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BBEJIEHHUE

/7

> Pa3Butue HedTsaHON npoMmbIITIeHHOCTH Poccun B mocieiHue rojpl NpOMCXOJUT Ha
¢oHEe 3aMETHOTO YXYAIICHHS CTPYKTYyphl 3amacoB He(TH, YTO B OCHOBHOM CBSI3aHO CO
3HAYUTEIbHON  BBIPAOOTKOM MHOTMX  YHUKAIBHBIX M  KPYNHBIX  BBICOKOIPOIYKTHBHBIX
MECTOPOXKJICHUH M WX BBICOKMM OOBOJHEHHEM, a TAaKK€ OTKPBITHEM M BBOJOM B pa3palbOTKy
MECTOPOKICHUM C TPYIHO M3BJIEKAEMBIMH 3aI1aCAMH, IIPUYPOUYECHHBIMH K KOJUIEKTOPAaM C BBICOKOU
reoJIOrHYeCcKOi HEOAHOPOAHOCTBIO, KapOOHATHBIM MOPOJAM CO CJIOKHBIM CTPOEHHEM IIyCTOTHOTO
IPOCTPAHCTBA, TA30HE(TAHBIM 3alie)kaM, 3ajeXkaM C BBICOKOBSI3KMMU HEPTSIMHU U aHOMAJIbHBIMU

YCIIOBUSAMH 3aJICTAHUA.

> Pacrer nmonst 3amacoB HepTH B HU3KOMPOHUIIAEMBIX KoJiekTopax (¢ 29% B 1980 r.
m0 75 % B 1993 r.) c HeOnarompusTHBIMU YCJIOBUSIMH €€ u3BjieueHus. Pacrer moms
MECTOPOXKJICHHU, PACTIOJIOKECHHBIX Ha TPYIHOJIOCTYITHBIX TEPPUTOPHUSIX, YTO TPEOYET yBEIUUCHUS
KallUTaJIbHBIX BIIOKEHHH  Ha WX OCBOCHHUE, a TaKXe INPUMCHEHUS HOBBIX TEXHOJOTHHA U
TEXHUYECKHUX CPEJICTB.

*

> Jpyroii 0cOOEHHOCTHIO COBPEMEHHOI'O 3Tara SIBISETCS BCE BO3PACTAIOIIMNA 00BEM
3amacoB, HAXOSIIUXCS Ha TMO3AHEH CTaauu pa3paOOTKU, ¢ PE3KUM HU3MEHEHHEM HUX CTPYKTYPBHI
BbIpaOoTaHHOCTH aKTHUBHBIX 3aI1aCOB JJOCTHUIJIA BETUUUHBI 65.5 %, TpynHOU3BIEKaeMbIX — 23 %.
Pacret nons 3anacoB HepTH B HU3KOMPOHHUIIAEMbIX KoJutekTopax (¢ 29 % B 1980 r. 1o 75 %
B 1993 r.) ¢ HeOmarompusTHBIMU YCIOBHSIMH €€ H3BJieueHus. PacteT 1noisg MECTOPOXKACHUIA,
PacIONIOKEHHBIX Ha TPYIHOJOCTYIHBIX TEPPUTOPHUSAX, YTO TPeOYyeT YBEIMYEHHUS KalUTaTIbHBIX

BJIOKCHUU Ha NX OCBOCHHE, a TAKIKC NPUMCHCHHA HOBBIX TEXHOJOTHH W TEXHUYECKHNX CpCAaACTB.

ODKOHOMHMYECKHE TPYJAHOCTU MPUBENH K COKPALLICHUIO PA3BEIOYHOIO M 3KCIUTYaTallMOHHOTO
OypeHus, 00beMOB NpHUpOCTa 3amacoB HE(DTH, BBOJA HOBBIX HE(PTSIHBIX MECTOPOXKICHUN B
NPOMBIIIICHHYIO pa3paboTKy. DTO Aano BO3MOXXHOCTh Ha JUIMTENIbHBIA TEpPUOJ COXpPaHHUTH

CTaOHMITBHBIN YPOBEHB JOOBIYHM He(PTH, 00ECTICUNBAOIINN TOTPEOHOCTH CTPAHBI.

OCHOBHBIMH pPErMOHaMHM YCKOPEHHOTO BOCIPOM3BOJCTBA CBHIPhEBOW 0a3bl SBISAETCS
3anaanas u Boctounas Cubups ¢ PecriyOnukoit Caxa, Tumano-Iledopckast mpoBuHIMSA, Hanbosee
KpYIIHBIE IO 3amacaM M pecypcaMm Iwiomiaau Apkruyeckoro u JlanbHeBocTouHOro menbda.

ITepcnextuBHOM ABnsieTcs U Poccuiickas yacth [Ipukacnuiickoil BIIaiuHbI.



HNCTOPHUYECKAS CITPABKA

HecMmotpst Ha OypHBI pocT uncia pa3BeAOYHBIX U JOOBIBAIOMINUX HE(DTH CKBAXXUH U 00beMa
no0brun He(hTH, BBIpaOOTKAa HeAp B Hayajme XX BeKa OCYLIECTBISUIACH MYTEM HEpPEryIupyeMoin
pa3paboOTKU MECTOPOXKJIECHUN Ha €CTECTBEHHBIX pexumax. B Te roapl emie He CyLIeCTBOBAJIO
HAayYHBIX OCHOB JOOBIYM HE(MTH, XOTSA HAJ Pa3IUYHBIMH MpoOieMaMu He(PTH, HaYWHAs C €€
MPOUCXOXKICHHUS, TEOJIOTUU U Pa3BEAKHU IO TPAHCIOPTa, NepepaboTKU M UCTIOIb30BaHuUs, paboTanu
MHOTME KpyIHeWlne ydeHble UM uHXeHeppl Poccun, B ToM umcine /.M. Mennenees, A.M.

bytnepos, U.M. I'yokun, B.I'". Illyxos.

B 20-x m B nHawame 30-X TIT. 3TOro BeEKa IPOTHO3UPOBAHWE pPa3pabOTKH HEPTIHBIX
MECTOPOKICHUI MPOU3BOAUIOCH B OCHOBHOM IIyTeM MOCTPOCHHUS (AaKTUYECKUX 3aBUCUMOCTEN
nokasarteneid pa3paboTKM OT BpEeMEHHW, TONYYCHHBIX B HAudaldbHBIA TEpHOA pa3paboOTKH,

CTATUCTUYECKON 00paOOTKH 3TUX MOKA3aTEeNIeH U UX IKCTPATOJSANY Ha OyayIee.

HecmoTpst Ha 3HaYUTENBHBIN MpOTrpecc B 00JacTH TeopuH GUIbTpaIuu HepTH U ra3a u B ee
NPUMEHEHUU JUIS PacdeToB JOObIUM He(TH, NOCTUTHYTHIH B KoHie 30-x u B Hauvane 40-X TIT.,
pa3zpaboTka HEPTSIHBIX MECTOPOKIACHHUIA KaK CaMOCTOSTEeNIbHAS WHXKEHEPHAs JUCIUIUIMHA €Ile He

odopMUIIaCh.

Pemaromyro poiab B co3gaHuM  pa3paOOTKU  HE(PTSIHBIX  MECTOPOKICHHWH, Kak
CaMOCTOSITENIbHOM 001acTh HayKd W y4eOHOM NUCHUIUIMHBI, ChITpaia OCHOBOIONAraromas padora
A.Il. KpsutoBa, U.M. T'nmorockoro, M.®. Mupuunka, H.M. Hukomnaesckoro u JI.A. YapHuoro
“Hay4yHble OCHOBbI pa3padoTKN He(TAHBIX MeCTOPO:KIeHMii”, BoieAmas B cBeT B 1948 r. B
9TON pabore ObUIa JaHa TepBas (HOPMYJIUPOBKA OCHOBHOTO TPHHIMIA Pa3paOOTKH, 3aJI0KEH
byHIaMEHT MPOEKTUPOBaHUS Pa3pabOTKU HE(DTSHBIX MECTOPOXKICHHM, PEIICH P BaKHBIX 3a/1a4
MOJ3€MHOMN THJIPOMEXAaHUKH, a HayKa O pa3paboTKe HEe(PTSIHBIX MECTOPOKACHUHN MPECTaBICHA KaK
KOMIUIEKCHasI 00JIaCTh 3HAHWH, MCIOJB3YIOIas JOCTIKEHHUS HE(TSHOW T€OJIOTUH M TeO()U3UKH,

MOA3€MHOM THIPOIMHAMUKH, IKCILTyaTallii CKBOXKUH U TTPUKIIATHON SKOHOMHUKH.

Konenr 40-x u 50-e rr. 03HAMEHOBAINUCh PE3KUM POCTOM YHCIIA MCCIEAOBaHUM B 001acTH
pa3paboTku HEe(TIHBIX MECTOPOKACHUHN, pa3BUTHEM HOBBIX HANpaBJIeHUU B 3ToW obmactu. bbuio
3HAYUTEIBHO TPOJBHHYTO BIEpEH peHIeHHe MpoOiIeMbl pa3paboTKH HEPTSIHBIX MECTOPOKICHHN
P CMEIIAHHBIX PEKMMAaX — BOJOHAIIOPHOM M PpAacTBOPEHHOro ras3a. Hadanum MHTCHCHBHO
pa3BUBATHCA METOJbI ONPEIEIICHNs TapaMETPOB IIJIACTOB C MCIOIb30BAaHUEM T'MAPOJANHAMUYECKUX

UCCIICIOBAaHUN CKBAXMH. BBIIM CO3/1aHBI METOAMYECKHE OCHOBBI pacuera pa3pabOTKU HEePTIHBIX



MeCTOpO}KI[eHI/Iﬁ C NPUMEHCHUCM BCPOATHOCTHO-CTATUCTUYCCKUX Mozxeneﬁ. PazBuBanuce Taxxke

METOAbI HETIOCPECACTBCHHOT O Y4€Ta HCOAHOPOAHOCTH IIPU (I)I/IJ'IBTpaLII/II/I B HCCI)TSIHBIX Ij1acrax.

B konmne 50-x u mauanme 60-x rr. 3aBoguenne crtaiio B CCCP OCHOBHBIM METOIOM
BO3JICHCTBUS Ha HEeTAHBIC IACTHL. OJHAKO B ATH K€ TOJABI CTAIO SCHBIM, YTO TAKUM CIOCOOOM
HEJIb3s TIOJTHOCTBIO PEUTUTh MPOOJIEMy MaKCUMAJIBLHOTO U3BJICUCHHs HE()THU U3 HEIP, OCOOCHHO TIPH
pa3paboTKe BHICOKOBA3KUX U BbICOKOMAapaUHUCTHIX HeTel. bouin npoBeneHbl pyHIaMeHTalbHbIE
UCCJICOBAaHUS W JIaHbl WHXKEHEPHBIC PEIICHUS, MOCITY>KUBIIHNE OCHOBOW pa3BUTHUSA TEIUIOBBIX
METO/IOB pa3pabOTKU HEPTIHBIX MECTOPOKIECHUMN, CBSI3aHHBIX C 3aKaUYKOM B TJIACT TETUIOHOCUTENICH
Y BHYTPHUIUIACTOBBIM TOpPEHHEM. B 3TH k€ roapl BO BCEM MHpPE OrpOMHOE BHUMAaHHE OBLIIO YIEJICHO
pa3BUTHIO (U3UKO-XMMHUYECKUX METOJOB H3BJICUCHUS HEPTH W3 HEAp, TAKUX, KaK BBHITCCHEHHE
HE(TU YTICBOIOPOJIHBIMU PACTBOPHUTEISIMH, ABYOKHUCHIO YIIIEpO/ia, TOJIUMEPHBIMU U MULICIUIIPHO-

IIOJIMMEPHBIMU PaCTBOPAMM.

Pa3padorka He(TAHBIX MECTOPOXKICHHH — HHTEHCHBHO Pa3BHBaIOIIascA 00JacThb
HaykH. JlanbHeliniee ee pa3BuTHe OyleT CBA3aHO C NPUMEHEHUEM HOBBIX TEXHOJIOIMH M3BIICUECHUS
HeTH M3 HEAp, HOBBIX METOJOB pACIO3HABaHMS XapaKTepa MPOTEKAHUS BHYTPHUIUIACTOBBIX
IPOLIECCOB, YIPABIECHUEM pa3pabOTKON MECTOPOKACHUH, HCIIOIb30BAHUEM COBEPIICHHBIX METOOB
IUITAHUPOBAHMS Pa3BeAKH U Pa3pabOOTKH MECTOPOKICHUN C Yy4eTOM JaHHBIX CMEXHBIX OTpacien
HapOJHOIO XO3sMCTBAa, NMPUMEHEHHEM aBTOMATU3MPOBAaHHBIX CHCTEM YIPABJICHMS MpOLECCaMu
M3BJICYCHMSI TOJIE3HBIX MCKONAEMBIX M3 HEAp, PA3BUTUEM METOJOB JAETAJIbHOIO ydeTa CTPOCHUs
IUJIACTOB M XapakTepa IPOTEKAIIUX B HUX IIPOLIECCOB HA OCHOBE ACTCPMUHUPOBAHHBIX MOJEIEH,

peanu3zyeMbIx Ha MOITHBIX DBM.

PazpaboTka HE(TAHBIX MECTOPOXKICHMH CBsS3aHa C CYILIECTBEHHBIM BMELIATEIbCTBOM
YyeyoBeKa B MPUPOJY U MO3TOMY TpeOyeT 0e3yCcIOBHOTO COOJIOAECHUS YCTAaHOBJIEHHBIX HOPM IO

OXpaHe HeJp U OKPYKAIOIIEH CpeIbl.

Bo Bce mpoekTHbIE HOKYMEHTBI MO pa3pabOTKe HEPTIHBIX MECTOPOXKIECHUN 00s3aTEIbHO
BKJIIOYAIOTCSL Pa3JieNibl, CBA3aHHBIE C OXPAHOH 3€MJIM, BOAbI U BO3/yXa IIyTEM HCIOJIb30BAHUSA
3aMKHYTBIX IPOM3BOJICTBEHHBIX IMKJIOB, IPEIyCMaTPUBAIOIINX repMeTHYHBINH cOop HedTH, rasa u
BOJIbI, OYMCTKY JOOBIBA€MOM BOJABI M JajibHEMIee ee MCIOJb30BaHHE JUIsl 3aKayKd B ILIACT,
YTHIM3AIMI0 HEPTSIHOTO Tra3a, pEereHepaliio XUMHYECKUX BEIIECTB, MPHUMEHSEMBIX JUIs

IIOBBIIICHUA He(l)TGOTI[aLII/I I1J1aCTOB.

Haubosnee monnoe n3BiedYeHne He(1)TI/I, raza M KOHACHCAaTa U3 MCCTOpO)K,Z[eHI/Iﬁ — TJIaBHOC

HaITpaBJICHUC PALIMOHAJIBHOI'O UCIIOJIB30BAHUA HEAP.



BaxHoe 3HaueHMe MMEET OCYIIECTBIEHHE BO BCEX TEXHOJOIMUYECKUX Ipoleccax
pa3paboTKu HE(PTAHBIX M Ta30BbIX MECTOPOXKACHUHM, 3SHEProcOeperaronmx MepOnpUsTHil.
Heo0xoauMo CTpeMHUTBCSI K UCIOJIBb30BAHUIO TAaKUX TEXHOJOIMH M3BJICYCHUS U TAaKUX BAapHUAHTOB
NoJbEMa HA [JHEBHYIO ITOBEPXHOCTb, IOATOTOBKM M TpaHCIOpPTa HEPTH M Ta3a, KOTOpHIE
XapaKTEPU3YIOTCS 10 BO3MOYXKHOCTH MEHBIIMMHU 3aTpaTaMyu SHEPTUU Ha TOHHY J0OBIBaeMBbIX HE(PTH

U ra3a, JUKBUIUPOBATH NOTCPU U 0€eCCMBICIIEHHOE COKUTaHUeE yYIriaeBoagopoOa0B.

[Iponeccrl, mpoTekaromue B HEPTSIHBIX IUIACTaX BO BpeMs MX pa3pabOTKH, MH)KEHEPHI-
pa3paboOTYMKN MOTYT pacro3HaBaThb KOJMYECTBEHHO TOJIBKO IO IPOSIBICHHUSM 3THUX IMPOLECCOB B

CKBAXXMHaX IIYTEM PCIICHHA TaK Ha3bIBACMbBIX O6paTHBIX MaTe€MaTU4YCCKHUX 3aJ1a4.

B kypce pa3paboTku He(TAHBIX MECTOPOXKIEHUH KOMIUIEKCHO UCIIOIb3YIOT MHOTHE BaXKHBIE
MOJIOKEHUS TEOJIOTUH, TEeO(PHU3UKH, (DU3MKM IUIACTa, MOA3EMHON THAPOAMHAMUKH, MEXaHUKU
TOPHBIX MOPOJ, TEXHOJOTUHM 3KCIUTyaTallud CKBaXKUH M CHCTEM JOOBIYM HEPTH, SKOHOMHUKH U

IIJIaHUPOBAaHUA.

®uzuka HeTAHOIO MyIacTa

HedrerazonpomsicioBas reosiorus

TexHonorus IKCIyaTauuH CKBayKHH

[ToazemHas rugpojiIMHaMUKa

MeTtoap! nopeleHUs HedTeoTAAYH

DKOHOMMKA U MIaHHpOBaHUE

VY VY Y Y

PA3PABOTKA HE®TSHBIX MECTOPOKIEHUIA

Bwmecte ¢ Tem pazpaboTka He(TSHBIX MECTOPOXKICHUNH — 3TO HE KOHTIIOMEpAT T'€OJIOTHH,
MOJI36MHON THUJIPOMEXaHUKH, TEXHOJOTUU AOOBIMM HE(PTH M SKOHOMHUKH, a CaMOCTOSITeNIbHas
KOMIUIEKCHasi 00JacTh HAYKH U WHKEHEepHAs TUCIHUILIMHA, UMEIOIIas CBOM CHEIHalbHbIC Pa3/ebl,

CBA3aHHLIC C YYCHHUCM O CUCTCMAX U TCXHOJIOTUAX p33pa6OTKI/I MeCTOpO)KILCHI/II\/'I, IJIaHUPOBAHUCM U



peanu3anyiel OCHOBHOTO MpUHIUINA pa3pabOTKH, TMPOEKTUPOBAHHEM U  pEryJIHpOBaHUEM

pa3paboTKN MECTOPOKACHUH.

[Ipouecchl, mpoTekaronye B HEPTSIHBIX IUTACTaX BO BpeMs HX pa3pabOTKHU, MOTYT
pacno3HaBaThCs KOJMYECTBEHHO TOJIBKO M0 MPOSIBICHHUSM 3THX MPOLECCOB B CKBAKMHAX ITYyTEM
pelIeHusl TaKk Ha3bIBa€MBIX OOpPATHBIX MaTEMaTUYeCKHX 3a7ad. B cBs3u ¢ 3TuM uHOpmaius o
HEe(TSAHBIX IJJaCTaX HMEETCS TOJIbKO B OTHENbHBIX TOYKAaX W B HauyaJbHBIA MEpPHOJ, KOrna
MECTOPOKCHHE €Ille HE MOJHOCTBhIO pa30ypeHo, 3Ta nHbopMalus BechMa orpaHndeHa. Muxenep-
pa3paboTYMK HE WMEET HEMOCPEICTBEHHOr0 J0CTynma K OOBEKTaM CBOEH IEATEIhbHOCTH —
HePTsHBIM TIacTaM. OCHOBHBIM HCTOYHHKOM WH()OPMAIUN SIBIISIOTCS JAHHBIC, TOJyYECHHBIC HE
MyTeM HENOCPEICTBEHHBIX H3MEpPEeHUH, a Ha OCHOBE MaTeMaTH4eCKOW oO0pabOTKH JaHHBIX
reo(pu3NYecKuX U TUAPOAMHAMUYECKUX UCCIEAOBaHUN CKBaXMH. TakuM  00pa3oM, HWHXXEHep-
pa3paboTYMK UMEET JOCTYI K HE(TSHBIM IUIacTaM JHUIIb B OTJCIBHBIX TOYKaX — CKBOKWHAX, U B
CBSI3M C 3THM OH BCEIJIa UMEET JIeJI0 C BeChMa OTPaHWYCHHOW, HETOYHON MH(pOpMAIUEii 0 cBoeM
oOBeKTe.

Haumenbimmii 06beM nHbOpManuy UMEET MECTO B HauajdbHOU CTaauu pa3paboTKw,
JUISL. HOBOTO, TOJIKO 4YTO 3aKOHYEHHOTO pa3BeAKOW HE(PTSIHOTO MECTOPOXKIEHHUS, Ha KOTOpOe
npoOypeHo HEOONbIIOe YHUCIO pPa3BEIOYHBIX CKBaXMH. [lo Mepe yBelIWdYeHHs] KOJIUYeCTBa
MpoOypPEHHBIX Ha 3aJI€Kb CKBOXKUH M HAKOTUICHHS! TAHHBIX TI0 UCTOPUH pa3pabOTKH — KOJIUYECTBO U
KayecTBO MH(OPMALIUY MOBBIIIAETCS, HO €€ MPUOIMKEHHOCTh U MHOTO3HAYHOCThH OCTAETCSl.

[To wmepe pa30ypuBaHUS MECTOPOXKICHHS U YBEIWYCHHsS] KOJIWYECTBA CKBAXKUH
KOPPEKTUPYIOTCS HadajdbHBbIC TMPEACTABICHUS O HE(PTSIHON 3alleH, YTOUHSIOTCS €€ 3amachl U

NPOLYKTUBHBIE XapaKTEPUCTUKU.
IHonsiTne 0 HeQTAHOM 3aJ1€KH

Hedtsnas 3amexp mpencraBiseTr coOOi CKOIJIEHHE KUIKHX YIJIEBOJIOPOJOB B HEKOTOPOH
o0yacTu 3eMHON KOpbI, 00YyCIOBIEHHOE MPUUMHAMU T€0JIOTMYECKOTO XapakTepa. Yacto HedTsHas
3aJI€Kb UMEET KOHTAKT C BOASHBIM Tu1acToM. [Ipy 3TOM BO3MOKHBI J]Ba OCHOBHBIX THUIIA B3aUMHOTO
pacnonoxkeHusi. Ecnu Boja pacriosnaraetcsi HUKE HEPTSHOW 3ajieXM Ha BCEM €€ IMPOTSKEHUH,
TaKyIO BOJy Ha3bIBalOT MOJOIIBEHHON. EClii KOHTAKT ¢ BO/IOM MPOUCXOIUT B MOHMKEHHBIX YaCTIX
MECTOPOKICHHS BaXHO MPABUIBHO OMPEAETUTh TUI 3aJIeKH U OIEHUTh COOTHOIIECHHE Pa3MEpOB
o0acreil, 3aHATHIX HE(PTHIO U Fa30M.

CraTucTHYeCKHEe HMCCIEOBAHUS JaHHBIX O COCTAaBE IUIACTOBBIX He(Ted W ra3oB OOIBIIOTO
YyHClla MECTOPOXKJIEHUN TOKa3ald, YTO COCTaB M JApyrue TepMOoJMHAMHUYecKHe U (pusmko-

XUMHUYCCKUC XAPAKTCPUCTUKHU IO ObIBaeMOM NpoaAyYKIHUU  ABJIAKOTCA I/IH(I)OpMaTI/IBHLIMI/I B



OTHOIICHUU OIEHKM THUIA 3aJIe)KM, COOTHOIIEHUS He()TH W ra3a B IUIACTE, HATUYMS aHOMaJIbHO
BBICOKHX IJIACTOBBIX JAaBICHUH U JAPYTUX BaXKHBIX AN pa3paboTku ¢akTtopoB. Vcmonb3oBaHue
ITHX JaHHBIX TO3BOJISET HA PAaHHEW CTaINM Pa3BEAKH U Pa3paOOTKH MOTYYUTH JAOMOTHUTEIBHYIO
BXHYIO WH(OPMAIUIO O COCTOSHUU OOBEKTa K OOBIYHO HCIOJIL3YEMOW NPH TEOJOTHUYSCKUX WU

ITPOMBICJIOBBIX HUCCIICAOBAHUAX.



1.PEXXUMbI PABOTbl HE®TAHbIX MJIACTOB

1.1 AICTOYHUKN MJTACTOBOU SHEPIrNu

IlinacroBbIe JaBJIeHUSA

Jlnst TpaBUIILHOTO TMOHWMAHMS BCEX TEXHOJIOTMYECKUX IMPOIIECCOB M SBIICHUM, CBS3aHHBIX C
JKCILTyaTanueil HeTSHBIX MECTOPOXKICHUN M CKBAKHH, HEOOXOUMO YSICHUTH Psifi TEPMUHOB IS
I[aBHCHHﬁ, KOTOpLIC OHpeI[CJISIIOT HWJIN BJIUSAKOT HA OTHU TEXHOJIOTHUYCCKHUC Hpoueccm.

CTraTHuecKkoe JaBJeHHE HA 3200€ CKBAKHHBI

Crartnueckoe JaBJCHHUE - 3TO JIABJICHHE Ha 3a00€¢ CKBaXWHBI, yCTAaHABIMBAIOIIEECS IOCIHE
JOCTaTOYHO JUIMTEIBHOW ee OCTaHOBKU. OHO pPaBHO THUAPOCTATHYECKOMY MHaBJICHUIO CTOIOA
KUJKOCTU B CKBa)XMHE BBICOTOM (IO BEPTHKAIM), PABHOM PACCTOSHHUIO OT YPOBHS KHAKOCTH IO
rIyOuHBI, Ha KOTOPOW NPOM3BOIUTCS U3MepeHue. OOBIYHO 3a TaKyl TIyOHHY NPHHUMAECTCS
cepelriHa WHTEpBajia BCKPBITOW TOJMMIMHBI Tiacta. C JIpyroil CTOPOHBI, ATO JaBJIEHHE DPAaBHO
JABJICHUIO BHYTPU ILJIACTa, BCKPBHITOTO CKBAKMHAMHU, U IO3TOMY OHO HA3bIBAETCS IUIACTOBBIM
JABJICHUEM.
CraTnveckuii ypoBeHb

YpoBeHb cTON0A JKHUIKOCTH, YCTAHOBHMBIIHMICS B CKBOKHHE IIOCIE €€ OCTAaHOBKH IIPH
YCIIOBUH, UTO Ha HETO JACUCTBYET aTMOC(HEPHOE aBICHUE, HA3bIBACTCS CTATUUECKUM YPOBHEM.

Ecnmu ycTbe CKBaXMHBI TE€PMETH3UPOBAHO, TO OOBIYHO B BEPXHEW YACTH CKBAKUHBI
CKAIJIUBAeTCsl ra3, CO3/JAIONIMI HEKOTOpPOE JaBJICHHE Ha YPOBEHb JKHUJIKOCTU. B 3TOM ciydae
ypOBCHB KHUOKOCTH HE€ HA3BIBACTCs CTATHYCCKHM, XOTS COOTBCTCTByeT CTaTHUYCCKUM YCJ'IOBI/IHM
CKBa)XMHBI, ¥ JaBJICHUE Ha 3a00€¢ CKBaXMHBI PAaBHO CYMME THAPOCTATHYECKOTO JABJICHUS CTOJI0a

KHUIKOCTH U NABJICHHA I'a3a.

JIlmHaMu4Yeckoe JaBJieHHe HA 3200€ CKBasKMHbI

DTO0 NaBlicHUE YCTaHABIMBACTCS Ha 3a00€¢ BO BPeMs 0TOOpaA JKUIKOCTH HMJIU ra3a U3 CKBAKHHBI
WIN BO BpeMsl 3aKa4KH JKUIKOCTH WM ra3a B CKBaXuHy. /IMHaMU4ecKoe JaBlieHHe Ha 3a00¢ OYCHb
qyacTO HaA3bIBAKOT 3a60ﬁHBIM JaBJICHUEM B OTJIMYHUE OT CTAaTHYCCKOIO, KOTOpOG HA3bIBAKOT
IJIAaCTOBBIM JIAaBJICHUCM. OILHaKO U CTaTUYCCKOC, U JAUHAMHUYCCKOC JaBJICHHSI B TO XK€ BpeMﬂ

SIBIIAFOTCS 3a00HBIMU.

JAnHamMuyeckuii ypoBeHb KUAKOCTH

YpoBEHb JKUJIKOCTH, KOTOPBII yCTaHABIUBAETCS B pabOTAIOLIE CKBaKUHE NIPU YCIOBUHU, YTO
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Ha HEro JeWcTByeT arMoc(hepHoe MaBiIeHHE (MEXTPYOHOE MPOCTPAHCTBO OTKPHITO), HA3BIBACTCS
JTMHAMUYECKUM YPOBHEM.

[Tpu repMeTH3MPOBAHHOM 3aTPyOHOM MPOCTPAHCTBE JAMHAMHYECKOE JaBjeHHE OyJeT paBHO
CyMMe€ THIPOCTATHYECKOTO NABJICHHUS CTOJ0a >KMIKOCTH OT YpPOBHS 110 3a00s1 M JaBJICHUS Ta3a,
JICHCTBYIOIIEr0 Ha YpOBeHb. BricoTa cTon0a XKMIKOCTH M3MepsieTcss Mo BepTukaimu. [loatomy B
HAKJIOHHBIX CKBXHMHAX TPH BBIYMCICHUM TUIPOCTATHYCCKUX JABJICHUH OJDKHA JIeIaThbCs

COOTBCTCTBYIOIIIAA MOIpaBKa Ha KPUBHU3HY CKBaKHUHBI.

Cpeanee mjiacToBoe JaBJIeHHe

[To cpeaHeMy IIaCTOBOMY JaBJICHHIO OIICHHMBAIOT OOIEE COCTOSIHME IUIacTa W €ro
DHEPreTHYECKYIO0 XapaKTePUCTHKY, OOYCIIOBIMBAIOIIYIO CIIOCOOBI M BO3MOXKHOCTH JKCILTyaTalluu
ckBaxnH. CraTudeckue JaBJICHUA B CKBaXMHAX, PACIIOJOKCHHBIX B PA3JIMYHBIX YaCTAX 3aJIC)KHU U
XapaKTepU3YIOIINE JOKaJIbHBIC TUIACTOBBIC TABJIICHUS, MOTYT OBITh HEOJWHAKOBBIMH BCIICIICTBHE
pa3HOM CTENeHU BIPAaOOTAHHOCTH YYACTKOB IIACTA, €r0 HEOAHOPOJIHOCTH, IPEPHIBUCTOCTH U Psiia
Apyrux npuuuH. Ilo3TOMy HCHONB3YIOT NOHSTHE CpPEOHEro IacToBoro nasieHus. CpenHee
IUTACTOBOE JaBjicHHE PCp BBIYUCIAIOT IO 3aMepaM CTaTHYeCKUX JaBicHWd Pi B OTACIBHBIX
CKBa)KMHAX.

CpenHee apI/I(I)MeTI/I‘IeCKOG JaBJICHHUC U3 M I/ISMCpeHI/Iﬁ 10 OTACIBHBIM CKBa’)KMHaM

? m (1.1)
9Ta BEeIMYMHA HETOYHO XapaKTEPU3yECT UCTUHHOC CPCAHCHUHTEIPAJIBHOC IIJIACTOBOC NaBJICHUC
" MOXKCET OT HCTO CUJIBHO OTJIMYAaTbCs, HAIPUMCED, I[IPU I'PYHIIUPOBKE CKBAKUH B OI[HOI71 Kakoii-mmoo
YJacTHu 3aJICKH.

CpeI[HeBBBCIHeHHOC IO IIToIiaau 1miacToBOC AaBJICHUC

Zn:Pifi
cp :1n—

2f

[ (1.2)

P

rae fi - mmomane, mpuxomsmiascs Ha i-I0 CKBakuHY, Pi - craTtmdeckoe maBieHue B 1-i
CKBQ)XHHE, N - YHCJO CKBAKUH.
OTO JAaBJ€HHE TMOJHEE XapaKTepU3yeT HHEPreTUYECKOe COCTOSHME I1IacTa, OJHAKO HE

YUUTBIBACT TOr0, 4TO TOJIIMHA INJIaCTa Ha PA3JIMYHBIX Y4YaCTKaX pasjin4dHa. HOBTOMY BBOAUTCS
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MOHSTHE O CPEJAHEB3BEUICHHOM MO0 00bEMY IJIACTOBOM JAaBiieHWU. CpelHEeB3BEIICHHOE 110 00BheMY
IUIacTa JaBJIEHUE YUUTHIBAET HE TOJBKO Miomaab fi, Mpuxoasmyocs Ha KaKIYI0 CKBaXXHUHY, HO U

cpeaHioro ToyMay miacta hi B paifone ckBakunbl. Takum o0pazom,

SP.fh,
_ 1

cp n

P

1 (1.3)

CpenHee miacToBOE MABICHUE OINPEACISIOT MO KapTam u300ap (JIMHUN paBHBIX JTaBJICHUN).
s 3TOr0 M3MEpSIIOT IUIAaHUMETPOM IUIOUIab MEXAY KaKIbIMU JBYMS COCETHHUMH H300apami,
pPacCUUTHIBAIOT Cpe/IHEee MIACTOBOE JaBJICHHE Ha ATOM IJIOLIAAH, KaK cpeHee apu)MEeTHUECKOE U3
3HAYeHUH JaBIICHUH NByX COCETHHMX H300ap, W, YMHOXKas €ro Ha IUIOLIaJb MEXIy H300apami,
cyMMupytoT. OOIIyt0 CyMMy AENST Ha CyMMAapHYIO IUIONIaNb, B TpeAesiaX KOTOPOH MPOBOIUTCS
BbluncieHue. OnpeneneHHoe TakuM 00pa3oM cpejHee JaBlIEHHE HUYEM HE OTIMYaeTcs OT TOro,
KoTopoe nosrydaercs 1o (1.2), u Takxke SBJISETCS CPEIHEB3BEIICHHBIM I10 TUIOIIA Y.

Ecnu Ha kapTty m300ap HalOXUTh KapTy MOJEH paBHBIX TOJNIIUH, TO CpEeJHEE IIACTOBOE
JTaBJICHHE MOYKHO BBIYMCIIUTH KaK CpPEJAHEB3BELICHHOE 10 00beMy IUIacTa, UCHOJB3Ys (POpMyiTy
(1.3). B atoMm cayuae fi - 9acTh iomaau MexIy ABYMsl H300apaMu ¢ OAMHAKOBBIMHU TOJIITAHAMHU
hi, Pi - cpennee naBineHue Mexy AByMs M3o0apaMu. ITOT crocod naet Hanbosee 0OBEKTUBHYIO

OLCHKY CPCAHCTO IMJIAaCTOBOI'0 AAaBJICHUS.

IlnacToBoe 1aBJ/ieHHE B 30He HATHETAHUS U 0TOOpPa

[Tpu moaaep aHUM TUIACTOBOTO JaBIICHHUS BOAY 3aKayMBAIOT B HarHETaTeNIbHbIE CKBAYKUHBI,
KOTOpbIE pacroyiaraloT psaamMu. B 30Hax pacnoyioKeHusi HarHeTaTeIbHbIX CKBAXKHH B IUIACTE
CO3/a€eTcs MOBBIIIEHHOE AaBiieHue. [l XapaKTepUCTHKHU MPOLIecca HarHETaHUs U KOHTPOJIS 32 €ro
JTUHAMHUKOM TMOJIB3YIOTCS MOHSITHEM IUIACTOBOTO JaBlieHUS B 30He HarHeTaHus. C ATOW LI€TbIO0 Ha
KapTe n300ap BBIACISIOT PaiioH pa3MelIeHHs] HarHeTaTeIbHBIX CKBAKUH,0KpYKasi UX XapaKTepHOU
n300apoii, UMeEIoIIeH, HallpuMep, 3HAUCHHE TIEPBOHAYAILHOTO TIACTOBOTO JaBieHHs. B mpemenax
9TOW W300apbl W OMNPENEISAIOT IUIACTOBBIC MJABJICHUS, KaK CPEAHEB3BEIICHHBIC 110 TUIOMIAJIH,
ucrnosb3ys hopmyiy (2.2), uiu Kak CpeaHEB3BEIICHHBIC M0 00beMy, UCTIONB3ys hopmyny (2.3) u
JOTIOTHUTEIBHO KapTy MOJIeH PaBHBIX TOJIIUH.

3a mpexenamMu IUIOIIAAU, OTPAaHUYCHHOM XapakTepHOM u300apoil, T. €. B pailoHe
TOOBIBAIOIMINX CKBAXHH, TAKXKe OMPEICNIIOT CpeIHee IIaCTOBOE [aBJICHHE OJHUM W3 TpeX
Ha3BaHHBIX METOJOB M Ha3bIBAIOT €ro IJIACTOBBIM JIaBJIICHHUEM B 30HE oTOOpa. Bo Bcex ciywasix

MMPEANIOUYTUTCIIBHEE TIJIACTOBOC AAaBJICHUEC OMPCACIIATh KaK CPCAHEB3BCIICHHOC 10 O6’B€My rjacra.
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HavanbHoe n Tekyliee IJ1acToBOe JaBJICHHE

CpenHee miacToBOE JaBJIEHUE, ONpPENEIEHHOE IO TPYIIe pa3BeJIOYHBIX CKBaXXUH B CaMOM
Hauase pa3paboTKH, HA3bIBACTCS HAYAIBHBIM TUIACTOBBIM JaBICHUEM.

B nponecce pa3paboTku M OSKCIUTyaTallud IUIaCTOBOE JAaBlieHHE MeHsercs. JluHamuka
IUTACTOBOTO JABJICHUS SBISETCA Ba)KHEHIIMM HMCTOYHMKOM HH(OPMALMU O COCTOSIHUM OOBEKTa
sKkcrutyatauuu. IloaToMy B pas3inuuHble MOMEHTHI BPEMEHHM OIPENENSAIOT CpeaHee IUIacTOBOE
JIaBJIEHUE M CTPOSAT rpa)ku M3MEHEHUS HTOTO JaBJICHUS BO BPEMEHH. DTO JABJICHUE HA3bIBAIOT

TCKYIIHUM ITIJIACTOBBIM OABJICHUCM.

IIpuBeneHHoe naBaeHHe

st OOBEKTUBHOW OIEHKU 3a00WHBIX IABICHUNW W BO3MOXXHOCTH WX CPABHEHHSI BBOJUTCS
MOHSATHE TIPHUBEACHHOTO JaBJIeHHs. VI3MepeHHbIe WM BBIYUCICHHbIE 3a00WHBIC J1aBJICHUS
MPUBOAATCS (NMIEPECUUTHIBAIOTCS) K YCIOBHON TOPHU30HTAIBHOM TJIOCKOCTH, KOTOPOH MOXKET OBITH

IMpuHATa J100as MIOCKOCTD B npeaciiax 3ajIcixu, a0bCcoJIIoTHasT OTMETKA KOTOpOﬁ HU3BCCTHA.

cnll f cxll 2

Puc. 1.1. CxeMa HakJIOHHOrO Iu1acta: 1- BOAOHACKIIIEHHAS YacTh I1JaCTa;

2 - mepBOHAYAIBHBIA KOHTAKT; 3 - He()TeHACHIIIICHHAS YacTh; 4 - TUIOCKOCTh MPUBEICHUS

OOBIYHO 3a TUIOCKOCTh TPUBEACHUS NPUHUMAIOT IUIOCKOCTh, MPOXOJSIIYI0 uepe3
MIEPBOHAYAILHBI BOJOHE(PTSIHOW KOHTAKT, aOCOJIFOTHAsE OTMETKAa KOTOPOTO ONpENeNsieTCs Tpu
pa3Beake MecTopoxacHus. Eciu 3a00M CKBaKWH COOOIIAIOTCS Yepe3 MPOHUIAEMBIN IIACT, TO B
HUX yCTaHABIMBAIOTCS OJMHAKOBHIE MPUBEICHHBIC CTATUYECKUE JABJICHUS.

[IpuBenennoe nasienue (puc. 1.1) B cks. 1

P, =P, +p, g Ah,,

a IpUBEACHHOE JIaBJICHUE B CKB. 2 OyaeT

P,=P, +p, g-Ah,,

Px - TUIOTHOCTh HE(THU B IJIACTOBBIX YCJIOBHSX; g - YCKOpeHHEe Cuibl TshkecTd; Ahj, Ah; -
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PA3HOCTH THIICOMETPUUECKUX OTMETOK 3a00€B CKB. 1, 2 ¥ MJIOCKOCTH MPUBEICHUSI.
Ecnu BogoHepTHOM KOHTAKT MOIHSIICS Ha Az, a TNIOCKOCTh MPUBEACHHSI OCTANACh MPEXKHEH,

TO MPUBCIACHHBIC NABJICHUSA

P, =P, +p,-g-Ah +p, -g-Az,

IS CKB. 1

JUIS CKB. 2 P,=P, +p, g -Ah, +p, g-Az,

3nece Ahy m Ah, - pa3HOCTP OTMETOK 3a00€B CKBRXMH W TEKYIEro IOJOXKECHHUS
BOJIOHE(DTSHOTO KOHTAKTA; Py - INIOTHOCTD BOJIBI B TUTACTOBBIX YCIIOBHUSX.

Kpome nepeuncieHHbIX JaBIeHUH HE0OOX0MMO 3HAThH TAaKXKe AABJICHUS HA JIMHUN HarHETaHUS

U Ha JNHHUHU 0T60pa. Onpez[eneHI/Ie 3TUX MOHSATHUH 6y,HCT JaHO B 3 rimaBe IIpU HU3JIO0KECHUHU MCTOAOB

nozmepn(aHmI I1aCTOBOT'O JAaBJICHUS.
IIpUTOK KMAKOCTH K CKBAKMHE

[TpuTOK KHMIKOCTH, Ta3a, BOJABI HIM MX CMECEH K CKBRXMHAM IPOUCXOIUT B pE3yJbTaTe
YCTaHOBJICHHsI Ha 3a00¢ CKBaKWH JIaBJICHUS MCHBIIETO, YeM B MPOJYKTHBHOM Iuiacte. TeucHue
KHUJIKOCTH K CKBa)XMHAM MCKIIOYMTEIBHO CIIOKHO M HE BCerla mojamaetcs pacyery. Jluib mpu
TCOMETPUYCCKH TPABUIBHOM Pa3MEIICHUH CKBaXHH (JIMHCHHBIC WIIM KOJIBICBBIC PAIBI CKBAKUH H
NpaBUIBHBIC CETKH), a TAKXKE TPHU Psijie TOMYyIIEHUH (TOCTOSHCTBO TOJIIWHBI, MPOHUIIAEMOCTH U
JIPYTUX TMapaMeTPOB) YAAeTCsl aHATUTUYECKH PACCUMTATh NEOHWTHI STHX CKBaXHH MPH 33aJaHHBIX
JIABJICHUSX HA 3a00sX WM, HA00OpOT, pacCUMTaTh NABJICHUE MPH 3aJaHHBIX neOutax. OgHAKO
BOJIM3M KaXJOW CKBaXWHBI B OJHOPOJHOM IUIACTEC TCUCHHE >KUIAKOCTH CTAHOBUTCS OJU3KUM K
pagdaibHOMY. TO TMO3BOJISET IMHPOKO KCIOIB30BaTh JJIS PAcuyeTOB pAAHATIbHYIO CXEMY
buapTparym.

CkopocTh (QuiIbTpalu, corjacHo 3akoHy Jlapcu, 3amucanHoMy B nud¢epeHIaIbHON
dbopme, orpenenseTcs CIeayonUM 00pa3oM:

k dp
podr (1.4)

rze k - npoHuIaeMocTh II1acTa;

V=

W - IMHAMHYECKasl BI3KOCTD;

dp/dr - rpagueHT naBieHus BAOIb paauyca (JIMHUU TOKA).

[To Bcem nWHUSM TOKa TeueHUE OyAeT OAMHAaKOBOe. J[pyrumMu cioBamu, TEepeMEHHBIE,
KOTOPBIMH SIBJISIFOTCSI CKOPOCTh (MIIBTPAIIMM W TPAJAWCHT JABJICHHS, NMPU W3MCHCHUU YTIIOBOU
KOOPJMHATHI (B CJIydae OJTHOPOJJHOTO IUIACTa) OCTAaHYTCS HEU3MEHEHHBIMH, UTO TIO3BOJISIET OIICHUTH

00BEMHBIH pacxoa XKUIAKOCTHU ( KaK IMPOU3BEACHUEC CKOPOCTH (1)I/IJ'IBTpaI_II/II/I Ha 1j1omaigb CCUCHHA
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miacta. B kauecTBe 1uiomiaam MOXET OBITh B3sATa IUIOMIAAb ceueHus uuiauHapa 27arh
MIPOU3BOJIBHOTO pajnyca I, IPOBEACHHOIO U3 LIEHTPa CKBaXXUHBIL, rAe h - neficTBUTENnbHAs TOIIIMHA
T1acTa, Yepe3 KOTOPBIA MPOUCXOAUT (PUITBTPALIUS.

Torma

q=2nrhv= —27trhE .dp

wodr (1.5)

— =Eg.
O603naunm M

B oOuiem ciayyae mpeanosioxkum, 4To € - TUAPONPOBOIHOCTD - U3MEHSIETCS BJOJb pajuyca I,
HO TakK, YTO Ha OJMHAKOBBIX PACCTOSHHUSAX OT OCHU CKBa)KMHBI BJIOJIb JTFOOOT0 pajnyca BETUUYHMHBI €
OJIMHAKOBBIE. DTO ClTydall TaK Ha3bIBAEMOW KOJIBIIEBOW HEOTHOPOJIHOCTH.

[Tpenmonioxum, 9TO € 33aJaHO B BUJIE U3BECTHOU (DyHKIIUU paauyca, T. €.

e

H . (1.6)

Bogs (1.6) B (1.5) u pa3nenuB nepeMeHHbIC, TTOTYYUM
dr _2m dp

re(r) q (1.7)

Huddepennmansaoe ypaBHenue (1.7) ¢ pas3aeneHHBIMH TIEPEMEHHBIMH MOXET OBIThH
MIPOMHTETPUPOBAHO, €CcI 3aaHa GyHKIMS €(1). B yacTHOCTH, eciu TUAPOIPOBOAHOCTH HE 3aBHCHUT
OT pajauyca U MocTosiHHa, TO (1.7) JIeTko UHTEeTpUpyeTCcs B Tpeaenax obgacTu GpuibTpanuu, T. €. OT
CTEHOK CKBaXHHBI IC C JaBieHHeM Pc 1o BHemHed OKpy»)HOcTH Rk, Ha3pIBaeMOil KOHTYpOM

NUTaHUS, Ha KOTOPOM CYILIECTBYET MOCTOSTHHOE naBieHue Px. Takum o6pazom,

R P
< dr 2n f
o
pre(m o q g (1.8)
[Tpu € = const OyieM UMeEThH
l'(lnl{K_lnrc)zﬁ'(PK_Pc)
€ q : (1.9)

Pemas (1.9) oTHOCHTENBHO , MOJYYUM KIIACCHUYECKYIO (hOpMYJy MPUTOKA K LEHTPabHOU

CKBA)KMHC B KPYIrOBOM OJHOPOAHOM ILIACTC:
In(R,/r,) (1.10)
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Ecmm (1.8) mpouHTerpupoBath MpH TMEPEMEHHBIX BEPXHHX Mpeaenax r u P, To moiydum

bopMyITy A7 pacnipesieseHus 1aBICHUS BOKPYT CKBaXKHHBI:

oo f
S (1.11)

Ilocne HHTCIPpUPOBAHUA, IIOACTAHOBKH NIPCACIIOB U aJ'IFe6paI/I‘leCKI/IX npeo6pa30BaHI/H71 HMECEM
1 r 2m

~In—="".(P-P,)

& L q : (1.12)

Pemas ypaBuenue otHocutenbHO p(r) u moxactarisas (1.10) B (1.12), momyyum ypaBHEHHE

pacnpeaciicHus JaBJICHHUA BOKPYT CKBAXKWHBI:

T
In—
P(r)=P, + (P, —PC)-;"
In

K

I, (1.13)

Ecau B (28) B KaQ4YE€CTBC IICPEMCHHBIX MTPCACIOB IIPUHATH HC BEPXHUC, d HUIKHUC TIPCACIIbI, TO

BBIpa)KEHHE JIJIs1 P(r) MOKHO 3alKCaTh B IPYTOM BUJIE:

In R,

P(r)=P - (P, -P ) T
lnRK

L. (1.14)

IToncraBnss B (1.13) mnm (1.14) R¢ BMecTo nmepemenHoro paauyca r, nonydum P(Ry) = Py ;
IPU I = I'; IMEEM JPYTroe rPaHUYHOE yCIIOBHUE:!

P(r.) = Pc.

Takum oOpasom, rpaHuuHble ycrnoBus BeimonHsooTcs. M3 (1.13) u (1.14) crenmyer, uto
byukuus P(r) sBnsercs norapuMudeckoi, T. €. JaBIeHUE BOJM3HU CTEHOK CKBaKUHBI H3MEHSETCS
CWJIBHO, @ Ha YJaJC€HHOM pacCTOSHUU - cjabo. DTO OOBICHSAETCS YBEIWYEHHEM CKOpPOCTEH
(GuibTpanuy Npu NpUOIMKEHUN CTPYEK TOKA K CTEHKaM CKBa)KMHBI, HA YTO pacxoayeTcs OOJIbIIni
nepenaj AaBJICHHUS.

PaccmoTrpuM citydail paauaabHOTO NMPUTOKA B CKBAXKMHY IIPU IIPOU3BOJIBHO M3MEHSIOIICHCS
BJI0JIb Pailyca THIPOIPOBOAHOCTH.

[TpounTterpupyem B (1.8) mpaBy1o 4acTh ¥ MEPEIHILIEM PE3YIbTAT CICTYIONTUM 00pa3oM:
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2n-(P-P,)
9= g, |
dr
i, 1) (1.15)
[TogsiaTErpasbHAS (HYHKIIHS
1
y(r)=—-—
re(r) | (1.16)

MOJKET OBITh MMOCTPOCHA TPaPUUECKHU 1O 3aJaHHBIM 3HAYCHUSIM € JUUISl Pa3JIUUHBIX PAJHyCOB H
MPOMHTETPUPOBAHA B MpeAeNiaX OT I, 10 Ry MFOOBIM METOAOM NpPUOIMKEHHOTO WHTETPUPOBAHUS
WJIM U3MEpPEHUEM TTITAaHUMETPOM IUIOIIAIN IO KPUBOM y(I) B 3aIaHHBIX Mpeesax.

B HeKoTOpBIX ciydasx JOOBIBAIONIAs CKBA)XWHA JPEHUPYET OJHOBPEMEHHO HECKOJIBKO
NPOIUIACTKOB C PA3JIMYHBIMH TPOHHUIIAEMOCTSIMH, TOJIIMHAMHU, BS3KOCTAMHU HE(PTH, a TaKKe
TUTACTOBBIMH AaBiieHUssMH. OHAKO MPUTOK B TAKOH CIOKHOH cucTeMe OyneT MPOMCXOAUTH TMpHU
OJIMHAKOBOM 3a00MHOM JaBJICHUHU (MIpUBEIECHHOM). [Ipu 3TOM HEKOTOpPBIE MPOIUIACTKU ¢ MEHBIIUM
IJ1aCTOBBIM AaBJICHHUEM, UEM Ha 33606 CKBa’>XHHBI, CHOCO6HBI IIorJjiomniaTb XUJAKOCTbD. B J'IIO60M
ciaydae OOIIMH MPUTOK TAaKOrO0 MHOTOCIOWHOTrO Iwiacta OyJeT paBeH aiareOpanvyeckoil cymMme

IIPUTOKOB U3 KAXKA0I'O MPOIIIACTKaA:

q=q, +qy +..+q, =.q;
1 (1.17)

@opMyJibl pAIMAIBHOTO TPUTOKA, BCIEACTBUE HMX MPOCTOTHI, YacTO HCMOJb3YIOTCS B
WH)XCHEPHBIX pacueTax. [Ipy 3TOM MOrpenHoCTH B OLIEHKE UCXOHBIX MMapaMeTpoB, TakuXx Kak k, h,
n, (Px - P.), HemocpeACTBEHHO BIMSIOT Ha BeduuuHy (. UTo kacaercss BenuuuH Ry u 1, TO,
MIOCKOJIbKY OHH HAaXOJSATCS TIOJ] 3HAKOM Jorapu(ma, B OTHONICHHH HX JOIMYCTHMBI 3HAYHTEIHHBIC
MOTPEIIHOCTH.

[Mpumep. omyctum rictuHHOe 3HaueHne Rk = 100 M, a B pacueTe no ommdke ObUIO TPUHATO
Rk =1000 m, 1. e. mommymiena 10-kpaTHast ommbka. Toraa UCTUHHBIA TPUTOK

0 = 2nkh - (P, —P,)

HCT
u-In(100/0,1) (1.18)

rae ro = 0,1 m.
PacueTHbIN MPUTOK
_ 2nxh - (PK -P,)
et = 1n(1000/0,1) (1.19)

CpaBHeHue MPOU3BOAUM IPU MPOUYUX PABHBIX yCIoBUsAX, Aens (1.18) Ha (1.19):
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Qyer _ In(10000)
In(1000)

qpacq

4
3 . (1.20)

OTKyna qpacu = 3/4 Quer. T. €. pacueTHsIi 1e0UT OyIeT cOCTaBIATh 75% UCTUHHOTO AecOuTa.

[Tpu mpumeHeHUU (HOPMYIBI PaIuaIbHOTO MPUTOKA JUIsI CKBAKHHBI, PACIIOJIOKCHHON Cpen
JIPYTUX TOOBIBAIONIMX CKBAXKWH, 32 RK MPUHUMAIOT TIOJIOBUHY PACCTOSIHUS IO COCETHUX CKBAKHH
WIN CPETHEB3BEIICHHYIO TI0 YIJIy BEIUYMHY 3TOr0 paccTosiHus. DopMynia paguaibHOrO MPUTOKA
4aCcTO UCTIONB3YETCS IS ONPEIeTICHHSI TUAPOTIPOBOTHOCTH 10 U3BECTHBIM JCOUTY U JABICHUSM.

[Tockonmbky (OpMYIBI ONMUCHIBAIOT pPaTUAIBHYI0 (QHIBTPAMIO B IHIACTe, TO B HHX
HEOOXOIMMO TIOJICTABIATh 3HAYCHHUE BSI3KOCTH HE(TH TPHU IUIACTOBBIX YCIOBHSIX, TO €CTh NpPH
IUTACTOBBIX TEMIIEPAType M JAaBICHHH C YYETOM COOTBETCTBYIOIIECTO KOJUYECTBA PACTBOPEHHOTO
ra3a. Beruncnenusiii 1e0UT q (0OBEMHBIN PacXo]l KUAKOCTH) TAKXKE IMOIYYaeTCs MPHU IIACTOBBIX
ycioBusx. Jlns mepeBoja jaeOuTa K HOPMAIBHBIM TTOBEPXHOCTHBIM YCIIOBHSIM HEOOXOIUMO

BBIYHMCIICHHBIN JEOUT pa3nenuTh Ha 00beMHBINH KOA(DPHUITMEHT TIACTOBOM KUIAKOCTH.

1.2.MexaHu3M HCIO0JIb30BAHUSA IIACTOBOM YHEPIrUU NPH A00bIYe HePTH

KuznkocTs M3 miacta B CKBaXHMHY IOCTYyHaeT MOJ JACHCTBHEM IEpenaaa AaBICHHUS MEXITy
IUIACTOM M 3a00eM CKBa)kKMHBI. [[03TOMY I1acTOBOE JaBJIEHHE - OCHOBHOM (DaKTOp, OMPEEIIAIOINN
TEKyIllee PHEPreTUYEeCKOe COCTOSIHME 3aleku. TouHee, clieqyeT TOBOPUTH He 00 aOCOIOTHOM
BEJIMUMHE ATOTO MapaMmerpa, a 00 ero COOTHOILIEHUH ¢ HOPMajbHBIM IUIACTOBBIM JIaBICHHEM Ha
riyOuHe 3ajeraHus JaHHOW 3ajieKd, KOTOPOE PAaBHO AABICHHUIO CTOJIOA BOJBI PAaBHOM BBICOTHI.
Paznuuator 3anexu, y KOTOPHIX HayaJbHOE IUIACTOBOE JAaBJICHHUE IPEBBIIIAET 3Ty BEIUYUHY
(aHOMaNbHO-BBICOKOE TuIacToBoe maBineHue - ABIIJ) m 3amexxu ¢ Oojee HU3KHUM HadalbHBIM
JaBJieHHeM (aHOMaJbHO HU3KOe TutacToBoe naBienue - AHITL).

AHOMaJIMM HAYaJbHOTO IUIACTOBOTO JABJICHUS ONPEACISAIOTCS pa3IMYHBIMU MPUYMHAMH, B
OCHOBHOM TE€OJIOTUYECKOTO XapakTepa. AHAJIW3 [aHHBIX MO OOJBIIOMY YHCITY HEPTIHBIX
MECTOPOXKIACHUM TsDKENbIX HedTel MoKaszal, 4TO CYIIECTBYeT KOPPENSIHOHHAS 3aBUCHUMOCTH
MEXy YACIbHBIM BecOM (COAEpKaHMEM TSKEIbIX KOMIIOHEHTOB B He(dTH) U KOA(PPUIIUEHTOM
QHOMAJILHO BBICOKOI'O IUIACTOBOTO JABJIEHHUS, KOTOPbIM paBeH oTHoweHuio ABIIJl B 3anexu k
HOpMaJbHOMY IUIACTOBOMY JIaBJICHHIO HA COOTBETCTBYyIOUIeW riyOuHe. MMeHHO, ¢ pocToM
yACIBHOTO Beca HeTH HAOMIOAACTCS TCHACHIMS K yBEIUYCHHIO KOd(dduImeHTa aHOMaJIbHOCTH.
TakuMm 00pa3oM, 1Mo cocTaBy HE(TH, OMpenesIeMOMY MO YCThEBBIM 3aMepaM, MOXKHO OILIEHHWBATh
ABIIJI B 3amexu.

Jpyras npu4rHa TPOSIBICHHS] aHOMAJILHOTO TTACTOBOTO JJABJIICHUSI MOXKET OBITh 00yCIIOBIIEHA
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0COOEHHOCTSIMHU THUAPOCTATUKH PAa3HOIUIOTHBIX kHUJIKOCcTeH. IlycTh, Hanpumep, KpoBist HE(PTIHOIO
riacta Haxoautcsa Ha riayouHe 1000 M, BomoHedTsSHOM KOHTAKT - Ha riyouHe 2000 M, a HIKHSSA
rpaHuia BogHOW obnactu - Ha TmyOuHe 3000 M. Tak kak maBleHUE B MJIACTaX PaCHpEeNsieTCs Mo
THJIPOCTATUYECKOMY 3aKOHY B COOTBETCTBHUHU C YAETBHBIM BeCOM BOJbI, TO Ha riryomHe 3000 m
macToBoe AaBieHue papHo mpumepHo 30 MIla, Ha oTMeTke BogoHedTssHOTO KOHTakTa - 20 MIla.
Eciu mpuHSTH yaebHbli Bec HedTH 800 Kr/M°, TO Ha KpOBJe HE(pTAHOrO MIacTa JaBICHHE OyeT
pasHo 20 - 8 = 12 MIla, B TO BpeMsl Kak HOpMaJIbHOE IIACTOBOE JIaBJICHUE Ha 3TOW IIyOWHE paBHO
10 MITa, T. e. ko3 punmeHT anomansHOCTH paBeH 1,2. [Ipu HanMYuM Ta30BOW HIANKH 3TOT P (HEeKT
OyZeT cyliecTBEeHHbIN. MOXXHO pemars 1 00paTHYIO 33ady - 0 ONpPEeAEICHHOMY paclpeieleHUI0
JIaBJICHUS 110 TIIyOMHE OLEHUBATH MOJI0KEHNE BOJOHE(PTIHOIO KOHTAKTA.

Paznunuaror JABa THUIIA UICTOYHHKOB MJ1aCTOBOM OHCPIHUU - CCTCCTBCHHBIC U UCKYCCTBCHHEIC. K

€CTECTBEHHBIM HMCTOYHUKAM OTHOCATCSI YMPYTOCThb IUIACTOBOM CHUCTEMBI, HANoOp IUIACTOBBIX BOJ,
HaJu4re CBOOOJHOTO Ta3a (B BHUAC Ta30BOM IIANKW), SHEPIrHs PACTBOPEHHOTO Trasa, Harop
00yCIOBICHHBIN cuiol TsbkecTu. [1macToBYIO0 PHEPrHI0 MOXKHO TMOAAEPKUBATh HCKYCCTBEHHBIM
CrocoOOM - 3aKauKoW B TUIACT BOJBI, TIapa WX Ta3a. B 3aBHCHMOCTH OT TOTO, KaKOW MCTOYHUK
MJIACTOBOM AHEPTrUU mpeodianaet, GopMUpyeTcs ONnpeaeIeHHbIN PexXuM pa3paboTku. PaccmoTrpum
MOCJIEA0BATEIBHO KaXIbIM U3 3TUX PEKHUMOB.

B HavanmbHOM COCTOSIHMM IIJIaCTOBAasi CHUCTEMA, MOJ KOTOPOM IMOHUMAETCS BMEUIAlOUIUN
KOJUIEKTOp, He(TsHAas 4acTh M KOHTAKTUPYIOUIUI C HeW BOJOHOCHBIM OaccelH, HAaXOIUTCS B
CKaTOM COCTOSIHHH, OTIPEAENIEMOM HadallbHbIM IJIACTOBBIM JaBieHueM. OToop HedTH U3 3anexu
NPUBOAUT K CHUKCHHUIO TaM JaBJIEHUS, B PE3YJbTaTe YEro MPOUCXOIUT PACHIMPEHHE YaCTHI]
Mopojibl, HEPTH U BOJABI. A 5TO, B CBOIO O4Yepe/lb, YMCHBIIACT IMaJICHUE TUIACTOBOTO JIaBJICHHS.
Takum o6pa3om, B mporiecce pa3pabOoTKy HavyallbHas yIpyTas SHEPTUs CKATHUS TIIACTOBON CUCTEMBI
yMeHbInaercsi. Meroa pa3paboTKu HEPTSHOTO MECTOPOXKIACHHS, OCHOBAHHBIM HAa HCIIOIH30BAHHUH
3amaca YMNpyrod SHEPTUM IUIACTOBOM CHUCTEMBI, HA3bIBAETCS pa3pa0OTKOM Ha ECTECTBEHHOM

pexuMe.

1.3.ACTOYHNKH ¥ XapaAKTEePUCTUKH IUIACTOBOI IHEPIrUHU

JHeprusi — d5T0 (pu3MUecKas BENWYHMHA, OIPEIENAIONIasi CIIOCOOHOCTh TEJ COBEPIIAThH
paborty. Pabora, mpuMeHHTENbHO K He(Tea00bIue, MPEACTABIACTCA KaK Pa3HOCTh DHEPTUN WU
OCBOOOMBIIASCS JHEPTrHsi, HEOOXOoAuMMas sl MepeMelieHus HedTH B IUIACTE W JAJbIIC Ha
IMMOBCPXHOCTD. Paznugyaem CCTCCTBCHHYIO U B ClIy4ac BBOJa U3BHC, C MIOBECPXHOCTU UCKYCCTBCHHYIO
IJ1aCTOBBIC SHCPTHU. Ouu BBIPpAXKAIOTCA B BUAC HOTCHHI/I&HLHOﬁ OHCPIUH KaK SHEPIruu MOJIOKCHUA

U DHEpPIruu ynpyrou nedopmanuu.
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HOTeHHHaJIBHaﬂ IHEPIrus MOJOKECHHUA:
E,=Mgh, (121

rac M — macca Tena (HHaCTOBOﬁ WM 3aKauuBaeMoil ¢ MMOBCPXHOCTHU BOIHI, He(bTH, CBO6OI[HOFO

rasa); & — ycKOpeHHE CBOOOJHOTO TajeHus; / — BBLICOTA, HA KOTOPYIO MOJHATO TENO IO
CPaBHEHHMIO C TPOW3BOJIBHO BHIOpAHHOW IUIOCKOCTHIO Hauana oOTcueTa (Uil KUAKUX Tl ATO

TUAPOCTATUYECKUMA HATIOP).

IMockonsky macca tena M =V P, pgh,, =p , TO DHEPI'Usl TIOJIOKEHUS PaBHA MPOU3BEICHUIO

oobema tena ¥ Ha co3maBaemoe naBienue P :

E, =Vpgh, =Vp (122

2

rae £ — 1IoTHOCTH Tena. To ecTh, YeM OoJIblile Macca Teja W BBICOTA €ro MOJOKEHHs (Harmop)

Wi 00beM Tella B co31aBacMoO€ UM JaBJICHUEC, TCEM OoubIIe MOTCHIMAJIbHAs SHCPIUs IOJIOKCHUS.

[ToTennuanbpHas SHEPTUA yOPYyTrod AedopManuu:

E, :PAI’ (1.23)
e P=pF CHIIa, paBHAs NPOM3BEACHMIO naBieHns P ma mnomans F; Al — numeiinas
nedopmarus (pacmupeHue).

Tak xak npupamenue oosema AV =FAl 1o

E,=pAV  (124)

[pupamenne o6vema AV npu ymnpyroit nedopManmy MOKHO ITIPEICTaBMTH, HCXOMIS W3
3akoHa ['yka, uepe3 00beMHbBIN KO (OUIIMEHT YIIPYTOCTH CPEIBL:
1 AV
VoA (1.25)

TO
E,=PVpAp (1.26)

CreoBaTenbHo, 4eM GOJIbIIe yIpyrocTh U 00beM V' cpensl (Boabl, He)TH, rasa, IIOPOILI),

JIABIICHHE 1 BO3MOKHOC CHIDKCHHE JaBIeHHs 2P, TeM GOlbIIe MOTCHIMANbHAS DHEPTHUsl YIpYyron

nedopmaruu. KomudecTBO miacToBOM BOABI U CBOOOJHOTO Ta3a OMNPEACISIeTCS COOTBETCTBEHHO
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pa3MepaMu BOJJOHOCHOM 00JIaCTH M Ta30BOM IIAINKH, @ KOJMYECTBO PACTBOPEHHOTO B HETH ra3a —

Vv

oobemMom HedtH “» u napnenweM Pn nacelmenns HepTH razoM (mo 3akoHy IeHpu) MiH

I

ra3ocofep:kaHueM (ra30HAChIIICHHOCThIO) TIUIACTOBOH HEDTH (0oOBEMHOE  KOJIMYECTBO

pPaCTBOPCHHOI'O rasa, U3MCPCEHHOI'0 B CTAHAAPTHBIX YCJIOBUAX, KOTOPOC COACPIKUTCA B CAUHHUIIC

o0BemMa mIIacToBor HEPTH):
Vz = appllVll = FOVH , (127)

rae ¥» — koo dHIEEHT pacTBOPUMOCTH ra3a B He(TH.

OTCIO,I[a CJlIeayeT, 4YT0 OCHOBHBIMU UCTOYHUKAMU MJIaCTOBOM 9HCPTHUHU CIYyXKart:

o SHEprus Harmopa (MOJIKEHHUS ) TIACTOBOU BOJBI (KOHTYPHOM, MOIOIIBEHHON);

. SHEPTHsI pacIIMPEHUs] CBOOOTHOTO Ta3a (Ta3a ra30BOM MIAIKH);

o SHEPTrusl pacUIMPEeHUs PaCTBOPEHHOTO B HE(TH rasa;

. SHEprus ynpyroctu (yrnpyrou aegopmanum) KuUaKkocTu (BoJibl, He()TH) U MOPOBI;
. 9HEprus Hamopa (MOJI0KEHUs) HEPTH.

DHEpPruu 3TUX BHUJOB MOTYT MPOSIBISATHCS B 3aJI€KU COBMECTHO, a SHEPrHs YNPyTroCTH
HedTH, BOJABI, MOpPOAbI HaOmrogaercs Bcerna. B HedTerasoBbx 3anexax B MPHUCBOJOBONM 4YacTh
AKTUBHYIO POJIb UTPAET SHEPTHsI Fa30BOM IIAINKH, a B IPUKOHTYPHBIX 30HAX — SHEPTHUs HAlopa WUin
YOPYTOCTH TUTACTOBOM BOABI. B 3aBHcHMOCTH OT Temma orOopa HedTH TOOBIBAIOIINE CKBAKUHBI,
pacToNIO’KEHHBIC BOJIM3W BHENTHETO KOHTypa HEPTCHOCHOCTH, MOTYT CO3/1aBaTh TaKOW
SKpaHHUPYIOMHA 3PQPEKT, MPH KOTOPOM B IICHTPE 3ICKH JCHCTBYET B OCHOBHOM DHEPTHs
pacmMpeHusl pacCTBOPEHHOI' 0 ra3a, a Ha nepudepun — 3Heprus Harmopa Wik yIpyrocTd IIacTOBOM

BOJBI U T.JI.

D¢ dexkTuBHOCTH pacxo0BaHUs MJIACTOBOW SHEPIHH, T.€. KOJUYECTBO MOIydaeMoi HedTH
Ha CQUHMIy YMCHBIICHHS €€ BEIUYMHBI, 3aBUCHT OT BUAAa W HAYAIBHBIX 3aIlacoOB JHEPTHH,

croco0oB 1 TeMIia 0Toopa HeTH.

Ha ocHOBaHNM M3710)KEHHOTO MOKHO CKa3aTh, YTO 3HAUYCHUE IIJIACTOBOM SHEPIUU 3aBUCUT OT
JABJICHUSI, YIPYTOCTH XHUIKOCTH (HE(TH, BOABI) U TOPOJIBI, Ta30COJEPKaHUsI, OOBEMOB BOJIBI H
ra3a, CBSI3aHHBIX C HEPTSIHON 3aIekKbI0. VICKyCCTBEHHAs SHEPTHsI BBOAUTCS B TUIACT MPH 3aKAYKe B

Har"€TaTCJIbHBIC CKBAXXMHBI BOJbI, I'a3a, Iapa U pa3JIM4HbIX paCTBOPOB.
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[TmacToBast SHeprusi pacXomyeTcs Ha IMPEOAOJICHHUE PA3HOTO pPOjAa CHII CONPOTHBIICHHS,

T'PaBUTAIUOHHBIX, KAIIWJUIAPHBIX CHJI IIpU IMEPEMCHICHUU HC(i)TI/I U TPOABIIACTCA B IIPOLICCCE

CHWXCHUA NAaBJICHUSA, CO3aHUA ACTIPCCCUHN Ha IJIACT-KOJIJICKTOP Ap (pa3HOCTI/I MCXKAY IJIaCTOBBIM

Pui y 3a60itabIM P> naBneHusMu).

1.4.Pexumpl pa3padoTku He(pTAHBIX MECTOPOKICHU I

OunbTpanus KUIAKOCTH IO IUIACTY K 3a00SM CKBOXMH - K TOYKaAM HauOoliee HHU3KOTO
JIABJICHUS OCYIIECTBIISIETCS 3a CUET IJIACTOBOM 3HEpruu. JKUAKOCTh MO ACHCTBHUEM IIJIACTOBOTO
JaBJICHHUSI HAXOAWUTCA B C)KaTOM COCTOSHMHM. B mpoliecce sKCIUTyaTallud MECTOPOXKICHHS, Kak
MPaBUIIO, MJIACTOBOE JaBlieHUe naaaeT. [loaToMy BakHO M3BJIE€YB 3amackl HEPTHU U3 MIIACTA, IO TOTO
KaK JIaBJICHUE CHU3UTCS U CTAaHET HEBO3MOXKHO TIOJITICPKUBATH HEOOXOAMMBIE JICTIPECCHH.

3a U3MEHEHHEM IUIACTOBOTO JIABJICHHS] MOCTOSHHO CIEAST W TPH OBICTPOM €r0 CHUKCHUU
NPUMEHSIOT HCKYCCTBEHHBIE METOAbl BO3JEWUCTBUS Ha 3ali€Xb MW, B YAaCTHOCTH, METObI
MOJJICPXKAHUS TIACTOBOTO JaBleHUs. TeMIT CHIDKEHHUS TUIACTOBOTO JABJICHHUS, XapaKTEPU3YIOIIEro
DHEPreTHYECKHUE PECYPCHI MIIACTA, 3aBUCUT OT TeMIIa 0TOOpa IIACTOBON XKUAKOCTU: He(TH, BOABI U
ra3a, KOTOpbIi OOYCIIOBJICH MPOCKTOM Pa3pabOTKH MECTOPOXKICHUS, U OT TOTO OCYIIECTBISCTCS
WIM HET MOJAJIepKaHKe TIACTOBOIO JAaBJICHUSA. JTO UCKYyCCTBeHHbIE (QakTopbl. C APyroil CTOpOHBI,
3arac IUIaCTOBOM SHEPruu, BEJIMYMHA HAYAIbHOTO IUIACTOBOTO JIABJICHHUS M TEMII €r0 CHIDKEHUS

3aBUCAT U OT NPUPOAHBIX - €ECTCCTBCHHBIX Q)aKTOpOBZ

- HaJIMYUs Ta30BOM INAIKH, YHEPTHUS PACHIMPEHUS KOTOPOW HCIOJIB3yeTcs MpH pa3paboTke
MECTOPOKICHUS;

. 3amaca ynpyrou SHEpruu B IUIACTOBOM CUCTEME;

. COJIep’KaHUsl PACTBOPEHHOTO B HE(TH rasza, SHEpPrusl pacHIMpPEHUs KOTOPOro MPHUBOIUT K

MEPEMEIIEHUIO TUIACTOBBIX JKUIKOCTEH U Ta30B K 32005M CKBAKUH;

. HaJIMYWs UCTOYHHKA PETYJIIPHOTO MUTaHHUS 00BheKTa pa3pabOTKU IUIACTOBOW 3aKOHTYPHOU
BOJIOM U MHTEHCUBHOCTH 3aMEIIEHHUS STOW BOJION M3BJIEKAEMOM U3 T1acTa HeTH;

. TPaBUTALMOHHOTO (haKTOpa, KOTOPBIA 3(P(HEKTUBHO MOMKET CIIOCOOCTBOBATH BBHITECHEHHIO
He(TH B TUIACTaX C OOJBIIUMH yTIaMU HaCHUsL.

[Tepeuncnennbie  (HAKTOPBI, OMPEHCISAIONINECS MPUPOJHBIMU  YCIOBUSMH, CBSI3aHBI C
npoueccoM (GOPMHUPOBAHUS MECTOPOXKIACHUS U HE 3aBUCAT OT TexHoJjiora. OHU U3 3TUX (HaKTOPOB
MOTYT UMETh OTPEACIISIONIYI0 POJIb B IIpoLieccax pa3paboTKu, Ipyrue MOAYUHEHHYIO POIb.

KanumisipHo-moBEepXHOCTHBIE CHIIBI 0COOCHHO CYIIECTBEHHBI B MOPUCTHIX Cpelax ¢ OONMBIION

YAEIBbHOU MOBEPXHOCTHIO CIIOCOOCTBYIOT, a Yallle TOPMO3AT (PUIbTPALMIO IIACTOBOM KMJIKOCTH U
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MO03TOMY B COBOKYIHOCTH C MEPEUHCICHHBIMU (DaKTOpamMH ONpeAessiioT HHTEHCUBHOCTh MPUTOKA
KUJKOCTHU K 32005IM CKBAXKHH.

COBOKYITHOCTB BCEX €CTECTBEHHBIX U MCKYCCTBEHHBIX (haKTOPOB, OMPEAEISAIOMINX MPOIECCHI,
IPOSIBIISIOIIMECS B MOPUCTOM IUIACTE MPU €ro JPEHUPOBAHMM CUCTEMON 3KCIUTyaTallMOHHBIX U

Har"€TaTCJIbHBIX CKBAXXWH, IPUHATO HAa3bIBATh PEXKHUMOM I1JIaCTa. BBI,Z[CJ'IHIOT IIATh PEKUMOB!

= BOJIOHATIOPHBIN (€CTECTBEHHBIN U UCKYCCTBEHHBIN),
- YNIpyTHid,

. ra30HAMOPHBIN (PEKUM Ta30BOM IIATIKH),

= PEXHUM PacTBOPEHHOIO rasa,

= IpaBUTALMOHHBIN.

OT npaBUJIBHOHN OLIGHKH pEeXHMMa IPEHUPOBAHUS 3aBUCAT TEXHOJIOTHYECKHE HOPMBI O0TOOpPA
KUJKOCTH M3 CKBaXXHUH, MpPENEIbHO JONYCTUMBbIE IUHAMHUYECKHE 3a00MHbIE NaBJIEHMS, BbIOOD
pac4eTHO-MAaTEMaTU4YECKOr0 ammapara Uis IPOTHO3UPOBAHMSA THAPOAMHAMMYECKHUX ITOKa3aTesacH
pa3paboTKu, ornpeneneHuss 00beMOB JOOBIYM JKUAKOCTH M Ta3a, pacyeTa Inpolecca 0OBOJHEHHUS
CKBaXXHH, a TAaKXKE M TEX MEPOINPUATUI MO BO3JCHCTBHIO HA 3aJI€XKb, KOTOPhIE HEOOXOIUMBI MIPU
pa3paboTKe AJIsl JOCTHKEHHUS MAaKCUMAJIbHO BO3MOXKHOTO KOHEYHOTO Kod(hduinenTa Hedreorjaun.

OnHako OIpEeNenuTh PEXUM 3alEKH HE BCETJa IPOCTO, TaK Kak B psANE CIy4acB MHOTHE
(baxTOpbl, ONpPEAEIAIONINE PEXUM, TPOSIBISIOTCS OJJHOBPEMEHHO.

PaccMoTpuM naeanu3upoBaHHBIE YCJIOBHSA, KOTJa TOT WM HWHOM DPEKUM MpOSIBISIETCA B
«YUCTOM BHUJE», T. €. KOIJIa M3MEHEHHs B 3aJIeXH B Tpolecce ee pa3paboTKu 0O0yCIIOBIICHBI
JEHCTBUEM TOJBKO OJIHOTO PEXKMMA, a MPOSBICHHE APYTUX PEXKUMOB JIMOO OTCYTCTBYET BOBCE,

100 CTOJIb HE3HAYUTEIHHO, YTO UM BO3MOXKHO TIPEHEOpEYb.
1.4.1. BoroHanopHblii pexxum

[Tpu 3ToM pexume GUIbTpanus HepTH TPOUCXOTUT MO JSHCTBUEM JaBJICHUS KPACBBIX WIIN
3aKOHTYPHBIX BOJ, UMEIOIIMX PETYJIIPHOE MUTaHUE (IIOMOJIHEHNE) C MOBEPXHOCTH 3a CUET TalIbIX
WIM JO0XKIEBBIX BOJ MJIM 3a CYET HEMPEPBIBHOM 3aKauKW BOJbI Y€pe3 CUCTEMY HArHETATENbHBIX
CKBa)KMH.

YcnoBue CyHICCTBOBaHNA BOJOHAIIOPHOI'O pCiKUMa
P LI > P Hac ,

rae P - cpennee miacToBoe qaBiieHUE, PHAcC - 1aBiieHUE HACHIICHUS.
[Ipu 5TOM yCI0BHM CBOOOJHOTO Ta3a B IJIACTE HET M (PHIBTPYETCS TONBKO HePTh MU HEPTH
¢ Bogou. [Iponunaemsrii mmact 2 (puc.l.2) obecredynBaeT THIPOJUHAMHYECKYIO CBSI3b 00IacTH

orbopa HeT 1 ¢ 00macThio MUTAHUS 3, KOTOPOH MOXKET CIIy)KUTh €CTECTBEHHBIH BOJJOEM - PYCIIO
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pexu. B pesynbrare mporeccoB CKIaIKo0Opa30BaHUS MOPUCTHIM U MPOHUIIAEMBIH TTACTHI MOTYT
MOJIYYHUTh BBIXOJl HA JTHEBHYIO TIOBEPXHOCTh B paiioHe, HAllpUMEp, PEYHOro pycia 3, u3 KOTOPOro
MIPOUCXOUT HETPEPhIBHAS MOANUTKA TUIACTa BOJIOHM Ipu oTOOpe HedTH uepe3 ckBakuHbl 4. [Tnact-
KOJUICKTOP JTOJDKEH UMETh JIOCTATOYHYIO MPOHHUIIAEMOCTh Ha BCEM MPOTSHKCHHUU OT 3aJICKU IO MECT
TOTJIONICHHMSI ITOBEPXHOCTHBIX BOA. DTO M 00YCJIOBIMBACT AKTUBHOCTD 3aKOHTYPHOH BOJIBI.

Kak mnpaBmio, 1iacToBoe IaBlIieHHE B IOJOOHBIX 3alie)kaxX PAaBHO THIPOCTATUYCCKOMY
JABJICHHUIO CTOJI0A BOJBI BHICOTOM, paBHOUM TIyOMHE 3ajeraHus racta. [lpuyem naBieHue mocie
HEKOTOPOTO CHWXCHHSI B HAYAIBHOW CTAaJIMU Pa3paOOTKH OCTACTCS B JAIBHEHUINEM MPAKTHYSCKU
MTOCTOSTHHBIM TIPH YCTAHOBJICHHBIX TeMIax 0TOOpa KUIKOCTH (2 - 8 % OT M3BJIEKAEMBIX 3aIacoB B
rom).

[Ipy BOMOHATIOPHOM pEXUME U3BJICUCHHE HEPTH COMPOBOKIAIOTCS €€ 3aMelleHHUEM
3aKOHTYPHOW WJIM HArHETaeMOW BOJIOW, YTO OOBICHICT JOCTATOYHO CTAOWIBHBIC BO BPEMCHH

IeOUTHI CKBAXKUH,

Puc. 1.2. Cxema reojaoruyeckux yciaoBUi CyIIeCTBOBAHUS

CCTCCTBCHHOT'O BOJOHAIIOPHOI'0 pCiKUMaA

MJIaCTOBOE JaBJjieHWE M ra3oBblid (hakTop. CTaOMIBLHOCTH Ta30BOro (hakTopa OOYCIOBICHO €IIe U
TeM, 4To npu Prut > PHac BblAeneHUs ra3a B IjacTe He NMPOUCXOAUT, MO3TOMY C KaKJOW TOHHOU
He(TH JOOBIBAIOT TOJBKO TO KOJMYECTBO Ia3a, KOTOpOoe ObLIO B HEH PacTBOPEHO MPH IUIACTOBBIX
ycnoBusax (puc. 1.3). OOBojHEHNE CKBa)KMHBI MPOMCXOIUT OTHOCHUTENBHO ObIcTpo. OJHAKO mpU
CHJIFHOW CIIOMCTOW HEOJHOPOJHOCTH IIacTa OOBOJHEHHWE CKBAKHH MOXKET PACTATHBATHCS BO
BPEMEHH, TaK KaK [0 XOPOLIO IPOHHUIIAEMBIM IIPOCIIOSAM IUIACTOBask BOJIa OBICTPO TOCTUTAET 3a00€B
CKBaXHH, a MO IUIOXO MPOHULAEMBIM - MeUIeHHO. IIpu BOJIOHAIIOPHOM pEXUME MPOUCXOAUT
JOCTaTO4YHO (PPEKTUBHOE BHITECHEHHE HE(PTH U TOCTUTAIOTCS HauboJiee BHICOKHE KO PUIIMEHTHI

He(TEOTJauH.
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Puc. 1.3. I3meHeHne BO BpEMEHU OCHOBHBIX

XapaKTCPUCTUK BOAOHAIIOPHOT'O PEKUMa

B oTimyme OT ecTecTBEHHOrO BOIOHATIOPHOTO PEXUMa MPU MCKYCCTBEHHOM HEIPEPBIBHBIN
Harop BOJbl, BBITECHSIOIIEH HEe(Th, CO3AIOT €€ HarHeTaHHEM C IOBEPXHOCTH 4Yepe3 CHUCTEMY
HarHeTaTeNbHbIX CKBAXHMH. B TakoMm ciydae IIacT-KOJJIEKTOpP HE 00s3aTEIbHO JOJIKEH UMETh
BBIXO/] Ha JHEBHYIO MIOBEPXHOCTb JUIS MOTYUYCHUS] HEMPEPHIBHOTO MTUTAHUS.

[Tpu BomOHAOPHOM peXMME KOJMYECTBO OTOOPAHHOW JKUAKOCTH M3 3alexH (HedTh, BOIA)
BCerJa pPAaBHO KOJIMYECTBY BTOpruieiics B 3aleXb 3aKOHTYPHOH BOJIbl B  IUIACTOBBIX
TEPMOIMHAMHUYECKUX YCIOBHUSX.

[lepepacnpenenenue AaBieHHUs B IUIACTE, KOTOPOE MPOUCXOAMT MPU HM3MEHEHHUH OTOOPOB
KHUIKOCTH W3 CKB&XHWH, JOJDKHO TPU 3TOM PEXKHUME IPOUCXOAUTH OBICTPO (TEOPETUUECKH
MTHOBEHHO), [TO3TOMY 3TOT PEXKHUM €Ille HAa3bIBAlOT >KECTKUM. JlempeccHOoHHash BOPOHKA BOKPYT
CKBaXXMHbI YCTAHABJIMBAETCS TAaK)KE€ MTHOBEHHO. DTOT pPEXHMM TEOPETHYECKM H3yueH Haubosee
noiHo. B Hacrosmee Bpems 6onee 80 % Bceit 100ObIBaeMOil He(TH MOITydaeTCs U3 MECTOPOKICHHIH,
pa3pabaThIBa€MBbIX B YCIOBUSX BOJOHAIOPHOTO PEXHUMA (TJIaBHBIM 00pa30M UCKYCCTBEHHOTIO).

D¢ hekTHBHOCTH BOJOHAIOPHOI'O PEXXHUMa 3aBUCUT OT Pa3MEPOB BOJOHAIIOPHON CUCTEMBI,
KOJIJIEKTOPCKHMX CBOMCTB IJIaCTa, HACBILIIAIOIIUX €ro (UIFOUJ0B U TUIICOMETPUYECKOI pa3HOCTH
IITyOWHBI 3ajeTaHNs IPOAYKTUBHBIX IUIACTOB U BBICOTOM BBIX0/1a UX Ha MOBepXHOCTh. [1InpuHa
BOJIOHAIIOPHON CHCTEMBI IPU 3PPEKTUBHOM BOJAOHATIOPHOM PEKUME, KaK MPABHIIO COCTABISIET 15-
25 KM, a IPOHHUIIAEMOCTh KOJUIEKTOPA TOJDKHA ObITh He MeHee | MKM”.

Koaddumnment nedrenssaedeHus miacta npyu akTUBHOM BOJIOHATTIOPHOM PEXHME MOKET
noctuyb 3HaueHus 0,5-0,65. IHTEHCHBHOCTD NPOSIBIEHUS JTAaHHOTO PEXXHMMa 3aBUCUT HE TOJIBKO OT
OPUPOAHBIX (PAKTOPOB, HO M OT TeMIIa 0TOOpa KUAKOCTH U3 Tutacta. OnbIT pa3paboTKu
MECTOPOKJICHUN TIOKA3bIBAET, YTO €CTECTBEHHBIC YCIOBHUS PEKHMAa MOTYT COXPaHIThCS TIPU
roZI0OBOM OTOOpE KUAKOCTH NMopsAKa 5-6% OT reosIorn4ecKrx 3anacoB He()TH, BOBICUEHHBIX B
pa3paboTKy. Jta nudpa cpenHss U 3aBUCUT, KaK OT KOJUIEKTOPCKUX CBOMCTB IIACTa, TaK U OT

CBOICTB HACHIIAIONMIUX €T0 (DIFOUIOB.
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1.4.2. Yupyrui pesxxum

[Tpu 5TOM pexuMe BBITECHEHHE HE(PTH MPOUCXOAUT MOA JECHCTBUEM YIIPYrOro pacHIdpeHus
caMoil HedTH, OKpyXKaromIel HepTAHYIO 3a1eXb BOJIbI U cKeneTa riacta. O0s3aTeNbHBIM yCIOBHEM
CYILIECTBOBaHMs 3TOr0 pexuMa (KaK U BOJOHANOPHOIO) SBISAETCS MPEBBIICHUE IJIACTOBOIO
JaBlieHUs] Haja pAaBineHueM HachlmieHus (Pmim > Phac). Ilnmact momkeH ObITh 3aMKHYTBIM, HO
JIOCTAaTOYHO OOJIBIIUM, YTOOBI €r0 YIPYroil SHepruu XBaTHIIO Ul U3BJICUCHHS OCHOBHBIX 3aIlacOB
He(TH.

OObemMHBIN KO(QOUIMEHT YyHNPYyrocTH Cpeabl ONpeAesseTcs Kak Aol IEepBOHAYAIbHOTO
o0beMa 3TOH cpejibl, Ha KOTOPYIO U3MEHSETCs 3TOT 00bEM NPH U3MEHEHUH JaBJICHUS Ha €AMHULLY,

T. €.

_ AV
V-AP | (1.28)

rae AV - npupainenue oobema (3a CueT ynpyroro paciuiupeHus);

B=

AP - npupaiienue napineHus (IOHWKEHNUE JaBlIeHUs); V - IepBOHAYAIbHBIN 00bEM CPEbI.

[TockonbKy OTpULIATEIBHOMY TPHUPAIICHUIO [aBJIEHUS COOTBETCTBYET IOJIOKUTEIBHOE
npupaiieHue o0beMa, To BIEepeid CTABUTCS 3HAK MUHYC.

TBepablii CKeNeT NOPUCTOTO IJIacTa MPU W3MEHEHHH BHYTPEHHETO JaBieHus aedopMupyercs
BCJICJICTBHE H3MEHEHHs O0beMa CaMHX YaCTHI[ OCEJaHUs KPOBJIHM IUIAacTa IMPH YMEHBIICHHH
BHYTPHUIIOPOBOI'O JABJICHUS, YTO NPUBOJUT K YMEHBIIEHUIO MOPUCTOCTU U K JOMOJIHUTEIBHOMY
BBITECHEHMIO KHUJKOCTH. M3 3KCTIepMMEHTAIbHBIX JaHHBIX U3BECTHO!

B, =(2,7+5)-10™ b

I BOJBI ITa ;

B, :(7+30)-10‘1°i

1St HeTH ITa ;

B, =(0,3+2)-107" L

JUISL TIOPOJIbI ITa
OOBIYHO I OLEHKH CKMMAEMOCTH IUIACTa TIOJIB3YIOTCSl NMPHUBEACHHBIM KO3 dHUIIEHTOM
C)KUMAaEeMOCTH, KOTOPBI Ha3bIBAaIOT KOI(PPHUIMEHTOM YNPYroCTH IUIacTa. JTO YCpPEIHCHHBIN
K02 puLeHT 00BEMHOM CKUMAEMOCTH HEKOTOPOU (PUKTUBHOM Cpefibl, UMEIoIel 00beM, paBHBIN
00BbEMy PEaTbHOTO TUIACTA C HACHIMAIOMIMMH €T0 KHIKOCTSIMHU, COBOKYITHOE YIIPYTroe MpUpaIeHHE

KOTOPBIX PaBHO YIIPYTroMy IpUpalleHnto oobeMa GUKTUBHOM CpeIbl.
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CornacHO oOmpeleNeHHI0 MOXKHO HAaWTH yHpyrue mpupamieHuss o0beMoB BOAbl, HEDTH U

nmopoabl 4J1s1 CAMHUYIHOI'O 3JICMCHTA o0BeMa macTa
B"-V-AP=B, -V, -AP+B, -V, -AP+B, -V, - AP (129)

rie V - o00beM (UKTHUBHOM Cpeibl, PaBHBIM CyMMe OOBEMOB BOJbI, HEPTH U TBEPIOTO
ckenera macta; Vi, Vi, Vi - 001mume o0beMbl TBEPIOTO CKeNeTa IJIacTa U HAChIIAIOIUX €ro BOJIbI
¥ He()TU COOTBETCTBEHHO; 3* - MpUBeIeHHBIN KOA(PUIIMEHT YIIPYTOCTH IUIACTa.

O6o3Havass m, 0Oy, Oy COOTBETCTBEHHO IMOPUCTOCTH, BOJO- U HEPTECHACBHIIICHHOCTH IUIACTA,

MokeM BMecTo (1.29) 3amucarthb

B*.v.AP:BB-V-m-aB-AP+BH-V-m-aH-AP+BH-V-(1—m)-AP (1.30)

nJIn

*

B'=m-(B, a,+B, -a,)+B, -(1-m) (1.31)

Oto u Oyner Hambonee oOIee BBIpaXEHHE IS MPHUBEIEHHOTO 00beMHOro Kod(dduuueHta
YOPYTOCTH IJIACTOBON CUCTEMBI.

Yrpyruii pexxuM, OTHOCSIIUNCS K PEKUMY HCTOIICHUS, CYHIECTBEHHO HEYCTaHOBUBIIMICA.
JlaBneHue B TuiacTe Mo Mepe OTOOpa >KUAKOCTH majnaeT. s Hero xapakTepHbl HEMPEPHLIBHO
pa3pacraromascss BOKpPYT CKBaXHHbBI BOPOHKA JICMPECCHH, CUCTEMAaTHUECKOE MaJeHUE 1eduTa BO
BPEMEHH IIPU COXPAHEHUU MOCTOSHCTBA JIENIPECCUM WIIM CUCTEMAaTUYECKOE YBEIUUEHUE JIENIPECCUN
BO BpEMEHM IpH coxpaHeHHU nebuta. OJHAKO BO BCEX CIIydasX MPU YIPYIOM pPEXUME ra3oBbIN
dakTop MOMKEH OCTaBaThCsl MOCTOSHHBIM 1O T€M K€ MPUYMHAM, YTO U TMPU BOJOHANIOPHOM
pexxume. Temn mageHust CPEJHETO TUIACTOBOTO JAABIICHHUS MOKET OBITh Pa3IUYHBIM B 3aBUCUMOCTH

OT 00mIero 3amaca ymnpyroil sHeprum B Iwiacte (OT pa3MepoB OKPYKAIOIIETO 3aJieKb BOJIHOTO

OacceiiHa).
A e
a8 R —
s ¥ ——
0.8
0%

a ] * & R

Puc. 1.4. I3meHeHue BO BpeMeHHU 0e3pa3MepHOTO CpeHe-

WHTETPAJIbHOr0 TMUIACTOBOTO JABJICHUS MIPU YIIPYTOM PEKUME

HecnoxxHo BbIBeCTH NpHOIMKEHHYIO (DOpMYJy, OMMCHIBAIOIIYIO MajeHHe Oe3pa3MepHOro
CPEITHEMHTETPAJIBHOTO IJIACTOBOIO JaBlieHUs P mpu ympyrom pexume BO BpEMEHM t, mpu

MIOCTOSTHHOM TeMITe 0TOOpa )KHUAKOCTH (q = const). MOXHO TOJTYYHTh aHATOTUYHYIO (pOpMyITy TIpH
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MIEPEMEHHOM TeMIle 0TOOpa, Korjaa (pyHKIMS U3MEHeHHs TeMIla 0TOopa 3aJiaHa, HalpuMep JTUHEIHO
BO3pacTaeT WM U3MEHseTCs 1o robomy npyromy 3akony. [Ipu q = const usmenenue nasieHus P(t)
COOTBETCTBYET IPSIMOJIMHEHWHOMY 3aKOHY, T.€. IPSIMOM JIMHUHM, HO HE NPOXOIALICH 4epe3 Hadajo
KOOpAUWHAT. HpI/I MNEPEMECHHOM TCMIIC 0T6opa 3aKOH U3MCHCHUA CPCAHCUHTCIPAJIBHOIO AABJICHUS B
macTe OyJeT KpUBOJIMHCHHBIN.

I'eonornueckumu YCJIOBUSIMH, 6HaFOHpI/I$ITCTBYIOH_[I/IMI/I CYHICCTBOBAHUIO YIIPYI'Oro pceixuma,

SIBISIOTCS:
. 3aJI€Kb 3aKPBITast, HE UMEIOIIAs PETyJIIPHOTO MTUTAHNUS;
= oOmupHasi BOJOHACHIIICHHAs] 30HA, HAXOMMAIMIAsACsI 3a TpeaeliaMd KOHTypa

HE(TEHOCHOCTH; OTCYTCTBUE ra30BOM IIAMKHY;
. Hanuyue 3(pPEeKTUBHON THAPOINHAMHYECKON CBSI3U HE(TEHACHIIICHHON YacTH I1acTa
C 3aKOHTYPHOM 00JIaCThIO;

. IPEBBIIIEHNE [IACTOBOTO JIaBJICHUS HAJl 1aBJICHUEM HACBIILICHHSL.

YroObl Mpu mpHUEMIIEMOM TEMIIE CHIKEHHs CpEIHEro JaBieHus B miaacte Py, 3a pa3ymHble
CpOKM 0TOOpaTh 3amackl HE(TH, HYKHO HMMETh OYEHb OOJBIIOE OTHOIIEHHWE O0beMa YNpyrou
CHCTEMBI K T€OJIOTUIECKIM 3aracam He(TH.

[Tpu pa3paboTke 3ajexu B YCIOBUAX YIPYroro pekuma OBICTpPOE MOHMKEHHE JaBICHUS
IPOMCXOIUT B Mpeseax caMoi 3aJe’Ku, a BO BCel cucTeMe, MUTAIONIeH 3alIeXb YIPyro sHepruen
JlaBJIeHUs (B 3aKOHTYPHOM 007aCcTH), CHIKAETCS. MEAJICHHO.

W3 cka3aHHOTO HE CIEAYeT, YTO YNPYTMid peXHUM M CBS3aHHBIE C HUMH IPOIECCHl UTPAIOT
HE3HAYUTENBHYIO pOJb TpH 100bue HedTH. [Ipu onpeneneHHbIX OIaronpUsATHBIX YCIOBHUSIX BECh
3amac He(TH MOXKET OBITh H3BJICUCH 3a CUYET YIPYroro pexuma (Tpu OOJBINOW YIPyTo-
BOJIOHAINOpHOU cucteme). IlociaenHuii urpaer CymecTBEeHHYI0 poJib NP MEPEXOAHBIX Hpoleccax,
BO3HHUKAIOIIMX B pE3yJlbTaTe H3MEHEHHs PEKUMOB pPabOThl CKBaXHH. [Ipm 3TOM B mIacrte
NPOMCXOIAT 3aTsDKHBIE TPOIECCHl MEpepacrpe/iesieHus] JaBJICHUs, MPOTEKAIONINE IO 3aKOHAM
yIPYToro pexuma.

B 3aMKHYTBIX OrpaHMYEHHBIX IUIACTaX M 3ale4yaTaHHBIX 3aJeKaxX Pa3BUBAETCS YNPYTHH
UM YIPYro-3aMKHYTHIN pexuM. IIpu Takom pexume (npu cHuXeHUHU asieHus Ha 10 Mlla)
MO>XHO W3BJI€Yb M3 IUIACTA 3a CUeT ynpyrux cui He Oomnee 1,5- 2,5% comepikaimieicst B 3a1eXH
He(TH, HE3aBUCUMO OT YKCIIa U PA3MELCHUS CKBaKUH.

Ecan HedTsaHas 3aexb XOpOIIO CBs3aHA C OKPY’)KAIOLIEH IMJIACTOBOM BOJOHANOPHOM

CUCTEMOM, TO Pa3BUBAETCS YIIPYTOBOJOHAIIOPHBIN PEKUM.
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1.4.3. PeskuM razoBoii Ianku

OTOT pPEeXUM MPOSIBISAETCS B TAKMX T'€OJOTHYECKUX YCIOBHSX, MPU KOTOPBIX MCTOUYHHUKOM
IJJACTOBOM JHEPTUHU SBJISETCS YNPYrOCTh Ta3a, COCPEAOTOUYECHHOTO B ra3oBOMl manke. /[ 3toro
HE00X0IMMO, YTOOBI 3aJIeKb OblIa U30JIMPOBaHA M0 Nepupeprun HEMPOHUIIAEMBIMHU MTOPOIAMH WA
TEKTOHMYECKUMHU HapYIIEHUSIMH. 3aKOHTYypHas BOJa, €CJIM OHAa HMEETCS, HE JIOJDKHA OBITh
akTuBHON. HedTsHas 3aexp MOMKHA HAaXOAWTHCS B KOHTaKTe C Ta3oBoi mamnkoil. Ilpu Takmx
YCIIOBUSX HAYallbHOE IUTACTOBOE JaBlIeHWE OyJeT paBHO JaBICHHUIO HACBIIIEHUS, TaK Kak
JIPCHUPOBAHKUE 3aJIC)KH MPOUCXOIUT IPH HEMPEPHIBHOM DPACIIUPECHUN Ta30BOM MIAKH U HE(PTH
IMOCTOSTHHO HaXOJHUTCS B KOHTAKTE C Ta30M.

TemMn uU3MEHEHHUs CPEAHErO IUIACTOBOTO JAABIICHUS MPHU pa3paboTKe TaKOH 3alekH MOKET
OBITh PA3IMYHBIM B 3aBUCUMOCTH OT TEMIIOB Pa3pabOTKH M OT COOTHOIICHHS OOBEMOB Ta30BOU
[IanKU ¥ He(PTEHACHIIIIEHHOM YaCcTH 3aJICKU.

Takyro 3ajie’kb MOXKHO pacCMaTpuBaTh KaK COCYJZl C KHAKOCTHIO M Ta30M, MPUYEM OTOOP
JKUJKOCTU COIMPOBOXKJIAaeTCs paciuiupenueM rasa. Ha puc. 2.6 npeacraBieHsl pe3ysbTaTbl pacyeTOB
MOBEJICHHUS TUIACTOBOTO JABJICHUS BO BPEMEHU B IPOIIECCe pa3paboOTKU 3aI€KU B PEKUME Ta30BOU

HIaIrKy.

P
os

as
a4
a2

g 2 4 [ g doe

Puc.1.5. I3meHeHne Bo BpeMeHHU 0e3pa3MepHOro CpeJHEUHTErPAIbHOIO MJIACTOBOTO

JIaBJICHUS TIPH Pa3HBIX OTHOIIEHUIAX 00beMa HEPTAHOM OTOPOUKH U Ta30BOM IIATKHU:

1-n=0,25; 2-n=0,5; 3-n=1; 4-n=2; 5-n=4; 6-n=28

W3 pucyHKa BUIHO, 4YTO U3MEHEHHUE TUIACTOBOTO JABJICHUS MPOUCXOAUT MO0 KPUBOJIMHEHHOMY
3aKOHY M TEMIl NaJEHUS JaBICHHS TeM OOJbIlle, YeM MeHbIIe OOBEM Ta30BOW IIANKH IO
OTHOIICHHIO K 00beMy He(TSIHOM "yacTH 3ajnexu (ueM Oombire n). [Ipu o6beme HedTH B 3amexu, B
YyeThIpe pa3za NPEeBbIIIAIOIIEM O0bEM HauyalbHOM ra3oBOM ILAIKH, 4Yepe3 JECATh JIET JaBICHHE
causutcs Ha 50 % (P = 0,5). Torna kak mpu oobeme HedtH, cocTtaBusgwoomeM 0,25 or o6bema
ra3oBOM LIANKH, K TOMY K€ BPEMEHU JaBICHUE CHU3UTCS TOJIBKO Ha 5,8 %.

Takum oOpa3oMm, pa3paboTKa MECTOPOKICHHSA INPU PEKUME Ta30BOM IIAIKKM HEU30EKHO
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COIIPOBOKIACTCS IMAJCHHEM IUIACTOBOTO JIaBJICHHS CO BCEMH BBITCKAIONIMMU W3 ATOTO
NOCJICACTBUSIME  (YMCHBIIICHUE JOUTOB, COKpallcHHE TMepuoaa (GOHTAHUPOBAHUS, TEPEXO.
HE(TSIHBIX CKBAXHH Ha Ta3 M Jp.). B peanbHbIX yclIoBHAX pa3paboTka TaKOro MECTOPOKICHHUS
MOXET OBITh OCYIIECTBJIIEHA B YCJOBHSX CMEMIAHHOTO PEXHMMa C TOMOLIBI0 HCKYCCTBEHHOTO
NOJIepPKaHus TUIACTOBOTO JIABJICHHUS 3aKaYKOH BOJIBI B 3aKOHTYPHYIO 00J1aCTh WM 3aKayKOil rasa B
ra30BYIO IIATKY
Jlist 3TOrO pexnMa XapakTepeH 3aKOHOMEPHBIH pOCT ra30BOro (akTopa U Mepexo]] CKBaKUH

Ha JI0OBIYy YHCTOTO Ta3a 1Mo Mepe BBIPAaOOTKH 3amacoB HE(PTH W PACHIMPEHHS Ta30BOW IIAIKH.
PexxuM ra3oBO mankyd B OOIIEM MMEET MOAYMHEHHOE 3HAYCHUE W CPaBHHUTEIBHO HEOOJBIIOE
pacripocTpaHeHue. [IpoayKIus CKBaXKHH, KaKk IPaBUiIo, 0€3BOTHAS.

bnaronpusTHBIMH yCIOBUAMU JJIS IPOSIBIICHUS 3TOTO PEXKHUMA SBIISIOTCS BBICOKAs
POHHUIIAEMOCTh KOJUIEKTOPA, OCOOCHHO BEPTHKAJIbHAS, OOJIBIINE YTIIbl HAKIIOHA TTPOTYKTUBHBIX
IUTACTOB U MaJjiasi BSI3KOCTh HE(TH.

B cnaGonpoHuIiaeMbIX MajJOHAKIOHHBIX IUIACTaX MPH OOJBIIUX IEMPECCUAX M BA3KOCTH
HeTH KOHeuHas Hedreormada ruiacta He mnpesbimaer 20-25%. HaOniomaeTcss ObICTpHIMA
NpOpBIB Tra3a, Majblii OXBAaT IJacTa MPOIECCOM BBITECHEHUS. B BBICOKOIPOHHUIIAEMBIX
mjactax, mpu OOJBIIOM YTJI€ HAaKJIOHA M MaJIbIX 0TOOpaxX >KUIAKOCTH (MaJIbIX JEMPECcCUsx), T.c.
NpU YCIIOBHSIX, OJIATONPUSATHBIX IS TPAaBUTAI[MOHHOTO paslesieHuss HepTH W ra3a, KOHEYHas

HedTeoTnaya MoxkeT gocturatsb 40-50%.

1.4.4. Pe:xxum pacTBOPEHHOTO rasa

JpenunpoBanue 3a1exu He(hTH C HENPEPHIBHBIM BBIJICIICHUEM U3 HE(TH ra3a v MepexooM ero
B CBOOOJ/IHOE COCTOSTHHE, YBEIIMYCHHUEM 3a CUET 3TOr0 00beMa Tra30HeTSIHON cMecH U QUiIbTpaiuu
9TOM Uuale K TOYKAM TOHWKCHHOTO JaBJicHHS (32a00M CKBa)KMH) HA3bIBACTCS PEKUMOM
pPacTBOPEHHOro ra3a. MICTOYHMKOM IUIACTOBOM SHEPIMM IIPU ITOM PEKHUME SIBISETCA YIPYTOCTh
ra3oHe(dTsHOM CMecCH.

VYcnoBus CYHICCTBOBAHUA PCKHMMaA PACTBOPCHHOI'O Ir'a3a CJICAYIOIIUC:

= Py < Pyac (TUTaCTOBOC @BICHUE MEHBIIE JABICHUS HACBIIICHHUS );

. OTCYTCTBHC BaKOHTypHOfI BOJAbI UJIN HAJIUYUC HEaKTUBHOU 3aKOHTypHOﬁBOHLI;
. OTCYTCTBHE Ia30BOM IIAIKU;

= reoJIoruuecKast 3aJIeXkb JI0JDKHA ObITh 3aliedaTaHa.

[Ipr 3THX yCNOBHMAX IUIACTOBAsi SHEPIrUs PaBHOMEPHO pacHpeiesieHa BO BCeM 0OObeMe

He(TeHACHIIIEHHOW YacTu 1iacta. [Ipu TakoM pexume MpaBOMEpPEH MPUHIIUII PABHOMEPHOTO
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pa3MeNIeHNs] CKBKHH T10 TUTOIIAIH 3aJICHKH.

PaccMoTpuM 3aKOHBI M3MEHEHHS! CPETHEro IUIACTOBOTO NaBICHUS B 3aJie)KH B YCJIOBHSIX
pexuMa pacTBOpeHHOro rasza. lIpumem, 4TO HauadbHOE CpeJHEE IUIACTOBOE MAABJICHUE PABHO
JABJICHUIO HACHIIEHUs (abCcom0oTHOMY), T.€. PHay = PHac.

[Tonarasi, 4To JIMHEHHBIN 3aKOH PACTBOPUMOCTH Ta3a ['eHpu Npu M3MEHEHUU AaBICHUS OT Py
no P cnpaBemnmuB, MOXHO OmNpenenuTh 00beM BBIACIUBIIETOCS Tra3za u3 oobeMa HeTH VH mpH

IIOHN>KCHUU NAaBJICHUA.
V=0-(P,,—P)V, (1.32)

rre o - Ko3((UIMEeHT pacCTBOPUMOCTH, IPUBEACHHBIN K CTAaHAAPTHBIM yCIOBUAM; V - 00beM

Ha4

BBIJICTIUBIIECTOCS Ta3a, TAKXKE TPHUBEICHHBIA K CTAaHIAPTHBIM YCIOBHSIM. JTOT O0BEM CIIETyET
NPUBECTH K IUIACTOBOMY TEKyIllemy maBiieHHIO P u temmnepatype T, WCHONb3ys ypaBHEHHE
COCTOSIHUSI.

BreigenuBimiicss cBoOOAHBIN Ta3 OyneT paBHOMEpPHO pacmpeneieH B HedTu, obOpasys
ra3oHePTsIHYI0 cMech. [Tockonbky 00beM cMecH OyeT 0oJbIne 0ObeMa Mop IIacTa, TO e¢ U30BITOK
Oyzner puiabTpoBaTHCS K 3a005IM CKBaXKWH. [Ipernonoxxum, 9To B Ha4aJIbHBIA MOMEHT TIOPHI T1acTa
3aI0JIHEHBI TOJIBKO HE(THIO, TaK 4TO Vyop = V, (HaIM4YMe CBA3aHHOW BOABI HE MEHSAET KOHEUHBIX
pe3ynbraToB). ClleoBaTeNbHO NPH CHIKEHUU JAaBICHUS M3 0O0IIero o0beMa IOp ILIACTa Vigp

JIOJKHA BBIICITUTHCS CMECh, 00bEM KOTOPOI Vi OyeT paBeH pa3HOCTH
n a'(Pﬂaq _P)'PO 'T'Zp
P ° TO "

VBC :VCM _Vnop :VH 11
(1.33)

3T1oT 00BEM OYIET COCTOATh U3 HeTH U rasa.

Onpenenum o110 HeQTH B CMECH, KaK OTHOIIEHHE 00beMa Bcel HehTH B TIacTe K 00beMy

Bcel oOpa3oBaBIIelics cMecH, T. €.

H
/v (1.34)

D10 cpeaHee coaeprkanue Kuakon gasel - HedpTH B cMecn. Ho HE0OX0IMMO paznuyaTh: o -
JONI0 KUAKOW (ha3pl B BBIICIMBINCHCS W3 TOpP CMECH M JOMI0 KHUIAKOW (azbl B CMECH O,
OCTAIOIIEHCs B MOpax IIacTa Ha JaHHOM CTaluu pa3pabOTKH.

Jlonst HeTH B BBUICTUBIICHCS cMecH () BCEr/ia 3HAYMTEIBHO MEHBIIEC J0JIM He(dTH B
ocTaromieics cMec (o). IT0 0OBICHIETCS CIIEIYIONINM:

1. Bs3KOCTh raza 3HAYUTENBHO MEHbBINE BA3KOCTH HE(TH, MOATOMY, oOnamas Oonbliei
MOJIBIYKHOCTBIO, OH CKOpEE TIOCTUTaeT 320051 CKBAKUHBI.

2. B pesymprare pnerazanuu He(TH €€ BSI3KOCTh YBEIUYMBACTCS, a CIEAOBATEIbHO,
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YMEHBIIIAETCS TTOIBH)KHOCTD.

3. C yBenuueHUeM ra3oHaCBIEHHOCTH MOPHUCTOM cpenbl (pa3oBas MPOHULAEMOCTh JUIs rasa
BO3pacTtacr, a i He(bTI/I YMCHBIIACTCA (COFJIaCHO KPpHUBbBIM (1)3.3HI>IX HIKn OTHOCHUTCIIbHBIX
IPOHUIIAEMOCTEN ).

[Tepeuncnennsie GaKTOPHl MPUBOIAT K YMEHBIICHHUIO JKUAKOH (a3bl B BBACIHUBIICHCS U3 TTOP
ra30)kKUAKOCTHOM CMECH, IPyTUMH CIIOBaMH, K POCTy ra3oBoro (akropa. [Ipeanonoxum, 4To 1os
He(TH B BbIAEIMBILEHCS cMecH B k pa3 MeHblIlIe, ueM ee cpenHee 3HaueHue. [Ipogomkas BEIKIAAKHY,
MOXXHO MOJYyYUTh CIEAYIOIYI0 (OpPMYITy, OINMCBHIBAIOIIYI0 W3MEHEHHE CpPEIHEHHTETPATbHOTO
IUIACTOBOT'O JIaBJICHHS BO BPEMEHHU NPH SKCIUTyaTaIllil MECTOPOXKICHHS Ha PEKUME PACTBOPECHHOTO

rasa:
P oc~P0'T-zp-(1—kn8t)

F: =
P TO-kn8t+a-P0-T-zp-(I—kn6t)

Ha4

(1.35)

[To popmyne (1.28) mpousBeaeM YUCICHHYIO OLIEHKY Oe3pa3MepHOro MIacToBOro JaBieHuUs P
Y €r0 U3MEHEHHE BO BpeMEHU. Pe3yibTaThl pacuera mpeacTaBieHbl Ha puc. 1.6.
7 '\
a8 \::\-..H =]
a6 —

0%

[~Ja4ss

C-

a2 ™~
o

8 2 % & Zhk

Puc. 1.6. U3meHeHHE BO BpeMEHH O€3pa3MEPHOTO CPETHEMHTETPAILHOTO IIJIACTOBOTO

JABJICHUS TIPU PEKUME pacTBOpeHHororaza: 1-k=2; 2-k=4

Kak BunuM, 3aKoH majeHus sBieHus - KpuBonuHeWHbIH. K ucxomy 10 meT skcmmyaranuu
mectopoxkaeHus npu K = 2 u orbope 5% OT m3BIEKaeMBIX 3aMacoB B I'0Jl IJIACTOBOE JIaBJICHUE
JIOJDKHO ymacTh Ha 55,5 % wu coctaButh 44,5 % OT mNEpBOHAYAIBLHOTO, PABHOTO JIaBJICHHUIO
HachimeHus (cM. puc. 1.6, munus 1). 3a ato Bpems (t = 10 ner) Oyaer oto6pano 50% u3BIEeKaeMbIX
3aracoB, KoTopsle cocTaBisaoT 40% reonorunueckux (mpu n = 0,4). IIpu k = 4 1o ke naBneHue
yepe3 10 ner coctaBut 11,8% ot neponauansHoro. 13 gopmyinsl (1.35) cnenyer takxe, 4to npu
Oonmpmmx t (Bpems pa3pabdOTKH) BBIpaXKEHHE, CTOsIIEe B KPYTJIBIX CKOOKAaX, MOXET CTaTh
OTpULIAaTENbHBIM. JTO O03HAYaeT, YTO IUIACTOBOE AaBiieHue P Oyner orpunarenbHbIM. Ouznyecku
3TO HEBO3MOXHO. [103TOMY MOJIHOE UCTOLIIEHHE MECTOPOKICHUS HacTynaeT npu knot = 1.

Pexum pacTBOPEHHOTO ra3a XapaKkTepu3yeTcsl ObICTPBIM IMMaJIEHUEM IUIACTOBOTO JaBICHUS U

3aKOHOMEPHBIM YBEJIMYEHHUEM Ta30BOro (hakTopa, KOTOPHIH Ha ONpeNeIeHHONW CTaauu pa3padoTKu
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JIOCTUTAaeT MAaKCUMyMa, a 3aTeéM HayuMHAaeT MaJaTh B pe3ysbTare OOLIEro MCTOLIECHUS U TMOJIHOM
Jera3ai MEeCTOPOXKIACHHsI. PexxuM oTnndaercs caMmbiM HU3KUM KO3 PUIIMEHTOM HEPTEOTAauH, B
penkux ciaydasx gocturaromiuM 3HadeHuil (0,25. be3 MCKyCCTBEHHOTO BO3JIECUCTBHS Ha 3aleXkKb
(HampuMep, 3aKadyKOW BOJABI WJIM JPYTHMMH METOJAaMH) PEXHUM CUYHTACTCS Manod()(EeKTHBHBIM.
OnHako B HayalbHBIE TMEPUOJBI Pa3padOTKH CKBaXUHBI OypHO (OHTAHUPYIOT, XOTA H
HEIPOJIOJKUTENbHOE BpeMs. [Ipu npeHnpoBaHuy 3alie’Ku B YCIOBUAX PEXUMa PACTBOPEHHOIO ras3a
(TIpM OTCYTCTBUU MCKYCCTBEHHOTO BO3JICHCTBHUS) BOJA B IPOAYKLIUHU CKBaKUH OTCYTCTBYET.
BricokoBszkne He)TH MMEIOT HU3KYIO Ta30HACHIIICHHOCTh 1 MUHUMAJIBHYIO0 HeTeoTaaqy
mractoB mpu PPT (10 5-6%). Manossiskie He(TH HMEIOT rasoBblii pakrop 10 150-200 M/t n
CTEINEHb M3BJICUCHHS UX 3a CUET SHEPIHMH PACTBOPEHHOIrO ras3a B CIIy4ae XOPOIIMX KOJUIEKTOPCKUX
CBOWCTB IjIacta MOXxeT mpeBbimarh 20-25% oT OanaHCOBBIX 3aMacoB Ja)xe MPU PeAKUX CeTKax

ckBaxkuH. [ImacToBoe maBieHue B mpoiecce padpadorku npu PPI HenpepsBHO CHUXaETCS.

1.4.5. 'paBUTAllHOHHBIH pe:KUM

['paBUTALMOHHBIM PEXHMOM JIPEHUPOBAHMS 3aleKeil HE(TH Ha3bIBAIOT TAKOH PEXUM, MPH
KOTOpPOM (WIBTpanus >KUAKOCTH K 3a005M CKBaXHH TPOHUCXOIHWT TNPH HAIWYHUA «CBOOOIHOU
noBepxHocTH». CBOOOAHON MOBEPXHOCTHIO HA3bIBAIOT MOBEPXHOCTh (PUIIBTPYIOIEH )KUKOCTH WIN
ra3oHe(TIHON KOHTAKT, YCTAHaBIMBAIOUIMICA B JUHAMMYECKHX YCIOBHUAX (QWIBTPALUHU, Ha
KOTOPOM JABJIEHUE BO BCEX TOYKAX OCTAETCS IOCTOSHHBIM. JTOT PEKUM Ha3bIBAIOT €Ill€ MHOIZA
0€3HAMOPHBIM, XOTS ATO MPUHIUITUAIBHO HE TOYHO.

['paBUTAIIMOHHBIN PEKUM MOKET BO3HMKHYTH B JIFOOON 3ajle)KH Ha MOCIEAHEH cTaguu ee
pa3pabOTKU KaK €CTECTBEHHOE NMPOJOHKEHUE PEXUMA PACTBOPEHHOro ra3a. HarnsaHeM U B TO Xke
BpEMs TOYHBIM IPUMEPOM JPEHUPOBAHUS B YCIOBHAX IPABUTALIMOHHOTO PEKUMA MOKET CIIY)KHUTh
BBICAUYMBAHNE BOJIbI 110 IEPUMETPY KOHMUYECKOHN Ky4H IECKa, IPEABAPUTEIBHO CMOYEHHOIO BOJIOM.
[Ipu TpaBUTAIMOHHOM pPEXUME CKBAXHHBI WMEIOT YIIyOJIeHHBIH 3a001-3yM(} U1 HAKOIIICHHUS
He()TU U MOTPYKEHUS B HETO Hacoca.

W3 ompeneneHust 3TOr0 pekuma ClleAyeT, 4TO €cld B 3aTpyOHOM IpPOCTPAaHCTBE TakKou
CKBRXHHBI CYIIECTBYET aTMOC(EpHOE [aBJCHHWE, TO TAaKOE [aBJICHUE YCTAHOBHUTCS Ha BCEH
CBOOOIHOM MOBEPXHOCTH, Pa3ZeIsIone He()TCHACHIIICHHYIO U Fa30HACKHIIIEHHYIO YacTH IUIacTa, U
(GuibTpanus KUIKOCTH B CKBaXUHY OyJeT MNPOMUCXOAMTH TOJBKO IOJ AECUCTBHEM Ppa3HOCTH
YPOBHEHN XHUAKOCTEH B yAAJIEHHOM YacTH IUIACTAa U HEMOCPEACTBEHHO Ha CTEHAE CKBaXxUHbI. [Ipu
U30BITOYHOM JIABJICHUU B 3aTPyOHOM MPOCTPAHCTBE CKBAKWHBI (MIBTPALUS >KUAKOCTH IIO-

npekHeMy OyJeT HMPOUCXOAUTHb IOJI BO3JECUCTBHEM PA3HOCTH YPOBHEH MHUAKOCTH, TaK KakK 3TO
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JIaBJICHUE YCTaHABIMBACTCS HA BCE CBOOOHON MTOBEPXHOCTH.

['paBUTaIMOHHBIN PEKUM MOXKET UMETh pPelIaoliee 3HaueHHE TPH MIaXTHBIX METO/IaX
n00b19H HeTH. B ropr3oHTaNBHBIX IU1acTax ero 3(h(HeKTUBHOCTD Ype3BhIuaiiHo Maja. CKBaKUHBI
XapaKTepU3YIOTCSI OY€Hb HU3KUMH, HO yCTOMYMBBIMU eOuTaMu. OHAKO B KPYTOIATAIOTIX
iactax 3PEeKTUBHOCTh TPABUTALIMOHHOTO PEXKHUMa YBEITUUUBACTCS. DTOT PEKUM MTPAKTUIECKOTO
3HAYEHUs B TIpoLieccax HEPTEAOObIYH IO CYIIECTBY HE UMEET U BayKEH TOJIBKO JUISI HOHUMAaHUSI

IPOIIECCOB, TPOUCXOAIINX B HE(PTIHBIX 3aJIeKaX MPHU UX pa3paboTKe.

1.5.I'eostornyeckue ycjJoBHs MPOSIBJICHHUS PeKMMA IVIACTOB

I'eonoruueckue ycioBusl OKa3bIBalOT 3HAUYUTEIBHOE BIMSHUE Ha BOZMOKHOCTh CO3/1aHUs
TOT0 WJIM MHOT'O PEKMMA IUIACTa, a TAK)KE ONPEAEIISAIOT XapaKTep €ro MposIBICHHUS.

Ocoboe BIUsHHUE HAa XapaKTep peKrUMa I1acta u ero 3 (HEKTUBHOCTh OKa3bIBAIOT
IIPOHUIIAEMOCTh KOJUIEKTOPA U YT0Jl HAKJIOHA IUIAacTa, pAaCCTOSHUE A0 BBIXO/A IJIacTa Ha JTHEBHYIO
MIOBEPXHOCTH, CTPYKTypa MOPOBOI'0 POCTPAHCTBA, HaYalIbHAsI HACBIIIIEHHOCTh HE(PTHIO, BOJOW U
ra3om, a TakXe BSI3KOCTb HEQTH U MJIACTOBOM BOJBI.

Xopolasi IPOHUIIAEMOCTb KOJIJIEKTOPA U Majlasi BI3KOCTb HEPTH SBJISIOTCS. OCHOBHBIMU
(dakTOopamH, ClIOCOOCTBYIOIIMMHU Pa3BUTHIO HAITOPHBIX PEKUMOB: BOJAOHAIIOPHOTO, YIIPYTO-
BOJIOHAIIOPHOTO U razoHanopHoro. Cieayer, 0HaKo, yUUThIBAaTh, YTO 3TU (HaKTOPHI, B3AThIE
OTJIENBHO OT APYTUX, HE MOTYT CIIy’KUTh OCHOBAHUEM JIJIs1 IPOTHO3UPOBAHUS OTHOTO U3 HAIIOPHBIX
pexumoB. Tak, Hapumep, €CiIM y4acTOK IJIacTa C XOpOoIlel IPOHUIIAEMOCTBIO U MaJIOH BS3KOCTBIO
HE(TH U30JIUPOBAH OT 3aKOHTYPHOM 00JIaCTH AU3BbIOHKTUBHBIMU HapyIIEHUSIMHU, TO 31ECh
HEBO3MOJKHO OCYILECTBICHHE BOJOHAIIOPHOTO WX YIIPYTOBOJOHAIIOPHOTO PEKUMa.

Korna 3anexp HeTH pacroyioskeHa HeAaIeKo OT BbIXO0JIa IJIACTa Ha THEBHYIO IOBEPXHOCTH,
/1€ IPOUCXOUT MOJHOLEHHOE MUTaHKE IJIacTa aTMOC(PEPHBIMU U TOBEPXHOCTHBIMU BOJIaMH,
COOJIIOJIAOTCSI YCIIOBHSI OJIarONpUATCTBYIOLINE PA3BUTHIO BOJOHANIOPHOTO pexkuma. Korga xe
3aJIeXb HETH yJlaieHa Ha COTHU KMJIOMETPOB OT BBIXO/A IIaCTa, KaK 3TO YacTO HAOI0AaeTCs Ha
MECTOPOKACHUAX Boro-Ypanbckol IPOBUHIMY, CO3LAIOTCS YCIOBUS I Pa3BUTHUS
YIPYTOBOJIOHAIOPHOTO PEXHUMA.

IIpu ycunenHom oTOOpe KUAKOCTH, IPUBOAAIIEM K CHU)KEHUIO TJIACTOBOTO JABJICHUS HUXKE
JIABJICHUS HACBILIEHUS HEPTH ra30M, PH XOPOLIeH MPOHUIIAEMOCTH KOJUIEKTOPA BO3MOXKEH
NEPEXo]l K Fa30HANIOPHOMY PEXHUMY WIN PEKUMY pacTBOpEHHOro rasza. Ilpu kpyTom yrie HakjoHa
IU1acTa ¥ MaJioi BI3KOCTU HEPTH, My3bIPbKU BBLACISAIONIETOCS Ta3a MepeABUTaloTCs B

MOBBIIICHHYIO YacTh IJIacTa, 00pa3ys TaMm ra3oBylo manky. [Ipu He3HauuTeTbHOM yTJIe HAKJIOHA
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I1acTa ra3 nepemMerniaercs K 3a00sM 3KCIUTyaTalluOHHBIX CKBAXHH, CIIOCOOCTBYSI TEM CaMbIM
Pa3BUTHIO PEKUMa PACTBOPEHHOTO Ta3a. Mcrolmenue sHepruu ra3a MpuBOAMT K MEPEXOAy peKuMa
TUIacTa B TPABUTAIIMOHHBIH.

B ciydae pa3paGoTku 3anexei ¢ HEBBICOKOM MPOHUIIAEMOCTBIO KOJIJIEKTOPa U O0JIBIION
BSA3KOCThIO HETH, KaK MPaBUJIO, C CAMOI0 Hayaja 3KCIUTyaTalluy Pa3BUBAETCS PEKUM
PacTBOPEHHOTIO Ta3a, MePEXOAsIIUi B TPAaBUTAIIMOHHBIH (ITOCIIe UCTOLICHHS SHEPTUH TUIacTa).

OnHUM U3 OCHOBHBIX KpUTEpUEB dPPEKTUBHOCTH TOTO WIIK HHOTO PEXKUMA SIBISIETCS
BEJIMYMHA KOHEYHOU He(TEOTIau TUIACTa, BBIpakaeMasi OTHOIIIEHHUEM H3BJICYEHHBIX 3aI1acoB
He(TH 32 BECh CPOK DKCILIyaTali 00hEKTa K Ha4aJIbHBIM 0aJIaHCOBBIM (HJIA TE€OJIOTHYECKUM)
3amacaM HedTu. Hanbonpmmm ko3 duirenTom HeQTen3BiIeUeHUS XapaKTEPU3YIOTCS PEKUMBI,
CBSI3aHHBIE C aKTUBHBIM MPOJIBKEHUEM KPAEBbIX BOJI (BOJAOHAIOPHBINH U YIIPYTOBOJOHATIOPHBIIT),
HAMMEHBIINM — PEKUM PACTBOPEHHOTO Ta3a. 1o 00ycioBieHo Ooiee 3(h(HeKTHBHBIM
BbITECHEHHEM He(TH BOJIOM 110 CPAaBHEHUIO C BHITECHEHUEM HEPTH ra3oM.

OCHOBHOM IPUYUHON CMEHBI PEKHUMa B MIPOLIECCE IKCIUTyaTalluy 3ajiexkeil HeTH SABIsSETCS
CHIDKEHHE TUIACTOBOT'O JIaBJICHHUS U KaK CIEICTBUE — HEOCTATOK 3araca SHepruu. B pesynbraTe
PEXUM CMEHsIeTCsl Ha MeHee 2(PQEKTHBHBIN U IPOUCXOIHUT MOTEPS B JOCTIKEHHH KOHEUHOTO
koa(durmenta Hedrenspiaeuenus. [ nopeimenus 3GPEeKTUBHOCTH TTpoIiecca pa3paboTKu
MPUMEHSETCS BBOJ B IIACT JIOTIOJHUTEILHOM SHEPTUU MyTEM 3aKauKH BOJBI WK ra3a. Tak
HanpUMep, MyTeM 3aKa4Ky BOJIbI B 3aKOHTYPHBIE 30HBI TUIACTa HA TAKUX KPYMHEUIITHX
MectopoxaeHusx Ypano-IloBomxkss, kak TyliMasunckoe, baBnunckoe, PomamkuHckoe, 301bHbIM
OBpar, y1aioch MepeBecT! yIpyro-BOAOHAIOPHBIN PEKUM B PEKUM BBITECHEHHUST HEPTH BOJIOM.
[TosrydeHHBIH B CBOE BpEeMsI OIBIT Pa3pabOTKU MECTOPOXKIECHUN JAHHOTO THIA, ObLI pacIpOCTPaHEH
U Ha MecTopokaeHusax 3ananHoi Cubupu. (Ban-Eranckoe, Bapb-Eranckoe). Jlocturaemas
KOHEeYHast He()TeoTAaya Mpu 3TOM OM3Ka K HehTeoTaaue Mpu BOJAOHATIOPHOM PEKUME.

Pa3paboTky 3anexell Ha €CTECTBEHHOM PEXUME NMPUHATO Ha3bIBAaTh IEPBUYHBIM METOJIOM,
pa3paboTKy MpH 3aKauKe Yepe3 CUCTEMY HarHeTaTeIbHbIX CKBAXKUH BOJIbI MJIM ra3a Ha3bIBAIOT
BTOPUYHBIMU METOJIAMHU.

Kak moxa3pIBaeT ONbIT pa3paboTKH MECTOPOXKICHUH, OJ1aroapst MOBBIIICHUIO 1aBJICHUS B
TUTacTe BO3MOXKHO oOecrieueHme 0osee BEICOKMX AeONTOB, COKpAIIEHHE YHCIIa SKCIUTYaTallMOHHBIX
CKBa)XMH, CPOKOB pa3pab0TKH 00BEKTOB. UTO B KOHEUHOM UTOTE BJIEYET 3a CO00i O0sIee BRICOKHE

TCXHHUKO-3KOHOMHNYCCKHEC ITOKAa3aTCIN pa3pa60TKH MeCTOpO)K,Z[eHI/Iﬁ.
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2.0BBEKTBI U CUCTEMBbI PABPABOTKH
2.1.Cucrembl pa3padoTKH MeCTOPOKICHU I

Hedranbsie 1 HedTEerazoBble MECTOPOKACHUA — ITO CKOIUICHUS YIJIEBOAOPOIOB
B 3EMHOM KOpC, NPpUYPOUCHHEBIC K OI[HOf/i NI HECKOJBKUM JIOKAJIM30BaHHBIM TI'€OJIOI'MYCCKUM

CTPYKTypaM, T.€. CTPYKTypaM, HaXOASIIUMCS BOJIM3H OJHOTO U TOTO )K€ reorpapuueckoro myHKTa.

3aje:Kb10 HA3BIBACTCS €CTECTBEHHOE JIOKATbHOE €IUHUYHOE CKOIUICHHE HE(PTH B OJHOM
WIH HECKOJBKUX COOOMIAOIIMXCS MEXIy COOOM IUIacTax-KOJUIEKTOpax, T.e. B TOPHBIX MOPOJax,

CIIOCOOHBIX BMEIIATh B ce0e M OTaBaTh MPH pa3padoTKe HEPTE.

3asie’)kn yTiIeBOJOPOAOB, BXOAIINE B MECTOPOXKIACHUS, OOBIYHO HAXOMATCS B IJIacTax WA
MaccUBax TOpPHBIX MOPOJ, HUMEIIIUX pa3IMYHOE pPACIPOCTPAHCHUE NOJA 3eMJIeH, 4acTo —
pasznu4uHble reojioro-gu3uueckre cBoiicTBa. Bo MHOrumx ciydasx oOT[enbHbIE He(PTEra30HOCHBIC
MJIACThl pa3/ieNICHbl 3HAYUTEIBHBIMH TOJIIAMH HEMPOHUIIAEMBIX TOPOJ WJIM HAXOASTCS TOJIBKO Ha
OTJIENBHBIX ydacTKaxX MECTOpOXkaAeHHs. Takue 000cOOJEeHHBIC WIN OTIMYAIOIIMECS MO CBOHMCTBAM
IUIACThl Pa3pabaThIBAIOT PA3NWYHBIMUA TPYINAaMU CKBKWH, WHOTJA TPH 3TOM HCIOIB3YIOT

Pa3JIMYHYI0 TEXHOJIOTHIO.

Pazmep m MHOromaacToBOCTb MECTOPOKAEHUW C €MKOCTHBIMH CBOMCTBAMHM KOJJIEKTOPOB
OTIPENIETISIOT B IIEJIOM BEJIWYHHY W IJIOTHOCTH 3amacoB HE(PTH, a B COUYETAHUU C TIIyOMHOM

3asieranusi 00yCIaBIUBAIOT BHIOOP CHCTEMBI pa3pabOTKU U CIIOCOO0B JOOBIYU HEPTH.
BBenem nonsitue 00 00bekTe pa3paboTKH MECTOPOXKICHUSI.

O0beKT pa3paboTKH — 3TO HCKYCCTBEHHO BBIJICJIIEHHOE B IpeleNax pa3padaTbIBaeMOro
MECTOPOXKJCHHUS TIeO0JIOTHUeCKOoe o0pa3oBaHHMe (IUIACT, MAacCHB, CTPYKTypa, COBOKYIHOCTb
IUIaCTOB), COJEpIKalllee MPOMBIIIJIEHHBIE 3allachl YIJIEBOAOPOI0OB, U3BJICYEHUE KOTOPBIX M3 HEIp
OCYILECTBIIACTCS MIPU MOMOIIM ONPENEICHHON TPYIbl CKBAXUH WM APYTUX TOPHOTEXHUYECKHX

COOPYKEHHIA.

B 00BexT pa3paboTKH MOTYT OBITH BKJIIOYEHBI OJWH, HECKOJIHKO HWJIU BCE IJIACTHI
MECTOPOXKICHHUSI.

OOBeKTHl pa3pabdOTKU MOAPA3ACIAIOTCS Ha CAMOCTOSTENbHBIE, T.€. pa3pabdaThiBacMbIe
B HACTOSIIEe BpEeMs W BO3BpPATHBIC, TE, KOTOpPhIC OyIyT pa3pabaThiBaThCsS CKBAKHHAMH,
IKCIUTYaTHUPYIOIIUMU IPYTOH OOBEKT.

YroOBI JTydIille yCBOUTH MOHATHE 00BEKTA Pa3pabOTKH, paccMOTpuM npumep. [IycTh umeem

MECTOPOXKIACHUE, pa3pe3 KOTOPOro MOKa3aH Ha PUCYHKE 1. DTO MECTOPOXKACHHE CONEPKHUT TPU
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miacTa, OTJIWYAIOMIMECS  TOJIIMHOW, OOJacTAMU  pPACIpPOCTPAHCHHs]  HACBHIMIAIONIMX  HX
YTIEBOAOPOAOB M (hU3MUECKHMMH CBoicTBamMH. B Tabmuie 2.1. mpuBeneHBl OCHOBHBIE CBOWMCTBA

miacToB 1, 2 u 3, 3a1eramnux B npeaenax MeCTOPOKICHUS.

Puc.2.1.CxemMaTmuyeckmyl paspes’ MeCTOPOXIEHMU

Tabmuna 2.1.

XapakTrepucTHKA I1ACTOB
['eonoro-¢usnyeckue cBoicTBa ITmactsl

1 2 2

N3Bnekaemple 3amachl He(TH, MITH.T 200 70 50
TommuHa, M 10 5 15
TIpOHHMITAEMOCTD KOJUIEKTOPA, MKM” 100 150 500
Bsi3kocts HedTr, 107 [a*c 50 60 3
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[Ipu 3TOM paccTosHrEe MEKTy TOAOIIBOM 1-ro miacta u Kposiien 2-ro 15 M, a aHaToru4Hoe
paccrosinue Mexay 2-M u 3-M riactamu okosio 1000 m. Micxozs u3 3Toro u nanHeix Ta6m.2.1,
1es1ecoo0pa3Ho BRIAEIUTH 2 00beKTa pa3paboTku, 00bennHuB 1 1 2 miacTsl, a 3-if pa3pabaTeiBaTh
camocTtositennsHo. O0beuHeHne | 1 2 TacToB 00yCIOBICHO OMM3KUMH UX XapaKTEPUCTHKAMH
(TpOHUTIAEMOCTH KOJUIEKTOPA, BA3KOCTh HE(DTH) U PACTIONOKEHHE MX HAa HEOOJIBIIIOM PaCCTOSHUM
JpyT OT Apyra 1o BepTukanu. [Inact 3, XoTd 1 MMeeT MEeHbLINE 3anacskl HeTH, HO COAECPIKUT
MaJIOBSI3KYIO HE(Th B BBICOKOIIPOHHUIIAEMBIX KOJUIEKTOpax. CienoBaTeabHO, CKBaKUHBI,
BCKPBIBIIHE ATOT IJIACT OYAyT BEICOKOIPOIYKTHBHBIME. KpoMe Toro, OH MOKET pa3padaThIBaThC
IIPY TIOMOITY OOBIYHOTO 3aBOAHEHUS (MaoBsi3Kkas He(Th), a Mpu pa3padboTKe TacToB 1 u 2 ¢
BBICOKOBSI3KOM He(ThI0, HEOOXOAUMO NMPUMEHATH UHbIE TEXHOJOTHH, HAlpUMep, 3aKayka napa,
ropstueit Bozipl, 1100 pacTBOpsI ¢ 3arycturesimu (ITAA), 11t morameHus BI3KOCTHOM
HeycToHuuBOCTH. UTO 3T0 03HauaeT? Y Hac ke PUIbTpyOTCs pa3HbIe MO BSI3KOCTH JKUKOCTH:
He(Th U Boja. Boaa, kak MeHee BsA3Kas U OoJiee MOABMKHAS KUAKOCTh BCETa UMEET
PEUMYIIECTBO MPH MPOXO0XKIESHUH 10 IPOHUIIAEMBIM KaHaIaM U TeM CaMbIM OBICTpee 1OCTUTAET
HKCIUTYyaTallMOHHBIX CKBaKUH. OOBOJJHEHHOCTDH OBICTPO BBIPACTET.

Ecnu Mpl, TakuM 00pa3oM BBIAETNM Ha TJaHHOM MECTOPOKIACHUH 2 HKCIUTyaTal[HOHHBIX
00BEKTA, MOXKHO TOBOPUTH 00 OJJTHOBPEMEHHO-PA3/1€IbHOM IKCIUTyaTallud MECTOPOKACHUS.

Cucmemoii pazpabomku Heghmanozo mecmopodxicoenuss CYUTAETC COBOKYIHOCTb
B3aMMOCBSI3aHHBIX ~ MH)KEHEPHBIX  peIICHUH,  ONpeAessioluX  OOBeKThl  pa3paboTKu;
MOCJIeJOBATEIBHOCTh U TEMIT UX pa30ypuBaHus U 00yCTpPONCTBA;

HaJU4YUe BO3ACHCTBHS Ha IUIACT C LIEJIbIO M3BIEYEHUS HE(DTH W rasza; 4YMCIOo, COOTHOUICHHE U
pacroNokKeHUe HarHeTaTelbHbIX M JO0OBIBAIONIMX CKBA)XKMH; YHCIO PE3EPBHBIX CKBAXKUH,
yhpaBieHue pa3paboTKOI MECTOPOXKAECHUS, OXpaHy HEJP U OKpYXKaroleil cpeibl.

BaxxHedmuM »TamoM Cco3JaHUS CHUCTEM pa3pabOTKH SIBISIETCSl BbIAEICHUE OOBEKTOB
pa3zpabotku. Co3naHue MHOTOIUIACTOBBIX OOBEKTOB PE3KO COKpAIIAET KaUTAJIbHBIE 3aTPpaThl Ha
pa3paboTKy MECTOpPOXIECHHUS, HO OObEIMHEHHE HECKOJbKUX IIJIACTOB B OJHH OOBEKT
MOJKET NMPUBECTU K 3HAUYUTEIbHOMY YMEHbIICHHIO K03 uLimeHTa He(hTen3BIeUeHUs.

[Ipu BBIIENEHUM SKCIUTYyaTallMOHHBIX OOBEKTOB HEOOXOAWMO YYHUTHIBATH CIEAYIOLIUE
(dakTopsI:

1. 'eonoro-pu3nyecKkre CBOWCTBA IOPOA-KOJJIEKTOPOB HedTH M rasa. Pesko

OTJIMYAIOUIMECS 10 MPOHUIIAEMOCTH, 00IIei 1 3()(HEeKTUBHON TONIIMHE, a TAKIKE HEOJHOPOTIHOCTH
IUTaCTHl BO MHOTHX CIIy4yasX HEIeliecooOpa3Ho pa3padarbiBaTh Kak OJUH OOBEKT, NOCKOJIBKY OHU
MOTYT CYIIECTBEHHO OTJIMYATHCA MO MPOIYKTHBHOCTH, IUIACTOBOMY JaBICHHIO B TpOIECCe HX

pa3paboOTKu H, CIIEOBATEIBHO, MO CIIOCO0AM HKCIUTyaTallid CKBaXXUH, CKOPOCTH BBIPAOOTKHU



38

3amacoB HE(TH M W3MEHEHHIO OOBOJHEHHOCTH NPOAYKUIMH. IS pasaHyHBIX IO IIOMAJIHON
HEOJHOPOJAHOCTH IUIACTOB MOTYT OBITh 3((PEKTHBHBIMH DPa3IM4YHbIE CETKM CKBAaXHWH, TaK YTO
00BEIUHATH TAaKUE IIACTHI B OIMH OOBEKT pa3pabOTKU OKa3bIBAETCs HElesecoo0pa3HbIM. B cuibHO
HEOJHOPOJHBIX 10 BEPTHKAIM IJIACTaX, UMEIOMUX OTACIbHBIE HU3KOMPOHHUIIAEMBIE MPOIUIACTKH,
HE COOOMIAONINecss C BBICOKONPOHHUIIAEMBIMH, OBIBAa€T TPYIHO OOECIIEYHTh HMPUEMIIEMBIH OXBaT
TOPU30HTa  BO3JEHCTBMEM MO BEPTHKAIHM BCIEACTBHE TOTrO, YTO B AaKTUBHYIO pa3pabOTKy
BKJIIOYAIOTCS TOJIBKO BBICOKOIIPOHHUIIAEMBIE TMPOIUIACTKH, a HU3KONPOHHMIIAEMbIE IPOCIOU HE
MIOJIBEPIaloTCsl BO3ACMCTBUIO 3aKaUMBAEMOT0 B IJIACT areHTa (Bojbl, raza). C 1enbplo MOBBILIECHUS

0XBaTa TaKuX IJIACTOB Pa3pabOTKOM WX CTPEMSITCS pa3/IeIUTh Ha HECKOJIBKO OOBEKTOB.

2. @u3uko-xuMMHUUYecKHe cBolcTBa HehTH W rasza. BaxHoe 3HaueHHe mpHU
BBIJICJICHUN OOBEKTOB Pa3pabOTKU MMEIOT CBOMCTBa Hedrel. IlnacTsl ¢ CymeCTBEHHO pa3IMyHON
BS3KOCThIO HEe(pTH OBIBaeT HelerecooO0pa3HO OOBEAWHATH B OJUH OOBEKT, TaK KaK MX MOYKHO
pa3pabaTbeiBaTh C MPUMEHEHHEM pPAa3IMYHONW TEXHOJOTHMH W3BJICUYEHHS HEPTH W3 HEAp C
Pa3MUYHBIME CXEMaMH pPACHOJOKEHHS W IUIOTHOCTBIO CETKH CKBaXHMH. Pe3ko pasimyHoe
coJepxaHue napapuHa, CepoBOAOPOAA, IICHHBIX YITIEBOJOPOIHBIX KOMIOHEHTOB, POMBIIUIEHHOE
COJIEpKAHWE JPYTHX TMOJE3HBIX HCKOMAEMBIX TAaKKE€ MOXKET CTaTh NPUYMHON HEBO3MOXKHOCTHU
COBMECTHOM pa3pabOTKM IUIaCTOB KaK OJHOrO OOBEKTa BCJECACTBHE HEOOXOAMMOCTH
UCTIONIb30BAaHUS CYIIECTBEHHO PAa3IMYHONW TEXHOJOTMU H3BJICYCHHS HE(PTH M JPYTUX ITOJIC3HBIX

HCKOIIAaCMbIX M3 I1J1aCTOB.

3. ®a30BOC COCTOSHHUEC YIICBOJOPOAOB M PEKHMM NJIAaCTOB. Pa3auuHEBIC INIACTHI,

3aJIeTafoIINe CPABHUTEIILHO HEAJICKO JAPYT OT Jpyra Mo BEPTUKAIU U UMEIOIINE CXOIHBIC Te0JIOTO-
(bu3HYeCKre CBOMCTBA, B pANIE CIydacB OBIBACT HEIEIECOOOpPa3HO OOBEAWHATH B OJUH OOBEKT B
pe3yJbTare pa3InYHOTO (a30BOT0 COCTOSHHS IIACTOBBIX YTJIEBOJIOPOJIOB U PEeXHMA MIacToB. Tak,
€ClIi B OJIHOM IUIacTe MMeEeTCs 3HauyuTeNbHas ra3oBas IANKa, a JAPYrod paspabareiBaeTcsi MpU
€CTECTBEHHOM YyIPYTOBOJIOHATIOPHOM DEXHME, TO OOBEAMHEHHUE HX B OAMH OOBEKT MOXKET
OKa3aThCs HEIEeJIeco00pa3HbIM, TaK KaK A MX pa3pabOTKH MOTPEOYIOTCS pPa3InIHBIC CXEMBI

PacCIoJIOKCHHUA U YHUCJIa CKBAXKUH, a4 TAKKC pa3JIndHasA TCXHOJIOTHA NU3BJICUCHUA HC(I)TI/I H rasa.

4. YcnoBus yYOopaBJdCHUA NIPpOHECCOM DaSDa6OTKI/I HG(bT?IHI:IX MECTOPOXKICHUMN.

Uem Oombllle TUIACTOB W MPOIDIACTKOB BKIIOUEHO B OAWH OOBEKT, TEM TEXHHYSCKH W
TEXHOJIOTMYECKH TpPYJHEEe OCYIIECTBISATh KOHTPOJb 3a IEpEeMEIICHHEM pa3lieloB HedpTu Hu
BBITECHSIONIETO €€ areHTa (BOAOHE(TSAHBIX M Ta30HE(TSIHBIX pa3leloB) B OTACIbHBIX IUIacTax U

MMpoIJiIaCTKkax, TpyAHCC OCYHICCTBIIATh pa3aCIbHOC BO3I[CFICTBPI€ Ha NPOIIACTKU W U3BJICYHCHHUC U3
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HUX HETH U rasa, TpyJAHee U3MEHATh CKOPOCTU BHIPAOOTKHU IJIACTOB U MPOILIACTKOB. YXY/IIICHHE

YCIIOBHH yTIpaBlieHUs pa3pabOTKOI MECTOPOXKIECHUS BeJleT K YMEHbIICHUIO He(PTEOTAaUH.

5. TexHUKa M TEXHOJOTHSA 3KCNAyaTalluM CKBaXHMH. MOI‘YT OBITH MHOTOYHCIICHHEIE

TEXHUYECKUE U TEXHOJOTUYECKHWE TMPUYUHBI, MPUBOASIIME K  1EIecO00pa3HOCTH  WJIU
HeIeJ1ec000pa3HOCTH MPUMEHEHUS OTIENIbHBIX BapHaHTOB BhlJIeIeHHs] 00bekTOB. Hanpumep, ecnu
U3 CKBAXHH, SKCIUTyaTHPYIOMINX KaKOW-TO TUIACT WJIM TPYMIbI IJIACTOB, BBIACIEHHBIX B OOBEKTHI
pa3paboTKu, MpeArnojaraeTcsi OTOMpPaTh HACTOJBKO 3HAYUTENbHBIC ICOUTHI KUAKOCTH, YTO OHH
OyIyT MpeAeIbHBIMU JJII COBPEMEHHBIX CPEACTB AKCIUTyaTallid CKBaXWH. [loaTomMy nanbHeitmiee

YKpYIHEHUE O0BEKTOB OKAXKETCSI HEBO3MOXKHBIM 10 TEXHUYECKON IPUYUHE.

Cucmemvl paspabomku He@mMAHO20 MeCMOPOAHCOEHUs. pPA3IUYaAOm no 08yM Hauboiee
XapakmepHoviM NPUSHAKAM.:
1. Hamuuyuio uIM OTCYTCTBHIO METOJOB BO3JCHCTBUA Ha TMJACT C IEJbIO
W3BJICYCHUS HEPTH U3 HEP.
2. PacmonoxeHuto CKBaXHH Ha MECTOPOKICHUU.
Haubonee npumenumvimu napamempamu  Xapakmepuzyrouumu cucmembl

pa3pa6om7<u cuumaromcA.

HapaMeTp INIOTHOCTH CE€TKH CKBaXXUH SC — Iiomanab 00BeKTa pa3pa6OTKI/I,

MPUXOAIIASCS HA OJHY CKBaXHHY. Ecnmu muiomanbs HeTEHOCHOCTH MECTOPOKICHUS paBHA S,a

YHUCIIO ,Z[O6I>IBaIOH_II/IX 1 HarHeTaTeJIbHBIX CKBAXKMH Ha MECTOPOXKACHUN n,To

S
S ==
n. 2.1)
PaSMepHOCTB SC — MZ/CKB. B pAAC CiIydacB HCIIOJB3YIOT ITapaMeTp SCO paBHbIﬁ Iiomaan

HE(TEHOCHOCTH, IPUXOASAIIEHCS Ha OAHY JOOBIBAIOIIYIO CKBAKUHY.

YaenbHblii u3BJjekaemblil 3amac Heptu wuiaum mapametrp A.Il. KpsbuioBa Ny

OTHOIICHUEC U3BJICKACMBIX 3aI1aCOB He(l)TI/I oo O6L€KTy K O6H_[6My YUCITY CKBaXHH.

N
kp
n. (2.2)
N
Pa3MepHOCTL mapameTpa ¥ — T/CKB.
HapaMeTp o0 — OTHOIICHUC 4YHCJIa HACHCTATCIIbHBIX CKBAKUH K YUCITY IIOGBIBaIOH_[I/IX

@

CKBa’>XHuH, T.C. =n, /I’l() . O1OT napamMeTp, XapakTepru3yeT HHTCHCUBHOCTb CUCTCMbI 3aBOAHCHU.
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Mapamerp ©» — oTHOLIEHHE YNCITA PE3EPBHBIX CKBAKHH K YHCITY HOOBIBAIOIIMX CKBAKHH

ocHoBHOTO (orza, T.e. Pr = /n,

PesepBHbIE CKBa)KMHBI OypsAT C IENBI0 BOBJICYEHHUS B pPa3pabOTKy dYacTeill macra, He
OXBAaYECHHBIX Pa3pabOTKON B pe3yJIbTaTe BBISIBUBLIMXCA B IPOLECCE SKCIIYaTallMOHHOTO €ro
pa30ypHBaHUs HE M3BECTHBIX paHee OCOOEHHOCTEW Te0JIOTMYECKOr0 CTPOEHMs 3TOro IulacTa, a
Takxke (PU3NYECKHX CBOMCTB HE(TH U COJAEpXKALIUX €€ MOPOJ (JIUTOJIOTHYECKONH HEOIHOPOIHOCTH,

TCKTOHHUYCCKHUX HapymeHHﬁ, HCHBIOTOHOBCKHX CBOﬁCTB).

B MHOTOI1aCTOBOM MECTOPOKACHUN HEOOXOMMO TPEXK/IE BCETO BHIJICIUTH B pa3pese
00BEKTHI pa3pabOTKH (WX eIle MOTYT Ha3bIBaTh — IKCIUTyaTallMOHHBIE 00BEKTHI). Creayromei
3a/1a4yeil, KOTOPY0 HEOOXOAMMO PELIUTh MPU MPOSKTUPOBAHUU CUCTEMBI pa3pabOTKH, SBISETCS
MOPSIIOK BBOJIa OOBEKTOB B pa3padoTKy.

Cy1iecTBYIOT Kak ObI IB€ CUCTEMBI Pa3pabOTKH MHOTOTIACTOBOT'O MECTOPOKICHUS:

e (Cucrema «CBEpXy BHHU3», IPU KOTOPOW KaXK/IbII HIDKEJIeKAITUHN TIacT
pa3pabaThIBaeTCs TOCIIC Pa3padOTKH BBIIIEIIEKAIIICTO.

e (Cucrema «CHH3Y BBEpX», IPU KOTOPOIl He(PTEeHOCHBIE TIACThI BBOJSATCS B
pa3paboTKy B MOPSIIKE MOCIEIOBATEIbHOCTH UX 3aJIeTaHus], HAYMHAs C HUKHETO.
[Ipu 5TOM BBIIIIENEKAIINE TUIACTHI MOTYT BBOAUTHCA B Pa3pabOTKy 10 OKOHYAHUS
BBIPAOOTKU HUKEIIEKAIIETO.

Hauboinee pacipocTpaneHa B HaCTOsIIEE BpeMs CCTeMa pa3pabOTKH «CHU3Y BBEPX», KaK
Haubosee parroHaibHas. CucTeMa «CBepXy BHH3» MPUMEHSIETCS TOJBKO IIpU pa3zpaboTke
HEermyOOKO 3aJIeTaloNuX IIACTOB, XapaKTepU3YIOIUXCs cI1aboi MPOHUIIAEMOCTBIO.

Cucremy pa3paboTKu «CHHU3Y BBEpX» HAUMHAIOT C HIDKHETO, TaK HA3bIBAEMOTO OTIOPHOTO
ropusoHTa. [Ipu 3TOM ONOPHBIN TOPU30HT AOJKEH
1. 3anecams Ha enyOuHe, OOCMYNHOU 01 MACCOB8020 OYPeHUsl IKCNILYAMAYUOHHBIX CKEANCUH
2. 0braoamv 6biCOKOU NPOOYKMUBHOCMBIO U KA4eCMBEOM Hedmu
3. umemsv 00CMAMOUYHO XOPOULO PA36EOAHHYIO 3HAYUMENbHYIO NIOUWA0b, M.e. OblMb 6NOIHE

NnO020MOBIEHHBIM K pazpabomke.

XKenarenbHo Takke, 4TOOBI ONOPHBIN TOPU3OHT HE UMEI MOIOIIBEHHON BOJIbI (3aKOJIOHHbBIE
MEPETOKU TPU ero 0OBOTHEHHH).

Brlmenexariye miacThl 0 3HAYUMOCTH Pa3IeNSIFOTCS Ha TIACThI, SBISIOIINAECS
CaMOCTOSITENIbHBIMU 00BbEKTaMu pa3pabOTKH, JTUOO BO3BPATHBIE OOBEKTHI.

[Ipu pazpaboTke HUKHETO, OIIOPHOI'O TOPU3OHTA IKCILTYaTAllUOHHBIE CKBAXKUHBI IIPOXOIST
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BCE MPOAYKTHUBHBIE MIIACThL. [Ip1 3TOM HMeeTcss BO3MOKHOCTD MOJIHOTO UX U3YUYEHHUS ITyTeM 0TOOpa
KepHa U MPpH MOMOIIU Teoru3nIecKux MeTo0B. B mporecce pa30yprBaHus OMOPHOTO TOPU30HTA
JIeTaJbHO MU3YYaroTCs TEKTOHNYECKHE 0COOCHHOCTH MECTOPOXKICHHUS U OCYIIECTBIIACTCS
MOJTOTOBKA K Pa3pabOTKe BCEX BBIIIEIICKAIINX IJIACTOB.

Ipeumywecmseamu cucmemvl paspabomku « CHU3Y 86epxX» AGIAIOMCIL:

o ViueHnvuenue ob6vema sKkcnayamayuoHHo20 Oyperus 8ciedcmaue 6036pama ¢
HUdICeNIeHCaujux 20pU30HmMo8 nocje ux 8blpabomKu Ha 8bllUeedHCAUll nymem
nepghopayuu.

e Vckopenue memnos 0c80eHUsi HepMAHbIX MECOPOHCOCHULL U ONPEOeNeHUsL UX
NPOMBIUULEHHOU YEHHOCTU.

o Obnecuenue 2e0102U4eCKOU OPUEHMUPOBKU 8 PA3Pe3e CKBANMCUHDL, O1a200aps. YeMy
cokpawaemcsi 00veM pazeedouHo20 OypeHus. Imomy cnocoocmeyem 603MOHCHOCHIb
6038paAmMa HA BbIULENIEHCAUULL 20PUSOHM NPU NOTYYEeHUU HeDIa20NPUSIMHBIX
Pe3VIbmamos 8 HUNCeneHcauem.

o  VueHnvuienue onacnocmu enunu3ayuy HeghmeHOCHbIX NIACMO8, NPUBOOAUel K
nomepe Hegpmu.

Oco0bIM IPEUMYIIIECTBOM STOM CUCTEMBI SBISETCS BO3MOKHOCTh OJJHOBPEMEHHOMN
HKCIUTyaTaIlMl BCEX CAMOCTOATENIbHBIX 00BbEKTOB pa3paboTKH, OJaronaps 4emy 3HaUUTEIbHO
YCKOPSIFOTCSI TEMITBI OCBOCHHUST MECTOPOKICHUN.

B cnyuae pa3paboTKu MHOTOIUIACTOBBIX 3aJI€KeN MPUMEHSETCS TaK Ha3bIBaeMast
«KOMOWHUPOBaHHAs» crcTeMa pa3padoTku. CyITHOCTh €€ 3aKII0YaeTCs B TOM, YTO KKl OOBEKT
pa30ypuBaeTCsi CaMOCTOSITENILHOM CETKOM CKBaXXMH. BHYTpH Kak10r0 00bEKTa MIacThl
pa3pabaThIBAIOTCS IO CUCTEME «CHU3Y BBEPX», a TIOPSIIOK pa30ypHUBaHUS 00BEKTOB MOXKET OBITH

JIFO00H.

2.2.Cuctembl pa3padoTKH ¢ BO3AeHCTBHEM HA IJIACT

Tenepsb To, 4TO KacaeTCst HEMOCPEICTBEHHO CUCTEM pa3paboTKu. B nepByro ouepens oHU
KJIaccu(UIUPYIOTCs MO crioco0aM MCIOIb30BaHUs SHEPTUU.

o NOJ1 AefiCTBHEM eCTECTBEHHOI0 HANopa KpaeBbIX BOJ

L4 myTeM 3aBOTHCHUSA
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Puc.2.2 Cxema pasMemeHms CKBaXWH IIpM paspaboTke 104 JeHCTBHUEM
eCTEeCTBEHHOI'O HAamopa KPAaeBEX BOI

[Ipu pa3paboTKe C WCIOJB30BAHUEM €CTECTBEHHOTO HAIopa KPaeBhIX BOJ JOOBIBAIOIIHEC
CKBO)XMHBI PACIOJIaraloTCs TaKUM 00pa3oM, 4ToObl (POHTY NPOJBUTAIOMICHCS KpPaeBOW BOJIBI
MPOTUBOCTOST (PPOHT CKBAXKUH. J[JI1 ATOr0 CKBa)XKMHBI pa3MeIIaeT pPsAaMU MapalljieibHO KOHTYPY
BO/bl. CKBaXMHBI OOBIYHO PACIIONATAIOT B IMpeAeNiaX BHYTPEHHETo KOHTypa HedTeHocHocTd. [lo

Mepe 0OBOJHEHHS HAPYIKHBIX PSIIOB CKBAYKUH MX OTKJIIOYAIOT.

Puc.2.2 — PacrnojioOxeHue CKBAXMH C YUYETOM BOIOHEQPTSIHOI'O U

I'a30He)TAHOI'O pasnejioB
1 — BHeEmMHUM KOHTYP HeOTEHOCHOCTM; 2 — BHYTPEHHUN KOHTyp HebTeHOCHOCTHM; 3
— poOHBaKUMe CKBaXMUHE; 4 — BHEUWHMM KOHTYP I'a30HOCHOCTM; 5 —BHYTPEHHUMU

KOHTYP T'a30HOCHOCTIM

CornacHo TCOpHUU YIIPYTrO-BOAOHAIIOPHOTO PEKHMMA HU3MCHCHUC [aBJICHHA B IUIACTC B

3aBHCUMOCTH OT O0TOOpa KUIKOCTH M BPEMEHH SKCIUTyaTallii BEIPA)KAaeTCsl ypaBHEHUEM:
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AP—nepenan IOaBJIEHMA, MeXOy OaBJIEHMEM Ha KOHTYypEe IMTaHMA ¥ IJaBJIEHMEM Ha

paspabaTHBaeMoOil lomanu, KI/cM’

Q. -Texymas moGwua XMOKOCTM M3 IJIACTa, CM°/CeK
P — BA3KOCTH XMAKOCTM B MJACTOBBIX yCJOBUAX, MIIa*c
K -[OpOHMIIAEMOCTL, MKM’

h = TOJIIMHa I1JjlacTa, CM

X - x0300MUMEHT Nbe30NPOBONHOCTM, cM?/cex (xapaxTepusyeT  CKOPOCTb

epepacnpenesieHrs OaBJIEHMS B IJlacTe)

k
A= w(BueBn)
t - BpeMs DBKCIIyaTaluuy, CekK

2
R c —pamnyc paspadbaTelBaeMOM IJjoWany, CM

Kak CJICAYCT U3 YPaBHCHU:, BCIIMUMHA ACTIPCCCUUN NABJICHUSA 3aBUCUT OT BA3KOCTH,

2
POHHUIIAEMOCTH, MTEE30TPOBOAHOCTH U Iomianu pazpadorku (R”). [Ipuuem, ¢ Bozpactannem

BA3KOCTHU U MBE30IIPOBOAHOCTHU BEJIMYHHA 3Ta BO3pacCTacT, C YBCIMUCHUEM ITPOHUIIACMOCTH U

niomaigun CHUXKaCTCA. CJ'IGI[OB&TCJ'IBHO, 3(1)(1)6KTI/IBHEISI pa3pa60TKa I1IJIaCTOBBIX Heq)TSIHBIX 3aJiexken ¢

HCIIOJIB30BAHUCM CCTCCTBCHHOI'O HAlopa KpacCBbIX BOJ BO3MOXHA IJIA IJIACTOB XOpOH.ICﬁ

NPOHHUIIAEMOCTBIO, MaJIOH BI3KOCTHIO HE()TH U ITHE30MPOBOIHOCTHIO. (YeM OOJIbINe pa3HUIA MEKITY

nasnenreM Ha KII u Ha mumomaau, TeM XyKe U1 pa3pab0OTKH — PEKUM MOKET MEPEUTH B MEHEE

3¢ GeKTUBHBIN — HIKE 1aBJICHUS HACBHIILEHUS, BBIIEISAETCS a3, 4To 3aTPyAHIET NIPUTOK HEPTH).

PazpaboTka He(TAHBIX 3aJI€Kel C UCTIOIB30BAHUEM €CTECTBEHHOTO HAlOpa KOHTYPHBIX BOJ

XapaKTepu3yeTcs HeMPOIOIHKUTEIbHBIM BPEMEHEM ITOCTOSTHHOM 100bIuM He(DTH, IOCIIe Yero OHa

HaynHaeT CHIKaThCs. KoaddunmeHT HedTenspieueHus npy JaHHOW CUCTEME pa3pabOTKU He

MOJKET OBITH BHLICOKHM.

2.3.Cucrembl pa3padoTKd HePTAHBIX MECTOPOKIAECHUN ¢ MOJAepKAHHMEM IJIACTOBOIO

JABJICHHSA

[Togneprkanue MIaCTOBOTO JIaBJICHUSI 3aKaUYKOU BOJIbI, KpOME MOBBIIICHHS HEPTEOTaaun

o0ecrnieuynBaeT HHTEHCU(UKALIHMIO MTpoLecca pa3paboTKU. DTO 00yCIOBINBACTCS MPUOIHKECHUEM

30HBI ITOBBHIINICHHOI'O AAaBJICHUA, CO34aBaC€MOI0 3a CUCT 3aKa4KH BOJAbBI B BOJOHArH€TaTCJIbHBIC

CKBa’XXHHBbI, K I[O6I)IBaIOIHI/IM CKBaXHUHaM.
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JIis mpUHATHS pelIeHUs O MPOBEACHUN MOIIEPKaHUS TIACTOBOTO JaBJICHUS 3aKaUKOM
BOJIbI Ha KOHKPETHOM 3aliexu HepTH mocneqoBaTeaIbHO MPopadaThIBAIOT CIEAYIONINE BOTIPOCHI:
- OTPEAETSAIOT MECTOIOIOKEHHE HAaTHETATEIbHBIX CKBAXKHUH;
- ONIPENIEIISIIOT CYMMapHBIH 00hEM HarHETaeMOM BOJIBI;
- PAcCCUMTHIBAIOT YHUCJIO HAarHEATEIbHBIX CKBAXKHH;
- YCTaHaBIMBAIOT OCHOBHBIC TPeOOBaHMsI K HAarHeTaeMoil BOJIE.

Mecmononooicenue nacnemamenbHblX CKEANCUH OTIPEIEIIETCSI B OCHOBHOM 0COOEHHOCTSIMU
TeOJIOTMYECKOTO CTPOCHUS 3alIe)KH HEPTH. 3a7a9a CBOAUTCS K TOMY, 9TOOBI TO100paTh Takoe
pacIoioyKeHne HarHETaTeIbHBIX CKBKHH, P KOTOPOM obecrieunBaeTcsi Hanbosee 3¢ heKTUBHAS
CBSI3b MEXK/y 30HAaMU HarHeTaHUs BOJbI U 30HAMH OTOOpa ¢ paBHOMEPHBIM BHITECHEHHEM HE(TH
BOJIOM.

B Hacrosimiee BpeMst IpUMEHSFOTCS CIIEIYIONNE CUCTEMBI 3aBOJHECHUS:

1)3akoHTypHOE
2)IPUKOHTYPHOE
3)BHYTPHUKOHTYPHOE, ITyTEM pa3pe3aHus 3aJIeKU HeTU psaJaMH HarHETaTeIbHBIX CKBAXHH
Ha 30HBI CAMOCTOSTEIIEHOW Pa3pabOTKH, Pa3InYHBIX Pa3MEpPOB
4)coueTaHre 3aKOHTYPHOTO U BHYTPUKOHTYPHOTO
S)mommaaHoe

6)oyaroBoe

7)uzbupaTenbHoe

PaccMoTpuM 0CHOBHBIE OCOOCHHOCTH M KDUTEPHH BCEX CHCTEM.

3aKoHTYpHOe 3aBOJHEeHHe. 3/IeCh SKCILTyaTallUOHHbIE CKBAXKUHBI pacrojaraiTcs Ha
He(TSHOM 3a5IeXkKH TaK ke, KaKk U B Cllydae pa3pabOTKH Ha €CTECTBEHHOM PEKKUMe, HO B BOJIOHOCHOM
YacTH IJIACTa BIOJIb KOHTYpa HE(PTEHOCHOCTH MOMEIIAIOTCSl HATHETATEIbHbBIE CKBAXKHHBI.
HaunnaeT nmpuMeHsThCS, Kak MPaBUIIO, C MOMEHTA, KOT/Ia TIACTOBOE JaBJICHHE HA 3aJICXKH a/1aeT,
MPOAYKTUBHOCTB IKCIUTyaTallHOHHBIX CKBaXKUH CHIKaeTcs. [IpumMensiercs mpu pa3paboTke
HEeOOMIBIINX 10 3anacam 3anexei Hegptu (Puc.2.3).

3axonmypHoe 3a800HeHUe TIPUMEHSIOT JJI1 Pa3paOOTKH 3aJiekell ¢ HeOOIbIIMMHU 3aracaMu
He(Tu. [IpuMeHeHrne 3aKOHTYPHON CHUCTEMBI pa3pabOTKU BO3MOKHO TOI/IA, KOT/Aa BOJOHE(PTSIHON
KOHTAKT MPHU JOCTHKUMBIX Iepenanax JaBiIeHHUs MOXET nepemermarscs. [IpakTtukoi pazpaboTku
HE(PTSHBIX MECTOPOXKICHUN BBISIBICHBI CIydau, KOTJIa HEMOCPEACTBEHHO Y MOBEPXHOCTH 3aJICKb
HeTH “3amedaTaHa’ MPOAYKTaMH OKHCIEHHS He(TH (acdalbTeHbl, CMOJBI, MapaduH U APYTHE)
WIN TIPOIYKTaMHU JKU3HEAEATeNbHOCTH Oakrepuil. Kpome TOro, mpoeKTHpOBaHWE W peaTu3aius

9TOM cucTeMbl TpeOyeT JeTalbHOrO W3YYEHHsS 3aKOHTYpHOM wacTu 1iacta. MHorma
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XapaKTePUCTUKU 3aKOHTYPHOW YacCTH IJIacTa, MO MOPUCTOCTH, MPOHUIAEMOCTH, MECYaHUCTOCTH

CYHMICCTBCHHO OTIIMYAIOTCS OT XapaKTCPUCTUK HeHTpaHBHOﬁ 4aCTu 11j1acTa.

Puc.2.3.Cxema pasmewenus ckeasxcun 0isi NPUKOHMYPHO20 3A600HEHUS

1-0obvlsalowue cKkeaxiCUHbl

2-HazcHemamesbHble CKEANCUHbI

3aech OOJBIIYIO POJIb UTPAET PACCTOSIHUE HaTHETATEIbHBIX CKBAKUH OT
9KCIUTyaTallMOHHBIX. ECIIN PUHATH NBUKEHUE KUAKOCTH B TUTACTE IMHEWHBIM, TO TIEPETIa;y

JAAaBJICHUS 110 3aKOHY Z[apcn OMPCACIISICTCS YPABHCHUCM!

- pL*Q
P,-P,= 0,15 ——=
k*A
s ITIC
P;- IaBJIeHHE B IUIACTE HA JHHUM HarHeTaHus, KI'/cM’
P,- naBieHue B TUIacTe B 30HE 0TOOPA, k[/em?
1 — Ba3KocTh HeTu, MIla*c
L — paccrosiHue Mexay psaaMH HarHETaTeIbHbBIX U TOOBIBAIOIIUX CKBAXHUH, M
Q — Pacxo/ KHUAKOCTH, M°/CyT
2
K — K03 PHULIMEHT MPOHUIIAEMOCTH, MKM
2
A - TIOTIepeYHOE CeYCHHE TUTIACTa, M
Ortcrona cienyet, 4To0bl COXPaHUTh PAcXo]l )KUIKOCTH, IIPHU YBEIMYEHUHU PACCTOSIHUA B 2
pasa, He00X01MMO B 2 pa3a yBEJIWYMUTh Iepenasl AaBIeHHUs.
3aKOHTYpHOE 3aBOJHEHUE Hanbosee H3(pPEKTUBHO AT 3aJIeXKEN C XOpoLIeH
POHHIIAEMOCTBIO KOJUIEKTOPaA C HU3KOH BSI3KOCTHIO HE(TH, IIMPUHOHN He Oonee 5 kM. J[iist ycrmoBuid
MaJIOH MPOHHUIIAEMOCTH KOJUIEKTOPA U BBICOKOM BSI3KOCTH HE(PTHU, 3aKauKa BOJBI MOXKET OKa3bIBaTh

BIIMSIHHE TOILKO Ha OIMDKANIINHA pAA CKBAXHH.

3,[[601: MOKHO MaKCUMAJIbHO HCIIOJIb30BATh PAa3BCAOYHBIC CKBAKWHBI, ITOMABIINC 3a KOHTYP
HEe(TEHOCHOCTH.
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Crnenyrolum 1aroM B pa3BUTUH 3aBOIHEHHUS OBbLJIO MPUKOHTYPHOe. 3/1eCh HarHETaTeIbHbIE
CKBa)KMHBI pacrojiaratoTcs BOJIM3U BHEIIHETO KOHTYpa HEPTEHOCHOCTH B IIpeieiaxX BOJAOHEDTIHOM
30HBI (pUCYHOK). [IpuMeHseTCs Ipu TeX ke XapaKTepUCTHKAX, YTO U 3aKOHTYPHOE (C BBICOKOU
MPOHHUIAEMOCTHI0 KomtekTopa (0,4-0,5 Mkm?), st Maoit BsskocTr HedTi (10 5 MITa*c) mpu
HEOOJIBIIION MmUpHHE TIomany (10 4-5 KM))., HO TIPH HATMYWH TIIIOXO0H THIPOIMHAMHYECKON CBSI3H
3aJIeXkH ¢ 3aKOHTYPHOM 00J1aCcThI0. DTO MOXKET OBITH 00YCIOBICHO YXYyAIICHUEM MPOHUIIAEMOCTH
ruiacta BOim3u BHK nnm Hanuyrem BoIOHETTPOHUIIAEMOT0 SKPaHa, YTO XapaKTepHO s
KapOOHATHBIX KOJIEKTOPOB.

BHyTpHKOHTYpPHOE 3aBOJIHEHHe HanbOoJIee pacpOCTPAHCHHBIN BH]T 3aBOTHCHHS. 371€Ch
oOIMpHas Mo MO U OOJIbINAS MO 3amacam 3aJIeXkKb pa3pe3aeTcs psiiaMyu HarHeTaTeNbHbBIX
CKBaXXMH Ha CaMOCTOSITEJIbHbIC IUIOMIAIN pa3padoTKu

BHyTpUKOHTYpHOE 3aBOITHEHHE HE OTPUIACT 3aKOHTYPHOE 3aBOAHEHHUE, & B HEOOXOJMMBIX
ClIy4asiX BHyTPUKOHTYPHOE 3aBOJJHEHHE COUETAETCS C 3aKOHTYPHBIM. J{J1s1 KpYIHBIX 3ajexel HedTu
3aKOHTYPHOE 3aBOJIHEHHE HEAOCTAaTOYHO 3 (HEKTUBHO, TaK KakK MpHu HeM Haubosee 3(hHeKkTHBHO
pabotaeT 3—4 psina HeQTe10OBIBAIOIINX CKBAXKUH, PACIIONIaraeMbIX OIKE K
BOJIOHATHETATEIILHBIM.

B3sTp x0T Ob1 POMamkuHckoe MecTopoxaeHre, o IUIOIIAId PacIpoCTpaHEHHOE Ha

Oompiryio yacth TaTapcrana (puc.2.4).

. . &
b &
D * b [}

Puc.2.4. Cxema pazmewenus ckeajicun npu 6HympuKoHmypHOM 3a600HEeHUU
IIpu paspe3anun MeCTOPOXKIEHHMS Ha IIOMAAM M OJOKM OBIJIO YYTEHO CJI0XKHOE
JUTOJOTMYECKOE CTPOEHUE OCHOBHOIO 1O 3amacaM Iuiacta J[1, HepaBHOMEpHas TIeoJoro-
¢u3uueckas XapakTepUCTHKA  KOJJIEKTOpaA, BBICOKAsl CTENEHb €ro HEOJAHOPOIHOCTH.
[lepBoHauanbHBIM MPOEKTOM pa3zpaboTku, coctaBieHHsIM BHUU, PomamkuHckoe MeCTOpoXKIeHHE
psaamMu BOJIOHarHETaTENbHBIX CKBaKUH pa3pe3anoch Ha 23 ydacTKa CaMOCTOSATENbHON pa3paboTKu.

B mocnenyromiem oTaenpHbIC TIOMAIN OTIOTHUTEIBHO pa3pe3aliuch Ha 00Jiee MEJTKUE YIaCTKH.



47

Pacunenenue HeTEHOCHOM IMJIOLIAAN HA HECKOJIBKO IUIONIA e MMyTeM BHYTPUKOHTYPHOTO
3aBOJTHEHUS TIO3BOJISIET BBECTH BCIO HEPTEHOCHYIO IUIOMIA b B 3PPEKTUBHYIO pa3paboTKy
OJTHOBPEMEHHO. [[J1s1 MOTHOIIEHHOTO pa3pe3aHus HeTEHOCHOM TIOIaId HarHETaTEIbHbBIE
CKBa)XMHBI pacroiaratot psaaMu. [Ipu 3akauke B HUX BOJBI IO TUHUSAM PSIOB HAaTHETATEIIbHBIX
CKBa)KMH 00pa3yeTcs 30Ha, MOBBIIIEHHOTO IaBJICHUS, KOTOpas MPEMsITCTBYET epeTokaM HePTH U3
0JIHOI momaau B Ipyryro. [lo Mmepe 3akauku odaru Boasl, CHOPMUPOBABIIKECS BOKPYT KAk 0
HATHETaTEIbHON CKBAXUHBI, YBEIIMUMBAIOTCS B pa3Mepax U, HAaKOHEIl, CITMBAIOTCS, 00pasys eAHHbBIN
(GpPOHT BOJIbI, HAIIPABJICHHBIC HA BEITCCHEHNE HEPTH K 3a00SIM IKCILTYaTAIMOHHBIX PSAI0B CKBAKHH.

C uenbio yckopeHusi 00pa3oBaHus eAMHOTO (PPOHTA BOJBI 110 JIMHUH, PsAJla HAarHETaTeIbHbIX
CKBa)KWH, OCBOCHHE CKBAXKHH I10J] HATHETAHUE B PsIIy OCYIIECTBIISIOT “‘dyepe3 onny” . B
MPOMEXKYTKAX MPOECKTHBIC HATHETATEIbHbBIE CKBAXKUHBI BBOJST B AKCILTyaTaIUIO KaK
He(dTenoObIBarONINE, OCYIIECTBIISIS B HUX opcupoBaHHBIN 0TOO0p. [1o Mepe nosiBrieHus B
“MPOMEKYTOUYHBIX CKBOXKMHAX 3aKaYMBAEMOM BOJIbI, OHU MIEPEBOATCS MO/l HATHETAHUE BOJIBI.

JloObIBaroIIMe CKBXKUHBI PACIIONAraloT PsAaMHU MapalljieNIbHO psaaM HarHeTaTeNbHbIX
CKBaXWH. Paccrosinne Mexay psaamu HeTeqoObIBAOINX CKBAKUH M MEKIY CKBRXKUHAMU B PSITY
BBIOMPAIOT, OCHOBBIBASACH HA TUAPOJIMHAMUYECKUX pacyeTax, C yueToOM 0COOEHHOCTEH
re0JIOTUYECKOr0 CTPOEHUS M PU3NUYECKON XapaKTEPUCTUKHU KOJIJIEKTOPOB HA JaHHOU
pa3pabaTeiBaeMOH TUIOIIATH.

BonpimmM npenMyiiecTBOM JaHHON CHCTEMBI SIBISIETCS BOZMOKHOCTh HauaTh pa3paboTKy
KPYITHOTO 00BEKTa ¢ JIIo0oH 1utomaar. M B mepByio ouepeab BBOAUTH B SKCILTyaTalMio Haubosee
OoraTele 1Mo 3armacam ¥ BRICOKOICOMTHBIC TUIOMIAAN C HAUTYYITUMHU T€O0JIOTO-TTPOMBICIOBBIMH
XapaKTepUCTHKAMHU.

YacTHBIM cllydyaeM BHYTPUKOHTYPHOTO 3aBOJTHEHHUS SIBIISIETCS MOTIEPEYHOE pa3pe3aHue
3aJIeXeil Ha OJIOCH CAMOCTOSITENILHOM pa3paboTKU. ITO Tak Ha3bIBaeMasi 0JIOKOBasi cMCTeMa
3aBOIHCHHSL.

bnoxkosvie cucmemvr pa3pabOTKM HaXOASIT MPUMEHEHUE HA MECTOPOXKICHHUSX BBITAHYTOU
(GOpMBI C PacCIONIOKEHUEM PSJIOB HaTHETATENbHBIX CKBAXHH 4Yallle B TMOIMEPEUYHOM HaIPaBICHUU.
[IpuHnUNUanesHOE OTIHYKE OJIOKOBBIX CHUCTEM pa3pabOTKH OT CHCTEMBl BHYTPUKOHTYPHOTO
3aBOJTHEHUS COCTOMT B TOM, YTO OJIOKOBBIE CHCTEMBI MPEATNOJIAraloT OTKa3 OT 3aKOHTYPHOTO
3aBogHeHMs. Ha puc.2.4 moka3zaHa NpUHIMIHAIIbHAS cXxema pa3padoTku miacta A4 KynemoBckoro
HedTssHOrO MecTopoxaeHus (Camapckas o0nacts). Kak BUIHO M3 CXEMBI, psibl HarHETaTEeIbHBIX

CKBaXXHMH Pa3pe3aloT eIMHYIO 3aJIeKb Ha OT/IEJIbHBIC yUacTKH (OJI0KH) pa3paboTKH.

| o ]7 | & |2
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Puc.2.5. Cxema paszpesanus 3anesxceii npu ucnonib308aHuu O10K080U CUCHEMbl
[Tpu 6110K0BOI cuCTEMe 3aBOIHEHUS HE(TIHYIO 3aJIeKb pa3pe3aroT psaaMu

HarHeTaTeNbHBIX CKBAYKHMH Ha OJIOKH, B MPEJIeIaX KOTOPBIX Pa3MEIaloT PSIAbI T0OBIBAOIINX
CKBa)KMH TaKoOTo ke HampapiieHus. [Ipu BEITAHYTOH (hopme 3aiexku psabl CKBaKUH pa3MelaioT
NEPICHIUKYISIPHO K €€ JUIMHHOM OCH.

[Tpu kpyroBoii popme 3aexu, 0coOEHHO ¢ OONBIIMMHU TUIOMAAIMU HEPTEHOCHOCTH,
HaIpaBJIEHUE PAJIOB CKBAXHUH PACIOJIaraioT ¢ y4eTOM 30HaJIbHOW HEOJHOPOJAHOCTH MPOTyKTUBHBIX
IJIACTOB. A UIMEHHO, MTONEPEK MPEBATUPYIONIECH OPUEHTAIIUU 30H C MOBBIIICHHON TOJIIUHOM
KOJUIEKTOPOB U, KaK MPaBUIIO, C TIOBBIIIIEHHON MOPUCTOCTHIO U MPOHHUIIAEMOCThI0. B pe3ynbraTe
JIOCTUTAeTCs NEPEeceUeHUe BCEX 30H, CO/ICPIKAIINX OCHOBHYIO YacTh 3al1acOB HEPTH, JINHUSAMHU
paspe3aHus, ¥ CIe10BaTeIbHO HAMITYyYIIUM 00pa3oM o0ecrieurBaeTcCsl BIUsSHUE 3aKaYUBAaEMOM B 3TU
30HBI BOJBI.

HarnerarenpHble CKBa)KUHBI TIEpe]l MMyCKOM UX TOJ 3aKa4Ky HaXOJsATCs B 0TpaboOTKe Ha
He(dTh. UTO 1aeT BO3MOKHOCTH OCYIIECTBUTH BHIPAOOTKY 3aMacOB B 3TOM 30HE, CHU3UThH IJIACTOBOE
JIaBJICHHE Ul OCBOCHUS CKBa)KMH O] 3aKauKy BoAbl. [Ipy ueM, B HauaabHBIN NEPUOJ CKBaXKUHBI
MYCKAIOT MO/ 3aKaYKy Yepe3 OJIHY, IPOJOJIKasi B IPOMEKYTOUHBIX 1OObIBaTh HEPTH 10 MOMEHTA
nX 00OBOIHEHUS.

JlanHbIe cHCTEeMBI (C pa3pe3aHreM Ha IUIOIaan U OJOKH) MPEeANOYTUTENbHBI TS 3aJIeKel ¢
XOPOIIMMU Te0JIOT0-(PU3NIECKUMHU XapaKTePUCTUKAMU — CPEAHEN WM BBICOKON MPOHUIIAEMOCTBIO,
¢ Bsi3kocThio HepTr 10 15-20 mlla*c. Illupuna monoc qomkHa OBITE O0JIee 5 KM. MeHbmas
HIMpUHA PEKOMEHIYEeTCs s 3ajexeld He()TU ¢ HU3KOM MPOHUIIAEMOCThIO KOJIJIEKTOPA U BHICOKOM
BSA3KOCTHIO HEPTH.

OueHb BaKHBIM 3JIEMEHTOM OJIOKOBOW CHCTEMBI SIBJISIETCS IIMPHUHA OJI0KA U KOJTMYECTBO
psAn0B 10ObIBarONINX CKBaKUH B Osoke. [llnprna 610ka BeIOMpaeTcs B 3aBUCUMOCTH OT TaKOTO
napaMmeTpa, XapaKTepu3yIoulero GuibTpalMoOHHO-eMKOCTHBIE XapaKTEPUCTUKH IJ1acTa, KaK
TUAPOTIPOBOTHOCTD:

e=K*h/p, rne

K — MPOHHUIIAEMOCTh KOJIIEKTOpa

h — Tommuua mmacra
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L — BSI3KOCTb IUIACTOBOM He(TH

[ToHATHO, 4TO yMEHbILIEHNUE IUPHUHBI [TOJIOC IPU MPOYUX PABHBIX YCIOBUAX MOBBIIIAET
AKTUBHOCTH CHCTEMBI 3aBOJJHEHHUS OJIaro1apsi BO3pacTaHUIO Mepernaja JaBIeHUs Ha SAUHUILY
mMpuHbl 6s10ka. C 1eNnblo YMEHbUIEHHSI TOTEPh HE(TU B LIEHTPAIBbHBIX YacTIX OJIOKOB B MpeJesax
6J10Ka pacrosiaraercsi 0ObIYHO HEYETHOE KOJIMYECTBO PsI0B 10OBIBAIOIMX CKBaXHH. [Ipu 3ToM
LEHTPAJIbHBIN PsAJ] UTPAET POJIb «CTSATUBAIOIIETO».

Paccrostnie Mexay psiiaMu SKCIUTyaTallMOHHBIX CKBaYKUH M MEXKIY CKBaKMHAMU B psJIax
YCTaHaBJIMBAIOTCS C yYETOM OCOOEHHOCTEH Ie0IOTNYECKOr0 CTPOSHUS 3aJI€KH U (PU3MUECKOU
XapaKTEPUCTUKH KOJJIEKTOpa

[Tpu mmpuHe noxoc 5 KM 1eaecoo0pa3Ho pa3MeIaTh MTh PsIOB JOOBIBAIOLINX CKBAXKHH,
pyu MeHblIel mupuse 3-1 psn.

B 3aBucumocT 0T KOJIMYECTBA PSJIOB 10OBIBAIONINX CKBAXUH Pa3INyaloT OAHOPSIAHYIO,
TPeXpsHYI0, NSATHPSAIHYI0 CUCTEMBI 3aBoiHEHUS. KpoMe paHee pacCMOTpEHHBIX TapaMeTpoB,
IPU XapaKTEPUCTUKE PSTHBIX CUCTEM UCIOIb3YIOTCS TOHATHS — paccTosiHME Mexay psaamu (L) u

MEXy CKBaXKUHAMH (20).

"}’ - "&" ‘@" L I Q" (—}) . 5 % % » Q-)
+4 . 4 = ST R S T T T R &
(-}) L (-$-> (-}) * =+ = (-}) (—$+ " & * * @B (—$—)
4 . & 4 0 0 e = S I T T S I =

Puc.2.6. Cxemul pazmewenus ckeasxicun npu 610K060U cucmeme paspabomku

[IpenmyniecTBOM cucTEM pa3pabOTKU C OIOKOBBIM 3aBOJJTHEHUEM SIBIISETCS TO, YTO OHU
MOTYT PEalU30BbIBATHCS, KOT/Ia OTCYTCTBYIOT JA€TalIbHbIE CBEACHUS O KOHPHUTYpaIlui KOHTYPOB
He(TeHOCHOCTH. [IprMeHEeHNnEe ATUX CUCTEM JTa€T BO3MOYKHOCTDH PETYJINPOBATH BEIPAOOTKY 3aacoB
C MOMOUIBIO NepepacnpeieieHnss 00bEMOB 3aKauKH BOJIBI.

I1nomanHoe 3aBOIHEHNE - HTO TAK XK€ OJMH U3 BUJIOB pa3pe3aHus 3ajiexu. B ciencrsue
TOTO, YTO MPH ITON CUCTEME JOOBIBAIOIINE CKBAXXHHBI HAXOIATCS T0J] HEITOCPEICTBEHHBIM
BJIMSTHAEM HarHEeTaTeNIbHBIX, TUIOIMAIHOE 3aBOJHEHNE SIBIISIETCS HAn00JIee MHTEHCUBHON CHCTEMON
BO3/IEHUCTBUS, 00€CIIeUnBACT MAaKCUMAJIbHBIE TEMITbI Pa3pabOTKU.

IInowaonoe 3a600Henue IPUMEHAIOT NIPU pa3pabOTKe MIACTOB ¢ OUYE€Hb HU3KOM
IIPOHULIAEMOCTBIO.

3nech JO0OBIBAIOIINE U HATHETATENIbHBIN CKBAXKUHBI PAaCIIOIaratoTCs MO MPABWIBHBIM MATH-,

CEMH- U JCBATUTOYCYHBIM CXEMaM.
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Puc.2.7. [Iamuckseadxcunnas cxema (namumoueynas)

CKBa)KHHBI C OIWMHAKOBBIM HA3HAYCHUCM PASMCIIAIOTCA B BEPIINHAX KBAAPAaTOB.

Puc.2.8.Cemuckeaxcunnasn cxema (cemumoueunas,)
JloObIBaroIIMe CKBRXKUHBI PA3MEIIAIOTCS B BEPIIMHAX MTPABWIBHBIX IECTUYTOJIHHUKOB, a

Har"eTaTcCJIbHBIC B LICHTPAX.

Puc.2.10.Yemvipexckeaxcunas cxema (wemvipexmoueunas)

SBnsieTcst YaCTHBIM CIIy9aeM CEMUTOUYCYHON CXEMBI, B KOTOPOI HarHETaTeIbHBIC U
JOOBIBAIOIINE CKBAXKUHBI MEHSIOTCSI MecTaMu. 1o 3TOl mpUYruHE CEeMUTOUYEUHYIO CUCTEMY YacTO
Ha3bIBAIOT «OOPAIICHHONY.

[Tpu momagHON CUCTEME PACTIONIOKEHUE CKBAKHH MOXKET OBITh TaKXkKe TIMHEHHBIM, KOT1a

PAAbl HArHCTATCIIbHBIX U I[O6I>IB3.IOHII/IX CKBAXXHH YCPCAYIOTCA MMPU MIAXMATHOM pa3sMCIICHUN
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CKBA>XHWH B pdgaax.

Puc.2.11.Jluneiinas cxema pasmewenus

[Ipu 3TOM psiZibl HATHETATEIBHBIX CKBAXUH YEPEIYIOTCS C PsiIaMU HAaTHETATEIbHBIX.
O0s13aTeNbHBIM YCIOBHEM JAHHOW CXEMBbI SIBJISIETCS YepeJOBaHNe HarHETaTeIbHBIX U JOOBIBAIOIINX
CKBQ)KMH B IIIAXMATHOM TOPSIKE, HO PACCTOSHUS MEX]y CKBRXKHHAMHU B PSAAaX MOTYT OBITh
OTJIMYHBIMU OT PACCTOSIHUS MEXAY PSAAaMU CKBaXKHH.

PaccmoTpenHbie HaMu CXeMBI pa3MEeIEHUs OTIIMYAIOTCSl COOTHOIIICHHUEM YHCIIa
HarHETaTEeBHBIX U TOOBIBAIONTUX CKBKUH. [Ipy JIMHEWHON 1 MATUTOYCUYHON CXeME Ha OJTHY
HarHETaTENbHYIO B CPEeIHEM IIPUXOIUTCS OJHa NoObIBatoias ckBaxuHa. [Ipu cemuroueyHoii — iBe
no6siBatontue. [lpu nesatutoueyHoit — Tpu. Takum 00pazom, pu JTMHEHHON U S-TUTOYEUHOU
CXEMe€ 3aKavKa BOJIbI OCYIICCTBIIICTCS 00JIee HHTEHCUBHO.

[Ipumensiercst st pa3pabOTKH TEPPUTCHHBIX U KAPOOHATHBIX KOJIJIEKTOPOB, C JII000#
MPOHUIIAEMOCTHIO U TIOBBIIIICHHON BA3KOCTHIO HE(PTH.

[TnomagHbIe cCHCTEMBI 3aBOTHEHUS TIPENIOYTUTENBHBI ISl pa3paboTKu 3anexei HedTy,
PACIIOIOKEHHBIX B CHJIBHO HEOJTHOPOIHBIX KOJIJIEKTOPaX, T.K. OHH pacCpeOTOYCHBI 110 BCe
TJI0Ma 1 He()TEHOCHOCTH M KaXKIBIH DJIEMEHT OXBaueH CUCTEMOM BO3eicTBUs Ha miacT. Ho ¢
STHUM CBSI3aH OCHOBHOM HEJIOCTATOK CHCTEMBI, T.K. BEIpa0OTKA 3amacoB HE(TH KaXkKIOTO dIIEMEHTa
3aBUCHT OT 3P PeKTUBHOCTH PAOOTHI €IMHCTBEHHON HarHETATEFHOW CKBAKUHBI SJIEMEHTA.

HenmocTtaTkom cucTeMsbl sIBISETCS TAK)KE€ HEBO3MOXKHOCTD PETYIHMPOBAHUSI MIPOABUKEHUS
BOJIbI K Pa3HBIM JOOBIBAIOIIMM CKBaKMHAM IIyTeM Nepepacipe/iesieHns 00beMOB 3aKauiBaeMOi
BOJBI. B CcBSI3U ¢ 3TUM BO3HUKAET BEPOSITHOCTH MPEXKIEBPEMEHHOTO OOBOTHEHHSI HEKOTOPHIX
CKBa)KMH.

HN30upaTesibHast cUCTeMA 3aBOTHCHHS TPUMEHSIETCS TIPU pa3pabOoTKe 30HATBHO
HEOJIHOPOJHBIX MPEPHIBUCTHIX 3asiexeil. CyIIHOCTh ee 3aKI04aeTcs B LeJeHalpaBiIeHHOM BbIOOpe
MECTOIIOJIOKEHHS HaTHETATeIbHBIX CKBAXKHH, C YYETOM I'€0JOrMUeCKOro cTpoeHus miacta. [Ipu
9TOM CO3/IAI0TCSI MAKCUMAIIbHBIE YCIIOBUS JJI1 MHTEHCU(PHUKAIIMY TIpoliecca pa3paboTKu U CBOTUTCS
K MUHUMYMY BJIMSIHHE 30HAJIbHOW HEOJHOPOIHOCTH, MPEPHIBUCTOCTH M1acTta. HarnerarenbHble
CKB)KHHBI PACcTIOJIaraloTcs B 30HAX MaKCUMAIILHOM MPOyKTUBHOCTH. MeToa MoxeT 3(h(HEeKTHBHO
MPUMEHSATHCS Ha MECTOPOXKACHUSIX C PE3KOH 30HAIBHON HEOJHOPOIHOCTHIO KOJIIIEKTOPA, CAMbIMU
pa3HBIMH T'e0JI0T0-(PU3NUECKUMH XapaKTEPUCTUKAMU, IPU BCEX TUMAX KOJIEKTOPOB, B OOIBIIOM

JAUarra3oHe BA3KOCTU HC(bTI/I. A Taxke IpU IU3BIOHKTUBHBIX HAPYIICHUAX.
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Ouarosoe 3aBoaHeHue. [1o cyTH sBisieTcs pa3HOBHIHOCTHIO H30MPATEIBHOTO.
[IpumensieTcs, Kak MpaBUiIO, B JOMOJHEHUE K TOM WM UHOW CUCTEME 3aKOHTYPHOI'O MU
BHYTPHKOHTYPHOTO 3aBOHEeHUS. Llens — MHTeHCHuKams mpoiecca pa3paboTKi U yBETHUEHHE
He(l)TeOTI[a‘II/I. Ouarosble HarHETATEILHbBIE CKBAKUHEI pacmojiararoTcsa B y4acTKax 3aJiCiKu,
KOTOpBIE JTM0O0 B HEIOCTATOUHOM CTETIEHN OXBAThIBAIOTCS OCHOBHOW CHCTEMOM 3aBOJHEHHUSI, THOO
XapaKTEePU3YIOUIIOTCS YXYIIICHHBIMU CBOWCTBAMU U HAMMEHBIIEH BBIPAOOTKOI 3amacoB He(TH.
Bribuparores u3 uncina oTpaboTaHHBIX JOOBIBAIOUINX CKBaXXUH. [IpH feTaabHOM H3yYeHUN
T'COJIOTHYCCKOTO CTPOCHUSA MOKET NPUMCHATHCA, KaK CaAMOCTOATCIbHAA CUCTEMA 3aBOJHCHUSA C
Hayvajia pa3paboTku 3anexu. Hampumep, korja Ha 3aiexu UMeeTCsl 3HaYUTEeNIbHOE KOJTMYECTBO 30H
3aMelIeHUs KOJVIEKTOPOB U OPraHU30BaTh KaKyl0-TO CTPOTO BBIAEPKaHHYIO CUCTEMY HE
MMpEaACTaBIACTCA BO3BMOKHBIM.

TI'oj10BHOE 3aBOAHEHHE. DTO HAarHETAHHE BOJGI B HaHOOJIEe MTOBLIIIIEHHBIE 30HEI 3aJ€XKeE,
TEKTOHUYECKH WX JTUTOJOTHYECKH SKPAHUPOBAHHBIX B CBOJOBBIX YACTSIX.

BapnepHnoe 3aBognenue. [IpumMensercs npu pa3padoTke HePTETa30BbIX U
He(bTeFaSOKOHI[eHCElTHBIX 3ajIekell IIacTOBOIO THUIIA C IECJIBIO U30JIATUN ra30BOY WU
ra30KOHJICHCATHOM YacTH 3aJIeku OT HePTsiHOM. KobIIeBOM psi/l CKBAXKUH pacIioaraioT B
npeenax ra3oHeTaHOM 30HbI, BOJU3M BHYTPEHHEr0 KOHTYpa ra30HOCHOCTH. B pe3ynbraTe
3aKavku o0paszyercs BoAsHOM Oaphep. [IpuMeHenne Takoro Trma 3aBOAHEHHS TO3BOJISIET
OCYIIECTBIISATH OJTHOBPEMEHHBIN 0TOOp He(pTH U ra3a 6e3 KOHCEpBaIlMK ra30BOM IIAMKH.

BnepBeie OapbepHOE 3aBOJHEHHE BHEIPSUIOCH Ha Ta30HE(DTSIHOM MECTOPOXKICHUU

Kapanar Azep6aiimkanckoir CCP.

Taxum 06pa3om, Mpu MPOCKTUPOBAHUHU CUCTEM Pa3pabOTKH VIS 3aJIEKU MOTYT OBITh
BBIOPAHO HECKOJILKO TUIOB. BBIOOp TOM MITM MHOM CUCTEMBI 3aBOJHECHUS ONPEICIISIOT B KOHEYHOM
HUTOIC B pC3yJIbTATC TMAPOANHAMUYCCKUX U TEXHUKO-3KOHOMUYCCKHUX PACUCTOB.

0060011251 Bce BBIIIIECKA3aHHOE, CIIEYET OTMETUTD, YTO OCHOBHBIMH 2JIEMEHTAMH CHCTEM
3aBOJIHEHMUSI SIBIISTFOTCSI:

® pa3Mep IUIOUIA/IH, ITOJIOCHI HITH 0JIOKA, HAXOASIIUXCS IO BO3CHCTBUEM

®  PACCTOSIHUE OT JIMHUU HAarHETAHUS JIO TIEPBOTO psija TOOBIBAIOIINX CKBAKHH

® KOJHUYCCTBO PAAOB U COOTHOLICHUC MCKIY YHUCIIOM [[O6I)IBaIOHII/IX u
HArdueTaTCJIIbHbBIX CKBAXXUH

® IUIOTHOCTHh CETKH CKBAKHH

¢ [iepcfnaa AaBJICHUA MCIKIAY 3a00sMU I[O6I>IBaIOHII/IX 1 HarHeTaTCJIbHBIX CKBa>XHUH



PaB3HOBMIOHOCTM METONOB 3aBOOHEHUS

SABOJHEHUE
3akoHTypHOE [IpukoOHTYpPHOE BHYTPMKOHTYPHOE
C paspeBaHueM NsbuparensHoOe IInowanHoe Ouaropoe T'ostoBHOE BapesepHoe
psanaMm
HaTrHeTaTeJNbHb!
X CKBaXmH
BiokoBoe C paspesBaHmem [IarnrToueuHoe CeMUTOUEUHOE HIeBaTHUTOUEUHOS AvenucrToe
Ha mowanm
[IsaTupsinHoOE TpexpsinHoe IIpsiMoe O6pamennoe [lpsiMoe ObpameHrHOe
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3.TEXHOJIOT'UsI PABPABOTKH HE®TSAHOT'O MECTOPOXIEHUSA 1N
TEXHOJIOTHYECKHUE INTOKA3ATEJIU PASPABOTKHA

TexHonoruer  pa3paboTku  HE(PTSAHBIX  MECTOPOXKJIEHHI  Ha3bIlBaeTe€ COBOKYITHOCTb
Croco00B, IPUMEHSAEMBIX JJIs1 U3BJICUCHUs He(PTH U3 HEAp.
PazpaboTrka Kkaxkmoro HEPTIHOTO MECTOPOXKICHUS XapaKTEPHU3YETCs ONpeIeICHHBIMU

TECXHOJIOTHYCCKHMMU ITOKa3aTCIIsIMU .

| [\ a,
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Puc.3.1.Cmaouu pazpabomxku niacma

[Ipouecc pa3paboTku HEPTAHBIX MECTOPOXKACHUI MOXKHO YCIIOBHO pa3JesinTh Ha 4 CTauu:

1-1 cTragusi - 3TO TEpHOJ HapacTaHus A00bM HePTH B mpolecce pa3OypHBaHHS 3aJIexKH,
00yCcTpoiicTBa MECTOPOKICHHS, BBOJIA CKBAYKUH M MPOMBICIIOBBIX COOPYKEHHUH B HKCILTYaTaIHIo.

2-s1 cTaguMsl - XapaKTepU3yeTcs YCTOMYMBOW MaKCHUMallbHOM H00bueit HedTu. MIMEeHHO B 3TOT
nepuo ypoBeHb 100614 HeTH U TeMu oTOopa oT I1M3 xapakTepusyer pazpaboTKy MECTOPOKICHUS.

3-1 craaMsi - XapaKTepu3yeTcs PEe3KMM TMaJeHueM J00bud He()TU W 3HAYUTEIBHBIM POCTOM
00BO/IHEHHOCTH MPOIYKIUH CKBa)XXUH. DTa CTaAMs 4YacTO Ha3bIBAETCS MO3HEH cTaauel pa3paboTKH.

4-s1 cTaaMsa - Ha3bIBAETCs TAK)KE KOHEUHOW cTaauel pa3padoTKu He(TSIHOro MecTopoxaeHus. s
HEC XapaKTepHO CpPAaBHUTEIBHO MEIJIEHHOE, TIIOCTENIEHHOE TMaJCHUE J00bIYM HePTH, BBICOKas
00BOJTHEHHOCTb MPOJIYKLNN CKBaKHH.

OcHOBHBIE TTOKa3aTeIu Pa3padOTKH rpauIeCKu MpeacTaBlIeHbl Ha puc.3.1.
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MokasaTtenu pa3paboTku 2 6noka
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Puc.3.2. Ilokazamenu pazpabomxu

1.-lobviua. Tlpu pa3paboTke HEPTIHOTO MECTOPOXKACHHUS BMECTE ¢ HETHIO M ra30M M3 TUIACTa
noOpiBaeTcs Boja. JloObIua KUIAKOCTH - 3TO CyMMapHas 100b19a He)TH U BOJIBL.

Qi = Qut Qy,

Jlo6bIya >xuakocTH Beerga Oonbiie no6srun Hedtu. Ha 3-it u 4-if ctanum pa3paboTku 100614
KUIKOCTH B HECKOJIBKO Pa3 MPEBBIMIACT JOOBITY HE(TH.

B mameit crpane moOsrda HEPTH U KUIKOCTH U3MEPSETCS B BECOBBIX CIUHHIIAX - TOHHAX.
3a py6ekoM - B 06beMHBIX — M. B CIIIA, Bemukobpuranun u B Kanage u psge JpyrHx CTpaH - B
Gappensix, I 6appens = 159 numpam, B 1 M° = 6,29 Gappereii.

CymiecTBYIOT MOHSTHUS TEKyIlas W HAKOIUICHHas J00bl4a HeTH, BOABI U KUAKOCTH. B cBOIO
ouepeb TeKyIIas 100bda MOKeT OBITh: TOA0Bast U qo0ObIUa 3a MecsIl. HakommenHas 100p49a — 3TO cymMma
C Hauaja dKCIUTyaTaluu o0beKTa.

2.06600HenHOCmb 1OOBIBAEMOM MPOAYKIIMU U3MepsieTcs B %o:

Fe=—2_* 100%
q x
3.Booonegpmsanoii pakmop — OTHOIIEHUE TOOBITON BOABI K HEPTH. TeKyIIHii 1 HAKOTUICHHBIHA
q 2q
BH¢ = ——— BH® = ——
9 29

4

4.Dono cxsascur. CKBaXUHBI MPEJCTABISIOT COO0M OCHOBHYIO COCTABJISIONLYIO CUCTEMBI
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pa3paboTKu HE(DTSIHBIX MECTOPOXKICHUM, U3 HUX JOOBIBaeTCS He(PTh U MOy THBIE KOMIIOHCHTHI, OHU
CITyaT JIJIsl IOJy4YeHHUs Bce nHOpMAIiK O 3alexkH, ISl YIIpaBiIeHHs MPOLECCOM pa3pabOTKH.
CKBa)XMHBI 110 CBOEMY HAa3HAUYECHUIO MOAPAa3ACNSAI0TCSA HA CIAEAYIOIIUEe OCHOBHBIE T'PYIIIBL:
NO0OBIBAIOIINE, HATHETATEIbHBIC, CIICIIUATBHBIC U BCIIOMOTATEIbHBIE.

/{lobvlealouue CKBaXXMHBI COCTABIISIOT HAUOOJIBIITYIO YacTh (poHIa CKBaXKuH. [IpenHazHaueHsl

JJIs I[O6BI‘II/I He(l)TI/I, ra3a M OIyTHBIX KOMIIOHCHTOB.

Haenemamenvubie CKBaXXUHBI IPEIHA3HAYCHBI IS 3aKAUYKW B IUJIACT PA3IUYHBIX areHTOB (BOJBI,
rasa, mapa) ¢ 1meiapro odecrnedeHus 3PHEeKTUBHON pa3pabOTKH 3aleKeld HePTH.

Cneyuanbhble CKBAXWHBI TpETHA3HAYCHBI ISl MPOBEICHUS PA3IMYHOTO poja HCCIEIOBAaHUS C
LEeJbI0 W3YUYCHHs] TapaMeTPOB M COCTOSIHHSI pa3pabOTKH 3aliekel mectopokaeHuit. Cpeau HUX
BBIICTIIIOT JBE TMOATPYMIBI - OICHOYHBIE U KOHTpPOJbHbIE. llepBble OypsaT s OLEHKH
He(TEera3oHaChIIIEHHOCTH  IJIACTOB. BTOpble  MOIpa3feNsioTcss Ha  MbE3OMETPHUYECKHEe |
HaOJI01aTeNbHbIC.

Bcnomocamenvrvie CKBaXKUHBI nmoagpasaciadroT Ha BOI[03360pHI)I€ 1 IIOTJIOIIArOIIME.

@oHJ CKBaXUH KaXJIOro OJKCIUIyaTallMOHHOTO O00BEKTa HaxXOAUTCS B IOCTOSHHOM
nBukeHUH. VI3MeHseTcs o01ee KoIu4ecTBO JoObIBaromux ckBakuH: Ha I, II cragusx - pacrer, Ha III, IV
- YMEHBIIIAETCS.

KoymuecTBO HarHeTaTenbHBIX CKBaXKHH YBEIMYUBACTCSA II0 MEpe pAa3BUTHUS CHCTEMBI
3aBoHeHUsA. CKBaXUHBI MOTYT IIEPEXOIUTH U3 OAHOU IPYIIIBI B JPYTYIO.

5.Temn ombopa om HHU3. I3 Kypca reosIoruy BaM U3BECTHO TaKO€ MOHATHE, KaK N3BIIEKaeMble
3amacel Heru. [1pu ananmse pa3paboTku JH0O0T0 00BEKTa UCTIONB3YIOTCS TAKUE TIOKA3aTeNN, KaK TEMIT
orbopa or HU3 u crenens BeipaboTku HU3. Temu pa3zpabotku Z(t), U3MEHSIONINIICS BO BPEMEHH f,

PaBEH OTHOIICHHIO TeKyIIeH 100brun HeTH Qp(?) K N3BICKAEMbIM 3allacaM MECTOPOXKICHUS

Q.

n3BJ

* 100%

Z(t)=

U3 ¢opmynsl BUAHO, YTO HM3MEHEHHE BO BPEMEHH TeMmma pa3pabOoTKH MPOUCXOIHUT
aHAJIOTUYHO M3MEHEHUI0 H00buM HeTHu. J[na XapakKTEepUCTHUKH CUCTEMbI pa3paboOTKU OYEHb YacTO

HCTIONB3YETCs MOHIATHE MAKCUMAJILHOTO TEMITa Pa3pabOTKU Zqy

ZMaKc= M * 100%

HUBBJI ’rﬂe
O# max - 00619HO 10OBIYA HedTH Bo Il mepuoa pazpaboTKu.

AHanoruaso ONpCALISACTCA TEMIT 0T6opa KHUIKOCTHU
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Z,= * 100%

Q n3BJ

Temn pa3paboTKu ABISETCS MEPOH aKTUBHOCTH CHCTEMBI Pa3paboTKH.

6.CmeneHnwb 8bipabomKu HAYAILHBIX U3BTeKaeMblx 3anacos Heghmu (HHU3) — oTHOIIEHNE
HakoruieHHOH 100ban Hetr kK HU3. Tlpu yem comocTaBiieHre BETMUNHBI TEKYIIEH 0OBOTHEHHOCTH
MIPOIYKITUHN CKBAKHH CO 3HAUEHHEM CTETICHH BHIPAOOTKH 3aMacoB MOXKET HaM KOCBEHHO yKa3bIBaTh Ha TO,
JIOCTaTOYHO JIM OJIaronoiy4yHo pa3pabaTsiBaeTcsi 00beKT. UTO 3TO 3HAYHT: PU PAaBEHCTBE ITHX
MOKa3aTese MOKHO TOBOPUTH O KOPPEKTHOH pa3padoTke 00bekTa. Eciiu CTeneHb BRIPA0OTKH OTCTACT I10
CBOEH BeTMYMHE OT 0OBOJJHEHHOCTH MPOAYKIIMH CKBaKUH, TO HEOOXOUMO MPUMEHSTh MEPHI 10
yCTpaHEHUIO 3TOro. AHalIW3 MoKasareseil pa3paboTKy BO BpEeMEHHU MO3BOJIUT CIeTaTh HaM BBIBOJI JTHOO0
JUTSE IPUMEHEHHSI TEXHOJIOTHH 10 MHTeHcUpHUKaIuu 100brau He(TH, TMO0 0 MacTabHOM BO3/ICHCTBUN
TOM WJIM MHOW TEXHOJIOTUEH HAa U3MEHEHUE JUHAMUKH Pa3pabOTKH.

7.Hegpmeomoaua Bennunna 3amacoB HETH TOW UM MHOM 3aJICKH CBSI3aHA CO CTEMEHBIO
W3BJIeYEHUS HEPTU U3 HEJp, KOTOpas MPeCTaBIIsgeT COO0M OTHOLIEHHE BO3MOXHOW CyMMapHOU 100bYH
He(TH K OalaHCOBBIM (T€0JIOTHYECKUM) 3armacaM HeTH B miacte. ITO OTHOLICHHE, Ha3bIBAEMOe

KodQpunreHTOM HeTen3BICUCHUS HIIH HE(YTEOTAaYl, UMEET BU/:

Nno= ﬁ n= ZQH
" QSan 5 Qdan , TIe

Nup — NPOEKTHBIH KO3 PUIINEHT HedTeU3BICUEHHA

1 — TeKyuui win GakTuyeckuii Kod3phuneHT HeTen3BIeUeHUs

PaznuuaioT Tekymyto u KoHeuHyo HedTeornauy. [log mexywei negpmeomoaueii
MOHUMAIOT OTHOIIIEHUE KOJMYECTBA U3BJICUCHHOM U3 TIacTa He()TH Ha JaHHBIM MOMEHT pa3paboTKu
mjiacTa K €ée HadyaldbHBIM 3amacaM. Koneunasa negpmeomoaua - OTHOIICHHE KOJIMYECTBA JOOBITOM
HeTH B KOHIIE pa3pabOTKH HavaIbHBIM 3aIlacaM.

Qu3s — U3BIICKaEMBbIE 3amachl He(YTH

Qgax — OaTaHCcOBBIC 3amackl HePTH

> Qu — HAKOIUIEHHBIN 0TOODP HEPTH

B nneansHOM ciyuae ko puiueHT HedTeoTnaun CTPEMHUTCS JOCTUYb BETUINHBI KO3 duiimenTa
BBITECHECHUS, T.€. TOTO 3HAYCHHS, KOTOPOE MaKCUMAJILHO BO3MOKHO U3BJICUb U3 IUIACTAa C KOHKPETHBIMH
reosIoro-pu3nyecKkuMu xapakrepuctTukamu. Ho Tak kak mporiecc BHITECHEHUS] He(hTH 3aBUCUT OT MHOTHX
(aKTOPOB: CTPYKTYPHI M XapaKTEPUCTHKH KOJJIEKTOPA, HEOJHOPOAHOCTH, CBOMCTB, HACHIIIAOIIEH €ro
HE(PTH, CHCTEMBI Pa3MEICHHUS CKBaXXHH, CETKH CKBaXXHH, TO HeTeOTIaqy MOXKHO MPEIICTABUTH B BUJIC:

n =BBLIT Boxn 3aB BOXB BBIT

TIe:
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Ko3¢¢punueHT BoITeCHEHHSI — OTHOIICHUE KOJTMYECTBA HE(TH, BRITECHEHHOM MTPH JTUTEITLHON
MHTEHCUBHON IPOMBIBKE IIOPOBOT'O MIPOCTPAHCTBA, Ky1a MPOHUK pabouuil areHT (BoAa) K Ha4yaJbHOM
KOJIM4YecTBY He()TH B TOM ke oobeme. OnpeenseTcs SKCIepUMEHTaIbHO Ha KEpHE.

Ko3¢¢punuent oxBara 3aBogHeHHEeM — OTHOILICHUE KOJMYECTBA HE()TH, BHITECHEHHOTO U3
MPOMBITOTO 00BEMa TOPOBOTO MPOCTPAHCTBA, B KOTOPHIN MPOIIIJIa 3aKaunBaeMast WM 3aKOHTYpHas BOJIa
IIPU IPOMBIBKE €r'0 JI0 33JaHHOH 0OBOJHEHHOCTHU NPOIYKIMH CKBAaXHH, K KOJIUYECTBY HEPTH,
BBITECHEHHOMY M3 TOT'0 k€ 00beMa MpH MOJIHOW €ro MPOMBIBKE, T.€. K KOJIMYeCTBY He(TH,
orpenenseMoMy K03()(UITUESHTOM BBHITECHEHHUS.

Ko3¢pduumnent oxpara niiacra npoueccoM BbITECHEHUS] — 3TO OTHOLIIEHUE CyMMbI 00bEMOB
KOJIJIEKTOPOB, OXBaUEHHBIX IIPOLIECCOM BBITECHEHHs HE(PTH, K 0011EMy 00beMY KOJIJIEKTOPOB,
coJiepKalux HeQThb.

HedteoTnaya onpenensiercs He TOIABKO I OJHOTO IIACTa, 00BEKTA, HO U U1 MECTOPOXKICHHS B
LEJIOM, ISl TPYIIITBI MECTOPOXKICHUN U Take NO HePTe00BIBAIOIIEMY PETHOHY H IO CTPAHE.

Koneunas HedTeornaua omnpenenasercs HE TOJIbKO BO3MOXHOCTAMHU TEXHOJIOTUU
pa3paboTKU HEPTAHBIX MECTOPOKIACHUN, HO U SKOHOMUYECKUMH YCIOBHAMHU.

8.Job6biua caza. OHa 3aBUCHUT OT COJAEpPX aHUA ra3a B MJIAacTOBOM HedTH,
XapaKTepHU3yeTcs Ta30BbIM (hakTopoMm.

["a30BbIil hakTOp — OTHOIIEHUE 00BEMa JOOBIBAEMOT0 Ta3a, MPUBEIECHHOTO K CTaHIaPTHBIM
YCIIOBHSIM, K JOOBIYE Aera3upoBaHHON He(TH B ¢AMHAUIY BpeMeHH. OH H3MepseTcs B M°/T U B MO/M’ .

HpI/I BOJOHAIIOPHOM PEKHUME BECIIMUUHA I'a30BOI'0 (I)aKTopa SIBIISIETCS IOCTOSTHHOM

Q-
Q.

9./lebum neghbmu, 600bl U HcUOKOCMU — COOTBETCTBEHHO OTHOIIEHUE AOOBIYU HEPTH, BOIBI WU

r¢=

KHJIKOCTH KO BPEMEHH pabOThl CKBKMHBI 32 MECSIl MM 3a roJl. PaccuuThiBaeTcs, Kak Ha oTpaboTaHHOE
BpeMsi, TaK M Ha KaJleHaapHoe. EquHanma u3mMepeHus — T/CyT.
10.Pacxo0 HacHemaemblx 8 niacm azeHmog U NX U3BIeUeHHe BMecTe ¢ He(ThIO (M ra3zoMm).

[Ipu ocymiecTBICHUH Pa3IMYHBIX TEXHOJIOTHUECKHUX MTPOLIECCOB U3BJICUEHUS HE(DTHU U ra3a u3 Heap
B IJIACT 3aKa4YWBAETCA BOJA, BOJA ¢ JOOAaBKaAaMU XHUMPEAreHTOB, I'a3 U IPyTHE BEIIECTBA.
Pacxon 3TuX BEmIeCTB MOKET MPUMEHSTHCS B Mpoliecce pa3paboTKH MECTOPOKICHHUS.

11.Pacnpedenenue oOasnenus 6 niacme. B mpouecce pa3paboTku  HEPTAHBIX
MECTOpPOXJACHUHN  JaBjJeHWe B IUIACTe TMOCTOSAHHO Hu3MeHseTcs. Ha  oTaenbHBIX
ydacTKax Iulacta oOHO OyJer pa3nu4yHbpiM. B pailoHe HarHeTaTeNbHBIX CKBAXHH OyAeT

TIOBBIIICHHOE JIaBJICHUE, B PailoHe TOOBIBAIOIINX - TTOHMKEHHOE.
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Tuam.cxﬂ. {go&cm.

¥ o

J1J1st OLIEHKH MCTIONB3YIOT CpelHee WITU CPeTHEB3BEIICHHOE 110 IJIOMIAIU JaBjieHue. B kauecTBe
MoKasaresei pa3paboTKy UCTIONB3YIOT IaBIICHUS B XapaKTEPHBIX TOUKAX ILIACTa - Ha 3a0051X
HArHETATEIbHBIX CKBAXHUH - P,, Ha 3a004X NOOBIBAIOIINX CKBAXUH — Pr. Ha muHUN HarHeTaHus P,,' Ha
auHUM otOopa P,

BaxxHo ompenensaTh Takke nepenajsl JaBIeHUNH MeXTy 3a00MU HarHETaTENIbHBIX U
JOOBIBAIOIINX CKBAYXKUH, KaK pa3HOCTh P, - P, =dP.

12 Jlasnenue Ha ycmbe 000b18a0OWUX CKEANCUH. 3AACTCS UCXO U3 TpeOoBaHUH obOecreueHus
cbopa u TpaHcnopTa HETH, Ta3a U BOABI OT YCThSI CKBAXUH K HEPTEIIPOMBICIOBBIM yCTaHOBKAM.

13.ITnacmosas memnepamypa. D10 TPUPOIHBINA PakTop. MOKET U3MEHSATHCS 32 CUET 3aKAYKU B
1acT OONBIIMX 00BEMOB XOJIOIHOM BOJIBI MITH HA0OOPOT TEIUIOHOCUTEIICH Tapa, ropsueii BOIBI.

Bce mokazarenu, npucyIye TaHHON TEXHOJIOTHH U3BJICUCHUS HE()TH U3 HEJp B3aNMOCBSI3aHbBI

MEXIy cO00M, N3MEHEHUE OJTHUX TTOKa3aTeseH pa3paboTKu BJI€UET 32 COOOM N3MEHEHHE APYTHX.
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4 METOAUKHU PACYHETOB ®UJIbTPALIUU ®JIIOUT0OB B HEOJHOPOJAHBIX IIVIACTAX

[pornecc pa3paboTku HEDTIHBIX MECTOPOIKACHUN OMHMCHIBACTCS CUCTEMOM auddepeHIInaIbHbBIX
YPaBHEHUN C HA4YaJbHBIMU M IPAaHUYHBIMHU yCIOBUAMH. lIpoumenypsl pacyeToB Ha OCHOBE MOZECIEH
HAa3bIBAIOTCA METOAUKAMH PACUYCTOB.

Huddepennuanpabie  ypaBHEHHS, OINUCHIBAIOIIME MPOIECCH  pa3pabOTKH  HeTIHBIX
MECTOPOXJICHUH OCHOBaHBI Ha MCIIOJIb30BaHUU JBYX (YyHIAMEHTAIBHBIX 3aKOHOB MPHPOJI — 3aKOHA
COKpAIlIEHUS BEIIeCTBA M 3aKOHA COXPAHEHHUs DHEPruH, a TaKKe Ha IEeJIOM psaAe CHelualbHbBIX
3aKOHOB (QMIBTpalMU. DTH 3aKOHBI UCTOIB3YIOTCSA B BUAE YPAaBHEHUI HEPa3pBIBHOCTH MMOTOKA WJIH B
BUJIC YpaBHEHHUI MaTepUaIbHOTO OaaHca.

OCHOBHBIM 3aKOHOM (GUIBTpAILUU SABIsETCS 3aKkoH [lapcu. Bee n3BecTHBIE 3aKOHBI (PUIIBTPAINH

0a3upyIOTCS Ha STOM 3aKOHE.
__k dp
wode’ , Taoe
V — ckopocTb ubTpaLmMm KUAKOCTU, M/CEK
k — npoHuuaemocTb, M?

U - BA3KOCTB kuakocTH, mlla*c

dP
d X - rpagueHT gaBrieHnsa B paCCManI/IBaeMOIZ TOYKE X

@U3NUECKUil CMBICII CKOPOCTb (PUIBTPAIMM JTMHEWHO M MPSMO IMPOMOPIHMOHAIBHO 3aBHCHUT OT
IPAaJMEHTA JABICHUN.

IIpu QunpTpanuym HEOAHOPOAHOM >KUIKOCTH WM CMECH >KMIKOCTH M ra3a CIpaBeJIUB 3aKOH
nByx¢aszHoil ¢unbrpanuu. Hampumep, B ciaydae coBMecTHOW (uiubTpauuu He(pTH U BOAbl (opmyia

3aKOHa (1)I/IJ'ILTpaI_[I/II/I JUIA HpHMOHHHCﬁHOFO ABUIKCHUS 3aIIMCBIBACTCA B CIICAYIOIIEM BUJIC:

, _—kk(S) dp,

” H, dx
M, dx

I'ne V,, Vs —BexTop cKOPOCTH (pUiIbTpariuu HeTH U BOJBI
ku(S), ky(S) — orHocurenvhbie npoHumaemoctn s HeTH W BOMABI, 3aBUCALNIAE OT
BOJOHACBIILIEHHOCTU S

P, P, — naBnenue nus nedru u Bozsl
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I'paduk oTHOCHTENBHBIX (PA30BBIX MPOHUIIAEMOCTEN UMEET BU:

_ k(S)

—a S
O S S 10

Puc.4.1.0mnocumenvuvie pazosvie nponuyaemocmu

Ha ocu alcmucc ecth nBe xapakTepHble Touku: S, u S* B Touke S=S.. OTHOCHTEIbHAas
MIPOHHUIIAEMOCTD AJI1 BOJBI paBHA HYJIO, a B TOYKe S=S* OTHOCHTENbHAs MPOHUIAEMOCTD AJsi HEPTH
paBHa HYJIO K, (.S)=0.

Bona, conmepxamiasics B 1iacte npu  S=S.. IUCIEpUpPOBaAHA, pa3ApoOJieHa, 3aHUMAET
MPEUMYILECTBEHHO YTIJIBl MEXJYy 3€pHaMM IMOPOJABI, TYNHUKOBBIE MOpHL. Takoe 3Ke MOJOKEHUE
3aHMMAaeT OcTaTouHasi HeTh MpU S=S*, U BEITECHATHCA U3 MJIACTa HE MOXKET.

AHaJIOTUYHBIE 3aBUCUMOCTHU HUMEIOTCS sl ABYX(Pa3HOW (PUIAbBTpalMU XKUIKOCTH U Trasa.
Haubonee cnoxHBIM sIBIIsSIETCSl Tpolece TpexdaszHOW (GUIBTpAllMK, KOTJa B IUIACTE MPOUCXOAUT
oJHOBpeMeHHast puibTparus HeTH, BOJIBI U Ta3a.

MeTonuK pacyeToB B 3aBHCHUMOCTH OT KoJMuecTBa GUiIbTpyromuxcs (a3 moapasaensiorcs Ha:
a) ogHo(dasuseie; 0) nByxdasHble; B) TpexdasHbIe.

B 3aBucuMocTH OT POPMBI BBIACIEHHOTO PACYETHOTO AJIEMEHTa METOIUKU TUAPOJAUHAMUYECKUX
pacueToB JENATCS Ha:

a) OJIHOMEpHBIEC;

0) IByMepHbIE;

B) TpEXMEPHBIE. /———l
' T

CoBpemMeHHbIE METOJIUKHU pacueToB OBIBAIOT, KaK IIpaBHIIO, JBYMEPHBIE
Tpex(da3HbIe WU TpexMmepHble Tpexda3Hble. BO3MOXHOCTP UX MPUMEHEHHS 3aBHCUT OT

HaACKHOCTHU U MOJTHOTHI HCXOJAHBIX JAHHBIX W HEJIX BBIITOJIHACMOTO THAPOJUHAMHUYCCKOI'0 pacucTa.
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HexkoTtopsle cBoiicTBa TOPHBIX MOPO, MJIACTOBBIX KUAKOCTEH U ra3os,
Y4YHUThIBaeMble IIPH MOJEJIMPOBAHUH
[Ipu BBIMONHEHUW THUAPOJUHAMUYECKHX pPacCYeTOB MCIOJb3YIOTCS MapaMeTphl,
KOTOPBIE XapaKTEpPU3YIOT CBOMCTBA TOPHBIX NOPOJ, IMJIACTOBBIX JKUIKOCTEW U ra3zoB. JTU CBOMICTBa
OTIPENIENIAIOT IMyTEM HCCIEeIOBaHUN TIyOMHHBIX 00pa3oB IMOPOA KepHa, OTOOpPAHHBIX W3 IJIACTOB
rIyOuHHBIX TIpo06 HedTH U raza. Kpome TOro, 3TH CBOWCTBA MOXKHO OMPEIEIUTh MyTeM OTPa0OTKHU
JNAHHBIX TEO(PUZNYECKUX U TUAPOIMHAMUYECKUX UCCIEIOBAaHUN U APYTUX UCCICTOBAHUIX.
I'opHble moOpoIbI, 3ajerarmlive B 3€MHOHW KOpe, M B TOM YHCJIE MOPOABI, Cllaralpliue

He(l)TCHOCHLIe IJI1aCThl, HAXOAATCA MOCTOAHHO B HAIPAKCHHOM COCTOSHUH.

"' ——
#;ffw
-
- G,

P oz — BEPTHKATBHOE TOPHOE AaBnenne P,
| ] Pr=yH  rae
—~
| -"""; 2
I /" — T o= VIEIBHLIN BCC J'E?PJIhI’:’E I[{}PU,[;
£'a, I — roybnna saneranms 1acTa;
Oy, Oy — OOKOBOE IOpHOE faBieHue P, .
P, = aPr, rae
o - K03 puLreHT 60KOBOro rOpHOIo aBJICHUS
P s 1.

B He(1)Tel"8.3OHOCHBIX IjracTtax, NOpPUCTbIX W HACBIIICHHBIX KUAKOCTAMU HUIIN Ta3aMH, CKCJICT

MOPOJIbI HAXOAUTCS MOJT ICUCTBUEM 2hHeKmuU8HO20 HANPAHCEHUA!

Pe(]).:PF_PnJl-

OKCNEpUMEHTAIBHO JOKAa3aHO, YTO TaKWe Ba)XHEWIIME CBOHCTBA TOPHBIX MOPOJ Kak

MOPUCTOCTD (M) U MPOHULIAEMOCTD (K) 3aBUCAT OT BEIUUYHUHBI d3P(HEKTUBHOTO HATIPSIKEHUS.

m & k &
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IInacmogvle Heghmu — 3mo crodxcHvie cmecu yeneso0opooos u opyeux éeujecms. llpn mo0Obrae n3

HEe(DTAHBIX MECTOPOXKJIEHUH HePTH (a30BO€ COCTOSHUE HACBHIMAIOIUX IUIACT  YIJIEBOAOPOJIOB

HU3MCHIACTCA - U3 He(l)TI/I HaA4YMHACT BBIACIIATHCA Ias.

I'a3 pactBOpsiercs B He(hTH 10 3aKoHy [ eHpu:

p
—=ap, tae
HO
V., — 00beM pacTBOPEHHOTO rasa;
V.o — 00BbeM nerasupoBanHoi HePTH;
0. - K09 (QHIMEHT MPONOPIHOHAIBHOCTH;

p — NaBleHHE
Ecnu HavanpHOEe cojaepkKaHME IIACTOBBIX YTIEBOAOPOJOB TaKOBO, UYTO Ha 00beM

JerasupoBaHHON HedTH V), NPUXOAUTCS OrpaHUYEHHBIII 00BEM pacTBOpEeHHOro rasa V., , To Ipu

HEKOTOPOM JAaBJieHUH P,,. BECh ra3 OyJeT pacTBOpeH B HEPTU. DTO JaBJICHUE HA3BIBACTCS JaBJICHUEM

HACBIIIEHUS HEDTH Ta30M.

HO

[Ipu pa3zpaboTke HEPTAHBIX MECTOPOXKIACHUM OYECHb BAXXCH Pa3PbIB MEXKAY Pringy A Pigc.

[Ipu Hanuuuu ra3oBoi mWanku P,,. 61U3K0 K Py jqu.
BakHEHIIMM CBOWCTBOM IUIACTOBBIX JKUIKOCTEW SBISETCS WX 6A3K0Cmb (L), BIMAIOIIa,

coriacHo 3akoHy Jlapcw, Ha TeMITbl W3BJICYEHUS M3 IulacTa HepTH H raza. BsA3kocTe HedTH
Bs3kocTh ra3oB Takke H3MEHSE€TCS B CBS3U C

YMEHBIIAETCSI C POCTOM TEMIEePaTypBhl.
W3MEHEHHEM TeMIepaTyphl U JaBICHUS, XOTSA U HE CTOJb 3HAYUTENbHO, KaK BSI3KOCTh HE(TH.

Bsi3kocTh He(TH CHUXKAaeTCs TNpH YyBEIWYEHHMH O0beMa pacTBOpEHHOro B Hed rasza. llpum
Han0oJIee paclpoCTPaHEHHOM BOJOHATIOPHOM PEKUME, KOTAa He(Th BHITECHIETCS U3 IUIacTa BOAOH, Ha

Bq)(l)eKTI/IBHOCTL nmponecca OKa3bIBACT OYCHBb OOJIBIIIOE BIMSHUE COOTHOIIEHHE BA3KOCTEH HG(I)TI/I My A

BOZBI L4,

HE(TAHBIX MECTOPOXKIECHUN IIUPOKO HCMONB3YeTCd pPsi  KOMIUIEKCHBIX

IIpu paszpaboTke
XapaKTePUCTHK IUIACTOB, YYHUTHIBAIOIIMX OJHOBPEMEHHO 2-3 OCHOBHBIX CBOMCTBAa MPOJYKTHBHOTO
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KOJUUICKTOpA, OKAa3bIBAIOIHUX BJIMAHUC HAa MPOLECC pa3pa60TKH: MPOHUIACMOCTb, MMOPUCTOCTH, BA3KOCTD,
YIPYTOE€MKOCTb, TOJILIIMHY I1acTa.
1. Koagppuyuenm cuoponpoeoornocmu

kh

E=——,10€
k — npoHuIaEMOCTH I1aCTa;
h - >¢dexTupnas (paboTaromas) TONIHMHA IJ1ACTA;
M - BI3KOCTbH KHJKOCTH U rasa.

I'unponpoBoAHOCT WMAM KO3(P(GULHEHT THMAPONPOBOAHOCTU MpEACTaBIseT coboi Haubonee
€MKYIO0 XapaKTepUCTUKY IPOIYKTUBHOIO IJIACTA, ONPEAEISIOUIYI0 €70 IPOU3BOIUTEIBHOCTD.
2.Koagppuyuenm nposooumocmu WA TIOABWKHOCTH HE(PTH, XapaKTEPU3YIOMUH MOABHKHOCTH

KHUJIKOCTHU B IJIACTOBBIX YCJIOBUAX B 3aBUCUMOCTH OT €€ BA3KOCTU (pl) 1 MPOHUIIACMOCTH IlIacCTa K :

3. Koagppuyuenm nvezonposoonocmu.
Lk
H(mp, +p,)

M - IOPUCTOCTH I1J1aCTa,

Porc 1 fc - x0opHUIMEHTBI CKUMAEMOCTH TLIACTOBOM JKUIAKOCTH M IOPUCTON CPEJIBL.

Kos¢ppunmeHT nbe30npoBOAHOCTH XapaKTEpU3yeT CKOPOCTH MEpepacipeieeH s JaBICHUS

B 11acTe.
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5.PABPABOTKA HE®TAHBIX MECTOPO)K,Z[EHHFI InPU YIIPYTI'OBOJAOHAIIOPHOM
PEXNME

Ecnu HedTaHBIE MECTOPOXKICHUS pa3padaThiBalOTCsA 0€3 MoaaepKaHus IUIACTOBOTO JaBJICHHUS
U 9TO MECTOPOXKICHHE OKPYXKEHO OOIIMPHOW BOJOHOCHOW OOJAacThIO C JOCTATOYHO XOPOIISH
MPOHUIIAEMOCTRIO TIOPOJT B 3TOM 00JIaCTH, TO OTOOpP HEPTH W3 MECTOPOXKICHUS W IOHWKCHHUE
IUIACTOBOTO JIaBJICHUS B HEM BBI30BYT WHTEHCHUBHBIA MPHUTOK BOJBI M3 3aKOHTYPHOM 00JacTH B
He(TAHYIO 4YacTh pa3pabarpiBaeMoro mjacta. VICTOYHMKOM DSHEPTUU, BBI3BIBAIOLIUM JIBH)KEHUE
KUJKOCTHU IO TUIACTy OyIOyT yHpyrue CHIIbI, B OCHOBHOM BOJIOHOCHOW OOJAacTH, T.K. €€ pa3Mephl BO
MHOT'0 pa3 MPEeBBIMAIT pa3Mepbl HePTAHOU 3ayexu. [Ipu ynpyroBogoHaAIOPHOM PEKUME JTaBICHUC
B 3aJIeKU TMOJJECPKUBACTCS BBIIIE JTABICHHUS HACHIIICHUS M B TUIacTe (GUIBTPYETCS TOJIBKO HEPTH U
BOJA.
[Tocne mycka WM OCTAaHOBKH JOOBIBAIONICH CKBAKMHBI M3MEHEHHE JABJICHHS B CaMON CKBa)KWHE

OIMCHIBACTCS M3BECTHOM (DOPMYJIION yIIPyTroro pexxmnma:

A
drch ‘| dyt|" C

AP — v3MeHenune naBieHns B CKBOXKUHE, aT;

¢ - IeOUT MyIIEHHOW B 3KCILTyaTaluo (WIN OCTAaHOBJIEHHOM) CKB. CcM>/cexK;

M, — BSI3KOCTb HE()TH B IIACT. ycioBusX, cnr (MIla-cex);

A - TommMHa MIacTa B mpejieaax KOTOPOro OCYLIECTBIAETCS MPoLece GpUIbTPAIUH, CM;
R. — pamunyc cks., cMm;

! - BpeMs C Hayaja IycKa WM OCTAHOBKH CKB., CEK;

k - nponmuaemocts muacra, Jlapcu;

Y - IbE30MPOBOXHOCTH ILIACTA, CM /CEK.

k

1=,
up*

[B* - YIpyroeMKocTh B aT ' XapaKTepH3yeT KOJNMYECTBO He(TH B JOMAX JIEMEHTAa 00BeMa 3ajIexH,

BBITeKaIOI_]_[eﬁ H3 3TOT'0 3JICMCHTA IIPpU CHUXCHUHU TIJNIACTOBOT'D AABJICHUA B HCM Ha 1 at.

B*=(1—S,) mP, + SymP, + B, ,20e

M — MOPUCTOCTH IJIACTa, JOJH €11.;
B B Prn — K03 PUIHENTH cRKMMaeMOCTH HE(GTH, BOJIBI U TIOPHCTOM CPEIBI;
Ss — BOJOHACHILIEHHOCTH IUIACTA, OJH E]1.

CUMBOIJI €; — uHTErpabHas IOKasaTelbHass QYHKIHMS, TabyIMPOBaHHAS BO MHOTHX CIIPABOYHUKAX.

[Tpu MasbIX 3HAUYEHUSX paccMaTpuBaeMoil (PyHKIIUH paBHO:
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XapakTepHass JUHAMHUKa IUIACTOBOrO JaBJIEHUS B pailloHE MYLUEHHOW (MJIM OCTAaHOBJIEHHOMN)

CKBAKMHBI TOKa3aHa Ha puc.6.1.

Py

VCeTAHOBHBIIMHCH PesKHM

Puc.5.1.
CHauana naBlieHHE B CKBaXHHE H3MEHSETCS OBICTpPO, 3aTeM BCe MeJieHHee. Pexum 1utacra
CTAHOBUTCS yCTAaHOBUBIIUMCS WJIU CTAI[AOHAPHBIM.

[Tpenen mpuMeHUMOCTH (OPMYJIBI YHPYTroro pexuMa Ui IDIacTa ¢ KOHEYHBIMH pa3MepaMu

001aCTH TUTAHUS MOYKHO YCTAaHOBUTH 1O KPUTHYCCKOMY 3HAYCHUIO IIapaMCTpa (I)ypbe:

t
F = Z—z <0,3, rue
Rk
X — KO3((UIHEHT Mbe30MPOBOAHOCTH ILIACTA;

R, — panuyc kontypa nuranus;
! — BpeMms1, IpoIeAlIee ¢ Hayana pa3paboTKH.

OnHoit U3 BaXKHENIINX 3a7a4y IPU MPOEKTUPOBAHUU pa3pabOTKU HE(PTIHBIX MECTOPOXKIAECHUHN MPH
€CTECTBEHHOM  YIIPYTOBOJOHAIIOPHOM  pEXHME, KOTOPYI0 HEOOXOJMMO pEeLIUTh, SBISETCS
MPOTHO3UPOBAHHOE M3MECHEHHE JABIICHUS HAa KOHTYpe HE(PTIHOrO MECTOpOXIeHUs. Pemenwe >Toi
3aJaud HEOoOXOOUMO Ui ONpEeAeNeHUs] BO3MOXHOCTH OSKCIUTyaTalluu 3ajeku O0e3 NoJaep KaHus
IUTACTOBOIO JaBJICHUs, HWJIM BPEMEHH, KOTJa OHO BCE e IOHaA00uTCs, 4TOOBl HE JOIYCTUTh
BO3HUKHOBEHHSI Malod(p(EKTUBHOTO pPEXKUMa pPACTBOPEHHOTO Tras3a, WIM BPEMEHHM HpeKpalleHus
(OHTaHUPOBAHUS CKBAKHH.

Jlns 3TOro BCe CKBaXXMHBI Ha HE(QTAHOHN 3aleXKU U 3aJI€XKb B LEJIOM INPEACTABIAIOTCA Kak

HEKOTOpasi YKpyIHEHHasl CKBa)KHHA PaIUyCcOM

R=—, rme
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S - Iomame 3aIeKH.

Jlns pacdera UCHOJIB3YeTCsl Ta ke (opMysia yHmpyroro pekuma, TOJIBKO BMECTO OOBIYHOTO
pammyca ckBaxuHbl I, Gepercsi paauyc YKpyHHeHHOH ckpaxuubl . Tak Kkak ymopyruae mporecchl

MIPOUCXOAAT B OKpYXaromied He(TIHYI0 3ajieXkb OOIIMPHON BOJOHOCHOM 00s1acTH, TO MpH pacyeTax
HEO0OXOJUMO HCIOJIB30BaTh BSA3KOCTb BOJBI [l, a BEIMYMHA K M A JOJDKHBI NPEACTaBIATH CpeiHee

3HAYEHUE MPOHMIIAEMOCTH M TOJILIMHBI IUIACTa B BOJAOHOCHOM YacTu. Tak kak mapaMmerpsl 3aKOHTYpPHOMR
0011acTH OOBIYHO HE MU3BECTHBI, TO 3TH 3HaueHusA(k ¥ /1) IpUHUMAIOT 110 HE(TAHON YACTH 3a5IEXKH, UTO
JIAEeT OIPEEIICHHYIO MIOIPEIHOCTD TP pacyeTax.

Pe3ynbTaThl pacueToB HAHOCAT Ha TpaduK, 3/1€Ch K€ MPUBOIATCS JaHHbIE MO (paKTUIECKOH
JTMHAMUKE P, . TI0 CKBa)KWHAM, PACIIOJIOKEHHBIM BOJIHM3HM KOHTYpa HE(DTCHOCHOCTH. B CBSI3M C HETOYHBIM
3HA4eHUEM K u h , MeXAy pacueTHOM M (paKTHUUECKOW JUHAMUKOM IJIACTOBOTO 1aBJICHMsI BCET/1a
Habmoaercs pasHuna. M3 gopmynsl ynpyroro pexxuma BUIAHO, UTO nepenas gaBiaeHuit AP odpaTtHo
MIPONOPIIMOHAJIEH TOJIIIMHE /1, TIOATOMY MOYHO 3aIHCATh:

AP, h,
—=—=,T17¢
AP, hy
AP - pakTHUECKOE CHI)KEHHUE IJIACTOBOIO JIaBJICHUS OT HAa4YalbHOTO Ha KOHTYpe HE(PTEHOCHOCTH;

AP; pacueTHOe CHUKEHHE IIJIACTOBOIO JABJIECHUS OT HAYAJIBHOIO, ITIOJIYYEHHOE PACUETHBIM IIyTEM IIpU

HUCITIOJIB30BaHNH TOJININHBI hz.

h[ - ICTUHHOE 3HAYeHHUE TOJIIIUHEI MJ1acTa B IJIaCTOBOM BOHOHaHOpHOﬁ CHUCTCMC.

hlZAPZhZ
AF,

Py Puay.
= PCPQKF

e
- ‘“ﬂpf’”w”'
S
— - -,

Prac

b — — — e e e 4 = e————

Pacder MOBTOPSIFOT, HCIONB3YSl BEJIMUYUHY /i; TIpU TOM (haKTHUECKash W pacueTHasi JMHAMHUKA
IUTACTOBOTO JIaBJICHUs COBMNAAyT. Takas Tpoleaypa, KOorga JUisi yTOYHECHUS THIPOIHMHAMUYECCKHX
pacdeToB UCIoONb3yeTcs (hakTHUecKas NUHAMUKA IUIACTOBOTO JABJICHUS HAa3bIBACTCS adanmayuel.
Pa3zpaboTka HEQTIHBIX MECTOPOKIECHUH MIPU €CTECTBEHHOM YUPYTOBOJOHAIIOPHOM PEXUME BEChMa
spdexTrBHA, TaK KakK MPH STOM HE HYXXHO 3aTpauyMBaTh OOJBIIME CPEJACTBA HA CO3/JaHUE U

OCYHICCTBJICHUC CUCTCMBbI MMOAACPKAHUA IIJIACTOBOI'O HAaBJICHUA, UCIIOJB3YCTCA IMPHUPOAHAA SHCEPIUd
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IIJIACTOBOM BOJAOHANOpHON cucteMbl. Ho ocyiiecTBiieHre MOIHOM BRIpAaOOTKH M3BIEKAEMBIX 3al1aCcOB
TOJIBKO NPU TAaKOH CUCTEME BO3MOXKHO JIMIIIb HA HEOOJIBIINX 3a/IeXkKaxX WIK MIPU HATUYUK OYEHb MOLHON

MJ1acTOBOM BOHOHaHOpHOﬁ CHUCTCMBEI.
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6.PABPABOTKA MECTOPOX/JIEHHUM ITPU PEXKUME PACTBOPEHHOTI'O TA3A
IIpy CcHM)KEHMHM IUIACTOBOIO JaBJICHUS HUXKE J[aBJICHHUS HACBILIEHWs B pa3zpadaTbiBaeMOM
IJjacTe pa3BUBAETCS PEXKUM pACTBOpeHHOro rasa. Ilpm 3ToM pexume ABUIXKEeHUE HEePTU K
CKBaxuHaM oOycliaBIMBaeTCs 3Heprueil Bbaenusmierocs u3 Hedtu rasza. IIpu PPI' mpouecc
pa3paboOTKK IUIacTa MOXXHO M3y4yaTh IO MOBEJECHUIO OJHOW CKBaXXWHBI, T.K. IPU PAaBHOMEPHOM
pa3sMEIEHNN CKBAKMHBI M OJMHAKOBBIX IIapaMeTpax IIIacTa BCE CKBa)XXMHBI HMMEIOT OJHWHAKOBBIE
oOnactu apeHupoBaHus. Pacuer skcrutyaranuum 3anexu npu PPIT cBoautcs k paccMoTpeHHIo
HEYCTAaHOBUBIIETOCS TMpOIEcca pa3BUTHS peXHMMa pacTBOPEHHOIO ra3a B Ipefesax o0JacTH,
OKPY’KaloIleW OTIOEIbHYK CKBaXHUHY. /Jlnd omnpeneneHuss TEXHOJOTHYECKUX IOKa3aTelew
pa3paboTKM HEOOXOIMMO MMETh IKCHEPUMEHTAIbHBIEC JAHHBIE O 3aBUCUMOCTHU BA3KOCTU Uy U [L,
IUIOTHOCTEH py, U p, 00beMHOro Kod(p@uIMeHTa 3 U KOJIMYecTBa PacTBOPEHHOrO B HedTH rasza S or
JaBieHUs P.

CBs13p MEXITy 1€OUTOM ¢, U TIEPETIAJIOM JIABJICHUH B 3aIaHHBIA MOMEHT BPEMEHU OMPEEIISETCS 10

bopmye:
2mch(H, - H )
q, = ,» IAe
r. 1
In*——
r, 2

¢, — NeOUT CKBaXXHUHBI B M3/ce1<;

k - mpoHHMIaeMOCT ILIacTa B M’

h - TonuMHAa macTa B M;

F« - paaMyc KOHTypa JPEHUPOBAHMUS, M;

Ve - PaaMyc CKBaKHHBI, M;

(H,-H_.) — pasznocts 06001menHOM QpyHKIMH XpUucTHaHoBuya, [1a npy 3HAYEHUX

JlaBJIeHMs Ha KOHType 00JIacTU APEHUpOBanus P, U JaBjenus Ha 3a00€ CKBaXHHBI P,.
P

H -H = &dﬂme

C O m(P)BP)

!

F (8) =—* - ornourenue ha3oBoii MpoHMIIAEMOCTH IS HEGTH K IPOHUIIAEMOCTH miacra,

k

ABJISIOLIEHCS (PYHKIMEH HAChIIEHHOCTH HEPTHIO MOPOBOTO MPOCTPAHCTBA.

M, — BSI3KOCTBh He(TH, 3aBHCAIIAs OT JaBieHus, B [la-c.
L3 - 00beMHEBINH KO3 (UIMEHT, 3aBUCAIINI OT JTABICHUSL.

WHTerpan BBIYHUCIAAIOT MNPUOIMKEHHBIM METOAOM, JHOO HCHONB3YIOTCA pPa3IUYHbIE
npubnmxeHHsle  Gopmynsl. Kpome Toro, HCHoib3yroTcs CHELUalbHble TaOJUIBl, B KOTOPBIX

WCTIONIB3YIOTCS 3aBUCUMOCTH @(S)=F2(S) u Fu(S).
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7.PA3PABOTKA HE®TAHBIX MECTOPOKJIEHWI C MIPUMEHEHUEM 3ABO/IHEHUA

3aBogHeHUE HE(PTIHBIX MECTOPOKICHUI CaMBbIi pacIpOCTPAaHEHHBIN BU/ BO3/ICHCTBHS HA TJIACT.

[upokoe pacpocTpaHeHHE 3aBOTHEHUSI HEPTIHBIX MECTOPOKACHUI BO BCEM MUPE 00YCIOBIECHO
CJICAYIOUIMMHU (haKTOPaMHU:
- JIOCTYITHOCTBIO W HEBBICOKOW CTOMMOCTBIO BOJIBI;
- OTHOCHUTEIBHOU MPOCTOTOM TEXHOJOTUN HAarHETAHUSI BOJIbI;
- MPOCTOTOM TEXHOJIOTUYECKOTO 00CTY>KNBAHUS,
- OTHOCHTEJBHO BBICOKOH 3()()eKTUBHOCTHIO BHITECHEHUSI HEPTH BOJOH.

B cBsi3u ¢ 3 TUM 3aBOHEHNE HEDTIHBIX MECTOPOXKIACHUH elle JIINTEIbHOE BpeMs OyAeT OTHUM
W3 BEIyIIMX METOJIOB BO3CHCTBUS Ha IUIACTHL. 3aBOJHEHHWE NMPUMEHSETCS C 1LeJbl0 BBITECHEHUS
HedTH BOJOH, MOAJEpKaHUS MPH STOM ILJJACTOBOTO JABJICHHS Ha 3aJaHHOM YPOBHE, MO3BOJISIET
YBEJIMYUTH KOHEUHYIO HE(TEOTAauy IMJIACTOB MO CPABHEHHUIO C PEKMMOM PACTBOPEHHOTO ra3a BO BCEM
JMarra3oHe TeoIoro-(hU3MIeCKuX yCIOBHH.

Db PeKTUBHOCTH TMpoIiecca BEITECHEHUSI HEDTH BOJAON M3 HE(PTEHOCHBIX MIIACTOB 3aBHUCHUT OT
UX Te0JIOTO-PU3NYECKUX CBOWCTB, OT CBOMCTB BOJABI M He(TH, | ycioBuil u3BneueHus. Haunbonbinee
BIMSIHME Ha IIOKAa3aTelld HM3BJICYCHHS HE(PTH W3 IJIACTOB IMPH 3aBOJHEHUU OKa3bIBAIOT CIICAYIOIINE
(hakTopsI:
- COOTHOIICHHE BSI3KOCTEH HE(TU U BOJIBI;
- HEOJHOPOJHOCTb IUIacTOB 1o MIPOHUIIAEMOCTH, cpenHsis MIPOHUIIAEMOCTb u

pacusIeHEeHHOCTh IJIACTa;
- TemIeparypa IIacTa;
- OTHOCHTEJBbHBIE pa3Mephl BOJIOHE(PTSIHBIX 30H;
- MHUKPOHEOZHOPOJHOCTb  MOPHUCTOH  Cpeibl, HEe(DTEHACHIIEHTIOCTh U KanWUISpHbIE
CHJIB;

- IUIOTHOCTb CETKH CKBAaXKUH;
- cHcTeMa 3aBOJIHEHUS.

3aBoJHEHUE TPUMEHSETCd B CaMblX PAa3JUYHBIX T€0JOro-(QPU3NYECKUX  YCIOBHUSX.
[IpoayKTHUBHBIEC TIIACTHI OTAMYATIUCH MO MPOHUIIaeMocTH B corau pa3 (ot 0,005 o 2,5 napcu), BI3KOCTb
Heptn — 0,5 mo 250 wmlla*c. 3aBomHeHHE NPUMEHSJIOCh B KBapIEBBIX OJHOPOJHBIX IMECYaHHKAX,
TJIMHUCTBIX aJyeBpoIuTa; MOJUMHUKTOBBIX, KapOOHATHBIX HOPHUCTO-KaBEPHO3HBIX,
TPEIMIMHOBATHIX KOJUIEKTOpPaX.

[Ipumensuiuch cample pa3MUYHBIE BHIBI 3aBOJHEHHS - OT 3aKOHTYpPHOTO JO C€aMoro
WHTEHCUBHOTO IUJIOIIAJHOTO MATHUTOYEYHOTO. HedTsaHble 3alieku XapakTepU30BAIUCh PA3TUUHBIMU
YCIOBHSMHU 3aJIeTaHUS HEPTH — YUCTO He(TAHBIC, He]TerasoBble, ¢ OOMMPHBIMH BOJOHE(TIHBIMU

30HaMH, C YyIJIaMH HakJoHa IutactoB oT 1° mo 15°. DddexTuBHOCT NPUMEHEHHUS 3aBOJIHCHHS
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M3MEHSIACh B OYEHb MIMPOKHUX Mpeeliax, OAHAKO, 0 CUX MOp MPAKTUIECKH HE YCTAHOBJICHO HHU OHOTO

KOHKPETHOTO ciydas, Trae Obuio Obl 3a)KCHUPOBAHO OTPHUIIATENIPHOE BIMSHHE Ha 3(P(HEKTHUBHOCTH
W3BJICUCHUS HE(DTU 3aKAYKU BOJBI.

Ha ocHoBe pa3HooOpa3HOro ombiTa 3aBogHEHUs HepTaHOrO MecTopoxaeHus CazoHoBbiM b.D.

cocTaBJieHa CBOAHAs Tabnuia pakTopoB OJArOMPUSTHBIX U HEOIATONPHUATHBIX ISl peaju3aiii Kakoro-

60 BUAA 3aBoIHeHHS HEDTIHOTO MecTopoxkaeHus (Tabm.7.1).

Tabmuua 7.1.
[Toka3arenn braronpusTHbIE CBOKWCTBA Heb6naronpusiTHbie cBOMCTBa
I'my6una He orpannunBaercs
TomnmuHa mwracra 3-25 M u Oosee MeHee 3 M
VYron HakiIOHA I11acTa, ° 1,5-5° Ooiee 5°
7
[IponunaeMocTb, MKM bonee 0,1-0,15 menee 0,025
Tun xosexropa KpynHo-nopoBslii, TopoBo- TpemuHoBaTHI
KBADIICBBINA
Cocras nopon [lecuanuku, MOJIMMUKTBI, U3BECTHIKU | AJIEBPOJIUTHI, JOJTOMHUTHI
CMaunBaemMoCTh OPOL I'unpodunbaeie I'unpodobubIe
Tun 3anexu Uucrto HedtsHas, Hedrerazosas,|HedTsnbie oTopodkn
BOJIOHE(TAHAs MaJIOM TOJIIIHUHBL €
ra3oBOM IIANIKOU
Crpoenue miacta MononuTtHOE JInnzoBuaHoe
IIimactoBoe naBieHUE I'mapocraTtuyeckoe AHOManIbLHO BBICOKOE U
HHU3KOC
Hedrenaceimensocts, % Bbonee 70% meHee 50%
Temnepatypa, °C Bonee 50° C menee 20° C
Bsizkoctb HedTH, MI1a*c Menee 5 6onee 25
Cucrema 3aBOIHEHUS bnokosas, psaHas, momaaHas 3aKOHTypHas oceBast
Yucio panoB 1-5 6onee 5
[110THOCTB CETKH T'a/CKB. 16-64 6onee 65-80
PexxuM HarHeTaHus IMukmueckuit, TH®IIT CTaOWIbHBIH
[lnacToBoe naBneHue B 30He[PaBHO ~ nmaBineHMio  HacbimleHus [CUIBHOE — pas3ra3upoBaHHE
oTbopa HepTu razom P, wim Huxke Ha 20-|HedTH B rutacte
25%
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7.1.MexaHu3M BbITeCHeHUsI HeTH BOIOM B OPUCTOM cpejie
[Ipu 3aBogHeHUM HEPTSIHBIX 3alie)Xeld, a TakXKe IMPHU €eCTECTBEHHO BOJOHAIIOPHOM
peXuMe MPOUCXOIUT BBITECHEHHE U3 miacTta HedpTH BoAoW. PasnuyaroT nBa BUAA BHITECHEHUS
He(pTH BOJOW B MOPHCTON cpele - TOPIIHEBOH M HEMOpHIHEBOW. B cooTBeTCTBUUM C 3THM

CYICCTBYIOT MOACIIN MOPUHIHEBOI0 U HECIIOPIIHCBOT'O BLITCCHCHUS.

///z.:; //7/%

o6 equﬁ_?

77| bua J///‘/f’
ped .

3
7

B COOTBCTCTBHUU C MOACJIBIO TOPIIHEBOT'O BBITCCHCHUA Heq)TI/I BOHOﬁ OCTaTO4YHaAa

He(TEHACHIILIEHHOCTh B 3aBOJHEHHOW OOJACTH OCTaeTCsi MOCTOSIHHOM, paBHOM SH.Ocm., JBUOKCHUE

HepTH 32 (POHTOM BBITECHEHHSI OTCYTCTBYET, HACHIIIEHHOCTh BOJOIO Ha (POHTE BBHITCCHEHUS qu. -

MOCTOSIHHA.
bosnee mosHO U TOYHO ONMMCHIBAET MEXAHU3M BBITECHEHHSI HE(PTH BOJOUW B MOPUCTOU Cpejie

MOJCJIb HCIIOPIIHEBOT'O BBITCCHCHU .

} Swoer

A

B cooTBeTcTBHM C 3TOI MOJIENbIO HACBIIICHHOCTh HE(THIO 32 PPOHTOM BBHITECHEHHUS IEpEMEHHA, 4acTh

He(pTH TIPOJOJKACT NIBUTATHCS B HANPABIICHUM BHITCCHCHHS. PacmpejeiieHne BOJOHACHIIICHHOCTH B
IlacTe M3MEHSeTCS MO Mepe MpOJABIKEHHS B TlyOb mjacTta (QpOHTAa BBITECHEHHUS TaKUM
00pa3oM, YTO 3HAYCHHUS BOJOHACHIIEHHOCTH Ha (poHTE BHITeCHeHHs Syj U HA BXOAE B ILIACT
OCTalOTCSl HEW3MEHHbIMU. TakuM o00pa3oM, KpuBas paclpeneieHHs BOJOHACBHIIICHHOCTH Kak Obl
«pacTATUBAETCA» OCTaBasCh MOJ00HOM cebe. Takoe pacmpeneneHre BOJAOHACHIIIEHHOCTH Ha3bIBaeTCA
asmomooenvvim. Ilpu HEMmoOpIIHEBOM BBHITECHEHUU A00bIYa HeDTH M3 MIacTa MPOJOJDKACTCS U
mocJie mpopsiBa (POHTA BHITECHEHUS K KOHITY TUIACTa.

Ha mpaktuke npu pa3paboTke HETIHBIX MECTOPOXKIIEHUH 13 JOOBIBAIOIINX CKBAXMH CHadala
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MOJIY4alOT MPAKTUYECKU UYUCTYI0O HE(PTh, T.e. OC3BOJAHYIO MPOAYKIMIO, a 3aTeM, 10 MEpe pocTa
3aKauyMBaeMOM B TJIACT BOJABI HAUMHAIOT BMECTE ¢ HE(PThIO JOOBIBATH BOY.
Teky1iast 00BOAHEHHOCTH A00BIBaeMOU MPOAYKIUU f; u3MepseTcs B JONSAX €AUHUIBI UIH B % U

paBHa

fobe _ 4

g9, +4q, 4,

(... KOMU4eCcTBO 10OBIBAEMOM 13 Iu1acTa He(PTH B €JMHUILY BPEMEHH (MU JeOUT);
{. - 1€OUT BOJBI;
q xc - AEOUT KUJKOCTH.

Tunuanas TMHAMUKA TeKyIIell 0OBOAHEHHOCTH HEPTSHOU 3aJI€KU UMEET BU/:

fy

100%%

GelB.mepHo] 7 Qsax

OCHOBHBIM MOKa3aTeneM pa3paboTKu He(TIHBIX MECTOPOXKACHUH sBisgeTcs HedTeoTnaya.
[TpuMeHUTENHHO K YCIOBHAM BOJOHAIIOPHOTO pekuMa KOA(DGUIIMEHT HEPTEOTHaYH MOKHO BBIPA3HUTh

KaK mpou3BeieHre Kod(PHUIMeHTa BEITECHEHUS 77; HA KO3 PUITUSHT 0XBaTa 77,
n=mn-1n
Koaddunmentom BeiTecHeHUs: HeTU BOMOM 77; IpU pa3pabOTKe HEPTSIHBIX MECTOPOKICHHUHN ¢
HpI/IMeHeHI/IeM 3aBOJHCHHUS HA3BIBACTCA OTHOLICHUEC I/ISBJI@‘ICHHOﬁ Hn3 I11jJ1acra He(i)TI/I K €€ 3alacaMm,
HepBOHa‘-IaJIBHO HaxXOJUBIIHUMCA B 4aCTHU ILJIaCTa, 3aHATOI'O BHCI[pPIBH.IGfICSI B 3aJICXKDb BOHOﬁ. HpI/I CXEMC

HCTIOABMXKHOT'O BBITCCHCHUSA OAHOPOAHOTO IIJIaCTa KO3(1)(1)I/IIII/ICHT BBITCCHCHHA MOKHO OHNPCACIUTL 110

CIIEyIOIIEMY YPaBHEHHIO:

QH(IK

771 = 2 9 rﬂe
my(=S,, =S, ~2,)

O,1ax — HaKOIUIEHHAs 00bIYA HEPTH U3 IUIACTA;
M — TOPHUCTOCTD TUIAcTa, V' — 00beM He(PTAHOM 3aJexKu;
S,¢ — HACBIIIEHHOCTH IIACTA CBSI3aHHON BOOII;
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Sou — ocTaTouHas He()TEHACHILEHHOCT IIACTA;

Z

¢ — HaCBIIEHHOCTH IIOP IJIACTa IOJBHKHON HEYTHIO Ha (PPOHTE BHITECHEHHS.

3HayeHHe Z, MOXKHO OIPEACIUTh U3 CIEAYIOMET0 yPaBHEHHUS:
Z," [1,5 (1-Seg-Sp-Z,)]— 0,01 ,
M,

roe M, =

8

Koaddumment oxmata macta BO3IEHCTBHEM 77, HAa3bIBA€TCS OTHOIICHHE 3armacoB HEQTH,
MEpBOHAYAIIbHO HAaXOJMBIIEHCA B YAaCTH IUIacTa, 3aHATOTO BHEAPUBIICHCS B 3aJIeKb BOAOW, K
reoJIOTHYECKUM 3amacaM HedTu B 3anexu. [Ipu cxemMe HEemopiiHEeBOTO BBITECHEHUS MJSi OJHOPOIHOTO
miacta KodGUIMEHT 0XBaTa MOXKHO OMPEACIUTH 10 CIIEIYIONIEMY COOTHOLICHHIO:

1-S.,.-S,, —iZ(p

m = 1-s.

B ycnoBusX HEM3MEHHON CHCTEMBl M TEXHOJIOTHMH pPa3pabOTKH HE(TSHBIX MECTOPOXKICHHIMA
K03()UIIMEHT BHITECHEHHS B TEUCHUE BCEH pa3pabOTKH OCTAETCs MOCTOSHHBIM, a KOd(PPHUIIUEHT oXxBaTa
HENPEPBIBHO BO3pPACTaET.

Kosdhdumment  BeiTeCHeHHMs ~ 3aBHCHUT  OT  (PU3MYECKUX  CBOMCTB  IJIacTa,  €ro
MHKPOHEOJHOPOJHOCTH U XapaKTCPHUCTHK BHITCCHEHUS He(DTH W3 TOPUCTOHM cpenbl. Ero BenmumHa
ornpenensercs B Ja00paTOPHBIX YCIOBUSX MyTeM (DU3MYECKOTO MOJCITHPOBAHMS BHITECHEHUS HEPTHU
BOJIOM. Koaddumnuent oxBarta IJIaCTOB BO3/ICHICTBHEM orpenessieTcs CTETICHBIO

MUKPOHEOIHOPOJHOCTH MECTOPOXJICHUS, CHCTEMOW pa3pabOTKH, CBONMCTBAMM BBITECHSIOUICH U

BBITECHSIEMOH X(HHKOCTCﬁ, YCJIIOBHAMMU SKCILTYyaTallu CKBAXKHWH.
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8.TUJIPOJUHAMMNYECKHUE PACYETHI JEBUTOB U JABJEHHUM ITPU ) KECTKOM
BOJOHAIIOPHOM PEXHNME

JINHHH WA HET,

Puc.8. 1. Kunemamuxa ¢punbmpayuoOHHbIX NOMOK0O8
[Mpu PunpTpanuu kK cuctemMe AOOBIBAIOIIUX CKBAXWH HAOMIOAETCS CIOXKHAs KMHEMAaTHKa
¢unpTpanmuoHHBIX MOTOKOB.  MccnemoBanusmu FO.I1. BopucoBa mokazaHo, YTO 3Ty CIIOXKHYIO
KUHEMATUKy MOXXHO C OOJIBIIONW CTENMEHbI0 TOYHOCTH NPEICTaBUTh KaK CYMMY JBYX BHJOB
MOTOKOB IJIOCKOMAPAIIEIbHOTO U PagualbHOTO BOIU3U JOOBIBAIOIINX CKBAXKHH.
[IpuHATO Ha3bIBATh GUABTPAIMOHHOE CONMPOTUBICHUE MEKIY KOHTYPOM IMUTAHUS U
JMHUCH PACTIONOXKEHUS CKBAXKHH - BHEWHUM CONpomusieHuem, a GHUIbTPAIIMOHHOE COITPOTHUBIICHUE TIPH
pamuanbHON GUIBTPAIMU  BOJW3U  CKBAXXUH GHYMPEHHUM CONPOMuUsIeHueM TPU3a00MHON 30HBI
CKBaKHH.
@opMyTbl TUAPOAUHAMUYECKUX PACUYeTOB NEOUTOB W JABICHUHA BBIBEACHBI MPH CIIEIYIONINX
YIPOIIAIOIINX PEIICHUE PEIMTOCHUTKAX
1. CkBaxuHBI B KaXJAOM PpsaAy HaxXoOsATCS Ha OJWHAKOBOM Jpyr OT Jpyra
PACCTOSIHUH, HO 3TU PACCTOSHUSA B PA3HBIX PSAAaX MOTYT OBITh Pa3IMYHBL.

2. 3aboiiHbIe JaBICHHS BO BCEX CKBOKHUHAX OJTHOTO M TOTO XK€ Psa OJMHAKOBHI!

3. Paamychl BceX CKBaKHH OJHOTO U TOTO K€ Psiia OJMHAKOBBI.

4. PaccrosHue OT KOHTypa TMTHUTAaHHUS JIO CKBAXHWH TIEPBOTO psga W  PACCTOSHUE
MEXIy psaamMu 0osblIIe pPacCTOSHUS MEXIY CKBa)KMHAMH B pamy.
BceneacTBue 3TUX yclIOBUHM NeOUTHI CKBAaXXHUH OJTHOTO U TOTO ke psa OyIyT OJHMHAKOBBIL

MG)K)Iy THAPOJUHAMUYCCKUMUA U SJICKTPUYCCKUMHU MPOLCCCaMU CYIICCTBYCT aHAJIOTHA, KOTOpas
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BBIPAJKAETCA B CIEAYIOLIEM:
l.M3MeHeHue  HaAmpsDKEHHUS  MEXIy  y3JlaMH  OJEKTPUYECKOW  CEeTKHM  aHaJIOTMYHO

pacupeacICHUIO JaBJICHUS B IJIaCTC
U;-U,=P;-P, unu AU=AP
2.2JICKTPUYECKOE CONMPOTHUBJIICHUE YydYacTKa JJICKTPUYECKOM IEeMH IPOMOPIMOHATBHO

(aHaJ'IOI‘I/ILIHO) THUAPOAUHAMUYCCKOMY COIIPOTUBJICHUIO YHACTKa MOJACIUPYCMOTO IIJIaCTa
R,=Q+w
3.cwiia TOKa, MPOTEKAIOIIET0 MEXIy Y3JIaMd CETKH, MPONOpIHUOHAIbHA (aHAJIOTHYHA)

KOJIMYECTBY *KUAKOCTH, IPOTEKAIOIIEMY Ye€pe3 y4aCTOK MOACINPYEMOH LIEITH
[=Q
[Tpu sToM cnpaBemmB 3akoH Kupxroda, mo KOTOpoMy CyMMapHOE TaJieHHE HaIlpsKEHUS B

CETH pPaBHO CyMMe IaJICHUH HANpPsDKEHUH Ha OTNIEIbHBIX YYaCTKaXx:
n

AU= > "R,

n
AP= Y Q(Q+o)
[
Ha ocHoBaHMM mpaBWiia 0 HEPa3pPHIBHOCTH TEYEHUSI, aHAJIOTHYHO NepBoMy 3akoHy Kupxroda B
DIIEKTPOTEXHHUKE U NPUMEHUB IPABHIIO, AHAIOTMYHOE BTOpOMY 3akoHy Kupxroda, momydum cucremy

ypaBHEHHUH AJis pacueTa 1eOMTOB U AaBJICHUH THIIOTETUYECKON HEPTIAHOM 3alexKH.

Ha puc.8.2 n3o6paxkeHa cxema mory0eCKOHEUYHOTO IJIACTa ¢ MPSIMOJIMHEHHBIM OJHOCTOPOHHHM

KOHTYPOM IIUTaHUs, KOTOPBIH pa3padaThiBacTCs ABYMs IapalebHBIMU HENOUYKaMU CKBaXHUH (1 M Ny).
CxBaxxunbl uMeroT oaunakossie paguychl (Re; 1 Ryy) u 3a6oiiupie nasnenus (P u Py,). Cymmapusie

neduThl nenovek (psaaos) cocrapisior Q 1 Qs
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Qz Q1
Y
n, . ny —
<+—
262
261
« &
‘———
B
|:>c2 ® I:>c1 <+ |:’k
<___
o ®
li2 le2
v < >
2 1 K

Puc.8.2. Cxema nnacma ¢ 00HOCMOPOHHUM KOHIMYPOM HUMAHUSL
JInst cocTaBICHUS CUCTEMBl yPAaBHEHHUH UCTONB3YIOT CXEMY IKBHBAJICHTHBIX
(UITBTPAITMOHHBIX COMPOTHRIICHHUH, KOTJ]Ja CUCTEMA PACTIONIOKECHHSI CKBAKUH MOXKET OBIThH

npeacraBji€Ha, KaKk CUCTEMA BHYTPCHHHUX U BHCIIHUX COHpOTHBHeHHﬁ.

Q, Q+Q;

A

A

"

01 Q,

Puc.8.3.Cxema sxeusanenmmuvix purbmpayuoHHbIX CONPOMuUBIeHUL
CornacHo 3akony Kupxrodga, 3anuiiemM B THIAPOJUHAMHUYECKHX CHMBOJAX CHUCTEMY YpaBHEHHIA,

MBICJICHHO NEpEMCIasiCh BAOJIb YCIIOBHOI'O KOHTYpa U3 TOYKH KB TOYKY ], a 3aTeM U3 TOYKHU / B TOYKY

2:
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Pi-P1=(Q1+Q2)*Qu+Q ¢
P-Po=-Q1*0;+Q2 %21 21Q*; 1)
ITpu 5TOM BHEIIHKE QUIBTPALIMOHHBIE CONPOTUBIIEHHS OYIyT PABHBI:
* *
I U P 0, .= n*lo
k-1 T 1-2— —
B*k*h B*k*h

9

BHyTpeHHre (QUIBTPAIIMOHHBIC COMPOTHUBIICHUS OYIYT PABHBIL:

W q G1
2ﬁ*k*h*n1 TCRC1

mq1=

u q G2
27'C*k*h*n2 TCRCQ _

N3 cucremsl ypaBHeHuii (1) MOXXKHO ompenenuTh IeOUTHI psaaoB ckBaxHH Q; U Q,, ecnu 3a1aHbl

W=

3a00HHBIE JaBJICHHU, I 3a001HbIe naBiaeHust P u P, eciii 3amanbl 4eOUTHI CKBAXKUH.
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9.T'UJIPOJUHAMMYECKHE PACUETHI IEBUTOB U JIABJIEHUI ITPU
BHYTPUKOHTYPHOM 3ABOJHEHNHA

9.1.Fu)1p0)1nHaMuqec1me PacCu€ThI ).IeﬁI/ITOB M JaBJeHHil IpU PAAHBIX CUCTEMAX 3aBOJAHCHUSA

V.

/

£

/] “LI o o G’D' ;
/ /
e N/
1 e ’
L_i[‘.i\ o o5 p3 ?
i© © ==
//[u qu O = Pﬁé&'ﬂ?
7. /.
//’, I o & {ép5 4
/Lh - 7
AN\ N Y7

S

Puc.9.1. Cxema nonocoobpasnoti 3anedicu ¢ paspezanuem Ha 610Ku

rne : P,; u P, — naBnenus Ha 3a00€ HarHETATENIbHBIX CKBAKUH;

P;, P>, P;, P, Ps— naBnenus Ha 3a00e 10OBIBAIOIUX CKBAKHH;

P,;, P,5 P;, Ps— cpennve qaBieHns Ha JIMHUAX HATHETATENbHBIX U JOOBIBAIOIINX CKBAKKH.

s monocooOpa3HoOil 3a1eXH, IJ1e pa3MEeIIeHbl IBa pa3pe3aroluX HarHETaTEeNbHBIX pAla U
MATh IKCIUTyaTallMOHHBIX PSIOB, TP YCIOBUU PABEHCTBA OTOOpPA M 3aKAYKU CUCTEMY YpPaBHEHUU
ISl ompeneneHus nebuTa dKCIuTyaTalmoHHBIX psaoB O, Q) 0; Q4 (s U HarHETATENBHBIX PSIOB

Oy 1 OH; MOXKHO 3aMUCcaTh B CIEIYIONIEM BHUJIE:

P-P P-P P,—P
" + + =

0
a)Hl a)l QZ
PI_PZ Pz_Pz P3_P2
+ + =0
Qz a)z Q?x
P -P P -P P —P
+ + =0
Q, , Q,
P-P P -P P -P,
+ + =0
Q, , Q,
P -pP P -P P —P
+ + =0
QS a)S Qu2+Q6
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BmpameHH;{ JUIA BHCHITHHUX COHpOTI/IBJ'IeHI/Iﬁ HUMCIOT BHU.

= IUHL] ; ‘QZ — IUHLZ ; Qj _ IUHL3 .
Shk Shk Shk

L L L
[24:#}1 4’. szlun 5’. [_)6:/1”6
Shk Shk Shk
JI1st BHYTPEHHUX CONPOTUBIICHUM:
a)H] — /’le O-Hl ln aul ; a)H2 — /’le GHZ ln aHZ ;
Shk = Shk 7 7,
o=t O1p, O M Oiy, O
Shk = Shk = 7,
o, =t T2y Or oy M 05 O
Sy, ® Shk 7 s
0)3 H, ﬁl}’l O; ;

" Shk 7,

W3 mpuBeIeHHON CHUCTEMbI YPaBHCHUI OMpPEAECNAIOTCSA CPEIHUC aBJCHHS Ha JIHHUH PSJIOB
noGeisaromux cksaxun P, P, P, P,, P,..

[Tocne 3Toro MOKHO ONPEACIIUTh NEOUTHI PSIIOB CKBAKHH:

F-F P -P, P-P P, -P, P-P,
O=—"—" 0,=—"—2, O, =—""—;, 0, =", O, =—.
1 a)2 a)3 a)4 5

B nmsaTupsaHyo cucremMy J00BIBAaIOIIMX CKBaXXHWH OT KaXJAOTO M3 pa3pe3aroninx

Hardu€TaTCJIbHBIX PAJOB CKBAKUH IMOCTYIIACT TOJIBKO IMOJIOBUHA 3aKauuBaeMOU BOJBI, IIOOTOMY:

0110, +0:3+t04+05= 0,5 0,1 10,5 0,2

[Tpu yuete n3meHeHUsT GUIBTPAITMOHHBIX CONTPOTUBIICHHUIA B 30HE 3aMEIICHUS HEPTH BOJION MTPHU
BHYTPUKOHTYPHOM 3aBOJHEHMHM MOKHO CUYHUTATh, YTO BHA4aJe€ BOKPYI KaXXIOW HAarHeTaTelIbHOU
CKBa)XXMHBI 00pa3yeTcs Kpyropas 30Ha C PaJUyCcoM Frs U HE(TEHACBILEHHOCTBIO Z4+Spy, TAE Sou -

oCTaTO4YHas1 He(bTeHaCI)IHIeHHOCTI) npu OCCKOHEUHO I[OJ'IFOﬁ IIPOMBIBKC. Bemmuuna Zg OIpeACIICTCA 110

W3BECTHOU opmyie:

z =01 al
©T LSS, -S,) -2,

3aBUCHUMOCTh JeOuTa CKBaXXWH OT IMepernana naBieHus P,-P, MEXIy HarHeTaTeIbHbIMU H

TOOBIBAIONITUMHU CKBKWHAMHM OTIPEIETISETCS 10 CIAeAYomIei dhopmyie:
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2

27kch( P, — P r, 7l
(B B) 1oz 42522 4170 0 PP 4 i O
H,q r, 20 T,

L — paccrosinue Mexy HarHETATEIbHBIMH U KCILTy aTAllHOHHBIMH PAJIAMHE;
20 — paccTOsIHUE MKy CKBKHHAMH B PALY;

7, — TEKyIeE NOI0KEHHE (PPOHTA HATHETATENHLHON BOIBL,

Vews Ven — PAAYCHl HATHETATEIBHBIX U DKCILTyaTallMOHHBIX CKBAKHH.

BHYTpUKOHTYpHBIN pa3pe3aroniuii psij HarHETaTEAbHBIX CKBaXKHUH JJIs1 OBICTPOTHI OCBOCHUS
nponecca 3aBOOAHCHUSA MOIKCT 6BITI: BHa4YaJIC BBCIACH B OKCILTyaTallMIO IPU OCBOCHUHU ITOJIOBUHBI
HAaru€TaTCjibHbIX CKBAXXHWH 110J 3aKadyKy JXKHAKOCTU U IIOJIOBUHLI - TII0J 0T60p. HOBTOMy pI(o)
dbopMupoOBaHHS CIUIOIIHOTO (PpoHTAa 3aBOJHEHWsS HA JIMHWUM HarHeTaHus Oyjaer paboTtaTh psia
YepeayIOMUXCs TOOBIBAOIIMX M HATHETATCNbHBIX CKBaXHH. [IpW yCIIOBUM HMX PaBHOJICOUTHOCTH

NeOUT KaXKIO0W U3 CKBKUH WM TIEPHOJ TABICHUS MKy HUMHU MOXKHO OTIPEIEIUTh 10 popmyre:

2nkh(P, - P ’ :
kh(F, —P,) =17In—*+12z,+ 25z, + , lniL, rae
.4 3 oo

20° - pacCTOsIHUE MEXAY CKBaXUHAMU B HATHETATEIILHOM Py .

Jlia kpyroBoii 3anexu, paboTaromiel mpu 3aKOHTYPHOM M BHYTPHUKOHTYPHOM 3aBOJHEHHUU HpPHU
pa3MEIIeHUH PSIJO0B CKBAaXXHUH COOTBETCTBEHHO CXEMe€, OCYIIECTBISIETCS TOT K€ MOPSIOK pacueToB
JUISL oTpesiesieHnss AeOUTOB, KaK M B MpeAbIAyIleM ciaydae. M3MeHSI0TCsS TONbKO BBIPAXECHUS IS

BHCIIHUX COHpOTHBHCHHﬁ.

R
1 ST P ;
2rkh R,
Qz _ lLlll Rl

" 2rkh R,
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Q, :Lln&.
2w kh R,

JAns BHYTPEHHHUX CONPOTHUBIEHHUN clelyeT 3aMEHUTh S Ha TMEPUMETP COOTBETCTBYIOIIETO
KpYyroBoro psana 2 zR;.
I[Ipu pabGoTe oOTHENbHOW HarHeTaTelbHON CKBaXXHMHBI (04YaroBoe 3aBOJHEHUE)

BHEIIIHEE COMPOTHUBIICHUE OMpeesieTcs mo Gopmyre:

H L 2
Q=—"—07TIn+*+12z +25z2’)
27kh r ’ Y

9.2.I'mapoauHaMHUYeCKHe pacyeThbl 1e0UTOB U JaBJICHUI MPH MJIOIIAJHBIX CHCTEMAX 3aBOIHEHUSA

[Inomannoe 3aBogHEHUE, Kak 0oJiee MHTEHCUBHOE, MPUMEHSETCS s pa3pabOTKH 3ajexei
He(bTI/I C HU3KUMU 3HAYCHUSIMU COOTHOIIICHUA K/,UH OcCHOBHEBIE BUABI INIOITAAHBIX CHUCTEM 3aBOJHCHUA
PaccMOTpEHBI paHee.

IIsTuTOYEYHAS CHCTEMA 3aBOAHEHUA

[Ipu sTOi cucreme n,/n,=I1. PaccTosHre Mexmy AOOBIBAIOMIMMH CKBOKWHAMH TPU ILIOMIATN
aneMeHTa F paBHO N2F , a paccTosiHUE MEXIy HarHeTaTelbHBIMU M JOOBIBAIOIIMMH CKBaKMHAMU

paBHo ~/ [ . Jle6ut no0bIBaroIeil CKBaXMHBI ONPEAETIAETCS 10 GopMyJIe:

7hh(P, ~ P)
1 (In% -0,619)

[ec]

Ecnu YYUTBIBATH U3MCHCHHC (1)I/IJIpraI_II/IOHHHX COHpOTI/IBHCHI/Iﬁ B 30HC 3aMCLICHUA HCCI)TI/I

BOJIOM, TO 1€OUT HEe(DTH WM TIEpenaa aBlIeHUH onpenensieTcs no GopmyIe:
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2ﬂkh(P” P3) = 122¢ +25Z; +1,7ln_¢+,uo In = rie
Hq Fex 4rC3r¢’ ,

74 QpoHT.

CemuToueyHasi CHCTEMA IVIOIIAJHOI0 3ABOJAHCHU A

w4

[Ipu »sTOMi cucreme n,/n,=2. PaccrossHMe MeXIy AOOBIBAIOMIMMH W HAarHETaTCIbHBIMH

CKBa)KMHAaMH OIWHAKOBO U IIPH IUIOMIAAN 3JICMCHTA F paBHO:

a=1,07VF

Jebutr noObiBaroIIel CKBaXKUHBI OmpenenseTcs GopMyioil:

7kh(P, ~ P)
1 (In - 0,854)
r

c3

IIpu yuyere usmeHeHus! GUIBTPALUOHHBIX COMTPOTUBICHUMI:

_ r
M:uz(p+25z;+1,7ln—“’+uolni+&l”i
H,q Fon CERE
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JleBATUTOYEYHAS] CHCTEMA IJIOLIAJHOI0 3aBOITHEHHS

[Tpu »TOM cucreme n,/n,=3. PaccTossHre MEXIy TOOBIBAIOIIMMHU

O & &)  CKBa)XWHAMH paBao 0,5+ F . PaccrosHme Mexay J0OBIBAIOIMMH U

F

D D HarHeTaTeNbHbBIMU CKBA)XMHAMU B yIJax Ksajapara d = ,|—— , B CEpeAuHe

O e @y  croporbi— 0,5~ F'.

Jlebut HarueraTeNbHON CKBaXXUHBI ONpeesseTcs no Gopmye:

g = 2,63khAP
1+R ln£—0,273 0,694
2+R| r 2+R

R — oTtHOmIEHNE AE0UTA YTIIOBOM HKCILUTyaTallMOHHONW CKBAXXKHMHBI K 1€OUTY OOKOBOI.

[Ipu yuere nameHenus GUIbTPALMOHHBIX COMPOTUBIICHUN!

_ r
mh(E =F) _ 12z,+25z; +],7ln—(”+,uo(ln4—a+£ln
Hq Veu

a

)

» r,,



85
10.20PEKTUBHOCTD PA3JIMYHBIX CUCTEM 3ABOJHEHUSA HE®TAHBIX ITVIACTOB

[IepBoHauanpHO B Halllel CTpaHE MPUMEHEHHE 3aBOJIHEHHSI CBA3BIBATIOCh B OCHOBHOM C 3aKA4YKOMN
BOJbl B HArHETATEJIbHbIE CKBAXXMHBI, PACIOJIOKEHHBIE B 3aKOHTYPHOM YacTH MECTOPOXKICHHUS -
3aKOHTYpHOE 3aBOAHEHHUE. BriepBbie 3aKOHTYpHass CHCTeMa 3aBOAHEHHUS Oblla 3aMpOCKTHPOBAHA B
1948 r. Ha TyHMa3WMHCKOM MECTOPOXKICHUU TIpH pa3paboTKe IAEBOHCKUX TuiactoB ;7 u [ls.
3aKOHTYpPHOE 3aBOJHEHNE B IPUHITUIIE MOXKET OBITH Oosiee 3 (HEKTUBHO, YeM BHYTPUKOHTYPHOE, TaK Kak
MIpH 3TOM He(Th BBITECHSETCS IMIACTOBOM coBMEeCTUMOM BoAoW. OTHAKO OMBIT pa3pabOTKHU MOKa3all, YTo
y OTOM CHUCTEMBbI 3aBOJHEHUA €CThb MHOIO HENOCTaTKOB. M3-3a IUIOXMX CBOMCTB, IUTIaCTOB B
MPUKOHTYPHBIX 30HaX W TIOBBIMIEHHOW Bsi3kocTH Hedptu B 30He BHK mpuxommmnoce Oypute MHOTO
JUIIIMX HarHETaTeJIbHBIX CKBAaXXWH. Ha KpyMHBIX MECTOPOXKICHUAX MTPU 3aKOHTYPHOM 3aBOJIHECHHUU HE
yaaBanoch oToupath Oonee 2,5% HedTH B roa OT HayalbHBIX U3BIEKaeMbIx 3amacoB. OHO
XapaKkTepU3yeTcs TaKKe 3HAUYUTEIbHBIMU OTTOKaMHU BOJIBI 32 KOHTYP HE)TEHOCHOCTH.

Pa3zBuTueM 3aKOHTYpPHOTO 3aBOJAHEHHUsI SIBUJIOCH CO3JaHHE CHUCTEMbl BHYTPUKOHTYPHOI'O
3aBOJHEHHUs. B 3TOM ciyuae MecTOpOXKIECHUE PAAaMU HarHETAaTEIbHBIX CKBAXUH «pa3pe3aeTcsay, a
OTJENbHBIE TMOJIOCHl, OJOKM WU IUIOIIATU CAMOCTOATEIbHOW pa3palOTKu W He(dTh BHITECHSETCA
HarHeTaeMoil BoJoi. BriepBble BHYTpUKOHTYpHAs cucTeMa pa3paboTku Obliia 3anmpoeKkTupoBaHa B 1955 r.
Ha PoMamknHCKOM MECTOPOKICHUH.

B nauane 60-x romoB ObLIM CcO3AaHBl OJOKOBBIE WM PSAHBIE CHUCTEMbl BHYTPUKOHTYPHOTO
3aBOJIHCHHS TSl pa3paObO0TKu 0OBIYHBIX HEDTAHBIX 3anexel. [Ipun aTux cucremax tpedyeTcs pa3pe3aThb
He(PTSIHbIE MECTOPOXKJIECHUS Ha OJNOKM ONTUMAIBHBIX Pa3MEpPOB, W UHUCIO PIAOB AOOBIBAIOIIUX
CKBOXMH MEXAYy JBYMsI OaTrapesMy HATrHETAaTEIbHBIX CKBAKHUH BBIOMPAECTCS B 3aBUCUMOCTH OT
KOHKPETHOH Te00ro-pu3n4eckoil XapaKTepUCTUKH HEPTSHON 3alekn M HEOOXOAMMBIX TEMIIOB
pazpaboTku. Yem MeHbllle pa3Mepbl OJIOKOB W YHCIO PAIOB AOOBIBAIOMIMX CKBa)KMH, TEM BbIIIE
WHTEHCHUBHOCThH CHUCTEMBbI pa3paboTku HedTsHOH 3amexu. [lo cpaBHEHHUIO ¢ cucTeMaMu 3aKOHTYPHOTO
3aBOJIHEHUSI OJIOKOBBIE CHCTEMBI IMO3BOJSAIOT B 2-3 pa3a yBEIMUYUTH TEMIIbl JOOBIYM HEPTH, CHU3UTH
pacxo]] HarHeTaeMoil BOJbBI 3a CYET YMEHBIIECHHS yTEUEK €€ B 3aKOHTYPHYIO 30HY, YCKOPHUTb BBOJ
MECTOPOKIEHUS JB pa3paboTKy, COKpPATUTh TEPPUTOPHUIO MPOMBICIIA, MOAJIEKAILYI0 00YCTPONUCTBY,

UccnenoBanne 3¢ ekTUBHOCTH Mpolecca 3aBOJAHEHHUS C HCIOJIB30BAaHHMEM MHOTO()AKTOPHOTO
KOPpEISIIUOHHOTO aHaiu3a Oosnee uyeM 1o 50 sKCIulyaTalMoHHBIM OoOBekTaM ¥Ypano-IloBomxbs
MOKa3ajio, 4YTO BHYTPHKOHTYpPHOE 3aBOJIHEHHE YIyYIIaeT TEKYIIHe I0Ka3aTean pa3pabdoTKu u
MOBBIIIAET KOHEUHYI0 HedTeoTnady IUIAaCTOB HE MeHee 4eM Ha 5% MO CpPaBHEHHUIO C 3aKOHTYpPHBIM
3aBOIHCHHEM.

OneiT  pa3paboTku  HE(MTSHBIX MECTOPOXKICHUI TMOKA3bIBAET, YTO OJOKOBBIE CHCTEMBI
1enecoo0pa3Ho MPUMEHSTh MPHU IIUPHUHE 3alexeit 0onee 4-5 KM, a TakKe NMPU MEHbIIEH UX IUPUHE,

€CIM 3aJIe)KM XapaKTepHU3yITCS TOHWKEHHOW IMPOHHUIIAEMOCTHIO KOJIIEKTOPOB, PE3KOMH
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30HAJIBHOW HEOJHOPOTHOCTHIO NMPONYKTHBHBIX IUIACTOB, IMOBBIIIEHHON BSA3KOCTHIO HEDTH HIH
YXYALIEHUEM YCIOBUHN (PUIBTPALMU HA FPAHULIAX 3AJIEKH.

Bricokas 5¢ddexkTuBHOCT, OJOKOBBIX CHCTEM pa3paboTKU 0O0yCIOBHUIIA IIUPOKOE
pacnpocTpaHeHHe UX BO BceX HE(PTeJ0OBIBAIOIINX paifoHaX CTPaHBI.

[TnomanHoe 3aBogHEeHNE 0COOEHHO () (HEKTUBHO MPUMEHSTH MPH pa3paboTKe MaJIONPOHHUIIAEMBIX
U CWJIBHO IPEPBIBUCTBIX ILIacTOB. [lnomanHeie cucteMsl 3aBOIHEHHS IPUMEPHO B 2 pa3a UHTEHCHBHEE
nATUpsAAHON cucteMbl. CrleqoBaTenbHO, NPUMEHEHHME IUIOMIAJAHOW CHCTEMBl 00ECHEeYUBAET TEMI
TOOBIYU MATUPSIIHOM CHCTEMBI 3HAUUTEIILHO MEHBIIUM YHCIIOM NMPOOYPEHHBIX CKBAXXUH. B HacTosmIee
BpeMs TJIOIIAJHBIE CUCTEMBI OCYIIECTBISIOTCS Ha MHOTHX MECTOPOXACHUAX 3anmamnoi Cubupw,
Y amyptuu.

IIpu 3aBoHEHUU HEQPTSIHBIX MECTOPOXJIECHHUI 00JbIIOE 3HAUEHUE MMEET BONPOC O YHUCIE
N0OBIBAIOUIUX PSIJOB MEXKIY pa3pe3alolluMu psAAaMHU HarHeTaTeNbHBIX CKBaXHH. [Ipu Hu3KOM
TUIPONPOBOJTHOCTH M OOJBIION MPEPHIBUCTOCTH IIJIACTOB HAMOOJEe palUOHAIBHO NPUMEHEHUE
IJIOMIAHON W OJHOPSIHOW CHCTEM 3aBOJIHEHHSI C CaMOro Hadaja pa3paboTku. B ciyuae Oosee
BBICOKOM T'HIPOIPOBOAHOCTH LEJIECOO0Pa3HO OCYLIECTBUTh TPEXPATHYIO CHUCTEMY, MUMes B BUIY €€
MHTCHCU(PHUKAIIMIO B JalbHEWUIIEM CO3JaHHEM OYaroB 3aBOJAHEHHA. DTO TMO3BOJHUT B KOHEYHOM HTOTE
CO3/1aTh CHCTEMYy 3aBOJHEHUS, HauOoJiee TOJHO OTBEYAIOIIYI0 KOHKPETHBIM T'eOJIOTO-(hH3HYECKUM
OCOOCHHOCTSIM CTPOCHHS 3aJIeKU, NMPUYEM HHTCHCHBHOCTh OSTOW CHUCTEMBI OyaeT OJIHU3KOU K
WHTEHCHUBHOCTH IUIOMIAAHON UM OTHOPSIHOM.

[IpumeHeHne NATHUPATHBIX CHUCTEM Ie1ecOO0pa3HO JIMIIb MpPH JOCTaTOYHO XOopoulel
XapaKTepUCTUKE MPOAYKTHUBHBIX MiacToB. OZHAKO M B 3TOM Cilydae CleQyeT MpeaycMaTpuBaTh
BO3MOKHOCTh ~ WHTEHCH(HKAIIMM  CHCTEMBI  pa3pabOTKH  JOTIOJHUTEIBHBIMH  pa3pe3aHusiMu
MECTOPOKICHMSI, IPUMEHEHUEM OYaroBOIp 3aBOJHEHUs. MHOropsHbIE CUCTEMBI 00ecneunBaroT 0osee
BBICOKYI0 HE(pTEOT1ady TOJIBKO B OHOPOAHBIX, CIA00NPEPBHIBUCTHIX IJIACTAX.

B cucremax miuomaaHoro 3aBOAHEHUS, B KOTOPBIX LIEHTPaJbHAasl CKBAXXHHA 3JIEMEHTA SIBISETCS
HarHeTaTeIbHOHU, KaxJas W3 JOOBIBAIOMIMX CKBA)XXMH pACIOJOKEHAa Ha TpaHHIaX dJIeMEHTa U
OJIHOBPEMEHHO JPEHHUPYET HECKOJBKO JIEMEHTOB CUCTEMBI IIJIOMAJHOTO 3aBOAHEHMS, OT 2-X 10 4-X.
CoOTBETCTBEHHO A00bIYa ATUX MOTPAHMYHBIX CKBAa)KUH CKJIAJBIBAETCS U3 IPUTOKOB U3 2-3-4-X
3JIEMEHTOB.

NHTEeHCHBHOCTDh pa3pabOTKM KaXJOTO M3 JJIEMEHTOB OIpPEAEIseTcs MPUEMUCTOCTHIO H
00bEMOM 3aKauku B LEHTPAJIbHYI0 CKBAXMHY d3JeMeHTa. VccienoBaHus MOKa3ald, 4TO YEM BBIIIE
ACUHXPOHHOCTb, T.€. CKOPOCTb pPa3pa0OTKU Ppa3IWYHBIX 3JIEMEHTOB IUIOIAIHOIO 3aBOJHEHMS, TEM
ObIcTpee 0OBOAHAIOTCS JOOBIBAIOIINE CKBAXUHBI U HUXKE d3(P(PEKTUBHOCTH pa3pabOTKH 3aJICKH MPH
TUTOMIATHOM 3aBOAHEHHHU. [lodTOMy, CTpemsTcs 4TOOBI TEeMIBI Pa3padOTKH KaKIOTO W3 3JIEMEHTOB

CHCTEMBI IINIOIIaAHOT'O 3aBOJHCHUA ObLIN IMPUMEPHO OAMHAKOBEI.
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11.BPEMS HAUYAJIA 3ABOJHEHUSI HE®@TSAHBIX 3AJIEXKEN Y1 YPOBEHD IO JJIEPKAHUS
JABJIEHUA B 3AJIEZXKUA

B mHamei#t crpaHe B TOAABIAIONIEM OOJBIIMHCTBE CIy4aeB 3aBOJHEHHE HE(TIHBIX
MECTOPOKJIEHUI OCYIIECTBISETCS C caMOro Haudaja paspabortku. Ilepuon, mpu kotopom HedTsHOE
MECTOPOXKJEHHE paboTaeT MPU ECTECTBEHHBIX pEeXUMax OOBIYHO ObIBa€T KPAaTKOBPEMEHHBIM H
OTIPEEIISAETCS CPOKOM CTPOUTENIbCTBA HE(TEIPOMBICIIA M CO3AAHUS CHUCTEMbl HArHETAHUS BOIBI. DTO
MO3BOJISIET UMETh YCTOMUYMBBIE JEOUTHI CKBAXXHH, PACIIUPSIET BO3MOXKHOCTU PEryJIMpOBaHUs Mpolecca
pa3paboTKu, yBeJIWUYMBAET CPOK (OHTAHUPOBAHMS CKBAXXMH, YJIydllaeT YCIOBHS pabOTHI
WITAHTOBBIX U MOTPYKHBIX HACOCOB MPU CPABHUTEIBHO HEBBICOKUX M IOCTOSIHHBIX T'a30BbIX
¢dakropax.

B CIIA 3aBopHeHue He(TAHBIX MECTOPOXKIACHHW B OOJBIIMHCTBE CIydacB NMPUMEHSETCS Ha
CpPaBHUTEIBbHO TO31HEHW craaumu pa3paboTku. Hedtsansie dupmer CIIA ocyniecTBISIOT cHadalia
no0biyy He(pTH Ha eCTEeCTBEHHBIX pexumax (MmepBUYHas A00bYa) M TOCJIE 3HAYUTEIHHOTO
UCTOUICHUS IPUPOTHON SHEPTHH OCYIIECTBIISCTCS 3aBOJHEHNE HEPTIHOM 3a1eKHu (BTOpUYHAS TOOBIYA).

B mepuwon mepBUYHON M00BIMM W3 IUIACTa HW3BIEKAIOCh OOBIYHO 5-10% OT reonormdeckux
3amacoB He(TH, 3aTeM BHEIPSJIUCH, KaK MpaBWJIO, IUIOMIAJHbBIE CHCTEMbl HCKYCCTBEHHOTO
3aBoAgHeHUs. Takoi monxon k pa3paborke wmecropoxaeHuit B CIIIA oOycrmoBiaeH Tem, 4TO
He(TAHbIE KOMIIAHUU CTPEMSTCS M€ BKIAIBIBATHh JOMOJHUTEIHHOTO KamUTala Ha CO3/IaHHUE CHUCTEMBI
3aBOJHECHHUS, MTOKAa MECTOPOXKJEHHUS BBITOJIHO pa3padaThlBaIMCh HAa UCTOIICHHE U TaKUM 00pa3zom
MoJTy4aTh HEOOXOAMMYIO NMPHOBLUTF HA BIIOKEHHBIH HauMHAas B Kpartdailmmii mepuoa. OcoOeHHO 3TO
Ba)KHO, KOrJa paboThl 110 OCBOEHUIO HEPTAHOTO MECTOPOKACHUS BEAYyTCSA HAa cCyqy OaHKa, 3a KOTOphIE
MPUXOJUTCS BBIIUIAUYMBATH OMpPEAENeHHbIN mpoueHT. Pa3paboTka MeCTOpPOXAEHHUN Ha HCTOIICHUE
NJACTOBOM PHEPruu oOecreyrBaeT BHAyYajle BBICOKHE TEMIIbI pa3paboTKU U OBICTPYIO OKYIaeMOCTh
KanmuTaJlbHBIX BJIOKeHUU. Kpome Toro, paszpaborka 3ajie’kedl Ha UCTOILICHHUE TO3BOJISIET M3YyYHTh
CTpOEHHE IIACTOB U MPHUCTYNaTh K OCYUIECTBICHUIO 3aBOJHEHHS MpU OoJiee MOJHON HMHPOpMaUUU O
MPOIYyKTUBHOM Tutacte. [Ipu sTom Oosee MoTHO UCTIONB3YeTCsl MPUPOAHAS TIACTOBAS YHEPTHSL.

OpHako KOHEYHBIE TOKa3aTesld pa3pabOTKH MECTOPOXKIEHUS MpH 3aBOJHEHUM C Hayaia
pa3paboTku OObIYHO Oo0Jiee BBICOKHME, XOTS OHM TPEOYIOT 3HAUMTEJbHBIX KallUTalbHBIX BIIOKEHUH B
00yCTPONCTBO CHUCTEMBI 3aBOJHEHHS B O0jIee paHHUI HavYaJbHBIN epro pa3paboTKU MECTOPOKICHHUS.

Cnenyer orMeTuTh, 4yTO B mnociegHue paecsatuieruss B CIIA Takke MHOrME€ HOBBIE
MECTOPOXKJICHHS CTaJld BBOJAMUTCS B pa3pabOTKU C MPUMEHEHHEM 3aBOJIHEHHS C Hayana pa3paboTku, a B
Poccun, BcaeacTBre orpaHUYeHHOCTH MUBEHCTUILIMN M BHEPEHUS] IPUHIIMIIOB PHIHOYHBIX OTHOILLEHUH,

Ha000pOT, 3aBOTHEHHUE CTAJIO OCYIIECTBIISATH B 00JIEe MO3HUE CPOKH.
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Ecnmu HedTanas 3amexp ob6namaer ABIIJ[, To 3aBogHEHHE BCETAa OCYIIECTBISETCS TOCIE
CHIJKEHUS 1aBJICHUS B 3aJI€KH 10 KpaltHe Mepe 10 TMIpOCTaTUYECKOTO.

C BompocoM 0 BpeMEHHU Hayasla 3aBOJHEHMsI HE(TAHBIX 3alie)Keld TECHO CBsI3aH BOIPOC O POJIH
YaCTHUYHOTO pa3ra3upoBaHus He(THU B IUIACTE NPHU CHUKCHUHU AABICHHS B IIACTE HUXKE JABJICHUS
Haceimenus. Cienyer NoJYepKHyTh, YTO PEKUM HE(PTSIHOTO IIacTa MpH 3TOM OyAeT BOJAOHAOPHEIH, HO
BBITECHEHUE HE(QTH OyAeT NMPOUCXOAUTh B MPUCYTCTBUU 3-eil (a3bl. VccnenoBaHusl, BEIIOIHEHHBIE B
Hamiel crpane u B CIIA, moka3anu, 4To 1eJIeco00pa3Ho JOMyCKaTh YaCTUYHOE pa3ra3upoBaHUeE
HeTH B IUIacTe MpH CHWKEHUHU naaBieHus Ha 10-20% HmKe NaBICHUS HACHIIICHUS HEPTH Ta30M.
PasrazupoBanne He()TH B TUIACTE CIIOCOOCTBYET YMEHBIICHUIO 8000HEePMAHO20 pakmopa i CHUKECHUIO
NPOJYKTUBHOCTU BBICOKOMPOHUIAEMBIX MPOIUIACTKOB 3a CUET yMEHbIIEHHs (ha30BOM MPOHUIIAEMOCTH
JUISL BOZBI.

Kpome Toro, 3a ()poHTOM BBITECHEHHMS YacTb OCTATOYHOM HE(PTH OKA3bIBACTCS 3aMEIICHHOU
My3BIPKaMU Ta3a.

3a cyeT 3TuX (PaKTOPOB MOKHO MOJTYUUTH YBenuueHue Hepreornaun Ha 5-10%.

BenuunHa oNTUMAalIbHOTO CHUKEHUS JJABJICHUS B IUIACTE HUYKE 1aBJICHHSI HACBIILECHUS 3aBUCHUT OT
XapakTepa U3MEHEHUs (U3NYECKUX CBOMCTB He(TH MpH ee pa3razupoBaHuu. Ecnu npu pazra3upoBaHun
€€ BSI3KOCTh BO3pacTacT 3HAUMUTEIBHO, TO JOMYyCTHUMO JHIIb He3HauuTenbHoe (1o 10%) cHuxeHue
JIABJICHUS], €CIIU BA3KOCTh BO3PACTAET HE3HAUUTENIBHO, TO JAOMYCTUMO CHMXEHHe naBineHus 1o 20% ot
JIaBJICHUS HACBIIIECHUS.

PannoHanbHbIN ypOBEHb JaBJICHMS B IUIACTE NMPHU €ro pa3pabOTKHU OJAMH M3 BaXKHBIX BOIIPOCOB
TEXHOJIOTUU pa3pabOTKu HEPTIHOM 3aJIexKH.

[MonnepxaHue TUIACTOBOTO JABJICHUS B 3aJIEKH OJM3KAM K TNEPBOHAYAIBHOMY IJIACTOBOMY
JaBJICHUIO UMEET CBOM mpeumymiecTtBa. [Ipu 3ToM ynaeTcs 3HAUYMTENbHYIO 4acTh JOOBIBaEMOM
HepTH u3BieuYb Hanboyiee PKOHOMUYHBIM (POHTAHHBIM CHOCOOOM, JepKaTh Ha YCTbe CKBAKMH
BBICOKOE JaBJIEHHE, YTO MO3BOJISET NPUMEHHUTH Haumboiee 3pdexTuBHBIE cUCTEeMBl cbOopa H
BHYTPHUIIPOMBICIIOBOTO TpaHCTOpTa HE(TH, HE IOMYyCKAaTh CHIDKEHUS NpPOHHMIAeMOCTH Turacta. Ho
BBICOKOE JIaBJIEHHE B IIJIACTE€ MMEET M CBOM HEJOCTAaTKH. B 30HAaX HarHeTaHUs NMPUXOAUTCS IEP)KATh
JIaBJICHUE BBIIIE [IEPBOHAYAIBHOIO, 32 CUET ITOTO MOSBIISIIOTCS YTEUYKH BOJbI B 3aKOHTYPHYIO 00JIacTh U
B JIpyr'He€ IUIACThl, @ TAK)Ke BO3MOXKHO BBITECHEHHE HE(PTH 32 KOHTYP HE(TEHOCHOCTH, CKBaXXMHBI BO
BpeMsi pEMOHTA MPHUXOIUTCS TIYIIUTh COJICHONW BOAOW, YTO CHMXKAET UX MPOAYKTUBHOCTB, CO3MAIOTCS
po0JIeMBbl OypEHUs TOMOJHUTENBHBIX CKBAXKUH U ITPU OYPEHUN CKBaXXMH Ha HUYKEJIEXKAIHMe IU1ACThl, IpU
3TOM MBI OTKa3bIBa€MCsl OT BO3MOXHOI'0 YBEJIMUEHUs HEPTEOTIauM 3a CUET YACTUYHOTO pa3ra3upoBaHuUs
He(TH B IJacTe.

HaoGopot, pa3pabotka 3anexked HepTH NPU HU3KUX IJIACTOBBIX JABJICHHSIX HMEET TO

MPEUMYIIECTBO, YTO MBI HEMHOI'O yBEIMYMBaeM He(TeoTAauy 3a cueT YaCTUYHOI'O pa3ra3upoBaHUS
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He(TH B TIacTe, 00XoauMcs 0e3 TIyIIeHUsT CKBaXKUH BO BPEMS X TOJ3EMHOT0 PEMOHTA, HO TPH 3TOM
MPUXOJIUTCS. IKCIUTyaTUPOBAaTh CKBAXXMHBI MEXAaHHU3MPOBAHHBIM CIIOCOOOM, BO3MOYKHO, HEKOTOPOE
CHIDKEHHE TPOHMIIAEMOCTH IUIacTa 3a cyeT OonbmMX 3((EKTUBHBIX HANpPsXKEHUH Ha CKeleT
KOJJIEKTOpA, YCIO0XKHAETCS ccTeMa cOopa HeTH U3 CKBaXKUH.

B kax1oM KOHKPETHOM CiIy4ae HEOOXOJWMO H3YyYWUTh BCE IUIIOCHI M MHHYCHI SKCIUTyaTalluu
3aJIeKH MIPU BBICOKMX M HU3KHMX JABJICHUSAX B IUIACTE JUISl IaHHOTO KOHKPETHOIO cilydyas U BbIOpaTh
ONTUMAaJbHBIH ypPOBEHb JaBJEHMS B IUIACTE, KOTOpPOE HEOOXOOUMO MOJAEPKHUBATh B Ipolecce
9KCIUTyaTallHH.

Ha s¢dexTuBHOCTS BBITECHEHHS HE(PTH BOJOIO BIHSIET HE TOJBKO Ta30HACHIIICHHOCTD
I1acTa, HO M HadajlbHas HACBHIIEHHOCTh IUIACTOB HE(PThIO. BblcOKOnmpoHMIIaeMble He(TEHOCHBIE
TEeppUreHHbIE IJIacThl HachllleHbl HepThio Ha 90-92%. IlpakTuueckn Ha BCEX MECTOPOXKIECHHIX
3anagnoit Cubupu u 3anagHoro Kasaxcrana mOJIMMUKTOBBIE KOJUIEKTOPBI HACHIILIEHB! HE(PTHIO ML HA
60-65%. V3BecTHBI MECTOPOKEHUS ¢ HaYaJIbHOM HACBIEHHOCTHIO Julib 50-55%, npu KoTopoil BMecTe
¢ He(PTBIO Cpazy ke MOCTyHaeT BOJA.

OcranbHble U3BECTHbIE HE(PTAHBIE MECTOPOXACHHUSA, B TOM YHCIE€ U C KapOOHATHBIMU
IUIaCTaMU, XapaKTePU3YIOTCSA MIPOMEKYTOUYHBIMU HACHIILIEHHOCTSIMHU KOJUIEKTOPOB HEPTHIO U BOJOH.

Takoe mMUPOKOE pazIMYWe HACBINICHHOCTEH IUIACTOB HE(THIO W CBA3aHHOW BOJOWM
00yCIIOBJICHO pa3HOW WX YAEIbHOW MOBEPXHOCTHIO M pacIpeelicHHEM pa3Mepa mop. Uem Bsiiie
3HAYCHUE HAYaJIbHOW BOJOHACHIIIEHHOCTH, TeM HIKE 3(P(EKTUBHOCTh Pa3padOTKH TaKUX HEPTIHBIX

3aJIeIKEN.
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12.0bOCHOBAHHME BbIBOPA UHTEPBAJIOB IIEP®OPAIINHN

[Tonoxxenue MHTEpBAIOB Mepopalu B ACHCTBYIONIUX CKBaXHWHAX B 3HAUUTEIBHOH Mepe
OTIpeseNsieT XapaKTep ABMXKEHHs (IIOUA0B MO MPOXYyKTUBHBIM IUIacTaM HpH uX paspabortke. [Tytem
BBIOOpa MHTEPBAJIOB Mepdopanuu WK UX MEePeHOca MOKHO PETyJIHpPOBATH CTEIEHb OXBaTa oObema
3aeku pa3paboTKoO#, co3maBaTh Oojee OJArONMPUATHBIC YCIOBUS MU ABMKCHUS HEPTH, COKpAIIaTh

KOJIMYCCTBO IMOITYTHO ,I[O6BIB3.€MOI\/’I BOJBI.

A
- &%

BH3

B oononnacmosvix obvexmax paspabomxu ¢ y3Kot 6000He@hmsAHOU 30HOU CKBAXHHBI, KaK
MpaBUJIO, MEpPPOPHPYIOTCS IO BCEW TONIIMHE. B CKBaXKMHAaX BHEUIHUX PSAOB JUISI MPOJIIICHUS
0€3BOJHOTO MEePUOaa UX IKCIIyaTaluu 1eaecoodpasHo nephopupoBaTh TOIHKO BEPXHIOI YacTh

I1acTa.

BH3 ~— )/

B oo0nonnacmogvix 00vekmax paspabomku ¢ WUPOKOU 6000HeMAHOU 30HOU BO BCEX
NOOBIBAIOUIUX CKBa)XMHAX, PACIOJIOKEHHBIX B YHUCTO HE(TAHON 30HE, KPOME CaMbIX OJMKHUX K
BHYTPEHHEMY KOHTYPY, NephOpUPYIOT MJIACTHI 10 Bcel Tonmuue. s npoaneHus 6€3B0JHOI0 Iepuoaa
paboThl CKBa)KUH, PACIOJIOKEHHBIX B Mpeaenax BOAOHEPTSHON 30HBI, HHTEpBasibl nephopanuu B
HUX pacloyiaraloT Ha HEKOTopoM yzaaieHuu ot nosepxHoctu BHK (ua 2-4 m). Uem BbIlle BepTHKaIbHAs

MIPOHUIIAEMOCTh TTACTa M Y€M OH OJTHOpOJHEE, TeM Ha OojpmieM pacctosHun oT BHK HeoOxomumo
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pacmonarath HuxHHE nepdopannonnsie orBepctus. [Ipu Hammunu Ha ypoBHe BHK mnmm Heckombko
BBIIIE HEMPOHHUIAEMOT0 MPOILNIACTKA CO 3HAYUTEIBbHOM IUIOINAABI0 PACHPOCTPAHECHUS, ILIACT

nep(opupyroT 0 KPOBJIM HIKHETO HEMPOHUIIAEMOTO IIPOCIIOS.

ey

B mnozonnacmosom obvexkme paspabomku B Tpejenax BHYTPEHHET0 KOHTypa HE(PTEHOCHOCTH
nepopupyroTCs Bce HeTEHACHIIIEHHBIE TPOCION, B BOJOHE(PTSIHON 30HE MEePPOPHPYIOTCS MOTHOCTHIO
He(TeHaChIIIEHHbIE MPOCIIOU, a YACTUYHO He(PTEeHACHIIIIEHHBIE TOJBKO B TOM cllydyae, eclii He(Th
Ha 3TOM y4acTKe HE MOJACTUIIAeTCS BOJOW, HE MOXKET ObITh BRITECHEHA U3 MPEPBHIBUCTOTO MIIACTA.

Maccusnas 3anedco ¢ OOIbWUM  dMANCOM  HepmeHOCHOCcmuU  pa3padaThiBaeTcss OOBIYHO
CKBOXHHAMH, B KOTOPBIX OCYIIECTBIISETCS MOCIICIOBATECIIEHBIN NIEPSHOC HHTEPBAIOB Mepdoparuu mpu
pazpabotke. CHauana B CKBaXuHe nephopupyIoT HHTEpBa ToauHON 20-40 M B HIDKHEH 4acTH 3aJIeXKH,
ynaneHHbldi ot HavainsHoro BHK wa 10-15 M. Dkcrutyaranmus CKBaXuH JI TPOJOJIKAETCA OO €€
obBonHenuss B pesynprare noarema BIIK. Ilociae »Toro oOBOJHEHHBIM WHTEpBANT H30IUPYIOT U
nepGopUPYIOT CIACAYIONNI BBIMIEICKAIUN HHTEPBAJ ¢ HEKOTOPHIM OTCTyIIeHHEeM OT Tekymero BHK.
KonuuecTBo nepeHocoB HHTEpBaIOB Nephopalui B KaXKJ0W CKBAXKMHE 3aBUCUT OT BBICOTHI 3aJI€KH,
MTOJIO’KEHHS CKBaXKUHBI HA CTPYKTYPE, XapaKTepa U CTENEHU HEOJHOPOJHOCTH MPOAYKTUBHOTO pa3pesa.

B penkux ciyyasix, Korna IJlacT - KOJUIEKTOP XapaKTepU3YeTCsl OJHOPOJHBIM CTPOECHHUEM,
BBICOKOW TPOHUIIAEMOCTHIO O BEPTUKAIH, JOMyCTHUMa mepdopanus TOIbKO caMoil BepxXHel dacTu

3aJICKH.

S I'HK

HehTh

Led

=4
Ve

BHIK

- !

BOJa




92

B c6000601i ecazonegpmanoil sanedxncu, noocmuniaemou 000U, B KaXKIOW CKBAXHHE JIOKHO
BBIOMpAThCS  ONTUMAlbHOE TMOJOKEHWE HWHTepBaia nepdopanuu, Opu  KOTOPOM  HUXKHHE
nepdopallioOHHBIE OTBEPCTUSI HAXOAATCs Ha ompeaeneHHoMm ynanernu oT BHK, a Bepxnue ot 'HK.
O0ocHOBaHME ONTUMAIBHOTO TOJOXKEHHUS HWHTEepBaia meppopanrd OOBIYHO MPOU3BOIUTCS

PACYCTHBIM HJIN OIIBITHBIM ITYTEM.

13.HEOAHOPOJHOCTD NTPOAYKTUBHbLIX IIJIACTOB

Pa3meps! mop B NpOAYKTHBHBIX IIACTaX BeCbMa Pa3sHOOOpa3Hbl. BBIAENAIOTCS KalMIUISIPHBIE U
cyokanunnsipaeie mopbl. K mepBeiM oTHOCSTCS mopel pazmepoMm Ooinbmie 0,001 mm (>1 Mkm), a 1o
BTOpBIM - TIopbl auamerpoMm Menbiie 0,001 MM (MxM). XKUAKOCTh JBHIKETCS TOJNBKO MO KAMUJUISIPHBIM
nmopam, B CYOKamWIUISPHBIX KaHaJaXx OHAa OCTAeTCs B HEMOJBM)KHOM COCTOSHHUHM BCJIEJICTBUE
B3aWMOJICHCTBUS MOJICKYJIAPHBIX CHUJI B TBEPAOH W XKHAKOU (pazax. J[BMKEHHS KUIKOCTH MOXKET €€
ObITh M B KANMWJJISPHBIX IOpPaxX, €CIU OHU CO BCEX CTOPOH OJOKHPOBAaHBI CyOKaNUIUIIPHBIMHU
MIOPaMH.

B mpoayKTHBHBIX IuTacTaX dYacTo HAONIONAETCS TPEIIMHOBATOCTh, Yalle B KAPOOHAMHBIX
Kosekmopax. TpenyHbl UMEIOT Pa3IuyHyto NpoTsHKeHHOCTH - oT 0,01 - 0,15 mo 10 - 20 M, packpbITOCTh
- OT HECKOJIbKMX MHUKPOH JI0 CaHTHUMETpa, HAIPABICHHOCTb - OT OECCHCTEMHBIX TOPU30HTAJIbHBIX,
HAKJIOHHBIX JI0 YETHO MPOCIIEKUBAEMBIX T10 MJIOLIAIU 3aJI€KH BEPTUKAIBHBIX TPEIIMH U I'YCTOTY - OT 1 10
10 TpemuH Ha 1 M u Goree.

OueHp BaxkHasi XapaKTEpPHUCTHKA KOJJIEKTOPOB YyJelbHas NMOBEPXHOCTh MOPUCTON Cpenbl -
OTHOIIECHME IUIOIIAN TOBEPXHOCTH MOp K 00BbEMY HIIM Macce NOPUCTON cpefibl. J{s BBICOKOIOPHUCTBIX,
BBICOKOIIPOHHUIIAEMBIX KOJUJIEKTOPOB yAelbHas MOBEPXHOCTh He mpeBbimaet 500-1000 cm/em’ MOPO/IBI,
a JUISl alIeBPOIIHTOB, MIOMMHKTOB H CIaGONPOHHIAEMBEIX KapOoraTos gocturaet 10000-30000 cm?/cm’.

OpHa W3 caMBIX BaKHBIX XapaKTEPUCTUK MHKPOCTPYKTYPHI TOPHCTHIX Cpell HEPTEHOCHBIX
IUIACTOB — CMAauuMBaeMOCTh MX THOBepxHOcTH. [lomaBisromas dYacTh MNPOSYKTHBHBIX IJIACTOB
MPEUMYILECTBEHHO TUApOoMIbHA T.e. cMaunBaema BoJoid. OJQHaKO, MOJ NEHCTBUEM HEKOTOPBIX
KOMIIOHEHTOB He(pTH acdalbTeHOB, MPOUCXOJUT YAaCTUYHAs TUAPOPOOM3alLUs MOBEPXHOCTU IOP.
[TosTOoMy cumTaeTcs, 4To He(TEra30HOCHBIC IIACTHI 00JIAAF0T CMEMIaHHOW (YaCTUYHO THAPOPIIBHOM,
YaCTUYHO TUIAPOPOOHON) CMauMBaEeMOCThI0. VM3MEHUMBOCTh, pa3MepoB TOp W KaK CIEACTBHE, €€
U3MEHUYMBOCTh YJEJIbHONH TOBEPXHOCTU TMOPUCTOM Cpeabl M CMayMBaeMOCTb Ha3bIBAIOTCS
MUKPOHEOIHOPOIHOCTBI0. JTO OCHOBHOH (pakTOp, ompenensiomuidl MOJHOTY BBITECHEHUS He(DTH
BOJIOW W APYTUMH pabOYUMHU areHTaMH.

MakpoHEOJTHOPOTHOCTh HEQPTSAHBIX IJIACTOB, YacTO Ha3bIBaeMasl MPOCTO HEOJAHOPOTHOCTHIO
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HE(TSIHBIX TUIACTOB, MPEACTABISAET COOON CBOMCTBO HE(PTIHOTO IUIACTa KOJUIEKTOpPA, OOYCIOBJICHHOE
W3MEHEHHEM €ro JINTOJOTUYECKUX CBOMCTB M HM3MEHYHMBOCTBIO €T0 IapaMeTpoOB IO 00beMy
MPOJYKTUBHOTO TUiacTa. Pa3nuuarioTrcst Tpu OCHOBHBIX BUJA HEOJHOPOTHOCTHU IJIACTOB - KOJIJIEKTOPOB -
paC‘-IJIeHeHHOCTBIO I1JIaCTOB HerOHI/II_[aeMBIMI/I HpOI/IJIaCTKaMI/I n JHUH3aMH, H3MCHYHUBOCTBLIO
MIPOHUIIAEMOCTH HO 00BEMY IJIACTAa U HEPABHOMEPHOCTHIO CBOMCTB IIJIACTA MO MPOCTUPAHUIO.

HedreHnocHple mimacTbl, B CHJIYy HW3MEHHMBIIMXCS YCJIOBHA OTJIOKEHHS OCagKke B TPH UX
oOpa3oBaHuM, MpeaCTaBISIOT coboi beccucTeMHOE yepeJoBaHue MIPOHUIIAEMBIX
He(i)TeHaCBIH_[eHHBIX IIECYaHbIX (TeppI/IFeHHBIX) HNJIN U3BCCTHSIKOBBIX U HerOHI/II_IaeMBIX TJIMHUCTBIX WJIN
JIOJIOMUTOBBIX CJIOEB, JMH3 WU TPOIUIACTKOB. (JleMoHcTpupoBaHs! npoduim). PacuieHeHHOCTh MIacToB
OBIBacT CTOJb BEJIMKA, YTO B MpeJeiax pa3pe3a OJHOW CKBaXHHBI B Iuiacte Bbiaemsercs mao 10 20
MPOMIAcTKOB. M3 3TOr0 BHAHO, HACKOIBKO CIIOKHO CTpOCHHE HE(TSIHBIX 3alexell U Kak TPYIHO
o0ecreynTh TOJTHOE IPEHHUPOBAHUE BCEro 00bEeMa 3alIeKH, OCOOCHHO TOJHBIM OXBAT BBHITECHECHHEM
He(TH BOJIOH Yepe3 HarHeTaTeIbHbIE CKBAKUHBI B IOOBIBAIOIIHE.

Jnst onpenesieHUss MaKpPOHEOTHOPOJHOCTH CTPOST pa3MYHBIE KapThl, TPODHIST U CXEMBI,
HarJIHO XapaKTEePHU3YIOIIUX CTENEHb MJIOUIAAHON U 00BEeMHON HEOAHOPOIHOCTH miacTa. OCHOBHBIE U3
HUX - KaprI paCHpOCTpaHeHI/IH 30HAJIBHBIX I/IHTepBaJIOB UM CJI0€B, BBIACIACMBIX B HpOl[yKTI/IBHOM
IJIacTe Ha OCHOBAHUM JI€TAIBLHON KOPPESIIUH, a TAK)KE TeoJIoTHYecKre npouin, MOCTPOCHHBIE B
Pa3JIMYHBIX HANIPABJICHUSAX U YBSI3aHHBIC C YIIOMSIHYTBIMU KapTaMH.

Ha HMX MOXXHO BBIIEIUTH TPHU TPYMIBI YYaCTKOB: HEMPEPHIBHYIO YaCTh IUIACTA, MOJYJIHH3BI U
auH3bl. [log nuH3aMu MOApa3yMeBalOTCS W30JMPOBAHHBIE YYACTKH PACHPOCTPAHEHHS 30HAIBHOTO
I/IHTepBaHa, Opr)KeHHBIe CO BCEX CTOpOH HerOHI/IL[aeMI:IMI/I HOpO,Z[aMI/I.

HOJ'I}’J'II/IH3aMI/I Ha3bIBAKOT yLIaCTKI/I 30HAJIBHOTO I/IHTepBaJ'Ia, OTKpBITBIC JJIA HOI[[[Cp)KaHI/Iﬂ
TJIACTOBOTO JAaBJICHUS TOJBKO C OAHOW CTOpPOHBI. HempepwiBHas 4acTh MjiacTa UMEET HE MEHEE NBYX
BBIXOJIOB K KOHTYypYy muTaHus. ['padudeckce oToOpakeHHEe HEOJHOPOIHOCTH IUIacTa B BUJAE KapT
paCHPOCTpaHeHI/IH 30HAJIBHBIX I/IHTepBaJIOB aacT BO3MOXKHOCTH HaArJisiAHO OIICHUBATh CTCIICHb
HEOJIHOPOAHOCTH IjIacTa.

PacdysieHEeHHOCTh TJIACTOB NPUHATO TAaKXKE BBIpaXXaTh Pa3IWUYHBIMH KOIPDUIIMEHTAMH -
MECYaHUCTOCTH, PACUICHEHHOCTH U JP.

Kosgpguyuenm pacunenennocmu K, npencraBiaser coOOil OTHOLIEHHE 4YHCIAa IPOHUIAEMBIX
HpOCHOCB BO BCEX CKBAXXHMHAX 71 K LII/ICJ'Iy CKBa>XUH N

K, =2

"N

Kosgppuyuenm necuanucmocmu K, - 3TO OTHOLICHHE CyMMbl TOJIIUH HPOHUIIAEMBIX

_2h

TIPOILIACTKOB /1 K CyMMe OOIIMX TOJIMH MIacTa Bo Beex ckpaxunax H: K o= T
24
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Koappuyuenm  pacnpocmpanennocmu — K xomnexropa xapakrepusyer H3MEHUHBOCTH

NPOAYKTUBHBIX CJIOCB 11O IUIOMIAAN 3aJICIKHU:

rae Sk TIoniaab KOJJIEKTOpa, Ha KOTOPOM BCTpEUYaeTCs MPOIIACTOK;
S - o0mas mwiomage miacra;
Koagppuyuenm numonoeuueckoui ceazannocmu K., — OTHOIIEHHWE CyMMapHOW TUIOMIAAN BCEX

30H CIUSHUA S, - K 00111ei He(hTeHACBIIIENHON TUIOIIAIHU S, T1acTa;

DT XapaKTEepUCTHUKH  HEOJHOPOAHOCTH  IJIACTOB, ompeaenseMble  OOBIYHO  HO

FCO(I)I/ISI/ILICCKI/IM JaHHBIM, IIOKA3bIBAOT, HACKOJIBKO CHUJIBHO He(I)TeHaCBIH_[eHHBIC

IJIacThl TMPOHU3aHBI HEMPOHUI[AEMBIMHU MPOILIACTKAMHU.

BaxxHeWmUM CIIEJICTBUEM PACWICHEHHOCTH IIIacTa SBISACTCS TPEPHIBUCTOCTh. OTHEIbHBIC
MpOHUIIAEMbIE TPOIIACTKH B TMPOJYKTUBHBIX IUIACTAX MHOTJA 3aMEIIAIOTCSI HEMMPOHUIAEMBIMH
NOpONaMH W HE MPOCICIKUBAIOTCS MEKIY HArHETATCIbHBIMU M JOOBIBAIONIMMU  CKBaXKHHAMU.
DT0 sSIBIGHUE HA3BIBACTCS MPEPHIBUCTOCTHIO MPOJAYKTHBHBIX IMIACTOB U OKAa3hIBAET OTPOMHOE
BIIMSTHUC HA TIOKA3aTeIN padOThl HEPTIHBIX MECTOPOXKICHUH.

B kadecTBe moOKazaTrened MPEPHIBUCTOCTH MPOAYKTUBHOTO TJIACTa HCIOIB3YIOTCS TN
OTHOIIEHHsI 00beMa HenpepbIBHON 9acTH maacta (Venp ), 00beMa uH3 (Viys), 00beMa nomynuns (V) K
obmemy oovemy (Vosu).

v V v

___ nenp | _ " aunz _ " n/aunz
I/ue'n - ’ V - > Vn/Juus -
g 14

06wy 06wy o6y
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Kpome Toro, cremneHp MpEephIBUCTOCTA B 3aBUCUMOCTH OT INPHHITONH CHUCTEMBI pa3pabOTKH,
MECTOIIOJIOKEHNSI CKBAXHMH (HarHETaTENbHBIX U J0OBIBAIONINX) U XapakTepa paclpoCTpaHEeHUs ITacTa
OLICHUBAETCS ~ KOA(PPHUINEHTOM BO3ACHCTBUSA M KO()PUIMEHTOM OXBaTa MPOLECCOM BBITCCHEHUS
Ui Ko3(pPUIIMEeHTOM JIPEHUPOBAHUSL.
UYepe3 KOdPPHUIMEHT APSHUPOBAHHS & YUUTHIBACTCS MPEPBIBUCTOCTh IUIACTa M €ro BIMSHUE Ha
NeOUTHI CKBAYKUHBI.
Koapduuuent npenupoBanust & sBISETCS XapaKTEPUCTHKOW HE TOJIBKO MPEPHIBUCTOCTH
MPOIYKTUBHOTO IJIACTA, HO M YUYHUTHIBAET CUCTEMBI pa3pabOTKU 3aJI€KH, MOCKOJIbKY €ro BeIWYHWHA

3aBUCHUT OT PACCTOSHUS MEXJY CKBaXMHAMH U PACCTOSIHUEM MEXIY (ppoHTaMM 3aKauyku U 0TOOpA.

= - L™
500 1000 1500 2000 '

Kosdpdumuent apeHupoBaHus onpeaensercss IMyTeM CTaTUCTHYECKOro aHajlu3a TIeoJioro-
JTUTOJIOTHYECKUX MNpoduiaeil m KapT pacupoCTpaHEHHS OTACIBHBIX IPOIJIACTKOB, OMNpeAesseTcs
paboyast TOJIMHA TPU PA3IUYHBIX PACCTOSHHUSX MEXAYy J0OBIBAIOIIMMU M HarHeTaTeIbHbIMU
CKBaXXMHAMH, paCCUUTHIBACTCA KO3(PPUINEHT eCYaHuCToCTH Kn.

L - paccTosiHME MeX 1y (PPOHTOM 0TOOpaA U 3aKAUKH.

14.00TUMAJIBHOE YUCJIO U PASMEIIEHUE CKBAKUH

[IpoGnema onTUManbHOW TIJIOTHOCTH CETKM CKBaXHWH, oOOecnedyuBamlIneil Haumbosee
3¢ (HeKTHBHYIO pa3pabOTKy MECTOPOXKIEHUN, ObUTa caMOi OCTPOM Ha BCEX ATamax pa3BHTHUS HEPTSHOU
MIPOMBITINIEHHOCTH.

Jo 30-x romoB, korma (u3Wka W THAPOJUHAMHKA HE(PTSHOTO IUIaCTa TOJILKO HAaYMHAIU
pa3BUBAThHCS, pa3MEIICHUE CKBAXKMH M ONpPEJCICHNE MX YHUCJa OCYIIECTBISUIOCh MPAKTHUECKH Oe3
ydeTa 3aKOHOB (DUIBTPAINH KUJIKOCTEH U OCOOEHHOCTEH IPEHUPOBAHUS HEOTHOPOIHBIX TIACTOB.

CuuTanock, 9T0 cyMMapHas Jo0bda HeTH M3 KaKI0W CKBOXXWHBI 0OpaTHO MPOTIOPIIMOHATEHA
KOPDHIO KBQJIpaTHOMY U3 IUIOMIAgu ee aApeHupoBaHus (mpaBuio Kotnepa). DTo mpuBOAMIO K

YpPE3IMECPHOMY YIUIOTHCHUIO CETKU CKBAXKWH, KOTOPAsl HA MIPAKTUKE JOCTUTAJIa 0,5—1 ra/Cck. m MeEHEE.
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Haumbomee  sipkuM  mpumepoM OECIONIe3HOTO YIIOTHEHHS CETKH CKBaXXHH B MHPOBON He(TSHOU
MPOMBIIIUIEHHOCTH sIBJIsieTCS KpynHeumiee Mectopoxaenue B CHIA Hcer-Tekcac ¢ u3BIeKaeMbIMHU
3amacamMu okojo 1 mupa.T. Ha HeM mpu o4eHb XOpOLIMX KOJIJIEKTOPCKHUX CBOMCTBaX ObLIO MpoOypeHo
okoiio 30000 cCKkBaXMH C TUIOTHOCTBIO CETKH MEHee 2 Ta/CKB., U3 KOTOphix Oonee 25000 ObutH mMpOCTO
JUIIHUMU. AHaJIOTUYHAs IUIOTHOCTh CETKM CKBAKMH B TE€ TOJAbl INPHUMEHSAJIACh Ha MECTOPOXKICHUSAX
Crapo-I"po3neHnckoro paiioHa u AzepOaiimxaHa.
B konie 30-x roJ10B Ha OCHOBE MPOMBICIOBBIX HccleqoBanuil ckBaxxuH M. Mackctom (CILIA) u
B.H. lllenkaueBbIM OblIa pa3BUTa TEOPHS IJIACTOBBIX BOJOHAMOPHBIX CHUCTEM M HHTEP(EpEeHINU
(B3aMMOJENUCTBHS) CKBAXXUH TPU APEHUPOBAHMM HEDTEHOCHBIX TacToB. CoOrjlacHO 3TOMl TEOpHH,
CKBa)XUHBI, APEHUPYIOUIME TUAPOJIMHAMUYECKH €IUHBINA MIacT, B3aUMOJEHCTBYIOT MEXIY COOOii,
BCJICJICTBHE YETO YBEINYEHUE UX CBEPX HEKOTOPOIO YKCIIa HA OTPAHUYEHHOM IIOIIAIA MAJIO MOBBIIIAET
ot6op xunkoctu (Hedtu) 3 miacra. B 1945 r. B CIHA baknmu u Kpeii3 npoanainzupoBanu JaHHbIE 110
103 aMepuKaHCKUM MECTOPOXACHUSM, pa3padaTblBA€MbIM Ha CHCTEME pPAaCTBOPEHHOro rasa (44) u
BOJIOHANIOpHOM pekumMe (59). OHM HE YCTAaHOBWJIM 3aMETHON 3aBUCUMOCTH HE(PTEOTAaud OT TUIOTHOCTH
CETKM CKBaxHH B mpenenax 1,4-16 ra/cks. Mcxons uz Teopun untepdepeHunu ckBaxud B 1946 r. A.IL.
KppuioB, BnepBble B Haileil cTpaHe U B Mupe A TyHMa3sMHCKOrO MECTOPOXKAEHHUS 3alpOEKTUPOBa
ceTKy nooOsiBatonmx ckBaxkuH 20 ra/ckB. (400x500 m). DTo ObUT OecTpIMEPHBIN Ka4eCTBEHHBIN CKauOK B
npoOieMe pa3MEIIeHUsI CKBaXUH U METOoJaX pa3paboTKu HePTAHBIX MeCTOpOoxaAcHUN. Bemen
3a TyliMa3HMHCKUM MECTOPOXKJICHUEM aHAIOTHYHAs ceTKa ckBaxxuH (20-24 ra/ckB.) Obl1a peaqn3oBaHa Ha
MHOTHX MecTopoxJeHusx Ypano-Ilosomxesa (baBnunckoe, IllkamoBckoe, MyxaHOBckoe H Ap.).
[TonOXUTENbHBIA ONBIT Pa3pabOTKM 3TUX MECTOPOXKICHHM IMOCITYXKHJI OCHOBaHMEM i eme Oosee
pPEUIUTENBHOr0 IIara Ho pa3pekKeHUI0 CETKH CKBAXWH U NPUMEHEHUI0 BHYTPUKOHTYPHOTO
HCKYCCTBEHHOTO 3aBoaHeHHs. Ha PomMamKkuHCKOM MeECTOpOXIEHUH Obla 3alpoeKTHpOBaHA
MepBOHAYaNbHas TNIOTHOCTh ceTKH 52 ra/ckB., B 60-70-x romax njs MectopoxaeHuid 3amagHoit Cubupu
MepBOHAYAIbHAS CeTKAa TUIOTHOCThIO 49-56 ra/ckB. oka3anach Hambosee pacrnpocTpaHeHHOU. Bmecrte ¢
TEM TMpPaKTUKa pa3pabOTKH HEPTSIHBIX MECTOPOXKIECHUH PEIKUMH CETKAaMH CKBAXHH M MCKYCCTBEHHBIM
3aBOJHEHUEM OKa3aJlach 3HAYUTEIBHO CJOXKHEE M TpyJHEe, 4eM Ipeamnonaranocsk. lIpoBeneHHbIMU
WCCJIEIOBAaHUAMH OBLIO YCTAaHOBJICHO: M THAPOJWHAMUYECKH EIUHBIX OJHOPOJHBIX IJIACTOB
Hab0JaeTcs OYeHb ci1abasi 3aBUCUMOCTh HE(TEOTAaYH OT MJIOTHOCTH CETKH CKBaXHH. B HeTEeHOCHBIX
miacrax, o0Jiagarwuux CJIOKHO BbIpa’K€HHOU 30HaJNbHOU HEOJHOPOIHOCTHIO,
MPEPHIBUCTOCTHIO, JIMH30BUIHOCTBIO, PACUICHEHHOCTHIO M  MHOTOIUIACTOBOCTHIO  HaOogaeTcs
3HAYUTENbHAs 3aBUCUMOCTb HE(TEOTHAauM IUIACTOB OT IUIOTHOCTH CETKH CKBaXUH, MPUYEM 5Ta
3aBHCUMOCTb TEM CHJIbHEE, YeM BBIIIE HEOTHOPOAHOCTh MPOAYKTHUBHOTO Miacta. Hanbonee BaxKHBIM

IMOKa3aTeJicM HCOAHOPOAHOCTHU ABJIACTCS NPCPBIBUCTOCTD IMTPOAYKTUBHOI'O ILJIaCTA.
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14.1.Bnusanue npepsleucmocmu Ha NJIOMHOCMb CEMKU CK6AIICUH

.1 " a
500 1000 1500 2000

Ha pucyHke moka3aHa 3aBHCHMOCTb MEXIy KOX((DUIIMESHTOM IPSHUPOBAHUS U
paccTossHuEeM MEXIy GpoHTaMH 0TOOpa M 3aKadkH. Tak Kak B MPHUHIIUIIE BCETXa MOXHO
npuOIU3UTH PPOHT 3aKAUKHU JO PACCTOSHHUS MEXK/Y CKBRKWHAMHM, 3TH 3aBUCUMOCTH MOYKHO
pacCMaTpuBaATh KaK BJIHUAHUC NIOTHOCTH CCTKH CKBAXHWH Ha He(bTGOTI[a‘-Iy.

[IprHIMNMANBEHON TPYAHOCTBIO NPH ONPEIEICHUN ONTUMAIBHON IJIOTHOCTH CETKH CKBAXXUH U
ONITUMAJIBHOTO Pa3MENICHNs CKBXWH SBISETCA TO, YTO PEIINTHh JOCTATOYHO HAJIEKHO ATy 3a1ady
MOYKHO TOJIBKO 3Hasl JOCTATOYHO TOYHO HEOJHOPOIHOCTH NMPOAYKTUBHOTO IUIACTA, @ TO MOXKHO y3HATh
TOJBKO TMpU pa3OypuUBaHUU ILIACTA JOCTATOYHO OOJIBIIMI KOMHMYECTBOM CKBaXXHH. HeTOYHOCTH H
HEOTIPEJICIICHHOCTh HMH(pOpPMauu O IUIacTaXx €€ OrpaHMYeHHOCTh, IPH OKOHYAHUHU Pa3BEIKU
MECTOPOKACHUSI W BBOAEC HE(PTAHOTO MECTOPOXKICHHA B pa3pabOTKy 3acTaBiSIIOT MPUMEHATH
IBYXCTaJIMHHOE, a WHOIAa ¥ MHOTOCTQAMiHHOE pa30ypHBaHHME MECTOPOXKICHHH - OypeHue
NCpBOHAYAJIBHBIX PCAKHUX CCTOK CKBAXXHH U MOCIICAYIOLICTO UX I/I36HpaTeHLHOI‘O YIUIOTHCHUSA C LECJIBIO
MOBBIICHUA OXBaTa HCOAHOPOAHBIX INIACTOB 3aBOAHCHHUEM, YBCIWYCHUA KOHEYHOM He(l)TeOTI[aT-II/I n
cTabmIM3anuy 1006 HEPTH.

[lepBuuHas cxema CKBaXHWH YCTAQHAaBIMBAETCS OYECHb OPHEHTHPOBOYHO MPAKTUYECKU
MPOU3BOJIBHO, MTO3TOMY OHAa HUKOTJa He OyaerT onTUManbHOW. OIHAKO OIIMOKA B CTOPOHY MPHUHATHUS
Oonee pemKoil CeTKH, N0 CpPaBHEHUIO C ONTHUMAJbHOW, JIETKO YCTPAaHSAETCS IyTeM OypeHus
JOTIOTHUTEbHBIX CKBA)XHMH, a OMIMOKa B CTOPOHY MPHHATHA Oojiee IJIOTHOM CETKH - HEMOIpaBHMA.
CrenoBarenbHO, KOPPEKTUPOBKA CETKU CKBAYKUH BO3MOJKHA TOJIBKO B CTOPOHY €€ YIUIOTHEHUS, HOITOMY
nepBuyHasd CCTKa JOJI’KHA OBITE JOCTAaTOYHO peHKOﬁ. Ona JOJIDKHa obecreunBaTh BBOJ
HKCIUTYaTallMOHHOTO 00BEKTa B pa3paboTKy W IOCTHKEHHE IOCTATOYHO BBICOKOTO TeMIla oTOopa
M3BICKAaeMBIX 3amacoB He(pTH. JloObIBafome W HarHETAaTENbHBIE CKBAKUHBI IIEPBUYHOM CETKH
CKBaXHMH 00pa3yloT COOTBETCTBYIOIIYI0 CHCTEMY pa3pa0OTKH, KOTopas U oOecredyuBaeT

njaaHupyemelii ot6op Hedtu. IlepBuuHas ceTka CKBa)XMH [JOJDKHA YIOBJICTBOPSATH CIEIYHOIIUM
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TpeOOBAHMSM:

a) 00ecreyuTh JOCTATOYHO BBHICOKHE TEMIThl 0TOOpa HepTH U3 TIacTa;

0) co3aaTh OCHOBY 3(pPEeKTUBHOI CUCTEMBI 3aBOIHEHUSI HE(DTAHOTO ITACTA;

B) 00€CHeunTh T0CTATOYHO MOJIHYI0 HH(POpPMALIKIO 0 HE(YTAHBIX 3aexkKax;

r) 3amacel HedTH, mnpuxomdmmecs Ha | ckB. (mapamerp KpbutoBa), HOKHBI OBITH
3HAYUTEIbHBIMH, YTOOBI ObLI10 SKOHOMHUYECKH JOMyCTUMO nanpHeniee
YIUIOTHEHUE CETKU CKBAXKUHBI.

Bropoii aTam pa3OypuBaHus - 3TO OypeHHE [OMOTHHUTEIBHBIX CKBaXWH. MX dYucino wu
pa3MeleHue ONmpeaeNsIoTCS B MPOCKTHBIX JTOKyMEHTax Ha 0a3e JOTMOJHUTEIbHOW HH(POpMAIUU
0 TMPOAYKTHUBHBIX IUIAcTax, IOJYUYEHHON B pe3yibTaTre pa3OypuBaHHsA MNEPBUUHON CETKHU
ckBaxuH. Kak mpaBuio, [IONOJHUTENbHBIE CKBRXHHBI BTOPOro dTana OypeHUs JOJKHBI
3aKJIaZIbIBAThCSl M30MpATENbHO, HCXOAS U3 OCOOCHHOCTEH TI€0JOTO-IMTOJOTHYECKOTO CTPOCHHS
3aJIeKel 1 XxapakTepa pa3paboTKu IIacToB. bypeHue mpecienyer clieayIonue Ieiu:

a) YIJIOTHEHHUE MepBUYHON CETKH CKBaXXUH C LEJIbI0 MPUOIKEHUS K

«OMTUMATBHOW, yCTaHaBIMBaeMOH mno TOMY  HJIH WHOMY KPUTEPUIO

ONTUMAJIBHOCTH (KaK MPaBUIIO, TEXHUKO-3KOHOMHUECKUN);

0) He0OXOAUMOCTh pa3yKpynmHEHUs AKCIUTYyaTal[MOHHBIX 00BEKTOB, eclin

OKa3bIBACTCS, YTO BBIOpAaHHBIK B TIEPBOM TEXHOJOTMYECKOM CXeMe pa3paboTKu

IKCIUTyaTaIlMOHHBIM ~ OOBEKT He  oOecneumBaeT d(PQGEKTHBHYIO  BBIpaOOTKY  3aracoB

He()THU U3 OTAENBHBIX IUIACTOB U TMpoIUiacTkoB. [Ipu 3TOM, pa3yKpymHEHHE MOXKET

INPOUCXOJUTh WJIM TOJABKO B cdepe HarHeTaHus, I@yTEM OpTaHU3ALUU  pa3leIbHON

3aKaYKH o OTJIENTbHBIM dIeMeHTaM AKCILTYaTAallHOHHOTO o0BeKTa, WITH

OJHOBpEMEHHO B cdepe m00bIYM, T.e. BBIAECJIEHHE TOrO0 WM HHOTO JJEMEHTa

o0BeMa pa3pabOTKU B CAMOCTOSATEIbHBII;

B) HEOOXOAUMOCTH BBOJa B pa3paboTKy OCTaBIIMXCS He pa30ypeHHBIMU

MaJONPOAYKTUBHBIX YYaCTKOB TIUIACTa, pEIIEHHe O BBOJAE B pa3pabOTKy KOTOPBIX

M0 pa3HbIM TpuyuHaM (TJIaBHBIM 00pa3oM, HSKOHOMHYECKMM) HE OBUIO TMPHUHSATO.

I[Ipy cocTaBie€HUHM TEXHOJOTHUECKON CcXeMbl pa3pabOTKH HU3-3a OTCYTCTBHSA

MHPOpPMALlMM  HEBO3MOXKHO  BBUICHUTH  II€JIECOOOPa3HOCTh  pa3pabOTKUM  MOAOOHBIX,

«COMHHTEJIBHBIX» YYacCTKOB, M pemieHue o0 ux pa3paboOTKu, Kak TMpaBHIIO,

OTKJIAJbIBACTCS 10 CJIEAYIOUIMX TMPOEKTHBIX JOKyMeHTOB. K Takum ywacTkam

OOBIYHO OTHOCSITCS 30HBI MaJbIX TOJIIWUH, BOJOHE(MTSAHBIE 30HBI, MMOATA30BbIC

30HBI, 30HBI YXYIIEHHOW TPOHUIIAEMOCTH U T. 11.;

r) HEOOXOJIUMOCTh  CO3JIaHHUS OKOHYATEIHbHOW CHUCTEMBl 3aBOJHEHUS HE(PTIHOTO

miacta, oOecHeynBammUi OTOOp TJIACTOBBIX OOBEMOB JKHAKOCTH U3 IUIacTa |
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OXBAT MPOIIECCOM BBITECHCHHS BCEX DJIEMEHTOB JKCILTYyaTallHOHHOTO O0BCKTA;

1) MOJIy4YeHUE JOIMOJHUTEIbHONW WHPOpMamuu O HEDTAHBIX 3anexax H, 4YTO

0COOEHHO BaXXHO, O XapakTepe BHIPAOOTKHM 3amMacoB M3 OTIEJIbHBIX JJIEMEHTOB

AKCILTYaTallHOHHOTO O0BEKTA.

TakuMm 00pa3oM, JOMOTHUTEIBHBIC CKBKHWHBI pEIIAIOT OJHOBPEMEHHO JIBE 3aJa4d -
MHTEHCUpUKALMIO 100buM HepTH U yBenuueHue HedreoTnayu ruiacta. J(omoJHUTEIbHbIE CKBAXKUHBI,
KOTOpbIE€ JOJKHBI, B OCHOBHOM, YBEIHWYHMBATh HePTEOTAauy IMJacTa Ha3bIBAIOTCS PE3EPBHBIMHU
CKBXXWHAMH, OHU 00BIYHO cocTaBIsIOT 20-30% OT 4rcia CKBaKUH MEPBUYHON CETKU.

[IpuMepHbIE peKOMEHIAIMKA 10 BHIOOPY IUIOTHOCTH CETKW CKBaXXWH (Ta/CKB.) HAa paHHHX
CTaJUAX TPOCKTHUPOBAHUS pa3pabOTKU HEPTSIHBIX 3aJeXKel C y4eTOM MPEepPhIBUCTOCTU IUIACTOB H
BA3KOCTH HE(TH JaHbl B Tabmuie 14.1:

Tabmuna 14.1

I'pynnbl 00beKTOB 11O I'pynnbl 00beKTOB 110 BeTHYMHE OTtHocuTenbHOE
CTENEeHH MPEePbIBUCTOCTH BA3KOCTH He)TH B IIACTOBBIX YHCJIO Pe3epBHbIX
J1IacTOB (K03¢. ycaoBusix, mlla*c ckBaxuH (% ot
NEeCYAHUCTOCTH) MeHee 2,5 2,5-5,0 ra/ckB | 5,0-40,0 ra/cks Yncjia CKBaXKUH
ra/CKB OCHOBHOTO0 oHI2)
Henpepeisubie K, = 0,95-0,80 42-36 36-30 30-24 Ho 10
IIpepriBuctoie K,= 0,80-0,65 36-30 30-24 24-20 10-20
CunsHo nipepsiBucThie K,=0,65-0,50 30-24 24-20 20-16 20-30
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15. BBIIEJIEHUE DKCIINIYATAIHMOHHbBIX OBPBEKTOB HA MHOTI'OIIJIACTOBBIX
HE®TAHBIX MECTOPOXKIAEHUAX

[Tox oKCrIyaTanMOHHBIM OOBEKTOM CIIEAyeT TOHHMMATh IUIACT WM TPYIIy IUTacTOB,
MPEeIHA3HAYCHHBIX IS pa3pabOTKU OJHOW cepuell JOOBIBAIOIINX CKBAXHH TpH 00ecredyeHUn
BO3MOXHOCTHU PETYJIMPOBAHUS Pa3pabOTKU KaKJ0r0 U3 TUIACTOB OTACIBHO.

DKCIUTyaTallMOHHBIN 00BEKT, B KOTOPBIH 00BETUHSIIOTCS HECKOJBKO MJIACTOB OJTHOM 3aJI€kKU WU
HECKOJBKO 3aJIe)Ked  pa3iaudYHbIX MPOAYKTHUBHBIX TJACTOB, HA3bIBACTCS  MHOTOILIACTOBBIM
SKCIUTYyaTallMOHHBIM 0OBEKTOM.

OO0benvHEeHHE HECKOIbKUX IIJJaCTOB B OJUH JKCIUTyaTallMOHHBIH OOBEKT CYIECTBEHHO
COKpamiaeT CpoOKH BBOJAa MECTOPOXKICHUS B pa3pabOTKy H KaNUTAJOBJIOXKEHHS Ha OypeHue
CKBaXHH, CTPOUTEIBCTBO U 00yCTpoicTBO HedTenpombicia. C Apyroil CTOPOHBI, KaK MOKAa3bIBaeT
MPaKTHKaA, IIPU 3TOM BO3HHKAIOT 3HAUYUTEIHHBIC TPYJAHOCTH C COXPAaHEHUEM TPEOYEeMBIX TEKYIIHX
ypoBHEH m00buM HE(TH, TOCTHIKEHHUEM BBICOKMX KOHEYHBIX KOd(pdumueHToB HedTeoTAaYn W
peryJiupoBaHUEM Mpolecca pa3padOTKU MHOTOTUIACTOBBIX IKCILTYaTallMOHHBIX O0OBHEKTOB.

HeoaHopoaHOCTh MHOTOTIACTOBOTO OOBEKTA BCET/Ia BhIIIE HEOJHOPOJHOCTH OCTABISIONIUX €T0
OTJICNTBHBIX TIACTOB, MIOATOMY JUISI €T0 Pa3padOTKH HY>KHBI 00Jiee TUIOTHBIC CETKH CKBAXWH, YeM TPHU
pa30ypuBaHUM  OTAENbHBIX IIJJACTOB CaMOCTOSITENIBHBIMM CeTKaMu CKBaxuH. HakoHen
YCTAHOBJIEHO, 4YTO CcpeJgHee 3HadeHHe KOX(P(MHUIMEHTOB MNPOMYKTHMBHOCTH CKBAXKHH  Kipcoas o
AKCILTYaTUPYIOIIUX HECKOJIBKO MJIAaCTOB COBMECTHO, MEHBIIIE CYMMBI CPEIHHUX 3HAYCHUH KO3 PUIHEHTE B

NPOAYKTHUBHOCTH CKBAKHUH, SKCIUTYATUPYIOIHUX TC K€ IMJIACTbI OTACIIbHO:

n
R‘np.cos,w. < Z Knp.i >
i=1

rae K, ; - cpenHee 3HaueHHE K03(DOUIMEHTOB IPOIYKTUBHOCTH CKBAXKHH, SKCIUTYaTHPYFOIIMI TONBKO i-
I{ TIACT, 71 - YUCIIO TIACTOB, O0BEANHIAEMBIX B OKCILTyaTalMOHHBIN OOBEKT.

[TpuunHOIi cHIKEHHS KOAPPHUIIMEHTA IPOTYKTUBHOCTH Knpm&w SIBIISIETCS. B3AUMOBIIMSIHHE TLIACTOB,
00yCJIOBIEHHOE pacHpe/e]ICHHEeM [aBleHUsT HO 00bEeMy MHOTOILIACTOBOTO JKCILIyaTallMOHHOTO
00BbEKTa, 3aBUCAIICTO OT HM3MEHEHHUS TCOJOTrO-MPOMBICIOBBIX MMApaMeTpoOB IO IUIOMAAX M TIO
pa3mepy IJIacTOB, a TAKXKE OT XapakTepa paboThl HACOCHOTO 000PYIOBaHMS B CKBAKHUHAX.

[Ipu BBIAEIEHUHM OSKCILUIyaTAalUOHHBIX OOBEKTOB Ha MHOTOIJIACTOBBIX HEPTIHBIX
MECTOPOKIEHUSIX HEOOXOIUMO YUUTHIBATH OOJIBIIIOE YUCIIO T€0JIOTO -IIPOMBICIIOB (DaKTOPOB.

JlomkHa  yYUTBIBATHCA  JIUTOJIOTHUYECKAss  XapaKTEPUCTUKA  MPOAYKTUBHBIX  IJIACTOB.
Hemnenecoobpa3zno oO0BEaUHATH B OJWH OKCIUTyaTallMOHHBIH OOBEKT IUIACTHI C TECYAHUKOBBIM H

Kap6OHaTHBIM KOJIJICKTOPOM.
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JIOMKHBI  yYHUTHIBATHCS KOJUICKTOPCKHE CBOMCTBA IUTACTOB 1O KEPHY M IPOMBICIOBO-
reopusnueckuM maHHBIM. HenenecooOpa3Ho o0O0BEAWHATH B OIMH OOBEKT IIACTHI PE3KO
pa3nIuyaroIIrecs Mo cBoei MpoHUIaeMocTu. JKenatenbHo, YTOOBI HUKHHI MIACT SKCILTyaTallHOHHOTO
oOvekTa oOnmamanm ©Oosiee BBICOKOW MPOHUIIAEMOCTBIO, YTOOBI OOECHEYHUTh €ro OIMepPEekKAIONIYI0
BBIPaOOTKY.

JIOJDKHBI  YUUTBHIBATHCS  (DU3UKO-XMMHUYECKHE CBOWCTBA HepTH U raza. HememecooOpasHo
00bEANHATH B OAUH OOBEKT IJIACTHI C PE3KO Pa3IUUYHBIMHU BSI3KOCTIMU HE(TH B MIACTOBBIX YCIOBUSX,
BKJIFOYATh B OOBEKT IJIACT C BEICOKUM COJCPKAHUEM CEPOBOIOPOIA.

XKemarenpbHo, YTOOBI MOIIHOCTH NPOMEXKYTOUHBIX TOJII MEXAYy HPOIAYKTUBHBIMH
miactamMmu Obla HeBenuka. JKenaTenbHO TakXke, YTOOBl COOTHOLIEHHE IUIOIMIAAEH OTIEIbHBIX
3alexeill B mpenenax BHEUTHUX KOHTYPOB HE()TEHOCHOCTH HE CIHMIIKOM pPa3IHyaiiuch WM IJIOWAIb
He(DTEeHOCHOCTH HUKHETO TuIacTa ObUTa MEHBIIIE.

HenenecoobpazHo oO0beAMHATH B OJUH SKCIUTyaTAllHOHHBIA OOBEKT IUIACTBI, KOTOPHIE OyIyT
pa3zpabaTbIBaThCs MPU PA3NUYHBIX PEKUMAX.

OOsi3aTebHBIM YCIIOBHEM TIPU BBIOOPE JKCILUIYaTAlIMOHHBIX OOBEKTOB SBISETCS Yy4eT
crocoba skcrryatanuu. He pexkomeHnyercss OOBEIUHSTh B ONUH OOBEKT JKCIUTyaTAIlMH IUIACTBI C
Pa3TUYHBIMH CIIOCO0AMU IKCIUTyaTaIllH, HAaIpUMep, POHTAHHBIM M TTyOMHHO-HACOCHBIM.

MuorormniacToBble 3KCIUTyaTallUOHHbIE 0OBEKTHI YacTO TPEOYIOT AMAMeETpa SKCIUTyaTallMOHHBIX
KOJIOHH B CKBa)KMHAaxX OOJBIIEro, YeM MpPH CaMOCTOSITENbHOM pa30ypuBaHMM IiacToB. Ha mpaktuke,
MPOCKTUPYST CHCTEMY pa3padOTKH He(TIHOrO MECTOPOXKICHHUS, paccMaTpPUBAIOT pa3IUYHBIC
BapUAHTHI BBHIJCICHUS IKCIUIYaTallMOHHBIX OOT€KTOB, ONMPECSIOT TEXHOJOTHIECKHE U TEXHHKO-
SKOHOMHYECKHE TOKa3aTeiM pa3padOTKM W Ha OCHOBAaHWHM J3THX pPACUETOB BBIOMpAIOT HambOojee
palMOHANIbHBIN BapUaHT BBIACIICHUS SKCILTyaTallHOHHOTO O0BEKTa.

Odenb YacTo B MpolEcce pa3padOTKM MHOTOIUIACTOBBIX JKCILTyaTallMOHHBIX OOBEKTOB
HEe(TAHBIX MECTOPOXKIECHUN OCYIIECTBISIOT TPUHIUI Pa3pabOTKM «CHU3Y-BBEPX», NPH ITOM
OCYIIIECTBIIICTCSL OTIepeXkaroniasi pa3padoTka HIDKHETO IUIAacTa JKCIUTYyaTalliOHHOTO OOBEKTa C €ro
nocJieyromei n3onsuuei. B mpuHInmne MOXXeT OCYLIECTBISTHCS H3O0JIALNS U BbIIIENEKAIIUX IJIacTOB,
MyTeM HaJIOXKEHUS TIACTHIPS. HAa MHTEepBal nepQopaiuu.

O dexTuBHOCT pa3pabOTKU MHOTOIIIACTOBBIX JKCILTyaTallUOHHBIX OOBEKTOB CHJIBHO 3aBUCHUT
OT YCIIENIHOCTH KOHTPOJISI 3a JKCIUIyaTalueld KaXJOTO W3 OTACIBHBIX IUIACTOB OOBekTa. s
KOHTPOJISl UCIIOJIb3YIOT LTI Psijl CIEMAbHBIX TPUOOPOB:

[leGuTOMEpbl — TO3BOJSAIOT BBIABUTH BEIMYMHY MPUTOKA M3 KAXKIOTO IUlacTa OObEeKTa B
OTJIEJTLHOCTH.

Pacxonmomepsl - MO3BOJSIOT YCTAaHOBUTH BEIMYHHY 3aKauyKH B KaXABIH TUIACT OOBEKTa B

OTACIIBHOCTH.
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Te[!MOMeT[ZBI - HO3BOJIAAIOT YCTAHOBHUTDH HpO(i)I/IJ'II) IMPUTOKAa WJIM MNOIJIOMCHUA B COBMCCTHBIX
CKBa)KMHAaX.

Briaromerpsl - Mo3BOJISIOT YCTAaHOBUTH MHTEPBAJIBI MPUTOKA BOABI B CKBakMHE. Kpome  Toro,
IMUPOKO HCHOJB3YIOTCA CICHHAJIbHBIC FCO(bI/ISI/I‘ICCKI/IC HUCCICOAO0OBaHUA. C IOCJIBKO KOHTPOJIA 3a
pa3paboTKoii OOBIYHO HAa MHOTOIJIACTOBOM O0O0BEKTEe OypsAT cHenuaibHble CKBaXUHHI,
IKCILUTYaTHPYIOIINE TOJIHKO OJUH U3 IJIACTOB OOBEKTA.

[Ipu pa3paboTke MHOTOILUIACTOBOTO OJKCIJIYyaTallHOHHOTO OOBEKTa OCYHIECTBIIACTCS
KOMIUIEKC Mep MO PEryJIUPOBAHUIO €ro pa3paboTku. OHUM U3 BaXXHEHIIMX CIIOCOOOB pEryJIupOBaHMS

MHOTIOI11J1aCTOBOT'O 3KCHHyaTaHI/IOHHO! 0 OOBeKTa SBIISCTCS pa3acibHasig —3aKaydkKa. Ona MOXKeET

OCYUIECTBIISITHCS KaK YE€Pe3 CaMOCTOSITEIbHbIE HarHEeTAaTeIbHbIE CKBAXKMHBI Ha KaXKJbIH I1acT 00beKTa,
TaK M 4Yepe3 CKBAKWHBI 0OOPYJOBAaHHBIE ISl OJHOBPEMEHHO - paslenbHON 3akauku. IIpocTeimum
obopynoBaHHeM sBIgeTCs makep. MHOTAa B OJHY CKBAXXMHY CITyCKAIOTCS JIBE WJIM TPH KOJIOHHBI
HaCOCHO-KOMITPECCOPHBIX TPYO, Ha KOTOPBIX YCTAHABJIMBAIOTCS acUMMeTpuueckue nakepa. Muoraa
(Janun, Kwurtail) ycTraHaBiIWBalOTCsS OTpaHUUYHUTENbHBbIE WHITylEepa, HpPH AaBICHUU 3aKaukH,

HCO6XOﬂHMOﬁ AJIsI HAMMEHEC TPOAYKTUBHOI'O IJIaCTaA.

Hpyrum 3¢ deKTUBHBIM METOJOM PEryJIUpOBaHUS pa3paOOTKA MHOTOIIACTOBOTO 00BEKTA
SABJISIETCS IPUMEHEHUE OJHOBPEMEHHO pa3/iesibHOM skcmyaTanuu (OPD). UmeeTcst oueHb MHOTO
pa3nnyHbIX KOHCTpyKuuit amst OPD, Hanboee nmpocThie U3 HUX AJIs YCIOBUI (pOHTaHHOM
JKCIUTyaTalluy OTAEJIbHBIX IJIACTOB. s yCIIOBUHA HACOCHOW JKCIUIyaTalMd KOHCTPYKIUU
JOBOJIBHO CJIOKHBIE U B IPOMBICIOBBIX yCIOBHUAX 4aCTO BBIXOIAT U3 CTPOs. BBICOKOHANEKHBIX

KOHCTPYKIUH A0 CUX MOp HE CO3J]aHO HU Y HAC, HU 3a pyOEKOM.
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16.BJIMAHUE I'EOJIOT O-PU3UYECKUX U TEXHOJIOI'NMYECKUX ®PAKTOPOB HA
SOOEKTUBHOCTD 3ABOJJHEHUS HE®TAHBIX 3AJIEXKEN

O} dexTuBHOCTH Mpolecca BITECHEHUsI HE(PTH BOJOW M3 HE(PTEHOCHBIX IJIACTOB 3aBHCUT OT
UX TeoJoro-pu3MUecKux CBOMCTB, €ro CBOMCTB He(TH M BOAbI, W YCJIOBUN wu3BieueHus. Kak
MMOKa3bIBAET ONBIT pa3pabOTKH HEPTAHBIX MECTOPOXKACHUN, HA TIOKA3aTeNIM U3BJICUEHUS] HEPTU U3

IJI1aCTOB IIPH 3aBOJHCHUN Hau0oJjee CUIbHOE BIMSIHUE OKa3bIBAIOT:

- COOTHOILIEHHUE BA3KOCTEH HEPTU U BOABI L, =

6
- HCOOAHOPOAHOCTH I1J1aCToB 10 MNPOHUIIACMOCTH, cpeaHAad NpOHHUIIACMOCTDb )51
PACHICHCHHOCTD,

Kh
- THUAPOMPOBOAHOCTD IIACTA ——

U
h - TomnmmHa macra;

- TeMmmeparypa IacTa;

- OTHOCHTEJIbHBIE pa3Mepbl BOJOHE(PTAHBIX 30H;

- MHUKPOHEOJHOPOJIHOCTH MOPUCTON Cpenbl, He(TeHACHIIICHHOCTh u KamuIIsipHbIe
CHUJIBI;

- IUIOTHOCTb CETKH CKBaXHH;

- CHCTEeMa 3aBOJHEHUS.

I[To ocHOBHBIM MecTOpoXxaeHUAM Ypano-IloBomaxbs MeTOOOM MHOTO(GAKTOPHOTO
KOPPEISIMUOHHOTO aHalM3a OBIJI0 M3YUYCHO BIHMSHUE ITUX (AKTOPOB Ha HePTEOTAAuy IJIACTOB
MpU UX 3aBOJHEHUU. DTU OOBEKTHI, MPUYPOUCHHBIE K TEPPUTCHHBIM KOJUIEKTOpPAaM, HAXOJIWJIUCh Ha
MO3IHEH CTaauu pa3padOTKU C BBICOKOH OOBOJHEHHOCTHIO MPOAYKIIMA M pa3padaThIBaIUCh Ha
BOJIOHANIOpHOM pekuMe. M3 50 uccnenoBaHHBIX 00BEKTOB 18 pa3pabaThiBaMCh MPU BHYTPUKOHTYPHOM
3aBOJHEHUM, 15 - IpU 3aKOHTYPHOM 3aBOAHEHMH U 17 - B YCIOBHUSAX €CTECTBEHHOI'O BOJOHAIOPHOIO
pexuma. CpenHsisi MIOTHOCTh CETKU CKBAaXXUH B MpeJenaxX Ha4aJbHOTO KOHTypa HE(QTEHOCHOCTH IO
pa3HbeIM 00BekTam coctaBmia oT 10 1o 70 ra/cka.

OTHOCHTENbHOE BIHSHUE PA3JIUYHBIX T€O0J0TO-PU3MYECKUX U TEXHOJIOTHMYECKHUX
¢dakTopoB Ha HepTEOTAAUy IUIACTOB IPU XaPAKTEPHBIX ISl MECTOPOXIeHUM Ypano-IIoBomKbs

Avara3oHax U3MCHCHUS 3TUX MApaMETPEC B IMOKAa3aHO HUIKE:
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Taobmauua 16.1

Bausinue HekoTOpBIX aKTOPOB HA HepTeoTAAUY IJIACTA

PakTop Ero Biausinme
Ha He(TeoTAAUY,
%
CootHomieHnue Ba3KocTe HeTu U Boabl 1 —25 -21,1
Cpemsis mporumaemMocts 0,15— 2,5 MM +15,4
Temneparypa 25— 75°C +7,0
D¢ dexTuBHas HedreHnacpmenHas TonmuHa 3— 20 M +6,0
Koadpduuuent necuanucroctu 0,55 — 0,95 +6,0
OTHOCHTENBHBIE 3amackl BOAOHEPTAHOM 30HBI 25 — 100% -5,6
Hedrenacwimennocts 0,75 — 0,95 +3,6
ITnorHocTh ceTku ckBaxkuH 10-60 ra/ckBs. -3,0
Cucrema 3aBoHEHUS (€CTECTBEHHOE 3aBOIHEHNE — OJIOKOBAsi CHCTEMA) +2,2
Temn pa3paboTku (70OBIYA KHUIKOCTH OT T€OJIOTHUECKUX 3aI1acoB) +0,6
2,5—7,5%

W3 Tabnumpl BUIHO, YTO B aOCOJIOTHOM BBIPRXKEHUHM HAaWOOJIee CHIILHO BIHSIOT Ha BEIHYUHY
He(TEOTAauu COOTHOIICHUE BSI3KOCTEH HE(TH M BOJIBI, U YBEIIMUCHUE CPEIHEH MTPOHUIIAEMOCTH TUIACTA.
3HAYUTENHFHO BIMSET TAK)KE HA MOBBINICHUE HEPTEOTAa4YN YBEIUUCHHUE TeMIepaTypsl, 3 heKTUBHOU
He(TEHACHIIIEHHONW TONIUHBI U K03 PHIMeHTa MEeCYaHUCTOCTH, 3HAYCHHE KOTOPOTO TECHO CBS3aHO C
BEJIMYMHOW TPEPBIBUCTOCTH MNPOAYKTUBHOrO 1uiacta. CyIIECTBEHHO CHIIKAeT 3HAudYCHHUE
He(PTEOTJauH COCPEAOTOYCHUE 3HAUYNUTEIBHOM JIOJIM 3aM1acOB B BOJOHE(TAHBIX 30HAX.

N3 Ttabnumpl Takke BUIHO, YTO camMoe OOIbIIOE BIHSHHE Ha HEPTEOTAadyy OKa3bIBAIOT
NPUPOJHBIE (AKTOPHI, POJIb TEXHOJIOTHYECKUX (PAaKTOPOB MeHee 3HauuTeNlbHa. OJTO 3HAYUT, UYTO
BO3MOKHOCTh TIOBBICUTH 3(P(EKTUBHOCTH pa3pabOTKU MPUMEHSST OOBIYHBIC TEXHOJOTHUUECKHUE MPUEMBI
OTpaHUYCHA.

BnusHue reonoro-Qpu3M4ecKUX M TEXHOJOTHMUECKUX (HAaKTOPOB CYIIECTBEHHO pa3iIMYHO Ha
Pa3MYHBIX CTaIUsAX Pa3padOTKH, OAHM (HAKTOPHI 3HAYUTEIHHO BIUSIOT BHaYane pa3paboTKu HEe(TSIHOM
3aJIeKH, POJIb APYTUX OCOOCHHO BEJIMKA B MO3HEH CTaTUH Pa3padOTKH.

Tabmuma 16.2

DakTOpbI OT0Op KHAKOCTH U3 IJIACTA
0,5 or 00bema nop. 1,5 ot o0Bbema nop.

CooTHoIIeHUE BA3KOCTH HE(PTH U BOJIBI -40,6 -18.,5
Cpennsisi IpOHUIIAEMOCTh +20,0 +21,3
IInoTHOCTH CeTKH -5,0 -8,1
IlecuanucrocTh +19.,0 +36,8
Bononedtsinbie 30HbI -6,3 -10,4
Cpennsist TONIIMHA IJ1aCTa - +4.9
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W3 Tabmuupl BUAHO, YTO POJb OTHOCHUTEIBHOHN BS3KOCTH HE(TH HA MEPBBIX JBYX CTAIMIX
pa3paboTKu SBISICTCS MTOMUHHUpYIOHEd. B 3aBeprmaromeid ctaguu pa3paOOTKH POJb BS3KOCTH HEPTH
CHU)KAeTCsl, HO OCTaeTcsl 3Ha4yuTeNbHOU. Ponb xoadduimeHTa HMecuaHHCTOCTH, CBA3AHHOTO  C
MPEPHIBUCTOCTBIO  IUIACTOB W KOCBEHHO BBIPaXKaloIIero HEOJHOPOJAHOCTH IJIacTa, HAa00OpoOT,
BO3paCTaeT K a MO3JHUX CTaIusAX pa3pabOTKH.

Cnengyer OTMETHTb, YTO CPaBHUTEIBHO HEOOJbLIOE BIMAHHE Ha He(TEeOoTAadyy MIOTHOCTH
CEeTKM CKBaXUH OOBSCHSETCA TeM, 4YTO He(TSAHbIe 3alie’KH, HCHOJb30BaHHbIE I
MHOTO(aKTOPHOTO KOPPEJISIUOHHOTO aHanu3a XapaKTepU30BaINCh CPaBHUTEIHHO
OJTHOPOJHBIMH BBICOKOTIPOHHUIIAEMBIMH TEPPUTCHHBIMH IUIACTAMH, COACPKAIIMMHU OOJIBIICH YacThIO
MajoBsizkue HeTu. [Ipn aHanmM3e IKCHIyaTallMOHHBIX 00BbEKTOB C pa3HBIMU KOdPPUIIMECHTAMHU
MEeCYaHUCTOCTH (MPEPHIBUCTOCTH) TIUJIACTOB YCTAaHABIMBACTCS 3HAUUTEIBHO OoOJblliee BIHMSHHE
IUIOTHOCTH CETKH CKBaXXMH Ha He(TEoTHady IUIACTOB CIOKHOTO CTPOEHUS. AHAJOTHYHYIO TEHACHIUIO
CJIEZyeT 0)KHUIATh U C YBEIIMICHUEM BSI3KOCTH TUIACTOBOM HEPTH.

CnenoBaTenbHO, HeOMaronmpusiTHble NPHUPOIHBIE YCIOBUS 3ajekel, CHUXKAIOU[UE
KOHEUHYI0 HeTeoTnaudy, 4aCTUUHO MOKHO KOMIIEHCHPOBATh MPHUMEHEHHEM 0OoJiee IIIOTHBIX CETOK
CKBaKUH.

C mnomompi0o MHOTO(AaKTOPHOTO aHAJIM3a TaKXe YCTAHOBIIEHO, YTO OJIOKOBBE CHCTEMBI
3aBOJIHEHUS 10 CPABHEHUIO C 3aKOHTYPHBIMH YBEIHMUMBAIOT HEe()TEOTAauy MJIACTOB HE3HAUYUTEIHHO (Ha
2-2,5%), HO TemIbl pa3pabOTKU MOBHIIIAOT B 1,5-2 pa3za.

3Has BIUSHUE TEONOTO-QU3MUECKUX M TEXHOJOTHYECKUX (akTopoB Ha 3P(HEeKTUBHOCTH
3aBOJHEHMS HEPTIHBIX 3aJIe)KEH MOXKHO YXKe Ha paHHEW CTaJuu U3YUCHHUS HEPTSIHOT'O MECTOPOXKICHUS
OCYIIECTBUTH MPOTHO3 3(PPEKTUBHOCTH 3aBOAHEHHS 110 CIEHUAIBHBIM CTATUCTHYECKUM MOJCIISM,
MOJIyYeHHBIM METOJIOM MHOTO(AKTOPHOTO KOPPESIIMOHHOTO aHAIN3a.

Hnsa HedTAHbIX MecTOpoXxAeHUNH VYpano-IIoBOMKbI M HEKOTOPBIX MECTOPOXKJICHHUH
3amagHoit Cubupu C TEppPUTeHHBIMH KOJUJICKTOPAMHM DPEKOMEHIYyeTCsl CleAylomasl CTaTUCTUYecKas

MOJCIIb.

n=0,195-0,0078u, + 0,082(gK + 0,00146t, +0,0039h + 0,180K,, —
- 0,054Q; + 0,275, — 0,00086S .

H

3nech U, = H ’

8

K - cpennss nponuiaemocts B 1apeu,
ty - HauaNmbHad IJ1acTOBask TeMieparypa B °C,

h - cpenuss >pdexTrBHAsT HepTEHACHILEHHAS TOJIIIMHA [IACTa B M,
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K, - xooppunmenT necuaHuCcTOCTH, 10U €AUHHUIIEL,

Qeys- OTHOIIEHKE (ANAHCOBBIX 3aracoB HEPTH B BOJOHE(DTSHOM 30HE K GaJaHCOBLIM 3amacaM BCEH
3aJIeXKH,

S, - HayanbHas HeTEHACHIEHHOCT MIACTA,

S - IWIOTHOCTH CETKM CKBaXHUH, BBIPAKEHA YEPE3 OTHOIIEHUE OOIIEH TUIOMAMH 3aEkKU K YHUCIY BCEX
NpeOBIBIINX B AKCIUTyaTallu CKBAXKUH.

KoaddurmenT MHOKECTBEHHOW KOPPEISAIINU MPUBEJICHHOTO CTATHCTUYECKOTO YPABHEHUS PaBeH
0,886. IlokazaTenu, BKIIOYEHHbIE B 3TO YpaBHEHUE KOHTPOIUPYIOT 78,6% (akTuueckol M3MEHYUBOCTH
HepTeoTnaun 1iactoB. CpenHss KBagpaTH4HAs MOTIPEMIHOCTh OmIpeleneHus Kodpduuuenrta
HedTeoTHaun MmIacToB coctapiseT + 0,04.

Hnst  mectopoxneHuid  Ypano-IloBomkss ¢ KapOOHATHBIMH KOJUIEKTOPAaMH HMEETCS

CJIeAYIOIIasi CTATUCTUYECKAsT MOJIEITb:

1 = 0,405 - 0,0028u, + 0,052(gK - 10° + 0,139K, — 0,15K, — 0,00022S

B sTOM ypaBHEeHUH

K- koo puriment pacuieHeHHOCTH,

L, - BABKOCTD He(l)TI/I B INIACTOBBIX YCJIOBHUMAX, CII;

oCTalbHBIE 0003HAYEHUS IIpECIKHUC.

Haubonee BaxxHBIMH (paKkTOpaMu SBISIOTCS NPOHUIIAEMOCTh U BA3KOCTH IJIACTOBOU

K
HedTH. YacTo 310 1Ba pakTOpa 0OBEIUHSIOT B OIMH — OTHOLICHHE —  KOTOPOE Ha3BIBACTCS
y7i

MOJBMKHOCTBIO HE(TH.
Jns BbIOOpa cHCTEMBI pPa3pabOTKH € YYETOM TeoJIoro-(GhU3u4ecKoil XapaKTepUCTUKU

3aJIeKM MOYKHO TI0JIB30BaThCs Clieaytolien Tabnuueit 17.3:



Tabmuma 16.3

Bb100p cucTeMbl pa3padoTKH 0 OCHOBHBIM I'e0J10r0-GpU3H4eCKUM XapaKTePUCTHKAM 3aJIe/KH
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OcHoBHbIE reoJ10ro-pusnyeckne

Cucrema pa3padoTku

XapaKTePUCTUHKHU
Ba3zkocrs (IloaBu:kHocTh| Ilecuan | ILnoTHOCTBH Pa3melnenue Cucrema
He()TH B L mrv?/mIla*c | MCTOCTH | CeTKH CKB. CKBa:KMH 3aBOJHEHHUS
yea. mlla*c K/ uy 1jiacTa ra/cKB.
0,5-5,0 Ho 0,1 16-32 Pannas, mmoman. 1-  |JIuneiinas ¢
0,5-0,65 24 3 psina, 5-7 Tou. 0YaroBoH,
IUTOLIAHAas
0,65-0,80 20-36 Psnnasn,3 psana JlnnaeiHas ¢
no 04aroBou
OoJtee 24-40 Psnnas,3-5 psmos JIuueiinas ¢
0.80 3 04aroBoit
bonee 0,1 0,5-0,65 24-40 Psnnas,3 psana Jluneitnas ¢
nA 04aroBou
0,65- 28-40 Psinnas,S psgos Jlnnetinas ¢
0.80 36 04aroBou
Bonee 33-49 Pannas,5 psaos Jluneinas ¢
0.80 42 04aroBoOM
5,0-40,0 o 0,1 0,5-0,55 12-24 IInomaanoe, ITnomannas
5-7-9 ToyeuHoe
18
0,65-,80 18-28 Psnnoe, 1-3 psna. JIugeiinas ¢
23 IInomanuoe, 5-7-9 0YaroBOH.
TOYEYHOE IImomanuas
bonee 22-33 Pannoe, 3 psana. Jluneiinas c
0.80 24 IInomannoe, 5-7-9 04aroBoi.
TOYEYHOE ITnomagHas
bornee 0,1 0,5-0,65 16-28 Pannoe, 1-3 psna. Jluneiinas ¢
2 IInomannoe, 5-7-9 0YaroBoil.
TOYEYHOE IImomamnas
0,65- 22-32 Psnnoe, 1-3 psna. Jluneiinas ¢
0.80 27 04aroBoi
Bbonee 0,80 26-36 Pannoe, 1-3 psna. Jluneiinas ¢
0YaroBou

31
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17.XAPAKTEPUCTUKU BLITECHEHUA HE®TSHBIX 3AJEXENA

DO(¢dexTUBHOCTh Tpollecca BHITECHEHUS HEe(PTH BOJAOM MO MPOMBICIOBBIM JaHHBIM
BBIPAYKAETCS TaK HA3bIBAEMBIMH XapaKTEPUCTHKAMHU BBITECHEHHsSI HE(TH BOJOW, MPEICTABISIOMUMU
c0o00#1 3aBUCHMOCTH He(pTEeOTIadn OT oObeMa BHEAPHUBIIEHCS B 3aJ€Kb BOJBL. XapaKTEPHCTHKA
BBITECHEHUS 1)1 He(DTIHOU 3a1eu OoJiee MOTHO XapakTepusyeT 3 HEKTUBHOCTh pa3pabOTKH HEPTIHOM
3anexu, 4eMm, Hampumep, KodpduimeHT HedTeoTnaun. XapaKTePUCTHKA BBITECHEHHS MO He(TIHOM
3aJIeKU OTPAKAeT MCTOPHIO Pa3pabOTKM HE(TSHOW 3aieXd, OTYETIMBO MOKa3biBal 3(PPEKTUBHOCTH
mporecca BBITECHEHHsI B JIIO0OW MOMEHT pa3padOTKH M SBISETCS OYEHb YJIOOHOW (dopmoil ais
M3yUCHHsSI XapakTepa ¢ OCOOCHHOCTEW pa3paboTKM ¥  OOBOJAHEHUS HEPTSIHOW  3aJICKHU.
XapakTepucTHKa BBITECHEHHS MOKAa3bIBAa€T HE TOJIBKO JOCTUTHYTYIO He(pTeoTAauy Mo 3alexu, HO U
P KaKOM pacxojie paboyero arenra (Bojsl) MOIy4YeHa JOCTUTHYTas HeTeoTaaua.

XapakTEepUCTUKU BBITECHEHUS HE(TH BOJIOH MOTYT OBITH BBIPAXEHBI B Pa3IHMYHBIX
MOIU(DHUKAITHSIX.

OCHOBHBIMHU XapaKTCPUCTHUKAMU MOKHO CYHUTATh 3aBUCUMOCTHU:

Bun xapakTepucTuku

ABTOpBI

1.Q./Q,=A+B*Q,
2.Q,=A+B/Q,
3.Q,=A+B/NQ,
4.Q,=A+B*(Q.,)"
5.Qu=A+Bq,/qs
6.Q,=A+B*LnQ,
7.Q.=A+B*LnQ,
8.Q=A+B*Ln(q/q)
9.Ln(Q,/Q,)=A+B*Q,
10.Q./Q,=A+B*Q,
11.(Q./Qu)=A+B*(Q,.)’
12°QB/QH=B(QH'A)/(C'QH)
13.Q,=A+B*(Q,/Q,)
14.Q,=A[1-B*exp(-C*Q,))]

Hazapos, Cumnauen
Kambapos
[TupBepasu

KazakoB

Yepenaxun, MoBmbITa
Cazonos

MakcumoB

I'ap6a, Llumepman
®paHIy3CKUid UHCTUTYT HEDTH
Curmaues, IlaceBuu
3axapoB

bopucos

JaBb110B

[lTaBanuer

3nech OombIKe OYKBBI, HAKOTUICHHBIC 3HAUCHUSI HEPTH, BOBI, JKUIKOCTH, MAJICHHKUE — TEKYIIIHE
3HA4YCHUA.

Koaddumuentsr, A, B, C — noctostHHBIE KO3 DUITUEHTHI, ONIpeAeIIeMbIe ITyTeM 00pabOTKH
(aKTUYECKUX JAHHBIX METOJIaMU MaTEMaTHYCCKON CTATUCTUKH.

C moMoIIpI0 3TUX 3aBUCUMOCTEH MOKHO:

1.0npenenuTs 0XHUIaeMble N3BIIEKAEMbIe 3aachl He()TH U CPAaBHUTH UX C YTBEPIKICHHBIMH.

2.0npenenuth 3PPEKTUBHOCTh OT BHEAPEHUS PA3IUIHBIX (PUIUKO-XUMUYECKUX U
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TUIPOJIMHAMUYECKUX METOJI0B, HaIIPaBJICHHbBIX HA MOBBIIIEHUE HE(PTEOTIauH IJIACTOB U
WHTEHCU(PUKAIHNIO T00BIYU HePTH.
Jl1d Bcex XapakTEpUCTUK CTPOUTCS 3aBUCUMOCTb MEXAy ITapaMeTpaMH, BXOISALIUMU B
ypaBHEHUE, KOTOpas Ha MOCJIEIHEM y4acTKe alllPOKCUMUPYETCs NpsAMOU IuHuen. Jlanee
JKCTPAIIOJIMPYIOT 3Ty NPSAMYIO, B IPEAIIOJIOKEHUH, YTO IPSIMOJIMHEUHOCTD COXPAHSAETCS.

PaccmotpuM HekoTOpbIe, HanboJee YacTo MpUMEHsIeMbIe 0oJiee TToIPOOHO.

Xapaxmepucmuxa evimectenus Maxcumosa. OHU BHIPAKAIOTCS YPAaBHEHHEM IT0KA3aTeNIbHON KPUBOIA:
0,=B+A4%*Q,

rae O, u Q. - HaKOIUIEHHOE KOJMYECTBO JOOBITON M3 3aJI€KH COOTBETCTBEHHO HedTH M Bonbl, A u B -

napameTpbl, BEJIMYMHA KOTOPHIX 3aBUCUT OT NMPUPOJIHBIX YCIOBUH HEPTIHBIX 3aJEXKEH, a TakKe OT
TEXHOJIOTUU UX Pa3pabOTKH.

B monynorapupmMudeckux KOOpAMHATAaX XapaKTEPUCTHKA BBITECHEHUS MPEBpaILIaeTCs
B TpSAMYyI0 JIMHHIO, YTO TMOATBEpPXKAAaeTCs TEM, YTO NpH JOTapu(GMUPOBAHNN YPABHEHHUS,
OHa o0palnaercs B JIMHEHHYO (DyHKIIHIO.

XapakTepHucTUKa BRITECHEHNUsI MaKCMMOBa MOXKET OBITh MPEACTABIICHA TAKXKE B CIEIYIOIIEM

BHJIE:
Ie I q, -4,
| 23blga g,
77 - Q3an Ig a
N

lg ! /s
_ | 23blga(l-f,)

n= , TIe

Q3an Zg a

1 — Texyast HeTeoTaaua IIacTa;

Q,un — reonoruueckue (6anaHcoBBIE) 3aMaChbl HEYTU B 3AIIEKY;
{x ¥ ¢, — Texyas 100bI4a COOTBETCTBEHHO JKUAKOCTU U HEPTH;
fs — Tekymas 0GBOTHEHHOCTD NPOYKIUH, JOJIH €THHHUILIBI.

Xapaxmepucmuxa __ evimecnenua _ Cazonosa. OHa TakKe BBIPa)KaeTcsl ypaBHEHUEM

MoKa3aTeIbHON (pyHKIUM:

0,=A+B*LgQ.,,, rne
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O, - HAKOIUIEHHOE KOJIMYECTBO JTOOBITON M3 3aJIEXKH JKHUIAKOCTH, OCTAIbHBIE 0003HaAYeHHs NpeKHKe. B

HOHyHOFapI/ICI)MI/I‘{eCKI/IX KOOpAHWHATaxX OHa TaKXC MNpEBpallaCcTCAd B HNPAMYIO JIMHUIO. AHaJ’IOl"I/I‘IHO,

XapaKTCPUCTHUKU BBITCCHCHUS Ca3oHOBa MOXKHO NpeACTABUTH B CICAYIOIICM BU/IC:

lo| 1 e
| 23blga g,

Q3lll1 lg a

HIJIN

1 1
Ig
| 23blga(l-1,)
- Q3an lga

B xapakrtepucTukax BeiTecHeHUs Makcumosa u CasonoBa BenuuumHa lga = t1ga -
yIJI0BOMY KOX(QQHUIHMEHTY mNpsMOd B cucteme koopauHatr (O, u IgQ0, wmm 1gQ,. Orta BennymHa
Ha3bIBaeTCs ToOKazareseM 3()(PEKTUBHOCTU TpoIiecca BHITECHEHHS, /ghb - OTpPE30K, OTCEKaeMblii Ha OCH
a0crucc.

Xapaxmepucmuka evimecnenus _Hazaposa-Cunauesa. OHa Takke OCHOBaHAa Ha HaJIWYUU

3aBUCHMOCTH HAKOIUIEHHON N0ObIYM HEPTH (’KHIKOCTH) OT HaKOIUICHHON JOOBIYH

BOJbL. B cucreme koopaunar —>= 1 O, 3Ta 3aBUCHMOCTb IIPEACTABIISAET COOOM MPSIMYIO JINHHIO.

H

%=a+ng

ITockosbKy BeTMUMHA YTIIOBOTr0O K03 uirenTa b paBpHa:

1

Z:Qsan'n o

TO XapaKTCPUCTHUKY BBITCCHCHHA Ha3apOBa MOKHO NPEACTABUTH B CJICAYIOIIEM BUAC!

o 0.0
0.(0.-0)

Xapaxmepucmuka evimecnenus Kambaposa. OHa BbIpakaeTcs CIEAYIOLUM ypaBHEHUEM

runepOoJINYECKOro TUMa:
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T.€. TO’KE OCHOBaHA Ha HAJIMYHUH 3aBUCUMOCTH HAKOIIJICHHOW JTOOBIYM HE(TH CT HAKOTIJICHHOHW JOOBIYH
KHUJAKOCTH. OTHOCHUTEIBHO TEeKyIIel HeTeOTIaul 3aBUCUMOCTD BBIPAKACTCS CIICIYIONIUM 00pa3oM:

y = a N b
QB’CH’I QJ}L : Q3an

NmMmerorces u APYTHUC BUIBI XapaKTCPHUCTUK BBITCCHCHU. Bce onmn nerko CTPOATCA 11O
(haKTUYECKUM JaHHBIM, a TAK)KE UX MOXKHO MOJYUYHTh TEOPETHUCCKHUM ITyTEM, HCIIONIB3YS
pa3IMYHbIC METOJIUKHU pacyeTa Mpolecca BRITECHEHHS He(TH BOJIOIO B OPUCTOM cpene. Ha ocsax
36CI_II/ICC MOXET OTKJIIAaAbIBATHCs 3HAUYCHUC I[O6LITOﬁ KHUAKOCTH MJIM BOAbI, NJIN 3aKa4yKa BOJbI,
BBIpa)KEHHAs B 00bEMeE IO 3aJIeKH, WIH B 00BheMe MOp aKTUBHBIX 3a1acOB HEPTSIHOM 3aJIeKH
(6e3pazmepHOE Bpemsi).

XapaKTEpUCTHKU BBITECHCHHS HCIOJB3YIOTCS Ui TPOTHO3a JOOBIYM H JIUHAMHUKHU
00BOJIHEHHOCTH 1O HedTsHBIM 3anexam. [Ipu 3TomM Moryt ObITH ABa ciyyas. B mepBom ciryuae
He(bTHHaH 3aJICKb HaAXOOAUTCA B pa3pa60TKe U HUMeeTCS HavdalbHbBII Y4aCTOK XapaKTCPpHUCTUKH
BBITECHEHHS. B 3TOM ciy4yae mponu3BOAMTCS SKCTPAMONISAIUS XapaKTEPUCTUKU BBHITECHEHUSI B CHCTEME
KOOpJWHAT, TJIC€ OHa SIBISACTCS JIMHECHHOW, WJIM HCIOJB3YIOTCS BBINICTIPUBEACHHBIC (Gopmyibl. Bo-

BTOPOM Cilydae, HeTsIHas 3aJIeXKb €Ille He BCTyNuiIa B pa3pab0TKy MM HadyalbHbIM y4acTOK OY€Hb Mall.
B sTOM cnyuae, ucxons u3 [\, HOBOM 3ajexu, BIOMpaeTCss MPOTHO3HAs XapaKTEPUCTUKA BBITECHEHUS U
pacyeThl BBIIOJHAOTCS 110 3TOM XapaKTEePUCTUKE BHITECHEHHUS.

XapaKkTepUCTUKN BBITECHEHUS HMCIONB3YIOTCS JUIS MOJCYETa M3BJIEKAEMBIX 3aracoB HedTHu 1o
3aJIEKH. 3a1ackl MOTYT OBITh OTPEIETIEHBI N0 TPUBEIEHHBIM (DOPMyJIaM, ECIIM 3HAYEHUS [, IPU pacueTe
MIPUHSATH 32 KOHEYHYIO OOBOIHEHHOCTb, OMPEACICHHYIO U3 SKOHOMHUYECKUX COOOpakeHH.

3Q,1

XapaKTepI/ICTI/IKI/I BBITCCHCHUS I/ICHOJ'II)?;YIOTCSI TAKXKC OJId
onpeneneHust d3PGHEKTUBHOCTA W JOMOTHUTEIBHON JT00BIYU

He(1)TI/I 3a CYUET Ppa3JIMYHBIX TCOJOTO-TEXHUYCCKUX

g) { gngepOHpHHTHﬁ, HOBBIX TEXHOJIOTUH, METOA0B
o e —_—

- yBenauueHus Hedreormaum miacrta u T.4. Eciom reororo-

TEXHUYECKOE MEPOINpPUATHE  CIOCOOCTBYET IMOJYYEHHUIO JONOJHUTEIbHOM A00BIYM HE(PTH, TO 3TO

BBI3BIBAET OTKJIOHEHUE XAPAKTEPUCTUKHU BBITECHEHUS B CTOPOHY OCH KOOpAMHAT. [lomoiaHUTENbHas

no6bya HehTH ompenenseTcs Kak pa3HuLa (aKTUYECKUX M PACUCTHBIX IMOKa3aTesel, MOJydeHHBIX
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JUHEWHOW SKCTPANOJISIIIUEH Ha OJJUHAKOBBIN 00bEeM JKHIKOCTH WU BOJIBL.

XapakTepUCTUKU BBITECHEHUS TaKXKe MIUPOKO MCIOJIb3YIOTCA JMJid aHaiu3a pa3paboTKu
He(TSHOW 3a7eXH, TaK KaK B XapaKTEPUCTHUKAX BBITECHEHHs] HAaXOJUT OTPaXKCHUE BECh CIOKHBIM U
MHOTOTPaHHBII TPOLIECC BBITECHEHUsS HEPTH BOAOW B IMOPHUCTONH HEOAHOPOIHOW Cpelne B CHUCTEMY
CKBaXHH.

CoBepHIEHHO OYEBHMJIHO, 4YTO BCE OTH 3aBUCUMOCTH HE MOTYT OJMHAKOBO KOPPEKTHO
WCIIONBb30BAaThCS AJI PAa3HBIX YCIOBUN MECTOPOXKIEHUU. Dbl HEOQHOKpaTHBIE MOIBITKH YCTAHOBHUTH
mpeenabl MPUMEHUMOCTH KaXK/I0M 3aBHCHMOCTH M aBTOMAaTH3alluu BBIOOpa Hambosiee mpueMiIeMon s
KOHKPETHBIX T'e0JIOTO-PU3NICCKUX W TIPOMBICIIOBBIX YCIOBUH OOBEKTA. Psj XapaKTepUCTHK MOMKET
MIPUMEHATHCSI Ha CPEIHEW CTaud pa3pabOTKH MECTOPOXKICHWH, Apyrue Ha mo3gHeid. B wacTHOCTH,
YYEHBIMH HMHCTUTYTa [ UOpPOBOCTOKHE(TH, [emamuch pabOTHl 1O YCTAaHOBIEHUIO IMPE/ETIOB
MPUMEHUMOCTH XapaKTePUCTHK BBITECHEHHS TIO OOBOJHEHHOCTH Hampumep. Tak, Ha OCHOBaHUH
00paboTKK OOJIBIIOTO TPOMBICIIOBOTO MaTepHaja I0 MECTOPOXKISHUsM Y pano-I1oBomkbs, ObuH
cZieNlaHbl BBIBOBI, YTO XapakTepucTiuka Ca30HOBa MOXKET MPUMEHATHCS MPU 0OBOJHEHHOCTH MPOAYKIIHH
60-70%, MakcumoBa 80%. bpina co3mana mporpamma, MO3BOJSIONIAs OCYIIECTBUTh aBTOMATHYECKUN
Mepexo/i C OJTHOW XapaKTEPUCTUKH Ha JPYTYIO MPU TOCTIKEHUU OOBOJHEHHOCTH mepexona. Ho Hamo
HMMETh B BH]Y, YTO KaXIbIii KOHKPETHBIN OOBEKT JOHKEH pacCMaTPUBATHCS MHIUBUAYAIbHO, T.K. TOJBKO
CTaTHCTUYECKasi BBIOOpKAa MPOMBICIOBBIX JAHHBIX HE MOXKET JaTh KOPPEKTHOW OLIEHKH mpolecca
paspabotku. He cinyuyaliHO HU B OJTHOM PYKOBOJSIIEM JTOKYMEHTE HET OJHO3HAUHBIX PEKOMEHJAIN 1o
WCIOJIb30BAHUIO TOW MM MHOM XapaKTepUCTHKU. Ha TOYHOCTH MPOTHO3a BIUSIOT: Te0JIOT0-(PU3NIECKUE
napaMmeTpsl, CTaaus pa3paboTKH, KOTUIECTBO TOYCK HAa KPUBOW HA yYaCTKE armpOKCUMAIIHH.

HenocraTkamu xapakTepuUCTHK BHITECHEHUS SIBIISIIOTCS:

1. Bce OHM MOJYy4YEeHBI SIMIUPUUYECKUM ITyTEM Ha OCHOBE O00OOIIEHUS MPOMBICIOBBIX JTaHHBIX
OTPaHUYEHHOr0 KOJIMYECTBA MECTOPOKICHUN

2. K KaXJOMY IUIacTy HE0OXO0AUMO MMOIOMPATh CBOIO XapaKTEPUCTUKY

3. JO0CTOBEPHOCTH MIPOTHO3a 3aBUCUT OT BPEMEHHOT'O0 MHTEPBAJIA B MPEANPOrHO3HBIN IEPHOI,
YETKUX KPUTEPHUEB BHIOOPA ONTUMAIBHOTO IEPHUO/IA HE CYIIECTBYET

4. OTCYTCTBYET HaJIC)KHBI MEXaHHU3M pa3jeiacHus 3PeKTa OT HECKOIBKIX Pa3HOBPEMEHHBIX
Meponpustuii no ITHIT (mpumep).

Heckonbko pekoMeHaanui ik MPUMEHEHUSI XapaKTEPUCTUK BBHITECHEHUS C IEJIbIO OTpeeICHUs
s dexruBHOCTH Meponpusituii o [THIT u M/TH:

1. TlpakTuuecku BCE XapaKTEPUCTUKU BBITECHEHUS paboTaioT mpu oO6BoaHeHHOCTH OT 50%.
[Tpumenenue ux Ha Oojiee paHHEH cTaaMKU HEOOOCHOBAHHO.
2. Jlns moCTpoeHMs amnmpOKCUMAIlMOHHOM 3aBUCUMOCTH BBIOMpAETCs MPSMOJUHEHHBIN

y4acTOK KPUBOH, HO HE MeHee 5-6 u He O6omee 10-12 Touexk.
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T.K. OOBEKTHBHBIX KPUTEPUEB OTOOPA XapaKTEPUCTHK HE CYIIECTBYET, pacueT BeIeTCs KaK
MHHAMYM 10 3 3aBUCHMOCTSIM, 1O KOTOPHIM KO3((HUIMEHT AeTepMHUHAIMK (WIN
KOoppeJsiiun) Haubosee 030K K 1.

Omnpenenenue dphexra — cpeaHsisi M0 HECKOIbKUM PAaCCUNTAHHBIM 3aBHCHUMOCTSIM.
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18.TUAPOANHAMUYECKHUE MOJIEJIN

Wtak, MeTon XapakTepUCTHK BBITECHEHHs HE OO0ecleuynBaeT HEOOXOIMMYIO HAaJIeKHOCTh H
TOYHOCTh aHAJIM3a U, COOTBETCTBEHHO, MTPOTHO3a MOKa3aresnei pazpadotku. [loatomy Bce Oonble ctamu
HCIIOJIb30BAThCS METOIUKH, OA3UPYIOLINECs HA UCIIOIb30BAHUN MATEMATHUECKUX MOJIEIICH.

MaremaTruecKue MOJICITH TOJDKHBI OTBEYATh ONPEACICHHBIM TPEOOBAHUSIM:

1. JIOKHBI YYUTHIBATh BCE OCOOCHHOCTH I'€OJIOTHYECKOTO CTPOEHUS TIAacTa, BIUSIOLINE
Ha TIPOTHO3HBIE MOKAa3aTellu, CBOWCTBA (DIIOMIOB, HACBHIIIAIONINX TIACT W BBITECHSAIOIIUX areHTOB, UX
W3MEHEHUE BO BPEMEHHU

2. Pe3ynbpTarhl pacueToB JODKHBI C JOCTATOYHOW TOYHOCTHIO OIMCHIBATH MPOIECCHI,
MIPOUCXOAIINE B TUTACTE, C TEM, YTOOBI HE UCKaXKaTh (JaKTUUECKHE MOKa3aTeIu pa3paboTKH.

3. Hcnonp30BaTh B KauyecTBE WCXOOHBIX JaHHBIX TOJNBKO JOCTYMHYH T€0JIO0ro-
MPOMBICIIOBYI0 HMH(pOpManuio wik 001agaTh BO3MOXKHOCTBIO €€ aJanTaldd [0 JaHHBIM HCTOPUH
pa3paboTKHu.

4. Ocy1iecTBISITh BBOJ HCXOJHBIX JAaHHBIX M pacyeT Moka3aTelied B aBTOMATHUYECKOM
peXHMe U B PeKHUME AUANIOra C MPOrpaMMON.

5. Mopnens HEe AOKHA OBITh TPOMO3JKA MO OOBEMY HCIIONB3YEMOTO MAIIMHHOTO
BpPEMEHH, T.K. 9aCTO TPEOYETCs POBOIUTH MHOTOBApUAHTHBIC PACUCTHI.

Ha ocHoBe ananmm3a pa3pa®oOTKM C HCIOJB30BAaHHEM THAPOJMHAMUYECKUX MOJeNel IiacTa
OCYIIECTBIISIETCS] IPOTHO3 MTOKa3aTesei paboThl 3aie)KH Ha EPCIIEKTUBY.

lMunpoauHamudeckass MoAenb pa3pabOTKU — 3TO CHCTEMa B3aUMOCBSI3aHHBIX KOJIWYECTBEHHBIX
MPEJICTABIICHU O pa3pabdOTKe 3aJIeKU, KOTOpas COCTOUT M3 MOJENH IUIacTa M MOJENIH Mpolecca
W3BJICYCHHS HEPTH.

Mopnenu maacToB MOAPaA3EISIOTCS Ha I€TEPMUHUPOBAHHbBIE (00YCIOBIEHHBIE) U BEPOSTHOCTHO-
CTaTHUCTUYECKHUE.

JleTepMHUHUPOBAHHBIE — 3TO MOJIETH, B KOTOPBIX CTPEMSITCSI BOCIIPOM3BECTH KaK MOYKHO TOYHEE
(akTHUeCKOe CTpPOCHHE M CBOMCTBa IutacToB. IIpm pacuere mporecca pa3padOTKH B 3TOM ciydae BCIO
IJIOMIAIb 3aJIe)KU pa30MBAIOT HA SYCHKH, KOKIOM M3 KOTOPBIX MPHUIAIOT CBOWMCTBA, MPUCYIIHE € B
naHHou oOmactu. Juddepennmanbubie ypaBHEHHs pa3pabOTKH MECTOPOXKACHUN 3aMEHSIOTCS Ha
KOHEYHOCTHO-PAa3HOCTHBIE cooTHoIIeHus (Bce mudypaBHEHHS TOYHO pElINTh HEBO3MOXKHO, T.K. OHHU
MMEIOT KaK MPaBHIIO OOJBIINE TIEPEMEHHBIX B CBOEM cocTaBe. M pelreHne ux OCYMIECTBISIFOT METOJIOM
KOHEYHBIX PAa3HOCTEH, T.€. KAKUE-TO U3 HUX 3aMEHSIIOTCSI KOHCTaHTaMH, YpaBHEHHE YIIPOIIAETCs), a 3aTeEM
MPOU3BOIAT pacueT ¢ momoisio [TK.

BeposiITHOCTHO-CTATHCTHYECKHE MOJEIH HE OTPAKAIOT JETAllbHbIE OCOOCHHOCTH CTPOCHUS U
CBOWCTB IIJTACTOB, HO KOJHMYECTBEHHO XapaKTePU3YIOT HMX OCHOBHBIC ocoOeHHocTH. K wux wmcmy

OTHOCATCA MOACTIN OAHOPOJHOT'O, CJIOUCTOIO, TPCUIMHOBATOI'O U TPECIIMHOBATO-IIOPHUCTOIO IJIaCTa..
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Ha Mopenp miacra HakiaJgpIBETCS MOJIENb BBITECHEHUS He(pTH pabouyuM areHTOM (BBITECHEHHE
MOPUIHEBOE MJIM HETIOPLIHEBOE, CMEIIMBAIOIIEECs NIM HECMEIINBAIOIIEECs) U OCYIIECTBISETCS pacyer.

Hampumep, wmetoguka wuHcTHTyTa «[HIpoBOCTOKHE(TH» OCHOBaHA Ha HCIOJB30BAHUU
OJTHOMEPHOM CIIOMCTO-BEPOATHOCTHON ABYX(a3HON Mozaenu ruiacta. [103BoNsSeT yunThIBaTh ClenyIomue
(bakTophI:

Heoonopoonocmu KOJLIeKMOPCKUX ~ C80UCME N0 NPOHUYAEeMOCHU, nopucmocmu,
HeghmeHacvlueHHoCmu, paziuyue éa3Kocmell u ¢pazoeou npoHuyaemocmu 07 Hepmu u 800vl, Xapakxmep
8bIMeCHeHUsT (NOPWHEBOU UNU HEeNOPWHesol) Hedhmu 000U, HAIuYUe BOOOHEeDMAHBIX 30H, CUCTNEMY
paspabomxku.

Mopnens nmnacta mpenctaBisieT co00il COBOKYMHOCTh M30JMPOBAHHBIX TPYOOK TOKa, C pa3HBIMU
¢bunpTpanuoHHBIMU  cBoiicTBamu. Kaxknmas TpyOka TOKa COCTOUT U3 HECKOJIBKHX pAa3HBIX II0
MPOHHUIIAEMOCTH  DJIEMEHTOB. HeEOoJHOpOTHOCTh IUIaCTa YYMTBHIBACTCS C TMOMOLIbIO  (YHKIHUU
pacnpeneneHus NpOHUIaeMOCTH.

B mpornecce pacuera mpoucXOOUT afanTalys MapaMeTpoB MOJENH K (PaKTUUYECKOW THHAMUKE
pa3paboTKH MO TaKUM MapaMeTpam, KaK CTENeHb HEOJHOPOTHOCTH IJIaCTa, COOTHOIICHUE TIOJIBUKHOCTEH
He(TH U BOJIBI, TAK KaK OHU OKA3bIBAIOT HAMOOJIbIIIEE BIUSHNE HA TIOKA3aTeNn pa3pabOTKH.

B pesynbraTe pacueToB MoJydaeTcsl 3aBUCUMOCTh «He(dTeoTnaya oT Oe3pa3MEpHOrO BPEMEHN.
Jlns mepexona K pa3MEpHBIM BeIWYWHAM: J00bI9a He(TH, KUIAKOCTH HEOOXOIUMBI OaaHCOBBIC WIIH
aKTUBHBIE 3aMachl HEPTH.

Mopnens TO3BONISET MONYYUTh KOJHMYECTBEHHBIE TMOKa3aTeNu pa3pabOTKu, HO HE TMO3BOJSET
YUUTBHIBaTh MEPONIPUATHUS 110 KOHKPETHBIM CKBAKUHAM.

[IpuMepoM COBPEMEHHOW NOCTOSHHO JEHCTBYIOIIEH THUAPOAUHAMUYECKON MOJECIBIO SIBIISETCS
nporpaMMbl TpexmepHoi Tpexdasznon ¢unbrpanun ECLIPSE 100 ¢dupmer Schlumberger 1 MORE
¢upmbl Roxar. OHM OCHOBaHBI Ha WCIONB30BaHUU MU (EpPEHINATBHBIX YPABHEHUN MOTOKA KUIKOCTH,
KOTOPBIE PEIIAIOTCS JOCTATOUHO CIIOKHO U 3aHUMAIOT OOJIBIION 00BbeM MalIMHHOTO BpeMeHH. OCOOEeHHO
KOTJla €CTh HEOOXOJAMMOCTh B MHOTOBApHAHTHBIX pacuerax. Hu ofHa M3 3THX mporpamMM HE MO3BOJISET
HCIOJIb30BaTh UX JUIsl IPOTHO3a MOKa3aTeel pa3padoTKU ¢ IPUMEHEHUEM Pa3InYHbIX TEXHOJIOTHH.

OdeHp YacTo NS MHXKEHEPHBIX PACUETOB HET JOCTATOYHO OOJBIIOTO KOJHMYECTBA JAHHBIX,
TpeOyeMBIX K UCIIOJIb30BAaHUIO B ATUX MoAeNsAX. Jla u cToAT oHu HenemeBo. [loaToMy mpeanpuHIMaloTCs
MOTBITKY CO3/IaHUS MOJIEJIE aleKBaTHBIX B KOHEUHOM IPOJIYKTE, HO 00Jjiee MPOCTHIX B UCIOJIb30BaHUU.
Tak manmpumep, meroauka kommnanuu «CK Hedreornaga». Ona ocHOBaHa Ha moabope vepe3 Mporeaypy
aJlanTalnydyd MOJETbHOW KpUBOHM, Hanboyiee aJeKBAaTHO OMUCHIBAIONICH IMPOLIECC BBHITECHEHHUS HepTU U3
miacTa.

I'eonorudeckass mozaens 1utacta mporpammbel «EOR-monenb» mpesacraBiisier U3 cedsi CIOUCTO-

HEOTHOPOAHBIN miacT. KakIplil MporacTok XxapaKTepu3yeTcsi COOCTBEHHBIMU 3HAYCHHUSIMU:
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- NPOHUYAeMOCmu;

- MOAUUHDL,

- nopucmocmu;

- HegbmeHacviueHHoCmu,

- 8A3KOCMU 800bl U Hepmu,

- HAYAIbHOU HeghMeHaCbIWEeHHOCbIO;

- Ko3ghuyuenmom evimecHenus Hegpmu.

B kauectBe moOKazarens, XapakKTEPU3YIOIIETO BEPTUKAIBHYIO HEOJHOPOJHOCTH IUIacTa
MCTIONB3YyeTCs KOA(G(UIIMEHT BEPTUKAIBHON HeoqHOpoaHOCTH 10 Jlnkctpa-Ilapconcy.

OCHOBHBIMH JBWXYIIMMH (UIFOUIBI CHJIAaMU B IUIacTe, y4yuThiBaeMblie B mporpamme «EOR-
MOJIETIbY SIBIISIFOTCSI BSI3KOCTHBIE. VX BIIMSHHE OLIEHWBAETCS BEJIMYMHON COOTHOIICHMS MOABUKHOCTEH

HedTH U Boasl (alfa):

KoBoﬂy
A = a]faBO,I[H _ Heomr
a]fa. HE¢TH KOHEEIJTH
Huedtn

rue:
Ko BOABI — OTHOCUTCIIbHAA NPOHULIACMOCTDb BOABI 3a (1)p0HTOM BBITCCHCHUA,

W BOOBI — BA3KOCTH BOJBI;

Ko Hedt — oTHOCHUTENTEHAS TPOHUITAEMOCTH HEDTH TIepe (POHTOM BHITECCHEHHS;

WL HeTH — BA3KOCTHh HEPTH.

Kpowme Toro, B TaHHOH r'UAPOIMHAMUYECKON MOAETH YUUTHIBACTCS OXBAT MPOLIECCOM BBITECHEHHS
IO TUTOLIAH Yepe3 3aJaHne TeKyIed CHCTEMbl PACCTAHOBKH CKBa)KUH.

Takum oOpa3oM, maHHAas METOAWKA MOCTPOEHHs 0a30BOTO BApHAHTA YYUTHIBAET KaK HCTOPHIO
pa3paboTKu 0OBEKTA, TAK U OCOOEHHOCTH €r0 I'€OJIOTHYECKOTO CTPOSHHUSI, CBOMCTBA MOPOABI KOJUIEKTOPa
U HACBHIIAIOMUX IUIACT (QIIOUIO0B. B Hel HCMONB3YIOTCS TONBKO OCHOBHBIC BIIMSIOUIME MapaMeETpPHI,
nHpOpMAIHS IO KOTOPBIM MPAKTHYECKU BCET/Ia JOCTYITHA.

[TocTpoenue 6a30BOro BapuaHTa MPOBOJUTCS C HCIIOIB30BAHNEM AIaNTAIIMN MOJICIBHBIX KPHUBBIX,
MOJYYEHHBIX IyTEM MHOTOBAapUAHTHBIX pacueToB K (DaKTHYECKMM JaHHBIM B KOOpPJMHATAX:
«O6BognenHocTb-KMH» 10  reonoro-¢gusuueckuM xapaktepuctukam Iacta — Koaddunuenty
BEPTUKAJIBLHONH HEOJHOPOIHOCTH, COOTHOIICHUIO TOJABMKHOCTEH He(DTH © BOABI, KOIPPHUIHEHTY
BBITECHEHHSI HE(TH, C YIETOM PACCTAaHOBKU CKBAYKHH.

I[aHHafI MCTOJHUKA MOXCT OBITE HCIIOJIb30BaHA, KaK IJIA MPOrHO3a BapHUaHTa pa3pa60TI<H npu
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CJIO’KUBIICHCS CUCTEME, TaK M ISl IPOTHO3a M OLCHKH () (HEKTUBHOCTH MPH MCIIOIE30BAaHIH TEXHOJIOTUHI
3aKauyKy XMMPEareHTOB, HAIIPABJIEHHBIX HA U3MEHEHHE (PUIBTPALIMOHHBIX XapaKTEPUCTHUK IIIacTa.

Jnsa wu3ydeHus JAWUHAMHUKH pa3paboTKM HEPTSIHOW 3aleKd HCIONBb3YIOTCS JIPYrHe BUIBI
rpadMUecKuX 3aBUCUMOCTEH. DTO MOTYT OBITh pa3JIMYHbIE THMCTOTPAaMMBbl paclpeAesieHus IoKa3arenen
pa3paboTku: 1eOUTOB HE(PTH, KHUIKOCTH, OOBOAHEHHOCTH NPOAYKIMH IO CKBKWHAM, BBIPAOOTKA
YAETBHBIX U OCTATOYHBIX 3armacoB HepTu. Takke HEMPEMEHHBIM SIBIISIETCS MOCTPOEHUE Pa3IMUYHBIX KapT,
KaK TeOJIOTUYECKUX: OCTATOYHBIX HE(TEHACHIIICHHBIX TOJIIUH, PACIpEesIeHUss OCTaTOYHBIX 3aracoB
HeTH, HE(PTEHACHILIEHHOCTH, THAPONPOBOJHOCTH M.T.JI, TaK M TexXHOJormueckux. K HuUM oTHOcATCS:
KapThl pa3pabOTKM C HAHECEHHWEM TEKYIIMX W HaKOIUIEHHBIX OTOOpOB HE(PTH, OOBOJHEHHOCTH
MPOAYKIUH, KO3()PUIMEHTOB MPOIYKTUBHOCTU MO CKBakMHaM. IIpu ueM coBpemeHHble rpaduieckue
CPEICTBA MO3BOJISIOT CTPOUTH 3TU KapThl HE B BUAE TPATUIMOHHBIX KPYTOB BOKPYT CKBAXKHHBI, a Kak
pacrpenieneHue 3TUX MapaMeTpoB MO TUIOMIAAN 3aJeKU. AHAINU3 U COMOCTABJICHUE BCeX 00pabOTaHHBIX
JAHHBIX TO3BOJISIET CIENaTh BBIBOJABI O IIeJIeCOO0Pa3sHOCTH pa3pabOTKH OOBEKTa TPHU CIIOKUBIICHCS
CUCTEME pa3pabdOTKH, HIU O HEOOXOJUMOCTH KOPPEKTHPOBKM TPOEKTHBIX IOKa3aTened u
CBOCBPEMEHHOCTH TMPOBEACHUS MEPOIPUSATHII, HAMPaBICHHBIX HA TMOBBIIIEHHE HEPTEOTHAUM IJIacTa |

MHTEHCU(UKAIIIO OTOOPOB.

19.METOIUKHU IMTPOTHO3A OKA3ATEJIEA PA3BPABOTKH

19.1.Pac4éThl TeXHOIOTHYeCKHUX MMOKAa3aTeJeil HEOJHOPOAHOCTH IVIACTOB M0 METOANKe

BHUUHepTH (bopucos)

BopucoB mpeaoxxuia MeTo1 pacuéToB MokaszaTesei pa3padoTKu HE(PTIHBIX MECTOPOXKACHUI ¢
y4€TOM UX HEOJHOPOJHOCTH IO MpOHMIIaeMocTH. Meron boprcoBa mociaykui 0CHOBOM JUIst
OOJIBLIIMHCTBA IPUMEHSIEMBIX B HACTOAIIEE BPEMsI aHAIMTHUECKUX METOOB pacyéTa HE(PTAHBIX 3aJIeXKEH.
B kauecTBe pac4€THONM MOJeIM IPUHUMAJICS IIJIACT, COCTOSIINN U3 Habopa napauieabHO paboTaIOIUX
TPyOOK TOKa OJJUHAKOBOTO MOMNEPEUHOr0 ceueHus. TpyOKH TOKa UMEIOT pa3IMyHyI0 MPOHUIIAEMOCTh U
BEPOSTHOCTHO pacupezesieHsl B 00bEMe macta. B mepBoM npuOImkeHnd IPUHUMAETCS, YTO YUCIIO
TpyOOK TOKa OIpeNeNsieTcsl SMIUPUYIECKON KPUBO pacnpeieneHns: IPOHULAEMOCTH TOCTPOEHHBIM 110
naHHbIM KepHa win 1o ganueiM ['MIC. Ilpennonaraercs, 4To pacxo )KUAKOCTH Yepe3 TpyOKy ToKa B
Ka)KJbli MOMEHT BPEMEHH MPONOPLIMOHANIEH €€ IPOHUIIAEMOCTH. PsI/ibl 3KCIUTyaTallMOHHBIX CKBAXUH
paccMaTpuBarOTCs KaK 3KBUBAJICHTHAsI rajiepesi C JOMOJIHUTEIbHBIM BHYTPEHHUM (PUIBTPALMOHHBIM
comnpoTuBiieHueM. OueHb BaKHBIN (PaKTOpP, YTO HE IPOUCXOIUT MOPIIHEBOTO BHITECHEHUS HE()TH BOJON

34 KOHTYP BBITCCHCHU, ocTaéTcsl ocTaTouyHas He(i)TCHaCBIH_IeHHaH TOJIIMHA, KOTOpad YMCHbIIACTCS 110
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Mepe MPOKAUKH KUIKOCTU U YUUTHIBAETCS IIPU 00pa30BaHUU CIEKTpPaA paclpesiesieHus: TpyOOK ToKa.

HenopiiaeBoit xapakTep BHITECHEHUS MOKHO BBIPA3UTh SIIOPOMA:

= ol
W
V4 — HACBIIIEHHOCTh MOPO/Ibl OIBUKHOM HEPTHIO 32 PPOHTOM BHITECHEHHUS;
Zg — HACBIIIEHHOCTh MOPOJIbl MOIBMKHOM HE(THIO Ha (PPOHTE BHITECHEHUS;

Ss, Si.o. — HACBIIIIEHHOCTH MOPOJIBI CBA3aHHOM BOJION M OCTaTOYHOU HEPTHIO;
Sug. —oOmas HehTEHACHIIIEHHOCTb Ha ()POHTE BHITECHEHUS;

Vi — 00BEM macTa 3a GPOHTOM MOJBUKHOU BOJIBI.

HenopineBas wacte smiopel B MeToauke bopucoBa — paccmarpuBaeTcsi Kak 00bEM IIacTa, B
KOTOpOM TpPYOKHM TOKa OO0JIaJaloT OTOJIHUTEIHHOW HEOJHOPOMHOCThIO IO TMPOHMUIIAEMOCTH. JTa
MPOHUIIAEMOCTh H3MEHSETCS 10 3aKOHY COOTBETCTBYIOIIEMY paclpe/iesieHHI0, HACBIIIEHHOMY B
3aBOHEHHOM 00BEME IIacTa, B KOTOPOM TPYOKH TOKa 00JalaloT AOMOJTHHUTEIBHON HEOIHOPOTHOCTHIO
M0 MPOHUIIAEMOCTU. DTa MPOHUIIAEMOCTh MU3MEHSETCS M0 3aKOHY COOTBETCTBYIOIIEMY paCIpeeIeHUIO

HaCBIIIEHHS B 3aBOJHEHHOM 00BEMe Ij1acTta, MOXECT OBITE pacCcuuTaHa U3 COOTHOILICHUA:

m-pu, -V

150-Q(t) M

m, o — MOPUCTOCTh U COOTHOIIICHHUE BSI3KOCTEIA;
V —  00béM miacra;

Q(t) — KOIMYECTBO BTOPTIICHUCS B TUIACT KUIKOCTH.
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VpaBuenne (1) mnomyyeno bBopucoBeiM Ha OCHOBaHMM OOpaOOTKM KpPHUBBIX (a30BOH

npoHHUIaeMoctT DdpocoM u ypaBHeHHEeM bakies-JleBepeTrTa W CHpaBeMIMBO MJI COOTHOIICHHS
BSI3KOCTEM:

1I<p <10

HacplmenHOCTh Ha ()pOHTE BBHITECHEHHSI OTIPEICTISICTCS U3 YPAaBHEHUS:

K
1,5-(1-S_-S. )-Z

H.O. (i)

z, =0, 2)

ng HaxogsaT METOAOM I/ITepaHI/Iﬁ MUK ITOCJICEA0OBATCIIBHOI'O HpI/I6J'II/I)KeHI/ISI.

Cxema pacuéra mpolecca BBITECHEHHS M3 TaKOro NMpeoOpa3oBaHHOIO IUIACTa CTPOUTCS IyTEM
OTIpeJIeNIEHUs] XapaKTEPUCTUK BBITECHEHUS MO K10l OTIENbHOM TpyOKe TOKa, B KOTOPOM BBITECHEHHE
CUMTAETCs NOPIIHEBBIM. 3aTéM CYMMHPYIOTCS pe3yJbTaTbl, M Mbl II0Jy4aeM XapaKTEPUCTHUKY
BBITECHEHHs II0 MOZCIHpPYEeMOM 3anmexu. J[lanpHednmme pacd€Tsl TEXHOJIOTMYECKHUX IIOKa3aTene
pa3pabOTKK BBINOIHSIIOTCA WIM IPU 3aJlaHHBIX Iepernajax IaBjiCHUs, WIKM NPHU 3aJaHHBIX JeOuTax Iis
pa3UYHBIX CHCTEM 3aBOAHEHUs. [l OJHOPSIHON CHCTEMbI 3aBOAHEHUS NP YCIOBUU PaBHBIX J€OUTOB
9KCIUTyaTallMOHHBIX U HArHETAaTENbHBIX CKBAXKWH, JEOMT OAHON CKBAaXMHBI HJIM TEpenaja JaBICHUS

OIIpENIENAETCS U3 YPABHEHUS:

2-n-k-h(P. —P I d d
( . 3):12-r +25-1% +17-InL +p S E S (3)
¢ 0
M, 8 , , 2 6,
T¢, Iy — PAANYCHI JOOBIBAIOIIMX M HATHETATEILHBIX CKBAYKUH;
I - panuyc GpoHTa BEITECHEHHUS;
d - paccTositHue oT HarHeTaTeILHON CKBOXMHBI 10 OmvKaiiuein

SKCHHyaTaHHOHHOﬁ CKBa’KHHBI.

Bpewmst 1 COOTBETCTBYIOIMX MOJIOKEHUN paguyca 1 (PpOHTa ONpeAeIsieTcs U3 ypaBHEHUS:

m-8&-u -1’y , 2-d? o
t= 2T 207 +25.72% 4 I (17—, ) In—2t — 4
2-k-(P,-P) ¢ P T-T, T, ( ) ro-\/g @
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O - cpemHuE KOX(PPUIMEHT HCHONB30BaHUS 00BEMaA TOp B Mpenenax BOAOHE(PTSIHOW 30HEI,

KOTOPBIN PaBEH:

6:1—scﬁ—sw—§-z¢

JIns aeBSTH TOYEYHOW IUIOMIAIHOM CHCTEMbl 3aBOJHECHHUS JeOWT OJHOW HarHeTaTeIbHON

CKBa)KUHBI (IPUEMHUCTOCTD) MIIM TPEX IKCIUTyaTAIIMOHHBIX MOKHO paccCuuTaTh Mo Ghopmyie:

r o o
d
K =i
w=—"2=3
n

2'7t-k°h'(PH—Pa)zlz.r¢+25.r2¢ F1,7 I 1, | In LA P .

u,-g r, T, 3 21T,

MU cooTBEeTCTBEHHO BpeMs IS COOTBETCTBYROIICTO IMOJIOKCHUA (l)pOHTa BBITCCHCHHUA MOXKHO

paccuuTars 1o GpopmyIe:

m-§-p -1’ R 4.d p d r,
= > J12-1, +25-1%p +pu,ln +tIn—+ (L7 =, ) In—2—=[(6
2-k-(P, -P,) v Pt n-r, 3 2-m-r, ( 'uO) r. e ©

c

[Ipu mpoekTupoBaHMM Pa3paOOTKH HEOJHOPOAHO MPEPHIBUCTHIX IJIACTOB, TEXHOJIOTUYECKUE

NIOKa3aTeCIi MOTYT paCCUUTBIBATHCA ABYMS crocobaMu: o CXeMe MNpEpBIBUCTOI0 IJIACTa U IO CXEMC
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HETPEPHIBHOTO IIIacTa, HO C HCIOJIB30BAHUEM JIOTIOJIHUTEIBHBIX KO3(P(PHUIIMEHTOB, YYHUTHIBAIOLINX
IIPEPBIBUCTOCTD U JIMH30BUIAHOCTD.

ITo cxeme mpepwIBUCTOro mijacta oOBEM IUIACTa CXEMaTU3UpyeTcs cepueil oOBEMOB JMH3 U
MOJIyJINH3 pa3Iu4yHON JiuHBL. JaHHBIE O MNPOTSDKEHHOCTH JIMH3 M MOMYJIMH3 10 OTHOIIEHHIO K
HaNpaBJICHUIO (QHUIBTPAIIMM JKUIKOCTH IMOMYy4YalOT B pe3ysbTare oOpabOTKM 30HANBHBIX KapT
pacnpocTpaHEHHBIX MPOCIOEK U COCTABICHHOTO IPU 3TOM PAHXKHPOBAHHOTO psla AJIUH U 00bEMOB JIMH3
U nodyiauH3. PacuéTHol cxeMoil sBisieTcst HabOp MIACTOB PA3IUYHOM JUIMHBI U3 KOTOPOI'O MCKITIOUEHBI

BCC JIMH3BI.

19.2.Pac4yéThl TEXHOJIOTHYECKUX MMOKa3aTesell pa3padoTKu HEOAHOPOAHBIX 1acToB YOHUUN

(CatTapos)

B YOHUNMU npemiosken Meton pacyéra mokasaresiei pa3padoTKi HEPTSHBIX TIIACTOB C YYETOM HX
HEOJHOPOAHOCTH 10 IMPOHMLAEMOCTH. MeToJ npearnonaraer, 4T0 HEOAHOPOAHBIH HENpPEPBIBHBIN IIACT
MOJICIUPYETCsl Cepueil MPOCIOEK, T'PaHUIbl KOTOPBIX COPHEHTHUPOBAHBI MapajlICIbHO JIMHUSAM TOKA.
[Ipocnoliku pa3nuyHOW MPOHUIIAEMOCTH PACIPEAEIEHBI MO TOJIIUHE BEPOSATHOCTHO, & MPOHUIIAEMOCTb

(k) u pynxumsa F(k) pacipenenenns npoOHUIIAEMOCTH ONMCHIBACTCS pacnpeeneHneM Makcsea:

-k+q

fly=2.cn (ka1 (1)
T k, k,
k+q
F(k)=e-r-f- k”‘—% z 2)
0
erf(x) = % -J-e‘gz -dg
0

k — mpoHHUIIaeMOCTh TIIIACTA;

a, ko — mapameTpsl pacrpenencHusl.

BriTecHenne He()TH MPUHUMAEM TOPUIHEBBIM IO KaXXJIOMY IMPOCIOI0, HO YYUTHIBAEM CHUKEHUE
($a30BOil MPOHUIIAEMOCTH JUISI BOABI B MPOMBITONM 30HE. [IpMHHMMaeTcs, 4YTO TEYECHHE >KHUIKOCTH
HaMpaBJICHO K MPOHHUIAEMBIM SKCILTyaTallMOHHBIM TajiepesiM C JIOTOJIHUTEIbHBIM (UIBTPAIIIOHHBIM
CONPOTHUBIIEHUEM, & CKOPOCTb JIBHIKEHMS >KMJIKOCTH MPOMOPLUOHAIbHA MPOHUIIAEMOCTH MPOILIACTKOB.

Cxema pacuéra mporecca 0OBOJHEHHSI CTPOUTCS aHAIOTHYHO CXeMe pacdéToB 1o MeToay bopucoaa.
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PaccunteiBarorcs XApPaKTCPUCTUKU BBITCCHCHUA IO KAXKAOMY OTACIHLHOMY IPOCIIOI0, KOTOPLIC

3aTeM CyMMHpPYIOTCs. [{ois HeTH B MOTOKE KUIKOCTH HaXOAT U3 YPAaBHEHUS:

1

f = _ 3)
1+ Hy . kiq’ . l_(B
MB k kI—I
k, .
—_— — OTHOILIEHHEC INPOHHIAEMOCTH  TJIA BOABI B 3aBOJHCHHOM 30HC

wracta (00brgHO OepéTcst 1Mo KpWUBBIM (Ha30BOM MPOHHIIAEMOCTH
bepesuna unu npuHuMaercs paBHbIM B npenenax 0,3+0,5);

k,,k, — cpemHss npoHHUIIAEMOCTD 30HBI 3aHSTO BOJIOW K MOMEHTY BPEMEHH ;.

C yuérom pyHkumu pacmnpeaeneHus nponuraeMoctu (2) k; u ky HaXoa9T U3 COOTHOIICHHUS:

k_Bzg. k, |2 T 1_2.1 ~k, (4)
2 a ) [V k, 3 k,

Koadduuuent oxBata mutacta 3aBOAHAETCS K MOMEHTY BpEeMEHH t, MpOpbIBa BOIBI 110

MPOTUIACTKAM C IPOHHUIIAEMOCTHIO Ky, pacCUMTHIBACTCS U3 YPABHEHHUS:

k
B, =[1-F-(k,) e 6)

B

F(ky) — 3HaueHne WHTETpaIbHON (YHKIHMU pacTpeseeHUs MPOHUIIAEMOCTH B

CCUYCHUHU IIpOoILIacTKa.
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3arem BBOAMTCS Oe3pazMepHOE BpeMs pa3pabOTKH paBHOE CyMMapHOMY OTOOpPY XHIKOCTH B

JOJIAX OT aKTUBHBIX 3aI1aCOB:

q, -t k
T=—"2 = +u, | —=-1+Fk (7)
QA BOXB l"LO km ( m)
O - JIEOUT POCIIOs MO KUAKOCTH (M3/‘{);
t — Bpems (rona);

QA — aKTHUBHBIC 3aI1achl.

YcranaBiIMBaeTCsl 3aBUCUMOCTDh MEXy JAosiell HeTu B moToke >xuakoctu (fy) u kosdduimenrta

oxBarta (Poxs) ¥ 6€3pazmepHOro BpeMeHH (7). OHH MMOJI0KEHBI B OCHOBY JAIBHEUIITNX PACUETOB.

fie §
Be e

Boe

AY

19.3.PacuéT 00BOAHEHHOCTH HeOAHOPOAHBIX M1acToB o MeTtoguku ' MITPOBOCTOKHedTH

(KoBaués, Cypryyes M.A., Ca30HOB)

Meron pacuéra mporecca OOBOJHEHUs HEPTAHBIX IIacToB 1o wMeroauku ['BH sBasercs
nanpHeHMM pa3ButreM Metona bopucosa u CatapoBa. B MeToauke npeaycMoTpeH 0oJiee MOTHBIA YUET
HEOJIHOPOJAHOCTH KOJUIEKTOpA IO MPOHUIIAEMOCTH, TOPUCTOCTH, He(YTEHACHIIIEHHOCTH U KO3 dUlineHTa

BBITECHEHHS. MeTO/1 TaK ke MpeaycMaTpuBaeT YUET BEIMUYMHBI HAYaIbHBIX BOAOHEPTSIHBIX 30H (W):
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L, L, — paccrosiHue OT dKCIUTyaTallMOHHOM rajgepeu WIN psaaa SKCIUTyaTallMOHHbIX
CKBaXXMH JI0 BHYTPEHHHUX U BHEUTHUX KOHTYPOB HE(PTCHOCHOCTH.

w — nm3mensercs ot 0 mo 1.

Ecnu BomonedTsiHast 30Ha OTCYTCTBYET, T.€. 3aJIeXkKb 3aneyatana, To W = 0. Ecnu 3anexs mo Bceit
TUTOIIAM He()TEHOCHOCTH MOJCTHIIAeTCS BOIOM, TO W = 1.

HpI/I pvaéTe nmponecca BLITCCHCHUA IPUHUMACTCS CJIIOUCTas MOACIIb IJIacTa:

////////////////////////
///////////////////A
[T

//////////
iy

[Inact cocTOUT U3 M30JUPOBAHHBIX MPOCIOEK C PA3TUYHON MPOHHUIIAEMOCTHIO, MOPUCTOCTHIO U
HavyaJlbHOM He(TeHachIleHHOCThIO. [Ipyu 3TOM Ui Kakaoro mpociios MPUHUMAETCS CBOSI BEJIMYMHA
kodddunmenTa BoITecCHeHHsI HeTH BoJoW. McTHHHAS CKOpOCTh mepemenieHrs (poHTa BBHITECHEHHS, a

CJICOOBATCIIbHO U BPpEMS OGBO,Z[HGHI/IH KaKI0ro Mmpocjod 3aBUCUT OT psa mapaMCTpoOB.

k,-AP  AP-w,

i
p-AL-m,  p-AL
My = My PitNi.
m; — TIOPUCTOCTH 1-TO TIPOCTIOS;
Pi — HayasibHasi He(hTEHACHIILIEHHOCTD 1-T'0 MPOCIIOs
Ni — K03((UIMEHT BBITECHEHUSI HETU BOJIOM 1-TO MPOCIIOS;
k; — IPOHUIIAEMOCTb 1-TO MPOCTIOSL.
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N3 opnHakoBEIX 10 00BEMY NPOIUIACTKOB C PA3IMYHOM M, MOXKHO HOJTYYHTh HE OJMHAKOBOE
KOJIMUECTBO kuaKocTu. B meroauke 'BH npu xapakrepucTuke HEOJHOPOAHBIX MPOIYKTUBHBIX IMIACTOB
paccMaTpUBaeTCA X KOMILIEKCHAs! HEOAHOPOIHOCTD BBIPAKEHHAS NApaMETPAMU O U M,p. 3aBUCUMOCTH
MEeXAy MPOHMUIIAEMOCThI0 M JAPYTMMH TapaMeTpaMM Iutacta ObUIM YCTAaHOBJIEHBI IO pe3yJibTaTaM
M3y4YeHHs] (PU3UKO-TEOJIOTMYECKUX CBOWCTB MPOIYKTUBHBIX OTIOXKeHUH Ypano-IloBomkbsa. B oOmiem

BUJIC 3THU 3aBUCHUMOCTHU 3allMCBIBAIOTCA CIICAYOIIUM 06pa30M:

m(k)zal-k“‘ N
pk) = a, k™
nk) =a, k" \
m9¢(k):a4 k™

m3¢(m):a-w3 )

an, Bpn — I[IOCTOSAHHEE KOBOOULMEHTH, onpenejigdeMue
oJis Kaxmnoro
MECTOPOXIEHUS 1o pesyJibTaTaMm UCCJIeNOBaHMA KepHa u
reodm3mMUEeCKMX
IOaHHEBIX .

PacnpeneneHI/Ie nmapaMeTpa ® KOJINYCCTBEHHO OLICHUBACTCA KOS(i)CI)I/II_[I/IeHTOM Bapuanuu u

OIMUCBIBACTCA Y-pacClIpCACICHUC, IINIOTHOCTh KOTOPOTIO UMECT BUI!

By

¢ ® - 1
£(10) = : e .
I'(s, +1) o, o,
1 B, +1
B, =—; c=
1 2
9 o,
4 - xosddunmeHT Bapmauum. O, — CpenHee 3HaUeHMe [apaMmeTrpa o, Y —

OYHKLMS MMEeeT BUI:

[(s, +1)=[e™-t" -dt
0
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I pacué€ToB MCHOJb3YIT 15 pacnpenejieHMM C KO30OMIMEHTOM Bapualuu

30 - 88 % . PacuéTu Takxe MOTYT [IPOBOIUTECS C [IpUMEeHEeHUEeM
JorapubmMmuueckm HOPMAaJIbHOT'O 3aKoOHa pacrnpenesieHus . [IJIOTHOCTH

pacnpenesyieHusa MMeeT BUI:

1 B (lnou—lnooCIJ )2

f — ) 28
((D) V2o ©

CooTHolIeHre 17151 OTpeICTICHNs XapaKTEPUCTHK PACIIPEACIICHHUS 0T He(PTH OIpeesieTcs: Kak
JUISl TOPLIHEBOT'O, TAK U C YYETOM HEIMOPIIHEBOIO XapaKTepa BEITECHEHHUs. /{151 HOPIIHEBOrO BHITECHEHUS
pacué€Thl BEAyTCS C YYETOM 3aBUCHMOCTH COOTHOIIEHHS BSI3KOCTEH HE(DTH W BOIBI Lo = y/ls U3

CKa4yK0OOPa3HOT0 M3MEHEHHUS TPOHUIIAEMOCTH B IPOMBITOM 30HE IJIacTa.

foh Ly

| 2

=l

T
MGTOI[I/IKa MOJIHOCTBIO aBTOMATHU3UpPOBAaHA, U paC‘IéTLI MIPOBOAATCA B CJICAYIOLIEM IMMOPAAKE:

1) N3zydaeTcst reosorndeckoe CTpOeHUE 3aJIeKH M BRIOMPASTCS TUIOTHOCTh CETKU CKBAKWH B
onpeaenéunom auanazone (500X500).
2) Bribupaercs cuctema pa3pabOTKH, KOJTHMYECTBO JOOBIBAIOIINX U HArHETATENbHBIX

CKBAYKUH JJIs1 KaXK10I0 BapraHTa pa3pabOTKu.

3) Omnpenensiercsi cpeHUN JEOUT OHOM CKBAYKUHBI TI0 KHUIKOCTH, TI0 pe3yJIbTaTaM
onpoOOBaHHOW CKBaKUHBI U TIO TUAPOIUHAMUYECKUM HCCIIEAOBaHUSM.

4) PaccuuteiBaercs napamerp W.

5) Omnpenensiercst COOTHOIIEHUE HEPTH U BOBI (LLo).

6) BriOupaeM 3akoH pacrpeieneHusl.

7) PaccunThIBarOTCS aKTUBHBIE 3aI1ACHI.

QA = Q6an * MNabirs
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8) [To oTnensHO# METOIMKE PaCCUNTHIBACTCS MIPEACIbHBIN AeOUT (POHTAaHUPOBAHUS
JOOBIBAIONICH CKBAKHHBI.

9) BriOupaeTcst 3aBUCUMOCTD BBIOBITHS JOOBIBAIOIIEH CKBaXKUHBI ITPH TOCTHIKEHUU
MpeAeIbHON 00BOTHEHHOCTH.

10)  Tlpuaumaetcs kodhGUIHEHT KOMIIEHCAIIUN O0TOOPA JKUIKOCTH 3aKauyKOH.

11)  enaercs pacnpenesieHle BBOAA JOOBIBAIOIIMX U HAaTHETATEIbHBIX CKBAXKHH 10 TOAAM.

12)  IIpoBoautcs pacuéT AJsl Ka)XA0ro BapHaHTa MO BEIOPAHHOM KPUBOH 10 MpeaenbHOM
00BOAHEHHOCTH TpoxyKIuu (99 %).

13)  C yu€roM >KOHOMHYECKHX TOKa3aTeIel ONPEeNIOTCS TOCTUTaeMble KO PHUIIMEHTHI

HeTen3BICUCHUSI.

Bce paccMOTpeHHbIE METOIMKY PAaCcU€Ta TEXHOJOTHUYECKUX MTOKA3aTeNIe Ha3bIBAKOTCS
AHATATHICCKUMU. DTH METOJIUKH TaK YK€ MCIIOIB3YIOTCS JIJIS ONPEACICHUS TOCTHraeMoro koddduimenrta
He(Ten3BICUEHUS, YTO MTO3BOJISIET IPH IOCTHHKECHUH TIPEIeTbHON 00BOJHEHHOCTH YTOYHUTH

HU3BJICKACMBIC 3aI1aChl HC(I)TI/I.

20.PABPABOTKA TPEILIMHOBATO-IIOPUCTBIX IIVIACTOB I1PU BBITECHEHUU HE®THU
BOJ1OM

[ToMHMMO TECUaHUCTBIX TMPOIYKTUBHBIX IUIACTOB, OOJNBIIME 3amachkl He(PTH TPUYPOUECHBI K
KapOOHATHBIM KOJUIEKTOpaM. bonbpmast yacTh KapOOHATHRIX KOJUIEKTOPOB MOPOBOTO THUIIA MO
YEeM OTIHYAKTCA OT KOJJJICKTOPOB NPEACTABICHHBIX IICCYaHUKaAMU. B Kap6OHaTHLIX KOJIJICKTOpPaAx,
Kak IIpaBHJIo, 60J‘Iee CHUJIbHAs TPCIIUHOBATOCTD. B tex ClIydasax, Korga caMu nopoabl HU3KOIIOPUCTHI U
IIJI0XO HpOHI/II_IaeMI:I, TpeH_[I/IHI:I - OTO TJIaBHBIC KaHallbl, IIO KOTOpLIM JOBUKCTCA He(bTI: K 3360$IM
I[O6I>IB3.IOIIII/IX CKBA>XHWH HpI/I pa3pa60TKH OTUX HOpOI[, Ha 4TO 06I)IHHO yKaSI)IBaeT HECOOTBETCTBHUC
NMPOHUIIAEMOCTH KEPHOB M MPOHHUIIAEMOCTH, OINPEICICHHONW B pe3yJbTaTe THAPOJUHAMUYECKUX
I/ICCJ‘ICI[OBaHI/Iﬁ CKBaA’XHH.

MBI yxe paccMaTpUBAIM paHEE MOJEIU TPELUIMHOBATOIO U TPEIIMHOBATO IOPOBOIO IUIACTA.

OTHM ABYM MOJCIAM COOTBETCTBYIOT ABa TUIIA KOJUICKTOpA:



128

1. TpemuHHBIM THUN KOJUIEKTOpa, KOTJa He(Thb COAEpPKUTCS TOJBKO B TpEUIMHAX

u bunbTpanus KHUIKOCTHU UOET  TOJBKO o TpeluHaM, MaTpuua
HEIPOHULIaEMa.
2. TpemMHOBATO-MOPOBBIMI THUN KOJUIEKTOpa, Korja He(PTh COACPKUTCI U B
TpemMHaX W B Marpume, QuiabTpanmms ¥ BHITECHEHHE HE(DTH MPOUCXOIUT P:3
TPEIIMH W W3  MaTpulpl, IMPOHUIAEMOCTb  MAaTpPHUIBl  OTJIMYHA  OT  HYJS.
Pa3paboTka 4uCTO TPEHIMHHBIX KOJJIEKTOPOB OOBIUHO HE BBI3BIBAET MIPOOIIEM,
BOJAa BBITECHSET HE(PTh W3 TPEMMUH C BBICOKOH 3(PPEKTUBHOCTHIO, OIHAKO YHUCTO TPEUIMHHBIC
KOJUIEKTOpa OYE€Hb MAaJOE€MKHE, IIOCKOJIbKY O00BEM TpelUH O4eHb Mai. OOBIYHO TOPHUCTOCTD
TPEIIMHHBIX KOJUIEKTOPOB HE npeBbImaet 1-2%.

3HAaYUTEIBHO CIIOXKHEE Pa3pabdOTKa TPEUIMHHO-TIOPUCTHIX IJIACTOB.

B mpornecce pa3paboTKu TPEIIMHOBATO-NOPHUCTHIX IUIACTOB (MX €€ HA3bIBAIOT CHUCTEMaMH C
JBOITHOW MOPUCTOCTHIO) MPHU YNPYTOM pPEKUME U3MEHEHUE AAaBJICHUs ObICTpee paclpoCTpaHseTcs IO
CHUCTEME TpPEIIMH, B PE3YJIbTAT€ YEro BO3HUKAKT INEPETOKH XUAKOCTH MEXIYy TpEIMHAMU U
O6sokamMu (MaTpullaMU) TMOPOJ, NPUBOJALIME K XapaKTepHOMY JIsi TaKUX IOpPOJ 3ama3ibIBaHUIO
nepepacrpeaeieHus: JaBIeHUs 110 CPABHEHUIO C COOTBETCTBYIOIIMM IE€PEPACIPECICHUEM /1aBJICHUS B
OJIHOPOJHBIX IIaCTax MpHU YIPYTroM peKUME.

Ha pa3paGoTKy TpemMHOBATBIX M TPEHIMHOBATO-NOPHUCTHIX IUIACTOB MOXET OKa3bIBaTh
CyIIECTBEHHOE BIHMSHHME pE3KOe H3MEHEHUe oObemMa TpEeIIMH NpU HM3MEHEHUM JaBJICHUS
KUJKOCTH, HACBIIAIOMIEH TPEIIMHBI B pe3ybTaTe AeQopMalii TOPHBIX MOPO/I.

OnuH n3 Hanbosee CI0XKHBIX BONPOCOB pa3pabOTKH TPEIIMHOBATO-IOPUCTHIX MJIACTOB CBS3aH C
MIPUMEHEHUEM IPOLECCOB BO3JAEHCTBUS HAa HUX IMYTEM 3aKaykd Pa3JMYHBIX BEIIECTB, U B IEPBYIO
o4epeab C UCIOJb30BAHUEM OOBIYHOI'O 3aBOAHEHMS.

Bo3Hukaer omaceHue, 4TO 3akayuMBaemas B TaKHMe IJIACThl BOJAAa OBICTPO MPOPBETCS IO
CHUCTEME TPEUIMH K MOOBIBAIONINM CKBa)XMHAM, OCTaBMB He(dTh B Onmokax moponsl. IIpu stom, mo
JAHHBIM DKCIIEPUMEHTAIBHBIX UCCIEOBAHUMA U OMBITAa pa3pabOTKH, H3BECTHO, YTO U3 CAMOM CHCTEMBI
TpemrH He(Th BBITECHSAETCS JOBOIBHO 3P (HEKTUBHO U KOdhdumueHT BbhiTecHeHUs: nocturaet 0,8-0,85.
OnpIT TakKe MOKa3bIBAECT, YTO M M3 MaTPHL] TPELIMHOBATO-NOPUCTHIX IJIACTOB NPU HUX 3aBOJHEHUU
He(PTHh BBITECHSAETCS, XOTSI KOAI(DPUUUEHT HE(PTEBHITECHEHHUS CPAaBHUTEIHHO HEBEIHK, COCTABIISET
0,20-0,30.

BeiTecHenne HepTH U3 MaTPULIBI MPOMCXOAUT MO IEHCTBUEM, B OCHOBHOM, ABYX cui. IlepBas -
9TO TPaJIMEHTHI JaBJICHUS B CUCTEME TPELINH, BO3ACHCTBYIOLINE U HA OJIOKHU ITOPOJIBI.

Jlpyrasi cuia cBsi3aHa C Pa3HOCTHIO KAMJUIAPHOTO JaBJICHUS B BOJAE UM He(PTH, HAChIIAIOLIEH
MaTpuny. JelcTBue 3TOM CUiIbl MPUBOAUT K BOSHUKHOBEHHUIO KaMJLUIIPHOW NPOMUTKHU MOPOA, T.€. K

3aMeNeHnI0 HePTH BOJOW B HUX NOJ JEUCTBHEM YKa3aHHOW Pa3HOCTH KaNMWJULIPHOTO JIaBIICHHS.
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KanmmisipHast mponuTKa 0Ka3bIlBa€TCsl BO3MOXKHOM, €CIIM MOPOIBI IPEUMYIIECTBEHHO THAPO(HUIbHBI.
Kanwnnspuas nmponutka MaTpuilbl WK OJOKOB TPEIIMHOBATO-TOPUCTHIX IMJIACTOB BIIOJHE OOBsICHUMA
U C DHEPreTUYEeCKO TOUKHU 3pEeHHUs, TaK KaK MUHUMYM MOBEPXHOCTHOM 3HEPTUH Ha TpaHulle HEPTH C
BOJION OyZeT NOCTUTHYT, Korja HedTh coOepercs B TpelluHax, a He OyAeT HachIIIaTh IMOPHI MATPHUIIBI

o0aas CIIOMCTOM, CUIIBHO Pa3BETBICHHON IIOBEPXHOCTHIO.

.-"f.-"/ __.""- /,-" .I_!" - r‘/ __}./ j_,,-"' ’_/‘- /I /' ‘(fr'- .i/ ‘{f r,.-’ _I/
X i

T 10 1T

N | I | N
i i i '

T o .|

",?',P'ff'/x/']/.???f 77777207 2l

. :
Paccmotrpum mporiecc BbiTecHeHHUs HedTH BOAOW U3 TPEIIMHOBATO-TIOPOBOTO  IIIACTA,
COCTOSIIIIET0 M3 MHOXECTBA OJIOKOB TOPOIBI. byaeMm monaraTh, 4TO 3TH OJOKH MAaTPHIBI MOXKHO
MpeACTaBUTh KyOamu ¢ anuHOW rpaHu [*. Ilockonbky BbITeCHEHHE HE(DTH BOJOM HauumHaAETCs C
rpaHunbl niuacta x=0, To nepBble OJOKU, HAXOASAIIUECS y BXOJa B MiacT, OyayT
MPOTHUTAaHBI BOJOK OOJbIlle, YeM ynaajeHHbIe. Bech pacxoj BOJbI ¢, 3aKauMBAEMBbIil B TIPSIMOJIMHEHHBIN
IJIaCT, YXOAUT B ONpPEACIICHHOE YUCIIO OJIOKOB MOPOJBI, TAK YTO B KaXKIbIi MOMEHT BPEMEHHU MPOMUTKA
UX IPOUCXOIUT B 06sactu 0 <x <Xy, Ilie Xp -PPOHT KaNWUIIPHOM IPOMUTKU.

OToT (QpoHT OymeT IepeMemarbess B IUIACTE CO CKOPOCTBIO Vg CKOPOCTh NPONMTKH
HCUHCIISETCS C MOMEHTA A, B KOTOPBIH K OJIOKY ¢ KOOPIMHATOM X¢(4) momomeln GpoHT BINUTHIBAIOILEHCS B
omoku Boabl. [lycTh B TeueHue BpeMeHH AA. «BCTYNWIO» B TPOMHTKY HEKOTOPOE YHCIO OJIOKOB
nopoasl. Pacxonm Bombl Ag, BXOomdmuii B 3TH OJOKM M, COOTBETCTBEHHO, DaBHBIA €My 00beM
BBITECHEHHOI O MaTpHIIbl HEPTH COCTABUT:

bhop(1—2A)v, (2 )AA
Ag = e

Cymmupys npupaiieHus pacxoqoB Ag u ycrpemiisis AA —> (), IpUXOAUM K CIEIYIOLUIEMY YPaBHEHUIO:

‘=2 loct -2, (4)da).

0

B 5Tux ypaBHeHMSX 6 W A - mmpuHa W TommmHa mwiacta, ¢(-X) - cKOpOCTh KamWLISPHOM
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MIPOIIUTKH.

OObpruHO OBIBaeT 3aJlaH PAcXod ¢ M HEOOXOJUMO HAWTH CKOPOCTh MPOJABIKEHHS (poHTA
MPOIUTKHU vd,( A). Torna IpuxoauTCs pelaTh YKa3aHHOE HHTErPaIbHOE YPaBHEHHUE.

JlocTaTOYHO TOAPOOHBIE M TOYHBIE pacueThl IMpolecca pa3paboTKH TPEIIMHOBATO-TIOPHCTHIX
TUTACTOB TP BBITECHEHUH HEPTH BOAOH BO3MOXKHBI TOJIBKO € TIOMOIIbI0 DBM.

TpemmrHOBaTOCTh KOJUIEKTOPA CYIIECTBEHHO YBEIMYMBAET MPOHULAEMOCTh MPOIYKTHBHOTO
minacta. OcoO0eHHO BEIUKO 3HAUYEHHE TPEUIMHOBATOCTH B TNpHU3a0OHHON 30HE CKBaXKUH, T
HaOII0JaI0TCsl HAaUOOJBbIINE THAPOJUHAMUUYECKUE CONPOTUBIICHUS IMPHUTOKY >KUIKOCTH K CKBaXKHHE.
[ToaToMy B He(TEnpOMBICIOBON NPAKTUKE WIMPOKO MPUMEHSIETCS THJPABIMYECKUN pa3phiB IulacTa
(I'PIT) TexHOMOTHYECKHUI MPOIECC YBEIUUYCHUS MPOHHUIIAEMOCTH MPU3a00MHOM 30HBI MYyTEM CO3IaHUS
HOBBIX MJIM pacliupeHusi ectecTBeHHbIX TpewmwnH. CymuocTh ['PIl 3akitouaercss B HarHeTaHUU B
npu3ab0NHYI0 30HY XUJAKOCTU MOJ BBICOKMM JaBlieHHEM. J[aBieHue, mpu KOTOPOM IPOUCXOIHUT
pa3peIB MJacTa, Kak IMPaBUIO, HUIXKE TOPHOTO MaBIEHUS ISl TTyOOKUX CKBXXHMH W PABHBI HIH
HECKOJIBKO BBILIE, YEM TOPHOE J1aBJIEHUE JUJISl CKBAXXUH HEOOJbIION r1yOuHbl. B O0sbIIMHCTBE cllydaeB
JaBJIeHUE pa3phiBa Ha 3a00¢ mpeBbimaeT B 1,5-2 pasza rugpocratuueckoe nasieHue. CoxpaHeHUe TPEIIMH
B OTKPBITOM COCTOSIHUM TpPHU CHUKCHUM [ABJICHUS B CKBaXXMHE O0€CIeYMBAaeTCsA 3aKa4Koil B HHUX
BMECTE C JKUAKOCTHbIO OTCOPTUPOBAHHOTO KBapILIEBOI'O MECKa.

I'PIl npumeHnsercs 1uisl yBEIUYEHUS MPOTYKTUBHOCTH U JEOUTOB HE(TAHBIX CKBAXXUH U I
YBEJIWYEHUSI TMPUEMHUCTOCTH HArHETAaTEJIbHBIX CKBaxuH. MakcumanbHbii 3ddext ot ['PII
obecneunBaeTcs HauOONbIIEH MUPUHOW CO3JAaBa€MbIX B IUIACTE TPEIIMH U PaclIpOCTpaHEHUEM
TPEeIIMH TO IJIACTy Ha MaKCHUMAaJbHOE pAacCTOsTHUE OT 320051 CKBaXUHBL. D¢PdexT B O0NbIIOH
CTENEHU 3aBUCUT OT COOTHOIIEHHS THUJPOJMHAMUYECKUX XapaKTEPUCTUK YyJAJEHHOW YacTu

MPOJAYKTUBHOTO IJIACTA U €T0 MPU3a00HOM 30HBI.
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21.PA3PABOTKA BOJOHE®TAHBIX 30H

3HauyMTeNbHAs YacTh 3alacoB HE(TU MECTOPOXKACHUN COCpeAOTOYEHA B BOAOHE(TSIHBIX 30HaX.
Hons 3anacoB B BH3 kone6nercs ot 15 no 100%, T.e. uMerorcs He(TAHbIE 3aJ€KU, KOTOPBIE BCIOAY
MOJICTHJIAIOTCS MOI0IIBEHHOM Booi. [IpakTrka pa3paboTku nmokasana, yTo 3(h(HEeKTUBHOCTh pa3padoTKu

MECTOPOXKJICHHS B I[EJIOM BO MHOT'OM 3aBHCHUT OT 3(P(EeKTUBHOCTH

pa3paboTKH BOJOHE(PTIHBIX 30H.

OTnuunTenbHasi OCOOCHHOCTh TPOLECC a pa3pabOTKH BOAOHE(PTSHBIX 30H B MOHOJIUTHBIX
IUIacTax - TO, YTO TE€YCHHWE HEe(PTH W BOJABI B HHUX HOCHUT CIIOXKHBIH NPOCTPAHCTBEHHBIN XapakTep.
[TonomBeHHast BOAA NOJHUMAETCS B BHJIE KOHYCa K HHTEpBaly nepdopannun, BBUY YeT0 HMEET MECTO
00BOJHEHNE CKBaXHH JO TNpeAeIbHONW OOBOJAHEHHOCTH TIpH clIaboil BBHIPAOOTKE IUIACTOB.
Paszpabotka BH3 TpeOyer Takke OCOOBIX TEXHOJOTMYECKHX YCIOBHUU IO CPaBHEHMIO C pa3pabOTKoOH
YHCTO HE(PTSIHBIX YaCTeH 3aJeKU - HaJIe)KHOTO BCKPBITHS IIACTOB, XOPOMICH H3OJSAIMH 3aKOJIONI0! O
MPOCTPAHCTBA CKBAKUHBI, YCTAHOBIICHHUS OTPAaHWYCHHBIX ACTIPECCHI MIIH JIEOMTOB I1a IIIACT.

Ecnam nmpuHSATH, 4TO BCKpHITAs 4YacTh IUIAaCTa paBHA IOJIOBHHE €ro HE(PTEHACHIIIEHHOH

TOJIIIUHBI, TO TIPEACIbHBIN O€3BOIHBIN JEOUT CKBAXKUHBI OMPEEISIETCS 10 CIeayIoNIeil popmyie:

Kk (v, -7.)
np R s rac

M, In—=
r

c

K — nponunaemocts;

h,, — TonmuHa c10s HeTH B IUIACTE;

V¢, Vi — INIOTHOCTH BOJbI U HE(TH B IIACTOBBIX YCIIOBUSX;
M;, — BA3KOCTb HE()TU B IIIACTOBBIX yCIOBUSX;

Ry — monosuna paccrosuus Mex1y cKBaKMHAMU;

I'c — paanyC CKBaKHHBI.

[IpuBenennas popmyna mpurogHa TOIbKO sl OMHOPOAHOTO miiacta. OqHAKO, OIaBIISIONIEe
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OOJIBIIUHCTBO MPOAYKTHBHBIX IIJIACTOB O6J'IaI[a€T CBOMCTBOM AHU30TPOMMHOCTH, T.C. UX

OpOHHUIAEMOCTD BJOJIb HAIIJIACTOBAHUA 3HAUYUTCIBbHO 60J'IBH_IC, YCM IOIMNEPCK HAIITIACTOBAHUS. 3a cuer

aHU30TPOITHOCTHU ¢y, MOTYT OBITh 3HAUUTENBHO Ooublie. Ele 6onee BaxkHYO posb UTPAET

PacuJIeHEHHOCTD IUIaCTa HEPOHUIIAEMBIMU IIpOIIacTKaMu. Eciu Mex iy HuKHeH AbIpoil GuinbTpa u

BIIK pacrnonoxeH rIUHUCTBINA MPOIIACTOK, TO MPOLECC KOHYCO0Opa30BaHUs CTAHOBUTCS

HeBO3MOXHBIM. [ToaTomy B BH3 nepdopanuio ckBaxuHBI BCeT/1a OCYIIECTBISIOT TAKUM 00pa3oM, 4To

UMETh HempoHULaeMbli nporiactok Mexay BHK u ¢uiasrpom.

DddexTuBHOCTD pazpaboTKu HEPTIHBIX 3ajexeld, uMeronux odmupHeie BH3, 3HaunTensHO HUKE,

gyeMm y 3anexeit ¢ Hebompmmmu BH3. M3 BH3 no0OsiBatoTcsi, Kak mpaBmiio, 0OJbIIAE 00bEMBI MOy THOU

BOJIbI, 2 KOHEUHas He(pTeoTaya oka3bIBaeTCs 00JIee HU3KOM, YeM ISl YMCTO HEPTIHBIX 30H.

IIpu paspaborke BH3 HeoOXxoaumo cTpeMUTbCA OOECNEeYUTh 3TU 30HBI ABTOHOMHBIM

BO37IeHicTBUEM, OOECHeUnBaIOIIUM TpeoliaJjaHue TOCIOHHOrO TEYeHHsS HKHJIKOCTEH B YCIOBHSX

HCOAHOPOAHBIX PACHIICHCHHBIX KOJIJICKTOPOB.

Brinensitores cnenyrone tunbl HePTAHBIX 3anexkeit ¢ BH3 u pekoMenayembie I HUX CUCTEMBI

pa3zpaboTKH:

3al€eKM ¢ OTHOcUTelbHO ManbiMu BH3, ne Oomee 20-25% mmomanu, OHH HE
TpeOyroT OypeHHs CrIelIUaIbHBIX JOOBIBAIONINX CKBaXHH B BH3;

3aexkn ¢ Oompmioi  BH3, mo 40-50% momamum, Ha  KOTOPBIX  HEOOXOAMMO
pa3Meniarb CaMOCTOSITENIbHBIE JIoOBIBaoOIINE CKBa)KHHBI oe3 CIEeMaJIbHOTO
3aBOJTHEHHUS UX;

3anmexu, wuMmeromue oomupHele BH3, Oomee 50% ruiomagu. JOTo  OOBIYHO —Takue
HedTsHBIE  3amexu, pasmepel BH3  koropsix  TpeOyloT  cmenuanbHOrO — Mojaxoja
K ux pazpaborke. Ha stux 3amexax ornenpHble yuacTku BH3 momkHBI OBITH OTpe3aHBI OT
He(TAHOM YacTH 3aJIeXkKu U pa3paboTKa UX JOJKHA MMPOU3BOIUTCS CAMOCTOSITENBLHO.

[IpakTuka mokasana, 4to pa3paborka oOmupHbeix BU3 camocTosTeIbHON CETKOM CKBa)XKUH U

CO CBOEH CHCTEMOU 3aBOJHEHHUS MO3BOJSET 3HAUYUTEIHHO YIYYIIUTH IMOKA3aTeNIM U3BJIeUeHNs HeTH,

HO ITOKa3aTCJIM OCTAKOTCA BEC K€ HUKEC, JOCTUTa€MBbIX Ha YHUCTO He(i)THHBIX y4dacTKax 3aJIeKeH.

CnenyeT TaK¥XC€ OTMCTUTD, YTO B CHUJIbBHO PACYJICHCHHBIX IMPOAYKTHUBHBIX IIJIACTaX B KAa4YC€CTBC

BH3 cnenyer BbiensATh NUIIb HEOOJBIINE YYACTKH B HPOIUIACTKAX, TJ€ HEPTh HEMOCPEACTBEHHO

KOHTAKTHUPYET C IIACTOBOX BOJOM.
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22.0TKJIIOYEHUE OBBOJIHEHHBIX CKBAYKHUH. IPEKPAIIIEHUE 3ABOJHEHUSA

[Ipu BoITecHeHUU HEPTHU U3 IJIACTOB BOJON 0OBOJHEHHNE MPOAYKTHUBHBIX CKBAXKHH -
SBIICHUE €CTeCTBEHHOE U Hen3bexHoe. Bmecte ¢ TeM oT60p 60nbIINX 00BEMOB BOJIBI U3
T0OBIBAIONIUX CKBAKMH BO BCEX OTHONICHHIX HEXKEJIaTeseH. B CBs3U ¢ 3TUM BCTaeT BOMPOC O
BEJIMYMHE OOBOJIHEHHOCTH CKBa)KUH BHELTHUX PSA0OB, BBIIIE KOTOPOM AKCIUTYyaTHPOBAaTh CKBAYKUHBI
HelesIecoo0pas3Ho.

AHanu3 XapaKTepUCTUK BBITECHEHHUS MOKA3bIBA€T, UYTO OTKIIOUYEHHE Hamboliee OOBOIHEHHBIX
CKBXHUH YJIydllaeT XOJ XapaKTepPUCTUK BBITECHEHUs, T.€. MOBBIMAET 3(PPEeKTUBHOCTH Ipolecca
BbITeCHEHUsI. OTHAKO, OMBIT Pa3padOTKH HEPTIHBIX MECTOPOKICHUHN MOKa3al, YTO TMPH BBIKIIOYCHUH
MaJIOOOBOJHEHHBIX CKBA)XXKMH BHEIIHMX pPSAJOB B CHJIBHO HEOJHOPOJHBIX MPEPHIBUCTHIX ILIacTax
CKBQXXUHBI CTATHBAIOUIMX PANOB HE MOryT obecneuuTh 3(PGEKTUBHOTO APEHUPOBAHMS HMX 30H,
BCJIE/ICTBHE YETO ocTaloTcs HeTsaHble nenuku. [loaTromy B HacTosee BpeMs, IpyU IPUMEHEHHUU TATH
U TPEeXpAMHBIX CUCTEM pa3pabOTKH, PEKOMEHIYETCs HKCIUTyaTalldi0 CKBKWH BHEUIHHX PSIO0B
npojokarh 10 o6BogHeHHOCcTH 80-90%, a BHyTpeHHHMX - 10 mpeaenbHo (97-99%). Tonbko eciu
MPOAYKTUBHBIA  IJIacT  CPaBHUTEIBHO  OJHOPOJICH, HEMpepbhlBeH U  o0lajaeT  BBICOKOM
MPONYKTUBHOCTBIO, a 3aJeKb COACPKUT HEPTh HEBBICOKOW BSI3KOCTH B IUIACTOBBIX YCIIOBHUSX,
JOTyCTAUMa KOHCEpBAIlMsl BHEIIHUX pPSAJOB JOOBIBAIOMIMX CKBAXXWH TPH MaJOHd CTENEHHU
00BOJHEHHOCTU A00bIBaeMOl mpoaykiuu. Takoe mpekpanieHue 3KCIiayaTallud CKBaXUH HpPHU
MaJioil 0OOBOJAHEHHOCTHU MO3BOJIIET 3HAYUTEIHHO COKPATUTh KOJIMYECTBO JOOBIBAEMOM 113 IJIacTa BOJBI.
IIpumepamu Takoit paspabotku ciyxkat miaact J-II JImutpueBckoro mectropoxiaeHus Camapckoit
obnactu u mnact bg CamoTiiopckoro mecropoxaeHus 3anagHoi Cubupu.

[Ipy MCKYyCCTBEHHOM 3aBOJHEHUU MECTOPOKJIEHUN BO3HUKAET BOIPOC O TOM, KOTJa HaJI0 €ro
MpeKpaIaTh: B CaMOM KOHIE pa3pabOTKH MECTOPOKICHHH BMECTE ¢ MpeKpameHueM Ao0brau HedTH
unu paneiie? I[lpakTuuecku 1o OONBUIMHCTBY HEPTIHBIX MECTOPOKICHUN 3aBOAHEHHUE 3allexkKel,
0COOCHHO BHYTPUKOHTYPHOE, TPOJOJDKAETCAd N0 KOHLIA HX pa3paboTKu, Tak Kak oTOop
BBHICOKOOOBOJIHEHHON JKHJKOCTH W3 CKBXWH TPH HHU3KUX IUIACTOBBIX MJaBJICHHUSAX BECbMa
3aTpyaHedH. Kpome Toro, Ha KOHEYHOW cTaauu pa3paboTKu OOBIYHO ABISIETCS BecbMa
3 dexTuBHBIM QOPCUPOBAHHBIA OTOOP KUIKOCTHU M3 IJIaCTa, YTO Takxke TpeOyeT moaaepkaHus
BBICOKMX IJACTOBBIX NaBI€HUU. JIMmb B peIKUX ciaydasgX OKa3blBAETCS TEXHUYECKU BO3MOXKHO U
SKOHOMHYECKH J(P(GEeKTHBHO TpeKpamarb B MO3AHEH CTaguu pa3pabOTKU  3aBOJHEHHE
MECTOPOXKJACHUS U MPOAOJKATH IKCIUIyaTalUIO MPH HU3KUX MJIACTOBBIX JABICHUSX, BIUIOTH 0
YaCTUYHOTO pa3ra3upoBaHus HEPTH B IUIACTe. DTO BO3MOXKHO, €CJIH TEXHUYECKHE CpelCTBa
MO3BOJIAIOT HKCIUTYyaTUPOBAaTh OOBOJHEHHBIE CKBAXXMHBI CO CBOOOJHBIM Ta3oM Ha HX 3a00X U

MOJIICPKUBATh SKOHOMUYECKH PEHTAOCIBHBIN TeMN T00bIYN HETH.
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23.IMMOTPEBHOCTH U NOATI'OTOBKA BO/bI JJIS1 3ABO/JHEHUSA HE®TSAHBIX
3AJIEKEN

HedrenoOriBaroriasi mpoOMBIIUIEHHOCTh - KpyMHEH#ii morpedburtens Boabl. Tonpko B Poccun u
CIIIA B mnacTsl 3akaunBaeTcs 6osee 3 MIIP. M® BOJIBI €XKETOIHO.

B mauane pa3paboTku HE(QTAHON 3aJeXW BOJA 3aKAYMBACTCS IUIACT W3 TTOBEPXHOCTHBIX
WCTOYHUKOB 4YEpe3 CHemualbHble CKBAXHHBI moa OoxbmuMm nasiaeHueM (5-30 MlIla). Bopga,
3aKavyaHHas B IUIACThl, BBITECHAS He(Th K JOOBIBAIOIIMM CKBa)XHMHAM, MPOPHIBAETCS B HHUX IO
BBICOKOIIPOHUIIAEMBIM CJIOSIM, a 3aT€M JJIUTEIIbHOE BpeMsi OTOMpPAETCsi BMECTe ¢ HE(THIO B MOCTOSIHHO
pacTtymmux oObeMax. 3a BeCh MEPHOJ pa3pabOTKH HEe(PTSIHBIX MECTOPOKICHHHA MPU 3aBOJHCHUU U3
IJJaCTOB OOBIYHO HM3BJIEKAETCS BOJBI B HECKOJBKO pa3 Oounbiue, yeM HedTu. A naus moajepKaHusd
JNaBlIeHUsT B TJjacTaXx o0beM 3akauuMBaeMod BOJBI JOJKEH KOMIICHCHUPOBAaTH HE TOJBKO
U3BIIEKaeMyI0 He(pTh, HO U BOJY.

O0beM 3akaunBaeMOl B IIACTHI BOJBI JUIsl 0OecCTIeueHUsT BOJOHAMOPHO] 0 peknMma pa3pabdoTKu
BHauajie BO3pacTaeT 10 ypoBHs, B 1,7-2,0 pa3a mpeBbIIArONIEro MaKCUMaIbHBIN 0TOOP HEDTH, a 3aTeM
CHUJKAeTCA BMECTE ¢ majeHueM n00bruu HepTu. K MOMEHTY AOCTHXKEHHUS Mpeenia SKOHOMHUYECKON
peHTabeNbHOCTH pa3padOTKU MECTOPOXKIEHHUS BOJBI B IUIACT 3aKayuBaeTcs B 3-5 pa3 Ooiblie, 4em

otoOpaHo He()TH M3 MJIACTOB, & BOJBI U3BJIEKaeTCs B 2-4 pasza OoJbiie,ueM HedTH.

OTtHoteHne ﬁ Ha3BIBETCS TEKYIIEH Komnencayuel 0moopa HeuoKocmu 3aKaukou
+

" ¢
3neck Vg Vi, Ve - COOTBETCTBEHHO 00bEM 3aKa4yKH, 0TOOp HE(TH U BOABI B INIACTOBBIX YCIOBUAX, TaK
KaK BOJia MPAaKTUYECKW HEC)KHMMaeMa, TO B IIJIACTOBBIC YCIOBUS MPHUBOIUTCS TOJHKO HE(TH.
Heobxonumo, 9T0OBI TekyIas KOMIEHcanus oTOopa 3akauykoW Oblla paBHA €IMHMIE, & C YYETOM

noteps 3akaunmBaemoil Bonbl 1,1-1,3. MHorma mone3yroTcs elle MOHSATHEM CyMMapHOM KOMITEHCAIluU

ZV‘?HK
2V, +2V,

B wnacrtosimiee Bpems, Boay, N0ObIBaeMyl0 BMecCTe€ C HE(PTHIO, CTalud COOTBETCTBYIOIIUM

NOOBIUM )KUKOCTH 3aKauKOH, paBHOU

oOpa3om oOpabaTbIBaTh U BHOBb 3aKayMBaTh B HE()TEHOCHBIC TUIACTHI JUIA MOJ/ICPXKaHUS AaBjieHus. B
pe3yJibTaTe 3TOro MOTPeOHOCTH B BOJIE PE3KO COKPATHUIIHCH.

B npuHmume moTpeOHOCTH B BOJE Ui 3aBOJHEHUS HEQTIHBIX MECTOPOKICHUH,
coctapisitontyo 1,5-2,0 o6bema mA00bITOM HEDTH, YMEHBIIUTH HENB3sl. DTOT 00beM Tpelyercs s
3amenieHnus HeTH B TJIACTOBBIX YCIOBHUSX U OyAeT HEOOXOAuM Mpu Jr00oM camoM 3P PeKTUBHOM
MeToJIe Pa3pabOTKH.

OuHIIeHHYI0 OT IMpUMece BOJy C TOMOIIBI0O HACOCOB 3aKAaYMBAIOT B HAarHETaTENbHBIC

CKBa)KMHBL. BoJly HaruetraroT OJHOBPEMEHHO B HECKOJBKO CKBaXKHUH (KYCT), MOPTOMY M HacCOCHBIE
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CTaHIIMM Ha3bIBAIOT KyCTOBBIMU HACOCHBIMHU CTaHIMSIMH. K KauecTBy BOJbl, 3aKauMBaeMOH B IJIacT,
HIPEIbABISIIOT cleayromue TpedoBaHus. [IpuHATO, 4TO KOJIMYECTBO B3BELICHHBIX YacTHUIl B HEHMl He
JOJDKHO —TPEBBIIATh S5 MI/IUTP 8 HU3KO-TIPOHHUIAEMbIX IuactoB u 20  Mmr/mutp ans
BBICOKOIIPOHHUIIAEMBIX.

CucreMa MoAroTOBKH BOJIbI OOBIYHO BKJIKOYAET CIAEAYIOIINE CUCTEMBI:

- (uABTPOBANBHYIO JUISl YAAJIECHUS U3 BOABI MEXaHUUECKUX NPUMECEH;

- 00ECKUCIOPOXXMBAaHHMS  BOJABl M  yJaJeHUs  JAPYTUX  KOPPO3MOHHO-AKTHUBHBIX

ra3os;

- XUMHUYECKOUW OaKTepUIMAHON 00padOTKU BOJBI ISl TOAABICHUS OaKTEepUid;

- coneBod 0OpabOTKM BOXABI, KOTOpas JOJKHAa MpefoTBpallaTh BO3MOYKHOCTH

00pa30BaHUsl HEPACTBOPUMBIX OCA/IKOB.

JloObIBaeMble M3 IJIacTa BOABI B OOJBIIMHCTBE CllydaeB TpPeOYIOT TOJIBKO OYUCTKH OT
SMYJIbTUPOBAHHON HE(QTHU U B3BEIIEHHBIX YaCTHII.

JlaBiieHe Ha yCTbe HarHeTaTeNbHbIX CKBAXXKHMH B MPOLIECCE 3aBOAHEHUS IIACTOB MOAJEPKUBAIOT
00b1uHO Ha ypoBHe 5-10 MIla, a B psine ciayuaeB - 15-30 MIla. Tak kak mpoHUIIaeMOCTh B TPU3a00WHBIX
30HaxX OTHEJIbHBIX CKBaXMH HEOAMHAKOBBI, NP OJHOM M TOM K€ JaBICHUHM HA YCTbE pacCXof]
3aKauMBaeMOM B pa3JInYHbIE CKBAKUHBI BOJIbI, TAK HAa3bIBAEMasl IPUEMUCTOCTh CKBAXHH, pa3IM4HA.

CornacHo 3akoHy Jlapcu, NPUEMHCTOCTh CKBaXMH JOJKHAa OBITh MPONOPLUOHATIBHA
nepenany AasieHus. CpeaHsisi IPUEMHUCTOCTh HarHETaTEIbHOW CKBAYKUHBI:

_ 207K, h(P, — F)

QHaz
u,61n X,
r

K, - (dazoBas MPOHUIIAEMOCTH JIsI BOABI B PU3a00itHON 30HE HATHETATENLHOW CKBAKUHBI, MKM>
(0o6wrunO0 K,=0,5~0,6K, e K - abcomoTHas MpOHUITAEMOCTH );

h - TonmmLUHA 11aCTa, CM;

P3H, PH - cootBeTcTBEHHO naBlicHHME Ha 3a00€ HATHETATEILHOM CKBAXKHMHBI M CpPEIHEE JaBICHHE Ha

nuHuK HarHetanus, Mlla.

H- cpennss rmyOuHa CKBaXXKUHBI, M;
Puac ~ naBneHne Ha BBIKMIE HACOCOB;

P, - moTepu naBiieHus Ha TPEHUE B BOJOBOJAX U CTBOJIE CKBaKUHBI, MIIa;
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L - BA3KOCTb HArHETAEMOH BOJBI;

>, - KO3 GUIUEHT, YYUTHIBAIOIINK 3arps3HEeHNe TPU3a00HOM 30HBI;
¥ - IPUBEJICHHBIN PaJIyC HATHETATEIIbHOW CKBaXKHHBI,

RH - pacCTOAHNUC MCIKAY HArHCTATCIIbHBIMU CKBA)KUHAMMU.

a... |

Opnnako, Ha NpaKTUKE NPUEMHCTOCTh HAarHETaTEIbHBIX CKBAXXMH 4YacTO HE MOAYMHAETCA
auHelHoMy 3akoHy Jlapcu. OObIYHO, TpH HEOOJBIIMX Iepenajgax JaBICHUS 3aBUCHUMOCTh
MIPUEMHUCTOCTHU
OT mepenaja JaBjieHus OJu3Ka K JMHEHHOMN, HO IpU HEKOTOPOM Iepenaze JaBieHus APc* IpueMHCTOCTh
HAaYMHACT PE3KO YBEIMYUBATHCSA. DTO MPOUCXOIUT IO TOM MPUUUHE, YTO MPH Mepernaje naBieHus APc*
B IpHU3a00HHON 30HE CKBAXMHBI PACKPBIBAIOTCS TPEIIWHBI M d(PPEKTHBHAS MPOHUIIAEMOCTD IIacTa B

ATOM 30HE PE3KO BO3pACTaET.
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