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MOAE/THPOBAHHE ®OPMbl H OPHEHTHPOBKH
OTAE/IbBHOCTH METAMOP®PHYECKHX T10POA,
C/IAr'AIOLIHX MECTOPOKAEHHA 2KE/IEBHCTBIX
KBAPLIHTOB

Hsnoxerna Metoarika KomripioTepHoro moaenrpoBarus B [THIC TEOMUKC (Pryil
BHOIEM) ¢popMbI M OpHEHTHPOBKH OTAE/IBHOCTH MeTaMOpPGOHYECKHX ITOpos, C/arako-
X MECTOPOMKACHHS MKe/le3HCThIX KBapLIMTOB, BR/IOYaiomas (hOpMHpOBaHHe IO pe-
3y/IbTaTaM reo/1oro-CTpYKTYPHOIO KapTHPOBAHHS Kapbepa 6a3bl AaHHBIX CTaHLIMF H3Me-
DEHHs CpeaHHX 3HaYeHHE 9/IeMEeHTOB 3a/leTaHHsl CHCTeM TPeIUMH H PacCTOSHHE MeXay
TpeIMHaMH OAHOF CHCTeMbl, aBTOMaTH3HMPOBaHHOe IOCTPOeHHe 10 3arpocy K 6ase
JAaHHBIX OPHEHTHPOBAHHOF B IIPOCTPaHCTBE OOBEMHOH (DHIYpbhl OTAE/IBHOCTH 10 KakK-
ZOH CTaHLIMH C OTOOpaXeHHeM ee Ha Ieo/I0ro-CTpYKTYPHOM I/IaHe Kapbepa, OLIeHKY 110
TIPeanioXReHHbIM KPHTepHIM OTHOCHTE/IbHOH pacrpOCTPaHEeHHOCTH B H3y4aeMOM I1O-
DOAHOM MacCHBe OTAe/IbHOCTEH pa3THYHOH GDOPMBI.

KrroueBble c/10Ba: MeCTOpOMKACeHHE XKe/le3HCThIX KBapLIMTOB, CHCTeMa TpellHH, ¢hopMa H

OPHEeHTHPOBKa OTAe/IbHOCTH I10POoA, KOMIIbIOTepHOe Mode/IHPOBaHHe.

¢ opMa U OpPHEHTUPOBKa OT-
[Ie/TbHOCTU TOPHBIX TOPO/ Xa-

PAKTEPU3YIOT AHU3OTPOIIHIO TPeIIMHO-
BaTO-O/I0YHOM CTPYKTYPhI  C/I0KEHHOTO
MMM MacCHBa, KOTOpas CYIIeCTBEHHO
BAMseT Ha BHIGOD TeOMETPUM SUeHKH
CeTH B3PbIBHBIX CKBaKMH U CXEMbl B3Dbl-
BaHUs MMPH MMPOBeAeHNH OTKPBIThIX T'Op-
HbeIX pabot [3]. ABTopamu paspaboTaHa
MeTOAWKa MOICNUPOBaHUS (POPMBI U
OPHEHTUPOBKH OTAe/NBHOCTY B MAaCCUBaX
MeTaMOpP(UUECKUX MOPOoZ, Caralolvx
MECTOPOKACHUS Ke/e3UCThIX KBapLIU-
toB. OHa OCHOBaHa Ha peay/bTaTax
reo/Ioro-CTPYKTYPHOIO  KapTUPOBaHMUS
KapbepoB, pa3pabaTbiBatonmmx [lebe-
avHckoe, CroirieHckoe M Muxaiios-
CKOe Kele30pyaHBIe MeCTOPOKACHMs
KMA, u peanusoBaHa B BHIE KOMIIbIO-
TEpPHOM TeXHO/IOTMM Ha 6ase reororo-
CTPYK-TYPHOrO MoAyas WHAOPMALIMOH-
ot cucrtemel [EOMHMKC  (DPI'VIT
BHOTEM).

CyTb 3TOM METOAMKH 3aK/IoYaeTcsi B
dopMUPOBaHKM O MaTepHasaM HaTyp-
HOIO M3yyeHWs [OPOAHOrO MaccHBa B
YCTYIlax Kapbepa [POCTPAaHCTBEHHO-
KOOPAVHUPOBAHHOM 6a3bl AaHHBIX CTaH-
LMK HabmoaeHHWH U T0 3arpocy K Hase
[aHHBIX TOCTPOeHUsl (C oToBpazkeHHeM
Ha Teo/Ioro-CTPYKTYPHOM [71aHe Kaphbe-
pa) TpexMepHOM UIrypbl OTAC/TBHOCTH
ansi moOOM CTaHLUMM Ha BBIOOD WM B
LIe/IOM 0 BCeM CTaHLMAM. 31ech oA
CTaHLIMel TMOHUMaeTCs YC/IOBHas TOYKa,
COOTBETCTBYIOLIasA CepearHe /UTO/IOTH-
YeCKH U CTPYKTYPHO OAHOPOAHOIO WH-
TepBasia IO Tpacce IO/IeBOr0 Maplipy-
Ta. CTaHUMs MMeeT HOMep U XapakTe-
pY3yeTcs MHICKCAMH CHCTeM TpeLlrH,
CpefHUMH 3HAa4YeHUsAMU asMMyTa U yI7ia
NaZieHys1 KakaOW CHUCTeMbl, PacCTOSHHS
MeXay TPeLMHaMH OAHOW CHCTeMBbl, TH-
TIOM TFOPHBIX TIOPOAI.

YCTaHOBMEHO, YTO OeMMMOCTb Mac-
CHBOB Ke/Ie3UCThIX KBAapLIMTOB U acCo-
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LIMUPYIONIMX C HUMU MeTaMOpP(UUECKHX
MopoA Ha 37IeMeHTapHbIe CTPYKTYPHBIC
6r10KU (OTAeBHOCTH) OBYC/IOB/IeHa TpeMs
CHCTeMaMH TpellMH, OAHa U3 KOTOPbIX (M)
crieqlyeT MO TpaHMile pasdena CI0eB I0-
poa, apyras (N) — rorepeyHas K MxX Mpo-
cTipaHuio, a Tpetha (K) — npononbHas K
HeMy U Mazaomiasi HaBCTpeuy C/IOMCTOCTH
riopoa [1]. /IByrpanHbIit yron Mexay Tpe-
IIMHAMM  YKa3aHHBIX CHCTeM OM30K K
[IPAMOMY M OOBIMHO OT/IMYAETCSI OT HEero
He Goree, yeM Ha 10°. Popma obpaso-
BaHHOM 3THMMM TpellMHaMU OTAe/IbHOCTH
OO/ NMapa/IIeNurea/bHasl.

MounenvpoBaHye OTAeNbHOCTU B BU-
e O6BEMHOM MPOCTPAHCTBEHHO OPHEH-
TUPOBAHHOM (PUI'Yphl OCYIIECTB/SETCH
[0 CreayiollleMy arOPHUTMY: PacCUMThBI-
BAIOTCS Halpa/siolle KOCUHYCOB BeK-
TOPOB HOPMa/ld K IVIOCKOCTAM CHCTEM
TPellMH — ONpeessioTCs KOOPAMHATHI
OTPE3KOB TIPSMBIX [lepeceueHus I110c-
KOCTell CHCTeM TpelllMH — KOOPAWHAThI
OTPE3KOB MPeobpasyioTca Ha IZIOCKOCThb
[IPOCLIMPOBAHKS — OTPe3KU OToOpamKa-
IOTCA C TOMOUIBIO (PYHKLIMK OrepaL-
OHHOM CHICTEMBI.

[polienypa pacyera Harpap/IsOIINX
KOCHHYCOB BEKTOpa HOPManu K II/10C-
KOCTH CHCTeMbl TpellMH (dasee MpocTo
«CHCTEeMBI®) OCHOBaHa Ha YpaBHEHHH
[IZIOCKOCTH HOPMa/IbHOTO Brda [2].

Xcosa+Yycos B+ zcosy—P=0,

roe cosa, cosf, COSy - HalpaBsio-

e KOCHMHYCHI HOPMAa/IbHOTO BEKTOpa
I/IOCKOCTH; P — paccTosiHve OT Hauasla
KOOP/MWHAT /10 [7ZIOCKOCTH (pric. 2).
BrIpasyM HarpapasioliMe KOCHHYCHI
HOPMa/IbHOTO BEeKTOpa uepes asuMyT ()
1 yrori (¢) razaeHys 7I0CKOCTH CHCTEMBI:

cosa =sin@*siny ,
cosP=sinp*cosy,
COSY =COSQ.

[TockoNbKY HaIpPaBASONINE BEKTOP S
MPSAMON TepeceyeHust T7I0CKOCTeM ABYX
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CHCTeM IIeprieHANKY/IAPEeH BEKTOPaM HX
HOPMar/iH, CrieaoBaTe/IbHO:

i i k
SIN,N,]=|cosa; cosf, cosy, (1)
cosa, cosf, cosy,

rae N, [cosa, cos 3, cos y, ],

N,[cosa, cos 5, cosy,] - Bekrtophl
HOPMA/IM K TVIOCKOCTAM CUCTeM (pric. 3).

Puc. 2. Cxema 3azaHHA N/IOCKOCTH Tpe-
IIHHBI B MPOCTpaHCcTBe: N — BeKTOp HOpMa-
m, Ny, — IpoeKUMs BeKTopa HOPMa/Id Ha
TI/IOCKOCTb, Zy, — MPOEKLHA BepTHKabHOH OCH
Z Ha rinockoctb, N — HarpaBs/ieHUe Ha ceBep,
- A3UMYT MaAeHus, ¢ - Yro/ rnaaeHus.

Puc. 3. IIpoctpaHcTBeHHble B3aHMOOT-
HouleHHs1 BeKTopa S ¢ Bektopamu N;, N,



Hanpaenenne Bektopa S onpenens-
eM pellleHreM BeKTOPHOIO IpoM3Bese-
Hus (1):

cos a=cos f3; cos y, —cos ¥ cos f3,
COs J=C0Ss | COS A, —COS &} COS /5
cosy=cosa, cos 3, —cos 3 cos a,

AnartormyHo 1o chopmyrie (2) pac-
CUMTHIBAEM HallpaB/ieHe BeKTOPOB Ile-
pecedeHyst T/IOCKOCTel cucteM Si, So,
Ss. /[lnvHa 3THMX BEKTOPOB 3aJaeTcs
CpeaHyM 3HaueHHeM PacCTOSTHUS Mexay
COCeTHUMH TpellMHaMy KaKIOM CHUCTe-
Mbl. 3aTeM OOpPHCOBBIBaeM OTPE3KU

npameix S, S,, S, BHIXOAALMX M3 Ha-

yazibHON Toukn P, (cTaHumm) u nmeio-

mrx AnvHy cooTBetcTBeHHO Rs, Ri, Ro.
KooparHaTbl 3THX OTPe3KOB olpesaerns-
I0TCA crieayionuM obpasom (puc.4):

ans S| By, R,

— L3
P, =P, +cosea, *R,

— %k
= POy +cos B, *R,

o)

ly

o

=P, +cosy, *R;;
maS [P, P,]:
P, =P, +cosa, *R,
sz = POy +cos B, *R
P,, =R, +cosy, *R,;
ans S, [PO , P, ] :
P, =Ry +cosa; *R,
P, =R, +cosf,*R
P, =R, +cosy; *R,.
3azaya TPOCTPAHCTBEHHOIO  OTO-
OpaxkeHHss OTPE3KOB Ha I7IOCKOCTH pe-
IIAeTC MEeTOAOM HaI/IAAHOrO IpOoeLy-

POBaHHA B npﬂMoyroanoP[ HN3OMETPHH
C Yy4eTOM YC/10BUA:

1z

X

cos@=cosfF=cosy =—-

&Sl =

Torama KoopavHatel TourM P (X, v, 2)
Ha T/IOCKOCTU MPUMYT BHZ:
;xS

2 2 3)
L y+2
2 2

Ananornmuto 1o gopmynam (3) mpe-

0OPa3yIoTCsl KOOPAMHATBI OTPE3KOB TPsi-

mex S| R,P |, S| R,P, |,

SRR

B pesynbrate mnomyyaeM MpoeKLMK OT-
Pe3KOB Ha IVIOCKOCTb YZ, a 3aTeM OOpHco-
BbIBaeM MX C TOMOUIBIO (PYHKLMI Orlepa-
LIMOHHOM CUCTeMl (puc. 4).

Monndukaumsa ¢opmsel mNapasiene-
nunesa ¢ AIMHaMU pebep X>y>z onpe-
[efifeTcsl OTHOIIEHUAMHU z/Y (CTereHblo
YI/IONIeHNs TI0 z) U Y/X (CTereHbio Y-
nvHeHwus 1o x) (prc.5).

[MpyMeHHUTe/IBHO K MeCTOPOKACHMU-
SIM 2Ke/e3NCThIX KBapLIMTOB OblZIO BblAe-
MIeHO eCTh PasHOBUAHOCTEM

Puc. 4. Busyaauzauusa moaenu hopMbl H
OPHEHTHPOBKH OTAe/IbHOCTH IMOpOoA eaH-
HHYHOHN cTtaHuHH Habmioaenus (Py): M, N,
K - naockoctu cucrem tpewminH, N- Ha-
npaB/eHHe Ha ceBep
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KpurepnanbHple 3HadyeHHsT OTHOLUEHHH
z/y H Y/X Ans pa3aAHYHbIX MOAH(HKaUHH
napa/aienHneaanabHOH OTAe/IbHOCTH

® OTHOlIEeHHe AMMH
opMa OTAe/NbHO-
pebep oTaenbHOCTH
cth
z/y y/x
Ky6oobpasHas 0.7-1.0 0.7-1.0
Cronbuaras 0.7-1.0 <0.7
[Tnutyatas 0.3-0.7 0.7-1.0
YanvuenHo- 0.3-0.7 <0.7
[/IUTYATASA
[NnactyHyaTas <0.3 0.7-1.0
VYanvuHenHo- <0.3 <0.7
[/IaCTUHYATast
OpMBI  OTAENMBHOCTH,  XapaKTepH3yio-

IMXCS  PA3/IMUHBIMU  KpHUTEepPUaIbHBIMU
3HaUeHWAMM z/y U y/X (Tabnuvua).

Ecnv 060sHaunts AnvHY pebep Mo
cuctemaM TpemH M, K, N cooTtBetct-
BeHHO IM, Ik, In, TO Ha YKasaHHBIX MECTO-
poxaeHysx M < Ik, In 1 yacto, HO He Bce-
roa, Ik > In, T.e. yromenve mnapanne-
MurneaasbHOM  OTAeNbHOCTH  MAeT MO
pebpy cucteMbl M, a ee yanuHeHve Mo
pebpy cucteMsl K, pexe crctemnr N.

PaspaboTaHHass mporpamMma IIO3BO-
asgeT ¢ Y4eTOM YKasaHHBIX B Tabnuiie
KpUTEpHeB TPOM3BECTH  COPTHPOBKY
CTaHLMIM 1o popMe MNpeACTaB/ISIOUINX
HX OTAE/bHOCTEM U OLEHUTb OTHOCH-
Te/IbHYIO PacrpOCTpaHeHHOCTh (B %) Ha

32,1

Puc. 6. luarpamMmma pacnpocrpaHeHHOCTH
oraenpHOCTeH Kyb6oobpasHom (1), cron6-
yarton (2), nautyaton (3), yanuHeHHO-
nautyaror (4), nnacrunyaron (5), yanu-
HeHHo-I1acTHHYaToH (6) dopmbr Ha
CTOH/IEHCKOM MeCTOPOKIAEeHHH Kelle3H-
CTbIX KBapUHMTOB (KO/IHYECTBO CTaHUH
Habmoaenuri 989)

M3yuaeMOM MeCTOPOXKICHUN OTAe/BHO-
CTel onpezaeneHHon popMel (puc. 6).

Ha BU3ya/M3MpOBaHHOM TIeO/Ioro-
CTPYKTYPHOM [I/IaHe Kapbepa C YKasa-
HUeM (QOPMBI OTAEIBHOCTU B KarKaOM
CTaHLIMM KapbepHOE T1071e WHTePaKTUB-
HO IeOMeTpU3YeTCs IO 3TOM XapaKTepu-
CTHKe pa3pabaThlBaeMoOro MopoaHOro
MaccHBa.

Pabora BeimonHeHa B pamkax peanusaunu PLIT «Hayunble u HayyHo-Tiesaro-
rMyeckue Kaapbl MHHOBaLUMOHHOM Poccumr Ha 2009-2013 roawl, rocyaapCTBeHHBINA KOH-

tpakT [136 ot 30 Mapta 2010 .

1. AyrHaes B.A., Cepsiti C.C. TpemmHo-
BaTOCTh MeTaMOP(UTOB KYPCKOM cepuu B Gac-
ceitne KMA. — M3B. By3oB. ['eonorus u pas-
Beaka. — 2003, Ne2. C.54-59.

2. Epmos B.B., /lpemyxa A.C., Tpocts
B.M., 3yit B.H., beapurna I''Il. Asromarusa-

CITHCOK /IHTEPATYPbI

LIS Teo/Ioro-MapKIIeHAepCKUX padpUyecKux
pabot. — M.: Heapa — 1990.-347 c.

3. Egppemos O.H., INerperiko B./l., Pe-
Ba H, Kparkosckurt H./1. MexaHviKa B3pbIBHO-
rO paspyileHus TOPOA Pas/IUUHONM CTPYKTYPHI.
— Kues: Haykosa [lymka, 1984.-192 c. 3

Kopomko 06 asmopax

/LlyraeB B.A. — IOKTOP reonoro-MuHepasZiornueckyx Hayk, npodeccop, mail@geomix.ru
Hrrnarenxko MI.M., I.M., I'epacumoB Kabenko C.I.— xaHaAMOAThHl TEXHUYECKUX HayK,
PI'VIT BUOTEM, viogem@mail.belgorod.ru

78



