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YK 550.832

3. P. Xamatgurosa
OOO “He¢prerazreopusnka”

EMKOCTHO-®UNbTPALMOHHbLIE CBOUCTBA
3®dY3UBHbIX KOJJIEKTOPOB 3ANMAAHOW CUBUPHU

PaccmoTpeHbl BO3MOXHOCTM reodn3nyecknx MeToaoB Ans onpeaeneHns dunb-
TPaUNOHHO-eMKOCTHbIX cBONCTB (PEC) adhdy3nBHbBIX KOMNEKTOPOB Ha OCHOBE
NoCTPOEHUs NeTpodnanyecknx 3aBUCUMOCTEN.

KnoyeBoie cnoBa: 3¢hgpy3uBHele KoaaeKkmopsl, e MKOCMHO-bUMbMPAYUOHHbIE
cBolicmBa, nempoguzudeckue 3aBucumocmu, KepH, 2eoghusudeckue memodsl.

B nocnennue roawt B 3ananuoit Cubupu ObLIN OTKPBITHI U BBEIACHBI B
MIPOMBIIIUIEHHYIO Pa3pab0TKy HETPaIUIIMOHHBIE 3P y3UBHBIE KOJIEKTOPHI.
DTO MPUBEIIO K BO3ZHUKHOBEHHIO IMPOOJIEMBI CO3/IaHUs WH(DOPMAIMOHHOTO
obecrieueHus AT BBIJICJICHHS IPOIYKTUBHBIX 3ayexeit u oueHku ux ®EC.

Jtst pelieHus TOCTABJIICHHOW 3a/1auu ObLIM MPOU3BEJIEHBI MAacCOBbIE
n1abopaTopHbBIE HCCIIEIOBAHUS KepHA, BO BCEX Pa3BEIOYHBIX CKBaXXHMHAX
MIPOBOUJIICS TTOJHBIA KOMIUJIEKC COBPEMEHHBIX T'e0(pU3NUECKUX UCCIIEI0-
Bauuit (I'MIC) npu cTpOUTEIBCTBE U OCBOCHUU CKBaXXWH. B nmanbHelimem
MIPH SKCIUTyaTAallUOHHOM OYpPEHUM OCHOBHAS POJIb MO HH(OOPMAIIMOHHOMY
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obecneuenuto orBoautcs [ UC. OcHOBOM nipeyiaraeMoil paboThI SIBIIIOCH
YACTUYHOE pElICHHE BOMPOCOB IO CO3JAHUI0 M aHAIU3y MeTpodu3niec-
kux 3aBucuMmoctei st onpenenenus @EC mopoa, B wacTHOCTH, oOmIen
MMOPUCTOCTU M TTOUCKA BO3MOJKHOCTEH BBIJEICHUS MTPOHUIIAEMBIX UHTEP-
BajioB. [TocraBienHas 3ajaua pemanach Ha ocHoBe naHHbIX [ M1C u nabo-
PaTOPHBIX ONpe/eIeHul (PU3NIECKUX CBOMCTB KepHA CKBAXHUH.

1. ®opMHpoBaHHUe KU CTPYKTypa €MKOCTHOro NMpPOCTPAHCTBA

EMKoCcTHOE TpOCTpaHCTBO KUCHBIX 3(PPy3UBHBIX TTOPOJ MPEACTABICHO
nopaMu, KaBepHamu U TpeminHamu. [Topsl oO6pa3yloTcs B pe3yiabTaTe
BBIJICJICHUSI Ta30B MpU Kpucrajanzanuu 3¢p¢dy3uBubix mopon [1]. Takoi
TUII €MKOCTHOT'O NMPOCTPAaHCTBA HA3bIBAECTCSA NEPBUUYHBIM. KaBepHBI U
TPEUUHBI OTHOCSTCS K BTOPUYHOMY THUIY €MKOCTHOTO MPOCTPAHCTBA.
KaBepubl 00pa3yroTcs B OCHOBHOM 3a CUET BBIIEIAYMBAHUSA IOPOJ B
IpoLecce ruApOTEPMaIbHO-METACOMATHYECKUX TPeoOpa3oBaHUi, TpeLu-
HBI IMEIOT MMPEUMYIIECTBEHHO CYOBEPTUKAIBHYIO HAITPABICHHOCTD U (hOp-
MUPYIOTCS 3a CUET pas3inyus TeMIepaTyp BHYTPU U Ha IOBEPXHOCTHU Ja-
BOBOT'O Tella MIPU €r0 OCThIBAHUU (TPELIMHBI IEPBUYHON OTAeIbHOCTH). B
M3Y4YEHHBIX NOPOAAaX MPUCYTCTBYIOT TAK)KE TPEILUHBI BTOPUYHOM OTHEIb-
HOCTH (KJIMBAX), “BO3HUKAIOIIUE IO/ BIIMSIHUEM HATPY3KHU BBIIIEIICKAIINX
TOJIII WJIM HAIPaBIEHHBIX TeKToHWYeckux cun’ [1, 2]. Bynkanorenno-
00JIOMOYHAs YacTh JABOBOIO MOTOKA, 3aJeraiouiasi B €0 OCHOBAHUU U
Ha TIOBEPXHOCTH, MOXET UMETh Oojiee pa3zHOOOpa3Hoe eMKOCTHOE Ipo-
CTPAHCTBO 32 CUET COOCTBEHHOH MOPUCTOCTH OOJIOMKOB, UX COUYETAHMS
MeXIy coOOM U ¢ 3aMOITHUTETIEM.

UccnenoBanust CTpYKTYpPbl EMKOCTHOTO IMTPOCTPAHCTBA 00Pa3L0OB Kep-
Ha, TIpOBeJIeHHbIe 1Mo uudaM 12 pa3BeJJOYHBIX CKBAXKHWH MPHU TTOMOIIU
UMHU/DK-aHAIN3a, TI03BOJIUIN OOHAPYKUTh M KIIaCCUDHUIIMPOBATH MTEPBHUY-
HBIE U BTOPUYHBIE MYCTOTHI [6, 7].

Martpuila opoJi COEPKUT MEPBUUYHBIC MTyCTOTHI pa3ra3upoBaHUS I10O-
poBoro nmpocTtpancTBa padmepom menee 100 mkm M BTOpUUHBIE KaBEPHO3-
HbIe TycTOTHI pazmepom 6omee 100 yxm. [TycTOTHI BhIETaunBAHUS IMEIOT
CJIO)KHOE CTPOCHHUE W pa3Mephbl B OONBIMMHCTBE ciiydaeB MeHee 100 mxm.
[TycTOTHI KAaBEpPHO3HOTO THUIA MOTYT OBITH M30JIMPOBAHHBIMHU, HO B OC-
HOBHOI Macce BCE TUITBI TyCTOT OOBbEINHEHBI CIIOKHOMN CEeThIO KANMJIIISAP-
HBIX KaHAJOB, 9KBUBAJIEHTHBIC PAJIMYChl KOTOPBIX HAXOJSITCS B MpeIenax
0,5-5 mrm.
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ITo naHHBIM MOJIEBBIX OMMCAHUN KEpHA MPAKTUYECKH BO BcexX pas3dy-
pUBaeMbIX MOpoaax HabmrogaeTcss U300UIne MUKPO- U MaKpOTPEIIHH.
Hanpasnenus TpemmHOBAaTOCTH pa3HooOpa3Hble. BeTpeuarores yyacTku
C CepHUsIMH MapaslIeIbHBIX U BETBSIIIUXCS TPEIIUH MPEUMYIIIECTBEHHO CyO0-
BEPTHUKAJIbHO HallpaBJeHHBIX. YacTh TpeUIuH 3ajiedeHa BTOPUYHBIMHU
MHUHEpaJlaMHi: KPEMHE3EMOM, XJIOPUTOM, KaJIbIIUTOM U JIp. Mexay Tpe-
LIIMHAMMU U YJIbTPAaKaIWLISIPAMU C IPOYHOCBSA3aHHBIM (IIIOUAOM HAXOAAT-
cs MOPOABl C MOPOBO-KaBEpPHO3HOMN cTpykTypoil. Ha Hux mMoxer npuxo-
IuThCs OT 15 mo 55% eMKOCTHOTO MPOCTPaHCTBA, MPEACTABICHHOTO TI0-
paMM M KPYIHBIMU KaBepHaMu. MIX pa3zMepbl HECOU3MEPUMBI ¢ pa3mepa-
MU KanuJIsapoB, npeseiias ux B 100, a B oTaenpHbIX cinydasx B 1000 pas.
ITpu 3HaUMUTENBHBIX BEJIMUMHAX 00wIel nmopucroctu GuibTpanus ¢irou-
Jla MOET MPAKTUYECKU OTCYTCTBOBATb.

[Togob6Has cioxkHasi CTPYKTypa eMKOCTHOT'O MpocTpaHCcTBa 3¢ ¢y3uB-
HBIX MOPOJ TpeOyeT HecTaHaapTHBIX ctocoOoB oneHku ux MEC u Bhize-
JICHUSI TIEPCIEKTUBHBIX MHTEPBAJIOB JJIsI MPOMBIIIIIEHHON pa3padoTKu
He()TeHACHILLEHHBIX 3aIexkei.

2. OnpepenenHue PEC metogamu N'MC

Kak oTmeueHno B mpenpiaymieit padote [11], kucible 3¢ dy3uBHbIC TMO-
pOJBI OIM3KH IO MUHEPATBHOMY COCTaBYy, O3TOMY cl1abo pa3mmdaroTcs
no ¢guznueckuM colicTBaM. Pa3z0poc 3HaUeHHMIT OCHOBHBIX (DU3UUYECKHUX
napameTpos (o, , Az, At,), onpenensgemeix no I'MC, cBa3an B 0CHOBHOM
CO CTPYKTYPOW M CTPOEHUEM €MKOCTHOTO MPOCTPaHCTBA 3P dy3UBHBIX
MOPO/I.

HavanpHbIM 3Tamom paboT SBISIIOCH CO3JaHUE MEeTPOGU3UUECKOTO
oOecreueHUst Ha ocHOBe abopaTopHbIX onpeneneanit ®EC keprna u pe-
synmbTaToB ['MIC. IlocTpoeHne 3aBUCHMOCTEH MPOU3BOIUIOCH COTIOCTAB-
JIEHUEeM JaHHBIX “KepH-KepH”; “kepH—[UC”.

CrangapTHble HCCIeAOBaHUSI 00pas3IoB KepHA BKIIOYAIH IBAa BUIA
H3MEPEHUN:

0 KOJUIGKTOPCKUX CBOMCTB (KO3()(PUIMEHTOB MOPUCTOCTH k
eMocTH Ky, OCTATOYHON BOJOHACBHILEHHOCTH ky);

O Qusnyeckux CBONUCTB (MMHEPAOTUYECKOH G, U OOIIEH MIOTHOCTH
0 Gy BOZLOHACBIIICHHBIX OPOJI, YAEIBHOTO 3JIEKTPUIECKOTO CONPOTHB-
JIEHUS BOJIOHACHIIIEHHBIX TTOPOJ ¥ TOPOJ C OCTATOYHON BOTOHACHIIIIEH-
HOCTBIO).

> TPOHMILIA-
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PesynbpraTel nabopatopusix ncciaegoBannii u nanusie I MC cocraBunm
MH()OPMALIMOHHYIO OCHOBY JUISI UACHTU(UKAIINU MOPOJ 11O JIUTOTHUIIAM,
CTPYKTYpPE NOPOBOI'O MPOCTPAHCTBA U EMKOCTHO-(QMIHTPALIMOHHBIM CBOK-
CTBaM.

CosznanHoe nerpodusnyeckoe obecrneuyeHue BKIOYAET 3aBUCUMOCTHU
“kepa—I'MIC” s ompeneneHUs MOPUCTOCTA M MPOHHUIIAEMOCTH 110 JTaH-
HBIM 3JICKTPUYECKOTO, HEUTPOHHOTO, MIOTHOCTHOTO U aKyCTHYECKOTO
KapoTaxa. Mcrmoiib30BaHbl pe3ysIbTATH 1a00OPATOPHBIX HCCIEJOBAHUI
(Bcero 2600 o6pasuoB) u 'NMC no 12 mouckoBO-pa3BeIOYHBIM CKBAXKU-
HaM. Bce ckBakuHbl TpOOYpeHbl ¢ MAKCUMAIbHBIM OTOOPOM KepHa, HcC-
cinenoBaHbl NOIHBIM KoMIuiekcom ['MC, ucnblTanbl, TpOKOHTPOJIUPOBA-
HBI CPEACTBAMU IIPOMBICTIOBON reodu3uku. B paszpese ckBaXK1H BbIAEICHO
140 oTHOCHUTENHHO OMHOPOIHBIX IMJIACTOB oOmel Tommuuoi 360 m. us
KaXJOT'0 IIACTa KOJIMYECTBO MCCIEJOBAHHBIX O0pAa3IlOB COCTABIIIO HE
MeHee ogHoro Ha 0,5 m paspe3a. bpuin nmpruMeHeHb! pa3IUYHbIE TPUEMBbI
aHaIn3a 1abopaTOPHBIX U CKBAXKUHHBIX UCCIEIOBAHUN; N1 HEHTPOHHO-
ro KapoTaxa IPOBEIEHO MAaTEMAaTHYECKOE MOJAEIUPOBAHUE METOIOM
MounTte-Kapio.

ComocTtaBiieHre 1abOPATOPHBIX ONpeleIeHI K03(h(GUIIMEHTOB MOPH-
CTOCTH M Pe3yJIbTATOB U3MEPEHUHN (U3NUECKUX BeIMUMH 110 JaHHbIM ['IC
MO3BOJIUIIO OLEHUTH BO3MOXHOCTH KaXXJOTO METOIa M MOTPEHIHOCTH
onpenenenuss ®EC xomnekTopos.

2.1. Ilempodghusuueckue 3agucumocmu mex;coy oduieii NIOMHOCMbI0 NOPOO
no dannvim 'HC u ko3ppuuyuenmamu nopucmocmu, onpeoeieHHbIMU RO
KepHy

CormocraBlieHre TTPOBEICHO JIJIS IAHHBIX, TTOJYyUYEeHHBIX BO BceX 12 pas-
BEJOUYHBIX CKBa)kmHaxX. st kucnbix 3¢ Py3uBHBIX TOPOJ PA3IHUIHOTO
MHUHEPATOTHYECKOTO COCTaBa U CTPYKTYPBI EMKOCTHOTO IPOCTPAHCTBA
noJjiyueHa JIMHelHas 3aBucuMocTth (puc. 1). Hecmorpst Ha pa3zdpoc nmoka-
3aHUI OHA IOCTATOYHO yCTOMUMBA: K0P PUIMEHT Koppensiuuu pasex 0,82,
YPaBHEHHE Perpeccuu G, = —0,0125 « k + 2,57 npakTuyeckn MmoIHoc-
THIO COBIAJIAET C TEOPETHUYECKOW 3aBUCHUMOCTBIO, CBSI3BIBAIOIIEH OOIIYIO
TIJIOTHOCTB € MOPUCTOCTBIO TIOPOA G5y = Oy * k,+ o, (1-k,),rneoc o~
IJIOTHOCTH (PIIIOMAA; O 5, — OOIIast MIOTHOCTD; G, — MUHEPAIOTUYECKAs
MJIOTHOCTH MOpoJ. MuHepalornyeckasi INIOTHOCTh NOPOJI MPHUHSATA PaB-
HOU 2,64 o/cm’ [11], mnoTHOCTH mIacTOBOM Bombl — 1,012 ofem’.
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3,0

2,8

MnotHocTs Mo TNC o, r/em®

2,0

0 8 16 24 32
Kr N0 KepHy, %
= \DaBHEHIE perpeccun: o = -0,0125 - k, + 2,57, KoathcpuumeHT koppenaumn - 0,82
ky=-80- G +205,6

=== YPaBHEHINE TEOPETUYECKOI 3ABUCUMOCTUL: G = Gy, - Ky + Gy - (1 - kp), Gy = 2,64 r/om®,
Gn = 1,014 r/em®

I Kucnble acpdhy3nebl: TPAXUPUOKALNTHI, PUOKALNTHI, HALMTbI, TPAXAALIATEI 1t APYTiAe
[l Tydbl, TychokoHrnomeparbl, TycoBpekuni, TyPhuTbI

Puc. 1. ConoctasneHne nopuctoctu (k,), M3MepeHHon Ha obpasuax KepHa, u
nnotHoctn (o) no NMC

Pa3bpoc Touek OTHOCUTENBHO MOJIYYEHHOH JIMHUU PETPECcCUU OCTAET-
Cs 3HAYUTENbHBIM. [1p1 OIMHAKOBBIX 3HAUEHUSIX IOPUCTOCTHU 001I1as MII0T-
HOCTh m3MensieTcst Ha 0,06-0,1 o/ca’, 4TO maeT MaKCHMAIbHYIO OrpEll-
HOCTH OTpe/eeHus nopucroctu g0 £4-6% aobce.
OcHOBHBIE NIPUYNHBI pa3dpoca MOJIYyUYEHHBbIX 3HAUEHUH CleIyIolIMe:
0 NPUHATOE 3HAYECHHUE MUHEPAJIOTMYECKON IIIOTHOCTH paBHO 2,64 ofen’.
OJHAKO OTMEYAIOTCS BapHallM MUHEPATOTHYECKON IIOTHOCTH s
MOPOA000PA3YIOIIUX U BTOPUYHBIX MUHEPAJTIOB B Juama3oHe oT 2,35
10 2,76 o/ex’ [3, 5, 10];
O TUIPOTEPMAlIbHO-METACOMATUYECKHUE TPOLECCHI, HAIIPUMED, XJIOPUTH-
3alus, XapaKTepHble sl KUCIBIX 3(Qy3UBHBIX MOPOJ, UMEIOT CyIle-
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CTBEHHOE CHU)KEHHUE IUNIOTHOCTH U YBEJIMYEHHE [IOPUCTOCTH IOPOJ C 00-
pa3oBaHUEM BTOPUUYHBIX MUHepaioB [9, 10];

O HEMOJHBINA y4eT HEOJHOPOAHOCTEN MOPO/I IO BEPTUKAIIN 34 CUET OOJIb-
mei peranbHOCTH MeToA0B ['MMC OTHOCHTEIBHO AAHHBIX MCCIIEIOBA-
HUU 1O KEPHY.

YuuTsIBas, 4TO NOJIy4YeHHAsl 3aBUCUMOCTb UMEET JTMHENHBIN XapaKTep

n OnM3Ka K pacyeTHOM, JaHHBIE TUIOTHOCTHOTO KapoTaxka, B cliydyae OT-

cyrcrBus npyrux meronoB ['MC, mo3BOISIIOT MPOU3BOIUTH pacueT Kodd-

¢dunmenTa ob61Iel MOPUCTOCTH C OTPEITHOCThI0 £3-4% abc.

2.2. 3asucumocmu nokazauuii () HedmMpoHHOZ0 Kapomarca om oouieil
nopucmocmu (k) nopoo no xepmny

3aBHCUMOCTU MEXIY BOAOPOIOCOIEPKAHUEM, IOJYUEHHBIM O JaH-
HBIM HEHTPOH-HEUTPOHHOT'0 KAPOTaKa M MOPUCTOCTHIO, OTIPEEICHHOM 1O
KepHY, IIPUBEIEHBI HA pHUC. 2.

B pesyipTaTe MaTeMaTHUECKOTO MOJICTUPOBAHUS ISl Hanboiee pac-
MPOCTPAHEHHBIX 3P PY3UBHBIX MOPOA ObLIA MOJIyUYeHA CBS3b BOLOPOIOCO-
nepxkanus ¢ nopucroctsio [11]. Ha rpadukax puc. 2 HabnromgaeTcs 3Ha4H-
TEJIbHBIN p8.36pOC TOYCK OTHOCUTCIIbHO JIMHUU PCIrpeCC BO BCCM AUAlla-
30HE U3MEHEHHI MOPUCTOCTH; KO3 duuueHT Koppensiuuu paseH 0,6.

OCHOBHBIC NTPUYHHBI CIEHYIOLIIE:

O B Ipoliecce KPUCTAIIU3ALUY U B PE3YJIbTaTe MOCIEAYIOIIHNX THIPOTEP-
MaJIbHO-METAaCOMAaTHYECKUX Mpeodpa3oBaHuil KUCIbIX 3¢ (y3UBOB 00-
Pa3yloTcs B pa3IMUHBIX 00beMax M COYCTAHHUSIX MUHEPAIBI C BBICOKHM
BOoJOpogocoaep)kaHueM. K HUM OTHOCSITCS B IIEPBYIO OYepeb THIPO-
CIIIOBI, XJIOPUTHI U aKLIECCOPHBIE MUHEPAIIBI;

O HEMOJHBIA y4eT HEOJHOPOJHOCTEH MOPOJI IO BEPTUKAIIU 34 cUeT Ooliee
BbIcOKOH metanbHOCTH ['MIC 1Mo cpaBHEHMIO ¢ KEPHOBBIMH JaHHBIMHU.
C y4eToM 3HAUYUTEIHHOTO BIIMSIHHS MPOIECCOB Mpeodpa3zoBaHus 3¢-

(by3I/IBHI)IX Iopoa U MOABJIICHUS BTOPUYHBIX TIIMHUCTBIX MHUHEPAJIIOB HC-

MOJIb30BAHKUE BOJIOPOJOCONECPKAHUS Il OLEHKH IMOPUCTOCTU U BbIJeIIe-

HUS KOJJIEKTOPOB BO3MOJKHO C MOI'PEIIHOCTBIO B npenenax +6% aodc.

Bonoponmoconepikanie peKOMEHIYETCs UCIOJIb30BaATh KaK KaYeCTBEHHBII

napametp. [Ipy KOTUYECTBEHHBIX ONMpeaeNeHUusIX Kod3(hOUINEHTOB MOPH-

CTOCTH IO COBOKYITHOCTH METOJIOB JIAHHBIE 3aMEPOB BOJIOPOOCOIEPKA-

HUS HCIIOJIB3YIOTCS B KaUeCTBE OJHOTO M3 MapaMeTPOB B KOMITJICKCHOM

obpabotke gannbix ['MC.
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Bonopopocopepxatue no MNC , %

kpy no kepHy, %
m— YPaBHEHNE perpeccun: o = 1,2 -k + 3, koachehuumeHt koppenaumn - 0,6
I «vcnbie sdhdbyaBbI: TPAXMPUORAUNTSI, PUORAUNTSI, ALWTLI, TPAXWAALWTLI Ut APYTie

1y, TydokoHrnomeparl, Tychobpekuiy, TycheuTbl

Puc. 2. ConoctaBnenue nopuctocty (k,), onpeaeneHHoi no KepHy, 1 BOAOPOAO-
copepxaHus (o) no M’MC

2.3. 3asucumocms medxcOy UHMEPBATLHIMU 8PeMEHAMU NPOOOTLHOIU U
nonepeuHoil 60JaH U 00Ul NOPUCMOCIBIO NOPOO

M3mepeHust CKOPOCTel pacpoCTpaHeHHs TPOI0abHOM (P) 1 monepey-
HoO (S) ynpyrux BoJiH Ha oOpa3lax KepHa He IPOBOAMINCEL. Ha mpakTu-
Ke JIJ151 OLEHKH KOJUTEKTOPCKUX CBOMCTB TEPPUTEHHBIX U KAPOOHATHBIX KOIT-
JIEKTOPOB HCIOIb3YETCS JTUHEHHOE YpaBHEHUE CPEIHEr0 BPEMEHHU:

Ar, = Aty (1= ky) + Aty - ky

unu ypaBHenue Paiimepa—Xaura—-TapaHepa: 1/Atp =(1- knz)/AtCK + k. /
At,, Tae Atp — MHTEPBAJIbHOE BPEMs IIPOJOJIbHON BOJHBL, Af ., Al — WH-
TepBaJIbHbIE BPEMEHA, U3MEPEHHBIE B U/I€AJIbHOM HEITOPUCTOM CKeJIETE 10-
pOJBI U B TOPOBOM KUAKOCTH COOTBETCTBEHHO.
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JlaHHBIE 0 CKOPOCTAX MOMEPEUHBIX BOJH JJISI OLEHKH KOJIEKTOPCKUX
CBOWCTB MPAKTUUECKU HE MPUMEHSIOTCS. YCTaHOBJIEHUE MeTpodusmiec-
KUX 3aBUCUMOCTEH It 3P Py3UBHBIX OTIOKEHUM MO JaHHBIM aKyCTHYEC-
KOro KapoTaka B OTE€YECTBEHHOMN MpaKTUKE MPOBOAUIIOCH PEIKO.

Jutst HaxoXIeHusT NeTPOPU3NIECKUX 3aBUCUMOCTEH Ha OCHOBE CKBa-
JKMHHBIX U3MEPEHUMN Atp u Af; 1 1abOPaTOPHBIX U3MEPEHUI MOPUCTOCTH
00pas3ioB KepHa MCIOJIb30BaHBI JaHHBIE TeX ke |2 pa3BelOUYHBIX CKBa-
*UH. D (Py3uBHBIE MOPOJIBI KUCIOTO COCTaBa OBLIM YCIOBHO pa3/ielIeHbl
Ha [IBe Ipymnnsl. B mepByio Irpymiy BOUIU AALIUTOBbIE, TPAXUPUOAALIUTO-
BbIE, TPAXUJAIIUTOBBIE U JPYTHE JaBbl, BO BTOPYIO — BYJIKAHOTEHHO-00-

310

270

250

Aty no TUC, mke/m

210

190

170 ‘u
0 5 10 15 20 25 30

kp, no kepHy, %
— At,=0031-k;2+3,809 - ky+172,34

——  3asucumocTb Paiimepa-XaHTa-fapatepa At p=1/((1 - knz)/AtCK +Kp/Aty),
rae Ky B ponax, Aty = 175 mkc/m, Aty = 620 Mkc/m

I kucnble 3ddpy3nBbI: TPAXVPUOKALWTBI, PUORALNTBI, JALMThI, TPAXIHALUTbI 1 Apyrie
W 1ychel, TychokoHrnomeparsl, Tychobpekyum, TyphuTbl

Puc. 3. ConocrasneHne nopuctoctu (k,), MamepeHHon Ha obpasuax KepHa, u
MHTepBanbHOro BpeMeHU (Atp) NPOJOJSIbHOW BOSMHbI MO AaHHbIM AK
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JIOMOYHBIE (MU MUPOKIIACTUUYECKHE) TOPOAbL: TY(DBI, TYhUTHI, TYPOKOH-
riomepatsl, TyGobpexunu u ap. K gaHHBIM nmopojgaMm npuypoueHo 0ojib-
LIIMHCTBO IUIACTOB, 00alaI0OMINX IUPOKUM THATIA30HOM KOJUIEKTOPCKHUX
CBOMCTB. BUAbl MOJTyUyeHHBIX 3aBUCUMOCTEN HETMHEHHBI, OMUCHIBAIOTCS
KBaJpaTUYHBIMM YPABHEHUSMU U NMPUBEAEHBI Ha pUC. 3 U 4.
3aBUCUMOCTb MeXJy Af, M k  ONUCHIBAETCA ypaBHEHUEM:

At, = 0,0347 - k,* + 3,5587 - k,, + 174,08.

ITo Bungy mostyueHHas 3aBUCUMOCTb OJIM3Ka K JaHHBIM, I1OJy4yaeMbIM
mo ypaBHeHHIo Paiimepa—XanTta-I'apaHepa B 00JlacTH HU3KUX 3HAUYCHUM
Koo puLneHTOB MOopUcTOCTH (k; < 13%) M OTIMYaETCs OT HEro B CTOPO-
Hy Oonbluux 3HaueHuil Ha 2% npu k, > 13%.

590

570

510 : ' - i
490

470

450

Atgno TNC, mkc/m

410
390
370

350 -

30 A
310

290
30

Kq 1o KepHy, %

— Alg=0,1729 - ko2 +5172 -k, + 281,52
= Kucnble 3thhy3nBbl: TPAXUpUOAALWThI, PUONALIATBI, AALWMTBI, TPAXVAALNTLI 1 Apyrie
. Ty(hbl, TYPOKOHrNOMEpaThI, Tyobpekymnn, TyhuTbI

Puc. 4. ConocrasneHne nopuctoctu (k,), mamepeHHon Ha obpasuax KepHa, u
MHTEpBanbHOro BpemeHn (At) nonepeyHon BomHbl Mo AaHHbiM AK
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JIst moTIepeYHBIX BOJTH 3aBUCHMOCTD TaK)Ke OTUCHIBACTCS KBAAPaTHY-
HbIM ypaBHeHuem Af, = 0,1729 - kn2 + 5,172 - k, + 281,52,

Pa3bpoc Touek s paccMaTpUBaeMbIX TOPOJ HAXOIUTCS B OCHOBHOM
B 00JIaCTH CTaHAAPTHBIX JOIYCTUMBIX ITOTPEINHOCTEH onpeneneHus k 1o
JIAHHBIM aKyCTHMYECKOrO KapoTaka. AOCOJIIOTHASI MOTPEIIHOCTh OTpeje-
JieHus! K03 (PUIIMEHTOB MOPUCTOCTH (TI0 JAHHBIM 3aBUCUMOCTSIM) COCTaB-
et +2,5%. MMmeroruecss pa3audus B OMPEACIIEMbIX 3HAUCHHUSIX KO-
(GUIUEHTOB MOPUCTOCTH IO JAHHBIM MPOJOJBHBIX U IMOMEPEUHBIX BOJH
CBSI3aHBI CO CTPYKTYPOU IMOPOBOTO MPOCTPAHCTBA U B MEPBYIO OUEPEb C
BIUSHUEM TPELIMHOBATOCTH MOPOJ, YTO MOXET SBIATHCS MPU3HAKOM
pasJieseHust MopoJ MO THIAM KOJUIEKTOPOB.

HNmerommuiics pa3dpoc TOUEK CBI3aH CO CIIOKHOMW CTPYKTYPOM ITOPOBO-
'O IPOCTPAHCTBA, YTO SBUJIOCH CIICACTBHUEM BHINIETAYNBAHUS B PE3yJIbTa-
Te TUAPOTEPMAIIPHBIX MpeoOpa3oBaHuil. OMHAKO BIMSHUE 3TUX MPOIEC-
COB Ha MMOKa3aHMSI HEUTPOHHOTO U TUIOTHOCTHOT'O KapoTaxa Ooiee cylie-
CTBEHHO, HEXEeJIM Ha MOKa3aHUs aKyCTHYECKOTO KapoTa)a, M CBSI3aHO C
00pa3zoBaHUEM TIIMHUCTHIX MUHEPAJIOB.

Omnpenenenne Ko3PGUIIMEHTOB MOPUCTOCTH IO TAHHBIM aKyCTHYECKO-
ro KapoTaka BO3MOXHO C TOCTATOYHO BBICOKOW TOYHOCTBHIO C MCIOJIH30-
BaHUEM 3aBUCUMOCTH, MTOJIYYEHHOH JJIs TPOJOIbHBIX BOTH. 3aBUCUMOCTb,
MOJIyYeHHAs JJIsl IIOTIEPEYHBIX BOJIH, TPeOyeT JajibHEHIIIero n3yueHusl U B
HACTOSIIee BPEMsI MOXKET OBITh UCIIOJIb30BaHA ISl KAUYECTBEHHOTO BBIJIC-
JIEHUSI KOJUIEKTOPOB, UMEIOIIUX BEPTUKAJIBHYIO U CYOBEPTUKAIIBHYIO Tpe-
IIUHOBATOCTh. B panmpHe#IeM HE0OOX0AMMO MpOBECTH Ooliee AeTaIbHbBIN
aHallM3 BIIMSHUS Ha Toka3zaHus MeTogoB AK MuHepambsHOTO cocTaBa
MOPOJI.

2.4. 3asucumocmob omnocumenpnozo conpomugienus (p,) om
nopucmocmu (k) nopoo

Jutst mocTpoeHus 3aBUCUMOCTH MCCIIe0BaHUs BbImotHeHbI Ha 400 00-
pasiax ¢ IMOJTHOW BOMOHACHIINICHHOCTRIO U ITpuBeacHHI Ha puc. 5 [8]. Co-
riaacHo ypasHeHuto Apun (p,, = 1/k "), koaddurment m onpenenser cTpyk-
Typy MOPOBOTO MPOCTpaHCTBA. [IsI paccMaTpUBAEMbIX BYJIKaHOTEHHBIX
OTJIOKEHUM (pUC. 5) CTPYKTYPHBII KOI()PUIIMEHT U3MEHSAETCS B IIpeeax
1,8-2,8, mnoBepuTeIbHBIN HHTEPBAJ (C JOBEPUTEIHLHON BepOSTHOCTHIO 0,68) —
1,96-2,48. 3nauenus ko3 dunuenta 6omee 2,0, 4To XapaKTepHO IS Tpa-
HYJISIPHBIX KOJUIEKTOPOB, YKa3bIBAIOT Ha CIIOKHYIO CTPYKTYpPY MOPOBOTO
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Puc. 5. 3aBMCMMOCTb OTHOCUTENBHOIO COMPOTUBIEHUs (p,) (NapameTpa nopuc-
TOCTM) OT 06LIei NopUcToCcTh (K,) aPmdy3nBHLIX Nopoa no 12 ckBaxuHam
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MIPOCTPAHCTBA, OOYCIOBIEHHYIO HAIMUUEM KaBEPH U KPYMHBIX TPELIUH.
YMeHblIeHHE 3HaUeHU KoadduLuenTa m 10 2 1 MeHee yKa3bIBaeT Ha Ha-
JUYUe KPYIHBIX OP U KaBEPH, COSAUHEHHBIX Y3KMMHU KAIWUISIPHBIMH Ka-
HaJIaMU.

YuuThIBasi 3HaUUTEIbHBINA Pa3dpoc 3HAUEHUH CTPYKTYpPHOTO Ko3du-
LUeHTa () 1 HEBO3MOXXHOCTb €0 OIPEJETICHHs] B KOHKPETHOM H3yuae-
MOM HHTEpBaje, onpeneieHne Kod3pGULUHUEHTOB NOPUCTOCTH MO JaHHBIM
INEKTPUUYECKUX METOHOB CBSI3aHO CO 3HAYMUTEIbHBIMU IIOTPELIHOCTSAMU.

2.5. Cucmema komnuekcnoii unmepnpemauuu memooos I'C
0151 onpedenenus KoIhuuuenmos odoweit nopucmocmu

Kax BuaHO M3 MpUBEACHHBIX JAHHBIX, OMPEIEICHHE A1 BCETO MHOTO-
o0pasusg 3pPy3uBHBIX KOJUIEKTOPOB KOI((PUUHEHTOB MOPUCTOCTH IO
otaenbHbIM MeToaM [[IC cBA3aHO CO 3HAYUTEIBHBIMU MOTPEITHOCTSIMH.
HermonHpIil yueT MepBUYHOTO MHUHEPAIBHOTO COCTABA TOPOJ M BIUSHUS
BTOPUYHBIX MUHEPAIOB, BOSHUKAIOLIUX B IIPOIlecce IUIPOTEPMAIBHOIO
MeTacoMaTo3a, OKa3bplBaeT OOJIbIIOE BJIMSHME HA MOKA3aHUSA KaXAOTO
Merona. B mepByro ouepeab 3TO OTHOCUTCS K JaHHBIM MIOTHOCTHOTO
KapoTa)xa u3-3a Bapualluii MUHEPAJIOTUUECKON INIOTHOCTU MOPOJ U HEM-
TPOHHOTO KapoTa)ka BCIEACTBUE TIIMHU3AIMU NOPOJ B IIpoliecce mpeod-
pazoBanus. Ha pe3ynabraThl 00pabOTKU JaHHBIX aKyCTUUYECKOrO KapoTa-
’Ka OKa3bIBAIOT BIIMSIHUE II€PEMEHHBIM MUHEpAJIbHBIN cocTaB nopon [4] u
CIIO’KHASl CTPYKTypa IMOPOBOIO MPOCTPAHCTBA.

HecMmoTpsi Ha moJIy4eHHBIE 110 KaXXIOMY METOIY JAOCTATOYHO TECHBIE
KOppeIsiiinoHHbie nerpodusnueckue cBsizu (kepH—I MC) abcosoTHbIE Mo-
CPEIIHOCTH OTpeiesieHus KO3 PUIUeHTOB opucTocTu cocranisitor +1-3%
JUTS aKyCTHYecKoro u £4-6% s HeHTPOHHOTO U IITOTHOCTHOTO KapoTa-
xka. [1715 yMeHbllIeHNs IOTPELIHOCTH ONPeesIeHUs IPeyiaraeTcsi HaXO0AUTh
o0u1y1o MopucToCTh Kk, 3py3uBHBIX IOPOJ PEIIEHHEM CUCTEMBI ypaBHE-
HUN, KOTOpbIE CBA3BIBAIOT U3MEPEHHbIE 3HAYEHUS reoU3NMUECKUX Mapa-
METPOB CO 3HAYEHUSAMHU KOI(PPUIUEHTOB NOPUCTOCTH U 0OBEMAMU TIpell-
roJjiaraeMbIX KOMIIOHEHTOB IMOPO/Ibl. B KauecTBe MOCTOSHHBIX K0P HUIIN-
SHTOB BBICTYNAIOT 3HAUYCHHS (DU3NUYECKHUX MAPAMETPOB IS BHIOPAHHBIX
KOMIIOHEHTOB Gy, O, Al,}, Gy, 0y, Al,.

Ilpennonaraercs cienyroomun Ha61(7)p YpaBHEHUI:

c=0,"V,+o,  V,+0, k.

o=V +o, V,+o, -k,

At, = Aty - Vi + Aty - Vo + Aty - kg
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1=V, +V,+k,
rae k, — 3HadeHus oOIIell MOPHCTOCTH.

PaccmoTpens! ABe rpyIisl opo: I — 3G dy3uBbI TABOBOTO IMPOUCXOXK-
JeHus; 2 — ByJIKAHOT'€HHO-0OoMouHble 3G dy3uBHble nopoasr; Vy, V, —
COOTBETCTBEHHO OOBEMBI BBIMICYKAZAHHBIX MOPOM; O(j 5), O 2)s Al o) —
(usuueckue CBOMCTBA IS BBIIIEYKA3aHHBIX OPOJI, PACCUUTAHHbBIE C yUe-
TOM (U3UYECKUX CBONCTB MUHEPAIOB, U3 KOTOPBIX COCTOST JaHHbBIC IMTO-
POIBI.

D¢ dy3uBbI TABOBOTO MPOUCXOKACHUS MPEJACTABICHBI JAIIUTOBBIMHU,
TPaAXUPUOJALMTOBBIMU, TPAXUJAALUTOBBIMUA U JPYTUMH JIaBAMU, BYJIKa-
HOTEHHO-00JIOMOYHbBIE TTOPOALl — Tyhamu, Tyhpuramu, TyHOKOHTIIOME-
patamu, Typoopekunsimu. Pa3aeneHue mopos mo JIUTOTUIIAM MTPOU3BEIC-
HO B pabote [11]. IIpeamomaraemblii MUHEPAJIBHBIA COCTAB OJTHOPOTHBIX
3¢ (dy3UBHBIX TTOPOJ YCTAHOBIIEH MO PE3yJIbTaTaM PEHTIEHOBCKUX HCCIIE-
JIOBaHUHU kepHa [6, 7].

30

25

20

0 5 10 15 20 25 30
Kq no kepHy, %
m— YPABHEHNE PErpeccum: k, no KepHy = k no MNAC, koachcouumeHt koppenaumn — 0,8
B «vcnsie acpdpy3uBbE: TPAXMPUOKALMTHI, PUOKALMTSI, NALMTHI, TPAXMAALNTHI 1 APyTie

1y, TychokoHrnomepartsl, Tycobpekunn, TychduThl

Puc. 6. Conoctasnexue nopuctoctu (k;) no N’MC un kepHy
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3HaveHust Kod(QPUUHEHTOB OOIIel MOPUCTOCTH, OMPEICIICHHON JTaH-
HBIM CIIOCOOOM, COIOCTABIIEHBI C pe3yIbTaTaMU J1a0OPATOPHBIX UCCIENO0-
BaHU KepHa Ha puc. 6.

3aBUCUMOCTD JIMHEHHA BO BCeX AMAla3oHax MOPUCTOCTH, pa3dpoc
TOYEK He3HauuTelleH, KoahduuueHnt koppensuuu paseH 0,85, abcomtor-
Hasi omnbOKa onpeneiaeHus koapdunuenta nopucroctu +2,5%. INomyueH-
Hble 3HAYeHUs, MPAKTUYECKU, BO BCEX MHTEpBaIax OTOOpa KepHa coBHa-
JaroT. OTIr4Me UMeeT MECTO Ha NMEPEeXOAHBIX FPAHHUIAX U B MECTaxX MakK-
CUMallbHO NPeoOpPa3OBAHHBIX MOPOI.

2.6. Onpedenenue nponuyaemocmu

CrnenyiomuM BaxXHbIM napaMmeTpoMm npu ouenke @EC nmopoa sBisercs
omnpejeneHue npoHuaeMoctu. OOIIeNpUHITasI METOIMKA 3aKII0OUAETCS B
OTIpENICJICHUH ITPOHUIIAEMOCTH C UCIIOIB30BAHUEM PACCYMTAHHON Mopuc-
tocTu. [lerpodusnyeckne 3aBUCUIMOCTH MEX Ty 0OIIeH TOPUCTOCTHIO U a0-
COJIIOTHOH NMPOHUIIAEMOCTBIO IPOBOJSATCA C LIeJIbI0 YCTAHOBJIEHUS KOppe-
JALUMOHHOM CBSI3M U HAXOXKJIEHUS HU)KHErO T'PAHUYHOTO 3HAYEHUs KOo3(]-
¢unmenTa nopucroctu. Ilerpodusndeckne cBszu Mexa1y k1 knp ¢ jjocTa-
TOYHO BBICOKMMHU KOI(PPULUHUEHTAMHU KOPPEISIIUN MOJIYYeHBI I TpaHy-
JSIPHBIX TEPPUTECHHBIX KOJUIEKTOPOB. B ciIyyae cMemaHHOTO TUIA KOJIJIEK-
TOpa, B YACTHOCTH, I 3(PYy3UBHBIX MOPOJI, COACPKAIIUX, TTOMUMO TTOP,
KaBEpHbI U TPELIMHBI, yCTOHYUBBIE CBA3U, KaK IPABUIIO, HE MOJIYy4alOT
BCJIEICTBHE HEyueTa TPELUIMHHON cocTaBisolel. JlonoJIHUTeNbHON 0co-
0eHHOCTBIO 3((HY3UBHBIX KOJUIEKTOPOB SIBISETCS CTPYKTYpa €MKOCTHOIO
MPOCTPAHCTBA, T/I€ KPYIIHbIE TTOPHI U KABEPHBI MOTYT COEIUHITHCS JOCTa-
TOYHO y3KUMHU KaHallaMH, B TOM YHUCIIe KalWIIpaMHu.

Ha pwuc. 7 npencraBiieHo comocTaBjieHue KO3(h(GUIMEHTOB MOPUCTOC-
TH ¢ K03 uureHTaMu IPOHULIAEMOCTH, U3MEPEHHBIX Ha 00pa3uax Kep-
Ha. Kax BUJHO M3 IPUBEACHHBIX JAHHBIX, I1OJyYeHa 3aBUCUMOCTb C HU3-
KuM K03(hPUuIHEeHTOM Koppelsinuu, paBHbIM 0,56. OHO3HAYHO MOXHO
OLIEHUTD HIDKHIOIO T'PaHUIy TOPUCTOCTH AJIsI IPOHULIAEMbIX KOJIJIEKTOPOB,
KoTopas 0mu3ka K 6%.

JomnoHUTEebHbIE BO3MOXHOCTHU JUTSI BBIJICJICHUS TIPOHUIIAEMBIX HHTEP-
BAJIOB IIPEIOCTABIISAET UCII0JIb30BAHNE IOBEPXHOCTHOM BOJIHBI CTOYHH [4].
Bosina CToyHiIM pacnpocTpaHseTcs OJJHOBPEMEHHO B )KUJIKOCTH U TBEPAOM
TeNe, 3aHUMas B KaXXJI0H U3 cpel 00JIacTH, MPUMEPHO PaBHbIE IMOJOBUHE
JUTIHBI BOJHBI. CKOPOCTh PacnpoOCTpaHEHUS BOJIHBI MEHbIIE, YeM CKOPOC-
TH MIPOJIOJILHON U MIONIEPEYHOM BOJIH, TO ecTh Vi <V, <V < Vp. Tax xak



Mpou3eodcmeeHHkIl onbIm 33

100,00

. .
- - o -
. -
-’ LA
. b == = =
10,00
g
S
g
2 100
=
~
0,10
0,01 T g
0,00 5,00 10,00 15,00 20,00 25,00 30,00

Kk, no kepHy, %
m—— YPABHEHVE pErpeccum: Ig knp =-26+0,12 k,
KoachcpuumeHT koppenana Mexay Ig Ko 1 Ky - 0,56
Puc. 7. ConocraBneHne nopuctoctu (k) n NPpoHULaeMoCTH (knp), onpeaeneHHbIX
no KepHy

B HEOOJIBIIMX IO MPOTSHKEHHOCTU HHTEPBAIAX XaPAKTEPUCTUKH CKBAXKUH-
HOM )XKMIKOCTH IMOCTOSIHHBIE, TO MapaMeTPbl BOJIHBI OIIPEALISIOT CBOHCTBA
TBEPIAOH Cpelbl, B MEPBYIO OUYepeb €€ MPOHUIIAEMOCTb.

B nanHO# paboTe conmocTaBleHbl 3HAUEHHUS! MHTEPBAIbHBIX BpeMeH
BoJIHBI CTOYHIIM M 3HAYEHHUI MPOHULIAEMOCTH, U3MEPEHHBIX Ha 00pa3uax
kepHa. g ycTpaHeHMS CUCTEMaTHYECKUX MOTPEIIHOCTEed M3MepeHUul B
kadyecTBe napamerpa BoiaHbl CTOyHIM BbIOpaHAa PasHOCTb Af, .. —
Al gon- TTOTydCHHAS 3aBUCHMOCTD ONPEIETISACTCS yPABHEHHEM PErPeCcCHi
lg(knp) = —1,6446 + 0,0185(Azy, 0 — Atsz,(pon) ¢ xoapduurenTom Koppe-
nsiiun 0,489, KonuuecTBeHHbIe onpejeiienus: kodduimenra npoHuiae-
MOCTHU MPU TaKOM K03 dULHUEHTE KOPPeTauuu OyayT NPpUOIU3UTENbHBI-
Mu. HuxHee rpaHnuHOe 3HaYeHUE KpuTepus At - At JUISL KOIT-
JEKTOPOB MOYKHO MPUHATH paBHBIM 40 mrc/m.

B xadecTBe (DOHOBBIX 3HAUCHUI IPUHATHI TaHHBIE, TOJIYyYaeMbIe B 3a-
BEJIOMO HENPOHUIIAEMBIX IJIOTHBIX Mopoaax. ITogyueHHass 3aBUCUMOCTh
npuBefeHa Ha puc. 8. Mcnonp3yst onpeaeneHus 1ByX HE3aBUCHMBIX Mapa-
METPOB, KO3 PUIIMEHTA TOPUCTOCTU U BOJIHBI CTOYHIIM, HA KAUeCTBEH-

St_13M st_pon
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Puc. 8. ConocraeneHne npoxulaemoctt (Kp;,), ONpeAeneHHon no KepHy, 1 nH-
TepBanbHOro BpeMeHy BomnHbl CTOYHMU (Afy .., — Al anH) no NMc

HOM YPOBHE MOXHO BBIJICJIUTh MPOHUILIAEMbIE UHTEPBAJIbI B Ipajgalusx
KOJUIEKTOP—HEKOJIIEKTOP.

BbiBopbl

1. MHoroo6pa3ue MHUHEpPaIbHOTO cocTaBa 3(PPy3UBHBIX KOJUIEKTOPOB,
CIIOKHOCTb MX IYCTOTHOI'O NPOCTPAHCTBA, IIPEACTABIEHHOIO TOpaMu
1 KaBepHAMHU PA3HOrO paszMepa, KOTOPbIE COODOIIAIOTCs MEXAy cOOOM
TOHKMMH KalWJJISpaMi U TPEIIMHAMU, ITPEAOTNPeaeTnIn HeoOXoau-
MOCTh KOMIIJIEKCHOTO aHann3a gaHHbiX kepHa u [ UC u co3ganus net-
podusnueckoro obecnedeHus, crenupUIHOrO0 UMEHHO ISl ITOTO TUIIA
KOJIJIEKTOPOB.

2. CospemenHblll kommieke 'MC, Bkmrouaromuil Bce BUABI KapoTaxa
MOPUCTOCTU (AKYCTHUYECKUN, raMMa-raMMa-rioOTHOCTHOM, HEUTPOH-
HBIN), 9JIEKTPUUECKUX M IIEKTPOMATHUTHBIX UCCIEAOBAHNN TOCTATOY-
HO 3¢ deKTuBeH Mg n3ydeHus 3(pPy3UBHBIX MOPOI, BBIACICHUSI U KO-
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JINYECTBEHHOM OLIEHKHU KOJIJIEKTOPOB C PA3JIMYHON CTPYKTYPOU IIyCTOT-
HOTO MPOCTPAHCTBA.

3. MuHUMAaJIbHbIE MMOTPEIIHOCTU OTpeaeeHUs] KO3(PPUIIMEHTOB MOPHUC-
TOCTH, paBHBIC +2,5%, TOCTUTAIOTCS TIPH KOMIUICKCHOM HCITOJIh30Ba-
HUM JJAHHBIX aKyCTUUYECKOTO, F/aMMa-TaMMa-IJIOTHOCTHOTO U HEUTPOH-
HOTrO KapoTtaxa. [Ipu ucroib30BaHUN KaXA0T0 METOJa B OTIEIbHOC-
TH 3TH TTOTPEITHOCTH BO3pacTaroT 10 +3-4% u maxe mo +6% s Heil-
TPOHHOTO KapoTaxa.

4. KonuuecTBeHHbIE OIpejeieHusT KOIDPUIIUMEHTOB MPOHUIIAEMOCTH C
HCITOJIb30BAHUEM PACCUMTAHHBIX 3HAYCHUN MOPUCTOCTU U ITapaMeTPOB
BOJIHBI CTOYHJIM HENPUEMIIEMbBI IO TOYHOCTH. DTO OOBSICHSIETCS HU3-
KUMH 3HAYEHUSIMU KOI(PPUIIMEHTOB KOPPEISIUN MEXIAY U3BECTHBIMU
U UCKOMBIMH BeJnurHaMu. OHUM NPUTOIHBI JUISL YCIEIIHOIO BBICIIE-
HUSI IPOHUIIAEMBIX Pa3HOCTEH Ha KaYEeCTBEHHOM YpOBHE.
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OCHOBHbIE HAMPABJIEHUA CO3AHUA U PA3BUTUA
CUCTEMbI METPONIOTMYECKOIO0 OBECIMEYEHUA
NETPOPU3UYECKHUX UCCNEAOBAHUU HA HEDPTb U TA3

PaccmMoTpeHbl OCHOBHblE 3agadn M MPUHLMMbLI CO34AaHUSA CUCTEMbI METPOSIOru-
yeckoro obecneyeHus neTpounanyecknx nccrneaoBaHin ropHbIX MNOPOA.

KntoueBoie cn0Ba: eopHbie nopodsi, gpusuyeckue cBoiicmBa, memposoaus.

Llenpro neTpoGU3NIECKUX UCCTSTOBAHMI TPH FEOTOTHUECKOM U3YUCHUN
HEJIp SIBJISIETCS OMpeleNieHne GU3MUECKUX CBOMCTB TOPHBIX MOPO U CBSI3eH
MEX/Ty STUMHU CBOWCTBAMU U BEIIECCTBEHHBIM (3JIEMEHTHBIM) COCTABOM I10-
POJ M HACBHIAKIIMX UX (IOUI0B, TPUYEM JOCTOBEPHOCTh M KAYECTBO
Moy4aemMoil "HPOPMAIIUU HAXOASITCS B MPSIMOM 3aBUCMOCTHU OT CTEIIEHU
1 TIOJTHOTBHI M3YUYEHUSI TOPHBIX MOPOJ TabOPaTOPHBIMH METOAAMHU.

Cka3aHHOE B MMEPBYIO 04YePeIb OTHOCUTCS K Ie0JIOTHUECKON HHTepIIpe-
TallMU pe3yIbTaToOB Teodusndeckux ucciaenoBannii ckBaxuH (I'MC) npu
MOJICYETE 3aMacoB YIIEBOIOPOIHOTO CBHIPhS, NpeAyCMaTpUBaONIei nc-
MOJB30BAHUE PA3IUYHBIX METPOPUZMUCCKUX 3aBUCUMOCTEH U B TIEPBYIO
ovepeab 3aBUCUMOCTEH MeXAYy Teo(U3nYecKUMU apaMeTpaMu U QUIbT-
PAIlMOHHO-EMKOCTHBIMH XapaKTEPUCTUKAMH KOJIJIEKTOPOB. JlaHHbBIE HC-
CIeIOBAHUI Ha KEepHE MaroT MH(GOPMAIUIO O JIMTOJOTUH, TOPUCTOCTH U
CTPYKTYype MOPOBOTO MPOCTPAHCTBA; 3HAUUMOCTh PE3YJIbTATOB UCCIIEIOBA-
HUM KepHa 3aKJI0YaeTcs B TOM, UTO IIPU YCIOBUU MPEICTABUTEIILHOCTH
BBIOOPKH M TAPAHTUPOBAHHOM TOYHOCTHU Ta0OPATOPHBIX ONpEAeTICHUI OHU
UCIIOJIB3YIOTCSl KaK UCTOYHUK OTIOPHOM (IpsiMOii) nHpopMaIUU O T€0JIO-
TUYECKOM O0BEKTE, UCMOJIb3yeMON KaK JIsl HEMOCPEACTBEHHON XapakTe-
PUCTHKHU F€OJIOTHUECKOr0 00BEKTA, TAK M JIISI HACTPOUKHU MPOLIEYP T'eo-
JIOTUYECKON MHTEPIpPETAIUU reopU3nIecKuX TaHHBIX.

DTO IPEeabIBISCT BHICOKHE TPEOOBAHMS K KAUECTBY M TOYHOCTH IIET-
podU3NYECKUX UCCIIEOBAHUN, OCHOBHBIM CPEJCTBOM JOCTHKEHHS KOTO-
PBIX SIBIISIETCSI BBICOKUM YpOBEHB MeTpoJiornueckoro odecreueHus (MO)
CPENICTB U TEXHOJOTUI U3MEPEHUH, UCITOIB3yEMbIX MPU TMETPOPUZHUESCKIX
HCCIIeIOBAHUSX.
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Puc. 1. MhdopmaumonHaa mogens MMC

Nudopmanuonnas mojaenp ['MC (puc. 1) WIIIOCTPUPYET CIIOKHOCTH
TEXHOJOTUUYECKOTO Tpoliecca neTpodusnueckux ucciaemoBanui (ITOU)
BOOOIIIEe M KaK 00beKkTa MeTpojiorunueckoro obecneuenus (MO) B yacTHO-
CTH; 00BEKTAMU METPOJOTUYECKOTO obecreyeHus: NeTpopu3nIecKux uc-
CIIEIOBAHUI SIBIISIOTCSA HE TOJIBKO JIAOOpPATOPHBIE CPENCTBA U3MEPEHUH,
HO U BCE 9JIEMEHTBI TEXHOJIOTMUECKOM IIeNH ImpeoOpa3oBaHus HHPoOpMa-
AU O KEpHE.

CoBepIleHHO OYEBUIHO, UTO METPOJOTHUECKOEe O0ECTIeUeHUE TOJIK-
HO OBITH HEOTHEMJIEMBIM 3JIEMEHTOM BCEH TEXHOJIOTHMYECKOU e mnsy-
YCHHA TOPHBIX IMTOPOJ, HAYMNHAA OT 0T6opa 1 MMPUBA3KHU KEPHOBOTO Ma-
Te€puajia U 3aKaHUYnMBasg €ro XpaHCHUEM, a 00BEKTaAMH METPOJIOTHUYECKO-
ro obecreueHus JOJI2KHBI OBITH BCE 3JIEMEHTHI TEXHOJIOTHUYECKOM oenun
HeTpO(l)I/I3I/I‘{CCKI/IX I/ICCJIGI[OB&HI/IﬁZ TEXHUYCCKUE, METOANYECCKHUE U IIPO-
rpaMMHBIE CPEJCTBA.

HCO6XOZ[I/IMOCTI) IMOBBIMICHHUA JOCTOBEPHOCTH ONPEACICHUA 3aBUCUMO-
cTell “kepH-Teopusnka”, “KepH-KepH”, B OCOOCHHOCTH IIJIsl CIOKHO MO-
CTPOEHHBIX KOJIJIEKTOPOB, BO3MOYHBI 3HAUUTEIbHBIA 9KOHOMUYECKUN
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yiep0 OT HEIOCTATOYHO TOYHOTO OIMPEIeTIEHUS TOICUETHBIX TapaMeTPOB

1 TOT (aKT, 4TO B HACTOSIIIIEEe BPEMsI CUCTEMa METPOJIOTUIECKOTO obecrie-

yeHust [IOU oTcyTCTBYET B MpUHIIMIIE — BCE 3TH (PAKTOPHI MPETONPeIes-

IOT aKTYaJIbHOCTh PadOT MO CO3[IaHUIO U PA3BUTHIO CUCTEMBI METPOJIOTH-

YeCKOTo oOecredyeHus MeTpoPpU3NIECKUX HCCIIeIOBAHUI.

Jlo Hacrosero BpeMeHH 3HAYUTEIbHAs YacTh MeTPO(YU3NUECKUX HC-
CJIeIOBAHUN MMPOBOJUTCS MO0 HEATTECTOBAHHBIM METOJAMKAM, HEPEIKO Ha
anmnapartype, U3roTOBICHHONW COOCTBEHHBIMU CUJIaMU pa3pabOTYNKOB, TO
€CTh MPAKTUYECKU HAa MAKETHBIX, IKCIIEPUMEHTAILHBIX U MOJOOHBIX 00-
pasiax.

OTCyTCTBUE CUCTEMBI METPOIOTUIECKOTO 0OOecredeHus meTpoPu3niec-
KUX HCCJIEOBAHUN MPUBEIO K TOMY, YTO B OTPACIIH MPAKTUUYECKH OTCYT-
CTBYIOT UCXOJHBIE 00pa3oOBbIe CPEACTBA U3MEPEHUN U CTAaHAAapTHHIE
00pasibl cocTaBa U CBOMCTB TOPHBIX MOPO/I.

Bru1o OBl HEBEPHO yTBEPKIATh, YTO METPOJIOTHUYECKOE OOecIeueHue
II®U otcyrcTByeT BooOme. EcTh onpesenenHbie HapaOOTKU U B IUIaHE
CO37aHUs KaK 3TaJTOHHOU 0a3bl, TAK U HOPMATUBHBIX U METOJIMYECKHUX
ocHoB MO IT®OU. Onnako umeromuecs HapabOTKU BBITIOJTHEHBI MO KOH-
KpETHbIE TUIIBI annapaTyphl I NeTpO(OU3NUECKUX UCCIIeIOBAHUN 1 BHE-
JIpEHBI B OTACIIBHBIX OpPTaHMU3aIUsIX, ocylecTBisomux [IOU, mpu sTom
HE 3aTPOHYTHI OOIIECUCTEMHBIE BOIIPOCHI METPOJIOTHUYECKOTO obecreue-
HUSI TeTPOPU3NIECKUX UCCIETOBAHUN, YTO JUIIHUN pa3 yKa3blBaeT Ha
HEOOXOAUMOCTh co3/aHusi oTpacineBoil cucrembl MO TTDU.

OCHOBHBIM TIPUHITUIIOM MeTpoJiorndeckoro obecrneuenus: [IOU mo-
JKHO OBITH COOJIIOIeHNe TpeOoBaHMi oOecrieueHns eIUHCTBA U JOCTOBEP-
HOCTH U3MEPEHUI, UTO JIOCTUTAETCS B IEPBYIO OUYepeIb
O YCTAaHOBJICHUWEM €JIMHOU TEPMUHOJIOTMH U HOMEHKJIATYPbl IIPOU3BO/I-

HBIX eIUHUI] GU3NIECKUX BEIUUYNH, XapaKTePU3YIOMIUX MTapaMeTpbl

n3yvyaembix npu [1PU ropHsIx nmopom;

O YyCTaHOBJICHUEM HOMEHKJATYpbl udMmepsieMbix npu [TOU nmapamerpos,
OTHCHIBAIOIINX CBOWCTBA M COCTaB 00pa3IOB TOPHBIX MOPOJ (KepHa,
1IaMa) U HaCBIIAOMUX UX (ITIOUIOB;

O perjiaMeHTanueid TpeOOBaAaHUNW K TOYHOCTU OIPEACICHHS] CBOUCTB U
cocTaBa 00pa3loB TOPHBIX MOPOJ (KEpHA, IIIaMa) ¥ HACHIIIAIONIUX HX
(rron10B;

O HaJMYUEM CHCTEMbI 3TAJIOHOB, B NEPBYIO O4Yepeb CTaHAAPTHBIX 00-
pas3loB cocTaBa M CBOWCTB TOPHBIX IMOPOJ, 0OPA3IMOBBIX CPEICTB M3-
MEpEeHUI, UMUTATOPOB, ITPe/IHaA3HAUEHHBIX JJIs BOCIIPOU3BE/ICHHU S, XPa-
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HEHUA U nepenadu equHul usMmepseMmsix npu [IPU dusnyeckux Benu-
YUH WM ONpeNesIsieMbIX N1apaMeTpoB;

periaMeHTanueil CUCTEMBI Iepeiaur pa3Mepa eIUHULL U3MEPSAEMBbIX ITpU
[IPU Pusnyeckux BEIUUUH WIM ONpEHeNsieMbIX I1apaMeTpoOB OT HC-
XOJHBIX 3TAJIOHOB PabOYUM CpeacTBaM M3MEPEHUH;

HaJIMYMEeM aTTECTOBAHHBIX METOAMK BBIIIOJIHEHUS U3MEPEHUM TapaMeT-
poB ropueix nopon npu IOU;

aTTecranueil (akkpeauTanueii) neTpopu3ndecKux J1abopaTopuil.
HestensHocts o MO [I®U gonxHa yCcTaHABIMBATH U MPUMEHSTH:
Hay4yHble U OpraHu3zannoHHble ocHOBBI MO TTDU, equnble mius Bce
reoJIOropa3BelouYHON OTpaciu;

TeXHUYECKHUE CPEACTBA — UCXOJIHbIE U paboune 3TalIOHbI (CTaHAaPTHBIE
00pa31bl, IMUTATOPBI, KaIMOPOBOUHBIE yCTAHOBKH), CTAHAAPTU30BaH-
Hble paboune cpeAcTBa U3MEPEHUI;

HOPMBI U IIpaBHIIA.

Mertpoorudeckoe odecrieueHue nojayueHus nerpodusnyeckoit undop-

Malu JOJDDKHO BKJIIOYATH CICAYIONIHUE MPOLECAYPbI:

MeTpoJioruueckyto arrecranuio (MA) Meronuku orbopa oOpa3ioB;
METPOJIOTHYECKYIO aTTECTALMIO METOIMKH IIPUBSI3KU KEPHA IO TIyOuHe;
METPOJIOTHYECKYIO aTTeCTAIIMI0 METOIUKHU MTOATOTOBKU 00pa3IoB 11
HCCIeq0BaHUM;

METPOJIOTUYECKOE 0OecIedeHre CPeICTB U3MEPEHN (PU3UUECKUX CBOWCTB
U cocTaBa 00pasIoB, Ucnoiab3yeMbix npu [TDOU;

METPOJIOTUYECKYIO ATTECTAIIMIO METOAMK BBIIOJHEHUSI U3MEPEHUN
(MBUW) Ha oOpasuax kepHa M 1LIama;

METPOJIOTHYECKYIO aTTeCTalllI0 METOJUK IOCTPOEHHUs neTpodusnyec-
KUX 3aBUCUMOCTEH MeXy HCCIeAyeMbIMHU MapaMeTpaMu;
METPOJIOTUYECKYIO ATTECTALMI0 METOAMK ITOCTPOECHUSI 3aBUCUMOCTEN
MeXJy MapaMeTpamu;

CTAHIAPTU3ALMUIO U CEPTUPUKALNIO TEXHUUYECKUX CPEJICTB U3MEPEHUH,
TEXHOJIOTHIO ITOATOTOBKM 00pa3LoB U MPOBEACHUS U3MEPEHU, peria-
MEHTAIIMI0 HOPM Ha MOKa3aTeld TOYHOCTU U BIUAIOINE (HaKTOPbI;
ATTECTALUIO CIIPABOYHBIX JAHHBIX.

Cucrema METPOJIOrHYECKOT0 obecrieueHus neTpoGu3nyecKux uccieso-

BaHUU JOJDKHA OBITH (enepalibHOM, TO €CTh €AMHOMN 11 BCceX opraHu3a-
LU U IpennpusTii, padboratomux Ha Tepputopun Poccuiickoiit Deaepa-
MU IIPU MMOMCKAX, pa3Belke U pa3pabdoTKe MOJIE3HBIX UCKOMAEMBIX He3a-
BHCHMO OT aIMUHUCTPATUBHON U BEIOMCTBEHHOH MOAYMHEHHOCTH U HOPM
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COOCTBEHHOCTH, B TOM YHUCJIE JJIsl COBMECTHBIX MPEANPUATUN U 3apyOex-
HBIX (PUPM U KOMIIAHUM.
ITpu stom npaBoBoit 6a3oii Cucrembl MO TTDU 1071KHBI OBITH:
o 3axoH Poccuiickoii @enepannn “O Hemgpax”;
o 3akoH Poccuiickoii @eneparuu “O0 obecrieueHNH €TMHCTBA U3MEPEHUI
o Ilocranosnenue [MpasurtenscrBa P ot 31.03.1995 r. Ne 775 “O6 yrBep-
xreHuu ITonoxeHus o JUIEH3UPOBAHUU OTAENIbHBIX BUIOB ACATEIBHOC-

TH, CBS3aHHBIX C F€OJOTMYECKUM M3YyYEHUEM U HCIIOJIb30BaAaHUEM Help’;
o Ilocranosnenue I1paBurenscrBa PO ot 02.02.1998 1. Ne 132 “IToso-

KEHHE O TOCYIapCTBEHHOM KOHTPOJE 3a T'€OJIOTMYECKUM HU3yUEHHUEM,

palMOHATIbHBIM HCHOJIB30BAHUEM M OXPAHOW Henp”.

IMnanupoBaHMe M yrmpaBjeHUE JIEATeIbHOCTHIO B oOnactu MO T[TOU
JIOJKHBI OCYILECTBIATHCS MUHUCTEPCTBOM IPUPOIHBIX pecypcoB Poccuii-
ckoit Penepanuu (MIIP P®) unu o cornacoBanuio ¢ HuM deepaibHbIM
AreHTCTBOM IO HEAPOTMOJIb30BAHHUIO.

KonTpoiss 3a cocrosiuueM u 3agdpektuBHocThi0O Cucrembr MO [TOU
JOJDKHBL ocylecTBIATh denepaibHOE areHTCTBO 10 HEAPOIOIb30BAHUIO,
OTBETCTBEHHOE 32 JIMLEH3UOHHYIO JeSITelIbHOCTh, T€0JIOTMYECKUI KOHT-
pPOJIb, OLEHKY M NPUHATHE 3AM1aCOB MOJIE3HBIX UCKOMIAeMbIX U (HOPMUPO-
BaHUEe OAHKOB JAHHBIX O HEIpax.

Poccuiickas Cucrema MO TIDPU nomxkHa OBITH, MO BO3MOXKHOCTH,
rapMOHM3UPOBAHA C AHAIOTUYHBIMU CUCTEMaMU METPOJIOTHYECKOT0 0bec-
MeYEeHUS, UCIIOJIB3yEMbIMU B MPAKTUKE paboT 3apyOexkHBIX reoyoropas-
BEJOYHBIX U TOOBIYHBIX (GUPM M KOMIIAHUH.
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