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Poszznaoaromusca cyuacui npozpamui i anapamui 3acodu ¢ipmyansHoi peanbHocmi, AKi 003601A10Mb CHEOPIOEAMU cUCeEMU 013
HABUAHHA MA 00CNI0HCEHHA 00°€KMi6 | nPoYecie peanvHozo céimy, y momy Yucii i maKkux, AKi HEMOMCIUGO CIEOPUIMU 8 Peailb-
Hux ymoeax. Ha yiit ocrnoei nooaromuyca npunyunu po3pooKu mamemamuunux i zpagiunux mooeneii mpancgopmamopie i ene-
KMpUYHUX MAuWiuH 011 eipmyanvhoi nadopamopii.

Paccmampueammc;l COBpPEMEHHbIEe NPOZPAMMHbBIE U annapamHible cpedcmea eupmyaﬂbuoﬁ pearbHoOCmU, KOMOpble NO3601AI10M
€030a6amo CUCHEMbL 01 UCCNIE006AHUA npoueccoe peailbHozco mupa, co3oasams cucmemol 06yuenuﬂ, Komopbule 6 OonbuiuHCMEe
cilyuaes He6O3MOIHCHO cozoamao 6 PealbHblX YCll08UAX. Ha smoit ocnoge npebcmawmlomcn RpUHUUNbBL paapaéomku mamemamu-

yecKux u paguueckux mooeneii mpanchopmamopos u INeKmpuecKux Mauwiun 011 UPMyaivHoil 1adopamopuu.

BBE/JIEHUE

Iporece pasBuTHs HHGOPMALMOHHBIX TEXHOJOTHIMA
B KoHIle 90-x To0B 20-TO CTOJNIETHSI BHIBEN Ha MEPEAHUN
IUIaH HOBYIO crienu(uueckylo (GopMy NpeacTaBIeHUs,
BOCHPUSATHSL U TIepefadyd MH(POpMAIMU, CYTbIO KOTOpOU
SIBJISIETCSL MCIIOJIb30BAHUE TEXHOJIOTHI upmyanbHoU pe-
anvrnocmu (BP) [1, 2]. Y BoT yxe nH(MOPMALIMOHHOE ITPO-
CTPAHCTBO HaWOOJIee PA3BHUTBIX CHUCTEM COBPEMEHHOIO
oOmIecTBa CyMIECTBEHHO OTJIMYAETCS OT TOTO, KOTOpPOE
okpyxano gemoBeka 70-80-x romoB, W, TJIABHBIM 00Opa-
30M, TE€M, YTO B XM3Hb Jtofedl Bxoaut BP, xoropyro
MOKHO BOCIIPHHHMMATH €II€ W KaK OJHY W3 BBICIIUX CTY-
TeHeH pa3BUTHSA KOMIIBIOTEPHBIX TEXHOJIOTUH.

YpoBeHb M pPACHpPOCTPAHEHHOCTh KOMIIBLIOTEPHOM
TEXHUKHN U I/IH(bOpMaIII/IOHHI)IX TeXHOJ’IOFI/Iﬁ TaKOBBI, 4YTO
HCIIOJIb30BaHue TexHonoruii BP crajmo He TonbKO BO3-
MOXHBIM, HO ¥ BO MHOI'OM He3ameHUMbIM [1-4]. BP mo-
poIuiia HOBOE HAIIPaBICHUE TEXHOC(EPHl — JUCTAHIIMOH-
HOE YIIPaBIICHUE CJIOXHBIMH W, HHOTJA, OIIACHBIMHU IIPO-
meccamMyd. BHEAPSIOTCS HOBBIE METOMABI OICPUPOBAHUS
TEXHOJIOTHIECKAMHU OOBEKTaMH, OCHOBAaHHBIC HA TIpEI-
CTaBIICHHH COITyTCTBYIOIIUX MPOIIECCOB ITOCPEICTBOM
KOMIOBIOTEPHON Tpa(uKH, YTO CYIIECTBEHHO YIIPOIIAeT
paboTy ¢ HUMHU OOCITY>KHBAIOIIETO IepCOHaa.

Puc. 1. PaGouee MecTO COBPEMEHHOTO HHKEHEPa-KOHCTPYKTOPA,
HCTIOJIB3Y10ILEero Metosl BP

B menuumne texHosoruu BP BrepBbie mo3Bonwmiiu
MIPOBECTH CIIOKHYIO OIEPAIHI0 XUPYPTy, KOTOPBIA HaXo-
JIAJICA 32 THICAYM KWJIIOMETPOB OT orepanuoHHou. MHxe-
HEpbl MOT'YT C IIOMOUIbI0 MeToA0B BP nponukare B He-
JIOCTYIIHbIE YacTH KOHCTPYKIMWH, CHaOXXCHHBIX JaT4UKa-
MU U TPEICTaBICHHBIC TpapuuecKUMH aHaioramu. Ha-
npumep, BP ucnonp3zoBanach A peKOHCTPYKIMHM CaMoO-
sera F-18. [Ipu noMomu crneuuaibHbBIX OYKOB ONEPATOP
MOT TIOTIACTh B BHUPTYAIBHBI MHP W HENOCPEICTBEHHO
IepeMeniaTh HyXHBIE [eTalld, KOHTPOJHPOBATH IIpa-
BIJIBHOCTh WX COEIWHEHHS IPYT C APYTrOM. ITO COKOHO-
MHUJIO BpeMsl W JICHbIH, KOTOpble ObI MOTpeOOBANIHMCH Ha
[IOCTPOMKY HACTOSIILIUX MOJEIIEH.

Paborta mmxeHepa-koHCTpykTOpa (pHc. 1), mcmonb-
3yroniero Meroasl BP, mpeBpainaerca u3 MOHOTOHHOTO
TpyJa 4epTEXHUKA U pacyéTyrKa B TBOPUECKUH Ipoliecc,
MO3BOJISIOIIMI HE TOJNBKO CYIIECTBEHHO MOBBICUTH IPO-
M3BOAMTENBHOCTh TPYIa, HO ¥ H30€KaTh MHOXKECTBA MPO-
0JIeM KOHCTPYHUPOBaHUS U O(DOPMIICHUS €0 PE3yIbTATOB.

B BupryanpHBIX YYEeOHBIX JIAOOPATOPUSAX MOTYT
OBITH peaTM30BaHbl H UCCIIEIOBAHBI KaK 0OIIeIOCTYIIHEIE,
TaK U TaKue OOBEKTHI U MPOIECCHI, KOTOPBIE HEBO3MOKHO
BOCIIPOM3BECTH B PEAbHOCTH IO YCIOBHSM 0O€30macHO-
¢ty b0 M3-3a Upe3MepHor croumoctu. [IpudeM Bce 310
MOXXET OBITh, B OTJIMYHE OT PEaTbHBIX OOBEKTOB, THUpA-
JKUPOBAHO B HECOIPAHMYCHHOM KOJIMYCCTBE KOHHﬁ, CAUH-
CTBCHHBIM YCJIOBUEM HCIIOJIb30BaHUSA KOTOPBIX SABJIACTCA
HaJIM4Me KOMIIBIOTEpa JOCTAaTOYHOTO YPOBHS: Ha Mpen-
MIPHUATHY, B y4eOHOW ayTUTOPUH, TOMa — TJIC YTOJIHO.

OpnHu U3 nepBhIX TexHoNorui BP Obutn npuMeHeHs
HACA CIIA pns TpeHHPOBKH MHIOTOB KOCMHUYECKUX
YEeITHOKOB M BOCHHBIX CaMOJIETOB, PU OTPabOTKe mpHe-
MOB MOCAJKH, JO3alpaBKu B Bo3ayxe U T.I. BP sBnsercs
OCBOEHHOH B MOJTOTOBKE MHBIX BOCHHBIX M TPAXKTAHCKUX
CIIEIIMAINCTOB: TAHKUCTOB, PAKETYNKOB, BOIUTENECH aBTO-
TpaHcmopTa U T.A. Kpome 3HAaUMTENbHOM IKOHOMHYHO-
CTH, B TaKOM OOYYCHHWH BaXKHBIM SBIISETCA €l TO, YTO
OIKMOKY NepcoHata He NPUBOJAT K HEOJIArONPHUSATHBIM H,
TeM Oosiee, KaTacTpOPHUSCKUM MoceacTBUsIM. [ToaTomy
IIpU U3YYEHUU U HCCIEIOBAaHUU BUPTYAIBHO peaIU30-
BaHHBIX OOBEKTOB OKAa3hIBACTCS HEOOS3aTEIBHBIM ITOCTO-
SIHHO€ MPUCYTCTBUE HACTaBHUKA-IPENoOAaBaTess - 3TO
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OCOOEHHO BaXXKHO B YCJOBHAX OTBEICHHUS Bce OobLIei
pOIM CaMOCTOSTENBHON COCTABIAIONIEH y4eOHOTO IIpo-
Lecca, a Takke Ipu JUCTAaHIIHOHHOM O00Y4EHHH.

Takum obpazom, BP cerogns — 310 yxe He aOct-
PaKkTHOE TMOHSATHE, HO aJbTepPHATHBHAs ()OpMa OIEpHUpO-
BaHMA C pa3yinuHbIMH 00beKTaMH M nHpopMmauuei [1-4].
CoBpeMeHHbIe TPOrpaMMHBIE U amnaparHele cpeacTsa BP
MO3BOJISIIOT CO3/1aBaTh CUCTEMBI JUIS MCCIEJOBAHUS IIPO-
LIECCOB PEANBHOTO MUPA, a TAKXKE CHCTEMBI 00YIEHHS.

Hapsany ¢ apyrumu cdepamu, 3¢pdekTuBHBIM mpen-
CTaBIIsieTCS HCoNb30Banre BP B ob6macTu amekTpoTexHu-
KH M, B YaCTHOCTH, B OTPACIH 3JIEKTPOMAIIHHOCTPOCHHS.
IIpumenenue metonoB nporpammupoBanus BP no3soss-
€T CO37aBaTh M KCIIOJb30BaTh BUPTYyaJbHbIE JabOpaTop-
HbI€ CTEHJbI, KaK JUIs HOATOTOBKM HH)XEHEPOB JIEKTPO-
MAaIIMHOCTPOUTEIBHBIX CHEIMaIbHOCTEH, TaK M I Ha-
YUHBIX HccnegoBaHuil. U eciu moAroroBka cOBpeMEHHO-
ro HMH)KEHEepa OPUEHTHPOBAaHA HA MCIIOJIB30BAaHHUE YXKE
OCBOEHHBIX WH(OPMAIMOHHBIX TEXHOJIOTHH, TO MOJIro-
TOBKa MHXXEHEPOB OyIyIIero JOJKHA OCHOBBIBATHCS €IIIE
1 Ha TexHoJyorusx BP.

Hcxons u3 04eBUIHBIX TSHACHIMIN, MOXKHO CUHTATh,
41O pa3paboTka BUPTYAIBHOH AJIEKTPOMAIIUHHOW J1a00-
patopuy, BKJIIOHYaromedl B ce0s BHPTyaJIbHbIE CTEHMBI
Pa3IMYHBIX >JIEKTPHYECKUX MAIIMH M TpaHC(HOPMaTOpoOB,
IpeJCcTaBIIieT co00H IepenoBoe HalpasiIeHue B 00JIacTH
o0pa3oBaHMsl, IIOArOTABIMBAIOIIEe COOTBETCTBYIOLIEE
npeoOpa3oBaHKe MPOHU3BOACTBEHHBIX TEXHOJIOTWI M Ha-
YUHBIX MCCIEAOBaHUIl. DTO HampaBieHUE A1 YKpauHbI
Hayajgo CBOM pa3BuTue U peanusauuto B HTY "XIIN",
YTO OTpa)KeHo B [5-8].

B cBsI3M co 3HAUMTENBHBIMH NEPCIIEKTHBAMH U WH-
TepecoM K cuctemaM BP, BooOmie, a Taxke YHHKaIbHO-
CTBI0 HayaThIX pa3pabOTOK BHUPTYaJbHOH 3JIEKTpOMa-
LIIMHHOM 51abopaTropuu, B YacTHOCTH, WeEJbI0 JaHHOWM
nyO0IuKanMy sIBJIsIeTcsl IPEACTABICHUE CYIIECTBYIOIINX
annapaTHO-TeXHH4Yeckux cpenctB BP u oOmumx npo-
IrPaMMHO-TEXHOJIOTHYECKUX MPUHIUIIOB CO3JaHUs BHUP-
TyanbHbIX JJaboparopuii (BJI), ¢ neMoHcTpanmeii nepBbix
9TAIOB HAlIMX Pa3pabOTOK B 3TOM HaIPaBJICHHH.

OBUIEE MNTPEJICTABJIEHUE
DJIEKTPOMAIIIMHHON BUPTYAJIbHOM
JJABOPATOPUN

ITo cytu BJI — 310 KOMIBIOTEPHAS MIPOrpaMMma, ¢ KO-
TOpPOH IOJIB30BATENb-ONIEPATOP B3aUMOJIEHCTBYET IIO-
CPEICTBOM MpPEIYCMOTPEHHBIX OPTraHOB YHPAaBIICHHMS.
Camy BJI oH HaOmomaeT Ha 3KpaHe KOMIBIOTEPHOTO MO-
HUTOpA WK Ha OOJIBIIIOM 3KpaHe MYJIbTUHMEIUHHOTO MpPO-
extopa. [losTOMy /Jsi mepBOro 3HaKOMCTBa C Haulen
anekTpoMaminHHON BJI mpeacTaBuM MMEHHO 3Ty - BHeIl-
HIOIO €€ CTOPOHY, C KOTOPOI M MIMEET JIEJIO OTIepaTop.

Ha puc. 2-4 npuBeneHs! rpaduyeckre KOIUK KpaHa,
clenaHHble mpu pabote B cpene BJL, kaxmas u3 KOTOPBIX
oopmIiteHa B MHTEphEpEe OMpENeNICHHOW KOMHATHI. Buas
PUCYHKH BIEpBBIE, UX MOXXHO NPHHATH 3a (oTorpaduu
peanbHbIX MOMELIeHUH ¢ peanbHbIMU 00bekTamu. IMeHHO
Takoro 3¢Qekra u JOOMBAIOTCS IPOrPAMMUCTBI, KOTOPbIC
CO37a0T TPEXMEPHBIE OOBEKTHI BUPTYaJIbHO MHpa — HX
(dororpaduyeckoit anekBaTHocTH WK (ororpaduueckoro
kauecTBa. J[00aBMM, 4TO B OTJIIMYME OT IPEACTABJICHHBIX
pucyHKoB, Mup BJI siBisieTcst IOJTHOLBETHBIM.

ITo BJI MOXHO nepemeInaThesi ¢ IOMOILBIO 3ape3ep-
BHUPOBAHHBIX KJIABHII HA KJIABHATYpe, Kypcopa Ha 3KpaHe
komnbioTepa U "Mpimu". K opranam ympaBieHHs OTHO-
CUTCS TakXe MOJYMHEHHas "MbIIK' pyKa oleparopa,
oToOpakaeMasi Ha 3KpaHe u rnepemeriaemas um o BJI. B
LIEJIOM CHCTEMa YIPAaBJICHUS IPOCTa W OOLIEJOCTYITHA!
KaK IOKa3ajia MPaKTUKa, C HEIO JIETKO CHPaBISETCS MATU-
JIeTHUH pebeHoK 1nocie 2-4 ceaHcoB 00y4YeHHSI.

WA

Puc. 2. Buptyasnbhas naboparopust
¢ onHOda3HbIM TpaHchopmaropom [6, 8]

Puc. 3. Bupryansnas naboparopust
C JIBUTATEIIEM MTOCTOSTHHOTO TOKa [5, 7]

Puc. 4. BupTtyanbHblil CTEH] ¢ CHCTEMOI aCHHXPOHHBIH
JIBUTATEIb — TEHEPATOP MOCTOSHHOTO TOKA
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dakTHyecKy HabII0JaTeb MOXKET PACIIONIOKHUTECS B
mo00# Touke TpexmepHoro mupa BJI i, cooTBeTCTBEHHO,
Ha JKpaHe OyJeT 0ToOpakaTbCsi MMEHHO TOT BUJ, KOTO-
pBIii OTKpbIBaJics OBl B30pY, HalpaBICHHOMY W3 JTOM
TOYKH B KOHKpPETHYI0 cTopoHy. IlosTomMy mnpeamersl,
000py/IOBaHUE M BCSIKHE aKCeccyapbl MOXKHO paccMaTpH-
BaTh C JIO0OW CTOPOHBI, HA JKEJIAEMOM YJAJICHUH U B CO-
OTBETCTBYyIOIIeM Maciitabe. Hampumep, Ha puc.S5 u 6
JaHbl JIOKAJIBHBIE BUIBI HAa UCIBITaTeIbHBIE cTeHABI BJI,
MIPEeCTaBICHHBIX Ha puc. 2 u 3. EcTecTBeHHO, 4TO pas-
HBIX PaKypCOB CTOJBKO kK€, CKOJNIbKO WX ObLIO OBI y pe-
anpHOro (ororpada mim npocto HalOmOATENS B peajb-
HOHM J1a0opaTopuy: BIUIOTH JO DPAa3sHbIX BUJIOB M3 OKOH
KOMHATBI.

Puc. 6. BupTtyansHblil CTEeH] ¢ ABUTATENIEM [TOCTOSHHOTO TOKA

IlocpenctBom opraHoB ymnpasienuss B BJI mMoxHO
BKJTIIOYaTh W BBIKJIIOYATH amIapaTypy, perylInpoBaTh Ha-
MIPSKEHUE, W3MEHATH IIOJIOKEHUE IOJI3YHKOB PEryJIsiTO-
POB M PEOCTATOB, OTKPBIBATh U 3aKPbIBATh JBEPIIBI IIKa-
(OB ympaBlieHHs! U KPBIIIKKA Ha 3JIEMEHTaX AJIEKTP000o-
PYJOBaHHUs, BBINOJHATh COCAMHEHHE KJIEMM U JIpyrue
JeHcTBUA - BIUIOTH JI0 TepemenieHus npeaMeTos. B BJI
MOYKHO IIEPEXOUTh OT OOILEro OCBELIEHHs TIOMEIIEHHUS K
JIOKQJIbHOMY OT MECTHBIX CBETHIIEHHKOB.

B BJI mpenycMoTpeHO Bce Uil HOJHOTO o0beMa
"9KCHEpUMEHTANBHBIX" UCCIEN0BAaHUN Pa3IUYHBIX Mapa-
METPOB M XapaKTEPUCTHUK HIEKTPOTEXHUYECKUX YCT-
POWCTB B Pa3HOOOPA3HBIX PEXHMAaX (PEeryTUpOBOYHBIX,
pabounx, BHEUIHMX M IIPOYMX XapaKTEPHUCTHK, OIBITOB
XOJIOCTOTO XO/1a U KOPOTKOTO 3aMblKaHHA W 1p.). 3me-
PEHUS TOKOB, HANpPsHKEHHWH, MOIIHOCTH, (pa30BBIX CHBU-

TOB, YaCTOTHI BPAIIEHHS U T.JI. IPOBOAATCS CTPEJIOYHBIMU
npudopamMu ¥ AyONHUPYIOTCS HA SKpaHe MOHHUTOpa LUd-
posoro mynbTuMeTpa. B BJI ecth rpadmyeckas mocka, Ha
KOTOPOW MOXHO IPH HEOOXOAMMOCTH HApHCOBATh IOSIC-
Hsito1ue (PYHKIHOHAJIbHBIE 3aBUCUMOCTH.

CocrosiHME HCHBITBHIBAEMBIX O0BEKTOB (TpaHcop-
MaTopoB, 3JEKTPUYECKUX MAIIMH WU T.J.) U COOTBETCT-
BYIOIIME€ TIOKa3aHMsl M3MEPUTEIbHBIX NPHOOPOB HeErpe-
PBIBHO BOCIIPOM3BOMATCS OIPENCICHHOW YacThiO IIPO-
TpaMMBI, pealn3yIomel "MmoUToKeHHYI0" 01 KOHKpET-
HBI CTEH/ MaTeMAaTUYECKYI0 MoJelb. [Ipu atom, ectect-
BEHHO, OTpa0aThIBAIOTCS YCTAHABJIMBAEMble Ha JaHHBIN
MOMEHT HANpSDKEHHS, CONMPOTUBIICHUS Pa3JIMYHBIX PETy-
JISITOPOB, YPOBEHb Harpy3kH. JlJisi reHepaTopoB M TpaHC-
(opMaTOpOB HArpy304YHBIMU YCTPOWCTBAMH SIBJISIFOTCS
peocTaThl, IpOCcceid, KOHJEHCATOPBl C PEeryIupyeMbIMU
aKTUBHBIMH W PEAKTHBHBIMH COIPOTHUBIICHHUSAMH, JUIS
JIBUTATENEHd — peryJupyeMbId BJIEKTPOMAarHUTHBIN TOp-
MO3 C HM3MEpUTEIEM MOMEHTa BpAILEHHUS; BO3MOXKHA U
B3aMMHas Harpy3ka reHepaToOpOB M JABUTATEICH.

B BJI nmpenycMOTpeHBl pa3iu4HbIE CONPOBOXKIAIO-
e aynno W BAACO APQEKTHI: METIKHA MpH cpadaThIBa-
HUM ammaparypel, CHenu(pHYecKHid Tyad paboTaromux
TpaHchOpPMATOPOB M BPALIAIOIIMXCS HIIEKTPUUECKUX Ma-
IIMH, IIyM HIaroB ONEepaTopa); €CTh Peakius Ha Iepe-
Ipy3KH 000pyIOBaHUsI, aBapUHHBIE CUTYyallMk U Hapylle-
HUsI TEXHUKH OE€30MacHOCTH: JIbIMJICHHE IIPH IIeperpeBe,
UCKpEHHE M KPYTrOBOI OTrOHb Ha KOJUIEKTOPE, KPHK U OC-
JIeTUIEHNE TPH y/apax TOKOM, cpabaThlBaHHWE 3alUTHBIX
YCTPOMCTB M OTKIIIOYEHHE DIIEKTpONUTaHus. Bcrpamsa-
torcst B BJI u cpenctBa pa3BiedeHus: Ipu padoTe MOKHO
BKJIIOUUTh HAXOASAIIMIiCA B HEH Iiieep M MpPOCIyIIUBaTh
BEIOpaHHBIE MEIIOIWH, MOXKHO ITOJIF000BATHCSI PHIOKAMH,
IUTaBAIOIMMHU B aKBapUyMe, BUOM 32 OKHOM H T.7.

st npencrasneHHon anekrpomaminHHOM BJI moc-
TATOYHO OOILENOCTYIHOT0 Habopa 00OpyAOBaHUS: KOM-
IBIOTEP C MOHHUTOPOM, KiaBHaTypa, "MbImb". OxHaKo
BO3MOXKHOCTH BJI 3HaUMTENFHO PACIUPSIOTCS IPU HaJH-
YHU YK€ CO3/IaHHBIX (HO, K COXAaJEHHIO, ellle HE CTOJIb
JIOCTYIHBIX) CHEIUaIbHBIX annapaTHbIX CPEICTB, PsL U3
KOTOPBIX MPEACTABISIETCS ajee.

COBPEMEHHBLIE AIIITAPATHBIE CPEJICTBA
JIJ151 BUPTYAJIbHOM PEAJIBHOCTU

B o6mem moanmanmnn, BP — momensHas TpexmepHas
(3D) oxpy:xatomias cpena, co3gaBaeMasi KOMITBIOTEPHBIMU
CpeACTBAaMU M PEAJMCTHYHO pearupyromas Ha B3aUMO-
neiictBrue ¢ momp3oBatersiMu [9]. s otobpaxenuss BP
UCIIOJIB3YIOTCSI 9KpaHbl MOHHUTOPOB ((ponmanvras BP),
KOTOpBIE TAK)K€ MOTYT IPOELMPOBATHCS HA OOJbLIME KH-
HOPKpaHbl. BO3MOXXHO mpoennpoBaHue H300paKeHUs U
Ha CTEPEOCKONNYECKHE JIMH3bI, BMOHTHPOBaHHBIE B CIIE-
nuaneHbIe UIeMbl (puc. 7 [10]) (noepyacarowsas BP).

IIpn wucmonms3zoBannu (poHTamRHON BP omeparop
CMOTPHT TOJIBKO Ha SKPaH MOHHUTOPA U MEPEMEIIATHCS 10
BUPTYaIbHOMY MHUPY, UCIIOJB3Ysl KIABUATYPY, MBIIIb UIH
JIpyroil MaHUyJssTop. OMHUM U3 CPECTB, YIPOIIAOIIUX
B3aUMOJICHCTBUE C BUPTYaJbHBIM MPOCTPAHCTBOM, SIBJISI-
€TCsl MAaHOPAMHUPOBAHUE MOCPEICTBOM CHUCTEMbI MPEKUH-
2a (puc. 8 [11]), KOTOpast MO3BOJIIET U3MECHSATH U300pake-
HUE TPU M3MEHEHUH MOJIOKEHHs ToJIoBbl. Ha 00bI4HOM
JcIuiee OHa paboTaeT Tak: HalpUMep, OlepaTop Bpalla-
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€T T'OJIOBY HA JIEBYIO CTOPOHY M CKalllMBAaeT IJIa3a BIPABO
Ha JMCIUIeH, Ha KOTOPOM M300pa)KeHHe MPOKPY4HBAeTCs
TOXE B JIEBYI0 cTOpoHy. CucreMa HacTpauBaercs TakK,
4yToOBbl HEOOJBLUIOMY YINIy IOBOPOTa TJIaBbl OTBEYall
OOJIBILION YTroJI IPOKPYYHBAHUSI.

Puc. 7. lllnem BupTyalibHOM peasbHOCTH

Puc. 8. Cucrema TpekuHra, OTCIeKNBasE U3MEHEHUS MTOJIOKEHUS
TOJIOBBI, MEHSICT TPa(GUICCKYI0 KAPTUHY

B norpyxatouieit BP, npu ucnonb3oBaHuM creuu-
QJIBHOTO IUIEMA C ABYMSI MUHHMATIOPHBIMH CTEPEOCKOIH-
YECKUMH JKpaHaMH, CMEHA H300paKeHUIl Ha HUX IpU
JIBUJKEHUM TOJIOBOW MPOUCXOAUT C MOMOUIBIO CHCTEMBI
TPCKHHI'a TaK, YTO CO3JacTCA BICUATIICHUC ﬂeﬁCTBHTeHb-
HOTO MEpPEMEIICHUsI M0 BUPTyalpHOMY Mupy. Omepartop
BpAIlla€T FOJOBY HA €CTECTBEHHBIH Yrol WIM HEMHOIO
MEHBbIIIE, IPOJI0JDKAsE CMOTPETh nepest coboi. Ouku moka-
3BIBAIOT OOJIBIION 3KpaH, KaK B KHHO, TOJIEKO CTEPEOCKO-
MMMYecKri. DKpaH, MPUKPEIUICHHBIN K TOJOBE, BPaIlaeTCs
BMECTE C HEH U CIIy>)KMUT OKHOM B BUPTYyaJibHbIM Mup. B
uuieM BP BerpauBaetcst cuctema rpaiueHTHOIO CTEPEO-
CKOITMYHOTO O3BYYHMBAHUS, & 3KPaHbl CO3JAI0T CTEPEo-
ckonmyeckyio kaptuny BP. Eme oganm Bapuantom '"me-
pemenieHus" SIBIISIETCSI CHCTeMa eye-tracking, KoTopas
U3MEHSIET rpadMyecKyr0 KapTHHY Ha MHKPOAMCIUIESX B
3aBUCUMOCTH OT MOJIOKEeHHUs 3padkoB [10].

Onucate OIyIEHUE OT UCIOIb30BaHUS LIUIEMa BUP-
TyaJIbHOH PEaIbHOCTH OYEHb CIO0XKHO. TOT, KTO BIIEPBHIE
CTAJIKHMBAETCs C OTOW TEXHOJIOTHEH, MOJydaeT OoraThlid
OyKeT HOJIOKUTENBHBIX AMOLIMH 1 OIIyIIEHHE TITyOOKOTO
norpyxeHusi B BP. Ilocne sTtoro Bce TpexmepHbIe MpH-

JIOXKEHHUsI Ha OOBIYHOM MOHHTOpPE BPAI JIM MOXHO BOC-
MIPUHUMATD C NIPEKHUM yJIOBOJILCTBUEM.

"HaTtypanpHOCTB" WM peann3M BUPTYaJbHOTO IPO-
CTpPaHCTBA CO3/1AETCS HE TOJIBKO C MOMOUIbI0 1iieMa BP,
HO M C TOMOUIBbIO APYIMX YCTPOMICTB aJbTepHATUBHOTO
npexacraBineHuss uHpopMmanuu. K Takum ycrpoiicTBam
OTHOCSITCS. MH(OPMAIIOHHBIE ¥ MaHUITYJISLIHOHHBIE TIep-
yatku BP (puc. 9), Bubpoxuierst (puc. 10 [11]), oprano-
JMENTHYECKUe W TepMoIUiacTH4eckue mnepyatku (puc. 11
[11]), reHepaTopsI 3amaxoB (puc. 12).

K HamOompmIMM IOCTIDKEHHSIM Ha JAHHOM 3Tare
MOXHO OTHECTH CEHCOpHbIe KOocTioMbl BP ¢ mepcenTus-
HOM 00OpaTHOW CBSA3bI0, PEATM30BAHHONW HAa OCHOBE "HC-
KyCcCTBeHHas Mblmna" u3 Matepuana ¢ 3GhexTom namstu
(dopMbI, pa3pabOTKO KOTOPHIX 3aHUMAIOTCS ANWOBCKHIA,
Maccauycerckuit, Cranadopuackuii [12] TexHomormye-
ckue ynuepcurersl CIIA, smoHckue wnccienoBaTeib-
CKME HWHCTHTYTHl. Pa3paboTKOHl NpOTOTHIIOB "HCKYyCCT-
BEHHBIX MBIIN" HAa OCHOBE MaTepuaioB ¢ 3G PeKToM mna-
MATH (QOopMBI 3aHnMatoTcs Takke CaHkt-IlerepOyprekuii
n HoBropoackuii rocyaapcTBEeHHBIC YHUBEPCUTETHI.

Puc. 9. Manunynsatop-nepuaTka ¢ CUIOBONH 0OpaTHOM CBSI3bIO

Puc. 10. Bubposxuser, nepenaromuii MOIHbIE HU3KOYaCTOTHBIS
KOJIe0aHUsI HEIIOCPEICTBEHHO Ha TEJIO YeJIOBEeKa uepes
KoJsieGaHusI BO3(yXa — 3BYKOBBIE HU3KOYACTOTHbIE
MOIIIHBIE KOJICOaHHs
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Puc. 11. CencopHas nepyartka, Mo3BOJISIONIAs OIIYIIaTh 00BEM
MIOBEPXHOCTEH U UX TEMIIEPaTypy

Puc. 12. I'enepaTop 3amaxoB: ¢ MOMOILIBIO CHHTE3a (PEHOTBHBIX
coeMHEeHUH mMo3BoJsieT Boccozaasats 10000 apoMaTHyeckux
OTTEHKOB (MCXOIHBIMH (hEHOI-COCPIKAIIMH BEIECTBAMHI
SIBISTIOTCS 3(PUpPHBIE Maciia)

B kommiekce Bce OINMMCaHHBIE amIapaTHBIE W IMPO-
rpaMMHbIE cpencTBa BP mo3BOJIAIOT MOTPY3UTH MOJB30-
BaTeNis B BUPTYaJIbHOE MPOCTPAHCTBO J1abOpaTOpUU Ha-
CTOJIBKO TOJIHOIIEHHO M TIIy0O0KO, YTO MOXHO TOBOPHUTH O
JIy4IlIeM, 110 CPABHCHHUIO C MPOBEICHUEM PEabHOTO JKC-
MEPUMEHTa, 00pa30BaTEIbHOM Y(PQPEKTe U 3HAYUTEIBEHO
OOJIbIIIEM JUAIa30HE BO3MOKHEIX JeHCTBHH. XOTs, KO-
HEYHO, CIeIyeT 3HaTh, 4TO Nojib3oBarenu BP wmoryr
CTpajaTh OT, TaK Ha3bIBaeMOH, "KOMIBIOTEPHOH OoIes-
HU'", BO3HHUKAIOIMIEH W3-32 HEKOTOPOH e30pHeHTAIIUN
yenmoBeka mocie padotsl ¢ BP.

I[MPUHIUIIBI TPOTPAMMMWPOBAHUA
BUPTYAJIBHOI PEAJIBHOCTHU

OnucaHHble anmnapaTHele cpeicTBa BP mossosstror
€CTECTBEHHO, T.€. "HaTypasbHO" INepenaBaTh OILyIICHUS
npu B3aumojeicteun yenoseka ¢ BP. Ho ocuoBy BP co-
CTaBJIsIe€T INporpammHasi yactb. IIporpammuposanue BP
CYIIECTBEHHO OTJINYAETCSl OT IPOIPaMMHUPOBAHUS IPYTUX
WH(POPMAIMOHHBIX CHCTEM, T.€. TpeOyeT OOMMPHBIX 3HA-
HUH HE TOJBKO B 00JACTH MOJEIHPYEMOTO SBICHUS HIN
MIPOIIECcca, HO ¥ BO MHOKECTBE COIYTCTBYIOIIMX 00JIacTsIX
3HAHMHA, Ha TIEPBBIX B3TJISA COBCEM HE CBsI3aHHBIX. HeoO-

XOIUMO O0NajgaTh 3HAHUSAMH B OOJIACTH IICUXOJIOTHH,

NICUXOAWHAMUKY, MEAMIMHBI, 3PTOHOMHUKH, MPOTPAMMHU-

poBaHMsl rpadMKM M anlapaTHhIX NepUPEepUHHBIX KOM-

NBIOTCPHBIX CPEACTB, NE€AArOruKu, TCOPUU BSaHMOHeﬁCT-

BUS CHCTeMbI 'deloBek-mamuna", ¢uiocopuu. OTOT

CIHMCOK MOJKHO JIOTIOJHATH JIO TeX IIOp, IMoKa He Oyaer

NIepeYUCIIeHO OOJBIIMHCTBO 3HAHUH, HAKOTUICHHBIX YelIo-

BEYECTBOM. JTO HEJETKO OCHOPUTb, ECIIH 33yMaThCs Hal

caMUM TePMHHOM "BUpTyajbHas peansHOCTH". BP mpen-

CTaBIsIET cOo0O¥ aNbTEpPHATHBHYIO (OPMY pEaTbHOCTH,

T.e. IO CYTH - albTepHATHBHOE M3MepeHue. B oOBéMax

OJTHOM JKypHAJIbHOW CTaThH HE OOBATH BCETO MHOT000pa-

3usg ¢popm BP 1 He ommcaTh BO3MOXKHEIX IyTel €€ pa3Bu-

THs. MOXHO JIMIIb C YBEPEHHOCTh CKa3aTh, 4To0 BP — 310

y)Ke He aOCTpaKkTHOE IOHSATHE, a BIIOJIHE Ocs3aeMasi pe-

anbHOCTh. [109TOMY OCTAHOBMM Halle pacCMOTPEHHE Ha

BOIPOCax IMPOrpaMMHPOBAHUS BHPTYaJbHBIX Jlaboparo-

puii Ui poBeneHus (HU3MYECKUX SKCHEPHUMEHTOB - OC-

HOBBI €CTECTBEHHOT'O MIO3HAHUSI.

Coznanne BJI cBOIUTCS K CIEAYIOIINM dTalaM:

1) pa3paboTka KOHIEINH JTa00paTOPHH;

2) pa3paboTka TpEXMEpHOU MOJENN MU3yd4aeMOro OOBeK-
Ta WIK OOBEKTOB, 33JCHCTBOBAHHBIX B MOJAEINPOBA-
HHUHM IpoLEecca;

3) TekcTypHpOBaHHE MOMAETIH;

4) mporpaMMHpOBaHHE TOJIb30BATENLCKUX M CEPBUCHBIX
nnrepdeiicos;

5) mporpaMMHPOBAaHUE ASMYJISIIIUOHHBIX W MPEIMETHBIX
MaTeMaTHYeCKHX MOJIEIIEH;

6) uHTerpupoBaHue rpadUuecKOi, WHTEPAKTHBHOW U
MaTeMaTHYECKUX MOJIEIIEH;

7) mporpamMmupoBaHuEe UHTepPEHCOB mepUQepHITHBIX
YCTPOMCTB;

8) TectupoBanume;

9) MeTomonoTH3aIus.

Paccmotpum 3Ty CTpyKTYpY noapodHee.

Ha stame pa3pabotku kouuenuuud BJI mpoBoautcs
IUIaHUPOBaHKE Ipoliecca MPOM3BOACTBA, BBIOOD OITH-
MaJbHBIX TpaQHUUECKHMX U MaTEeMaTHYCCKHX MOJICICH,
BBIACHSIIOTCSl IIEJIM TIPOBEICHUS IKCIIEPUMEHTA, OLIEHH-
BAalOTCS amnlapaTHble BO3MOXXHOCTH, MPOBOMSATCS IIOJr0O-
TOBHTEIILHBIE KCIIEPUMEHTHI (C MTPOTPaMMHBIMHU M aria-
paTHeIMU cpeacTBaMu BP, 1o BO3MOXXHOCTH - peasibHbIE
sKcriepuMeHTshl). [IepBhIit 3Tam ABISIETCS OCHOBHBIM, T.K.
MMEHHO Ha HEM MPOBOIUTCS COCTABICHUE OOIICH CXEMBI
Oyaylieii pa3paboTKH.

Pa3paboTka TpEXxMepHOW MOAETH TMPOBOIUTCS B
CHELHUANbHBIX IIAKETaX TPEXMEPHOIO MOJEIHPOBAHUS
(3D MAX, Maya, AutoCad, Cult3D, Inventor u 1.1.). OTH
MaKEThbl IMO3BOJAOT HUMIIOPTUPOBATH CETOYHLIC MOACIU
(npumep onHO# naH Ha puc. 13) B cCBOH COOCTBEHHBII
¢dopmar. MupoBoe cooOmmecTBo pa3pabOTYMKOB TpexX-
MepHOH Trpaduku cozfano oOmMpHBIE XPaHUIIUIA TOTO-
BBIX TPEXMEPHBIX MOJIENIEH, KOTOphIE HaXOISTCS B CBO-
6omHOoM moctyme B cet Internet. CyIIecTBYIOT Takxke
MHOXECTBO (hHpPM, CHCHHAATH3UPYIOUINXCS Ha pa3padoTke
TpeXMEpHBIX MOJIeJiel Ha 3aKka3 u TemaTuieckux. Ha puc.
14 u puc. 15 nokazanbl (pparMeHThbl IBYX BUPTYaIbHBIX
CTCHIOB B mpolecce ux "cOOpku" - KOMIIOHOBKH W3
TPEXMEpPHBIX TIpapUYecKuX OOBEKTOB, KOTOPBHIE MOTYT
OBITh, B IPUHIIKIIE, KCIIOJIB30BAHbI U B Apyrux BJL.
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Puc. 13. Cerounas Mozaesab BUPTYalIbHOTO
11ab0paTOPHOTO CTEH[A JUIS UCCIIeOBaHUs TpaHcdopmaropa

Puc. 14. BuptyanbHslii cTeHa
¢ JBUTaTelIeM IIOCTOSHHOTO TOKA B Ipouecce "cOopku

n

Puc. 15. BupTyanbHblii CTEH ¢ aCHHXPOHHBIM JIBUTaTENIEM
U TIpeoOpa3oBaTesieM 4acToThI B mporiecce "coopku”

TekcTyTHpOBaHUE CETOYHOW MOJIENH — ATO MPOIECC
HAJIOKEHUS PaCTPOBBIX M300paKEHUI HAa HAPYXHYIO TO-
BEPXHOCTh TPEXMEPHBIX OOBEKTOB, OIPAaHUYCHHYIO Ce-
TOYHBIM KapkacoM. Ha 3ToM 3Tare Takke MPOBOAUTCS
ornruMm3anus rpadudeckoit Momenn. ONTHMHA3AIUS Tpa-
(buueckoit MozIeNT HanpaBlieHa Ha pa3rpy3Ky mpoleccopa
OT HEOOXOJMMOCTH JIHIIHUX PACUYETOB CETOK MOJEIEH.
Kaxnast TpexmepHasi rpaduueckas MOJIEINb MPEACTaBIISET
co0O0¥ CeTKy, KOTOpasi 00pa30BBIBACTCS TPEYTOJbHHUKAMH.
Kaxaplif Takoil TPEeyroJibHUK Ha3bIBACTCS IOJUTOHOM.
UeM MEHBIIIE MMOJIMTOHOB HEOOXOIMMO MPOIECCOPY MPO-
EKTUPOBATh Ha BYXMEPHYIO IUIOCKOCTH SKpaHa, TeM 00-
JIBIIIE CKOPOCTH pabOTHI BCEW BUPTYATbHON MOJICIH.

HanGonpmmii mpupocT CKOpOCTH AaeT, T.e. Haubo-
Jiee TPHOPUTETHBIM CPEICTBOM OITHMHU3AINU SIBIISCTCS
3aMeHa KOMIIOHEHTOB TPEXMEPHbBIX MOJIeIeH TEeKCTYPaMH.

IIpocroil mpumep Takoil 3aMeHbI - 3TO MOZEJb I0JOTHA
CeTKU-pabunbl. Takylo CeTKy B CHCTeMax TPEXMEPHOIO
MOJICTIMPOBAHMSI MOXHO CHENaTh JBYMsl CIIOCOOaMH.
[lepBeIii cIocOO: HAHECTH MOHOTOHHYIO TEKCTYPY MeTal-
Jla Ha IJIOCKOCTh, a MOTOM, MIPUMEHSISI JIOTHYeCKOe BBIUH-
TaHHe OOBEKTOB C IMOMOLIBIO IIMIMHAPOB, CAENATh B CET-
K& MHOTO OTBEPCTHH, KOTOPBIE MO3BOJAT CHENAaTh IIOC-
KOCTb Ioxokeil Ha cetky. Ha puc. 16 npuBeneH cHUMOK
9KpaHa Ha 3Tare IMOATOTOBKH MOJEIH CETKH IO IEPBOMY
cnocoOy. TyT BUAHBI COTHM LWJIMHIPOB, JIOTHYECKHM
BBIUMTAaHHEM KOTOPBIX OyZET MOoJydeHa ITOBEPXHOCTh
Oyayuiei Mozjenu ceTkd. bokoBas HapyxHas MOBEpX-
HOCTh Ka)KI0T0 LUJINHIPA JOJDKHA COCTOATh, KAK MUHH-
MyM, U3 16 monuroHoB. Ilpu Jorm4eckoM BBIYMTAHHU
00pazoBaHHOE OTBEPCTHE OyAET OMMCaHo Takxke 16 mou-
roHaMu. Takoe OOJIBIIOE YHCIIO OJIUTOHOB HE ONPaB/IaHO
U €r0 HaJi0 YMEHbIIATh. DTO MOXKHO CAENATh CIEAYIOLUIIM
CII0COOOM.

Puc. 16. [ToaroToBUTENbHBIN 3TAM IjIs CO3AAHMS MOJIEITH
METaUTHIECKO# CEeTKHU: BCE IIMHAPBI ITyTEM
JIOTUYECKOTO BBIYMUTAHUS 00Pa3ylOT OTBEPCTHUS

B nakere pegaktupoBaHus pacTpoBOi rpaduku (Ha-
npumep, Adobe Photoshop) Bblpe3aTh U3 TEKCTypbl Me-
Ta/ula KPYrJible OTBEPCTHS M COXPAHUTH IOIYYCHHYIO
TEeKCTYpy B opmare *.tga (TEKcTypa co CJI0eM Mmpo3pad-
HoctH). [Tpumep Takol TeKCTypbl NpUBeeH Ha puc. 17.

Ilocne HamoXeHHsI TEKCTYypHl C O-KaHAIOM Ha I10-
BEPXHOCTh IUIOCKOCTH OyAyLIed MOIENIH CETKH, PH BH-
3yali3aliy, Ha MecTaXx OTBEPCTHH TeKCTyphl (00J1acTy o-
KaHana) OyxyT mpo3padyHble 00JIacTH, 9To OYAET C BHICO-
KOW CTENEeHBIO PEaMCTUYHOCTH BOCCO3JaBaTh BHI Me-
TAJUIMYECKON CeTKU. Pacuér TEKCTyp ¢ 0-KaHaJOM TOXeE
pecypcoéMKas Ui IIpoleccopa 3aada, Ho B 3TOM cilydyae
4acTh Pacu€ToB IepefaeTcs MpoLeccopy BHACOKAPTHI, Aa
U B LEJIOM Pacu€T TeKCTyp TpeOyeT MEHbILEe MPOLeccop-
HOT'O BPEMEHH, Ye€M PacuyET CETOUHBIX MOJIEJIeH.
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Puc.17. IloATOTOBUTEIBHBIN 3Tall ISl CO3AaHHSI TEKCTYPHI
METaJUINYECKOM CETKU ¢ KaHaJIOM IIPO3pavyHOCTH
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CepBucHble (QYHKINH - 3TO TaKHe, KOTOPBIE CO37a-
FOTCS ITIs1 MOJICTTMPOBAHUS BUPTYAIBHOTO MTPOCTPAHCTBA U
(U3MUECKUX CBOMCTB €ro OOBEKTOB, OCYLIECTBICHUS
BCIIOMOTaTEIbHBIX OIEpaluil CUHXPOHHOI'O B3aUMOJEH-
CTBHsI Tpa)MuecKoil U MaTeMaTH4ecKol Mojelnei, B3au-
MojelicTBHs ¢ (ailyloBO M ONEpalMoOHHOW CHCTeMaMu
M0JIb30BATENs, OPraHU3alMU CETEBOro pexuma (coemu-
HeHue, repefada u oOpadoTka MH(OPMAIMH, MOTyYeH-
HOW C YyKa3aHHOTO IIOpTa), Mepefaddl YIPaBISIOMINX
BIUSHUNA Ha TPUTTEpHBIE (YHKIUH U TPOMEKYTOUHEIE
(YyHKOIMM MaTeMaTH4eCKOH MOJeNd, BBIBOJAa Ha SKpaH
MOHHTOpA, BUPTYAJIbHBINA 3KpaH MyJIbTHMETpa M Ha TpH-
OOpEbI, YIIpaBIeHHUS MOBEACHHEM OOBEKTOB IMPH BIUSHHH
Ha HUX CO CTOPOHBI OJ30BATENA U T.1. U T.II.

WurtepakTiBHbIe (YHKIMHM OTBEYAIOT 32 KOHTPOJIb
BUPTYaJIbHOTO MPOCTPAHCTBA HA MpEAMET B3aHUMOMAEHCT-
BUS C HUM M0JIb30BaTemst. Kak TOJBKO 1mosb3oBaTesb Me-
HSCT KaKOW-HUOyIh mapamerp TpaduuecKod MOJeNH,
WHTCPAKTUBHBIC (DYHKIUHU JOJDKHBI Y€TKO ¥ OJHO3HAYHO
OTpearupoBaTh Ha 3TH JeicTBus. OHU JAODKHBI OXapak-
TEPU30BaTh M KIACCH(UIIUPOBATH NEHCTBUS MOIB30BATE-
79 W TONaTh HEOOXOIMMBIE PYKOBOISIINE CHUTHAIBI K
CepBUCHBIM (DYHKIHSM, KOTOPBIE B CBOIO OuYepe/ib H3Me-
HAT COCTOSIHHME MAaTeMaTHYeCKOW MOMETH, M HaYHEeTCS
mporecc pacdera. Ilocie 3Toro Te )Xe camble CEpBUCHEIC
¢byHKMK OyayT U3MEHSTh COCTOSIHME BCEH BUPTYaJIbHOU
MOJIENIU B 3aBUCHMOCTH OT pe3yJbTaTOB MaTeMaTH4ECKO-
IO MOJECIUPOBAHHUS.

WuTepakTuBHbIC QYHKIMH TaKke BO MHOTHX CIydYa-
SIX MOTYT BKJIIOYATh B cebe cepBucHble (QyHKUuH. Takoi
MMOJIXOJ OIpAaBIaH, €CIM WHTCPAKTUBHAs (QYHKIUS HE
repeacT HAKAKUX YIPABISIONINX CHUTHAJIOB MaTeMaTH-
YECKHM MOJIEIISIM, a TIPOCTO M3MEHSAET KaKOH-HUOYIb Ia-
pamerp cuctembl. Hampumep, B WHTEpakTHBHOH (yHK-
LUK, KOTOpasi OTBEYaeT 3a OTKPbIBaHWE JBEpLbl Ikada,
I7Ie XpaHATCS CMEHHBIE NPUOOPHI W T.N., CEPBHUCHAS
(GyHKIHS MOXET ObITh BCTPOCHHOH, Tak KakK JaHHOE JeH-
CTBHE HUKAKUM OOpa3oM He BIHUSCT Ha (PYHKIMOHHUPOBA-
HHE MOJIENIU B LIEJIOM.

[ToHATHO, YTO WHTEPAKTUBHBIX (YHKIUH OYEHB
MHOTO, JJa)ke B He oueHb cioxHoi BJI. IToatomy uHTe-
rparys CepPBUCHBIX (PYHKIIUA B MHTEPAKTHBHEIC (YHKIIUH
OYEeHb BAXKHBIH AJIeMeHT 00mer onrummsanuu BJL.

[Tocne Toro, kak rpadudeckas MOJIENb, BCE CEPBHC-
Hble (YHKIWH, TPUTTEpPHbIE (YHKIHWH, IepeNaTOYHEIC
GbyHKUMH, QYHKIMK TPadUuecKoro BbIBOJA U MaTeMaTH-
Yyeckasi MOJieJIb OyJIyT TOTOBBI, HEOOXOJMMO HHTETPUPO-
BaTh Bce 3TH Moxynu B BJI Takum obpa3om, 4ToOBI OHU
paboTany B CHHXPOHHOM II0 BpeMeHHU pexxume. Hanmo mo-
Jno0paTh TakoW pPEeXHUM Il BCEX MOJYJIEH, KOTOpbIe
JIOJDKHBI Peajln30BBIBATHCSI B MaciiTtabe peajsbHOro Bpe-
MEHH TaKUM 00pa3oM, YTOOBI MEXTy BBITOIHCHHEM KaXK-
JIOTO M3 HUX He OBUIO BPEMEHHBIX 3a/IepKeK, KOTOpbIe Obl
HE J1aBaJli BO3MOKHOCTH BBITIOHATHCS IPYTHM MOYJISIM.
Tak, HampuMep, €cli OIepaTop H3MEHSET ITOJIOKEHHE
peryisitopa MarasmHa COTIPOTHBIICHHUH, MaTeMaTHIeCKas
MOJIeNb JIOJDKHA pearupoBaTh Tak, 4ToObI He ObLTO 3a-
JEPKKU MEXKIY COCETHIMH UTEPALTUSIMH T€OMETPUIECKO-
rO CMEUIEHHS PETyJsITOpa W BBIBOJOM HA BUPTYaJIbHBIHA
SKpaH MyJbTHMETpa 3HaUE€HHH MapaMeTpoB MaTeMaTHue-
CKOM Mozenu. B mpoTHUBHOM cilydae, eciiu Takas 3aJepixk-
Ka CyILECTBYET, IIPU CMEIIEHUH PEryisaTopa MaTeMaTHye-

CKasi MOJIENb HE YCIIeBAaeT PACCUNUTATh COCTOSHHE MOJIEIH
U TIpU CIIEAYIOMIEM CMENICHUH COCTOSHUE MOAETH OyneT
yKe HeBepHOe, 4To npuBeneT K dddekty pacxoxneHus
(pacxopsmumecs konedanus crpesikn). [TogoOusiit addexT
HaOroaeTcst B CHCTEMax C IOJIOKHUTENILHON oOpaTHOU
CcBs3bI0. [ mpenoTBpalieHusl TAKHX —PACXOXKICHUMA
MIPUMEHSIIOTCS,, TaK Ha3bIBaeMble, '"clepKuBarolue" ai-
TOPUTMBI, KOTOPBIC HE pa3peliaroT U3MEHSATH COCTOSHHE
BHPTYaJILHOW MOJIEINH JI0 TeX I0p, IIOKa He OyIeT paccyu-
TaHAa MareMaThdecKkas Mozenb. T.e. ITONb30BaTeNb HE
CMOXKET W3MEHHUTHb CMEIICHHs PEryjsiTopa 0 TeX Iop,
MoKa MpUOOPHI HE OTOOPA3AT pacCUUTAaHHBIC MapaMeTPhl
MaTeMaTU4EeCKON MOJIENH.

Oco0eHHO Ba)XHOW CHHXPOHU3ALUSI CTAHOBUTCS B
cinyuae (yHkiuoHupoBanuss BJI B ceTeBoM "MyInbTH-
II0JIb30BaTEIbCKOM" pPEeKUME (3TO TAaKOM pPexHM, KOrja B
BHPTYAJILHOM IIPOCTPAHCTBE JIAOOPATOPUH IIPUCYTCTBYIOT
Cpa3y HECKOJIBKO MOJIbh30BaTeNICH, KOTOPHIE OJHOBPEMEH-
HO MOTYT HPOBOIWTH Ja0OpPATOpHBIC SKCICPUMEHTHI Ha
OTHOM W TOM JK€ CTEHJIe, TIPH 3TOM HaOIIoAas APYT Ipy-
ra, Kak rpaduuecKkde TPEeXMEpHBIE MOJCIH JIOACH WiIH
CHMBOJIMYECKHE MOJENH, HApUMep, POMOWK H T.II. C
MTOJIMUCHI0 MMEHH ToJIb30BaTeNs). Ecim KTo-TO M3 mojb-
30BaTeNeil M3MEHWI MOJIOKEHHE KaKOTO-TO PeryisTopa
Ha ero JIOKaJIbHON MAaIuHe, TO U1 HETO MaTeMaThdecKas
MOJICJIb PACCYUTANIa COCTOSHHE BHUPTYaJbHOH MOJEIH
MPaKTUYECKM MTHOBEHHO, HO JIA JAPYTUX YYaCTHHUKOB
(mosp30BaTesell) BUPTYAIBHOTO J1a00OPATOPHOTO HKCIIe-
pUMEHTa MaTeMaTH4YeCKas MOJENIb CMOXET IIPOBECTH
pacueTsl JHIIb TOCNe TOTo, KaK 10 KaHaJaM Mepeaadu
JMAHHBIX K MX KOmUsIM mpuitoxkeHus BJI moiiner HeoOxo-
nuMasi HTH(GOpMAIHsI OT TOIB30BATENS, KOTOPBIH M3MEHHI
COCTOSIHAE MOJIENIA. B 3TOM ciTy4ae HauWHAIOT paboTaTh
"cneprkuBatonue” ajJropuTMbI, KOTOPEIE CO3MAI0OT 3aIllpeT
Ha B3aMMOJIEHCTBHE C TpadUIecKOW TpeXMEepHOW Moje-
JIBI0 B HEYCTOMYMBOM COCTOSTHHA. YeM OOJbIIe MpOoIycK-
Hasi CIIOCOOHOCTh CETH M MPOU3BOAMTEIBHOCTH CepBepa
NIPWIOXKEHUH, TEM MEHBILE 3aJEPKKU, KOTOPHIE BbI3BAHbI
"cep)KuBaOIUMU" aNTrOPUTMAMU.

MareMaTiaeckumMu MoJneisiMu 00bekToB BJI, kak
9TO W OOIIEHPUHSATO, SIBISIOTCS CHCTEMBI YPaBHEHUH,
aJICKBaTHO OIKCHIBAIONINE COCTOSHUS ITHX OOBEKTOB C
YYETOM H3MEHSIOIIMXCS BHEIIHUX Bo3aeWcTBud. s
TpaHCcHOPMATOPOB U DIEKTPUIECKUX MAIIMH MaTeMaTh-
YeCcKHe MOJEIH COCTAaBIICHB HA OCHOBE MX KIIACCHYECKUX
TEOpHIl M CXEeM 3aMelIeHHs, a TakkKe MPOEKTHHIX Mapa-
METpOB M 3aBUcUMOcTel [14, 15], 9To mokazaHo, HaNpH-
Mmep, B [7, 8]. [locpencTBoM 3TUX MOJEIeH onpeaenseTcs
JUHAMUYCCKH HW3MCHSIOIICECS MHOXECTBO CTaIl[HOHAP-
HBIX 3JICKTPOMArHUTHBIX COCTOSHHIA TpaHC(HOPMATOPOB U
QJICKTPUYCCKUX MAallWH. B MEpY BO3MOXKXHOCTHU MaTeMa-
TUYECKHE MOJCIH YTOUYHSIOTCS Ul YAYYIICHHS pPeau-
CTHYHOCTH TOBEACHUS OO0BEKTOB. B manmpHelWIeM mpen-
MOJIaTaeTCs COBEPIICHCTBOBAHIE MAaTEMAaTHUECKUX MOJIe-
JIe Ha OCHOBE OIPENENCHHUS AIIEKTPOMATrHUTHBIX Mapa-
METPOB YCTPOMCTB ITOCPEACTBOM UHCICHHBIX pPACUETOB
3NEKTPOMArHUTHBIX Touel [15] 1 BBeIeHNS MOTydeHHBIX
TakuM CcHocoOoM (DyHKIIMOHATIBHBIX 3aBucuMmocteil. [le-
pexo/iHbIe MPOLECChl Ha TaHHOM 3Tamne co3nanus BJI He
BOCIIPOM3BOAATCA BBUAY CKOPOTECYHOCTU HMX BPEMCHHbBIX
WHTEPBAIOB B MacuTadbe peasbHOro Bpemenu BJI. Xots,
B TMPUHIUIIC, HET np06neM C HUX BOCIPOHM3BCIACHUEM B
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BUjie Tpa)UueCKUX CHUMKOB - OCLMJIIIOIPAMM.

MaremaTnueckue U rpadudeckie MOJICIH C mepeaa-
TOYHBIMHU, CEPBUCHBIMHU M ITPOMEKYTOUYHBIMH (PyHKIUSIMH
JIOJDKHBI pa3padaThiBaThCsl MO BO3MOXHOCTH OJHOTHII-
HBIMH, YTOOBI UX MOXHO OBUIO UCIOJIb30BaTh JJIS Jajib-
Helmmx pa3pabotok. B cBs3u ¢ Tem, uro BJI B OobImH-
CTBE CBOEM SIBIITIOTCS YHHKAJIBHBIMH, pa3paboTKa mpo-
IPaMMHBIX KJIacCOB M OOBEKTOB OY€Hb OciokHeHa. He-
BO3MOJKHO pa3paboTaTh MPOrpaMMHEIN KJace s yIpaB-
JeHUs PETyJITOpaMHi, TaK KaK HEBO3MOXKHO BBECTH
OONBIINI ypOBEHb aOCTPAKIMH MEXIY pETryIATOpaMH,
YeM TOT, YTO OHH SABJISIOTCS peryiasTopaMu. VX KoHCT-
PYKLMHM HAacTOJNBbKO CWJIBHO M3MEHs0TCA oT onHoil BJI k
JpyTO#, 4TO MpUMEHEHHE MPOTrPaMMHOI0 KOJa, CO3/aH-
HOro i O[lHOﬁ, , KaK IpaBuJio, HC MOAXOAUT MOJIHOCTBIO
JUTs Ipyroil. B TakoMm citydae anbTepHATHBON pa3paboTKU
MPOTrPaMMHBIX KJIACCOB CO CJIEAYIOIIUM KJIOHHPOBAHHEM
nX OOBEKTOB €CTh pa3paboTKa eINHOI CXEeMBI, COTJIacHO
KOTOPOH BO3MOXKHO INOCIEAYIOIEE HCIOIb30BAHUE KOJA.
Tak A MHTErpUPOBAHHUA MaTEeMaTHYECKOW W Tpaduye-
CKOM MOJEeJNIeH HCIOJIb3YIOTCS CEPBUCHBIE U TPUITEPHbIE
(yHKOHH, KOTOpBIE TPAaHCPOPMHUPYIOT NAHHBIE TEOMET-
PUYECKNX M3MEHEHHH TpaduuecKoil MOJETH B BapHally-
OHHBIE JMANAa30Hbl a0CTPAKTHBIX KOIPPHUIMEHTOB. DTH
K03(hDUIIMEHTBI MOTYT U3MEHSATHCS OT MOJIENN K MOJIEIH,
HO cxeMa UX (PyHKUMOHMPOBAHMS U MIPUMEHEHHS OCTaeT-
Cs HEU3MEHHOM.

[MporpammupoBanue uHTepdeiicoB nepudepuitHbIx
YCTPOUCTB — cloxHas 3a1a4a. Ho oHa Hepenko perraercst
C TOMOIIBI0 UCIONB30BaHUS YK€ pa3paboTaHHBIX Ipaii-
BEPOB YCTPOWCTB WJIM MPOTPaMMHBIX MHTEpdeiicoB. Tak
JUIE HOPMAIbHOTO (YHKIMOHHPOBAHHS CTEPEOCKOIHIYe-
ckoro muiemMa BP HeoOXomumel crieruanbHBIE CTEpeo-
IpaiiBepa, HO WX MOXKHO '"cCKadarp' ¢ caiiTa TpOW3BOIM-
Tens: Buaeoaaantepa. Vcnonb3oBaHus cTepeosipaiiBepoB
CYIIECTBEHHO IIOBBIIIAET MO3UTHBHBIA 3P(EKT oT mpu-
MECHEHHUs IUIeMa BUPTyalbHOW peanbHOCTH (puc. 7). B
oOrmreM, pa3paboTka MPOTPaMMHBIX HHTEPPEHCOB IS
rpadguyeckux ammapaTHeIx cpeictB BP — mepBoouepen-
Has 3aJlaya COBPEMEHHOT'0 YpoBHs pa3Butus BP.

TectupoBaHue M MeTOAOTU3aLUsl — 3TO IPOLECCHI
pa3paboTKy, HE MMEIOIIMEe KOHKPETHOTO BPEMEHU OKOH-
YaHWSA U MOTYT MPOAOIDKATHCS BCE BpeMsl.

B 3akmroueHne oTMeTHM, 4TO TeXHOJIornu BP sBs-
IOTCSI, HECOMHEHHO, OJHAM W3 HanOojee aKTyalbHBIX U
MEePCIIEKTUBHBIX HAIMPABICHUH MHPOBOTO pa3BUTHS U
HCIOJB30BAHNS KOMIIBIOTEPHBIX TEXHOJOTHHA, KOTOPBIE
YK€ 3aHUMAIOT U OyAyT 3aBOEBBIBATH BCE HOBBIE TIO3HUIIUI
B c(hepax 0OydeHUsI, HAYUHBIX UCCIICAOBAHUMA, TUCTAHIIH-
OHHOI'O YHIpaBJICHUSA TCXHOJOI'MYECKUMMU MPONICCCaMu U B
JpYyrux npuioxeHusx. M oxHo#t u3 cdep, uro mnokazanu
NepBbIe 3TaNbl HAIMX pa3paboTok, Oyzxer, Oe3yciOBHO,
KaK 2JIEKTPOTEXHHKA - B I1IEJIOM, TaK U D3JEKTPUUECKUE
MAaIIWHBI U TpaHCHOPMATOPHI — B YaCTHOCTH.

(7]
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