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1. BBEAEHUE

O0bekT wucciaeq0oBaHUA — MeETOJ (HaKTOPHOTO PA3IOKEHUS U €ro
MIPOTPaMMHO-AJITOPUTMUYECKOE OOECIEUCHHE MPU PEIICHUH 3a/ad OINpeJleTeHUs
KOPPEKTUPYIOIIHNX CJIATaeMbIX U MHOKHUTEJEH MPU OLIEHKE OCTATOYHBIX CTATUYECKUX
BpEMEH, aMIUIUTyA, (OpMbI CUTHAJIa B YCJIOBHUSX HEOJHOPOJIHON BEpXHEW 4YacCTH

reosiorudeckoro pazpesa (BUP).

AKTYaJIbHOCTH

Pa3Butne mporpaMMHO-aJITOPUTMHYECKHMX OCHOB MeTona  (haKTOPHOTO
pasnokeHusi (JIEKOMIO3UIMK) OJIHA U3 AaKTyallbHBIX 3aJlad B COBPEMEHHOU
ceiicmopaszBenke. B ycnoBusix pacrymiero o0b€Ma JIaHHBIX CelicMOpa3BeAOYHBIX
paboT, B TOM 4uHnciie BRICOKOTUIOTHBIX [Alexander et al., 2017; Bekeshko et al., 2021],
BO3HHMKAET OCTPasi HEOOXOAMMOCTh B UX OBICTPOI U TOYHOU 00paboTKe. AJITOPUTMBI
¥ WX TporpamMMHasl peanw3ais, paspadotranHple B 70-X rogax W OCHOBaHHBIC Ha
uTeparmonHbx Metonax [['ompauH, Mutpodanos, 1975; Murpodanos, 1978; Taner,
Koehler, 1981], B HacTosimiee BpeMsi He 00J1a7a0T 10CTaTOYHOM CTEIEHBI0 TOUHOCTHU
MOJIy9aeMoro pe3yibTaTa, OCOOCHHO B CIydasX, KOTJa CEHCMUYECKHE IaHHBIC
BKJIIOYAIOT JUIMHHOIIEPUO/IHBIC BapHaluy (Bapualuu, Mepruoji KOTOPhIX MPEBBIIIAET
JUTMHY paccTaHOBKH Oosiee yeMm B 1.5 paza) [Mitrofanov, Goreyavchev et al., 2019;
2021; 2022; Mitrofanov et al., 2019]. Tlpu 3ToM B OOJBITMHCTBE COBPEMEHHBIX
PEIICHHI UCTIONB3YIOTCS UMEHHO uTepaironHbie MeTonbl [Feng et al., 2011; Faquan,
2011; HaBnerxanoB, 2014; JlaBmerxanoB, CwumnaenkoB, 2016; Kazemi, 2016;
HNasnerxanoB, 2017, Murpodanos, ['opessueB, 2017; Giiliinay, 2017], uyto
yKa3blBaeT Ha HEOOXOJAMMOCTh IIOMCKA HOBBIX peNICHUH. 3amadyu, peniacMble
MeToJ0oM  (haKTOPHOTO  pasNioKEHUss B 00pabOTKE CEMCMUYECKHX JaHHBIX,
TPaJMIIMOHHO OIPECISIIOTCS B IMOBEPXHOCTHO-COTJIACOBAHHOW IMOCTaHOBKE, T.C.
IpearnoiaraeTcs MNpPUBEICHUE YCIOBUM BO3OYXKICHUS U NpUéMa CEHCMUYECKOTO

CUTrHaJla K HACAJIbHBIM IIOBCPXHOCTHBIM YCIIOBUAM — OI[HOﬁ IMOBCPXHOCTHU (HO
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KHHEMAaTHYeCKUM (BpEMEHa) WM JIWHAMHYECKHM (aMIuuTyna, (opma curxana)
XapaKTEePUCTUKAM ).

CoBpeMEHHBIE BBIUUCIUTEIbHBIE PECYPCHl OTKPHIBAIOT HOBBIE BO3MOXHOCTHU
U1 00pabOTKHM 3HAYMTEIIBPHBIX O00BEMOB CEHCMHUYCCKUX JaHHBIX, YTO paHee OBLIO
HEJIOCTUKUMO H3-3a OTPAaHUYEHHBIX MOIIHOCTEH. B CBsI3M C 3TUM aJIrOpUTMBI,
OCHOBAaHHbIE Ha NPSIMOM pEIICHUU CUCTEM JIMHEWHBIX YpaBHEHUM, CTAHOBSTCS
NEPCIIEKTUBHBIM HAMpaBIIEHUEM, OCOOEHHO Oiarogaps BO3MOXXHOCTH BKIIOYEHUS
anpuopHoi nHpopmanuu. B oTiaudne oT uTepaluoOHHBIX METOJI0B, TAKHE aJTOPUTMBI
00€eCIeunBalOT PEIIeHNe C BBICOKOM TOYHOCTHIO 3a CYET OOpaIieHHs MaTPHIIbI
CUCTEMBI JIMHEHHBIX YPAaBHEHM, YTO OCOOCHHO BaXKHO MpU padoTe ¢ OOIBIITUMU
MAaCCMBaMH JAHHBIX U CIIOXKHBIMU ceiicMuueckumu curHainamu [['opesiBues, 2016;
2018; Kymnapes, ['opesiBues u ap., 2018a; 20186].

B kauectBe anpuopHoit mHDOpManuu mpu 00pabOTKEe CEHCMHUYECKUX JAHHBIX
MOTYT OBITh UCIIOJIb30BaHbl 3HaUeHUs1 MUKpocericMokapoTaxa (MCK) unu nansasie o
dbopme curHaina, moJiydeHHbIe NMPU BEPTUKAIBHOM CEMCMHYECKOM MpO(UINpPOBaHUS
(BCII). Ognako o0bEMBI anpuopHoOi MHGOPMALIMK, HEOOXOAUMON ISl KOPPEKTHOTO
peleHus 3aJadyd, B YaCTHOCTH, ISl YCTPAHEHUsS UIMHHONEPUOIHBIX Bapualldil B
JTAHHBIX, OKa3bIBAIOTCS UPE3BBIYAMHO OOJIBIIUMH, OCOOCHHO B Cllydae IUIONIaJIHON
cericMopa3BeKu. JTO jnenaeT npoBeneHue wuccnegoBannii MCK  mpaktuuecku
HEBO3MOKHBIM M3-32 WX BBICOKOM CTOUMOCTH. BO3MOXHBIM mepexon K
HCIIOJIB30BaHUIO TICEBAOANPUOPHON HHGOpManuK, obecrednBaromiell ¢GUKCcaIuo
HEOJHO3HAYHO OMpe/eNiieMble KOMIIOHEHThI B JIaHHBIX, NPEACTaBIsET COOOM
BapMaHT MHHUMH3ALMHA KOJIMYECTBA AaNpUOpPHBIX JAaHHBIX. [lceBpoampuopHas
uHOpMaIMs SBISICTCS YUCTO MaTeMaTHYECKUM OOBEKTOM, HO B HEW HMeEeTCs U
(GU3HYECKUIl CMBICH, 3aKITIOYAIONIUICS B NMPUBEICHUN HAOMIONCHUA K HEKOTOPHIM
UCABHBIM YCJIOBUSIM TIPOBOJUMOTO T€0(PH3NIECKOTO IKCIIEPUMEHTA. DTH YCIOBUS
o0ecrnieunBalOTCsl, HApUMeEp, Ha MUIOCKUX WM HAKJIOHHBIX MOBEPXHOCTSIX. Takoi
MOJXO/J HE TOJBKO KOMIICHCHPYET HEIOCTaTOK HWH(OpMAIMi, HO W TOBBIMIACT
TOYHOCTh PELIEHUMN 32 CYET KOPPEKTHOU OLIEHKU JIMHHOIMEPUOIAHBIX KOMIIOHEHT B

ceiicMuueckux AaHHbIX [Murpodanos, ['opesiBues u np., 20230].



[lonyueHHble paHee pelIeHHsT Ha OCHOBE MPsAMOro oOpamieHus C
BO3MOXHOCTbIO BHECEHHUSI IICEBJOANPUOPHON HH(OpMAIMKM  OrPAHUYMBAIOTCS
npoduibHbIMU JaHHBIMU [Mutpodanos, 1975; Cambois, Stoffa, 1992; van Vossen,
Trampert, 2007]. lpu >ToM ais TMJIOMIATHBIX JAHHBIX PEIICHHE TaK M HE OBLIO
Haiiieno. OgHako ceiiyac pa3paboTka ajlrOpUTMOB IMOBEPXHOCTHO-COTJIACOBAHHOM
KOPPEKIIMU CUTHAJIOB Ha 0a3e MpsMOro oOpalieHus MaTPUIbl CUCTEMBbI JIMHEHHBIX
YPAaBHEHHM OTKPBHIBAET HOBBIE BO3MOXHOCTH JUISl TOBBILIEHHUS TOYHOCTH, a B
HEKOTOPBIX CIydasX U CKOPOCTH 00paOOTKH TUIONIAJHBIX CEICMUYECKUX TaHHbIX.

Heap  ucciaeaoBaHust —  Pa3BUTHE  IPOIPAMMHO-AITOPUTMHUYECKOU
COCTaBJISIIOIICH MeTo/1a (haKTOPHOTO Pa3JI0KEeHUS JAOMOJTHEHHEM CUCTEMbI JTMHEHHBIX
YPABHEHUH [CEBAOANPUOPHON WM anpHOPHOM HH(OpManued aas MNOBBIIIEHUS
TOYHOCTH PEIICHUS OOpaTHOM 3a/Jaud IO JAHHBIM ILIOIIAJHOM CEHMCMOPA3BEIKH, a
MMEHHO OIpeJeIeHUs KOPPEKTUPYIOIIUX ClIaraéMbIX W MHOXHUTEJIEH IPHU OIICHKE
OCTaTOYHBIX CTaTUYECKUX BPEMEH, aMmIUIUTyA, (OpMbl CcuTHajIa B YCIOBHSIX
HeoHOpoaHOM BYP.

Hayunasi 3agaya — pa3paboTaTh M OPOrpaMMHO pPEAM30BATh AITOPUTM
MMOBEPXHOCTHO-COTJIAaCOBAHHOW  KOPPEKLIMM  KUHEMAaTH4YEeCKUX  (OCTaTOYHBIX
CTaTUYECKUX BPEMEH) U JMHAMUYECKUX XapaKTEPUCTUK (aMILTUTY I, (POPMBI CUTHAIIA)
no JAaHHbIM npodunpHON 2D wm mnomanHoil 3D celicMOpa3BeIKHM METOAO0M
(aKTOpPHOTO Pa3IOKECHHUS.

Tanbl HCCJIEI0BAHUS

1. AHanmuTu4ecKuid 0030p U3BECTHBIX U3 MTyOJUKALMI aJITOPUTMOB KOPPEKLIUU
CEHCMUYECKUX CUTHAJIOB Ha OCHOBE MeTO/Aa (PAKTOPHOIO pas3ioKEeHUs C
[EJbI0 TIOBBIIMICHUS TOYHOCTH PEIICHHS OOpaTHOW 3adauyd B YCJIOBHSX
HeoaHopoaHou BYP.

2. Pazpabotka  anropuTMa  MOBEPXHOCTHO-COTJIACOBAHHON  KOPPEKIIMH
KMHEMATUYECKUX W  JAUHAMUYECKUX  XAPAKTEPUCTUK CEHCMHUUYECKUX
CUTHAJIOB ISl 00paboTKu OO0JbIIMX OOBEMOB JAaHHBIX ILIOIMaAHOW 3D
celicMOpa3BeJIKM C MPUMEHEHUEM HTEPAlIMOHHBIX U MAaTPUUYHBIX METOOB

pELIEHUs CUCTEM JIMHENHBIX YPABHEHUMN.



Breimonnenue YU CJICHHBIX OKCIICPUMCHTOB 1A IIPOBCPKHU

paboTOCIIOCOOHOCTH ~ aJiTOPUTMA HA  PA3NIMYHBIX TUMAX  (PAKTOPHBIX

Mojaenel,  Takux  Kak  AByX(dakTopHble,  Tpex(dakTOpHBIE U
YeThIpeXpaKkTOPHBIC.
Co3nanmne HAYYHO-HCCIIEeIOBATEIbCKON BEPCUU MIPOTrPaAaMMHOTO

obecrieyeHus, peaIu3yIoliero MpeJIoKEHHbI alropuT™M Jjis 00pabOoTKU
2D npodunbHbIX U 3D MIOMIAHBIX CEMCMUYECKUX JTAHHBIX.

TectupoBanue pa3paOOTAHHOIO aJTOPUTMA JJISl PEIICHHUS Pa3HbIX TUIIOB
3a7a4 (TIOBEPXHOCTHO-COTVIACOBAHHON KOPPEKIMU OCTATOYHON CTAaTHKH,
MOBEPXHOCTHO-COTJIAaCOBAHHOM KOPPEKLUUHU aMIUIUTYJ; IOBEPXHOCTHO-
COTJIACOBAHHOM JIEKOHBOJIIOIINH).

Amnpobanust  pa3pabOTaHHOTO aJropuT™Ma TMpu 00pabOTKE peabHBIX
CECMMYECKUX JIaHHBIX (WHXXEHEpPHbIE MOpPCKHE MpOQHUIbHBIE JTaHHBIE,
HA3eMHbIE TUIOIIA/IHbIC JAHHBIE).

Hccnenoanne oOMacCTH MNPUMEHEHUS MTEPANMOHHOTO M MaTPUYHOTO
BAPUAHTOB peaI3allUd AJITOPUTMA TPU PEIICHUU 3a/lad MOBEPXHOCTHO-

COIIACOBAHHOM KOPPEKILHUH aMIUTATY]T U IEKOHBOJIFOLINH.

Teopusi, MmeToabl HccaeA0BAHUA, GAKTHYECKUI MaTepUaJl, MPOrPaMMHOe

o0ecreuenue

OCHOBOI#1 7151 peleHus TOCTaBJICHHON 3a/1aui SIBJISTFOTCSI:

TEOpUs. JAUCIEPCUOHHOTO aHaau3 M Oa3upylolMiics Ha HeH MeTon
(aKTOpHOTO Pa3’I0KEHUS; UCHOJB3YETCs JJI BbIUMCIEHUS (PAKTOPOB IO
JKCIIEPUMEHTAIBHBIM JJaHHBIM,;

CBEPTOYHASA MOJEIb CEHCMHMUYECKOTO CUTHAJIA, KOTOPAsk UCIIOIB3YETCs Kak
OCHOBA JUIsl BBIYMCIICHUS MOJEIBbHBIX JAHHBIX, MPOBEACHUSA YHUCICHHBIX
JKCIIEPUMEHTOB M  BKJIIOYACT BIUSHUE HUMIIYJIbCHOIO MCTOYHHKA,
XapaKTepUCTUK T'EOJOTUYECKOW CpeAbl, CEMCMHUYECKOr0 IPUEMHHUKA U
VU3MEHEHUM XapaKTEPUCTUK CUTHAJIA C YIAAICHUEM;

COBPEMEHHBI MaTEMaTUYECKOM ammapaT JUHEHHON anreOpbl, a UMEHHO

pelIEHNe CHUCTEM JIMHEWHBIX YPABHEHUM IpPU IOMOIIM HTEPALMOHHBIX



(meton I'aycca-3eitaens, meroq LSQR, meronq BICGSTAB, B ToM uncie ¢
UCIIOJIb30BAaHUEM  Tpefo0yclaBnvBaresieil) W MaTPUYHBIX  METOJIOB
(paznmoxxeHre XOJIELKOr0, BBIYMCIEHHE IICEBAOOOPATHOW MATPHULBI C
ucrnoiab3oBaHueM SVD-paznoxeHus).

JI71s1 OlIEHKHM TMHAMUYECKUX XapaKTePUCTUK CUTHAJIA UCIIOIb3YIOTCS METO/IbI:

- OLICHKHU CNEKTPATbHBIX XapaKTEPUCTUK CEUCMUYECKOIO CUTHAJIA HA OCHOBE

opIcTpOTO NpeodpazoBanus Oypsoe;

- TOCTPOEHUS KOPPEKTUPYIOIIUX (PUIHTPOB HA OCHOBE ONTHUMAaJIbHOMN

Buneposckoii puibrpanuu.

st paGoTel ¢ OONBIIUMU O0BEMAMHU CEMCMHUUYECKHX JIaHHBIX W XPaHCHHUS
OOJNBIIMX MATPUI] UCIOIB3YETCS] pa3peKEeHHbIM ¢GopMaT JaHHBIX. AJTOPUTM
peann30BaH Ha s3bIKE MporpammupoBaHusi Python c¢ mcmons3oBanmem OMOIMOTEK
SCIpy ¥ numpy ¢ JHIEH3Uel cBoOo1HOTO TporpaMMHoro obecrnieuenust BSD (BSD —
Berkeley Software Distribution).

ArnpoOanusi pa3paOOTaHHOTO aJIrOpPUTMAa BBIMOJHEHA HA PEATbHBIX JaHHBIX
WHXEHEPHON MOPCKOU celicMopa3BellkH (MOyUYeHHbIX couckaTteiaeM B 2015 roay B
xoqie benomopckoit reopusnueckoii mpaktuku MI'Y coBmecTHO ¢ K.T.H. TokapeBbIM
M.IO. u x.1.H. Iluporosoit A.C.), a Takke Ha AHOHUMHU3UPOBAHHBIX JaHHBIX
IUIOIIATHOM  HA36eMHOM  CEMCMOpA3BEIKH, IPENOCTABIEHHBIX  IApTHEPCKOU
opranu3anueii. TOYHOCTP W CKOPOCTH paboThl pa3pabOTaHHOTO AJITOPUTMA
OIICHUBAJIUCh B CPABHEHUU C MPOMBINLICHHBIM MMaKETOM OOpPa0OTKU CEUCMHUYECKUX
naHHbIx Geovation Mo akaJeMHUYeCKOW JTMLIEH3HH.

3ammiaemblii pe3yJabTar:

AJITOPUTM MOBEPXHOCTHO-COTJIACOBAHHON KOMIICHCAIIMM KUHEMAaTHYECKUX U
TUHAMUYECKAX XapaKTePUCTHK JaHHBIX mnpodmibHO 2D wu mmomannout 3D
CEHCMOpa3BEJIKU C JIOMIOJIHEHUEM CHUCTEMBbI JIMHEWHBIX anreOpandyecKkux ypaBHEHUN
MICEBI0ANPUOPHOI/anprOPHON HH(OpMALIMEN U €r0 IPOrpaMMHas peanu3alysl.

Hay4ynast HoBU3HA

HaiineHO HOBOE€ pelIeHHE 3a/lauyd MOBEPXHOCTHO-COTJIACOBAHHON KOPPEKLIMU

CEHCMHMUYECKUX CUTHAJIOB METOAOM (haKTOPHOIO PA3JIOKEHUSI HAa OCHOBE MPSIMOIO
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MaTpuyHOTrO oOpamenus i npoduabHbIX 2D m mnomanaeix 3D celicMuyecKkux
JTAaHHBIX:

- nmaa oOecneyeHuss €IWHCTBEHHOCTH W YCTOMYMBOCTH PEIICHHUS CHUCTEMBI
JIMHEMHBIX YPAaBHEHUWW C HCHOJIb30BAHUEM IIOJMHOMHUAIBHOTO Pa30KEHUS
(hakTOpOB OMPEACICHO KOJWYECTBO W THUI HEOJAHO3HAYHO OIpeeasieMbIX
KOMIIOHEHT (KOHCTaHT, JIMHEWHBIX U MapadOJIMUeCKUX COCTABIISIONINX),
HEOOXOIUMBIX ISl pa3HbIX TUIOB (PAKTOPHBIX MOENeH Ms Iuiomaanon 3D
CEMCMOPA3BEJIKY;

- C UCIOJIb30BAHUEM PA3JI0KEHU XOJICIIKOTO B KAUECTBE PEIIATENS U BHECECHUS
JIOTIOJIHUTENIBHBIX ~YpaBHEHUHN (IICeBAOANpPHOpHONM HWHGOpPMAllUKM B BHUJIC
(ukcauM KOHCTAHT, JMHEHWHBIX W MNapabOJUYECKUX COCTABJISIONINX) B
cucTteMy JuMHeWHo-anreOpandeckux ypaBHenuit (CJIAY) — ¢ BbIcOkoO#
TOYHOCTBIO TTOYYE€HBI OLIEHKH JUIMHHONIEPUOAHBIX BapHalliii B CEMCMUYECKUX
curHanax nns npodunbHoi 2D u mnomagHoit 3D  celficMopasBeiaku B
MTOBEPXHOCTHO-COTJIACOBAaHHOW MOCTaHOBKE.

JIMYHBIN BKJIAJ

CouckareneM  pa3paboTaHbl W pealM30BaHBl B BHJE  HAy4YHO-
UCCJIEOBATEILCKOM BEPCHU TMPOTrPAMMHOIO TIPOJYKTa airoputMa (pakTOpHOTO
pa3oKEHUd MW PEIICHUS 33Ja4yd MOBEPXHOCTHOW-COTJIACOBAHHOW KOPPEKUUHU
CEHCMHMUYECKHUX CUTHAJIOB U €r0 COCTAaBJISIONINE:

* Uit paboThl ¢ POoGUIbHBIMA 2D NaHHBIMU — B UTEPAIIMOHHONW W MaTPUYHOU
MMOCTAaHOBKE;

* st paboThI ¢ IIOMAAHBIMA 3D HaHHBIMU — B UTEPAIMOHHON M MATPUYHOMU
IMOCTAaHOBKE;

* JUI JEKOHBOJIIOIIMA — HA OCHOBE MATPUYHOTO METOJA C JOTOJIHEHUEM M
paznoxenust Xoseukoro (coMectHo ¢ I'.C. UepHBIIIIOBBIM).

BpimonHeH CpaBHUTENBHBIA  aHANW3  PE3YyJIbTATOB  MWTEPALIMOHHOTO U
MAaTPUYHOTO METOJIOB, CAEJaH BBIBOJ O TpaHUIAX MPUMEHMMOCTH KaXJOTO U3 HUX
MIPU PEIICHUU 33Jla4 B MOBEPXHOCTHO-COIJIACOBAHHOM MOCTAHOBKE (MTEPALIMOHHBIM

MCTOA — JIA HOBCpXHOCTHO-COFHaCOBaHHOﬁ KOPppCKIUU aMIUIUTYd W OCTATOYHBIX



10

BPEMEH IO JaHHBIM IUIomaaHo 3D celicMopa3BeK1, MAaTPUUYHBIIA METOJ] — JJIsl BCEX
TUTIOB 33Jiad MO JaHHBIM TNpoduiabHOi 2D celicMopa3Bekn W JIEKOHBOJIOIUHA T10
JAHHBIM TUI0IaAHou 3D ceiicmMopas3Benkn).

UucneHHbIMU SKCIEPUMEHTAMHU 110 CUHTETUYECKUM JIAHHBIM, MOJIYUYEHHBIM I10
(akTOpHBIM TPEACTABICHUAM JUIsl PA3JIMYHBIX TUIIOB MOJECJIEH, OmpenesieHa CBS3b
MEXKJIy TOYHOCTBIO OIEHKHU JUIMHHONEPUOJHBIX BapUAIMN U TUIIOM CEHUCMUYECKOU
PAcCTaHOBKU IMPU UCIIOJIb30BaHUN UTEPALIMOHHOTO METO/A.

BrinonHeHo comocTaBiieHHe pe3ysIbTaTOB PabOTHI arOpUTMa ¢ pe3yJibTaTaMu
W3 M3BECTHOTO MPOM3BOACTBEHHOTO TMaKeTa OO0pabOTKA CEMCMHYECKHX JaHHBIX
(Geovation) Ha MOpPCKHX (MHKEHEPHBIX JaHHBIX, MOJYUYECHHBIX B akBaTopuu bemoro
MOpsI COMCKATeJIeM B XOJi€¢ NpPOXOXKJeHus reodusnyeckor npaktuku MIY) u
Ha3€MHBIX JIAHHBIX.

Teopernueckasi U NpaKTHYeCKasi 3HAYMMOCTh

JlocToMHCTBOM ~ pa3pabOTaHHOro  ajiroputTMa (MaTpUYHOM peaTu3aiimn)
ABJISIETCSI BO3MOXKHOCTh BHECEHHUS IICEBIOANPUOPHOM/anpUOpHOM HH(pOpMaLUU
HEIMOCPEACTBEHHO B X0J1€ MOJIYYEHHUS PEIICHUSI CUCTEMbI JIUHEUHBIX YPaBHEHUM. DTO
MIO3BOJISIET C BBICOKOM TOYHOCTBIO MOJYYUTh OLEHKHU BapHallui JJIMHHOIEPUOIHBIX
KOMITIOHEHT B CEMCMHYECKHX CHUTHallaX. JTO OCOOEHHO Ba)XHO, €CIIM alNpPUOPHOU
vHpoOpMalMu  HEJOCTAaTOYHO WJIM OHa OTCyTCTByeT. B  Takux ciydasx
nceBmoanpuopHas WH(OpPMAIUsS CTAaHOBHUTCS KJIIOYEBBIM HWHCTPYMEHTOM ISt
MOBBIIIIEHNS YCTOWYMBOCTH M HAJEKHOCTH pE3yJIbTAaTOB OIICHKU Bapualuid B
CEHCMUYECKUX CUTHAJIAX.

BaxHyto poip B UTEpalMOHHOM METOJI€ MIPAET CBA3HOCTb CHUCTEMBI
CEHCMHMYECKUX HAOJIOJICHUI: YeM MEHbIIE CBSA3HOCTh HAOJIOJCHUN MEXKIy COOOMH,
TEM HUXKE CKOPOCTh CXOJUMOCTH MTEpAaTUBHOTO permiarens. [loatomy npu Hanboiee
"BBITSHYTHIX" CHCTEMaX, /i€ HAOJIIOICHUS pacipeie]IeHbl HEPAaBHOMEPHO HJIA UMEIOT
c1abyr0 B3auMOCBsI3b, Oojee A(DPEKTHUBHBIM MO TOYHOCTH MOJIYYAE€MbIX OIIEHOK
OKa3bIBACTCS MATPUYHBIN MOJXO/, TOCKOIBKY OH HE 3aBUCHUT OT IJIaHA HAOIIOJCHUN
u o0ecrneuynBaeT CTaOWIHHOCTh PE3yJIbTATOB HE3aBUCUMO OT TE€OMETPUH

pacCTaHOBKH.
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Eme oaHMM NpeMMyliecTBOM aIropuTMa B MaTpUYHOW pealu3alvyd B
COIOCTaBJICHUHU C UTEPAIIMOHHBIMU PealU3alUusIMU SBIsETCA €ro 3(PPEKTUBHOCTD MPHU
pELIEHNN 3aa4i IOBEPXHOCTHO-COTJIACOBAHHOW JEKOHBOJIOLMHU 34 CYET BBICOKOU
CKOPOCTH M TOYHOCTH IOJy4aeMOI'O PEIIEHUs. OTO MPEUMYLIECTBO JOCTUTAETCS
Oylaroyiapsi MCHOJB30BAHUIO €IMHOIO peIlaTesisi, a UMEHHO Pa3JIOKEHUS MaTpUIIbl
MeToA0M XOJEUKOr0 OAMH pa3 € MOCIEIYIOIHNM IEPEMHOXKEHHEM C BEKTOPAMH
IPaBbIX YacTeil, B OTIMYME OT UTEPAIMOHHOIO METOAa, Iae TpeOyeTcs 3amycKaTh
pemarenb HE3aBUCHMO JUISl  KaXIOM YacTOThl CHEKTPa, YTO 3HAYUTENIBHO
YBEJIUYMBACT BBIYMCIIUTEIBHBIE 3aTPaThl U BPEMs MOMCKAa PELIECHUS COU3MEPHUMON
TOYHOCTH.

JocToBepHOCTD

BrIcOkas 1OCTOBEPHOCTH PE3yNbTAaTOB peaNU3alUy AITOPUTMA IIOBEPXHOCTHO-
COTrJIaCOBAaHHOM KOPPEKLUU CEHCMUYECKUX CUTHANOB (MATPUYHBIM U UTEPALIMOHHBIN
cnoco0), MOCTPOEHHBIX HA OCHOBE (PAKTOPHOIO Pa3joKEHHUs, ONPEEsIach IMyTeM
MaT€MAaTU4YECKOrO0 MOJEIUPOBAHUS, a TAKXKE CpPaBHEHHUS C PE3yJbTaTaMH,
NOJIyYEHHBIMH HA AHAJIOTMYHBIX peaju3alusxXx W3 [POMBIIUIEHHOTO IIaKeTa
obpabotku (Geovation). OcHOBHBIE pe3yJbTaThl pabOTHl TMPEACTABICHBI Ha
MEXKIYHAPOJIHBIX U POCCHMCKUX KOHbepeHiusx. MccnenoBanue moaaepKuBaioch
rpanToM POOU 19-35-90087 «IIpumenenre GpakTOpHOTO pa3iokKeHUs MPU aHATU3E
Y y4eTe U3MEHEHUN CEMCMUYECKUX CUTHAIIOB).

I[Hy0aukanun

Pe3ynbTaTel Mo TeMe nuccepTalvM U3J0KEHBI B 23 NEYaTHBIX HU3JAAHUAX, U3
KOTOpPhIX 6 — B pElEH3UPYEMbIX HAay4YHBIX XypHaiaxX (4 U3 HUX PEKOMEH/IOBaHbI
nepeuHeM Bbicuieil arrectaunoHHol komuccuu (BAK)), 17 — B cOopHuKax Tpy10B
koH(pepernuil. Ha pa3paboTaHHbIi anTOPpUTM M €ro MPOrpPaMMHBIC COCTaBIISIONINE
NOJIy4eHO 4 CBUAETENBCTBA O TOCYIApCTBEHHON peructpaunu nporpamm 9BM.

O0bem u cTpykTypa padothl Jluccepraius COCTOUT U3 BBEACHHUS, TPEX IJ1aB
n 3amoueHus. [lomHbli 00beM muccepTanuu coctaBiser 125 crtpanmm ¢ 65

pucyHkamu. CUCOK JIUTEPATyPhl COACPKUT 95 HAMMEHOBaHUA.
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buaarogapuoctu

ABTOp riyOOKO NpPHU3HATENEH CBOEMY HAyYHOMY PYKOBOAMTEINIO, JOKTOPY
¢usuko-matemarnueckux Hayk .M. MwutpodaHoBy 3a ydyacTH U TOIICPKKY B
PELICHUH Pa3HbIX BOMPOCOB U MOCTAHOBKY Hay4YHOU 3a/1a4u

ABTOp BBIpaXkKaeT 0J1arogapHOCTh 3aBEyIOIIEMY naboparopuei
JUHAMUYECKUX TMpobsieM ceilcmMuku K.(p.-M.H. A.A. JlyuykoBy 3a HEH3MEHHYIO
NOJJIEPKKY, KOHCTPYKTUBHYIO KPUTHKY M II€HHbIE PEKOMEHJALUU, KOTOpbIe
CHIOCOOCTBOBAJIM YCIIEXY HCCIEIOBAHUS.

bnarogapHocTh 3a npodeCcCHOHANBHYIO IMOMOIIb aBTOP BBIPAXKAET CBOHUM
omuskuM kosieram I'.C. YepneimoBy, A.C. MarseeBy, k..-M.H. A.B. SI010Kk0BYy 1
k.r.-M.H. A.B. ApedneBy. ABtop Omaromaput koster k.p.-m.H. C.A. ConoBneBa,
n.¢.-m.H. FO.W. Konecnukosa, k.p.-m.H. C.B. SckeBuua, k.1.H. C.b. ['opmikanéna,
B.B. Kapcrena, k.r.-m.H. T.B. Hedénxuny, n.¢.-m.H. M.U. Ilporacosa, a.¢.-mM.H.,
npodeccopa, B.A. Uesepay, n.r.-m.H. B.JI. CyBopoBa 3a KpUTHKY U 1IEHHbIE COBETHI,
KOTOpBIE CTAJIM Ba>KHBIM BKJIAJIOM B Pa3BUTHE UCCIIETOBAHMS.

ABTOp OnarogapuT kKosuier 13 MOCKOBCKOTO TOCY/IapCTBEHHOI'O YHUBEPCHUTETA
uM. M.B. JlomonocoBa k.T.H. Tokapea M.IO. u k.T.H. IluporoBy A.C. 3a
BO3MOKHOCTb JIMYHOIO YYacTUSi B MOPCKOM CEHCMHYECKOM JKCIEPUMEHTE U
MOJIyYCHUH TPO(PMIBHBIX WHKEHEPHBIX MOPCKUX JAHHBIX, 0€3 KOTOPBIX OBLIO OBI
HEBO3MOYKHO MPOBECTHU arpoOalrio alrOpuTMa.

ABTOp wuckpenHe Onarogaper B.M. CamoiiioBoii 3a MHOTOJETHIOKO
MNOJJIEPKKY, TMOCTOSHHOE BHHUMAHHME M METOJAMYECKYI0 IOMOIIb B MOATOTOBKE

MaTCpUuaIOB AUCCCPTALIUN.
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2. T'naBa 1 AHanuTH4YeCKHid 0030p M3BECTHBIX COBPEMEHHBIX

pa3padoToK, UX JOCTOMHCTBA M HETOCTATKHU

ANTOPUTMBI  MOBEPXHOCTHO-COTJJACOBAHHOM  KOPPEKIMH  XapaKTEPUCTUK
CEHCMUYECKUX CHUTHAJIOB, B IEPBYKD OYEpPEb, HEOOXOIMMBI Il KOMIIEHCALUHU
3¢ (}EeKTOB, HUCKAKAOIMIMX CEMCMHUYECKMH CHUTHAI W BO3HHUKAWOIIMUX  H3-32
HEOJIHOPOJHOCTEW BEPXHEW YacTH pa3pesa.

Cratuctuueckue ¢akropusie monenu [Fisher et al., 1966; Illedde, 1980]
ABJISIIOTCSL  TEOPETUYECKOM OCHOBHOM TaKUX alrOPUTMOB, KOTOpble  ObUIH
aJanTUpPOBaHbl [JIsl TNPUMEHEHUs B ceilicMuyeckux wucciegoBanusax [['ypsuy,
SnoBckuit, 1971; Murpodanos, 1975]. IlpencraBienue  XapaKTepUCTHUK
CEHCMHMUYECKOTro curHaia d4epe3 (aKTOpHbIE MOJIENM TO3BOJSET TIyOXXe MOHATH
MPUPOSy BapHalii B CEHCMUYECKUX JaHHBIX, OOYCIOBJICHHBIX OCOOCHHOCTSIMU
pPacIpOCTPaHEHUSI CEICMUYECKUX BOJIH B PEabHbIX yclIoBUsIX [Aku, Puuapac, 1983].
B yacTHOCTH, K TaKUM OCOOEHHOCTSIM OTHOCSITCSI YCJIOBUS BO30YXKJCHMs, MpUEMA,
OTPAKEHUS U PACIIPOCTPAHEHUS CEUCMHUYECKOTO CUTHAJIA B CpPE/IE.

@dakTOpoM Ha3bIBAETCSI U3MEHEHHE BOJIHOBOTO MMOJISI WM ero (yHKIHOHAaa,
CBSI3AHHOE C OMNPEJCIICHHBIMH CTPYKTYPHBIMU 3JIEMEHTAMH CHCTEMbl HaOJIOECHUH,
HampuMep, HMCTOYHUKAMH, MPUEMHUKAMH, OOIIMMHU IICHTPATbHBIMU TOYKAMH,
yAQJICHUAMH. 3HayeHus (pakTopa XapakTEpU3YIOT HU3MEHEHHUS COOTBETCTBYIOUIUX
BEJIMYMH, OTHOCAIIMECS K OINpeaeleHHONW obnacTu cpenbl. Takas xapaKTepuUCTHKA
ABJISIETCSI MHTETPAIbHOW, OOBEIUHSIONIEH pa3IuyHbIe MPOLIECChl, IPOUCXOAIINE B
COOTBETCTBYIOIIEW wYacTu cpeabl. Hampumep, 3HaueHus: ¢akropa 3a HCTOYHHK
XapaKTepu3yeT OCOOEHHOCTH (OPMUPOBAHMS CUTHANIA B OOJACTH HCTOYHHMKA WU
3aBUCUT OT MHOTHMX MapamMeTpoOB M MPOLIECCOB, OTHOCAIIMXCS K ATOM 00JaCTH.
dakTopHast AEKOMITO3ULIHS — 3TO MPOLIECC PA3IOKEHUS CEUCMUYECKUX JTAHHBIX U HX
XapaKTEPUCTUK Ha (PaKTOPBHI.

[{eap MOBEPXHOCTHO-COITIACOBAHHON KOPPEKLUU 3aKII0YAETCS B BBIYUCICHHUH

U TPUMCHCHHWH IOMPABOK, YYUTHIBAIOIINX IMOBEPXHOCTHBIE (DAKTOPHI, TaKWe Kak
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XapaKTEePUCTUKU UCTOUYHUKA U TTpuéMHUKA. [Ipy 3TOM Hambosee TouHas OleHKa ITHX
(akTOpOB BO3MOKHA TOJIBKO TPH HCIOJIb30BaHUU 0oJiee CIOXHBIX (HaKTOPHBIX
MOJIeNIel, BKJIIOYAIONUX B ce0s KaK MOBEPXHOCTHBIC COCTABISIONIME (MCTOYHUK,
MPUEMHUK), TaK W COCTAaBIISIONINE, CBS3aHHBIE C TEOJOTUYECKOW cpemor (oOmias
nentpanbHas Touka (OL[T), ynanenue).

@dakTOpHBIE TPEACTABICHUS TOAXOMAT IS PEIICHUS psaaa 3aaad  mpu
00paboTKe celcMOpPa3BEIOUHBIX JAHHBIX: MPU KOPPEKIIMA OCTATOYHOU CTaTHKH, MPU

KOPPEKLIMH aMIUIUTY/1 U IIOBEPXHOCTHO-COTJIACOBAHHOM JIEKOHBOIIOLINH.

1.113BecTHBIE (PAKTOPHBbIE MPEACTABJIEHUNA CEHCMUYECKUX CUTHAJIOB

OaHUM H3 BaXKHBIX JTAOB OOpaOOTKM JAHHBIX METOJa OTPAKEHHBIX BOJH
oOumeit nentpanbHoi Toukn (MOB OLIT), cornacHo 0630py [['oroeckuii, XauarpsH,
1986], sBnsiercs mpuBeaeHue peansHoro rogorpada OLT k anamuTuaeckoit Gopme.
CundazHoe CyMMHpOBaHHE CUTHaNA roaorpada OTpakKeHHOW BOJHBI Yalle BCETO
OCJIO)KHEHO MCKAXKCHUSIMU, BOSHUKAIOUIMMU B YCJIOBHUSIX PEabHOIO SKCIEPUMEHTA.
[lpyuriHaMM HCKaXEHUSI SBISIOTCS CIOKHOE CTpoeHue penbeda, a Takxke 30HBI
MHOT'OJIETHEMEP3JIbIX MMOPOJI, TPAIIMOB U JIPYTUX HEOJHOPOJHOCTEH B 30HE MajbIX
ckopoctet u moxactuiarmmeM cioe [CeicoeB, 2011]. [dns ux ycTpaHeHUs B
ceficMopa3BeIKe MPEeyCMOTPEHbI BPEMEHHBIE CABUTOBBIC MOMPABKU (CTATUYECKHE),
KOTOpBIE ONPEAEIAIOTCA, KaKk METOIOM 3aMmelneHus cinos [KoseipeB u ap., 2003], tak
U METOJIOM CeHCMUYecKoW Tomorpaduu BEpXHEH dHacTh paspesa mo rojorpadam
nepBbIX BeTyIuieHui [Stein et al., 2009; Uepnsimios u jip., 2022].

OcHoOBHbIE 3Tarnbl pabOThl C BPEMEHHBIMM CTAaTHYECKUMU IMOMpaBKaMU MpHU
00paboTKe CeMCMUYECKUX JTAHHBIX BKIIOYAIOT:

® BBIYHCIICHHE U IPUMEHEHHUE AIIPUOPHBIX CTATUYECKUX MOMPABOK,
® KOPPEISALMIO ONOPHBIX OTPAKAOIIUX TOPU3OHTOB,
® KOPPEKIHUIO OCTATOYHBIX CTATUYECKUX MOMPABOK.

Pa3paboTka  anropuTMoOB  TMOBEPXHOCTHO-COTJIACOBAHHOW  KOPPEKIUHU

CEHCMHMYECKHX CUTHAJIOB Ha4allaCh C KOPPEKIIMU OCTATOUHBIX BPEMEHHBIX 3aJI€PKEK

(atam 3), 00ycIOBICHHBIX 0COOEHHOCTSIMU obOnactelr Bo30yxaeHust (I1B) u mpuema
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(ITIT) ceitcmuyecknx BosH [Taner et al., 1974; Wiggins et al., 1976; Ko3bipes,

Kopones, 1979; CricoeB, Mutpodanos, 1989]. I'norosckum B.M., B coaBTOpCcTBE C
XadatpsHoM A.P., BBINOJHEH JETAIBHBIA AHAINA3 AITOPUTMOB  KOPPEKIIMHU
BPEMEHHBIX CTaTMYECKUX IIONPABOK, HW3BECTHBIX Ha TO BpeMsA [[Jorosckuii,
XauatpsiH, 1986].

Tanep M. npemiaraet MoJieib OUEHKH U KOPPEKIIMH BPEMEHHBIX CTaTUYECKUX
nonpaBok [Taner et al., 1974], B koTOpoil paccMaTpuBalOTCs BpeMeHa MpUXO0/aa
OTPaXEHHBIX BOJIH OT TNIYOOKUX TOPU30HTOB M MPU OTHOCUTEILHO MAJIOM y/ajJe€HUU
IPUEMHUKOB OT MCTOYHUKA. B mHAeKcHOW (opme ee MOKHO NMPEACTaBUTH B BUJE

CYMMBI (DaKTOPOB:

(1

B nanHOM ciryyae BpeMeHa 3aBHUCIT OT KOOPAMHAT TOYKHU i-I'O UCTOYHHMKA M j-

ro ripucMHUKa , T.C.

2)

Toukn © 3aBHCAT OT KOOpPAMHAT PaBEHCTBO (2) MPUMEHUMO KO BCEM
M3BECTHBIM CHCTEMaM CEHUCMUUYECKUX HaOMIOJACHUN: NMPOQPUIBHBIM, IUIONIAAHBIM U
MPOCTPAHCTBEHHBIM.

XapakTepuCcTUK H U3 ypaBHeHHs (1) ompenensroT U3MEHEHHS BO BPEMEHH
mpoOera B HWCTOYHHMKAX W mpuéMmHUKax. KoshduimeHTsl ©  CBSA3BIBAIOT O3TH
m3menenus ¢ rogorpadpom OLT (3) miusa ucTHHHON M HAOMIOJaeMOW MOJETH. DTH

KO2(PUIIMEHTHI BBIPAXKAIOTCS YEPE3 CIACAYIONINE YPABHECHMUS:

3)

IJIe TTapaMeTpbl COOTBETCTBYIOT MCTHMHOW MOJENH cpenbl. Takum oOpasom,
ounedku ¢akropoB OLIT MoryT ObITh MCHONB30BAaHBI JJI YTOYHEHUS TomorpadoB
BOJIH, KOTOPBIC OTPaKarOT IapaMeTpbl WCTHHHOW MOJICIH CPEabl. Y TOYHCHHBIC
rogorpadbl  SBISIOTCS ~ BXOJHBIMH  JAaHHBIMH  JUISI  PEIICHHUS  OOpaTHOU
KMHEMATHYECKOM 3aJ1auH.

Baxkno otMeTuTh, uTO HccieaoBaHue TaHepa CBSI3aHO UMEHHO C pa3pabOoTKOI
(bakTopHBIX Mojenel st mpoduiabHBIX 2D cuctem HabmoaeHnid. [Ipu 3TOM BBIBOIBI,

MPUBEICHHBIE B JOMOJHUTEIBHOM YacTH €ro HucciefoBaHus (OmpeaesieHue
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HEEJIMHCTBEHHO OMNpENeNsaeMbIX CcOoCTaBisommx s 2D cucrem celicMUUeCKUX
HaOJII0/ICHU ) HEOOXO0IMMO Pa3BUTh JIJIS IIOMIAAHBIX 3D cuctem HaOIIOACHUS.
[TpumepHo B TO %€ BpeMs (70-bie roasl XX Beka), Ha 0aze MeToJa (aKTOPHOro
pPa3JIOKEHUH  KOMIOHEHT (MMIYJbCHBIX WM  CHEKTPAIbHBIX), aAJITOPUTMBI
MMOBEPXHOCTHO-COTJIACOBAHHOW KOPPEKIUU CTAJIM HUCIIOIb30BaTh JJIsi KOMIIEHCAIUU
BApHUALIMM B JMHAMHUYECKUX XAPAKTEPUCTHUKAX CEHCMMYECKHUX CHUTHAIOB [l'ypBuy,
Ustonr Munb, 1971; T'oapaun, Murtpodanos, 1973]. 3agauya koppekuuu (Gopmsl
CUTHAJIOB M aMIUIUTYJ] CBOJUTCA K CHUCTEME JIMHEHHBIX ypaBHeHUU [MurtpodaHos,
1975; Wiggins et al., 1976] ¢ ucrnoap30BaHUEeM CBEPTOYHON MOJICTH CEHCMUYCCKOU
Tpaccel. 'ypeuu M.M. npencrasisger cUrHan OTpPa)XEHHOW BOJIHBI B BUJE CBEPTKHU
MEPBUYHOIO CHTHaNa W JUHENMHOM cuctembl [['ypBuu, boranuk 1980]. JIuneitnoi
CHUCTEMOU OMHCHIBAIOTCS CBOMCTBA CPENbI, a TAK)Ke O0JACTH, NMPHUJICTAIONIUE K 30HE

BO30Y>K/IEHUS U MPUEMA.

4

rae — HaOmojmaemas ¢opma curHaita, — ¢Gopma CuUTHajda B UCTOYHUKE U
npuseraroeil 30He Bo30yKeHUs, — U3MEHEHUs! (POpPMbI CUTHAJIA HA IPUEMHHUKE,
U3MEHEHHsSI (OpMBbI CUTHAJIA, CBSI3aHHBIE C XApAaKTEPUCTUKAMH IIEJEBOU Cpelbl, —
M3MEHEHHMs CUTHAJIA, CBA3aHHble ¢ yaanenueM [IB-III1, i — monoxxenue ucToyHuka, j
— TIOJIOKEHHUE MPUEMHHKA, k = i+j — MOoJ0KeHre 001Iel IeHTpaIbHOU TOYKH, [ = i-] —
PACCTOSIHUE MEX/1y UICTOUHUKOM U TPUEMHUKOM.

B paborax I'ompauna C.B. u Murpodanosa I''M. [["onbaun, MurpodaHos,
1975; Mutpodanos, 1975] nanuio orpaxkeHue pa3BUTHE Mojenu ['ypBuua 3a cuer
BBEJICHHUSI TIOCTOSIHHOM COCTaBJISIIOLIEH CHUTHaja , a TaKXkKe BIHSHUS Cpelbl
OPOXOXKJIECHUS W Hanuuue noMexu . [Ipum 3TOM ¢ MCHOJIB30BaHUEM  OINUCHIBAIOTCS

N3MCHCHUA (I)OpMLI CHUraajia B UICTOYHHKC.

()

[TockonbKy CBEpPTOYHAS MOJENb CEMCMHYECKOM TpacChl HEJIWHENHA, TO B
3a/la4y€  [OBEPXHOCTHO-COIVIACOBAHHOW  JCKOHBOJIIOLMU  JUISl  JIMHEApU3aluu
HEOOXOAMM  TepexoJl B CHEKTpaJbHyl0  00JacTb C  MOCJHEAYIOIIUM
norapu(MUpOBaHUEM CHEKTpa (CBEpTKA HECKOIBKHUX (PAKTOPOB NEPEXOAUT B

NpOU3BEACHUE U CyMMY Mocie jorapudmupoBanus). JIuHeapu30BaHHBIN MOIXOJ K
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3a/1a4e  JICKOMIIO3MIIMHM  CYIIECTBEHHO  YIPOINAeT  OICHKY  BapHaIlMOHHBIX
coctapsomux [Mutpodanos, 1978; Goldin, Mitrofanov, 1990; Cambois, Stoffa,
1992; van Vossen et al., 2006; van Vossen, Trampert, 2007].

(6)

rae  — JorapudMbl aMIDIUTYIHOTO CIIEKTpa CEMCMHYECKUX JaHHBIX Ha
(UKCUpPOBAHHOW YacTOTe , — Jiorapu™M BapualMil aMIUIUTYJAHOTO CIEKTpa Ha
HMCTOYHUKE, Ha (DUKCUPOBAHHOM YacTOTe , — Jiorapu™M BapualMil aMIUITUTYIHOTO
CIEKTpa Ha MpPUEMHHUKE, Ha (UKCUPOBAHHOW YacToTe , — Jiorapudm Bapuaiui
aAMIUTUTYJTHOTO CIEKTpa, CBS3aHHBIX C XapaKTePUCTUKAMH IIeJIEBOWM Cpeibl, Ha
(GUKCUpOBaHHOW dYacToTe , — JorapudM BapHalii aMIUIMTYJAHOTO CIEKTpa,
cBs3aHHbIXx ¢ ynainenuem [IB-III1 na QukcupoBanHO wactoTe , - IMIymMOBas
coCTaBJIsitoNIas Ha GUKCUPOBAHHOM YaCTOTE .

Nmenno wmopenb (6) ONKUCHIBAET TMOCTAHOBKY 3aJadyd IMOBEPXHOCTHO-
coritacoBaHHor aekonBomonuu [Levin, 1989; Cambois, Stoffa, 1992], a
WCIIOJb30BaHUE AaNMPOKCUMAIIMOHHOTO TMOJX0Jla MpH OMUCAHUM BIUSHUS CPEIb
MO3BOJISIET MPUUTU K MOJIETT aHAJIOTHYHOU MojienH (1) B JIOr-cieKTpasibHON 00J1aCcTH
[MutpodanoB, 1980]. OcoOEHHOCTBIO TOCTAHOBKH SIBJISICTCS TPEIOIO0KECHHE O
MUHUMAJIbHOM (ha3e BXOAHBIX cUTHAIOB. [Ipu 3TOM paccmoTpenne Gpa3zoBoro crekrpa
MPOBOAUTCSL OTHAEIBHO, B IOBEPXHOCTHO-COTJIACOBAaHHOW MOCTaHOBKE [ChICOEB,
EBmokumoB, 1986; Cambois, Stoffa, 1993]. CoBmecTHOE HCMIOJb30BAHUE
aMIUTUTYIHBIX W (a30BBIX CHEKTPOB B 3amadye (PaKTOpPHOW JAEKOMIIO3UIIUU
onpob6oBano B pabore [Kovaljev et al.,, 1992]. HccnenoBanue 0COOCHHOCTEM
(dazoBoro cmekrtpa mpoBefeHO B pabotax [['ompauH, 1976; Murpodanon, 1986;
benbdep, 1986; Mitrofanov, Priimenko, 2012]

[Ipy BBIMOJIHEHUH KOPPEKIMH CEHCMUYECKUX AaMIUTUTY] pPaccMaTpUBAETCS
MOJIEIb  MPOU3BEJAEHUS  aMIUIATYJ] CEMCMUYECKOro CcurHaina. AMIUUTyAa
CEHCMHMYECKOTO CHUTHAJIa  NPEACTAaBISETCS B BHUAE IPOU3BEACHUS IMOCTOSHHOU
aMIUTUTYJbl CUTHAJIA , — W3MEHEHUS AaMIUIMTYJAbl CHUTHajla Ha MUCTOYHHUKE, —

HU3MCHCHUA aMIUIMTY/JIbl CUT'HAJIA HA TIPUCMHUKE, — MU3MCHCHUA aMIUIUTYbl CUTHAJIA,
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CBA3aHHBIMH C XapPaKTCPUCTUKAMHU HeHeBOfI CpCIbI, — M3MCHCHHA aMIIINUTYbI,

cBsizaHHbIe ¢ yaanenuem [IB-I1I1, - nomexa B TaHHBIX.

(7)
JIuneapuszauuss MOJENHM MPOUCXOIUT IMyTEM JOrapu(pMUPOBAHUS BBIPAKECHHUS
(7)
(8)
rJie moMexa (€ciy BeJIMYMHA Majla) ONpeNesieTCs Kak
)

1.2. UTepaniuOHHBIA M MATPUYHBII METO/IbI NIPHU OLleHKE (PAKTOPOB

[Iporiecc paznokeHus] CEHCMUYECKUX TaHHBIX Ha (JAaKTOPHI HA OCHOBE MOJIENICH
(1, 6, 8) BbIMONHIETCS Yepe3 pelIeHUE CHCTEMbl JIMHEWHBIX ypaBHEHUH, KOTOpas
MPECTABIACTCS B MAaTpUYHOW (hOopME M MOXKET OBITh pelleHa KakK yepe3 MpsMoe

oOpalieHre MaTpuIlbl, TaK U uTepatuBHO [Mapuyk, 1977].

(10)

3/1eCh UCIOJIb3YIOTCSl TPU BEKTOpA: , , — COCTOUT W3 HAONIOACHUH, — MpEJCTaBIsSET
co0Ol HEHW3BECTHbIE 3HAYEHUS (PAKTOPOB, OMNPENECIAIONINE KOPPEKTUPYIOLINE
MOMpPaBKK, a — BKIOYaeT B cebs momexy (ommOka mpaBoil yactu). Marpuna
oOecrieynBaeT CBsI3b HAOMIOACHUI co 3HaueHussMH ¢aktopoB. Ee Bun onpenensiercs
CTPYKTYpOI HaOIIOI€HUH U HCTIONb3yEeMOM (PaKTOPHOM MOJAEIBIO.

B pa6ote [Mapuyk, Ky3uenos, 1972] nokazaHo, 4To UTEpallMOHHBIE MPOIECCHI
ABJIIOTCS  CXOJSIIMMMCS K PEIICHHIO, I[OJYyYEHHbIM METOJOM HauMEHBIINX
KBaJpaToOB (YacTHBIM ciydyail METOJAa BEpXHEHl penakcauuyd C rmapaMmerpoMm | wium
meron [ aycca-3eiifens, KOTOPbIH HCIHOJB3yeTCS B OOJIBIIMHCTBE COBPEMEHHBIX
MPOU3BOACTBEHHBIX PELIECHUM), ISl CHUCTEM JMHEWHBbIX ypaBHeHHU mo tumy (10).
IIpenmy11iecTBOM UTEPALIMOHHOTO METO/A SIBJIIETCS €r0 HU3Kasi 4YyBCTBUTEIBHOCTD K
OoTOpaKkoBKEe NIYMHBIX HAONIOACHUI, a Takke B OTCYTCTBHM HEOOXOAMMOCTHU
MIOCTPOCHUS U XPAHEHHUSI TTOJIHOW MAaTPUIbl CUCTEMBI TUHEUHBIX ypaBHeHui (10), uto
nenaet ero 3¢ dEeKTUBHBIM npu 00paboTke OoNbIMX 00BeMOB JAaHHBIX. [locTpoeHue
pElIeHUs] HA OCHOBE MTEPaTUBHOIO METOAA HAlUIO OoTpaxkeHue B pabotax [Taner,

1974; Mwutpodanos, 1978; IlIBaprman, 1978; HIBapuman, 1979; Cary, Lorentz,
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1993; JlaBnerxanoB, 2014; JlaBierxanoB, Cumaenko, 2016; Kazemi et al., 2016;
Murpodanos, ['opessues, 2017; Giiliinay, 2017; I'opessueB, Mutpodanos, 2018].
BOonbIIMHCTBO COBPEMEHHBIX MPOU3BOJACTBEHHBIX MMAKETOB MJI  peah3aluu
QIrOpuTMa  MOBEPXHOCTHO-COTJIACOBAHHOW  KOPPEKIIMM  KUHEMAaTUYECKUX U
JTMHAMHYECKUX XapaKTEPUCTUK UCIIONIB3YIOT UTEPATUBHBIA METO/I.

MatpryHbIl METOJ NPEANOJIAracT PEUICHUE CUCTEMBI JINHEMHBIX YPaBHEHUHN
(10) nanpsamyro. B pabore [Wiggins et al., 1976] nmpoBeaeH AeTanbHbIN aHAIHU3
CBOMCTB MaTpuilbl X Ha npumMmepe (HakTOPHOM MOJEIN KOPPEKIMU CTaTUKH TaHepa
(1). C ucnonb3zoBannem SVD-pa3noXeHUsi BbIYHCICHbl 3HAYECHUS CHHTYJISIPHBIX
4yucia, U YCTaHOBJIEHO, YTO C YBEJIMYEHUEM IEpUOJA BapUallMil KaueCTBO PEIICHUS
3a7a4M KOPPEKUHHU CTAaTHKU I AaHHBIX 2D ceiicMopasBenku cHuxaercs. Cucrema
JIMHEMHBIX  YPAaBHEHWUW  SIBJIISIETCS  IEPEOINPENCIICHHOM, YTO NOPUBOJIUAT K
HEEJMHCTBEHHOCTH pEIIEHUsd, W 00JagaeT IuIoXol o00yciaoBieHHOCThI0. [lpu
YCIOXKHEHUU (PaKTOpHBIX MojeNied W mepexoje K ImmiomaansiM 3D cucremam
HAOMIONEHUST  YHUCIO  OOYCIOBJIEHHOCTH  MaTpuilbl X BO3pacTaer, 4To
CBUJICTEJILCTBYET O HEYCTOMUYMBOCTH PEILICHUS] CUCTEMbl YPAaBHCHHUU U YXYIIIICHUU €€
cBoicTB. B 70-X rojax BBIYMCIUTEIbHBIE PECYPChl HE IMO3BOJUIM PElIaTh 3aJady
KOPPEKLIMN CEMCMUYECKUX CUTHAJIOB HAIpPSMYI0. DTH OTpaHWYEHHUs MOBIUSIIA Ha
JalbHEeNIlIee pa3BUTHE AITOPUTMOB IMOBEPXHOCTHO-COTIACOBAHHOW KOPPEKLHH —
ynop ObUI clieJlaH B CTOPOHY WMTEpaTHUBHBIX MeTOJ0B. Ho Tem He MeHee, B paboTax
[Cambois, Stoffa, 1992; van Vossen, Trampert, 2007] ucnonb30BajICsi MaTPUYHBIHA
METOJ JUIsl PELICHMsS 3aJadyd IMOBEPXHOCTHO-COTJACOBAHHOW JIEKOHBOIIOLMMU C
¢duKcaleil KOHCTAHT U JIMHEWHBIX COCTABIIAIONINX. BaxkHO, 4TO pelieHus MOTy4YeHb
TOJIBKO IS JaHHbIX NpoduibHOU 2D ceiicmopasBeaku. Psg coBpemeHHBIX padboT
OMMpaeTCsi Ha TMOJYyYEHUE PELICHUS C TOMOIIbID MATPUYHOTO METOAA, HO C
ucnosb3oBanuem perynspusanuu [Colombo et al., 2016; 2021], yto 6e3yciI0BHO
YIy4dlIaeT CBOMCTBA CHUCTEMBI JIMHEMHBIX YPABHEHWM W YMEHBIIAET YHUCIO
00yCJIOBIGHHOCTH, HO HE JAeT MPEJICTaBICHUS O HECIUHCTBEHHO OTMPEIEISIEMBIX

COCTaBJIAIOIINX.
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duxcanysi HEOJAHO3HAYHO OINpeesseMbIX KOMIIOHEHT B NOJ00HOH 3amaue
(bopMupyeTcsi myTeM JOMOJHEHUs MaTpUllbl IICEBAOAPUOPHON MHpOpMaluen (T.e.
nonoinHenue CJIAY HoBbiMu ypaBHeHUsAMH). CylIeCTBEHHBIM IPU OINpPEAEICHUN
NICEBA0ANIPUOPHON MH(POPMAINH SBIISETCS BO3MOXKHOCTH €€ (POPMHUPOBAHUS, UCXOSA
U3 BUJA U 00beMa, Ha OCHOBE (opMalbHBIX ycioBuil [MutpodanoB, PaukoBckas,
1996]. [anHble YyCIIOBHS TapaHTUPYIOT €IUHCTBEHHOCTh M  YCTOMYUBOCTH
[OJy4yaeMoOro pelleHus. BrocineacTBuM 3TO pelieHHe MOXKET ObITh YTOUHEHO C
UCIOJIb30BAaHUEM aANpPUOPHOM HMH(POpPMALIMM, TMOJIYYEHHON SKCIEPUMEHTAIbHBIM
nyTteM. Takoil moaxo ] mo3BoJIsIeT 00ECIEYUTh YHUBEPCAIBHOCTh M TEXHOJIOTUYHOCTh
npolecca BBojAa anpuopHoil uHopmamnuu. Kpome Toro, oH 1mo3BossieT ONpeneisaTh
(aKkTOpHYI0 MOJENb, HAWIyYIIUM OOpa3oM MOAXOJSAUIYIO Uil paccMaTpUBAeMBbIX

JaHHBIX.

1.3 AnropurMsbl Ha 0CHOBe (JaKTOPHBIX NPEACTABJICHUI

B coBpeMeHHOU celicMOpa3BeIKEe alrOpUTMbI MOBEPXHOCTHO-COIIACOBAHHOMN
KOMIIEHCAllUH 3a/ICMICTBOBAHBI B IIMPOKOM CIEKTPE pElIaeMbIX 3aJad, Halpumep,
TaKUX KakK: KOPPEKIMS OCTaTOYHBIX CTATUYECKUX BPEMEH, KOPPEKIUS aMIUIUTYI,
KOPPEKITUS aMIUTUTYTHBIX U (Da30BBIX CIIEKTPOB (OTIAEIHHO), TEKOHBOJIIOIIHS.

B pab6ore [Aleardi et al., 2016] paccmarpuBaercs 3ajada MOBEPXHOCTHO-
COTJIACOBAHHOW OLEHKH OCTATOYHOW CTATHKM B HEJIMHEHMHON MOCTAHOBKE W IOUCKE
rJI00JIBHOTO MUHUMYMa C TTOMOIIBIO «T€HETUYECKOTO» aIropuTMa. ABTOPHI JI€TIaI0T
BBIBOJI O TOM, YTO I'€HETUYECKHUI aJTOPUTM MO3BOJISIET HAUTH II100abHBIA MUHUMYM
JNOCTAaTOYHO yCcTOM4YuBO. [Ipn 3TOM TECTMpPOBaHME MOAX0Aa TPOU3BOINUIIOCH TOJIBKO B
paMKax WHXEHEepHbIX 3amad 2D Mopckoi celicmopasBenku. B pabore Oblia
UCIIOJIb30BaHa JByX(akTopHas MoOeNb (MUCTOYHUK-TPUEMHUK) s oueHku 300
HEU3BECTHBIX BEJIMYHMH, & BPDEMEHHbBIE BHIUUCIUTENbHBIC 3aTPAThl COCTABWIIM OKOJIO 3
gacoB. Jlaxke nnsi WHXKEHEpHBIX 3a7ad, oO0paboTKa TaKOro Majioro Yucia
HEHU3BECTHBIX 3a CTOJb JOJITO€ BpeMs sBISIETCA Henpuemsiemon. Kpome Toro,
COTIOCTaBJICHNE CO CTAaHAAPTHBIMHU TMOAXO0JaMH OBLIO MPOJAEMOHCTPUPOBAHO JIUIIH B

KaueCTBEHHOM IMOCTaHOBKE (COMOCTaBJIEHHE NABYX pa3pe3oB). JlopaOoTka TaHHOTO
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MOIX0/1a JUTSl MH)KEHEPHBIX 3a71a4 B JAJbHEHIIIEM MOXKET MPEACTaBISITh uHTepec. Ho
JUISL pelieHusl 3a7a4d pa3BeOYHOM Teo(U3MKU ITOT MOAXOJ] Ha JAHHBIA MOMEHT
BBITJISIAUT O€CTIEPCIIEKTUBHBIM.

B pab6orax [Cary, Nagarajappa, 2013; Nagarajappa, Cary, 2015] onucsiBaetcs
npo0semMa OLIEHKH CUTHAJIBHON COCTABJISIOLIEH B MPUCYTCTBUU CIIy4YailHBIX ITYMOB, U
KaK CJICJICTBUE, HEKOPPEKTHasi OIEHKA IMOBEPXHOCTHO-COTJIACOBAHHBIX CKaJSPOB,
BKJIIOYAIOIIMX BJIUSHUE clydaiiHoro 1myma. OcoOeHHO moAoOHBIN 3ddekt
OposBIIAETCS B O0OJACTAX, T/I€ NMPOUCXOAUT TOTJIOLIEHUE curHaiga (00JI0To, cyxue
Y4acTKH), a YPOBEHb CIIy4yallHOTO IiymMa He u3MeHsiercsa. B pabore [Nagarajappa,
Cary, 2015] npennoskeH moaxo K 00Jiee TOYHOM OIICHKE CUTHAJIBHOM COCTaBJISIIOIICH
Ha OCHOBE pacueTa B3aUMHOW KOPPEJSIIUU TpacCc U3 JaHHBIX C CyMMapHOU
HOPMHPOBAHHOM Tpaccoit B mpeaenax ogHou oomien cpeaneit Touke (OCT).

B kauecTBe moATBEpKIACHUS MPABUILHOCTH OMUCAHHBIX MOJIXO0J0B B paboTax
[Cary, Nagarajappa, 2013; Nagarajappa, Cary, 2015] M0XHO BBIIETUTH pPadbOTy
[Baranov et al., 2021]. B pabGore aBTOpbl TNPHUBOIAAT CHUHTETUYECKHE IPHUMEPHI
omucaHus MpoOsieMbl, paccMoTpeHHOM B pabore [Cary, Nagarajappa 2013].
[Tpumepsl TO3BOJISIOT B MOTHONM Mepe MOHATH MPOOJIEMY CI0KHOCTH OLIEHKH CUTHAJA
B MIPUCYTCTBHH IIIyMa U HEOJHOPOJHBIX MOBEPXHOCTHBIX YCIOBUN. ABTOPHI JEIAIOT
BBIBOJI O HEOOXOJMMOCTH OIIEHKH «HECMEILEHHOT0» CHUTHaja C HCMHOJIb30BAaHUEM
(GyHKIIUMA B3aMMHOW KOPPETSIIMU U 3aT€M MPOBOAST MOBEPXHOCTHO-COTIIACOBAHHYIO
KOPPEKIUIO aMIUIUTY . B pe3ynbrare, peanbHbie pa3pe3bl MECTOPOXKACHUS 3anaaHon
Cubupu ObUIM CKOPPEKTUPOBAHbI KAu€CTBEHHEE, B CPaBHEHHE CO CTaHAAPTHBIM
MOJIXOJIOM, BKJIIOYAIOUIUM «CMEUIEHHYIO» OIIEHKY CHUTHajla 3a cyeT Iryma. JlaHHbIN
MOJIXOJ] 3aCTy>KMBAaET BHUMAHHS U JOJDKEH pacCMaTpUBAThCS B KAa4ECTBE OJIHOU W3
ONIUMiA B COBPEMEHHBIX peAIU3alMIX MPOUEAYP IMOBEPXHOCTHO-COTIACOBAHHOM
KOMIICHCAIIUA aMIUIUTYZl. Bo3MoxkHbIe TPOOIEMBbI MOTYT MPOSBISATHCA B Ciydyae
HU3KOW KPAaTHOCTH JIAHHBIX WJIM HU3KOT'O COOTHOIIEHUSI CUTHAJ/IITYM.

B pabore [Baek et al., 2019] aBTopbl paccMaTpuBalOT JIMHEAPU3OBAHHYIO
MOJIENb (8) pasiokKeHUs aMIUTUTY 1. ABTOPBI, TOBOPAT O HEEIUHCTBEHHOCTH PEIICHUSI

3aJladyd, a TakKXKE CIPaBCIIIMBO 3aMC4Yar0T, YTO YBCIMUYCHUC obonemMa JaHHBIX B
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COBPEMEHHOM CeficMOpa3BeKe HUKAK HE TTIOMOTAET B PEIlIeHNEe TaHHOHN MPOOIEeMBbI, a
MHOTJA U YCIOXKHsIET ee. B moens (8) aBTOpbI BBOJAT JOTOIHUTEIBHBIC TAPAMETPHI,
MBITAsCh MepeonpeneanTs (akTop HCTOYHUKA Yepe3 TIPYNNbl HCTOYHUKOB,
OTHOCSIIIIUXCSI K ONPE/ICICHHBIM MMOBEPXHOCTHBIM YCJIOBUSAM. JlJIs KaXA0W TpyMbl,
BO3MOYKHO HCIIOJIb30BaHUE CBOEro Beca. TakuM oOpa3oM, aBTOpHI MpeajararoT
nepeonpeacysaTh U (akTopbl MpUEeMHHUKA. Beca mo3BOJSAIOT aBTOpaM OOpPOTHCS C
npo06sIeMOol HEeIMHCTBEHHOCTH, HO CTOUT OTMETUTb, YTO T0JI00p BECOB HEOOXOIUMO
POU3BOJUTH BPYUHYIO JI KaXKJIOrO Ciydas HCIOJIb30BaHUsl mpoueaypbl. Kpome
TOTO, TPABWIBHOCTH TOI0Opa MOXHO OMPEAEIUTh TOJBKO TO CHHTETHYECKOU
mojienu. [Tog0op BECOB HUKAK HE YBA3BIBACTCS C PEAIbHOW 3a7aueil U HEe TPUBSI3aH K
reoJOruu. JTOT TMOAXOA IO CMBICIHY CXO0X ¢ (UKcalueil HeeIUuHCTBEHHO
OTIPENEISIEMBIX COCTABIIIONINX, HO B HEM HE XBAaTaeT TeOJIOTO-TeO(PU3NIECKOTO
000CHOBaHMUSI.

B pabote [Kirchheimer, Ferber, 2001} paccMaTpuBaeTCs
YCOBEPIIEHCTBOBAHHBIM  yCTOMYMBBIA MOAXOI K IOBEPXHOCTHO-COTJIACOBAHHOM
nexoHBosonuu. Iloaxo MO3BOJIIET YCTOWYMBO MNPOBOAMTH JEKOHBOJIIOLUHMIO Ha
Tpaccax ¢ MPUCYTCTBUEM HeperyJisgspHoro myma. [Ipu 3Tom cranmaptHas npoueaypa
IIOBEPXHOCTHO-COTJIACOBAaHHOW JEKOHBOJIIOLMU JAET IUIOXOM pe3ynbTar. [loTpaccHas
JIEKOHBOJIIOIUS TA€T MPUEMIIEMbI pe3yJIbTaT, HO MPU 3TOM HCKAXKAET aMIUIUTY/IbI,
9TO B COBPEMEHHOUN 00pab0TKe CEMCMUYECKUX TAHHBIX CUUTACTCS HEOMYCTUMbIM. B
ATUX YCJIOBUSX aBTOPhl MpPEAJaraloT yCTOWYMBBIM aJITOPUTM IMOBEPXHOCTHO-
COrJIaCOBAaHHOM JIEKOHBOJIOLMU 3a CUET BBEJIEHHUS JIONOJHUTEIBHBIX ONEpPaTOPOB,
KOTOpPBIE OIpPEIESAIOTCS IO TpaccaM C HEPEryJSIpHbBIM IIYMOM C 3HEpPTUEH,
MOATSIHYTOW K SHEPTUU MOJCIBHON TPacChl, ONMPECICHHON B YCIOBUAX OTCYTCTBUS
HeperysipHoro myma. B pabore [Zhuravko et al., 2015] nmpuBoautcs peanm3aius
nonxona u3 pabotel [Kirchheimer, Ferber, 2001] u mpumepsl ee yCHemHoOro
MPUMEHEHUS Ha peajbHbIX AaHHbIX. Hano orMeruts, uto B padote [Zhuravko et al.,
2015] HeT ycoBepllleHCTBOBAaHMSI MOJAXOJAa W HOBU3HBI, HO caM IO cebe MOJXO,

npeuiokeHHbiid B padote [Kirchheimer, Ferber, 2001] 3acinyxuBaet BHUMaHMUS.
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B pabGore [Kazemi et al., 2016] mpeaaokeH HOBBIH IMOJIXO0J K IOCTPOCHHUIO
OIEepaToOpoOB Uil TMPOBEACHUS TMOBEPXHOCTHO-COTJIACOBAHHOW  JIEKOHBOJIOIIUH.
OCHOBHBIM JTOCTOMHCTBOM paOOTHI SIBJISETCS TPOBEICHUE JICKOHBOJIIOIUU O3
YCJIOBHSI O TOM, YTO BXOJIHOW CUTHAJI JOJDKEH OBITh MHHMMAaJIbHO-(ha30BbIM. Ha
OCHOBE Z-TIpe00pa3oBaHMs BXOIHBIX TPACC CTPOUTCS CHCTEMa JIMHEWHBIX YpaBHCHUH,
4yepe3 pelIeHHe KOTOPOH MPOM3BOAMTCS OIICHKA OINMEpaTOpOB [JIi MCTOYHHUKOB U
NPUEeMHUKOB (cpa3zy Uit Bcel (opmbl CHUTHajla, a HE TOJBKO AaMIUIMTYIHBIX
CIEKTPOB).

Baxnpie Bompocsl paccmarpuBatorcs B padore [CeicoeB, 2012]. Tlpexne
BCEr0, 3TO BOMPOCHI UCCIIEIOBAHNS HECTUHCTBEHHOCTH PEIICHUSI CUCTEMBI TMHEHHBIX
YpaBHEHUH  TIPH  HWCIOJIB30BAHWM  MOJEIH  IOBEPXHOCTHO-COTJIACOBAHHOU
JIEKOHBOJIIOIIMHA, OCHOBAHHOMW Ha CBEPTOYHOM TipenactaBieHun (5). Mcxoas wus
MPEANOIOKEHUST O TOM, 4YTO MMITYJIbCHAs XapaKTePUCTUKA CPEAbl SBISCTCS
MMOCTOSTHHOW BEJIMYMHOM, a (DYHKIMS yaaJIeHUS SIBISETCS CHMMETPUYHOM B MpeJenax
ceiicmorpammbl  OLIT, s  MOBEPXHOCTHO-COTJIACOBAHHOW  JEKOHBOJIIOIIUU
PEKOMEHIYyeTCSl HMCIOJb30BaTh MOJIEb, BKJIIOUYAIONIYI0 (DAKTOPhI HCTOYHUKA,
NpUEMHHKA, YJIaJIEHUs] U CPEeAHEN CUTHAIBbHOW cocTaBiswonied. Onupasich Ha 3TO
JIOTIYIIIEHUE, 4YacTh HECAMHCTBEHHO ONpPENETseMbIX KOMIIOHEHT (JIMHEWHas |
napabonuueckas st ¢gakropa OLIT) He cymiecTByeT, 4YTO YNPOIIAET OLEHKY
Bapuaiuii GopmMbl curHaiga. BTOpbIM BaKHBIM aKIIEHTOM B padOTe SIBISICTCS aHAIH3
COUYETaHUs MPOIEAYPHI TOBEPXHOCTHO-COTIIACOBAHHOM JCKOHBOJIIOIIUHU U MTPOIIECTYPHI
MMOBEPXHOCTHO-COTJIACOBAHHON KOPPEKIMU aMIuTUTY. [IpoBeneHne moBEpXHOCTHO-
COTJIaCOBAaHHOM  KOPPEKIMH aMIUIMTYJ TI0Clieé  IMOBEPXHOCTHO-COIIACOBAHHOM
JICKOHBOJTFOITUM MOXET TPHBOJUTH K OIIMOKaM, B cliydae, €Clid PEe3yIbTHPYIOMas
dbopma curHaiza HecTaloHapHa.

B pab6ore [Zhang et al., 2015] paccmaTpuBaeTCsi HECKOJIBKO MOAXOJOB K
JICKOHBOJTIOITUH, TIPUYeM OOJIBIIIOC BHUMAHHE YACISIECTCS TOMY, KaKOH MMITYJbC Ha
BBIXOJIE TIPOLICTYPHI JOJKEH MOMy4aThCs. AKIICHT JIelaeTcsl Ha TOM, Y4TO Pe3yJbTar
00pabOTKH, TOMAAIIINA K HHTEPIPETATOPY, JOKEH UMETh HYJIb-(a30BBIH BH/I.

BG3YCJ'IOBHO 9TO BaXXHBIM MOMCHT, HO TOJIBKO B KOHTCKCTC KHUHEMaTHYECKOM
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uHTepnperauud. Kpome TOro, B pabore mNpuBeACH XOpOIIUHA 0030p METO/I0B
JeKOHBOJIOLMHU. V3 HEZOCTATKOB MOXKHO OTMETHUTD, UTO B paboTe JenaeTcs ynop Ha
KOHTPOJIb KadecTBa MPOBOJUMBIX MNPOUEAYpP JAEKOHBOIIOLUWU, HO CYIIECTBEHHO
HOBBIX ITOIXO/I0B U METPUK HE MPELII0KEHO.

[Huxn pabdot [Colombo et al., 2016; 2018; 2021] mocBsIieH MOBEPXHOCTHO-
corjacoBaHHOM 0OpabOTKe JaHHBIX MPEIOMIIEHHBIX M pedparupoBaHHBIX BOJIH.
ABTOpBI OTMEYAIOT MOBBIIICHUE KOJUYECTBA W IUIOTHOCTH CEeHCMOpa3BeAOYHBIX
JaHHBIX U, KPOME TOTO, HEOOXOAUMOCTh MIEPECMOTPa AITOPUTMOB 00padATHIBAIOIINX
IpoLEenyp, Ha IpUMEPE IOBEPXHOCTHO-COIVIACOBAHHBIX IMPOLEAYP, C LEJBIO
HOBBIIIEHUS 3(PPEKTUBHOCTH UX PabOThl W M3BJICUEHUS MAKCUMAJIbHOM MOJIB3bI.
Bbicokasg TIUIOTHOCTh JI@HHBIX TIO3BOJISIET HCIOJIB30BaTh CHEUAIbHBIE BUbI
COpTUPOBOK Mo Tuily — X-Y-offset-azimut, B cBOIO odepenn, JaHHAsS COPTUPOBKA
MO3BOJISIET MPOU3BOAUTH 0OJIEe JAETAbHBIA KOHTPOJIb Ka4eCTBA MUKUPOBKHU MEPBBIX
BcTyIuieHuil. [locie KOHTpoIs KauecTBa MUKUPOBKHU, aBTOPHI MPUCTYNAIOT K OLEHKE
KOPOTKOIIEPUOJAHOW W JUIMHHONEPUOAHOW  cTaTuku. s monydeHus
JUITMHHOTIEPUO/IHOM CTAaTUKHM aBTOPHI MOJYYalOT MCEBIOTPEXMEPHBIA KyO CKOpocTein
Ha OCHOBE JaHHBIX MPEJIOMJICHHBIX BOJIH U 3aTEM IEPEXOIAT K KOPOTKOIEPUOAHOU
CTaTUKE HAa OCHOBE IOBEPXHOCTHO-COIJIACOBAHHOI'O IOJAXO0JAa K BPEMEHAM IEPBBIX
BCcTyIUieHH. [lomydeHHbI Ky0 CKOpOCTEN MOXKHO TaK)Xe€ MCIOJb30BATh B KAYECTBE
pedepeHTHOM Moaenu aia ToMmorpadguu. be3ycinoBHO, TaHHBIN MOIX0] 3aCTyKUBACT
BBICOKOM OILIEHKH, MOCKOJIbKY 3aJIeHCTBYET MPEJIOMJIEHHBIE BOJHBI U JOKa3bIBAET
CBOIO COCTOSATENIbHOCTh HA MHOKECTBE MPUMEPOB C PEaJIbHBIMU JTAHHBIMHU.

B pa6ore [AlJishi et al., 2019] nmpuBenen mnpumMep pabOThl C peabHBIMU
JaHHBIMH B OCJIO)KHEHHBIX TOBEPXHOCTHBIX YCIOBUSIX (IIyCTBbIHS, MEpEMEKEHUE
IIECYaHbIX JIOH C COJSHBIMHU OTJIOKEHHMSIMH). ABTOpBI JENAIOT YNOpP HAa BAKHOCTh
NOJArOTOBKHM JAaHHBIX K IPOIEAypaM MOBEPXHOCTHO-COTJIACOBAHHON KOMIIEHCALUU U
nocneayronemy AVO — aHanu3y. OCHOBHOM MNpOLENYPOM IOATOTOBKHU SIBISETCS
BBEJICHUE MOCTOSHHBIX aMIUTUTYIHBIX KOA((UIMEHTOB, paCCUYUTAHHBIX B Ipeaeax
HaOopoB (OuHOB) ynaneHuil. WM3-3a HEpaBHOMEPHOCTH YJAJICHHM  aBTOPHI

AOIMOJIHUTCIIBHO ITPOBOJAT PCryjisipu3alvio C MHEJIbIO JOCTHIKCHHA oonee rimaaKmx
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M3MEHCHHM B PAaCCUMTAaHHBIX aMIUIUTYIHBIX Kodddunmentax. Ho 3mech BaxHO
3aMETUTh, YTO JOMHOXXCHUE Ha aMIUIUTYJHBbIC KOA(POUIIMEHTH BHE MPHUBSI3KU K
MOJIOKEHUSIM ~ MCTOYHMKOB M  TNPUEMHUKOB HE  SBISETCS  MOBEPXHOCTHO-
COTJIaCOBaHHBIM, a 3HAYUT MOCIeayIomas o0paboTka (ITOBEpXHOCTHO-COTIIaCOBaHHAS
KoMmeHcanus amiutya, AVO — aHanu3) HEe MOXET CuuTarbesi oOpabOTKOM B
HMCTUHHBIX aMIUTUTYJax. [l03TOMy JaHHBIN MOJXO0J MOXHO CUUTATh CIPABEIJIMBBIM,
HO TOJILKO B ClTy4ae, €CJIu COXpaHCHHE aMILIUTY He TpeOyeTcs.

Henb3si He OTMETUTh Ba)XHOCTh IOBEPXHOCTHO-COTJIACOBAHHBIX MPOLIEIYD,
ITOCKOJIbKY COBpPEMEHHas 00pa0oTka CEeHCMHYECKHMX JaHHBIX OPHEHTHpPOBAaHA Ha
COXpaHEHHUE JUHAMUYECKUX XapPaKTEPUCTHUK. B CBA3M C 3TUM NEPCHEKTUBHBIMM IS
OIICHKH TMHAMUYECKUX UCKAKEHUM BBITIAIAT O0Jiee CIOKHbIE (DAKTOPHBIE MOJIENH, B
otnuune ot moxenen (1, 6), Bkaowarome B ce0s 3aBUCUMOCTh OT yTJia MaJCHUS
Jy4da, a3UMyTa, a TaKXKe YYUTHIBAIOIINE 3aTyXaHue CUrHaja B cpeae [MutpodaHos,

2018; Murtpodanos, I'opesiBueB u ap., 2023a].
BoiBoabI

B 3akiroueHnr aHaIMTHYECKOro 0030pa MOYKHO CKa3aTh, YTO OCHOBHAs 4acTb
COBPEMEHHBIX Pa0OT OPUEHTHUPOBAHA HA PA3BUTHE MOBEPXHOCTHO-COTIACOBAHHBIX
QJITOPUTMOB, a TaKXK€ Ha pa3BUTHE HOBBIX CIOCOOOB WX MpumMeHeHus. [Ipu stom
OOJBIIMHCTBO pabOT OCHOBAaHO Ha WTEPAIMOHHBIX METOJAaX, a BOIPOCHI
€MHCTBEHHOCTH M YCTOWYMBOCTH CUCTEMBI JIMHEWHBIX YPABHEHUM MPAKTUYECKU HE
uccieaytorcs. Kpome Toro, BOmpoc BHECEHUS ampUOpHOW WHEGOpPMAIIMU B XOJIE

MOJIyYSHUS PEIICHUS TAK)KE HE PACCMATPHUBAETCS JOJKHBIM 00pa3oM.

JIns coBpeMeHHOM ITUTOIIAIHOM CEHCMOpa3BeKM KaK B CIydae UTEPAIIMOHHBIX
METOZIOB, TaK M MPSIMOTO pelIeHUs HEOOXOJAMMO MPOAHAIM3UPOBATh CBOMCTBA
CUCTEeM JIMHEHWHBIX ypaBHEHUU (10), OIEHUTh JOCTOMHCTBA KaXXJAOTO M3 METOJOB M
OTIPENICNIUTh, B KAKUX CIydasX ONTUMAJIbHO UCIOJIb30BaTh UTEPAITMOHHBIC METOMIBI (C
npenoOyciaaBiMBaHUEM), a B KaKMX HCIIOJIb30BaTh MpsiMOe penieHue. B Hacrosiee
BpeMs HE CYIIECTBYET YETKOTO ajropuTMa JICWCTBHM /i TpoBeAcHHs Tpada

MMOBEPXHOCTHO-COTJIACOBAHHBIX MPOIEYyp 00pabOTKH CEMCMUYECKUX JaHHBIX: KaKHUe
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us3 MCTOJ0B HCO6XOI[I/IMO HCIIOJIB30BaTh JJIA PCUICHUA ITOBCPXHOCTHO-
COIJIaCOBaHHBIX 3aJla4 pPasHOIro THIIAd (O]_IGHKa OCTAaTOYHBIX CTATHYCCKHX BPCMCH,

OIICHKA BapHallMii aMIUIUTY/l, OIIEHKA ONEepPaTOPOB JJIsl IPOBEACHUS JEKOHBOJIIOIUN).
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3. TimaBa 2 AJroputM NOBEPXHOCTHO-COIJIACOBAHHOM KOpPpeKIHUU H
CeMCMUYECKMX CUTHAJIOB € UCIOJb30BaHMEM (aKTOPHBLIX MoJeedl M y4eToM

NCeBI0ANPUOPHOH HH(pOpMALUH

B rmaBe omumcana pa3paboTka HOBOTO  aJrOpUTMa  MOBEPXHOCTHO-
COTJIACOBAHHOW KOPPEKIMU CUTHAJIOB, KOTOPBIA IMO3BOJIIET BHOCUTH JIONOJHEHUS B
CUCTEMY JIMHEWHBIX YPaBHEHMU B BHJAEC IICEBIOANPUOPHON WIM anpUOPHOU
UHpOpMaAIMK, YTO OOECHEUMBAET €IWHCTBEHHOCTh U YCTOWYMBOCTH pEILLEHUS.
KoHTpons BBeIEHHsS JONOJHEHUS OCYUIECTBISIETCS C UCIONb30BaHUEM SVD-
pasznoxeHus. Bepudukanus u TeCTUpOBaHUE aJTOPUTMA MPOBOJIUTCS HAa MOJEIbHBIX

JTAQHHBIX JIJI PAa3HBIX TUIIOB (PAaKTOPHBIX MOJICIICH.

2.1 CucreMbl JIMHEHHBIX YPABHEHHH NIPH PELICHUH 3a1a4YH TOBEPXHOCTHO-

COIJIACOBAHHOM KOPPEKIUHN CEMCMUYECKUX CUTHAJIOB

HccnenoBanne cBOMCTB Marpullbl U3 ypaBHeHHUs (10) mo3BojsieT MOHSTH
MHOTHME OCOOCHHOCTM  TMOJydaeMmblX peuieHuid. B wactHocTH, mnpupomy
HEEJAMHCTBEHHO  OMNPEJEISIEMBbIX COCTABJISIONMX W KOJMYECTBO Tpedyemou
anpuopHOM MHMOpMaAIUU 71 €IUMHCTBEHHOTO PEIICHMs 3a/adyd B MOBEPXHOCTHO-
COIJIaCOBAaHHOM ITOCTAHOBKE.

[Ipu BBIMOJHEHUU COOTBETCTBYIOIIETO HCCIIEIOBAHUS HEOOXOIUMO OTBETHTH
Ha TPU MPUHIUIIHAIBHBIX BOIIPOCA:

1. Kak cucrema HaOrOACHUI BAMSET HA €IMHCTBEHHOCTh PEIICHHUS 3aa9n?

2. MoxHO 1M pemuTh MpoOdJieMy E€AUHCTBEHHOCTH  PEIIEHUS IMyTeM
MEPECTPOEHUS CTPYKTYPBI CUCTEMBI JIMHENHBIX YpaBHeHHi (10)?

3. Kakum oOpazoM HEOOXOIMMO BHOCHUTH alpHOPHYI0 UH(POPMAIIUIO B CUCTEMY
ypaBHeHuit (10), 4ToOBl 0OECHEYUTh EAMHCTBEHHOCTh M YCTOWYMBOCTH
peueHus’?

[Ipu uccrnenoBaHuu NEPBOro BOMpoca ObUIO BBEACHO MOHITHE JIOMYCTHMOTO

Ij1aHa Ha6JIIOI[eHI/II>’I KaK CTPYKTYpbl AJaHHBIX, HC BJIHUAIOIHNX Ha CAWMHCTBCHHOCTDH
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nosryqaemoro pemienus. B padorax [[‘onbaun, Mutpodanos, 1975; Murpodanon
1975] Obul0 TOKA3aHO, 4YTO MJisi TaKWX IUIAHOB HEESJAMHCTBEHHOCTh PEIICHUS
BO3HHMKAET 3a CYET B3aUMOJEWUCTBUS Mexay (akropamu. Ha OCHOBE CTpyKTypbl
MaTpUIlbl ~ TaKO€ B3aWMOJICHCTBUE OMPEACISICTCS] JWHEWHBIMU KOMOWHAIUSMU
cTONOIOB 3TOM Marpuipl. [loHMManue ykazaHHOro ¢akTa TpPHUBEIO K HJEe
WCIOJB30BaHUsl  Oa3uCHBIX  (QPYHKIMM,  00ECIeYMBAIONIUX  MPEICTABICHUE
HaOmoeHut U (HakTopoB B (¢opme, KoTopas IIO3BOJIIET Haubojee IPOCTO
IPOaHAIU3UPOBATh BONMPOCH €IMHCTBEHHOCTHU. JTa HJEs B 3BPUCTHUECKOU (popme
BIIEpBbIE OblIa BhICKa3aHa B pabote Tanepa [Taner, 1974].

Peanuzanmss wupen 3akiro4yaeTcss B ONPEACIICHUMM CHUCTEMBbI  JIMHEWHO-
HE3aBUCUMBIX (YHKIMII  MEpPEMEHHBIX, KOTOPbIE 3aJal0T KOOPAUHATHI TOYEK
BO30YK/IEHHSI M IIpUEMa CEHCMHUYECKOIO CUTHaja. DTH TOYKU TAKXKE ONPEIEISIIOT
MOJIOKEHUE HAOMIO/IEHU B y3/1axX AUCKpeTHOU pemieTku. [lomyunTts koahpuimeHTs!
Pa3IO0KEeHHUs] MOKHO Kak JUIsl HAOII0AeHUI (BEKTOp ), TaK U IJis 3HAaYeHUI (PakTopoB
(BeKTOp ) 10 BRIOpAHHBIM (PYHKIIMSIM TSI IOMTYCTUMBIX TIJIAaHOB HAOIOICHUM.

Ecnu cucrema ¢yHkuuii — ompeneneHa, TO MOXHO YCTaHOBUTh, KaKHe
COCTaBJSIOUIME  (DAKTOPOB  OMPENENAIOTCS  OAHO3HAYHO MO  HMMEIOLIUMCS
HaOmonenusiM. Hampumep, m0pu  HCHNONB30BAHWM TOJWHOMHUAIBHBIX  (PYHKITUH
ONpENENsIeTCs] MaKCHUMallbHasl CTENEHb, HAYMHAsg C KOTOPOW BCE COCTaBISIOLINE
(bakTOpOB ONpPENENSIOTCS €MHCTBEHHBIM 00pa3oM. Takxke MOXKHO PEIIUTh BOIIPOC O
HEOOXOAMMOM O0beME ampuopHON UWHGOPMAIUMK, KOTOPBI KOJIMYECTBEHHO
COOTBETCTBYET YHMCIIy HEOJHO3HAYHO OMNPEIEISIEMBbIX KO3(DPHUIMEHTOB pPa3I0KEHUS
(bakTopoB. DTH 3HAHUS MO3BOJSAIOT CHOPMYJIUPOBATH YCIOBHS, OOECIEUMBAIOLINE
€AMHCTBEHHOCTh OIpPEACNICHUs COOTBETCTBYIOIIMX COCTaBistomux (pakropos. Takue
yCJIOBUSL MOTYT ObITh BBelleHbl B cucTeMy (10), rapaHThpys €IUHCTBEHHOCTH €€
pemenus: [Murpodanos, 2014].

BaxxubsiM nipy (pOpMUPOBAHUM TOMOJHUTENBHBIX YCIOBUH, 00ECIEUMBAIOIINX
€IMHCTBEHHOCTh MOCTPOEHHOTO PEIICHHUS, SBISETCS TO, YTO YCIOBUS MOTYT OBIThH
chOpMHpPOBaHbl KakK IO MMEIOLIEHCS anmpHOpHOM HMHpOpMaluu, TaKk U Ha OCHOBE

3HaHUU O xapakrtepe ¢akTopoB. Takue ycimoBusi MOryT OBbITh Ha3BaHBI
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nceBoanpuopHoil  mHpopmarmet, T.K. OHH (opmMupywTcs wu3 (QopMaIbHBIX
coOo0OpakeHui 0OecTieueHns €IMHCTBEHHOCTH U YCTOMYUBOCTH PEIICHUS 3a/1a4u.

Bo3moxkHOocTs  (hopMupOBaHHS — anpHOPHOM  HMHGPOPMALMHM  Pa3IMYHBIMHU
crioco0amu TO3BOJISIET BBOAUTH €€ HECKOJILKUMU BapHaHTaMHU.

(1). Ureparmmonnoe pemrenne cuctemsl (10), mpu KOTOPOM MOCIIEIOBATEIBHO
OLICHUBAIOTCA OTJEJbHbIE (DAKTOPHI WM HUX TPYIIBI C MOCIEAYIOIIMM BBEACHUEM
anpuopHO MHPOPMAIIMHU B MOITYYEHHOE PEIICHHE.

Ilpeumywecmeo: TNpPOCTOTAa peaM3alMd W HWHTYUTHBHAs IOHATHOCTH JUIS
CHELMATUCTOB M0 00pabOTKe CeHCMUYECKUX JaHHBIX.

Heoocmamox: HU3Kast CKOPOCTh CXOJUMOCTH UTEPALIMOHHOTO MPOIecca.

(2). Pemienne pacumpennoii cucteMsl (10) ¢ BKIIOYEHHEM B HEE MMEIOLIEHCS
anpUOpPHON MHQPOPMAIIUH.

llpeumywecmeo:  TONy4eHUE  E€OUHCTBEHHOIO  PELICHHS, IOJHOCTHIO
COOTBETCTBYIOIIETO UMEIOIIEHCS anpuOpHON HH(OpMaIIH.

Heoocmamku: 3aBUCMMOCTH OT KauecTBa arpuOpHON HMHGOpPMAIMM, a TaKkKe
HU3Kass TEXHOJOTMYHOCTh B CIly4dae TOSIBIICHHS HOBBIX aIllPUOPHBIX JAHHBIX, YTO
TpeOyeT MOBTOPHOTO PEIICHUsI PACIIUPEHHON CUCTEMBI.

(3). MUcnonws3zoBanue TiceBIOANpPUOPHOM WHMOpPMAIMK N7 TOTYyYEHHUS
pemenus cuctemsl (10) ¢ nocneayrOmMUM TONOJHEHUEM allPUOPHBIMU JTAHHBIMHU.

[IpenMyI1ecTBO: IONYyYEHHE EOUHCTBEHHOTO M YCTOMYMBOIO DPELICHUS IS
Pa3IUYHBIX TUIOB (DAaKTOPHBIX MOJENEH. DTO MO3BOJISAET BHIOMPATh ONTUMAJIbHYIO
MOJIEJIb U ONPEEIATh HEOOXOIUMYIO AIPUOPHYIO HHPOPMALIUIO.

Henocrarku: HEOOXOAMMOCTH TOBBIIEHUS KBaTU(UKAIUU CIEHUATUCTOB U
pa3pabOTKN BHYTPEHHUX KPUTEPHUEB ISl OLIEHKU KauyeCTBa MCIOJIb3yEeMbIX MOJIEIEH.
Kpome Toro, MoxeT moTpeboBaThcsl yBeIWYeHUE O0BbEMa aNmpPHOPHBIX JAHHBIX IS
0XBaTa BCEX UCIOJIb3yeMbIX Mojienelt [MutpodanoB u ap., 2023r].

[Ipexnie yeM nepeiTH K BBEACHHIO NICEBI0ANPUOPHON HHPOPMALIUHA B CUCTEMY
JUHENHBIX ypaBHEHUH, CIeyeT OomucaTh CBOMCTBA MaTpuilbl . OHa UMeeT OJI0YHYIO
CTPYKTYpY, I/ie KaxAbli K3 OJOKOB COOTHOCUTCS C ONPEIEICHHBIM (PAKTOPOM.

DOneMeHThl 0JIOKOB (3HaueHue 1) yBs3bIBAIOT MEXIYy cOOOHM 3HaueHHs (PAKTOPOB U
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3HavYeHUs1 HaOmoaeHnii Homepam HaOMI0IeHUIT B CHCTEME COOTBETCTBYIOT HOMEpA
cTpok B Matpuile Homepam ¢GakTopoB B CHCTEME COOTBETCTBYIOT HOMEpPA CTOJIOIIOB
B MaTpulle . Bug Matpuubl s ONpeaeieHHbIX CUCTEM HaOIOACHUSI MPUBEIACH Ha

pucyHke 1.

v V
\4

MCTOYHWKA

v
\4

4d4dd

\'4

KoopauHaTta npyemHuKa

7" MCTOYHMKM  NPUEMHUKM
| 1 0 0|1 0 O 0 0O
1 0 00 1 0 0 0
1 0 0|0 0 1 0 0
0 1 0[O0 1 0 0 0O
0 1 0/0 0 1 0 0
0O 1 0/0 0 0 1 0
0 0 1/0 0 1 0 0
0 0 1/0 0 0 1 0
0010000 1

Pucynox I — Ilpumep 08yxmeproti cucmemvl ceiicmMuyeckux Hab00e ull (6epxru
PUCYHOK) U NOCMPOEHHOU 01 Hee Mampuyvl (HUNCHUL PUCYHOK).
Kak mpaBuio, B CEHCMHYECKHX OKCIIEPHUMEHTAaX CHCTEMbl JIMHEHHBIX

ypaBHeHu# Bujaa (10) sABASIOTCA NEpeorpeaesieHHbIMU, BCIEACTBUE YEro MaTpulia
SBJISIETCS. MPSIMOYTOJIBHOM C YHMCIOM CTPOK, IPEBBIIIAIOIIMM YHUCJIO CTOJOLOB, a
CUCTEMA HE HMMEET TOYHOro peuieHus. llodTomy INpu HOCTPOEHUM €€ peuIeHUs
UCIIOJIB3YETCSl METOJ, HauMeHbIIMX KBaapatoB [beknemuies, 1983]. Jlnsg a3roro
J0CTaTOYHO  mpeoOpa3zoBath  cucremy  (10) myreM  JOMHOXKEHHS  Ha
TPAHCIIOHHPOBAHHYIO Marpuily . B pe3ynbpraTe 4ero mosy4aeTcss HOBAas CUCTEMA
JUHENHBIX YpaBHEHMI, pelieHrue KOTOpoil OyJeT COOTBETCTBOBATh MUHUMAJIbHOMY

PAaCCTOAHUIO 11O HOPMC MCIKAY BCKTOPAMU Z U

(11)

ITocne BBIMOJIHEHHOIO Hp€O6paBOBaHI/I$I BCKTODp Hepeo603HaqaeTc51 B U B

JanbHeWImeM OyJeT Ha3bIBaThCsl BEKTOPOM TMPaBBIX YacTel, maTpuia  Oyjaer
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nepeoOo3HayeHa B matpuily A. Y Torna onpenensieMble 3HaYeHUus GakTopoB 0 OyayT

pPacCUMTaHbBI TyTEM MEPEMHOKEHUS BEKTOPA MIPABBIX YacTe U 0OpaTHON MaTPHIIBI A.

(12)

2.2 BBeaenue nceBaoanpuopHoi uHGopManuu 1A odecneyeHust

CANHCTBCHHOCTH PECIICHUSI CUCTEMBI JIMHEHHBIX ypaBHEHI/Iﬁ

Kak yxxe ynomuHanoce paHee, MaTpuiia X UMeeT IJIOXHE CBOWMCTB, & UMEHHO
10x0 o0yciosieHa. [1noxue cBolcTBa MaTPHUIIbl ONPEIETAIOTCS HATMUYUEM KPaeBbIX
HAONIOICHUI, HE O0O0JIaJaloIUX JOCTATOYHOM KPATHOCTBIO JUIs BBIUYHUCICHUS
HECKOJIBKUX (PAKTOPOB, KpPOME TOr0, 3TO CBSI3aHO C HAJIMYHMEM HEOAHO3HAYHO
ONpENENSIEMbIX ~KOMIIOHEHTX B CHCTEME YpPaBHEHHMHA. YcCeueHus KpaeBbIX
HaOJII0/IEHUH MO3BOJISIET UCKIIOUUTh NIEPBYIO MPUUYUHY; B JaJIbHEHUIIEM UX 3HAUCHUS
MOTYT OBITh BOCCTAHOBJIEHBI C MOMOUIbIO HHTEPMNOJISUMU pPELIEHUN OnmKalImx
HabmoneHui. s ycTpaHeHus BTOpOH MPUYUHBI MIPEAIAraeTcsi UCMOIb30BaTh METOT
anreOpanyecKux JIOMOTHEHUH.

B cnyuae AByMepHBIX cHCTEM HaONIOAEHUN MaTpulia  JOTMOJHSETCS IO
cienytomemMy — anroputMy  [Mwutpodano, 1988]. Hampumep, B pamkax
TpexdakropHoi mMonenu st 2D cucrteMsl celicMuueckux HabmoaeHuit ( — (axkTop
UCTOYHUKA, — (pakTop mpuéMHHKa, — (akrtop obmiedt rmyounnon toukm (OI'T), —
KOOp/JIMHATAa UCTOYHUKA, — KOOpAWHATa TpuéMa, — HAONIOJEHUS), BEKTOP MPaBbIX
yacTell nmnpeacTaBisieTcss B BuAe cyMMmbl (aktopoB (13), a camu Qakropsl

PACKJIa/IbIBAIOTCA B NOJUMHOMHAIIBHBIN psJl 10 epBoil ctenenu (14-16).

(13)
(14)
(15)
(16)

Paznoxenus (14, 15, 16) nonacrasusitorcst B BoipakeHue (13) u momydaercs

HOBOe ypaBHeHue (17):

(17)

B NpeACTaBJICHHOM YPAaBHCHHUHW YHUCJIO HCU3BCCTHBLIX 6OJ'IBHIC, 4€M YHUCIIO
HU3BCCTHBIX BCJIIMYHMH. I[JIH TOr'0 YTOOBI YPAaBHATH YHUCJIO0 U3BCCTHBIX U HCHU3BCCTHBLIX,

MO>KHO 3a(pUKCUPOBAThH OJIHY IOCTOSIHHYIO W OJIHY U3 JMHEHHBIX COCTABIISIFOIIUX .



32
(18)

[Tpu pabote ¢ KBagpaTHOW MaTpUIlE A €€ MOXHO JOMOJIHUTH CIEAYIOIINM
obpazom (19):
(19)

rae matpunia H u BEeKTOp ¢ OmpenesstoTcss TUIIOM alpUOPHBIX JaHHBIX. Eciu
peanbpHas anpuopHas WH(OpMaIUMs OTCYTCTBYET, BTOPOE MATPUYHOE YypaBHEHHE
MOET OBITh TOCTPOEHO Ha OCHOBE ICEeBAOANPUOPHON HHPopManuu (dukcarus
KOHCTaHTBI, TUHEHHON cocTapstoniel u T.1.) [Pao, 1968]. 3aeck n manee moaxon ¢
WCIOJIb30BAHUEM  JIONOJIHEHUM MAaTpHUIbl [ICEBIOANPUOPHOW WJIM  AllPUOPHOU
uHpopmaleil Oyner Ha3bIBaThCA — al2OPUMMOM OONOJHEHUll B CIydae MPSIMOro
pEILIeHHs] CUCTEMBI TUHEHHBIX ypaBHeHUH (10).

B cnywae mromamHeIX cucTeM HAOMIONCHWA peanu3amus ajiropurMma
JIOTIOJIHEHUH TIpejicTaBlieHa B padotax [['opesBueB, Murpodanos, 2018; Mitrofanov,
Goreyavchev, 2019; I'opesiues u ap., 2024].

B nuneliHOM mocTaHOBKEe (DaKTOpHOE MPECTaBICHUE 3aaETCs BBIpAXKECHUEM
(13). dannbie miomaaHo 3D ceiicMopa3BeIKH, 3aBUCAIINE OT KOOPJIUHAT MyHKTa
Bo3Oyxnenust (IIB) (,) wm mynkra npuéma (IIII) () mpeacraBmsitoTcs B BHIE

ITOJIMHOMHAJIBHOI'O Pa3JI0KCHUA C COOTBCTCTBYHOIIINMHU KOB(i)(i)I/IHI/IeHTaMI/I.

AHaJOTHYHO pacKiaasiBatoTCs (HakTopsl , , . B pe3ynbraTe ompezensercs cucrema
(20):
(20)
Kaxnomy ko3¢ duiMeHTy COOTBETCTBYET ompejneneHHas creneHb (0 — s

KOHCTaHTBI, | — JIJIs1 TUHEWHOW COCTAaBJISIFOIIEH) U UHJIEKC, KOTOPBIM OTPaXaeT CBS3b
C pacCIOJIOKEHUEM TOUYKH BO30YXKIEHHS, TOUKOM mpuema u KoopauHatamu. [lytem
o0beMHEeHUsT KO3(P(GUIIMEHTOB € OJMHAKOBBIMH CTENECHSIMHU U CYMMHPOBaHUS
yYpaBHEHUH JJI1 KOOPAMHAT TOYEK BO30OYXKJIECHUS W mpuemMa (HopMupyercs cucreMa

ypaBHeHu# (21).
21)

B kax1oM ypaBHEHHM CHCTEMBI CII€Ba CTOSIT U3BECTHBIE BEJTUUMHBI (JIaHHbIE),
a CrIpaBa — HEU3BECTHBIC BeTUYUHBI (PakTopsl). UTOOBI pelInTh NepBOE ypaBHEHUE,

HYKHO HAWTHU ABE€ KOHCTAHTbI, TaKUM O6p&30M YHUCJIO HCU3BCCTHBIX COBIIAACT C
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YUCJIOM  U3BECTHBIX BEJIMYMH. B cllyyae  MOBEpXHOCTHO-COTJIACOBAHHOM
JICKOHBOJIIOIIMU B CUCTEME JIMHEHHBIX YpaBHEHUU HEOOXOIUMO 3a(UKCUPOBATH JIBE
MIOCTOSIHHbIE BENWYUHBL. B MaTpuyHOM mpeacTtaBieHUU (UKCALUS JTOCTUTAETCA
no0aBiIieHHEM K MaTpuIile X CTPOKH C KOHCTAHTOW Ha MECTE OTPEIeICHHOTO (haKkTopa.
Tak kak TouHble 3HayeHUs KOA((UIMEHTOB 3apaHee HEU3BECTHBI, (UKcaIUs
KOMIIOHEHT OCYIIECTBJISIETCS MyTEM JIOMOJHEHUS MAaTPHUIbl MPOU3BOJbHBIMU
3HaUCHUAMH (BHECEHHE TICEBIOANPUOPHON HHGPOpPMALMM JJIS  TOBBIIICHUSA
YCTOMYMBOCTH PEIICHUS), KOTOpPhIE B JaJIbHEHIIIEM MOTYT OBITh 3aMEHEHBI Ha
anpUOPHYI0 MH(GOPMAIIHUIO JJIS TIOBBIIICHUS TOYHOCTH PEIICHUSI.

UtoOsl pa3pemuTh OCTaBIIMECS ypaBHEHUss cuctembl (21), HyXHO
3a(MKCUPOBATH JIBE JUHEHHBIE KOMIIOHEHTHI (OJHY BJ0JIb OCH X, IPYTYIO BIOJb OCU
Y). Jua pemenus TpexdaKTOPHOW 3aJadd  IMOBEPXHOCTHO-COTJIACOBAHHOM
KOPPEKIMU C MCIOJb30BAaHUEM [JOMOJHEHUNH HEOOXOJUMBI YETHIPE YCIOBHS: BE
MOCTOSIHHBIE COCTABIISIFOLIME U JIBE€ JUHEHHBIE COCTAaBJISAIONIME (TI0 HAMpaBICHUSAM X
u Y) [["opesiueB u ap., 2024].

AHQJIOTUYHBIC TTOCTPOCHHUS MOTYT OBITh BBITIOJTHEHBI TSI YEThIpEeX()aKTOPHOI
MOJIENIN, HCIOJb3yeMoil B BblpaxkeHusx (6) u (8). B stom ciyuyae TtpeOyercs
UCIIOJIb30BaTh YK€ BTOPYIO CTENEHb pa3lioKeHHs i HaOmoaeHuii u gaxropos. B
pe3yibTaTe IMOJIy4aeTcsl CYyILIECTBEHHO OoJbplias cucTeMa, conaepxkamas 15
ypaBHeHMIl. Ee aHanu3 Mo3BOJISIET ONPENENUTh KOJMYECTBO JIOMOJTHUTEIBHBIX
YCIOBUM  HEOOXOJUWMBIX IS  TOCTPOCHUS  €IWHCTBEHHOIO  pEIIeHUs B

4yeTbIpexPaKkToOpHOU 3a1aye.

2.3 KoHTpoJb BBeleHNs NICEBI0ANPHUOPHOH HHGOpMAIIUH C
HCNoJb30BaHueM SVD-pasiio:keHus U JTOKAJIM3alHell MAJIbIX CHHTYJISIPHBIX

yucea

OnHUM U3 UHCTPYMEHTOB ISl KOHTPOJISI KOPPEKTHOTO BBEJECHUS JIOMOJTHEHUN
B MaTpUIly U OOpe3KH KpaeBbIX HaOmoaeHui spiserca SVD-paznoxenue. SVD-

Pa3JIOKCHUC HCHOJB3YCTCA I HCCICIOBAHUSA CBOMCTB MoJIyd4acMbIX CHCTCM
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JMHEWHBIX YpaBHEHUW, B TOM YHCII€ U ISl CPAaBHEHUS BapHaHTOB MAaTPHUUbI [0
JOTIOJIHEHUS U TIOCJIE.

JInsa ompeneneHuss CBOMCTB Matpuibl 4epe3 SVD-pasnokeHue paccMOTpUM
JIBa BHJa CUCTEM ceiicMuueckux HaOmoaeHui. [lepBoiil — cuctema u3 9 HaOIroAeHUN
0e3 cMelleHus] BAOJb KOOpPAMHATHI Mpuéma (pUCYHOK 2a cieBa) U cuctema u3 9

HaOJII0JICHH, HO CO CMEILIEHHEM BJI0JIb KOOPJIMHATHI MTpUEMa (PUCYHOK 2a CIIpaBa).

(1) 1]
T AV V V 3 g V V V
s 3 = I
g3 vV VvV V g3 v vV V
= =
2 2 v V V 2 g vV VvV V
KoopavHata npuemHuka (a) KoopawHaTta npyemHuKka
“UCTOUHMKM I'IpMEMHMI{-I;I.' HiTOHOHHFBH 1np0Her\3HHBH 0
' 1 0 0|1 0 O
1 0 000 1 0O 1 0 0/01 000O0
10 0/l0 0 1 1 0 0j]0 0 1 0 0
01 0/1 0 0 X = 01 0010 00
X= 010010 01000100
01 0/l0 0 1 010 00O0T1O0
O 0 1/1 0 0 0O 0 1|0 01 0 0
\ 00 1/'0 1 0 _ 00 1/0 0 0 1 0
.0 0 1/0 0 1 7 (6) .0 01/0 00 0 1.

Pucynok 2 — Bauanue muna cucmemst Hado0enutl Ha 6uo mampuyst X. (a) /lea
muna cucmem Habaoderull u (6) coomsemcmayrouue UM Mampuysvl, nNoJyyeHHble
07151 08YXhaKmMoOpHOU MOOeu.
Cucrema HaONIONCHUH C TOJIBIKHBIMH TIPUEMHUKAMH OTpEACIsSeT 3aaady

paznenenus (akTOpOB B paMKaxX CEHUCMUYECKOTO SKCIEPUMEHTa, B OTJIWYHE OT
CUCTEMBI C HETIOJIBM>)KHBIMU TPUEMHUKAMH, YTO COOTBETCTBYET KJIIACCUUECKOM 3a7aue

muctiepcruonHoro ananmsa [[edde, 1980]. Ing npyxdakropHOit Moaenu:

(22)
IpUBEIECHA MaTpula JUisl IUIaHa HAOJMIOACHWM B paMKax KIIACCUYECKOW 3ahadu

JTUCIIEPCUOHHOTO aHaliu3a MpHUBEJEHAa B JIeBOM dacTu pucynka 20. s
CEHCMUYECKOI0 DKCIIEpUMEHTAa C MOJABMIKHOM pacCTaHOBKOM — Marpuma X
MIPEICTABIICHA B MTPaBOil YaCTH pUCYHKa 20 U UMEET UHYIO CTPYKTYpy. OOe MaTpHIlbl

BBIPOKACHLBI, C O,HHOﬁ JIMHEMHOW 3aBUCUMOCTBIO MCIKIOY CTOJ'I6HaMI/I, OTHOCAIIMMHUCS
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K TpynmnaM (akTOpOB HMCTOYHHUKOB W TPUEMHUKOB. 3aBUCHMOCTH OOYyCIIOBIIEHA
HEBO3MO>XHOCTBIO OJHO3HAYHOI'O Pa3/ICJICHUS] MOCTOSIHHOM COCTaBJISIOIIEH MEXKIY
(hakTOpamMu UCTOYHUKOB U MPUEMHHUKOB.

JIyist TeBOi M TIpaBOM MaTpHIl, MPEJACTABICHHBIX HAa PUCYHKE 20, pacCUNTAHBI
3HA4YEeHUS! CUHTYJISIpHBIX uncen: {2.45; 2.73; 2.73; 2.73; 2.73; 2.53e-16} u {2.3; 2.97,
2.83;2.55; 2.29; 0.96; 0.68; 2.32¢-16}. Ilocnennue Mainble 3HaYEHUSI COOTBETCTBYIOT
JUHEHHOW  3aBUCUMOCTH  Mexnay ¢akropamu. [lpeanmocneaHue  3HaYeHUS
cunryssipabix yucen (0.96 u 0.68 mo cpaBHeHuto ¢ 2.73 u 2.73) roopar 00 ux
YMEHBIIIEHUU MpPH MEPEeXo/ie K CHCTEMaM CO CMEIICHHUEM pPacCTaHOBKHU. Takoe
NOBEJCHUE  CHHTYJSIPHBIX  3HAYEHUW  CBSI3aHO C  HENO3alOJIHEHHOCTBIO
MPSAMOYTOJIbHOM 00JacTH, B paMKax KOTOPOM PacCUMTHIBAIOTCS 3HAYEHUS! (PAaKTOPOB.
O1oT 3h(deKT ycunmBaeTCs MPU YBEIUYCHHH MacmTaba CHUCTEM CEeHCMHYECKHX
HaOJII0ACHUH, @ IMEHHO BBITSTHBaHUS HAOIIOACHHUI BAOJIb BCErO MPOQUIIS.

Ha pucynke 3 cBepxy H300pakeHbI CUCTEMbl HAOJIIOACHUN C MOJABUNKHBIMU
npueMHuKaMu. JleBas cucrtema BkIo4aeT 128 mnpueMHUKOB, a mnpaBas — 16
npueMHUKOB. O0e cuctembl BKIOYanu 160 MCTOYHHMKOB. 3HAUEHUSI CUHTYJISIPHBIX
4yuces, IPeACTaBICHHbBIE Ha PUCYHKE 3 CHHU3Y, MOKAa3bIBAIOT, YTO HEJ03AM0IHEHHOCTh
11aHa HAOIIOICHUH YXYAIIaeT CBOMCTBA MAaTPHUIIbI X, a YUCIO0 O0YCIOBICHHOCTH IS
CUCTEMBI HAONIOAEHUS C KOPOTKOM 0a30i yMEHbBIIAETCS Ha HECKOJIBKO MOPSAKOB

[["opesiBueB, Mutpodanos, 2018].
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Pucynok 3 — /lea muna cucmem nadbaoo0enus u 3HayeHus CUHSYIAPHLIX YUCEeIl
mampuywvl X. Bepxnuil pucyHok — 06a muna cucmem HAOI00eHUs C PAZHbIM
YUCIOM NPUEMHUKOB U HUNCHULL PUCYHOK — 3SHAYEHUSI CUHYISIPHBIX YuUcesl Ol HUX.

2.4 Bepudpuxkanus aJirOpuTMa MOBEPXHOCTHO-COTJIACOBAHHOM KOPPEKIUH

ceiicCMHMYeCKHX CUTHAJIOB Ha HpO(l)l/IJIbHLIX H IJIOINAAHBIX CHCTEMAX

celicMUYeCKHUX HAOII0IeHUI

[locne obOecrneueHus €IUHCTBEHHOCTH PEIIEHUS CHUCTEMbl JIMHEHWHBIX
YpaBHEHHH Ha OCHOBE JOMOJHEHHUS MAaTpPULbl TCEBAOANPHOPHON HH(DOpMannen
BAXXHO BEPUPHUIMPOBATH KOPPEKTHOCTh pabOThl alIropuTMa IIyTEM IPOBEACHUS
YUCJICHHBIX 3KCIEPUMEHTOB Ha MOJEIbHBIX CHHTETHMUECKMX JaHHBIX. B pamkax
Bepu(UKAUU HEOOXOJAMMO COINOCTaBUTh pEUIEHUE, IOJYYEHHOE C IOMOIIbIO
pa3pabOTaHHOIO AIrOpUTMa, C PELICHUEM, BBIUNCIEHHBIM HA OCHOBE UTEPALIMOHHOIO
Metoaa (Metoq LSQR nnu meton BICGSTAB). IIpu 3ToM cpaBHHBAIOTCSI HE TOJIBKO

TOYHOCTD I10JIY4aCMOI'0 pCIICHNA, HO U CKOPOCTD €TI0 ITOJIYUCHUAA.



37

Baxxno ydecTp 0cOOEHHOCTH MaTpull, KOTOpble MOTYT BO3HUKATh B CIydae
Oonpmioro oobema AaHHbIX. Kpome TOro, HeoOXOIMMO NPOBEPUTH HEKOTOPHIE
TUNOTE3bl MO JOMOJHEHWI0 MaTpull W A W HUX pabdoTy [ pas3HbIX CHUCTEM
HaOMIOACHNH, Kak MpocThiX (HeOosbmue 2D), Tak m KpymHbIX (ctaHmaptHas 3D
ChEMKA).

1. ineHTrnyHBbI 1 peleHns IpU OJMHAKOBOM JONOJHEHUU MaTpull U A?

2. VneHTU4YHBl JIM peHieHUs TpH JIONOJHEHWU MATPHUIBI  3HAYCHUEM
KOHCTaHThl Ha Bce (hakTophl (Hampumep, Bce (PAKTOPbI MCTOYHMKA) U
JIOTIOJTHEHUW MAaTPHIBl  3HAYEHWEM KOHCTAHTBI Ha OJUH (PaKTop
(Hanpumep, Ha OJTMH UCTOYHUK)?

3. Kakoii u3 MeTOJIOB pEIIEHUs] CUCTEM JIMHENHBIX YPABHEHUN TOAOUAET IS
JAaHHOW 3a7a4d HAWIy4IIMM 00pa3oM (TOYHOCTh, CKOPOCTh pPabOTHI,
OoNnTUMaJIbHOE BbleNieHne namsat)? U B kakux ciydasx?

3nech U Janee BCE CUHTETHMYECKHE TECThl OyJIyT pacCMOTPEHBI B JIMHEHHO-
anreOpanyecko IMOCTAHOBKE 3aJadl IMOBEPXHOCTHO-COTJIACOBAaHHOM KOPPEKIUU
CTaTUKH, TO €CTh MOJeNb (AKTOPOB JHMHEHA W3HAYAIBHO, JOMOJHUTEIHLHOTO
norapudMUpoBaHus HE TpeOyeTCs.

TpaauImoOHHO IOJATOTOBKAa BXOJHBIX HAOOPOB B 00pabOTKE CEUCMHUYECKHX
JaHHBIX JJI1 Pa3HbIX TUIIOB MIOBEPXHOCTHO-COIIACOBAHHBIX 33/1a4 BKJIIOYAET:

e Pacuer B3aMMHO-KOPPEIALMOHHON (PYHKUMU B Mpeaenax BPEMEHHOTO
WHTEpBaNa JJIsi Habopa Tpacc W OMpeAesieHHe MO0 HEH OTHOCHUTEIHHOU
MOJBIXKKM MEXIy TpaccaMu. /laHHas BpeMeHHas MOJABMXKKA SBIISETCS
HAa0OpPOM BXOJHBIX JAHHBIX ISl KOPPEKLIUHA OCTATOYHOM CTaTHKHU.

e B npenenax 3aJaHHOTO BPEMEHHOI'O OKHA PaCCUUTHIBAIOTCS 3HAYCHUS
CPEeIHEKBAPATUUHBIX AMIUTATYA JUIS KaXKJOW TPacChl, KOTOPHIE 3aTeM
JorapuMUpyroOTCs Il JUHeapu3auuMd  (aKTOPHOW  MOJIENu.
CpenHexBapaTU4YHbIE aMIUTUTYIBI  SIBJISIIOTCS ~ HAaOOpOM  BXOJIHBIX
JAHHBIX JISI KOPPEKIIUU aMILTUTY 1.

e B pamkax 3aJaHHOrO BPEMEHHOTO OKHA BBIYUCISIIOTCS 3HAYCHUS

ABTOKOPPEISUMOHHOW (YHKUMU [ KaXJOM Tpacchl, Ha OCHOBE
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KOTOPBIX PACCUMTHIBAIOTCS W JIOTAPUMHUPYIOTCS  aMIUIUTYIHBIC
CrieKTphl. Jlorapu(™Mbl aMIUIUTYJIHBIX CIHEKTPOB CIIYXKAT BXOJIHBIMU
JTAHHBIMU JJIS1 IPOLETYPBI AEKOHBOIIOLUH.

JIns Havanma pacCMOTpPHUM MPOCTOM BapUaHT CHCTEMBI CEHCMHUYECKUX
HaOmonenuit. [{ns TectupoBaHusi Oblla co3gaHa cuHTeThueckas 2D  cucrema
ceiicmuueckux HaOmoneHut (Pucynox 4), Brmrouaromas 11 TIB u 21 TIII,
MaKCHUMaJIbHOE YHCJIO KAHAJIOB B KOce 13 U paccTosiHME MEXAY NPUEMHUKAMU B KOCE

25 M.

Cuctema HabnwgeHns

104 A |-|pVIEMHI/IK A A A A A A A A X
v  NCTOYHUK

FFID

0 100 200 300 400 500
X,M

Pucynox 4 — Cunmemuueckasn 2D cucmema celicmuueckux Haba00eHull, KpacHvle
Mpey2oIbHUKU — NOA0ICEHUE UCMOYHUKOB, CUHUE MPEY20TbHUKU — NOJIOJICEHUE
NPUEMHUKOS.
B kauectBe BXOJHBIX JAHHBIX IS MPOUEAYPbl JEKOMMIO3ULIUM  ObLI

UCIIOJIb30BaH HA0Op CHHYCOHWJ pPa3HBIX YacTOT, 3aJaHHBIX WHIWBHAYaJIbHO IS
Kax10ro u3 (GakTopoB. B pesynbTaTe ciioxeHust (HaKkTopoB, MO aHAJIIOTHU ¢ MOJCIBIO
(5) B 2-x dakropHOM ciy4yae, ObUTM IOJTYyYCHBI HAONIOJAECHUS — BXOJHBIC JIaHHBIC

(PucyHnok 5).
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NcxoaoHble HabnoaeHNs
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Pucynox 5 — Cunmemuuecxkue nabnooenus, nonyuyenHvle 8 pamkax 2-x ¢paxmopuot
mooenu. B ciyuae peanbho2o skCnepumMeHma Kaicoomy u3 Habao0eHuil Moicem
coomeemcnmeoeamsb 3HA4YeHUue CZMI’l]lumyabl mpaCCbl, Gpe]l/leHl/l uiu CneKmpa.
HepBBIM I/IHTepeCYIOIHI/IM MOMCHTOM SIBJISICTCA HpOBepKa HAaCKOJIBEKO

HUICHTUYHBIMUA 6yI[yT pemIcHus, MOJYUYCHHBIC IIPXU ITIOMOIOX AOIMOJIHCHUA MAaTpULbl H
AOIIOJIHCHUA MaTpUulbl A. DnemMeHTHl Marpulibl COCTOAT M3 Hyneﬁ n ¢IUHHUIL, a
MaTpuna A, COCTOUT M3 HCOTPULATCIIBHBLIX YHCCII. I/ICXOJIHaSI MaTpula JIIA

CUHTETUYECKOM CUCTEMbl HAOIIOICHUI MpeIcTaBIeHa HAa PUCYHKE O.
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Pucynok 6 — Hcxoonas mampuya X ons cunmemuueckoi cucmemvl HaOI0OEeHUL,
npocnexcusaemcs 610k06as cmpykmypa — nepgule 10 cmondoyoe coomeemcmeayom
gaxkmopam ucmounuxa, nociedyrowue paxkmopam npuémuuxa. benviii ygem
coomeemcmayem HyJe8blM 3HAYeHUsIM.
Onwupasice Ha BbIBOABI MO BbIpakeHHUsM (14-20), B pamkax 2-x (akTopHOU

MOJIENH, 1T MaTpuIlel Oblia 3aUKCUpOBAHA KOHCTAHTAa B TpejesiaX CTOJOIOB,
CBS3aHHBIX C (PAKTOPOM HCTOYHHMKA. 3HAYCHHE KOHCTAHTBHI OBLIO PABHOMEPHO
pactipeneneHo Ha Bce 10 daxkTopoB HCTOUHHMKA M J00aBJIECHO B BHUAE HOBOTO

HaOIr0/IeHUsI B HUKHEeH yactu Matpuna (Pucynok 7).
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Pucynox 7 — Mampuya X ¢ oononnenuem 0 CuHmemu4eckou cucmemol
Haob00e U, CMpoKa ¢ KOHCMAHMOU HA UCMOYHUKAX 000A8/IeHa 8 HUJICHel 4acmu
mampuywl. benviii ygem coomseemcmeyem Hy1€8bIM 3HAYEHUSIM.
Marpuna A, cCOOTBETCTBYIOLAsg MaTpPULE C PUCYHKA 7, MPEACTaBICHAa Ha

pUCYHKE 8.
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Pucynox 8 — Mampuya A, nonyuennas no mampuye X c pucyuka 7. benviui ygem
COOmMBemcmeyen HyJ1e8biM 3SHAUeHUsIM. Basicuvim Momenmom a6isemcs
KOJUuyecmeo Henynegvlx Haonrooenuil (a umenrno 100 anemenmos 6 npedenax
nepewvix 11 cmpox u nepsvix 11 cmonbyos).
AJIbTEpHATHUBHBIM BapUaHTOM IMIOJYYEHHS PEUICHUS SBIAETCS JONOJIHEHUE

Matpulibl A (cornacHo ycioButo 11), a He maTpunel . Ha pucynke 9 npencrasieHa
MaTpulia A JONMOJHEHHas: CTPOKOM M CTONOHOM C 3aMKCUPOBAHHOW KOHCTaHTOM.
[IpeumyiiecTBOM TaKOro MOAXO0JAA SIBIAETCS TO, YTO KOJUYECTBO HEHYJIEBBIX
AJIEMEHTOB B MaTpPHIIE 3aMETHO MEHBIIIE, YEM B MATPUIIE C PUCYHKA 8. DTOT MOMEHT
CTaHET 0CO00 BAXKHBIM IIPU IMEPEXO/IE€ K COBPEMEHHBIM CHUCTEMaM IUIOIIATHBIX
celicMUYeCcKUX HAOMIOJICHUN U BBIICTICHUU MaMSITH O]l XpaHEHUE MaTpPHI] OOJIbIINX
pa3MepoB, B TOM 4YHCIE€ B paspexeHHoM ¢opmare (MOXHO 3(PPeKTUBHO
UCIIOJIb30BaTh B ClIydae, KOI/la KOJMYECTBO HEHYJIEBBIX HEOOJIBIIOE B CPaBHEHHE C

KOJIMYCCTBOM HYJICBBIX BHGMeHTOB).
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Pucynox 9 — Mampuya A, dononnennas cmpoxou u cmoaidyom ¢ 3apuxcuposaHuoll
KOHCMAHMOU 8 npeoenax paxmopa uCmoyHuKd.
B pesynbTaTe, MoJiydeHHBIE PEIICHUS C MOMOIIbI0 MATPUIIBIl W MaTpulbl A

ABIAIOTCA UACHTHUYHBIMHU, OTIINYHA COXPAHAIOTCA Ha YPOBHC MAaIIMHHOM TOYHOCTH

BbluncieHus (Pucynok 10).

le—15 PasHunua mMexay peleHnsamMn
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Homep dakTopa
Pucynok 10— Conocmasnenue pewieruii, no1y4eHHbIX C NOMOUBIO OONOJIHEHUS
mampuysl X u mampuyvl A.

W3 mosydeHHBIX pelieHuid, CorjiacHO MoJienu (5), MOKHO COCTaBUTh BEKTOP
HAOJIIOICHU U CPaBHUTh €r0 C HMCXOAHBIM BEKTOPOM, IOJAaBA€MbIM Ha BXOJI

anroputMma (Pucynok 11).
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Pucynok 11 — Conocmasnenue 6exkmopoé Hadbo0enull, Nogy4eHHbIX yepes
oononnenue mampuysl X (6epxXHull 1€6vlli PUCYHOK), Yepe3 OONOTHEHUE MAMPUYbl

A (8epxHnuii npasulii pucyHok). Paznuya medswcoy eekmopamu Hadbn00eHut,

NOJIYYEHHLIMU 8 X00€e (PaKmopHOU 0eKOMNO3UYUL, NPeOCMABleHa HA JIeBOM U
npasoM HUINCHEM PUCYHKAX COOMBEMCMEEHHO. 1 opu3onmanvuas ocb 00UHAK08a
0715 6cex pucynkos. OmHocumenbHas owuobka no Hopme L2 6 ciyuae oononnenus
mampuywvl X cocmasuna 3.392e-15, 6 cnyuae oonoanenus mampuysvi A - 7.7013e-
14.
CrneayoomuM MIaroM CTaja0 PacCMOTPEHUE BapuaHTa JIOMOJIHEHUS MaTPHUIIbI

IIPU TIOMOIIM OJHOTO 3HAYCHHUS, a HE MHOXKECTBA 3HAYeHWUU BIOJb (akTopa. Jlis
CpaBHCHHS PE3yJbTaTOB OBUIO CO3/IaHO JIBa BapuaHTa MaTPHIBI  C pPa3HBIMU
JOTIOJITHEHUSIMM:  JIOTIOJITHEHUE KOHCTAHTOM BJOJIb BCEX IIOJIO)KEHUM HMCTOYHMKA
(Pucynok 12 crneBa) u JOMOJHEHHE OJHUM MOCTOSIHHBIM 3HAY€HUEM Ha 6 UCTOUYHHKE

(Pucynok 12 cnpasa).
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Pa3zHoe gononHeHne Matpuubl X

Homep dhakTopa
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Pucynoxk 12 — Pasusie sapuanmul donoanenuti mampuywvl X. Cneea — oononnenue
KOHCMAHMOU 800.]1b 8CeX UCMOYHUKOS (HUNCHAS CIMPOKA MAMPUybl), Cnpasa —
O00NoIHeHUe 0OHUM 3HAYEHUEM HA 6 UCTOYHUKE (HUJICHSAS CIPOKA MAMPUYbL).

[TosryyeHHbIe MATPUIIBI A OTAUYAIMCH 3HAYCHUSAMHU Ha TJIABHOW JMATrOHAIHA H

3aroJHeHUueM OJIoKa YMciiaMyd B BEpXHEH JieBoil yactu marpuilel 4. Matpuna A Ha
pucyHke 13 crpaBa, a UMEHHO BEpPXHSs JieBas 4acTh, MEHEE «IUIOTHas» (TO €CTbh,
COJIEP>KUT OOJIbINIEe HYJIEBBIX 3HAUCHMUI), YeM MaTpuiia A Ha pucyHke 13 crneBa. Kak u
C MpPUMEpPOM BBIIIE, HA PUCYHKE 9, 3TO OymeT uWMeTh OOJIbIIOE 3HAYCHHUE IPHU

oOpallleHUH ¥ XPAaHEHUU MATPUIbl B YCJIOBHUSAX OOJIBIIMX CHUCTEM CEUCMUYECKHUX

HaOJIOACHUH 1 00JIBIIIEr0 00beMa BXOHOW HH(POPMAIIUH.

PesyneTupyowme matpuvubl A
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Pucynox 13 — Mampuywt A, nonyuennvie no mampuyam X c pucyuka 12. benviu
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ygem coomeemcmeyem Hy1e6blM 3HAYEHUSM.
Otnuuue penieHui, NoJy4eHHbIX 1Mo Matpuliam A ¢ pucyHka 11, Beipaxaercs

B BHJIC TIOCTOSTHHOTO 3HA4YeHUS Ha KaxjaoMm u3 (axtopoB (Pucynok 14), mpuyem Ha
(dakTopax UCTOYHMKA 3TO 3HAUCHHUE TIepepaclpeesiieTCsl B OJOKUTENbHYIO YacTh, a
Ha (paKkTOpe MPUEMHUKOB B OTpHUIATENbHYI0. [0 MOmymio 3HaueHWE KOHCTAHTHI

OJIMHAKOBO.

Pa3zHnua Mexay peweHnamu
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0.0

—0.51

—1.01

0 5 10 15 20 25 30
Homep takTopa
Pucynok 14 — Paznuuue medncoy peuseHuAMU, NOLY4eHHbIM N0 OONOJHEHUSIM 0OHOU
U HeckonbKUMU KoHcmanmamu. Ilepevie 11 3nauenuti — pakmop ucmouHuxa,
ocmanvhble — hakmop npuemMHuKa.
W3 mony4yeHHBIX pelleHuid, coriaacHo Mozenu (5), MOKHO COCTaBHTh BEKTOP

H&6J]IOI[€HPII>'I U CpaBHUTb €ro € HMCXOJHBIM BCKTOPOM, II0JaBaCMbIM Ha BXOA

anroputMa (Pucynok 15).

PelueHve Yepes Aon. MaTp. X (HECKONbKO 3HAYEeHWH) PelleHmne Yyepes fon. MaTp. X (0[4HO 3HA4YeHMe)
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Pucynok 15 — Conocmasnenue 6ekmopoe Hab.1100enull, NoLy4eHHbIX Yepe3
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odonoanenue mampuyvl X HeCKOIbKUMU 3HAYEHUAMU (BEPXHULL 1€Bbll PUCYHOK),
yepes oonoanenue mampuysvl X 0OHUM 3HAYEHUEM (8EPXHUL NPABLIU PUCYHOK).
Paznuya meoxcoy eekmopamu Habar00eHUll, NOTYUEHHBIMU 8 X00€e (haKmOopHOU
0eKOMNO3uYUlY, NPeoCmasiena Ha 1e60M U NPABOM HUNCHUX PUCYHKAX
coomeemcmeenHo. I opuzonmanvuas ocb 00UHAK08A OJisl 8CEX PUCYHKOS.
OmuocumenvHas owubka no Hopme L2 6 ciyuae oononnenus mampuyvl X
cocmasuna 3.392e-15, 6 cnyuae oononnenus mampuywvl A - 6.768e-14.
Taxkum 00pa3oM, MOKHO CZCNIaTh BBIBOJ O TOM, YTO PEIICHUS OTIMYAIOTCS Ha

KOHCTaHTy B Tipeaenax oaHoro Ttuma ¢akropoB. Ho ocraercs Bompoc 00
YCTOMYMBOCTU TOJYYaE€MbIX PEIICHUN, TOCKOJIbKY TpPU BHECEHUU B JaHHBIC
IIIyMOBOM KOMIIOHEHThl YCTOWYMBOCTH PEIICHHsS AOKHA TMOHU3UTHCA B Ciyyae
JOTIOJIHEHUSI OJTHUM 3HadeHueM. CBsI3aHO 3TO € TEM, YTO OJAMH U3 (PAKTOPOB, BIOIb
KOTOpOro OyneT (PUKCHUpOBATHCS ICEBAOANMPHOPHOE YCIOBHE, MOXKET OBITH CHIIBHO
OCJIO)KHEH ILIYMOBOW KOMIIOHEHTOM W He Oyner cBs3aH ¢ uH(popmamued oT
reosoruueckoit cpeapl. IIpu stom Bec 3Toro dakropa OyAeT 3HAYUTEIBHBIM, B
ciy4yae (UKCalMK TCEeBAOANPUOPHON MHGOpPMAIMM UMEHHO HAa HEM, a 3HAYUT U
oOlmiee pelieHWe 3aJaud  NpuoOpeTeT  HeycToWuumBOCTh. HampotuB, mnpu
pa3Ma3bIBaHUU YCIOBUS BJIOJIb BCeX (PAKTOPOB ATOT 3D PEeKT Oy1eT MUHUMHU3UPOBAH.

HNuTepecHoil 0COOCHHOCTHIO MPEJCTABISETCS TO, YTO HTOMOBOE CYyMMapHOE
peuieHre npakTuuecku uaeHTuyHo (PucyHok 15), B oTiauumMe OT CpaBHEHHSI caMuX
daxTopoB (PucyHok 14). DT0 cBA3aHO ¢ T€M, YTO IIPH UCTOJIb30BAaHUM MOJEIH (5) U
nepexoza ot (pakTopoB K HAOIIOJEHUSAM OTJINYME HA KOHCTAHTY Mepepacupeiensercs
B Ipenenax HaOMOAEHHA. AHAJIOIMYHBIM 00pa3oM OTIMYMA O0Jee BBICOKOTO
nopsaka (MMHEWHas CcoOCTaBisAolas, MMapadojinyeckas CocTaBistomas) OyayT
nepepacnpenensTbess npu nepexoae oT (akTtopoB k HaOmonenusm. Ho crout
OTMETHUTh, YTO B 00JIe€ CIIOKHBIX MOAENAX (Hampumep, 4-x ¢dakTopHas MOJENIb B
3a/laye JeKOHBOMIOIUU UCTOUYHUK-TIpUueMHUK-OL[T-ynanenue) yuet pakTopoB MOXKET
MPOUCXOIUTH MO CXeMe: OlleHKa 4-X ()aKTOPOB M MOCIEAYIOIEe BBEICHNUE B JaHHBIC
TOJIBKO 2-X (pakTOpoB (Hampumep, MCTOYHMK — MPUEMHUK). B Takom ciydae
HEO/JIHO3HAYHO OMNpeJesieMble KOMIOHEHTbl HE OyJIyT IepepacipeiesieHbl B
CYMMapHOM PEILIECHUH, YTO SIBISCTCS OMIMOKOMN. /{151 moaydYeHus TOUHOTO PELICHUS U

(bHKCElIII/II/I HCOJHO3HAYHO ONpCACISICMBIX KOMIIOHCHT HCO6X0)II/IMO BHECCHUC
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anpuopHoil MHpopManuu (B 3a7aue JEKOHBOJIOLMU - 3HaHWE (HOPMBI CUTHaAja Ha
onpenenenusix [1B, I1IT).

[Ipu paGore ¢ OONBIIMMH CHUCTEMaMM HAOIIOJCHUH, BKIIOYAIOUIUMU COTHU
MUJUTMOHOB HAOMIOCHUN, HEOOXOIUMO MPOBOJAUTH JTOMOIHUTEILHOE TECTUPOBAHUE
BbIOOpa MeToAa JUIsl PEIIeHUs CUCTEMBI, HO paboTa ¢ HEOOJIBIIMMU CHCTEMaMH
HaOJIIOACHUI MO3BOJIAET CAeNaTh PEKOMEH IallUU.

JlonoJIHEHWE MATpHULIBl YCIOBUEM B BHJIE€ OJIHOTO 3HAYEHHS SKBHUBAJIECHTHO
PELICHUIO C JIONIOJIHEHUEM MATPHULbI YCJIOBUEM B BUJIE HECKOJIBKUX 3HAYEHUH. DTOT
IIOIXO0J] IO3BOJISIET MOJYYNUTh MEHEE «IUIOTHYIO» MAaTpUIly A IyTEM JOINOJHEHHUS
MaTpULbl OJHUM 3HaueHHeM. Ho BOIIpOC yCTOWYMBOCTH IOJIY4YaeMOI'O PELUEHUsS B
TaKOM CJIy4a€ OCTaeTcs OTKPbITHIM. HeoOXoamMo MpoBOIWTH HCCAEHOBAHUE IS
KOHKPETHOTO Habopa peajbHBbIX HAOMIOACHWN, B TOM YHCJE, OPUEHTUPYSACh Ha
COOTHOIIIEHHE CUTHAI-IIYM.

B ciiyyae 0onbimx cucteM HaOMIOEHUN BaKHBIM MIPEACTABIIAETCS TO, YTO BCE
MaTpHUIIbl B clly4ae OOJIBIIUX CUCTEM HAONIOACHHM OyayT XpaHUThCS B CIIAPCOBOM
¢dbopmare, MOCKOJIBbKY B CTaHAApTHOM (hopmaTe BbIIEJIECHUE NMAaMATH HAa UX XpaHEHUE
MOKET IOCTUTaTh 00bEMOB B HECKOJIBKO TePaOaiT.

Jlist  TecTUpoBaHUS MCHONB3yeTcs OuOnnoTeka JHMHEHMHOW anreOpel C
OTKPBITHIM UCXOJHBIM KOJIOM Ha python — scipy.linalg.

Pemenue 3amaun B paMkax (paKTOPHOTO Pa3iOKEHHS BBIMOJHSAETCS Ha OCHOBE
pasnoxkeHust MaTpuilbl A (pasziioxkeHue XO0nelKoro, ONTUMaIbHO MOJXOUT B Clydae
CUMMETPHUYHBIX MOJIOKHUTEIBHO ONPEACIIEHHBIX MAaTPUIL], KOTOPOH SBJISIETCSI MaTpULA
A B pe3ynpTare mnepexoa U JIONOJHEHUS MaTpUlbl, KOTOPOE J[EJIaeT €€ pPaHT
nosiHbiM). Kpome Toro, peiieHne MCXOAHOW CUCTEMbl WJIM PEIICHHE B MOCTAaHOBKE
METOJla HAaMMEHbBIINX KBAJPAaTOB MOXET ObITh MOJYYEHO UTEPATUBHBIM CIIOCOOOM,
Hanmpumep, ucnonb3dys Merox LSQR  wimm  craOunm3upoBaHHBIM — METON
ouconpsxeHHbIX rpagueHToB BICGSTAB, cOOTBETCTBEHHO.

Paccmorpum  cuHTEeTHUecKyr IulomaaHyro 3D cuctemMy CceHCMUYECKHX
Habmoaenuit (Pucynok 16) ¢ 22366 nynkramu B3pbiBa U 31626 myHKTaMu npuéma,

KOJIMYECTBO HAOMIOJEHUM Uil Takoil cucTembl coctaBisier 19257126. Pasmepst
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Matpull; Matpunia 19257126 ctpok Ha 53992 cton6mos, matpuma A 53992 ctpok Ha

53992 cronbioB. [Ipu 3TOM YHCIIO HEHYJIEBBIX 3JEMEHTOB MATPHUIIBI COCTaBISET

Bcero 0.003% ot oO1ero uncia 371eMEHTOB, a Jjist MaTpulibl A 18%.

Cunctema HabnoaeHnin

Kon-so HabnogeHwd - 19257126
KONBO UCTOYHUKOB - 22366
KOJIBO NPUEMHUKOB - 31626

4 [lpunemMHKnK
McToYHMK
AKTUBHbIE MPUEMHUNKIA
AKTUBHBIA NCTOYHUK
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Pucynox 16 — Cunmemuueckas cucmema ceticmudeckux naomooenuti. Kpacnvimu
mpey201bHUKAMU 0003HAYEHO NONO0NHCEHUSL UCPOYHUKO8, CUHUMU — NOJIOHCEHUE
NPUEMHUKOS. 3elenble mpey2oIbHUKU 0003HAUA0m NON0NHCeHUe NPUEMHUKOE 8

AKMUBHOU PACCMAHOBKe, YePHbIU MPey2oNbHUK 0003Ha1Yaem UCmoyHUK 8
AKMUBHOU paccmanogKe.
B kauecTBe BXOAHBIX JAHHBIX JUISI TECTUPOBAHUSA B paMKax 2-x (HaKTOPHOM

MoJiesn ObUT co3/1aH Habop HaOIIOIeHUH, TOYYSHHBIH U3 CHHTETUYECKUX (aKTOPOB.
JIOTIOTHUTENBHO ~ HAOMIOAEHUST OBUIM  OCJOXHEHBl 3HAYCHUSIMH  HOPMAJIbHO
pacrpezieieHHOro myMa ¢ aucrepcuei 4. 3HaueHus: MOJeNUpyeMbIX (HakTOpoB Ha

TJIOLIAAM MPEICTaBIEHbI HA pUcyHKe 17.
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CHHTeTUYecK e 3Ha4eHna pakTopos

DaKTop NCTOYHMKA ) ®akTop NPUEMHMKa
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Pucynok 17 — Cunmemuyeckue 3nauenus pakmopos. Ha nesom pucynke nokazau
Gaxmop ucmoyHuka, Ha NPaBom — haKmop npuemMHuUKdA.
Jlisi Hayana paccMOTPUM pEIlIEHUE, MOJYYEHHOE C MOMOIIbI0 UTEPATUBHOTO

Metoga LSQR Ha ocHOBe npsmoyrosibHOM MaTpuilsl (Pucynok 18).

WtepaTmneHoe pewenHmne (LSQR)
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Pucynox 18 — 3nauenus gpakmopos, paccuumanmwvie ¢ UCNOIb308aAHUEM
umepamugnoz2o memooa LSOR. Ha nesom pucynke npedcmasnen paxmop
UCTNOYHUKA, HA NPABOM — (DAKMOP NPUEMHUKA.
Jlns moucka pemieHus mnoTpeboBasiock 39 wuTepanuil, a BpeMs IOUCKa

coctaBmwiio 9 cekyHa. OTKIOHEHHE OT UCXOIHBIX 3HAYCHUN HAOIOICHUN B CpeaHEM
coctaBuiio -1.111e-08.
[TepeitneM k mOMCKy penieHus ¢ momolibio ureparuBHoro metoga BICGSTAB

Ha OCHOBE kBajpatHoi MaTpuilsl A (Pucynok 19).
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NTepaTuBHoe peweHne (BICGSTAB)

PaKTOP NCTOYHWKA PakTop NPUEMHUKA
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Pucynox 19 — 3uauenus pakmopos, paccuumanmvie ¢ npumeHeHuem
umepamugrnoz2o memooa BICGSTAB. Ha nesom pucynke uzobpasicer hakmop
UCOYHUKA, HA NPABOM U300PadXCeH PaKkmop npuemHuKda.
Jlns mowmcka pemieHus mnoTrpeboBaiock 28 wuTepanuii, a BpeMs IOHCKa

coctaBmio 3.3 cekyHapl. OTKIOHEHHWE OT HMCXOJHBIX 3HAYCHHWM HAOIIONCHUIA B
cpeaHem coctaBuio 4.365¢-08.
Taxke pacCMOTpUM peENICHUE TPH TIOMOIIM PA3JIOKEHUS XOJCIKOTO IS

kBaapaTHoil maTpulibl A (Pucynok 20).

NTepaTmMBHOE peweHune (BICGSTAB)

DaKTOp UCTOYHUKA DakTop NPUEMHMKA
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Pucynox 20 — 3nauenus gpaxmopos, paccuumamnHvle ¢ UCNONb30BAHUEM NPAMOO
peuwamens — pasnodicenus Xoneyxoeo. Ha nesom pucynke noxazan gpaxmop
UCMOYHUKA, HA NPABOM U300PadXCeH akmop npuemHuKda.

Bpewmst nonyueHus penieHus: COCTaBUIO 8 MUHYT.
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Ha ocHOBE MOIy4YEHHBIX PE3YJIbTATOB MOXXHO CHENATh CIEAYIOIIHE BBIBOJBL:
UTEpAaTUBHBIE METOAbl 007a7al0T O€3yCIOBHBIM NPEUMYIIECTBOM B CKOPOCTH
MOJIyYEHHS] PEIICHUs], MTOCKOJIIbKY JOCTAaTOYHO JIETKO pacrapalieINBaIOTCS MEXIY
BBIYHCIIUTEILHBIMU SIIPAMH.

B nmocTtaHoBKe 3a/jau MOBEPXHOCTHO-COTIACOBAHHOW JE€KOHBOJIIOIUU METO/IbI
NPSMOro 00pallleHuss MOTyT ObIThb 00Jiee BBITOJAHBIMU, MOCKOJBKY MOBEPXHOCTHO-
corjacoBaHHasi JEKOHBOJIIOIMS IMPEANOJaraeT MmojydyeHue perieHue Ha KaKIou H3
yactoT curHana (mopsaka 100 unmu OGosbiue). IlomydeHue oOpaTHOM MaTpuubl B
SBHOM BHJ€ Ui CHCTEMbl HAOJIOACHUM M €€ IEePEeMHOKEHHE C BEKTOPOM
HaAOJII0ICHUI MOKET OKaszaThCs 3(h(PEeKTUBHEE, UEM 3aITyCK UTEPAIIMOHHOTO MpoIlecca
B konuyectBe 100 u Oonee pa3. Kpome Toro, Ha Bpemsi CXOJIUMOCTH UTEPALIMOHHOTO
nporecca OyAyT BIUSATh BXOJHBIC JaHHbBIE, a TAK)KE CBOMCTBA MATPHUIIbI, B OTIMYNE
OT MPSAAMOTO OOpaIIeHUs C IONOJIHEHUSAMH.

Eme onHOM M3 BO3MOXKHOCTEH yCKOpEHHs] pabOThl MTEPALIMOHHBIX METO/OB
ABJISIETCSI MCIOJIb30BaHUE MpenoOycaaBIuBaTeseii, 3a CYeT KOTOPHIX YMEHbIIAETCS
YKCJIO 00YCJIOBICHHOCTH MATPUIbI CUCTEMBI JINHEWHBIX YPABHEHHM, UTO MIPUBOJUT K
YCKOPEHHUIO CXOIUMOCTH UTEPALIMOHHOTO PEIIaTes.

Paccmorpum  mpumep cucteMbl  HaOmoneHud, BriIodamommi 1758276

HaOmoaeHuit u 1326 Touek Bo30yxaeHus, 1 5151 Touku npuéma.
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Cuctema HabnwogeHWin
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KONBO UCTOYHWUKOB - 1326
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Pucynox 21 — Cunmemuueckasn cucmema ceucmuseckux Haoaooenuti. Kpacnuvimu
mpey2oNbHUKaMu 0003HAYUEHO NOJIONCEHUS UCTOYHUKOB, CUHUMU — NOJOJCEHUE
NPUEMHUKOS. 3eleHble mMPey2oNbHUKY 0003HAYAIOM NON0NHCEHUE NPUEMHUKOS 8

AKMUBHOU pACCMAHOBKe, YePHblll MPey2oibHUK 0003Ha1aem UCmoyHUuK 8
AKMUBHOU paAcCMaHosKe.
CUHTeTHYECKHE JaHHBIC IS JaHHOW CHCTEMBI 3aJaBajiCh aHAJOTUYHBIM

o0pa3oM, KaK IoKa3aHo Ha pucyHke 17.
CpaBHeHHE BpeMeHU padoThl pemareiael B 3aBUCUMOCTH OT TOYHOCTH

peleHns MPeICTaBICHO HA PUCYHKE 22
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CpaBHeHuMe pellaTenen
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Pucynok 22 — Cpasnenue umepamusnvix memooos (LSOR — cunuti yeem u LSOR c
npedooycrasnusamenem I aycca-3etioens — opanicesnviii ygem) u Npamo2o
obpaujenus Mampuybl Ha 0CHO8e Pa3N0HceHUsl X01eyKo2o — 3eleHds mouKa.

Kak BUJIHO U3 pUCYHKA, BpeMs MOJIyYEHHS PELICHUS] UTEPATUBHBIM IIOJ0X0I0M
C UCIOJIb30BAaHUEM MPe100yCIaBIMBATENS 3aMETHO COKPAILAETCA U MPUOJIMKAETCS K
MOKa3aTeJsiIM Ha OCHOBE MPSMOT0 MAaTPUYHOTO oOpamieHusi. Tem He MeHee, MpuU
YBEJIMUYEHUH KOJMYECTBA HAONIOACHUM M KOJIMYECTBAa (PAKTOPOB pa3phiB MEXKIY
MaTpPUYHBIM PELIEHUEM M UTEPATHUBHBIM PEIICHHEM C MpenoOyciaBiuBaTeneM Oyier
YBEJIMYMBATHCS, MOITOMY MATPUYHBIA METOH siBigeTcs Ooisiee A (EKTUBHBIM MpU

PCUICHUHU 3a1a91 HOBerHOCTHO-COFHaCOBaHHOﬁ JACKOHBOJIIOIIUH.

2.5 CynepOuHHUpoOBaHMe — ellle OJUH CNO0CO0 UCKJIIOYEHUS HeeNHCTBEHHO

onpeaecJaaeMbiX KOMIIOHECHT

B cnyuae mnomaansix 3D cucteM HaOMIO€HUS CYUIECTBYET JAOMOJIHUTEIbHbBIN
croco® n30aBleHHs OT HEEJUHCTBEHHO OMpPEEISIeMbIX KOMIOHEHT. DTOT CIOCO0
MOKHO OIpENeNuTh, KaK CynepOMHMpPOBAHUE, IMOCKOJbKY B €ro OCHOBE JIEKHUT
oObenuHeHnne Heckoidbkux OuHoB OI'T B omun cynepoun. Jlns mnpumepa
IpeUIaraeTcsi pacCMOTPETh CUCTEMY CEMCMMUYECKUX HAONIOACHUN ¢ pUCyHKa 23 u

CUHTYJIIPHOC PAa3JIOKCHHUC IJISI MATPUILIBI A, HOqueHHOﬁ I10 ,HaHHOﬁ CHCTCMC.
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o 3HaYeHUA CUHTYIAPHbIX
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Pucynok 23 — I'eomempuueckoe pacnonodxcerue oakmopos Ha niowaou u
CUH2YNAPHOE pa3iodiceHue mampuysl A 051 OaHHOU cucmembvl HAOI00eHU.
Ha pucynke 23 mpejcTaBiieHa cucTeMa CeMCMUYECKUX HAOJIOICHHM, a TaKkKe

CUHTYJIIpHOE pa3zioxkeHue maTtpullbl A. CyliecTBEeHHO OJU3KHE K HYJIO 3HAUYEHUS
CUHTYJISIPHBIX YHCENl TMO3BOJIAIOT JeNaTh BBIBOJ O HAIMYUU JIMHEHHO-3aBHCHUMBIX
KOMIIOHEHT B MaTpule. B ucxonnoit marpuiie A Takux KOMIIOHEHT HaOmronaercs 7.
Ucxonsa u3 ycnosus (11), yopaTe nMHEIHO-3aBUCUMBIE KOMIIOHEHTHI MOYKHO TOJIHKO
mist 4 3Hayenud. llocnme pomonHeHuss maTpullbl A OCTAaeTCAd TPU  ILJIOXUX»
CUHTYJISIDHBIX 4YHCJa, @ 3HAYUT YCTOWMYMBOE OOpalleHHEe MAaTpULbl OCTaeTCs
HEBO3MOXHBIM.

PaccMoTpyM mpuMep aHAJOTMYHOM CHUCTEMBI, HO YyX€ C OHMHUPOBAHHEM
cuctemsl o (aktopy OI'T. Ha pucynke 24 npencrapnena romaasas 3D cucrema

HaOII0/IeHUS ¢ OMHUPOBAHUEM.
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3HauYeHWMA CUHTYIAPHDbIX
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Pucynok 24 — I'eomempuueckoe pacnonodcenue ¢paxkmopos Ha niowaou ¢
OUHUPOBAHUEM U CUHRYTIAPHOE PA3N0dHceHue Mmampuybl A 01 OaHHOU cucmembl
Habnmooenul. bunuposanue nossonuno yuecmos ocmaguiuecs: 3 HeKOHOUYUOHHBIX
CUHRYTIAIPHBIX YUCIA, A 3HAYUM 4-X YCa08uti xeamaem O0Jisl YCMOU4Uu8020 00paujeHus
mMampuybi.
XoTs cynepOMHUPOBaHUE TTO3BOJISIET YCTPAHATh HEOJHO3HAYHO OMpeIesieMble

KOMIIOHEHTBl B Ipolecce 00pabOTKH CEMCMHYECKUX JAHHBIX, OHO OCTaeTCs
ABPUCTUYECKUM METOJOM, MCKJIIOYAIOIIUM JIMIIb YacTh TaKMX KOMHOHEHT. Kpome
TOr0, caM MpolecC OWHUPOBAHHA MPHUBOJUT K COKpALICHUIO O0bEeMa IOJIE3HON
MH(pOpPMAIMU, YTO MOKET OBITh KPUTHYHO B KOHTEKCTE OOpaOOTKU CEHCMHYECKHX
JaHHBIX.

BbiBoabI

C y4eToM nepeonpeieIeHHOCTH U HATU4YUsl IMHEWHON 3aBUCUMOCTH B CUCTEME
YPAaBHEHUM, BO3ZHUKAIOLIMX I[pPU PEIICHUH 337a4d I[OBEPXHOCTHO-COIJIACOBAaHHOM
KOPPEKLUU CEHCMHYECKUX CUTHAJIOB, ObLI pa3paboTaH aJropuT™M, OCHOBAHHBIA Ha
OpsMOM  OOpallleHMH MAaTpulbl M  BBEAEHUEM JOMNOJHEHUH, a HMMEHHO
MICEBI0ANIPUOPHON MH(POPMAIIUH.

Pa3paboTaHHbld aNrOpUTM MPEACTABISIET YETKYI0 IMOCJIEI0BAaTEIbHOCTD
JNEHUCTBUH, OTIIMYHYIO OT TPAAMIMOHHBIX AJIrOPUTMOB (BKJIIOYas BO3MOXKHOCTh
UCMOJIb30BAaHUS  WUTEPALIMOHHOTO WJIM MaTpUYHOIO METOAA C  BBEJIECHUEM

TICEeBA0ANPUOPHON HH(DOpMaLHei):
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1. TloaroroBka BXOAHBIX JAHHBIX IS PELICHHUS TPEX THUIIOB IMOBEPXHOCTHO-
COIIaCOBAaHHBIX 3314 B IpeJieax 3aJaHHOI0 BPEMEHHOIO0 HHTEpBaJa:

- C UCIOJIb30BaHUWEM (DYHKIHMHM B3aMUMHON KOPPEISLUUU PACCUUTHIBAIOTCA
OCTaTOYHBIE CTATUYECKHE BPEMEHA M0 CEMCMOIPAMMAaM C BBEIEHHBIMU
KMHEMaTHYE€CKUMU NONpaBKaMu (KOPPEKIUS OCTATOYHON CTATUKH);

- pacCUMTBIBAIOTCS W JIOTapU(PMUPYIOTCS 3HAUECHUS CPETHEKBAIPATHUHBIX
aMIUTUTY ] (KOPPEKIMS aMIUTUTY) JUIsl KaXA0W U3 CeMCMUYECKUX TPacc;

- C HCHOJIb30BaHUEM (PYHKIUU AaBTOKOPPEJSIIIUM PACCUUTHIBAIOTCS U
Jorapu(pMUpYIOTCS 3HAUYEHUS! aMIUTUTYIHBIX CIIEKTPOB JUISl KaXKIOW M3
CeliCMHUECKUX Tpacc (JEKOHBOJIIOLINSA).

2. 3agaercs Tun (GAKTOPHOM MOJENH Ui pacu€ra Bapualuil 3HAYEHH BPEMEH,
aAMIUTUTY [, aMIUIMTYJHBIX CHEKTPOB B CEHCMUYECKHUX CUTHAJIAX.

3. C y4é€TtomM pacroJO)KE€HHsI MCTOYHUKOB, NPUEMHUKOB W 3aJaHHOTO THIA
(akTOpHOM MOJENH ompenensercs Marpuua X I PEIHICHHUs CHCTEMbI
JIMHEWHBIX YPABHEHUW C BXOJHBIMU JAHHBIMU U3 T1.1.

4. Tlo Tumy 3aa4u U pa3MEPHOCTU JTAHHBIX BBIOUPAETCS METOJ — UTEPALIUOHHBIH
WJIA MAaTPUYHBIN.

Jl1 uTepalimOHHOTO METO1a

- CHCTEMa JIMHEMHBIX YPAaBHEHUM B BHJE MaTpuIpl X pelaercs
MetogoM LSQR:  paccuuThIiBarOTCST  OLIGHKM  Bapualdii B
CEMCMHUYECKHUX JaHHBIX.

JI1st MaTpUYHOrO METOAA

- mepexojl K KBajapatuuHoil popme marpuiibl X (METOJ HAMMEHBIIINX
KBaJpaToB);

- JomojHEHWe MmaTpuilbl X TICeBIoanpropHOr uHpopmarmen (s
o0ecrieuyeHus: €MUHCTBEHHOCTH M YCTOMYMBOCTH PEILEHUs), KOTOpast
ONpENENSIETCS MO Pa3I0KEHUIO (PAKTOPOB HA MOJTUHOMBI;

- KOHTPOJIb BBEICHUS NICEB0ANPUOPHON uHbopMauu
OCYILIECTBIISIETCA €  MCHONb30BaHWMEM  SVD-pasznoxenus u

JIOKaJIM3alln MaJIblX CUHTYJIAPHBIX YHUCCII;
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- Ppa3loXXEHWE JOMOJHEHHOW MATpHUIIbl BBIINOJIHAETCS  METOAOM
Xoneukoro  (MOAXOAUT JJIi  CHUMMETPUYHBIX  TOJIOXKHUTEIHHO
OMPENENICHHBIX MAaTpHI]) JUIsi PELIEHUs] CUCTEMbl JTUHEHHBIX
YPaBHEHHM U pacy€ra Bapualuil B CEUICMUYECKUX TAHHBIX.

5. Ha ocnoBe Bapuanuii (pakrtopbl) B CEHCMUYECKHUX JAHHBIX CTPOSTCA
KOPPEKTUPYIOIINE 3HAYEHUs I pelieHus 3a1ad u3 1.1 (BpemeHHbIe
MOJIBMXKKH, AMIUIUTYAHbBIE MHOKHUTEIH UITU KOPPEKTUPYIOIIUE (QDUITBTPHI).
AJNTOpUTM TO3BOJIsIET 00padaThiBaTh Kak AaHHbIE 2D cucteM HaOmroAeHUI

[CBUIETENBCTBO O TOCYIAPCTBEHHOM peructpanuu nporpammsl OBM 20216642341,
Tak u JaHAaeie 3D cumcteM ceiicMmueckmx HaOmomeHuin [CBHAETEILCTBO O
roCy1apCTBEHHOM peructpanuu nporpammel  OBM  2023680901]. Peanuzanus
anroputMa ObUTa OCYIIECTBIICHA Ha si3blke Python. AnropuTm Takke BCTPOEH B
MPOTrpaMMy dKCIPecC-00pabOTKH MHKEHEPHBIX CEMCMUYECKUX JIAaHHBIX, TTOJTYUYEHHBIX
MeToaoM oTpaxkeHHBIX BOJIH OI'T [CBUAETENBCTBO O TOCYJaPCTBEHHONW PETUCTPALIUN
nporpammbl DBM 2024683779]. TectupoBaHu€ BBINOIHSIOCh HA CHHTETHYECKHUX 2D
u 3D nanHbIX. Peanu3oBaHHBIN aarOpuT™M 00Ja7a€T BO3MOXKHOCTBHIO OLICHKHU

(bakTopoB Ha OONBIINUX 0O0BEMAX TAHHBIX.



59

4. T'maBa 3 MHccienoBaHue 0CO0€HHOCTEHl AaJropuTMa MNOBEPXHOCTHO-
COIJIACOBAHHOM KOPPEKUUM CeHCMHUYECKHX CUTHAJIOB B MATPUYHON M

I/ITepaIII/IOHHOﬁ peajan3anuu

Jlnst  pa3paboTaHHOTO  anropuUTMa HEOOXOAWMMO  ONPEACIUTH  00JacCTh
MIPUMEHEHUS U OTBETUTHh HA HEKOTOPhIE BOTIPOCHI:

1. Jns xakux 3amad (B MOBEPXHOCTHO-COIVIACOBAHHOM MOCTAaHOBKE) OH
OyJneT onTHUMalbHBIM, a Kakuhe 3adaud d(PQeKkTuBHEEe pelaTrh ¢ MOMOIIbIO
UTEPATUBHBIX METOJIOB?

2. Crnegyer v UCIHONB30BATh MPSIMOE PEIICHHE CHCTEMBbI JIMHEWMHBIX
YPAaBHEHUN C MOMOIIBK JONOJHEHUM B ClIydae MOBEPXHOCTHO-COTJIACOBAHHOU
JNEKOHBOJIIOLUUN ?

3. MOXHO 1M C MOMOIIBIO AJIrOPUTMA OIEHUBATH JJIMHHOIEPHUOIHBIE
Bapuanuu B (akTopax, €Ccid MOXKHO, TO JUIsl KaKUX CHUCTEM HaOJIOJCHHUH 3TO
HauOoJiee akTyalbHO?

4. Bnusier M CBSI3HOCTh CEMCMHYECKHX HAONIOACHUM B CHUCTEME Ha
HUTOTOBYIO OIIEHKY (pakTOpoB?

B rmaBe 3 couckarenb Ha OCHOBE YHMCIEHHBIX SKCIEPUMEHTOB OTBEYAET HA
MIOCTABJICHHBIE BOMIPOCHI, a TAKXKE OMpenessieT 00JacTh MPUMEHEHUS! UTEPAIIMOHHON
M MaTpUYHON pealn3allid aJlrOpUTMa MOBEPXHOCTHO-COIIACOBAHHON KOPPEKIIUU
CEHCMHMYECKUX CUTHAJIOB ISl Pa3HBIX TUIOB 3a7a4 (KOPPEKIMS OCTATOYHON CTaTUKU
[Mitrofanov, Goreyavchev, 2019], koppeknus ammnutys [Kymnapes, ['opesBueB u
ap., 2021a; 20216; 2022; Mutpodanos, ['opesisueB u np., 2023B], J1EKOHBOJIIOIHUS
[[opesaBueB u gap., 2024; CBHUAETEIBCTBO O TOCYAAPCTBEHHOM PETUCTPALIUU

nporpammbsl DBM 2024682722]).

3.1 Jlokaju3anus JJIMHHONEPUOIHBIX BAPUAIIMI B CEiICMUYECKUX JAHHBIX

OpaHOM M3 OTKPBITHIX MPOOJIEM B MOBEPXHOCTHO-COIVIACOBAHHOW MOCTAHOBKE,

SABJIACTCA 3a/lada OIpPCACIICHUA JIMHHOIICPHUOJHBIX KOMIIOHCHT. Knaccuuecknmu
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paboTaMu TIO OMHUCAHUIO TPOOIEMBI OMPEEICHUS JITUHHOMEPUOIHBIX KOMIIOHEHT
aBisroTcst padotel [Wiggins et al., 1976; Kirkham, Poggiagliolmi 1976]. B paGote
[Wiggins et al., 1976] aBTOpbl paccMaTpuBaIOT 3a/auyy KOPPEKIHMH OCTATOYHOMN
cratuku (1) B nuHEHO-anTeOpanveckoil mocraHoBKe. B nmuHelHO-anreOpandeckon
MTOCTAHOBKE 3aJlaya MOXET OBITh PEIlIeHa KaK HAMpsIMyl0, TaK U UTEPATUBHO (METOA
lNaycca-3eitnens) [Young, 2014]. IIpeumymiecTBO UTEpaTUBHOTO  METOJA
3aKJII0YAaeTCsl B CKOPOCTH TMOJYYEHHUS PEUICHUS U B OTCYTCTBHU HEOOXOIAMMOCTHU
UCIIOJIb30BaHUSI  OOJIBIIIMX BBIYUCIUTEIBHBIX MoOIMHOCTeH. Ilpu 3TOM BakHO
MIOHMMATh, YTO MAaJIO€ YHUCIO HWTEpalHil TMO3BOJISIET OLUEHUTh KOPOTKOIEPUOIHBIC
aHOMAJIUM, a JJUHHONEPHUOJHBIE AaHOMAJMM, B OTOM ClIy4ae OCTarOTCS
HeonpeaeneHHbIMU. [Ipu TOM, 4TO UTepallMOHHBIN TIporiecc cxoauMm (Tt 1, m. 1.2) —
BAKHYIO POJIb UTPAET CKOPOCTh CXOAMMOCTH, C YBEJIMYECHHEM IE€pUOJa aHOMAIIUU
3HAYMUTEJILHO YMEHBIIAETCSI CKOPOCTh €ro cxoauMocTtu. OmHOM M3 BO3MOXKHBIX
MIPUYUH BO3HUKHOBEHUSI JAHHOW MPOOJIEMbl MOXKET SIBIATHCS HECBSI3HOCTh Pa3HBIX
qJacTell CUCTeMbl CEHCMUYECKUX HAOIIOACHHUIA.

Ecnu oOpaTuthest K cucTeMaM CEeMCMUYECKUX HAOJI0ICHHUH, TO, HAaIpUMep, Ha
pucyske 25, rae uzobpaxeHa npoduiabHas ¢iaHroBas cucrema ¢ 160 ucroyHuKaMu
u 16 npuémHukamu, BUIHO, 4TO (AKTOPHI, ONpeIeTIeHHbIC BIOJIb HAINpaBJIEHUH 1, j,
He OyIyT CBSI3bIBaTh Kpasi CACTEMbl HAOJIIOJICHUI B Cilydyae, KOorja JuinHa npoduiis B

HCCKOJIBKO pa3 OopIIe JJIMHBI PaCCTAaHOBKH.
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Pucynok 25 — Ceasnocms cucmemul Habarooenuii (160 ucmounuxos, 16
NPUEMHUKOB 8 PACCMAHOBKE).

3.2 YucieHHbIe IKCIIEPUMEHTHI M0 OlleHKE JJIMHHONEPHOIHbIX

COCTABJIAIOIIMX HA MOAEJBHBIX 2D (MpopuIbHbIX) JAHHBIX

[Ipu pemieHun cucTeMbl ypaBHEHHU HTEPAIIMOHHBIM METOJOM 3Ta CBSI3b
MEXTy HAOJIIOJICHUSAMH TEPSIETCs, KaK MOKa3aHO Ha PUCYHKE 25, a 3HAYUT U OLICHKa
JUTMHHOTIEPUOJAHON KOMIOHEHTHI OCJOXHSETCs. JleTanlbHO paccMOTpUM TIPOIECC
OTIpeJIeIICHUE NITMHHONIEPUOHON KOMIIOHEHTHI B paMKax 2-X, 3-x u 4-X (paxTopHO#
MOJIeJIM UTEPAIMOHHBIM CITIOCOOOM.

JIByxdakTopHass MOJENb MpEACTaBICHA Ha pUCYHKE 26. Bapuaruu B Moensx
3a/1aBaJIMCh B BUJIE CUTHAJIOB CUHYCOMJANbHON (popmbl. CHHTETHUECKAs! pacCCTaHOBKA
OpPUEHTHUPOBaHA HAa TPUMEP peaJbHONM PACCTAHOBKU, HCIOJIB3YEMOW B MOPCKHX
YCJIOBUSIX MPU MHXKEHEPHBIX celicMOopa3BefouHbIX paboTax. [IpueMHas pacctaHOBKa
BKiItouaeT 16 kananoB. KonuuectBo nucrounukon 160.

Ha pucyHke npecraBiieHbl 1Ba MPUMEpPa UCXOHBIX JAHHBIX U UX PE3YJIbTaThl
pasnenenus. CuHTeTHYECKas CUCTeMa HaOIoJeHW Biiaodana B ceds 160
UCTOYHUKOB U 16 mnpuéMHuKoB. JlaHHBIE MNpuUMEpbl U TOCTPOCHBI B paMKax
nByxdakroproi mogenu (23).

(23)
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3nech -HaOmMIOAEHUS, (HOPMHUPYIOIMIMECS W3 CYMMBI JIBYX (aKTOPOB — JBYX
CUHYCOUJ, 0— (haKTOp, CBSI3aHHBIM C KOOPAMHATOW HMCTOYHHUKA, 3a7aBajcsi B BUJE
CUHYCOHUJbl C TMEPHUOJIOM, YKIIAJBIBAIOIIMMCA B OJHY JJIUHY paccTaHOBKU (16
npuéMHnkoB) (Pucynok 26), u nns Broporo npumepa (Pucynok 27) B aBa pasza
oosbie — 32 npuémMHUKa, B— GakTop, CBSI3aHHBINA C KOOPIUHATON Mpuéma, 3a/1aBajcs

B BUJIE CUHYCOM/JIbI C YACTOTOM B JiBA pa3a MEHbIIIE 4acTOThI (pakTopa d.
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Pucynox 26 — Cunmemuuyeckue oanHule (nepuoo eapuayuii — 1 onuna
PACCmaHnosKL), 08yXghakxmopHas Mooeib, CUHUe JUHUU COOMBENMCMEYIOM (BAKmopy
0. — KOOpOUHAMA UCMOYHUKA, KPACHble TUHUU pakmopy f — KoopouHama npuéma.
BepmuxkanvHule ocu pucynkog noxkazwl8aom amniumyoy CUHycouo,
20pU30HMANbHbIE — HOMep omcdema uiu Homep gaxkmopa (i,j).
Ha pucynke 26 moka3zaHo pemieHue, MOJy4EeHHOE HAa OCHOBE MTEPALMOHHOIO

pouecca, OHO TOYHOE U YCTOMYMBOE JUIsl cucTeMbl HabmoaeHuil (160 nctouHukoB
npu JyIMHEe paccTaHoBKU 16 mpuémuukoB). [lepuon Bapuanuii ¢akropa MCTOYHHMKA
paBeH [UIMHE PACCTaHOBKH, HO IIPU €0 YBEIMYEHUH JI0 MOJIyTOpa pacCTaHOBOK U
nepuoAa BapualMid (QakTopa NPUEMHHMKA [0 TPEX pacCTaHOBOK HaOII0aeTcs

MOHMKEHUE TOYHOCTH MOJIy4Ya€MOro pelieHus! (pPUCYHOK 27).
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Pucynok 27 — Cunmemuueckue oanHvle (nepuoo eapuayuii — 1.5 onuHvl
paccmanoBriL), 08yXghakmopHas MoOeb, CUHUE TUHUU COOMBEMCMBYIom haxmopy
0. — KOOPOUHAMA UCMOYHUKA, KPACHbLE TUHUU hakmopy S — koopounama npuéma.
BepmukanvHule ocu pucynkog noxkazwléaiom amniumyoy CUHycouo,
20pU30HMANbHbIE — HOMep omcuema uiu Homep gaxkmopa (i,j).
[IpuMeHeHre WTEPAMOHHOTO TIpoIecca UIsg  pa3feiieHus (aKTopoB C

NEPUOJOM BapHaliii, NPEeBBIIIAIONUM IOJTOPBI UIMHBI PACCTAHOBKHU, MPUBOAMUT K
HETOYHOMY pelIeHHI0. PelleHrne OCIOXKHSIETCS HEOAHO3HAYHO OIpeAeseMbIMU
KOMIIOHeHTamMu  ¢dakTopHoil  Mozenu. g  aByX(pakTOpHOW  MOAENH, TIe
HEOJHO3HAYHO OINpPENEISIETCS TOJBKO IIOCTOSIHHAs COCTaBJISIONIAs, BO3HMKAET
nepepacnpesesieHne e€ BeTMYUHbI BOIb MPOPUIIAL.

Kpome Toro, Hanuume IMHHONEPUOAHBIX KOMIOHEHT (II€pPHOJ MPEBBIIIACT
MOJITOPBl JITMHBI PACCTAHOBKM) Kak B (pakTope HMCTOYHHMKA, TaKk W B (pakTope
NpUEMHUKA, NPUBOJUT K HEOAHO3HAYHOCTH MX JIoKanm3auuu. OpHako 3Ta
HEOJIHO3HAYHOCTh O0O0YCIIOBJIEHAa HE caMol (aKTOPHOM MOJENbI0, a CHUCTEMOM
HaOMIOACHUS, KOTOpas He O00ecreuyMBaeT JOCTATOYHOW CBA3HOCTH  MEXKIY

HAOJIIOICHUSIMU U TIapaMeTpaMu MOJICIIH.
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PaccmoTpum mpumepsl, TOCTpOEHHBIE B pamkax TpexdaxTtopHoit moxenu. B
npeablayIyo Mojaenb (23) nobaBiieH (akTop, CBA3aHHBIM ¢ KOOPJMHATOM OOIIEH
LEHTpaJbHOU TOUKH (Y) — MoJenb (24)

(24)
Ha pucynke 28 npencraBieHsl 2 npuMepa I pa3HbIX CUCTEM HAOJIIOJIECHHUI —

neBblil psin pucyHkoB (160 ucTouHuKOB, 16 MPUEMHUKOB), MPABBINA Psii PUCYHKOB
(160 wucrounukoB, 200 mnpuéMHUKOB). YacTOThl CHHTETHUYECKHX CHHYCOM]I
COBIIAJIAIOT U 3aJIaHbl AHAJIOTUYHO MPUMEpPaM U3 PUCYHKA 29 (0JIMH Nepuoj 4acTOThI
(dakTopa 1Mo MCTOYHMKY YKJIAABIBAETCS B JUIMHY PACCTAHOBKU — 16 NMPHUEMHUKOB).
Yacrora cunycousl, cBszanHou ¢ dakropom OL[T, B BoceMb pa3 MEHbIIIE YaCTOTHI,

CBSI3aHHOM ¢ (PAKTOPOM UCTOUHHUKA.
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Pucynox 28 — Cunmemuueckue oanuvie, mpexghaxmopHas mooeiv, CuHue JUHuUU
coomeemcmayiom haxmopy o. — KoopoOuHama UCMOYHUKA, KPACHbLE TUHUU
Gdaxmopy [ — koopounama npuéma, 3enréuvie — pakmopy y — koopounama OL]T.
BepmukanvHuvle ocu pucyHKo8 nokazwléaom amniumyoy CuHycouo,
20PU30OHMANbHbIE — HOMep omciema uiu Homep gaxkmopa (ij).
Kax BunHO u3 pucyHnka 28, aHaJIOTHYHbBIE 3aKOHOMEPHOCTH, KaK U B IIPUMEPE C

IBYX(aKTOPHON MOJENbI0, HAOTIOJAIOTCS U 3[€Ch, PE3YJIBTAT PA3ACIICHUS CUHYCOUT
npu HU3KOW Oa3e HaOmoaeHUs (16 MpUEMHHUKOB) — HETOUYEH, HO MPHU YBEIMUYECHUU
0a3bl HAOMIOACHUS PE3yIbTaT CTAHOBUTCS O0Jiee yA0BIETBOPUTENbHBIM. Pe3ynbTaThl
paszenieHust Ji1sl pacCTaHOBOK 16 mpuéMHNKoB U 200 mpuéMHUKOB ObUIH MOCTPOCHBI
npu ogHOM uucie utepanuii — 10 urepauuii. B ciiyyae 16 xaHanbHON paccTaHOBKHU

CPpEAHCKBAAPATUYIHOC OTKIIOHCHHUC IMOJIYUYCHHBIX OLICHOK OTHOCHUTCIBbHO MOJCIBbHBIX
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naHHbIX — cocTtaBiusier 15 %. B cinywae 200 kaHanmbHOW  pacCTaHOBKH
CPEIHEKBAJPATUYHOE OTKJIOHEHHUE IMOJIYUYEHHBIX OLICHOK OTHOCHUTEJIBHO MOJEIbHBIX
JaHHBIX cocTaBiseT MeHee 3%. OTu nu@pel rOBOPIT O TOM, YTO YBEJIMYEHUE Oa3bl
HAOJIO/IEHUI YBETMUYUBAET CKOPOCTh CXOAMMOCTH HMTEPAIIMOHHOTO METOAA OLCHKH
¢daktopoB. Takue xe 3aKOHOMEPHOCTH HAOIIOIAIUCh U B APYTUX NpuMepax (IByX U
YeTbIpeX (PaKTOPHBIE MOJIETH).

PaccMoTpuM mpumepsl, IOCTPOEHHbIE B paMKax 4eTbIpeX()aKTOPHONU MOJENH
(Pucynok 29). Dta monenb BkiIouaeTr B cebs uderBepThid (aktop — dakrop,

CBSI3aHHBIN C PAaBHBIMH YJaJI€HUAMHU (25).

HcxonHble BapAanuu HcxonHble BapHanuu
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Pucynox 29 — Cunmemuueckue dannvle, yemvipex@axmopuas mooenv, Cutue
JIUHUU COOMEEMCMBYIOm Pakmopy 6. — KOOPOUHAmMa UCMOYHUKA, KPACHble TUHUU
¢axmopy [ — koopounama npuéma, 3enréuvie — hakmopy y — koopounama OLT,
Guonemosvie — hakmopy ¢ — pagHuvle yoanieHus. BepmukanbHble 0CU pUCYHKOS
NOKA3b18AI0M AMNAUMYOY CUHYCOUO, 20PU3OHMATIbHBLE — HOMED OMCYema iU

Homep axmopa (i,j).
Kak u B mpempayiieM mpuMmepe, pasfeiieHue TaeT OoJjiee TOYHBIN pe3ylbTaT

npu yBenuueHun 6a3bl HabOmoaeHus (200 npuémuukoB) [['opesiBueB, MutpodaHos,

2018].

3.3 MaTpu4Hblii MeTO/ NPH OLEeHKe JJTHHHONEPUOTHBIX COCTABISIIOIIMX

Ha MoAeJbHBIX 2D (mpodpuiibHBIX) JaHHBIX

JIist  meMOHCTpaluy  perieHre MpoOJIeMbl HECBS3HOCTH Pa3HBIX YacTel

CUCTEMBbl HAOJIOJCHUM C pUCYyHKa 25 OBbUT COCTaBJIEH CHHTETHYECKH Habop
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Bapuaiuii B pamkax 3-x (axroproit Mogenu uctouyHUK-puéMHUK-OCT (Ha pucyHKe

30 mpencraBieHbl BapUallMd OCTAaTOYHBIX BpemeH). Kaxmas wu3 Bapuauuii
ONKMCHIBAIACh CHHYCOUJOM ONPENEIICHHON YacTOThl. HacTOThI ONMPEASISUINCh UCXOAS
W3 JUIMHBI PACCTAHOBKH, TO €CTh OJUH MEPHO KOJIeOaHil Bapuanuidi Ha KOOPIUHATE
HMCTOYHUKA YKJIaJbIBajcs B 1.5 IJIUHBI pacCTaHOBKH, OAMH TMepuOj KojeOaHUU
BapualMii Ha KOOpJWHATEe MNpUEMHUKA B 3 JJIMHBI PAcCTAHOBKH, OJUH TEPUOJ
kosieOanuii Bapuanuii Ha koopauHare OCT B 6 JyIMH pacCTaHOBOK.

. 160 ucrouHmKoB, 16 NpUEMHMKOB B paccTaHOBKe
| o
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Pucynok 30 — Cpasnenue oyenox sapuayuti 8 ceucmMuyeckux OaHHbIX 08YMs
Memooamu (MampuuHoe OONOJHeHUe U UmepayuoHHoe peuieHue) 8 pamKax
mpexgaxmoproi mooenu (ucmounux — npuémuux — OCT).

Hcxonnble Bapualuyd MpeICTaBICHb HA BEpXHEM MNpaBOM puUcCyHKe. L[BeTom
0003HauYeHbI (PaKTOPbI, KPACHBIM — UCTOYHUK, CHHUN — TPUEMHHK, 3eeHbIil — OCT.

Kak BumHo w3 pucyHka, pasjaeineHue Ha (akTopbl 0OpU  MOMOIIU
WUTEPALlMOHHOTO METOJla HE JAaeT BEPHOro peuleHus. Pe3ynbTaThl, MOTy4YEHHBIE
WUTEpPAllUOHHBIM METOJOM, OMHUCHIBAIOT TUIMYHBIA MPUMEP MPOOJIEMBbI ONpeIeTIeHUs
JUTMHHOTIEPUOIHBIX BapUaIlHii.

Martpuunbiii MeTo1 obecreurnBaeT TOUHOe pazzenenue. OTaudus B UCXOIHBIX
BapualMsIX W MaTPUYHOM METOJE MOTYT OOBSCHSTHCS HAIMYUEM KOHCTAHTHI U
JTUHEHHOW COCTaBIIAIONICH, KOTOpPhIE OBLIM BBEJICHBI HA OCHOBaHUU ycioBus (20) mms
pa3pelIeHNus] CHUCTEMBl JIMHEMHBIX YpaBHEHUU. BaXKHBIM CBOWCTBOM JIOIOJIHEHUS

MaTpULbl ABISIETCSI 00ECIIEYEHUE CBA3HOCTH PA3HBIX YAaCTEW CHUCTEMbl HAOIIOACHUIA.
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NMeHHO 3TO CBOWCTBO TIO3BOJISIET TPOU3BOJUTH HaWOoliee TOYHYIO OIEHKY
HU3KOUYACTOTHBIX BapHalliii B IPOPUIBHBIX CEMCMHYECKUX TAHHBIX.

Takum 00pa3oM, B CPaBHEHHE C UTEPALIMOHHBIM PEIICHUEM MaTPUUHBIA METOJ
MO3BOJIIET MPOBOJHUTH  OIEHKY HHU3KOYACTOTHOW COCTABJISIIONICH  Bapualluu
CEHCMHMUYECKUX JaHHBIX. DJTO BO3MOXKHO OJyiarojapsi BBEACHUIO JIOTIOJTHUTEIBHBIX
yCJIOBUM, 00€CTEUUBAIOIINX CBSI3HOCTb HAOMIOJCHUN W3 Pa3HbIX 4YaCTE CUCTEMBI
(Pucynok 25, 30). YTouHeHue pe3yiabTaTa UTEPAlMOHHOTO METO/Ia BOBMOYXKHO TOJIBKO
IPU YBEJIMYCHUU JJIMHBI PACCTAHOBKHU.

[ToMuMO UTEPAIIMOHHOTO METOJIa K Pa3OKEHHI0 Ha (aKTOphl, TaKXKe
BO3MOXHO TIOJIyYEHHE PEIICHH MPU MMOMOIIIH TIceB1000paTHOM MaTpuIlsl. [lo cBoel
UJiee ATOT MOJXO]l SIBISETCS MATPUUYHBIM 32 UCKIIOUEHUEM BO3MOXHOCTH BHECEHUS
TICEBI0OANPUOPHON HHPOPMAITUU B XOJI€ PEIICHHS.

Ha pucynke 31 npeactaBieHO CpaBHEHHE METOJOB — IIOJYYCHHE
MICEeBJ000OPATHON MaTPUIbl M PEIICHUS TPU MOMOIIM MATPUYHOTO JOMOJHEHHUS.
WcxonHble Bapualvy 3a/aBaJIUCh B BHJIE€ CHHYCOMJI Pa3HOM 4acCTOThI, (pIaHTOBas
cucrteMa HaOmojeHul conepxkana 160 uctouHukoB U 96 KaHAJIOB B PacCTaHOBKE.
CooTHoOIIIEHNEe CUTHAJI/TITYM OBLTO 33J1aHO Ha YPOBHE 2.

Bes BBeaeHMA anpUOPHOI MHbOPMaLMK

—+—  lcxoa. Bap.
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o I'IceBﬂDHHB.

Homep dakTopa
C BBegeHuem anpuopHoi MHGopMaLum
MNcTouHMK MpremHuk OoCT —e—  MWcxoa. Bap.
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Pucynok 31 — Cpasnenue oyenok eapuayutl 8 ceucmMuyeckux OaHHbIX 08YMs
Memoodamu (MampuyHoe 0ONOAHeHUe U NCEBOOUHBEPCUSL) 8 PAMKAX
mpexgaxkmopnoil mooenu (ucmoynux — npuemrux — OCT).
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Hcxoanble Bapuallvy 3aJjaHbl B BUAE CUHYCOU Pa3HOM YaCTOThI (CUHUM LIBET).
PesynbraT paszneneHus py MOMOIIYA MAaTPUYHOIO JOIIOJIHEHUS — 3€JICHBIN LIBET, IIPU
ITIOMOIIIM TICEBIOMHBEPCUM — KPACHBIN LIBET.

Kak BHJIHO M3 BEpXHEro pUCYyHKa, METOJ JOMOJHEHUN paboTaeT ¢ TOUHOCTHIO
0 KOHCTAaHTbl W JIMHEHHOM COCTaBISIONICH, KOTOpble 3aUKCHUPOBAHbBI Jis
paspenieHusi CUCTEMbI B BUJI€ a0CTPaKTHBIX KOA(P(UIIMEHTOB, MOATOMY Ha BEPXHEM
pUCYHKe OoJjiee TOYHOE pelIeHHE aeT MeToj IceBaouHBepcud. Ho Ha HMKHEM
PUCYHKE, pe3yJIbTaT METOJIa JIOMOJHEHUNW CTAHOBUTCS 0OOJIe€ TOYHBIM, MOCKOIBKY B
HEM €CTh BO3MOXHOCTh BHECEHUS allpHOpHON MH(popManmu (B JaHHOM ciiydae ObUIn
UCIIO0JIb30BAHbl MOJIEIIBHBIE JAHHBIE MUKPOCEMCMOKAPOTAXKa [l OLICHKHA BapUalluii B
OCTaTOYHBIX BPEMEHAX, B CIy4ae OLIEHKM BAPHUALMN JUHAMHYECKUX XapAKTEPUCTUK B
KayecTBe AampHOpHOM HHGOpPMALUKU JOJDKHA OBITh HCIIOJIB30BAHA YaCTOTHAs

XapaKkTepucTuka (GopMbl CUTHATIA).

3.4 YucjieHHbIE IKCIIEPUMEHTHI U CPABHUTEIbLHbIN AHAJINU3 METO/10B
(MTepanMOHHOT0 U MATPUYHOI0) B ONpeae/IeHUH JJIMHHONEPHOTHBIX

Bapuanuii Ha MoJeJdbHbIX 3D (MI0MIAHBIX) JAHHBIX

B cnydae momamgHBIX CcUCTeM HaOMIOIEHUN TMpoOjemMa  OINpeseIeHHUs
JUIMHHONIEPUOIHBIX KOMIIOHEHT JOJDKHA BJIMSATh Ha PE3yJibTaT pa3/eliCHUs B
MEHBIIIEH CTENEHHU, MOCKOJIbKY HaOIoieHus] 00Jee B3aMMOCBSI3aHbl MEXAY CO00il B
CUJIy T€OMETPUUYECKOTO PACTIOJIOAKEHUS TOUEK HICTOUHUKOB U MPUEMHHUKOB.

Jlns cpaBHEHUST METOJOB (MTEPAllMOHHOTO U MAaTPUYHOI0) HA TPEXMEPHBIX
JIAaHHBIX ObLIa cO3/aHa CUHTETHYECKas cucTeMa HaOmoacHui, Bxirodaromas 14706
uctouHukoB, 20301 Touky mnpuémMa, BCEro B CHUCTEME NOJXydwioch 7294176
HaOmogenus (Pucynok 32). Bega miomans cocraBwna 4 KM’ JUIMHA aKTHBHOM
pacctanoBku 300 ™. Pa3smepbl paccTaHOBKM OBLTM OMpEAENieHbl HCXONi U3
JNOCTYIHBIX BBIYHUCIUTEIbHBIX MOIIHOCTEW Ha cranaaptHoMm [IK. Ilpum stom mis
peaJbHOM PpAaCCTAaHOBKM MOXHO MacIHITaOMpOBaTh IMYTeM JOMHOXXEHHUS Ha
xkoopduument 10 (40 km®, mmmua paccranoBku 3000 wm). IIpeamomaraercs, 4To

HU3MCHCHHUC PAasMCPOB PACCTAHOBKH IIOBJIMACT TOJIBKO Ha BpPEMA pacdcTa. Bce
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YHUCJICHHBIE IKCIIEPUMEHTHI HIDKE MPOBOAWINCH Ha mporeccope Intel 15-8600K c

gactoroit 3.60 I'T'1 ¢ oneparuBHoii namsithio 32 0.

Cuctema HabnoaeHni

Kon-so HabnwopgeHun - 7294176
KONBO WCTOYHNKOB - 14706
KOJIBO MpueMHuKos - 20301
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Pucynox 32 — Cunmemuueckas cucmema ceticmuueckux nadnooenutl. Kpacnvimu
mMpey201bHUKAMU 0003HAYUEHO NONONHCEHUSL UCHOYHUKO8, CUHUMU — NOJIOMHCEHUE
NPUEMHUKOS. 3ellenble mpey2oibHUKU 0003HAUA0m NON0NHCeHUe NPUEMHUKOS 8

AKMUBHOU PACCMAHOBKe, YePHbIU Mpey2oNbHUK 0003Ha1Yaem UCmoyHUK 8
AKMUBHOU paccmaHogKe.
Paccmotpum mpumepbl B pamkax 2-x (GakTOpHOM MoJenu (MCTOYHHK —

npueMHUK). MozenbHble 3HaUeHHs (akTOpoB ObUIM 3ajaHbl B BUAE KapT (PucyHox
33). Ilpu »sTOoM akTop HCTOYHHUKA ObUT JOMOJHUTEIBHO CrJaXeH, 4YTOObI
IPEJCTaBISITh COOOM JIMHHONEPUOJHYIO BapHallMI0, KOTOpas HE YKIaJbIBaeTcs B

pas3mep 1.5 mmuH paccranoBok. Kpome Toro, B (hakTopax COAEPKUTCS CpeaHss
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BeMMYMHA (KOHCTAHTa), KOTOPYIO HEOOXOAMMO YYHUTHIBATH MPU CpPaBHEHUU

IMOJIYYCHHBIMU PCIICHUAMMN.

CUHTEeTUYeCKUe 3HaYeHUA haKTopoB

PaKTOp NCTOYHMKE DaKTOp NPUEMHMKA
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Pucynox 33 — Cunmemuueckue 3nauenus ¢paxkmopos. Jlegwlil pucynox — pakmop
UCmMouHUKAa (MoOelb OTUHHONEPUOOHOU 8apuayul), NPpasslil pUCyHoK — hakmop
NPUEMHUKA.

Ucxons w3 daktopHoit Moaenu (23) ObUT cO3aH BEKTOpP HAOIIOJCHUM,

KOTOPBIM 3aT€M HCIIOJIb30BAJICS NIPU PELIEHUN CUCTEMBI JIMHENHBIX YPAaBHEHUM, Kak

MAaTPHUYHBIM, TaK U UTCPATUBHBIM MCTOAAMMU. B kauectBe MCTOAOB IIOMCKa PCHICHUA

ucnosib3oBaMCh utepatuBHble pemarenu LSQR, BICGSTAB u B kauectBe

MaTpUYHOTO pEIICHHUS] — pasjiokeHue XOJICIIKOTO Ha OCHOBE pealn30BAaHHOIO

aJIropuTMa C BKIIIOUCHHUCM MATPHUYIHOI'O AOIIOJHCHUA.

B crnydae mimomamHeIX cucTeM HaOMIOJACHUHN AT KOHTPOJIS CBOWCTB MATPHIIBI

U OIIPCACIICHUA HCCAMHCTBCHHO OIIPCACIIICMBIX KOMIIOHCHT BOCIIOJIB3YCMCA SVD-

pasnoxenuem (Pucynok 34).
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CVHrynapHsie yucna
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Pucynok 34 — SVD — paznooicenue mampuysr A (1e6blil puCyHoK) 0Jis1 CUCHEMbL
Haoaooenull ¢ pucynka 32, SVD — paznoscenue mampuysvt A nociie 0onoiHeHus
KOHCMAHMHOU (Npaswlil pUcyHoxK).
Kak BumHO U3 neBoro pucysnka, SVD-paznoxeHue MaTpuibl A ISl CHCTEMBbI

HaOIIOICHNH ¢ prucyHKa 32 00aiaeT OJHUM MaJIbIM 3HAYEHUEM, YTO COOTBETCTBYET
HEOJIHO3HAYHOMY OIpEAENICHUIO 3HAU€HUsI KOHCTAHThI, KaKk U B ClIydyae MpOQPHIbHbBIX
JaHHBIX 11 2-X (paKkTOpHBIX Mojeneil. B pesynbTate BBeACHHS MCEBAOANPUOPHOMN
uHpopmanuu M (UKcCAIMM 3HAYEHUsT KOHCTAHTBl MajoO€ 3HAYE€HHE YXOJHUT, 4YTO
MOKa3aHO Ha MPaBOM PUCYHKE Ha rpaduke 3HAYCHU CUHTYJISIPHBIX YHMCEN, a 3HAUUT
oOpallieHre 1 pa3ioKeHHe MaTPULIbI CYIIECTBYET.

Jlns pasznmoskeHus MCIOJIb30BaIUCh CTaHAapTHBIC OMOIHOTekH B cpeae Python
(numpy, scipy). B mnepByr odepenap ObUIO TOJYy4YEHO pEIICHHE HA OCHOBE
MAaTPUYHOTO PA3JIOKEHHME C NONOJHEHUEM. Bpems cuera coctaBmwiio ~ 74.7 CEeKyHA.
Pesynprar mpencraBieH Ha pucyHke 35. OTKIIOHEHME NOJYYEHHOIO PEIIEHHS OT
HUCTHUHHOTO B cpeaHeM coctaBuio -3.068e-16, Hopma L2 Mexnay MOIydYEeHHBIM M
HUCTHHHBIM pemeHussMu coctaBwia 1.566e-10. IlomyuyeHnHble mokaszarenu CTeneHen

CTaJIM OPUCHTUPOM JIA IMTOJTYUCHUA PCUHICHUA B paMKaX UTCPATUBHBIX MCTOIOB.
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PaznoxeHune Cxoneukoro

DaKToOp UCTOYHMKA DakTop NPUEMHUKA
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Pucynox 35 — Oyenxa ¢paxmopog na ocnoge paznoxcenus Xoneykozo 6 pamkax
aneopumma OOnoaHeHuss mampuywl. Jlesviii pucyHox — oyenka gpaxmopa
UCMOYHUKA, NPABbILL PUCYHOK — OYEHKA (paKkmopa npuémMHuKa.
OgHuM W3 TapaMeTpoB MTEPATUBHBIX METOJIOB SABISETCS JOMYCTUMOE

OTKJIOHCHHE TIOJTyYEHHOTO PEIICHUs OT MpaBoi dacTu ypaBHeHwms (tolerance). U ms
merona BICGSTAB u nmns meroma LSQR Obui mpoTecTUpOBaHBI 3HAYEHUS
napamerpa oT le-1 1o le-16 c marom B 0iHYy CTENEHb Ha MOHMKeHUE. Takke Oblia
MpoU3BEJCHA OICHKAa KOJUYEeCTBA UTEPAIHi, HEOOXOMUMBIX ISl JOCTHIKEHUS
KOHKPETHOTO 3HAYEHUs JOMYCTUMOIO OTKJIOHEHUS. Pe3yibTaT OLIEHKH CXOJIMMOCTH

UTEPATUBHBIX pellIaTesel IpeICcTaBlIeH Ha PUCYHKE 36.

Cx0OMMOCTb UTEPATUBHBIX pellaTenei

5 —e— LSQR 5] . —e— LSQR
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g |
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Pucynok 36 — Cpasnenue cxooumocmu umepamugHulx pewiamenei. Jlegwiti
PUCYHOK — 3A8UCUMOCTb OONYCIMUMO20 OMKIOHEHUs (102apu@dmuyecKui
macwma6b) om epemeHu gviuucaernus. 1lpagulii pucyHox — 3a8UCUMOCTb
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00NyCmMuUM0o20 OMKIOHeHUs (loeapugmureckuii macuimab) om Koauvecmada
umepayuti, Heobxooumozo onsa noayuernus pewerus. Cunsas aunus — memoo LSOR,
opanicesas tunusi — memoo BICGSTAB.
Pemenne, comoctaBuMOE MO TOYHOCTH C PEIICHWEM HAa OCHOBE MATPUYHOTO

pasnoxxenust Xouenkoro, it merona BICGSTAB 6bu1o momydeHo mpumepHo 3a 7
ceKyH U 3a 245 wurepamui, mis meroga LSQR npumepno 3a 40 cekyng u 3a 310
urepanuii. OieHKH (GaKTOPOB IO KAXKJIOMY U3 METOJIOB MPEJICTABICHBI HA PUCYHKAX.
Pesynbrarel ouenku ¢akropoB wurepatuBHbiM MeTogaoM BICGSTAB wu
urtepatuBHbiIM  MetojioM LSQR mnpexacraBnenst Ha pucyHkax 37 wu o 38,

COOTBCTCTBCHHO.

MTepaTueHoe peweHue (BICGSTAB)
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Pucynok 37 — Oyenxa ¢haxmopos na ocnose umepamuernozo memooa BICGSTAB.
Jleswiill pucynox — oyenka ¢haxmopa ucmouHuKa, npagwvlil pUCYHOK — OYeHKA
gaxmopa npuémHuxa.
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WTepaTuBHoe peweHune (LSQR)

DaKkTop MCTOYHWKA DakTOp NPUEMHUKA
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Pucynok 38 — Oyenxa ¢oakmopos na ocnose umepamuenozo memooa LSQOR.
Jlesvlil pucynok — oyenka ¢paxmopa ucmouHuKa, npaswlil pUCYHOK — OYEeHKA
¢axkmopa npuémnuxa.

[TonyuyeHHbIe pe3ysIbTaThl CBUACTEIBCTBYIOT O TOM, UTO PEUICHUS JOCTATOYHO
CXO0XH B CPAaBHCHHE C MCTHHHBIMU 3HAYCHHUSIMHU (HaKTOPOB (THCTOTPaMMBbI Pa3HOCTH
Ha pucyHke 39), B TOM 4YuCI€ W B OIICHKE JIMHHONEPHOIHBIX BapHalMii Ha
KOMIIOHEHTE HWCTOYHUKA. Bompoc Wik B «CTOMMOCTH» PEIICHHUS — BPEMEHU
BBIYUCJICHUN U TOYHOCTH MOJy4aeMbIX OIIEHOK. 3a4acTylo Mpu paboTe ¢ peaqbHbIMU
JAHHBIMU B TIPOM3BOJICTBEHHBIX IMaKETax JOMYCTUMOE OTKJIOHEHHE B UTEPATHBHBIX
pelaressix OT PelIeHus 3aJI0)KEHO Ha YpOoBHE OT 1e-3 mo 1e-5, uTo sBigeTcs BIOJHE
Pa3yMHOM TPAKTHUKOM, TMOCKOIBKY CKOPOCTh CXOIUMOCTH pemiateis OyaeT CHIbHO
3aBUCETh KaK OT YPOBHS IIIyMa, TaK M OT CIOXHOCTH (haKTOPHOM MOJIENH, a OIlCHKa
JUTHHHOTICPUOTHON KOMIIOHEHTHI CUMTAETCS 3aBEIOMO HEeTOYHOM. J[is1 mowmcka Goree
TOYHOTO PEIICHUS B MIPOU3BOJICTBEHHBIX MAKETaX MPEAYCMOTPEH BHIOOP KOJIMYECTBA
utepanuid. I B xone 00pabOTKU CHIENUATIUCTHI TOHKHBI CAMOCTOSITEIbHO MPUHUMATh
pelIeHre O CIOKHOCTA BXOAHBIX JaHHBIX, BBIOOpPE (HaKTOPHOW MoOmenu U
HEOOXOIMMOr0 YHCjia UTepaluil Uil perieHus 3aaadu. Bpems cuera juis ClI0KHBIX
(Hanuuue myma, MyJabTu(akTopHas MOJIeb, HaJTUYUe JUIMHHOTIEPUOIHBIX BapHallHii)
3a/1a4 CYIIECTBEHHO YBEIMUYUTCS. B 3TUX ciydasx anropuTm oOpalleHus MaTpHIl C

AOITOJITHCHUCM YCPC3 PA3JI0KCHHC XOJ'IGHKOFO BBITJIAONUT Xopomeﬁ aJ'IBTepHaTHBOI\(’I,
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ITOCKOJIBKY BPEM: PCIICHUA HE 6yz[eT 3aBUCCTh OT CI0KHOCTH BXOIHBIX JAHHBIX, IIPH

9TOM TOYHOCTH PCIICHHA 6y,Z[CT MMETh BbICOKUI YPOBCHB.

Pa3zHunua ¢ MCXOAHBIM pelleHnemM

2.5 1e6 Pazn. Cxoneukoro 2.5 1e6 LSQR 25 166 BICGSTAB

2.0 2.0

N
o

15 1.5

1.0 1.0

Kon-so HabnioaeHwi
Kon-so HabniogeHui

Kon-so HabnoaeHni
It = =
w o w

0.5

- 0.5
0.0 0.0+ 0.0+

-2 -1 0 1 2 =2 -1 0 2 =2 -1 0 1 2
TucT. - TAekommn. le-13 TucT. - Taekomn. le-13 TncT. - Taekomn. le-13

-

Pucynox 39 — lN'uicmoepammsi, nocmpoenuvie no pazHoCmsIm MOOEIbHbIX 6XOOHbIX
OAHHBIX U OYEHOK, NOJIYUEHHBIX HA OCHOBE PA3TUYHBIX Memo0os. Jlesast
2ucmozpamma — oopaujenue uepes paznoxcenue Xoneykozo, YeHmpaibHas
eucmozpamma — umepamusHuiii memoo LSOR, npasas eucmozpamma —
umepamugnwlil memoo BICGSTAB.

3.5 ConocraBiieHue pe3yjabTATOB METO10B (MTEPAIIHOHHOIO U
MATPUYHOI0) B PellIeHNH 32/1a4M TOBEPXHOCTHO-COTJIACOBAHHOM

JACKOHBOJIIOIINHU

B pamkax pemeHust 3a7adyd MOBEPXHOCTHO-COTJIACOBAHHOW JI€KOHBOJIIOLNU
MPOBEJICHO Ha MOJEIBHBIX JaHHBIX MCCIEIOBAHUE MPUMEHUMOCTH MATPUYHOTO
MeTo/a.

Ha ocHoBe cBepTku uMinynbcoB Pukepa ¢ nenTpansHbiMu yactotamu 30, 100,
250 I'u 3a1ad MOJENBHBIN CUTHA B UICTOYHUKE. Bapuanum 3Toro curHanga Ha pa3HbIX
[IB u IIII 3agaBasiice B BHJAE OTIEJIBHOTO MMIyJibca PHKepa, HO C W3MEHEHHUEM
YaCcTOThl: OT HCTOYHMKA K HWCTOYHMKY IIEHTpajdbHAas YacTOTa YBEJIMYUBAJIACH,
HaunHas ¢ 250 'y ¢ marom 25 ', oT npuémuuka Kk npuéMHUKY — ¢ 50 'y ¢ marom
5 T'u. OcHoBHOM curHan jJokanu3oBaH Ha otMeTke 1000 Mc. B cucremy HaOmro1eHUS
BXOAWIM 5 ToYeK BO30OyxkAeHUs M 23 Touku mnpuéma. VCXOmHbIii cUrHaI W

pe3yabTaThl JEKOHBOJIIOLMH ITOKa3aHbl HAa pucyHke 40.
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Pucynox 40 — Beinonnenue 0eKkoH80IOYUU HA CUHMEMUYEeCKUX OAHHBIX (00 —
BEPXHUL PUCYHOK, NOCJIE — HUNCHUIL).

AMIUTUTYTHBIE ~ CIIEKTPhl ~ CHHTETHYECKUX CHUTHAJIOB JO ©  TOCTe

JEKOHBOJIIOLIMY ITPEACTABIICHBI HA PUCYHKE 41.
0 WcxoaHbie amnna. CnekTpel
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Pucynox 41 — Amnaumyounsie cnekmpovl CUHIMEMU4eCKUX CUCHAI08 (00 — Jiegblil

PUCYHOK, HOC/le — NPABYLL).
s IIPOBEICHUS [IOBEPXHOCTHO-COTJIACOBAHHOU JIEKOHBOJIIOLIUN

LekoHsonwuna
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-0.015

HoMep Tpaccel

-0.010

0.005

JOTIOJTHUTENIBHO ~ MCIOJB30BaHbl ~ UTepaTuBHble  MeToabl  pemeHuss  (LSQR,

BICGSTAB), a Takxe MeToA pa3ioxkeHHs XOJICIKOTO JOMOJHEHHOW MaTpHIIbL.
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BrnusHue TOYHOCTH pelIeHHss U BPEMEHHM BBIYMCICHHM IOCJE YBEIWYEHUS 4YHCIia
Habmoaenuii 10 15 000 u yucna gakropos 10 3000 oTo6paskeHO HA pUCYHKE 42.

CpaBHeHKWe pellaTtenei
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0 5 10 15 20
Bpems, cek

Pucynox 42 — 3asucumocms mounocmu nonyyeHHo20 peuieHus Oom epemeHu
soruucaenuss. Cunuii ygem oooznauaem umepamushviii memoo LSQR, opanoicesyiil
— umepamusnwiii memoo BICGSTAB, a 3enenas mouxka coomseemcmeayem
NPAMOMY peuleHuUI0 yepes pasiodxceHue Xoneykozo.
AHanu3 TOJIyYEeHHOW 3aBHCHUMOCTH TIOKa3bIBA€T, YTO IOBEPXHOCTHO-

corjacoBaHHasi JIEKOHBOJIIOLMS C INPUMEHEHHWEM HWTEPATUBHBIX METOAOB TpeOyer
3HAYUTENbHO OOJbIIe BpPEeMEHH Uil JOCTH)KEHHS TOYHOCTH, CpPaBHUMOM ¢
pe3yJbTaTaMu, MOJIy4aeMbIMU C IIOMOIIBK) MAaTPUYHOTO anroputMa. C yBeInyeHneM
o0béMa HAOMIOACHU pa3pblB MO BPEMEHU BBIYMCICHUN MEXIy NPSAMBIM U
UTEPATUBHBIM pEIIEHUEM OyJeT YBEJIUYUBATHCS, IOCKOJIbKY MpPU HMTEPATUBHOM
METO/I€ BBIYMCIICHHE KOPPEKTUPYIOMUX (QUIBTPOB MPOUCXOAUT YEPE3 HE3ABUCHUMBIN
3aIlyCK peliaress Uil KaXI0M 4YacTOThl, B OTIIMYME OT MATPUYHOIO METOMAA, I'ZIE
JOCTaTOYHO IOJIYYUTh PA3JIOKEHUE MATPULBI METOAOM XOJEIKOTO U NEPEMHOKUTH
€ro C BEKTOPOM NpPaBbIX YaCTEH Nn-pa3, re N — KOJIMYECTBO YacCTOT B CHUTHAJIE

[['opesBueB u ap., 2024].
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3.6 OnpenesieHne Bapuanuii CHrHAJIa IPSIMOM BOJIHBI B YCJIOBHSIX

MOPCKOM MHKEHEPHOM ceiicMopa3BeIKU

[I0BEpXHOCTHO-COTIaCOBAaHHAsI ~ KOPPEKIMSA  AMIUINTYIHBIX  CIEKTPOB
BBINOJIHEHA HA TAHHBIX MOPCKOM MH)KEHEPHOU CEMCMOPA3BENIKHU, MOJYYECHHBIE B XOE
noJyieBbIx paboT B akBaropuu benoro mopsa coBmectHo ¢ MI'Y (Pucynok 43)

[["opesiBues, 2015; I'opesaBueB, Murpodanos, 2016a; ['opessues, 20166; 2017].

CHAN 13 14 15
FFID 1838 2088 1887 2087 1836 2086

120 SR e e e e Sl

T, mc
Pucynok 43 — Mopckue oannvle npedcmasienvl 8 uoe 8blO0OpKu no kanaiam (13,
14, 15) uz cucmemol nabo0enuil. Tunvl ceticMuyeckux 0aH 0O03HAUEHbL
oykeamu: A — npamas eoana, b — eonna, ompaxcénnas om nogepxnocmu mops, B —
80JIHA, OMPANCEHHAS OM MOPCKO20 OHa, I — 0bracmes Kpamuwix 6071H pA3HO20
NPOUCXOHCOCHUSL.
B 2015 romy na Tteppuropun benoro wmopsi NpPOBOJWINCH OIBITHBIE

ceficMuyeckue paboOThl C WCIIOJIB30BAHUEM TEXHOJOTHUHU 3ariTyOJeHHOW yCTaHOBKHU
(Pucynok 44). OCHOBHBIM TIPEHMYIIESCTBOM TIOJYYCHHS JAHHBIX IPU TIOMOIIA
3ariay0JICHHBIX YCTAHOBOK, SIBJIICTCS CYIIECTBEHHOE TIOBBINICHUE COOTHOIICHUS
CUTHAJI/TIOMEXa 3a CYeT M30aBJIEHUS OT MPUIIOBEPXHOCTHBIX IIYMOB (KHJIbBaTEepHas
CTpy$l, BOJTHCHHS U T.J.), MEHBIIIAsl 3aBUCHUMOCTh OT TOTOJIbI, @ TAK)KE BO3MOXHOCTh
M3YYCHUSI «YHCTOTO» HMIYJbCa HMCTOYHMKA, B CHJIY TOTO, YTO Ha JIOCTATOYHBIX
rIIyOMHaX HEe MPOUCXOIUT UHTEP(DEPEHIINs MPSIMON BOJIHBI U BOJIHBI, OTPAXKEHHOU OT
MOPCKOW TOBEPXHOCTH. Takke C yBEIMYCHHEM TJIIYyOWHBI TPOUCXOIUT CY>KCHUE
UMITyJIbca HCTOYHMKa Tuma «Chapkep», YTOo, B CBOIO OdYepelb, IOBBIMIACT

pa3peamIyo cnocoOHOCTh. OHON U3 METOAUYECKUX OCOOCHHOCTEH SIBISETCS TO,
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9TO 3ariayOJieHue CHUCTEeMbl HMCTOYHUK — TPUEMHHK, HE JIOJDKHO TPEBBINIATH
MTOJIOBUHBI MOIITHOCTH BOJIBI B TOYKE HAOMIOACHUN. DTO HEOOXOAMMO i TOTO,
yTOOBl BOJIHA, OTPAXX€HHAasi OT MOPCKOW MOBEPXHOCTH, HE HHTepdepupoBasia c
BOJIHAMHU, OTPAXKEHHBIMU OT JIHA.

[Ipu mnpoBeaeHuu padOT MCMHOJIB30BAICA JJIEKTPOUCKPOBONM HMCTOUYHHUK -
«Cnapkep» (Pucynok 45), npuHiunuanbHas cxema YCTpOMCTBa omucaHa B padote
[[[lanaeBa, 2010]. IlenTpanbHasg yactota McTOYHMKA cocrtaBisier 600 I'u, mosoca
yacToT noJsie3Horo curdana — ot 200 no 3500 I'u, BpeMst mexay BoicTpesiamu 0.5 mc,

JUTMHA UMITyJIbca 3 McC.

Pucynok 44 — Cxema paccmanosku 0151 Habao0eHull ¢ 3a21y0J1eHHOU
MHO2OKAHANLHOU KOCOU.

Al%)
100

0 250 500 750 1000 1250 1500 170 2000 2280 2900 2750 000 3250 a3%e0 s | (HE)

Ll IRt ¢

f=18384Hz Alf)= 273 % Aabslf) = 4169477
Pucynok 45 — Snexkmpouckposoti ucmounux «Cnapxep» u e2o amniumyoHbwll
cnekmp.
Uctounuk «Cnapkep» ob6nagaer miIyOMHHOCThIO Topsiaka 500 M u

BEPTUKAIILHOMN pa3pemiaronieid CioCOOHOCTHIO OKOJIO 5 M.
B kadectBe  peructpupymomie — amnmapaTypbl  Oblla  MCHOJB30BaHA

MHOT'OKaHaJlbHasi mpueMHas nbe3okoca Spectra Geo MSS-16-3 (Pucynoxk 46).
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X By /e ‘ !
Pucynox 46 — 16-kananvhas celicmuyeckas Koca.
Ha pucynke 47 mnpencraBieH @parMeHT MpsSMON BOJIHBI, TI7/I€ IIBETOM

BBIJICIICHBI TMHUKOBBIC 3HAYeHUs (a3bl, OTHOCUTEIBHO KOTOPBIX BIOCIEICTBUU
BBHIOMpANIUCh OKHA I aHaiu3a. B MOpCKHX ycioBusiX ¢Gopma CEHCMUYECKOTO
CUTHAJIa TPSMOM BOJHBI HE JIOJDKHA CYIIECTBEHHO W3MEHATHCA BJOJIb BCETO
npodwis. Ha oTaenpHBIX Tpaccax 3aMeTHBI Cia0ble CHTHAJIBI TOCIE OCHOBHOTO
UMITYJIbCa TPSMONM BOJHBI. Jlo oTMeTkM 12 MWUIMCEKYHJ Tak)Ke HaOJII0JIar0TCs
MaJIOaMIUTUTYyAHbIE KoJeOaHus. OJTU Bapuauuu (OpPMbI CUTHaAla, CKOpee BCEro,

00yCJIOBIIEHBI OCOOCHHOCTSMHM OTCTpPEJia MCTOUYHUKA WIIA IPUEMHUKA.

CHAN 5
FFID 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 1712 1713 1714 1715 1716 1717 1718 171

\'F\’;f\ e
|

!

157

T,mc

Pucynok 47 — Yuacmoxk npsamoul 801Hbl. 3e1eHbiM Yy8emom NoKA3aHa NUKUPOBKA
NON0HCUMENbHOU hasbl.
JIns aHanmM3a aMIUIMTYTHBIX CIIEKTPOB OBLIO PEIICHO WHTEPBAJ MPSIMOM BOJTHBI

UCIIOJIB30BaTh JUIMHON 7 Mc (PucyHok 48).
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dopma curHana AMMAUTYOHbIN
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Pucynok 48 — @opma cuenana npsamou 6onnvt Ha unmepsane 7 mc OJisl pA3HbIX
mpacc (e6vlil PUCYHOK) U UX AMIIUMYOHBIU CheKkmp (PUCYHOK CHpasa,).
N3 pucynka 48 BuaHO, 4yTO (hopMa CHrHaja M3MEHSETCS OT KaHajla K KaHally

IIPU OJTHOM TOYKE BO30YKJICHUS. AMIUIUTYAHBIE CIEKTPhl ObUIA MOCUYUTAHBI IMyTEM
JIOTIOJTHEHUS] BPEMEHHBIX MHTEPBAJIOB HYJISIMU. TakyKe CUTHAIBI ObUIN CTIaKEHBI IIPU
TTOMOIIIHM CHeIHaibHOTO OKHa — okHa Trroku (Pucynok 49) [Harris, 1978].

Time dom ain Frequency domain

=

=

=
.

=
s

Normalized Magnitude:

Amplitude
\\

20 40 60 80 100 0 0.1 0.2 0.3 0.4
Time (secs) Frequency (H1)

Pucynok 49 — Okno Teroku u e2o amniumyoHas Xxapaxkmepucmuxa.
OueHka W3MEHEHHIl B CIEKTPAJIbHBIX XapaKTEPUCTHKAX BBHIMIOIHSAETCA Ha

OCHOBC IIOCTPOCHUS THCTOI'paMM aMIUIMTYAHBIX CIICKTPOB Ha K&)K,Z[Oﬁ U3 4yacToT. B

OIHOPOJHOW Cpene, KaKk B Clly4ae pacIpOCTPAHEHUS NPSIMOM BOJHBI B MOPCKOU
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tomme, ¢opMa THCTOTPaMMBbI JOJDKHA OBITh Onm3ka K (opme, OmMUChIBAIOIIEH
HOpMaJslbHOE pactipeneneHue (kpusas ['aycca).

[lo 3HaYeHUIO  CPEIHEKBAAPATUYHOTO  OTKIOHEHHS  ONpEeIeNsieTcs
KOJIMYECTBEHHAs] OIEHKAa HM3MEHEHHWH CHEeKTpaJbHbIX  XapakTepuctuk. s
KOJIMYECTBEHHOM OLEHKH MOCTPOEHBI TUCTOTPAMMBI, KaXK/Jasi U3 KOTOPHIX BKIIOYAET
3HAUEHUSA AaMIUIMTYJHbIX CIEKTPOB, IOJyYEHHbIE BJOJb BCEro mnpoduis
HUCCIIEeI0OBaHUM.

JIns mpumepa paccMaTpuBaEeTCs THCTOrpaMMa, NOCTPOECHHbIE Ha yactore 600

I'y (Pucynok 50) [['opesBueB u ap., 20168; 2016r].

7000 t

6000 |

r

-BO 3HA4YeHWH

Kon

-6 -4 -2 0 2 4
Norapudm amnAuUTyAHOro CNekTpa ¢ yuYeToM cpeaHero
Pucynok 50 — I'ucmoepamma, nocmpoeHnas no 6cem 3HAYEHUIM AMNIUNYOHO2O
cnekmpa Ha wacmome 600 I'y.
[Tomyyennsie Bapuaiuu B opme cUrHaga npsMoN BOJIHBI, & HMEHHO HAJIHYUE

HECKOJIBKHX MOJ M 3aMETHOE€ OTJIMYME OT HOPMAJIBHOIO pacCIpeleiICHuUs,
CYILIECTBEHHBI — UX HEOOXOIUMO KOPPEKTUPOBAT.

Takast INOCTaHOBKAa 3aJayd HE SABJIICTCA KIACCHUYECKUM IIPEACTaBICHUEM
ITIOBEPXHOCTHO-COTJIACOBAHHOW JIEKOHBOJIFOLIUH, IIOCKOJIBKY JJII KOPPEKTUPOBKH
BapHalMil JOJKHBI OBITh HCIIOJIb30BaHbI TOJBKO (PAKTOPBI (MCTOUHUK, MPUEMHUK,
ynanenue). [Ipu sTom ocHOBHast popma curHasia JOHKHA OCTaThCs B JaHHBIX. TeM He
MEHEe AaJITOpPUTM TMOJy4YeHHs] (aKTOpOB aOCONIOTHO UACHTUYECH alTOPUTMY

noyrydeHus: GakTOpoB B 3a7ja4€ IEKOHBOJIOIIHH.
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KoppexktupoBka (opMbl CHUTHaNAa BBIMONTHSIACH B PaMKax Tpex(aKTOPHOM
monenu (ucroyHuk — mnpuémuHuk — OLT). Jluneapuzauust QaxTtopHOW MoIETU
BBIIIOJTHEHA HA OCHOBE JIOTApU(PMUPOBAHUSI 3HAYEHUW aMIIIUTYJHOTO CIEKTpa

cUrHazia npsiMmoil BosiHbl. MakTOpHAS AEKOMITO3UIMS UMeEIIa clieytomuid Bua (26):

(26)

rae  — JorapudM amIUIUTYAHOTO CHEKTpa CUTHaJIa MNpPSAMOW BOJHBI, [ —
KOOpAMHATa WCTOYHUKA, j — KOOpAWMHATA MpPHUEMA, - MOCTOSIHHAs COCTABJISAIOIIAS B
dbopme curHama, — (akTOp, CBSI3aHHBIM C KOOPJAMHATOW HCTOYHWKA, — (akTop,
CBSI3aHHBIN C KOOpAWHATOM npuéma, — (akrop, cBs3aHHbIl ¢ yaaneHnuem [IB-I1T1, —
ciy4aitHas momexa, — (uKCHpoBaHHAs 4acTOTa.

Pesynbrar onenku (akTopoB MpejacTaBiieH Ha pucyHke 51. DakTopsl ObUIH
MOJIydeHbl i1 (UKCHUPOBAHHBIX 4YacTOT, C Yy4Ye€TOM (BBIYETOM) CpeIHEn

COCTaBJ'IHIOH_[ef/'I N HOPMHPOBKHW Ha MAaKCMMaAJIbHOC 3HAYCHHC.
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Pucynok 51 — Oyenku gpakmopoe na yenmpanonou wacmome 600 'y,
paccuumanmnvie 8 pamKax mpexgaxmopHou Mooelu Ha 0CHO8e J102apupmos
AMNIUMYOHBIX CHEKMPO8 NPAMOU 80.IHbL. 110 6epmuKanbHOl 0CU OMIOHCEHDL

3HAYeHUs1 HOPMUPOBAHHBIX 102APUPMOE AMNIUNYOHBIX CHEKMPO8, NO
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20PU3OHMANBHOU OCU — HOMep (paxmopa.
Onenka (akTOpoB TPOBOAMIACH JBYMSI METOJAMH — WTEPATUBHBIM H

MaTPUYHBIM C JIOTIOJIHEHUAMHU. B kauecTBe UTEpaTUBHOrO MeTo/1a ObUT UCTIOIb30BaH
meroa BICGSTAB. CymmapHoe Bpemsi pacyera mnonpaBok Ha 121 dacrore 3aHsI0
~24 cexyHnpl. B kadecTBe mpsMoro pemarens ObUIO 3aJ€WCTBOBAHO PA3JI0KECHHE
XonenKoro, B KayecTBE JOIMOJHEHUM OBLJIO BBEACHO 2 KOHCTaHTHI ((akTop
MCTOYHUKA U (akTop yaaineHui) u 1 nuHelHas coctapistomas (hakTop NpUuEMHHUKA).
CyMMapHOe BpeMsi pacyera IOINPAaBOK COCTAaBUIO ~2 ceKyHIbl. OTHOCUTENbHas
omubKa MeXy peieHussMu 1mo Hopme L2 cocrauna 2.098e-05.

[Ipr OTHOCHMTENBHON CXOXKECTH PEUICHWH, BpeMs CcYeTa OTJIMYAETCS
IIpaKTU4YeCKh B 12 pa3, YTO NOAYEPKHMBAET BHIBOA O TOM, 4YTO B 3ajaye
MTOBEPXHOCTHO-COIJIACOBAHHON KOPPEKIMHU aMIUIUTYAHBIX CIIEKTPOB (KaK M B 3a/1aye
JEKOHBOJIFOLIMM) TOpa3/l0 BBIFOJIHEE MCHOJB30BATh MpPsIMBIE  pelIaTeNd ¢
nonoiaHeHueM. Ha pucynke 52 mpeactaBlieH pe3ysbTaT KOPPEKTUPOBKU (HOPMBI

CUTHasa NPsIMOM BOJIHBI.

WcXoaHbI CUrHaN NPAMON BOJIHbI
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Pucynox 52 — Pesynomam xoppekyuu ¢popmwl cuenana npsamotl eonnsl.Ha sepxnem
PUCYHKEe npedcmasiena ucxoonas gopma cuenana.Ha nusicnem pucynke nokasana
Gopma cuenana npsamou 80aHbL NOCe KOPPEKMUPOBKU (KOMNEHCayus mpex
GPaxmopos.: ucCmouHuK, NPUemMHUK U yoaieHue).
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W3 pucyHKa BHIHO, YTO MPOU30LLIA CTaOMIM3anus (POpPMBI CUTHANIA TPSIMOMN
BOJIHBI. Tpacchl BBIMISIAAT WACHTUYHO JPYT JIPYTy, TaKXKe CIEAYyeT OTMETUTh, YTO
aMIUTUTY 1A BJOJIb TPO(uIIs cTabuiIbHA.

[Ipu 3TOM MO KpasiM OCHOBHOM YacTH CHTHala BO3HHUKIHM JOMOJHHUTEIbHbIC
OCHWUISIMY, BEPOSTHO, 3TO CBS3aHO C HeydeToM (a30BOil YaCTH CIEKTpA.
[TorpaccHOe cpaBHEHHE pe3ysibTaTa «I0» M «IOCIe» KOPPEKTHPOBKU MPEICTABICHO

Ha pUCYHKeE 53.
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Pucynox 53 — Pezynomam KoppexmuposKu popmvl CUSHALA NPAMOU BOJIHbL,
nompaccHoe npedcmaenenue. Jlegwlii pucyHox — UcXoonas gopma cueHana.
IIpaswiii pucynox — goopma cuenana npsamori 601Hbl NOCe KOPPEKMUPOBKU
(Komnencayuss mpex pakmopos — UCMOUHUK, NPUEMHUK, YOdleHue).
Pe3ynpTaT JEKOMITO3WIIMM TTO3BOJIMI TPOU3BECTH OICHKY aMILIUTYIHBIX

CIIEKTPOB IIIYMOBOM cocTapistonieil. OlieHKa MPOU3BOAUIACH MYTEM BBIYMTAHUS
MOJTYYeHHBIX (D)AaKTOPOB M3 HCXOAHBIX JaHHBIX. JlJIS CpaBHEHUs] IITyMOBOM
COCTaBJISIIONICH C UCXOJHBIMU JAHHBIMU OBUIO PEHIEHO MOCTPOUTH TMCTOIPAMMBI MO
3HAQYCHUSM aMIUIUTYJAHBIX CIIEKTPOB. ['HMcTOrpamMmbl OBLIM TMOJYyYeHBI B paMKax
TpexdakTopHOU MoAenu sl (PUKCUPOBAHHBIX YACTOT, OTOOPAHHBIX B IIEJICBOM
nosoce yactor. CpaBHeHUE JOrapu(MOB aMIUIUTYHBIX CIEKTPOB MPSMONM BOJIHBI

MPE/ICTABICHO HA pUCYHKE 54.
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625 T'nx 1300 I'x 1900 I'x 2900 I’y

Pucynok 54 — l'ucmoepammol (A — ucxoouvie amniumyousie cnekmpuwt) u (b —
WYMOBAsL COCMABIAIOWAS), BEPIMUKATILHASL OCb 2UCOZPAMM COOMBENCMEYem
KOIU4eCmay 3Ha4eHUll, 2OpU30HMAIbHASL — HOPMUPOBAHHBIM 3HAYEHUIM
7102apu@dmo8 amnaumyOusix cnekmpos. 1 opu3oHmanibHas 0cb Xapaxkmepusyem
8aPUAMUBHOCTb AMNIUMYOHBIX CHEKMPOB.
Kak BugHO M3 pucyHka, ¢opma rucrtorpamMm IrymMoBoM cocrtasistonieit (b)

YHUMOJIaJibHA U OJM3Ka K HOPMAJIbHOMY paclpeiesieHUI0, B OTIMYUE OT UCXOHBIX
ructorpamm  (A). Koppeknusi aMIuidTyaHBIX CIIEKTPOB Ha OCHOBE (DaKTOpHOTO
pa3NOKEeHUs] TO3BOJWJIA CHU3UTH CTENEHb BAapUATUBHOCTH  JIMHAMHYECKHX
XapaKTePUCTUK CUTHaIa MpsiMOil BOJIHBI. OCHOBHOM BKJIaJ] B BApUATUBHOCTH BHOCST
(haKTOpHBIE COCTABIISAIONINE, TIOCKOJIBKY (popMa TMCTOTPAMMBI IITyMa COOTBETCTBYET
HOpMaJIbHOMY pacnpeesieHnto. CTOUT 3aMEeTUTh, YTO MOJI0OHBIN pe3yIbTaT MOJTyUYeH
Ha BCeX yacToTax sl ¢opma NpsMON BOJIHBL. JIOMOJHUTENIBHO MOJTYYEHBI OIICHKU
BapUATUBHOCTH aMIUIMTYJIHBIX CIEKTPOB B paMKax dYeThIpeX(paKkTOpHOU Mozenu (C
BriroueHueM ¢akropa OLIT) (Pucynok 55).
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Pucynox 55 —I'ucmoepammol (A — ucxoonvie amniumyounvie cnekmpot) u (b —
WYMOBAsL COCMABTIAIOUASL), BEPMUKANBHASL OCb 2UCTO2PAMM COOMEENCMEyem
KOU4ecma) 3HayeHull, 20pU30HMAalbHAsL — HOPMUPOBAHHBIM 3HAUEHUIM
N102apuhmMo8 amnaumyOoHvlx cnekmpos. 1 opu3oHmanbHas oco xapakmepusyem
8APUAMUBHOCIb AMNIUMYOHBIX CHEKMPOS.
['uctorpammbl (A u b) moctpoensl misa dactotel 1300 [, u3 HUX ynaneHa

MOCTOSIHHAsI ~ cocTaBisitomiasi  (cpenHee 3HaueHue). l[ucrorpamma b umeer
YHAMOZJAIBbHYIO (opMy U OJIM3Ka K HOPMAJIBHOMY pachpeiesieHuto. [ ncTorpaMmbl
MOATBEP)KIAIOT TOT JK€ BBIBOJ I YETHIPEX(AKTOPHON MOJENH: CYyIIECTBCHHBIC
M3MeHeHUs1 00yCIIOBIIEHbI (haKTOpamu, a He IIyMoBoM kommoHeHTou [ Goreyavchev et

al., 2020].

3.7 Anpoﬁam/m ajaropurmMa Ha moJI€eBbIX JaHHBIX — IOBEPXHOCTHO-

COorJJaCcoBaHHadA JCKOHBOJIOIHUA HA IIOIIAJHBIX JAHHBIX

[ToBepxHOCTHO-COTTIACOBaHHAS JICKOHBOJIIOIUS C MCIIOJIb30BaHUEM
pa3pab0TaHHOTO AJTOPUTMA HA TUIOMIAAHBIX Ha3eMHBIX JTAaHHBIX (pa3ioKeHHE Ha JIBa
dakTopa MUCTOYHUK-TIPUEMHUK). Pe3ynbTaThl NEKOHBOIIONHUU A 3 celicMoTrpamMm
MIPUBEJCHBI Ha PUCYHKE 56 W CPaBHUBAIOTCS C PE3yJIbTaTaMH IPOU3BOJICTBEHHOTO
nporpammHoro obecreuenuss Geovation (B OCHOBE HMTepallMoOHHBIM meTon ["aycca-

3eiiens).
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Pucynok 56 — @paemenm ceiicmoepamm 00 u nociie n08epPXHOCMHO-CO2NACOBAHHOU
0eKOHBONIOYUL (1e8blll PUCYHOK — UCXOOHbBIE CEUCMOSPAMMbL, CPEOHUL —
Oekogontoyus 6 nakeme Geovation, npagulil — 0eKOHBOIOYUS AICOPUMMOM
O0ONOIHEHUII.
B pesynpraTe CpaBHUTENBHOTO aHalM3a TOKa3aHO, YTO PE3yJIbTaThl

100 200 300 400 500 0 100

JCKOHBOJIFOLIMY,  TIOJIyY€HHbIE C  IOMOULIbIO  pa3pabOTaHHOIO  ajIropuTMa,
IIPaKTUYECKHA COBIAJAOT ¢ pe3ysbTraramu npomsinieHHoro 110. HeznauutenbHble
pa3nuuusl B MHTEHCUBHOCTH CUTHaja 00yCIIOBJICHBI Pa3HBIMU MOAXO0/IaMHU K 3aJJaHUIO
ypoBHsI Oenmoro mryma B anroputMmax. Ha pucynke 57 mpuBeneHbl aMIUIUTYIHbBIC
CHEKTpPHl JUISI BCEr0 TECTOBOIO HAOOpa JaHHBIX, JAEMOHCTPUPYIOIIHUE CXOJACTBO
YaCTOTHBIX XapaKTEPUCTUK TMocie oO0paboTKu OO0OMMHM alIrOpUTMaMH. ITOT
pe3yibTaT  MOATBEPXKJAET, UYTO  pa3pabOTaHHBIM  aIrOPUTM  KOPPEKTHO

BOCCTaHABJIMBACT IOJIC3HBIN CHUTHAJ 03 CYHICCTBCHHEBIX HMCKa)KCHUM.
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Pucynox 57 — Amnaumyonsie cnekmpbl no 6cemy HabOOpPy OAHHBIX 00 U NOCTe
NOBEPXHOCMHO-CO2NIACOBAHHOU OEKOHBOMOYUU (T1e8blll PUCYHOK — UCXOOHbLE
CHeKmpbl, CpeoOHUll — CneKkmpbl nocie oexogontoyuu 6 nakeme Geovation, npagulii —
CHEeKmpbl NOC/Ie 0eKOBONOYUU ANOPUMMOM OONOJHEHUIL).
[IpoBenéHHBIC TECTHI MO3BOJISIIOT CAENAaTh BBIBOJ O TOM, YTO pa3paOOTaHHBIM

ITOPUTM MTOBEPXHOCTHO-COTJIACOBAHHOM J€KOHBOJIIOIIUU oOecrnieunBaeT
COMOCTaBUMOE KayeCTBO C peEIIeHHeM u3 Tmakera obOpabotrku Geovation, 4YTO
MOATBEPKIACTCS  KaK  BH3yaJlbHBIM  CPaBHCHHEM  CEWCMOrpaMM, TakK U
CpPaBHUTECIBHBIM  QHAJIM30M  CIEKTPAJbHBIX  XapaKTEPUCTHK. YuutsiBas
BBIYUCIUTEIBHYI0 A()PEKTUBHOCTh pa3pabOTaHHOTO aJIrOpUTMa, ITOKAa3aHHYIO B
pazzmene 3.5, OH PEKOMEHIyeTCs [Jisi HWCIOJIb30BaHUS B 00pabOTKe IJIOIMIAIHBIX
CEHCMUYECKUX JaHHBIX, OCOOCHHO B Clly4asiX, Korja TpeOyeTcsl ONTUMH3aIus

BBIYHCIIUTEIBHBIX pPecypcoB 0e3 moTepu KadecTBa pe3yJibTaToB. [[‘opesBueB u ap.,

2024].
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3.8 Anpobauusi aJITOPUTMA HA MOJIEBBIX JAHHBIX —

IMOBEPXHOCTHO-COIJIACOBAHHAHA KOPPEKIUA aMILJIMTY/l HA IIOIHAAHBIX JaHHbBIX

[ToBEpXHOCTHO-COIJIaCOBaHHAs KOPPEKUUs aMIUIMTYJ MpPEACTaBIsSeT COOOit
BOKHEUITUH Tan o0pabOTKH CEHCMUYECKUX JTAHHBIX, HATIPABIICHHBIN HA yCTPAHCHUE
WCKQXCHUM, BBI3BAHHBIX HEOJHOPOAHOCTAMHU BEpXHEM dYacTu paszpeza. ITU
MCKaXEHUS TMPOSIBIAIOTCS B BHJEC 30H aHOMAJIbHBIX aMIUIUTYJ - KaK MOHUXEHHBIX,
CBSI3aHHBIX C TMOMVIOLIAIONIMMU CBOWCTBAMU TMOPOJ, TaK U TOBBIIIECHHBIX,
OOyCJIOBJIEHHBIX ~ OCOOCHHOCTSAMH  BO30Y)KJIEHHMSI W  PErucTpaldd  CHUTHaja.
Kommencanusi Takux Bapualiii ¥ BhIpaBHHUBAHUE aMIUTUTYIHOTO OajlaHca 1Mo BCEMY
00BEMY JNaHHBIX KPUTHYECKH BaXXHBI JJIA TMOCJEAYIOEH WHTEpIpeTaluu |
MOCTPOCHUS JJOCTOBEPHBIX CEUCMUYECKUX M300paKEHUI.

OCHOBHOE BJIMSIHUE HA aMIUIMTYJIHbIE MCKa)K€HUSI OKa3bIBAIOT J[BAa KIIOUEBBIX
(akTOpa: MCTOYHUK CUTHaNA, TJe BapUallUk SHEPrUU BO3OYXKIEHHUS 3aBUCIT OT
YCIOBUM B TOYKax B3pbhiBa WM BUOpAIlMU, W NOPUEMHUK, TJI€ pa3Iudus B
YYBCTBUTEJIBHOCTA  OOOPYJOBaHUSI M YCIOBHUSIX  PETUCTpAlMM  BHOCAT
JIOTIOJIHUTEJIbHBbIE MCKaKeHUs. MIMeHHO yd4€T ATUX (PaKTOpPOB MO3BOJISIET CUWUTATH
JaHHBIE TOBEPXHOCTHO-coriacoBaHHbIMU. [Ipu pabote ¢ kpymHbiMu 3D-maccuBaMu
JTAQHHBIX, BKIIOYAIOIIMMH JIECATKM MHUJUIMOHOB Tpacc, HaumbOosiee 3(PGheKTUBHBIM
ABJISIETCS UTEPALMOHHBIA METOJ PEIICHUS CUCTEM JIMHEHMHBIX YPABHEHHM, KOTOPBIN
oOecrieunBaeT HaXOXJACHUE (PAKTOPOB WCTOYHWKA H TPUEMHUKA C BBICOKOU
TOYHOCTBIO MPU PA3YMHBIX BBIYUCIUTEIBHBIX 3aTpaTax.

[IpakTtuueckas anpobanusi pa3padOTAHHOIO AJIrOpUTMa MNPOBOAMIIACH Ha
peaNbHBIX JTAHHBIX, BKJIIOYABIINUX 71 MUJIIMOH CEHCMUYECKUX HAOIIOIEHUNA U OKOJIO
100 ThICSY HEU3BECTHBIX MapaMeTpoB. B pesyibTaTe NpUMEHEHUs aropuTMa ObLIN
MOJIydeHBbl 3HA4YeHHUs] (PAKTOPOB HCTOYHWUKA U TNPUEMHUKA, KOTOphIE OBbLIN
COTOCTaBJIEHbI ¢ (haKTOpaMH, MOJYUYECHHBIMU B MPOMBIIIJIEHHOM IMaKeTe 00padoTKu

Geovation (Pucynku 58).
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Pucynok 58 — Cpasnenue pakmopos, nonyueHHvlX 8 NPOMbIULIEHHOM naKeme
obpabomru Geovation (nesvlii cmonbey pucyHkos) u paxmopos, noiy4eHHblx
AncoOpUMMOM HOBEPXHOCMHO-CO2NACOBAHHOU KOMNEHCAYUU aMIIUMYy0 Ha OCHOBe
paspabomannoeo ancopumma. Eounuysr uzmepenuii no ocsim X,Y — mempeol.

bonee neranbHBIM KOJTUYECTBEHHBIM aHAIU3 BBISIBUII HEKOTOPHIE pazuyus B
YHUCJICHHBIX 3HAYEHUAX (PaKkTOpoB He mpeBbimaomue 3-4%, 4To MOATBEPKIAACTCS
MOCTPOEHHBIMU KapTaMH OTKJIOHCHHM MEXIy pe3yibTaTaMH, IMOJIyYEeHHBIMH

pasHbiMu anroputMmamu (PucyHok 59).
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Pucynox 59 — Omxnonenue medxcoy nonyueHHbiMu peuleHusIMy 8 nPpoyeHmax.
Jleguiti pucynok — kapma OMKIOHEeHUU N0 UCMOYHUKAM, NPABblU PUCYHOK — Kapma
omxnoHeHuti no npuémnuxkam. OmxKioHeHue peuweHuti cocmasuo He ooavuie 3%.
Eounuywr usmepenuii no ocam X,Y — mempeoi.

CpaBHeHue ¢ pesyinbTaTamMu U3 nakera Geovation Mmokasajio, 4TO BU3YaJbHO

pe3yNbTaThl KOPPEKIUU aMIUIUTY]l MPAKTUYECKH HEpa3IuYMMbl — KaK Ha pa3pes3ax

(Pucynok 60), rme ocoOEHHO XOpOIIO BHUJHA KOMIIEHCAIlUS aHOMAaJIW B 30HAX

HEcoIyIacuil, Tak U Ha kaptax RMS-ammmtyn B npezaenax BpeMeHHOro okHa 500-

1100 mc (Pucynok 61).
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McxoaHble (A0 BBEAEHMS NONPaBOK) Geovation WHIT

CyMmapHble
paspesbl

T, ook
Pucynok 60 — Cpasnenue cymmapHbulx 8peMeHHbIX pa3pe308: 1esblil pazpe3 — 00
88e0eHUsl NONPABOK, CPEOHULL pa3pe3 — C 8KII0UEHUEM NONPABOK, ONPeOeeHHbIX 8
npouzsoocmeennom nakeme Geovation, npaswlil paspes — ¢ 6KAOUEHUEM NONPABOK,
OnpeoeieHHbIX paspabomanHbIiM Al20PUMMOM.
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Pucynok 61 — Cpasnenue xapmor RMS amnaumyo, nocmpoennsvix 6 okne 500-1100
MC NO CYMMApHOMY Ky0y: leas Kapma — 00 88e0eHUsl NONPABOK, CPEOHs Kapma —
C BKIIOYEHUEeM NONPABOK, ONPeOesieHHbIX 8 npou3eoocmeenHom nakeme Geovation,
npaeas Kapma — ¢ 6KII0YeHUeM NoNpasox, ONPeoeNeHHbIX pa3padomanHbiM
ancoOpummom.
CoBnazieHue pe3ysbTaTOB TAKXKE MOJTBEPKIACTCS MPAKTUYECKU MOJHBIM

COBNAJCHUEM THUCTOIPAMM paclpelesieHus aMIUIUTyA A0 M TOcie KOPPeKUUu

(Pucynok 62).
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Pucynok 62 — Cpasnenue eucmoepamm amniumyo, nocmpoentuix 6 okne 500-1100
MC N0 OAHHBIM 00 CYMMUPOBAHUSL (1€8blll PUCYHOK): CUHSSL 2UCMOSPAMMA —
UCXOOHbIEe AMNAUMYObL, 00 86€0eHUsL NONPABOK, KOPUUHEBAs 2UCMOSPAMMA —
AMRIUMYObl C BKAIOUEHUEM NONPABOK, ONPEOENeHHbIX 8 NPOU3BO0CHBEHHOM
naxeme Geovation, 3ef1eHas Kapma — AMNAUNYObl C GKII0UEeHUEM NONPABOK,
onpeoenenHblX npu nomMowju pazpabomannozo areopumma. llpaewiii pucynox — me
JHce UCMOSPAMMDL, 8UO CEEPX).
Amnpobanus paOoThl ajlropuT™Ma Ha OCHOBE WTEPATHMBHOTO MeToja Oblia

IpOBE/ICHa HE TOJBKO i 0a30BOM ABYX(akTOpHOW Mojzenu, HO W s Oojee
CJIOKHOTO BapuaHTa (AKTOPHOTO pa3IOKEHUST B paMKaxX S-(pakTOpPHOW MOJEINH,
YUYUTHIBAIOIIECH CIEAYIOUIME MapaMeTpbl: UCTOYHUK, npuemMHuk, OI'T, yaanenus u
a3uMyT. TakoW KOMIUIEKCHBIA TMOAXOJ TO3BOJISIET Oo0Jee TOYHO YUWTHIBATH
pa3iMuHble  aCMEKThl  PACHpPOCTPAHEHUS  CEMCMUYECKMX BOJH B Pa3HbIX
TEOJIOTUYECKUX YCIOBHSX.

Pe3ynbTaThl conocraBneHus: pakTopoB MpeACTaBICHBI HA CEPUU PUCYHKOB (63-
65), AEMOHCTPUPYIOIIUX BBICOKYIO CTEIEHb COOTBETCTBUS MEXIY JIaHHBIMH,
MOJIyYEHHBIMUA TIPOMBIIIICHHBIM MakeToM o0padoTku (Geovation u pa3zpaboTaHHBIM

AJITOPUTMOM.
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Pucynok 63 — Cpasnenue ¢pakmopos (ucmounuxu u npuéMHuKU), NoJy4eHHbIX 8
npombvliuLienHom nakeme oopabomxu Geovation (neswviti cmonoey pucyHkos) u
NOJYYEHHBIX AN20OPUMMOM NOBEPXHOCHO-CONIACOBAHHOU KOMNEHCAYUU AMNIUNYO
Ha ocHoge pazpabomannoco anrcopumma. Eounuyst uzmepenuti no ocam X,Y —
mempul.
Ha pucynke 63 noka3zaHo cpaBHeHHE (DAKTOPOB HMCTOYHUKOB U NMPUEMHHUKOB,

MOJIYYCHHBIX pa3paboTaHHBIM anropuTMoMm B makete (Geovation. Ha pucynkax
BH/IHO, YTO MPOCTPAHCTBEHHOE pACHPENEIICHHE W OTHOCUTEIbHBIE 3HAYEHUS
(aKkTOpOB JEMOHCTPHUPYIOT BBICOKYIO CTEMEHb KOPPEISAIHUU, YTO TIOATBEPIKIAeT
MPaBUILHOCTh MATEMATUYECKOTO ammapara pazpadoranHoro anroputma. [Ipu sTom B

olleHKax (pakTopa MpUEMHUKA HAOII0Iat0TCSl HEOOIBIITNE OTIUYHS.
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Pucynox 64 — Cpasnenue cpakmopos (OI'T), nonyuennvix 6 npomviulieHHOM
naxeme oopabomxu Geovation (1e6wviti cmoiboey pucyHKo8) u noLy4eHHulx
AN2OPUMMOM NOBEPXHOCMHO-CO2NIACOBAHHOU KOMNEHCAYUU AMNIUMYO HA OCHOBE

6.132 -

cdp_fact_test

[N]
~N

6.130 ~
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paspabomannozo aneopumma. Eounuyer usmepenuii no ocam X,Y — mempeoi.
Ha pucynoxk 64 mpencraBieno cpaBHeHue ¢akropoB OI'T (oOmias Touka

rIyOWHBI). AHaW3 MPEACTaBICHHBIX JAaHHBIX MOKA3bIBACT, UTO B OIEHKAaX (akTopa
OI'T mabmromaroTcss HEOONBIINE OTIWYMS, aHAJOTHYHBIC TEM, YTO HAOIIONAIUCH B
daktope npuémumka. [Ipu »TOM pasznuyms B OlEHKaX (PaKTOpoB TpHEMHUKA U
daktopel OI'T MOTYT OOBSICHITHCS MEHBIIIEH CTATUCTUKOM, T.€. MEHBIIIEC KPATHOCTHIO
Ha KaXJbld (akTop, B CIEJACTBHE pa3HbIC HTEPAIMOHHBIC PEIIaTeId MOTYT TIO-
Pa3HOMY CXOJUTHCS, B OTIIMYKE OT APYruX (akTopoB (UCTOYHUK, YJIaJICHUE, a3UMYT),
IJIc KpaTHOCTh TOpa3fo BhImie. TeM HE MEHee OKOHYAaTelIbHas OICHKA CPaBHCHHS
JIOJI’KHA TTPOBOJIUTHCS TI0 00IIeMy HabOpy MOMPABOK ISl KKION TPaCChl, T.€. KOTJa

Bce (pakTOphl OYyT 0OBbETMHEHBI B OJIHY TIOTPABKY.

YpaneHue AsumMyT
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Pucynok 65 — Cpasnenue pakmopog (yoanenus) — 1e8wili pUCYHOK, CPAGHEHUE
gaxkmopos (azumymsi) — npaswviii pUCYHOK, NOJIYUEHHBIX 8 NPOMbBIUIEHHOM NaKeme
obpabomku Geovation (opamndicesvie MoyKl) U NOJIYUEHHBIX AICOPUTNMOM
NOBEPXHOCMHO-CO2NACOBAHHOU KOMNEHCAYUU AMNIUMYO HA OCHOBE
paspabomannoco anzopumma (cunue mouxu). Eounuyer uzmepenuii no ocsim X, Y —
Mempubl.
Ha pucynke 65 mnpencraBisieT KOMIUIEKCHOE CpPaBHEHHE IBYX IOCJIECIHHUX

Ynanexne, M

(dakTopoB Mozenu: yaaneHui (eBblid rpaduk) U asumMyToB (mpaBbiii rpaduk). Ha
rpauke yAajJeHuil XOopolo BUAHO, YTO 00a peleHusl CX0XU. AHaIn3 (PakTopoB 3a
a3uMyT (TipaBblii rpaduK) MOKA3BIBAET, YTO 3HAYEHHUA (PAKTOPOB OTIMYAIOTCS Ha
KOHCTaHTY.

He6onbime oTKIOHEHUS B 3HAUYEHUSAX (PAKTOPOB, B CPABHEHUE C 3HAUCHUSIMU
U3 MPOMBILUIEHHOTO MMAKETa, HE UTPaeT OOJIBIION POJIH, MOCKOIBKY pa3HULA MEXIY
UTOTOBBIMU TIONPABKAaMHU ISl KOHKPETHOM Tpacchl NMpHU MEPEMHONKEHHH (PAaKTOPOB

ctpemMutTcs Kk HyJ0. ComocTaBieHHWE BceX MATH (PAKTOPOB AEMOHCTPUPYET, YTO
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pa3pabOTaHHBIN QJITOPUTM OOECTIEUMBAET KOMIUIEKCHYIO H COalaHCHUPOBAHHYIO
KOPPEKIMIO  aMIUIATYJA,  TMOJHOCThIO  COOTBETCTBYIONIYI0 IO  KaueCTBY

IIPOMBIIIJIEHHOMY PELIEHUIO.

BbIBOABI

B 3akioueHMM  MOXHO  CKa3aTh, 4YTO  pa3padOTaHHBIA  aNrOPUTM
(TOBEpPXHOCTHO-COTJIACOBAaHHON KOMIICHCAIIUM CEHCMHMUYECKUX XapaKTepUCTUK Ha
OCHOBE MPSMOTO pPEIICHUs] CHUCTEMbl JMHEWHBIX YPaBHEHHH C UCIIOJIb30BaHUEM
JOTOJIHEHHUI)  ONTUMAJbHO MOJIXOAMT JUIsl pEUIEHUs 3aJad  OINpeJeTeHUs
JUTMHHOTICPUOIHBIX Bapyallvil (Bapualldy, MpeBbIaoIme 1.5 JIMHb pacCTAaHOBKH)
B ciydae NOpouiIbHBIX MaHHBIX. PerieHue, Takke MOXKET ObITh MOJYYEHO C
MOMOIIFI0 UTEPATUBHOTO METOAA, HO JIMOO TMpU YBEIUYCHHUH JIJIMHBI PACCTAHOBKH,
aubo 3a KparHo OoJbiee 4yucio wuteparuid. CBSI3HOCTb HAOMIOJECHUM HUTrpaeT
OOJIBIIIYI0O POJb B Ciydae TMOJYYEHHUS PEIICHHUS MPU TMOMOUIM HTEPAIMOHHBIX
METO/IOB.

B cnyuae momaaHeIX cucTeM HaOMIOACHUN MpobiieMa  ompeeseHus
JUTMHHOTIEPUOIHBIX BapHaIllMii OTXOJUT Ha BTOPOW IUIaH, MOCKOJIbKY HAOMIOICHUS B
paccTaHOBKE Ha IUIONIAJIM TE€OMETPUYECKH OOJiee CBSI3aHbI, a 3HAYUT JJIsl PEIICHUS
3a/lad  OLIEHKM OCTaTOYHBIX BPEMEHHBIX TOMPAaBOK M BapUalUil aMIUIUTY]
s peKkTHBHEE UCIIOIB30BaTh UTEPAITMOHHBIC METO/IbI.

NHaue 0OCTOUT J11e71I0 C MOBEPXHOCTHO-COTJIACOBAHHOM JIEKOHBOJIOLIUEH, C
WCIIOJb30BaHUEM WTEPATUBHBIX peniaTesneil: Tpedyercs ropasno Oojblie BpEeMEHU
(13-3a MHOTOKPATHBIX HE3aBHCHUMBIX 3aIlyCKOB peIIaTelis, JaKe ¢ UCIO0JIb30BaHUEM
npeao0yciaBauBarTesisi) i JOCTWKEHUS TOYHOCTH, CPAaBHHUMOW C TOW, KOTOPYIO
oOecrieunBaeT MaTpuuHbiii Metoj. [Ipobrema craHoBuTCs eme Oosee BHIpAKCHHOU

ITpHU YBCIIMYCHUHU YUCJIA H&6HIOI[€HHI>1 N 9HCJia OIICHNBAaCMbIX (1)aKTOpOB.
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5. BAKVIFOYEHUE

Pesynbrarom paboThl SBISETCS QJITOPUTM TMOBEPXHOCTHO-COTJIACOBAHHOM
KOpPpEKIMU OOpa0OTKH KHUHEMATHYECKUX (OCTATOUHBIX CTAaTUYECKUX BpPEMEH) H
TUHAMUYECKUX  XapaKTepUCTUK (aMIuiTyl, (OpMBI CHTHajga) IO JIaHHBIM
npopuIbHOW W IUIOUIAJAHOW CceWCMOpa3BelKH. AJTOPUTM TEOPETUYECKU U
AKCIIEPUMEHTAJIbHO OOOCHOBAaH M pEalM30BaH B BHUJE HAYyYHO-UCCIIEIOBATEIbCKON
BEPCUU TMPOTrpaMMHOrO obOecnedeHusi, paszpaboraHHoro Ha s3bike Python.
Hcnonb3zoBanue mpu pa3pabOTKe alropurMa MNpSMOro MATPUYHOTO OOpallleHUs C
JIOTIOJIHEHUEM TICEBAOANPUOPHON MHpOpMaluell 00eceunbIBaeT eIMHCTBEHHOCTh U
YCTOMUYMBOCTh PELICHHUS; I103BOJIAET ONPEAENIATh JUIMHHONEPHOJAHBIE BapHallld
(mepuol KOTOpBIX TMpeBbIIAaeT 1.5 JIMHBI PAcCTaHOBKHU) Il MNPOMUIBHBIX MU
IUIOIAAHBIX JaHHBIX. [lOBBIIEHME TOYHOCTH pELIEHUS [pPU HCIOIb30BaHUU
UTEPAIIMOHHBIX METOJOB Il MPOQWIbHBIX JaHHBIX TpeOyeT OO0 YyBETUYEHUS
JUIMHBI PACCTAHOBKH, JIMOO 3HAYMTEIIBHOIO YBEIUYEHHS YHCIa UTEpALNil, 0COOEHHO
npu cnaboil CBSI3HOCTH HaOmoneHud. [loBbIllIEHHE TOYHOCTH PEIIEHUs 3a CYET
UCI0JIb30BaHUSI MATPUYHOTO METOAA OCOOEHHO 3HAYUMO B COBPEMEHHOM TEHICHIIUU
nepexo/ia K BBICOKOIUIOTHBIM CEHCMUYECKUM HAOMIOAEHUSAM i1 MPOQPHIbHBIX
paccTaHOBOK.

JUIs MIIOIIAHBIX CHUCTEM HAONIOAEHUS, TJ€ TE€OMETPUYECKash CBSI3HOCTb
JAHHBIX BBIIIE, WTEPAIMOHHBIE METONbl OCTAlOTCA A((EKTUBHBIMU JI OLCHKU
OCTATOYHBIX BPEMEHHBIX IOMPaBOK WJIM Bapuauui ammuntyd. OgHako B 3ajadax
MOBEPXHOCTHO-COTJIACOBAHHOM  JIEKOHBOJIOUMU  (IpU  OLIEHKE  Bapualui
aAMIUTUTYJIHBIX CIEKTPOB) MUTEPATHBHBIE peIIaTeNu TPEOYIOT 3HAUYUTEIBHO OOJIbIe
BPEMEHHU JUIsl JOCTUKEHUS TOYHOCTH, CONOCTABUMOM C MaTpPUYHOM peanu3anuein
aJIrOpuTMa, OCOOEHHO TpPH YBEIWYEHHH O0bEMa MaHHBIX M UYMCIA OLEHUBAEMBIX
¢dakTopoB. BaXHBIM acleKTOM SIBJISIETCS TMOATOTOBKAa €IWHOTO  periaTenis,
00€CIEYnBAIOIIETO  ONPEACNICHHE  KOPPEKTUPYIOIIMX  MOMNpPaBOK 1 BCeW

COBOKYITHOCTH PacCMaTpUBAEMbIX 4acTOT. VCrosib30BaHME MATPUYHOM pean3aiuu
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aIrOpuTMa HMMEET SBHOE MPEUMYIIECTBO B CKOPOCTH M TOYHOCTH PELICHUS, YTO
JIeaeT ero MpearnoYTUTEILHBIM 711 00paboTKH OOJBIINX 00BEMOB JAHHBIX Ha dTaIle
MOBEPXHOCTHO-COTJIACOBAHHOM JEKOHBOJIIOIUU.

[TpumeneHue pa3aoKeHus B BUJE TTOJMHOMOB K (paKTOpaM MO3BOJISIET OLICHUTH
KOJIMYECTBO U TUIl HEOJTHO3HAYHO OIpPECIIEMbIX KOMIIOHEHT MPU PEIICHUU 3a7a4u
MOBEPXHOCTHO-COTJIACOBAHHOM ~ KOPPEKLIMH  CEHCMUYECKUX  CHUTHAJOB, 4YTOOBI
MOJIyYUTh TOYHOE pEUICHUE JaXKe MPU HEeJOoCTaTke anpuopHor uHpopmanuu. [Ipu
ATOM KOJIMYECTBO HEOJHO3HAYHO OMPEAC/ISIEMbIX KOMIIOHEHT SIBHBIM 00pa3oM 3a/1aeT
MUHUMAJIbHBIN 00BEM TpeOyemoil anpruopHoi nHpopMaIuu.

[IpenmyiiecTBOM SBJISIETCSI TAKKE €ro CocoOHOCTh AG(HEKTUBHO paboOTaTh C
00JpIIMMHU 00BEMAMH CEMCMUYECKUX JAHHBIX, YTO OCOOEHHO BaXKHO B COBPEMEHHBIX
YCIOBHSIX, KOT/Ia 00bEMBI ceicMUUeCKOr MH(OpMAIMU TTOCTOSIHHO pacTyT. BBenenue
anpUOPHOU MHQPOPMAITUU B AJITOPUTME MOBBIIIAET TOYHOCTh PACUETOB U PACIIUPSET
00JiacTh ero npuMeHeHus. B 4acTHOCTH, OH MOKET ObITh UCIIOJIB30BAH JUIsl PEIICHUS
3a/lay, CBSA3AHHBIX C OOpaOOTKON MJaHHBIX B peajbHOM BPEMEHHU, B IMOJIEBBIX
YCJIOBUSIX, YTO OTKPHIBAET HOBBIC BO3MOXKHOCTHU ISl aBTOMAaTH3allMU TMPOLIECCOB
CEUCMUYECKOMN Pa3BEIKU.

JlanbHeillee pa3BUTHE UCCIECNOBAHUA MOXET OBITh HAaMpaBlIeHO Ha
pa3pabOTKy M COBEpIICHCTBOBAaHHWE TMOAXOJOB K pabore ¢ Oojee CIOXKHBIMU,
WHTEPBATBHBIMHA (HDAaKTOPHBIMU MOJICIISIMU, KOTOPBIE YUYUTHIBAIOT XapaKTEPUCTUKU
YaCTOTHO-3aBUCHUMOI0 3aTyXaHMsI CUTHaJIa B cpenie. Takue MoJienau MO3BOJIAT Oojiee
TOYHO OIICHMBATh BapUAIIMU CUTHAJIOB B MpeJeax IEJIeBbIX 00bEKTOB B BOJHOBOM
MoJjie IyTeM TIIOCIOWHOM OIEHKM BapHalMii B XapaKTepUCTUKAX CHUTHAJIOB Ha
BBITIIENICXKAIMX Topu3oHTaXx. KpoMme Toro, hakTopHbIe MpEACTaBICHUS MOTYT OBITh
WCITOJIb30BAHBI JIJII KOHTPOJIS U WHTEPIPETAIMOHHOTO COMPOBOXKICHUS 00paOOTKU
CEMCMHMYECKHUX JaHHBbIX, HANPUMEP, IS aHajdWM3a HEBA30K B CEMCMHUYECKOU
TOMOrpauu WM BBIACICHUS a3UMYTaJbHOM KOMIIOHEHTHI B JUHAMHYECKUX
XapaKTepUCTUKAX CHUTHAJIOB, YTO BeCbMa 3HAYMMO MpPH MOATOTOBKE JAHHBIX K

npoBefeHnI0 AVAZ-uHBepcuu, TA€ TOYHOCTh OINPEAEICHUS a3UMYTaJbHBIX
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W3MEHEHUNM HAaNpsSMYK BIMSET HA KadyeCTBO HMHTEPHPETAUMM MW IPOTHO3a

TPELIMHOBATOCTH.
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6. CIIMCOK COKPAIIIEHUM U YCJIOBHBIX OFO3HAUYEHUWI

BCII -
BYP —
MOB —
MCK —
OI'T -
OCT -
ONT —
I1B —
1T -
CJIAY —
AVAZ —
AVO -
BICGSTAB —
BSD —
LSQR —
MaTpUIIbI

SVD —

BEPTUKAJIBLHOE CeiCMUYECKOe MPOGUITUPOBAHKE

BEPXHSS 4aCTh pa3pes3a

METOJI OTPa’KEHHBIN BOJIH

MHUKPOCEUCMOKAPOTAXK

oO1ast riryOMHHAsI TOUKa

oO1rast cpeiHssl TOUKa

o0111ast LIEHTpaJIbHAsI TOYKA

MyHKT BO30Y KJICHUS

IIYHKT IpUEMa

CUCTEMA JIMHEWHBIX aJIreOpanyecKuii ypaBHEHUN

M3MEHEHUE aMIUIUTYbl OTPAKEHUS B 3aBUCHUMOCTH OT a3UMyTa
M3MEHEHHUE AMIUTUTY 1Bl OTPAKEHUS B 3aBUCUMOCTH OT YJAJIEHUS
CTaOMJIM3UPOBAHHBIN METOJT OMCONPSKEHHBIX IPAIUEHTOB
nporpaMMHasi JJUIEH3Usl yHUBepcuTeTa bepkiu

MCTOJA HaAaMMCHBLIIMX KBaJpPaTOB C HUCIIOJIB30BACHUM QR-pa?;J'IO}KCHI/IH

CUHTYJISIPHOE Pa3JIOKEHUE
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8. CIIMCOK WJIVIIOCTPATUBHOT'O MATEPHUAJIA

Pucynox 1 — Ilpumep AByXMEpHOH CHCTEMBl CEHCMUYECKUX HAOIIOJCHUIN
(BEepXHUI PUCYHOK) U MTOCTPOEHHOM JIs1 He€ MaTPUILIbl (HUKHUN PUCYHOK).

Pucynok 2 — BnusiHue Thma cuctembl HaOMIOACHUI Ha BUJI MaTpuilbl X. (a)
JIBa Tuma cuctem HaOMrOJeHU U (0) COOTBETCTBYIOIINE UM MATpPHIIbI, TTOTYUYCHHbBIC
JUTsl ABYX(aKTOPHON MOJICIIH.

Pucynox 3 — /IBa Tumna cuctem HaOMIOEHUS U 3HAYCHUSI CUHTYJISIPHBIX YUCE
Matpullbl X. BepxHuil pucyHOK — JiBa TUIIa CUCTEM HAOJIOJICHUS C PAa3HBIM YHCIOM
MIPUEMHHKOB U HIJKHUI PUCYHOK — 3HAYEHUS CUHTYJISIPHBIX YUCEN [Tl HUX.

Pucynok 4 — Cunrernueckas 2D cucrema celCMHYECKHUX HAOIIOICHHM,
KpacHbI€ TPEYTOJAbHUKU — TIOJIO)KEHHE WCTOYHUKOB, CHHUE TPEYrOJbHUKH —
[IOJIOYKEHUE IPUEMHHUKOB.

Pucynok 5 — CuHrernueckue HaOIOJICHMS, MOJy4YEHHBIE B paMKax 2-X
(daxTopHoOil Mosienu. B ciyuae peanbHOro 3KCIEpUMEHTa KaKJIOMY W3 HAOJIOICHUM
MOKET COOTBETCTBOBATH 3HAUYEHHUE AMIUIUTYIbl TPACChI, BDEMEHU WJIU CIIEKTpA.

Pucynok 6 — MHWcxomanas wmatpuna X I8 CHUHTETHUYECKOW CHUCTEMBI
HAOJIOZCHUM, TPOCIEKUBaeTCs OJoKoBasi CTpykrypa — mnepBeie 10 cTonbioB
COOTBETCTBYIOT (haKTOpaM MCTOYHHKA, rocienyromue Gakropam npuémMHuka. benbrit
IIBET COOTBETCTBYET HYJIEBbIM 3HAUCHUSIM.

Pucynok 7 — Marpunia X ¢ JIONOJHEHUEM 11 CHUHTETHYECKOW CUCTEMBI
HaOJII0JICHUM, CTpPOKAa C KOHCTAHTOW Ha MCTOYHHMKAxX J00aBjieHa B HIDKHEH 4YacTH
MaTpulibl. benbiil IBET COOTBETCTBYET HYJIEBBIM 3HAUCHUSIM.

Pucynok 8 — Marpuinia A, nonydeHHas no marpuie X ¢ pucyHka 7. benblii
I[BET COOTBETCTBYET HYJICBbIM 3HAUYCHHUSM. BaXHBIM MOMEHTOM  SIBJISIETCS
KOJIMYECTBO HEHYJIEBBIX HaOmoeHu# (a mmMeHHO 100 371eMEHTOB B Mpejenax mepBhiX
11 cTpok u nepBbix 11 cTOn0110B).

Pucynok 9 — Marpuna A, JIONOJHEHHAas CTPOKOM M CTONOLOM C

3aUKCUPOBAHHON KOHCTAHTOM B mpejeniax ¢hakTopa HCTOYHUKA.
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Pucynok 10 — ComnocraBieHue penieHud, MOJYYEHHBIX C IOMOUIBIO
JOTIOJIHEHUS] MaTpULbl X U MaTpULbI A.

Pucynok 11 — ComnocrtaBneHue BEKTOPOB HaOMIOJAEHUM, MOIYYEHHBIX 4Yepes3
JOTIOJIHEHUE MaTpullbl X (BEpXHUH JIEBbI PUCYHOK), Uepe3 JOMOJHEHUE MATPULIbI A
(BepxHMU mpaBblii pUCYHOK). Pa3Huiia MeXay BEKTOpaMHU  HaOJIOJICHUM,
MOJIyYEHHBIMH B X0/1€ (PAKTOPHOM AEKOMIIO3ULIMHU, IPE/ICTABIIEHA HA JIEBOM U PABOM
HUKHEM PHUCYHKaxX COOTBETCTBEHHO. [ 'OpH30HTaldbHas OCh OJMHAKOBA [JIsl BCEX
pucyHkoB. OTHOCUTENbHAS OmKOKa 0 HopMe L2 B cityyae JOMOTHEHUSI MAaTPUIbI X
coctaBuia 3.392e-15, B cimyvae nonoiaHeHus MaTpuilsl A - 7.7013e-14.

Pucynok 12 — PasHble BapuaHTsl jgonojHeHwil wmatpuipl X. CrneBa —
JOTIOJTHEHUE KOHCTAHTOM BJOJb BCEX HMCTOYHUKOB (HIDKHSISL CTPOKAa MATPHULBI),
copaBa — JOINOJHEHUE OJHMM 3HAYE€HWEM Ha 6 HUCTOYHUKE (HMXKHSIS CTpOKa
MaTpUIbI).

Pucynok 13 — Marpuusl A, nosiydeHHble N0 MaTpuraM X ¢ pucyHka 12.
benblii IBET COOTBETCTBYET HYJIEBBIM 3HAUCHUSIM.

Pucynok 14 — Paznuune Mexay pemeHUs MU, TOJYYEHHBIM IO JTOMOJIHEHUSAM
OJIHOM M HECKOJNbKMMH KOHCTaHTamH. [lepBbie 11 3HauyeHWit — akTOp UCTOUYHHKA,
ocTalibHbIE (PaKTOP MPUEMHHUKA.

Pucynok 15 — ComnocrtaBineHue BEKTOPOB HaOMIOJAEHUM, MOIYYEHHBIX 4Yepes3
JOTIOJIHEHUE MaTpullbl X HECKOJbKMMH 3HAYCHUSIMU (BEPXHUM JIEBBI PUCYHOK),
yepe3 AOMOJHEHUE MaTpuilbl X OJHUM 3HAaYeHHEM (BEPXHHUU MpaBblii PUCYHOK).
Pa3Huna Mexy BEKTOpaMHM HAONIOACHHWH, MOJYYEHHbIMHM B XOJ€ (PaKTOPHOU
NEKOMIIO3UIIMH, TMPEACTAaBIEHA Ha JIEBOM M M[PaBOM HUKHEM pPHUCYHKax
COOTBETCTBEHHO. ['OpU30HTanbHasT OChb OJMHAKOBA I BCEX PHUCYHKOB.
OTtHocuTenbHas ourOka o HopMme L2 B ciyyae JoMoNHEeHUs MaTpullbl X COCTaBHIIa
3.392e-15, B cimyyae qonoHEHUsT MaTpuIlsl A - 6.768e-14.

Pucynox 16 — CuHrernueckas cHUCTEMa CEHCMUYECKUX HAOJIOJICHUN.
KpacupiMu TpeyronpHukamMu OOO3HAUYEHO TMIOJIOKEHHUSI HCTOYHUKOB, CHHUMHU —

MOJIOKEHHE TPUEMHUKOB. 3€JICHbIE TPEYTOJbHUKA O0O3HAYAIOT IOJIOKECHHE
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NpUEMHUKOB B aKTUBHOM pacCTaHOBKE, YEPHBIN TPEYroJIbHUK 0003HAYAET UCTOYHHUK
B AKTUBHOM PacCTaHOBKE.

Pucynok 17 — Cunrernueckue 3HaueHus (akrtopoB. Ha neBom pucyHke
MoKasaH (aKkTop UCTOYHHKA, HA TIPaBOM — (PaKTOp MPUEMHUKA.

Pucynok 18 — 3HaueHus (HakTOpoB, pacCUUTAHHBIE C MCIOJIb30BAHUEM
uteparuBHoro merona LSQR. Ha neBom pucyHke npeacTaBieH (pakTop UCTOYHUKA,
Ha MpaBOM — (aKTOp MPUEMHHUKA.

Pucynox 19 — 3HaueHuss (¢akToOpoB, pPACCUUTAHHBIE C NPUMEHEHUEM
urepatuBHoro wmetonma BICGSTAB. Ha neBom pucyHke wu3o0paxkeH (akTop
MCTOYHHMKA, Ha IPABOM U300pakeH (PakTop MpUEeMHUKA.

Pucynox 20 — 3HaueHuss (PaKTOpOB, pacCUUTAHHBIE C MCIOJb30BAHUEM
NPSIMOTO periaTess — pas3noxeHus: Xojienkoro. Ha neBom pucyHke mokasan (paxtop
HMCTOYHUKA, Ha TIPAaBOM H300pakeH (hakTop MpUEeMHUKA.

Pucynox 21 — CuHrernueckass cuUCTeMa CEHCMUYECKUX HAOJIOJICHUN.
KpacubiMu TpeyrojibHUKamMu O0O03HAUYE€HO TIOJIOKEHHUS HMCTOYHUKOB, CHUHUMHU —
MOJIO)KEHHE TMPUEMHUKOB. 3€J€Hble TPEYroJbHUKM O003HAYaIOT —IOJIOKEHUE
NpUEMHUKOB B aKTUBHOM pacCTaHOBKE, YEPHBIN TPEYroJIbHUK 0003HAYAET UCTOUYHHUK
B AKTUBHOM PaCcCTaHOBKE.

Pucynok 22 — CpaBHenue utepaTuBHbIX MeToA0B (LSQR — cunuii mnBer u
LSQR ¢ npenobycinaBnuBareneM ['aycca-3eiifienss — OpaHKeBbIM 1BET) U MPSMOTO
oOpalleHusi MaTpULIbl HA OCHOBE Pa3JioKeHUs XOJIEIKOro — 3eJIeHasi TOUKa.

Pucynok 23 — T'eomeTpuueckoe pacnojiokeHue (akTOpoB Ha IUIOIIAIUA M
CUHTYJISIPHOE Pa3JI0KeHHE MATPHUIIbI A JIJIsl JAHHOW CUCTEMbI HaOJII0ICHU.

Pucynok 24 — I'eomerpuueckoe pacnoyiokeHue (PakTOpoB Ha IUIOIIAIU C
OMHHUPOBAaHMEM W CHUHTYJSIPHOE pa3NIOKEHUE MATpUIbl A JUIsl JAHHOW CHCTEMBbI
HaOmoeHuil. buHMpoBaHME MO3BOJIWIO YYECTh OCTaBUIMECS 3 HEKOHAMIIMOHHBIX
CUHTYJISIPHBIX YMCJIA, a 3HAYUT 4-X yCIOBHI XBaTaeT JJIsi YCTOMYMBOro oOpaiieHus
MaTpHIIbIL.

Pucynok 25 — CBsasHocTh cucteMbl HaOmoaenuit (160 wucrounuk, 16

MPUEMHUKOB B PACCTAaHOBKE).
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Pucynok 26 — CuHrernueckue naHHble (mepuoj Bapuanuid — | anunHa
paccTaHOBKHU), ABYyX(akTopHast MOJie]b, CHHUE JUHUU COOTBETCTBYIOT (aKTOpy O —
KOOpJIMHAaTa WMCTOYHUKA, KpacHble JHHHHM (akTopy [ — KoopauHata mnpuéma.
BepTukajibHble OCH PUCYHKOB IOKa3bIBAIOT AMIUIMTYAY CHHYCOMJI, TOPU30HTAIbHbIC
— HOMep oTcueTa Wik HoMmep (akropa (i,)).

Pucynox 27 — Cunretnueckue aaHHble (mepuoj Bapuanuii — 1.5 nmuHbl
paccTaHOBKHU), ABYyX(aKkTOpHass MOJie]b, CHHUE JUHUU COOTBETCTBYIOT (aKTOpy O —
KOOpJIMHATA MCTOYHHMKA, KpacHble JIMHUU GakTopy [ — KoopauHaTa mnpuéMma.
BepTukaibHblE OCH PUCYHKOB IOKAa3bIBAKOT AMIUIMTYAY CHHYCOWJI, TOPU30HTAIbHbIC
— HOMep oTcueTa uinu Homep (daxropa (1,)).

Pucynok 28 — CuHTeTHYECKHE TaHHBIE, TPEX(PAKTOPHAS MOJIENb, CHHUE JTUHUU
COOTBETCTBYIOT (PaKTOpPy 00 — KOOpJMHATA UCTOYHMKA, KpacHbIE JIMHUH (PakTopy P —
KoopAuHaTa npuéma, 3enéHnie — pakropy y — koopaunata OLT. BeprukansHbeie ocu
PUCYHKOB IOKAa3bIBAIOT AMIUIUTYAY CHHYCOHWJ, TOPU30HTAIbHBIE — HOMEp OTCuUeTa
ui Homep ¢aktopa (1,)).

Pucynok 29 — CuHrernyeckue AaHHbIE, YeTbIpeX(akTopHas MOAEINb, CUHUE
JUHUM COOTBETCTBYIOT (paKTOpy 0O — KOOpAMHATAa HCTOYHUKA, KpPAaCHbIE JIMHUU
daktopy P — koopauHata mpuéma, 3enéHbie — (akropy y — koopamnara OLIT,
¢uoneroBele — (akTopy & — paBHbIE ynajieHUs. BepTUKanbHbIE OCH PUCYHKOB
MTOKAa3bIBAIOT aMIUTUTYy CHHYCOHWJ, TOPU30HTAIBHBIE — HOMEP OTCYETA WJIM HOMEP
daxropa (1,)).

Pucynok 30 — CpaBHeHrE OLIEHOK Bapualdid B CEUCMHYECKUX JAHHBIX JIBYMS
MEeTO/aMHi (MaTpUYHOE JOTOJHEHHWE W WTEPAllMOHHOE pEIIeHHe) B paMKax
TpexdakropHoit Moaenu (MCTouHUK — npuéMHUK — OCT).

Pucynok 31 — CpaBHeHUE OLIEHOK Bapualldii B CEHCMHUYECKUX JAHHBIX JIBYMsI
METOJIaMH (MaTpUYHOE JOTIOJHEHUE U TICEBJOMHBEPCHS) B paMKax TpeX(axTopHOH
Mojenu (MCToUHUK — npueMHuK — OCT).

Pucynox 32 — CuHrernueckas cuUCTeMa CEHCMUYECKUX HAOIIOICHUN.
KpacHbiMu TpeyrojibHUKamMu OO0OO3HAUYEHO TIOJIOKEHHUSI HMCTOYHUKOB, CUHUMHU —

MOJIO)KEHHE TPUEMHUKOB. 3€JICHbIE TPEYrOJbHUKU O003HAYAIOT TMOJIOKEHHE
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MPUEMHUKOB B aKTUBHOW PacCTaHOBKE, YEPHBIN TPEYTOJBHUK 0003HAYAET UCTOYHUK
B AKTUBHOM PacCTaHOBKE.

Pucynok 33 — Cunretnueckue 3HaueHusi HakTopos. JIEBbIl pucyHok — paktop
MCTOYHMKA (MOJENb JIMHHOIIEPUOJHOW BapHualluu), MPaBblii PUCYHOK — (akTop
[IPUEMHUKA.

Pucynok 34 — SVD — paznosxkeHnue MaTpullbl A (JIEBbI PUCYHOK) JJIS1 CUCTEMBI
HaOmoaeHnit ¢ pucynka 32, SVD — pasnoxkeHue MaTpuilbl A TOcle JOTOJHEHUS
KOHCTaHTHOM (ITpaBblil pUCYHOK).

Pucynok 35 — Onenka (hakTopoB Ha OCHOBE Pa3JIOKECHHS XOJCIIKOr0 B paMKax
IrOpUTMa JOTIOJIHEHHST MaTpUIlbl. JIEBbI PUCYHOK — OlleHKa (haKkTopa MCTOYHHKA,
IIpaBblil pUCYHOK — OLIEHKA (paKkTOpa MpUEMHUKA.

Pucynok 36 — CpaBHeHME CXOJMMOCTH WTEpPATHBHBIX permatenci. JleBblil
PUCYHOK — 3aBUCUMOCTb JIOITyCTUMOTO OTKJIOHEHUS (JiorapudMudeckuii Mmacmrad) ot
BpeMeHU BbluMciieHus. [IpaBblii pUCYHOK — 3aBUCUMOCTb JIOITyCTUMOTO OTKJIOHEHUS
(morapudmMudeckuid  MacmTad) OT KOJWYECTBA WTEpalluii HEOOXOIUMOIo  JJis
nosyuenusi pemenus. Cunsisi nunus — meton LSQR, opanxkeBas JAMHUS — METOJ
BICGSTAB.

Pucynox 37 — Ouenka ¢HakTOpoB Ha OCHOBE MTEPATUBHOTO METOJa
BICGSTAB. JleBblii pUCyHOK — OLIEHKa (paKTOpa MCTOYHHKA, MPABBIA PUCYHOK —
oreHKa (hakTopa MpUEMHHKA.

Pucynok 38 — Ouenka (akTtopoB Ha ocHoBe utTepatuBHOro meroga LSQR.
JleBbIi pUCYHOK — OIleHKa (pakTOpa UCTOYHUKA, NMPABBIM PUCYHOK — OlLIEHKa (hakTopa
MpUEMHHKA.

Pucynox 39 — I'ucrorpamMmbl, MOCTPOEHHBIE IO PA3HOCTSIM MOJEIbHBIX
BXOJHBIX JTAHHBIX M OILICHOK, MOJIyYEHHBIX Ha OCHOBE PAa3JIUYHBIX METOJ0B. JleBas
rucrorpaMma — oOpallleHHe uepe3 paslioKeHHe XOJICKOro, IeHTpajibHas
rucrorpamMma — urepatuBHbeli meton LSQR, mpaBas rucrorpamMmma — uTepaTUBHBINA
metoq BICGSTAB.

Pucynox 40 — BeinosiHeHHE JEKOHBOJIIOIUMU HA CUHTETUYECKUX JAHHBIX (70 —

BEPXHUI PUCYHOK, MIOCII€ — HUYKHUI)
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Pucynok 41 — AMIUTy AHbIE CIIEKTPbl CHHTETUYECKUX CUTHAJIOB (J10 — JIEBBII
PHUCYHOK, IOCJI€ — IIPABBIA).

Pucynok 42 — 3aBHCHMMOCTH TOYHOCTH HOJIYYEHHOTO PEIIEHUS OT BPEMEHHU
BerunciaeHus. CuHMi 1BeT 0003HayaeT ureparuBHbIA MeTon LSQR, opamkeBbiii —
urepatuBHbli MeTtoq, BICGSTAB, a 3enmeHas To4Yka COOTBETCTBYET MPSIMOMY
PELICHUIO Yepe3 pasyioKeHre XO0JeUKOro

Pucynok 43 — Mopckue naHHbIe MPEACTABICHBI B BUJIE BHIOOPKU MO KaHAIaM
(13, 14, 15) u3 cucrembl HabmogeHUN. THUIBI CEMCMUYECKMX BOJIH O0003HAYCHBI

OykBamu: A — mpsimasi BoiiHa, b — BoHA, oTpak€HHasT OT MOBEPXHOCTH MOps, B —

BOJIHA, OTpaX€HHAs OT MOpCKoro AHa, ' — oOJacTh KpaTHBIX BOJIH Pa3HOTO
MTPOUCXOKICHUS.
Pucynox 44 — Cxema pacCTaHOBKM [UIsi HaOMIOACHUN C 3ariyOJieHHOMN

MHOT'OKaHaJIbHOU KOCOH.

Pucynok 45 — DnexkTpouckpoBord UCTOUHUK «CIIapKep» W €ro aMIUIATYIHBIN
CIEKTP.

Pucynok 46 — 16-kaHanbpHas celicMu4ecKas Koca.

Pucynok 47 — VYyacTok mnpsMON BOJHBL. 3€JE€HBIM IIBETOM [OKa3aHa
MUKUPOBKA MOJIOXKUTEIHHOU (Pa3bl.

Pucynok 48 — ®opma curHasia npsiMOi BOJIHBI HA HHTEPBAJIE 7 MC JJISl Pa3HbBIX
Tpacc (JIEBbIM PUCYHOK) ¥ MX aMIUTUTYIHBINA CIIEKTpP (PUCYHOK CHpaBa).

Pucynok 49 — OkHO ThIOKM M €ro aMIUIUTYIHAs XapaKTEePUCTHKA.

Pucynok 50 — I'mctorpamma, mOCTpOEHHAsi BCEM 3HAYEHUSAM aMIUIUTYIHOTO
criekTpa Ha yactore 600 Hz.

Pucynok 51 — Ormenku ¢akTtopoB Ha IeHTpaibHOM uactore 600 I,
paccuuTaHHble B paMKaxXx Tpex(akTOpHOH MOJAETM Ha OCHOBE Jorapudpmon
aMIUIMTYIHBIX CIIEKTPOB IIPSMOU BOJHBI. 110 BEpTUKAIIBHON OCH OTJI0KEHBI 3HAYEHHUS
HOPMHPOBAHHBIX JOrapru(pMOB aMIUIMTYJHBIX CIIEKTPOB, [10 TOPU3OHTAIILHONH OCH —
HOMeED (pakTopa.

Pucynok 52 — Pe3ynbrar koppekuuu (opmbl CUTHalIa mpsiMoil BoiHbl. Ha

BEPXHEM PHCYHKE MpeJICTaBlieHa McxojHas gopma curHana. Ha HMKHEM puCyHKe
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nokasaHa ()opMa CUrHajia IPsIMON BOJIHBI TIOCTIE KOPPEKTUPOBKH (KOMITEHCAIUS TPEX
(aKTOpOB: UCTOYHUK, IPUEMHUK U YJAICHHE).

Pucynok 53 — Pe3ynpTaT KOppeKTUpPOBKHU (DOpPMBI CUTHAJA MPSIMOW BOJIHBI,
MoTpaccHoe mpenactaBieHue. JIeBoiii pucyHok — ucxoaHas ¢opma curHana. [IpaBbiid
PUCYHOK — (popma curHaia mpsiMOl BOJHBI MOCJE KOPPEKTUPOBKHU (KOMIEHCAIUS
TpeX (PaKTOpOB — HCTOYHUK, TPUEMHUK yAAJICHUE).

Pucynok 54 — I'mctorpamMmmbl (A — UCXOAHBIE aMILUIUTYAHBIC CIEKTPhI) U (b —
IIyMOBas COCTaBIIAIONIAsl), BEpPTHKaJIbHAsi OCh THUCTOTPAMM  COOTBETCTBYET
KOJIMYECTBY 3HAUCHHH, TOPU3OHTAIbHASI — HOPMUPOBAHHBIM 3HAYEHUSIM JIOTapU(MOB
aAMIUTUTYAHBIX CHEKTPOB. [OpU30HTaJIbHAasE OCh XapaKTepHU3yeT BapUATUBHOCTH
aAMILUTUTYAHBIX CIIEKTPOB.

Pucynok 55 — I'mctorpammbl (A — UCXOAHBIE aMIUIUTYAHbIE CIEKTPhI) U (b —
IIyMOBasl ~ COCTABJISIIONIAsl), BEpPTUKalbHAasg OCb THMCTOIPAMM COOTBETCTBYET
KOJIMYECTBY 3HAUEHUI, TOPU30HTAIbHASI — HOPMUPOBAHHBIM 3HAYEHUSIM JIOrapu(pMoB
aAMIUTUTYAHBIX CHEKTPOB. [OpU30HTaJIbHAasE OCh XapaKTepHU3yeT BapUATUBHOCTH

AMILIUTY AHBIX CIICKTPOB.

Pucynok 56 — ®OparMeHT ceiicMOorpaMM [0 U TIOCJIE€ IOBEPXHOCTHO-
COTJIaCOBAaHHOM JIEKOHBOJIONMM (JIEBBI PUCYHOK — HCXOIHBIE CEMCMOIPAMMBI,
cpenHuid — JekoBomrouusa B nakere (Geovation, MNpaBbli — JAEKOHBOJIOLUS

AJTOPUTMOM JIOITOJTHEHUM.

Pucynok 57 — AMIUTUTYAHBIE CHIEKTPHI 110 BCEMY HAOOpPY AAHHBIX 10 U MOCIE
MMOBEPXHOCTHO-COTJIAaCOBAHHOW JICKOHBOJIOIMHU  (JIEBBIH PUCYHOK — HCXOJHBIC
CHEKTPBI, CPEHUN — CHEKTPHI MOCie JACKOBOIIONUHN B nakete (Geovation, mpaBblid —
CHEKTPHI MOCE JIEKOBOJIOLMH aJITOPUTMOM JIOTIOJIHEHHH).

Pucynok 58 — CpaBHeHne (GpakToOpoB, MOJYYECHHBIX B MMPOMBIITUICHHOM IaKeTe
oOpabotku Geovation (JeBbIii cTOJNOCI PUCYHKOB) M (DaKTOPOB, MMOJTYUYEHHBIX
AITOPUTMOM TMOBEPXHOCTHO-COIVIACOBAHHOM KOMIIEHCAIMM AaMIUIMTYJl Ha OCHOBE
pa3zpaboTaHHOTO anroputma. EnquHuiiel uamepenuit mo ocsim X,Y — METPHI.

Pucynok 59 — OTKIOHEHHE MEXKy MOJYyYEHHBIMU PELIEHUSMH B IPOLICHTAX.

JIeBbIll pUCYHOK — KapTa OTKJIIOHEHHWW IO MCTOYHMKAM, NPABBIM PUCYHOK — KapTa
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OTKJIOHEHUU To mpuémMHUKaM. OTKIOHEHWE pernieHuil coctaBuiio He Oonbiie 3%.
Ennnuiel uzmepenuii no ocam X,Y — METPBHI.

Pucynok 60 — CpaBHEHHE CyMMAapHBIX BPEMEHHBIX Pa3pe30B: JIEBBIM pa3pe3 —
710 BBEJICHUS MIOIIPABOK, CPEAHUI pa3pe3 — ¢ BKIOYEHUEM MTONPABOK, OMPEIEIEHHBIX
B IPOM3BOJICTBEHHOM IakeTe (Geovation, MpaBblid pa3pe3 — C BKIIOUEHHUEM MOIMPABOK,
OIPEJEICHHBIX Pa3padOTaHHBIM AJITOPUTMOM.

Pucynok 61 — CpaBHenue kaptel RMS ammunTy, moctpoeHHsix B okHe 500-
1100 mc mo cymmapHoMy KyOy: jeBasi KapTa — /10 BBEACHHS IMOMNPABOK, CPEIHSS
KapTa — C BKJIIOYEHHMEM IIONPABOK, OINPEACIICHHBIX B IPOHU3BOACTBEHHOM IIAKETE
Geovation, mpaBas Kapra — C BKJIIOYEHHEM [ONPABOK, OMPEIEICHHBIX
pa3pabOTaHHBIM aJITOPUTMOM.

Pucynok 62 — CpaBHeHHE TMCTOIPaMM aMILUIATYJ], TOCTPOEHHBIX B OKkHE 500-
1100 Mc mo JaHHBIM 10 CYMMHUpPOBAaHMS (JIEBBIM PUCYHOK): CHHSISI TUCTOIpaMMa —
UCXOJIHbIE aMIUIUTY/Abl, /10 BBEIEHHUS NOMNPABOK, KOPUYHEBAs THCTOrpaMma —
aMIUTUTYAbl C BKIIOUCHHEM IOMNPABOK, ONMPEAECICHHBIX B MPOU3BOJACTBEHHOM IAKETE
Geovation, 3esieHas KapTa — aMIUTUTYIbl ¢ BKJIFOUEHHUEM MOMPABOK, OMPEIEICHHBIX
IIpY IOMOIIM pa3pabOTaHHOTO ajaroputMa. I[IpaBblil pUCYHOK — T€ K€ THCTOTPaMMBbl,
BUJI CBEPXY.

Pucynok 63 — CpaBHeHue (pakTOpoB (MCTOUHUKU U MPUEMHHKH), TTOJTYYEHHBIX
B TIPOMBININICHHOM makeTre oOpabotkm (Geovation (JieBbIN CTONOEI PUCYHKOB) W
MOJIYYEHHBIX aJTOPUTMOM MOBEPXHOCTHO-COTJIACOBAHHON KOMIIEHCAIIMM aMILIUTY T
Ha OCHOBE pa3paboTaHHOro anroputrma. Enuauiel uamepennii mo ocsam X,Y — METPBL.

Pucynok 64 — CpaBuenue ¢akropoB (OI'T), mosy4eHHBIX B MPOMBIIIIIEHHOM
nakere o0OpaboTku Geovation (JeBblii cTONOEL PUCYHKOB) M IMOJYYEHHBIX
QITOPUTMOM TOBEPXHOCTHO-COIJIaCOBAaHHOM KOMIIEHCAllMW AMIUIMTYJ, Ha OCHOBE
paszpaboTaHHOro ajaropurma. Enunuiibl uamepenuit mo ocsim X,Y — METPHI.

Pucynoxk 65 — CpaBHenue (hakTopoB (ynaneHus) — JIEBbIA PUCYHOK, CPABHEHHE
(hakTopoB (a3UMyThI) — MPaBBId PUCYHOK, MOJTYYEHHBIX B MPOMBIIIJICHHOM TMaKeTe

oOpabotkn  Geovation (OpaH)KeBbl€ TOYKM) U  MOJYYEHHBIX aJITOPUTMOM
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HOBerHOCTHO—COFHaCOBaHHOfI KOMIICHCAIIMH aMIIJIMTyd Ha OCHOBC paspa60TaHH0r0

anroputMa (cuHue ToukH). EquHuier usmepenuii mo ocsim X,Y — METpHI.
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