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AHHOTanUA

PaccmoTpeHsl BONIpOChl HAYYHOU BU3YyaIN3aIUM OIU(PPOBAHHBIX AYAUO JAHHBIX, OIIUCHI-
BAIOIIUX U3MEHEHUs reoMeXaHW4ecKux IpoieccoB. IIpuBeseH npumep BuU3yalus3alnuy J1aH-
HBIX B BUJI€ TPEXMEPHOTO KOMITBIOTEPHOTO M300paKEHUS ITOCPEICTBOM HCIIOJIb30BAHUS TPa-
¢uueckoro nBmkka Unity3D. M30keHa TeXHOJIOTHUA IPUMEHEHUA IPOTPAMMHBIX MeTO/I0B
JIUCKpeTU3allny 3ByKa U3 nmpeobpaszoBanusa ®ypbe Ha ocHOBe OKHA biskmana. B crathe onu-
caH croco0 KJIacTepu3aniy 3ByKOBOTO /IMANIa30HA B COOTBETCTBUU € TIOPOTOBBIMH YPOBHIMU.
[IpuBeneH aJirOpuTM KjIacTepU3alyU IIyMOB Ha IPUMepe CJBIIINMOTrO 4YeJI0BEKOM 3BYKOBO-
ro auamasoHa. [IpemyioxeH Moaxo/A K BHIOOPY IIBETOBOU MAJUTPHI /ISl BU3YaJIU3alNU JaH-
HBIX, TIO3BOJIAIOIIEN BOCIIPUHUMATh paclipe/iesieHUe CBeJIeHUU JII0/IsIM ¢ HeJIoCTaTKaMu 3pe-
HusA. Onucad crocob mpeodpa3oBaHus TJIOOATBHBIX TeorpadUUecKuX KOOPAUHAT B JIOKAJIb-
Hble KOOpAWHATHI IN(PPOBOUN MecTHOCTU. [Ipe/iyiokeH MeTo/ IMHAMNYECKON BU3yaIU3aluu
ay/iIio JAaHHBIX, IO3BOJISAIONIMI CBOEBPEMEHHO IPUHUMATD yIIpaBjIeHYeCKre pelleHus 1o pe-
3yJIbTaTaM MOHUTOPHWHTA TOPHBIX YAapOB NP BEAEHUHM OYUCTHBIX PaboT. PeannzoBaHHOE
mporpaMMHOe obeclieueHre UHTerpupyercs B cocrap cymectByomux ['YIC, uro mo3Bosser
OCYIIIECTBJIATh KOHTPOJIb 32 COCTOSSHHUEM TOPHOTO MacCHBA B IesiAX 06e301acHOTO BefeHUs
TOPHBIX pabOT M HEJOIYIIEHNsS OCTAHOBKHU TEXHOJIOTMYECKOTO IPOIlecca, a TakKe IIPOTHO3a
y/IapOOIIAaCHOCTH OTpabaThIBa€MbIX YTOJIBHBIX IIACTOB. JleKsapupoBaHbl Pe3yJIbTaThl MPH-
MEHEeHU IIPe/IJI0KEeHHOr0 I0IX0/1a.

KoroueBbie ciioBa: IIPOMBINJICHHAA 6630HaCHOCTI), IMOA3EMHBIE 3BYKOBBIC CUTHAJIBI,
I/IH(I)OpMaLII/IOHHbIe TEXHOJIOTHUHU, I‘eOI/IH(bOpMaLII/IOHHbIe CHCTE€MBI, OKHO B]IBI{MaHa, ayauo-
JaHHBbIE, ,III/ICerTI/ISI/IpOBaHHI)II‘/JI CIIEKTP JaHHBbIX, BU3ya/In3allld yMa.

3AUCTBEHHOU JIeSITeJTbHOCTH ITPOMBIIILIEH-
1. BBegeHnue HbBIX IpeanpusaATHuii. OJHUM U3 BOXKHEUIITNX
(baKTOpPOB, BIHSAIOIIUX OTPHUIIATEIBHO Ha
paboTy OUHCTHBIX 3a00€B, ABJISIETCS T'e0JI0-
rUYecKas HapylIeHHOCTh macra. K reosio-
TUYECKUM HaApYIIEHUAM, BJIUSIONIAM OT-
pUIlaTeIbHO Ha PpabOTy OYHCTHHIX KOM-
IUIEKCOB, OTHOCSTCS HE TOJIBKO Hapylle-
HUs, CBSI3aHHbBIE CO CMEIEeHUSIMU WU JIPY-
TMMH U3MEHEeHUAMHU ILJIacTa, HO U 30HBI

Bompochkl IIpOMBINIIJIEHHON 0e30I1acHO-
CTU BeJIEHUSI TOPHBIX PabOT pemamTcs
pasIUUHBIMU crocobamu. s pernreHus
po6JsieMbl 6€30I1aCHOCTH BeIeHUA TOPHBIX
paboT, mesbli pas/iesl HAaydHbBIX KCCIIEN0-
BaHUM IIOCBAIIEH IMPOTHO3UPOBAHUIO T'e€O-
MeXaHUYECKUX CUTYyaIlH, BOSHUKAIOIIHE B
TOPHBIX MOPOJIaX B MPOIECCE BEAEHUS XO-


https://doi.org/10.26583/sv.10.3.11
mailto:dambo290@yandex.ru
mailto:Lnburmin@mail.ru
mailto:stepal@rdtc.ru

BBIEMOUHBIX YYaCTKOB €O CJIaOBIMU He-
YCTOUUUBBIMU KPOBJIAAMHU, KaK IPABUIIO,
CKJIOHHBIE K OODYIIEHUIO BCJIEZ, 32 BbIEM-
ko yrA. CyljecTBEeHHOe BJIMSHHE Ha
YCTONYUBOCTH IIOPOJ] HENOCPEICTBEHHOMN
KPOBJIM OKa3blBaeT HKCIUIyaTAIl[OHHASA
TPENTUHOBATOCTh [1], B pe3ysabTaTe dYero
IIPOUCXOJUT TIPEXJAEBPEMEHHas IOTepPs
YCTOMYUBOCTU KPOBJIM U MOXKET IIPUBO-
IUTHh K OOPYIIEHUIO TIOPOJ] ¢ BOBHHUKHOBE-
HUEM TOPHBIX y/IapOB.

PaspymuresibHble U Upe3BbIUAIHbIE CHU-
Tyal[uu KOTOpPble MOTYT BO3HUKATh B pe-
3yJIbTaTE BeJIEHUSA TOPHBIX OYHCTHBIX pa-
00T — 5TO CJIe[ICTBUE U3BECTHBIX U HEU3-
BECTHBIX HAM reOMEeXaHUYECKUX ITPOIECCOB
MIPOTEKAIOIINE B YIJIEIOPOAHOM MAaCCHUBE.
OxauUM ©3 CIOCO00B ITPOTHO3WPOBAHUS
TaKUX IPOIECCOB SBJISAETCS MOHUTOPHUHT
CefICMOAKTUBHOCTH ITOPOJIHOTO MacCUBa, U
IPOBE/IEHNE aHAJIN3a U3MEPEHHBIX IOKa-
3arejiell aMIUTUTY/Ibl KoJsiebaHUil Heap
3eMHON KOpBI, KOTOpPble HE IPEBBIIIAIOT
MIWUIHOHHBIE JIOJIM HAHOMETPOB YPOBEHD
AKTUBHOCTU TE€OMEXaHUYECKUX IPOIECCOB
3HAYUTEJIPHO IpeBbINIaeT (OHOBBIE 3HA-
yeHus. OJIHUM U3 TJIaBHBIX JIECTPYKTUB-
HBIX U3MeHEeHUN HaIPsKEHHO-
71eOPMHUPOBAHHOTO COCTOSIHUS  YTJIEIO-
POJTHOTO MAacCHBA SIBJISETCS WHTETPaIHs
Pa3JIMYHOTO POZia CTPYKTYPHBIX H3MeEHe-
HUU 3JIEMEHTOB TOPHOTro MaccuBa (6Ji0-
KOB). B pesysnbpraTte HapylleHUs CIJIONIHO-
CTH TIOPOJIHOTO MAacCHUBA POKAIOTCS 3BY-
KOBbIe KOJIeOAaHHSA, KOTOPBhIE MOTYT CJIy-
JKUTh UICTOYHUKOM WH(OpMAIuu 1 aHa-
Jin3a MPOIECCOB IIpOTeKawlue B HeApax
3emiu [2].

C moMoOIIbI0 YHUKAJIBHBIX HTPHUOOPOB C
JMATYNKAMH PA3JIMIHON UyBCTBUTEIHLHOCTH
(reodoHOB), MHOTHE yU€HbIE IPOBOJAT HC-
cienoBaHua  (GOHOBBIX  Bapuanuid B
IITOJIBHAX M CKBOKMHAX PA3JIMYHOU TJIy-
ounbl. K mpumepy, 1J1si BeJleHUs] HeIpe-
PBIBHOTO Te0aKyCTUUEeCKOTO MOHUTOPUHTA
¥ IMPOTHO3a Y/IapOOIMacHOCTH Ha MeCTO-
POXKIEHUN «AHTel» HCIOJIb3yeTcs: ABTO-
MAaTU3UPOBAaHHAsA CHCTEMAa KOHTPOJISA TOp-
HOTO JaBjieHHus [3], KoTopas BKJIIOYAeT B
cebst:

- ceTh IIOJ3€MHBIX re0()OHOB U IUPPO-
BBIX IIpeoOpa3oBareJieil;

- KOHTPOJLJIEp Ilepefiaunl IaHHbIX;

- IporpaMMHOe oOecrnieueHue Jijisi oopa-
OOTKU MAaHHBIX C KOOPAWHATHON IPUBA3-
KOU celCMOaKyCTUUYECKUX SBJIEHUH.

Onucanvie npoojIeMaTUKU

[Ipu pabore c¢ onudppoBaHHBIMU JIaH-
HBIMU, II0JIy4YEHHBIMU B pe3yJIbTaTe Uccie-
JIOBAaHUSA PAa3JINUYHBIX 3BYKOBBIX CUTHAJIOB,
CYIIIECTBYET Ipo0sieMa UX IpeJICTaBIeHUSA
B HAIJIAHOU opme, T.e. yA0OHOM! /I KO-
THUTHUBHOTO BOCHPUATUSA U OINEPATUBHOU
uHTepuperanuu. OHOU U3 33724 PHU 00-
paboTKe COBOKYIIHOTO MAacCUBa IIOJIyYeH-
HBIX JJAHHBIX ABJISETCA 337laya CUHTE3UPO-
BaHUSA MOJIYYEeHHBIX CBeZleHUH. JTa 3a7aua
VCIIEIITHO peIIaeTcsl MOCPEJICTBOM IIpHUMe-
HeHusa ['MIC-TeXHOJIOTHH, NO3BOJIAIOIINX
OCYIIIECTBJIATh TPUBA3KY AaTPUOYTHUBHBIX
JAHHBIX, TPEJCTABJIAIONUX CO00OM COBO-
KYITHOCTh CBEIEHUN O HECKOJBKHUX CKBa-
JKMHAX, JTU00 O HECKOJIbKUX TOUKAX U3Me-
peHusa IIymMa B IIpe/iesiaX BbIEMOUYHOTO
yJacTKa K 33JlaHHOMY KOOPJIMHUPOBAHHO-
My IIPOCTPAHCTBY.

OnHako BU3yaIM3anus 3ByKa B TpeX-
MEPHOM IPOCTPAHCTBE SIBJISETCS HETPUBH-
aJIbHOU 3azadyeii. HecMoOTps Ha mOJIyyeH-
HbIe B pe3yJIbTaTe Uccae/JOBaHUA IaHHbIE O
MIPOCTPAaHCTBEHHOM pacIpezieJIeHUU 3BYKa,
BUByaIN3alus aTPUOYTUBHOU COCTaBJISA-
IOIIlel ocTaeTcs: Mpo0eMo, pelieHne Ko-
TOpo#l TpebyeT ocoboro moaxona. OcobeH-
HOCTBIO IIOIXO/1a BUJIUTCA B HEOOXOMMO-
CTH pa3pelleHus TaKUX BOIIPOCOB KaK:

BO3MO>KHOCTH BBIJIeJIEHUS KaTero-
puii, TPyIIl WU 30H, OMUCHIBAIOIINX JI0-
CTHIKE€HNE HEKOTOPOT0 KPUTHYECKOTO 3HA-
YeHud,;

BO3MOKHOCTb BOCHPUATUSA BU3Y-
aJIbHBIX JJAHHBIX JIIOABMH C HEJOCTaTKAMU
3peHus,;

BUBYyaJIN3alsl CTATHYECKOH U JTH-
HAMHUYECKON MOJIEJTA JAHHBIX.

ITU TPU BOIPOca MOTYT OBITH OOBEAH-
HeHbl HeOOXOJIMMOCTBIO  OIpefieJIeHUs
TPYII JIaHHBIX, O0BEJUHEHHBbIE HEKOTO-
PBIMH IPAaHUYHBIMU YCJIOBUSAMU: I[BETOBOM
ZIMaTIa30H, OTHOPOIHOCTh 3HAYEHUI BHYT-
pU TPYNIbl WJIN BPEMEHHOU WHTEPBAJI
ONMCAHUA TAHHBIX U T.1I.



Kinacrepusanua 3BYKOBO-
ro Auana3oHa

[lepBbIM BTAriOM peEIEHUs ITOCTaBJIEH-
HOU 3a/lauu sABJIsAETCA pa3bmeHUe Hempe-
PBIBHOTO YAaCTOTHOTO Juana3oHa Ha KJa-
crepsl. Iy mpumepa, mpuBeAeM pasbue-
HHE CJIBIIIIUMOTO YeJOBEKOM JHalla30Ha
4acToT, cOocCTaBJAwInero or 16I'm mo 20
000TI'n. IIpomopuoHasbHOE pa3bueHne B
JIAHHOM CJIydyae NpUBEAET K OIIHOKaMm
KBaHTOBAHWUsI, IIOCKOJIbKY, B TAKOM CJIy4ae,
B OJHOM JUamna3oHe OyAyT HaXOJUTHCS
JlAaHHbIE, OIIMCHIBAIOIINE KauyeCTBEHHO
pasHbIE CUTYyaIlNH.

CtouT OTMETHUTBH, YTO 0OpabOTKA 3BYKa C
IIOMOIIbIO ITU(POBBIX CPEACTB OCYIIECTB-
JISIETCS TIOCPEJICTBOM IIPOIEAYPHI JUCKpe-
tusanuu (sampling). B xayecTBe WMHCTpY-
MeHTa BU3yaJn3alliu OblLiIa UCIIOJIb30BaHA
cpena pazpaborku Unity3D, B cocraBe Ko-
TOPOTO IIPUCYTCTBYET MeTOoJ
(GetSpectrumData) BHYTpHU KJiacca
AudioSource [4]. /laHHBIA MeTOHA MpemO-
craByisieT OJIOK JAaHHBIX CIIEKTpa 3BYKa,
BOCIIPOM3BOJIUMOIO B JIaHHBIH MOMEHT
BpeMeHH. /1)1 HUCIO/JIb30BAHUS TAKOTO Me-
ToAa HEeOoOXOAUMO WHUIUATU3UPOBATD
MAaCCHB BEIIECTBEHHBIX YHCeJ (QUKCHUPO-
BaHHOU JIJIMHBI, HAIIpHMep:

float[] _samples = new float[512]

Meto 1epesiaeT JaHHbIE B WHHUIIAAJIN-
3UPOBAHHBI MAaCCHB, IIPUCBANBAS KaXK/10-
My €ro B3JIEMEHTy JUCKPETU3HMPOBAHHOE
3HaYeHUe ayAuo ciieKTpa. CTOUT OTMETHTD,
YTO pPa3MepPHOCTh MaCCHBa JHCKDPET JJIst
npeobpaszoBanus B pAnbl Oypwe, J0KHA
OBITh KpaTHa CTENIEHH JIBYX, HaIpumep: 64,
128, 256 u T.71. MUHUMAaJIbHOE 3HAUEHHE

Okno biakmana

AMIUIHTY 12

Jluckpersl
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COCTaBJISIET 64 TUCKPETHI, 2 MAKCUMAJIBHOE
— 8192. Jlna ymeHbllleHUS OMMNOKU KBaH-
TOBaHHA, BO3MOXKHO HCIIOJIb30BAHHUE OfI-
HOTO U3 HECKOJIbKUX TUIIOB OKOH JIJIf1 aHa-
JIN3a CHEKTPA MOCPEACTBOM AaNIPOKCUMAa-
nun psaga dypbe, KOTOPBIM KOJUPYETCS
aymuocnektp [5]. Ilox omubKol KBaHTO-
BaHUA B JJAHHOM CJIyyae IOHUMAETCs IIO-
Teps JJAHHBIX, IOJIyUeHHas B pe3yJIbTaTe
OKpYTJIEHUS] aMIUTUTYAbl CUTHasIA 70 OJIu-
JKAQUIIero MOpOrOBOTO 3HAYEHHsS JIUCKpe-
ThI. UeM BBIIIIE TPUMEHSIEMOE pa3pelleHne
OKHa (BBIpaKeHHOE B 0oJjiee TOUHOU BeCO-
BOH (PYHKIIMH), TEM JIyYIlle KAUeCTBO CIEK-
Tpa, HO TEM HUXKE CKOPOCTh BBIYUCIEHUM.
B kauecTBe KOMIIPOMHCCHOTO BapuUaHTa
TpejjIaraeTcsl MCIOJIb30BaTh OKHO bBJIok-
MaHa (Blackman) mpescraBieHHOe Ha pH-
cyHke 1. OHO ompeiesisieTcs Kak:

(n) = (sz)+ 271’“1‘1)

win) = ay— a4 cos N—1 iy COS v—1/
_1—nx _1 o«

Qg = 2 rﬂl_zrﬂz_z.
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BBIX JIEIIECTKOB

[To obmieMy COTJIAIIEHUI0O TEPMUH «OK-
HO BiskmaHa» OTHOCUTCA K «IPUOIU3U-
TeJIbHOMY» OKHY biiskMaHa co 3HaueHueM
YPOBHSI OOKOBBIX JIEIIECTKOB O = 0,16 (ao =
0,42, a1 = 0,5, a= = 0,08). CymecrByeT 60-
Jee OJyiM3Kasg amnIpoOKCUMAIUA, KOTopas
HOCUT Ha3BaHUE «JOCTOBEPHOE» OKHO
BaskmeHa ¢ ao = 7938/18608 = 0,42659, a
= 09240/18608 = 0,49656 u a> =
1430/18608 ~ 0,076849.
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Puc. 1. Oxkuo biiskmana



ATHU TOUHbIE 3HAUEHUSA MMOMENAI0T HyJIN
Ha TPeTHUU U 4YeTBepPThIil OOKOBbIE JIETeCT-
KU OWHOB, HO IPUBOJAAT K pa3pbIBy Ha
Kpasix ¥ OTKJIOHEHHIO 6 1B / oKT. YceueH-
Hble KO3(PPUIIMEHTHl Tak:Ke He yMeHbIIa-
I0T OOKOBBIE JIETIECTKH, HO UMEIT YJIyd-
IIIeHHOE CHIKeHHe Ha 18 1b / okT [6].

Ilocne mnosyyeHUsA JUCKPETU3UPOBAH-
HOT'O CIIEKTPA ero HeoOXoIMMO pa3buTh Ha
KJIacTepsl. B ciydae, ecsim MacCUB COCTOUT
U3 512 BJIEMEHTOB, a pPaccMaTPUBAEMbBIN
JINana30H HaXOAUTCA B Tpefeaax /10 20
050I'11, MOKHO c/esiaTh BBIBOJ, O TOM, UTO
Ha OJHY JMCKpeTy NPUXOAUTCA Y4acCTOK
npuMepHO B 43I, B obmem puamnazone
BBIJIEJIAIOT BHYTPEHHUE /IMAIIa30HbI, COOT-
BETCTBYIOIIE YPOBHIO 3ByKa [7]:

20 I'; - 60 I'm;

60 I'ty - 250 I'm;
250 I'y - 500 I'm;
500 I'rt - 2000 I'm;
2000 I'r; - 4000 I'm;

JleT paBHA 510, YTO Ha 2 MEHbIIIe OT U3HA-
YaJIbHO 3aJaHHOTO KOJIMYECTBA BJIEMEH-
TOB. JIJI1 MUHUMU3AIUU IIOTEPh YCIOBUM-
CS, YTO BTU 2 JIUCKPETHI MPHUCOETUHSIOTCS
K HOCJeJHEMY KaHayly. BplumcieHue Te-
KYIIIETO 3HAUEHUsI KaHaJIa OCYIIEeCTBIISETCS
IIOCPEJICTBOM  HAXOXKJEHUs  CpPEIHEro
apu(pMeTHUECKOro JIJII 3HAUEHUH COCce/I-
HUX AucKper. Huke mpeacraBjieH OUH U3
BapHaHTOB IPOTPAaMMHOTIO KO/ia, Pean30-
BAHHBIM HAa OCHOBE OIIMCAHHOM BBIIIE TEX-
HOJIOTUM KJIACTEPU3AIIMU YaCTOT IIYMOBBIX
JIaIla30HOB.

float[] _freqChannel= new float[8];
void MakeChannels() {
int count = 0;
for (inti=0;1< 8; ++1) {
float avg = o;
int sampleCount =
Mathf.Pow(2, 1) * 2;
if (i==7){
sampleCount += 2;

(int)

4000 I' - 6000 I'y; }
6000 I'r; - 20000 I'. for (int j = 0; j < sampleCount;
++)) {
JIMCKpeTU3NpOBaHHBIE JIAHHBIE B COOT- avg+=samples[count]*(count+1);
BETCTBUE C YKa3aHHBIMHU JHana3oHaMU ++count;
IIPUBE/IEHBI B TAOJIHIIE 1. }
avg /= count;
Tab6suna 1. PacipesiesieHue JUCKPET 10 _freqChannel[i] = avg;
KJjlacTepam }
KosL-Bo Hwxuuii | Bepxuuit JlmHa YrupaBaATh BuU3yajqusalued  BOCbBMU
Homep | mmexper npenen | mpexgen MATAZOHA ¢IMHUIL JTAaHHBIX CYIIIeCTBEHHO MPOIIlE, YeM
T > | 4acToThl, | 4aCTOTHI, T ’20 000 wiu 512. B ciaydae HeobxommMo-
I'n I'ng ¢TH, KOJIMYECTBO KJIACTEPHBIX €IUHHI]
0 o 0 86 86 BO3MOJKHO YBEJIUUUTH JJIsI OoJiee moapo0-
1 4 87 258 172 HOW  BU3yaM3allUM  JAHHBIX  IIyTEM
> 8 250 602 344 YMEHbBIIIEHUs KOJIMUECTBA JUCKPET B O]I-
3 6 603 1200 688 10M  KJIacTepe. Takum obpazom pellren
4 32 1201 5666 1376 1epPBBIA BOIIPOC - BIIEJIEHHE KAaTETOPUH.
5 64 2667 =418 2752 OrnpepesieHre IBETOBOTO CIIEKTPA
JIsis1 pellieHUs1 BTOPOTO BOIIpoca Heoo0-
6 128 o419 10922 5504 OIUMO OIIpeZleIUTh manutpy. IlamuTtpa
7 256 10923 21930 11008 JIOJDKHA OTBEYaTh HECKOJIBKUM TpeboBa-
CYMMA 510 21930  yipam:
006Jy1a1aTh JOCTATOUYHBIM HaOOpOM
Takum o6pasoM, B JaHHOM cCjy4ae IIBETOB JJIs1 OTOOpaXKeHU s JaHHBIX;

dopmupyercs 8 xiacrepoB-kaHanoB. [Jua-
MMa30HHbIE HEMHOTO OTJIMYAIOTCS OT IIpHU-
BeJIECHHBIX B Hauajie, HO 9TUM pa3jinuyueM
MOKHO mpeHeOpeub. Eciu c0XUTH Bce
ZIaTla30HbI IUCKPET, TO B UTOTe cyMMa Oy-

00J1a/1aTh Pa3JIMYUMOCTBIO I[BETOB;
MOAXOJAUTh JJI JIIOJEH C HeJo-
CTaTKaMU 3pEHUS.
s perieHuss mpo06JIeMbI OIIPE/IeIEHUS
KOJIMYECTBA IIBETOB JIOCTATOYHO MCIIOJIb-



30BaTh HEINPEPBIBHBIN IpaAueHT. B 00sb-
IIMHCTBE CJIy4aeB, €CIU HeOOXOAMMO BBI-
JIeJIUTh KpaeBble 00JIACTH, HCIOJIb3yeTCs
IPAINEHT OT KPACHOTO K 3€JIEHOMY WJIA OT
KPAaCHOTO K CHHEMY KaK II0Ka3aHO Ha pU-
CYHKe 2.

L) U

. 0 0 0 '
Puc. 2. [IpuMep MMOJTHOIIBETHOTO TPajieH-

Ta

O/IHAaKO TaKOU IMO/XOJ] HE YIOBJIETBOPS-
€T TOTPeOHOCTSM JIIOZIel C HeIoCTaTKaMU
3penusi (merTepaHOMAasvsi, IIPOTAHOIMS,
axpoMaroIicus). B cBsA3HU ¢ 9TH Jyullle Hc-
II0JIb30BaTh TPAJMEHTHI, OCHOBAaHHBIE Ha
SIPKOCTH IIBeTa. Pa3IMuuMOCThb I[BETOB JI0-
CTUTAeTCs TIOCPEJICTBOM  «HAJIOXKEHUS»
rpajiieHTa CEeporo: IIBETOBBIE TPAUEHTHI
HAYMHAIOTCA ¢ 0eor0 M 3aKaHYMBAIOTCS
yepHBIM (puc. 3).
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0 0 a [ [}
UJ L]
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Puc. 3. I'paguenTsl, pa3iinumumbie
JIIOJIBMY C HEJIOCTaTKAMM 3PEeHU

Busyasmmsanusa JaHHBIX B
BUPTYaJIbHOM  KOOPJAHUHMU-
POBaHHOM MPOCTPAHCTBE.

11 pa3MmeneHusa JaHHBIX B IIPOCTPaH-
CTBe HCIIOJIb3yeTcs reorpaduueckas Koop-
JIMHATa TOYKU cOopa JJaHHBIX, IMPUBEIEH-
Hasd K JIOKAIBHOU cHCTeMe KOOPAWHAT

MPOCTPaHCTBAa TPEXMEPHOU CIIeHBI IO CJie-
ZYIOIIEMY aJITOPUTMY:

_long- 2003750834 1
N 180 100°

=log| tan| (90 + lat) T 180
z=70g| tan 360 )] Tw

X

_ z-20037508.34 1
N 180 100

z

Ie long

JAHNHATbI

lat_ 3HaYE€HHE ITUPOTHI KOOPAWHATEI.

SHAQ4YE€HUE O0JITOTBI KOOpP-

B kauectBe BBICOTHI (KOOpAMHATa Y)
IIpUCBauBaeTcs OJHO U3 3HAUEeHUH KaHaIa,
KaK IpaBujo, Haubosee 3HAYMMOro. Bro-
pPOH IO 3HAUYUMOCTU KaHAJI MOXKHO Ha3Ha-
YUTh HA U3MEHEHUE IIBETOBOTO IpajieHTa
asieMeHTa. [lopsA/I0K 3HAUMMOCTH KaHAJIOB
ompeziesiseTcs IOJb30BaTeseM. B ciydae,
ecyIU OIpesieIUTh 3HAUYUMOCTh He IIpeJ-
CTaBJIsIETCA BO3MOXKHBIM, IIpe/JjIaraercs
IMOOYEPEITHO Ha3HAuUaTh KaKJAbIA KaHaJ
JTAHHBIX HA COOTBETCTBYIOIINE BU3YyaJIbHbIE
cocTaBysAoNe (BBICOTY WA TPAJUEHT)
IUI TIOJIyYeHHs1 HanboJiee KaueCcTBEHHOTO
(c TOukM 3peHUs MOJB30BaTENA) M300pa-
’)keHus. PesysbTaT mporiecca BHU3yasin3a-
I[UH TIPE/ICTaBJIEH HA PUCYHKE 4.

Jlna BU3yanu3anuu JUHAMUYECKOU MOo-
JleJT1 U3MEHEHUs IIyMa HeoOXOIUMO CHH-
MaTh ayINOCUTHAJI B T€YEHUU IIPOJIOJIKU-
TEJIPHOTO BpeMeHU. VICroJib3yeMbld WH-
CTPYMEHT BHU3yaJIM3alld II03BOJIAET 00-
pamaTrbesa K JIAaHHBIM ayjauodailia mnpu-
MEepHO 60 pa3 B ceKyHy 6e3 3HaUYUTEeTHhHO-
IO CHMI)XEHHUs IIPOU3BOJAUTEIbHOCTU. Ta-
KM JKe 00pa3oM BO3MOKEH MOHHUTOPHUHT
JIAaHHBIX B pexkuMe OHJIAWH. [Ipumepom
MIPUMEHEHUS TI0/IX0/1A ABJISAETCA aKyCTHYe-
CKasg CheMKa JIJI1 OIEHKH CeHCMUYECKOU
aKTUBHOCTH 3€MHOU IMOPO/IbI B TOA3EMHOMU
IIaxTe P BeJleHNU TOPHBIX paboT.



CocTosHue
KTULLWHbI»

Peann3oBaHHbBIN IPOrPaMMHBIN MOYJIb
BU3YyaJIN3AIMN AyAUOCUTHAJIIOB C OIHCAH-
HBIMH TE€XHOJIOTUSMHU IIPOIIIES arpobaIiuio
B cocTaBe IofcucTeMbI «Tpecku», obecme-
YHUBAIOIAsi KOHTPOJIb CEHCMOJIHEpreThuye-
CKOT'O COCTOSIHHSI MacCHBa TOPHBIX ITOPOJL B
PEKUME «THIITUHA», T.€. IIPU IIPOCTOE IIPO-
XOYECKUX W JOOBIYHBIX MamwuH. J[aHHas
Mo/icCCTeMa BXOJUT B coctaB ropHoit TIC
KOHTPOJI COCTOSIHMS TOPHOTO MaccuBa M
IIPOTHO3a BHE3AMMHBIX BHIOPOCOB M y/IapOB
MUKOH-TEO npennasHaueHasd AJis Olle-
paTUBHOTO OOHAPYKEHUSA U KOHTPOJIS CO-
CTOSIHUA 30H Pa3BUTHUSA OIACHBIX I'e0raso-
MTUHAMHUYECKUX SIBJIEHUU B IIPOIleccax Mmoj-
3eMHON pa3pabOTKU MEeCTOPOKIAEHUH I10-
JIE3HBIX HCKOIAeMbIX, KOTOpas COOTBET-
cTByeT TpeboBaHusaM 11.41 [1b 05-618-03 1.

[8]

3akJaIuYeHue

Takum oOpasoM, B craTbe OBLIO IIPHBE-
JIEHO pellleHre 3a7lauil  BU3yaIU3aluu
ayINOJAaHHBIX B PEXXUME PeaslbHOTO Bpe-
MEHU c HMCI0JIb30BaHHUEM I'cC-
TexHosiorud. Ilpeasaraemplii crocob mos-
BOJISIET NIPEIOCTABJIATH CBEIEHUs 00 nu3Me-
HEHUU TeOMeXaHWYECKUX ITPOIIECCOB TIO-
CPEZICTBOM BU3YIU3AIlNU ayAUOJaHHbBIX B
BUJIE IMHAMHYECKOTO TPEXMEPHOTO KOM-
MIBIOTEPHOTO H300parkeHusA. PeasnsoBaH-
HOe IIporpaMMHOe obeclieueHre WHTerpu-
pyeTcsi B COCTaB CYIECTBYIOIIUX TOPHBIX

Puc. 4. IlpuMep BU3yam3anuu ayAuo JaHHBIX

[ToBbiLLEHHbIE
3BYKOBblEe BMOpauum

I'MC, yT0 MO3BOJIAET OCYLIECTBIATH KOH-
TPOJIb 32 COCTOSTHHEM TOPHOTO MAacCHBa, B
1esax 6e30MacHOro BeZeHHUsl TOPHBIX pa-
00T W HEJIOMYIIEeHUsI OCTAHOBKU TEXHOJIO-
ruyeckoro mpomecca. I[IporHosupoBaHue
yAapOOIIAaCHOCTH OTpPabAThIBA€MBbIX YTOJIb-
HBIX IUIACTOB MO3BOJIUT BBIABUTH YYACTKHU
TpeOytolye MPoBeAeHNusT MpodUIaKTHUIe-
CKUX MEPONPUATHH [0 HAaYaJa OYHCTHBIX
pabor.

[IpumeHeHne MeTOAa JAUHAMUYECKOU
BUBYAJIN3allN ayAU0 JAHHBIX, ITO3BOJIUT
CBOEBPEMEHHO NPHUHUMATh YIIpaBJIeHYe-
CKHe pelleHUs MO pe3yJbTaTaM MOHUTO-
PUHTA TOPHBIX Y/IAPOB, UTO MOBBIIIAET Oe3-
OTIIACHOCTD BeJleHUs TOPHBIX PaboT.
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