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OT PEOAKTOPA

HacTosimnii tobuneiinelii, necaTslii cOopHHK HayuHBIX paboT Npo1omKaeT
ceputo «JlnckperHslit ananus u uHdopmaTHian, kotopas ¢ 2006 r. BeixoauT B
Hucruryte maremariiki 1 HHopmaunoHHbIX TexHonoruii HI'Y. He cayuaiino,
YTO BCE COCTABMAILLME Er0 CTATEH, NPH BCeM pazHoo0pazuH MX TEMATHKH, CBA-
3aHBl HE3PUMOil, HO OCA3AEMOH HHTBLIO — HAY4YHBIM HACIEAHEM OCHOBAaTeNa M
nepBoro 3asejylollero kadeapoil MaTeMaTH4€CcKoil CTATHCTHKH M TEOPHH BEpo-
ATHOCTel (HbIHE — TeOpHH BepoATHoCTel 1 auckpeTHoil matematukn) UI'Y npo-
(heccopa M. J1. [InaToHoBa.

Muxanna JleoHnaoBHYA HET C HAMM Y3KE TPETh CTOJNETHS, HO Ero ornocpe-
JOBaHHOE BAMAHME HA TEMATHKY M COCTAB aBTOPOB JAHHOrO BbIMYCKa TPYIHO
nepeoLeHNTb — 0onbluas 4acTk paboT, BIUIIO4YEeHHbIX B COOPHMK, HANHCaHbl 100
€ro KonjieramMi M HENnocpeACTBEHHBIMI yUeHHKaMi, 1160 yueHHKamu ero y4e-
HHKOB. CnefyeT OTMETHTB, YTO B KAUECTBE COABTOPOB B JaHHOM BblIYCKe Tpa-
JAUUIHOHHO YYAaCcTBYIOT HE TOJLKO ﬂCI'Il-']]JaHTb] H CTYJEHTEI, HO H yJawmmecs JIn-
ues UI'V.

CornacHo zambiclly pefaKkTopa, CTepHeROi NHHIeil cOOpHMKA CIyKHT
MpaKTH4ecKas HANPABJIEHHOCTb PACCMATPHBAEMBIX B HEM aKTYanbHBIX 3a1a4 nph-
IU1aIHOM IMCKPETHOM MaTemaTuki. Bripouem, npu skenanuu npeacTaBnsaeMsle Hi-
TaTento paboThl MOMKHO YCAOBHO Pa3/ENNTh HA HECKOJIEKO CMbIC/IOBbLIX O10KOB.

Ilepesiii, camelil 6onbiuoii, 6nok o6pasyior paboTbl KOMOHHATOPHOrO M
NOTHYECKOro XapakTepa B 00nacTH IHCKPETHOI MAaTeMaTHKH.

K wuemy B nepeyw ouepesb oOTHocutTcs oOcToATenbHas cTaTha
B. M. Maptesanosa u A. C. Bonkosa, B KOTOpOil paccmaTpuBatoTcs npobnemsl
NporpaMMHOIi peanu3aumy KOHLENUMH reHepauny mamu Telopurra, pewalo-
wmx NP-rpyaxeie sagaun. @opmyiHpyerTcs MaremMaTH4ecKkas NoCcTaHoBKa npo-
Onemel reHepalii MalliMH, NPECTABNEHHAA KAaK PelIeHHe 3aJaul PecypcHoro
l'[J'I'c'IHHPOBﬂHHH JANnA ynnﬁcma ajantauuM K HPUFpaMMHb]M pPeleHaM, HCIMOAb-
JyeMblM [UlA 3aja4yd NpoeKTHpPOBaHMsA pacnucaHusa sauaTuil (unu, Gonee wm-
POKO, A5 3a/1a4 CeTeBOTo nnanupoeanua). [pencrasnensl nporpaMmisbie peLie-
HHA NPENCTABNEHHA JaHHBIX, HCNONb3YIOWHE TAKIKE TEXHHYSCKHE PELUEHHA O1A
1a1a4K MPOEKTHPOBaHuA pacnucanus 3austuil. [IpuBeseno onvcaHue ocHoB-
HBIX CTpaTeruii (MnpoueiypHas CeMaHTHKA METOA0B) cokpalueHus nepeGopor
(rnyBokuii BO3BPAT, CMOTpPH Briepeay» M Ap.), HCHONB3YIOWHMX TaKk¥kKe TeXHU'e-
CKHe pelleHHs /15 381241 [POEeKTHPOBAHMS pacricanns 3aHsaTHIl (HO B ropasao
MEHBLUEH cTenenn).

Cnenyer OTMETHTE BecbMa MpHMedaTensHyo paboTy HaluMX KpacHosp-
ckux xonner T.A. Illupsepoii, A.A.lllnenkuna, K. A. Qununnosa n
A. K. IllnenkyHa, B KOTOPOH OTMeYaeTcs, YTO B MPUKIAAHBIX 3adaqax BO3HH-
KAI0T NpoONemMbl, CBA3AHHBIE C M3YHEHHEM CBOMCTB HATYPAlbHBIX YHCEN, WX




MOAMHOKECTB 1 MOAM(HKaLIY CBOHCTB NPH HEKOTOPOM npeoBpazoBaHuK pac-
CMaTpHBAEMbIX MHOJKECTE. Mceneayercs 3a4a4a H3MEHEHNS CYMMbl KOHEHHOTO
MHOECTBA HATYPallbHbIX YMCEN NPH HEKOTOPOM €ro rnpeobpazoBaHuy.

B cratee A. H. Mcauenko uz Muncka u JI. A, PaeBckoii u A. M. Pess-
KiHa H3 MOCKBEI pACCMATPHBAIOTCA 3ABMCHMOCTH [U1 KOPTEXKel OTHOLeHH
penAUMOHHOIL anrebpbl M NOpoKIaeMble HMH MaTpOu/bl. POpMyTHpPYIOTCH 3a-
layu MnoMcKa MaKCMManbHOr0 MHOMKECTBA KOPTeXeil, He COBMajalLLIMX Mo 3HA-
YEHHIO XO0Ts Obl 0AHOro aTpubyTa U3 3a1aHHOr0 MHOKECTBA aTpHOYTOB, H Mak-
CHMaJIbHOI0 MHOIKECTBA KOPTEIKE, HE COBMAAAIOLIMX 0 BCEM 3HAYEHHSM 3a-
AaHHOro MHOxecTBa atpubyTos. Jlaerca ux gopmyauposka B Buae 2agay cooT-
BETCTBEHHO HA OOBEIMHEHHH H NEPeceyeHn MaTPOH 0B,

B pabote A. A. Banarype! nony4eHbl COOTHOLIEHHA, CBA3BIBAIOLIME 0606~
LWIEHHBIE TPHHOMHA/IbHBIE KOI((HLIMEHTRI NEPBOrO H BTOPOro poja, a TaKkKe
0b061eHHbie yncna CTHPAKMKHEA NEPBOrO H BTOPOrO POJA COOTBETCTBEHHO, MO-
CTpOeHHBIE Ha pasHbIX 6a3ax. [laHbl UX NepPeYHCINTENbHbIE HHTEPNPETALINH.

B pa6ote E. A. [lotexunoii u3 Yepenopua koMnosuuun Anamapa patiio-
HATILHBIX (DYHKLIHIA, MO3BOJIAIOLIME HAXOAMTL PELUCHHA HEKOTOPBIX KOMGUHATOp-
HBIX 337124 B ABHOM BHE, 00001a0TCA Ha Cayyail MATPHYHBIX CTEMEHHBIX PsifOB.

B cratee M. B. Crpuxape u3 YUnTsl NpuBeaeHb! NOHATHA MOJHHOMHATBHBIX
Kkoapuumentos 1 runepnnpamuapt Iackans. Onpenenensl AeKapTOBbI KOOPIH-
HaThl 1A 3MEMEHTOB UIepnupaMu/bl. BEeJeHo MOHATHE rUMEPIIOCKOCTH ceve-
HUsA Ans runepnupamuabl [lackans i HalineHa cymMma 9/1eMEHTOB 3TOrO CedeHus,

Ko sropomy 6noky cnenyer otHecTH paboTbl, CBA3AHHbIE C HCTTONB30BAHHEM
JMCKPETHOI MaTEMaTHKN W MH(OPMATHKH B PA3IHUHBIX NPHIUIAAHBIX 3aauax.

B crarbe J1. B. Apwunnckoro u . H. 1llypXoBeuxoro onucLBaeTes MeTo
3aWKTEl HHPOPMALIMK BO BHELIHUX XPaHHUIMIIAX AAHHBIX, OCHOBAHHBIA Ha MO-
OMTOBOM pacceveHuH — pa3HeceHnH 3aluiaemoro daiina. Meros saknouaercs
B pasHeceHuu GHTOB MCXoaHOro daiina-coobwexns no (ainam-norTokam cro-
COOOM, M3BECTHBIM TOMBKO Bllafellblly HCXOAHOro (aiina, nocne 4ero moToku
HANPAaBJIAIOTCA B MECTa XPAHEHHA, B TOM YHCJIE FeorpapMUeCcKy yaaneHHble, 1iu
B pa3Hble 3anoMuHaromue ycrpoiictsa. [loguepkuBaercs, YTo HU 0AMH U3 NOTO-
KOB 110 OTAENBbHOCTH He COAEPIHT HUKAKOH CMbIC/I0BOI HH(OpMauuu, nepe-
CbLKA MOKET OCYIUECTBAATECA 10 OTKPLITEIM KAHANAM CBA3H, 4 CAMH MOTOKH He
TpeGyloT kpunTorpaduyeckoii 2awnTel. [IpuBeneH psaj KOMMYECTBEHHBIX OLE-
HOK M PEKOMEHAALMH 115 3TOro MEeTO/a M MpescTaBlieHa ero NporpaMMmHas pe-
anu3anus.

B. A. INonoga, A. C. Kazumupor u H. B. [TapyHOB CBOIO CTaTbO NOCHS-
THAH  pslly npodnem, CBA3AHHBIX C [POW3BOJUTENLHOCTEIO u  SEO-
onTuMuzauuel BeS-npunokeHuil, paipaboTaHHbix HAa Vue.js. [lna pelueHusn,
aTHX npobiem npeanaraerca nepexos Ha dpeiimeopk Nuxt.js. B xoze uccrieno-
BaHHA MPOBOAATCA CPABHHTE/bHbIE TECThI, BI04 aHANM3 CKOPOCTH PeHe-
PUHIA 1 HHAGKCALHH, YTO 103BONAET OLUEHHTE 3 (eKTHBHOCTL 0G0UX peLLeHMil.
[lonyyeHHsle pe3ynbTaTel AEMOHCTPUPYIOT MPEMMYLUECTBA HCHONb30BAHMA

NI.IX[.J.S 11 NMOBBILUEHHA NMPOH3BOAWTENBHOCTH M OOTHMH3AUNMH KOHTEHTA Bed-
NPUIoKEHWIT.

B pabore A. C. BoikoBa aHalU3HPYyIOTCA HEKOTOpBIE NMpobieMbl J0JITro-
CPOYHOrO MAAHUPOBAHHA HA FOPHOA0OBIBAIOUINX NPEANPHATHAX B paMKax MnpH-
obpeTeHns TopHOTpaHcnopTHoro oGopynosanus (nanee — I'TO). Mccnemyercs
pbiHOK MocTaBiinkos u npoussoguTeneii ' TO B Poccuiickoii Menepaunn. Onu-
CBIBAETCA OIMH N3 KIHOYEBbIX okasaTelneil 1oArocpotHOro rMporHo3MpoBaHMs,
BIUAIOMINI Ha NPUHATHE pellennii. PaccMaTtpuBaeTcs Bonpoc noctpoeHus 6o-
nee 3¢ exTHBHOrO NIAHHPOBAHNSA C UCTIONB30BAaHHEM KOMGHHHPOBAHHOTO MOJ-
xNoaa. npeﬂ.CTaBﬂGH bl pPEKOMCHIAYEMbIC l'IHCTPy MCHTEI A1 JOCTHMKEHIA nocTaB-
JIEHHBIX Leneii.

K Tpetbemy Gnoky otHocaTca paboTbl, CBA3AHHbLIE C HCMONb30BaHHEM
JHNCKPETHOR MaTeMaTuki W HHopMaTHKI Npu opraHuzauun ydeGHoii n BHe-
YPOUHOI 1eATeNBHOCTH yUaLHXCA.

Crates  O. B. Kysemuna, P. O. Koctpomuua, M. B. Jlanunckoro wu
M. E. Kamkapesa rmocBsileHa onucaniio npouecca co3janis «YMHOro» Myllb-
THMeANITHOro LeHTpa Ha OCHOBE MUKpokomnktoTepa Raspberry Pi 4B B couera-
HHUI ¢ MHKpokonTpoiuiepom ESP32. Tlpueenens! Bce OCHOBHBIE CTAIWN Pa3BH-
THA MPOEKTA: OT WAEH 10 BOTNOLEHIS.

B pabote E. 10. Kyzpmunoii, M. B. Jlasniunckoro u A. M. banananna ob-
cyxparoTed npouece cospanus VR-npunoxenus «Knacc nngopmaumnonuo-
KOMMYHHKAUMOHHBIX TeXHonoruil Jinues MT'Y» ¢ noMolsio cHCTEMBl BU3Yallb-
HOro ckpuntinra Blueprints, peannsosaunoii B Unreal Engine 4, n posmoxHo-
CTH 110 NPUMEHEHHIO 3TOM0 MPHI0IKEHHA B LIKOIBHOM 00pa3oBaHuH.

YereepTolii 010k cocTapafioT paboTel, NOCBALLEHHBIE paspaboTke W Npu-
MeHeH1I0 KOMOHHATOPHBIX METONOB B JUCKPETHOI TEOPHH BEPOATHOCTEI 1 Ma-
TeMaTHYECKOI cTaTHCTHKE.

K nemy moxuo otHectn crateto H. A. KonokonbHiKOBOii, mccnemyro-
Y0 Cy4aiiHbie BEMHYHHBI, KOTOPLIE MOMCHO MPEACTABUTh B BHAE CYMMbl He-
SABUCUMBIX CHTyuaiiHbIX WHIMKATOPOB. YKAa3blBAlOTCA YMHCIOBbIE XapakTepH-
CTHKH 3THX BENWYHH U obcyiaaercs acHMNTOTHYMECKOE TIOREIEHHE Monyvae-
MLIX pacnpeneneHuii.

B cBoeii pabore A. B. AtansH, T. H. Kucenesa u B. f. IIMutpres pac-
CMaTPHBAIOT OJIH U3 BIIOB PErpecCHOHHOTD aHATH3a — KBAHTHITLHBII (TepueH-
THIILHBIH) PETPECCHOHHBIH aHaNN3, 3a MOCeIHIE HECKONTBKO NeT HabuparomHii
MONyNApHOCTL B MEAHKO-OHOMOrnyecknx vecnejosanusx. anst obmue nono-
JCCHUS W cpaBHEHHeE ¢ MHEelHO perpeccuei. [TpuBoaarca pesynbTatsl 6ubano-
MCTPUH MO YNOMHHAHWUIO METOa NMepUeHTHIIBHOI perpeccHy B Hay4HbIX my0-
JKauuax rmo Matepuanam Gudnuorexn PubMed.

O. B. Kyzpann
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CO3JAHHUE VR-TIPUJIOKEHWS
«KJIACC TH®OPMALIUOHHO-KOMMYHHUKALTHOHHBIX
TEXHOJIOTHH JINLIEA UT'Y»

E. IO. Kysemuna', M. B. Jlagnunckuir’, A. H. Bananoun’

Annorauns. Paccmatprsatores npouece cosfanns VR-nprioxenns «Knace nudop-
MAMHOHHO-KOMMYHHKaHOHHEIX Texronornit Jnnes MI'V» ¢ noMomsio cractemst BU3Yaib-
noro cxpunTiira Blueprints, pearmsosannroii 8 Unreal Engine 4, 1 Bo3MOKHOCTH 10 IIPHIME-
HEHIH HTOFO MPHIIOMKEHIL B LIKOJIbHOM 06pa3oBaHii.

Kmo4esbie ciiosa: WkombHOE 00pazoBaHie, BUPTYATLHAsA PeanbHOCTh, HIPOBOTT ABI-
JOK, BHIYANBHBIT  CKPHOTIHT,  WH(OPMALTIOHHO-KOMMYHHKAIMONHLIE  TCXHOMOII,
Blueprints, Unreal Engine, C-++.

CREATING A VR APPLICATION “CLASS OF INFORMATION
AND COMMUNICATION TECHNOLOGIES OF THE LYCEUM OF ISU”

E. Yu. Kuzmina, M. V. Lavlinsky, A. I. Balandin

Abstract. The article discusses the process of creating a VR application "Class of in-
formation and Communication Technologies of the Lyceum of ISU" using the Blueprints vis-
ual scripting system implemented in Unreal Engine 4, and the possibilities for using this ap-
plication in school education,

Keywords: school education, virtual reality, game engine, visual scripting, infor-
mation and communication technologies, Blueprints, Unreal Engine, C++.

BupryansHas peansiocts (VR) — 3710 undgposas TeXHONOTHS, HCMOIIbL3Y-
[olas BH3YANBHEIE, CIYXOBBIE W APYTHe CEHCOPHBIE CHTHAILI, NepelaBasMble
"epes o0opyaoBaHNe, YCTAHOBIEHHOE Ha FOJIOBE YeNOBeEKa, AU CO3JaHNA Wil-
MO3WH, UTO MOTE30BATENk: IPHCYTCTBYET B APYTOi Cpejie H JIPYTOM KOHTEKCTe.
IMepBas cucTeMa BAPTYalbHOIT peallbHOCTH NoABKNAck B aanekom 1962 r., koraa

' Kyssmuna Enena FOprerna, xanmugar dmsiko-maremativeckix Hayk, gotent, Hpryr-
cknii rocygapcTseHHeii  yHusepcurer; aupektop, Jnuein UI'Y, r. Wpkyrek, e-mail:
quzminov{@mail.ru

2 JTasnnuenii Maxenm Buicroposuy, acrmipant, Mpkytekuii rocynapeTseHHbIi YHITBEp-
cuter; yuutens wuudopmaraku u maremarnky, Jlnuein MIY, r. Hpryrex, e-mail:
lavlinskimv(@mail.ru

3 Banananu Angpeii MUsanoeuy, cryaent, Canxr-TletepOyprexuii MOMATEXHIMECKITT yHI-
sepeurer IMerpa Bennxoro, r. Cankt-TlerepGypr, e-mail: andgu_ba@mail.ru
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KuHOpeuccep H npomlocep Mopron Xeiinur npoaeMOHCTPHPOBAI MY/IBTHCEH=
copuelii cumyaatop «Cencopaman (puc. 1), Onnako, kak 1o 4acTo ObIBaET C
HOBBIMH TEXHOJIOTHAMM, LIHPOKOrO NPMMEHEHH HAa HA4YalbHOM 3TANe OHa He
Hauwia. Ho ¢ paseuTHeM aneMeHTHOI 6a3bl 1 Kak cnegcTBHE YAelleBIeHus co-
OTBETCTBYIOIIMX YCTPOICTB BUPTyalbHasd PeajbHOCTL CTana AOCTynHa 6osib-
LIeMY KONHYECTBY ftoaei. B HacTosinee BpeMs 3Ta TEXHOJIOrHMS HAXOAMT BCE
Bofkllee NpHMEHEHNEe BO MHOTHX cepax :mH3HH, B TOM HMCIie H B 06pa3oBaHun

[].

Puc. 1. Myasrucencopusiii cumynatop «Cencopaman

BuptyansHas peanbHoCTh B 0OpasoBaHMM MpeANaraeT mepcrneKTHBHBIN
criocod o6yuenns, KOTOPbIH NO3BOMAET YHalMMCs B3aUMOJEHCTBOBATE C OKpPY-
Jaroneii cpenoii Takum obpasomM, KoTOpblil pasee Ge HeERo3MOMeH. TexHoo-
ruA MOMCET MCNONB30BATLCA AJIA CO3JaHMA CHUMYIALMIE peanbHbIX CLEHAPHUES,
Mo3BoJiAsA y4auwumca oTpadaTbiBaTh HABBIKK B 6€30MacHOi i KOHTPOAHpYyeMOii
cpeje. 3T0 MOMET NPUBECTH K GONbINEH BOB/IEYEHHOCTH U YAEPIKAHUIO BHUMA-
HMsA, MOCKOMBKY Yyaiuecs ¢ 6onee BLICOKOH BEpPOATHOCTBIO OV YT 3an0MHHATL
TO, YTO OHH MEPEKHIIY, a He TO, O 4eM OHM MPOCTO YHTATH MM Clibliuany [2].

Kpome Toro, B Hamm AHM 171 yYallkXxca aKTyajlbHO He TONBKO MoJy4aTh
JOCTYIl K COBpEMEHHOMY ILIKOMLHOMY 000py10BaHHIO B pAMKAX OrpaHHYeHHBIX
M0 BpeMEHH YPOKOB, HO M IMETh BO3MOJKHOCTh JOMOJHHTE/bHbIX MPAKTHYECKHX
sanATui. Hanpumep, B Jluuee MI'Y B Hanuuun umeercsa knacc undopmaun-
OHHO-KOMMYHHKALIMOHHbIX TEXHO/10rKi1, 000pyA0BaHHBII NPH NIOMOLIM FPaHTa
MHUHHCTEPCTBA 3KOHOMHU4ecKoro passuTia MpkyTckoii obnactu (puc. 2). B atom
KI1acce MMeeTcs clefytoulee HHHOBaLMOHHoe 0bopynoBaHne:
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3D-npunTep Ans nedatn Gotononumeproii cmonoii Phrozen Shuffle.
3D-npunTep mia nevary denaventamu Hercules Strong.
2 untepaktustbix manenn EdFlat.
20 noyt6ykoe Lenovo Ideapad.

e 10 ksagpokontepoB «['eockan [Thuonepy ¢ nynbTamu ynpasaeHua A
PYUHOTO [IMIOTHPOBAHMSL.

e 10 naGopo o06pasoBaTe/lbHOrO KOHCTPYKTOpa A paBotel ¢
Raspberry Pi «Manuna».

e MobunbHblil K1acc BupTyansHoii peansHocty EduSpace 3D.

e BEICOKONPOM3BOAMTENBHbIIH NEPCOHANBLHBIA KOMILIOTED «HHKC».

Puc. 2. Knace uudiopManoHHo-koMMy HIKaumonnbix Texnonorni Jnues HI'Y

Jlanmplii kiace uMeer GobIIyIO CTeNeHb 3arpy;KeHHOCTH, N0ITOMY HaMH
HBi0 NpUHATO pelenue cosnarte VR-npunoxenue «Knacc undopmauyonHo-
KOMMYHMKALMOHHBIX TeXHosoruii Jlunes UI'Y» ans mnema BUPTYansHON pe-
anbHocTH. Jlanee moapoGHee pacCMOTPHM MPOLECC CO3AdHMA JaHHOrO Mpo-
rpammuoro obecneuenusa [3].

IIpHnOKeHNs BUPTYANBHOMH PeanbHOCTH CO3/AI0TCH, KaK NpaBHIIo, ABYMA
cnocobamu. Iepepiit cniocod — 310 KOrAa cpejia MCKYCCTBEHHO CO3AaeTcs ¢ no-
MOLIBIO TPOrpaMMHOro obecneuenus (Hanpumep, HrpoBOro ABHIKKA, TAKOT0 kak
Unity i Unreal), N03BONAIOLIErO MONb30BATENAM NEPEMEIIATLCA H B3aHMO-
AeiicTBOBATE B CTEHEPUPOBAHHOM KOMIMBIOTEPOM NPOCTPAHCTBE, obecneuyunBasn
s¢dexr norpyxenna. B kauecTse anbTepHATHBbI CYLIECTBYET TAKIKE criocob uc-
rionb3oeanud 360-rpaaycHoro BUAEO, KOr1a KaMepa CHUMaeT BUAEO PealbHOro
MHpa B [ByX HAlPaBMEHWAX, COEAMHSAA [BA BHIEOMNOTOKA BMECTE, y1o0BI CO-
31aTh chepy, NO3BOISIONIYIO Y4aLIEMyCs BCTaTh B 0JI0KEHNE KaMEpbl B CLICHE
¥ 0CMOTpEThCA ¢ (PMKCHPOBAHHOI TOHKH.
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Tak kak KOHUENHs HALero NpHIoKEeHUs MpelirojiaraeT BO3MOKHOCTh
MHTEPAKTUBHOIO B3aUMOJEHCTBHA, ObII0 NPUHATO pelmeHne BelbpaTh nepsbiii
croco6 1 B KadecTBe MPOrpaMMHOr0 HHCTpyMeHTa Heronbk3oeats Unreal Engine [4].

Unreal Engine — GecriiaTHeIi HPPOBOI ABMKOK, paspaboTaHHBIH KoMITa-
nueii Epic Games B 1998 r. TIporpamMmMiicTaM npefocTaBnseTcs isa Habopa WH-
CTPYMEHTOB: TpaanumoHHklii C-++ M cucTeMa BH3YalbHOIO CKPHMTHHIA
Blueprints, nozsofstomas Geictpo paspaborars npunokenue. Momnepika VR
nosBUIack ¢ 9etBeptoil Bepcun, B 2012 r. Ha cerognammmnii AeHb IBMKOK pa-
BoTaer co BceMH ocHOBHEIMH VR-ycTpoiicTeamu. B Hawem ciryyae TecTHpoBa-
HHE MPOXOAMIO HA ABTOHOMHOM LufeMe BUpTyansHoii peansnocth HTC Vive
Focus Plus, kotopsiii oBnanaet aucnneem 28801600 nukceneii ¢ o63opom B
[110°. A Taioke rapHHTYpa OCHAILEHA MOMYIAPHOH OMEpalMoHHON CHCTEMOI
Android.

TMpu nomown noruveckux Gnokos Homoe UE4 namn Geina cozaana ci-
cTeMa B3aWMOJEHCTBUS C HHTEPAKTHBHBIMHM 3JMEMEHTAMH KOMMBIOTEPHOrO
knacca (puc. 3). Yacte ckpunrtoB Oblna peann3oBaHa HETIOCPEACTBEHHO HA
a3eike niporpaMmupopanus C++ (puc. 4). OBmii BRI BUPTYaTbHOTO KOMIEIO-
TEpHOro Kiaccea npeacrtaeied Ha puc. 5. C moMouUIso CUCTEM aBTOMATH3HPOBaH-
HOTO MPOEKTHPOBAHM3 CO3MaHbl Mofenn mebenn u oGopynoanus. ¥ Bcex 00b-
€KTOB HACTpPOEeHBl (PU3HYecKHe CBOICTBA, NPaBUIbHOE OCBELEHHE H YCTaHOB-
NeHbI pealHCTHYHBIE TEKCTYPBI. YacTh 31eMEHTOB MOJTYYHBIIETOCH KOMIBIOTE-
HOTO Knacca OOCTYIHEI TS B3auMojelicTBUs, HANpHMep MHTEPaKTHBHBIE Ta-
uenu (puc. 6) u cricremueiii 6ok (puc. 7). Pabotas ¢ cuctemMubim Brokom, yua-
LIMICA TOMy1aeT BO3MOWHOCTL NOHATL €r0 YCTPOHCTEO M HasHa49eHHe OCHOB-
HBIX YCTpOIICTB, a TaK)ke MONpakTHKoBaTkes B cOopke W pasbopke nepcoHanb-
Horo KommetoTepa. Kpome Toro, HMeOTes BapHaHTsl 00y4eHHs TporpaMMipo-
BAHHIO KBaApoKonTepa Ha a3klke Lua.

Puic. 3. Busyanbueiii cxpunrunr Blueprints, peamizosannsit 8 Unreal Engine 4
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Puc. 3. O0mmii BH BAPTY@ILHOTO KOMITBIOTEPHOTO Kiacca

[MonyuuBiieecs NpUAOKEHWE MONYYWIO B LENOM MMOJIOKHTENBHEIE OT-
3bIBBI TIOJIb30BATENEH. Yyamuecs OTMETHIH aKTyalbHOCTh W KauecTBo Mpo-
rpaMMHOro npoaykta. OaHaKo ObUTH BEIABIEHE! HEKOTOPbIE NPOGAEMBI TPH IKC-
TITyaTaliy, @ MMEHHO TTOATBEPANIIOCE ONACEHHE, YTO HCTOb30BAHHE TAPHUTY P
BHPTYAJIBHOM pPealkHOCTH CO3JaeT OrpejelNieHHble TpofneMsl CO 3M0POBBEM,
BIJIFOYAsA YKAUHBAHHE, HATIPSUKEHWE TIa3, 0 HE TOMXOAUT JiA yHamuxcsd, cTpa-
natomux snunencueil. Tawke cam npouecc co3MaHusA NPUIOKEHUA O4eHb TPY-
noeMkuii 1 Tpedyer BONbIIX BLIMHCINTENbHBIX MOLHOCTEH. TeM He MeHee pa-
Gota Gyzer nponomiena. ITepcnexTnsoii passutua paspaboraHHoro Hamu VR-
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npunoxenna «Knacc HHpOpMaUMOHHO-KOMMYHHUKALMOHHBIX TexHomoruii JIu-
ues MI'Yy apnsaerca cospanne MobuNbHOI BepcHN, a Taloke HoOARNEHHE N0MON-
HHTE/IbHBIX 2JIEMEHTOB ANs B3aMMogeicTBHA: 3D-npuHTepa 1 oOpasoBaresib-
HOr'0 KOHCTPYKTOpa.

z e B Tee - i

Puc. 7. Muteparrususiii snement «Cunctemustii Gnoin
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OPTAHU3ZALUA JAHHBIX U OCHOBHBIE CTPATEI'MA
COKPAILLIEHWA MEPEBOPOB B MPOEKTE ’EHEPALWW MALUMH
TBIOPUHT A, PEIHAIOLIUX NP-TPY/JHBIE 3ATAYTHA

B. M. Mapmusnos', A. C. Bonkos”

Annoranus, OUHCLIBAIOTCS OCHOBHBIE TEXHITHECKIIE PeLleniisl NPorpaMMHoii peai-
3aMHN KOHUEmun redepami Mamnmi Teiopiara (MT), pematounx. NP-rpyimeie saaauu.
DopMyIapyercs MaTeMaTireckas nocTanoBKa npoBAeMbl FEHEPALITH MAllH, NpecTaBneH-
HaM Kak peleHte 3ajadil pecypcHoro raaHipoBaHis Ans yao0cTea agantaliml K rnpo-
FPAMMHABIM PEIISHIIAM, HCHOJIb3YEMbIM JUIS 3aa41 NPOSKTHPOBAHNSA PACTIHCANHS 3AHATII
(Goree MMPOKO — JUIA 339 CETEROTO Miariposanna). [peacTasnenbl NPOrpaMMIEIC pete-
HIA MPeJICTABIEHUA JAHHBIX, HENO0NLIYIONINE TAIOKE TEXHIUECKNE PELCHHA LTS 3a1ati npo-
eKTHpOBaHIA pacnucaunis sanaTuii. [puseieno onncanne ocHOBHBIX CTpaTerii (npouenyp-
Hs CEMAHTHEA METOIOR) COKpanieHts nepedopos (rmyGowiii BO3BPaT, «CMOTPI BOCPEI» 1T Ap. ).

Kmouesbie ciiosa: NP-rpyausie sajgaqi, salat pecypcHoro miaaHupoBaHis, yo-
BJIETBOPEHHE OTPAHNMEHIBIM, NPOrPAMMHPOBALINE B OrpaHnyennsx, rnyboknii so3spar, He-
MOIHOE BOCCTAHOBIIEHIIE CPEIbl TOMKI BO3BPATA.

DATA ORGANIZATION AND THE MAIN STRATEGIES FOR REDUCING
OVERKILL IN THE PROJECT OF GENERATING TURING MACHINES
THAT SOLVE NP-HARD PROBLEMS

V. I Martvanov, 4. 8. Volkov

Abstact. The main technical solutions for the software implementation of the concept
of generating Turing machines (MT) solving NP-hard problems are described. The mathemat-
ical formulation of the problem of machine generation is formulated, presented as a solution
to the problem of resource planning for ease of adaplation to software solutions used for the
task of designing class schedules (more broadly, for network planning tasks). Software solu-
tions for data representation are presented, which also use technical solutions for the task of
designing class schedules. The description of the main strategies (procedural semantics of
methods) for reducing iterations (deep return, “look ahead™, ete.) is given.

IKeywords: NP-hard tasks, resource planning tasks, satislaction of constraints, pro-
gramming in constraints, deep return, incomplete restoration of the return point environment.
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