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PoncrBenHbIe 3asiBKH

Hacrosimas 3asdBKka HCIOpamInBaeT HPUOPUTET MO TNpeABapUTenbHOM 3asBke Ha mnateHT CIHA Ne
63/109,033, ozarmaBnennoir "FRACTURE DENSITY MODEL SYSTEM, METHODS, AND
APPARATUSES", mogannoi#t 3 HostOps 2020 roma, KoTopas MOJTHOCTHIO BKIIIOYEHA B HACTOSIIHKA JTOKYMEHT
MOCPENICTBOM CCHUIKH.

O0J1acTh TEXHUKH

Hacrosmee n3o0perenue B 11eJIoM OTHOCHTCS K B3PHIBOTEXHHKE. boee KOHKpeTHO, HacTosIee nu3odpere-
HHE OTHOCHTCS K CIOcO0aM, CHCTEMaM M yCTPOMCTBaM UIs IPOTHO3MPOBAHUS pa3Mepa (pparMeHTaIlul TOPHBIX
HIOPOJI OT B3pHIBA.

Kpartkoe onucanne yepre:xei

Jlist nerkol MAeHTH(UKAIMK ONMCAaHUS JTF000r0 KOHKPETHOTO 3JIEMEHTa WM JCHCTBHs, HanOoJee 3Hava-
mast nudpa M nuppel B HOMEPHOM 0003HAYEHHH OTHOCHUTCS K HOMEpY 4YepTeka, B KOTOPOM 3TOT DIIEMEHT
BIEPBBIE OBLT IIPE/ICTABIICH.

®ur. 1A WUIIOCTpUPYET HANPSHKEHUS, TPUIIOKEHHBIE K 3JIEMEHTY MOPOJBI yApHON BOJHOM, UCITyCKaeMOU
13 OypOBOH CKBa)XKWHBI B COOTBETCTBHH C OJJHUM BapHaHTOM OCYIIIECTBICHHUS H300pETCHHUS.

®@ur. 1B unmnroctpupyeT pe3ynbTUPYIOIIUA pagualIbHBIA Pa3pbiB UK TPEIIUHY B 3JIEMEHTE MOPOJIbI B CO-
OTBETCTBHH C OJHUM BapHaHTOM OCYIIIECTBICHHUS H300pETCHNSI.

@Our. 2A WUTIOCTPUPYET TPEXMEPHYIO MOJIENb YaCcTH y4acTKa B3pBIBa B COOTBETCTBUH C OJJHUM BAPHAHTOM
OCYILECTBIICHHUS N300pETEHUS.

@ur. 2B wmocTpupyeT TpexXMepHyI0 MOJIeNb, CETMEHTHPOBAHHYI0 HA MHOXECTBO 3JEMEHTOB 00BeMa B
COOTBETCTBHH C OJTHM BapHUaHTOM OCYILECTBICHHS H300pETEHHUS.

Our. 3A WUTIOCTPUPYET BUJ B IUIAHE CBEPXY TPEXMEPHOIH MOjeNu mepes JI0O0BIMH CHMYJIHPOBAaHHBIMH
B3pBIBAMU B COOTBETCTBUH C OJTHUM BapHaHTOM OCYILECTBICHHS H300PETECHHUS.

®ur. 3B wumrocTpupyeT BUJ B IUIaHE CBEPXY TPEXMEPHOW MOJEIH TOCIEe CUMYJIUPOBAHHBIX B3PHIBOB M3
nepBoOii OypOBOH CKBaXXMHBI M BTOPOIl OypOBO# CKBR)XMHBI B COOTBETCTBHH C OJTHMM BapHaHTOM OCYILECTBICHHS
N300peTeHUS.

@ur. 4 WIITIOCTPUPYET YpaBHEHUS BEKTOPHON MEXaHUKH, KOTOPBIE MOTYT HCIIONB30BATHCS MIPH MOJIEIHPO-
BaHMU TIOTHOCTH TpeuH (FDM) s pacdera GyHKIIUI pacCTOSHUS W JNCTEKTUPOBAHHS TOJIOKEHUH 3apsa
OTHOCHTEIIFHO 3JIEMEHTA ITOPOIBI BO B3PHIBE, B COOTBETCTBHUH C OJJHAM BapHaHTOM OCYIIECTBICHHS H300pPETCHHS.

@®ur. 5 WUTIOCTPUPYET BHU B IIAHE CBEPXY MOJICIN B3phIBA C MPHU3PAYHBIMU CKBKHHAMU UIS OMpezerie-
HUS TPEIIWH W MHTEHCUBHOCTH TPEIIMHOBATOCTH BCIICJCTBHE OTPAKCHHBIX yIApHBIX BOJH B KaXIOM JIEMEHTE
MOJIETIH B3pbIBa B COOTBETCTBHH C OJJHUM BapHaHTOM OCYIIECTBICHUS H300peTeHNSI.

®dur. 6 WIITIOCTPUPYET BHUJ B IJIAHE CBEPXY MOJENHN B3pbIBa C NMPHU3pAYHBIMHM CKBRKMHAMHU W JAWHAMUYE-
CKOH cBOOOTHOI MOBEPXHOCTHIO B COOTBETCTBHH C OJTHMM BapHaHTOM OCYIECTBICHHS H300pETECHHUSI.

@ur. 7A mrocTpUpyeT BU B IUTaHE CBEPXY MOJEIH B3pPhIBa U YIJIB TPEIINH U3 IIEPBOM B3PBIBHON CKBa-
JKMHBI B COOTBETCTBHH C OZJHUM BapHAHTOM OCYIIECTBIICHUS H300pETCHHSI.

®ur. 7B muocTpupyeT BUI B IUTAHE CBEPXY MOJIEIH B3PbIBA U YTIIbI TPELIMH U3 NPU3PAYHON CKBAXKHHBEI,
COOTBETCTBYIOIIEH IEPBOH B3PHIBHOI CKBa)XKWHE, B COOTBETCTBHH C OJHUM BapHAaHTOM OCYIIIECTBICHHUS H300pe-
TEHWUSL.

@ur. § wuTIoCTpUPYET BHU COOKY B3PBIBHON CKBa)KWHBI B COOTBETCTBHH C OJHWM BapHAHTOM OCYILECTB-
JIEHUSI 1300PETECHUS.

@ur. 9A WUTIOCTPUPYET TPEXMEPHYIO MOIETh, KOTOpas BKIIOYAET CBOMCTBA THIIA MOPOJIBI, KOTOPHIE MO-
TYT OBITH WCIIOJIB30BAHbI Il 00Jiee TOYHOTO NMPOTHO3MPOBAHUSI HHTEHCHBHOCTEH TPELIMHOBATOCTH B COOTBET-
CTBHH C OJJHAM BapHaHTOM OCYIIECTBIICHUS H300pETCHHUSI.

®ur. 9B muttocTpupyeT NomnepevHoe CeYeHe BEPTHKAIEHOM B3PhIBHOM CKBaYKMHBI C MHOYKECTBOM IUIACTOB.

@ur. 10 wuTIOCTPUPYET CUMYJISIIIMIO MOJIEIIH TTOJJ36MHOTO IIaXTHOTO 32004 ¢ ucnoib3oBanreM FDM B co-
OTBETCTBHH C OJTHMM BapHaHTOM OCYILECTBICHHS N300pETECHHUS.

Our. 11 mwumoctpupyer OJIOK-CXeMy CHOC00a NMPOTHO3UPOBAHUS pazMepa (parMeHTallMy MOPOJBI B pe-
3yJbTaTe B3PHIBA B COOTBETCTBUH C OJHUM BapHAaHTOM OCYIICCTBICHUS H300pETCHHUS.

Ha ¢wur. 12 mpounmmoctpupoBana 0ok-cxema cucteMbl FDM B COOTBETCTBHHM C OJHHUM BapHaHTOM CO-
TJIACHO OJHOMY BapHaHTY OCYIIECTBICHHUS N300pETEHUS.

®ur. 13A wimocTpupyeT TpeXMepHBIH KOHTYpHBIH Tpaduk FDM HHTEHCUBHOCTH TPEIIMHOBATOCTH TPEX-
MEpPHOM MOJIENH B3pBIBa C MHOXXECTBOM JTUCKPETHBIX 3JIEMEHTOB B COOTBETCTBHH C OJHUM BapHAaHTOM OCYIIECT-
BIICHUS N300PETCHHUS.

@ur. 13B wumrocTpupyeT AByXMEPHYIO KPUBYIO paclpeelICHUs pa3Mepa YacTHIl B COOTBETCTBHHU C OJTHIM
BapUaHTOM OCYILECTBICHUS N300pETCHUSL.

®ur. 14 wutiocTpupyeT BUA B TIAHE CBEPXY MOJIEIU B3PHIBA.

OcymecTBiieHHe H300peTeHus

B3priBuaThie BemecTBa MIMPOKO MCHOJIB3YIOTCS B TOPHOAOOBIBAIOIIEH, KaphepHOI U AKCKaBaTOPHOW IIpoO-
MBIIIIEHHOCTH ISl pa3pyIleHHs MOpox U pyabl. OOBIYHO HA MOBEPXHOCTH, TAKOW KaK 3eMJIst, OYpSAT CKBa)KUHY,
Ha3bIBaEMYI0 "B3PBIBHOW CKBOXHHOH'". 3aTeM BO B3PBHIBHYIO CKBRXHHY MOTYT OBITH MOMEIIEHBI B3PHIBUATHIE
BerecTBa. Kak mpaBuino, A7t pa3pyieHns: OOJIBIIBIX 0O0BEMOB ITOPOI U PYABI UCTIONB3YIOTCS HECKOIBKO B3PBIB-
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HBIX CKB2XXUH. VCTIONB30BaHUE HECKOJIBKUX B3PBIBHBIX CKBXKHWH BHOCHT CJIOKHOCTH B ITAHUPOBAHHUE B3PHIBA.
Hanpumep, B3pbIB MOKET BaphbHPOBATHCS B 3aBUCUMOCTH OT MHOXKECTBa (DaKTOPOB, BKITFOYAs HHTEPBAT MEXKIY
B3pPBIBHBIMH CKBaKHHAMH, HATPY3KY B3PHIBHBIX CKBa)KHH, TIIyOWHY B3PBIBHBIX CKBa)KHH, PACIIOJIOKECHHE B3PBIB-
HBIX CKB2)KHH, KOJIMYECTBO B3PBIBHBIX CKBA)KWH, F€OJIOTHYECKHE CBOHCTBA, THII B3PHIBYATOTO BEUIECTBA, KOJH-
YEeCTBO B3PHIBUATOTO BEIECTBA M BPeMs MHULIMHUPOBAHHS B3PBIBHBIX CKBaKUH. KOIMUecTBO BO3MOKHOCTEH 3a-
TPYAHSET INITAHUPOBAaHUE B3PHIBA, JaXe IS BEICOKOKBAIM(UIIMPOBAHHOTO MH)KECHEPa-B3PhIBHAKA.

CHUMyINSAIUH B3PHIBA, BHIIOIHAEMBIC CHCTEMaMH MOAEIHPOBAHMUS, MOTYT HMCIIOJIB30BAThCA [UIS MPOTHO3H-
poBaHUS pe3yibTaTa B3pbiBa. Hampumep, HEKOTOpPHIE CHCTEMBI MOJCTUPOBAHNS MOTYT IPEIICKA3bIBaTh pacipe-
JIeNieHne pa3Mepa (parMeHTallMy B3pbIBa. PacipeneneHue pasmepa (pparMeHTaIlly MOXKET TPEACKa3bIBaTh Pas-
MepBI TIOPOJI TTIOCIie B3phiBa. dparMeHTaIust TOPO OT B3PHIBHEIX PadOT SBISCTCS OIHUM H3 KIFOUEBBIX PE3YIlb-
TaTOB B TOPHBIX paborax. Onrumuszanus (GpparMeHTAIUU MOXKET 3HAYUTEIBHO YIYUIIUTH BCE TMOCICIYIOIIHE
MPOIIECCHI TOOBIYM M M3METbueHU. TOYHOE MPOrHO3UPOBAHKE PACIIPECIICHHS pa3Mepa (pparMeHTOB Ha OCHOBE
BCEX COOTBETCTBYIOLIUX BXOJIHBIX JAHHBIX B3pbIBA IOMOTAeT B MPOLIECCE ONTUMH3ALUH.

BapuaHTBI OcylecTBICHUS W300pETCHUS B JAHHOM JOKYMCHTE T€HEPHUPYIOT TpexMepHyto (3D) momensb
(parmMeHTauu MOpoIsl. MoIenh MOXKET Ha3bIBAThCSA MOJAEIBIO IIIOTHOCTH TpemuHoBaTocTu (FDM). Cucrema
MOJICIIUPOBAHMA MOXKET reHepupoBatb FDM, cerMeHTHpysS MOJENh ydacTKa B3phIBa HA MHOXKECTBO 3JIEMEHTOB,
CHUMYJIHPYS B3PBIBBI M OTCIICKHBAs (parMEeHTAINIO, TIPOMUCXOIAIIYIO B KaXXIOM M3 MHOXXECTBa 3JIEMEHTOB. B
HEKOTOPBIX BapHaHTaX OCYIIECCTBICHUS N300pETEHHS CHCTEMa MOJICIIMPOBAHMS MOXKET 00pabaTHIBaTh CIIOKHBIC
(u3nUecKkre ClueHapyy, BKIIIOYAsl pPaHee CYIIECTBOBABIINE OTPHIBBL, CPAOOTKY, THHAMHYECKYIO CBOOOTHYIO TMO-
BEPXHOCTH, M3MEHSIOIINECS MTapaMeTphl B3phIBAa U OTPayKEHHUE BOJH Ha CBOOOIHBIX MOBEpXHOCTIX. Kpome Toro,
B HEKOTOPBIX BapUaHTaX OCYIIECTBICHHS H300peTeHus FDM Takke MOXKET OBITh PACIIMPECH IS CUMYJISIIHA
B3pbIBa MOPOJIBI B MOA3EMHOM Cpelie.

B naHHOM KOHTEKCTE TpexMepHble aneMeHTl FDM sBisitoTcs a1eMeHTaMu TpexmepHoi moaenu FDM.
Tpexmepnslie snemeHTsl FDM ynoMuHaIoTCs B HACTOSIIIEM JOKYMEHTE KakK "KOHEUYHbIE DJIEMEHTHI", ""2JIeMEHTBI
o0bema", "MHOXXECTBO 3JIEMEHTOB 00beMa', "IMUCKPETHBIE AIIEMEHTHI", "MHOXKECTBO JMUCKPETHBIX 3JIEMEHTOB",
"MHOXECTBO AJIEMEHTOB", "MHOMKECTBO OTAEIHHBIX AJIEMEHTOB", "35eMeHTh" U "37eMeHThl mopoasl”. Kaxmbrit
W3 3TUX TEPMUHOB OTHOCUTCS K TpexMepHbIM asiemeHTam FDM tpexmepnoit mogenu FDM.

Jlerko MOHATH, YTO KOMIOHEHTHI BAPHAHTOB OCYIIECTBIICHHA, KaK B IICJIOM OIMCAHO HIDKE M MPOWJLIIOCT-
PHpPOBaHO HA 37eCh (UTYpaxX, MOTYT OBITH MHOKECTBO PA3JIMYHBIX PACIOJIO0XEHUH M BHIIONHEHHHA. Hamprmep,
3Tarbl crocoba He 00s3aTeIHHO JTOJDKHEI BRITIOTHITHCS B KAKOM-THO0 KOHKPETHOM TMOPS/IKE WM XKe IOCIIeI0Ba-
TEJNBHO, W 3Talbl He 00s3aTENBbHO BBHITONHIIOTCS OTHOKpaTHO. TakuMm 0o0pa3oM, HIKeciemyromee Oojiee TOA-
poOHOE OomnHCaHUE Pa3IMYHBIX BAPUAHTOB OCYIIECTBICHUS, KaK OMHMCAHO HIKE M MPEICTABICHO Ha (Urypax, He
IpeIycMaTpUBaeT OTPaHUICHUE 00bEMa OXPAaHBI HACTOSIIETO U300PETECHUS, HO JIUIIb MPEICTABISACT pPa3IHYHbIC
BapHaHTHl OCYIICCTBICHU. XOTS PAa3IUYHBIC ACTICKTHI BAPHAHTOB OCYIICCTBICHUS H300PETCHUS MPEICTABICHEI
Ha YePTEXKaX, YSPTEKH HE 00sI3aTEIHHO BHIMOJHECHBI B MacIITalde, €CIIH CIeNUANTBHO HE YKa3aHO WHOE.

BapuaHTBI OCYIIECTBICHUS W peaM3alliyl OMUCAHHBIX 3/IECh CUCTEM H CIIOCOOOB MOTYT BKIIFOYATh pas-
JIMYHBIC ATAIBI, KOTOPBIE MOTYT OBITH PEAIM30BaHBI B MAITWHOUCIIONHCMBIX WHCTPYKIUSAX, MOJUICKAIIUX HC-
TIOJTHEHUIO KOMIIBIOTEPHOH crucTeMoil. KoMmbioTepHas ciucrema MOKET BKIIIOUATh B ce0sl OIMH WK 0oJiee KOM-
MBIOTEPOB OOIIETO WM CIENHAIBHOTO Ha3HaueHWs (WM APYTHe ANEKTPOHHBIE ycTpoiicTBa). KommbroTepHas
cUCcTeMa MOJKET BKJIIOYATh B ce0s ammapaTHble KOMIOHEHTHI, KOTOPBIE BKIIFOYAIOT B ce0s CIIEIHAIbHYIO JIOTHKY
JUT BBITIOJIHCHUSI JTAllOB, WM MOKET BKIIOYATh B ce0sS KOMOWHAITMIO alMapaTHBIX CPEICTB, IPOTPAMMHOTO
obecredeHns /Ui BCTPOSHHOT'O MMPOTPaMMHOTO 00eCTICUeHUSI.

BapuaHTBI ocyIecTBICHHS U300PETEHUS MOTYT OBITh IPEICTABICHB KaK KOMITBIOTCPHBIN MPOTPaMMHBIH
MPOAYKT, BKIFOYAIONINNA B ceOS MaTMHOYNUTACMBI HOCUTENh, COJACPIKANINNA HHCTPYKIIH, KOTOPBIC MOTYT OBITH
WCIIOJIb30BaHBI JIsl MPOTPAMMHUPOBAHUS KOMITBIOTEPHOM CUCTEMBI WIIM APYTOTO 3JIEKTPOHHOTO YCTPOWCTBA IS
BBITIOJTHEHUsI OMMCAHHBIX 37€Ch MpolleccOB. MalIMHOYUTaeMbIi HOCUTEh MOXKET BKJIIOYATh, HE OIPaHUYHUBASICh
3THUM: )KECTKUE UCKH, TUCKETHI, onTuueckue nucku, CD-ROM, DVD-ROM, ROM, RAM, EPROM, EEPROM,
MarHuTHbIE WM ONTHUYECKHE KapThbl, TBEPAOTENbHbIE 3alIOMUHAIOIINE YCTPOWCTBA WM IPYTU€ TUIBI HOCHUTE-
Jei/MaIMHOYNTAEMBIX HOCHTEJCH, IIOAXOAAIINX I XPAHEHHUS SJICKTPOHHBIX HHCTPYKIIHH.

KomnproTepHbIe CHCTEMBI 1 KOMITBIOTEPHI B KOMITBIOTEPHOI CHCTEME MOTYT OBITh COSAMHEHBI Yepe3 CETh.
IMoxxomsmue ceT st KOHGUTYPAIHH U/MITH UCTIONB30BaHMS KaK OMFCAHO B HACTOSIIEM JOKYMEHTE BKIIOYAIOT
B ce0sg ofHy WM OoJiee JTOKANbHBIX BBIYUCIUTEIBHBIX CETEH, III00abHBIC BEIYUCIUTEIBHBIE CETH, TOPOICKUE
BBEIYHCTUTENbHBIC ceTn n/uinu VaTepHeT mim [P-ceTn, Takue kak BecemupHas maytuHa, 9acTHbIA MHTEpHET, 6€3-
omacHbIi VIHTEpHET, ceTh ¢ J0OaBICHHON CTOMMOCTBIO, BUPTYaJbHAsS YacTHAs CETh, SKCTPAHET, MHTPAHET WIIN
’KE€ aBTOHOMHBIC MAIIMHBI, KOTOPBIC B3aUMOJCHCTBYIOT C JPYIMMH MAIIMHAMH ITOCPEICTBOM (DH3UUCCKOM
TPaHCHIOPTHPOBKH HOCHUTENCH. B 4acTHOCTH, MOAXOASIIAS CETh MOXKET OBITh chopMUpOBaHA U3 YacTeH WK CO-
BOKYITHOCTEH BYX WK 0OJIee QPYTruX CETeH, BKIOYAs CETH, UCIOIB3YIONINE TUCTIAPATHBIC alllIapaTHBIC U CETe-
BbI€ TEXHOJIOTUU CBSI3U.

OpHa MOAXOIAs CeTh BKIIFOYACT B ce0sl CepBEP U HECKOJBKO KIHECHTOB; NPYTUC MOIXOASIINE CETH MO-
TYT CoiepKaTh IPyrue KOMOUHAIIMU CEPBEPOB, KITUCHTOB H/WIJIH OJTHOPAHTOBEIX Y3JIOB, U IaHHAsI KOMIIBIOTEPHAS
cucTeMa MOXeT (DYHKIIMOHHPOBATh KaK B KaUeCTBE KIIMEHTA, TaK U B KauecTBe cepBepa. Kaxkmas ceTh BKIIIOYaeT
B ce0s 10 MEHbBIIEH Mepe JBa KOMIBIOTEpa WM KOMIBIOTEPHBIE CHCTEMBI, TaKWe KaK CepBEp W/WIH KIMEHTHI.
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KomnbproTepHast cucteMa MOXET BKIIFOYATh B ceOsi pabOUyr0 CTAHIUIO, TIOPTATUBHBIN KOMITBIOTED, OTKJIFOYAc-
MBIl MOOMJIBHBIH KOMIIBIOTEp, CepBEp, MAIWH(pEHM, KiIacTep, TaKk Ha3blBacMbId "ceTeBO KoMIbIOTEp" HIIH
"TOHKHH KJIWEHT'", TUIAHIIEeT, cMapThOH, MePCOHATBHBIA ITUPPOBOH MOMOITHUK WIN IPYroe MOPTATHBHOE BbHI-
YUCJIUTEIBHOE YCTPONCTBO, "yMHOE" YCTPOHCTBO WIIM YCTPOHCTBO OBITOBOH JICKTPOHHKH, MEIUIIMHCKOE YCT-
POHCTBO MII MX KOMOHMHAITHIO.

[MoxxopadmTe ceTr MOTYT BKITIOYATh B ce0sl KOMMYHHKAIIMOHHOE WJIHM CETEBOE IMPOTpaMMHOE 00eCTIedeHNE,
TaKoe Kak MporpaMMHoOe odecredenue, qocrymaoe ot Novell®, Microsoft® u apyrux moCcTaBIIMKOB, U MOTYT pa-
6oTath ¢ ucnonb3oBanreM npotokosioB TCP/IP, SPX, IPX u apyrux mpoTOKOJIOB IO BUTOH Mape, KOaKCHATbHBIM
WITA ONTOBOJIOKOHHBIM KaOeJsiM; TesieOHHbIE JTUMHUH; PAIHOBOIIHB; CITyTHUKH, MUKPOBOJIHOBEIE Peje; MOIYIIHUPO-
BaHHbBIE JIMHUM JJIEKTPOIIEpeIaul TIEPEMEHHOTO TOKa; (PH3MUECKYI0 Iepeaady NaHHBIX; W/ Apyrue "mposoaa”
nepeavu TaHHBIX, U3BECTHBIC CICIUANICTAM B JaHHOHM oOnacTy TeXHUKH. CeTh MOXKET BKIIOYATh B ceOs Ooiee
MEITKUE CETH /WM MOKET OBITh COCJIMHEHA C JPYTHMH CETSIMU Yepe3 MIUTI03 WITH aHAJOTUYHBIA MEXaHH3M.

Kaxxmast KOMIIpIOTepHAsT CUCTEMa BKJIFOYACT B ce0s OJMH WM OoJiee MPOLECCOPOB /MM 3alIOMUHAFOIINX
YCTPOWCTB; KOMITBFOTEPHBIC CUCTEMBI MOTYT TaK)K€ BKIIIOYATh B CeOs pa3iIHyYHBIC YCTPOWCTBA BBOJA W/WIIH YCT-
poiicTBa BbIBOAa. [Iporeccop MOXeT BKJIIOYATh B ceOs YCTPOHCTBO 00ImIero HasHadeHHs, Takoe Kak Intel®,
AMD® wim apyroi TOTOBBIH MUKporporeccop. [Iporeccop MokeT BKITIOYATh B ce0s CIEIUATN3UPOBAHHOE
ycTpoiicTBo 00pabdotku, Takoe kak ASIC, SoC, SiP, FPGA, PAL, PLA, FPLA, PLD wiu npyroe WHIMBHITYah-
HOE WJIH MPOTPaMMHPYEMOE YCTPOHCTBO. [1aMsATh MOXKET BKJIFOUYATh B ce0s cTaTH4ecKyr0 RAM, TUHAMUYECKYIO
RAM, ¢mmr-namsats, onud wim 6onee TpurrepoB, ROM, CD-ROM, auck, JIeHTy, MarHUTHBIN, ONITHYECKUIN WITH
JIPYroil KOMIIBIOTEPHBI HOCHUTENb NaHHBIX. Y CTPOMCTBO(a) BBOJA MOXKET (MOTYT) BKJIIOYATh B c€0s KIIaBHATYPY,
MBIIIb, CEHCOPHBIN KpaH, CBETOBOE MEpO, IUIAHIIET, MUKPO(DOH, TaTIMK WM APYTroe ammapaTHOe oOecredeHne
C CONYTCTBYIOIIMM BCTPOCHHBIM HMPOTPAMMHBIM OOECIIEYCHHEM W/WIA MPOTPAMMHBIM OOECTIedeHHEM. Y CTPOi-
cTBO(a) BBIBOJIa MOXET (MOTYT) BKJIIOYATh B CeOS MOHUTOP WIJIM IPYroW NUCIUICH, IPUHTEP, CUHTE3aTOpP pPeun
WA TEKCTa, KOMMYTaTOp, CHTHAJIBHYIO JINHUIO FIIH IPYyToe anmapaTHOe 00eCIeYeHne ¢ COMyTCTBYIOIINM BCTPO-
CHHBIM IIPOTPAMMHEIM 00ECIICUCHHEM /U MPOTrPaMMHBIM 00CCIICUCHUEM.

KomnbproTepHBIE CHCTEMBI MOTYT OBITh CIIOCOOHBI MCIOIh30BATh THOKHUI TUCK, JICHTOYHBIN JHCK, ONTHYC-
CKUH JTUCK, MAaTHUTOONITHYCCKUH JAUCK WK IPYTHE CPEICTBA ISl CYMTHIBaHUS HOocHuTens nHopMmarwu. [Toaxo-
JIIIANA HOCUTENb MaHHBIX BKJIFOYACT B ce0SI MarHUTHOE, ONTHYECKOE WM APYroe MAIIMHOYUTAEMOE 3allOMU-
HAroIllee YCTPOIMCTBO, MMEIOIIEee KOHKPETHYI0 (pr3myeckyro koHpurypamwmo. [loaxoasmue ycTpoiicTBa XpaHe-
HUS BKJIFOYAIOT THOKUE TUCKH, KecTKue auck, JeHty, CD-ROM, DVD, PROM, RAM, ¢msur-namsTe u qpyrue
YCTPOHCTBA XpaHEHHS KOMITBIOTEpHOW cucTeMbl. du3mdeckas KOHOUTYpaLus MPEICTaBIseT JaHHBIE M HWHCT-
PYKIHH, KOTOpPBIE MOOYKAAaI0T KOMIBIOTEPHYIO CHCTEMY padOTaTh CIEIMaJbHBEIM M 3apaHee ONpeAeTCHHBIM
00pa3oM Kak OIMMCAHO B JAHHOM JOKYMEHTE.

[Moxxomsamee mporpaMMHOe obecrieueHne sl COACHCTBUS B peaTn3alliil H300peTeHHUS JIETKO 00ecreunBa-
€TCs CTICIIHATUCTAMHU B COOTBETCTBYIOIIEH 00IaCTH TEXHUKH C MUCIIOJIb30BAaHMEM IIPEICTABICHHBIX 3/1€Ch CBE/IE-
HUH U S3BIKOB MPOTPAMMHUPOBAHUS U MHCTPYMEHTOB, TakuxX kak Modern Fortran, Java, Pascal, C++, C, PHP,
Net, s3p1ku 60a3 qanneix, API, SDK, cOopka, mpommBka, MUKPOKOJI W/WIIA APYTUE SI3BIKA U UHCTPYMEHTHL. [lo-
xozsmue (opMaThl CUTHAJIOB MOTYT OBITh pEaM30BaHbl B aHAIOTOBOW MM HU(POBOIl popme, ¢ GutamMu oOHa-
PYKCHHS W/WJIH UCIIPABICHUS OMMOOK Win 0e3 HUX, 3ar0JOBKAMHU MAKETOB, CETEBBIMH aJJpecaMy B KOHKPETHOM
(dhopMaTe W/WIH OPYrUME BCIIOMOTATESILHBIME JAHHBIMH, JIETKO 00CCIICYMBACMBIME CIICIIMAIUCTAMH B COOTBET-
CTBYIOIICH 00JTACTH TCXHUKH.

ACHEKTH HEKOTOPHIX BapHaHTOB OCYIIECTBICHHA M300pETEHHS MOTYT OBITh pPeaM30BaHBI B BUAE MPO-
TPaMMHBIX MOJIYJICH WM KOMIOHEHTOB. VICIIONB3yeMbli 31eCh POTPaMMHBIN MOIYNb WIH KOMIIOHEHT MOXET
BKITIIOYATh B ceOs r000# THI KOMITBIOTEPHOW MHCTPYKIUHU M HCIIONHSAEMOT0 KOMITBIOTEPOM KOJa, PacIoiio-
JKeHHOTO BHYTPH WM Ha MAIIMHOYHTAEMOM HOCHTENE JaHHBIX. [I[porpaMMHEBIN MOAYIIb MOXET, HAlIpUMep, COo-
JiepKaTh OMH WK Oonee (PU3MUECKUX MM JOTHYECKUX OJOKOB KOMITBIOTEPHBIX WHCTPYKIMH, KOTOPBIE MOTYT
OBITH OpPTaHW30BaHBI B BUIE IPOTPAMMEI, 00BEKTa, KOMIIOHEHTA, CTPYKTYPHI JAHHBIX | T.J., KOTOPAs BHIOIHSIET
OoIHYy WM 0OoJiee 3a/lad WM pealu3yeT KOHKPETHhIC aOCTPaKTHBIC THIBI HaHHBIX. KOHKPETHBIN MpOrpaMMHBIN
MOJTyJIb MOXKET COJCPIKATh AUCIAPATHBIC HHCTPYKIHH, XPAHSIIHECS B Pa3HBIX MECTaX MAITHHOYATACMOTO HOCH-
TeNs JaHHBIX, KOTOPBIE BMECTE PEaHM3YIOT OMUCAHHYIO (PYHKIIMOHAIBHOCTh MOIyis. JIefCTBUTENBFHO, MOIYIb
MOJKET COJEPKATh OJHY MHCTPYKIMIO MM MHOKECTBO MHCTPYKIHH M MOXKET OBITH PacIpe/eNicH IO HeCKOJIb-
KAM DPa3IUYHBIM CETMEHTAaM KOJa, MEKAY Pa3sITUYHBIMU MPOTpaMMaMH M MKy HECKOJIBKUMH MAaIlTHOYUTAC-
MBIMH HOCUTEJISIMH UHPOPMALIUH.

HexoTtopbie BapraHTHI OCYIIECTBICHUS MOTYT OBITH PEaTM30BaHBl Ha MPAKTHKE B pacHpeAeICHHON BBIUNC-
JUTEIBHOM cpenie, TIe 3a0aull BRITOTHAIOTCS YAAJICHHBIM YCTPOWCTBOM 00pabOTKH, CBA3aHHBIM Yepe3 CeTh CBsI-
3u. B pacnpenencHHON BBEIYUCIUTENBHON cpelie MporpaMMHBIE MOAYIIH MOTYT OBITH PacIOJIO0KEHBI Ha JIOKAJIh-
HBIX W/WIW YAAJICHHBIX MAIIMHOYNTAEMBIX HOCUTENsIX. Kpome Toro, maHHBIE, CBA3aHHBIC WM BU3yaJIH3MpPOBAH-
HBIE BMECTE B 3amicH 0a3bl JaHHBIX, MOTYT HAXOIUTHCSA HAa OJHOM M TOM JK€ MAaIIHHOYUTAEMOM HOCHUTEJE WIIN
Ha HECKOJIbKAX MAIIMHOYUTAEMbIX HOCUTEISIX K MOTYT OBITh CBSI3aHBI BMECTE B MOJISIX 3aITUCH B 0a3¢ JaHHBIX 110
cetn. CoriacHO OJHOMY BapUAHTy OCYIICCTBICHUS H300pETEHHs, CUCTEMa YIpaBICHHUS 0a3aMH JaHHBIX
(CYB/1) no3BosisieT NmOJIp30BaTENsSIM B3aUMOJICHICTBOBATh C OJHOW WM 0Oojee 0a3aMu JaHHBIX U 00CCIICYHBACT

-3



047263

JOCTYI K IaHHBIM, COZIepKaluMcst B 6a3axX JaHHBIX.

@ur. 1A n 1B mwimoctpupyroT HanpsbkeHus Ha saeMenTte 102 nopoasl. B wactHocty, dur. 1A mmoctpu-
pyeT HampsOKeHMsI, co3/1aBaeMble Ha deMenTe 102 mopobsl yaapHOH BOTHOH, HCITyCKaeMOM W3 B3PBIBHOM CKBa-
skuHbl 104, a dur. 1B wumocTpupyeT pe3ynbTHPYIOMUN paauaibHbIi pa3pbiB 110 uau Tpemmny B anemenTe 102
nmopoabl. B3peiBHast pparMeHTanus moposl - 3TO CIOKHBIN (PU3NIECKUHN TpOIecC, KOTOPHIM BKIIOYAET B ceOs
MHO>KECTBO Pa3IMIHBIX (PU3HMUCCKUX SIBICHUH, TAKUX KaK T'€HEpalus U pacHpoCTpaHEHUE YAAapHBIX BOJH, 3aTy-
XaHHUE YJAapHBIX BOJIH B BOJIHBI HANPSDKEHHS, 00pa3oBaHUE TPEIIMH M MEXAHMW3M POCTa TPELIMH B IOpPOJax, 3a-
Tpy3Ka ra3a B3pbIBYaTHIX BEIIECTB, JBIKCHNUE TOPHOH MOPOABI U T.A. DTO NPOUCXOJUT JUHAMHIECCKU B TCUCHHUE
JIOJIN CEKyHJIBl. B pe3ynprare o4eHb TPYIHO YJIOBHUTH TH (PU3MUECKHE ACIEKTHl B3PBIBHBIX padoT, MCHONB3Ys
OJTHO aHAINTHYECKOE ypaBHEHHE 3aKPHITOH (GopMbl. MHOTHE YNCIICHHBIE MOAEIH OBUTH MPEJIOXKEHBI IS TIpe-
cTaBJIeHUs (hparMeHTaIK IIPH B3pBIBE MOpobl. HekoTopele n3 Mozeneil 6bun OoJiee yCHEeHbIMHU, YeM ApYTHE,
C TOYKH 3PEHUS TPOTHO3UPOBAaHUS (pparMeHTaLIH.

[Tpu Bo3xeiicTBUM y#apHOW BOJIHBI Ha CTEHKY CTBOJIA CKB)KHMHBI CHJIAa BOJHBI HAMHOTO TIPEBBIIIAET MPOY-
HOCTB HIOPOJI Ha C)KaTHE M TaKUM 00pa3oM MOBPEXIAaeT M pa3aBiIiBacT MOPOY Ha HOBEPXHOCTH CTEHKH CTBOJIA
cKBaKUHBI. [10CKONBKY ynapHas BOJHA PacIpOCTpaHSETCA Aanblle OT B3PBIBHOM CKkBaxuHBI 104, MHTEHCHB-
HOCTb yJIapHOH BOJIHBI yMEHBIIIAETCS, U YAAapHas BOJIHA IPeoOpa3yeTcsl B BOJIHBI HanpspkeHus. Bonxa Hanpsoke-
HUS OKa3bIBaeT CHKMMarolee HanpsbkeHrne 106 B paanaabHOM HANPaBICHUH M pacTiATruBaroliee Hampspkenne 108
B TAHTEHIMAIbHOM HAIIPaBJICHUH. B MPOMIIIOCTPUPOBAaHHOM BapHaHTE OCYIIECTBICHUS M300pPETEHHS TaHTEH-
[MaibHasl MPOYHOCTH dyeMeHTa 102 mopoapl MEHbIIE IPOYHOCTH Ha CxkaThe. B pesynpTare mopoja jgomaercs
BCJICICTBHE pacTSATUBAIONIEro HanpsbkeHHs 108 B TaHreHIMalbHOM HANpaBICHUH M 00pa3zyeTcs paanalbHbIA
pa3psiB 110. B3peiBuatTelif ra3 BEICOKOTO JaBIEHUS MPOHHUKAET B paiauaibHbI pa3psiB 110 U JONOTHUTENBHO
YBEIMYHMBACT Pa3pyLICHHE TIOPOJI/CIIOCOOCTBYET MX pa3pyLICHHUIO.

@dur. 2A WLIIOCTPUPYET TpexMepHyro Moaenb 202 uyacTu ydacTKa B3pbiBa. TpexmepHas moxens 202
BKJIIOYAET B ce0s B3PHIBHYIO CKBXHMHY Ha KaXKJIOM YIJy (HampHMep, MEepBYIO B3PHIBHYIO CKBaKHHY 206, BTO-
PYI0 B3pBIBHYIO CKBaXKHHY 208 U TPeThIO B3pBIBHYIO CkBaxHHy 210). B To Bpemsl kak IpOUIITIOCTPUPOBAHHBII
BapHaHT OCYIIECTBJICHMS M300pETeHUSI TIOKAa3bIBACT B3PHIBHBIC CKBAKMHBI HA YTilaX TpexmepHor monemn 202,
MHO>KECTBO B3PBIBHBIX CKBa)KHH MOJKET OBITH BKJIIOYEHO IO BCEH MOJEIH Y4acTKa B3pbIBA. B3pBIBHBIE CKBaXU-
HBI TpexMepHoi Mozaenu 202 He MPOXOMAT BeCh MyTh JO MOBEPXHOCTH 212 mns MoIeaupoBaHUS 3a00WKH IS
Ka)KJI0M B3PBHIBHOW CKBaYKHUHBI.

UT0o0BI reHepupoBaTh TPEXMEPHYIO Moenb 202, cucTeMa MOACTUPOBAHUS MOXET IPHHUMATh MHOKECTBO
BXOJIHBIX JIaHHBIX. BXOJHBIC JaHHBIE MOTYT OBITh MOJYYEHBI U3 PA3IMYHBIX UCTOUYHHKOB. Hampumep, BXoxHbIE
JTaHHBIC MOTYT OBITH MOJYYEHBI OT OJHOTO WM OoJee n3 yelloBeKo-MamuHHoro nurepgeiica (HMI), npensiny-
IIei MOJIeNTH, COXPaHEHHOH B CHCTEME MOJICJIMPOBAHMS, CHCTEMBI CKAHWPOBAHUS YUacTKa B3pbIBA WIIM 3HAYEHUH
M0 YMOJYaHUIO, COXPaHEHHBIX B CHCTEME MOJIEIMPOBaHMSA. BXOIHBIE NaHHBIE MOTYT BKJIIOYATh JaHHBIE O
B3PBIBHBIX CKBKMHAX U JaHHBIC yUacTKa B3pbIBa. JlaHHbIC B3PBIBHON CKBa)KMHBI MOTYT BKJIIOYAThH B ce0s mapa-
METpBI B3pBIBHOM CKBa)XKMHBI, TAKHE KAaK MHTEPBAJ MEXYy B3PHIBHBIM CKBa)KMHAMH, Harpy3Ka B3pHIBHOI CKBa-
JKMHBI, TIIyOWHa B3PbIBHOW CKBa)KHMHBI, IMAMETP B3PBIBHOHN CKBa)KHHBI, PACHOI0KEHHE B3PBIBHBIX CKBAXXKUH, KO-
JUYECTBO B3PBIBHBIX CKBa)KUH, MH(POPMAIHIO O 3a001Ke, B3pBIBHBIC CBOWCTBA, YTOJ B3PHIBHOIN CKBa)KUHBI, TI0-
JI0’KEHHE B3PBIBHOW CKBAXKMHBI, CMEICHUS PSIOB, CPabOTKa, HArpy3Ka MEpPEeHEr0 psiia, BEPXHUE KOOPIUHATHI
B3PBIBHOM CKBaXXHHBI, HIDKHHE KOOPIUHATHI B3PHIBHOM CKBaXXHMHBI, HH(OpMaLus TOAOYPUBAHMS U 3arpy309Hast
HHPOPMAIIHI.

JlaHHBIE yJacTKa B3pbIBa MOTYT BKIIOYaTh MH(POPMAIMIO O IUIACTE M T'€OJIOTHYECKHE CBOMCTBA ydacTKa
B3pbIBa. Heorpannuupatomue npuMepsl HHGOPMALIMK O TUIACTE BKIIOYAIOT B Ce0sl YTroJl MOBEPXHOCTH, BHICOTY
IUIacTa, yroji HakJIOHA IUIACTa, Yrojl HAKJIOHA IIAaXThl, PACIIOJIOKEHUE CBOOOAHON IMMOBEPXHOCTH M YTrOJI IIyCTOH
nopoasl. Heorpannumparoniye mpuMepsl T'€O0JOTMYECKUX CBOWCTB BKIIIOYAIOT MHHEPAIOTHIO (RJIIEMEHTAPHYIO
W/MIM MUHEPAJBbHYIO), JIUTOJIOTMYECKYIO CTPYKTYpY (TIEpBUYHYIO, BTOPUYHYIO, H/WIN TEKCTYpPbI), TIOPUCTOCTD,
TBEPAOCTH, 3aTyXaHue, MoayJ b FOHra, MOlyJIb CABHIa, HACBIITHOW MOAYJIb yHpyrocTH, koaddumuent [Tyaccona,
CKOpPOCTb MPOAOJIBHBIX BOJH, CKOPOCTb S-BOJIH, INIOTHOCTh MOPOJBI, TUII TOPOJIBI, IPOYHOCTH MOPOJBI, YCIOBUSL
MOPO/IBI, OIIMCAHNE MOPOABI, COCTOSIHHE OTPBIBA, YOI OTPHIBA, OPUEHTAINS OTPBIBA, CTAHAAPTHOE OTKIOHECHHUE
MHTEpBaJla MEXIy OTPbIBaMH, CIICIUICHHE, HHTEPBAT MEXIY BEPTUKAIBHBIMH OTPHIBAMH, HHTEPBAI MEXAY IO-
PU3OHTAILHBIMHA OTPBIBAMH, HEOTpaHWYeHHAsI MPOUYHOCTh Ha cxkaThe (UCS), 3ByKOBasi CKOPOCTh, CTAaHAAPTHOE
OTKJIOHEHHUE OypeHHsl, yAapHasi CKOPOCTh, TPEIMHOCTONKOCTh MOPOIbI, OTpaXkaTelIbHAs CIIOCOOHOCTH TOPOJIHI,
MPOYHOCThH TOPOJIBI HA PACTSDKCHME, Yroll BHYTPEHHETO TpeHus, JaHHbIE | foronnora (Hanpumep, Up min, Up
max, Us min., Us max), u HanpsbkeHus TpyHTa (61, 62, 63, opueHTanus Hanpsbkenus, DIP, HakimoH u poramus).
"Tekctypa" OTHOCUTCS K pa3Mepy, GopMe B PACIIONIOKESHHIO B3aMMOCBI3aHHBIX MUHEPATBHBIX KPUCTAILIOB, KO-
TOpBIe 00pa3yloT MOPOIy WK Apyroit Marepuai. 'eonorndeckue cBoiicTBa MOTYT OBITH MCHOJIB30BAHBI JUIS OII-
penesieHns TOTIOTHUTENBHBIX Te0JIOTHYECKUX XapaKTEPUCTUK, TAKUX KaK HCTHPAEMOCTb U Pa3ipOOIEHHOCTS.

@ur. 2B mmocTpupyeT TpexMepHyto Mozens 202, CerMEHTHPOBaHHYIO Ha MHOXKECTBO JIEMEHTOB 00beMa
(manpumep, anemenT 204). TpexmepHnast Mozens 202 MOXET ObITH CETMEHTHPOBaHA Ha CTOJIb OOJIBIIOE MIIM Ma-
JI0€ KOJIMYECTBO DJIEMEHTOB, CKOJBKO MOTpedyercs. bomplioe KOIMUecTBO AJIEMEHTOB MOXKET 00eCTIeunTh JIyd-
miee paspellieHue A CUMYJIALUHN, B TO BPeMs KaK MEHbIIEe KOIMYECTBO JJIEMEHTOB MOXET HCIOIb30BaTh
MCHBIIIE BBIYUCIUTENBHBIX PECYPCOB.
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CuctemMa MOJICITUPOBAHHS MOXKET OTCJICKHUBATH TPEIIMHBI OT CHMYJIUPOBAHHOTO B3pPhIBA BHYTPH KaXIOTO
anemenTa. [lomydennsiii B pesynbrare FDM MokeT IpOrHO3MpOBaTh HHTCHCUBHOCThH TPEIIMHOBATOCTH BHYTPH
KaXXIoro 35eMeHTa. VIHTeHCHBHOCTD TPEIIMHOBATOCTH OTHOCUTCS K KOJIMYECTBY TPEIIMH B Mpeaesax 3aAaHHON
obnactu (Hampumep, dJieMeHTa). TpemHsl MOTYT OBITh JTUOO €CTECTBEHHBIMHM OTPBIBAMH, JIHOO TPEIIMHAMH,
BBI3BAaHHBIMH yJApHOHW BOJHOW OT B3pBIBa. MIHTEHCHBHOCTH TPEIIMHOBATOCTH TAK)KE MOXKHO HA3bIBaTh 4acTOT-
HOCTBIO TpemuH. OTCIeXnBas HHTEHCHBHOCTh TPEIIMHOBATOCTH KaXKIOTO JIEMEHTa, CUCTEMa MOACIHPOBAHUS
MOJKET MIPOTHO3UPOBATH pa3Mep pparMeHTa.

®ur. 3A WLIIOCTPUPYET BUJ B IUIAHE CBEPXY TpexMepHor mojenu 202 mepes T00bIMA CHMYITHPOBAHHBI-
MU B3pbIBaMH. Kak nmpowmmrocTpupoBaHo, TpexMepHas Mozeib 202 BKIoYaeT B ce0sl IEpBYIO B3pHIBHYIO CKBa-
*HuHY 206, BTOPYIO B3pBIBHYIO CKBaxHHY 208, TpeTbi0 B3pBIBHYIO CKBaKUHY 210 1 4eTBEpTYIO B3pBIBHYIO CKBa-
xuny 302. Kpome toro, TpexmepHast Mozaenb 202 BKiIroyaeT B ce0si ecTecTBeHHbIe Tpynmbl 304 oTpHIBOB B HO-
poxne. I'pynmbr 304 ecTecTBEHHBIX OTPBHIBOB SIBIISTIOTCS YK€ CYIIECCTBYIOIIMMH TPEIIMHAMHU OTPBIBOB, KOTOpBIE
SIBJISIIOTCSI YacThIO T'€OJIOTHYECKUX CBOWCTB MOPOABL. B HEKOTOpHIX BapuaHTax OCYIIECTBIECHUS H300peTeHUs
rpymnnsl 304 ecTeCTBEHHBIX OTPHIBOB MOT'YT IPOXOANTH PABHOMEPHO BHH3 M0 TITyOnMHE TpexMepHoit Moaernu 202,
B TO BpeMs Kak B JIPYTHX BapuaHTax rpymnisl 304 eCTECTBEHHBIX OTPHIBOB MOTYT M3MEHATH MECTOMOJIOKEHNE U
OpPHEHTAITNIO TI0 BCeil TpexMmepHoit moaenu 202. Hanpumep, pa3Hble CIION MOPOIBI MOTYT OBITh CMOJICIIUPOBAHBI
C pa3HOM TPYNIO €CTECTBEHHBIX OTPHIBOB.

®ur. 3B mwumtocTpupyeT BUI B TUTAHE CBEPXY TpexXMepHOi Moaenu 202 mociie CUMYIHPOBAaHHBIX B3PHIBOB
W3 TIEPBOU B3PHIBHOW CKBakKWHBI 206 M BTOpOH B3phIBHOW CKkBaXWHBI 208. Kak mokazaHo, B3pBIBBI IPUBOIAT K
TpemuHaM (T.e. B3pbIBHBIM TpentuHaMm 306), KOTOpbIe MPOXOAAT OT B3PBIBHBIX CKBaYKHH.

Cuctema MOJETMPOBaHHMs C ucnons3oBanreM FDM npornosupyer pazmep ¢pparMeHTOB IIOPOJIBI HA OCHOBE
B3aUMOJICHCTBUSI TPELIMH MEKIY pa3pbiBaMu u3 rpymi 304 eCTeCTBEHHBIX OTPHIBOB, IPUCYTCTBYIOIINX B MOPO-
JIc ¥ BBI3BAHHBIX B3PBIBOM TPEIUIMH (T.€. B3PHIBHBIX TpelnH 300) W3 B3PHIBHBIX CKBAXKHUH. Pa3phIBBI U3 B3PHIB-
HBIX CKBR)XUH B3aMMOJICUCTBYIOT JPYT C APYroM M ¢ rpymnaMu 304 ecTeCTBEHHBIX OTPBIBOB B ITOpoAe. DTH B3a-
MMO/ICHCTBUS MOTYT OBITH MCIIOJIBb30BaHbl CUCTEMON MOJEIHPOBAHMS JUISl ONIPEAETICHUS SKBUBAJICHTHOW HHTEH-
CHUBHOCTH TPEIIHH.

Kax mokasano, o6mactu BOIM3M B3PBIBHBIX TpemuH 306 MOpakaloT reoJIOTHYECKOe CTPOSHHUE, BBI3BIBAS
MHOJKECTBO TPEUTUH B Mpeaeiax 3Toi obnactu. B3peiBHBIE TpemuHbl 306 pacipOCTPaHSIOTCS M CTAHOBSATCS Me-
Hee TUIOTHBIMHM, YeM JaJbIlle OHU MPOCTHPAIOTCS OT B3PHIBHBIX CKBaXXHWH. B 00macTu Mexay B3pHIBHBIMHU CKBa-
JKUHAMH B3aMMOJEHCTBHA TpeInH MexAy rpynmaMu 304 eCTeCTBEHHBIX OTPHIBOB M B3PHIBHBIMH TPCIIHHAMHU
306 okaspIBatoT OoJIbIIee BIUSHUE HA (pparMeHTanuto mopoasl. B aTux 001acTsax cucteMa MOJSIMPOBAHUS MO-
JKET YYHUTBIBATH CyMMAapHBIH 3()h()EKT eCTeCTBEHHON ()parMEeHTAIIMH W MOCICB3PBIBHON (hparMEHTAINH U JTaKe
HepeKpBIBAOIICiics (parMeHTAIMU U3 COCETHUX B3PBHIBHBIX CKBAYKHH.

B HekoTOpBIX BapHaHTax OCYLIECTBICHHS M300pPETEHUSI CUCTEMa MOJACIUPOBAHUS MOXET YUYUTHIBAThH Tpe-
IIMHBI OT MPEABIIYIIUX B3PHIBOB MIPH ONPEACICHIN HHTCHCUBHOCTH TPEIIUHOBATOCTH. Hanmpumep, mpu B3phiBa-
HHUHM TUTACTOB IOCIIE B3PHIBA psifia B3PBIBHBIX CKBAXWUH CO3/1AeTCsl HOBas CBOOOAHAS MOBEPXHOCTb. B TO Bpems
KaK PsIJl B3PBIBHBIX CKBAXXHH TEIEPh HE CYIIECCTBYET, CUCTEMa MOJCIHPOBAHUS MOXKET XPAHUTh TPCUIMHEI, BbI-
3BaHHBIC B3PBIBOM, KOTOPBIE HAXOIATCS B Mpeesiax HOBOW CBOOOTHOHN MOBepXHOCTH. [Ipeapimyiiine B3phIBHEIC
TPEIIMHBI MOTYT OBITH OOABJIEHBI K €CTECTBEHHO BO3HUKIIUM (hparMeHTaM U ()parMeHTaM CIITYIOMIETO B3PHIBA.

VIHTEeHCHBHOCTh BO3HMKAIOIINX B3PBIBHBIX TPEIIMH MOXET OBITh CIIPOTHO3HPOBAHA SMITUPHICCKUM ypaB-
HEHUEM, KOTOPOE YUUTHIBAECT (U3NIECKUE ACTICKTHI MPOOJIeMBbI, TaKe KaK: i) B3pHIBHBIC CBOHCTBA, i1) CBOWCTBA
TIOPOJIBI, ii1) TEOMETpHS B3pBIBA U 1V) BpeMs B3pbiBa. OIHUM U3 MPEUMYIIECTB KOHIETITHN HHTCHCUBHOCTH Tpe-
IIMHOBATOCTH SIBISICTCSA TO, YTO WHTCHCUBHOCTH (ONpEAesieMble KaK TPCIIMHBI HA CAWHUILY JUTHHBI) MOTYT
CKJIA/IBIBATBCSI, €CIIM CXOJHBIMU SIBJISIOTCS MX YIJIBI K CBOOOHOW MOBEPXHOCTH. Takoe CIoKeHNEe MOXKET UMETh
CHJIY HE3aBUCHMO OT HCTOYHHUKA YKBUBAJICHTHOM TPEIIUHEI.

B HekoTOpBIX BapHaHTax OCYIIECTBICHUS H300pETEHHSI MHTEHCUBHOCTD BBI3BAHHOH B3PHIBOM TPELIMHOBA-
TOCTH MOYKET OBITH CIICIYIOIICH:

. o — kK /
fracture intensity 3 (YPABHE H

rae: k - mapameTp KamMOpPOBKH KOHKPETHOTO y4acTKa, KOTOPBIA MOXKET OBITh OCHOBAaH Ha 1) B3PBIBHBIX
CBOMCTBAX ii) CBOHCTBaX MOPOJIBI | 1ii) TEOMETPUH B3PHIBa;

I - PACCTOSIHUE OT CKBaXKUHEI B PyTax.

Kak mokazaHo, HHTEHCHBHOCTD TPEIIMHOBATOCTH OBICTPO CHIDKACTCS B 3aBHCHMOCTH OT PAaCCTOSHHS OT
B3pBIBHOW CKBa)XMHBI. Hampumep, Ha paccTOSHIM OJHOTO (pyTa OT CKBa)KMHBI YaCTOTHOCTH TPEIINH MOXKET CO-
ctaByITh 4000 TpemyH Ha QyT. Haxomsch Ha BeicoTe 16 yTOB, 4aCTOTHOCTH TPEIIMH MOXET OBITh YMEHbBIIIEHA
JIO OJTHOHM TPEITHHBI Ha PyT.

B HexoTOpHIX BapMaHTaX OCYIIECTBICHHS W300pETEHHS WHTCHCHBHOCTH TPEIIMHOBATOCTH, BBI3BAHHOM
B3PBIBOM, MOET OBITh pacCUMTaHa C UCIOJIb30BAHUEM CIICTYIONIET0 YPaBHEHUS:

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

rae: F1 cooTBeTcTByeT mopojie ¥ B3PBIBHBIM CBOWCTBaM, F2 maet hopmy KpHBOH pacTpefesieHus] 4acTHI]
o pa3mepy (Hanmpumep, reOMETPUIECKUA YieH I MUINHAPUIecKoro 3apsina), a F3 co3maer addekT uHTEH-
CUBHOCTH, OCHOBaHHBII Ha pacCTOSHUH 3JIEeMEHTa OT 3apsana. K - mapaMeTp kamuOpOBKH KOHKPETHOTO yJacTKa.
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ITapametp K MokeT 3aBHCETh OT CBOUCTB TPEIIMHOBATOCTH MOPOABI KOHKPETHOrO ydacTka. DyHKIIUU B ypaBHe-
HUH (2) OKa3aHbI HIDKE B TIOAPOOHBIX yPaBHEHHSX:

52 \?
Fl1= | —2&
*

PF*EE (YPABHEHUE 3)
F2 = [ﬁ (t:a.n_1 —HMX + tan’! —XMS>]

R R R (YPABHEHHE 4)

.

F3= (ﬁ)

Ry (YPABHEHUE 5)

rae: rae F1, uncnuTens - IpoYHOCTH OPOJIBI, OMKMChIBaeMasi INIOTHOCTBIO SHEPTHH JAedopmanny, a 3HaMe-
HaTeJIb - JIOCTYITHAsI DHEPTHS B3PhIBUATHIX BEIIECTB;

Ry cooTBeTCTBYET panuycy CKBaXKUHBI,

R - paguansHOE OPTOrOHAIBHOE PACCTOSIHHE 3JIEMEHTA OT CKBa)KHHBI,

BR - paccrosiHne amemMenTa oT B3pbIBHOW ckBaKHHBI (BR oTnmuaercst ot R B 30He 3a001ikn);

HMX u XMS mnpencraBisior co00if (hyHKIMHM DPacCTOSIHUS, OLEHEHHbIE AT PasiIMYHON OpHEHTAINH
B3PBIBHOW CKBa)KUHBI C HCIIOJIh30BAHMEM BEKTOPHBIX ypaBHeHMM paccrosiHus; © HMX - 3T0 paccrtosHue OT
HWOKHEW YacTH 3apsja J0 IEeHTpa dIeMeHTa (M3MEpeHHOE BIIOJIb HANpaBJICHUS B3PHIBHOW CKBaXHHBI). XMS -
paccTosiHME OT BepXa 3apsija 0 LEHTpa 3JIeMeHTa (H3MEPEHHOE BJOJIb HANIPABICHUSI B3PBIBHOM CKBa)KUHBI);

MoKazaTeny o, Y 1 O KaIMOPYIOT C UCTIOJIb30BAHNEM TECTOBBIX B3PHIBOB IIJIACTA;

PF - mopomkoBerit akTop;

EE - sHeprus B3pbIBUaTHIX BEIIECTB.

Kak M0OXHO BUAETHh U3 ypaBHEHHH 1-5, 3Tu QyHKIMHN SBIAIOTCS O€3pa3sMEpHBIMH, YTO MOXKET IO3BOJIHTH
BapuaHTaM OCYLIECTBJICHHs O0Jiee THOKO MCIOJIb30BaTh pa3IniHbIe CUCTEMBI euHUI, Takue kKak: SI, CGS u T.1.
®ynxunu apkranrenca F2 MoryT co3naBats sxenaeMyro GopMy pactpeaeneHus pazMepa gpparMeHTa.

JInst xanmOpOBKM ypaBHEHUH M HaXOXKIeHUs Hawiry4dmero Habopa mapamerpos (K, o, Y, 8) MoXeT OBbITh
BBIYHCIICHA cpeJHeKBaapaTndeckas norpemHocts (RMSE) Mexny skcrepuMeHTaIbHBIM M YUCICHHBIM Habopa-
MH JaHHBIX. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS M300pPETEHUSI MOXKET OBITH MPOBEAEHO MHOMXECTBO HTeE-
pauuit onTUMHU3AMHK U MUHUMHK3auu omuOkn RMSE u Haxoxienus: Hawmrydiero Habopa nmapaMeTpoB JUis
NPE/ICTaBJICHUS B3pbIBa. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUs M300peTeHus cucremMa FDM moxer apantu-
poOBaTh MOAENb IUIOTHOCTH TPELIMHOBATOCTH K B3PBIBHOMY Y4acTKy ¢ ucnosbs3zoBanrneM RMSE. Hanpuwmep, uc-
cienosanne RMSE ydacTka MOKET OBITh BBITIOJIHEHO ITyT€M MHOTOKPATHOTO BBIIOJTHEHHS MOJEIECH IIOTHOCTH
TPEIUHOBATOCTH MHOXECTBO pa3 (Hampumep, 1000 cuMyIsmuii) Ipu MOCTEIIEHHOM W3MEHEHUH TOJITOHOYHBIX
napameTpoB FDM (manpumep, K, o, Y, 8). s nccnenoBanus RMSE cuctema MoXeT cpaBHHBATh pe3yJIbTaThl
FDM c ¢akTuaeckumu pe3yiabTaTaMH B3pbIBa HA KOHKPETHOM ydacTKe. CHCTeMa MOXET MOMBITATHCS! ONTHMU-
3upoBath napamerpsl FDM (K, a, y, §) anst cooTBeTcTBUS (paKTHYECKUM JTaHHBIM B3pbIBA ITYTE€M BBITIOJHEHUS
ThIcsia ureparuii RMSE. Mcnonb3yst cHMyIsIm, cucTeMa MOXET TOTydaTh ONTHMHU3UPOBAaHHBIC TIOATOHOYHBIS
napametpsl RMSE miss FDM (111 aTOro KOHKpeTHOro ydactka). Pesynprarom umccienoBanmsi RMSE moryr
OBbITH HACTPOEHHBIE MOATOHOYHBIE ITAPAMETPHI, KOTOPBIE MOTYT TOYHO MpeACKa3aTh ()parMeHTaIHIO, BEI3BAHHYIO
OyIyIIMMH B3pBIBHBIMH PabOTaMH.

VIHTeHCUBHOCTH TPEILMHOBATOCTU OT B3pPbIBHBIX TpeluH 306 u rpynn 304 eCTECTBEHHBIX OTPHIBOB MOTYT
OBITH OOBEAMHEHBI AJISI ONpENeNICHNsT O0LIed MHTEHCUBHOCTH TPEUIMHOBATOCTH JUISL KaXJIOTO M3 JJIEMEHTOB,
COCTaBIIIOLINX TPeXMepHYIo Mozaens 202. Hanpumep, 11 Kaxkaoro ayeMeHTa TpexmepHoi moaenu 202 cucre-
Ma MOJICTIMPOBAHMS MOKET CKJIQIBIBAaTh B3pBIBHBIE TpeluHbl 306 1 rpynmbl 304 ecTeCTBEHHBIX OTPHIBOB, pac-
TIOJIO>KEHHBIE B JIEMEHTE, JUIS ONIpeieIeH st 00Ieii MHTEHCHBHOCTH TPELIMHOBATOCTH ISl KaXKJIOTO SJIEMEHTA.

B HeKOTOpBIX BapHaHTaxX OCYLIECTBICHUS H300pETEHNS B3aUMOACHCTBUE MEX Iy TPEIIMHAMHI MOXKET OBITH
00BEANHEHO C HCIIOIB30BaHHMEM KOMOMHMpOBaHHOTO mpaBmia Mt FDM. CuctemMa MOIETHpPOBAaHHS MOMKET
MIpeICKa3bIBaTh HHTEHCUBHOCTH TPEITMHOBATOCTH B DJIEMEHTE 00beMa C HMCIIOIb30BaHUEM ypaBHeHHUs (2), a 3a-
TeM OOBEAMHSTH PE3YNbTAT C MPEIBIAYIIUMHA HHTEHCHBHOCTSIMU TPEIIMHOBATOCTH C UCIIOJIB30BAHUEM CIEIYIO-

mero ypaBHeHHS 6.
I, = (I, + I,). cos’(A. — A,) + max(I,, C.I,). sin? (Ae - A,,)

(YPABHEHHE 6)

rae: I, - pe3yIpTupyIoNias HHTCHCUBHOCTh TPEIIMHOBATOCTH B 3JIEMEHTE 00beMa. I, 1 A, -CcylecTByoIas
MHTEHCHBHOCTH TPEUIMHOBATOCTH M YTOJ TPEIIMHOBATOCTH COOTBETCTBeHHO. CXOAHBIM 00pa3om, I, u A, coort-
BETCTBYIOT HOBOW MHTEHCHBHOCTH TPEITMHOBATOCTH M yIiTy TpemuHoBaTocTd. C - "KoahhunueHT nepecedeHus
pas3noMoB", KOTOPBIH MO CYHIECTBY SABNIsETCS (PAKTOPOM CHMIKEHHSI HHTEHCUBHOCTH TPEIIMHOBATOCTH JUIS OPTO-
TOHAJIbHBIX HHTEHCHUBHOCTEH TPEIMHOBATOCTH.

Kak mpaBuiio, napaienbHble TPEUMHBI MOI'YT CYMMHUPOBATHCS M YBEITHYHBATh HHTCHCUBHOCTh. C Ipyroii
CTOPOHBI, OPTOTOHAIFHBIC TPEIIMHBI UMEIOT TCHACHIIMIO YMEHBIIATh UHTCHCHBHOCTh TPEIIMHOBATOCTH B 3JIC-
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MeHTe 00beMa. YTOJI TPEIIMHEI ¢ OoJsiee BHICOKOH MHTEHCUBHOCTBIO MOXKET CUHMTATHCS JIOMUHHMPYIOIIUM U CO-
XpaHAThCS IS cienytomeil urepaunu. OnpenesneHne yria TPErHbl 00CyKIaeTcsi cO CChUIKOM Ha ¢ur. 7A u
¢ur. 7B.

Hcnonp3ys o0IIyl0 MHTEHCUBHOCTH TPEUTHHOBATOCTH, CHCTEMa MOJCITHUPOBAHUSI MOXET ONpPEACISITh pas-
Mep (parmenramu. B HEKOTOPHIX BapHaHTaX OCYIIECTBICHHS M300pETEHUS pa3Mep (parMeHTa Ui KaKIOoTo
3JIEMEHTa MOXKET OBITh ONPEACIICH ITyTeM BBIYHUCICHUS:

s — 1
Fragment Size = / F (YPABHEHIE 7)
rre: F - o0mas mHTeHCUBHOCTH TPEIIMHOBATOCTH.

Ha ¢wur. 4 npownmoctpupoBanbl ypaBHeHUsT 404 BEKTOPHOW MEXaHHWKH, KOTOPBIE MOTYT UCTIOIh30BATHCS
cuctemoir FDM miist pacdera QyHKIMA pacCTOSHUS W JETEKTUPOBAHUS TTOJIOKESHHUH 3apsaa M0 OTHOIIEHUIO K
SIEMEHTY NMOPOJB! B B3pbIBe. YpaBHeHUs 404 BEKTOPHOI MEXaHUKHU HUCIOIB3YIOT YIOl MEXIY B3PHIBHON CKBa-
*kuHOH 410 u snemenToM 402 mopoas! B ocHOBaHUU 406 CKBaXKMHBI, U YOI MEXAY B3PBIBHON CKBaxXMHOU 410 u
sneMeHToM 402 nmoposs! B BepxHell uactu 408 ckBakuHbl. Y paBHeHUs 404 BEKTOPHOH MEXaHUKH B IPOUILTIOCT-
PHUPOBaHHBEIX BapHaHTaX OCYLIECTBICHNS H300pPETEHHUS SIBIISIIOTCS CIIEYIOIINMHU:

—- @ — —
H.ST =H]||ST| COS 6

rae: H - BeKTOp ¢ BeNWYMHON UIMHBI M HANIPABJICHHUS B3PBIBHOW CKBAXHHBI OT OCHOBAHHS CKBaYKHHEI 10
BEPILINHBI CKBaKUHEI;

SB - BekTOp, MPOBEACHHBIN OT OCHOBAaHUS CKBAYKUHBI JI0 LIEHTPA 3JIEMEHTA;

ST mpencrasisieT co00i BEKTOP, IPOBEACHHBII OT IEHTPa 3JIEMEHTa O BEPIIMHBI CKBa>KUHEI.

VYpasuenus 404 BEKTOPHOH MEXaHWKH MOTYT OBITh HCITOJI30BAHBI IS perierus paccrosauii HMX 416 u
XMS 418. HMX n XMS - 310 (yHKIMH paccTOSHUS, KOTOpbIE MOTYT Hcnonb3oBathest B FDM. HMX usmepsier-
Csl KaK paccTOSIHME OT OCHOBAHUS CKBaXXHHbI 10 Touku 420 nepecedeHus. XMS u3mepsieTcs Kak pacCTOSHUE OT
BepimHbl 408 ckBaxuHbl 10 Toukn 420 nepeceyenus. Touka 420 nepecedeHus MpeacTaBisieT co0ol MecTo Iie-
pecedeHnss MeXIy NEepHeHANKYISIpHOW JTUHUEH, MpoBeleHHON oT ueHTpa 3neMeHTa 402 moponbl, W JIMHUEH
B3pPBIBHOM CKBaXHHbI, IpefcTaBieHHoN BekTopoM H. Cucrema FDM moxket ucnons3zoBate H.SB u H.ST nns
BBIYUCIICHHS yIIIOB B 1 6. 3aTeM cucTeMa MOXET HCIIONB30BaTh 3TH YIibl (B u 0) u HampaBisAiomye KOCHHYCHI
JUTSL MaTeMaTH4ecKoro BerurciieHus paccrossauit HMX u XMS.

B HexoTOpBIX BapHaHTaX OCYIIECTBIECHUS M300peTeHus cucteMa MoenupoBanus FDM MoxeT ucmosb3o-
BaTh 3TH ypaBHeHUS 404 BEKTOPHON MEXaHUKHU JJISI TOYHOH OOpabOTKHU MOPOJBI B Pa3IUIHBIX MOJ30HAX MOJE-
mm. Mcrionb3ysi cKalisipHBIE MPOM3BEACHUS W HAIPABIAIONINEC KOCHHYCHI, CHCTEMa MOACITHUPOBAHUS MOXET IIPO-
THO3WPOBAaTh WHTCHCHUBHOCTH TPEUIMHOBATOCTH HA PA3HBIX ydacTKax Oe3 SBHOTO OIpeeNieHHs MapaMeTpoB
B3pBIBA, TAKUX KaK Harpy3Ka, HHTepBal, 3a00iika, BCIIOMOTaTeibHOEe OypeHHue U T.1.

B HekoTOpBIX BapuaHTaX OCYIIECTBIECHUS M300peTeHus cructeMa MonenupoBanuss FDM moxxeT uMeTs Jie-
70 ¢ 11000l OpUeHTanMel B3pPhIBHONH CKBRXWHBI M IEPEMEHHBIM I1apaMeTPOM B3pbIBa C MCIOJIB30BAHUEM YpPaB-
HeHuit 404 BexTOpHOI MexaHuku. Vcnons3ys ypaBHeHus 404 BEKTOPHOM MeXaHUKH, CUCTeMa MOAEIMPOBAHUS
MOXeT OBITh CIIOCOOHA TOYHO TpeJICKa3bIBaTh (DYHKIIMH PACCTOSHUS M MECTOIIOJIOKEHUS 3apsiia HE3aBUCHMO OT
pa3Mepa, MOJ0XKEHUST WIIM OPUEHTAIMK B3pBIBHOW CKBaknHBI. Hanpumep, ypaBaenus 404 BeKTOpHOW MEXaHHUKH
MOT'YT UCIIOJIb30BAThCs 11 00paObOTKM BBIYMCICHHUHN JUIS B3PHIBOB C HAKJIOHHBIMH B3PBIBHBIMH CKBa)XMHAMU H
NIepeMEHHBIMH JUTMHAMU/TIOJIOKEHUSIMHE 3apsi/a.

@®ur. 5 WITIOCTPUPYET BHUI B TuIaHe cBepxy mozenu 500 B3psIBa ¢ MPU3PAYHBIMK CKBAXHHAMH IJIST OTIpe-
JIENICHIS TPEIMH ¥ WHTCHCUBHOCTH TPEIMHOBATOCTH BCJIEICTBHE OTPAKCHHBIX YIAPHBIX BOJH B KaXKIOM 3Je-
MEHTE MOJENH B3PhIBA B COOTBETCTBUH C OJHHM BapHaHTOM OCYIIECTBICHHSA M300peTeHMs. B3peiBHAS MOnens
500 mpexacraBusieT cob0 MOENb B3phIBA TUIACTAa CO CBOOOHOM MOBEPXHOCTHIO 506. AHAIOTHYHO TPEXMEPHOH
moxenu 202 ¢ ¢wur. 2B, monens 500 B3pbIBa MOXKET OBITH TPEXMEPHOM M BKJIIOYATH B C€0S MHOXKECTBO OTAEITb-
HBIX 37eMeHToB. OTpaskeHHbIe yaapHbIe BOJHEI 502 BO3HHKAIOT, KOTJa yJapHas BOJTHA OT B3PbIBA JOCTHIAET
cBOOOHON NoBepXxHOCTH 506 M BepXHEH MOBEPXHOCTH. B HEKOTOPHIX BapHaHTax OCYLIECTBICHUS N300pETEHUS
HepeMeHHas OTpakaTesbHasi CHOCOOHOCTH CBOOOIHBIX MTOBEPXHOCTEH MOXKeT OBbITh ycTaHoBiIeHa Ha 100%.

[Mpuzpaunslie ckBakuHBl 504 MOTYT OBITH PACHOJIOKEHBI Ha OJMHAKOBOM PAaCCTOSIHUM OT CBOOOJHOW MO-
BepxHOCTH 506, Kak psii TECTOBBIX B3pHIBHBIX CKBaKMH 510. TecroBble ckBakuHbI 510 mpencTaBisioT coboi
CKBa)XXMHBI, HAXOASIIUECS B JaHHOE BpeMsl B IPOIiecce CUMYIISILIUU B3phIBa. TecToBble ckBaxuHBI 510 pacnoino-
JKEHBI 0T CBOOOHOM moBepxHOCTH 506 Ha paccTosHUM OT Harpy3ku 508. COOTBETCTBEHHO, B MPOWILIFOCTPUPO-
BaHHOM BapHWaHTe MpHU3padHble CKBaXXUHBI 504 pacrosioXeHbl 3a mpejeaMu cBOOO HOW moBepxHocTH 506 Ha
pacctossHur oT Harpy3ku 508. ITockonbKy mpu3padHble CKBaXHHBI 504 HaxOIsATCS 3a IMpeaesaMu CBOOOTHON
noBepxHOCTH 506, MpU3padHbie CKBAXHHBI 504 pacmoiio’KeHbI B CBOOOJHOM MPOCTPAHCTBE W HE UMEIOT HETO-
CPEIICTBEHHOTO KOHTaKTa ¢ KAKIMH-TTOO0 dJIEMEHTaMH IOPO bl B3phIBHON Moaenu 500.

g cumynsanmy B3phIBa M3 TECTOBBIX B3PBIBHBIX CKBaXXUH 510, cucteMa MOIENIMpOBaHHUS MOXET WHUIIUN-
pOBaTh B3pBIB KaK U3 TECTOBBIX CKBaXkMH 510, Tak U U3 MpU3pauHbIX CKBaKKUH 504 ogHOBpeMeHHO. B pe3ynbTaTe
OJTHOBPEMEHHOTO MHUIUHPOBAHUS U pa3MEIeHHs NPU3PaYHbIX CKBakuH 504, xoraa yaapHbIe BOJHBI U3 TECTO-
BBIX B3PBIBHBIX CKBaKMH 510 mocturator cBoO0HOI noBepxHocTH 506, yaapHbIe BOJIHBI U3 NMPU3PAYHbBIX CKBa-
*uH 504 1efCTBYIOT KaK OTpa)KCHHbIE yAapHble BOJHBI 502 Uil CUMYJISIMK B3pbIBa. TakuM oOpas3om, cucteMa
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MOJICTIMPOBAHUSI MOKET HCIIOJIb30BaTh OTPaKCHHBIC yAapHbIe BOJNHBI 502 aisl CUMYJSIIMU YIApHBIX BOJH W3
NpU3pavyHbIX CKBaXMH 504. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS M300pPETCHHS CHCTEMa MOJCIHPOBAHHS
MOJKET MpEeayCMaTpuBaTh, YTO OTpakaTeJbHas CIOCOOHOCTh CBOOOMHBIX mMoBepxHOCTel cocTtasiseT 100%. Ta-
KM 00pa3oM, ymapHas BOJIHA TPHU3PAadHBIX CKBXHH 504 MOKeT ObITh SKBHBAJICHTHA IO BEIWYWHE yIapHOH
BOJIHE M3 TECTOBBIX CKBaxxuH 510. [pyruMu ciioBaMu, ypaBHEHHs, 00CyKJaeMbIe CO CChUIKOW Ha ¢ur. 3B, mMo-
ryT OBITH HMCIIOJIB30BAHBI ULl pacdeTa MHTEHCHBHOCTH TPEIIMHOBATOCTH OT KaKIOW M3 TECTOBBIX B3PHIBHBIX
CckBaXUH 510 1 KOKION U3 MPU3PAYHBIX CKBaXKUH 504.

[Tpuspadnsie cCKkBaXUHBI 504 MOTYT UMETh TaKyro ke (OpMy, UTO U TeCTOBBIe CKBaxxHHBI 510. Hampumep,
NpU3pavyHble CKBKUHBI 504 MOTYT UMETh TOT JK€ IMaMeTp U IIyOHHY, YTO U TeCTOBbIe CKBaKMHEI 510. B Heko-
TOPBIX BapHaHTaX OCYILIECTBICHHS M300pETEHHs NMpU3pavyHble CKBXHHBI 504 MOTYT OBITH CUMYJIMPOBAHBI IS
W3JTy4eHHUs YAApHOW BOJIHBI JUIMHOH 3apsizia TeCTOBBIX CKBaKHH 510. B npyrux BapuanTax npuspayHble CKBaXKHU-
HBl 504 MOryT OBITH CHMYJHMPOBAHBI JUII W3JIyYCHMs yJapHOI BOJIHBI JIMHOW 3apsiaa W 3a00WKM TECTOBBIX
ckBakuH 510.

B HEeKkOTOpBIX BapHaHTaX OCYLIECTBIICHHS M300pPETEHHMS JOTOJHHUTENBHbBIC MPU3PAaYHbIE CKBAYKHHBI MOTYT
OBITh WMCHOJB30BAHBI JJISI MOJACIHPOBAHUS OTPAKCHUS OT BEPXHEH MOBEPXHOCTH MOJCTH B3pHIBA, HAIIPHUMED,
MpH3pavHble CKBaXKUHBI MOTYT OBITH Pa3MELICHBI HA PACCTOSHUU OT BEPXHEW IMMOBEPXHOCTH, PAaBHOM JUTHHE 00-
nacTy 3a00HWKH. DTH MpU3pavHbIe CKBAKUHBI MOTYT OBITh Ha3BaHBI MPU3PAYHBIMU CKBOKHHAMHU 3a00MKH U MO-
TYT TEeHEpHUPOBATh OTPAKCHHBIEC YIAPHBIC BOJHBI B 00JIACTH 3a00WKH. DTH PU3paYHbIe CKBAKUHBI CUMYITHPYIOT
OTpakeHHE yIapHBIX BOJH Ha BEpXHEH MMOBEPXHOCTH B3PHIBOB.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS M300pETEHHS TECTOBBIE CKBaXXKHHBI 510 MOTYyT OBITH pacrmolno-
JKCHBI Ha OCHOBE (PAaKTMUECKHMX MaHHBIX cKaHMpoBaHus wian GPS yxe mpoOypeHHOTro B3pBIBHOTO y4acTka. B
HEKOTOPBIX BapHaHTaX TECTOBBIE B3PHIBHBIE CKBaXXMHBI 510 MOTYyT OBITH OCHOBaHBI HA paHee B3OPBAHHOM yda-
CTKE W YUUTHIBATh B3PBIBHBIC CKBAXHMHBI, KOTOPbIE OBUIN TEPErpy>KEHbI, He03apsKEHbI, HE CMOTIIN CIETOHUPO-
BaTh JOJDKHBIM 00pa3oM, ObUTH YaCTHYHO 3aIl0JTHEHB! BOJOM WIIM HHBIM 00pa30M MMeH HeIITAaTHIC AeTOHAIINH.
OTH AaHHBIE MOTYT OBITH BBEICHBI B MOJIEIb JJIs IPOTHO3UPOBAHUS (hparMEHTaIMH T10CIIe B3pHIBa.

OTpakeHHbIE yIapHbIe BOJHBI 502, KOTOphIE TEHEPUPYIOTCS B MPU3PAYHBIX CKBaKUHAX 504, MOTYT UMETh
JIPYTOl YTroJl, 4eM yAapHbIe BOJHBI M3 TECTOBBIX CkBaxkuH 510. Hampumep, B 0JHOM BapHaHTE OCYIIECTBICHHS
M300peTeHUS OTPpaKEHHBIE yaapHbIe BOJHBI 502 M3 MHOKECTBA MPU3PAYHBIX CKBaXXHH 504 MOIETHPYIOTCS Kak
pacTsaTHBaroIas BOJHA C IEPBEIM YIJIOM, a YAapHas BOJHA W3 MHOXKECTBA MCIIBITaTEIbHBIX CKBaXHH 510 Moze-
JUPYETCs KaK CKUMAFOIIasi BOJHA O] BTOPHIM yTJIOM.

[Ipu3paunsie ckBakxuHBI 504 Taxke MOTYT MCIOJIB30BAaTHCS CHCTEMOW MOJECTUPOBAHMSA IS CO3AAHUS [TH-
HAMHYECKUX CBOOOIHBIX TOBEPXHOCTEH, KaK OMUCAHO B CBSI3U ¢ GUT. 6 (cM. ¢ur. 6).

@ur. 6 WIMIOCTPUPYET BUJ CBEPXY B IUNIOCKOCTH B3pbIBHOU Mojenu 600 ¢ nmpu3payHbIMU cKBakuHaMu 608
U TUHAMHYECCKON CBOOOMHO moBepXHOCTHIO 604. B3priBHas Momenb 600 COIEPKHUT MHOKECTBO PSJIOB B3PBIB-
HBIX CKBaXHH (T.e. pag RS 612 u psag R6 610). B3priBHbIe ckBaxknHBI B psiny RS 612 panee ObLTH B30pBaHEI.
Ilepen B3pbIBOM B3PBIBHBIX CKBaXHH psga RS5 612 muHamudeckas cBoOOMHAs MOBEpXHOCTh 604 Haxomuiach
nepen psiaoM RS 612, uroOs! BkiIrouuts psx RS 612 B mnact. Cuctema MoieTMpoBaHusl TIepeMecTiIIa JHHAMH-
YeCcKyIo0 CBOOOAHYIO MOBepXHOCTh 604 k 3amHemy psagy RS 612, npeacrapnstonieMy 3JI€MEHTHI TIOPOJIBI, OTIIO-
MaHHBIC OT TUTacTa BO BpeMs B3pbIBa psga RS 612. [Mepememenne quHaMudeckoii cB0O0AHOHN moBepxHOCTH 604
MO3BOJISIET CHCTEME MOIETHPOBAHUS O0Jiee TOYHO OmpenesaTh 3((eKTs OTpakeHHBIX yIAapHBIX BOJIH. B aToM
npumepe t0 - Bpemst 3akuranus, a Ri - 3axokennsie psaas! (=1, 2, ...n).

ITo Mepe 3akuraHns KaXkIOTO Psizia BO BpeMs CUMYIIAIINH, CHCTEMa MOJCIUPOBAHMUS JUHAMUYECKH Tepe-
MelaeT TMHaMHUYeCcKyIo cBOOOIHYIO ToBepXHOCTh 604. [lepemerienne TMHaAMHYECKOH CBOOOAHON TOBEPXHOCTH
604 MoxeT oMoub U30eXkKaTh peMelIa U BKIIOYHTH 3P PeKTh 00paTHOTO paspeiBa B Mojenb 600 B3priBa. Korna
psi 3axuraeTcs, BO3HUKaeT cpaboTka 606 1 HoBast cBOOOJHASI MOBEPXHOCTh, KaK IMOKAa3aHO THHAMHYECKOH CBO-
6oxHOM moBepxHOCTHIO 604. /ltHaMH4eckast cBOOOAHAsS MOBEepXHOCTH 604 OyneT mepemMenarscst 10 Mepe Toro,
KaK CO BpEMEHEM 3a)KUTal0TCsl JIOTIOJTHUTEBHBIC PSIbL.

Cpabotka 606 npencraiseT coOOi pacCTOSHHE MEXIYy paHee 3aj¥OKEHHBIM PSIOM W HOBBIM MECTOIIOJIO-
JKEHUEM TUHAMHWYECKOH CBOOOTHOM moBepXHOCTH 604. Beskwmii pas, Koraa 3aKUTaeTCs Psl, SJIEMEHTBI TIOPO/IBI,
PAacTIONIOKEHHBIE B JIMHUIO C PAIOM M MEXIY PSIOM M MPEIbIAyIIed cBOOOIHONW MOBEPXHOCTHIO, CMEIIAIOTCH.
Kpome Toro, B HEKOTOPBIX BapHaHTaX OCYIIECTBIICHIS M300pETEHHUS HEKOTOPHIC AJIEMEHTHI IOPOIBI 0331 Psi-
Ia (HarmpuMep, TOPOMIbI, PACIIONOKEHHBIE JalbIIe OT IPeAbIAYIIeH cBOOOIHONW MOBEPXHOCTH, Y€M B30OPBAHHBIN
psm) Takke cMemarTes. Hampumep, pacctosaue Mexay psaaoM RS 612 m nuHaMudecKkoi cBOOOTHOM TOBEPXHO-
¢TI0 604 sBisieTcst cpaboTkoit 606. B HEKOTOPHIX BapuaHTaX OCYIIECTBICHUS H300peTeHus cpaborka 606 mo-
JKET COCTaBIISITh OJHY TPETh HAarpy3KH. B HEKOTOPHIX BapMaHTax OCYIIECTBICHHUS M300pETCHUS JUHAMHYCCKAs
cBOOO/Hast MoBepXHOCTH 604 MOXeT OBITh M3MEHEHa TakMM OOpa3oM, YTO Harpy3Ka MHOXECTBAa B3PBIBHBIX
CKB&)KUH U3MEHSETCS] Ha PA3IMYHBIX BEICOTaX OCH Y MOJICIH.

Cpabotka 606 U3MeHsET Harpy3Ky Ui CICAYIOIIETO Psijia, MOIekKAIIero 3akuranuio. JddekruBHas Ha-
rpy3ka 602 mpencraBiseT coO0H MHTEpBAJI MEXAY psilaMH MHHYC cpaboTka 606. DddekruBHas Harpyska 602
UCTIONB3YETCs I OIpeeNieHHs] pa3MelleHnus Npu3paunbix ckBakuH 608. Ilpuspaunsle ckBaxkuHbl 608 pacmo-
JIO’)KEHBI Ha PACCTOSHUH, KBUBaJCHTHOM 3¢ (eKTHUBHOK Harpy3ke 602, oT JUHAMHYECKON CBOOOJHON MOBEpX-
Hoctr 604. JIpyrumu ciioBamu, paccrosiaue 618 mexny psgom R6 610 u nuHamMudeckold CBOOOIHOW TTOBEPXHO-
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ctelo 604 paBHO paccrostHMIO 620 MeXIy AMHAMHYECKOW cBOOOJHOHM mMoBepXHOCTBIO 604 M TpU3padYHBIMU
ckBaxkuHamu 608. Ilpuspaunslie ckBaxuHbl 608 pacmnosokeHbl Ha MPOTUBOIMOIOKHONW CTOPOHE AUHAMHUYECKOU
cB0OOHOM TToBepxHOCTH 604 OTHOCUTENBLHO psiga R6 610.

[Ipu3paunsie ckBakuHBl 608 WHUIMUPYIOT yIapHBIE BOJHBI OJHOBPEMEHHO C yHapHBIMH BOJHAMH OT
B3PBIBHBIX CKBaXMH R6 610. YmapHble BOJIHBI OT MPHU3PAYHBIX CKBOXXHUH 608 MOCTHTaloT TWHAMUYECKOW CBO-
001HOM TIOBEpXHOCTH 604 B TO K€ BpeMsl, UTO M yIapHbBIE BOJHBI OT B3PHIBHBIX CKBXWH psfga R6 610, u cumy-
JUPYIOT yAapHBIE BOJHBI, OTPaXKEHHBIE OT JUHAMHUYECKON cBOOOAHOM moBepxHOCTH 604. COOTBETCTBEHHO, MIPH-
3payHble CKBOXUHBI 608 ciienyroT ToMy e BpeMeHH, 4To U psan R6 610. To ecTs, Bcakuit pa3, Korma oaHa U3
B3PBIBHBIX CKBAXUH B psiny R6 610 3axkuraercs, 3aKUraeTcst COOTBETCTBYIOIIAs MpU3payHas ckBaxknHa. Ha-
IpUMep, KOoria repBasi B3pbIBHAsl ckBakuHa 614 3akuraercs Ha 200 MuuTHceKyH (MC) U HCITyCKaeTcs BOJHA,
OJTHOBPEMEHHO yJlapHasl BOJIHA MCIYCKAaeTCs M3 NEepPBOI MPpH3pavyHOi CKBa>KUHBI 616. AHAIOTMYHO, B MIPOMILTIO-
CTPHPOBAHHOM BapHaHTE OCYLIECTBICHHUS M300pPETEHHsI OCTABILIMECS IMapbl B3PBIBHBIX CKBAXXWH W MPHU3PAUHBIX
CKBaXXUH 3axurarorcs Ha 225 mc, 250 mc, 275 mc u 300 Mmc.

JuHamudeckasi cBoOOaHAs MOBEpXHOCTH 604 MoOXeT ObITh co3faHa Ui JF000W CXEMBlI B3PBIBAHUS WU
BPEMEHHOH TOCIIeN0BaTEIBHOCTH. KpoMe Toro, UCTonb3ys THHAMUYECKYI0 CBOOOAHYI0 TTOBepXHOCTh 604, crc-
TeMa MOJIEIMPOBAHMUS MOXKET N30eKaTh peMelia Py CUMYIIAINHE O0NBIION MPOOIEMBI C MHOKECTBOM PSIOB H
CKBa)KHH.

®ur. 7A u 7B WILTIOCTPHUPYIOT, KaK CUCTEMa MOJACITUPOBAHUS MOXKET OMPEICNIATh YIJIbl TPEIIUH. Y TJIbI
TPEILINH OMPEIENAIOTCS KaK yTroll PaKTHYECKUX YAApHBIX BOJTH M OTPaKEHHBIX yOapHBIX BouH. Our. 7A wiro-
CTPHUPYET BUJ CBEPXY B ITIOCKOCTH B3PBIBHON Mojienu 702 M YIIIbl TPEIIMH U3 TIEPBON B3PHIBHOW CKBasKUHBI 704,
Yroa ynapHOi BOJNHBI OT NEpBOH B3pHIBHOM CKBaXXMHBI 704 MOKET OBITH ONpEJeNICH CUCTEMON MOAEINPOBAHUS
IyTeM HaXOXJCHUS YIIIOB MEK1y CBOOOJHOM MOBEpXHOCTHIO 708 M HampaBiIeHUEM NaJarouell y1apHoil BOJIHBI.
Boisiee KOHKpETHO, YIJIbI IS TTaAaloIIeii yIapHOH BOJIHBI MPEACTABIISIOT COOOM YIIIbI MEXAY BHYTpPEHHEH CTO-
poHOi#1 cBOOOIHOU TTOBepxHOCTH 708 M HAaNpaBICHUEM TafAIOIIeH BOJTHEL.

CxonHbIM 00pa3om, ¢ur. 7B mwuiocTpupyet Buj cBepXy B IutaHe Mozean 702 B3pbIBa U YIIIbl TPEIIUHBI OT
MIPU3PAYHON CKBaXKMHBI 706, COOTBETCTBYIONICH IMEPBOW B3pBIBHOH ckBaxkmHe 704. Kak mokazaHo, yribel oTpa-
JKeHHBIX YIAapHBIX BOJIH MPU3PAYHON CKBaXUHBI 706 MOTYT OBITH pACCUMTAHBI TAaKXK€ W3 BHYTPEHHEH CTOPOHBI
cB0OOHOM TToBepXxHOCTH 708 M HampaBIeHUS OTPAKEHHOMW BOJTHEI.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS N300PETEHHUS YIIIbl CUUTAIOTCS TOJIOKUTENFHBIMU. Kpome Toro,
€CJIM TIOJIO’KEHHE B3PBIBHOW CKBAXMHBI M3MEHICTCS B BEPTHKAJIHFHOM HAIlpaBIeHUH (HampaBieHHe Y), CHCTEMa
MOJICIIUPOBAHMS MOXKET HCIIONB30BATh HAIIPABIAIOMIAE KOCHHYCHI UII TOYHOTO OTIPENEICHUSI MECTOIOI0KEHHUS
3apsiza B IUNIOCKOCTH (IUIOCKOCTh X-Z). CHcTeMa MOJKET MCIIOIb30BaTh PAacueT U COXPaHEHUE JOMHHUPYIOUIHX
YIJIOB MHTCHCHUBHOCTH TPEUIMHOBATOCTH. Hampumep, napaisenabHble TPEIUHBI B3aUMOICHCTBOBATh, B TO BPEMsI
KaK OPTOTOHAIBHBIE TPELIMHBI MEIIAIOT IpYyT Apyry. CucTeMa MOXKET Paclo3HaBaTh MOPSIOK, B KOTOPOM MOSIB-
JISIFOTCSL TPELIMHBI, M YYUTHIBAET B3aNMOJCHCTBIE BHOBb CO3aHHBIX TPEIIMH C CYIIECTBYIOIUMHU TPEIINHAMY B
Ka)KZIOM dJIeMEeHTe 00beMa ISl KayKI0H CKBayKHHBI, KOTOPAsl 3a)KUTacTCsl.

@ur. 8§ mumocTpupyet Bua cOoky ckBakuubl 802. Kak nmokaszaHo, B3pbIBHas ckBaknHa 802 coaepxut 3a-
6oiiky 804 u 3apsa 806 B3pHIBUATOTO BEMIECTBA. B HEKOTOPHIX BapHaHTax OCYIIECTBICHUS CHCTEMa MOJICIHPO-
BaHUS MOXET HCIIOJIB30BATh MPOMILIIOCTPUPOBAHHBIE KOHTYPH! 808 MHTEHCHBHOCTH TPEIIUHOBATOCTH JUIAIITH-
geckoil (hopMbl ¢ nBoitHON pyHKIMen ArcTan mst onpenenenns pa3MepoB (pparMeHToB I KaxkI0TO dJIeMEHTa
TpeXMEpHOW MOJEITH W TOJYYeHHs pachpeseseHus pazmepoB (parmenrtanuu. Kontypsl 808 MHTEHCUBHOCTH
TPEIUHOBATOCTH MOTYT OBITh IIEHTPUPOBAHBI BOKPYT B3PBIBHOTO 3apsiaa 806.

B HeKkoTOpBIX BapuaHTaxX OCYILIECTBICHHS M300peTeHus cucrteMa Moaenupoanus FDM Mosker mHTErpH-
poBatb FDM c HECKOJBKMMH TEOJOTMYECKHMHU CIIOSMH M HECKOJBKMMH IUIacTaMd. | 'eosorMueckue Cliou u
MHO’KECTBO IUIACTOB MOT'YT OBITh BXOJHBIMH JaHHBIMH JJIsL CHCTEMbI MoJienpoBanust FDM.

@ur. 9A WLTIOCTPUPYET TPEXMEPHYIO MOJIEIb, KOTOpas BKJIIOYAET CBOWCTBA TUITA MOPOJBI [UIsl OoJiee TOY-
HOTO NPOTHO3UPOBAHUS MHTEHCUBHOCTH TPEIIMHOBATOCTH. KaXkablil cloi mopoas! (Takxke Ha3bIBaeMbIil Teos1o-
THYECKHM CJIOEM) MOXET OBITH CBSI3aH CO CBOMCTBaMHM MOPOJIBI, BKIIOYAsl MIIOTHOCTh, TPELIIMHOCTOMKOCTD U MO-
Iy7b. OTH CBOWCTBA MOPOIBI MOTYT BIUATH HAa TO, KaK 00Pa3yIOTCS TPEIIMHBI B AIIEMEHTAX B KAXKIOM CJIO€ I0-
ponsl. Hammpumep, MeHee TUTOTHAS TOPOAA MOJKET MO3BOJIUTH TPELIMHE PACIPOCTPAHATHCA Aajblie, deM Oojee
TUTOTHAS TIOPOA.

Bxoaubie nannabie 11 cucteMbl MozenupoBanusa FDM, mpeacrapisionye reojJlorMuecKue CiIou B IIIType
WA CXeMY B3PBIBaHHSA, MOTYT OBITh IpUMEHEHH K aHanm3sy FDM. I'eonorndeckue ciion MOTYT OBITh CIOSMH C
Pa3IMIHBIMH T€OJIOTHIECKUIMHU CBOMCTBAMH (HAIIpUMEp, THIT IOPOIBI, IOPUCTOCTD, TBEPAOCTh U T.1.) Cructema
MozenupoBanusi FDM MoKeT HCIoibp30BaTh IeojIOrMYecKrue CBOMCTBa Ul KOPPEKTUPOBKH TOTO, Kak 0Opasy-
I0TCSl TPEIIUHEI B TOPOJAX, HA OCHOBE I'€0JIOTMYECKUX CBOMCTB, TaK YTO TPEIIMHBI B PA3JIMYHBIX I'€OJIOTHYECKUX
CJIOSIX MOTYT TOSABIATHCS MO-pasHOMY. Hampumep, B3pBIBHBIC TPEUIMHBI B Ka)KAOM M3 MHOXECTBA 3JIEMEHTOB
00beMa 3aBUCAT OT TOTO, B KAKOM M3 I'€OJIOTHYECKHX CJIOEB PACIIOIOKEHO MHOXKECTBO JIEMEHTOB 00BeMa.

HeorpannuuBaroniye nmpuMepsl reoJOTHYECKUX CBOMCTB BKIIIOUAIOT MHHEPAJIOTHIO (JIIEMEHTAPHYIO W/HIIH
MHHEPAIBHYIO), JINTOJIOTHYECKYIO CTPYKTYpY (IIEpBHYHYIO, BTOPUYHYIO W/HIHM TEKCTYpY), TIOPUCTOCTH, TBEP-
JIOCTh, TIPOYHOCTH TMOPOIBI M TIOTHOCTH. "TekcTypa" OTHOCHTCS K pazMepy, GopMe B PacIoIOKEHUIO B3aUMO-
CBSI3aHHBIX MHHEPAIBHBIX KPHUCTAJUIOB, KOTOPHIE O0pa3yloT MOpONy WM ApYyrod mMartepuan. [eomormueckue
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CBOWCTBA MOTYT OBITH MICIIOJIE30BAHBI JIJIsI ONPEACICHUS IOMOTHUTEIBHBIX TCOJOTHYSCKUX XapaKTePUCTHUK, Ta-
KAX KaK HCTHPACMOCTh U pa3apoOieHHOCTh. ['eonorndeckue CBONHCTBa MOTYT OBITH OMpPEICNICHBI MPSMO WU
KOCBEHHO M3 TaKHX MCTOYHHKOB, KaK CEHCMHYECKHIE TaHHbIEC, TaHHBIe OypeHus, OypoBoi miaM, oOpasIbl KepHa
WM uX KoMOuHanmu. Hampumep, OypoBo# mijiaM W/viau 00pasiibl KepHa MOTYT OBITh MTPOAaHATM3UPOBAHBI C HC-
MOJIF30BAHNEM PEHTTEHOBCKOHM MM raMMa-(QIIyopecleHIINN, CKaHUPYIOMIEeH 3EKTPOHHON MUKPOCKOIINH U APY-
THX METOJOB CIIEKTPOCKOIHMH ¥/MIIM MHUKPOCKONHWH. I'eoornueckne JaHHBIE MOTYT BKIIOYAaTh HH(POpPMAIHIO Ha
WHKPEMEHTHOH OCHOBE, HAIIpUMep, B Iepecdere Ha QyT.

B HeKOTOpBIX BapHaHTaxX OCYIIECTBICHUS M300pPETEHUS TeOJOTHMYECKHE CBOHCTBA T'€OJIOTUYECKHX CIIOCB
MOTYT OBITh TIOJYYCHBI U3 JaHHBIX OypeHus. [laHHBIC OYpeHUS MOTYT OBIThH MOJIYYCHBI JaTYAKAMU Ha OYpHIIb-
HOW MaIlliHEe C UCIIOJIb30BaHHEM UCKYCCTBCHHOTO MHTEIUICKTa. JJaHHBIC OypeHHs MOTYT BKJIFOUATh B CE0s TAKYIO
UHPOPMALIUIO, KaK pa3Mep OypOBOI rOJIOBKH, CKOPOCTH BpalllcHHs OYpOBOI TOJIOBKHU, KPYTSIIUI MOMEHT Oypo-
BOM TOJIOBKH, CKOPOCTh IIPOXOJIKH, BUOpAIHs TOJOBKH, JaBJIICHUE OMYCKaHUs, IaBJICHUEC BO3AyXa Ui nedopma-
I[UH, MECTOIIOJIOKCHUE CKBaXKUHBI, HOMEP CKBaXKHHBI, a TAKKE JUTMHA WU NIyOWHA CKBaKUHEI. [laHHBIE Oype-
HUS. MOTYT KOPPEIHUPOBATh C TCOJIOTMICCKIMU CBOMCTBAMU IO BCCH JJIMHE B3PBIBHOW CKBaXKWHBI. Takum o0Opa-
30M, JaHHBIE OypPEHHS MOTYT OBITh HCIIOJB30BAHbI ISl CO3AAaHUS 3HAYCHUH TBEPAOCTH BIOJIb JJIMHBI B3PHIBHOM
CKBKUHBI (T.€. TPO(HIIS TBEPIOCTH).

Our. 9B mmmocTpupyeT MomnepeyHoe CeueHHUEe BEPTUKAIBLHOW B3PBIBHOW CKBOKHUHBI 910 ¢ MHOKECTBOM
m1acToB. I1acTel MOTYT OBITH CETMEHTAaMU C Pa3IMIHON dHEpTUel B3phiBa. Hampumep, KaKaplii CETMEHT MOKET
MMETh Pa3IYHYI0 IUIOTHOCTH AMYNBCHHU WM ToTHOCTE 3Hepruu ANFO. BeptukanpHas B3phIBHAS CKBaXKHHA
910 MosxeT OBITH 3alOJTHEHA B3PHIBYATHIM H3neinreM 61 (Hampumep, CeHCHOMIM3UPOBAHHBIM MIPOTYKTOM), CO-
JIepKaIIiM MepBOe B3phIBUATOC M3Aeaue 61a, JocTaBIseMoe C IepBOM PHEpPTUeii A B3pbIBa, BTOPOE B3PBIBUATOC
uzgenue 61b, mocramisieMoe co BTOpoii 3HeprHel B B3phiBa, TpeThe B3phIBUATOC U3aenue 61c, qocTaBmsemMoe ¢
TpeThelt sHepruei C B3phIBa, W YeTBEpTOE B3phIBUAaTOE M3aenue 61d, moctaBisiemoe ¢ yeTBepToi sHeprueit D.
Crnenyer MOHMMATh, YTO B3PBIBYATOC H3IEHE 61 MOXKET TakkKe COAEPIKaTh JOTOIHUTEIBHBIC CETMEHTHI, TOC-
TaBJISIEMBIC C IPYTON JHEPTUCH B3phIBa. DHEPTHsI B3PhIBa B KAKIAOM IIACTE MOXKET OBITh 3a7]aHa B COOTBETCTBHU
C TBEPAOCTHIO ITOPOJIBI B 3TOM clioe. TBEpIOCTh CIIOS IMTOPOIBI MOKET OBITH B JTFOOOM CIy4aliHOM IOPSAKE C TITy-
OounHoi. Takum 00pa3oM, TTACTOBAas YHEPTHs B3pPHIBA MOXKET OBITH pacmpesesieHa B JI00OM TOpSIKE BHYTPH
B3PBIBHOWM CKBa)XMHBL. DHEPTHS B3PHIBA MOKET OBITH 3aIIOJTHEHA B IMOPSAIKE, KOTOPHIH MBITACTCS MPUBECTH I'e0-
JIOTHYECKUE CBOHCTBA B COOTBETCTBHH C COCEAHHMM B3pPBIBUATHIM H3EIIMEM C YHEPTHEH B3pHIBa, COOTBETCTBYIO-
1Iel reoJOTHYECKUM CBOWCTBAM.

®dwur. 9B mnmocTpupyeT OTHOCUTENBHOE pacIipeielieHue SHEPTHH B3PhIBa BIIOJIb B3PBIBHOM CKBaXHHBI 910
¢ rucrorpammoii E 1o o6e cTopoHs! 0T B3psIBHOI ckBaxkuHbl 910. HecMoTpst Ha To, uTO B3phIBUATOE M3zEHeE 61
MPOMUTIOCTPUPOBAHO C YETHIPHMSI Pa3IHYHBIMU MOJaBAEMBIMH IDIOTHOCTSIMH, OTHOCHTEIIEHOE PACIpe/ICICHUE
SHEPTHU B3pbIBA B HEKOTOPHIX BapUAHTAX OCYIICCTBICHUS HM300PCTCHUS MOXKET MOCTCIICHHO WM3MEHSTHCS OT
BEpXHEU 4acTu B3phIBUATOr0 M3Aenus 61 K HIKHEH yacTH B3pbIBUaTOrO M3aenus 61. B HeKoTOpbIX BapuaHTax
OCYILICCTBIICHHS paCIIpEICICHAC YHEPTUU B3PBIBA BHYTPH KAXKJOT0O IIACTA MOXKET OCTABAThCS MTOCTOSHHBIM WITH
MOYTH MOCTOSTHHBIM, M KaXKIBIH IJIaCT MOXET BKIFOYATh SHEPTUIO B3PHIBA, BEIOPAHHYIO Ha OCHOBE T'€OJIOTHYC-
CKHX CBOWCTB BHYTPH 3TOTO ILIACTA.

Cucrtema moznenupoBanuss FDM MoeT HCIonp30BaTh B3PEIBHOE HACIOCHUE B KAYECTBE BXOJHBIX TaHHBIX
JUIA TIOATOTOBKH MOJENEH TPEUIMHOBATOCTH. B3pBIBHOE HACIOCHHWE MOXKET MPEeACTaBIATH co00il HacimoeHue
TUIOTHOCTEH AMYJIBCUH W HACIIOCHHUE YHEPTUH B3pbIBa B3phIBUaTOTO M3nenus (Hanpumep, ANFO).

B HExoTOpBIX BapuaHTaX OCYIIECTBICHHUS M300peTeHMs cucTemMa MoaeaupoBanuss FDM MoskeT ucmoibs30-
BaTh KaK B3PHIBHOC HACJIIOCHHE, TaK M I'COJIOTHYCCKHUE CIIOW MPH IMOATOTOBKE MOJENEH TPEIUHOBATOCTH. B He-
KOTOPBIX MOJICIIAX TCOJIOTHYCCKIE CIION M CJIOU SHEPTHH B3PhIBA MOTYT COBIAaTh. B IPyruX MOJENAX TeOJIOTH-
YECKHE CJIOM U CIIOM DHEPTUH B3PHIBA HE COBIAIAIOT.

@ur. 10 mmoctpupyer cumyssinuio Moaenu 1000 maxTHoro 3abo0s ¢ ucnonp3oBanneM FDM. Kak noxka-
3aHO B MPOWUTIOCTPUPOBAHHOM IPUMEPE, CUCTEMa MOICITUPOBAHUS MOXKET CHMYJIUPOBAThH YIIIOBHIC B3PHIBHBIC
CKBa)XXHMHBI C Pa3IMYHBIMH JUTMHAMH 3apsaa ¢ ucrnonb3oBanneM FDM. Kak MoxHO BUIeTh, (pU3HUYECKUE mapa-
METpHI, TAKHE KaK JJTNHA 3apsijia, 3a00¥Ka 1 HHTEPBaJl, MOTYT U3MEHITHCS B PA3HBIX ITOI30HAX MOIEIH.

Jna ompenenenus pazmepa (pparmMeHTariyi U WHTCHCUBHOCTH (parMeHTAllMH CHCTEeMa MOJACIHPOBAHUS
MOJKET TeHEpHPOBATh MapaMeTPHl B3pPHIBA ITyTEM CUMTHIBAHUS BEpPXHEH M HIDKHEH KOOpAMHAT 3apsiia M BBIYMC-
JICHWsI APYTUX MapaMeTPOB C MCIIOIb30BAaHMEM YPAaBHEHHWH BEKTOPHOTO PACCTOSHUS, KaK OMICAHO CO CCHUIKOM
Ha ¢wur. 4. 3aTeM HHTEHCUBHOCTH TPEITUHOBATOCTH MOXET OBITh paccunTaHa, Kak 371eCh OMUCAHO.

@wur. 10 taxxke wumoctpupyeT rpaduk 1002 pacnpeneneHus pa3MepoB GparMeHToB. PsAaoM ¢ B3pHIBHEIME
CKBa)XHAMU B3DPBIB MPOU3BOJNUT OYCHb Mallopa3MepHbIe YacTHIBI mopoasl. ['padux 1002 pacnpenencHus pas-
MepoB ()parMEHTOB ITOKa3bIBaeT (hParMEHTAIMIO B PA3IUYHBIX TOA30HAX Mojaen. boee KpymHbIe YacTUIIEI MO-
TyT OBITH MOKa3aHbI ¢ rpagucHToM. ['paduk 1002 pacnpenencHus pa3MepoB pparMeHTOB MOXKET OBITh UCIOJb-
30BaH JUIs MPOBEPKH MOJICIU U VTS T0OaBICHUS OOJBIICH TOYHOCTH JJIS JBYMEPHOTO TpaduKa pacrpeaecHus
YaCTHI] 110 pa3Mepy.

@ur. 11 wumrocTpupyer OJ0K-CXeMy croco0a MPOTHO3HPOBaHUS pasMepa (parMEeHTAIMH TOPOABI B pe-
3yJbTaTe B3phIBa. B cucTeMe MonIenmpoBaHus ¢ UCIONb30BaHueM crocoda 1100 OymeT ncmoab30BaThCss MOJCITH
ydJacTka B3pbIBa. MOJeNs yqacTka B3phIBa MOKET BKIIOYATh JaHHBIC B3PHIBHOW CKBAXXMHBI U JaHHBIC ydacTKa
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B3pbIBa. JlaHHBIC B3PHIBHON CKBAKMHBI MOTYT BKJIFOUATh B CeOS IMapaMeTphl B3PBHIBHOW CKBaKUHBI, TAKHE KaK
WHTEPBAJl MEXIY B3PBIBHBIM CKBR)XHHAMH, HArpy3Ka B3PBIBHOW CKBa)KWHBI, TTyOWHA B3PBIBHOW CKBA)KUHBI,
JIaMeTp B3pPBIBHOM CKBa)KUHBI, PACIIOJIOKEHIE B3PBIBHBIX CKBAKHH, KOJMYECTBO B3PBHIBHBIX CKBAXKUH, HHOOP-
MaIiio o 3a00ike, B3pHIBHBIC CBOMCTBA, YTOJI B3PBIBHON CKBAKMHBI, MTOJIOKCHNUE B3PHIBHON CKBa)KMHBI, CMEIIIe-
HUS pAOOB, cpabOTKa, HATPY3Ka MEPEIHETO psijia, BEpXHUE KOOPAWHATHI B3PHIBHOW CKBAYKUHBI, HIDKHUE KOOPAH-
HATHI B3PBIBHOHM CKBa)KWHBI, HH(OpMAIHS MOI0ypHUBaHUS U 3arpy304yHast nHpopManusi. B HEKOTOpBIX BapraHTax
ocymiectBiieHus1 ciocod 1100 MoXeT BKJIIOYATh BHIOOpP THITA MCIOIB3YEMOTO B3pPHIBYATOTO BEIIECTBA, BHIOOP
JUTMHBI 3apsia U pa3MeIIeHne 3apsaa BO MHO)KECTBE B3PBIBHBIX CKBa)KHH.

JlaHHBIC y4acTKa B3pbIBa MOTYT BKJIFOYATh MH()OPMAIUIO O IUIACTE M T'€OJIOTHUCCKUE CBOWCTBA yYacTKa
B3pbIBa. HeorpaHnduBaronye npuMepbl HHQOPMAIMH O IDIACTE BKJIFOYAIOT B CE0sl YTOJI TOBEPXHOCTH, BHICOTY
TUIACTA, YTOJ HAKJIOHA IJIACTa, YTOJl HAKIIOHA IIAXThI, PACIONIOKCHHE CBOOOJHON MOBEPXHOCTH M YTOJ MYCTON
nopoasl. HeorpanumuuBaromue MpUMEpbl TEOJIOTUYECKUX CBOWCTB BKIIOYAIOT MUHEPAIOTHIO (DJIIEMCHTAPHYIO
W/WIIA MUHEPAJIbHYIO), INTOJIOTHICCKYIO CTPYKTYpPY (MIEPBUYHYIO, BTOPHYHYIO, W/HIIA TEKCTYPHI), TOPUCTOCTS,
TBEPJIOCTH, 3aTyXaHue, Moayab FOHra, MOITysb CIIBUTA, HACKIITHOW MOIYJb YIPYTrocTH, kKodgurmeHt [lyaccona,
CKOPOCTH MPOAOIBHBIX BOJH, CKOPOCTh S-BOJIH, TNIOTHOCTH TOPOJBI, THIT TOPOJIBI, TPOYHOCTE MOPOBI, YCIOBHUS
MOPOJIBI, OIIFICAaHUE MOPOJBI, COCTOSTHHE OTPHIBA, YTOJ OTPHIBA, OPHEHTAINS OTPHIBA, CTAHAAPTHOE OTKIOHEHHE
WHTEpBaJia MEXAY OTPHIBAMH, CIICTUICHHE, HHTEPBAI MEXIy BEPTHKAJIHHBIMHI OTPHIBAMH, HHTEPBAJ MEXIY I'O-
PU3OHTALHBIMH OTPBIBAMH, HEOTpaHWYeHHAs] MPOoUHOCTh Ha cxkaThe (UCS), 3ByKoBasi CKOPOCTh, CTAaHIAPTHOE
OTKJIOHEHHE OypeHHs, yaapHas CKOPOCTbh, TPEIINHOCTOWKOCTh MOPOJIBI, OTpaXaTeIbHasl CIIOCOOHOCTH ITOPOJIBL,
MPOYHOCTH MOPOJBI Ha PACTSDKEHHE, YroJl BHYTPEHHETO TPEHHs, JaHHbIe |toronmora (Hanpumep, Up min, Up
max, Us min., Us max), u HanpspkeHus TpyHTa (61, 62, 63, opueHTanus Hanpspbkenns, DIP, HakioH U poTarws).
"TexcTypa" oTHOCUTCS K pa3Mmepy, popMe u pacloIOKEHUIO B3aUMOCBS3aHHBIX MUHEPAILHBIX KPUCTAIIOB, KO-
TOpBIC 00pa3yOT MOPOTY WU JAPYroi MaTepuall. ['eolorudeckre CBOWCTBA MOTYT OBITh UCIIOJIb30BAHBI IS OII-
peAecHUs TOTIOTHUTEIBHBIX TCOIOTHICCKUX XapaKTEPUCTHK, TAKUX KaK UCTHPACMOCTD U pa3apO0IeHHOCTb.

CuctemMa MOJICITUPOBAHHS MOXKET CETMEHTHPOBaTh Mojenb 1102 ydacTka B3phiBa HA MHOXKECTBO 3JICMECH-
TOB 00beMa. CHucTeMa MOJCITHPOBAHUS MOXKET OTCIICKHBATH HHTCHCUBHOCTH TPEIIUHOBATOCTH B KAXKIOM 3JIc-
MeHTe 00beMa Ha TPOTHKCHUU CHMYJIUPYEMOTO B3phiBa. HamprmMep, cucreMa MOJCITHPOBAHUS MOXKET OTpeie-
nsTh 1104 paHee CyniecTBOBABIINE TPEUTMHBI OTPHIBA BO MHOXKECTBE DJIEMEHTOB 00beMa. CHcTeMa MOJIEITHPO-
BaHUs MOXKET CUMYIHpoBaTh 1106 B3pBIBBI M3 KaXKIOW M3 MHOXKECTBA B3PHIBHBIX CKBAXHH U onpeaelsaTs 1108
TPELINHBI OT B3PHIBOB (B3pPHIBHEIC TPEIIMHBI) BO MHOXKECTBE IEMEHTOB 00BheMa. B3pBIBEI MOTYT OBITH OJTHOBpE-
MEHHBIMH WJIH TIOCIIEIOBATEIbHBIMA. J{JI TIOCIe0BaTeIFHBIX, MOCTEe KaKIO0T0 B3pPBIBA, CHCTEMa MOJCIHPOBa-
HUSI MOXKET PETUCTPUPOBATh HHTEHCUBHOCTH TPEITMHOBATOCTH, CO3IaHHOM B3PHIBOM.

B HEKOTOpBIX BapHaHTaX OCYIIECTBICHHUS CHCTEMa MOJEITHUPOBAaHUS MOXKET cuMYyIupoBaTh 1110 orpaxke-
HHUE YIapHOU BOJIHBI HA CBOOOIHOM TOBEPXHOCTH MOJCIH MyTEM CHMYJISILIUU B3PHIBOB HA MHOXECTBE MIPHU3pay-
HBIX CKBaXXHH 3a MPEJeIaMi CBOOOTHOW MTOBEPXHOCTH JJIS OTPEACICHUS OTPAKAIOUINX TPEIIHH BO MHOXKECTBE
3IeMeHTOB 00beMa. CHUcTeMa MOACTHPOBAHUS MOXKET 00BbeaMHATE 1112 paHee CyleCTBOBABIINE TPEIIUHBI OT-
PBIBa, B3PBIBHBIC TPCIIMHBI  OTPAXKAIOIINE TPEIMHBI JJIsl OTPEICICHUS 00IIe HHTCHCUBHOCTH TPEIIUHOBATO-
CTH BO MHOXECTBE 3JIEMEHTOB 00beMa. CHCTeMa MOJICITUPOBAHUS MOXET IMPEOOPA30BBIBATH OOIIYI0 HHTCHCHB-
HOCTB TPEIIMHOBATOCTH, CBA3aHHYIO C KaXKABIM AJIEMEHTOM 00BEMa, Ui ONpeAeNieHus pa3Mepa (pparMeHTalun
JUTSL KKITOTO JIeMeHTa 00beMa 1 obecnieunBath 1114 mporHo3upyemoe pacnpeaeneHie pazmMepa pparMmeHTanu
JUTSL MOJICNT Ha OCHOBE 0O0IIelf MHTEHCHBHOCTH TPEIIMHOBATOCTH BO MHOKECTBE 3JIEMEHTOB 00BEMa.

B HEKOTOPHIX BapHaHTax CHCTEMa MOJEIHPOBAHUS MOXKET HCIIONB30BaTh JUHAMHYECKYIO CBOOOTHYIO T10-
BepxHOCTh. CHCTEMa MOJEIUPOBAHMS MOXKET TepeMenaTh THHAMHYIECKYI0 CBOOOIHYIO TOBEPXHOCTH MOCIIE TO-
ro, KaKk B30pBaH psa. Hampumep, cucrema MOXET MepeMeniaTh CBOOOAHYIO TIOBEPXHOCTH ITOCIIE B3PHIBA IIEPBOTO
psAaa B TOJOXKEHHUE MMO3aJH TIEPBOTO Psifia U ydeTa CpabOTKU. B HEKOTOPHIX BapHaHTaX OCYIICCTBICHUS H30-
OpeTeHus: CBOOOIHAS MOBEPXHOCTh MOXKET TIEPEMEIIaThCs 3a MEPBEI Psil Ha OJHY TPeTh Harpy3ku. HoBoe me-
CTOIOJIOKCHUAE TUHAMUYICCKONH CBOOOJHOW MOBEPXHOCTH 3aTE€M MOXKET OBITh HCIOJB30BAHO IJIS B3PHIBA CJE-
JYIOIIETo psiia. JIBIKyIascs CBOOOJHASI MOBEPXHOCTh MOXKET MPUBECTH K Pa3HUIIC B Pa3MEIICHUU MPU3PAYHBIX
ckBaknH. Hanpumep, B HEKOTOPBIX BapHaHTaX OCYIICCTBICHUS N300PETEHUS MPU3PAYHbIC CKBAXKUHBI PACIIONo-
JKCHBI Ha PAcCTOSIHUM OT CBOOOJHOW MOBEPXHOCTH, PABHOM PACCTOSHHIO MEXKIY B3PBHIBHBIMU CKBOKHHAMHU H
cBOOOTHOHN MOBEPXHOCTHIO. TakuM 00pa3om, MpHU3pavHbIe CKBAKUHBI MOXHO CUHTATh 3€pKaTbHBIMH B3PBHIBHBI-
MH CKBaXHHAMHU, TJi¢ B3PBIBHBIC CKBaKHHBI HAXOAATCS HA TEPBOH CTOPOHE CBOOOTHON MOBEPXHOCTH, a TMpPH-
3pavyHbIe CKBAYXMHBI HAXOATCS Ha BTOPOH CTOPOHE CBOOOIHOM IIOBEPXHOCTH.

Crioco6 1100 MokeT OBITH HCITOJIE30BaH O OYpPEHHS B3PHIBHBIX CKBAXKWH, MOCIE OypeHHUS B3PHIBHBIX
CKB)KUH WJIM TIOCTIE TOTO, KaK Mpou3olien B3pbiB. Hampumep, crioco6 1100 MoxkeT OBITh MCITOJIB30BaH JJIS TUTa-
HUPOBAHUS B3PhIBa, KOTOPBIH €Ilie He OBLT BBHIMTOJIHEH, WIIH OH MOXET OBITh MCIOJIB30BaH IS OIICHKH pa3MepoB
(hparMeHTanMK B3phIBa, KOTOPHIHA YKe ObLI BHIMONHEH. HampuMmep, mocie 3aBepiicHus B3pbIBa, HO IO TOTO, KaK
000pyIOBaHUE HAYAIO YAAIATH IPsi3b, CHCTEMa MOXKET 3aIlyCTHTh CUMYJISIIMIO HA OCHOBE CBEICHUIA O TOM, KaK
Ha CaMOM JieJie IPOMU30IIeI B3phIB. TakiuM 00pa3oM, OTBEPCTH, KOTOPBIC OBLTH Nepe3apsKeHBI, HeJ03apsKeHHbI,
HE JICTOHUPOBAJIU JJOJDKHBIM 00pa30M, YaCTUYHO 3aIIOJTHEHBI BOJOH U T.J., MOTYT OBITh BBEJCHBI B CUMYJISAIIHIO,
Y WHXKCHEP MIaXThI MOJYYUT OOHOBJICHHBIN MPOTHO3 TOTO, Kakas (yparMeHTaIus OblIa BEI3BaHA B3pHIBOM. B He-
KOTOPBIX BapHaHTaX OCYIIECTBICHUS N300PETEHUS CUCTEMa MOKET TaKoKe MPeCKa3bIBaTh BEIOPOC OT B3PHIBA U
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npeJcKa3bIBaTh 007acTH pa3Mepa (hparMeHTaIK B OTOUTOH mopojie. B HEKOTOPEIX BapHaHTaX OCYIICCTBICHUS
n300peTeHNs TpesiCKa3aHue pa3Mepa OTOMTON MOPOABI M OCKOJIKOB MOXKET OBITH HMCIOJB30BaHO AJISI pacdeTa
CTOMMOCTH M BPEMEHH yJaJCHUS MaTepHajia C B3PBHIBHOTO y4acTKa, a TaK)Ke BPEMEHHU U 3aTpaT, CBS3aHHBIX C
W3MENBbYCHUEM PY/IBL.

®wur. 12 mpexacrapisieT coboii Oiok-cxemy cuctemsl 1200 momenupoBanust FDM B cOOTBETCTBUU € OTHUM
BapUaHTOM OcCyIIecTBIeHH n3o0pereHus. Crucrema 1200 moxenupoBanusi FDM MoOKeT BBITOJIHATH CIIOCOOBI U
WCTIONIb30BaTh TEXHOJIOTHMH, OTIMCAHHBIE CO CCBIIKON Ha JIpyrue Qurypsl B MaTepuanax 3asBkd. Cuctema 1200
MojaenupoBanuss FDM moxeTt BkodaTh B ce0s mamsath 1203, ogun win 6onee mporieccopoB 1204, ceTeBoit wH-
tepdeiic 1206, narepdeiic 1208 BBoga/BbIBOAA U cHcTeMHYIO IKHY 1209.

OmuH wm 6osee nporeccopoB 1204 MOryT BKIIFOYATh B ¢e0sl OJTHO MU 0OJiee YCTPOICTB 00IIero Ha3Ha-
qeHus, Takux Kak Intel®, AMD® wnu npyroil cTaHmapTHBIH MHKpompolieccop. OauH uin 6oJiee MpoIeccopoB
1204 moryt BKIItOYaTh B ceOsl yCTPOHCTBO 00pabOTKY CHelMaIbHOTO Ha3HaueHus, Takoe kak ASIC, SoC, SiP,
FPGA, PAL, PLA, FPLA, PLD wunu apyroe HacTpauBaeMoe€ WM IpOrpaMMupyeMoe ycTpoiictBo. OnuH uiu
6osiee mpoueccopoB 1204 MOTyT BBIIONHATH paclpelielieHHyI0 (HapuMep, IapauielbHy0) 00paboTKy, YTOOb
BBIMOJTHATh WM HHBEIM 00pa30M peau30BEIBATh ()yHKIIMOHATIBHBIC BO3MOXKHOCTH PACKPBITHIX 37I6Ch BAPUAHTOB
ocymiecTBIIeHUsT n300pereHus. OauH win O6oJee mporeccopoB 1204 MOTyT 3amycKaTh CTAaHAAPTHYIO OTEPAIIH-
OHHYIO CHCTEMY ¥ BBIIIOJIHATH CTaHAAPTHHIE (DYHKIIMH ONEPAIlIOHHON CHUCTEMBL. lIpexycMOTpeHO, YTO MOTYT
HCIIOJIB30BAThCS JTIOObIE CTAaHIAPTHBIE ONIEPAIlMOHHBIE CHCTEMBI, TAKHE KaK, HAIPUMED, OTIEPAIlHOHHBIE CHCTEMBI
Microsoft® Windows®, Apple® MacOS®, Disk Operating System (DOS), UNIX, IRJX, Solaris, SunOS,
FreeBSD, Linux®, fiiM® OS/2® wu Tak ganee.

IMamsate 1203 mMoxeT BKIOYaTh B ce0s cTtaTthuueckyio RAM, muHamudeckyio RAM, dmdmr-namsaTh, oquH
nnmu 6onee TpurrepoB, ROM, CD-ROM, nwmck, JIeHTYy, MarHATHBIA, ONTHYECKUN WIIM JAPYrod KOMIIBIOTEPHBIN
HOcHTENb MaHHBIX. [laMsaTe 1203 MoXeT BKIIIOYATh B ce0S MHOXKECTBO MPOTpaMMHBIX Moxayier 1210 u mpo-
rpaMMHBIX TaHHBIX 1220. [Tamsate 1203 MoxkeT ObITH ToKadbHOU Tt cucteMbl 1200 monenmupoBanus FDM, kak
MOKa3aHO, WIIK MOXKET OBITh Paclpe/eICHHON W/WIH YIaleHHON OTHOCHTENFHO cucTeMbl 1200 MonemupoBaHus
FDM.

JlaHHBIE, CreHepupOoBaHHbIE WIH HCIOJab3yeMble cucteMoil 1200 moxenupoBanus FDM, nampumep, mpo-
rpaMMHBIMU MOAyIAMU 1210 unu ApyruMu MOIyIsIMH, MOTYT XpaHUThCA B mamsatu 1203, Hampumep, Kak co-
XpaHeHHbIe nporpamMmuble qanHble 1220. [lanaeie 1220 MoryT OBITH OpraHM30BaHBI Kak OJHA WM Ooiee 06a3
JTAaHHBIX.

Jlanubie 1220 MoryT BKIIIOYATh B ce0sl JaHHBIE MOJIENH B3PBIBHOTO ydacTka 1222, uHTeHCHMBHOCTH 1224
TPEIMHOBATOCTH U KOHTAKT, pasmep 1226 ¢pparmenra. Jlanusie 1222 Momenu ydgacTka B3pbIBa MOTYT BBOJUTHCS
moJib3oBaresieM 4epe3 uHTepdeiic 1208 BBOAa/BBIBOJA WU MPUHUMATHCS W3 JPYTHX HNCTOYHHKOB, TAKUX Kak
OypuibHAS MaIIMHA C WCHOJIH30BAHUEM HCKYCCTBEHHOTO MHTEIUIEKTa M KOMIBIOTEPHAs CHCTEMa MPOSKTHPOBa-
HUS B3pbIBa. B HEKOTOPHIX BapuaHTaX OCYIIECTBICHUS H300pETeHUS NaHHbIe 1222 MoIenu yJacTKa B3phiBa MO-
TYT BKIIIOYATh B ceOsl JaHHBIC B3PHIBHON CKBa)KMHBI, MH(POPMAITHIO TUIACTa, HH(OPMAIHIO O B3PHIBYATOM BETIle-
CTBe, HH(OPMALIMIO O €CTECTBEHHOM OTpPBIBE 1 BXOJHBIC JaHHbBIC Fe0JIOTHH. B HEKOTOPBIX BapHaHTaX OCYyIIECT-
BiteHus cucreMa 1200 moaenupoBanust FDM Moxer ObITh coerHeHa ¢ OypHIIBHOM MaIlInHOM ¢ HCIOIb30BaHuU-
€M HCKYCCTBEHHOTO WHTEIIEKTa, COJAepKaIleil TaTYMKU sl MOJTyYeHHs CBOMCTB HMOPOJBI AJIS MOCIEIYIOIIETO
MoJienupoBanus (parMeHTanuu. ['eoornyeckue CBOWCTBA OOBEMHBIX JJIEMCHTOB MOTYT OBITh OCHOBAaHBI Ha
JTAaHHBIX OYpPIJIBHOM MaIIMHBI C UCTIOIb30BAaHUEM UCKYCCTBEHHOTO MHTEIUICKTA. [ 'e0Jlornieckre CBOHCTBa MOTYT
BJIHATH Ha TO, KaK (pparMEeHTHPYETCS KaXIbIH 3JIeMEHT 00beMa. B HEKOTOPBIX BapHaHTaX OCYIIECTBIICHUS CHC-
tema 1200 monmenmupoBanmsi FDM MokeT OBITh CBsI3aHA ¢ KOMITBIOTEPHOM CHCTEMOM MPOSKTUPOBAHHUS B3PHIBA
JUTS CO3JIaHUSI PACIIONIOKEHHS 3apsAA0B IS TOCIEAYIONIEr0 MOJICIMPOBaHHS (PparMeHTarui. B HEKOTOPHIX Ba-
puaHTax ocymecTtBieHus cuctema 1200 moaenupoBanuss FDM MoeT cUUTHIBATh B3pHIBHBIE CBOWCTBA M3 KaXK-
IO CKBa)XMHBI C WCIIOJIb30BAaHMEM IAaHHBIX aHAJIW3a OTHAENBHBIX B3PBIBHBIX CKBaXKMH. VIHTeHCHMBHOCTH 1224
TPEUIMHOBATOCTH MOTYT BKJIIOYATh TPEIIMHBI IS KaXKIO0TO U3 MHOKECTBA JIEMEHTOB 00beMa MOJEIH ydacTKa
B3pBbIBa. B HEKOTOPBIX BapHaHTaX OCYIICCTBICHUS M300pPCTCHUS WHTCHCUBHOCTH 1224 TpEUIMHOBATOCTH Xpa-
HATCS B TPYMIAX ISl KAXKIOTO 3JIEMEHTa 00bheMa, MpUIeM KaXkJas TPYIINa COACPKHUT eCTECTBEHHYIO HHTCHCHB-
HOCTB OTPBIBa, MHTCHCUBHOCTH TPEIIMHOBATOCTH OT Ka)JIOTO CUMYJIHPOBAHHOT'O B3PBIBA B3PHIBHOW CKBAKHHBI U
WHTCHCUBHOCTh TPEIIMHOBATOCTH OT OTPaXXCHHBIX YNAPHBIX BOJH OT Ka)IOTO CHMYJIHUPOBAHHOTO B3pBIBa
B3PBIBHOM CKBaKMHEL. J[aHHBIE pa3mepa ¢parmenrta 1226 MOTyT 3alMChIBaTh pa3Mep (parMeHTa, CBS3aHHBIN C
Ka)IIbIM DJIEMCHTOM 00BbeMa, Ha OCHOBE HHTCHCUBHOCTEH 1224 TpEIIMHOBATOCTH.

[Iporpammubsie Moaynu 1210 MoryT BKiIro4aTh B ceOs BCe WUIM YacTH IPYTUX dJIEMEHTOB cucTeMbl 1200
mogaenupoBanusi FDM. Tlporpammusie Moaymu 1210 MOTYT BBITOJIHATE MHOXKECTBO OTNEPANUi OJHOBPEMEHHO
WK TIapaJlIebHO IMOCPECTBOM HIIM Ha OJHOM WiH Oosee mporeccopax 1204. B HEKOTOPHIX BapHaHTaxX OCyIIle-
CTBJICHUS M300pETEHHS, YACTH PACKPBITHIX MOAYJIEH, KOMITOHEHTOB /WM CPEICTB PEaTH30BaHBI B BHJIC MCIIOJN-
HSEMBIX HHCTPYKIIMH, PEaTM30BaHHBIX B allllapaTHBIX CPEICTBAX WM BCTPOSHHOM MPOTPAaMMHOM OOECIICUeHHH,
W XPAHATCS HA SHEPrOHE3aBUCHMOM MAITHHOYATACMOM HOCHUTENE JaHHBIX. VCIOTHIEMbIC HHCTPYKIIMA MOTYT
COJIepKaTh KOMIBIOTEPHBIN MPOTrPaMMHBIN KOJI, KOTOPBIH IPU BBITOTHEHUN MPOIIECCOPOM H/MIIA BBIYUACITATEI-
HBIM YCTPOWCTBOM TOOYKIIACT BBIYUCIUTEIBHYIO CHCTEMY PCalli30BBIBATh OINpPEICIICHHBIC dTambl 00pabOTKH,
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MpOLEYPHl W/WIIN OTIEPaIiH, KaK 3/1eCh ONMUCAaHO. PacKphITHI 3/1€Ch MOAYJIH, KOMIOHEHTHI H/WJIN CPEACTBAa MO-
TYT OBITH OCYIIECTBJIICHBI /MM pealli30BaHbl B BUJE JpaiiBepa, Oubnnorexu, naTepdeiica, API, naHHbIX KOH-
¢durypamuu FPGA, BCTpO€HHOTO MpOrpaMMHOTO obecriedenus (Harmpumep, coxpaneHHoro B EEPROM) w/wmm
TOMY MOJI00HOTO. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS M300pPETEHUS YacTH PACKPBITHIX 3/1€Ch MOIYJEH,
KOMIIOHEHTOB HI/MJIN CPEJICTB, PEATN30BAHEI B BHI€ KOMIIOHEHTOB MAIIMHBI, TAKUX KaK OOIINe W/WIH CHEeIHaIH-
3UpPOBAaHHBIE YCTPONCTBA, BKIIIOYAs, HO HE OIPAaHMYMBASCh ATUM: CXEMBI, HHTETPAJIbHBIE CXEMBI, KOMIIOHCHTHI
00paboTKH, KOMIIOHEHTHI MHTepdelica, ammapaTHbelii KOHTposuiep(bl), KOHTposuiep(bl) XpaHEeHUs, MPOrpaMMHU-
pyemoe ammaparaoe obecrieuenue, [1IJIMC, ASIC w/mmu tomy momodHoe. COOTBETCTBEHHO, PACKPHITHIE 3/1€Ch
MOJIyJIN MOTYT Ha3bIBaThCsI KOHTPOJUIEpAMH, YPOBHSIMH, CIIy>)KOaMH, JIBUTATEIsIMH, CPEICTBaMH, IpaiiBepamu,
CXEMaMH, IOICUCTEMaMH /WA TOMY HOJZOOHBIM.

Mopnynu 1210 MoryT conepkath cumyinsitop 1212 tpemuH, kanpkynstop 1214 koMOMHAIMK TPELIMHBI U
npeobpaszoBatenb 1216 pasmepa ¢parmenranmuu. Cumynsarop 1212 TpemMHOBATOCTH MOXKET CHMYJIHPOBATH
B3PBIBBI M3 Ka)KA0H B3PHIBHOM CKBa)KMHBI M OTPaXKEHHBIE yJapHbIE BOJHBI M3 MHOXKECTBA CBS3aHHBIX NpH3pad-
HBIX CKB&KUH. CUMYJISITOP TPEIIMHOBATOCTH MOXET TAKXKe OTCIC)KUBATh MHTEHCUBHOCTH 1224 TpeumHoBaTO-
CTH TI0O CUMYJIMPOBAHHBIM B3pbiBaM. Kanbpkymsarop 1214 xoMOWHAIIMU TPEUTUH MOXKET KOMOMHHPOBATh MHTCH-
CHUBHOCTH TpeniuHoBaTocTH. [IpeobpazoBarens 1216 pasmepa pparMeHTaid MOXET MPEeoOpa30BhIBATH OOIIYIO
WHTECHCUBHOCTh TPEIIMHOBATOCTH KaXKIOTO dJIeMeHTa o0beMa B pazmep 1226 dhparmenTa. B HEKOTOPBIX BapHaH-
Tax ocymecTBieHus n3oopererus momyau 1210 cucremsr 1200 monenmupoBanusi FDM MoryT ObITh HCITOTB30Ba-
HBI TSI BBITOJTHEHMS IETAIFHOTO aHaJ W3a B3pHIBA. JleTalbHBIA aHANHU3 B3PBIBA MOXKET BKIIIOYATh B CeOS: IBYX-
MepHbiii PSD rpaduk, Tpexmepnsrii PSD, u nipencka3siBaTh MECTOTIONOXKEHHE OOJIBIINX BaTYHOB. B HEKOTOPHIX
BapuaHTax OcCyIecTBIeHUs n3odperenus moxyiu 1210 cucremsr 1200 monenupoBanuss FDM moryT ObITh HC-
TMIOJIG30BaHBI ISl ONITHMU3AIMHU [TPOEKTA B3PBIBA/PACIIONIOKEHUS 3apsiI0B (HapUMep, Harpy3ka, HHTEpBaJIbHbIE
K03((OUINEHTHI, TMaMeTp CKBaKUHBI, SHEPT U B3pBIBA U T.J.) AJs NOIydeHHs: Tpedyemoro npoduist pparmen-
taruu. Hanpumep, cucrema 1200 mogenuposanus FDM MmoxeT npuHUMATh BXOJAHBIE JaHHBIE, XapaKTepU3yI0-
IIMe JKellaeMblil pa3Mep (parMeHTalUM, ¥ BIITOJHATE MHOKECTBO Pa3IMYHBIX CUMYJISALUHA C MCHOJIB30BaHUEM
MHOYECTBA TIPOEKTOB B3PHIBA, YTOOBI ONPEICITUTh OKOHYATEIBHBIA MPOEKT B3phIBA (HATIPHMED, HATPY3KY MEKIY
psmaMu, HHTEPBAI MEXAY CKBaKWHAMHM, THAMETP CKBa)KHHBI, SHEPTHIO B3pHIBA U T.J.), PE3YIBTATOM KOTOPOTO
SBIISICTCS JKeNaeMBbIi pa3mep (parmenTary. OKOHUATESIBHBIN IPOSKT B3PHIBA MOXKET OBITH BHIBEACH Ha rpadu-
yeckuil monb3oBarenbckuii naTEpdetic (GUI). B HeKoTOpBIX BapraHTax OCYIIECTBICHUS U300peTeHHS (HHUHAID-
HBIH TIPOEKT B3PHIBA MOXKET OBITH MCIIONB30BaH I YIPABICHUS OJHUM U Oosiee M3 OypeHus B3PHIBHOM CKBa-
JKUHBI, 3aTPy3KU B3PBIBHON CKBaKWHBI W/IITH ONIPECTICHNUS MTOCIEI0BATEIEHOCTH IETOHAIIHH.

Wnrepdeiic 1208 BBoma/BeIBOIa MOXKET 0oOJeryats B3anMOAEHCTBUE MOJIB30BATElsl C OQHUM WU Ooiee
YCTPOWCTBaMHU BBOJa W/WMJIM OJZHUM MM Oojiee yCTpOHCTBaMM BBIBOAA. YCTPOMCTBO(a) BBOJA MOXKET (MOTYT)
BKJIIOYATh B ce0sl KIaBUATypy, MBIIIb, CEHCOPHBIH 3KpaH, CBETOBOE MEPO, IUIAHIIET, MUKPO(OH, NaTUNK HIIH
Jpyroe ammapaTHoe o0ecredyeHHe ¢ CONMYTCTBYIOUIMM BCTPOEHHBIM NPOTPAMMHBIM OOECIIeYeHHEM W/UITH TIpO-
TrpaMMHBIM OOecriedeHHEM. Y CTPOHCTBO(2) BBIBOIa MOXKET (MOTYT) BKJIIOYaTh B ce0s1 MOHUTOP WIIM APYTOH JHc-
IUIEH, IPUHTEP, CHHTE3aTOP PEYr MIIM TEKCTa, KOMMYTAaTop, CUTHAIIBHYIO JIMHHUIO WM APYToe almapaTrHoe obec-
MIEYEHNE C COMYTCTBYIOUIMM BCTPOCHHBIM MPOTPAMMHBIM O0ECTIEYCHHEM H/HMIIN MPOTPAMMHBIM 00eCIeueHHEM.
Hampumep, B 0THOM BapuaHTe OCYIIECTBICHHUS M300peTeHuss nHTepdeiic 1208 BBOMA/BBIBOA CONEPIKUT IHC-
TUIeH TSl PeAoCTaBICHHsI TpaduIecKoro MmoJib3oBareiabckoro uarepdeiica (GUI), mumrocTpupyromero moTeH-
UaNbHbIe TIepuMeTphl abmsun. Matepdeiic 1208 BBoma/BEIBOIA MOXKET MPUHUMATH BXOJHBIC TOJIH30BATEIIb-
ckue nmaHHble 1222. B HEKOTOpPHIX BapuaHTaX OCYIIECTBICHUs W300peTeHus uHTepderic 1208 BBoma/BhIBONA
NPE/ICTaBIsIET OO0 CEHCOPHBIH KpaH, U BBOJ pa3Mepa NMPHUHUMAETCs Yepe3 CEHCOPHBIH 3KpaH. B HekoTophIX
BapuaHTax OCyIIecTBIeHUs nHTepdetic 1208 BBoga/BBIBOIa MOKET HAKIIAABIBATE 1I€JI€BbIE IEPUMETPHI a0IIALIUH
Ha N300paxeHHE TKaHHU.

CeteBoif nntepdeiic 1206 MokeT COAEHCTBOBATH CBSI3M C APYTMMH BBIYMCIUTEIBHBIMUA YCTPOHCTBAMH
W/MIH CETSIMU W/WJIM APYTHMH BBIYMCIUTEIEHBIME W/HWIIM KOMMYHHUKAIMOHHBIMU CETSIMH. B HEKOTOpPBIX BapuaH-
Tax OCYIIECTBIICHUS N300peTeHHs ceTeBO MHTepdeic 1206 MOXKET OCYIIECTBIATh CBSI3b C OHUM HIIH OoJjiee 13
OypHIIPHON MAaIIMHBEI C HCIOIB30BAHWEM HCKYCCTBEHHOTO HMHTEIUICKTa, CHCTEMBI NMPOCKTHPOBAHUS B3pBIBA U
MAIIMHBI JUTS TOCTaBKH B3pbIBUATOTO BemecTBa. CeteBoit uHTepdetic 1206 MoxkeT ObITH 0OecTieueH OOBIIHBIMU
CpelCTBaMH CETEBOTO MOJKIIIOUEHUs, Takoi kak, Hampumep, Ethernet (IEEE 1102.3), Token Ring (IEEE
1102.5), Fiber Distributed Datalink Interface (FDDI) nimu Asynchronous Transfer Mode (ATM). IIpu sTom ce-
TeBoi naTepdeiic 1206 MokeT KOHPHUTYPUPOBAH IS TTOAEPIKKH PAa3IMIHBIX CETEBBIX MPOTOKOJIOB, TAKUX KakK,
Hanpumep, UaTepuet-npotokon (IP), [Iporokon ynpasnenus nepenadeit (TCP), Cereas aiinoBas cucrema 1mo
UDP/TCP, bnok cepBepubix coobmiennit (SMB), O6mas ¢aiinoBas cucrema Mutepuera (CIFS) Microsoft®,
[potoxonsr nepenaun runeprekcra (HTTP), daitnosas cucrema npsimoro nocryna (DAFS), IIpoTtokon nepena-
yn ¢aitnos (FTP), [Ipotokonsl moanucky Ha myonukanuio B peanbHoM Bpemenn (RTP), IIporoxonsr B3anmo-
nevictBusl oTKpBITHIX cucteM (OSI), IIporokon nepenaun mpocroii moutsl (SMTP), Secure Shell (SSH), Secure
Socket Layer (SSL) u tak nanee.

CucrtemHas mmHa 1209 MOXKET COICHCTBOBATE CBSA3U W/WIIA B3aUMOJICHCTBUIO MEXIY APYTUMH KOMIIOHECH-
tamu cuctembl 1200 monemupoBanus FDM, Brimovast oguH win 6ojee mporeccopoB 1204, mamsats 1203, un-
tepdeiic 1208 BBoma/BeIBOIa U ceTeBor nHTEepdeiic 1206.
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IIpumep

Crnenyromuil mpuMep WLTFOCTPUPYET PACKPHITHIC CHOCOOBL. B cBeTe 3TOr0 pacKphITHs CIICIHATNCTAM B
JAHHOM 00JacTH TeXHUKHU OyAeT MOHATHO, YTO BapHAaIlUH 3TUX IPUMEPOB U IPYTHX IPUMEPOB PACKPHITOTO CIIO-
coba OyIayT BO3MOKHBI 0€3 Upe3MEPHOTO YKCIIEPUMEHTHPOBAHKS.

[Tpumep 1. Pe3ynbTaThl HCTIBITAHUN C UCTIONB30BaHNWEM JaHHBIX ['opHOTO yrnpaBneHus CIIA.

TI'opnoe ynpasnenne CIIA (USBM) mpoeno ceputo u3 29 B3pHIBOB Ha 3KCIEPUMEHTAUTHHOM y4YacTKe
Pomner B YHEBepcuTeTe MUCCYpH U MIPOBENO CKPUHUHT B3OPBAHHBIX IOPOA, C TEM, YTOOBI IONYYUTH Trpaduk
pacnpenenenus pazmepoB @parmenton (Otterness et al., 1991). B3pbiBel nMenu 3 niu 4 B3pPBIBHBIX CKBaXKHUHBI, C
3anepxkoi 1-4 mc Ha ¢yt Harpy3ku. [Apyrumu mapameTpamMu MpoeKTa ObLTH BHICOTA IUIACTA, HArpy3Ka, HHTEP-
BaI, 3a001Ka M ITUAMETp CKBAKMHBL. B Ta0nuIe mokazaH OUana3oH IMapaMeTpoB, KOTOPHIC HCIOIB30BAIUCH B
ucnbiTannu USBM (Bce equHMIBI YKa3aHbl B Mr0liMax). [1macThl, HCOIh30BaHHBIC IS B3PHIBOB, HAXOIWIIUCH B
MAaCCHBHOW JTOJIOMUTOBO¥M (pOpMAIUK, 8 UCTIONB3YEMbIC 3apsbl ObLTH M3 aMMHAYHOTO TUHAMHUTA ILIOTHOCTHIO
1,12 r/cm’. FDM 6bLUT CO31aH T CUMYJIAIAK 5TUX 29 B3pbIBOB riacta USBM.

Juana3zon pu3nuecKux mapamMeTpoB, UCTIob3yeMbIX B ucnbitannd USBM 29 (Otterness et. al, 1991)
Harpyska: ot 10 go 30

Hnrepsan: ot 12,5 no 42

Bpricora mmacra: ot 17 mo 89

Huamerp ckBaxkunsl: oT 0,4375 no 1,0

3aboiika: ot 8 mo 20

Tpexmepnas (3D) cetka ¢ mpumepro 20000 qUCKPETHBIMU 3JIEMEHTaMH 00beMa Oblla co3aaHa st pel-
CTaBJIeHHs reoMeTpuH B3pbiBa miacta USBM. YpaBHeHus 2-5 MCMONB30BAIUCH AJII MPOTHO3UPOBAHUS UHTEH-
CHUBHOCTH TPEUIMHOBATOCTH HA KKIOM dJIeMEeHTe 00bheMa. 3aTeM MHTEHCHBHOCTH TPEUIMHOBATOCTH Ipeodpa3o-
BBIBAJIM B HKBHUBAJICHTHHIN pa3Mep, MPUCBOCHHBIM KaXIOMYy 3JEMEHTY. UHCIOBBIE AIIEMEHTHl IUCKPETH3ALHNN
WCIIONIB30BAIMCEH I 0TOOpa pa3MepoB M CO3JIaHMS KPHUBOM pacmpeaeneHus pasmepa ¢parmenta. s xamuod-
POBKM ypaBHEHMH 2-5 M HaxokAeHHs Hawiydiiero Habopa napametpoB (K, o, Y, §) MoxeT OBITh BBIYMCIICHA
cpenHekBaapaTrdeckas norpemHoctb (RMSE) Mexay skcreprMeHTaIbHBIM U YHUCIICHHBIM Ha0OpaMu JTaHHBIX.
Br110 TIpOBeIeHO HECKOMBKO THICSY UTEPAIMNA ONTHUMH3AINH, 9TOOBI MUHUMU3HUPOBaTh omuOky RMSE u, Hako-
Hell, HAWTH JIyqIImui Habop mapameTpoB ajis npeactabieHus 29 B3peieoB USBM.

®ur. 13A nmmroctpupyeT TpexMepHbIi KOHTYpHBIH rpaduk 1302 FDM HHTEHCHBHOCTH TPEIMHOBATOCTH
TPEXMEpHOH MOJENH B3phIBA C MHOXXECTBOM JWCKPETHBIX 3JIeMeHTOB. B wactHocTh, Ha ¢ur. 13A mokazaH
TpeXMepHbIil KOHTYpHBIH rpaduk FDM MHTEHCHBHOCTH TPEIIMHOBATOCTH IUIsi ogHOTO U3 29 B3priBoB USBM.
Kak MOXHO BUzETH, BOJMM3M B3PHIBHBIX CKBa)KHH HaOJIOJAETCSl OYEHb BBICOKAS MHTEHCHBHOCTH TPEIIMH. JTa
BBICOKAsT MHTEHCUBHOCTH COOTBETCTBYET OUCHb HEOOJBIIOMY pa3Mepy MOpOAbI BOJM3U B3PHIBHBIX CKBAXKHH.
Janbnie ot cKBaXKMH HHTEHCHUBHOCTH OClIa0eBaeT M, CI€I0BATENBHO, pa3Mephl MOPObI YBEITHIHBAIOTCS.

Owur. 13B wmmoctpupyer aBymMepHyto kpuByro 1304 pacnpeneneHus dacTull To pasmepy. JIBymepHas
kpuBast 1304 pacrpenesnieHHsI 9acTHII N0 pa3Mepy XOPOIIO COTIIACYeTCsl ¢ SKCIIEPUMEHTAIBHBIMHU ITaHHBIMA
USBM. JIns nomydeHus nByMepHoi kpuBoit 1304 pacripeneseHus 4acTHIL TI0 pa3Mepy CUCTEMa MOCIUPOBAHUS
WCIIOJIb30BaJIa HMHTEHCUBHOCTH TPEIIMHOBATOCTH U MIpeoOpa3oBhIBajia UX B SKBUBAICHTHHIN pa3Mmep, Ha3HAUCH-
HBIH KaXIOMY 2JIEMEHTY. B cmcreme MomenmpoBaHUS HCIIONB30BAIUCH UHCIIOBBIC AJIEMEHTHI TUCKpPETH3AINN
IUTsT 0TOOpa pa3MepoB M MOCTPOCHHWS KPUBOW pacmpeseseHus pasmepa (pparmenra. J[Bymepnas kpuBas 1304
pacripeiesieHust 9acTHUI] 10 pa3Mepy WILTIOCTPHUPYET MPOLEHT MOPOA, CIOCOOHBIX MPOXOIHUTH 4epe3 (HIbTPHI
Pa3NuYHBIX Pa3MEpOB.

JBymepnas kpusas 1304 pacnpeneneHus 9acTUIl 110 pa3Mepy BKIIOYAET B ceOs TPOTHOZUPYEMYIO KPHBYIO
1306 pacnpenenenus o pasmepy ¢parmenta ¢ ucronb3oBanneM FDM u ¢axtndeckyro kpuyto 1308 pacrpe-
JIeTIeHus 10 pasMmepy ¢parmenrta. Kak MOKHO BHIETh, IporHO3upyeMast kpuBasi 1306 pacrpeznesnenus pazmepa
(parmenTa xoporo coriacyetcs ¢ pakTuueckoit kpusoit 1308 pacnpenenenus pasmepa pparMenra.

@wur. 14 wumrocTpupyeT BU B iaHe cBepxy moxaenu 1400 B3ppiBa. B mpOMILTIOCTPUPOBAHHOM BapUaHTE
OCYILIECTBIICHHUS TpeXMepHas B3pbiBHAs Mozenb 1400 comep>kuT Tpu B3PHIBHBIX CKBA)KUHBI, IIOKa3aHHBIC B BHUIIE
KpyroB (mepBasi B3pbIBHas ckBakuHa 1402, Bropas B3pbIBHas ckBaxxuHa 1404 u TpeThs B3pBIBHAS CKBa)KHWHA
1406), 1 MHOXECTBO 3JIEMEHTOB TIOPOJIbI, TOKa3aHHBIX B BHUJIE OOKCOB C MyHKTUPHBIMHU TPaHHUIIAMU (HAIIpUMeEp,
anemenT FDM 1408). Kak nmoka3aHo, U3 B3pBIBHBIX CKBRKHH BBIXOST TPH pa3pbiBa (HampuMep, MEPBbIA pa3phiB
1410, Bropotii pa3psiB 1412 u tpertuii pa3pbiB 1414). Pa3pbiBbl MILTIOCTPUPYIOTCS 3UT3ar000pa3HBIMU JIMHUSIMH
CO CTPEJIKOI Ha KOHIIE, ITPEACTABIISIONIEH HallpaBIeH!e, B KOTOPOM 00pa3oBascs pa3phIB.

Bpemst siBisieTcs BaXKHBIM IapaMeTpoM NPOEKTHPOBAHUS B3pbIBA. Bpemst Mexay CKBaXMHAMHU B psly H
BpEMS MEXKy psAAaMH MOXKET CYILECTBEHHO TOBIIMATH HA ()parMeHTaIuIo mopoasl. B obmem ciryuae, kopoTkoe
BpeMs 33/IePXKKH (OTHOBPEMEHHOE 3a)KHT'aHUE) WIIM OYEHB JIOJITOE BPEMsI 3a/IePKKH MOKET NPUBECTH K IIOXOH
¢parmenTanu. Bpems 3aiep>KKu MOKET OBITH ONTHMANBHBIM, PE3YJIBTATOM YEro MOXKET OBIThH Jrydmias ¢par-
MeHTarus 171 B3peiBa. B FDM cuctema MmoxeT 00padatbiBaTh 3G GeKT BpeMEeHH 3aIePKKH, KaK OTTMCAHO HIDKE.

Bpewms nmosBneHHs pa3psiBa OT Pa3INYHBIX B3PBIBHBIX CKBa)XKHH HA MHTEPECYIONIEM dJIEMEHTe (Hampumep,
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FDM-anementy 1408) MokeT OBITH BBIYHMCIICHO C MCIHOJIB30BAaHUEM YpaBHEHUS 8. 3aTeM, UCIOIb3Ysl KOMOMHH-
POBaHHOE MPABMIIO, YACTOTHI TPEIIMH MOTYT OBITH 0OBEIMHEHBI B TIOCIIEIOBATENILHOCTH, B KOTOPOH OHU TOSIBH-
JMCh Ha MHTEPECYIOLIEM IEMEHTE. DTO JaeT pe3yabTUPYIONLYI0 YACTOTHOCTh TPEIIUH U JaHHBIC O (hparMeHTa-
WX JUTS KaKZOTO TPEICTaBIISAIOIEr0 HHTEpeC deMeHTa. B ypaBHeHnH §, mpeacraBisieT co00i BpeMs 3aKura-
HUA ckBakuHBI (NH), KoTOpOoe M3BECTHO 110 BPEMEHN 3aJIEPKKH CPEIN CKBAXXHH B PSILy U TTO BPEMEHH 3a/I€PKKH
cpenu psinoB. to(NH)

PaccTosTHMe OT CKBaXKHHBI 10 LieHTpa aneMeHTa (BR)

Bpewms (nosiBieHne paspbiBa) = + to(NH)

CkopocTb paspbia (V)

(YPABHEHUE 8)

Kaxk noka3zano Ha ¢ur. 14, paziIomMbl JOCTHTalOT HHTEPECYIOLIETO 3JIEMEHTa U3 B3phIBHBIX ckBaxxuH (NH=1,
NH=2 n NH=3), npoxozas paccrossuuss BR1, BR2 u BR3, coorBercTBeHHO. CKOpOCTH pazioma (MOXET OBITh
oreHeHa kak 30% ckopocTH 3ByKa B mopojie. V) ITH mepeMeHHbIe MOTYT HCIIOJIh30BATHCS JIJIS pacueTa BpEMECHU
TIOSIBJICHHS Pa3jioMa B dJIEMEHTE (C UCITOJIb30BAHUEM ypaBHEHUS 8), TIOCTIe Yero CUCTEMa MOKET KOMOMHUPOBATh
MHTEHCUBHOCTH TPELIMHOBATOCTH B IMOCJIEIOBATEIEHOCTH, B KOTOPOH OHHM TOSBWIIMCH Ha JJIEMEHTE M3 Pa3HBIX
CKBa)KHH.

B HEeKOTOpBIX BapHaHTax OCYIIECTBICHHUS W300pETEHUs] CUCTEMa MOXKET W3MEHSATh MHTEHCHBHOCTH Tpe-
IIMHOBATOCTH HAa OCHOBE BPEMEHH 3aJICPKKH MEXIy CKBaKMHaMuU. [Ipu 3TOM cructemMa MoXeT KOMOMHHPOBATh
WHTCHCUBHOCTH TPEUIMHOBATOCTH B TIOCJICJOBATEIFHOCTH (KAaK OIMKCAHO BBIIIC) IS TOYYCHUS PE3YIbTHPYIO-
IIMX WHTCHCUBHOCTEH TpermmHoBaroctd FDM. Monudukaniy HHTEHCUBHOCTEH TPEIIMHOBATOCTH MOTYT OTpa-
JKaTh Ka4ecTBO (hparMeHTAI[MM HA OCHOBE BPEMCHHU 3aJIepKku. HampuMep, oueHb KOPOTKas 3aJepiKKa, BEPOST-
HO, TIPUBEJICT K IJIOXOH (pparMeHTanuu, a OnTHMalbHas 3a7epikKKa, BEPOSITHO, IPUBEACT K XOpolei (hparMeH-
TaIHH.

JIroObIc ommcaHHBIE 3/1€Ch CIIOCOOBI BKIIFOYAIOT OJWMH WU OOJICe STAIOB WM JCHCTBUHN IS OCYILECTBIIC-
HUS OMMMCAHHOTO CIoco0a. DTarlbl W/ JeHCTBUS cIToco0a MOTYT OBITh B3aUMO3aMEHISMBIMHU JIPYT C JAPYTOM.
Jpyrumu cioBammu, eciiu U IPaBUIIbHOI pabOThI BapHaHTa OCYIIECTBICHUS H300peTeHNs He TpeOyeTcs: KOH-
KPETHBIN TOPSIOK 3TANIOB WU JACHCTBUM, OPSAAO0K W/WIA UCTIONh30BaHUE KOHKPETHBIX ATAIlOB W/MIIA NEHCTBUN
MOJKET OBITh MO HUITUPOBAH.

XoTsa OBUTM TPOWJUTIOCTPHUPOBAHBI M OMHMCAHBI KOHKPETHHIE BAPHAHTHI PEAM3AINN CHCTEM M CIOCOOOB
MOJICIIUPOBAHMS B3PBIBHBIX IPOIECCOB, CIEIyeT MOHUMATh, YTO PACKPHITOE M300pEeTEeHHE HE OTpaHHIMBACTCS
TOYHOU KOH(UTrypalmeid U pacKpbITHIMH KOMIIOHCHTaMH. Pa3muuHbie MOIU(pUKAINK, U3MCHCHHS U BapHaIlUH,
OYCBUJIHBIC JIJIs CICIHHUAIKNCTOB B JAaHHON 00JACTH TEXHUKHU, UMCIONIUX MPEHUMYIIECTBO JAaHHBIX MaTECPHAJOB,
MOTYT OBITh CACNAHBI B KOMIIOHOBKE, JKCILTyaTallMd M JCTANAX PACKPBITHIX CIIOCOOOB M CHCTEM C MOMOIIBIO
HACTOSIIUX MaTEPHUAJIOB.

ITo ymomuaHWO MOApa3yMeBaeTCs, YTO CICIUAIUCT B JAHHOW 00JACTH TEXHUKU MOXKET HCIOJIb30BaTh
MPEJIIECCTBYIONIEE OMMCAHUE JJIsl MCIOJNB30BaHHS HACTOSIICTO M300pPETCHUS B MONHOM OOBeMe. PackpwiThie
3/1eCh TIPUMEPHI U BAPUAHTHI OCYIIECTBICHHUS N300PETEHHUS TOJDKHBI TOIKOBATHCS JIUII KaK WLTIOCTPATHBHEIC H
TIpUMEpHBIC, a He KaK OrpaHn4YeHre 00beMa HACTOSIIEr0 N300peTeHHs KaKuM-JIn00 oOpasom. CrieruannucraM B
JAHHOM 00JacTH TEXHUKH OyAeT OYEBHIIHO, YTO MOTYT OBITH BHECEHBI M3MEHEHHS B [I€TANH BBIIICOMMCAHHBIX
BapUAHTOB OCYIIECTBICHHUS N300peTeHMs 0€3 OTCTYIUICHUS OT CYIIIHOCTH U300pETEHHSI.

DOOPMYVYIJIA N30BPETEHUA

1. Crtoco0 MoieTupoBaHus B3PBIBA, COICPIKAIIIHIA:

CEerMEHTHPOBAHUC MOJICIH IO MEHBIICH Mepe YacTH ydacTKa B3phIBa HA MHOXKECTBO DJIEMCHTOB 00BbeMa,
TIPY 3TOM MOJIENb COJICPKHUT MHOXECTBO B3PHIBHBIX CKBAaXKHH U CBOOOJIHYIO IIOBEPXHOCTE;

OTIpe/ieIeHNE paHee CYIIeCTBOBABIINX TPEIINH OTPHIBA B KaXKIOM U3 MHOXECTBA 3JIEMEHTOB 00BEMa;

CHUMYJISIIIAIO B3PBIBOB M3 Ka)KIOH M3 MHOKECTBA B3PBIBHBIX CKBa)KUH;

OTIpe/IeIeHNE B3PHIBHBIX TPEUINH B KAKIOM M3 MHOXECTBA JIEMEHTOB 00beMa OT B3PBIBOB M3 KaXKIOH W3
MHOYXECTBA B3PBIBHBIX CKBAXKHH;

oOBbenMHEeHNE paHee CYIIECTBOBABIINX TPEIINH OTPHIBA M B3PBHIBHBIX TPEIIMH IS ONpENeNeHus oomei
WHTCHCUBHOCTH TPEIIMHOBATOCTH B KQXKJIOM U3 MHOKECTBA 3JICMEHTOB 00beMa; 1

OTIpe/ICIICHUE pa3MepoB (hparMeHTAINH [T KaKIOTO U3 MHOXKECTBA JIEMEHTOB 00bheMa Ha OCHOBE OOMICH
WHTCHCUBHOCTH TPEUIIMHOBATOCTH.

2. Cnoco0 mo 1.1, B KOTOPOM B3PBIBBI SBJISIOTCS MOCIEIOBATCIBHBIMY, W B3PBIBHBIC TPCIIUHEI U OTpa-
JKAFOIIUE TPEIUHEI ONPEACIIIOTCS MOCTE KaXKI0TO B3PhIBA.

3. Crioco6 1o 1.1, B KOTOPOM MHOKECTBO B3PHIBHBIX CKBAXXHH COJCPIKUT PSIbI, KOTOPHIC MMOJICKAT B3PHI-
BaHUIO TOCIIEJIOBATENBHO, IIPH 3TOM CITIOCO0O TOTIOIHUTEIHHO COMEPKHUT CO3TaHNE HOBOI CBOOOIHOI OBEPXHO-
CTH U MOJICITH TIOCIIE B3PhIBA KAKIOTO PAAA.

4. Crioco6 1o 1.3, B KOTOPOM HOBasi CBOOOHAS TIOBEPXHOCTH PACIOJIOKEHA Ha OJTHON TPETH PACCTOSHUS
Harpy3KH OT paHee B30PBAHHOTO psija.

5. Cnoco6 1o 1.1, B KOTOpOM MOJEIh MPECTaBISIET COOO0M MOA3EMHBIN BEHTHIIATOPHBIA B3PBIB, @ MHOMKE-
CTBO B3PBIBHBIX CKBa)KUH PACIIOJIOKEHBI IO YTIIOM.
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6. Cnoco6 1o 1.1, B KOTOpOM 110 MEHbBLIEH Mepe HEKOTOPBIE M3 MHOKECTBA B3PBIBHBIX CKBaYKHH PACIOJIO-
JKCHBI TTOJT YTJIOM, & MOJICITh SIBIISICTCS MOJICITBIO TTIOBEPXHOCTHOTO B3PHIBA.

7. Crioco0 1o 11. 1, KOTOPBIA JOTIOTHATEIHHO CONEPIKHT:

CUMYIISILIMIO OTPaXKEHUsI YIAPHOH BOJIHBI HA CBOOOIHOM ITOBEPXHOCTH MOJIENH IIyTEM CUMYJISLIUK B3PHIBOB
Ha MHOXKECTBE MPU3PAYHBIX CKBAKUH 3a TpeesiaMu CBOOOJHOM MOBEPXHOCTH JJIsl ONIPECTICHUS] OTPAKAIOIINX
TPEIINH B KQKIOM U3 MHOXKECTBA JIEMEHTOB 00beMa,

npudeM OOIIYI0 MHTEHCHBHOCTH TPEUIMHOBATOCTH OMPEACNISIOT HA OCHOBAHUHM PaHEe CYILECTBOBABIINX
TPEIINH OTPBIBA, B3PHIBHBIX TPEIINH U OTPAIKAIOLINX TPEIINH.

8. Croco6 1o 1.7, B KOTOPOM B3PBIBHBIE TPELIMHBI U OTPAXKAIOIINE TPEIIUHBI ONPEICISIOT C UCIIOIb30Ba-
HUEM CBOWCTB TIOPOJBI, B3PHIBHBIX CBOWCTB M PACCTOSHUS OT B3PBIBHOIN CKBa)KUHEI.

9. Cnocob 1o 1.7, B KOTOPOM MHOKECTBO TPH3PAUHBIX CKBAKUH PACIOI0KEHBI Ha PABHOM PAacCTOSIHUH OT
CBOOO/IHOM TTOBEPXHOCTH B KAYECTBE CIICAYIONIECH B3PIBHOW CKBayKHHBI, TIO/JIeXkKAIIEeH B3PBIBAHHIO.

10. Crroco6 1o 1.7, B KOTOPOM CHITY U3 MHOKECTBA TPU3PAYHBIX CKBAKUH MOJICIUPYIOT KaK PaCTITHBAIO-
IIYIO BOJHY C TICPBBIM YTJIOM, & CHJIY U3 MHOXECTBA B3PBIBHBIX CKBAYKHH MOJICIUPYIOT KaK COKUMAIOIIYIO BOITHY
MO/l BTOPBIM yIJIOM.

11. Crioco6 mo 1.7, B KOTOPOM CHMYJIHUPOBAaHHBIC B3PHIBBI Ha MHOXKECTBE MPU3PAYHBIX CKBOKHH U CHMY-
JIMPOBAHHBIE B3PBIBbI HA MHOYKECTBE B3PBIBHBIX CKBAKUH ITPOUCXOSAT OJTHOBPEMEHHO.

12. Crioco6 1o 1.1, B KOTOPOM OTpeesieHre pa3MepoB (hparMeHTaIuH Il MHOKECTBA JIEMEHTOB 00beMa
COJICPIKUT pellICHHE:

1/061m1ast HHTEHCUBHOCTD TPEIIMHOBATOCTH.

13. Croco6 mo 1.1, B KOTOpPOM JOTIOJIHUTEIBHO CYMMHPYIOT OOIlee KOJIMYECTBO PA3IUYHBIX Pa3MEpOB
(hparMeHTaIH TS TTOTYYEHUS MPOTHO3UPYEMOTO paclpeieeHus pa3Mepa (parMeHTAINH JJ1s MOJCITH.

14. Crioco6 1o 1.1, B KOTOpPOM paHee CyIIeCTBOBABIINE TPEIIMHBI OTPHIBA BKIIIOUAIOT B Ce0sl €CTECTBEH-
HBIC TPCIIUHBI, KOTOPBIC SBJITFOTCS TCOJOTHYCCKUM CBOMCTBOM.

15. Crioco0 1o 1.1, B KOTOPOM paHee CyIIeCTBOBABIINE TPEIIMHBI OTPBIBA COACPKAT PA3TMIHBIC TPEIMHEI
Ha PAa3IMYHBIX IIOCKOCTSIX BIOJb OCH Y MOJIEINH.

16. Crroco6 1o 1.1, TOMOTHUTENHEHO COACP AN :

BBIOOD THIIA HCIOJIb3YEMOT'0 B3PBIBUATOTO BEIECTRA,;

BBIOOD JIJTHHBI 3apsiia; U

MO3UI[HOHUPOBAHHUE 3apsiia BO MHOXECTBE B3PBIBHBIX CKBaXKHH.

17. Crioco0 1o 1.1, B KOTOPOM B3PBIBHBIE TPELIMHBI OMPEACISIOT MyTEM PEIICHHs CIIEIYIONINX YPaBHEHUI

JUISL KayK/I0TO U3 MHOYXECTBA DJIEMEHTOB 00beMa:
F=K*F1*F2*F3

g, 2 #
Fl= [_2E
PF*EE
_ [Ro (. _, HMX L XMS\]*
F2 = [f (ta.n T+ tan =
BR\"
m- (%)

rae Fl, gyncnurens - mpoOYHOCTH MOPOJBI, OMUCHIBAcMasl IJIOTHOCTBEO SHEPTHH NedopMalnu, a 3HaMeHa-
TEJNb - TOCTYITHAS] YHEPTHS B3PHIBUATHIX BEIICCTB;

Ry cooTBeTCTBYET panuycy CKBa)KHUHEI,

R - pagnanbHOE OPTOTOHAIEHOE PACCTOSHIE HJIEMEHTA OT CKBa)KHUHBI

BR - paccrosinue ameMeHTa oT B3phIBHON CKBaKWHBI (BR oTnmuaeTcs ot R B 30He 3a001iKkH);

HMX u XMS - GyHKIIUH pacCTOSHUS, OINICHEHHBIEC ISl Pa3jMdHON OpHUEHTAIIMH B3PHIBHON CKBAKHHBI C
WCIIOJIb30BaHUEM BEKTOPHBIX YPAaBHEHUN PACCTOSHUS; U

moKazarenu o, ¥ ¥ § KaTuOPYIOT C HCIOIH30BAHUEM TECTOBBIX B3PBIBOB ILIACTA.

18. Crioco6 1o 1.1, B KOTOPOM CBOOOIHYIO MTOBEPXHOCTh M3MEHSIIOT TAKMM 00pa3oM, 4TO HArpy3ka MHO-
JKeCTBa B3PBIBHBIX CKBAKUH M3MEHSETCS HA PAa3HBIX BHICOTaX OCH Y MOJICIH.

19. Crioco6 1o 1.1, B KOTOpOM CpeIHUIN MHTEPBAI U CPEIHsS HArpy3Ka HE MCIONB3YIOTCS VIS OMpe/elie-
HUSI HHTCHCUBHOCTEH TPEIIMHOBATOCTH.

20. Croco6 mo m.1, B KOTOPOM MHOXECTBO B3PBIBHBIX CKBKHH PACIOJAraloT HAa OCHOBE (DaKTHUCCKUX
JAHHBIX ckaHupoBaHus wiu GPS yxxe nmpoOypeHHOTo yJacTKa B3phIBa.

21. Croco6 1o 1.1, B KOTOpOM MHOXECTBO B3PBIBHBIX CKBaXKHH OCHOBAaHO HAa PaHEe B30PBAHHOM YYacCTKE,
¥ B MOJENb BBOJAAT B3PHIBHBIE CKBAXHHBI, KOTOPHIE OBLTH Iepe3apsuKeHBI, HET03apsHKeHBI, He JAETOHUPOBAIN
JOJDKHBIM 00Pa30M HIIH YaCTUYHO 3aII0THEHBI BOJOH.

22. Croco6 1o 1.1, B KOTOPOM KakJasi 13 MHOXKECTBA B3PHIBHBIX CKBAKHH COJEPIKHUT B3PBHIBHOE HACIIOC-
HHE, TIPUYEM B3PHIBHOE HACIOCHHE COAEPIKUT B3PHIBUATOE HM3/EIHE C BapbUPYIOUICHCS SHEPTUeH B3pPHIBA B OJI-
HOU M 6oJiee B3PBIBHBIX CKBAXXHWH U TIPU ATOM OIPEeNICHIE B3PBIBHBIX TPEIIWH B KaXIOM M3 MHOXKECTBA 3JIe-
MEHTOB 00béMa OCHOBAHO Ha B3PHIBHOM HACIIOCHHUU.
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CEIMEHTHUPOBATH MOJEJIb WACTK{%} EZKPBIBA HA MHOXECTBO 3JIEMEHTOB
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¥
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