE MPUJIOXKEHUN JIH-
00 IpecyieyI0OT pas3BjeKaTe/bHbIE IeJH, JMOO Pa3sBUBAIOT CPEJICTBA CO3/IaHUsI
IPUJIOXKEHHH B YKaHPE BUPTYaJbHOTO MOBECTBOBAHMUSI (IIPOrPAMMHBIE CPEJIBI JIJIsT
pa3paboTKN MPUIoKeHuit, unrepdeiic).

Hare npujiozkenne cTouT OCOOHSIKOM ¥ XOTsI UMEET HEKOTOpbIe 00IIue Kave-

CTBa C OIIMCaHHBbLIMHM BBIIIE IIPOEKTaMM, HE MMEECT 6m3Kux anajoros. OcHoBHagd
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€ro OTJIMYUTE/IbHAs 0COOEHHOCTH — 3TO cyrybo obpaszoBaTesibHas HallpaBJieH-
HOCTb, & UMEHHO HalleJIeHHOCTb Ha IperojaBaHie TeXHUIeCKNX JuciuIini. [lo-
Ka B 3TOi1 00JIacTH KaK IIOJICIIOPbE YUUTEJIsIM B JIyUIIEeM CJIydae HPUMEHAIOTCS
MHTEPaKTUBHBIC MOJIe/ I (HampumMep, [51] pacckasbiBaeT MKOJBLHIKAM O TTPOTIECCe
dboTocunTesa).

Ho nnTepakTuBHBIE MOJEIN MOIYT BBICTYHATDH JIMIIb KaK MLIIOCTPATUBHBII
MarTepuaJj K ypokaMm. CroxKeT, KOTOPbIM 00J1ajaeT BUPTyaJbHOE [TOBECTBOBAHUE,
II03BOJIIET B IIEPCIEKTHBE BOODINE 3aMEHUTh PeaJibHbIe YPOKU BUPTYAJIbHBIME, &
peasIbHOIO yUINTe sl YaCTUIHO 3aMEHUTD BUPTYAJIbHBIM. He/I0BEKY 2Ke OCTaHeTCsI
ropasjio boJiee OJ1arosapHasi PoJib KOHCYJIbTaHTA U METOJIMCTA.

«Buprya/bable KOCMIYECKNE SKCIIEPUMEHTBI 1 YPOKH U3 KOCMOCa» — 3TO He
1epBoe MMPUJIOYKEHNE B YKaHPE BUPTYaJIbHOI'O I0BECTBOBaHUSI, pa3pabaTbiBaeMoe B
Wucturyre busuko-rexundeckoit madopmarnku. Crenunasincramu TPTHU B pam-
Kax corpyannuectBa ¢ OpayHroepoBCKUM HHCTUTYTOM MEIUAKOMMYHIKAITHIT
(Cankt Aprycrun, lepmanust) patee 6bLIO CO3aHO 00PA30BATEBLHOE TPUTIOZKE-
rue «Bupryanbheiit mianerapuiiy (puc. 2.1), npegHasHadeHnoe Jjisi 00y IeHms
IMKOJIbHUKOB acTpoHomun 5,24, 52)].

[Ipunoxkenne npescrasisger 3200 spuaiimmx 38e3/1 (BILIOTH 70 3BE3/IHOI BeJIN-
YUHBI 5,6, TO €CTh BUINMbBIE HEBOOPYZKEHHBIM IJIA30M MPU HAMIYUIIINX YCJIOBUSAX
nabsojienst ), 30 oobexros CojtedHoil cicTeMbl (9 mIaHeT u KpyIHEHIme ciyT-
HUKH, a Takke Kosblla Carypha) n 88 cossesnnii. Bece 00beKTH 0TOOpaykaroTcs
Tak, Kak 0y/ITo HaO/IIogaTe/ b BUJINT UX U3 WIJIFOMUHATOPA KOCMUYECKOr0 KOopab-
Jsi. Mojiesin 00 beKTOB OCHOBaHbBI Ha PeaJIbHbIX aCTPOHOMUYECKUX JIaHHBIX. Basza
JIAHHBIX COJIEPyKUT TEKCTOBBbIE U 3BYKOBBIE OIMCAHUS ACTPOHOMUYECKHX O0bEK-
ToB. CTepeockornyieckasi TPOEKIMOHHAS CUCTEMa CO3/IaET UJLIIO3UI0 OTKPBITOIO
KOCMUYIECKOI'0 IIPOCTPaHCTBA.

Oobyuaroriee npuioxKenne « BupryaabHbIil 1aHeTapuiis MOKeT HCII0JIb30BAThH-
Csl B OJIHOM U3 TPEX PEYKNUMOB HaBUTAITUU:

— pydHasl HaBUTAIUsI: T10JIb30BATEIb BPYUIHYIO Hepemeriaercs 1o CoJiHedHOi

CHCTEME U IIPOC/IYIINBACT NHTEPECYIONLYI0 ero MH(POPMaINo O HADJII0IaeMbIX

00beKTax;

— IIOJIYaBTOMaTHU4Y€CKasl HaBUT'alllAd: IIOJIb30BaTEJ/Ib BbI6I/IpaeT MapmIpyT IIyTe-
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mecTBUsI 110 BUpTyaibHOil CoJIHEUHO cucTeMe, UCIO/b3Yysl IaHeIb HaBUra-
1, cxonuyo ¢ okaom HTML-6paysepa;
— aBTOMAaTHUYECKas HABUTAILN: SKCKYPCHS 110 CTPOrO IPOIHCAHHOMY MapIIpY-

TYy.

Puc.2.1. H_IJ'IBHI/IKI/I B «BupryanbHoMm miianerapumns

B pexxkume pydHOll HaBUTAIUM NPUIOXKeHHWe <«BupTyanbHbIil TmaneTapuiis
dakTIIecKn mpejcTan/isier codoil HHTepaKTUBHYIO Mojiesib CoJIHETHOI CUCTeMBlI,
a B PEXKUME aBTOMATHIECKOI HABUTAIMK 9TO MOBECTBOBaHUE, HO HE MHTEPAKTHIB-
HOE.

B pexkume mosiyaBroMaTnueckKoil HaBUTAIMK HPUIOZKEHHE pean3yeT Hanbo-
Jiee MPOCTOil CrIocod BUPTYaJIbHOIO 1TOBECTBOBAHMUSI, I'/Ie 110JIb30BATE/Ib BHIONPAET
OJINH M3 BO3MOXKHBIX BApHAHTOB pa3BUTHsI cioxkera (mojer wa Mape, moser
JlyHe, BO3BpaleHne Ha 3eMJIi0 U JIp.), T.€. SIBJSETCS CIIEHAPHCTOM U DeyKUCCe-
POM BUPTYaJIbHOI HCTOPUN.

B ortmame ot « BupryasbHoro mianeTapusy, NIpujioyKeHne « BupryabHble Koc-
MUYECKHEe SKCIEPUMEHThI» BKJIIOUAET 0JIb30BaTE/Isi B CIICHAPUI KaK IIOJIHOIIPaB-
HOe JIefiCTBYIOIIee JINIO U CO3/aeT UJLIIO3UI0 HeIIPePhIBHOIO JIMAJIOTa I10JIb30Ba-
TeJIsi ¢ BUPTYaJJbHbIM IepcoHazkeM. B jasbHeiineM pa3paboTaHHyI0 TEXHOJIOIUIO

MO2KHO 6yrH€T IIPUMEHUTDb U1 B CUCTEME «BHpTyaﬂbeIﬁ HﬂaHeTapI/Iﬁ».
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I'maBa 3

30pannble TeXHTYEeCKIEe PellleHns

3.1 Cwucrema BupTyajibHOTO OKpy2keHnsa VEonPC

[Ipunoxenne «BupTyaabHble YPOKI U3 KOCMOCay TPeTHA3HAYCHO JIJ1sT UCTIOJIB30-
BaHWUS B yIeOHBIX Kiaccax. [ToaTomy nyzkHa Hejioporas ycranoska BO, KoTopyto
MOKHO HCIOJIB30BATH JIJisl JEMOHCTPAIIN JIOCTATOYHO OOJIBINOf ayauropun (mo-
psiyika 20 TeIoBeK ).

HanboJtee moxoaAImM BapUAHTOM SIBJISIETCS CUCTEMa BUPTYAJILHOTO OKPY2Ke-
rnst VEonPC [52-55|, paspaboratinasi B pamMKax cOBMECTHOTO poekTa PpayH-
rodeposckoro nuctutyTa Megnakommyrukanuii (IMK, r. Cankr-Asrycrus, [ep-
manust) u Uuctutyra husnko-reXHnaeckoit mHGOPMATHKH.

[To cpasuenuio ¢ 3apybexkubivu anamoramu (CyberStage, iICONE, Responsive
Workbench, Teleport) cucrema VEonPC obrasaer 1ocTaToqHO HEBBICOKOiT CTO-
MMOCTBIO U JIOCTYIIHA TI0 IieHe oredecTBeHHbIM BY3am n mxomam [24, 52, 56].
CHIzKeHne CTOMMOCTH OBLJIO JIOCTUTHYTO 3a CYeT MPUMEHEHUs OOIIe0CTYITHBIX
BBICOKOITPOU3BOINTEILHBIX KOMIIBIOTEPOB U HCIIOJIB30BaHUsT CBOOOJIHO paCIpO-
CTPAHAEMOI'0 IIPOrPAMMHOI0 0OeCIIedeHMs.

Tunuynelit BapuanT ucnosibzyemoit criennasincramu UOTU B nacrosiee Bpe-
mst (2008 1.) cucrembl VEonPC Brimto9aeT npoeKkuoHnyo mojicucreMy, rpadmdae-
CKYIO CTAHIINIO, ay/IMOCUCTEMY, CIIEINATII3NPOBAHHOE ITPOrPAMMHOEe 0becIieueHue.

[Ipoekinonnas noxacucrema cucrembl VEonPC Bkiouaer:

— JIBa, LCD-nipoexTopa, obsagatoniux ceerumoctbio He Meree 4000 ANSI stro-

MeEH, cHabKEeHHbIX I[NOJIAPU3alINOHHBIMMN (bI/IJH)TpaMI/I U YyCTaHOBJICHHBIX Ha
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IOCTUPOBOYHOIT T11aTdOpMe.

— Crernua/bHbIil 9KpaH ¢ MUHUMAJIBHBIMI JIETIOJISTPI3AIMOHHBIMI CBOWCTBAMI
(silver screen). Pasmep sxpana MoxKeT BapbUPOBATHCS (Falle BCEro MCIOJb-
3YIOTCsT 9KpaHbl pasmepa 2.8 X 2.1 M — 3.2 x 2.8 m)

— Kowmiutekt IIOJIAPU3alMOHHBIX OYKOB.

B 1npoeknnoHHoil MojIcucTeMe UCIIOJIb3YEeTCsl TPsSIMasd MPOEKINs N300parKeHusI
U [aCCUBHAsl CXeMa pasjiesieHns n300parkKeHuil Ha, OCHOBE JIMHEITHO I0JIsIpu3a-
[N JIBa U300ParkKeHusl OJHOBPEMEHHO BBIBOIATCA Ha dKPaH U CelapupyroTCs
3a cUeT JINHEWHON mojdpu3ainy cBeTa. VIMeHHO Tak ycTpoeHna cucTeMa CO3a-
Hus crepeodddekTa i 3puTeieil HandoJiee pacpocTpaHEeHHON MeKTyHapo,I-
Hoii cern KunorearpoB IMAX [57]. [eficTBuTe/IbHO, TACCHBHOE CTEPEO HA OCHOBE
JINHEHOM MoJIIpu3aiu Haunbosiee MOIXOUT JJIsd YCTAaHOBOK, PACCUMTAHHBIX Ha,
0O0JIbIIIOe YHUCJIO 3pUTeseil, 110 CpaBHEHUIO C JPYTUMU TEXHOJIOTHSIMU CO3/IaHUsI

crepeoddderTa:
— TexHostorust aKTUBHOI'O CTEPEO UCIIOIb3yeT JTOPOrne OUKHU, HY KIAIOIIIeCs B

HNCTOYHUKE ITUTAHNIS U CUHXPOHI3AIIII.

— [TaccuBHOE cTEpEo, UCIOB3YIOIIee KPYTOBYIO MOJIPU3AIIIIO CBeTa, 00/1a/1aeT
MEHBIINM KO3 MUITMEHTOM II0aB/IeHIs U UMeeT I[BETOBbIe apTedaKThl, BHO-
CHMBbIE IIJIACTHHKOI B 9eTBEPTD JJINHBI BOJIHBL. Ero e mHCTBEHHOE ITpenMyIIie-
CTBO — COXpaHeHue pasjeseHns n300pazkKeHuil mpu OOKOBOM HAKJIOHE T'OJIO-
BbI 3puTesist. OJTHAKO €CJIN B CHCTEME He UCIIOJIb3YeTCsl TPEKIHT TOJIOBBI /TJ1a3
10JIb30BaTE s (B TOM 9YHC/IE B CHCTEMAX, PACCUNTAHHBIX HA OOJIBIIOE TUCTIO
3puTesieii), To n300paykeHrne Ha YKpaHe MOCTOSHHO MMEeT MOPU30HTAJIbHBII
napaJjiakc. IIpn 3ToM HAKJIOH TOJIOBBI, HAPYIIAIOMINI TOPU30HTAILHOE Pac-
MOJIOZKEHNE TJIa3 M0JIb30BaTe/Isl, TaKyKe HapyIlaeT CTePEOBOCIIPUATHE.

— CucreMbl TIACCHBHOTO CTEPEO, OCHOBAHHBIE HA MYJIBTUILIEKCHPOBAHUU 10
munHe BostHbl (nHduTek-Meros [58]), xoTa n obecrednBaioT Jytiiee Kade-
CTBO 110 CPaBHEHMIO C JIMHEHHON IoJigpu3alyeil, moka o0J1aJal0T BBICOKOI
CTOMMOCTBIO, YTO HE ITO3BOJISET UCIOJIH30BATH UX JIJIsl 1T0Ka3a JOCTATOTHO

OOJTBITION &y INTOPUN.

B xadecTBe rpaduieckoil cTaHINN UCIIOJIb3YeTCs 0011eJ0CTYIIHbII BHICOKOIIPO-
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N3BO/IUTEJILHBIN IIEPCOHAJILHBINT KOMIIBIOTED C BUJICOKAPTON — OJIHOIl 13 HOBEII-
mx mogzesieiit NVIDIA Quadro FX [59]. Kax ycrpoiictBa BBOSA MHMOPMAIT
MOTYT IIPUMEHSITbCS Pa3JIMIHbIe MAHUITYJIATOPBL. AynocucreMa Mo0NpaeTcs B
3aBUCUMOCTU OT TOTPEOHOCTEl 3aKa3INKa.

C cucremoit VEonPC nocrasisiercs ciiejytoriee nporpaMmmuoe obecrieueHue:

— oneparnonnas cucrema GNU /Linux;

— cucTeMa BUPTYaJIbHOI peambHOCTH Avango (1. 3.2).

B kauecTBe ajbrepHATHBHOIO BapuaHTa (HanboJiee TMOXOJSIIEro JIjisi TPeHN-
POBKHI KOCMOHABTOB) sI IIPEYCMATPUBAIO BO3BMOYKHOCTH UCIIOJIH30BAHNUST TILJIEMOB
BupTyasabHoil peasbrocTn (head-mounted display — HMD) st oby4enust oHO-
ro 9ejIoBeKa, a B JaJbHEHIIeM U TPYIIbl YIeHNKOB B CHCTEME PaCIIPE/Ie/IEHHOTO
BUPTYAJIHLHOTO OKPY2KEHUS.

B Poccun pernrenusi B obiactu nopratusabix yerpoiicts BO u AR nipejiaraer
KOMITaHUs «DJIeKTpo-onrudeckue cucreMbl» [60]. Takoe pemenne Oyer obecrie-
YUBATH OOJIBIIYIO CTENEHb MOTPYKEHUsI B BUPTYAJbHBI MUP, MOJTHOCTHIO 0J10-
KIPYsl BOCIPUATHE PeaJbHOTO, OJHAKO OHO TaK:Ke OTINYaeTcs 6ojiee BBICOKOIT

CTOUMOCTDBIO.

3.2 CwucreMma BUPTYyaJbHOII peajbHOCT Avango Kak 1iardopma pas-
paboTKu

Avango [52,61,62] — 910 mporpaMmHast cpejia, MpeICTaBIIsomast coboit MOITHOE
CPEJICTBO I pa3pabOTKN MHTEPAKTUBHBIX PACIpEICTCHHBIX MTPUIOYKEHII BUP-
TyaJIbHOro OKpy2Kenusi. Cucrema ObL1a pazpaborana B MIHCTUTYTE MeTHaKOMMY-
nukaiuit Hemenkoro renrpa undopmarmontbix rexuooruit (GMD, r. Cankr-
Agryctun, I'epmanus), a 3arem nepenecera na PC-Linux kiactepbr mpu yda-
crun cuenmananctos MOTHU u Kadeapor cucremMHoit nHTErpamun 1 MeHe>KMeHTa,
M®TU B pamkax mexayrapojgnoro mpoekta VEonPC [53-55]. Avango stBiistercst
HaicTpoiikoit Hag SGI OpenGL Performer, koTopblit B ¢BOIO 04epeib siBJISIETCSI
naJicrpoiikoit Hasr OpenGL. Avango ucnonibsyer Performer ijst o6paboTku rpa-

da creHbl, 9TO MO3BOJISIET JOCTUYb BBICOKON ITPOM3BOJNTEILHOCTH TP padoTe
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CO CJIOYKHOI TpaduKOIi.

Avango npejocrasisier paspaborunkam C+-+ API, a Takke 361k Scheme 1151
HalmcaHust ckpunToB. [lyreM HammcaHust clieHapueB Ha si3bIKe Scheme MOXKHO
pazpabaThIBATL MPOCTHIE MPUIOKEHUS: CO3aBaTh 00beKThl Avango BBICOKOTO
YVPOBHSI U MAHUITYJINPOBATH UMU, HAIIPUMED BbI3BIBATH METO/IbI I YCTAHABINBATE
CBSA3W MeXKIy oObeKTaMu. Kcm yKe Hy»KHO CO3/IaTh HOBBIE KJIacChl WM 0Opa-
maThcsd K QyHKIMsIM OoJjiee HI3KOro ypoBHs, TO uctosb3yercs C++ API. Ca-
MO >Ke 110 cebe MPUJIOyKeHIe B 9TOM CJIydae MO-IPeXKHEeMY IpejcTaB/iseT Habop
CKPHUIITOB Ha Scheme, KOTOpbIe JIMIIb CO3/al0T OObEKThI HY?KHOI'O THIIA U YCTa-
HABJINBAIOT CBA3M MexKy HIUMEU. CKPUITHI MOI'YT OBITH JOIMOJHEHBI U OTJIaYKEHbI
HEIOCPEICTBEHHO BO BpeMsi PabOThI IPIJIOKEHHUSI, ITO 3HAYUTEIHLHO YCKOPSIET
IIPOIECC PA3PADOTKI.

JlBa OCHOBHBIX THIIA OOBEKTOB Avango — 9T0 JATIUKH (CEHCOPBI) U y3JIbl
(nodes). arauku (ceHcopbl) obecrednBaiOT B3anMo/eiicTBie Avango ¢ BHEII-
HIM MHPOM ¥ HUMIIOPT JaHHBIX C Pa3/JHIHBIX YCTPOWCTB BBOJA B HMPUIOKEHUE
Avango. Y31kl — 9TO 9JIeMEeHThI 00 beKTHO-OPUEHTHPOBAHHOIO I'pada, CIIeHbI, KO-
TOPBIN UCHOJIB3YeTCd B Avango Kak cpeJicTBO onucanus 3D-criensbl.

Bee 00bexThr Avango mpejictaBiisttior coboii osieBbie Kouteitaepsr [61,62]. Tlo-
JIEBOW KOHTEeHHep WHKAICYJINpyeT MH(MOPMAINIO O COCTOSHIN OObEeKTa B BHJIE
Habopa moJieil. [IBa 1oJisT pasinIHbIX 00BEKTOB MOI'YT OBITh CBSI3aHBI MEXKLy
coboit TIpH MOMOIIK 10JIeBOi cBsi3u. [lojieBasi CBA3b — 9TO OJHOHAIIPABICHHASI
CBSI3b MEKJIY TOJISIMU TaKas, 9TO €CJIN I0Jie IepBOro o0beKTa U3MEHSeTCs, TO
HEeMe,[JIEHHO MU3MEHSIETCs U T10J1e BTOPOro obbeKTa. COBOKYITHOCTD TTOJIEBBIX CB-
3eit popmupyeT rpad MOTOKOB JAHHBIX, KOHIENTYaJIbHO OPTONOHAIBHBI I'pady
ciieribl [24]. I'pad MOTOKOB JaHHBIX 3a/1a€T T0BejIeHNne 0ObEKTOB, & CJIeJ0BATE h-
HO TI03BOJISIET CO3/IaBATh MHTEPAKTUBHDIE ITPUIOYKEHMUS.

Avango 1mosBoJisieT paspabaTbiBaTh paCIpeeeHHbIe IPUIOYKEHIS BUPTYAIb-
HOI'O OKPY?KeHMUs, IJIe HECKOJIbKO T10JTb30BaTe el COCYIIECTBYIOT B OJHOM BUPTY-
AJIbHOM MHUPE U B3aMMOJEHCTBYIOT ¢ HUM U JIpYT ¢ ApyroM. Peasmsarnus 6asupy-
eTcs Ha KOHIEIIUH oJIeil 1 TOoJIeBhIX KOHTeitHepoB. [Iporecchl, yaacTByloIiie B
pacipeieIeHHOM BUPTYaIbHOM OKPY2KeHIN, (POPMUPYIOT pacipeeeHHble IPYII-

bt [61,62]. O6bekTbl Avango MOryT ObITH JIOKAJBHBIMU (T.€. CYIIECTBYIONIMM
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TOJIBKO JIJIsl OJTHOTO TIPOIECca) WM PaCHpeie/IeHHBIMIE, T.€. PUHAJIEKATh PAC-
npejiesiennoit rpyte. Kakapiit mporece, BXOAAMNI B pacipe/ie/IeHHyI0 TPYIITy,
CO3/IaeT JIOKAJIbHbIE KON BCEX paclipe/ie/IeHHbIX 00beKTOB. Kak ToJIbKO KaKoii-
TO TIPOTIECC JIOKAJIbHO U3MEHsET I0JIe 00ITero oobekTa, OH NHPOPMUPYET O HOBOM

COCTOAHNN O0BEKTa BCE OCTAJILHBIE ITPOIIECCHI.
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I'nmaBa 4

Peam3anuga cucreMbl

[Ipnioxkenune «BupryajsbHble KOCMIYECKUE SKCIEPUMEHTBI 1 YPOKU U3 KOCMO-
cay obecIrieunBaeT IMOJTHOE TIOrpy KeHne 00yJalolerocs B BUPTYAJbHYIO CIIeHy W
MHTEPAKTUBHBIN Tpoliecc odbydenns. B feficTBum, Kak W B KJIaCCHIeCKOM 0Opa-
30BaTEJLHOM IIpOlecce, yIacTBYIOT JBa IIepCcoHarKa: YINTeIb U YIEHUK.

[lesib yunresst (BUPTYATBLHOIO MEPCOHAYKA) — OOBSICHUTD YIEHUKY HEKOTOPBIIT
y9IeOHBIII MaTepuaJ, COCTOANNN W3 HaDOpa yPOKOB: PACCKA30B, IPE3eHTAINI 1
9KCIIEPUMEHTOB. Y IUTeNb He 00s3aTeTHbHO PACCKA3hIBAET OJUH W TOT YK€ MaTepu-
aJl KaKJIOMy U3 YYeHUKOB. B 3aBUCHMOCTH OT TOTO, K YeMy yUE€HUK MPOSBJIAET
NHTepeC B Iporecce 0OYUeHns, CICTEMa B PeXKNMe PeaJbHOTO BpeMEH! IeHepu-
pyeT IIepCOHaJILHO JJIsl HEI'O YPOK.

Cruenapuit o0ydeHusi HAIPSAMYIO 3aBUCUT OT JeHCTBUN yUeHUKa — I0JIb30Ba-
TeJIsT CUCTEMBI. YYeHWK 3aHUMaeT aKTUBHYIO MO3UIMIO B IIPOIEcce OOyUeHus,
BeJIb IMEHHO NHTEePAKTUBHOCTDL U IIOIPY?KEeHNE B BUPTYaAJILHLIN MUD UCCJIEyeMO-
I'o sIBJIEHUY ABJISIIOTCSI OCHOBHBIMU IIPEUMYIIIECTBAMI BUPTYaJbHOTO II0OBECTBOBA-
HUS TIepe]l IPYTUMU TEXHOJOTUAMI oOyuenus. B jgajibHelemM npenoiaraeTcs
PaCHIUPUTh CUCTEMY JIJI OJTHOBPEMEHHOTO OOYYEHUST HECKOJIBKIX YUEHUKOB ITOJ]
PYKOBO/ICTBOM HECKOJILKIX YYUTEJICH-NHCTPYKTOPOB.

[Tporiecc oOy1ennst BLITVIAANT KaK HEIPEPLIBHBIN INAJI0T YIeHUKa ¢ BUPTYaTh-
HBIM TIperiogaBaTreieM. CucreMa pearupyer Ha CJaeAyolue JeficTBUAs M0/Ib30Ba-
TeJIs:

— Ilepemernenne moIb30BaTE s, N3MEHEHIE HAIIPABJICHUST €10 HADJIIOIeHNST (Ha-

pUMep, Kakie Ipruoopbl OH paccMarTpuBaet). VIexo/ist 3 9TuxX JaHHbIX, BUP-
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TyaﬂbeIfI mpenoaaBaTe/Ib paCCKa3bIBA€T YIYCHUKY O TOM, 9TO €MY rZLGﬁCTBI/I—

TEJIbHO MHTEPECHO.

— Bompochl, KoTopble 3aJlaeT Mojb30oBaTe/b. CrucreMa BKJIIOYAET BOIPOCHO-
OTBETHYIO TojicucTeMy. TakuMm oOpa3oM, yduTe/b MOXKET OTBeYaTh Ha BO-
IIPOCHI YUEHNKa Ha ecTecTBeHHOM si3bike (Ef) u mpogokaTs cBoit pacckas

B 3aBHUCHUMOCTH OT TOI'O, 9eM YHYCHHNK NHTEPECYyECTCA.

Taxum obpaszom, ObpasoBaresnbhoe [Iputoxkenne Ha OCHOBE TEXHOJIOTHH BUP-
TYaJIbHOT'O ITOBECTBOBAHUS 00/Ia/1aeT CJAEIYIONIUMEI OTJIMIUTE/IbHBIMI OCOOEHHO-
CTSIMU:

— Bupryasbioe okpyxkenne ¢ 3p@deKTOM MOJTHOTO MOIPYKEHUS.

— Ionb30BaTe/ib — aKTUBHOE JICHCTBYIONIEE JIUIO TOBECTBOBAHMSI.

— Mexanusm reaepanum CroxKeTa 3alliCalH B BUJE IIJIaHa BUPTYaJIbHOI'O IIEPCO-

HazKa 1 HEIIOCPEICTBEHHO 3aBUCUT OT ﬂ@ﬁCTBI/IfI peaJIbHOI'O II€EPCOHAaZKa..

Ha nanublii MOMEHT B cUCTeMe He Peau30BaHa BU3YaJIH3aIsd BUPTYaJIbHOIO
nepcoHazka. Kax cieayrommii aTan pa3sBUTUsI CUCTEMBbI s1 IJIAHUPYIO BU3YaJIU31-
poBaTh BUPTYAJIbHOI'O KOCMOHABTA, BKJIIOUAs IIPABJIOIOI00HOE MOJIE/JIMPOBAHIE
MUMUKHN U IBUKEHUS YEJI0BEKA B HEBECOMOCTM.

PaspaboTanHasi TEXHOJIOIUsI MOYKET YCIIEIIHO IMPUMEHATbCSI KaK B CpeJiHell 1
BBICIIIEN IIIKOJIe («BHpTyaﬂmee YPOKU 13 KOCMOC&»), TaK 1 JIJIg CHeruam3npo-
BaHHOI'O OOYy4YeHUsI, HAIIPUMED, JJIsi TPEHUPOBKU KOCMOHABTOB («BMpTyaﬂbeIe
KOCMUYECKHEe aKcnepMMeHTm»). B 3aBucumocTu oT ayauTopuu U OT LEJIH YPOKa
U3MEHACTCS CIOXKET BUPTYAJIbHOIO OBECTBOBAHUA, IIPU 3TOM CaMa TEXHOJIOIU
OCTaeTCd HEM3MEHHOI.

HaJsee 11oJipobHO M3JI02KeHa peaJsin3alius cucreMbl. B 1. 4.1 omucana byHKIN-
OHAJIbHAST apPXUTEKTypa CUCTEMBbI, OTJIE/JIbHBIC MOIY/IN PAacCCMOTPEHbI 0OoJjiee I110-

IpoOHO B 11. 4.2, a UX B3auMojieiicTBIEe MeXK 1y coboit — B 11. 4.3.

4.1 OyHKIMOHAJbHASA APXUTEKTYPa CUCTEMBbI

HpI/IJIO}KeHI/Ie <<BI/IpTyaﬂbeIe KOCMHNYECKHNE 9KCIIEPUMEHTBI 1 YPOKH M3 KOCMOCa»

COCTOUT U3 CJICMYIONX MojyJeii (cm. puc. 4.1):
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— MOAYJIb BOCIIpUATHA BUPTYAJIbHOI'O IIEPCOHAZKA;]
— BOIIPOCHO-OTBE€THas IIOACHUCTEMA;

— MO/LYJIb T€Hepalluu CIOZKeTa;

MO/TyJIb ITpeobpa3oBaHisi TeKCTa B pedb (text-to-speech);

MO/LyJIb BU3yaJIU3alllN.

HepBbIe deThbIpe MOJYJid BMeCTEe — 3TO U €CTh BI/IpTyaJIbeIﬁ yY4uTE/JIb-KOCMOHAaBT.

Bomnpoc Peuesnie
Monyns P BompocHo- Monyns
Ha ESL OTtBer COOOIIEHNS
BOCIIPHATHS OTBETHAA IIpeoOpa3oBaHUSL
( BHPTYaJIEHOTO MOJICUCTEMA | TEKCTa B Pedb
I— ) P
TiepcoHaxa ) QA Text-to-Speech
Perception T
I1O Aranea I1O Festival
[ Kmouesoe ATom
CIIOBO pacckaza
OOBeKT
HHTEpeca
Monynb
Monynb -
TeHepauu Ay 3D-cuena
BH3yanu3anua | P
CIOXKeTa
JlanHble 0 nepeMeIeHnH R < JlanHble 06 U3MEHEHUH ) R
noJsp3oBaresst 1 006ekToB 3D- Plot| y6pexros 3D-cuenb Visualization
CIICHBI, BBEICHHBIC ? 4
MOJIb30BATENIEM JAHHBIE ITO Shop2 ITO Avango

Puc.4.1. DyHKIMOHAJBHAS APXUTEKTYPA CHCTEMbI

Mojtyib BocpugaTHs I03BOJIAET BUPTYAJLHOMY IEPCOHAXKY OIPEE/NTh, Ha
KaKoil 00beKT B KarKJblil MOMEHT BPEMEHN HaIIpaBJeHO BHUMAHHUE YUEeHHUKa, W
IIPUHAMATHL OT HEro BOIIPOCHI Ha €CTECTBEHHOM SI3bIKE.

Moyib renepanum crokeTa reHEPUPYET CIOYKET ypPOKa B 3aBUCUMOCTHU OT Tie-
peMeIeHnst 1 BOIIPOCOB I0JIb30BaTe A, T.€. COCTaBJISIET YPOK U3 Habopa aTOMOB.

Borpocno-oTBeTHas MOJACUCTEMa TTO3BOJISIET YUUTENIO OTBEYATh Ha BOIPOCHI
yUaeHnnKa, 3a/laHible Ha eCTECTBEHHOM A3bIKe. Kpome Toro, ona nepejaeT Kaiode-
BOE CJIOBO B MO/JLYJ/Ib T'€Hepalll CIOyKeTa, 4TOObI KOCMOHABT IIPOJIOJIXKAJI paccKas
B 3aBUCUMOCTH OT TOI'O, YeM YUYECHUK UHTEPECYeTCs.

Byraroyiapss Moty/io 1nmpeobpa3oBaHmsl TEKCTa B pedb KOCMOHABT MOXKET pa3-

robapunBaThb, T.€. paCCKa3blBaTh YPOK N OTB€YaThb Ha 3aJlaHHbIC II0JIb30BaTEJIEM
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BOITPOCHI.
Moynb Busyasm3anmm obecrieynBaeT OTPUCOBKY 3D-criennbl n B3anMo/ielicTBre
[IOJIB30BATEJId C HEI.

Hanee (m. 4.2.1 — 4.2.5) kaxK/plil 13 9TUX MOJLyJI€il onucan 6oJiee moapoOHO.

4.2 KoMIOOHEHTBHI CUCTEeMBbI
4.2.1 Moaynb BU3yaan3aiun

Moysib BU3yaIn3alny UCIOJIb3YeT CTaHgapTHbIe cpeicTBa Avango VR-system.
OcHoBHast 4acTh pabOThI HaJI MOJYJIEM BU3yaJH3aluu — 3TO paspaborka 3D-
MoJIeJIeil, MCIOIb3yeMbIX IIPU IIPOBEIEHNN BUPTYaIbHOTO ypoKa. Jlasee mpu mo-
MOITH MOUUKAIN CKPUIITOB Ha si3blke Scheme (cM. 1. 3.2) nX JIerKO MOXKHO
J100aBUTH B BUPTYAJIbHYIO CIIEHY U 3aJIaTh UX IIOBEJIEHIE B 3aBUCUMOCTH OT CIie-
HapUsI KOHKPETHOI'O ypoKa.

st nmpuioxkennst « BupTyasibHble KOCMIYECKIE SKCIEePUMEHTHI U YPOKHU U3
KOCMOCa» HYKHBI MOJIeJIn opbuTaabHoill cranmnu (MexkyHapo HOit KocMumde-
CKOii craHImn, puc. 4.2), BKIOUas HHTEpbep, n 3emyn. Ha JaHHBIT MOMEHT B

pacnopszkeann y creruaanctoB OTU ects Bce Momesnn, Kpome HHTEPbEPA.

Puc.4.2. TpexmepHas mouesnb MexK/1yHapOIHON KOCMUYECKON CTAHIUNA

HBaanaroro mas 2008 1. corpyauk UOTU /1. b. Boseros, cuenmasuct Len-
tpa nojroropkn Kocmonasros (IIITK) 1. FO. Hlepbunun u st nposesn hoTto-
cbeMKYy MakeTa MexKayHapoaHoit KocMudecKoii ctanmun, naxoasiierocsa B LITTK

(3Besublit roposiok, Mockosekast 06s1acTh), puc. 4.3. B nacrosiiee spems /1. Bo-

35



JIETOB BeJIeT aKTUBHYIO pabOTy Ha I BOCCTAHOB/IEHNEM TPEXMEPHOIT MOJIe/ N NHTe-
pbepa CTAHINN 110 JTaHHBIM (hoTochbeMKH. Boccranosiennyio mojens Mextyna-
POJTHOI KOCMUYECKOW CTAHITMH MBI OyJIeM HCIOJIb30BaTh KaK Ha «BUpTyaabHbIX
ypoKax M3 KoCcMocay JIJisi 00y4YeHUs IKOJbLHUKOB, TaK 1 B «BUPTyaJIbHBIX KOC-

MUYECKUX 3KCIIEpUMEHTaXx» C LEJIbIO IIOAI'OTOBKM KOCMOHABTOB.

Puc.4.3. Dororpadusa makera MexkayHapogHON KOCMUYECKON CTAHIINY, CAeJIAaHHAs IPHU oMoy (oToarmnapara co
CTEpPEOoHaCa KO

4.2.2 Moaynb reHepaiuyu CIOXKeTa

CrozKeT TOBECTBOBaHUA B NPUJIOYKEHUN «BupryajabHble KOCMUYECKNE SKCIIEPH-
MEHTBI 1 YPOKH U3 KOCMOCa» CTPOUTCSI BUPTYaJbHBIM YUUTEJIeM — KOCMOHaBTOM
13 HeOOIbIINX (PparMeHTOB pPaccKasa — aToMOB. [IJIaHUPyst WK HepeIriaHupysI
CIOKET, KOCMOHABT BBIOUPAET 110C/IeJ0BATeIbHOCTh ATOMOB, KOTOPhIE HY>KHO Pac-
cKazaThb y4eHUKY. [lepBblil pa3 BUPTya bHbII yIuTe b IJIAHUPYET CIOXKET B Ha-
gaJie ypoKa. 3aTeM KayKIblil pas3, KOrja M3MEHsIeTCs KJIF0UeBOe CJIOBO BOIIPOCA,
il uMsi o0bekTa HabJIIOJeHHsI, OH Iepell/IaHupyeT OCTaTOK YPOKa, IPUHUMASI
BO BHUMAaHUE TO, 9YTO OH y2Ke paccKasall.

[Ipunoxenne «BupryajbHble KOCMIYECKIE SKCIEPUMEHTHI U YPOKH U3 KOC-
MOCa» MOYKET UMeTh HINPOKYI0 cdepy npumerenns. OHO MOXKET € YCIEXOM HC-
10JIb30BaThCsI Ha, yPOKax (DUBNKHN B MIKOJIE, B HAYIHO-TEXHUIECKUX MY3€sIX U Ha,
BbICTaBKaX, a TaK:Ke JJIsi caMOo0Pa30BaHUsI.

Lenn npumenennss ObpasoBaresbHoro Ilpuioxkenust B BhIllIeliepedncaeHHbIX
cUTyaluax OynyT pasandnbl. Hampumep, Ha ypokax 3 KOCMOCa B CpejiHedl KO-
JIe HeoOXOIMMO PaccKa3aTh ydeHHKaM 00si3aTe/IbHbII MUHUMYM — CBEJICHUsT U3
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IIKOJIbHOI TIporpaMMbl. [Ipu 9TOM ydIuTe/ b MOXKET PacCKa3biBaTh JIOMOJIHATE b
HBII1 MaTepuaJl 10 TOI TeMe, KOTOPOIl YUCeHNK NHTePeCyeTcs, HO He JTOJIZKeH CJINIII-
KOM CHJIBHO YXOJUTh B CTOPOHY OT IIPOrpaMMbl ypOKa.

OobpasosaresibHoe IIpuiokenne Ha BBICTaBKe WM B My3ee JOJ2KHO ObITh B
OoJsibIeil cTerneHn MHTEPAKTUBHBIM. 3J1eCh y»Ke He HYy»KeH KaKoil-inbo obsiza-
TeJIbHBIT MUHIEMYM, MOKHO PacCKa3blBaTh BCE UTO YIOJIHO, IJIABHOE — YTOObI
9TO OBLJIO UHTEPECHO.

[Tockonbky mesan npumenenust OdpasoBaresibHOro [IpuiioykeHust pasHbie, TO
1 aJTOPUTMbBI T'e€HEepallui CIOYKeTa B OMUCAHHBIX BBINIE CJIyYadX OYJIyT pa3/ind-
Hbl. Perienne o BbIOOpe TOTO WJIM MHOI'O AJITOPUTMa, JOJIZKHO IIPUHIMATHCS ClIe-
HAPUCTOM IIPU HAIMCAHUU YPOKa 1 OCHOBBIBATLCSI Ha TEX 3ajiadax, KOTOpbIE B
KOHKpPETHOM cJiydae ctosdT repeji ObpasoBarebubiM [Ipuiiozkennem.

Asropury HTN-mnanuposanust [41, 42|, KoTopslil ncmoib3yercst s MTaHu-
POBAHUS U IePEIIAHIPOBAHNS CIOYKEeTa, 1I03BOJISIET JIEIKO aJallTHPOBATH IIPILIO-
YKEHHEe JIJIsT CAMBIX Pa3IMIHbIX 00pa30BaTEIbHBIX 3aJlad. DTO OCYHIECTBJIACTCS
myTeM IepedOopMyJINpOBaHuUs Tiejieil ypoka 1 KpuTepreB orbopa aToMOB.

B HTN-mmnanupoBanum cucremMa miaHnpoBaHus XapaKTepu3yeTcs HadabHbIM
COCTOSTHUEM MHUpa ¥ 1eJIbI0 — CO3JIaTh ILJIaH JIJIsi BBIIIOJHEHUsI HEKOTOPOI'o Ha-
bopa 3ajad (3a1a4a — abCTPAKTHOE MPEJICTAB/ICHIe TOTO, IYTO HY?KHO CJIEJIATH).
CaMo rraHUpOBaHNE BBITIOJHAETCS IIyTeM PEKYPCUBHOMN JIEKOMITO3UITUH 38,12 JI0
HPUMUTHBHBIX 33Jia9, KOTOPbIE MOI'YT ObITh HEIIOCPEICTBEHHO BBIIIOJIHEHDI.

B O6pazosarensrnom [Ipunoxkennn mist HTN-1ranupoBannst mpumMeHsieTcst Cu-
crema miannposaiust SHOP2 [63] n Allegro Common Lisp [64], koTopsrit m03-
BOJIsieT UCIOJIb30BaTh LiSp Kak COBMECTHO HCIHOJIb3yeMyto Ombmoreky (unix-
shared-library).

Ha jaHHbIil MOMEHT s HCIIOJIB3YIO JIOCTATOYHO IIPOCTO aJIrOPUTM ILJIAHIPOBa-
HISI, KOTOPBIN XOPOIIO OIXOMUT JIjIs YPOKOB (DU3UKHU B IIKOJIE.

3HaHus BUPTYAJbLHOTO YINTE/IsA-KOCMOHABTa — 9TO OOJIBINON Habop aToOMOB
pacckasa. Jljist KOHKPEeTHOro ypoKa (Halpumep, ypoka O CBOCTBAX YKUJKOCTH )
BLIOMpAETCs 00s13aTeILHBIIT MUHIMYM — HEKOTOPBIT HAOOP aTOMOB, KOTOPhIE CO-
CTABJIAIOT KOCTSIK ypoKa. VX KocMOHABT 00s13aTe/IbHO JIOJIZKEH paccKasaTh.

Kaxkiplit aToM XapaKTepu3yeTcs:
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— Habopom KJ1104eBbIX CJI0B.

— Habopom aTomMoB, KOTOpbIe 00s3aTeIbHO JTOJIXKHBI ObITh PacCKa3aHbl 10 HEro

(MHAYE YUEHUK He MOHMeT, O YeM HJIeT pPedb).

Ha Bx0/1 MOJTy/I reHepalii cIoykKeTa MOJAaIoTcs CIeayomue JanHble:
— MOCJIEIOBATEJIBHOCTD y2Ke PACCKA3aHHBIX ATOMOB;

— KJIIOYEBOE CJIOBO BOIIPOCA U UMsl O0ObEKTa HaOJII0JIeHUS.

B mporiecce mianrnpoBaus /iepeniaHipOBAHIs COCTOSTHIE CUCTEMbI B KazK TbIil
MOMEHT XapaKTepU3yeTcsl MOCIeI0BATE/ILHOCTHIO YKE pacCKa3aHHbIX aTOMOB.
[Tmranuposanue ocymectBisieTcs mpu nomotnu ajropurma HTN cormacho ce-
JIYIOHIUM KputepusiM. Kazkiblii cie Iy ol aToM BhIONPAETCsT COIJIACHO YCJIOBH-
AM:
1. On ere He OBLI pacCKa3aH.
2. Bce aToMmbl, KOTOpbIe 00s13aTEILHO JIOJIZKHBI OBITH PAcCKa3aHbl JO0 HEro, yKe
pacCKas3aHbl.
3. O nMeeT KaK MUHUMYM J[Ba OOIINX KJIIOUYEBBIX CJIOBA C HPEJIbLIYIINM aTo-

MOM (9TO yCJIoBHE 00ECIIEUNBACT CBSI3HOCTD PACCKA3a).

J11s1 IepBoOTO aToMa MpH BBI30BE MeperIaHipOBaHus CloyKeTa yeaoBue (3) 3a-
MeHsIeTCs Ha cjiejiytonee ycaoBue. Ecii ecTh aTroM, KOTOPBIH COAEPKUT B Kade-
CTBE KJIIOUEBBIX CJIOB U KJIIOUEBOE CJIOBO BOIPOCA, U UMsI 00beKTa HaOJIIOICHUST,
TO B KauecTBe I1epPBOI0 aToMa BbiOMpaeTcs: oH. Ec/nm Takoro HET, HO €CThb aToM,
KOTOPBIi COAEPyKUT B KAUeCTBE KJIIOUEBOI'O CJIOBA KJIFOYEBOE CJIOBO BOIIPOCA, TO
BbIOMpaeTcs oH. HakoHel niercst aToM ¢ KJIF0YeBbIM CJIOBOM — IMeHeM 00beKTa,
HaOJI0/IeHns. Eciin HE OJIHO M3 Tpex BbIIIeNepeUrC/IeHHbIX YC/IOBUI HE BBIIOJI-
HSIETCs1, TO BbIOMpAeTCs JII0O0I aTOM COTJIACHO OOIIUM KPUTEPUSIM.

YPOK cUnTaeTcsl pacCKasaHHbIM, KOIJIa YIUTEIb U3JI0KUIT 00s13aTe/IbHbIH M-
aumyM. [Ipu srom (ecsim mosb3oBaTe b He Besl cebsi ACCHBHO) OH OTBEYAJ HA
BOIIPOCHI TI0JIb30BATEIST U JABaJI JOMOJTHATEIbHYI0 THMOPMAIIIO 110 TEME BOIIPO-
COB, pacckas3bIBag 00 00beKTax HaOJIIOIEHUs IMOJIb30BaTe sd. A TakKuM 0Opa3oM
(corytacHO YCJIOBHIO CBSI3HOCTH ATOMOB) M3MEHSICS U BeCh ClieHApUil yPOKa.

Mo2KHO JIOTTOJTHUTEIBHO 3a/1aBaTh IIPOJIOJIXKUTE/ILHOCTE YpoKa. Toria yanTe/ib

Oy/leT HTHOPUPOBATH BOIIPOCHI MOJTb30BaTe s (T.e. OyIeT oTBeYaTh Ha HUX, HO He
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OyJ/IeT MEHSATD TPOTPAMMY YPOKA), €CJIN YICHUK 3a/1a€T CIUIITKOM MHOTO BOITPOCOB
He 110 TeMe, a YUUTEJIb He YCIIeBaeT U3JIOXKUTh 00si3aTe/IbHbIIT MUHUMYM.

B pajbHeiieM s IJIaHUPYIO CO37aTh HaOOp CTAHJIAPTHBLIX aJrOPUTMOB ILIa-
HUPOBAHUS JIJIsI PA3IMIHBIX 00pa30BaTe/IbHBIX IeJIeil.

Ha nanabiit MOMEHT yunTesib YMeeT TOJILKO MeHepupoBaTh YPOK, T.€. CTPOUTD
JIOTMIHBIIN 1 CBA3HBIN pacckas. Mcnoap3yembrit B O6pazoBaTe/IbHOM PUIOKEHUN
asiroputM HTN-1ianupoBasust 1103BoJIIeT 00YYUTh €0 IPOBOAUTH PA3JIMIHOIO
poJia JAEMOHCTPAIMU, & B IEPCICKTHUBE, KOIJa BUPTYaJbHBINA IIepCOHAXK OyleT
BU3YaJIN3UPOBAH, — IIepeMellaThCsl 110 CTAHIIMU U BECTU cedsl JI0CTATOYHO IIpaB-

JIOTI0T00HO.

4.2.3 BonpocHo-oTBeTHas MOJCUCTEMA

Bonpocuo-orBetHas cucrema (Question-answering system - QA) mpejcrabis-
eT coboit MH(MOPMAIMOHHYIO CUCTEMY, 00JIaJIaloILyI0 CBOMCTBAMEI CIPABOYHBIX
U UHTE/JIEKTYaJIbHO-TIONCKOBBIX cucteM. OcHoBHOE HazHadeHne QA cucreMbl —
«IIOHUMAaTb» BOIPOCHI Ha €CTECTBEHHOM s3bIKE U OTBedaTh Ha HuX. Kak mcrou-
HIUK THMOOPMAINN UCITOIb3YETCA 3aKPBITBIN KOPITYC TEKCTOB WM JOKYMEHTHI U3
WuTepHer.

B pamkax mpuioxkenusi « BupTyaabHble KOCMUYECKNE SKCIIEPUMEHTHI U YPOKH
13 KOCMOCa» BOIPOCHO-OTBETHAS IOJICHCTEMa MO3BOJIAET BUPTYAJIHLHOMY YUIUTE-
JII0 — KOCMOHABTY OTBeYaTh Ha BOIPOCHI M0JIb30BaTe s Kiiacca factoid questions
(T.e. BOIIPOCHI, KACAIOIIIECsT Pa3JINIHbIX (akToB). Bompockl u oTBeThl hopMmy-
JIMPYIOTCA Ha ecTecTBeHHOM sizbike (El). Ha naHHbBI MOMEHT HCIOJIB3YeTCsT aH-
TJINACKNN SA3bIK, XOTd B MEPCIEKTUBE s IJIAHUPYIO aJalTHPOBAThL CHCTEMY s
pPabOTHI C PYCCKUM.

PazpaboTka BOIPOCHO-OTBETHO TojcucTeMbl Bejach Ha 6asze The Aranea
Question Answering System [65], koTopast OblLia CyIIECTBEHHO J0paboTaHa U
pacimmpena. 9To ¢BOOOIHO pacipocTpaHsgeMas CHCTEMA ¢ OTKPBITHIM HCXOTHBIM
KOJIOM, UTO TIO3BOJIUJIO MHE BHECTH HeOOXO/IMMble U3MEHEHUsS W a alTHPOBaTh
CHCTEMY JIJIsi UCTIOJIb30BaHusd B OOpa3zoBaTEIbHOM ITPHUIOKEHNN.

BOHpOCHO—OTBeTHaH cucreMa Aranea HCIIOJIb3YET OCHOBAHHBII Ha N30BITOYHO-
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cru (redundancy-based) moaxos. [TpuHnnm paboThl 3aKTI0IAETCST B CJICIYIOIIEM.

CrauaJia Ha OCHOBE BOIIPOCA, OIPEJIe/IgeTCd CeMaHTHIeCKUI TUII 0XKIIaeMOro
orseta. [Iyrem nepedopmynpoBanus co3aeTCst HECKOJIBKO PA3JIMUHbBIX 112010~
HOB OTBETA.

3areM Ipu MOMOIIN KAKON-I100 IONCKOBOM CHCTEMBI OCYIIECTB/ISIETCSI TIONCK
JIOKYMEHTOB, COJIeprKalllux 9Tu mab/oHbl. [lajiee obpadarsiBaroTCs hparMeHThbl
rHMOPMAIN U3 JIOKYMEHTOB (snippets), MoJyYeHHble TOUCKOBOI CUCTEMO.

Ha ocuose dpparmentos undopmain reaepupytorcss N-rpammbl (N-grams) —
I1O/IIIOC/IEIOBATEILHOCTH, cocTosie u3 N d4jIeHOB 3a/aHHOl 110C/Ie0BaTe/ IbHO-
CTU. DTO KaHIUJIATHI B OTBETHI. KaHIMIaThl PAHKUPYIOTCA B 3aBUCUMOCTU OT
JaCTOTHI, ¢ KOTOPOIl OHM BCTPEYaloTCsl, U 3HAYEHNsI CTaTuCcTuIeckoit Mepol IDF
(TakuM 06paA30M KaHIMIATAM C MeHee 00IIeYTOTPEONTETbHBIMI CJIOBAME OTIAeT-
csl TIPEJIIOYTEHIE TIepe]l KaHuaTaMu ¢ 0oJiee odIeynoTpeOnTe/ IbHBIMU CJI0Ba~
mu). Jlajiee HCKJTIOUAIOTCST TOBTOPSIIONINECs KauangaThl. Hakoner, ocraBiinecs
KaHI1IaThl (PUIBTPYIOTCS B 3aBUCUMOCTH OT THUIIA BOIIPOCA U THIIA, CYI[HOCTH B
oTBeTe (HAIpUMeEp, OTBETOM Ha Bompoc “what language ...7" 10/iKHO OBITH Ha-
3BaHNE SI3bIKA).

OrmunTenbHOl 0cOOEHHOCTBIO Aranea sIBIsIeTCS TOT (aKT, 9TO JIJIs TOUCKA
JIOKYMEHTOB cHCcTeMa UCHojb3yeT Web, a He 3aKpBITBIIl KOPIIYC TEKCTOB. IJTO
yCJI0KHsIeT 00paboTKy, 1ocKoJbKy goKyMeHTbl B World Wide Web 1o cBoeii
IPUPOJIE HEOJIHOPOJIHBI, HEKOTOpPbIE U3 HUX COJIEpyKAT COMHUTEJIbHbIE U JlayKe
3aBeJIOMO OInOouHbIe cBejeHns. OHAKO KOTjla aHaJU3UPyeTcs OOJIBINOE UNC-
JIO JIOKYMEHTOB, HEBePHbIE OTBEThI CTAHOBATCs IIyMOM. Kpome Toro, mocKoJIbKy
OTBET Ha KasKJblii BOIIPOC BCTPEYALTCS MHOIO pa3 (B Pas/MIHbIX JOKYMEHTAX,
B Pa3/IMIHBIX (POPMYJIMPOBKAX), TO JOKYMEHTBI, B KOTOPBIX OTBETHI CHOPMY-
JTMPOBAHBI HESIBHO, MOYKHO BOOOIIE MCKIIOYNTH U3 00pabOTKN (MMEHHO TTO9TOMY
mo/1xo/1 HasbiBaeTcs redundancy-based). OnbIT TOKA3BIBAET, YTO HAMITY UIIIAS TPO-
U3BOJIUTE/IbHOCTH BOIIPOCHO-OTBETHO IOJICUCTEMBI JIOCTUIAETCs IIPU 00pabOTKe
nopsika 100-300 nanbosiee pesleBaHTHBIX PE3YJILTATOB TTOUCKA.

Cucrema Aranea moxkasaJia OJUH U3 JIYUIIIX PE3YILTATOB Ha CPABHUTE/ILHOM

tectupoBarun QA-cucreM B pamkax KoH(depeHIwn 1Mo moucky tekctoB (Text

REtrieval Conference — TREC [66-68|) B 2002, 2003 u 2004 romax. Ommaxo
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CYIIIECTBOBAJT PsiJl HEJIOCTATKOB, KOTOPBIE HE TO3BOJISIN UCIIOJIb30BaTh Aranea B
OobpazosaresibHoM [Ipuioxkennn.

B cucreme ncnosbzoBasicest monck npu nomornn Google [69] n Teoma [70] 6e3
ncrob3oBanng APl BbimosHsics mapcuHr CTpaHuIl ¢ pe3yJabTaTaMi ITOUCKA.

Taxoit oxo 1 cejryeT Mpu3HaTh MaI03P(MEKTUBHBIM 10 CJIELYIONIIM TPUINHAM:

— Omn ne no3BoJisieT 0b6pabaThiBaTh OOJIee 0JIHOTO 3alpoca B Tederue 30 ceKyHT
u3-3a orpanuyenuii, Koropole Google ycranapjuBaeT Ha YaCTOTY OOpalleHmii
K CcBoeMy cepBepy. Takas 3ajiep:KKa He 03BOJIsA/IA UCIOJIb30BATL CUCTEMY
Aranea Ji1s1 TpUIOyKeHUT, pabOTAIONINX B PEXKIMe PeasibHOI'O0 BPEMeHH 1 B
YaCTHOCTH JIJIsT IPUJIOXKEHUsT « BUpTyaibHble KOCMUYECKIe SKCIIEPUMEHTHI 1
YPOKHI 13 KOCMOCa».

— @opmaT CTpaHUI[ ¢ Pe3yJabTaTaMil IMOMCKA MePHOMIECKU H3MeHseTcs (3a
repuoyt paboThl HaJl IPOEKTOM OH MEHSLJICST HeCKOJIbKO pa3). CoOTBEeTCTBEHHO,

IPUXOJIUTCS TTOCTOSTHHO MOJIUUINPOBATH ITPOIPAMMHBII MOJLYJIb.

Muoit 6bLIn paspaboTanbl TPOrpaMMHBIE MOJIYJIN BeO-1IOMCKa IIPU TTOMOIIN
Yahoo [71], AltaVista [72] u Hyper Estraier |73| (desktop search), ucrmonb3y-
torme API-maTepdeiicbl cooTBETCTBYIONUX MOMCKOBBIX CHCTEM. IDTO O3BOJIN-
JIO CYIIECTBEHHO IOBBICHUTH CKOPOCTH IMOWCKA, UTO CHUBUJIO BpeMsi 0OpabOTKN
Borpoca (QA-TojicucTeMOli JI0 NpUeMJIEMOTO JIIst ncroJib3oBanus B Obpa3oBa-
tesibHoM [Ipuminoxkenun. [louck npu nomormm Hyper Estraier nmozsossieT ncnosb-
30BaTh BOIPOCHO-OTBETHYIO MOJICUCTEMY IIPU OTCYTCTBUU JjlocTyiia B VHTepHeT
(pu 9TOM HY?KHO XPAHHUTH BCE PeJIeBAHTHBIE JIOKYMEHTDI, KACAIOIIIECsT TeMaTH-
KI ypOKa, JIOKaJIbHO). OHAKO CJiejlyeT 3aMeTUTh, 9TO BOIPOCHO-OTBETHAS TT0/I-
crcTeMa OpUEHTUPOBaHa Ha 00PADOTKY OOJIBIIOrO YUC/Ia JOKYMEHTOB, TO3TOMY
JIOKAQJILHBIN TIOUCK 3HAYUTEIHLHO MeHee 3deKTuBeH, yeM BeO-TIOUCK.

BorpocHo-oTBeTHas cucTeMa IepejlaeT KJI0YeBOe CJIOBO B MOJIYJIb T'€Hepa-
TN CIOZKETa, YTOOBI YUeCTh 3aNHTEPECOBAHHOCTD M0JIH30BATE I MIPU ILJIAHTPOBa-
HIU / TIepeIlIaHnpOBaHiN ypoka. KJTIoUeBbIM CJIOBOM CUUTACTCS TTOJIIEXKAIEE BO-
Ipoca WJIM OTBETA, B CJIydae eCJIU BOIPOC SBJISETCs BOIPOCOM K IOJIJIEXKAIIIEMY.
[Toiexkariee cunTaeTcst KJIIOYEBBIM CJIOBOM TOJIBKO TOTJIA, KOTJIa OHO BBIPAYKEHO

CymeCTBUTEJIbHBIM (CO6CTB€HHBIM nJi HapI/H_[aTeﬂbeIM).
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4.2.4 Moaynb BOCIPUATHS BUPTYAJILHOTO IEPCOHaXKa

Mo/ynb BocpusTHST HO3BOJISIET BUPTYaIbHOMY II€PCOHAXKY BOCIPHHIMATDH BBE-
JIEHHBI TOJTh30BaTeIeM C KJIaBHATYPbI BOIIPOC, YTOOBI OTIIPABUTH €r0 Ha 00pa-
OOTKY B BOIIPOCHO-OTBETHYIO HOJICHCTEMY, I OTCJICZKIBATH HalIpaBJICHIE BHIMA-
HUSl 110JIb30BATE/IS.

Kazx1p1it pas 1npu 1epemerteHnn noJb30BaTels olpejiesderca 00beKT HabJIo-
nennst. KanguaramMn B 00beKThl HAOJIOICHNST CIUTAIOTCS BCE HEIOCPE/ICTBEH-
upie notoMkn PlotDCS B rpade crenst (1. 4.3.2). O6bekT canTaeTcs 00beKTOM

HaOJIIOIeHUsI, €CJIN:

1. OOBEKT PACIOIOKEH B TIEHTPEe HADJIIOICHI (T.€. TIePeCceKaeTCs ¢ JIyIOM, 3a-
JATOIIIM HallpaBJIeHne HaOIOIeHNsT 0JIb30BaTe ). B MOMEHT MHUIAA/IH-
3aIlii CUCTEMBI MOJIb30BATEbL HAXOAUTCI B Hadage KOOPJAUHAT U CMOTPUT
B Hanpasjennn (0 1 O)T. B nponecce paboTbl Ha OCHOBAHMHK MATPHUIIB,
KOTOpas 3a/laeT MOBOPOT U IepeMelleHne CUCTEMbl KOOPJUHAT, CBA3aHHOII ¢
00beKTOM av-mover (cM. 1. 4.3.3), OlpeJIe/IIeTcsl OJIOXKEHIE 110/ Tb30BATeIs]

1 HalIpaBJIEHHE ero HaOJII0IeHNsI.

2. YrioBoit  pasmep  00beKTa  JIOCTATOYHO  Oosbioi  (Gosiblie,  dem
min{ FOV[1], FOV[2]}/10). 3necy FOV (field of view, mose 3pemus) —
9TO CBOWCTBO cTaHapTHOro obbekTa Avango fpScreen, omnpejessiornine JiBa

YIJla paCcTBOpa IMUpaMuJbl BUAUMOCTHU.

3. O0beKT HAXOAUTCs OJINzKE, YeM BCe OCTaIbHbIe 00bEKThI, YI0BICTBOPSIOIINE

yesoBusim (1) u (2).

4. OOBEKT IEJNKOM HAXOJIUTCS B MpeesaxX MUPaMUbl BUIUMOCTH (0OBEKT
cauTaeTcd 0oObEeKTOM HaOJIIO/IEHUS TOJIBKO B TOM CJIydae, KOrjia I0Jib30Ba-

TeJIb BUJUT €r0 TEJTUKOM ).

[leaTpoM 06beKTa cUUTaeTCs IMEHTP OrpaHMYMBaoIieil ero cdepbl (mose
Bound xinacca fpLoadFile, cm. m. 4.3.2), a pamauycom - pajuyc cdepbl. Takoe
HpudIzKeHne 0decreunBaeT JOCTaATOYHYI0 TOYHOCTE IIPU OIIPeIeJIeHIN 00beKTa

Ha0OJII0/IeHUSI.
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Ecin yaenunku OyjyT ncnosibzoBarb HMD B KadecTBe ycTpoiicTBa BbIBOJIA MH-
dopMaIun, To MOYKHO JONOJHUTEILHO IPUMEHTh JATUNKK JIBUYKEHUS 3PAauKOB
10JIL30BATEJIsI, UTOOBI TOUHEE OIPeessiTh 00beKT HabrogeHust. O THAKO IIPU HC-
noJib3oBannn ycranosku VEonPC u gemoncTpanuu 60JibImoit ayautopun (B yaed-
HOM KJIACCE) OIUCAHHBI BBIIIE TOJX0J K OIPEJeJeHN0 00beKTa HAbJI0 IeH s

BIIOJIHE OIIpaB/JdaH.

4.2.5 Mogayns Text-to-Speech

Momysb Text-to-Speech ncnosbsyer Festival Speech Synthesis System [74]. Dto
CBODOJTHO paclpocTpaHseMas CHCTeMa CUHTe3a peun, paspaborannas B Llen-
Tpe UCCIe0OBaHUs PeUYeBbIX TexHojoruil Jpuudyprekoro yausepcurera (The
Centre for Speech Technology Research, The University of Edinburgh). Cucrema
Festival npennasnadena Kax it pa3pabOTUYNKOB PEUEBBIX TEXHOJOTUI, TO3BO-
Tt UM 3(pOEKTUBHO JT00AB/ISITH HOBBIE MOJIYJIM B CUCTEMY, TaK U JIJIs TTOJTb-
3oBaresieit cucrem Text-to-Speech. Festival Takke mosposisier cosmaBaTh u Ji0-
OaBJIATH HOBbIE T0J10ca (pa3spaboTKON HHCTPYMEHTAPHsI Jijisi CO3JIAHUsT HOBBIX
rosiocoB Jiist Festival zanmmatorcst crienmaincTsl n3 yHuepcutera Kapaern —
MeJuton, r. llurrcoypr — npoekr Festvox [75]).

B nacrosiiee Bpemsi Festival mojuep:kuBaer aHIJIMICKN SI3bIK (6pHTaHCKm”1
1 aMEPUKAHCKUIT) U UCTAHCKuil. Psi HayIHO-MCCIe10BaTeIbCKIX TPYIIIL 110 BCe-
My MUY paboTaeT HaJ| pacliupeHreM 3STOro rmepedns. B Tom uwncie, Huko-
nait [mbipes (MocKoOBCK it TOCYIaPCTBEHHBIN yHUBEPCUTET) AKTUBHO PA3BHBACT
IO/ IJIEPKKY PYCCKOTO si3bika B Festival [76].

Festival momaepkuBaer KimeHT-cepBepHbIl uHTepdeiic. st obpalennss K
Festival server s1 paszpabotasia 6ubianoreky libTS. Ona mepemaer cepepy Ha
00paboTKy KOMaHJIbI Ha s3bIKe Scheme, HampuMep KOMaH]Ibl BbIOOpa Tojioca n
IIPOUBHECEHMS TEKCTA.

st BUPTYaJIbLHOTO KOCMOHAaBTa, 1 BBIOpAJIA roJ10C
voice cstr_us_jmk arctic_multisyn (MyzKckoit TOJIOC, AMEPUKAHCKHUiT aH-

FJIHﬁCKHﬁ), paspaboraHHblil co3marenamu Festival n Festvox B pamkax npoekra

MBROLA [77].
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B nepcriekTuBe g MJIaHUPYIO aJIallTAIINIO TPUJIOYKEHNsT « BupTyaJibHbIe KOCMU-
YecKue SKCIEePUMEHThl U YPOKHM U3 KOCMOCa» JIJId pabOThl ¢ PYCCKUM SA3BIKOM.
MozkHO OyJIeT HCIOIb30BAThH ONNCAHIE PYCCKOTO si3bika [76| 1 pycckue rosoca,
cosmanabie Hukosnaem IlIMbipeBbiM. Iloka 3Tm rojoca HecoBepIIeHHBI, HO II0-
CPEJICTBOM PYYHOIl pa3zMeTku 0a3bl JJjIsi CUHTE3a, Pedur, UX MOYKHO CYIIECTBEHHO
VJIVUIINTE, OJHAKO 9TO JOBOJILHO TPYJIOEMKHIT TIporiecc. B jnabHeiineM MOXKHO

Oy/IeT cMOIeIMPOBaTh roJjioca KocMonaBToB, Hamnpumep A. A. Cepebposa.

4.3 BszsaumogeiicTBie KOMIOOHEHTOB CHCTEMBI
4.3.1 UWHTerpanusa KOMOOHEHTOB CUCTEMbI ¢ Avango

Paspaborka npuioxkennsi « BupryajbHble KOCMIYECKNE SKCIEPUMEHTHI U YPOKI
13 KOCMOcay Besach Ha Oaze Avango VR-system (1. 3.2). Jlist unTerpanuu Kom-
IIOHEHTOB CUCTEMbI ¢ Avango s paspaboTajia cJejlyiolue KIacchl:

— fpKeyboardInput — obpaboTKa BBOmIa MOJb30BaTeseM Bompoca st QA-

[I0JICUCTEMBI.

— fpUserAttention — onpesenenne oobeKkTa HaOJIIOICHUSI.

— fpQuestionAnswering — wunrepdeiic 1Is1 B3aNMOJEHCTBUSA € BOIPOCHO-
OTBETHO TIOJICUCTEMOIA.

— fpPlotGeneration — unTepdeiic s oOpalleHns K MOJIYJII0 TeHePall CIo-
JKeTa.

— fpTextToSpeech — nunrepdeiic s odpalleHnsT K MOJIY/II0 IIPeodpa3oBaHusI

TEKCTa B pedb.

Bee knaccent siBisiiorest Hacaeqankamu 6azosoro kiaacca fpObject (crammapt-
HbIiT K1ace Avango). Peannsanust Bblenepednc/ieHHbIX KJIACCOB OyIeT MoIpoo-
Hee paccMmoTpeHa B 11. 4.3.2 — 4.3.4.

Kpome Toro, s paszpaboraja JuHaMuYecKre OMOJIMOTEKM, ¢ KOTOPbIMU B3au-

MOﬂeﬁCTBYIOT YKa3aHHbI€ BbIIIE KJIaCChI:

— libQA ocymiecTBIsIeT JTOCTYI K BOIPOCHO-OTBeTHOI mogcucreme (1. 4.2.3),

narcannoit Ha Perl, npu nmomormu yrummt ExtUtils::Embed, nnunnaansu-
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pyeT BOIIPOCHO-OTBETHYIO IOJCHCTEMY, IepenaeT eii Ha 0OpabOTKy BOIIPOC
na B4, mosmydaer oTBeT u KJ109eBOE CJIOBO.

— libTS daxTuueckne siBjsieTcst MporpamMmoii-kianenTom st Festival Speech
Synthesis System (1. 4.2.5), ocymectsisier moctyn K Festival server u mepe-
JIaeT eMy Ha HCIOJHEeHne KOMaH Ibl Ha si3blKe Scheme, B 9acTHOCTH, KOMaHIbI
BBIOOPA 0JIOCA 1 TTPOU3HECEHUsT TEKCTA.

— [ibPG ocytmiecTBIsIeT JOCTYI K MOJIYJIIO TeHeparun cioxkera (1. 4.2.2).

Taxkum O6p&30M, CXeMY BBaHMOﬂeﬁCTBHH MOAYJIA BU3yaJIn3allil C OCTaJIbHbIMHA

MOJLYJISIMI MOXKHO TIPEJICTAaBUTh B BUJIE, M300pazKeHHOM Ha puc. 4.4.
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Puc.4.4. Cxema B3aI/IMO):LeI‘/JICTBI/IH MOAYJIsA BU3yaJIn3allii C OCTAJTBbHBIMU MOJIYJIAMU

4.3.2 TI'pad crensl

Kax cpejicrBo onncanusi 3D-crienbl B Avango uctosib3yercst jgepeso (rpad) creHbl
(m. 3.2). Ilpmmep rpada criensr s Tpuiozkenns: « BupryasibHbie KocMudecKne
9KCIIEPUMEHTHI I YPOKU U3 KOCMOCay IIPHUBEJEH Ha puc. 4.5.

O0OBbeKT av-root — y3eJ1 jgepeBa CIieHbI, K KOTOPOMY IIPUKPEILIsieTCsT OOJIbITITH-
CTBO CO3J/IaBaeMbIX I0JIb30BaTe/IEM 00 bEKTOB.

Yzen tuna fpDCS (Dynamic Coordinate System) 3ajaer cucreMy KOOpIUHAT

JUIT CBOMX IOTOMKOB B rpade crienbl. BoinosHss npeobpa3oBanus 3Toil cucre-
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MBI KOODJMHAT, MOKHO OJIHOBPEMEHHO IIepeMellarh, [OBOPAYNBATL U MaCIITa-
oupoBaTh Bce 00bEKTHI-IIOTOMKU. SceneDCS — cucreMa KOOPJAUHAT, K KOTOPOIt

IIPUBSI3aHa BCS BUIUMasi PeOMETPHsI CLIeHbI 3a HCKJodeHneM Qtext.

av-mover av-root
Y
Qpanel SceneDCS v
fpDCS fpDCS
(foDCS) (foDCS) aA K]
(fpQuestionAnswering) (fpKeyboardinput)
Y Y
Qtext PlotDCS TS UA PG
(fpSimpleText) (fpDCS) (fpTextToSpeech) (fpUserAttention) (fpPlotGeneration)

Y &

Earth Mir
(fpLoadFile) (fpLoadFile)

Puc.4.5. TDpad cuenst

PlotDCS cayxkut mjast o0ObeguHeHns 00beKTOB, YYaCTBYIONIUX B I'€HEPaIlH
CcIO’KeTa BUPTyasbHOTO noBecTBoBanus (1. 4.2.4). B npumepe na puc. 4.5 Taxku-
M obbekTam sByistiotest 3emuist (Earth) u opouranbhas crammmst « Mups (Mir).
Kunacc fpLoadFile zarpyzkaer coorBercryorine Mojein u3 daiiios (peumyiie-
CTBEHHO HCIOJIb3yeTcst (hopmart iv).

OOBbeKT av-mover obecriednBaeT Iepe/IBUzKEeHNE 110JIb30BaTe s B BUPTYaJIbHOI
criere. C HIM CBsi3aHa cucreMa KoopAuHaT TekcTa ((Qpanel), a depes Hee u TeKCT
(Qtext). IIpuBsizka TekcTa K 00BEKTY av-mover o0ecrednBaeT HerojBUKHOCTD
TEeKCTa Ha dKpaHe IPH [epPeJIBIKEHNN T10JIb30BaTe sl B BUPTYaJbHOM MHUDE.

Knacc fpSimpleText nmospoJisier orobpazkarTh TEKCT B TpeXMepHoii ciieHe. Qtext
CJIYZKUT JIJIsI OTOOParKeHIsl BBOIMMOIO MTOJIB30BATEIEM BOIIPOCA K BUPTYaIbHOMY
IIePCOHAKY.

O6bexTrr KI 1 UA obecrieanBaior paboTy MOJIYJ/IsSI BOCIPUSITHST BUPTYAJIHHOTO
nepconazka, QA — BOIPOCHO-OTBETHOI 1ocucreMbl, PG — MoysIs reHepalm

croxketa, TS — cucrembl mpeobpas3oBaHust TEKCTA B PeUb.
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[TocpencrBom st3bika Scheme (1. 3.2) MOXKHO J00aBJIATH B BUPTYAIBHYIO CIIe-
HY HOBBbIE OOBEKTBI, ITapaslIeIbHO M3MeHsIs CIOYKeT YPOKa, HAllMCAaHHBI Ha Lisp
(em. 1. 4.2.2), n06aBiisist TyJIa HOBbIE ATOMbBI TEKCTa 1 0OPaOOTKY BHOBb CO3JIaH-
HBIX OOBEKTOB. DTO IO3BOJISIET JIENKO U OBICTPO, 0€3 IMePEeKOMIIIISIIUN CaMOil
cucreMbl 1 Mojudukanun kKona #Ha C++, co3jaBaTh HOBble 00pa3oBaTebHbIE
IPUJIOYKEHNS B CAMBIX Pa3JIMIHBIX 00J1acTsIX Ha Oaze paspaboTaHHOI MHOI Tex-

HOJIOI'N.

4.3.3 Ilorokm maHHBIX

Moytysisim cucTeMbl HEOOXOIMMO B3anMOJIeHcTBOBaTh Kak ¢ Avango (1. 3.2), Tak u
Mexk 1y coboit. [lorokn nanaeix B ObpasoBaresbaoM [Iprioxkennn peaan3oBaHbl
IIPY [TOMOIIM CTAH/APTHOTO MexaHn3Ma Avango — I0JIEBbIX CBsi3eil.

Bce ob6bexThr Avango npejcTaB/isiioT coOOM Tak HA3BIBAEMBIE NOAEGHIE KOH-
metinepus [24,52,79]. Cocrosiaue obbekTa 3aaerTcsi HAOOPOM 3HAUYEHUIT aTpuOy-
TOB COCTOAHUsA. A caMu T0JIsE — 9TO KOHTeHepbl, peajusyiorine unrepdeiic s
JOCTYTIa K aTPHOyTaM COCTOsHI TTocpeicTBOM MeTo10B getValue() u set Value().

3menenne 3uadeHnit arpuOyTOB COCTOSTHISA 00bEKTa MOYKHO OTCJIE’KUBATDH C
ncrosb3oBanneM Merosos evaluate() n fieldHasChanged(). Merogn evaluate() st
OJIEBOTO KOHTeTHepa BhI3bIBACTCsT OJIMH pa3 3a KaJp, eCJIU U3MEHIIOCH XOTs ObI
onuo u3 nosteii. Meroy fieldHasChanged() BbI3biBaeTCst HEMEJICHHO, KAK TOJIBKO
3HAYEHUE I10Jis1 U3MEHUJIOCh, & B KAdecTBe apryMeHTa IepejaeTcs CChLIKa Ha
U3MEHEHHOE T10J1€.

JIBa 10Jis1 pa3InIHbIX 00BEKTOB MOI'YT OBbIThH CBSI3aHBI MEXKJIy COOOI IPH I10-
MOII NoAe6ot ceasu. 1loeBas CBA3b — 3TO OJHOHAIIPABJIEHHAsT CBSA3b MEZK Ly
MOJIAMU TaKasi, YTO €CJIN I0JIe MEPBOTO O00BLEKTa U3MEHHAETCs, TO HEeMEJJIEHHO
M3MEHSIETCsT U [0JIe BTOPOrO 0ObeKTa, T.e. BBI3bIBAIOTCsT MeToj bl setValue() u
fieldHasChanged() jyist BToporo oobekra. MexaHusm MoIeBbIX CBA3EH HCIOJIb3Y-
eTcsd B Avango B TOM YHCJIe JIJIsT CBSI3U C BHEITHUMHU YCTPOWCTBAMI.

[Toroku JlaHHBIX, peajm3yeMble IIPU MOMOIIN TOJIEBBIX CBsi3eil, IIPUHSITO IPe/I-
CTaBJISITL B BHUJE rpada MOTOKOB JAHHBLIX, KOHIENTYAJbHOTO OPTOTOHAJIBLHOTO
rpady ciienbl [24]. T Obpaszosarebaoro [puioxkenus rpad mOTOKOB JIAHHBIX
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OyJeT uMeThb BIJI, n300parkeHHbII Ha puc. 4.6.

av-mover fpUserAttention fpPlotGeneration
Matrix > ViewMatrix / ObjectName fpTextToSpeech
ObjectName Atom Atom
ToldAtom ToldAtom
av-input Keyword Answer

PressedKeys

fpKeyboardinput fpQuestionAnswering

PressedKeys

Question
Text / Keyword
Question Answer

BI/IpTyaJ'IbeIe KOCMUYECKNE IKCNEPUMEHTbI N YPOKN N3 KOCMOCa

fpSimpleText

v

String

CraHgapTHble
knaccel Avango

Puc.4.6. Ilonesbie cBssu B rpade HOTOKOB JAHHBIX

CramjapTublit 00bekT Avango av-mover obecreqnBaeT Hepe/IBUKEHIe 10/1b-
30BaTe/Isl B BUPTYAJIbHON CIIeHe, OH MOYKeT OBbIThb CBSBAH C PA3JIMIHBIMEI yCTPOIi-
crBamu BBoja. [Tosie Matrix obbekTa av-mover cojepxkut Marpuily 4 X 4, KoTo-
pas 3ajlaeT IIOBOPOT U IIepeMellleHle CUCTeMbl KOOPAUHAT Habrogaress. [lo-
ne ViewMatrix kiacca fpUserAttention cessano (Ipm moMoOINM MOJIEBOH CBsi-
1) ¢ nojtem Matrix obbexTa av-mover!, oHo usMeHsieTcst P U3MEHeHHH TOY-
KU WM HallpaBJieHnst HaOJoeHns oJb3oBaTesst. B meroje findObject kiacca
fpUserAttention mpousBoguTcs nepeonpeenerne oobekTa HadroneHns. Ecin on
n3Mensiercsi, 3Hadennto 1ojsi ObjectName npucBanbaercst iMsi HOBOro 00beKTa.

[ToTenmnuaabHBIMI KaHMaTaMI B OOBLEKTHI HaOJIIOJICHUST CUUTAIOTCA BEp-
mUHBl — HenocpejcTBennble 1noroMku PlotDCS B jiepeBe rpada creHbr
(cm. puc. 4.5). TlosTomy Bce 0OBEKTBI, KOTOPbIE MOTLYT MOBJUATH Ha CIOKET
BUPTYAJIbHOIO TIOBECTBOBAHMUS, JIOJKHBI ObITH HEIOCPEICTBEHHBIMEI ITOTOMKAMIM
PlotDCS. Kpome Toro, oHu J0JIKHBI UMeTh YHHUKaJbHbIe nMeHa. VMmsi oObekTa
nabsioennsi (ObjectName) mepenaercss B MOJIYJIb TeHEPAIIUN CIOZKETa, 110 T0JIe-

Boit cBa3n mex1y fpUserAttention u fpPlotGeneration.

1

Ha camMoM gene, ¢ mnosieM Matrix ob6bekra av-mover cBasaHo mnojsie ViewMatrix ob6bekta UA, KoTOpbIi nMeer
tun fpUserAttention, HO 3mech W B gasbHeimeMm s ucnoab3ylo HasBanus kiaccoB (fpUserAttention, fpKeyboardInput,
fpQuestionAnswering, fpPlotGeneration, fpTextToSpeech) BMecTo MMeH O06BEKTOB /JIsl IPOCTOTHI, IOCKOJIBKY JJIsi KaXKJIO0ro U3
TUX KJIACCOB CO3AETCA POBHO OJMH OOBEKT.
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Cramgaprublit 00bekT Avango av-input obecriednmBaer B3auMojieiicTBue ¢
BHeIHUMU ycTpoiictBamu BBoja. [lose PressedKeys copep:kut HaboOp Harka-
THIX KJIABHIN B KaKJIbIii MOMEHT BpeMmeHn. Ero 3uadeHme mepegaercst KJaccy
fpKeyboardInput.

fpKeyboardInput obpabarbiBaeT COBOKYIIHOCTh HarkKaThixX KJjasuil. Habupae-
Masl CTPOKa 3ammnckiBaercs B moJie Text u nepegaercs kiaccy fpSimpleText st
oTobparkeHust Ha dKpane. [lo okonuaHnn BBO/IA OHa 3aHOCUTCS B mosie Question.

fpQuestionAnswering BBI3BIBA€T BOIPOCHO-OTBETHYIO MOJICHCTEMY IS MOJIY-
yernoro ot fpKeyboardInput Bompoca. Korya BorpocHo-oTBeTHas 10JICUCTEMA,
BbIJIaeT oTBeT, Kjace fpQuestionAnswering nepesaer 1o moJieBoit cszu Keyword
(ksr01eBoe coBo) Kiaccy fpPlotGeneration jist eperiaHIpoOBaHus CIOXKeTa, a
Answer (orBer) — kitaccy fpTextToSpeech jyist Boctiponsse ienusi.

Kak tonmbko y kiacca fpPlotGeneration msmensiercs mone ObjectName wmm
Keyword, mnununpyercst meperjiaHupOBaHUe CIOXKeTa, IOCIe Uero M3MeHsIeTCsI
BHYTpEHHUIT aTpubyT atoms — I0C/Ie/10BaTeIbHOCTh aTOMOB yPOKa, KOTOPBIE
HY2KHO paccKa3aTh CJIELYIONIMU.

Knaccor fpPlotGeneration n fpTextToSpeech menpepbiBHO B3amMoIeiicTBYIOT
MeXKTy coboii 1o mosieBbiM cBst3aM Atom-Atom, ToldAtom-ToldAtom. IIpu nxn-
nmuasimsanyun cucrembl Kiaace fpPlotGeneration nepemaer fpTextToSpeech mnep-
Beiii atom (Atom) pacckasa. [lanee B mporiecce pabOThl CHCTEMbI KAK TOJIb-
ko Kiacc fpTextToSpeech mpomsHocuT odepeniHoit aToM TeKcTa, OH IEpeIaeT
ero (ToldAtom) wmaccy fpPlotGeneration. fpPlotGeneration mpucsamBaer mo-
a0 Atom 3HadUeHMe IepBOro 3jeMeHTa BHYyTpeHHero arpudyTa atoms n yoOumpa-
eT mepBbiii 3s1eMenT u3 atoms. Sarem fpPlotGeneration mepegaer Atom kiaccy

fpTextToSpeech na BocrpousBejeHMe.

4.3.4 Peagusarusa MHOTI'OIIOTOYHOCTHA

Hama cucrema go/nKHA MIPEJOCTaBUTD 110JIB30BATEII0 BO3MOXKHOCTH HEITPEPhIB-
HO TTepeMeNaThcd B BUPTYaJbHOM MUPE U B3auMOJIeiicTBOBATL ¢ 3D-ciienoit, ma-
paJLIIeIbHO MTPOU3BO/Is 00PAbOTKY BOIPOCaA TTOJIB30BaTe s (ITO 3aHIMACT 3HAYN-

TeJIbHOE BPEMsl ), TeHePUPYsl CIOKET MOBECTBOBAHUSI U BOCIIPOU3BO/Is PEUb BUPTY-
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aJILHOIO IepcoHazka. UToObI 00ecIeunTh napaJsiiebHOe BBIIIOJHEHNE BCEX TUX
byHKINI, crcTeMa UCIOIb3yeT MHOTOIIOTOYHBIA PEyKIM.

[Tepsebiit motok (threadl, puc. 4.7) — 910 MOTOK, B KOTOPOM PabOTAIOT MOJLYJIb
BU3YyaJIU3aIUNA U MOJYJIb BOCIPUATHS BUPTYAJbHOI'O MEPCOHAYKA, T.€. CTaHIapT-
Heiit ynkimonaa Avango n kjaccol fpUserAttention u fpKeyboardInput. Omn
obecrieunBaeT HENPEPbIBHOE B3aMMO/IEHCTBIE TI0JIb30BATESI ¢ CHCTEMOI U BU-
syasm3aiuio 3D-crenbl. [lepBblil MOTOK Tak:ke yCTaHABIMBAET 3HAYEHUS I10JIEi
Question kmacca fpQuestionAnswering u ObjectName kmacca fpPlotGeneration,
[IOCJIE Yero MoJaeT 00 3TOM CUTHAJBI IIOTOKaM 2 U 3 COOTBETCTBEHHO.

Bo Bropom moroke (thread2) dyHKIMOHUPYET BONPOCHO-OTBETHASI TIO/ICHCTE-
ma. On cosmaercs kiaaccom fpQuestionAnswering mpu 3amycke n MHUITHAIAZU-
pyeT BOIIPOCHO-OTBETHYIO HojcucTeMy. lajgee oH »KjeT curHaja oT IepBOro Imo-
TOKa, O TOM, UTO M3MEHIJIOCh 3HadeHne 1mojst Question. Kak Tosbko curaa mo-
CTYIIIJI, BBI3BIBAETCSI BOIIPOCHO-OTBETHAs HojcucTeMa. Korma oHa BbIIAET OTBET
1 KjioueBoe cjoBo, thread2 ycranasimBaer 3nHadenus mnoJjeii Keyword kiacca
fpPlotGeneration u Answer kiacca fpTextToSpeech, nocie 1ero curnaausupyer
00 9TOM TIOTOKaM 3 1 4, a caM »KJeT cjeayloliero curuasa ot threadl.

Tpernit morok (thread3) mianupyer u meperiaHupyer ypok, CO3/aeTcst Kac-
com fpPlotGeneration B MOMEHT 3allycKa cucTeMbl. KaK TOJIBKO OH TOJIyYaeT
CUT'HAJI OT MOTOKa 1 WJIM MOTOKA 2, TO BBI3BIBAET MOJIyJIb MeHEPAINN CIOXKETa.

Yerseproiit motok (thread4) «pasroBapuBaeT» ¢ MOJIBL30BATENEM, CO3/ACT-
cs1 kiaccom fpTextToSpeech mpu zamycke. Ilpu zamycke threadl samosmsier
nosle Atom kiacca fpPlotGeneration, a coorBercrBerHHo u moje Atom Kjac-
ca fpTextToSpeech (mo moseBoit cBsi3m) n curHasm3upyer 06 3TOM TOTOKY 4.
[Torok 4 npomsHOCHT 3TOT aToM. KaxKablii pa3 Iocje IPOU3HECEHUs O4Yepe/l-
Horo aroma thread4 samosinsier mosie ToldAtom kiaccos fpPlotGeneration u
fpTextToSpeech, BeiOUpaer cieytonuii arom (meroj tellNextAtom wiacca
fpPlotGeneration), samosasier mosie Atom. A jaJbiie npousHocnt Answer (ecu
MTOCTYITAJI CUTHAJ OT TOTOKA 2) UJIN OYepeTHON aTOM.

g cuHXpOHMBAIMKM  JIOCTyIIa  MOTOKOB K OObeKTaM  THIa
fpQuestionAnswering, fpTextToSpeech u fpPlotGeneration wucnosib3oBasuch
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MBIOTEKCBI 1 YCJIOBHbIE TI€PEMEHHDBIC.

———— — e -
! av-mover . | CTan@apTHble knaccsl Avango i | av-input |
i fpUserAttention ! i fpKeyboardinput !
[T l ObjectName _._._._._._._._._._._._._._. © e i.de_stion. .
: fpPlotGeneration : .
| fieldHasChanged . || fieldHasChanged | thread 1
: Y Keyward Y -
Moaynb  |i : - p BonpocHo-
revepaLmn | > callPG T fieldHasChanged = callQA < oTBETHAS
CloXXeTa . | | l nogcucrtemMa
: i i fpQuestionAnswering '
§ o VAnswer |
thread 3 . . 1| fieldHasChanged |: thread 2
| fieldHasChanged |« ToldAtom . TS Mogyne
i 1 : ] npeo6paaoBaH|/|ﬂ
! Do A i TeKcTa B peyb
é Y Atom : : i
i tellNextAtom —>| fieldHasChanged |
thread 4 : fpTextToSpeech :

Puc.4.7. Cxema B3auMOJENCTBUS TIOTOKOB BBITIOJIHEHUS

4.4 JleMoHCTpaIlMOHHOE ITPUJIOXKEHHTE

Ha 0aze paspaboraHHOil TexHOJOrUKM ObLIO CO3/IaHO JEeMOHCTPAIMOHHOE MTPILIO-
JKeHre — TPOOHBIN YPOK M3 KocMoca. BupryaJibHbI yUUTeIb BEJIET YPOK Ha
BUPTYaJIbHOI opbuTe craniuun «Mups. [Togb3oBaresib MOXKeT Hac/JIaUThCs BU-
JIOM 3eMJIH 13 KOCMOCa, TOCMOTPETh Ha OpOuTaIbHYIO cTaHInio «Mupy u 3a1aTh
MHTEPECYIOIINe ero BOIpochl. JIeMOHCTPAIIMOHHBIN YPOK TO3BOJIUT yUAIIMMCA HEe
TOJIBKO OIIYTHUTH CeOsi KOCMUYECKHMU ITyTelleCTBeHHNKaMI, HO U BePHYTbCs Ha,
JIeCSITOK JIeT Ha3aJl, Korja opouTajibHast cTaHius « Mups ele mpo/io/zKalia CBOK
paboTy Ha opbure 3eMJIu.

o1



Bouio emopempoBano apmkenne cranmun «Mups 1mo opbute, a Takzke Bpale-
aue 3emsn. Mogens cranmun «Mup» Oblia paspaborana Bagepuem Adanache-
BbIM, Koncrantunom MarseeBbiM 1 Cepreem MaTBeeBbIM B paMKaX COBMECTHOI'O

npoekta NOTU u Henrpa ynpasienus rnojetaMu. TeKCTypy TOBEPXHOCTH 3eMJIH

s B3sijia U3 obeoctynHoro apxusa NASA [78].

Puc.4.8. J[eMOHCTPAIMONHOE TIPHIOMKEHTE — TPOBHEIH YPOK M3 KOCMOCA

[TockobKy XapakTepHble /sl JAHHOTO MPUJIOXKEHNsT PACCTOSHIS OTJINIAIOTCS
Ha MHOTO mopsiZikoB (pajnyc 3emsm — 6400 kM, BbicoTa opouthl — 390 KM, pas-
mep craniun — 30 M), a crannus «Mup» MOCTOSTHHO mepeMenaercs Mo opoure
1 3eMJIsi BpAIAeTCsi, CTAHJIAPTHBIE METOJbl HABUTAIIMH HEINPUMEHUMBI (I10JTh-
30BaTe/b, YIAJUBIINCH OT CTAHIUMHU, YK€ HEe CMOYKET HaflTu ee B BUPTyaJbHOM
IPOCTPAHCTBE).

Bri1 paszpaboran crenuaabHbIil MeTOoJ| HABUTAIUN HA OCHOBE CTAHIAPTHOTO
st Avango meroga fpTrackBall. Pazpaboranubiii MeTo HaBUTAIITE TTO3BOJISIET
10JIb30BATENI0 KAaK YIAJATHCA OT CTAHINU, TaK U BHOBb NMPUOJINKATHCA K Heil,
a TaKyKe M3MEHsITh pakypc ob3opa. Hampumep, ydeHUK MOKET IOCMOTPETH Ha,
3eMJII0 TIeJIMKOM, a 3aTeM BHOBb NPHOJIN3UTh «Mup» u paccMoTperh ero.

[TpuHnun HaBUTAITIH 3aK/TI0YAETCS B CJIETYIOIEM.

Cuaugasia BbinostHAIOTCA cTangaptbie s fpTrackBall npeobpazoBanus, 3a-
BUCSAIIIE OT BBOJA M0JIB30BATEIsT (MIOPAIOK TPE0OPA30BAHIIT 3aluCcaH s TJI0-

OaJIbHOl CHCTEMBI KOODJIMHAT):
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— Bymuposanue (mepemMertieHre BIOJIb OCH Z), YTO MO3BOJISIET MOJTH30BATEIIO
IpUOTIKATE /I Th 00bEKT, PACIIOJIOKEHHBIH B Hadae KOOP/INHAT.
— IToBOpOT, 4TO MO3BOJISIET TTOJIL30BATEIO BPAIATHCS BOKPYT 00beKTa, paciio-

JIO?2KEHHOT'O B Ha4daJie KOOpAHUHAaT.

3aTeM BBIIOJTHAIOTCSA JIOTOJTHUTE/ILHBIE TTPE0OPa30BAHNUS:
— IToBopoT, COOTBETCTBYIONINIT TIEPEMEIIEHNIO CTAHITINH 10 OPOUTE, BOKPYT OCH,

HePIEHINKYISPHOM IIJIOCKOCTH OPOUTHI.

— Ilepemernienne Ha paJinyc-BeKTOP TEKYIeil TouKr opouThl HadoaaTesss. Op-
ouTa HabJroIaTe/ I — 9TO 0pPOUTA HEMHOI'O DOJIBIIEro pajuyca, YeM opouTa
craniun «Mup», pacnosozKeHHas B TOI »Ke ILJIOCKOCTH. Tekylas Touka op-
OuThl Hab/IIOJaTe /I U cTaHIud «Mups» JBUXKYTCA 110 CBOUM OPOMTAM CHUH-
XPOHHO € OJIMHAKOBOI yryioBOit ckopocThio. IlenTp 3emin, Tekyiast TOUKa
opOuThl HaOJIOATEsT U cTaHlusd «Mup» Bcerja HaxoJsTCs Ha OJHOMN IIpsi-
MOTA.

Ecin nosib3oBare b He Oy/IeT OCYHIECTBIATH HABUTAIIMIO C IOMOIIBIO YCTPOCTBa,
BBOJIa, TO OH OYJIeT IepeMelaThcs 1Mo opouTe HabJIroIaTe/d ¢ TOM »Ke YIJI0BOil
CKOPOCTBIO, IYTO U CTAHIIUSI 110 CBOEIT OpOUTE, TTOBOPAINBATHLCS TaK, ITOOBI BCET 1A,
CMOTPETH B IIEHTD 3eMJIM, U CTAHIII Beerjaa OyIeT HaXOIUThCs B IIEHTPE ero MoJIst
3PEHMS.

Ocy1mecTBstss HaBUTAIIMIO, IMOJIb30BATEb MOYKET YJIAJIATbCS OT CTAHIUU U
BHOBb IIpUOJIMZKATHCSI K Hell, JIeTeTh BCJIe]l 3a CTaHIuell 110 opouTe 1 HADJII01aTh
3eMJII0 ¢ pa3HbIX PaKypPCOB.

93



I'maBa 5

SaKJII0OUYeHIe

5.1 Koneunble pe3ybTaThbl

B pamkax npoekTa «BupTyajbable KOCMUYeCKHe SKCIIEPUMEHTBI U YPOKHU U3 KOC-
Mocay MHOIl ObLIn

— JCCJIeJOBaHbl PA3JIMIHbIe IIOJX0AbI K BHPTYaJbHOMY IIOBECTBOBAHMUIO, IIPO-

aHaJIM3UpoBaHa SPEHEKTUBHOCTb MX MCIOJIb30BaHUA B 00pa30BaTEIbHBIX

[IPUJIOZKCHUAX;

— paspaboTaHa TeXHOJIOTHsSI ¥ BbIOPaHbI ONTUMAJIbLHBIE METO/bl BUPTYaJbHOIO
IIOBECTBOBAHMS C IEJIbIO CO3JaHUs 0Opa30BaTEIbHBIX IPUIOYKEHUI B Hay-
KOEMKUX TEeXHHYECKUX 00/IaCTsIX TaKUX, KakK (pu3uKa, OMOJIOIHs, HAYKH O

ewme;

— paspaboTaHa apXUTEKTypa U IPUTOIHbIN JIjIsI THPaXKUPOBAHUSI IIPOTOTUIT 00-
pa30BaTeILHOTO MPUJIOYKEHUS Ha MIpUMepe MpoekTa «Bupryaabable KOCMU-

YECKUE SKCHEPUMEHTDBI 1 YPOKHN N3 KOCMOCa».

Marepuas o Teme mmccepraiinu omybmuKoBaH B pabortax |5, 80|, a Tak-
JKe JIOKJIAABIBAJICS U OOCYKJAJICA Ha MEXKIyHapoJHblx KoHdepennusax ED-
MEDIA 2007 (The World Conference on Educational Multimedia, Hypermedia &
Telecommunications) B Banmkysepe (Kamama) B wmione 2007 roma [80] u
Jnanor-2008 na Kunpe B mae 2008 r. Jlokja1 BbI3BaJ XKUBOI NHTEpPEC y ydacT-
HIKOB KoH(Mepennuii. 9 Taxxke mpescranisiia mpoext Ha CeBIT-2008 [81] B ['an-
Hosepe B MapTe 2008 r., rJile UHTEpeCc K BUPTYaJbHBIM ypOKaM N3 KOCMOCa U K

sxcrozunun MO TU nposgBuim Muorue nmoceTuTen BoicTaBku w3 Poccun, OmK-
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HETo 1 JIAJTbHETO 3apyOerKbsl.

5.2 IlpakTtudeckasi IIeHHOCTb

PazpaboTranHasi TEXHOJIOI'MS MOYKET C yCIIEXOM INPUMEHSThCA KaK B cpejiHeil u
BBICIIIEH TTIKOJIe (HanpumMep, « BupTyasbHble YPOKHE U3 KOCMOCA» ), TAK U /IS CIIe-
MUATI3APOBAHHOTO 00y IeHMsI, HAIIPUMED, JJIsT TPEHUPOBKI KOCMOHABTOB ( «Bup-
TYAJbHBIE KOCMITIECKITE SKCIIEPUMEHTHI> ).

Cdepa npumeHeHnst TEXHOJIOIMH HE OrPAHMINBAETCS KOCMUYIECKNM 00pa3oBa-
HUEM: OHA MOXKET UCIIOJIH30BAThLC JIJIsl ITPEroiaBaHust IMUPOKOI0 CIIEKTPa JUCIU-
iiuH. [Ipu 9TOM crozkeT BUPTYyaJIbHOI'O MOBECTBOBAHUS 3aBUCUT OT HPEIMETHOI
00JIaCTH 1 OT TIEJIN YPOKA.

[TpemaraeMblit IOIX0/T K OOYYIEHUIO MTO3BOJIUT MOBBICUTH AKTUBHOCTD YUIAIINX-
cd Ha 3aHATHAX, BBIOPATH /I KAXKI0r0 yUIeHWKa WHIMBUIYaIbHYIO TPOrpaMMy
1 KOPPEKTUPOBATH €e aBTOMATHIECKU B MPOIecce 00yIeHUs.

Yuarnuecs 1ojrydaT HOBBIN Oosiee 3dpdeKTUBHLIN c1iocod moJrydenns nHQOp-
MAaIliK, a [PeroaBaTe/ il — HOBbIe HHTEPECHbIE BO3MOXKHOCTH HPEIOJIHECTH ITY
nH(MOPMAIUIO.

HoBasi TeXHOI0THS CYIIEeCTBEHHO COKPATUT BpeMs, KOTOPOE 3aTpadnBaeT Ipe-
nojlaBaTe/b Ha 00bsACHEHNE MaTepuaJa: JJOCTATOUYHO OY/IeT OJINH pa3 MpojyMaTh
METOJINKY ¥ 3allCaTh €e B BUJIe clieHapueB ypokoB. OcrajbHOe BpeMsi IIperojia-
BaTe/Ib CMOXKET ITOTPATUTH HEIIOCPEJICTBEHHO HA I1€/Iar0IMIeCKYIO JIeITe/IbHOCTD.

Kpowme Toro, TeXHOIOrus MOXKET € YCIEXOM HCIOJIB30BaThLC JIJIs caMoobpaz30-
BaHWs ydaluxcs. Ecam MeToinka o0ydenns: oTyiaykKeHna, MmpernojapaTesib u3 mpo-
recca 00y9eHNsd MOYKET ObITh MCKJIIOUEH BOOOIIE — €ro 3aMEHUT BUPTYAJILHBII
nepconazk. JeyloBeKy ke OCTaHeTcs ropasjio OoJiee H1aroapHas poJb KOHCYITb-
TanTa u Metojaucta. OH OyaeT OObSICHSITH YUallUMCs BOIPOCHI, KOTOPhIE eIle
HeI0CTATOYHO WJIM HEIIOJIHO OCBEIEHbI B CHCTEME BUPTYaJIbHOI'O TOBECTBOBAHMUSI,

1 pa3pabaTbiBaTh HOBBIE CIIEHAPUU O0yUIEHUSI.
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5.3 JlanbHeiiniee pa3Burue

[IpoBesieHHasi aHajauTU4IecKasi padboTa U pas3padOTaHHBIN IIPOTOTUII 0Opa3oBa-
TEJILHOT'O TIPUJIOYKEHUS SIBJIAIOTCS TIEPBBIM 3TAIIOM MTpoeKTa « BupTyabHble KOc-
MUYECKHIE SKCIIEPUMEHTBI U YPOKHU 13 KOCMOCa».

B pamkax gaJibHefineit paboThl HaJ[ TPOEKTOM Ha BTOPOM Talle Oy/1yT BLITOJI-
HEHBI CJIeTYIONINe 3a/aun:

— Byner BoccTanoB/iena TpexMepHas Mojeab MexKyHapo Hoi KOCMIYIeCKOil

CTAHIINN HA OCHOBE JAHHBIX (oTocbeMmkn (1. 4.2.1).

— IIpu HenocpecTBeHHOM yuacTun JieraukoB-kKocMonaToB A. A. Cepebposa
u FO. M. Barypuna 0yayT pazpaboTaHbl CIOZKETHI JeMOHCTPAIMOHHBIX yPO-
KOB KaK Jijisl KOJBHUKOB (BupTyaibHble ypoKH U3 KOCMOCA), Tak W sl

KOCMOHABTOB (BupryasbHbie KOCMIUECKNE IKCIIEPUMEHTHI) .

K konity Broporo srama OyjuyT paspabortanbl jBa npuioxkenuns (Bupryasb-
HbIe YPOKH 13 KOCMOca U BupTyasbHble KOCMIIECKIe SKCIIEPUMEHTDI ), KOTOPbIe
MO>KHO HCIIOJIb30BATh Ha IIPAKTUKE Ha yPOKax (PU3NKN B CPEIHUX IIKOJIAX U JIJIsT
00y4eHnsT KOCMOHABTOB MeTOJIiKe IIpoBejieHnst K.

B KadecTBe nepcCreKTUB JajibHeHIero pasBuTs IIPOEKTa MOXKHO BbIJIEJIUTD
CJIeAYIOIIe HallpaBJICHNS:

— Busyasiuzanus BUPTyaabHOIO KOCMOHABTA; MOJIEINPOBAHUE JIBUKEHISI, M-

MUK, »KECTOB; JIOCTUZKEHIE CXOJICTBa BUPTYaJbHBIX ITEPCOHAXKEN ¢ peaJib-

HBIMI KOCMOHABTAMI.

— Cosnmanne HabOpa CTAHIAPTHBIX AJITOPUTMOB ILJIAHUPOBAHIS JJIST PA3TNIHBIX
obpazoBaTesbHbIX Tiestedt (1. 4.2.2).

— Ajanranust BOIpOCHO-OTBETHOM MOJICUCTEMbI [IJIsT PADOTBI ¢ PYCCKUM SI3bI-
KOM.

— MojenupoBanue TOJIOCOB KOCMOHABTOB cpejcTtBamu  Festival — Speech
Synthesis System (A. A. CepebpoBa u Jpyrux).

— Ha jganHbBIi  MOMEHT  BOINPOCHO-OTBETHAsl  IOJCHCTEMa  KOHTEKCTHO-
HezaBucuMa. MojepHusaliust BOIIPOCHO-OTBETHOM IOCHCTeMbl U ee OoJiee

TECHad MHTEr'palind C MOAYJIEM BOCIIpUATHA BUPTYaJIbHOI'O IIEPCOHAazKa 1103~
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BOJIIT BUPTYyaJIbHOMY II€PCOHAYKY OTBEYATH Ha BOIPOCHI THIIA « TO 3T0?» 1
JIpyTHe KOHTEKCTHO-3aBUCHMBIE BOIIPOCHI.

— Paspaborka momyist Speech-to-Text, KOTOpbIit 1103BOJIII ObI 00y YAIOIIEMYCSI
3aJlaBaTh BOIIPOCHI IIPU IIOMOIIN I'0JIOCA, & He BBOJa ¢ KjaaBuaTypbl. Hampu-
Mep, MOXKHO ucrosb3oBarh cucremy CMU Sphinx [82], paspaboranuyio B
yHupepcurere Kapuern — Mesuion, . [TurtcOypr.

— MojiesiupoBanue smonuit yanreas-KocMonaBTa. Vcrnob30BaHHbIN a/JIropUTM
HTN-niaaupoBaHust Mo3BOJISET JOOABUTH B MOJIY/Ib FEHEPAITIH CIOZKETa, yUeT

SMOINI BUPTYaJbHOIO MTePCOHaXKA.

B najbHeiieM MOyKHO PACIIUPUTD CUCTEMY, YTOOBI OHOBPEMEHHO MOLJIN 00Y-
YaThCsl HECKOJIBKO YUIEHHKOB 110 PYKOBOJICTBOM HECKOJIbKIUX BUPTYaJIbHBIX KOC-
MOHaBTOB. Hampumep, Kakjplii yaeHHK MoxKeT HocuTh HMD, a Bce yuenukm
BMECTE BCTPETSATCS HAa BUPTYaJbHOM YPOKe, Ijle y HUX Oy/eT HEeCKOJIbKO BUPTY-
agbHBIX yunreneil. Cucrema Avango-VR mosBosisier cosmaBaTh Momo0OHBIE pac-
npejiesieHHbie prioxkenus (. 3.2). OHaKO Takoe paciinpeHue CBsi3aHO ¢ HEKO-
TOPBIMU CJIOZKHOCTSIMIE:

— Heobxoaumo cMoeimpoBaTh MpaBIoNoIo0HOE B3anMOJIeiiCTBIE BUPTYAJIb-
HBIX TePCOHAZKel MexKy coOoil, 9TO SBJISETCS HEmpoCToil 3a1adeit (83, 84].
Opnako HTN-dopmasmsM, KOTOPbIi HCIOJIb3YeTCsT A/ TeHePallnl CIOyKeTa,
BUPTYaJIbHOI'O IIOBECTBOBAHMNS, II03BOJIsIET PEIINTb 3Ty 3aJjady IPU BHece-
HUU COOTBETCTBYIONINX U3MEHEHUI B MepapxXuiecKue CTPYKTYPhI 3a0a9 JIJIst

[IepCOHaKeI.

— PeaJibHble JII0AU B 9TOM CiIydae JO0JIKHBI OBITH IIPE/ICTaB/IeHbI aBaTaPaMII.
Heobxommmo KaKnM-TO 00pPa3oM OTCJIEXKUBATH COCTOSHUE PeasIbHOIO YesIo-
BeKa (C MOMOIIBIO JIATIYNKOB MJIM KAMEP) U PHCOBATH €ro aBarap B COOTBET-
CTBHUU C STUMU JIAHHBIMU. BoJjiee TOTo, JIt0/i1 JTOJIKHBI OBITH Y3HABAEMBI JIPYT
st ipyra [39]. 91o npembsBisier BbICOKHE TpeOOBaHUS K BU3yaJ M3l

aBaTapOB.
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baarogapnoctu

B 3akJjioueHne xXorejoch Obl BHIPA3UTh 0JIArN0JIAPHOCTD MOEMY HaydIHOMY PYKO-
BosuTestio npoeccopy C. B. Kimmmenko 3a OstecTsiiiye njien u Mypoe PyKOBO/I-
CTBO, a Takzke BceM Kojuieram — corpyaaukam UDPTU u ocobenno C. A. Gomu-

HY — 3a CyIIeCTBEHHBII BKJIaJl B pa3pabOTKy MPOEKTA.

41 6rarogapua JgeTanky-KocMoHaBTy, ['epoto Coerckoro Coroza A. A. Cepebpo-
By — 3a yBJIEKATeJIbHbIC paccKasbl 00 «YpOKaxX M3 KOCMOCa» M 3a I0JapeHHOe
BJIOXHOBeHIe, corpyauuky Llearpa moarorosku kocmonapTos [. FHO. [lepbumnu-
HY — 3a IIOMOIIb B IIOJIFOTOBKE U IpoBejeHnn (poTocheMkn Makera MextyHa-
pOIHOIT KocMuUUecKoi ctannmu, npernojgapareiaym M®DTIY — 3a mennble 3ameda-
HUSI I COBETHI, JaHHbIe Ha ['ocynapcTBeHHOM KBaInUKaIIOHHOM SK3aMeHe U Ha

pea3aluTe.

Tax»ke X041y BbIpa3uTh IPU3HATEILHOCTL Poccuiickomy gonmy dyHmaMeHTa Ib-
HBIX MCCJIEJOBAHUI 38 JacTHYHOEe (PUHAHCUPOBAHUE IIPOEKTOB, BBIIOJJIHSIEMbBIX B
NDTHU, B Tom uncie «PazpaboTka TeXHOJIOIMN BUPTYaJbHOIO IIOBECTBOBAHUS Ha
npuMepe cucteMbl « Bupryanbubiit [Tranerapuits (05-07-90344-8, 2005 — 2007 r.)
n «PaspaboTka cpeicTB co3/1aHNsI THTEPAKTUBHBIX BUPTYaJIbHBIX IT0BECTBOBAHMI

JJIst 3314 ucesieqoBanust koemocay (08-07-00468-a, 2008 — 2010 r.).
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I'1occapmii: cjioBapb TEpPMUHOB U
COKpallleHU1

HpI/I IIOATrOTOBKE HaHHOI'O MaT€pHaJia HCIIOJIb30BaJIUChL CJIEAYIOIMNE HNCTOYHU-
kit: 5,22, 23,27, 28,30, 38, 56).

3D T'UC (rpexmephast reonHbOpMAIMOHHAST CHCTEMa) — PeOMHMOPMAIMOHHAST
cucreMa, paboTarolias ¢ TPEXMEPHBIM IPEJICTaB/IeHIEM T'eOlPOCTPaHCTBEH-
HoiT nH(popMaru. B HacTosIee BpeMs oJTHODYHKITMOHAIBHOM TPEXMEPHOiT
['C noka we cymecTByeT. BobmuHcTBO cytecTByionmux ceroaus 3D ['MC
3P deKTUBHO BU3yaJm3upyioT 3D-1aHHbIe, 0JIHAKO NMEI0 BeCbMa OrpaHUYeH-

Hble BO3MOYKHOCTU aHa/n3a 1 00pabOTKH.
AT (Artificial Intelligence) — MCKyCCTBEHHBIN HHTEJICKT.

America’s Army — nau0boJiee IIIPOKO paclpocTpaHeHHas U HauboJiee yCIIell-
Hasl cepbe3Has Urpa, ¢ PazpabOTKU U PACIPOCTPAHEHUs] KOTOPOil Havdaach
PEBOJIIONNS B IIPEICTAaBICHUSIX O IOTEHINAIBLHON POJIM BUICOUTD B 00JIACTSIX,
He CBSI3aHHBIX C pa3BjedeHusIMiu. HecMOTpst Ha CKeNTHYIeCKUe [TepBOHAYA b
HbIe OIIEHKN 9KcIepToB, America’s Army okazajach 3G HOEKTUBHBIM BOEHHBIM
TpeHakepoM. Halpumep, cosiiaThl, MPOXOJAMBIINE B UI'PE dTall CTPEIbOUIII,

ITIOKa3bIBaJIX JIy4YIIHE PE3YJIbTaTbl U B peaﬂbHOﬁ KU3HU.

API (Application Programming Interface) — unrepdeiic mporpammupoBams

IPUJIOZKCHUT.

AR (Augmented Reality) — paciiupennast (JI0MOJIHEHHASI) PEATBLHOCTD, YacT-

Hblii caydaii cmemannoit peasbnoctu (MR). Texmomorus AR «orosmsers
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peaIbHBII MUP MOCPEJICTBOM HAJIOXKEHUS Ha ero m300parkKeHne CreHepupo-

BaHHBIX KOMIIBIOTEPOM JaHHBIX.

ARQuake — mnoBasi wumnHTepnperanus urpbl Quake, paszpaboranHas B Ja-
0OpaTOpPUN HOCHMBIX KOMIBIOTEPOB FOKHOABCTPATMICKOrO YHIBEPCHTETA
(Wearable Computer Lab, University of South Australia) [28|. Ona nossosisi-
eT UTPOKY IMePEMEIAThCs B PEATbHOM MUDE U CPAKaThCsd C BUPTYAJbHBIME

MOHCTPaMM, KOTOPBIX 'eHEPUPYET CUCTEMa PaCIIMPEHHON pealbHOCTH.

Avango VR-system — nporpammuasi cpejia, IpeJcTapiIsdioniasi codoil MOIIHOe
CPEJICTBO JIJIsi pas3spabOTKU MHTEPAKTUBHBIX PacIpejle/IeHHbIX IPUIOYKEHMI

BUPTYaJIbHOI'O OKPYZKE€HUA.

Character-based (character-driven) storytelling — Bujg BUpTyaIBHOIO
[IOBECTBOBAHMS, CIOXKET KOTOPOI'0 T'€HEPUPYETCs JTUHAMUYECKN aBTOHOMHbBI-
MU BUPTYaJbHBIMU [I€PCOHAYKAMIU, KOTOPbIE B3aUMOJIEHCTBYIOT JPYT C JIPY-
I'OM, BBIOUPAIOT CTPATEINIO TIOBE/ICHUS U BBITIOJTHSIIOT COOTBETCTBYIOIINE JIeii-

CTBUA.

Desktop Search — jiokasbhblil TIoMCK (ailioB HA KOMITbIOTEpE.

Edutainment — o6pasoBare/ibHbIIl HIPUHIMII, B OCHOBE KOTOPOI'O JIEXKUT
coBMerrieHne o0ydeHusi ¢ paspiedenueM (edutainment = education +
entertainment).

Factoid questions — Bonpocsr, Kacatoruecs dpaxkTos. Harpumep, Boripoc «KTo
OBbLIT IEPBBIM YEJI0BEKOM B KOCMOCe?» oTHOCUTCs K Kjaccy factoid questions,

a Borpoc «Ilouemy webo romyboe?» — HeT.
FOV (Field of View) — moJe 3penmusi.

HMD (head-mounted display, miem BupTyabHO# peaJbHOCTH) — 9TO JHCILIE],
KOTODDIfl 9eI0BEeK HOCHT Ha TOJ0Be (MOXKeT ObITh 4dacThio miaema). HMD
BKJII0OYA€T MUKPO/IHCILIIEN, KOTOPbIE HAXOATCs HEIOCPECTBEHHO IIepe Iila-

3aMu 10JIb30BaTeist (mepes oguuM rrazom — monocular HMD, nepe nBy-
Ms1 — binocular HMD).

60



HTN (Hierarchical Task Network planning) — mo/xo/1 K aBTOMaTH3MPOBAHHO-
My ILJIAHUPOBAHUIO, OCHOBAHHBIN Ha TOM, UTO B3aMMO3aBUCHUMOCTH MEXKy

JefiCTBUAMU PEJICTABIAIOTCA B BUJIE CETEeil.

IDF (inverse document frequency) — crarucrudeckasi mMepa, MPOMOPITHOHA b
Hasl YNCIY JOKYMEHTOB B KOJUIEKIINN U OOPATHO HMPOIOPINOHATbHAS THCITY

JOKYMEHTOB, coAepzKallnX 3aJaHHOE CJIOBO.

LCD-npoekTtop (Liquid Crystal Display) — kugkokpucrainaeckuii mpoek-
Top. LCD-11poeKTopbl NMEIOT TPU KUJIKO-KPUCTALJINIECKNE TTaHeIn U SIp-
KUl ICTOUHUK, CBET KOTOPOTO pas3/iesdeTcs Ha KPACHyIo, CHHIOIO U 3eJIEHYI0
KOMIIOHEHTHI, MPOITyCKAETCI depe3 COOTBETCTBYIONINE ITaHe!, 3aTeM BHOBD

00beTMHSAETCA W MTPOEIUPYETCS Ha SKPAaH.

Lisp — cemeiicTBO SI3BIKOB IIPOrPpaAMMUPOBAHNS, IPOIPAMMBI 1 JAHHBIE B KOTO-
PBIX IMPEJICTABISIOTCS CHCTEeMaMI JIMHEHHBIX CIICKOB CHMBOJIOB. Paspabo-
TaHHBIN B 1959 1. ocnoBaTesem nampasienns Artificial Intelligence I:xonom
MakkapTu, Ha HACTOSIIUI MOMEHT LiSp — OJiH U3 cTapeiinx si3bIKOB IIPO-
rpammupoBatusi. CeroHst CyIecTBYIOT JIBa HaubojIee MOMYJ/IsIPHBIX JIa/IeK-

ta Lisp: Common Lisp u Scheme.

MR (Mixed Reality) — cMmerantasi peajgbHOCTb, TEXHOJIOIUST BU3YATM3AINHI, OC-
HOBaHHas Ha COBMEIICHNUN CT'€HEPUPOBAHHBIX KOMIIBIOTEPOM JaHHbBIX 1 N300~
paxKeHnus peaJibHOro Mupa. OHa co37aeT HOBBII THII OKPYZKEHUs, IJe COCY-

IIeCTBYIOT U BB&I/IMOZLGI;)ICTB}/IOT p€aJiIbHbIC 1 BUPTYaJIbHbLIE OO BEKTHI.

N-grams (N-rpammbr) — 1001 10BATEILHOCTH, cOCTOsAIINE U3 N 37IeMEHTOB
3a/IAaHHOM M0CJIE/I0BATEILHOCTH. JacTO UCIOIB3YIOTCA B CTATUCTUIECKOM 00-
paboTke ecrecrBenHoro si3bika (Natural language processing).

NASA (National Aeronautics and Space Administration) — HACA, Harmo-
HaJIbHOE areHTCTBO 10 a3POHABTHUKE W MCCJEJOBAHUIO KOCMITYECKOT'O IIPO-

crpancrsa, CIITA.

OpenGL — nporpaMMHbIil armapaTHO-HE3aBUCUMBbIIT HHTEPdEic HU3KOTO YPOB-

HsI K rpadudeckoMy 000pyI0BaHUIO.

61



Plot-based (plot-driven) storytelling — Bu BupTyabHOIO IOBECTBOBAHUS,
CIOZKET KOTOPOIro Jinho 3apaHee HAIMCAH aBTOPOM, JIMOO MeHepUpyeTcst JAuHa-
MUYeCKHU Ha OCHOBE TPAMMATUKU pacckasa (story grammar) — obireit cTpyk-
TYpbI pacckasa. BupryajibHbie IepcoHayKu He aBTOHOMHDBI M HE OKA3LIBAIOT

BJINAHNA Ha CIOZKET.

QA system (BorpocHo-oTBeTHas cucTeMa, anrl. Question-answering system) —
nHPOPMAIMOHHAA CcHUCTeMa, 00J1aJlalolas CBOWCTBAMU CHPABOYHBIX U
HHTE/JIEKTYAJbHO-TIONCKOBRIX cucreM. OcHoBHOe HasHadenme QA cucre-
Mbl — <«IIOHUMaTbh» BOIIPOCHI Ha €CTECTBEHHOM $3bIKe U OTBeYaTh Ha HUX.
Kak mcTounuk nuopMalui UCo/Ib3yeTcs 3aKPBIThIl KOPIYC TEKCTOB WJIN

JOKYMEHTDLI 13 I/IHTepHeT.

Scheme — yHuUBepcabHBIN SI3BbIK MTPOrPAMMUPOBAHUSA, TTPOUCXOAANINN oT AJ-
rojia u Jlucrna. 9To sI3bIK BBHICOKOIO YPOBHS, KOTOPBIl yMeeT olepupoBaTh

CO CTPYKTYPHbBIMU JaHHbBIMHU, TaKUMU KaK CTPOKHU, CIIMCKN M BEKTOPLI.

SGI OpenGL Performer — nporpammubiii nunrepdeiic s pa3padboTKi Bbl-
COKOIIPOM3BOJINTE/ILHBIX T'paduuecKux NpujiozKkeHuit. fBisiercss HajacTpoii-

koit Ha;1 OpenGL.

Snippet — cuurmmer, HeOOIBINON (parMeHT WIN OTPBHIBOK Yero-aubo, B JJaHHOM
pabore: dpparmenT mHGOPMAIUN BeO-CTPAHUIIBI, BbIBOIAIIMIICS TOMCKOBOI

CUCTEMOIl B pe3yJsibTaTaxX MONCKa W COAEPKAINil KJII0UYeBbIe CJI0Ba 3aIlIpoca.

Speech-to-Text — cucrema, ocyrecTs/isoNas MpeobpazoBanue pedn (Ipons-
HOCHMBIX CJIOB) B MAIIMHOYUTAEMBIil TEKCT (TakKzKe yrnoTpedJIsieTcss TepMUH

speech recognition system).

Text-to-Speech — cucrema, ocyiecTBIsioniast IpeodpaszoBaHe OObITHOIO TEK-
cTa Ha KaKOM-JNOO si3bIKe B pedb, Pa3HOBUJIHOCTL CHCTEM KJjacca Speech

synthesis.
TREC (Text REtrieval Conference) — koudepeHiust Mo moucKy TeKCTOB.

VEonPC (Virtual Environment on a PC Cluster, Buptya/ibHOoe OKpyzKeHIe Ha

KJIaCT€paXx II€pCOHaJIbHBIX KOMHbIOTGpOB) — OTHOCUTEJIbHO HEJO0pOragd, HO
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BecbMa 3P HeKTUBHAST YCTAHOBKA BUPTYAJIbHOI'O OKPY2KEeHIs, pa3padoTaHHasT
B paMKax COBMeCTHOro npoekta OpayHrodepoBCKOro MHCTUTYTa MeIUAKOM-
myrnkaiuit (IMK, r. Cankr-Asrycrun, [epmanusi) u Muceruryra dbusnko-

TEXHUIEeCKON MH(MOPMATUKU.

X-Ray vision (Tak HasblBaeMoe «PEHTIEHOBCKOE 3peHHe» ) — CIHOCOOHOCTD BU-
JIETh CKPBITBIE OT B30pa 00LEKTHI, HAIIPUMED HaXOAIINEeCsd 3a HEITPO3PauHOIt
cTeHoii. TepMUH MUPOKO MCHOIb30BaJICI B Hay4dHo#l danTactuke. Cerons
TaKyI0 BO3MOYKHOCTH MPEJIOCTABIISIOT CUCTEMBI CMEITaHHONW U PaCITHPEHHON

peaibHOCTH.

ABaTap — TpexMepHbIl BUPTYaJbHbII ITepCOHAXK, KOTOPIH MPEJCTaB/IAET pe-

AJIbHOT'O 4YeJIOBEKa B BUPTYAJbHOM OKPYZKEHUHU.

ABTOHOMHBIE BUPTYaJIbHbIE IIEPCOHAXKM — IIePCOHAYKU B CHUCTEMe BHUPTY-
AJILHOI'O IIOBECTBOBAHMUSI, KOTOpPbIe 00JIaJIal0T OIIpPEeJIeJIeHHBIM II0BEJICHUEM,
CII0OCOOHBI BOCIIPUHUMATH OKPY KONl UX BUPTYaJIbHBII MUpP, B3auMOJIEli-
CTBOBATh C JPYIUMHU IIEPCOHAXKaMU, a B HjieaJsie elle 1 UMEIT CBOil 0coDeH-

HbIIl XapakTep.

BupryasbHas cTyaus — BBICOKOMHTETPUPOBAHHBIN MYJILTUMEIUITHBIT KOM-
ILJIEKC, KOTOPHBIl obecrieunmBaeT (popMUpOBaHue BUPTYaJbHONW CPEJIbl M COB-
MeIlleHNe B peajibHOM BpEeMeHU ay/rio- U BHUJICOJAHHBIX PA3JIUYHON IIPUPO-
JIBI: «KHUBOE BUJICO» (JIEKTOP, IKCKYPCOBOI), KOMITbIOTEPHBIE N300pazkKeHus,
BUJIEOJIAHHBIE C PA3JINIHBIX HOocuTeselt, TekcT. [Ipu sTom co3maercs Brevar-
JieHre HETOCPEICTBEHHOTO B3aNMOIEICTBIUS JIEKTOPA C MOJAETUPYEMBIMU 00b-

€KTaMHI U ABJICHUAMU, KaK 6y,ZLTO OH IIPpUCYTCTBYET B BUPTYaJIbHOM MHUPE.

BO (BupryasibHOE OKpYKEHHE) — TEXHOJIOIHS IeJIOBEKO-MAITMHHOTO B3aNMO-
JeficTBHS, KOTOpas 0becrednBaeT MOrpyzKeHe MoIb30BaTe s B TPEXMEPHYIO
NHTEPAKTUBHYIO CPE/Ly U3ydaeMOoro sIBJIEHUSI WJIN IIPOIlecca U IIPEJIOCTABIACT
eCTECTBEHHBIN MHTYUTUBHBIN HHTepdeiic A1 B3anMOJIeiiCTBIA ¢ 00 beKTaMu

(MCKyCCTBEHHBIMU U /WJIH PEATbHBIMU) B BUPTYaJIbHOIT cpe/ie.

Bupryasbsaoe noBecrBoBanue (Virtual Storytelling, VS) — sro Hosast hopma

OpraHu3allly M0/JIb30BATEILCKOT0 nHTepdeiica, cchopMUPOBABINALACIT B CAMO-
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CTOSITE/IbHOE HAydHOe HalpaBjeHne. BupryajibHoe MOBeCcTBOBaHHE oDectie-
4UBaeT IOIPYZKEHUE I0JIb30BaTe/Id B BUPTYAJbHbBI MUD € UCIOJIb30BaAHUEM
texnosioru BO 1 BKJIIOYaeT 1MoJIb30BaTE s B ONpe/Ie/IeHHbIH croxkeT. OCHOB-
HOIT 3a/1a9eil BUPTYaJIbHOIO TIOBECTBOBAHNSA ABJISIETCS 00yUeHne MoIb30BaTe-
Jisl, TIPU 3TOM T10JIb30BaTe/b UT'PAeT aKTUBHYIO POJIb B IIPOXOXKJIEHUN CIOZKeTa

1 IMEET OIpeieIeHHYI0 CBOOOY JIeHiCTBUIT B BUPTyaJIbHOM MUPE.

I'NC (reomndopmarmonnasi cucreMa) — nHGOPMAINOHHAS CHCTEMA, 00eCIedn-
Balolasi cOop, XpaHeHUe, aHAIN3 1 BU3YAJU3AIIIO TPOCTPAHCTBEHHBIX JIaH-

HBIX U CBSA3AHHOI ¢ HUMU UH(MOPMAIIUHL.
ESl (ecrecTBeHHBI SI3bIK) — SI3bIK Y€JIOBEYECKOTO OOIIEHUS.

NBO (ungynupoBaHHOe BUPTYAJTbHOE OKDY’KEHHE) — CHUCTeMa BUPTYAJTHHOIO
OKPY KEHHSsI, KOTOpasi B PEKUMe PeaibHOI0 BPEMEHU OCYIIECTBJIAET HPUeM
JIAHHBIX O COCTOSIHUU peajibHbIX 00bEKTOB U IIpeodpasyeT 3Ty MHQMOPMAIIIIO
B IIApaMETPbI COCTOAHNS BUPTYaIbHbIX 00beKTOB. TBO no3BosisieT cunxpon-
HO, C BBICOKOIl TOYHOCTBIO W PEATUCTUIHOCTHIO BOCIIPOM3BOIUTL TOBEIEHIE
busnmaeckx 00bEKTOB HEKOTOPOIT peasibHOil cpejibl. Habsogenne peaibHOI
cpegibl iocpejictBoM VTBO 1o3BoJisieT ncio/ib30BaTh JJist 9TOM HEeIn ajbTep-
HATUBHBIE METO/Ibl BU3YaIU3AINN 00bEKTOB 110 JIFOOBIM JIOCTYIIHBIM KOCBEH-
HBIM JIAHHBIM, He TpeOyIoIie NCIOIb30BaHUs JIJIsd TO eI CPEJICTB Helo-

CPEJICTBEHHOTO HAOIONEHNs (ONTUIECKIX 1 TEJIE€BU3NOHHDIX ).

NDPTU — Uncruryr dpusuko-trexandeckoit madgopmaTuku, r. [Iporsuno, Moc-
KOBCKast 00siacTh, http://icpt.su/.

K9 —kocMmuaecknii SKCIepruMeHT.

M®TU — MockoBcknit (pU3NKO-TEXHUIECKNIT WHCTUTYT, T. JloaronpymHbrii,

MockoBckag 00J1aCTh.

ITaccuBHas cxema pazjiesieHus n300parkKeHuii — cxema (HOPMUPOBAHUST
cTepeon300parkeHusi, B KOTOPOIl JiBa n300parkeHusi OJIHOBPEMEHHO BbI-
BOJATCA Ha SKpaH W CeNapupyloTcs 3a CUeT: IBETHLIX CBETOMUILTPOB

(aHaMI/I(beH‘/’I MGTO[L); JIMHEITHON MJIN KPYTOBOII IIOJIIpU3aliiil CBeTa; NN
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IPU TIOMOITM MYJIBTUIICKCHPOBAHHUS 110 JIJTMHE BOJIHBI (MH(MUTEK-METO).
[ToMuMO TACCHBHOI, CyIIECTBYeT TakKyKe aKTHBHAasi (SKJIUICHAsI, 0OTIOpa-
TOpHAasl) cxema pasjieienns: n300pazkeruit. OHa HCHOJIB3YET MOOUYEPEeHYIO
HPOEKIINI0 M300parkKeHuit Jijisi JIEBOIO W IIPABOro Ijia3a Ha SKpaH U CIie-
nuabHble 3aTBopHBbIe O4uKM (shutter glasses), KOTOpble JOJIKHBI OBITDH

CUHXPOHM3MPOBAHBI C BHIBOAUMBIM N300parKeHIEM.

IMupaMuga BUANMOCTA — 00LEM BHJIUMOCTU B IEPCIEKTUBHON IPOEKINH,
peJICTaB/IsIeT co00il yeeueHHyIO IIUPAMUJLY ¢ HPSMOYTOJbLHBIM OCHOBAHIEM.
O6beM BugummocTn (viewing frustum) sazaer moje 3peHnst BoobGparkaeMmoit
KaMephl ¥ IPEJCTABIACT c000il 4acTh BUPTYAJILHOIO IIPOCTPAHCTBA, KOTO-
pPyI0 MOKeT HabJII0IATh 0L30BATE/Ib B OLPEIEIeHHbII MOMEHT BPEMEHH.
[eomerpuueckas popMma 00beMa BUIMMOCTU OIPEIEIIsieT CIIOco0 POeIupo-

BaHUA TPEXMEPHOI'O IIPOCTPaHCTBa Ha IIJIOCKOCTL 3KpPaHa.

ITpsamasa nmpoeknus n300parKeHusl — TUIT TIPOEKIUN U300pazKeHus, B KOTO-
POM BpUTEIN U IPOEKTOPhI HAXOMATCA C OJHON CTOPOHBI OT 3KpaHa. Cy-
IECTBYET TaKyKe 0OpaTHast IPOEKIHsl (3pUTeTH U MPOEKTOPhI HAXOATCS 10

pas3Hble CTOPOHBI OT YKPAHA).

Cepbe3Has UTpa — HHTELIEKTYAJIbHOE COCTS3aHUe, ITPOBOJUMOE C MOMOIIBIO
KOMITHIOTEpa 110 OTPeIeIeHHBIM MTPABUJIAM C UCIIOIb30BAHIEM pa3BJIeKaTe /-
HBIX ITPUEMOB JIJIsA JIOCTUYKEHUS TOCYAaPCTBEHHBIX MJIM KOPIIOPATUBHBIX T1e-
Jieit B obJstacTi oOpazoBanus, 00ydeHns, 3/[paBooXpatenns, Frocy1apCTBEHHO

OJTUTUKN WJIA CTPATErNnYecKOil KOMMYHUKAIIUN.
I VII — lentp ynpasienus noseramu (1. KoposieB, MockoBckast 061aCTh ).

IIITK — Ilenrp mororoBki KOCMOHABTOB (3Be3/1HBIH rOpoi0K, MoCKOBCKast 00-

JIACTD ).

YHC — upesBblyaiinas CUTYAINA.
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