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OBIIASA XAPAKTEPUCTHUKA PABOTHBI

OO0beKkT mHccIeI0BAaHUSI — METOA 30HIUPOBAHUN BEPTUKAIBLHBIMHU
tokamu (3BT) Ha mpenmer cosnaHusi creUUaIM3UPOBAHHBIX AJITOPUTMOB
00pabOTKM W WHTEPIPETALUH IOJICBBIX JAHHBIX BEPTHKAIBLHOW MArHUTHOM
KOMITOHEHTBI " oTpeICTICHHS nH)OPMATHBHOCTH paauambHOM

JIEKTPUUECKOIN KOMITOHEHTBHI T1OJIS.

AKTyadbHOCTh HcciaeqoBanusi. B 90-bie romel  coTpynHHKaMu
CHOHMPCKOTO HAYYHO-MCCIIEA0BATEIHCKOTO HHCTHTYTA TEOJIOTHH, TeOPU3UKH
u MuHepanbHOTOo chipbst MIIP PO (CHUUITuMC) u NuacTuTyTa Te0PU3NKN
Cubupckoro otneneans PAH (UI'® CO PAH) 6bu1 co3man MeTo Ha3eMHOM
ANEKTPOpa3BeIKH — 30HAWPOBAHWS BepTHKaNbHBIMH Tokamu (3BT).
Vcnonp30BaH NPHUHIMITMATIBHO HOBBIM MO crocoOy BO30YKAEHHS MO
UCTOYHHMK — KpyroBod osnekTtpudeckuit paunons (KO]I), mno3Bosstomuii
peaian3oBaTh IUIOIIAJHBIE HCCIECIOBAHHUS C 3aKPEIUICHHBIM HCTOYHUKOM.
MCTO,U, cocobeH peuiaTh 3aJa4u BbIACJICHUSA JIOKAJIbHBIX HeOﬂHOpOﬂHOCTCﬁ
B TOPU30HTAJIBHO-CJIOUCTOM pa3pese.

IIpy OKOHTYpUBAaHHMU HPOTSNKEHHBIX 10 IUIOUIAAU IEOVIEKTPUYECKUX
00pexTOoB MetomoMm 3BT BO3HHMKaMM CIIO)KHOCTH, KakK TPH IPOBEICHUU
MOJIEBBIX paboOT, TaKk W TIPH HWHTEPIPETalui JaHHBIX. He Opuio
pa3paboTaHHOII MeTONWKH OOBCIUHEHHS HAHHBIX OT  HECKOJBKHUX
nctoyHrkoB KDJI, a ¢ MOMOIIBI0 OAHOTO MCTOYHHUKA HEBO3MOXKHO TIOTYIUTh
JAHHBIE CO BCEH MCCIeayeMOH TUTOMIAIH.

MHorue 3Tambsl 00pa0OTKH, Takhe KaK HOPMHPOBKA IUIOIIAJHBIX H
HpO(I)I/IJ'II:HI)IX CHUT'HAJIOB, MMPpOBOANINCH BPYYHYIO, qTO SIBJIAJIOCH
HEXXeJlaTeIbHbIM CyObEeKTHBHBIM (hakKTOPOM M TPeOOBaIO AOCTATOYHO MHOTO
BpPEMEHH.

Kpome Toro, comepiieHHO HE HCIONb30BANINCH JAHHBIE PaAHATbHOU
ANEKTPUYECKON COCTABIIIONIEH IOJIS, B KOTOPOH COAEP)KUTCS MH(pOpMAIUsI
00 OJHOMEpHOHN BMeImarIeld cpefe, W Takke O TMpoIeccax BBI3BAHHOU
nonspuzanuu (BIT).

Hcxonss w3 BBHIIE CKAa3aHHOTO, MPEICTABJSETCS AKTYaJdbHBIM
YCOBEpPIICHCTBOBAHKUE W aBTOMATH3AlMs MpoIenyp o0paboTku gaHHeX 3BT
TakuM 00pa3oM, 4TOOBI MMellach BO3MOXKHOCTb YYHTBHIBATH W COBMELIATh
JIaHHBIE OT HECKOJIbKMX ycTaHoBOK KOJJI, ¢ menplo yckopeHHs mpolecca
00paboTKH W HMCKIIOYEHUsI CyOBEKTUBHOTO UYEIOBEUECKOTO (haKTopa; TAKKe
aKTyaJbHO  OIpPENCNUTh  CTENeHb  WH(POPMATHBHOCTH  PagHaJIbHOMN
3JIEKTPUYECKON COCTABJISIONIEH TTOJIS.



Ilear padoTBI — MOBBICUTH JIOCTOBEPHOCTH M HMH(OPMATHBHOCTH
Metoga 3BT, cokpaTuTh MaTepualbHblE U BpPEMEHHBbIE 3aTpaThl IpU
NIPOBEJICHUH TOJIEBBIX paboT, 00pabOTKe M HWHTEpIpeTanud JIAHHBIX
Metona 3BT.

HayuHnas 3aga4a McciieJ0BaHMIl — yCOBEPIICHCTBOBATh IPOTPaMMHO-
ANTOPUTMUYECKAN KOMIUIEKC O00pabOTKM W WHTepmpeTanud JaHHeX 3BT
IMyTeM pa3pabOTKM anropuTMOB W TPOTpaMM Ha OCHOBE aHAJIM3a
ocobennocreit curHamoB 3BT w® pa3sBUTh METOAWKY WHTEPIPETALINN
MOCPEACTBOM OIpECTICHUS] NHYOPMATUBHOCTH PAAHAIBHON AIIEKTPHUECKOH
COCTAaBJISIIOLIEH TTOJIS.

OcHOBHBIE HOBbI¢ HAay4YHble Pe3yJbTAThl, IOIy4YE€HHbIC JHMYHO
aBTOPOM.

YcoBepIlIeHCTBOBaHA M MaKCHMallbHO aBTOMAaTH3MpOBaHa 00paboTka
MOJIEBBIX JTAHHBIX:

e PazpaGoTaH anropuT™M i1 aBTOMATH4ECKONl  HOPMHPOBKH
mwiomanueix curHanoB 3BT-M, yuuThiBaromuii mnajgeHUE CUTHalIa ¢
YBEJIMUYECHNEM PACCTOSIHUS OT UCTOYHHKA.

e Pa3paboTaH alrOpUTM aBTOMATHIECKOTO COBMEIICHUS TaHHBIX 3BT-
M 0T HECKOJILKMX UCTOYHUKOB

e Pa3paboTtaH anropuT™ mocTpoeHus NpoIbHEIX curHanoB 3BT-M.

e Bce paspaboTaHHBIE AITOPUTMBI PEAIM30BaHBl B IPOrPaMMHO-
anroputTMudeckoM komiuiekce «3aBeT-My.

Ha ocHOBe YHCICHHOTO MOJEIHMPOBAHHUS IMOJIYYCHHI  BaXKHbIC
METOJMYECKUE PEKOMEHIAIIUHN U BBIBOJBIL:

e [loka3aHo, YTO Yroi paguajgbHOTO HallpaBiieHHsA B ycTaHoBke KOJI-
MN mpakTHuecKu He BIHUAET Ha U3MEPSEMBIN CUTHAII.

e [loka3aHo, 4TO yrom HOBOpPOTa BOKpYr cBoeil ocu mmHnn MN B
ycranoBke KO3/I-MN se nomker npeBbimats 10 rpamycos, Ui HCKITIOUSHUS
3HAYUTEIBHOTO MCKaXEHHSI N3MEPsIeMOT0 CHTHaJIA.

e YCTaHOBIICHO, 4TO YYBCTBHUTEILHOCTh K N3MEHEHUIO
T€03JIeKTPUYECKUX MapaMeTpOB TOHKOTO cJosi (COMpOTHBIIEHHE, TIIyOHMHA,
NOJIIPU3ALMOHHbBIE NapaMeTpsl cios) it ycraHoBok KOJI-MN n ABMN
OJIMHAKOBA.

JloCTOBEPHOCThL TOIYYEHHBIX HAYYHBIX PE3yJIbTaTOB OMpEAenseTcs
cnepyromuM. Pa3paboTaHHbIE aNrOPUTMBI U UX NPOTPAMMHAs peaTU3aLHs
ObUTH OMpPOoOOBaHBI HAa OOJBIIOM KOJIMYECTBE IMOJICBOIO Marepuana. PaboTsl
meronoM 3BT-M mnpoBommnmchk B Tartapcrane, B SAxyrun, B Hopuibckom
paiione, B Ascrpamuu, B MHranmum wu T1.1. Pesynprarel 00paboTku U



HMHTEpIpETALNU MONEBbIX JAHHBIX JUIS BCEX YUAaCTKOB UCCIIEOBAaHUM XOPOIIO
COTJIACYIOTCS C T€0JIOIMYECKOW arnpropHOi HHpOpMaIHEH.

Bepu¢ukanms  mnporpaMmHOro  obecrnedeHus UL YUCIEHHOTO
MOJIEIUPOBaHMUs IPOBOAMIACH C IOMOINBIO CPaBHUTENBHOTO aHAIH3a
pacdeToB MO HECKOJIBKMM MpPOrpaMMaM, IPEAOCTaBICHHBIM pPa3IHIHBIMU
aBropamu (AHTOHOB E.}O., MormnatoB B.C. u np.). beum BBITOTHEHE
TECTOBBIEC PACUETHI JJIS1 M3BECTHBIX YCTAHOBOK M PA3IMYHBIX MOJENEH cpebl.
BrIsiBIIEHO XOpoIee COBIAZCHNE CPAaBHUTEIBHBIX PACUETOB.

TeopeTuueckasi H NPaKTHYecKast 3HAYMMOCTb. B pabore oTpakeHb!
Meronuueckne ocoberHHoctr 3BT, Kak NpHHOMIIMAIBHO HOBOTO METOJa
Ha3eMHOM 5JIEKTPOpPa3BEIKU: OCTaTOYHOE BIMSHHUE BMEINAIOMIEH Cpembl,
JIAana3oH BPEMEHH PETHCTPALUH, XapaKTep MPUHUMAaeMOro CUTHaIa.

Pa3zpaboTanpl TpHEMBl W  aNrOPUTMbl HOPMHUPOBKH  IUIOLIAJHBIX
curanoB 3BT, coBMelleHHs NaHHBIX OT HECKONbKUX ycTaHOBOK KOJI,
NoCTpoeHHs MpouibHEIX curHainoB 3BT, 4ro moBblaeT HHPOPMATUBHOCTD
METO/1a 3a CUET PACIINPEHHS TIOIMIAAN HCCIICAOBAHNUSL.

Peanuszanust 3TUX aNropuTMOB B NPOTpPaMMHOM KOMILIEKCE 00paboTKn
nmaHHBIX «3aBeT-M» u 3HauHMTeNnbHOE YCOBEPIICHCTBOBAHUE MHTEp(ercHON
YacTH  3TOr0  IPOTPaMMHOTO  KOMIUIGKCA  TIO3BOJMJIM  ITOBBICHTH
3G QEKTUBHOCTh ONEPAaTHBHOW OOpPaOOTKM MAHHBIX, 32 CYET YMEHBIICHHS
BPEMEHHBIX M MaTepHalIbHBIX 3aTpaT INPH IPOBEICHHUH IIOJEBHIX PadoT, a
TaKXKe IPAKTUYECKH IIOJHOH aBTOMATH3alMU TIpollecca IOCTPOCHHS B
peassHOM BpPEMEHH IUIOIAIHBIX U MPO(UIbHEIX curHaioB 3BT.

CpaBHHUTENBHBIM aHAJM3 CHUTHANOB, MOJNYYCHHBIX B pE3yJbTaTe
MaTeMaTHYECKOTO MOJCIMPOBaHuUs, 1t 1ByX yctaHOBOK KOJ[-MN n ABMN
mokasan 3¢ GheKTUBHOCTh Hcmosib3oBaHust yctaHoBkH KOJI-MN B kauecTe
HCTOYHMKA TIIPH W3YYEHHH TEOIJCKTPHUUECKHUX TapaMeTpoB  CPEIsl.
[peumymectBo ycranoBku K3/I-MN B Tom, 4TO OHa maeT BO3MOXKHOCTH
peanan3oBaTh IUIOIAJHON COOp NAaHHBIX IPH W3YyYEHUH AITUX I1apaMeTpoB,
4TO, B CBOIO OYepe/b, yBEINYHMBAECT MH(OOPMATUBHOCTH IIOJIEBBIX PabOT 3a
CYeT YBEJIMYEHHUS IUIOMAAU U3MEPEHUH MPH CTAllMOHAPHO PACIONOKECHHOM
HCTOYHMKE TI0JIS1 M, COOTBETCTBEHHO, COKPAIIAET BPEMEHHBIE W (DMHAHCOBHIC
3aTpaThbl Ha IPOBEJCHUE ITUX PAOOT.

Ha ocHOBe pe3ynbTaToB MaTeMaTHYECKOIO MOJETUPOBAHUS JaHBI
METOJUYECKUE PEKOMEHJALMU MO B3aUMHOMY DPACIOJIOKEHHIO HCTOYHUKA
(K9d) u npuemunka (uaus MN), koTopsie O3BONIAT M30€XKaTh UCKAKEHUN
NOJIEBBIX JAHHBIX IPU IPOBEJICHUH I0JEBHIX paboT. BeimomHeHue 3THX
peKoMeHAanul [aeT BO3MOXHOCTb 3HAYUTENBbHO IOBBICUTH JOCTOBEPHOCTH
U3MEPEHUH paualibHON IEKTPUUECKON COCTABIISIIONICH TIOJIS.
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Anpobanuss  pabdorbl u nyOaukanmu. OCHOBHBIE  PE3YJIBTAaThI
JIICCEPTallMOHHOM ~ pabOThl  JOKNAABIBAJIMCh HA  BCEPOCCHHCKUX U
MexnyHaponHbix koHbepeniusax: EAGE 64-th Conference & Exhibition —
Stavanger, Norway, 2003; MexxayHapoHOH Hay4HO-TIPAKTHYECKON Te€0JI0ro-
reopu3nIecKoi KOHKYpCa-KOH(PEPEHIINHA MOJIOJBIX YICHBIX U CHECLIUAIICTOB
“Teopmuka”, Cankr-IlerepOypr, 2003, 2005; MexoyHapOIHOM HAYIHOM
xoHTpecce «l'eo-Cubmpby, 2006; MexmayHapomHo KOH(pEpeHIN «AKTyalbHbIC
TPOOIIEMBI IEKTPOMArHITHBIX 30HIMPYIOMIX crctem» Kues, 2009 u ap.

[lonydyeHHble Hay4HbIE PE3yNbTAThl JOCTATOYHO IOJHO M3J10XKEHBI B 10
myOMuKanusXx, U3 HUX B BEOYIINX PEUEH3MPYEMBIX HAYYHBIX JKypHajax,
omnpeeneHHbIX Briciieil arrecranuonHoi komuccuer — 2 («[eodusmkar,
2003, Ne5; «®uzuka 3emim», 2007, NoS), 3 — craThi B HaAyYHBIX JXKypHajax,
5 — Marepuabl POCCHHCKUX M MEKAYHAPOIHBIX KOH(PEPEHLIUI U CEMUHAPOB.

Baaronapuoctu. ABTOp BbIpaXaeT OJIaroJapHOCTb COTPYJHHUKaM
JlabopaTopuu dIeKTpOMarHUTHBIX mojied K JlabopaTopuu Teo3NeKTPUKU
UHIT CO PAH E.IO.AnronoBy, N.H. Ensuosy, O.A.Jlamesckomy,
I''M.Mopozosoii, H.H. Hesemposoii, B.H. TI'munckux, E.B. IlaBnony,
B.B. Onenuenko, E.B.IlocneeBoit 3a moMolb, COBETHl M PEKOMEHIAIMH,
KOTOpBIE OBUIM OYEHb IOJIE3HBI. XOTEJNOCh OBl OTMETHUTH IUIOJIOTBOPHOE
oOCy)XJIeHne pe3yslbTaTOB W BHHMATeJbHOE OTHOIIEHHE K paboTe
H.O. KoxxeBHUKOBA.

ABTop MHoruM o0s3aH  corpygHukam ~HII®  «3aBeT-I'EO»
Bb.Il.banamoBy, M.JO.CexaueBy, I'.B.Cauenko, pa3paboTdunkam anmaparypsl
g 3BT, ¢ KOoTOpeIMU aBTOp COBMECTHO Y4acCTBOBAJ B ITOJICBBIX paboTax.

ABTOp  CcuUMTaeT CBOWM  JOJITOM  OTMETHUTh  IUIOJOTBOPHOE
corpygandectBo ¢ oprammsanumsamu  SSHUTTI IHHUITPU (r. MupHsrii),
«Kazanereopmsuka» (r. KazaHp) ¢ KOTOPBIMH TPOBOAMIUCH COBMECTHBIE
MOJIEBBIE HCCIEIOBAHUS.

ABTOop TriyOOKO mpu3HareneH akagemuky PAH M.M. Onoy 3a
BHUMaHHE K pabOTe W NpeNoCTaBICHHBbIC ONAaronpHusTHBIC YCIOBUS JUIA
paboTHL.

ABTOp  BBIp@XXAeT  WCKPEHHIOI  IMPHU3HATEIBHOCTh  HAYYHOMY
PYKOBOAMTENIO, JOKTOpPY TexHWduecknx Hayk B.C. MorumatoBy 3a
MOCTOSIHHOE BHIMAHNE U KOPPEKTHOE HAYIHOE PYKOBOJCTBO.

O0beM uM cTpykTypa padorhl. [luccepramms COCTONT W3 BBEACHUS,
TpeX IJIaB, 3aKIIOUCHUS COACPXKUT 133 CTpaHUIBI MAIIMHOIMCHOTO TEKCTa,
62 pucynka. bubnmorpadus cogepxut 63 HAUMEHOBAHHUS.



COJEPXAHUE PABOTHBI

I'naa 1 BOIPOCBI METOAUKMU 3BT

[Tomss MarHWTHOTO W DJEKTPUYECKOTO THHA €CTh OOBEKTHUBHAA
peaIbHOCTh, (opMa CyIIECTBOBAHHS AIIEKTPOMATrHUTHOTO IOJISI B CIIOMCTOM
OJHOMEPHOH Mojenu 3eMiId W B3aUMOJCUCTBHUA C Hero. Bo30yxaeHne
KaXI0W W3 MOJSPU3ALMI 3JIEKTPOMArHUTHOTO T0JIS1 CBA3aHO CO CBOMCTBaAMU
ncroynrka. COOTBETCTBEHHO, MOXXHO BEBICTPOUTH (POpMajbHOE OIFCAaHUE
KOHTPOJIUPYEMOH HHAYKIMOHHOW (B YAacCTHOCTH, HMITYJIbCHOM) Ha3eMHOM
TEOdJIEKTPUKH B HEKOTOPOM CHUMMETPUYHOM BHJE, KOTOPOE OKa3bIBaeTCs
BecbMa 3(h(HhEKTHBHBIM.

Ilpumem B KkauecTBe 0a30BOM MOJCIH  CpEAbl  OJHOMEPHYIO,
FOPU30HTAIBHO-0THOPOJHYIO MOJIeNIb M MPUMEHUM ypaBHeHHs] MakcBeinia ¢
COOTBETCTBYIOIUMH YCIOBUSAMH. HamoMHHM, 9TO TOJE 3IEKTPUIECKOTO
TUTIA OTpPENENseTCS OTCYTCTBHEM BEPTHKAJIbHONH KOMITOHEHTHI MarHWTHOTO
MoJsi, a TI0JIe MAarHUTHOTO THIIA — OTCYTCTBHEM  BEPTHUKAIbHOM
ANEKTPUYECKONH KOMITOHEHTH. [loaToMy, cBens 3amady K OIPEIeSICHHIO
BEPTUKAJIBHBIX KOMITOHEHT, TOJYYHM peIIeHHe IS J000H KOMIIOHEHTHI
nons (P=Eyy Hxy,) B BUIe TMHEHHOrO ABy4YsIeHA BUIA:

P = F{a F {rot j""}X +b F{divj""V}

rae | — moBepxHOCTHBI croponnnii Tok, F {} nu F {} — mpsamoe n
o0paTHOe JIMHEeWHbIe TPeo0pa3oBaHus MO JIATEPaTbHBIM KOOPAUHATAM.
Hazemnupiit ucrounnk TM-monst MOXHO TPEMJIOKUTh, HUCXOId W3
npuBeleHHOW Bbinie (opmyibl. Mbl JOJDKHBI 1OTpeOoOBaTh, 4TOOBI (B
MOJIIPHO# CHCTEME KOOPIUHAT)
rot,j" = 1[6(&?)—6]-?"} =0
r| or op

OueBHIHOE pEHNIEHHE — 3TO OCECHMMETPHYHOE pacIpencieHHe
CTOPOHHETO TOKA, MMEIONIETO TOJBKO DPAJMANBHYIO KOMIOHEHTY ;(r).
Bynem Ha3bIBaTh TaKoOi UCTOYHMK KpyroBoii anekTpuueckuii aumosts (KO ).

Teopernuecke ¥ METOAMYECKHE  OCHOBBI ~ HOBOTO  crioco0da
JIEKTPOPA3BEIKH ¢ Hcrosib3oBaHueM KD/l B kauecTBE MCTOYHUKA U3JIOKEHBI
B paborax Morunarosa B.C. O0mas cxema pador meronom 3BT-M (t.e.
30HIMPOBAHMS BEPTUKAIBHBIMH TOKAMH C  perucTparueit dB,/dt)

npuBeseHa Ha puc.l. YcTaHaBiuBaeTcs MUTAIOLIasi YCTAHOBKA — KPYroOBOM
JNEKTPUYECKUA  UIOIh C  PaglycoM, COOTBETCTBYIOIIMM TIIyOWHE



uccnenoBanui. Mnest Takoro HCTOUHMKA MOJPAa3yMEBAET, YTO FEOMETPHSI €T0
IIpaBUJIbHAS, @ TOKH B JIy4aX BEIPOBHEHBI.

MertoJ1 ¢ UCIIOIb30BaHUEM TAKOTO MCTOUYHHMKA ObUT Ha3BaH 30HINPOBAHUS
BeptukanbHbiMU TokamMu (3BT) (puc. 1). Meron 3BT npusBan pematsb
cnenuduIeckue 3agaddl OKOHTYPHBAHUS JIOKAJIBHBIX OOBEKTOB H, Kak
MPaBUJIO, JOJDKCH HCIONb30BAaThCs B KOMIIEKCE C  KIACCHYECKUMHU
IEKTPOPA3BEAOUHBIME MeTo aMu. Hike paccMOTpUM HEKOTOPBIE BOIIPOCHI,
BO3HMKAIOIIME TIPU  O3HAKOMICHHHM C O3THM  HOBBIM  CHOCOOOM
NIEKTPOPA3BEIKH.

‘eHepamop mokoeb!;
umnynbcoe

Puc. 1 Cxema pabot meronom 3BT.

IIpu pabortax meronom 3BT HMCTOWYHHK ycTpamBaeTCs TaKUM 00OpazoMm,
YTO AJIEKTPOMArHUTHOE MOJIE BO BCEX MATHUTHBIX KOMIIOHEHTAX HE COJCPIKUT
OTKJIMKa OT BMeIamued Tommu. B 3roM cinydae mpoOsiema BIHSHUS
HOPMaJIbHOM YacTH pa3pe3a periaercsi Ha (pu3nvecKkoM ypoBHE, a HE 3a CUeT
OTPaHMYCHHOW MPOCTPAHCTBEHHO-BPEMCHHON BBIOOPKHM ©  (puKcaluu
OTKIJTHKA.

TM-nonsipu3anys peaau3yercsi B YUCTOM BHJIC TOJILKO B TOPU3OHTAIBHO-
ciouctoit cpene. [OpU3OHTANBHO-CIOMCTOrO pa3pe3a HE CYIIECTBYET B
MPUPOJIC, BCETAa €CTh KaKWe-TO OTKIOHeHUs. OIHAKO, C JPYrod TOYKH
3peHHsT MOXHO CKa3aTh, 4YTO, HANPOTUB, WUJCATIbHBIN (BOOOpaKaecMbIH,
KaXyIIuics, 3pGpeKTUBHBIN) 2opU30HMAIbLHO-CIOUCMbILL pA3pe3 CYecmayem
8ce20a, COCPEIOTOUYNBAs B ce0¢ OCHOBHYIO ITPOBOIUMOCTH. DTa BMEIIAONIast
cpema (ee OTKJIMK) HE TpUCYTCTBYeT B curHaie. [Ipmmenenme K3 B
Ka4yeCTBE HCTOYHHMKA [O3BOJISIET YOpaTh OTKIMK HE TOPHU30HTAIBHO-
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CIOHCTOrO paspe3a, a HEKOTOPOr0 OCECHUMMETPUYHOIO paclpeleeHus
MIPOBOJUMOCTH.

IMnomanuoit marautHel oTknuk B 3BT-M, cBoGommblii ot QoHa
BMEIIAIOICH CPEJIbl U LEIUKOM OOSI3aHHBIN JaTePaIbHBIM HEOHOPOTHOCTSIM
obrmamaer BBICOKOW  BH3yalM3upyIOlmed crmocoOHocThio.  Pasymeercs,
yIayOJieHHAs ¥ TIOJTHAsI HHTEPIpETanus T0JDKHA MTPOU3BOAUTECS C TTIOMOIIBI0
TpexMepHOro MozenupoBannsa. OJHAKO C TPEXMEPHBIM MOJEIHPOBAHHEM B
3BT-M uMerTcs 04eHb cephe3Hble MpoodiemMbl. OCHOBHAS TIPOOIEeMa COCTOUT
B TOM, YTO JI0 KOHIIa HETIOHATHA MPUpoa TpexMepHoro curHana 3BT-M.

Ecmm peus mmeTr o HOpManbHOM CHTHanE (OTKIMK OT OJHOMEPHOI
cpembl), TO 3aKOHOMEPHOCTH CIlaja CHrHala MOTYT OBITh HM3y4YCHBI U
OTIPEJICIICHBI B 3aBUCHMOCTHU OT THIIA UCTOYHHUKA U U3MEPSIEMON KOMIOHEHTHI
nojst. Opnako, eciu (kak 3to umeer mecto B 3BT-M) curnan cyry6o
TPEXMEPHOTO MPOUCXOKIACHUS, 3aKOHOMEPHOCTH OMPENEIUTh CI0XKHO. Tem
He MeHee, sl 3((PeKTHBHONH 00pabOTKM HEOOXOAMMO HAWTH AJITOPUTMBI
HOPMHPOBOK CHTHaJla, TPUTOM, IPHUMEHUTh HE3aBUCHMO K KaKIOMY
BPEMEHHOMY Cpe3y.

Te ke BOIPOCH BO3HUKAIOT NP IMOCTPOSHUH MPOQIIEHBIX CUTHAJIOB, C
YBEIMYEHHEM BPEMEHHM CHTHAJl YMEHBIIAeTCSs 10 AaMIDIUTyAe H Ui
MOCTPOCHHUS PABHOMEPHOTO cpe3a Mo mpodmio Takke HeoOXxoanma
HOPMHPOBKA, OTIATH )K€ C YIeTOM HECKOIBKIX MocTaHOBOK KD/I.

I'maa 2 AJITOPUTMbI OBPABOTKHU IIVIOIMAJHBIX JAHHBIX
METO/JIA 3BT-M U ITPOT'PAMMHAS PEAJTU3ALIA
B kauecTBe BenM4MHBI, KOTOpas OTOOpa)kaeTcsi B IUIOIIAJHOM CHUTHalIe

3BT-M Ha xakod-nubGo Touke wu3MepeHus, BbicTymaer E;” pasHoe

Eiuop = Ei . rix, rae E; — DJIC u3MepeHHas Ha i-OM IHUKETE, Ij — PACCTOSHUE

ot i-oro mukera a0 1entpa KDJI, X — cTeneHb 3aBUCHMOCTH CHIHANA OT

PacCTOSHUS, WIH, YTO TO K€ CaMOe, HOPMHUPOBOYHBIH KOA(PPHUIIUEHT.
Kpurepuem MIPaBUIHHO MoJ00paHHOTO HOPMHPOBOYHOTO

K03 ULHEHTA, ABJISCTCS OTCYTCTBUE SBHOM 3aBUCUMOCTHU BEJIMYHHBI E/” OT

pacCTOSIHUA 10 MCTOYHMKA M MaKCHUMAllbHO pPaBHOMEpPHOE pacIpejiesieHue
E/» 10 BCEM IIOIIAH.
MaremaTHueCKH 3TO YCIIOBUE BBIPAXKAETCS TaK:
n X 2
> Ej > rj
S |ExeX-d=2 7 7 | 5 min
i=1 ! n



rae Ei — moneBoe 3HauyeHue curHana B i-OH TOYKe HaOmOACHUS, [ —
paccrosiHue ot nentpa K3J[ mo i-oif ToukM HaOMIOAEHHS, N — KOJUYECTBO
TOYEeK HaONIOJCHUS, Ha KOTOPBIX IPOBOJIINCHE HM3MEPEHHs HpH JTaHHON
noctaHoBke KOJI.

ABTOMAaTHYECKUH TIOMCK CTENEHH 3aBHCHMOCTH CHTHAJIA OT PACCTOSHHSA
U eCTh AITOPUTMHUYECKOE HOBOBBEACHHWE B IIPOLECC HOPMHPOBKH. I[lpm
MTOCTPOCHHH TIIomaaHoro curaana 3BT-M Ha apyrom BpeMeHH H3MEPEHHS,
K03 (QDHUIIMEHT MOXKET MEHATHCS.

Ecou paboThl MpOBOMATCS € HECKOJBKUMH TocTtaHoBKamu KOJI, To
TpeOyercss mpoBecTH CIIMBKY HaHHBEIX OT Bcex KOJI. Ilockombpky oOT
pazmuuebix KOJI Ha OZHOM M TOM K€ MUKETE MOYHO IOJYYHUTh pa3HbIe
YPOBHM CHUTHaJIa, TO U NPU HNOCTPOCHUU ILIOMIAJHBIX CUTHANOB OT Pa3HBIX
K31 nonmyunTcs pa3HbIil CpeiHUI ypOBEHb HHTEHCHUBHOCTH, YTO TPEOYET ero
BBIPABHUBAHMUS IIPU COBMEILEHUH.

Bout npetoxken cnenyomuii cnocod coBMelIeHHe AaHHbIX. Mcxons u3
KagecTBa IOJICBOTO MaTepHajla ¥ IDIOTHOCTH TOYEK HaOIIOJeHus,
ompenensercss mnpuopureTHOCTh nMaHHBIX KO/, [lotom, k Hamboimee
MPEIIOYTUTEIFHBIM JTaHHBIM JOOABIIIOTCS MEHEe KadeCTBEHHBIC, W TaK
naiee. EcTecTBeHHO, YTO TPH CTHIKOBKE MOKET MEHATHCS CPETHHN yPOBEHB
curHama nisg pasHeix KO/, moSTOMY TpH CTBIKOBKE HYXKHO IIPOBECTH
MpOIIeTypy HOPMHUPOBKH.

Jnsa yuactka m3MepeHuit ot kaxjaoro KOJ[ ompenensercs cpenHuii
YPOBEHb aMIUIUTY/l CUTHAJIOB M KO3((UIMEHT NpHuBEACHHs K YPOBHIO,
nonyderromy ot K3/JI-1 (mepsoro K3/I) mo popmyie:

Kup_ E”

1 = Hop
Ei
rae K[ - xospouuuent npusenenus s curHanos or KO-, El“”/’-

CpemHuil ypoBeHb CHMTHaNOB, TonydeHHelx ot KOJI-1, E/” - cpennmii

YpPOBEHb CUTHAJIOB, MOJYYeHHBIX 0T KD/I-i.
CurHansl MO BCed IUIOIIATU HCCIEAOBAaHUS I KaXKIOrO BpEMEHHU
M3MEpEHUs] MPUBOJATCS K OJJHOMY YPOBHIO — YPOBHIO OCHOBHOI'O ydacTKa C

Hop. _
K" =1, ncnonb3ys nojay4eHHbIE BbILIE HOPMHPOBOYHBIE KO3 (PUIIUEHTEL.

[ToHsATHO, YTO MOXHO BHIOpPATh APYrOM aNrOPUTM YBSA3KH JaHHBIX OT
Pa3JIMYHBIX MMUTAIOMINX YCTAHOBOK, HO HAa JaHHBI MOMEHT peasM30BaH JTOT.
Takoit croco0 yBsI3KM TOKa3al CBOKW J(GQGEKTUBHOCTh NpH 00padoTKe
JaHHBIX. B nanbHelimeM miaHupyeTcss BKIIOUUTH B nporpammy «3aBeT-M»



U JApyrue crocoObl YBSI3KM, M B Ipoliecce paboT BbeIOMpaTh HambOoiiee
ONTHMAJIBHBIE.

Kpome mnocrpoenust 1uiomanueix curHaioB  3BT-M  BosHukia
HEOOXOAMMOCTb  CTPOMTH TakKe W  TNpOQWIBHBIE CUTHAJBL.  JTO
HopMupoBaHHbIH curHanm 3BT Bmoms kakoro-nmb6o mpoduisi, KOTOPBIHA
otobpakaer m3MeHeHne curHana 3BT mo rmyOumne Bmoms mpodwmis, u
MO3BOJIIET CYAWTh O TIyOWHHBIX H3MEHEHUsX B cpene. Hopmmposka
IpoQUIBHOTO CHTHANa JOJDKHA BKIIOYATh B ce0s IMapaMeTpsl T€HEpaToOpHO-
N3MEPHUTENBPHOTO KOMIUIEKCA, TapaMeTpbl Cpelbl, Y4eT HECKOJIBbKHX
noctaHoBoK KO/I 1 moHMKeHHe ypoBHS CUTHAJIA C TCUYCHHEM BPEMEHH.

IIpu mnoctpoennn mnpoduabHbIX curnanoB 3BT kaxkmomy BpemeHH
N3MEpEHUs CTaBUTCS B COOTBETCTBUE HeKas ¢ deKxThBHas Ii1yOouHa. BriOpas
HECKOJIbKO TOYEK HM3MEpEHHsI BIOJIb NpOoQMIsL, MHoiydyaeM HpO(UIBHBIH
curnan 3BT-M, ces3anHblil ¢ rimyouHo#. [IpodmiibHBIE CHTHANBI coiepIKar B
cebe nHMOPMAITHIO O TITyOMHHOM CTPOCHUHU CPEbl BAOJb KAXKIOrO MPOodus
HaOMIOZICHUH,  TouHee 00  OTIMYMM  JJICKTPHUUECKHX  CBOWCTB
HEOJHOPOAHOCTEH TI0 CPABHEHHUIO C BMEIIAIONICH CPENIOH.

Jus moctpoeHust mpoduimbHOro curHana 3BT-M HyXHO oOmpenenuTh
K03(p(UIMEHT, OTBEYAIOIIMKA 3a TPUBA3KY IO TIyOWHE, cCpexaHee
COIIPOTHBIICHUE TE03JIEKTPUYECKOH Cpeibl M BHIOpaTh  BPEMEHHOM
HOPMHPOBOYHEIH K03 PHIIHCHT.

[IpuBsi3ka mo riryOHHE OCYIIECTBISIETCS C MCIOIBb30BaHUEM CIEAYIOIIEeH

bopmyJbL:

t-p
H, =k !
Ho
rae H; — rimy6GuHa, COOTBETCTBYIONIAs i-OMY BPEMEHH HM3MepeHwus, tj — i-oe

BpeMsi M3MEpEeHHUs, O — CpelHee COIPOTUBICHHE pa3pe3a, KOTOPOe PaBHO

p= zhi "Pi | rae hj — 9T0 MOIHOCTB i-TO CNIOf, a P — COMPOTUBIEHHUE | — IO

2N
closi B OJHOMEPHOW MOZENH Cpelbl, Ly — MarHuTHas MPOHHUIIAEMOCTb
Bakyyma, K — BpeMeHHOH HOPMHUPOBOYHBIH KO3 PUIIHEHT.

3aBHCUMOCTh OT TapaMeTpoB t W p ompenensiiack U3 COOOpaKeHHH
pasmepHoctd.  TouHas  mpuBs3Ka 10  IiIyOMHE  obOecrieunBaeTcs
ko3hduimenToM K, ¢ HCIONb30BaHHEM ANPHOPHOW  TEONOrHYECKOit
nHpopmanum.

Bynem cumurath, uTO HMHTEHCHBHOCTh wu3Mepsiemoil DJIC mamaer c
YBEJIMYCHHEM BPEMEHH 10 CTEIIEHHOMY 3aKoHY. 1loaToMy IUIT HOPMUPOBKH
YpOBHS CHTHaja IO BCEM INyOMHaM Ha TPO(HMIHPHOM CHTHAjJE CIeXyeT
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orobpaxars mHe DJIC, a DJJC#', rme X — HCKOMBIH, BPEMEHHOIl
HOPMHUPOBOYHEIA KO3 QuuueHT. IToT K03pPUIMEHT AOMKEH 00ecneunuTh
OTCYTCTBHE 3aBUCHMOCTA WHTCHCHUBHOCTH NPOQUIBHOTO CHTHala OT
TIIyOUHBI.

Co31aHHBIC M ONMCAHHBIC 3]ICCh ATOPUTMBI MTO3BOJIIOT ABTOMATUYCCKU
u 0e3 moTepb BpeMEHH, CTPOUTH Iutomanasie curHansl 3BT, Ha uro panbmie
TpebOBaIOCh OONBIIOE KOJTMYECTBO BPEMEHH, M TAKXKE CTPOUTH MPOQUIILHBIC
currainel 3BT, 4To paHee He enanoch BOBCE.

B nporpaMvMHOM  KOMIUIEKCE OBUIM  pEaM30BaHBl  CIICTYIOIIHE
MpOLEAYphl TPEIBAPUTEILHONH 00paObOTKH, KOTOPBIX HE OBLIO paHee:
MIPOCMOTP BCEX OTACIBHBIX U3MEpEHHH (MyOreil), cieIaHHbIX Ha OTACIHHOM
TOYKE U3MEPEHUS, OCPETHCHUE BCEX WIIM HEKOTOPBIX M3MEpEeHHMi (1y0meii) ot
9TOH TOYKH, CIVIA)XUBAHHE WM3MEPCHHOW KpPUBOHM, HMHTCTPUPOBAHUC
U3MEPEHHON KPUBOI.

JlononHuTensHO BHYTPH INporpaMMHoro komiviekca «3aBeT-M» Obun
paspaboran rpaduueckuii UMHTEpQeHc, KOTOPBIH MO3BOJISIET OBICTPO
CO03/1aBaTh MOJICIH CpeAbl 000 crnoxHocTH. Busyammzamms 3D monenu
HETIOCPEIICTBEHHO B TIPOTpaMMe 3aMETHO YIPOMIAeT TPOLECC CO3TaHUL
MMOJOOHBIX MOJIENEH.

YcoBepIeHCTBOBaHHE MPOTPAaMMHO—AITOPUTMHYECKON CHCTEMBI
«3aBeT-M» 3HaYUTENHHO YCKOPHIIO Mporiecc oOpabOTKH W HMHTEpIpeTanuu
JAHHBIX, YTO JaeT BO3MOXKHOCTH IIOJTydaTh HpPEABAPUTEIBHBIC PE3YIbTaThI
MOJIEBBIX  pabOT HEMOCPEIACTBEHHO B TMpOIecce WX TPOBEACHHA, U
3HAYHUTEIBHO YIPOIIACT OKOHYATCIHFHYI HHTCPIPETAIHUIO PE3YJIbTaTOB U
yIy4IIaeT uX Ka4yecTBo.

ITonessie paboThl ¢ ucnoip3oBanuem merona 3BT-M mpoBoawnuchk B
pecriyonuke  Tarapctan B 2001 romy Ha KpacHo-Okrsa6psckom
MECTOpOXKIeHHH HedTH. PaboThl  NPOBOAMINCH  CHJIAMH  OMBITHO-
meroandeckon maptun HITY «Kazanereodusukar.

ITo pesympTaTam pabOT MOCTPOCHBI MPEABAPUTEIBHBIC ILIOMIATHBIE
curanel 3BT-M Ha pa3nuyHbIX BpeMeHaX. B kadecTBe OCHOBHOTO OBIIO
BeIOpaHo Bpems 21 mc. Ha atom Bpemenm miomamHoit curHan 3BT-M
(puc. 2) wnambonee WHPOPMATHBEH, HA HEM YETKO BHJIEH KOHTYD
MOJIOKUTEIHHOTO aHOMAaJbHOTO curHama. Kpome TOoro, Kak moOKasaia
MIPHUBS3KA TI0 TIIyOUHE, 3TO BpeMs COOTBETCTBYeT IryouHe = 700 MeTpoB, 4TO
COOTBETCTBYET IITYOHHE 3AJICHKH.

Ha pucyHke 2 moka3aHO JOCTaTOYHO XOPOIIEE COBMAICHUEC KOHTYpa
HE(TCHOCHOCTH, YCTAHOBJICHHOT'O MO JJAHHBIM CEHCMOPAa3BEIKU U 10 JTaHHBIM
3BT-M. Takum o00pa3oMm, MOXHO MPEINOJIOKHUTh, YTO IOJIOKUTCIBHBIN
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aHoManbHbIH curHain 3BT-M 00ycnoBiIeH HamUuuMeM Opeojia MOBBIIICHHOTO
CONPOTHUBJICHUSI HaJ 3alexblo. [lpuueM 3TOT Opeosn IOCTaTOYHO XOPOILIO
COBIIAJIACT C KOHTYPOM 3aJic)ku HepTH B KapOOHE, BBIICICHHBIM 110 TAHHBIM

3D-ceiicMopa3BeaKy.
IIpu ob6pabotke

TNIEPBUYHBIX  JTaHHBIX

Ha KpacHo-OkTs6pscKoM

MECTOPOXICHHUH WHTCHCHBHO HCIIOJB30BAICS IPOrPAMMHBIH  KOMILIEKC
«3aBeT-M». D10 moxa3siBaeT 3¢(eKTHBHOCTh CO3AaHHOTO KOMIUIEKCA HpPH
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Puc.2 Ilnmomannoii curnan 3BT-M Ha
BPEMCHH 21 mc.
\

~ - KOHTYp 10JIOKUTENBHOMN
anomanuu 1ot 3BT, —_ — 06001eHHbIiH
KOHTYp  HE(TCHOCHOCTH  CpEIHEro |
HUXKHETO kapOoHa o JTAHHBIM
celicMopa3BeIKH, 113 - IyHKT
HaOJIrO/IcHHs, @ — HACCIICHHBIN ITYHKT, ® —

CKBaXXHHBI
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pemeHny 3aJad HOPMHPOBKH U
MOCTPOSHUST  IUIOMATHBIX U
npo¢uIbHEIX curaanos 3BT-M.

B aBrycte 2005 roga Obutm
MIPOBEJCHBl  IOJEBbIE  PabOTHI
meronoM 3BT na UepHoropckom
Mectopoxiennd  Hopuiibckoro
pyasoro mons. llenpto pabor
ABIISUIOCH anpobanus metona 3BT
npu MTONUCKAX PYIHBIX
MECTOPOXKIIEHUH, OIl€HKa
paboTOCTIOCOOHOCTH ~ METOIUKH
3BT B yclOBHSIX MHOTOJETHEH
MEp3JIOTEHI, TTOJIEBOE orpo-
ObIBaHUE AITOPUTMOB 00pabOTKH,
aHajM3a u BU3yaIH3aALIH
curnainos 3BT.

OTINYUTENBHBIME ~ OCOOCH-
HOCTSMH padot Ha YepHOTrOpCKOM
MECTOPOXKIACHUU  ABJAJIOCH  TO,
YTO TUIOXHE YCIOBHUS 3a3eMJICHUN
B MHOTOJICTHEH Mep3IIoTe
00yCIIOBNIMBAJIM HU3KHUA TOK B
resepaTopHoil juHHH (10 12A),
BCIIEACTBHE YETO H3MEpseMble
CHUTHAJIBI ObLTH MaJon
aMIUTUTYIBl Ha (OHE BBICOKOTO
YPOBHSI TIOMEX.

YepHoropckoe MEJ/IHO-
HHKEJIeBOE MECTOPOXKIICHUE
npuypodeHo K YepHoropckomy
HUHTPY3HUBY, KOTOPBII



PACIIOJIOKEH B CEBEPO-BOCTOYHOM 4acTd HOpMIBCKON MyJibIbl BOCTOYHEE
unTpy3uBa Hopuibck-1. OH 3ameraet B MexK(GOPMAIMOHHOM IIBE MEKIY
OTJIOXKCHHUSAMHU TYHTYCCKOH CEpHHM U Pa3BEIOYHHHCKOW CBUTBHI B CBOCH
BOCTOYHOW YaCTH, a B 3aIIaJHOM YaCTH — CPEU JCBOHCKUX OTIOXKCHHUU.

B pesynmerare mpuMeHeHHS pa3pabOTaHHBIX alTOPUTMOB 00paboOTKH H
¢mIbTpalluyl  JaHHBIX  YOAJOCh MOJYYHTh KadeCTBEHHBIH MaTepHal,
MIPUTOIHBIN JJIA NaJbHEUIINX TTOCTPOSHUN.

Ha Bpemenu 0.103 mc Ha 1wrane w3onmamid curHana 3BT (puc. 3)
BBICOKOAMIDUIMTYIHBIMH  3HAKONEPEMEHHBIMA  AaHOMAIMSIMH  OTYETINBO
HAYMHAET MPOABIATHCS T€OJIOTHUECKAs CTPYKTYpa. 31eCh M0 TPAHUIIE CMEHEI
3HaKa CHUTHAJIa MOXHO OKOHTYPHUTh IIOMCKOBBIC OOBEKTHI Ha IUIOIIATH
uccnenoBannit. Cyzas mo Qopme TpaHHI, Ha 3TOM BPEMEHHOM cpe3e
BBIZIENSIETCS cOOCTBEHHO UYepHOropckas HHTPY3us rabOpo-IOJICpUTOB, a
TaKXKe MPUKOHTAKTOBO-U3MCHEHHBIC U BMEIAIOIINE TIOPOIBI.

E, yea. ed

“teeapcgEERE -

F

2

Sl s [

Puc. 3 Ilnan wzonunuii curnanoB 3BT na Bpemenu 0.103 mc nmo YepHoropckomy

MECTOPOXIECHHUIO. 1 — KOHTyp HHTPY3HH IIO TEOJOTMYECKMM JaHHBIM; 2 — TpaHHIA
HEeHU3MEHEHHBIX rab0po-noneputoB o faHHbM 3BT; 3 — rpanuna npuKOHTaKTOBO M3MEHEHHBIX
U BMelaronux nopoy no aaHueiM 3BT; 4 — koHTYp ydacTka paboT

B nmpomecce o00paboTKM TEpBUYHBIX JAHHBIX MpU paboTe Ha
UepHOTOPCKOM WHTpPY3UBE OblIa BBISBIEHA BBICOKas 3(PPEKTUBHOCTH
MIPOrPAaMMHOTO KOMIUIEKCA IS CKOPOCTH OIPEICIICHUS Ka4eCTBa MePBUYHBIX
JIAHHBIX, WCIIONB3Ysl AITOPUTMBI (DUIBTPAIMK, CYMMHpPOBAHUS U CIIIQXKHBAHUS
yIATOCh TONYYUTh OoOJiee KAdeCTBCHHBIM Marepral. HoBbie BO3MOXXHOCTU
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NpOrpaMMHOI0 KOMIUICKCA TMO3BOJJWIN MPAKTUYCCKU B PEKUME pPEaIbHOroO
BpEMCHU NOJTYYaTh INIOMIaAHbIC CUT'HAJIbI BBICOKOI'O Ka4€CTBa HEMIOCPEACTBEHHO B
oJI¢.

I'naBa 3 30HAUPOBAHUSI BEPUKAJIBHBIMU TOKAMU C
HU3MEPEHUSMU SJEKTPUYECKOI'O CUTHAJIA

CrnenyromuM  3TaliOM  Pa3BUTHS  METOAA  SIBIIATBCS  M3MEpPEHHeE,
JIOTIOJIHUTENIbHO K BEPTUKAJIbHOM MArHUTHOW, TaKKe W paguabHOU
ANEKTPUYECKONH COCTABIIONIEH AIEKTPOMArHUTHOTO MOJSA. JTO TO3BOJIAT
MOJYYUTh JOTONHUTENFHO HH(OPMAIMIO O BMEIIAIOMIeH cpeze, KoTopas
OTCYTCTBYET IPH H3MEPEHHUN TOIBKO MATHUTHOW KOMITOHEHTHI.

Brulo mpoBencHO MaTeMaTHYECKOE MOJCIUPOBAHHE PaTUalIbHBIX
ANEKTPUYCCKUX CUTHAIOB OT ycTaHoBKH KDJI ams TOro, 4ToObl ONMpeneinTh
HACKOJIbKO CHJILHO MOTYT IOBJIHATH Pa3jM4YHbIC MMapaMeTpbl YCTaHOBOK H
MOJIeJiell Ha CHTHAJ, W HACKOJBKO MH(POPMATUBHBIM OYAET Pe3yibTaT MpHU
N3yYCHUH T'€03JIEKTPUUYECKUX CBOICTB CpeIbl.

JUJiss MOJIeTUPOBAaHUS UCIIOJIB30BAIKCH PACUCTHEIC MPOIEAYPhI, KOTOPEIC
OBUTM CO3JIaHBI B JTAOOPATOPHH AJICKTPOMArHUTHBIX TOJIEH U B JIabOpaTOpuu
reoanekTpukn MHcTuTyTa HedrerazoBoil reomornu u reodpmsnkn CO PAH
AntoHoBbM E.}O. 1 Morunarossim B.C.

Pacyersr mpoBOIMIINCE I 4-X THIIOB TPEXCIOWHBIX MOJAEJCH C pa3HOU
TommuHOM niepBoro cios ot 200 metpor 1o 1000 meTpoB. Bropoii croit umen
tommuHy 100 MeTpoB. CONpOTHBICHHS CIOEB IS KAXKAOTO THIIA MOJICIH
MIPUBE/ICHBI HUKE:

1) 1 cnoii - 100 Om*M, 2 cioii - 1 Om*m, 3 cinoit - 100 Om*M;
2) 1cnoii-1O0Om*m, 2 cnoii - 100 Om*m, 3 cioii - 1 Om™*M;
3) 1cnoii-1O0m*M, 2 cnoii- 1 Om*Mm, 3 cioii - 1 Om*M;
4) 1 cnoii - 100 Om*m, 2 cioit - 100 Om*m, 3 cioii - 100 OM*Mm.

Js KOJI paguyc cocrasmisn 500 meTpos. PazHoc u3MepuTensHOM INHIY
ot nentpa KDOJ| mpunumaincs paBaeiM 1500 metpoB. JlmmHa muann MN
coctapisiia 500 metpoB. Tok B cymme BO Beex fydax 64 amriepa.

B mpomecce wHTepmpeTanuy pe3yabTaTOB HEOOXOAWMO YYHTHIBATH
KOHQUTypalMio WCTOYHHKA, B3aMMHOE pACIIONIOKEHHE IpPHEMHUKA U
HCTOYHHKA, ITOCKOJIBKY 3TO MOXKET 3HAYHTEIHHO HOBJIHITH HA ITOTy4aeMbIit
CHUTHAJL

Ha ocHOBe pe3ysbTaToB YHCICHHOTO MOJCIMPOBAHHUS IMOKA3aHO, YTO
BIUSIHAC PAJHabHOTO YIJIA OJJUHAKOBO JUIS PA3IMYHBIX MOJEIICH, H OHO HE
npeBbickiio 3%,  YTO YKJIaabIBacTCs B IOTPEHIHOCTh W3MEPCHUH INpU
MPOBEACHUM JICKTPOPa3BeIOUHBIX pador. CiieoBaTeIbHO, MOXKHO CIENATh
BBIBOJl, 4YTO Yyrol Mexnay KakuMm-mubo nydomM KDOJI u paguambHbIM

13



HaMpaBJIE€HUEM, BIOJb KOTOPOrO PAacCHON0XKeHAa WU3MEpHUTEIbHAas JIMHUS, HE
BJIMSICT CYLECTBEHHO Ha PEe3yJbTaT, U NPU HPOBEACHHUH IOJEBBIX paboT OH
MOJKET OBITh JTFOOBIM.

AHanu3 OTHOCHUTENBHOTO M3MEHEHUWsI CHUTHAJIOB JUIS BBIOpaHHBIX
MoJeNneil MOKa3bIBaeT, YTO NPH BpAIICHUN H3MEPUTENBFHOW JMHUHA BOKPYT
CBOEH ocH M3MEeHeHUs1 MOTyT cocTaBisATh 100 mpormeHToB u Bhimre. [ToaTtomy
IIPU TIPOBEACHUU MOJEBBIX PabOT HY)XHO KOHTPOJIHMPOBATH DPaIHaIHHOCTD
PACTIONIOXKEHHST M3MEPHUTENIbHONH JIMHAM OTHOCHTENBbHO ycTaHoBKM KOJI u
OTKJIOHEHHE OT paJaIbHOTO HANPABJICHHS HE TOJDKHO NPEBHImATh 5-10 Tpamycos.

Heob6xonuMo MOHITHh Kakve IpenMylinecTBa u HepocTaTku nmeeT KO/ u
TM-none, To ectb ycraHoBka KOJ/[-MN no cpaBHeHUIO ¢ IpyrumMu THIAMH
YCTaHOBOK, HampuMmep, TakMMu Kak ycraHoBka ABMN, mpu n3MeHenuu
pPa3IMYHBIX MapaMeTpPOB TeOdIEKTpHUEcKOoro paspesa. CpaBHUTENbHBIE
pacyeTsl MO3BOJISAT IOHATH, Kak HauOoiee 3(PQPEKTUBHO HCIIOJIL30BATH
ycranoBky KO/I-MN npu reonoro-reoduznueckux ucciie10BaHusX.

JUis Tex Ke dYeThlpex THIIOB MOJeNel CpaBHHUBAJIOCH OTHOCHTEIBHOE
W3MeHeHne curHajia, kak s KOJI, tak u i mamrm AB, B ciiydae Hammaus 1
orcyrcrBust BI1. OTHOCHTENBPHOE M3MEHEHHE CHTHAJIOB BRIYHCIISUIOCH 110 (hopMyre:
_ (Eo - EBH)

E

0

-100% '

IZie 7] — OTHOCHUTEIbHOE M3MEHeHHe, Eq — 3HaueHune curnana 6e3 yuera BII,
E,. — 3nadenue curnana ¢ yaerom BII.

Kak BumHO w3 pucyHka 4, H3MEpsSEMbId YpPOBEHb CHTHAJIOB (aBTOP
CYHTAJ 3THM YPOBHEM CHUTHAJ C BENIWYHHOU Oojiee | MkB) B ciyuyae nuHuUHM,
Jocturaercss Ha BpeMmeHu npumepHo 10 cex. B cmywae KOJI a3to Bpems
cocrasmszet 100 mc.

Tarke BumHO (puc. 4), YTO OTHOCHTENbHBIC W3MEHEHHUsS CHUTHaa IS
ycranoBkd KO/[ Mamo MEHSIOTCS NP W3MEHEHHWH TIyOMHBI TOHKOTO CIIOSI U
MEHSIOTCS B mpenenax oT 5 mo 70% B m3MepseMOM AWama3oHe 3HAYEHUH
curHana (mo 1 mxB). nsa ycranHoBkm ABMN oTHOCHTenbHBIE M3MEHEHUS
OTIMYAIOTCS JUIA PAa3HOM TONIIMHBI TOHKOTO CJOS, HO 3HAYEHUS
OTHOCHTEJILHOTO U3MCHECHHUS CPaBHUTEIHHO TAKHE KE.

Hns momenu 1 wucnons3zoBanue KO3J[ ngaer mnpumepHO Takue xe
Pe3yIbTAaThl YTO U WCIOJb30BaHUC JIMHUM AB, a mpu yMEHBIICHUH YPOBHS
u3mepsiemoro curnana KO/ naxe Oyzaer OoJiee MpeOYTHTEICH.

st Bcex uccnenoBanubix Mmozeneit cpea K3/, mo cpaBHeHUIO ¢ TuHUEH
AB, uMeeT cpaBHHMBIC BO3MOXXHOCTH B OOJIACTH HCCJICOBAHUS MPOIECCOB
BII. B HekoTopwlx cnydasx (monmenb 2) wucmoib3oBanne KOJJ[ Ooiee
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mpeanovTuTeIbHo. Ho MOXHO CKa3aTh, 4TO B OOIIEM CIy4ae UCIOIb30BaHUC
K31 naet Takue ke pe3yibTaThl, Kak U UCOJIb30BaHUe TuHUU AB.

10000

1 meB
1 mxB

1000

=
=]

o

OTHOCHTENBHOE MaMEHEHKE (%)

=

o
o

;
;
;
4
i
;
;
:
;

01 1 10 100 1000 10000
Bpema (Mc)
Puc.4  OtHocuTenbHOE W3MEHEHHE CUTHAJIOB OT ycraHoBoK KOJI (cruromrnsie

muHuK) U auHAs AB (wtpuxoBsle nmuHUM) Uit 1-0ff Monmenmu cpembl: 1 — rtomumba
BepxHero cnost 400 M, 2 — TonmmuHa BepxHero ciost 600M, 3 — Tonmuna BepxHero ciaost 1000 m

JUiss mByX TUMOB MoOjEJeH (M3 YETHIPEX) CPABHHBAJIOCH OTHOCHTEIBHOC
M3MCHCHHE CHTHAJIA JJIS Pa3IHYHON TIyOMHBI TOHKOT'O CJIOsl TonuiuHo# 100
METPOB C OTJMYHBIM CONPOTHUBIEHUEM [0 CPAaBHEHHUIO C BMeELIAIOMICH
cpenoit, kak gt KOJI, Tak u st muauu AB.

ITokazano, 4yro ycranoBka KO3J[-MN ©Oomee uyBCcTBUTENHbHA K
W3MEHEHHIO TIIyOWHBI TOHKOTO CJOS, HO 3TO MPEUMYIIECTBO HPOSBISAETCS B
OCHOBHOM Ha MO3JIHUX BPEMEHAaX, 1€ CUTHAIIBI JOCTATOYHO CIIA0HI.

Jlis 9eThIpex THITOB MOJIeNiell CPaBHUBAJIOCH OTHOCHTEIIFHOE H3MEHEHHE
CHTHANlA JUIS Pa3InIHBIX COMPOTHUBIEHUHN ciosi TommuHor 100 merpos,
pacrionoxxeHHoro Ha rayouHe 600 merpoB. OmnpeneneHo, 4TO YCTaHOBKA
KOA-MN Ttakxke sBiseTcss HE MEHEE YYBCTBUTEIBHOW K H3MEHEHHIO
COMPOTHUBJICHUS TOHKOTO CJIos, YeM yctaHoBka ABMN.

AHanu3 pe3yabTaTOB YHUCIEHHOTO MOJEIMPOBAHUS IOKa3ajl, 4TO
paauanbHasi JIEKTpUYEcKasl cocTaBisitonlas mojs ot ucrounuka K9/ Ttakxe
YyBCTBUTEIbHA K W3MCHEHHSAM T'COIIEKTPHUECKUX IapaMeTpPOB CpPEIbl
(compoTuBIIeHME, TITyOMHA 3aJIETAHMS | MTOJISIPU3AIIMOHHBIE TAPAMETPhI CIIOS),
Kak u yctaHoBka ABMN.
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3AK/IIOYEHHUE

O0mmM  pe3yabTaToM  pabOThl  SBJSIETCS  Pa3BUTHE  HOBBIX
METOIUYECKUX M HWHTEPIPETANNOHHBIX CPEICTB U METOIA 30HANPOBAHUH
BEPTHKAJIbHBIMH TOKAaMH, KOTOpPBIE IO3BOJIMIIM YHPOCTUTE W YCKOPHUTH
nponecc 00pabOTKM JAHHBIX NMPH PErHCTPAlliMl MarHUTHON COCTaBJISIOIICH
nosiss. Kpome Toro, OBITM TPOBENEHBI HCCIEAOBAHUA MO 3PPEKTUBHOCTH
PETUCTpAINH JIIEKTPHICCKON KOMITOHEHTHI 1ot ot KO /1.

3ammmaeMble Hay4HbIe Pe3yJIbTAThl COCTOST B CIEAYIOIIEM.

Bo-niepBriX, pa3padoTaHbsl H MPOrPAMMHO PeaTH30BaHbI AJITOPUTMBbI
o0padoTku maHHbIX Meroga 3BT-M nnsi HOPpMMPOBKH IUIOIATHBIX H
npouabHbIX curaanos 3BT B 3aBucHMOCTH OT paccTOsIHUSI M BpeMeHH,
CIIMBKH TOJIEBBIX [JaHHbIE OT HECKOJbKHUX wucrouHukoB KJI/J,
NpOBe/ieHUs] NPeJIBAPUTEIbLHONH 00PaA0OTKHU MOJIeBbIX JaHHbIX.

[IpuBeneHsl mHpUMeEpHl MOJEBOTO  HCHOJIBb30BAaHUSA — pa3pabOTaHHBIX
aNropuTMOB Tt 00paboTKK naHHBIX MeToaa 3BT mpu paboTax Ha pyAHBIX U
HedTerazoBeIx O00BEKTaX. Bce 3Tn mnpuMepsl MOKa3bIBAIOT  OOJBIIYIO
3G PEKTUBHOCTH CO3IaHHOTO IPOTPAMMHOTO OOECIICUCHHUS 110 CPaBHEHHIO C
paHee CyIIeCTBOBAaBITUMHE CrIoco0amMu 00pabOTKH.

BO-BTOpLIX, Ha OCHOBE€ HMCIOHIUXCA PACUYCTHBIX TMpPOrpamMm Ui
pa3muusbix uctogHukoB (KOI-MN, ABMN) nposeneHo MonenupoBaHue, ¢
MIOMOIIBI0 KOTOPOTO YHUCJEHHO MOKAa3aHo, 4yTo ycraHoBka KIA-MN mo
cpaBHeHHI0 ¢ ycTaHoBKoi ABMN sBaserca Takum ke 3(p¢eKTHBHBIM
CpPeICTBOM  ONpe/ieJIeHHs1  Te0dJIeKTPHYEeCKHMX MNapaMeTpoB  cpeibl
(compoTuBJIeHHe, ITyOUHA 3a/eraHMs M MOJISIPM3allMOHHbIE MapaMeTpPhI
caost). Ha ocHoBe 4HCJIEHHOTO MOJeTMPOBAHMS NMPOLECCOB CTAHOBJIEHUS
nojisi B Meroae 3BT pa3padoranbl Meroauyeckue peKOMEHIALUMHU 110
NMPOBEIEHUIO MOJIEBBIX PadoT ¢ mcmojb3oBanueM ycraHoBkn KI-MN,
YYHTBIBAIOIIHE reoMeTpuyecKue axTopnl reHepaTOpPHO-
H3MEPUTEIBHOI0 KOMILIEKCA.
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