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PeweHue 3agayu BOJIHOBOM AWArHOCTUKHU aopor
Ha cynepKoMmnbloTepe BeepeHue

Pabota nocesuieHa obpaTHOM 30404€ AMArHOCTUKM [0-
POr  3NEKTPOMArHUTHBIM  30HAMPOBaHKEM. [lpusepeHa
NMHEMHAs MOCTOHOBKA 30[A4M, PA3PADOTAHbI METOAI
M QNITOPUTMbI  PELLEHMA, B MPEANONOXEHUU CIIOUCTOM
CTPYKTYPbl BOPOXHOro nonotHa. [Nokasaro, yto npeana-
raembie MeTofibl OOECNeUMBaOT PA3PELLEHME U [yOMHY
30HOMPOBAHMA, NPUEMIEMBIE AN AMArHOCTMKM gopor. Ha
Hanbonee TPYAOEMKMX STAMAX MCMOMNb3OBAHLI PEKOHDM-
r'YOMPYyEeMble BbluMCUTENbHbIE cnucTemsl Ha 6ase TTJTNC.

A.B. ToHuapckuit — 3aB. nabopatopvei, AOKT. du3.-MaT. Hayk, npodeccop, HWUBL, MY
um. M.B. JlomoHocoBa, e-mail: gonchar@srcc.msu.ru

C.J1. OBunHHUKOB — 3nekTpoHuk, HUBL, MI'Y um.M.B.JlomoHocoBa,M e-mail: osi@starnet.ru

C.10. PomaHOB — cTapLuuii Hay4Hbl1 COTPYLAHHUK, KaHg. dou3.-mart. Hayk, HUBL, MI'Y um. M.B. Jlomo-
HocoBa, e-mail: romanov@srcc.msu.ru

Pacwuperune cetn aBTOMOBUIbHBIX JOPOT MPUBENO K YXECTOYEHMIO HOPMATHUBHBIX
TpeboBaHMI, NPEAbABASEMBIX K MX 6E30NACHOCTH, K HEOBXOAMMOCTU MPOBENEHNS KAUECT-
BEHHOTO U MHPOPMATUBHOTO OBCNEAOBAHMS, COBEPLUEHCTBOBAHMIO KOMMIIEKCHOM CUCTe-
Mbl MOHUTOPMHIG LOPOXHOro nonotHa. Hacroawas paborta nocssweHa paspaboTke
METOLOB M QNIFOPUTMOB PELLEHUA 3ALAYM AMATHOCTUKM CTPYKTYPbl JOPOMM C MOMOLLBIO
reopaaMoNOKAUMOHHOTO 30HAMPOBAHUA. [lns nposeseHus pacyeTos HA Haubonee Bbi-
YUCTIUTENBHO TPYAOEMKMX STAMNAX MCMOML3YIOTCA PEKOHMUIYPUPYEMBIE BbIYUCTTUTENbHBIE
cuctemsl (PBC) Ha 6ase MITNC.

leopaanonokauus (B anrnosseiyHon nutepatype «Ground Penetfrating Radar»
wnn GPR) asnsetca ogHum u3 Hambonee Monombix M BLHICTPO PA3BMBAIOLLMXCA METOLOB
HEPA3PYLLAIOLLErO KOHTPONS, CNOCOBHbIX Hanbonee NonHo oTobpasnTs KAPTUHY [OPO-
. GPR aBnaTca 6ECKOHTAKTHBIM BBICOKOYACTOTHBIM SMIEKTPOMArHUTHBIM METOIOM, O6na-
ACIOLLMM PSLOM NMPEeUMyLLECTB nepes apyrimu metonamu. OCHOBHBIMM NMPEUMYLLECTBA-
MM 9BRAIOTCA BLICTPOTA MOYYeHUs LOCTOBEPHOM KAYECTBEHHOM MHAOOPMALMM, BEICOKOE
paspeLleHne, NOBCEMECTHOCTb MPUMEHEHMS, SKOMOTMYecKas Ge3onacHOCTb.

GPR ocHOBOHG HA MCMOMb30BAHUM KITACCUYECKMX PUIUYECKMX MPUHLMMOB PALMO-
NIOKAUMM: HO CBOMCTBE PAAMOBOSIH OTPAXATLCA OT MPAHUL PA3AENA CPES C PA3MMYHbIMMI
nmanektTpuyeckumn ceorcteamu. [1pu GPR obcnenosaHmnmn nopoxHOro NonoTHa aHTeH-
HbI BNOK reopaaApPa NEPEMELLIAETCA BAOMb AOPOMM, M3Y4as M NPUHMMAR OTPOKEHHbBIE
curnansl (puc.1). Habop cMeHHbIX QHTEHHbBIX MOayNel 06ecnednBaeT BO3MOXHOCTb 30H-
IMpOBaHUA B Bonbwiom amanasoHe uyactot (16 — 2000 Mlu). MNMosbiwenne vacToThl
30HAMPOBAHMS MPUBOAMT K YYYLLEHMIO PASPELIAIOWEN CMOCOBHOCTU, HO K yMeHbLUe-
HUIO |'J'|y6l/IHbI 30HOMPOBAHMUA. ﬂﬂﬂ MCNONb3YEeMbIX AQHTEHH C UEeHTPAJIbHbIMKM HACTOTAMMU
1,5 Ty, 900 Mly » 500 Ml'y makcumansHas rmyBuHA 30HAMPOBAHMA COCTABMAET [0
HECKONbKMX METPOB, MaKcumansHoe paspewerue o 10 cm.

MccnenoBanms o MCNONb30BAHMIO TE€OPAAAPOB AN AMATHOCTMKM LOPOXHOTO
NONOTHA BEMYTCA KAK B HALLEN CTPaHe, Tak u 3a pybexom (Geophysical Survey Systems,
Inc, CLLIA; Sensors & Software, Kanano; MALA GeoScience AB, LUseuns). Kak npa-
BUIIO, COXPOHEHHBIE PAAAPOrPAMMBI AAIOT NMLLL KAQYECTBEHHYIO KAPTMHY MIOXOro pas-
PELIEHNS COCTOAHMA LOPOMM, U TONMKO CMEUMANMCT, MPMUYEM MWb OYeHb NPMBAM3M-
TENbHO, MOXET MOHSATb CTPYKTYPY WMCCIEeLyeMOro LOPOXHOrO MokpbiTHs. B HacToswem
npoekTe PaAAPOrPAMMBI SBISIOTCS JWLLb MCXOAHbIMKM LAHHBIMKW AN AANbHEWLLENR MaTe-
MaTHMYEeCKOM O0BPABOTKM M UHTEPMPETALMM COBPAHHBIX JAHHBIX HA CYyNepPKOMMbIOTEPAX,
4TO MO3BOJSIUT OMEPATMBHO MOMYUYATh KOMMYECTBEHHYIO AMATHOCTUUECKYIO MHPOPMALMIO
¢ uzobpaxeHnem Boicokoro paspetuerns. O6bembl 06paBGATLIBAEMbIX JAHHBIX OFPOMHBI,
KpOME TOro, MpeacTasnaeT uHTepec obpabaTthiBaTh B peansHOMm BpemeHu (B on-line
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PEXMME) MHTEHCMBHbBIM MOTOK MOCTYNAIOWMX AGHHBIX. DTO HAKIOQALIBAET XECTKMe Tpe-
60BaHUA HO 3bPEKTUBHOCT UCMIONB3YEMbIX QNTOPUTMOB, MPOTPAMM U BBIYUCIUTENbHBIX
cncTem. B paccmatprBaemoit 3anaue peanu3aums BbIYUCIUTENBHO TPYAOEMKMX YACTeW
BbIMOSMIHEHA HAO PEKOHPUIYPUPYEMON BBIYUCIUTENBHON CUCTEME C MPUMEHEHUEM SI3bIKA
COLAMO.

Mo pesynsTatam 06pabOTKM CTABUTCA 30A04YA OOHAPYXKEHMA KOHCTPYKTUBHBIX CIOEB
LOPOXHON OAEXAbl M ONPEAENEHUs UX TONWMH, OBHAPYXEHWUE CKPBITbIX KPYMHBIX AOPOXHbIX
PA3PYLUEHUHA, MOTEHLUMAIBHO NPMBOJALLWMX K KPYMHBIM OBTOMOBUIHBIM QBAPUSIM.

5 ~ TR T

600 800 1000 1200 1400 1600 1800

Puc. 1.

reOpa,Ell/IOJ'IOKaLI,I/IFI N KOHTPOJIb KayeCTBa OPOXKHOIo NnoJIoTHa
Maremarnueckas NOCTaHOBKA U METOAbI pelleHHUs
B pamkax BONMHOBOM MOZEnu COOTHOLLEHME MEXOY MCKOMOM CIOWUCTOM CTPYKTY-
PO/ [OPOXHOrO MOMNOTHA W BXOAHBIMK AAHHBIMM (POAAPOTPAMMON) UMEET BMA ypABHE-
Hus Ppegronsma 1-ro poga:
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u(x,))=K-A(t,p) +IA (t-2,p ) k(x,2)dz, )

roe u(x,t) — paaaporpamma, A(t-¢) — PyHKUMA OTPAXEHMS OT rPAHUULI M f{t)— Npsmas BOAHA,
Dy P,— HenuHeiHble napameTpsl, a K — nnHeiHbli, k(x,z) — onuchiBaeT CTpyKTypy AOPOTy.
B obpaTHoi 3apaue aMArHOCTMKM AOPOXHbIX MOKPLITUI TpebyeTca HanT (yHK-
umio KoabduumeHTa oTpaxenua k(x,z) npu HenssecTHeIx NnapameTpax K.,p, p,.
Kak nokasanu pesynsTaThl 3KCNEPUMEHTOB, 3APEMCTPUPOBAHHBIE OTPAXEHHBIE LAHHbIE
HE MOTYT BbiTb ABHO MHTEPMPETUPOBAHBI KAK CTPYKTYPA AOPOXHOTO NOAOTHA (4TO BUMAHO
n3 puc.2). Mostomy Tpebyetcs pelats 06PATHYIO HEKOPPEKTHO MOCTABIEHHYIO 30404y
(1), ncnonbays perynapusupyowme anroputmel [1]. Takue daktopel, kak: 1) Gonblias
AMUTENBHOCTb M OMMAIMTYAC MPSAMOTO CUrHANQ; 2) aucnepcws umnynsca B cpege; 3)
CUNbHOE 3ATYXAHME MMMYMLCA MPU NMPOXOXAEHWUM B CPEAE M OTPUXEHUM OT rPAHUL —
NPUBOAAT K [OMNOSHUTENbHBIM CEPbE3HBIM NPOBNEMAM NPU PeLLIEHN 0BPATHON 304a4M.

Puc. 2.
MNepBurYHbIe 3aperncTprpoBaHble JaHHble
30HANPOBAHUA JOPOXKHOIO MOKPLITUAA

1
i

; x PaccroAnme Baons Aoporn
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L]
YCNOBHO MOXHO BbIAENUTL HECKOMBKO OCHOBHbIX 3Tanos 06pabotkn GPR gaHHbIx
[2]. Hanbonee ebiumcnutensHo Tpyaoemknmn (no 80—90% spemenn) ssnaioTca s1a-
Mbl BLIYUTAHUSA NMPAMOrO CUIHANA M OBPALLEHMS MHTErPANLHOTO YPABHEHMS, YTO CBA3Q-
HO C NepebopPOM MO HEMMHEMHBIM NMAPAMETPAM. DT STAMLI PEAIM3OBAHLI HO MHOTO-
NPOLUECCOPHOM BLIYUCIUTENBHON CUCTEME C pekoHdurypupyemoit apxutektypon (PBC)
B Buae otaenbHeix nporpamm Ha assike COLAMO [3]. COLAMO npeacraenset coboi
BbICOKOYpOBHEBLIM A3blk ans PBC, koTopbI faeT BO3MOXHOCTE MOKCMMAMBHO MPOCTO
OMUCHIBATL PA3NMYHBIE BMabI Napannenama B cxatom euae. PBC skiouwana B cebs aBa
6aszosbix moayns «Anskopy (no 16 TIMC Virtex-5).

Mpwn peanuzaunn nporpammsl Ha PBC 6eino nposegeHo rybokoe pacnapane-
fMBAHME, B TOM YMCre 30 CHET koHBelepusaumu. [1pu sTom ncnonbzosancs KOMEUHMPO-
BAHHbIN BAPMAHT: HECKOMbKO MOPLUMIA LAHHLIX 06PABATLIBAIOTCS NAPAINENLHO, NPUYEM
ANs KQXKAOM [efaeTcs Cpasy HecKosbko LWAaros no nepebopy napamerpa.
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JKcnepyMMeHTaNbHas 4acTb
Bbin paspaboTan MOBMIbHBINM KOMMNEKC MO 30HAMPOBAHMIO nopor (p1c.3) Ha 6ase
CEPUMHO BHIMYCKAEMbIX FEOPAAaPOB.

Puc. 3.
JKCnepuMeHTasbHbI MOOWIbHBIV KOMMNIEKC
[NA 30HANPOBaHNA Jopor

Ha puc. 4a, 5a M3obpaxeHrbl UCXOAHbIE AAHHBIE (PAAAPOrPAMMBI), MONYYEHHBIE
B XOA€ 30HAMPOBAHMS ABYX YYACTKOB AOPOXHOrO nonotHa anvHoi 50 M u 75 m Ha ya-
ctote 1,5 Mru, Ha puc. 46, 56 — pesynbTaThl BbAENEHUA TPAHMLLL. [10 ropusoHTanm
OTIOXEHB HOMEPA TPACC Baonb goporu. o Beptukanu — Homep otcyeta (8 rybuHy).
Ha puc. 4a, 5a sBuaeH MackupyroLwmin 3ddeKT NpamMon BOMHbI, BU3YQNbHO BIAENUTL CIIOM
He ynaetca. Ha Puc 46, 56 BbigeneHbl NpuMnoBepxHOCTHbIE Cou achansTta U 6eToHa,
BEPXHSS TOPM3OHTANLHAS MPAMAsS — MOBEPXHOCTb poporu. Ha puc.d popora He Ho-
BAS, KOTOPASi HEOAHOKPATHO PEMOHTUPOBANACH, MO3TOMY HAMAEHO HECKObKO COEB.
Ha pnc.5 — HoBas 3aropogHas nopora, CocToswas M3 OAHOrO Crosi ACHANbTA TOSMLUM-
Ho 12—15 cm. Bornee ceeTnble yuacTkut NMHKI COOTBETCTBYIOT TPAHULAM, BbIAENEHHbIM
C MEHbLUMM YPOBHEM BOCTOBEPHOCTU.

Puc. 4. Puc. 5.

Pe3ynbTaTbl nccnenoBaHmsA ctapoli (4a, 6) n HoBoi (5a, 6) fOpOr € MOMOLLbIO Pa3paboTaHHON TEXHONOTN
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3aknioueHue

[na pMarHoCTMKM OOpPOr CO CNOMCTON CTPYKTYPOit Bbinu paspaboTaHbl METomb!
M QITOPUTMbI, OCHOBAHHbBIE HA NUHERHOM mopenu. [pepnaraembie meTons obecnedmsa-
ioT paspeterme 8—10 cm, TodHocTs ~2 cm 1 mybuHy okono 0,5—1 m. Mcnonssosanne
PBC Ha TpyBOeMKMx 3Tanax BbIYUCIEHUIA MO3BOMSET MOMYUYUTb BHIMIPLILL HA 3THUX 3TAMAX
ot 100 go 200 pas, nocturiyta npowmssoamtensHocts PBC no 90 [Pnonc, yto cocras-
nset okono 75% ot nukoso#.

1. Tikhonov A., Goncharsky A., Stepanov V., Yagola. A. Numerical methods for the solution of ill-
posed problems. Dordrecht /Boston/, London: Kluwer Academic Publ., 1995.

2. lonwapckud A.B. , OB8uurHukoB C.J1. , PomaroB C. 0. ObpaTtHble 3aaun BOJIHOBOM AUArHOCTUKM
LOPOXHOro nonotHa / / BelumcnutenbHble meTombl 1 nporpammuposanue. T.10, 2009. C. 275—280.
3. KoBasenko A.T., OB8uyurrukoB C.J1., PomaroB C. fO. PewieHne obpaTtHoOM 3aja4M LMAarHOCTUKM A0-
por Ha PEKOH(UIypPUPYEMOit BbIUMCIUTENIBHOU cUcTEMe C npuMeHeHueM si3bika COLAMO — Tpyapl
Bcepoccuiickoi CynepkomnbioTepHoi KoHdepeHunn «Hayunbiii cepsuc B cetn MHTEPHET: mac-
wrabupyemocTb, napannenbHocTb, ahdekTusHocTb. M.: Usg-so MIY. 2009. C. 217—223.





