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OLLEHKA EMKOCTHbIX CBOWCTB 3®®Y3UBHbIX
N KAPBOHATHbIX KONJIEKTOPOB*

MepeuncneHsbl nuTonornyeckme u CTPYKTYPHbLIE KOMMOHEHTLI MOPOA, OCMIOXHSIOLLNE
CTpoeHne athdy3nBHbIX 1 KapGoHATHBIX KOMekTopoB. Moka3daHb! NyTH vX y4yeTa no
martepuanam coBpemeHHbIX BuaoB 'MIC, onpefeneHus nUTonNornyeckoro cocrasa
nopof, obLien n KaBepHOBOW eMKOCTU KOMNeKTOpPoB. [aHbl pekoMeHaaLun MUHU-
MarnbHOM No 3aTpaTtam MofepHusaLmm obssartensHoro kommnnekca MC n TexHonornm
NHTEprpeTaummn NonyyYeHHbIX aHHbIX.

KntoueBoie cnoBa: nonumurepansHole nopodsl, KOAAEKMOPsI CAOHCHO20 CMPOEHUS,
komnaexc UC, obwas u kaBepHoBas nopucmocme.

Horopckue 3¢ dy3uBHBIE U KapOOHATHBIE OTIIOKEHHS ABIIAKOTCS OIIMKaM-
MM PE3EPBOM COXPAHEHHS BBICOKMX 0OBEMOB IOOBIYU YIIEBOIOPOIOB
(YB) na mecropoxaenusx 3anmannoit Cubupu. Kpome toro, Gonbiins-
CTBO He(pTera3om00bIBAIOIINX IPEANPUATHI 3ananaoi CubupU BIaLeIOT
JINIEH3UOHHBIMYM y4aCTKaMHU B IPYTHX PETHOHAaX CTPaHbBI, B KOTOPHIX
KapOOHaTHBIE KOJUIEKTOPEI COAEPIKaT 3HAYHTENbHbIE, a HHOTIA U Npeol-
JIAZIA0INKE [l KOHKPETHOT'O MECTOPOXKISHHS 3anacsl Y B.

ITycTOTHOCTE (€MKOCTH, IOPUCTOCTD) OTIOXEHUH 0GOUX THUITOB TIPE-
CTaBjJI€HA COYETAaHHEM MEX3EPHOBBIX IIOp, TPEIUH U KABEPH; pasMepsl
MOCIIEIHUX COCTABIISIOT OT HECKOJIBKHUX NECATHIX IO NECITKOB MUJUTHME-
TpoB. Bce BUABI yCTOT YaCTHYHO HJIH MOTHOCTHIO MOTYT GBITH 3aII0JIHE-
HBI IJIMHUCTBIMM MUHEpajlaMH, KaJbIIUTOM, aHTHIPUTOM, OUTyMOM, a B
TIOICOJIEBEIX OTIIOKEHHUAX — FAJIMTOM. BToOpHdHbIe MUHEpAJIBI HE BXOIT B
ckener mopof. Mcknroyenne cocTapisioT aHTHAPHUT, TEPMOIUHAMUYE CKUE
YCJIOBHS OCaAKOHAKOIUIEHH S KOTOPOTO OJIM3KH K TAKOBBIM JJISI IIEPBUIHBIX
JIOJIOMHUTOB, ¥ JOJOMHUTH3ALM IIEPBUYHBIX H3BECTHIKOB, 00y CIOBIICHHAS
BO3AEHCTBHEM (QUIBTPYIONIMXCS BOJ. B M3BECTHAKOBEIX M JOTOMHUTOBBIX
Tonmax u B 3Qdy3UBHBIX OPOJAX YACTO HAGIIONAETCS TOJHOE 3aIeUH-
BaHME TPEIIUH BTOPUYHBIM KaJIBIIUTOM.

* [onHbIf TEKCT HOKNAAT, MPOYUTAHHOIO HO HAYYHO-NPAKTUYECKOM KoHbepeHLmn “Mpobnems!
3¢ dekTUBHOCTM reodpu3nyeckux MCCneaoBaHmuii npy paseeake M paspaboTke MecTopoxne-
Huit HedTH M rasa 3anagHoit Cubupn”,coctoseeiics B r. Tiomern 23—25 Hosbps 2010 r.
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CrnoxHas CIpyKTypa €MKOCTHOIO MPOCTPAHCTBA U JINTOJIOTHYECKOTO
COCTaBa MOPOJ HAKJIaJbIBAET JOMOJIHUTEIbHbEIE TPEOOBaHUS K KOMILIEKCY
reodusnyeckux uccienopanuii ckBaxxut (I'MC), TexHonoruu o6paboTKu
U T€0JIOTMYECKOH MHTEPIIPETAllNH IOIYUSHHBIX JaHHBIX.

IlepBoodepenHpIM TpeOOBaHUEM SIBISIETCS MOJCPHHU3AIMS KOMILIEKCA
I'MC mouckoBBIX M Pa3BENOYHBIX CKBAXUH, OypsIIUXCS B KapOOHATHBIX
1 3¢ ¢y3uBHBEIX nmoponax. JelcrByromuii kommieke ['UC, npexycmo-
TPEHHBIM yCTapeBIIed TEXHHYECKOH MHCTPYKIHEH U BOCIIPOU3BEIEHHBIN
pernaMeHTaMu OOJIBIIMHCTBA HEe(PTErazomoOBIBAIOMINX TIPEATPUATHH,
MpeayCMaTpUBAET BBIIIOJHEHNE B TAKUX CKBaXKMHaX akyctuueckoro (AK),
mnotHoctHOro (I'TK-IT) u mefitponnoro (HK) xaporakeii. I3MepeHHbIE
3HQYEHMs MHTEPBAIBHOTO BpeMeHHU (Af) MPOIOIHHON BOIHBI, IUIOTHOCTH
(o) u Bogoponoconepxkanus () HO3BONAIOT HAXOAUTH NPeOOIIaTarOIIHI
COCTaB U EMKOCTB (001110 TIOPHCTOCTS K, ) KapOOHATHBIX IIOPOJT PEICHHEM
CTaBIIEH cTaHAAPTHON CHUCTEMHI ypaBHEeHHH [1, 2]:

At = AtPIE}B‘ VH3B + At}IOJI. V,ZIOJ'I + Atl"J'I. Vl"ﬂ + At)l('kﬂ’
0.~ c)-I/IZ?.B' VI/ISB + G,HOJ'I‘ VZ[OJ'I + cYI‘J'I. VF.H + G)K. kH’
= (DI/BB' VH3B + (DILOII.VI[OH = (DI‘H‘VI‘J'I + (D)K.kl’l’

1:VH3B+V +Vrn+kr{’

Ion

e Ay, At At U T. 0. — 3Ha9€HUS TeOPU3NIECKUX BETHUYHMH B H3-
BECTHAKAX, NOJTOMHUTAX U IIHHAX COOTBETCTBEHHO; V.., V) ., Vi, — oT-
HOCHTEINIbHBIE OOBEMBI 3THX KOMIIOHEHTOB.

JaHHasa cucTeMa ypaBHEHUI HE IO3BOJISIET HAXOAWTH OOBEMBI BCEX
BO3MOXHEIX BTOPHYHBIX MHHEPAIOB, HAXOISIIUXCSI B IOPOBOM IIPO-
CTPaHCTBE, IIOCKONBKY UX 00IlIee KOJIHMIEeCTBO, BKIIOYAs KUIAKOCTh B IIO-
pax, CyLIeCTBEHHO NPEBHINIAeT KOJIMYECTBO YPABHEHUIH. 3aMeHa OJHOTO
KOMIIOHEHTa APYIUM TaKKe He CIOCOOCTBYeT pemleHHIo 3amaun. [Ipu
TaKoy 3aMEHE HE YYHUTHIBASTCS BIMSHUE KOMIIOHEHTOB, HE YIIOMSHYTBIX
B U3MEHEHHOM CHCTEME YpaBHEHHH, XOTS caM MEPEUYCHb KOMIIOHEHTOB
CTaHOBHUTCS HECKOJIBKO MHBIM.

C npyroii cTOpOHBI, CHCTEMa YpaBHEHUN OTKPBITA ISl HOBBIX MCTOYHH-
koB uH(popmaiu. Hanbosee JocTyHbIe U3 HUX — HHTEPBAIbHOE BpEMsI
At pactipocTpaHeHHUs NMOIEPEYHOH BOIHEI, MOKaszaTenb P, Gporosddexra
U OTHOCUTEILHOE COJEpKAaHHE B MOPOJAX ypaHa, Topus u Kaus. Ilo-
JIyYeHHE NEePEYUCIECHHBIX MapaMeTPOB JTOCTHIAETCs MPOCTOH 3aMeHOM
ckBaxuHHBIX Ipu60poB AK, I'TK-IT u 'K ux HOBEIMU MOAMGbUKAIIUSIMH:
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npubopamu MEHOTOIacTOTHOTO AK ¢ MOHOTIOJIBHBIMY U JUIIOJIBHBIMH IIp€-
oGpazoBarensimi, turomiorHocTHoro (I'TK-JIIT) u cnextpanshoro (CT'K)
raMmmMa-KapoTaxen.

HanoMHUM 3HAYMMOCTH ISl TEOJIOTHUECKONH MHTEpIpETaluu J0II0-
HUTEIBHOM HMHGPOPMAITHH, MIPEIOCTABISIEMOY HOBEIMH MOIU(MDHUKAIMAMUI
CKBaXXUHHBIX NpubopoB. MHoroyactoTHeIH AK mo3BOIAeT U3MEPUTH
3HAUYEHUs MHTEPBAJIBHBEIX BpEMEH A7, NOIEPEYHOM BOJHBI MHTETPAIIb-
HO M B JIByX B3aMMHO INEPICHIMKYIIPHBIX HalpaBleHuAX Afo ., Al
(kpoccaumons). Hecopnazenue Mexay coOoOl 3THX 3HAaYEHHH CBHIE-
TEIbCTBYET 00 aHU30TPOIUHN HOPO, OOYCIOBICHHOM B MEPBYIO OYEPEIb
SIBHO BBIPQYKEHHOM HAIIPaBICHHOCTHIO TPEUIUH. TPEeIMHOBATOCTh IOPOL
MTOATBEPIKAACTCST IByMsI IPYTUMH apaMeTpaMH, KOTOPhIE B HACTOAIIEE
BpEMsI HHTEPIPETUPYIOTCS HAa KAU€CTBEHHOM YPOBHE, — 3TO YMEHBLIECHHE
aMILIATYA A, IONEPEYHOM BOIHBI IPOTUB TPEIMHOBATHIX MHTEPBAIOB U
yBEIHUYEHNE HHTEPBAIBLHOIO BpeMeHH Afg, B 3P OEKTUBHOTO 3aTyXaHUs O,
BOJTHBI CTOYHJIH B IIPOHUIIAEMBIX, B TOM UHCII€ TPEUIMHOBATHIX MTOPOJAX.
CyMMapHO TepeducleHHBIe MapaMeTphbl IPel0CTaBIAI0T COBEPUIEHHO
HoByto misi [MUC uHpOpManuio 0 HaAIUIUM B paspes3e CKBAXKHMHBI IIPO-
HHUIIAEMBIX, B YaCTHOCTH TPEIIMHOBATHIX mopox (puc. 1).

Pacmmpenne KOMITJIEKCA MCITONB3YEMBIX OaHHBIX (A7, G, ) 3a CUeT
HMHTEPBAIBHOTO BPEMEHU Af, MONEPEYHON BOJIHBI MIO3BOJISIET PACIIMPHUTD
MepeyYeHb OIpPeACIICMbIX KOMIOHEHTOB N0 IISITU: JOJIOMHUT, aHTHJIPHT,
rajiuT, DHa (TUAPOCIona), GIIouI B IMopax.

Henw3s npenebperars emie onuoil ocobennoctrio AK, mpucymei
BCEM THUMaM NPUOOPOB, — HU3KOW YYBCTBUTEIHLHOCTBHIO Atp u Af; K Ka-
BEpHOBOH eMKocTH. Takue Opobl XapaKkTepu3yroTes N0 A7, 3HAYCHUAMH
k, ,» ONMU3KUMM K IpaHyIsApHOH (MEX3E€pPHOBOW) MOPUCTOCTH. PasHOCTH
MEX/Iy TOJTHONW eMKOCThI0, KoTopyto Haxonart o aaHHeM [TK-II u HK,
" mopucTocThio 1o AK cocraBiseT MHHUMAJIBbHOE 3HAYEHUE €MKOCTH
KaBepH. MHUHUMAaJILHOE T10 TOH MPUYHHE, YTO KaKasi-TO YaCTh KABEPHOBOMI
COCTAaBIAIOIIECH M3MEHSET IOKa3aHUs Atp u Af,. BO3MOXHO BCIEICTBHUE
9TOH NPUYMHBI 3HAYEHUs k,, PACCUMTAHHBIC IO JaHHBIM TPEX METONOB
(AK, I'TK-II, HK), Bcerna MeHbIIe TeX, ISl ONIPEeIeHHs] KOTOPBIX IIPH-
BireueHsl MaTepuaisl A8yx Meronos (I'TK-I1, HK).

W3 npyrux peKOMEHAYeMBIX 3aMEH B CKBaXHHE (PHC. 1) BEHINOIHEH
crekrpanpabiii I'K. Eciiu He BoaBaThCs B IpyTHE €ro NOCTOMHCTBA, KO-
TOpBIE M3JIaraloT pa3paboTyuku Mpudopa, TO B CTOIb CIOXKHOM paspese
MeToJ1 oOecrieyrnBaeT pasfelieHne OMTYMUHO3HBIX U INIMHUCTHIX IIOPOJ,.
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BUTYMUHO3HBIE TOPOJIBI XapaKTePU3YIOTCS HEIIPOIOPIUOHAIBHO YBEIIHU-
yeHHBIM comxeprkanueM ypaHa (U) mo cpaBHEHUIO ¢ OBYMs APYTMMH CO-
CTaBIISIOIUMH J, — TOpHEM (Th) u kamuem (K). B 3armuHuU3MpOBaHHEIX
Ioponax npeo6nazxanT JIBE TOCIIENHUE COCTaBisgronue. B orcyrcTBue
IIC Takoe pazneneHHe BCETa CBOCBPEMEHHO.

JlocTOMHCTBO P, 3aK/IIOYa€TCs B TOM, YTO MAKCUMAJIbHBIE 3HAYCHUS
3TOrO napameTrpa HaONIONAIOTCA B IIOPOJaX, KOTOPHIE XapaKTEPHU3YIOTCs
ONM3KUMM M HU3KMMH 3Ha4eHUAMHU Af, At , G, 0. OBEIYHO 3TO KapOoHar-
HbIE IOPOJBI C BKIIIOYCHUSIMHU XeMOI‘eHHLIX pasHocteii. B nponyKTHBHBIX
paspesax Bocrounoit CHOUpPH, CIIOKEHHBIX NEPBUYHBIMHM JOIOMHUTAMH,
napamerp P, o0lerdaer BU3yaJdbHOE BBLIECJECHHE HA JIAarpaMMmax aHIrd-
JPUTH3UPOBAaHHBIX U 3aCONIOHEHHBIX MHTepBanos: P, = 3,14 y. e. B 10-
noMuTax. B uncTeIx anruapure u ranute P, paseH 5,05 u 4,65 (puc. 5).

B 2ddy3uBHBIX pa3pe3ax KOMIIOHEHTaMH MaTpPHUIBI IOPOIBI CIyXKaT
OCHOBHBIE TIOPO000Pa3yoIIe MUHEPAJB! (PHOIUT, TPAXUT, JALUT, pas-
JIMYHBIE THIIBI JIaB), YTO HE MEHSET CyTH onpezeneHuil. [{ns BeiaeneHus
KOJJIEKTOPOB U onpe,ueneﬂnﬂ HX EMKOCTH HCITOJIB3YIOTCS KOJIMYECTBEHHBIC
kputepuu (k ., U T. 1.) ¥ BCE T€ )K€ KaueCTBEHHBIE NIPU3HAKHU (4,
Atg,, Og,) (puc. 2). 3pHa qeHus 3O EeKTHBHOM NOPUCTOCTH k , ¢ 11O IaHHBIM
snepHo-MarauTHoOro kaporaxa (JIMK) u nonyguennsie no3>1<e pe3yapTaThl
aHaJM30B KePHA MOATBEPKIAIOT TOCTOBEPHOCTH BHIIIOTHEHHBIX OIIEPALIMH.

B xommexkc 'MC skcIutyaTallMOHHBIX CKBaXXHH HEOOXOIMMO BKIIO-
yeHne MHOro4acToTHoro AK ¢ MOHOIIONBHBIMY U JTUIIONBHBIMH U3MEPH-
TEIbHBIMU 30HAaMH. BO3MOXHOCTH METOHNA NS BBIAEICHHUS M OLICHKH
CJI0HOIIOCTPOEHHBIX KOJUIEKTOPOB B IOJMMHUHEPAIBHBIX pa3pe3ax
nokasansl Beiie (puc. 1). Ho 6e3 ero maHHBIX HEBO3MOXHO OOONTHCH
Jla)ke B OTHOCHTEIBHO MPOCTHIX KApOOHATHBIX pa3pesax, CI0KEHHBIX
MEPBUYHBIMU U3BECTHSIKaMH. Takue pa3pe3bl NOABEPKEHB HHTEHCHBHOM
JTIOJIOMUTH3AIIMH C OTHOBPEMEHHBIM 00pa30BaHNEM KaBEPHOBOH €MKOCTH.
ITosToMy 1Tt OTIpENeIeHUs UX MOPUCTOCTH IPUMEHEHNE JaHHBIX OJHOIO
HEUTPOHHOTO KapOTaXa, 9TO 3aKPEIICHO HOPMaTUBHBIMU JOKYMEHTAMH,
YBEIHYUBAeT IIOTPELIHOCTh €AUHHYHOrO pacdera k, 10 (-5+6) % (abc.)
IPU CMEHE JTUTOJIOTHIECKOTO COCTaBa IOPOJ C U3BECTHAKA HA JOJOMHT.
IIpu OTCYTCTBHH Ka4eCTBEHHBIX MPU3HAKOB KOJUIEKTOPOB TOJIOMUTHU3HUPO-
BaHHBIE PA3HOCTHU OYyT OTHECEHHI K IJIOTHBIM II0POJaM-HEKOIEKTOpaM.
Pemenue toii xe 3agaun no nanabiM HK u AK ymeHnbIaeT norpemsocTs
eIVHUYHOTO OnpeneneHus k, 10 mpuemieMoro 3HaueHus £2,5% (abc.).
OIHOBPEMEHHO MOSBIISIIOTCS Kau€CTBEHHBIC NMPU3HAKU TPELIUHHBIX U
MOPOBO-TPEIIHUHHBIX KOJIJIEKTOPOB.
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BypeHue CKBaXKHH Ha MUHEPAIH30BaHHBIX PACTBOPAX C HU3KOH BOZAOOT-
nadeil B kapOOHATHEIX U 3¢ (Ppy3UBHBIX pa3pe3ax UMeeT CBOUM CIIEeICTBHEM
OTCYTCTBUE TPAJHIMOHHBIX Ka4€CTBEHHBIX MPU3HAKOB KOJIJIEKTOPOB:
TIMHUCTOU KOopku, anomanui [IC, mpupamieHuii conpoTUBIEHUI Ha pa3-
HornyOunusix 30H1aXx MK, BMK-BK, BK3. /I BeIIEIeHHUS KOJJIEKTOPOB
PE3KO BO3pacTaeT poyib KOJIMYECTBEHHOro Kpurepus. OH 3akiioyaercs B
COTIOCTABJICHUH BEIYUCIICHHBIX M0 AaHHBIM [ IC 3HaueHn k03hOUIIHEHTOB
k, oOmel NOPUCTOCTH C MMHUMAIbHBIM (TPaHHYHBEIM) 3HAYEHHEM kmp
MOPHUCTOCTH KOJUIEKTOPOB, YCTAHOBJIIEHHBIM I10 PE3yJabTaTaM UCIBITAaHUI
¥ aHAIH30B 00pa3noB KepHa. B mopomax ¢ M3BECTHEIM JIUTOJIOTHIECKIM
COCTaBOM 3HAa4YECHHE kn_rp mepeHocAT Takxe Ha mapameTpsl [ UC, yua-

CTBYIOLIME B ONPENEIECHUHN K, — Atp, At, 0, ®. Ecu k > kn.rp, TO TIOPOJTY
oTHOCAT K Komnekropam. Eciu &k, < kH_rp, €€ HeJb3s OTHECTH K ITOPOBBIM

KOJUIEKTOpaM, HO OHAa MOXET OBITh TPEIIMHOBATOHN (IpHU HAIWYUU Kade-
CTBEHHBIX MPU3HAKOB TPEIHH).

OTcyTcTBHE KaueCTBEHHBIX IPU3HAKOB KOJUIEKTOPOB OTHIONL HE PEJi-
Kui ciydail. Jlaxke B 9TOH CTaTbe U3 TPEX CKBAXKHH, 3a/1€HICTBOBaHHBIX B
KayecTBe WILIIOCTPAINi, OHH OTCYTCTBYIOT B JIBYyX, €CIIM HE IPUHUMATh
BO BHHUMAaHHE JaHHbIE 00CYyK1aeMbIX MeTOJI0B (puc. 1, 5). Eie Gosee Be-
YaTJISIOT MaTepraisl OHOM U3 CKBaXKUH, IpoOyperHoii B Lllanmckom HI'P
(puc. 3). KoadpumueHTh MOPUCTOCTH TPEITUHHBIX KOJUIEKTOpoB Mo ['MIC
¥ KePHY CYIIECTBEHHO MEHBIIIE K;; ., KAJECTBCHHbIC IPH3HAKH Ha KPHBBIX
I'C nomHOCTBIO OTCYTCTBYIOT, HO J€OUTHI HE(PTHU COCTABUIU JECATKHU
KyOHM9eCKHX METPOB B CyTKH. [Ipuypo4eHHOCTh MPUTOYHBIX HHTEPBAIOB
K JAHHBIM OTJIIOXKEHHUSM IOATBEPKIACHA IMPOMBICIOBO-TeO()H3NIECKUMU
ucciaenopaumsimu (ITTH).

BcenencrBue OTCYTCTBUS Kau€CTBEHHBIX IPU3HAKOB KOJUJIEKTOPOB H3-
MEHSIETCSI OYePEIHOCTh OIepAaIiii HHTEePIpPEeTallui IEePBUYHBIX TaHHBIX
I'C. BrieneHuIo KOJJIEKTOPOB IPEAIIECTBYET ONpeieJIeHHe ITyCTOTHOCTH
(OPHUCTOCTH) MOPOX C YYSTOM HX MOJIUMHHEPATBLHOTO COCTaBa C TEM,
gTOOBI MAKCUMAJIFHO HCIOJIB30BAaTh COUETAHUE 3HAUCHUM pacCUMTaHHOM
k, u u3BeCTHOH (XOTA OBl M3 NUTEPATyPHBIX UCTOYHUKOB) I'PAHUYHOM
kmrp TIOPHUCTOCTH.

ITepBoii onepanweit CTaHOBUTCS OIICHKA KaueCTBA IEPBUYHBIX JaHHBIX
AK, I'TK-II, HK u naxoxzaeHue (HO HEe MPOU3BOJIBHBINA BEIOOP!) TUTOIIO-
TUYECKUX KOMIIOHEHTOB, CJIATaIONINX ITOPOAY, C IIOMOIIBIO KPOCCIIOTHHTA
MEePBUYHBIX TaHHEIX (puc. 4). [yt 1oOpOoKadyeCTBEHHBIX JaHHBIX OCHOBHASI
Macca TOYeK, KOJIUYECTBO KOTOPHIX OIMPEHENSICTCS aroM HCCIIeIOBaHMMH
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Puc. 3. OTcyTcTBME TPaANLIMOHHBIX KAYECTBEHHBIX TPU3HAKOB KONNEKTOPOB NPOTHUB
TPELLUMHHBIX 3(DY3NBHBIX KONNEKTOPOB. CkBaXKMHa [aHMNOBCKOro MeCTOPOXKAEHUS

(Lanmckuin HIP)







