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BBEIEHUE.

Jlanwas wnuea codepycum 6 cebe onucanue Memodur, NPUMEHAEMBIE 6 NPUKAAINOT Mmeopuu
YRPYLOCMU € UCROABIOEAHUEM MEMOTOE CYREPRO3UYUOHHWIT 3akonomeprocmet (MCH3).

MeTone! Cymepno3nIMOHHBIX 3aKOHOMEPHOCTEN SBISIOTCS YHCACHHBIME METOMAMN TTPIKIIATHON
TeOpuE YUPYTrocTH U NPUMEHSIIOTCS HapaBHe ¢ MeTOTaMn KoHeUHEIX sieMenToB (MKH) 1 MeTomamu
mHefinEX Bapuanmii (MJIB).

Crnaboe passutue MCH3 mo cpaBaernio ¢ MKH u MJIB 0b6ycioBieHo 3HAYNTENBHBIMA BBIUH-
CITUTENBHBIMA 3aTPATaAMI U OTCYTCTBHEM MaT. ODOCHOBAHHUS MEPEXOMa OT MEIKOMACIITabHOTO
mpenpacuéTa (00IIell cXeMBI) K KpyTHOMACIITAOHOMY pacdéry (pacuéTy OTIeNBHOTO yuacTKa 06-
meit cxembr). Hpomomxkas cpaBHenne MCH3, MKH u MJIB crienyeT cpasy oTMETHTH, 9TO 9TH
MeTONBI MMeIOT pasuyio HanpaBieHnocTh. MKH u MJIB ucnionb3yeT sKBUBalleHTHYIO MAT. MONETh
HCCITENYeMOTO OOBEKTA s ONPEeNeTeHNs M3MeHeHNsT ero (GOPMBI U TOJIOXKEHUsT B TPOCTPAHCTBE.
MCH?3 ocHOBaHBI Ha OCODEHHOCTSIX PACIPENEIIEHNs SHEPTUH B UCCIENYEMOM OOBEKTE W MCIOIB3YET
mpencTaBieHne OBIMUX CHITOBBIX 3aKOHOMEPHOCTEN B BIUIE CYNEPIO3UIUN JIOKAITBHBIX CHIOBHIX 3a-
KOHOMEPHOCTEN W TpelHa3HAUEHB! JIJIs ONPENeIeHns PaclpeNelleHus CUII B HCCIIENYEMOM OOBEKTE.
W3 pernernst omuOi 3a1a4i MOXHO MOIYYHNTE PellleHre APYTOll, HO TPU 5TOM KayKIBIil W3 yKas3aH-
HBIX MEeTONOB OymeT Hambojee TOYHO M MOCTOBEPHO OTPAaXaTh Te XapaKTEPUCTUKH HCCIENYEMOrO
00beKTa, KOTOPHIE 3AJIOKEHBI B DACUYETHHIN MEXAHW3M [TAHHBIX METOIOB.

MeTone! cynepmo3uIMOHHBIX 3aKOHOMEPHOCTEN MMEIOT €Ié OMHY HHTEPECHYIO 0coOeHHOCTH. B
HIUX BO3MOXKHO NMPHMEHEHNEe MPUONMAKEHHEIX 3aKOHOMEPHOCTEN (ACHMITOTHK) HETOMY CTHMBIX JIITs
TIpUMeHeHNI B OOIMNX 3aKOHOMepHOCTAX, a Takxke B MKH u MJIB.

B nanvoil kKHUTEe 6yIyT paccCMOTPEHBI 2 MeTONA CYTIEPHIO3UITHOHHELIX 3aKOHOMEPHOCTEN MPUKITa-
HOIl TeOPUH YIPYTOCTH:

1. ” MHKeHepHBIT MeTON PAcYéTa HANPSKEHUH B KPYTOMATAONINX PYIHBIX Teaax’ |

2. ”MeTom cOBMECTHBIX BIWAHNN M3MEHEHN YIPYTUX CBONCTB” .

Ob6a MeTOna OYeHB TIOX0XKN MEXTY cOBOIl, PEIaoT OMHY 3aady, HO HMEOT Pa3Hble OTPAHUIEHIST
0 TPUMEHEHHTIO.

A.H . Kaperun.
13.11.2005.
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I. TEOHETUYECKHUE OCHOBBELI METOIOB
CYHEHHO3UINOHHBIX 3AKOHOMEHHOCTEMN.

B pasdeae npusodamed onucanue déyr memodos cynepnozuyuonnblT 3aKOHOMepHocmed, 0cHOG6-
HAA HANPABAEHHOCTND KOMOPHIL - NAOUAIHAL IHEP2EMUNECKAT MOJEAb MACCUBA 20PHBIE NOPOC.
Jlanwprii pazdea cayocum dad o3naxomaenud ¢ obupumu npasuiamu nocmpoenud cucmem MCI3.

1.1. METOIbI CYHEHHO3UIIMOHHBIX 3AKOHOMEHHOCTEMN.

MeTomer cynmepnosunnoHHbX 3akoHoMepHOcTell (MCH3) mpnMeHAOTCS BO MHOTHX OTPACIIX Ha-
yku. Hauao n HaubolbIlee pacipocTpaHEHHEe STHX METONOB JEKUT B SHEPTETHKe (CYTEPIO3HITHIT
MarHUTHBEIX W 9J€KTPOHHBIX ToJeil). B Teopun ynopyrocTw JaHHBIE METOMNBI BBENEHBI TOIBKO B
koHre XX BeKka, Tak Kak B OTIIMYNE OT MATHUTHBIX M 3JI€KTPOHHBIX TMOJEll CHITOBBIE CTPYKTYPHI
TBEPIBIX TeI UMEIOT 60iIee BBICOKYIO 3aBUCHMOCTE OT COCTOSHUS THX Tell U OKPYIKAIOIIER CPEH.
Homumo sToro dopMupoBaHme SHEPreTUYECKUX CTPYKTYP B TBEPAOM Tejle HOCHT HEOOPATHMBIi
xapakTep ([Ba WACHTHIHBIX TBEPIBIX Tejla chOPMHPOBAHHBIE B PA3HBIX YCIOBHAX MOTYT MMETH
COBEPIIEHHO PA3HYIO SHEPIeTHUECKYIO CTPYKTYDY).

OcnoBonosnoxunkn MCH3 mokaszanu Ha HATTSAHBIX NPUMepPaX BO3MOXKHOCTE HMCIOITB30BAHIS
JAHHBIX METOJIOB Ha MaJIBIX 3a/iadaX ¢ MOMOIIBIO JOCTYMHBIX CPEICTB (KapMaHHOTO KATBKYISTOPA).
Tax xe 6BITIO TOKA3aHO, YTO UCMOIB30BAHIE HAHHBIX METONOB Ha CPEMHUX W KPYIHBIX 3aadax Oes3
HCTIOIB30BAHNS BEIUNCANTENBHBIX MAIINH HOBOTO TOKOJIEHUS MPAKTHYECKH HEBO3MOXKHO. ABTO-
pamu OBIITO OTMEUYEHO, YTO MaHHBIE METOIBI SIBISIOTCS METOMAME HOBOTO TIOKOJIEHUS I MOTYT OBITH
Pa3BUTHI TOJBKO HA HOBBIX pa3paboTKax MaT. 6a3bl B S9HEPTETHYECKON TEOPUH yIPYTOCTH.

Hazpadorku WHKOH HAH B mampabnenun MCH3 6pumn ocTanoBierbl B KouIile 1990-x romos
M3-33 OTCYTCTBUS TEXHUYECKUX CPENCTB HAMIIEXKATIEN MOITHOCTH JJIs MX AOCTATOYHO MACIITaOHOM
peanmusarnuu. Hammame xe MeHee TpeboOBATENbHBIX K BBEIUNCINTENBHBIM MOIIHOCTSM AITOPUTMOB
(MKH, MKH, MI'Y, MJIB), e ycrynaomnx no obbEMaM W TOYHOCTH PEIEHNs 3a/1atd, TPaKkTH-
YeCKN BBIHYIMIIO K OTKAa3y OT 5TUX MeTonoB. Bo3oOHOBIEHIE paspaboToK alrOpUTMUYECKON Oa3kI
MCH3 8 MI'THY ¢ 2000r. BBI3BaHO HEOOXOMUMOCTHIO DEIIEHUS 3a/a49 YHEPTETMYECKOTO XapaKkTepa
Ha psifie PYIHUKOB C ONPENEIEHHON TeTAIBHOCTRIO pe3ynbTara. W ¢ MaHHBIME 3aladaMu BCe YIIO-
MSIHYTBIE BBIIIE METOMBI CIPABUTHCS MOTHOCTHIO He MOTIn. He cMOTPS Ha IMTHPOKOE HCITONTB30BaHIe
MIJIB B coueTaHnm ¢ pa3siuYHOTO BHAA KAPKACHBIMU TPEHIAMI, TIOIYUYNTh JKellaeMblil Pe3yiIbTaT
TakK U He yAaaoCh.

Hepsas peanusamnus ” WHKeHepHOTO MeTONa PAcYéTa HANPSKEHUN B KPYTOMAMAIOININX DYIHBIX
Tenax” [1] ¢ memonb3oBaHMeM NHHElHON Monenn, HasBauHas aBTopoM ~GeoMechPacket-1 for MS
Excel” (2001r.), nokasana BO3MOXKHOCTE TOIYYeHNS Pe3ynbTaTa B TpebyeMoM Bijie 1 ¢ TpebyeMoi
METATBHOCTBIO.

Bropas peanusarus ” HKeHepHOTO MeTONa PacyéTa HANPSIKEHNN B KPYTOMAMAIOININX DYIHBIX
Tenax” [1] ¢ ucnonb3oBanneM mioMmanHON MOAenAn B codeTanuu ¢~ MeTomoM mocienoBaTe bHbIX
nuksoB” [2] mokasasa onpenenéHHyIo OrpaHHYeHHOCTh HAHHOIO METONA M HEBO3MOKHOCTE €I TIpHU-
MeHeHUs Ha psfe 3amad. C 5TOro MOMeHTa Hadalach MPOpaboTKa TeopeTmdeckoil Oasul ” Merona
COBMECTHBIX BINSHNN M3MEHEHNN YIPYTUX CBOWCTB W ONpeneieHHas 4acTh YToi 6a3bl ObliTa BBe-
leHa B MAHHYIO Pealll3alldio IJisd yCTPaHeHWS YKa3aHHBIX OrpaHWdeHnil. B pesymbraTe GbuT mO-
JyUeH WHCTPYMeHT, HasBaHHEI aBTopoM ~GeoMechPacket-2 for MS Excel” (2004r.), mokasasrmmii
MpPaKTUIECKN HEOTPAHUYEHHBIE BO3MOXKHOCTH MO MOIEINPOBAHNIO Pa3BUTHS TOPHOTO MABIECHUS HA
DPYIHUKAX.

W, maxonern, peanusamnus ” MeTona cOBMECTHBIX BIUSHUN W3MEHEHUT YIIPYTUX CBOHCTB” B TOTHOM
obbéMe, HasBaHHas aBTopoMm ~GeoMechPacket-2 v.2 for MS Excel” (2005r.), BhIsSBuHIA €Ié psia
ocobernnocTell Kak camux anropuTmMoB MCH3, Tak n sHEpre THUeCKON CTPYKTYPHI TBEPIBIX TeIl.

1.2. UHKEHEHHBIN METOJI HACYETA HAHHIYKEHUN
B KHYTOHAIATOIINX HYTHBIX TEJTAX.

” MHKeHEPHBINT MeTON pacuéTa HANPSIKEHN B KPyTOMANaoInX PYAHBIX Tenax ObuT paspabo-
Tan B UHKOH HAH B konne XX Beka. Ilannas MeTONNKA OCHOBaHA HA 3aKOHOMEPHOCTH Pa3rPy3KH
TOHKOI HeCKOHEUHOI el B MaccuBe TOpHBIX mopon. Hpumenenuwe manHO#l 06IIER 3aKOHOMEPHO-
CTHU B BUle CyNePTIO3UITNN JIOKATBHBIX 3aKOHOMEDHOCTel Ha pAaBHOMEPHON ceTKe MTPUBENIO K HOBOMY
MeTONy pacuéTa HANpPAKeHWH B MACCUBe TOPHEBIX MOPOM, COTOCTABUMOMY MO TOYHOCTH ¢ UMCIIEH-
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HBIMH METOlaMU, UCIONB3YIONINME pellleHne cucTeM nuddepeHInalbHBIX YPaBHEHUH CBA3M KOMIIO-
HEHT HANPsKEHHOTO cocTosHUs. OcoOEHHOCTHIO TAHHOTO MeTOMa CTajla BOBMOXKHOCTD IPUMEHEHT S
aCUMIITOTHKM K OOIllell 3aKOHOMEPHOCTH, YTO 3HAYNTEIHHO YIPOCTUIIO PACUETHBIN MeXaHU3M.
JlaHHBEIT MeTON OKazayics oueHb >QPeKTUBHLIM IJIA PellleHnd 3aJad OpelleleHnI BeIWINH Ha-
NPSAXKEHN Ha KOHTYPe BEIpabOTaHHOI'O MPOCTPAHCTBA 1060 GOpMBI, HOPMUPYEMOTO TIO CTAMUIM.
Cucrema pacuéra 1o cTaausIM pa3pabaTHBaIach COBMECTHO ¢ MAHHBIM METOMOM W TIOJIYJHIIa Ha-
sBanme ~ Merona mocienoBaTenbHbIX MuKIOB”. HecMOTps Ha HOCTOMHCTBA W MPOCTOTY METONA
cllefiyeT OTMETHTE TakKkKe W 3HAUNTETBHYIO €70 OrPAHHYEHHOCTh. 3aKOHOMEPHOCTH, MPUHSTAS 33
pabouyio, XopoIo paboTaeT Ha ydacTKaX ¢ TOIHOH moTepeil cruromuocT (HopMUpOBaHHsS pas-
pBIBa), HO MI0X0 paboTaeT Ha yuacTKaX ¢ YaCTHIHON MOTepeil CIuomHocTH (BO3eficTBIE B3PhIBa
Ha MacCUB TOPHBIX NOPOMA, TUApaBinYecKasd, chIIydyasd W TBepielollad 3aKilajika, 3aMarazuHupo-
BaHHas pyna). Bompoc MpHMeHeHNs JTaHHOTO METONA Ha 3aKIafOTHOM MaTepuale ObUT 3aTPOHYT
JINIb MOBEPXHOCTHO, MPU 3TOM OBLIO MOKa3aHO, YTO MCHOIb30BaTh NaHHBIN MeTON Ha CUCTeMaXx C
3aKITAIKON BEIPAbOTAHHOTO TPOCTPAHCTBA MOKHO TONBKO B BuAe ciaaboro npubnmxennsd. N3ydaTs
NoBefleHNe W COCTOSHUE 3aKIIaJOYHOTO MaTepHuaja ¢ MOMOIIBIO TaHHOTO MeTONa OKa3aloCh HEIb3d.
Huxke mpuBongTcs ocHOBHBLIe paboume GopMyabl mamHoro MeTona. HompoGHoe ero omnmcanwne
npuseneno B [1]. Ouncanue mpuMeHeHUs JAHHOTO METOAA IO CTAIUIM paboT IpuBeneHo B [2].
3aKOHOMEPHOCTE PA3TPY3KN TOHKOW OECKOHETHON IENT B TBEPIOM TeJe:

7y () = Y QL )

2

T
2 2
\/Ti—a

T,j - KOOpPIMHATA MEHTPa TPY30HECYINETO 3IIEMeHTa ], OTHOCHTEIBHO TIeHTPa Pa3pHIBa,
Z,i - KOODANHATA IEHTPA PasTpyKEHHOTO 3JIEMEHTA 1, OTHOCHTEIBLHO MEHTPa Pa3phiBa,
@ - KOOpJIMHAaTa I'PaHUIbl pa3pbiBa, OTHOCUTENBHO IEHTPa Pa3phiBa,

]
i=1  T(Zaj — Bui)

rae:

Qi - cuna, AefcTBYIONIAd HA I-THI SIIEMEHT MacCUBa /10 Pa3phiBa,
oy (&.j) - NONOMHUTEIbHOE HAPSIKEHNe B j-TOM DIIEMEHTe MacCHBA.

AcuMnToTuKka I Kpas pasphiBa;

N a
Py = Z LQ;
i=1

T2 (Buj — Lui) /Trj — @

2 _ 2
T

rae:

Pi; - Bo3meficTBWe i-TOTO 37leMeHTa Ha J-THIM,
L - pasMep eNUHUYHOTO HIEMEHTA.

Cucrema pabounx GoOpMyIT IS JIMHETHON MOAEINn OTPabOTKN MAacCHBa TOPHBIX TOPOM:

Pj; - TpUpOCT HANpAKEHNS B J-TOM 3JleMeHTe TIPH pasrpyske i-ToTo,
E; - Monynb yIPYTOCTH J-TOTO 3JIeMEHTA,

F; - BcmoMoraTenbHasg KOHCTAHTA,

R;; - paccTodgHNe MeXKAY J-ThIM I i-THIM 37eMeHTaMH,

rj - PACCTOSHNE MeXKIY J-ThIM 3JIeMeHTOM U KpaeM Pa3pHIBa,

Cucrema pabounx GOpMYIT IIIS MITOMAMHON MOMETN OTPabOTKN MacCHBA TOPHBIX MOPOI:

E; F;
i = T = (4)
E R,
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N pesyabTupyiomine GopMyIIEl A9 060NX Momemeli:

o
Q= Q)5+ 2 B (5)
i=1

rae:

‘?, Q]l - HaHpﬂ)KéHHOG COCTOdHHIE OO U IIOCJIe U3SMEHECHUID.

1.3. METOI COBMECTHBIX BIUIHUN M3MEHEHUN YHHYTUX CBOUCTB.

”MeTon cOBMeCTHBIX BIIMSHUN W3MEHEHWH yIpYyrux cBoiicTB 6wl paspaboran B MI'THY ma
ocuope pabor MHKOH HAH B 2004 rony. IlanHnas MeTOnNKa OCHOBaHA Ha B3AUMOCBSI3M KOMIOHEHT
HaPSKEHUN U YyIPYTUX CBOMCTB MaTepraia. HpuMeHeHMme CyMEePHO3UINE JOKAIBHBIX B3aUMOCBS-
3efl Ha PaBHOMEDHOI CeTKe MPUBEIO K HOBOMY MeTONY pacdéTa HANPSKEHHN B MacCHBe TOPHBIX
TTOPOI.

Hamubril MeTo He 6BIT IO CUX MOP ONYOINKOBAH B OIHOM BHIE, IO3TOMY Hajiee OyAeT MPUBEIEHO
JMOCTATOYHO MOAPOOHOE €ro OMMCaHUeE.

3a OCHOBY, KaK yXKe YIOMHUHAJIOCH, B3SITA B3aNMOCBA3b KOMIIOHEHT HAIPSIKEHU:

Jo,  0Te  OTuy

3—z+ 3x+3y

+Z=0 (6)

rae:

00,,07,4,0T,y - U3MeHEHNE KOMIIOHEHT HAIPIKEHHOIO COCTOSHU,
7 - oOBéMHas cHila, NefCTBYONAs B MAaCCHBE TOPHBIX TIOPOII.

Bce xommonenTEI JAHHOTO YpaBHEHUA MMEIOT OTpaxXKE€HUe B YIIPpYrux CBOICTBAX:

do, . OF
dz k"a_z (7)
0Tz _ kTa—E
Or Oz
OTey i 3_E
dy Oy
Z = MH

rue:
OF - usMeHeHue MOy YOPYTOCTH,
A - K03 PUNIIEHT, YINTHIBAIOIINA HEPABHOMEDHOCTE IO HAIPSIKEHNN, BEI3BAHHYIO TEK-
TOHMYECKUME TpoleccaMil (Ipoeknns KosdduimenTa SOKOBOTO TaBIeHN ),
¥ - yAENIBHBIN Bec TOpOI,
H - rnybwna 3aieranus,
ko, k; - mepementbie KO3(hDUIMEHTRI, OMPENEISIONINE CBI3b KOMIOHEHT HAIIPSIKEHHOTO CO-
CTOAHUS U MOAYJEH yHIpPYTOCTH.

HpI/IMeHeHI/Ie Texuukn MCH3 mosBoinsgeT He TOILKO cBECTH JaHHYIO IIOCTAaHOBKY 3amadml K IIap-
HOSJIEMEHTHOMY BHOY, HO I IIPUMEHNUTH KOHEYHO-PA3HOCTHEIEC aCMMIITOTUKMI:

OF
/k(,a—zdz ~ k,AE = Ac (8)

20
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N
> (AE; — AEj) R?

0w | OTay i=1
//(a * ay)d“y”"”

N 2
Zo Yo Z Rij
j=1

rae:

OF - usMeHeHue MOAYIsl yIPYTOCTU OTACIBHOTO HIIEMEHTa,

RZ-_]-2 - IepeMeHHas cocTaBiagioniad GyHKIINN pacipeieieHns 5Hepruil B UAeallbHO W30TPOI-
HOM cperle,

Z0,Yo - Pa3Mephl OTIEIBHOTO 3JIEMEHTA.

Kak yke ynoMmwHAIIOCH BHIIE, MCOMbL30BaHNe GYHKIIAN PacTpefelieHns >HEPTUN B MAeaTLHON
W30TPOIHON cpelle MOMYCTUMO IS TBEPIOTO Tejla TOABLKO B OUeHb PeNKNX CIIyYaaX, HUKaK He TIOAXO-
JAIINX [T CITyYaeB SBHOM aHH30TPONHN (BRIPAbOTAHHOE TPOCTPAHCTBO, 3aKIIATOTHEIN MaTepHal,
TOPHBLIT MAaCCHUB TIOCIe B3PBIBHOTO BO3AENCTBUI, TOPHBIM MAacCUB, OCITabIIeHHBIN OypoBHIME pabo-
Tamu 1 T.11.). Ho u 3lech MBI BHANM odepentoe npenmMytnecTso Texankn MCH3, Tak kak GyHKIus
pacmpelielleHns >HEPTUN B aHW3OTPOIHON cpefie MMeeT OUeHb JJAKOHWYHO BIUCHIBAIOINIYIOCS B MaH-
HYIO CHCTEMY acCUMITOTHUKY:

fe(R) ~ k.R™* = CiEiR;}* (9)

rae:

C; - HopMupyOIui Ko3(hPUIHEHT.

B pesynpTaTe mpuxonuM K mMpocTol GYHKIMOHATBLHON cXeMe:

Aij = (AE; — AEy) Ej R (9)

N
—2
Bi = ZE]R”
j=1
Al
Ac:). = 0-72)
( J])z o-l BZ

_ 0, eciu By — Ey =0
AE_{%, ecn By — Eg £ 0

N
oj =i+ (A,
i=1
rre:

(Aoj), - m3MeHeHIe HANPAKEHHOIO COCTOAHUSA j-TOTO 3JleMEHTa IPH W3MEHEHNH CBOWCTB
1-TOTO HIIEMEHTa,
AFE - OTHOCHTEeIbHOE H3MEHEeHNEe YNPYTUX CBOMCTB HIIeMeHTa, MPUBEASHHOE K TTPOMEXKY-
TOYHOMY (TIPOTIECCHOMY ) 3HAUEHIIO MOAYIIS yIPYTOCTH,
FEy,Fq - sHadeHne MOMYIsl yIPYTOCTH SIIeMeHTa ] [0 U TOciie W3MEeHEHN T,
0'}),0'} - HAIIPSKEHHOE COCTOAHNE HIEMEHTA J IO U NOCIe M3MEHEHHsT MACCHBA TOPHBIX TOPOT.
HpumeHuB nanayio cxeMy K KaXKIOMY SJIEMEHTY MOJEIH, MOy YaeM CUCTEMY B3aNMHOTO BITHSHUSA
KOMIOHeHTOB Momenu. (Obparmalo BHUMaHNE Ha MCIONB3YEMBIN BUI W3MeHEHUsS YIPYTHUX CBONCTB
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OTHeTbLHOTO 37leMeHTa. HTOT BUI XapakTepeH MITd TApHOSTEMEeHTHBEIX allTOPUTMOB U, XOTH U Mpel-
cTaBadeT n3 cebd UMb MOIOBUHY MOJHOTO M3MEHEHUS CBONCTBA OTIEJIBHOTO 3JIeMEeHTa, B OOIIel
cyMMe PaBHOCHUJIEH TIOITHOMY M3MeHEeHUIO CBOMCTB JaHHOI'O 3JIeMeHTa.

HpeunmytecTBo mantoro meroma odeBumuO. OH XOpolo paboTaeT KaK Ha TOJTHBIX pa3phbiBax
CITONITHOCTHN (BBIPAbOTAHHOM MPOCTPAHCTBE), Tak M HA HEMOIHBIX pasphiBaX CIIIOMNIHOCTH (BO3-
neiicTBUEe OYypPOB3PHIBHBEIX paboT, HMCIOIb30BaHNE 3aKIaOYHOTO MaTepuajia, 3aMara3MHupoBaHHad
pyna). HecMoTps Ha KaxkyIIYIOCAd TPOMO3IKOCTE pabodnx hopMyIT, 5TOT METOI NMEET TAKOe JKe KO-
JAMYECTBO BHIYUCIUTENBHBIX 3aTPaT, YTO U Opeabiayuil [1], a 3a cuéT KOMIAKTHOCTH JIOTHYECKOl
CTPYKTYPHI aJTOPUTMa BEINTPHIBAET BO BPeMEHHW BHIYWCIIEHWs B TmakeTHoM pexnme g0 H0%. Me-
TONBI YYUTHIBAIOIINE TIOCIEIOBATENLHOCTE PAboT [2] B coYeTaHHU ¢ JAHHBIM METOAOM MO3BOIAIOT
MOAENPOBATH aXKe Te MPOIecchl B MacCUBe MOPHBIX TOPOJL, KOTOPbIe HEBO3MOXKHO OCYIIECTBUTH B
peaabHBIX YCIIOBUAX.
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II. THEHOBAHNUA K HEAJIU3ATINN

B pazdeae npusodamed céedenud 06 ocHo8HBIT MPebOBAHULT K NPeICMABAEHUIO PE3YAbMNAMOS
pabomsl arzopummos MCII3, cosmecmumocmu ¢ pazauunvin IO, a maxace onucanue pgda npob
u owubox, eo3nurwur npu pazpabomre GeoMechPacket-1 for MS Ezcel u GeoMechPacket-2 for
MS Excel. IHawnviii paszdea noaesen dag pazpabomuukxos cucmem MCII3.

2.1. OHIINE THEHOBAHWA

lnaBubiM TpeboBanmeMm mis peasdmsanuu pacdéTHBIX cucTem Tuma MCH3 saBasercs Breimaua
pesyabTaTa B GopMaTe, MOAAEPKUBACMOM CHCTEMAMU MyOIUKAINN GOMBIINK OOBEMOB YIOPAIO-
YeHHBIX AaHHbIX. Hpu sToM TpeboBaHms K KadecTBY medaTu (HaKTHUeCKH WrHOpHUpYoTca. Hto
03HAYAET, UTO TMPUOPUTET OTHAETCS CHCTEMaM MYOIUKAIMY TIOTOYHON OBICTPON3MEHAIONICHCS NH-
dopmarmn, Takum kKak MS Word, MS Excel, u T.m.

Bropoe TpeboBanme mmeeT TexHWYecKuii xapakTep. Bpewms paborw cmcrem MCH3 momxaO
OBITH MEHBINE ONPENETEHHON, 3apaHee 3aaHHON BEMHYHHBl (IMMETA BPEMEHH), MCXOMNA M3 TEKY-
ero ypoBHs cpefacTs peannsannu (MornHocTeii HK). IanHoe TpebGoBaHme 03HAYAET, UTO PasMep-
HOCTE pelaeMoll 3a/laui He MOXKET OBITh GOIbllle BEITMYUHBI, TIPU KOTOPOI TaHHad 3ajada OyaeT
BBITIOJTHEHA B yCTAHOBICHHBIH JTUMUT BPEMEHN.

TpeThbe TpeboBaHUe TakXKe UMeeT TeXHUYeCKul XxapakTep. HasmepHocTs 3amaun cuctem MCH3
JIOIDKHA 0BeCIeunBaTh ONPEIeNIEHHYIO NeTalbHOCTE pesylibTaTa. HTo o3HavaeT, 4To pasMepHOCTD
peliiaeMoll 3aaul He MOXKET OBITh MEHBIIE ONPEAEIEHHON BETUYUHBI, ¢ y4ETOM BTOPOTO TpeboBa-
HUSA.

YerBépToe TpeboBanme - TpeboBanue k coBmecTumocTu cucteM MCH3. [amuoe TpeboBanume
O3HAYAET, YTO Peallu3alud MaHHBIX MeTONOB JOJIKHA (HYHKIMOHUPOBATEH B CHCTEMAX, MOMICDIKH-
BaeMbIX TOTpebuTeneM (3Mechk npuopuTeT noka ornad MS Windows B cogerannu ¢ MS Office).

Bce nmepeuncientbie TpeGoBaHUI YETKO OTPAHUUNBAIOT METOMBI U CIIOCOOR Pea3allil CHCTEM
MCH?3, ucrnonb3yeMbiX aBTOPOM JTAHHON TyOINKAIINN.

2.2. OHHEJEJIEHUE HAHOYEW HASMEHHOCTU HEITAEMOW 3A0AYN

Banaun permaembie cuctemamu MCH3, aBastoTcss TpymHOpEITaeMBIME MTOITMHOMUATBHBIMEA 33,18~
gaMu BTopoil cTenenn. HTo o3HAUaeT, 94TO 00BHEM BHIUHCIANTENBHBIX 3aTpaT (Omepaniii yMHOKe-
HUs) TaHHBIX 327124 TPONOPIMOHalle KBaapaTy obieii pasmeproctu 3agauu (N?2). C yuérom Toro,
YTO HaHHBIE 3a1a9l UMEOT BUI M0Js (MATPHIIL), TO O0BEM 3aati s KBAIPATHOTO MoJis OymeT
NPONOPIMOHAIIEH YeTBEPTOll CTeleHn pasMepa CTOPOHBI manHoro nois (n*). Huxe mpusomures
Tabnuia NponopINoHAIBHOCTH OOBEMOB BBIUNCINTENBHBIX 3aTpaT OT OOBEMOB 3a/1a4ll.

n 10 50 100 200
N =n? 100 2 500 10 000 40 000
O~ NZ=npt 10 000 6 250 000 100 000 000 1 600 000 000

W3 »Toit TabIuIbl BUAHO, YTO YBEJINYEHE CTOPOHBI pabovero noid B ABa pasa MPUBOMAUT K yBe-
JIMYEHUIO BEIUNCINTENBHBIX 3aTpaT B 16 pa3. HTo o3HauaeT, 9T0 Beerga cymecTBYET pasMepHOCTH,
npu KoTopoil TpeboBanme Ne2 6ymer HeBhinosmHuMO. Huke mpuBommTes Tabauiia 3aTpaT BPeMeHN
[pH pellieHnn 3anadn Ha KoHkpeTHoM peanusanun (GeoMechPacket-2 for MS Excel).

n 10 50 100 200
Pentium T (133MH) < 30 cek. 2 MuH. 25 MunH. ~ 6u. 40 wmun.
Pentium 1T (266MH) < 30 cex. < 1 wmun 13 mu=. ~ 3u. 30 wmm=H.
Pentium IV  (3GH) < 30 cex. < 30 cek. 2.5 wMwuH. ~ 40 wmwun.

Ha ocHoBanuu anammsa nqaHHOW TabIuIbl, ¢ yu4éToM TpeboBanus N2, 1y MaHHON peanan3ariun
(GeoMechPacket-2 for MS Excel) ribpana pasmeprocTh pabouero moms 100x100. HauHad pas-
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MEPHOCTH OTPaHNYeHa TaKXkKe CHU3Y, TaK KaK TOJIBKO HPU TAKON Pa3sMEPHOCTH YIAJIOCh TOIYUNTh
pe3ybTaT ¢ TpebyeMOll MeTallbHOCTBIO, MEHBIITNE PA3MEPHOCTH 3TOTO HE TTO3BOJISITH.

HasBuTue manHOTO WHCTPYMEHTA BUIUTCS aBTOPY B IIEPEBOJIE BCEX OMEPAINil MAHHBIX CHCTEM B
cHeKTpalibHyo obnacTh (npumMeHerne FEFT mossomnao 6Bl cOKpaATHTE BBEIUHCIHTENBHBIE 3aTPATHI
10 O ~ (2-n-logan)?, wro npu pasmepe 3agaun 100x100 IpUBOIUT K COKPAIEHUIO BLIYUCIHTENbHBIX
saTpar B 50 pas). Hpwu sToMm HenmepmonmmuHocTh KoMmroHeHToB cucTteM MCH3 He crocoberByeT
PENIEHUIO HTOTO BOMpPOca. Bce MpobHBIE MOMBITKA Takoll TpaHchopMali JaHHBIX 3a/1a9 MOKa He
YBEHUYAINCH YCIIEXOM.

2.3. CTHATEI'UJd HASHAHOTKNW AJITOHUTMA

CrpaTerns pa3spaboTKN MeHSIACh [0 MePe Pa3BUTHUSA AJTOPUTMUIECKON Ha3HI.

Toneko nepBas peanmsaims (GeoMechPacket-1 for MS Excel) 6puta cuenana B KOMIIEKCHOM
HOIB30BATENBCKOM Bile (MHCTPYMeHT Obia BIMT B KHUTY MS Excel). Hror mHCTpyMeHT mmen
MOTOYHYIO CTPYKTYDY.

Hpu cosmanuu GeoMechPacket-2 for MS Excel Bce mHCTpYMeHTEI OBITU BBIHECEHBI B OTHETB-
HBle daitabl (Gaitasl HagcTpoek MS Excel). Kaxapiii HHCTPYMEHT comiepKalics B OTHETBHON HAll-
crpoiike. Hpwm 5TOM TMOIB30BATENBCKOM BEPCUN M3HAYAIBLHO He OBITO, ObIIa TOIBKO Yepefa DKC-
MEPTHBIX, CIOXKHBIX MJIS MOHUMAaHUS u paboTel cucTeM. Ha 5Tux cmcTeMax MPOU3BOMMINCH MHO-
TOKPATHBIE TE€CTHI U UCCIENOBAHUS TIOBENEHUS CHCTEMBI TPHU Pa3iNYHbIX WCXOMHBIX MaHHBIX. U
TOIBKO Yepe3 TOJToNa HEMPEPBIBHOTO TECTHPOBAHUS M KOPPEKTUPOBKH MOSBIIIACH TTOIb30BATETE-
ckas cuctema GeoMechPacket-2 for MS Excel. B melt Bce mHCTpyMeHTHI ObIIN cOOpPAHBI B OMHY
HagcTpoiiky. Hpu sTom HagcTpoiika Opia cobpaHa B BHE COBOKYTTHOCTH OTAeTBHBIX MOy el (Ka-
KBTI MOIYITH CONEPAKNT MHCTPYMEHTHI CXOKETO XapakTepa), a CaMil MHCTPYMEHTHI TPHOOPEN BIjL
MpOTERY PHO-PYHKITHOHATBHEIX AlrOpUTMOB. HTo T03BOMMITO HE TONBKO BIIIOTHYIO 3aHITHCS MPO-
paboTkoit anropuTMUUecKoll 6a3bl, HO W BHECTH P/l ONTUMU3AINNN, COKPAITAIONINX BpeMsd paboThHI
alrOpuTMa B 1Ba pa3a. IloMoITHNTENbHO NIt YTy dIlieHusT JOTHYeCKOll CTPYKTYPHI alrOpUTMOB 06-
MeH TaHHBIX ¢ pabodell KHUTON B 5TOI peaim3aliii TPON3BOANTCS He Yepe3 WHAEKCH STUeek, KaK 3TO
6eumo B GeoMechPacket-1 for MS Excel, a uepes mmena, npucBanBaeMble suefiKaM HIIH T'PYIIIaM
STYeeK.

Hpu cosmanun GeoMechPacket-2 v.2 for MS Excel cTpaTerus paspaboTKn BHOBb M3MEHUIACH.
Bo-nepBrIX, B OTiIHYNK OT MPEABIAYINER BEpCUU 3a OCHOBY OBIT B3IT ” MeTon cOBMECTHRIX BITMSHUIT
U3MEHEHUH YIIPYTHUX CBOMCTB” B MOITHOM 06béMe. Bo-BTOPBIX, alirOPUTMEL I IMeHA S4eeK pabodmnx
KHUT OBIIN OYHUINEHBI OT PYCCKUX crMBOJOB. HTO mpuBeno Kk HecOBMeCTUMOCTH (DaliioB HaHHBIX C
npensinyieit Bepcueit. Ho stu daitier He 6oimee uem kaurn MS Excel n Hukaxnx ocobrix mpobiem ¢
X WCTONB30BaHNEM B HOBOH peajn3aIliiil HET, TOIBKO KOMUPOBATH NX B pPabOUyI0 KHUTY TPUXOMUTCS
BPYYHYIO. B-TpeTbux, mis Jaydirero npeacTaBieHUs U MCIOIMB30BAHNS, OBl M0OaBiIeH KOMIOHEHT,
paboTapmmuii ¢ ini-gafiiaom, 9To ¢elano HHCTPYMEHT MYJIbTHS3BIUYHEIM (3aMeHselb B ini-daitie
Ha3BaHNS MYHKTOB W paboTaellb ¢ MHCTPYMEHTOM Ha CBO&M s3biKe). B ciydae oTcyTcTBms ini-
daifina, oH OyIeT co3maH ¢ yCTaHOBKaMU MO yMoadaHuio (anri.). OdeHb ynobHo.

2.4. OHTUMU3ATINUA CUCTEMBI

B raaBe 2 mamHOTO paszmenia MpW BLIOOPe pa3Mepa peIaeMoll 3alaun yIOMUHAINCEH TePUONLI eé
BLITIONTHeHNS Ha pasnmdyuabix HK, #Ho He 6BIIO cKazaHOo, 9TO MaHHble TEPUONBI WMEIOT MeCTO TpH
BLITIOITHEHNY ONTHMU3UPOBAHHLIX AJTOPUTMOB. BRITIONHEeHNE HEONTTUMHU3NPOBAHHBIX AJITOPUTMOB
TpebyeT BpeMeHN B NBa pa3a 60ibiero. Tak 4To ke TpencTaBisdeT u3 cebs 5Ta ONTHMEI3AINS T

OnTuMusamms B MepBYIO OYepeNb MPEACTABISIET cOOOM 3aMeHY TIOBTOPSIIOIITIXCS OMEPAIINT Mac-
CUBaMW TPOMEKYTOUHBIX Pe3yibLTaTOB, coxpaHdeMblXx B mamMaTn HK Ha Bech mepmon paboTHI anro-
putMa. HTo B mepByIO 0depent OTHOCHTCI K PAcUYéTy KBAAPATOB PACCTOAHUN MeXKIY IIeMeHTaMMI
pabodero moag. Tak Kak 3a/mada penraeTcs Ha paAaBHOMEPHON ceTKe, MOCTATOYHO OMUH pa3 3abimaro-
BPEMEHHO MPOM3BECTH UX PAcUET U COXPAHUTD, a B HaJbHellIeM obpalliaThed K COXPaHEHHBIM /1aH-
HEIM U He TIPOM3BOAUTL TepecuéT. UcmombizoBanme Takoll KOHCTPYKIINU CYITIECTBEHHO COKpAIaeT
BpeMst paboThl ajlropnTMa (MpakTHIeCKH B ABa pasa). s ynobcTBa W yHPOIIEHHS CTPYKTYDHI
aJropuTMa OTHOBPEMEHHO ¢ BBRIYMCIIEHHEM KBaJIpaTOB PacCTOAHUN NMPOM3BONUTCA MX MHBEPTUPO-
BaHUe, YTO TO3BOJIAEeT HMCIOIB30BATH B TJIaBHOIN Npollefype He OIepalluio AelIeHNus, a Olepaluio
yMHOXKeHUd. HTO cymiecTBeHHO yiydiiaeT KadecTBO MAHHOW MPOIENYPHI.
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Bo BTOpYIO 0Yepenh onTUMHU3AIINS 03HAYAET CTPOTOE perilaMeHTHPOBAHNE TUIOB UCIOIb3YeMbIX
MePEMEHHBIX (B TIEPBYIO OYePelhb 5TO OTHOCHTCSA K MACCHBaM ), YTO YCKOPseT 0OOMEHHBIE TTPOTIECCHT B
namatu HK, a cooTBeTcTBeHHO BpeMs BBITIONHEHUS AllTOpUTMa. HerimaMeHTHpOBaHWE YCIOKHIET
paboTy ¢ aaropuTMaMi BO BpeMs WX pa3paboTKH, HO TIOMOTaeT W36eXaTh OUeHb PACIpOCTpaHEH-
HBIX ITIT0B, HeMOmy cTuMbiX miist cuctem MCH3.

Hto He emwHCTBeHHBIE BUABI ONTUMH3ANNN, TpUMeHEHHBIE mpu paspaborke GeoMechPacket-
2 for MS Excel u GeoMechPacket-2 v.2 for MS Excel, Ho apyrume BuAbl ONTUME3AINN WMETH
IPYTYIO HAMPABIEHHOCTh, & UMEHHO YITy YIlleHHe JIOTHUECKON CTPYKTYPHI AJTOPUTMOB U MOBLITIECHIE
KadyecTBa UX MCIOIHEHMWS.
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IT1. SBAMEYAHWA

B pazdeae npusodamed 3amevanud asmopa 06 afexmar, 3ameneunble um npu pabome ¢ aaeo-
pummany MCII3 npu pazpabomxe u mecmuposanuu GeoMechPacket-2 for MS Fxcel,
GeoMechPacket-2 v.2 for MS Ezcel

3.1. OCOHBIE MOMEHTHI

Bo Bpems ornankm u TectupoBanus aaroputvoB MCH3 BhbisiBieHa BIIOIHE JIOTHYHAS, HO Upe3-
BRIUAITHO HeXesraTelbHas 0cobeHHOCTh. HecMOTps Ha To, UTO B JAHHBIX aJITOPUTMAaX BIIOJTHE JOMY-
CTUMO IpHMeHeHNe MPUGINKEHHBIX 3aKOHOMEPHOCTEN (ACHMIITOTHK ), OIMMOKN JIOTHYECKOI CTPYK-
TYPBI CAMOTO AJITOPUTMA TIPUBOMST He MPOCTO K UCKAKEHWIO Pe3yldbTaTa, a K MOIHON ero moTepe.
CrenyeT OTMETUTE, YTO 3TH MCKaXKEHWS B CHIIY MaTeMAaTHIeCKON CTPYKTYPHI MAaHHBIX METOIOB
UMEOT XapakTep JOKATBHBIX BCIUIECKOB, YTO 0BIIer4aeT Kak MUHIUMYM GBICTpoe obHapy KeHue JTaH-
HBIX, IPUBOMSIINX K JIOTHYECKON OIMUOKe B alrOpPUTME.

Hamnoe 3ameuanne B mepByio odepent oTHocuTcss K GeoMechPacket-2 for MS Excel, Tak xak
cXeMa HTOr0 allfOPUTMAa ABJIAETCS THOPUIHON, U WMEHHO B Hell Oblila MpUMEHEHa PasBeTBIEHHAS
Jormyeckasg ¢TpyKTYpa, HalpaBieHHas Ha peojolierne orpanudennit ” WHxenepuoro MeTona pac-
uéTa B KpyTonamaonux pynasix Temax” . GeoMechPacket-2 v.2 for MS Excel Takoii cTpykTypsr He
uMeeT, HO BCE XKe MaHHOe 3aMedaHne MPUMEHUMO U K HeMY B OTHOIIEHUH PACHOPSIKEHHST HCXOMHBIME
JMAaHHBIMI W TTPOMEXYTOUHBIMHA PE3ylbTaTaMu.

3adem X)e TOr[a MCIONB30BATE Tubpuaayo cxemy! He mporre un mocTaBuTh OIOKIPATOpP THUIIA
” Namuag 3afaua He MOXKET OBITH PellleHa ¢ MOMOIIBIO TaHHOTO AlTOpUTMa” W 3aHITHCI BINIOTHYIO
TEeMU 3ajJiadaMi, KOTOpBIe ofHOo3HAUHO onpenenienbl! Her, e mpore. HoToMy Kak mMeHHO 3amadn,
He TONHOCTHIO ompenesiéaubie aisg ”VHkeHepHOTO MeToma pacdéTa B KPYTOMAJAIONINX PYIHBIX
Tenax” |, MpeACTABIIOT Hambonbinuii waTepec. HoBemenme 3akitafiodHOro MaTepHaia U 3aMara-
SUHUPOBAHHON PYIbI B MacCUBe TOPHBIX HOPOM HA JAHHBIA MOMEHT HACTOIBKO MAJOU3yYEHHO, YTO
miobast, qaxke TpubIHKEHHAA, WHOOPMAIINS B HYTOM BOIPOCce MMeeT GOIBINON Bec.

Hpumenenne rubpumnnoit cxembr B GeoMechPacket-2 for MS Excel mosBosusio BrmmoTHy 10 onoiitu
K JIAHHOMY BOIPOCY, U Pe3yIabTaT OKasalicsd 6ojee 4eM yIOBIeTBOPUTEIBLHBIM. A OTCYTCTBHE OT'pa-
HUYEeHUH TT0 TPUMEHEHUIO JTAHHOTO MaKeTa CIENA0 9TH Pe3yibTaThl HACKIIEHHBIMU U TIPEIOCT ABIIS-
IOIIME OTPOMHEBINA TOTEHTINAN [ CPABHEHUS MONCIBHBIX U HATYPHBIX 5hHeKTOB B MCCIELYEeMbIX
cpenax. Hosee Toro, pesynbTaThl TUOPUAHON MOAENH TPAKTHYECKN MOBTOPUIN BBIKIAIKH OCHO-
BonosmoxkunkoB MCH3 oTHOCHTENBHO OTCYTCTBHS MPSIMON MPOMOPIHOHAIBHOCTH MEXKIY MOMYIIeM
YIPYTOCTH 3aKIaJ0YHOTO MaTepHalla U er0 HANPIKEHHBIM COCTOSTHIEM.

3.2. HHEICTABUMOCTH HHEHIETUYECKOW CTHYKTYHBI
TBEHOJOI'O TEJA B UUCIIEHHBIX METOITAX.

Hpumenenne ” WixkeHepHoro MeTona pacuérTa B KPyTONAAaloNUX PYAHBIX Telax’ B MCXOXHOM
BUJle B CHITy CBOMX OTPAHUYEHUN He MPUBOAUIO K BOOPOCY O TMPEACTABUMOCTU SHEPTETUYECKON
CTPYKTYPBI TBepjoro Teia. Ho mpumeHenne rubpumHOl MOAENH, HATPABICHHON Ha PEONOIICHEE
STUX OTPAHUYEHHUll, TYT e MOKAa3ajio, YTO MpUMEHEHHe YUCIEHHBIX MeTOJOB B 5TOM BOIpOCE He-
BO3BMOKHO 6e3 onpeneaéHHbIX nociabiieHnii. A UMeHHO, pefcTaBIeHne Pa3phIBOB MACCUBA TOPHBIX
MOPOA YacTIAMU JAHHOTO MAaCCHBa ¢ HYJIEBBIM MOMyJeM yrpyroctu. HasHuilbl Bpome ObI HUKAKOM
B 5TOM HeET, 3a MCKIOUYEHUEM TOTO, 9YTO B TIEPBOM CIIydae SHEpPTeTUYecKas MONEIb MOIKHA OBITH
pasopBaHa B MecTe paspbiBa, a BO BTopoM HeT. Ho 5T0 HAXOIUT CBOE MeCTO B HCCIIENIOBAHUAX,
HANpaBJIEHHBIX Ha U3yYeHUEe MOTOKOB YHEPIUH B TBEPIOM Telle, MCCIEMOBAHNN MOKA3aBINNX, YTO
SHepTeTUYecKne JUHUKA He oOpLIBAIOTCS Ha pasphbiBax, a Beerja orubaloT UX, W, TOIBKO KOTIa
CBA3H MEXAY IBYMS YaCTIMU OJHOTO TBEPAOTO Tella TepsieTCsd MOIHOCTHIO, STU JINHUH OOpHIBa-
I0TCS W MEHSIOT CBOM TPAeKTOPUH.

N ecnim B GeoMechPacket-2 for MS Excel sTo mposBasmocsk ciabo B CHily HaJIWIUs MOITHOL
JIOTMIECKON CTPYKTYPHI ¢ MHOTOKpAaTHBIME orpanuauTensmu, To B GeoMechPacket-2 v.2 for MS
Excel »sTo npossuiiock B aBHOM Buiie. Hpu paboTe ¢ 5TUM alrOpuTMOM B BRIpabOTaAHHOM TPOCTPaH-
¢TBE 3a9acTYIO OCTAITCS HesHAUNTeNbHbIe (He Gonee 1%) ocTaTodnble 3HaueHNs. BriomHe pe3oHHO
MPENTIOIOKUTE, YTO STHU 3HAYEHU HANPAMYIO CBI3aHBI ¢ OIMUOKAMU, MPUCYIIIUMEI YHCICHHBIM Me-
TonmaM (HeTOYHOCTAMM NpuONIKeHns). Ho HaBOIWT Ha pasMEBIIIIEHNE TO, YTO KOHGHUTYpalns 1
BEIINYMHA STUX 3HAUEHUIT, XOPOITIO COTIACYETCS ¢ IBIEHUAME, HAGMIONAeMbIMI B TOPHBIX BHIPAbOT-
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Kax (CTpensdHus, IMeIyIieHns, BbIBalbl). W 5T0 HECMOTpPS Ha TO, UTO ¢ TOYKM 3PEHUS 3APaBOTO
CMBICIIa HUKaKMe OCTAaTOYHbIE HAIPSAXKEHII B BBIpAOOTAHHOM TPOCTPAHCTBE AeiiCTBOBATE HE MOTYT.

Tak unu nHade, a BOMPOC MO ONPENeIeHNIO CTATYCa U CTelMeHN 3HAYNMOCTHT dTUX MAIlBIX 3HaUe-
HUI OyneT 10 KOHIA ONpelelléH COBCEM He CKOPO.
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