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MeToauka nposegeHnA paboTt B CKBaXKMHHO ceMcMmopa3BeaKe
' WextmaH I A., 000 «leodpusnyeckune cuctemsl AaHHbIX», r. Mockea

BeegeHue

CoBpemeHHas CKBaXXMHHasA celicmopas-
BeAKa ABNAETCA MHOrOBO/IHOBbIM METO-
AOM, MNOCKONbKY MNPOBOAMUTCA OHa, Kak
NpaBuAo, TPEXKOMMNOHEHTHbIMU 30HAAMM.
Abbpesmatypa BCI (BepTukanbHoe cei-
CMUYecKoe NnpopunmpoBaHue), ucnonbaye-
Mas 34eCb AN1A KPaTKOCTM U KaK yCcToABLLee-
CA NOHATUE, He BNoaHe oTobpaxaeT MHO-
KECTBO MOAMPUKALUMA CKBaXKUHHOW Ceit-
CMOpa3BeaKu, NPeasIoKeHHbIX K HacTos-
Lwemy BpemMeHU. 3Ta OroBOpKa CyLEeCTBEH-
Ha, TaKk KaK K HacTOALWEMY BPEMEHWU K
meToay BCI B Hawe# cTpaHe 1 3a pybexxom
NPUHATO OTHOCWUTb YpOBHEBble Habnlae-
HUA, MPW KOTOPbIX 30HAL HAXOAMTCA Ha
duKCcMpoBaHHOM rnybuHE, a MCTOYHWK
KonebaHMi nepemewarnT BAONAbL 3eMHOM
nosepxHoctn (walkaway VSP, walkaround
VSP, massive VSP), u paxe HabnogeHus B
rOPU3OHTa/IbHbIX CKBaXWHax. [na 3Tux
moauduKaumin ckopee Bbl NoaoLWNO Ha3Ba-
HUE 20pPU30HMAsIbHOE CKBAM(UHHOe cell-
cMuYecKoe npogunuposaHue.

MeToauka pabot BCM HenocpeAcTBEHHO
NpUBA3aHa K METOANYECKUM, reonormyec-
KUM U TEXHOJIOTUYECKMM 33Za4am, peluae-
MbIM 3TUM MeTogom [fanbnepuH, 1994]. K
KNOYEeBbIM BOMPOCAaM METOAMKM, paccmaT-
puBaeMbIiM HUKe, OTHOCAT BblIbOp ycnoBuit
BO3by)XaeHuA KonebaHuihi M cucTembl
HabnwaeHUN.

Ycnosua Bo36yaeHuAa KonebaHmn

Boibop ycnosuit Bo3byKaeHUA onpege-
NAETCA TeM, KakKue MCTOYHUKM KonebaHui
AOCTYNHbI ANA npoBeaeHMA paboTt — Haszem-
Hble UK NOTPY)KHble. B KaXKA0M KOHKpeT-
HOM CNy4yae npeanoyTeHuMe OTAAT TOMy
WMCTOYHMKY, KOTOPbIA OKa3bliBaeTca Haubo-
nee 3GPeKTUBHbIM, T.e. B KOHKPETHbIX
CEMCMOreo/IorMYeckux ycnosusax obecne-
YMBaeT npuMemaemMoe Ka4yecTBO 3anucew
NP1 HaMMeHbLKX 3aTpaTtax. [na nposeae-

HMA BCIl mMcnonb3yloT Te e WMCTOYHUKMU
KonebaHui, 4TO U B NO3ULMOHHOM (Hazem-
HOW M MOPCKOW) cericMopasBesKe.

OAHUM U3 YC/IOBMIA NONYYEHMA 3anucemn
BCIN BbICOKOro Kayecrsa ABAAETCA NOCTOA-
HCTBO ycnoBuin Bo3by»aeHuA. Heobxoam-
MOCTb MHOTOKpaTHOro Bo36yxaeHus
KonebaHuit pna oTpaboTKM CKBa*KUHbI
Ma/sloKaHa/bHbIMW 30HAAMW 3acTaBnAeT
oTAaBaTb NpPeAnoYTEHWE HEB3PbIBHbIM
UMMNYNAbCHLIM U BUOPALMOHHBIM UCTOYHU-
Kam, obnaparowmm Hanbonblen ctabuns-
HOCTblO. TpeboBaHMeE BbICOKOW HaOEMKHOC-
TWU BbITEKAeT M3 TOro, 4YTo Npu oTpaboTke
CKBa)MHbl Ma/iIoOKaHa/IbHbIMKU 30HAAMM
npu AOCTaTOYHO MaoOM Lare HabnaeHUA
NPUXOAUTCA 33 KOPOTKOE BPEMA OcCylle-
CTBAATb MHOMECTBO BO3AEWCTBUMN, KONM-
4eCTBO KOTOPbIX AOCTUraeT COTEH.

Mo6UNbHOCTb HEB3PbIBHbIX NOBEPXHOC-
THbIX MCTOYHWUKOB NO3BONAET 3PPEKTUBHO
MCNONb30BaTb WX B Tex MoAUDMKaLUAX
meToaa BCM, koTopble TpebyloT onepaTtus-
HOro U3MmeHeHusa mectononoxeHus NMB npu
oTpaboTKe CKBa*MH. BUBPOMCTOYHMK
Haunydywmm obpasom yagosnerTsopaer
Takum BaxkHbim gna metoga BCI xapakTte-
PUCTUKAM, KaK HageXHOCTb U nosTOpAe-
MocCTb [MKyKkoB um ap., 2011].

Ewe oaHo BaxHoe TpeboBaHMe K UCTOY-
HUKY KonebaHui B meToge BCIMN —3T0 focTa-
TOYHO LWWMPOKWUIA AMana3oH 4acToT BO3OYK-
paembix konebanuii. B metoae BCI ogHoM
M3 [NaBHENWKUX MeToAMYEeCKUX 3aaaud
ABNAETCA M3Yy4YeHUe YC/I0BUMIA BblAeNeHUs
BOJIH, OTPaXEHHbIX OT BCEX CEMCMUYECKMX
rPaHuL, NPeacTaBNAOLWMUX reoNorMYecKuin
MHTEepec. AICHO, YTO CMEKTPbl Pas3/INYHbIX
OTPaXEHWUI MOTyT CUIbHO pPa3nnyaTbeA
mexay coboi. Bonee Toro, oTpaxkeHusa ot
OAHOTO U TOTO e 06beKTa, NoNYYEHHbIE Ha
Pa3NUYHbIX TUMAX BOH, MOTYT CYLLECTBEH-
HO pasnuyaTtbea. MoaTomy nonoca 4acTor,
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M3ny4yaemblx B cpeny rnpu nposeneHuu
pabot metogom BCI, gonykHa onpepenaTts-
CA NNWb TEXHUYECKMMM BO3MOKHOCTAMM
NCNONb3YEMbIX UCTOYHUKOB U BbITb MaKcu-
MafbHO pacCWMUpPEeHHOM Kak B obnactb
HU3KUX, TaK U B 061aCTb BbICOKUX YacToT. K
aTomy cnegyet 406aBUTb U TOT O4EeBUAHbIN
$aKT, 4TO, HE3AaBMCMMO OT CNEKTPOB KOH-
KPEeTHbIX OTPaXeHUN, pacluMpeHue Noaocsl
BO3OYX4aeMbIX 4acTOT No3sonseT Haubo-
nee 30PeKTUBHO MNPUMEHATb GUALTPSLI
caTtuA Ha atane obpabotku. Conocrasne-
HWUE Pas/IMYHbIX UCTOMHUKOB MeXay cobown
NO3BO/IAET OLLEHUTb CEMCMUYECKYH 3ddek-
TUBHOCTb KaXA0ro M3 HUX B KOHKPETHbIX
CEMCMOreonornyecKkux yCnoBumax.

Ha puc. 1 npuBeaeH npumep cemcmor-
pamm BCI1, nonyyeHHbIX Npu Bo36yKaeHUM
KonebaHMin B3pbIBaAMW B MENIKUX CKBaXKW-
Hax, MMMNYAbCHbIM ra3oguHaMUYECKUM
uctouHnkom [CK-6 n BUMBPOMCTOYHMKOM
CB-5-150. Ha yuactke Manarkon (Kasax-
CTaH) BCE TPW UCTOYHMKA NO3BONMAN NONY-
YMUTb CONOCTaBUMbIE Mexay coboi 3anucu ¢
OOCTAaTOMHO BbICOKOM MNOBTOPAEMOCTbIO
dopmbl curHana u rnybuHoM wuccneposa-
HuA. Llenesblie oTpaxkeHuna M1 n 2, cootse-
TCTBYIOLWME HUMKHE- M NOACONEBbIM OT/0-
EHMAM, BblAENATCA OAMHAKOBO yBEPEH-
Ho. BuaHO, OA4HaKo, 4TO cercmorpamma
BCIl, nony4yeHHaa c B3pbIBHbIM WUCTOYHMU-
KOM, OT/In4aeTca bosee KOPOTKMM UMNY/b-
COM NPAMOW BO/IHbI U BoAbLLEN pa3peLleH-
HOCTbIO NOCAEAYIOLWEN 3aNUCH.

Mpu Bbibope rnybuHbLI NOrpPy*KHOrO
MCTOYHUKA YYMTbIBAIOT, Npexae BCero,
NONOXEHME aKyCTUYEeCKU Hanbonee peskon
rpaHuupl. Et0 MoxKeT BbITb NOAOWBA 30HbI
Manbix ckopocten (3MC), a TakKe AHEeBHas
MAN MOPCKas NOBEPXHOCTb. BonHa-
CNYTHUK, OTPAXKEHHan OT TAaKOM rpaHunLLbl, B
Haubonblen creneHn BauseT Ha dopmy
CYMMAPHOro curHana u ero cnektp. Cunb-
HOEe BINAHME CaMOW BEPXHEN YacTu paspe-
3a U INyBUHbI UCTOYHMKA Ha NPAMYHO BONHY

Puc. 1. ConocmasneHue celicmozpamm BCI1
npu 8o36yxodeHuu KonebaHulli e3psisamu

8 MefIKUX CKBAMCUHAX (a), UCMOYHUKOM
ICK-6 (6) u sBubpoucmoy+Hukom CB-5-150 (s).
Mecmopoxcderue HaHaxwon (Kazaxcman).

MOXHO WCNONb30BaTb ANA YNpaBieHUA
CNeKTpasbHbIM COCTAaBOM BO3DyXaaembix
KonebaHuin. ACHO, YTO OT CNeKTpasbHOro
cocTaBa BO3byxaaembix KonebaHui 3aBu-
CUT He TO/IbKO CNeKTpasibHbli COCTaB Npo-
OONbHbIX BOMH, HO WM OOMEHHbIX BOJIH
pa3nUYHOro TMna, ucnosnbsyembix 8 MIBC.

B cnyyae npoctoro ctpoeHua 3MC
YaCTOTHYO XapaKTepucTuky H(f) nutepde-
PEHLUMOHHON cucTemMbl (NpAmaa BOJHA
NAKOC CMYTHUK) MOXHO JIEeTKO PaccyMuTaThb,
3HaA mybuHy McToYHMKa, rybuHy nogo-
webl 3MC 1 K03 PUUMEHT OTparkeHUA K:

H(f) =1+ K> =2K cos(2r ft)
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roe t=2h/V, h-rnybuHa ucTouHUKa Noa,
aKyCTUYeCcKn Hambonee pesKon rpaHuLen,
V — ckopocCTb B cpege, B KOTOPO pacnono-
¥eH UCTOYHUK KonebaHuin.

W3 3Toi dopmynbl BUAHO, YTO H(f) umeet
nepuoanyeckuin xapakrtep, Konebnscb
MexKay 3HadeHuamu (1+K) u (1-K). Nepsbiii
makcumym H(f) cootsetcteyer f__=V/4h.

max
Anavactotf<f,  4acTOTHaA xapaKTepPUCTK-
Ka H(f) HanomuHaeT UNLTP BbICOKMX
4acToT, BO34ENCTBME KOTOPOrO Ha CNeKTp
MMNyNbCca NPAMOW BONHbI NPUBOAMUT K
oboralleHnio ero BbICOKMMM YacToTamu,
ecnn f__  pacnofioXeH B NpPaBOWA YacTu

paboyero gMana3oHa4acToT.

Ha puc. 2 B KauecTsBe Npumepa npusese-
Hbl CyMMapHble UMMYNbCbl, 3apPEerncTpmpo-
BaHHble 30HAOM B ryBOKOIM CKBaXKuHe, a
TaKe ux cnekTpbl (MOCKOBCKas CUHEKAN-
3a). BuaHo, 4to B uHTepBane mybuH 21-23
M NPOMUCXOAUT CKaykoobpasHoe uU3meHe-
HMEe YacTOTbl MaKCMMyMa CMeKTpa Cymmap-
HOro curHana, obycnosneHHoe B3anmopge-
cTBMEM BTOPOro MMHUMYMa H(f) n makcu-
MyMa CNeKTpa NPAMOM BOAHbI: Ha rybuHe
h=21 m 4acToTa Makcumyma coctasaset 34
My, a npy h=23 m — 63 ly. B nHTepBane
rny6buH 8-20 M OHa NOCTENEHHO YMEHbLUa-
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Puc. 3. ®opma u cnekmpeoi um-
nynecos, 8o36yxdaembix npu
83PbIBAX 8 ME/IKUX CKBAXCUHAX.
BoiHoc 1B 200 m, enybuHa npuema
i 3030 m, e3pebisbl 3apados mpomu-
na secom 0.4 k2 Ha 2nybuHe 16 m
(Benopyccus); a — npu 83pbieax u3
8HOB8b NPoBypeHHOU CKBAM(UHbI,

6 — nocne MHO20KpaMHbIX 83PbIBOE

o 20 60 100 £,y o 2
etca B cpeaHem Ha 10 My, (ot 45 go 35 u).
LLInpuHa OCHOBHOrO MakCMMyma CneKkTpa
(Ha yposHe 0.7) ymeHbluaeTca ¢ rnybuHom
nocTerneHHo, B cpegHem Ha 5 'y, B MHTepBa-
nernybuH 8-30 m. ConoctaBneHMe TEOpPeTHU-
YECKU PacCYUTaHHbIX U IKCNEPUMEHTasb-
HbIX 3HAYEeHMA MaKCMMymMa W LUMPUHBI
cneKkTpa ybeauTenbHO NoKasano, 4YTo Ha
CNEKTPbl CYMMapHbIX MMMNYNbCOB B aHaNo-
FTMYHBIX YC/IOBMAX OCHOBHOE BAWUAHWE
OKa3blBaEeT BOIHA-CMYTHUK.

Ecnv rnybuHy nctouHmka konebaHuii nog,
aKycTuyecku Haubonee peskoi rpaHuuen

BblbpaTb Takom, ytobel f, . cosnagana c

MaKCMManbHOM YacToTon paboyero guana-
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Puc. 4. Amnaumydel (ceepxy) u napamempeoi
crnekmpa umnynbca NpAmMol 80/HbI C pa3nuy-
Hoix 1B. McmoyHuk — CK-10, 2nybuHa npuema
1100-1200 m (Benopyccusa). Cnpasa om cKea-
HCUHbI NoKa3zaHa dopoza Yepe3 bosomo.
bonomucmeili yyacmok xapakmepu3syemcs
AHOMQsTbHbIM YMeHbWeHUemM amnaumyosi

U 4acmomaoi MaKCUMyMa criekmpa.

L/ k\;xf\,\

Wi g 0dHOU U Mol e CKBaMUHe.

30Ha CEeMCMOPEerucTpupyroLwen annaparty-
pbl, TO 3TO NPUBEAET K MaKCMMaNbHOMY
pacWMpeHMI0 CneKkTpa BO3byxaaembix
KonebaHuit BnpaBo, B 06/1aCTb BbICOKUX
YacToT.

MoctosiHHas rnybuMHa MCTOYHUKA Kone-
baHWit paneko He Bcerga obecneumBaer
cTabunbHOCTL BO36YKAAEMOro MMMNynbCa.
Mpu ¢uKcuposaHHOU rnybuHe npuéma
nocne paga BO3AEUCTBUMIA MOXHO WMHOrAa
HabnwpaTb HU3KOYACTOTHbIE «XBOCTbIM,
COMOCTaBUMbIE MO UHTEHCUBHOCTU C OCHOB-
HbIM Mmnynbcom (puc. 3). Mpupoaa Takmx
«CMYTHUKOB» HE BMNONHE ACHA, HO CBA3aHbI
OHWU NPEeANnONOKUTENbHO C U3IMEHEHUEM
ynpyryux CBOMCTB cpesbl, HenocpeacTBeHHO
OKpY)Kalowen WCTOMHUK, Nnog, BAUAHUEM
MHOrOKpPaTHbIX Ha Heé BO34eNCTBUM.
0z
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= 1180
Ana paavsix rmy6d so4aa

. Puc. 5. OmHocumenbHaA UHMeEHCUBHOCMb
(cHu3y e8sepx) HU3KO-, cpedHe- U B8bICOKO-
yacmomHeix Yacmel cnekmpa umnynscos

npamol 807HbI € pazau4Helx 1B. ICmOYHUK —

— CK-10, anybuHa npuéma 1100-1200 m
(Benopyccus).
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Ha cnekTpanbHbiA cOCTaB KonebaHui,
BO3OYyKOaeMbIX MOBEPXHOCTHLIMU MCTOY-
HMKaMM, CUNbHOE B/MUAHUE OKa3bIBAKOT
MexaHW4yecKmMe CBOMCTBA TFPyHTa, 4epes
KOTOPbI NnepeaatoTca yCUAUA OT UCTOYHMKA
B cpeay. Peructpaums KonebaHuit BHYTpH
cpesbl NO3BONAET OTYETIMBO 3TO YBUAETL. B
KayecTse npumepa Ha puc. 4-5 npueeaeHbl
aMmnanTyga U napameTpbl CNeKkTpa NPAMoNn
BOJ/IHbI, 3aPErMcTpMpPOBaHHOM B CKBAXKUHE.
HeB3pbIBHOW MMMNYAbLCHbLIA MUCTOYHUK
nepemelwancs no HACbINHOM Aopore,
NPONOXEHHOM NO YacTUYHO 3abono4YeHHOoM
MEeCTHOCTU. BuaHo, Kak B npeaenax 3abo-
NNOYEHHbIX Y4aCTKOB Pe3KO NafaeT WUHTEH-
CMBHOCTb B0O3b6Yy}Kaaembix KonebaHuii, npm
3TOM YacToTa MaKCMMyMa NepemeLLaeTca B
HM3KOYaCTOTHbIX AuanasoH, a WWPUHaA
CnekTpa ymeHbluaeTtcs. HeyyeT nogobHbix
apdeKkToB B HaszeMHOW celcmopasBeke
NPUBOANT NOAYAC K TOMY, YTO UX NPUNUCHI-
BAlOT U3MEHEHUIO CBOWCTB OTparkarowmx
rpaHuu,.
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me; a — UcXo0Ha#dA 3anucs, 6 - nocne 0eKoH-
80AKOUUU M0 Yy2y Nadaouux nonepevHoix
80s1H. BocmoyHas Cubupes.

Cuctembl HabnogeHnii B metoge BCIN

B 3aBMCMMOCTM OT CTEMNEHU CAOMHOCTU
peluaembix 3a4a4 U Ucciegyemomn reonorm-
YeCKOW cpeabl MPUMEHAKT OAHOMEpPHbIe,
OBYMeEpHble, TPEXMEpPHble U NAoWwajHble
cucTembl HabnaeHUNA.

McTouyHUKKM KonebaHuit moryt ObITb
HanpaBAeHHbIMW MW HEeHanpaBAEHHbIMU.
K HactoAwemy BpemeHM HaKOMUAoChb
[0CTaTOMHO MHOFO NPUMEPOB TOTrO, Kak B
palioHax C pas/IMYHbIMKU CEMCMOTreonoru-
YeCKMMWU YCNOBUAMWU MpU BO3OYKAEHUMU
KonebaHWi HeHanpaBNEHHbIMWU WMAU He-
B3PbIBHbIMW UCTOYHUKAMM C BEPTUKANbHOM
HanpaB/IEHHOCTbIO PErucTPUPYHOTCA pery-
NAPHble BOMHbI Ha «MNOBOYHON» Yy-KOM-
noHeHTe (puc. 6).

LWar HabnopeHWd NO CTBONY CKBaXKu-
Hbl. lpu nposegeHun paboTr nbbIMU
moaudukaumammn metoaa BCI war mexay
COCe4HMMMU TOYKamu HabnwpeHua AZ
BbIBMPAtOT M3 yCNOBUA:

BZ <V, /(2 s
rae V., — MWHUMManbHaa naacTosan

CKOPOCTb PacnpoCTpaHeHusA MnonepeYHbix
BONH B npegenax NOKPbIBAIOLWENA TONLM
paspesa, nepece4yeHHON CKBaXXWHOWM; f, . —
npaeaA rpaHuM4yHaa 4actota pabouyero
[AMana3oHa 4acToT (MakcMmanbHas 4acToTa
B CneKTpe Bo3by»aaemoro curHana).

M3 aTtor dopmynbl cnepyet, 4To nNpu
perucTpauum obmeHHbIX PS-BOMIH, CNEKTpbI
KOTOpbIX BIM3KK K CNeKTpam NpoAoNbHbIX
BOJIH, War HabnAeHUA NO CTBONY CKBAXKU-
Hbl A0/MKeH ObiTb BABOE MEHbLMM No
CPaBHEHMIO C LWarom Ha MNPOAOAbHbIX
BONHax. B npoTtMBHOM cnyd4ae Ha 3Ttane
06paboTkKM 3anucel Nnpu pasgeneHnum BoaH
MOXHO CTO/IKHYTbCS C MCKaXKatoLWmMM BAUA-
HUeM anancuHr-apodexTa.

MopauduKkaumMm CKBaXKUHHOW Ceucmo-
pa3BeAKu, UX NPEUMYLLLECTBA U HeAO0CTaTKU

Cuctembl HabnwaeHWM, COOTBETCTBYIO-
LMe OCHOBHbIM MoAMPMKauMAM meToaa
BCI, cxemaTnyecku nsobpaxkeHobl Ha puc. 7.
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Puc. 7. OcHosHbie modugukayuu memoda BCIl1

a, 6 — npodonsHoe BCl 8 sepmuKansHoU

U HaKA0HHOU cKeamuHax (X<<Z); 8 — Henpo-
doneHoe BCI1 (HBCT); 2 — yposHesoe BCIT
(MOF); 8 - BCI1c nod8uUMCHbIM UCMOYHUKOM
(BCI-I1M); e — kpy2oeoe ypoeHesoe BCI1

(R —npoekyus celicMonpuemMHUKQ HQ 3eMHYIO
rnosepxHocms, S — UCMoYHUK KonebaHuli) .

OnucbiBaemble HUXe moauduKauuu B
Halen cTpaHe M 3a pybexom nonyymnu
onpeaenéHHbie, He BNoaHe cosnajatoume
npv NepeBoAe C OAHOro fA3blKa Ha APYrow,
Ha3BaHUA.

MNpogonvHoe BCM (zero-offset VSP)
ABNAETCA CTaHAAPTHOW MoguduKauuen
MeToAa, NPOBOAALLENCA MPaKTUYECKM BO
BCEX CKBakMHax, oTpabaTbiBaemblX MeTo-
aom BCI. HassaHue 3To moguduKaumm
onpeaensieTcA Tem, YTO B HEl yganeHUem
MB OT CKBa*KWMHblI MOXHO NpeHebpeuyb no
CpaBHeHuto ¢ rnybuHol 3oHaa (puc. 7, a).
MpumeHAeTcA aANa onpeaeneHus CpeaHux,
NN1IACTOBbIX U UHTEPBA/IbHbLIX CEACMUYECKUX
CKOPOCTEN, ANA U3y4YEeHMA BONHOBOIO NOJIA

M cTpaturpaduyeckon NPUBA3KK BOJIH,
M3y4yeHMA UX 3aTyxaHua, ANa pac4yéta
onepaTtopoB GpuabLTPa NpPU AEKOHBOMOLUK
3anMcen Ha3lemMHOM CEeNCcMOopasBeaku u
BCI, a TakXKe gna onepexarwero nporHo-
33 aKYCTUYECKOM MKECTKOCTM OT/IONKEHWUN
HUKe 32604 CKBaXKUHbI.

BCIN B HaK/NOHHbIX CKBaXKMHax (deviated-
well VSP) npoBoaaT Ha BepTUKaNbHbIX (LeH-
TPOBbIX) Ny4ax, NepemeLlas UCTOYHUK Kone-
6aHui BOO/Ib 38MHOWN NOBEPXHOCTK, a 30HA, -
BOONb CTBOMA CKBaX{MHbl Takum ob6pasom,
4yTobbl OHWM BCErAa HAXOAWUCb Ha BEpTU-
KanbHOW NnHMK (puc. 7, 6). 3Ty moanduKa-
LUMIO MO CYLLECTBY OTHOCAT K MPOAO/bHOMY
BCI, TaK Kak yaaneHue UCTOYHMKA OT NPOEeK-
LMW TOYKM NPUema Ha 3eMHYH0 NMOBEPXHOCTb
MUMEET 34€ECh TOT }Ke CMbIC/I, YTO U yaaneHue
MB OT ycTbA BEPTUKANbHOM CKBaXKMHbI.
MpumeHseTca gna pelieHnsa HonblUMHCTBA
33434, YKasaHHbIX Bbilwe A8 NPOAOAbHOMO
BCI1 B BepTMKanbHbIX CKBaXKMHax. Kpome
TOro, C YCNEXOM NPUMEHAETCA ANA U3yHeHUs
OKONIOCKBAXWHHOMO MNPOCTPaHCTBA nNpwu
NOMOLLM Pa3pe30B, NPOTAXKEHHOCTb KOTOPbIX
B nNnaHe 6/1M3Ka K A/ IMHE NPOEKUMM CTBOMA
CKBaXMHbl Ha 3eMHYIO MOBEPXHOCTb. Takune
pa3pesbl, 3NEMEHTAapHO NOAyYaroLmMeca K13
MUCXOAHbIX 3anucei, OTAMYAKTCA BbICOKOWM
pa3peLLeHHOCTbO U A0CTOBEPHOCTDLIO.

MpodunbHble moaudukauum mertoaa
BCN

OCHOBHOE Ha3HayeHne npPodUNbHbIX
moaudukaumim BCI - nayyeHue cTpykTypbl
OKO/IOCKBaYXMHHOTO NPOCTpaHcTBa. Pesynb-
TaToM 06paboTKM nNpu 3TOM SBAAKOTCA
rnybuHHbIE MM BpemMeHHble paspesbl, a
TaK)Ke 3HAYeHUs CEMCMMYECKUX Mapamer-
POB, MOJIy4EHHbIX B pe3yabTaTe pelueHus
obpaTHoOI 3a4a4u.

B Hactosuwee Bpema MPUMEHAIOT TpU
npodunbHble mogudUKauum — HenpoaoNb-
Hoe BCI (HBCN), yposHeBoe BCI, a Takke
BCIM ¢ nogBu¥HbIM WMCTOYHMKOM Koseba-
HuiA (BCN-MNKA).
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HenpogonbHoe BCM (offset VSP) -
moamnduKauma, B KOTopon yaaneHuem [B
OT CKBA)XWMHbl Henb3a npeHebpeub no
CPaBHEHUIO C rNYBMHOW TOYKM npuema,
nepemeLLatoWwenca B npouecce oTpaboTku
CKBaXuHbl (puc. 7, B). HBCM wwupoko
MCNONb3YIOT NPU PeweHUn CTPYKTYPHbIX,
NnapameTpUYyeckux U NUTONOrO-CTPaTUrpa-
buryecknx 3agay, M3y4eHUn aHU30TPONUU
CKOPOCTEN M BbIAENEHUM TPEeLWMHHbIX
KO/INEKTOPOB MO noaAapu3aumm BOAH. Npu
U3YYEeHUN KONIEKTOPOB TPEeLLMHHOro TMuna
no meHbwen mepe Tpu MNB pasmellatoT B
pas3nndHbiXx asumytax [LextmaH, KysHe-
uos, Edbumos n ap., 2004]. MNposeneHue
HBCIM ¢ pasHoypanénHbix MB (multioffset
VSP) B ycnoBMAX HaKNOHHO-CNOUCTbIX Cpes,
No3BO/IAET KOIMYECTBEHHO OLEeHUTbL napa-
MEeTPbl aHU30TPOMMU U YCMNELIHO UCMONb30-
BaTb UX Npu GopMUpPOBaHUM N30OpaXKEHUI
cpeabl [Grech et al.,, 2002]. B ycnosuax
WCKPMBNEHHDbIX CKBaXXWMH NpoBegeHue
HBCIM ¢ nyHKTOB BO36YXAEeHWUA, pacnono-
EHHbIX CMMMETPUYHO OTHOCMUTENbHO
NPOEKUMN CTBONA CKBAXKMHbI HA 3EMHYH
MOBEPXHOCTb C UCNONb30BAHNEM NPOAD/b-
HbIX ¥ 0BMEHHbIX BO/IH MO3BONAET YCMEeLwHOo
M3y4yaTb TpPeLMHOBaATble aHWU3O0TPOMHbIE
30HbI B KapboHarTax [Liu et al., 2006].

Puc.8. Celicmozpammel BCT1-U nocne esoda
cMamuku u 0eKoHB8oMUUU no uy2y nadaro-
Wux 80/1H; @ — HQ 3aNa0 oM CKB8AMUHbI, 6 —
H@ 80CMOK. Z-KOMMoHeHma. BocmoyHas
Cubups [LLlexmmaH u dp., 2009].

YposHeBoe BCIN (walkawayVSP). B atoi
MmoauduKauum metoaa, 6onblue N3BECTHOM
paHblle Kak meTos obpalleHHbIX rogorpa-
¢os., unn MOI, nonoxeHue 30HAA B CKBa-
WHe ¢ukcuposaHo, a B nepemeuwatort
BAO/Ib TOPU30OHTaNbHbIX Npodunen, nepe-
CEKaloLLMX YCTbe CKBaXXUHbI UAK (B ciydae
WUCKPUBNEHHOW CKBa)XWHbl) NPOEKLUUI0 Ha
3eMHYK MOBEPXHOCTb GUKCMPOBAHHOTO
WMHTEepPBa/ia CKBaXKMHbI, COAEPIKALLETO TOYKY
npuéma (puc. 7, r). Mogmdukaumio LLMPOKO
MCNONb3YIOT 32 pybekom B COYETaHUU C
HBCI npu nayvyeHMn napameTpoB aHU3OT-
PONUM CKOPOCTEM U CTPYKTYPbl OKONOCKBA-
YXMHHOIO NPOCTPaHCTBA.

Kpyrosoe yposHesoe BCIN (walkaround
VSP) — mogudukauma metoga BCI, B KoTo-
PO MUCTOYHWMK KonebaHui nepemeLLatoT
BAONb KPYroBOW /SMHUM BOKPYr YCTbA
CKBAXXWHbI NN NPOEKLMM TOYKMU NPUEMA Ha
AHEBHYIO NOBEPXHOCTb (B C/ly4yae UCKPUB-
NeHHbIX CKBaXKWH) (puc.7, e). Ucnonb3yoT
ONA W3YYEeHWUA aHM3OTPOMMU W aHaNU3a
pacLenieHna NonepeyYHbIX BOJIH B YC10BU-
AX TPewMHoBaTbIX 30H. [loBONbHO 3ddek-
TUBHbIM ABNAETCA WCNO/Sb30BaHWE KpPYro-
BbIX Npodunen npu M3yyeHUU aHU3OTPO-
num cnouctbix cped [Winterstein and De,
2001] v TpewmHoBaTbix 30H [Horne, 2003;
Maultzsch etal., 2009; Wild, 2011].

Puc. 9. Celicmozpammesi BCI-MN Ha x-kommno-
HeHme rnocne 88000 CMamMuKu;. a — Npogune
Ha 3anad om CK8AMCUHbI, 6 — HO BOCMOK.
BocmouHasa Cubups [LLlexmmaH u 0p.,

2009].
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BCIN ¢ noaBUXXHbIM UCTOYHUKOM Kone-
6anHunid (BCMN-NKM) (moving source VSP). Mpu
BCM-MNWU ckBaxuHa oTpabaTtbiBaeTca npwu
OA4HOBPEMEHHOM MU3MEHEeHMM MeCTONoNo-
EHUA 30HOQ NPU €ro ABMMKEHWUW CHU3Y
BBEPX M MmecTononoxenua B npu ero
nepemeLLeHUn OT CKBaXKUHbI (puc. 7, a). 3Ty
MoauduKaumio metoga MPUMEHAKT C
LeNblo NoKanu3aumm HepTeKoHTpoAnpyto-
LLMX TEKTOHWUYECKUX HapYLIEeHWW, OeTanu-
3aUMMU CTPOEHUA CNOXHO NOCTPOEHHbIX
HedTeNepCcneKTUBHbIX 0OBLEKTOB, a TakXke
BbIACHEHWA NPUYUH OTCYTCTBMA HedTu B
CKBaXMHe, pacnoNoXeHHOW pagom C
¢doHTaHMpOBaBLIEN CKBaXKMHOM [LLiexTmaH,
1994].

Cevicmorpamma BCM-MU wumeet BUA,
BMOJIHE MPMBbLIYHBLIA 4NA NOAb30BaTENA
meTogom BCI. B HMXKHEN CBOEN YacTu OHa
COBMagaeT c CEMCMOrpammoi NpoaoabHO-
ro BCI, a B BepxHeK 4acTu — ¢ CeUcmorpam-
moit HBCIM (puc. 8). Obpawaer Ha cebsn
BHUMaHUE OTYETINBOE pa3geneHue pas-
JINYHbIX TUMOB BOJIH Ha Pa3/INYHbIX KOMIMO-
HEHTax: Ha Z-KOMMNOHEHTE MPOCAEKNBAIOT-
CA BOCXOAALWME NPOAONAbHbIE BO/HbI, @ HA X-
KOMMOHEHTe — BoOCXogsAlwme obmeHHble
BOMHbI TMNa PS (puc. 9).

BCI-MA BbINOAHAKOT BAONb KaXKA0ro U3
nyyen (npodunein NyHKTOB BO3OYKAEHWA)
33 OAHY CNYCKO-NOAbLEMHYIO Onepaumio.
Ana yBenuyeHUA OTHOWEHWUA curHan/
/nomexa MOXHO NPUMEHATb MHOrOKparT-
Hoe BCI-MW, otpabatbiBasa CKBaXKUHY
NOBTOPHO MPM pPaA3/IMUYHbIX HAYaNbHbIX
BbiHOcax MNB. Hanuume ryctoi cetu cksa-
KMH, XapaKTepHOW ANnA pasBenoYHOro
3Tana, No3BO/IAET PaCCYMTaTb BCTPEYHYIO
cuctemy HabawgeHun Takum obpasom,
4TOb6bI OTAENbHbIE CEMCMUYECKUE pa3pesbl
BCIM moxKHO 6b110 CThIKOBaTL Mexay coboi
B €4WHbI pa3pes, OCBELLAlOWMA MEXKCKBA-
MHHOE NpPOCTPaHCTBO. JlocTUraetca 3To
nytem BbibOpa COOTBETCTBYIOWMX yaane-
HUM MB OT CKBaXKMHbI.

O6beKTUBHBIN aHaNU3 NPEMMYLLECTB U
HeA0CTaTKOB YCTOABLUMXCA M BHOBb Npea-
NOMEHHbIX MoaudUKaLMii meToga BO3MO-
KEH /IULWb MPWU KOJIMYECTBEHHOM OLLEHKe
napameTpoB, 06LWKMX A4NA CONOCTaBNAAEMbIX
moguduKaumii. B KauecTse TakMx Nnapamer-
pPOB MPaBOMEPHO WMCNONb30BaTb pasmep
y4yacTKa OCBELEHHOCTU uccneayemom
rPaHuLLbl OTPAXKEHHBIMKU BONIHAMW (MHTEp-
BaN rpaHWLbl, PACNONOXKEHHbIN MeXay
KpalHMMM TOYKAMWU OTpaKeHud), naoT-
HOCTb PacnoNOXEeHUA TOYEK OTpParKeHus
(KonnyecTBo TOYEK OTPaXKeHua, NpPUxoan-
Lieecs Ha eguHULY A/NIMHbI y4acTKa ocse-
LWEHHOCTM), @ TaKKe yron nageHus BO/HbI
Ha oTpaawuwyk rpaHuuy [WexTmaH,
1994]. ConoctaBum mexay coboit pasnuny-
Hble MoAMPUKaLMM NO ITUM TPEM NapameT-
pam. OnA ACHOCTM OrpaHMYMMCA NNOCKOM
OTpakalolen rpaHuuen, pasgenatowen
ABa NoNynpocTpaHCTBa.

O603HauMm 4Yepes ¢ yron nageHuAa
OTpakatowen rpaHuubl, Z - ryBbuHy TOYKK
npuéma, H - rnybuHy rpaHuubl NO BEPTUKa-
NN, X - pacctofHune MNB OT yCTbA CKBaXKUHbI.
Torpa yaaneHue TOYKM [ TOYKKU OTparKeHuA
OT Ha4yana KoOpAMHAT COCTaBUT Caeayio-
LLYIO BEIUYUHY:

+H
I=(H-2) xcos2p = H sin 2¢

(2H —z)cos@ F xsin@

rae BEPXHUM 3HaK B Apobu cooTBETCTBY-
€T MOJIOXEHMIO TOYKM OTPaXKeHWUs Mo BOC-
CTaHMUIO, @ HUXKHWUW — N0 NaAEHMUIO.

Mo atoin dopmyne, 3Haa rybuHy Bep-
XHEM TOYKU NMPUEMa B CKBa)KMHE, MOXKHO
paccyMTaTh BE/IMYMHY YYaCTKa OCBELLEH-
HOCTM  MOHOTUMHBIMWU OTPAXKEHHbIMU
BONHAaMM TrpPaHWUUbl, PACMNONOXKEHHOW Ha
rnybuHe H. Ons rpaHuUL, pacnoNoKeHHbIX
HUXKe 3ab0A CKBaXkMHbl, Haubonblylo
OJIMHY Y4aCcTOK OCBELEHHOCTM MMEET Npwu
M3y4YEeHUU OKOJIOCKBAXKMHHOIO MNpPOCTpa-
HcTBa mogundukaumen BCI-MN. Mpu nsyye-
HUM MeHee ryboKMxX rpaHuy, (nepecevéH-
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HbIX CKBA)KMHOI) pasmepbl y4acTKOB OCBe-
weéHHoctn ana HBCIM n BCM-MNMWX coenaaator,
npesbllLas pa3mep y4acTKa OCBELWEHHOCTH
ana MOTI. WcknwoyeHnem MmoxKeT bObiTb
CNy4yaid, Korga Bbllle YPOBHA perncrpauum
Konebanuin npu MOl KayecTBo matepuana
naoxoe, - TorAa OCBELWEHHOCTb ANA TPEx
moaundpukaumim byaet ogMHaKoBa.

Mo mepe yBennyeHnA rnybuHbl oTpaxKa-
towei rpaHuubl npu HBCIM Bce meHblan
4YaCTb OKOJIOCKBAXMHHOIO MNPOCTPAHCTBA,
pacnonoxeHHas Huxe 3aboA, ocsewaerca
OTPaXKEHHbIMW BO/IHAMW HENOCPeaCTBEH-
HO B6/IM3KM OT CKBaXKWMHbI, @ Y4aCTOK OCBe-
WEHHOCTM, YMEHblUaACb, CABUraeTca B
CTOPOHY OT CKBa)XUHbl. MoguduKkauua xe
BCI-MWX no3sonaet ocBETUTb MaKCMMab-
Hbi# pa3mep ryboKo 3aneratowein mccne-
AYEMOW rpaHuULbl, PE3KO COKpaTUB npwu
3TOM Bpems OTPabOoTKM CKBaXKUHbI.

Ona 0BMEHHbIX OTPaXKEHHbIX BOJIH C
obmeHOM Ha OTpaxalwen rpaHuue pas-
Mep Yy4acTKa OCBEWEHHOCTM ANA BCex
mogudukaumnii metoga BCM cyuecTBeHHO
MEHbLUNIK, YeM ONA MOHOTUMHbIX BOJH
(npumepHO B nontopa pasa). Ero MoXxHo
paccymTaTb TOYHO NYTEM TPACCUMPOBAHMUA
Nyyen ¢ y4ETOM mMogenu cpeabl, NpocTpa-
HCTBEHHOrO MOMIOXEHUA CTBOMA CKBAXKMUHbI
N NONOXEHWA rPaHnLbl, Ha KOTOPOW NPOUC-
X0AMUT 0OMEH.

MnotHocTb P pacnpepeneHua Touvek
OTpakeHUsa (KONMYeCTBO TOYEK OTpaxe-
HUA, NPUXOJAWEecA Ha eAMHUUY O/UHbI
OTparkaloLLei rpaHnLbl) ABNAETCA BaXKHbIM
napameTpom, OnpeaenslWmm YCTONYU-
BOCTb M300pakeHuA cpeabl NpU MUrpPaLLmnm
3anucent BCM, - 4em Bbiwe P, Tem n3obpa-
YKeHue ycTonymsee.

Mpu n3meHeHUn ryburHbl TO4KKU Npuema
M (nnKn) BbIHOCA UCTOMHUKA KonebaHui ot
CKBaXKMHbl TOYKA OTPaXKeHUsA nepemeLlaeT-
cA ¢ onpeaenéHHon "ckopoctbio". Yem ata
"CKOpPOCTL" BbilLE, TEM PEXKE BAOIb OTPAXKa-
lOWen rpaHuLbl PacnonaratTcA TOYKM

OTPaXeHUA, T.e. TeM MeHbLUE NJAOTHOCTb UX
pacnpefeneHMA Ha COOTBETCTBYHOLLEM
y4acTKe rpaHuLbl.

Mpu manbix yrnax nageHna Haubonee
paBHOMEpPHO pacnpegeneHbl TOYKU OTpa-
¥eHua npu MOI, ogHako npu 6onblumx
yrnax nageHuaA npakTM4Yeckn paBHOMEPHYHO
OCBELWEHHOCTb OTPa)KawwWen rpaHuLbl
cnocobHa obecneynTb ANLWb 0AHA moaudu-
Kauua metopga — BCII-MK. CywecTtsBeHHO,
4YTO B HenocpeacTBeHHoOW 6am3ocTn oT
CKBaXXMHbl Hanbonblee 3Ha4YeHue P 4oCTH-
raetca npu nposegeHun BCI-MK, a Hau-
meHbluee — npu HBCI. MNMpu 3Ha4YnTEeNbHbIX
yAaneHuAx OT CKBaXXWHbl BenudmHa P, .,
U3MEHAEeTCA [O0BO/IbHO NAAaBHO, NO3TOMY
YCTOMYMBOCTb OTODpaXKeHUA oTparkatoLlen
rPaHULbl Ha CeMCMUYECKOM pa3pese He
M3MEHAETCA CUIbHO NPU MPOCNEXUBAHUMU
rpPaHuLLbl MO 1aTepanu.

Ecnmn n3BecTHO CTpoeHue NOKpPbIBatoLLEei
TO/LLM U TEOMETPUA M3YHAEMOM OTPaXKalo-
Wer rpaHMubl, TO MOXKHO paccyMTaTh
cuctemy HabnwaeHun BCM-MU Takum
obpasom, 4yTobBbI B npenenax y4yacTKOB
OCBELEHHOCTM NIOTHOCTb pacnpeaeneHun
TOYEK OTpakeHua Oblna nocToAHHa, a
TakXe obecne4yuTb NOCTOAHCTBO Yyrna
naeHnaA BO/IHbI B KaXKAYH TOYKY OTpaKe-
HUA. BbINONHEHWE 3TUX YCNOBWUIA NO3BONAET
CBECTU K MUHUMYMY U3MEHEHWE NHTEHCUB-
HOCTM OTpaX€HWUN OT Pa3/IMYHbIX 4YacTer
rpaHuubl, 0BYyCNOBNEHHOE XapaKTepom
cuctembl HabntogeHuid, Gnaropgapa yemy
Haubonee OTYETIMBO MPOABAAKOTCA aHO-
ManbHble 3¢deKTbl, 0bycnoBneHHble
M3IMEHEHMEM OTpaXKalwLWmMx CBOWUCTB B
CBA3M, HanpuMmep, C OKOHTYPUBAHUEM
3anexu yrnesogoponos. MeToanyecku
TaKOW noaxon, He Bcerga MoxKeT b6biTb
onpasAaH, T.K. OH B/ieYeT 3a cobo coKpa-
LeHue pasmepa y4acTKa OCBeL,eHHOCTH.

MaKcuMManbHbI Yyron nageHUsa BONHbI
Ha OTParkaloLLyi rpaHuLy ans mogmduka-
unm BCMN-MAU asnaetcA MUHUMaANbHbLIM U3
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' Puc. 10. ConocmassneHue
celicmoepamm BCII-MHA (a)
u HBCI (6), z-komnoHeHma.
Cmpenkoli nokasaHo yene-
soe ompaxmeHue, bonee
YBEPEHHO MPOCAeHUsalo-

TPEX MaKCUMMainbHbIX YrNOB NageHus anA
paccmaTtpuBaembix mogudukaumin BCII.
CnepcremMem 3TOro ABAAKOTCA MMHUMa/Ib-
Hble ucKa)keHua npu BCl-MNMW BonHoBOro
nona, obycnoBneHHble nNpesoMaeHuem
Jly4a, a TaKXKe OTpaXKeHUnem oT 06beKTa.

PaccmoTpeHHble 0COBeHHOCTU pa3nuy-
HbIX NPOdUNBbHBIX MOoAMDUKALMKA meToaa
BCM n wux conoctasneHne mexay cobon
NPUBOAAT K BbIBOAY O PAAE CYLLECTBEHHbIX
npeumywects BCM-MW, ocobeHHO npwm
n3yyeHun rnybokosaneratoumx ob6bEKTOB.
3ta moauduKauma nossonset obecneynTb
MaKCMMa/bHbI Y4acTOK OCBELLEHHOCTU
npyU MUHMMaNAbHOM Yrae NageHUA BO/HbI
Ha OTPAa*KaloLYH rpaHuLy, NpPU 3TOM NAOT-
HOCTb pacnpeaenieHMa TOYeK OTparkeHun
MaKCcuMmasbHa BOAM3M CKBaXWHbI, 4TO
NO3BOJIAET HAAEKHO CTbIKOBATb Mexay
coboit ceicmuyeckue paspesbl, MoJy4YeH-
Hble nNpu pacrnonoxeHuu B no pasHble
CTOPOHbI OT CKBa¥MHbI.

Ha puc. 10 npuBegeHbl ceMcmorpammel
HBCIM v BCN-MNW, nony4yeHHble Ha O4HOM U3
CNOXHO MOCTPOEHHbIX y4acTKoB [MpunAaT-
ckon BnaguHbl [Wextman u ap., 2013].
Pa3nuyalotcs oHM cyuiectBeHHo. OTpaxe-
HME OT KPOBAM NIAHCKOro NPOAYKTUBHOrO
ropM3oHTa (YKa3aHo CTPeNKomn) Ha cermcmor-
pamme BCI-MU xapaKkTepusyetca 6onbLueit
pa3speweéHHOCTbI0O U PEeryaapHoOCTbIO.
Ob6bAcCHALRTCA 3TO, CKOpee BCero, MeHbLMM
AManasoHOM WM3MEeHeHWM yrna nageHus
BOJ/IHbI HA OTPAKALOLLYIO FPaHuLYy, NpWY 3TOM
CamMu yrnbl NageHUA MeHblune, No3TOMY

wieecsa npu BCTI-TA.

aMNAUTYAbl OTPAXKEHUN He WU3IMEHAKTCA
ctonb pe3ko, Kak npu HBCI. [lopasgo
6onbwme yrabl naaeHus BonHbl npu HBCM
NpPMBOAAT K YOPMUPOBAHUIO MHTEHCUBHbIX
0OMEeHHbIX OTpPa)KEHHbIX BOAH Ha z-
KOMMOHEHTe, 3aTPYAHAIOWMX pasgeneHue
BONH. bonee BbICOKaa pa3pewweéHHOCTb
3anucer BCIM-NMU obycnoBneHa TaKKe u
TEeM, YTO B3PbiBbl BCAKUW pas Npu Nogbeme
30HAa BO36YXKA43/UCb U3 HOBOW CKBaXKUHbI.
nybuHHbIE pa3pes3bl, NOJy4YEeHHble NYTEM
MUrpaLMm OTParKEHHbIX NPOAO/IbHbLIX BOJH
(puc. 11), Tak e pas3nMyaTCca Mexay
cobon: Ha paspesax BCM-MA uenesbie
rpaHuubl 6onee paspelweHsbl, BblaepKaHbl
n gonyckatot bonee ysepeHHoe BblgeeHue
ocobeHHOCTEe reosIorMYeckoro paspesa.
Ha o6mMeHHbIX OTpPaXKEHHbIX BONHaX TMna PS
KayecTtBO rnybuHHbIX paspe3os HBCIM
OKa3a/10Cb COMNOCTaBMMbIM C Ka4ecTBOM Ha
NPOAONbHbLIX OTPAXKEHHbIX BONMHAX (pwuc.
12).

HBCIM umeeT ceBon HeccnopHble npenmy-
LwecTsa nepeg, Apyrumu mogudukaumamm
metoaa BCM npu nposeaeHuu pabot B
TPYAHOLOCTYNHbIX YCNOBUAX, a TaKKe B
cNyyae 3anpeTta Ha NPOKAaAKy npopunen
MB, Heobxoaumbix ana pabot moauduka-
unamu yposHesoro BCIM n BCI-MW, B TaKkux,
Hanpumep, paMoHax, Kak TyHapa. Kpome
Toro, npu obpaboTtke AaHHbIx HBCI He
TpebyeTcA KpPOMOTAMBLIA YYeT CTaTUKMK,
Heobxoaumbld npu 06paboTKe AaHHbLIX,
NONYYEHHBIX APYrMMW MOANPUKAUMAMMW.
Bmecte ¢ Tem, cneayetr OTMETUTb, 4TO
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» Puc. 11. Conocmaasne-

leonoropassegoyHbie paboTbi

Hue 2nybuHHbIX pas-
pe308 Ha NPo0OobHLIX |
OMpaxeHHbIX 80/HAX,
nony4eHHsIX nymem
muzpayuu 3anucel
BCr1-NH (a)

u HBCr (6).
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npobnema ydyeta ctatukm B metoge BCI
pelsaeTcs npowe, Yem B Ha3eMHOWU cel-
cmopassegke [lWextmaH, Monos, 2007;
LexTmaH 1 ap., 2009]. bonee Toro, Kombu-
HUMpOBaHMe HabnwaeHUn BHYTPU cpeapl
OAHOBPEMEHHO C Ha3eMHOW obbemMHOoMU
ceicmopasseskoit 3D no3BoNAET HepeaKo
nonyynte 6Gonee HagExHble AaHHble O
CTaTUKe, MCNOo/b3yemMble B Ha3eMHOM
cerMcmopasBegkKe.

TpyaHO nepeoueHUTb 3Ha4YMMOCTb
MaTeMaTUYeCKOro MOAENMPOBAHUA MNpPU
Bblbope moauduKaumin metoga BCIM wu
cuctembl HabnrogeHui. NMpu npoekTUposa-
HUM paboT, a TakXKe Ha atane 06paboTkn K
WHTEpNpeTaunmn ny4esoe W MOAHOBO/IHO-
BOE€ MOAENUPOBAHUE MOMKET O0KaszaTb
CyliecTBeHHy nomoup [LLextmaH, KysHe-
yos, lMonos, 2004; LlextmaH, Yepenos-
ckuin, 2008].

MnaowagHaa mogmdpukauma mertopa
BCN (3D-VSP, areal VSP, massive VSP)

B otanyme ot HazemMHOM ceicmopa3Bsea-
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K1, nobaa mogudukauma BCIM noteHum-
anbHo obnagaet 6onee BbICOKOKW NpocTpa-
HCTBEHHOW pa3peLuatowein cnocobHoOCTbIO,
obycnoBneHHoM NpubanIKeHMeMm K usydae-
Mmomy 06beKTy M bonee BbICOKOW OTHOCU-
TENbHOW MHTEHCMBHOCTbIO BbICOKOYaCTOT-
HbIX KOMMNOHEHT B pabouyem auanasoHe
yacrorT. Mo3atomy Ha 06BEMHbIX M306pare-
HUAX, NoAy4YeHHbIX Npu naowagHom BCI
Ha OTPaXEHHbIX BONHAX, reonorMyeckue
0ObeKTbl CO CNOXHOM KOHObUrypauuemn
rpaHuy, otobparkatotca bonee OTYETIMBO,
YTO NO3BONAET PACLLUMPUTDL KNACC IKOHOMMU-
YeCKUX peHTabebHbIX NOBYLUEK YINEBOA0-
POAOB CNOMHOFO CTPOEHUA, B TOM 4Yucne
ManoamMmnaNTYAHbIX U ManopasMepHbIX, a
TaK)Ke I0BYLLEK HECTPYKTYPHOro TUNa.
PaBHOMEpPHO OCBETUTb W3y4Yaemblid
06BbEKT OTPaXKEHHbIMWU BONHAMM NO3BONA-
0T NUWb cucTembl HabnwaeHwui, cneuym-
aNbHO npeaHasHayeHHble ANs NAOWaAHO-
ro BCI. 3TKM cuctembl BNOMHE MOTYT ONU-
paTbCA Ha OTMEYEHHbIE Bbllle 3aKOHOMEp-
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¢« Puc. 12. Celicmoepamma
BCI (a), x-komnoHeHmMa
u 2nybuHHsbIl paspes (6)
HaQ 06MeHHbIX OMPaHEH-
HbIx 8onHax muna PS.
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leonoropassegouHbie paboTbl

HOCTW, NPUCYLLME Pa3AUYHBIM NpodUNb-
HbIM mogudukaumam BCIM. lMoatomy B
KayecTBe OCHOBHOrO MPOTOTMNa naowaa-
HbIM cuctemam HabnwaeHun BCIM 6bino
B83AaT0 ypoBHeBoe BCI [Shekhtman et al.,
1993; LlextmaH, 1996; Zhang et al., 1996;
Gulatietal., 2004].

Cuctema HabnwaeHUn MoXeT ObiTb
peanuM3oBaHa B BUAE NapannenbHbIX
mexay coboin npodunen, paccrtoaHue
MeXay KOTOPbIMW PaBHO LWary Mexay
cocegHumu 1B, pacnoNoKeHHbIMKU Ha
Kaxaom 3 npodwunei. [lpyron BapuaHT —
CUCTEMA KOHUEHTPUYECKUX KONbLEBLIX
npoduneit, pacnonoXeHHbIX BOKPYr uccne-
AYEMOM CKBaXKMHbI. 3Ty CUCTEMY NMPUMEHA-
IOT Ha TPYAHOAOCTYNMHbIX 3aNeCEHHbIX
y4YacTKax.

Nutepartypa

lanenepuH E.N. BepTuKanbHoe celcmuyec-
Koe npoduanpoBaHue: onbIT U pesynbratbl //
M.: Hayka, 1994. 320 c.

Mykoe A.MN., Konecos C.B., WextmaH TA,
LWHeepcoH M.B. CeilcmopasBegKa ¢ BUbpauu-
OHHbIMW UCTOYHMKamu. — Teepb, OO0 «M3paT-
enbctBo NEPC», 2011.-412c.

LLlextmaH IA. Metoguka BCI1, ee coBpemeH-
HOe COCTOAHME W NEepCrneKTUBbl pPa3BUTUA
//NpuknagHaa reopusmkao 1994. Nel3l. C.
252-276.

Wextman TA. MnowagHaa moauduKauma
metoaa BCM // lfeodmsmuka. 1996. Ne 1. C. 23-28.

LextmaHn IA., KysHeuos B.M., Epumos A.C,,
Kawyk E.M., banpos B.I., Koconanoe A.®,,
CadumynnuH I.I. NpoOrH03 MMKPO- M MaKpOCTPYK-
TYpbl OKONOCKBA*KMHHOIMO MPOCTPaHCTBa B
ycnosuax HOpybyeHo-TOXOMCKOM 30HbI Ha
ocHoBe KomnaeKcuposaHusa BCIM v nnactosoi
UHKAUHOMETPUM // TexHoNnorum ceicmopasses-
Ku,2004.Ne 1.C. 14-18.

WexTtmaHn A, Nonos B.B. M3yyeHune CTpyKTy-
pPbl OKONOCKBA*KMHHOTOMNPOCTPAHCTBA Mo
pPasHOCTHbIM W auddepeHuranbHbiM BepTU-
KanbHbIM rogorpadam // TexHonoruu cecmo-
passeaku, 2007. Ne 3. C. 39-43.

WextmaH A., KysHeuos B.M., bogsakuH B.A.,
Déka A.A. N3yueHune CTPYKTYPbl OKONIOCKBaXKMH-

HOrO NPOCTPAHCTBa KOMMAEKCOM moauduka-
umii metoga BCI B ycnoBumax BoctouHoi Cnbupm
// TexHonorua ceiicmopasseaku. 2009. Ne 4. C.
73-82.

LWextmaH TA., Ky3sHeuoe B.M., lNMonoe B.B.
Mogudurkaumm metoga BCI: Kakyio npegno-
yecTb // TexHonormu ceiicmopasseaku. 2004, N
1.C.75-79.

LLextmaH A, KysHeuos B.M., lpombiko B.M.
M3yuyeHue CTPYKTYpPbl OKONOCKBa*KMHHOTMO
npocTpaHcTBa B [PUNATCKOM BNaguHe Kom-
naekcom moaudukauuin metoga BCMN // Npunbo-
pbl M CUCTEMbI pasBenovHon reopmsmkm. 2013.
Ne 1.C. 83-86.

LWextman A., Yepenosckuii A.B. Bbiaene-
Hue norpebeHHoro puda pasnUYHbIMM MOAM-
dukaumamm metoga BCIM no gaHHbIM moaenu-
posaHus//TexHonoruu ceiicmopasseaku. 2008.
Ne4.C.65-71.

Grech M.G.K.,, Lawton D.C.,, Gray S.H. A
multioffset vertical seismic profiling experiment
for anisotropy analysis and depth imaging //
Geophysics, vol. 67, NO. 2, 348-354.

Gulati J.S., Stewart R.R., Parkin J.M. Analysing
three-component 3D vertical seismic proailing
data//Geophysics, vol. 69, 2004, 386-392.

Horne S. Fracture characterization from
walkaround VSPs // Geophysical Prospecting,
2003, 51, 493-499.

Liu Q., Owusu J., Alnemer J. Fracture detec-
tion by P and C wave anisotropy from multi-
azimuth VSP // SEG, New Orleans Annual
Meeting, 2006, 3422-3426.

Maultzsch S., Nawab R., Yuh S., Idrees M.,
Frignet B. An integrated multi-azimuth VSP study
for fracture characterization in the vicinity of a
well// Geophysical Prospecting, 2009, 57, 263-
274.

Shekhtman G.A., Zernov A.E., Potapov O.A,,
Lebedeva I.I., Sokolova K.B. Areal modification of
the VSP method//55th Annual Meeting of EAGE.
1993. Stavanger.

Wild P. Practical application of seismic aniso-
tropy//First Break. 2011. May. V. 29.P. 117-124.

Winterstein D.F., De G.S. VTI docu-
mented//Geophysics. 2001. V. 66, N 1. P. 237-245.

Zhang Q., Stewart R.R., Sun Z. 3D-VSP survey
design and data analysis//SEG's Ann. Mtg.
Denver. 1996. Bg. 4.3. P. 190-193.

NPUBOPLI u CUCTEMbI PA3BEJOYHON FEODU3MKM 3(53)/2015
O61WepoCcCHIACKMIA eXeKBaPTanbHbIA Hay4YHO-TEXHUYECKUIA KypHan



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12

