BepTuKanbHoe celcmuyeckoe npopunupoBaHme

KpaTHble BO/IHbI B MeTOAE BEPTUKA/IbHOIO CeMCMUUYECKOro
npoduaAnpoBaHUA: NPOKAATUE UK Noacnopbe?

m LWextmaH lLA., 000 «leodpunsmnyeckmne cuctembl gaHHbIX», 1. MocKkBa

Obunue BONH, perncTpmpyembix BHYTPU
cpeabl, NPUBOAMAO Ha HayasibHOM 3Tane
BHeApeHUs B NPOM3BOACTBO MeTOoAa BEpPTU-
Ka/lbHOro cencmunyeckoro npoduanposa-
Hua (BCM) B Nnoag/MHHOE 3amellaTeNbCcTBo
TeX, KTO B C/IOXHOM BO/IHOBOM MoO/€ NbiTan-
CA BblOENNTb U U3YYUTb BOJIHbI, NPEACTaB-
naroume paspegovHblit MHTEpec.

OcobeHHO pocaxkaanwn cemcmopasBes-
YMKaM najatouine KpaTHO OTPaXKeHHble
BO/IHbI, KOTOpble NPOCAEXMBAAUCL, KaK
npasusio, BAONb BCEro BepTMKANbHOIO
npoouna. BbizBaHbl oHM bBblAn Nocneayto-
WMMM OTPAKEHUAMM OAHOKPATHbIX BOJH OT
aKYCTUYECKN PE3KUX rPaHNL, PACcNoNOMKEH-
HbIX B NMPWUNOBEPXHOCTHOM 30He. KpaTHbie
nagawouiMe BOJIHbI, BOCNPUHUMAEMble
NCKNIOYUTENBHO KaK MOMEXM, OTPaXKanucb
3aTem OT CEMCMUYECKUX TPaHuL, pacnoso-
YKEHHbIX nog 3aboem CKBaXUHbI, U OTIU-
YUTb UX OT OAHOKPATHbIX MNYBUHHbIX OTpa-
eHui 6e3 cneunanbHo 06paboTkm 6bino
HEeBO3MOXHO. M nlb BHeApeHUe B Npak-
TUKY 06paboTKn AEKOHBOAOUMKM MO Lyry
nagaroLumx BoSH NO3BOAUAO NOAABUTL ITU
nomexu, obecneyms Tem cambim OA4HO3HAY-
HOCTb rNyBUHHOM (cTpaTurpadpuyeckon)
NPUBA3KM W BbICOKYIO paspeleHHOCTb
BO/NHOBOrO CEMCMMUYECKOro Nons.

MepBbiMm e cTpemaeHnem 6bl10 noaa-
BUTb KPaTHO OTpaeHHble nagakouwme
BO/IHbI HenocpeAcTBEHHO B npouecce
nosly4eHus 3anucei. M3 cooTBeTCTBYIOLLIMX
TEXHUYECKUX peLlleHunid, NpeacTaBNaoLLmMX
YXKe NNLLb UCTOPUYECKNIA UHTEPEC, MOXKHO
BCNOMHUTb KOMBMHUPOBAHHbIE NPUEMHMU-
KW, COAep)Kalme B KaKAOoN TOYKe BepTu-
KanbHOro npoduna AaT4MKU AaABNEHMA W
DATYNKM CKOPOCTU cmelleHnsa (ManbnepuH,
1971). B ocHoBy KOMOBWHMPOBAHHOrO
npuemHuKa 6blN0 NONOXKEHO pasnnyune

Anarpamm HanpaBAE€HHOCTU 3TUX ABYX
0ATYMKoB. [InA faTymMKa CKOpPOCTU (aneKkTpo-
OAWHaMUYECKOro CencmonpuemHuKa)
Avarpamma HanpaBAeHHOCTU B NONAPHLIX
KoopAauHaTtax npeacrtasnsetr coboit age
conpukacatwuwmecs chepbl, NO3TOMY BOJHbI
O4HOro TMNa (K Npumepy, cxatua), noaxo-
OALLME CHU3Y U CBEpPXY, PErMCTPUPYIOTCA B
npotnsodasze. [ns paTynmKka [OaBAeHUS,
aunarpamma HanpaBNeHHOCTM KOTOPOro
npeacrasnset cobon chepy, HanpasneHue
noaxoAa BONHbI HE MMeeT 3HayeHwus,
NMO3TOMY BOJIHbI OAHOTO M TOTO YKe TUNa BHe
3aBMCUMOCTU OT HanpasneHUA noaxona
peructpupytotca B ¢ase. Takoe pasnnuue
Auarpamm Hanpas/IeHHOCTU, MOMIOXKEHHOEe
B OCHOBY KOMOMHMPOBAHHOIO NPUEMHMKA,
obecneynBano nogasfieHMe BOJIH, NOAXO-
OAWMX K NPUEMHUMKY cBepXxy. [pu cymmu-
pPOBaHUWU CUrHANOB 0BOUX AATYUKOB Mpwu
ycnoBuu Bbibopa Tpebyemoi nonapHocTU
haTYnkoB obecneuymBanocb noaaBAEHUE
KpaTHbIX BOAH. AHAaNOrM4YHbLIA NOAXOA
Hawen npumeHeHue B MOPCKOWM celcmo-
pa3Benke, ogHako B metoge BCIl oH He
Halen noanepKu.

B0O3MOXKHOCTb peructpauum uyra naga-
IOWMX BOMAH BHYTPU cpedbl NO3BO/MANA
n36aBNATLCA OT KPaTHbIX BOMH NyTem
NPUMEHEHNA AOEKOHBOAKUMKM MO 3TOMY
Lyry, UCNoNb3yA ero B Ka4ecTBe OMOPHOro
curHana. NMpuyem He TONLKO ANA OEKOHBO-
nounm 3anmcenn BCI, HO M AaHHbIX Hazem-
HOM celicmopa3seaku. Mpuseaem npume-
pbl.

Ha puc. 1 noKkasaHo, 4YTO NpUMMeHeHue
OEKOHBOMIOUMKM NO Lyry nagatowmx BONH
NPMBOAUT HEe TONIbKO K NoAaBAeHUIo KparT-
HbIX BOJIH, HO U K paclIMpPEeHUIo CNeKTpa.

Mcnonb3oBaHMe Lyra NnagatouLnx BOAH B
KayecTse ONOPHOro CUrHana Ana AeKOoHBO-
NIOLMN HA3eMHbIX BpPeMeHHbIX pa3pe3oB
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A Puc. 1. Pe3ynemameol npumMeHeHuUs 0eKOHB0-
Aryuu (Kazaxcmax). a — cnekmp ucxo0Hoz20
uMnynbCca NAdarWUX 80s1H; 6 — criekmp um-
nyAbca Nadarowux 80/H rMocsie 0eKoH8oAIUUU;
8 — UCXOOHOE B80/1HOBOE 11071€; 2 — 80/IHOBOE
rose nocse OeKOHBOAOUUU.

NPUBOAUT HEpeaKo K MNONOXKUTENbHbIM
pesynbraTam, HEcCMOTps Ha pasnuuue
YCNOBWUI BO3OYKAEHUA U JaXKe UCTOYHUKOB
KonebaHunin Npun nNposeaeHUM Ha3eMHbIX U
CKBa*XMHHbIX paboTt. Ha puc. 2 m puc. 3
npuBeAeHbl NPUMEPDLI YAYYLWEHUA Npocae-
KMBAEMOCTU BOJMIH M UX pPaspeLlleHHOCTU
nocne NpPUMEHEeHUs AEeKOHBOMUUUM No
uyry nagatouwmx BOAH, PerncTpupyembix
npw BCM.

Mpun BUOPALMOHHOW CKBAXUHHOM
ceicmopassegKke Uyr nagatoumx BOAH,
COAEpKalMil KPAaTHO OTPaXKEeHHbIe BOAHbI,
MOXET UCMNONb30BaTbCA B KayecTBe onop-
HOro CurHana AnA OAHOBPEMEHHOro
BbINONIHEHMA ABYX 334a4: CXKATUA CUTHANA U
noAaBneHna KpaTHbix BoAH (LexTmaH,
Ky3Heuos, 2005). B otainume ot Koppenaum-
OHHOW 06PabOTKM C ONOPHBLIM 3N1EKTpUYec-
KAM CUTFHaNOM nNpuv 3TOM [AOcCTUraetca
ropasgo 6o0see BbiCOKaA pa3peweHHOCTb
3anuceu (puc. 4).
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A Puc. 2. lTpumep Ucnonb308aHUA UMIYNbCO8
nadarouux 8osH (6aHHsie BCI1) dnsa dekoHso-
noyuu epemeHHozo paspesa MOIT. lNocne
dexoHsosntoyuu (a) ydanocs bonee omyem-
U8B0 y8UOemb MeKMOHUYECKUE HapyWeHUA,
00 3mo20 3a6umsie KPAMHO OMPAMEH-
HbIMU 801HAMU (6).

102Tpacesl
g

Sl

g

i

o

B,

g-’_l" . o
; =

- A

o

A Puc. 3. [Mpumep ucnonb308aHUA UMIMYAbCOB
nadarouwux 8oaH (0aHHeie BCI1) 011 dekoHeo-
Aryuu epemeHHozo paspesa MOIT. MNocne
deKkoHsoOUUU (a) nosbicunack paspeweH-
HOCcmb 2paHuy (yKkasaHsl cmpenkamu), 00
amozo omobpaxcarousuxca 6onee MHO20-
hazHeimu celicmuyeckumu penepamu (6).

MonesHyto WMHOPMaUUIO, CoAepKally-
tOCA B KPATHO OTPaXKEHHbIX BOSIHAX, MOXHO
[AOBONbHO YCMEWHO WUCNoNb30BaTh ANA
KO/NIMYECTBEHHOW OUEHKM OTHOCUTE/IbHOM
WHTEHCMBHOCTU KPATHbIX BOJIH B HA3eMHOM
cercmopasseake (Mysbika, 1969), a Takke
AN U3YYEHUS OTPaXKaloWMX U NOFNOLLa-
wmx ceoncTs cpeapl (Lextman, 1984).

Mpu dopmuposBaHun un3obparkeHus
cpeabl (MUrpaumm) No 3anucsam, NoayyYeH-
HbIM NMpY 0TPAbOTKE CKBaKMHbI Pa3NINYHbI-
My moandurkaumamm metoga BCI, moxHO
MCNO/1b30BaTb HE TO/IbKO BOCXOAALLME, HO U
nagatoume BoNHbl — 0OMEHHbIe N KPaTHO
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OTpasKeHHble. YYacTOK OCBELEHHOCTU
OTpakawwen rpaHulbl Nagarwmmu
KPaTHO OTPa*KeHHbIMW BOAHamu Bonblue,
4yem OAHOKPATHO OTpaXKeHHbIMU. MoKaxem
3TO ANA ABYXCOMHOW MOAEAN C FOPU30OH-
TaNbHOW rpaHMLEen pasgena.

B ycnosuax cnaboKOHTPacTHOM cpeabl
WK OTPaXKatoLLero ropusoHTa B BUAE CNos,
PaCMo/IOKEeHHOT0 B OAHOPOAHOM TOALLE,
NUCKPUBNIEHMEM NyYa C LeNbio YNpOoLEeHUs
MOXHO npeHebpeyb. Torga B NPUHATLIX
obo3HaueHusx (puc. 5) ana paccroanHun
TOYKM OTparkeHust | OT CTBOMIa CKBaXKMUHbI
cnpasen/IMBO CneayroLLee COOTHOLWEHME:

H+z
‘x_:!

2H+z

rae X — paccToAHMe UCTOYHWMKa Koseba-
HUIM S OT CKBa*KWHbI, H — rybuHa oTpakato-
Wewn rpaHuLbl, z— rnybuHa To4KkM Nnpuema B
CKBaXKUHe.

H

A Puc. 5. K 8b18ody thopmynel 018 y4acmka
0CBeWeHHOCMU KPAmHO 0mpaxeHHoU
nadarowell sonHol.

BugHo, uto [-x npu z—>eo. T.e. npu
yBenuyeHun rnybuHbl npuvema KpaTHO
OTPa*keHHOM najatouwieil BONHbI TOYKA
OTPaXKeHUA, PacnoNOKeHHaA Ha rybuHe H,
CMeLLaeTca B HamnpaBNeHUW UCTOYHMKA U
aCMMNTOTUYECKMN CTPEMUTCA K BEIMYUHE X.
Ecnu e TouKa Nnpuema Haxo4uTCA B OKpec-
THOCTW OTparKatowWwen rpaHnubl Ha rybuHe
H,Tol=%x.

Mpn ymeHblweHUn raybuHbl npuema
TOYKa OTpaXKeHuA CMmellaeTcA Bneso, W [
aCMMNTOTUYECKM CTPEMUTCA K BENUYUHE,
pasHOW Xx/2. Takum 06pa3om, y4yacToK
OCBELLEHHOCTM OTpa*KatlowWwen rpaHuLb

nagatlowmMmmnm OTpaKeHHbIMU BOJIHAMMU
bygeT pacnonoXkeH cnpaBa OT TOYKW Ha
rpaHuue, Haxo4AWenca nocpeanHe mexay
UCTOYHUKOM WU YCTbEM CKBaXWHbl, B TO
BPEMA KaK ANA OAHOKPATHO OTPaXKEHHOM
BO/IHbl YYACTOK OCBELEeHHOCTU pacnono-
YKEeH cneBa oT CpefHeN TOYKM MEXAY UCTON-
HMKOM U YCTbEM CKBaXMUHbI. YUUTbIBAA 3TO,
MOMHO Npu murpaumm 3anucen BCIN poc-
TMYb MAKCMMaNbHOTO OCBELLLEHUA FPaHULLbl
nyTem COBMECTHOro MCMNOAb30BaHUA
OOHOKPAaTHbIX W KPaTHO OTPaXXeHHbIX
nagarowmx BOH.

Ha puc. 6 npuBeaeHbl pe3ynbTaTbl MUr-
pauuMu mogenbHbix 3anuceir HBCIM Ha
NMPOAO/bHbLIX OTPAXKEHHbIX (3a) M KpaTHO
OTpaxKeHHbix (6) nagatowmx sonHax. Oba
pa3pes3a npeacTaBAeHbl 3epKaibHO OTHO-
cuMTenbHo Apyr apyra. BUaAHO, 4TO paspes Ha
OAHOKpPATHbIX BOJIHAX AaeT oOcBelweHue
cpeabl Ao yganeHmna 500 m OT CKBaXUHbI, a
pa3pes Ha KPaTHO OTPaKeHHbIX Na4At0LWMX
BO/NHax — 0T 520 m ao 820 m. ObpawLator Ha
ceba BHUMaHUE NOoXKHble 06beKTbl, chop-
MUPOBaHHbIE U3 3aKPUTUYECKUX OTparke-
HWIM Ha pa3pese OAHOKPATHbLIX OTPAXKEHUN.
JToXHbIX 06BbEKTOB Ha paspese Mo KpaTHO
OTPaXKeHHbIM BONHaAM He Habnwogaetcs,
NOCKONbKY YINbl NAAeHUA NyYel Ha OTparka-
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A Puc. 6. nybuHHbie pazpessl HBCI, nonyyeH-
Hble nymem muzpayuu 3anucell c 00HOKpam-
HbIMU (@) U KpaGMHO ompaxeHHbIMU Naoar-
wumu gonHamu (6). Cmpeskamu rnoKa3aHsi
/10}#(Hble 06beKmbl, ChopmuposaHHsle nNpu
Mu2payuu U3 3aKkpumuyeckux ompaxceHud.
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BeptukanbHoe ceiicmuuyeckoe npopunuposaHume I

IOLYI TPaHULY MeHblle KPUTUYECKUX.
OTCyTCTBME CUIHA/NIOB Ha OTAENbHbIX TPac-
cax pa3pesa no nagarwmm BoNHam obbac-
HAETCA CMELLEHUAMM Y4aCTKOB OCBELLEH-
HOCTM WM3-32 TMpPE/IOMNIEHMA NyYer npwu
nepexoae ToYeK NpMema n3 o4HOro naacra
B APYrom.

Bo3smokHOCTb dopmupoBaHua usobpa-
XeHua cpeabl (Murpaumm) no nagarowmm
KPaTHO OTPaKeHHbIM, a TaKKe 0bmeHHbIM
NPOXOAAWMM BOAHAM, MNpeaycmMoTpeHa B
cucteme ob6bpaboTkn aaHHbIXx BCM 3C-
INTERACT (Ky3HeuwoB u gp., 2011). Paccmor-
pMM B Ka4yecTBe npumepa pe3ynbraThbl
MUrpaumm, NONy4YeHHble Ha OJHOM U3
Y4aCTKOB, pPacno/fiOXEeHHbIX B LUeHTpe
Poccun.

Nccnepgyembiii y4acTok 6bin pacnonoxeH
B npepenax OKcko-LHWHCKOro Bana,
OC/IOXKHAIOWEro H¥Hoe Kpblno MocKos-
CKOW BEpXHenaneo30MCKON CUHEKAU3bI.
NMoagHATME, HA KOTOPOM PaCNoONOXKeH
y4aCTOK, XOpOWO MW3y4eHO B npouecce
nposeaeHna paboT Ha NoA3eMHble XpaHu-
nvuarasa (MXr).

CkBakuHy rnybuHoit 810 m otpabarbiBa-
NN U3 TpexX HanpaBAeHUN. BANMKHUI NYHKT
BO36y}KaeHMA Bbln Pacnono¥KeH Ha ygane-
HUM 100 m OT CKBa*KWUHbI B HanMpaBAEeHUN,
coctasnawwem 600 oT HanpasneHwuA
reorpaduyeckoro mepuguaHa. B atom xe
HanpasneHuu ¢ warom 30 m mexay cocea-
HUMMK MONOMKEHUAMM MUCTOYHWKA Koneba-
HWUIM Ao yaaneHus, pasHoro 520 m, 6bino
oTpaboTtaHo 15 dusnyeckux HabawaeHun
mogudukaumeinn BCIN ¢ noaBUKHbIM MCTOY-
HUKOM Konebanui (BCM-MNU). U3-3a ycno-
BUIA MECTHOCTM A0 YCTbA CKBA*KMHa 3aTtem
bbina oTtpabotaHa ¢ GUKCMPOBAHHOIO
yaaneHus, pasHoro 520 m. Ewe aBa Henpo-
nonbHbix BCM (HBCIM) 6b1n10 oTpaboTtaHo B
asumyTax, coctasnarowmx 1900 1 2100 npu
yaanennax MNB, pagHbix 630 m n 660 m.

BonHoBaA KapTuHa npu oTpaboTke
CKBa)XMHbl HECTaHAAPTHOM MoauduKaumnein

BCM-MW B HMXKHEM YacTU CKBAXKUHbI TUMWUY-
Ha ANA NPOAOABHOrO BEPTUKANbHOIO
npoduna, a B BEPXHEN 4acTu — ANA HENpo-
AonbHoro. Ha z-komnoHeHTe (puc. 7)
Hanbonee yBepeHHO nNpocaexusaerca
oTpakeHue u3-nog 3abona (ykasaHo crpen-
ko). MpocnegnTb Apyrue OTpaKeHus
MeLlalT nagatouwme KpaTHO OTpaXKeHHble
BOJIHbI.

ObpaboTky 3anucen BCI ocywectensanm
B pamKax cmctembl 06paboTku M nHTEpPNpe-
Taunu gaHHbIX BCM 3C-INTERACT.

BuaHo, 4To Ha rybuHHOM pa3pese BCI-
MU 30Ha «TeHn» nop, 3aboem CKBaXKMHbI
no4yTM OTCYTCTBYeT, 4YTO onpeaenaerTca
ocobeHHOCTAMKM 3TON mMoaudukauum
metoga BCM (lWextman u gp., 2004).
KayectBo rnybuHHoOro paspesa BCMN-MA
3aMeTHO Bbllle, Yem aHaNorMyHoro paspe-
3a HBCI (puc. 8). MposasnseTcs ato B bonee
BbICOKOM AMHAMWYECKON Bblpas3uTENbHOC-
TV ryBOKUX TOPU30HTOB, NPeACTaBNAIOLMX
pa3BenoYHbIN UHTEpec.
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A Puc. 7. Celicmozpamma Ha z-KoMnoHeHme
(komburuposaHue BCII-MM u HBCTI).

A Puc. 8. [ny6uHHbIe paspessi, Noay4eHHole
nymem muzpayuu 3anuceli HBCI1 (cnesa)
u BCr1-u (cnpasa).
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OpHy W3 rpaHuL, PacroNOMKeHHbIX Ha
rnybuHe 130 m oT poTopa (Bepenckui
rOPM30HT) yAaNnocb NOCTPOUTbL NO paspe-
3am, NONIYYEHHbIM NyTEM MUrpauMu naga-
tOLLMX KPaTHO-OTPaXKeHHbIX BO/IH, MOCKONb-
KY OAHOKPaTHO-OTPa)XeHHble BOJHbI,
CBA3aHHbIE C 3TOW rpaHuLEen, NpocneamTb
He yAanochb 1M3-3a Nnomex, Haubonee UHTEH-
CUBHbIX B BEpPXHEM YacTU CKBAMKWHBbI.
Hanbonee yBepeHHO 3TOT FOPU3OHT W
MeHee rlybOKO pacrnoNoKeHHbIe TPaHULLbI
(BNNOTH A0 rpaHULbI B MPUNOBEPXHOCTHOM
30HEe) NPOCNEKMBAOTCA Ha paspese no
NafatoLWmMmM KPaTHO-OTPAXKEHHbIM BO/IHAM,
NONYYEHHOM MNyTeM MUrpauMn 3anuceun
BCM-NW (puc.9).

A Puc. 9. [nybuHHeiii paspes BClI-A, nonyyeH
HoeIl mymem mu2payuu KpamHOo-0mparceH-
HbIX NA0arUWUX 80/H.

3aKknyeHue

KpaTHble BONHbI, paccmaTpuBaBlinecs
Ha Haya/NbHOM 3Tane pa3suTna metoga BCT
UCKNHYUTENBHO B Ka4eCTBe Nnomex, HeCyT B
cebe nonesHyw MHGOPMaLMIO O NapameT-
pax reosorMyeckoro paspesa M CUrHanax,
dopmupyloWwnMx BONHOBOE MoNe BHYTPU
cpeabl M Ha 3eMHOW NoBepxHocTU. Kpome
TOro, X MOXHO HENOCPeACTBEHHO MCNONb-
30BaTb Ana dopmupoBaHMA nM3obparkeHUs
cpeapbl B BepXHei Tonwe paspesa, ocobeH-
HO B Tex CAy4yasx, Koraa u3s-3a HU3KOro
KayectBa 3anucert BCI B BepxHeW yactu
CKBaX*WHbl M1 N3-3a HeboNbLUMX BLIHOCOB
NyHKTa BO36yaeHua caenaTb 3To ObiBaeT
HEBO3MOXHO. B cyuiecTBylOWMX MakeTax
0b6paboTku aaHHbIX BCIM ans atoro Heobxo-
AMMO BHECTU M3MEHEHMSA, NO3BOAAKOLME

obpabaTbiBaTb fAaHHbIE, NOAYYEHHbIE
pPasNMYHbIMK  MOAUPUKALMAMM MeToaa
BCI ¢ nucnonb3oBaHuem pasnmnyHbIX TUMOB
M KNaccos BOJMH, BKAOYaA najatowme
KpaTHO OTPaXXe€HHble BO/HbI.
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