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AHHOTAIHSA

B nmokmame paccMaTpHBArOTCS OCHOBHBIC HAIIPABJICHHWS BHEIPEHHS TEKCTyp, ()pakTanoB, APOOHBIX ONEPaTOpPOB,
JTUHAMHUYECKOTO Xaoca M METOJIOB HEJIMHEHHOM AWHAMHKH AJIS CO3JaHHUS HOBBIX HMH(OPMAIHMOHHBIX (IPOPBHIBHBIX)
TexHonorui. ViccnenoBanus npoBoAsTcs B QyHIaMEHTAIFHOM HaydHOM HampaBieHHH «PpakranpHas panuopusuka u
(pakTambHas ~ PAgMO3NEKTPOHMKA:  MPOEKTHPOBaHME  (PAKTATBHBIX  PAJHOCHCTEM», HWHHIMHPOBAHHOTO U
paspabarbiBaemoro asropoM B PO um. B. A. KorenmsaukoBa PAH ¢ 1979 r. nmo Hactosimee Bpems. AKTyaJIbHOCTb
MPOBEICHUS TAaHHBIX UCCIIEJOBAHUHN CBsI3aHA C HEOOXOANMOCTBIO O0JIee TOYHOTO ONMCAHUS BCEX PEATHHBIX MPOLECCOB,
MPOUCXOAIIUX B paTUOPU3NUECKUX U PATUOTEXHUYECKUX CUCTEMaX: YUeT 3pPEAUTAPHOCTH (IIaMsTH), HErayCCOBOCTH U
CKeHnMHra (U3MYECKUX CUTHaJIOB M mojed. [IpuMeHeHune (pakTagbHBIX CHCTEM, NAaTYMKOB M Y3JIOB SIBIISETCS
NPUHOUIHAIBHO HOBBIM PEIIEHHEM, CYIIECTBEHHO MEHSIONMM MNPUHLIUIBI TOCTPOCHUS HHTEIUIEKTYalbHbBIX
PanInOTEXHUYECKUX CHUCTEM M yCTPOMCTB. BHIMOTHEHHBIE HCCIEOBAHUS SBISIOTCS MPUOPUTETHBIMU B MUPE H CITy’KaT
6a30if 11 MANBHEHIIEro pa3BUTHS M OOOCHOBAHWS TPAKTHYECKOTO TNPHMEHEHHs ()PaKTalbHO-CKEHIMHIOBBIX M
TEKCTYpHBIX METOJIOB B CHHTE3€ NPUHIMIHAAIGHO HOBBIX TOMOJOTHYECKUX TEKCTypHO-(PpPaKTaNbHBIX METO/IOB
00OHapy)XEHHsI CUTHAJIOB B NPOCTPAHCTBEHHO-BPEMEHHOM KaHaJle paclpoOCTPaHEHHMsI BOJH C paccestHueM (HOBBIH B
paauosiokanun). BriepBeie BBeJeHBI HOHATHS «(ppaKTaIbHAs HHXCHEPUD) U «(PPaKTATbHBINA HHKHHUPUHIY.

KiroueBbie cjioBa

Tekcrypa, (pakran, CKEWIMHI, CHUTHAaTypa, OOHapy’K€HHE W pacllo3HaBaHWE IIeJieH, pajgap, BBIYMUCIUTENbHAS
METaNlOBEPXHOCTb, (hpaKTaIbHAs HH)XEHEPHs, ppaKTanbHbIH HHKUHUPHHT

Topological texture-fractal processing of signals and fields in radiophysics,
radio engineering and radiolocation: developed methods and technologies

(1979 — 2022) - fractal engineering
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Abstract

The report discusses the main directions of the introduction of textures, fractals, fractional operators, dynamic chaos and
methods of nonlinear dynamics to create new information (breakthrough) technologies. The research is carried out in
the fundamental scientific direction "Fractal radio physics and fractal radio electronics: design of fractal radio systems",
initiated and developed by the author in V. A. Kotel’'nikov IREE RAS from 1979 to the present. The relevance of these
studies is related to the need for a more accurate description of all real processes occurring in radio physical and radio
engineering systems: taking into account the hereditarity (memory), non-Gaussianity and scaling of physical signals and
fields. The use of fractal systems, sensors and nodes is a fundamentally new solution that significantly changes the
principles of building intelligent radio engineering systems and devices. The performed studies are priority ones in the
world and serve as a basis for further development and justification of the practical application of fractal-scaling and
texture methods in the synthesis of fundamentally new topological texture-fractal methods for detecting signals in the
space-time channel of waves propagation with scattering (a new type of radar). The concepts of fractal engineering are
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introduced for the first time.
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«Yuenvie usydarom mup Kak OH” ecnib,
UHDJICEHEDbL co30aom mMup,
Komopoco parnvuie He ObLI0 Y.

Teomop ¢on Kapman

BBenenue

B mHacrosmee Bpems B paauopu3MKe, paJAMONIEKTPOHMKE U 00pabOTKE CHUTHAJIOB
MPEUMYIIECTBEHHO, MMPUBBIUHO U MMOBCEMECTHO HCHOIB3YIOTCS 1IEJIOUNCICHHBIE MepPbl (MHTETrpaJIbl
U TPOU3BOJHBIC IIEJIOTO TOPSAJKA), TayccoBa CTATUCTUKA, MApPKOBCKHE TMPOIECCHl W T.II.
AKTyabHOCTh IPOBEIECHUS aBTOPCKUX MCCIICIOBAHUI CBsi3aHA C HEOOXOIMMOCTBIO 00JIee TOUHOTO
OMHMCAHUSl peaJbHBIX TPOIECCOB, MPOUCXOASAINIMX B COBPEMEHHBIX PaAMODU3UYECKUX U
PaIMOTEXHUYECKUX CUCTEMaX. JTO, IPEXkAE BCEro, yUeT SPeIUTapHOCTH (I1aMATH), HETaCCOBOCTH U
CKeWIMHra (caMomnoaoOus, aBTOMOACILHOCTH) (PU3UYECKUX CUTHAIIOB U mosieid. Bee aTu moHsTHS
BXOJISIT B OIpeneicHne (PpakTanbHBIX MHOXKECTB WM (PPaKTajoB, BIEPBBIC MPEAJIOKEHHBIX b.
Mannens6potom B 1975 rony [1, 2]. B paboTe npeacTaBieHbl OCHOBHBIC HAIIPABJICHHS BHEAPEHUS
TEKCTyp, (pakranoB, [ApOOHBIX ONEPAaTOPOB U METOAOB HEJIWHEHHOW [IWHAMUKUA B
dbyHIaMeHTallbHbIE 3a7a4i PaAruo(U3UKH, PATUOIOKAINHA U IIUPOKUH CHEKTP PaAHOTEXHUUYECKUX
HAYK JIJIsl CO3/IaHuUsI HOBBIX HH(OPMAIIMOHHBIX (MIPOPBIBHBIX ) TEXHOIOTHIA.

[IpoGnema, BhiHECEHHas] B Ha3BaHWE pabOThI, Hayaja M3ydaTbCs BIIEPBbIE B MUPE aBTOPOM
o6onee 40 ner mazam B UPD AH CCCP B cBs3u C BBHINIOJIHCHHEM IMKIA (yHIaAMEHTAIBHBIX
uccnenoBanuii ¢ Beaymumu otpacieBbiMu HUM n xoncrpykropckumu 6opo CCCP u Poccun,
IIOCBSIIEHHBIX CO3JaHHUI0O HOBBIX IPOPBIBHBIX TEXHOJOIMH JUIsl paauoiokauuu. OCHOBHOE, 3TO
0oOHapy)XeHHE 10 OJHOMEPHOW (BEPOSTHOCTHBIA CTATUCTHYCCKUNA CHUTHAJI) W MHOTOMEPHOU
(croxacTudeckue OINTHUYECKHEe M PaJAHOJIOKAMOHHBIE H300pa)KeHHs) BBIOOPKE pa3zHOOOpa3HbBIX
MaJTOKOHTPACTHBIX OOBEKTOB Ha ()OHE MHTEHCHUBHBIX TIOMEX OT TIOBEPXHOCTH 3eMIIH.

HccnenoBanue MpoOBOAWTCS B paMKax HaydyHOro HampaieHus «®DpaxrtanbHas paanopu3uka U



dbpakTanpHas PaINO3JIEKTPOHUKA: MIPOCKTUPOBAHKE (b pakTaIbHBIX PaIOCUCTEM,
MHUIMMPOBAHHOIO U pa3pabaTtbiBaeMoro asropoMm B MPD um. B. A. KortensnukoBa PAH c 1979
roja o Hactosiee Bpems [3-42]. BBeneHrue B HAy4HBIM 00MXO0/T PaIOIOKAIIUHU BBIIICYTTOMSHYTHIX
MOHSTUN TIO3BOJIWJIO aBTOPY BIEPBbIE B MHpE MPEAJOXKUTh, a 3aTeéM U MPUMEHHUTb HOBBIE
Pa3MEpPHOCTHBIE U TOIMOJOTUYECKUE (a HE dHEpreTuyeckue!) MpU3HaAKU WM UHBAPUAHTHI, KOTOPbHIE
00beIMHEHBI 1MOJ] 0000IIEHHBIM TOHITHEM «TOTIOJIOTUS BBIOOPKI» ~ «(PpaKTajbHas CHUTHATYPay.
[ToaToMy mpuMeHeHue Ui MacITaOHONH WHBAPUAHTHOCTH — «CKEUJIMHTAa» COBMECTHO C TeOpHeH
MHOKECTB, TEOpHel IpOOHOW pa3sMEPHOCTH, IPOOHBIM HCUUCICHHEM, OOIIel TOMOJIOTHEH,
TEOMETPHUYECKON Teopueid Mephl M Teopueld IUHAMHYECKHX CHCTEM OTKPBHIBAIOT OOJbIINE
NOTEHLUAIbHbIE BO3MOKHOCTH U HOBBIE NEPCHEKTHBBI B 00pabOTKE MHOTOMEPHBIX CUTHAJIOB U B
POJICTBEHHBIX HAYYHBIX U TEXHUYECKUX O0JIaCTSX.

B ¢usuueckoM acrekre TEPMHUH <«OPEIUTAPHOCTH» SKBUBAJICHTEH MOHATUSAM «IHaMSITh,
«TOCNENIEHCTBUEY, «HACIEACTBEHHOCTH», M €CTECTBEHHO BBECTH (DYHKIIMOHAIIBI MAMSITH, YTO M
cienaHo aBTopoM. Hampumep, akTyanbHast 3a1a4a OOHAPYKEHUS MAJIOKOHTPACTHBIX OOBEKTOB Ha
(OoHE HMHTEHCHBHBIX TOMEX HEW30€XKHO TpeOyeT, YTOOBl MPEIJIOXKHTh, a 3aTEM M BBIYUCIUTH
HEKOTOPYIO TMPUHIMIHAILHO HOBYIO XapaKTEPHCTUKY, KOTOpas OTIHYaeTcss oT (DyHKIMOHAJIOB,
CBA3aHHBIX C DHEPrMeM IIOMEX M CUTHAJA, a ONPENENAEeTCs MCKIIOUUTENBHO TOMOJIOTHEN U
pPa3MEpHOCTHIO MPUHATON CMECH CHUTHAJA C IOMeXaMu U myMamu. [lpu sTom usukn BKIFOUMIM B
CBOM apceHall HOBBIM MaTeMAaTHMYECKHil ammapar, a MaTeMaTHKd OOOraTH/INCh HOBBIMHU
ABPUCTUYECKUMU COOOPAKEHUSIMU U COBMECTHBIMH ITIOCTAHOBKaMH 3a/1a4.

OcHOBHOE Ha3HAa4YeHHWE JAHHOW pabOThl — TO3HAKOMUTh YHUTATENs C CO3JaHHBIMU
TEKCTYPHBIMHU U (ppakTanbHBIMU (MyJIbTH(PPAKTAILHBIMU) METOJAMH, a TaKXKe MX IMPUMEHEHUEM B
nenoM. bonee mnoapoOHbIe CBeAeHHMsT M HEOOXOIMMBbIE [I0Ka3aTelbCTBa YWTATeNb HaWAeT B
ABTOPCKUX KHHUTaX M OPUTMHANBHBIX paboTax Mo 3Toil TeMe. B HacTosIiee BpeMs MOKHO YBEPEHHO
TOBOPHUTH O MPOCKTHUPOBAHUU MOTHOCTHIO (DPAKTAIBHBIX PAJUOCUCTEM U YCTPOMCTB. 3aMedy, 4TO B
paboTe HEU30EKHbI MOBTOPHI U KOPPESLUHN C MPEKHUMH BBICTYIJICHUSIMH aBTOpa Ha Pa3iMYHBIX
KOH(QEpEeHIUAX U CUMIO3UYMax; 3TO IMPOSBIEHUE TOTO K€ CaMOro CKEWIMHra M (hpakTalbHOCTH
COBMECTHO C EJIaHWEM JIOHECTH CBOM OPUTHMHAJIbHBIE UJEH U METOJbl IO Pa3HOW ayJUTOPHH B

MUpe.



COBpCMeHHBIC paaruOCUCTEMBI U HOBBIC TOIMOJIOTMYCCKUC IIPU3HAKHU

Jns  panpHedmedl — KOHKpeTH3anmuu  1polieM  OOHApyXeHHS  PagHOJIOKAIIMOHHBIX
MHOTOMEPHBIX CHTHAJIOB, CYMTaE€M, YTO IEpBUYHAS HH(GOPMALUS MOCTYHAE€T OT Pa3IUYHBIX
COBPEMEHHBIX pAJAMOCUCTEM B BHJE OJHOMEPHOIO CHTHAJla W/WIM PaJUOJIOKALIMOHHOTO
u3o0paxenus (PJIN) — puc. la. Texuonoruu MIMO cuctem B 0o011eM ciydyae NoApa3yMeBaeT, 4To
KOKI0€ PaJIUOTEXHUYCCKOE YCTPOHCTBO, y4acTBYIOIlee B OOMCHE NaHHBIMH, OyJIET HUMETh IO
HECKOJIBKO IPOCTPAHCTBEHHO pPACIpE/IeIeHHBbIX NPUEMHBIX U Iepenaroumux aHTeHH. OCHOBHOH
uneeit  gpaktanpHeix MIMO-pagapoB sBIsSETCS HUCIOJIB30BaHWE (paKTaIbHBIX AaHTCHH W

¢dpakranbHbIX 0OHapyxkutenei [3-7, 30-42].
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Puc. 1. Paguocucrembl HCXOIHOM MepBUYHON HHGOPMAIMK (BKIIOUSHBI ()paKTabHBIH PaAnoI0KaTOp U (paKTabHbIH
MIMO-pazap) (a) 1 HOBBIE TOIOJIOTHYECKHAE IPU3HAKK H METOABI OOHAPYKEHUS MaJIOKOHTPACTHBIX (MAJI03aMETHBIX )
00BEKTOB Ha (hOHE MHTEHCHBHBIX IITyMOB U omex (0): PCA — pagmromnokaTop ¢ cHHTe3MpOBaHHOH anepTypoi, BITJIA -
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CrniocoOHOCTh (ppaKTaNbHBIX aHTEHH OJHOBPEMEHHO paboTaTh Ha HECKOJBKHX YacCTOTaX WU
U3JTy4yaTh IIMPOKOIOJIOCHBIM 30HAMPYIOIIMNA CUTHAJ JaeT PE3KOE YBEIMUYEHUE 4ucia CTeneHei
cBOOOJIBI, YTO OIpEeNeNsseT MHOTHME BaKHbIE NPEUMYIIECTBA TAaKOTO BHJA PAJUOJIOKALUU H
3HAUYUTEJIBHO PACUIMPSET BO3MOXKHOCTH afanTtaiuu. J{ias oTpakeHust 3TUX 0COOCHHOCTEH aBTOPOM
B [3-6, 33-38] BBeeH HOBBINM TepMuH «(dpakTanbHO-yacToTHBIE MIMO-cuctems (FF MIMO)», uto
OoJiee OJTHO OTpakaeT Ux (uznueckue Bo3MokHocTU. Mneonorus gpaxransHoil PJIC 6a3zupyercs
Ha pa3paboTaHHON aBTOPOM KOHIICTIIIMH (PPaKTATBHBIX paauocucteM [3-7] (cM. manee).

Bce cymecTByromye Ha JaHHBI MOMEHT METOJIbl M IIPU3HAKU OOHApYKEHUsI MaJ03aMEeTHBIX
00BEKTOB Ha (DOHE MHTECHCUBHBIX OTPAKEHUH OT MOpS, 3MJIM U METEOPOJIOTHIECKUX 00pa30BaHUit
KOMIIAaKTHO TIpEJCTaBlIeHbl janee Ha puc. 10. Tam 3xe OTMeueHbl B3aUMOCBS3H MEXIY
pasHOOOPA3HBIMM NIPU3HAKAMU U METOJIAMH.

Beenenue B CIHA B 1973 1. noHsATHS aHCAMOJIsl TEKCTYPHBIX NPU3HAKOB, MO3BOJIUIO aBTOPY
B 80-¢ rogsl XX Beka BIEPBBIE B MHPE pPACCUUTATh MOJHBIE aHCAMONM M3 28 TEKCTYPHBIX
IIPU3HAKOB U TPOBECTH MX JETAJbHbI CHUHXPOHHBIM aHalIW3 U1 peabHbIX H300pakeHui
(ontruecknx (ADC) U paaTroNOKAIIMOHHBIX B JUANIa30HE MIJLTUMETPOBBIX BOJIH (MMB) Ha BoHE
8,6 MM), a TakXe CHHTE3UPOBAHHBIX TEKCTyp Ha OCHOBE aBTOPEIPECCHOHHBIX Mojenel B
3aBUCHUMOCTH OT BpemeHu rozaa [3-7, 10, 14, 19, 21]. MHoroneTHue HaTypHbIE SKCIIEPUMEHTHI
IIPOBOIMINCE aBTOPOM cOBMeCTHO ¢ LIKB «Ainmas» u apyrumMu BeIylMMH HPOMBIIUICHHBIMU
opranmzanusimu CCCP. Bcee uccrnenoBanus Benuch Ha JUIMHAX BOJH A = 2,2 u 8,6 MM (aKTUBHOE
usnydenue) u A = 3,5 mm (maccuBHoe uznydenue). [Ipu Beinenenuun curnana MMB, paccesnHoro
pa3sHOOOPa3HBIMH 3€MHBIMH ITOKPOBaMH, aBTOp emie B 1985 r. mpoBoaus nepBbie HIKCIEPUMEHTHI 10
CEJIEKIIMM YYaCTKOB YaCTOTHOTO M BPEMEHHOIO CKEHJIMHIa, HaJM4YMe KOTOPBIX U IMPENIoJararoT
olpeieNieHHble (paKTalbHble CBOMCTBA NPUHATOHN BbIOOPKH. [Tpy 3TOM OBLIa MOCTaBJIEHA U pellIeHa
3ajjaya pacueTa TEKCTYPHBIX IMPU3HAKOB C y4eToM Jpeii(a ux curHatyp mpu U3MEHEHHUU BPEMEHH
roga. bl oONTUMU3MPOBAaHBI OLIEHKM BIMSHHSA pa3Mepa OKOH Ha TOYHOCTb OIPEAEICHUS
TEKCTYPHBIX IPU3HAKOB JJIs1 N300paKEHUN Pa3IMYHBIX TUIIOB 3€MHBIX TOKPOBOB.

B Poccun pnutenbHOe Bpemsi Hamu paboThl 1o uccienoBannio PJIM 3eMHBIX TTOKPOBOB Ha
MMB c¢ wucnonb3oBaHHEM TEKCTYpHOM HH(popManMu (aKTHUECKH ObUIM €IUHCTBEHHBIMH H
aKTyallbHBI 10 cux Top (ocobeHHo, B HacTosimiee Bpems) [3-7, 14, 19]. Celiuac mosiBUIOCH MHOTO
IIOCJIEI0OBATENEH.

ITocne pacdera aHcaMOuiell TEKCTYPHBIX NMPHU3HAKOB 110 ONTUYECKUM U PaJNOJOKALMOHHBIM
n300pakeHussM aBTOpoM B 1985-1986 rr. ObUIM TpeNIOKEHBI METOAbl W AITOPUTMBI JUIS
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oOHapy’KeHHs] MaJOKOHTPACTHBIX IIeJie Ha ()oHE MHTEHCHBHBIX NoMeX. K HUM OTHOCSTCS: METOA
IpSIMOTO HCTIONIb30BAaHMS TEKCTYpHBIX Tpu3HAKoB (1985), mucriepcHoHHBI METON Ha OCHOBE f-
cratuctuk (1985) m meTon oOHapyXeHHsI ¢ TOMOIIBIO JIMHEHHO-MOJCITUPOBAHHBIX JITAJIOHOB —
tekcTyp (1986) [3-7, 14]. Co3nanHble MeTOABI OOHApPY>KEHHsI YCTOHYMBO PabOTald MpPU MalbIX
OTHONIEHHAX CHTHAJI/OMeXa G, TIOpSIKA eIMHMI WM MEHbIIE eXuHUIE! (B pasax). Hackoibko
U3BECTHO aBTOPY, 3a pyOEKOM HHM OJHOIO TEKCTYPHOTO MeTOJa OOHapyXEHHsI MaJOKOHTPACTHBIX
00BEKTOB MpenoxkeHo He Obuto. Kpome TOro, BaXHBIM JOCTOMHCTBOM TEKCTYPHBIX METOOB
00pabOTKU SBISETCS BO3MOXKHOCTh HEWTpaJM3allMM CIEKJIOB HAa KOTEPEHTHBIX H300paKEHUAX
36MHOM IIOBEPXHOCTH, ITOJIy4EHHBIX ¢ ToMo1bio PCA.

MHorue ecTecTBEeHHbIE OOBEKTbI, TaKHE KaK I[I0YBa, PACTUTEIbHOCTh, OOJlaka M T.II
MIPOSIBIISIIOT (ppaKTaIbHBIC CBOMCTBA B HEKOTOPHIX MacmTabax [1-4]. B Hacrosiiee BpeMs aHaim3
€CTECTBEHHBIX TEKCTYp IIpPETEpIeN 3HAUUTEIbHBIE W3MEHEHMsI WM3-32 MCIOJIb30BaHMUS METPUK,
3aMMCTBOBAaHHBIX BO (pakTanbHOil reoMeTpuu. Ilocime TeKCTypsl OBLIO BBEACHO IOHSTHE
¢bpaxTanoB, T.e., IPU3HAKOB, OCHOBHBIX Ha TEOPHM IPOOHOW MeEpbl, A MPUHLIUIUAIBHO HMHOIO
MOJIX0/1a K PELICHUIO COBPEMEHHBIX PaJHOIOKAIIMOHHBIX 3a/1a4. DpakranbHas pa3MepHOCTh D win
€e CUTHaTypa B pa3IMYHbIX yYacTKax M300pakeHUs MOBEPXHOCTHU SIBJISETCS MEPOil TEKCTYpBI, T.€.,
CBOICTB IPOCTPAHCTBEHHON KOPPEJSALMU PACCESHUS PAIUOBOIH OT COOTBETCTBYIOIIMX YYacTKOB
MIOBEPXHOCTH.

MeToapl JETEPMUHUPOBAHHOTO Xaoca ILIUPOKO pPAa3BUTHI, OHU IMPEJICTaBICHbI B IPABOM
cronbue puc. 10. OTMETUM I, YTO aAJITOPUTMBI PAAMOJIOKALMOHHOTO OOHApY>KEHHS
MaJIOKOHTPACTHBIX OOBEKTOB Ha (POHE JIECHBIX MACCHBOB JUIS PaJMOJIOKATOpA Ha JJIMHE BOJIHBI
2,2 MM omnpoboBanbl Hamu B 2001 romay. Bl BrepBble peKOHCTPYHUPOBAH CTPAHHBIN aTTPaKTOp,
YOPaBISIOMUN paguoiIoKallMOHHBIM paccesHueM MMB, u u3MepeHbl e€ro AMHAMUYECKUE U
IFeOMETPHUUECKUE XapaKTEPUCTUKU, a TakKe BBIYMCICHBI (pakTalbHble pa3mepHocTd D B
3aBUCHMOCTH OT 3HAYCHHUs pa3MepHOCTH BiokeHus m [3-8]. Haumbonee tounyro oueHky D
MOJTy4yaeM IpH HM3JI0ME BBINYKJION 3aBUCUMOCTU D(m), MpU 3TOM HAc HE HHTEPECYET yCeueHue
MacIITabOB CBEPXY U CHU3Y.

[To HaiineHHOMY MakcUMallbHOMY IokazaTento JlamynoBa A, > 0,6 6ut/c ObUIO OIpeEeNeHO,
4TO, IPU MU3MEPEHUHU TEKYIIUX YCIOBUH C TOYHOCTBIO A0 1 OHT, BCS mpeicKa3aTeabHass MOLUTHOCTb
BO BpeMeHM Tepsierca 3a 1,7 c. [loaromy mHTEpBai mpenckasaHusi HHTEHCUBHOCTU OTPa)KEHHOTO
curHajga OoJbllle KJIaCCHYECKOTr0 BPEMEHM KOppensuuu T npumepHo B 8 pa3 (t = 210 mc npu

CKOpPOCTH BECTpPa 3 M/C). I/IHTepBaJI MNpEACKa3aHuA MO3BOJIACT NPHUMEPHO OLCHHUTL aMIUIUTYyLYy
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CJIEZYIOUINX OTCUETOB B BBIOOPKE M MOXET OBITh TaKXKe MPUMEHEH B MPAKTUKE PAIHOJIOKAINH |3,
4, 8]. Pacuersl nokazarens Xepcra H mokasajid, 4To B JBYX CIIy4asiX U3 TpeX IMPOLECC pacCcesHus
MMB necHpIMU MacCHBaMU COOTBETCTBYET MEPCUCTEHTHOMY mpoleccy ¢ H > 0,5, T.e. mpoleccy ¢

aMATBIO.

Buenpenue B pannodusuky, paIuoOTEXHUKY U PAJAHOIOKAIUIO HOBBIX
(bu3MUECKUX MOJOXKEHUN U MATEMATUYECKUX TTOHSITHMA

Huke KOHCTIIEKTHBHO PAacCMOTPUM OCHOBHBIE TOJIOKEHHUS CO3TaHHOW aBTOPOM (PU3UUECKOM

KOHIICTIIIUA Ha OCHOBE TEOPUHU (DPAKTAIIOB, TEKCTYP U IPOOHBIX ONIEPATOPOB.

Texcmypa u ¢ppaxman

Tekctypa — »53T0 MaTpuna Wi (parMeHT NPOCTPAHCTBEHHBIX CBOMCTB Yy4YacTKOB
n300paKeHUH € OJHOPOJHBIMU CTATUCTUYECKMMHU Xxapaktepuctukamu [1-7, 14]. TexctypHble
npusHaku (TII) ocHoBaHBI Ha CTATUCTMYECKHUX XapaKTEPUCTHUKAX YPOBHEH HWHTEHCHUBHOCTH
AJIEMEHTOB HU300paKEHUS M OTHOCATCA K BEPOSTHOCTHBIM IpU3HAKaM, CIy4aiHble 3HaueHHs
KOTOPBIX pacmpeziesieHbl MO BCeM KJlaccaM HPUPOAHBIX OOBEKTOB. PelieHne o mpuHaAIeKHOCTH
TEKCTYypbl K TOMY WJIH WHOMY KJIACCy MOXKET NPUHUMAThCS TOJIBKO Ha OCHOBAHWU KOHKPETHBIX
3HaYeHU NpPU3HAKOB JaHHOM TEKCTypbl. B TakoM ciyyae MNPUHATO TOBOPUTH O CHUTHAType
TeKCTypbl. OOHapykeHHe U MICHTU(UKAIUSA LEeIM MPOUCXOTUT TOTAa, KOTAa Lelb 3aTeHSET
y4acTok (hOHa, U3MEHSS [IPU ITOM MHTETpaibHbIE MTapaMeTPhl TEKCTYPHI.

Krnaccuueckne  paavosOKallMOHHBIE  CHUTHATYpbl  BKJIIOYAlOT B ce€0sf  BpEMEHHBIE,
CHEKTpaJIbHBIE U MOJIAPU3ALMOHHbIE OCOOCHHOCTH (IIPU3HAKM) OTpa)KeHHOro curHana. lloHstue
«CHUTHAaTypa» OIMCBIBAET PACIPEICIICHUE TI'CHEPaIbHOM COBOKYIHOCTH HM3MEPEHHH JUISl JAHHOU
TEKCTYPHI B CLIEHAX TAaKOI'o XK€ TUIIA, KaK U AaHHas [3, 4, 14].

@pakTalibl OTHOCATCS K MHOXECTBAM C KpaWHE HEPEryJApHOW pPAa3BETBICHHOW WU
u3pe3aHHo cTpykTypoil. Teopusi ¢pakranoB paccMaTpuBaeT BMECTO IIEJIOUHCICHHBIX Mep -
JpoOHbIe U 0a3upyeTcs Ha HOBBIX KOJMUYECTBEHHBIX ITOKA3aTeNsAX B BUJE IPOOHBIX pazMepHocTed D
U COOTBETCTBYIOIIMX (hpakTalbHBIX curHatyp D(t, f, T ). @pakTanbpHble APOOHBIE pa3MepHOCTH D
XapaKTepU3ylOT HE TOJIbKO TOIOJIOTHI0O OOBEKTOB, HO UM OTPAXKAIOT MPOLECCHl ABOJIOLUU
JTUHAMHYECKHUX CHCTEM U CBSA3aHBI C X CBOMCTBAMHU.

CDpaKTaJ'IBHafI TeoOMCTpHUsA, KaK OTMCYCHO BbBIIIC, TI'pOMaJgHass MW TICHHAJIIbHAA 3acCiiyra
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b. Mannens6pota (1924 — 2010 rr.). Ho ee paguodusudeckoe/paiuoTEXHUIECKOE U TPAKTUIECKOE
BOIUIOIIEHNUE — 3TO MCKJIIOYMTEIbHAS 3acilyra M3BECTHOM B MHpe Poccuilckol Hay4HOW IIKOJIBI
dpakTadbHBIX METOAOB TMOJ pykoBoacTBoM mipod. A.A. ITloramoBa (MPD wum. B. A.
KotenpaukoBa PAH). bomnbIioe 3HaueHne cpeay MEPOBOTO COOOINECTBA YUYCHBIX, 3aHUMAIOIIHXCSI
TUHAMHYECKMM XaocoM U (pakramamu, uMen TOT (akT, dYTO pa3paboTaHHAs aBTOPOM
knaccudukanus (pakranoB (Pucynok 2) 6smia B gekadbpe 2005 r. B CILIA nmuuro omobpeHa b.
Mannens6potom (1924 — 2010 rr.).

Heckonbko yTpupys, MOKHO CKa3aTh, YTO (ppakTajibl COCTABISUIA TOHKYIO amajbramy Ha
MOIIIHOM OCTOBE HayKu KOHIAa XX Beka. B COBPEeMEHHOU CHUTyalluMl HHTEUIEKTyalbHOE (hHUACKO
MOTEPTICNIN TOMBITKY MPUHU3HUTH WX 3HAYCHUE U OMUPATHCS TOJIHKO Ha KIIACCHYCCKUE 3HAHUS.

HeoOxomumo cka3zarh, 4TO BCS COBPEMEHHAs paHOTEXHHKa Oa3upyeTcs Ha KIaCCHYECKOH
TEOPHH IIETOYUCICHHON MEphI U IIEJIOYMCICHHOTO UCUUCIIeHU. TakuM 00pa3oM, HCTOPHUECKH «3a
OopTOM» OKazajach OOMIMpHAs 00JacTh MAaTeMaTHYEeCKOro aHalli3a, Ha3biBaeMas JAPOOHBIM
MCUNCIIEHUEM, UMEIOIast JIeJI0 C MPOU3BOIHBIMUA M MHTETPAIaMHU TPOU3BOJIBHOTO (BEIIECTBEHHOTO
WM KOMIUIEKCHOTO) TOps/iKa, a Takke W Bcsa Teopust ¢paktaioB (!). ABTOp C KOJJIEKTUBOM W3

Pa3JINYHBIX TOPOAOB CBOMUX IMOMOIIHUKOB U YUYCHUKOB BCC 3TO YCIICIIHO HUCIIPABJISICT B TCOPUH U HA

MpaKTHUKE.
OPAKTANLI
MaTtemaTuveckue L 4 DuUsnYeckue
Hueno utepauu n _J  Yucno urepaumit n
n—« KOHeYHoe
Apo6Han pasmepHocTs | | _,| Apo6Han pasmepHOCTb
Xaycpopda D> D, Xaycpopda D> D,
BeckoHeyHoe Yucno KOHeYHbIH WHTepBan
Macwrabos, . — Macwraéos,
camonopo6ue (CKenNuHr) camonopo6ue (CKeHNUHS)
[Opo6Hbie NPOUIBOAHLIE W _ i
MHTErpanel . Kycouwo - ancpcpe
pPeHUMpYeMan yHKUMA

Puc. 2. ABropckas knaccudukanus GppakTabHBIX MHOKECTB M CUTHATYD, 07I00peHHas U npuHstas b. Mannens6poTom

B 2005 T.
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TEKCTYPbI U ®PAKTATbI

B OBPABOTKE
CUTHANOB U U3OBEPAXEHUN
Briienenne TercTyp- N Ilepexon or rayccoBbIx
HBIX H (JpaKTATBHBIX  — CTATHCTHR K CTelleH-
npHIHAROB, 1987 HBIM 3aKR0HAM, 1980
TercrypHBIe H ppak- dpaKTaTbHBIE
TAJIbHbIe CHTHATYPBL, P GpoyHOECKHe
1987 [ OpOmecChl KaK
= aa——————— pealbHbIe CHTHATBI,
Ananms H300pazkeHni IIYMbI H mOMeXH, 1985

H CHTHAJIOB, 1987 [

Torras crpyxrypa
Mopdarornueckasn aIHOCHTHAJIOB, 1983

obpaborka, 1987 + 1997 [4—

AEBTOperpeccHOHHBIH

PacnosmaBanme | canres TeRCTYPHBIX

oBpasos, 1987+ 1997 |4 A300pa:keHni, 1987
PanpTpamas —p| Brigenenne KOATYPOB,

H300pasKeHHH, 1987 [€— 1987 +1997

TomoTorns BHIGOPKH, —p| OpakTabHEBIA CHHTES

2000 4 A300pa:KeHHH, 1996

BugorimeHeRHE > CermMeHTaADHES

rHCTOrpavy, 1987 | H300pakennH, 1987

C10BapH TeRCTYPHBIX | Knactepmszanns a300-
H paKTATbHBIX paxeHHH, 1987+1997

NpH3HAKOB, 1987 + 2003 Nl
- CoBMemenne
H300pa:keHH, 1988
CHHTe3 3TATOHOB
—

MECTHOCTH, 1985+2006

Puc. 3. TexcrypHsle n ppaKTanbHbIEe MEPHI ISl MAIOKOHTPACTHBIX N300paKEHUH U CBEPXCITa0bIX CUTHAJIOB B

HWHTCHCUBHBIX HCTAYCCOBLIX LIYyMax U MOMEXax

Tononoeuueckas mekcmypro-gppaxmanvrasn oopabomka (TTDO) manokonmpacmHvix

U3006padcenull U C8epxXCiadbIX CUSHANO8 8 UHMEHCUBHBIX He2A)CCOBbIX NOMEXAX U ULyMax
Ha Pucynke 3 mnpuBeneHa mojHas CTPYKTypa aBTOpckux uccienoBanuii B PO um. B. A.
KorenbuukoBa PAH TekcTypHbIX U (pakTalbHBIX METOJOB OOpPaOOTKM MAaIOKOHTPACTHBIX
M300paKeHWid M CBEpXCHAObIX CHUTHAJIOB B  WHTEHCHUBHBIX  HETAayCCOBBIX  IMOMEXaXx.
Pa3pabaTpiBaeMble aBTOPOM TEKCTypHBIE U ()paKTaIbHbIC U(POBHIE METOIBI TO3BOJISIOT YACTHUHO
IIPEOOJIETh APUOPHYIO HEONPEAEIIEHHOCTh B PaNOpU3NYECKUX U PaIMOJIOKAIMOHHBIX 3ajauax ¢
MTOMOIIIbI0 TE€OMETPUHU HWJIM TOIIOJIOTHU BBIOOPKH — OJHOMEpPHOW Wiau MHOTroMepHou [3-42]. Ilpwm
3TOM HUCKJIIOUUTENbHOE 3HAYCHHE MPUOOPETAOT TOMOJOTHYECKHE OCOOEHHOCTH WHAMBUIYATbHOMN

BBIOOPKH, a HE YCPEIHCHHBIC pean3alii, UMCIOIINE 3a49acTyi0 JPYyroi xapaktep. JTO, BIEPBBIE
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BBEJICHHAs aBTOPOM, IMpoOieMa «Pa3MEPHOCTHOTO CKIEpOo3a» (PU3NYECKHX CHTHAIOB U UX
CUTHATYD.

®paKkTanbHO-CKEIIMHTOBBIE  METOJBI  00pa0OTKM  CHUTHAJIOB, BOJHOBBIX IOJEH U
M300paKeHWii B IIUPOKOM CMBICIIE OCHOBaHbl Ha TOW YacTH HHGMOpPMALUU, KOTopas TMpu
KJIACCHYECKHUX MeTo/IaX 00paboTKu 0€3BO3BpaTHO Tepsiiach. MHaue roBops, KIACCHYECKHUE METOIbI
00pabOTKM CUTHAJIOB TNPUHIMIIMAIBGHO BBIACISIOT TOJBKO TY COCTABIIONIYI0 WH(OpPMAINH,

KOTOpas CBsi3aHa C LETOYUCICHHON MEpOH.

HerayccoBa cTaTUCTHKA: TeOPHSI U IKCIIEPUMEHT

B ocHOBe cOBpeMEHHOW TEOPUH BEPOSITHOCTEH JIeKaT MpeAesibHbIE TEOPEMbI O CXOJIUMOCTHU
pacrpefieieHuii CyMM HE3aBHCHUMBIX CIIyYalWHBIX BEJIUYHH K TaK HA3bIBAEMBIM YCTOWYHBBIM
pacrpe- JeJeHHMSIM: TayCCOBBIM WM HerayccoBbiM. IlepBple ommparoTcsi Ha LEHTPaAIbHYIO
MpelebHYI0 TeOpeMy, a BTOphIe (HErayccoBbl) — Ha MpEIeNbHYI0 TeopeMmy, nokazaHHyio b. B.
I'menenko (1939 r.) u W. Doeblin (1940 r.). [IpopomxurensHoOe U IUIOAOTBOPHOE YYacTHE aBTOpPA B
MHOTOMACIITA0HBIX SKCIEPUMEHTANBHBIX padoTax (1979 — 1990 rr.) cCOBMECTHO ¢ BEeAyUIUMU
opranuzanusmMu CCCP, mpuBenu ero Kk He0OXOAMMOCTH MPHUHIMITHAIBHOTO OTKa3a OT TayCCOBBIX
CTaTHCTUK B CJIy4ae JIOCTaTOYHO BBICOKOTO pa3pellieHus paauosiokaTopoB. Bce uccrnemoBaHus
MPOBOAMIIUCH HA JUTMHAX BOJTH A = 2,2 1 §,6 MM (aKTUBHOE H3JIy4YeHHue) U A = 3,5 MM (ITacCUBHOE
uznyuenue) [3, 4, 14]. Imenno B pagmogu3nyueckux HATYPHBIX SKCIEPUMEHTaX aBTOPOM ObLia
noka3ana B 1979 — 1980 rr. HEeMPUMEHUMOCTb I'ayCCOBBIX CTATUCTHUK JIJISi TOYTH BCErO AMana3oHa
YIJIOB MAJCHUS DJIEKTPOMATHUTHOW BOJHBI. AHANU3 SKCIEPUMEHTAIBHO MOJYYEHHBIX OOMIMPHBIX
0a3 nanabix (Oomee uwem 30 karteropuili 3eMHBIX TMOKpPOBOB [3, 4, 14]) B COBOKYIIHOCTH C
BU3yaJIbHBIM ~ HMCCJICIOBAHUEM CTEMEHU CJIOKHOCTH M30JIMHUM  PACCESHHOTO U3IyYeHHS,
3a(pUKCUPOBAHHOTO HA ONTHYECKUX M PaJMOJIOKAIMOHHBIX H300pa)KeHHsIX, U MpPHUBEN aBTOpa K
u7esiM BBEIEHUs aHCaMOJel MPUHIMIIMATHHO HOBBIX NMPU3HAKOB, OCHOBAHHBIX HA CKEHJIMHTOBBIX
MOKA3aTeNIsIX M XapaKTePUCTUKaX APOOHON pa3MEepHOCTH, T.€. BBEIECHUS B MPAKTUKY (PpaKkTambHBIX
curnaryp D(t, f, r ). JlaHHBIE OSKCIEPUMEHTOB IIOJHOCTBIO ONPENENIAIOT XaPAaKTEPHBIA BHJI
bpakTanbHOrO pacnpeaeneHus (MapeTuaHa) U poiib TSHKEIbIX WIHM YTOJIIEHHBIX XBOCTOB, KOTOPBIE

U HECYT BCIO MOJIE3HYI0 HH(POPMALIMIO IIPU CBEPXMaJIbIX OTHOILIEHHUSX CUTHall/moMexa — PucyHok 4.
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Puc. 4. OMmnmpuueckue 0600meHHble hpakTanbHble pacnpenenenus W(D)/Wmax ¢ TskeabIMU XBOCTaMH JUISL CLIEH ©

CUJIbHBIMHU TayCcCOBBIMHU TIoMexaMu: 1 u 3 —cuena A,2u4 —cuena b, 1u2-qo>=-10ab,3 u4 - q° =-20ab

Bce coBpeMeHHBIE PAaTUOCUCTEMBI MPAKTHUYECKH HCIONB3YIOT HMH(MOPMAIHIO, KOTOpas
¢uxcupyercst rmaBHBIM MakcuMyMoM W(D)/W,... (Pucynok 4, cnpasa). I[IpennoxeHHbie aBTOpOM
(dpakTanbHble PaJMOCUCTEMBI U COOTBETCTBYIOIIUE METOJbl NMPUEMA OCHOBAaHBI Ha ()PaKTalIbHO-
CKEIJIMHTOBBIX METOZax 0OpabOTKM CUTHAJIOB, BOJIHOBBIX MOJEH U M300pakeHuil, JONOIHUTEIBHO
UCTIONB3YIOUIMX Ty 4YacTb MHGpopMmauuu (JokaiabHbI MakcuMyM W(D)/W..., Pucynok 4, cnesa),
KOTOpasi IpU KIACCHYECKHUX METo1aX 00pabOTKN 0€3BO3BPATHO TEPSUIACh M HE YUHUThIBajach. MHaue
roBops, KJIacCH4eCKHe MeTOoJbl OOpaOOTKM CHUTHAJIOB MPUHLUUIMAIBHO BBIIEISIOT TOJIBKO TY
COCTaBJIAIOLIYI0 HH(pOpMAIMK, KOTOpas CBsi3aHA C LIEJIOYMUCICHHOM Mepoil. MartemaTuiyeckum

BBIPAKCHUCM CaMOHOI[OGI/IH SABJIAIOTCA CTCIICHHBIC 3aKOHBI.

Oco0eHHOCTH MeTOAOB ompenejeHusi (ppakTajibHOH Pa3MepPHOCTH H (paKTAIbHBIX

CUTHATYP

[Ipu ppakranbHOM MOAXO/AE €CTECTBEHHO COCPEIOTOYUTH BHUMAHWE HA OMUCAHUU, a TAKKe
00paboTke pannoGpU3MIECKNX CUTHAIOB U MOJIEH, HCKITIOYUTEIBHO B IPOCTPAHCTBE IPOOHON MepHI
C MPUMEHEHHUEM THUIOTE3bl PUZNYECKOT0 CKEUIIMHTa U PACIIpeIeTICHUM ¢ TSKEIBIMU XBOCTAMU UJTU
YCTOWYMBBIX pacmpezeneHuil. Pazpaborannbie (pakTanbHbIe METOABI MOTYT (DYHKIIMOHHPOBAThH Ha
BCCX YPOBHAX CHUTHAJIA! aAMIUIMTYAHOM, 4YaCTOTHOM, (1)330BOM U TOJAPHU3allUOHHOM. Hwugero
NOJI0OHOTO B JIUTEpaType A0 aBTOPCKUX MCCIENOBAaHUN M pabOT B HAYYHOM MHUpPE IPOCTO HE
CymiecTBoBaJIo. be3ycnoBHO# IeHHOCTBIO pa3zMepHocTH Xaycmopda — besmkoBuua sBisercs
BO3MOXKHOCTh €€ JKCIIepUMEHTanbHOro ompenenenus [1-7]. Ilpaktudeckas peanu3anus MeToaa

MOKPBITUI HATAJIKMBAETCS HA TPYAHOCTH CBSI3aHHBIE C OOJBIIUM 0OBEMOM BhIUHCICHHH. CBsI3aHO
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3TO C TEM, YTO JUIs BBIYMCICHHUS pa3MepHOcTH Xaycnopda — besukoBuuya HyKHO U3MEpSATH He
MIPOCTO COOTHOIIEHHUE, @ BEPXHIOIO TPaHb 3TOTO COOTHOIIEHUS. [eiCTBUTENBEHO, BEIOPAB KOHEUHBIN
MaciTad, OoNbIIUM JABYX JUCKPETOB BPEMEHHOIO psifia WM OJHOTO 3JIEMEHTa M300pakKeHHUs, MbI
CO3/1aeM BO3MOKHOCTh «IIPOMAXHYThCS» MHUMO HEKOTOPBIX OcOoOeHHOcTed (pakranma. Bo MHOTHX
Cllydasix PEeUIMTh 3Ty MpoOJieMy MOMOraeT NMOCTpoeHHe (pakTanbHO# curHatypsl D(t, f, 1) [3-7]
WIM 5K€ 3aBUCUMOCTHU OLIEHOK OT Macuitaba HabmioaeHus. dpakTaibHas CUTHATYpa XapaKTepUu3yeT
TaKKe€ TMPOCTPAHCTBEHHBIM (pakTadbHBI KencTp u3o0pakenus. [loMuMO KiaccHYecKoi
KOPPEJSIIMOHHOM pa3MEpHOCTH HaMHU OBUIM CO3JaHbl OpPUTHHAJIbHBIE METOJbl H3MEpPEHUS
(dpakTanbHOM pa3MEpHOCTH, B TOM 4HCJE: JUCHEPCHOHHBIH, YYeT CHUHTYJIAPHOCTEH, II0
(dyHKIMOHANaM, TPHATHBINA, HA OCHOBE METPUKM Xaycnopda, BEIYUTAHUS BBHIOOPOK, HA OCHOBE
onepanuu «Uckmovaromee MJIN» u 1.m. [10].

Cy1iecTBeHHBIM TPEUMYIIECTBOM JAUCIIEPCHOHHON pa3MEpPHOCTH SBISETCS €€ MPOCToTa
peanuzanuu, ObicTponeiicTBue U 3¢ ¢dexkTuBHOCTH BhuucieHuil. B 2000 r. ObUIO mpeioskeHO
BBIUUCIIATh (PPAKTAIBHYIO Pa3MEPHOCTh C IMOMOINBIO JIOKATBHO-TUCIIEPCHOHHOTO MeTona (CM,
Harpumep, [3, 4]). [lapamerpbl u3MepstouMx (QpakTajabHble CUTHATYPBI D(f, f, ) alropuTMoB
JIOCTaTOYHO CHJILHO BJIMSIIOT Ha OUIMOKH M3MepeHuil. B pa3paboTaHHBIX anropuTMax MPUMEHSIOT
JIBa XapaKTEpHBIX OKHA: MaclTabHOe U u3MeputenbHoe. OOBEKTUBHbBIE M3MEPEHUs MOIYy4atoTCs
IpU MacIITaOHBIX OKHAX, MPEBBILIAIOIIUX pa3Mepbl H3MEpPUTENBHOr0 OKHAa. C MOMOIIBIO
MacmTabHOrO OKHa BBIOMpaeTcs HEOOXOAUMBIN MacmTad H3MEpeHHi. DTO OKHO OIpeaesseT
MUHUMAJIBHOE W MAaKCHUMAallbHO€ 3HAaueHUs MacimTaboB, B KOTOPBIX HAONIOAeTCs CKEHIIMHT.
[TosTOMy MacmTaOHOE OKHO CIIY)KUT Ui CEJIEKLIMH PAclio3HaBaeMOMl I U TOCIETYIOLIEro
OMMCaHUs €€ B paMKax (pakTaqbHO Teopuu. C MOMOULIBI0 U3MEPUTEIBHOIO OKHA MO OOBIYHBIM
METOJIlaM CTAaTUCTUKU OIpeAeNsieTcs JIOKalbHas JTUCHEepCUsi SPKOCTH WIM WHTEHCUBHOCTHU
n3o0paxenus. JIokaabHO-AMCIIEPCUOHHBIN METON W3MEpeHUuU ¢pakTanpHOW pasmepHocTH D
OCHOBAaH Ha M3MEPEHHMU IUCIEPCHH MHTEHCHBHOCTH/APKOCTH (PparMeHTOB M300pakeHUs] Ha ABYX
IIPOCTPAHCTBEHHBIX MacIlTadax:

p_no;~Inoy 1)
Iné,-Inés, "

B ¢dopmyne (1) 6, 0, — cpenHeKkBagpaTHUECKUE OTKIOHEHHS Ha TEPBOM J; U BTOPOM 0,
Macmrabax (parMeHTa M300paXKeHns,, COOTBETCTBEHHO. TOYHOCTHBIE XapaKTEPUCTHKH JIOKATBHO-

JMCTIEPCHOHHOTO MeToa uccienosansl B [10]. Onpenenenue oqHOMEPHBIX (PpakTaTbHBIX CUTHATYP
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M0 TUIOMIAJIA HCCIEAYEMBIX HM300pKEHUN B PA3IMUYHBIX HANPABICHUAX Ja€T HOBBIM METO[
MU3MEPEHUs] aHU30TPONUHN H300pakeHHi moBepxXxHOCTH. CIenyeT OTMETHUTh, YTO MPEUIOKEHHBIN
HAMH JIOKAJIbHO — JIUCTIEPCHOHHBINA METON U3MepeHHs (ppakTanbHbIX cCUrHaTyp D(t, f, F) mo3Bossier
HEMOCPEICTBEHHO MOIYYUTh SMIIMPHUECKUE pacrpeaeneHus GpaKkTaabHbIX pa3MepHocTei D.

B rayccoBoM ciywyae nucriepcCMOHHasi pPa3MEPHOCTb CIIy4yallHOM MOCIeA0BaTeIbHOCTU
CXOOWTCs K pasMmepHocTH Xaycaopda COOTBETCTBYIOIIETO CTOXACTHYECKOTO  Ipoliecca.
[IpuHMnIUaapHas CI0XHOCTb COCTOMT B TOM, 4YTO JIFOOOM YHMCIEHHBIH METOJ BKIIIOYAET
JTUCKpEeTU3alHI0 (WM JTUCKPETHYIO alMpOKCUMAIINIO) aHAIM3UPYEMOro Mpoliecca in 00beKTa, a
JTUCKpEeTH3alus pa3pymaeT (pakTalbHble cBoicTBa. i paspemieHus 3TOro MPOTUBOPEUHS
HeoOXoauMa pa3paboTka CHEelHaTbHOM TEOpHH, OCHOBAaHHOW Ha MeTojgax (pakranbHOU
MHTEPIONIALMU U annpokcuMmanuu. PazHooOpasHble Tomonornyeckue u pasMepHbsie 3hdexTsl mpu
(b pakTanTbHO-CKEHIMHTOBOM OOHApY>KEHUH U 00pabOTKEe MHOTOMEPHBIX CHUTHAJIOB OBbLIN U3YYEHBI B

[3-42].
HN30panHbIe KiIaccnyecKne NpuMepsl ppakTaabHO 00padoTKn

[IpuBeneM n3OpaHHBIC SKCTIEpUMEHTANIBbHBIE pe3ynbTaThl TTMO MHOTOMEpPHBIX CUTHAJIOB OT

00BEKTOB pa3nuuHON (puzndeckoit mpupoasl (Pucynok 5 — Pucynok 10).

(D)

sepera

aTMens

YYacToK oTmenu

Puc. 5. [Ipumep pa3nndeHus BUIOB 3eMHBIX IIOBEPXHOCTEH MO MO0 (ppakTambHBIX cCUTHATYp D (cieBa) u

SMITUPHYECKOE pacnpenencane D (crpaBa) Mpu CETMEHTAINH 110 D TEKCTYp 3eMHBIX MTOKpoBOB Ha PJIN.
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Puc. 6. ®pakranbHas 00padoTka nzodpaxenus camosera (a) F 117: (6) - nzobpaxenue camonera F 117 B mymax npu
qo* =-3 1B, (B) - npumep (pakranbHOM HenapaMeTpuueckoit Gpubrpanuu (OIIP) u300paKeHUs caMoJIeTa IPH
tekyeM 3Hauenun DV o X, (1) npumep (PIID) nzoOpaskeHus camosera npy Tekymem snadernun D? > DY | (1) -

npumep (PIID) uzo0paxenus camoseTa npy 3Hauenun D@ > D@ > DU; gesnie cripasa — Tekyumii napetuad D.

Puc. 7. [lensta pexu Cenenrn Ha caumke PCA PALSAR (cneBa), pesynbsrar hpakraabHON 00paboTKH (Cpasa); IMHA

BOJIHBI 23 M, IIPOCTPAHCTBEHHOE Pa3peIIeHHE OpsAaAKa 7 M.

(a) (6) (8)

Puc. 8. Uzo6paxenwus ¢ BITJIA (BJIA) MecTHOCTH ¢ IBIMKYIIMMUCS MalllMHAMH (a) ¥ TOPHOWX MECTHOCTH C TOHHEJNEM (B)
1 pe3yNbTaThl puiabTpanuy 1o omeHkam D (0, T).
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Puc. 9. Ilpumep pemenus 3agaun HpakTaabHOM KiIacTepH3alii PEHTTEHOBCKOTO CHUMKA (a) 10 3HAYEHHUIO OLICHKH

¢pakranbHOii pazmepHocTu D (0) 1 ppaxranbHOE BbIIEICHHE KOHTYPOB (B) .

s
3
x
5 50
S
]
o

Paccrosanue, km

PucyHok 10: JuHamunyecKkre ppaKTasibHble CTPYKTYPbI B
atmocdepe - (a), cnpalim (cbemKa ¢ KA - CLLUA, NASA) —
(6); omcem (MK - cbemKa ¢ KA - Kutait) — (e); dpakTanbHana
dunbTpauma usobpaxeHua cnpaiita: Kapta D = 2,3 — (B);
KapTta D = 2,6 (r); kapta D = 2,8 (a); dpaKkranbHas
dmabTpaumMa n3obpaxeHna gxerta: kKapta D — (x);

KA — KocMMYecKkuid annapar

B wyactHoctH, Ha pucynHke 10 mnoka3aHbl YHUKalbHble (paKTalbHble XapaKTEePUCTHKH
BBICOTHBIX pa3psaaoB B moHochepe. Kaxaple cyTkn HeOO mpodepumBaioT 4 MHIUIMOHA MOJIHUH,
€XKeCeKyHIHO — mpumepHo 50. A Haj CBUHLOBBIMHM TI'PO30BBIMH (DPOHTAMHU, B BEPXHUX CIOAX

aTMoc(epsl pa3BOpPauyMBAETCSl CBETOBOE IOy «IIPU3PAYHBIX MOJHHUN»: TONyOble JKEThl, KpPacHO-
20



¢uoneToBBIE CHpaiThI, KpacHbIE KOJbIA MapsIIUX B BbILKHE 37b(QOB. DTO pa3psabl OYCHb
BBICOKOW SHEPTHH, KOTOpPBIE OBIOT HE B 3eMJII0, a B HOHOC(hEpY.

Hcropust ux OTKpHITHSA O4eHb WHTEpecHa. CrpalThl, HapUMep, OBUTH OTKPBITHI CIyYaliHO B
Houb ¢ 5 mo 6 wmtong 1989 r. B CIIA. BricoTHble amekTpuueckue pazpsiasl (20-100 km)
MOJPA3JEIISAIOTCS HAa HECKOJIBKO OCHOBHBIX THIIOB: 3JIb(bI, JOKETBI, CIIpaiiThl, Tano, u T.a1. OHu
HarjasHO TOATBEPAMIM CYIIECTBOBAaHME HA HAlIe IJIaHeTe IJI00aJbHOW AJIEKTPUYECKOW Lenu
(I'DIl) m ganmu HOBBIE BO3MOXKHOCTH IS €€ MCCIICIOBAaHUSA. JTO OYKBaJbHO BBI3BAJIO IIOK Y
CHEIHMATMCTOB IO aCTPOHOMHUH, aTMOc(epHOMY >IEKTPUUYECTBY, pamuodusmke, atMocdepHOi
aKycTuKe, (pu3mke ra30BOro paspsaa U a’dpokocMuueckoi 6ezomacHocTH. Ha kaprax ¢paxTambHON
pasmepHocTu (Pucynok 10) ueTko pa3nnyaroTcsi BHEIIHUE, OCHOBHBIE U CBEPXTOHKHE CTPYKTYPBI.
JluHamuueckre MpoCcTPaHCTBEHHO- BpEMEHHBIE 0COOEHHOCTH U MOP(OJIOTHsI CIPAaWTOB MOTYT OBITh
OOBSICHEHBI, B YaCTHOCTH, (DpakTalbHONW TeOMETpHEH pa3psaoB U MEpKONSAIueil. 3/ech Takke
NPUMEHHMO MOJICJTMPOBAHUE HAa OCHOBE (DPAKTAIBHBIX JAOUPUHTOB (CM. HUXKE), KOTOPBHIE XOPOIIO
oTpaxkaroT (Gu3KKy U Mopdosoruto Takux nonocepHsix crpykryp. Keratu, nanusie Pucynka 10 -
3TO TEpBbIE B MUPE PE3YJIbTaThl (PpaKTaIbHON 00pabOTKU TaKUX CTPYKTYp, KOTOpPHIE BBI3BAIU B
CBOE BpeMs a)XHOTax Ha KoHpepeHuusx no paauonokanuu B CIIA u Kurae.

Bwvisoo: wmuorouncnennbie pe3ynsTaThl (PCA, BIUJIA wmm BJIA, meaunuHa, KocMoC,
MAIIMHOCTPOCHHUE M T.J.) TMOKa3bIBAIOT, YTO (hpaKTaJIbHBIE METOABI 00OpPaOOTKM NAIOT MOBBIIICHUE
KayecTBa W JIeTAIM3allud OOBEKTOB M Lele B aKTUBHOM M MAacCCHUBHOM peXHUMaxX MPUMEPHO B
HECKOJIBKO pa3. DTHU METOJbl MOTYT OBITh YCIEIIHO MPUMEHEHBI A 00padoTku MHDOpMALUU C
KOCMHUYECKHX, aBUAIIMOHHBIX KOMILUIEKCOB, MaJI03aMETHBIX BBICOTHBIX TceBIocnyTHUKOB (HAPS)
nunu ooHapyskenus kinactepoB HAPS u BITJIA, cunTe3npoBaHHBIX KIAaCTEPOB KOCMUUECKUX aHTEHH,

KOCMHUYECKOI0 Mycopa U T.II.

@pakTanbHbIe TEXHOJIOTUH, (PpaKTaIbHbIE PaJUOCUCTEMBI U YCTPOUCTBA

I'moGaneHbll PpakTanbHO-CKEHIMHTOBBIA MeTon U TTdO, Gnarogaps HalIUM MHOHEPCKUM
pabortam, pa3paboTaH, CyIIECTBYET, MPUOOpET M3BECTHYI) BHYTPEHHIOK 3aKOHYEHHOCTh, MMEET
OOLIEN3BECTHBIE MUPOBBIE MPUOPUTETHI, a MOTOMY B IOJHOM Mepe 3aciay’KUBAaET CEPbE3HOI0
aHanmu3a. KopeHHoe oTinyMe NpeIoKEHHBIX aBTOPOM (PpaKTaJbHBIX METOJOB OT KJIACCHYECKUX
CBSI3aHO C NPUHIMIINAIBHO HMHBIM (PEBOJIIOLIMOHHBIM) TOAXOJOM K OCHOBHBIM COCTaBJISIOLIUM

CHUTHAJIA W TOJsA. DTO TO3BOJIMIO TMEPEUTH Ha HOBBIM YpOBEHb HH()OPMAIIMOHHON CTPYKTYpPHI
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pPCaIbHBIX HCMAPKOBCKHUX CHIHAJIOB H noneit. TakuMm 06pa30M, 9TO MNPHUHIUIIHAIBHO HOBaA

PAaaANOTCXHHUKA.

PazBurue NMPOPBIBHBIX q)paKTaJII)HbIX TEeXHOJIOTrui

3a Oonee uem 40 neT HAy4YHBIX HCCIEIOBAHUM TIOO0ANTBHBIN (hpaKTanbHO-CKEHIMHTOBBIN
METO/T IOJTHOCTBIO OTpaBiai ceOsl, Haiis MHOTOYHCIICHHBIE TipuioxkeHus (puc. 11, 12). 3to cBoero
ponaa BbI30B BpeMeHHU. Bce 310 0003HAUEHO aBTOPOM Kak ¢paxmanvHas napaouema [16, 17, 23].
bonee pasBepHyThle CBEACHHMS 110 BCEM MPHUBEIECHHBIM HAIMpPABIECHUSM MOXXHO HAWTH B

oubnuorpacduu padot aBropa [5].

[
®pakTansHoe oBHapyKeHne | ®pakTaneHble nadbupuHTel, 2008
PagvocHTHANoB NpU CBEPXMarbixX > dpaKTanbHble ¢
OTHOWeHNSX curHar-wym, 1987 oBHapy¥UTenu HoBble Tononoruueckue
paguocUrHanos, obHapyxuTenu, 2011 + 2012
®pakTanbHele MOAYNALUS U 2005
curHansl, 1988 d
7y ®pakTaneHble reHepaTopel
lL curHanos, 2013
PpakTanbHble aHTeHHsl, 1990 [_‘
CTpyKTYypHO-NapameTpUYeckuit
®PAKTANBHBIE o
CHUHTEZ CUCTEM TOMONOTUYECKOH
®paKkTanbHble MMiegaHcbl U PAOWOCUCTEMBI TEKCTYPHO-bPaKTanbHOM
_ 6pab TT®0), 2021
pa,ﬂMOSnfMe;TbI, 2003 N YCTPOWCTBA, obpaboTkm ( ),
® 2005
paKTanbHble CeNEKTUBHbIE N | ¢ | ®pakTanbHas UHKEeHEPUS W
nornowamwne matepuansl, 2003 i chpakTanbHblil UHXUHUPHHT, 2022

Puc. 11. ABTOpCKaSI KOHICIIIHA (I)paKTaJIBHLIX paanocucTeM, JaT4YUKOB, YCTpOﬁCTB " paanoOdJICMCHTOB.

3ameTuM, uTo Ha mepBoi cxeme (Pucynox 11, BHHM3y cripaBa) MOSBWICS MPSMOYTOJBHHUK
«CTpyKTypHO-TTapaMeTpUUYEeCKUN CHHTE3 CUCTeM TeKCcTypHo-(pakTaabHOi o0paboTtku (TTDO),
2021 r.», a Ha Bropo#i cxeme (Pucynke 12, BHU3y ciipaBa) — 1Ba IPSIMOYTOJIbHUKA - « PpaKTaIbHOE
komiuiekcupoBanue PJIM, 2020» u «BeramcnurenbHble MeTanmoBepxHOCTH, (oToHuKa, 2019».
Beiieyka3aHHple Ou€Hb CyLIECTBEHHbIE HampaBieHus «CTpyKTypHO-IIapaMETPUUECKUN CHHTE3
CHUCTeM  TeKCTypHO-¢paktanbHOil  o0Opabotku (TTPO), 2021 r» wu  «PpakranbHOE
komiuiekcupoBanue PJIM, 2020» BbIIOJHEHBI COBMECTHO C COAaBTOpaMHU-YUYEHHKaMu U3 BoeHHO-
BO3yIIHOW akamemMuu uM. npodeccopa H. E. XKykosckoro u 0. A. INarapuna [24-28]. IToscaum
3HAYEHUE ITUX TEM.

[IpencraBneHHas cxeMa CTPYKTypHO-TapaMmeTpudeckoro cunresza (PucyHok 11) mo3Boser
roBoputh 00 onmumanrvbnocmu TTOO MHOTOMEpHBIX H300paKEHHUH, MOCKOIBbKY KpHUTEpHEM
3 PEKTUBHOCTH CIYKUT MAaKCUMyM OIHOW WJIM OJHOBPEMEHHO HECKOJBKUX BEPOSITHOCTHBIX

XapaKTEePUCTUK — KiIacCH(pUKAUK (CerMEHTAaIlMu), OOHApY>KeHUS WM PACIIO3HABAHUSA B
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3aBUCUMOCTH OT PEIIAeMbIX CUCTEMOM 3adad. s Takoro CMHTE3a HaMU BIEPBBIE U CIELUATBHO
npeiokeH B [28]  NpUHIMOUATBHO  HOBBIA  KIACC  MOHNONO2UYECKUX — MEKCHYpPHO-
MYTbMUPPAKMATbHBIX NPUSHAKOS, TIO3BOJISIOIIUX COBMECTHO OLIEHHWBAThH pa3iNyHble (paKkTalbHbIe
cBoiicTBa TeKCTyphl. [Ipum 3TOM pemiaroTcs Bce BOMPOCH COBMECTHOW OIEHKU CKEHIMHTOBBIX,
CUHTYJISIPHBIX, MYJIbTH(PPAKTATBHBIX U aHU30TPOIMHBIX CBOMCTB TEKCTYphl H300paskeHUH JIFOOOTO
BUAAa. OTOT HOBBIM KJIacC TIPU3HAKOB MBI HA3BaIHM  HANPAGIEHHOU MOPGHOI0SULECKOU
mynomughpaxmanvrou cuenamypor (HMM®C) [28]. Ha ocHOBe MOJNyYeHHBIX PE3yJbTATOB M HX
CpPaBHEHHS C TOUHOCTHIO CETMEHTAIMH MO CYIIECTBYIOIIEMY MPHU3HAKY CAeTaH BBIBOJ O OOMbIIEH

WH(POPMATUBHOCTH HOBOT'O KJIACCA TOMOJIOTUYECKUX (PpaKTaTbHBIX MPU3HAKOB.

©PAKTANbI B COBPEMEHHOW PAOVO®U3UKE,
PAOVO3NEKTPOHUKE U APYTNX HAYYHbLIX HANPABIEHUAX
I

d)pﬁ KTanbHble UMNedaHCcbl

OpaKkTanbHble U TEKCTYPHbIE
paanoanemenTsl, 2003

cUrHaTypsbl, 1987

dpakTansHas Moaynauua u -b{
curiansi, 1988

OBHapyxeHue . PpaKTanbHble aHTEHHBI U MX dpaKTanbHble cenekTHBHbIE
MarnoKOHTPacTHbIx ueneit | | KOHCTpyupoBaHue, 1992 ! nornowarowme
(Texkemypobl + $pakTansi), matepuansi, 2003

1987 + 1997 PaccesHue BOnH

(> (hpaKTanbHO NOBEPXHOCTbIO, dpakTansl B MEANLUNHE U
Pacno3sHasaHie KoHTYpoB 1997 Buonoruu, 2005

uenei (Texcmypbi + -+
®pakTansl), 1987 + 1997

JuHamnyeckue Mogenu ®pakTanbHas
paccesHus paavOBONH Ha anekTpoanHamuka, 2007
OCHOBE AETEPMUHN POBaHHOTO

‘ CuHTE3 n3obpaxeHnii

mecTHocTH, 1996 xaoca, 1997 _.‘ OpaKTansHas KOCMONOTus, ‘
Knactepusaums GpakTaneHble dnykTyauun
n3obpaxenni, 1997 g BOMH: Tponocgepa + Teopus urp + Teopus

woHocdhepa, 1992 + 2010 N ynpasneHns (ApoBHble

ypasHeHus), 2012

®pakTansHble NabUpUHTLI,
2008

mpﬂKTaﬂbl B MallnHoBELEHUN
W HaHoTexHonornax, 2003

_.[ ®pakranel B noructuke, 2009 ‘

B Sl Sl Sl 3

®pakTanbHble cHCTeMbl
MIMO, 2013

PapoHoBckad thpaktaneHas
paguvonokayus, 1999

-b[ WuBapuaHnTel n Xaoc, 2010 ‘

®HOPC (2005) + HoBble |$
DpaKTans! U cKeHnuHr 8 ®paKTansHas AuHaMuKa,
‘ AuHamnyeckue ®OC, 2011 P’{ pagnomeTpuu, 1984 + 2009 | *{ 2013 ‘

dpaKTanbHble U TEKCTYPHEIE ®paKkTansHo-CKeNNUHrosas OpakTanbHble
oBHapyxuTenu . - unu maclwrabHo- || XapakTepucTiu MONHWii B
ManoKOHTPaCTHbIX Uenem, — | —» MHBapuaHTHas voHocdepe: anbdbl, PKETHI,
rnaexas Tema asropa ¢ 1985 paguonokauus, 2015 cnpaitel, 2013
PpakTansHas CTpyKTypa BonHel B BonbLumx MHorokpaTHoe paccesiHue
OTpax&HHOro e HeYNOpARCUEHHBIX |,|  BomH Ha dpakTankHom
PaaMonoKaLMoHHOTo l»  chpakTanbHbix cHeTemaXx, aHcambne vyacTu,
curiana, 2000 + 2016 2017 2002 + 2018
YpaBHeHne paguonokauum OpakTanbHoe BblumcaMTENbHbIE
NPV 30HAMPOBaHNUM
P aup = [ KomnnekcrposaHue P/IH, > MeTanoBepxHoCTy,
thpaKTanbHIx uenei, $oToHMKa, 2019
2002 + 2018 2020 '

dpakTanbHas UHKeHepHs
U cppaKTanbHbIil HHKUHUPKHT,
2022

Puc. 12. Dcku3 pa3BUTHS aBTOPOM MPOPHIBHBIX TEXHOJOTHI HA OCHOBE (PpakTaoB, 3H(HEKTOB CKEHIMHTA U APOOHBIX
OTIepaToPOB I HENMMHEHHOH (pusnku u paanosnexrponnku: ®HOPC — dpaxTansHBIN HemapaMeTpHIecKuit

00HApPYXUTENb PaJNOIIOKAIIMOHHEIX cUTHANIOB, @OC — (paxTambHBIN O0HAPYKHUTEITH CHTHAIIOB.
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ITo BTopoii Teme (Puc. 12) B 2021 r. 6611 nosyueH nateHT PO ¢ mpuoputerom ot 2020 r. [24]
W BBIMyIIEH psia ctatedt [24-27]. HecMoTpsi Ha CyliecTBOBaHME B HACTOSAIIEE BpPEMS METOJIOB,
CIIOCOOOB ¥ aJNTOPUTMOB  TEKCTYPHO-(PpPAaKTATBHOW  0OpabOTKM  HM300pakeHWi, 3amava
s dexkTuBHOTO KOMIUIeKcupoBaHus MHOroMepHbIX PJIN no cux mop He pemiena (Puc. 13 a,0).

C yueToM pe3yJbTaTOB CTATUCTUYECKOTO aHAlM3a 3HAYCHUU SPKOCTH U (HpaKTaJIbHBIX
curHatryp aByMepHeix PJIM B paGorax [24-27] Hamu TpemIOKEH HOBBIA  CIIOCOO
komruiekcupoBanusi PJIM muoroamanazonHoit PCA, ocCHOBaHHBIM, B OTJIMYME OT U3BECTHBIX, Ha
OJTHOBPEMEHHOM BBIUYMCIIEHUH CKOJB3SIIMM OKHOM MO BceM HcXoaHbiM PJIM nmoxanbHbIX
MyJIbTU(PAKTATBHBIX ~ pa3MEPHOCTEH  METOJOM HMTEPALMOHHBIX TOKPBITHH, IMO3BOJSIONINN
CYIIECTBEHHO TMOBBICHUTh HWH(POPMATUBHOCTh W300paKEHHH, OIICHWBAEMYIO II0 OSHTPOIIHH.
[IpumeHeHne pgaHHOro cmocoba MO3BOJSET CYLIECTBEHHO IOBBICUTh HMH()OPMATHUBHOCTD
pazuocucTeM, 0COOEHHO B CiIy4ae MOCTAHOBKM MOMEX U MacCKHUPOBAaHHUS OOBEKTOB B HEKOTOPBIX

HJIK BCEX YaCTOTHBIX AUaIlla3OHax.
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Puc. 13, a. Mogens xpaHeHHS 1 aHAIH3a MyJIbTH- ¥ THIIEPCIIEKTPATbHBIX JaHHBIX [27]
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Puc. 13, 6. Moaens hopmupoBaHus Kyda paauoIOKalMOHHBIX JaHHBIX [27]

Tomosiornyeckne TeKCTYPHO-(ppaKTaJIbHbIe 00HAPYKUTEIH

Co3manue MepBOrO JTAJOHHOTO CJOBaps (paKTaJbHBIX IPH3HAKOB KIACCOB IIEJei,
BKJIIOUYAIOUIETO (paKkTajibHble NPUMUTHBBI — 3JIEMEHTBl (DPAKTAIbHOIO $3bIKa, (hpaKTalbHbIE
CUMBOJIBI,  (pakTajgbHyl0  TpamMMaTHKy s  (QpakTalbHbIX  CJIOB, U  IOCTOSIHHOE
YCOBEPILICHCTBOBAHUE AJITOPUTMUYECKOTO OOECIEUYEeHUsI SBUJIMCH OCHOBHBIMHM JTalaMud HpU
pa3paboTKe ¥ MaKETHPOBAHWU HAMU IMEPBOTO (PPaKTAILHOTO HEMAPaAMETPHUECKOTO OOHAPYKUTEIS
pamuonokannonHbix curHajgoB (DHOPC) B Buae cneumnporeccopa [3, 4]. OCHOBHbIE TPUHIUIIBI
TEKCTYpPHO-(PPaKTaIbHOTO OOHAPYKUTEINS OBLIIM OTKPBITHL U MPEUIOKEHBI aBTOpOM elie B 80-X IT.
XX Beka, a BbIX0oA (BHepBbie B Mupe — cM. Puc. 11 u 12) Ha geiicTByromuii MakeT (ppakTaibHOTO
HeTapaMeTpUyecKoro oOHapykuTens paauonokaroHHbix curaainoB (PHOPC) npoussenen B 2003
- 2005 rr. [3-7]. On mpemonctpupoBasics auano B CIIA B 2005 r. mo mpoexkty MHTIL (ILIKB
«Anmasz» u A.A. IToranoB ot UPD PAH) u 3acityu1 04eHb BBICOKYIO OIICHKY CIICITHAIMCTOB [5].

Takue QpakTaibHble UCCIEIOBAHUS HAYAINUCh NPaKTHYECKH oJHOBpeMeHHO B Poccun, CIHA
u Kurae B 1980-¢ rr. [3, 4]. Ho B paborax aBTrOopa ObLTa Cpa3y Ke 3asBJIICHA, MMOCTABJICHA U
pemanach riao0anbHas 3amada oOHAPYKEHUS (PpaKTAIbHOTO 0OBEKTAa HA MHTEHCHBHOM TEKCTYPHO-
¢dpaktaabHOM (OHE C TayCCOBBIMH M HErayCCOBBIMH ITymMamMu W momexamu [3-7]. Otimuue u
METO/OJIOTHSL aBTOPCKOTO IMOJIXOAa ObUIM HACTOJBKO TIyOOKM M HeoOblYHbI, 4yTO U3 lLleHtpa
KocMuueckol Iiasmel U AspouccienoBanuii CLIA (r. XanrcBuii - «paketHsiii ropog CLIA», .
AnabGama) Obuto HampasieHo 14.12.2005 r. na ums aupekropa UPOD PAH akagemuka 1O. B.
['ynsieBa odunmanbHOE 01aro1apcTBEHHOE MUCHMO C OT3BIBOM O BBICOKOM HayYHOU KBalH(PUKAIIUU

n.¢.-m.H. A. A. IlortanoBa U NpU3HAHHEM €ro MPUOPUTETOB B 00JACTH (PPAKTAJIOB B pajapax;
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MOCJIEI0BAJ TaKXKe P MHOCTPAHHBIX CTaTel CO CChUIKAMM Ha HAIIM NEepBbIe PyCCKUE paboThI 1O
dbpaxTanpHOii o6padoTke curnamoB u PJIU. U yxe 16.12.2005 r. B Hoio-Fopke cocrosinack Most
BcTpeda ¢ b. Manaens6potom.

ITepexox k ®OC 6Gasupyercs Ha KOHLENUUHU (paKTagbHBIX paauocucteM — PucyHok 11.
Bapuantsl  00OOIIEHHBIX  CTPYKTYp  PaJHOJIOKAIMOHHBIX  (DpakTadbHBIX  OOHApyKUTeNnei
npencTaBieHbl Ha Pucynke 14. B kauecTBe Nmpu3HAKoB ¢ MCIOJIB3YIOTCA 3HA4YEHMs (hpakTanbHON
pasmepHocTH D, mokazarenu Xepcta 0 < H < 1 mjiss MHOrOMacIITaOHbIX IOBEPXHOCTEH, MMOKA3aTEIH
['enbaepa, 3HaueHus JaKyHapHoctu u T.1. (Puc. 1, 6).

[Tokazatens Xepcra paeH H = 3 - D nnsa PJIM u H = 2 - D a1 OQHOMEPHOIO CUTHAIA.
[Tokazatenr Xepcra H oTpaxkaer HeperyiaspHOCTh (pakTaIbHOTO O00OBekTa. YeM MeEHbIIe
nokazatenb H, Ttem Oosiee HeperynspHblii (ppakTalbHBIA 00BEKT. Tak YTO, KOrja MOSBISETCS
00BEKT, IMOKa3aTenb Xepcra craHoBUTCs OoibmuM. Panee mamm B 80-x 1r. XX Beka i
CTOXAaCTHYECKOTO aBTOPETPECCHOHHOTO CHHTE3a M300pakeHUH 3€MHBIX IOKPOBOB B ONTHKE U Ha
MMB u CMB 0Ob1i1a peliena 3ajaya aBTOPErpecCUU Ha OCHOBE KAHOHUYECKOM CUCTEMbI ypaBHEHUIN
IOna-Yokepa ¢ npeoOpa3oBaHueM THCTOrpamMM SIPKOCTH. [IpMHIMINATIBEHBIM MOMEHTOM SIBJISETCS
TO, YTO U3 cXeM Ha PucyHke 14 MOKHO y»e KOHKPETHO CHHTEe3UpoBaTh MHOXecTBO Apyrux ®OC.
OcHOBHBIE BHIBI TNPEAJIOKEHHBIX aBTOpoM B TeueHue 2011-2014 rr. u30paHHBIX CEMEHCTB
(xmactepoB) cxeM HOBBIX DOC mpuBenens Ha Pucynke 15 [6, 21, 30, 33, 34, 36, 37]. 3nech aBTOp
II0Ka3aJl JIMIIb OCHOBHBIE (DYHKI[MOHAJIbHBIE MIPUMEPHI M WUTIOCTPALUU Pa3pabOTaHHBIX OOIIMX
TEOPETUYECKUX M  HIBPUCTHMUYECKUX MNPUHIMIIOB CHHTE3a JUHAMMYECKMX  (PpaKTalbHBIX
OOHapy KUTENeH.

Jannpie Puc. 15 wimocTpupyrOT NPAaKTHYECKH HEUCYEPIIaeMbIE BO3MOXKHOCTH METOJOB
dbpakTaapHOTO OOHApyXeHHsI CUTHaNOB. [Ipmopurer B 3TOM OoOnactu maBHO (Oosee 40 mer) u
IIPOYHO NpHUHAUIEKUT B Poccun u B mupe aBTopy u PO nMm. B. A. Korensaukosy PAH.

Jlnst uneanbHOro ciaydas MPOEKTHPOBaHUS MOJTHOCTHIO (pakranbHoi PJIC Ha Pucynke 16
n300paKEHBl  XapaKTEpHBIE TOYKH TPWIOKEHUS THUIMOTETHYECKHX WM  TPOCKTHPYEMBIX
(dpakTanbHBIX AaIrOPUTMOB, 3JEMEHTOB, YCTPOMCTB M mpoueccoB. Mpeomorus nepexoma k
¢dpakranbHoil PJIC 6azupyercs, kak U paHee, Ha KOHIENIUHU (pakTanbHbIX paguocucteM (Puc.11).

OavH W3 TIaBHBIX BBIBOJAOB, CAETaHHBIX aBTOpoM emie B 80-¢ roasl XX Beka: paboTa 1mo
TOYEYHON OlLIEHKE (ppakTanbHON pasmMepHOCTH D NpHUBOAUT M3-3a HEOJHO3HAYHOCTH 3a4acTylo K
abcypaHbIM pe3yiabTaTaM. B To ke Bpems, MOYTH BCE aBTOPbI, UCHOJIb3YIOLIUE (PpakTaIbHYIO
00paboTKy (M, 4acTO HE NOHUMAas ee (U3NYECKUH CMBICN) JAl0T HUCKIIOYUTEIBHO TOYEUHBIE
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OIICHKH, J]a €Ill€ CO CPEIHEKBAIpaTHUYECKUM OTKIOHEHHEM, YTO HEBO3MOXKHO. Takxe aBTOpOM
BIIEPBBIC OBUIO JOKAa3aHO, YTO HWHTCHCUBHOCTh HW300pKCHHS IEJIM BIHMSCT HA W3MCHCHHE
bpakTanbHOIN pa3MepHOCTH ropas3o ciabee, 4eM OTHOIICHHE IJIOLIAEH, MOKPHIBAEMBIX LENbI0 U
BceM Hu300pakeHneM. Hamnuume mpocTpaHCTBEHHBIX TayCCOBBIX (MIYKTyallMil IUIOIMIATU Iened co
CPEIHEKBAJIpaTUYECKUM OTKJIOHEHHEM mopsiaka 35% moka3ajao MPaKTHUYECKH HMX OJMHAKOBYIO
CTEeTICHb OOHApYKeHUs (Bapuaruu (pakTaTbHONW pa3MEpHOCTH OBUTH 3aMEUYCHBI BO BTOPBIX 3HAKAX
noce 3anstoit). @pakranpHas pazMepHOCTh D WM ee curHaTypa D(t, f, F) B pa3iIHYHBIX y4acTKax
M300paKeHHs TIOBEPXHOCTH SIBJISIETCS OAHOBPEMEHHO U COOTBETCTBYIOIIEH MepOil TEKCTYpBHI, T.€.,
MEpOM CBOWCTB IPOCTPAHCTBEHHOW KOPPEISIUU PACCEIHUS PAAUOBOJH OT COOTBETCTBYIOLIHX
y4acTKOB TOBEpPXHOCTH. (OJHOBPEMEHHO TEKCTypa OINpeAenseT W JIaKyHapHOCTh, KOTOpas
UCIIOJIB3YET CTAaTUCTUKY BTOPOTO MOpsAIKa I (pakTalbHBIX M300pakeHUi. JlakyHapHOCTh Mana

JUIA IUIOTHOM TEKCTYPBI U BCJIIMKA, KOT'ld TCKCTYPa KPYIMTHO3CPHUCTAA.
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Puc. 16. Toukn npunoxeHust (ppaKTanoB, CKEHIMHTA 1 JPOOHBIX OIIEPAaTOPOB B KIIACCHYECKOM PAIHOIOKATOPE C

enbio nepexona kK ¢ppakranpHoi PJIC

ANTOpUTMBI  OOHAPYKCHHST TIPOTSDKCHHBIX OOBEKTOB W IIeJied Ha ONTHYECKHX U
PaZMOJIOKALIMOHHBIX M300paXXEHHUsIX C HCIOJB30BaHUEM JIMIIb KJIACCHUECKOW TEKCTYpHOU
00paboTKu ObUIM CO3/1aHbl aBTOPOM € KoyieraMu u3 BopoHexxkckoro rocyHuBepcuteTa emie B 80-e

rogel XX Beka (Puc. 1,6, 3). 3arem mamu B 2000 1. OBUTO Takke JOCTATOYHO TMOAPOOHO
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paccMOTPEHO UCIONb30BaHuE peodpazoBanus Pagona B coBpeMeHHON paaunonokanuu (marent PO
or 2003 r. ¢ mpuopuretom oT 2001 1.) [43]. Junamuueckue QpakTaibHbICe OOHAPYKHUTEIH,
MIPUBEICHHBIC BBIIIE, TAK)KE MOTYT ITMPOKO MCIIOJIB30BATLCS U B HeauHeliHol paduonokayuu [13].

B cimywae KOMIUIEKCHpOBaHHS — KJIACCHYECKOTO0  OOHapyxkuTens C  (ppakTaibHBIM
OoOHapy»XUTeJleM TMOBBIIACTCSI BEPOATHOCTH MPABUIBLHOIO OOHApPY)KEHUs W pacmo3HaBaHus. Ha
JAHHOM JTale, d3Ta 3ajJadya YK€ He MMeeT IJIIyOOKOro HayyHOro HHTepeca, a OTHOCUTCS
MPAKTUYECKU K PAJOBBIM HHKEHEPHBIM TEXHUYECKUM pEHICHHUAM. DTOT 3Tal Mbl 3aKpbUId H
cuMTaeM, uTo Ooliee HMHTEPECHa B HAyYHOM IUIaHe, IS OTKPBITHS M (UKCAlUH HOBBIX
panuoduznyecknx 3PPeKkToB, KOMMo3uLUsA (PAKTATBHBIX OOHApPYXKUTENEH ¢ pa3sTUYHBIMU

IIPOCTPAHCTBEHHBIMU KOOpaAuHaTaMu Ha Puc. 15.

Anantanus ¢gpakTajJbHbIX 00HapY:KUTeJeil n ppakTanbHble H-curnasant

bonpuioil uMHTEpeC MpencTaBiIsSeT CO3JaHME aJalTHBHBIX METONOB IPUMEHUTENBHO K
¢dpakranbHOil 00paboTke uH(popmarmu. Kak wn3BecTHO, AN alanTHBHOM 3aJaydl XapaKTEPHO
U3MEHEHHE TapaMeTPOB W/WIHA CTPYKTYpPBI CHCTEMBI B COOTBETCTBHH C BHEIIHUMH YCIOBHSMHU.
Hwuxe mokasaHbl HEKOTOPBIE ITyTH IOJIyYEHHs TEOPETUYECKMX M TEXHHYECKUX PEUICHWM 3amadu
CHHTE3a a/IalITUBHBIX (PpaKkTaabHbIX OOHapysxuTenel [3 - 7]. Paboras ¢ BbIOOpKOI curHana Ha GpoHe
MIOMEX U IIyMa B IMMPOCTPAHCTBE JPOOHOM Mepbl, HEU30EKHO MPUXOJUM K aJrOpUTMaM (KpUTEPHUSIM)
amanTHBHOM  (pakTambHOW  (uiapTpammu. Apantanus TaKoH HENWHEHHOH  (pakTaabHON
(GuIbTpalK B yCIOBUAX AlPHOPHOI HEONPEeNeHHOCTH 00ecleYnBaeTCsl, B YaCTHOCTH, TEKYIIEH
OLICHKOM mokaszaTtens Xepcra f. Kak oTMeuyeHO BbIlE, MOKa3aTelnb XepcTa B 3aBUCUMOCTU OT
CBOET0 3HAYEHMsI OTHOCUTENIBLHO BEIMUMHBI /{ = 1/2 XapakTepu3yeT Uiau NepcucTeHTHOCTh (12 < H
< 1) nnu antunepcucrentHocts (0 < H < 1/2) Bei6opku. B nepBom ciyuae, koraa 12 < H < 1, mbl
Ha0JIr0/1aeM MPOLECC, COXPAHSIOMUI TEHIEHIIMIO POCTA WM YMEHBIIEHUS! MTHOBEHHBIX aMILTUTY
B BbIOOpKeE, T.e. Mpolecc ¢ mamMsaThio. Bo Bropom ciywae, korga 0 < H < 12, poct aMIUIUTy[
oruaromiell CUrHajza B «IPOIUIOM» O3HAYaeT YMEHBIIEHHE B «Oymylmem», U HaoOOpoT, T.e.
nporecc, Oojiee MOIBEP)KEHHBIN IepeMeHaM, KOTOpPbhI YacTo 0003HAYarOT KaK «BO3BpPAT K
CpeHEMY».

Oukcanus 3HaueHUs H SBISETCS BCTPEUHOM THIOTE30#, CHOCOOCTBYIOUIEH YIIyYIlIEHUIO
KayecTBa aJalTallid K pealbHbIM YCIOBUSIM. B oOmeMm ciydae yCTpOMCTBO mpencTaBlisieT
CIEIAIIYI0 CUCTEMY, AJalTHUPYIOUIYIOCA MO 3HAYCHHMSM TMokKazarens Xepcra H K TMOMEXOBOU

CUTyallul WM, HA00OpOT, K MOJIE3HOMY CUTHady. [IpumepoM amanTHBHOM HpOUEAypbl CIY>KUT
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aBTOMAaTHYECKasi PETyJIMPOBKa YCUIICHUS ITPUEMHHUKA B 3aBUCUMOCTH OT TeKyluel oneHku H = f{t).
B npyroil ajmanTMBHOW Ipoueaype MNPOUCXOAUT aBTOMATHYECKas pPETyJIMpOBKa IOpoOra
obnapyxenus Il mo 3Hauenusm H = f(¢). [Ipu sTom obecrieunBaeTcs cTaOUIU3aNMs BEPOSITHOCTH
JI0KHOM TPEBOTH.

Kcratu, aBTop TOrzna M MpeuiokKuil HOBBIE IPOCTBIE U CIIOKHBIE [{-CUTHAJBI C JOCTATOYHO

YHUKaJIbHBIMU CBOMCTBAMM, UX MOAYJISTOPHI U ieMoaysitopsl — Puc. 11, 16.

@DpaKkTAIbHO-CKEHJIMHIOBasA WINM MACIITAOHO-UHBaApUaHTHasA paauojokauus (MUP) n

ee MoCTyJIAThI

B mHacrosmee BpeMs paboThl 1O (PpakTaTbHOM pPaaUOJIOKAIIMKM B MHUPE TMPOBOJISATCS
uckmountenbno B PO um. B. A. KorenprnukoBa PAH. OOHapykeHHEe MaIOKOHTPACTHBIX
00BEKTOB Ha (pOHE MHTEHCHBHBIX MOMEX, KaK JokazaHo aBTopoM B 80-x romax XX Beka (cMm.
Pucynku 1 — 3, 11, 12) TpeOyeT BbIUUCICHHUS MPUHIMUIIUAIBHO HOBOM XapaKTEPUCTHKH, KOTOpas
OTJIMYAETCs OT (PYHKIMOHAJIOB, CBSI3aHHBIX C MOMEXaMM U SHEprueil CUrHaia, a OIpeaesseTcs
WCKJIIOYUTEIBHO TONOJOTHEM M Pa3sMEPHOCTBIO INPUHATOM CMECH CHTHAJA C HETrayCCOBBIMHU
IIOMEXaMH U IIyMaMH.

[IpemioskeHHbIN 1 000CHOBaHHBIM aBTOpOM B Hadane XX BeKa HOBBIM BHJ (HOBBIM METON)
paauoyioKanmuy, a WMEHHO  (DpakTadbHO-CKEHIMHTOBass WM  MaciuTaOHO-WHBapUaHTHAs
paauonokanus (MUP) 6azupyeTcs Ha Tpex mocTysaTax:

1. UnTennexTyanbHas o0paboTka curHana / n300pakeHus, OCHOBaHHAs Ha TEOPUHU APOOHOM
MEpBI U CKEHITMHIOBBIX 3((HEKTOB, /I pacyera Mo (CUrHatyp) ¢ppakTalbHBIX pazMepHocTei D;

2. BpiOOpka TNpPUHUMAEMOTO0 CHTHaJla B IIyMax OTHOCHTCS K KJIAacCy YCTOWMYUBBIX
HErayCcCOBBIX paclpe/ielIeHnii BEpOsATHOCTEH (ppakTalbHON pa3sMEepHOCTH curHaia (T.e., paboTaeM ¢
pacnpeneeHUusIMU C TSDKEIBIMU XBOCTaMU).

3. MakcuMyM TONOJIOTUH IPU MUHUMYME SHEPTUH BXOAHOI'O CIIy4ailHOIO CUTHaJja.

OcHOoBaHME 5THUX IIOCTYJIaTOB — BECh MPEIbIAYIIMNA MHOTOJETHUN OIBIT aBTopa U
dbpakTagpHas HHTEPIIPETAIUS OTPAKEHHOTO PaIuO0JIOKaIIMOHHOTO MHOTOMEpHOTO curHania [3-7, 30,
31, 33-38, 41]. Takum oOpa3zom, aBTOp TMpenjgaraeT MaKCHUMalbHO «YHUTH» OT SHEPruu
IIPUHUMAEMOro curHaia. J[aHHbple MOCTYJIaThl OTKPBIBAIOT HOBbIE MPUHIMIINAIBHBIE BO3MOKHOCTH
IUIst 06eCTIeYeH s YCTOMIMBOM pabOThl MIPU MAJIBIX OTHOIIEHUSIX CHTHAN /(IIyM + ToMexa) ¢, W
YBEJIMYEHUS JAIBHOCTU JEHCTBUS PaJHOoJIOKaTOPOB. DTO BJEUET 3a cOO0N KOpPEHHbIE U3MEHEHHs B

MAaTeMaTUYCCKOM allrapare TeOpeTquCKOﬁ paanoJIOKaluu.
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Hcnonb3oBanue rinodasbHOTO (QpakTalibHO-CKeWIMHroBoro merona u TT®O mpuBomuT K
nepeoleHKe IEHHOCTe B 001acT 0OHApyKEHUs OJBM)KHBIX U HEMOJBM)KHBIX OOBEKTOB Ha (OHE
MHTEHCUBHBIX NMOMeX M IymoB. dpakTanbHas paauoOKalUs CIOCOOHA aJeKBaTHO ONMCATh U
OO0BSICHUTh 3HAUUTENHHO O0Jiee IMUPOKUI KI1acC paaroIOKalIMOHHBIX SBJICHUM.

OTMeTuM, 4YTO TMpeUIOKEHHBIE TOCTYNAThl (DPAKTaIbHO-CKEHIMHTOBOW WJIM MacuITaOHO-
MHBapuaHTHOUN paauonokauun (MUP) HeoqHOKpaTHO MOKIAABIBAINCH aBTOPOM Ha BIIMATEIBHBIX
POCCHMCKHMX U MEKIYHApOIHBIX KOH(PEPEHUUAX 110 PAJUOIOKALMK U BE3/1€ UMENIN PE30HAHC: ObLIN

BOCIIPUHATHI ITOJIOKUTECIIBHO ITOCJIC JOCTATOYHO AKTHUBHOTO U 6ypHOFO O6CY)KI[€HI/I$I.

YpaBHeHne paanoI0OKANNHU 111 (PPAKTAIBHON LeJIn

B paborax [15, 20] mompoOHO paccMOTpPEHBI BOMPOCHI OOIIEH TEOPUU MHOTOKPATHOTO
paccessHUsI 3JEKTPOMArHUTHBIX BOJIH BO (DPAKTAJIbHBIX JUCKPETHBIX CIIy4alHO-HEOJHOPOAHBIX
cpenax Ha ocHoBe Moaudukanuii kinaccuueckod teopun Domaum — Tsepckoro. Ilomydenst
MHTETPAIbHOE YpaBHEHHE Ul KOT€PEHTHOIrO MOJS M BTOPOTO MOMEHTa Mo Ui (paKkTaibHOU
pacceuBaronIen Cpebl.

Ha ocHoBe pa3paOoTaHHON TEOPUM PACCUMTAHO 3HAUYEHHE OOPATHO PACCESTHHOTIO CHUTHAja OT
¢dpakranbHOi cpensl [15, 20] ¢ ucmonb30BaHMEM KIACCHMYECKOI'O YpaBHEHUS PATUOIOKAIIUH.
Mo1HOCTh IPUHATOTO CUTHaNa Ps onpenensercs ypaBHEHUEM paiiOJIOKaLIUH.

3/1ech OKOHYATENIbHO UMEEM J[BA CIIydasi:

Jlns manmbHel 30HbBI U TUIOCcKOU (ppakTanbHoi 1ienu (EBkauaosa pasmeprnocts E = 2); Torna

ol @)

s _4-D’
r

Jnst manmbHel 30HbI U 00beMHOM (pakTansHOl 1enn (EBknumosa pasmeprocts E = 3); Torna

Pocl. 3)

3neck r — paccrosiaue a0 1enu. [IpuBeneHHbie pe3ynbTaThl (2) U (3) MOKa3bIBAIOT, YTO IO
OTPOKEHHOMY DPaJUOJIOKAMOHHOMY CHTHAJly MOXKHO OIICHUTHh (PpakTaJbHYI0 pa3MepHOCTh D
30HAMpYEeMOHN (pakTanbHON cpelnbl Wi (pakTanbHON Ledu (Takod, KaK JWHAMUYECKHUIl Cloi
CHera, JOXKIU U T.1I.).

AHanornyHo Ha ocHoBaHMH (2) W (3) MOXHO TMONYYUTH pEIICHUE s aHU30TPOITHBIX

HCYTTOPAAOYCHHBIX 0O0JIBIINX q)paKTaHBHBIX CHUCTEM:. KacCKaJbl (i)paKTaJ'IOB, BJIOJKCHHBIC JpyI' B
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apyra, rpadsl U3 Lernoyek (pakTanoB, MEPKOSIUOHHbIE CUCTEMBI, HAHOCUCTEMBI, KOCMHUUECKUN
mycop, ckomienus OecnmotHukoB BIUUIA wmm BJIA) wim ManopasMepHBIX KOCMHYECKHX
anmapatoB (MKA), B ToM uuclie MUHH- U MHKpPO- KJIACCOB, JMHAMHMYECKHE CHHTE3HpPOBAaHHbBIE
KOCMHUYECKHE AaHTEHHbIE TPYNIHUPOBKUA (KJIACTEPHBIE amepTyphbl), Mallo3aMeTHbIE BBICOTHBHIE
ncesnocnyTHukU (HAPS), npocTpancTBeHHO-pacpeielieHHbIe KOCMUYECKHUE CUCTEMBI (KIIACTEPhI)

u3 HeOompmx MKA amst pernieHus 3a1a4 MOHUTOPUHTA YPE3BBIYANHBIX CUTyalluid U T. 1.

«PacrpeneneHHbpIi HHTEIUIEKT» IIPU TpyNIIoBoM B3anmoaenctsun bITJIA n
(dpaxTanbl

becnmnotnele nerarensHble anmapatel (BJIA) B Hacrosiee BpeMsi HCHOIB3YIOTCA JUIs
pelIeHUsT IIMPOKOrO CIEKTpa HAY4YHBIX M IPAKTUYECKUX 3a4a4 M MOIYT CTaTb OCHOBHBIM
AIIEMEHTOM (POPMHUPOBAHUS €IMHOTO MHPOPMALMOHHOTO TMOJIs. PemieHne ClI0KHbIX KOMIUIEKCHBIX
3aJad BO3MOXKHO TOJIbKO B pesynbrate rpymnmnoBoro npumeneHusi BJIA. Knaccuduxamms
rpynnosbix noneroB bJIA B mponecce BBINONHEHUS MOCTABIEHHBIX 3ajad NpuBeAcHa Ha Puc. 17.
Tam >xe aBTOPOM BBeJICHBI (PpaKkTaIbHbIC TpaeKTOpHH MoseToB BJIA u QpakTaibHble TPYyHIIUPOBKH

BJIA, yuutsIBatomue Bce cBOiCTBa (hpakTaabHBIX MHOXeCTB (Puc. 2).

’Bbulbl rpynNoBbLIX NONETOB 511A|

I
[ 1

MoneTsl rpynnel BSTA no nNockuM MoneTsl rpynnel BIA no
TPAEeKTOPHUAM NPOCTPAHCTBEHHBIM TPAEKTOPUAM
I I
[ I |
MNonetsl BIA «poem» | I MoneTel BITA KONOHHOM | | MoneTs! BNA cTpoem l
: I_I—I
| 1 1
Monerw BNA Ges Monertw BNA ¢ Monertwl BNA no MNonetw BNA 8 NoneTsi BNA ¢
NepeceyeHus mx nepeceveHnem ux| | dpakTansHeIM TPAEKTOPHAM COMKHYTOM
. ’ POCNYCKOM CTPOA
TpaeKkTopHA TpaexkTopui (dbpakTansHble rpynNUPoBKK) nopaake

Puc. 17. Knaccudukamnus rpynmoBsix monetoB BJIA

B peanbubix ycnoBusx bJIA QyHKIMOHUPYIOT B HEAETEPMUHUPOBAHHOMN, HEMPEICKa3yeMO
cpene u B yciuoBusix TnpotuBoiercTBusA. Kaxapii u3 BJIA  BbeImonHSET psAx  ACUCTBUH,
HaNpaBlIEHHBIX Ha pelieHue oOmie 3amgauu. [Ipu 3ToM BO3HUKaeT HEOOXOJUMO paccerBaTh
KOHTpPOJIb Ha TMOJI€ peuIeHus 3a1ady. ITO BO3MOXHO MPU MUHUMAIHHOM LIEHTPAJIHHOM KOHTPOJIE,
yTOoOBI O0ecneunTh ceTu paboTaTh Oe€3 3aTopoB Tpaduka. CreayeT TPOBECTH Mapalieib C

OMOJIOTMYECKUMU HCCIICAJOBAHUSAMHA, KOTOPHIC IBITAIOTCA OTBETUTH HA BOIIPOC O BO3HUKHOBCHHUH
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KOOIEpaTUBHOTO IOBEACHHUS B IIPOLECCE 3BOJIOLUM WM TaK Has3blBaeMas HBOJIIOLIMOHHAS
cTparerus. VIHTe/IeKTyanbHble WIM TONYJISLUUOHHBIE AITrOPUTMBI (METOJNbI) CIIOCOOCTBYIOT
(OpPMHMPOBAHUIO POEBOIO WHTEJUIEKTA MOMYJSALHMH, T.€., 3AECh «BKJIIOYAETCA» CHHEpreTHdecKas
napagurMa ¢ 3aKOHaMU CJIOXKHBIX CHCTEM.

K pemiennio JaHHBIX 33724 MOXKET ObITh IPUMEHHM aBTOPCKUH (ppaKTanibHO-CKEUITHMHIOBBIH
MeToz. J[omycTuM, ClIoXkKHas CETh U3 MHOKECTBA MUKPO- (HaHo-) BILJIA (> 107...10%) ocymecTuser
rJ100abHBII MOHUTOPUHI TEPPUTOPUU U PACIOIOKEHHBIX Ha HEH OOBEKTOB. 3afauy MOXKHO
paccMaTpuBaTh B paMKax HMOHSTHS PacHpelesIEHHON U3MEPUTENbHON Cpelbl, KOra Kakaas TO4Ka
HEKOTOPOW JMHAMHUYECKOM CpeIbl CIIOCOOHA BBIMOJMHATH CEHCOpPHBIE, W3MEPHUTENbHbIE U
uHpopMarmonnbie GyHkImu [3, 4, 33]. @pakTanbHO-TPadoOBBIN MOAXO0 MO3BOJISIET H3y4aTh POCT
CJIO)KHBIX CeTed M JaeT METOJ MAaHUIYJIMPOBAHUS TAaKUMH CETAMU Ha INIOOAIbHOM YPOBHE, He
npuberas K JeTaqbHOMY omnucaHuio. [Ipu 3TOM OkasbIBaeTcs, 4TO M30BITOYHOE UYUCIO JAaTYMKOB
(BIUTA) ©He rapaHTUpyeT UMX  ONTHMalbHOE  paclpefesieHHe  B/O  HcclelyeMoi
HeJIeTepMUHHUPOBAaHHOW cpene. Beenenne ¢paxrtambHON Tomonoruu ((paKTaabHBIN pOi) TaKHX
ceTell ¢ y4eToM KOH(UIypaluu HCCIeNyeMOd TeppUTOPHM MO3BOIUT 0o0jiee TOYHO U MEHBIINMU
cpeicTBaMu / WM C TOH ’K€ TOYHOCTBIO, HO MEHBIIMMH cpeacTBamu (konudectBo BIIIA)
OCYILECTBIISAITh MOHUTOPUHT TEPPUTOPUU C OOHApPYXKEHHEM OOBEKTOB. Peub maer He 0 equHMIIAX

MIPOIIEHTOB, HO 00JIee CYNIECTBEHHOM BBIMTPHIIIE B HEOOX0IMMOM | JoctaTouHoM gucie BITJTA.

®paKTaabHbIC AHTEHHBI

AHTEHHBIE YCTPOMCTBA — HEOThEMJIEMass 4YacTh JIO0ON paTuOTEXHMUYECKOW cHUCTeMbl. B
HACTOsIIee BpeMsl aHTEHHAsi TEXHUKAa OypHO pa3BUBAETCS, CYIIECTBYET TPOMaTHOE MHOTOOOpa3ue
AHTCHH, OOBbEIUHEHHBIX JIS [eJe KiaccupuKauy U yHH(PHUKAIUHT B COOTBETCTBYIOIIME KIACCHI
cTpyKTyp. Beerna kimodeBsiMu poOiieMaMu TEOPUU U TEXHUKH aHTEHH SBJISIFOTCS YMEHBIIIEHUE UX
pa3MepoB, MUPOKOE PETyINPOBAHUE SJICKTPOMArHUTHBIX XapaKTEPUCTHK U paclIupeHue padoueit
MOJIOCHI YacTOT. [ 'eoMeTprueckue pa3Mepbl aHTEHHBI OMPEAEISIOTCS ATUHONW paboueil BOIHBI, U, B
CBOIO Ouepe]ib, BIUSIOT HA MaccOrabapuTHBIE XapaKTePUCTHKH PATUOCUCTEMBbI. VICKIIIOUNTEIbHOE
3HAUYEHWE B HACTOAIIEE BpPEeMsl MPHUOOPETAIOT IIMPOKOIIOJIOCHBIE W CBEPXIIUPOKOTIOIOCHBIC
aHTeHHbl. B Hacrosimiee BpeMs Teopus M MPAKTUKA CBEPXIIMPOKONOJOCHBIX aHTEHH -
CaMOCTOSITENIbHBIN pa3/iell aHTEHHOW TEeXHHKHU, UMEIOIIUNA Ype3BhIYaiiHO OOJBIIOE MPAKTHUECKOE

3HadyeHue [9].
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[To Mepe mosiBIEHUS ¥ pPA3BUTUS MOOWIBHBIX YCTPOHCTB KOMMYHUKAIIUU TJIaBHBIMHU
3alayaMu  pa3pabOTYMKOB CTaJIM MHHHATIOPU3allisg W TIOBBIIIEHWE KauecTBa CBs3u. MHorue
HCCJIEI0BATENN, CPABHUBAS U AHAJIM3UPYS XapaKTEPUCTUKH PA3HBIX BAPUAHTOB PEATU3ALMN MaJIbIX
AHTEHH, 3aMETHIIN NMpeumMyIiecTBa BO3HUKIINX B 80-e rr. XX crtonerus ¢pakTanbHbIX aHTeHH. Kak
ClielyeT U3 Ha3BaHWs, B OCHOBE T€OMETPHUH JAHHOTO BUJA AaHTECHH JISKHUT (PpaKTai, TO €CTh, KpUBast
(pyHKIMS, MHOXECTBO, (paKTaJbHBICE MATPHUILI, (PAKTAIBHBIC JIAOUPHHTHI), KOTOpAS
XapaKTEPU3yeTCs CBOMCTBOM camomoaoOus WiW CKeWnuHra. M3 maTeMaTHKH W3BECTHO, UTO
«UUCTBIN» (MaTeMaTUdeckuil) (pakTal MMEeT Pa3MEepPHOCTh CTPOro OONBIIYIO TOMOJIOTHYECKOH.
OTcrona cneyeT, 4To aHTEeHHA ¢ TaKOM reOMeTpHeil, B UCAIbHOM cllydae, uMelia Obl 0ECKOHEYHYIO
AJIEKTPUYECKYI0 JUIMHY. Pasymeercs, peann3oBaTh MOJAOOHYIO TOMOJOTHIO (PU3UYECKH, HE
MPEJICTaBISIeTC BO3MOXKHBIM, HCXOAS XOTA Obl M3 TOro, YTO pEaJbHBI NPOBOJHUK HMEET
KOHEYHYIO IIUPUHY U 3aHUMAeT KOHEUHYIo Iuiomiaab. [losTomy, 3aech nmonsTHe (pakrana ynooHO
3aMEHUTH TMOHSATHEM IMpendpakrana, KOTOPhIH B OTIHYHE OT (pakTalia MMEeT KOHEYHOE YHUCIIO
UTEepaIlii, 4TO 03HAYaeT CKEHIMHT (pUrypsl B orpanmdeHHOM Maciitabe. Ho maxe B aTom ciyudae,
IIOCJIE HECKOJIBKUX UTEPALMM, YIAeTCs MOIYYUTh TOBOJIBHO JUIMHHBIN MPOBOJHUK, Pa3MEIIEHHbBIN
Ha JOCTaTOYHO MaJIOH IUIONIa/IH.

Ycunus MHOTOYMCIICHHBIX HUCCIIEOBATeIe BCEro MUpa, HAMpaBICHHBIE HA OOBEIUHEHUE
(dbpakTaabHON TEOMETPHUH C JJICKTPOMATHUTHOW TEOpWEeH, NPHUBENIM K TOSBJICHUIO HOBBIX
MHHOBAllMOHHBIX KOHCTPYKLUHW AaHTEHH. T€0peTHMYeCKHE pe3yJIbTaThbl MOKAa3aJd, YTO MO Mepe
YBEIMYEHHUS] 4YHUClIa WuTepanuil (Qpakrana mOpoucXoauT yBenudeHue IPGEKTUBHON THHBI
M3JIy4Yarllel CHUCTEMBbl M, €CTECTBEHHO, YMEHBUIEHHWE PE30HAHCHOW YacTOThl. B oTimume oT
TPAAUIIMOHHBIX TOJX00B, KOT/Ia CHHTE3UPYIOTCS TJIAJIKHE CTPYKTYPhI U3JyUYEHUsS aHTE€HH, TEOpHUs
dpakTagpHOTO CHHTE3a Oasupyercs Ha NpPHHIOWNAX APOOHOM Mephl W CKEWIWHTa, T.C.
XapaKTePUCTUKN H3ITYYCHHS TEOPETUUYECKH HHBApUAHTHBI MacmTaly (IMIPOCTPAHCTBEHHOMY WIIU
qacToTHOMY) [2-7, 41]. B 3apyOexxHOl nuTepaTrype MpOYHO YTBEPAMJICS TEPMHH ‘‘(DpaxTaibHas
ANEKTPOJMHAMUKA, B KOTOPOU HCCIIEIYIOTCS BOIMPOCH PACIPOCTPAHEHHUs BOJH BO (pakTaIbHBIX
cpenax, (Qu3uMyeckue MW MaTeMaThyeckue MoJAeNd (pakTaIbHBIX  3JIEKTPOAMHAMHYECKUX
HANPABISIONIUX CTPYKTYP, a Takke (hpakTaibHbIe aHTEHHBI. JlOCTAaTOYHO MPOIOJKUTENBHBIN OMBIT
aHAJIM3a M CHHTE3a (PPAKTAIBHBIX AHTCHH MOKa3aJl UX NMPUHIUMUAIBHYIO IUPOKOMOJIOCHOCTh U
MHOTOJIMANa30HHOCTh. Haue ToOBOps, ¢pakTalibHas dJIEKTPOJWHAMHUKA — OTO 00JacTh
HCCJIEIOBaHMM, B KOTOPOH Ha OCHOBE KOMOWHHPOBAHHWS KOHIICTIHMH (paKkTaabHON T'€OMETPUHU C
KJIACCUYECKOM TEOpHEH 3JIEKTPOMArHeTu3Ma CTaBSITCS W PElaloTCid NPUHIMINAIBHO HOBbBIE
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po0JIeMbl U3ITyUSHHS, PACCESTHHUS U PACIPOCTPAHEHUS BOJIH.

YHUKanbHOH OCOOEHHOCTHIO (PpakTalbHBIX AHTEHH SIBJSETCS TEOPETUYECKH OECKOHEUHOE
YIUIOTHEHHE OTPAHMYEHHOM 00JacTH NPOCTPAHCTBA T€OMETPUEH AHTEHHBI, M KaK pe3yJbTaT —
JIOTIOJTHUTENbHBIE PE30HAHCHBIE YAaCTOThl B paboyeM AMarna3oHe JJIMH BOJH, YAaCTO MPEBBIIIAIONINX
BHEIIHUE TE€OMETPHYECKHE pa3Mepbl (pakTaabHOH KOMIAKTHOM CTPYKTypbl. IlOCKOJIBKY
3 PeKTHBHBIC JTUHBI UTPAIOT BAYKHYIO POJIb B JHM3aifiHE aHTEHH, TO ()paKTalbHAs YIaKOBKA MOXET
ObITh HCIHOJB30BAHA B KayeCTBE HKHU3HECIIOCOOHOIO AacleKTa TEXHUKHM MHMHUATIOpU3aLUH.
VYBenuueHnue QpakraabHOU pasMepHOCTH D amepTypbl aHTEHHBI, BeAeT K 0oJjiee BBICOKOM CTENEHU
MUHUATIOPU3ALIH.

Ha naHHBIif MOMEHT, UIMEETCS OTPOMHOE MHO>KECTBO TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX
JAHHBIX O PE30HAHCHBIX, HANpPABJIEHHBIX M APYIMX XapaKTEepUCTHKAX (PpakTadbHBIX aHTEHH [3-7,
41]. B Poccumn mnepBble OOIIMpPHBIE CBEIEHUS O TaKUX YCTpoilcTBaXx ObUIM OMyOJIMKOBaHBI B
MoHorpadusax astopa [3, 4], riae paccMOTpeHBl pa3HOOOpa3Hbie BHIBI (PAKTANIbHBIX AHTEHH
(dpaxkTaJbHBIX aHTEHHBIX PELIETOK, a TAK)K€ HEKOTOpPHIE METOJbI UX NMPOEKTHpoBaHUs. OTMETHM,
yto emie B 1988 romy aBropom coBmectHO ¢ [IKB «AnMasy ObLIM BBITIOJIHEHBI MTEPBBIE Pa3pad0TKH
B CCCP u mnpoekTHpoBaHHE TaKUX HEOOBIUHBIX JIi TOTO BpPEeMEHH (paKTaJIbHBIX AHTEHHBIX
cTpykTtyp (cMm. Hmxke) — puc. 11 u puc. 12. Ceituac, ¢pakranbHble aHTEHHBI — MOJHOCTHIO
CaMOCTOSITEJIbHBIN HOBBIN KJIACC AHTEHH.

PaboTta (pakTaqbHBIX AHTEHH JOCTUTaeTCs 4epe3 I'e€OMETPHIO NMPOBOIAHMUKOB, a HE 4epes3
HAKOIJICHWE OT/EJIbHBIX KOMIIOHEHTOB WJIM 3JIEMEHTOB (KaK B KJIACCHYECKHUX AHTEHHAx), YTO B
MIOCJIEAHEM CJIy4ae YBEJIMYMBAET CI0KHOCTh M MOTEHIIMAIbHBIE TOUKHM 0TKa3a. AHAJIN3 OKa3bIBAET,
YTO CYIIECTBYET MOKA J[BA aKTHBHBIX HAIPABJICHUS MCCIEIOBAHUNA BO (PaKTAIBHOW TEXHUYECKOMH
MeKTpoauHaMuKe: 1) dpakraabHble anepTyphl, 2) HCIOJb30BaHHWE (PpaKTaJoB B pa3padOTKe
AQHTCHHBIX peleToK. PpaKkTaJbHblE aHTEHHBI INO3BOJISIOT CO3JaTh MHOTOIIOJOCHBIE BAPUAHTHI C
YMEHBIIEHHBIM Pa3MEPOM U 4aCTO ONTHUMAJIbHYIO WIH “HIMKapHY TEXHOJIOTHIO TAKHX YCTPOUCTB.
HecoMHEHHBIM TOCTOMHCTBOM (PpakTalbHBIX aHTEHH (MOHOIIOJIEH W JIUIOJIEH) SIBISIETCA TO, YTO
OHM HEPEIKO HUMEKT MCEHBIINE PE30HAHCHBIE YaCTOTHI II0 CPABHEHHMIO C KIIACCUYECKMMMU
(EBKJIMZOBBIMM) AHTEHHaMM TeX e pa3MepoB. BpokaeHHbIe IIMPOKOIOJIOCHBIE KauecTBa
(pakTanbHBIX aHTEHH WACATIBHBI IS MHTEIUICKTYaIbHBIX NPUIOKEHUH, B YaCTHOCTH, NPU 3aIlUTe
UHpOpMaIINH.

O6mactu npuMeHeHus (ppakTadbHBIX aHTeHH [3, 4, 41]: cCOBpeMeHHbIE TEeIEKOMMYHHUKAIIHH,
LIMPOKOIIOJIOCHAs. W HEJIMHEHHAs pauoJIOKalys, CUCTEMbI ITOMCKA, JOKAJINU3allUd U TPACCUPOBKHU

35



MOOWJIBHBIX ~ OOBEKTOB, TEJEHralMss B CIOXHBIX TOPOJCKHX YCJIOBHUSX, OIpeIesieHUe
MECTOIOJIO)KEHHUST HECAaHKIIMOHUPOBAHHBIX HCTOYHUKOB paJAMOM3Iy4yeHUs: npu Ooppbe ¢
TEPPOPUCTAMH, ONIEPATUBHAS CBA3b B BOMCKAX, MAPKEPBI HA PA3JIMYHBIX MIPEIMETaX, KOCMUYECKast
CBSI3b, COBPEMEHHBIN (HM3MUYECKUN IKCTIEPUMEHT U T.N. Upe3BhIuaiiHbIA MIMPOKOIMOIOCHBIA OXBaT
YaCcTOT IUTIOC KOMIAKTHBIE YHHMBEpCalbHbIE (POPM-(PaKTOPHI MO3BOJIAIOT (PPAaKTAIBHBIM aHTEHHAM
KOHTPOJIUPOBAaTh KOMMYHHUKAllMM IIpU pacrno3HaBaHUM CHUTHAJIOB, HE OOHapyxuBas ce0sl.
[IupokomnosnocHble (ppakTaabHble AHTEHHBI CIIOCOOCTBYIOT IMOSIBICHUIO NEPEAOBBIX MOOMIBHBIX
TaKTUYECKUX KOMMYHHMKAIMH, TOCKOJBKY COYETAIOT I0JIOCY TMPOIyCKAaHUs, CIOCOOHOCTh K
B3aUMO/ICHCTBUIO, PETYIMPOBAHUE MOIIHOCTH M KOMIIAKTHYIO (hOpPMY.

Taxum 00pazom, co3aaHNe MHUPOKOIMOJIOCHBIX U CBEPXIINPOKONOJOCHBIX PAIUOTEXHUUECKUX
CUCTEM BCErJa SBILUIOCH OJHOM M3 OCHOBHBIX 3a7ad4 COBPEMEHHOW paJMOIEKTPOHMKH.
Pacmmpenue mojocel pabo4ux 4acTOT OOYCIIOBJIEHO COBPEMEHHBIMH TEHJCHLMSMHU B Pa3BUTHH
pasnoJIOKalluy, TEIEKOMMYHUKALMM, PaJUOTEXHUKU C IIEJIbIO TOBBIIIEHUS CKOPOCTH IEpenayvu
WHQOPMALIMK, TIOBBIMICHUS YPOBHSA IOMEXO3AMIUINEHHOCTH W WH(POPMAIMOHHON E€MKOCTH
pPaJIMOTEXHUYECKUX CUCTEM JIIOOOro JAEHCTBHs, a Takke NpoOjeM IOMEeX03allUIIEHHOCTH
nepeaaBaeMoil  mHpopmauuu. PaguorexHuueckas — “‘ppakraibHas = reoMeTpus’ — IpUEMO-
NepeAaoIero yCTPOHCTBAa WK JTIOOBIX UH(OPMAIIMOHHBIX PAJHOTEXHUUYECKUX, ONTOIIEKTPOHHBIX
M aKyCTODJIEKTPOHHBIX CHCTEM Hapsmy ¢ (ppakTaJbHBIMH METOJAMH MOYJISIIH/IEMOAYIISIAN H
KPHUITKOCTOWKOCTH  ((ppakTaibHbIE CBEPXITUPOKOIIOIOCHBIE CHUTHANBI, (PpakTaJlbHOE CKaThe
uHpopmauuu [3, 4]) SBIAIOTCS YpPE3BbIUYANHO MEPCIEKTUBHBIMU TEXHOJIOTUSMH JJISl peIleHHs
HAaCyIHBIX 3a/ay TPaAULIMOHHOW DPATUO3JIEKTPOHUKH, KOTOpasi ¢ MOMEHTa CBOErO 3apOXKACHUS

IIOJTHOCTBIO OCHOBaHA Ha IICI0YHCIICHHOMN MEpe.

dotonuka, pagropoToOHNKA, BEIYUCIUTEIbHBIC MeTanoBepxHOCTH 1 T TDO

HenpepsiBHoe coBepmieHcTBoBaHue TTAPO curHanoB v mojeid B COBPEMEHHON paauopu3nKe
U PaJHOdJIEKTPOHHKE MOPa3yMeBaeT MOCTOSIHHOE YIYUIICHUE CKOPOCTH 00paboTKU MH(pOpMAIIUN
U TOUCK HOBBIX (PM3MYECKUX MPHUHIIUIIOB IS €€ OCYIISCTBICHHS. 3]IeCh, HECOMHEHHO, OyayIiee
MPUHAUICKUT (OTOHHBIM W Ppaguo(OTOHHBIM TEeXHOJOTHAM. Jlamee KpaTKo TpeICTaBICHBI
n3Opannbie  pesyabTaThl  (PucyHok 12) B oOmact  (QOTOHMKM H  BBIYMCIUTEIIBHBIX
metanoBepxHocteit (MII), koTopsie OBUTM TONyYEHBI ABTOPOM C KUTANHCKUMHU YYEHBIMH B

COBMECTHOH NTaboparopuu WHGOPMAITMOHHBIX TEXHOJIOTHA U (PpaKkTaabHOM 00pabOTKH CHTHAJIOB B
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Kurae 3a mepuon 2019-2021 ronsl; pe3yibTaThl OMyOIMKOBAHBI B BEAYIIMX MEXKIyHAPOIHBIX
HayuyHbIX KypHanax [44-51] B CIIA wu HIsedinapuu. Otmerum, uro B Kwurtae peiictByer
crieniaibHas rocygapcTBeHHas nmporpamma, 1 B 2015 rogy Kwurtail ctam MUPOBBIM JUAEPOM IO
00BeMyY MPOU3BOJICTBA YCTPOUCTB (DOTOHUKHU.

Konnenmus BeIMUCIUTENHHBIX MeTamaTepuanoB (MM — computational metamaterials) Obuta
BriepBble BBefeHa B 2014 roxy: BbrumciautenbHble MM — 3TO MeTamaTepuanbl, KOTOPbIE MOTYT
BBITIOJIHATD KeJlaeéMble MaTeMaTUYECKUe ONEpaliy HaJl CUTHAJIaMU MPOU3BOJILHON BOJIHBI IO Mepe
UX pacmpocTpaHeHus uepe3 Hero. IlyTem mpoekTHpoBaHUS TeoMeTpuH AudiIeKTpudeckux MII
MOTYT OBITH TIOJMYYEHBI ONTUYSCKUE AHAJIOTOBBIC BBIUMCIMTEIBHBIC YCTPOWCTBA C Pa3IUYHBIMU
GYHKIUSAMH, TaKue KaK MPOCTPAHCTBEHHBbIC au(QepeHInaTopsl, HHTETPATOPBI, pEIIaTEIH
ypaBHeHU# U T.1. Hanbomnee pacnpoctpaneHHBIMHE SIBISIOTCS MIT B KOTOPBIX CTPYKTypa dJEMEHTOB
(MeTaaTOMBl pa3MEpOM B HECKOJIbKO HAHOMETPOB), pa3Mep M PACCTOSHHUE MEXAy >JIeMEHTaMH
3HAYUTENILHO MEHBIIE 10 CPAaBHEHHIO C JJIMHOM BOJHBI BO30YKIaromiero mois. Mo)KHO CKasarhb,
yto B MII KOpeHh MHOTHX YBJIEKATEIbHBIX TOTIOJOTUYECKHUX SIBJICHUU B (DU3UKE M IK30THUECKHUX
MaHHUITYJSIMUHA ¢ BOJHAMU. Pa3BUTHE ONTHYECKHX AHAJIOIOBBIX BBIYMCIEHHI Ha ocHoBe MII
MPEIOCTaBUIIO YHHUKAIIbHBIE BO3MOXXHOCTH Ui 3P PeKTUBHOr0 cObopa MH(GOpPMALIUKM O KOHTypax
u300paKeHUss € TPEUMYLIECTBAMH  MapajuleIbHOH  00pabOTKH, CBEPXOBICTPOM  CKOPOCTH
BBIYHMCIICHUM ¥ HU3KOTO WUJIU JaKe IMOYTH HYJIEBOTO YHEpronorpednenus [44-51].

Peanuzamus onepanuu Jlamnaca B BHJE ONTUYECKUX AHAJIOTOBBIX BBIYMCICHUH HEAaBHO
MPUBIIEKJIAa BHUMAaHHUE, U KOMIIAKTHOE YCTPOWCTBO C BBICOKHUM IPOCTPAHCTBEHHBIM pa3pelieHueM
Bce eme He m3oOpereHo. B [50] mbr mpemmoxumu MII Jlammaca (puc. 18), xoTopas Moxer
BBITIOJIHATH TIOYTH HWIEaNbHO omepanuto Jlammaca st pasHBIX KOH(HTYpamuii I1aJaroIiero
cBeroBoro moiisi. Hanbonee BaxHO TO, YTO MPOCTPAHCTBEHHOE pa3pelleHHe MpUMEpPHO B 4 pasa
npeBbiliaeT pabouyio iuHy BOJHBL [lpemmaraemas MII Jlamnaca ocHoBaHa Ha BO30YKICHUH

CBA3AHHO020 COCMOAHUA 6 KOHMURYyyme U NICMOHCTPUPYET SK30THUICCKUC OIITUICCKUC CBOMCTBA.
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Puc. 18 (a, 6). CrieBa HanpaBo: (a) nuanektpuueckas MII, npeoOpasyrorias BXOAHYIO IBYyMEPHYIO IPOCTPAHCTBCHHYIO
¢dyHnkumio B apyryo ¢yHkiuo kak oneparop Jlamnaca; (b) anemenrtapHas siueiika auanextpuueckoit MII. CrieBa
BBEPXY — TPEXMEPHBIH BH]I 3JIeMEHTapHOH stueiiku. OHa COCTOMT M3 KPEMHHEBOTO KUPITUYUKA (TOIy00il 1IBET)
TommuHOW h=163HM 1 CTEKJITHHOHN MOATIOKKH (cephlii 11BeT). CrpaBa BBEpXY — BHJ CBEPXY Ha 3JIECMEHTapHYIO

staeiiky. Tlepmon cocraBisier a=331HM, a mmprHa KpeMHEEBoOTo Kupnda d=251aM. B meHTpe Bcex Kpaes

PacIoNoXXeHBI YeThIpe KBaapaTHbIE MycTOTH mupruHOU 33uM. (¢) CnexTprl ko3¢ duimenta npormyckanns MII Jlamiaca

TIpH pa3IMYHBIX yIJIax MaaC€HWs BAOJIb HAIPABJICHUA X U1 P-BOJIHBIL.

Onno w3 mpuMeHeHu omepanuu Jlammaca — oOHapyKeHHE KpaeB MPOOJIEMHBIX Ieel Ha
n300pakeHMH. MBI pacCMOTPUM €ro € TOMOIIBIO BXOJHOTO H300pa)KEHUS, COCTOSALIETO W3
JIOTOTHUIIA JIOAKU yHUBepcuteTa L[3uHaHb, KOTOphIi nmokazan Ha Pucynke 19-A. Dto u3obpakeHue
JIOJI’KHO OBITH XOPOIIMM O0pa3IoM ISl TECTHPOBAHMSI, TIOCKOJIBKY OHO COACPIKHT Kpast JIMHUM, TyT
U OKPY’KHOCTEM.

MpI Takxke MpoJeMOHCTpHUpOoBaiU, uTo mpeniaraemyro MII Jlamnaca MOXXKHO HCIONIB30BaTh
JUIsl  paclio3HaBaHUsi  JOPOXKHBIX  3HAKOB, YTO HMEET  pellarouiee  3HayeHue s
aBTOMATU3HPOBAHHOTO BOXKJIEHUS — pUCYHOK 19-b.

MertanosepxHocTh Jlamiaca MoxeT ObITh HacTpoeHa Juis padoThl Ha JAPYIUX JJIMHAX BOJH
MyTeM PETYJIHUPOBKU pa3Mepa CTPYKTypbl. UTOOBI MpOIEMOHCTPUPOBATH 3TO, ObLIa pazpaboTaHa
npyrast MII Jlannaca, paGoratomiasi Ha AnuHE BOJIHBI 1550 HM (OKHO MPO3PAYHOCTH ONTHYECKOTO
BoJIOKHA). DopmMa CTPYKTyphl Takas ke, kak Ha Pucynke. 18 (b), HO ¢ ApyruMu mapaMeTpamm:
a=743 uMm, d=560 M, s=69 aM 1 h=360 HM, COOTBETCTBEHHO. MBI UCIIOIH30BAIH THIUIHBINH QR-

KOJT B KadyecTBe BXOogHOTO 2D wm3o0pakenws, mockoiabky QR-KoIbI Tereps BaKHBI B Halel
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MIOBCEHEBHOM JKU3HU, U OOHApY>KEHHE KPaeB JJIsl HUX UIPAET PEIIAIONIyI0 PoJib B 0OHApyKEHUH
obnactu QR-xoma. BeiOpannbiii Hamu QR-xon mokasan Ha Pucynke 20 (a), KOTOpblii Hecer
uHpopmario o KuTaiickom wueporiude, o3HadaomeMm «Ceer». IlocpeactBom mporemypsl
00paboTKH, 00CyKJaeMOl B 3TOM KOHTEKCTE, Mbl MOXXEM MOIYYUTh PE3yJbTaThl OT HUICAIbHOU

oneparuu Jlaruraca u ot MII Jlamnaca, kotopsie nmoka3ansl Ha Pucynke 20 (b) u Pucynke 20 (c).

{i) (b)
(c) ()

Puc. 19 (A, b). Cnesa nanpaBo: 19A: (a) [IBymepHOe n300pakeHHe C JIOTOTUIIOM JIOJKH YHHBepcuTeTa L[3uHaHb.

(a)

Pa3mepsl nukceneii B HanpaBJIeHHUsIX X U Y yCTaHOBJIEHBI paBHbIMU 1,94 A. (b) Beixoanoe uzodpaxkenne ¢ MIT s
MOJIyJTMPOBAHHOTO CBETOBOTO IOJIA ¢ MOJsipu3aiueii x (¢) BeixomHoe nzobpaxenue Ayt ciydas y nossipusauu. (d)
BrixoaHOoe nzo0pakenue i ciaydasi HemoJsipu30BaHHOTO cBeTa. 19-b: a) [[BeTHOEe M300paskeHre JOPOKHOTO 3HAKA,;
(b) CootBercTBytomiee n300paXeHNE B Tpaallisix Ceporo B KauyecTBE BXOAHBIX JaHHBIX; (¢) U (d) Beixoguoe

n3o0pakeHne U3 uueanrbHoro omneparopa Jlammaca u MII Jlamumaca ms (b) cooTBETCTBEHHO.

BBungy orpanmdeHHoro oovema pabOTHI aBTOp JIHINb KOHCHEKTHBHO MEPEUYHCIHT APYTHE
HarpaBjeHus: (OTOHHMKH, KOTOPBIE TaKXKe HCCIeAyrTcs B pabotax [44-51] m moapoOHO Tam
NpPEICTaBICHbl. JTO: yNpaBJIeHHE pacCesHUEM CBeTa HAHOYACTHIIAMH C  TMOMOIIBIO
MarHUTORJIEKTPHYECKOH CBS3M U HYJEBOE O0OpaTHOE paccesHue (TeopHsl paccesHUs CBeTa
HaHOYaCTHIAMU H BJICKTPOMArHUTHBIC MYJIBTHIIONHU, YHUCIICHHOC MOJACIIMPOBAHUC, IMPOBCPOYUHLIC
AKCIIEPUMEHTHI B 00acTu 9acToT oT 4 1o 7,5 ['T) [44, 47, 48]; cunbpHas onTOMEeXaHU4YecKasi CBS3b
B IEMOYEYHBIX BOJHOBOJAX M3 HAHOYACTUIl KPEMHHS C KBA3UCBA3AHHBIMU COCTOSIHUSIMH B

KOHTHHYYMeE ((DOTOH — (POHOHHOE B3aUMOACUCTBUE C MUKPOCTPYKTypaMu) [51] u 1.1
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> 596

Puc. 20. (a) Bxognoe nsobpaxenue, cocrosmee n3 QR-xona; (6) BhIX0HOE H300paKeHNE HEaNbHOM ONepaluu
Jlammnaca; (c) Berxon u3 MII Jlammaca. Bee n3o0paskeHust TpeacTaBisioT co00i Mpo Ml CHITEL CBETA; pa3Meps

MMUKCENIEeH YCTaHOBIICHBI Kak 2,88\

OpakTanbHas HHXEHepUs U (ppaKkTaTbHBIA WHKUHUPUHT B aKCHOJIOTUN

3anumasich 6osee 40 eT UCKIIOYUTENIHLHO TEOpUEH U MpakTUKOW ¢pakTanoB [3-42], aBTop
pelIml KOHCHEKTHBHO (3TO TeMa OTIeNbHOW OoJbIIoi paboThl, KOTOpas JOJIT0 TOTOBUTCS)
HOJEIUTHCS MBICIISIMU O TOM, YTO TaKO€ )paKkmanvHas uHMICeHepus N OpaKmanbHulil UHHCUHUPUHS.
[ToueMy OH BBOJUT 3TH IOHSTHS, BCEM SICHO HEMOCPEICTBEHHO U3 TOIO 00beMa JaHHBIX O HOBOM,
YTO MpeJCcTaBjieH B 3TOM pabore u B Crnucke MCTOYHMKOB. MMITylIbcOM K 3TOMY MOCHYKWJIa U
KUTalckas KHUra — nepsast o ¢uiuocopun uHxxeHepun B mupe - (JIm boryH. «'yHUsH uxa3ci03
UHBJIYHb — BO 11320 y Ty BO I13aii [BBexenue B ¢Qunocoduio MHXKEHEpUH — s CO3AAI0 BEIIH,
CIIEIOBATENLHO S CYIECTBYIO|» — WkoHwkoy: JlacsH aybanbnm, 2002.-452 ¢.); ¢ KHATO# aBTOpa
mobe3no o3Hakommwiu B Kurae B 2012 r. Ceituac ¢unocopusi HHXKEHEPUH CTPEMUTEIBHO

3aXBaTbIBACT MUP.

OcHOBBI (PpaKTANBbHOI UHKEHEPUH U (PPAKTATHHOT0 HHKUHUPUHTA

WNuxenepuss — 3T0 00J1IaCTh YEJIOBEUECKON HHTEIUIEKTYalIbHOW JESATENBHOCTH, 3aJadyel
KOTOPOM SIBNISieTCS] MPUMEHEHHE JOCTHKEHUIM HayKu, TEXHUKH, UCIOJIb30BaHNE 3aKOHOB (PU3UKU U
IPUPOAHBIX PECYpPCOB MJIsl peIleHUs KOHKPETHBIX mpolbsieM, nened u 3amad. Tpuana Haykw,
TEXHUKH M MHXEHepHH (Ha mpumepe (pakTajoB) HE3aBHCHMO OT BBIIMICYNIOMSIHYTOW KHUTallCKOH
KHUTHU 110 $uitocopun MHKEHEpUH, rpeicTaBiieHa B Boimycke Nel sxypuana POHCHUT 3a 2012 rop,

- Bce 142 ctpanuiibl ObUTH OT/AHbI aBTOPY AJIs ABYX O0nbIInX cTated [22, 23] (1o cyTu, KHUTA).
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@DpakTajJbHasg HHKeHepusa U ¢uiaocopus (PpakTaJIbHONH MH)KEHEPHH B CBeTe HAIIEro

OmbITA

WNuxeHepuss — HACTOJBKO IMIMPOKas 00JacTh, YTO MMEET MENbIH psJl KaTeropuid, KOTOpbIe
o0beMHsAEeT ONHO O0llee: B MX OCHOBE BCErJa JIEKUT IPOLECC CO3/AaHUS YEIOBEKOM YEro-TO
HOBOT0. BOT 3TO HOBOE M PUOPUTETHI ABTOP KPATKO U 0OCYAUT HA OCHOBE CBOETO OIbITa pabOTHI €
bpakTanamMu ¥ UX OpuiokeHUsMHU. [IpakThka W TeopHus MOJDKHBI Pa3BUBATHCA pyKa 00 PYKY.
AOCOMIOTHO JIOTWUYHBI B JAHHOM HAlpaBJIEHUH U BOIPOCHI MPHOPUTETOB B KOHKPETHOH 00OiacTu
3HaHWiH. OONacCTH TPUMEHEHHUS TOIOJIOTUYECKON TeKCTypHO-(ppakTamsHO 00pabotku (TTDO)
CUTHAJIOB, MOJIeH U MU300pa’keHUI MOCTOSIHHO PACIIUPSIOTCS, U TPYAHO MOBEPUTH, YTO €IIe OKOJIO
TPHUJLIATH JIeT Ha3aa ObLII0O HEMANIO CKENTUYECKUX BBHICKAa3bIBAHUN OTHOCUTENHHO MEPCHIEKTUBHOCTH
3TOr0 HOBOrO (YHIAMEHTAJIBHOTO HAYYHOTO HAINpaBJIEHHs, CBS3aHHOI'O HCKIIOYUTEIBHO C
dpakTamamMu ¥ UX JTUHAMUKOW, CO3aHHOTO W pa3BuBaemoro aBropoM cHavana B CCCP, a 3arem, B
Poccuu (Torma, HanpuMep, W TOSBWICS BIEPBBIC Y APYTHX aBTOPOB TepMmuH ‘“‘meton [loramosa” -
[29]).

W npuBeny xapakTepHbli mnpumep (ux Obuio MHOro). B myOnukanusx 1O HCTOpUH
(dpakTanbHBIX aHTEHH OOBIYHO yNOMHHAeTcsi pabota 1986 r. ydeHbIX YHHBEpCHTETa INTaTa
ITencunsBanuss S. Kuma u JI. Jxarrapma. IlepBeHCTBO B TEOPETHMYECKHX HCCICTOBAHUSIX
dbopMuUpOBaHUS MHOTOMNOJOCHBIX [0 YacTOT€ AaHTeHH MpHUOHchiBaloT ¢ 1993 r. yueHomy
Texnonornueckoro yHuepcutera Karanonun K. Ilyente. Hauano ke mnpakTuueckoMy
NPUMEHEHUIO (PaKTANBHBIX aHTeHH B 1995 romy monoxui, Kak IPUHATO CYMTATh B MHOCTPAHHBIX
U JTayKe€ HEKOTOPBIX PYCCKOS3BIUHBIX KypHanax, amepukanckuii nmkenep Haran Kosn (N. Cohen).
- A 6om nocnednee npednodiceHue — PoCcmo HoHceHc (abcypo)!

Cnpaska asmopa kak omeem Ha smom abcypo — cM. puc. 21 [3-6, 8, 14, 41, 52-55]: «B 1988

rogy astopoM coBMmecTHO ¢ LKB «Anma3» ObUIM BBIIONHEHB TEpBBIE pa3pabOTKH U
MIPOCKTUPOBAHNE TAKUX HEOOBIYHBIX (IJI1 TOTO BpEeMEHH) (PpaKTaJbHBIX aHTEHHBIX CTPYKTYp (B
YaCTHOCTH, ObUT M3TOTOBJIEH ACHCTBYIOUINI MakeT (pakTalbHOI IIeNeBON aHTEHHOW PeleTKH B
nuanazone MMB u CMB) st nepeHOCHOro TBEpAOTENBHOTO JBYXYAaCTOTHOTO KOTE€PEHTHOIO
paauonokatopa Ha TMapaMeTpoOHaX €O  CJIOXHBIM  (Pa3OMaHMITYJIMPOBAHHBIM  CHTHAJIOM
cBepxOombIoi 0a3pl (ecTh Ham mateHT [43]). OtoT nudpoBoit pamap (pasmMepoM ¢ HEOONBIION
Kelic) ObLI YCTAaHOBIJIEH Ha BEpPTOJIETe, M C HUM aBTOP JOJroe Bpems paboTai U Moiydan MepBhie
PJIN 3eMHBIX TOKPOBOB M OOBEKTOB». A 10 3TOTO elle HaJo ObLJI0O HaM CyMETh CTPOTO paccuuTaThb
napaMeTpbl YHUKaJIbHOW JIBYXUacTOTHOM (pakTaJibHON NpHEMHO-TIepefarollell aHTeHHbl Ha JBa
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Auara3oHa U 3aTCM U3TOTOBUTH HCCKOJIBKO MMOYTHU IMMPOMBIIIIIICHHBIX 06pa3u03!

AL AL
1015 35 f, T'Tu

Puc. 21. IleperocHoit nnpoBoii TBEPAOTENBHBIN IBYXYaCTOTHBIA KOTEPEHTHBIH pajap Ha IMapaMeTpoHax CO CIOKHBIM
@M curnanom cBepx00biuoi 6a3el m = 2'7 - 1 ¢ (pakranbHOii 1eIeBoii peneTkol B tuanazone MMB u CMB (a) u
HEKOTOPbIE Pe3yJIbTaThl HATYPHBIX HCIBITAaHUH paauonokarTopa: 0, B — nepebie PJIM Ha niHe BOJHBI 8,6 MM; T —
XapakTepHble (opMbI ormbdaroeil curHasna, OTPaKEHHOTO XapaKTepHBIMU TEKCTYPHBIMH 36MHBIMHU TTOKPOBAMH; T —
MIpUMEp STAJIOHHOW CHHTE3UPOBAHHOM KapThl HEOJHOPOJHOI MECTHOCTH 110 SHEPTETUYECKUM, TEKCTYPHBIM H
(pakTambHBIM NpU3HaKaM; € — cpenusis JIIP yenoBeka kak (GyHKIMS 4acTOTHI JJ1s ropu3oHTanbHol (I) n
BepTUKanbHOH (B) nomsipusanuii, 1 u 2 — naHHbIe aBTOpa, KOTOPHII y4acTBOBAJ B HATYPHOM JKCIIEPUMEHTE B KaYeCTBE

«ouupyemoi nemm» [3-6, 14, 52-56].

Heo6xonumMo OTMETHTh, YTO HMMEHHO Ha 3TOM paJape aBTOp BIEPBbIE HCCIENI0BAI
(paxTanbHbIC CBOHCTBA KOJOBBIX M-TIOCIEN0BATENLHOCTEH ¢ TIeprofoM 10 2°°—1 (6a3a ClI0KHOro
curHala Ha MMB no 1048576). KBanToBaHue BXOAHOTO CHUTHaJIa B pajape MPOUCXOAWIO B
CTOXAaCTHYECKOM cucteMe cuuciaeHus. CUrHai, MpencTaBICHHbIH TaKUM KOJIOM, MPOSBIISAET CBOU
¢dpakranbHble cBoWcTBa. [10100HO rojgorpamme, 1000l GparMeHT KOTOPOH HeceT HHPOPMALIUIO O
MIOJTHOM 00BEKTE, JTF000H (hparMEeHT CTOXACTHUYECKOTO KO/Ia COJIEPKUT MH(POPMAIIHIO 00 aMILTUTYIC
KBaHTyeMmoro curHana [14]. 3arem, Ha 3ToM Moayie ObUT peaqnu30BaH TaKKE BIEPBBIE METOI
paaroJIOKalid Ha OCHOBE npeobpaszoBanus Pamona [3, 4, 8, 14, 52 — 55]. Matpuunas ¢pakraibHas
CTaTHCTUYECKasi CTPYKTypa U ee MapaMeTpHu3alus, a TakkKe yHHBepcaldbHas METOJIMKa pacueTa
(pakTanbHBIX BEPOSTHOCTHBIX XapaKTEPUCTHUK C HCHOJIb30BaHUMEM (opmanm3ma JApoOHOTO

MHTETPUPOBAHUS Il TOMNOJOTHYECKOro ((PpaKTaapbHOro) OOHAPYXKHUTENS PaguoIOKAIlMOHHBIX
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OTpPaKCHHBIX CUTHAJIOB OOCTOSTENBHO U3J0XkKeHa B [8, ¢. 132-177].

Bor 310 M ectb Ha gene (QpakraibHas HMHXXEHEpUS U (PPAaKTAIbHBIM HMHXUHUPUHT C
aneMeHTamMu Gunocodhun WHKEHEepUH (MOXKHO CKaszaTh, TO Bpems, a iMeHHO, 80-e roasl XX Beka,
ObUTO A7 aBTOpa HAyajoM 3apoXKAEHUs pycckoil ¢unocodun QpakTanbHOW HHXKEHEPUH U
¢dpakTanbHOro MHXXUHUPUHTA)! DTO OBUT cepbe3HbI U mepenoBoii npoekt B Benukom CCCP, a He
KaKHe-TO 3JIEMEHTapHbIE «JeTCKUE Oe3NeNyIIKN», KOTOphle U30THYJ U pa3MecTu1 Ha OaJKOHE B
1995 r. amepukaHCKuil HHKEHEP!

3amedy, uto B cBoei MoHorpaduu [3] B 2002 r. s BHepBble BBEI B HayuyHbIH OOMXO.X
TEPMUHBI «(ppaKkTaibHas paanoPpu3nKa» U «(ppakTaibHas paJauoIOKaIHA», KOTOPbIe BIOCIEICTBUN
3HAYMATENIFHO pacmupuinch. [loHATHS «@pakTanbHas MapagurMa», <«QpakTalbHBIA CHUTHAIY,
«(ppakTanpHas MOAYJALUN», «TOMOJIOTUS BBIOOPKW», «(paKTaabHas CUTHATYpa», «(ppaKTanbHbIN
UMIIeJaHC», «(ppaKTanbHas paguocucTeMay, «(ppakTaabHble TaTYNKW», «(PpaKTalbHble YaCTOTHO-
n30HMpaTeIbHbIE TIOBEPXHOCTH U 00BEMBI», «(paKTaiabHas dJIeMeHTHas 06a3a» | T.II., aBTOP BBET B
1987, 1988, 2000 u 2003 romax He TOJBKO TEOPETUYECKH, HO M MIPUMEHSI UX BIEpPBbIE U Ha
npaktuke. Mou coOCTBEHHbIE UIeH, MO€ U UcloiHeHue. .. K npumepy, kak crnenuaiict B 00IacTH
cratuctTuueckor paanodusuku (u nocemas B MDA AH 3namenutsiii cemunap C.M. PeiToBa 1o
(GIIyKTyallMOHHBIM SIBIIEHUSIM), aBTOp K 1985 romy mmpoko uccienoBan OpOyHOBCKHE MPOLECCHI
KaK MOJIEJIM PEAJbHBIX CUTHAJIOB, IOMEX U LIyMOB (O€Jblii, KOPUYHEBBIH, PO30OBbIH U T.II.) — pUC. 3.

OTMeuy crenuanbHO, B HAcTOsILEE BpeMs BCE BCTAlO IMPOYHO HAa CBOM MeECTa, Kak MU

IMMOJIOKECHO TOMY OBITE B HayKe.

®pakTanbHasi TeOMETPUs IPOCTPAHCTBA-BPEMEHH I€TEPMUHUPOBAHHBIX
CTPYKTYp U OTpHIIaTeNIbHbIe (hpaKTaIbHbIe pa3MEPHOCTH

Kpatko CYTh poOIeMBI (dpakTanbHOMI reoMeTpun IPOCTPAaHCTBA-BPEMEHU
JIETEPMUHUPOBAHHBIX CTPYKTYp COCTOMT B ciexytomeM [11, 56, 57]. OObr4HO, TIpU ONHUCAHUH
CBOWCTB MPOU3BOJIBHBIX Ae(HOPMUPYEMBIX CHUCTEM B BHUJE CIUIOIIHON cpeabl (KOTOPHIE MOXKHO
NpeCTaBUTh B o0IIeM citydae ¢pakranamu [3, 4]) cuuraercs 3aJaHHBIM JHOO moJie 4-CKOpoCTeit
V*# (Touka 3penus Disiepa), 1M00 3aKOH JABMKEHUS CIUIONIHOW Cpebl, YCTaHABIUBAIOUIUN CBS3b
MEXIy mnepeMeHHbIMU Diinepa u Jlarpamxka. IlpoctpancTBo-Bpems cunuTaercs JMOO MIOCKUM - B
ciydae crenuansHoi Teopun otHocutenbHOCcTH (CTO), nmubo puMaHOBBIM - B ciiydae oOmIei

teopur oTHOcUTenbHOCTH (OTO). MHBIMU cllOBaMH, TPUHSTO CUMTATh, YTO JIOObIC BHEIIHUE
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HETpaBUTAI[MOHHBIE  TOJII  HE  WCKPHUBISIOT  TNPOCTPAHCTBA-BPEMEHU  (PpakTambHBIX
J€TEPMUHUPOBAHHBIX CTPYKTYp, OCTaBIIsIsl €€ MPOCTPAHCTBEHHO-BPEMEHHYIO T€OMETPHUIO MIOCKOH.
HckpuBistorcsi, ObITh MOXET, TOJBKO «IPOCTPAHCTBEHHBIE CEUYEHMSD», T€OMETpPUs KOTOPBIX B
of0mieM ciyyae mepectaeT ObITh €BKIMAOBOM. Takas Touyka 3peHHs sBIsETCS Hauboee
pacnpoCTpaHEHHOH B HAy4yHOM JMUTEpaType II0 TEOPUM OTHOCUTEIBHOCTH U pa3fielsercs
OOJBIINHCTBOM HCCIIEAOBATEIIEH.

Heckonbko B CTOpOHE OT CTaHAApTHOM TpakTOBKU cTOAT paboTel B. M. Ponuuesa [58] u A.
A. Bnacosa [59]. B [59, c. 326-327], paccmaTpuBasi TEOPUIO pOCTa KPUCTALITUNYECKUX, TUIA3MEHHBIX
U OMOJIOTHYECKUX CTPYKTYP C COXpPaHEHHUEM MX MOA0OMS, aBTOP MPHILIEN K pe3yJbTary, YTO POCT
TaKuX CTPYKTYp ((pakranoB!) BOZMOKEH B HEEBKIMIOBOM IPOCTPAHCTBE-BPEMEHH.

Ham mogxon 6a3upyetcst Ha pa3BuUTHH MojAepHMU3auu uaei PoanueBa n BiacoBa u coctout
B cienyoomeM. [IycTs B MIOCKOM MpPOCTPaHCTBE-BpeMEHH MHMHKOBCKOTO ¢ CHUTHATypoul (+ - - -)
MOKOUTCS CIUIOIIHAs cpefa. B HEKOTOpbli MOMEHT BpeMEHHU [=t, BKJIIOYAETCs CHJIOBOE I0JIE
000 MpHUPOABI (KpOMe TPaBUTAL[MOHHOT0), U CIUIOUIHASI Cpefia MPUXOIUT B JABMKEeHHE. KaKoBbI
OyIyT CBOWMCTBAa MPOCTPAHCTBA-BPEMEHH TIOCiIe BKIOYeHHs cuioBoro monsa? CormacHo
KIJIACCHUYECKOM TPAKTOBKE CBOMCTBA MPOCTPAHCTBA-BPEMEHU OCTAHYTCSI HEU3MEHHBIMHU.

Hamr oTtBer Ha 3TOT BOmpoc OyAeT He CTOJIb KAaTErOPUYEH U 3aBUCUT OT MECTOHAXOXICHUS
HaOmonatensd. Ecnu Habmrofarenb paccMaTpuBaeT JBHKEHHE CPelbl U3 MHEPLMAIbHOW CHUCTEMBbI
orcuera (MCO), To mns Hero ¢pakragbHas TEOMETPHUS MPOCTPAHCTBA-BPEMEHH OCTaHETCS
Heu3MeHHOW. J[ns wHabmromaTens, CBSI3aHHOTO C ABWXKYIIEHCS Cpemoid, T.e. HaXOAsSIIerocs B
HenHepuuanbHoil cucteme otcuera (HCO), cBoiicTBa (pakTaibHOrO MPOCTPAHCTBA-BPEMEHU MOTYT
B 00IIEM Cilydae U3MEHATbCA. MBI IOMyCKaeM, YTO BKJIFOUEHUE CHIJIOBOTO MOJIs /AJIsl HaOMo1aTens B
HCO MoxeT u3MeHUTh CBOWMCTBO MNPOCTPAHCTBA-BPEMEHHU, NMPEBPATHUB €r0 B HCKPUBICHHOE B
npeJenax MUPOBOM TpyOKH.

Urak, ans Habmogarens u3 HCO mocine BKITIOYEHUS! CUIIOBOTO TMOJIS CIUIOIIHAS cpena Oyaer
JIBUTaThCs B HEKOTOPOM IPOCTPAHCTBE-BPEMEHHU, CTPYKTYpPY KOTOPOI'O MbI XOTHM OIpPENEIUTH 110
3aJJaHHOU CTPYKType CHUJIOBOT'O TOJIs, a TAK)KE MO0 TAKUM XapaKTepUCTHKaM KOHTHHYYMa KakK TEeH30p
ckopocTeii nedopmanmii X, TEH30p yIJIOBOH CKOPOCTH BpamieHus {2, BEKTOp MEPBOM KPHBU3HBI
MHPOBBIX JIMHUM YacTul cpensl F .

[lepexonuM K MaTeMaTUYeCKOM MOCTaHOBKE 3amaud. [lyis IBHKYIIEHCS CIUIOIIHON Cpelbl B
YETBIPEXMEPHOM MPOCTPAHCTBE - BPEMEHU C CUTHATYpOH (+ - - -) CIIPaBeUIMBO Pa3I0KEeHUE

V,V,=2,+Q,+V,F, )
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rae V, - mose 4 - CKOPOCTH, yIOBIETBOPAIOIIEE YCIOBHIO HOPMHPOBKH
gvaIJVV: ]‘5 (5)

g,y - METPUYECKUM TEH30p B CUCTEME OTCYETa DHepa,

Zyv = VW = ViuFyy

, (6)

Quy = VW) = ViFy)
, (7)
F=V'V V. ()

Kpyriibie ckoOKH, OKpy’KaloIIfe WHACKCHI, CIIy)KaT 3HAKOM CHMMETPUPOBAHHUS, a KBAJApaTHbIC
- 3HAKOM aJbTepHUpPOBaHUsA. ['peyeckue MHIEKChl MOTYT MPUHUMATh 3HAYEHHUS OT HYJS 10 Tpex,
JATUHCKUE - OT €IMHUIIBI 10 TPEX.

Pa3noxxenue (4) MOXHO TPAKTOBATh C ABYX TOUYEK 3PEHMUS:

1. Cuurars, uTo nose 4 — ckopoctd V, H3BECTHO, HAIIPUMED, B PE3YJILTATE HHTETPUPOBAHMS
PEISATUBUCTCKOTO ypaBHEeHMs Jiiepa win HaBbe - CTokca mnpu 3agaHHOM IUJIOCKOW meTpuke. B
3TOM CIly4ae XapaKTepPUCTHKH KOHTUHYyMma X,,,Q,,,F, MoryT ObITh 1mOJTy4eHsl o Gpopmymnam (6 —
8), a paznoxenue (4) BHICTYIaeT KaKk MaTeMaTUYECKOE TOXKIECTBO.

2. CunrtaTth 3afaHHBIMM QyHKIMAMH X,,,Q,,F, B stoM ciyudae pasnoxenue (4)
IpEBPAINAETCs B cUCTeMY IU((hepeHINaNbHbIX YPaBHEHUH OTHOCUTENBHO V', 1 g, . Tak Kak uucio
ypaBHeHUH cHUCTeMbl (4) W (5) TPEBOCXOIUT YHCIO HEU3BECTHBIX (YHKIMH, TO JOJIKHBI
BBITIOJIHATBHCSI YCJIOBUSL MHTETPUPYEMOCTH. YCIOBHEM HWHTETPUPYEMOCTH ISl KOMIIOHEHT 4 -
CKOpocCTel OyAeT COOTHOIIIEHUE

v, o'V, ©)
0x°0x° 0x°0x

Z[J'ISI HaxXOXKIACHUA CBA3U MCKAY €COMCTPUUCCKUMHU U KHMHECMATUYCCKUMU XAPAKTCPUCTUKAMU

KOHTHHYYMa BBIYHUCIIMM B IBHOM BHJIC BBIPAKCHUC

are,
dx

ars,,
2V Vo = 200K + (5.2 — 52+ T4TS, — TATE, )V,
(10)
U3 KOoToporo c yudetoM (4 - 9) ciemyeT ypaBHEHHE CTPYKTYpPbl JI€TEPMHUHHUPOBAHHBIX

dbpakTaos:
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RH

EG.V

Vy = 2V gy + 2V Qo + 2V (Ve R)- )

Wuterpuposanne cuctemsl (4) u (11), rae R, , - Tensop kpuu3Hbl Pumana - Kpucropdens,
BBIpa)KaeMblil uepe3 METPUUYECKHI TEH30p OOBIYHBIM 00pa3oM, 1aeT PelIeHue 3ajaul O FeOMETPUU
IPOCTPAHCTBA - BpeMeHH, B KoTopoit peanuzyercd HCO ¢ 3a1aHHON CTPYKTYpOH.

[lepexox BO BpamaloIIyIOCs CHCTEMY OTcuyeTa (B JeTepPMHUHUPOBAHHBIN (pakran), Kak
nokazaHo B [9, 11, 60 - 62], Takke NPUBOAUT K INCEBIOPUMAHOBOM I'€OMETPUU NPOCTPaHCTBa-
BpPEMEHH (JJ0Ka3aTeNbCcTBA M (POPMYJIbI U3-3a2 TPOMO3JIKOCTH 3[1€Ch HE NMPHUBEIEHBI, C HUMH MOKHO
03HAaKOMUTbCA 1O KHuram [9, 11]). Oanako MHOrooOpasue (GppakTalloB MOXKET U HE YJIOKUTbCS B
paMKi pUMaHOBON reomeTrpuu. B [9] monyueHo ypaBHEHHE CTPYKTYpbl MJiE HPOCTPAHCTB
METPUYECKOM CBSI3HOCTU € OTIMYHBIM OT HyJIsl TEH30POM KPYYEHUSI.

Hrak, B Havame 2000-x romoB Omaromapst HammmM padotam ¢ C.A. TlomoceHOBBIM BIEpBBIC
BO3HHMKJIa HOBass o00JacTb MpoOsieM, Ha3BaHHAs aBTOpaMU Kak «@DpakTajbHas TI'€OMETpHs
IIPOCTPAHCTBA-BPEMEHH JETEPMUHUPOBAHHBIX CTPYKTYp» [9, 11, 56, 57, 60-62].

B nammx pabGortax [11, 63-66] BBomuTcs Mepa Xaycrnopda-Komom60 B oTHOIIEHHH
OTPHULIATENIbHBIX  (PpaKTaJbHBIX  pa3MepHocTed. [IpocTpaHCTBO-BpeMs  Mojenupyercs — Kak
MyJIbTU(paAKTATBHOE MOAMHOKECTBO C MOJOXHUTEIbHBIMU U OTPULATEIbHBIMU (PAKTAIbHBIMU
n3MepeHusMu. [IpeanoskeHa akcnomaTuyeckasi KBaHTOBast TEOPUs I10JIs B IPOCTPAHCTBE-BPEMEHHU C
OTPHILIATENIFHBIMU  (DpaKTATBHBIMU Pa3MEPHOCTSAMH. MBI TIOKa3ajdHl, 4TO (pakTaJbHas MPHUPOIA
KBAaHTOBOTO IIPOCTPAHCTBA-BPEMEHH C OTPHLATENIBHBIMU pa3MepHocTsIMHU Xaycnopda-Komnomoo

MOXKET B KAKOM-TO CTEIICHU pa3pClinTb npo6neMy KOCMOJIOTHUYECKOM TTOCTOSTHHOM.

BriBoanl

OpakranpHas paanodusnka, GppakranbHas paaHOTEXHUKA W (paKTaIbHAS PaTUOTOKAIHS —
9TO CBOCOOpA3HBIC paJMOHAYKH, NMPOHUKHYTBIC AYXOM W HJIEAMH KIACCHUECKOH pamuo(u3ukwy,
PalMOTEXHUKA W PAJHOJIOKAIIMH, B TO JK€ BPEMsI OHHU SIBIISIOTCS TPUHIUIHAIBHO HOBBIMHU
HanpaBineHussMU. OpakTaibHbIE METO/IbI, AHATIOTUYHbBIE U3JaraéMbIM B HAcTosIIel paboTe, MOTYyT
OBITh IPUMEHEHBI TIPYU PACCMOTPEHUU BOJTHOBBIX M KOJIEOATEIHHBIX MPOIECCOB B ONTUKE, aKYCTUKE
1 MEXaHUKe.

PaGoramu aBTOpa 3a Oosiee uem 40 jeT, NPAKTUYECKU C «HYJISD», MPEOJOJIEBast TPYAHOCTH
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UIYIIUX [IEPBBIMH, 3aJI0KEHbI (PyHIaMeHTaIbHbIE OCHOBBI TOTO, YTO OyJET MPUMEHEHO B OyayIeM.
He pe3ynbraTel, He KOHKPETHBIE PEHICHUS MPEICTABISIOT CaMylo OOJBIIYIO IIEHHOCTh, 3 UMEHHO
METO/I pEIICHNUS, TOJIX0T K HEMY.

['moGanbHBIN QpaKTaIbHBIA METOJ] CO31aH aBTOPOM M MHOTOCTOPOHHE POJIEMOHCTPUPOBAH B
[3-42, 55-57, 67-73] m HemocpenCTBEHHO 37Aech B pabore. B pesynbprare B HayyHOM MHpe
00pa30BaHO HOBOE CMBICIIOBOE TIPOCTPAHCTBO C €ro HEOOBIYHBIMH IS KJIIACCHYECKOM
pagroGU3NKH, PagUOTEXHUKN W PaJroJIOKalliy CBOWCTBaMH M 3ajadamu. [lomydeHHBbIE HaydHBIE
pE3yNbTaThl SBISIFOTCS MCXOAHBIM MaTEpUAIOM Ul AajbHEHIIEro pa3BUTUS M IMPAKTUYECKOTO
NpUMEHEHHsT (DPaKTaIBHBIX METOJOB B COBPEMEHHBIX OONACTAX paano(U3UKH, paIuOTEXHHKH,
paZMONIOKAIINY, SJIEKTPOHUKN M MH(POPMALMOHHO-YIIPABIAIONMX CHCTeM. Bcee 3TO M ompenenser
(dpakTaabHbIE MHKCHEPHUIO U HH)KUHUPHHT .

[TockonbKy (pakTaigbHBIE XapaKTEPHUCTUKH MOJICTUIIAIOIINX TOBEPXHOCTEH M OMUCHIBAIOIIHE
UX (pakKTajJbHbICE MOJIEITH CHJIBHO OTJIMYAIOTCS OT OOHApy)KMBAEMBIX MCKYCCTBEHHBIX IIEJIeH, HO
OUYECHb KaUYeCTBEHHO OIHUCHIBAIOT PEANbHBIC MPHUPOJHBIE OOBEKTHI, TO aJTOPUTMBI, OCHOBaHHBIE Ha
TakuX (PaKTaTbHO-CKEHIMHTOBBIX MOJENSAX, MO3BOJIIOT JIOCTUTHYTH BBICOKOTO KadecTBa
OOHapy)XeHHsT MAaJIOKOHTPAaCTHBIX wenedl. @dusnyeckoe coxaepkaHue Teopud audpakuuu
CTaHOBHTCS 00Jiee YETKUM NpHU (PaKTATHHOM IOAX0/IE U BbIIEICHUH (PpaKTalbHONW pasMepHOCTH D
win (paktanpHON curHatypsl D(f, f, F) kak mapamerpa. YueT (pakTaJbHOCTH 3HAYUTEIHHO
COMMKAeT TEOPETUUECKUE U IKCIIEPUMEHTAIBHBIE XapaKTePUCTHKH WHANKATPHC PACCESTHUS 36MHBIX
MOKPOBOB, YTO BA)XHO JUIA 3a/ad paavoJIOKallid W JMCTaHIMOHHOTO 30HIMpOBaHHsA. B paborte
NpPEICTAaBICHbl HWJEM W OCHOBHBIE CTpPAaTETMYECKHE HAIpABICHUS B CHHTE3€ HOBBIX BHJIOB
pPaZMONIOKAIMOHHBIX  TEKCTYPHO-(PAaKTAIBHBIX WM TONOJOTMYECKHMX  OOHapyXHTenen
MaJIOKOHTPACTHBIX ~ OOBEKTOB. [lpennokeHs! ~ HOBBIE ~ CEMEWCTBA  TOIOJOTMYECKUX
MYJIbTU(QPAKTAIbHBIX MPH3HAKOB U pa3paOdO0TaHbl MPUHLIUIHAIEHO HOBBIE METOJBI OOHApYKEHUS
MaJIOKOHTPACTHBIX OOBEKTOB HA (JOHE MHTEHCUBHBIX TIOMEX.

OTKpBIT, IPEUIO’KEH M 000CHOBAH HOBBIN BUJ M HOBBIH METO/ COBPEMEHHOM paHOIOKAIIH,
a UIMEHHO, (paKTaIbHO-CKEHIMHTOBAs WM MacIITaOHO-WHBapUaHTHas paauoiokaius (MUP). Oto
BJIEYET 3a CO0OIl KOpEHHbIE M3MEHEHHS B CaMOil CTPYKType TEOPETHYECKOH paJHOJIOKaluH, a
TaKXke B €€ MaTeMaTh4yeckoM ammapare. Heo6xonumoe nepeocMbICiIeHHe MpeKHEH Teopuu Oyaer
CHOCOOCTBOBaTh IOJNIyUYEHHIO HA OTOW OCHOBE HOBBIX pe3yJNbTaTOB, HE JOCTYIHBIX JUIS
TPAJAWIHOHHBIX MPEACTaBICHNH KIaCCHYECKOH paauoiokanuu. Takum o0pasoM, mononocuyeckoe
00HapysceHue OTKPHIBAET IBEPU B COBEPIICHHO HOBYIO 00JIaCTh TEOPUH CTATHCTHYECKUX PEIICHUIN
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U TI03BOJISIET CKOPPEKTUPOBATh OBITYIOIINE B 3TOM 00JIACTH MPEACTaBICHUS, U CO3/1aTh HOBBIE, UTO
UMEET BaXKHOE TEOPETHYECKOE M INMPAKTHUYECKOe 3HaueHue. Pa3paboTaHHBIE aBTOPOM KOHIICTIIHH
UMEIOT OOIIMEe TOYKH COMPUKOCHOBEHHS M C KOTHUTHBHOW paauosokanued. BHempenue
dpaxTanoB, 3pdexToB ckenuHra U APOOHBIX OMEPATOPOB [AET «UMITYJIBC» U COBPEMEHHOM
pPaIMOdIIEKTPOHUKE, TaK KaK BCS MPEIbIAyINas W HACTOSIIAs PaIHOIICKTPOHHKA Oa3zupyercs
UCKITFOUYUTENHHO (M TOJBKO!) Ha OCHOBE TEOPHH LEIOYMCICHHBIX (QyHKIMHA. Takum o0Opazom, 3TO
NPUHYUNUATILHO HOBAs PAIMOTEXHUKA.

B 3akiroduenue cinemayeT OTMETUTh, UTO Mpobiaema GpaKkTaaoB B paAUOIOKALUH, paguoPu3uKe
U paJMOTEeXHUKE Ha caMOM jelie HeoOBsATHAa. 3M1eCh aBTOP NPUBEN TOJBKO MPUHIUIHAILHBIC
OCHOBOIIOJIararIre Bonpockl. Cuutaro nmpodsieMy «Tornonoruu Beioopku» [3-7, 10, 70 -73] ogHoit
13 BOXXHEHIIIMX BO BCEH PaMO3IEKTPOHUKE, U MIPU ATOM aBTOp yOekKIeH, 4To 0e3 (PpaKkTaIbHOCTH 1
CKEWJIMHTa BCS KJIaccU4ecKkasi Teopusi OOHApY>KEHUSI U Paclo3HaBaHWS MHOTOMEPHBIX CHTHAJIOB B
OyaylIeM moTepseT CBOe Kay3albHOE 3HaUeHuE sl ()yHIaMEHTAIBHBIX MTOHITHI CUTHAJIA U IITyMa.

[lo moHOrpadusM aBTOpa IOCTABICHBI KypChl JIEKIHMHA 1O (pakTramaM B pa3IHIHBIX
yHuBepcuteTtax Poccum m crpan OmmkHero 3apyOexbs, a Takxke, B Kurae. Ha 2022 ron
pe3ynbTaThl PyHIaMEHTAIbHBIX UCCIIEIOBAHMI aBTOpa oTpakeHsl B 6onee uem 1 200 pabortax u 45
KHUTaX U IJ1aBaX Ha PYyCCKOM, aHIVIMMCKOM M KUTaNCKOM si3bIKax [5, 67], cienansl Aokaaasl B 23

CTpaHax.
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Abstract

The article reports on a virtual collection of thematic photoatlases created in the Donetsk (2013) and Moscow (since
2015 to present) virtual photoatlas laboratories.

Keywords
Atlas semiotics, cartosemiotics, photoatlassing.

Bsenenue

Wnes cozmanus BUpTyanbHOUM (oToarimacHoi OubmuoTexku copmupoBanack B 2013 1. B
JloHernike BO  BpeMsi MPOBEINCHHS LUKIA  MEXIYHAPOTHBIX CEMHUHApOB M  IPOEKTa
«Dotoarnaccunr/Iconic atlassing» mo co3naHui0 IOOMKBUTHBIX TEMAaTUYECKHMX MHHH-ATIACOB IS
cmaptdonoB u 1ianmeToB (Wolodtschenko 2012). Beero na npotsixennun 2013 roga B Jlonbacce
OBUTO TIPOBEIEHO TPH CEMHHApa — JIBa B Mae M OJWH B HosOpe. BmocienacTBun aHaloOTHYHBIC
paboThl TPOBOAMIUCH B MOCKOBCKOW oOsiacTi. HekoTopble mpuMepbl TEMaTHYECKUX MHHU-
aTJIacOB, CO3JAHHBIX B XOJI€ pealM3allid JaHHOW MpPOTrpamMmbl, OyIyT TpPEACTABJICHHI B NaHHOW

CTaThe.

[TpoexT «Iconic Atlassing: Jlon6acc B MUHHU-aTIIacax»

CTy,Z[CHLIeCKI/II\/'I IIPOCKT IO CO3JaHHMIO MHHH-ATIIACOB CTApTOBAJ Cpady IIOCJIE ITPOBCIACHUA
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MEXYHApOJHOTO0 HEOreo-ceMHoTHyeckoro cemuHapa «Heoreorpagus m MerakapToceMHOTHKA.
3nakoBbii mMup IlpmazoBes»  16-18 mas 2013 r. B 1. [JloHenk, B JlOHENKOM HHCTUTYTE
typuctuueckoro ousHeca ([IUTH), a taxke B JloHenkoil oOmactu — B 3amoBenaHunke «KameHHbIE

Morunsl 1 B J'IaH,Z[H_Ia(I)THOM apke «MeoTtugay.

JloHelikasi BUpTyalibHasi poToaTiiacHast labopaTtopus

B noneukoii BuptyansHOW (oTtoaTnacHoit mabopatopuu B 2013 romy crymentamu JAUTH
O0bu10 co3mano 6 (QoroatiiacoB, oObeqUHEHHBIX B mpoekT «lIconic Atlassing: Jlonbacc B MHHH-
atiacax» (puc. 1), a Takke Tpy TEeMaTHYECKUX MUHHU-aTiIaca (puc. 2).

B xonune wMas crynentel JWUTB mnpesenroBanm 6 (oroarsacoB  MOCBSIIEHHBIX
TypUCTHYECKOMY moTeHIuany ropop Jonenk m JloHeukoit obnactu. B nampHeimem paboTta HO

JbHENIIEMY CO3/1aHHI0 (DOTOATIACOB MPOAOKAIUCH B paMKaxX COTPYIHUYECTBA C POCCUHCKUMU

KOJ'IJ'ICFHMI/I/ COaBTOpaAMHU.
rpryu - FTVaroes Ky!
Onwrne Yakovivka >
Pervomaiske Aeoanna
MNepoosaic e Eﬂt"‘:': ‘
o — |
_ o akiivka
L I Maxisxa
hart Lozows L]
5 Donets'k
JoHeuybk :
«JHOSE UK NPOAGILLITVE MHb . SEOHEUK CROPTHBHIF.
R e el f e . e ——
Rem—ti_— B PTG g
A\l 1 —I-“’— L] 3
s it T
== . =
Oleksandnivka
Onescanapesa
P
Luhans ke
e m Maryanwka Yandex
i Map sasea £ Arascc User Sgreement
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H MeTaKapToceMHOTHYeCKHE "EMHHSPI.]
B Jlonenxe

Jonems/Ceaone/Kavenmae Morwas
1618 sas 2013 1.

Puc. 2. Tpu dotoarnaca o nmpoeneHHbIX B JJoHenke B 2013 r. Heoreorpaguyeckux ¥ METaKapTOCEMUOTHUECKUX

MEpOTIPUSATHAX

MockoBckast BUpTyasibHasi (poToatiacHas j1abopaTopus

B 2015 r. Obuia Hauata paboTa mo co3gaHu0 B MOCKOBCKOW BUPTyalbHON (oTOATIACHOU
naboparopun cepuM KyJIbTypHO-HCTOpUYecKuX QoroarnmacoB. B 2016 r. atu dortoarnacel ObLIN
CKOMIIOHOBaHbBI B CEPHI0, WILTIOCTPUPYIOIIYIO pa3IMyHble 3HaunMble coObITHs. Ha puc. 3 noka3aHsl
yeTbipe mpuMepa (OToaTiaacoB U3 Cepuu KyJIbTypHO-UCTOopuueckux ¢oroatinacoB. Ha puc. 4
npezcTaBieH ruOpuaHblid otoarnac no marepuanam XIX-it baiikanbckoil koHdepenuuu 2014 .
«MHpopManMoHHBIE U MaTEeMaTHYECKHUE TEXHOJOTMM B HaykKe M ynpaBieHunm». OH BKIIOYAeT
OasucHpIi atnac (puc. 5 ) W TPU TNPUIOKEHUS W BBHINOJHEH B JABYXJIUCIUICHHOM pEXUME
(Bosnomguenko 2016).

Ha puc. 6 nokaszan nepBblii ciaiii emé ogHOro coObITUHOrO (oToaTiaca, a Ha puUc. 7 ero

doroarnacHas ramepes.
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A. Bonogyenko, E.Epemyenko DOTOATIAC

POTOATRAC

WUmenune E.P.[lawkoBoi B c. Tpouykoe

3abbIThIA My3eiHbIM NaHgwadcdT

2015

horoarnac buorpagmueckuii poToaraac

A T . . -
Bonomenxo A.C., Winemes A TL Boaoenko A.C., Toayé B.E.

Casexap B Tparuveckoii cyisée npodeccopa Bpyno Ajutepa 006 ognoii pororpaduu (1908 r.)
(x 145-nemino co aua powaeHia) reol_paq)a ﬂ f[l Py)],]leﬂa

b, Anaep (1874-1942)

2019

Puc. 3. IlepBble cTpaHULbI KyJIbTYPHO-HCTOPUYECKUX (POTOATIIACOB PA3INIHON TEMATHUYECKON HAIPaBICHHOCTH

BasucHetii doToaraac

Mpanoxenne 1 IMpuaoxenne 3

Puc. 4. ®yHkumoHaNbHBIE AJIeMEeHTH THOprAHOTO QoToaTnaca « XIX Bbaiikansckas koHpepernms. MadopmanmonHsie u

MaTeMaTHYECKUE TEXHOJIIOTHH B HayKe U ympasieHud. 2014 1.»
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BazucHsli doToaTaac (IepELi VPOBEHE)
2 craiina (62 dotorpadmii)
(BETOpOHE YPOREHE)
Ipaaoxerne 1 Hpunoxeane 2 IIpunosenne 3
DoToranepes 5 hoToansboMoE
KpyTOEEIE Te0-TTaHOpasMEL 7 EpeMeHHEIX CerMeHToR aHeil (5 aETOpOE)
(3 ergeo) 75 dotorpadui 59 dororpadui

Puc. 5. CtpykTypHas Mozesb rudpunHoro goroariaca

Bupryanbhble Komiekuu GoToaTaacoB

B 2017 r. Oblna OTKpbITa BHUpTyajbHas KOJUJIEKLUS TemaTHueckux ¢otoamiacoB. Ha
CETOJTHAIITHUN JIEHb B OTKPBITOM JOCTYyIIE MpeacTaBieHbl Oonee 200 MUHU-ATIIACOB, CO3/IaHHBIX B

nepuon ¢ 2013 mo 2022 rr.: https://atlas-semiotics.jimdofree.com/bild-atlantothek/. B aBrycre 2022

I. JaHHas BHPTyalbHas KOJUIEKIHMs (OTOATIACOB CTaja JOCTYHHOH Ha web-caiite Tpymnmbl

«Heoreorpadus»: https:/www.neogeography.ru/. Hexoropsle moiydyeHHBIE PE3yJIbTaThl TaKKe

OBLITM OTpa)KEHBI B IMyOJIMKaIusAX B ambMaHaxe «['eokontekcT» 2014-2017 rT., a Takke B JOKJIaIax
Ha XI MexayHapoaHOH Hay4yHOU KOH(MEpeHIMH Mo TeMaThdeckoil kaprorpaduu B r. UpkyTcke B
2022 r. COoucok NpOEKTOB, BBINOJHEHHBIX B nepuof 2013-2022 rr. COBMECTHO C POCCHUICKUMU
aBTOpaMH, COCTOUT u3 Oosee yeM 50 goToaTinacos.

EVENT PHOTOATLAS

by
Eugene Eremchenko and Alexander Wolodtschenko

From 7th Digital Earth Summit 2018
to
8th Digital Earth Summit 2020

International Society for

o Digital Earth

Dresden - Protvino
2022

Puc. 6. [lepBsrii caiin coObITHitHOTO (hoTOATIACA
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Puc. 7. ®ororanepest coObITHITHOTO (oTOaTIaCa

3aKJIYeHue

DNEeKTpOHHBIC KapTHBIE aTJIaChl CETOHS JOMUHUPYIOT B HH(GOpMAIMOHHOM oO1ecTBe. OHU
HE BBITECHUJIM aHAJIOTOBBIE aTJachl, y TeX TOXE €CTh Oyiyliee, HO OHU OyAyT HUCIBITHIBATh
KOHKYPEHITHUIO CO CTOPOHBI FOOMKBUTHBIX TEMAaTHYECKUX (hOTOATIACOB.

KOOukBuTHBIE (POTOATIACHI HOBOTO MOKOJIEHUS 71 CMapTQOHOB U TUIAHIIETOB JOMOIHSIOT
Tpanuimonneie neuatHeie U ['MC-atnacel. B coBpeMeHHOM 1u(poBOM OOIIECTBE TEMaTUYECKUE
doroaTiacel eme He CTald MacCOBBIM MPOAyKTOM. Kak HocuTenn HOOMKBUTHOW 0OpasHO-
KapTUHHON MH(GOpPMAIMU ¥ 3HAHUW OHU eIlle He BocTpeOoBaHbl HH BY30BCKMM, HU HAay4YHBIM, HU
MpeIPUHUMATEIHCKUM COOOIIECTBAMH.

Coznanne TepBOM BHPTYadbHOW OHIAMHOBOM OHONIMOTEKH (POTOATIACOB TMO3BOIUT
TEMaTU3UPOBATh, KIACCUPHUITUPOBATh U CUCTEMATH3UPOBATh WX, U CTAHET OCHOBOW JUISI PA3BUTHS

9TOT'O CHCHI/I(bI/I‘-IeCKOFO KOTHUTUBHOI'O MHCTPYMCHTA.

[Tpunoxenue. Mcnonb3oBaHHbie (poTOATIIACH

Bononuenko A. (2013) «Cemunap Heoreorpadus 1 MerakaproceMHOTHKa. 3HAKOBBIH MUP
[TpuazoBes». URL: http://rcswww.urz.tu-dresden.de/~wolodt/EVENT-ATLAS/2013-Seminar-
NG.pdf
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CucreMbl MHTEPAKTHBHOI BU3YaJIN3allUM HA OCHOBE ITMIIEPra00ycoB

I'puropuii Bosipumuos™? | Anena 3axaposa’
'"Mucruryt npobnem ynpasienus uM. B. A. Tpanesuukosa Poccuiickoil akagemuu Hayk, . MockBa, Poccus
*Teodusnueckuii nenrp Poccuiickoii akagemMun Hayk, T. Mocksa, Poccust
g.boyarshinov(@gcras.ru, zaawmail@gmail.com

AHHOTANHSA

B pabote paccMaTpuBaeTCs KJIACC CHCTEM HHTEPAKTUBHBIX 3D BH3yanu3anuii, HHCTpPYMEHTOM 00paOOTKH JTaHHBIX
KOTOPBIX SIBISTIIOTCSA TUIEPriIo0ychl, Takke Ha3biBaeMble IH(ppoBbie Tmo0ychl. JlaeTcss obmias xXapaKTepUCTHKA
runepriodycaM W TMPUHIUIIAM WX HCIOJIB30BaHMSA B KadecTBe HMHTepakTHBHON 3D kapTel. KpaTko ommceiBaercs
pa3BUTHE OCHOBOIOJATAIOIIMX TEXHOJIOTHH BHPTYAIbHBIX M TAKTHJIBHBIX THIEprio0ycoB. Mckomas pabota sBiseTcs
npejTedeil K MPOCKTUPOBAHHIO YHHBEPCAIBHOW CpElbl MHTEPAKTHBHBIX BH3yalH3aluii Ha 0a3ze BUPTYAIbHBIX U
TaKTHJIGHBIX THIIEPTIO0YCOB.

KiroueBrnie citoBa

Tunepriodyc, Liudporoii rnodyc, BupryamsHsrii r100yc, TakTrmsHb r100yC, Chepruaeckuii sxpaH, Ludpoas 3ems

Interactive visualization systems based on hyperglobes

Grigory Boyarshinov ' | Alena Zakharova '

nstitute of Control Sciences Academician VA Trapeznikov of Russian Academy of Sciences, Moscow, Russia
2Geophysical Center of Russian Academy of Sciences, Moscow, Russia
g.boyarshinov@gcras.ru, zaawmail@gmail.com

Abstract

The paper considers a class of interactive 3D visualization systems whose data processing tool is hyperglobes, also
called digital globes. The general characteristics of hyperglobes and the principles of their use as an interactive 3D maps
are given. The development of the basic technologies of virtual and tactile hyperglobes is briefly described. The current
work is a precursor to the design of a universal interactive visualization environment for both virtual and tactile
hyperglobes.

Keywords
Hyperglobe, Digital globe, Virtual globe, Tactile globe, Spherical screen, Digital Earth

[TpoucxoxieHue u o01as XxapakTeprucTUKa TUIepriiooycon

Ha cerognsmnuii nens Ha cteike mapagurm «Digital Earth» (Eremchenko, 2020, 2021, 2022;
Anonpuenko, Epemuenko, Knumenko, 2017; Hruby, 2008) u «True-3D in Cartography» (Riedl,
2012; Buchroithner, Knust, 2013) pa3BuBaercs HampaBlIeHHE CHUCTEM HHTEPAKTHUBHBIX
T'CONMPOCTPAHCTBEHHBIX BU3yanm3anuii Ha 0aze rtunepriodyco (Riedl, 2000, 2007, 2012;
Buchroithner, Knust, 2013), Taxxe Ha3pIBaeMbIX ITU(GPOBLEIMU II100yCaMHU.

['unepriio0ychl SBISIOTCS MPEEMHUKAMH KJIACCHYECKOTO TIIodyca — MapooOpa3HOTO MakeTa

miaHeTapHoro tena. Mumes o mapooOpa3zHocTH 3emin pa3BuBaiach ¢ VI B. 10 H.D. TaKUMH

*

“Corresponding author
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AHTUYHBIMH MaTeMaTukamu, kak Iludarop, Apuctorens, Iparochen u np. (LLlernuxos, 2012).
Xots co BpemeH Mcaaka HproTOHa 1OKa3aHO W TOKa3aHO, 4TO (opma 3eMJIH HE SBISETCS
U€albHbIM IIAPOM, B HYJIEBOM MNPHUOIMKEHHMM MOXHO CUYMTaThb €€ TaKOBOM Ui YHPOLIEHHS
pacy€ToB.

I'mobyc ynmobGeH uis moONy4YeHHs OOLIero MpeACTaBICHHS O KOHTHHEHTAaX, KPYIHBIX
reorpauUecKuX peruoHax, OKeaHax | T.I. — II100aTbHON KapTHHBI MUpa. B TO ke Bpemsi OH IMeeT
JIOCTAaTOYHO MEJIKMI MacmTald U He CITOCOOEH MOoKa3aTh MECTHOCTH TOJIPOOHO.

I'moGycel UrparoT BaXKHYIO POJIb B HayYHO-IPAaKTHYECKUX mpuioxkeHusx. Hanpumep, B XVII
u XVIII Bekax riao0ychl ObUIM YaCThIO CTAHIAPTHOTO 00OPYIOBAHUS HA TOJUIAHICKUX KOpPAOIsaX U
ucnonb3oBanuck B HaBuranuu (Davids, 1986). B munotupyeMbix monérax B paMKax COBETCKOH H
pOCCHIICKOM KOCMUYECKOM mTporpaMmbl ¢ 1961 roa ucnosib30Baiuch HABUTAIIMOHHBIE WHIUKATOPbI
B BUJle Bpararouuxcs rinodycos (Puc. 1): koMmakTHbIi U QyHKIIMOHAIBHBIA PUOOP MOMEILaNcs B
MaJIorabapuUTHOM KaOMHE KOCMOHABTa MCIOJb30Baics BIIOTH 10 2001 roma a0 3aMeHBl ero

U(PPOBBIM aHAJIOTOM.

1'280' 300

Puc. 1. UuaukaTop MeCTOMONOKEHUS U MecTa nocaaku «I 1o0yc» Ha MmaHenu ynpaBlIeHUs] Cepun
KocMudecknx kopabieit «Bocxom» (ArcGIS Blog, 2018).

B CYHIHOCTH, FJ'IO6yC 06J1a,uaeT CJICAYIOIIUMU IIPU3HAKAMMU:

74. ananoroBslii criocod popmupoBanus n3odpaxenus (horoneyarTs, rpaBUPOBKA U T.11.);
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75. ocsi3aeMOCTh (MaTEpPHAIBHOCTD) TOBEPXHOCTH 11apa;
76. peanbHOCTh MPOCTPAHCTBEHHOT'O BOILIOLICHHMS.

C 2000 r. aBcrpmiickuii crnenuanucT Amnzapeac Pumn pasBuBaer KiaccuduKaInio
runepriaodycos (Riedl, 2000, 2007, 2012) (Puc. 2), ocHOBaHHYIO Ha J€KapTOBOM MPOU3BEICHUHU
IKaJI KATEeTOPUATBHBIX MPU3HAKOB (aHAIOTOBEIH, U(POBOIT) — (MaTepUaTLHBINA, HEMATEPUATHHBIN)
— (peasibHBIN, BUpPTyasbHBIN). Tak oOpa3yeTcsi BOCEMb TEOPETHYECKUX CYIIHOCTEH, W3 KOTOPBIX
YEeThIpE HMMEIOT CMBICII M peaju3yeMbl Ha IpakTuke. llepBas W3 4YeTbIpeX — BBIIICONMCAHHBIN
Kiaccuueckuii rnodyc. Ocrapuuecs Tpu UMEHYIOTCS THIEPriIo0ycamu:

*  BUPTYaJbHBII runepriodyc (uudpoBoil-HemaTepuaIbHbIIH-BUPTYIIbHBIN);
*  TaKTWIBbHBIN runepriodyc (uudppoBoii-MaTepraTbHBIR-peaIbHBIN);

* rojorpaduueckuii runepriaodyc (uudpoBoi-HeMaTepUaIbHbII-peabHbIi).

Fonorpaduueckunii BupTyanbHbIN

runepraobyc T _1nepmiobyc

TakTUNbHbIN
runepraobyc

r:

yudposol
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I
]
i
]
!
!
[
[
[
[
[}

cnocof domuposarun uobpaxeHun

OHAAC2086IU

AHa/IOroBbIU
rnobyc

Puc. 2. Knaccuduxkarus runeprio0ycos (niep. ¢ anrt. (Riedl, 2007)).

[Mudposoii cnoco0 ¢opMupoBaHUs H300paKE€HUs, XapaKTEpHbIM Ui BCEX BHJIOB
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THIIEPIII00YCOB, ONpeeNaeT UX albTepHATUBHOE HAa3BaHUE — IIU(POBBIE TIOOYCHI.

l'unepriioOycel  oOecreunBalOT  TPEXMEPHOE,  AHWMAIMOHHOE,  MYJbTHMEIUIHOE
npeacraBienne npoctpanctBa (Jlucumkuid, 2013), a Taxke wuHTEpPeHcs s 00pabOTKH
BU3YAIIU3UPYEMbIX JTAHHBIX.

[Ipedukc «rumepy» yKa3blBaeT HA CBsI3b C THUIEPMEAHA TEXHOJOTHSMH, IMOTOMY Kak
THIEPTIIO0YCHl CIIOCOOHBI 3aMEHSTh CTPYKTYPY THIIEPTEKCTOBOTO TOKyMEHTa Teorpadudeckoit
opranuzanueit (Tuttle, Sharolyn, Huff, 2008; Baturin, Eremchenko, Zakharova, 2019). Ilo stoit
npudrHe CHOPMHUPOBATIOCH ATBTEPHATUBHOEC HAMMEHOBAHWE BUPTYaAIbHBIX rumnepriodyco — 3D

reoOpaysepsl (anri. 3D Geobrowser) (Foresman, 2004; Aurambout, Pettit, Lewis, 2008).

['uneprinoOychl kKak nHTepakTHBHASA 3D KapTorpaduyeckas OCHOBA

Otobpaxenue kaprorpaduyeckoid oCHOBBI B 3D moBbIIaeT HarsIAHOCTh JaHHBIX (OpIios,
Kypxun, 2018). Ilpeumymectso 3D kapTel, Mo cpaBHeHHIO ¢ Jt0OoK 2D kaptorpaduveckoit
MpOEKIKeH, 3aKII0YaeTCs B HEHCKAXEHHOM MPEACTABICHUH TIOOAIBHBIX MPOCTPAHCTBEHHBIX
cootHomenuit (Riedl, 2007; Aurambout, Pettit, Lewis, 2008): u3BecTHO, YTO CHEPUUECKYIO
MOBEPXHOCTh HEJb3s CIIPOCLUPOBATh HA IUIOCKYIO KapTy 0e3 UCKaKeHMs IUIOIIaJel, pacCTOSIHUMA
W/WIW YTIIOB, YTO JIOKa3aHO B «3amMeyaTesibHOW TeopeMe» (B mep. ¢ yar. « Theorema Egregiumy)
["ayccom (Pressley, 2010).

[Tpunoxxenue B KapTorpaduu METOJOB M CPEIICTB KOMITBIOTEPHOU Tpaduku cCHOPMUPOBATIO
HOBBIM KJacc Kkaprorpaduueckux mpoayktoB «Digital Earth», oOnmagarommux orpoMHBIMH
IBPUCTHYECKUMHU BO3MOXKHOCTAIMHU (Eremchenko, 2022). HarnsamHOCTh ¥ HHTEPAaKTUBHOCTD CHCTEM
BU3yanu3alii Ha 0a3e TUMEPriIo0yCcOB MOCTYXKWIA JpaiiBepOM B Pa3BUTUU TEOBU3YAIbHOMN
aHATUTUKA. B OCHOBE T€OBH3yaJIbHOW AHAJIIMTUKH HAXOIATCA «METOAMKH, HAaIlpaBJICHHBIC Ha
HOJIEPKKY KOHCTPYHMPOBAHUSA HAEH HAa OCHOBE IpadUyecKoro OToOpa)kKeHUs MPOCTPAHCTBEHHBIX
JaHHBIX (HEpPEOKO B COYETAaHUM C NPUMEHEHHEM CTAaTUCTHYECKHX METOJOB WM METOJIOB
MojenupoBaHusi). ['eoBU3yallbHAas ~ aHAIMTHKA  SBISIETCS  CBA3YIOIIMM  3BEHOM  MEXAY
CIIOCOOHOCTSIMH TNOJIb30BaTeNel K TBOpUYECKOMY MblluleHHt0 (adaykuus no Y. Ilupcy), a Taxxke
WHIYKTUBHBIMU (CTPYKTYpUPOBAHHE JIAHHBIX, HHTEJUICKTYJIbHBIN aHAIHU3 U JIP.) U JACTyKTUBHBIMH
(BBIBOJI YMO3aKIIFOUEHUI M3 MHOXECTBA paHEe W3BECTHHIX MPABUJI U B3aUMOOTHOIICHUH H Jp.)
BO3MOXHOCTSIMU COBPEMEHHBIX KOMIIbIOTEpOB» (TukyHoB, 2015).

Vcnonp30BaHue BUPTYaJIbHBIX THIEPII00YCOB KaK MYJIbTU(YHKIMOHAIHHOTO WHCTPYMEHTA
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reOBU3yallbHOW aHAIMTHKU TpeaBocxuiiaercss Buue-npesuaeHTom CIIIA Ansbeprom ['opom B
kanre «Earth in the Balance: Ecology and the Human Spirity (Gore, 1992), a 3arem
KOHKpeTu3upyercs B BbicTymuieHuu (Gore, 1998), BomeameM B UCTOpUIO TOa Ha3BaHueM «The
Digital Earth: Understanding our planet in the 21st Century» (B nep. Ha pyc. «l{udposas 3ems:
noHnMaHue Hamel maanetsl B X X1 Beke»), cocrosiBiieecs 31 saBapst 1998 r. B Kanudopuuiickom
HayyHoM ueHTpe (anri. California Science Center) B r. Jloc-Anmxkenece. Brictymienue Obuio
OCHOBAHO Ha CJIEAYIOUIMX KJIIOUEBBIX TE€3UCAX:

e Jo0Ool uYeNoBEeK CMOXXET B3aMMOJEHCTBOBAaTh C TPEXMEPHBIM BPALIAIOIIUMCS
BUPTyaJbHBIM TJ00yCOM, OTOOpa)kaeMOM TNpU TOMOIIM KOMIIBIOTEpA, TEM CaMbIM
MOJy4aTh JOCTYN K OTPOMHOMY KOJIMYECTBY HAYYHOH WM KyJIBTypHOW WH(OpPMALUU
IUIs1 JIy4lIero HOHUMaHUs JesITeIbHOCTH YEJI0BEYECTBA Ha IIAHETE;

* bosbluas yacTb MUPOBBIX apXHBOB LU(POBBIX 3HAHUM OyaeT MyOJIMYHO JOCTyIHA
yepe3 ceTb MHTEpHET, 0/lHAaKO Takke Oy/eT CyIIecTBOBAaTh KOMMEPUECKHHM pPBIHOK
COITYTCTBYIOIUX TPOIYKTOB W YCIYT, OTYACTH JUIS TOAJEPKAHHS JOPOTOCTOSIIECH
UHPPACTPYKTYPHI.

I'op nmonoxwun Hayano napagurme «Digital Earthy — «mertadope nntepdeiica aus nocryna K
rio0abHBIM Ha0OpaM reoJaHHBIX C BRICOKUM pa3pelieHneM u ux Busyanusamum» (Riedl, 2007).

Urak, cnenys xnaccudukanuun Epemuenko E.H., nmpencraBnennoi B paborax (AHOMPUEHKO,
Epemuenko, Knmumenko, 2017; Baturin, Eremchenko, Zakharova, 2019; Eremchenko, 2020) u ap.
(Puc. 3), MOXXHO OTMETHTb, YTO THIEPIIO0YChl MEPEHHUMAIOT OT APYTUX KapTorpaduueckux
NPOJYKTOB 0a30BbIe HHTEPAKTUBHBIE CBOMCTBA:

*  OT IrI00yCOB — MHOTOPaKypCHOCTb;

*  OT reonopTajoB — MHOrOMacIITaOHOCTb.

BaxxHO OTMETHTH, YTO THUIEPrIIOOYCHl, B OTIMYHE OT AHAIOTOBBIX KapTOrpapuyuecKux
MPOJIYKTOB, CIIOCOOHBI MEPEKITI0YaTh, TOTMOIHATE © KOMOMHHPOBATh KapTOrpadudecKue CIOH, UTO
NPEJOCTaBIsAeT  BO3MOXKHOCTb  ONEPATUBHOTO  M3MEHEHUS  TEMaTHUECKOTOo  COJAEpKaHMs
Busyanuzanuu (bepnaut, 2007), B T.4. HA OCHOBE JAHHBIX, MOJIYYaeMbIX B PEKUME PEATbHOTO

BpPEMEHH.
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Digital Earth

Fnobycei MrHoromacwtabHocTs
OpHomacwrabHocTe MHoropakypcHocTe
MHoropakypcHocTb

KapTbl

leonoprans
OpHomMacuiTabHoCTs MHoroMaclTabHOCTE
OpHopakypcHocTb OpHopakypcHOCTb

Puc. 3. Knaccudukariust reonpocTpaHCTBEHHBIX BU3YaTU3AIIMK 110 CTENEHN CBOOOIBI B BEIOOPE
pakypca mpocMoTpa CIEHbI U JETATbHOCTU €€ 0TOOpakeHus (rmepepaboTaHHasi HIUTIOCTPALUS
(Anonpuenko, Epemuenko, Knmumenko, 2017)).

KpaTkoe onurcanue TeXHOIOTUI BUPTYaJIbHBIX TUIEPTI00YCOB

B nuTepaTypHBIX HCTOYHHMKAX B HAaWUMEHOBAaHMH «BHUPTYAJIbHBIA THIEPIIO0YC» HYacTO I
KPaTKOCTH OMYCKAalOT TPUCTABKY «THIIEP-»; B JaJbHEHIIEM TEeKCTe OyJeM SKBHBAJICHTHO
ynotpeOisaTh HAMMEHOBAaHUE C MPHUCTaBKoW U 0e3 He€, a Takke HaumeHoBaHue «3D reobOpaysep»
(Aurambout, Pettit, Lewis, 2008).

Buptyaneubiii tmo0yc — 310 «MmynbTumacmTabHas mudposas 3D-Monens 3emim, a TaKke
MHTEPAKTHBHOE MPOTPAMMHOE OOecTiedeHre Ui CHHTe3a n300pakeHus 3Toi 3D-Monmenn wimm e€
¢dbparmenTa Ha skpaHe moHuTopa» (boodkos, Jleonos, 2017; Cozzi, Ring, 2011).

B nanHOM KOHTeKcTe moj HHU(POBOH MOJENbIO MOHUMAETCS WHTEPAKTHUBHAS BU3YyalU3alys
3D cuensl, cocrosimas U3 IIaHeTapHOro Imapa B couetanuu ¢ 2D u 3D obpaszamu Haja-, OKOJIO- U
MOJ3eMHBIX OOBEKTOB B MpPHUBS3KE K reorpaduueckuMm kKoopaumHatam. [nmy6mna 3D creHel Ha
2D skpaHe oOIyIIaeTcss B pe3yjibTaTe ONTHYECKOW WILIFO3UM, JOCTUTaeMOMl C IOMOILBIO
CBETOTEHEH, MEePCIEKTUBBI U APYTUX MPUEMOB KomIbloTepHOoil rpaduku (Kraak, 1989).

W3HavaapbHO BUPTYalbHbIE TTI00YCHI MPEACTABISUIA COOON MYJIbTUMENINIHHBIC TPUIIOKEHUS B

(dbopMaTe SHIUKIIONEINYECKUX CHCTEM, PACIHpPOCTPAaHSEMbIX Ha ONTHYECKUX HOcUTensx kKak CD-,
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DVD- u np. nuckoB. M3HavaabHO BUPTYalIbHbIE TJI00YCHl MIPECTABISUIN COO0 MyJIbTUMEINITHbIE
NPWIOKEHUST B (opMare SHIMKIONEINUECKUX CHCTEM, PACIPOCTPAHIEMBIX Ha ONTHYECKUX
Hocutensx: CD, DVD u nip.. BBuny orpannyeHHOCTH 00bEMa XpaHEHUST HTHPOPMAIIUHA OTITUYECKHUX
HOCHUTEJEeH paspelleHrne TeKCTYp ObUIO HEBBICOKHMM, MOPTOMY MacIITaOMpOBaHUE ObLIO BO3MOKHO
BCEro JI0 HECKONbKHX nopsaakoB (bookos, Jleonos, 2017).

Ha py0Oexe TricsiueneTuit pocT JOCTYIMHOCTH W MPOIYCKHOU CrocoOHOCTH ceTu VHTepHeT B
COUETAaHHM C TMOBBIIIEHUEM KOJMWYECTBA M KauyecTBa CIIYTHHKOBBIX H300pa)KeHW, a TaKxke
BBIUHCIUTEIBHBIX MOIMHOCTEH TpadUyecKuX M LEHTPaJbHBIX MPOIECCOPOB, CIMOCOOCTBOBAIU
Pa3sBUTHIO U IIMPOKOMY BHEAPEHHMIO BUPTyalbHBIX TToOycoB (Aurambout, Pettit, Lewis, 2008;
bobOxoB, Jleonos, 2017). Ilepeunciiennbie (GakTOpbl CIETATA BO3MOXHBIM 00€CIeUeHHE pPaOOTHI
BUPTYaJIbHBIX TJIOOYCOB MOCPEACTBOM KJIMEHT-CEPBEPHOTO B3aUMOJICHCTBUS, 3arpyasi JJaHHBIE C
yAaNeHHBIX CEPBEPOB, B T.U. CIIyTHUKOBBIE TaHHBIE B peaTbHOM BpeMeHU. IMEHHO B 3TOT MOMEHT
BUPTYyaJIbHBIE TII00YCHI CTAJIH IO MpaBy UMeHOBaThes 3D reoOpaysepamu.

[TokoneHne BUPTYaIbHBIX TJO0YCOB KaK 3aKOHUEHHBIX MPHUIOKECHUH, aBTOHOMHBIX HWIIH
3aMKHYTBIX BHYTPH POJUTENICKONW MPOTPaMMHON 3KOCHCTEMBI, OBICTPO Hcyeprano ceds, T.K.
IIMPOKUN CHEKTP WX NPUMEHEHHs c1ab0 KOPPENUpOBAICA C OrPAaHUYCHHBIM IMpeaaraeMbiM
HabopoM (yHKIUH O3 BO3MOXKHOCTH MX MOIU(MUKAINU, JOOABICHHUS TMOAJEPKKH CBOMX THIIOB
JAHHBIX U UHTETpalu ¢ JpyruMu npuioxenusmu (bookos , Jleonos, 2017).

[ToaTomy BupTyasnbHBIE TTIOOYCHI MEepepopMaTUPOBAIUCH, BO BCTPAaWBAEMbIMl MHCTPYMEHT B
KayecTBe IMPOTPaMMHBIX OHONHOTEK M MPOrPaMMHBIX MOJIyJeH, B3aMMOJCHCTBYIOIIUX IIO
uHTepdeiicy nmpukiaaanoro nporpammupoBanus API (ot anrn. Application Programming Interface,
API). McxomHBIX KO TaKMX MPOTPAMMHBIX MPOAYKTOB, KaK MPaBUIIO, OTKPHIT U, COOTBETCTBEHHO,
MOXKET ObITh MOIU(PHUITPOBAH.

Ha cerognsiminuii genp Opay3epbl M WX TPOW3BOIHBIE (HAmpuMmep, MPOrpeccHBHOE web-
npwioxkenue (ot anra. Progressive Web App, PWA) u ap.) kak KpoccruiaTOpMeHHBIH
MHCTPYMEHT, KOHKYPHPYIOIIMHA MO TPOM3BOJUTEIHHOCTH C HATHBHBIMH CpeJamMH pPa3paboTKH,
CTaJl YHUBEPCAJIBHOW cpeno paboThl ¢ BUpTyalnbHBIMH TiioOycamu. Jlo 2010-x rr. peanuzanus
3D-rpaduku B 6pay3epax OCHOBBIBAJIOCH HA MJIATMHAX, HA UX 3aMEHY MPHUIIEN ONTHMH3UPOBAHHBIHA
3a CYET UCIOJIb30BAHUS HU3KOYPOBHEBBIX CPE/ICTB BBIUMCIICHUH HEMOCPEICTBEHHO Ha BHICOKAPTAX
cragmapr WebGL (ab0p. ot anrn. Web-based Graphics Library), sBistomerocss CocTaBHBIM
AJIEMEHTOM IISITOM BEpPCHUU s3bIKa THIEpTeKCToBOM pasmerku (ot anmi. HyperText Markup
Language 5, HTMLY).
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KpaTKOG OIMCAHUE TEXHOJIOTUM TaKTUJIBHBIX FI/IHGPFJIO6YCOB

N300pakeHre IUIaHETApPHOTO IIapa Ha IUIOCKOCTH TPEACTaBIIeT COOOW MPOCKIHIO |
Heu30exkHO mnpuBoAUT K mnorepe uHpopmauuu. C koHma XV Beka 3TOT HEJOCTAaTOK
KOMIICHCHPYETCSI Pa3BUTHEM TEXHOJOTMM MaKeTUPOBaHUS, YTO, B CBOIO OdYepelb, CHaydaja
HOCTYXKMJIO OCHOBAaHMEM JUISI IIUPOKOTO PAacCHpOCTPAHEHHUS KIACCHYECKHX TIJI00ycoB, a
BIIOCJIC/ICTBUH, BBUAY DPa3BUTHUS HHU(POBBIX TEXHOJOTUH BHICOOTOOpa)KEHUS, MOPOAMIO HOBYIO
CYIIHOCTh — TaKTHJIbHBIC THIIEPTIIO0YCHI.

N300paxeHne TaKTWIBHOTO rumepriodyca QopMupyeTcss Ha IOBEPXHOCTH  Ilapa,
Ha3blBaeMoi cdepuueckuM skpaHoM (C3). BBuay chepuyHOCTH SKpaHHOW MOBEPXHOCTH
MCXOJIHBIN IJIAHAPHBIN KapTOTrpapUUeCcKHil CII0M CTaHOBHUTCS TpeXMEepHBIM. B 3TOM cmbIciie 06pa3,
dbopMHpYEeMBIii TaKTHJIBHBIM THIIEPTIIOOYCOM, B OTJIMYHE OT BHUPTYaJIbHOTO, MMEET pealbHOE
npoctpancTBeHHoe Borwtomenue (Vega, Wernert, Beard, Gniady, Reagan, Boyles, Eller, 2014).
[Tonb30BaTenb TAaKTWIBHOTO THIEPrio0yca, B CYUIHOCTH, HAaXOJUTCS Iepel WHTEPAKTUBHBIM
MaKETOM — YMEHBUICHHOW TPEeXMEpPHOH MOJeNbi0 3eMJIM WIN JIPYroro chepuyeckoro HeOECHOTo
Tena, oOJamaromeld SJeMEHTAaMH WMMEPCHBHOCTH: AaHMMAIMOHHOCTh W, B pAJE CIIydaes,
CEHCOPHOCTh TMOBEPXHOCTH, BO3MOXXHOCTh OJIHOBPEMEHHOTO TPYMIIOBOIO IMPOCMOTpa C Pa3HBIX
paKypcoB.

VcxonHble naHHBIE BH3YaIM3allMd HEOOXOAMMO I'€OMETPHUYECKH KOPPEKTHO OTOOPa3HUTh Ha
3D skpane. 3amady pernpoeUpOBaHUs KapT CIEAYET pacCMAaTPUBATh KaK MEPBOCTEIICHHYIO 3a1ady.
HeoOxomumpiM ycroBHEeM Ui a/leKBaTHOM BHU3yallM3alldU SIBISIETCA PEHIEPUHT B DPEKUME
peanbHOro BpeMeHHM. Ilpm STOM Takke BaKHO OOECIEUYUTh OT3bIBUMBOE  YIPABJICHUE
BU3yalU3alliell B peaJlbHOM BPEMEHH, YTOOBI IOJIb30BaTeNb MOJYYHJ KOPPEKTHYIO OOpaTHYIO
CBsI3b B OTHOIIeHUU cBoux Manumyssiiuil (Hruby, Kristen, Riedl, 2008).

[Ipoekunonnsie CD  ObIBalOT TBEpAOTENbHBIMH WIM HagyBHbIMU. [lo  crmocoOy
HPOELMPOBAHUS PA3IEIAIOT CUCTEMBbl OOpAaTHOM M BHEIIHEH MPOEKIIUH.

[Tpu 0OpaTHOI MPOEKIMN UCKaKEHHE ITyYKOB CBETa, HE0OXO0AUMOE [T 0XBaTa BCeil obmacTu
CD, NpoUCXOIUT TPH TOMOIIM MIUPOKOYTOJbHBIX 00BeKkTHBOB (Puc. 4a), nmubo cucrembl
(Bemmykitbix) 3epkan (Puc. 406). B mociaepHem ciydae, ¢ 1ENbIO  YBEIWYEHUS SPKOCTH,
KOHTPACTHOCTH, a TAaKK€ pa3pelleHus] M300pakeHUsi, MOXKET OBbITh HCIOJIB30BAHO HECKOJIBKO
MPOEKTOPOB C COOTBETCTBYIOIIMMH YCTPONCTBAMHU HCKAXKEHHS ITyYKOB CBETA.

He)IOCTaTKOM TaKTUJIBHOI'O rnneprﬂ06yca TEXHOJIOTHH 06paTHOF0 MMPOCMPOBAHUSA SABJIACTCA
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HaJm4ue OeJbIX MATEH HIKe MpuMepHo -80 n/uiu Beime npumepHo 80 rpalycoB MUPOTHI, YTO, KaK
MpaBUIIO, CKphIBaeTcs KoHcTpykimeln (Vega, Wernert, Beard, Gniady, Reagan, Boyles, Eller, 2014).

TaxkTunbHbIEe TUNEPriIOOyChl TEXHOJIOTMH OOpPaTHOIO MPOELHUPOBAHUS SBISIOTCA Hambosee
pacrpoCTpaHEHHbIMM, T.K. OTJIMYAIOTCS MPOCTOTOM HSKCIUIyaTallud M CYLIECTBYIOIIUMU
peanu3alMsIMd B MOOWJIBHOM HCIOJIHEHHH, KOTJa BCE KOMIUIEKTYIOIINE OOBEIUHSAIOTCS B
MEPEHOCUMOM HIIM TIEPEIBIYKHOM TIPH TIOMOIIH KOJIECHKOB KOPITyCe.

B cnyuae BHemHero npoenunpoBanus (Puc. 48) Habop nmpoekTopoB HaxoauTces BHe CO, a cam
9KpaH JOJKEH OBITh YCTaHOBJIEH cTaTMYHO. OOBIYHO Takash CHUCTEMa COCTOMT M3 YeThIPeX
IPOEKTOPOB, PACHOJOXKEHHBIX HAa IUIOCKOCTH 3KBaropa c¢epbl; HHOTAA IS KapTUPOBAHHS
MIOJIFOCHBIX 00J1acTei Mcnosb3yercst MAThIid u mectoi npoekrop (Riedl, 2012). Takum o6paszom, B

3aBUCUMOCTH OT CTeneHn oxBaTa oonactu CD UCMOIb3yI0TCs OT 1 10 6 MPOSKTOPOB.

]

Puc. 4. Cucrtemsl 06paTHO# (a — Ha 6a3e 00BEKTHUBA «pBHIOUH TTa3», 0 — HA 6a3e cUCTEMBI 3epKall) ’
BHEIIHEH (B) MPOEKIIMOHHON TexHoJoruu runepriodycos (Riedl, 2012).

a o 8

3aKIYEHNE

['unepriio0ychl 3aKiIOYar0T OTPOMHBIN MOTEHIMad B 00paboTKe HayuyHOW HH(OpMAaIMH,
oOecrnieunBasi UHTEPAKTUBHBIN JOCTYI K JJaHHBIM LHIMPOKOMY KPYTY IOJIb30BaTENEH, BKIIIOYas JIUL,
NPUHUMAIOIIMX pEIIeHus, HcciaeaoBarened M oO0mecTBeHHOCTb. CHCTEMbl HMHTEPAKTHUBHBIX

BHSyaHI/ISaI_[I/Iﬁ Ha Oase BHUPTYAJIBbHBIX W TAaKTUJIBbHBIX I‘I/IHeprJ'IO6YCOB AdKTHUBHO PAa3BUBAKOTCSA Ha
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CETOAHSIIIHUN JIeHh KaK B HaNpPaBICEHUU HAy4YHO-O00pa30BaTENbHONW NEATENHHOCTH, TaK W
KOHKPETHO-TIPUKJIAHON, HAIIPUMED, B CUTYAlIMOHHBIX LIEHTPaX.

Hecmotpss Ha pasnuune TexHONOruid (OpMUPOBaHUS U300paKEHUS BUPTYAIbHBIX U
TaKTWIBHBIX TUIEPTIO0yCcOB, B OCTAIbHOM MPUHIUIBI pabOThl 000MX HAMpaBICHW BO MHOTOM
CXOXXHM JO HEKOTOporo ypoBHs aOctpakiuu. IlocKonbKy co3laHHe M ajanTalys CHUCTEM
MHTEPAaKTUBHBIX BU3yallM3alUil Ha 0a3e pacCMOTPEHHBIX KJIACCOB TMIIEPIIO0yCOB TPYJIOEMKO IS
KOKIOW OTAENBHO B3SITOM  3aJadyd, aBTOpaMH I[IpelajaraeTcsi Ha OCHOBE OOIIHOCTH
MOJIb30BaTENbCKUX UHTEP(HENHCOB KaXKJIOTO HUX KJIACCOB CIPOCKTHPOBATh YHUBEPCAIBHYIO Cpeay
paspabotku. IlogoOHast cpena ycTpaHMT (PparMEeHTapHOCTh PA3BUTUS TAKOTO MOTEHIHMAIBHOTO
WHCTPYMEHTApUS TAKTWIBHBIX THIEPrIO0yCOB, YTO MOXKET OBITh TEPEHSIT OT BHUPTYyaTbHBIX

r100yCcoOB, U HA0OOPOT, 11O MPHUHIIMITY B3aUMOOTIOTHEHHUS.
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