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KpaTHble BO/IHbI B MeTOA4E BEPTUKA/IbHOro CeMCMMUYECKOro
npodunnpoBaHua: NPOKAATME UK Nogcnopbe?

m Ulextman LA, 000 «leodmn3anyeckme cucTemsbl AaHHbIX», . MocKBa

Obunune BONH, PETUCTPUPYEMBIX BHYTPU
cpeabl, NPMBOAMNO HA Ha4vaNbHOM 3Tane
BHEAPEHWUA B NPOM3BOACTBO METOAA BEPTU-
KanbHOro celcmmyeckoro npodpunmposa-
HuA (BCM) B nognuMHHOE 3amellaTenbeTBo
TEX, KTO B C/IO}KHOM BO/THOBOM NOE MbiTan-
CA BbIAENUTb WU MU3Y4YUTb BOJIHbLI, NpeacTaB-
NAUMe pa3BeoYHbli MHTEpecC.

OcobeHHO pocaxpaanu cerncmopassea-
YMKam Magarolpme KpaTHO OTpa*KeHHble
BOJIHbI, KOTOpPbIE MPOCNEXUBANNUCL, KaK
npaBuno, BAONb BCEro BEPTUKa/IbHOTO
npo¢una. BbiaBaHbl OHM BblAK Nocnegyto-
LLMMW OTPAXKEHUAMM OAHOKPATHbIX BO/H OT
aKyCTMYECKM PE3KUX FPaHUL,, PACMONOXKEH-
HbIX B NPUNOBEPXHOCTHOW 30HE. KpaTHble
nagatoumMe BOMHbI, BOCMNPUHUMAEMbIE
WCKNHOYUTENIbHO KaK MOMEXW, OTPaXKasmcb
3aTem OT CeMCMMYECKUX rPaHuL, pacnono-
¥EeHHbIX nog, 3ab0em CKBaXKMHbI, U OT/IN-
YWUTb X OT OLHOKPATHbIX IMYyBUHHBIX OTpa-
¥eHun 6es cneunanoHoit 06paboTku HBbino
HEeBO3MOXHO. M NnWb BHegpeHue B Npak-
TUKY 00pabOoTKM AEKOHBONKOUMM NO Lyry
naaatLmx BOMH NO3BOAU/IO NOAABUTL 3TU
nomexm, obecneyms Tem camblM OL4HO3HAY-
HOCTb rNyBUHHON (cTpaTurpadpuyeckomn)
NPMBA3KM W BbICOKYI pPa3pelleHHOoCTb
BO/IHOBOIO CEMCMUYECKOro NoNs.

MepBbiM e cTpemneHmem 6bl1o noaa-
BUTb KPaTHO OTpa*KeHHble najgatouwme
BO/IHbl HENoCpeACTBEHHO B npouecce
nony4yeHuna 3anncein. M3 cooTBETCTBYHOLLMX
TEXHUYECKUX PELLEeHUI, NPeacTaBAAILLLNX
Y*Ke INLWb UCTOPUYECKUIN MHTEPEC, MOMKHO
BCMOMHWUTb KOMOUMHWPOBaHHbIE MPUEMHU-
KW, COAepKaluue B KarKAOoM TOUKe BepTU-
Ka/ibHOro Npoduna AaT4MKU OABNEHUA W
NATYUKU CKOPOCTU CMelleHua (Manbnepun,
1971). B ocHoBYy KOMOWHMpPOBAHHOIO
NPUEMHMKa Obl/I0 MOJIONKEHO pasznnyue

Anarpamm HanpaBAeHHOCTU 3TUX ABYX
0aTYnKOoB. [1Na AaTyMKa CKOPOCTH (3INEKTPO-
AMHAMUYECKOTO CEeNCMONPUEMHMUKA)
Anarpamma HanpasieHHOCTU B NOAAPHbIX
KoopAuHaTax npeactasnset cobon ase
conpuKacatouwmecs chepbl, NOSTOMY BO/HbI
oaHoOro Tuna (K npMmepy, cxKatma), noaxo-
AALlMe CHU3Y U CBEpXY, PerncTpmpytoTca 8
npotusodase. [nAa AatyMKka p[aBneHus,
Anarpamma HanpaBAeHHOCTW KOTOPOro
npeacrasnseTt coboi chepy, HanpasieHue
noaxo4a BOJIHbI HE WMMEEeT 3HayeHwus,
NO3TOMY BO/IHbl OZHOIO M TOTO e TUMa BHe
3aBMCMMOCTM OT HanpasAeHMs nogxoga
pernctpupytotca B ¢ase. Takoe pasnuyue
Auarpamm Hanpas/IeHHOCTU, NONOXKEHHOe
B OCHOBY KOMOWHMPOBAHHOIO NPUEMHMKA,
obecneymBano nogaBneHne BOAH, NOAXO-
AAWMX K NPUEeMHUKY ceepxy. [pn cymmm-
POBaHMUM CUTHaNoB 0OOMX [ATYMKOB NpwM
ycnosuu Bbibopa Tpebyemol nNonAapHOCTU
0aTYnKoB obecneynBanocb nogaBaeHue
KpaTHbIX BOJIH. AHaNOrM4HbLIM NoAXoA
Hawen NpUMeHeHWe B MOPCKOM CeMCcmo-
pa3segke, ogHako B metoge BCIl oH He
Halen NoAaePHKKN.

BO3MOXHOCTb permcTpaymn uyra naga-
IOWKMX BONMH BHYTPW cpeabl MNO3BOAWNG
n36aBNATLCA OT KPaTHbIX BOAH MNyTem
NPUMEHEHUA AEKOHBOAKUMKM MO 3TOMY
Lyry, MCNOMb3yA ero B Kayecrtse ONOpPHOro
curHana. lMpuyem He TONbKO ANA AEKOHBO-
nounm 3anmcei BCI, HO U AaHHbIX Ha3zem-
HOW ceMcmopasseakn. Mpusegem npume-
pbl.

Ha puc. 1 nokKasaHo, 4To npumeHeHue
OEKOHBO/IOLUMM NO Uyry Nagatowwmx BOJH
NPUBOAMT He TONbKO K NOA4ABAEHUIO KpaT-
HbIX BOJIH, HO M K PaCLUMPEHUIO CNEKTPa.

Mcnonb3oBaHMe uyra NnagaroLmnx BosH B
KayecTBe OMOPHOro CUrHana gna AeKoHBO-
NIOUMKU HA3eMHbIX BPEMEHHbIX pa3pe3os
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A Puc. 2. [Tpumep ucnonb308aHUA UMMYAb6CO8
nadarowjux 8osH (0aHHele BCI) 019 0eKoHso-
nyuu spemerHHozo paspesza MOIT. lNocne
dekoHsonroUuu (a) ydanocs bonee omyem-
/1U80 yeudemb MEKMOHUYECKUE HaOPYUEHUS,
00 amozo 3abumele KpamHoO OmpaxeH-
HbIMU 8onHamu (6).
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A Puc. 1. Peaynomamel npumeHeHus 0eKoH8o-
moyuu (Kazaxcmax). a — cnekmp ucxo0Ho2o
umMnyneca Nadarouux 8oaH, 6 —cnekmp um-
nyn6ca nadaroujux 8oH Nocae 0eKoHaoNYUU;
8 — UCXOOHOE 80/1HOBOE M0/1€; 2 — BOMIHOBOE

nosne nocsie 0eKOHBOMOUUU.

NPUBOAUT HEPEeAKO K MOJIOKMUTENbHbIM
pesynbTaTam, HECMOTPA Ha pasinyue
YCNOBUIA BO3BYKAEHMA U laXKe MCTOYHMKOB
konebaHuUii Npu NPOBEAEHUN HA3EeMHbIX U deoHBOMOUUL (a) MOGbICUAGCH pa3peLLeH-
CKBaXXMHHbIX pabor. Ha puc. 2 1 puc. 3 HOCMb 2paHUY (YKA3aHb! CMpPenKamu), 0o
NPUBEAEHBI NPUMEDPDLI yAYHLIIEHWA NpoCnhe- 3moz0 omobpaxcaroujuxcsa 6onee MHO20-

HKMBAEMOCTW BOMH M WX paspeleHHOCTH gazHeimu celicmuveckumu penepamu (6).
nocne npUMeHeHWA AEeKOHBOMUMM No .

uyry nagatowmnx BOJIH, PErmcTpupyembix ONE3HYI0 MHPOPMALMIO, CoAePHKaLLY-
npu BCT OCA B KPATHO OTPa*KeHHbIX BONHAX, MOXKHO

[OBO/IbHO YCMNEWHO WCNOAb30BaTb ANA
KONMYECTBEHHOM OLEHKN OTHOCWUTENbHOM
WHTEHCMBHOCTM KPaTHbIX BO/IH B HA3EMHOM
cercmopasseake (Mysbika, 1969), a Takke
ONS M3YYEHUA OTparkaloWwMx M NornouLaro-
MX cBONCTB cpeabl (LLiextmaH, 1984).

Mpn dopmupoBaHum wnlobpaxeHus
cpeabl (MUrpauMm) no 3anucam, NoayyeH-
HbIM NMpPY OTPAaBOTKE CKBAXKUHbI Pa3/INYHbI-
Mmu moaudukaumamm metoaa BCIM, moxkHO
MCNO/b30BaTb HE TO/IbKO BOCXOAALLMUE, HO U
nagaroLlime BoHbl — 0BMEHHbIE U KPaTHO

A Puc. 3. lMpumep ucrnonb308aHUA UMMYAbCO8
nadarowjux 8osH (0aHHele BCI) 019 0eKoHeo-
Ayuu spemerHozo paspesa MOIT. Nocne

Mpu BUMOPALMOHHOW CKBAXWHHOMN
cercmopasBeake Uyr nNagatowmx BOSH,
copepyKalwmit KpaTHO OTPAXKEHHbIE BOHbI,
MOeT MCMOo/b30BaTbCA B KayecTBe Onop-
HOTO CWUrHana AJnAa O4HOBPEMEeHHOro
BbINO/IHEHMA ABYX 334a4: CKATUA CUTHaNa u
nofaBNeHMA KpaTHbiXx BoaH (LLUexTman,
Ky3Heuos, 2005). B otanume oT Koppenaum-
OHHOM 06paboTKKM C ONOPHBLIM 3NEKTPUYEC-
KMM CUTHaNOM nNpu 3TOM A0CTUraeTcs
ropasgo 6onee BbICOKana pa3pelleHHOCTb
3anucei (puc. 4).
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OTpaeHHble. YYacTOK OCBELLEHHOCTH
OTpaalwWen rpaHuMubl NagavwWumm
KPaTHO OTpa*KeHHbIMW BONHaMW Bonblie,
Yem O4HOKPATHO OTpaXKeHHbIMU. [oKaXkem
3TO ANs ABYXC/NOMHOM MOAENWN C ropuU3oH-
TanbHOW rpaHnLEN pasgena.

B ycnoBuax cnaboKOHTpacTHOW cpenpbl
WM OTPaXKatoLLErO FOPMU30HTA B BUAE CN0S,
pacrnonoXeHHoro B O4HOPOAHOM TOALE,
NCKPUBNEHUEM /ly4a C LeNblO YNpPOLLEeHNa
MOXHO npeHebpeyb. Torga B MPUHATHLIX
obo3HaveHuax (puc. 5) gna paccToAHuA
TOYKU OTparkeHuAa | OT CTBONA CKBAXKWUHbI
cnpasegnMBo CeAyoLLee COOTHOLEHME:

H+z
X,

2H+=z

rAe X — PacCTosiHMe UCTOYHMKA Koneba-
HWIA S OT CKBaXKWHbI, H — rnybuHa oTpaxato-
e rpaHunLbl, Z — rnybuHa TOUKKU NprMema B
CKBaXKMHEe.
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A Puc. 5. K 861800y ghopmynbl 004 y4acmka
oce8eweHHoOCMU KpamH{o ompaxeHHol
nadaroujeli 80aHOL.

BuaHo, 4to [-Xx npun z—>eo. T.e. npu
yBENANYEHUU NYyOUHBI Npuema KpaTHO
OTPa*KeHHOM nanalolWen BONHbI TOYKa
OTPa*KEHWUA, PacnoNoKeHHasa Ha rybuHe H,
CMeLLaeTcA B HanpaBiAeHUW UCTOYHUKA U
ACMMNTOTMUYECKN CTPEMUTCA K BENUYUHE X.
Ecau e TouKa npMema HaxoguTCA B OKpec-
THOCTW OTParkaloLlei rpaHuubl Ha rybuHe
H,Tol=%x.

Mpn ymeHbweHWU rybuHbl npuema
TOYKa OTPa)KeHWA cmellaetca sneso, u [
ACMMNTOTUYECKN CTPEMMUTCA K BeNYMHe,
paBHOM x/2. Takum o06pasom, y4acToK
OCBELLeHHOCTU OTpakalowen rpaHuubl

NagatoWwmMmMmM OTPAXKEHHbIMU BONHAMM
byneT pacnonokeH cnpasa OT TOYKM Ha
rPaHuLLE, HAaXO4ALLENCA NOCPeANHE MEXaY
MCTOYHUKOM W YCTbEM CKBAa*KWMHbI, B TO
BPEMA Kak AN1A OAHOKPATHO OTPAXKEHHOM
BOJIHbl Y4YaCTOK OCBELEHHOCTM pPacnono-
YKEH C/1IeBA OT CPeHEeM TOUYKM MeXay UCTOY-
HUKOM U YCTbEM CKBa*KMHbI. YUMTbIBAA 3TO,
MOXHO nNpu murpaumu 3anucen BCI goc-
TUYb MAKCMMANIbHOIO OCBELEHMA rPaHULLbI
nyTem COBMECTHOIO WCMNO/b30BaHMA
OOHOKpPATHbIX M KPATHO OTPa*KeHHbIX
nagatoLmX BOH.

Ha puc. 6 npuseaeHbl pe3ynstaTbl MUT-
pauMm mopenbHbix 3anucen HBCI Ha
NPOAOABHbLIX OTPaXKeHHbIX (@) M KpaTHO
oTpaxeHHbIX (6) nagatowmx BonHax. Oba
pa3pes3a NpeacTaBneHbl 3epKasibHO OTHO-
cuUTenbHO Apyr apyra. BUAHo, YTo paspes Ha
OLHOKPATHbIX BOJIHAX [AaeT OoCBelleHue
cpeabl oo ypaneHmna 500 m OT CKBaXKUHbI, a
pa3pes3 Ha KpaTHO OTPa*KeHHbIX NafatoLmx
Bo/IHax — oT 520 m go 820 m. O6pawatoT Ha
ceba BHMMaHUEe No¥Hble 06beKTbl, chop-
MUWPOBaHHbIE M3 3aKPUTUYECKUX OTparKe-
HUW Ha pa3pe3e O4HOKPATHbLIX OTPAXKEHUN.
JIOXKHbIX OOBLEKTOB Ha pa3pese No KpaTHO
OTpa*KeHHbIM BOJIHAM He Habnwogaercs,
NOCKONbKY YI/bl NAAEHUA Ny4ei Ha OTparka-
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A Puc. 6. [ny6uHHele paspessi HBCI, nony4eH-
Hele nymem muzpayuu 3anuceli ¢ 00HoKpam-
HbIMU (@) U KPAMHO ompaxeHHsIMU nNadaro-
wumu sonHamu (6). Cmpenkamu noKazaHsl
N0MHbIEe 06beKMbl, chopMupPOBAHHbIE NpU
MU2PayUU U3 3aKpUMuU4YeckKux ompaxeHud.
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IOLLYHD TPaHWULLY MeHblUe KPUTUYECKMX.
OTcyTCcTBME CUMTHANOB HA OTAENbHbIX Tpac-
Cax paspesa no nagarowmm BosiHam obbsac-
HAETCA CMELLEHMAMMU Y4aCTKOB OCBELLEH-
HOCTM W3-3a NPENOMAEHUA fy4yerh npwu
nepexoae To4YeK Npruema 13 o4HOro naacTa
B APYrou.

Bo3amokHoCTb popmupoBaHma nsobpa-
XeHuAa cpegbl (MUrpaunm) No Nagatowmm
KPaTHO OTPaXKeHHbIM, a TaKKe 0BMEeHHbIM
NPOXO4ALWMM BOIHAM, NpeaycMoTpeHa B
cucteme 06paboTku pgaHHbix BCM 3C-
INTERACT (Ky3Heuosu ap., 2011). Paccmor-
PUM B KayecTBe npumepa pes3ynbrathbl
MUrpaumun, noNy4eHHble Ha OAHOM W3
Y4aCTKOB, PacCNO/IOMXEHHbIX B UeHTpe
Poccum.

Mccneayemblii y4acToK Bbln pacnonoxeH
B npeaenax OKcKo-UHWMHCKOro Bana,
OC/NIOMHAKOLWEro XHoe Kpblno Mockos-
CKOM BEPXHEnaneo30MCKON CUHEKNU3DI.
MoaHATME, Ha KOTOPOM PacnonoXeH
Y4aCTOK, XOpOLWO M3y4YeHO B npouecce
nposeaeHMa paboT Ha NoA3EMHbIE XPaHM-
nuuwa rasa (NXr).

CkBa*kuHy rnybuHon 810 m oTpabaTtbiBa-
NN U3 Tpex HanpaBAeHUN. BAMKHUI NYHKT
BO3OyXaeHWA Bbln PacnonoXKeH Ha yaane-
H1um 100 m OT CKBaXWHbl B HanpaB/AeHWM,
coctasnawowem 600 oT HanpasBneHuA
reorpadpuyeckoro mepuauaHa. B atom e
HanpasneHuu c warom 30 m mexxay cocen-
HUMM MONOKEHMAMM WUCTOYHUKA Koneba-
HW A0 yaaneHua, pasHoro 520 m, Bbino
oTpaboTtaHo 15 ¢u3myecknx HabnogeHun
mogudukaumen BCMN ¢ NoABUKHBIM UCTOY-
HUKOM Konebanwmin (BCM-NU). NU3-3a ycno-
BMW MECTHOCTM A0 YCTbA CKBA*KMHA 3aTem
bblna otpaboTtaHa ¢ QUKCUMPOBAHHOIO
yaaneHus, pasHoro 520 m. Ewe aBa Henpo-
ponbHbIX BCM (HBCM) 6bin0 oTpaboTtaHo B
asmmyTax, coctasnawowmx 19001 2100 npwm
yaaneHunax B, pasHbix 630 m n 660 m.

BonHoBaa KapTMHa npu oTpaboTke
CKBa*XMHbI HECTAaHAAPTHON MoaAndUKaLMeENn

BCM-MW B HUXKHEN YaCTU CKBAXKMHbBI TUNUY-
Ha ANA NPOAO/ABHOrO BEPTUKANBHOIMO
npoduns, a B BEPXHEW 4acTn — ANA Henpo-
AonbHoro. Ha z-komnoHeHTe (puc. 7)
Hanbonee yBepeHHO MPOCAEXMBAETCA
oTpakeHue u3-nog 3abos (ykasaHo cTpen-
Koi). lMpocneauTte ppyrve oTpaxkeHuA
MeLWaT NajalolWme KpPaTHO OTPaMeHHble
BOJIHbI.

06paboTKy 3anuceit BCMN ocywectsnanu
B PaMKax cucTeMbl 06paboTKM U MHTepnpe-
Taumun aaHHbIX BCMN 3C-INTERACT.

BugHo, 4To Ha rnybuHHOM pa3pese BCI-
MM 30Ha «TeHW» nop 3aboem CKBaXKWHbI
noYTKU OTCYTCTBYET, 4YTO onpegenseTtca
ocobeHHOCTAMKU 3TOM mMoanduMKauum
metoaa BCM (lextman w ap., 2004).
KayectBo rnybuHHoro paspesa BCIM-MA
3aMETHO Bbille, YeM aHa/IoTMYHOro paspe-
3a HBCI (puc. 8). Mposasnaetcs aTo B bonee
BbICOKOM AMHAMWYECKON BblPa3nTENbHOC-
TV ryBOKMX FOPU3OHTOB, NPEACTaBAALLMUX
pa3BegoYHbIN MHTEpEC.
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A Puc. 7. CelicMoepamma Ha z-KOMIMIOHeHmMe
(kombuHuposaHue BCI-IA u HBCI).
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A Puc. 8. [nybuHHble paspessl, Noay4eHHbsle
nymem muepayuu 3anuceti HBCI1 (cnesa)
u BCI1-Mu (cnpaesal).
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OOHY W3 TpaHWUL, PAcnoIOXKEHHbIX Ha
rnybuHe 130 m oT poTopa (Beperckuin
rOPU30HT) yAanocb MOCTPOUTL MO paspe-
3am, NOJIY4EHHbIM MyTEM MUrpaLMn naga-
HOLLMX KPaTHO-OTPaXKEHHbIX BONH, MOCKO/b-
KY OAHOKPaTHO-OTPa*keHHble BOJHbI,
CBA3aHHbIE C 3TOM rpaHUUen, npocneanTb
He yA4anocb U3-3a nomex, Hanbonee MHTEH-
CUBHbIX B BEPXHEM YaCTU CKBAXWHbI.
Hanbonee yBepeHHO 3TOT TFOPU3OHT MU
MmeHee ryboKO pacnonoXKeHHble rpaHnLbl
(BNNOTH 40 rpaHMUpBI B NPUNOBEPXHOCTHOM
30HE) NPOCNEXMBAKTCA Ha paspese no
nafatoWmMm KPpaTHO-OTPaXKeHHbIM BOMHAM,
NONYYEHHOM MyTeM MWUrpauuM 3anucen
BCN-NWU (puc.9).

A Puc. 9. InybuHHsIli paszpe3 BCl-MU, nonyyer-
HbIU ymem mu2payuu KpamHO-0mpameH-
HbIX Na0arouwux 60sH.

3aKkno4eHume

KpaTHble BOMHbI, paccmaTpuBasLuMecs
Ha Ha4YanbHOM 3Tane passnTnAa metoga BCI
WCK/TIOUYMTE/NIbHO B KaYecTBe NOMEX, HECYT B
cebe nonesHyro MHGOPMaLMIO O NapameT-
pax reosorMYeckoro paspesa W curHanax,
bopMUPYOWMX BONHOBOE MONE BHYTPWU
cpeabl M Ha 3eMHOM NOBEPXHOCTU. Kpome
TOr0, UX MOYXHO HenocpeACcTBEHHO UCNONb-
30BaTb A8 GOpPMUPOBaAHMA M30DpPaXKEHUS
cpesbl B BEPXHEN To/Lwe pa3pesa, ocobeH-
HO B Tex CAy4asax, Koraa w3-3a HWU3KOro
KayectBa 3anuceirr BCM B BepxHer 4acTu
CKBaXKMHbI NN M3-32 HEBONbLWKNX BbIHOCOB
NyHKTa BO3OYyKAeHMUA caenatb 3To bbiBaeT
HEBO3MOXHO. B CyLLecTBYIOLWMX MaKeTax
06paboTkun gaHHbIx BCM ans atoro Heobxo-
ANMO BHECTM M3MEHeHWA, No3BonAlLme

obpabaTbiBaTb QfAaHHbIE, MNOAYYEHHble
PasnMYHbIMK MoaubUKaLMAMK MeToAa
BCI ¢ ncnonb3oBaHMem pasinMyHbIX TUNOB
M KNaccoB BOAH, BKAOYAA nagawowme
KPaTHO OTParKEHHbIE BO/IHbI.
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