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CUCTEMA MOJIEJIU IIJIOTHOCTU TPEIHUHOBATOCTHU, CIIOCOBbI U
YCTPOUCTBA

POACTBEHHLIE 3AABKU

[0001] Hacrosiimast 3asiBKa UCIHpAIIUBAET MPUOPUTET MO MPEABAPUTENILHON 3asiBKE Ha
natent CIIIA Ne 63/109,033, osarnaenenHoit «KFRACTURE DENSITY MODEL SYSTEM,
METHODS, AND APPARATUSES», momannoii 3 HosiOpss 2020 roma, KOTOpasi MOJHOCTHIO

BKJIFOYUE€HA B HaCTOﬂLLII/IfI AOKYMECHT NMOCPEACTBOM CCBIJIKH.

OBJIACTh TEXHUKHU
[0002] Hacrosimee w300peTeHHe B IIEJIOM OTHOCHUTCS K B3PBIBOTEXHHKE. boee
KOHKPETHO, HacTosiee M300peTeHHe OTHOCHUTCS K Croco0aMm, CUCTeMaM U YCTPOHCTBaM IS

NPOTHO3UPOBAHMS pa3Mepa (pparMeHTaluy rOPHBIX MOPOJ OT B3PHIBA.

KPATKOE OIMMCAHUE YEPTEXXEH

[0003] [nst nerkoii MAeHTU(PUKALMK OMHMCAHUS JIFOOOTO KOHKPETHOTO 3JIEMEHTa WITH
neicTBus, HambOosee 3Ha4amas uudpa wid HUPpPbl B HOMEPHOM OOO3HAYEHUU OTHOCHUTCS K
HOMEpY UepTeka, B KOTOPOM 3TOT 3JIEMEHT BIIEPBBIE ObLI MPEICTABIIEH.

[0004] ®ur.1A wunmOCTpUpPYeT HANPSIKEHUs, MPUIIOKEHHBIE K DJJIEMEHTY MOPOAbI
yIapHOH BOJHOH, MCIycKaeMOH u3 OypOBOH CKBa)XHMHBI B COOTBETCTBUU C OJHHUM BapHaHTOM
OCYILIECTBIIEHHS] U300pETEHHUSI.

[0005] @ur.1B unnocTpUpyeT pe3yNbTUPYIOLUN pafiuaibHbIi pa3pblB WIN TPELIHUHY B
3JIEMEHTE MOPOJIbI B COOTBETCTBUH C OJTHUM BAPHUAHTOM OCYIIECTBIICHUS H300PETEHMSI.

[0006] ®ur.2A wunIIOCTpUPYET TPEXMEPHYKD MOJENb YacTH Y4yacTKa B3pblBa B
COOTBETCTBUH C OJTHUM BaPHUAHTOM OCYIIECTBIICHUS N300pETEHHS.

[0007] ®ur.2B  ungrocTpupyeT TPEXMEpPHYIO  MOJenb, CerMEHTUPOBAHHYIO  Ha
MHOJKECTBO 3JIEMEHTOB OOBEMa B COOTBETCTBHM C OJIHUM BApUAHTOM OCYLIECTBIICHHS
n300peTeHust.

[0008] ®dur.3A wWUIIOCTPUPYET BHUA B IUIAHE CBEPXY TPEXMEPHOH MOAENH TNepen
TFOOBIMH CUMYJIMPOBAHHBIMH B3PBIBAMH B COOTBETCTBUHU C OJHHM BaPHUAHTOM OCYILIECTBIICHHS
n300peTeHust.

[0009] ®ur.3B wumocTpupyeT BUA B IUIAHE CBEPXY TPEXMEPHOU MOAENH TOCIe
CHUMYJIUPOBAHHBIX B3PBIBOB W3 NEpPBOH OypOBOIl CKBa)XKMHBI M BTOPOH OypOBOH CKBa)KMHBI B

COOTBETCTBUU C OJHUM BAPHUAHTOM OCYILHCCTBJIICHUSA I/1306peTeHI/I$[.
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[0010] ®ur.4 wummroCTpUpyeT YpaBHEHUs BEKTOPHOW MEXaHUKHM, KOTOpble MOTYT
UCTIOJIB30BATLCS TPU MoAeInpoBaHuu IuoTHOCTH TpeunH (FDM) nmnst pacdera ¢yHkumi
PacCTOsIHUA U JETEKTUPOBAHHUS MTOJIOKEHUH 3apsiia OTHOCUTENIBHO 3JIEMEHTA MOPOJIbI BO B3PHIBE,
B COOTBETCTBUH C OJJHUM BAPHAHTOM OCYILECTBJICHUS H300pETEHHSL.

[0011] ®ur.5 unmrocTpupyeT BUA B IUJIaHE CBEPXy MOJENM B3pbIBa C NPU3PAUYHbIMU
CKBAXXMHAMHU [UJIsl OIpENeNeHUs TPEUIMH M HWHTEHCUBHOCTU TPEILIMHOBATOCTH BCJIEACTBUE
OTPAKEHHBIX YIAAPHBIX BOJIH B Ka)XIOM B3JIEMEHTE MOJEIN B3PbIBA B COOTBETCTBUU C OJHHUM
BAPHAHTOM OCYLIECTBIIEHHS H300pETeHHUS.

[0012] ®ur.6 unmrocTpupyeT BUA B IUJIaHE CBEPXy MOJENM B3pbIBa C NPU3PAUYHbIMU
CKBRXMHAMHU U TUHAMHYECKOHW CBOOOIHON MOBEPXHOCTHIO B COOTBETCTBUU C OAHUM BapHUAHTOM
OCYILIECTBIIEHHS] U300pETEHHUSI.

[0013] @ur.7A umnrocTpupyeT BUJ B IJIaHE CBEPXY MOJIENU B3PbIBA U YIJIbl TPELIUH U3
NEepBON B3PBIBHOM CKBA)XUHBI B COOTBETCTBUM C OJHHUM BapHaHTOM OCYILIECTBJICHUs
n300peTeHust.

[0014] ®ur.7B unnarocTpupyeT BUA B IIJIaHE CBEPXY MOJENH B3pbIBa U YIJIbl TPELIUH U3
MPU3PAYHON CKBAXKUHBIL, COOTBETCTBYIOIIEH MEPBONM B3PBIBHON CKBAKMHE, B COOTBETCTBUU C
OJTHUM BapUAHTOM OCYIIECTBJICHHUS H300PETEHUSL.

[0015] @wur.8 mumrocTpupyeT BUI COOKY B3PBIBHOW CKBKUHBI B COOTBETCTBHH C OJJHUM
BAPHAHTOM OCYLIECTBIIEHHS H300pETeHHUS.

[0016] ©ur.9A unnmocTpupyeT TpeXMEpPHYIO MOJEINb, KOTOpasi BKJIKOYAeT CBOMCTBA THIA
MOPOJBbl, KOTOpPBIE MOTYT OBITh HCIOJB30BaHbI i 0OJiee TOYHOTO IPOTHO3UPOBAHHS
WHTEHCUBHOCTEH TPELUIMHOBATOCTH B COOTBETCTBUM C OJHUM BAapHAHTOM OCYILIECTBJICHUS
n300peTeHust.

[0017] ®ur.9B wutOCTpUpyeT MONEpeYHOe CEeUeHUE BEPTUKAJIbHONW  B3PbIBHOM
CKBA)XHHBI C MHOKECTBOM IIJIACTOB.

[0018] ®@ur.10 MLTIOCTPUPYET CHUMYJISILUI MOZIENTH IMOA3EMHOr0 INAaXTHOro 3a0os ¢
ucnoab3oBanneM FDM B COOTBETCTBUH € OJHUM BapUAHTOM OCYLIECTBICHHS M300PETEHHUSI.

[0019] @ur.11 wummocTpupyer OJOK-cxeMy crocoda MPOTHO3UPOBAHUS —pa3Mepa
¢parMeHTalu TMOpPONBI B pe3yJbTaTe€ B3PbIBA B COOTBETCTBHM C OJHUM BapHaHTOM
OCYILIECTBIIEHHS] U300pETEHHUSI.

[0020] Ha ¢wur.12 npommmocTpupoBana Onok-cxema cucreMbl FDM B COOTBETCTBHH C
OJITHUM BapUAHTOM COTJIACHO OJTHOMY BapHaHTy OCYIIECTBJICHUS H300PETEHUS.

[0021] @ur.13A wimrOCTpUPYET TPEXMEPHBIH KOHTYpHBIH rpagux FDM nHTEHCUBHOCTH
TPELUIMHOBATOCTH TPEXMEPHONW MOJEIU B3PbIBA C MHOKECTBOM JUCKPETHBIX OJJIEMEHTOB B

COOTBETCTBUU C OJHUM BAPHUAHTOM OCYIICCTBICHUA I/1306peTeHI/I$I.
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[0022] ®ur.13B uumroCTpUpyeT NBYXMEPHYIO KPUBYIO paclpeneieHus] pa3Mepa YacTHULl
B COOTBCTCTBHUU C OJHUM BAPUAHTOM OCYIICCTBIICHUA I/1306peTeHI/I$I.

[0023] ®ur.14 umroCTpUpPyET BUJ B IIJIAHE CBEPXY MOJAEIU B3PbhIBA.

OCYIIECTBJIEHME U30BPETEHMA

[0024] B3pbiBuaThie BeINEeCTBA I[IUPOKO HCHOJB3YIOTCS B TOPHOAOOBIBAIOIIEH,
KapbepHON M HKCKABATOPHOH MPOMBILUIEHHOCTH AJIsl pa3pyLIeHus Mopox U pyasl. OOBIYHO Ha
MIOBEPXHOCTH, TAKOH Kak 3eMJIs, OypSAT CKBAXKHHY, Ha3bIBAEMYIO «B3PbIBHOH CKBAXXHHOI». 3aTeM
BO B3PBIBHYIO CKBRXMHY MOTYT OBITh TOMEINEHBI B3pbIBUaThIE BellecTBa. Kak mpaBuio, s
paspymeHust OOJIBIIBIX 0OBEMOB MOPO M PYIbl UCTIOIB3YIOTCS HECKOJBKO B3PbIBHBIX CKBAKHH.
Hcnonp3zoBaHne HECKOJIbKUX B3PbIBHBIX CKBa)KWH BHOCUT CJIO’KHOCTH B IJIJAHMPOBAaHHUE B3PbIBa.
Hanpumep, B3pbIB MOJKET BapbHPOBATHCS B 3aBUCHUMOCTH OT MHOXECTBa (PaKTOPOB, BKIIOUAs
UHTEPBAJ MEXKAY B3PBIBHBIMHU CKBAKHHAMH, HArpy3Ky B3PBIBHBIX CKBA)KHH, INYOHHY B3PbIBHBIX
CKB)KUH, PACMOJIOXKeHHe B3PbIBHBIX CKBAXHUH, KOJINYECTBO B3PbIBHBIX CKBaXKUH, T'€0JIOrMUECKHe
CBOIMCTBA, THUIN B3PbIBUATOIO BELIECTBA, KOJMYECTBO B3PbIBUATOIO BELIECTBA U BpEMs
WHULMUPOBAHHUS B3pPbIBHBIX CKBa)XMH. KONMMUeCcTBO BO3MOXKHOCTEH 3aTpy[IHSET IUIaHUPOBaHUE
B3PBIBA, AaXe I BBICOKOKBATU(UIINPOBAHHOTO HHXKEHEPA-B3PhIBHUKA.

[0025] Cumymsiiiuu B3pbIBA, BBINIOJHSAEMbIE CHCTEMaMU MOJCIUPOBAHUSA, MOTYT
HCIIOJIb30BaThCs Ul MPOTHO3UPOBAHUS pe3yjbTaTa B3pbiBa. Hampumep, HEKOTOpBIE CHUCTEMBI
MOJIEIUPOBAHUSI MOTYT TIPEACKa3bIBaTh paclpenesieHne pasMepa (parMeHTauud B3PbIBA.
Pacnipenenenne pasmepa ¢pparMeHTaliNd MOKET MPEACKA3bIBATh Pa3Mepbl OPOA MOCIE B3PhIBA.
@®parMeHTanMs MOPOA OT B3PBIBHBIX PadOT SBIAETCS OJHUM M3 KIFOUEBBIX PE3YJIbTATOB B
ropHbix paborax. Onrummzaims (QparMeHTalul MOKET 3HAUUTENbHO YAYYIIUTh BCE
MOCIIENYIOLIHE MPOLECChl JOOBIMM M U3MeNbYeHHsl. TOYHOE MPOrHO3UPOBAHUE PACTIPEACTICHUs
pa3mepa (pparMeHTOB Ha OCHOBE BCEX COOTBETCTBYIOIIMX BXOJHBIX JaHHBIX B3pPbIBA TIOMOTAET B
MIpoLeCCe ONTUMU3ALIUH.

[0026] BapnaHTbl OCyIIECTBICHUS H300pPETEHHUS B JAHHOM JOKYMEHTE TI'€HEPUPYIOT
TpexmepHyo (3D) monens ¢parmeHTanuu nopoasl. Monenb MOXKET Ha3bIBaTbCS MOZIEIBIO
wiotHoctn TpemmHoBaroctu (FDM). Cucrema monenupoBanus MoxeT reHepupoBatb FDM,
CErMEHTHUPYS MOJeNb y4acTKa B3pbIBA HAa MHOXKECTBO 3JIEMEHTOB, CHUMYJUPYsl B3PbIBBI U
OTCIe)KUBasl (PparMeHTAlMIO, TPOUCXOIAIIYI0 B KaXXIOM W3 MHOXECTBA »3JIEMEHTOB. B
HEKOTOPBIX BapHAaHTaX OCYIIECTBICHUS HM300pETeHHs CHCTEMAa MOJEIUPOBAHUS MOXKET
oOpabarbIBaTh CJIOKHbIE (PU3NUYECKHE CIEHAPHUH, BKJIIOYAsl paHEe CYIIECTBOBABINHE OTPBIBBI,
cpaboTKy, OTUHAMHUYECKYI0 CBOOOJHYIO TMOBEPXHOCTb, M3MEHSIOLINECS MapaMeTpbl B3pbIBa H

OTPaKEHHE BOJH Ha CBOOOIHBIX MOBEPXHOCTSAX. Kpome TOro, B HEKOTOPBIX BapHAaHTaX
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ocymectBieHust n3obperennss FDM Takke MOkeT OBITh pacIiupeH Ui CHMYJISILUH B3pPbIBA
MOPOABI B IOJ3EMHOMU cpene.

[0027] B naHHOM KOHTEKCTe TpexMmepHble 3jeMeHTbl FDM sABifoTCS 3IeMeHTaMu
TpexmepHoi moxpenu FDM. Tpexwmepnele sinementel FDM ynoMHHAIOTCS B HACTOSIIEM
JOKYMEHTE KaK «KOHEYHBIE 3IJIEMEHTBI», «3JEMEHTbl 00beMa», «MHOXECTBO 3JIEMEHTOB
o0beMa», «IHUCKPETHBIE 3JIEMEHTBI», «MHOXKECTBO IUCKPETHBIX 3JEMEHTOB», «MHOXECTBO
3JIEMEHTOB», «MHOXECTBO OTHEJIBbHBIX 3JIEMEHTOBY», «OJEMEHTBI» M «3JIEMEHTBl MOPOIBD».
Kaxnaplii U3 35TUX TEPMHUHOB OTHOCHUTCS K TpeXMepHBIM 3yeMeHTamM FDM TpexmepHOn Moaenu
FDM.

[0028] Jlerko MNOHSATH, YTO KOMIIOHEHTbI BapUaHTOB OCYILECTBJIEHHUS, KaK B LEJIOM
OTHMCAHO HIKE U MPOMJUTFOCTPUPOBAHO Ha 371eCh (PUrypax, MOTYT ObITh MHOKECTBO Pa3IMYHBIX
pacrioyio’)keHUit W BhIMOJNHEHWH. Hampumep, stamel cmocoba He 00s3aT€NbHO  JOJDKHBI
BBITIOJIHATECST B KAKOM-JTHOO KOHKPETHOM TMOPSAKE WM JK€ MOCIENOBATENbHO, M STalbl HeE
00s13aTeNIbHO BBIMOJNHAIOTCS OOHOKpaTHO. Takum oOpa3oM, HUKecaenyrliee Ooyee moapoOHoe
OINMCAHUE PA3JIMYHBIX BAPUAHTOB OCYLIECTBJEHHUs, KAaK OMHCAHO HWXKE W MPEACTABJICHO HA
durypax, He mpenycMaTpUBaeT OTPaHUYEHHE OOBEMa OXpPaHbl HACTOALIETO H300PETEHHs], HO
JUUIb MPEACTABIISIET PA3JIUYHBbIE BAPUAHTBI OCYILIECTBJIEHUsA. XOTs pPa3jd4yHblE AaCIHEKThI
BAPHUAHTOB OCYILIECTBJICHUS N300PETEHHSI MPENCTABJIEHBI HA YePTEKaX, YEPTEIKU HEe 0053aTENbHO
BBITIOJIHEHBI B MacIITa0e, €CIIU CIeNHaIbHO HE YKa3aHO HHOE.

[0029] BapuaHTbl OCYLIECTBIEHHS U PEaN3allii OMMMCAHHBIX 3/1€Ch CHCTEM U CIIOCOOOB
MOTYT  BKJIIOYaTh  pa3jMyHbIE JTambl, KOTOPblE MOIYT OBbITb  peajqu30BaHbl B
MAIIMHOUCIIONIHAEMBIX HMHCTPYKLUAX, MOJJIEKAIMUX HCIOJHEHUIO KOMIBIOTEPHOW CUCTEMOIL.
KomrmbroTepHast cucteMa MOKET BKJIIOYAaTh B ce0sl OMH MM 0oJiee KOMIBIOTEPOB OOIIEero Wiu
CHEeLHATBHOTO Ha3HAYeHMs (WM JPyrue 3JIeKTPOHHbIE ycTpoicTBa). KoMmbroTepHas cucrema
MOJKET BKJIFOYATh B CeOsl anmapaTHble KOMIIOHEHTBI, KOTOPbIE BKJIIOYAIOT B CE0s CIIELUABHYIO
JIOTHKY IJIs1 BBITIOJHEHUSI 3TAIOB, WJIM MOXET BKJIIOYATh B Ce0s1 KOMOMHALIMIO ammapaTHBIX
CPEACTB, MPOTPAMMHOTO 00€CTIeueHHUs H/MITH BCTPOEHHOT'O MMPOTrPAMMHOTO OOECTICYEHHSI.

[0030] BapnanTel OCyIIeCTBICHHS HM300PETEHHsI MOIYT OBbITh TIPEACTABJICHBI Kak
KOMIBIOTEPHBIH MPOrPaMMHBIA MPOAYKT, BKIIOYAKOLINN B ce0sl MALTMHOYNUTAEMBI HOCHUTEIb,
cofepKaluil MHCTPYKLHUH, KOTOPble MOTYT OBITb HCIOJB30BAHBI ISl MPOTPAMMHPOBAHHS
KOMIBIOTEPHON CUCTEMBI U APYTOrO 3JIEKTPOHHOTO YCTPONCTBA ISl BBIMOJHEHUS] ONMUCAHHBIX
37eCh MPOLECCOB. MallMHOYUTAEMBI HOCUTEIb MOXET BKJIKYaTb, HE OrPaHUYMBASCH 3TUM!
JKeCTKHUe MUCKH, AuckeThl, ontudeckue aucku, CD-ROM, DVD-ROM, ROM, RAM, EPROM,

EEPROM, marHuTHbIE WM ONTUYECKHE KapThbl, TBEPAOTENbHbIE 3alIOMUHAIOIINE YCTPOMNCTBA
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WIA Jpyrue THUIBl HOCUTENEeH/MALTMHOYUTAEMbIX HOCUTENEH, MOAXOMAIINX Ui XPaHEHHs
3JIEKTPOHHBIX UHCTPYKLIUH.

[0031] KoMmbroTepHBIE CUCTEMBI 1 KOMIBIOTEPHI B KOMIIBIOTEPHON CHCTEME MOTYT OBITh
COeIMHEHbI uepe3 cerb. lloaxonsdmue ceTw At KOH(PUrypaluu W/WIM HCHOJNB30BAHUS Kak
ONMHMCAHO B HACTOSINEM JOKYMEHTE BKJIIOHAOT B ceOsd onHy wuim Ooyee JIOKaJIbHBIX
BBIUHCJIUTENIbHBIX CeTeH, II0OaNbHbIE BBIYHCIUTEIbHBIE CETH, TOPOJICKHE BBIYUCIHTENIbHBIE
cetu wumun HutepHer wmm IP-cetn, takme xax Bcemmpnas mayrtuna, 4actHbiii HHTEpHeT,
OezonacHblii MHTEpHET, ceTh C A00aBIEHHOH CTOMMOCTBIO, BUPTYaJbHAsh YacTHasl CeTb,
SKCTPAHET, UHTPAHET WJIM K€ aBTOHOMHBIE MAUIMHBI, KOTOPBIE B3aUMOAECHCTBYIOT C APYTHMMH
MallMHAMH ~ TIOCPEACTBOM  (PM3MUECKOW TPAHCIOPTUPOBKUM HocUTened. B wacTHOCTH,
MOJIXO/ALIAS] CETh MOXKET OBITh C(OPMHUPOBAHA U3 YACTEH MM COBOKYITHOCTEH ABYX MM OoJiee
APYrUX CeTeW, BKJKOYas CEeTH, WCHOJB3YIOIHE IUCNApaTHble anmnapaTHble W CETEBbIE
TEXHOJIOTUU CBSA3U.

[0032] Onna mogxonsiinasi CeTh BKIIIOUAET B Ce0s CepBep U HECKOJBKO KIIMEHTOB, IPYyTrHe
NOIXOMAALINE CETH MOTYT COIEepXKaTh Jpyrne KOMOWHAILMM CEpPBEpPOB, KIHEHTOB W/HIIH
OJITHOPAHTOBBIX V3JIOB, U JAaHHAs KOMIIBIOTEpHAs CHCTEMa MOXeT (PYHKIMOHHPOBATH KaK B
Ka4ecTBe KJIIMEHTa, TaK U B KadecTBe cepepa. Kaxkmas cerb BKIIOYAaeT B ceOs, MO MeHbIIEH
Mepe, ABa KOMITbIOTepa WJIM KOMIBIOTEPHBIE CHCTEMBI, TaKHE€ KaK CepBEp W/HMIN KIUEHTHI.
KommbroTepHass cucteMa MOXKeT BKJIIOUaTh B ceOs paboduyr0 CTaHIMIO, MOPTATUBHBIN
KOMITBIOTEp, OTKIIIOYaeMblii MOOWJIBHBIN KOMIIBIOTEpP, cepBep, Md3UH(DpeHM, Kiactep, Tak
HA3bIBACMBI  «CETEBOW KOMIIBIOTEPY» WM «TOHKHH KJIHMEHT», IUIAHIIET, CMapTQoH,
NepCOHANbHBIN U(POBOI MOMOIIHUK WIIM APYro€ MOPTATUBHOE BBIUMCIUTENBLHOE YCTPOHUCTBO,
«YMHOE€» YCTPOMCTBO WJIM YCTPOWUCTBO OBITOBOM 3JEKTPOHUKH, MEAMLMHCKOE YCTPOWCTBO MU
X KOMOWHAIUIO.

[0033] IToxxonsmiuie CeTH MOTYT BKJIIOUATh B Ce0sl KOMMYHUKALIMOHHOE WM CETEBOE
nporpaMMHOe oOecriedeHue, Takoe Kak MporpaMMHoe odecriedeHne, noctymHoe oT Novell®,
Microsoft® u npyrux MOCTaBIIMKOB, M MOTYT paboTaTh ¢ UCMOJIb30BaHueM mpoTokosio TCP/IP,
SPX, IPX u npyrux NOpOTOKOJIOB MO BUTOW Mape, KOAKCHAJIbHBIM HJIH OINTOBOJOKOHHBIM
kabemsiM,  TenedOHHBIE  JIMHWH,  PAaIUOBOJHBI,  CIYTHUKH, MHKPOBOJHOBBIE  peEJe;
MOJYJMPOBAHHBIE JIMHUHM 3JIEKTPONEpeayrl NEePEeMEHHOrO0 TOKa, (PU3UYECKYI0 Mepenady
IAaHHBIX; W/WIU JOPyTrUe «IpPOBOAa» MEpeNadyd JAaHHBIX, U3BECTHBIC CIIELUANNCTaM B JaHHOHN
obnactu texaukn. CeTb MOXKET BKJIIOUaTh B ceOsi Ooiee Menkue CeTh W/HWIUM MOXKET ObITh
COEMHEHA C APYTUMH CETAMHU Yepes3 LIII03 WIH AHAJOTUYHBIN MEXAHU3M.

[0034] Kaxmast KOMOBIOTEPHAS CHCTEMA BKIJTIOUAET B ¢e0sl OMH WK 0oJiee POLECCOPOB

u/unu 3aIIOMHUHAarO X YCTpOfICTB; KOMIIBIOTCPHBIC CUCTEMbBI MOT'YT TAaKXKE BKIIHOHATH B cels
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pa3NUYHBIE YCTPONCTBA BBOAA W/WIIM YCTPOHCTBA BhIBOAA. [Iporieccop MoKeT BKIIIOYATh B ceOst
yCTPOWCTBO 0Omero HasHaueHWs, Takoe Kak Intel® AMD® wnm npyroii TOTOBBIH
Mukponporneccop. Ilpomeccop Moxker BkIO4YaTh B cebs CHEUATU3NPOBAHHOE YCTPOMCTBO
obpabotku, Takoe kak ASIC, SoC, SiP, FPGA, PAL, PLA, FPLA, PLD wumm npyroe
WHIMBUAYAIbHOE WJIHM TpOrpaMMHpyeMoe YCTpoHcTBO. IlaMsATh MOKeT BKIIKOYAaTh B ceOs
crarnueckyio RAM, nmunamudeckyro RAM, ¢upm-namste, oauH win 6onee Tpurrepo, ROM,
CD-ROM, nuck, neHTy, MarHUTHBIM, ONTHYECKUH WM APYrOM KOMIBIOTEPHBIH HOCHUTENb
IaHHBIX. YCTpoicTBO(a) BBOAAa MOXKET (MOTYT) BKIIOUAaTh B ceOs KJIABUATYpPy, MBILIb,
CEHCOPHBIA 3KpaH, CBETOBOE IEPO, IUIAHIIET, MUKPOQOH, NATYUK WM JPYyroe ammapaTHoe
obecrieueHne C CONYTCTBYIOLIMM BCTPOCHHBIM IPOTPAMMHBIM  OOECreYeHHeM  W/UJIH
NPOTPAMMHBIM O0ecredeHneM. YCTpPOHCTBO(a) BbIBOAA MOXET (MOTYT) BKJIKOYAaTh B ceOs
MOHUTOP WJIM APYroll Auciuied, NpUHTEp, CHUHTE3aTOp peYd WM TEeKCTa, KOMMYTaTop,
CHUTHAJIBHYIO JINHUIO WJIM JAPYroe amnmapaTHoe OOEeCeYeHHe C COIMYTCTBYIOLIMM BCTPOECHHBIM
IPOTPAMMHBIM 00€CTIeUeHHEM W/WJIN TIPOTPAMMHBIM O0ECTICHEHHEM.

[0035] KoMmbroTepHBIE CUCTEMBI MOTYT OBITH CHOCOOHBI MCIOJIB30BATh TMOKWUH AMCK,
JIEHTOYHBIH JUCK, ONTUYECKUH AUCK, MAarHUTOONTHUYECKUI AMCK WM Jpyrue Cpencrsa JJist
CUMTBIBaHUS HOcHUTeNst uHpopMmanuu. Ilomxomsmuii HOCHTENh MAHHBIX BKJIOYAET B ceOs
MarHuTHOE, ONTUYECKOE WUJIM APYroe MalllMHOYHUTaeMOe 3allOMHUHA0Iee YCTPONHCTBO, UMEolIee
KOHKpeTHyI0 (m3uueckyto koHbpurypanmwo. llogxonsdmue ycTpoiicTBa XpaHEHHs BKIIIOYAIOT
rudkue Tucku, sxkectkue aucku, jJeary, CD-ROM, DVD, PROM, RAM, ¢asm-namsite u apyrue
YCTPOWCTBA XPAHEHUsT KOMITBIOTEPHOW cHuCTeMbl. Du3nueckass KOHPHUrypauus MPEACTaBIsAeT
JaHHbIE U MHCTPYKIHH, KOTOPbIE TIOOYKIAI0T KOMITBIOTEPHYIO CHCTEMY padoTaTh CHEHaTbHBIM
U 3apaHee ONpeAeNeHHbIM 00pa30M Kak OMHMCAHO B TAHHOM JOKYMEHTE.

[0036] ITonxonsimiee mporpaMMHOe oOOeCreYeHne Uil COACWCTBHSI B pealn3aluu
n300peTeHust JIerko 00eCneunBaeTCsl CIeHUAINCTAMA B COOTBETCTBYIOIIEH 00JaCTH TEXHHUKH C
UCIIOJIb30BAHHEM TIPEACTABJIEHHBbIX 37€Ch CBEIEHUH U S3bIKOB IPOrpaMMHUPOBAHUS U
WHCTPYMEHTOB, Takux kak Modern Fortran, Java, Pascal, C++, C, PHP, Net, s3biku 0a3 TaHHBIX,
API, SDK, cOopka, mpommBka, MUKPOKOJA W/WIN IpyTrue sI3bIKH U UHCTPYMeHTHI. [loaxomsimue
¢opMaThl CUTHAJIOB MOTYT OBITh PEATM30BaHbI B aHAJIOTrOBOH Wiu nmudpoBoit popme, ¢ duramu
OOHapy:KeHHsI W/WJIM HUCTPABICHUS] OMHMOOK Wi Oe3 HUX, 3aroJIOBKAMU TAKETOB, CETEBBIMHU
azpecaMd B KOHKpETHOM (opmare W/WIM JPYTUMH BCIOMOTATEIbHBIMH JAaHHBIMHU, JIETKO
obecrieunBaeMbIMH CIIELHATIICTAMHU B COOTBETCTBYIOIIEH OOIACTH TEXHUKH.

[0037] AcieKTBl HEKOTOPBIX BAPHUAHTOB OCYINECTBJICHUS H300pETeHHs MOTYT OBIThb
peann3oBaHbl B BHJAE MPOTrpaMMHBIX MOAyJeH HIN KOMIOHEHTOB. lMcmnonesyemsbliii 31ech

NPOTPAMMHBIN MOIYJIb WJIM KOMIIOHEHT MOXKET BKJIIOYaTh B ceOs 00O THI KOMITBIOTEPHOM
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WHCTPYKLIUM HJIM HCIOJHSAEMOI0 KOMIBIOTEPOM KOJA, PACHOJIOKEHHOTO BHYTPU WIJIH HA
MAIIMHOYUTAEMOM HOCHUTENE NAHHBIX. lIporpaMMHBIN MOAYJIb MOXKET, HalpUMEpP, COAEpKaTb
onuH W Oosee PU3NIECKUX HIH JIOTHYECKUX OJOKOB KOMIBIOTEPHBIX WHCTPYKLHUH, KOTOpBIE
MOTYT OBITH OPraHM30BaHBI B BUJAE MPOrPaMMbl, OOBEKTa, KOMIIOHEHTA, CTPYKTYPhI NaHHBIX H
T.J., KOTOpas BBITIOJIHSAET OHY WM OOJiee 3a1a4 WIN Pean3yeT KOHKPETHbIe aOCTPAaKTHBIE THITBI
naHHbIX. KOHKpETHBI NpPOrpaMMHBIA MOAYJIb MOKET COAEpkKaTb AUCHApPATHblE WHCTPYKLUH,
XpaHsIIMECS B pPa3HbIX MECTax MAIIMHOYUTAEMOIO HOCHUTENS [AAaHHBIX, KOTOPbIE BMECTE
pearu3yIoT OMHCAHHYID (PYHKIMOHAIBHOCTh MOAYJsA. JIeHCTBUTENbHO, MOMAYJb MOXKET
conepKaTh OJHY MHCTPYKLHMIO WJIM MHOXECTBO MHCTPYKLUH M MOKET OBITh pachpernesieH Io
HECKOJIbKMM Pa3IM4HbIM CErMEHTaM KOJa, MEXIy pa3JIMYHbIMU IPOrpaMMaMu U MEXAY
HECKOJIbKUMH MAaIIMHOYNTAEMbIMH HOCHTEISIMUA HH(OPMALIIHL.

[0038] HexoTopble BapHaHThl OCYIIECTBICHUS MOTYT ObITh PEAM30BAHBI HA MPAKTHKE B
pacnpeneneHHON BBIYMCINUTENBHON Cpefe, I 3a1a4i BBIOJHSKTCS YAAJEHHBIM YCTPOWCTBOM
00paloTKH, CBSI3aHHBIM 4Yepe3 CeThb CBsA3M. B pacmpeneneHHONW BBIYUCIMTEIBHOH cpene
NPOTPaAMMHBbIE MOJIYJIH MOTYT OBITh pACIOJNIOKEHbI HAa JIOKAJIbHBIX W/WIM  yAAJIEHHBIX
MAaIIMHOYUTAEMBIX HOCUTENAX. Kpome TOro, naHHbIE, CBSI3aHHBIE WIN BU3YAIM3UPOBAHHBIE
BMECTE B 3amucH 0a3bl JaHHBIX, MOTYT HaXOAWUTBHCS Ha OAHOM M TOM JK€ MAaIIWHOYHUTAEMOM
HOCHTEJIC WJIN HA HECKOJIbKMX MALTHHOYUTAEMBIX HOCHTESIX U MOTYT OBITh CBSI3aHBI BMECTE B
noJisiX 3amucl B 0Oa3e maHHbIX No cetd. CoriacHO OZHOMY BapHAHTY OCYLIECTBICHHS
u3o0peTeHus;, cucrema ynpasieHuss 0Oazamu naHHbiX (CYBJ]) mo3BoJsieT MOMB30BATENSAM
B3aMMOJIEHICTBOBATh C OAHON min Oosiee 0a3aMu NaHHBIX M OOECIIEYMBAET NOCTYI K NAHHBIM,
conepskamumcs B 6a3ax TaHHBIX.

[0039] ®ur.1A u 1B wunmocTpupyloT HampsbkeHuss Ha anemeHte 102 moponsl. B
4acTHOCTH, (ur.lA WUIFOCTpUPYET HANpsDKEHUs, co3laBaeMble Ha 3yieMeHTe 102 mopoabl
yIapHOH BOJIHOM, HCIyCKaeMOil W3 B3pbIBHOW ckBakuHbl 104, a ¢ur.1B mumoctpupyer
PEe3yNBTUPYIOINN paauanbHelid paspeis 110 nmu Tpemuny B snemente 102 mopoael. B3peisHast
¢dparMeHTaus TOPOABI - 3TO CJIOXKHBIA (PU3MUECKHI MPOLEcC, KOTOPbIM BKIOYAET B ceOs
MHOJKECTBO PAa3JIUYHBIX (PU3UUECKUX SIBICHHUH, TaKUX KaK TeHepauus U pPaclpoCTpaHEHHUE
yIapHBIX BOJH, 3aTyXaHHE VAAPHBIX BOJH B BOJIHBI HANpPsDKEHHs, OOpa3oBaHWE TPEIIMH U
MEXaHU3M POCTa TPEIIHUH B MOPOAAX, 3arpy3ka rasa B3PbIBUATBHIX BELIECTB, ABMXKEHHE FOPHOHN
MOPOABI U T. . DTO MPOUCXOAUT AUHAMHUUYECKU B T€UEHME JOJIM CeKyHAbl. B pesynbTare oueHb
TPYAHO YJIOBHUTbH 3TH (PH3MUECKUE ACTEKTHI B3PBIBHBIX PabOT, UCIMOIB3Ys OJHO AHAIUTHYECKOE
ypaBHeHHE 3akpbITod (GopMbl. MHOrME YHCICHHbIE MOAETH OBbUTM TPEAJIOKEHBI IS
npencTaBieHus (parMeHTaluu TpU B3pbIBe mopoabl. Hekortopele m3 mozenein Obuim Oosee

YCIICLTHBIMY, YeM JPYTHe, C TOYKH 3PEHHUS IPOTHO3UPOBAHUS (PparMeHTaIUH.
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[0040] IIpu BO3AeicTBUM yAapHOH BOJIHBI HA CTEHKY CTBOJIa CKBa)KMHBI CHJIA BOJIHBI
HAMHOTO TMIPEBBIIAET MPOYHOCTb TOPOA Ha C)KaTHE W TakKUM 00pa3oM TOBPEKIAeT H
pa3gaBIMBaeT MOPOAY HAa MOBEPXHOCTH CTEHKH CTBOJA CKBaXMHBL IIOCKONBKY yaapHas BOJIHA
pacnpocTpaHseTcs Jajblle OT B3PbIBHOM CKBaxkMHbI 104, MHTEHCHUBHOCTb YIApPHOU BOJIHBI
YMEHBIIAETCS, U yIapHas BOJHA mpeoOpas3yercs B BOJHbBI HamnpspkeHUs. BoyHa HampspKeHUs
OKa3blBaeT CkUMarouiee HampspkeHue 106 B paguaIpHOM HANpPaBJICHUM U PACTATUBAIOLIEE
HanpspkeHue 108 B TaHreHUMaJdbHOM HampaBieHUH. B NpOWSIIIOCTPUPOBAHHOM BapHUaHTE
OCYILIECTBIIEHUs] M300pPETeHUs] TaHr€HLHUANbHAs MPOYHOCTh 3jeMeHTa 102 mopoabl MeHble
MPOYHOCTH Ha cxxaTtue. B pesynbrare nopoma JOMaeTcs BCIEACTBHE PACTATHBAIOLIETO
HanpsokeHuss 108 B TaHreHIIMAIbBHOM HAIpPaBJIEHUH M O0pasyeTrcst paauaibHbIil pa3psiB 110.
B3pbiBuaThIil ra3 BBICOKOTO AABJIEHUS MPOHUKAET B PaAHaJIbHbIN paspbiB 110 U 1ONONMHUTENBHO
yBEJIMYNBAET Pa3pyIIeHUEe MOPO/CIIOCOOCTBYET UX Pa3pPYLICHHIO.

[0041] ®ur.2A wunmocTpupyeT TpexmepHyro Mojaenb 202 yacTH ydacTKa B3pbIBa.
Tpexmepnas monenb 202 BkIrO4YaeT B ceOsl B3PBIBHYIO CKBAKHMHY Ha KKAOM Vriy (Harpumep,
MEPBYK0 B3PBIBHYIO CKBaXMHY 200, BTOPYH) B3pBIBHYK) CKBaKHHY 208 W TPETBIO B3PBIBHYIO
ckBaxnHy 210). B ToO BpeMs Kak MPOWLIIOCTPHPOBAHHBIA BApUAHT OCYIIECTBICHUS
n300peTeHNs MOKa3bIBAET B3PBIBHBIC CKBAKHUHBI HA YIilaX TpexMepHoi Moaenn 202, MHOXKECTBO
B3PBIBHBIX CKBKMH MOJKET OBITh BKJIFOUEHO IO BCEW MOJENU Yy4acTKa B3pbIBa. B3pbIBHBbIE
CKBA)XXUHBbI TpexMepHOU Mopaenu 202 He NPOXOAAT BeChb NyTh N0 MNOBEepxHOCTH 212 and
MOJIETUPOBAHUS 3a00MKH IJ1s1 KAXKIOH B3PBIBHOIN CKBa)KUHBL.

[0042] YtoObl reHEpUpOBaTh TPEXMEPHYIO Mozenb 202, cHCTEMa MOJIEITMPOBAHUS MOXKET
NPUHAMATh MHOJKECTBO BXOJHBIX IaHHBIX. BXOAHBIE AaHHbIE MOTYT OBITH TOJYYEHBl H3
Pa3NIUYHBIX UCTOYHHMKOB. Hampumep, BXOAHbIE TaHHBIE MOTYT OBbITh MOJYYEHBI OT OJHOTO HJIH
Oonee u3 uenoBeko-MamnHHOTO HHTepdetica (HMI), mpenpiayimel mMonenu, COXpaHEHHOW B
CHUCTEME MOJEIUPOBAHUS, CHCTEMBbl CKAaHUPOBAHUS y4YacTKa B3pbIBA WM 3HAYEHUH IO
YMOJIYaHHIO, COXPAHEHHBIX B CHUCTEME MOJENMPOBAaHUsA. BXOAHBIE NaHHBIE MOTYT BKJIKYaTh
JAHHBIE O B3PBIBHBIX CKBAXXMHAX WU JaHHbIC Y4acCTKa B3pbIBA. J[aHHBIE B3PBIBHON CKBAXKUHBI
MOTYT BKJIOYaTh B ce0sl mapamMeTpbl B3PBIBHOH CKBaJKWUHBI, TaKHE€ KAaK HHTEPBAT MEXIY
B3PBIBHBIM CKBR)XHAMH, HAarpy3ka B3pBIBHOM CKBa)KUHBI, TJIyOMHAa B3pPBIBHON CKBaXKHHBI,
AUAMETP B3PBIBHOM CKBAXKUHBI, PACIOJIOKEHHUE B3PBIBHBIX CKBAJKHMH, KOJMYECTBO B3PBIBHBIX
CKBaXWH, HH(popMaimio O 3a0oiike, B3pBIBHBIE CBOHCTBA, YroJl B3PbIBHOH CKBaXKHHBI,
MIOJIOXKEHNE B3PbIBHOH CKBAXKHHBI, CMEIICHUS PsIOB, CpabOTKa, Harpy3ka IMEpeaHero psna,
BEPXHHE KOOPAWHATHI B3PBIBHOM CKBAXKUHBI, HIKHHE KOOPJAWHATBHI B3PBIBHOM CKBAXKUHBI,

uHpopMauus noaOypHUBaHHS U 3arpy304Hast HHPOPMALIHSL.
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[0043] HanHble ydYacTKa B3pblBA MOTYT BKIKOYaThb HHOOPMALMIO O IUIACTE W
re0JIOTHYEeCKHe CBOWMCTBA ydacTKa B3pbiBa. HeorpaHwmumparomme mnpumMepsl HHGOPMALUH O
IUTACTE BKJIIOYAIOT B ce0sl yroJ MOBEPXHOCTH, BBICOTY IJIACTa, YroJl HAKJIOHA TUIACTA, YIoJ
HAKJIOHA IIaXThl, PAacCMoOJIOKeHHe CBOOOJHOH TOBEPXHOCTH M YroJ TMyCTOH IOPOJBL
HeorpanunuuBaromue  mpuMepbl  T€0JOTMYECKMX ~ CBOWCTB — BKJIOYAIOT  MHUHEPAJOTHIO
(37eMEHTapHYI0 W/WIM MUHEPAIbHYIO), IMTOJOTHYECKYIO CTPYKTYpPY (MEPBHUUHYIO, BTOPHYHYIO,
W/WIM  TEKCTYpbl), MOPUCTOCTb, TBEPAOCTb, 3aryxaHue, Moxayiab HOHra, Monyjib CHBHra,
HACBITHOH MOZYJIb yIIpyrocty, koadgduuuent Ilyaccona, CKOpOCTh MPOOIBHBIX BOJIH, CKOPOCTh
S-BOJIH, MJIOTHOCTh MOPOJBI, TUIl MOPOABI, MPOYHOCTH MOPOJABI, YCJIOBHUS MOPOABI, ONHCAaHUE
MOPOABL, COCTOSIHME OTpPbIBA, YroJl OTpbIBA, OPUEHTALUsl OTPbIBA, CTAHAAPTHOE OTKJIOHEHUE
UHTEpBalla MeXJAy OTpbIBaMM, CLEIJIEHHe, WHTEpBaJl MEXAY BEpPTUKAJIbHBIMU OTpbIBAMH,
UHTEPBAJ MEXy TOPU30HTAJIBHBIMHA OTPbIBAMHU, HEOTpaHNUEHHast MpoYHOCTh Ha cxkartue (UCS),
3BYKOBasl CKOPOCTb, CTAHIAPTHOE OTKJIOHEHHE OypeHHUs1, yaapHasi CKOPOCTb, TPELUIMHOCTONKOCTD
MIOPOJIbI, OTpaXkaTebHAs CIIOCOOHOCTh MOPOABI, MPOYHOCTH MOPOABl HA PACTSDKEHHUE, YIod
BHYTPEHHEro TpeHus, nannble [toronnora (Hanpumep, Up min, Up max, Us min., Us max), u
HanpsbkeHuss TpyHTa (ol, 62, o3, opuweHrtamms Hanpsbkenus, DIP, HakioH u portauus).
«TekcTypa» OTHOCHTCS K pa3Mepy, popMe B PacloOKEHHUIO B3aUMOCBSI3aHHBIX MUHEPAJIbHBIX
KPHUCTAJUIOB, KOTOpbIe 00pasyroT MOpoxy Wi APYyroil marepuan. [eojormueckue CBOHCTBA
MOTYT OBbITh NCIIOJIb30BAHBI TSI OTIPEACIICHUS JOTIOTHUTEIBHBIX T'€0JIOTHIECKUX XaPaKTEePUCTHK,
TAKUX KaK HCTHPAEMOCTD U Pa3apOOIeHHOCTb.

[0044] ®ur.2B wunmocTpupyeT TpexMmepHyo Mozenb 202, CerMeHTHpPOBAaHHYIO Ha
MHOJKECTBO 3JIEMEHTOB oObema (Hampumep, snemeHT 204). TpexmepHas monenb 202 MoxeT
OBITh CEerMEHTHPOBaHA HA CTOJb OOJBINIOE HIIM Majioe KOJUYECTBO 3JIEMEHTOB, CKOJIBKO
notpedyercst. BoJplioe KOJUYECTBO 3JIEMEHTOB MOXKET OOECIEUHTD JIydllee pasperieHue IIs
CUMYJISILMU, B TO BpeMsl KaK MEHblIee KOJIMYECTBO 3JIEMEHTOB MOJKET UCIIOJIb30BaTh MEHbIIE
BBIYHUCIUTENBHBIX PECYPCOB.

[0045] CucTtemMa MoAENUPOBAHUS MOXKET OTCJICKUBATH TPEIIMHBI OT CUMYJIMPOBAHHOTO
B3PbIBA BHYTPU KaxAoro snementa. llonydennsiii B pedynsrate FDM MoxeT nporHo3suposaTb
MHTEHCUBHOCTb TPELIMHOBATOCTH BHYTPU KaX/10T0 3jIeMeHTa. IHTeHCUBHOCTD TPELIMHOBATOCTH
OTHOCUTCSI K KOJIMYECTBY TPEIIMH B Tpeneiax 3aJaHHOW oOjactu (HampuMmep, 3JIEMEHTa).
Tpemmnsl Moryt ObITh JHOO €CTECTBEHHBIMH OTpPBIBAMH, JIMOO TPEIIWHAMH, BbI3BAHHBIMH
ylapHON BOJHONW OT B3pbiBa. MHTEHCHBHOCTb TPELIMHOBATOCTH TaKXe€ MOXHO Ha3bIBaTh
YaCTOTHOCTBIO TpewuH. OTciexuBasi WHTEHCUBHOCTb TPELIMHOBATOCTH KaXXKIOTO 3JIEMEHTa,

cucTeMa MOAETHUPOBAHMS MOXKET MMPOTHO3UPOBATH pa3mep GpparMeHTa.
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[0046] dur.3A WUIIOCTPUPYET BUA B IUIAHE CBEPXY TpexmepHoN mozenu 202 mepen
TOOBIMH CHMYJIMPOBAHHBIMH B3pbIBaMH. Kak mpomumocTpupoBaHO, TpexmepHas monenb 202
BKJIFOYAET B ceOs MEPBYIO B3PBIBHYIO CKBAXXHHY 206, BTOPYIO B3PBIBHYIO CKBAKHHY 208, TPEThIO
B3PBIBHYIO CKBaxkuHy 210 u derBepTyrO0 B3pbIBHYIO CkBaxkuHy 302. Kpome Toro, tpexmepHas
monenb 202 BkirodaeT B cebst ecrecTBeHHble rpynmbl 304 oTpbiBoB B mopoxe. I'pynmer 304
€CTECTBEHHBIX OTPBIBOB SIBJIAIOTCSL YK€ CYIIECTBYKOIIMMM TPEIIMHAMH OTPBIBOB, KOTOPBIE
SIBJISIFOTCS 4aCThEO M€OJIOTMYECKUX CBOWCTB MOPOABI. B HEKOTOpBIX BapuaHTax OCYILECTBJICHUS
nu3o0pereHust rpynnbsl 304 €CTECTBEHHBIX OTPBIBOB MOTYT IMPOXOAWUTh PABHOMEPHO BHH3 IO
rnyOnHe TpexmepHoil momenu 202, B TO BpeMs Kak B JAPYIHX BapuaHTax rpynmsl 304
€CTECTBEHHBIX OTPBIBOB MOT'YT U3MEHSATHh MECTONOJIOKEHNE U OPUEHTALIUIO N0 BCEH TPEXMEPHOU
monenu 202. Hanpumep, pasHble CIIOU MOPOJBI MOTYT ObITh CMOAEIHPOBAHBI C Pa3HOHN IPYIION
€CTECTBEHHBIX OTPBIBOB.

[0047] ®ur.3B wumocTpupyeT BHUI B IUIAHE CBEPXY TpexmepHoOil mozenu 202 mocrne
CUMYJIMPOBAHHBIX B3PbIBOB U3 MEPBOU B3PBIBHON CKBAKHUHBI 206 U BTOPOU B3PBIBHON CKBAXKUHBI
208. Kak mokas3aHo, B3pbIBbI IPUBOIAT K TPELIMHAM (T.€. B3PbIBHbIM TpemuHaM 306), KOTopble
MIPOXOASAT OT B3PBIBHBIX CKBAKHH.

[0048] Cucrema MmopenupoBaHus ¢ ucnonb3oBaHueM FDM mnporHosupyer pasmep
(bparMeHTOB MOPOIBl HA OCHOBE B3aMMOJACHCTBHS TPEIIUH MEXKAY paspbiBaMu u3 rpymm 304
€CTeCTBEHHBIX OTPBIBOB, NMPHUCYTCTBYIOIIUX B TOPOAE W BBI3BAHHBIX B3PBIBOM TpPEIIMH (T.€.
B3pBIBHBIX TpemnH 306) u3 B3PbIBHBIX CKBAXUH. Pa3pbiBBl W3 B3PBIBHBIX CKBaXHH
B3aUMOJEHCTBYIOT JIPYr ¢ ApyroMm u ¢ rpynmnamu 304 €CTECTBEHHBIX OTPBHIBOB B MOpPOAE. DTH
B3aUMOJIEHCTBHSI MOTYT OBITh HCIIOJIb30BAHBI CHCTEMOH MOACIHPOBAHMS IJII OMpPEIeSICHHS
SKBUBAJICHTHON WHTEHCUBHOCTH TPEILMH.

[0049] Kak mnokazano, oOmactu BONMM3W B3pbIBHBIX TpemuH 306 mopaxkaroT
r€0JIOTHYECKOe CTPOEHHE, BhI3bIBAS MHOXKECTBO TPELIUH B Npenenax 3Tol obnactu. B3peiBHbIE
TpemuHbl 306 pAacOpOCTPAHSIOTCA M CTAHOBSTCST MEHEE IUIOTHBIMH, 4Y€M Jajbllleé OHU
NPOCTHPAIOTC OT B3PBIBHBIX CKBa)XKWH. B oOnactu Mexay B3PBIBHBIMH CKBKUHAMHU
B3aUMOACUCTBUA TpemuH Mexay rpynnamu 304 eCTeCTBEHHBIX OTPBIBOB U B3PBIBHBIMH
TpemuHaMu 306 OKa3bIBAIOT OOJbIee BIMAHUE Ha (pparMeHTALHIO Mopoasl. B 3Tux obnactsx
CHCTEMa MOJIEIIMPOBAHUS MOJKET YUUTHIBATh CYMMAapHBbIi 3(pekT ecrecTBeHHON (parMeHTaun
U TIOCJTEB3PbIBHOH (pparMEeHTalMM M Aake MepeKpbIBAIOIeics (parMeHTaluud U3 COCEIHUX
B3PBIBHBIX CKBAXKHH.

[0050] B HEKOTOPBIX BapHUaHTAX OCYLIECTBIEHHS H300pETEHHs CHCTEMa MOJCITHPOBAHUS
MOXET YYHUTBIBATh TPEIIMHBI OT MPEABIAYLIUX B3PBIBOB MPU ONPENEIEeHUH HHTEHCUBHOCTH

TPECIIUHOBATOCTH. Haan/IMep, IPU B3PbIBAHUH IJIACTOB MOCJIC B3PbIBA PAdd B3PbIBHBIX CKBAXKWH
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co3/1aeTcst HoBast CBOOOIHAS MOBEPXHOCTh. B TO BpeMsi Kak psii B3PBIBHBIX CKBKHUH TEIEPb HE
CYIIECTBYET, CHUCTEMa MOJEIUPOBAHUS MOXKET XPAaHHWTb TPELIUHBL, BBI3BAHHBIC B3PBIBOM,
KOTOpBIE HAaxXOIATCA B Mpenenax HOBOW cBoOOAHON moBepxHOCTH. llpenpiayiiue B3pBIBHbIE
TPEIHHBl MOTYT OBITH NOOABJIEHbI K €CTECTBEHHO BO3HUKIINM (PparMeHTam U (parMeHTam
CJIEYIOIIero B3phIBa.

[0051] UaTEeHCHBHOCTD BO3HHUKAIOIIMX B3PBIBHBIX TPELIVH MOJKET ObITh
CIPOTHO3UPOBAHA SMITUPUYECKUM VPAaBHEHHEM, KOTOPOE VUHTBHIBAET (DU3HUYECKHE AaCIEKThI
npoOseMbl, TaKHE Kak: 1) B3PBIBHBIE CBOICTBA, 11) CBOMCTBA MOPOBI, 111) TEOMETPHSI B3pbIBA U 1V)
BpeMst B3pbiBa. OHUM U3 MPEUMYILIECTB KOHLENIIUNA HHTEHCUBHOCTH TPELIMHOBATOCTH SIBJISIETCS

TO, YTO HHTEHCUBHOCTH (ONpeneNiseMble Kak TPEIIUHbl Ha €OUHHLYY JUIHHBI) MOTYT

2
CKJIaZbIBATECS, €CIH CXOAHBIMH SIBJIIOTCS WX YIVIbI K CBOOOJHOWH mOBepxHOCTH. Takoe
CJIO’KEHHE MOXKET UMEThb CUJIy HE3aBUCUMO OT UCTOYHUKA SKBUBAJIEHTHON TPELIUHBL

[0052] B HEKOTOpbIX BapuUaHTax OCYIIECTBICHHS H300pPETEHUS HHTEHCHBHOCTb

BBI3BAHHOH B3PBIBOM TPELIMHOBATOCTH MOKET OBITh CIEAYIOIIEH:

fracture intensity = k 3 (YPABHEHUE 1)

rae:

o k - mapamerp xkanuOPOBKM KOHKPETHOTO YYaCTKa, KOTOPBIA MOXKET OBITh OCHOBAH
Ha 1) B3pBIBHBIX CBOMCTBAX 11) CBOMCTBAX MOPOIBI U 111) TEOMETPHH B3PbIBa

o I - PaCCTOSIHUE OT CKBKUHBI B PyTax

[0053] Kak moka3aHO, WHTEHCUBHOCTh TPELIMHOBATOCTH OBICTPO CHUXKAETCS B
3aBHCHMOCTH OT PACCTOSIHUS OT B3PBIBHOM CKBakKMHBL. Hampumep, Ha paccTOsTHMM OJHOTO (yTa
OT CKBaXXHHBI YaCTOTHOCTh TpPeIuH MoxkeT coctaBisith 4000 TpemuH Ha ¢yt. Haxomsce Ha
BbICOTE 16 (PyTOB, HACTOTHOCTD TPEIIMH MOXKET OBITh YMEHBIIEHA IO OJHON TPEIIHUHBI Ha (yT.

[0054] B HekOTOpbIX BapuUaHTax OCYIIECTBICHHS H300pPETEHUS HHTEHCHBHOCTb
TPELIMHOBATOCTH, BBI3BAHHOW B3pPHIBOM, MOXKET OBITh paccuuTaHa C HCMOJb30BAHUEM
CJIeNYIOLIEro YPABHEHHUS

F=K*F1*F2*F3 (YPABHEHUE 2)

rae:

F1 coorBerctByer mopoae W B3pbIBHBIM CBoOiicTBaMm, F2 maer ¢opmy kpuBoi
pacripeneneHusi YaCTHLl Mo pa3Mepy (HampuMep, TeOMETPUUECKUH HJieH Ul LMIMHAPUIECKOTO
3apsma), a F3 cosmaer 3¢dekT MHTeHCHBHOCTH, OCHOBAaHHBIM HAa PACCTOSHUU BJIEMEHTA OT
3apspa. K - mapamerp xanuOpoBku KOHKpeTHOro ydactka. Ilapamerp K moxker 3aBuceTh OT
CBOWCTB TPEIIMHOBATOCTH MOPObI KOHKPETHOTO y4yacTka. PyHKIMH B ypaBHEHNH (2) TOKa3aHbI

HIDKE B IOAPOOHBIX YPaBHEHHSIX:
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o2 \°
Fl= [ —2£__
PFEE (YPABHEHIE 3)
x
F2 = & tan~! —HMX tan~! —XMS
R R R (YPABHEHUE 4)
BR\"
F3= (==
Ry (YPABHEHHUE 5)
rae:
. rae Fl, yucnurens - NpoYHOCTb MOPOJBI, ONMMUCBIBAEMAasl IUIOTHOCTBIO SHEPIUHU
nedopmanny, a 3HaMEHATENb - TOCTYITHASI SHEPTHs B3PBIBYATHIX BEIIECTB,
o Ry cooTBETCTBYET pannyCy CKBaKHMHBIL,
o R - paguanpHOE OPTOrOHANBHOE PACCTOSHUE BJIEMEHTA OT CKBAXKUHBL
. BR - paccrosiHue snemeHTa OT B3pbIBHOH ckBakuHbl. (BR orimgaercs ot R B
30He 3a001KH)
. HMX u XMS npencraissror coOoil (PYHKUMH PaCCTOSIHHS, OLICHEHHBIE IS

Pa3INYHOM OPHUEHTALUU B3PbIBHOH CKBAXKHMHBI C MCIOJIB30BAHUEM BEKTOPHBIX YpPaBHEHUN
paccrosinus, 1 HMX - 3TO paccTossHME€ OT HIDKHEH 4acTH 3apsiia A0 LEeHTpa 3JIeMEHTa
(M3MepeHHOe BIOJb HANPABICHHUS B3PbIBHOH CKBaXHHBI). XMS - paccTosiHuE OT Bepxa 3apsiaa

70 LEHTpPa 3JeMeHTa (M3MEPEHHOE BAOJIb HATIPABJICHNS B3PBIBHOW CKBAYKIHBI)

o IToxaszarenu a, Y u 6 KaauOPYIOT C UCIIONIB30BAHUEM TECTOBBIX B3PbIBOB ILIACTA.
o PF - noporukoBblit pakTop.
. EE - 3Heprus B3ppIBUATHIX BELIECTB.

[0055] Kak MOKHO BHAeTh U3 ypaBHEHUH 1-5, 3T QyHKUMH SIBISTIOTCS Oe3pa3sMEepHBIMH,
YTO MOJKET MO3BOJHTH BAapHAHTAM OCYINECTBJICHUS Oojiee TMOKO HCIOJB30BATh Pa3IMYHbIE
cucrteMbl eanHul, Takue kak: SI, CGS u T.a. ®yskumm apkranrednca F2 moryr cosnaBathb
KenaeMyro popMmy pactpenesieHus pasmepa GpparMeHTa.

[0056] [ns kamuOpOBKKM ypaBHEHHH W HAXOKIEHUS HAWIYUIIEro Habopa mapameTpoB
(K, o, Y, 0) MoxxeT ObITH BBIYMCIECHA CpenHeKBaaparudeckas norpemnocts (RMSE) mexny
SKCMEPUMEHTAIbHBIM U YHUCIEHHBIM HaOOpaMH JaHHbIX. B HEKOTOpPBIX BapHaHTax
OCYILIECTBIIEHHUS] U300PETEHUS] MOXKET OBITh MPOBENEHO MHOXECTBO UTEPALMN ONTUMHU3ALINH JJIS
mMuHIMH3auuu  omuOkn RMSE wu  HaxoxpeHus: Hawitydinero Habopa mapameTpoB UL
MPeNCTaBJICHHs B3pbiBa. B HEKOTOPBIX BapuUaHTaX OCYINECTBIEHUs n30o0perenus cuctema FDM
MOXKET aJanTUpPOBaTb MOJENb IUIOTHOCTH TPEIIMHOBATOCTH K B3PBIBHOMY VYYacTKy C

ucnosibzoBanneM RMSE. Hampumep, uccnenopanne RMSE ydacTka MoskeT OBITh BBITIOJIHEHO



56784 13

MyTEeM MHOTOKPAaTHOTO BBINOJHEHHs MOAENEH IUIOTHOCTH TPEIIMHOBATOCTH MHOXKECTBO pa3
(marmmpumep, 1000 cumynsanuii) Npu MOCTENEHHOM M3MEHEHUH MOATOHOYHBIX napaMerpoB FDM
(manpumep, K, a, Y, 0). dna uccnenosanusi RMSE cucrema MOkeT CpaBHHBATH PE3yJIbTaThl
FDM c¢ ¢axrnueckuMu pe3yiabTaTaMyd B3pblBa Ha KOHKpPETHOM ydvacTke. CucTemMa MOXeT
NOTIBITATECST OoNTUMHU3KUpoBaTh napamerpsl FDM (K, o, v, 8) miast cooTBeTCTBUS (PaKTHUECKHM
JAHHBIM B3pbIBa IyTEM BbINOJHEHUs Thicsid urepanuii RMSE. Mcnonesysa cumymsiuu, cuctema
MOJKET TIOJy4aTh ONTHMU3UPOBaHHbIE noaroHo4nsle napamerpel RMSE mist FDM (anst sToro
KOHKpeTHoro yuacrka). Pesyiasrarom wuccinenosanuss RMSE wmoryr ObITh HacTpOEHHBIE
MOJTOHOYHBIE TMapaMeTPbl, KOTOPblE MOTYT TOYHO MpeAcKa3aTh (parMEeHTAlUWIO, BBI3BAHHYIO
OyAyIUMU B3pBIBHBIMU PaOOTaMH.

[0057] UTHTEHCUBHOCTH TPELIMHOBATOCTH OT B3pbIBHBIX TpewmuH 306 u rpynn 304
€CTECTBEHHBIX OTPBIBOB MOTYT ObITh OOBEIUHEHbI IJII OTpeAeseHus OOLIell MHTEHCHBHOCTH
TPEIIMHOBATOCTH JIsI KKAOTO M3 DBJIEMEHTOB, COCTABJSAIOIIMX TPEXMEpPHYK Moaeiab 202.
Hanpumep, nis kaxxaoro sJieMeHTa TpexMepHou moaenu 202 cucteMa MOIETUPOBAHUS MOJKET
CKJIaABIBaTh B3pbIBHBIE TpelnHbI 306 1 rpynmel 304 €CTECTBEHHBIX OTPBIBOB, PACIOJIOKEHHBIE B
3JIEMEHTe, IS OTIpenesieHus 00Iel HHTEHCHBHOCTH TPEIIMHOBATOCTH ISl KAKJOTO 3JIEMEHTA.

[0058] B HEKOTOPBIX BapHaHTaxX OCYLIECTBJIEHUS M300PETEHUsI B3aUMOJEHCTBIE MEKIY
TPELIUHAMH MOXET OBbITb OOBEAMHEHO C HCIOJb30BAHUEM KOMOMHHPOBAHHOIO IpaBHJIA IS
FDM. Cucrema MoAenupoOBaHHs MOKET IpeCKa3blBaTb MHTEHCUBHOCTb TPEIIMHOBATOCTH B
3JeMeHTe O0bEMa C HCIIONb30BAaHMEM ypaBHEHHUs (2), a 3aTeM OOBEOWHATb pe3yJbTaT C
NpeAbIAYIIUMH  WHTEHCUBHOCTSIMU  TPEILIMHOBATOCTH €  HUCMOJB30BAHUEM  CIIEIYIOLIErO
ypaBHEHHs 0.

I, = (I.+ I,). cos*(A. — A,) + max(I, , C.I,). sin? (Ae — An)

(YPABHEHIE 6)

rae:

I; - pesynpTHpYyOmAs WHTEHCHUBHOCTh TPEIIMHOBATOCTH B 3JeMeHTe oObema. [ m A, -
CYLIECTBYIOIAasi MHTEHCUBHOCTb TPELIMHOBATOCTH M Yroj TPEUIMHOBATOCTH COOTBETCTBEHHO.
CxomabiM oOpasom, I, 1 A, COOTBETCTBYIOT HOBOW HMHTEHCHBHOCTU TPEIIUHOBATOCTH U YIIY
TpemuHOBaToCTH. C - «K03((PUIMEHT mnepecedueHus: pPasOMOBY», KOTOPBIH MO CYIIECTBY
ABJIAETCST  (PAKTOPOM CHIDKEHHS MHTEHCHBHOCTH TPELIMHOBATOCTH JJII  OPTOTOHAJBHBIX
MHTEHCUBHOCTEH TPELIMHOBATOCTH.

[0059] Kak npaBuio, napajuieiabHble TPELUIMHbl MOTYT CYMMHPOBAThCA U YBEJINYUBATh
UHTEHCUBHOCTh. C Ipyroil CTOpOHBI, OPTOrOHAJbHbIE TPEIUHBI UMEIOT TEHIEHLUIO YMEHbIIATh

MHTEHCHUBHOCTb TPEIIMHOBATOCTH B 3JieMEHTE O0beMa. YToj TpeuuHsl ¢ 0ojiee BBICOKOM
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WHTEHCUBHOCTBIO MOJKET CHUHTAThCS JOMUHUDPYIOIIMM M COXPAHATBCS Ui CIIEAYOINe
utepauuu. OnpeneneHue yria TpemuHbl 00CyKIaeTcsi Co ¢CchbUkoi Ha ¢ur.7A u ¢ur.7B.

[0060] HMcnionb3yst OOIIyI0 MHTEHCUBHOCTh TPEUIMHOBATOCTH, CUCTEMA MOJSTHUPOBAHUS
MOJKET OmpenensaTb pasMmep ¢parMeHtaumd. B HEKOTOpPBIX BapWaHTaX OCYIIECTBIICHUS
u3o0peTeHust pasmep (parMeHTa Uil KaXkAOTO JJIEMEHTAa MOXKET OBITh ONpeNeNieH IMyTeM

BBIYHCJICHUA:

f e — 1
Fragment Size = / F (YPABHEHME 7)

rae: F - o0mmas HHTeHCUBHOCTD TPEIIMHOBATOCTH

[0061] Ha ¢ur.4 npomnmoctpupoBansl ypaBHeHHs 404 BEKTOPHON MEXaHHUKH, KOTOpbIE
MOTYT UCTOJb30BaThCs cucteMoil FDM nnst pacdera GyHKUMH pacCTOSIHUSA U AETEKTUPOBAHHS
MOJIOKEHUHN 3apsfia MO OTHOLIEHHIO K 3JIEMEHTY MOpPOAb! B B3pbiBe. Y paBHeHUs 404 BEKTOpHOU
MEXAHUKH MCMOJB3YIOT yrOJl MEXAy B3pbIBHONH CkBaxxuHON 410 m snementom 402 mopoasl B
ocHoBaHUU 406 CKBAXXKUHBL, U YrOJl MEKAY B3pbIBHOH ckBaxkuHOU 410 u s3nementom 402 nopoabl
B BepxHel wactu 408 ckBaxkuHbl. YpaBHeHus 404 BEKTOPHOM  MEXaHUKU B

MPOUJUIFOCTPUPOBAHHBIX BAPHUAHTAX OCYILICCTBICHUA 1/1306peTeH1/1$1 ABJIANOTCA CICAYHOIIUMU:

—_ —_—  —
H.ST =H]||ST| COS 0
rue:
. H - BexkTOp € BENMYMHON MJIMHBI W HAIpPABJIEHUs] B3PBIBHONW CKBAXWUHBI OT

OCHOBaHHs CKBAXHWHBI 1O BEPLINHBI CKBAXKWHbI

o SB - BeKTOp, MPOBEAECHHBIN OT OCHOBAHUS CKBAXKUHBI JIO LIEHTPa 3JIEMEHTa
. ST mpencrasnsier coOoi BEKTOP, MPOBENEHHBIN OT LIEHTPA 3JIEMEHTA 10 BEPLIUHBI
CKBa)KHUHBI

[0062] YpaBHeHust 404 BEKTOPHOI MEXaHUKH MOTYT OBITh MCIIOJIb30BAHBI ISl PEIIEHHS
paccrostanii HMX 416 u XMS 418. HMX u XMS - 370 (GyHKUUU PaCcCTOSHHSL, KOTOPBIE MOTYT
ucnonb3oBatbes B FDM. HMX u3mMmepsieTcst kak pacCTOsIHUE OT OCHOBAHUsl CKBAXKHMHBI 1O TOUKH
420 nepeceuyenust. XMS usmepsiercs Kak paccTosiHue OoT BeplinHbl 408 CKBaskHHBI 10 TOUKU 420
nepecedeHnsi. Touka 420 mepecedeHHss MPENCTaBisieT COOOM MECTO MEepeceYeHHs] MEKIY
MEePNCHANKYJSIPHON JIMHUEH, NpOBEAEHHON OT weHTpa syeMmeHTa 402 mopoapl, U JUHUEH
B3pPbIBHOM CKBa)XKMHBI, NpeacTaBieHHoN BekTopoM H. Cucrema FDM moxet ucnons3osats H.SB
u H.ST nns Berauicnenus yrios B u 6. 3areM crcteMa MOXKET HUCTIONb30BaTh 3TH yribl ( u 0) u
HaIPaBJISIOMNE KOCHHYCHI I MATEMaTHIeCKOro BbiuucieHus pacctosiuuit HMX u XMS.

[0063] B HEKOTOPBIX BapHUaHTAX OCYLIECTBIEHHS N300PETEHUs] CUCTEMa MOJIEITUPOBAHHS

FDM moseT ucrnonb30BaTh 3T ypaBHEHUs 404 BEeKTOPHON MEXaHUKHU AJIST TOYHOH 00paboTku
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MOpPOAbl B Pa3IM4YHbIX MNOA30HAX Mojenu. Mcnoab3ys CkajdsipHble MPOU3BEAEHUA U
HAIpPaBJSOIKUE KOCUHYCBI, CUCTEMa MOJAEIUPOBAHUS MOXKET MPOTHO3UPOBATh MHTEHCUBHOCTH
TPELIMHOBATOCTH HA PAa3HbIX yUacTKax 0e3 SIBHOTO ONpEAETIeHHs MapaMeTPOB B3PbIBA, TAKHX KaK
Harpys3ka, HHTepBai, 3a0oiika, BCoMorareinbHoe OypeHue u T. 1.

[0064] B HEKOTOPBIX BapHUAHTAX OCYLIECTBIEHHS N300pPETEHUs] CUCTEMA MOJIEITUPOBAHHS
FDM wMoxxer uMeTb aeno ¢ Jro0Oi OpHeHTauued B3PbIBHOH CKBAKHUHBI M TEPEMEHHBIM
napamMeTpoM B3pbIBA C HCNOJb30BaHWEM ypaBHeHUN 404 BekTopHON Mexanuku. Hcnonbsys
ypaBHeHust 404 BEKTOPHOUW MEXaHHKH, CHCTEMa MOJAEIUPOBAHUS MOKET OBbITh CIIOCOOHA TOYHO
NpeacKa3blBaTh (PYHKLUU PACCTOSHUS M MECTOIIOJIOKEHHs 3apsia HE3aBHCUMO OT pa3Mepa,
MOJIOXKEHUsT WM OPHUEHTALMM B3pPBIBHOM CKBaXHHbI. Hampumep, ypaBHenus 404 BeKTOpHON
MEXaHUKH MOTYT HCIIOJIb30BAThCSA Ul OOPa0OTKM BBIYMCIICHUH JJIs1 B3PBIBOB C HAKJIOHHBIMH
B3PBIBHBIMH CKBOKHHAMU U ITEPEMEHHBIMH JIITMHAMH/TIOJIOKEHUSIMH 3apsza.

[0065] @ur.5 wurocTpupyeT BUA B IU1aHe cBepxy Mozenu 500 B3pbIBa C MPU3PAYHBIMU
CKBAXXMHAMU [UJIsl ONpPENENeHUs TPEUIMH M WHTEHCUBHOCTU TPEILIMHOBATOCTU BCJEACTBHE
OTPAKEHHBIX YIAAPHBIX BOJH B Ka)XJAOM DJJIEMEHTE MOJENIU B3PbIBA B COOTBETCTBHM C OAHUM
BApPUAHTOM OCYIIeCTBIeHHs n300pereHus. B3poiBHas Monens S00 mpexacrasisier coO0i Mozemb
B3pBIBa IIACTAa CO CBOOOAHON MOBEpPXHOCTBIO 506. AHamormyHo TpexmepHod Mmonenu 202 ¢
¢ur.2B, momenr 500 B3pbIBA MOXKET OBITH TPEXMEPHOW M BKIHOYATh B ceOsS MHOMECTBO
OTZeJIbHBIX 3JIeMeHTOB. OTpaskeHHbIe yaAapHble BOJHBI 502 BO3HUKAIOT, KOT/AA yapHasi BOJIHA OT
B3pbIBA JOCTHraeT CBOOONHOW mMOBEpXHOCTH 506 M BepxHEH MOBEPXHOCTH. B HEKOTOPBIX
BApPHAHTAX OCYIIECTBJICHUS N300pETEHHs IEPEMEHHAs OTPasKaTeNIbHAsI CIOCOOHOCTh CBOOOIHBIX
NOBEPXHOCTEH MOKeT ObITh ycTaHOBNIeHa Ha 100%.

[0066] ITpm3paunble ckBakuHBl 504 MOryT OBITH pACIOJOXKEHbBI Ha OIMHAKOBOM
paccTostHUM OT CBOOOAHOHN moBepxXHOCTH 506, Kak psA TECTOBBIX B3PBIBHBIX CKBaKWUH S510.
TecroBble ckBakuHbI 510 TpeAcTaBISIIOT cOOOH CKBAXKMHBI, HAXOIAIINECS B JAHHOE BPEMS B
MpOLecCe CHMYJISILIMA B3pbIiBAa. 1eCTOBbIe CKBaAKUHBI 510 pacmosio’keHbl OT CBOOOIHOM
nosepxHocTu 506 Ha paccTosHUU OT Harpy3ku 508. CoOTBETCTBEHHO, B MPOUJLIIOCTPUPOBAHHOM
BapHaHTE MpHU3pavHble CKBAKHHBI 504 PaCHOIOXKEHbI 3a MpenelaMu CBOOOTHON MOBEPXHOCTH
506 na paccrosiHuu OT Harpy3ku 508. Ilockonbky npuspaunble CKBakuHBI 504 HaxomsaTcs 3a
npenenamMu cBobomHON moBepxHOcTH 506, mpu3pauHble CKBAXKUHBI 504 pacmoOXKeHbl B
CBOOOTHOM TMpPOCTPAHCTBE W HE HMEIOT HEMOCPEACTBEHHOTO KOHTAaKTa C KaKUMH-JTHOO
3JIEMEHTAaMH MOPOJbI B3pbIBHON Moaenu 500.

[0067] Ans cumynsaLMMd B3pbIBA M3 TECTOBBIX B3PBIBHBIX CKBaxkUH 510, cucrema
MOJENUPOBAHN MOXKET WHULMUPOBATH B3PbIB KaK M3 TECTOBBIX CKBaXWH 510, Tak U u3

npuspadyHblx ckBaxxuH 504 ogHOBpeMeHHO. B pesynbrare OMHOBPEMEHHOIO MHULIMMPOBAHUS U
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pasMelleHns] NpU3padHbIX CKBaXMH 504, kOrzna yaapHble BOJIHBI W3 TECTOBBIX B3PBIBHBIX
ckBaxnH 510 pocturaror cBobomHON moepxHOCTH 500, yrmapHble BOJHBI W3 MPU3PAUYHBIX
ckBaxuH 504 NENCTBYIOT Kak OTPaKeHHbIE yAapHble BOJHBI 502 17151 CUMYJISILUU B3pbIBa. Takum
oOpasoM, crcTeMa MOAETUPOBAHHS MOXKET UCTIOJIB30BATh OTPAKEHHBIE YAAPHBIE BOJHBI 502 1Ist
CUMYJSILIMM  YAAPHBIX BOJIH M3 MNPU3PAYHBIX CKBaXUH 504, B HEKOTOpBIX BapUaHTax
OCYILIECTBJIEHUs] HW300pETEeHUs] CHUCTEMa MOJENIUPOBAHUS MOKET TPEAyCMaTPHUBATh, HYTO
oTpakaTesibHasi CIOCOOHOCTh CBOOOMHBIX MOBepxHOcTel cocraisier 100%. Takum obpasom,
yIapHasi BOJIHA MPHU3PAYHBIX CKBAKUH 504 MOkeT ObITh SKBUBAJCHTHA MO BEJIMYHHE YIAapHOM
BOJIHE M3 TeCTOBBIX CKBaXHH 510. JlpyruMu ciioBamu, ypaBHEHHs, 0OCYKIaeMble CO CChUIKON Ha
¢ur.3B, MoryT ObITh HCHIOJB30BAHBI IS PACYE€TAa HHTEHCHBHOCTH TPELIMHOBATOCTH OT KaXIOH
13 TECTOBBIX B3PBIBHBIX CKBAXUH 510 U kaxa0# U3 NpU3PaUHbIX CKBaKUH 504.

[0068] ITpu3paunble ckBakWHBI 504 MOTYT MMETh TaKylO ke (OopMy, YTO U TECTOBbIE
ckBaxunbl 510. Hampumep, npuspaussle CKBakuHbl 504 MOryT MMETh TOT K€ AHAMETP H
ryOMHY, YTO M TeCTOBble CKBaXHHBI S510. B HEKOTOpBIX BapHaHTax OCYLIECTBICHHS
n300peTeHus MpU3pavHble CKBaAXKUHBI 504 MOTYT OBITH CUMYJIMPOBAHBI ISl U3JYUEHHs YIAPHOU
BOJIHBI JJINHOM 3apsiia TECTOBBIX CKBAXMH 510. B npyrux BapuaHTax NpU3payHble CKBAXUHBI
504 moryT OBITb CHMYyJHPOBaHbI U U3JYYE€HHUS YAAPHOW BOJIHBI JJIMHOW 3apsiga W 3a00MKH
TECTOBBIX CKBaxKUH 510.

[0069] B HEKOTOpBIX BapHaHTaX OCYIIECTBJICHUS HW300pETeHUs AOTOJHHUTEIbHbIE
NPU3pAYHbIE CKBAXXHMHBI MOTYT OBITb HCIOJB30BAaHbI U MOZIENHPOBAHUS OTPAKEHUS OT
BEPXHEH NOBEPXHOCTH MOJEIH B3pbIBA, HANPHUMEpP, MpPU3PAYHbIE CKBAXHHBI MOTYT OBIThb
pa3MeleHbl Ha PacCTOSHUM OT BEpPXHEH MOBEPXHOCTH, PABHOM JJHHE obnactu 3a00HKu. DTH
NPU3pPAYHbIE CKBaKWHBI MOTYT OBITh HAa3BaHBl MPHU3PAYHBIMH CKBOKHHAMH 3a00MKH M MOTYT
T€HEPHPOBATh OTPAKEHHBIE YAApPHBIE BOJHBI B 0OMacT 3a00MKH. DTH NMPHU3PAYHbIE CKBAKUHBI
CUMYJIMPYIOT OTPaK€HHE YAAPHBIX BOJH HAa BEpXHEH MOBEPXHOCTH B3PbIBOB.

[0070] B HEKOTOPBIX BapHUaHTAX OCYLIECTBJICHUS N300PETEHUS] TECTOBbIE CKBAKUHBI 510
MOTyT OBITb PAcCIOJIOKEHBl Ha OCHOBE (PaKTHUECKMX NaHHBIX ckaHupoBaHus uian GPS yxe
npoOypPEHHOTO B3PBIBHOTO YYacTKa. B HEKOTOPBIX BAPHAHTaX TECTOBBIE B3PBIBHBIE CKBAKHHBI
510 moryT OBITE OCHOBAHBI HA paHee B3OPBAHHOM YYaCTKE U YUUTHIBATH B3PBIBHbBIE CKBAXKHHBI,
KOTOpbIe ObUTH Teperpy KeHbl, HENO3apsDKEHbI, HE CMOTJIM CIETOHHUPOBATh JOJIKHBIM 00pasoMm,
ObUIM YACTUYHO 3aIOJHEHbI BOJAOW WJIM MHBIM 00pa3soM HMMENH HEIITATHbIE AETOHALWH. DTH
JaHHbIE MOTYT OBITh BBEIEHBI B MOJEJb AJISl IPOTHO3UPOBAHUS (PparMeHTalUH TOCHE B3PhIBA.

[0071] OtpaxkenHsle ynapHele BOJHBI 502, KOTOpble T'€HEPUPYIOTCS B IPU3PAYHBIX
ckBaxkuHax 504, MOTyT UMETh APYTOW yroJi, 4eM YAAapHbIE BOJHBI U3 TECTOBBIX CKBaKHH 510.

Hanpumep, B OHOM BapuaHTe OCYIIECTBICHUS H300pETeHHs OTPAKEHHbIE YAapHBIE BOJHBI 502
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13 MHOXXECTBA NMPU3PAYHBIX CKBAXKUH 504 MOAENMPYIOTCS KaK pPaCcTATMBAIOLIAs BOJHA C MEPBbIM
yIJIOM, & yJapHas BOJIHA M3 MHOXECTBA HCHBITATENBHBIX CKBAXUH 510 Mopmemupyercs Kak
CKHUMAFOILAst BOJIHA MO BTOPBIM YIJIOM.

[0072] Ilpuspaunble ckBakuHbl 504 Takke MOIYT MCIOJb30BaTbCS CUCTEMOM
MOJIETUPOBAHUS JJISI CO3/IaHUSI AMHAMUYECKUX CBOOOIHBIX MOBEPXHOCTEH, KaK OMUCAHO B CBS3H
¢ ur.6 (cm. ¢ur.6).

[0073] ®ur.6 wumOCTpUpPYET BUJI CBEpPXy B IUIOCKOCTH B3pbIBHONH Moaenu 600
C IPU3paYHbIMU CKBaKMHAMH 608 u nuHaMH4YecKoi cBOOOIHON moBepxHOCTHIO 604. B3pbiBHAs
mozenb 600 comep:KUT MHOKECTBO PSIOB B3PBIBHBIX CKBAXHH (T.€. psan RS 612 u psx R6 610).
B3peiBHBIE CKkBaxMHBI B psgy RS 612 panee Obutn B3opBaHbL llepen B3pbIBOM B3PBIBHBIX
CKBaXMH psima RS 612 nuHamudeckasi cBOOOHAsI MOBEPXHOCTh 604 HaXOaWIach Mepen PsaoM
R5 612, uyroOwbr BrimrouuTh psinm RS 612 B mmact. CucremMa MOIEIMPOBAHUS MEPEMECTHIIA
IMHAMUYECKYI0 CBOOOIHYIO MOBEPXHOCTh 604 k 3amuHemy psay RS 612, mpencrasisromemy
3JIEMEHTBI MOPOJBI, OTJIOMaHHbIE OT IJIacTa BO BpeMs B3pbiBa psiaa RS 612. Ilepememenue
IMHAMUYECKOH CBOOOIHON MOBEPXHOCTH 604 MO3BOJISIET CUCTEME MOJIEITMPOBAHUS 00OJiee TOYHO
onpenensaTb 3PQPeKTsl OTPAKEHHBIX yIAPHBIX BOJH. B 3TOM mpumepe tO - Bpemst 3aKuranus, a
Ri- 3anckennHbie psagsl (=1, 2,...n).

[0074] Ilo Mepe 3axuraHusi KaxXAOro psaa BO BpeMsl CUMYJSILUM, CUCTeMa
MOJIEIUPOBAHUS] JUHAMUYECKH MepeMeIlNaeT ITUHAMHYECKYI0 CBOOOIHYIO MOBEPXHOCTb 004.
ITepemernenne THHAMHYECKOH CBOOOIHON MOBEPXHOCTH 604 MOXKET MOMOUb H30eXkKaTh peMerna
U BKIIOYUTH 3(dexTsl oOpaTHOro paspeia B Monxenb 600 B3peiBa. Korma psn 3akuraercs,
BO3HUKaeT cpaboTka 606 m HOBass CBOOOIHAsI MOBEPXHOCTb, KaK TOKA3aHO AMHAMUYECKOHN
cBOOOMHOW moOBepXHOCTBIO 604. JluHamuueckass cBoOomHast moBepxHOCTH 604 Oyner
MepeMeLaThCs MO0 MEPE TOrO, KaK CO BPEMEHEM 3aXKUTAKOTCS JOTIOJHUTEIbHBIE PSABL.

[0075] CpaboTtka 606 mpencraBisier coOOM pacCTOSHHE MEXIY paHee 3ajXCKEHHBIM
PSIIOM ¥ HOBBIM MECTOIIOJIOKEHHEM TUHAMHYECKOH cBOOOAHON mosepxHocTH 604. Beskuit pas,
KOTJa 3a)KUraeTCsl Psifi, 3JIEMEHTBI OPOABI, PACIONIOKEHHBIE B JIMHUIO C PSIIOM U MEXKAY PSAOM
U mpenbinyiiel cBOOOTHONW MOBEPXHOCTHIO, cMeIarTesi. Kpome Toro, B HEKOTOPBIX BapHUaHTaX
OCYILIECTBIIEHHS] U300PETEHUST HEKOTOPBIE SJIEMEHTBI TIOPObI TI03aaH psAfa (HalpuMep, TOPOBbI,
PAcCIIONIO’KEHHBIE NANblIe OT MpeabIayliel CBOOOIHOW MOBEPXHOCTH, Y€M B3OPBAHHBIN psin)
Takke cMemmaroTcs. Harmpumep, paccrosinne mexay psaoMm RS 612 u nuramMudeckoii cBOOOIHON
NOBEPXHOCTBIO 004 sBisiercss cpaboTkoit 606. B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHS
u3o0pereHus: cpadotka 606 MOXKET COCTABJIATh OAHY TPETh HAPY3KH. B HEKOTOPBIX BapuaHTax

OCYINECTBJICHUS HM300peTeHUsT NUHAMHUYeCKass CBOOOIHAsh MOBEpXHOCTH 604 MokeT ObITh
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U3MEHEHa TakuM OOpa3oM, YTO Harpy3ka MHOXKECTBA B3PBIBHBIX CKBAKUH H3MEHSETCS Ha
Pa3INYHBIX BBICOTaX OCH Y MOJEIU.

[0076] CpaboTka 606 w3MeHsieT HaArpy3Ky mJisl CIEAYIOLIEro psia, MOJJIeKaIIero
3akurannio. D exTuBHas Harpyska 602 npeacrasisier coOOM HHTEPBAT MEXKIY psiiaMU MUHYC
cpabotka 606. DddexruBHas Harpyska 002 HCHONB3yeTCs ISl OMpeNeeHHs pa3MEIeHHs
npuspayHblx ckBaxuH 608. llpuspaunble ckBakuHbl 608 pPACHOJOKEHBI HAa PACCTOSIHUM,
SKBUBAJIEHTHOM 3(dexTuBHON Harpy3ke 602, oT AMHaAMHYECKOH CBOOOAHON MoBepXHOCTH 004,
Hpyrumu cinoBamy, paccrosiHue 618 mexny psoom R6 610 m muHammuueckol CBOOOIHOMN
NOBEPXHOCTBIO 604 paBHO paccTosHUIO 620 MEXAy AMHAMUYECKOH CBOOOIHON MOBEPXHOCTHIO
604 u npuspaunbiMu ckBaxkuHamu 608. Ilpuspaunele ckBakuHbl 608 pacmonoXeHbl Ha
MPOTHBOIIOJIOXKHONH CTOPOHE AWHAMHYECKOW CBOOOAHON moBepxHOCTH 0604 OTHOCHTENBHO psna
R6 610.

[0077] Ilpuspaunble ckBakuMHbl 608 MHULMUPYIOT yJAapHble BOJHBI OJHOBPEMEHHO C
yAApHBIMH BOJIHAMH OT B3pPbIBHBIX CkBakxuH RO 610. Y napHble BOJHBI OT NPU3PAYHbIX CKBAXUH
608 moCTUraroT AUHAMHYECKON CBOOOIHON MOBEpXHOCTH 604 B TO K€ BpEMSs, 4TO W yAapHbIC
BOJIHBI OT B3pPBIBHBIX CKBaKHUH psAfa RO 610, u CUMyJIUPYIOT y#apHbIE BOJIHBIL, OTPAKEHHBIE OT
IMHAMUYeCKOH cBOOOmHON moBepxHOCTH 004. COOTBETCTBEHHO, MpH3pavyHble CKBAXUHBI 608
CIEAYIOT TOMY K€ BpeMeHH, uto U psAx R6 610. To ects, BCsakuil pas, Koraa oJHa U3 B3PbIBHBIX
ckBaXuH B psAny RO 610 3axkuraercs, 3aXuraercs COOTBETCTBYIOINAS MpU3pavyHas CKBAKHUHA.
Hanpumep, xorga mepsasi B3pbIBHas ckBaknHa 014 3axuraercs Ha 200 muimmcekyHn (Mc) U
UCITyCKAeTCsd BOJHA, OJHOBPEMEHHO YJapHas BOJIHA WCIYCKAeTCsl W3 MEpBON MNPU3PAYHON
CKBAXUHBbI 616. AHajnoruyHo, B NPOWUIIOCTPUPOBAHHOM BapUaHTE OCYLIECTBJIEHUS
n300peTeHNs] OCTABIINECS Mapbl B3PBIBHBIX CKBAXKWH W MPH3PAYHBIX CKBAKWUH 3)KUTAFOTCS HA
225 mc, 250 mc, 275 mc u 300 mc.

[0078] Aunamuueckasi cBOOOAHAS MOBEPXHOCTh 604 MOkeT OBITH CO3maHa sl JI0OOH
CXeMBbl B3pPbIBAHMsS WM BPEMEHHON MOCHIenoBaTeNnbHOCTH. Kpome TOoro, ucCnosabsys
IMHAMUYECKYI0 CBOOOIHYIO TOBEPXHOCTH 604, cucTeMa MOAETHPOBAHMUA MOXKET H30eKaTh
pemMera npu CUMYJSILUN OOJBLION MPOOIEMbI ¢ MHOYKECTBOM PSIIOB M CKBAYKHUH.

[0079] ®ur.7A u 7B WLTIOCTPUPYIOT, KaK CUCTEMa MOJAEIUPOBAHUS MOXKET ONpPEeNsTh
yIabl TPEIUH. YTJIbI TPEIIMH OMNpPENeNsIOTCs Kak yroyu (pakTHUECKUX YIOApHbIX BOJH U
OTPaXXEHHbIX YyAAapHbIX BOJH. Pur.7A WITIOCTpUPYET BUJ CBEPXY B IUIOCKOCTH B3pPBIBHOM
mozenu 702 W yriael TPEWIUH U3 MEPBOH B3PBIBHOM CKBaxXUHBI 704. Yros yaapHOW BOJHBI OT
nepBOil B3PBIBHOH CKBa)KUHBI 704 MOXeT OBITh ONpenesieH CUCTEMOH MOAEIHPOBAHUS IyTEM
HAXOXKIACHUS YIJIOB MEXAYy CBOOOAHON mMOBepXHOCThIO 708 W HampaBiIeHHEM MaAaroLIe

yIapHO# BoJHBIL. bojiee KOHKPETHO, YIIibl [T MaNarolieil yAapHOH BOJHBI MPEICTABISIIOT OO0
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yIJIbl MEKAY BHYTPEHHEH CTOPOHOH cBOOOAHOM moBepxHOCTH 708 M HampaBlieHHMEM Maaromei
BOJIHBL

[0080] CxomHbiM 0OpaszoM, ¢ur.7B mmrocTpupyer BHI CBepXy B IuiaHe moxpenu 702
B3PBbIBA U YIJIbI TPEIIUHBI OT NPU3PAYHON CKBaXkUHBI 706, COOTBETCTBYIOILEH MEPBON B3PBIBHOM
ckpaxuHe 704. Kak moka3aHo, yribl OTPa’K€HHBIX YAAPHBIX BOJIH NMPU3PAYHOU CKBakUHBI 706
MOTyT OBITh PacCUMTAaHBl TaK)KE€ W3 BHYTPEHHEH CTOPOHBI CBOOOMHOW moepxHocTH 708 M
HaIpPaBJICHUs] OTPA’KEHHOMN BOJIHBIL.

[0081] B HekoTOphIX BapuaHTaX OCYLISCTBICHHUS HW300pETEHUs] Yribl CUHUTAIOTCS
NOJIOXKUTENbHBIMU. KpoMe TOro, ecnm moJOXKeHHWe B3PBIBHOM CKBAXXUHbl M3MEHSETCA B
BEPTUKAJIbHOM HAIpaBJIeHUU (HampaBieHne Y), CHCTeMa MOACIHPOBAHHUS MOXKET HCIIOJIb30BATh
HAIPAaBJSOIUE KOCUHYCBI IJIl TOYHOTO ONpPEAENICHUs] MECTOMNOJIOKEHHs 3apsfia B MJIOCKOCTH
(rmockocTh X-Z). CructemMa MOKET UCIOB30BATh PACUeT U COXPAHEHHE JOMUHUPYIOLUIUX YIJIOB
MHTEHCUBHOCTH TpemuHoBaTocTh. Hanpumep, mapannenbHble TPELIUHBI B3aUMOJEHCTBOBATD, B
TO BpeMs KaK OPTOTOHAaJbHbIE TPELIMHBbI MeLarT Apyr Apyry. Cucrtema MOXeT pacrno3HaBaTb
MOPSIAOK, B KOTOPOM MOSABJISIFOTCA TPELIUHBI, U YYUTHIBAET B3aMMOJEHCTBHE BHOBb CO3/aHHBIX
TPELIUH C CYIIECTBYIOIUMHU TPEIIUHAMH B K&KAOM 3JIEMEHTE 00beMa sl KaKIOW CKBAKHHBI,
KOTOPAsi 3aXKUTAETCS.

[0082] ®ur.8 wwumoctpupyer Bua cOoky ckBaxuHbl 802. Kak moxa3aHo, B3pbIBHAs
ckBaxxnHa 802 comepkut 3aboiiky 804 u 3apsim 806 B3pbIBUATOrO BEIECTBA. B HEKOTOPBIX
BAapUAHTaX OCYLIECTBJICHUS cucremMa MOJEJIUPOBAHUS MOXKET HCIIOJIB30BATh
MPOWJIIIOCTPUPOBAHHBIE KOHTYpbl 808 MHTEHCHMBHOCTH TPEUIMHOBATOCTH 3JIIMITHYECKON
¢dopmel ¢ nBoiiHON (yHkumer ArcTan ans ompeneneHus pasMepoB (parMeHTOB U KaXKIOTO
JJIEMEHTa TPEXMEPHOH MOJENM M TOJNYYEHUS pachpeneiieHus pasMepoB (pparMeHTALHH.
KonTypsl 808 HHTEHCHBHOCTH TPEIMHOBATOCTH MOTYT OBITh LIEHTPHUPOBAHBI BOKPYT B3PBIBHOTO
3apsna 806.

[0083] B HEKOTOPBIX BapHUaHTAX OCYILIECTBIEHHS N300pETEHHs CHCTEMa MOACITHPOBAHUS
FDM wmoxer unterpupoatb FDM ¢ HECKOJbKUMH T€OJOTHYECKUMU CJIOSIMH U HECKOJIbKUMH
iacTaMu. I 'eonornyeckue CiIou U MHOXKECTBO IUIACTOB MOTYT ObITh BXOAHBIMH JAHHBIMH IS
cucreMbl Moaenuposanust FDM.

[0084] ®ur.9A unnmocTpupyeT TpeXMEpPHYI0 MOJEINb, KOTOpasi BKJIOYAaeT CBOMCTBA THIA
OpOoAbI Jisi 60JIee TOYHOTO MPOTHO3UPOBAHMSI MHTEHCUBHOCTH TPEIUHOBATOCTH. KaskbIil crioit
nopobl (TaKKe€ HA3bIBAEMBIH T'€OJIOTUYECKHM CJIOEM) MOXKET OBITh CBSI3aH CO CBOWCTBAMH
MOPOABI, BKJIIOYAs IUIOTHOCTb, TPELIMHOCTONKOCTb U MOAYJb. DTH CBOWCTBA MOPOJbI MOTYT

BJIMATL HAa TO, KaK O6paSYI-OTC$I TPCIUIUHBI B 3JICMCHTAX B KaXXJAOM CJIOC MOPOIbL Haan/IMep,



56784 20

MeHee IUIOTHAs MOpPOoJa MOXKET TO3BOJINTh TPELIMHE PACIpPOCTPAHSITHCSA Hanblie, 4eM Ooliee
MJIOTHAs IOPOAA.

[0085] BxoxgHble maHHBIE [JIs1 CUCTeMbl Monenuposanusi FDM, mnpexacrasisiromue
re0JIOTMYECKHE CIIOU B IIMYpPE UM CXEMY B3PBIBAHUS, MOTYT OBITh MPUMEHEHBI K aHann3y FDM.
I'eonornueckne CioM MOTYT OBITH CIIOSIMH C Pa3UYHBIMU T€OJIOTHYECKUMH CBOHCTBaMHU
(HampuMep, THUI MOPOABI, MOPUCTOCTb, TBepHOCTh W T. 1.) Cucrema mopenupoBanuss FDM
MOJKET HCIIOJIb30BaTh I'€OJIOTHUECKHE CBOMCTBA JJIsI KOPPEKTHPOBKH TOTO, Kak OOpa3yrOTCS
TPEUIUHBbl B NMOPOJAX, Ha OCHOBE TIEOJIOTMYECKHUX CBOMCTB, TaK YTO TPEUIUHBI B PA3JIMYHBIX
FeOJIOTMYECKUX CJIOSIX MOTYT MOSBJATBCSA MO-pasHOMy. Hampumep, B3pbIBHBIE TPELIUHBI B
KaXXJIOM M3 MHOJKECTBA 3JIEMEHTOB 00BbEMa 3aBUCST OT TOTO, B KAKOM U3 I€OJIOTHUECKUX CIIOEB
PACIIONIOKEHO MHOXKECTBO 3JIEMEHTOB 00BeEMA.

[0086] Heorpanuuuparouue  NpuUMepbl  TEeOJOrMYECKMX  CBOICTB  BKJIIOYAIOT
MUHEPAJOTUIO  (3JIEMEHTAPHYI0 W/WIM  MHUHEPAJIbHYIO),  JIUTOJOTUYECKYIO  CTPYKTYPY
(MepBUYHYIO, BTOPHYHYIO W/WJIM TEKCTYPY), MOPHCTOCTb, TBEPAOCTb, MPOYHOCTb IMOPOIBI H
IUIOTHOCTh. «TeKcTypay OTHOCHTCS K pa3Mepy, GpopMe U pacloyIOKEHHIO B3aMMOCBSI3aHHBIX
MUHEPAJIbHBIX KPUCTAIUIOB, KOTOPbIE 0OPa3yIOT MOPOAY WM Ipyrod marepuai. I eosormueckue
CBOMCTBA MOTYT OBITh HCIOJIB30BAHBI MJISI OMNPEACNCHHs IOTOJHUTENBHBIX T€0JIOTHYECKUX
XapPaKTEPUCTHK, TAKMX KaK UCTHPAEMOCTD U pa3Ipo0IeHHOCTD. [ eooruueckue CBOMCTBAa MOTYT
OBITH OMpeneNeHbl MPSMO MM KOCBEHHO M3 TaKUX HMCTOYHHUKOB, KaK CEHCMHYECKHE TaHHBIE,
naHHble OypeHwust, OypoBol muiam, oOpasubl KepHa win ux komOuHauun. Hanmpumep, OypoBoit
nuiaM  w/wid  o0pasipl  KepHa MOTYT  OBITh  NPOAHAJIM3HUPOBAHBI € HCIIOJIB30BAHHEM
PEHTI€HOBCKOW WM ramMma-(QIyopecLeHINH, CKAaHUPYIOWEH 3JeKTPOHHOH MHKPOCKONHH U
APYTUX METOJOB CHEKTPOCKOMUU W/HIM MHUKPOCKONHH. [ €onorndeckue HaHHbIE MOTYT
BKJIFOYATh MHPOPMALIMIO HA UHKPEMEHTHOH OCHOBE, HaIpuMep, B repecyere Ha (yT.

[0087] B HEKOTOPBIX BapHAHTAX OCYIIECTBJICHUS] H300PETEHUs Ie0IOrNYeCKUe CBOIICTBA
T€0JIOTUYECKUX CJIOEB MOTYT OBITh MOJIY4eHBI M3 AaHHbIX OypeHus. JlaHHble OypeHHs MOTyT
OBITh TOJyYEHBbl INaTYUKaMU Ha OypHIIBHOH MAaIMHE C HCIOJb30BAHHEM HCKYCCTBEHHOTO
uHTelulekTa. JlaHHble OypeHHs: MOTYT BKJIOUATh B ce0s Takyrd WHGPOPMALHIO, KaK pasMep
OypoBO#l TOJIOBKH, CKOPOCTb BpamleHHss OypOBOH TOJIOBKH, KPYTALIMH MOMEHT OypOBOW
TOJIOBKH, CKOPOCTh MPOXOJIKH, BUOpALUs TOJIOBKH, NABJICHUE OMyCKAHMUS, JaBJICHUE BO3IyXa IS
nedopmanii, MECTOMOJNIOKEHNE CKBAXKHHBI, HOMEP CKBAKHMHBI, a TaKXKe JJIMHA WA [IIyOHHA
ckBaxHHbL [[aHHBIE OypeHHsT MOTYT KOPPEIHPOBATH C TE€OJIOTHYECKUMHU CBOWCTBAMH IO BCEH
JUTHHE B3PBIBHOM CKBa)KMHBL Takum oOpa3oMm, naHHbIe OypeHHs: MOTYT OBITh HCTIOJIB30BAHBI IS

CO3/1aHUs 3HAUYEHHUH TBEPAOCTH BJIOJIb JJTMHBI B3PBIBHOM CKBAXKHHBI (T.€. IPOQHIIS TBEPAOCTH).
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[0088] ®ur.9B wuroCTpUpyeT MONEpeYHOe CEeUeHUE BEePTUKAJIbHONW  B3PbIBHOM
ckBaxnHbl 910 ¢ MHOXeCTBOM IUIacToB. IInacTel MOryT OBITH CErMEHTAMH C Pa3IMYHON
sHepruen B3pbiBa. Hanpumep, Kakablii CETMEHT MOXKET UMETh PA3JINYHYIO IIJIOTHOCTb 3MYJIbCUU
wii wioTHOCTh 3SHeprun ANFO. BeprtukanbHas B3pbiBHas ckBaxkuHa 910 Moxker OBbITH
3alojIHeHa B3PBIBYATBIM H3fenueM 61 (Hampumep, CEHCHOMIIM3UPOBAHHBIM IMPOIYKTOM),
coJlep>KallluM MepBOe B3pbIBUATOE U3zenue 6la, mocrtamisiemMoe C MepBOi »Heprueil A B3pbIBa,
BTOpOE B3pbiBUaTOe u3menue 601b, mocraBmsemoe co BTOpol 3Heprueil B B3pwiBa, TpeThbe
B3pbIBUaTOE u3fenue 6lc, pocraBiasiemoe ¢ Tperbeil SHepruein C B3pbIBa, U YETBEPTOE
B3pbIBUaTOe m3nenue 61d, mocramisiemoe ¢ verBeprToil sHeprueit D. Cienyer moHumarhb, 4To
B3pBIBUATOE H3zAeare 61 MOKET Takke COAepkKaTb JOMOJHUTENBHBIE CETMEHTHI, TOCTABIISEMBbIE
C JOpyrodl sHeprueil B3pbIBa. JHEPrusl B3pbIBA B KAXKIOM IUIACTE MOXET OBITh 3a/aHa B
COOTBETCTBUHU C TBEPIOCTBIO MOPOIbI B 3TOM Cjoe. TBEpAOCTh CIIOSI MOPOIbI MOKET OBITH B
mr000M ciydaifHOM mopsiake ¢ rryOuHoi. Takum oOpas3oM, IIacToBasi SHEPTUS B3PbIBA MOXKET
OBITH pacrpenesneHa B JI0OOOM MOPSIKE BHYTPU B3PbIBHOH CKBA)KMHBL. JHEPTHUs B3PbIBA MOXKET
OBITh 3alOJHEHA B TMOPSAKE, KOTOPBIA IBITAETCSI TPUBECTH T'€OJIOTMYECKHE CBOICTBAa B
COOTBETCTBUU C COCEIHHUM B3PBIBUATBIM HU3JEIHEM C 3HEPruel B3pbIBA, COOTBETCTBYIOLIEH
re0JIOTMYECKUM CBOMCTBAM.

[0089] ®ur.9B unnrocTpupyeT OTHOCHUTEIbHOE paclipesiefieHle SHEpruu B3pblBa BAOJb
B3pbIBHOH ckBakuHBI 910 ¢ rucrorpammoii E mo obe cTopoHs! OT B3pbIBHOH CKBaXKUHBI 910.
Hecmotps Ha TO, 4TO B3pBIBYUATOE H3Aenne O] MPOUIIFOCTPUPOBAHO C YETBIPbMsl Pa3IMYHBIMU
MOAABAEMBIMHU IUIOTHOCTSIMH, OTHOCUTEJIBHOE pacIpenesieHue 3HEPruu B3PbIBA B HEKOTOPBIX
BAPUAHTAX OCYIIECTBJICHUS M300PETEHUS MOJKET MOCTEIIEHHO HM3MEHSAThCS OT BEpXHEH 4YacTH
B3PBIBYATOrO U3fenus 61 K HUXKHEHW 4acTH B3PBIBUATOrO H3aenus 61. B HEKOTOpBIX BapHaHTax
OCYLIECTBJICHUs] PaCHpeeeHUe SHEPTUM B3PbIBA BHYTPHU KaXAOTO IUIACTa MOXKET OCTaBaThCs
MOCTOSIHHBIM WJIM MOYTH MOCTOSIHHBIM, M KaXKABIM IUIACT MOKET BKJIKOYAaTb 3HEPTUI0 B3PbIBA,
BbIOPAHHYIO HA OCHOBE I'€0JIOTMYECKHX CBOWCTB BHYTPH 3TOTO IJIacTa.

[0090] Cucrema mopenupoBanus FDM MokeT HMCTOB30BaTh B3PBIBHOE HACJIOCHHE B
Ka4eCTBE BXOAHBIX AAHHBIX AJIsI MOATOTOBKU MOAENEN TPEeIMHOBATOCTU. B3pBpIBHOE HaclOoeHHe
MOJKET MPEACTABIATh COOOH HACIOEHHE TNIOTHOCTEH 3MYJIbCHH HJIM HACJIOCHHE SHEPTUH B3PbIBA
B3pbIBYaTOro u3nenus (Hanpumep, ANFO).

[0091] B HEekoTOpPBIX BapHaHTaX OCYLISCTBJICHHS N300PETEHUS] CUCTEMA MOISTUPOBAHUS
FDM wMoxeT HCHONb30BaTh KAaK B3PBIBHOE HACJIOCHHE, TaK W TE€OJOTHYECKHE CJOW IpHU
MOATOTOBKE MOJENEN TPELUHOBATOCTU. B HEKOTOPBIX MOAENAX TIeOJOTMYECKUE CIOU U CIIOU
SHEPruM B3pbIBA MOTYT COBNAJNATh. B APYyrux MOAENsAX Ie0JOrH4ecKHe CJIOW U CJIOU SHEpruu

B3pbIBa HE COBIIAAAIOT.
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[0092] ®@ur.10 wmmoctpupyer cumysinuo  mozenun 1000  maxTHOro 3abost ¢
ucnoysb3oBanneM FDM. Kak mnoka3aHo B NPOWUIIOCTPUPOBAHHOM MpPUMEPE, CHUCTEMA
MOJIETUPOBAHUS MOXKET CUMYJIUPOBAThH YIJIOBbIE B3PbIBHbIE CKBAXKUHBI C PA3JIMYHBIMU JJIMHAMU
3apsina ¢ ucnonb3oBanneM FDM. Kak MoxHO BUzeTh, (pU3NIecKre mapaMeTphl, TAKHE KaK JUTMHA
3apsiaa, 3a00HKa 1 HHTEPBAJ, MOTYT U3MEHSTHCS B PA3HBIX MOJ30HAX MOJCIIH.

[0093] na ompeneneHust pasMepa (pparMeHTalM M WHTEHCUBHOCTH (parMeHTaLlUuH
CHUCTEMa MOJIEIUPOBAHNS MOKET F€HEPUPOBATh MAPAMETPHI B3PbIBA TyTEM CUUTHIBAHUS BEPXHEU
Y HIDKHEHW KOOPAMHAT 3apsiia U BBIUUCIEHUS IPYTUX NapaMeTpOB C HUCMOJIb30BAHUEM YPABHEHUM
BEKTOPHOIO pPAcCTOSIHUS, Kak OIIMCAaHO CO CChUIKOH Ha ¢ur.4. 3aTeM HHTEHCHBHOCTH
TPELINHOBATOCTH MOXKET ObITh PACCYMTAHA, KaK 3/1€Ch OIUCAHO.

[0094] @ur.10 Taxke wunocTpupyer rpaduk 1002 pacmpeneneHuss pa3MepoB
¢parmeHTOB. PAIOM ¢ B3pBIBHBIMU CKB&)KWHAMH B3PBIB IPOHM3BOAUT OYEHb MAJIOPa3MEpHBIE
gactuipl nopoabl. I'papux 1002 pacnpenenenuss pasmMepoB (PparMEHTOB MOKa3bIBAET
(parMeHTalMI0 B pPAa3UYHBIX MOA30HaX Moxenu. bonee KpymHblE YacTHIBI MOTYT OBITh
nokaszansl ¢ rpagueHtoM. ['papuk 1002 pacnpeneneHus pasMepoB (pparMeHTOB MOXKET ObITh
UCTIOJIB30BaH Ul TIPOBEPKH MOJENH M Al NoOaBiIeHus1 OOJbIIeH TOYHOCTU UL ABYMEPHOTO
rpaduka pacrpeneseHus YacTUIl TI0 pa3Mepy.

[0095] @ur.11 wummocTpupyer OJOK-cxeMy crocoda MPOTHO3UPOBAHUS — pa3Mepa
¢parMeHTalIUN TIOPOABI B pe3yjbTaTe B3pbiBa. B crcreMe MOIENMpPOBaHUS C HUCIOJIB30BAHUEM
cniocoda 1100 Gymer nCnoap30BaThCs MOZIETh YYacTKa B3pbIBa. MOAENb Y4acTKa B3PBIBA MOJKET
BKJIIOUaTb JaHHbIE B3PBIBHON CKBAXMHBI W JaHHbIe ydacTka B3pbiBa. JlaHHBIE B3PHIBHOM
CKBRXMHBI MOTYT BKJIOUaTh B ceOs MapaMeTpsl B3PbIBHOH CKBAKHHBI, TAKWE KaK HWHTEPBA
MEKIY B3PBIBHBIM CKBOKHHAMH, Harpy3Ka B3PbIBHOHM CKBa)KHHBI, IITyOWHA B3PBIBHOW CKBAXKHHBI,
JUaMeTp B3PbIBHOM CKBA)XMHBI, PACIOJIOKEHHE B3PBIBHBIX CKBAXKHH, KOJHYECTBO B3PBIBHBIX
CKBaXWH, HHpopMaimioo o 3aboiike, B3PBIBHBIE CBOHCTBA, YIrOJ B3PbIBHOH CKBaXKHHBI,
MIOJIOXKEHNE B3PbIBHOH CKBAXKHHBI, CMEIIEHUS PsIOB, CpabOTKa, Harpy3ka IMEpeaHero psina,
BEPXHHE KOOPAMHATHI B3PbIBHON CKBAXXMHbI, HUXXHUE KOOPAMHATBHI B3PbIBHOM CKBa’KUHBI,
uHpopmauuss nonaOypuBaHWS M 3arpy3ouHas uHpopMmanus. B HEKOTOpPEIX BapHaHTax
ocymectBieHust croco® 1100 MokeT BKIIIOYATh BBIOOP THUIA HCIOJIB3YEMOTO B3PBIBYATOTO
BEIIIECTBA, BEIOOD AJTMHBI 3apsia 1 pa3MelleHue 3apsiia BO MHOKECTBE B3PbIBHBIX CKBAXKHH.

[0096] [lanHble yuacTKa B3pbIBA MOTYT BKJIOYaTh WHPOpPMAIMIO O IJlacTe U
re0JIOTHYEeCKHe CBOWCTBA ydYacTKa B3pbiBa. Heorpanmuuparomuye npumepbl HHPOPMALUUA O
IUTACTE BKJIIOYAIOT B ce0sl yroJ MOBEPXHOCTH, BBICOTY IJIACTa, YroJl HAKJIOHA TUIACTA, YIoJ
HAKJIOHA IaXThl, pPAaCIMOJIOKEHHEe CBOOOJHOH TMOBEPXHOCTH M Yroj IYCTOW TOPOABI.

HeOFpaHI/ILII/IBaI-OH_[I/Ie MPUMEPHI I'€¢OJIOTHYCCKHUX CBOMCTB BKJIIOYAKOT MHHEPATIOT U0
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(37eMEHTapHYI0 W/WIM MUHEPAIbHYIO), IMTOJOTHYECKYIO CTPYKTYpPY (MEPBHUUHYIO, BTOPHYHYIO,
W/WIN  TEKCTYpbl), MOPHUCTOCTb, TBEPAOCTb, 3aTyxaHue, Monayib FOHra, MOZAynb CHBWra,
HACBITHOH MOZYJIb yIIpyrocty, koadgduuuent Ilyaccona, CKOpOCTh MPOOIBHBIX BOJIH, CKOPOCTh
S-BOJIH, MJIOTHOCTh MOPOJBI, TUIl MOPOJBI, MPOYHOCTH MOPOJABI, YCIOBHUS MOPOABI, OMHCAaHUE
MOPOJBIL, COCTOSIHHE OTPBbIBA, YrOJl OTPbIBA, OPHUEHTALUsl OTPbIBA, CTAHAAPTHOE OTKIOHEHHUE
WHTEpBajla MEXAYy OTPBbIBAMHU, CLEIUICHHE, WHTEPBAI MEXJIy BEPTUKAIBHBIMH OTPBIBAMU,
UHTEPBAJ MEXy TOPU30HTAJIBHBIMHA OTPbIBAMHU, HEOIPaHHUEHHAsI MPOYHOCTh Ha cxkartue (UCS),
3BYKOBasl CKOPOCTb, CTAHIAPTHOE OTKJIOHEHHE OypeHHUs1, yaapHasi CKOPOCTb, TPELUIMHOCTONKOCTD
MOPOJIbI, OTpPaXkaTeIbHAsl CIIOCOOHOCTH MOPOJBI, MPOYHOCTH MOPOIBl HA PACTSDKEHHUE, YIod
BHYTPEHHEro TpeHus, nannble [ toronnora (Hanpumep, Up min, Up max, Us min., Us max), u
HanpsbkeHuss TpyHTa (ol, 62, o3, opuweHrtamms Hanpsbkenus, DIP, HakioH u portauus).
«TekcTypa» OTHOCHTCS K pa3Mepy, GopMe U PacHOIOKEHUIO B3aUMOCBSI3aHHBIX MHUHEPAJIbHBIX
KPHUCTAJUIOB, KOTOpbIe O0pa3yroT MOpONy WM APYroi marepuai. I eojorudeckne cBOICTBa
MOTYT OBbITh NCIIOJIb30BAHBI TSI OTIPEACIICHUS JOTIOTHUTEIBHBIX T'€0JIOTHIECKUX XaPaKTEePUCTHK,
TAKUX KaK HCTHPAEMOCTb U pa3apoOIeHHOCTD.

[0097] CucTeMa MO#ENTUPOBAHUS MOKET CErMEHTHpPOBaTh MoAenb 1102 yuacTka B3pbIBa
Ha MHoxecTBO ojemMeHToB OBBEMA. Cucrema MonenupoBaHUs MOKET OTCJIEXKHUBATh
WHTEHCHUBHOCTH TPEIINHOBATOCTH B KAJKAOM 3JIEMEHTE 00beMa Ha NMPOTSDKEHUH CUMYJIHPYEMOTO
B3pbIBA. Hanpumep, cucrema MOAeNMPOBAaHUs MOKET onpeaenars 1104 panee cymecTsoBaBLINE
TPELIMHBl OTPBIBA BO MHOXECTBE 3JIEMEHTOB oObema. CHcTeMa MOAETHUPOBAHUS MOXKET
cuMynnpoBath 1106 B3pBIBBEI U3 KaXXAOW U3 MHOXKECTBA B3PBIBHBIX CKBAXKUH M onpenenars 1108
TPELIUHBI OT B3PHIBOB (B3PbIBHBIE TPEIINHBI) BO MHOJKECTBE 3JIEMEHTOB 00beMa. B3pbIBBI MOTYT
OBITH OIHOBPEMEHHBIMHU WJIM TIOCJIEAOBATENbHBIMU. JIJI MOCIEAOBATENbHBIX, MOCIE KaKIOTO
B3PBIBA, CUCTEMa MOJAEIHUPOBAHUS MOKET PErMCTPUPOBATb MHTEHCHUBHOCTb TPELIUHOBATOCTH,
CO3JIJaHHOH B3PBIBOM.

[0098] B HekOoTOpbIX BapHaHTAax OCYLIECTBJIEHUS CHUCTEMAa MOJEIUPOBAHUS MOXKET
cumynupoBathk 1110 oTpaskeHue yaapHOI BOJHBI HA CBOOOIHON MOBEPXHOCTH MOJIEIH MyTEeM
CUMYJSILIMK B3PbIBOB HAa MHOXECTBE NPHU3PAYHBIX CKBAXHH 3a TpenejaMu CBOOOIHOM
MOBEPXHOCTU JUIA OMNpEHENICHHs] OTPAKAIOIIMX TPELUIMH BO MHOXECTBE 3JEMEHTOB O0BbeMa.
Cucrema MonenupoBaHus MOXeT 0ObeUHATh 1112 paHee CylecTBOBABIINE TPEIIUHBI OTPHIBA,
B3PBIBHbIE TPELIMHBI M OTPAKAIOIIME TPEIIMHBI Ul OMNpeneseHus: oOmed HHTEHCHBHOCTH
TPELIMHOBATOCTH BO MHOXKECTBE »JJIeMEHTOB oOObema. CHcTeMa MOAETHPOBAHHUA MOXKET
npeoOpa3oBbIBaTh OOIYI0 HHTEHCHBHOCTD TPEIIMHOBATOCTH, CBSI3AHHYIO C KKIBIM 3JIEMEHTOM

obbemMa, Ui OmpeneNeHuss pasMmepa (¢parMeHTaUMH i KaXKIOro JJeMeHTa o0bemMa u
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obecreunBath 1114 mporHo3upyemoe pacrnpeneieHrne pasmepa (pparMeHTaluy JUisi MOJEIH Ha
OCHOBE 001I1e# HHTEHCHBHOCTH TPEIIUMHOBATOCTH BO MHOXKECTBE 3JIEMEHTOB OOBbeMa.

[0099] B HEKOTOpBIX BapHaHTaX CHCTEMA MOJACIHUPOBAHUS MOXKET UCIOJb30BATh
IMHAMUYECKYI0 CBOOOAHYIO MOBEPXHOCTb. CHCTEMa MOAENUPOBAHHUS MOXKET MepeMeIaTh
IMHAMUYECKYI0 CBOOOIHYIO MOBEPXHOCTh IMOCHE TOTO, Kak B3opBaH psa. Hampumep, cucrema
MOJKET TMepeMelaTb CBOOOIHYIO TOBEPXHOCTb IIOCJIE B3PbIBA IMEPBOTO psfa B IOJIOKEHHUE
1o3agu MEepBOro psiza Uit ydera cpaboTku. B HEKOTOpbIX BapuaHTaxX OCYLIECTBICHHS
n300peTeHust CBOOOHAs MOBEPXHOCTh MOXKET MEPEMEINaThCsl 3a MEPBBIH psii HA OOHY TPETh
Harpy3ku. HoBoe MecTomnososkeHne TuHaMU4IeCKOH CBOOOTHOHN MTOBEPXHOCTH 3aTE€M MOXKET OBITh
UCTIOJIB30BAHO ISl B3pbIBA ClEAyrOIiero psina. JIBmkymascs cBoOOAHAS MOBEPXHOCTb MOXKET
MIPUBECTH K Pa3HHUIIE B pa3MeLIeHUH NMPU3pauHbIX CKBaXKUH. HampumMep, B HEKOTOPBIX BapUaHTax
OCYILIECTBIIEHUs] W300pPETeHUs] TpHU3PAYHble CKBAXHHBI PACIIOJNIOKEHBI HA PACCTOSIHUM OT
cBOOOTHON MOBEPXHOCTH, PABHOM PACCTOSIHUIO MEKAY B3PBIBHBIMH CKBAKUHAMHU M CBOOOIHOM
NOBEPXHOCThIO. TakuMm o00pa3oMm, mNpu3payHble CKBAKUHBI MOYKHO CUHUTATh 3€pPKaJbHBIMU
B3PBIBHBIMH CKBR)KMHAMH, TI€ B3PBIBHBIC CKBAKMHBI HAXOISTCSA Ha TIEPBOH CTOPOHE CBOOOIHOM
MOBEPXHOCTH, a TNpPHU3pPAYHble CKBAKWHBI HAXONATCS HA BTOPOW CTOpOHE CBOOOIHOM
MOBEPXHOCTH.

[0100] Crioco6 1100 MoskeT ObITh UCTIONB30BAH IO OYPEHHUs B3PBIBHBIX CKBAXKUH, TOCIIE
OypeHust B3pbIBHBIX CKBAKWUH WJIM MOCIIE TOTO, Kak mpousomen B3pbB. Hanpumep, cioco6 1100
MO3KeT OBbITh MCTIIOJB30BAH AJIS TUTAHUPOBAHMS B3PbIBA, KOTOPBIH ele He ObLI BBIMOJHEH, W OH
MOJKET OBITh HMCIIOJIb30BAaH Ui OLIEHKH pa3MepoB (pparMEeHTAllMH B3pbIBA, KOTOPBIA yKe ObLI
BBINIOJIHEH. Hampumep, mocie 3aBepLIeHHs] B3pbIBa, HO IO TOTO, Kak OOOpyIOBaHHE HAyaso
yAaJIATh Tpsi3b, CUCTEMA MOXKET 3allyCTUTh CUMYJISILIMIO HA OCHOBE CBEIEHUN O TOM, Kak Ha
CaMOM JeJie TMPOU30INeT B3pbIB. TakuM 0Opa3oM, OTBEPCTHs, KOTOpPbIE OBLIM Mepe3apsKeHbl,
HENo3apsUKeHbl, He JETOHHPOBAIM NOJUKHBIM 00pa3oM, YaCTHYHO 3aIrlOJIHEHBI BOJOM W T. 1.,
MOTYT OBITh BBEIEHBI B CUMYJISILIMIO, U WHXKEHEP IIaXThl MOJYYHT OOHOBJIEHHBIN MTPOTHO3 TOTO,
Kakas (parMeHTauus Oblla BbI3BaHA B3PHIBOM. B HEKOTOpBIX BapUaHTAaX OCYLIECTBICHHS
n300peTeHNs] CUCTeMa MOJKET TaKXKe IMPENCKa3bIBaTh BBIOPOC OT B3pbIBA M IPENCKA3bIBATH
obyactu pazmepa gparMeHTalK B OTOUTOH mopoae. B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHS
n300peTeHNs MpencKka3aHue pasMepa OTOMTOH MOPOIbl M OCKOJKOB MOKET OBITh UCIIOJIB30BAHO
I pacdeTa CTOMMOCTM M BpPEMEHHU YJajeHMsi MaTepuaja C B3PbIBHOIO y4dacTKa, a TaKxke
BPEMEHU U 3aTPaT, CBSA3AHHBIX C U3MENIbYEHUEM PY/IbL.

[0101] ®wur.12 npencrasisier codoit Onok-cxemy cucremsl 1200 monenuposanust FDM B
COOTBETCTBUM C OJHMM BapuUaHTOM ocyiiecTBieHuss m3o0perenms. Cucrema 1200

MOACIIUPOBAHUA FDM MO3KeT BBITOJIHSATH CIIOCOOBI M UCIIOJIb30BATh TCXHOJIOTUH, OITUCAHHBIC CO
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CCBhUTKOH Ha npyrue purypsl B Matepuanax 3assku. Cucrema 1200 monenuposanust FDM moxket
BKJIFOUATh B ceds mamaATh 1203, onun unm 6onee mpoueccopos 1204, cereBoii untepdeiic 1206,
unTepdeiic 1208 BBoga/BRIBOAA U CHCTEMHYIO IHHY 1209,

[0102] Onuu umm Gonee mpoueccopoB 1204 Moryt Bkmo4YaTh B ceds OMHO WUH OoJiee
yCTPOWCTB oOmero HasHadeHus, Takux kak Intel®, AMD® wnu apyrod craHmapTHBINA
mukpornporeccop. Onun win 6ojee mpoueccopoB 1204 MoryT BKJIOYAaTh B cebs yCTPOICTBO
obpaboTku crienuaipHOoro HasHaueHus, Takoe kak ASIC, SoC, SiP, FPGA, PAL, PLA, FPLA,
PLD wunm npyroe HacTpamBaemMoe WM MporpaMMupyeMoe ycTpoiictBo. OmuH win 0Oojee
npoueccopoB 1204 MOryT BBINOJHSTH pacHpedesieHHYI0 (HampuMmep, mapajuieIbHYIO)
00paboTKy, 4YTOOBI BBINOJHATH MJIM HMHBIM OOpa3OM pealn30BBIBATH (PYHKIMOHAJbHbIE
BO3MOJKHOCTH PAaCKPBITBIX 37I€Ch BapHUAHTOB OCYINECTBJICHUS n3zobpereHus. OxuH mnm Oosee
npoueccopoB 1204 moryt 3amyckaTb CTAHIAPTHYIO OMNEPALMOHHYK) CUCTEMY W BBINOJHATH
CTaHIAapTHBIE (PYHKLUHU ONMEPALUOHHON CUCTEMBbI. [IpenycMOTpPEeHO, YTO MOTYT HCIIOJIb30BATHCS
mro0ble CTaHAAPTHBIE ONEPALIOHHBIE CUCTEMBI, TAKHE KaK, HAIPUMEp, OMEPALMOHHBIE CHCTEMBI
Microsoft® Windows®, Apple® MacOS®, Disk Operating System (DOS), UNIX, IRJX,
Solaris, SunOS, FreeBSD, Linux®, ffiM ® OS/2® u Tak nanee.

[0103] ITamsite 1203 MoskeT BKMOUaTh B cebst cTarmueckyro RAM, NHHAMUYECKYIO
RAM, ¢umsm-namsats, oqun win 6ojee Tpurrepo, ROM, CD-ROM, nuck, JeHTy, MarHUTHBIH,
ONTUYECKUN WJIH JPYrod KOMIBIOTEPHBIN HOCUTENb AaHHbIX. [TlamaTe 1203 MoxkeT BKIHOUYATH B
ce0sl MHOXKECTBO NPOrpaMMHBIX Monyieil 1210 u mporpammHubix aanHbix 1220. ITamsate 1203
MO3KeT OBITh JIOKabHOU yisi cuctembl 1200 momenupoBanus FDM, kak moka3aHO, WM MOXKET
OBITh pacnpeneNeHHON W/WIH yIaJeHHOW OTHOCUTENbHO cucTeMbl 1200 monenuposanust FDM.

[0104] [ManHble, creHepupOBaHHbIE WM UCHOJb3yeMble cucTeMoi 1200 MonenupoBaHus
FDM, nanpumep, nporpaMMHbIMU MOAYJIsiMU 1210 unu ApyrumMu MOAYyJISIMH, MOTYT XPaHHUTbCS
B namsATu 1203, HanpuMep, Kak COXpaHEHHbIE NporpaMmuble nannble 1220 [lanneie 1220 moryt
OBITH OPraHU30BAHBI KaK OJHA WK OoJiee 6a3 TaHHBIX.

[0105] Hannbie 1220 MoOryT BKIIFOUATh B CeOs1 JAHHBIE MOJIENN B3PHIBHOTO yyacTKa 1222,
UHTEHCUBHOCTH 1224 TpeImnuHOBATOCTH M KOHTAakT, pasmep 1226 ¢parmenra. [lannbie 1222
MOJIENIM y4acTKa B3pbIBA MOTYT BBOIHUTBCA TIOJb3OBaTeneM dYepe3 wuHTepderic 1208
BBO/IA/BBIBOJIA WJIM TPUHUMATHCS M3 APYTHMX HCTOYHUKOB, TAaKMX Kak OypHIIbHAas MalllHA C
UCIIOJIb30BAHUEM MCKYCCTBEHHOTO HWHTEJUIEKTA W KOMIIBIOTEPHAsl CUCTEMa NPOEKTUPOBAHMS
B3pbIBa. B HEKOTOPBIX BapHaHTaxX OCYIIECTBJICHUS M300peTeHus JaHHble 1222 Monmenu ydacTka
B3pbIBA MOTYT BKIIOYaTh B ce0s JaHHBbIE B3PHIBHOH CKBAXXHHBI, HH(POPMALMIO I1acTa,
UHPOPMALMIO O B3PBIBYATOM BELIECTBE, MH(POPMAIMIO O €CTECTBEHHOM OTPBIBE M BXOJHBIC

JaHHBbIE IeOJIOTMH. B HEKOTOpBIX BapuaHTax ocyuiecTsieHus cuctema 1200 monenupoBanus
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FDM wmoxer ObIThb coequHEHa C OypHIBHOH MAIIMHON C HMCIIOJIb30BAHHEM HCKYCCTBEHHOTO
WHTEJUIEKTa, COAepXKalleld AAaTYMKU Ui TOJYYEHMs] CBOHCTB MOPOABI AN MOCIEAYHOLIEro
MOJIeTUpoBaHus (parmeHTaruy. [ eonornueckue cBOMCTBa OOBEMHBIX 3JEMEHTOB MOTYT OBbIThH
OCHOBaHBI Ha JAHHBIX OYPHJIbHON MAIIWHBI C HCIIOJBb30BAHUEM HCKYCCTBEHHOTO HHTEJUIEKTA.
I'eonoruueckre CBOMCTBAa MOTYT BJIMATD HA TO, KaK (PparMEeHTHPYETCs KAKABIH 3JIEMEHT 00beMa.
B HekoTophix BapuwaHTax ocymiecTBiaeHus cucrema 1200 monenmposanust FDM mosker ObITh
CBs3aHA C KOMIIBIOTEPHON CHUCTEMOM NPOEKTUPOBAHMs B3pPbIBA AJII CO3JAHUS PACIOJIOKEHUs
3apSA0B ST MOCHENYIOIEro MOAENUpPOBaHUS (parMeHTauud. B HEKOTOpBIX BapHaHTax
ocyuiectsieHus cucrema 1200 monenuposanust FDM MOKeT CUUTBIBATH B3PBIBHBIE CBOMCTBA U3
KOKJIOH CKBAXXUHBI C HCIOJIB30BAHMEM JAaHHBIX aHANIN3a OTAENbHBIX B3PBIBHBIX CKBAXKUH.
Hnrencusnoctu 1224 TpeIMHOBATOCTH MOTYT BKJIKOYAaTh TPEIMHBI [JIs1 KA XKAOTO U3 MHOXKECTBA
3JIEMEHTOB O0beMa MOJENH y4acTKa B3pbIBA. B HEKOTOPbIX BapHaHTaX OCYIIECTBJICHUS
n300peTeHNs] MHTEHCHBHOCTH 1224 TpemMHOBATOCTH XPAHATCS B TPyNNax s KaKIOTo
seMeHTa 00beMa, MPHUYEM KaxKaas TpyIIa COACPIKUT €CTECTBEHHYIO HMHTEHCHBHOCTH OTPBIBA,
MHTEHCUBHOCTb TPELIMHOBATOCTH OT KAXKAOTO CUMYJIHUPOBAHHOIO B3PbIBA B3PBIBHOMN CKBAXKHUHBI
U UHTEHCUBHOCTb TPELUIMHOBATOCTH OT OTPAXKEHHBIX VAAPHBIX BOJH OT KaXAOro
CHUMYJINPOBAHHOTO B3pbIBa B3pPbIBHON CKBakWHBI JlaHHBIE pasmepa ¢parmenta 1226 moryt
3aMChIBATh pa3Mep (parMeHTa, CBA3AHHBIA C KaKIObIM 3JIEMEHTOM O00beMa, Ha OCHOBE
WHTEHCUBHOCTEN 1224 TpemmnHOBATOCTH.

[0106] ITporpammuble Moaynu 1210 moryt BKiIouaTh B ceOst BCE WJIM YacTH APYTHX
sneMeHTOB cucrtembl 1200 mopenuposanuss FDM. Ilporpammueie monynu 1210 moryt
BBIMIOJIHATE MHOKECTBO ONEpalyii OAHOBPEMEHHO WM MApaJIeNbHO MOCPEACTBOM WX HA
onHOM miH Oojee mporeccopax 1204. B HEKOTOpBIX BapuaHTaX OCYIIECTBJICHUS M300peTEeHUs,
YaCTH PACKPBITBIX MOAYJIEH, KOMIOHEHTOB W/WJIN CPEACTB PEAIM30BAHBI B BU/E HCIIOJTHIEMBIX
WHCTPYKLUH, pEeaJu30BaHHBIX B aMMapaTHbIX CPEACTBAX WJIH BCTPOCHHOM MPOrPAMMHOM
ofecrieueHnH, WJIN XPAaHATCS HAa SHEPrOHE3aBUCUMOM MAIIWHOYUTAEMOM HOCHTENE IaHHBIX.
HcnonHsemple MHCTPYKLIMM MOTYT COJEPKaTb KOMIIBIOTEPHBINA MPOrPAMMHBIA KOA, KOTOPBIN
IPU  BBINOJHEHHMH TPOIECCOPOM  HW/HIIM  BBIYUCIHUTENBHBIM  YCTPOHCTBOM  moOyKOaeT
BBIUHCJIUTENIbHYIO CHCTEMY pPEaIn30BbIBATh ONpEAENeHHbIE 3Tanbl OO0pa0OTKH, NPOLEAypHI
W/WIM OTiepanny, KaK 3/1eCh OMUCAHO. PacKpbITHI 37€Ch MOAYJIHM, KOMIIOHEHTHI W/WJIH CPENCTBA
MOTYT OBITh OCYIIECTBJIEHBI W/WJIM peaju30BaHbI B BUAE ApaiiBepa, Oubnmoreku, unrepdeiica,
API, nannbix koH¢urypanuu FPGA, BCTpOeHHOro mporpaMMHOro obecriedueHus: (Hampumep,
coxpanenHoro B EEPROM) w/unu Tomy nogoOHoro. B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHS
n300peTEeHNs] YaCTH PACKPBITHIX 37€Ch MOAYJIEH, KOMIIOHEHTOB W/WUJIM CPEACTB, PEaM30BaHBI B

BUAC KOMIIOHEHTOB MalllMHBI, TAKHX KakK O6H_II/Ie u/unu CIICHHUAIN3UPOBAHHBIC YCTpOfICTBa,
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BKJIFOYAsl, HO HE OTPAHMYMBASICh 3TUM. CXEMBbI, HHTETPaJIbHbIE CXEMbI, KOMIIOHEHTBI 00paboTKH,
KOMIIOHEHThl ~ MHTepdelica, anmapaTHelii  KOHTpoyutep(bl), KOHTposuiep(bl)  XpaHEHHs,
nporpammupyemoe anmapatioe obecneuenue, I[IJIMC, ASIC w/wmmu Tomy mnomoGHOe.
CoOOTBETCTBEHHO, PacKpbITble 37€Ch MOIYJIM MOTYT Ha3blBaTbCs KOHTPOJUIEPAMM, YPOBHSIMH,
cy’)k0aMu, IBUTATENSIMH, CPEACTBAMH, [paiBEepaMH, CXEMaMH, MOJCHCTEMaMH H/HIH TOMY
NOJIOOHBIM.

[0107] Moaynu 1210 moryT conepxaTh cumyisarop 1212 tpemuH, xaiabkyastop 1214
KOMOMHAIMK TpeIuHbl U npeobpasosarens 1216 pasmepa ¢parmentaumu. Cumymnsrop 1212
TPELUIUHOBATOCTH MOXKET CHUMYJUPOBATb B3PBIBBI M3 KAXKAOH B3PBIBHOM CKBAXKHMHBI U
OTpaX€HHbIE yJapHbIE BOJHBI M3 MHOXKECTBA CBSI3aHHBIX NPU3PAUHBbIX CKBaXUH. CUMYyJISTOp
TPELUIUHOBATOCTH MOKET TAaKXe OTCIEKMBATb WHTEHCUBHOCTU 1224 TpemMHOBATOCTH IO
CHUMYJIUPOBAaHHBIM B3pbiBaM. Kanbkynsarop 1214 komOMHAIMKM TpEeIIUH MOXKET KOMOWHHUPOBATH
WHTEHCUBHOCTH TpemuHoBaTocTu. [IpeoOpasoBarens 1216 pasmepa QparmeHTtanuu MOXKeT
npeoOpa3oBbIBaTh OOIIYHD WHTEHCHBHOCTb TPELIMHOBATOCTH KAKIOTO 3JIeMEHTa o0beMa B
pasmep 1226 ¢parmenrta. B HEKOTOPBIX BapHaHTax OCYILIECTBICHHUs M300peTeHust moayian 1210
cucrembl 1200 monenupoBanust FDM MoryT ObITh HCHIOSIB30BAHBI JIs1 BBITIOJHEHHUS AE€TAIBHOTO
aHanmu3a B3pbiBa. JleTanbHbIA aHANW3 B3pbIBA MOXKET BKJIIOYATh B ce0s: AByXMepHbIii PSD
rpaduk, TpexmepHblii PSD, um mnpenckaspiBaTb MECTONOJOXKEHHE OOJBIIMX BalyHOB. B
HEKOTOPBIX BapHaHTAaX OCYMECTBIeHUs wu3o0perennss wmonyan 1210 cucremsr 1200
monenmupoBanusi FDM  moryr ObITb  HCHONB30BAaHBl U1 ONTUMH3ALMHM  IPOEKTa
B3PBIBa/PACTIONIOKEHUS 3apAa0B (HapuMep, Harpy3Ka, HHTepBaJIbHbIE KO3()OULIUEHTHI, THaAMETP
CKBAXXMHBI, SHEPrUsl B3pbIBA W T.J.) IUIA mojydeHHst Tpedyemoro mnpodwins (parMeHTanuu.
Hampumep, cucrema 1200 monenupoBanuss FDM MoOxeT NpUHMMATh BXOAHBIE [aHHBIE,
XapaKTEPU3YIOIINE JKEIaeMbli pa3Mep (pparMeHTauuy, W BBIIOJHATH MHOXECTBO Pa3JIMYHBIX
CUMYJSILUHA € HWCIOJB30BAHHEM MHOXKECTBA MPOEKTOB B3PbIBA, UYTOOBI OMNPEAEITHUTH
OKOHYATEJIbHBII TPOEKT B3pbIBAa (HANpPUMeEp, HATPY3KY MEXIY PpPsANaMH, HHTEPBAIT MEXIY
CKBRXMHAMH, TUAMETP CKBAXKHHBIL, YHEPTHIO B3PbIBA U T. J.), PE3YJIbTATOM KOTOPOTO SIBJISETCS
xKenaeMbli pazmep ¢parmeHTanui. OKOHYATEIBHBIH MPOEKT B3PbIBA MOXKET OBITh BBIBEIEH Ha
rpaduueckuii nomp3osarenbckuii naTepderic (GUI). B HeKOTOpBIX BapuaHTax OCYLIECTBICHHS
n300peTeHust PUHANBHBINA MPOEKT B3pPbIBA MOXKET OBITh MCIOJB30BAH AJISI YIPABICHUS OIHUM
win Oonee 3 OypeHUs B3PbIBHOH CKBaXXHMHBI, 3arpy3KH B3PBIBHOM CKBa)KUHBI H/WUJIH
OnpeneneHus MOCNeI0BaTeIbHOCTH A€TOHALIUN.

[0108] UnTepdeiic 1208  BBoma/BeiBOmAa  MOKET  oOyerdarb  B3aMMOJACHCTBHE
MIOJIB30BATENS C OAHUM WK 0oJiee yCTPONWCTBAMH BBOZA M/MITH OAHUM WIIH OOJiee yCTPOHCTBAMHU

BbIBOJA. Y CTPOHCTBO(2) BBOAA MOKET (MOTYT) BKJIFOUATh B Ce0sl KIIABUATYPY, MBILIb, CEHCOPHBIH
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JKpaH, CBETOBOE IEPO, IUIAHLIET, MUKPO(OH, AATYUK WIN IPYroe amnmaparHoe oOecredeHue ¢
COMYTCTBYIOIIUM  BCTPOEHHBIM NPOTPaMMHBIM  OO€CredeHHeM W/WIM  [POTPaMMHBIM
obecrnieuernneM. Y CTpoiicTBo(a) BBIBOIA MOXKET (MOTYT) BKJIIOUYATh B CeOsl MOHUTOP WJIM IPYTroOi
IVCIIIEH, IPUHTEP, CHHTE3ATOP PEUU I TEKCTa, KOMMYTATOp, CUTHAJIBHYIO JIMHHUIO HITH IPYroe
amnmapaTrHoe o0ecreyeHre ¢ COMyTCTBYIOLUIUM BCTPOCHHBIM MTPOrPAMMHBIM 0OecrieueHueM H/UiTH
NPOTrpaMMHBIM o0ecriedeHreM. Hampumep, B OJHOM BapUaHTE OCYIIECTBICHHUS H300PETEHHS
uHtepdeiic 1208 BBOma/BBIBONA COAEPKHUT IHUCIUIEH JUIA TNPENOCTaBICHUS TIpaduuecKoro
nosp3oBarenbckoro uHTepdetica (GUI), wumrocTpupyomero MNOTEHIUANbHbIE EPUMETPHI
abnmsuuu. Mutepdetic 1208 BBOAa/BRIBOAA MOXKET MNPUHUMATH BXOIHBIE TMOJB30BATEIbCKHE
naHHble 1222, B HEKOTOpPBIX BapHaHTaX OCYLIECTBIEHHUs wu300pereHuss uHrepdeiic 1208
BBO/Ia/BBIBOJIA TIPEACTABISIET COOOH CEHCOPHBIM 3KPaH, W BBOA pa3Mepa NMPHUHUMAETCS uepes
CEHCOPHBIA 3KpaH. B HEKOTOphIX BapmaHTax ocymectBieHus untepgderic 1208 BBoma/BbIBOIA
MOJKET HaKJIabIBATh LIEJIEBbIC IEPUMETPHI aOJISIIINH HA H300pakeHNEe TKaHH.

[0109] CereBoit wuHTepdetic 1206 MokeT COAECHCTBOBATH CBSI3U C  APYTHMH
BBIUHCJIUTENIbHBIMA YCTPOMCTBAMH W/MJIIM CETSIMH W/WIM APYTMMU BBIYHUCIUTENBHBIMA W/UIH
KOMMYHHKAIIHOHHBIMHU CETSMHU. B HEKOTOPBIX BapHaHTaxX OCYIIECTBJICHUS U300PETEHHs CETEBOM
uHTepdeiic 1206 MOKET OCYIIECTBIIATh CBsI3b C ONHUM WM Oosee M3 OypHIBHONW MAIIUHBI C
UCTIOJIb30BAHUEM HCKYCCTBEHHOTO WHTEIUIEKTa, CUCTEMBI MPOEKTHPOBAHUS B3PbIBA U MAIIHHBI
IUIsE TOCTaBKKM B3pbiBUaTOro BermectBa. Cereoli uHTepdeiic 1206 moxeT ObITh obecredeH
OOBIYHBIMH CPENCTBAMH CETEBOrO MOJIKIIOUEHUs, Takoi kak, Hanpumep, Ethernet (IEEE 1102.3),
Token Ring (IEEE 1102.5), Fiber Distributed Datalink Interface (FDDI) nmm Asynchronous
Transfer Mode (ATM). Ilpu sTtom cereBoil mHTepdeiic 1206 MokeT KOHOUIYPUPOBAH IS
MOJICPKKH PA3JIMYHBIX CETEBBIX MPOTOKOJIOB, TAKUX Kak, Hanpumep, MuaTepHeTr-potokon (IP),
IMpotokon ymnpasnenus: nepenaueii (TCP), CereBas ¢aiinosasi cucrema no UDP/TCP, bnox
cepBepHbIX coobmenuii (SMB), O6mas ¢atinosast cucrema HMutepnera (CIFS) Microsoft®,
IIporokonel nepenaun runeprekcra (HTTP), daiinosas cucrema mpsimoro noctyma (DAFS),
IIpotokon mnepemaun daitnos (FTP), IlpoTrokosbl MOANMCKH Ha MyONHKAIUIO B PealbHOM
Bpemenu (RTP), ITpotokonbl B3anmoneicTeust oTKpbITEIX cucteM (OSI), IIpotokon nepemayn
npoctoit moutel (SMTP), Secure Shell (SSH), Secure Socket Layer (SSL) u tak nanee.

[0110] Cucremuas mmHa 1209 MOKeT CONEWCTBOBATH CBSI3U W/WJIM B3aUMOJEUCTBUIO
MEXAY APYTMMH KOMIIOHEHTaMH cucteMsl 1200 mopenuposanuss FDM, Bkirodass OOuUH WIH
6oxee nmpoueccopos 1204, mamsate 1203, unrepdetic 1208 BBoma/BeIBOAA U ceTeBOH HHTEpdeiic

1206.
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I[TPUMEP

[0111] Cnenyromuii mpuMep WIIFOCTPUPYET PacKpbIThle criocoOel. B ceere sToro
PACKPBITHS CHEHATNCTAM B JAHHOH OONacTH TeXHWKH OyAeT MOHSTHO, YTO BapHaLlUU 3THX
NPUMEPOB M APYIHX IPUMEPOB PACKPBITOrO criocoba OyAayT BO3MOXKHBI 0€3 Ype3MEepHOTro
SKCHEPUMEHTUPOBAHUS.

[0112] Ilpumep 1 — Pe3ynbTaThl HCHBITAHUI C HCHOJB30BAHHMEM MAaHHbIX ['OpHOro
ynpasnenus CIIA.

[0113] I'oproe ympasneane CIIA (USBM) mposeno ceputo u3 29 B3pbIBOB Ha
SKCHEPUMEHTANbHOM y4acTke Posnel B YHuBepcurere MucCypu U NpPOBEIO CKPUHUHT
B30PBAaHHBIX MOPOZ, C T€M, YTOOBI MOJY4YHTh rpaduK pacrnpeneieHus pasMepoB (ParMEeHTOB
(Otterness et al., 1991). B3peiBbl uMenu 3 uian 4 B3pbIBHBIX CKBAKUHBI, C 3aepKKoi 1-4 Mc Ha
¢byT Harpy3ku. JlpyruMu mapameTrpaMu NpoekTa ObLIM BBICOTA IJIaCcTa, HArpy3ka, HMHTEPBAJ,
3a00iika W auameTp CKBakKWMHBL. B Tabmuie 1 mokasaH auamna3oH NapaMeTpoB, KOTOPbBIE
ucrnonb3oBaniuck B wucnbitanud USBM  (Bce eamHuIbl ykasaHel B [aoiiMax). Ilmactel,
UCTIOJIb30BAHHBIE JUIsI B3PBIBOB, HAXOMWINCh B MACCHUBHOH JOJIOMHUTOBOHW ¢opmammy, a
UCTIOJIb3YEeMbIe 3apsibl ObUTM M3 aMMHAYHOTO AWHAMHTA IUIOTHOCTHIO 1,12 r/cm’. FDM Gt

CO37aH JUIsl CUMYJIILUU 3TUX 29 B3pbiBOB miacta USBM.

Harpysxka: ot 10 go 30

Hurepran: ot 12,5 no 42

Bricora ntacra; ot 17 mo 89

Huametp ckBaxunsl: oT 0,4375 no 1,0

3aboiika: ot 8 mo 20

Tabmmua 1 J{nana3oH Gu3nUeCKuX napaMeTpoB, HCIOJIb3yeMbIX B HcnbiTaHud USBM 29
(Otterness et. al, 1991)

[0114] Tpexmepnas (3D) cerka ¢ mpumepHo 20 000 TUCKPETHBIMH 3JIEMEHTaMU 00beMa
ObuTa co3aHa JUIst MPeACTaBIIeHHs reoMeTpuu B3pbiBa racta USBM. Vpasuenus 2-5
UCTIOJIb30BAINCH AJIS1 IPOTHO3MPOBAHUS MHTEHCUBHOCTH TPELIMHOBATOCTH HA KAKIOM DJIEMEHTE
oOpema. 3aTeM HHTEHCUBHOCTH TPEILIMHOBATOCTH NPe0OPa30BbIBAIN B SKBUBAJIEHTHBIN pa3smep,
MPUCBOCHHBIA KAXKIOMY 3JIEMEHTY. UHCIIOBBIE 3JIEMEHTBI TUCKPETU3ALMH UCTIOIB30BAINCH IS
oTbopa pa3MepoB U CO3AAHUS KPUBOII pacnpeneneHus pasmepa ¢pparmenTa. s kannbpoBku
ypaBHEHHH 2-5 1 HaxOXKAeHHUs Hawny4imero Hadbopa mapamerpos (K, a, Y, 6) moxer ObITh
BBIUHCJIEHA cpenHeKBaapaTHueckas norpemnaoctb (RMSE) mexny skcniepuMeHTaIbHbIM |

YUCJICHHBIM Ha60paMI/I JaHHBIX. Brino MPOBEACHO HECKOJIBKO ThICAY I/ITepaLII/Iﬁ ONTUMH3AII U,
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9T00BI MUHUMU3HPOBaTh OlOKy RMSE 1, HakoHel, HaliTh My4inuii HAOOp mapaMeTpoB AJis
npencrasieHus 29 B3psiBoB USBM.

[0115] ®@ur.13A wmwumoCTpUpYeT TpeXMepHbIi KOHTypHBIH rpaduk 1302 FDM
WHTEHCHUBHOCTH TPELUIMHOBATOCTH TPEXMEPHOM MOJENN B3PbIBA C MHOXKECTBOM IHCKPETHBIX
sneMeHToB. B wactHoctH, Ha ¢ur.13A mnokasaH TpexMmepHblii KOHTYypHBIH Tpadux FDM
WHTEHCUBHOCTH TPELIMHOBATOCTU yIsi ogHoro u3 29 p3peiBoB USBM. Kak MOXHO BHUAETH,
BOJIM3M B3PBIBHBIX CKBAKMH HAOJIONAETCS OYEHb BBICOKAS HHTEHCHBHOCTh TPELIMH. JTa
BBICOKasl WHTEHCHBHOCTb COOTBETCTBYET OUYEHb HEOOJBLUIOMY pa3Mepy MOpoabl BOIH3H
B3PBIBHBIX CKB)XHMH. Jlamblie OT CKBaXMH WHTEHCHUBHOCTb OCJa0eBaeT M, CJIEIOBATENBHO,
pa3Mepbl NOPOAbI YBEITUUUBAKOTCS.

[0116] @ur.13B ummocTpupyer AByMepHYIO KpuByro 1304 pacnpeneneHus 4acTull IO
pasmepy. [IBymepHas kpusasa 1304 pacnpenesieHUs 4aCcTUL] MO pa3Mepy XOPOILIO COTJacyeTcs ¢
SKCIepUMeHTaNbHbIMU  AaHHbIMH  USBM. Jlns mnonyueHuss nByMmepHoll kpusoil 1304
pacmpeneneHus 4acTHLl MO pa3Mepy CUCTEMa MOAEIHUPOBAHUS HMCHOJIB30Bala UHTEHCUBHOCTH
TPELIMHOBATOCTH M MpeoOpa3oBbIBajia UX B SKBHUBAJICHTHBIH pasMep, HA3HAUYEHHBIH KaxXIOMY
3JaeMeHTy. B cucremMe MOAeaupoBaHMs MCHOJB30BAINUCH YUCIOBBIE 3JIEMEHThI NUCKPETH3ALUU
i oTOOpa pasMepoB U MOCTPOCHUST KPUBOH pacripeneneHus pazMepa ¢pparmenrta. JBymepHast
kpuBasi 1304 pacnpeneneHus: 4acTHIl IO pasMepy WLTIOCTPUPYET MPOIEHT MOPOJ, CIOCOOHBIX
MPOXOAUTH uepe3 (PUIBTPBI Pa3IMNUHBIX PA3MEPOB.

[0117] AeymepHast kpuBasi 1304 pacmpeneneHust 4acTULl IO pa3Mepy BKIIIOYAET B ceds
NPOTHO3UpyeMyr0 KpuByro 1306 pacmpeneneHust mo pasmepy (parMeHTa C HCIOJIb30BAHHUEM
FDM u daxrnueckyro kpuByio 1308 pacnpenenenmns mo pasmepy ¢(pparmenta. Kax moxHO
BUAETh, MpOrHo3upyemass Kkpusas 1306 pacrpeneneHusi pa3mepa (QparmMeHTa XOpoOIIo
cornacyercs ¢ ¢paktuueckoi kpusoit 1308 pacnpenenenus pazmepa ¢pparmenra.

[0118] ®ur.14 wmmocTpupyer BuA B I1aHe cBepxy wmogenu 1400 B3peiBa. B
MPOUJUTIOCTPUPOBAHHOM BapUaHTE OCYLIECTBJICHUS TpexmepHas B3pbiBHas Monenab 1400
COIEPKUT TPU B3PBIBHBIX CKBAXKHMHBI, TIOKa3aHHBIE B BU/E KPyroB (MepBasi B3PbIBHAS CKBAKUHA
1402, Bropas B3pbiBHas ckBaxxmHa 1404 u TpeTbsl B3pbIBHas CkBaxkunHa 1406), 1 MHOXKECTBO
3JIEMEHTOB TIOPOABI, TMOKA3aHHBIX B BHIAE OOKCOB C MyHKTUPHBIMH TPaHULIAMU (HAmpHUMeD,
snemeHT FDM 1408). Kak nokas3aHo, 13 B3pBIBHBIX CKBYKHH BBIXOIAT TPU pa3pbiBa (HarpuMep,
nepBbiii  paspeiB 1410, Bropoit paspeiB 1412 u Tperuit paspeiB  1414). Pa3pbiBel
WUTFOCTPUPYIOTCS  3Ur3arooOpasHbBIMH JIMHUSIMA CO CTPEJIKOW Ha KOHLE, TNPENCTaBJISIOLIEH
HarpaBJIeHHE, B KOTOPOM 00pa3oBajics pa3phiB.

[0119] Bpems siBnsieTcst BaXKHBIM IapaMeTPOM NPOEKTHPOBaHUs B3pbiBa. Bpems mexny

CKBAKMHAMMU B pAAYy U BPEMA MEKAY PAAaMU MOXKET CYLICCTBCHHO MOBJIUATH HAa (I)paFMeHTaLII/II-O
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nopoasl. B obmem cirydae, KOpoTkoe BpeMst 3aAepKKU (OAHOBPEMEHHOE 3aKUTaHKe) HITH OYeHb
JONTOE BpeMs 3a7epP KKH MOXKET MPHUBECTH K IUIOXOH (parMeHTann. Bpems 3amep:kku MOXKeET
OBITh ONTHMAJBHBIM, PE3YJIBTATOM Yero MOKET ObITh Jiyumias (parMeHTauus ajis B3pbiBa. B
FDM cucrema moxxet o0pabatbiBaTh 3pPEKT BpeMEHH 3aePKKH, KaK OIHUCAHO HUXKE.

[0120] Bpemss mnosiBieHus paspblBa OT  Pa3jM4YHbIX B3PBIBHBIX CKBAXHUH Ha
uHTEepecyomeM sieMeHTe (Hampumep, FDM-asnementy 1408) MokeT OBITh BBIYHCIEHO C
UCIIOJIb30BAHMEM ypaBHeHHsT 8. 3aTeM, HCHONb3ysh KOMOWHHPOBAHHOE IPABHIIO, YaCTOTHI
TPEeLUH MOTYT ObITh OOBENWHEHBI B IOCIENOBATENIBHOCTH, B KOTOPOW OHHM TOSBWIMCH HA
UHTEPECYIOIEM 3JIEMEHTe. DTO AaeT Pe3yJIbTUPYIOUIYI0 YaCTOTHOCTb TPEIIUH M JAaHHBIE O
¢dparMeHTaIUU I KOKOOTO MPENCTaBIIIOLIEro HWHTepec osyeMeHTa. B ypaBHenuu 8§,
npeacTaBisieT coOOi Bpemst 3axkuraHusi ckBakuHbl (NH), xoTopoe H3BECTHO NO BpEMEHH

3a7ePKKH CPEIU CKBAKUH B Psly U [0 BPEMEHH 3aePKKH cpenu psanos. to(NH)

PaccTosiHUe OT CKBaXKUHBI 70 LeHTpa 3eMeHTa (BR)

BpemMs (1osiBjieHHe pa3phiBa) = + to(NH)

CkopocTthb pazpriBa (V)

(YPABHEHIIE 8)

[0121] Kak moka3zano Ha ¢ur.14, pa3jgoMbl AOCTHUTAIOT WHTEPECYIOIIEro 3JIEMEHTa U3
B3pbeiBHBIX ckBakuH (NH=1, NH=2 u NH=3), npoxons paccrosuus BR1, BR2 u BR3,
cooTBeTcTBeHHO. CkopocTh pasnoma (MoxkeT ObITh omeHeHa kak 30% CKOpPOCTH 3ByKa B
nopoze.V.) DT nepeMeHHbIe MOTYT HCIIOJIBb30BATHCS ISl pacueTa BPEMEHH MOSBICHUS pa3jioMa
B dJIEMeHTe (C HCIIOJIb30BAHHEM ypaBHEHMs 8), MOCIE HYero CucreMa MOXKeT KOMOWHHpPOBATH
WHTEHCUBHOCTH TPEIIMHOBATOCTH B MOCIEAOBATENBHOCTH, B KOTOPOH OHHU NOSIBUIUCH HA
3JIEMEHTE U3 Pa3HBIX CKBAXKHH.

[0122] B HEKOTOpBIX BapUaHTAaX OCYLIECTBJIEHUS W300PETEHUs] CHCTEMA MOXKET
WU3MEHATh HHTEHCUBHOCTH TPELIMHOBATOCTH HA OCHOBE BPEMEHH 3a1€PKKHU MEKy CKBa)KHUHAMMU.
IIpp »>TOM cHucTeMa MOXET KOMOMHHMPOBaTh HMHTEHCHBHOCTH  TPEIIMHOBATOCTH B
MIOCIIEIOBATEIBHOCTH (KaK OMMCAHO BBIIIE) IS TIONYYEHHs PEe3YIbTUPYIOLINX HHTEHCHBHOCTEH
TpemuHoBaTocTd FDM. Moandukaunn MHTEHCUBHOCTEH TPEIIMHOBATOCTH MOIYT OTPaXkaThb
Ka4eCTBO (pparMEeHTALMM Ha OCHOBE BPEMEHU 3a/iep:Kku. Hanpumep, oueHb KOPOTKas 3a7epiKKa,
BEPOSITHO, MMPUBENET K TUIOXOH (PparMeHTalluy, a ONTUMAJIbHASI 3aJIePKKa, BEPOATHO, IPUBEAET K
Xopotrei (parMeHTaum.

[0123] JIroOble omucaHHBIE 37€Ch CHOCOOBI BKIIIOYAIOT OMWH WM OOJiee STAnoB WU
OEWCTBUH IS OCYLIECTBJIEHHUS] OMHMCAHHOTO criocoba. Jrambl W/WIH AEHCTBUS crocoda MOryT
OBITH B3aMMO3aMEHSIEMBIMH APYT C OPYyroM. JIpyrumu cioBaMH, €CJU JJisl IPaBUIIbHONW PabOThI

BAapHaHTA OCYIIECTBICHUS HM300peTeHHss He TpeOyeTcsi KOHKPETHBIH MOPSAOK STAroOB WIIH
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NEeWCTBUH, MOPSAOK W/MIIM HCIOJb30BAHNE KOHKPETHBIX 3TAIOB W/MIHM NEHCTBUI MOMKET OBITh
Moau(UIUPOBaH.

[0124] XoTst OBIIM NPOWJUTIOCTPUPOBAHBI M ONMHCAHBI KOHKPETHBIE BapHAHTHI
peann3ay CUCTEM U CIIOCOOOB MOJIETMPOBAHUS B3PBIBHBIX ITPOLIECCOB, CIEAYET TOHUMATh, YTO
packpeiToe H300peTeHHe HE OrPaHHMYMBAETCS TOYHOW KOH(QUrypamued W pPacKpbITBIMU
KOMIOHEHTaMu.  PasnuuHbple Moaudukauuy, HW3MEHEHHsT W BapHalliH, OYEBHIHBbIC JUIS
CHEeLHUATNCTOB B JAHHOW OONACTH TEXHHUKH, MMEIOIIHMX MPEUMYIIECTBO NAHHBIX MAaTEPHAJIOB,
MOTYT OBITh CIeNaHbl B KOMIIOHOBKE, SKCIUTyaTallud M AETAJSAX PACKPBITBIX CIOCOOOB U CUCTEM
C MOMOIIBIO HACTOSIIUX MaTEPHUATIOB.

[0125] ITo ymMoOJ9aHHIO TIOPAa3yMEBAETCS, YTO CHELUANTHUCT B JAaHHOW O0OJaCTH TEXHUKHU
MOXET HCHOJb30BaTh MPEALIECTBYIOLIEE OMNUCAHUE [UIsi HCHOJNb30BAHHUS  HACTOSIIIErO
n300peTeHns] B MOJHOM OObeMe. PacKpbITble 31€Ch NMPUMEPHl M BapUAHTHI OCYIIECTBIICHUS
n300peTeHNs] JOJDKHBI TOJKOBATHCS JIMIOb KaK WJUTIOCTPATHBHBIE U TNPUMEPHBIE, a HE Kak
orpaHuuYeHrne oObeMa HACTOSIIET0 W300peTeHus KakuM-mu0o obOpazoM. Creuuanwcram B
TaHHOHN OOJNAcTH TEXHUKU OyZeT OYEeBHIHO, YTO MOTYT OBITh BHECEHBl W3MEHEHHs B JIETalll
BBIIIEONMCAHHBIX BAPHUAHTOB OCYIIECTBJIEHUS H300peTeHus 0e3 OTCTYIUIEHHS OT CYIIHOCTH

n300peTeHust.
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OOPMVIJIA U3OBPETEHHUA

(u3MeHeHHas B OTBET Ha yBeloMIIeHHe dhopMansHOH skcnepTussl ot 01.12.2023)

1. Cnoco6 MozxenpoBaHus B3phIBA, COIEPKAIIHI:

CErMEHTHPOBAHUE MOJIENHM 0 MEHBIIEH Mepe YacTH ydacTka B3phIBAa Ha MHOXECTBO
3JIEMEHTOB 00bEMa, IIPH 3TOM MOJEIh COAEPKUT MHOKECTBO B3PHIBHBIX CKBaXKHH M CBOOOAHYIO
MTOBEPXHOCTB;

OTpeelieHNe paHee CYIIECTBOBABIMMX TPEN[MH OTPhIBA B KaXJOM H3 MHOXECTBa
3JIEMEHTOB 00BEMa;

CUMYIISITHIO B3PHIBOB U3 KaXI0i N3 MHOKECTBA B3PHIBHBIX CKBAXKUH;

ompeJelieHue B3PBIBHBRIX TPEMIMH B KaXAOM W3 MHOXECTBAa DJIEMEHTOB O0beMa OT
B3PHIBOB M3 KaXJI0i U3 MHOXECTBA B3PHIBHBIX CKBAXKUH;

00BeHEHNE paHee CYMECTBOBABIIMX TPEI[UH OTPhIBA W B3PHIBHBIX TPEIIUH JUISA
onpeaeneHus 00meld WHTEHCUBHOCTH TPEIMHOBATOCTH B KaXJIOM U3 MHOXKECTBA JJIEMEHTOB
o0bema; u

onpeeneHre pa3MepoB QparMeHTaluy AJis KaXA0ro U3 MHOXKECTBA JIEMEHTOB 00heMa
Ha OCHOBE 00mIell HHTEHCUBHOCTH TPENMHOBATOCTH.

2. Crmoco6 mo m.1, B KOTOPOM B3PBIBHI SIBIISIFOTCS TOCTEIOBAaTENbHBIMU, U B3PHIBHBIE
TPEMIUHBI U OTPaXKaroIIHe TPEIUHBI OMPEAENISIOTCS MOCIIE KaXKI0T0 B3phIBa.

3. Crioco6 1o 1.1, B KOTOPOM MHOKECTBO B3PBIBHBIX CKBaXXHUH CONEPKUT PAIBI, KOTOPHIE
MOJJIEXAT B3PHIBAHUIO IMOCIEAOBATENRHO, HPU OSTOM CIOCOO JOMOJHUTENHHO COIEPKUT
CO3aHue HOBOW CBOOOHOM MOBEPXHOCTH JJI MOJIENH TTOCIIE B3phIBA KAXKJOTO pAja.

4. Cnoco6 mo 1.3, B KOTOpOM HOBasi CBOOOJHAs MOBEPXHOCTh PaclojoXKeHa Ha OXHOM
TPETH PAcCCTOSHUS HArpy3Kd OT paHee B30PBaHHOTO psja.

5. Cmoco6 no 1.1, B KOTOPOM MOJIENh MPEACTABIILET COO0H MOA3EMHBIN BEHTUIIATOPHBIH
B3phIB, @ MHOXECTBO B3PBIBHBIX CKBRXXHUH PACIIONOXKEHBI O] YTIIOM.

6. Crioco6 1o 1.1, B KOTOPOM IO MEHBIIEH Mepe HEKOTOPhIE U3 MHOXECTBA B3PHIBHBIX
CKBa)XHH PacIOIOXEHBI MO YTIIOM, a MOJIENh ABISIETCS MOJIEIhI0 TOBEPXHOCTHOTO B3PHIBA.

7. Cioco6 1o 1.1, KOTOpHIHA JOTIOTHUTENHHO COJIEPKHUT:

CUMYIISIIUIO OTPaXKEHUS YAApHOW BOJHBI Ha CBOOOAHOW MOBEPXHOCTH MOJENH ITyTEM
CUMYJIIIMA B3PHIBOB HAa MHOXECTBE TMPHU3PAYHbIX CKBaXWH 3a TMpeaenaMu CBOOOIHOI
MOBEPXHOCTH JUISl OMpEAENIEHUs] OTPaXKalolMMX TPEIMUH B KaXJIOM U3 MHOXKECTBA JIEMEHTOB
o0neMa,

npudeM OONIY0 MHTEHCHBHOCTh TPEN[WHOBATOCTH OMNPEJENSIOT Ha OCHOBAaHUU paHee

CYIECTBOBABIINX TPCIIHWH OTPLIBA, B3PBIBHLIX TPCIIIUH U OTPAXXarOMIUuX TPEITUH.
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8. Cmoco6 mo n.7, B KOTOPOM B3pBIBHbIE TPEIMHBI W OTPa)KaloMIUe TPEIIUHbI
OTIPENENAOT C MCIOJNB30BaHHUEM CBOMCTB IOPOABI, B3PBIBHBIX CBOWCTB M PAacCTOSHHUS OT
B3pPBHIBHOM CKBa>KUHBL

9. Cnoco6 mo 1m.7, B KOTOPOM MHOXXECTBO IPU3PAYHBIX CKBa)XXUH PAaCHOJIOXKEHHI Ha
PaBHOM PacCTOSIHUU OT CBOOOAHOI MOBEPXHOCTH B Ka4eCTBE CIIEAYIONIECH B3PHIBHON CKBa)KHHBI,
MIOAJICKAIIEH B3PhIBAHUIO.

10. Cnioco6 no 1.7, B KOTOPOM CHIIY U3 MHOXECTBa NPU3PAYHBIX CKBAXKUH MOJEIHPYIOT
KaK pacTATHBAIONIYI0 BOJHY C IEPBBIM YIJIOM, a CHIY W3 MHOXECTBa B3PBIBHBIX CKBaXXKWH
MOJIENUPYIOT KaK CKUMAIONIYIO BOJHY IO BTOPBIM YTJIOM.

11. Cnoco6 no 1m.7, B KOTOPOM CHMYJIHPOBAaHHBIE B3PHIBBI Ha MHOXXECTBE NMPU3PAUHBIX
CKBXXMH M CHMYJIHMPOBaHHBIE B3pBIBBI Ha MHOXECTBE B3PBHIBHBIX CKBaXXUH IPOUCXOIAT
OJTHOBPEMEHHO.

12. Cnoco6 no m.1, B KOTOpOM OTpefieJieHHe pa3MepoB (pparMeHTaIuu JJIsi MHOXKECTBA
3J1EMEHTOB 00beMa COACPKUT PELICHHUE:

1/06mas ”HTEHCUBHOCTH TPENTMHOBATOCTH.

13. Cnoco6 mo m.l, B KOTOPOM JOMOJNHHUTENHHO CYMMHpPYIOT 00Imee KOIUYECTBO
pa3nMUYHBIX pa3MepoB (parMeHTalUy JUIs MONYYEeHHUS IPOTHO3HPYEMOTO pacupeAcIeHUs
pa3Mepa ¢pparMeHTaIu| I MOACTH.

14. Cnoco6 no 1.1, B KOTOPOM paHee CYIECTBOBABIINE TPEIIUHBLI OTPhIBA BKIIOYAIOT B
cebs eCTeCTBEHHBIE TPEIUHBI, KOTOPBIE SABJISIOTCS T€OJIOTHIECKUM CBOHCTBOM.

15. Cooco6 mo m.1, B KOTOpOM paHee CYIIECTBOBABIIWE TPEIIMHBI OTPBIBA COJEpKAT
pa3nuYHbIe TPEMUHBI Ha Pa3IMYHbIX IIOCKOCTAX BAONb OCH Y MOJAETH.

16. Crioco6 no 1.1, JOMOTHUTENEHO COAEPIKAIIUH:

BHIOOp THIIA HCIIONIE3YEMOT'0 B3PHIBYATOTO BEIIECTRA,;

BHIOOp JUIMHEI 3apsfa; U

HNO3UIIMOHUPOBAHUE 3apsaa BO MHOKECTBE B3PhIBHBIX CKBaXKHH.

17. Crmoco6 mo mn.1, B KOTOPOM B3pBIBHBIE TPEIIUHBI ONPEAEIAIOT IyTEM PEINEHUS

CIICAYHONIUX ypaBHeHI/Iﬁ JJIA KQXXKA0Ir0o U3 MHOMKCCTBaA 3JICMCHTOB oObemMa:

F=K*F1*F2*F3

7, 2 4
Fl= | _2E__
PF*EFE
F2 = % tan~! —ng + tan”! _Xilg's
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bR

BR Y\
F3— | —
Ry
rae Fl, YUCIUTECIbh - HquHOCTB HOpO)II)I, OIIUChIBAacMasAs IIIOTHOCTBHIO SHCPFHI/I

JaedopMaluy, a 3HaMEHATeNb - TOCTYTIHAs SHEPTUs B3PHIBYATHIX BEIECTB;

Ro cooTBeTCTBYET pagiycy CKBaXKUHBI,

R - panuanbHOE OPTOrOHAIBHOE PACCTOSHUE JIEMEHTA OT CKBaKHUHBI;

BR - paccrosHue snemeHTa OT B3pbhiBHOM ckBaxkuHbl (BR oriamuaercs ot R B 30HE
3ab0Kkn);

HMX u XMS - ¢QyHKnum paccTOsHUS, OIECHEHHBIE JUIS Pa3lIMYHON OpHEHTaIUH
B3PBIBHOM CKBa)KHHBI C UCTIOJIh30BAHUEM BEKTOPHBIX YPaBHEHUHN pacCTOSHUSA; U

IoKa3aTenu o, Y U 8 KamuOpyoT ¢ HCIOIB30BaHUEM TECTOBBIX B3PHIBOB ILIACTa.

18. Cnioco6 mo 1.1, B KOTOpOM CBOGOAHYIO MOBEPXHOCTh U3MEHSIOT TaKUM 00pa3oM, 4To
Harpyska MHO>XECTBA B3pPhIBHBIX CKBaXKMH U3MEHSETCS Ha Pa3HBIX BBICOTaX OCH Y MOJIEIH.

19. Cnoco6 no 1.1, B KOTOpOM CpeaHUN MHTEPBAI ¥ CPEIHSAS Harpy3ka He HCIIONIb3YOTCS
JUIS OTIPEJIEICHUS MTHTEHCUBHOCTEH TPEMIMHOBATOCTH.

20. Croco6 no 1.1, B KOTOPOM MHOKECTBO B3PBIBHBIX CKBa)KHH PacCIOaraloT Ha OCHOBE
(haKTUYECKUX JTAaHHBIX ckaHupoBaHus wiu GPS yxe mpoOypeHHOTO yJacTka B3phIBa.

21. Cmoco6 mo mn.1, B KOTOPOM MHOXECTBO B3PBIBHBIX CKBaXMH OCHOBaHO Ha paHee
B30PBaHHOM YYacTKe, M B MOJENb BBOAAT B3PhIBHBIE CKBaXKHHBI, KOTOpBIE OBLIN Mepe3apsKeHBl,
HE03apsKEHbI, He IETOHUPOBAIN JOJDKHBIM 00pa3oM WIM YaCTUYHO 3aII0HEHBI BOJIOM.

22. Cnoco6 no mn.1, B KOTOpOM KaxJas U3 MHOXKECTBAa B3PBIBHBIX CKBAKHUH COJIEPXKUT
B3PHIBHOEC HACIIOCHHE, IPUYEM B3PBHIBHOE HACIOCHHE COJACPXHUT B3pHIBYATOEC H3JAEIHE C
BapbUpYIOIIEHCS SHEprueil B3peIBa B OJHOW WMIM Oolee B3PHIBHBIX CKBaXWH U NPU 3TOM
OTIpEe/IENICHHE B3PHIBHBIX TPEIMH B KaXJOM M3 MHOXXECTBa JJIEMEHTOB 00BEMa OCHOBAaHO Ha

B3pPLIBHOM HACJIOCHHUU.

3aMeHIOIIYH JTHCT
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