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MMEeT MHOKECTBO paHee CTUMYJIMPOBAHHBIX HHTEPBAJIOB, NMPHU 3TOM HAaHHBIA CIIOCOO CONEPKUT a)
3aKaYMBaHKE B CKBAKHHY BSI3KOM MAYKK C PErUCTPAILIMeii KPUBOM JABICHUS JATYUKOM JIABICHUS HA YCThE
CKBa)XXHHBI; b) onpeneneHue nryouHs (L) TOYKH BXOIa JKUIKOCTH T 00paOOTKU M HEOMPEACICHHOCTEH
mryounsl (AL); c) obecmedeHne Tuapoymapa Ha yCTbe CKBaXKHHBI, KOTOPBIH BO30yXIaeT TpyOHBIE
BonHbL; d) ompeneneHre TTyOHHBI (L) TOUKM BXoAa >KHIKOCTH A 00paOOTKH W HEOIPEIeIICHHOCTEH
miyousbl (AL) mytem o0paOOTKHM THAPOyIapa METOIOM BBICOKOYACTOTHOTO MOHHUTOPWHTA JaBJICHHS,
€) OIpeneNeHne CKOPOCTH TPYOHOH BONHBI W3 KomOwHammu AaHHBIX w3 (b)-(d); f) BemomHEeHHE
CHIpOpa3pbiBa IUIACTA; W g) TeHepalus THAPOyJapa Ha YCThe CKBaXHHBI B KoHIe onepauuu (f)
THIPOPA3phIBa IUIACTA ¢ YTOUHCHHOM ITYOMHOM TOYKU BXOJAA YKHIKOCTH JJIS OOpaOOTKH M C MCHBIICH
HEOIPeIe/ICHHOCTBIO.
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OIIMCAHHUE U30BPETEHHUSA
2420-569393EA/072
MOHUTOPHHI D®PEKTUBHOCTH HOBTOPHOI'O I'MIPOPA3PBIBA TIVIACTA
C IPUMEHEHHUEM TEXHOJIOI' M1 BA3KOM MAYKH ¥ BBICOKOYACTOTHOT'O
MOHUTOPHUHI'A TABJIEHUS

OBJIACTb TEXHUKH

[0001] VYrnesomopoambl (HeTh, MPUPOAHBIA Ta3 MU T.A.) AOOBIBAIOT M3 ITOA3EMHOMN
reoJIOru4eckoil popmanuu (T.e. KIPOAYKTUBHOTO IJIACTAY) MyTeM OypeHUs! CKBAXKHHBI, KOTOPast
MPOXOIUT uepe3 HeTerasoHOCHBIH IJIacT. B pesynbrare co3maeTcs YaCTUYHBIN NyTh JABHIKEHHSI
yIIeBOAOPOAA K MOBEPXHOCTH. JJIsi «Io0BIYM» yrIeBOAOPOAOB, T.€. JJISl MX NEPEMEIIeHUs U3
IUlaCTa B CTBOJI CKBAXXHMHBI (M B KOHEYHOM MWTOr€ - Ha MOBEPXHOCTB), YIJIEBOIOPOIAM
HEOOXOIMMO O0ECIIeUUTh MO CYIIECTBY OECHPENnsITCTBEHHBIH MyTh MPOABUKEHUS M3 IUIACTAa B
CTBOJI CKB2YKUHBI.

[0002] TpemwuHBI B TUTaCTaX 3€MHOW KOPBI UMEIOT OOJbINOE 3HAYEHUE ISl JOOBIMH
NOA3EMHBIX TEKYYHX pPECypCcoB, TaKUX Kak yrjaeBojopoabrl. B mmacrax ¢ HU3KOM
NPOHHULIAEMOCTBI0 M HHU3KOH IOPUCTOCTBIO TOTEHIMANbHAST JOOBMA M3 CTBOJA CKBAKUHBI,
npoOypeHHOH B IUIACTe, HETIOCPEICTBEHHO CBA3aHA C KOJIWYECTBOM PACKPBITHIX TpewuH. Jlis
BTOPUYHOIO W3BJICYEHUS] YTJIEBOAOPOAOB IIOCHE HCYEPIAHUS NOOBIMH TPU H3HAYAIBHOM
naBieHNH (IIOMIOB B IUIACTE YACTO MPHUMEHSIOT 3aKauKy JKUIAKOCTEH IS YBEJNIUYEHUS TOOBIYH
yIJI€BOAOPOAOB, M 3HAHMUA O TPEUIMHAX B IUIACTE SIBJSIIOTCS IOMCTUHE OECIEHHBIMU IS
NPOTHO3UPOBAHUS O0INEro U3BJICUEHHUS.

[0003] T'ugpaBnudeckuil pas3pbIB IUIACTa MPEACTABISET COOOM CIMOCOO CTHMYJISILIUH
CKBAXXMHBI TMIyT€M CO3[aHMs TPELIUH BHYTPU HE(PTEra3oHOCHOIO IJIaCTa, B KOTOPOM TPELIMHBI
CO3JIAI0OT MOCPENCTBOM 3aKaUMBAHUS KHUIKOCTH M PACKJIMHHUBAIOLIETO areHTa BHYTPb CKBa’KUHBI
IpU BBICOKOM faBiieHMH. OCHOBHOW LeJbIO T'MAPOpPas3pblBa IUIACTA SIBJSIETCS IOBBILICHUE
NPOAYKTHBHOCTH CKB&)KMHBI, U OMNEpAlMU MO THAPOPA3pPhIBY U KHUCJIOTHOH 0OpaboTke st
YBEJIMYCHUS] TMPOHHLIAEMOCTH IIACTa MOTYT MPOEKTHPOBATHCS HA OCHOBAHUHM JIAHHBIX O
NPOAYKTHBHOM ILIACTE, PACKJIMHUBAIOIIEM areHTe, 3aKa4MBaeMOM O0OBbEeMe KHCJIOTHI, LIEJIEBOM
k03 uLmeHTe MPOAYKTUBHOCTH CKBAXHHBI W T.I. OMHAKO TPYAHOCTH MpPU OINpPEEICHUH
s¢dexTuBHOCTH 00pabOTKH TMIaCTa METOAOM THAPOPa3pbIBA MOTYT OOECHEYUTh HEKOTOPYIO
CTENEHb HEONPENETICHHOCTH B OTHOIICHUH OOIIEro KOJIMYEeCTBA YIIIEBOJOPOIOB, U3BIEKAEMOTO
U3 TaHHOTO MPOIYKTHBHOTO I1JIACTA.

KPATKOE OIIMCAHUME CYIIIHOCTHU

[0004] B maHHOM KpaTKOM OITMCAHUM CYIUIHOCTH COAEPIKUTCS BBIOOP KOHIICTILNH,
KOTOpBIE TOAPOOHO OMHCaHbl HIKE. JlaHHOE OMUCcaHne He TPEAHA3HAYEHO HU JUTS ONpPEeaeNIeHHs
KJIFOUEBBIX HWJIM CYILIECTBEHHBIX TPU3HAKOB 3asBJIEHHOTO OOBEKTa H300pETeHHs, HU I
UCTIONb30BAHUSI B KAueCTBE BCIIOMOTATENIbHOTO CPEACTBA, OrPAaHUYMBAIOLIET0 O0BEM
3asIBJIEHHOTO 00bEKTa N300peTeHNUS.

[0005] B onHOM acmekTe ONUCAHHbIE B HACTOSIIEM JOKYMEHTE BapHaHTHI

OCYIIECTBJIEHUS] OTHOCATCST K Crocoby o00pabOTKM TON3EMHOIrO IUIAcTa, Yepe3 KOTOPBIM



IPOXOIUT CTBOJI CKBAXKHHBI, MPHYEM CKBAKHHA MMEET MHOXKECTBO pPaHee CTHMYJIMPOBAHHBIX
MHTEPBAJIOB, MPH 3TOM JAHHBIA CIOCOO COAEPIKUT: a) 3aKa4MBAHNUE B CKBAKUHY BSI3KOM MAuKH
(mopuumsi obOpabaThlaaromiell KUIKOCTH C ONpeAeNeHbIMH (PU3NYECKUMU CBOMCTBAMH) C
perucrpanueil KpUBOW NaBJIEHUS AATYMKOM JABJIEHUS HA YCTb€ CKBAXXHHBIL, b) ompeneneHue
ryOounbl (L) TOYKH BBOZA JKHUAKOCTH AJisi 00pabOTKM M HeompeaeneHHocTel rnyounsl (AL); ¢)
obecrieueHne TUAPABIMYECKOTO yJapa Ha yCTbe CKBAKMHBI, KOTOPBIH BO30Y)XHmaeT TpyOHbIe
BoniHbl, d) omnpenenenue rayOunabl (L) TOYKM BBOAA JKHUAKOCTH st  0OpabOTKH |
HeomnpeneneHHocTel riayOuHbl (AL) myrem oOpaOOTKM THOPABIMYECKOTO yAapa METOIOM
BBICOKOYACTOTHOTO MOHHTOPUHIA IABJIEHHS, €) OINpeleNeHue CKOPOCTH TPYOHOH BOJHBI W3
koMOuHatmu naHHbIX U3 (b)-(d); f) obecnedenue runmpopaspbiBa IiacTa; U g) obecreueHue
THIPABIMYECKOrO yaapa Ha yCThe CKBaKMHBI B KOHLE omnepaiuu (f) ruapopaspbiBa miacra ¢
YTOYHEHHOW TJIyOMHOW TOYKH BBOXA JKUAKOCTH it oOpaboTkM W € MeHbIued
HEOMPEIEIEHHOCTBIO.

[0006] Jpyrue acmekThl 3asBJIEHHOrO oObekTa HM300peTeHus OyayT MPEACTaBJICHbI B
OIHCAHWHU U TIPUJIaraeMoi popmyie n300peTeHus.

KPATKOE OITMCAHUE 'PAOUYECKNX MATEPHUAJIOB

[0007] Ha ®UI'. 1 noka3aHO H3MEHEHUE MAaBJICHUS B 3aBUCUMOCTH OT BPEMEHHU B
COOTBETCTBHUH C BAPUAHTAMH OCYILIECTBIEHNS HACTOSIIErO OMUCAHUS.

[0008] Ha ®UI. 2 mnpencraBieHa KeNCTporpaMma B COOTBETCTBUM C BapHaHTAMH
OCYIIECTBIIEHHS HACTOSIIETO OMUCAHMS.

[0009] Ha ®UI. 3 mpencraBieHa OJIOK-CXeMa MOCIEAOBATEIBHOCTH OMEpaLui st
00paboTKH B COOTBETCTBHH C BAPUAHTAMH OCYLIECTBIEHUS HACTOSINErO OMUCAHUS.

[0010] Ha ®UI'. 4 noka3aHO U3MEHEHUE NABJICHUS] B 3aBUCUMOCTH OT BPEMEHHU IS
3aKauMBaHUs BS3KOW MAykd B COOTBETCTBUM C BAapHMAHTAMHU OCYILECTBJIEHUS HACTOSILEro
OTIHCAHMSI.

[0011] Ha ®UI'. 5 u 6 npuBeneHsl rpadguyueckre MPeACTABICHUS, WLIIOCTPUPYIOLINE
NPOIECChl MOHUTOPHHIA MOBTOPHOTI'O THAPOPA3pbiBa IJIACTA B COOTBETCTBHU C BApHAHTAMHU
OCYIECTBJIEHHS HACTOSIIIIETO OMUCAHMSI.

INOAPOBHOE OITMCAHUE

[0012] BapuaHThl OCYIIECTBJIEHUs, ONMHCAHHBIE B HACTOSIIEM IOKYMEHTE, B OOIIeM
OTHOCSITCS K CIToco0amM MOHUTOpPUHTA 3()(PEeKTUBHOCTH MOBTOPHOTO TUAPOPA3PHIBA TUIACTA PAHEE
CTHMYJIUPOBAHHBIX IOI3EMHBIX IUIACTOB JUISl YJIYULIEHUS 3KCIUTyaTallMOHHBIX ITOKa3aTelei
CKBRXMHbI M W3BJIEYCHHUS YIJIEBONOPONOB. bojee KOHKPETHO, OMMCaHHBIE B HACTOSIIEM
TOKYMEHTE BapUAHTBI OCYIIECTBIEHUS] OTHOCATCS K C0co0aM MOHUTOPHHIA, KOHTPOJIS, OLIEHKH
U TIOBBILIIEHNS 3P PEKTHBHOCTH MOBTOPHOTO THIPOPA3PhIBA IUIACTA B CKBAKUHE C MHOXECTBOM
paHee CTUMYJIHMPOBAHHBIX CTaguil. B HEKOTOPBIX BapHMaHTaX OCYIIECTBIIEHUS CIIOCOOBI MOTYT
TaK>Ke BKJIFOYATh BBINIOJHEHUE OJHOTO MM Oosiee NeHCTBUI 10 BOCCTAHOBJICHUIO JJIsI BHECEHUS
U3MEHEHUH B MMPOEKT 00pa0OTKH B peXKHME PEaTbHOTO BpEMEHH. ABTOPBI HACTOSIIETO OMUCAHHS
OOHapy>KUJIK, YTO MPUMEHEHNE TEXHOJOTMH BSA3KOH MauKku B KOMOMHALIMU C BHICOKOYACTOTHBIMU

m3mepenusimu - pasneus (HFPM) ¢ oOecneueHneM ruzapoynapa NO3BOJSIET IOJIy4aTh



UH()OPMALIMIO B pealbHOM BpeMeHHU 00 3(h(heKTHBHOCTH OBTOPHOTO THAPOPA3PHIBA MTO3EMHOTO
acta ¢ Ooyiee BBICOKOM TOYHOCTBIO M HAJEKHOCTBIO MO Oojiee HU3KOH LieHe W 3a Oonee
KOPOTKHI NEPUOJ BPEMEHHU, YeM B Cilydyae NMPUMEHEHHs ONHOH M3 3Tux TexHosoruii. bomee
BBICOKAsi TOUYHOCTh JAHHBIX 00 3()pPEeKTUBHOCTU MOBTOPHOI'O T'HMAPOPa3pbIBa IUIACTA, KOTOPYIO
JIOCTUTAIOT B COOTBETCTBUU C ONMHCAHHEM B HACTOSINEM JOKYMEHTE, IMO3BOJIET OCYIIECTBUTH
NOBTOPHYIO CTHMYJBSIMIO OOJNIBINEr0 KOJWYECTBA CTaaui (YeM B Cllydae NPUMEHEHHS,
HarpuMep, TEXHOJIOTHH BSA3KOH Mavyky) ¢ MUHUMAJIbHBIM PUCKOM HEAOCTATOYHOW CTHMYJISILIUU
OJIHUX CTaAuI U YpE3MEPHON CTUMYJIALIUM JPYTUX.

[0013] B cooTrBercTBUM C OMpeneNeHHEM B HACTOSILIEM TOKYMEHTE HEIOCTATOUYHYHO
CTHMYJISIIUIO MOXKHO PacCMaTpuBaTh KaK TMIPABIMYECKUH MM KUCJIOTHBIA Pa3pbiB IUIACTA.
Kpome TOro, B COOTBETCTBHHU C OMpEAENIEHHEM B HACTOSIIEM JOKYMEHTE TEPMHH «CTAaIus) TN
UHTEPBAJ» OIpPENeNsieT S3JEMEHT 3aKaHUYMBAaHHUS CTBOJIA CKBAKUHBI, KOTOPBIA TO3BOJISIET
OCYIIECTBUTh OMEpalUi0 TruapopaspeiBa miacra (00padotky) B 3ToM Mecte. Kpome TorO,
MHOTOCTAIUIHYI0 ~ 00paboTky  (MHOTOCTaOWUHHBIM  THAPOPA3phIB)  OMPENENSIOT  Kak
NoCJIeoBaTeNbHbIe (MOCTAANHHBIE) OMNMEepaluy THAPABOPA3pbIBa IUIACTA. OTH ONpPEACIIECHHS
Mo>kHO Haitu B Schlumberger Oilfield Glossary.

[0014] CriocoObl B COOTBETCTBHH C HACTOSIIUM OMUCAHHUEM MOKHO HCIOJB30BaTh IS
MOHUTOpHHTa 3()()EKTUBHOCTH MOBTOPHBIX THAPABOPA3PHIBOB IUIACTA B CKBAKHHE, MMEIOLIEH
MHOXKECTBO paHee CTHMYJIUPOBaHHBIX cTaaui. Takue CrocoObl MOXXHO NPUMEHSTH Ui
MOHUTOPHUHTa 3(PPEKTUBHOCTH BTOPUYHON WJIM TPETUYHOH OOpaOOTKU Uil CTUMYJSIOMU IS
NpenocTaBlieHuss HWHPOPMAIMK B peaJbHOM BPEeMEHH OTHOCUTEIBHO 3(PPEeKTUBHOCTH
MOBTOPHOI'O THAPOpA3pbiBa IUIACTa MPU CTHUMYJSALUU Kaxaod craguu. C NOMOILIBIO TaKoOM
UH(QOPMALIUK OIEpaTOpP MOXKET NPHUHATh pelleHHe, HalpuMep, O TOM, SIBJISIETCS JIM JaHHas
craaus 100bYM yxke 3((EeKTHBHO CTUMYJIMPOBAHHON WIIH K€ CIeAyeT OCYIIECTBUTh HU30JISILHUIO
APYTUX CTaAull ¢ MOCIEeAYIOLIM TOBTOPHBIM MMAPOPA3PbIBOM I1JI1aCTa JAHHOW CTAIUM.

[0015] CormacHo BapuaHTaM OCYIIECTBJIEHHS HACTOSILIETO PACKPBITHS B Crocode
MOHUTOPHHTa 3(PPEKTUBHOCTH MOBTOPHOTO THAPOPA3PbIBA IIACTa OOBEAUHSIIOT TEXHOJOTHIO
Bsiskor mavku (BII), T.e. 3akaunBaHMe MapKEpHOI BA3KOW JKUAKOCTH (C BBICOKOW BSI3KOCTBIO,
paszyiaraeMoll ¢ TEYEHHEM BPEMEHEM), M BBbICOKOYACTOTHbIe m3MepeHus nasienuss (HFPM) c
o0ecrieyeHreM ruipoy1apoB B KOHIIE CTaauN 00padOTKH U MX JajbHENIIeld o0paboTKOM.

[0016] Ha mnpakThke TEXHOJOTHS BS3KOH TAYKH TO3BOJIIET WACHTH()HUIIMPOBATH
MOJIOXKEHNE TPEINUHBL, MOJYYEHHOH B XO[€ CTUMYJBILUHU IUIACTa MOCPEACTBOM THAPOpa3phIBa
acta. Takolt crmoco® OCHOBaH Ha JIOKAJbHOM HW3MEHEHHUH BS3KOCTH W/WIN IUIOTHOCTH
3aKauMBAaEMON B CKBAXXMHY JKUAKOCTH W BKJIFOUAET 3aKAYMBAHUE JKUIAKOCTH THAPOPA3phiBa B
CTBOJI CKB&)KUHBI IPH JIABJICHUH, KOTOPOE BBIIIE NABJICHUS Pa3pbiBa IJIACTA, ISl CO3MAHUS I10
MEHBIIEH Mepe ONHOW TpewuHbl. Ilociae 3TOro B CKBaKMHY 3aKAYMBAKOT MAapKEPHBbIA MYJIbC,
3aTeM JKUIIKOCTh TMAPOPAa3phiBa 3aKaYMBAIOT OOPAaTHO B CKBaXHHY. lIpu Bxome MapkepHOro
nmyJbca IO MEHbLIEH Mepe B OJHY W3 TPEIIWH THApOpaspbiBa IUIacTa HaOIIOMaeTCs
ONpeneNsieMblii 0 MAaBJICHUIO OTKJMK, a IOJOXKEHHWE TPELIMHbl ONPEeAeSIIoT Mo 00BeMy

JKUIKOCTU TUIAPOpa3pbiBa, 3aKayaHHON TMOCAE MApKEpPHOro IyJjbca. MapKepHbI MyJbC



NPEeACTaBIsieT COOOH MOPIHUIO KUIKOCTH, BSI3KOCTh W/MJIM IUIOTHOCTh KOTOPOHM OTJIMYAETCS OT
JKUAKOCTEH TUAPOpa3pbiBa, 3aKauMBaeMbIX A0 U TOCI€ MapKepHOro myibca. IIpumepsl
TEXHOJIOTUH BSI3KOM mauku Oojee mogpoOHo paccMoTpens! B myOnukanmuu W02018004370.

[0017] Kak yka3aHO BBbIIIE, TEXHOJOTHIO BS3KOH MAa4Kh MOKHO KOMOWHHUPOBATH C
BBICOKOYACTOTHBIMHU m3MepeHusiMu nasiieHus (HFPM) ¢ obecnieuenuem runpoynapos. B oqHom
wiu Oojiee BapuaHTAaX OCYLIECTBJIEHHUS MPU BbICOKOUACTOTHBIX M3MepeHusix nasienus (HFPM)
MOT'YT HCIIOJIb30BaTh KENCTpaibHbll aHamu3. Harmpumep, B myOnukammm W02018004369 Gonee
noapoOHO PACCMOTPEeH CMoco0 MOHUTOPUHTA CKBaKMHHBIX OMNEpalui, OCHOBAaHHBIA Ha
KETICTPAJIbHOM aHAJIM3€ JaHHBIX 110 BHYTPUCKBAXXMHHOMY JABJIEHUIO, PETUCTPUPYEMBIX Ha YCThE
CKBAXHHBI. OJTHM CIIOCOOOM ONPEAesSIIOT TOJOXEHHE BHYTPUCKBAKHHHOTO OOBEKTA,
OTPAKAIOIIErO TUAPABIMYECKHH CUTHAIL B COOTBETCTBHHM C TaKMM CIIOCOOOM CKBaKHHY
3alOJHAIOT TeKydeill cpemol, KoTopas II03BOJISIET IPOIYyCKaTh TUAPABIMYECKUM CHUTHAJ.
IIpenycMOTpeH MCTOYHMK TUIPABIMYECKOTO CHIHANA, KOTOPBIM CBSI3aH CO CKBaKUHOMU
MOCPEICTBOM TEKy4el Cpenpl W BBIMOJIHEH C BO3MOXKHOCTBIO OOECTIEUeHHs THIIPABINYECKOTO
curHana. JlaTuuk JaBlI€HUs] BBIMOJIHEH C BO3MOXKHOCTBIO PErHMCTpaly TUAPaBINYECKOTO
CUTHAJIa U HAXOAUTCS B CBSI3U CO CKBaAKMHOM MOCPENCTBOM TeKyuel CpeAbl U M0 MeHbIlel Mepe
C OJHUM HCTOYHMKOM ruapasiudeckoro curtHana. C TIOMOLIBIO JaT4MKa JABJIEHUS
PErUCTPUPYIOT FUAPABINYECKHI CUTHAN U CO3JAI0T KEIICTPOrpaMMy JIABJIEHUS C BblACJIEHHUEM Ha
KETICTPOrpaMMe JaBJIEHUs] MHTEHCHBHOro curHana. Ilocie 3Toro OOHapy>KHMBarOT OOBEKT,
KOTOPBIN OTPAXKaeT FHAPABINYECKUN CUTHAIL

[0018] B coorBercTBHM ¢ OXHMM WM 0OoOJjiee BapHaAHTAMH OCYILIECTBJICHUS CIIOCOO
00paboTKH MOA3EMHOTO IUIACTa, Yepe3 KOTOPBIH MPOXOIUT CTBOJ CKBAKHMHBI, TAKOH Kak Criocod
MOHMTOPUHIA MOBTOPHOT'O THpOpa3pbiBa 1acra, COIEPHKUT UCIIOJIb30BAHUE
HIOCJIEIOBATENIbHON 3aKayKU BS3KOH mMauku (M ompeneseHuss IIyOWHBI), BBICOKOYACTOTHOIO
MOHUTOPHUHIA [JaBJICHUs TUAPOYJApOB (B KOHLE BS3KOH IAuKy, TAKXKe Ui OIpeAeseHUs
TJIyOMHBI) U OTKJIOHHUTENS Ui OJIOKUPOBAHMS CTanui ¢ HAUOOJBIIUM MPUEMOM KHIKOCTH C
JOTIOJTHUTEIbHBIM BBICOKOYACTOTHBIM MOHUTOPHHIOM JaBJIE€HUs B KOHLIE 3aKaUKH OTKJIOHHUTEJIS.
OObenuHeHNEe 3THUX CHOCOOOB TMO3BOJISIET, HAMPHUMEpP, HANEKHO ONPENEeIUTh, XOPOLIO JIH
paboTaeT OTKJIOHUTENb WM HY)XHO 3aKa4yaTb OMOJHUTENbHOE KOJHYECTBO OTKJIOHHUTEJIS.
Kpome ToOro, Konm4ecTBO 3aKayMBaeMOH BSA3KOW TMAa4YKH MOXKHO YMEHBIIHUTh Onaromapsi
JOTIOJIHUTEJIbHBIM JaHHBIM, MOJy4Y€HHbIM B X0/1€ BHICOKOYACTOTHOIO MOHUTOPHUHIA AaBieHus. B
pe3yabraTe 00pabOTKy MOKHO BBITIOJHATH OBICTpee U ¢ MEHBIIUMH pacxonaMu. bonee Bpicokast
TOYHOCTD JaHHBIX 00 3P PEeKTHBHOCTH OTKJIOHEHHUS! 00padaThIBAIOLIEH KUIKOCTH, JTOCTUTaeMast
Onmaronapst MPUMEHEHHUIO 3THX ABYX TEXHOJOTHH, TaK)Ke MO3BOJIIET OCYIIECTBUTH MOBTOPHYIO
CTHMYJISIUIO OOJIBIIErO KOJUYECTBA CTAAUi (4eM B CiIy4ae NMPUMEHEHHUS TEXHOJOTHU BSI3KOM
NaYKH) C TOHM)KEHHBIM (WU 1a’Ke€ MUHUMAJIbHBIM) PUCKOM HEIOCTATOYHON CTUMYJISILIUN OJHHX
CTaAuN U YPE3MEPHON CTUMYJIILIUK APYTHUX.

[0019] B cooTBercTBUM € BapUaHTAMU OCYLIECTBJIEHUS HACTOSLIErO pAaCKpBITHs
Olepalyuio MOBTOPHOIO THUAPOpa3pbiBa IIACTA BBINOJHAIOT B CKBAXXHUHE, KOTOPYIO paHee

noABeprain CTUMYJISIUU U KOTOpast UMECT MHOXKECTBO pPaHCEC CTUMYJIUMPOBAHHBIX MHTCPBAJIOB,



HO B KOTOpOH Ao00bMa YIJIEBOAOPOIOB yIaja, TaKMM OOpa3oM, HOBas CTHMYJISILUS (WJIH
NOBTOpPHAsl CTHMYJISILMS, WM TOBTOPHBIM THUAPOPA3phIB IJ1aCTa) PACCMATPHUBAETCS Kak
nenecooOpasHasd. B ogHoM wunm Oojiee BapuaHTax OCYLIECTBJICHUS OIEPALMI0 ITOBTOPHOI'O
T'MIPOPa3phIBa IUIACTA MPOBOAST B ONpPENENIEHHON MOCIe0BATENbHOCTH CTa Ul B COOTBETCTBUH
C omMcaHWeM HWXke. B Takux BapuaHTax OCYIUECTBJICHUS NepBOI cramueil oOpaboTku auis
CTUMYJISILIUU CKBA)KUHBI SIBJIAETCS ONpEIeNeHHe TOro, Kakue U3 paHee CTUMYJIHPOBAHHBIX
CTaguil CKBaKUHBI MOTYT IMPUHUMATD XXUJIKOCTH, IOCJIE YEro CIEAYIOT YepeayloIuecs: CTaAuu
o0paboTku i cTuMyssiuuu  (Hampumep, oOpaboTkKa TIacTa METOAOM THAPOpPa3phbiBa) C
o0pa3oBaHMEM HOBOH (-bIX) TPEIIUHBI (TPELINH) U U3OJISALHEH TaKOH (-1X) TPELIUHBI (TPELIUH) C
NOMOIIBIO  OTKJIOHUTENeH. [locnenoBaTenbHOCTh CTaAUN TOBTOPSIFOT, TOKAa CTHUMYJISIUH HE
OyayT MONBEPTHYTHI BCE 3aIUIAHUPOBAHHBIE JUJIsI 3TOro cranuu. s oneHku 3¢QeKTUBHOCTH
00paboTKH IJIsi CTUMYJSILIMK M OmpenesieHust Oyaymmx o0paboTOK IUIsl CTHMYJISILIUU MOXKET
MIPOU3BOIUTHCS COOp M 00pabOTKA TAaHHBIX.

[0020] B cooTBeTCTBHU C BapHaHTaAaMU OCYLIECTBJICHUS HACTOSLIETO PACKPBITHSI MOXKHO
NPUMEHSTh JIOOOH THM JKUIKOCTH, HMCIOJB3yeMOH B KAa4eCTBE JKUAKOCTH U CTHMYJISLIUH.
IIpenmonaraercs, 9TO B HEKOTOPBIX BAPUAHTAX OCYINECTBJICHUS CBOWCTBA JKUAKOCTH OCTAFOTCS
HEM3MEHHBIMU Ha MPOTSHKEHUHU BCero nporecca 00padorku. Kpome Toro, npenycMoTpeHo, uTo B
HEKOTOPBIX BAPHAHTAX OCYILIECTBIICHHS CBOWCTBA MOTYT U3MEHSTHCS OT OTHON CTUMYJIILIUU J10
APYroi; B TAKUX BapHAHTAaX OCYILIECTBIEHHs PAa3HHUIy MOJKHO YUHUTBIBATH C HCIOJb3OBAHHEM
MOTIPABOYHBIX KO3(PPHUIMEHTOB HAa CKOPOCTh TPYOHBIX BOJH HAa OCHOBE 3HAHMS CBOMCTB
KHUIKOCTU. B omHOM mim Oosiee BapuaHTaxX OCYIIECTBIIEHHSI CBOWCTBA JKHIKOCTH MOTYT OBITH
HEM3BECTHbI MJIM TUIOXO OINpenesieHbl. B Takux BapuaHTaxX OCYIIECTBJIEHUS MOXKHO 3aKauUBaTh
OoJee BA3KYIO MAYKYy.

[0021] B cooTrBercTBMU C OOHUM MU OOjiee BapHAHTAMH OCYLIECTBJICHHs HACTOSIIETO
OTUCAaHMsI ONepalysi MOBTOPHOrO I'MIPOpa3pbiBa IJACTa B CKBAKUHE C MHOXECTBOM CTaAMH
MOJKET COZePKATh CIECAYIOLIYIO TOCIEOBATENBHOCTD ONEPALIUH.

1. 3akaunBaHME KUIKOCTH B COOTBETCTBUH C IJIAHOM CTUMYJISILIHH JJIs1 CO3/IaHUS IEPBOH
TPELUIUHbI THUAPOpa3pbiBa. TpemuHa MOXKeT MOsSBUThCS B Moo m3 1...N umeromuxcs B
CKBa)XMHE CTAJIUM.

2. M3onupoBaHue CO3NAHHOW TPEUIMHBI yTeM MPUMEHEHUs XUMUYECKOTO OTKJIOHHUTEIS,
T.€. JKUIKOCTh CO CIIELHABHO Pa3paOOTaHHBIMHM YaCTHLIAMH, KOTOpas MOXKET 3a0JIOKHpPOBATH
PACKPBITYIO TPELINHY.

3. 3akaunBaHME KUIKOCTH B COOTBETCTBUU C IUIAHOM CTUMYJISILIMH [T CO3/1aHUSI BTOPOH
TPELIUHBI THAPOpa3phiBa. Bropas Tpemmaa MOKET MOSIBUTBCA B J1F000H n3 1... N uMerommxcst B
ckBaknHe craauid. Ecnu Tpeurnaa obpa3yercss B HOBOU CTaAUU JOOBIYH, CTUMYJISILIHIO CUUTAIOT
ycnenrHoi. Ecniu HOBas TpemuHa He 00pa3oBasiach, a JKUAKOCTb 3aKa4aliach B MEPBYIO TPELIUHY,
TO HOBasl CTaausl HE SIBIISIETCS CTUMYJHPOBAHHOH, a CTUMYJLSILMIO CUUTAIOT HEYAABLISHCS.
CBoeBpeMeHHO OOHAPYKEHHYIO HEYIaBILIVIOCS MOMBITKY CTUMYJISILIUN MOJKHO UCIIONIB30BATh JJIS
OOHOBNIEHMs IUIAaHA CTUMYJISILUM, HAIpUMeEp, U1 TOBTOPEHHsS] CTaguM HU3OJSALUH  yXKe
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MOCNIEAVIOIIEH peryJupoBkold oObeMa MMayky, 3aTeM BHECeHUs W3MEHEHWH B IUIaH
THApOpa3phiBa IUIACTA, TAaKUX KAaK pPEryJIMpPOBaHHE OOBEMa >KHIKOCTH, 3aKaYHMBAEMOM IS
YBEJINYEHUS TPEIIUHBI, WIIH PETryJIUPOBaHNE KOHIIEHTPALIMH ITPOIIIAaHTa/BOJIOKOH.

4. 3onupoBaHue 00€NX CYIIECTBYIOLINX TPEIIHH.

5. IlpoBenenue HOBOIT 0OPaOOTKH [Tt CTUMY JISILIUH.

[0022] Kak oTMeyanoch BbIIIE, TIOCIEIOBATENIbHOCTh CTAAMi MOBTOPSIOT, IOKa
CTUMYJISIHUU He OyAyT MOABEPrHYTHI BCE 3aIUIAHMPOBAHHBIC Ui 3TOro craguu. [IpenckasaHue
COCTOUT B TOM, OyneT JU CTHMYJSLUS KAKOH-TUOO CTaguy YCHENIHOH WU JKUIKOCTh
3aKQUMBAETCS B YK€ CYIIECTByIOUHe TpemuHbl. C pa3BUTHEM BO3MOXKHOCTEH MOIEIUPOBAHMS,
NPOTrPaAMMHOTO OOECTIEYeHHSI U aIMapaTHBIX CPEACTB BO3MOXKHOCTh ONTUMH3ALMU MPOEKTOB JI0
craguu oOpabOTKU U B peXUMeE PeajibHOrO BpEeMEHH cTasia Oojiee ocyiiecTBUMON. B HacTosmee
BpEeMsl CYIIECTBYET HECKOJBKO CIIOCOOOB OIpENeNieHUs] TOYKH BXOAA S>KHIKOCTH BO BpEMs
MOBTOPHOTO THIPOPA3phIBa IJIACTA, TAKHX KAaK pACIPENENIeHHOEC H3MEPEHHE TEeMIIePaTyphl
(DTS), pacnpenenennoe wusmepenue BuOpammm (DVS), panuoakTHBHbIE M XUMHYECKHUE
UHIUKATOPBl, MHUKpoceiicMuyeckne TexHojornd. OOHakKo y TakuX TMOAXOAOB  €CTh
MHOTOYHCJICHHbIE OTrPAaHUYEHUs, W IIO3TOMY IMONyueHHass HWH(OPMAILUsl HMEET BBICOKYIO
HEOMPEIEIEHHOCTh U3MEPEHUH, KOTOpast MOJKET OTPaHUYUTh HA/IEKHOCTh IPOTHO30B.

[0023] Cnoco6 DTS Brirowaer 3akadyky OONbIIOro oObeMa XOJOTHOW SKUIAKOCTH H
JOJTOBPEMEHHbIE U3MEPEHHUS pacTpeieIeHNs] TEMITEPaTyp 1o cTBONy cKkBaxuHbL. Criocod DVS
ABIIIETCS. OYE€Hb YYBCTBUTENBHBIM K HEOOJBIIOMY OOBEMY ra3oB, IOCKOJIBKY My3bIPbKU ras3a
MOTYT BBI3bIBATh JIOKHBIE BHOpauuu. MukpocelicMudeckuii crnocod xopomo padoTaer B
MEXAaHUYECKH TBEPIAbIX IUIACTaX M 3aBUCUT OT MOHUTOPHHIA MECTONOJIOKEHHS CKBAXKHHBI
OTHOCHUTENbHO 00paboTaHHOH CKBakuMHBL. Kpome TOro, MumkpocelcMHu4eckass TEXHOJOTHS He
SIBJIIETCS] TIPUCKBAKMHHBIM CIIOCOOOM M YyBCTBUTENIbHA K COOBITHSIM, KOTOpPbIE MPOHCXOIST B
HECKOJIbKUX COTHAX (DyTOB OT CTBOJIA CKBaXXMHBL. Takum 0Opa3oM, BepTHKajbHAs IIyOMHA B
CTBOJIE CKBO)XMHBI TOYHO HE M3BECTHA. Hanuyne XUMHYECKUX WU PaJHOAKTHBHBIX
WH/IMKATOPOB CBUAETENBCTBYET O 30HAX C JOCTATOYHO BBICOKOW MPOHHUIIAEMOCTBIO B ILIACTE,
KOTOpbIE MOTYT MMETh WJIM HE MMEeTh OTHOWIEHWs K TpewmuHe. M1 Haobopor, oTcyTcTBHe (MiH
KOHIEHTpalusi Huxke (POHOBOH) XUMHUYECKHMX WM PAJUOAKTHUBHBIX WHIUKATOPOB B
NPUCKBAXXMHHON 30HE MOJKET O3Ha4yaTh, YTO YaCTHUIbl ObUTH 3aKayaHbl TIIyOOKO B IUIACT.
Haxkonern, 311 ciocoOb! SBIISIFOTCS. HETONYJIIPHBIMU 110 IPHYHUHAM, CBSI3aHHBIM C OXPaHOH TPyIa,
OKpY’KaroIel cpeibl M TEXHUKOH 0e30MacHOCTH.

[0024] dpyrum criocoOoM, KOTOPBIM MUPOKO HCIOIB3YeTCsl Oarogapsi CBOeH MpocToTe
U HU3KOH CTOMMOCTH, SIBJIIETCSI MOHUTOPHHT JIABJICHUS HA MOBEPXHOCTH. B 3TOM ciydae Touky
BXOAa JKHUAKOCTH HE M3MEPSIOT, BMECTO 3TOr0 MOHHUTOPHUHT 3(()EKTUBHOCTH OTKJIOHEHHS
OCYIIECTBIISIIOT CIIOCOOOM H3MEHEHHMsT MTHOBEHHOT'O NIaBJieHHs OCTaHOBKU 3akauku (MJIO3):
OTKJIOHEHHE CUHUTAIOT ycnewHbM, ecian MJ103 nocne crumysmsiiuu npesbitmaer MJ1O3 nocne
npeabiaymei crumyssinun. K coxxaneHuto, 3ToT crnocod He rapaHTUPYET TOUHOCTH Pe3YJIbTATOB.
Kpowme Toro, Beruucnenue MJIO3 MoxeT 3aHUMaTh HEKOTOPOE BPEMsl, U €r0 BCE PABHO MOXKHO
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TEKyLIUM U OpeaplayluM 3HaueHusasMu MJ103 nomkHa npeBblliaTh MUHUMAJIbHYIO OPOTOBYIO
BEJINYHMHY, KOTOpas sBIsieTcs CyOBbekTHBHOH. Kpome Toro, orpumarenbHas pasHULA MEXIY
3HaueHnssMd MJ1O3 He 03Ha4aeT MoXoro OTKJIOHEHHUs, TakyKe HEOOXOAUMO OLIEHUBATh NOTEPU
JABJICHUs] HA TPEHUE. €CJIM OHU YBEJIUYMIINCH IO CPABHEHMIO C MpPebIAyIleld CTUMYJISILHUEH, TO
OTKJIOHEHHE TaKXe SIBJISIETCS] YCIELIHbIM, HECMOTpPsA Ha pasHuly 3HaueHnd MJIO3 (naBieHue
TpeHUst MOXKeT ObITh BbIle AJst popmarmii ¢ Gonee Hu3kuM 3HaueHneM MJ10O3 u3-3a morepp Ha
TPEHHUE B OBPEXKIEHHON MPUCKBAKMHHON 30HE).

[0025] Eme omHuM cnocoOOM OmnpeneNeHus TOYKH BXOHa JKUIKOCTH SIBJIIETCS
TEXHOJIOTUs Bsi3koM mayku. Koraa B CKBaKMHY 3aKauMBAIOT BA3KYIO MAYKy, IPU BXOJE MaYKU B
TPELIUHY MOXeT HaOJIFOAaThCsl MOBBIIIEHUE NaBJeHus. [ IyOuHy TOUKH BXOJA YKUIAKOCTH MOYKHO
NpeaCcKa3aTh C MOMOLIBIO TaHHBIX 110 3aKAHYMBAHUIO CKBAKUHBI, CKOPOCTH 3aKauKU U MOMEHTY
BPEMEHH, KOTAa JKUIAKOCTb JOCTUraeT TpeuruHbl. OJHAKO BO MHOTHX CIy4Yasx 3Ty TIIyOHHY
MOKHO TPEICKAa3aTb C TOYHOCTBIO, COMOCTaBUMON C PACCTOSHHUEM MeEXAYy CTUMYJIHPYEMBbIMU
CTalUsMU, U MO3TOMY HEBO3MOXKHO IMOJIyYUTh TOUHbIE pe3ynbTaThl. KpoMe Toro, 3akaunBaHue
BSI3KOW MaYKH B KOHIIE KAXKIOH CTaIUN MOXKET OBbITh SKOHOMHYECKU HE3(P(EKTUBHBIM M MOKET
TpeOoBaTh OOJBIIE TOTIONHUTENBPHOTO BpeMeHH. 110 3TUM NpuYrMHAM TEXHOJIOTHS BSI3KOH MavKu
HE OYEHb IIUPOKO MPUMEHSIETCS cama 1o cede.

[0026] be3 mpuBsi3ku K JHOOON TEOPUU aBTOPBI HACTOSIIETO PACKPBITUS OOHAPY KM,
YTO HEIOCTaTOK NMPUMEHEHUs] TEXHOJOTUHU BA3KON Mauku MOKHO NPEOAOJETh IyTEM COUYETAHMSI
TAKOW TEXHOJIOTUU C BBICOKOYACTOTHBIMU H3MEPEHMSIMU JAaBJIE€HUsI B YCTb€ CKBaXKUHBL Takas
KOMOMHALUS  TO3BOJISIET  OCYIIECTBJSIT  MOHUTOPHHT > dexruBHOCTH  00paboTku ¢
HCIOJIb30BAHUEM IIOBTOPHOIO THUAPOpa3pbiBa Ijacta. B ONHOM WM HECKOJNBKUX BapHaHTaX
OCYLIECTBJIEHHS B CIIOCO0AX MOXKHO HCIIOJNb30BaTh TEXHOJOTHMIO BS3KOH MAYKH, T.€. 3aKa4Ky
Bsi3koil skupkoctu (1000 m Gomee cIl mpu 100 ¢! B Teuenme 1Mo MeHbIueit mepe 20 MuH ¢
ObICTpbIM CHIDKeHHeM BsiskocTh a0 100 cIl mnm MeHee), W BBICOKOYACTOTHBIE H3MEPEHUsI
JaBjieHuss ¢ OOecrieueHHueM THIPOYNapOB B KOHILIE OMepalydd ¢ Mocieayromeii o0padboTkoit
JAHHBIX.

[0027] Kak onmcaHO B HACTOSALIEM TOKYMEHTE, BBICOKOUACTOTHBIE U3MEPEHUST JaBJICHUS
OCHOBAHbI HAa aHAJM3€ CUTHAJIOB THIPOYAapoB (MM TPYOHBIX BOJIH), PACHPOCTPAHSIOLIUXCS B
CTBOJIE CKBAXXHHBI. TpyOHBIE BOJIHBI MPEIACTABISIOT COOOH TPAaHUYHBIE BOJHBI, KOTOpPBIE
BO3HHKAIOT B OOCaKEHHBIX CKBA)XKMHAX, KOTAa BOJHA Pajest crajkuBaeTrcss CO CTBOJIOM
CKBAKMHBI Y BBI3BIBAET BO3MYILEHHE )KHIKOCTH B CTBOJIE CKBaKUHBI. TpyOHast BOJIHA MPOXOIUT
BHU3 MO CTBOJIy CKB@)KMHBI MO I'pPaHULE pas3fesia MeXIy XKUJIKOCTbIO B CTBOJIE CKBAKUHBI U
CTEHKOH ckBakuHbL Ilockonbky TpyOHast BOJNHA CBsi3aHa C IJIACTOM, CKBO3b KOTOPBIH OHA
IPOXOAUT, OHAa MOJKET BbI3bIBATH BO3MYLIEHUS B IJIACTE YEpPe3 PAaCKPbITble TPEIIUHBI,
IepeceKaroIue CTBOJ CKBAKUHBL, ¢ obecneueHneM >¢dekra cxaTus, KOTOPBIH obecreunBaeT
BTOPUYHBbIE TPYOHbIE BOJIHBI, KOTOPBIE OTPAKAKOTCS BBEPX M BHHU3 OT MECTAa PACIOJIOKEHHS
TpeuuHbl. IlepexBaueHHble BTOpPUYHBIE TPYOHBIE BOJHBI MOIYT CONEpPXKaThb CUTHATYPBI,
MO3BOJISIIOINNE MACHTH(PHULUPOBATh PACKPBITHIE TPEIIMHBIL, & TAKXKe AMIUIMTYAY, KaueCTBEHHO
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TPELIUHBbI, B JOMOJHEHHE K JAPYIMM XapaKTePUCTHKaM, TAaKUM KakK [aBJICHHE CMBIKaHUS
TPELIUHBI, [aBJICHHE HHULUUPOBAHUSA TPEIIMHbI M T.II. TpyOHBIE BOJHBI TaKKE€ MOXKHO
UCTIONB30BaTh Ui OOHAPYXKEHHUs NPYIMX OOBEKTOB, TAKMX KaK MPEMATCTBUSA, YYaCTKU TPYO
Pa3NUYHBIX AUAMETPOB, NePGHOPALIUN U PACKPBITHIE TPELIUHBI.

[0028] Ha mpakTuke BTOPHYHBIE TPYOHBIE BOJHBI MOKHO BOCCTAHOBHTb M3 CBEPTKH
NEePBUYHBIX TPYOHBIX BOJIH MyTeM OMNPEAEICHUS BPEMEHHM M BEIUYMHBI NMUKOBOI'O 3HAYEHUSI
oru0aromel BOCCTAHOBIEHHOTO W3 CBEPTKM CHUTHAJNA. JTO BpPeMs M BEIMYMHA HM3MEHSIOTCS
npeAcKa3yeMbIM O0pa3oM, M 3TO HW3MEHEHHE MOXKHO MPOAHAIM3UPOBATH B 3aBUCUMOCTH OT
rnyOuHbl. J1s1 M3BJIEYEHMsT NAHHBIX MO TPYOHBIM BOJHAM JUIs ONPENENICHHs TOJIOKEHUH
MHOYKECTBA TPEIIUH OT CTBOJIA CKBAXKHHBI TAKXKE MOKHO HCIIOJIb30BATh MEPEIOBbIC AJITOPHTMBI
it 00paboTKU TPYOHBIX BOJH (HANpUMep, OMMCAHHBIN BbIIIE KETICTPAJIbHBIN aHAIN3), & TAKKE
MEXaHU3Mbl KOHTPOJISI UCTOYHUKOB IABJICHUS, BKJIOYAs INyM HAcCOCA, AKTUBHBIE HCTOYHHKH
UMITYJIbCOB U T.II.

[0029] B coOTBETCTBHMM C HACTOALIUM OINMCAHMEM BBICOKOUACTOTHBIE H3MEPEHMUsI
TaBJIEHHUSI MOTYT O0ECTIEYNTh BBIUUCIUTENBHBINA MEPUON I THAPOYAApOB (MU TPYOHBIX BOJIH),
KOTOpBIe 00ECIIeUNBAIOT B KOHIIE KAKAOH CTanuu (MU AaXKe MEKAY CTaIUsSMH, KOTAa CKOPOCTh
3aKauKH U3MEHSIETCS OYeHb OBICTPO). DTH MEPUOABI OTHOCATCS KO BPEMEHH, KOTOpPOe TpyOHbIE
BOJIHBI TPOXOIAT OT YCThsI CKBAXKUHBI 10 TPELIMHBI M OTPAKAIOTCS OT TPELIMHBI OOPaTHO.
ITepuonp! (M 3HaYEHHST BPEMEHH OTPAKEHMs) MOXKHO MpeoOpa3oBaTh B 3HAUEHUS TIIyOWHBI,
€CIIH CKOPOCTb TPYOHBIX BOJH H3BECTHA, YTO HE SBIAETCS OOBIYHBIM ciy4daeM. /[l
IPOTHO3UPOBAHUS 3TOH CKOPOCTH MOKHO HCIOJIb30BATh KaKyr0-IH00 Ipyryro HHPOpMALUIO A
kannuOpoBku. OpHUM U3 CrOCOOOB SIBISIETCS UCIMOJB30BAaHME TOYKUM BXOJA JKUIAKOCTH,
NpPEeCKa3aHHOM C MOMOIIBIO TEXHOJIOTUH BSI3KOW Madku. B 3TOM ciiydae KoMOMHAIMS 3HAYECHUH
BPEMEHU M TNIYOMHBI MO3BOJIIET AOCTATOYHO TOYHO OLIGHUTb CKOPOCTb (IO MEHbLIEH Mepe B
TaHHOW CTaJuH, B KOTOPOH MPOBOIUTCS CTUMYJIsiuus). OOOCHOBAaHHOE MPEAIIONIOKEHHE O TOM,
YTO CKOPOCTh MEXAY ONMKAWIIMMH CTaJusSMH MEHSETCSl He CJIMIIKOM CHUJIBHO, a TakKKe
UCTIOJIb30BAHUE IPYTHUX OMUCAHHBIX HUKE CIOCOOOB, MOTYT MPENOCTABUTh HHPOPMALIUIO O TOM,
NPOM30LLIA CTUMYJISILUSL BCEX CTAAMA MM HeT. DTy MH(OPMALIMIO MOKHO IMOJYYUTh B KOHIIE
KaXJIOM CTaJuy, M OMepaTop MOXKET HMCIIOJIb30BAaTh €€ JIsi KOPPEKTUPOBKH IJIAHA CTUMYJISLIUH
ISl IOCTEAYIOLIUX CTaIUM.

[0030] B cooTBeTcTBHM ¢ ONHMM WiIH 0OOJiee BapUAHTAMH OCYIIECTBJICHUS CIIOCOD
00paboTKH MOA3EMHOTO TUIACTA, YePe3 KOTOPBINA MPOXOIUT CTBOJI CKBAKUHBI, MOXKET CONEPKAT:
a) 3aKauMBaHUWE B CKBAXKHMHY BSI3KOH MAYKW C perucTpaunell KPUBOW NABJICHUS NaTYUKOM
JaBIIEHUs] HA yCTb€ CKBAXKHHBL, b) ompenenenue rayomusl (L) TOUkM BXOAa *XUOKOCTH IS
o0OpaboTku u HeomnpeneneHHocTel riyOouHsbl (AL); ¢) obecriedyeHre ruapaBINYecKOro yaapa Ha
yCThE CKBAXKUHBI, KOTOPBIN BO30y»KnaeT TpyOHbIe BOJHBI, d) onpenenenne rayouns (L) Toukn
BXOZAa JKUAKOCTH Ayl 00paOoTkw M HeompeaeneHHocTed rmyOuHbl (AL) myrem oOpaloTku
THIPABIMYECKOrO y1apa METOIOM BBICOKOYACTOTHOTO MOHHUTOPHHTIA JIABJICHUS, €) ONpeesieHue
CKOpocTH TpyOHO! BOJNHBI M3 KoMOuHanmu gaHHbIX u3 (b)-(d); f) obecneuenune ruppopaspbsiBa
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THAPOpa3phiBa IUIACTa C YTOUHEHHOH TIIyOMHOM TOYKM BXOAA JKHIKOCTU Uil 0OpalOTKH U C
MEHBIIEH HEONpPeNeNeHHOCThI0. B Takmx BapuaHTax OCYIIECTBIEHHUS CKBAXXHHA HMEET
MHOXKECTBO paHee CTHMYJIMPOBAaHHBIX MHTEpBajoB. B omHOM wunm Oonee BapuaHTax
OCYIIECTBJIEHHSI B CKBAXKHE MOKHO IIPOBOJUTH MHOXKECTBO 00pabOTOK /ISt CTUMYJISLIIH.

[0031] B coorBercTBMM ¢ OAHUM WM OOjiee BapUaHTAMHU OCYLIECTBJICHUS Tepen
3aKayMBaHUEM BSI3KOH MMAYKU B CKBAXXMHY MOXKHO NPOBOAUTH 00paboTKy THNa «aaTta-ppak» (T.e.
TMAPOPa3phIB  IUlaCTa  Majoro  oObemMa  Juid  MOJydYeHWs  JaHHBIX O  IUIAcTe)
(https://petrowiki.org/Glossary). B Takux BapuaHTax OCYINECTBJIEHHUS BSI3Kasl Madyka MOXKET
BXOJUTb B COCTaB JKUJKOCTH, BS3KOCTb KOTOpPOW MO MeHblueill mepe B 100 pa3 mpeBblaeT
BSI3KOCTh CKBaXMHHOTO (hironna. B onHoMm minm Ooyiee BapuaHTax OCYLIECTBIEHHS, B KOTOPBIX
MPOBOIST MHOXKECTBO O0Pa0OTOK IIJIsl CTUMYJIILIMY, BSI3KYEO TIAYKy 3aKaUMBAIOT MEpen KaxIoi
00paboTKOI ¢ TUIPOPA3PHIBOM ILIacTa. B Takux BapHaHTaxX OCYLIECTBICHHS THAPOYAAP MOKHO
o0ecreunTh MyTeM OTKJFOYEHHS HACOCOB HAa TMOBEPXHOCTH. B omHOM wim Oonee BapuaHTax
OCYIECTBIIEHHsI CIIOCOO BBICOKOYACTOTHOTO KOHTPOJIS AABJICHHS BKIFOYaeT 00pabOTKy cUrHana
JaBIIEHHs], HAPUMEP, BKIFOYAsl MPEABAPUTEIbHYIO (PUIBTPALIMIO CHUTHANA M JOMOJHUTEIbHYIO
00paboTKy € MOMOINBIO KENCTpajJbHOro aHamm3a. Kpome TOro, mpemycMOTPEHO, YTO IOCie
craguu (g) B CTBOJ CKBAXXHHBI MOXKHO IOIOJHHUTENBHO 3aKadyaThb OTKJIOHUTENb. B Takmx
BAPUAHTAX OCYINECTBJIEHUS OTKJIOHUTENb MOMKET BXOAWTb B COCTAB CYCIIEH3MM YaCTHI,
CHIOCOOHOW M30JMPOBATh MO MEHBIIEH Mepe OJUH M3 paHee CTHMYJIMPOBAHHBIX MHTEpBAJIOB. B
OJTHOM WJIM HECKOJIbKMX BapHAHTaX OCYIIECTBIEHHs OTKJIOHUTEIb MOJKHO BBIOMPATH M3 IPYIIIIBI
XUMHYECKUX U MEXaHWYECKHX OTKJIOHUTEJEH.

[0032] B omHOM WM HECKOJBKHUX BapHaHTaX OCYLIECTBIIEHUS CIIOCO0 0OpaboTKH
MOJ3€MHOI0O TIACTa MOXET AONMOJHUTEIbHO COAEPKATh BBINIOJIHEHUE ONEpalvy 3aKaHYMBAHUS.
B Takmx BapuaHTaX OCYLIECTBJICHHUs] ONEPALMI0 3aKAaHYMBAHUS BBIOMPAIOT W3 TPYIIIbI
3aKaHYMBAHUH C YCTAHOBKOW MOCTOBOH NpoOKH B 30He mepdopanuy WM 3aKaHYUBAHUH C
NPUMEHEHUEM CKOJIB3SIIIUX My (]T.

[0033] Kpome Toro, mpeayCcMOTPEHO, 4TO Crocod o0padOTKU MOA3EMHOIO IJIacTa, Yepes
KOTOPBII MPOXOIUT CTBOJI CKBAKUHBI, MOXKET CONEPKaTh 1) 3akayrBaHHUE MEPBOH BA3KOW MavKH
B CKB&KHHY, PACIOJIOKEHHYIO B MOJ3€MHOM IUTACTE, MPUYEM CKBAXKHMHA HUMEET MHO)KECTBO
paHee CTUMYJIMPOBAHHBIX CTanuii, 2) onpenenenue rayounsl (L) Touku BXOHA JKUAKOCTH AJIS
o0paboTku u HeompeneneHHOCTH riyOuHbl (AL) 1y TeX paHee CTUMYJHPOBAHHBIX CTaIUH,
KOTOpbIE MOTYT NPUHHMATh JKHIKOCTb, 3) OOecredeHHe THIPaBJINYECKOTO yAapa Ha YCTbe
CKBKUHBI JIJIsl BO30OYKIeHHsI TPYOHBIX BOJIH, 4) 00pabOTKy THIPAaBIMYECKOrO yaapa METOIOM
BBICOKOYACTOTHOTO MOHHUTOPHMHIA AaBIEHHUs 111 ompexneieHus rinyounsl (L) Toukm Bxoma
KUAKOCTU Uit 00paboTku W HeomperneneHHoctn rybunbl (AL), 5) ompeneneHue CKOpOCTH
TpyOHOI BOJNHBI TyTeM KOMOWHUpOBaHHMA 2)-4), 6) mpoBeneHHe NepBOH 0OpabOTKM IJIs
CTUMYJIALUU (TakoW Kak TUAPOPA3phIB IUIACTa) B IO MEHbIIEH Mepe OJHOW paHee
CTHMYJIUPOBAHHON CTaIuH, KOTOpas NMPUHUMAET KUAKOCTb, JJIsI 0Opa3oBaHUsl NMEPBOH HOBOM
TPEeLUIMHBI B 10 MEHbIIEH Mepe OIHOH paHee CTUMYJIHPOBAHHOW cramgmu, 7) olecreueHue

T'HIpOyAapa Ha YCThe CKBRKUHBI B KOHIIE 00pabOTKH 6) C THAPOPA3PHIBOM ILIACTA C YTOUHEHHOM
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IJIyOMHON TOYKM BXOAA SKUAKOCTH IJIsi OOpabOTKM M € MeHbIIel HeOonmpeneNeHHOCThIO, 8)
M30JIUPOBAHNE NIEPBOI HOBOH TPEIIMHBI MyTEM 3aKauKH MMOPLUHN OTKJIOHHUTENS, 9) BbIUUCIEHHE
O MeEHbIIEH Mepe BPEMEHH OTPaKEHHs THAPOYAAPOB M HEONPENEIeHHOCTH BPEMEHU
OTPa’K€HHsI C HCIOJIb30BAHHMEM BBICOKOYACTOTHOIO MOHUTOPHMHIA JABJIEHUS C THIPOYyAapam,
KOTOpble O00ECIeYMBAIOT IO MeEHbIIeH Mepe B KOHLE OfHOH craguu oOpaborku, 10)
NPOTHO3UPOBAHUE CKOPOCTH TPYyOHOH BOJHBI Uil N0 MEHbIIEH Mepe OIHOH paHee
CTUMYJIMPOBAHHOW (TIOABEPTHYTOH T'MAPOPA3pbIBYy) CTAAMM C HCIOJIb30BAHHUEM IO MEHbLIECH
mepe ryOunsbl (L) TOYkM BXOna KUAKOCTH U BPEMEHU OTPaKeHUsl TUAPOYAapoB, u 11) oueHky
s dexTuBHOCTU TIEPBOI OOPAaOOTKH ISl CTUMYJISILMK JJIsl ONpenesieHust Oyaymux oopaboTok
Ui CTUMYJISILMH, TP HaJMYUHM TakoBbIX. B omHOM mim Oonee BapuaHTaxX OCYIIECTBIICHHS
onpenenenue riayounsl (L) Toukm BXona JKUAKOCTH W HeompeneaeHHOCTH ryOuHbl (AL) mo
MEHbIIE Mepe OJHOH paHee CTUMYJIMPOBAHHOW CTaAuM OCYLIECTBISIIOT C IMOMOIIBIO
TEXHOJIOTUH BSI3KOH MayKH, BBICOKOYACTOTHOTO MOHUTOPUHTA AAaBJIEHHSI WM UX KOMOWHauuu. B
TAKUX BapUAHTaX OCYLIECTBIECHUs ompeneieHue riyOuHsl (L) MOXer MMeTh paspeleHue 1o
menbineit mepe 100 ¢yroB (30,48 M). B omHomM wumm Oonee BapuaHTax OCYLIECTBICHHS
MaKCHMaJlbHasl H3MEepPEeHHast IIIyOUHA MO MEHbLIEH Mepe OJHON TPELIMHBI THAPOPA3PhIBA MOKET
coctaBysATe 10 40000 ¢yros (12192 m). Kpome Toro, mpeaycMOTpeHO, YTO Ha MEPBOH CTaauH
0o0paboTKM Ui CTUMYJSIHMM  MOXKHO  HCIIOJIb30BAaTh  MHOXKECTBO — BSI3KMX — IMAY€K |
BBICOKOYACTOTHBIE THIPABINYECKHE YAAPHL

[0034] Kpome TOr0, MpenyCcMOTPEHO, UTO MOCIIE U30JSLNUN TIEPBOH HOBOH TPEIUHbI (TIPH
3aKauke OTKJIOHWUTEJNsI) B CKBXMHY MOKHO 3aKauuBaTh BTOPYIO Bsi3Kyro mauky. Crenyrorneit
cTajgueil sBJseTCs NMPOBEpPKa TOrO, MPOM3OLIEN JIM CABUI paHee CTHUMYJIMPOBAHHBIX CTaIui,
KOTOpblE MOTYT NPUHUMATbh XXHIKOCTb, IO CPABHEHHIO C INEpBOHA4YaIbHBIM 3HaueHueMm. Eciu
€CTh MPU3HAK TOTO, YTO nepBast 00padoTka st cTuMyJisiuny Obuta 3¢ eKTHBHOM, 1 0e3 Kakoro-
100 JOTONHUTENBHOTO KOJMYECTBA OTKJIOHUTENS, MOXKHO TPOBOIUTH BTOPYIO 0OpabOTKy st
CTHMYJISIIUU HA BTOPOH CTaJINH.

[0035] B TakoM BapuaHTe OCYILIECTBJIEHUS TPOBOOSAT BTOPYHO 0OpabOTKy uist
CTHMYJISIUU HAa TIO MEHbINEH Mepe BTOPOH paHee CTUMYJIHPOBAHHOHN CTAaIUH, KOTOpPAs MOMKET
NPUHUMATh SKUAKOCTb, Ui (POPMHPOBAHUS BTOPOH TPEIIMHBI, TOCJIE YEro OCYIIECTBIISIOT
U30JISILIIO BTOPOW HOBOW TPELIMHBI MyTEM 3aKaYKW OTKJIOHHTENS, BBIYHCISIFOT MO MEHBIIEH
Mepe BpeMsl OTPAXXEHHs THAPOYAAPOB M HEONPEAEICHHOCTh BPEMEHH OTPAXKEHHUSI C IMOMOLIBIO
BBICOKOYACTOTHOTO MOHHUTOPHMHIA IaBJIEHUS C THIPOYAapaMH, KOTOpbIe OOECTIEeYHBAIOT I10
MEHbLIEH Mepe B KOHLE OIHOW ctaanu oOpabOTKH, MPOTHO3HPYIOT CKOPOCTh TPYOHOH BOJHBI
17151 IO MEHBIIEH Mepe BTOPOU paHee CTUMYJIUPOBAHHON CTAIUH C MOMOLIBIO IO MEHBLIEH Mepe
IyOMHBI TOYKM BXOAA SKUAKOCTH M BPEMEHH OTPAKEHUS THIPOYJapOB M OLIEHUBAIOT
3¢ dexTuBHOCTE BTOPOI 00paOOTKU IUIsi CTUMYJISIAU sl ONpeneneHus Oyaymmx odpaboTok
IUIL CTUMYJISILIUH, TIPU HAJTMYHHU TAKOBBIX.

[0036] Kpome TOro, mpenycMOTpPEHO, 4TO eciii mepBas oOpadoTka Al CTHMYJISILIFH
okas3biBaeTcs He3(pPEKTUBHON, MOXKHO 3aKayaTh JOIMOJHUTEIbHOE KOJMYECTBO OTKJIOHUTENS. B

TaKuXx BapHuaHTax OCYILICCTBJICHUSA KOJIHUYCCTBO OTKJIOHUTECJIA MOXXHO peryiupoBaTb
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(YBENMYMBATH WJIM YMEHBIIATh) HA OCHOBE 3((EKTUBHOCTH MOBTOPHOTO THAPOPA3PhIBA ILIACTA.
Kak onucaHo B HaCTOsAIIEM JOKYMEHTE, OTKJIOHUTEb MOXKHO BBIOMPATh U3 IPYIIBI X UMUYECKUX
U MEXaHMYECKUX OTKJIOHWTeNel. B Takux BapuaHTax OCYINECTBJIEHUS MOXXHO IPOBOAUTH
BTOPYI0 00palOOTKy AJis M30JALMU MO MEHbIIell Mepe Ha OAHON paHee CTUMYJIMPOBAHHON
CTalUHU.

[0037] Kak oTMe4ajoch BbBILIE, TOCIEAOBATENIbHOCTE JTHUX CTaauii 00paboTKH
HOBTOPSIIOT, MOKA CTUMYJSILMM He OyAyT NOABEPTHYTHl BCE 3aINIAHUPOBAHHBIE I 3TOTO
craguu. [Tocne mpoBeneHHss CTUMYJISILMU CIEAYIOLIel ctanuel oOpabOoTKU SBISIETCST Oneparus
3aKaHYMBAHMs. B Takux BapuaHTaX OCYIIECTBJICHUS OMEPALHIO 3aKAHUYMBAHHS MOYKHO BBIOPATH
U3 TPYIIbl 3aKaHYUBAHUNW C YCTAHOBKOM MOCTOBOW MpOOKHM B 30HE mepdopanud HiH
3aKaHYUBAHHUN C MPUMEHEHHEM CKOJIB3SLINX MY(T.

[0038] Kpome Toro, mpeaycMOTpPeHO, 4TO crmoco0 o0paboTku MOA3EMHOrO IUIacTa
NPEACTaBIsIET COOOH CrOcod CTUMYJISIIMU MOJ3€MHOIO IJ1aCTa, Yepe3 KOTOPBIA MPOXOIUT CTBOJ
CKBAXHMHBbI. B Takux WUIOCTPATUBHBIX BAPUAHTAX OCYINECTBJIICHUS CIIOCOO BKIIOYAET
3aKayMBaHUe MEpPBOM BSI3KOH Mayku B CKBAXXMHY, PACIOJOKEHHYIO B IOJ3E€MHOM ILIacTe,
IpUYEM CKBa)XMHA MMEET MHOXKECTBO paHee CTUMYJHPOBAHHBIX CTaJANul, NMPOBEAEHHE MepBOH
00paboTKH ANl CTUMYJISIUHM ¢ OOpa3OBaHHEM MEPBOM HOBOW TPEIIMHBI B MO MEHbIIEH Mepe
OIHOW paHee CTHUMYJMPOBAHHON CTAIUH, KOTOpask MOXKET MPUHUMATh KUIKOCTb, OOecriedeHrne
THIPABIMYECKOrO yaapa B KOHILE THAPOpa3pbiBa IUIACTA C YTOUHEHHOH IIyOMHON TOYKH BXOJa
KHUIKOCTH JUIsI OOpalOTKM M C MEHbIIEH HEONpPeNeNeHHOCThIO, 4 TaKXXe KOPPEKTUPOBKY
Oynywmeit (-ux) obpadorku (00padOTOK) it CTUMYJSILMN B COOTBETCTBUU C 0OpabOTaHHBIMU
BBOJIHBIMU JIaHHBIMH, COOPaHHBIMU Ha Pa3JIMYHBIX CTAIUAX 00paOOTKHU.

[0039] Kak oTmedanoch BbIlIe, OMpeAesieHHue TIyOMHbI MOXKET UMETh pasperieHue Mo
menbineli mepe 100 ¢yroB (30,48 m). B omHom wmim Oonee BapwaHTax OCYINECTBIICHUS
MaKCHMaJIbHasl U3MEPEHHasl MIyOMHA MO MEHbIIEeH Mepe OIHOW TPELIUHBI THAPOPa3phIBa MOXKET
coctasisieT 10 40000 ¢pytoB (12192 m).

[0040] B cooTBeTCTBUU C OOHUM MM OOJiee BapUaHTAMHU OCYINECTBJICHHUS HA MEPBOM
craguu OOpalOTKU ISl CTHMYJISIUM MOJKHO HMCIIOJB30BATh MHOXKECTBO BSI3KMX TMMAY€K U
BBICOKOYACTOTHbBIE THPABINYECKUE YAAPhI.

[0041] Kpome Toro, mpenycMOTPEHO, YTO IOCE HU3OJSALUH MEePBOM HOBON TPEIIMHbI
NyTeM 3aKadK{ OTKJIOHMUTENs] B CKBAXKUHY MOXKHO 3aKayuBaThb BTOPYIO BS3KYIO IAuKy.
Crnenyrolieil cranuel siBiseTCs MpoOBEpKa TOTO, MPOU3OLLEN JIU CABUT paHee CTUMYJIMPOBAHHBIX
CTaJlUii, KOTOPbIE MOTYT NIPUHUMATb KHUJKOCTb, 110 CPABHEHUIO C ME€PBOHAYAIBHBIM 3HAYEHUEM.
Ecnu ectp mpusHak TOro, uto mepsast oOpaboTka ans cTuMyJsisinun Obuta 3¢gdexTruBHON, n 0e3
KaKOro-M00 JIOTIOJHUTENbHOTO KOJHMYECTBA OTKJIOHHUTENS, MOXKHO TPOBOAHUTH BTOPYIO
00paboTKy It CTUMYJISILIMKA HA BTOPOU CTaJIHU.

[0042] B TakoM BapWaHTe OCYIIECTBJICHHUS TPOBOISAT BTOPYO 0OpabOTKy st
CTUMYJISILMU B 1O MEHbLIEH Mepe BTOPON paHee CTUMYJHPOBAHHON CTaguU, KOTOPas MOXKET
NPUHUMATh JKUAKOCTb, C€ 0Opa3oBaHMEM BTOPOHl HOBOW TpelIUHBI, OOECHEYUBAIOT

TMIPABIMYECKUI yap B KOHLE THAPOpa3pbiBa IUIACTa C YTOYHEHHOW IIyOMHOM TOYKH BXOJa
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YKUAKOCTHU JIJIs1 00pabOTKU M C MEHBIICH HEOMPENeIeHHOCThIO H KOPPEKTUPYIOT Oynymyro (-ue)
00paboTKy (-M) IJIsT CTUMYJISILUUA B COOTBETCTBHH ¢ 00OpabOTaHHBIMU BBOJHBIMHU JTaHHBIMH,
COOpaHHBIMU HA PA3JIMYHBIX CTaIUAX O0PaOOTKU.

[0043] Kpome TOro, mpenycMOTPEHO, 4TO eciiu mepBas oOpadoTka Al CTHMYJISILIIH
okaspiBaeTcs Hed(h(PEeKTHBHOM, MOXKHO 3aKadaTb JOMOJHUTEIbHOE KOJMYECTBO OTKJIOHUTEJSL.
Kak onncano B HacTOSILIIEM TOKYMEHTE, OTKJIOHUTEIb MOKHO BBIOUPATh U3 TPYIIIBI X UMHYECKHX
U MEXaHW4YeCKUX OTKJIOHUTeNeH. B Takux BapuaHTax OCYLIECTBJIEHUS MOXXHO IPOBOAMTH
BTOPYI0 00pabOTKy Ayl M3OJSLMU IO MEHbINEH Mepe Ha OIHON paHee CTUMYJIHPOBAHHOW
CTaauu.

[0044] Kak oTMeuajoch BbIlIe, TOCIEIOBATEIbBHOCTh 3THX CTaauii 00pabOTKH
MOBTOPSIFOT, TMOKAa CTUMYJSIIMUA He OYAyT MOABEPTHYTHI BCE 3AIUIAHUPOBAHHBIE IJII 3TOTO
craguu. [locne nmpoBeneHUs CTUMYJISILIMN CIIEAYIOMIeH cTagueil oOpaboTKH SIBIISETCS Oneparust
3aKaHYMBAHMS. B Takux BapuaHTaX OCYIIECTBJICHUS ONEPALMIO 3aKAHUYMBAHHS MOXKHO BBIOPATH
U3 TPYIIbl 3aKaHYMBAHUN C YCTAHOBKOM MOCTOBOH MNpoOKM B 30HE mepdopanuu WiH
3aKaHYMBAHHUN C MPUMEHEHHEM CKOJIB3SLINX MY(T.

[0045] BeicokouacToTHbIe m3MepeHust aasneHus: (HFPM)

[0046] ITprMeHeHHe TEXHOJIOTHH BBICOKOYACTOTHBIX (110 MeHbined mepe 20 mmu 30 ')
U3MEPEHUI aBIEHHS TMO3BOJIIET MOJYYHTh HAMHOTO OoJblie MH()OPMALUMH, Ye€M CTaHZApTHOE
U3MEPEHHE NABJICHUs. bBICTpEIe H3MEHEHUs1 pacxo4a OT MAKCUMyMa A0 HyJsl B KOHLE 3aKa4KH
MOTYT BBI3BAaTh MPOXOKACHNE T'UAPOYAAPOB (MM TPYOHBIX BOJH) OT YCThSI CKBaKUHBI BHHU3 10
TpeuuHbl 1 00paTHO. Bpems orpakeHus 3THX BOJH (Kak mpaBwio, or 3 mo 10 c) moxer
yKa3bIBaTh INIyOMHY PACKPBITON TPELIUHBI U B O0IIEM MOKET UCIIOIb30BATHCS IJIsl OTPENEIeHUs
TOYKH BXOAA JKMIAKOCTH. OTH KojeOaHHs MOTYT COAep)KaTh APYrHe MapameTpbl, MOMHMO
KOMIIOHEHTOB KOJIeOaHWi, Takue Kak 3aTyXaHHe, IOTePH [aBJICHHs HAa TpPEHHE, YTedyKa
JKUAKOCTU B IUIACT, LIYM WJIM OTPAKEHUE OT APYIHX 3JIEMEHTOB B CTBOJIE CKBAXHUHBI. TaKuM
o0pas3oM, ompeneNeHHe BPEMEHH OTPaXKEHHs MOXKET ObITh 3aTpyaHUTENbHbIM. OmHAKO IS
ONpeNeNeHus] TAaKUX [apaMeTpoB pa3paldoTaHbl pa3iuyHble crnocoObl. Hampumep, s
WU3MEPEHUsI BPEMEHU OTPAXKEHUs MOXKHO MCIOJBb30BAaTh KENCTPAlbHBIA aHAIN3, KaK MOKA3aHO
Huxe Ha OUT. 2.

[0047] Kak mokazano Ha ®UI. 1 u ®UI'. 2, mva ®UI'. 1 npencraBneHa TUNUYHAS
BBICOKOYACTOTHAsl KpUBAasl NaBJIICHMs BO BpeMsl TUapaBiaudeckoro yaapa. Ee kenctporpamma
npencrasiena Ha ®UI. 2. B gactHoctn, Ha ®UI. 1 moka3aHbl koneOaHUs AaBJICHUS B KOHIIE
3akauky, a Ha OUI. 2 nokaszaHa kencrporpaMma, T.€. «AMIUIMTYAbDY BOJH C Pa3JIMYHbIM
BPEMEHEM OTPAKE€HMsI B 3aBUCUMOCTH OT Bpemenu. Ha ®HUI'. 2 200 npencrasiser camyro
CUJIBHYIO aMIUTUTYAY, T.€. OTPAKEHUS IJIABHOW BOJIHBI JABJICHUS OT TPEUIMHbI, Toraa kak 210,
NPENCTABICHO B BHUAE JIMHUM, MOKas3biBaeT Bpems orpaxkeHus. [llupuna 210 omnpepensier
HEONPEIEIEHHOCTD.

[0048] B GonbLIMHCTBE CIy4aeB CKOPOCTb TPYOHO! BOJIHBI HEM3BECTHA, a CaMo 10 cede
BpeMsl OTpaKeHHs siBsieTcss OecmojiesHbM. OmHAKO Ay OIpeneNeHHs CKOPOCTH MOXKHO

NPUMEHSTh CIELUANbHBIA anroputM. B ogHOM mnm Oonee BapuaHTax OCYLIECTBIEHHS 3TO
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MOJKHO OITCAaTh Ha OCHOBE MpHUMepa 3aKaHYMBAHUS C YCTAHOBKOW MOCTOBOH TMpPOOKH B 30HE
niepdopanum, HO 3TO MOKHO PACIPOCTPAHUTD U Ha Apyrue ciydau. [Ipeanonaraercs, 4ro ectb N
OOCTYIHBIX CTAAMH, I7ie MOTEHLUHUATHHO MOKHO 00pa30BaTh TPELIMHBI.

[0049] L;...Ly - riyOuHbl 5TUX cTaauii, a ol,... 6Ly - HEONpPEOEeNeHHOCTh TyOuHbL. B
cilydae, KOrja CTaaus UMeeT IUPUHY AL HeonpeneneHHOCTb ¢ [ MOKHO pacCUUTaTh Kak

HEOTPENIeNIEHHOCTD JUJIsi PABHOMEPHOTO pacrpeneneHus 1 o gpopmyie 1:
1

oL, = 2\/EALi(l)

[0050] IlepBast TpelmuHa MOKET HAXOIUTHCS Ha TMepBOM craauu (TayOuHA W
HEOMpPEIEJICHHOCTh TNIyOMHBI KOTOPOH M3BECTHBI), TOCKOJIbKY HUKAKHX APYTruUX mepdoparuii
HeT. DTO NO3BOJIAET BBINOJHUTH pacdeT CKOPOCTH Ha IMEpPBOH CTaguu U COOTBETCTBYIOLIEE
yYCTaHOBJIEHHE HEOIPEEJIeHHOCTH. JTU JaHHbIE MOKHO HCIIONb30BaTh B KaueCTBE HA4aJbHOTO
NpUONTMIKEHUS [T pacdeTa CKOPOCTH HA BTOPOH CTAaIUH, C TIOMOIIBIO KOTOPOH B COYETAHUH CO
BpPEMEHEM OTpakKeHHsI COOBITHH (TaKMX Kak THAPaBJIMYECKUE yIapbl) mocie oopaboTKu BTOPO
CTaguu MOXXHO TIPE/ICKa3aTh BO3MOXKHYI INIyOMHY TpeuMHbl BTOpoi cragmu. [lanmee 3Ty
MPeICKa3aHHYK TIyOWHY CpaBHUBAKOT ¢ TiIyOuHOUW mnepdopanuu Bropod craguu (eciu
MeXaHWYEeCKasi U3OJISALHS SBJIIETCS] YCIEIHOM) U riyOuHol nepdopaunu nepBoi craguu (eciu
MeXaHWYeCKasl M30JISALUS 3aKaHIMBACTCsl Heynadeil/yreukoii). PasHuna mMexay mnpeacka3aHHOM
rIyOMHOHN M TiyOMHOHN NOCTYIHOHM CTaAMM HE MOJKET MPEBBIIATh ABYX-TPEX 3HAYEHHH CHUTMa,
I7le CUTMa - CPEOHEKBAJPaTUYECKOe OTKJIOHEHHE (WJIN HEeOIpeNeIeHHOCTh) Pa3HULIbI, KOTOPOe
TAK)K€ MOKHO BBIYHCIUTH. JTO IO3BOJIAET CHPOTHO3UPOBATH, ObLIA JIM BTOpAsl CTHMYJISLIUS
YCIELIHOH, W 3TO JAaeT BEPOSTHOCTh YCHEIIHOW CTUMYJISILMM, €CJIU OCYIIECTBISIIOTCA 00a
CLieHapusl.

[0051] Kpome Toro, ajisi KaXIO0ro M3 3THX CLIEHAPHEB CKOPOCTb MOXKHO OIpPENesUuThb C
Oosee BBICOKOH TOYHOCTBIO, €CIU JHOCTynmHa uH(opMamus or Oojiee 4eM ORHOH CTaauH,
HampuMep JaHHble OO0 OmepalusXx 3aKadykd Ha TEePBOM M BTOPOM CTagusX. AHaJOTHYHBIN
NPUHIHAI MOXXHO HWCIOJNB30BaTh U JJISI MOCHENyroImuX coObithii (ctumysisinuii). C moMOIIbIO
HEKOTOPBIX MEPEIOBbIX CTATUCTUYECKHX METOJOB (B TOM uUuCie OAHECOBCKUX METOAOB) MOKHO
CIPOTHO3MPOBATh TOJIOKEHUE TPEIIMHBbI Ui Kakaol oOpaboTku 3a cuer Ooyiee TOYHOTO
PacCMOTPEHHUsT KaXKOOro JOCTYITHOTO CLEHApUsl MO0 Mepe PErucTpaluy Bce OOJbIIEro 4ucia
pe3yJbTaTOB M3MEPEHMI, HACTPOIKU 3HaUEHHUs CKOPOCTH M €€ MEAJICHHOTO W3MEHEHUs BJOJb
JaTepaiu.

[0052] Ha nroboii cramuu MOHO HabOronaTh Oojiee ONHOTO CIEHAPHs, HO BCE OHHU
UMEIOT CBOIO COOCTBEHHYIO BEPOSITHOCTH P, KOTOpasi OCHOBaHA HAa METOAE MaKCHMAJIbHOTO

npaBaononoous, onucanue B hopmyie 2:
—_7.)3)2 —_7..32 —_7.)2
p(i1,i2,..in)~ exp (_—(D1 Liy) )> * eXp (——(DZ Liz) )> . €XP (——(Dn Lin) ) 2)
1 2

2(oD2+0L? 2(oD2+0L? 2(oD2+0L?
1 i 2 13 n mn.

[0053] HakoHew, 4uCJIO BO3MOXKHBIX CIIEHAPHUEB MOXET OBITb OYeHb OONBIIUM, €CIIH
JaHHBIE JJIST KaXIOTO COOBITHUS SIBJIIIOTCS OY€Hb HETOYHBIMU (BBICOKHME 3HAYEHUS OT; U 0L, -

BpeMsl OTPAXXEHHsT M HEONPEAENEeHHOCTH TIJIyOMHbI) M(min) HAOJIOAAETCsl BCEro HECKOJBKO
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coOprTuii. 1 Ha000pOT, 3TO YHUCIO MOXKET ObITh HEOONBIUINM (BCEr0 HECKOJIBKO MIIH 1aXKe OAMH),
€CJIM 3HaUeHUs] BPEMEHU OTPaXKeHUsI OIlpesieSieHbl TOUHO, & HIMPUHA CTaIUU MaJla 110 CPABHEHUIO
C PacCTOSTHMEM MEXAY HUMH, U 00l11ee YUCIO CTUMYJISILIMHA JOCTATOUHO BEJIHKO.

[0054] TexHonOrUs BA3KON MAaYKX U BBICOKOUACTOTHBIE U3MEPEHUS AaBICHUS

[0055] B coorBercTBUM € BapHaHTAMU OCYLIECTBJIEHUS HACTOSLIETO PAaCKPBITHS
TEXHOJIOTHIO BSA3KOH MAa4YKU U BBICOKOYACTOTHBIE U3MEPEHUSI MOKHO HMCIONb30BaTh COBMECTHO.
Takas kOMOMHAIWS MO3BOJISIET OCYIIECTBJISITh MOHUTOPUHI MOBTOPHOTO TMAPOPAa3phiBa ILIACTA
ObICTpee, C BBICOKMM YPOBHEM JOCTOBEPHOCTH, 3a KOPOTKOE BpeMsi U C MpPHBIICYEHUEM
MUHUMyMa pecypcoB. B Takux BapuaHTax OCYLIECTBJICHUS MOHHUTOPHHI OCYLIECTBIISIIOT
CIeNYIOIIUM 00pa3oM.

1. 3akauuMBarOT BS3KYIO MayKy ¢ OMNpeNeNsitoT TOYKY BXOAA JKUAKOCTH C
HEOIpeeNeHHOCThIO. [IpuBA3bIBAIOT AAHHYIO TOUKY BXOJA KHAKOCTHU K OJHON M3 HECKOJIbKUX
craguii ¢ UX COOCTBEHHOH BEPOSTHOCTHIO. UHMCIIO BO3MOXKHBIX CIIEHAPHEB, Iie OylIeT co3laHa
TPELINHA, MEHbLIIE UM PABHO OOLIEMY YHCITY CTaJAHH.

2. TlpoBomsaT mepByro 00pabOTKy it cTuMyssinuu. Mcrmonb3oBaHWe THAPOYAApOB B
KOHILIE CTaauHu OOpalOTKM MO3BOJAET ONPEAEIUTh BPeMs OTPAKEHHs W HeompeneneHHOCTb. C
MOMOIIBIO 3HAYEHUH TJTyOHMHBI BO3MOXKHBIX CTaIU U MOJYYEHHOTO BPEMEHU OTPaKEHHUSI MOYKHO
MPEeNCKa3aTh CKOPOCTD AJI KAXKION U3 CTaAuM, KaK ONPEAENICHO BbILIE B yHKTE 1.

3. 3akauuBalOT OTKJIOHWUTEIb. B KOHIlE 3aKauyku OTKJIOHMUTENS HCIHOJB3YIOT
TUJpaBIMYEeCKUEe yAapbl I IMOJY4YeHHs HOBOIO BPEMEHU OTPaKEHHUs, KOTOPOE BMECTE CO
CKOPOCTBIO JUIsl KaKAOTO M3 BO3MOXKHBIX CIIEHAPHEB MO3BOJIAET MPEACKa3aTh HOBYIO IIIyOHHY.
3areM 3Ty rIyOMHY MOXKHO CPAaBHUTH CO BCEMHU BO3MOXKHBIMM 3HAYEHUSIMH IITyOUHBI CTaui, rae
MOKET IIPOUTHU BTOpask TPELIMHA.

4. Co3maroT HOBBIH HAOOp CLIEHAPHEB C UX BEPOSITHOCTSIMH, KOTOPbIE MPOMOPLIHOHAIBHBI
IIPOU3BECHUI0 BEPOSATHOCTENH M3 NMyHKTOB 1 m 3 Bhime. Ilocne HOpMHMpOBaHMs CLEHApUU C
BEPOSITHOCTSIMM MEHee 3aJaHHOTO IMOpOroBoro 3HadeHus (Hampumep, 0,5% wmm 0,005 ot
HauboJiee BEPOSITHOTO CLIEHAPHS) MOXKHO YOpaTh U3 PAaCCMOTPEHHSI.

5. Ecnin uncio cueHapueB OOJbIe OHOTO, HOBBIH OTKJIOHUTENb MOKHO 3aKa4UBaTh HITH
HE 3aKayuBaTh B 3aBUCUMOCTH OT UX OTHOCHTENIbHBIX BEPOATHOCTEH, BpEMEHH U OrpaHHYeHUN
pecypcos.

6. IlpoBomsaT BTOpyr0 cTUMyJsALUIO. C MOMOLIBIO THAPABIMYECKOrO yjaapa B KOHLE
cTanuu oOpabOTKH MOKHO OMPEAENTUTh BPeMsl OTPaKEHUS U HEeOIpeneaeHHOCTh. C MOMOIIbIo
JAHHBIX BCEX CYIIECTBYIOINMX CIIEHAPHEB COIMOCTABJSIIOT MPEACKA3aHHYIO TIIyOWHY BTOPOH

TPEIIHHBI, KaK TIOKa3aHo B hopmyie 3:

Uy Ty
=(3)

CO BCEMH BO3MOXKHBIMH CTAaJUSIMU JIJIsI OLEHKH €€ MECTOMNOJOXEeHUs (B TaHHOM CiTyuae
UCTIONB3YIOT CKOPOCTh M BpeMsl OTpakeHMs, KO3((ULUEHT Y2 BO3HUKAET W3 MyTHU ABIDKEHHS
BOJIHBL. YCThe - 32000 CKBaXXMHBI U 00paTHO). Eciiu MecTononoskeHne TpemmuHbl OTIMYAeTCs OT
MECTOTOJIOKEHHUS PEAbIAYIIEH TPEIUHBI, CTUMYJISLIIIO MOXKHO CUUTATh YCIEIIHON, & CKOPOCTh

MO’KHO OOHOBHUTb C HCIIOJIb30BAHHEM BCEX HUMCIOUXCA HNaHHBIX, KOTOPbIC OOJIXKHBI OBITH
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aHAJIOTMYHBIMH, 4, HAaIpPUMEp, PEAJbHYI0 CKOPOCTh Ha KaKIAOW CTaJuH MOKHO BBIYHCIHUTH B
COOTBETCTBUH ¢ (HOpMYIIOH 4:
N
221‘:1 w;D;T;
vV, = "o , (4)

2
=1 WiT;

rae T;- BpeMs OTpakeHusi [-ro coObiTus, D;- pacueTHble TJIyOUHBI TPEIIUHBI,
COOTBETCTBYIOLIEH MaHHOMY COOBITHIO, Beca W;MPENCTaBISIOT coOOW Beca coObITui (uem
Oosble BpeMsi OTpakKeHUsi COOBITHUS M HEONPEAEJeHHOCTb IIyOUHBbI, TEM MEHbIIE €ro Bec).
HoByro BeposSTHOCTH AJIsT BCEX CLEHAPHEB BBIYUCISIOT KaK HOPMAJTU30BAHHOE MPOU3BEICHHE
BEPOSITHOCTEH, ompeneneHHbx B 1, 3, 5, 6. OgHako cuTyauwusi, Mpu KOTOPOM HA 3TOW CTaJAHUH
OCTaeTCs OMH CLEHAPHH, JaXKe €CIM CTUMYJLSILHUIO OLEHUBAIH KaK YOA4HYI, HE SBJISIETCS
OObrYHBIM citydaeM. PaKTUYECKH BO3MOXKHO HECKOJIBKO CLIEHAPUEB, €CIM B KaXKAOM U3 HHUX
nepBasi CTaausl OTJIMYAETCS OT BTOPOW craauu. ECIM B HEKOTOPBIX CLEHAPHUSIX CTUMYJISLIHS
3aKOHYMJIACh HEYJaueH, CIeyeT OLEHUTb BEPOSITHOCTh HEYAaul B COOTBETCTBHHU C (POpMYIIOi S:

1— ¥ . p;* (1B caydae ycremHoro oTkJaoHeHHs) (5)

Ecnn BepoATHOCTH HEyAayHOrO MCXOJa MAOCTaTOYHO BBICOKA, MOXKHO BBIIOJHUTD
IOTIONHUTENIbHbIE NEHCTBUSA, TaKWe Kak CO3JaHHE HOBOTO COOBITHSA (3alyCK M OCTAHOBKA
3aKaukM, OTKPbITHE WM 3aKpbITHE KjamaHa W T.A.). Hampumep, B TakoM ciydae ero
TUJPaBIMYECKUN yAap MOXKHO IPOaHAIU3UpPOBaThb U MCIONb30BaTh BO BCEX CLEHAPUAX
nepeoueHku. Ecnu BepoATHOCTb HeyAauu MO-MPEKHEMY BBICOKA, MOKHO BBINOJIHUTH
JIOTIOJIHUTENIbHbIE JEWCTBUS, TaKUEe KaK 3aKaulBaHHE HOBOH BA3KOW NAaykH, OLEHKA INIyOHHBI,
nepeoLieHKa CclieHapueB U T.A4. Ecnu Heynada Bce ele BepOsATHA, MOXKHO OCYIIECTBUTH 3aKauKy
JOTIOTHUTEIBHOTO OTKJIOHUTEIS.

7. 3akaunBalOT HOBBII OTKJIIOHUTENb. [lepeoLieHNBaOT BCe CLIEHApUH.

8. IlpoBomst Tperbto 0OpabOTKy st CTUMYJSILMU. MICTONb30BaHHE THUIPABIUYECKOTO
ynapa B KOHLE CTaauu OOpabOTKM TO3BOJIIET ONPEACNTUTh BpeMsi OTPAKEHHUS U
HeornpeneneHHOCTh. C MOMOIIBIO JAHHBIX TPOU3BOAAT NEPEOLIEHKY BCEX CLIEHApPUEB IS
NPUHATHS perneHnst 00 3G PEeKTHBHOCTH CTUMYJISILIUN BCEX TPEX ONEpALfid CTHMYJISLIU.

9. ITponomxaroT 0OpabOTKY JIst CTUMYJISILIVIH.

[0056] DTa cxema mocnenoBaTeIbHOCTH NPUHATHSA peleHuii nokazana Ha @UI. 3. Takas
OJIOK-CXeMa MO3BOJISIET BBIMOJHUTH ONEPALUIO MOBTOPHOTO THIPOPA3phIBa IUIACTA B CKBAXKHHE,
UMEIOIIel MHOXECTBO CTaAWi JJisi CTUMYJISIHUH, Topasno ObICTpee, 4YeM C TOMOIIBIO
UCTIONB3YEMBIX B HACTOSIIEE BPeMs CHOCOOOB, C NPUBICUEHHEM MEHBIIEr0 KOJHYECTBA
pecypcoB u ¢ obecnieueHneM Ooinee HanexHOH nHpopmanmnu 06 3p(PEeKTUBHOCTH CTUMYIISLUN
11t 00pabOTKH KasKIOW CTaIUU.

[0057] ITPUMEPBI

[0058] Crnenyromue npuMepbl TNPEACTABJEHbl B  KA4eCTBE JIOMOJIHUTEIbHON
WITFOCTPAlMKA CrIoco0a MOHHMTOPUHIA MOBTOPHOI'O THAPOPA3pbIBA IJIACTA B COOTBETCTBUU C

HACTOSAINUM OIHUCAHHUEM U HE HOJIKHbI HHTCPIPETHPOBATHCA KaK OrpaHUYMUBAOMINC o0bemM
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OTIMCAaHMsI, €CITU B MPHIIOKEHHOH (popMyIie H300peTeHns IBHBIM 00pa30oM He YKa3aHO HHOE.

[0059] [nsi cpaBHEHUsI HUCIONB30BAIM KJIACCHUECKYIO TEXHOJOTHIO BSI3KOM IMayKH.
Knaccuueckast TexHonorusi Bs3kOH madku (0e3 BBICOKOYACTOTHOTO MOHHUTOPUHIA JaBIICHHS)
BKJIFOYAET CIEAYIOIIYIO MOCIEAOBATEIBHOCTD CTaAUM.

1. CMmewmnBaroT Navky ¢ UCHOJIb30BAHUEM JIMHEHHOTO Ielis U areHTa CLINBAHUS.

2. 3akauuBalOT NPUOIH3UTENBHO 3-4 M® BA3KOI TTAuKH (BSI3KOCTH KOTOPOW 1O MEHbLIEeH
mepe B 100 pa3 mpeBblIIaeT BSI3KOCTb CKBAKMHHOTO (Ironaa) mpu HU3KOM pacxone. Ilepsyro
BS3KYIO Ma4Ky 3aKauMBaIOT B CKBAXXHHY IOCJE UCTIBITAHUS 3aKa4KU. TaKyr0 MayKy UCIOJb3YIOT
IUIsL OTpeAeNieHus] CTaAuH, KOTopas Jydlle BCero MNPUHUMAeT >KUAKOCTh. OmnpeneneHue
OCYLIECTBJISIIOT MyTEM MOHUTOPUHIA U aHAJIN3a AABJICHUA. Y KJIOH MOBEPXHOCTHOIO AABJICHUS
JOJIKEH YBEJIUYUBATHCS B TOT MOMEHT, KOT/ia Bsi3Kasl Ma4Ka BXOJUT B TPEIIHHY.

3. IIpoBOAAT NEpPBYIO CTAUIO CTUMYJISILIUU.

4. 3aKkauyuBAIOT B CTBOJ CKBAKUHBI OTKJIOHUTEINb (M30JUPYIOLIHHA areHT).

5. 3akauuBaOT BTOPYIO BS3KYIO MAYKy AJi MPOBEPKU TOrO, MPOMU3OLLIO JU CMEIIEHHE
TOYKH, B KOTOPOH NPHUHHUMAETCS JKUIKOCTb, [0 CPAaBHEHUIO C IEPBOHAYAJIbHBIM 3HAUYEHUEM
(ToNo’keHNe M30JSIUUU OTKJIOHUTENS). B 3aBUCMMOCTH OT pe3yibrata (€Ciu OTKJIOHUTENb He
BBINTOJIHSIET CBOE HA3HAYEHHE), MOKHO 3aKayaTh JOMOJHHUTEIBHOE KOJMYECTBO XMUMHUYECKOTO
OTKJIOHUTEISl WM BBIMIOJHUTD JpyrHe AeMCTBUS M0 COMNIACOBAHUIO C KJIMEHTOM.

6. Ilocne obecriedeHns OTKJIOHEHHUSI MTPOBOIAT BTOPYIO CTUMYJBILIMIO (THIPOPA3phIB), U
00paboTKy MPOIOIKAIOT TAKUM K€ 00pa3oM OT OAHOU CTAJAUU CTUMYJISILIIH IO IPYTOH.

[0060] Meton ompeneneHuss TOYKHM BXOAA S>KUAKOCTH MOKET MPEANojiaraTb IOUCK
ONTUMAJIBHONW TOYKM TepecedeHuss NBYX (MOYTH) JIMHEHHBIX y4YaCTKOB KPHBOH «JaBJIEHHE-
BpeMsi» C ee CTaTucTudeckod oOpaborkoil. M3 3TOH TOYKM mnepecedeHus: B COYETAHUU C
TaHHBIMU O 3aKAHYMBAHUH CKBAKUHBI 1 CKOPOCTHIO 3aKAYKU BBIBOJSAT 3HAYEHHE INTyOMHBI TOYKH
Bxozma ckuakoctd. CTagmio, CHOCOOHYIO TNPHHUMATH JKUAKOCTb, MPEACKA3bIBAIOT IyTEM
COTOCTABJICHUS C TIyOWHAMH PAa3JIMYHBIX CTAIHI.

[0061] Tunwunast kpuBasi HABJCHHUS C AHATU30M JUIsl OMNPENENIeHHs] TOYKU BXOHa
uakocTu npencraBiena Ha DUl 4. Ha OUI. 4 nokasaHa wuaeHTU(UKALMOHHAS WU
MapKepHasi Mavyka B COOTBETCTBUU ¢ ormucaHueM B myommkauu W02018004370. Kak BunHO u3
OUI'. 4, u3MeHeHHe YKJOHA OT HeOONBIIOro yria N0 OONBIIOrO OMpeeNseT BpeMsl BXona
BSI3KOW MAYKH B PACKPBITYIO TPEIIUHY (C MOMEHTa Havaja 3akadku). Pesynbrat cocrasnser 17,7
+/- 0,3 muH. [N TUNWYHOW CKOPOCTH JIBIKEHHS] Madyku ~ 2 M/C 3TO OOYCJIOBIMBAET
MOTPEIIHOCTh OLIEHKU TIYOHHBI OKOJIO 36 M, KOTOpasi CONOCTaBUMA C TUITUYHBIM PACCTOSIHUEM
Mexay cranusMu. Takum oOpa3oM, MO3MLMOHUPOBAHUE BSI3KOH MAayKH C TAKOH TOYHOCTBHIO HE
rapaHTUPYET HAJIeKHOTO OTBETA JJISl BCEX CTaauii 00padoTKH.

[0062] B ckBakuHE MPOBENH ABYXCTAAUNHBINA MOBTOPHBIN rHapopaspbiB miacta. Cama
CKBaKMHA conepkuT 4 cranuu (nepdopaunu, pasaeneHHble makepamu). [IepByrO CTUMYIISLIAIO
MPOBOMIIN 110 THITY «IaTa-Pppaky» sl MONyueHHs JaHHBIX 00 00IMX CBONCTBAX IuiacTa (aHajms3
KPUBON CHIDKEHHUS] NABICHHs) U ONpPEAENeHHs TOro, Kakas CTajus MOJKEeT JIydlle BCEro

MPUHUMATD KHUJIKOCTh (C IMOMOIIBI0 BBICOKOYACTOTHOTO MOHUTOpPHWHTA naBjieHwus ). Omnepanuro
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THpOpaspeiBa IJIacTa THMA «aata-ppak» (MM MOArOTOBUTENBHBIE Pa0OTHI K THIPOPA3pPbIBY
IUIACTa) OMPEAEINSIOT KaK 3aKauyKy YMEPEHHOrO KOJUYECTBA YMCTOW JKUAKOCTH THAPOPA3PhIBA
IPU JaBJIEHUH, KOTOPOE BBIIIE JABJIEHUS T'MIAPOpa3pbiBa MPOAYKTUBHOTO IUIACTa, I cOopa
UH(POPMALIUK O MEXaHUYECKUX CBOMCTBAX MOPObI, 3Ta OLIEHKa HeoOXoaumMa At Oojee TOUHOTro
NPOTHO3MPOBAHUS TOCJEAYIOIIEH MOJIHOMACIITA0HOH omnepanyuy THApopaspbiBa IiacTa (najee
Has3bIBaeTcst crumyJssinueit). Ilockonpky wuH(OpManus O CKOPOCTSX TPyOHBIX BOJH (Kpome
(u3NYecKUX OrpaHHUYeHHi st CKBakUuHHOTO (uronaa ot 1300 m/c mo 1700 m/c) oTcyTCcTBOBANA,
5TO U3MEpeHHe He ObUIO ONMpPEeAeNIOIINM, W Jajiee MCIOMb30BAN BsI3KYIO mayky. Ilocie sToro
ObUIM NOCTYMHBI TpU HaOOpa MAaHHBIX: HaHHbIE «aata-ppak» (0OpaboTaHHBIE C MOMOIIBIO
HFPM), rnyOmHa BS3KOW TMAuykH, OIpPEEeeHHas 10 pPe3KOMy TOBBIIEHHIO JaBJICHUS
(cTaHmapTHas TEXHOJIOTHUS BSI3KOH MAayvku), U JaHHbIE THAPABIMYECKOTO yAapa B KOHLE 3aKAUYKH
BsI3KOW mayku (oOpaboTtanHble ¢ moMoupto TexHojornn HFPM). PesynbraTsl mpeacTaBieHsl B
tabmue 1.

[0063] OTMmeudaeTcs, 4TO UCMIOJIB30BAHUE BSA3KOM MAvKHU MMO3BOJISIET MPENCKA3aTh CTAIUU C
BepositHOCTSIMU 28 u 72% nns craamii 3 u 4. Ecnu 3akaunBaHue BA3KOW TMAYKU SIBJSIETCS
€MHCTBEHHOW MCIOJb3YEMON TEXHOJIOTUEN, ONEepaTOpP HE MOXKET MOJaraTbCs Ha 3TH JaHHbIE. B
JAaHHOM clly4ae Takke npumMeHsuin texHosnoruto HFPM, u ona nosBosuna npeackasatres 30 u
70% st TeX e CTaguili B CTBOJIE CKBOKUHBL. Takum oOpa3om, MX KOMOMHAIMs (KOMOWHAITHS
BEPOSATHOCTEHW W3 pPa3HBIX BUIOB H3MEpPEHUI) siBsieTcst Oosiee HaneskHOW. OCHOBHAsI CTaaus
00paboTKM MpEnCTaBlseT eIe OAHY NOpLHUI0 MH(OpMaLuH (TUAPABINYECKUN yoap B KOHIE
3aKauky, KOTOpbIH oOpabaTeiBatoT ¢ mnomouipto TexHonorun HFPM); pesymbraThl Tpex
ornepauuii 3akaykyd TnpuBeneHel B Tabmuue 2. Crnegyer OTMETUTb, YTO JaHHBIE IIO
THAPABJINYECKUM yaapaM Jake B KOMOMHALIMN CO BCEMHU MPEAbIIYIINMH JaHHBIMU HE SIBIISIFOTCS
WCUYEPNBIBAIOMIMMU U1 WAEHTH(UKAIMKA AOMHHHUPYIOWEH CTaguH, CIOCOOHOW HpUHHMMATh
KUIKOCTb. BEPOSATHEE BCEro, NMPHHUMATH KHIAKOCTh crocoOHa craaust 4 (¢ Oonee HU3KOM
BEPOSITHOCTBIO ISt 3-H CTaauu). ITO MOKET O3HA4aTh, YTO 00€ CTaIuu MPUHUMAIOT JKUAKOCTh
OJTHOBPEMEHHO C Pa3HbIMU 3HAUEHUSIMHU PacXofa.

[0064] TIpu 3akauke XUMUYECKOTO OTKJIOHUTENS (M30JUPYIOLIETO areHTa) aHATU3UPYIOT
MOJIyYeHHbIe JaHHbIE MO TUAPABINYECKUM yIapaM, KOTOpbI€ MOKa3bIBAIOT, YTO IMpeAblAyIINe
cranuu (3 u 4) uzonuposansl (Tabnuua 3). Itoit nHGOpMAIIH yiKe JOCTATOUHO JJIsl TPOBEACHHUSI
BTOPOIl CTUMYyJNSILIMK, W B pe3yjbTaTe 3aKauMBaHHWE BA3KON Mayku Ha 3TOH CTaguu He
npooautca. OAHAKO KauyecTBO THAPABIMYECKOrO yJapa IOCie 3aKauuBaHMsI OTKJIOHUTEIS
SBJISIETCS HMU3KUM. OTO CBSI3aHO C Te€M, 4YTO IpPU 3aKauyke OTKJIOHUTENs Jydlle BCEro
NPUHUMAIOIINE JKUAKOCTh CTaJUU OKAa3bIBAIOTCS HM3OJUPOBAHHBIMU (3a0JIOKUPOBAHHBIMH), U
OTpaKeHHs TPYOHBIX BOJH MOTYT BO3HHUKAThb OT HE3HAYUTENbHBIX HCTOYHHKOB (T.€. IMOYTH
3aKPBIThIE TPEIIUHBI, KOTOPBIE HE MOTYT IPHHUMATD JKHIKOCTB).

Tabmuua 1. Pe3ynbraTel MOHUTOPHHTA MOBTOPHOTO THAPOPA3PhIBA ILUIACTA C TIOMOIIBIO
HFPM u TexHONOTHY BSI3KOW Mayku. BBIMOTHSIOT IBE 3aKa4KU KUIKOCTH (Hara-ppak u Bs3Kast

TayvKa)

OIIEPALIMA Cragun, noABeprayThie CTUMYJISALIUN
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1 2 3 4
Hara-dppaxl (obpabotka
HFPM) 0% 11% 59% 30%
Bszkast mauka 1 (oOpabotka
HFPM) 0% 0% 30% 70%
Bszkas mauka 1 (BIT) 0% 0% 28% 72%

Tabnuua 2. Pe3ynbraThl MOHHUTOPUHTA MMOBTOPHOTO THAPOPA3PHIBA IIACTA C MOMOLIBIO

HFPM u TexHosoruu Bsi3koi mauku JloOaBjieHa OCHOBHAs orepalus (THAPOPA3PHIB).

Craguu, nofBeprayThie CTUMYJISLIUN
OTIEPALIMA 1 2 3 4
Hara-dpaxl (obpabotka
HFPM) 0% 11% 59% 30%
Hara-dpaxl (obpabotka
HFPM) 0% 0% 30% 70%
Bsizkast mauka 1 (obpabotka
HFPM) 0% 0% 28% 72%
OcHoBHas onepauus ['PIT 1
(obpaborka HFPM) 0% 0% 42% 58%

Tabnmuna 3. PesynbraThl MOHUTOpPWHIAa TOBTOPHOTO THAPOpAaspbiBa IUTACTA IIOCIHE

3aKauMBaHUA XUMHUYCCKOIO OTKJIOHUTECIIA.

Craauu, MOABEPTHYThIE CTUMYJISILIUA
OIIEPALIMA 1 2 3 4

Hara-dppaxl (obpadborka HFPM) 0% 11% 59% 30%
Hara-dppaxl (obpaborka HFPM) 0% 0% 30% 70%
Bsizkast mauka 1 (BIT) 0% 0% 28% 72%
OcHoBHass omnepauus [PIT 1

(obpabotrka HFPM) 0% 0% 42% 58%
3akauka OTKJIOHUTEJIS

(obpabotrka HFPM) 71% 24% 4% 0%

[0065] 3areM MOXHO MPOBECTH 3aKA4Ky BTOPOH OCHOBHOW CTaguu OOpabOTKH.
PesynbraTel npencraBieHbl HIDKE B Tabnuie 4. B Takol craguy 3akauuBarOT BA3KYHO Madky. B
Tabnuie 5 npencraBieHbl pe3yabTaThl STON 3aKkauky. OHAKO 3aKauKy BS3KOW MAYKH MOXKHO HE
NPOBOJAUTb H3-32 NPUMEHEHUs TEXHOJOTWH Bsi3koW mnmadku u HFPM mpu crumynsuuu
npeabiayinei craguu. Pe3ynbTaTel, MpencTaBlieHHbIe B TaONMLE S5, WACHTUYHBI Pe3yJbTaTaMm,

MOJIY4Y€HHBbIM 0e3 3aKauMBaHMS BTOpOI\/'I BSI3KOHM IMAYKU. ITO ITO3BOJIIET COKOHOMHTD BpeMsI U



19

pecypcel U ObicTpee HauaTh A00bMY He(TH Ha KOHKPETHOH CKBaXXMHE. B 3TOM ciyuae
MPOAHAIM3UPOBAIM JBE OCHOBHBIX CcTamuu oOpaborku. Ecnm mpoBomunmm Oosee  nBYX
NOCJIEIOBATENbHBIX 00pPa0OTOK AJsl CTUMYJIILMM, MOKHO TNPHUHATH BO BHUMAHHE PE3YJIbTATHI
OLIEHKU PECypPCOB U BPEMEHH.

[0066] DTy pe3ynbTaThl MOKHO IPENCTABUTh, Kak nokasaHo Ha OUI'. 5 u ®UI'. 6. Ha
@ur. 5 u @PUI. 6 nmpeacrasneHs! IyOMHA 1 TOYKA BXOAA XKHUIKOCTH IS BceX coObiTuil. Pazmep
oOyaka ompenenseT HEONMpeeNeHHOCTh TIiyOuHbI, Oojee omHoro oOnaka Ha COOBITHE
MOKA3bIBAET BEPOSITHOCTh CTUMYJISILIUU pa3IMUHbIX cTaauil. Kak BugHO u3 mpumepa Ha OUI. 5,
o0Jlaka pacroyIo’KeHbl Ha PACUETHBIX MIyOWHAX, UX Pa3sMephl YKa3bIBAOT HEONPENeIEHHOCTH
ryOuH (Ha 3TOW (Qurype NOKa3aHbl OKOHYATENbHBIE PE3yJbTaThl). XOPOILIO BUIHO, Kak
U3MEHSIeTCsl TTyOWHA CTHMYJISIIUHM Ha TPOTSDKEHUH Beel 00pabOTKHU: THApOpa3phIB IJIACTa THUIA
«mata-¢ppax», 3aKauuBaHUE TIEPBOH BSI3KOH MavyKH U OCHOBHAs cTanusi 00paboTku (omepanus 1)
MOKA3bIBAIOT CTUMYJBILMIO HA CTaausix 3 W 4. AHAJIN3 OTKJOHUTENS IOKa3aJ, YTO, BEPOSITHEE
BCETO, CTaguu 3 1 4 3a0J0KMPOBAHBI, U HAOIOJAETCS OTPAKEHNUE OT CTAAHNH |; TOTIOIHUTENbHBIE
U3MEPEHUsI TIOJIHOCTBIO 3TO MOATBEPKAAOT.

Tabmuua 4. Pe3ynbraTel MOHUTOPHHTA TOBTOPHOT'O THAPOpA3pbIBa IUIacTa O€3 BTOPOH

BSI3KOH IMAUKH.

Cranun, noaBeprayThie CTUMYJISLIUN

OIIEPALIMA 1 2 3 4
Hara-¢ppax! (o6paborka HFPM) 0% 11% 59% 30%
Bsi3kas nmauka 1 (o6paborka HFPM) 0% 0% 30% 70%
Bsizkast mauka 1 (BIT) 0% 0% 28% 72%

OcnoBHast  omeparust  ['PIT 1
(obpaborka HFPM) 0% 0% 42% 58%

3akauka orkioHuTens (obpaboTka
HFPM) 71% 249% 4% 0%

OcHoBHass  omepatust  [PII 2
(obpaborka HFPM) 100% 0% 0% 0%

Tabmuua 5. Pe3ynbraTel MOHHTOPHHIA MOBTOPHOTO THAPOPA3phIBa IUIACTa CO BTOPOH

BSI3KOH IMAUKOU.

Craauu, nofBepruyThie CTUMYJISILIUN

OITEPALIAA 1 2 3 4
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Hara-¢ppax! (o6padorka HFPM) 0% 11% 59% 30%
Bsi3kas nmauka 1 (o6padborka HFPM) 0% 0% 30% 70%
Bsi3kas nmauka 1 (BII) 0% 0% 28% 72%
Ocnosrast oneparust ['PIT 1 (obpabotka

HFPM) 0% 0% 42% 58%
3akauka  oTkioHHTENns  (oOpaboTka

HFPM) 71% 249 4% 0%
Bsi3kas mauka 2 (o6padorka HFPM) 100% 0% 0% 0%
Bsi3kas mauka 2 (BIT) 100% 0% 0% 0%

OcuoBHast onepauust I'PIT 2 (oOpaboTka
HFPM) 100% 0% 0% 0%

[0067] BapuaHTBI OCYLIECTBIIEHUS HACTOSINETO PACKPBITHS O0ECIEYHBAIOT CIIOCOOBI
MOHUTOPHHIa TIOBTOPHOTO THAPOPA3pbiBa IUIACTa, KOTOPBIE TMO3BOJSIFOT — ONPENENUTh
5(¢(}eKTUBHOCTP TOBTOPHOTO THUAPOpa3pbiBa IMOA3EMHOrO Iuilacta. B dacTHocTH, OBLIO
O0OHapy’KeHO, YTO TaKHe CIOCOOBI MO3BOJSIFOT OMPENENATh IIyOHHY NMPUHUMAROIIEH KUIKOCTH
CTaguy 10 pEarupoBaHHMI0O HAa W3MEHEHHE [aBJEHUs BSA3KOW NaYkKl B KOMOMHALMU C
BBICOKOYACTOTHBIM MOHUTOPHHIOM faBiieHusi. Criocod obecneunBaer Takue (PyHKLHOHAJIbHbIE
BO3MOXKHOCTH, KaK KaJHOpPOBKa CKOPOCTM BOJIHBI MaBJIEHHs, HAXOXIEHHWE TOYKH BXOJa
KUJKOCTH, U3MepeHHe TIyOHH CTUMYJIHMPOBAHHBIX CTAAUM M TNPENOTBpAIlEHHE Ype3MepHOMH
CTUMYJISILUU YK€ CTHUMYyJUpOBaHHbIX craaui. Croco0 B COOTBETCTBUH C OMNHMCAHUEM B
HACTOSIIEM TIOKYMEHTE MOKHO MPUMEHSTD ISl TPEIIHH JIOObIX pa3MepoB, a TakxkKe JUisl JTI000ro
paccrostHus Mexay TpemmHamu. Kpome Toro, cmoco6 MoHuMTOpHHIA 3(QeKTHBHOCTH
HOBTOPHOTO THUAPOpPA3pbIBa IUIACTa B COOTBETCTBUU C OINMCAHMEM B HACTOSIIEM JOKYMEHTE
MOJKeT 00eCTIeYnTh KATHOPOBKY CKOPOCTH BOJIHBI JABJIEHHSI B IpOLecce 00paboTKH.

[0068] Xotst BbIme OBLIO MOAPOOHO OMHMCAHO HECKOJBKO MPUMEPOB OCYINECTBJICHUS,
CHEeLUAUCTBl B JAaHHOW O0OJACTH JIETKO MOWMYT, YTO BO3MOXKHBI MHOTHE MOIU(UKALIUH
NPUMEPOB OCYLIECTBICHHS 0€3 CYIIEeCTBEHHOIO OTKJIOHEHHs OT HACTOSINEro pPaCKPBITHSL.
COOTBETCTBEHHO, MPENIOaraeTcs, YTO BCE TaKue MOAU(UKALMH JOJDKHBI ObITh BKIIFOYEHBI B
00BEM HACTOSIIIETO PACKPBITHA, KaK OMpenesieHO B clenyroleil ¢gopmyrne mnzodperenus. B
dopmyne u300peTeHUs] MYHKTbI «CPENCTBO IUNOC (PYHKLUHUS» NPEACTABISIIOT CTPYKTYPBI,
KOTOpBIE MPEICTABIEHBI B HACTOSIIIEM JTOKYMEHTE KaK BBIMOJHSIOINE OMUCHIBAEMYIO (DYHKIIHIO,
U HE TOJbKO KaK CTPYKTYPHbIE SKBHBAJIEHTbl, HO M KaK OSKBHUBAJEHTHbIE CTPYKTYPBL
CrnenoBaTenbHO, XOTsl TBO3Ib W BHHT HE MOIYT OBITh CTPYKTYPHBIMH 3KBUBAJCHTAMHU,
NOCKOJIbKY T'BO3/1b HCHOJB3YET LMIMHAPUYECKYIO MOBEPXHOCTDb ISl CKPETUIEHHs AepPEeBSHHBIX
Aerajei, TOraa Kak BHHT HCIIOJNB3YeT CIHPAIbHYI0 IIOBEPXHOCTb, B Cpele KpEeIUIeHUs

ACPEBAHHDBIX z[eTanef/'I rBO3b U BUHT MOT'YT OBITb SKBHBAJEHTHBIMA CTPYKTypaMH.
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POPMVYJIA U30BPETEHHUA

1. Cnoco6 00paboTkH MOA3EMHOrO IJIacTa, Yepe3 KOTOPBIA MPOXOAUT CTBOJI CKBAKUHBI,
NpUYeM CKBA)XXKMHA MMEET MHOKECTBO paHee CTUMYJHPOBAHHBIX HHTEPBAJIOB, IIPH 3TOM CIIOCO0
COZIEPIKHT:

a) 3aKa4MBaHUE B CKBAXXMHY BSI3KOH MAaYKU C PErUCTpaLeil KPUBOI AaBJICHUS NaTYUKOM
JaBJICHUS HA YCTb€ CKBAYKUHBL,

b) ompenenenne rayOuHbl (L) TOYKM BXOoma KMOKOCTH JUIsI  00paboOTKHM U
HeomnpeaeneHHocTel riyounsl (AL);

c) obecriedyeHue THOPOyIapa Ha YCThbe CKBAKUHBI, KOTOPBbIH BO30ykmaeT TpyOHbIE
BOJIHBI,

d) ompenenenwe rTinyOunbl (L) TOYKM BXOHa JKUAKOCTH JJIsi OOpabOTKH U
HeomnpeneneHHocTeld ryounsl (AL) myTem 00paboTKH rHapOoyaapa METOAOM BBICOKOYACTOTHOTO
MOHUTOPHHIA [aBJICHUS,

€) omnpeeieHre CKOPOCTH TPYOHOI BOHBI N3 KoMOuHanmu gaHHbx (b)-(d);

f) BbImONTHEHNE rHAPOpPa3phIBA TIIACTA; U

g) reHepalusi THAPOYAapa Ha YCTbe CKBaKHMHBI B KOHIE omnepaunu (f) ¢ yTOUHEHHOU
rIIyOMHOHN TOYKH BXOZA KHUIKOCTH Il OOpaOOTKHU M ¢ MEHBLIEH HEONPENeIEHHOCTRIO.

2. Criocob 1o 1.1, B KOTOPOM OCYIIECTBIISIIOT MHOXKECTBA ONEPALIUI CTUMYJIHPOBAHUS.

3. Cnocob mo m.1, B KOTOPOM MpPOBOIAT THAPOPA3PhIB IUIACTA THUIA JaTa-(ppak mepen
3aKa4MBaHUEM BSI3KOH MAYKH.

4. Cnocod® mo m.1, B KOTOPOM Bsi3Kasi Mayka BXOAMT B COCTaB JKUAKOCTH, BA3KOCTb
KOTOpO#1 1o MeHbInel Mepe B 100 pa3 npeBpiaeT BI3KOCTh CKBAXKUHHOTO (uronaa.

5. Cnoco® mo m.3, B KOTOPOM BSI3KYIO MAyKy B Ciydae MHOXECTBa 00OpaboTOK st
CTUMYJISILIUH 3aKa4YUBAIOT Mepes] KaXKIbIM THAPOPa3pbIBOM ILIACTA.

6. Cnoco6 mo 1.1, B KOTOPOM ruzmpoyaap oOecrednBaroT MyTeM OCTAHOBKHM HACOCOB Ha
TIOBEPXHOCTH.

7. Cnocob6 mo m.1, B KOTOPOM CrIOCOO BBICOKOYACTOTHOTO MOHHTOPWHIA JABJICHUS
COZEPKUT O0paOOTKY CUTHAJIA NABJICHUSI.

8. Cmocod mo m7, B KOTOpoM 00OpabOTKa CHUTHala JaBJIEHHUS COIEPKUT
NPEABAPUTENBHYIO (PHIIBTPALIUIO CUTHAJIA.

9. Cniocob 1o 1. 8, B koTopoM 00paboOTKa CUTHajIa AaBJIEHUS TOMOJHUTENBHO COMEPIKUT
00paboTKy ¢ TOMOIIBE) KEMCTPATHbHOTO aHAJIH3A.

10. Cnoco® mo m.1, B KOTOPOM B CTBOJI CKBaXXHHBI JOMOJHHUTEIBHO 3aKAUYHUBAIOT
OTKJIOHUTEJb TIocTe (g).

11. Cnoco6 no m.10, B KOTOPOM OTKJIOHHUTENIb BXOOUT B COCTAB CYCIIEH3MHM YACTHII,
CTIIOCOOHOH M30JMPOBATh MO MEHBILEH MEpe OUH U3 PaHee CTUMYJIMPOBAHHBIX HHTEPBAJIOB.

12. Cnoco® mo m.11, B KOTOPOM OTKJIOHUTENb BBIOMPAIOT M3 TPYIIBl XUMHYECKHX U
MEXaHUYECKUX OTKJIOHUTEIIEH.

13. Cnocob® mo m.1, B xoropoM omnpexnenenue rayomss!l (L) mmeer paspemeHue 1o

menbInei mepe 30,48 m (100 ¢yToB).
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14. Criocob mo m.1, B KOTOPOM MakCHUMalibHasi U3MEPEHHas TTyOuHA N0 MEHbIIEH Mepe
OJIHOM TpemmuHbl cocTassieT 10 40000 ¢pyros (12192 m).

15. Cnoco0 mo m.1, JOMONHUTENBHO COAEPIKALIMHA ONepaliio 3aKaHUYWBAHUS, MPUUEM
OTEPaLIMIO 3aKAaHYMBAHUS BBIOUPAIOT U3 TPYIIIbI 3aKaHUYNBAHUH C YCTAHOBKOH MOCTOBOM IPOOKH
B 30HE nepopaluy WK 3aKaHYMBAHUHN C IPUMEHEHHEM CKOJIb3SIINX My(T.

ITo noBepenHocTH
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