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IIpombiciioBas kiaaccupukanus TPEIMHOBATHIX KOJJIEKTOPOB
KPUCTAJIHYECKOT0 (pyHIaMEHTA

A.H. exun, B.A. Bacunves, A.C. Huxonaiiuenxo, A.B. Konomuiiyeg”

Cegepo-Kaskasckuii pedepanvubiii ynusepcumem, Cmagponois, Poccus

Pa3paboTka HeTSHBIX 1 TA30BBIX 3aJIEKeH B TPEIIMHOBATHIX KOJUIEKTOPAX COMPsDKEHa C OMpe/IeIeHHEIMI PHCKaMH,
00yCITOBIEHHBIMI 0COOCHHOCTSMH T€0JIOTHIECKOro cTpoeHns. Kimaccnukarms n naeHTHUKAINs TPEIIUH B KOJIEK-
TOpax SIBISIETCS TIEPBOCTETICHHON 3a1auell ¥ MO3BOISET OIEHUTH BIMSHNUE KaK TPEIINHHBIX CHCTEM, TaK M MaTPUIHBIX
OJIOKOB Ha TIOKA3aTeNN Pa3padOTKH MECTOPOKICHHH.

B crarse mpeacTaBiIeHB! Pe3yNbTaThl CTATUCTUYECKOTO M KadeCTBEHHOTO aHAIM3a BIMSHHS CHCTEM TPEIINH H
TPEIIMHHON HEOTHOPOTHOCTH C IETBI0 KIACCH(UKAIMN KOIIEKTOPOB B TPAHUTOHaX KPUCTAIINIECKOTO (DyHIaMeHTa
Ha nipuMepe MectopokaeHuii bensrii Turp (Bach Ho) u lpakon (Rong), pacmonokeHHBIX Ha F0)KHOM Ienbhe FOxHo-
Kuraiickoro mops (Beetram). [IpoMeiciioBast KiaccupUKaIis TPEIIMHOBATHIX KOJUIEKTOPOB OCHOBAaHA Ha PE3KOM pa3-
JIMYUH TIOKa3aTeliel 110 CKBaXKUHAM B TIPEZIeNIaX MECTOPOKICHNS, BCIEACTBHE POSIBIICHNS TPEIIHHHON HEOTHOPOIHOCTH.
Jlnst penieHus MOCTABIEHHBIX 33Jad B CTAaThe NMPOBEACHO MOCTPOCHME M aHAIn3 (OPMBI TPadHUKOB PaCTIPEAEICHHS
TapaMeTpoB PabOTHI CKBaXKUH (IIPOTYKTHBHOCTB, A€ONTHI, HAKOTUICHHBIE TTOKA3aTeIH 1 JIP. ), a Takke KpUBGIX JIopeHta.
o pe3ymbraTraM Mcclie[OBaHUH BCEe paccMaTpHUBaeMble 0OBEKTHI XapaKTepPU3YIOTCsl aCHMMETPUIHOI (OPMOIt KPUBBIX
pacmpeseneHus, 9T0 yKa3slBaeT Ha 3HAYUTETBHOE BIUSHNAE TPEIIHHOBATOCTH.

Io paccunTaHHBIM 3HAUSHUSIM KO UIHEHTA BIMSHHUSA TPEIIMH YCTAHOBIEHO, YTO TPEIIMHOBATHIE KOJIEKTOpa
(yHmaMeHnTa, B IepBOM MPUOIMIKEHUH, OTHOCSTCS KO 2 THITY, YTO HE COIIACYeTCsl C paHHUMH padoTamMu 1o QyHIa-
MEHTY, B KOTOPBIX HOPOABI KJIacCH(UINPOBAHEI 110 1 THITy KomIekTopa. Takoe mpoTuBopedne 0OBICHIETCS TeM, UTO
CHCTEMBI MUKPOTPEIIIH 1 OIOKOBast HU3KOMPOHHUIIAeMast 9acTh MPOSIBIIOT CBOMCTBA MAaTPHILBI, HO HE SBIIAIOTCSA €10 B
TIOJTHOM Mepe. B cTaTbe mpemokeHo 3Ty 9acTh KOJUIEKTOpa Ha3BaTh «IceBaoMarpumneii». [Ipu noMHHIpOBaHNH B pa3-
pe3e MaKpOTPEIIHH TOpHBIE TOPOAbI (hyHIaMEHTa HACHTH(GHUIUPYIOTCS TPEIINHOBATEIM KOJUICKTOPOM | THIa, HO TIpH
peo0IagaHuy B ITyCTOTHOM TPOCTPAHCTBE CHCTEM MUKPOTPEIIHH («IICEeBJOMATPHIIA») B OTACIBHBIX €T0 YaCTSIX MOTYT
TIPOSIBIISAITH CBOMCTBA KOJIIEKTOPOB TIO 2 THITY, GOPMHUPYS CMEMIAHHBIH THIT TPEIINHOBATHIX KOIIEKTOPOB.

KnioueBble cji0Ba: KpUCTAINIECKUH (QYHIAMEHT, TPAHUTONABI, TPEIHMHOBATHIE KOJUIEKTOPA, KITaCCH(PHUKAIIHS
TPEIIMHOBATHIX KOJUIEKTOPOB, KOA(D(MHUIINEHT BIUSHUS TPEIHH, KprBas Jloperna
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BBenenue

Pa3paboTrka HETAHBIX 1 FA30BbIX 3AJICXKEH B TPEIIIMHOBA-
TBIX KOJJIGKTOPAX COMPSIKCHA C OMPECTICHHBIMU PUCKAMH, 00-
YCIIOBJICHHBIMH 0COOCHHOCTSIMH T'€0JIOTHUCCKOTO CTPOCHHSL.
Tak, HanM4Ke TPEUIUH ABJSICTCS KPUTHICCKUM (HaKTOPOM, C
KOTOPBIM CBSI3aHbI TAKHE OCHOBHBIC MPOOJIEMBI pa3pabOTKU
TPEUIMHOBATHIX KOJUICKTOPOB, KaK BRICOKHE TEMITBI MTAICHUS
JOOBIYH, BBICOKHE PUCKK OOBOTHCHUS CKBAKUH 110 CHCTEMaM
TPEIINH, CII0)KHOCTB ONPEEIICHHUS pacipe/ielieHHs 3aracoB,
KOHTPOJIMPYEMbBIC PACIPEICICHUEM CUCTEM TPCIIUH U P.
[Ipu 3TOM BEpOSITHOCTh BOSHUKHOBEHHS PUCKOB MPH pa3pa-
0OTKE TaKMX MECTOPOXKACHHUI MOXKET HAOFOIaThCs Ha JTFOOBIX
CTaJMsIX MX OCBOCHHUs, BKJIIOUass OypeHHUE, 3aKaHUHMBAHUC
U JKCIUTyaTalMi0 CKBaXKHMH, a TAKXKE IUIAHBI 110 BHEIPCHUIO
METO/IOB yBeJIMUeHUs HeTeoTnauu. [10 MHCHHIO MHOTHX UC-
clIeIoBaTelIcH, MPH pa3padOoTKe TPEIMHOBATHIX KOJIEKTOPOB
OIPE/ICIICHUE THIA KOJUICKTOPA U BIUSHUE CUCTEM TPCIIMH
Ha MPOJYKTHUBHOCThH U MOKAa3aTelu pa3padOTKH SBISCTCS
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[IEPBOCTEIICHHON 3aJauell ele Ha dTale pa3BeIKU U IOJ-
cueTa 3aracos.

HexoTopble KOMIEKTOpBI ¢ €CTECTBEHHON TPEIIMHOBATO-
CTBIO MPOSBIIAIOT €O MPH MOSBICHUH aBapUIHBIX CUTyalUi
B HauaJse pa30ypuBaHUs MECTOPOXKICHUA. B npyrux cimyuasx
MOCJICACTBUA BIWAHUA TPCIIUH MOTYT 6I)ITI> OYCBUIHBIMH,
Korjia OTKJIOHECHHUEC MPOCKTHBIX MOKa3areJiel U3BJIeueHUs yriae-
BOIOPOZ0B 3BHAYUTECIILHO IPEBBICUT JOITY CTUMBIC ITPCACIIbI. Ha
IMPaKTHUKE MOJTYUYCHHBIC JJaHHBIC 110 HAJIUIUIO €CTECTBECHHOM
TPCIIUHOBATOCTU TOPHBIX IMTOPO MOT'YT 6BITI> HCOIAHO3HAYHbI-
MU, 9TO MPHUBOIUT K JOMOJHUTEIBHOMY PHCKY pa3paboTKu
TaKUX MECTOPOXKACHUMN.

TpelmunHoBaTbIE KOJUIEKTOPBI C €CTECTBEHHOM Tpelu-
HOBAaTOCTBIO XapaKTEPHU3YIOTCA CHUCTEMON MapaMeTpoB,
KOTOPBIE CIIOKHO CIPOEKTUPOBATh U MpeacKasaTh. [eonoro-
reo(pu3MYECKue U CEHCMUYECKUE METO/bI MUCCIIEA0BaAHUS
TPELMHOBATHIX KOJIJIEKTOPOB MO3BOJISIOT YACTHYHO CMOJIe-
JIMPOBATh Fe0JIOTMYECKOE CTPOCHHUE U pacIipeAeICHUE CUCTEM
TPEIIHH B 00beMe 3ajierkeit. JlabopaTopHbIe HCCIICTOBAHUS HA
KCPHE B TPCUIMHHBIX KOJUICKTOPAaX, HAIMPOTUB, IO NPUYUHC
HEMOJHOTO BBIHOCA KOJUIEKTOPOB, UMEHHO C TPEUMHHBIM
MYCTOTHBIM MPOCTPAHCTBOM, OLIEHUBAIOT TOJIBKO OJIOKO-
BYI0 HHU3KOIPOHMIIAEMYIO YacTh KOJUIEKTOPOB. TperiuHb



ITpomeicioBas KIaccu(UKaIHs TPEIHHOBATHIX KOJJIEKTOPOB. ..

MPaKTHYECKH BCerjaa OyayT OTIMYATHCS HEAO0CTATOYHBIM
YPOBHEM U3YYEHHOCTH.

B 9T0ii cBsI3M, aKTyaJbHBIM CTAHOBUTCSI IPUMEHCHHE
TaKUX METOJIOB, KOTOPBIE HApaBHE C TE0JIOT0-Te0(pHU3NIECKH-
MH METO/IaMH, JAI0T BO3MOKHOCTB OIPE/ICIUTh HE TOJIBKO
BIIMSTHUE KaK TPEIMHHBIX CHCTEM, TaK U MaTPUYHBIX OJIOKOB
Ha (UIBTPAIMOHHO-EMKOCTHBIE CBOMCTBA KOJUIEKTOpA, HO
U CTENEHb B3aUMOJICHCTBHS MEXKIY 3TUMH cucTeMamu. Jliist
pelLIeHus TaKuX 3a/1a4 pa3paboTaHbl pa3IMYHbIC TPOMBICIIO-
BbIC 1 CTAaTUCTHYECKUE METOJIb MACHTH(UKALNKI U KIIACCH-
(bMKaIMM TPEIIMH B KOJUIEKTOpax. JlaHHbIe METOIbI H3yYeHHS
TPEIIMHOBATHIX KOJUIEKTOPOB OCHOBAHbI HA PE3KOM Pa3Ininuu
ToKa3aresyiel o CKBaKMHAM Ha MECTOPOKICHHH, BCIIC/ICTBHE
HEOTHOPOTHOCTH (PHUIIBTPAIIMOHHO-EMKOCTHBIX CBOHCTB, 00-
YCIIOBJICHHBIX Paclpe/ieIeHUEM TPELIMHHBIX CHCTEM.

HccnenoBanue BIMSHUS TPEUIMHHBIX CUCTEM Ha JMHA-
MHKY JOOBIUM ¥ KO3()(OUIMEHT U3BICUEHHSI YIIIEBOIOPOIOB
LIeJIecO00pa3HO MPOBOANTH Ha MPUMEPE MECTOPOXKACHUH C
JUTUTEIBHON HcTopuei pa3paborku. M3ydenue ombita 0cBO-
SHHUSI MECTOPOXK/ICHUH YIJICBOJIOPO/IOB B TPEIIMHOBATHIX KOJI-
JIEKTOPax IMO3BOJINT c(POPMUPOBATH Oa3y «IyUIINX MPAKTHK»
JUTS TIOCJIE/TYFOIIETO MCIIOIb30BaHUs MX B KAUE€CTBE aHAJIOTOB
Ha OoJtee CJI0KHBIX 10 Te0JIOTMYECKOMY CTPOCHHUIO 00bEKTaXx.
OIHUM U3 TaKUX MECTOPOXKACHHI-aHAIOTOB, HAXOSIINMCS
Ha 3aKJIFOYNTETBHOH CTa/INK pa3paboTKH, II€ ITyCTOTHOE MPO-
CTPaHCTBO COPMHUPOBAHO PA3TUNIHBIMH CUCTEMaMH TPEIINH
TEKTOHNYECKOT'O ITPOUCXOKIACHHUSL, SIBIISICTCS KPYITHOE MECTO-
poxaenue benwiii TUrp B rpaHUTOMAAX JOKaHHO30HCKOrO
KPHCTAJUINYECKOTO (DyH/IaMEHTa.

C 1enbio KitacCU(pHKAIMN TPEIIMHOBATHIX KOJUIEKTOPOB B
IPaHUTOMIaX KPUCTAIIMYECKOro (pyHaaMeHTa B JaHHOH CTa-
ThE IPUBOAATCS PE3YIBTATHI CTATUCTHYECKUX M Ka9ECTBEHHBIX
METOJIOB aHaJIM3a BIIMSHUS CHCTEM TPEIIMH M TPELUIMHHON
HEOJJHOPOJHOCTH MPHUMEHUTEIILHO K MECTOPOXKACHUSIM belrbiit
Turp (Bach Ho) u [lpaxon (Rong). [lyist permenus nocrapieH-
HBIX 33/1a4 B CTaTh€ BHIIIOJIHEHO IOCTPOCHUE U aHAIU3 ()OPMBI
rpauKoB pacrpeesieHus] MapaMeTpoB padOThl CKBAKUH
(TPOIYKTHBHOCTb, 1€ONTHI, HAKOTUICHHBIE OKAa3aTeI I U JIp. ),
a TaKke KpuBbIX JlopeHna.

TpemuHoBaTbIe KOJJIEKTOPA (DYHAAMEHTA HA

MecTopoxaeHun beJsbtit Turp

Mecrtopoxnenune bensiit Turp (BT) npuypoueno k
Ksrynonrckomy Oacceliny (puc. 1), mpoTssHyBmIeMycs
BJIOJIb IOJKHOTO TT00epexbs BorerHama Ha menbde HOxHO-
Kuraiickoro Mopsi. 31ech OTKpBITa M BBE/IeHa B pa3paboTKy
IpyIIia aHAJIOTMYHBIX MecTopoxaeHuit (paxon, 3aps (Rang
Dong), Uepnstii JIe (Su Tu Den) u 11p.), HO ropazno MEHbIIHX
10 3amacam, 4eM MectopoxaeHue bT.

[Tpu oTCyTCTBHYM NPSIMBIX aHAJIOTOB ITOJOOHBIX 3aJIeXKeH B
MHPOBOM ITPAKTHKE 32 OCHOBY JIJISl HCCIIEIOBAHMS CTPYKTYPBI
ITyCTOTHOTO TIPOCTPAHCTBA U MPOCKTUPOBAHMS MTOKa3aTeNei
pa3paboTku pyHIaMeHTa Ha MecTopokaeHHN BT Obln B3STHI
TPEIIMHOBATHIC KOJIJIEKTOpa B KapOOHATHBIX MOpo/ax. B cBsi3n
C 9TUM, IPOEKTHPOBAHUE TAKOTO YHHKAJIBHOTO MECTOPOK/Ie-
Hust, kKak BT, mMpoBOIMIIOCE B HECKOJIBKO 3TAIOB, MOCKOIBKY
000CHOBaTh MakCUMaJIbHO 3(P(PEKTUBHYIO CHCTEMY €T0 pas-
pabOTKN Ha Ha4YaJbHOW CTAJMU MPAKTUYECKH HEBO3MOXKHO
(Topmrenes u np., 2008).

[To pe3ynbraram OypeHHS] CKBaXKMH TeOJIOTHUYECKas MO-
JIeTIb 3AJIeKHU B (PyHIaMEHTE, yUUTHIBAIOIIAs pacIpe/ie/ieHne
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Puc. 1. Cxema pacnonodicenuss 0cHogHwix mecmopodcoeruti 6 Koiy-
JIOH2CKOU 6NA0UHe

TPEIIHH, ¥ TPOSKTHBIE PEIICHUS 110 pa3paboTKe MECTOPOXK/Ie-
HUS TIOCTOSTHHO OOHOBIISIINCH U TTOJIBEPTANIUCH IEPECMOTPY.
KonnexTops! yrieBonopooB Ha MecTopokaeHuu bT oT-
HOCATCA K KPUCTAINIMYCCKUM MarMaTu4€CKUM mopojam, B
TIEPBYIO OYEPEAb, K TPAHUTONIAM U UX KOPAaM BbIBCTPUBAHUSA.
Ha dopmMupoBanue mycToTHOTO MPOCTPAaHCTBA TOPHBIX TTOPOJT
(byH,ZlaMeHTa OKas3aJii BIIMAHUC TCKTOHUYCCKUE U METaMOp-
(uueckye npolecchl ¢ 00pa3oBaHUEM U JIOKaIN3aUel pas-
JIMYHBIX CUCTEM TPCIIUH U UX TCOMECTPUICCKUX ITapaMETPOB.
Jlannabie QakTOphl U OOBICHSIOT, B KOHEYHOM HUTOTE, 3HAYU-
TEJNBbHYIO TPEIIMHHYIO HEOJHOPOIHOCTh MOPOA C HEPABHO-
MEpPHBIM pacIpe/ielIeHHeM 3amacoB B UX 00beMe U pe3Kue
pa3anyusd nmapaMeTpoB CKBAXKUH IO IMMPOU3BOAUTEIILHOCTH.

AHnanu3 pa3znuunbix uctouHukoB (Illycrep u mp., 2003;
ITocnenos, 2005; Yan, 2008; Tuab, Honanmacon, 2009; Hryen,
2013) mokasan, 4To, HECMOTPS Ha 3aBEPIIAIOINIYIO CTATUIO
pa3paboTKi MECTOPOXKICHMUS, HA JAHHBI MOMEHT OTCYTCTBY-
eT eIuHast TOUKa 3pEHHS O XapaKkTepe MyCTOTHOTO IMPOCTPaH-
CTBa (byHllaMeHTa, a Takxke 00 N3Y4YCHHU U BBIACJICHUN 30H
TPEUIMHOBAaTOCTH B MAacCHBE TOPHBIX Mopof. Tem He MeHee,
OOJBITMHCTBO aBTOPOB CXOAUTCSI BO MHEHHUH O ITPEBATHPYIO-
IIEM BJIUSAHUN CUCTEM TPEUIWH, ITO CPAaBHCHUIO C OCTaJIbHOM
0JI0KOBOI HU3KOIIPOHHUIIAEMON yacThio (MaTpuieif). Yacto
KoJuIekTop dyHnamenTa BT OTHOCAT K TpeUuMHHO-KaBEepHO-
BOMY (PEKO K TPEIIMHHO-IIOPOBO-KaBEPHOBOMY ) FITH ITPOCTO
K TPEUIMHOBATOMY (TPEIIMHHOMY) THITY.

B pesynbprare BO31€MCTBUS BTOPUUYHBIX IPOLIECCOB B
rpaHuTonaxX (pyHIAMEHTA Pa3BUTHI TPU THUIA MyCTOTHOCTU
(ITocmemnos, 2005; Yan, 2008; Hryen, 2013), onpexaensitonue
uX (UIBTPaMOHHO-eMKOCTHBIE cBoMcTBa (PEC):

1. TpeuHHAs — KOMJIEKTOPa UMEIOT XOPOIIO Pa3BUTHIC
CHUCTEMBI MUKPO- U MAKpPOTPEIIUH, KaK IIPpaBUJIO, 3TUM 30HaAM
cooTBeTCTBYIOT BhIcOkne DEC;

2. TpeumHHO-KaBEpHOBAsk — MYCTOTHOE MPOCTPAHCTBO
KOJIJICKTOPOB MPE/ICTABICHO PA3IMYHOIO pa3Mepa KaBepHaMH,
MUKPOTpPCIIUHAMHU, B TOW WJIM UHOM CTEIEHHU CBSI3aHHBIMH
MeXay co0oi u umeronumu nmonmwxkennsie EC;

3. briokoBas — XxapakTepu3yeTcsl IePBUYHBIMU MEKKpPHU-
CTAJINIMYCCKUMU U OTACIIbHBIMHU MUKPOTPEIIUHAMU U ITyCTO-
TaMHU, IPOHUIIAEMOCTD B OoKkax MPaKTUICCKHU OTCYTCTBYCT.

ITo pe3ynpraTam 1a00paTOPHBIX HCCIETOBAHUIN KepHa
(Yan, 2008) ra3ompoHUIIAEMOCTh OTAEIBHBIX 00pa3IoB
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TPEIIMHOBATBIX TPAHUTOB MOXKET JIOCTUTaTh equHuIl [lapeu,
yMEHbLIAsICh 110 O110K0BO# yacTh 70 1 M/]. Cpennee 3HaueHne
KO3 pHIIMEHTa TPOHUIIAEMOCTH JUTsl (DyH/IaMEHTa BapbUpy-
etcs B npeaenax ot 0,2 no 226 m/1. Vccaenosanue aneprypsl
TPEIINH 1T0Ka3aJ10, 4To 0KoJ1o 80 % M3 HUX XapaKTepH3yIOTCs
HU3KUMHU 3HaueHHsIMH (< 0,1 cM) M OTHOCSTCS K CHCTEMaM
MHUKpPOTPEILINH, OCTAJIbHBIE TPEUIMHBI UMEIOT arepTypy /0
1 cm u Gosnee. [To naHHBIM neTporpaduyeckux MCCienoBa-
HUH OCHOBHOH 00BbEM TOpHBIX MOPOA (PyHAaMEHTa MECTO-
poxnenus BT mpeacraBieH TpeIMHOBATHIMU TPaHUTAMH,
rpaHoIMOpUTHI BeJeneHbl Ha CeBepHoM Onoke. C mryOnHOM
Ha (ynnamente HaOmonaercs TeHaeHus camxenns OEC.
Crenyer OTMETHTh, YTO KEPHOBBIC UCCIICJJOBAHUS XapaKTe-
PH3YIOT, B OCHOBHOM, IIJIOTHYIO ¥ HU3KOIIPOHHUIIAEMYTO YacTh
ropozt GyH/IaMEHTa, MaKPOTPEIMHBI Ha KEPHOBBIX 00pa3Iax
MIPAKTHYECKH OTCYTCTBYIOT.
CucTeMbl Makpo- U MHUKPOTPEIINH 00pasyioT €AHHYIO
THPOAMHAMUYECKYIO CHCTEMY MO0 OCHOBHOM YacTH 3aJICKU
¢ynnamenta (LleHTpanbHelii 0J0K), HECMOTPS Ha TO, 4TO
MacCUB TOPHBIX NMOPOJ] Pa30HUT pPa3pbIBHBIMU HapyHICHUSIMHU
Ha Onoku. B HEKOTOpBIX "acTix (yHAaMeHTa BCTPEYArOTCS
M30JMPOBaHHBIC OJIOKHM MEHBILIETO TTOPSAKA.
B pab6ore (Tumypsues, 2010) aBTOpoM cUCTeMaTH3U-
pOBaHBI ¥ 0000IIEHBI TE0I0ro-reo(pU3NUECKUe JaHHBIE TI0
¢dynnamenty Mecropoxaenust bT. Jlns ananmza cTpyKTypsl
ITyCTOTHOTO IPOCTPAHCTBA B 3TOW pabOTe BBOIUTCS OHITHE
TPEMIMHHBIX CHCTEM, 1101 KOTOPBIMH ITOHUMAETCS BCSI COBO-
KyITHOCTh Pa3HOPAHTOBBIX HAPYIICHUI CIIOMIHOCTH MOPOJ
(OT MHKpOTpEIIHH JI0 pa3yioMoB). Bce MHOrooOpasue TpenyH-
HBIX CHCTEM B TOPHBIX ITOPOJIax (hyHJAMEHTA pa3/essieTCst Ha:
* HENPOHHUIAEMbIC CUCTEMBI TPEIIMH, OKa3aBIIMXCS
M30JIMPOBAHHBIMH U 3aJICYCHHBIMH Ha OTIPECICHHBIX
JTanax BTOPHYHBIX MPeo0pa3oBaHMii;

* TIPOHUIIAEMbIC CUCTEMBI TPEIUIUH, UIPAIOIINE OCHOB-
HYIO POJIb B Tporieccax (rIbTPaIyy.

Ha ocHoBe ucciiejoBaHuil ycllOBUH TeHEpalyuu Tpe-
IIMHHBIX CUCTEMBI BbIJENEeHO Tpu rpynnsl (Tumypsues,
2010): oxnax/eHHbIE UM NEPBUYHbIE TPEUIUHBI;, TPELIHHBI,
CBSI3aHHBIE C TEKTOHWYECKHMU Ae(OopManusiMu; TPEITHHEI
pacciioeHus U BhIBETpUBaHUs. [IpOMBICTIOBBIN HHTEpEC IS
n3ydeHust jJokanu3annu tpemuH u ux @EC npencrasisior
TPEUIMHBI, CBSI3aHHBIC C TEKTOHHMYECKHUMHU Je(pOopMausiMu
WINM NPUPa3IOMHBIMH 30HaMM pa3pymeHuid. Kak cunraer
aBrop padotsl (Tumypsues, 2010), TpemMHBI BCEX CUCTEM,
chopMupoBaHHBIE 0 MHUTpaluu HeYTH B (QyHIAMEHT, 3a-
JIe4eHbl BTOPUYHBIMA MUHEPAJIbHBIMH HOBOOOPa30BaHHSIMHU
1 HENPOHUIIAEMBI, MOJIOJIbIE T€HEPAIMU TPEILIMH, HAlPOTHUB,
coxpanuiu xopomue ®EC. BepostHo, pa3ioMbl U CHCTEMBI
MaKpOTpEInH, oOecneynBas MUTPALUI0 HEPTH, OJHOBpE-
MEHHO SIBJISUITUCH OCHOBHBIMH KaHAJIAMH THAPOTEPMAILHON
JIeSITEIILHOCTH, YeM MOYKHO OOBSICHUTD BHICOKYIO MUHEPAJIH-
3amust TakKX 30H. TakuM 00pazoM, B pe3ynbTaTe MposiBICHUS
MarMaTH4eCcKUX W MeTaMOp(pHUUECKHX IMPOILECCOB HE BCE
CHCTEMBI TPEIIWH SIBJISIOTCS TPOHUIIAEMBIMH.

[To pe3ynbraram U3y4eHHss MUHEPAJIBHOTO COCTaBa Mare-
pHaia 3anoHeHUs TPELUH NpoBeieHa ux Thnu3anus (Yaw,
2008):

* MaTepHajbl MarMaTHYECKOTO TPOUCXOXK/ICHUS;

* MMHEpaJbl THAPOTEPMAIBHOTO TPOUCXOXKACHHS, TIPE-

CTaBJICHHBIC [COTUTAMH, KaJbIIUTAMU, KAOJHHUTAMH
u zp.;
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* TEpPPUTCHHBIN MaTepra BTOPUYHOTO IPOUCXOMKICHHS
(aneBpUTOBBIC U NEIUTOBBIE (HPAKIIUH).

AKTHBHOE ITPOSIBJICHUE TPOIIECCOB IIEOIUTH3AINH TIOPOJ
¢ 00pa30BaHUEM «3aJIEYCHHBIX TPEHINHY IIPUBENO K (hOPMHU-
poBaHHIO B (DyHIAMEHTE THAPOJIUHAMHYECKH HECBS3aHHBIX
30H. Yare Bcero, Takue CUCTEMbI TPEIIMH BCTPEUAIOTCSl Ha
CesepnoM O11oke mecTopokaeHus BT, uTo u siBnsiercst pesyib-
TaTOM HU3KHX 3HAYEHUH MPOTYKTUBHOCTH U HAKOIIIIGHHOH J10-
ObIUM 10 CKBOYKMHAM, 10 CPaBHEHHIO C L{eHTpabHBIM OJIOKOM.

Camolii TpocToil MOAETBIO, XapaKTEPU3YIOIIEH CTPOCHHE
ITyCTOTHOTO TIPOCTPAHCTBA TOPHBIX MOPOA (PyHAaMEHTa, SIB-
JSIETCSI MOJIENb IBOMHOM MyCTOTHOCTH, pa3paboTaHHas IS
KapOOHATHBIX TPEIIMHOBATHIX KOJUIEKTOPOB. B ycnoxueHHOM
BHUJIE TETPO(HU3NIECKYIO0 MOJIEINb KOJIEKTOpa B (pyHIaMeHTe
(ITocmenos, 2005; Tuao, Jonamncon, 2009) MoxxHO mpencTa-
BUTD, KaK IUIOTHYIO, IPAKTUYECKH HETIPOHMIAEMYIO MaTPHILY,
paszaeneHHyIo Ha OJIOKM MakpOTpEIIMHAMH M KaBEpHAMH.
[epudepuiinbie 30HBI OIIOKOB, OKAWMIISIOIINE MAKPOTPEIIH-
HBI, CIIO)KEHBI YYaCTKaMH 1opof ¢ MukporpenHamu. ®EC
B TaKkoW MOJICNIM TPAaHUTOUIOB (DYHJAAMEHTa ONPEICISIFOTCS
TEOMETPUUECKUMH MTapaMeTPaMH M XapaKTePOM 3aIl0JIHEHUS
MHKPO- ¥ MaKpOTPEIINH.

C Hauaia OTKpHITUS 3aJIe)KH B (PyHIaMEHTE B pas3HbIC
TIEPUO/IbI BPEMEHU aBTOPAaMHU TPeJUIaraiuch pa3inuHbIe MO-
JIeIIH CTPOCHUS KPHCTAINIMYECKUX MAacCUBOB (DyH/IaMEHTa U
uHeomHopoaHoctd EC, 0630p KOTOPEIX paCCMOTPEH B paboTe
(Ilycrep n ap., 2003). Tak, ObUIM PEKOMEHIOBAHBI MOJIEIIH
TTaCTOBO-)KMIIBHOTO, TPEPHIBHCTO-CIOMCTOTO U JIUCKPETHO-
TUTACTOBOTO CTPOEHHSI KPUCTAJUIMYECKOTO MacCHBa I'DaHH-
ToB. B cBoto ouepensp, Lllycrep u np. (Ulycrep u ap., 2003)
MIPETIOKIIIN HEPAaBHOMEPHO-STYEUCTYIO0 MOJICIb, B KOTOPOH
TOYEPKUBACTCSI IpOOHOE CTPOESHHE MAaCCHBa TOPHBIX OPOJ]
C HEPaBHOMEPHBIM pacIpe/ie]IeHHEM 30H TPEIINHOBATOCTH
1 C1abONPOHUIIAEMBIX MTOPOJ, MO CPABHEHHIO, C PAHHUMHU
nipencraBiaeHusiMu. Ha pucynke 2 nokasana paccMarpuBaeMast
MOJIETIb CTPOCHHMS 3aJekH (pyHIaMEHTa C BBIJCICHUEM I10
re0JIOro-reo(M3NIecKuM JaHHBIM (PEe3yJIbTaThl IPOMBICIIO-
BO-T€O(HU3NUECKUX U THIPOJUHAMUYCCKUX HCCIICTOBAHUN
CKB@KHMH) B Ka)XKJIOH CKBa)KMHE 30H (SIYEEK) C TPEMsI THITaMH
TIOPOJI: XOPOIIKME M CPEIHUE KOJUIEKTOPBI M HEKOJICKTOPHI.
Hcnonp3oBanne TakoH MOJETH MO3BOJIMIIO aBTOpaM IOJ-
TBEP/NTD, YTO paclpeiesieHue 30H (C pa3MepaMy JI0 COTEH
METPOB) pa3yIUIOTHEHHBIX U YIUIOTHEHHBIX TOpoJ B GyHaa-
MEHTE UMEEeT HepaBHOMEPHO-STYEUCTHIN XapakTep. Pazmepsl
30H ONPEAEISIOTCS COCTABOM TIOPOJI, CTPOCHHEM MacchBa
TOPHBIX MOPOJ (30HBI PA3JIOMOB, OJIOKH), HEPABHOMEPHBIM
pacripesielieHeM TPEIMHOBATOCTH U, KaK CJICICTBHE, pac-
npeaenenueM OEC.

C noBbIIIEHHEM pa3peniarolieii crrocoOHOCTH ceficMuue-
CKHX MCCIIC/IOBAaHNI M HAKOTUICHHEM (DaKTHIECKOTo MaTepHa-
JIa HEpaBHOMEPHO-STYEUCTYI0 MOJIEIIb MOXKHO pacCMaTpuBarh
B HOBOM KauectBe. Cmbica nmoaxona (Tumypsues, 2011)
3aKJIF0YAETCs B JIOKAJIM3AIMU U TEOMETPU3AINH TPEIIUHHBIX
cucteM B (yHIAMEHTE Yepe3 IOMCK KPUTepHaIbHBIX pa3-
TMYUH (PU3UUECKUX CBOMCTB IUIOTHBIX OJIOKOB M OOBEMHBIX
30H JIECTPYKLUH B arpuOyTax CeHCMHUYECKOrO BOJHOBOTO
noyst. B Takom ciryuae reosorudeckast Moziens (pyHIaMeHTa
OyZieT mpeACTaBIsATh co00H YepesoBaHue Pa3yIIOTHEHHBIX
1 YIUIOTHEHHBIX 30H B MaccHBe TOpHBIX mopox. [Tpu stom
pa3yIuIOTHEHHBIC 30HBI, BKIIIOYAIONINE CUCTEMBI MHKpPO- U
MakpoTpenyH, nuddepeHnnpyroTcss B 3aBUCUMOCTH OT HX
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Puc. 2. Cxema HepasHOMepHO-s4eUCTOU MOOEIU CIPOEHUs. 2DAHUMOUO08 (YHOameHma mecmopodicoenust BT

TEOMETPUUYECKUX NTAPAMETPOB, ONPEAEIISIOINX, B KOHEUHOM
utore, ®EC u neduthi ckBakuH. Takium 00pa3oM, 30HbI HEKOJI-
JIEKTOPOB COOTBETCTBYIOT YINIOTHEHHBIM 30HaM, & XOPOILINE
U CpEeIHUE KOJUIEKTOpa B Pa3yIUIOTHEHHBIX 30HaX — 30HaM
MaKpO- U MUKPOTPEIIMHOBATOCTH.

ITogBons UTOr BBILLIECKA3aHHOMY, UCCIIEOBAHUE TaKHUX
CJIOKHBIX TPEUIMHOBATHIX 00BEKTOB, Kak GpyHmameHt bT, co-
NPSPKEHO C HEONPEIEICHHOCThIO B MIOHUMAHUU CTPYKTYPbI
MIyCTOTHOT'O MPOCTPAHCTBA, OMMCAHUM M HJICHTU(UKAIUN
THUIIA KOJUIEKTOPA U BCErna OyIeT OCTaBaThCs aKTyaIbHBIM.

IIpombiciaoBasi Ki1accu(pukanus u

NMPU3HAKHA TPECIMUHOBATHIX KOJIJIEKTOPOB

Ha MecTopokaeHHsAX ¢ TPEIIUHOBATBIMU KOIJIEKTOpaMu
ONTUMaJIbHAS CUCTEMa Pa3padOTKH, OKUIAeMbIe JEOUTHI 110
CKBa)KMHAM, TIPOOJIEMBI MX SKCIUTyaTalliy U BEINYNHA KOd (-
¢unmenra nzsneuenns neptr (KMH) Oynyt onpenensitbes B
3aBUCUMOCTH OT COOTHOUIEHUS TPEIUH U MaTPHUIIBI B TyCTOT-
HOM TIpOCTpaHCTBe. B cBsi3M ¢ uem, n3yueHune u Kiraccuguka-
LU TPEIIUHOBATHIX KOJUIEKTOPOB MPEICTaBIAET HHTEPEC HE
TOJIBKO C TOYKH 3PEHUSI FEHETUUECKOTO IIPOUCXOXKICHNUS TIOPOJL
n ux pamxuposanus no ®EC, Ho 1 cTenenu B3auMoieiicTBUs
TPEIUHHON U MaTPUYHON COCTaBJISIONIHX.

BobIIMHCTBO TPOMBICIIOBBIX KITaCCH()UKALUIT BBIICISET
HECKOJIBKO THUIIOB TPELIMHOBATHIX KOJUIEKTOPOB, HAITPUMED, B
pabore (Aguilera, 1995) TpenrHOBaTHIE KOJUIEKTOPBI KJlac-
CU(QUIIPOBAHEI 10 TPEM THIIAM:

* TUI A — eMKOCTb KOJUIEKTOPOB NPECTABICHA MaTpU-
e, TpemnHbl 00eCIeYnBaIOT TOJIBKO HEOOIBIIYIO
€MKOCTB;

e THn B —1oposibI ¢ OIM3KOH CTEIIEHBIO BIUSIHUS TPEIIUH
Y MaTPUIBI HA EMKOCTh ¥ IIPOHUIIAEMOCTh KOJIJIEKTOPA.
IIpu sTOM KoOJUIEKTOpa TUNa B nioapasaenstorcs Ha B-1
u B-1I B 3aBUCHUMOCTHU OT IapaMeTPOB MAaTPULIBL:

e moaTun B-I — xapakTepusyercst mpakTU4YeCKH OAMHA-
KOBBIM COOTHOILICHHEM M B3aUMOACHCTBHEM MATPHUIIBI
U TpEIlUH;

e noarun B-II — marpuia nmeeT yxXy/leHHbIe CBOICTRA,

TPEIIUHBI OMPE/IEIISIFOT My CTOTHOCTh M IPOHUIIAEMOCTh
KOJLICKTOPOB;

e tun C — BIMSHHUE MATPHUIBI CBOJUTCS K HYIIO, a BCS
€MKOCTb U POHUIIAEMOCTh 00YCIOBICHA TPEIIHHAMU.

[Moxoxast KimaccH(UKaIIHsI, TOTYIHBIIAs B TOCIEAHEE BPe-
Ml HIMPOKOE PACIPOCTPaHEHHe, mpeacTaBicHa HembcoHoM
(Nelson, 2001), Ha OCHOBE KOTOPO¥l B 3aBUCHMOCTH OT
KaueCTBEHHBIX MPU3HAKOB CTENECHH BIUSHUS TPEIIUHHON U
MaTpPUYHOM COCTABJISIIONICH BBIAEISETCS YEThIPE THIIA TPE-
[IMHOBATHIX KOJIEKTOPOB:

e THun | — TpeumHbl 00ECIEYNBAIOT OCHOBHYIO TOPH-

CTOCTb U MPOHHUIIAEMOCTb KOJICKTOPA;

* THUN 2 — TPEIIUHBI 00ECIEYNBAIOT OCHOBHYIO TPO-
HUIIAEMOCTh KOJIJICKTOpPa, a MaTpHUIla — OCHOBHYIO
MOPUCTOCTb;

* TUMN 3 — TPEIMHBI JOMOJHSIIOT MPOHUIIAEMOCTh
KOJUTCKTOPA;

e THI 4 — TPEIIUHBI He 00ECIEUNBAIOT JOTOTHUTEIBHOM
MOPUCTOCTH U MPOHUIIAEMOCTH, HO (DOPMUPYIOT 3HA-
YUTETBHYI0 aHH30TPOIMHUIO KOJUICKTOPA.

Ha 6a3e 3701 KJ1acCU(UKAIMN BBIACISIOTCS TOMOTHUTEITb-
HbIe (POMEKYTOUHBIE) TUTIBI, HAIIPUMED, B padbote (Bratton et
al., 2006) BBoguTcst TM G /TSI ONMUCAHUS HETPAIUIIMOHHBIX
ra30BbIX KOJUICKTOPOB. BONMBIIMHCTBO KOMIEKTOpOB THa G
MOXOKHU 110 CBOWCTBAM Ha KOJUICKTOp THUIA 2.

B tabnuiie 1 mpecraBieHbl Ka4eCTBEHHBIE (JIMATHOCTHYE-
CKH€) MPU3HAKH U IPOOIEMBI Pa3pabOTKHU 10 YETHIPEM THIIAM
TPEHIMHOBATBIX KOJUIEKTOPOB, 000OIIEHHBIE IO pe3yIbTaramMm
UcclenoBaHui pa3nmyHbIx aBTopoB (Tuaod, Jonanacosn, 2009;
Aguilera, 1995; Nelson, 2001; Bratton et al., 2006; Kuchuk
et al., 2015; Wayne, 2011; Baker, Kuppe, 2000).

HUccaenoBanue TPECIIUHHBIX CUCTEM
(l)yHI[aMeHTa M0 HCTOPUYECKUM TaHHBIM

IKCIIyaTallU CKBAYKUH

B pa6ote (Nelson, 2001) mist uaeHTUGUKAIIMNA TOTO HITH
HWHOTO KOJUIEKTOPA K OMpPEAETICHHOMY THITY PEKOMEHIYETCS
HCIIOJIb30BATh CTATHCTUYECKUE METOJbI aHaiu3a (pOpMbI

HAYUHO-TEXHVUECKV/ XKYPHAN
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Tun Tum 1 Tum 2 Tun 3 Tun 4
TPEUIHHOBATOrO
KOJUIEKTOpA
Xapakrepuctuka [Topucrocts 1 npoHUIIaeMOCTh TpelnHHbBIE CUCTEMBI Marpuua onpenenser, B TpeluHbl OTCYyTCTBYIOT
ONPEENAIOTCS CHCTEMAMU 006ecIeunBaloT OCHOBHOM, TIOPUCTOCTh  WIIA HEMPOHUIIAEMEIE,
TpeumH OCHOBHYIO U YaCTUYHYIO MOPUCTOCTh U
MPOHUIAEMOCTh MPOHUIAEMOCTh MPOHUIAEMOCTh
KOJUIEKTOPA, MATPHIA —  KOJUIEKTOPA, TPEUMHBI — OTPEAEISIOTCS
OCHOBHYIO MOPUCTOCTh  JOTOJHUTEIBHYIO MaTpulei
MPOHULIAEMOCTh
[Mpusnaku - GOJIBLINE 30HBI - 4aCTO BBICOKHE - KOJUIEKTOPCKHE - KOJJIEKTOPA, COCTOST
JIPEHUPOBAHMS CKBAKHH, 3HAYEHMs 1€OUTOB CBOMCTBA JJOCTATOYHO M3 HECBSI3AHHBIX MEXKILY
- XOpOIIas KOPPEISIHA Mekxy CKBAKHH, TPCIHHBI OJIHOPOJTHBI; c000ii M30TMPOBAHHBIX
neburamu ckBaxxuH 1 ®EC YBCJIMYUBAIOT - XOpOILKe 1 30H;
KOJUIEKTOPOB; HNpOAYKTUBHOCTD; YCTONYMBEIE TE€OUTHI - HU3Kas
— BBICOKHE 3HAYCHMUS - IPOM3BOJIUTENBHOCTE  CKBAKHUH, B TOM YKMCIIE  MPOU3BOAUTENLHOCTE
HAYANBHBIX 1eOMTOB CKBaHH, CKBAKHH, TEMIIBI 3a cuer CKBAXHUH;
HO YACTO BBICOKHE TeMIbr nx  AZCHNs 1€0UTOB 1 TpCIIMHOBATOCTH, - am3kuit KUH mo
MaJCHNS; KUH 3aBucur ot - KOJLIEKTOpa NPHYMHE BBHICOKOM
CTeneHn
- pHckn npesespeverioro 1 EE L BBIJICPKAHHBI 110 HEOJHOPOIHOCTH
0GBOHEHHS CKBAKHH e AT TUIOILAIM; [UIACTOB U OTCYTCTBUSI
p p - IU10Xast KoppesLus BIIMSIHUS TPELLMH;
MeXIy AeOuTaMu - KIH moxer cuiibHO
ckBakuH U DEC OTJIMYATHCS 1O
KOJUIEKTOPOB MECTOPOKIECHUIO
[TpoGembl - ONpeIeNIeHHe TPEIMHHOM - OLIEHKA - BBISIBIIEHHE CUCTEM - OLIEHKA U JIOKAJIN3aLlusl
HEOJHOPOTHOCTH U CJIOKHOCTH B3aMMOJIENCTBHS TpEIINH; HEOJIHOPOJAHOCTH
C MOJICUETOM 3aIacoB; TPEIIMH U MaTPHUIIBI U - BO3MOJKHA BHICOKAS IIacTa;
- ompejienieHre pasMepoB 30Hpr  PACTIPCHCIICHI TPCIIUH, - ay3oTpommms 1Mo - HH3Kast
JIPEHUPOBAHMS CKBAKHH, - ouenka KMH mpu NPOHUIIAEMOCTH; PEHTA0ENLHOCTD
- PUCKM TIPEKIeBpEMEHHOr0 ~ S4BOMHCHNH, - onenka KUH npu paspaboTKH TaKKuX
00BOJIHEHUS CKBaXK1H; 3aBOJTHEHHH; KOJUIEKTOPOB

- UTsl peHTa0eIbHOM

- CMBIKaHHUE TPECIIUH
Opu CHUIKECHUN

- CUCTEMbI TPEIIUH

pa3pabOTKH TPEIUHHBIE NABJICHN, MOT'YT OBbITh HE
CHCTEMBI JIOJDKHBI - PUCKH B3aUMOCBSI3aHbI
XapaKTEPU30BATLCSA BHICOKOH — MPEkKIEBPEMEHHOTO

€MKOCTBIO KOJIJICKTOpa

00BOJHEHUS CKBaYKHH

Ta6n. 1. Kauecmeennvie npuznaxu u npoonemul paspabomxu no uemsipem munam mpeujuHo8amsvlix KojuieKmopos

pacrmpeneneHus mapaMeTpoB paboThl CKBaKUH (TIPOAYKTHB-
HOCTb, IeONTHI, HAKOTUICHHBIE TIOKa3aTeu u jap.). Kak mpa-
BIJIO, BBIJIEJICHNE TPELIMHOBATHIX KOJUIEKTOPOB OCHOBAHO Ha
PE3KOM Pa3IM4IHH MOKa3aTesel 10 CKBaKHHAM Ha MECTOPOXK-
JeHuH, BeseacTsre HeopHopoaaoctu PEC, 00ycioBneHHBIX
pacmpeziesieHueM TpemMHHbIX cucteM. [Ipenmonaraercs,
YTO B OTHOPOJHOM KOJUIEKTOPE pACHpeielIeHHE TapaMeTpoB
Ha YaCTOTHOM rpaduke OyaeT OMU3KUM K CHMMETPHIHOMY
(komokomoodpa3HOMyY) BHIY, TOTJa KaK JJIS TPEIMHOBATHIX
KOJJIEKTOPOB XapaKTepHBI aCHMMETPHUIHBIE KPUBBIE pacIipe-
JICTICHUS CO CMEILICHUEM B CTOPOHY OCH OpJIMHAT.

Jlnst uccnenoBaHysl CTEIIEHH BIMSHUS TPEIIMHOBATOCTH
B KPUCTAJUTMUECKHUX ITOPO/iaX (pyHJAaMEHTa PACCMOTPUM BBI-
OOpKy CKBa)KHH, IIPHYPOUYECHHBIX K MecTopoxkaeHusm bT u
JpakoH (:0ro-BOCTOYHBIH y4acTok). CIeayeT OTMETHTD, 9TO
¢dyHnamenT Ha Mmectopoxknennn bT anamm3upyercs o 1Bym
6nokam (LlentpanbHerii 1 CeBepHBIIT) OTACITHHO, TOCKOIBKY,
Kak OBLTO cKa3zaHO paHee, 1t CeBepHOTOo OI0Ka XapaKTepHO
OoJIbIIIOE KOJMUYECTBO 3aJIEYEHHBIX TpemnH. Ha pucyHkax
3 u 4 nokazaHbl TpadUKHA U TUCTOTPAMMBI pacIpeIeICHUs
HAKOIUICEHHOU J0OBIYM HE(PTH M MAaKCUMAIIBHBIX JeOUTOB TI0
CKBa)XMHAM (yHAaMeHTa Ha MecTopokaeHnsx bT u J[pakoH.
Ananu3 Tpa)MKOB TOKa3bIBACT, YTO HECKOJIBKO CKBAXHMH Ha

'SCIENTIFIC AND TECHNICAL JOURNAL

GEORESURSY

WWW.geors.ru

HenTpansHoM Omoke MecTopokaeHuss bT moMuHHPYIOT TIO
HaKOIUIEHHON JOOBIYE M MMEIOT 00JIee BEICOKHE ITIOKA3aTelH,
10 CPAaBHEHUIO C OCHOBHBIM KOJIMYECTBOM H JIPyTUMH aHAJIH-
3upyeMbIMH oObekTamu. Tak, 6omee 15 CKBaKWH XapaKTepH-
3yr0TCst J0ObIdel Oonee 5 MitH M?, 2 u3 HuX — 6onee 10 mutH M3,
Ecnu 17151 10r0-BOCTOYHOTO y4acTKa MECTOPOKIAEHMSI [ pakoH
u CeBepHoro Omoka ¢pynnamenTa bT ocCHOBHOE KOJTHYECTBO
CKBKHUH uMeeT J00b1uy 250-500 Thic. M® Ha CKBOXKHUHY, TO
Ha ¢pyrnamente BT aToT nnana3on cocrasisier B 1-3 MitH M2,
AHaNOTHYHYTO0 KapTHHY MOXXHO HAOIIOAATh M HAa THCTOTpaM-
Max paclpesieNieHns] CKBaKIH 110 MAaKCHMaJIbHBIM JIeOnTaM,
rae mo ckBakuHaMm LleHTpanpHOTO Onoka (hyHIaMeHTa Me-
cropoxxaerust BT HaOmomaroTcst BRICOKHE 3HAYCHUS TEOUTOB,
nocruraromme 2000 M*/cyT 1 Oonee.

CoBmnazieane rpaKoB pactpeeleHns CKBaKHH IO Ha-
KOTIIIeHHOM 100br4e Ha LleaTpansHOM Onoke pyHnameHTa n
M0 BCEH BBHIOOPKE aHATH3UPYEMBIX CKBa)KHH, MOXKHO 00b-
SICHUTB TEM, YTO OCHOBHAsI 9aCTh aHAJIM3UPYEMBIX CKBAXKHH,
B TOM YHCJI€ BBICOKOTIPOAYKTHBHBIX, PACTIONIOKEHA HA 3TOM
6m0Ke.

Bce paccmaTpuBaemMbie 0OBEKTHI XapaKTEpHU3YIOTCA
ACUMMETPHYHBIMHA KPUBBIMU pacHpeeICHNs] HaKOIIICH-
HOM MOOBIYM M MaKCHUMaJbHBIX AEOMTOB IO CKBa)KMHAM.
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70 1 MO0 CKBa)KHHAM, MOXKET HE OTPa)kaTh OOBECKTUBHO
pacrpeieneHie TPeIUHHON HEOAHOPOAHOCTH IO
10 | 00BeKTaM, B TOM YHCIe sl MecTopoxaeHus BT.
1 YuuteiBas, 4To QyHIAMEHT HA MECTOPOMKICHUIX
BT u [Ipakon pa3pabaTbIBaeTCs ¢ UCTIOIb30BAaHUEM
3aBoguenus (lopureneB u ap., 2008), a JIpakon
Takke ¢ nposiBieHreM akBudepa (Kapumos u ap.,
2014), To Ha BENTWYUHY HAKOIUJICHHON IOOBIYU
MOTYT OKa3bIBaTh PE3YIBTATHI IPEIKICBPEMECHHOTO
0OBOJTHCHUS M BBIOBITUS CKBaXXMH. Ha pucyHke 5
MPEACTaBICH TpadUK 3aBUCUMOCTH HAKOIUICHHOU
JOOBIYH He(hTH ¥ JKUIKOCTH IO UCCIIETyEMbIM 00b-
€KTaM, Ha KOTOPOM IO OTKJIOHEHMIO OT CpeiHei
JIMHUU K OCH aOCIIMCC MOYKHO OLEHUTH BIIUSHUE
00BOJTHCHUS CKBRKHMH Ha BEIMYMHY HAKOIUICHHOU
0 no0bran He(hTH. OCHOBHAS YaCTh IPEICTABICHHBIX
0 0 : " , T, . . e oS, CKBaKMH MMEET 3aHMKEHHBIE OKA3aTeNH 110 HaKo-
TUICHHOW OoOBIYH He(pTH, BCIIeACTBUE 00OBOTHCHUS

ckBaxuH. [IpMEeHEHHEe MaKCHMalbHOTO JIeOuTa
CKBXUH IS aHaJIM3a Tak)Ke HEOJIHO3HAYHO, IMO-
CKOJIBKY Ha €TO BEJIMYUHY OKa3bIBACT 3HAYUTEIILHOC
BJIMSTHHE DSl TEXHUKO-TEXHOJIOTHUCCKHUX (haKTO-
POB, 0COOCHHO B YCIIOBHSIX HIenb(a. Pa3nuunbie
YCIIOBHSI SKCILTyaTallMy MOABEMHIKA, TPAHCIIOPTA
MPOXYKIHH, HATUYNEC OTPAHMYCHHUI HMCKaXKaroT
MOTEHIIMAJI CKBaYXUH, U, COOTBETCTBEHHO, ICOUT
CKBa)XHH HE MOXKET OOBCKTHBHO XapaKTEPU30BaTh
wiact. Hanpumep, OONBIITMHCTBO JAOOBIBAOIINX
ckBaxrH Ha BT Ha HaYambHBIX CTATUSIX IKCILTya-

H 0 I] g | THpoBamuch (hoHTaHHBIM CIIOCOOOM U OTpaHHYH-
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Puc. 3. I pagpuxu pacnpedenenus ck8axcun no HAKONJIEHHOU 000bIYE 8 KPUCTALIU-
yeckom pynoamenme mecmopooscoenuii Benviii Tuep u /[paxon. a — Llenmpanvhoiii
6n0x mecmopooicoenuss 5T, 6 — Cesepnuiii Onox mecmopoicoenus BT; ¢ — mecmo-
pooicoenue [paxon; e — 6b100pKa U3 6CeX AHATUIUPYEMBIX CKBANCUH
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pacrpejiesieHueM CKBaXKUH 110 KO3 PUIHUEHTY
npoayktuBHocTu. Ha pucyHke 6 mpencraBieHb
THCTOIPaMMBbI pactpeiesIeHHs] CKBXKUH 1O KOd(¢-
(pUIMEeHTY IPOXYKTUBHOCTH.

T'uctorpammsel pacnpeneneHuss CKBaKMH IO
K03()(HUIIMEHTY NPOIYKTUBHOCTH UMEIOT TaKXke
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Puc. 4. T'ucmozepammul pacnpedenenus cK8aNCUH N0 MAKCUMATbHbIM OeOumam 6
Kpucmaniuyeckom gynoamenme mecmopodxcoenuti benviii Tuep u [{pakon. a — [len-
mpanvubvlil 610k mecmopodicoenusn BT; 6 — Cegepuviil 6nox mecmopocoenus BT,
6 — mecmopooicoenue [paxon; e — 6b100pKa U3 8CEX AHATUZUPYEMBIX CKEANCUH

Pacnipenenienne CKBaXUH MO (yHIAMEHTY MECTOPOXKICHUS
Bensrit Turp, xak no LlenTpansHoMy, Tak 1 CeBepHOMY
OJIOKY, YKa3bIBaeT Ha CBOMCTBEHHOC BJIMSHUC TPCIIUHHOU
HeonHopoaHocTU. CeBepHblil 610K MecTopokaeHuss bT u
IOT0-BOCTOUYHBIM y4acTOK MECTOPOXKACHUs J[pakOH MMEIOT
COITOCTABUMOE KOJIMUYECTBO CKBA)KMH, HO MOCIIEIHUI U3 HUX
uMeeT Ha rpadukax W3MEHEHHs HaKOIICHHBIX MOKa3aTeiei
1 MaKCUMAaJIbHbIX IEOUTOB IO CKBAYKUHAM HECKOJIBKO «ITHK»,
YTO MOXKHO OOBSCHHUTH OJIOKOBBIM cTpoeHueM (Kapumos u
np., 2014) 1 BbIICTIEHUEM B MpeesiaX 3aJIe’H HECBSI3aHHBIX
MEXIy OO0 OJIOKOB.

Crnexyer OTMETUTh, YTO MCIONB30BAaHHE TAKUX IOKa3a-
TeJIeH, KaK HaKOIUIEHHAs! J00bIYa U MaKCUMAaJIbHEIE JEOUTHI

MaKkcumanbHbii Aebut, m*/cyt

I - BbIGOPKa 13 BCEX aHanm3avpyeMblX CKBaXKUH

200 2600 aCCHUMETPHUUYHOE PACHpPEENICHUE CO CMELICHUEM B
cTopony ocu opauHat. s [{enTpansHOro Ooka
¢ynnamenTa Ha Mmectopoxaennu bT rpaduk cuib-
HO aCMMMETPHYEH M ITOKa3bIBAaCT 3HAYMTEIBbHBIN
JMana3oH M3MEHEHUsI KO3 GHUIMEeHTa IPOyKTHUB-
HOCTH, yBeIMUYMBaIOIUNcA npuMepHo B 20 pa3
OT MUHHMMAaJbHBIX 3HaueHuil. K nanHomy Osoxy
HMPUYPOUYCHBI BBICOKOIIPOJYKTHBHBIC CKBaXKHHBI,
MaKCHMaJIbHbIe 3HaYEeHUsI KOA(PPHUIIMEHTA MTPOIYKTHBHOCTH
[0 OTJCNbHBIM CKBakMHaM jpocturat 190 m*/cyt/Mlla,
OCHOBHOMY KOJIMYECTBY CKBayKUH COOTBETCTBYIOT MUHHMAJIb-
Hble 3HaYeHus — 710 10 M¥/cyt/MIla. CnaboBbIpakeHHOE B~
SIHUE TPELIMHHON HEOAHOPOAHOCTU OTMedaeTcsa Ha CeBepHOM
0J10Ke, Iie HaXOAATCS] HU3KOIIPOIYKTUBHBIE CKBRXKHUHBI, TAK
OOJIBIIMHCTBO CKBKUH UMEET Kod(h(HUIIMEHT MPOyKTUBHO-
ctu g0 1 m*/cyt/MIla, oana ckBaxuHa — 10 6 M*/cyt/MI]a.
Ha roro-BocTouHOM y4acTke MecTOpOXkIeHHs JpakoH, Mo
cpaBuenuto ¢ CeBepHbIM O10KOM MecTopoxaeHus bT, koag-
(UIMEHTHI TPOYKTUBHOCTH 110 CKBRKMHAM TIPEBBIIIAIOT B
10 pa3, mocturas o ogHoi ckBaxkune 50 m*/cyt/MIla. Taxoxke
Kak ¥ Ha rpadukax pacrpeaeieH st HaKOIUIEHHOH T00bIYH 1
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Puc. 5. 3asucumocmo naxonnennot 0odviuu Heghpmu om
HAKONIAEHHOU 000bIYU HCUOKOCU
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r - BbIGOpKa 13 Bcex aHanmManpyeMbIX CKBaXUH

Puc. 6. I'ucmozpammul pacnpedenenus ckeaxjcun no Kodgguyuenmy npooyKmus-
HOCMU 8 KPUCTATIUYeCcKoM (hynoamenme mecmopooicoeruii Benviii Tuep u /Jpaxon

MaKCHMAaJILHOTO JIe0UTa rHCTorpaMma 1o kodhpuuneHram
MPOJYKTUBHOCTH Ha MECTOPOXJEHUM J[pakoH umeer He-
CKOJIBKO ITHK.

VY4uTeiBass HEJOCTATKH COMOCTABJIEHUSI YAaCTOTHBIX
rpadukoB pacnpezenenus, B padore (Nelson, 2001) mus
OLICHKH BJIMSIHHS TPELIMHOBATOCTH Ha ITOKa3aTesu pa3paboT-
KM IIpeAJiaraeTcsi UCIolib30BaTh pacnpenenenue JlopeHua.
[IpuMeHHTEIBHO K pa3padoOTKe MECTOPOXKIACHUN KpHUBas
JlopeHna oTpaykaeT HEOJHOPOJAHOCTb PacIpeieIeHHs Ha-
KOIUIEHHOH 100bIYM He(TH No cKkBakuHaMm. Ha pucynke 7
rokasaHbl KpuBbie JIopeHIa 1o aHaIM3upyeMbIM OOBEKTaM.
ITo ocu abcuucc OTKIIAIBIBAETCSl HAKOIUIGHHBIW MPOLEHT
AQHAJM3UPYEMbIX CKBa)KUH, [0 OCH OPAMHAT — IIPOLEHT OT
0011Ie# HAKOTIIIEHHOH 100BIYM HE(TH, T.€. UX BKJIAJL B OOIILYIO
no0bray. JIunus, nposeneHHas mox yriom 45 rpaaycoB u
COE/IMHSIIONIAs JIEBYIO HIYKHIOIO U MPABYIO BEPXHIOK TOUKY
Ha rpaduke, Ha3bIBACTCs JJMHUEH OJTHOPOTHOTO KOJUIEKTOPA.
Ora JMHUS OTpakaeT TaKoe CTPOCHHE KOJUIEKTOPOB, NPH
KOTOPOM BCE CKB)XUHBI JI0OBIBAIIN OBl OJIMHAKOBOE KOJIHYE-
ctBo Hedru. [Ipn yBennyeHH HEOTHOPOTHOCTH KOJIEKTOpa
HEPaBHOMEPHOCTh B PACIPE/IC/ICHUH HAKOTUIEHHOH TOObIYN
10 CKBa)KMHAM BO3pacTaeT, 1 KpuBas JIopeHia OTKIOHSeTCs
OT JIMHUU OJHOPOJIHOTO KOJUIEKTOpa B CTOPOHY adcuucc.
TpemmHOBaTkIe KoJUIEKTOpa OYyT XapaKTepru3oBaThcsl Hau-
0OJIBLINM OTKJIOHEHHEM KPUBOM, MaTpHUYHbIE — HAUMEHBLINM,
MPUOIMKASCH K IPSIMOM JIMHUH.

J171s1 KOIMYEeCTBEHHOM OLIEHKH CTEIEHH BIMSTHUS TPEIHH-
HOM HEOAHOPOIHOCTU 10 KpuBOH JlopeHLa MOXHO ompe-
nenuth kodddunueHt Ixuuau win Ko3QOUIUCHT BIUSHUAS
TpetyH. /laHHbIi K03 PUIMEHT paBeH OTHOLIEHHIO [IOIIAN
(burypbl, orpaHMYCHHON JIMHUEH OJHOPOJHOIO KOJUIEKTO-
pa u xpuBoil JlopeHua, K njaomagu BCEro TPEyrojbHUKA.
KoaddunmeHT BiausHUS TPELIMH MOXKET IPUHUMATh 3HAYSHUS
ot 0 (ogHOpOAHBIN KoJutekTOp) 10 1. Uem Bblle 3HaYEeHUE
JAHHOTO KOA((PHIIMEHTA, TEM B OOJIBIICH CTEIICHH OTpa)a-
eTCsl BIMSHUE TPEIMHHON COCTAaBIISIONIEH Ha HAKOIUICHHYTO
0019y He()TH, T.e. OCHOBHOH 00beM J00bIBacMOil HedTU
MIPUXOIUTCS Ha OTAENIBHYIO IPYIITY CKBOKUH, BCKPBIBAIOLIUX
TPELIMHBI.
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CornacHo pabore (Nelson, 2001), TpenuHoBaThie KOJI-
JICKTOpa MOYKHO KJIaCCH(DHUIIMPOBAThH 10 THUIIAM, HCIIOIb3Ys
CJICYIOIIME IPUMEPHBIC TUAMa30HbI H3MCHEHUS KO DUIIH-
CHTA BJIMSIHUS TPCIIUH:

e 1 tum — 6omee 0,7;

e 2 tun—0,5-0,7;

e 3 tun-—0,2-0,5;

* 4 tun — menee 0,2.

PaccunTannbie 3HaueHUs K0O3()(OUIIUCHTOB BIHMSIHUS TPE-
L[MHOBATOCTH [0 aHATTM3UPYEMbIM 00bEKTaM IPUBOJISTCS HA
pucyHke 7 B ckoOkax. MakcHMaJIbHbIC 3HAYCHHUS XaPAKTCPHBI
st Lenrpanbaoro u CeBepHOTo OJIOKOB MECTOPOXKACHUS
BT, cocraBnss 0,63 u 0,59, coorBercTBeHHO. J[J1s roro-Boc-
TOYHOT'O0 Y4acTKa MECTOPOKICHHS [IpakoH MOJydYCHO Hau-
MeHblIee 3HaYeHue ko3 dunnenra BiusiHus Tpetut — 0,56.
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Puc. 7. Kpusvie Jlopenya no ananusupyemvim 06vekmam, Xapak-
mepusylowue cmenenb HepaGHOMEPHOCHU PAcnpedenetlis HAKOo-
NIEHHOU 000U HePMU NO CKBANICUHAM (8 CKOOKAX YKA3AHbL 3HA-
YeHUs KOIphuyueHmos e1usHus mpeujun)



ITpomeicioBas KIaccu(UKaIHs TPEIHHOBATHIX KOJJIEKTOPOB. ..

[To paccunTaHHBIM 3HAYCHHUSIM KOd(DPHUUMECHTA BIMSHUS
TPEUIMH TPEIIMHOBATHIE KOJUICKTOpA aHAIN3UPYEMbIX 00b-
€KTOB, B IEPBOM MPHUOIMIKEHUH, MO’KHO OTHECTH KO 2 THILY,
YTO NMPOTHBOPEYHT BHIBOJAM aBTOpOB psina pador (Li et al.,
2004; Lefranc et al., 2011), cormacHO KOTOPBIM ITOPOJIBI
(dyHIaMeHTa COOTBETCTBYIOT | THITy KojuiekTopa. Takas He-
OJJTHO3HAYHOCTH B BOIPOCAX MJACHTH()HKAIMN U THITU3ALNU
CJIOKHOTO ITyCTOTHOTO MPOCTPAHCTBA TOPHBIX 1Mopox (yH-
JlaMEHTa, HE MO3BOJISIONIAs YBEPEHHO MX OTHECTH K | Win
2 THITY, TIOJJpa3yMeBacT CyIIECTBOBAHUE CMEIIAHHOTO THIA
TPEUIMHOBATHIX KOJJIEKTOPOB.

3aki04enue

[To pesynbraram HMcCleOBaHUN yCTaHOBJICHO 3HAYH-
TEJIBHOE BIIMSHUE PACIpe/iesIeHHUs TPEIIMHHBIX CHCTEM Ha
TIOKa3aTeNy pa3padoTKu GyHAaMEeHTa MECTOPOXKIeHNH belrbiit
Turp n [lpakon. B 3aBucumocTs 0T peo0iaanus B o0beMe
MaccuBa TOPHBIX NMOPOJ (PyHAaMEHTa CUCTEM MHKPO- WU
MaKpOTPELINH, BCKPBIBAEMBIX CKBAXHHOM, ONpPEACIACTCS
ee MPOU3BOIUTENHEHOCTh. COOTBETCTBEHHO, CTATHCTHUYECKH
IpyIIa CKBRXWH, BCKPBIBIIAs YIUIOTHEHHBIC 30HBI M 30HbI
C CHCTEMaMH MHUKPOTpEIIMHAMH, OyJIeT XapaKTepru30BaThCs
XyAIeH TPOU3BOAUTEIBHOCTHIO M CMEIIAaTh MPH aHAJIH3e
KOJJIEKTOP B CTOPOHY Marpu4Horo. Cucrema MUKPOTPEIINH
n OJIOKOBasi HU3KONPOHUIIAEMasi YacTh, MPOSIBIISS CBOMCTBA
MarTpHuIIbl, HE SIBIISIETCS €10 B TIOJTHOM Mepe, T03TOMY 3TY 4acTh
KOJIJIEKTOpA MOYKHO Ha3BaTh «1cesomarpurei». T.e. mpu no-
MHUHHPOBAHNH B Pa3pe3e MaKpOTPELIHH FOpHBIE TOPOJIBI PyH-
JlaMEHTa KJIAaCCH(UINPYIOTCS TPEIIMHOBATHIM KOJUIEKTOPOM
1 Tuna, HO MpH NPeodIaTaHNK B IyCTOTHOM IIPOCTPAHCTBE
CHCTEM MUKPOTPELIHH («IICEBIOMATPHUIIa» ) B OTAEIBHBIX €r0
YacTsIX, MOTYT IPOSIBIISITH CBOMCTBA KOJJIEKTOPOB 110 2 THILY.
JlonomHUTEnbHBIM (DAaKTOPOM, YBEIMUMBAIOIIMM CTEIICHBb
HEOHOPOIHOCTH TPEIIMHOBATHIX KOJUIEKTOPOB, SIBISCTCS
BIIMSTHUE MPOLECCOB TUAPOTEPMAIbHON MHHEpaIU3auN
TPEUIMH KAJIBIUTOM M HapyLIEHHE B3aUMOJCHCTBUSI CUCTEM
TpeuuH, B yacTHocTH, Ha CeBepHOM Oioke (yHIaMeHTa
MecTopoxxaeHus bensiit Turp.

B nesiom, Ha OCHOBE MOJTYYEHHBIX BBIBOJOB, 110 KJIACCH-
¢uxarn Henmbecona (Nelson, 2001) rpaHUTOMIBI KpUCTAIUTH-
yeckoro (hyHnameHTa Ha MecropokaeHun bT, B 3aBucuMocti
OT Ipeo0Ia/laHysl TeX WM UHBIX TPEIINHHBIX CHCTEM, MOTYT
KJ1accuGUIMPOBaHEI 110 1 1 2 THnaM, GOpMHPYsI CMEIIaHHBIN
THUII TPEIINHOBATBIX KOJUIEKTOPOB.
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Abstract. Development of oil and gas deposits in fractured
reservoirs entails certain risks due to peculiarities of geological
structure. Classification and identification of fractures in reservoirs is
of high-priority importance and makes it possible to assess the impact
of both fractured systems and matrix blocks on field development
parameters.

This article presents the results of statistical and qualitative
analysis of the influence of fracture systems and fracture heterogeneity
to classify reservoirs in crystalline basement granitoids using the
example of the White Tiger (Bach Ho) and Dragon (Rong) fields
located on the southern shelf of the South China Sea (Viet Nam).
Field classification of fractured reservoirs is based on a well-marked
difference in parameters between wells within a field, due to fracture
heterogeneity. In order to solve the tasks set, construction and analysis
of graphs of well performance parameters distribution (productivity,
flow rates, accumulated indicators, etc.) as well as Lorenz curves were
carried out. According to the results, all the objects under study are
characterized by asymmetrical shape of distribution curves, which
indicates a significant influence of fracturing.

Based on the calculated values of the fracture influence
coefficient, it is found that fractured reservoirs in crystalline
basement, as a first approximation, belong to type 2. This fact is
inconsistent with the earlier works on crystalline basement, in which
rocks are classified as reservoirs of type 1. Such contradiction is
explained by the fact that the microfracture systems and the blocky
low-permeability part exhibit matrix properties, but are not fully
matrix. This part of the reservoir is proposed to be called a “pseudo-
matrix”. If macrocracks dominate in the section, the basement rocks
are identified as type 1 fractured reservoirs, but if microfracture
systems (“pseudo-matrix”) dominate in some parts of the void space,
they may show the properties of type 2 reservoirs forming a mixed
type of fractured reservoirs.
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