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CKAIIIMBAHUE U CKPYYUMBAHHWE 3EMHOM IMOBEPXHOCTH IIPU OTPABOTKE
MOJIOTUX YI'OJIBHBIX IIACTOB JJABAMU HENPABUJILHOW ®OPMbI W TIPH
INOAPABOTKE PA3PBIBOB

BBenenue

CymecTByIOIIMe METOAUKH MPOTHO3a CABWKEHHUN U TeopMannii 3eMHOW TOBEPXHOCTH TTPU
pa3paboTKe yroJbHBIX MECTOPOXICHUi [1] MMEIOT psijl CYIIECTBEHHBIX HEJIOCTATKOB M JOBOJIBHO
y3Kyl0 00JacTh NMpPUMEHEHHUS. DTO OOYCIOBJICHO TMPEXJE BCEro TEM, UYTO OHU Oa3WpyrOTCs Ha
pellleHNe IUIOCKMX TIJIaBHBIX CEYEHHMH TOJNIIM, a OCTAJIbHAs YacTb MYJbJbl CIBHKEHUS YKE
OKCTPANOIMPYETCS 1O pe3yjlbTaTaM »JTOro Ipeapacdyera. OJTO B CBOIO OYEpEdb JENaeT
HEBO3MOXKHBIM y4eT (JOpMbI U OPUEHTALMH BbIPaOOTAaHHOTO MPOCTPAHCTBA, U3MEHEHUS BEITMUUHBI
BBIHUMAeMON MOIIHOCTH TIO TIUIOHIaJM BBIPAOOTKH, BIUSHHUS MOAPa0aTHIBAEMBIX Pa3phIBHBIX
HapyLEHUH TPOU3BOJILHO OPUEHTUPOBAHHBIX OTHOCUTEIBHO BBIPAOOTKH U T.1.

CoBpeMeHHbIE METO/Abl Ha 0a3e MPOCTPAHCTBEHHBIX MAaTEMAaTUYECKUX MOJAENEH JaroT
BO3MOXHOCTb MCCIIEI0BaTh JIFOOYI0 COBOKYITHOCTh BIUSIOMIMX (PAKTOPOB, MIPUUEM 0OECTIEeUMBAETCS
OBICTpBIi pe3y/bTaT M IMOBTOPSEMOCTb dKcnepumeHTa [7, 8]. OmHako MpH 3TOM CYIIECTBYET
npobjemMa aHalu3a MOJTy4aeMbIX pe3yJbTaTOB M HUX CPABHEHUS CO «CTaHJAPTHBIMU» YCIOBUAMHU
Opyd HM3YyYEHWH MYJbJ CIOBM)KEHHUS OT BBIPAa0OTOK HENpaBWIBHON (OpPMBI M TpH TOAPaOOTKE
JUAarOHAJIBHBIX pPa3pbIBHBIX HapylleHWd. lcnonp3oBaHue nus Ielled aHauu3a IVIABHBIX WM
napajyiebHBIX UM Cce4eHHH Majo uHpopmaTuBHO. [lo3TOMYy HEOOXOAMMO HCHONB30BATH TAKHE
napaMeTpsl CABM)KEHUS, KOTOPbIE XapaKTepU30Balu Obl, BO-NIEPBBIX, BCIO MYJbJY CIBHXEHHUS, a,
BO-BTOPBIX, ObUIM OBl HE3aBUCMMBIMU OT HampaBieHUs. K TakuM mapaMerpaM MOKHO OTHECTH
CKAallMBaHWE W CKPyYMBaHHWE 3EMHOW MOBepXHOCTH [5, 6], KOTOpble WHOr/Aa Ha3bIBAIOT
«IUTOIIATHBIMUY TehOpMAITUIMH.

B Hay4HON nuTepaType IO BOIIPOCAaM CABH)KCHMSI 3€MHOM IOBEPXHOCTH OTCYTCTBYET
OTIMCAHUE XapaKTepa paclpeieNieHUs] YKa3aHHbIX BUIOB JedopMaruii. [loaToMy B pamMkax JaHHOU
paboThI pelaIuCh CIEAYIOIINE 3a0a4H:

JeTaJbHO PACCMOTPETH CYITHOCTH Ae(opMariuii CKammBaHUS U CKPYYHMBAHUS, a TAKKe UX

BIIMSIHHE Ha MOJIpadaThIBaeéMble COOPYKECHUS,

pa3paboTaTh MaTeMaTH4YeCKMH ammapaT U HIpOorpaMMHBIE CPEACTBA JJsl BBIYMCICHMS

CKallMBaHUS W CKPy4YMBAaHMsSI 3€MHOM IOBEpPXHOCTHM II0 pe3yiabTaTaM pELICHUS

IPOCTPAHCTBEHHBIX 33/1a4 CIIBI)KCHHUS] METOJIOM KOHEUHBIX dneMeHToB (MKD);

UCCIIEI0BATh 3aKOHOMEPHOCTH pACHpEleNICHUs CKallMBaHWS W CKPY4YMBaHHUS UL

TOPU30HTAILHOW BBIPAOOTKH NMPaBHILHON (YOPMBI,

U3Yy4UTh OCOOCHHOCTH pacIpe/le/IeHUs] CKAIlMBAaHUS M CKPYYUBAHMS B MYJIbJE CIIBUKECHUS

OT BbIpaOOTKH HENMPAaBUIbHON (OPMBI;

UCCIIeIOBaTh OCOOCHHOCTH PACHpeeNieHHs CKAIlMBaHUS U CKPYYMBAHMS TPHU MOJIPaOOTKe

Pa3pbIBHBIX TEKTOHUYECKUX HaPYIIEHUH.

CrkammBaHus U CKPYYMBAHMS 3¢MHOI MOBEPXHOCTH; UX BJMSIHUE HA
noapadarbiBaeMbie 00beKThI

CkamMBaHus W CKPYYMBaHHUS 3€MHOM IOBEPXHOCTH BBOJATCS JUISI XapaKTEPUCTUKU
nedopmaruii M0 TUTOMIAAM M SBJSIOTCS WHTETPAIbHON XapaKTEPUCTHKOW TOPHU30HTATBHBIX
CI[BI/I)KGHI/Iﬁ 1 HAKJIOHOB COOTBETCTBCHHO.

CkammBaHue 36MHOM MOBEPXHOCTH HJECHTUYHO TMOHSATHIO CIIBHTAa B TEOpHUH JehopMaIuii.
[Mon ckawueanuem 3eMHONM TTOBEPXHOCTH TOHUMAIOT U3MEHEHHUE TMPSMBIX, IO Je(hOPMUPOBAHHUS
YIJIOB 3JIEMEHTAPHBIX KBaJApaTOB 3eMHOM moBepxHoCcTH. Ero onpenenstor o ¢popmysie [5, 6]:
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rae gl’ gZ — IHEPCKOCHI OTHOCUTCIBHO OCHU OY u ocu OX COOTBETCTBCHHO,
ﬂXX ,ﬂXY — TOPHU3OHTAJIBHBIC CABHIKCHUS TOYCK 3eMHOH MMOBCPXHOCTHU B HAIIPABJIICHUH

ocu OX u ocu OY COOTBCTCTBCHHO, C€CJIM AAHHBIC OCH HAIIpaBJICHLI IIO
MMPOCTUPAHUIO U 1O MAACHHUIO I1JI1aCTa.

CornacHo paboTe [5] B pe3ynbrare CKallMBaHUs 3eMHON MOBEPXHOCTHU 3[IaHUE Pa3BEPHETCS
B TOPH3OHTAJILHOW IJIOCKOCTH Ha HeKoTopwlid yron | (puc. l,a). Ilpu 3ToM Ha Hero OyayT
OKa3bIBAThCS  JIOTIOJHUTENIbHBIE BO3ICWCTBUS, BBI3BAHHBICE CHJIAMH TPEHHsSI 110 TIO/OIIBE
dbynmamentoB T (puc. 1,0), cuimamu TpeHHs MO0 OOKOBBIM IOBEpPXHOCTAM (yHmaMeHTOB Q
(puc. 1, B) u cunamu 6okoBoro nasienus rpynta N (puc. 1, r). Ha puc.1 nokas3aHsl CHIIbI TPSHUS 110
OOKOBBIM TOBEPXHOCTSM (DYHIAMEHTOB W SIIOPHI CUJI OOKOBOTO JABICHHS TPYHTA JJIsl 3aHUS C
nogBasioM. Jins 3maHus Oe3 mojBaja yYUTHIBAIOT JOMOJHHUTEIBHBIE CHIIBI TPEHUS 1O OOKOBBIM
MIOBEPXHOCTSM M CHJIbI OOKOBOTO JaBJCHUS TPYHTA, NCHCTBYIOIINE BHYTpH 31aHus (oHH Ha puc.l
NIOKa3aHbl ITYHKTHPOM).

B pesynbpTare COBMECTHOTO IEHCTBHUS JOMOJHHUTEIBHBIX YCHJIHMH 37aHUE TOBEPHETCS B
TOPU30HTAILHON TUIOCKOCTH OTHOCHUTEIBHO CBOErO IIEHTPA TSDKECTH HA Yron | (O £] £gXY),

orpesie/sieMblii U3 YCIIOBHS, YTO BO3HMKIIHKA CYMMapHbIi nepekamuBaronpi MomeHT (T+Q+N)
TocJie MOBOPOTa Oy/JIET paBeH HYII0. BenmnduHa JOMOHUTENBHBIX YCHIIUH, H3TUOAIONINX 37aHKE B
TOPU30HTAIBHOM IJIOCKOCTH, CYIIECTBEHHO 3aBHCHUT HE TOJBKO OT BEJIIMYMH CKAIlIUBaHUs, HO U OT
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Puc. 1. Cxema JOMOTHUATENBHBIX CHJI, JEUCTBYIONIMX Ha 3[1aHie 0e3 BHYTPEHHHX CTEH MPU
CKaITMBaHUN 3€MHOM MOBCPXHOCTHU IJIA 3AaHHUA C MMOABAJIOM:

a) mepeMeleHre rpyHTa OTHOCUTENBHO (HYHIaAMEHTA 31aHNUS;

0) CHJIBI TPEHUSI MO TOJIONIBE (PYHIAMEHTOB;

B) CHJIBI TPEHHUS 1O GOKOBBIM MOBEPXHOCTSIM (DyHIaMEHTOB,;

r) 3Mopa cui1 00KOBOTO JIaBJICHHSI TPYHTA.
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yria pa3sBopoTa 37aHus | . BuI amropbl 00XaTHil U pacClOCHHH I'pYHTa COXPAHHTCS M IOCIEe
IIOBOPOTA 3/IaHHSI.

CornacHo JnaHHBIM paboOTHI [5], MONMONHHUTENBHBIC YCHIIUS JUIS MPSIMOYTOJBHOTO 3IaHHS
OTIpeNeNAIOTCs 10 (hopMysIam:
J cwiIbl TPEHHUsS TPYHTA IO MOIOMIBE (PYHTaAMEHTOB:
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D, =10*x35+12x)
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@ cuibl OOKOBOIO JaBJICHUS TPYHTA.

N = a’{g, +g,)* (3)
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J cwIbI TPEHUS TPYHTA MO OOKOBBIM MOBEPXHOCTSM (yHIAMEHTOB:

8

a{g,+o.h 1 +C;;a:1 @

h>¢g€915° # L9 8 i
e 2g, f -
EF E3 (4]

O
]
DO v 1O O O +O v

rne — IOTOHHAs HAarpy3Ka Mo CTOPOHE 3/1aHus,
CTOpPOHA 3/1aHMUS;
— mupuHa QyHIaMeHTa;

,C — pacyeTHbIC YIJIbl TPEHHUS U CLCIUICHUsS TPYHTA;
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D,, — mpenenpHBII CABUT IPyHTA 110 MOJOUIBE (YHIAMEHTOB.

— BeJIMYMHA 3arTy0iaeHus QyH/IaMeHTOB,

— CpeaHss IUpPUHA Ma3yX MEXAY (pyHIaMEHTOM M CTEHKOH KOTJIOBAaHa;
E3; — monynu 60k0oBo# neopMaliui rpyHTa U 3aChIIKH.
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[Mon cxkpyuueanuem (yrioM 3aKpyuuBaHHsI) 36MHOW TIOBEPXHOCTH TOHHMMAIOT Pa3HOCTh
HAKJIOHOB JIBYX MapaJuleNbHbIX JUHHUM, OTHECEHHYIO K PACCTOSHUIO MKy HUMH U OMPENEISIIOT 10

dbopmye [5]:

- ip- 0y - 1TZh(X’y)
Se =7 Xy ®)

TIe 22 _ gaknonsr napajuieIbHbIX JTUHUH;
| — paccTosiHHE MEKAY THHUAMHE (IJIHHA 31aHHs);

h (X’ y) — (yHKIMS OCeTaHU 3eMHON TTOBEPXHOCTH.
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B pesynbrare ckpyduMBaHHS 3€MHON TIOBEPXHOCTH Ha 3JaHUe OYyIyT OKa3bIBaThCS
JIOTIOJTHUTEIIbHBIC BO3JICHCTBHSI, BBI3BAHHBIC KPYTALUIMM MOMeHTOM M, (puc.2, a), u3rubaronmm

MOMEHTOM TIpH KpyueHuu M , . (puc.2, B), momnepedHoi cuioi npu kpyuennn Q. (puc.2, 0) [5] .
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Puc. 2 Cxema pacrpeneneHus: KpyTAIINX U U3THOAOIINX MOMEHTOB | ITONIEPEYHBIX CHII TIPH
CKpYYHMBAHUH 3J[aHUS T10 JUTHHE:

a) JIIopa KPYTSIIUX MOMEHTOB;

0) sIropa MONePEYHBIX CHJI ITPU KPYUEHHH;

B) 3ITI0pPA U3THOAIOIIMX MOMCHTOB,

T) SIF0pa OTIOPa OCHOBAaHMS IO/ (PyHIaAMEHTAMH 3/IaHHS.

OTH ycHIus JUTS IPSMOYTOJIBHOTO 3[JaHMUS OTPENISIISIOTCS MO ClieayronumM Gpopmynam [5]:
@ KpyTAIMIMNA MOMEHT:

&l 1 Fo
MKP :SXY 7+*x71i>(12>d (6)
12 8 F, 5
) W3ruoaroNIMii MOMEHT NP KPYYCHHH:
_ 1 2
M K.~ va x-x A (7)
12
) mornepeyHasl CuiIa IPU KPYUICHUU:
1
Qx =Sy ><§ x4 (8)
rae Fl, F2 — Tutonaau GyHIaMEHTOB TOPIEBBIX U MPOJIOIBHBIX CTEH COOTBETCTBEHHO;
a, — IIOrOHHAs Harpy3ka o TOpPLEBOM CTEHE;
d — JUITMHA TOPIIEBOM CTEHBI.
q — IMOrOHHAs Harpys3kKa I10 CTCHE B aHAJIM3UPYEMOM HallpaBJICHUH,
I

JJIMHA CTCHBI B AHAJIU3UPYCMOM HaAIIPAaBJICHUU.
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Ananus popmyn (2) — (8) mo3BosseT 3aKIIOYUTD, YTO BEJIMYMHBI JTOTIOJHUTEIBHBIX YCHUITHN
Ha 37aHWE, BO3HUKAIOIIMEC MpPU CKAIIMBAHHM M CKPYYHUBAHUU 3EMHOW IMOBEPXHOCTH TMPAMO
POTNOPIMOHAIILHBI BEIMYMHAM YKa3aHHBIX J1e(hOpMaIIuii.

Boiuuciienne cKalIMBaHus U CKPYYMBaHHS 3¢MHOM MOBEPXHOCTH MO pe3y/ibTaTam
TPeXMepPHOro MaTeMaTH4Y€eCKOT0 MO/IeJITMPOBAHMS
HpOCTpaHCTBeHHaH MaTeéMaTH4YCCKass MOACIIb CABMIXKXCHHUA Ha Oaze METOA4a KOHCYHBIX
aNeMeHTOB [2, 3] Mo3BOJIsIeT ONPENEeTUTh CABHKECHHS B JIFOOOH TOYKE JIEMEHTa U COOTBETCTBEHHO B
1100011 Touke moapadbaThIBAEMOro MaccHuBa 1o (popmynam:

X, = N;>u +...+ Ng>ug
Xy, = Npxvy +.+ Ny g 9
h =N >w +...+ Ngxw,

e XX, — TOpHU3OHTAJIbHBIE cABMXKEHMS B HarpaBieHun OX u OY;;
h — ocenanue (caBwkeHue B HarpasieHuu ocu OZ);
N; — ¢yukuuu GOpMBI i—OT0 y3j1a KOHEYHOTO JJIEMEHTA,;
U, Vi; W; — TepeMelleHns Y3JIOBbIX TOYeK »djemMeHTa Baosib oced OX, OY, 0OZ

COOTBCTCTBCHHO.

BeprukanbHble M TOpU30HTANIbHBIE Je(OPMALUU SABIAIOTCA (QYHKIMAMHU CABWKEHUH U AJIs
3€MHOM TTOBEPXHOCTH ONPEAEIAIOTCS 10 ciieayronmM Gopmynam [5, 6]:

_thxy) _Th(xy)
g Ty " fix
x Ty
o, = TK(x.Y) 3
ix 0%
e, Te h(x,
g, =T, & g, =T (xy)
fy i ixTy
rIe ix,iy,kx,ky,ex,ey — HAKJIOHBI, KPUBH3HA W TOPU3OHTANBHBIE JeQopMali B HAIPaBICHUH
COOTBETCTBYIOLUX OCEM;
Oy — CKalllMBaHHUE,
S,y — CKpy4MBaHHE.

C yuerom ¢opmyn (9) mms pacuera caBwkeHud W gedopMmarii B 000N TOYKe
MOJIETUPYEMOT0 MacCHBa MOKHO BOCIIOJIB30BAThCS (POPMYITaMU:

h(X,y,2) = N (X, Y, 2) W, + N, (X, Y, 2) W, +...+ Ng (X, Y, 2) g
L (% Y,2) = NE (X Y, 2) 2w + NS, (XY, 2) 0w, +.. 4+ NE (XY, Z) g
I, (% Y,2) = NE (X, Y, 2) 2w + NS (X, Y, 2) 2w, +.+ NE (XY, 2) g
K (X, ¥,2) = NE (X, Y, 2) 5w, + NE (X, Y, 2) 5w, +...+ N (X, Y, 2) g (11)
K, (%, Y,2) = NE (X, Y, 2) 2w, + NE (X, Y, 2) 2w, +...+ N (X, Y, Z) W
S, (% ¥,2) = N&, (%, y,2)w, + NE (x,y,2)w, +...+ NE(x, v, 2)



e, (X,¥,2) = NL (X Y, 2) 3 + NE (X Y, 2) U, +. 4+ NE (X Y, 2) )Ug
e, (%, Y,2) = NE (X Y, 2) %y + NS (X, Y, 2) W, +..+ N§ (X, Y, 2)
X, (X, ¥,2) = Ny (X%, Y, 2) Uy + N, (X, Y, 2) U, + ..+ Ng(X, Y, 2) XU (11)
Xy (X, ¥,2) = Ny (X, Y, 2) 2, + N, (X, Y, 2) v, +...+ Ng (X, Y, 2) 2
Oy (X Y,2) = NL(X, Y, 2) v + NE (XY, 2) U+ NE (XY, 2) g + N (XY, 2) XU

rae U,,V,,W, — CIBIKCHHS B Y3JIOBBIX TOUKAax M3 pe3yJbTaTOB pacyera BJOJIb OCeH KOOpAMHAT
OX, OY, OZ cOOTBETCTBEHHO;
NS, N$ — mnepsas yactHas mpousBojgHas QyHkuuii popm mo ocsm koopaunar OX u OY
COOTBETCTBEHHO);
NG NC —  Bropas yacthas npousBonnas QyHkuuii dpopm mo ocsam koopaunar OX u OY
COOTBETCTBEHHO.

Takum o6paszom, mauddepeHnupys NnepeMelieHns Touek mo koopauHaram X, Y, Z (11),
noiay4yaeM jaedopManuu B mpenenax aneMeHTta. IIpu sToMm mpou3BoaHble (GYHKIUN (OPMBI 11O
koopauHatam X, Y, Z CBsi3aHBl C TNPOU3BOJHBIMH TI0 KOOpAHMHATaM IpooOpa3a KOHEYHOTO
anemMeHTa Marpuueit Skoou [2, 3, 7]:

. X, Y, Zu
é U éne. u ¢ 1 4l
ex% Y§(L Z%u NlX N% K Ngy X, Y, ZZH
[3]= e)>: l@ ; (= eN& z% E E&u NG (12)
: % % % % §H H eX Ys ZSH
€ u é (Lu
eN|q>:<u eNl X
&N ¢ u=[a]* N % U (13)
8N|z 6 V4 EI
N& :;XXi LY R )L+ ZZ))
Ng, =;wi {L+ X X ) {1+ Z ;) (14)
1 o I
== i + i + i
NG, = i+ X x ){1+Y %:)
rmue [‘]] — Marpuna Skobu wim skoOuaH;
Xi,Yi,Zi — KOOPIWHATHI Y3JIOBBIX TOYEK B CUCTEME KOOpaIuHAT npoodpaza XYZ ;
NG e NI‘v N (Z — YaCTHBIC MPOU3BOAHBIE PYHKIHH (HOPMBI I—Oi TOYKH IT0 KOOPAMHATHBIM

ocsam rpoobpaza OX, OY, OZ cooTBETCTBEHHO.

Pacuer ¢ ucrmons3oBanreMm (opmyn (12)-(14) nemecoodpa3sHo MPUMEHATH B TOM CiIydae,
€CITM KOOpAMHATHAasl CHCTeMa MpooOpaza M pacyeTHOW CXEMBbl Pa3BEPHYTHI OPYT OTHOCUTEIHHO
Jpyra W WCCIEAYIOTCS CIOBIDKCHHS W JIeopMallid BHYTPHU 3JeMeHTa (Hampumep, Ha YpOBHE
byHaaMeHTa W TMOJBAIbHBIX MOMeMIeHHi). [IpU H3y4eHWH *Ke MYJIbJIbl CABHKCHHS 3E€MHOMN
MOBEPXHOCTH PAcUET MOXHO YIIPOCTUTD, UCIIOJIB3YS TOJIBKO y3JIOBBIE ITEpEMEIIEHUs] TOUEK BEpXHEH
rpaHu PaCYETHON CXEMBI.

Cormacuo [2, 3, 4] a1 MI0CKOro 4eThIpexyroibHoro sneMenTa (puc. 3) GyHKIuU GOPMEI,



OIMUCBIBAIOIIHNEC BIUAHUC €TO Y3J1I0B UMCIOT CJIGILYIOIIII/If/'I BUN.

Ay

|+1 0
><X)>(éa+( ]) 2 X% (15)
)
4 3 A€ a — NOJIOBHHA JJIMHBI CTOPOHBI KBaapara.

N, =

Torma npowusBognble (yHKIMNA (HOPMBI 110
KOOpJAMHAaTaM poobpasa:
X 1 ee int 7

N = ax-1) +(-1)' q-1) 2 23

- 1 2 2 X 0
&= >§a>( 1) +(-D' K- 1) Xg(16)
\ 4 2
17 2 , it
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CremoBarenbHO, B IIEHTPE dJeMeHTa, A1 ToukH ¢ Koopaunatamu (0,0):
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Puc. 3 Inockuit 4eThIpeXyTroabHbIN 3JIEMEHT

M N Ny Tty @

3Hasi KOOPAWHATHI Y3JIOBBIX TOUYEK BEPXHEH MOBEPXHOCTH TPEXMEPHOTO 3JIEMEHTA B CUCTEME
KOOp/MHAT PacyeTHOM CXeMBl JI0 Hayaja Iporecca JAe(pOpPMHPOBAHUS, MOKHO OIPEICIUTH €ro
IUTONIA/Ib ¥ BBIYHCIIUTH pa3Mep CTOPOHBI SKBUBAJIICHTHOTO KBaIpara.

4 /
P. = O-Sé X (Vi1 - Yis) »TOTIA @ = (18)

i=1

Takum oOpasom, dopmyisl (15) - (18) MO3BONAIOT CYHIECTBEHHO YMEHBIIUTH O0BEM
BBIYUCIICHUH MPH pacueTe CABMKEHUH M nedopmainuii, a moiydaeMble pe3yabTaThl COBIANAIOT CO
CTPOTHM PACcYETOM I10 METOLY SIKOOH B Mpejienax JOMyCTHMBIX OTPEIIHOCTEH.

Pacnpenesienne ckalmMBaHus M CKPYYMBAHUSA 3¢eMHOI MOBEPXHOCTH NMPHU OYUCTHOM
BBIPA0OTKE MPAMOYToJbLHOIH GopMbI
B nuteparypHBIX UCTOUYHUKAX, TOCBSIIIEHHBIX BOMPOCAM TEOPHH CIBUKEHUS TOPHBIX MTOPO/T

U 36MHOW TOBEPXHOCTH, HE OMHCHIBACTCS XapaKTep pachpeesieHus aeopMmaruii CKaluBaHUs U

CKPYYHMBaHUSI B MYJbJIC CIBHXCHHUS OYHCTHOW BBIPaOOTKH. [loaTOMy IenecooOpa3HO B Havale

paccMOTpeTh OOIIYIO KapTHHY pacIlpeesieHus dTHX AedopMannii iss HEKOTOPBIX «CTaHIAPTHBIX»

ycnoBuid  orpabotku. Ha puc.4 mnpencraBieHbl W30IWHHHM AeopMaIMii CKalIMBaHUS U

CKpy4YUBaHUs, TOJyYEHHBIC I10 OINHCAHHOW BBIIIC METOAMKE, JJIs MOJEIH, peaTU3yoIeh

CJICAYIOIINE TOPHO-TEOJIOTHYECKUX YCIIOBUH:

- TOPU3OHTAJIBHO 3aJIETAIOUINI YTONbHBIN IUIACT MOLIHOCTHIO 1 M;

- cpemnsisi rmyOmHa TOpHBIX paboT 200 M, YTO BBI3BAHO HEOOXOIMMOCTBHIO TONYYHTH IPU
pETBbHBIX pa3Mepax OYHCTHON BBIPAOOTKH, BEIUYHHBI JeopMaliii, oOecIeunBaronme
HarJISITHOCTb,

- pasMmepsl 04rcTHOM BhIpaboTku B miane 200 400 m;

- HAHOCHI MOIIHOCTEIO 40 M;

Ananu3 maHHbIX (prc.4) MO3BOJISET BBIICIUTD CIIEAYIONIHE 00IIHe 3aKOHOMEPHOCTH:
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Puc. 4 Wzomuuuu pacnpenenenus aedopmanuii ckamuBanus (a) U ckpyuuBaHus (0) 3eMHOM
MOBEPXHOCTHU MIPH «CTAHJAPTHBIX» YCIOBUSIX TOPAOOTKH.

XapakTep pacHpeeeH s CKallliBaHNUs ¥ CKPYYMBAaHHS aHAJIOTUYEH,

HaOJII0JaeTCs YEeThIPE IKCTpeMyMa JieOpPMAIlHii: Ba OTPULIATEIBHBIX U JIBa TOJIOKUTEIBHBIX,
pacHoNOKEHHBIE HaJl YIJaMd TPOEKIUH BBIPAOOTAHHOTO TIPOCTPAHCTBA HA 3EMHYIO
TIOBEPXHOCTH;

W30JMHUY JeopMannii BOKPYT 3KCTPEMYMOB UMEIOT (OpMY OJIM3KYIO K OKPY>KHOCTH,
aOCOJIFOTHBIE 3HAYECHUS OKCTPEMyMOB paBHBI, a 3HAKH COBMIAJAIOT JUIS JMArOHAIBHO
HPOTUBOIIOJIOKHBIX BEPIIHH,;

10 TJIaBHBIM CEYCHHUSM MYJbJbI CABHKCHUS TMPOXOAAT HM30JIMHUU C HYJICBBIM 3HAYCHUSIMU
nedhopmarui;

MaKCHMAJIbHbIC 3HAYCHUS CKAlIMBaHWs IPUMEPHO paBHBl MaKCUMYMYy TOPHU30HTAIbHBIX
nedopmanuii, a CKpydMBaHHS — IIOJIOBUHE MaKCHMAJIIBHOW KPUBH3HBI, YTO COOTBETCTBYET
TIOJIOXKEHHSIM; M3JI0KEHHBIM B paboTte [5].

PacnpenesieHue cKalIMBaHUS U CKPYYMBAHUSI 36MHO#i TOBEPXHOCTH OT OYMCTHOM
BbIPA00OTKM HENPaBUJIbHOH (POPMBI
JIJis1 aHAIOTHYHBIX TOPHO-TEOJIOTHYECKUX YCIOBHM ObLTO oTpaborano 6onee 30 mojeneit ¢
pazmuyHOM popMoii BeIpabOTaHHOTO MpocTpaHcTBa. [myOnHa ropHBIX padoT u3meHsuiack oT 200 10
400 m. dopma BBIPAOOTKM NpPHUHUMATIACh B BHJIE KIWHA, U C IOCTCIICHHO W3MCHSIIOIIHMCS
pasmepoM. Ha puc. 5 u puc. 6 mpuBepeHbl M30JUHHM CKAIIUBAHWS W CKPYYHBAHHS JUIS psijia



6)
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Puc. 5 Pacnipenenenue nedopmainuii CKalIiBaHUS BBI3BAHHBIX BBIPAOOTKAMH PaBHOMEPHO
pacrmpsirorieiics (cyxaromieiics) (a) u KIuHO0Opa3Hoit (0) GopMbI.
BBIPAOOTOK HEMPaBUILHON (hOPMBI .

AHanu3 JaHHBIX, MPEJCTABICHHBIX HA ATHUX PHCYHKAaX, MO3BOJISIET CAENATh BBIBOJ O TOM,
4yTto (hopMa BBIPAOOTKH HM3MEHSET TOJBKO KAYECTBEHHYKO KapTHHY pacmpenelieHus aedhopMariuii
CKAIlIMBaHUS ¥ CKPYYMBAHUS, HO MaJIO BJIHMSCT Ha BEJTHUHUHBI SKCTPEMYMOB.

HawuGonpiieMy BIMSHHIO MOJBeprarotcs aedopmanuu ckpyduBanus (puc. 5), dTO
OOBSICHSIETCS TIEPEMEIIEHUEM TOYKH Tepernda KpPUBOW OCEHaHHs] B CEUCHHSX, IMEPECEKAIOITUX
CKOIIIEHHYIO CTOPOHY BBIPaOOTKH. B MpsAMBIX yriax OYHCTHBIX BBIpaOOTOK (hopMa pacrpeiencHus
nedopMaruii CKpy4dMBaHUS —MPAKTUYECKH HE TMOABEPracTcs W3MEHCHHSIM, IO CPaBHEHHUIO CO
«CTaHJIapPTHBIM» BapUaHTOM, TIPEACTaBICHHbIM, Ha puc.4. Ecim e CcTopoHa BBIPaOOTKH
NPUMBIKAET K yrilaM BbIpaOOTKH, KoTopsle oTimyarores ot 90°, to ¢hopma n3onuuuil nedopmanuit
BOKPYT DKCTPEMYMOB HM3MEHSETCS — OHHU BBITSATHUBAIOTCS BJIOJIb CKOIIECHHBIX CTOPOH OYHCTHOU
BBIPA0OTKH M MIPUHUMAIOT JUIANITHIECKYIO (hopmy.

[lpu HecranmapTHO#l (opMe OYKMCTHONW BBHIPAOOTKH W3OJIMHUM CKAIIMBAHUS TaKKe
MPHOOPETAIOT JIUIMITHYECKYIO (OPMY, BBITSTHUBASCH BIOJb JJIMHHOW JUAroOHAM BHIPAOOTKH U
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002
0.0
0.02
)
o
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0.00

—000

Puc. 6 Pactipenenenue nedopmanmii CKpydrMBaHUs BBI3BAaHHBIX BBIPA0OOTKaMHU PaBHOMEPHO
pacmmpsrorieiics (cyxaromieiics) (a) u KauHooOpa3Hoit (6) hopMBEL.

C)KUMAsSCh B HATIPABIICHUH KOPOTKOW Juaronanu (puc.6).

XapakTepHO, 4TO MECTONOJI0KEHHE MaKCUMAaJIbHbIX 3HaYeHUH Je(OopMaliii CKalMBaHus U
CKPYYMBaHHUSl CMEIIAEeTCs B CTOPOHY HENPSMBIX YIJIOB BHIpaOOTKH. BenwumHa mnepeMernieHus
3aBUCHT OT BEJIMYMHBI OTKJIOHEHHUS yria BeipaboTku ot 90°.

C TOYKM 3peHHsl 3alUThI MOIpadaThIBAEMbIX 3[JaHUN M COOPYKEHUH HenmpaBuiIbHAsA Gopma
BBIPA0OTAHHOTO MPOCTPAHCTBA MEHeEe OJarompusATHA, TaK KaK YBEIMYMBACTCS IUIONIA]b 3€MHOW
MIOBEPXHOCTH TIOJIBEPKEHHOM JlehopManusaM ¢ OTHOCUTENLHO OOJBIIMMH 3HAUEHUSIMH CKAITBAHUS
Y CKpY4YHMBAaHUS, 110 CPABHEHHIO C MPSMOYTOJIBHOW KOH(PHUTYpaIel, 1 CMEIAI0TCs TMHUH HYJIEBBIX
nedopMaruii.

AHanu3 1aHHBIX, PEJCTABICHHBIX HA PUC. 5 U pUC. 6 MO3BOJISIET CIeNaTh BHIBOJ O TOM, YTO
¢dopma BBIPaOOTKHM HW3MEHSET TOJIBKO KayeCTBEHHYIO KapTHHY pachpeaeieHus aeopmanuit
CKAaIlMBaHUSl W CKPYYMBAaHUS, HO MajO BIMSET HAa BEIWYMHBI SKCTpeMyMmoB. HamOoinbriemy
BIMSIHAIO TIOABEPraloTcs aedopMaluy CKPYyYHBaHHS, YTO OOBACHSIETCA IMEpPEeMEUICHHEM TOYKU
nepernda KpUBOW OCeNaHHs BIOJNb HANpPaBJICHUS BBIPAOOTKH C pa3sHBIMHM JUTMHaMH CTOpPOH. B
OpSMBIX YIJIax OYHCTHBIX BBIPAOOTOK (Qopma pactpeneneHust aegopManuii MpakKTUYECKH HE
HOZIBEPraeTcsi M3MEHEHHSIM, 110 CPAaBHEHHIO CO «CTaHJAPTHBIM» BapHaHTOM, MPEACTaBICHHBIM, Ha
puc.4.

C TouKkH 3peHHs 3aIIUTHI MOApadaTHIBAEMBIX 3/IaHUI M COOPY)KEHUH HenpaBuibHas (Gopma
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BbIpa0OTaHHOTO IPOCTPAHCTBA MEHEE OJIaronpusATHA, TaK KaK yBEJIMYMBACTCS IUIOIIAJb 3€MHOMN
MOBEPXHOCTHU MOJBEPKEHHOM JleopMalusIM ¢ OTHOCUTENIBHO OOJIBIIMMH 3HAUEHUSIMH CKAIIMBaHUS
U CKpYYUBaHMsI, IO CPABHEHUIO C MPSIMOYTOJIBHON KOH(UTYpalneil BRIpaOOTKH.

CkammBaHue ¥ CKPy4YMBaHHe 3eMHOIi MOBEPXHOCTH NMPH MOAPAGOTKe Pa3pbIBHBIX
TeKTOHUYECKUX HAPYIIEeHU

Jlnst uccnenoBanuii neopManuii CKalIMBaHUA M CKPYYMBAHHUS 3€MHOM MOBEPXHOCTH TPHU
NoJpa0dOTKe Pa3phIBHBIX TEKTOHWYECKHUX HAPYIIEHHH OBUIO OTpabOTaHO W MPOaHATU3UPOBAHO
okoj0 120 mpocTpaHCTBEHHBIX MOJENeH. YTibl MajeHnus HapyIIeHUs: U3MEHUTUCH B AMANla30HE OT
30° mo 80°, mopmasibHass MONIHOCTH HapymieHHOH 30HBI oT 10 mo 50 M, yrom pasBopora
IPOCTUPAHUS TU3BIOHKTHBA OTHOCUTENILHO HANpaBlieHHs TOPHBIX pabot B auanazone ot 0° mo 90°
(uepe3 5° —10°). TekToHMYECKOE HApYIICHHE MPEICTABISUIOCHh KaK HECOTIACHO 3aJICTArOIIUi C
YIJICTIOPOTHBIM MAaCCHBOM CIIOH, HATIPABJICHUE OCEH aHM30TPOIHH KOTOPOTO PACIIOI0KEHO BIOJb U
HOTNIepeK HapymieHus, a JedopMalnroHHbIe (MIPOYHOCTHBIC) XapPAKTEPUCTHKH TPUHUMAIUCH Ha
TIOPSJIOK HIDKE BMEIIAIOIIET0 MacCHBa.

PesynbpTaThl MOpenMpOBaHMS TMOKa3allk, YTO pacupezeneHne AeopMaiuii cKammBaHuS U
CKPYYHMBaHUsl CYIIECTBEHHBIM OOpa30M 3aBHCUT OT IIOJIOKEHHUS BBIXOJa HAPYIICHHS B MYJIbJE
C/IBIDKEHHMSI, €T0 OPUEHTHPOBKH OTHOCHUTEJILHO HAIpaBJICHUS BEACHUS TOPHBIX pabOT, MOIIIHOCTH U
yriia TajgeHus HapylmieHHOW 30HBI. [IpM HSTOM W3MEHSETCS Kak KaueCTBCHHAas, TaK W
KoJIM4ecTBeHHast KapTuHa. [logpoOHBI aHamM3 pacrpeneneHusi CKAallMBaHWUSA TPU MOIPadOTKe
pa3pbeiBoB mpuBefeH B paborax [9, 10]. B kauectBe mpuMepa Ha pHC. 7 MOKa3aHbl H3OJHHHU
nepopmanuii  mpu  moapaboTKe  CcraboAMaroHANBHOTO paspbeiBa. HecMoTps Ha  MIMpPOKoOe
MHOT000pa3ue 1eGOpMaIMOHHBIX KAPTUH MOXKHO BBIICITUTH OOIINE 3aKOHOMEPHOCTH.

OTHOCHTENBHO CKAIIUBAHMSI CIIEyeT OTMETUTH CIIEIyIOIIee:

BJOJb 30HBI HApPYIIEHHBIX TOPOJ (OpMHUpPYETCss 00JacTh IMOBBIIICHHBIX TOPHU30HTAIBHBIX
neopmanuii CKaluBaHus, U30JIMHUH SKCTPEMYMOB KOTOPOI UMEIOT ()OPMY BBITSIHYTOTO BJIOJTb
BBIX0/JIa HAPYIICHUS JUIUIICA;

npu  MoapabOTKe TNPOJONBHBIX (MONMEPEYHbIX) W CIa0OAMarOHaJIbHBIX HApPYyNICHUH 30HA
TIOBBIIIEHHBIX AeopManuii uMeeT JBa 3KCTpeMyMma, a MNpH TNOAPabdOTKE TUArOHaIHHOTO
HapyIIEHHs — O/IMH,;

MaKCUMYMBbI JeQOpManuii CKallMBaHUS TIPU TOAPAOOTKE TEKTOHHMYECKOTO HapYIICHUS
NPEBBIMIAIOT OKHUaeMble I HEHapyIICHHOTO pa3pbIBOM MaccuBa B 2, 6 pas.

JInist CKpydnBaHUSI MOYKHO BBIICTUTD CIEAYIONINE 0COOCHHOCTH:

BJOJb 30HBI HApYIICHHBIX MOPOa (GOpMUPYETCS OO0JIACTh KOHIICHTPAIIMH BEPTUKAIBHBIX
neopmanuii CKpyduBaHUsl, M30JIMHUH SKCTPEMYMOB KOTOPOI UMEIOT Kpyroodpasuyto hopmy;
MaKCUMYMBI JieopManuii ckalmBaHus MpU MOAPAOOTKE TEKTOHWYECKOTO HAPYIICHUS MOTYT
MIPEBBIIATH 0XKHJIaEMBbIC JIsI HEHAPYIIICHHOTO pa3pbhiBoM MaccuBa B 1.3, 3 pasa;

NPOJIOJIbHBIC, TOTEPeUHble M CIa00JMaroHabHbIE HApYIICHUS HE3HAYUTEIBHO HW3MEHSIOT
Ka4eCTBEHHYIO KapTHHY paclpelesieHusl, a JMaroHaJlbHble (OPMHUPYIOT Psii AKCTPEMYMOB
BJIOJIb BBIXO/1a HAPYIICHHUS TI0]] HAHOCHI.

BriBoabl
[To pe3ynbTaraM NMpoBEAECHHBIX UCCAEAOBAHII MOKHO CHENIATh CIEAYIOIINE BBIBOJIBI

1. JlomosHWTENbHBIE yCWJIMS B TOApPAa0ATHIBAEMBIX 3JaHUSAX W COOPYKCHHSX IPSIMO
MPOMOPIMOHAIBHBl BEJIMYMHAM CKAlllUBaHUST M CKPYYMBAHUS 3€MHOM TOBEpXHOCTH. B
CTaHJAPTHBIX YCJIOBHSAX NMPH MOHOKJIMHAJIBHOM 3aJI€TaHHM TIJIACTOB M OYHMCTHBIX BBIPAOOTKaX
NPSIMOYTOJIBHON ~ ()OPMBI  MAaKCHUMyMBI JeopMariiii CKallMBaHWUS PAaBHBI MaKCUMyMaM
TOPU3OHTAIIBHBIX JepopmaIuii, a CKpyUYMBaHUS — ITOJIOBHHE MAaKCUMAJIbHOW KPUBH3HBI.

2. Tlo pe3ymbraTtaM YHCIEHHOTO TPEXMEPHOTO MOCIUPOBAHUS TPOIECCOB CIBIIKEHUS METOJIOM
KOHEUYHBIX JIEMEHTOB MOYKHO ONPEICIUTh CKAIIMBAHUS U CKPYYMBAHUS 36MHOUW TTOBEPXHOCTH H
TEM CaMbIM WCCIIEJIOBATh BIHUSHUE Pa3HOOOpa3HBIX (AKTOPOB, KOTOPHIE TPUBOMIT K
aHOMAJIBHOMY pacmpenesieHrto neopManinii B mpeeiax 30HbI BIUSHUS BRIPAOOTKH.
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Puc. 7 Pacnipenencuue nedopmaiiuii ckamuBanus (a) U ckpyuuBanus (0) npu moapaboTke

cnaboMaroHaIbHOTO pa3phiBa (Yroi pa3BopoTa OT JIMHKH 320051 15°)
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Pa3zpaboTan anropuT™M BBIYUCICHHS CKAIIMBAHUA W CKPYYMBAHUS 3€MHON TOBEPXHOCTH II0
TPEXMEPHBIM COCTABIISAIOIIMM BEKTOPOB CIBM)KEHUI 36MHOM MOBEPXHOCTH.

BriepBblie mony4eHbl KapTHHBI pacipeaesieH sl TUIOMAAHbIX TedopMaluii 3eMHOM TOBEPXHOCTH
IOpU CTaHJAPTHBIX YCIOBHSX, NPU HENpaBWIbHONH (opMe BBIPAOOTKM M NpU MHOAPabOTKe
pa3phIBOB.

[TIpr cTaHDapTHBIX YCIOBMSIX, XapaKTEPU3YIOLIMXCS TOPU30HTAJIBHBIM 3aJleraHueM I1JIacTa,
npaBWIbHON  (opMoil  BRIpaOOTaHHOTO  TPOCTPAHCTBA,  BBIAGISCTCA  YETHIPE  30HBI
9KCTPEMAIbHBIX 3HAYEHUH CKALIMBAHWUSA U CKPYYMBAHHs, KOTOpPbIE PACIIONIOXKEHBI HAJ yIJIaMu
NPOEKIMH BBIPAOOTKM Ha 3€MHYIO IOBEPXHOCTh. BJONb TJIaBHBIX CeYEHUH nedopmanuu
CKAIlIMBaHUS U CKPYYMBAHMS PABHBI HYIIIO.

HenpaBunbHass ¢opma BBIpaOOTKM HM3MEHSET KAYeCTBEHHYIO KAapTHHY pacIpeaesieHus
negopmanuii CKallMBaHUSA M CKpyuuBaHMs. [Ipm 3TOM yBenMuMBaeTCs IUIOMIAAb 3E€MHOMN
MIOBEPXHOCTH, TOJBEPKEHHOH aedopMalysiM ¢ OTHOCHUTEIHHO OOJBIIMMH 3HAUYEHUSMH, II0
CPaBHEHHMIO C MpPSIMOYroJbHOM KOH(Urypanuel BbIPaOOTAaHHOIO IMPOCTPAHCTBA, YTO MEHeEe
0J1aronpuATHO AJis o/ipadaThIBa€MbIX 3AaHUN U COOPY>KEHUH.

[Ipu mnoapaGoTKe pa3pblBOB BAOJb BBIXOJA 30HBI HAPYIIEHHBIX MOPOJ TMOJA HAHOCHI
¢dopmupyercsi 007acTh TOBBIIICHHBIX JehOopMaldii CKAIIMBaHUSA M CKPYYHBAaHUS 3EMHOM
nosepxHoctu. Ilpu 3TOM Makcumymbl Jegopmanuii mpu 1moapabOTKe IU3BIOHKTUBA MOTYT
NPEBBIMIATh OKUJAEMbIE Ui HEeHapYIIEHHOro MaccuBa B 2, 6 pa3 mns ckammBanust u 1.3, 3
pasa Ui CKpy4YMBaHUS.

PaccmoTpeHHast TEXHOJIOTHS MO3BOJISIET ACTAITBHO M3YYUTHh BIHMSHHE HA JedopMalvy 3eMHON
MOBEPXHOCTH HECTaH/IAPTHBIX YCIIOBHM BEJIEHUS TOPHBIX padoT.
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