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YIK 622.276.1/4(075.8)

)Kearos 10. . PaspaGoTka HedTAHHX MeCTOpOXAe-
HHH: YueGHHK 4715 By3oB.— M.: Heznpa, 1986. 332 c,

PaccmoTpenn  dyHaaMeHTalbHHeE TpeICTaBJEHHA
pa3paboTKu HePTAHHX MeCTOPOXKAEHHH, METOAH IO-
CTpOeHHd MojeJiedl He(TAHHX MJACTOB H MPOHCXOAALIHX
B HUX mpoueccoB. M3joxeHHW MeTOJHKH pacueToB pas-
paboTkH HedTAHHX MECTOPOXKJEHHA INIPH eCTeCTBEHHHX
peXHMaxX H HCKYCCTBEHHOM BO3JefiCTBHH HAa HMX 3aKau-
KO BOJH, pPa3JIHYHHX BelleCTB, a TaKXe CO3JaHHEM
BHYTPHIIJIACTOBHX IIPOLIECCOB, CBS3aHHHX C H3MeHeHHeM
(PHM3HKO-XHMHYECKOTO COCTOSSHHS H TeMIlepaTypHOro pe-
XKuMa paspabaTHBaeMHX oGbekToB. IIpHBeleHH MeTo-
IMKH BHOOpAa ONTHMAaJbHHX BapPHAHTOB Pa3palOTKH, Me-
TOAH H CHOCOGH NPOEKTHPOBAHHs KOHTPOJIA, aHAJH3a M
peryJMpoBaHHs pa3paGoTKH.

JOns cryneHToB HedTAHHWX BY30B H (PaKy/bTeTOB,
o6y4alolMxcs MO CMNelHaJbHOCTH «TeXHOJOrHs H KOM-
IJIEKCHAsl MeXaHH3auHs pa3pabOTKH He(dTAHHX H raso-
BHX MeCTOPOXAeHH».

Ta6a. 3, un. 139, cnucox aut. — 18 Hass.

Pellen3eHTH:

Kadenpa paspaboTku H 3kcIiyaTauud HepTIHHX H ra-
30BHX MecTopoxJeHH#i Hpano-®paHKOBCKOrO HHCTHTY-
ta HedptH H rasa; M. JI. Cypeyues, n-p TexH. Hayk (Bce-
COIO3HHHA Hay4YHO-HCCJIeOBAaTeJbCKHA He(TerasoBHH HH-
CTHTYT)
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CIMMHCOK OCHOBHBIX OBO3HAYEHHA

k — a6CcoaTHAs NPOHHIAEMOCTh;
m — NOPHCTOCTh;
S — BOJOHACHLIEHHOCTb;
h — ToJIMHA NJAacTa;
Sc — napaMeTp NJIOTHOCTH CETKH CKBaXHH;
G — reoJloruuecKkye 3anach HedTH;
N — u3BJiekaeMHe 3anacH HedTH;
Nyp — mapamerp A. II. Kpnuiosa;
t, T — BpeMH;
X, Y, I — PacCTOsIHHS;

® — MapaMeTp, PAaBHHH OTHOLUEHHIO YHCJA HArHETATEJbHHX K YHCJIY AOOH-
BAKOIIHX CKBaXHH;

@p — [apaMeTp, PaBHHH OTHOIIEHHIO YHCJA Pe3ePBHHX CKBAXKHH K ofmieMy
YHCJYy CKBAXHH;

2,(T) — TeMI pa3paboTKH 3JIeMeHTa;

Z(f) — TeMn pa3pabOTKH MeCTOPOKJieHHsI, HCUHCJseMHHl OT HadaJbAHX H3-
BJ/IeKaeMHX 3aIacoB;

@(f) — TeMn paspaGOTKH MeCTODOXKAEHHs, HCUHCJIseMH OT OCTaTOUHHX 8a-
nacos;

7 — Tekyuas HedTeoTAaTa;
7« — KOHeuHas1 HedTeoTAAua;
p — ILIacTOBOEe AaBJEHHE;
f(k) — naotHOCTb pacnpesesenns a6CoOMOTHON MPOHHILAGMOCTH;
F(k) — sakoH pacnpezenenusi a6comOTHON NPOHHL2EMOCTH;
Ry, ks — OTHOCHTe/IbHHE MPOHHUAEMOCTH 1J51 HeOTH H BOAH;
Uy, Us — CKOPOCTH (PHJIBTPALHH He(TH H BOAH;
T — temneparypa;
Wy, We — BSI3KOCTH He(TH H BOAM;
20¢, 204 — paccTOSHHS MeXJy AOOHBAKLIHMH H HArHETaTeJbHHMH CKBaXXKHHAMH;
Gu, §» — KOJHUYecTBa OT6HpaeMof He(TH H BOJH H3 MECTOPOXKJeHHS,;
v — 06BOHEHHOCTb AO6HBaeMOil MPOAYKIHH;
I' —ra3osuift daxrop;
Ses — HACHIIEHHOCTb IJIACTa CBSI3aHHOR BOJON;
Sm oct — OCTATOYHAs1 He(TeHACHILEHHOCTD;
Qsa — HAKOIUIEHHOE KOJHYECTBO 3aKa4YaHHOH B I1aCT BOAH;
Qx — HaKOILIeHHOE KOJHUYeCTBO AOGHTOH HedTH;
(s — HaKOIJIEHHOE KOJHYeCTBO AOOLITOR BOAH;
fc, T'n — PAaJHYCH JOOHBAIOIIEH H HAarHETaTeJbHOR CKBaXHH;
N; — Macca i-ro KOMIIOHEHTa B IJ14CTe;
G; — Macca (-ro KOMIIOHeHTa B ra3oBo# (ase;
D — xoMnnekcHHH Ko3¢¢dHUHeHT AHDDY3HH;
Dy — xoa¢pHIHEHT MoNeKkyAsspHOA AuddY3uH;
Dy — Ko3pPHUHEHT KOHBEKTHBHOH NH(G(Y3HH B mJacTe;
¢ — yJle/lbHas KOHLEHTPaLHs BellecTBa;



Bc — KO3 PHUHEHT CIKHMAEMOCTH NOPHCTOH CPeaH;
A — nyHHa 061aCcTH CMelleHH s ;
Weop — HCTHHHASL CKOPOCTb ()POHTA COPOUHH;
€y, Cs, C+ — YIEJbHHE TENJOEMKOCTH He(dTH, BOAW H FOPHHX TNOPOJ;
P&, Ps, Pr — MJIOTHOCTH HedTH, BOAH H TOPHHX NOPOA;
Wy — CKOPOCTb ABHXEHHS TENJOBOro (PpoHTa;

gx — CKOPOCTb YXOAa TEMJOTH C €JHHHUH IVIOWAAH KDPOBJH H INOJOLIBH
nJjacra;

Arx — KO3 (HIHEHT TeMJONPOBOJHOCTH TOPHHX NOPOA KPOBJH H TNOJOIIBHE
nJacTa;
Hrx — KOS (HIHEHT TeMIepaTypolIPOBOJHOCTH T'OPHHX NOPOA KPOBJH H MNO-
JOUIBH IJIacTa;
2y — cojJlepXaHHe Kokca B 1 M3 mJiacra;
Uy — CKOPOCTb IBHIKEHHS (h)poHTA T'OPEHHS;
Rz0s — 06beM Bo3ayxa, HeOGXOAMMHE AJS BHXXHTaHusA Kokca B 1 M® Iuiacta;
T. — temnepaTypa Ha (POHTE rOpPeHHs;
E, — spdexTHBHOCTD pa3BeAouyHoro GypenHs;
Scks — CTOHMOCTb CKBAXXHHHI;
Ky — KalHTanbuHe BJOXeHHs B pa3paGOTKy MeCTOPOXIEeHHS;
Sy — 3KCIJIyaTalHOHHHE 3aTPaTH;
Cy — cebecronMocTh HedTH;
Sup— NpHBeleHHHE 3aTPaTH.



BBELEHHE

Paspa6oTkoil He(TAHBIX MECTOPOXKAEHHH HA3HBAIOT OCYLIECTBJEHHE
HayYHO OGOCHOBAHHOTO NpOLECCa H3BJEUYEHHS H3 Hellp COAepkKa-
UIMXCA B HUX YIJIEBOJOPONOB H CONYTCTBYIOILIMX UM IOJIE3HBIM HC-
KONMaeMbIX. DTOT Npolece BKJAKYaeT pa3bypHBaHHE MeCTOPOKAEHHH
H BRIpabOTKYy 3amacoB He()TH H rasa.

Hayka o paspa6oTke HepTSAHBIX MECTOPOXKAEHHH OTHOCHTCS K
ropHeIM HaykaM. ['OpHoe neso — ApeBHeHWIHI pOJ 3aHATHH UeJso-
BeKa. HaxoauTtp nojesHele HCKONMAaeMble M TNOJb30BATbCH HMH Ye.-
JIOBEK HayaJ B KaMEHHOM H GpoH30BoM BekKax. CaMu Ha3BaHHS 3THX
310X B PA3BHUTHH YeJOBEUeCTBa CBSI3aHBI C AOOHUEH M M3rOTOBJE-
HHEM ODYAHH M3 KaMHsl H OpPOH3H, T. €. C TOPHHIM JIEJIOM,

B 6osee nosnnee Bpems (B kKoHue XIX B.) mas n06biud HehTH
CTaJIM COOPYKaTh CKBAXKHHHI.

ITepBas ckBa:xXMHa Ha TEPPUTOPHH Halluel CTpaHBl Guija mpoby-
peHa ynapHuM cnocobom B 1864 r. B goaune p. Kynako na Ky6a-
HH pycckuM npeanpunuMartejem A. H. HoBocuabuessim. B 1871 r.
npoOypuaH MeXaHHYECKHM CIOCOOOM CKBaxHHY B DakHHCKOM
pafione. C 70—80-x rr. XIX u ocobenno ¢ Hayana XX B. GHCTpO
pasBHBaeTcs MexaHHuYeckoe GypeHHe CKBAaXKHH M IHPOHCXOAUT HH-
TEHCHBHOE yBeJnueHHe A06huM HedTu B Poccuu.

Opnako, HecMOTpPsl Ha OYpHHIH pOCT YHCJa Pa3BEJOYHBIX H JO-
6nBatomux HedTh CKBAXHH U o6beMa A06muH HedTH, BEpaboTKa
wenp B Hauase XX B. OCyLIecTBJAslach NyTeM HeperyJupyeMmoll pas-
paboOTKH MeCcTOpPOXKIEeHHH Ha eCcTeCTBEHHBIX pexXumax. B Te roasl
elle He CYLUIeCTBOBAaJO HAayuyHBIX OCHOB JA0OBIYM HedTH, XOTA HaX
pasJnuHBEIMHA Tpo6ieMaMH HedTH, HauHHAasg C ee NMPOHCXOXKJIAEHUS,
reoJOrid U pasBejkH A0 TPaHCNOpTa, nepepabOTKH M HCNOJb30Ba-
Husl, pa6oTanu MHOrHe KpynHeHllne YyueHble H HHXXeHephl Poccuy,
B Tom umciae [. Y. Menunenees, A. M. Byraepos, U. M. I'y6kuH,
B. T'. lllyxos.

Haxe B HauaJge 20-x rr. XX B. ne OblM H3BECTHH HJH He HC-
HO/Mb30BAJUCh IMOJaBasoniee GOJbIUIHHCTBO  (YHAAMEHTAJNBHHX
npeacTaBaeHudl 0 (HU3MKe M MeXaHHKe He(TAHBIX IJAacTOB H Ipo-
neccax u3BJeueHHs U3 HMX HedTH u rasa. Ilpu aToM ocHOBHOU 3a-
KOH (uabTpauuu GBI OTKPHIT (PaHUY3CKHM HHXKeHepoM AHDH
Hapcu eme B 1856 T. NpH M3yueHHH JBHXKEHHS BOAB B ¢HJIbTpaX
BOJIOOUHCTHHIX coopyxeHHH. Kak okasajoch BIOC/EJCTBHH, YpaB-
HeHHMsl VCTAaHOBHUBLIEHCS W HeycTaHOBHMBLIeHcst ¢uAbTpauud HedTH
.aHaJIOTHYHBl ypaBHEHHSIM MaTeMaTHueckod ¢usuku Jlansnaca u
®ypbe, oTKpbiThiM B Hauase XIX B. Onnako npu paspaboTke Hed-
THAHBIX MECTOPOMK/IEHHH 3TH YPaBHEHHA CTaJH HCIOJb30BATb TOJBKO
B 30-x rr. XX B. :

OIHHM H3 IVIaBHBIX JOCTHXKEHHH B TeopHH pa3paboTKu HedTs-
HBEIX H Ta30BbIX MECTOPOXKJAeHHH OBIJIO YCTaHOBJEHHE OCHOBHHIX CHI,

5



IBHXYIIHX He(PTb H ra3 K 3a605M CKBaXHH, T. €. OCHOBaHHe yUeHHS
0 pexumax HeTAHHX H Ta30BHX MecTOpox/JAeHu#. B cosnaHue 3T0-
ro yuenus GosblloH BkJaaj BHecen M. M. I'y6kunmM, JI. C. Jleii-
6ensonom, M. H. CrpuxosuiM, A. I1. KpunosuM, C. A. XpuctuaHo-
srueM, ©®. A. Tpe6unmm, B. B. Jlanykom, H. A. UYapunw,
B. H. IllenkaueBniM, MackeroM, BukoBuM, BorceroM, JleBepertoMm,
B cepeaune 30-x Tr. TeopHsl peXHMOB He(TAHHX MECTOPOKIEHHH
1oJydnjia CyllecTBEHHOE pasBHTHE. DHJH 3a/10XX€HH OCHOBH co-
BpEMEHHOH TEOPHH YIpPYroro pexuma HedTSHHX NJACTOB H PEXH-
Ma pactBopeHHoro rasa. CielyeT OTMeTHTb, YTO €lle B HauaJe
20-x rr. storo Beka JI. C. JlefiGeHsonoM nosyueHo auddepeHnyaNb-
HOE ypaBHEHHE (HJBTPALMH rasa H NOJOXKEHO HayaJo TEOPHH pas-
pabOTKH ra3oBEIX MECTOPOXKAEHHH.

B 20-x u B Hayase 30-X IT. 3TOTO BEKa NIPOrHO3HPOBAHHE pas-
pa6oTki He(hTAHBIX MECTOPOKAEHHH NPOH3BOIHJIOCH B OCHOBHOM
NyTeM NOCTPOEHHS (paKTHUYECKHX 3aBHCHMocTeH MoKasaTeJjiell paspa-
60TKH OT BPeMEHH, MOJYYEHHHX B HadaJbHEIH NepHOX pa3paboTkd,
crTaTHCTHYECKOH 06pabOTKH 3THX NMoKasaTeJed H HX 3KCTPaNoJisiiuu
Ha Gyayuiee.

MarteMaTHuecKHe MeTOIAbl TeOpHH (PUAbLTPAIHNH, YyKe 3HAUMTEJb-
HO pa3BuThle K 3ToMy BpeMmenu Teprauu, H. E. )KyxoBckuwm,
H. H. IlaBioBcKHM, elie He HaulIM NPUMEHEHHS B HedTAHOM He-
Je. PasBHTHIO H HCINOJIb30BaHHIO B pa3paboTKe He(PTAHBIX MecTo-
pPOXAEeHHA METOA0B 3TOH TEOPHH cyllecTBeHHHIM 006pa3oM cnoco6-
CTBOBAJIM H3BeCTHHe paboThl aMepuKaHCKOro yueHoro Mackera.

HecmoTpa Ha 3HAuHTEJIbHBIA nporpecc B 06J1aCTH TEOPHH (DHILT-
pauuu HedTH M Tasa H B ee IPHMEHEHHH JJd pacyeToB JOOHIYH
HedTH, AOCTHTHYTHH B KoHUe 30-x u B Hayaae 40-x rr., paspa-
60Tka He(pTAHBIX MECTODOXKACHHH KaK caMOCTOfTeJbHAs HHXKeHep-
Has DUMCUMIJIMHA ellle He oopMHuIIaCh.

OcHoBHBIE MOJIOXEHHS TEOPHH pa3paboTKH He(PTAHHIX MecCTO-
poXKAeHuH, KacaloliHecs HayuyHO 0O60OCHOBAaHHOro BHIGOpa CHCTEM H
TeXHOJIOTHH pa3paboTKH, eule He OblIM cO3AaHb B Hauaje 40-x rr.
B CIIA, nanpumep, Jojroe BpeMs TaKoH BaxKHeHIIHH NapaMerp,
KaK pacCTOSIHHA MeXJAy CKBaXXKHHaMH (NJIOTHOCTb CETKH CKBaXHH),
yCTaHABJIMBAJK He Ha OCHOBe JAHHBIX HCCJCAOBAaHHH, aHalH3a H
ofllero MpHHUMNA pa3paboOTKU MeCTOPOXKAeHHH, a aAMHHHCTPATHB-
HBIM DIyTeM IO HOpMaM AeOHTOB CKBaXKHH, NpPaBoO ONpeAeNAThb KO-
Tophie 6bIJIO AaHO TexacCKOH KeJIe3HOJAOPOKHOH KOMHCCHH.

Pemwalolmyo poJb B CO3JaHHH pa3paGoTKH He(PTAHHIX MeCTO-
poKIeHHH KaK CaMOCTOATEJbHOH o6jacTH HayKH H yueOHOH muc-
LIMIJIMHE CHrpaJia ocHoBomoJgarawuias pabora A. I1. Kpnuosa,
M. M. T'norosckoro, M. ®. Mupuunka, H. M. HuxkoaaeBckoro H
1. A. YapHoro «Hayynele OCHOBH pa3paGOTKH He(pTSAHHIX MeCTO-
poXxnenud», Boimenwas B cBer B 1948 r. B Tocronrexusnare.
B srtofi pabore 6blya fAaHa nepBas (pOPMYJTHPOBKA OCHOBHOTO NPHH-
nuna pa3paloTKH, 3ajoXeH (QYHAAMEHT [POEKTHPOBAHHS paspa-
60TKH HepTAHBIX MECTOPOKJEHHH, pellleH pAJ BaXKHLIX 3a4ad MOJA-
3eMHOHM THAPOMEXaHHKH, a HayKa o pa3paboTke HehTAHHX MeECTO-
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POXKIEHHH INpeAcTaB/JeHa Kak KOMILIeKcHass o6JacTb 3HaHHWH, HC-
MoJb3yolas AOCTHXKEHHS He(pTAHOHA reosOrHH H reodH3ukH, NOMA-
3€MHO{ THAPOAMHAMHKH, 3KCIJyaTalMH CKBaXXHH H MpPUKJIaIHOH
3KOHOMMKH.

Brixox B cBer ykazaHHOH paboOTHl CylleCTBEHHHIM 06pa3oM CIO-
co0CTBOBaJ pPasBHUTHIO METONOB pa3paboTKH HePTAHEIX MECTOPONK-
JeHUH ¢ BO3JeHCTBHEM Ha IJAacTH nyreM 3aBoiHeHus. Konen 40-x
# 50-e rr. 03HaMeHOBAJHCh PE3KHM POCTOM YHCJA HCCJAENOBAaHHH B
obnacTi pa3paloTKH HepTAHBHIX MECTOPOXKJIeHHH, pa3BUTHEM HOBHIX
HanpaBJeHHH B 3ToH o6jacTd. BuJO 3HauHTEJbHO NMPOABHHYTO BIie-
pel peiieHHe mpo6JeMbl pa3paboTKH HePTAHEIX MeCTOpOXKIEeHHH
IpH cMellaHHHX peXHMax — BOJOHANOPHOM M pPacTBOpEHHOro rasa.
HauaJsn HHTEeHCHBHO pasBHBaTbCA METOIH OlpejeseHHs] NapaMeTpoB
NJacTOB C HCNOJbL30OBAHMEM THAPOAHMHAMHUYECKHX HCCJeN0BaHui
CKBaXXuH. BrliM co3/laHn MeToJHYeCKHe OCHOBH pacuera pa3paboT-
KH He(dTAHHX MEeCTOPOXKJeHHH ¢ NpHMeHeHHeM BEepOATHOCTHO-CTa-
THCTHUECKHX MojeJeH. Pa3BuBaJiich TakKe METOAR HENOCpeICTBEH-
HOTO y4eTa HeOXHOPOJHOCTH NpH GUJAbTPALHH B HePTAHHX IJIacTax.

B 50-e rr. BOSHHKJH H CTaJH Pa3BHBATbCA HOBble MOAENH Hed-
TSHBIX NJ1aCcTOB (TPEHIMHOBATHIX H TPELHHOBATO-MOPHUCTHIX), a TakK-
JKe MeTOJbl aHaJH3a H pery/jHpoBaHHA pa3paGoTkH HedTHAHHIX Mec-
topoxJeHni. CyllecTBeHHOe pasBHTHE IMOJYUYHJIH M CAMH CHCTEMbI
HX paspaborku. Hapsly ¢ H3BeCTHHIMH H3 aMePHKAHCKOH NpPaKTHKH
IJIOAaAHBIMH CHCTEMAMH IMOfIBUJHCh CHayaja CHCTEMH C BHYTpH-
KOHTYPHEHIM paspe3aHHEM MEcCTOPOXKAEHHH PAAaMH HarHeraTeJbHBIX
CKBaXXHH H pacnoJoXeHHeM AOOBIBAIOIIMX CKBAaXHH BAOJb JHHHH
paspesaHHs, a 3aTeM coBpeMeHHBHle OJIOKOBO-pSIAHBIE CHCTEMHL.

B koHue 50-x u B HauaJje 60-X rr. Haua/JM HCCJAENOBATHb IJy-
6oko3aserawouue He@TAHEIE MECTOPOXK/IEHHSA, pa3pabaThiBaeMbie B
YCJOBHSIX CHJbLHOH, B psiie cjayyaeB Heynpyroi Aedbopmauuu rop-
HEIX T[OPOJ.

Pa3BuTHe NpOeKTHPOBAHHSA, aHAJH3a M DeryJHpOBaHHs paspa-
60TKH HeTAHBIX MECTOPOKIAEHHH TpebOBaJO HCIOJb30BAHHSA CJOXK-
HBIX MaTeMaTHueCKHX METOJO0B H BHIUHC/JIHTEJbHHX cpelcTs. B 30-e
# 50-e rr. IpH pacuerax HCNOJb30Ba/JH B OCHOBHOM TOYHHIE H ITIpH-
6JHKeHHble MeTOJhl pelleHHs 3aday MOA3eMHOH T'HAPOAHHAMMKH,
a B koHie 50-x u B 60-X IT. cTa/M NPHMEHSTb YHCJIEHHbIE METOXHI
pelieHus 3ajay QHAbTPALHH.

B xkonue 50-x u HauyaJje 60-x rr. 3aBoaHenne crajo B CCCP oc-
HOBHBIM METONOM BO3JeHCTBHUA Ha HedTsHHe maacTel. OXHAKO B 3TH
3Ke TOJH CTaJO ICHEIM, 4YTO TAKHM CNOCOGOM HeJb3sl MOJIHOCTBIO pe-
WHTh Npo6jeMy MaKCHMaJbHOrO H3BJedeHHs HedTH H3 HeAp, 0CO-
6eHHO NpH pa3paGoTKe BHICOKOBS3KHX H BHICOKONApadHHHCTHIX Hed-
TeH. Doy npoBeneHH GyHAAMEHTAaJbHEIE HCCAENOBAHHA H JaHH HH-
JKeHepHBble pellleHHs, MOCJYXKHBUIHE OCHOBOH Da3BHTHA TEMJOBHIX
MeTOJI0B pa3paboTKH HePTAHBIX MECTOPOXKAEHHH, CBA3AHHHIX C 3a-
Kaukofi B IJIaCT TENJIOHOCHTEJNEH H BHYTPHIIACTOBHIM TOpPEHHEM.
B 3Td e roib BO BCeM MHpe OrpOMHO€ BHHMaHHe OblJIO YHEeJIeHO
pas3BUTHIO HH3HKO-XHMHYECKHX METOJOB H3BJEeUeHHs HedTH H3 Help,
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TaKHX, KaK BHITECHEHHE He(TH YIJIeBOJOPOAHLIMH DAacTBOPHTENSIMH,
JBYOKHCBIO YIJIEPOJA, NOJHMMEDHHIMH H MHIENJISPHO-NOJHMEe PHBIMH
pacTBopaMu.

Pacyer cloXHBIX mpoLeccoB pa3paboTKH HedTAHBIX MECTOPOXK-
AeHHd norpe6oBas yuera He TOJNBKO MHOrog)asHocTH NMOTOKOB B
njaacrax, HO M HX MHOTOKOMIIOHEHTHOCTH, (Da3OBHIX IepexojoB,
1I3MEHYHBOCTH CBOHCTB (PUJBTPYIOIIMXCA B IJaCTax BelIeCTB, T. €.
HCNOJIb30BAHUA TEOPHH MHOro¢asHoi MHOTOKOMIOHEHTHOH (HJBT-
pauumq.

Paspa6oTka HeTAHBIX MeCTOPOXKAEHHH — HHTEHCHBHO pa3BHBAa-
omascad obsacte Haykd. JlanbHelllee ee pasBuTHe OyAeT CBfA3AHO
¢ NMpHMEeHeHHeM HOBBIX TeXHOJOTHH H3BJeueHHs HepTH M3 HeAp, HO-
BHIX METOJOB pAclNO3HAaBaHHA XapaKrepa mNPOTeKAaHHs BHYTpPHILIA-
CTOBBIX IPONECCOB, ylpaBJeHHeM pa3paboTKOH MecTOpoXIeHHH,
HCIIOJIb30BAHHEM COBepIIEHHBIX MeTOJOB IJaHHPOBAHHS pa3BeiKH
H pa3paloTKH MECTOPOXKAEHHH C yyeTOM HAHHBEIX CMeXHBIX OTpac-
Jiel HapOJHOTO X03fHCTBA, NpHMeHeHHeM aBTOMATH3HPOBAHHBIX CH-
CTEM YINpaBJeHHs NpollecCaMH H3BJedYeHHs IOJe3HBIX HCKOMaeMHIX
43 Help, Pa3BUTHEM METOJO0B JAeTaJbHOIO y4YeTa CTPOEHHS IJIAacTOB
H XapakTepa NPOTEKAIOMHX B HHX NPOLleCCOB Ha OCHOBe JeTepMH-
HHPOBaHHHIX MoJje/ell, peajH3yeMuX Ha MOmHHX DBM.

Paspa6orka HedTAHBIX MecTOPOXKAEHHHA CBf3aHa C CyIlecTBEH-
HBIM BMeLIaTeJIbCTBOM HeJOBeKa B NPHPOAY H INO3TOMY TpebyeT
6e3yca0BHOTO cO6MIOeHHS] YCTAHOBJEHHBIX HOPM IO OXpaHe Help
H OKPYXKalolllel Cpefbl.

CoBeTcKoe rocynapcTBo ¢ MoMeHTa ero o6pa3oBaHHsl paccMar-
pHBaeT oXpaHy M palMOHAaJpHOE HCNOJb30BaHHe HeAP KaK OJHY U3
BaxHedwnx 3agay. Ilocae Benukoit OKTAGPHCKOH COLHANHCTHYEC-
KOH peBoJIOIIHH HeApa GpiBllefl Poccuiickoit nMnepun OblaIH. HalKO-
HaJM3UPOBAHH M CTaJH HapOJHBIM JOCTOSTHHEM.

B cBasu ¢ 6bICTPHM pa3BUTHEM TOPHOAOOHIBAIOIIEH HHIYCTPHH
B CCCP, ocobenno 6ypHEM pocToM AOObIYH HE(TH M ra3a, BO3HHK-
Jla HacToATeJbHas He0OXOJHMOCTh NPHHATHSA KOMIJIeKca 00:A3aTe/b-
HHX Mep IO pauMOHAJbHOH 3KCIJyaTalMH HEAD H PE3KOMY CHHKe-
HHIO TIOTepPb 110J1e3HBIX HCKONAeMBbIX.

B 1972 r. Buiio nocranosienue 1K KIICC u CoBera MuHnucr-
poB CCCP «0O6 ycuneHnH OXpaHBl NPHPOJH H YJAYyYIUEHHH HCIOJb-
30BaHHs OPHPOAHBIX pecypcoB», B 1975 r. BepxoBubiMm CoBeToM
CCCP npunsarsl OcHoBu 3akoHogatenbcTB CCCP H cow3HBIX pec-
ny0JuK O Hexpax.

Bo Bce mpoekTHBe AOKYMEHTH [0 pa3pa6oTke HeQTAHBIX MeCTO-
poxIeHu#t obs3aTe/ibHO CJeAyeT BKJKOYATh Pasfelibl, CBA3AHHBIE C
OXPaHOH 3eMJIH, BOIBl M BO3JyXa NYTE€M HCIOJb30BAHHS 3aMKHYTHIX
NPOH3BOACTBEHHHBIX IMKJOB, MNpelycMaTpPUBAIOLIHX TIepPMEeTHUHKIH
c6op HedTH, raza H BOABI, OUHCTKY A0OGBBaeMOH BOJAB M JAajbHEeH-
liee ee HCIOJb30OBAHHE I/ 3aKauK¥ B [1J1aCT, YTHJIH3ALHKO HedpTH-
HOro rasa, pereHepanuio XHMHUECKHX BelleCTB, NPUMEHSEeMBbIX AJf
NOBHILIEHHA HedTEOTAayH NJACTOB, H HX JAajbHeillee HUCNO/Nb30BA-
Hue.
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Hawn6onee nosHoe u3Bjeuenne HedTH, raza ¥ KOHAEHCATa U3 Me-
CTOPOXJIEHHH — TJIaBHOE HAaNpaBJeHHE PanyuOHAJBHOTO HCIOJB30-
BaHUs HeIp.

BaxHoe 3HaueHHe HMeET OCYLIECTBJEHHE BO BCEX 3BEHbSIX Ha-
POJIHOTO XO35HCTBa, B TOM YHCJIe BO BCEX TEXHOJOTHUECKHX IIpoec-
cax pa3paboTKu HePTAHHIX M ra3oBHX MECTOpPOXKAeHHH, s3Heproche-
peratouux MmeponpusaTHd. Heo6XoAuMO CTpeMHTbCS K HCIOJb30Ba-
HHIO TaKHX TEXHOJOTHH H3BJEueHHss H TakHX BapHAHTOB NOAbeMa
Ha JHEBHYIO MOBEPXHOCTb, HOJATOTOBKHM W TpaHCIOpTa He(TH H ra-
3d, KOTOpHE XapaKTePU3YIOTCA N0 BO3MOXKHOCTH MEHBLIHMH 3aTpa-
TaMM 3HEPrHM Ha TOHHY JOOGBIBaeMHIX HedTH M rasa, JHKBHAHDO-
BaTb NMOTEPH H GecCMBICIECHHOE CKHUTraHHe yrieBoA0pOJIO0B.

Paspa6oTka HeTAHBIX MeCTOPOXAEHHH Kak yueOHas JAHCHHIIN-
Ha NPHHAJJNEeXHT K KaTeropuH HHXKEHepHHX AucUuNJIuH. Eff cBo#-
CTBEHHO HEe TOJIBKO KauyecTBeHHOe, HO H, IJaBHbIM 00pa3oM, KOJIH-
4eCTBEHHOE H3yueHHe HeTAHBIX MeCTOPOXK/IEeHUH M NMPOTEKaIOUIHX B
HHUX IPOLECCOB, a TaKXe NMOATOTOBKA MHXKEHEDHBIX peLIeHHH — Ipo-
€KTOB, NpPEJCTaBAAEMbIX He B OINHMCATEJBHOM, 3 B KOJHYECTBEHHOM
suje. IlostoMy Bo Bcex pasjesax AaHHOIO Kypca HCIOJBb3YIOTCS
MaTeMaTHyecKue MeTolbl. MOXHO Aaxe NOAYEpPKHYThb, UTO paspa-
60TKa He(pTAHHX MECTOPOXKJeHMH —OJHa u3 HauboJiee HACHILEH-
HBIX MaTeMaTH4YecKHMH MeTOJaMH HHXEHEepHBIX AHCHHIIHH. O6bsc-
HAETCA 3TO OOCTOATENbCTBO OTYACTH TEM, YTO HHIKEHEPH-pa3paboT-
YHKM He HMEIOT HEIOCpPeACTBEHHOro JocTyna K ofbeKTaMm cBoeH
NeATEJbHOCTH (HepTAHBIM IJacTaM) H Aa)e HAayHHAKT HX I[03Ha-
BaTb He NyTeM HEMOCPEeJCTBEHHBIX M3MEPeHHH, a Ha OCHOBe Mare-
MaTH4ecKo 06pabOTKH JaHHBIX reo(H3NYECKHX M THADOJHHAMHYE-
CKHX ucclenoBaHufi ckBaxuH. Ilpomecchl, nporekalwolue B HedTs-
HEIX TIJacTaX BO BPeMA HX pa3paboTKH, HHXKeHepH-pa3paGoTUHKu
MOTYT pacno3HaBaTb KOJHYECTBEHHO TOJBKO 1O TPOSIBJACHHAM 3THX
IPOLECCOB B CKBAXKHHAX IyTeM pELIEHHS TaK Ha3blBaeMelx obpart-
HBIX MaTeMaTHYeCKHX 3ajay.

B kypce pa3paGoTkH HedTSHBHIX MECTODPOXJAEHHH KOMILJIEKCHO
HCTOJb3YIOT MHOTHE Ba’KHLIE HOJIOXKEHHS reOJIOTHH, TreOpH3uKH, (-
3UKH IJacTa, MOJ3eMHOH THAPOra3oMeXaHHKH, MEXaHHKH TOpDHBIX
HOPOJ, TEXHOJIOTHH 3KCIUIyaTallHH CKBAaXHMH U cHCTeM JA06bluM Hed-
TH, 9KOHOMHKH M IJIaHHDOBAHHUS.

BMecre ¢ Tem paspaboTkKa He(TAHHIX MECTOPOXKIAEHHH — 3TO He
KOHIJIOMEpAaT I'e0JIOTHH, NOA3eMHOH IMPOMEXaHHKH, TEXHOJOIHH A0-
6blYd HE(TH H SKOHOMHKH, a CaMOCTOATEJbHad KOMILIeKcHasd o00-
JIaCTb HayKM M HHIXKEHepHas [QHCUHMIIMHA, HMelolllafd CBOH CIEIH-
aJbHBlE pa3jiesibl, CBA3aHHLIE ¢ yUeHHEeM O CHCTEMaX U TEXHOJIOTH-
X pa3paboTKH MECTODPOXAEHHH, MJAaHHPOBaHHEM H peasH3alHed
OCHOBHOIO MpPHHIHIA pa3paGoTKH, NMPOEKTHPOBAHHEM H peryJupo-
BaHHeM pa3pabOTKH MECTOpOXKIEeHHH.



I'maBsa [

CHUCTEMbBI U TEXHOJIOT'HS PASPABOTKH
HE®TAHbIX MECTOPO)XAEHHUHA

§ 1. OBBEKT H CACTEMA PA3PABOTKH

HedrAauble U HedTeraszorne MECTOPOXKJIEHHA —
3TO CKOIVIEHHS YTJIEBOAOPOJOB B 3€MHOH KOpe, NPHYpPOUYEHHHIE K OJI-
HOH MJIM HECKOJBKHM JIOKAJH30BAaHHBEIM TFeOJIOTHYECKHM CTPYKTypaw,
T. €. CTPYKTypaM, HaXoAsiliuMcs BOJHM3H OJHOrO H TOTO e reorpa-
thHUecKOro NyHKTa. 3aJiexkH YIJIeBOAODOAOB, BXOASILHE B MECTO-
pOKeHus, OOGLIYHO HAXOAATCS B IJACTaX MJH MacCHBaxX FOPHHX IO-
pPOJA, HUMEIOUHX Da3/JHYHOe paclpoCTPaHEHHe MoJ 3eMJed, 4acTo —
pasJinyHbee reojoro-¢usnueckHe cBodcTBa. Bo mHorux cayuasx or-
JespHple HeTera3zoHOCHBE IMJIACTHl pAa3fesqeHbH 3HAYHTEJbHBIMH
TOJIaMH HEeNPOHHLAeMHX MOPOA WJIH HAXOJATCA TOJBKO Ha OTHAEJb-
HBIX y4acTKaX MeCTOPOKJICHHUSA.

Takue 060co6/ieHHBIe HJIH OTJHYANOUHECH MO CBOHCTBAM IJACTH
pa3pabaTbiBalOT PAa3/MYHBIMH TDPYNINaMH CKBaXXHH, HHOTAA IIpH
3TOM HCIOJIb3YIOT Pa3JMYHYIO TE€XHOJOTHIO.

Beenem mnoustHe 06 06beKTe pa3pabOTKH MECTOpPOXKIACHHUS.
O6mbexT paspaboTKH—3TO HCKYCCTBEHHO BHIAEJEHHOE B IIpe-
Jlejax pa3pa6aTHIBaeMOr0 MeCTOpPOXKJAEHHA reosorudyeckoe ob6paso-
BaHHe (IJ1aCT, MacCHB, CTPYKTypa, COBOKYNHOCTb IJIACTOB}, COJAEp-
JKalllee NMPOMBILLJICHHBIE 3aMachl yrJeBOJOPOJOB, H3BJEUCHHE KOTO-
pLIX M3 HEAD OCYIIECTBJSETCA NPH IOMOLIH ONpeJeJeHHOH DYk
CKBaXHH HJIM APYTHX TOpPHOTeXHHUYeCKHX coopyxkeHufi. Paspabor-
YHKH, T0Jb3YsSCh PacNpPOCTPpaHEHHOH y HeTAHUKOB TePMHHOJIOTHEH,
OGBIYHO CYHTAIOT, YTO KaxkJblfi 06beKT pa3pabaThiBaeTcs «CBOeH
ceTKoil ckBaxuu», Heo6xofuMO NojuyepKHyTb, UTO caMa MpHpoOAa
He co3flaeT 00BeKTH pa3paGOTKH — HX BBIAEJAIOT JIOAH, pa3paba-
THIBAIOL[HE MeECTOpPOXAeHUue. B o6beKT pa3paboTKH MOKeT OHTb
BKJIIOYEH OAMH, HECKOJIbKO HJH BCe IJIACTHI MECTOPOXKIECHHS.

OcHoBHBIe 0COGEHHOCTH oOBbeKra pa3paboTKu — HaJHuHe B HeM
IPOMBINLIEHHHX 3aMacoB He)TH M ONpele/ieHHAs, NMPHCylLlas AaH-
HOMY OOBeKTy rpynna CKBaX{HH, IDH [OMOIIH KOTOPbIX OH paspa-
6atbiBaercs. IIpn aTOM Heab3sl yTBepKAATh O6paTHOE, MOCKOJIBKY
OIIHHMH H TeMH K€ CKBa)XHHAMH MOXHO pa3pa6arbiBaTb pas3juy-
Hhle 06BeKThl NMyTeM HCNOJb30BAHUA TEXHHUECKHMX CPEACTB IJfA OA-
HOBDeMEHHO-pa3JeJbHON 3KCNyaTalUu.

Y7068 Jyylle YCBOHUTH NOHATHE 06BEKTa pa3pabOTKH, PACCMOT-
puM npumep. IlycTb uMeeM MeCTOpOXJEHHE, pa3pe3 KOTOPOro Mo-
Ka3aH Ha puC. l. 3TO MeCTOpoKJEHHE CONEPXKHT TPH IJIacTa, OT-
JHUYAIOIIHECA TOJUNHOH, 06JacTAMH pacHpOCTpaHeHHA HAaCHILAIO-
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TI'eonoro-duan-
yecKkHe CBORCTBa
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BsaskocTe  ned- 150 60 3
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}1[

J Puc. 1. Paspe3 MHOromiacToBoro
He(TAHOrO MeCTOpOXKAeHHS

<

KX HX YIVIEBOAOPOIOB H ¢u3HUECKUMH cBoiicTBaMu. B Tabanne
HIPHBENEHH OCHOBHHIE CBoMHcTBa mJjacToB 1, 2 u 3, 3aJjeraolux B
npefenax MeCTOPOXKIEHHs. MOXKHO yTBepXKJaTb, YTO Ha paccMar-
pHBaeMOM MECTOPOXKJAEHHH Iesecoo6pasHo BHIAENHTh [ABa OGDLEKTA
paspaboTku, 06beJHHHB niacthl I 1 2 B ofluH O6bEKT pa3paboTKn
(o6wekr [), a naacrt 8 pa3pabGaThHBaTh KAaK OTACJABHHH OGBEKT
(o6bekr I1).

Bxawouenne miactoB I H 2 B oJuH OObeKT OOYCJOBJEHO TeM,
YTO OHH HMEIOT GJH3KHE 3HAUY€HHS IPOHHILAEMOCTH H BA3KOCTH
HeDTH H HaxomATcA Ha HeGOJBIIOM PacCTOAHHH APYT OT Apyra mo
BepTHKaJad. K ToMy ke u3BJeKaeMble 3anace HedTu B nJjacre 2
CpPaBHHUTEJNbHO HeBeJHKH. ITmacT 3 XOTA M MMeeT MeHbILUHe N0 CPaB-
HEHHI0 ¢ myacToM / H3BJeKaeMHe 3amnachl HedTH, HO CONEPKHUT Ma-
JIOBA3KYI0 He(Tb H BHICOKONpOHHIaeMbili. Ciief0BaTENBHO, CKBAXKH-
Hbl, BCKDHIBIIHE 3TOT IIacT, 6YAYT BBICOKONPOAYKTHBHHIMH. Kpome
TOrO, €CJIH IJacT 4, cofepkalluil MaJoOBA3KYI0 HE(pTb, MOXKHO Pas-
pabaThiBaTh ¢ NpHMeHeHHeM OOLIYHOTO 3aBOJHEHHS, TO NIPH pas-
pa6oTke niactoB I M 2, XapaKTePH3YWOLIMXCH BbICOKOBA3KOH
He(Tblo, MpHIETCA ¢ HayaJa pa3paboTKH IPHMEHATb HHYIO TEXHO-
JIOTHIO, HalNpHMep BhITeCHeHHe He(dTH NapoM, pacTBOpaMH IMOJIH-
akpujaMuia (3arycTHTeNss BOAH) HJH IIPH NOMOIUHM BHYTPHIJACTO-
BOTO rOpeHHs.

BMecre ¢ TeM caeifyeT y4YHMTHIBAThb, YTO, HECMOTPS Ha CYILECT-
BEHHOE pa3JsiiyHe NapaMeTpoB NJjacToB I, 2 U 3, OKOHYATEJNbHOE pe-
IIeHHE O BHJAEJEHHH OOHEKTOB pa3paGoTKH IPHHHMAIOT Ha OCHOBE
aHaJii3a TEXHOJIOTHYECKHX M TEXHHKO-3KOHOMHYECKHX IoKa3saTtelei
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pasjnyHBIX BapHaHTOB OObEJHHEHHS NJacTOB B OOBEKTH paspa-
60TKH.

O61bekTel pa3paGOTKH MHOrJa MOAPA3AENSIOT Ha cJelylollHe BH-
ILH: CaMOCTOSATEJNbHBIH, T. €. pa3pabaThiBaeMbll B JaHHOe BpeMs,
¥ BO3BPaTHHI, T. €. TOT, KOTOPHH 6yAeT paspaGaTelBaThCs CKBAXKH-
HaMH, 3KCIUVIYaTHPYIOUIMMH B 3TOT IepPHOJ ADYToH OODBEKT.

CucreMoill pas3paboTKH HehTAHOrO MECTOPOXKJEHHS cJe-
JAyeT Ha3blBaTb COBOKYNHOCTb B3aHMOCBS3aHHBIX HHIJKEHEDHHIX pe-
HIEHHH, onpelesouux o0beKTH pa3paloTKH; MOCAeL0BaTeIbHOCTD
H TeMn HXx pa3fypuBaHHsa M OOYCTPOHCTBA; HaJHYHe BO3JAeHcTBUA
Ha IJIACTH C 1LeJbl0 H3BJI€UEeHHS H3 HHX HehTH H rasa, 4yucJjo, co-
OTHOIIIEHHE H PacloJloXKeHHe HATHETATEJbHbIX H A0OBIBAIOLIUX CKBa-
JKHH; YHCJ0 PEe3epBHBIX CKBaXHH, yNpas/jeHHe pa3pabOTKOH MecTo-
poXJeHHsl, OXpaHy Help H OKpyxkaioueH cpear. [ToctpouTts cucre-
My pa3palOTKH MeCTOpPOXJAEHHS O3HayaeT HAaHTH M OCYLIECTBUTb
YKa3aHHYIO BhHlllle COBOKYNHOCTb HHJKEHEPHBIX peLIeHHH.

BaxHasi cocTaBHas 4acTh CO3JaHUsI TaKOH CHCTeMBl — BHlJeJe-
Hue o6bvekroB paspaborku. Ilostomy paccmoTpum 3TOT Bompoc 6o-
Jee nojpo6HO. 3apaHee MOXKHO CKa3aTh, 4YTO OOBEJHHEHHE B OAUH
00beKT KaK MOXKHO O6O0Jblllero 4Yucja MJacToB Ha MepBBIH B3rafl
BCerja NpeJCTaB/aseTCsd BHITOJHBIM, NOCKOJBKY NpPH TaKoM O0beau-
HeHHH mnorpefyeTcs MeHblle CKBAXKHH AJS pa3paloTKH MeCTOpOX-
JdeHus B ueaoM. OJlHako upeaMepHoe o6befuHeHHe NJIACTOB B OAMH
00DbeKT MOXeT NPHUBECTH K CYLIeCTBeHHBIM NMOTEpsM B HedreoTraue
H B KOHEYHOM c4YeTe K YXYAIIEHHIO TeXHHKO-IKOHOMHYECKHX IOKa-
3areJsefl. Ha BoaesneHne o6beKToB pa3paboTKH BJHSIOT CJeAyIOILHE
¢ aKTODHI.

1. Teonoro-¢usnyeckue cBOHCTBA NOPOA-KOJJIEKTOPOB HePTH H
raza, Pesko oranuawmuecss no npoHunaeMocTH, obweld u sddek-
THBHOH TOJIILIHHE, a TaKXe HeOLHOPOAHOCTH IJNAcCTHl BO MHOTHX CJYy-
yagx Henesecoo6pasHo paszpabarTbiBaTh Kak OAMH 00BEKT, MOCKOJb-
KY OHH MOTYT CylLIecCTBEHHO OT/JMYaThCcH MO INPOAYKTHBHOCTH, NJa-
CTOBOMY JAABJEHHIO B IIpollecce HX pa3paloTKH H, CJIeJ0BATENBbHO,
o crnocofaM 3KCNJyaTalliH CKBaXKHH, CKOPOCTH BBIDAabOOTKH 3ama-
coB He()TH M H3MeHeHH10 0OBOJHEHHOCTH MPOAYKLHH.

Hast pasiuuHBIX MO NJOLIAAHOH HEOZHODOAHOCTH IIJIACTOB MO-
IYT ObTh 3G(eKTHBHBIMH pa3juYHble CEeTKH CKB4XXHH, TaK 4TO
00beAUHSATh TAKHE IJIACTH B OAUH 00DbeKT pa3paboTKH OKa3blBaer-
cs Heuesecoo6pasHbIM. B CHJABHO HEOAHOPOAHBIX [0 BEPTHKAJIH I1J1a-
CTax, UMEILIHX OTJeJbHble HHU3KOINPOHHIAeMble MpPOIJACTKH, He
coobuiamounecs ¢ BHICOKOIPOHHIaeMBIMH, OHIBaeT TPYAHO obecle-
YUTh NpHEMJEMbIH OXBAaT TOPH30HTA BO3JeHCTBHEM IO BePTHKAaJH
BCJIEACTBHE TOTO, YTO B aKTHBHYIO pa3pabOTKY BKJ/IOUAOTCS TOJBKO
BBHICOKONPOHHIlAa€Mble MNPOMJACTKH, a HH3KONPOHHLAeMble NPOCJIOH
He NMOJABEpPraloTcs BO3JEHCTBHIO 3aKaYuBaeMOro B NJACT arelra (Bo-
abl, ra3a). C uesablo NOBHILUIEHHS OXBaTa TaKHX NJacToB pa3paboT-
KOl HX CTPEMATCH pasfieJUTb HA HECKOJbKO 0OBEKTOB.

2. ®usuko-xuMHuyeckHe cBoicTBa HedTH M ra3a. BaxHoe 3Ha-
yeHHe NPH BbIAEJEHHH 00BEKTOB pa3paBoTKH HMeIOT CBOHCTBa Hed-
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Tefi. IlnacThl ¢ cyuiecTseHHO pasJHYHOH BASKOCTbIO HepTH OHBa-
er Heuesnecoob6pasHo 00BbEAUHATL B OJHH O0BEKT, TaK KAK HX MOXK-
HO paspabaTbiBaTh C NPHMEHEHHEM pAasJHYHOH TEXHOJOTHH H3BJe-
yeHHA HeTH H3 HeJp ¢ Pa3JHYHBIMH CX€MaMH DPacHOJOXKEeHHS H
IJIOTHOCTBIO CETKH CKBaXKHH. Pe3Kko pasjH4yHoe colepjkaHHe mapa-
¢HuHa, CepoBOJOpOAa, UEHHBIX YIJEBOAOPOJHEIX KOMIOHEHTOB, MpPO-
MHILIJIEHHOE CcOJep:KaHHe JAPYrHx MOJIe3HHX HCKONAeMHX TaKXKe
MOXKeT CTaTb [pHYMHOH HEBO3MOXKHOCTH COBMeCTHOH pa3paboTKu
IJIACTOB KakK OAHOro o0BEKTa BCJAEACTBHE HEOOXOAUMOCTH HCIOJb-
30BaHUA CYLIECTBEHHO pa3/JMYHOH TEXHOJOI'HH H3BJCUYEHHd HedTH
U JPYTHX MOJIE3HBIX HCKONAaeMhIX U3 I1aCTOB.

3. ®a3o0Boe COCTOSIHHE YIVIEBOJOPOAOB H peXUM IJacToB. Pas-
JUYHEE NJACTH, 3aJerarmoliue CpaBHHTEAbHO HexaneKo APYr OT ApY-
ra 1o BEPTHKAJH M HMEWILHE CXOAHBIEC reoJsoro-pu3nueckne cBOHCT-
Ba, B psale ciydyaeB OniBaeT Herenecoo6pasHo O6beIHHATb B OAHH
0o6BeKT B pe3yspTaTe pPas3JHuYHOro (pa3oBOro COCTOSIHHA IJIACTOBHIX
YyIJ1€BOJOPOAOB H pexHMa IJacToB. Tak, ecad B OJHOM IJaacTe
UMeeTcsl 3HAUHTe/bHAs ra3oBas LIaNKa, a Apyroi pa3pabaTniBaercs
IpH eCTeCTBEHHOM YNPYTroBOJOHANOPHOM pexuMe, TO oObeluHeHHe
UX B OJMH 0OBEKT MOXKET OKaszaThCs HeileJecooOpasHBEIM, TaK Kak
A ux pa3paboTku norpebyloTcsi pa3jHYHBEIE CXeMBl PACNOJ0KeHHU S
M 4YHcJa CKBaXHH, a Takxke pasJiHyHasg TeXHOJIOTHS H3BJeUYeHH:A
He(TH W rasa.

4. YcJjoBust ynpaBJeHHsA NponeccoM pa3paloTKu HEePTAHBEIX Mec-
TopoKAeHuii. Hem GoJjblle MJAaCTOB H MPOMJACTKOB BKJIOYEHO B
OJ1H O0BEKT, TeM TeXHHYECKH W TEXHOJIOTHYECKH TpyAHee OCyLIecT-
BJSTb KOHTPOJb 32 NepeMelieHHeM pas3JeJoB He(TH H BHITECHSIO-
1Iero ee areHTa (BOJOHE(pTAHHIX H ra3oHe(pTAHBHIX pPasJesoB) B OT-
IeJbHBIX NJIaCTax H NpPOIJAcTKax, TpyJdHee OCYLIEeCTBAATE pa3jeb-
HOe BO3JeHCTBHE Ha NPONJACTKH U H3BJEUYEHHe H3 HHX HedTH U ra-
3a, TpyAHee H3MEHATb CKOPOCTH BHIPAaOOTKH NJacTOB H NpPOMJaacT-
KOB. ¥YXyJlleHHe YCJOBHH yHpaBJeHHs pa3paboTKOH MeCTOpOxKie-
HHSI BelleT K YMEeHblUeHHIO HedTeoTAauH.

5. TexHHKa W TEXHOJIOTHsl 3KCIJyaTallHH cKBaXXHH. Moryr GHTh
MHOTOUHCJIEHHEIE TeXHHUYEeCKHE W TeXHOJIOTHYECKHEe TNPHYHHH, TpH-
BoAsillHe K 1eJecoo6pa3HOCTH HJH HeneaecooOpa3HoCcTH IpHMeHe-
HHSl OTJAEJbHHIX BapHAHTOB BhJejeHHA oO0bekToB. Hampumep, ecan
U3 CKBaXHH, 3KCIJIYaTHPYIOIIUX KaKoH-TO MJacT WM TPYNNH IJa-
CTOB, BHe/JEHHBIX B OOBeKTH pa3paboTKH, NpeanoJaraercs OTOH-
paTh HACTOJBKO 3HaYUTeJNbHEIE NEOHTHl XKHUAKOCTH, YTO OHH OYIYT .
npeneJbHEIMH AJ1S1 COBPEMEHHBIX CDEJCTB 3KCIJyaTalHMH CKBaXHH.
[TosToMy nanbHeiiliee yKpynHeHHe OOBEKTOB OKaXKeTCsi HEBO3MOXK-
HBIM IO TEXHUYECKOH MpHUHHE.

B 3akaoueHue cjellyer emle pa3 NOAYEPKHYTb, YTO BJHSHHE
KaXJOro H3 Iepeunc/JeHHHX (PaKTopoB Ha BHOOD OOBEKTOB pas-
paGoTKH HOJIKHO OnITh CHadaJja NOABEPrHYTO TEXHOJOTHYECKOMY H
TEXHHKO-3KOHOMHYECKOMY aHaJu3y H TOJbKO IOC/Je Hero MOXHO
NPUHHMAaTh pelleHHe O BblJe/eHHH 00bLeKTOB pas3palboTKH.



§ 2. KIACCHOHKAHHSA H XAPAKTEPHCTHKA
CHCTEM PA3PABOTKH

Ilannoe B mpeamaymeM naparpade onpejesneHHe CHCTEMHl pas-
paboTku HedTAHOro MECTOPOXKIeHHs — oflllee, OXBaTHBAloOLlEe
BeCh KOMIIJIEKC HHXEeHepHHX pelleHui, o6ecneuHBalOIHX ee TO-
cTpoeHne aas 3¢ (GeKTHBHOrO H3BJeYEHHS NOJE3HHX HCKOMaeMHX H3
Heap. s xapakTepHCTHKH Pa3JMYHHX CHCTEM pa3pabOTKH Mecro-
POXKIEHHH B COOTBETCTBHH C 3THM ONpefesNeHHeM CHCTEeMbl Heo6XO-
JUMO HCIOJB30BaTh 60JblIOe YHcJo MapamerpoB. OJHaKo Ha mpak-
THKE CHCTEMB pa3paboTKH HePTAHHIX MECTOPOXKIEHHH pas3JHYaloT
no AByM HauboJee XapaKTePHLIM [IpH3HAKaM:

1) HaaMYHIO HJIH OTCYTCTBHIO BO3JEHCTBHA HA IJIACT C LEJbIO
H3BJevyeHHs HedTH H3 Help;

2) pacmnoJioXeHHIO CKBaXKHH Ha MECTOPOK/EHHH.

[lo 3TMM npH3HakKaM KJACCHOHLUPYIOT CHCTEMH pa3paGoOTKH
HepTsiHEIX MecTOpOXKAeHHHA. MOXKHO yKa3aTb YeThHIpe OCHOBHHIX INa-
paMerpa, KOTODHIMH XapaKTepH3YIOT Ty HJH HHYIO CHCTEMY paspa-
60TKH.

1. TTapamMerp NMJOTHOCTH CETKH CKBaXKHH S, PaBHHH IJIOMWIAIK
He()TEeHOCHOCTH, NPHXOASAIIEACA Ha OJHY CKBaXHHYy, He3aBHCHMO
OT TOTO, ABJSIETCSl CKBaXHHa JNoOHBalOmWEed HJH HarHeTaTe/bHOH.
Ecau naomanp HedTEHOCHOCTH MECTOPOXKIEHHs paBHa S, a 4ucjIo
CKBaXXHH Ha MeCTOPOXJIEHHH n, TO

S,=S/n. (L.1)

PasmepHocTs [Sc]=M2/cKB. B psine cayuaeB HCNOJB3YIOT mapa-
MeTp S¢;, paBHHH IJOWIAAH HeDTEHOCHOCTH, NPUXOAALIEHCA HA OX-
Hy ROGHIBAIOLIYIO CKBAaXKHHY.

2. ITapamerp A. Il. KpuiioBa Nyp, paBHbIH OTHOIUEHHIO H3BJe-
KaeMBX 3anacoB HedptH N K o6iieMy 4dc/Jy CKBaXXHH Ha MeCToO-
POXJIEHHH:

Nyp=Nin. (1.2)

PasmepHocTs napamerpa [Nyp}=T/cKB.
3. [Napamerp ®, paBHHIH OTHOIIEHHIO YHCJAa HarHeTaTEJbHBHIX
CKBaXHH My K YMCJIY NOGLIBAIOUINX CKBAaXKHH Mny:

©=ny/n;. (I.3)

[TapaMerp o GeapasamepHHI.

4. [lapameTrp @p, paBHHH OTHOIIEHHIO YHCJAa pe3ePBHHX CKBa-
KUH, 6YpAMIUXCSA JONOJHUTEJBHO K OCHOBHOMY (OHAY CKBaXKHH Ha
MECTOPOXKJAEHHH K o6uieMy YMCJYy CKBaXKHH. PesepBHLIE CKBaXKHHH
O6ypAT ¢ 1eJbl0 BOBJIeueHHs B pa3paboTKy uacTeHl NIJjacra, He OXBa-
YeHHEIX pa3paboTKoll B pe3y/bTaTe BHISIBHUBIIMXCA B INpOIECCe 3KC-
NJAYaTaHOHHOIO ero pasGypuUBaHHs He U3BECTHHIX paHee OCOGEHHO-
cTell reoJIOrHYeCKOro CTPOEHHS 3TOr0 MJAacTa, a TakXke (PH3HUYECKHX
CBOKCTB He(TH U COAepKAIIHX ee MOpOA (JHTONOTHHUECKOH HEORHO-
POIHOCTH, TEKTOHHUECKHX HapylUeHHH, HEHbIOTOHOBCKHX CBOMCTB
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Puc. 2. PacnonoxXenHe CKBaXHH no ue-  Puc. §. PacnojoXeHHe CKBaXHH 10
THPEXTOUEUHO! CeTKe: TpeXxToueuHofi ceTke: ‘

{ — ycsaoBuniA KOHTYpD HedTeHOCHOCTH; 2 — 1 1 2—cM. puc. 2
AOGHBalOLIAE CKBaXXHHBI

Hedtu u T. 1.). Ecau dncao ckBaXHH OCHOBHOro ()OHAA Ha MeCTO-
POXKIEHHH COCTABJSET f, a YHCJO pe3epBHHX CKBaXXHH Inp, TO

W, =np/n. (1.4)

[Tapamerp o, 6e3pa3mepHuiil.

HmMeercs eine pfAl MapaMeTpoB, XapaKTCPH3YOINUX CHCTEMH
pa3pa6GoTKu HeTSAHEIX MECTOPOXKIEHHN C TOUKH 3PEHUS TeOMETPHH
PacnoJIOKEeHHs] CKBaXHH, TAKHX, KaK DacCTOSHHS MeXAy pslaMH
HiaH GaTapesMH CKBaXKHH, MEXJy CKBaXXHHaMu B psifax u T. A. O6
3THX NMapaMerpax OyJeT cKazaHO HHXKe.

TlpumeHsoT caelyomyro kJaccHPHKANUHIO CHCTEM pas3paboTku
HeTAHBIX MECTOPOXKIEHHH MO [JBYM YKa3aHHHIM Bblllie IpH3HAKaM.

1. CucreMs pa3paloOTKH NpPH OTCYTCTBHM BO3JeficTBHSl Ha IJjac-
Tol. Ecau npeanoJsaraercsi, 4To He(TsHOe MecTOpOXKJeHue 6yjeT
paspabaTHBaTbCA B OCHOBHOH NEPHOA INpH PEXHMe PacTBOPEHHOTO
rasa, IJs KOTOPDOTO XapakTepHO He3HauHTe/JbHOEe IepeMelieHHe BO-
IoHe(dTAHOTO pasjena, T. e. IpH cJabolf aKTHBHOCTH 3aKOHTYDHHX
BOM, TO IIDHMEHSIIOT PAaBHOMEPHOE, TEeOMETPHYECKH NpaBHJbLHOE
pacnoJioKeHHe CKBAaXKHH [0 YETHIpEXTOUEYHOH (pHc. 2) HJH Tpex-
ToueyHOH (puc. 3) ceTke. B Tex ke ciyuasx, Korja npeianoJaraert-
csl onpefleieHHOE IlepeMelleHHe BOJOHE(DTSHOIO M rasoHeTsSHOro
pasgesoB, CKBaXXHHBI PacIloJIaraloT ¢ yYeToM IIOJIOKEHHS 3THX pa3-
IesoB (puc. 4).

TlapaMeTp OJOTHOCTH CEeTKH CKBaXXHH S¢, BOOOLle roBOps, MO-
JKET H3MEHAThCS B OUYeHb IIHPOKHX INpefenax AJs CHCTEM pa3pa-
60TKH Oe3 BO3ZeHCTBHS Ha mJjacTt. Tak, npu paspaboTke MecTo-
POXJAeHHH cBepXBA3KHX HedTell (BA3KOCTBIO B HECKOJBLKO THICAY
10—2 Ila.c) o moxer cocraBaaTh 1—2-10% m?/ckB. HebTsanue
MECTOPOXKIEHHSI ¢ HH3KOINPOHHIAEMBIMH KOJJEKTOpaMH (coTble
JOJH MKM?) paspabarniBatorT npu Sc=10—20-10* m?/ckB. KoHeuHo,
pa3paboTKa Kak MECTOPOXKAEHHH BBHICOKOBS3KHX HedTelf, TakK H
MECTOPOXKIEHHH ¢ HU3KONPOHHIIAEMHMH KOJJIEKTODAaMM HpPH YKa-
3aHHHX 3Ha4YeHUAX S MOXKET ORITH SKOHOMHUYECKH IeJecoobpa3Hofit
fIpH 3HAYHTEJBHHX TOJIHHAX IJAacTOB, T. €. NPH BHICOKHX 3Haye-
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Puc. 4. PacnosnokeHHe CKBaXKHH C y4YeTOM
BOAOHeTAHOrO H rasoHedrsHOro pasje-
JIOB:

f — BHemHHA XOHTYP HedTEHOCHOCTH; 2 — BHYT-
PEHHHI! KOHTYD HedTEHOCHOCTH; § — JOGLIBAlOMmHAE
CKBa)HHH; 4 — BHEIIHHA KORTYp Tra30HOCHOCTH;
5 ~— BHYTpPeHHHR KOHTYD ra3OHOCHOCTH

Puc. 5. PacniosoxXeHne CKBaxMH NIDH 3a-

KOHTYPHOM 33aBOJHCHHH:

I/ — HarHeTaTeNbHHE CKBaXHHb; 2 — Ao6GHBalO-
mHe CKBaXKHHH; 3 — HedTAHOA naacT; 4 — BHEID-
HHX KORTYP HedTEHOCHOCTH; &5 — BRYTPEHHAA
KOHTYDP He(dTeHOCHOCTH

Huax napamerpa A. Il. KpuuoBa uau npu HeGoJbIIHMX TIyGHHaAX
3aJleraHusl paspaGaTblBaeMuIX IJ1acTOB, T. €. IPH HeGOJbILOH CTOH-
MOCTH cKBaXuH. [[Ji paspaboTki OOHIYHHX KOJJIEKTOPOB Sc.=
=25—64-10% m2/cKs.

Ipu paspaGoTke MecTOPOXKAEHHH C BEICOKONPOLYKTHBHHIMH Tpe-
HIHHOBAaTHMH KOJUIeKTOpaMu S. MoxeT OwTb pasBeH 70—100-
-104 m2/ckB u Gouiee.

ITapamerp Nyp Takxke U3MeHsieTCS B JOBOJIbHO INMPOKHX mpene-
Jax. B HEeKOTOpHIX cJyuyasix OH MOXeT OhITb paBeH OAHOMY HJIH He-
CKOJIbKHM JecsTKaM ThICSY TOHH HepTH Ha CKBaXKuHy, B APYTHX —
JOXOIHTh JO MHJJIHOHA TOHH HedTH Ha ckBaxuny. Jlia paBHO-
MEPHOH CETKHM CKBaXXHH CpPeJHHe PacCTOSHHSA | MEeXJy CKBaXHHaMH
(cM. puc. 2) BHUYHCJAIOT MO caeRyiouleil popmye:

l=aS}"?, (I.5)
rie [—B M; a— kK03(Q(UUHEHT TNPONOPIHOHAIbHOCTH; Sc—
B M?/cKB.

®opmyay (I.5) MOXKHO HCNOJNB30BATH AJS BHIYHCJIEHHS CPEIHHX
YCAOBHBIX DAacCTOSHUH MeXAY CKBaXKMHaMH HpH JIOGHX cxeMax

HX PacmoIOXKeHHs.

Jns cucreM pa3paGoTkH HeGhTSHBIX MecTOopoxjJeHHH 06e3 BO3-
JNefCTBHA HA NJACT NapaMeTpP ®, ecTecCTBeHHO, paBeH HyJI0, a ma-
paMeTp wp MOXKeT cocTaBaaTh B npuHuune 0,1—0,2, xors peseps-
Hble CKBaXKMHBl B OCHOBHOM INpelycMaTPUBAIOT JJA CHCTEMH C BO3-

neiictsueM Ha HedTsSHBle MJACTBL
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CHcTeMbl pa3paboTKH He(dTAHHX MeCTOpPOKIeHHH Ge3 Bo3jeli-
ctBuN Ha miaactel B CCCP npuMeHAIOT pefKo, B OCHOBHOM B CJy-
4yae JJUTE/bHO 3KCIVIyATHPYEMBIX CHJBHO HCTOLLEHHBIX MECTOPOXK-
JleHHH, pa3paboTKa KOTOPHX HadaJjaach 3aJ0Jro A0 IIHPOKOro pas-
BHTHS MeTOAOB 3aBoAHeHHs {no 50-x rr.); npu paspa6oTke cpas-
HHTEJbHO HeGOJbIIHX N0 pa3MepaM MeCTOPOXKIEHHH ¢ aKTHBHOH
3aKOHTYPHOH BOJOH, MeCTOpOXKAEHHH, COAEpXKAaUlHX CBepXBsi3KHE
Heray60Ko 3ajerawuiue He(@TH, HJIH MECTOPOKJEHHH, CJ0KEHHBIX
HH3KONPOHHIAEMLIMH TJHHHCTHIMH KOJJIeKTOpaMu. 3a pyGeom
paspa6oTKa MeCTOpDOXKAeHHH 6e3 BO3JeACTBHS Ha HedTAHBE NJac-
THl TPOJAOJIKAET OCYIlecTBJATbcA B Gosapmux, ueM B CCCP, Mmac-
wtabax, ocO6EHHO B CJAy4Yasgx NJAcTOB C TPELIHHOBATHIMH KOJIJEK-
TOPaMH NPH BBICOKOM Hamope 3aKOHTYDHHIX BOJ.

2. CucreMbl pa3paboTKu ¢ BO3/leCTBHEM HaA ILJIACTHL.

2.1. CucTeMBbl ¢ 3aKOHTYDHHEIM Bo3feficTBueM (3aBojHeHHeM). Ha
pHC. 5 B IJ1aHe H B pa3pe3e MOKAa3aHO pacrnoJioXeHue AOGHIBAIOLIMX
H HarHeTaTeJbHHIX CKBaXHWH NpH pa3paboTke HedTSHOrO MeCTO-
poxKJeHHs C NpHMeHeHHEM 3aKOHTYpHOro 3aBOJHeHHs. 31ech JIBa
psla AOOGHIBAIOIUHX CKBAaXKHH NPOOGYpeHHl BJOJb BHYTDEHHEr0 KOH-
Typa HedTeHocHOCTH. KpoMe TOro, umeercss OAHH LEHTPaJbHHH pAL
N06BIBAIOIMX CKBAXKHH.

ITomumo mapamerpa Sc A/ XapaKTePUCTHKH CHCTEM C 3aKOH-
TYPHBIM 3aBOJIHEHHEM MOXHO HCIOJb30BaTh JAONOJHHTEJbHEE Ia-
paMeTphl, TaKHe, KaK DacCTOfAHHe MeXIAy KOHTYPOM HedTeHOCHOCTH
H [epBBIM PAJOM JAOOBIBAIOIIMX CKBAaXHH lo|, NEPBEIM H BTOPHIM
pAfoM NOOLIBAIOLIHX CKBaXHH [1g M T. A., a TaKXe pacCTOSHUS
MeXAy AoObIBAalOIIMMH CKBaxXHHaMu 2¢.. IHarnerareabHble CKBa-
JKHHBl DPacloJIOXKEHH 32 BHEIIHHM KOHTypoM HedTeHocHocTH. IToka-
3aHHOe Ha DHC. 5 pa3MelleHHe TpexX PsJoB AOGHBAIOIIUX CKBaXKHH
XapaKTepHO AJsl CPAaBHHTeJbHO HeGOJIBIIHX IO IUHPHHE MEeCTOPOK-
HeHuH. Tak, IpH pacCTOAHUSIX MeXAY pHAAAMH, a TaKxKe MeXIy
6.1HKalInHM K KOHTYPY He(dTEHOCHOCTH PAAOM H CAMHM KOHTYPOM
HepTeHOCHOCTH, paBHHX 500—600 M, mHpHHA MeCTOPOXKIEHHST b
cocrapasier 2—2,5 kM. [Ipu GoJbmelt mupuHe MECTOPOXKJAEHHS Ha
ero He¢TeHOCHOH INJOILAJH MOXHO PAaclojJOXHTb NATb PANOB JO-
6nBaomux ckBaxXuH. OJHaKO naJjbpHelilllee yBeJHYeHHe YHCJIA Psi-
JIOB CKBaXXHH, KaK IOKa3aJjH TeOPHSI H ONBIT pa3paboTKu HeTAHBIX
MECTOPOXJAeHHH, HeneJsecoo6pasHo. Ilpu uucae psaaoB A06GLIBAOUIHX
CKBaXHH 6oJipllle NATH LEHTpaJpHasi YyacTb MeCTOPOXJeHHS caabo
noJBepraercss BO3JeHCTBHIO 3aKOHTYDHBIM 3aBOJHEHHEM, MJAaCTOBOE
JlaBJieHHe 3JeCch NafaeT H 3Ta 4acTb pas3pabaThiBaeTcs NpPH peXH-
Me pacTBOPEHHOro rasa, a 3arteM Mocje 06pa3oBaHHs paHee He Cy-
IecTBoBaBplief (BTODHUYHOH) rasoBOH MIANKH — IPH Ta30HANOPHOM.
EcrecTBEHHO, 3aKOHTYpHOE 3aBOJHEHHe B JlaHHOM CJyuyae OKaxKeTcs
Mano3¢GeKTHBHBIM BO3JEHCTBHEM Ha IJACT.

CHcTeMB pa3pabOTKH HedTHHOIO MeCTOPOXKACHHS C IPHMeHe-
HHEeM 3aKOHTYPHOTO 3aBOJHEHHs, KaK H BCe CHCTeMBI C BO3JAEHCT-
BHEM Ha IIAaCT, OTJHYAlTCs OT cucTeM 6e3 BO3JeHCTBHS Ha ILJIACT,
KaK TpaBujo, 60JbIIHMH 3HaUeHHAMH NapaMeTpoB Sc H Ngp, T. €.
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Gosiee pelKHMH CETKAMH CKBaXXHH. DTa 0COGEHHOCTh NPH BO3JAEHCT-
BHH Ha IJacT CBA3dHA, BO-NEPBHIX, C NoJdy4YeHHeM OOJbIUHX Te6H-
TOB CKBaXXHH, YeM IIpH paspaboTke 6e3 BO3AeHCTBHA Ha IJAacT, YTO
no3BoJsisier O0ecleuHTb BHICOKHH YypoBeHb NOOGhuM HedhTH HB Mec-
TOPOXKIEHHS B LI€JIOM MEHBIIHM YHCJIOM CKBAaXHH. BO-BTOpHIX, OHA
OODBACHAETCA BO3MOXHOCTBIO JIOCTHXKEHHSl TNpPH BO3JeHCTBHH Ha
naact Gosplledi HedpTEOTAAUH H, CJAELOBATENbHO, BO3MOMKHOCTHIO
ycTaHoBJeHHs1 GoJsibluel BEeJHYHHBl H3BJEKaeMBIX 3amacoB HedrTH,
DPHXOASILUXCA HA OJHY CKBaXHHY.

[TapamMeTp @ AJs cHCTeM ¢ 3aKOHTYPHHM 3aBOJHEHHEM KoJseG-
JieTcsl B IUHPOKHX npefenax ot 1 xo 1/5 u meHee.

[MTapamerp wp AN Bcex cHcTeM pa3paGOTKH He(dTHHBIX MECTO-
POXJAEHHH C BO3JIefCTBHEM Ha IJacT KoJebJeTcsl IpHMEpPHO B Ipe-
Aenax 0,1—0,3.

2.2. CucreMpl ¢ BHYTPHKOHTYPHEIM BO3JeHCTBHEM, MOJYYHBIIHE
B CCCP naunGosblliee pasBUTHe NpDH pa3paboTke HedTAHHIX MECTO-
POXKAEHHH, HCIOJNb3YIOT HE TOJBKO NPH BO3AECHCTBMH Ha NJACT Ny-
TeM 3aBOAHEHHs, HO M IIPH JPYyrux MeTrojax pa3paboTKH, NpuMe-
HsI€MHIX C IeJIbIO NOBHILIEeHUs] HePTeoTAaYH NJAACTOB.

TloapasnensioTcs 3TH CHCTEMH Ha psJHBEE, CMellaHHBE (coue-
TaHHe PsJHOH W OaTapeHHOH cHcTeM, C OJJHOBPEMEHHLIM INpHMeEHe-
HHeM 3aKOHTYDHOTO U BHYTPHKOHTYPHOTO 3aBOJHEHHI).

2.2.1. PagHble cucTeMbl paspaGoTKH. PasHOBHAHOCTL HX — 6J10-
KoBuele cucreMbl. IIpn sTHX cucTeMax Ha MeCTOPOXIEHHSX, OGEIYHO
B HalpaBJ€HHH, NIONEPEYHOM HX NPOCTHPAHHIO, PACNOJAralT psAH
JOOBIBAIOLIHX H HarHeTaTeJbHBIX CKBaXHH. IIpaKTHUecKH NpHMeHs-
10T OJHOPSAHYIO, TPEXPAAHYIO H NATHPAAHYIO CXEMHI PacloVIOXKeHHs
CKBaXXHH, NPeJACTaBJaAKLIHe cO60H COOTBETCTBEHHO yepeJoOBaHHE O -
HOro psifa [JOOLIBAIOIIHX CKBAaXXHH M pfAja HarHeTaTe/JbHHX CKBa-
XHH, Tpex pAJOB AOOLIBAIOIIHX H OJHOTO pPfJa HarHeTaTeJbHBIX
CKBaXyH, NATH PAJOB JAOOLIBAIOUIHX H OJHOTO pAfa HarHeTareJb-
HEIX CKBaXHH. BoJsiee nsaTH pafoB J0OHIBAIOLIMX CKBaXXHH OOGBLIYHO
He NpPUMEHSIOT MO TOH Ke INpHYHHe, UTO H NpPH 3aKOHTYDHOM 3a-
BOJHEHHH, TaK KaK B 3TOM CJydae B IIEHTPaJbHOH Y4aCTH IOJOCHI
HedTeHOCHOH IJIOLLAAH, 3AKJIOUEHHOR MeXIy pAlaMH HarHeTareb-
HBIX CKBaXKHH, BO3/e€HCTBHE Ha IJacT 3aBOJAHEHHAEM OILYIIAThCA
npakTHueckH He OyJeT, B pe3yJbTare 4uero NPOU30HJeT NaleHHe
NJIaCTOBOTO JaBJEeHHS € COOTBETCTBYIOLIHUMH NOCJECTBHSIMH.

Uucno psaloB B pAAHBIX CHCTEMax HeueTHOE BCJEACTBHEe He06-
XOJHMOCTH NPOBOJKH LEHTPAJbHOrO psja CKBaXKHH, K KOTOpPOMY
npeAnosaraeTcs CTATHBAaTh BOJAOHe(TSHON pasjes INpH €ro mnepe-
MelleHHH B npouecce paspaborku nuaacra. IlosTomMy LeHTpasabHHH
pAl CKBaXKHH B 3THX CHCTEMAax YacTO Ha3HBAlOT CTATHBAIOIUHM pf-
JOM.

OnnopssaHas cuHcTeMa paspa6oTkd. Pacnosnoxenue
CKBaXXHH IPH TaKOH cHCTeMe NOKa3aHO Ha pHC. 6. PslHbIe cHCTeMH
pa3paboTKH HeoOXOAHMO XapaKTepH30BaTb YK€ HEKOTOPbIMH HHBHI-
MH NapaMmeTpaMH (IIOMHMO YKa3aHHHIX YeTHIpex OcHOBHEIX). Tak,
NOMHMO pAacCTOfIHHA MeX]y HarHeTaTeJbHHIMH CKBaXXHHAMH 204 H
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Puc. 6. Pacnonoxenne ckBaXHH NpH  Puc. 7. DJeMeHT OJHOPAJAHOA CHCTEMH
ONHODSAAHOR cHCTeMe pa3pabGOTKH: pa3paboTKH:

1 — ycnoBHBIA KOHTYP HeDTEHOCHOCTH; 2 -= 1 — «49eTBEpTb* HAarmeTaTeJbHOR CKBaXXHHH
HarHeTaTeJIbHhIe CKBaXKHHH; J — RoOnBalo- MPH IMaxXMAaTHOM PpAacloJOXKEHHH CKBaXXHH;
HIHe CKBaXHHH 2 — «mOJIOBHHAY HAarHeTaTeJbHOH CKBaXHHbI

npH JHHeAHOM PAacClOJOXEHHH CKBaXHH; §,

4 — COOTBETCTBEHHO <«YeTBepTb» H <«IIOJOBH-

Ha» ROOHIBAlODLEH CKBaXKEHHL.
paccTosiHus MeXJAy NOGHBAIOIHMH CKBAXHHAMH 20; caelyeT yuH-
THBaTh WHpPHHY 6/0Ka HJH moJoch Ly (cM. pHc. 6).

[TapaMeTp OJIOTHOCTH CETKH CKBaxuH S. u mapamerp Nyxp AJada
ONHOPAILHOH, TpeXpsAAHOH H MATHPALHOH cHCTEM MOTYT NPHHHMATb
NpUMepHO TaKue Ke HJH OOJblliHe 3HAYEeHHH, YTO H IJA CHCTEM C
3aKOHTYDHBIM 3aBofiHeHHeM. O BeJHUHHE MapaMerpa wp yxe Obijlo
ckazano. [lapamerp o AnA pAAHHIX cHCTeM (OJiee YeTKO BHIDAXKeEH,
yeM IJI5 CHCTEMHE C 3aKOHTYpPHHIM 3aBojJHeHHeM. OIHAKO OH MO-
)KeT KosnebGaThcs B HEKOTOPHIX mpefenax. Tak, HanpuMep, AJas pac-
cMaTpuBaeMoi OJHOPAAHOH cuHcTeMH @@= l. 3TO 3HAUMT, YTO UHCIO
HarHeTaTeJbHBIX CKBaXKHH NpHMepHO (HO He TOYHO!) paBHO YHCJIY
IOGHIBAIOIIKX, NMOCKOJbKY YHCJIO 3THX CKBaXHH B palax H pac-
CTOSIHHA 204 M 20c MOTYT GHTb pa3iuyHbIMH. lllHpHHaA moJocH MpPH
HCIOJb30BAaHHH 3aBOJHEHHS ‘MOXeT coctaBadaTh 1—1,5 kM, a npu
HCIIOJIb30BAHHH METOJOB NOBHILEHHS] He(pTeOTAayH — MeHbIUHE 3Ha-
YeHHS.

TlockonbKy B ONHOPSAAHOH CHCTEME uHCJI0 ROOHIBAIOWIMX CKBA-
JKMH NPHMEPHO paBHO YHCJY HarHeTaTeJbHBIX, TO 3Ta CHCTEMa
oueHb HHTeHcHBHasi. [IpH XecTKOM BOJOHAamOPHOM pexHMe HeGH-
THl JKHAKOCTH JOOGHBAIONHX CKBAaXXHH PaBHEl pPacxojaM 3aKauyHBae-
MOTO areHTa B HarHeTaTeJbHEE CKBAaXKHHBL. JTY CHCTeMY HCIOJb-
3YIOT NpH pa3paboTKe HH3KONPOHHIAEMHX, CHJIBHO HEOJHOPOAHBIX
IJ1acTOB ¢ LeJplo oGecneueHns 60JblIero 0XsaTa MHJacToB BO3JeH-
CTBHEM, a TaKxKe IPU NPOBEJEHUH ONBITHHIX paboT Ha MECTOpOXKIe-
HHSX [0 HCIHITAHHIO TEXHOJOTHH METOJIOB MOBHIEHHA HedTeoTaAa-
YH NJACTOB, MOCKOJBKY OHa ofecrneyHBaeT BO3MOXKHOCTH GRICTPOTO
HOJNyYeHHSI T€X HJH HHBIX pe3yJbTaTOB. BceaeacTBue TOro 4TO MO
OJZHOPSILHOM CHCTeMe, KaK H NIO BCeM DSAHBIM CHCTeMaM, JOMyCKa-
eTcsl Pas/IHYHOEe YHCJIO HAaTHETaTeJbHHX H JOGHIBAIOIINX CKBAaXHH
B pslaX, MOXKHO HarHeTaTespHble CKBaXXHHH HCIOJB30BAaTh AJA
BO3JefCTBUA HA pa3jdiHBE NPOMJACTKH C LeJbl0 MOBHUIEHHS OXBa-
Ta HEOJZHOPOAHOro IJaacTa paspaGoTKoi.
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Bo Bcex cHcTeMax ¢ reoMeTpPHYECKH YNMOPSAOYEHHBIM pPacHoAo-
2KE€HHeM CKBaXKHH MOXKHO BBIJCJHTb 3JEMEHTAapHYIO 4YacTh (3Je-
MEHT), XapaKTepHylo AJs AaHHOH cHcTeMbl B uesoM. CkuaabiBas
3JIEMEHTH, NOJYYaloT BCIO CHCTEMY Da3paGOTKH MEeCTOPOKIEHHS.

ITockoJIBKy B PALHBIX CHCTEMAaX YHCJIO CKBAaXHH B HarHeraTelb-
HBIX M A0OLIBAIOLIHX pAJAX Pas3/HyHOe, PACIoJOXKeHHE CKBaXKHH B
HHX MOKHO CUHMTATb TOJIbKO YCJOBHO TI€OMETPHYECKH YIOpSJOYEH-
BbiM. TeM He MeHee, Xx0oTA OBl YCJOBHO, MOXHO BHIEJNATH H 3Je€-
MEHTHL.

DJIeMeHT OJHOPAJAHOH CHCTeMbl pa3pabOTKu NMOKa3aH Ha puc. 7.
Ilpn sTOM 1axMaTHOMY DaclOJIOXKEHHIO CKBaXKHH, NIOKa3aHHOMY B
JIEBOH 4aCTH 3TOr0 PHCYHKAa, COOTBETCTBYeT HarHeTaTeJbHas CKBa-
’)KHHa [ ¥ Jo6biBaiollas cKBaXKHHa J. JJfA «/IHHEHHOro» pacmnoJo-
JKEHHA CKBaXWH, IPeACTaBJEHHOTO B NPaBOH YyacTH pHC. 7, HarHe-
TaTeJpHAas CKBaXKHHa 2 M JoObiBaiolllad CKBaKUHa 4 MOKasaHBI
HOYHKTHpOM. He TOJBKO B OJHOPSLHOH, HO H B MHOTOPSAHBIX CHCTe-
Max pa3pabOTKH MOTYT HPHMEHATbCA KakK lIaxMaTHoe, TaK U JIH-
HeliHOe PacHoJ/oXKeHHe CKBaXKHH.

IIpy nmporHosupoBaHHWM TEXHOJIOrHYECKHX IOKa3aTeseH paspa-
6OTKH MeCTOPOXJEeHHs AOCTAaTOYHO PacCUHTaThb AABHble AJs OJHOTO
DJIeMeHTa, a 3aTeM CYMMHPOBATh HX IO BCEM 3JIeMEHTaM CHCTEMH C
Yy4eToM pa3HOBPEMEHHOCTH BBOJA 3JEeMEHTOB B pa3palboTkKy.

TpexpsaaHasgs u NATHDAAHASA CHCTEMHBHL.

JAsi TpexpAAHOH U NATHPALHOH cHCTeM pa3pabOTKH HMeeT 3Ha-
yeHHe He TOJbKO WHPHHA HOJOCH Lj, HO H PAacCTOAHHA MEXIy Ha-
THETATeNbLHBIMH H NEPBHIM PSAJOM JOOHBAIOIIKNX CKBAaXKHH g}, MEX-
Iy TepBHIM H BTOPBIM PsAJAOM AOOGHBAOMHX CKBaXHH /12 (puc. 8),
MeXJY BTOPBIM H TPETHHM PAAOM JOOBIBAIOUINX CKBA*KHH [AJIS MATH-
pAAHOH cucreMH [ 3 (puc. 9). lllupuna nosocsl Ly 3aBHCHT OT HHC-
Jia psioB AOOLIBAIOUIMX CKBAXXHH M DacCTOAHHA MexAdy HHMH. Ec-
Jd, HampuMep, AJs NATHPAAHOH cHcTeMBl lo1=1[ 2=133=700 M, ToO
L;=4,2 km.

[Tapamerp @ A TpeXpsiAHOH CHCTEMH paBeH NpHMepHo 1/3,
a aasa natupsanHoi = 1/5. Ilpu 3HauuTeNbHOH NPHEMHCTOCTH Ha-

1 2 J

Puc. 8. PacrnosioxxeHHe CKBaXKHH IPH TPexpsiiHOH CHCTeMe Pa3pabOTKH:

! — ychoBHHIX KOHTYD HedTeHOCHOCTH; 2 — noCblBaloliHe CKBaX<HHB; & — HATHETAaTeNbHbLIE
CKBaXXHHBL
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Puc. 9. Pacnonoxenre CKBaXUH NPH NATHPAMHOH CHCTeme DPaspaGOTKH:
1, 2, 3—cM. puc. 8

THEeTaTeJbHBX CKBAXKHH N0 TPeXpAAHOH M MATHPSAHON cucTeMam
YHCJIO MX BNOJHE o6ecledHBaeT BBHICOKHE JAEGHTH JKHIKOCTH JOGHI-
BAIOIIMX CKBa)UH U BBHICOKHMH TeMN pa3palOTKH MeCTOPOXKJIEHHS B
unenom. Koneuno, TpexpsajaHasi cHcTeMa 6oJiee WHTEHCHBHAHA, HEXe-
JM TATHPAAHAs, H 0OeCIHeuHBAET ONpEeJe/]eHHYI0 BO3MOKHOCTb IO-
BLIIIEHHS OXBATa [J1aCTa BO3JeHCTBHEM uepe3 HarHeraTeJsbHhe
CKBAXKHHBI NIyTe€M pAa3JeJbHO# 3aKaukKW BOJK HJIH JPYTHX BELIECTB
B OTAeJbHBlEe MPOMJIACTKH. B TO Xe BpeMs NPH NATHPSAHOH CHCTe-
Me EMelOTcs GOJbIIHe, N0 CPABHEHHIO C TPEXPALHOH, BO3MOXKHOCTH
N8 peryJMpoBaHHs mpolecca pa3paGoTKM MJiacTa IyTeM nepepac-
nmpefesieHHss 0T6OPOB KHAKOCTH H3 OTAENbHHLX NOOHIBAIOIIAX CKBA-
KUH. DJEeMEHThl TPeXpsAHOH M NATHPSAHOA CHCTEM NOKa3aHHl CO-
oTBETCTBEHHO Ha puc. 10 1 11.

2.2.2. CHcTeMH C NJIOLIIAAHBIM pAacloOOKeHHeM CKBaxuH. Pac-
cMOTpuM HauGojee 4acTo HCIOJb3yeMule Ha NPAKTHKE CHCTEMBI
pa3paboTKh He(TAHBIX MECTOPOXKJEHHI ¢ MUIOMaJHEIM PacnoJoxe-
HHEM CKBaXHH: IIATHTOUEUHYIO, CEMHTOUEUHYIO U JEBATHTOUCUHYIO.

MatuToueunas cucTema (puc. 12), JneMeHT CHUCTEME
npejcrasaser cofoii KBaApaT, B Yrax KOTOPOTO HAaXOXATCA HOGHL-

! 2 B
'//jzz// % . 114}\
[ '
\
o
&£n
2

Puc. 10. — Daement TpexpsAHo#  Puc. 11. DjeMeHT NMATHPSAHOA CHCTEMH pas-

CHCTEMH Pa3paboTKH: paboTKH:

] — «9eTBEepPThb» HAarHeTaTeJbHOH CKBa- ] — «MoNOBHHAa» HAaTHETATEJNbHOt CKBajKHMHBI, 2 —
JKHHBI; 2 — goOhIBalollas CKBajKHHA; «MOJIOBHHA» AO00HBawllell CKBaXKHHB NepBOre PAAA;
3 — auerTBepTb» JAoGHIBalolled CKBa- 3 — no6biBapULan CKBa)XKHHA BTOPOro psana; 4 — «qer-
SKHHbB BepTb» AOGLIBalolled CKBaXKHHBl TPeTbero pana
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Puc. 12, PacnosoxeHHe CKBamHH
NpH NATHTOYEYHOH CHCTEMe paspa-
6OTKH:

I — ycnosHEIt KOHTYpD HedTeHOCHOCTH; 2
H 3 — CKBa)XXHHBl COOTBETCTBEHHO HArHe-
TaTeJibHBie H NOGHBAKOMHE

Balollye, a. B LeHTpe — HarHerarte/bHas cKBaxkuHa. Ilas srtofi cu-
CTeMHB OTHOIIEHHEe HarHeTaTeJbHHX M JOOHBAIOIIKHX CKBaXHH CO-
crasager 1:1l,0=1.

CemurtoueuHnas cucrtema (puc. 13). DaeMeHT cHCTEME
ApeJCcTaBadeT cOO60H WIECTHYTOJNbHHK C JOOHBAIOHIUMH CKBaXKHHAa-
MH B yrjax H HarHeTaTeJbHOH B meHtpe. JloGuBalomue ckBa-
XKHHB PACHOJIOXKEHH B YIJaX LIECTHYTOJbHHKA, a HarHerare/bHas —
B ueHrpe. Ilapamerp w=1/2, T. e. Ha oJJHy HarHeraTe/JbHyl0 CKBa-
JKHHY NIPHXOAATCA ABE JOOHBAaIOMIHKE.

JesaTuToueyHasa cucrteMma (puc. 14). CooTHOowEHHE
HarHeTaTeJbHHX H JOOKBAaIOHMIMX CKBaX{MH cocTaBiser 1:3, TakuTo
o=1/3.

Camas HHTEHCHBHAafl H3 DaCCMOTPEHHHIX CHCTeM C MJIOIIAJHEIM
pacno/ioKeHHeM CKBaXKHH NATHTOYeyHas, HaHMeHee HHTEHCHBHas
JeBsiTuToueyHas. CyHTaeTcs, YTO Bce IJIOMIAZHLIE CHCTEMBl «XKeCT-
KHe», IIOCKOJbKY IIPH 3TOM He Jomyckaercsi 6€3 HapylUIeHHS Treo-
METPHYECKOH YNOPANOYEHHOCTH pAaCHOJIOXKEeHHS CKBaXHH H I0TO-
KOB IBHXYHIMXCH B IJ1acTe BEHIECTB HCNOJb30BaHHE JPYIHX HarHe-
TaTeJbHBX CKBaXXHH IJ BHTECHEHHs HeTH H3 JAHHOIO 3JEMEHTa,
€C/IH HarHeTaTeJbHYIO CKBaXKHHy, NpPHHaJJexallylo JaHHOMY 3Je-

Puc. 13. Pacnonoxenne ckBaXHMH npH  Puc. 14. Pacnojoxenne CKBa)KHH IpH
CeMHTOUEYHON CHCTeMe pa3paGoTKH: AeBSTHTOUEUHON cHcTeMe Pa3pabOTKH:

1—3 — cm, pHC, 12 I — yCNOBHBIY KOHTYp He(TEHOCHOCTH, 2 h
3 — CKBaXHHH COOTBETCTBEHHO AOGLIBAKLIHE
H HarHeTaTeJabHble
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MEHTYy, HeJb3s 3KCIJIYaTHPOBATh MO TeM MJH HHBIM [PUYHHAM.
B camom feJse, ecad, HanmpuMep, B GJOYHHEIX CHCTeMax pa3paboTKH
(oco6eHHO B TpexpsmHOH M NATHPALHOH) HE MOXKET 3KCIJIYaTHPO-
BaTbCA KaKasi-JMHOO HarHeraTeJbHasi CKBa*KHHA, TO €€ MOXKET 3aMe-
HHTb cocelHss B psaAdy. Ecam Xe BHIIIA H3 CTPOA UJH HE NPHHH-
MaeT 3aKayHBaeMHH B IJiacT areHT HarHeTareJpHasi CKBaXXHHa
OIIHOTO H3 3JEeMEHTOB CHCTEMBl C IJIOUIAJHEIM pacloJoXeHueM
CKBaXHH, TO HEO6XOAHMO JHO6O OYypHTb B HEKOTOPOH TOUKE 3JIe-
MEeHTa JAPYTyIO TakKyio CKBa)KHHy (ouar), Ju6Go OCYUIECTBJATH IIPO-
1ecc BHITeCHEHHs] He(TH U3 mJacTa 3a cyeT 6oJiee HHTEHCHBHOH 3a-
KauykKu paboyero areHTa B HarHeraTeJbHBle CKBaXKHMHB COCeNHHX
3JeMeHTOB. B 3TOM cayyae ynopsio4eHHOCTb [OTOKOB B 3JEMEHTax
CHJIbHO HapyllaeTrcs.

B To e BpeMs IIpH HCNOJb30BAHHH CHCTEMBI ¢ IVIOIIAJHEIM pac-
IOJIOKEHHEM CKBAXKHH 110 CPABHEHHIO C PSZHOH MOJydYalOT BaxKHOE
fIpEHMYIIECTBO, COCTOsilllee B BOSMOXKHOCTH 6oJiee paccpelloTOUeHHO-
ro BO3JeHCTBHA Ha IJAacT. ITO 0COOGEHHO CYLIeCTBEHHO B Ipolecce
pa3paboTKu CHJBHO HEOJHOPOIHBIX NO mJjowagx njacro. Ilpu uc-
110/Ib30BaHHN DAJHBIX CHCTEM AJs pa3pabOTKH CHJIBHO HEOJHOPO.-
HBIX NJIaCTOB HarHeTaHHe BOABI MJIH APYTHX areHTOB B IJIACT CO-
CpPeLOTOYEHO B OTJAEJbHREIX psifax. B ciayuae Ke cucreM ¢ mJollal-
HEIM pacloJioKeHHeM CKBaXKHH HarHeTaTeJbHBle CKBaXKHHH 6oJee
paccpeloTOYeHH MO IJOLIAAH, YTO AAET BO3MOXKHOCTb NOABEPrHYThb
OTAeJNbHHE YYacTKH m1acra GogbllieMy Bo3AelcTBHIO. B To Ke Bpe-
Mf, KaK yXe O0TMeuasoch, pSAAHbIE CHCTEMBbl BCJEJCTBHE HX 60Jb-
1OH THGKOCTH MO CpaBHEHHIO € CHCTEMaMH C IJIOLIAJHEIM pacro-
JIO)KeHHEM CKBa’KHH HMEIOT NPEHMYLIECTBO B INOBBLILUEHHH OXBaTa
nJjacTa BO3JeHCTBHEM IO BepTuKa/jH. Takum o6pa3oM, psAHBIE CH-
CTeMBl IPeANOYTHTENbHH IIpH pa3paloTKe CHJABHO HEOAHOPOJAHBIX IO
BEPTHKAJbHOMY pa3pesy NJIacTOB.

B nosznHe# craguu paspaGoTKH IJIACT OKA3HBAETCs B 3HAUHTEIb-
HOH cBoeH 4YacTH 3aHATHIM BHITECHAIOIIMM He(dTh BellecTBOM (Ha-
apuMep, Bojo#). OnHako BOAa, NPOABUrasiCbh OT HarHeTaTeJbHBIX
CKBaXHH K JOOHBAIOUIUM, OCTaBJseT B IJacTe HEKOTOphle 30HHI C
BLHICOKOH He(dTeHaCHIIEHHOCTbIO, 6JH3KOH K IepBOHauaJbHOH Hed-
TeHaCHIIEHHOCTH IJacTa, T. €. TaK Ha3biBaeMble 1eaukd HepTH. Ha
puc. 15 mokasaHHl 1eJHKH HedTH B 3jeMeHTe ISTHTOYEYHOH CHCTe-
Mbl pazpaborku. Jlna u3pjeueHus u3 HUX He(dTH B NPHHIHIE MOXK-
HO NMpOOGYPHTh CKBa’KHHBI M3 YHCJA De3ePBHHIX, B pe3yJbTaTe 4ero
fI0/1y4aloT JeBATHTOUEUHYIO CHCTEMY.

IToMHMO ynoMsHYTHIX H3BECTHBI CJAEAYIOIIHE CHCTEMBl pa3pabor-
KM: cucTeMa ¢ OaTapefHBIM pacroJlOXKeHHeM CKBaXXHMH (pHuc. 16),
KOTOPYIO MOXHO HCIOJb30BaTh B PEeIKHX CIydasxX B 3ajexax Kpy-
roBo#l (GOpMH B NJaHe; cucTeMa NpH 6apbepHOM 3aBOAHEHHHM, IPH-
MeHseMOM IpH pa3paboTKe HedTerasoBbIX 3aJexed; cMellaHHLIE
CHCTEMBl — KOMOHHAIUsl OMHCAHHBIX CHCTEM pa3paboTKH, HHOTAA CO
CTelHabHBIM pacloNoXXeHHeM CKBAXHH, HCIONb3YIOT HX NpPH pas-
paboTKe KpPYHNHHX He(TSHBHIX MECTOPOXKIECHHH U MECTOPOXAEHHH CO
CJIOXKHBIMH Ie0JIor0-(pU3HYeCKHMH CBOHCTBAMH.
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Puc. 15. DieMeHT NSITHTOYeYHOH CHCTe-
MH, NpeBpallaeMHil B 3JIeMeHT JeBSTH-
TOYEUHOH CHCTeMH pa3paboTKH:

1 — «deTBEepTH» OCHOBHbIX A06bIBalOLUX
CKBa)HH NATHTOYEYHOTO 3JIeMeHTa; 2 — LeH-
KH HedTH; 3 — JONOJHHTEABHO MPOoOypeHHBIE

Puc. 16. Cxema GaTapefiHoro pacnoJo-
JKEeHHA CKBAXHH:

1 — HarHeTaTeNibHble CKBaXHHB; 2 — yCJA0B+
HBIE KOHTYD HEQTEHOCHOCTH; 3 H 4 — no0hl-
BapUHe CKBAXHHBI COOTBETCTBEHHO nepBoﬂ
6aTapeH pajgHycoM R; H BTOpoi GaTapeH pa-

ROGLIBAIOUIME CKBAXKWHL, 4 — 0GBOLHennas  AHYCOM R

o6J1acTh 3NIEMEHTa; 5 — marderaTtesbHad
CKBaXHHa

Kpome Toro, ncmosb3yloT ouaroBoe u u3bHpaTesbHOE 3aBOJHE-
HHs, IpUMeHsieMble JJIA PeryJIHPOBAaHHS Pa3paboTKu HedTSHHX Mmec-
TOPOXK/JIEHHH C YaCTHYHBIM H3MeHeHHeM DaHee CYUIeCTBOBaBllUeH CH-
CTEMHL.

§3. BBOJ HE®TAHOI0O MECTOPO)XKLIEHHUSA B PASPAGOTKY

Paspa6oTka HepTSHOTO MECTODOXKAEHHA NPOXOTUT HECKOJBLKO
crajuii: HauaJpHyl0, Korfla ero pa3fypHBalOT H 06yCTpauBaIoT;
CpPEelHIOI HJH OCHOBHYIO, COOTBETCTBYIOIIYIO BHIXOLY pPa3paboTKH
MECTOPOXKACHHA Ha 3aNPOEKTHPOBAHHEIE IIOKA3aTeJH; CTAaJHIO De3-
Ko magatomes 1o6b1un HedTH, KOrJa NpH MOCTOAHHOA WK HECKOJb-
Ko pacrymed no6biue KHAKOCTH OLICTPO YMeHblllaeTcss JAo6nua
He(TH H IIpH 3aBOJHEHHH pacTeT 06BOAHEHHOCTb NPOLYKLHH CKBa-
JKHH; 3aBepUIamoulyl0 CTajdl0, B TeUueHHe KOTOpoH HabJawoxalprcs
CPaBHHUTEJLHO MEJJIEHHOE, HO cTa6HJbHOe NnajeHue A06HYH HedTH H
TakoH e pocT 06BOXHEHHOCTH NPOAYKUHH. COOTBETCTBEHHO H CH-
creMa pa3paboTKH HeDTAHOTO MECTOPOXKAEHHS He cpasy npuobpe-
TaeT 3alpOeKTHPOBaHHHH BHJA. [IpH 3TOM TeMn BBOZa MECTOPOXK-
JeHHsl B pa3paboOTKy CyUIECTBEHHO BJMAET Ha ee TokasareaH. Jlas
KOJIMUECTBEHHOH OUEHKH BJHAHHA 3TOro TeMfa 6yjAeM CUHTATb, UTO
3a NPOMEXKYTOK BpeMeHH At B pa3paboTKy BBOAMUTCH HEKOTOpOe
YHCJIO 371EMEHTOB CHCTeMH An,. Eciu B sjeMeHTe H3B/leKaeMble 3a-
nacel HepTH paBHB N, a UHCAO CKBaXHH n, TO IlapaMeTp
A. I1. KpraoBa AJs1 OXHOTO 3JIEMEHTA COCTABHT

Naxp=N3/’—l;-
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O603HaynM TeMIl HJIH CKOPOCTb BBOJa 3JIEMEHTOB B pa3paboTKy
yepe3 @ (t). UMeem

w (1) = An,/AT. 1.7)
Hs3 (1.6) u (1.7) nonyunm
AN, =N, o An,=N, ,, @ (1) AT. (1.8)

BeneM noHsiTue o Temne paspaGoTKH 3JeMeHTa 2,(f), paBHOM
OTHOLIEHHIO TeKymeH AOOBYH HeQTH H3 CKBaXKHH 3JeMEHTa K H3-
BJEKaeMblM 3anacaM HedTH B AaHHOM 3JeMeHTe, TaK 4TO

2, (V) =qaq, (V/N,. (1.9)

TeMn paspaGoTKu 3JeMeHTa H3MeHseTcd BO BpeMeHW. Ecau 3a.
MOMEHT AT K HEKOTOPOMY MOMEHTY BpeMeHM { B pa3paboTKy ObLIO
BBEJCHO Arn, 3JeMeHTOB, TO AJs A0OBbUH HedTH U3 HHX HOJYydaeM
ciaeflylolnee BEpaKkeHHe:

Ag,=ANz (t—T)=N, nw (7) 2, ({—T) AT. (1.10)

B ¢opmyne (I.10) TeMn paspaGOTKH 3jJeMeHTa 2, GepeTcsl CPelHHM
3a NpOMEXYTOK BpeMeHH {—rt. I TOro 4ToGH ONpeneauTh A0GH-
4y He(TH U3 MeCTOPOXKAEHHS B IEJ10M K HEKOTOPOMY MOMEHTY Bpe-
MeHH f, HeoGxonumo B ¢dopmynae (I.10) paccmarpuBaTth ee naMeHe-
Hue 3a 6eCKOHEYHO MaJjbli OTPe30K BPeMeHH dt, a 3aTeM IepedTH K
HHTerpany B npefenax oT t=~0 go v={ Takum o6pasoM, no6hua
He)TH M3 MecTOPOXKAEHHS B LEJOM B MOMEHT BpeMeHH [ ompeje-
JIMTCH CJeAylomuM o6pa3om:
t !

0. () = S'N, o0 (W) 2, ((—T)dT=N, 5 w (1) 2, ({—T) dr. (I.11)
0 0

JJsg KojMuecTBeHHOR OLEHKH BJHSIHUSL CKODOCTH BBOjJA 3Ji€e-
MEHTOB CHCTeMBl B pa3paboTKy M TeMna pa3paboTKH OTAeJbHBIX
3JIeMEHTOB Ha M3MeHeHUe JOOBIUM He()TH U3 MeCTOPOXK/IEHHS B lie-
JIOM PacCMOTPUM cJelyoliyue NPHMEpH.

ITpumep I.1. [lonycTHM, uyro TeMN Das3pabOTKH OJHOTO U3 3JIEMEHTOB HEKO-

TOPOH CHCTEMH pa3paGOTKH H3MEHseTCs BO BPEMEHH IO 3aKOHY, (OpMysa KOTO-
POro HMEET BHA

2, (7) =z . (1.12)

ITockosibKy TeMn pa3pabOTKH 3JeMeHTa eCTb OTHOIIeHHe TeKyllell JoOhuH Hed-
TH H3 CKBaXHH 3TOrO 3/eMeHTa K ero H3B/eKaeMhlM 3anacaM HedTH, TO 3a Bce
BpeMs pa3paboTKH H3 Hero Gyaer AOGHTO KOJHYECTBO HedTH, PaBHOE ero H3BJeKae-
MHM 3anacaM. ByseM CYHTaThb YCJIOBHO, YTO BpPeMsi pa3paGOTKH 3jeMeHTa BEJIHKO,
T. €. MaTeMaTHYeCKH CTPeMHTcs K GeckoHeuHocTH. Toraa

00

jza(T)dT=l. (I1.13)
0

IMoacrasasin (1.12) B (I.13), nonyuyum, 4To a=2,. Ha pHc. 17 nokasaHno u3aMe-
HeHHe 2,(T) coraacHo (1.12). B momeHT BpeMeHH T=0 TeMIl pa3paGOTKH 3JeMeHTa
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0 10 20 T 7 5 [

Puc. 17. 3aBucHMOCTb 2,(T) ot T mpH  Puc. 18. 3aBucuMocTb @ OT {, DpH ¢=
2,=0,1 =200

MAaKCHMaJbHHHA, PaBHHA 2, a NMpPH T—>oo 3HaueHHe 2,—-0. CjelyeT OTMeTHTb, YTO
noMumo (1.12) MoryT GHTb, KOHEUHO, H APyrHe BHpPaxKeHHS AJA 2Z,(T). B paccmar-
puBaeMOM TNpHMepe 6yJAeM 3ajaBaThCA Pas3JHYHBIMH, HO He H3MEHSIOLIHMHCA BO
BPEMEHH CKOPOCTSIMH BBOJ2 3JIEMEHTOB CHCTEMH pa3paGoTKM B 3kcmayatanuio. Ilpw
3TOM, €CJIH PacCMAaTPHBaTh OJHY H TY Xe CHCTeMY, TO ofllee HHCJO 5/JeMEeHTOB B
Heil GyJeT NMOCTOSHHHM. BBoo MX B 3KCIJyaTallHI0 C IOCTOSHHOH CKOPOCTBIO W
NpoJoJKaeTcss 1O MOMEHTa BpeMeHH /., KOrla Bce MeCTOpOXKJeHHe GyleT pa3bype-
Ho H obyctpoeHo. ITockosbKy e oflllee YHCJIO 3J1eMEHTOB CHCTEMH OCTAeTCsl HeH3-
MEHHHM, TO

wt, = ¢ = const, (1.14)

rlle ¢ — YHCJIO 3/IeMEHTOB B CHCTeMe.

Ha puc. 18 nokasano naMeHeHHe @ OT f.. EcJH 5J1eMeHTH BBOAATCS B JeffcT-
BHE CO CKOPOCTBIO W;>w;, BpeMs f.<f.;. Iloacraeus (1.12) u (1.14) B (I.11),
NOJYYHM

!
—2p (I—7) .
qu (t) = Nsxpswzoe dt = Nypw (1 — e~20f), (1.15)
0
®opmyna (1.15) cnpaseanuBa npH 0<f<f.. s TOro uTOGH MOJNYYHTb H3Me-
HeHHMe NOOHYH He(TH H3 MeCTOPOXAEHHS NpH {>{,, HLOGXOAHMO YCJOBHO CYHTATh,
4TO NPH ¢{>{f. M3 3KCINIyaTalHH BHIKJIOHAIOTCH 3J€MEHTH CHCTEMH C TOH e CKO-

pOCTbI0 @ (BKJIOYAlOTCA B JAeHCTBHE 3JIEMEHTH C OTPHIATEJbHOH CKOPOCTBHIO —w).
B pesysbraTe Ha ocnose (I.11) moayunM npu £>1.

Gu (1) = Nogpw [e~20 (=e) — e~207]. (1.16)
Hs (1.16) Buano, utc mpu {—-oo 3Haueume ¢,—-0. [Toavsysicy (1.15) u (1.16),

MOXHO 3aKJIOUHTb, UTO MAKCHMaJbHYI0 AOGHUY HedTH H3 MECTOPOXIACHHT (u mas
noJayusaswor npu t={,. U3 (1.14) u (1.15)

c
Gu max = Noxp ?(1 "‘e_zol‘)- (1.17)

Ananus ¢opmyant (1.17) nokasusaer, 9To ¢ yMeHbIIEHHEM f., T. €. C YBeJHye-
HHEM CKODOCTH @ BBOJA 3JIEMEHTOB CHCTEMH Da3paGOTKH B AefCTBHE, MaKCHMaJb=
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Has 106bYa HedTH M3 MECTOPOMIEHHS §umax yBenHunBaercs. IIpa MrHosenHoM
BBOJAE B JKCIIyaTaUUI0 BCell CHCTeMH pa3paboTKu HMeeM CJeAyiolilee BHPaXKeHHe
JUIsT MaKCHMaabHON! JOOHYH HedTH H3 MECTOPOXKACHHS:

G max = Noxptzo = Nz,. (1.18)

TTockosibky N, «p — H3BJE€KaeMHe 3anacu HedTH B OJHOM 3JeMeHTe, a ¢ — 9HCJIO
3J/eMEeHTOB B CHCTeMe, TO N, xpc=N, T. e. H3BJieKaeMHM 3anacaM Hed)TH MeCTOPOXK-
denns B uesoM, Ha puc. 19 nokasaHna 3aBHCHMOCTb gy OT { MPH PA3NHYHHX CKOPO-
CTSIX BBOZA 3JE€MEHTOB B SKCIIyaTalHIO @ H Ws.

M3 paccMoTpeHHOro mpHMepa BHJHO, 4TO AJSl TPOTHO3HPOBAHHSA
J0OBIYH He(TH H3 MECTOPOXJAEHHS B LleIoOM BAaXXHO 3HATh H3MeHe-
HHe BO BpeMeHH TeMna pa3pabOTKH OJHOro 3JeMeHTa CHCTeMBI, H3-
BJIeKaeMble 3amachl B HeM H CKODOCTh BBOJa JIEMEHTOB B 3KCIJya-
Taguio. TeMn pa3paboTKH 3jeMeHTa, BIHAIOUIMA Ha A06buy HedTH
U3 MECTOPOXIEeHHS B ILeJIOM, onpefensiercs (H3HKO-Te0JOTHYECKH-
MH CBOHCTBaMH IJIacTa, €e CHCTeMOH M TexHoJorued. Bmecre c tem
CyllecTBEHHOe BJHMSIHHE Ha YpOBeHb JOOBIYH He(TH OKa3blBaeT H
CKOpOCcTh pa3bGypuBaHHsA, oOycTpOHCTBAa H BBOJAA B 3KCINIyaTalHIO
MECTODOXIECHHA.

MIpumep 1.2. Tlycts TeMn pa3paboTKH 3/1eMeHTa H3MeHseTCA 110 3aKOHY, ¢op-
MyJla KOTOPOTO HMeeT BHJ

= o<t
zs={29° const mpH <t (1.19)

0 npH T >1t,.
CkopocTh BBGJA 3/71€MEHTOB B Pa3paGOTKy H3MeHseTCH ClelyOUHM 06pasoM:

wy, mpun 01y

w(‘t)={ 0 mpu >t (1.20)
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Puc. 20. 3aBHCHMOCTb gy OT f:

31eMEHTOB
—_ 5
N, p=10

, 1,=5 qer, 2=, ;=0,056; wWe=50————, £;=10 geT

3JIEMEHT ron

OnpepennM, Kak 6y1eT H3MEHATLCS CO BpeMeHeM A06HYa HedTH M3 MeCTOPOXK-
npennsi, Tlopcrapasis (1.19) u (1.20) B (I.11), moayudM cieayiolllie BHDAaXKEHHS:

t

u (£) = Ny xp 5 259WedT = Ny yp 250wt mpr 01 L5
0
t

n () = N5 gp 230w0t=5‘ N5 xp 250@edT = N3 kp 230wl mpr  t, KIS

s
{

Gu (t) = N kp 20l —“j N5 xp 250WodT = Ny yp 250Wy ({5 + £, — )
131
npe I, I+,

3aBucuMOCTb gu(f) A PacCMOTPEHHOro IpHMepa NMOKa3aHa Ha
puc. 20. Ona mpeacrasasier co00H <KJAaCCHYECKYIO TpamelnHio» —
HJeajM3MPOBaHHbI BHA 3aBHCHUMOCTH J00BIYH HedTH W3 HedTsHOrO
MECTOPOXKACHHSA OT BPEMEHH.

§ 4. PE)XHMBI TJVIACTOB, TEXHOJIOTHA
H NMOKA3ATEJIH PA3PABOTKH

Mo passuTHf MeTOJ0B BO3JeHcTBHS Ha HedTsHble NJIACTHl C
11eJIbI0 M3BJIEYEHHS U3 HMX HedTH pa3paboTKa MecCTOpPOXIeHHH ocy-
LIeCTBAAJACh 34 CYeT pAacXOjOBaHUA NpPUPORHOH sHepruu. Toraa u
NOSIBHJIOCh BaXKHOoe MOHSITHE O PeXHMaX HedTAHBIX TJIacTOB, KOTO-
pble KJacCHQUIUPOBAJUCh [0 XapaKTepy CHJ, NBHKYIIHX B HHX
HeTh.

HaunGosee pacnpocTpaneHHBIMH B NpaKTHKe pa3paGoOTKH HedTs-
HbIX MECTOPOXJEHHH peXHMaMM NJacTOB OLIH: ynpyru#, pacTBO-
PEHHOro rasa i ra3oHanoOpHBIA HJH ra3oBOH LIANKH.
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Ilpu ynpyrowm pexume HedThb BHITECHHETCS H3 NMOPHCTOH cpe-
Ibl 32 CUET YOPYroro pacliMpeHHs KHAKocteH (HepTH u BOJAH),
a TakXe yMeHbILIeHHsS NOPOBOro o6beMa co CHHXKEeHHEM IIJacTOBOTo
IlaBJIEHHS BCJAEACTBHE Je(dOopMalui FOPHHX MOPOA.

Ecau 3akoHTypHas 06JacThb He(PTAHOTO MJACTa MMEET BHIXOMA Ha
JHEeBHYIO NOBEPXHOCTb B ropax, rje IJacT IIOCTOSIHHO NONOJIHSETCs:
BOJOH, HJIH BOLOHOCHAasA o6jacTh He(TAHOH 3ajeXKH BecbMa O6LIHD-
Ha, a IJacT B Hefl BHICOKO NPOHHIlaeM, TO PeXKHUM TaKOro mJjacra
6yneT ecTeCTBEHHBIM YyNPYTOBOJOHAaNMOPHE M.

H3zpneyeHue HedTH NpH pexHMe pacCTBOPEHHOTro rasa
OPOUCXOAMT NpH NajJeHHH NJACTOBOrO JaBJeHHS HHXKe [aBJeHHs
HachIIIeHHS, BH/IEJCHHH U3 He()TH PAacTBOPEHHOTO B HeHl rasa B BH-
e Ny3hpbKOB H HX pacliupeHHH. PeXXHM pacTBOpeHHOro rasa B
YHCTOM BHJAE HaOJII0faeTcss B 4acTO IlepecsiaHBalOIHXCA MJAacTax,
rlle 3aTpyJiHeHa BepPTHKaJbHAs cerperanus rasa 3a cueT rpaBHTa-
uud. B GosablHcTBe XKe CJAyuaeB BBAENSIONHACA H3 HedTH ras
BCIJIBIBaeT NMOJ JAeHCTBHEM I'PaBHTAIHOHHEIX cuJ, 06pa3ys rasoByio
wanky (BTopuuHyw). B pesyawbtate 3Toro B miaacre co3faercs ra-
30HANOPHHIH pPeXXUM HJH PeXHM ra3oBOH IIAIKH.

Korna e 0ka3bBalOTCH HCTOILEHHBIMH M yHpyras 3Heprus,
H 3Heprus BHAeJsIONIerocs W3 HedTH rasa, He)Th M3 IJIACTa MOX
JeHcTBHEM TpaBUTAlHH CTeKaeT Ha 3a60#, MocJe uero ee U3BJeKa-
1or. Takoil pexum MNJacra Ha3bBAlOT TPAaBHTALHOHHE M,

OzHako B coBpeMeHHoH HedraHoit mnpomuuienHocts CCCP
npeo6Jajailliee 3HauyeHHe HMeeT pa3paboTka HePTAHLHIX MECTOPOXK-
IeHHH ¢ Bo3geficTBMeM Ha mJacT. B 3THX ycHOBHSIX NMOHATHE «pe-
JKHM MJacTa» He MNOJHOCTBIO XapaKTepHu3yeT MNpOUECC H3BJIEUEHHS
HedtH M3 Henp. Hanmpumep, pa3paboTka HEKOTOPOTO MECTOpPOXKJe-
HHSl OCYIIECTBJSETCS C NpHMEHeHHeM 3aKaukH B HJAaCT B TeueHue
OTpeNeJeHHOro BpeMeHH XKHAKOH ABYOKHCH YIVIEDOAA, a 3aTEM BO-
Jlbl, IPOJBUrawIlell No NJacTy 3aKauaHHYW NOPUHIO (OTOPOUKY)
IBYOKHCH yriaepoja. MokHO, KOHEYHO, TOBOPHTb, UTO PEXHM IJa-
CTa B 3TOM cJyuae HCKYCCTBEHHO BOJAoHamopHHiH. OpHako sToro
CJAMLIKOM MaJio AJs ONHCaHHuA mpoluecca H3BJaeueHHs HepTH. Heob-
XOJHMO YUHTHIBATb HE TOJBKO PEIKHM, HO H MEXaHH3M H3BJECUEHHS
HedTH H3 MJjacTa, CBA3aHHBIH C TexXHoJsiorned ero paspaboTKH.

Utobnl ocyuiecTBIAATL paspalboTKy MeCTOpPOXKJeHHH, HeoOXoau-
Mo o6ocHOBaTh M BHIOpATh He TOJBKO CHCTEMY, HO H TEXHOJOTHUIO
pa3paboTKu. ,

Texnonorue paspaboTKH HepTAHHIX MeECTOPONKIEHUHA
Ha3bBaeTCsl COBOKYNHOCTb CIOCOGOB, NPHMEHSEMHIX [IJS1 H3BJeue-
Husl He(TH U3 HeAp. B maHHOM BhIllle NMOHATHH CHCTEMH pa3pabor-
KH B KauecTBe OJHOTO H3 ONpeJeNsIOlUX ee (haKTOPOB YKa3aHo Ha-
JHUHE HJH OTCYTCTBHEe Bo3jeficTBufi Ha maact. OT aroro ¢akropa
33aBHCHT HeOOXOAMMOCTb OypeHHS HarHeTaTeJbHBIX CKBaXXHH. Tex-
HOJIOTHA Ke pa3pabOTKM NJacTa He BXOLHT B ONpeJeJeHHe CHCTe-
MH pa3paboTkd. IIpH OJHHX M TeX Ke CHCTeMax MOXKHO HCIOJb30-
BaTb Pa3J/JHUHBIE TEXHOJOTHH pa3paboTKH MecTtopoxkieHu#. KoHeu-
HO, IpH NPOEKTHPOBAHHU pa3pabOTKH MeCTOpPOXKJeHHs HeoGXOAHMO
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YUMTHIBATh, KaKas CHCTeMa Jyulle COOTBeTCTByeT M306paHHOH Tex-
HOJIOTHM M TNIPH KaKo# cHcreMe pa3paboTKH MOryT ObITb HauboJjee
JIETKO NOJIYYeHbl 3a/laHHble MOKa3aTeJ .

Pa3pa6oTka Kax10ro HeTAHOrO MeCTODOXK/JeHHS XapaKTepH3y-
eTcs ONpefleJIeHHHIMH NOKasaTeasMu., PaccMoTpuM ofliHe Nokasa-
TeJIH, IPHCYLIHEe BCEM TEXHOJOrHSAM paspaborku. K HUM MOXHO OT-
HECTH CJeJyIOoLIHe.

1. o6riua He(TH H3 MeCTOPOXKAEHUS B Ipoiecce ero pa3pabor-
kH. Kak yxe oTmeuaJsioch, npouecc pa3paboTku HedpTSHOro Mecro-
POXJeHHsI MOXHO YCJOBHO pa3fe/MTh Ha ueThipe cTaauu. Ha mep-
Boit cramzun (I, puc. 21), Korna npoucxoAast pasbypHBanue, o6ycT-
pPOHCTBO MECTOPOXKJAEHHS, BBOJA CKBAaxKHH M NPOMBICJIOBHX COOpYXKe-
HHH (BBOJ 3JIEMEHTOB CHCTEMH pa3paGOTKH) B 3KCIJIyaTauHlo, J0-
6biua Hed)TH pacreT, uTO OOYCJOBJEHO B 3HAaUHTE/bHOH CTeNeHH
CKOpOCTbl0 pa3bypuBaHHs H OOYycTpoOficTBa MeCTOPOXKIeHHH, KOTO-
pas 3aBHCHT OT paboThl GYPOBHX H IPOMEICJOBO-CTPOHTEJBHBIX
nojpasjeieHHH.

Bropas cramus (II, cM. puc. 21) xapakTepusyeTcsi MaKCHMaJlb-
Ho#l Ao6uued HedTH. B 3amaHMH Ha npoeKTHpoBaHHe pa3paboOTKH
MECTOPOXKAEHHS YacTO YKa3hBAaOT HMEHHO MaKCHMAaJbHYIO JO0HTY
HedTH, roi, B KOTOPOM 3Ta JAo6biua JOJXKHA OBITh AOCTHTHYTA,
a TaKxke NPOJOJIKHUTEJbHOCTh BTOPOH CTaIHH.

Tperbst cragusa (I/11, cMm. puc. 21) xapakrepusyeTcsi pe3KHUM Ia-
JeHneM JAOOHYH HedTH H 3HAUHTEJbHHIM pOCTOM OOBOJHEHHOCTH
NPOAYKIMH CKBaxkMH (IpH 3aBoAHeHHH HebTsaHHX niacros). Ha
yerBepToit craaun (IV, cm. puc. 21) HabmogaloTcss CpaBHHTEJBHO
MeJUleHHOe, IIoCTeNneHHoe najeHdHe Ao6wYM HedTH, BrcOKas 06BOX-
HEHHOCTb MPOAYKUHH CKBAaXXMH H HEYKJOHHOe ee HapacraHme. Yer-
BePTYIO CTaJHIO Ha3LIBAIOT NO3HEH HJIK 3aBepIlalollell cTagHed pa3-
paborku. OTMeTHM elle pa3, YTO ONHCaHHasy KapTHHA H3MeHEHHS
JNo6GblyH He(GTH H3 MECTOPOXKIEHHs B Ipouecce ero paspaboTkH 6y-
JeT NMPOMCXOMHTb eCTECTBEHHO B TOM CJyYae, KOIJla TeXHOJIOTHs
pa3palGoTKH MeCTOpOXKJeHHS H, MOXeT GHITh, CHCTéMa pa3paboTKu
OCTaHyTcs HeH3MeHHHIMH BO BpEMeHH. B CBSI3H c Da3sBHTHEM METO-
JOB NOBHILICHHS HedTEOTAauyH MN/1acTOB Ha KaKOH-TO CTaJHH Das-
paGoTKu MecTOpOXKJAeHHsS, CKOpee BCEro HAa TPETheH WJH YETBEPTOH,
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MOXeT GbITb IIPHMeHeHa HOBas TEXHOJIOTHs H3BJedyeHHsT HedhTH H3
HeAp, BCJEACTBHe Yero cHoBa Oyaer pacTH Ao6nua HehTH H3 Me-
CTOPOXKIeHHUS.

2. TeMn paspaGoTKM MecTOPOXHAeHHH 2z({), H3MeHSIOMHACH BO
BpeMeHH /, paBHHIA OTHOILIEHHIO TeKyweld A0o6uun HedhTH ¢gu(?) K
H3BJICKaeMbIM 3aMacaM MeCTOPOXAEHHS:

z(t)=qu ()/N. (1.21)

Ecau n3BiekaeMue 3amach HeTH MECTOPOXIEHHA OCTAIOTCH
HEH3MEHHLIMH B IIpolecce ero pa3pabOTKH, TO H3MeHEHHE BO Bpe-
MEHH TeMIa Pa3paGoOTKH MEeCTOPOXJAEHHS NPOHCXOAHT aHaJOTHUHO
H3MeHEeHHIO NO6HYH HeTH U NMPOXOAUT Te XKe CTaJHH, YTO H HOOHI-
ya HedTH.

Paspa6orka MecTOpox[eHHs, HAaUaBUIHCh B MOMEHT BpDEMEHH
t=0, 3akaHYHBaeTCcs] B MOMeHT [y, K KOTOPOMY H3 Iaacra 6yayT IO-
ObITH Bce H3BJeKaeMble zanachl Hedru N. Torza

Ix

j 2(t) dt=1. (1.22)
0

[Tpu pacuerax no6uun HedTH 2(Z) MOXKHO MPeNCTABJAATh AHAJH-
THYeCKHMH ¢GyHKuuaMu. [lostoMmy Ias ylAobGcTBa HHTErpHPOBAaHUS
MOXHO [0JIaraThb, YTO

yz & dt=1, (1.23)
0

HOCKOMBKY 2(£) =0 npu <<t <oo,

MOXHO NOJNYYUTD CBSI3b MEXAY TEMIOM paspabOTKH MECTOPOXK-
IeHHS B LleJOM, napaMeTpoM N,xp, TEMNOM Da3paboTKH 3JeMEHTa
CHCTEMHl 2,(T) H CKODOCTbIO BBOJA 3JIEMEHTOB CHCTEMHI B IKCIya-
tauuio w(t). Ucnoawsys (1.11) u (1.21), monyuum

t

2 ()= Yo Yw(’r) 2, (t—1) dv. (1.24)

[

0
Temn paspaGoTkn He(dTAHOrO MECTOPOXAEHHS MOMKHO NIpejcTa-
BUTb TaKXe B BHIE OTHOIIEHHs TeKyueit No6biun HebTH gu(f) K
reosiorHueckuM 3anacaM Hedptu G Mmecropoxienus. Mmeerca cae-
Aylolmas CBSi3b MeXJy H3BJeKaeMhIMH H TeOJIOTHYeCKHMH 3amaca-
MH HedTH:

N=n1.G, (1.25)

rie 1x — KoHeuHasl HedTeoTAaYa.
Hcnonb3ys (1.25), MoxHO HafTH TeMn pa3paGOTKH MeCTOPOXK-
JleHHU s, onpejensieMblli Kak

7H=2 (1.26)
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Puc. 22. 3aBHCHMOCTH TeMNOB pa3paboTKH MectopoxjeHu#t 2(f) H ¢@(¢f) or Bpe-
MeHH:

1 u 2 — Temnbl pa3paGoTKH COOTBETCTBEHHO OT OCTATOYHHIX 3amacoB HedTH @(f) H or HaA-
YasbHBIX ee 3anacoB 2({)

Henombays (1.21), (1.25) u (1.26), noayunm
z () =mnz(b). (1.27)

Hakonen, ecth NoHATHe O TeMIlle Pa3pabOTKH, ONpeReaseMOM
KaK OTHOIIeHHe TeKyllel No6nuH HedTH ¢u(f) K OCTATOYHHIM (M3-
BJeKaeMbIM) 3anacaM HedTH Nocr(f) MeCTOpOXKAEeHHA, T. €.

@ ) =420 (1.28)

Hast Nocr(f) umeeM crenymwolliee BHpaXeHUe:

Noer ()= 9, (8 d (1.29)

-’ﬁ_*

I'Ipolmq)q)epeﬂunpyeM peipaxenne (1.28) ¢ yuerom (1.29). Kime-
eMm

d dNoCT dgy
29 Noert-o — o (1.30)

YuutnBasg, UYr0 Nocr=@qu/@, dNocr/dt=—qu, gu=2N, nonyunm
OKOHYATEJbHO CJelyIolylo AuddepeHIHaMbHYIO CBA3b MEXIY TeM-
HaMH pa3paGoTKH MeCTOPOXACHHUA:
dp =z __dz
o g T ®=g (1.31)
Ecan 3aBucuMocTb 2=2(f) BHIPAa3UTh aHAJHUTHUECKH, TO, MOJACTAaBHB
ee B (1.31), noayuum =g ().

MIpumep 1.3. JonycTHM, uTo TeMn pa3paGoTKH HeTSHOTO MeCTOPOXK/eHHS

H3MEHSIeTCsl BO BPeMeHM TaK, KaK 3TO MOKa3aHO Ha puc. 22. Ha nepsofi crapun
pa3pabOTKH MeCTOPOXK/JeHHA Z(f) H3MEeHsETCs N0 JHHeHHOMY 3aKOHY:

z(f)=at; 0t <.
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Ha BTOpo# cTanuu TeMn pa3pabOTKH, HCUHC/AAEMHA OT HayaJbHHX H3BJEKaEeMHX
3anacos Hed)TH, OCTaeTCsi NOCTOSIHHMM, PABHRIM MAaKCHMAaJbHOMY Zmax:

2 (t) = 2pax = const; L <t t,.

Ha tperbefi ¥ ueTBepTOR CTAZMAX TeMN Da3paGOTKH MeCTOPOXIeHHS z(l) yMeHb-
IIaeTcst IO 3aKOHY, GopMyJa KOTODOro HMeeT BHA

2(t) = 2max e 12); 12>,

TpeGyercs onpeleJHTb, KaK GyNeT H3MEHATbCS Ha YKA3aHHBX CTajHAX TeMIl
paspabotku @(f), HCUHCASsEeMHH OT OCTATOYHHX H3BJIeKAEMHX 3alacoB HepTH Me-
CTOPOXJEHHS.

IIpexpae Bcero cieayeT yKasaTb, YTO €CJH NapaMeTpH @, £y, f2 H Zmax 33JaHH,
TO MapaMeTp €, XapaKTePH3YIOMHA CKOPOCTb YMeHblLIeHHs TeMNla paspaboTkKH Ha
TpeTbefl H YeTBEPTOH CTaJHAX, GyJeT 3aBHCeTh OT 3aJaHHHX NapaMerpoB H ompe-
aensThesi Ha ocHoBe dopMyan (1.23).

Ians onpenenedns 3aBHCHMOCTH @(f) Ha Da3/HYHHX CTajJHfAX pa3paboTKH Me-
CTOPOKIAEHHS] MOXHO IOACTAaBHTh 2(f) H3 NpHBeJEHHHX BHpaxeHHf B Anddepen-
uHajbHoe cooTHomenne (1.31). Oxnako A mepBOfi CTajHH IpOILe ONpEIEJHTb
@ (1) uenocpeactBenHo H3 Bupaxenuit (1.28) u (1.29). Torna nomyaum

¢
aNt? at
gu = aNt; \Yqﬂ(t)dtz 5 Q=—""m7. (1.32)

H 1——

Chenaem yHCJOBHE ONLEHKH BenHdHH z(f) H @(f). Ecan, nanpumep, npu f=
=5 Jer 3HaueHHe 2Z=2n.,=0,00 1/rox H, cnemosarenbno, a=0,01 1/rox?, ToO
¢=0,057. Kak BHgHO u3 BHpaxenHs (1.32), @(f) npH auHeAHOM BO3paCTaHHH
gu(t) yBenuunBaercs HeauHefiHo. Ha puc. 22 moxkasano u3MeHenHe ¢ (f) Ha pa3asmy-
HHX CTafHsAX Pa3pabOTKH.

Ilns onpenenenuss ¢ (f) Ha BTOPOH CTajMH NOACTABHM BHDPAXEHHE 2= _Zmax=

=const, xapakTepHoe mjst atofi ctagud, B (1.31). IToayuum auddepenunansnoe
ypaBHeHHE

do/dt = ¢2. (1.33)

Ero peutennem 6ypet
@ =1/(C—1), (1.34)
rae C — NOCTOsIHHAS, NMOJeKAlLAst ONpeAe/NEeHHIO H3 YCIOBHS

at, 1
(p:l ary? = c—1, npe  l=t¢,. (1.35)
- 2
N3 (1.35) momyunm
at,?
P (1.36)
at, .

Tak KaK Zmax=af;, #3 (1.34) u (1.36) okoHuaTeNbHO HMeeM

Zmax .
o\’
1 — zmax (t— T)

Ilycts £;=10 ner, T. e. MakCHMaJbHHWA ypoBenb HOGHUYH HedTH TOANEPKH-
BaeTcs elle 5 JieT NOC/Ae BHXOJA MeCTOPOXKAeHHs Ha Hero. Torma mpH f=f, 3Ha-

uenne ¢=0,08. s popmyan (1.37) crenyer, uto H Ha BTOPO# cTazuu ¢(f) BO3-
pacraer.

o= HL<t<t, (1.37)
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Ha Tperbeft u geTBepTORt CTaAHAX
@ = const; >4, (1.38)

B camoMm gene, noacrasasa (1.37) B (1.31), noayunM creaymromee fHddepen-
LIHaJbHOE YDaBHEHME:

dz/dt = —cz. (1.39)

Ero pemenueM Gyner
et (=) (1.40)

Z2== Zmax

Bupaxenne (1.40) xak pas coBnajfiaer ¢ 3aKOHOM H3MeHeHHs Z(f) B TpeTbei
H yeTBepTOA cTajHAX, TakHM o6pa3oM, Ha 3THX CTafHAX TeMn pa3paborku z(f),
HCYHC/IAEMHA OT Haya/ibHHX H3BJEKAaeMHX 3alacoB, B PaccMaTPHBaeMOM CJydae,
nagaer, a @({), HCYHCASIEMHH OT OCTATOYHHX H3BJIEKAE€MHX 3allacoB, OCTaeTcCs
NOCTOSSHHHM [0 KOHUA pa3paboTKH. MOXHO YTBepXKAaTb CJAEAYIOLIEE: IKCIOHEH-
LUHanbHOE DajeHHe JOOBYH HedTH H3 MECTOPOXKJAEHHS B LEJOM INOJYYaeTcs IpH
MOCTOTHHOM TeMIle pa3pal0OTKH OT OCTaTOYHHX H3BJEKAaeMHX 3aNacos.

3. o6blua XKHAKOCTH H3 MecTOpOXJeHus. IIpH pazpa6oTke Hed-
TSAHBIX MECTOPOXJEHHH BMecTe C HedTbIO M rasoM M3 Ij1acTa [o-
6niBaeTca Boja. Ilpu 3ToM MOXHO paccMaTpHBaTh He(hTh BMecTe
C pacTBOPEHHHIM B HeH Ta3oM HJH AerasupoBaHHylo HedTb. 1 06 H-
4ya XHAKOCTH-—3TO cyMMapHaa Jo6uwua HedpTH H BoaH. Ha
puc. 21 noxasaHo H3MEHeHHe B Mpolecce pa3paboTKH MeCTOPOXKie-
HHsl ¢ NpHMEHEHHeM 3aBOAHEeHHs J00HYH HedTH ¢y H XKHIKOCTH
gx=¢qu+qs (gs — no6uua Boan). Kak BHAHO H3 3TOro PHCYHKa,
Jo6uya XHIAKOCTH Bceria npesHinaer fo6niuy HedTtH. Ha Tpetheii
H 4YeTBEPTOH CTaAHuSIX H3 MECTOPOXKIeHUA OOHUYHO MOGHIBaeTCA KO-
JIHYECTBO XKHIKOCTH, B HECKOJIbKO pa3 NpeBHIIalouiee KOJHUECTBO
Jo6riBaeMoil HedTH.

4. Hedreoraaua — oTHOIIEHHE KOJHYECTBA H3BJIEUEHHOH H3 NJa-
cTa HeTH K NepBOHAYaJbHEIM €€ 3arnacaM B IJiacre. PasJuuaior
TEeKyllYyl0 U KOHeuHylo Hedregraauy. [lon Texyuieit HedTeorT-
Jayel NMOHMMAIOT OTHOLICHHE KOJHYECTBA H3BJEYEHHOH H3 IJacra
HedpTH Ha NaHHHA MOMEHT pa3paloTKH IJIACTa K NepBOHaYaJIbHBEIM
ee 3anacaM. Koneunasa HedTeoTdaua—oTHOIIEHHE KOJH-
yecTBa A06BITOH HedpTH K NepBOHAuaJbHBIM €€ 3amacaM B KOHLE
pa3paboTKH miaacrta. BMecTo TepMuHa «HedTeOTAAUa» ynoTpeb/sior
TaKxXe TePMHH «Ko3(pduunedT HepTeoTAaAUH>.

YKe H3 JaHHOTO BBIILIE Olpeje/ieHHs TeKylleH HedTeoTAaun cie-
JyeT, 4To OHa IlepeMeHHa BO BPEMEHH H BO3pacTaeTr Mo Mepe yBe-
JIHUeHHsl KOJIHYecTBAa H3BJeueHHOH H3 miaacta Hedtu. [lostomy
TepMHH «Ko3d@HUUHEHT HedTeoTAauyH» MOXKHO NPHMEHATH IO OTHO-
IIEHHI0 K KOHEeYHOH HedreoTHaue.

Texkymyio HedTeoTmauy OGHYHO NPEICTaBJISIOT 3aBHCALLCH OT
pasJHYHBIX (AaKTOPOB — KOJHUECTBA 3aKaUaHHOH B MJACT BOALI NIPH
3aBOJIHEHHH, OTHOUIEHHs 3TOro KOJM4YecTBa K o06beMy IOp Ilacra,
OTHOILIGHHSI KOJIMYeCcTBAa H3BJEUeHHOH H3 IJacTa KHIAKOCTH K 00b-
eMy Nop IJ1acTa, 0GBOAHEHHOCTH NPOAYKUMH H IPOCTO OT BPEMEHH.
Ha puc. 23 nokasaH THNHYHBEH BHJ 3aBHCHMOCTH He(TEOTAAUH 1
ot BpeMeHH {. Ecuu f{« — MOMeHT OKOHUaHHs pa3paboTKH MJacTa,
TO 1x — KOHeuHas HedTeoTAaya. MOXHO TOBODHUTH O HecpTeOTﬂ.aqe
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Puc. 23. 3aBHCHMOCTb TeKy- 3
wed HedTeoTAaud 1 OT Bpe- (5
MeHH {

0,251

j
g &) 10 t,200sl

HE TOJBKO KaKOro-To OJHOro mJjacra, o6beKkTa, MeCTOPOXAEHHH, HO
H 0 cpelHed HedreoTAaye 10 Tpylnne MeCTOPOXKAEHHH, HEKOTOPOMY
reoJIOTHYECKOMY KOMILIEKCy, HedTeRoOLBaIOHIEMY DErHOHY H IO
cTpaHe B 1leJiOM, IOHHMas MoA TeKymeil HedbreoTnadeH oT-
HOLLIEHHE KOJHMYECTBA M3BJeYeHHOH U3 NJacTa HedTH B AaHHbIH MO-
MEHT BPEMEHH K NepBOHAauaJjibHRIM ee reoJIOrHYecKuM 3alacam B
rpylnmne MecTopoXIeHHH, KOMIJIeKce, perMOHe MJHM B CTpPaHe U NOJ
KOHeYHOH HedTeoTjpgayeHd —OTHOWIEHHE H3BJACUEHHOH H3
nJjacta HedTH B KOHLEe pPa3paGOTKH K IreoJIOrMYecKHUM 3amacam.

Hedreornaua Boo6uie 3aBHCHT OoT MHOrux ¢akropoB. OO6biuHO
BLIAENAIOT (AKTOPH, CBA3aHHHE C CaMHUM MEXAaHH3MOM H3BJICYEHHS
HedTH M3 njaactoB, U GHaAKTOPH, XapaKTepu3yoUle MOJHOTY BOBJE-
YeHHs IJjacra B ueqoM B paspaborky. IlosroMy HedreoTZauy H
IpPefCTaBJAAOT B BHAe CJeAYIOIEro NPoU3BeeHH s

="M, (1.41)

Tie 1 — Ko3pHUHEHT BbiTecCHeHHs HeTH M3 IJacTa; 1 — Ko3d-
¢uuuenT oxBara miacra pa3paboTKOH. YUHThHIBasg cKa3aHHoOe, cje-
AyeT TNOMHHTb, 4TO AJA TeKylle# HedTeoTRauH KO3()PHUMEHT BH-
TEeCHEHHsl — BeJIMYHHA, NepeMeHHas Bo BpeMeHH. [IpouaBefilenne
NiMe CHpaBeAJHBO JJad BCeX INpOLECCOB paspa-
60TKH HepTAHHX MecTOpOXJAeHHUM Brnepeue ato npen-
craBjeHue 6ui1o BBeZeHo A. I1. KpulioBeiM npu paccMoTpeHuu Hed-
TEOTAAuH [JAacTOB IIPH MX pa3paboTKe ¢ NpHMEHEHHEM 3aBOJHEHHS.
Beanuynna v; paBHa OTHOWEHHIO KOJHYECTBA H3BJIEUEHHOA H3 mJa-
cta HedpTH K 3anacaM HedTH, NepBOHaya/JbHO HAXOAMBIIHMCS B
YacTH IJIacTa, BOBJEYEHHOH B pa3pabGoTkKy. BeanunHa me paBHa OT-
HOHIEHHIO 3amacoB HedTH, BOBJEYEHHHX B Pa3paboTKy, K OOILHM
TeoJIOTHUeCKHM 3anacaM HedTu B IJjacre.

Koneunasi HedreoTnaua ompelessieTcsi He TONbKO BO3MOXKHOCTS-
MH TeXHOJIOTHH Pa3paboTKH He(PTAHHX MCCTOPOXKAEHHH, HO H 3KO-
HOMHYECKHMH YCJOBHAMH. EciH Haxe HEKOTOpAas TEXHOJOTHA I03-
BOJIIET JOCTHYb 3HAuHTeJbHO GoJiee BBHICOKOH KOHeUHOH HedTeoT-
Jlaud, YeM CYHIECTBYIOHIasl, 3TO MOXET ObIThb HEBHITOJHO IO 3KO-
HOMHYECKHM IIpHUMHAM.
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5. Jlo6niua rasa u3 HeTAHOrO MECTOPOKIEHHS B MpOLECCE ero
pa3paboTKH. JTa BeJHYMHA NpPH pa3paboTKe MeCTOPOXJAeHHH Ha
€CTECTBEHHRIX DPEXHMAaX HJAH MNPH BOSJleﬁCTBPIH Ha NJa4aCcT 3aBHCHT
OT COJepXaHusA rasa B IJacTOBOH HedTH, NMOABHKHOCTH rasa OT-
HOCHTECJBbHO IMOJABHXXHOCTH He(‘bTH B IJIACTE, OTHOLIEHHUSA MMJAaCTOBOIro
IaBJIEHHs1 K [aBJIEHHIO HaCHILUEHHSA, CHCTEMH pa3paboTKH HedTs-
HOro MecTopoxkjeHusi. B mpouecce nojjep>XaHus NJacTOBOrO JAaB-
JIEHHS1 BHlLIe JaBJeHUSI HaCHILIeHHs TyTeM 3aBOJHEHHs MJacTa
KpvBasi H3MeHeHUs HOOBIYM rasa BO BpeMeHH 6ynaer mojgo6Ha KpH-
BoH HoOHun HepTu. B caydae xe pa3pa6oTku HedTAHOro MecTO-
poxjaeHust 6e3 BO3JeHCTBHA HA MJacT, T. €. C NaJleHHeM IJIacTOBOrO
JaBJeHusd, NOocae TOro Kak cpefHEB3BellleHHOe TMJacTOBOE AaBJe-

HHE p CTaHeT MEHbIlle JaBJEHUS HACHIIIEHHUS Pyac, HACHILIEHHOCTH
nJjacra rasopod (asofl cymiecTBeHHO yBeJMuMBaeTcs H HoOniua ra-
3a Pe3KO BO3pAacCTaer.

Ilns xapakrepucTHKH  J06bYM HeDTH W rasa H3 CKBaXHH
YROTPeOJAIoT NMOHsATHE O Ta30BOM GaKTOpe, T. €. OTHOUIEHHE
ob6preMa Jo6biBaeMOro H3 CKBaXXHHBl ra3a, NPHBEJEHHOrO K CTaH-
NapTHBIM YCJOBHAM, K A06Gblue B eJHHHLY BpeMeHH [erasupoBaH-
HoH HedrtH. B npunnune nmoHATHE O cpefHeM ra3oBoM (daKTope
MOXHO HCIOJIb30BaTh B KauyecTBE TE€XHOJOTHUYECKOH XapaKTepHCTH-
KM pa3paboTku HehTAHOTO MecTOPOXKJeHHA B ueaoM. Torla cpe i-
HUH rasoBbf ¢ aKTOp paBeH OTHOLIEHHIO TeKyllel A06BYH
rasa K Tekyuieil 1o6biue HeTH U3 MECTOPOXKAECHHS.

6. Pacxon HarHetaeMblX B ILIacT BeEleCTB U UX H3BJEUEHHE
BMecTe ¢ HedTblo U rasoM. [Ipu ocymecTBNC€HUH pasJHYHBIX TEXHO-
JIOTHYECKHX IMpoLlecCOB H3BJeYeHHS He(PTH M rasa u3 HeJlp B IJacT
3aKauMBalOTCcA OOHYHAs BOJA, BOAa ¢ A06aBKaMH XMMHUYECKHX pe-
areHToB, ropsyas BOJAa WJH Tap, YrJAeBOAOPOJAHHE Tasbl, BO3AYX,
IBYOKHCb yrjepoja W Apyrue BellectBa. Pacxol 5THX BelIECTB MO-
eT M3MeHAThCH B Npolecce pa3paloTKH MecTOpoXIeHus. ITH Be-
IIeCTBa MOTYT AOOLIBATbCA M3 IL1acTa BMecTe ¢ HedTbio, H HX TeMI
H3BJIeUEHHA TakKe OTHOCHTCA K YHCJY TeXHOJOTHUeCcKHX IOKasa-
Tenei.

7. PacupeneneHue naBseHus B miacre. B npouecce paspaborkn
HedTAHOrO MECTOPOXK/IEHHS1 JaBJeHHe B MJjacTe H3MeHAeTCs Mo
CpaBHEHHIO ¢ mepBoHayaJbHBIM. [IpH 5TOM Ha OTZeJBHBIX yHacTKax
nJacTa OHO, €CTEeCTBEHHO, OyieT pa3auuHbIM. Tak, B6JM3M Harde-
TaTeNbHBIX CKBaXXHH JaBJeHHE MOBLILIEHHOE, a BOJM3M AOGLIBAIO-
IIMX CKBAaXXHH — NMOHHXeHHOe (BOPOHKH Aenpeccun). ITostomy, ro-
BOPA O NJIACTOBOM JaBJEHHH, OOHYHO NMOJAPa3syMeBaloT CpelHEeB3Be-
LIEHHOe MO IJomaAM WM o6beMy HiacroBoe paasJjeHue. Cpejne-
B3BEelLIEHHOE MO ILIOM(AaZH MECTOPOXKJAEHHS NJIacTOBOE [aBJEHHE

— 1
p=-—<\\pr(x y dxdy. (1.42)
£f

B ¢opmyne (1.42) unterpan Geperca mo IIOWIaAH S MeCTOPOXKIE-
HHUA.
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Ipu NPOEKTHPOBAHHK -\ ; g
pa3paboTKH HepTAHOTO Me- T -
CTOPOXK/EHHSI BaXKHO PAaCCUH-
TaTb pacnpejeneHde jaasJe-
HHSl B IIaCTe B LEJOM WJH B
3JeMeHTe CHCTeMHl paspalboT-
kH. B KkauectBe mokasarenedt
pa3paboTKM HCMOAL3YIOT TaK-
JKe JlaBJIeHHs B XapaKTepHBIX
TOYKax  pa3pabaThBaeMoro
njacra — Ha 3a00AX HarHe-
TaTeJbHHIX CKBaXHH pu, Ha
JHHHAX HJH KOHTypax HarHe-
TaHdA pPy’, Ha JUHHAX HJH
KoHTypax orbopa p.’ H B J0-
ObIBAIOLIMX  CKBAXHMHAX Pc  Ppyc 24, PacnpellenenHe AaBiends B Xa-
(pHC. 24). BaxHO onpele- paxrtepuHX TOYKax IJI4acTa M B CKBAXKHHAX:
JATb TaKxke Iepenajnl IJa- ;TH;Te;:;;g::zap SxBaAXRRE: pf;ﬁﬁﬁiﬁ?s
CTOBOTO JAaBJIEHHS], HCUHCAA- 20 o 5. anieme Py 6— noSusaroman
eMl:Ie KaK pa3HOCTb [ABJI€- cxsaxuua; 7— faBienHe p.’; 8 — AaBACHHE P}
HHUii B HarHeTaTeJbHBIX M JO- 9 — naact
OLIBAIOLIHX CKBaXXHHAaX.

8. JlaBaenme py Ha ycTbe AOGHIBAIOUIMX CKBaXHH. JTO NaBJeHUe
3ajaeTcs HCXOAs M3 TpeGoBaHui obecneueHns cOopa ¥ TPaHCIOPTa
no Tpy6amM AoGbIBaeMHX H3 IjacTa HedTH, rasa ¥ BOAB OT yCTbs
CKBaXKMH K HedTenpOMBLICJOBLHIM yCTaHOBKam IO cenapauuH rasa,
06e3BOXHBAHUIO H 06€CCOMHBAHAIO HedTH.

9. PacnpepesieHne CKBaXHH M0 crnocobam MoAbeMa XKHJAKOCTH €
326051 Ha JHEBHYIO NOBEPXHOCTb. IIpoHHIaeMOCTh HeDTSIHHX MJac-
TOB BCJEACTBHE MX HEOJHOPOJHOCTH DasJH4YHa Ha OTHA/bHHX yua-
CTKaX MeCTOpOXJeHHH. 1o pas3snuxe yCcyryGJsercs yCJIOBHAMH
BCKPHITHS He(DTSHBIX IJ1ACTOB NPH OYypEeHHH CKBaXHH, HX KPeNJeHHd
H 0CBOeHHsi. B pesy/braTe NPOAYKTHBHOCTb OTHAE/BHHIX CKBaXHH,
NpOGYpeHHbIX Ha MECTOPOXK/IEHHH, OKa3biBAaeTCs PEe3KO pas/HuHOH.
Torna npu oJHOM H TOM Xe Nepenane JaBJeHHH Ap.=ps—pPc H
ONIHHAKOBOM YCTLEBOM JlaBJIEHHH Py B JOOHIBAIOIIHMX CKBaXXHHAX Je-
6HTH HX OYAyT Pa3sJHYHBIME HJIH K€ paBHble N€OHTHI CKBaXKHH MO-
IyT GHITH MOJYYeHbl MPH PAa3JHYHEIX 3a00HHBIX AaBJEHHAX. YKasaH-
Hble OOCTOSTEJbCTBA NPHBOAST K NPHMEHEHHIO B CKBaXXHHax pas-
JHUHBIX crnoco6oB MoabeMa AoObBaeMHIX H3 IJIACTa BeIEeCTB Ha
JHEBHYIO NOBepPXHOCTb. TaK, NpH BHICOKOH NMPOAYKTHBHOCTH (BBbICO-
KOM 3a60HHOM JaBJE€HHH) H He6GOJblUOoH O0OBOAHEHHOCTH NPOAYKIHH
CKBaXKHHH MOTyT (JOHTAHHPOBATh, NpPH MeEHbLIEH MPOAYKTHBHOCTH
MOTYT NOHAAOOHTLCS MEXaHH3HDOBAHHBIE CNOCOOH MOXbeMa XHA-
KOCTH ¢ 3abosi. 3Hasi pacmpejeseHHe KO3(pQpHIHEHTOB NpPOLYKTHB-
HOCTH NOGLIBAIOUINX CKBAXHH H 007acTH 3QGeKTHBHOrO npHMeHe-
HHSI PA3JHUYHBIX CNOCOGOB 3KCIVIyaTallMH, MOXKHO HAHTH BepoAT-
HOCTHOE CTATHCTHUECKOE pacmpefeseHHe CKBaXHH MeCTOpOXIeHus
no cnoco6aM TMOLBbEMA XKHAKOCTH H3 HEAp.

‘77777_|/ 77777 7 7 7,
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10. ITnacrosas Temneparypa. B npomnecce paspaGoTku HepTAHHX
MECTOPOXIAEHHUH NJacToBasi TeMIepaTypa M3MeHsieTcs B CBSI3H C
IJpocceabHEIMH 3 deKkTamMu, HabIIOAAIOUAMHUCS NIPH ABHXEHHH XU~
KOcTell u rasoB B Npu3abOHHHX 30HAX CKBAaXKHH; 3aKaukof B IUIac-
THl BOJBl C TeMIlepaTypoH, oTJHUaouelcs OT MJacTOBOH; BBOJOM B
nJacT TenJoHocHTes e MJH OoCyllecTBJeHHEM BHYTPHILJIACTOBOTO ro-
peHus. Takum o6pasoM, HauasJbHasg TeMIepaTypa IJacTa, ABJAACh
NPHPOAHHIM (aKTOpPOM, MOKeT GHITb H3MEHEHAa B Ipolecce paspa-
6OTKH W CTaTh, KaK H [J1aCTOBOE AaBJeHHe, TOKa3aTeseM pa3pabor-
Kd. JIpH IpOeKTHPOBAaHHH NPOLECCOB pa3pabOTKH HedTSHBIX MECTO-
poxIeHuH, NpoBeJeHHe KOTODHIX. CBA3aHO CO 3HAUHTE/bLHHIM H3Me-
HeHHeM MJ1aCTOBOH TeMIlepaTypbl, HEOGXOJAHMO PacCUHTHIBATH pac-
npeflejeHHe TeMNepaTyphl B IIJIAcTe B I€J0OM HJH B 3JEMEHTE CH-
cTeMHbl pa3paboTkH. BaxHo Tak:Ke NPOrHO3HPOBATh H3MEHEHHE TeM-
nepaTypel BOaM3H 3a60eB HarHeraTeJbHHX H JOOGLIBAIOIIHMX CKBa-
JKHH, a TaKXe B JPYTUX NJacTax, COCEAHHUX ¢ pa3pabaThiBaeMbIM.

IloMuMO oOmMCaHHBIX OCHOBHBIX NOKasaTesJeHd pa3paGOTKH TmpH
OCYINECTBJIEHHH Da3JIMUHBIX TEXHOJIOTHH H3BJEUEHHS HedTH U3 Help
ONpelesIIOT TakXe oco6hle MOKa3aTeJH, CBOHCTBEHHEE LAaHHOH TeX-
HoJjorun. Hanpumep, npH BbiTeCHeHHH HedTH H3 IJ1ACTOB BOJHBIMH
pacTBOpaMH NOBEPXHOCTHO-aKTHBHHX BeIECTB, NIOJHMEPOB HJH IBY-
OKHCBIO yIJepofia HeOGXOJHMO KOJHYECTBEHHO TIIPOTHO3HPOBAThb
cOopOLHIO H CBA3aHHYIO C Hell CKOPOCTb [BHXXE€HHs B IJACT¢ peareH-
ToB. IIpH HCNOJB30BAHHH BJAXKHOTO BHYTPHILIACTOBOrO rOPeHHs —
ONpelesATh BOJOBO3AYLIHOE OTHOIIEHHE, CKOPOCTh NPOJABHKEHHS TI0
naacty ¢poHTa ropeHus H T. A.

Heo6x04HM0 MOJUYEPKHYTD, UTO BCE NMOKA3aTeJH, MPHCYIIHE AaH-
HOH TeXHOJIOrHH H3BJeueHHs He(TH M3 HeAp NPH JaHHOH CHCTeMe
pa3paboTKH HedTAHOrO MecTOpPOXKIAEHHS, B3aHMOcBf3aHH. Heubss,
HanpuMep, NPOH3BOJLHO 3a/aBaTh Nepenainl AaBJeHHd, NJIACTOBOE
JilaBjeHne, JOGHYY XKHAKOCTH H pacxol 3aKauHBaeMuX B IJacT Be-
mectB. M3MeHeHHe OHHMX NOKasaTeJlel MOXKeT IOBJeuYb 3a coGoOH
u3MeHeHHe Apyrux. BsamMocBfasp nokasatenefl paspaGoTKH caeay-
€T YYHTHBATb B PacueTHOH MOAeJH pa3paboTKH HehTAHOrO MECTOo-
POXKJEHHS, H eCH OAHH M3 NoKasaTesel 3ajlaHHl, TO APYrHe AOJXK-
Hbl OBITb PACCUHTAHHI.

KoHTpoJbHbIe BONPOCH

1. Jafite onpenejieHHe 06beKTa H CHCTEMBbl pPa3paboTKH He(TH-
HOTO MeCTOPOXKJeHHs.

2. YKaxuTe riaaBHBEE NapaMeTpH, KOTOPHIMH XapaKTepH3yeTcs
cHcTeMa pa3paboTKH MeCTODOXAEHHS.

3. Hanoxure kaaccudpukanuio cucreM pa3paboTKH MeECTOPOK-
NeHHi.

4. Iloayuurte dopMyJy, XapaKTepH3yIOLLYI0 B3aHMOCBA3b MEXKAY
TeMIlaMH Pa3pabOTKH OT Haya/bHBLIX H3BJEKaeMbIX 3allacoB H OCTa-
TOUHBIX H3BJIEKaeMBbIX 3aI1acoB.

5. Ilaiite onpejeseHue 3JeMeHTa pa3pabOTKH MeCTODOXK/EHHS.
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I'masa II

MOAEJIHPOBAHHUE PASPABOTKH
HE®TSAHbLIX MECTOPO)XIAEHHA

§ 1. MO EJIH IINTIACTOB H NPOLLECCOB PA3PABOTKH

Ilon Mozenpio B IIHPOKOM HayyHOM CMBICJIE 3TOTO CJOBa NOHHMA-
I0T peajbHO HJH MBICJIEHHO CO3XaHHYIO CTPYKTYpPY, BOCIPOH3BOIS-
HIYI0O HJH OTpPaxamwIlyio u3yyaeMuid oO6bekT. HassaHue Mozesn
IPOHCXOIMT OT JaTHHCKoro cjosa modulus, uTo o3HauaeT «Mepa,
obpaseny». MojenpoBaHHe NMPHHAAJNEXKHUT K YHCIY OCHOBHBIX METO-
JIOB NMO3HAHHA NPHPOAH H obumectBa. OHO IIHPOKO HCMOJB3YeTCH B
TEXHHKE H SIBJAETCA BAXKHBIM 3TalloM B OCYLIECTBJEHHH HaydyHO-
TEeXHHYECKOTO Iporpecca.

Cosnanne mozmenell HedTAHHX MeCTOpPOXIEHHH H ocCyulecTBJe-
HHE Ha HX OCHOBE pacueToB pa3pabOTKH MECTOpOXIeHHH — OJHa H3
rJ1aBHHIX o6JacTefl JefiTeIbHOCTH HHXEHEPOB H HccleloBaTeNe-
He(TAHHUKOB.

Ha ocHoBe reoJioro-¢u3uueckux cBeJeHHH O CBOHCTBax HedTH-
HOTO, ra3soBOTO HJH Ta30KOHAEHCATHOTO MECTOpPOXKJIEHHS, B3IVIALOB
Ha ero GYAYIIYIO CHCTEMY H TEXHOJOFHIO pa3paboTKU CO3LAIOT KO-
JHYECTBEHHBE NpeACTaBJeHuss 0 HX paspaborke. CHcreMa B3aHMO-
CBSI3aHHLIX KOJMYECTBEHHHIX NpeJCTaBJeHHH o pa3paboTKe MECTO-
POKJAEHHS — MOJeNb €r0 pa3paGOTKH, KOTOpas COCTOMT M3 MOJEJH
nJjacTa M MOAeJH Ipouecca pa3paGoTKH MeCTOPOXIAEHHS.

Moneas maacTa—>sTo cHCTEMA KOJHUYECTBEHHHIX IPE/CTaB-
JeHHH O ero reoJoro-¢u3uueckux CBOACTBAX, HCMOJIb3yeMas B pac-
yerax pa3paboTKH HepTHAHOro MecTOpOXJeHHA. Moaenas mpo-
mecca pas3paboTKH MECTOPOXKAECHHS — CHCTEMA KOJHYECTBEH-
HbIX MpeACTaBJeHHH O Mpouecce U3BJeueHHss HehTH u3 Heap. Boob.-
nie roBops, B MOJEJH pa3paGoTKH He(PTAHOTO MECTOPOXKIEHHSA MOXK-
HO HCIOJIb30BaTh JIOGYI0 KOMOHHANMIO MOJesel mJjacTa M Ipolec-
ca paspa6oTkH, Jullb 6bl 3Ta KOMOGHHAUHs HanGojee TOYHO OTpa-
)ana cBoficTBa NJacToB W mpoueccoB. Bmecre c¢ TeM BhIGOp TOH
HJIH HHOM MOJEJIH MJacTa MOXKET MOBJeub 3a co60H yuer B MOJENH
npouecca KaKux-Ju6o NOMoJHUTENbHEIX ero oco6eHHocTeldl H Ha060-
poT.

Mojenbr nnacra ciaeiyer, KOHeYHO, OTJHYAThb OT €T0 pacuyeTHOH
CXeMBl, KOTOpAas Y4YHTHIBaeT TOJILKO TeOMETPHUecKylo QopMy mJa-
cra. HanpuMep, Mofenbio nJjacrta MOXeT GHTb CJIOHCTO-HEOAHOPO-
HHH nmaacT. B pacueTHON Xe cxeMe IJacT IPH OJHOH H TOH Xe €ro
MoflenH MOxKeT OHITh NpeAcTaBJeH KakK IJacT KPYroroit ¢opmsl,
NpAMOJIMHEAHBIH NJacT U T. I.

MoJenu niacToB H NpoleccOB U3BJACYEHHS H3 HHX HePTH H ra-
3a Bceria o6JieueHEl B MaTeMaTHUECKYl0 (pOPMy, T. €. XapaKTepu3y-
10TCsT ONpefejeHHHIMH MaTeMaTHYeCKHMH COOTHOLIEHHSIMH.
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Fnaphas 3anaya uHxXeHepa, 3aHHMAIOIIETOCsl PAacyeTOM paspa-
GoTKH He(dTAHOTO MECTOPOXKAEHHS, 3aKJIoYaeTcsl B COCTABJEHHH
pacueTHO# MOJe/JIH Ha OCHOBE OT/AEJbHHEIX IIpefCTaBJeHHH, MOMYUYeH-
HEIX B pe3yJbTaTe reoJoro-reoH3HyecKoro H3y4eHHsI MecTOPOXKJe-
HHSl, @ TaKxXe THAPOAMHAMHYECKHX HCCJEeNOBAHHH CKBaxKHH.

[lo naHHBIM reoJsoro-reopH3HYecKHXx M THAPOSMHAMHYECKHX HC-
C/IEIOBAHHH, MOXKHO NOJYYHTb BECbMa MeCTPYI0 KaPTHHY MeCTOPOX-
JdeHus. B pacueTHoH MoJlen ee cieayeT YNOPSAAOYHTDb, BHIIEJIHB
rJ1aBHble OCOGEHHOCTH MOJeJHPYeMbiX NMJacTOB M OXapaKTePH30BaB
HX KOJIMYECTBEHHO.

O6buHO Bce MHOroo6pasue IJACTOB-KOJJIEKTOPOB HE(TH H ra-
3a CBOJAAT K OIpeJeIeHHBIM THIIAaM MOJeJeH IacToB, KOTOpHE H
6yAyT pacCMOTpeHHI.

§ 2. TUNIBI MOAEJEN NJACTOB

Hedranble MecTOpOXJeHHS KaK OOBEKTH HPHPOILH 06/1a1aioT
BeCbMa pa3HooOpasHHMHU cBoHcTBaMH. M3BecTHo, uTo HedTh MOxKeET
HaCHINATb He TOJIBKO HOPHCTHE II€CYaHHKH, HO H HAXOJAUThCSA B MHK-
POCKONHYeCKHX TpPelIHHAX, KaBePHaX, HMEIONHXCSl B H3BeCTHAKaX,
JOJIOMHTaX H Jlake B H3BepXeHHHX NMOPOMAaX.

OnHa 43 OCHOBHHIX ocoGeHHocTedl HedTerasocogepxamux Io-
POA — pasjiiyHe KOJNJIEKTOPCKHX CBOHCTB (IIOPHCTOCTH, NPOHHIAe-
MOCTH) Ha OTJAEeJbHBbIX Y4aCTKax IJIacToB. DTy NPOCTPAHCTBEHHYIO
H3MeHYHBOCTb CBOHCTB NOPOJ-KOJJIEKTOPOB HedTH M ra3a Ha3bBa-
IOT JTHTOJOTCHYeCKO# HEeOAHOPOJAHOCTHIO NMJACTOB.

Bropas ocHoBHas 0cO6eHHOCTH He(TerazoHOCHHIX = KOJJEKTO-
pOB — HaJ{4He B HUX TPEUIHH, T. e. TPEIMHHOBATOCTL IIJac-
TOB.

IIpu paspaborke MecTOpOXKAEHHHA 3TH ocobeHHOCTH Hedreraso-
HOCHHIX TOpPOJ OKa3pBalOT Haubojee CyLIECTBEHHOE BJAHsHHE Ha
[IpPOLIeCCH H3BJeUeHHsI H3 HHX He(TH H rasa.

Mojenyn nnacToB ¢ M3BECTHOH CTeNeHbIO YCJOBHOCTH NMOApasie-
JSIOT HAa JeTepMHHHDOBAaHHBIE H BePOSTHOCTHO-CTATHCTHYECKHE.

JeTepMHHHPOBaHHBEEe MOJeJH—3TO TaKHe MOJEJH,
B KOTOPBIX CTPeMSITCSl BOCIIDOH3BECTH KAK MOXHO TOuHee daKThuec-
KOe CTpOeHHe H cBoficTBa maacToB. I pyruMu cjaoBaMH, AETEPMHHH-
poBaHHasi MoJeab IpH Bce 6ojee JeTaJpHOM yueTe ocoOeHHocTel
IJacTa AOJIKHA CTaTh NOXoXeH Ha «dororpaduio» naacra. Hanpu-
Mep, Ha puC. 25 moKa3aH B IJIaHE peaJibHBHIH IJAcT ¢ OTAEJIbHBIMH
y4acTKaMH NMOPHCTOCTBIO mM; H NPOHHIAeMOCThIO k;. B nelcTBHTEND-
HOCTH CTpO€HHe IJjacTa, MOKa3aHHOro Ha 3TOM PHCYHKe, GoJee
caoxkHoe. OHAKO C ONpefe/NeHHOH CTeneHbld TOYHOCTH CXeMY 3TOro
miacTa MOXKHO CYMTaTh €ro pacueTHOH Mojedblo. IlpakTHueckoe
NpHMeHeHHEe JeTeDMHHHPOBAHHLIX MoJeJsieHl MJacToB CTaJ0 BO3MOXK-
HuM Gjarozapsi IIHPOKOMY PasBHTHIO OBICTPOJAEHCTBYIOILEH BBIYHC-
JUTeJbHON TeXHUKH H COOTBETCTBYIOIIHX MaTeMaTHYeCKHX METOLOB.
[1pu pacyere AaHHBIX IPOLECCOB pa3paboTKH HeTAHOTO MECTOPOXK-
JeHHs C HKCIOJb30BaHHEM JeTepMHHHDOBAHHOH MOJEJH BCHO MJO-

40



Waab IJacra HWJIH ero obbeM
pasGHBAOT Ha OnpefelleHHOe
YHCJO fiueeK B 3aBHCHMOCTH OT
3alaHHOH  TOYHOCTH pacueTa,
CJIOXKHOCTH Ipoliecca paspabor-
KH # MowmHoctH IBM. Kaxnoi
siluefiKke NpHAAIOT Te CBOHCTBa,
KOTOpHle TpPHCYIIH MJIacTy B 06-
JIACTH, COOTBeTCTBYIOLIeH ee Io-
JIOXKEHHIO,

Huddepenunalbube ypasHe-
HHsI pPa3pabOTKH MeCTOPOXKJe-
HHSl 3aMEHSIIOT KOHEUYHO-pa3Ho-
CTHHIMH COOTHOILIEHHSIMH, a 3a-
TeM MPOM3BOAAT  pacuyeT Ha
39BM.

BeposiTHOCTHO - cTaTHcTHYEC-

Puc. 25. Cxema [eTepMHHADOBAHHOM
MOfeJIH NJacta C Y9aCTKaMH PasjHIHOH
MOPHCTOCTH H MPOHHIAEMOCTH:

1 — ycnoBHHAA KOHTYD HedTEHOCHOCTH; 2 —
Y9acTOK MJacTa ¢ HOPHCTOCTBIO MOPoh M; H

NPOHHMAeMOCTh0 k;; 3 — rpaRHOH yJacCTKOB

njaacra ¢ PasJHYHBIMM MOPHCTOCTBIO M 1IPO-
HH1LaeMOCTbIO

KHEe MOJeJi He OTPaxKawoT [e-

TaJibHHle 0cOGEeHHOCTH CTpOeHHsi H cBojfictBa miactoB. Ilpu ux He-
H0JIb30BAHHH CTABAT B COOTBETCTBHE PeaJIbHOMY IJIACTY HEKOTODbIH
THIIOTETHUYeCKHH NJacT, HMEIHA TakHe XKe BePOSITHOCTHO-CTATH-
CTHYECKHE XapaKTePHCTHKH, YTo H peanpHHH. K uncay naubosee
M3BECTHHIX H Yalle BCero HCNOJb3yeMHX B TEOPHH H TIPaKTHKe
pa3paboTKH He(PTAHHX MeCTOPOXIEHHH BepOATHOCTHO-CTATHCTHYE-
CKHX MOJeJieH IJIaCTOB OTHOCATCA CJelyloulHe.

1. Moness ogHOpoAHOro njaacta. B 3Tof MoZeaH OCHOBHHIE Ta-
paMeTpH peaJbHOro mjacta (IOPHCTOCTb, MPOHHIAEMOCTh), H3Me-
HAIOIIHEC OT TOYKH K TOUKe, oCpeJHSI0T. HacTo, Helodb3ys MoO-
Iedp TAKOre IJacTa, IPUHHMAIOT THIOTE3y H O €r0 H30TPOIHOCTH,
T. €. PaBEHCTBe NpOHHIIaeMocTell B JIIOOOM HallpaBJeHHH, HCXOAALIEM
H3 paccMaTpHBaeMo# TOYKH miacta. OJlHAKO HHOTAA CUMTAIOT IJIacT
aHH30TPONHBIM. IIpH 3TOM NPHHHUMAIOT, YTO NPOHHILAEMOCTD IIJIACTA
10 BEPTHKAJNH (r71aBHHIM 00pasoM BCJEACTBHE HANJAacTOBAHHSA). OT-
JHYAeTCH OT €ro NPOHHILAeMOCTH 110 FOpPU3OHTaNH. MoJels OLHOPO/-
HOTO B BEPOATHOCTHO-CTATHCTHYECKOM CMBICJe IJacTa HCNOJb3YIOT
U T1acTOB ¢ JeACTBHTEeNbHOH HeOOJbIIOH HeOJHOPOZHOCTLIO.
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Puc. 26. Mozenb CJIOHCTOTO MjacTta y I
Puyc. 27. TucrorpaMMa NpOHHI2EMO-
CTH: Y dk; K
1 — KpHBasi, annpoKCHMHPYIOHIA THCTO-
TpaMmy
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2. Mosiesib cjoncroro mjaacra. 3ta MojeJb npeiacTaBiseT cobodf
CTPYKTYpPY (mJact), COCTOSILLYI0 H3 Habopa CJOeB C MOPHCTOCTHIO
m; ¥ NpOHHLaeMOcTbI0 R; (puc. 26). Ilpu sToM CuUHTAlOT, YTO U3
BceHl TOJIUMHH IJIacTa A CJIOH C NOPHCTOCTBIO B Ipefenax Am; H
IPOHUILAEMOCTBIO B Ipefiesnax Ak; cocrasasitoT yactb Ah;. Ecau ka-
KuM-Ju60 06pa3oM, HapUMeED NyTeM aHajJH3a KEPHOBOI'O MaTepHa-
Ja, reopH3NUeCKHMH METOJAMH H T. A., H3MEepsITb IIPOHHIAEMOCTh
OTHeJbHBIX NPOCJOEB J1aCTa B PA3JHYHEIX CKBAXHHAX, TO OKaXeT-
csl, YTO H3 CYMMAapHOH TOJLIMHEI BCeX H3MEPEHHHX NPONJAaCTKOB A
yacTh X Ahy; o6JaflaeT MPOHHLAEMOCTbIO B npelenax Ak;. Ipyras
YyacTb IPOMJACTKOB Ahy OyfeT HMeTh NMPOHHLAEMOCTb B Ipejeiax
Ak; u T. 8. MOXHO I/s1 pealbHOTO IJIacTa MOCTPOUTh 3aBHCHMOCTh

AhyJh=f (k;) Ak,, (IL1)

M Ha ee OCHOBe CO3/laTb MOJeJb CJIOHCTOrO IIacTa, KoTopas Oyner
NpeacTaBasiTb cO60H CTPYKTYpY, COCTOSIYIO M3 HaGopa IpOCJIOeB
pa3auyHOA NpPOHMIIAEMOCTH M XapaKTepH3ymollylocs TOH Xe dyHK-
uueit (11.1), uto u peasbHBI Maacrt.

C nomourpio 3aBucuMocTd Bujaa (I1.1) mocTpoeHa rucrorpaMma,
noKaszaHHasi Ha puc. 27, rfie cTyneHbKaMu NpelcTaBjeHH H0JH 06-
mied TOJIUMHBL IJacTa, KOTOphle 3aHHMAIOT MPOIJACTKH C COOTBET-
CTBYIOIIEH MPOHHIaEMOCTLIO.

3. Mogeabr TpeuipHOBaTOro mJacra. EcauM HedTs B IJjaacTe 3a-
JeraeT B TpeUIMHAX, pa3[eJsOlIHX HENODHCTHE H HENPOHHIIAEMble
6/10KH MOPOJBI, TO MOJEJh TAKOTO IJNAacTa MOXET GHThb NPEACTaB-
JieHa B BHJe HaGopa HeNpoHHIIaeMHX KyG6OB, TpaHM KOTOpHIX paB-
Hul /., pa3fleJIeHHBIX LeNsIMH IUHpHHOH b,. PeasbHnlii naact npu
3TOM MOXeT HMeTh OJOKH NMOpPOAbl Pa3/JHYHOH BEJHYHHH H (OPMH,
a TakXe TpellHHB pa3iHuHoHd mHpHHH. CeyeHHE peaspbHOrO MJacTa

I 7 2
ey g N
7

7 .

Puc. 28. Ceuenve TpemHoBaTtoro maa-  Puc. 29. CeuennHe MopesH TPeIKHOBa-
cra: TOrO muacTa maomansio AS:

1 — TpemuHpl; 2 — GJIOKH TTOPOMBI ! — Ga0KH TOPOABI; 2 — TPEH{HHL

42

NN

N
N N
VAN

27




nomanpio AS nokasaHo Ha puc. 28, rie i-f TpelMHA HMeeT IJIH-
Hy l; n mmpuny b;. Ha puc. 29 nokasano ceueHHe MOJAENH 3TOroO
naacta AS miomaznelo, npeiacrasiasiomell co6oit Ha6op KBaJpaToB
CO CTOpoHo# [, u wHpHHOH TpewuH b,. PaccMorpum HauboJee cy-
LlecTBEHHLIE OCpeJHEHHble, a MOTOMY H BEPOSITHOCTHO-CTATHCTHYEC-
KHe XapaKTepHUCTHKH TPEIIHHOBATOro MJacTa.

H3BecTHO, YTO CKOPOCTh U; TeueHus BSA3KOH XHAKOCTH B €JHHHY-
HOH TpelliHe B HaNpaBJieHHH, HEPNeHAHKYJSPHOM K IJOCKOCTH
(cM. puc. 28), onpelensierca caelylolel 3aBHCHMOCTBIO:

b _ Ap b Op 11.2)

U= 120 Axagw  12p o0x °

Pacxof XUAKOCTH Ag, poTeKalollel yepes ceueHne Nuowanu AS
B HaIlpaBJIEHHH X, BhIpaxkaeTcs CJaeAyIOlHM 06pasoM:

b3,
0)
AS

BBereM moHsATHE TYCTOTH Tpeliud ['r, onmpenenseMoi ¢opmyoi

2
AS

ot (I1.4)

r,=
a Takxe cpenHedl wHpuHu TpeuwH b.. Toraa us (I1.3), (I1.4) mo-
JYYHM Bbipa)keHHe M CKOPOCTH (UJBTPAUHH B TPELIHHOBATOM
niacre

i

_ A o by 3s dp — 6,3 Op (I 5)
T ASas—0 120 AS  Oxpag—g 6p  Ox - ’

Bupaxenue (I1.5) — anaJsor ¢opmyan 3akoHa [apcu anas tpe-
IMHHOBATHX IJacToB. IIpH 2TOM NpOHHIIAEMOCTh TPEHIMHOBATOrO
niacta

k.= b,3T,/6. (11.6)

MOXHO MNOJYYHTh BhHIpaKeHHe JJs TPeLlHHHOH MOpHCTOCTH
my, TIPHHHEMas ee PaBHOH «IIPOCBETHOCTH» CeYeHHs TPELHHOBATOrO
nuaacra. Umeem

E bil; by E I
AS

AS
M= =5 —2b,I". (11.7)

IIpumep Il.1. B pe3yapraTe rHAPOAHHAMHUECKHX H reodH3HuecKHX HCCJe-
JOBaHHA TPEUHHOBATOrO IJIacTa H3BeCTHO, 4TO0 kr=1 MkM%, m;=0,2-10-2 Tpe-
GyeTcsi ONPeleJHTb CPEAHIOI0 IIHPHHY TPeWHH b. U HX rycroTy [r.

Hs ¢popmya (11.6) v (I1.7)

126, \V3
b*=(-—,n1_—) ’



TOrAa

.10-18 \V/
b*=(1_2_10_11) ' 77410 M=T77,4 MKm;

0,2-10
my 02007
Ir=—gp =977z 10% =13 1/m.

Takum o06pa3oM, B JaHHOM C/yuae «MOje/bHasf» rycToTa TpelHH paBHa 13 Tpe-
IHHAM Ha | M CTBOJIa CKBaXKHHH.

4. Mojiesb TpeMMHOBATO-NOPUCTOTO IJacTa. B peasnbpHOM mJac-
Te, KOTOPOMY COOTBETCTBYET 3Ta MOJ&Jb, COAEPIKATCA NMPOMHILIIEH-
Hble 3anach HeTH Kak B TpeLIHHAX, TaK U B 6JI0KaX, NOPHUCTHX H
HpOHHIIAeMHX. JTa MOJe/]b TakKxXe MOXeT OHIThb mpejcTaBjeHa B
BHAe Habopa Ky6oB ¢ AJHHOH rpaHH [., pa3fie/ieHHBIX TpeIlHHAMH
co cpeiHedl MmHpHHOH b,. PuabTpauus XKHAKOCTEH Y Tra3oB, HACh-
[AKIHX TPEIIHHOBATO-NOPHCTHIH IJ1ACT, NIPOHCXOAMUT Kak IO Tpe-
muHaM, Tak 4 no 6JokaM. Ilpu aroM BcaeicTBue 3HAYHTENBHOH
NPOHHIIAEMOCTH TPELHH [0 CPAaBHEHHIO C NMPOHHIAeMOCTbIO 6JI0KOB
Ji06bie HU3MeHeHHusd HaBJEeHHS paclnpOCTpaHsIOTCA MO TpellHHaM
6uiCTpee, ueM no 6JI0KaM, B pe3yJnTaTe yero AJsi pa3paboTKH Tpe-
IIHHOBATO-MOPUCTHIX IIJIACTOB XapaKTePHbl NEPETOKH XHAKOCTEH H
ra3ps U3 6JI0KOB B TPELIHHEI H HA060pOT.

Bce nepeunciesnnie mMojenn (OXHOPOAHOTrO, CJIOMCTOrO, TPeIIH-
HOBAaTOTO M TPEIIMHOBATO-TIOPHCTOTO NJIACTOB) OTHECEHB K BepOST-
HOCTHO-CTATHCTHYECKOMY kJaccy. Ecau ke peaJbHbIfi mJacr pefict-
BHTEJIbHO BeCbMa OJHOPOIHMLIN, COOTBETCTBYIOILYIO MOJe/Nb OJHOPO.-
HOTO IIJIacTa MOXHO CYUMTaTh JAeTepMHHHpoOBaHHOH. OJHAaKO B IpH-
polle coBeplleHHO ONHOPOIHHE IJIacThl BCTpevaloTcs KpalHe pefko.

§ 3. OCHOBBI METOLHK NNOCTPOEHHS MOJEJIEA NJIACTOB
110 TEOJIOTO-®HU3HYECKHM H NPOMBICJIOBBIM JAHHBIM

CoszaHue MOJeJH MJacTa Ha OCHOBE 4acTO Pa3pO3HEHHHIX reo-
JIOTO-(PH3HYECKHX M IIPOMLICTIOBHX CBEACHHHA 0 HeM TpebyeT OT MH-
JKeHepa-pa3paboTunKa rJay60KUX 3HaHHH, NpOsBJeHHS HAay4YHOTO,
TBOpYECKOro noiaxola. HedrerasoHocHbie maacThl He MOXOXKH ApPYr
Ha apyra. [Ipy X MoJenHPOBaHUH HHXKeHep-pa3paGOTYHK OGBIYHO
HCIOJIb3YeT TOJNbKO OGIIMH ONBIT MOCTPOEHHS MojeJjefl NJIacTOB B
NpPUMePHO aHaJOrHYHBIX CJly4Yasix, HO Y Hero HeT W He MOXeT OHIThb
TaKo# METOIMKH, CJeNo cjaelys KOoTopo#l OH Mor 6Bl CO37aBaTh MO-
Jels mJjacta B KaXIOM KOHKpeTHoM cJyuae. ITocTpoeHune Mogenu
AJIACTA BCETAa CBA3aHO C HAYYHBIM TOHCKOM.

Jas co3naHus MOZeJH IJacTa HCIOJb3YIOT CBEJEHHS O ero reo-
JIOTHYECKOM CTPOEHHH; pe3yJbTaThl HCCJAefdOBaHHH 06pasloB IO-
pold, oTo6paHHEIX NPH OGYypEeHHH M3 NPOAYKTHBHOrO MJacTa; JaHHbEe
fIPOMBICJIOBO-TeOpH3HUECKNX paboT M OypeHHS CKBaXXHH; HHAHKA-
TOPHbIE KPHBHIE H KDHBHIC BOCCTAHOBJICHHS [ aBJIEHHS B CKBaXHHaX;
JaHHbe pa3pabOTKH IJlacTa B HayaJsbHOH CTaJHH.
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nocrpoeﬂue MOJ€eJIH OAHOPOIHOro nJjacra

InaBHbe mapaMeTpel MoJend OAHOPOAHOro IJIACTa — MOPHC-
TOCTb, a6COJIIOTHAA NMPOHHIAeMOCTh H 3¢deKTHBHAS ToALHHA. s
onpejiesieHUd 3THX TNapamMeTpoB NPOBOAAT NPOMHCIOBO-Teoduamnue-
CKHE HCC/AeJI0BaHHA IJIACTOB B CKBAaXKHHax (olpelesieHHe Kaxyllle-
TOCA 3JIEKTPHYECKOTO CONMPOTHBJEHHS He(pTerasoHOCHLIX IOPOJA, MO-
TeHIHaJa cOGCTBEHHON MOJNSPH3alHH, aKyCTHYECKHX H AACpHBIX Ia-
pPaMeTpoB TOPHHX MNOpoA, HeQTH H rasa, TeMmeparypel IJacTa H
ap.). OnHOBpeMeHHO Ha KepHax, OTOOpaHHHX H3 NPOAYKTHBHOTO
nJjacrta B 3THX K€ CKBaXHHaxX, ONpejlesifloT MOPHCTOCTh B abco-
JIOTHYIO TIPOHHIIA€MOCTb, a TaKXXe HHXKHUH Npeles NPOHHIAEMOCTH,
T. €. 3HayeHHe NPOHHIAEMOCTH OTAEJbHHX NPONJAcCTKOB, H3 KOTO-
PBIX HE BO3MOXKEH NPOMBIUJEHHBH NPHTOK He(TH HJIH BooOlle He-
BO3MOKHO H3BJieueHHe He(dTH B NMPOMBILIJIEHHBIX Macwmrabax npH
HCNOJIb3yeMOH TeXHOJIOTHH pa3paboTKd nJjacTa. [ajnee ycraHaB.H-
BAIOT CBSI3b MEXJY AaHHBIMH HENOCPeACTBEHHHX Ja60pPaTOPHHEIX H3-
MepeHHH TOPHUCTOCTH U abCONIOTHOH NMPOHHIIAEMOCTH U NPOMBEIC/IO-
BO-reO(pH3HYECKHX NapaMerpaMu. EcJaH Takas CBf3b NOJATBEPKAA-
eTcsl, TO B JaJbHeiillleM MOPHCTOCTL H abCOMIOTHYIO NIPOHHIIAEMOCTh
onpeleJdiOT TOJbKO Ha OCHOBE JAHHBIX NpPOMBICJOBO-reodusnuec-
KMX H3MepeHHH, N0 pe3y/]bTaTaM KOTOPHIX yCTaHaBJIMBAlOT U Hed-
TeHaCHIIEHHYIO TOJUIHHY B CKBaxKuHHax. M3 obuiell HedTeHACHIIEH-
HOH TOJILMHBL IIJIaCTa BBHIYMTAIOT 4acTh TOJIUMHBI NJacra ¢ MHpo-
HUI[aeMOCTbIO, DaBHOH HJ/IH MeHbliefl HHXHero Ipejesa NpOHHIae-
MOCTH, H TaKUM 06pa3oM no/yyaior 3¢)¢eKTHBHYIO TOJIIMHY I1J1acTa.

Ilo naHHBLIM O NMOPHCTOCTH, aGCOIOTHOM NPOHHIIAEMOCTH H 3-
(peKTUBHOH ToJIIIKMHE, ONlpelle/leHHBX B OT/HEe/IbHBX CKBaXXHHAX, BHI-
YHCJAAIOT CPeJHHE 3HAYEHHS 3THX BeJHYHH JJf IJacTa B LeJ0M.
Ocob6riM 06pa3om ycTaHaB/JMBAlOT OTHOCHTEJbHHE NPOHHIAEMOCTH
JJI MOJEJNH OAHOPOJAHOro mJjacra. Meroguka MOCTPOEHHS OTHOCH-
TeJbHEIX [pOHHIaeMocTel AJS BepPOSTHOCTHO-CTATHCTHYECKOH MO-
JleJId OJJHOPOJHOro Maacra 6yAeT pacCMOTpeHa HHXKe.

l'loc1‘poemle MOJ€JIH CJHOHCTO-HEOAHODPOAHOIO NJ1ACTa

dra MoJeJb OCHOBAHA HAa HCMOJBL30BAHHH B OOIIMX ueprax ToOf
e IpOoLeAypHl, KOTOPYIO IPHMEHAT H NPH [OCTPOEHHH MOJE/H
onHopoaHoro miaacra. OflHaKo NPH 3TOM cJellyeT YUHTHIBATh CBOMi-
CTBa OTHEJbHHX NPOCJ0EB IJacTa, HMEIIUXCA B €ro paspese, HJIH
JIMTOJIOTHYECKHX BKJIIOYEHHH, HaXOAAUIMXCA Ha OTAEJbHBIX YyacT-
Kax IJIOmAaJH IIacTa.

Ilpn mocTpoeHHH TaKoOf MOAENH NPHMEHSIOT CJAeIYIOMYyI0 NpH-
MepHY10 TMOCJe0BaTebHOCTh AeACTBHHA.

1. B oTAedbHHIX CKBa*KMHaX, BCKPHIBUIHX MOJAeJHpPYeMHH 06b-
€KT H HaxOJAIIHXCA Ha Pa3sJHYHBIX Y4acTKaX MECTOPOXKAEHHS, TpO-
BOAAT NPOMBICJOBO-Te0pH3HYECKHE HMCCJEN0BaHHA, HAaIpHMeEp CTaH-
IapTHHE H3MepeHHs KaXyIlerocs 3JeKTPHYECKOT'O CONPOTHBJ/IEHHS
px H TOTeHLHaa cOOCTBeHHOH noJsApu3auuu Ucy 1O BCEMY BCKPHITO-
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Puc. 30. Kpusuie px 8 Uca
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Puc. 31. 3aBucamoctb AUcn=U;n—Ucno
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My CKBaXHHOH paspesy miacra. Ha puc. 30 mokasaHm xapakrep-
Hue KpHBhe px H Ucn, MOCTPOEHHBIE Ha OCHOBE IPOMMICJOBO-Te0dH-
3HYECKHX HCCJeNOBAHHH B CTBOJIE CKBaXXHHH B Ipejesiax paccMar-
pHBaeMoro mJjacra.

2. B atux ke cKBaxXMHax oT6HpaloT o6pasubl NOPOX, CJAaraw-
IHX u3yyaeMudi miacT. IlpoBoasit saGopaTopHHE HCCJeIOBaHHSA,
B pesyJbTaTe KOTODHX ONPEJE/IAT MOPHCTOCTb H IIPOHHLIAEMOCTH
HOPOJ, a TaK¥kKe HX BOJOHe(TEeHaCHIIEHHOCTD.

3. Ctposit 3aBHCHMOCTD (H3HUYECKHX NAPAMETPOB H3YUAEMHIX TIO-
poA (MOPHCTOCTH, NPOHHIAEMOCTH, He(TeBOJOHACHIIEHHOCTH) OT
NIPOMBIC/IOBO-Te0(DH3NUECKHX TNAapaMeTpoB (KaXKylUerocs CONPOTHB-
JleHus1, moreHunHana co6cTBeHHOHN NoJspH3auud u Ap.). Ecan Takue
3aBHCHMOCTH KOppeJHpYyIOTCcd, TO (H3AYeCKHe IapaMeTphl NOPOL
OTAEJbHHX NPOCJOEB ONpeAessiIoT TOJNbKO Ha OCHOBE IPOMBICJIOBO-
reo¢usnueckux xanHelX. Ha puc. 31, Hanpumep, mokasaHa 3aBHCH-
MOCTb TNpHpAlLEHHS NOTEHnHaja cobcTBeHHOH NoJsipHsauHd AUy
or Ink. 3nasa AUc; N0 NPOMEIC/IOBO-TeO(H3HUYECKHM H3MEPEHHSIM B
CKBaXXHHAaX, MOXHO ONpelesqHTh a6COJIOTHYIO IPOHHIIAaEMOCTh R MO-
POA OTHAEJNBHHIX IPOCJIOEB NJIAcTa.

4. 3anoaHsoT Tabjauly, B KOTOPOH OTMEYAlOT TOJWIMHY Ah; OT-
JeJIbHHX TPOIJIACTKOB ¢ NMPOHHLAEMOCThI0 B npejenax Ak;.

5. Ilo maHHHM, YKa3aHHEIM B Talaule, HAXOAAT OGLIYIO TOJILIH-

n
Hy h=3Ah; Bcex n uU3ydeHHEIX POCJIOEB.

i=1

n
6. Ompepnensiior fosn obuied TOMMUHE 2Ah; Bcex MpPONJACTKOB
i=]
C MPOHUIIAEMOCTBIO k; MJHM C MPOHHIAEMOCTAMH, H3MEHSIOIHMHUCH B
HEKOTOpPOM CpPaBHHTeJbHO HeGOJbLIOM JHanasoHe Ak:.
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7. CrpofIT THCTOrpaMMy NPOHUILAEMOCTH B BHIE

A Pk AR,

n

8. TlpuHHMaIOT THCTOrpaMMy 33 BEpPOSTHOCTHO-CTATHCTHUECKYIO
NJIOTHOCTb paclpefeseHus W JJs Hee NOAGHPAIOT COOTBETCTBYIO-
IIYIO aHAJINTHUECKYIO 3aBHCHMOCTD.

Heo6xoaumocTe NpeicTaB/eHHss THCTOTPaMM, NOCTPOEHHKEIX HO
IPOMBICJIOBBIM AaHHHM, B BHAE rpadHKOB NJOTHOCTEH pacnpejele-
HHS, anlpOKCHMHPYEMBIX aHAJHMTHYECKH, CBS3aHAa, BO-NIEPBLIX, C TEM,
YTO KaXJAOMY THIY IJ1aCTOB COOTBETCTBYeT CBOH BHJ NJOTHOCTH Be-
POATHOCTHO-CTATHCTHYECKOrO pacnpefie/iedHs. 3Hasi, HallpUMep, 4TO
H3yuaeMblil MJacT OTHOCHTCA K KaKOMY-Ju60O H3BECTHOMY THIY,
MOXKHO B NpPHHLHNE [O HECKOJBKHM TOYKaM IIOCTPOHTb rpadHkK
NJIOTHOCTEH paclpelieieHus MPOHHUIAeMOCTH. ITO YCKOpPSIET nponece
Co3JlaHHs MOJEJH TJacTa, oCO6eHHO B HayaJbHBIH NepHOJ ero u3y-
YeHHs, KoTda (pakTHYECKHX H3MEepeHHH NapaMeTpoB NJacTa emie He-
JOCTaTOUHO.

Bo-BTOpHX, aHa/JHTHYECKOE NpeACTaBJeHHe IJIOTHOCTH pacrpe-
JeJIeHHsi TlapaMeTpoB IjlacTa JaeT BO3MOMKHOCTb NP HCHOJb30Ba-
HHH CPAaBHUTEJBbHO NPOCTHIX MOJE/EH NpPOLECCOB H3BJeUeHHs Hed-
TH H3 HeAp aHaJUTHYECKH OIpelesdTb MNOKa3aTeJu pa3paboTKH
nJjacra,

Hakonen, aHajauTHuecKoe MNpejcTaB/eHHe IJIOTHOCTEH pacrpe- |
JleJIeHHsT TIPOMBICJIOBEIX HapaMeTpPOB NO3BOJSET HCINOJAb30BAaTh BaX-
HEIE NPeACTaBJeHHS MaTeMaTHYeCKOH TEOopHH BEpPOATHOCTH AJS TO-
ro, 9TO6bl XapaKTepHU30BaTb HMH IJIACTHI

9. Briioyaior B MOJAenb paspaGoOTKH IJjacTa BEpOSITHOCTHO-CTA-
THCTHYECKHE XaPaKTEPUCTHKH MOJEJH CJOHCTO-HEOAHOPOAHOro Mia-
cTa W NoJydaromuecs NoKasaTesd H3BJe€UeHHs HeQTH U3 HeAp COIMO-
CTaBJAIOT ¢ (aKTHUeCKHMH NOKa3aTeJsAMH HadaJbHOH pa3paboTKu
nnacta. B ciyuae HeCOOTBETCTBHS TEOPETHYECKHX H (aKTHYECKHX
JaHHHX pa3paGoTKH BEPOSITHOCTHO-CTAaTHCTHYECKHE XapaKTEepHCTH-
KH H3MEHSIOT A0 NOJYYeHHS COBIAaJeHHS TeOpeTHUeCKHX H (aKTHye-
CKHX TOKasaTesefl paspaboTKH NJacra, T. €. MOJeJb IJacra ajan-
THPYIOT K (paKTHUECKOMY npolecey pa3paboTKH.

HocrpoeHue MOAeaeR TPEUIHHOBATOTO
H TPELHHOBATO-NOPUCTOTO MJIACTOB

CyllecTBeHHOE BJMSIHHE TPeIlHH, HMEOUHXCA B NJacTe, Ha Npo-
I[ECCH ero pa3pabOoTKH MOKEeT NOATBEPAKAATHCA LELIM pAioM ¢dak-
TopoB. K oaHoMy M3 Hanbosee BaXKHHIX H3 HHX OTHOCAT HECOOTBET-
cTBHE (PAKTHYECKOH NPOHHIAEMOCTH IlacTa, ONpeJeJeHHOH MO HH-
AMKAaTOPHBIM KPHBHIM HJH KDHBBIM  BOCCTAHOBJEHHA  JaBJeHHs,
H TMPOHHIAeMOCTH 06pasuoB NOPOJ, H3BJEUEHHBIX H3 NpPOAYKTHBHO-
ro njacra npu ero pasbypuBaHuu. Ecau c¢akrhuueckas npoHHuae-
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MOCTh ILJIACTA BHIIE NPOHHIIAEMOCTH OTOOpaHHHIX H3 Hero obpas-
OB NOPOX, TO OOGBLIYHO CYMTAIOT, YTO YBEJHUYEHHE IPOHHIVAEMOCTH
CBAI3aHO ¢ Ha/JHuHMeM TpeIuHH B mJiacre. OfHaKo Npu 3TOM Heo6Xo-
JHMO YYHTHIBATb, HACKOJBKO NOJIHO NMpeACTaBjeH H3ydyaeMblli MmiaacT
o6pasuaMu MOPoJ, TaK KakK MOXKET OKa3aThCH, UTO OOGPA3LUBI MOPOL,
He oro6paHH H3 HaHboJiee NPOHHIAEMBIX NPOMJACTKOB. TpeLIHHO-
BAaTOCTh NIJ1acTa Hrpaer 3HAYHTEJbHYIO pOJIb B IIpPOLECCAX €ro pas-
pabGoTKH H B TexX cJyuasix, Koria HOpOAHl, CJararwlne IJacT, CaMu
no cefe AOCTATOUHO MPOHMLAEMBE], T. €. IJIACT B LEJIOM TPELIHHOBA-
TO-NOPHCTHIA. JI/Is1 XapaKTepHCTHKH YCTAaHOBHBLIErOCf TEYEHHS B
TPEIIHHOBATOM H TPELIHHOBATO-NOPHCTOM ILJIacTax OJHOPOJHOMR
XHAKOCTH JIOCTATOYHO 3HATh TOJbKO NPOHHIAEMOCTh IJ1acTa, ollpe-
JeJleHHY10 Ha OCHOBEe IIPOMEICJIOBHIX HCCJ/JeJ0BaHHH, H ero addek-
THBHYIO TOJIUHHY. Mozenb HiacTa B 3TOM CJlydae CTPOST IPOCTO.
OnHako NpH HeyCTaHOBHBIUIEMCH TeYeHHH OAHOPOAHOH KHIKOCTH B
TPeLIMHOBATOM IJacTe Heo6X0JMMO 3HATbh NapaMeTpH, XapaKTepH-
symolie AedopMamuio TpelHH, a LJf TpPeUlHHOBaTO-IIOPHCTOro
nJjacra B NpPHHUMNE HYXHO 3HaTh CpefHHH pasMep 6Ji0Ka NOpoA
WM TYCTOTY TpeIUMH. DTH Xe [apaMeTphl yYHTHIBalOT NpPH pacye-
Tax NpPOLECCOB BHITECHEHHS He(dTH M3 NJACTOB PAa3JHYHBIMH areH-
tTaMH. ['ycToTa TpeuiyH — TPYAHO oNpefie/iieMbll apaMerp TPellH-
HOBATHIX H TPEILMHOBATO-MOPHCTEHIX MJacTOB. LIl ee ycTaHOBJe-
HHUS HCMOJB3YIOT JaHHHE NPOMBICIOBO-r€0(pH3HIECKHX HCCAeN0Ba-
HHH pa3pe30oB CKBaXHH (JJEKTPHUYECKHX, SACPHBHIX H TeMmmepaTyp-
HEIX H3MepeHHH), riyGHHHOrO neGHTOMEeTpHpOBaHHA U doTorpadu-
POBAaHHSA.

Ilpu HccaefdoBaHHAX CKBAaXHH, HaNpHMep, rJyGHHHBIMH HeOHTO-
MepaMH YHCJO OTMETOK B paspese HpOAYKTHBHOrO IJacTa, rie npo-
HCXOAHT pe3Koe HapacTaHHe Ne0HMTa KUAKOCTH, CYHMTAIOT PaBHLEIM
YHCJY OTKPHITHIX TPEIIHH, 1O KOTODHM HPOHCXOIHMT HNPHTOK XKHJI-
KOCTH B CKBaxuHy. PaszfeNHB «4HCJIO cilyyaeB» Pe3KOro Hapacra-
Husl fe6HTa Ha CyMMapHYI0 H3y4YeHHYIO TOJILHHY pa3pesa NpolyK-
THBHOTO I/1aCTa, MOXHO OIL€HUTH CPEAHIOIO IYCTOTY TpeLlHH.

Haxkoren, npy nocTpoeHdH MoOJEJH TPELIMHOBATOrO H TpPELIMHO-
BaTO-NIOPUCTOrO NJACTOB HCIOJbL3YIOT AaHHHE O pa3paboTKe MeCTO-
POXKIEeHHS B HayaJbHOH cTaldHH.

§ 4. BEPOITHOCTHO-CTATUCTHYECKOE ONHCAHHE MOIEJIH
CJIOUCTOro H HEOJHOPOAHOTO MO NJIOWAIH NJIACTOB

B npeawmiaymem naparpade 6bJI0 CKa3aHO 0 BO3MOXHOCTAX, KO-
TOpHE NOJYYaloT NPH HCIOJb30BAHHH TEOPHH BEPOSITHOCTH B MNpO-
Hecce KOJIMUECTBEHHOTO ONHCAHHS MoJeJied HeOLHOPOAHBIX IO TOJ-
IHHe ¥ Mo nJjomaau naactoB. IIpH BepOATHOCTHO-CTAaTHCTHYECKOM
ONHCaHHH I1ACTOB Haubosee BaXKHB CJEdYIOLIHE INOHATHS TEOPHH
BEPOSATHOCTH.

1. IlnoTHOCTL  CTATHCTHYECKOTO PACIpENesEHHSl TiapaMeTpoB
nJacrta HJAH IPOCTO MJIOTHOCTb pacnpejesieHus. IIpuMeHHTENbHO K
ONHCAHHIO CJOHCTOrO IJlacTa OHAa OTPaXKaeT BEPOSATHOCTb MOMBJE-
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HHSI chtosi (mJlacTa MJIH NPOMJacTKa), HMEIOIero 3HaueHHe HeKOTO-
poro nmapaMerpa (HampuMep, aGCOJIOTHOH NMPOHHLAEMOCTH), H3Me-
HSIIOLIEroest B mpefejaax oT X Ao ¥x+Ax (Ax—Manas BeJHYUHA).
B MoJenu c/0oMCTOrO MJ1acTa MJIOTHOCTh paclipefiejieHHs B Npejene
Ah—>0 ecTb aHAJMUTHYECKOE BHIpaXKeHHE THCTOTPAMMEI, OmpefeJse-
Mol ¢opmyapit (11.1). B cayuae xe HeORHOPOZHOIro MO MJIOLILAJH
mjiacta FMCTOFpaMMa NpoHHuaemoctd no aHajnorud ¢ (II.1) umeer
BHIL

S5 =1 (k) Ak, (L.8)

rae AS;—uacTp ofllefi MIoOUaAH He(pTEHOCHOCTH S NPOHHILAEMO-
ctei0 k;. TlnoTHOCTh pacnpeneseHHss HEKOTOPOro Iapamerpa ILlac-
tTa x o6o3HauuM yepes f(x).

2. GyHKUHS MM 33KOH pacmpefiesieHHss mapameTrpa mJjacra X,
onpejensaeMblii popmyJioit

F (%) =j f(x) dx--c. (I1.9)

Taxk urto f(x)=F'(x).
3. Martemarnueckoe oxufaHde M(x) HenpephIBHOH cJYy4YaHHOH
BeJIHYHHBI X, IPHYEM

M (x) = S xf () dx. (1.10)

~—00

Hcnoabp3yoT Takxe MOHATHE AHCHEPCHH CJyYadHOH BeJIHYMHB H
Jpyrue MOHSTHS TEOPHH BEPOSTHOCTH.

Jlnsi BepOSITHOCTHO-CTATHCTHYECKOTO ONHCAHHA pacnpelesieHHs
a6COMIOTHOH TPOHHIAEMOCTH £ B MOJEJSX CJOHCTOrO H HEOJHOPOJX-
HOTo N0 NJOWaAH MJ1aCTOB B OCHOBHOM IIPHMEHSIOT CJEIYIOIIHE 3a-
KOHBI.

l. HopManpHBH 3aKOH pacnpenejeHHs (3aKoH
Taycca). s 3T0ro 3akoHa NJOTHOCTL paclpefiesieHHs] NIPOHUIae-
MOCTH BHIpaKaercs caeAymlell 3aBHCHMOCTBIO:

(k—F)2

f(k)=71‘/7ne~ 2 (IL.11)

rae napamerp ¢ 6yzieT onpelesieH HHXKe.

ITo HopMaJbHOMY 3aKOHY pacnpefesieHus Npefesbl H3MeHeHHus k
ciaeayomue: —oo< k< oo, AGCOMIOTHAs NPOHHIIAEMOCTh MJacTa k&,
KOTOpYyI0 OyleM Ha3hBaThb NPOCTO NMPOHHIIAEMOCTbIO, KOHEUHO, He
MOXET IPHHHMAaTh OTPHIATeJbHHIX 3HayeHHH, KakK H He MOXeT
6biTh GeckoHeuHo Goabmoi. OJHAKO MO HOpMaJbHOMY 3aKOHYy. pac-
npejiejieHHs YCJOBHO CUHTAIOT, YTO MPOHHLAEMOCTb MOXeT OHTh
OTPHIATENbHOH ¥ GECKOHEYHOH, XOTSl 3TH AONYIIEHHS H MOLYT BHO-
CHTb ONpe/iesIeHHbIe NOrPeLlIHOCTH. YUHTHIBasA CKa3aHHoOe, AJs 3aKo-
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Ha pacrnpefieseHHs NpoHHIaeMocTH F(k) uMeem ciexnyioliee BRIpa-
XKeHue:

k (k—F)2

F (k)=jmn—e" =2 gk, (11.12)

—C0

Paccmorpum nponecc BHuHcaeHHs uHTerpanaa (I11.12). Ias sto-
ro paso6eem (I1.12) na yactu c.neu.yroumM obpasom:

0 (k—F)2 (e—k)2

_{ 1 ST I "~ 202 .
F(k)_j Ve dk—{—S T " (I1.13)
[Monaras nanee k—k=—Et, u3 (I1.13) monyuum
P T e
k = - —_— o = — 20% § .
Fy (k) j Vo dt (5 e (I1.14)
O603HauuM
g dg
——A =
oy’ 2 ’ ay'2 dh,
TOTAa
L 1
20! . ¢ —2 — .
s‘ pe v dg_j =" dh = (11.15)
§ 0
% 0 _ R
= Bz k_— f
F, (k) jol/ﬁe d er(ov_)
h—k
oVz
— * (k_k)z
k—k _ 2 — 202
erf(0v2_ >_ Vo S dk. (11.16)
1]
OkoHYaTeNLHO HMEEM
1 'k —k
h=—11 f hid 11.17
F (k) 2[—i—er(0v2>]. (IL.17)

Ha puc. 32 nokasaH rpaduk nJOTHOCTH pacmpeneneHus f(k),
onpefeseHHoit no ¢opmydae (II.11), a nHa puc. 33 — KkpuBas, mno-
CTpoeHHas 1O ¢opMyne 3aKoHa pacnpelie/leHHS] B COOTBETCTBHH C
dopmynosi (I1.17). Hdaxe ecin B AaHHOM cayudae ¢aKTHUecKoe
pacnpefe/neHne IPOHHIIAEMOCTH AOCTATOYHO XOPOLIO ONHCHIBAeTCA
thopmyi0ff HOPMAJBHOTO 3aKOHA paclpefe/eHus NpH 60JbLIIHX 3HA-
YeHHsIX NPOHHIAeMOCTH k, B 06J1acCTH He3HAUHTeJbHBIX 3HAaYeHHH k
TeopeTHueckoe H (aKTHUECKoe paclpele/eHUs] NPOHHILAEMOCTH fB-
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Puc. 32. Tpaduk NJIOTHOCTH HOPMAJBHOrO pacipejesieHHsi NPOHHILAEMOCTH IpH
0=0,7, k=0,8 MKM2:

1 — TeopeTHUecKas KpHBafi; 2 — QaKTHUECKHe TOUKH

g5
m——— - -
- . ) .
=y o 45 10 k MxmE

Puc. 33. Kpusas, nocrpoennas no ¢opMyJie HOPMaJbHOrO 3aKOHAa paclpejeieHHs
npoxHiLaeMocts npu 6=0,7 1 £=0,8 MKM?

HO pacXoAfTcs BCJeJCTBHE BJHSHHA OTPHIATENbHBIX NPOHHIIAEMO-
CTeH, KOTOpHle NONyCKaeT HOPMAaJIbHHIHA 3aKOH pachpeleleHHus.

ITockoanky erf(oo) =1, To, cornachno (I1.17), F(eo)=1. B co-
orBerctBHU ¢ (II.10) maTemaTHueckoe OXHIAaHHE NPOHHIIAEMOCTH
ecTb CpeAHss npoHunaemocts k. Ilokaxem sTo, nJsA uero mojcta-
sum (11.11) B (I1.10). ITomyuum

P (k)2
M (k)= y e (11.18)
Has Bu:ncneﬂnﬂ uHterpana (11.18) mpexcraBuM ero Tak:

T _r—% AV
M(k)=j’( et )e T dh= Jydy. (1.19)

—00
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Inst mepBoro ueTerpaJa J; uMeeM ciaelyiollee BHIpaXieHHe:

T — (k2
=\—"""e 2% (k. 11.20
5‘ oVon € d (I1.20)
Tonoxum A= (k—k)/( 07_2). Toraa us (11.20) moayunm

J, = °V2 5 Ao dh = °11//~ —e M =0,

-0

(11.21)

Bropo#i uHTerpasa J, BeIpa3suM ciaeiymolum o6pa3oM:

(R

_oo 1 —_
J,=k — T2t gh=—
z j 0V2n

.9 | (k—Ry2 (k—-k)2
—_— % 2%
R [S VE e dk—l—sl pvo e dk] (11.22)

ITo -anaJqorun ¢ (I11.14) u (I1.15) kaxnaeét U3 HHTErpanoB, BXO-
aawnx B (11.22), papen !/;. TlosTomy ¢ yuerom Toro, uTO, corsac-
o (IL.21), J,=0, a Jo,=Fk, Bupaxenue (II.19) npespamaerca B
ToxJecTBo. HakoHeln, onpejeniM, yeMy paBHa AMCIEPCHS MPH HOP-
MaJbHOM 3aKOHe pacnpefeeHus. [Toayuum

_(e—R)2

T g, (I1.23)

D (k)= f (k—F)f (k) dk— f L 1—/@

Hast Beluncaenust (I1.23) BBeleM, Kak M paHee, BeNMYHHY A= (R—
—k)/(0Y2). Torna us (11.23) umeem

D)y =-22_{(1rergn=

- ( 5 AP e=32 gL V A2 e dx) - ( A2 e g, (I1.24)
] A

Vn

Bxopamuit B (I1.24) onpenenennwmit uutrerpasa tabauunnifi. OH,
KaK H3BECTHO, BhIpaxaeTcs CJedyoluM o6pa3om:

[Aresaan— Va_ (I1.25)
b
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[ { |
U g5 10 e Mxm”

Puc. 34. Tpaduk nnOTHOCTH JorapudMHUeCKH HOPMAJBHOTO pPaclpefeseHHs TpH
0=0,7, £k=0,8 Mkm?

Hs (11.24) u (11.25) noayuum
D (k) =02, (11.26)

2. lorapudMuyeckn HOpMaabHHE 3akKoH ®op-
MyJia IJIOTHOCTH pacipejie/ieHHs] IPOHHLAEMOCTH IIPH 3TOM 3aKOHe
HMeeT CJeAYIOUHHA BHA:

{ _ _(n k—In k)2
2
f (k) = —e 2 [ 0
ok} 2n

IInoTHOCTE NOrapuMHYECKH HOPMAJBLHOTO paclpefleieHHs MOKa-
3aHa Ha puc. 34. Ha#inem F(k). Iloacrasnas (11.27) s (I1.9), mo-
JY4UM

< k< oo. (I1.27)

k (In k—In%)2

- ! T R
F (k) -5 Ve dk. (I1.28)
[Mockoabky d(In k) =dk[k, nz (11.28) umeem
Ink 1 _ _(nk=In %2
F (k) =5 e " 3 4(Ink). (11.29)
oV2n
Orcroga ananoruyno (11.17) moayyum
1 Ink—Ink

MareMaTHYecKoe OXHJaHHE NPOHHLAEMOCTH IPH JOrapH(Mule-
CKM HODMaJIbHOM 3aKOHe pachpelleleHHs MOoJYYHM 1o dopmyae
(I1.10). ITpu sTOoM

M (k) =k es2,
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06 f(k) Puc. 35. Tpaduk MIOTHOCTR
raMma-pacnpeneseHus TIIpH
" a=2, k=0,8 MkM?

02

[ 1 |

0 g5 10 kMxm?

3. Tamma-pacnpeneneHnue. IlnmorHocTs raMma-pacnpese-
JieHHst alCOJIOTHOH NPOHHILAEMOCTH B O6LIEM BHJAE BhIpa)kaercs
caeayomuM obpasom:

PP S LA P 11.31
_=— < rR <L 0O, .
( ) r(a)ka ’ == == ( )

Ilpu sTtom

oo

r(a)—_-Se--xxa—l dx, a@>0, x>0.
0

[TnoTHOCTH raMMa-pacnpefieseHnsl npejcTaBieHa Ha pHc. 35.
dopMysa 3aKoHA pacnpefie/leHHs] POHHILAEMOCTH HMEeT BHA

k —
K*! e-kik di
F()= S T:ﬁé— (11.32)
Kak u BO Bcex cayyasx
T Rl etE gy ¢ oemx iyl gy k
F‘”)—,Y I () 7% g @ =%

MareMatuyeckoe OXHAaHHe NMPpOHHIAEMOCTH NIpH raMMa-pacnpe-
ACJICHHH OIlpeliensaeTca CAEAYIOMHM 06p830M!

oo

*® e~k dx re+1) «+ =
M(k)=5 =Tt E=ak.

0

4. 3akoH pacnpepenenns Makcpeaaa. [Ipu pacue-
Tax AaHHBIX Npoiecca Pas3paboTkH HePTAHBIX MeCTOPOXKIAEHHHA HC-
NoJb3yioT (OpMyJy 3aKoHA pacnpefiesenus Makcesna, MoJydYeH-
HYIO UM [/ ONHCAaHHS paclpejeseHHsl MOJEKYJ rasa mo CKOPOCTH.
®opma 3anuch GOpMYJE 3TOTO 3aKOHA Gblja usmeHena M. M. Car-
TapoBbiM U B. T. DaniueBniM ¢ 1e/bI0 ONHCAHUA PpaclpelievieHns
NPOHHLAEMOCTH peaJbHHIX NJacToB. Tak, QopMyJsa MJIOTHOCTH pac-
Npefe/ieHHs] IPOHHIIAEMOCTH COrJIacHO 3aKOHy MakcBesa, BUIOM3-
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fix)

ko4

/ +0,2

l 1 ] |
0 05 10 K km

Puc. 36. I'padHk NJOTHOCTH pacnpeje/eHHs TNO MakcBe/sly, BHAOH3MEHEHHHIH
M. M. CarrapoBuM npu £y=0,8 Mkm?, a=0,1 mxm?

mMeHenHass M. M. CaTTapoBhiM, BEIPaXKaeTcsi TAKUM 06pasoM:
—_ k+4a

2 /S k4+a | T %

(k)= VTTV WS —a<<k<oo, (11.33)

rie a, kg — napaMeTpHl pacnpejelieHdsl, OIpeJessieMble Ha OCHOBE
06paboTKH HaHHBIX O reojoro-(pU3u4YeCKHX CBOHCTBaX IJIACTOB.
dopmMyJa NJOTHOCTH pacnpefiesieHusl NpoHHuaeMoctH, mo b. T. Bau-
IIeBy, HMEET BHJ

(k+a)2

4 (kdap 1 Rt

rie a, k| — napaMeTphl paclnpeseseHHs.

Ha puc. 36 nokasan rpaguk f(k), nocTpoeHHH# 10 ¢opmyJe
(I1.33). Kak BunHO, 3aKOH JONyCKaeT CyLIeCTBOBAHHE HepeaJbHBIX
3HaueHHH oTpuuareabHofl nmpoHuuaeMocTH. OfAHAKO, KaK H B CJy-
Yae HOPMaJbHOI'O 33KOHA, MOXHO CUHTATh, UTO MPOHHIAEMOCTh H3-
MeHsieTc B npejenax 0=Ck=C oo, HO CJelyeT YUMTHIBaTh, UTO B ILJa-
CTe ecThb HeKOTOpasi, OTJIHUHAS OT HyJsl, LOJIS CJIOEeB C HYyJeBOH Mpo-
HHI1[aeMOCThIO,

§ 5. MOAEJIb OAHOPOAHOTO MNMJACTA C MOLHPHIIHPOBAHHBIMH
OTHOCHTEJIbHBIMH MPOHHUAEMOCTSAMH

CtpoeHne He(TAHOro msaacra MOXKeT OBITb TaKHUM, YTO HeKO-
TOpHIE €ro CJIOM He MPOCTHPAIOTCS Ha GoJiblliMe PacCTOSIHHSA, CPaB-
HHMblE C PACCTOSHHSIMH MeXJY CKBa)XMHaMH, a BHIKJIHHHBAIOTCH,
3aMellasch CJOSIMH C HHOM NPOHHILaeMOCTbI0. JIJHHH OTAeNbHBIX
cJloeB MOTYT OBITh NOpSfKAa TOJILHHBL Bcero njacra. Ilpu aTom
CJI0OH He BCerja H30JHPOBaHH Apyr or Apyra. [lnacrw Takoro Tuma
HeJ1b3sl NMPEJCTABJATh ONUCAaHHOH MOJEJbIO CJAOHCTO-HEOAHODPOILHOIrO
niacra. OHu OoJsiee MOXOXKH Ha ONHOPOAHLIE MJAaCTH. TeM He Me-
Hee HX cJoHcTas HeOJHOPOAHOCTb NpoCiexuBaercs NpH o6paboT-
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t 2 3 Ke HaHHHX Ja6opaTOpHBIX HCCJefoBa-
HHH H3BJEKaeMblXx H3 Help 006pasuoB
! MOPOA-KOJJIEKTOPOB W TNpPH HHTEpupeTa-
— UHMH JaHHBIX inMblcnoso-reOQ)nanec-
R KHMX MCCJIeJIOBAHHH CKBaXKHH.

E — IlnacTel OMHCAHHOrO THIIA MOXHO
—_— MOJEJHPOBATh OJXHOPOAHHIM IIACTOM C
k| ocpenmenHoii alCOMIOTHOH TNpOHHUAe-
1 C MOCTbIO H MOAH(HUHPOBAHHBIMH OTHO-
= ! CHTEJIbHBIMHM TPOHHIIAeMOCTSMH IJIs Ha-
CHILAIOWAX uX BellecTB. UYTOOH IOCT-
POHTb TaKyl0o MOJeJb, BBIAEJIHM 3Je-
MEHTapHHH  06beM INpAMOJIMHEHHOro
nJjacra MJHHOH Ax, TOJIIHMHON h M ImIH-
punoit b (puc. 37). Bynem cuurartp, 4TO
B npejesax KaxJOro ero 3JeMeHTapHO-
Puc. 37. Cxema snementapuo- IO oObeMa HMeeTcsi TaKoi HaGop cioeB
ro ofbeMa miacta, BHAense- ¢ pas3JHYHOH aGCOJIIOTHOR NPOHHLaeMoO-
(’;g;‘l"‘;‘gnl‘a}?:g;“e”:;’::c;‘;ﬁ‘: CTbIO, YaCTOTa MOSIBJIEHHsS] KOTOPHIX OIH-

coiBaeTcs (opMyJsofl onpelesieHHOro Be-

HHX NPOHHIAeMOCTEH:
/ — BuiKaREEBaomuecs crom; 2-- POATHOCTHO-CTATHCTHYECKOIO 3aKOHa.

///////A//// /////j

npepuBapmHuecs CAOH; J - CJOH, -
CheRBHAIICen ¢ RayroME ea6. IToctpouM Mozenb 1mJacTa ¢ MOAH
AME (GUUHPOBAHHLIMH OTHOCHTEJNIbHBIMH 1IpO-

HALAEMOCTSIMH, INOJaras, uYTo H3BJeye-
HHe H3 Hero He)TH NPOHCXOLHMT NMyTEM BHITECHEHHs ee BOJOH. Mox-
HO paccMaTpHBAaTh H APyrHe NPOIECCH H3BJeUYeHHS HedTH.

C/10XHM MEICJIEHHO OT/EJbHbE CJOH IIacTa B «lITA0e/b» TaKHM
06pa3oM, 4ToOH CJO# ¢ camoil GOMbIIOH NPOHUIIAEMOCTbIO GBI pac-
TMoJIoXKeH BHH3Y, a ¢ caMoll Hu3Koi — BBepXy (cM. puc. 37), u ab-
COMOTHAs NMPOHHIAEMOCTb Bo3pacTajia cpepxy BHH3. IIpumem, uro
BOJa MCHOBEHHO NOPIIHEBHIM CIOCOGOM BHITECHSET HeDTh U3 i-rO
nponnacTka. Takum 06pasoM, B HEKOTODHi MOMEHT BpeMeHH B 06-
BOAHMBIIHXCS CJOSX TOJILMHOH A GylneT ({UIBTPOBATLCH TOJLKO BO-

13, a B CJOSIX TOJMIHHOR A—Hh — TOJbKO HedTb. B 06BOAHHBIIHXCA
CJIOSIX OCTaeTcsi HeMTh NPH OCTATOYHOH HePTEHACHIEHHOCTH Suocr-
B HauajAbHBIH MOMEHT BPEMEHH CJIOM IJjacTa OHUIH HaCHIEHH
He(THIO H CBS3aHHON BOJOH C HACHIIEHHOCTBIO Scs. MOXKHO Takke
CYHTAThb, YTO Syocr H Scg 3@BUCAT OT aOCOJIOTHOH NPOHHI[AEMOCTH
clioeB. Pacxoll BOAB Ags, MOCTyNalome# B CJIOH TOJUIHHON Ah 3Je-
MEeHTa IJacTa, onpelesuM no dopmyne

__ k(1 —Sgocr—Scs) bAhAp
Ag, = ppAx

3aech (hasoBasi MPOHHLAEMOCTb JJIsl BOABI kg o=k (1—Sk ocr—Scs)-
Ecsu 66 B ca0aX ToJEHOH Ah cofepiXajach TOJNbKO BOAA, TO pac-

X0 BOAbl Agp BIpaxascs O cieyloluM 06pasom:

Aq, = kbApAh/(uAx).
56



[TonHbl pacxoXd BOABI, 3aKauMBaeMOH BO BCce OOGBOJHHBIIHECH
CJIOH TOJNUIMHOHR H, COCTaBHT

h
bA
Gy = pBApx Sk (I —s, ocr— Scp) dh.
0

Ecau 6bf Bech nJact 6bil HacHIEH TOJbKO BOJAOH, TO

—__ bAp
%= S kdh.

O603HauuM MOAM(DHIMPOBAHHYIO OTHOCHTEAbHYIO IPOHHIIAEMOCTb
I BOABI uepes ks U ONpelesUM ee KaK OTHOLIEHHE

k(1 — 8y ocr —Sca) dh

h
05 kdh

Hcrnonbays BepoSTHOCTHO-CTATHCTHUECKOE paclipejeleHue abco-
JIIOTHOH MPOHHIIa€MOCTH, XapaKTepHoe JJs JlaHHOro MJaacTa, H CYH-
Tafd, 4yTo K=k, — MPOHUIIAEMOCTb oGBo,anBmerocsl B AaHHBIA MO-
MEHT CJIOS, HMEEeM

Ot |

)
I
EllEy
I

S (1 — Sp ocr — Sco) &f (k) dk
k== - (11.35)
Skf (k) dk
0

rae f(k) — NAOTHOCTb BEpPOSITHOCTHO-CTAaTHCTHYECKOTO pacmnpefese-
HuA abCoJIOTHOH NPOHUILAEMOCTH.

Ha ocHOBe aHaJOrMUHBIX pacCyKJeHHH MOJYYHM cielylollee
BHpa)keHHe MOJH(DUIUPOBAHHOH OTHOCHTENbHOH INPOHHIIAeMOCTH

i HeptH ky. HUmeem
ke
j Ef (k) dk

b= (11.36)
jwmﬂ

0

MonuduuupoBaHHbie OTHOCHTE/bHBIE IPOHHILAEMOCTH AJA HedTH
M BOJH LOJKHH 33aBHCETb OT MOAH(DHIMPOBAHHOH BOAOHAGHILIEHHO-

cTH S. B paccmaTpuBaeMbBiii MOMEHT BpeMeHH BOJa B 3JeMeHTe
[J1acTa COAEPKHTCA B BHJAE CBA3aHHOH BOJAB B HEOGBOAHHBIUHMXCSA
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CJ0SIX H B BHJE 3aKauaHHOH B 3JieMeHT BOoAH. O6beM CBA3aHHOH BO-
Ih AV B 3/1eMeHTe IJlacTa MOXKHO BHIDA3HTh CJeAyIoHniHM obpa-
30M:

h k,
AV, =mAxb S Scpdh = mAxbh 5‘ Scuf (R) dk.
% 0

QO61eM BOAH B 0OOBOAHHBINHXCS CJAOSAX COCTABHT

AV, — mbhAx f (1 — 58, o0p) f () dE.
ke

IToauwit 06bEM BOJBLI B 3JeMeHTe IJacTa

AV, = AV, AV, = mbhAx [} Seaf (£) dk+°§ (1—54 o00) f (B) dk] -
0 ke

— mbhAx ﬁ Sof (K) dk—}-:’f (1 — 5, oor—5cq) f (B) dk],
0 k.

IlopoBuiit 061eM nacra
AV =mbhAx.

MouduinnposanHasi BOLOHACHIEHHOCTh COCTAaBUT

o= 21117: =jsc,,f () dk+f(1~sn ocr—Scz) [ (k) dk. (11.37)
0 k.

Ecan usBectsnl f(k) u 3aBHCHMOCTb OT aGCOJIIOTHON MpPOHHLAEMO-

CTH Suocr M Scs, TO, 3a0aBasicb K., MOXHO ONpElNeJUTh S, Ky H ky.

Ilpu paccMoTpeHHH ONmHCAaHHOH MOJEJH IVIacTa ¢ MOKHGHLHPO-
BaHHBLIMH NPOHHLIAEMOCTAMH OHIJIA NPHHATA HauGoJiee mpocTas rH-
note3a 0 TOM, UTO (¢a3oBas MPOHHIIAEMOCTh AJS BOAW B KAaXKIOM H3
cJioeB NPONOPLHOHANLHA NPOH3BELEHHIO aGCOJIOTHOH MPOHHIIAEMO-
CTH Ha BOJOHAaCHIIEHHOCTh NIJaacTa. lIpu aToM cuuTaercs, UTO CBfl-
3aHHas BOJa 3aHHMaeT TyNHKOBLIE IODH, 110 KOTOPHIM He (HJIBTPY-
eTcs BoZa. MoXHO B NpHHUHNE CUMTATh, YTO He(dTh H3 KaxKIOro
CJ10 BBITECHSIETCA He MTHOBEHHO, a NOCTENEeHHO, IIPH MOCTOSIHHOM
o IJIMHE CJI0s, HO H3MeHsIomeHcss BO BpeMeHH BOJIOHACHIIEHHO-
cti. Takum o6pa3om, npu NMOCTPOEHHH TaKOH MOJleJH MOXHO Y9H-
THBaTb OJHOBPEMEHHO H (H3HUECKHe OTHOCHTeJbHEIE NPOHUILAEMO-
cTH 06pasloB NOPOJA, H HEOAHOPOAHOCTh MO aGCoJIOTHON NMpOHHIIae-
MOCTH B 3JIeMeHTe MJ1acTa.

PaccmorpeHHas Mofeap mJjacta ¢ MOJH(GHIHPOBAHHBIMH IPO-
HUIIAeMOCTIMH MOCTPOEHa € yUeTOM HEOJHOPORHOCTH NJACTa, B LaH-
HOM cJjiyyae CJIOHCTOro, H MeéXxaHH3Ma BHTeCHeHus He(pTH BOJOH H3
KaXJoro ¢Jios, B ONNHCAHHOM cJyuae — MOPLIHEBOro.
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OnHako MOZHQPHUHPOBAHHBIMH HPOHHILAEMOCTAMH 4YacTO Ha3Hl-
BalOT TaKXe OTHOCHTe/bHhIE IPOHHIAEMOCTH, IOJYYE€HHHEe B pe-
3yJbTaTe COMOCTABJEHHSA PACUETHHIX H (aKTHUECKHX ZaHHBIX O MPO-
mecce 3aBOJXHeHHA HedTAHHIX NJN4ACTOB, T. €. pellleHHA TAaK HAas3Hl-
BaeMblX oOpaTHHX 3ajau pa3paboTKu HedTAHHX MeCTOPOXKIeHHH.
Torma Momu¢uuHpOBaHHEIE NPOHHLAEMOCTH MOTYT 3aBHCETb He
TOJIbKO OT HEOJHOPOAHOCTH pa3pabaTHBaeMHX MJACTOB, HO H KOC-
BEHHO OT CHCTeMHl pa3pabOTKH MECTOpPOXKIeHHs, ocobeHHOCTeH IKC-
IJyaTallid CKBaXXHH H JPYruX ¢aKTopoB.

§ 6. MONEJTUPOBAHHUE NPOILECCOB PASPABOTKH

HayuHo o6ocHOBaHHO€ NMpHMEHEHHe KaXKXJAO0ro HOBOro Ipouecca
pa3pa6GoTKH HePTAHBIX MECTOPOKAEHHH HAYHHAIOT C €ro SKCIepH-
MEHTaJLHOrO H3yYeHHs B JaGopaTOpHHX ycJaoBHAX. Bce cyinecTBy-
IolHe Npolecchl H3BJjeYyeHHS He()TH U ra3a H3 HeJAp BHauaJje OblJIH
U3yueHb INpH JaGopaTOpHBIX HCCAeLOBaHHAX. B cBoe BpeMs mpo-
LIIJIO 3Ty CTafHI0O M TakKoe HWIHPOKO Pa3BHTOE Ha IPaKTHKe BO3JeH-
CTBHe Ha He(TsIHBIe MJIAaCTH, KaK 3aBojHeHHe, 3a craguell nabopa-
TODHOTO HCCJAEJOBAHHSl CJeAYIOT NEepBhle NPOMHILJIEHHBE HCIMHITa-
HHA npoueccoB. B 3tor mepuon pasBUTHSA TeXHOJOTHUYECKHX INpPOIEC-
COB CT2aHOBHTCS BeCbMa HeoOXOZMMBIM HMX KoJiHYecTBeHHas (hOpMy-
JHPOBKa, T. €. CO3/laHHe MOoJeJeH.

LleHTpaJbHH 5Tan MOJeNUpPOBAaHHS -— NMOCTAHOBKA COOTBETCTBY-
IOMIUX mporneccy pa3pabGoTKu HePTAHOro MeCTOPOXAEHHS MaTeMaTH-
YecKuX 3afiay, BKJIoyaoumx AuddepeHuHalbHBE ypaBHeHHs, Ha-
YaJibHEE W TpaHHuYHbe yciaoBus. Ilpouenypel pacueToB Ha oCHOBe
MojieJleli Ha3hHBalOT METOJAHKaMM pacyeToB.

Ouddepennnansinie ypaBHeHHs, ONHCHBAIOIIHE IIpOLECCH pa3-
paboTku HehTAHHIX MECTOPOXKIEeHHH, OCHOBAHH HAa MCIOJb30BAHHH
ABYX (yHIaMeHTaJbHBIX 3aKOHOB NPHPOJH —3aKOHa coXpa-
HeHHd BelUleCTBa H 3aKOHAa COXPaHeHHSH 3Hep-
THH, a TaKXKe Ha 1eJoM psafe (PH3HUECKHX, (H3HKO-XHMHUECKHX,
XHMHYEeCKHX 3aKOHOB M CHelHaJbHHX 3aKOHaX (HIBTpalHH.

Ouddepenunansunle ypaBHeHHs: 6yAyT pacCMOTpPEHH NPH H3JO-
JKEeHHH COOTBETCTBYIOIIMX TEXHOJIOTHH H3BJeueHHs HedTH U ra3a us3
Help. 3Jecs pPacCMOTPHM BONPOCH HCHOJB30BaHHA TOJNBKO (PyHIAA-
MEHTaJIbHbIX 3aKOHOB, a TaKXe 32KOHOB (PHJBLTPALMH, IPHMEHSIEMBIX
B TOH HJIM MHOH CTemneHu BO BpeMd MOJEJHPOBaHHS BceX MPOLECCOB
pa3paboTKH HeDTAHLIX MECTOPOXKIAEHHH.

3aKOH coXpaHeHHs BellleCTBa B MOJeJAX IpoleccoB paspabor-
KH MeCTOpPOXMIEeHHH 3amuchiBaloT JH60 B Bule AH(PdepeHHHANTbHO-
ro ypaBHeHHMs] Hepa3pLIBHOCTH MAacCCHl BeleCTBa, HMEHYyeMOro 4acTo
NMPOCTO YpaBHEHHEM HepPa3pLHIBHOCTH, Ju60 B BHAE (PopMyJ, BHpa-
XKalollMX MaTepHaJpHbl 6ajaHC BelleCTB B MJIACTE B LEJOM.
B nocnenneM ciydae 3aKOH COXpaHEHHS BELIECTBA HCIOJb3YIOT He-
TIOCPEACTBEHHO JIJs pacyeTa JaHHHIX NMpoleccoB pa3paGoTKH MecCTO-
POKIEHUH, a COOTBETCTBYIOIIMH €My MeTOJA pacyeTa MOJyuYuJ Ha-
3BaHHe MeTOJa MaTepHaabHoro 6aJgaHca.

59



{
l !
| |
r |
! 4E |
|
| PR
/777 7] _L A\;A
‘ 4 4x

Puc. 38. Cxema sneMesTapHoro o6bema  Puc. 39. Cxema 3neMeHTapHOro o0beMa
HPSIMOMHHEAHOTO MJacTa [J1actTa B TPEXMEPHOM cJyuae

BriBelleM BHauajle ypaBHeHHe Hepa3pBIBHOCTH MAacCCH BelllecTBa
IpH €ro OLHOMEPHOM NpPAMOJHHeHHOM JIBHXEHHH B IJacre. Macca
AM BemecTBa NJOTHOCTBIO p B 3jeMeHTe IJacra (puc. 38) AauHOM
Ax, TonmmuMHOA h W IHPHHOH b, M3MepsieMOH B HanpaBJeHHH, Nep-
NEeHJHKYJAPHOM K IIJIOCKOCTH IpPH MOPHCTOCTH IJ1acTa m, COCTaBHT

AM = pmhbAx. (I1.38)

Ecan CYHTAThb, YTO B 3JECMEHT IacTa 4epe3 €ro JEeBY!O IpaHb
NOCTynaeT BEILIECTBO C MaccoOBOH CKOPOCTbIO pUx, BBITECCHSIETCS H3

3J€MEHTA C MacCOBOH CKOPOCTbIO H pUx+ %Ax, a HaKOIJIeHHH}

o6beM ero SAM 3a BpeMsi Af, MOJyYHM C y4eTOM TOrO, YTO B 3Je-
MEHT BOLIIO 6OJblile BELeCcTBa, YeM H3 Hero BHIIUJIO:

pu,bhAxAt — (pv +=5 Ipus ) bhAxAt = 6AM = A (pm) bhAx. (I11.39)
Uz (11.39) umeem

5(9!!;) Slper) 4 Alom) A (Pm) (I1.40)

Ilpu At—0

a(va) i 5(9'") 0. (I1.41)

YpaBHenue (I[.41) u ecTh ypaBHeHHe Hepa3pHIBHOCTH Macchl
BelllecTBa B IJIacTe NPH OLHOMEPHOM INPSAMOJHHEHNHOM IBHXKEHHH
HaCHIAMUIEro ero BeliecTBa. UToOH INOJYYHTL TaKO€ ypaBHEHHe
A5l TPEXMEepHOro cjayuasl, He0O6XOAHMO PAcCMOTpeTh 6ajlaHC Macchl
B o6beMHOM 3JjeMeHTe maacra AV=AxAyAz (puc. 39). Paccmarpu-
Bas MaccoBble CKOPOCTH INOCTYNJEeHHs BellecTBa B Ky0 H BHITECHE-
HHA H3 Hero, a TakXke HaKoIJIeHHH# 06beM ero B Ky6e, MOJYyUHM

0(pux) +6(pvy) n 6(ov‘) + a(om) 0. (11.42)
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YpasHenne (I1.42) MoxKHO 3amHcaTh Takke B CJeLywouieMm 06-
HmieM BHIeE:

div (pv)+Z&™ o, (11.43)

YpaBnenusi (11.42), (11.43) — ypaBHeHHs Hepa3pHIBHOCTH MAC-
CH BeLIeCTBA BO BpPeMs €ro JBHIKCHHs NIPH TPEXMEpPHOM H3MEpeHHH.
Ecau B nmuacre ofHOBpPeMEHHO ABHXKYTCS HECKOJbKO BELIECTB, Ha-
XOOALIHUXCS KakK B ra3oBoH, TakK M B XHAKOH ¢ase, cOCTaBAAIOT
ypaBHEeHHs1 Hepa3phIBHOCTH MAacCH KaxXJOro BellecTBa (KOMIOHEH-
Ta) B COOTBETCTBYIOIIUX (pa3ax.

3aKoH COXpaHeHHs SHEPIHH HCNOJb3YIOT B MOAENsIX pa3paGoTKu
He(pTAHKIX MecTOpOXAEHHH B BuAe AHdepeHLHANTLHOrO YpaBHEHHS
COXpaHEeHHs 3HepPruM IBHKYIIHXCA B IJjacrax Beulects. IlosaHas
3HepTHs eAMHHHH MaccH NJjacta E; COCTOHT M3 OTHECeHHHIX K elHU-
HHLIE Macchl BHyTPeHHeH yAeJbHOH 3HepPrHd NOpOoJ IJacTa M Hachl-
HIAOUIHX €ro BeleCTB Uy, YAEJIbHOH MOTEHUHAJbHOH 2 H KHHEeTHue-
CKOH 3HEepTrHH BellecTB, ABHXYLIHUXCA B IJACT€ CO CKOPOCTbIO W.
ITosToMy

Ep=uyt-z-+w¥(2g). (I1.44)

W3 3akOHa coXpaHeHHs SHEPrHH HJIH, TOYHEe, H3 IepBOTrO Haua-
Jla TepMOJHMHAMHKH CJelyeT, UTO U3MeHeHHe SHEPrHH IJacra AE, u
npousBefeHHOf ynenpHO# pabotht 8W paBHO KosHYecTBY moase-
JEHHOro K mjacty Temaa 0Q:, YMHOXEHHOrO Ha MeXaHHYeCKHH 3K-
BHBAJIEHT Temaa A, T. e.

AE ;--8W = A8Q, (I1.45)
iy ¢ yueroM (11.44)
(un+z+ )-1—6“7 ASQ,. (11.46)

Hanum KonnyecTBEHHYIO oueHKY Bxoasmux B (11.46) BeanunH.
YaenbHasi BHYTDEHHASI 3HEpPrHsl INJacTa Up NPH OTCYTCTBHH B HEM
XMMHYECKHX HJIH SIlePHBIX NpeBpalleHHHA BellecTBa IpeliCTaB/seT
c000H TEIJIOBYIO 3HEPrHiO B €JHHHIIE MAacChl MJacTa, Tak 4To

= ACAT, (I1.47)

rae ¢— yAeJbHas TemJIOoeMKocTb miacra; I — temneparypa. Ilogo-
MM, YTO NOPHCTHH miact HaceimeH Bodo#. Torma c¢=c¢r(1—m) 4
+cym (cr —yleabHasi TEJIOEMKOCThL NOPOJA IJ1acTa; Cs — yAeabHas
TeMJ0eMKOCTb BOAH, m — nopucrocts). Ilycrts ¢r=1,046 xx/(kr-
K), cs=4,184 g1/ (xr-K), AT=1 K, m=0,2. Torna ¢=1,046- (1—
—0,2)44,184.0,2=1,67 gIx/(kr-K), Au,=102-1,67. 1=170 m.
YnenbHas NOTEHLHAJIbHAS SHEPTUsl 2 B IJacTaX MOXKET H3MEHATHCHA
B COOTBETCTBHH C BO3MOMHEIMH H3MEHEHHSIMH YPOBHSI JABHXYIUIHXCS
B nuacre BemecTB. O6LIYHO 3TO AECATKH H HHOTAA COTHH METPOB.
OneHHM BO3MOMHbIE H3MeHEHHS YIeJbHOH KHHeTHYECKOH 3Hep-
rud. CKOpOoCTh @ ABHIKEHHSl B IlJlacTe HACHIHIAIOHIMX €ro BEILECTB
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H3MeHsleTC B 3HAUMTEJbHHX Ipefenax—otr 0 go 10 Mfcyr=
=3650 M/ron=1,16.10~% m/c. CpaBHHBas yIeJbHHE MOTEHHHAJb-
HYI0 H KHHETHYECKYIO 3HEprHH IIJacTa C €ro yAeJbHOH BHYTpPEeHHER
3Hepruei, HeO6XOJUMO YYHTHIBATH, UTO BHIIIE BHIYHCASNAACH YIAEJb-
Hasl BHYTPEHHsAS 3Heprus IJacTa B LEJOM, T. €. IIOPOJ H HacCHIIA0-
IIHX MX BEUIECTB. YJeJbHas NMOTEHUHMAJbHAs H yAeJbHas KHHeTHYe-
CKasl SHEPTHS OTHOCATCH TOJbKO K HACHILIAMOIHM [1J1aCT BEIIECTBAM.
TTosTomy, ¢ mesb0 YKa3aHHOTO CpaBHEHHS, HEOGXOJHUMO BBECTH KO-
Pem

pem —+ pr (1—m) *
Ps — IJIOTHOCTh HACHULIAIOIIHX IJIACT BEIIECTB, H YMHOXAaTb BCE BH-
B YA€JbHOH SHEpruu, KpoMe BHYTpeHHEH, Ha e. IIpu p. =103 kr/m?3,
pr=2,25-10% xr/m® m=0,2, e=0,1.

Toraa ans uaMeHeHHs YAeJbHOH KMHETHUECKOH 3HEPrHH MOJY-
YHM

w?\ _ 0,1(1,16-10"%)2 -
eA (_2g_)_ 5551 =0,68.10-10 u,

aphunHeHT & = rie pr-— IJIOTHOCTh TOPHHX MOPO;

W3 npuBeneHHOH OlEHKH CJAeAyeT, YTO YAeJbHOH KHHETHUECKOH
SHepruefl JBHXKYIIHXCA B IJACTE BEIECTB MOXKHO Bcerja, Kpome
OCOGHIX ClyuaeB JBHXKEHHS BEIIeCTB B NPH3abOHHOH 30HE CKBaXKHH,
npeHeGpeub.

Ecan uaMeHeHHe yIe/bHOH NOTEHIHAJBHOH 3HEPTHH ABHXKYIE-
rocsi B IlJacTe BewlecTBa cocTasJisieT gaxe 100 M, To npH ymMHOXe-
HUH 3TOH BeJMUHHH Ha & moayuuMm 10 m. MsmeHnenme xe temnepa-
TypH IJIaCTa BCEr0 Ha OAWH IpajyCc paBHO3HAYHO H3MEHEHHIO
yldeapHOH BHyTpeHHell sHepruu moutH Ha 200 m. Ecam paspaboTka
nJacTa BefleTcs ¢ HCNOJb30BAaHHEM TEIJIOBBIX METOJO0B, TO TeMIlepa-
Typa IJlacTa MOXKeT H3MEHAThCS Ha COTHH I'PafycoB H ero ylejbHas
BHYTpDEHHsI 3HEepPrHs cTaHeT npeo6Jajarollefi cpean APYTHX BHIOB
aHeprud. OleHHM BO3MOXHYIO BeJHYHHY paboOTH, KOTOPYIO MOTYT
NPOH3BOJHTb HAaCHILAOLHE NJACT BelllecTBa. YAeJbHy!o paboty W,
NPOH3BOJHMYI0 HACHIAIOUIHM IJACT BELeCTBOM H OTHECEHHYIO
K eIHHHIE MAcCH BELIeCTBa, OIpele/]HM CJAefyIOLIHM 06Pa3oM:

W = pbAV/(pgAV), (I1.48)

rie p— naBaecHHe; AV — o6beM BelllecTBa, HaCHLIAWOLIEro NJacT B
3JIeMEHTapHOM o0beMe mJjacTa; p— IVIOTHOCTh 3TOTO BELIEeCTBA;
g — yCKOpeHHe cBOGOJHOro MajeHus.

ITopoBhii 06beM maacTa OCTaercs, BooOllle roBOps, HEHM3MEH-
HBIM, IIOCKOJIbKY H€ H3MEHSIIOTCS T€OMeTpHs IJjacta H €ro NOpHC-
tTocTh. PaGoTa BellecTBa B 1JacTe CBf3aHA BCEra ¢ ero pacilupe-
HueM. [Tostromy B (I1.48) u BBeneHa BeauunHa 6AV, xapakrepusy-
Iolllasi paciiHpeHHe BewlecTBa. [IpH 3TOM yCJIOBHO MOXHO CUHTATh,
YTO BEIECTBO, Hachlllaoliee MJIACT, pacllupsaach, KaK GH BHXOJHT
3a TpefeJbl 3JjeMeHTapHoro of6bema nJjacra. ByjdeMm cuHTaTb, YTO
npH GeCKOHEYHO MaJjioM pacUIMpeHHH BelllecTBa B 3JEeMEHTapHOM
o6beMe miacra Macca BemiectBa AM=pAV ocraercsi HeH3MEHHOIL.
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Torna 8AM =08pAV+pS8AV =0 u, ciiefoBaTe/bHO,

SAV/AV = —8p/p. (11.49)
IoncraBass (11.49) u (11.48) moayuum
=P _ gl

oW =L 2 6( k ) (I1.50)

OueHHM BO3MOXHYI0 paGoTy BeIEeCTBA, HACHHUAIONIEro INJacT.
OueBHHO, 4TO HaHGOMbIIYI0 PabOTy MOXKET NPOH3BOJAHTH B IJacTe
ras. Jlns mpoctorh oUeHKH GyaeM CcYHTaTh ra3 HAeaJbHHM, IJIs
KOTOPOro p/p=po/po, TAE Po, po — AaBJEHHe H MJOTHOCTb rasa IpH
HayajabHHX ycaoBuax. OTciona Aas HAeasNibHOroO rasa

W — — 2o O (11.51)
P& P
IlTyctb npH cHHXeHMH faBiaenHs Op=—10-10°% Ila, p=
=100-10° ITa, po=10° Ila, po=1 kr/M3, e=0,1.
Torpa

0,1.105.10.106

el = 1.9,81-100. 1%

=102 m.

CrenanHasi OLeHKa MNOKasbBaeT, 4TO paboTa BellecTBa, HAachl-
INAIOINEero IJACT, XOTS H HAMHOTO MeEHbIIE, UeM H3MEHeHHe ylelb-
HOH BHYTpeHHeH SHeprHH TUNpH TENJIOBHX MeToAax pas3paboTKH
He(TAHBIX MECTOPOXKAEHHH, BCe Ke IpPH ONpeAeJIeHHHX YCJAOBHSX,
KaK 3TO [OKAa3blBaeT ONBIT, MOXKET OBITh 3HAYHTEJNBHOMH. :

PaccmoTpuM Bompoc 0 TOM, uYeMy paBHAeTcsd BXojadilas B
(I1.45) u (I11.46) Bennunna 6Q.. TennoBHIeeHHe B 3JeMeHTe NJa-
CTa MOXET NMPOHCXOAHTb 32 CYET 3K30TEePMHUECKHX XHMHUECKHX pe-
aKIHA M THAPABJHYECKOTO TPeHHs1 H 3a CYeT TelJIONPOBOJHOCTH.
Yxon Tensa M3 3J€MeHTa NJAcTa 3a CYeT TeNJIONPOBOJHOCTH B
JanbHefiniem 6yfeM YUHTBHIBATb NPH H3MeHEHHH BHYTpEHHeH 3Hep-
THH IJacTa uy IlepeHoc Temjia M3 @JjlacTa B KPOBJK H MOJOIIBY
6yleM YYHTHIBAaTL COOTBETCTBYIOLIHMH T'DAHHYHBIMH YCJOBHSIMU H
nosroMy B 6ajiaHce SHEPrHH 3jieMéHTapHOro obbema IJjacTa ero
He OyleM NpHHHMaTb BO BHUMaHHe. DHeprus ABHXKYILErocs B f0-
pHCTOH Cpefle BellecTBa 3a CYeT THJAPABJHYECKOIO TPEHHS mpeBpa-
maercs B Temyuo. LI MOMIHOCTH THAPABJIHYECKOTO TpEHHUs, OTHe-
CEeHHOH K eJHHHIlE MAacCh JABHXKYINETOCs BellecTBA B 3JEMEHTE
IJactTa, HMeeM cJeAylolllee BHpaXKeHHUe:

AN 1 _ pert
SZA Ve = g vgrad p= g (11.52)

JlomycTHM, uTO B mJacTe [ABHXETCS Tra3 BA3KOCTBIO p=
=0,02-10-% Ila.-c co ckopocteio v=10"% M/c~86,4.-102 M/cyT.
TIponunaemocts maacra 20,12 mMkm, nmopucroctb m=0,2, mJoT-
HOCTb rasa p npH AaBieHHu p=100 MIIa cocraBasier 100 kr/m3.
Torna

uo? _ 0,02-10-3.10-12

mpgk — 0,2-10-w-ga1_ — 1»02-10° wc.
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B cyTkd H3 KuJOrpaMMa [ABHXKyllerocsi B mjacre rasa 6yjer
Brigeadatbes 1,02-10-%-0,864-105=0,088 M snepruu. 310, KOHEUHO,
HesHaudTeNbHasa BeauuuHa. OnHakKo, HanpuMep, B npH3aGoiHOH
30He CKBAaXXHH CKOPOCTb (PUABTPALHH TOrO XK€ rasa MOXET JOCTH-
ratb 10—% M/c, a uHoraa um Gosee. Toria mpM Tex Ke OCTAJbHHEX
YCJIOBHAX, UTO M BHLIE, 3HaueHHe nv?/(mpgk)~10-2 M/c. B cytku
H3 KHjorpamMma (QHJIbLTPYIOIIErocs B IJIacTe rasa BHIAEAMTCH SHep-
rud noutH 9 kJx. TakuM 06pasoM, MOXKHO 3aKJIOYHTb, YTO HAH-
6oJiee CYIECTBEHHOE H3MEHEHHe 3HEPrHH B 3JIEMEHTEe IiacTa CBA-
3aHO c MEpPeHOCOM TEIIa 3a CYeT TeMJIONPOBOJAHOCTH M KOHBEKIHH.
OnpeneneHuHl BKJAaL B SHepreTHMUYecKHH GajaHc naacra, ocoGeHHO
NpH BHICOKHX CKOPOCTSIX [BHXKEHHA HACHILAJOIIHX €ro BeIlecTs,
BHOCAT pafoTa pacUIHpEHHA-CKAaTHA BEIIeCTB M THApaBJIHYECKOe
TPEHHE.

HannweM ypaBHeHHe COXpaHEHHSI SHEPTHH B ILUIacTe, YUHTHIBas
TeNJONPOBOJHOCTh M KOHBEKIHIO, a TaKXe paGoTy pacilHpeHHd-
CXKAaTHA BEIIeCTB M THAPABJIHYECKOE TPEHHE.

B coorBerctBuu ¢ (I1.48) u (I1.49) paGory amBuxkyiuerocs Be-
IleCTBa B 3JEMEHTAPHOM oObeMe mjacrta B LEJOM MOXHO Mpef-
CTAaBHTh B CJAEIYIOUIEM BHJE:

SAV Bp

W' = mbW =mp =—mp-5.

(I1.53)

Pa6oty W’ MOXHO NpHPaBHATL K 3HEPrHH cxaTus Ep, MO3TOMY
P2
6W’=-—m6Ep=m5 —”:;’— (IL.54)
01

rje p; U p2 — NJIOTHOCTH.

PaccmarpuBas, Kak U IpH BHBOJAE YDaBHeHHSI HEPa3PHIBHOCTH
Macce (HJbTPYIOILErocss B IIacTe BeLIECTBA, IOTOK BHYTpeHHeH
3Hepruu u=cpT u sHepruu cxkatusa E, a Takxke cyuTas, 4To TEIJO
TOCTyNaeT B 5JE€MEHTAPHHIH 00BbeM TOJbKO 3a CYeT THApaBJHYe-
CKOro TpeHH4, T. e, 4T0 48Q:=vgrad p, noJyuum

A (%‘——I—div UEU) =m ( 6%1;-",, —+div E,,pv) =uvgrad p. (11.55)

3Jech Ug— BEKTOp CYMMapHOH CKODPOCTH TEeIJIONepeHoca B MJAcTe
3a CYeT TEeIJIONPOBOJAHOCTH M KOHBEKUHH, U-— BEKTOp CKODOCTH
¢uiabrpauun. Brpaxenue (I1.55) u ectp auddepeHnuasbHOE
YpaBHeHHe COXPaHeHHs HepPTHH B IJacTe, BhIBeeHHOe NPH yKa3aH-
HEIX BhHIIIE NPeNNoJIOXKEeHHAX.

PaccmoTpuM 3aKoHH ¢uabTpaudd. OCHOBHBIM  3aKOHOM TMOA-
3€MHOH THJIPOMEXaHHKH SBJseTCS 3aKOH (DHJILTpaUUH OJHOPOAHOH
XKHAKOCTH MJH raza—3aKOH Jlapcu. Bce H3BecTHhie 3aKOHH
¢duapTpaluy 6a3upyOTCA Ha 3TOM OCHOBHOM 3aKOHe.

Ilpu ¢HIAbLTpAUHH HEOAHODOJAHON MKHAKOCTH HMJH CMecell XHI-
KOCTH W rasa crnpaBe/JIHB 3aKOH AByX$asHol ¢uabTpauuu. B cay-
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yae, HanpuMep, COBMECTHOH (HJLT-
pauuH HedTH H BOAM (OpMyJa 3aKO-
Ha ¢uJbTpalMu AJS NPSAMOJHHeHHO-
ro JBHXXEHHS 3aNHCHBAETCA B CJEAY-
IOlleM BHJE:

__ Rkew (s)  Opm

UH = P«u ax ’
— kky (5) Opy
U, = —P-a—— o (11.56)

Ille Uy — BEKTOD CKOPOCTH (HJbTpa-
LUHH He(TH; Us — BeKTOp QUJIbTpaLuu
BOIb, ka(S), ks(s) — otHocutenn- 7 42 O% G848 s
HBHe NPOHHIAEMOCTH COOTBETCTBEHHO Puc. 40. T'padukn 3aBHCHMOCTH
IAst HepTH M BOABI, 3aBHUCAIIHE OT KRz HRsOTS
BOJIOHACHIIIEHHOCTH S; Py H Pp — A2B-

JeHHss B HedTH M Boje. I'padUKH OTHOCHTENILHHIX IPOHHLAEMOCTER
I HeTH U BOAHW HMEIOT BHJ, NOKaszaHHHHA Ha puc. 40, Ha KOTO-
pOM 1o ocH afclUHCC OTMEUEHHW J[Be XapaKTepHhle TOYKH: Sca H Sa.
B Touke S=S.; OTHOCHTE/NbHAs NPOHHLAEMOCTb AJs BOAB paBHa
HyJI0, TaK 4TO kp(Sce) =0. B Touke s=s, OTHOCHTE/NbHAsl IPOHH-
1aeMocTb AJs1 HedTH Ry (S.) =0, HecMOTpS Ha TO YTO B TOUKE S=
=S¢ B IlJacTe IIPHCYTCTByeT BOAA, a B TOUKE S=S. HMeeTcHd
HedTb. ORHAKO NPH S=Sc; BOAA, COJAEPIKAINAsACS B MOPHUCTOH Cpefe
nJjacra, AHCNeprupoBaHa, pasfipobJieHa HJIH, ecJH 3TO CBsI3aHHas
BO/a, 3aHHMAaeT NPEHMYIecTBEHHO YIJH MeXJy 3epHaMHd INOPOAH,
TYNHKOBble NopH H T. A. HedTh, uMeromasics B mjacre NpH S=S§.,
TaKXe JHCIIeprHpPOBaHa, 3aHHMAaeT B MOPHUCTOR cpele TYNHKOBHIE
MecTa H BBITECHSITHCSl H3 IJIacTa He MOXeT. AHaJIOTHYHble 3aBHCH-
MOCTH MOXKHO IOCTPOHTb H AJS ABYyX(a3HO#H (GUABTPALHH KHJKO-
ctd ¥ rasza. OpHoBpemenHas ¢uabTpauus HedTH, BOAB U rasa H3y-
YyeHa B MeHbUieH CcTENEeHH, YyeM COBMecTHas (QuIbTpalus AByX H3
3Tux BewlectB. IlpH pacyerax mnpoleccoB paspaboTKH HedTAHBIX
MeCcTOpOXJeHHHA, B KOTOPHIX BO3HHKAaeT OJHOBpPeMeHHas GHJbTpa-
uus HedTH, BOAL M rasa (rpexdasnas ¢UJILTpAUHS), MOKHO MOJb-
30BaThCcA CJEAYIOIIHM mnpHeMoM. BHauase GepyT OTHOCHTEJbHBIE
IPOHHLAaeMOCTH TpH AByX(dasHOH (GHUIAbTPAaLHH XHAKOCTH (HedTH
U BOJBI) M rasa, AJs KOTOPOH H3BECTHBl 3aBHCHMOCTH OTHOCHTEJb-
HBIX NpOHHUaeMocTefl AJA rasa M XHIKOCTH Rr(Sr) H Rx(Sx) oOT
HAaCHIIEHHOCTH IIOPHCTOfl Cpelbl ra3oM Sr H JKHIKOCTBIO Sx. Ilo-
CKOJIbKY

S8, =1; Sy =S5+ Sm» (11.57)

rIe S, Sy— COOTBETCTBEHHO HACBHILICHHOCTH IIJacTa BOAOH H
He(bTblO, MOXKHO HalHCaThb CJeAYIOLIHE BbIpaXXCHHA:

S,

85 Sy
S, s=2 (11.58)
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3aTeM yuHTHIBAIOT YK€ OTHOCHTEJbHBIE MPOHHUAEMOCTH AJs1 HedTh
ku(s) u Bomw ka(s), oupenenss s us (11.58). Takum o6pasom ¢op-
MyJa 3aKoHa COBMeCTHOH ¢(HJbTpaluu rasa, HedTH ¥ BOIABl {MHO-
ropasHol (PUILTpALMH) NPHHHMAET CJAeAYIOLUIHH BHI!

__ k() Opr _ hbw (k) Fu(s)  Opu
v, .= —_ U, = —
r W ox ’ B T ox ?
_ __kk)x (%) ks (s) Ops
Uy = T (11.59)

31ecb pr, pu, p=— LaBJeHHs B rase, HepTH H Boje. Bo MHOTHX
cJyyasix Ha ABHXeHHe B IJIacTe BeleCTB OKAa3blBaeT CYIECTBEHHOE
BJIHSIHHE TPABHTALlHOHHOE TNOJe 3eMJH — CHJla TAaKecTH. BJHsHHe
3TOH cHsbl Ha pa3paboOTKy MeCTOPOXAEHHH HEOGXOLHMO YYUTHBATH
NpH ABHXEHHH B IJAacTe Pa3sHOPOJHBIX BellleCTB, 3HAYHTEJIbHO OT-
JHYAIOIIMXCA 1O IJIOTHOCTH (HampHMep, HedTH u rasa); 6oJblIoM
HaKJOHe HJH 3HAYHTEJIbHOH TOJIIMHe NJAacTOB; pa3paboTke Hed-
TAHHIX 3aJeXeH, TMOJACTHJIAaeMBIX BOJOH; o6pa3oBaHHH BoAOHedTH-
HHIX U Tra30He(QTHAHHIX KOHYCOB H T. A. IIOCKOJBKY cHsa TAXecTH
uMeeT BePTHKaJibHOEe HamnpaBJieHWe, OHAa He BJHSET Ha TOPH30H-
TaJibHble KOMIIOHEHTHl CKOPOCTH (PUABTpAlMH, a BO3JeHCTByeT
TOJIBKO Ha BePTHKAJbHYIO KOMNOHeHTY. [lpu AByxdasHo# ¢uabTpa-
I¥H rasza M HehTH C yYeTOM [PaBHTALHHM HCNOJB3YIOT CJEAYIOLINe
BHpaXeHHS 1/l BePTHKAJLHHX KOMIIOHEHT CKOPOCTH (DHJLTpalHH
HedhTH U rasa:

— Pk (9p X
z"zr— P ( oz Apg),
kky (Su 4

rae Ap=ps—pr; p — AaBJieHHe, IDHHHMAaeMOe OAHHAKOBHIM B raso-
BOH u He(TAHOH daszax.

Bo Bcex paccMOTpeHHBIX CJy4yasix CKOPOCTb (HJALTPAlH® NPO-
NOpIHOHAJNbHA TPAaJHEHTy JAAaBJEHHS, T. €, OHAa JIHMHEHHO 3aBHCHT
OT rpajHeHTa HAaBJjeHHs. M3BecTHH TakXe HeJHHCHHBIE 3aBHCH-
MOCTH CKOpOCTH (PHAbTpaunMH OT rpaaueHta Jamjenus. CooTser-
CTBYIOIIHe 3aKOHB (UJABTPAIUH HA3BIBAIOT HEJHHEHHHEIMH 3aKOHa-
MH Ouabrpauud. HeauHe#HOCTh 3aKOHOB (HJIbTPAUHH OOBIYHO
CBSISHIBAIOT C TpEMsl NPHYMHAMHU: ¢ TPOABJEHHEM HHEDLHOHHBIX
CHJ NpH NOBHIUEHHHX CKODOCTSIX ¢(HUJAbTpauud, ¢ Aedopmanuen
TOPHEIX NMOPOJ H, KaK CJeACTBHe, ¢ HEJIHHEHHEIM H3MEHEHHEM mpo-
HHL@eMOCTH NMOPOJ NJacTa OT AaBJeHHs, 4 TaKiKe C HEHbIOTOHOB-
CKHMH CBOHCTBAMH IBHXKYILIHXCA B mJjacre Bemects. Ilpn stom
HeJIMHeliHaft CBAI3b CKODOCTH (UAbTpauUHHM H TPAAHEHTA [gaBJeHHS
CBONCTBEHHA TOJIbKO HeJHHeHHEIM 3aKOHaM, O6YCJOBJEHHHM Jel-
CTBHEM HHEPIHOHHBIX CHJ M TIPOABJEHHEM HEHBIOTOHOBCKHX
CBOHCTB HaCHIAMOIIUX Ijact BemecTs. HeaunHe#HOCT: 3aKOH&
¢buabTpanuy, BH3BaHHAA AedopMauueit TOPHHX NMOPOJ, eCThb CKOpee
NposiBJIeHHEe HeJIMHeHHOX 3aBHCHMOCTH INPOHHLAEMOCTH HOpPON OT
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JaBaeHHs. PaccMoTpHM BHauajie HEJHHEHHOCTb 3aKOHa (HJbTpA-
IHH, CBA3AHHYIO C NPOSIBJIEHHEM HHEPIHOHHBIX CHJ. OKCIEDHMEH-
TaJbHO OHLIO OOHAapYKEHO, YTO AaKe BO BpeMsA (QHJIbTPAIUH OJHO-
PONHON XHAKOCTH IPH NOBHIMIEHHEX uHcaax PefiHoabica Nre=
=uvdnp/n (v— abcoAIOTHAsA CKOPOCTb GHJIbTPAllHH; p, | — COOT-
BETCTBEHHO IJIOTHOCTb H BI3KOCTb (DPMJIBTPYIOILErO BeulecTBa; dn—
XapaKTepHH «BHYTPCHHHH» JHHEHHHH pa3Mep MODHCTOH CpEeIH,
HanpHUMep, cpeAHHH AuaMerp nop) HabJalojaeTcss OTKJIOHEHHE OT
sakoHa [Hapcu. Kputnueckue uyucaa PefiHoabica 1ns NOPHCTOH
Cpelnl, NpH KOTOPHX HPOHCXONHT HapyuieHHe 3akoHa Jlapcu, co-
crasasior ot 7,5 no 9,0 no H. H. Ilasaosckomy, or 0,22 xo 0,29
o M. JI. MunnuonmnkoBy H ot 1 mo 12 mo B. H. Ulenkauesy.
STH KPHUTHYEeCKHe YHcJaa PefiHoNbAca pasyiHuHB BCJEACTBHE TOrO,
9TO YKa3aHHLIMH aBTODAMH INPHHHMAJOCh pPa3jIHYHOe 3HAayeHHe
dp. DKCIEpHMEHTH TIOKA3HBAIOT, YTO NpH uHcaax PefiHoablca,
6OJIBIINX, YeM KPHTHYECKHe, IPafHeHT HAaBJCHHS NpPONOPUHOHAJIEH
KBajpaTy cKopocTH Gunabrpanuu. IIpu uucaax xe PefiHoabica,
MEHBIHHX KPHTHUYECKHX, KOrja chnpaBeiJHuB 3akoH JlapcH, rpaiHeHT
JaBJieHUs1 JHHeHHOo 3aBHCHT OT CKOpOCTH ¢uabTpauuu. EcTecTBen-
HO, BO3HHKJa MblcIb OOBEJHHHTb 3aKoH JlapcH M 3akoH KBajpa-
THYHOH 3aBHCHMOCTH TpajiueHTa AABJEHHA OT CKOpPOCTH GHJIbTpa-
oud. SToT O0beAMHEHHHIH 3aKOH NOJYYHJ Ha3BaHHe [ BYUYJeH-
Horo 3axoHa (HABTPALHH ¢opMysa KOTOPOTO HMEET
CeNYyIOIIHA BHA:

k o__ Op
—T U+av _T‘f—’
rie o — Kos3$dHUHEHT, onpejesdAeMbli 3KCIepHMEHTAJIbHEM IYTEM.
KBazpaTHyHasi 3aBHCHMOCTb CKODOCTH (HJbTPAalHH OT rpafHeHTa
JlaBJIeHHs] NIPAaKTHYeCKH MOXKeT HalJIoJaThcad TOJbKO NMpH (QHJAbLTpA-
UMK ras3a B NpH3a0OWUHBIX 30HaX HJAW NpH GHABTPALUH HedTH B
[OpOJax ¢ YHCTO TPELUIHHHOH MOPHCTOCTHIO.

§ 7. CBOACTBA T'OPHbBIX NNOPOA, NJNACTOBBIX
JXHOKOCTEN H I'A30B

CpoficTBa Kak TOPHEIX MOPOJ, TaK H IUIaCTOBBIX XHAKOCTEH M
rasoB OIpefeJAIOT NpeXJe BCero NyTeM HcCJeJOBaHHA TayOHH-
HHX 00pa3noB NOPOA-KEPHOB, OTOGPAaHHKWIX M3 IIACTOB BO BpeMs
6ypeHHs1 CKBaXKHH, a TaKxe XKHJIKOCTeH M rasoB, IOAHATHIX C 3a-
6oeB cxBaxuH. OJHAKO 5TH CBOHCTBA MOXHO ONpPELEsHTb H TYTEM
06paboTKH JaHHHX O (H3HYECKHX, (QHU3HKO-XHMHUYCCKHX, TMApPOJAH-
HAMHYECKHX M MeXaHHUeCKHX Dnpolleccax, MNPOUCXOAAIHX B IJa-
cTax IpH HX paspaboTKe, a TakXKe NpH reopH3MYecKHX, THAPOILH-
HaMHYECKHX H JpPyrHX HcciaefoBaHHsXx. IIpy pacuerax mpoueccoB
paspaboTKH He(TAHHIX MECTOPOXAeHHH TpeGylOTCA He TOJbBKO
Te CBOHCTBa TOPHHIX IIOPOJ, XKHMAKOCTeH H rasoB, KOTODHIMH OHH
obsanasu B HaYaJbHOM COCTOSSHHM TWIAcT2, HO H KAaKHMH OHH
MoryT o6JajaTb B H3MEHHBIUHXCS YCJOBHSIX IIPH OCYILECTBJISHHUH
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6, METOJOB H3BJIEYEHHS YFJIeBOAOPOJOB H3
Henp. Ilostomy cBoHcTBa TOPHHIX IOpPOZ,

| /_r_:;_f, JKHIAKOCTell H ra3oB INO3HAIOTCA He INyTeMm
] Tz NPOBEJEHHS TPOCTHX «ONpeleHTEbCKHX»
|z /L paboT, a B pesysbTaTe HCCJELOBaHHH.
| e uI‘oprre HOpOJbl, 3aJjerapuue B 3eM-
I - Z Gz HOH KOpe, H B TOM 4HCJe IOPOAH, cJjard-
|6 = ¥ IomHe HedTerasoHOCHBlE NMJAACTH, HaXOAAT-
PP cd B HanpsAxeHHOM cocTtosgHHH. Ecin B
7 TOJIe TFOPHHX NOPOJA MBICJEHHO BLIAENHTH

3JeMeHTapHHH 0o06beM B BuAe Kyba (pHc.
Puc. 41. Komnonents Ten- 41) ¢ rpamsamu dx, dy, dz, To wuanps-
30pa HampsKeHHA B aje- JKEHHOE COCTOSIHME TaKOro  3JieMeHTap-
MeHTapHOM O06BeMe rop- pgoro ofbema NOPOA  6ydeT  Xapak-
HHIX Topo TEPH30BATbCd TEH30POM  HANpPSKEHHH C

IIECTLI0 KOMIIOHEHTAMH Oy, Oy, Oz, Tyz, Txy,
Txz (Ox, Oy H Oz — HOPMAJIbHLIE, A Txy, Tyz, Txz — KacaTeJbHEE KOM-
MOHeHTH Hanpsixkenus). Ecaum och 2z manpaBjeHa mo BepTHKaJH, a
X U y-— 10 TOPH30HTAJH, TO HOPMaJbHOe HANpSIKEHHE 0z=p; Xa-
pakTepH3yeT IODHOE 10 BePTHKAJH HJH TeOCTAaTHUECKOoe AaBJeHle.
KoMnoHnentH 0. u 6y 0TpaxaioT Tak HasnBaemoe GOKOBOe TOpHOE
JaBJIeHHe Po. IIpH paBHOMepHOM pacrpejiejeHHH GOKOBOrO TOPHOTO
JaBJIeHHSI 0x=0,=pPo. CUUTAETCH, UTO NPH CPABHHTEJBHO MOJOTOM
3aJIeTaHHH IJIaCTOB BEPTHKAJbHOE TOPHOE JaBJeHHe

p.=7vH. (I1.61)

31ecy y— yAeNbHBIA Bec BhILeJeXauux rOpHHX MOpox, /M3, H —
ray6una s3ajeranus miacra. st G0OKOBOro FOPHOrO JAaBJeHHs

Poo=0p,, (11.62)

rge a — Ko3dppuunenT G60KOBOTO TOpHOro AaBjaeHHd. DTOT Ko3(pdu-
I[HEHT MOXKET H3MEHSAThLCA B IUHPOKHX mnpeAenax (dallle Bcere
0<Ca=<Cl), HO MOXeT W mpeBHINATL €AHHHLY NPH HAJHUHH CHJb-
HBIX TeKTOHHYECKHX HaNpsKeHHH, AeHCTBYIOIIHX B OOKOBOM HA-
npasjennd. PaccMoTpeHHoe HanpsieHHOe COCTOSIHHE CBOHACTBEHHO
HENIODHCTHIM W HENpPOHHIAeMEIM HopoAaM. B HedTerasoHOCHBEIX
IJlacTax HanpsAXeHHOe COCTOSIHHE TOPHHEIX NOpoj OYAET HECKOJbKO
6onee caokHbHM. [eno B ToM, yTo HedTerasoHOCHHE IIACTH IO-
PHCTHIE, HACHINIEHHHE JKHAKOCTAMHM HJH TIa3aMH, OrDaHHYeHHl
CBEPXy H CHH3y HENpPOHHIAEMBIMH nopoiamMH. B mniacre cyme-
CTByeT, MIOMHMO HanpsxkeHHH B TOPHBIX NMOPOJAax, BHYTPHIOPOBOE
JaBjieHHe p, CO3JaBaeMoe XHIKOCTbIO HaH rasoM. Hamnpsxennoe
COCTOsIHHe XapaKTepHayeTci CPE€AZHHM HOPMAJbHHM Ha-
NpAXeHHEM 0, KOTOpOEe ONpeAendioT no dopmyJtie

o=i’i‘3&iﬂ’_ (11.63)

Mexay BepTHKAJbHHIM TODHBHIM JaBJieHHEM pr, CPEAHHM HOpMalb~
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Puc. 42. 3asucumoctbs HopHcTocTH OT  Puc. 43. 3aBHCHMOCTh NPOHHIAEMOCTH
CpeAHero HOPMaJIbHOTO HaNpsXKeHHs OT CPEJAHEr0 HOPMAALHOTO HAMPAKEHH:

HBIM HamnpsiXKeHHeM O W BHYTPHUNOPOBLIM HaBJeHUEM p CYWECTBYET
CBsA3b

p,=0-}p. (11.64)

DKcNepHMEHTaJbHO JOKA3aHO, YTO TaKhe BaXkKHeiulue CBOH-
CTBa TOPHHIX TNOPOX-KOJJIEKTOPOB HEe(TH H rasa, Kak MNOPHCTOCTb
m M abconoTHAass TNPOHHLAEMOCTb R, 3aBHCAT OT CPEAHEro HOP-
MaJbHOTO HAaNpsiKEHHS, NPHYEM 3TH 3aBHCHMOCTH IpPH LIMPOKOM
IHaNa30He H3MeHeHHs ¢ HeauHelinn. Ha puc. 42 moxkasaHa 3aBH-
CHMOCTb TIOPHCTOCTH M OT O, a Ha puc. 43 — NPOHHIAEMOCTH k ot
0. Kak BHIHO M3 3THX DHCYHKOB, C yBEJHYEHHEM O 3HAYHTEJbHO
YMEHBLIAKTCA KAaK NOPHCTOCTb, TaK M NPOHHLAEMOCThb. IIpu 5TOM
IpHHUMaeM, YTO eCJH G=dJp, TO M=y, k=Fko (my, ko— cooTBeT-
CTBEHHO HAuYaJbHhle 3HAUEHHS] TNOPHCTOCTH H IPOHHLAEMOCTH).
Hs puc. 42 u 43 ciaeayer, 4TO TIOPHCTOCTD H [POHHLAEMOCTb
BHauaJjle Pe3KO YMEHbUIAIOTCA ¢ YBEJHUEHHEM ¢, a 3aTEM HX yMEHb-
LweHHe 3aMmelJsercd. Takoe CYLIECTBEHHO HEJNHHEHHOe H3MEHe-
HHe M W k TPOMCXOIMT y FOPHBIX MOPOX mPH Aog==0o—O0, HCUHC-
AgeMux OGHUHO HECKOJbKHMH JecsiTKamMu Meranackajed. Bo MmHO-
FHX 2Ke BHYTDHIIACTOBHIX TNpOIECcax H3MeHeHHe CpepHero Hop-
MaJbHOTO HATIPSXKEHUs COCTaBJfeT eIMHHIL Meramackalied, Ha-
npHMep BAaJH OT NPH3a6OHHBIX 30H CKBaXKHH NPH YNPyrom peXH-
Me. B Ipyrux ke cayyasx, HampHMep IpDH CHJBHBIX BO3JCHCTBHAX
Ha NpH3a6OHHYI0 30HY CKBAXHH, HaNpsKeHHs ACHCTBHTENbHO MO-
IyT H3MEHATbCA B IUHPOKOM IHANA30HE W TOTAA HEOGXONHMO YuH-
THBAaTb HeJHHEHHbIH XapakKTep 3aBHCHMOCTH NOPHCTOCTH H TIPOHH-
11aeéMOCTH OT CPeJHero HOPMallbHOrO HapSXKEHHS.

B cayuasx Goapmux ray6un (cBoimie 4000 M) u 2HOMAJBHO
BHICOKHX MJACTOBLIX JaBJjeHH#l (p~ pr) MOTYT HayaTb NPOABJATH-
CSl CYWIECTBEHHHIM o6pasoM cBoHcCTBa MJACTHYHOCTH, BA3KOYNpy-
FOCTH MJM HHHX DPEOJIOTHYECKHX CBOHCTB FOpHHX TNOpOA. Pexum
I7acTa B YCJOBHSIX MPOSIBJEHHS HEYNPYTHX CBOHCTB TOPHHIX NMOPOA
MOXHO Ha3BaTh PEOJOTHUYECKHM pPEXHMOM.

PasJjiiualoT HeJMHEHHO YNPyrHe H HEYNpyrHe CBOMCTBA rOpHBIX
nopoi. B mnepBom ciyuae NIPOMCXOAHT OGPAaTHMOCTL HedopMaiHH,
BO BTODOM TOpHble NODOJAH «TEKYT» HJH CYIleCTBylollde B HHX
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HanpsKeHHs H3MEHSIOTCS ¢ TeYeHHeM BPEMEHH, pesJaKCHPYIOT, Tak
YTO NIPH BO3BPALUEHHH K IIPEXHEMy HanpsiKeHHOMY HJH Ae(pOpMH-
POBAaHHOMY COCTOSIHHIO JeOpMalHsi NMOPOJ HJH HANPAXEHHS He
OYyAYT mpeXHUMH. 3aBHCHMOCTb MOPHCTOCTH OT CPeIHEro HOpMaJb-
HOr0 HampsIXKeHHs B cJyvyae JIHHeHHOH YNPYrocTH TOPHBIX NOPOA
HMeeT BHJ

m=my[l—PB,(c—0)], (I1.65)

Ile mp— NOPHCTOCTb NPH O=0p; Pc— CKHMaeMOCTb NOPOA IJa-
CTa; 0p — HayaJbHOE CPeJHEee HOPMaJbHOE HampsaxkKeHHe.

B cnygae HeqHMHEHHOH yNpyrocTH 3aBHCHMOCTb IOPHCTOCTH OT
cpeJHero HOPMAJbHOIO HANPSKEHHSI MNPEACTABJAAT CJAEAYIOIHM
o6pasoMm:

m=rmgye Pe (700 (11.66)

Ilpu peosiormyeckMx peKHMax TOPHCTOCTb 3aBHCHT, KpPOMe
CpeJHero HOPMaJbHOTO HANpsi)KeHHs O, elle H oT BpemeHu f{. Ha-
npHMep, ecJH TOPHHE IMOPOAB SABJSIOTC  PEOJNOTHYECKHM TeJIOM
MakcBensia, T. e. BA3KOYNpPYTHM TeJOM, 3@BHCHMOCTb INODHCTOCTH
NIOPOL OT G U ¢ MOXKHO NPEACTABUTL B BHJE

d d
T =Bt (IL.67)

Td€ Bew H Mw — COOTBETCTBEHHO «MAKCBEJJIOBCKHE» CXKHMaeMOCTb
H B3KocThb nopoA. IloXxoxu Ha yKaszaHHBIe, HO, MOXKeT OBbIThb, emie
6oslee 3HAYHTEJbHBl, 3ABHCHMOCTH aObCOJIOTHOH INpPOHHILAEMOCTH
TOPHHIX NMOPOJ OT CpefHero HOPMAaJbHOrO HANpSI)KEHHST M BPEMECHH.

PaccMoTpuM CBOHCTBA IJIAacTOBHIX 2KHAKOcTeH H rasob. Ilna-
CTOBhle He(Tb M a3 — CJHOXKHBIE CMECH BEIeCTB, [VIaBHbBIM 00pa-
30M YyIVIEBOJOPOLOB. BaxHylo posb B mpolleccax pas3paboTKu Hed-
TSAHBIX MECTODOXKJAEHHHA HrpaeT BOAA, cojepxKallasgcsa B MOPHCTHIX
cpepax nJaactoB. IIpu ocyliecTBieHHH METOIOB INOBHIICHHS Hed-
TEOTAAaud B IJIACTBHI 33KAaUMBAlOT BecbMa pasHooOpas3Hule Belle-
CTBa, KOTOpBHE He COAEPXKaJHCh paHee B IIAcTax: ABYOKHCb yrJie-
poda, KucJaopoh, a3oT u Ap. [Ipu pobbiue H3 HePTAHOrO MECTOPOXK-
JeHuss HedTH u rasa ()a3oBOoe COCTOSIHHE HACHIAOMIHX TIAcT
yrJeBOAOPOJAOB H3MeHsieTcs — H3 HedTH Buienasercsa ras. HMaMene-
HHE IJIACTOBOTO MABJIEHHS] M IJIACTOBOH TeMmepaTyphl TakKikKe IIpH-
BOIHT K H3MEHEHHIO ()a30BOTO COCTOSIHHSl BEILECTB, HACHIIAIIIHX
naacr. Ilpu paspaboTKe MecTOpPOXKAEHHH HEOOGXOAHMO 3HATh 3TO
(a3oBoe cOCTOSTHHE ¢ TeM, YTOGH KOJHYECTBEHHO IPOTHO3HPOBATH
or6op HedTH, Ta3a W BOABI U3 MECTOPOXKIECHHS M YIPAaBJATb MpO-
I[eCCOM €ro pa3palboTKH.

IIpn pacuete (asoBOro COCTOSIHHUA  BEUIECTB, HACHILAIIIHUX
njact, He(Tb NPEACTABJAAIOT KaK CMeCh OrPaHHYEHHOTO KOJIHYe-
CTBa YCJOBHBHIX KOMIIOHEHTOB, OOBEIHHSIOUMX HEKOTOPHE IPyNIHl
HHAHBMAyaJIbHHX BeliecTB. Hanbosee npocroit m pacmnpocTpaHeH-
HBIH crnoco® Takoro NpeacTaBjeHHs He(PTH 3aKauaercs B pasje-
JEHHH ee Ha JBa YCJOBHHX KOMIIOHEHTa: <«HE(Tb» H «ras».
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IIpu 3TOM ¢ mpaKTHYECKH ONPaBAAHHON TOYHOCTbIO CYHTAIOT, UTO
B H30TepMHUYeckHX ycaoBuAXx (T=const) raz kKak YCJOBHHHA KOM-
NMOHEHT pacTBOpsiercs B YCJOBHOH Hedtu mo 3akoHy I'eHpH, T. e.

Vop/Veo=2p, (11.68)

rae Vip— o6beM pacTBOPEHHOTrO rasa B HEKOTOPHIH MOMEHT Bpe-
MeHH, Vyo—o00beM JerasupoBaHHOH HedTH; a— KO3(DPHIHEHT
NPONOPLUHOHANbHOCTH; p — AaBJICHHE.

Ecan HavanbHOe cojepiKaHHe IJIACTOBHIX YIJIEBOJOPOAOB TaKo-
BO, UTO Ha o0beM AerasHpoBaHHOH He¢pTH Vyy IpHXOAHTCA Orpa-
HUYeHHHH 06beM Vipo pacTBOpeHHOro B Helf rasa, TO NPH HEKOTO-
POM [aBJIEHHH Pnac Bechb ras Oyler pacTBopeH B He¢pTH. JTo AAB-
JieHHe Ha3blBAlOT JaBJEHHEM HacCH IleHHs.

Takum obpasom

Prac = vrpol(avao) . (II -69)

3anaya pacuera (asoBOro COCTOSHHS IJACTOBHIX BeILECTB CYy-
IECTBEHHO YCJOMXHAETCA B HEH30TEPMHYeCKHX YCJOBHAX H INPH
3aKayke B IIaCT HEYIVIEBOLOPOAHBIX BemecTs. KoHewHO, ¢asoBoe
COCTOsIHHe /10001 MHOTOKOMIIOHEHTHOH CHCTEMBI MOXHO oOIpeje-
JHTb 3KCIEPHMEHTAJbHHM NyTeM B JaGopaTopHux ycaoBuax. On-
HaKo B IIpoleccax H3BJCUCHHA HedTH H3 HeAp cOCTaB IJACTOBBIX
BEIIECTB, JaBJeHHe H TEMIepaTypa MOTYT H3MEHATbCS He TOJBKO
B IJjacre B LeJOM, HO H OT TOYKH K ToukKe. [IpakruyecKu HeBO3-
MOXHO 3KCINEPHMEHTAJbHO H3YUYHTb BCE YCJOBHS, KOTODhHE MOTYT
CJIOXHTbCA B IJIacTax, H NMO3TOMY HEOOXOAMMO YMeTb pPAacCYHTHI-
BaTb ()a3oBHe COCTOSIHUS, ONMHpasicb Ha OTHeJdbHHE, «6a30Bbie»
9KCIEePHMEHTHI.

PaccmorpuM o0mue MeTOAHYeCKHe OCHOBH pacuera (pasoBoro
COCTOSIHHSI MHOTOKOMIIOHEHTHOIO BellleCTBa, HacHILamuero nedra-
HOH TJacT B HEH30TEDMHUECKHX yCJAOBHAX. B  GoJbIIMHCTBe CJy-
yaeB B [OPHCTHIX cpejax paspafarhbiBaeMbIX IJIACTOB HaXOAATCH
IBe pasHi— XK HUAKag unaposas (rasopas). [Ipu onpenenen-
HBIX YCJOBHAX B IIOPOBOM IIPOCTPAHCTBE MOXeT MOABHTbCA H
TBepAas ¢a3a— oObluHO napadMH H HeopraHuyeckue coau. Huxe
6yZeM paccMaTpHBaThb TOJNBKO JAByx(da3Hoe (KHIKOCTb H 1ap)
COCTOsIHHE BeIleCTB, Hachlalomux mJjacT. IIpy 3ToM HauHeM cC
OTJAeJbHOr0, HHAMBHAyaJbHOro BemecTBa. CocTosHHe BellecTBa
(rasoo6pasHoe, XHJIKOe HJIH OJHOBPEMEHHO M TO H APYroe) ompe-
eS0T ¢ TOMOILBIO AMAarpaMMH  JaBJieHHe — TeMneparypa (pT-
IuarpaMma) IJs AaHHoOro BemlectBa. Ha puc. 44 nokasana takas
JuarpaMMa JJjs BOABI, H3 KOTOpPOH BHAHO, 4TO B 006JacTH, Haxo-
dsmefics Haj KpHBoH I, HaspiBaeMOH JMHMeH HAacCHIIEHHA, BOJA
HaXOJHTCS B XKHJKOH, a moj Heli — B naposoii ¢ase, Touka 2 Ha
KpuBO# | HasbiBaercsi KpPHTHUYeCK O Ell cooTBercTByloT Kpu-
THYeCKOe JaBJeHHe Dxp M KDHTHYecKas TteMnepatypa Txp. Cnpasa
OT BepTHKaJbHOH JHHHH, NPOXOAflLle Ha AHarpaMMe yepes3 KpPHTHU-
4eCKyI0 TOUYKY, BEelleCTBO HaXOAHTCSL B 3aKPHTHYECKOM COCTOSIHHH.
Ecnu JaBieHne M TeMmIeparypa COOTBETCTBYIOT JAaBJEHHIO H TeM-

71



Puc. 44. ITnarpaMMa pRaBjeHHe — TeM-
nepaTtypa AJs BOAH:
! — o6nacTe KHIKOTO COCTOAHHA; 2 — JHHHA

HacHUIeRAHA; I — KPHTHYeCKasa Touka; 4 —
o6aacte napa

Puc. 45. IlnarpamMa nAasiieHHe — TeM-
nepatypa AJs CMeCH 3TaHa C KeKaHOM

250 350 450 550 TK

nepatype Ha JIHMHHH HAacCHIIeHHs, TO BelleCTBO HAXOJHTCA OMHHO-
BPEMEHHO H B XXHAKOH U B mapoBoil daszax.

Eciu B HekoropoM ¢uKcHpoBaHHOM 06beme V Haxoputcs
CMeCh, COCTOsILAasl W3 ABYX HHIHBHAYaJbHHX BellecTs, To pT-1Ha-
rpaMMa HMeeT BHJ, NIOKa3aHHHIH Ha puC. 45, rle cCXeMaTHYHO H306-
paxeHna pT-muarpamma AJsi CHCTEMBl 3TaH — JekaH. KpuBas I —
JIMHHS HaCBIIEHHs1 JJIs YHCTOrO 3TaHAa, a TOYKa 2— ero KpHTHUe-
ckasi Touyka. KpuBas 6 — JHHHS HAaCBHIUIEHHS YHCTOrO JeKaHa, a
TOYKa 5 —ero KpHTHUeCKass TOouka. Bepxnsigs orubamolmas KpH-
Basi 3§ coelUHsIeT JIMHHIO TICEBAOKDHTHYECKHX JaBJeHHH AJs CcH-
CTEMBl 3TaH — JeKaH INIPH Pa3jHYHHX COJEpPKAHHAX 3THX KOMIIO-
HeHToB. Touka, manmpumep, I’ coorBercTByeT 60JiblIeMy COAepKa-
HHIO 3TaHa B CHCTEMe, ueM Touka 2/, a TouKa 2' — GoJblIeMYy cCO-
IEepXKaHH 3TaHa, YyeM Touka &. IIyHKTHpHBE JiHHHH 4 -— TICEBAO-
JIHHHH HaCHILIEHHS AJS CHCTEMBl 3TaH — JeKaH TaKXKe IIPH Pa3jHy-
HBIX COJEpXXAHHAX 3THX KOMIOHeHTOB. C mNOMOIIbI0 3THX JIHHHH
MOXHO 3aMEHHTb ABYXKOMIIOHEHTHYIO CMeCh HEKOTOPHIM OJHHM
THIIOTETHUECKHM KOMIIOHEHTOM, HMEIOIIHM OJHHAKOBBIE C JBYX-
KOMIIOHEHTHOH CMeCbl0 KDHTHYeCKHe [aBJeHHe H TeMIIepaTypy.
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IlceBIONMHAM HACHILUIEHHS M NCEBAOKDHTHYECKHE JABJIEHHE H TEMe
nepatypa pasiensiloT o6JacTH CyLIECTBOBAHHS XHAKOH H napoBodl
¢a3s Aaa ABYXKOMIOHEHTHOM CMecH TakMM e o0pasoM, 4To H
JJI OJHOTO HHAMBHAYaJbHOTO KOMIIOHEHTA.

Jns mosHoro pacuera AaBJieHHs, HACHILEHHOCTH of0beMa ¢asa-
MH, COJlePXaHHs KOMIOHEHTOB B (pasax NpH 3aJaHHOM obuieM co-
cTaBe KOMIMOHeHTOB B O0beMe M 3aJaHHOH TeMIepaType HeHOCTa-
TOYHO HCIOJb30BaTh TOJNbKO pT-muarpammy. Heobxoaumo 3sHaTh
TaKkKe 3KCIEePHMEHTaJbHO oTpejesnsieMble KO3(M(OHIUHEHTH pacrpe-
JesleHHs1 KOMIIOHEHTOB B (hazax. DTH K03 (HIHEHTH B TEOPHH ¢a-
30BBIX PaBHOBECHH M3BECTHBI MOJ Ha3BaHHEM «KOHCTAHTH paBHO-
BeCHSI», XOTSl OHH MO CYIIeCTBY AJS DeasibHBIX BelleCTB He fB-
JA0TC KoHcrantamu. KoHcranro#t K, paBHOBecHs i(-TO KOMIIOHEH-
Ta B CMECH H3 72 KOMIIOHEHTOB Ha3blBaeTcsl OTHOILEHHE

K= Yilx;, (IL.70)

rAe Yi; U X;— MOJISIDHble JOJH {-TO0 KOMIOHEHTa COOTBETCTBEHHO B
napoBoH M XHAKOH (azax. B NceBIOKPHTHUECKON TOYKe pasjHuHe
MeXAy NapoM M XKHAKOcTbIo HcuedaeT. [ToatoMy Kip(Puxp, Tnxp) =
=1, rae Puxp, Tuxp — NMCEBAOKPUTHUECKHE NABJEHHS H TEMIepary-
pel. U3 pT-puarpamMmbl s 6uHapHOi cMecu (cM. puc. 45) BuIHO,
YTO NCEBAOKPHTHYECKHE AAaBJEHHS M TeMImepaTyphl 3aBHUCAT OT 06-
ulero cocraBa cmecH H Temnepatypn I. KoHcTaHTH paBHOBecHS,
T. €. KO3(Q(}HUMeHTH paclpefesieHHsT KOMIOHEHTOB B TapOBOH H
XKHAKOH (pa3ax, 3aBHCAT OT OTHOLIEHHUS NaBJeHHS K IICeBLOKPUTH-
UecKOMY JAaBJIEHHIO M OTHOIIEHHS TeMIepaTypH K IICeBJOKPHUTHYe-
CKOHM TeMmmeparype, TaK UTO

Kip:':Kip(—p A ) (IL71)

Pnxp ' Tuxp

B caydae MHOTOKOMIOHEHTHOH CMecH MNCEBLOKPHTHYECKOe [aB-
JIleHHe Prxp HA3bIBAIOT TaKXe AaBJEHHEM CXOXAeHHus DBy-
JleM CUYHTaTb, 4YTO pAacCMaTPHBAaeMasi CMeChb BELIECTB COCTOHT H3
YrieBOJAOPOJOB, AJIs KakAOro H3 KOTOPHIX HM3BECTHH Ko3(p¢HLHEH-
THl pacnpejeeHuss KOMIOHEHTOB B NapoBoii M XHUIAKOH ¢azax Kip.
CocraBuMm ypaBHeHust ¢asoBbiXx KoHuenTpauuil. Ilycte N — macca
BCeX KOMIIOHEHTOB B HeKotopoMm oGbeMe V, N.—wmacca Bcex KOM-
MOHEHTOB B napoBo# ¢ase (B rase) u Ny — Macca Bcex KOMIOHEH-
TOB B Xujakoctu. Toraa

N=N_N,. (I1.72)

Ecau pasmenuTb JeBY0 W NpaBylo uyactH Bupawxenus (I1.72)
Ha CYMMY MOJIEKYJSDHBIX Macc BCceX KOMIOHEHTOB, COAEepKallHXCs
B o6beMe V, To mosyuuM BHIpaxKeHHe

Ty = Ty =g s (11.73)

rae fy— YUCJIO0 MOJIeH KOMIIOHEHTOB B 06’beMe; Numr H Ny — YHUC-
JIO MOJIell COOTBETCTBEHHO B rase u XKHAKOCTH.
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JJast MOJsipHBIX JoJieil KOMIIOHEHTOB B rase y; H XKHIKOCTH X3
HMeeM BLIpaXKeHHs

Ny v'Nx(i
M _ M
yi=—N—ri—- xi—gw;- (11.74)
M; M;

MousipHyio 010 i-TO KOMIOHEHTa B 06bEMe B LEJOM MOXKHO
OIpeJeNUTh CAeAYIONIHM 06pasoM:

N M
V= —M—N— =2 (11.75)
I B
- M;
W3 npuBeJeHHBIX BHpaxeHHH NMOJYyYHM
Villy = Yty 1 Xy e (11.76)

YuutniBas, uro y;=Kppxi, a Takke 0O603HAUafs Nyr/nx=Y,
nu x/n=2X, us (I1.76) umeem

S/ S— — viKip
= Re—DF T VST Ep—=DF T (1.77)

Ilonyuennnle ypaBHenHa (I1.77) HasbBaloTcA ypaBHEHHAMH
pas3oBBEHX KOHUEHTpAaLHIH.

IIpn omnpeneneHnd ¢a3oBOro COCTOSHMS MOXKHO pellaTh pas-
JUuHble 3afaud. Ecan, Hanpumep, 3aiaHH v;, p, T 0 Y, T0 x; 0 y;
onpegenaot HemocpenacrseHHo u3 (I1.77). Ecau 3agauwbr v, p u
T u cnenyer Hafitn Y u X, TO ¢ yueroM Toro, uto 2x;=1 us (I1.77)

Vi
EY(Kip—l)—i—l 1. (11.78)
3HaueHMe Y YCTaHABJHMBAIOT pelIEHHEM CHCTEMBl YpaBHEHHH
(I1.77) meTonoM uTepauHi.

B ToM Xe cayuae, Korja 3aJaHbl TOJbKO v; H T, a HYXKHO ompe-
JeNuThb X;, Y;, Y U p, T0 K ypaBHenuam (11.77) Heo6xomuMo moba-
BHTb ellle YpaBHEHHe rasoBOro coctosHusA. Jas yrJieBOLOPOAHBIX
KOMIIOHEHTOB NPH JaBJEHHSAX H TeMIepaTtypax, OJH3KHX K HOPMaJb-
HBIM, B KaYeCTBE yPaBHEHHs Ia30BOI'O COCTOSHHS MOXKHO HCIOJb30-
Bath ypaBHeHusi Pexnuxa — Ksoura, IleHra — PobGuncona u apy-
THe, a NpUH BHICOKHX TeMIlepaTypax — ypaBHEHHE COCTOSIHHUS HJe-
aJpHoro rasa. B ofmlem cJayyae ypaBHEHHe Ta30BOr0 COCTOSIHHS
MOXKeT ObITb 3allHCaHO B BH/E

F(p,V,T)=0. (I1.79)

Cucrema ypasumenuit (11.77)—(11.79) mnosBoasier ompenenuTh AaB-
JIEHHe p M COCTaBhl a30BOH M XKHIAKOH das3. B BuAy HenuMHEHHOCTH
ypaBHEHH{I HX pelleHHe OOBIYHO NOJYYAIOT TaKkKe METOJOM HTe-
pauui.
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B Tex cayuasx, KOrza B NOPHCTOH cpeJie MJacTOB NPUCYTCTBYIOT
HEYIJIeBOJOPOAHEE BelleCcTBa, CJelyeT YYHTHBAThb KOHCTAHTH
PAaBHOBECHsT 3THX BellecTB ¢ yraeBogopoiamu. Ilpu orcyTcTBHH
TAaKOBHX MOXHO JJsi NPHOJHXKEHHHX pacyeToB I0Jb30BAThCSA
NpeJcTaBJeHHEM O CMECH BellleCTB B ra3oBoH ()ase Kak O HEKOTO-
pOM HAeajbHOM la3e, a Takke CuHTaTh, 4YTO B XKHAKOH ¢ase
YIJIEBOJOPOJHEIe KOMIIOHEHTHl HE PacTBOPSIIOTCS B HEYIJIEBOLOPOX-
HHX. PelluB OCHOBHYIO 3aJauy HaXOXAEHUA Xi, Yi;, Y U P, MOXKHO
MO NPHBEAEHHBIM (GOpMyJaM ONpefesHTb Maccy Lxi KaXKJOro KoM-
NOHEHTa B XHUAKOH ¢asze. Ilasg Toro 4ro6wl HAHTH HaCHILEHHOCTDb
s wuakod (asel paccMaTtpuBaemoro obbema V, ciedyer HCHOJb30-
BaTh 3HAUEHHS KaXKYIIHXCH IJIOTHOCTEH KaXKAOrO U3 KOMIIOHEHTOB.
Kaxymef#ica NDJAOTHOCTDBIO pix HAasbBaercd IJIOTHOCTb
KOMIIOHEHTa, KOrjJla OH pacTBopeH B KuIKOH (ase. Mmeem

V=2 Loi (11.80)
Pix
[In10THOCTH BellecTB H3MEHSAWOTCHA ¢ JaBJEHHEM H TeMIepaTypoi.
3HayeHus NJOTHOCTEH H XapaKTep HX H3MEHEHHS C JaBJeHHEM H
TeMnepaTypoii MOXKHO HaHTH B CNELHAJbHOH JuTepaType.
BaxueiM gas paspaboTKH He(TAHBHIX M Ta30BHIX MECTOpOxKJe-
Hi#i CBOMCTBOM ILJIACTOBHIX XKHJKOCTEH H ra3oB ABJAETCS HX B A 3-
KOCTbhb, BANAWOINIASA, COTJIACHO 3aKOHY JlapcH, Ha TeMNHl H3BJeue-
HHS M3 IJ1acTa HachIIAomux ero BemecTB. Ecan HedTh mpencras-
JAgeTcsl KaK CcMechb HHIHBHAYaJbHHX  YIVIEBOJOPOAOB, HMEKOILUX
BA3KOCTH ;, TO AJS BA3KOCTH HePTH ux uMeeM dopmyay

I,I,H=H (p,ici); Ci:in]::_,' (11.81)

3pecp I — npou3BelileHHe BS3KOCTEH {-TO KOMIIOHEHTAa B CTENEHH
Ci. Honyctum, uro HedTh MoxKeT OBITh MpEACTaBJAeHAa KaK cMech
H3 Tpex YCJOBHHIX KOMIIOHEHTOB — JIETKOT'O, HMEIOIIero BSA3KOCTh
Wi H MOJsIpHYI0 KOHUeHTpauHio Ci, cpeiHero (OCHOBHOro) c Bs3-
KOCTBIO N2 H MOJSIDHOH KOHUeHTpanue#l B cMecu Cs H TAXKEJOrO,
o6/anaionero B3KOCTbIO U3 W MOJSIPHOH KOHLEHTpalHeld B CMecH
Cs. Tlpu 3TOM

C,+C,-Cy=1. (11.82)
Us ¢opmyan (I1.81) c yuerom (I1.82) momyuum
By = Py Cpt,Cept, Co == pyl—Ci—Capt, Cipu Cs — 1, (%)Cl (5—:)63_ (11.83)

BsskocTe  yryieBOAOPOJIHBIX KOMTIOHEHTOB, COCTaBJSIOIINX
HedTh, KaK H BS3KOCTb HE(TH, YMEHBIIAeTcs ¢ POCTOM TEMIepa-
TypHl, TNpHUEM TeM pesde, 4eMm Oojbllle HX HauajibHasg BA3KOCTh.
BsskocTh rasos Takxke H3MEHsIeTCSl C TEMIEPaTypoH H AaBJEHUEM,
XOTSl H HE CTOJIb 3HAUHTEJNbHO, KaK BA3KOCTb HeTH.
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Hakonern, Heo6XoAHMO yKa3aTh, YTO He TOJBKO TOpPHHE IOpO-
Ibl, HO H cama HedTh MoxeT 007aJaTh PEOJOrHYECKHMH CBOHCTBa-
MH, OTJIMYAIOIIHMH €e OT HBIOTOHOBCKOH KHAKOCTH. Hampumep,
OHa MOXeT XapaKTepH30BaTbCA MNpeJeJbHHM HalpsiKeHHeM CHBH-
ra. Eciy npn ¢uAbTpanyuu HbIOTOHOBCKOH KMAKOCTH CIpaBejJiuB
3akoH [Mlapcu, To ¢uabTpanus HedTH, obJamawmumwell npereabHHM
Hanpsi)KeHHeM CHBHrA, XaPaKTEPH3YeTCs 3aKOHOM, NpelJIOXKEeHHBIM
A. X. Mupsagxkansafe. PopMysa 3TOro 3aKoHa HMeEET BHI,

k
= — (gradp—gy), (11.84)

The go— HayaJbHHH rpajveHT RasjeHHs. UToOH Hawajach (QUIBT-
pauua XHikoctu no ¢opmyrae (I1.84), moaxkno OwiTe cobageHO
ycaoBHe grad p>>go.

BBuay BaxHOCTH JJsi pa3paboTKH He(TAHHX MECTOPOXAEHHH
pacueToB ()a3oBOro COCTOAHHA IJACTOBHX XXHAKOCTEH M Tra3oB
pPaccMOTPHM NPHUMEP.

Npumep IL2. JomycTHM, uTo B HEKOTOPOM 3aMKHyTOoM obweme V conep-
XKHTC N| KHJIOrPaMMOB YIJVIeBOAOPOAHOTO KOMIIOHeHTa I, T. e. rasa, u N, KuJjo-
rpaMMOB KOMIIOHEHTa 2, T. e. Hed)TH, NPH CTaHZApTHHX ycaoBusix T=T,=const.
DBynem npubJHXKeHHO CUHTaTh ra3 HieasNbHHM. PacTBopumocTs rasa B HedTH noj-
yHHAeTCS 3aKoHy ['eHpH. 3apaHee H3BeCTHO, 4YTO COjJepXKaHHe YIJIEBOLOPOJOB B
o6beMe V TakoBO, YTO HX CMeChb HaXOJAMTCA B IBYX($a3HOM COCTOSIHHH, MpHUEM
coepXkaHHe BTOPOrO KOMIIOHEHTa B rase Majo H €ro MOXKHO CUHTATh PAaBHHM
nymo. TpeGyercs OlNpefeNHTb AaBJeHHE p B 3aMKHYTOM o6beMe V H ero HacHlleH-
HOCTDb § XHAKOA da3of.

Haa xuakoit ¢asu u3 (I1.80) umeeM caenyoulee ypaBHeHnue:

Ly L,
Pix Ogx ’

rae Ly — Macca NnepBoro KOMIOHeHTa B XHAKOH (ase; pix — ero Kaxyuascs IJoT-
HOCTb; L= N, — Macca BTOPOrO KOMIIOHEHTa B XHAKOH ¢ase, rle OH H HAXOLUTCH.
Macca paCTBOpPEeHHOrO B He(pTH rasa

sV = (11.85)

Ly=VrpPoy»
Tle Po1 — IJIOTHOCTh T'a3a NPH CTaHAAPTHHX yCJIOBHsX. Kpome Toro,
Vu=Ly/pex,

rle Pox — KaXyllascs IJIOTHOCTh He)TH HJIH IJOTHOCTb AerasHpPOBaHHOH HedTH.
Takum o6pasoM, H3 ¢opmyanl 3akoHa ['eHpu (11.68) moayunm
_ OPorlep  ApeiNop

Paox Pox

L, (11.86)

HO YCJOBHIO T'a3 CYHTAETCd HIAeaJIbHbIM, a YCJOBHA ABJAIOTCA H30TEPMHUECKHMH.
Toraa psst IJIOTHOCTH rasa Pr HME€EM BHPDAXECHHE

Pr = ParP/Pos

rie po— CTaHJapTHOe AaBJjeHxe (NpHHHMaeM po=10° I1a). M3 npHBefeHHOrO BH-
paxxeHHs HMeeM 1Js MaccH ra3oBo# ¢asn G,

(1 —s) Vpgrp

G, =(1—38Vpr= o

(11.87)
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Cornacro 6anaHcy rasa
G, +Li=N,.

IToacraBasas B sro Bupaxenue (I11.85), (11.86) u (I1.87), monyyum KBajapaT-
HOe ypaBHeHHe
ap—bp+¢=0;

apo Ny aPogNoPo 1 VPo10ex — Nypoy
e ol ) S — . 11.88
&= PixPuxbo b P2xPo (11.88)

Onpelenim mapameTpsl pacCMOTPEHHOTO (Ga3oBoro coctostHus. Ilycts V=1 3,
Ni=25 xr, N,=500 kr, a=0,8-10-% m3/(x®-Tla), p«=02-10®° Kr/M3, pPux=
=0,8-10% xr/m3, pp=0,8 kr/M. IloacraBass st uuppu B ypasHenne (I1.88), mo-
ayaaM a=1,6-10-13, $=0,7-10-5, ¢=25 (paaMepHocTH onyckaeM). Pemast kBai-
paTHOoe ypaBHeHHe M ONlycKasi OJAHMH H3 €ro KopHeff, He YAOBJETBOPSIOLIHA HCXOA-
HHM ypaBHEHHAM, HMeeM

0,7+1075— (0,33-10"10)1/2
p= > 3’2(10__]3 ) = 39-108 [a,

Hanee noayunM s=0,7 L=15 kr, G=10 kr. Takum o6pasoM, 3ajaua peuieHA.
PaccMoTpum B oflieM BHAe APYrofi MeTOA peluexHst 5TOH e 3ajau, Ho Ge3
NpPEATIONOKEHHsT O PaCCTBOPHMOCTH rasa B HedTd no 3akony [enpu. [las storo
HCIOJMb3yeM KO3GhQHIHEHTH pacnpejieleHHs] KOMIIOHEHTOB (KOHCTAHTH paBHOBe-
cus).
DyneM, kak ¥ BHUIe, AJd IMPOCTOTH CUYMTaTb, 4TO BTOPOH KOMIIOHEHT He

flepeXOMMT B ra3, T. e. 4yTo (Gy=0. B 2TOM ciydae B COOTBETCTBHH C (opMynoit
(IL.71) nmeem

Kip=Kip (52—, 7o) =amr  Kyp=0
=P pnkp ' Tuxp ) %'’ ="

‘CuvTasl ra3 HAeaJbHHM H HMCIOJb3YH NMPHBEAEHHHE COOTHOLIEHHs, MPHXOAHM K
cucTeMe anreBpaHuecKUX ypaBHEHHHA

N2M1
Kip=1+ 1,

, L Ns |
V= Pix Pk *
NM, | Gy
G=M—HE&,—1 P (—9 V" (11.89)

Cucremy (11.89) neo6xoamMo pelllaTb METOAOM HTepauHii, NOJYYHB TpeJBapHTENb-
H0 3aBHCHMOCTb Kyp OT P/Puxp, T/Tuwkp MyTEM aNIpOKCHMALHH 3KCIEPHMEHTAJb-
HHX JaHHHX, a TaKxe ONpefeluB N0 pl-AHarpaMme Iis1 RABYXKOMIIOHEHTHOH cMe-
CH JaBJIeHHEe CXOXAEHHA D xp H COOTBETCTBYIOLLYID eMy TeMnepaTypy Tu xp.
MoxHo BMecTo HOpPMYJH 3aKOHA HAealbHOrO rasa HCIOJb30BaTbh MHHE ypas-
HeHHsI Ta30BOTO COCTOsIHHMA, YYHTHBAIOHIHe peaJsbHhle CBOHCTBAa rasa. Meroa pac-
yera (Pa30BOro COCTOAHHS € HCIOJBL30OBAHHEM KOHCTAHT PaBHOBECHs JaeT BO3-

MOJKHOCTb Jyuuie yyecTh ¢a3oBoe B3avMOAEHCTBYE peanbHHX YIJEBOJAOPOAOB, HO
OH BJIeYeT 3a co6ofi 6oJiee CJIOXKHHE BHUYHCJIRHHUS,

§ 8. HICTNIOJIb30OBAHHUE MATEMATHYECKHX METOA0B
TIPH PACUYETAX PASPABOTKH

Mogeabp paszpaborku HeDTAHOTO MECTOPOXKAEHHS OGBIYHO Npel-
CTaBJAETCSl MaTeMaTHYeCKH B BHJE CHCTeMbI, cOCTOsilleH u3 ajreb-
paHyecKux, AH(PepeHIHANbHHX, HHTErpajJbHEIX YDaBHEHHH HJIH
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cooTHomeHHH. JIaa Toro, uToGH MPOBECTH DacyeT Ha OCHOBE yXe
CO3JlaHHOH MoZeJNH pPa3paboTKH MecTOpPOXKJeHHE, HEOOXOAHMO CHa-
yajla pelIHTh COOTS8ETCTBYIOUIHE MaTeMaTHYeCKHe 3aJauH. ToJbKO
NOJYYHB pelIeHHe 3THX 3aKady MOXKHO OCYIUECTBJATh CaM pacyeT
B nudpax.

B nactosaulem maparpade jaercs Ha psifle IPHMEpPOB OMHCAHHE
OCHOBHBEIX MaTeMaTHYeCKHX METOXOB, NPHMEHSeMHX NPH peLIeHHH
3aga4y pa3paboTkH HeTAHBIX MECTOPOKIEHHH.

MeTonn noayueHus TOUHBIX pelleHHH 3a1ay
MateMaTHueCKOH GHIHKH

Mmuorue 3afaun pas3paboTKH HedTAHBIX H Ta30BBIX MECTOPOMK-
JeHHH CBOJATCS K DELIEHHI0 KJIacCHUECKHX YpaBHEHUH MaTeMarTH-
dyeckoii ¢H3MKH. B psage ciydaeB MOXHO NOJNydYaTh peUIEHHsA 3a-
Jaq MaTeMaTHYecKof (H3HKHM, B TOYHOCTH YAOBJETBOPAIOUIHE HC-
XOAHHM YDaBHeHHSIM, HAauyaJbHHIM H [PAHHYHBIM yCJoBHAM. Taxkue
pelIeHHs HAa3HBAIOTCA TOYHHIMH. K YHCJHy MeTOAOB, HAIOUIHX TOY-
Hble pelleHHs 3anay pa3pa60TKH He(TAHBIX MECTOPOXKAEHHH, OT-
HOCHTCSI XOpOIIO HM3BeCTHRIM H3 Kypca MaTeMaTHKH MeToJ pasje-
JeHHs nepeMeHHbIX (Metox Dypne), MeToAnl (YHKIUHH KOMIJIEKC-
HOTO I€PeMeHHOro, HHTErpaJbHHX nNpeobpa3oBaHHil, NOAYYEHUR
aBTOMOJEJbHLIX DEUIeHHH H Jp.

Metoan QyHKUHA KOMIVIEKCHOTO MEePEeMEHHOTO SIBAAIOTCS KJac-
CHYECKHMH METOAAMM pelleHHs 3ajJay yCTaHOBHBUIeHcs Quabrpa-
IHH HECXKHMaeMOH KHIKOCTH B IUVIOCKHX MJiactax. Paccmorpum
3TH METOABl NPH YCTAHOBHUBIIEMCSl NPUTOKE MKHAKOCTH K HCTOUYHH-
KaM (CKBaxKHHAM).

1. YpaBHeHHe HepPa3PHIBHOCTH MAacChl XKHAKOCTH, (HABTPYIO-
miefics B IJIOCKOM mnJjacTe, uMeer, Hcxofs us (11.42), caemyrowmit

BHJI:

aUx + aUy — (II.QO)
[ToacraBnas B 3T0 ypaBHeHne (opmyny 3axoHa Jlapcu
k dp _ k Op )
x———T ax ; Uy-—~—'—p'— a—y, (Hgl)
no.nyqﬂM ypaBHeHHe Jlanaaca
0%p )
et =0 (I1.92)
Beenem nmorenuHas QHALTPAHH B BHAE
@ = kp/p.
B atom caiyuae BMecto ypaBHenus (11.92) moayuum
02(D
+ o D _o. (I1.93)
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BBemeM KoMIJaeKCHHIH MOTEHIHAJ
(?) =D+ i 2=x-}iy. (11.94)

Bxomaman B Boipamxenue (I11.94) Qynkuusa ¢=v¢ (x, y) — dyHK-
uus JHHHA TOKa. B Teopuu IJIOCKOro MOTeHHHAsNa NOKasbiBaeTcsd,
YTO KOMIJIEKCHBIH noTexuuan F(z) u pyHkuus JuHHA TOKa yIOB-
JeTBOpsIOT ycaosuaM Kown — Pumana

o _ op o o
w0 s A (11.95)

Takum o6pasom, J106as aHAJIHTHYECKas (PYHKUHS KOMIJIEKCHOTO
NIepEMEHHOT0 2=X-iy ONMHCHIBAET HEKOTOPOE IJIOCKOE TEuyeHHe B
miacte. [lycTb, HanpuMep,

F@=0+ip=5—Inz. (11.96)
Ilonaras z=re'®, (0=arctgy/x) us (11.96) noayuum
FR=04ip= —;’n—h (Inr--i0) = z%(ln r--iarctg %) (11.97)
oTCI0/a
(D=2—zh—]nr; P= 23‘-’:h arctg £,

(I11.98)

P= (P p= g In (g,
Ttkh

M3 npusenenHbix ¢OpMyJa cieayeT, 4TO KOMILIEKCHBIH NOTEHLHAJ
no ¢opmyae (I1.96) Bripaxkaer pelleHHe 3aJaud yCTaHOBHBILEHCH
QUIbTpAUMH XKHIKOCTH B HEOTDAHHYEHHOM IJIOCKOM Tjacre K
€/IHHCTBEHHOMY TOYE€YHOMY McTouHHKY. Kak Buauo us (I1.98), nas-
JienHe npH r=0 crpeMHTCcs k—oc, a IPH r—>00 OHO TaK¥ke Heorpa-
HHYEHHO Bo3pacraeT. TeM He MeHee MOXKHO NPHOJHXKEHHO HCIOJb-
30BaTh 3TO pelleHHe W AJs1 pacyeTa pacnpejeseHHs [aBJieHUS B
IJIOCKOM TJIacTe€ ¢ HECKOJBKHMH HMCTOYHHKAMH KOHEYHOTO paauyca
(cKBaXXHHAMH), HCHONB3YA TO OOCTOSTENIBCTBO, YTO YpaBHEHHE
Jlanmaca (11.90) nuHefiHO M cyMMa HECKOJbKMX peIeHHH BHAA
(11.98) ectb Toxe pemenue ypaBHenus (I1.90).

JlonycTuM, 4TO B HEOIDAHMYEHHOM INIOCKOM mJacre (puc. 46)
IO OCH X pacnoJaraercsi 6eCKoOHeuUHasi LeNOoYKa HCTOYHHKOB (CKBa-
KuH)., Kaxpas u3 CKBa)XMH HAXOJAHTC Ha DPACCTOfHHH 20 OT CO-
ceanedl. Inst toro urob6bl HafiTH pelleHHe 3aJaUM O TEUEHHH XKH]I-
KOCTH B ILIacTe, LOCTAaTOYHO pAacCMOTpeTh TEUeHHE IKHUIKOCTH
TOJBKO B OAHOH MOJIOCEe IIMDHHOH 20, PacnoJoXeHHOH mo obe cTo-
POHBI OT OCH Y.

Ilonydute QopMysy NPHTOKA KHMIKOCTH K OLHOMY HCTOYHHKY
MOXHO OBIO OBl IyTeM CYMMHDOBAHHA O€CKOHEYHOTO YHCJa pe-
wenu#t tuna (11.98) A8 HCTOYHHKOB, pAaCHOJOXKEHHHX Ha pac-

79



yh Puc. 46. CxeMa GeCKOHEUHOR lie-
OUKH CKBZXKHH B IJIOCKOM IIa-

7 T k% cre:
) ! — CKBaXXHHH; 2 — noJoca  IIHPH-
I HOR 20
| 2

_?/7 | i L -

ol 1w ]
26

crosiuusax 2on (n=1, 2, 3..) or paccMaTpuBaeMoro HCTOYHHKa,
Haxofslierocss B Hayajie KoopauHar. OaHako 6oJjiee KOMIAKTHO
3TO MOXKHO cAeJjaTh, NPHUMeHHB KoHdopMHoe Npeobpa3oBaHHe IO-
JIOCHI, PACTOJIOXKeHHOH B MJOCKOCTH z=x-}iy {(cM. puc. 46), B He-
OrPaHHYEHHYIO MJOCKOCTh KOMILJIEKCHOTO INepeMeHHOro ({=E&-}+in.
Takoe koHdopMHOe mpeoGpa3oBanne naeT (yHKIHA

. Tz
C=sin - (Hgg)

Ecau 0603HaYuTh 2; =n2/0, TO
sin 2, = sin (x, - {y,) = sin x, cos iy, -} cos x, sin iy, =
=sinx, chy,-}icosx, shy,;

sh yl=——ey1';e—y1 ;  chy= —_EYI—;e"YI : (I11.100)

X, = nx/o; Y, = ny/o.

Taxum o6pa3oM, B MJAOCKOCTH {=E--in uMeeM
E=sinx, chy,; N =cos x; sh ¥,;

(I1.101)

p=(E+n?)2
ITpu koHpopMHOM mnpeo6pa3oBaHHH, OCYLIECTBJAseMOM (GYHKUHEH
(I1.99), no6oit Touke moOJIOCH —O<<X<IO COOTBETCTBYeT OINpeje-
JleHHasl TOYKAa IJIOCKOCTH §.

Paccmorpum KoMmjekcHH moteHuuaa F({) B mniaockoctu §,

ONMHUCHBAIOIEH TeueHHe K HMCTOYHHKY B 3ToHl miockocTH. B TakoM
caydae

= =9
F ()=~ Ing, Q= Inp. (11.102)
Moxno ¢ nocratoysslM NPHOJHXKEHHEM CUHTATh, YTO BMECTO
TOYEYHOIO0 HCTOYHHKAa B IJIOCKOCTH { CYIIEeCTBYeT CKBaXKHHa pa-
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IHYCOM pc, Tie nmoTeHnHas paBeH Q. Toraa nmpHMeM, YTO Ha pac-
CTOSIHHH pyx OT LEHTPa CKBasKHHHI NoTeHNHaa paBeH Ok g ne-
6uTa CKBaXKHHH B NJIOCKOCTH { MOXHO HamucaTb ¢popMy.y Homou
_2th (D — @)

9= T (ewina) (I1.103)

Tlepefinem chnoBa K miaockocTH 2. Ilpu GoJIbIIKX 3HAYEHHAX Y Te-
YeHHe B NoJoce —o<<x=lo Gyaer mapa/ienbHeiM ocd y. s 3ToR
ocu u3 (IL.101) umeem

0 ~ shny/o.

TloaToMy, corsiacHo pHC. 46, MOXKHO MOJOXKHUTH

L 1 =
18
—— x5’

P & sh— 5
M3 310r0 BeIpaXkeHHSI COOTBETCTBEHHO IOJNYYHM
Inp,=nlL/c—In2.

ITpu 3HauHTe/IbHHIX PAacCTOSHHAX NO OCH y uMeeM nz>>o. Toraa
MOXKHO NOJIOXKHTD

Inp, = nl/o.

[Ipn He3HAUHTEJNBHHIX TtY/C

ny L)
e’ —e ° ny s
— C
—_ Al -
2 ~ g o
Cle10BaTeNbHO,

In p, = In (nir /o).

[TogcraBasis npuBefeHHBle 3HaueHuss Inpx u lnpe B dopmyay
(11.104), nonyyum

_ 2nkh{px—pc) _ 2akh(px—pc) 20kh (px —pe) (11 104)
T p(lnpg—1Inpy) — [ al ey g g\ : '
p(F -] w(i )

ITo dopmyae (11.104) MoxHO onpeAeuTb AEOGHT ONHOH CKBAaXKHHHI
U3 OeCKOHeYHOH WENOYKH CKBAXKHH, PACIOJIOXKEHHHX B HEOTDaHH-
4eHHOM IJacTe, NPH YCJIOBHH, YTO Ha HEKOTOpPOM, HAOCTaTOYHO
6OJIbIIOM paccTOSIHHH L OT OocH x LaBJeHHe DaBHO Px, & B CKBa-
¥KHHAX MaJoro paguyca re OHO COCTaBISAET pe.

2. Paccmorpum peileHue OAHOH H3 OCHOBHHIX 3ajay TEOPHH
TENJONPOBOAHOCTH, BecbMa HeOOXOAHMOE NpPH pacyeTax TeMJIOBHIX
MeTOJ0B pa3paboTKu HedTAHBIX MecTOpoXAeHHH. IlycTh HMeeM
nony6eCKOHEUHBIH CTEPXKEeHb [JIOI[aAblo CeYeHHS S, MOJNHOCTHIO
TeNJIOH30JHPOBAHHBIH  OT OKpyxawiled  cpeanl. HauaabHas
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! TeMneparypa npu f=0 Bo Bcem
N CTepxHe GObna paBHa T, a npu
t>0 Ha rpaHHue cTepxHA x=0
(pHc. 47) oma crana pasmoit T,
OCTaBasicb NpH (—>0o0 paBHOH To.
Tpe6yercss onpemenuts pacnpene-
JIeHHe TeMNepaTypH MO KOOpJAHHA-
T€ X B pasjiHYHheE MOMEHTH Bpe-
MeHH f. ByneM HcxonuTh H3 ypas-
HEeHHSI COXPaHEHHsl 3HEPrHH, pac-
CMAaTpHBas TENJIONEPEHOC B CTep-
= }KHE TOJIbKO 34 CYET TEMJIONPOBOJ-
HocTH. Jlast ckopocts TemJonepe-
Puc. 47. Cxema pacrnpocTpane- HOCa Ur 3a cYeT TEmJIONPOBOJAHOC-
HHS TeMNepaTypH 3a CyeT Tell- TH HMeeM cJeayiolee ypaBHeHue:

JIONDOBORHOCTH B HOJ[yﬁeCKOHe'{- aU aT
* cp =0, (11.105)

J I

HOM CTepxHe:

1 — monyGecKoHeyHbll cTepxens m0- Ox
Waiplo cedeHHst S; 2 — pacnpepmede-

Ment sposona §t B CTePXEC B MO-  Briecy, ¢ — yrieJbHAS  TEMJIOEMKO-
CTb BeIleCTBA B CTepKHE, o —
HJOTHOCTb BEIECTBA.
CkopocTh mepeHoca Temiia v, 3a cuer TEIJIONPOBONHOCTH MOXK-
HO OnpenesHTs 10 Qopmyae 3akoHa Dypee
vp=—a I (11.106)

T dx °

rae Ar — KO3 (QHIKEHT TENJI0NpPOBOJHOCTH.
Hoacrasasa (I1.106) s (I11.105), NOJNy4HM

0T oT
M g =0 xf=%;-. (I1.107)

Ypapnenne (I1.107) ecTb ypaBeHHe TEIVIONPOBOJHOCTH NPH Mpsi-
MOJIHHEHHOM DPACNPOCTPAaHEHHH TeIlJia, a BXOAALIME B Hero Koa-
$HUHEHT %, Ha3HBaercs KosppHUuHEeHTOM TeMmmepa-
TYPONPOBOAHOCTH. B COOTBETCTBHM C YCJOBHAMH 3ajgauu
T=Ty, mpu x>0, t=0; t>0, x — o0,

(11.108)
T=T, npu x=0, £> 0.

Paccmorpum dyukuuio f(x, ), OmpejefisieMylo CAeAyMuM 06-

pasom:
F 6 t)=T—T)/(T1—Ty). (I1.109)
Torna mawanbHOe W rpasHYHOe ycJ0BHS (11.108) sanumytcs cue-
nywomuM obpasom:
f=0nmpu x>0, t=0; t>0, x —> oo,

(II.110)
f=1 mpu x=0, >0,
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@yukuus f(x, t), OYeBHAHO, TaKXKe YIOBJETBODPSIET YPABHEHHIO Tell-
aonposojgHoctu (I1.107), kak u T (x, £), T. e
»f _of
%r 578 = 57~ (II.111)
Jas nosyyeHus pelleHusi PacCMaTpPHBaeMOH 3aAayd NPHMEHHM
npeo6pasoBanne Jlamiaca, AJsi 4ero YMHOXHM JIEBYKO H MpPaBYIO
gactu (II.111) na e—s* (s—HeKOTopbm napaMeTp) H NPOHHTErPH-
pyeM 2TH HacTH B npelesax OT HyJd A0 OeCKOHeUHOCTH. B pesyub-
TaTe MOJYUYHM

xjafwm-jw e=st df. (I1.112)

0

Bynmem cunrtate 1npeoOpa3oBannem Jlammaca o¢yukuuu f(x, t),
¢yukuuo F(x,s), npuueMm

F@@:Xﬂanwwt (I1.113)
0

YuHTEIBAsI HE3aBUCHMOCTb NepeMeHHHX x u !, dyHkuuio f(x,1)
MOKHO AH(¢epeHIHPOBATh TOJA 3HAKOM HHTerpasa. Ms (I1.113)
MMeeM, IIOMHsI, UTO S — HEKOTOPBIH apaMerp,

et df. (I1.114)

2F ( of

dx? dj oxt
0

Ifocse mHTErpHpoBaHMA NpaBoH 4acTH BolpaxeHusa (I1.112) moay-

YuM
j‘ o estdt = ’—f x,t)yestts gf tyestdt=sF (x,s). (I1.115)
0 0

IMeppbiii usen B BhipaxkeHuu (II.115) paBeH Hy/0, Tak Kak NpH
BepXHeM Ipeliesle OH paBeH HYJI0 B pe3yJbTaTe CTpPeMJIeHHs K
HYJI0 3KCIIOHEHTH, a IIpH HHXXHeM npejese BCJIeACTBHE TOro, 4TO
f(x,0)=0 mo yc/joBuIO 3a1a4H.
TTocae noacranoBkd (IL.115) B (I1.112)
d?F
%y~ —SF=0. (I1.116)
Peulenne o6biKHOBeHHOro ypaBHeHHa (II.116) umeer Bun
e
Vo

F=Ce . (I1.117)

Jlais yCTaHOBJEHHSI NOCTOSTHHOM HHTEIPHPOBaHHS C  BHINOJHHM
rpanuyHoe ycaosue (I1.110). Omnako HakizeM mnpexjie Bcero, ue-
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sy paBHO F (0, s). VYIs rparnusoro yenosus (11.110)

F (0, s)=5f(0, ) st dt:j' estdt = (I.118)
0 0
Torpna
- :;:,
Fle,s) =— . (11.119)

Dynkuuio f(x, ¢) mo ee uszobpaxenuio F(x, s) HafineM no Tabuu-
1aM OpuUrHHanoB (YHKIHMH M HX H3o0paxenu#i mno Jlamiacy.
Hmeem

x

'2 Vi

o =1— 1/_ S '22d2=1—erf(2_&;t). (11.120)

Ilonyunm, HaKOHell, BHIpaXKeHHE AJf CKODOCTH MepeHoca Temla Ha
rpannne x=0. M3 npuBeneHHoro pemenus c yderom (I11.106) na-
XOZUM

Vs e =-—AT-af—|§;; —AT, L L—
—_ x2
V“":lt - 1’;1’?:; . AT,=T,—T, (I1.121)
IToTok Temsia ¢, yepe3 ceueHHe CTEPKHSA Mmiowaabo S npu x=0
%ﬁf : (11.122)

3, PaccMoTpuM NpHTOK XKHAKOCTH (HE(TH) ¢ INOCTOAHHBIM Je-
6HTOM ¢ K TOYEYHOMY CTOKY, PACIOJOXEHHOMY B OJZHODOAHOM Oec-
KOHeYyHO MPOCTHpallleMcss IJIOCKOM IJIacTe TOJLIHHOH A IIpH
ynpyrom pexume. CTOK HaxOJHTCS B IEHTpe KOODJAHHAT, H Tedye-
HHe K HeMy B IJIacTe pajuaJsbHOe. B HauaslbHBIE MOMEHT BpeMme-
HH ¢=0, NJacToBOoe J[ABJEHHE IIOCTOSHHO M COCTaBJfAET py.
Tlpn ¢>>0 u3 ToueyHOro cToKa OoTOHpaeTcs H3 IJacta HedTb C ae-
6uTOM g=const, a IJacToBOe MAABJEHHE OCTAeTCs pPaBHBIM Py
TOJBKO nmpu r—roco. Tpebyerca onpenes]HTb paclpefeseHHe JaBJe-
HHS. B TJ1acTe B JII0OOOH MOMEHT BpEMeHH.

YpaBHeHHe HepPaspLIBHOCTH MacCH (HAbLTPYIOILErocs B MNJACTe
BelllecTBa HMeeT B DAcCMaTpPHBAEMOM cJydae CJACAYIOWHA BHA:

O(py) ; pv | O(mp) _
__a;_+_r_+__at__0_ (11123)
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YuutnBas 3akoH JlapcH H cKHMaeMOCTh IIacTa (CKHMAaeMOCThb
Nopoj MJjacTa H Hachmamomel ux xuakoctu) w3 (11.123) noay-
YHM ypaBHEHHe YNPYroro pexHMa B CAeAYIOIIEM BHJE:

E (0% , 1 Ap —p p
T(arf T or )T Vet e

(11.124)
p=Pc+mBu

rae Bc H Px — CKHMaeMOCTb COOTBETCTBEHHO IIOPOJ IjlacTa H Ha-
cHIjamel njaact XHAKOCTH. OcranbHbe 0603HAUEHHS TaKHe IXKe,
4YTO W NpHHSATHe BHUe B ¢opmye 3akoHa Japcu. Beegem ¢yHk-
uuio f(r,t) caelynomuM o6pasoMm:

f= 2nkh (px— )

= (11.125)

H noiactaBHM ee B ypaBHenHe (I1.124). B pesyiabraTe noayuuMm

x ("” 1 a—f)=%§. (11.126)

or® r Or

3aech » — NbE30ONPOBOJAHOCTh nJjacta. [IOCKOJAbKY CTOK TOUeuHHH
(r—>0), T0 Ans Hero MMeeM cJeAyollee FPAHHYHOE YCJOBHE:

_ 2nkh op . of
7= n (f a_’)r—-o o _q (f a_’)r—»o'

CienoBaTesbHO, TPAHHYHOE H HadaJbHOE YCJOBHA OyAyT

(r g—f)’_m:—l, f(r, 0)=0. (I1.127)

HSBGCTHO, YTO paccMaTpHBaeMoOe€ pelleHHe 3aJayH 3aBHCHT OT

ONHOK mepeMeHHOH E=r/Yxt. B Takux ciaydyasix CYHTAIOT, 4TO pe-
LIeHHe aBTOMOJEeJbHOe, T. €. MNOA0OHOe caMoMy cebe. ITostomy
f=f(E). Umeem

A g Gy 1 Ol
0¢ 2%Vt or Vi’ or® ut ”

[ToxcraBassi 5TH 3HaueHHs TIPOM3BOAHHX B OCHOBHOe ypaBHe-
uue (I11.126), momyuum

(11.128)

WA =0, u=ft. (I1.129)

M3 (11.127) umeeMm cienymoline yCJOBHS:

f=0 mnmpu & — oo;

(I1.130)
/A R |
(E 3 )5-»0 )
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Pewenne ypaBnenns (I1.129) nonyumm mpocro. Ilpu BHNOJHEHHHM
ycnoeuii (11.130), omyckas mpomexyTouHHe BHIKJIaAKH, NOJY9HM

00 — —e—

,e(g)=je_§__dg=2Lje“z_dz, e=t (I1.131)
E 2

t2
4

Ilocne nomcranokn (I1.131) B (I1.125) oKoHuaTenbHO HMeeM

oo

e2 qu . r?
Px—P =" gam S = == E‘(—W)' (I1.132)
z
Dyuxnus —Ei(— ‘:t ) NOJIOKHTEAbHA NpH 0<C2<w, HO

npH z—0 oHa HeOrpaHHYeHHO Bospacraer. IIpuGaHkenHO 3Ty
(YHKIHIO MOXHO HCIO/Nb30BATh AJIA pACUeTa paCIpefeseHHs [aB-
JIEHHS] NPH YNPYIOM PeXHMe H B cjdydyae IPHTOKA KHAKOCTH K
HCTOYHHKAM MaJIOro, HO KOHEUHOTo paaHyca (r=rc), T. e. K cKBa-

XKHHaM. 3HayeHua QyHKumn — FEi —‘{x—t MOXKHO Ha#lTH
C MOMOUIBIO COOTBETCTBYIOUIHX TaGJHIL,
4. IlycTb HMeeM NPAMOJHHEAHHHA ONHODOAHHI MJIACT TOJLIHHON
h w wHpuHOK b, OrpaHHYeHHHH ABYMs rajepesMu (pHc. 48), oana
H3 KOTODHX HAaXOAWTCH B BePTHKAJbHOM ceueHHH x=0, a mpy-
rasg —B CeYeHHH IacTa X=I[. B HauanbHH MOMEHT BpeMeHH
(t=0) naBieHHe BO BCeM MJacTe GHUIO MOCTOSIHHEIM, DaBHHM po.
OTo Xe AaBleHHe MOAAEPKHBAETCA NMOCTOAHHHIM Ha rajepee x=1
npu £>>0. B MoMeHT BpeMenn {=0
! H3 nJaacta (c rajepen x=0) Hauy-
; ) 2 “4 HawT oT6HpaThb HedThb C HOCTOSIH-
9 HeM ne6utoM ¢. Ilnact paspa6a-
THIBAETCA IIDH yOPYroM pexKHMe.
TpeGyerca onpemesuts pacmpepne-
JleHHe 1aBJIleHHS1 B OMHCAHHOM OF-
PaHHYEHHOM 1Jjacte 1npu (>0,
Ilpucrynas x pemwenuio sToll 3ama-
UH, NpexJe BCErO OTMETHM, 4TO
nepepacnpefiesieHue JQaBJeHHs1 B
nacte OyAeT ONHCHIBATHCH TeMm
Xe M0 CYHEeCTBY ypaBHEHHeM yu-
; 7  PYrOro pexuMma, 4TO H B npeis-
Aywen sajave, TOJABKO B pac-
Puc. 48. Tpadux nepepacnpesese-  cyaTpupaemom clydae OHO Oyxer

HHS  J1aBJIEHHS B NPAMOJHHERHOM “ -
mnacre Jmmok ! mpH ynpyrom pe- HMeTb CJAEAYIOUIHH, 60Jee npocroi

KHUMe: Bun:

1—nmnacr; 2 — HeycrawosHsmeecs pac- 02 7]

NpeneseAHe RABNEHHA; 8§ — yCTaHOBHB- % Z = . (I1.1 33)
mleecs pacnpeseieHe NABNEHHN Ox ot
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Has yrob6ctBa pelueHHA 3ajayn BBeleM Oe3pa3MepHBie KOOp-
JHHATHl CAeLyioUIHM 00pasoMm:

E=x/l, T = nt/l% (11.134)
Iloacrasnas (I1.134) B (I1.133), nonyunm
0%p/08* = dp/dr. (I1.135)

B COOTBETCTBHH C YCJOBHAMH 33JaYd HavyaJbHHE H TPAHHUHHIE
yeaoBus ana ypasHenus (I1.135) umeror BHA

pE0O)=p(l,1)=py;
(I1.136)
o _ aul

—aglg____o— ~ Tkoh

W3 nocraHoBKH 33/aud cJefyeT, YTO NpH {—»00 pacnpepede-
HHe [aBJleHHs B IJacTe OYAeT CTPEMHTbCA K YCTaHOBUBIIEMYCS

!
po—p = (1—1). (11.137)

Ilpu £=0 u3 (11.137) gpl/(kbh) =po—p,. B cBA3u ¢ npHBEIEHHBIM
3aMeyaHHeM YAOGHO HCKaTbh pElIEHHE 3aJdaud B CJEAYIOLIEM BHJE:

Po—p &)= (Po—p)) 1 —8)—(Po—p) [ (£, 7). (I1.138)
[lpu stom
[E0=1-% f(1,7)=0;
(I1.139)
/A
% o

Ilpn pewennn stolt 3ajgaun npHMeHuM Metof Dypbe, corsacHo
KOTOpOMY

FED)=9@VE). (11.140)

IMoncrasnas (I1.140) B8 (I1.138) u satem B HcxoZHOe ypaBHe-
uue (I1.135), moayuum

PP=""¢. (I1.141)
N3z (11.141) caenyer

o _ vV

=% = ¢ ==const. (I1.142)

Pewas ypasnenus (I1.142) u BHno/MHsA HavaJbHHE M rpaHUYHbIE
yCJI0BHSA, TPHXOAHM K CJEAyIOLleMy pelIeHHIO 3aJayH:

Po—P (5 V)= (Po—p1) (1 —85)—

© _ [n+1)2 n2 .
8 (Po—py) 1 4 ] 2n+1

— 2 rEm cos ———mE,
0

n=012.... (I1.143)
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IIpu 3TOoM 6BJIO HCHONB30BAHO H3BECTHOE pPAa3JjoOXKeHHe B DR
Dypre:

8 < on 41
I—t=r Mgy
0

ITo ¢opmyne (I1.143) moxkHO ompeaenuTb BpeMs (OPMHPOBAHUS
yCTaHOBHBLIErOCs pacmpejeseHusi AaBJeHHS B IJIacTe MeXAy ABY-
Ms rajepesiMu (psilaMH CKBaXXHH), OfHA H3 KOTOPBIX HarHeTaTesb-
Has, a apyras — ao6uBaionias.

IIpuGAHIKEeHHbIE METO B

W3 npubinkKeHHHX MeTOJOB pacuera B TeOpuH pas3paboTku
He(TAHBIX MECTOPOXKJeHHfi HauboJiee PacnpoOCTPAaHEHBl MeTOM 3K-
BHBaJeHTHHIX (GHuAbTpaluoHHHX conportuBaenuit 1O. Il. Bopuco-
Ba W Meroj HHTerpajbHnx cootHomenu#t I'. M. BapenGnarra.
ITepBrlit H3 yKasaHHBIX METONOB HCIOJb3YIOT NPH pacyere yCTaHO-
BUBINHXCS TEYEHHH MXHJAKOCTed B IJIOCKHX HJacTax CO CKBaXHHa-
MH, a BTOpPOH — B pacueTax nepepacnpefeseHHs JAaBJeHHS XKH[-
KOCTH HpH YIPYIOM peXHMe, HEYCTaHOBHBLIETOCs ABHXKEHHS rasa
H pexe — 3afzau AHGQY3HH, TeNIONPOBOAHOCTH H KOHBEKIHH. Me-
TOJ, MHTErpaJbHHX COOTHOLIEHHH XOpowo pa3paboTaH TOJABKO A
pelleHHs] OTHOMEpHEIX 33a74av.

Paccmorpum BHayaJe METOJL 3KBHBAJEHTHHX (PHIBTPaLHOHHBIX
conpothBJenHd. CrpaBelJiHBOCTb 3TOT0 METOAA TOKAaXKEM Ha IpH-
Mepe KOHKPETHOro PeIleHHS O NPHTOKE XUIKOCTH K GeCKOHEuHO#H
nenouke CKBaxHuH. Tak, mepenumem dopmyay (I1.104) caenyio-
muM obpasoMm:

(L-I-———ln ar, > pL i re '
pH—pc— Sokh =9 2ckh + Snkh | (I1.144)

IlepBui#t unen BeipaxkeHus, crosfuwero B ckoOkax (I1.144), xapak-
TepH3yeT (HUAbTPALHOHHOE CONPOTHBJEHHE HPH ABHXCHHH KHI-
KOocTH B moJoce WHpHHOH 20 Ha paccrosuuu ot O Ao L, a BTOpOH
yjeH — $UJAbTPALLHOHHOE CONPOTHBJEHHE MNpPH paiHaJbHOM JBH-
JKEeHHH JKHIKOCTH OT KPYTOBOTO KOHTYpa rx=0/nt [0 OKPYXHOCTH
panunyca rc. 1O. Il. Bopucos Ha3Ban GHIBTPALHOHHOE CONPOTHBIIE-
HHe

pm:Tﬁ/ﬁT BHEIIHHM, a ppc=nIn T(:C/ (2nkh) — BHYTpeHHUM n

IPEANOJOXKHJA, 4TO U B OoJiee CIOKHBIX CJAydYafAx YCTAHOBHBIIUXCSH
IJIOCKHX (DHJIbTPALMOHHHIX TeueHHH (aKkTHUeCKHe (UIbTPALHOHHBIE
COMPOTHBJIEHHST MOXHO pasfe/]HTb Ha 5KBHBAJIEHTHHE BHELIHHE U
BHyTpEHHHE,

Meron skBHBaneHTHHX (HIBTPALHOHHBIX CONPOTHBJEHHH mO-
3BOJIsieT PAaCCYHTBIBATH C JOCTATOYHOH A/ TNPAKTHKH TOYHOCTHIO
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Puc. 49. Cxema pacnpelie/ieHHst A aBJeHHS 1
B 3/eMeHTe ORHOPAAHOK CHCTEeMH paspa- A/
GOTKH:

I — HarHeTaTeJbHHe CKBaXHHH; 2 — J0GHBAIO-
IqHe CKBa)XHHH; 3 — 5JIeMEeHT OAHOpPAAHOR CHcTe-
MK pa3paGoTKH; 4 — Smpa INacTOBOro pasJe-
HHA B ceyeHHH AA’

JeGHTH H JaBJieHHs B NJjacTax NpH &
pasJHYHHX CcHCTeMax pa3paboTku.
PaccMOTpPHM OJHOPANHYIO CHC-
TeMy pa3pabOTKH CO CXeMOH pac-
[OJIOJKEHHUS] CKBAXXHH, NOKAa3aHHOMN
Ha pHc. 49. TIpu 2TOM NpPOHCXOAMT
[OpIIHEBOe BHITeCHEHHE He(TH BO-
LOo# #3 naacta TosmvHO# h. Bsas-
KOCTb He()TH B IIJIaCTOBBLIX YCJOBH- # P
SIX COCTaBJI€T Uy, a4 BA3KOCTh BO- . A
Ibl ps. AGCOMIOTHAS MPOHHUAEMO- I
CThb NJacTa R, a OTHOCHTEJbHEIE g
OPOHHUAEMOCTH AJas1 HepTH H BoO-
Abl, SABJSIOIHECS ITOCTOSIHHBIMH COIVIACHO MOJeJIH NOPIIHEBOro BbI-
TeCHeHHs] He(TH BOJLOH, paBHBl COOTBETCTBEHHO KRm U Rz, paaHyc
JoOriBaloiiefi CKBaXXHHEl Ic, PAJHYC HATHeTATEeJbHOH CKBAaXKHHBI
rse. Bofa B mpouecce BHTecHeHHS] He()TH B MOMEHT BpeMeHH =1
JIOIIa [0 DACCTOSIHHA O/f OT HArHeTaTeJhbHOH CKBaXKHHH (CM.
puc. 49). Ilpu sToM paccrosinus MexAy AOOBLIBAIOIIMMH H Harsera-
TeJbHBIMH CKBaXXHHaMH pasHbl. [leOuT opmHON poObIBaioluel cKBa-
JXHHBI, PaBHbII pacXoly OJHOH HarHeTaTeJbHOH CKBAXHHBI, NOCTO-
sIHeH u cocTaBJjsier §. Tpebyercsi onpenesuHTb Nepenaj AaBJeHHs
MeXJy HarHeTaTteJbHOH H NOOHBaOIIEed CKBaXKHHAMHU.

PaccMoTpHM Teuenue B OJHOM 3JeMEHTe NJIACTa, BHIACJIEHHOM
INTPUXOBKOH Ha puc. 49, mupuHo# b=20. O603HAUHM JaBJeHHE
Ha pPAaCCTOSIHWM OT HAarHETaTeJbHON CKBaXHHB, PAaBHOM Iyx=0/mn,
uepe3 p’s. B coorBeTcTBHH ¢ ycnoBHeM 3ajzaun W dopmysnoi Lio-
nioH

2nikkoht (py — Py’)

g
pgIn Aras

CorniacHo MeTolly 3KBHBAJEHTHHIX (HABTPAUHOHHEIX CONpPOTHB-
JIeHHH TedYeHHe B pAacCMaTpHBAaeMOM 3JIEMEHTe CKJAaABIBaeTCsl U3
TpeX: PaAHajbHOro (TeyeHHe BOALI) OT HATHETATEJNbHOH CKBAa*KHHH
paivycoM rmc N0 KOHTypa pagHycoM ofm, mupsMojuHefiHoro (Te-
uenne HedTH) oOT rajepen x=0, rie JaBieHHe p'y, JO raJjepen
x=1, rjle faBJeHHe p.!, H paaHaJbHOrc (TeueHHe HePTH) — OT KOH-
Typa paiHyCcOM oO/m, I'’le AABJEHHE TaKxe PaBHO p’c, 4O AOGHBAIO-
el CKBAXKMHHB PaAHYyCOM . YUHUTHIBAA, UTO BBHAY CHMMETPHH
NpAMOJHHEHOe TeyeHHe NPOHUCXOJHUT ¢ pacxoioM ¢/2 (BOpaBo H
BJIEBO OT HarHeTaTeJbHOH CKBAaXKHHH YXOJHUT MKHUAKOCTb C pacxo-
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oM ¢/2), moay4um
9___ _20kkyh (pa’ —pc')
2 Pul
Haxkonen, gjas pebura Ao6hiBaomiefi CKBaXKHHE HMeeM (OPMYyJTy
— 2qtkkyh (pc' —po)

[0}
pgIn nre

HEPEHHLHGM TIpUBeJEeHHBIE BLIlle BHIPAXEHHSI OTHOCHTEJIBHO
nepenanioB JaBJIeHHH B BUAE

o
' qu]n Wuc .
Pue—Pu = ompppn

’ r . qead .
Pa —Pe __40_kkﬂh-’

g
, qug In e
Pe —Pe="gnmrh

CrnoxuM aTH BHpaxeHHs. B pesyabrate nosydum TpelylolHAcs
OTBeT

() o
bl e o el MR T
pumpom e (T et (1.145)

Paccmorpum Ty xe 3amauy, uto u B n. 2 (cM. ctp. 81), HO pe-
IIHM ee MEeTOJOM HHTerpajbHEXx cooTHowenuii I'. WM. Bapeun6aar-
Ta, COIJIACHO KOTOPOMY NpUOJNHIKEHHOe pelleHHe 3ajJauyH IpeJcTaB-
JsieTca B BHJe MHoroujeHa, Jlanee cuutaeMm, uTto TpPHOJHKEHHOE
pacnpesiejieHHe YIOBJETBOPACT He HCXOZHOMY AuddepeHnHaNBHO-
My YypaBHEHHIO, a HMHTErpaJbHHIM COOTHOLIEHHAM, NOJy4YaeMhHM B
pesysbTaTe yMHOXeHHsl JIeBOH M NpaBOH uUacTell YypaBHEHHUs HA
KOOPJHHATY B CTeNEeHH 72 H WX HHTerpupoBaHus. Ilpu ucmonab3oBa-
HHH OIHCHIBAEMOro NpHOJMIKEHHOro MeToja NPHHHUMAIOT, YyTO BCs-
KOe He3HauHTeJbHOE H3MEHEHHE TeMIepaTyphl B CJyuYae TEMJONMpo-
BOJHOCTH HJIKH JaBJIeHHS B CJyyae YIPYroro pexuma pacmpocrpa-
HAIeTCSl He MTHOBEHHO, a CYUIECTBYeT B OTPpaHHYEHHOH «BO3MYHIEH-
HOH» o6sacTH. [asi paccMaTpHBaeMOH 3aJlayH HHTErpajibHOE CO-
OTHOLIEHHE HMEeT BHJ

I (1 I3 {f)
® )x" Oy = Xt
T 0x2 -

Lt o (f)
rae n-—Jo6oe, OGHYHO LeJ0Oe YHCJIO, HauyHHag ¢ HyJas. [Monoxum
B KayecTBe HepBoro npub/juKeHHA n=0 @ BO3bMEM pelleHHe B
BHJE

T—T X x?
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BHINOJHMM rpaHHYHEE M HauyaJbHOE YCJOBHSA, KOTOpHE IMpH
NpHOJHKEHHOM PeLIeHHH 3aJaYd HMEIOT HeCKOJbKO HHOH BHJ, YeM
IPH TOYHOM pEHIEHHH, 2 HMEHHO

T=T, npu x=1(¢);
T=T; npu x=0. (11.148)
HonxHo Takke Bceraa BhmosHATbeA ycaosue I(0)=0. Ilpu pe-

HICHHH 3ajaudu HpHéJIH}KeHHbIM METOJOM HeOOXOJHMO Takxe [Ho-
MNOJIHHUTEJbHO BHINOJHATL YCJOBHE

o _o. (I1.149)

* Ix=l ()

Cob6aronasi npuBeJeHHBIE YCAOBUA, NOJYYHM
Ay=T,—T,=AT;;

Al = '—2AT1;
Az = AT].’
Taxum obpasom
x x?
T—T0=AT1[1—2W—+IZ—U)]. (11.150)

Hnsa onpemenenust I(f) noacraBum (I1.150) B  (I11.146) mnpu
n=0, cuurad I, (¢) =0. B peaysabraTe nmoJyuyum ypaBHeHHe

6x%.dt =ldl.
Otcioga
=2V 3nd, (11.151)

T. €. 3a1a4a pelIeHa.
Onpenenum, Kak H B npumepe I1.4, ckopocTs yHOca Temja NpH
x=0. MmeeM

oT AAT
_a = ATy 11.152
T Ox |x=0 -] /‘_Snrt ( )

CpaBHHBasi NpHBeleHHOe NpHUOJHIKEHHOE BLHIDAXKEHHE C TOUHBEIM
(11.122), Haxoaum, uTO CKCpPOCTH YyHOCa TemlJa, onpeleseHHas
npubAMKeHHBIM MeTofioMm, OyldeT GoJsiblie TOYHOH B Ym/3 pas, T. e.
Bcero mpumepHo Ha 29%.

vT |x=0 =

YucaeHHble METOABI

B pacuerax paspaloTku He(THHBIX MECTODOXKJAEHHH vanle Bce-
ro NPUMEHSIOT KOHEeYHO-Pa3HOCTHhle MeTOAb. IIpH HCIMOJAb30BaHHH
3THX MeTOLOB JH(pdepeHIHAJbHEIE ypAaBHEHHs, ONHCHIBAKIIHE IpO-
LeccH pas3paboTKH HePTAHHX MECTOPOXJAEHHH, IpeACTaBJafAIOT B
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1 2 KOHEYHO-pasHOcTHOH  ¢opme. Ko-

AL HEUHO-PA3HOCTHHE YypaBHEHMS pe-
r IIAIOT ¢ MOMOLIBI0 OHICTPOAEHCTBY-
/ IOIIMX  3JIEKTPOHHO-BEIYHCJIUTE/Ib-

HBIX MalmH. YA0OHHe [Jd HC-
NOJIb30BAHHS TOYHHE PeElleHHs 3a-
Aay pa3pabOTKH He(TAHHX MECTO-
pPOXKAEHHH TpaKTHUECKH OOBIYHO
MoJMyyaloT TOJBKO JJSI OJAHOMEp-
4z HHX cJyuyaeB (mpsMOJHHefiHOe H
panuanbHoe TeueHus). Ilpun Heo6-
\__\ e ‘ XOAMMOCTH K€ paccyHTaTb Ipo-
Heccsl paspaloTKH NJACTOB C yue-
TOM HX CJOXHOH TreoMeTpHuecKoi
o z GOpMH, TMOJYUYHTh TOUHEIE H Jaxke
npubJHKeHHBe pelIeHHS He YyAa-
ﬁ:&f%o Cc)f'le()“;:H(f)ﬁaS?(gf{l&)HH;;‘ y;g_ ercsi. B Takux clyuasix pewdThb 3a-
nHeli Ha  KOHEYHO-PA3HOCTHHE fady MOXKHO, IHpHMEHAA UHCJEH-
AuefKH: Hble MeToibl. Hamnpumep, Heo6xo-
I - xoutyp obmacth; 2 — ngetixa A IHMO paccyuTaTh Iepepacnpeje-
JeHHe J1aBJeHHs1 B o00JacTH cO
clIoXkHOH KoHurypauneli (puc. 50) mpu ympyrom pexume. B stom
JBYMEPHOM cJjlyyae ypaBHEHHe yNpyroro peXHMa HMeeT BH[

ap |, & a
x (W+ ayg)= =2 (I1.153)

~

dy

OGnacTh TeueHHss HedTW B TJOCKOM IVIacTe pasGHBaeTcsi Ha
MHOXECTBO fiueeK ¢ pasMmepaMH Ax, Ay u A COOTBETCTBEHHO IO
0CsIM x, y u 2. Paccmorpum siuefiky A, KoTopasi mpH GECKOHEUHOM
apobnennn (Ax—0, Ay—s>0) npespamaercs B Touky A. Byaem
CYHTaTh, UTO B 3TOH suefike AaBJeHHe PaBHO p;;. [Ipu 3ameHe B
ypaBHeHHn (I1.153) GeckoHeuHO MaJHX NMpHpAaLIEHMH KOHEUHBIMH
BEIDaXeHHs MJis TNPOH3BOAHBIX IPeo6pasyloTcs CJAeAyOLHM 06~
pasom :

ap Piv1,j— Piy

dx Ax
ap 1 (Pi+1,j—Pij Pij— Pi-1,}
0x? Ax Ax o Ax ; (I1.154)
a%p L( Pi,jy1—Piy  Pigy— Pi,j11
ay® Ay Ay - Ay :
Iloncrapass (I1.154) B ypasHenne (I1.153), monyunm
1 Piv1,)— Piy Pij— Pi-1,y

% [A_x( Ax — Ax +

1 Pijsi—Pij  Pij—Pi g pi S~k
4 ( e L SR ™) (11.155)
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31eck p*;; — naBlienne B suefire A B
MOMEHT BpeMeHH f; pi;*+! — nasue-
HHe B TO# e siueiike B MOMEHT Bpe-
MeHH (AL 91

I'pannuHble W HauyaJbHBIE YCJIOBUS
NpPH DEIUCHKMH 3alad YHCJIEHHLIMH Me-
TOJAMH TakK¥Xe NPUBOJAAT K COOTBeT-
CTBYIOLIlel KOHEUHO-pasHOCTHOH ¢op-
me. CoorHomenune (I1.155) mpencras-

Jsier co6oi asnre6paHdyeckoe ypaBHe- . 5
Hue. TakuM 06pa3oMm, NMPU HCIOJB3O-

BaHHH KOHEUHO-Pa3HOCTHHIX MeTO/J0B — -
BMecTO AHG(epeHUHaNbHLX pemanTr 7 z

ajrefpanueckue ypaBHeHHSA.
Puc. 51. Sluefixa A:
1 — 3JeKTpHYECKHe CONMpOTHBIE-
Ananorosbie MeTOIbI o
PaccMOTpHM B HECKOJBKO yBeJsH-
ueHHOM Bule fuefiky A, B3aTyio us puc. 50. B cooTBercTBHH C
9JIEKTPOTHAPOAHHAMHUYeCKOl aHagorueft (DTIA) duabTpaunoHHBE
CONIPOTHUBJIEHHS MOXHO 3aMeHHTb 3JE€KTPHUECKHMH, KaK 3TO NOKa-
3ano Ha puc. 51. Coraacuo sakony Oma, HJsi CHAB TOKA ix M iy B
HalpapJeHUsAXX X H § HMeeM BEIpaxKeHHsa
. S AU . S AU
=_. 2 2, =2 1.156
tx p Ax ’ ty p Ay El (I )
TAe S —TIOIafAb TONEPEYHOrc CEeUeHHs 3JICKTPHYECKOTO NPOBOL-
HHKa; p— yIeJbHOe 3JeKTpHUecKoe comnportuBiaenue; AU — mpupa-
IIeHHEe JeKTPHYECKOrO HAMPSAKEHHUS.
CpaBuum BhipaxeHus (I1.156) ¢ dopmynot 3akona [apcwy,
NpeACTaBJeHHOH B KOHeWHO-pa3HOCTHOH ¢opMe. Vimeem
kR Ap k Ap

Bupaxenus (11.156) u (11.157) coBmamaror, eciu JNaBjieHHe XHI-
KOCTH 3aMEHHTb 3JEKTPHUECKHM HANpsIKEHHEM, CKOPOCTH (HJIbTpa-
IHH — CHJIOH 3JIEKTPHYECKOro TOKa, a R/p — BeauduHo#t S/p. YKa-
3aHHHE B3aHMHO 3aMeHgeMhle BEJHUHHH — aHAJOTH APYT APYra.
Tak, cuja TOKa— aHaJOr CKOPOCTH (HJIBTPALHH, 3JEKTPHUYECKOE
Hanpsixkedne U — anajior AaBjeHHs], 3JeKTpHUYeCKas TMPOBOAHMOCTDL
S/p — ananor ¢HALTPALHOHHOHA NMPOBOAHMOCTH.

B cayuae ynpyroro pexxuMa aHaJOroM CXHMaeMocTu miacra f

SIBJIACTCH 3JEKTPpHUeCKass €MKOCTb C. CJlelIOBaTeJIbHO, MOXHO Ha-
nucartb

p=aU:; %= %; p=2cC, (I1.158)

rie a, b ¥ ¢ —K03bDULIHEHTH TPONOPUHOHAILHOCTH.
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IMoacrasngs (I1.158) B ypaBHeHHe YHpPYroro pexHma, IOJY-
qUM

beS (0 |, o oU
S (24 )= (I1.159)

IMponeccw, onuceBaeMble ypapnenueM (I1.169), moxuno Moze-
JIHPOBaTh Ha CNELHaJbHHIX YCTPOACTBaX, Ha3hBa€MHIX 3JIEKTPOHH-
TerpaTopaMu, MOAKJIWUafA K KaxJOH suefike COOTBETCTBYIOLIHE
9JIeKTPHUECKHE CONPOTHBJEHHS M 3JJEKTpHUeCKHe eMKocTH.IIo ¢pop-
mysnam (I1.158) mpoBoauM mnepecuer 3JEeKTPHYECKHX IapaMeTpoB,
9KCICPHMEHTAJNbHO OnpelessieMhX Ha 2JeKTPOHHTerpartopax, Ha
COOTBeTCTBYIOIIHEe (DHABTPAIHOHHBE MapaMeTpH.

KoHTpodbHble BONPOCH

1. Pacckaxkure o kJjaccHpHKaUHH MojJenel MJactoB.

2. Tlonyunre ¢opMmyay, ONpelefsioOllyl0 TPEWHHHYI0 NPOHH-
11aeMOCTb TpellHHOBaToro Ivacra. Hafijure cBsisb MeXAy TpeliHH-
HOH NDOHHLAEMOCTbIO, TYCTOTOH TPeIlHMH H TpPEeWHHHOH IOpH-
CTOCTBIO.

3. O6bsacHHTE METOAHKY IOCTPOEHHS MOJACHH CJOHCTO-HEOAHO-
POAHOTO mJacTa NO JaHHHM IeoJIoro-recpH3HUeCKux Hcc/aelOBaHHM.

4. Hanuwnte u o6DbsACHHTe (OPMYJH IJIOTHOCTH H 3aKOHA
Jiorapu()MHYeCKH HOPMaJbHOTO pacHpefieieHHs a6CoJIOTHOR mpo-
HHILAEMOCTH.

5. Hamuwmre u 06bsAcHHTe (oOpMYyJH IVIOTHOCTH H 3aKOHa
raMma-pacnpefeseHsss abcoOJIOTHOA POHHILAEMOCTH.

6. Kakue ¢yHIaMeHTa/JbHBE 3aKOHE €CTECTBO3HAHHA HCIHOJb-
3YIOT NpH MOJeJHpPOBaHHH IpolleccoB pa3paboTku HEDTAHHX H
rasoBHIX MeCTOPOXKJeHHA? B BuIe KaKHX ypaBHEHH#l OHH BHIpa-
}KamrTca?

7. Uro HasbiBaercsi KO3(h(HIMeHTOM pacnpejesneHuss («KOH-
CTAaHTOH DaBHOBECHs») BEIUECTBA B ra30BOH M XKHAKOH ¢asax?

8. Hanumure ¢opmysy, BHPaXKamllyl 3aBHCHMOCTb HODHCTO-
CTH MOPOA IJacta OT CpPeAHero HOPMaJbHOIO HampskeHus, B ka-
KOH TE€OpHH HCMNOJb3YIOT 3Ty 3aBHCHMOCTB?

9. Pacckaxure o CBA3M MeXJy BEDTHKAJbHOH KOMIOHEHTOH
HaOpsKeHHss (BePTHKAaJbHHIM T[OPHBIM JaBJE€HHeM), CPeAHHM HOD-
MaJbHHIM HampsiKeHHeM M IJIACTOBHM /JaBjeHHeM. B Kako#l Teo-
PHH HCIOJB3YIOT 3Ty CBS3b?

10. BriBeaute ¢opMyay AJs pacnpeiejeHHs IUIACTOBOTO JaB-
JieHHsl B cJyyae NPHTOKAa XKHAKOCTH H3 OAHOPOJHOro GeCKOHEYHOro
Ij1acta K TOYedHOMY croky. ITokaxkurte, Kakod Buja npuobperaeT
dopmysa IpH MaJbX 3HauyeHHsX r/Yxf. IIpH Kakux pacuerax uc-
HOJIb3YIOT 3Ty popMyJay?

11. BuBenure ¢opMyny Aas AeGHTA CKBAXKHHLI B 3JEMEHTE OA-
HODSIIHOH CHCTEMBl Pa3paboTKH METOAOM SKBHBAJIEHTHBIX (HJBT-
PALUOHHBIX CONPOTHBJIEHHH.
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I'masa III

PASPABOTKA HE®TSIHHBIX MECTOPO)KIEHHNA
NPH ECTECTBEHHBIX PE)KHMAX

§ 1. IPOABJIEHHUE YIIPYTOro PE)XKHMA

Paspaborka He(TAHOrO MeCTOPOXKIAEHHS NPH YNPYTOM pEXHME —
3TO OCYyIeCTBJEHHe Npolecca H3BJe4YeHHs1 He(GTH H3 HeJp B yCJo-
BHSAX, KOrja IJiacToBoe AABJIEHHe NpeBHllaeT JaBJEHHe HachIie-
HHf, NOJs [JaBJeHHH H CKOPOCTel NpOABHXKEHHA He(TH H BOAH,
HACHILAOWHKX MJIACT, a TakXe BOAbW B €ro 3aKOHTYPHOH 00J1acTH
HEeyCTAHOBHUBILHECS, H3MEHSIOUIHeCs BO BPEMEHH B KaXJIOH TOuke
nJjacra.

YIpyrufi pexHM NpOSIBJAsIETCA BO BcexX CJaydasx, Korja H3Mme-
HAOTCA Ae6HTH HOOLIBAIOMUX He(Th CKBAaXKHH HJH DPACXOAB BOMIHI,
3aKauMBaeMON B HarHetaTeJbHble cKBaXHHH. OJHAKO [daxe IpH
YCTAHOBUBILIEMCS peXHMe B Ipeaenax He(TeHOCHOH yacTtu mJaacra,
HanpHMep B Npomecce paspaloTKH MECTOPOXJAEHHS ¢ HCNOJb30Ba-
HHEM 3aKOHTYPHOro 3aBOJHEHHs, B 3aKOHTypHOH obJsactu 6yner
HabJaloJaTbes nepepacnpeneseHHe AaBJeHHs 3a cHeT YOpyroro pe-
JKUMa. YIpPYruif peXHM C TOUKH 3DeHHs (H3HKH — pacxolOBaHHE
HJIH MONOJHEHHe ynpyrofi sHepruH nJacra, npoucxojsumee O6Jaro-
Japsl CKHMaeMOCTH NOPOJA M HACHINAIOWHKX HX XHAKocTed. [lpu my-
CKe, HanpHMep, AoOHBalollefl CKBaXKHHH AaBJIeHHe B HeHl yMeHb-
maercsd 0O CPaBHEHHIO ¢ MJACTOBHM. [lo Mepe oT6opa HedTH
3anac ynpyrofi sHepruH B NpH3a6OAHOH 30He yMeHbIIAETCs, T. €.
He(Tb M NOPOJAH OKa3HBAIOTCA MEHee CKATHIMH, yeM panbiie. [Ipo-
Joaxawuwuics or6op HedTH H3 MJacTa NPHBOAMT K JAaJbHeHuieMy
pacxoloBaHHIO 3amaca YHPYrod SHEPTHH M, CAeN0BaTeJbHO, K pac-
LIIHPEHHIO BODOHKH JeNpPecCHH BOKPYI CKBaXHHHIL.

C yMeHblIeHHeM NJACTOBOTO [AaBJEHHS OO 3HAUEHHS, MEHblIe-
ro, 4eM JAaBjeHHe HaCHIICHHS, H3 He(TH HauyHeT BBIAEJAATbCA pa-
CTBODEHHBIH B He#l ra3 H peXHM I[JacTa HU3MEHHTCS — ympyrH#
pPEeXHM CMEHHTCS DEXHMOM pAacTBOPEHHOrO rasa HJH TrasoHanop-
HBIM.

TeopHio ynpyroro pexHMa HCNOJB3YIOT [VIaBHEIM 06pasom aJd
pellleHHs CJeAyIOIIHX 3afay Mo paspaboTke HEGDTAHBIX MeCTOPOXK-
JeHuH.

1. Tlpu ompeneneHnH naBjieHHs] Ha 3a60e CKBAXXHHH B pe3yJb-
TaTe ee NMYCKa, OCTAHOBKH PJiM H3MEHEHHs pexHMa 3KCIUIyaTallHH,
a Taxkye [DH HHTepIpeTalHH Pe3yJbTAaTOB HCCJAECNOBAHHS CKBAaXKHH
¢ LeJbIO ONpee/eHHsl NapaMeTpoB MJAACTaA.

Ha ocHOBe TEOpHH YNDPYroro pexxXuma cosfaH Haubojee H3BECT-
Heli B IpaKTHKe DaspaboTKH HedTAHBIX MECTODOXKAEHHH METOZ
ONpelleNIeHHs] MapaMeTPOB IlJacTa MO KPHBHIM  BOCCTAHOBJIEHHS
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Puc. 52. CxeMa CKBaXXHHH TIpH HCCJe-
7 JAOBaHHH METOAOM BOCCTAaHOBJICHHA AaB-
JICHUSA:
2 1 — poaHK noaBbeMHOro ycrpoficrea; 2 —ka-
HaT (ka6eab); 3 — 3amBHXKa; 4 — CKBaxH-
3 Ha; § —- rAyGHHHMA MaHOMeTp; 6 — maacT
L P
T uc. 53. KpHBas BOCCTAHOBJIEHHS 3a-
7 7 | b7 7 OOHHOrO JaBJIEHHS B CKBaXXHHe:

I — ToukH (GaKTHUECKHX H3MepeHHR 3aGOAHO-
ro faBjeHHA IAYGHHHBIM MaHOMETPOM

Fe

7977} L // LL

7777777 T77I3__Y777777T77 77 191‘.

JaBJIeHHsT B OCTAHOBJeHHHX ckBaxHHaX (Meron KBJ). TexHoso-
THYECKH 3TOT METOJ COCTOHT B TOM, YTO HCCJEAyeMYI0 CKBaXHHY
BHayaJie 3KCIIYaTHPYIOT ¢ IOCTOSHHHM AEeGHTOM ¢ 10 AOCTHIKEHHS
IPHTOKAa B CKBaXHHy, OJIH3KOro K YCTaHOBHBIUEMYCSl. 3aTeM Ha
3aboit (puc. 52) omyckaloT rIyGHHHHH MaHOMETp, CIOCOGHHIA pe-
THCTPHPOBATh H3MeHEHHe JaBJleHHsi Ha 3aboe CKBaXKHHH BO Bpe-
MeHH {. B HeKOTOpHIH MOMEHT BPEMCHH, YCJOBHO NpHHHMaeMHIH
3a HayaJbHBIA (f=0), 3aKpHBAIOT HCCNEyeMYI0 CKBaxuHy. Jlas-
JieHHe Ha ee 3a00e p. HaUYHHAaeT pPacTH, BOCCTAHABJHBAasACh JO
YCJIOBHOIO IJIACTOBOTO Py (KOHTYPHOrO), 3a KOTOpPOE NPHHHMAIOT
JaBjieHHe B IJacTe Ha IOAOBMHHOM pAacCTOSSHHH MEXJYy CKBaXH-
Hamu. B Kaxpofi mccieayemofl CKBaxKHHe JaBJIEeHHE MOXET BOC-
CTaHABJKBATbCH OCOGBIM 00pasoM. CHSB KPHBYIO BOCCTAHOBJEHHS
3a60HHOrO fAaBjeHHs Pc=pc(f), ONpeje/ 0T Ha OCHOBe COOTBET-
CTBYIOIIEro pellleHHS 3a4aYd TEOPHH YNPYroro pexHMa NpOHHIae-
MOCTb H Nbe30NPOBOAHOCTL Maacta. Ha puc. 53 mokasana tunuu-
Has (aKTHYecKass KDHBasi BOCCTAHOBJIEHHs 3aGOHHOrO JaBJeHus
B BHJle 3aBHCHMOCTH p.=p.(1gt).

2. Tlpu pacuerax nepepacinpefieJieHusi [aBjleHHss B IjiacTe H
COOTBETCTBEHHO H3MEHEHHs JaBJICHHss Ha 3a060dX OJHHX CKBaXHH,
B pe3yJbraTe IyCKa-OCTAHOBKH HJIH H3MEHEHHS peXHMa paboThl
APYTHX CKBaXXHH, pa3pabaTHBAIONIHX IJIACT.

OTH pacyeTH HCIOJAB3YIOT, B YAaCTHOCTH, [Jsi HHTEpNpeTanuH
JaHHBIX «THAPONPOCYIIHBAKHS» IJACTa, OCYUIECTBAAIONIErocs cJe-
AyiomuM o6pasoM. B MomeHT BpeMeHn =0 HpOH3BOAAT, HANpH-
Mep, nycK B paboty ckB. A ¢ jge6utoM ¢ (puc. 54). Ha 3a6oe
OCT2HOBJIEHHO# CKB. B, B KOTOPYI0 INpeABAPHTEJBHO ONyCKaloT
rJyGHHHBI MaHOMETp, PETHCTPHDPYETCH H3MeHeHHe 3a6OHHOro AaB-
JIEHHS Pes=Pes(l).
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Puc. 54. KpuBas TOHHKe- Fe8
HHS JlaBJeHAS B NpPOCHY-
IIHB2eMOfl CKBaXHHe ook hs

Ha puc. 54 cieBa NOKa3aHH <«BOJHH» MOHHXKEHHS IJ14CTOBOrO
JaBaeHust (pi<<pe<ps), a cnpaBa — THNHYHasi (pakTHYecKas KpH-
Basi TIOHHXKEHHs JAaBJeHHsi B NpocayluuBaemoil cksaxuHze. ITo cko-
POCTH H aMIUIATYJe MOHHMKEHHS JNAaBJEHHS Pez=pcs(f) MONXKHO
OLIEHHTb CpPEIHIO0 NPOHHLAE€MOCTb H NbE30NPOBOJHOCTb ILIACTA
Ha yuactke Mexnay ckB. A u B. Eciu xe B ckB. B He IPOHCXOIHT
H3MEHEHHs! [aBJEHHs, T. €. OHA He NPOCJYLIHBAaeTCs H3 CKB. A, To
CUHTAIOT, YTO MEXJy STHMH CKBaXXHHAMH CYIIeCTByeT HeNpOHH-
naeMblii 6apbep (TEKTOHHYECKHH CIBHI, YI4CTOK 3aJIeraHHA HEMpo-
HHUAeMBIX MOpod H T. A.). YCTAaHOBJEHHe THAPOAHHAMHYECKHX
cBsi3ell MeXJy CKBa>XHHAMHM HMeeT BaxKHOe 3HaueHHe AJs onpene-
JIeHHS] 0XBaTa IJlacTa BO3JEHCTBHEM H PeryJHpOBAHHS €ro paspa-
6OTKH.

3. Ilpu pacuerax H3ME€HEHHs HAaBJEeHHS] Ha HAYaJbHOM KOHTYpE
He(TEHOCHOCTH MECTODOXKAEHHSI HJH CpeAHEB3BeIIeHHOro Io IVIO-
majd HepTEHOCHOCTH IJIAaCTOBOTO JaBJjieHHS TMpPH 3aJaHHOM BO
BpeMeHH IIOCTYNJeHHH BOAH B HE(PTEHOCHYI0O 4acThb H3 3aKOHTYp-
HOH 06J1aCTH MeCTOPOXKICHHS.

Ecnu nedrsanoe mecropoxienHe paspabarhiBaercs 6e3 BO3JeH-
CTBHSI Ha IJJIACT H 3TO MECTOpPOXKAEHHe OKpyxeHOo OOmHpHOH BO-
JOHOCHON 00J1acTbi0 ¢ JOCTATOYHO XOpOIIed NPOHHIAEMOCTbIO MO~
poa B 3To#t o6Jsactd, TO OTGOP He(dTH H3 MECTOPOKAEHHS H IOHH-
XeHHe IJ1aCTOBOrO JABJEHHS B HEM BHI30BYT HHTEHCHBHHIH NPHTOK
BOAB H3 3aKOHTYPHOH B HedTeHoCcHYI0 obJacTb pa3pabaTHBaeMoro
niacra.

Ha puc. 55 nokasana cxeMa He(dTSIHOTO MeCTOPOXKIEHHS C paB-
HOMEPHBIM DPAacHoJIOXKEeHHEM CKBa)KWH, pa3pabathbiBaeMOro Ha ecre-
CTBEHHOM pexHme. B mporecce orf6opa u3 niacra BHayajge HedTH,
a 3areM HedTH ¢ BOJOH IJIACTOBOe JaBJieHHE H3MEHHTCH IO CpaB-
HEHHUIO C HAYaJbHBIM Pxo, KOTOPOE COXPAHHTCS B BOMLOHOCHOH YacTH
Ha HEKOTODOM, NMOCTOSIHHO YBeJHYHBAIOILEMCH YAAJEeHHH OT KOHTY-
pa HedTeHOCHOCTH. B HHXEeH yacTH 3TOro pHCYHKa IIOKasaHa
3M0pa MJAacTOBOro JaBJeHHS BAOJb paspe3a IJacTa 10 JHHHH
AA’. Kak BHAHO H3 3TOH 3:IODH, BGJH3H BHellHero ! W BHYTpPEH-
Hero 2 KOHTYPOB HE(MTEHOCHOCTH IJACTOBOE HAaBJIeHHE PE3KO CHH-
XKaercss B pe3ybTaTe pocta (HAbTPALHOHHOTO CONPOTHBJEHHSA
npu COBMeCTHOH GHAbTpauud HedTH U BOAH, 3aTeM IJIaBHO H3-
MensieTcsl mo nJowand. BOausn mOGHIBAOLIMX CKBAXHH 3, ecTe-
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Puc, 55. Cxema HedtaHoro me-
CTOPOXKAECHHS H H3MEHEHHA IlNa-
CTOBOTIO. HaBJEHHA!:

! — BHEemAHA KOHTYP He(BTEHOCHOCTH:
2 — BHYTPeHHH KOHTYpP HedTeHOCHO-
CTH; 3 — noGhBalomHe CHBAaXKHHH;
4 — nbe3soMeTPHYeCKHe CKBAXKHHH; § —
H3062phl; 6 — YCJOBHHA KOHTYP Hed-
TEHOCHOCTH; 7 — smopa NJaacTOBOro
A2BACHHA BAOJb pa3pesa MEeCTOPOXK-
AEHHA NO JHHHE AA’

CTB€HHO, BO3HHKAIOT BOPOHKH JE€NpEeCCHH H 3a6olHOe MaBJEHHE B
CKBAaXHHaX COCTaBJsgeT p.. IlocTpouB u306apul & (JHHHH PaBHOTO
IJ1aCTOBOTO JaBJI€HHS), MOXKHO ONpeleJHTh CpeAHEB3BEIIEHHOE
IJ1acCTOBOe JaBieHHe p (cM. pHc. 55), KoTopoe B Mpoliecce paspa-
6OTKH MeCTOpPOXJEeHHs Ha €CTeCTBEHHOM pexHMe O6yJeT yMeHb-
waTtbcss co BpemeHeM. Eciy  BO6MM3M  KOHTypa He(dTEHOCHOCTH
uMeloTcs HabJiiofaTre/ibHHeEe (Mbe3OMETPHUeCKHe) CKBaXHHH 4, TO
3aMepsIoT H3MeHEHHe JNaBJICHHS Ha KOHTYPE Pxom B 3THX CKBaXKH-
Hax, IpH 3TOM CYHTAaf, YTO Ibe30METPHYECKHe CKBAXKHHH HAXOASAT-
Csl Ha HEKOTOPOM YCJOBHOM KOHType HedTeHocHocTH 6. Takum
06pa3oM, MOXHO paccMaTp¥BaTh H3MeHeHHe BO BPeMEHH cpejHe-

B3BEUIEHHOr0 MJACTOBOTO JaBJeHH p==p(f{) HIAH KOHTYpPHOIO
Pron=Pkon(?). Ilo oT6GOpy KHAKOCTH H3 HEPTAHOH 3aJE€XKH C KOp-
PEKTHPOBKOH Ha H3MEHEHHe YNpYyroro 3amaca MOXHO ONpPeAeNHTh
H3MEeHeHHe BO BpeMeHH OTOOpa BOAH (s M3 3AKOHTYDHOH 4YacTH
naacra. Janee MoXHO npuGJHXKEHHO moJarath, YTo TemMn or6opa
BOAKl H3 3aKOHTYPHOH 00J1acTH NJiacTa paBeH TeMNy oT6opa KHI-
KOCTH H3 He(dTAHOH 3a/eXH ¢w=¢gx(t). [lycTb, HanmpuMep, Ha Me-
CTOPOXKIEHHH HMMEIOTCA NBbe30METPHUECKHe CKBAaXKHHH H NO TJy-
GHHHBIM 3aMepaM ompejejieHO H3MeHeHHe B HHX JaBJEHHS Pxon=
=Pron(?) 32 HEKOTOPDHH HAa4YaJbHHHA nNepHOA Pa3paboTKH MeCTo-
poXaeHus Af.

dakTHUeCKOE H3MEHEHHE pPron=pxou(?) NOKa3aHO Ha pHC. 56,
a Ha pHC. 57— H3MeHEeHHE (w—(¢x({) 3a HayaJdpHBIA nepHo]
Aty u 3a Becb NepHOX pa3paboTKH MecTOpOXAeHHS. EcTecTBeHHO,
B HaganbHHHA nepHoj Af; pa3paboTku oTOOP XKHIKOCTH H3 MECTO-
POXJeHHH B CBfI3H C ero pa3bypHBaHHEM H BBOJOM B 3KCIJyara-
HMIO CKBaXXHH BO3pacTaer. 3a 3TOT HEPHOA H ONpejeseHo (aKTH-
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Puc. 56. 3aBHCHMOCTb pPxon OT Puc. 57. 3aBHCHMOCTb ¢x OT BpeMe-
BpEMeHH {: HH I:
4 — dbakTHYecKoe (3aMepeHHOe B MNbE3OMeT- 1 — daKTHUECKOe H3MeHEeHHe §, 3a NEPROA

PHYECKHX CKBaXHHAX) KOHTYPHOC NRBICHHE  Af. 2 — poaMONHKE BADHAHTH HIMEHEHHS §
Pion 53 TepHOR Af;; 2 — BO3MOXHBE BapH- npu >t
1

BATH  H3MEHEMHA p,,, TNPH Pa3THIHHX
G (1>1))

yecKoe H3MeHeHHe JaBJEeHHS Ha KOHTYDE pyon. LIpu {>f orT60p
JKHAKOCTH H3 MECTODOXKIEHHA H3MeHsleTCA HHaue, YyeM B HadaJjb-
HBHIfl TEepHOJA: OH cHayaJja cTaGHJIH3HUpYeTcd, a B INO3JHHA NepHO.
pa3paboOTKH CHHKaeTcs.

[TosToMy mnpocTo 3KCTPANOJHPOBATH H3MEHEHHE pyon(f) MO
WMelolleficsi 3aBHCHMOCTH Pyon=Pxon(f) 32 HauaJbHHHA NEPHOA pas-
pa6oTku Af, Henb3s, TaK KakK TeMil OT6OPa XXHIAKOCTH H3MEHHTCS
npu ¢>t,. VaMeHeHHe pxon=pPron(!) NPOTHO3HPYIOT HA OCHOBE pe-
1lIeHHUs1 COOTBETCTBYIOIIHX 34JaU TEOPHH YIPYrOro pexuma.

4, TIpu pacyerax BOCCTAHOBJIEHHSI NaBJEHHA Ha KOHType Hed-
TEHOCHOTo NJacTa B CJyyae Nepexofia Ha pa3paboOTKy MeCTOPOX-
JeHHs ¢ MPHMEHEHWeM 3aBOJHEHMS WJH IIPH pacueTax YTeUKH BOAM
B 3aKOHTYpHyIo 06JacTh IJjacra, ecliu 33JAaHo AaBJeHHe Ha KOH-
Type HeTEHOCHOCTH.

Ecnu HedTAHOEe MecTOpOXKJeHHe B HEKOTODHI MOMEHT BPEeMEHH
HauyHHaeT paspabarbiBaThCsl ¢ IPUMEHEeHHEM 3aKOHTYPHOrO 3aBOJA-
HEeHHs, TO TIPUTOK BOAH B HedTeHACHINEHHYIO YacThb W3 3aKOHTYD-
Holl o6nactu 6yler yMeHbUIAaThCH, NOCKOJBLKY BHITECHEHHe HedTH
M3 IJlacTa OCYIUecTBJIsieTcsl 3aKauuBaemModl B miact Bogo#. C rmo-
BHILIEHHEM HAaBJeHHs Ha JHHHM HAarHETaHHS NPHUTOK BOAH B Hedre-
HaCHILEHHYI0O YacTh MECTOPOXKIEHHS H3 3aKOHTYpHO# o6JacTH
CHaya/ja NMpeKpPaTHTCH, a 3aTeM 3dKauWBaeMasi B IJacT BOojAa Had-
HeT yTeKaTb B 3aKOHTYPHYyIO 06J1acTb.

Ilpu pacuerax yTeukdH BoAbl B 3aKOHTYpHyI0 OO6JacThb MOXKeT
norpe6oBaThCs pellleHHe 3aJaud YNPYroro pexuMa, KOrfa Ha KOH-
Type HarHeTaTeJbHHX CKBakuH (pHc. 58) 3apmaHo [AaBjieHHE Pgon,
a TpebyeTcd ONpeJeNHTb pPacxXo] BOAB, yTeKalomledl B 3aKOHTYp-
Hy1 obJjacTb mJjacra.

5. Ilpu ompejejieHHH BpeMeHH, B TeyeHHe KOTOPOrO B KaKOM-
au6o 3jJeMeHTe CHCTEMBbl pa3paloTKH ¢ BO3AeHCTBHEM Ha IJACT C
TIOMOIIbIO 3aBOJAHEHHS] HACTYNHT YCTAHOBHBUIHHCH PEXKHM,.
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JonmycTuM, YTO MecTOpOXJeHHe
BBeJeHO B 3KCIJIyaTalUHIO C IIpHUMe-
HeHHeM BHYTPHKOHTYPHOrO 3aBOJHe-
HHSI DM OJHOPHAAHOH CcHCTeMe paspa-
Gotku. Ilyctb B KakoH-TO MOMEHT
BpeMeHH ORIJIH OCTaHOBJIEHbl NePBHIA
H BTOPOH pSiAH  HarHeTaTeJIbHBIX
CKBaXHH, a B MOMEHT BpeMeHH =0
HX BHOBL BKJIOYAKOT B 3KCIJyaTa-
LHIO.

Ilpoueccn BhITecHeHH HepTH BO-
IOH INpOMCXOAST OOLIYHO MelJeHHee,
yeM Qpolecc  IepepacnpeleseHust
JlaBJEeHUS] TIPH YOPYroM pexume. tlo-

Puc. 58. Cxema paspaborkr  3TOMY MOXKHO CYMTATbh. 4YTO CHOYCTH

He(DTSHOTO MECTOPOXKAEHHS C HEKOTOpOe BpeMs IOCJe IyCKa HarHe-

TNIPUMEHEHHEM  32KOHTYDHOTO TAaTeJbHHIX PAJNOB B IJacTe MeXAy

JABOLHCHKA: ZOGHLIBAIOIIUM H HarHeTaTeJbHBIM psi-

— BHEMHHA KOHTYP HedTeHOC-

ROCTH; 2 — BHYTPEHHHH KOHTYD JaMH HACTYIIHT Inepuon MeIdJICHHO

Redrenocnocti; 3~ AOGsaolife  wepsiomlerocs pacmpefeNeHHs Aas-

CKBaXHBW; 5—KOMTyp Harme-  JIGHHSl (NpPH TIOCTOSIHCTBE PacXoloB

TaTeJNbHbIX CKBaXHH ']

3aKayuBaeMo#l B IIJIacT BOABL H OT-

GupaeMofi M3 IJacTa JKHAKOCTH),
T. €. YNPYyrHi PEeXHM 3aKOHUYUTCS M CO3[aeTcsl NMOYTH YCTaHOBMB-
umfics peXHM. BpeMs cyliecTBOBaHMs yIPYToro pexuMa TaKxKe
ONpeJie/IsIIOT Ha OCHOBe TEOPHH YNPYroro pexuma. 3ajaia O ne-
pepacnpeneseHdd HaBJeHHS NDUH YINPYrOM peXHUMe B NpPAMOJHUHed-
HOM ILTacTe MeXJy HarHeTateJbHOH H JOOHIBalolleld rajepesMH H
00 onpejesieHHW BDeMeHH HACTYNJEHHs yCTaHOBHBLIEroCs DeXuMa
pewena B ra. I

Ilnst Toro 4ToGH OCYINECTBJATH pacyeTsl MPOLECCOB pa3pabor-
KH HeTAHBIX MECTODOXKAEHHH IDH YIpyroM pexume, HeOOXOAHMO
npexje Bcero NONY4YuTh AuddepeHuanbHOe YPABHEHHe 3TOTO pe-
JHMa, IpH BHBOJAE KOTOPOI'O HCXOAAT H3 YPaBHEHHsA HepasphiB-
HOCTH Macchl (GHJIBTPYIOLIErocss BellecTBa, KOTOpoe INpEICTaBHM B
6oJee paSBepHYTOM, yeMm B 1. 11, BHIe:

P at —{—m —{—dlvpv-_O (I11.1)

IlopucrocTh mJiacta m, Kak GBLJIO OTMEUEHO B TIpeibiayliued raa-
Be, HeJIHHEHHO 3aBHCHT OT CPEJHEro HOPMAaJbHOTO HANpPSXKEeHHUS
o. Onnako B JHanasoHe U3MEHEHHS ¢ OT HOJH eIHHHUbLl g0 10 MIIa
3aBHCHMOCTb MNODPHCTOCTH OT CPenHero HOPMAaJIbHOTO HaNpAXKeHHS
MOXHO CYUHTAThb JHHEeHHOH, a HMEHHO

m=my—pf,(0—0,). (111.2)

3nech Pe.— CKHMaeMOCTb MOPHCTOH cpefH IIacra; Go— Hayaljb-
HOe cpeJiHee HOPMaJIbHOE HalpsKeHHe.
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Hcnonbsyem cBsisb MeXAy TFODHHM J[aBJEHHEM II0 BePTHKaJH
Pr, CPEIHHM HODMAJbHRIM HanpsXeHHeM ¢ H BHYTPHIOPOBHIM
(nnacToBHM) paBsieHueM p, onpepensiemyio dopmynoi (I11.64).

U3 dopmynn (11.64) caepyer, uto npu pr=const

do dp

- = (IT1.3)
YuutnBas (I11.2) u (II1.3), noayuum

om om do do ap

o =0 o = Pear =Pe (IL.4)

IlnoTHOCTE duabTpylolieficas B IJacTe XHAKOCTH B TNEPBOM
NpHOJHXKEHHH JIHHEHHO 3aBHCHT OT JABJEHHA p, T. e,

=00 [1 4By (p—po)], (111.5)

Ta€e P — CXHMAeMOCTb XKHJKOCTH; po-— [UVIOTHOCTb XHAKOCTH NpH
Ha4aJbHOM JaBJIEHHH Po.
U3 (II1.5) umeeMm

w5 = "o — PoPx 5 ‘ (I11.6)

Hcnoabsys sakon Jlapcm W cuutasg NPOHHLAEMOCTb R M Bf3-
KOCTb XKHIKOCTH U He 3aBHCAIIMMH OT KOODAMHATH, HMEEM

divpv = ——S}—divpgrad p. (IIL.7)

Moncrasum (111.4), (I11.6) u (IIL.7) B (III.1). B pesyabrate
NOJYYHM clelyiollee BHPaXKeHHe:

0, 0 k..
0B 57~ moo - == div p grad p. (I1L.8)

YuHTHBag HEe3HAUUTEJBbHYIO CXKHMAeMOCThb MHIKOCTH, B ¢op-
myae (II1.8) MoxHO MOMOXKHUTH P=Zpo. Torga OKOHUATEJNbHO MO~
ayuuM JH¢GdepeHIEaabHOe ypaBHEHHe YINPYroro pexuma B cJe-
ILyIoUleM BHIE:
dp

. k
5 = div grad p; M=-m—;

(I11.9)

31ech % M P— COOTBETCTBEHHO NbE30NPOBOJHOCTb H YIPYroeM-
KocTh mJaacra (mo mpeasoxenuio B. H. Illenkauena).

PeuleHHe ypaBHEHHWs YNPYroro peXHMa M03BOJISET PacCUUTHI-
BaTh H3MeHeHHe [AaBJEHHS BO BPEMEHH B KaXJOH TOYKe MJjacTa.
Opnako mpu rpyOnX OLEHKaxXx BO3MOXHOCTel pa3paboTku Hedrts-
HBIX MECTOPOXKIEHHH NpH yNpPyroM pexXHMe HCNOJb3YIOT NOHATHE
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06 ynpyroM 3amace MECTOPOXKAEHHS, €ro 4acTH HJH 3aKOHTYpHOH
obsacTH. Ynpyrufi 3anac—3TO BO3MOXHOe H3MEHEeHHe I[OPOBOro
ofbeMa mJsiacTa B LieJIOM NIPH H3MCHEHHMH MJACTOBOro JaBJeHHs Ha
3a/laHHOe, NpeJeJibHOe, HCXOAS M3 yCJOBHH pas3spabOTKH H 3KCILIya-
TaLHH MEeCTOPOXKIEeHHs, 3HAYeHWe. YIPYrHH 3amac oO6HIYHO ompe-
JeJsoT no (GopmyJie JHHEAHOro 3aKOHa CXHMAaeMOCTH MJIAcTa

AVs —BAp;  B=Pet-mB (I11.10)

rge AV,-— n3MeHeHHe Nopoeoro ob6weMma, T. e. HEMOCPEACTBEHHO
ynpyrufi 3anac miacra obveMoMm V; AV, u Ap — aGcoslOTHHE Be-
JHYHHEL

IMpumep III.1. PaccMoTpuM npuMep omnpefesieHHst YNPyroro 3amaca HedTsiHo-
ro MectopoxaeHHs. Ilycth HMeeM MeCTOpOXKJAeHHe, NPOAYKTHBHHI MJAacT KOTOPOro
HMeer o6beM V=10° M3=1 kM3 D10 — ROBO/IBHO G60JIbIIOE MECTOPOXKJEHHe, Ha-
npuMep aaudoil 20 kM u wmpHHoft 5 kM. TosmuHa nuacta cocrasiser 10 M. Ipexn-
AOJIOJKHM, YTO HavaJbHOe IJIAaCTOBOe JaBJjeHHe pasuo 16 MIla, a naBseHHe HacH-
wieHHst — 6 MIIa. IIpoayKTHBHHHA NJacT HENOCPEACTBEHHO 3a KOHTYpOM Hedre-
HOCHOCTK BHIKJIHHHBAeTCsl, 3aMellasich NMPAKTHYECKH HENDOHHIIaeMHMH TOpPOJaMH.
TlosToMy B HedTEeHOCHYIO 4aCTb MeCTOPOXKAEHHS H3 ero 3aKOHTypHoll obnactH mo-
CTYNaeT He3HAUHTEJIbHOE KOJHYECTBO BOAH. MOXKHO pAaCCUHTHBAaTh TOJBKO Ha
ynpyru#i 3anac He)TeHOCHOM YacCTH MeCTOPOXKJAeHHs. BONpoc cTaBuTCS CJeAYIOUIHM
006pa3oM: CKOJILKO MOXHO JOOBITb JKHAKOCTH H3 NJ1acTa NPH CHHJKEHHH IJIacTOBOrO
nNaBjenHs Ap Ha 10 MIla oT HayasJpHOrO MJACTOBOrO A0 JAaBJEHHs HACHILEHHsS?

Jnst oTBeTa Ha 3TOT BONPOC HEOOXOAHMO ONpeNesHTL YNPYrHH 3anmac HedTsi-
HOTO MECTODOXJEHHS C yYeTOM YKaszanHHX ero ocobennocredi. [Ilyere f=
=10-4 I/Mla.

Toraa, coraacuo (I11.10)

AV, = VBAp = 10°-10-4.10 = 108 M3,

TakuM 06pa3oM, MOXHO CKa3aTh, UTO NIPH CHHJKEHHH IJACTOBOrO XABJeEHHS Ha
10 MIla ynpyrufi 3amac MeCTODOXKIEHHS cocTaBaseT 1 MJH. M3,

§ 2. TPOTHO3HPOBAHHUE U3SMEHEHHS NABJIEHHS HA KOHTYPE
HE®TSAHOTO MECTOPO)KJIEHHS NTPH YIIPYTOM PE)XHME
B 3AKOHTYPHOH OBJIACTH ITACTA

Insi pa3spaboTKH MeCTOPOXKAEHHS BaXHO 3HATh H3MeHeHHe
NaBjleHHsl BO BPEMEHH Ha YCJOBHOM KOHTYpe He()TEHOCHOCTH Mec-
TOPOX/JEHHS Prow=pProu({) HJIH CDEIHEB3BELIEHHOr0 MO MJIONIANH
Be@Isigoil 3aneXu MaacToBoro JAasJjieHHs p. OHo mO3BOJIAET mpo-
THO3HPOBATb TNEPeBOA OTHAEJbHBIX TPYNN CKBaXHH ¢ (POHTAHHOrO
Ha MEeXaHH3HPOBAHHHEe CINOCOOH 3KCIVIyaTalMH, a Takxe oOmpeje-
JISITh BpeM#, KOTjJa IJ1acTOBOe [JaBJeHHe CHH3HTCA A0 JAaBJeHHS
HacCHIIeHHs1, HAYHeTCsl Pa3rasHpoBaHWe HeTH B IJacTe W BO3HHK-
HEeT peXHM DacCTBOPDEHHOTO rasa, a 3aTeM — Fa30HANOPHHIA.

pOrHO3HpOBaHHe BpeMeHH MEDEXOAa MEeCTOPOXKAEHHS C Ympy-
roro pexHMa HAa peXHMBl 'PACTBOPDEHHOIO Ta3a M ra3OHaMopHEL
ocob6eHHO HeO0O6XOAMMO NPH pa3paboTKe MECTOPOKIAEHHH, TAe TaKoH
nepexol Ao0NycKaTb KpailHe HexeJaTeJbHO. Tax, HaIOpuMep, Ha
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Puc. 59. CxeMa pasbHenHs nJomand
HeTAHOTO MeCTOPOXKAEHHS H ero 3a-
KOHTYPHOH BOJOHOCHOH 06sacTH Ha
sAueHKH:

! — KOHTYD BHIKIHHHBaHHS BOAOHOCHOA o6ja-

Puc. 60. CxeMa HedTsIHOrO MECTOPOXK-
JleHHs1 KPyroBofl GOpMH B IlJaHe:

1 — ycnosHmi#t KOHTYP HedTeHOCHOCTH; 2—
annpoKCHManHa KOATypa HePTEHOCHOCTH OK-
PYKHOCTBIO pasHycoM R

CTH MECTOPOXAEHHA; 2 — dyeilka nAOIIAAbIY
AxAy; 3 — ycnoBHLI KOHTYDP HedTEHOCHOCTH;
4 — annpOKCHMAaUHs KOHTYpa HEePTEHOCHOCTH

MEeCTOPOXJEHHAX ¢ BHICOKHM COJepxaHHeM mnapaduHa B HeDTH
(Buime 15—20%) pasrasupoBaHHe mJacToBOH HedTH NPHBEAET K
CYIIECTBEHHOMY HM3MeHEeHHI0 ee (DAa30BOro COCTOSIHMA H BHIAEJEHHIO
napa¢uHa B BuJe TBepHoill ¢asun (4TO, B CBOIO Ouepelb, MOBJEYET
3a co6oH NOBLIIIEHHEe BA3KOCTH He(®TH H MNOSABJEHHe Y Hee HEHbIO-
TOHOBCKHX CBOHCTB), OCaXJAEHMIO TBEPAOro InapadpmHa B IOPHCTOH
cpefle IJlacTa H B KOHEUHOM cyUeTe K yMEHBIICHHIO He(TeOoTAauH.

Hakonen, ussecTHo, uTo BO3JeficTBHe Ha paspabaThiBaeMble
TJIaCTHl MyTeM 3aBOJHEHHsA HJW JAPYTHX METOJO0B MO pALY HPHYHH
0o0bYHO HAauHHaeTCs He B MCMEHT BBOJAa MECTODOXKJEHMS B paspa-
60TKy, a cnycTs HeKoTopoe BpeMs («3anasgniBaers). Baxwuo
3HaTb, B TeueHHe KAKOrO BpeMeHH JONYCTUMO pas3pabaTnBatb Hed-
TSHOe MEeCTOpOXKJAeHHe 6e3 BO3AeHCTBHA Ha [JAacT OPH YIPYroM
pexHMe, He JOBOJs A0 BO3HHKHOBEHHS DEXHMOB DacTBOPEHHOIO
rasa ¥ ra3oHamnopHOro.

Pacyer u3MeHeHHS BO BPEMEHH CPeJHEeB3BEIIEHHOTO NJacTOBOTO
UJH KOHTYDHOI'O JaBJIEHWS] NPH TE€OMETPHUYECKH -CJO0XKHON KOHpHry-
panHu KOHTypa He(TEHOCHOCTH C Yy4eTOM peaJsibHOro pacrnoJjoxe-
HHSl CKBaXHH Ha MeCTOPOXJAEHHH BO3MOXEH TOJbKO ¢ HCNOJb30-
BaHMEM YHCJEHHHX MeTofoB M DBM uiuM aHanoroBelx ycTpOHCTB.

Ecan, Hanpumep, u3BecTeH KOHTYD BHIKJIHHHBAHHsI 3aKOHTYp-
HOH BOJOHOCHOH 4YacTH MecTopoxaeHHs (puc. 59), To BCIO BO-
JIOHOCHYIO 06JacTh MOXHO Pas3bUTb Ha HEKOTOpOe 4HCJO0 fYeek ¢
pasmepaMu cTopoH Ax u Ay. Ilepepacnpenenenne pnapjeHus 3a
KOHTYPOM MECTODOXK/JEHHS, eCTeCTBEHHO, CHJbHO 3aBHCHT OT Ia-
paMeTpoB B ero 3aKOHTYPHOH 4acTH, KOTOpPHeEe OOHYHO OHIBAIOT
He/JOCTATOYHO TOYHO Hu3BecTHH. OOLYHO A/ TPOTHO3HPOBAHHS
H3MeHeHHsl JaBJeHH Ha KOHType MECTOPOXKAEHHS alalTHPYIOT
pacueTHOe H3MeHeHHe JaBJjieHHS] K (DAKTHUECKOMY, 3aMEPEHHOMY
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B HayaJbHHH Nepuoj paspaborTku Mecropoxienus. [losaTomy npn
pacueTax, BHAHMO, He CJENyeT CTPEMHTbCA K MEJbYEHHIO fUeeK B
3aKOHTYDHOH 06/1aCTH NJ1acTa, Tak Kak 3HaHWe NapaMeTpoB B 3TOH
obnacTu sBJAsieTCss He TOYHHIM W INIPOTHO3HPOBaHHe JAaBJEHHS Ha
KOHType OyaeT HaBaTh YJAOBJETBOPHTENbHHE Pe3yJbTaTH TOMBKO
nocjie ajanTalliy PacyeTHOr0 H3MeHEHHS K (aKTHUECKOMY.

B cayuae koHHrypalud MecTODOXKICHHSA, GJH3KOH K KPYroBOH,
MOXHO AOCTAaTOYHO TOYHO HPOTHO3HPOBATH H3MEHEHHE KOHTYDHOrO
[aBJleHHs] aHAJHTHYECKH Ha OCHOBe pelleHHs 3ajayH yOpyroro
pexHMa O NPHTOKe BOABI H3 3aKOHTYpPHOH o6sacT miacra K Hed-
TAHOH 3ajlexH, HMeolledl B mnJjaHe ¢opMy Kpyra paiauycom R
(puc. 60). Caenyer OTMETHTE, YTO XapaKTep TeUeHHs BOAH K Hed-
TAHBIM 3aJleXXaM B 3aKOHTYPHBIX 00J1acTX BO MHOTHX CJydasx
JefCTBHTeNbHO OJIH30K K pajHaJbHOMY, NPOHUCXOASLIEMY KakK Obl
B 3aJIeXKH KPYroBoH (OpMH B IJaHe.

Hrak, nycts Mecropoxaenne (cM. puc. 60) paspabaTbiBaercs
Ha €CTECTBEHHOM peXHMe H, BCJeACTBHE CPaBHHTEJbHO HE3HaYH-
TeJILHOro YHOPYroro 3amaca SHeprud B HedTAHOH 3aJexH, OygeM
CUMTaTb KOJHYECTBO OTOMpaeMOH XHIAKOCTH M3 MECTOPOXJAEHHS
gx(t) paBHEIM KOJHYECTBY NOCTynamouled Boan K HedTAHOH 3a-
JIeXH H3 3aKOHTYPHOH 00JacTH miacta ¢se(t), T. €. gw(t) = gsa(f).

ITpu paspaborke HePTAHBIX MECTOPOXKJAEHHA AOOHIYA KHIKOCTH
qw(t) u3MeHsieTcss OOBIYHO TaK, KaK 3TO IIOKa3aHO Ha pHc. 57.
HAas pacuera pwon(f) OymeM cuHTaTh 3aKOHTYDHYIO 06JacTbh He-
orpanHueHHol (R<{r<Coo). PagmanbHasi GHABTpaLus BOAH B 3TOMH
obJacTH onuchBaerca AHGOEPEHUHUANBHEM YPaBHEHHEM YIPYroro
pexuma (II1.9), koropoe B paccMaTpHBaeMoM clyyae MPHHHMAET
CJAeAYIOIHA BHA:

% 1 dp ap
(a,er (,,)=7, (I1.11)

rae p(r,{) — RaBneHHe B TOuKe A ¢ KOODJAHHATOA r B 3aKOHTYPHO#H
obaactu niaacra (cMm. puc. 60).

PaccMoTpuM BHayasle HECKOJIbKO YNPOIIEHHYIO0 3aAady YNpyro-
ro pexuma, AJs KOTOPOH hauyaJbHO€ ¥ TPaHHYHOE YCJIOBHS 3alH-
CHIBAIOTCA CJeAYIOIHM 06pa3oM: p=poo npu =0, R<r< oo:

kh

gu=—2n (r —_)r=R = const. (I11.12)

Pemenne sTofi 3ajayn NOJNYYalOT ¢ HCUOJAb30BaHHEM Ipeobpa-
30BaHHs ZaBJeHus p(r,t) mo Jlamnacy

p(r,s)= S p(r, f) e=stdt, (I11.13)
0

rne p(r,s)—npeo6pasoBaHEOe JaBjeHHE, §— IapaMeTp TNpeos-
pPa30BaHHA.
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F(17) Puc. 61. 3asucumocts f(1, 1) or
3t o lg(1+7):
1 — ToyHoe 3naueHHe GyHKREHE f(I, T) noO
Ban JpepauHredHy H XepcTy; 2 — annpokcH-
Mmanusa ¢yHKuHH dopmynont (I11.15)

Puc. 62. 3aBucHMOCTD §s5(A) OT A

938
g 70
& J
s AT
$ o
12y f |
! l |
Aisﬂa l !
. 1 -
: 0 A A A A

0 1 lg(ﬁt’)

B obumem BHze 310 peileHHe nmo Ban Osepaunreny u Xepcty
HMeeT CJeAYIOUHA BHA:

Pao—p (P, V) =42 [ (0, T);

(I11.14)

2 T — e ) [, () Yo (up)— Ya (8) Ty (up)] du
Fe, T)—TS P+ Y@ ‘
0

p=r/R, =xt/R2.

3aech Jo(up), Ji(w), Yo(up), Yi(u) — dyHkunu Beccens.
®yukuusa f(p,r) Onaa paccyntaHa Baum Ssepaunrenom u Xep-

CTOM.

Jna pacuera H3MeHeHHs BO BPEMEHM MAaBJEHHA Pxou(f) HEOO-
XOIHMO HCHNOJbL30BaTh 3HAYEHHS 3TOH (PYHKUMH 1npu p=r/R=1
(puc. 61).

OxkasaJjiock, aro 3aBucuMoctb f(1,t) ot lg(l4t) MoxHO ¢ He-
06X0AMMOH TOYHOCTBIO aNNpPOKCHMHPOBAThH CJERyIOUIEH A0CTAaTOY-
HO npocToil GOopMyJIOH:

F(1,7)="0,5[1—e=5718 4+9) 41,12 Ig (14-7)
HJIH
F(1,%)=0,5[1—(14-7)"] 0,487 In (1 4-7). (I11.15)

Takum ob6paszom, ajs qm=const RABJICHHE pyon(f) MOXKHO pac-
cudtatbh mno (GopmyJse, BHTeKaloomeHd u3 Bupaxenud (II1.14) u
(I11.15):

q;5p}t
Pros () = Poo— 2 f(l’ﬂ- (II.16)
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Onnako N0o6HYa KHAKOCTH B Ipouecce PaspaboTKH MECTOPOX-
JeHHsl, ecTeCTBEHHO, He OCTaeTcs HeM3MeHHOH BO BDEMEHH.

PaccuutaTth H3MeHeHHe Pyon(f) NpH NEPEMEHHOM BO BPEMEHH
Gss=(@3:(%) MOXHO ¢ moMombio HHTerpana ioameds.

Ias nonyuenuss storo HHTerpasa OyAeM pacCMaTpPHBATb §sp=
=@s:(T) H CUHTATh, YTO §sz U3MEHSETCH CO BPeMeHeM He Heipe-
PHIBHO, a CTyIeHYaTo, NpHYeM KaxKjaas cTyneHbKa Ag;y; HauHHaer-
csl B MoMeHT BpeMeHH A;. HMcnosb3yem nBa BpeMeHH: T, HCUHCJse-
Moe ¢ Hayaja DPa3pabOTKH MECTODOXKJIEHHH, H A C OTJCJbHHIMH
MOMEHTAMH BPEeMEHH Ai, COOTBETCTBYIOIIHMH CTYNEeHbKaMH Afsp;i=
=const.

Takum ofpa3oM, He6HT KHUAKOCTH Gsx OYJeT 3aBHCETb Tenepb
yKe He OT T, a OT A; HJIH npocTo oT A (pHc. 62).

B coorserctBun ¢ thopmysoir (II1.16), H3JOXKEHHHMH coo6pa-
JKeHHAMHM H PHC. 62 MOXHO HamucaTh CJelylolllee BhIpaXKeHue:

9ap

Pron (T) =p°°_—2£k_h 2 [Aqanof(lv T)_i_
0

FAgoif (1, T—A) +AG5of (1, T—25) - - -] =

=P — 5o ; Agyif (1, T—Ay). (111.17)

PasnesuM # yMHOXHM BHIpaXKeHHe, CTOflllee B MNPaBOH YacTH
(I1I1.17) nom 3HakoM CYMMH, Ha AMA. B pesyibrate moJydHM

Pron() =P— 5hi 2 e F(1,T—1) A, (IIL.18)

IMepefinem B (II1.18) & npemeny, monaras AA—>0. Torza Ans
Jw6oro A (HHIEKC { MOXKHO OIYCTHTb) HMeeM

Agsp
Pron(T) = Pee— 5t 2 : Floeh) A=

aBB
=pm_2§kh§ e £ (1, v —A)dA. (I11.19)

0

Hurerpaa (I111.19) u ects unrerpan Hioamens.

IIpn paspaGoTke HeQTAHHIX MECTOPOXAEHHH OTOOp KHIKOCTH
H3 IVlacTa H3MeHsAeTcsi BO BpeMeHH OOLIIHO TaKHM 00pa3oM, uTo
BHayajle oH Hapacraer B CBA3H ¢ pa3bypHBaHHEM MeCTODOXJEHHUS
H yBeJHUEHHEM YHCJa 3KCIJIyaTHPYeMHX AOOHBAIOIHX CKBaXHH,
a 3areM cralHJIH3HpyeTci Ha 3HAUMTEJbHOe BpEeMs H JHIIb B
KOHILle CpOKa pa3paboTKH CHHXKaeTCs.

OnfHako €cJH YYHTHBATb, YTO NPHTOK BOJW INPOHCXOIHMT u3
BaKOHTYpHOH OO6JacTH mJacTa, TO CHHIXKEHHe MOCTYNawllero ee
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ofbeMa MoKeT HauaTbCsl paHblie, yeM NPOH30fAeT oblllee yMeHb-
weHHe oT6opa XHAKOCTH H3 MECTOPOXKJEeHHS B KOHIle PaspaboTKH.
JTO NPOHCXOAHT B CBfAA3H C MEpPeX0oJ0M Ha 3aKOHTYPDHOE 3aBOJHE-
HHe Myacta, Korja dacth oTOHpaeMod KHAKOCTH OyAeT KOMIeEHCH-
poBaHa 3aKayHBaeMOH B IJIACT BOXOH.

YuuTHIBas CKa3aHHOE, CXeMaTH3HpyeM H3MeHEHHe TeKyllero
or6opa BOAH H3 3aKOHTYDHOH 06JacTH mjacra BO BpeMeHH B 06-
eM caydae caelyloliHM o6pasoM:

1) g,=ch mpn 0 <A< Ay =1y
2) Gy =G =const mpu A, < A <A, =1%

* ’
(111.20)
3) Gos=Gopr—h TPH Ay SA Ay =T,y

4) 05 =qypz = const mpu A> }"**-

TIpu sTOM BpeMmsi A.=T, COOTBETCTBYET HavyaJy 3aKauku B 3a-
KOHTYPHYI0 00s1acThb BOAHL. B MoOMeHT BpeMeHH A;=T; MeCTOPOXK-
JleHHe OKa3blBaeTCs MNOJHOCTbIO pa3bypenHBIM u OT60p BOAHI H3
34aKOHTYpHO#i 006JacTH crabuausnpyercd. B MoMeHT t=7t. Hauu-
HalOT BBOAMTh B SKCILIyaTaNHI0 HarHeTaTesbHbE CKBaXHHL B
3aKOHTYPHOH 006J1acTH H NPHTOK M3 Hee BOJAH, 3aTpauHBaeMoH Ha
KOMNEeHcallulo OTOHpaeMOH XKHAKOCTH H3 He(TEHOCHOH yacTH Me-
CTOpOXJAeHus, yMeHbluaeTcs. IIpu 3TOM TekyliH# OTOOD XHUAKOCTH,
OCTAlOUIMACS HEH3MEHHBIM, YaCTHYHO KOMIICHCHDYeTCS 3aKauykoi
BOJH B IVIACT H €€ NPHTOKOM M3 3aKOHTypHo#l obsacth. Texkyinas
3aKauKa BOJHI B 3aKOHTYDHYIO 06J1acTh jlacTa MOKeT OHBITb TakKoBa,
UTO OHA He TOJNBKO KOMIIEHCHpPYyeT AOOBIYY XKHAKOCTH H3 HePTAHOTrO
MeCTOPOXJEHHSl, HO H NPHBEJET B KOHIle KOHHOB K POCTY AaBJe-
HHA Ha KOHType He(®TSHOTO MECTOPOXKJAEHHA IO CPABHEHHIO C Hep-
BOHaYaJbHHIM. B MOMEHT BDPeMeHH T=Ts« BHITECHeHHe HedTH OCY-
LiecTBJsieTC MOJHOCTbIO 3aKaYHBAEMOH 3a KOHTYpP BOZOH, IpHUEM
4acTh €€ YXOJUT B 3aKOHTYPHYIO 06JacTb.

PaccMoTpuM BHauaJle H3MeHeHHS KOHTYPHOI'O AABJEHHS Pyxon =
=Proa(R, T) B IePBOM H3 YKa3aHHHIX CJyuaesB, T. €. IpH O0<CA<TAq.
N3 (111.20) nmeeM

0gap o
- == const.

Torna
T

Pron (1) = Peo— = | F (1,7 —1) dA—
0

1
=0 — 2:n:kh ( {0 b [ T (AR ]+
0

40,487 In [1—}—(1—).)]} d\ =



= Poc — 2 kh {0 51— 0 Sj [——l FE—NF 81+

- 0,487 ‘ 1n[1+(r_x)1dx}=pw b J (¥);
;

1
J (7) =0,51.‘—0,178[ 1— m]'l‘

+0,487 [(1+47) In (14-7) —7]. (IIL.21y

YToO6n NOJNYYHTb H3MEHEHHE Pron=Pxon(T) NpPH AZ=A;, He0O-
xoauMo u3 copmyan (I11.21) BeIYECTH Pron=pPxos(T) TNPH T>Ti,
COOTBETCTBYIOIlEE q“=ax. B pesyanaTe MOJIYYHM TPH T>T)

Pxon (T) =Poo— [ onkh J (T) 2ﬂkh J (T Tl)] =

=Po— 2 kh [J(v)—J (v—T1p)]. (I11.22)
B TperbeMm cJyuae, T. €. NIPH T>>Te, H3 BHPAXEHHSA WIS Pron=
=pxor(t) Mo Gopmynae (II1.22) neo6xomMMO BHUYECTb pEIIEHHE,

COOTBETCTBYIOLlEe H3MEHEHHIO sz B TperbeM cayyae (II1.20).
HMeem

Pror (F) = Pao— g [/ () —J (t—Ty)]— 52— J (v—7,).  (LL.23)
B uerBepTOM c.nyqae IPH A>Ty TOJNYUHM
Pxon (T) = Po— 2J1:kh [J (T) J(T_Tl)]—

— e [ r—T)—J f—7,)). (111.24)

PaccMaTpuBaeMasi 3ajiaya MOXeT CTaBHTbCS M HHEIM 00pasoM.
3agalor JaBJeHHE pPxon(h) U ONDPERENIAIOT §sp=(sa(T).

IMpuMeHeHHe COBpeMEHHHX MAaTEMAaTHYECKHX METOAOB H BBIYHC-
JHUTEJbHEIX CPENCTB IMO3BOJISET y4yecTb H3MEHEHHe NapaMeTpoB B
3aKOHTypHOH 00J1acTH, ee OMPAaHHYEHHOCTb H JpPYTHe OCJOXHAI-
e (aKkTOpH.

BMecTe ¢ TeM He Bcerja MOXHO HCIOJb30BaTh CJOXKHEIE MaTe-
MATHUECKHE METOJAL H BHIYHCJHTEJbHYIO TEXHHKY. B cHTyaumsx,
TpebyloIuX NOJyueHHst OBICTPOro OTBeTa, NpPHMEHSIOT MpOCTHE,
HO HECKOJbKO MeHee TOUHHE DacyeTHHe CXeMH. Tak, [Js IpH-
6JIMKEHHOT0 NPOTHO3MPOBAHUSI M3MEHEHHs AABJCHHS Dxon™ Pron(l)
MOXHO CYHTaTb, YTO MECTODOXJEHHe BBOJAHTCA B pa3paGoTKy B
MoMmeHT BpeMeHH {=0 c HEKOTODHIM MOCTOSIHHBIM JeOHTOM §x.
Ilycts BsaskocTb HedTH 6JH3KAa K BS3KOCTH BOJABI, IPOHHIAEMOCTh
¥ TOJIIMHA IJ1acTa B ero HeTeHACHIIEHHOH YacTH H 3a NMpeAesioM
YC/IOBHOTO, cpefHero KOHTypa HedTeHOocHOCTH (pHc. 63) oAgHHaKo-
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4 1
b
Wi o Vi
_a/v 0] a’ x

Puc. 63. CxeMa HedTSIHOrO MECTODOIK/JAEHHS C TPeMsl TOUGUHEIMH CTOKAMH:
] — ycaoBHBI KOHTYP He(TeHOCHOCTH

BH. 3a KOHTYDHOE [aBJeHHE Pron(f) OyleM YCJIOBHO NPHHHMATh
IaBjieHHe B TOuKe A, pacno/ioXeHHOH Ha paccTosiHHH B oT ocu x.
Jns npubiuKeHHOro pacuera H3MEHEHHS BO BPEMEHH [aBJCHHA
Pxon(f) TNPHMEHHM cJeAyIOIMH mpueM: GyIeM CYHTATh, 4TO OTOOP
JKHAKOCTH H3 BCeX CKBaXKHH He(dTAHOTO MECTODOXKIEHHS (i 3aMe-
HAeTCH OTGOPOM H3 Tpex, NATH WJIH JAPYroro HYHCIA 72 TOUCUHBIX
CTOKOB ¢ Ae6HUTOM ¢; TaK 4TO

=D 9 ' (111.25)

[lycTs, HanmpuMep, cornacHo puc. 63
95 =G0+ 911G (111.26)

Toueunbli CTOK Go pacnojioxeH B HayaJje KOODAHHAT, a CTOKH 4
H g; — CJi€Ba H CIIPaBa OT HETO Ha PACCTOSHHAX COOTBETCTBEHHO —
a u a. Torna, ucnosnb3ysl cOOTBETCTBYOIYIO dopmyay ra. 11, moay-
yaeM BHIDaXKeHHe MAJI NPHOJHIKEHHOI'O ONIpEeAeseHHs H3MEHEHHsS
JaBJeHHA BO BpeMeHH B J000H TOUKe MJacTa Ha pPacCTOSHHH

r=Y¥x%?+y? or Hauasa KOOPAHHAT:
. 2
Ap (6 =pe—p (O)= — gt Bi (g | —

G [ __(—ar+ 4t Bt p | __(xtaPt g0
— “tnh E‘[ and ]“‘T:fThE‘[_—m—]' (I1.27)

Uz (I11.27) umeem dopmyay puaa onpeneseHHS H3MEHEHHS
naBjeHus B Touke A (cM. pHc. 63).

. b2
Apyon (f) = Poo— Pron () = — 4qrtz)zh Ei (_W)_
(@ +9) P a? 46
—tata E‘(—T) (111.28)

PaCCMOTpHM [IpHMEpH pacyeTa KOHTYPHOro JaBJIEHHS.
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20 Prows M

)i i3 1 1 1

i 1 2 J 4 taods

Puc. 64. 3aBHcuMOCT RaBAeHus
Ha KOHTYPe MEeCTOPOMKACHHS Prox
OT BPeMeHH {

Ilpumep 1112, TayGoxosaneraomee
He6oJMblIIOE IO pa3MepaM He(TSIHOe MECTOPOIK-
JleAre, KOHTYp He(TEHOCHOCTH KOTOpOro HMe-
er dopMy, 6aH3KY©O K c¢dopMe Kpyra (cM.
puc. 60), OKpYyXeHO OGIIHDHOH BOJOHOCHOR
06s1aCTb0, KOTODYI0 MOXHO CYHTATh MPOCTH-
patoweiica 10 6eckoneunoctn. HayanabHoe nia-
CTOBOE J2aBJeHHEe B He(TAHOM 3aNexH, Kak H
Ha ero KOHType, npu r=R=3-10% m cocras-
JAN0 Peo=20 MIla. Iponunaemocts naacra
B 3aKOMTYPHO BOJOHOCHOR o6JacTH k==
=0,1 MKM2?, Bs3kocTb, Boan u=10-2 Ila-c,
ynpyroeMkocTs miacra f=10-? 1/la, Tonuu-
Ha BOAOHOCHOTO miaacra h==10 M.

KosuuecTBo BOAH, mocrynaiouleil H3 3a-
KOHTYDHOH YacTH MeCTOPOXJeHHS B ero Hed-
TEHACHILIEHHYI0 YacTb, OnpeaesuM no Gopmy-
ae (I11.20). Tlpu stom T1=2 rona, t===4 ro-
na, ai=a=0,1368 m3/cyT.

HaiineM n3MeHeHHe KOHTYDPHOro RaBJCHHS
B TeYeHHE NEePBHX MATH JeT pa3paboTkH Me-
CTOPOXAEHHUS.

Onpene.rmM npexJe BCEro nbe3oNpOBOAHOCTb X BOALOHOCHOIO IJjacra. Hmeem

% r10-13

*=pp = Tos. 10 = 107 wie.

ITo dpopmyane (111.14)
%t 10-1¢

=g =gqoe =0, 1111-107 #==0,96.10-37,

rae f —B CyT.

BruncnHM He pror, 3 APxon(T) =Ppo—Pron (). TIpH f=2 roga=730 cyr Hmeem

©=0,96-10-3.730=0,708.
Mo dopmyae (111.21)

- o
Bpxon (3= g/ (1 gy =2,182.107;

J (¥)=0,5.0,7008—0, 178 [1 —

1
(15 0,700815,81 ]"‘

+ 0,487 [(1 - 0,7008) In 1,7008 — 0,7008] = 0,311;
Apyon = 2,182-107-0,311 = 6,78 MITa.

IIpn =3 ronma Apwos(T) caemyer BuuHcAAT> Mo dopmyne (I11.22). Hmeem

T==0,96-10~2.1095 = 1,051;
ap

1, = 0,7008;

Apyon (1) = Onkh () —J(—m1));

1

J(‘F)=0,5-l,051—0,l78 (1_2,0—51218-?)-*_
-+ 0,487(2,05! In 2,051 — 1,051) = 0,5768;

1

J (1,051 —0,7008) = 0,5.0,3502 — 0,178 (1 _—I-_3_5—0—2—’T) +

+ 0,487 (1,3502In 1,3502— 0,3502) = 0, 1006.
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Torpa
Apyon (1) = 2,182.107 (0,5768 — 0,1006) = 10,4 MITa.

Uepes 4 roga=1460 cyt HmeeM

©=0,96-10-3.1460 = 1,402; 7, = 0,7008;
T —1,=0,7012;
J (1,402) =0,8805; J(0,7012) =0,3113;

Apyon (1) = 2,182-107 (0,8805— 0,3113) = 12,4 MITa.

M nakovel, yepes 5 ser=1825 cyr BHuHCaneM Apxou(t) no dopmyse (I11.23).
ViMeenm

©=0,96-10-3.1825 = 1,752; T, =1,402;
T— 1, = 1,0512; T— 1, =0,35;
J(1,752)=1,212; J(1,0512) =0,577;

J (0,35) = 0, 1005;
Apxon (¥) =2,182.107 (1,212 — 0,577 — 0,1005) = 11,7 MITa.

Takum 06pasoM, mocje CTPEMHTEJNLHOIO pocTa TeMna 0T60pa Apyes(T) Hayaso
yBeqHunBatbed. Ha puc. 64 nokasana ‘3aBHCHMOCTb Apxos OT BpeMeHH f.
[Ipumep IIL.3. PaccMoTpum H3MeHeHHe IIJIACTOBOTO JaBJieHHs B HabJoaa-
Te/lbHOR CkBaXHHe B (cM. pHc. 54) cmycra 1 roa mocae mycka Re(TsHOH CkBa-
XKHHH A ¢ 1e6utoM g, B MOMeHT BpeMend f=0. [le6HT ckBaXHHH ¢a= 100 M3/cyT=
=1,16-10-3 m3/c. Ilponnnaemocts mnnacra k=0,1 MkM?; Bsi3kOCTb HedTH =
=10-28 [la-c, Tonmura maacra A=10 M; ynpyroemkocts B=10-1° 1/[1a. Ilnact
cyHTaeM HeorpaHHueHHHM. CKB. A HaXOAHTCs Ha paccTosiHHM R=10° M ot ckB. B.
HaMenenHe naBiieHHs B CKB. B B JaHHOM cJyuae MOXHO ONpeAensiTh no ¢op-
Myae (I1.132), cunrasg ckB. A ToueynnM crokoM. OnpefesuM BHauaJje BeNHUHHY
R2
2=t

Hmeem )
k 10-18

Ipu t=1ron=0,315-108 ¢
108 i
2= 710,305 100 ~ 0,8-107%
IIpr 2« 1 u3 popmyan (11.132) uMeem
—Ei (—2) ~ —0,5772—Inz.
Toraa u3 (I1.132) moayyaem

qak ...
App=po —PB="— Y Ei(—2)=
_ qan ___qap 4t qap 2,25x¢
= Akh (—9,5772 —Inz) = Ankh In T.781RT = Ankh In R

Ioacraeass B NpHBEAEHHYIO (pOpMyJIy YHCJIOBHE 3HAYEHHA BXOJSMIHX B Hee
BEJIHYHH, NIOJyYaeM

A Ls16-10810 2,25.1.0,315. 108
PE=7.3,14.10-15.10 1 108 =0,3% Mll.
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Paccmorpennnit B npumepe II1.3 cnoco6 BeiuMcieHHs H3MeHes
HHUS IUIACTOBOTO JaBJieHHsl B HAO0J10JaTesIbHOM CKBaXKHHe B pe-
3yJbraTe nycka He(dTAHOH HCIOJAL3YIOT AJs HaX0XIEHHS JaBje-
HHS TNpH THAPONPOCHAYIIHBAaHHM IIacTa, a Takxe JJIs NpubJiu-
JKEHHOH OlleHKH H3MEHEHHSI KOHTYPHOTO [aBJIEHHS, €CJH Bce J0-
OblBalOLlHe CKBa)KHHHl 3aJIeXKH 3aMEHHTb OJHOH LEHTPaJbHOH 10-
6niBaltollell CKBaXXHHOH.

§ 3. PABPABOTKA MECTOPO)XAEHHH NNPH PE)KHUMAX
PACTBOPEHHOTO TA3A H TASOHANIOPHOM

IIpn ymeHblUeHHH AaBJeHHs HHXKe JaBJIEHHs HacbILEHHs B pas-
pabaThiBaeMOM IJIacTe pPasBHBAETCS PEXHM DPacTBOPEHHOro rasa.
Korja HaCHIIEHHOCTh IOPOBOTO NMPOCTPAHCTBA CBOOOJHBIM Ta30M,
BHIAEJMBIIMMCA K3 HedTH, elme MaJa, ras ocraercd B HedpTH B
BHIe NysbippkoB. C yBesnueHHeM XKe Ta30HACHIILEHHOCTH B CBf3H
C [POTPECCHPYIOUIHM CHHXKEHHEM IJIaCTOBOrO JAAaBJEHHA Iy3bIPbKH
ra3a BCIUIBIBAIOT NOJ JAeficTBHeM CHJ TpaBHTaluM, ob6pasys B no-
BBIIEHHOH yacTH IJlacTa rasoBoe CKOIVIEHHE — rasoBYI0 LIAINKY,
ecsiH ee 06DA30BAaHHIO He MelIaeT CJOMCTas HJIH HHAA HEOJHOpOJ-
HOCTb.

B oTiHYHe OT NEPBHYHBLIX Tas30BHIX IANOK He(dTerasoBHX Me-
CTOPOXKJEHHH, CYIIeCTBOBABIIMX B HHX JO0 Hagajga paspaboTky,
rasopasl wamnka, ofpasoBaBluasicsi B Ipolecce paspaboTKH, Has3H-
BaeTcs BTOPHUYHOH.

Brifeasomuiics U3 HedTH ras, pacWHpssAch CO CHHIKEHHEM
JaBJIeHHs, cnocoOCTBYeT BHITECHEHHIO HedTH u3 msacTa. Pexum
nJacTa, NpPH KOTOPOM IIPOHCXOJHT TAKOE BHLITECHEHHE HEe(TH, Ha-
3HBAIOT PEXKHMMOM pacTBopeHHOTro raasa, Eciu npouso-
ILIO OTJeJeHHe rasa oT HedTH B IJjacte B HeJoM H 0OpasoBasach
rasoBasi 11aNKa, pPeXXMM pPAacCTBOPEHHOTO rasa CMeHsieTcsi Ta3O0H a-
NODHB M.

OmnbiT paspaGoTku He(TAHHX MECTOPOXKAEHHH M TeopHs (HUIBT-
pallii rasoHe(dTAHOH CMeCH C YYeTOM CHJ TpaBHTAlUHMH IOKa3H-
BAlOT, YTO MOYTH BCETJa pPeXHM pPacTBOPEHHOrO rasa JIOBOJILHO
OBICTPO NEPEeXOAHT B Ta30HANOPHBIH. UacTo peXHM pacTBOPEHHOTO
ra3a MOMET CYLIeCTBOBaTb B He(TAHOM IJIacTe B COYETAHHH C
YyIPYTHM DPEXHMMOM B €ro 3aKOHTYpHOH 00JacTH WM JAaxe B CO-
YeTaHUH ¢ BOJOHANODHHIM, €CjH IJIACTOBOe JAaBjeHHe OJH3KO K
JaBJeHHI0 HachlleHdsd. Torxa BOAU3H AOOLIBAIOIIHX CKBAaXKHH BO3-
HHKaeT peXHM PAaCcTBOPEHHOro rasa, a BOJIH3H HarHeTaTeJbHBIX —
BOZOHamOpHBIH., TakHe DEXHMBI IJIACTOB HA3KBAKT CMEIIaH-
HBH M H.

Paccmorpum paspaboTky mJjacra IPH CMELIAHHOM pEXHME —
yIPYroM B €ro 3aKOHTYPHOH OOJacTH H DAacTBOPEHHOTO rasa —
B HedrenachiuenHo#i dacru 1naacra. Ilycts paspaGartbiBaeMmrit
niact umeeT QopMy, Oau3Kywo K kpyry (pHc. 65). Ero 3akoHryp-
Hasl BOZOHOCHAs 06J1aCTh AOCTATOYHO XOPOWIO NPOHHLAEMash H Mpo-
CTHpaeTcsi OYeHb AajeKo («xo OecKoHeuHocTH»)., Ona paspabarw-
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Puc. 65. CxeMa nedTSHOTO MECTOPOXK-
JeHHs1 KpyroBoii ¢opMH B IJaHe, pas-
paGaTHBaeMOro NpH CMELIAHHOM DeXH-
Me:

I — ycnoBHBIR KOHTYP He(TEeHOCHOCTH; 2 —
annpoKCHMAalHA YCJAOBHONO KOHTYpa HedTe-

HOCHOCTH OKDYXXHOCTRIO pajHycoM R; 3 — mo-
GhIBaIOlHE CKBaXXHHBI

BaeTcsi NPH ynpyroM pexume. JlaBjesne Ha KoHType HE(TEHACHI-
HMIEHHOH YacTH IJacTa MOXKHO ONpPeJeJHTh 1O METOJAHKe, H3JO0-
JXEHHOH B Npejnjyuem naparpade.

Ilycte HedraHo#t maact paspabaThiBaeTcs ¢  HCNOJb30BaHHEM
paBHOMEPHOH ceTKH AOOHIBAIOMIMX CKBa)XHH. Pajuyc KoOHTypa mH-
TaHHS KaXJoH NOoOHBAaIOUEH CKBAXKHHEI 'y MOXKHO CUHTATh PABHEIM
IOJIOBHHE PAcCTOSAHHS MeXJAy CKBaXHHaMH. Eciu r=ry, miiacToBoe
AaBjeHde p=px<pPuac (Pmac — AaBJeHHe HacumeHHs). IIpu npH-
6nmxeHHOM pacuere JeOHTOB AOOGHBAIOIIMX CKBAXHH MOXKHO NpH-
HATb Px=a Pxou(T), TAE @ —HEKOTOPHH TNOCTOSHHHH KO3(pPu-
IHEeHT,

Hrak, npu CMeumIaHHOM pexXHMe JapJeHHe Ha KOHTYpax HOOH-
BAIOLIMX CKBaXHH OTPENENSAIOT ¢ YYETOM KOHTYpPHOro B HedTsHOR
3aJleXH, KOTOpOe, B CBOIO ouepelb, BHUHCJAIOT Ha OCHOBe TeOPHH
yIpyroro pexuMa, ecJH 3ajJaHO H3MEHeHHe BO BPEMeHH TEKyIIEro
HNOCTYIJIEHHS] BOJH H3 3aKOHTypHOH ob6JacTu B He(TEeHACHIEHHYIO
4acTh MJACTA G2 =gas(l).

Ecau px 64u3K0 K JAABJIEHUIO HACHILEHHS, HO HUXKe €ro H, cjie-
JOBATeNIbHO, HACHIIEHHOCTb MJjacta CBOOOJAHHIM TIda30M He3HAYH-
TeJbHA, TO MOXHO npuOJHXKEHHO CUHTATh TeKyHHH o0beM mOCTy-
nammel BOAW B He()TEHACHINEHHYIO YacTh ILIAcTa M3 3aKOHTYPHOMH
06J1acTH pPaBHBIM TeKylIEH XoOhue INJIacTOBOH HePTH, T. €. s=
=qﬂ_

Ecan usBectHa Ttekymias No0vua NJacTtoBodl HedTH H3 HedTH-
HOH 3aJieXXH B LeJIOM, TO HeOOXOJHMO JIHIIp BHUYHCIHTL AEGHTH
CKBaXHH C TeM, YTOOLl ONpEeNeJUTh, CKOJLKO CKBaXXHH HeoOXOIH-
Mo npoOypHTb Ha 3ajexu JJIs obecnedeHHs yKa3aHHOH TeKyulein
0o6HYH HedTH.

OnpeneauM ne6HTH CKBaXXHH NIPH peXHMe DacTBOPEHHOro ra-
3a. [lepepacmpeliefienne JapieHus BOJIM3H CKBaXHH NPOMCXOIHT
3HAYMTENBbHO OLICTpee, YeM H3MEHEHHe KOHTYpPHOro B HedTAHOR
3aJIeXXH Pxon(T) H COOTBETCTBEHHO JABJEHHS Ha KOHTYpe IHTaHHA
CKBaXHH px=px(t). TlosroMy pacnpefleleHne JIaBJEeHHS MpH
FesIr&lry MOXHO CUHTATh YCTAHOBUBIIHMCA B KaXABH MOMEHT
BpEMEHH, T. e, KBA3HCTALlHOHAPHEIM.
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Ha xapakrep Teuenus rasupoBaHHO! He(dTH B NOPHCTOH cpene
BJIHSIeT PACTBOPHMOCTb B He#t rasa. (1 KOJHYeCTBEHHOro oipeje-
JIEeHHs] PAacTBOPHMOCTH rasa B HedTH B TeopHH pa3paboTku Hed-
TAHBIX MECTOPOX/JEHHH OOHYHO HMCIOJb3YIOT 3aKoH [enpu. Onna-
KO, N0-BHAMMOMY, B 3aBHCHMOCTH OT CBOHCTB KOHKpeTHHX He(Ted
¥ Ta30B NPeACTaBJSIOT 3TOT 3aKOH pas3jnyHeiM obpasoM. JJas pac-
YeTOB pa3palbOTKH IIACTOB NPH peXXHUMe pPacTBOPEHHOrO rasa Hc-
noab3ylorT GopMyJay 3akoHa I'eHpu 0oOnIUHO B CJeAylOLleM BHAE:

Vip=aVwp, (111.29)

rde Vo, —o6bem rasa, npuBeJeHHHIH K CTaHAapTHHM (aTMocdep-
HBHIM) YCJIOBHSIM, pacCTBOpPeHHHH B HedTH; Go — Koadduunenr pa-
cTBOpHMOCTH; Vg — 06beM HedTH B NJACTOBHIX YCJOBHSAX BMECTE
C PaCTBOPEHHHM B Hell ra3oM; p— abCOJIIOTHOE A aBJEHHE.

Jast peasbHOro rasa Heo6XOAHMO YUYHTHBATh K03 HUHEHT
ero csepxcxuMmaeMoctun 2=2(p, T). Ilpn H3oTepMHIeCKOM Ipolec-
Ceé YpaBHEHHEe COCTOSIHHA peaJibHOro rasa MOXHO INpeACTaBHTb B
BHIE

P Par
frZ2  PratZar ' (11130)
TOe Pr, 2, Prar, 2ap— COOTBETCTBEHHO INVIOTHOCTb H KO3(PHUHEHT
CBEPXCXKHMAeMOCTH rasa NpH IJacTOBOM p H aTMOC(HEpPHOM par
JaBJICHHSX.

s mMaccoBofi cKOpocTH QHJBTPALHH rasa Ur Ha OCHOBAaHHH
o6o61lenHOro 3akona Jlapcu uMeeM BHpaXKeHHe

__ __ Rk (s) pprar 5_17 . 2
o= Mol B, g (IIL31)

Jast MaccoBoil cKopocTH GHJIbBTPAaLHH PacTBOPEHHOro B HedTH
rasa uMeeM

kkg (Sx) %oPPrar  _Op
____xﬁ s (111.32)

W nakoHeu, cKOpocTb (QHJbTPALHH Us BHPAXKAETCA CJACAYIOLIUM
obpasoM:

v,-p =

_ _ FRha(sx) Op
Ug=— B (111.33)

Haligem oTHOLIEHHe CYMMapHOro pacxoja (pHJBTPYIOLLErocs B
miacre rasa (cBo6OJZHOrO M pPACTBOPEHHOro B HedTH), NpHBEAEH-
HOTO K aTMOCGEepHHM YCJOBHAM, K OOBEeMHOH CKOpPoCTH GHJbTpa-
UHH He}TH, Ha3HBaeMoe NJACTOBHM 'T230BHM ¢akKTo-
pom [I. Tlpu ycraHOoBHBLIeHicsi ¢HAbTpauuH 3HAYeHHe [’ ocTaercs
NOCTOSHHHIM B JIO60M UHJIHHADHYECKOM CE€YEHHH I[JacTa IpH
resSr<Cry (rc— pajmuyc CKBaXKHHH).

Hs (111.31), (111.32) u (I11.33) umeem

___P_ kr (Sx) Pu —
r=-t [ Ogpyyt b ] const. (I11.34)
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M3 (I11.34) caenyer, uTo ecTb CBA3b MeXHAY HABJEHHEM p M
HACHIILEHHOCTbIO IJIacTa HedTbio (KHAKOM yraeBoAopoiHoRt ¢asoii)
Sx. TakuM o6pasom, IpH yCTaHOBHBILEMCH [BHXKEHHH Ta3HpOBaH-
HOH KHAKOCTH

p=p(sy)- (I11.35)

B 10 xe BpeMs, coryiacHo o6o6uieHHOMY 3aKoHy JlapcH, oTHO-
CHTeJbHas NPOHHLAeMOCTb AJs HedTH

b=k, (s,). (I11.36)

Ha ocuose (II1.35) u (II1.36) 3akmrouaem, yTo JOJIKHA cylue-
CTBOBaTb 3aBHCHMOCTb OTHOCHTEJNbHOH MPOHHUAEMOCTH AJf He(TH
OT JaBJIeHHS

ky=k* (p). (I11.37)

Teneps MOXHO NOJMYuYuTb aHajor ¢opmyas Jlionion Ajis npH-
TOKa Ta3WpOBaHHOH HeDTH K CKBaXHHe ¢ AeOHTOM ¢a. MMeeMm

__ 2nkhky*(p)r Op

Has warerpupoBanua (I11.38) Heo6xoauMo BBecTH (QYHKUHIO
XpucrtuaHoBuua fl, ompepensieMyio Kak

H= 5 k* (p)dp--C;  dH =k* (p)dp. (I11.39)

Wnrerpupya (I11.38) ¢ yuerom (II1.39), noayuaem ¢opmyny
IJsi onpefleieHAs AebuTa HEPTH

o= “MMAH . Ap_H _H, (I11.40)

1 x
Wy in ——
" Te

rie Hy, H.—3HaueHns ¢yHKuMM XpPHCTHAHOBHYA COOTBETCTBEHHO
Ha KOHType MHTaHHA (r=rx) W Ha cKBaxuHe (r=r.). VIMes 3aBu-
CHMOCTH OTHOCHTEJbLHLEIX NpOHHIaeMocTell Ans HedTH H rasa KoH-
KPeTHOro 11acTa, JaHHHE O BA3KOCTH HeTH H  PacTBOPHMOCTH
rasa B He(TH, MOXHO NOCTPOHTb 3aBUCHMOCTb H=H(p), a 3arem
no ¢opmyne (II1.40) onpemesutTh JeGHT CKBaXKHHH, 3aJaBasch
3HayeHHeM 3a0O#HOrO HaBJeHHS B CKBaxHHE. 3Hasg oOIyI0 TEKY-
myo Ao6HYYy H3 HedTAHOH 3aJeXkH Ha OCHOBe pelleHHs 3ajayH
yNpyroro pexHMa B 3aKOHTYPHOH ofjactu nJjacra u aeb6HT omHOM
CKBaXXHHH], ONpejeJiieM HYHCJO CKBAaXHH, KOTOPHe HEOOXOAHMO
npoOypHTh AJs Pa3pabOTKH MjacTa NPH CMELIAHHOM DeXHMe.

B mnpHBeJeHHBIX pacyueTax NPeANnoOJaaragoch, 410 3aKOHTypHas
obsactb nyacra o6jafaer AOCTATOYHO BBICOKHMH (PHJBTPALHOHHBI-
MH cBoficTBaMH. Ho jgaxe B ciaywae Takoro OpeANoJIOXKEHHs HaB-
JieHHe Ha KPYroBOM KOHType mJjacTa najaeT BecbMa HHTCHCHBHO.
Ecan e npoHHIaeMOCTb B 3aKOHTYpHOH 06J1aCTH B HECKOJIBKO
pas HHXKE, YeM B CaMOM IlJacTe, WIM IJIaCT BHKJHHHBaeTcd 3a
KOHTYpPOM He(TEHOCHOCTH, YTO uacTo OBIBaeT, TO HNPHTOK BOJAH B
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He(TeHACHIEHHYI0 YacTb IIACTa CTAHOBHTCA HE3HAUHTEJbHHIM H
MOXHO CUHTaTh, 4TO He(TsAHAs 3ajeXb 3aMKHyTasl, a 3aKOHTYD-
Hasi BOJAa HeaKTHBHas.

Bynem cuntaTh, yTo B paccMaTpHBaeMOM CJyuae Bbi€JEHHE
Ny3bIPbKOB ras3a M3 He(dTH 3aTPyAHEHO H3-3a CJOHCTOCTH IJIACTa.
B sToM cayuae B miacTe pa3oBbeTcsi B UHCTOM BHJE PEXHM pact-
BODEHHOTrO rasa.

Hns ynpolueHus pacuera pa3pabGoTKH NJacTa IPH 3TOM DPEXH-
Me MOXHO CYUHTaTh, UTO TEYEHHe rasa K KaxKJAOH CKBaXKHHe, Orpa-
HHYEHHOH KOHTYypOM pajHyca rx (cM. puc. 65), KBasHCTalHOHap-
HOe — YCTAHOBHBLIEECS B KaXKAOH JIMHHH TOKa, HO H3MEHsolleecs
BO BpeMeHH.

PaccmaTpuBas MaccoBplfi NPHTOK HebTH K KaXKIOH CKBaXHHe,
OyleM B KPHBHIX OTHOCHTEJbHHIX NPOHHIIAEMOCTEH YYHTHIBATb Ha-
CHILIEHHOCTb XKHIKOH yraeBofopofHOH ¢a30f B  KaXAOH TOYKE
TJIacTa Sx, 4 IPH PAacCMOTPeHHH Das3paboTKH 3JeMeHTa IJjacta B
1eJoM (MpH rc<<r<rx) BBeJEM HEKOTOpPYIO CPEIHIOI0 HACHILIEH-
HOCTbH IIACTa KUIAKOH YTJIEBOLOPOJHOR (a3oi, PaBHYIO Sx. lIycThb
3Ta HACHILEHHOCTb CYIIECTBYeT B HEKOTOPOM CEYeHHH IJacTa,
O6/IH3KOM K KOHTYDY NPH NaBJEHHH B 3TOM CEUCHHH, PaBHOM p.

Torpa aas maccosoro nebura HedTH gu., NMPHTEKAWOIEH K CKBa-
JKHHe, HMEeEM BhIpaxKeHHe

o = Ortn () 2P (IIL41)
MaccoBni#l 1e6HT rasa

kr (Sx) Pr ky (Sx) %oPPu dp .

Goo— 2nh[ Py Tl 2 ]r 2. (111.42)

Has rasosoro ¢akropa B 3JeMeHTe IJacTa B LEJOM NOJYYaeM
BbIpaxKeHHsA

r=-L (96 bot-ol:

5 o () — P
Y (s = ) Mo=-7—- (II1.43)

HNMeeM creiylolude BHIPaXKeHHS MJA MacCc HedTH H rasa B
nJjaacre pagHyCcoM rg:

MH = pHVH; Mr = aOEVHnOH—{_ prvr;

V=V,1V, (I11.44)

rae Vy u Vi — 0oO6beMBl COOTBETCTBEHHO HepTH M rasa.
U3 (111.44) moayuaem

AM, = a ApVo0st0pAV0u A (0V);  AMy=pAV,.  (II.45)
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Ha ocnoBe ypaBHeHHst MaTepHaJbHOro OajlaHca NOJYYHM cJe-
11y[ou1.ee Bblpa}KEHHe IJ1s rasoBoro ¢akropa:

A (prVr
r_-— =Ap i AV +api- pf{"AVH’ . (II1.46)
YuuThBasi, 4TO
S.=ValV,  Bs,=BVyV, 1—5,=V/V, (II1.47)
HMEEeM
IF=ag, + P Ag’;;’ . (II1.48)

Ilpouecc pa3paGoTKH mJjacra CUYHTAeTCs H30TEpPMHYecKHM. Tak
KaK He YUYHTBIBaeTcs CBepXcxkHMaeMmoctb rasa, u3 (II11.30)

0. =cp. (111.49)

Torpa us (111.48) u (II1.49), ycrpemass ‘A_/-J H ASx K HYJO, IO-
JYYHM

Sow _ Gosmbut c(1—x) (I11.50)
dp ep [ () o + 1]

Ouddepenunansrnoe ypaBHenue (II1.50) coBmagaer ¢ maBecT-
HeIM ypaBHeHueM K. A. IlapeBuua, BHIpaXKaiOIIHM CBSI3b MeXIY
HACHIIIEHHOCTbIO XHAKOCTH H JaBJieHHeM Ha KOHTYpe CKBaXHHHI,
SKCIVIyaTHPYEMOH B YCJOBHSAX PEXHMa PACTBOPEHHOrO rasa.

Pemasi ypaBuenne (II1.50), moayuum 3aBHCHMOCTbL CpenHei

HACHILEHHOCTH XHJAKOCTBIO Sy OT CpeJHero [MAaBJieHHS p H 3a-
TeM — BCe OCTaJbHHE INOKa3aTeaH paspaborku. Ilpm 3atom, mo-
CKOJIBKY B CJlygae DeXHMa pacTBOPEHHOTo ld3a IJIOTHOCTH -He(dTH
B IJIACTOBBLIX YCJOBHAX B Hpollecce Pa3spabOTKH 3HAYHUTENbHO yBe-
JIMYHBAeTCs BCJEICTBHE BHJEJIEHH H3 He(GTH Trasa, BO BpeMs
nojcyera HedTeOTHAYM CJEAYET YUHTHIBATL H3MEHEHHe IIOTHOCTH
HedTH.

Ilycte L, — Macca nerasupoBaHHOft HedTH, a L; — Macca rasa
pacTBopeHHOro B HedpTH. O6beM HedTH B IJIACTOBHX YCJIOBHAX
paeen V. Toraa

=V ph=ap, (I1.51)

O Pa

rie pjx— Kaxymascs IJIOTHOCTb PacCTBOPEHHOrO B HedTH rasa;
Q2 — MJIOTHOCTb JIETra3HPOBAHHOA HedTH.
Torga na0THOCTL HEPTH B MJIACTOBHIX YCJIOBHAX

L L 1 0
oy = = +_ (II1.52)
P1k + P2 P2 P1x
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Puc. 66. Cxema HedTsHOrO Me-
CTOPOXKJAEHHsl ¢ BTOPHYHOM raso-
BOM 1IATIKOH:

! — nedTh; 2 —rasosas manka; 3=
3aKOHTYPHas Boja

HavajibHble 3amach HeTH B 06JacTH NJacTa, OXBayeHHOM pas-
pa6oTKoH:

Gyo = Prom (1 —Sc5) Vn.m (111.53)

TAe pro — NJOTHOCTb He(TH NMpPH NABJEHWH HACBHIEHHS; M — HOPH-
CTOCTb; Scp — HACHILEHHOCTb CBsA3aHHOH BOAOH, Vix — 06beM mJa-

cra. OcTaTouHble 3amachl He)TH B mjacre, OXBauyeHHOM pa3palbor-
KOH:

Goer = pam (;)K_scn) Vi (1I1.54)

M3 (I11.53) u (I11.54) pmas Tekymero kKoapdHUHEHTa BHITECHEHHS
1)1 NOJYYHM BHIpaXKeHue

_ Guo—Goer __ ___pH(S)K_SCB) .
™ Gro =1 Pro (1 — scs) (I11.55)

YMHOXHB 1; Ha KO3ddHIHeHT OXBata pa3paboTKOH, MOJYYHM
TEKyIy10 HedTeoTAAuy B 30HE, NPHXOAsLICHCA HA OLHY CKBasKHHY.
3Has YHCJI0 CKBaX(HH, MOXHO ONpEIE/JHTb TEKyllyio HedrTeoTaauy
110 MECTOPOXKIEHHIO B LEJOM B KaXZABIH MOMEHT BPEMEHH, a TaKxKe
CpPeJHee mJaacToBoe AaBJeHHE p.

Paccmorpum xapakrtep. paspaboTku msiacta npu 00pa3oBaHHH
rasoBOH LIAaNKH.

B mpouecce pa3paboTkM TAaKOro mjacrta ras, BHICJAACh H3
HedTH, BCIJIBIBa€T NOJA AEHCTBHEM CHJ TPaBHTAlliM B TasoBYIO
manky (puc. 66). TakuMm o6pasom, HedraHOH mJact paspabaTH-
BaeTcs NpH TFa30HamOPHOM pex<HMme. MecTopoxJcHHe pasbypeHo
paBHOMepHOH cETKOH AOGHBAWINUX CKBaxKHH. BO6aH3M KaxpmoOH H2
HHX B Ipollecce 3KCIIyaTalnHu o6pasyioTcsi BOPOHKH JAeNPECcCHH.
OnHako Ha YCJOBHOM KOHTYpe NHTaHHS CKBaXKHH NpH r=ryx (CM.
pHc. 66) naBJeHWe PaBHO px. BBeJeM IOHATHE CPEJHEro MNJACTO-
BOTO ZAaBJleHHsA p, KOTopoe OyleM cuuTaTh OJHM3KHM K JaBJEHHIO
Ha KOHType NMHTaHHSA Py, IOCKOJbKY BODOHKH JENPECCHH 3aHHMAIOT
HE3HAUHTEJNbHYIO AOJIO B pacnpeleseHHH AaBJEeHHs1 B IJjacTe B le-
aoM., O6bem maacra Von, OXBaueHHHH npoueccoM pa3paboTKH:

Von =m(l —See) MV oo (I11.56)

rae Vi, — obwmuit 06beM nJacra.

Bynem cuutath, uro pa3paboTKa mJjacrta Hayajach ¢ TOTO MO-
MeHTa BpPeMeHH, KOrja cpeliHee IJIAaCTOBOe LaBJjeHHe p OBLIO paB-
HO JaBJIEHHMIO HACHIIIEHHS Prac.
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IlpuTok HedTH M rasa K OTJAENbHHM CKBaXHHAM MOXHO BH-
yHCaATh NMo ¢opMyne Hioniow uian no ¢opmyae GesnanopHo# pa-
AHajbHOl QuabrTpanuu. M3aMeHenne ke CpefHero mJ1acToBOro AaB-
JIEHHSI p OINpejieJHM, HCIOJb3ysl COOTHOILIEHHs], BHTEKalollHe H3
ypaBHeHHA MaTepHaJbHOro GaJjiaHca BellleCTB B IJlacTe B LIEJIOM.

Has saToro BBeneM cieaylolHe o6o3Hauenusa: N} — mosnHas Mac-
ca rasa B IJacTe, BKJIOuasg ¢BOOGOAHHH ras M ras, pacTBOPEHHLIH
B HedpTH; Ng;— moJiHaA Macca JAerasHpoBaHHO# HedpTH B IJIacTe;
L, — macca rasa, pactBopeHHoro B HedTH; G;— mojHas Macca
¢BOo6OHOrO rasa.

HmeeM clefylollHe COOTHOIUEHHA MaTepHaJbHOro GajaHca:

Ny=G--L;;  N,=L, (111.57)

rae Ly, Tak xKe Kak u N, — moJHasi Macca Jera3upoBaHHOH HeTH.
Hcnosbsyem ¢opmyny 3akoHa I'eHpu B TOM ke BHIE, YTO H IIpH
paccMoTpeHHH GHAbLTpAlMH Ta3HpOBAaHHON HedTH, a HMEHHO

Ly/L, = ap, (111.58)
Js noJaydyeHHsl 3aMKHYTOH CHCTEMB! COOTHOINEHHA MaTepHaJb-

Horo 6aJanca NPpHMCHHM COOTHOLIEHHE AJdA CYMMB 00BEMOB KOM-

IIOHEHTOB B IIJ1aCTe B BHJIOE

G, L, Ly

P1 + +

Pa P1x = Vomw

(I11.59)

rAe p; M p2— IVIOTHOCTb COOTBETCTBEHHO rasa B IJIacTe H JEerasH-
poBaHHOA He(TH; pix — KaXylascg INJOTHOCTh pPacTBOPEHHOIO
B Heru rasa. K coorsowenusam (I11.57) — (I11.58) neoGxonaumo
J06aBUTh ypaBHEHHe COCTOsIHHA peaJsbHoro rasa (II1.30), koropoe
B paccMaTpHBAaeMOM CJydae NPHHHMAET BHJ

P Par® (111.60)
1 P1ar

B uTore MMeeM INOJIHYIO CHCTEMY COOTHOWIEHHH MJs ONpezeJe-
#uda p. DyaeM cuurtath npouecc pa3pabGoOTKH nyacta IOPH rasoHa-
NODHOM peXXHMe H30TepMHUYeCKHM. Jas Hekoroporo ympoluieHus
3aJayd OCPEJHHM TaKXe OTHOLIEHHe KO3()(HUHEHTOB CBEPXCIKH-
MaeMOCTH rasa @, NOJIOXHB @ = Qcp.

ByneMm cuntath, uTo Ny u N, H3BECTHH B KaXXJn#i MOMEHT Bpe-
MeHH [. OTH BEJHUYHHH ONPEAEJAIOT CJAEAYIOUUM 06GpasoM:

t
A
N1=No1—j Prarf1ardls

0
t
Ng = Noz—j p2q2dt’
0

rie Ng¢, No2 — HauajibHHe MacChH COOTBETCTBEHHO ras3a M JerasH-
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PoBaHHOA HedTH B IJIacTe; iar — TeKywlas obbeMHas jfobbiya ra-
3a, 3aMepeHHas NpH aTMochepHBIX YCJAOBMAX; §g — Tekyulass Lo6Hl-
4a JerasHpoBaHHOH He(TH.

[Moacrasnas (I11.57), (I11.58) u (I111.60) B (II1.59), nmoayuum

AJist onpeAeJieHHss p CJAEAyloulee KBaapaTHOEC YpaBHEHHe:

ap—bpt+c=0; a= .
Pik

Noopar® Ny |
b=Vt P1ar pa ’
o= iPar® (I11.61)

Piar
Pelenne 3TOro ypaBHeHHs HMeeT ABa KOPHH, a HMEHHO

- b+ Vb2 — dac
pm=—_V27_. (111.62)

Jasa Ttoro 4ro6H y3HaTb, KaKOA M3 KOpHell cmpaBelJHB, IIpo-
BeJeM HucciaenoBaHHs KBajpatHoro ypasHeHus (I11.62). O6osna-
IHM

y=ap—bp-tc. . (111.63)

ITocKoMbKy a— BeJIHYHHA BCErfa MOJOXKHTENbHAs, TO BETBH
napa6oarnt (I11.63) HampaBieHH B CcTOpOHY BospacraHus y. Beau-
YHHH b H ¢ TakXe Bcerja moJoxHTeJbHble. IloaToMy 06a KoOpHs
ypaBHenns (II1.61) mojoxureapHue. B camMoM Jaejie, MOAKOpeHHOE
puipaxenne (I11.62) Bcerja MeHbile b U B J1060M H3 CJAydyaes mo-
JoxuteabHoe, Uro6bl ONpejeJuTb, KaKoH »Ke H3 KOpHeH (MeHb-
inA uau Oonpwinil) cnpaBednuB, npoiuddepennupyem (I11.63).
HmeeMm

Y 94p—b. (I11.64)
dp

Ecan 2ap—b<0, To NpoU3BOAHAS dy/dp—OTpuuaTe.ana 7}
$ynkuus y yOniBaer. B aTom ciayuae ClpaBelJHB MeHbUIHH KODEHb
pi. Ilpu 2ap—b>>0 COOTBETCTBEHHO CNPaBeMJHB GOJbIIMH KOPEHb
p2. TakuM o6pasoM, BooOluie roBops, HEOGXOAHMO B KaX[OM KOH-

KPeTHOM cJydae OolpeJessaTb YHCJIEHHOe 3HAUeHHe BeJHUHHH 2ap—b
¢ TeM, YTOOH HafiTH crnpaBeAJuBHH KopeHb ypaBHenus (II11.61).
Macca cBo6ojHOro rasa B nJjacre

G, =N,—N,ap. (111.65)

O6beM ra3oBoil 1Ianku B KaX/AHH MOMEHT BpeMeHH paspabor-
KM mJjIacTa

— Pa® (N
v, =Ll ( . Nza). (I11.66)
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IMMpumep II1.4 Hedrsinolt niact paspabaTHBaeTcs NPH peKHME PacTBOPEH-
HOro rasa. Baskocts Hedtd Wy=5-10-3 [a-c, Bs3kocTh rasa pr=0,02-10-3 [la-c
IIpH NJACTOBHIX ycJoBHAX. [IpHHHMaeTcs, 4TO BA3KOCTH He(TH H rasa HesHayHTeJNb-
HO H3MEHSIOTCS C AaBJeHHeM, TaK uTo

Ly
Up

=, = 250 = const.

OTHOCHTeNIbHHE NPOHHIAEMOCTH A/ HedTH M rasa JHHeHHO 3aBHCAT OT HaCH-
LEHHOCTH MOPHCTOM CpeaH JXKHAKOCTBIO §x, TaK YTO (PyHKUHMA
- Ses — Sg
Y(sx) =—=——= .

Sy ~— Sy

ITpu 31oM §..=0,9; 5.=0,1; s.5=0,05.

HauasnbHoe MJaCTOBOE NaBJEHHE PABHO NABJEHHIO HacHIleHHS (Duac=10 MIIa).
ITnoTHOCTb AerasupoBaHHOM HedTH Pp=0,9-10 xr/mM% kaxymiasicsd IJIOTHOCTb rasa
P1x=0,3-10% kr/md.

Jlns HedTH MECTOPOXKAEHHS XapaKTepHO TO, uTO a/py=c=10-2 1/(m%-MIla).
Tpebyercs onpenesnuth KO3()(GHIHEHT BHITECHEHHS T}; B MOMEHT BPeMeHH, Korjaa
CpellHee MJIACTOBOe AaBJeHHe cHH3HTca po 1 MIla.

[Tockoneky @fpy=c, nuddpepennnansHoe ypasHenne (II1.65) cyluecTBenno
ynpolaercs, NpUHEMasi BHI,

dsy _ 1
dp PG pe+ 11"

IloncraBaas B NpHBeAeHHOE BHpaxKeHHe (QYHKUHIO P(Sx) M HHTErPHPYS, NOJYyUHM
OKOHYATeJbHO CJeAyiolllee COOTHOLUEHHe JJIi ONpelleJieHHs] §x B 3aBHCHMOCTH
OT p.

— - 1 —";)K - ’-J.Hac
—Sy ) IN=———(n,— 1} (1 — =In—
Ko (Sea —Se) 10 Sw— 5 (o M Sx) n D

Jasa ycnoBHfi nmpHMepa MOJNYYHM, YTO MPH Puac/P=10 §4x=0,76. KoaddruneHt BH-
TeCHeHHs 1); onpeaesseM no ¢opmyae (I11.55) ¢ yuerom (I11.52).
TIpu p=Puac=10 MIla

1410210 T
Po="T 0,1 =073

o9 t70,3

1 41021 T
pH:A-T__O.Tl—::O’SBB’F’

09 T70,3

0,883 0,76— 0,05

W=1—"57% "1—0,05 =13

IMpumep 1I1.5. Heptanoe MecropoxjeHne, NPHYyPOUEHHOE K aHTHKJHHAJb-
HOH cKjaake, HMeeT ¢opmy B nJjaHe, GJH3KYI0 K KpPyroBofl € pajHycOM KOHTypa
HiepTeHocHocTH R=3-10° M. [IpOAYKTHBHHIHA NJacT BHKJHHHBAeTCs HeNoCpeAcT-
BEHHO 32 5THM KOHTYPOM, TaK UTO H3 3aKOHTYPHOM 06sacTH B HeTeHACHIIEHHYIO
4acTb NJ1acTa BOAA NPAKTHYECKH He NOCTYNaeT.

MecTopoxeHte HauasiH paspaGaThBaTh, KOTAa cpeiHee IIacTOBOE AaBJe-
HHe p OBUIO HECKOJbKO BHIUE AABJIEHHS] HACHIUEHHS Pyac=8-10°% Ila. Onnako 3a
CYyeT yNnpyroro pexHMa H3 IJjacta AOOGHAM He3HAUHTE/bHOE KOJHYeCTBO HedTH MO
CPaBHEHHIO C ee NEPBOHAYAJbHHM cojepxaHHeM. JIosTOMy YyCJOBHO MOXHO CYH-
TaTh, YTO Pa3paboTKa MeCTOPOXKAEHHs 6HJia HAyaTa MPH f= Puac. [IOPHCTOCTH TO-
poa naacra m=0,25, TomuHHa h=25 M, HACHIIEHHOCTb CBA34HHON BOLOH Scs=
=0,05. Koadduuuent oxBaTa paspaGoTKOH 1y=0,8. [lnotHOCTs  HedTH
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p2=0,85 T/M3, WJIOTHOCTH rasa B aTMOC(EPHHX YCIOBHAX Prar=0,85-10-3 /M3,
KaXyUIasnca IJIOTHOCTS rasa pix=0,3 t/M3, a=85-10-? 1/(t-I1a), p=0p=0,9.

B rteuenne 10 ser Tekymwufi or6op HedTH H3 MeCTOpPOXKAeHHs OyZmeT cocraB-
Jatb qu=1,5-10% 1/rog. OT60op rasa u3aMeHdeTcs B TeueHHe 10 Jjer crleRyomHM
o6pa3om:

120-10% mM3/rog mpu 0 < f < 2 roaa
e _{ 1120 4- 42,43 (¢ — 2)1/2]- 108 M3/rox mpu 2 < { < 10 ser.

TakuM 06pa3oM, oT6Op rasa H3 MeCTOPOXKJAEHHs uepe3 2 roja nocje Hayana
pa3paboTKH HauHeT BO3pacTaTb H uepe3 10 Jer mocje Hayajla paspaboTKH yABO-
HTCS.

PaccuntaeM H3MeHeHHe BO BPeMeHH IJ1aCTOBOTO ZABJIEHHS H ONpeleJHM 00beM
rasopofl manky B A0JAX OT obbeMa IJacTa, OXBauyeHHOTo pa3paborkofi. Buayane
onpepenHM obGbem Iacta, oxBaueHHoro paspaGotkod. Ilo dopmyne (I11.56)
HMeeM

Vor = m (1 — scg) M,mR2% = 0,25 (1 — 0,05) 0,8.3,14-9- 108.25 = 134,24.10° M8
B nauanbaoMm COCTOSIHHH B I1J1aCTe, KpoMe CBA3aHHOMH BOAH, COlIepXKAJHCH

TOJIBKO HeThb H pacTBOpeHHHH B Hell ra3. IToatromy Bmecto (II1.59) MoxHO Ha-
mHCaTh

Noo Noy
Pz + Pik

rae Noi, Noz — HavajibHHe MaccH rasa H HepTH B IJ1acTe.
M3 npHBeeHHHX COOTHOLIEHHH MOJYUHM

= Vons Noy = 2Ngoppac,

Von 134,24. 108
Moo= T e — 1 85.109.8.108 — 0.7 10 73
or T o 085 T 0,3
Ng; =8,5-10-2.95,7.108-8. 108 = 6,508.100 .
BuiUHCAHM 2a5—b NDH J=pPgac. UMeeM
— 2Ny, N,yop N,
20p—b= - puac—'Von—_z—aTq)i" —Lt =
Pix Prar P2
2.95,7.108.8,5.10-9.8. 106
= . — 134,24.108—
0,3
95,7-106.8,5.10-9.105.0,9  95,7.108
- 0,85.10- + 0,88 =

= 43,38-10— 134,24-10%— 86,13.108 4- 112,6-108 == —64,39. 108.

Kak BHAHO, JaxXe NPH P=pu.c BeJHuMHa 2af—b orpuuareivHa. [lpn
P<Puac OHa TeM Gosee GyzeT oTpHUaTesbHOH. CleRoBaTesbHO, CIPaBEAJIHB MeHb-
wHil KopeHs KBagpaTHoro ypasHeHus (IIL61), T. e.

—b—VYv? — dac

p= 2a
Onpenenum p yepes 10 jieT nocse Havana paspaGoTku naacra. Mueem
alN, 8,5.10~%

a= Pk =_W—N5=28'33'10—9Na;
) 108 8,5-10-9.108.0,9 1 13 . 6N, -
b=134,24-108 4- 0,85-103 — 0,85 N,=134,24-108— 0,276N,;
NiPar®cp 105-0,9
c= Prar =0.85.10-3 Ny ==1,069-108¥,.
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Puc. 67. 3aBucuMoCTh Tekywie®k  §,,, I3
ROGHYH HeQTH gy, razosoro ak- per,) A

T0pa I’ H CpefHero MAacTOBOTO o2& ot 8 Fq, r
RaBnenns p ot ¢ W

Hs yCJOBHSA 3aRa4H
N,=95,7.106— 1,510,
Ny = 6,508-106—0,102. 10% mpu 0 < ¢ < 2,
Ny =6,508-106— 0,102 108 — 0,02405 (£ — 2)¥2 mpn 2 < { < 10.

CueposaTtenbHo, uepes 10 siet mocje Hauasa paspaGOTKH
Ny =95,7-108— 15-106 =80,7.108 1;
N, —6,508.108—0,102.108.10 — 0,02405.8%/2 = 4,944.10¢ T.

Toraa a=2,286; b=112-10°; ¢=5,236-10!4; p=>5,23 MIla.

Takum o6paszoM, 3a 10 seT cpexHee IL1acTOBOe JaBJjieHHe CHH3HTCR Ha
2,77 MIla. Ha puc. 67 nokasaHo H3MeHeHHe TeKylledl Zo6HYH He(dTH Gy, Ta30BOrO
(akTopa I' M cpeZHero IIacTOBOro [JapJjeHHs p B Npolecce pa3pabOTKH MecTo-
POXIEHHS IIPH Ta30HANOPHOM DeXXKHMe.

T'azoBasi manka 6yxer 3aHMMaThb JOJIO A OT MOPOBOre o6beMa TJIAcTa, OXBa-
yeHHOro paspaboTkof. [Ipu sTom

Vo ParPecp N,
A= Vor = PrarVon ( > —Nza)_

105.0,9 4,944.108
~0,85-1073.134,24- 108 ( 5,23-108

—80,7-108.8,5- 10—9) =0,205.

TakuM o6pa3oM, uepes 10 seT mocse Hayasa paspaboTKH NJacTa rasosas luarm-
®a safimer 20,5% or moposoro of6beMa IJIacTa, OXxBaueHHOro paspaborkofi. Hed-
TeoTHaya coctaBuT 12,69%.

M3 paccMorpeHus OCHOBHBIX 3aKOHOMepHOCTei pa3paboTKH
He(TSIHBIX MeCTOPOXKIEHHH NPH eCTeCTBEHHHRIX DPeKHMaX, H3JIOXKeH-
HBIX B HAaCTOsIleH rJiaBe, a TaKXe COOTBETCTBYIOIIHX NPHMEPOB
<cJeayeT, 4TO Takasi pa3paborka B OOJBUIMHCTBE CJydaeB HE MO-
XKeT OHTb 3dekTHBHOH. Tak, pa3paboTKa HEPTAHBIX MeECTOPOXK-
JIeHH# NpH yNpyroM pexKHMe BO MHOTHX CJay4dasix NPHBOJAMT K 3HaA-
YHTEJbHOMY CHHXKEHHI0 IJIACTOBOTO AaBJEHHS1 M, KaK cJeICTBHE,
K YMeHblIeHHIO TlepenajoB JaBjeHHs M Ae6uToB cKBaxkHH. [lox-
JepKaHHe BHICOKHX TEMIIOB pa3paboTKH B YCJOBHSX NafeHHS NJa-
CTOBOTO JaBJjieHHs Tpebyer OypeHHs CJHIIKOM GOJIBLIOrO 4YHCJIA
ckBaXXHH. TONBKO B 0CcOOHX CJAydasgx pa3paboTKu HeOOJBUIHX Me-
CTOPOXJEHHH TNPH O4YeHb <«3KTHBHOH» 3aKOHTYPHOH BOAe 3amacH
MecTOpPOXK/AeHHHA MOryT ObIThb BBIpabOTaHBl NpH AONYCTHMOM CHHXKe-
HHH MJIACTOBOTO AABJIEHHS.

123



Paspa6otka HedTAHBIX MeCTOPOXIEHHH NPH PeXHMax pacTBO-
pEeHHOro rasa H BTOPHYHOHN ra3oBOH IIANKH BefleT K CYLeCTBEHHO-
MY DOCTY ra3oBHIX ()AaKTOPOB CKBAaXKHH H MECTOPOXK/JCHHH B LEeJOM
H B KOHEYHOM CyeTe K CHHxKeHHI0 Hedreornaud. [Ipum pexumax
PaCTBOPEHHOro rasa W rasopod IIAalKW BpAA JH MOXHO AOCTHYb
KOHeUHOH He(dTeoThauu Bhiwe 35% nHaxe B clydyasx pas3paGoOTKH
MecTopoxjleHuit Hedredi BssKocThio 1—5-10-2 Ila.c. Kpome Toro,
paspabotka He(DTAHHX MECTOPOXKAEHHH IIDH 3THX peXHMax CBd-
3aHa, KakK NPaBHJO, ¢ HH3KHMH Ae6HTaMH CKBaXHH.

HcKknioueHne M3 ONHCAHHHIX 3aKOHOMEPHOCTeH  COCTaBJSAIOT
clydan paspabOTKM MeCTODOXKJACHHH B TPEUIHHOBATHIX KOJJIEKTO-
pax, rae HedTh NOACTHIAETCS OTrPOMHBHIM OaccefiHOM aKTHBHBIX
3aKOHTYPHHIX BOA. Takue CJyyan XapakTepHH AJs MeECTOPOXKJe-
Hu#i Upana, KyBefita u Apyrux crpas.

YKasaHHble HEJOCTATKH Pa3paGoOTKH HeDTAHHIX MECTOPOXKIECHHH
INPH €CTeCTBEHHHIX DeXHMax CTajJu NOHATHH HePTAHHKAM yXe B
30-x rr. storo Beka. K konny 40-x rr. paspa6oTka mofaBJsioulero
YHc/ia MEeCTOPOXKJAeHHH, 0COOEHHO COJepXKaulHX MajoBsi3kHe Hed-
TH, CTajJa OCYUIECTBJATHCA C BO3AeHCTBHEM Ha IJIACTHl, IVIaBHBIM
06pa3oM 3aBOJHEHHEM.

Onanako 3HaTh TEOPHIO, METOAH pacyeTa M TEXHOJOTHYECKHE
BO3MOXKHOCTH pa3paboTKu He(pTAHBIX MeCTOPOXAeHHH NpH ecTe-
CTBEHHHIX peXHMax HEOOXOAUMO. DTO HYXKHO NpexJe BCero ii#
BhISIBJIeHHST 3¢ (PeKTHBHOCTH Pa3paboTKM MeCcTOPOXKAEHHH mnpu 3a-
BOJAHEHHH WJIH APYTHX MeTOAAax BO3AEeHACTBHSA Ha NJAaCTH IO CpPaB-
HEHHIO ¢ pa3paboTKOH NpH eCTEeCTBEHHHX pexHMaX, KoTopas IpH-
HHMaeTcs 33 HCXOJHHIH, «6a30BHfi» BapHaHT pa3palboTKH.

KoHTpoJabHble BONPOCHI

1. Hannwnte aun¢depeHuHanbHoe ypaBHEHHE YIPYTOTO pPEXHM2
B pPaiHaJbLHOM cJyuae.

2. Hanmumnte npu6iaHxKeHHYI0 (GOpMyJay TpPHTOKa BOAB H3 3a-
KOHTYPHOH 06J1acTH mjacra K He(hTAHOH 3ajieXH KpyroBo# ¢Gopmbl
B IlJaHe ¢ MOCTOSIHHBIM JeGHTOM M OODBSCHHTE METOJHKY pacyera
JlaBJIeHHs] Ha KOHType 3aJexH.

3. O6bsicHMTe NpHHUMN pacyeta INPHTOKA BOABI K HedTAHON
3ajleXXH H3 3aK)OHTYpHOH 06JacTH NJjacTa npd NepeMeHHOM pae6GuTe
C HCIOJIb30BaHHeM uHTerpasa ioamens.

4. Hanumure dopmyay, BHpaxaloulyl0 3aBHCHMOCTb cpelHeii
HACHIEHHOCTH IJacTa XHIAKOH (a3ofl OT CpeJHero IJacTOBOTO
JlaBJIeHHs! TIPH peXXHMe pacTBOPEHHOro rasa.

5. BuinmHiHuTe H OO6BSICHHTE COOTHOLUEHHS MAJsI pacyera paspa-
60TKH He(DTAHOTO MECTOPOXKJEHHS IPH pexHMe rasoBolfl WIANKH ¢
HCIIOJb30BAHHEM MeTOJa MHOTOKOMIIOHEHTHOrO MAaTepHaJbHOro
6ananca.



I'masa IV

PA3PABOTKA HE®TAHBIX MECTOPO)XIEHHHA
C NIPUMEHEHHEM 3ABOJHEHHA

§ 1. OCHOBHBIE NOKA3ATEJIH PA3PABOTKH

3aBoaHeHHe He)TAHEIX MECTOPOXKIEHHH NPHMEHSIOT C LEeJbIO BHI-
TeCHEHHS] HePTH BOJOH M3 NJIACTOB H MOJAJEpIKAaHHA IIPH 3TOM ImJja-
CTOBOro JaBJIEHHS Ha 3aJJaHHOM YDOBHE.

B HacTosiiee BpeMs 3aBOJAHEHHe — CaMblii PaCNpOCTpaHEHHBIM
B MHpe BHJ BO3JeHCTBHA Ha IJIAcTH pa3pabaTHBAEMHBIX MECTOPOXK-
fdeuut. B CCCP cBumie 90% Bcell HedTH N0ObIBAIOT K3 3aBOJHAE-
Mbix MectopoxaeHHt. B CIIIA u3 Takux MeCTOPOXIEHHH TaKKe
NOJAYYaIOT 3HAUHUTEJbHYIO 4acThb JOOGLIMH HEe(TH.

Han6onee yacto NpUMeHsieMble BHAH 3aBOJHEHHS; BHYTPHKOH-
TYPHOE NpPH DPAAHBIX HJAH OJOKOBO-DAAHHIX M IVIOMIAJHBIX CXeMax
pPacmosIoXeHHsI CKBaXXHH H 3aKOHTypHOe. Mcnoab3yloT TakKe oua-
rosoe H H36HpaTeNbHOE 3aBOJAHEHHE.

TeXHOJOTHUECKH 3aBOJHEHHE OCYUIECTBJISIETCS CJEeAYIOMHM 00-
pazoM. OUHIIEHHYO OT NMpHMeceH BOAY ¢ MOMOUILIO HACOCOB BHICO-
KOTO [JaBJieHHS, YCTAHOBJEHHEIX HAa HAaCOCHOH CTAHLHH, 3aKaUUBAIOT
B HarHeTaTeJbHHE CKBaXXHMHH, pacnosjaraeMble Ha IJjomagu Hed-
TEHOCHOCTH (BHYTPHKOHTYpHOe 3aBOJHEHHE) HJH BHe ee (3aKOH-
TypHOe 3aBojHeHHe). Boay HarHeramoT OIHOBPEMEHHO B HECKOJb-
Ko ckBaxHH (KycT). [1o3TOMy H HAacoCHHle CTaHIHH, NpHMEHseMbIe
¢ LeJbI0 OCYIIECTBJEHHSI 3aBOJHeHHS HeTAHBHIX IJacToB, Ha3H-
Bal0T KYCTOBHMH HAaCOCHBIMH cTaHuHaMmu K kauge-
CTBY BOJAHI, 3aKaYHBaeMOH B IIJIAaCT, NpPeXbABASIOT CJeLyIOllHe Tpe-
6oBaHHA. B cpelHeM NpHHSTO, YTO KOJHYECTBO B3BELIEHHHIX Ya-
CTHL B HeH He JOJIKHO NPeBHINAThb 5 MT/M AJs HH3KOIPOHHILAEMHX
¥ 20 Mr/n pJs BHICOKONPOHHLAE€MBIX MJIACTOB.

JlaBneHne Ha ycTbe HarHeTaTeJNbHBIX CKBaXXHH B Impouecce 3a-
BOJHEHHsl I1acTOB NOJJAEPIKHBAOT OOHIYHO Ha ypoBHe 5—10 MIla,
a B page cayyaeB — 15—20 MIla. Tax kKaK IPOHHIAEMOCTH B TpH-
3a60AHBIX 30HAX OTIEJbHBIX CKBAXKHH HEOJAMHAKOBH IIPH OJHOM H
TOM e JaBJIeHHH Ha YCThe, pacxoj 3aKauuBaeMOH B pasjHyHHIE
CKBaXXMHBl BOAHl pas3iuuHblii. TeopHsa 3aBoiHeHHs HedTAHBIX NJa-
CTOB TNOKAa3hIBaeT, YTO PAacXol §sc BOABI, 3aKayHBaeMmoll B HarHe-
TaTeNBHYIO CKBaXHHY, COTJIacHO 3aKoHY JlapcH, A0IXKeH GHITH HpO-
NOPUHOHAJbHBIM Tiepenany paeaenns. OnHako (aKTHYECKH, coO-
IJIACHO ONBITHHIM JaHHHM, OH HEeJHHEHHO 3aBHCHT OT Iepenaja
RAaBJEHHA, NpHYEM MNDH HE3HAUYHTEJbHBIX ero 3HAUYEHHAX 3aBHCH-
MocThb 6aM3Ka K JHHefiHoH (puc. 68), HO mpu HeKoTopoM mepe-
nage naBaeHHSt Apc. Pacxoj, §sc HAYHHAET PE3KO YBEJHIHBATHCH.
STO0 MPOHCXOJAHMT MO TOH NPHUYMHE, 9TO NpH Tepenajge AaBJEHHS
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Puc. 68. 3aBHCHMOCTb pacXofa BoAH, Puc. 69. 3aBHcHMOCTb TekylueRt Hedre-
3aKauyHBaeMofi B HAUHETAaTENbHYI0 CKBa- oTAaud oT Q/V.. Hedreornaya: ng—
JKHHY, OT nepenajga AaBJieHHs Ge3BoAHas; 1x — KOHeuHas

Apc=pc—px=Apc. B NpH3a6OHHOH 30He CKBAXKHHBI PACKPHIBAIOTCA
TPelllMHH M 3(Q¢eKTHBHAsA NPOHHIAeMOCTb MJjacta B 3TOH 30HE
‘PE3KO BO3pacTaer.

ITpu paspaboTke HedTAHHX MECTOPOXIEHHH C NPHUMEHEHHEM
3aBOJHEHHA M3 JOOHIBAIOIIMX CKBaXKHH BHAauaJje MOJYy4aroT Ipak-
THYECKH YHCTYI0 He(Tb, T. €. 6e3BojHyi0 NpPOAYKIHIO, a 3aTeM,
o Mepe pocta of6beMma 3aKaYaHHO{ B IJACT BOJAH, HAYHHAIOT
BMecTe ¢ He(TbIO 106HBaTh BOAY. Ecin gss — MOMHBIA pacxoi BO-
Jbl, 3aKauuBaeModl B paspabaTbiBaeMulfi NJacT HJIH MECTOPOXIe-
HHe B LeJOM B €JMHHIY BPEMEHH, (p-— KOJHUECTBO JAOOHIBaeMOM
43 IJIaCTa HJIH MECTOPOXKICHHS BOJAH B eJHHHLY BpeMeHH (HeOHT
BOJH), a gu— AeGHT HedTH, TO HMeeM CJeAylOUIMe BbipaXKeHHs.

1. HakonyieHHOe KOJMHYECTBO 3aKa4aHHOH B IJIACT BOAH K MO-
MEHTY BpPEeMeHH !

t

Qw==qu(0dt (IV.1)

0

2. HaxonJyieHHoe KOJHYeCTBO AOGHITOH M3 mJiacta HepTH 3a TOT
JKe NepHOJ BPEMEHH
f

%=S%mu (IV.2)
0
3. HakonseHHoe KOMHYECTBO HOOLITOH M3 MJacTa BOAK

t
@=j%mw. (IV.3)
0

Tekymyio nepreornasy n=Qu/G npu paspaGoTke 3aBOLHSEMHX
MECTOPOX/IeHHH BHPaXawT OOHYHO B BHAe 3aBHCHMOCTH 1] OT
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Qs/Vy uam m or Qss/Vn (Vi—mnopoBmil o6rem miacra; G — reo-
Joruyeckde 3anace HedrtH). Tunuunas saBucuMoctb N=1(Qs/Vy),
nonyvyaemas IpH pa3pabOTke MJIacToB, COJAEPKALUIHX MaJOBASKYIO
HepThb (BA3KOCcThIO 1—5-10~% MIla.c), ¢ mpuMeHeHHeM 3aBOJHE-
HHA MOKa3aHa Ha puc. 69.

VsBnekaeMule 3amace HedTH B NJacTe WJIH B MECTODOXKAEHHK
B nesoM N OlpejessiioT, €CTECTBEHHO, cJeAyiouledi (OpMYyJOM:

N=1G. (IV.4)

3aBHCHMOCTb Tekyulel HedrTeorfaun oT OTHOWEHHH Qss/Vy B TOM
cayvyae, KOTAa 3aBOJHEHHe NPHMEHSAIOT ¢ Havyaja pa3paboTkH Me-
CTOPOXKJEHHs, HM€eT BH/J, MOKasaHHHH Ha puc. 70.

Tekymas 06BOJHEHHOCTb v NPOAYKIHH, AOGHBaeMoil H3 mJjacTa
HJIH MECTOPOMJEHHsI, COCTABHT

v= qB(-];:qH =2, 9% =95+ qn- (IV.5)

gx °*

Ha puc. 70 nokasaHa THNHYHAs AJIS MECTODOXAEHHH MaJOBA3-
KHX HedTell 3aBHCHMOCTb TeKyme#i OGBOXHEHHOCTH OT QsafViy,

Kak yxe 6blJ0 yKazaHo B ri. I, koadduuneHT Tekyuied nedre-
OTAAYH 1) PaBeH NPOH3BEJeHHI0 KOa(@HLHEHTa H3BJEeUEHHH HedTH
H3 Help HJH, B CJydyae 3aBOAHeHHs, K03(Q(QHLHEHTa BHTECHEHHS
HedTH BOXOH 1), Ha KO3GOHIHEHT mn, OXBaTa Ijacra IPOLECCOM
BLITECHEHHS.

KospdbHuueHTOM BHTeCHEHHS HedTH BOJAOH 1), NpH
paspaborke HedTSHEIX MECTOPOXAEHHA ¢ NpHMEHEHHeM 3aBOJHeE-
HHA Ha3HBaeTCd OTHOLIEHHe H3BJEUEHHOH M3 miacra HedTH K e€
3anacaM, NepBOHavYaJbHO HAXORHBIIMMCA B YacTH NJacra, NOABEp-
WeHHON BO3AelicTBHIO 3aBofHeHHeM. CooTBercTBEHHO K03 ¢ ¢ H-

v 1oz 3 4
wr Loy
- '/ / / -
3 ‘ — EE TP T —
06 j /[
| e 0
0 L
— P AT T —
02 /lzfil T IITITTTITITITIITTTTT z
1 s
1
0 1 Qs b
Vo0 z

Puc. 70. 3apAcuMOCTb Tekyiueli Hedre- Puc. 71. Cxema 3aBOJHEHHSA CJIOHCTOTrO
OTfZaud H OGBOJAHEHHOCTH NPOAYKUHH OT  HJacTa
Qaa/Vn:

I — rexymas Hedreorgaya m; 2 — rekymas
©OGBOJHEHHOCTD V
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HIHEHTOM OXBaTa IJjacTa BO3JeACTBHEM 73 Ha3HIBaeTcs OT-
HOUIeHHe 3amacoB He(TH, NEPBOHAYAJBLHO HAXOJHBLUINXCA B YacTH
nJjacta, MOABEPXEHHOH BO3AEHCTBHIO 3aBOJHEHHEM, K TI€0JIoTHye-
CKHM 3amacaM HedTH B mJjacre.

Jas yACHEeHHs NOHATHH © KO3PGHIIHEHTAaX BBITECHEHHA HedTH
BOJAOH H OXBaTa IJacTa BO3ACHCTBHEM DPACCMOTPHM CXEMY 3aBOJ-
HEHHS CJOHCTOTO UpsiMoJHHeHHOro mmacra (puc. 71). Ilaacr co-
CTOHT H3 YeThlpeXx NPOMJIAacTKOB (I, 2, 3 u 4), npHueM TOJBKO TpH
HHJKHHX OXBaueHh 3aBOJHEHHeM, a IIEPBBIH TNPOIJIACTOK, BCJel-
CTBHE TOro, YTO OH IIPEPLIBA€TCH H3-3a JHTOJOTHUECKOrO BHIKJH-
HUBaHHSI B OOJacTH MeXJAy HarHerateJbHOH raJnepeefi (x=0) u
Job6unBalomeil rajepeedl (x=I), He paspabaTbiBaeTcsi~—B HEro HE
NMOCTyNaeT 3aKauHBaeMas B MJACT BOJA H H3 HEro He A00HIBaeTcs
HedTb. OOLIHe reojoruyeckre 3amnacel HepTH B nJjacTe

G=G,-1-G,--G,-G,. (IV.6)

OxBaueHHble 3aBOAHeHHeM 3amachl Goxs pPaBHH  CJelylouieit
CYMMe 3anacoB:

Gozy = Gp-+G31-G,. 1v.7)
Ilo onpenenenuio
H H GOXB

n= % - G‘fﬂ oxs .. (IV.8)

B HekoToprix cayyasx kKoadbduuuent HedTeoTAaum paBeH mpo-
HU3BEJECHHIO He TOJBKO JBYX, HO H Tpex H OoJbllero uHcaa Koag-
tpunuentoB. Ecnu, cormacHo puc. 71, B HEKOTOpHH MOMEHT Bpeme-
HH 3aKayHBaeMas B IVIacT BOJa NPOHHKJA B mjact 2 Ha paccrosi-
HHe [;, B myacT 3 — Ha paccTosiiHe [, a B nact 4 — Ha paccron-
HHe [l4, TO NepBoHAuYaJIbHHIE 3amachkl HedTH B 3aBOJHEHHOH 4YacTH
naacra 2 MoxHO 0003HaUHTh Goe, 2 COOTBETCTBYIOUIHE 3aMachl B
mnactax 3 H 4 — Gos 1 Gos. CyMMapHbie nepBoHAYasJbHBE 3aNach
Gia2s B 3aBOAHEHHOH 00J1aCTH NJacra onpefensior mo ¢opmyde

Gaan = Goz‘{_ Gos+Go4' (Ivg)

Torna aas kKosdouUHeHTa TeKyumleldl HedTEOTAAYH MOXKHO Ha-
nHcathb
Q Q. G G
N= GH — (;3:5 3a8B gxn ="111"11le2, (IVIO)

GOXB

rae mi — Ko3$pHUHeHT BBITECHEHHST HeDTH BOJAOH H3 3aBOAHEHHON
obsacTu maacra: 1;2 — Ko3(pGHIIHEHT 3aBOJHEHHS.

B ycloBHAX HeH3MEHHOH CHCTEMBl H TEXHOJOTHH pa3palboTKH
nsiacra B cayuae, Koria kosdoduiHeHT HedTEOTLayHn paBeH NpPOM3-
BelleHHI0 KO3((HIHEHTa BHITECHEHHS 1); Ha KO3(pOHUHEHT OXBaTa
M2, 3aBHCHMOCTb HX OT Qua/Vy mMoOKazana Ha pHc. 72, OTKyAa BHA-
HO, YTO 7); BO3pacTaeT ¢ yBeJHYeHHeM Qua/Vyi, a mp ocraercs mo-
CTOSIHHBEIM, MOCKOJbKY 00beM OXBaueHHHX BO3JeficTBHEM 3aNacoB
B YKa3daHHBIX YCJIOBHIX C TeYEeHHEM BPEMEHH He H3MeHsSeTcH.
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Puc. 72. 3aBucUMOCTH 7 H M2 OT Puc. 73. 3aBHCHMOCTH 1M1, T2 H 72 OT

QBJ/ Vﬂ QBS/VI"I

Ecan e 1 onpelensiioT Kak NpoOH3BeJeHHe Tpex Ko3¢¢HUHEH-
TOB coryiacio ¢opmyae (IV.10), To ux 3aBHCHMOCTH OT Qss/Vn
IPH HEH3MEHHHIX CHCTeMe M TEXHOJIOTHH pa3paboTku miactoB Oy-
IyT ¥MeTb BHA, NMoKasauubifi na puc. 73. Koadduuuenr suitecHe-
HHAs He(TH BOJOH M3 3aBOAHEeHHOH obmnactu 7y (KpHBas I) B Ka-
KOM-J1400 H3 NMPOMJAcTKOB A0 MOAX0AA BOAB 10 HeMy K H00biBalo-
el rajepee Oymer GJH3KHM K NOCTOAHHOMY. B ocTajbHBIX MPO-
naacTkax 3ToT Ko3dhduuneHT B nepHoX OGe3BoZHOH H06HIUM HedTH
TaKxe OCTaeTcss HEH3MEHHHM H TOJBbKO B BOAHHIA NepHOA OH He-
CKOJIBKO BO3pacTaer BCJEJICTBHE AOHOJHHTEJBHOrO «OTMbIBa» Hed-
TH. [ToaToMy 3TOT K03((HIHEHT OcTaeTcss MOCTOAHHHIM B Haualb-
HbHI NMepHOA BHITCCHEHHss HedTH BoJOH H3 TIJjactTa B UeJoM H
TOJILKO B KOHUe pa3paboTkh BospacraeT. Kosbp¢HuHeHT 3aBoaHe-
HudA -2 (KpuBas 2 Ha puC. 73) B COOTBETCTBHH C €0 OIpenele-
HueM OyIeT HempepelBHO BO3pPAcTaTh, MOCKOJBKY MO Mepe 3aKaukH
B IJIacT BOAH OObeM 3aBOAHEHHOH OOJIACTH HEMPEPHIBHO yBEJHUH-
Baerca. Kosbounuenr oxsata 1. (KpuBass 3) ocTaeTcss NOCTOSIH-
HbIM [pH HEH3MEeHHOM CHCcTeMe H TEeXHOJNOrMH Pas3pabOoTKH MecTO-
poxnenus. KosbduumueHtn m; H m; B obumieM cJjydae, T. e. He
TOJIBKO HOpH pa3spaboTKe MeCTOPOXKICHHA ¢ NMPHMEHCHHEM 3aBOJHE-
HHS, OMpelensiioT no (PH3HKO-TeOJIOTMYECKHM CBORCTBAM H CTpO€-
HHIO 1JacTa Ha HeGOJBIIHX YYacTKax, T. €. 0 MHKPOCTPYKType
niacra, a TaKKe MEXaHH3My H3BJeyeHHs1 u3 Hero HedTH. Koadodu-
LMeHT BHITECHEHHS] 4acTO ONpelesAlOT Ha OCHOBe HaHHHX Jjabopa-
TOPHBIX 3KCIEPHMEHTOB BHITECHEHHs HedTell H3 eCTeCTBEHHBIX 00-
pasuoB MOPOA-KEPHOB, a TAKXe NMPOMBICJOBBIX HccaenoBaHuH. Teo-
peTHUecKHe H KCNIePHMEHTAJIbHble JaHHBIE MOKA3BIBAIOT, YTO KO3(-
¢UUHEHT BHITECHEHHS 1); B IIpoliecce pa3paGOTKH MECTOPOXIEeHHH
¢ mpHMeHEHWeM 3aBOJHEHHA, T. €. NPH BHTeCHEHUH HedTH u3
IJ1acTOB HEe CMellHBamplleficd ¢ HedTbio XKHUAKOCTBIO — BOAOH, 3a-
BHCUT OT CJEILYIOUIHX OCHOBHBIX (haKTOPOB:

1) MHHepaJOrHYeCKOro COCTaBa M JIUTOJOTHYECKOH MHKPOCTPYK-
Typul MOPOA— KOJJIEKTODOB He(PTH H, KaK CJeACTBHe 3THX akTo-
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POB, — I'THHHCTOCTH TIOPOJ, paclpelesieHHss [Op IO pasMepau,
YPOBHAA abCOJIOTHOH INPOHHUAEMOCTH, OTHOCHTEJIbHHX I[IPOHHLA2eMO-
cTe#l, mapaMeTpoB MHKDOTpEIIHHOBATOCTH MOPOA, T. €. pasmepa
6710KOB H TpellHH, OTHOLIEHHS HX NPOHHIAeMOCTeH H T. L.;

2) OTHOLIEHHA BA3KOCTH He(PTH K BA3KOCTH BOJBI, BLITECHSIO-
Le#t HedTh;

3) CTpYKTYpHO-MeXaHHYeCKHX (HEHBIOTOHOBCKHX) cBOHCTB Hed-
TH H HX 3aBHCHMOCTEH OT TEeMIIEpATypHOr0 pexHMa IJI4CTOB;

4) cmayHBaeMOCTH NOpPOJA BOJAOH H XapakTepa MNPOSBJEHHA Ka-
NHVIAPHBIX CHJ B MNOPOAAX-KOJUIEKTOpAaxX ¢ PpasjJHYHOH MHKpO-
CTPYKTYypoO#;

5) CKOpPOCTH BHITeCHEHHSI He()TH BOJOH.

Kos¢dduunent oxpata niacToB Bo3JeHCTBHEM NpPH 3aBOAHEHHH
)2 3aBHCHT IJ1aBHHIM 00pa3oM oT caeaylomux (HakTopoB.

1. ®usznueckux CBOHCTB M reoJOTHYeCKO! HEOJHOPOJAHOCTH pas-
pabarnBaeMoro HedTAHOro mjacTa B 1UeJoM (MakKpOHEOIZHOPOA-
HOCTH I1acTa), 34ech HMeeTcs B BHAY HajluyHe rasoBOH IANKH,
He()TeHACHIIEHHBIX 30H, NMOACTHJAaeMBIX BOAOH, T. €. BOAOIJIABaIO-
INHX 30H, NPepHIBHCTOCTH IVIacTa MO BepTHKAJAH (HAJHYHS Hempo-
HHIl@eMBIX NMPONJACTKOB) H IO FOPH3OHTAJH (JHTOJOrHYECKOro BHI-
KJIHHHBAHHA NPOMJACTKOB), CYIIECTBOBAHHSI JH3BIOHKTHBHBIX pas-
PHIBOB H T. A.

2. TlapamerpoB cHcTeMbl pa3paloTKH MECTODOXKICHHA, T. €.
paclonoXeHHd CKBAXHH B IJacTe, PAacCTOAHHH Mexay HoObiBawo-
LIIHMH, a TaKXe MexXJy JOOHBAaOIIHMH H HarHeTaTeJbHBIMH CKBa-
JKHHAMH, OTHOLIEHHS YHCJIA HArHETATeJbHHX K UHCJY AOOGHIBAIOIIMX
CKBaXHH.

3. JlaBieHua na 3a00siX HarHeTaTeJbHHX H JOOWBAIOIIHX CKBa-
XKHUH, MTPUMEHEHHS] MeTOJOB BO3JEHCTBHUSI Ha NpH3ab6OHHYIO 30HY H
COBepUIEHCTBA BCKPHITHA MJACTOB.

4. TlpuMmeHeHus cnoco6OB H TeXHHYECKHX CPEACTB 3KCIIyaTa-
UMHH CKBaXHH (MeXaHH3HPOBAHHHX cloco60B  A06bIYH, ofecledH-
BaOIIUX HEOOXOAUMHI 0TOOpP XKHAKOCTH M3 CKBaXHH, METOJIOB Oj-
HOBpPEMEHHO-Pa3eJbHOH 3KCIAyaTalHH).

o. TlpumeHeHHsT METONOB ympaBjeHHs TPOLeccOM paspaboTKu
MECTOPOXKJIEHHS NyTeM YacTHYHOrO H3MEHEHHS CHCTeMHl pa3pabot-
KH (04aroBoro H H30HpAaTEJbHOTO 3aBOJAHEHHS) uau 0e3 H3MeHe-
HHUfl CHCTeMbl Da3paboTKH (H3MEHEHHs pexXHMa paboTH CKBaXHH,
YCTaHOBJIEHHS! ONTHMAaJbHHIX YCJIOBHH NpeKpallleHHS 3KCNIyaTalHu
CKBAXHH, UHKJIHYECKOr0 3aBOJHEHHS H AP.).

B menoM MOXKHO OTMETHTH, YTO KO3(PHLUHEHT BHITECHEHHS 3a-
BHCHT OT (PH3HUYECKHX CBOHCTB IJacTa, ero MUKPOHEOTHOPOAHOCTH
H XapaKTeDHCTHK Npollecca BHITECHEHHS He(®TH H3 MOPHCTOH cpe-
Abl, a KO3 HUHEeHT oXBaTa IJAaCTOB BO3JeHCTBHEM IpH 3aBojHe-
HHH, KaK H IIDH JApPYyrHX MeTojax pa3paboTKH, ONpelessieTcs CTe-
NIeHbI0 MaKDOHEOJHOPOJHOCTH MECTODOXKJAEHHS, CHCTEMOH paspa-
6OTKH M YCJOBHSIMH 3KCIUTYaTalUHH CKBAXHH.

Yro6bl NMpOrHO3HpOBaTh IIOKasaTeaH pa3paboTKH HEQPTAHOTrO
MEeCTOPOXKJIEHHS IIPH ero 3aBOJHEHHH, HeOOXOAHMO, MOMHMO Moje-
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J® CaMoro mjacra, BO MHOTHX cJjyua-
sIX cOXpaHsiomefics OAHHAKOBOH IpH
BCce€X MeToJax H3BJe4YeHHs HedTH H3
HEAD, HCIOJb30BATh TaKXKe MOMAelb
npoliecca 3aBOJHEHHS IlacTa H 3a- |
T€M INpPHUMEHHTEJbHO K KOHKDeTHOH

cHCTeMe pa3pabOTKH — pacyeTHYIO (
cxeMy [N MeCTOPOXKIEHHS B LEeJOM {
HJIH ero 3JeMeHTa. 0 Y,

Kak mokasniBaloT HCCJeNOBaHHSA Qs
BLITeCHeHHs1 He(TH BOAOH H3 06pas-

OB TODHBIX TODPOA-KOJJIEKTOPOB, MO-  pyc 74, 3apucuMocTH Tekymeft
cJie MOAXOAA BOAB K KOHLY ob6pa3la  medreornaun oT Quss/Vi:
HayYHHaeTcs H3BJIeUeHHe H3 HEero | H 2—KpuBbie, I[OCTPOEHHHE 10
He(TH BMecTe ¢ BOIOH, T. €. NPOHC- henowm i - penopiinesom bEvrechenth
XOAHT TaK Ha3blBaeMbll BOJAHBIM ne- Hedd somot

puoa paspaboTku.. B odHHX cayuasx

mocjie Hayajla 3TOro nepuoja H3 obpasia AobGbiBaeTcs HesHaUH-
TeJIbHOe KOJMHYecTBO HedTH (pHc. 74, KpuBas I), B APYrHX B 3TOT
nepHOJA M3 06paslOB H3BJEKAKTCA 3HaUHTeJbHHE 00beMbl HedTH,
CcpaBHHMBIe ¢ o6beMaMH He(TH, H3BJeKaeMbIMH B 6e3BOAHBIA nepH-
on (KpuBas 2).

Takoe HecxoacTBO MEXIy KPHBHIMH BHITECHEHHs HedTH BOHOH
H3 o0pasloB NOPOA B BOAHHIA NEePHOL OODBACHAETCS pPa3jHUHEM
MHKDOCTPYKTYPbl NMODHCTHIX Cpell, XapaKTepoM MNpOSBJEHHA B HHX
KalHJJAADHBIX CHJI, Pa3jiHYHeM Bsi3KOCTeH BHITecHseMOH u BHITEC-
Haowel xuaxkocreit u ap. HMccenenoauus $asoBHx H OTHOCHTEJb-
HBIX TPOHHUAEMOCTEH NODHCTHIX CpeA NpPH BHTECHEHHH H3 HHX
#He(dTH BOZOH MOKA3BIBAIOT, YTO [/ MHOTHX IJIACTOB XapaKTepPHO
BO3HHKHOBEHHe B T1I0Opax pa3fpobJeHHHX, [IHCIEPCHPOBAHHHBIX
MeJNKHX 00y HedTH, HewaBieKaeMoH W3 MOPUCTOH cpelsl Aaxe
BO BpeMs INPOKAUKH 4e€pe3 Hee IPH OJHHX H TeX Ke Iepenajnax
JaBJIeHUs] HeOrPAHHYEHHOTO KOJIHYeCTBa BOJHI, T. €. IPH TaK Ha3Hl-
BaeMoHi OecKoHeuHOH NpOMbIBKe. TakuM o6pas3oM, B 3THX mjacTax
ocTaToyHass HedTb HAXOJAHTCA B BHJE HENOJBHXKHHEX TIJjobyJa, 3a-
KJIOYEHHHX B TYNHKOBHIX 30HAX, B NOPOBHIX JIOBYIUKaX, T. €. B
MeCTax INODPHUCTHIX CPel, rle NmyTh JBHXKEHHI0 HedTH mnperpax-
JlaeTcd NJOTHBIMH CKOIJICHHSIMH 3epeH nopox. PasnpoGaenuio
He(TH B Ipolecce BHITECHEHHS ee H3 IOPHCTHIX cpell, BO3HHKHOBe-
HHIO HENMOJBHXKHHIX IJOGYJ CHOCOOGCTBYIOT TaKxke pasjiHyHe Bs3-
KocTell He(TH H BOJAW H HaJlHyHe HEHBIOTOHOBCKHX CBOJHCTB Y
HepTH. JlucnepcHpoBaHHe He(TH B NOPHCTHIX CPeAaX NPOUCXOAHT
HenaJieKo OT (pOHTa BHITECHEHHS, 1103aJ¥ HEro, Tl€ HaAXOAATCA
OJHOBpeMEeHHO He(dTb H BOJA, TAK YTO 32 BOJHEIH HepHOJ H3 06-
pasloB paccMaTPHBAEMBIX TNOPHCTHIX cpel Ao6HBAOT HeGoJblIoe
KoaH4uecTBO Hedru. [Ipouecc BurecHeHuss uedTH BOAOH M3 STHX
cpen Kak pa3 H ONHCHBaercss KpuBoH I (cM. puc. 74). Ecau B mo-
PHCTOH Cpefle COAEPKUTCS CPABHHTEJIbHO HEOOJbLIOE YHCJIO TYIH-
KOBBIX 30H B eiuHHLe 00beMma, To HedTh, GyAyuu Jaxe pasgpob-
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JIEHHOH No3aju (poHTa BHTeCHeHHS ee BOXOH, NMPOROJKAeT HBH-
TraThCA B 3TOH cpelle H H3BJEKaTbhCAd H3 Hee IO Mepe 3aKaUKH B
o6pasen BoAW. B TakoM cayuae BHTecHeHHe HedTH u3 obpasiua
MOPHCTOH CPeAn XapaKTepH3yeTcs KpHBOH 2 (cM. pHc. 74).

BosbmeM nBa o6pasna mopuctoil cpefn. B obpasue 1 mpouec-
Cy BHTeCHeHHS HedTH BOJOH cooTBeTCTBYeT KpHBas I, a B ofpas-
ue 2—kpuBasg 2 (CM. puc. 74). JlolycTHM, 4TO K HayajJy BOJHOrO
nepHoja H3BJeYeHHA HedTH B 3t o6paslk 6HJO 3aKauaHO IO
OJHOMY H TOMY e KOJHYEeCTBY BOAW Q*zs. Kak BEAHO M3 pHc. 74,
H3 obpasua 1 npu Qsa>Q*ss MOUTH He H3BJeKaeTcss HedTb, a H3
ob6pasua 2 nob6niBaeTcs 3HAUHTEJbHOE KOJHUecTBO HepTH. MoxHO
OTMETHTb, 4TO AJs o0paslla 2 cylleCTBeHHOe 3HauYeHHe HMeeT
BOAHHIH nepHois A00buH HedTH, B TEYeHHe KOTOPOro B IIOPHCTOH
cpelie NMPOHCXOAHT coBMecTHasa (AByxdasHasi) ¢uabTpauus HedTH
H BOJHI.

KpuByo I MOXHO amnpOKCHMHPOBaTh ABYMsi NpAMHLIMH— Ha-
KJOHHOH, cooTBeTcTBYWOLEH YCIOBHIO 0=<CQps < Q*ps, H mapanJeb-
HOH ocu abcuuce, cnpaBefuBoi mpH Qs >Q*:s. O6e npsiMHe HA
pHc. 74 NMoKasaHH NYHKTHPHHIMH JIHHHSIMH. DTOH aNnmpOKCHMalHH
COOTBETCTBYeT oOmNpefeseHHas MoJeJb INpolecca BHTeCHeHHA Hed-
TH BOZOH H3 NOPHCTHX CPEl— MOZAEJb IIOPHIHEBOrO0 BHTECHEHHSA
HedTH BOmOH.

Iasi onucaHusi mpoueccoB BHTECHEHHs HedTH BOROH H3 IOPH-
CTHX CDei, XapaKTePH3YIOIUHXCA KpPHBHIMH THma 2 (cM. pHc. 74),
HCIIOJIB3YIOT MOJeJib COBMecTHOH (AByxdasHo#) ¢mnabrpauun Hed-
TH H BOJHL.

O6e MojenH OCHOBAHH Ha 9KCMEPHMEHTAJbHHX XapaKTEePHCTH-
Kax [polecca BHITeCHCHHAa HedTH BOJOH H3 NOPHCTHX Cpef.
IIpu nopwHeBOM BHTECHEHHH SKCIEPHMEHTAJAbHO ONPEAEIAIOT
K03((HIHEHT BHTECHEHHA 1; H o6beM 3aKauaHHOH B MOPHCTYIO
cpeldy BOAH Qps, PaBHHI 0o0beMy H3BJEUEHHOH H3 Hee HepTH.
Ilpn pByxdasHofi GHJABTPALMH HCIOOJNb3YIOT 3aBUCHMOCTH (ha30BHIX
HJIH OTHOCHTEJbHHX NpOHHIaeMocTed AJs HedTH M BOAW OT HACH-
LIeHHOCTH NOPHCTOH cpean BOJOH, onucaHHble B rJ. II.

§ 2. PACHET NOKA3ATEJIEH PA3PABOTKH CJOHCTOTO
IJIACTA HA OCHOBE MOJEJIH NOPUWIHEBOTO BHITECHEHUA
HE®TH BOOOH

[Toxasaresn, 6JH3KHe K peasbHBIM, NMOJYYalOT B PAAE CayyaeB
NpH pacyere pas3paboTKH HePTAHKIX MECTOPOXIEHHH € NMOMOLIBLIO
MOJIEJIH, cocTosilllefl H3 MoJeJell mpollecca NODUIHEBOTO BHITECHE-
HHsl He(TH BOJOH M CJIOHCTOrO IJIACTa.

[Ipexne Bcero paccMOTpHM npolecc NOPUIHEBOTO BHITECHEHHS
HedTH BOJOH M3 ONHOFO NMPAMOJHHEHHOro cjos (mpomsacrka) ToJ-
muHOH h; W Anuuoft [, MOPHCTOCTBIO M; H TPOHHIIAEMOCTBIO k;
(pHc. 75).

Ilyctb naBJjieHHe BOAM, BXOAfLIeH cJeBa B NpPOMJIACTOK, PaBHO
Pi, 2 JaBJIeHHe BOJAH Ha BHXOJe M3 Hero p,. Bymem cuurarth, dro
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Puc. 75. Mogens mupsMo- j2A Shoct P,
JnvHeflHOTO npornJjacTka

TPH NOPIIHEBOM BHTECHE- {4 N Ll ol o
HHH HedTH BOAOR Mﬂ I ' l ( l
= I
4 B
I ITTITT T T T T T 77T 3&«7/77777777777
Zpi Sep 4
0 T

B TEUYeHHe BCEro npollecca BHITECHEHHS HedTH BOJOA H3 cJoA
—_—

nepenaj AasjeHHd Ap=p,—p, NOCTOAHHHA. B COOTBETCTBHH C
MOJIesIbI0 NOPIIHEBOTO BHITECHEHHS HedTH BOAOH ocTaTouyHas Hed-
TEHaCHIIEHHOCTb B 33BOAHEHHOA 06J1aCTH CJIOA OCTaeTcsi NOCTOSH-
HOH, DaBHOH Syocr. CorsacHo pHc. 75, GPOHT BHTECHeHHS 3aHH-
Maer B MOMEHT BpPEMEHH ! TOJIOXKeHHe Xu=2xs;(?). Ullupuna npo-
IJIacTKa, H3MepsieMass B HaNpaBJeHHH, NEPNEHAHKYJSIPHOM K ILIO-
CKOCTH 4Yeprexa (cM. pHc. 75), paBHas WIMpHHe BCEro ILIACTa,
cocrasisier b. Ilpu nocrosiHHOM Tiepenajfie AaBJCHHS Ha BXOJAe B
OPOIJIACTOK H Ha BHIXOfle H3 Hero pacxoj 3aKayHBaeMo# BOAH (i
OyJeT H3MEHATbCA CO BpEeMEHEM.

IIpennonioxum, 4to B 3aBOAHEHHOH 30HE, T. €. NPH O0<Cx<C X,
CBsi3aHHasi BOJA ¢ HAYaJIbHOH HACHIIEHHOCTbIO Scg IOJHOCTBIO
CMeIIHBaeTcsl ¢ 3aKayHBaeMOH BOAOH, TAaK 4YTO YCJOBHO (CM. pHC.
75) saBoAHeHHas 06JacTb HacChlleHa OCTaTOYHOH HedTbi0 W ITOM
cmecblo. Torga cymMMapHui o6beM BOAH Qas;, Bowemmui B ©6-
JlacTb Mpomiactka NpH 0<sCx<CXs:, MOXHO ONpele]HTs Mo ¢Oop-
MyJe

Qpai =mbhy (1 —5, ocr— Sca) Xni- (Iv.11)

Iudepenuupys 310 BHpakeHHe [0 BPeMEHH f, NOJYYHM cJe-
ayomyo ¢opmysy mas pacxofa BOAH, moctynaiomwed B i-fi npo-
N71aCTOK:

’ dxns
Qnai = mbhi (1 — Sy oc'r_scs) Tm- (IV.12)

C ZApyrofl CTOPOHBI, MOXHO, COMIAaCHO OGOOLIEHHOMY 3aKOHY
Hapcn, T. e. ¢ yueroM TOro, uto ()a3oBHe MPOHHLAEMOCTH AJISA
BOJLI M He(TH COOTBETCTBEHHO COCTABJISAIOT Ros=Rpk, kpn=Fkuk
(ke H ky — NOCTOSHHEIE OTHOCHTE/bHEIE IIPOHHLAEMOCTH), NOJYYHTD
Ui pacxoia BOAM cllefylollee BhIpaXKeHHe:
s = kikghhi (D1 — poi)

B3t Pexs; () ’
rie ps — BA3KOCTb BOJHI.

Ilpn paccMoTpeHHH IpPOLECCOB BHTECHEHHs HeTH BOJOA mpH-
HHMAIOT, 4T0 HedTh M BOJA — HECXKHMaeMble XKHAKOCTH. CixKuMae-

(IV.13)
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MOCTb OPOA IJIaCTa TaKXKe He YUYHTHBaoT. [103TOMYy, aHaJOrH4YHO
dopmyne (IV.13), moxuO HanucaTh aas Aebura HedTH, TMoJayyae-
MOM M3 TOro Ke i-ro MpPONJacTKa, BhlpaxeHne

kikubhy (Pai— D)
Wy (I — x5;) (IV'14)

du; =

rAe iy — BSA3KOCTb HEQTH.
U3 supaxenuii (IV.13) u (IV.14), ucknaouas u3 HUX JaBJje-
HHE pPp; HA QPOHTE BHITECHEHHS, MOJYUHM

oo =0 k;bhiAp )
= dm =
pH l—(l,:: - ::)xaz(f)
Ap = p,—pe. (IV.15)

IlpupaBruBas (IV.12) u (IV.15), noayuum caegyiomee Ancb-
(epennnanbrHOE ypaBHEHHE OTHOCHTENBHO Xpi(f):

[l;_ﬂ l-—-( Ba _ Ps )xni] dxgi — kibp . (IV.16)

ky kg dt m{(l — sy oer— Scp)

Wnrerpupys (IV.16) u yunThiBas, 4T0 ¥5;=0 npu £=0, npHuxo-
JIHM K CJeJyIolleMy KBaAPaTHOMY YPaBHEHHIO OTHOCHTEJIbHO Xgi.

hlxni (l"-u _ l‘n) x%5¢ — k;Apt . (IV.17)

ky ky 2 m (1 — sy ocr — Scs)

Pewas 370 KBaZpaTHOe ypaBHEHHe, I0JyuaeM OKOHYAaTeJbHBIE
GopMynH nas ONpPeNeNEHHsI Xn; B NPOMIACTKE ¢ NPOHHIAEMOCTHIO
k B m1060% MOMEHT BpPEMEHH

X (£) = pul (1— V1= ohkii)

Py p ;
fey ( ky kg )

v L S .
215 (e — 4o )
Q= szlz

m(l —sy ocr — Ses) — 53—

(IV.18)

HOansa Toro yto6u mosyuuTh GOPMYay AJsA ONpEAETECHHs BpeMe-
HH f, OOBORHEHHS (-r0 NpOILIACTKA C TPOHHILAEMOCTBHIO K., IHOJO-
XKHuM B nepBoit ¢popmyae (IV.18) xu=l,

Torpa

m(l—sy ocw“‘%n)(

2Apk,

t,= ) . (IV.19)

W3 popmyan (IV.19) caesyer, 4To mpoIacToK ¢ o4eHb 60Jb-
HWIOH NPOHMILAEMOCTbI0 OGBOAHHTCS B CaMOM HayaJe IHpolecca
BHITECHEHHS He(TH BOAOH H3 CJIOHCTOrO IJIACTa.
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PaccMoTpum npouecc BHITeCHeHHS HeTH BOJOH H3 CJOHCTOrO
nnacra. Jnsg ymno6cTBa CA0XKHM MBICJEHHO BCe INPOIJACTKH 3TOroO
njlacta B OJMH «lITabeNb», npuueM TakuM o6pa3oM, yToOu abco-
JIOTHAs NPOHHIIAeMOCTb IIPOMJIACTKOB HM3MEHsJach IOCJe40BaTelb-
HO, HayHHag ¢ HaHMeHbLIed H KOHYAafA caMOH BLICOKOH.

Tlycts, Hanpumep, B HHXHeH yacTH 3TOoro «uwrabesia» pacnoJo-
JKeH NpPONJIacTOK ¢ caMoil 60JblIof NMPOHHILAEMOCTbIO, 2 BBEPXY —
¢ HaHMeHblleHd mnpoHHuaeMocTblo. COrMlacHO BepOATHOCTHO-CTATH-
CTHYECKOH MOJeNH CJOHCTO-HeOAHOPOJHOrOo ILIacTa, CYMMapHYIO
TOJIIHHY. A NIPONJAacTKOB, IPOHHIAEMOCTb CaMOro IPOHHLAEMOro
H3 KOTOPHIX He HHXKe, YeM HEKOTOopoe 3HayeHHe, paBHOe K, MOXHO
YCTAHOBHTb B COOTBETCTBHH ¢ (OpMyJIOH 3aKoHa pacnpefeseHHS
IPOHHIIAEMOCTH CJEAYIOIHM 06pa3oM:

hih=F (), (IV.20)

rie h—obulas TOJIIHHA BceX NPOIJIACTKOB B «uITabeses.

®opmyay (IV.20) MoxHO mnpeacTaBHTh B AHddepeHIHATbHOM
BHIE, T. €. Yepe3 IUIOTHOCTb paclpelelieHHs, CcJeAYIOIHM obpa-
30M:

A _ P (kydk= (k) d. (Iv.21)

3neck f(k) —NJIOTHOCTD  BepOATHOCTHO-CTATHCTHYECKOrO pac-
npefeseHHs abCoOJIOTHOH NMPOHHIAEMOCTH.

BriTecHenne medTH BOZOH H3 CJIOHCTOrO NMJACTa B IIEJIOM MOXKHO
paccMaTpHBaTh M WHBIM 0O0pas3oM, cYHTas, YTO B HEKOTOPLIE CJIOH
TOJIIHHOR AA H NPOHHIAEMOCTbIO R NOCTynaeT BOAa C PACXOAOM
Aq. Torza u3 dopmyan (IV.15) u (IV.18)

__ bkyApkAh
Aq_———————pﬂl Vi (Iv.22)

C yueroM (IV.21) u3 (IV.22), 3aMeHss KOHeuHble NMpHpALIEHUS
COOTBETCTBYIOLIHX BeJHYHH HX AMpdepeHLHanaMH H onyckKas HH-
JleKc [, Halijem

__ bkyAphkf (k) dk
dg= ol Vi Vi—ei (IvV.23)

CorsiacHo MOJe/JH NOPLIHEBOrO BHITECHEHHS, H3 OGBOJHHBLIHXCSA
NPOMJIAacTKOB He(@Th He H3BJIEKAeTCS — H3 HHX MOCTYIAeT TOJbKO
Boga. OOBOAHAIOTCS, KOHEYHO, B HEPBYI OuYepenb BHICOKONPOHH-
IaeMble IIPONJAcTKH. B Hcnosib3yeMBIX B TeopuH pa3paboTKu Hed-
TAHBIX MECTOPOXJAEHHH MoJeJaX IJacTOB YCJIOBHO IPHHHMAIOT,
4TO B CJIOHCTO-HEOJHOPDOJAHHX mJAacTaX MOTyT GHTb cJIOH ¢ Oecko-
HeyHo OOJIbLIOH NpOHHLAeMOCcTblo. TakHM 006pa3oM, K MOMEHTY
BpeMeHH {={f., Korga OOBOJHATCA BCE CJOH C NPOHHLUAEMOCTBHIO
k>=k., MOXHO NOGHBaTh HedTb JHIUb U3 CJOEB ¢ NPOHHIAEMOCTHIO
k< k.. B COOTBETCTBHH CO CKa3aHHHM IJs Ae6HTa HebTH H3 pac-
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CMATPHBAEMOro CJOHCTOro mnsacra Ha ocHoBe (IV.23) mnosnyunm
cyefyioliee BHpaXeHHe:

__ ky
__ bkahAp (  kf(k)dk V.24
(== ) Vi—e (V.24

Jle6ur BoAH gs(!) MOXHO ONpENesHTh TaKXKe C yUyeTOM YKasaH-
HuEIX coobpaeHHul no dopmyse

g, ()= ”"’;",A” f kf (k) dE. (IV.25)

C noMoupio NMpHBEXEHHHX (OpMyJ MOXKHO, 3afaBasicbhb mocje-
JOBaTeNbHO 3HAUEeHHSAMH BPeMeHH (=/l., IO (IV19) onpejessaTh
k.. 3atem, npefnoJsarasi, YTo IJIOTHOCTb BEPOSATHOCTHO-CTATHCTHYE-
CKOTO pacnpefesieHHsl. ab6COJIOTHOR TNPOHHIAEMOCTH HM3BECTHA,
MOXKHO oOnpeflesNuTb, npouHrerpupoBaB (I1V.24) u (IV.25), gn ¢s
H §=(0x={qn1{s.

IlpuBefieHHBle BHKJAAKH H (OPMYJH NPHTOAHH, KAK yxKe OHLIO
yKa3aHo, BJsi cJydyaeB, KOTJa B TeueHHe BCEro mpolecca BHITECHe-
HHSl HeTH BOJOA M3 CJOHCTOrO IJIacTa nepenaj AaBJeHHS He H3-
mensietcsi, Koraa ke 3ajaHo ycioBHe TNOCTOSIHCTBA DAacXofa §ss
3aKauHBaeMOH B CJOHCTHH IJIacT BOAHW, IOJYYalOT HECKOJbKO
HHble COOTHOLIEHHS AJIsl OonpejesieHHs Ae6HTOB HedTH H BOAH, a
TaKxe MNepenaja XaBJeHHS, KOTODHH B HAaHHOM ciydyae 6ydeT H3-
MEHATbCS ¢ TeueHHeM BpeMeHH. Ecim  gss=const, cnpaBensnsu
¢opmyst (IV.15) u (IV.16), cienyer mpu 3ToM YYHTHBATDB, uTO
nepenajn AaBieHHs Ap— byHKUEs BpemeHH, T. €. Ap=Ap(t).

BBeaem yHKIHIO :

Uu I‘I‘B)
A.= 2( kH — kn kHz

m (L — sy oot —Scp) Pn?l® )

v=A{sp0a, (IV.26)
0

U3 dopmyan (IV.15), ecan ee sanucaTb OTHOCHTENbHO AHG-
(depeHunasoB pacxoja g M TONUWHHH nJaacra h, ¢ yuetom (IV.26)
MONYYHM

bkap (£) kdh

o= VTt

Kak u B ciiyuae MOCTOSIHHOrO mnepenaja JaBJE€HHs, OPH TO-
CTOSAHHOM pacxofle 3aKauHBaeMOH B CJOHCTHIA IJIAaCT BOAH K HEKO-
TOPOMY MOMEHTY BpeMeHH {=1{, 4acTb CJIO€B OKaxeTcs MOJHOCTBIO
06BOJHeHHOH H U3 HHMX OyAeT HO6GHBaThcA TOJBKO BOAA, H3 JPYroi
Xe yactH 6yayt mobniBatbh 6e3Boinyilo HedTb. IloaToMy mNOJHHIHA
pacxojl 3aKauHBaeMOH BO BCIO TOJILY CJIOMCTOTO IJACTA BOJH (as
MOXHO OMNpeJeJHThb B pe3yJbTaTe HHTEIPHPOBAHHA BHIpaXEeHHSA
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(IV.27) u npnGaBiieHHs K NpaBOH €ro YacTH HHTErpana, YYHTH-
BAIOLIEro NPHTOK BOAW M3 OOBOJHHBIUHXCH cJoeB, Hmeem

— ks
_ bkyAD(t) ( Af(k)dk bk Ap )
Gu =27 é O+ jkf () dk. (IV.28)

O6yualomemMycsi npefjaraercs ciaelyiomas npoueaypa mnocJje-
JoBaTeJIbHOro onpejeteHHs Ap({). Bnradane caepyer 3anathcs
3HaueHHeM NpOHHLaeMocTH k., mo ¢opmyne (IV.19) onmpeneaursb
BpeMs o6BofHEHHA cjof !=t{,, mocje 4ero A/s AaHHOTrO f. BHIYHC-
JUTh . 3aTeM ONpeleA0T HHTErpaas, BXOAduHe B (GopMyJy
(IV.28), u Ap(t) npu 3allaHHOM ¢ss. BHUHCIHTE/NbHEIE OINEpalHH
NOBTOPAIOT NPH APYTHX MEHbUIMX 3HAYEHHAX k., AJA NIOJydeHHdA 3a-
BHCHMOCTH Ap(t).

Hebutr HedpTH HaxoAAT no popmyJse .

ke
__ bkgAp(t) (* kf(R)dE
a)=—20 (IV.29)
0

a Ae6HT BOAR — N0 dopmyJie

an ()= 220 (4 1) ah. (IV.30)
%

B paznajbHOM cJiyuae nmpH TNOPLIIHEBOM BLITECHEHHH He(TH
BOJOH M3 OTHEJBHOTO cjiof BMmecTo YypaBHenns (IV.12) Oyaem
HMETb

. kBkl Gp
™ 2ﬂh‘f o (IV.31)

Qs

ITyctb B HEKOTODHI MOMEHT BpeMeHH (PPOHT BHITECHEHHA Hed-
TH BOJOK B i-M cJoe jollle] A0 paAuyca r=ry;, I'lle JacTOBoe AaB-
JieHHe paBHO pg;. Toraa, mrTerpupys (IV.31) or paamyca cxkBaxu-
HBl JO pajgHyca 7ai, IOJYYHM

kgk
Gosi In 2= 2L 22k, (po— pyy). (IV.32)
B obaactu re;<<r<CR, T. e. Buepeiu poHTa BBITECHEHHs, [BH-

XKeTcsi HedTb C TeM XKe PACXOJOM §si=(u;, TAK YTO AHAJOTHYHO
(IV.32) umeem

kiku
Qo In = S8 9tk (p, —p). (1V.33)
Us (IV.32) u (IV.33)
rik; A ch
0= = ,: e BPe=Pe— P (1V.34)
& | + k n—
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Anagornuso (IV.12) ans i-ro mponnacrxa

qBi=m(1_sH ocr_sc;;) 2”’5:'6(;—?i~ (IV‘35)

IlpupaBuupas npasue dactu (IV.34) u (IV.35) u onmyckas HH-
JEKC i, NOJYyUYHM

(h Inle 4 ba g ri)r drs _ kApe . (IV.36)

kg re H B dt m (1 — sg ocr — Sca)

O6o3nauuM p=;—" u npounterpupyem (IV.36) npu Ap.=
[

=const. Torga
B H 1 ) H :
(-%B——:—H)[p?(ln p—-—2—)+7]+ l;u lnT’;‘:— (p?_])=
2kApct (IV.37)

T m (1 —Sgocr —Scn) 7c?

Tenepp MOXHO Ha#HTH BpeMsi {={,, COOTBETCTBylOlllee Hadaay
06BOIHEHHsT NpPOIJTAcTKa ¢ a6COJIOTHON NPOHHLAEMOCTBIO k=Zk..
IMonaras p=px=R/rc, noayunm

1
m (1— sy ocr— Sca) 7c? {('_::—— l;: )[ Kz(ln PK"'T)"‘
£ 2Apck, —

+ ]+ 7 Inpk (pg® ——1)}

> T . (IV.38)

U3 dpopmyan (IV.34)
2nlpckdh

[} s Pu R
Tln.f_c-_'- ky In 141

dg, = (IV.39)

Hurerpupya (IV.39), kak u Ana NpsSMOJHHEHHOro c/aydas, npH
Ap.=const uMeeM

ke
kf (k) dk
00 (=200, | 00—, (IV.40)
b &, In-;-C—+TH-In—rB—
g, (t) = Zharcks 5 Ef (k) dE. (IV.41)

P'Bln— k.

Has BHunc/ienuss HHTerpasna (IV.40) B noxsiHTerpaJjibHOE BhI-
paxxeHue CJaeAyeT NOACTaBHTb ry H3 ¢opmyan (1V.37). Iloatomy
B obumeM cayuae gq(f) HEOGXOMHMO oOnpenendTb, NO-BHAHMOMY,
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YHCJIEHHHM MOyTeM c Hcmoab3oBanueM IBM. Opnako, Xak H B
NPAMOJIHHEAHOM cJy4ae, NPH ps/Re™= /Ry BHIUHCJEHHS YNPOLLAIOT-
cd. Bupaxenue (IV.40) npespamaercs B cleayiolyio ¢opmydy:

ke
. () = ﬁﬁ’"’% j kf (k) dk. (IV.42)
My In T 0

Heo6xoauMo 3amaBaTbcsl BEJIHUHHOH k., OINpeAeJATH MOMEHT
0OBOJHEHHsI CJOsi ¢ NPOHHUAEMOCTbI0 k=K, no Qopmyne (IV.38)
H B COOTBETCTBHH C H3BECTHHIM BE€DOSITHOCTHO-CTATHCTHYECKHM 3a-
KOHOM pacnpejiesieHHss aGCOJIOTHOH MPOHHUAEMOCTH ¢u(?) u ¢s(1).

IIpumep IV.1l. Hedranofi naact B sneMenTe OAHOPARHOR CXEMH Pa3pabOTKH
aanuoit [=500 M, wHpHHO# b=500 M u TommmuHo#i hA=10 M paspabaThHBaeTcs
¢ npuMeHeHHeM 3aBogHeHus. ITopHcTocTh nuacra m=0,25, Ba3kocTb HedTH B NJa-
CTOBHX YCJIOBHAX Wy=2-10~% Ila-c, BsizkocTs BOAM ps=10—3 Ila-c. [Inact Heon-
HOPOJeH MO TOJIUIHHE H MOXeT OHTb NpPEeACTaBJEH MOMAEJbIO CJIOHCTO-HEOAHOPOX-
HOrO MJlacTa C raMMma-pacrnpejieienHeM a6cosOTHOR INpoHHuaeMocTH. IlioTHOCTB
pacnpezeJeHds cooTsercTByeT a=2. [Toatomy

Ee—kik
F) ==

Cpennss abcosloTHasi NPOHHLAEMOCTh (MaTeMaTHYECKOe OXHIAAHHe aGCoJIoT-
HOl npoHHiaeMoctH) M (k) =2k=0,4 MxMm2

ConepxkaHve CBfi3aHHOK BOAW B mJacTe Scp=0,05, NpPH NOpPUIHEBOM BHITECHE-
HHH HeTH BOZOH H3 KaXJAOTO OTHEJBLHOTO CJOsi OCTaTO4HAasl HedTeHACHIIEHHOCTb
B ¢Jioe Syocr=0,4. Ilnact paspabaTHBaercss npH NOCTOSTHHOM Nepenaje AaBJIeHHS
B 3JleMeHTe ofHOpsiAHOH cxeMH Ap=0,2 MIla. OTHOCHTe/NbHAs NMPOHHIAEMOCTD JJISK
HedTH B He3aBOJHEHHHX 006JacTsX k,=1, a OTHOCHTe/JbHAs NPOHHLAEMOCTb JJS
BOAH B 3aBOJHEHHHX 30Hax k;=0,5.

OnpeaenuM H3MeHeHHe BO BpeMeHH HeGHTa HedTH ¢u(f) H BOAH ¢s(f), moOay-
yaeMHX H3 pPacCMaTPHBAeMOrO 3JEMEHTa OZHOPSAZHOH CHCTEMH Pa3paGOoTKH.

Ilpexxne 4yeM MNPHCTYNHTbL K peLIeHHIO LAHHOrO INpHMepa, OTMETHM, 4YTO MO
yCIOBHIO Ma/ky=ps/ks. B 3TOM cayuae, coraacHo ¢opmyaam (IV.24) u (IV.25),
HMeeM

— ke
bkyhA
() = () a
0
bhohAD [
9s (1) = _p.n_lp— 5 kf (k) dk.
ke

o dopmyne (IV.19)

m(l'—snocr'—sca)( k: + :: )12
t=t.= .

2Apk,
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40 - Puc. 76. Tpadbuk HaMeHeHHA BO Bpe-
[ 9w Ypr cym MeuH ne6HToB HedptH (I) H BOAHM
(2), mosyuaeMnXx H3 3JeMeHTa Of-

30 HOPSIAHOM CHCTEMH PaspaboTKH

20

10

g 200 400 600 800 t,cym

Toacrasasisn B npHBefeHHHe GOPMYJIB ISl ¢u(t) H ¢a(f) KaHHYO B YCJIOBHH
NpHMepa T[NIOTHOCTh TaMMa-paclipefiejieHHss aGCOMIOTHOH NPOHHUAEMOCTH, MOJY-
YHM

— &k —
bkyhAp 5‘ k2 e~klk g

gu(t)= T )

0

bkghAp  — — - = -
= —;:;ii (2F (1 — e~kalk) — b, 2/F e~kalk — 2k, e~halk].
CoOTBeTCTBEHHO A IIEGHTa BOAN
—_ 0 - —
bhghAp [+ kB ekl LhghA\ -

0 ()= —a 5 o b= e eokalE (2 kYE - 28,).

¥

Tlopamok pacyera caexyiowmufi: cHayaja 3afaeMcsl MPOHHLAeMOCTbIO k. OGBOAHMB-
ferocA NPONJACTKa, 3aTeM ONpejenAeM IIo NpHBeAeHHoA dopmyse BpeMs f. 06-
BOJHEHHA 3TOrO NPOIJIACTKA, NMOC/E Uero BHYHC/IAEeM AeOHTH He(pTH H BOAH AJA
JAaHHOTO BpeMeHH. PacueTH noBTOpsieM aHAaJOrHYHHM 06pasom AJsi APYTHX 3Ha-
qenufl k. ¥ 1.

Ha puc. 76 nokasan rpaduxk H3MeHEHHS BO BpeMeHH HeGHTOB He()TH H BOJAH,
M3 KOTOPOro CJeAyeT, 4TO AJs NPHHATOTO BHAA paclpeieseHHs aGCoOMOTHOA Ipo-
HHU2aeMOCTH 0GBOJiHEHHe II/IacTa B 3JieMeHTe CHCTEMH pPa3paGOTKH HapacTaeT OuYeHb
GHicTpo H yxke gepea 400 cyt g.=15,7 M3/cyT, a ne6HT BoAH ¢.=19 M3/cyT.

§ 3. PACYET NOKA3ATEJIEA PA3PABOTKH OJTHOPOAHOTI'O
MJIACTA HA OCHOBE MOJEJIH HENMOPIUHEBOIrO BLITECHEHH%
HE®TH BOAOH

Bce u3BecTHHE METOAMKHM pacueTa mpouecca pa3paboTKH Hed-
TAHBX MECTOPOXJECHHA ¢ yuyeToM HEMOPHIHEBOrO XapakTepa BHI-
TeCHeHHs He(TH BOLOA OCHOBaHHW Ha TEOPHH COBMeCTHOR (QHJbTpa-
MM HEOAHOPOAHHX XHAKocTell, ITosicuuM ee BHauase Ha npHMe-
pe BbiTeCHeHHs HepTH BOAOA H3 NPAMOJHHEAHOr0 OZHOPOAHOTO
naacra. STOT NpPHMEDP COOTBETCTBYET CJyuail0 BHITeCHeHHs HedTH
BOOHl M3 3JieMeHTa OAHOPAJNHOA cXeMHl PAaCNOJOXKEHHS CKBaXKHH,
NPOHCXOASINEMY B CEUEHHAX 3JJEMEHTa, HAXOAAUHXcA HA 3HAYH-
TEJbHOM YZAAaJeHHH OT CaMHX CKBAXXHH, Tle XapakTep ABHIKCHHA
BHTecHAieMOlt H BHITECHAWOLIEH KHAKOCTeH OJH30K K NPSMOJHHEH-
HOMY.
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Puc. 77. CxeMa 37eMeHTa (Ll hibtid Ll
J12CTa NPH HEMOPIIHEBOM BH- duyy
TeCHeHHH HedTH BOZOM 17/7(1/..+074I)

duy
Sh(ug+ ﬂ—I“dz)

4z

PaccmatpeBasi HemopiuHeBoe BHITeCHeHHe He(TH BOJOH B mps-
MOJIHHEHHOM IIacTe, BHIAEJNHM 3JEeMEHT AJHHOH AXx, BHCOTOH A H
WHPHHOH b B HampaBJIEHHH, NePHEeHAHKYJADHOM K IIIOCKOCTH
(puc. 77). B obuiem chyuyae cjeBa B 3JIEMEHT IIJacTa MOCTYMAIOT,
a cnpaBa BHTekaloT HedhTh M Boza. IIpu 3ToM pacxon BOAH cJeBa

paBen bhu,, a cnpaBa — bh(vs+ aa(;" Ax).

KoJsnuecTBO HakomeHHOf BOAW B 3JeMEHTe IJlacTa COCTaB-
ds
aser bhm—- Ax (v— CKOpOCTb (QHALTPALUUH BOAHI, S — BOJOHACH-

HIeHHOCTb mJiacta; { — Bpemsi). CorjlacHO 3aKOHY COXpaHeHHs Mac-
CHl BeIECTB3, Pa3HOCTb MEXJy CKOPOCTAMH BXOJAAILEH B 3JIEMEHT
filacta BOAH M BHIXOAAIIEH H3 HEro PaBHA CKOPOCTH HAKOIJIEHHS
ofbeMa BOJAH B 3jIeMeHTe IJlacTa. BHpa)kasi CKasaHHOe B MaTeMa-
THYECKOH (opMe, NMOJYUHM

—bh (v,,—}-%’ Ax)—]—bhvn = bhm 2 Ay,

Tlocsie cokpamienusi COOTBETCTBYIOLUIMX YJEHOB IIPH YCTpeMJe-
uug Ax—>0 umeeM

% mP o, (IV.43)

[TockonbKy B MOpHCTOHl Cpefle COAEPKATCA TOMBKO HedTb H
BOJa, TO HAaCHIIEHHOCTb MOPHCTOR cpeibl HedTbw Syx=1—s. Pac-
CMaTpHBasi aHaJOTHYHO NPEABAYLIEMY CKOPOCTH NPOHHKHOBEHHS
He(bTH B 3JIEMEHT IIJ1aCTa H BRIXOJA H3 HEro, IMOJYYHM
Ovy

0Os
M =0 (IV.44)
CknaapiBasg ypaBHeHus (1V.43) u (IV.44), umeem

SOt =0 vtu=0(). (IV.45)

Takum 06pa3om, cymMMapHasi CKOPOCTb OHJbTPaUHH HedPTH H
BOJHK He H3MEHSeTCH MO KOODJAHHATE X, UTO H CJAENOBAJIO OXHIAT,.
TaK Kak He(QTh M BOAY NPHHHMAIOT 32 HECXKHMaeMble JKHIKOCTH.

CrefoBaTe/IbHO, PeXHM IJIacTa XKECTKHH BONOHAMOPHHIA.
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Ckopoctn ¢HabTpaluy BOAW H HedTH NOAYHHSAIOTCS O6OGLIEH-
HOMY 3aKoHy Jlapcu, Tak 4TO

kb, 3, k 3,
=—=20 2. 4= _% 2, (IV .46)

TAe ks H Ry, P H Jiy— OTHOCHTEJIbHBIE NPOHHILAEMOCTH, 3aBHCALLHE
OT BOJIOHACHILIEHHOCTH S H BSI3KOCTH BOAH H HE(TH.

Paccmorpum ¢dyukumio f(s), nasnBaemylo ¢ynkuuefi Bakaun—
JIeBepeTTa. IIpu sToM

ky
=52 = () . (AV.47)
HJIH
fo)= -2+ 0 , (IV.48)
Hs (IV.48), lmcpcpepeﬂunpyﬁ Us MO X, MOJYUHM
Yo —0(t)F (5) - (IV.49)

[Tocne nmomcranoBku (IV.49) B (IV.43) noayuum omuo Audde-
peHIHa/ibHOe yDaBHeHHe MNEPBOrO MNOpAXKAa MJA  ONpEJesCHHA S,
T. €.

v(O)f (5) = +m-2-=0. (IV.50)

[To mepe BHTecHeHHS HedTH BOJOH H3 NMPAMOJHHEHHOro mJjacra
¢poHT BHITecHAIOMEeH HepTh BOAH MPOABHraeTcss K KOHIY NJacTa
H BONOHACHIIIEHHOCTh B KaXKJOM CeYeHHH 3aBOJHEHHOH ofJacTu
HeNpepHBHO yBeJHuuBaerTcs. [Ipouecc BrTecHeHH HedTH BOIOH
H3 NPSMOJHHEAHOro nJjacTa MOXKHO NPEACTaBHTb H HHHM obpa-
30M, cJels 3a M3MEHEHHEM 110 NJACTy HEeKOTOPOH BOJOHACHIIICH-
HocTH. EcaH, HanpHMep, B KaKOH-TO MOMEHT BPeMEHH B HEKOTOPOM
CeYeHHUH IIJ1acTa BOAOHACHILIEHHOCTb COCTaBJAfAJA S=S§;, TO CIyCTH
onpeleseHHoe BpeMsl 3Ta BONOHACHIIEHHOCTb OyHeT M B KOHIE
maacra, Tak Kak HedTb NOCTENEHHO H3BJEKaeTci H3 Hero u ee
MecTo 3aHHMaer Boxa. Jsig yKasaHHoro s=const MoxXHo NpHHATH

ds=-2 dx4 B dt 0.

HJIH v
Os dx 0s

CpaBuum (IV.50) u (IV.51). Oun OyAyT HIAEHTHUHBIMH, €CJd
MOJIOXKHTh

de _ F'(9)u(®)
= (IV.52)
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VYMuoxum u pasgennm (IV.52) ua bh u npounrterpupyeM, mnojy-
9HM

t
bhmx = ' (s) Q,, (1); Qus (B) = S bho (t) dt. (IV .53)
0
O6o3HayuM
bhmx

=g, (IV.54)
TOoraa

E=f (s). (IV.55)

3anaBag s B Gopmyse (IV.55), MOXKHO ompelenHTb paccTosi-
HHE OT BXOJa B IJIACT JAJig AAHHOrO 3HAYeHHs BOJOHACHILEHHOCTH
OxHako B mepuox 6Ge3sBONHOH 3KCIJyaTalld 3aKaydBaemasi BOLA
elle He AOCTHraeT KoHLIa IJjacTta. UToOBl YCTAaHOBHTHL NOJIOXKEHHE
(¢poHTa BbuITeCHeHHS HedTH BOAOH H BOAOHACHILIEHHOCTb Ha (POH-
Te BBLITECHEHHSl, PACCMOTPDHM MaTepHaJbHbH 6ajsaHc 3aKadyaHHOR
B mJact Boabl. Ecyin K MOMeHTY BpeMeHH [ B IJacT 3aKayaH obObeM
BOAH, paBHOR Qs:(f), AJHHA (POHTA BHITECHEHHS COCTABHT Xs,
HACHILEHHOCTh IJIACTA CBA3aHHOA BOJOH S=S§cs, TO

Q.. (?) = bhm Ss (x) dx— bhmax,s.,. (IV.56)
0

Beaem cnenyiomue o603HaueHHs:
—_ QB'S E.

X = bhm

Qos ¢ .
Xy = bhm EB’
(Iv.57)
Qs
dx = m dg.
Torga, noacrasasa (IV.57) 8 (IV.56), nonyuum
Zp
f SE) dE—st=1. (IV.58)
0
Tlockosbky E=f'(s), TO
dé=f" (s) ds.

CaepoBatenbno, u3 (IV.58)

f Bsf” (§) ds=14-s,,f" (5,)- (IV.59)

B Buipaxenuu (IV.59) npuusrto, yto mpu x=0 u (=0, 1. e. Ha
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05r

1 ! ! t

0 gz 0% 08 08s

Puc. 78. Tpaduk sasucHMOcTR f(s) ot s Puc. 79. Tpaduk sasucumocts f'(s)
oT §

BXOJe B IJIaCT, MTHOBEHHO YCTaHABJIHBAaeTC BOMOHACHILEHHOCTh
S., pH KOTOpoA Rx=0 (cMm. puc. 40), a Ha (¢poHTe BHTECHEHHH
3HayeHHe ee B TeUEHHE BCEro NMPOLECCca COCTABHT Ss.

BunosnnuM uHTerpHpoBaHue B JeBoli dactu (IV.59) mo wacram.

HMeem
f s () ds=|sf () [ I (5)ds =
= Sof’ (8g) —Suf" (s¢)—F (sa) 11 (54)- (IV.60)

B cOoOTBeTCTBHH €O CKAa3aHHHM BOAOHACHIIEHHOCTb S, YCTaHABJIH-
Baercsa B ceyeHnu §=0. CienomatennHo, f'(s.) =0, mosToMy u BTO-
pofi unen B ¢opmyne (IV.60) paBen Hymw. J[Hanee, MOCKOJABKY
ku(ss) =0, 1o, cornacHo ¢opmynae (IV.47), f(s.)=1. Takum o6pa-
3oM, u3 (IV.59) u (IV.60) nmonyunm

Sof' (85)—F (85) = Scul” (S8)s
OTKyJa
Fr(s)) =L (AV.61)

Sp— Scs

Ha puc. 78 npuBeneH rpadHk, NMOCTPOEHHHA ¢ YYeTOM KPHBHIX
OTHOCHTEJIbHHIX IIPOHHUaeMOCTel, NaHHHX Ha puc. 40, npu ps/pUa=
=0,5.

ITo kpuBof f(s) MOXHO HaHTH 3HaueHHe S, rpadHuecKHM Iy-
TeM. B caMom meune, coryiacHo pHC. 78

S,

fris)=tg o= Lol

Sg— Sci
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INpoBeas KacaTeJpbHYIO K KpuBO# f(S) M3 TOYKHM S=Scs, IO TOY-
Ke KacaHus (cM. pHc. 78) omnpenenseM f(Ss) H Sa.

Jas toro xe, uTo6W HafiTH paclpeleseHHe BOJOHACHUIEHHOCTH
N0 AJHHE MJacTa, HEOOXOAUMO MOCTPOHTH KpHBYIO [/(s) (puc. 79).
BTo MOXHO cAeJaTh MeroaoM rpadHyeckoro AHpdepeHNHPOBaAHHS
KpHBO# f(S) MAH, NPENCTABHB KPHBHE OTHOCHTEJBbHHX IPOHHIAE-
MOCTell aHaJHTHYECKH, BHINOJHHTh IHO¢epeHUHpOBaHHe AHAJHTH-
YeCKHM IyTeM, CAEJaB COOTBETCTBYIOLIEE NOCTPOEHHE.

OnpenmesuM Tenepp AJHTENbHOCTb 6€3BOAHOTO Nepuoja AOOHYH
HedTH, T. €. MOMEHT BpeMeHH {=1,, Koria GpOHT BHTECHEHHS HO-
CTHTHeT KOHIA IJjlacTa W, CJAefOBaTeJbHO, Xy OyAeT paBeH /. Bynem
CYHTaTh, YTO K 3TOMYy MOMEHTY BPEMeHHM B IJIacT 3aKa4yaHo Qss=
=Q.(t.) Bogn. Nmeem u3 (I1V.57)

bhml s

) =f" (sg). (1v.62)
M3 (IV.62) ompemeaum Q.(%.) H, caenoBateabHo, f.. DBeaHunna
bhml paBHa obbeMy Vy mop maacta. Tak Kak peXHM IKeCTKHH
BOAOHANOpHHH, 06beM 3aKauaHHOA B IVIaCT BOABL K MOMEHTY
BpeMeHH !=1{. paBeH o6beMy ao6miTOfi M3 mJjacra HePTH Qu. K
3TOMY e MOMEHTY BpeMeHH, T. e. Q.(t.)=Qu.. BesBonnas nedre-
oThaya 1o="NoiMz, TAe To1 — Ko3pdHuUHEHT BHTecHeHHHS HedTH BO-
JOf, NOCTHTHYTHH B 6e3BOAHBIA nepuol. ITosToMy

__ Qumy . Ta
=V 1= — e (=5 *

(IV.63)

3aMeTHM, YTO paclpefeieHHe BOJOHACHUIEHHOCTH B IJacTe
H3MeHseTCs [0 Mepe NpPOABHKeHHS B Iy6b miacta (poHTa BHI-
TeCHeHHs HedTH BOJOH TakKHM 006pPa3oM, 4TO 3Ha4YeHHd Ss Ha (poH-
Te BBITECHEHHS] X; H S. HA BXOJe B IJIACT OCTAIOTCA HEH3MEHHBIMH.
Takum o6pasoM, KpHBas pacrpefiejleHHs BOJOHACHILEHHOCTH Kak
6nl «pacTATHBaeTcs», OCTaBadgch NnoJobHoft cebe. Takoe pacmpene-
JeHHe HeKOTOporo napamerpa, 6yAb TO BOJAOHACHIHIEHHOCTH HJH
KakoH-J1H60 Apyrod mapaMmeTrp, HasblBaeTcs aBTOMOLeJ b H Bl M.
CooTBeTCTBYIOLIHe pElIeHHsi 3a1ay TaKke HMEHYIOTCS aBTOMO-
JeJbHBIMH.

IMosygennsie GopMyJsl NMO3BOJAIT pPaCCUHTATbL paclpeeseHHe
BOJIOHACHIIIEHHOCTH K MOMEHTY MNOAX0JAa BOAH K JIHHHH ILOGBHIBAIO~
HI¥X CKBaXHH, T. €. B 6e3BOJAHBLIH NepHOX Ppa3paboTKu IJacra.

Opnako no6biya HePTH H3 NIJacTa NMPOAOJKAETCH M TOcJe Npo-
priBa (poHTA BHITECHEHHA K KOHLIY IJlacta NpH x=I.

Ons onpenenenus Tekymedt HedTeoTnaun © OGBOAHEHHOCTH
NPOAYKIHH NPH t>1f,, T. €. B BOAHHH NepHOX paspaboTKH NJacTa,
NOCTYNMHM cieayooum obpasoM. Bynem cuutath, uto NpOABHKE-
HHe (POHTA BLHITECHEHHS INPOHCXOAHT H B BOJHKWH NepHOA paspa-
60TKH muacTa, HO 3TOT (POHT pacIpOCTPaHSETCH BINPaBO 3a Ipe-
Jenw maacta (puc. 80). BomoHacHEHHOCTh HAa TAaKOM (GHKTHBHOM
¢poHTe BHITECHEHHS H B 3TOM cJiydae OCTaeTcs MNOCTOSHHOH, paB-

HOf Ss, a BOJOHACHIICHHOCTb npH x=I[ yxe cocrasutr S. IIycth B
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! Puc. 80. CxemMa BHTeCHEHHA
f ‘ : nedTH Bofiofl M3 mpaAMOIHHeR-

s 2 Ss HOTO NJacTa B BOAHHIM NepH-
S —L__ _( oa paspabortkr. Pacrnpenene-
" HHE BOJOHACHIIEHHOCTH:
— - 1 —ucrHHHOE; 2 — QHKTHBHOE
Tgp { T
1
g I

HEKOTODLIl MOMEHT BpeMeHw [>f, (HUKTUBHHH (PPOHT HAXOANTCH
Ha pacCTOSIHMM Xap OT BXOAa B maacT (cM. puc. 80). B coorser-
crBuu ¢ popmynamu (IV.54) u (IV.55) npm {>f. MOXKHO HamH-
caTb

bhml '

—Qm=i (S). (IV.64)
Hsz (IV.62) u (IV.64) nonyuum

I _ Qs (IV.65)

F(s5) ~ Qes(f)
Tlo ¢opmyne (IV.65) HaxoguM s AJs pas3jHYHBIX 3HAYEHHH Bpe-
Menn f. Tak, 3Hasg Q.(f.), ['(Ss) ¥ Qss(f), OMpeLesnM BHauase
F’(s), a 3atem no rpacduky OyHKIHH ['(s) — 3HAuECHHE S.

Jle6utn HepTH M BOJAB B BOAHHEIA NepHoA pa3paboTKH IJacTa
COCTaBAT

ok, () (P ) .
Ia= ( x=l

H ] Ox
bhkks (s) ( 9p
9n =T(—ax_)x=f (1v.66)

Orciofa Aaa ONpefeseHHsl TEKyWEeH 06BOAHEHHOCTH NPOAYKIHH v
HOJNy4YHM GOpMYTy

s ks (5)
v _ _. (IV.67)
B BH+IE LD

Texyulyo HepTeoTAayy B BOAHBIH MEepPHOJ Pa3pabOTKH MJACTa MOXK-
HO ONpEJENHTh B MPHHUHUIE CJAEeAYIOmHuM 00pasoM:

1) ycraHoBieHHEM 00beMa HAKOIUIEHHOH 100buM HedTH Mo ¢op-
MyJse

t
Q,.=qua (t) dt;

2) oTHeceHHeM 3Toro o0beMa HAKONJEHHOH [00blYH HepPTH K
nepBOHayaabHOMY 06beMy HedTd B miacte, pasHoMy bhm(1—Sca).
OJHaxKo BO BTOPOM cJjiydae MOXHO ONpeaeasTb o6beM A00HITOH
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H3 mJjacta He)TH N0 H3MEHEHHI0 B HeM BOJOHACHIIEHHOCTH, y4YH-
THIBasi OHSAITb-TAKH TO, UTO PEXKHM pPa3palOTKH IJacTa JKEeCTKHH BO-
JoHanopHu#i. Tak, Ha OcHOBe paBeHCTBa o0ob6beMa Boweaueld B
nJjactT BOAH 06beMY BHITECHEHHOH H3 Hero HehTH HMeeM

o=t o o[ ) 5

130

alfimsro]-32 froanrl-
0
— fbh:")l [sf (S)_S*f (S*)——f(S)~|—f (S*) caf’ (s)] (IVGS)

®dopmyaa (IV.68) nomkHa OHTH crnpaBelJHBa AJA BCeX MOMEHTOB
BpeMeHH, Koraa t>f,. [Ipu f—o0, BOOOIIEe roBOPsi, BOJOHACHINEH~
HOCTb JOJIKHa CTaThb paBHOH S. Bo BceM mjacte. OJHaKO NPH JIO-
60M ApYyroM 3HaueHHH BPEMEHH BOJOHACHINEHHOCTb S=S. TOJDBKO
Ha Bxoje B mJjacrt, T. e. npu £=0. Toraa, Kak caeayer H3 GOpMyaHl
(IV.55), f'(s+)=0. CnenoBareanuo, ua (IV.68) nosyuum :

Qu =V, |[f—s,,4+-=LO ] (IV.69)
P @
Hs (1V.69) BHTekaer, uTo Tekyiuag HepTeOTAaya mjgacta B NePHONL
BOJHOMH €ro 3kCIJyaTalHu
- 1—/®) ]
e =[s o e ™
Vi (1— scs) I — Scq

(IV.70)

Takum 06pasoM, MH ONpEAeJHIH OCHOBHEIE TEXHOJOTHYECKHE
noxka3zareJd pa3paboTKH 3JeMeHTa NJjacTa-— TeKyllylo HedTeoTaa-
4y U O6BOJHEHHOCThL A0GHIBaeMOH NMPOJYKLHH.

PaccMOTpHM HenopiiHeBoe BHITeCHEHHe HedTH BOAOH B pafualb-
HOM HanpaBJIEHHH, HalpuMep NpH pa3paboTKe 3JeMEHTAa CEMHTO-
9eqHOH CHCTEMBl C HCNOJb30BaHHEM 3aBoJHeHHsA. CxeMa ajeMeHTap-
HOro ofbeMa IJacTa AJs TAKOro cJydas TIoka3aHa Ha puc. 81.
YpaBHeHHe Bepa3phIBHOCTH (G HABTPYIOLIEHCST BOJAL B TAKOM o0GBbeMe
MOJYYdM C y4yeToM 6aJsiaHca BTeKawolled H BuITeKaloiled BoOJBl 3a

de — - a
- U, +ﬂdr'
{/ r UB df' 8 ar
0
\-
Puc. 81. CxeMa 3neMeHTap- \.\
Horo ofBbeMa paAHaJbHOTO
naacra
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BpeMs di B uje

Qnrdbhu,dt — 211 (r-dr) dh (v,+ Oos

4L dr)dt—

—nrdrddmds =0, (IV.71)

PackpniBasg ckoGku B BrnipaxeHHu (IV.71), cokpamasi B HEM COOT-
BETCTBYIOIIHE WJIeHH H 3aMeHsil 0603HAYeHHs OOBIKHOBEHHHIX IIPO-
H3BOJHHX Ha qacmue, HMeeM

6u5+vg+
HJIH
L 20 4 % o, (IV.72)

BrosnHe aHanorHYHHM 06pa3oM, HO C YYE€TOM TOro, YTO HacCHIIEH-
HOCTb MOPHCTOH Cpelbl HedThIO Sy=1—s, yCTAHOBHM COOTBETCTBYIO-
fgee ypaBHeHHe Hepas3peIBHOCTH JAJs (uAbTpylomwedicd B maacrte
HepTH B cnenyxomeM BHJE:

1 a(v,,r)
- =5 at1 =0, (Iv.73)

CknannBas ypaBHenus (IV.72) u (IV.73), nonyuum
t
v=v,4v, —l;;% (V.74)

Bpons, Kak u B cayyae npsSIMOJHHEHHOrO BHTECHEHHSI He(pTH BOJOH,
dyukuuio f(s), onpeneasiemyio dopmysoit (IV.47), u moxacrasass
ee B (IV.72) c yuerom (IV.74), 6yneM uMeTh oxno auddepeHuH-
aanoe yPaBHeHHe 1/ OmpejeseHHsl BOAOHACHIIEHHOCTH S B BHJE

g f'(s) s
+ " 2nrh T=O' (IV.75)

Tak Xe, Kak H B NPSIMOJIHHEHHOM CJyyae, pacCMaTPHBaeM IiepeMe-
IIeHHe CO BpeMeHeM B IJacTe JHHHHE s=const, B stoM cayuae

ds Os
ds=—2-dr4-3 dt=0. (IV.76)

Hs (IV.75) u (IV.76)
dr_gOF@

dt 2nirhm
Orcona
Flo=t="10 {av.77)

Qna=5€ q () dt.
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PaccMoTpum 6ajiaHc 3aKauaHHO@ B NJIaCT H M3BAGYEHHOH H3 Hero
BOJAH, YCTpeMJsssf JJs IPOCTOTH pPajHyC CKBaXHHH K HYJIO
(4c—>0), uMeeM

rB
s Omhmsrdr — simshr,? = Q. (IV.78)
0

YuuthBas u3 (IV.71), uto

” __ 2mmhrdr . , __ mmhrg?

H NOJACTaBJsAA 3TH BupaxeHuss B (IV.78), npHXOAHM K HHTErpalb-
HOMY COOTHOILIEHHIO

j F7 () ds=1-+50,f" (5,),

B TOUYHOCTH COBMNAjalolleMy ¢ COOTBETCTBYIOLIHM COOTHOIIEHHEM
(IV.59) pas cnyuas BHTecHeHHS He(TH BOAOH H3 NPAMOJIMHEHHOTO
niacta. MoxHO MO3TOMY yTBEPKAATh, UTO H NIPH BHTECHEHHH Hed-
TH BOAOM M3 pajMatbHOrO IJIAacTa CHPaBEJJIHBH  COOTHOLIEHHE
(IV.60) u Bce mocjenymoliue paccyXIeHHs, BKJodasg GopMyJay
(IV.61), npurogHyoo AJia HaXoXKAEHHS BOJOHACHIIEHHOCTH Ha (P poH-
Te BBITeCHeHHs HedTH BOAOH, a TaKXKe ONHCAHHHH rpadHuecKuil
METOJ ONpejeJieHHS Sg.

Bpems f. GesBoAHOIHl pa3paGOTKH mJacTa PafHyCcOM rx OIpefe-
auMm u3 (IV.77), Ecau nonarate, uto Qps =gt, HMeeM

2
t*= wthri®m

LS (V.79)

Ananoruyno no ¢opmynam (IV.66) u (IV.67) naxomum Tteky-
myio OGBOAHEHHOCTb ¥ NPOAYKUHH, n0o0HBaeMo# H3 mJjacra IpH
t>t.. CooTBeTCTBEHHO TeKYIyI0 HedTeOTAAUY 1 BHUHCIHM 1o ¢op-
myae (IV.70). Takum oGpasom onpejensieM Bce BaKHEHAIIHe TeX-
HOJIOTHUECKHE T0Ka3aTeJH Ipolecca BHTeCHEHHs HedTH BoJoH.

ITpumep IV2. Us sneMenta oAHOPAAHOM CHCTEMH pa3palOTKH OCyIiecT-
BJIAeTCS BHTeCHeHHe HedTH BojoH. ByleM yc/oBHO MPHHHMATh NPOIECC ABHIKEHHS
HeTH H BOAH BO BCEM 3JIeMEHTe MJAacTa OAHOMEPHHM, NIPSIMOJHHEAHKIM,

Hmuua nmnacra [=600 M, ero wHpuHa b=600 M, obuias s¢dexTHBHAA TOJLIH-
Ha ho=20 M. Kos¢pdHuuHeHT oxpaTa nuacTa 3aBOJHEHHeM MO TOJIIHHe 1)3=0,75,
TaR YTO OXBayeHHas 3aBOJHEHHeM TOJUIHHA IUIacTa cocTaBiser hA=15 M. IIpoun-
uaemoctbh njacra k£=0,5 Mkm?, mopucrocts m=0,2. Ba3kocTh HepTH B ILIACTOBHX
yCIOBHAX py=4-10-2% ITa-c, BA3KOCTb BOAN pp=10-3 [Ta-c. Uepes rpannuy naacra
npH x=0 3akauMBaercs BOAa C pacxogoM =200 M3/CYT K CTOJIBKO e IKEAKOCTH
Jo6HBaeTCs ¢ KOHila 3JleMeHTa NpH x=! B TeyeHHe BCEro pPacCMaTpPHBaeMOro
nepHOAa pa3paboTKH.
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OTHOCHTEJBHBE NMPOHHILaeMOCTH 33/1aHH CJEeAYIOUIHM 06p830M:

S,—s \?

S, —Scq ) OPH  Scp K S K 5,3

b=
S— Sca

2
NPpH  Scg < S X 843
s*—sca) p cB S K S8

B =(

S§— Sca

1/2
kB(s)=0,8( ) mpH S <SK S,

8¢ — ScB

ITpu stoM sc=0,1; 5.=0,8. 3HaueHHe §; ompeAeisieM H3 YCJIOBUS PaBEHCTBA
OTHOCHTEJNIbHHX NMpoHHIaeMocTell Ay HedTH H BOAH NPH S=S5i.

TpebyeTcsi paccuMTaTbh Ha OCHOBE H3JIOXKeHHOH TEeODHH H3MEHeHHe BO BpeMeHH
Tekyllell HedTeOTAaYH H 3aBHCHMOCTb OGBOJHEHHOCTH NPOAYKHHH V OT TeKyulel
HedreoTaaun 1.

Ipuctynas K pelieHHIO 3a/a4H, ONMpelesHM Npexie Beero s;. Hmeem

( S;— Scp )2=0 8( S —Scn )1/2

Se— Scs S¢— Sca
Orciona
8y — Sen \¥/?
] =0,8;
( S."—' SCB ) s
—8, 3
(__z_l___—_—_;n_) =0,64; §1 —Scp = (S, — Scg) 0,641/3;
] CB
s, =0,7032.
Takum o6pa3oM, npH Scs<5<0,7032 ¢pyrkuusi Bakmu — JleBeperra
( S— Scn :
ky (s) 84— Se
f&= BP'B = S —5Sc T - s,—s ¥
BO+ RO (ST ) o)
(s — scu)?

T (s—sc8)*+0,25(s,— )
ITpu 0,7032<5<0,8

0,8 (———s —Ses )1/:

Sy —Scp
HOES — .
s_SCB \1/2 S. —s 2
0’8( Se— Scn ) +0’25( Se— Sca )

@yHKUHs [(s), NOCTPOeHHAas MO NPHBEAEHHHM ¢opMyJaM, NpeACTaBjeHa Ha
rpaduke (puc. 82). Onpegenum no ¢popmyae (IV.61) BOAOHACHIIEHHOCTL Ha (POH-
Te BHITECHEHHs, JJsl 4€ro NPOBEAEM KACATENbHYIO K KPHBOH [(S) M3 TOUKM $=Scp.
Hs pHc. 82 noayyaeM, uto s;=0,413; f(se) =0,723. Tenepb HEOGXOAHUMO NOCTPOHTH
kpuBylo f'(s). Tak kak dopMmysn aas f(s) B paccMaTpHBaeMOM NpHUMepe CPABHH-
TeJbHO MPOCTHE, PyHKIHIO ['(S) MOXHO MOJNYUHTL MyTeM OGHUHOrO, a He rpaduye-
ckoro auddepeHuHpoBaHHs GYHKUHH [(s).

ITpu 5.5 <5<0,7032 HMeeM

y 2 (s— Sca) (s— 5c8)* [2 (s —5cn) —0,5 (s, —3)]
PO = s 10,256 = —  [6— e’ T 0,2 (5, —
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Puc. 82. 3apucuMoctb f(s) oT s 7 Puc. 83. 3apucuMocts f'(s) ot s

Hs nocnepuell GopMysIH BHAHO, 9TO TPH  S=Sc, 3HaYeHHe [’(Sce)=0. Ilpn
0,7032 <5 <5.=0,8 HMeeM

’ 0,5 (s— scp) /2
f' (s)=0,956 { 0,956 (s— scp)/2 4+ 0,51 (s, — )2
(s— Sca) /20,478 (s —sc5) /2 — 1,02 (s, — 5)]
T 10,956 (s— scal? 4 0,51 (s, — 5)2P? ] -
0,5
0,956 (s —scn) + 0,51 (s— scp)/2 (5, — )2
0,478 — 1,02 (s — sc5)2/3 (s, —S)
710,956 (s — 5cp)Y/3 + 0,51 (s, — )22 }
IIpu s=s5.=0,8

=0,956{

0,5 0,478
Fs)= 0'956{ 0,956 (s— Scg) — 10,9568 (s— 5cp) ]=°'

Takum 06pa3oM, yiOBJIETBOPAETCA YCJAOBHE Ha BXOJe B ILUIACT, T. €. mpH x=0,
rie s=S,. Ha puc. 83 nokasana saBucHMocTb f'(s) or s. IIpH s.=s5,=0,413
f'(ss)=2,31. Tenepb Jlerko ONpeleNHTh BpeMs Oe3BOAHOH PaspaGOTKH 3JeMeHTa
nJacra.

Ilo popmyne (IV.62) umeem

bhml _0,2-600-l5~600 3 A
to= gf (ss) ~ 200-2,3l = 2338 cyr =6,41 roga.

Haxonsennoe xonudecTBo fO6HTOH HedTH 3a mepuon Ge3BoaHOf paspaGOTKH
naacra

Quy = gf, = 200-2338 =0,468. 108 ¢,

BesBognas nedreornaua

0,75 036
W="3330—0,1 — 036l

Yro6H onpefenuTh TEKyllylo 06BOAHEHHOCTb MPOAYKIHH v H TeKYUIyIo Hedre-
OTAayy 7} B BOAHMWH Nepuoj paspaboTkH, Hcmoab3yeM dopmyay (IV.65), xoropas
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Puc. 84. 3apucumocts v Puc. 85. 3aBHCHMOCTh TeKylled HedTeoTAauH
oT N OT BpeMeHH

TIPHMEHUTENBHO K paccMaTpHBaeMOMy Cay4dar NnpHHHMAET cnep,yloumi»'x BHA:

syt 2338-2,31 5401
f{((::) =7 HIK f ()= 7 =

Uro6H yCTaHOBHTE BpeMsi f, KOTOPOMY COOTBETCTBYET JaHHOE SHauUeHHE 5,
Aierde 3ajaTh 9TO SHAYEHHe H ¢ [IOMOMIBIO rpaMka Ha pHC. 83 yCTdHOBHTL COOTBET-
CTBYIONLYI0 eMy mpoussoanylo [’(3). Texymwas OGBOJHEHHOCTb Vv COCTAaBHT f(F).
Tekyulylo HedTeoTHady 1) onpeneasieM No (opumyae (IV.70) pas kaxxaoro 3nade-
HHH §. TakuM 06pa3oM, MOXHO NOCTPOHTHL 3aBHCHMOCTB TeKkyHlefi 06BOJAHEHHOCTH
OT TekymleRl HedreoTAauH. [paduKk 3TOR 3aBHCHMOCTH AJIS PaCCMAaTPHBAEMOro NpH-
Mepa nokasan Ha puc. 84. Ha puc. 85 mpusepena 3aBHCHMOCTR Tekymefi HedTeoT-
[ayd OT BpeMeHH. Tax, TeKymas HedreoTAaua yepes 30 aer mocse Havana paspa-
6oTKH SaeMenta cocTapdT 0,48. OGBORHEHHOCTH NMPOAYKUHH, [OJy42aeMOH H3 37e-
MeHTa, JOCTHI'HET 32 3TOT Nepuoj mopaaxa 0,965.

§ 4. PASBPABOTKA TPEHIHHOBATO-ROPUCTHIX INIACTOB
NPH BHITECHEHHH HE®TH BOJLOH

[To peayabTaTaM HCCHELOBAHUH H ONBITA pa3paboTKH HeTAHHX
MeCTOPOX/EHHH! MOXHO cle/aTh BHEIBOA, 4TO MOAaBJfIONIEE 60.1b-
LIHHCTBO IJIACTOB, CJOXKEHHBIX HE TOJbKO KapOOHATHHMH, HO H TEP-
DHIeHHEIMH NOPOJaMH, TAKHMH, KaK MECUaHHKH H aJeBPOJHTH, B
TOH HJIM HHOMH CTeNeHH TpEeIHHOBAThLIE.

B oaHux cayuasx, 0cOGeHHO KOrAa caMH IIOPOAB Ma/IOMOPHCTH
M IJIOXO TPOHHIlAeMHI, TPEIMHB — 3TO rJaBHHE KaHaJul, N0 KOTO-
pHIM ABHXeTCs HedpTb K 3a60sM AOCHBAIOMIHX CKBAaXXHH IPH pas-
paboTKe TaKHX NOPOJ, HAa UTO YKasHBAeT HECOOTBETCTBHE MPOHH-
1[2eMOCTH KEepHOB H TNPOHHIIAEMOCTH, ONpPEAENEHHOH B pesyjbrare
THAPOXHHAMHUECKHX HCCJAELOBAHHH CKBaXHH, PaKkTHuecKas NPOHH-
1aeMOCTh YACTO OKA3HBAeTCA HAMHOr0 BHIIe ONpejeeHHOH Mo
KepHaM.

B npouecce pa3paGOTKH TPELLMHOBATO-NOPHCTHIX MJACTOB MPH
YIPYTOM pexXuMe H3MeHeHHe NaBjeHHs OplCTpee pacnpocTpansercH
IO CHCTeMe TPEIHH, B pe3yJbTaTe 4Ero BO3HHKAIOT NEPETOKH XKHA-
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KOCTH MeXIy TpelluHaMH H GJIOKaMH NOpoJ, T. €. MaTpHIER, npH-
BOJSfILINE K XapaKTePHOMY [JISl TaKHX NOPOX 3ana3[bBaHHIO Iepe-
pacnpejeseHusi 1aBJeHHS MO CPaBHEHHIO C COOTBOTCTBYIOIIHM Iie-
pepacnpeneneHyeM AaBJeHHS B OAHOPOJAHBIX INACTax IPH yNpyroM
pexHMe.

Ha pa3paGoTKy TpeLUIHHOBATHIX H TPELIHHOBATO-MOPHCTHIX MJaC-
TOB MOXET OKa3HBaTh CYLIECTBEHHOE BJIHsIHHe De3KOe H3MeHeHHe
o6beMa TPEIHH MPH H3MEHEHHH JaBJeHHd XXHIKOCTH, HachIlalo-
IeHd TPEUiHHH B pe3yJbTaTe Ae(opMaluH FOPHHX MOPOA.

OnuH u3 HauboJee CA0XKHBX BONPOCOB Pa3pabOTKH TPELIHHOBA-
TO-MOPUCTHIX MJACTOB CBS3aH ¢ NpHMEHEHHEM INIPOLECCOB Bo3aelcT-
BHS Ha HHUX NyTeM 3aKa4KH Da3JIHUHHIX BellecTs, H B MEePBYIO oue-
pelb ¢ HCNOJNbL30BaHHEM OOBIYHOTO 3aBOAHEHHS.

Bo3HHKaeT omaceHHe, UTO 3aKauyHBaeMas B TaKHe IJAacThH BOJa
GHICTDO IPOPBETCHA IO CHCTEMe TpeUlHH K NOOHBAIOLIHM CKBaXH-
HaM, ocTaBHB HedThb B 6J10KaxX nopoAnl. IIpH 3TOM, N0 SaHHBEIM 3KC-
NepHMEHTAJIbHHX HCCAeXOBAHHA H ONMbITA Da3paGOTKH, H3BECTHO,
YTO H3 CaMOH CHCTeMH TpeUlHH HedTb BBITECHSETCH NOBOJLHO 3¢-
¢exkTHBHO H K03bdHunHeHT BHTecHeHHs aocturaer 0,8—0,85. Onwit
TaKe I10Ka3blBAET, UTO H H3 MATPHIl TPELIHHOBATO-NOPHCTHX MJja-
CTOB IIPH HX 3aBOAHEHHH He(Th BHITECHAETCA, XOTS KO3(HuUHEHT
He(TeBHITeCHEHHS CPaBHHTENbHO HeBeJNHK, coctaBasas 0,20—0,30.
IToscHHuM, ToA neACTBHEM KaKHUX e CHJI NPOHCXOAHT BHITECHEHHE
HedTH BOAOH M3 MATpHI, TPELUIHHOBATO-MOPHCTHIX NJIACTOB.

OnHa M3 cHJ BNOJHEe OYEBHAHA, XOTHA A0 MOC/TAeIHEr0 BpeMeHH
M cnabo yYHTHIBajach B pacueTax HpPOIECCOB pa3paboTKH. Ta cH-
Ja ofycJioBJeHa rpajHeHTAaMH [aBJIeHHs B CHCTeMe TpPeLlHH, BO3-
JeHCTBYIOLIUMHU H Ha 6JOKH NMOPOJAHL.

Jlpyras u3 cusl cBf3aHa ¢ Pa3HOCTHIO KANMHJIJISPHOrO AaBJEHHS
B Bofle H HedTH, HacHmalollel 60KH. [leficTBHe 3TOH CHJIB NMPHEBO-
JAHT K BO3HHKHOBEHHIO KaNMHJJISIPHOH IIDOTHUTKH NOPOI, T. €. K 3aMe-
IIEeHHIO HeTH BOJOH B HHX NoJ JAeHCTBHEM YKa3aHHOH pasHOCTH
Kanuw/uspHOoro fAasjeHus. KanuansipHas nponuTKa OKaswBaercs
BO3MOXHOH, ecii mOopoAH rujpoduiabHbie. Kanuaasgpuas nponHTka
MaTPHIBl HJIH GJOKOB TPEIIHHOBATO-NOPHCTHX MJACTOB BIOJHE
O0BsICHEMA He TOJBbKO € MO3HLIHH AeHCTBHS KAMHJAJAPHHIX CHJ, HO
H C SHEPTeTHUECKOH TOYKH 3DEHHs, TAK KaK MHHHMYM IOBEpPXHOCT-
HOH 5HEPruH Ha rpaHuue HedTH c BoJoH GydeT AOCTHIHYT, KOria
HedTh cobepeTcss BOGAMHO B TPEIIHHAX, a He GyAeT HacHIlaTh MO-
pbHl MaTpHubl, o6jafas CJOXKHOH, CHJIbHO Da3BeTBJEHHOH MOBepX-
HOCTBIO.

HcciefoBanus MOKa3kBAIOT, YTO eCaH B3ATh GJIOK NOPOAH Tpe-
[IHHOBATO-NOPHCTOr0 IJIaCTa ¢ AJHHOH TpaHH [,, MepBOHAYAJIBLHO
HaCHILIIEHHHA HedTblO, H NMOMECTHTb €ro B BOAY (aHAJOrHyHas CH-
TyalHs BO3HHKaeT, Korja 6JI0OK B peaJbHOM IIacTe OKPYXKEH Tpe-
IIHHAMH H B TPEILUMHAX HAXOAHTCA BOJAA), TO CKOPOCTb ¢ (f) KamuJ-
JIIPHOTO BIHTHIBAHHSA BOJAH B 6JIOK H, CJ€I0BATEJbHO, BHITECHEHHS
M3 HEro He()TH, COTJIACHO I'HAPOAHHAMHYECKOH TEODHH BHITECHEHHS
HepTH BOJOH C yyeTOM KaNmHJJSIPDHBIX CHJ1, GylIeT 3aBHCETb OT
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BPEMEHH [ cienylolmuM o6pa3oM:
o) ~1VE.

W3 3HepreTHYeCKHX COOOpaxeHHH MOXKHO CYHTATh, YTO CKO-
POCTb KANH/JSPHOTO BOHTHIBAHHSA NPONOPLHOHAJbHA CKOPOCTH CO-
KpalleHHs] MOBEPXHOCTH pasfiesia MeXxAy HedhTbI0 H BOJAOH, KOTOpasd,
B CBOI0 OYepefib, NMPONOPIHOHAJIbHA IJIOMIAAH TOBEPXHOCTH pasje-
naa. B aToM cayuae MOXKHO CYHTATh, YTO

(p(t)Ne_B”
rie f — HEKOTOPHIH KO3(dHIHEeHT.

Ecnu u3yuyaTh peasibHHIE NPOLECCH H3BJEeYeHHA HehTH H3 Tpe-
HMIHHOBATO-TIOPHCTHIX IJIACTOB [OJ AEHCTBHEM KamHJJISPHOH Npo-
MHTKY, TO, MO-BUAMMOMY, HaHGoJee NMPaBHJAbHEIM GyIeT COUeTaHHe
THAPOJHHAMHUYECKOTO H 3HEPreTHYECKOro NMOAXOAOB. B 3ToM cay-
yae JJ5 CKOPOCTH KAaNHJJSPHOH HPONHTKH MOXHO HCIOJb30BaTh
dopmyay, npeaioxeHnyio J. B. CkBopuoBuM u 3. A. ApaksH:

—p!
ae
= Iv.80
?)= VT (Iv.80)
rie @ — 3KCIePpHMEHTaJbHBH KO3 HUIHEHT.

U3 coobpaxeHuil pa3MepHOCTH H (H3UKH NpOIlecca BIHTHIBAHHS
K03 puLHEHT f MOXKHO BHPA3HTb CJEAYIOIHM 06pa3oM:

ki/e
5=_A%;<LS_9; A=A(k,,, fogy S, m, - ) (IV.81)
rae ku, ks — OTHOCHTEJbHBIE MPOHHIIAEMOCTH [J5 HedTH H BOJH;
k — aGconoTHAs NPOHHIAEMOCTb; O — IIOBEPXHOCTHOE HATSXKEHHE
Ha rpaHuue HepTb — BoJa; 6 — yroJ cMauyHBaHHSA NOPOJ ILjacTa BO-
ROH; py — BA3KOCTb HeTH; A — 3KCIepUMeHTalbHAs (YHKIMS.

Hafinem BhipaxkeHHe ansi KosdHUHEHTa @ MCXOAS H3 TOro yc-
JIOBHS, 4TO 32 GEeCKOHEeYHOe BpeMs KOJHYECTBO BIHTABILEHCH B Ky-
6uueckuil 6JOK C AJHHOH rpanu /, BoAb PaBHO 06beMy H3BJIEYEH-
HOH H3 Hero He(pTH. FiMeeM B COOTBETCTBHH CO CKa3aHHBEIM

5 @ (f) dt = mi,Ps;n*, (Iv.82)
0

Tle Syo-— HauasnbHast He(TeHACHIEHHOCTs OGJI0Ka MOPOABL; Ty —
KOHeuyHasi HedpTeoTAaya GJOKa IPH ero KalOHJJSIPHOH NPOIHTKE,
Eciu cKopocTb KanMJJNSAPDHOH TNPONHTKM MOKHO ONpPENENHTh MO
dopMyJe (IV.80), TO

K Te"dt a VYV

() di= — dt = = . (Iv.83)
as‘ 'l/ g‘ Vv p

Hs (IV.82) u (IV.83) mosnyuum
ml 3s;n, = ﬂgﬂ—; a== —'"L_::/i:_t@f—;— (1V.84)
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Puc. 86. Cxema 3amog- 7 2

HSIEMOTO TPeIIHHOBATO- /
MOPHCTOrO  NPAMOJHU- / Y7727
HeHHOro mJjacra: ¥ VAV F| [FFOIY i
[ - > -t > -
] — GNOKH NOpOAH, OXBa- . L NE » Ix
Y€HHble KanH/JIAPHOR mpo- g dlis s ol Cignet] q
NHTKOA; 2 — GJIOKH mnopo- L o -
Abl, HE OXBayeHHble KanHi- LIRS BRI EAAR L
AApROA NPONHTKOM - . 40 N h
le o e .
v ¢ yjlt e eylldetnt L
7 77 7777 i ey
l
Iy
0 VA

IlepefizeM K mpoleccy BHITeCHEeHHs He(TH BOJOH H3 TpelUlMHO-
BATO-NOPHCTOTC NjlacTa, COCTOSIILErO H3 MHOXecTBa 6JIOKOB NOpO-
abl. ByneM mogsaraTth, KakK ¥ BHIIe, 4TO 3TH OJIOKH MOXKHO Ipej-
CTaBUTb Ky0aMH ¢ ajauHoi rpaHu [. (pHc. 86). ITocKoJbKY BHTECHE-
HHe He(TH BOAOH HauHHAeTCA ¢ rpaHHUN naacta x=0, To nepahHe
6JI0OKM, HaxojfUlHecs Yy BxOJa B IJjacT, OyAyT HPOMUTAHH BOAOM
foabuie, yeM GoJiee yjaJieHHble. Bech pacxol BOAH ¢, 3aKaHuUHBae-
MOl B NPAMOJIHHeHHHI JacT, YXOAHT B OnpejejieHHOe YHCJIO 6J10-
KOB IIOPOAH, TaK 4YTO B KaXXAbli MOMEHT BpDEMEHH NPONHTKa HX
npoucxoAuT B obaacti 0<x <Xy (¥p — QPOHT KanuAIAPHOH mpo-
IHTKH). JTOT GPOHT GyleT NepeMemaThcs B MJIACTE CO CKOPOCTHIO

Ecau cuvrate, uro 6J0KH MOPOAL B KaXKJAOM CeUeHHH IJIacTa HayH-
HAal0T NPONHTHBATLCS B MOMEHT BDEMEHH A, TO CKOPOCTb BIHTHIBA-
HHsl BOJABl HEOOXOAHMMO . HCUHCJATb OT 3TOrO MOMEHTAa BPEMEeHH.
Ilycts B TeueHHe BpeMeHH AMA «BCTYNHJIO» B NPONHTKY HEKOTOpOE
uyncao 6J0KoB mopoAn. Pacxox BoAw Ag, BXoxasimell B 3TH G6JIOKH,
COCTaBHT

bho (t— A Al
Ag = HOU=Nsp @) 2

(IV..86)

CxopocTb BIHTHIBAHMS BOAB ¢ (f) omnpejeieHa [AJsi OAHOTO
6m0ka. Uro6bl BHPasHTb e€e KaK CKOPOCTb BIIHTHIBAHHS BOJAHK B €/H-
HHOYy 00beMa TPeHmIHHOBATO-NMOPHCTOrO NJAacTa, HeoOXOAHMO pasje-
Juth ¢(f) Ha I, uto u cuenano B popmyse (IV.86). Caeayer eme
pas OTMETHTh, UTO CKODPOCTb NPONHUTKH B ¢opmyae (IV.86) ucumc-
JIfleTCA ¢ MOMEHTa A, B KOTODHIE K OJOKy ¢ KOOPAHHATOH X4 (A)
mojoiie) GPOHT BNUTHBAIOULEHCA B GJOKH BOJBL

CyMMHpyst npupauieHHs pacxofioB Ag B dopMyne (IV.86) u
yerpeMasis AA K HyJIIO, IPHXOAHM K CJEAYIOLIEMY BHIPaXKeHHIO:

t
g= -f_"- j @ (t—4) vy (A) dh. (IV.87)
0
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OO6uiyHO OniBaeT 3ajaH pacxol ¢ H HeOGXOIHMO HafTH CKOPOCTb
npoABHKeHHA ¢poHTa nponHTKH Ugp(A). Torma (IV.87) mpexacras-
JsieT coGoft MHTerpajibHoe ypaBHEHHE [Jsi onpeflefieHHsi Ug(f).

Ecnu yYHTHBATb, 4YTO CKOPOCTh MPONHTKH ONpEIeNsioT MO
dopmyne (IV.80), to ¢ yuerom (IV.87), momyunm

Vag(—»

Pemenne uHrerpasbHoro ypaBHenHs (IV.88) noayuaem c wuc-
noJib3oBaHHeM npeoGpasoBaHHs Jlamsiaca, KOTopoe HMeeT BHJ:

Y. S— [ 1‘;% Ferf (VFt)]. (IV.89)

{
—B (I—A)
q = bhpn,ms,, f e sp (M dh (IV.88)
0

Hs (IV.89) monyuuM BripaxeHHe [Jsa ONpENEJNEHHs MOJOXEHHS
($poHTa NPONHTKH
t

Xy ()= bhn.qms,m j [ % terf (VE?)]dt. (IV.90)
0

®opmyaa (IV.90) noseosasier onpelenuts BpeMs 6e3BOIHOH paspa-
6oTku mjaacta {=f., IpH KOTOPOM Xg (£.) =1.

J1s1 Toro 4To6H PacCYHTATh NMOKA3aTeNH pa3paboOTKH TPeLHHO-
BaTO-MOPUCTOTO IJIacTa B NepHO] NOOKYH 0GBOAHEHHOH MPOAYKIHH,
MOXHO [OCTYAHTb clejyioiiimM obpasoM. byaeM cudTaTh, 4TO 3TOT
nJacT «pUKTHBHO» NPOCTHpaeTcsd H NIpH x>[, BIJOTL A0 GecKoHey-
Hoctu (cM. puc. 86). Pacxox BogH ¢¢, 3aTpauuBaeMbiii Ha NPOMHT-
Ky (OPMKTHBHOH 49acTH mjacta (npH x>>[), COCTaBHT

t
e B =M ye (M) dA

q@ = bhﬂn*msﬂo ; -Vﬂﬂ(t_——m »

(Iv.91)

rie Ug(A) ompesennm no BripaxkeHuio (IV.89), ecanm B nem 3ame-
HuM { Ha A. Taxum 06pasoM NoJyuuM

{
eBU=N) [ o~
To=® ,S Vaa—n [ Vb

CienoBaTesIbHO, pacxoj BOJAH, BIHTHBAIOWEHCS B TpPELIHHOBA-
TO-NIOPHUCTHIN NJACT B NEPHOL {>>f., HIH NeOHT He(TH, NOAyUYaeMHl
B 3TOT [EPHOA:
9a=9— qyp- (Iv.93)

Jle6HT BOAB COOTBETCTBEHHO OYyNeT ¢s=q¢. I3 NpHBeIeHHBIX
BHIpaXKeHHHl MOXKHO ONpeNeJHTh N0 Oo6HIHM (opMyJaM TeKyIlLylo
0GBOJTHEHHOCTb MPOAYKIHH H HedTeoTAAUY.

Bripaxenue (1V.80) MoxHO HCIONB30BaTh NJif NPUGIHIKEHHBIX
pacyeToB BHITECHEHHS He(TH H3 TPEILHHOBATO-NOPHCTOrO INIACTA B

terf (Y 57)] . (IV.92)
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cJydgae NPONHUTKH 6/10KOB, OGYCJIOBJEHHOH He TONbKO KaNUJJISPHHI-
MH CHJIaMH, HO H rpajMeHTaMH JaBJIeHHS B CHCTeMe TpemiHH, Tak,
coraacuo ¢popmyaam (IV.80) u (IV.81), BrTecHeHHe HedTH H3 OJ0-
KOB NMOPOJH NPOHCXOIMUT NOA AeHCTBHEM CHJIH, OmpenrensieMoll ¢
MOMOIIBI0 TIPOH3BeJeHHs] 0c0sO, NMpHYeM pa3MepHOCTb [ocosf] =
ITa-M. IIpH ruApOAMHAMHYECKOM BHITeCHeHHH HedTH H3 GJOKOB
NOpoAH BOJAa NOCTynaeT B 3TH OJIOKH, a He(Tb M3 HHX BHITECHA-
eTcsl NOA [eHCTBHEM rpajueHTa JaBjeHHsA. Pasmepnocts grad p
paBHa Ila/m. KanuanspHele U rHApDOAHHAMHYECKHE CHAB GyayT
HMeTbh OJHHAKOBYIO PasMePHOCTb, €CJH B3fITb BMECTO ©COS 0 BeJH-
4yuHy © cos 0/l:. Toraa

= zj'f,, (-f—j%?i+grad p). (IV.94)

B dopmyne (IV.94), takuMm 06pa3oM, YUHTHIBAeTCS IPONHTKA
6JI0KOB MOPOA KaK 3a CueT KamHJ/JISPHHIX CHJ, TaK H 3a CYET rpa-
AHEHTOB JaBJIEHHS B CHCTEME TPeIHH.

IIpumep IV.3. Iycte 0=35-10-3 INa-M, [.=0,1 M, grad p=10 Ila/m, py=
=2-10~% ITa-c, k=10—2 mxm?, pavHa niacta /=700 M, mHpHHa miacta b=700 M,
TOJUIHHA NJacTa k=20 M, nopHcTocTh 610KOB m=0,15, HX HavaibHas HedTeHaCH-
Ll.leHHOCst sao=0,7, KoHeuHas HedTeoTHaya NMpPH HPOMHTKe 1).=0,3, mapamerp A=
=0,4-105.

Tpebyercs onpeaeanTh BpeMs f, 6e3B0AHON pa3paGOTKH MJacTa.

ITo dopmyne (IV.94) umeem

0,4.108.10714 /35.10-3.0,6
B 10_,.2.10_3( - +10)=0,2.10-=(2,1+10)-_-2,42-10-5 1/c.

BHamM, uTO B paccMaTpHBaeMOM INpHMepe Bce XKe IJIaBHYI pPOJb B BHTeCHe-
HHH He(TH BOAOH H3 GJOKOB NOPOJA HrpaioT I'PajiHEHTH AABJEHHS XKHAKOCTH B CH-
CTeMe TpeHIMH, XOTA ONpejeNeHHHH BKJIaj BHOCAT H KaNHM/UIPHHE CHJH.

ITepeBenem § B 1/cyt. UMeem $=2,42-10-5 1/c=2,091 1/cyr.

IIpn ykasaHioM 3HaueHHH f§ yxKe uepes 3—4 cyT moAHHTerpajsbHas (GpyHKUHS
B ¢opmyne (IV.90) Gyaer GaH3ka K exuHHue. IIOCKO/NBKY, KaK GyAeT BHAHO H3
NajbHefilero, npomecc pa3paGOTKH TPELIHHOBATO-NOPHCTOrO IJIacTa NPOHCXOJHT
B TeueHHe GoJiee AJHTEJNbHOrO BPEMEHH, MOXKHO B PacCMaTPHBaeMOM cJyyae IoJa-
rate Ha ocHoBe opmyan (IV.90), uto

*& % bhn,msu,
Torpa
_ 1bhn ,msye 700-700.20.0,3.0,15-0,7

b= 7 = 500 =617,4 cyr=1,7 ropa.

§ 5. METOJHKH PACYETA TEXHOJIOTHYECKHX NOKA3ATEJIEA
PA3PABOTKH HE®TSIHBIX MECTOPO)XJ1EHHUA
C NPHMEHEHHEM 3ABOOHEHHA

Ilpu wu3yueHuH mpouecca BHITeCHeHHs HedTH BOJOH cHavaJja
CUHTAJIH, UTO XapaKTep 3TOro npouecca nopiHeeoll. Tak nosiBuaach
MoJeJb MOPLIHEBOr0 BHTecHeHHs HedTu H3 Iiacta. OJHAKO CTAMO
SICHO, YTO 3Ta MOJeJb, €CJH €€ pacCMaTpHBaTh B COYETAHHH C MO-
NeJIbI0 OJHOPOJHOrO IJIacTa, CJAHLUIKOM YIPOIEHHO OTpa)kaeT pe-
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aJbHYI0 KapTHHY pa3paGOTKH HedTAHHX MeCTOPOXKAEHHA B ycJo-
BHAX 3aBOJHeHHS. B npejoJioXKeHHH, YTO IVIACT OZHOPOJEH, IPH
HCIIOJb30BAHHH TAKOH MOJEJH NPHXOAUM K BHIBOAY, UTO pa3palboT-
Ka MECTODOXKAEHHS MOXKET OCYILECTBJSITbCA MOJHOCTbIO 6e3 HOOhYH
BOJALL. DTOT BBIBOJ B KOPHe IPOTHBOPEUYHT (PAKTHUECKHM [JaHHHIM,
COrJIACHO KOTODHIM Ha BCeX MECTOpPOXKJEeHHSX, paspabaTHIBaeMHX ¢
3aBOJHEHHEM, CyLlecTBYyeT AJHTeJbHBIH NepHoj BOLHOH 3KCIIyaTa-
yuh. Yto6bl yuecth AOOHUY OO6BOJHEHHOH NPOAYKIHH, HedTaHaA
HayKa Iouiia JByM#A NyTAMH.

TlepBo# myTh 3aKkJiOYajca B TOM, YTO IJIACT NpeACTaBHJH
CJIOXEHHLIM M3 MPONJAaCTKOB Pa3jHUHOH NPOHHLAEMOCTH. YKe cO-
yeTaHHE MOJEJNH INpoliecca NMOPIIHEBOrO BHITECHeHHs HedTH BOAOH
C MOJeJbl0 CJOHCTO-HEOJZHOPOJZHOTO IJA4cTa, OCOGEHHO € y4YeTOM
BEPOATHOCTHO-CTATHCTHYECKOTO pacnpejeseHHss INPONJAcTKOB M9
a6COJMIOTHON NMPOHHILAEMOCTH, NO3BOJSN0 y4ecTb nOGHUY 06BOAHEH-
HOH NMPOAYKIHH.

BTopo# nyTp 3akaouajcs B TOM, YTo OHJa co3faHa MoJelb
HEeNOPLUIHEBOrO BHITECHEHHA He(dTH BOHOH. DTa MOJeJb, HayaJo KO-
TOpOH OHLIO MOJIOXKEHO aMepHKaHCKHMH HccleloBaTeassMH Bakiau
H JleBepeTTOM, MOCJYXHJa OCHOBOH MHOTHX METOJIHK pPacyeTOB
pa3paboTKH He(TAHHX NJACTOB C YUYeTOM COBMECTHOH HJIbTpaunuu
HeTH H BOABL

Yyer HemopiUHEeBOro xapakTepa BHTeCHEHHS HedTH BOLOH NpH-
BeJl K He0GXOJHMOCTH HCIOJNb30BAHHS OTHOCHTENbHEIX HPOHHIIAEMO-
CTeil, KOTOphle eCTeCTBEHHO HEeOJHHAKOBBI AJs pa3JIHYHBEIX NJACTOB.

Mogenp npomecca HENOPIIHEBOrO BHTeCHeHUs HedTH BOJOf,
Jaxke B COYETaHHH ¢ MOJEJbIO ~OXHOPOZHOrO IJacra, NO3BOJsET
paccuUHTHIBATL JaHHHE pa3paboTKW mJacTa B NepHOA NOOBLIYH 06-
BOJHCHHOH NpoAyKIHH. TeM He MeHee HeOOXOAHMO ORUIO KaK-TO
YUHTHBaTb H PeaJbHYyIl0 HEOJHOPOJAHOCTb NIaacToB. OnHOH H3 mep-
BHIX METOJHK, O KOTOPDOW NPHHHMAaJH BO BHHMAHHE HENMOPUIHEBOH
XapakTep BBHITECHEHHs He(PTH BOAOH H3 MOJEJH CJOHCTO-HEOLHO-
POAHOro mJjacra, cTajga MeTojHka, npeanoxennas 0. I1. Bopuco-
BHIM H pa3BHTas HM BIIOCJAEJCTBHH C yJacTHEM psiia aBTOPOB. Ira
MeTOJHKa NoJyynsa HasBaHue «Metonuka BHUM-1»,

ITo sToit MeToaHKE TNJAcT COCTOMT H3 Habopa OTAENbHHIX
¢J10eB — nponsaacTkoB (TpyOok Toka). Pacnpenenenue a6co0THOM
NPOHHUEAEMOCTH YCTAaHABJHBAIOT HA OCHOBE ONpPelesIeHHOTO BEPOST-
HOCTHO-CTATHCTHYECKOrO 3aKOHA. Yamle Bcero B KauyecTBe TaKOro
33KOHA HCNOJb3YIOT JOrapH@MHYeCKH HOpMaJbHHH 3akoH, IIpH-
OJMXXeHHO NPHHHMAIOT, YTO PAacXoj BOAH, NOCTynawiued B Kax-
JABIH OTAEJbHBIA CJOH, MPONOPUHOHAJNeH abCOMIOTHON NPOHHIAEMO-

 CTH 3TOro cJjod. [lajnee, HenmopuUIHeBOe BhITeCHeHHe HedTH BoLOH B
KaxJ0M IIpomJacTke NpeofpasyeTcs B NOPIIHEBOE 3a cueT COOTBET-
CTBYIOLEro BHIOHM3MEHEHHS HCXOQHOrO pacnpeieieHus alCcoNIOT-
HOi NPOHHILAeMOCTH. 3aTeM TEKyllylo A0Obuy HedTH H BOAH OI-
peAensoT 00 (popMyJaM NOPHIHEBOTO BBHITECHEHHS AJSI  CJOHCTO-
HeoAHOpoAHOro mJjacrta. [las pacyera puAbTPAaUHOHHOTO CONPOTHB-
JICHHSI B 30HE COBMECTHOrO ABHXE€HHS He(pTH H BOJH HCIOAb3YIOT
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SMIIHDHYECKHE 3aBHCHMOCTH, ITOJy4YeHHBIE Ha OCHOBE annpoKcHMa-
I[HH OTHOCHTEJBHHX NMPOHHLAEMOCTEH.

Kak yxe ynoMHHajoCh, OnpefendTh A0OLYY OOGBOAHEHHOH Ipo-
OYKIHH MOXHO TaKXe Ha OCHOBe COYETaHHs MOJIENH MOPIIHEBOro
BHITeCHEHHs HedpTH BOZOH C MOJeJbIO CJOHCTO-HEOAHODPOLHOrO
nJracra.

10. T1. BopHCcOB nNpenJoXHJ NpeoGpa3oBaTb HCXOLHOE BEPOAT-
HOCTHO-CTATHCTHYECKOE paclpejejieHHe abGCOJIOTHOH IPOHHIAEMO-
CTH C TeM, YTOOH 3aMEHHTb HeMOpIUIHEBOEe BBITeCHEHHE Ha IOpUIHe-
BOEe C Lejblo obJerueHHs pacueToB [0ObLIYH He(dTH H BOJAH H3
njacra. J[lajbpHeliiee BHIOM3MeHEHHe UCXOAHOIO BEPOATHOCTHO-
CTATHCTHUECKOrO pacnpefeieHuss a6COJIOTHOH NPOHHILAEMOCTH OCY-
mwectBuad . . Myxapckuit u B. II. Jlucenko. OHH NpelJOXKHJIA
B 3TOM pachnpefesieHHH H3MEHATb OAHH H3 IlaDaMeTPoB-—TaK Ha-
3biBaeMbll KO3 (HIHEHT BapHaUWH, MPHYEM TakKHM 06pa3oM, 4TO-
6B yYHTHIBaThb IyTEM H3MEHEHHs 3TOro mapaMeTpa He TOJBKO He-
MOPIIHEBOH XapakTep BHITECHEHHs HedTH BOJOOH, HO H JApyrue ak-
TOPHl, TaKHe, KaK HayajJbHOEe MOJOXKEHHe BOAOHe(dTAHOro KOHTAKTa,
HeyCTOHYHBOCTL (POHTA BHITECHeHHs1 He(dTH BOAOH H Jaxe pasjiu-
yHe BsI3KOCTe#l HedTH H BOABL. 3a HCXOAHOe pacmnpejeseHHe abco-
JIOTHOH NpPOHHLAEMOCTH YKa3aHHbBIMH aBTOPAaMH INPHHHMAanoCh
raMMa-pacrnpejieieHHe.

Henn#i psig MeTONHK, OCHOBAHHBIX Ha MOJeJAX IOPLIHEBOTO
UJM HEeNOPIIHEBOr0 BHITECHEHHS B COUETAHHHU C MOJEJBIO CJIOHCTO-
HEOJHOPOAHOrO Iacta, OBJ TPeNJOXKEeH H HCIOJAb30BaJCHd APYTH-
MH aBtopaMH (MetoaukH [unposocroknedpTn, Cu6HWHHII,
bamHWITHued T U 1p.).

OIHako onHcaHHHE METOJHKH GbIH pPa3paGoTaHbl TOJBKO IpPH-
MeHHTEeNbHO K OJHOMEDHBIM IlJlacTaM — NPSIMOJHHEAHOMY H pajH-
aspHOMYy. Pacder pa3paloTKH He(TAHHIX MECTOPOXJEHHH ¢ IpH-
MeHeHHeM 3aBOJIHEHHS B JBYMEPHHIX CJydasix TpeGOBaJ HCHOJb30-
BaHuA OoJiee CJOXKHBLIX YDaBHEeHHH mpolecca BbLITeCHEHUS HedTH
Bojgo#. OKa3anoch 3aTPyJHHTEJNbHHM TaKXe HEmoCpeACTBEHHOE HC-
N0Jb30BAHHE BEPOSITHOCTHO-CTATHCTHYECKOTO paclpefeseHHus Mpo-
HHIaeMOCTH. M0XKHO, KOHEUHO, NePEXOJHTb OT BePOSITHOCTHO-CTATH-
CTHYECKOro paclpelelieHHss K COOTBETCTBYIOILEMY HaGopy KOHed-
HOro 4YHCJa NPOCJaoeB, pacCHpPOCTPAHAMIIMXCS MO BCed miaomaan
MecTopoxJeHusa. OAHAKO MO TaKOH MeTOJHKe pacyeT Inpoluecca
pa3spabGoTKH HePTAHBIX MECTOPOXKJAEHHH C IpHMEHEeHHeM 3aBOJHe-
HHSA CJHIIKOM T'POMO3JAKHH.

HMuoraa niact co cl0XKHO# reoMeTpHell 3aMeHSIOT OJHOMEDHO
MOJEJbIO, T. €. HCIOJIb3YIOT TaK Ha3blBaeMble KBa3HOAHOMEpPHEIE MO-
JleJIH.

3a nocsejnee BpeMs, B CBS3H C HCIOJb30BaHHeM GLICTpoaeHcT-
Bylomux JBM, npHMeHSIOT MeTOAHKH, OCHOBaHHBlE Ha ABYMEpHOM
HJIM TPeXMEPHOH COBMEeCTHOH (HAbTpalHH HedTH H BOAHI C YUETOM
MOAHGHUHMPOBAHHEIX OTHOCHTEJbHBIX NpoHHuaeMocTeil. Hampumep,
meronnka BHHUH-2. Muorne 3apyGexHble METOAHKH pacuera mpo-
LIecCOB pa3paboTKH HeDTAHBHIX MECTOPOXKAEHHH C NMpHMeHEHHeM 3a-
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BOAHEHHS  OCHOBaHH Ha TEOPHH
T : T $HABTPALHH HEONHOPONHHX MKHAKOC-
; Tefi, T. €. B pacCMaTpHBaeMOM cayuae
; 3aBol1HeHnﬂ—He¢Tn u Boiael. Ilpu
3TOM TaKXe peWaloT COOTBETCTBYIO-
IlHe ABYMepHHe H TpexMepHble 3a-
Jauy.
PaccMoTpuM B o6mHX uepTax, B
- " 2 CBA3H CO CKa3aHHBIM, METOJHKY pe-
, yr HIeHHs1 JBYMepHHX 3ajfau paspabor-
‘ ;  KH HedTAHBIX MeCTODOXKJEHHH c NPH-
j MeHeHHeM 3aBojHeHHsA. JlomycTuM,
3 - ' - YTO HEKOTOPOe MECTOPOXKJAEeHHe IIOo

1NN

Puc. 87. Cxema sneMeHTa nsATH-
ToueuHof CHCTeMH pa3paGoOTKH:

1 —1/4 marHeTaTenbHOR CKBAaXHHEL
2 — KOReuHO-pa3HOCTHAs sueflKa IJIO-
manbio AxAy; 38— 1/4 noGwiBaiomedt

OJlHOMy H3 BapHaHTOB pelleHO Da3-
pa6aThiBaTh NATHTOUEYHOH CHCTeMOR
paspaborkn. Ha puc. 87 mnoxkasaHa
cxeMa 3JileMeHTa 3TOH CHCTeMH pas-

CKBaX>XHHBI.

paboTKH. 3afnaHBl CBOMCTBA TOPOX
IJjlacta, ero TOJIIHHA H JIHHeHHbe
pa3Mephl, cBOficTBa He(dTH H BOAH, JaBJEHUS B CKBaXXHHax HJH
pacxoi 3akauWBaeMOH B mJjacT Boxbl. TpebyeTcss OmpenesHTL Tex-
HOJIOTHUECKHEe TOKa3aTeNH pPas3paboOTKH, TakHe, HalpHMep, Kak Te-
Kyuias HedreoTnaya, 06BOAHEHHOCTb NMPOJAYKLHH, H €ClIH H3BeCTeH
nepenaj, AaBJeHHS MeX/Jy CKBaXKHUHAMHU, TO 1e6GHTH He(dTH U BOIHI,
4 ecau 3ajaHn AeOUTH, TO, HAOGOPOT, — INepenaj JaBJeHHS MexX-
Jly HarHeTaTeJbHOH U JOOLIBaloLlel CKBaXKHHAMH.

Ilpu pemieHuu 3TOH 3aJaYH HCIOJB3VIOT YPaBHEHHS ABYMEPHOH
¢HabTpaunn HedpTH H BoxH. [las HX BEIBOfA pacCcMOTPHM GamaHc
He(TH U BOAH B 3JeMeHTapHOM oGbeMe miaacta (cM. pHc. 87). Vum-
THBasi KOJIHYECTBO BOJH], NPOHHKAIOWledi B 3JEMEHT MJacTa H BH-
XoAsulefl H3 HEro IO OCH X, a TaKke O0GbEM HAKONJEHHOA BOALI B
anemente dxdyh, no.nyrmM

Qs | O0ny. a”ﬂy m (IV.95)
TA€ Uay, Ugy—CKOPOCTH CpHJlean,HH BOAB COOTBETCTBEHHO 1O
ocAM X H Y.

Hna 6anaHca KoJHYecTBo He(dTH, BXOAALIEH B 3JEMEHT mJjacTa
¥ BHIXOAfLIEH M3 HEro, ¢ y4eToM TOrO, 94TO HACHIIEHHOCTh MOPHC-
TOH cpefibl HEPTHIO Sy=1—s

Os
-a—t-=0.

Qous | S0y "”“" (IV.96)

Cor.nacuo 3aKOHY COBMECTHOH pHJIAbTpALHH HedTU H BOLH, HMe-
eM

M) 9 v = Fa() Op
Bx T ox BY ™ ay 1
__ kky(s) 0p __ kky(s) op
O — — 2 2, Oy = —) L, (IV.97)



Ioacrasasa (IV.97) B (IV.95) u (IV.96), mnoayuum caenyio-
Y0 CHCTEMY H3 [BYX ypaBHeHHH AJs ONpelelieHHs P H S:

ad . 0 2 0 s
St )t k() 55— =0
(IV.98)

2 i} 2 i} 0:
T knl9) G ) T =0

Janee cucremy pauddepeHUHAJbHHIX YpaBHEHHH B YacTHHX
npousBoxHux (IV.98) 3aMeHsieM KOHEUHO-PA3HOCTHLIMH ypaBHe-
aHsIMH. COOTBETCTBEHHO 3JIEMEHT INSATHTOYEYHOH CHCTEMBI paspa-
6oTkH (cM. pHuc. 87) pasfHBaeM Ha HeKOTOPOe UHCJIO fYeeK ¢ AJH-
HOH I'pPaHHU MO OCH X, paBHOH Ax, H AJHHOMA T'PaHH MO OCH Yy, PaBHOH
Ay. Tlpu stoM 1/4 HarHeraTenbHOH CKBaXXHHH H 1/4 poGhbiBaiowmied
CKBAXXHHH 3aMEHSeM COOTBETCTBYIOIIMMH fuedkaMH. Ha pHcyHKe
9TH AYefKH yKasaHH IITPHXOBKOH. B paccMarpuBaeMom ciyuyae BCst
o6JacTb TeueHHsi pasfeseHa Ha 64 suefikn. UYem Gosblie YHCIAO
AYeeK, T€M B IPHHIUIE TouHee OyAeT BHUHCJEHO NOJe NaBJeHHH
H HachlmeHHocTeH. OJHAaKO U3MeJbUeHHe AueeK NPHBOIAHT K yBe-
JIHUeHHI0 BpeMeHH cueTa. IlosToMy Heo6XOAHMO HHXKeHEPHO ole-
HHTB TPeOYIOIIYIOCS TOUHOCTb BBIYHCJEHHH.

TloMuMO OMHCAHHOTO METONA pelIeHUs 3alayu BHITECHEHUs Hed-
TH BOZOH B NJOCKHX NJAacTax H3BeCTHH H japyrue. JloBoJbHO uac-
TO NPUMEHSIOT, HalpHMep, METOX XKeCTKUX TpyGoK Ttoka. Ecau
B3ATh TOT XK€ 3JeMeHT NMATHTOUEYHOH CHCTEMEl, TO MOXHO ONpene-
JIHUTb aHAJUTHYECKHM NyTeM HJH ¢ noMouibio nudposoii IBM uau
3JIEKTPOHHTErpaToOpa pacnojiokeHHe JHHHH TOKa B HEM, OCHOBH-
BasiCh Ha (UJbTPALHUH OXHOPOAHOH XHIKOCTH — HeDTH HJIH BOZLHL
3aTteM MOXHO MPHO/AHXKEHHO CUHTAThb, YTO JIUHHHM TOKA B 3TOM 3Jje-
MEHTe OCTaHyTCH HEH3MEeHHBIMH H
npH GHALTpanHU HEOLHOPOAHBIX XKHJI-
KocTell — HedTH H BoAH. MoXHO na-
Jlee HCIMOJIb30BaTh TEOPHIO BHITECHe-
HHS He(TH BOAOH H3 TPyOKH TOKa
NnepeMeHHOro ceueHHs H OMNpelessThb
B KaXJbli MOMEHT BpDEeMeHH [aBJle-
HHe H BOJOHACHIIEHHOCTb B Hell. 3a-
T€M yCTaHaBJUBalOT AeOHTH He(dTH H
BOJBl, NMPHTEKAOWHUX K A06bIBalomen
CKBaXXHHe MO KaxJo# TpyOKe TOKa.
KosnuecTBO mocTynalomux BOAB K
'He(PTH K CKBaXHHe MO KaXHOH TpyO-
Ke ToKa cymMmupywoT. Ha puc. 88 mo-
KaszaHo pacnoJjioxeHHe TPyOOK TOKa
B 3JIeMeHTe NATHTOUEYHOH CHCTEMBI

7

Puc. 88. CxeMa TpyGoK TOKa
B 3JIeMeHTe NSITHTQUEYHOH CH-

paspaborku. Tak Kak 3ajayy O BHI-  cTeMH pa3paGOTKH:
TeCHeHUH He(dTH BOJOH B TPYyOKe TO- I —1/4 HarneratedvHoli cksamp-

HBl; 2 — TPY6KH TOKa; 3 — 1/4 no-
Ka IICPpEMEHHOIO CE€YCHHA MOXKHO pe- OuIBajoHiel CKBaMXHHBI
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IIHTh AHAJHTHYECKHM IIYTeM, BPeMS BHITECHEeHHS HedTH BOILOH B
paccMaTpuBaeMOM SJ€MeHTe YMEHbIIAIT EO CPaBHEHHIO C BpeMe-
HEM 10 KOHEUHO-Pa3HOCTHOMY meTony. IlJsl yCKOpeHHOro, HO MeHee
TOYHOTO pacueTa HCNOJb3YIOT INpPHEM, 3aKJ0Yalomuicss B 3aMeHe
TPyOOK TOKa NepeMeHHOro cedeHHs TpyOKaMH TOKa COOTBETCTBYIO-
uied JAJMHE, HO MOCTOSHHOro ceuenusi (meroguka B. M. Koarano-
Ba, M. JI. CypryueBa u B. ®. CasonoBa). Torza ngas pacuera
BBITECHEHHS] He(QTH BOJOH H3 KaxJOH OTAeNbHOH Tpy6KH TOKa
MOXHO HCIOJb30BaTh YKA3aHHYM METOAHKY BBITeCHEeHHs1 HedTH BO-
JOH H3 NPSAMOJHHEHHOrOo MJacTa.

IIpu mpoeKTHpOBAHHH Pa3pabOTKH AJHTEJbHOE BpeMsi 3KCILTya-
THPYEMOrO0 MECTOPOXKJEHHs, KOrja HM3BeCTHH 3HAayHTeJbHEE (aK-
THYecKHe naHHHe 006 oT6ope HedTH H BOJH, MOXHO, OCHOBHIBAsCh
Ha pesy/JbTaTax NPeALTYIIeH Pa3pabOTKM MeCTOpPOXKACHHA, OCy-
LeCTBAATL pacueT OyAyuwIHX [oKasareseldl pa3pabOTKH C HCHOJb-
30BaHHEM YNPOIIEHHHX METOAHK. DTH METOJHKH MOXKHO Ha3bIBaTb
SMIIHPHYECKHMH, NOCKOJbKY OHH JalOT NPOTHO3 pa3paboTKH Mo
(paKTHUECKHM JaHHBIM.

B mpakTHke IpOeKTHPOBaHHA pa3paboTKH HedTAHBIX MECTOPOXK-
JIeHH# H3BECTHHl Pa3jJHYHEE SMIHpHUECKHE METOJAHKH, a TaKXKe
METOJHKH, OCHOBHIBAIOLIHECS Ha OCpPeJHEHHHIX MNaHHHIX, NOJYYHB-
HiHe Ha3BaHHe «METOJHKH DpacyeTa mokasaTejged pa3paboTKH IO
XapaKTepHCTHKAaM BhITecHeHHsA». [Ipw pacuerax mo 3THM MeTOAHKaM
JH60 HCNMOJB3YIOT COOTHOLUEHHA TEODHH COBMECTHOH QHUIbTpPalHH
HedTH M BOJABl H 3aTeM, U3MEHSAS HEKOTOphe GHIbBTPALlHOHHEIE Xa-
PaKTepPHCTHKH, JOOHBAIOTCS COBNAJEHHS TEODETHUECKHX U (AKTH-
YeCKHX KDHBBIX THIOa OOBOIHEHHOCTb — HAKOIJIEHHHH 06beM 3aKa-
YHBaeMOH BOJH, OOBOJHEHHOCTb -— HAKONJeHHass Job6biua HedTH
HJH TeKyuias HedTeOTAaya — HAKOIUIEHHHWH o6beM 3aKayuBaeMoi
BOJEI, JHO6O NPUMEHSAIOT HENOCPEACTBEHHO: YKA3AHHEE (aKTHYECKHR
KpHBbie I/ NPOTHO3UPOBAHUS NOKaszaTejell pa3paGOTKH NyTeM HX
SKCTp aNOJSIHH.

Huxe paccMOTpHM SMOHpHYECKYH0 METOLHKY NPOrHO3HPOBAHHA
roxasareJsiefi pa3pabOTKH, OCHOBY KOTODOH COCTaBJSET TeQDETHUE-
CKasi 3aBHCHMOCTb TeKyllel OOBOTHEHHOCTH MDOAYKIHH OT TeKy-
mefl HedTeoTAayH, COrAacCOBAHHAST C COOTBETCTBYyWOUIeH (akTHue-
CKOH 3aBHCHMOCTBIO.

Hrak, nycTb At HEKOTOPOro JJMTEJIbHO pa3pabaThIBAEMOro
MEeCTOpPOXKJeHHs, BC€ HJIH NPAKTHUYECKH Bce MOOLIBAIOLIME CKBaXKH-
Hbl KOTOPOro 06BOAHEHH, HAMETHJIAaCh 3aBUCHMOCTb TeKyued o6-
BOJHEHHOCTH A00nBaeMO#f H3 BCEro MeCTODOXK/JAEHHS MPOAYKLUHH v
OT TekymeHd HedTeoTaayd 7. DTa 3aBHCHMOCTh [OKasaHa Ha
puc. 84. B paccMaTpuBaeMuil MOMeHT BpeMeRHM f=1; HedTeoTHaUa
JOCTHIJIa BeJHYHHH m=m;. JlonycTuM, uTo HeOOXOAHUMO pacCuu-
TaTh, KaK OyAeT u3MeHATbCA NoOHYa HedTH Gu(f) H3 MeECTOPOXK-
JeHHst B 1eJOM IIpH Da3/HYHBIX YPOBHfAX OTOOpPA H3 HEro XKHUAKO-
CTH gx(f) NpH YCIOBHH COOTBETCTBYIOIlEH KOMIEHCAIHH O0T6OpOoB
3akayko#l BoAbl. Ec/lH peub HJeT 0 TOM, 4TO HOKa3aTeNu pa3paboT-
KH TpefyeTcsl PaCCUHMTATh HAa CPABHHTENBHO HEGOMBIIOR NEpHOZ
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BPeMeHH, MeHbIIMHA NepHoAa NpeAawayumlell pa3paboTkH, TO dakrH-
9eCKyl0 3aBHCHMOCTb v=v (7)) MOXHO SKCTpanoJHpOBaTh.

BriBegeM ofmiue COOTHOIUGHHS STOfl SMIHPHYECKOH METOIHKH.
Jo6uuy HepTH H3 MeCTOPOXKJIEHHS B LENOM MOXHO BEIPA3UTh dUe-
pgs JO6GHYY XHAKOCTH M OOGBOJHEHHOCTb NPOAYKUMH CJAEAYIOIIMM
o6pasom:

qﬂ=q)x_qn=q)|(_vq)x=qm (I—V), (IV.99)
Kpowme Toro,

4
=" G={n0d (IV.100)
°
rie G —reonornyecke 3anacel HedpTH MecTopoxAeHHs. Orciofa
dn/dt = g, (£)/G. (IV.101)
C yuerom (IV.99) nonyuum
1?1‘\1 = 1_d?(q) “q”&(t)‘
HJIH
t
1__‘*% = é_ S g, @) dt. (1V.102)
]

Cunras, 4TO 3aBHCHMOCTb TEKYyIleH OOGBOJAHEHHOCTH NMPOAYKLUHH
OT Tekyied HepTeoTnayrm v=f{(n) He H3IMEHHTCH 3a NEpHOA Npo-
€KTHPOBAaHHS, MOXHO, 3aJaBafichb pAa3JHYHBIMH 3HAYEHHSIMH TeKy-
wiero or6opa XKHMAKOCTH, ONpele/uTh No ypasHenuwo (IV.102) te-
KyLiylo HedpTeoTaayy, COOTBETCTBYIOIYI0 NaHHOMY MOMEHTYy Bpe-
MeHH, N0 KpUBO# v={(1) — 0OBOAHEHHOCTL NPOAYKLHH, IOCJE ye-
ro no ¢popmyae (IV.99) — rexkymyio 106uuy HedTH.

Onnako M3/H0XKEeHHAs BHILE MeTOZHKa NpHeMJeMa AJs NpPOTHO-
3HpOBaHUs NMOKasaresell pa3paboTKH Ha CPaBHHTENbHO HeGosbLIOH
UepHOJ BPEMEHH, HAa KOTODHH MOXKHO C OmpefleeHHOH yBepeH-
HOCTBbIO 3KCTPanoJHpoBaTh W caMy KpuByl v=f(n). Kak xe pac-
CYHTHIBATh O YMPOLIEHHHM METOJHKaM I[0KasaTeiu pPa3paGoTKH
MeCTOPOXAEHHH Ha 6osiee AJHTENbHBIA MEpHOA, Korja TPYAHO 3KC-
TPanoJIHpOBaTh HaMETHBUIYIOCS IO MeCTOPOXKAEHHIO 3aBHCHMOCTb
v=f(n)? Ons 3TOro NPUXOAMUTCS HCNOJb30BATbL AOMNOJHHTEIbLHEIE
XapaKTepHCTHKH IJIacTa, OJHOH M3 KOTODHIX MOLYT OLITh 3aBHCH-
MOCTH MOAH(HUUPOBAHHHX NpOHHULaeMocTell A HedTH H BOJH OT
OCpe/lHeHHOH 10 MecTOPOXAEHHIO BOXOHACHIIeHHOCTH S. Crnenpyer
eHle pa3 OTMETHTb, YTO B NaHHOM maparpade peub HAET O NpHMe-
HeHUH IJI pacueTa NoKasarejeii paspabOTKH MeCTOPOXKAEHHs ym-
pOlUEeHHOH, 3MIHPHYECKOH METOAMKH. B NpHHLHNE ke MOXHO HC-
II0JIb30BaTh M THADOAHHAMHUECKHe pacyeTHHe MeToAh. Ho ans
9TOro Heob6xoAuM c6Op OOLIMpPHefiliero Marepsalja O HEOJHODPOAHO-
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CTH NJACTa, MOKA3aTeNAX 3KCIJYaTaHHH OTAENbHHIX CKBaXHH, PO~
MO3AKas HAEHTH(HKALHs PacueTHBIX H (PAKTHUECKHX [aHHHIX O
paspaBoTKe MECTOPOXKAEHUS.

ITokaxkeM B COOTBETCTBHM CO cKa3aHHBIM, KaK MOXHO HCIOJb-
30BaTh MOJH(HUHPOBAHHLE OTHOCHTEJbHBIE [POHHIAEMOCTH IJI%
yNpoOIIeHHOro NpOrHO3HPOBAHHA NOKasaTtened pa3paboTKH MeCTo-
pOXKJeHHH,

Comacno_§ 5 ra. I, MoauduUHpPOBaHHBIE OTHOCHTEJNBHHE TPO-
HHUAeMOCTH R:(S) H k4 (s), a Takxe MoaubHUHpOBaHHAs BOAOHA-
CHIIIEHHOCTh S 3aBHCAT OT NPOHHLUAEMOCTH OOBOJAHHBIUErOCS TPO-
njactka k. B 3JIeMeHTe CJIOHCTO-HEOAHODOLHOro [jacra, BHAA M
napaMeTpoB BePOSTHOCTHO-CTATHCTHYECKOTO pacnpejesieHHss afco-
JIOTHOH NPOHHLAEMOCTH, OCTATOYHOH He(dTEHACHIEHHOCTH Spocr W
HAaCHIEHHOCTH IJAcTa CBA3aHHON BOAOH Sca.

CnenoBaTesbHO, 3a7aBasch k., MOXHO ONpeNeSHTL S H COOTBET-

CTBYIOUIHE€ OTHOCHTECJIbHHE INPOHHUACMOCTH. Ecan NMpHHATh, UYTO S
PaBHO cpenHeiJl BOAOHACBIIIEHHOCTH B paccMaTrpHBaeMoM IlJacTe
MECTODOXACHHA, TO TEKyllas 06BOJAHEHHOCTh MO MECTOPOXK/ACHHUIO

v=f(s)= b ) (IV.103)

a0+

W)

Tenepp HEOOXOAHMO YCTAaHOBHTb CBSI3b TeKyllel HedTeOTZauy
M0 MeCTODOXKAEHHIO B IeJOM H cPejHEH BOAOHACHIIIEHHOCTH S.
IlepBOoHauanbHHeE 3amackl He()TH MECTOPOXKAEHHS 0003HAYHM 1Ye-
pe3 Guo. Torna

Gro= Vunm (1—scp) pHObHOY (Iv.104)

rie Vuga— 00beM IJ1acTa; pao— MVIOTHOCTb JEra3supoBaHHOH Hed-
TH; byo — 00BEMHBIH KO3 DHIHEHT. ,

OcraBiuyecss B nsacre 3amnachl HeTH K MOMEHTY BpeMEHH, KOr-
JAa CpeflHsis BOAOHACHILIEHHOCTb N0 MECTOPOXKJEHHIO cTaja PaBHOR

S, COCTaBJALT

Ga oor = Viat (1—5) probyo- (1V.105)
Uz (IV.104) u (IV.105) nonyunm

— Gy oc s— B 5

ez Sroer _ St (1v.10)

TakuM 06pasoM, HCNOJb3Ya MOAR(DHUHPOBAHHBIE OTHOCHTENb-
Hble NPOHHIIAEMOCTH, MOMKHO pAacCuHTaTh Ha OCHOBe QopMya
(IV.103) u (IV.106) saBucuMocTs ¥=f(71). 3areMm, usMeHsia BeJH-
YHHH MAapaMeTpOB, BXOASHIHX B BEPOATHOCTHO-CTATHCTHIECKOE
pacnpepesieHHe aGCOMIOTHOH NPOHHIAEMOCTH, HJH H3MEHss CaMo
pacnpejesieHne JHOO BapbUPYsi BENHUHHAMH Suocr H Scs, MOXKHO B
NPHHUUIE COBMECTHTb TEOPETHYECKY KpHBYIO v=f(n) ¢ ¢akrHue-
CKHMH, NOCTPOEHHHIMH MO NAHHBIM IPH NpeAbayileHd pa3paboTke
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mecropoxaeHusd. Ilo NOCTHIKeHHH YNOBJETBOPHTE/]BHOrO COBMaje-
HHUsI JaHHBHIX TEOPeTHYecKofi KpHBOH ~v=f(n) c ¢dakTHUeCKHMH,
MOKHO 3KCTPamoJHpOBaTh KpHBYIO v=f(n) B o6JacTb GOJNbIIHNX
3HaueHu# Tekylle# 0GBOAHEHHOCTH NMPOAYKUHH H HedTeoTzauH. [lo-
CJle 3TOTO MOXKHO y¥Ke PacCYHTHBATh AOOHYM HedTH mo dopMmyJam
(IV.99) —(IVv.102).

Npumep IV.4 B pesysbrate paspaboTkH HedTSHOTO MECTOPOXKAEHHA B Te-
yeHHe HEKOTOPOro BpeMeHH OHJIO BHIABJEHO, uTO (DaKTHYeCKas 3aBHCHMOCTb v=
=f(n) NOCTATOYHO XOPOWIO COTJAcyeTCsi ¢ TEOPETHUECKOH, €CJTH HCIOoab30BaTh
MOAHQHUHPOBAHHHE OTHOCHTEJbHHE NPOHHIAEMOCTH H MOAHGHUKPOBAHHYIO BOJLO-
HACHIIEHHOCTb JJISl CJIOHCTO-HEOJHODOAHOTO MJacTa MNpH JorapudMHUYECKH HOp-
MaJbHOM 3aKOHe paclipejesieHHs abCOJIOTHON NDOHHLAEMOCTH, NpHYeM IapaMeTp
pacnpenesenns ¢=0,5. OkasaJocb, 4TO BO BCEX NPOMJIACTKAX Sy ocr=0,25. Hacn-
IIeHHOCTb CBSI3aHHOH BOJOH TaKyXe IOCTOSIHHA AJs BCeX NMPOMJIACTKOB, T. €. Scp=
=0,15. ®a3oBasi NPOHHIAEMOCTb AJIs BOAM Rgs=0,85 k. CpepHsisi abconoTHas Npo-
HunaeMocTb naacta k=0,4 mxm?. OrHolleHHe Bs3kocTeli BOAW H HedTH B IJIa-
CTOBHX YCJAOBHAX Ws/Wy=0,5. Tpebyercsi onpeneauth 3aBHCHMOCTb v={(1}.

TockosbKY MO YCJOBHIO NpHMepa ¢a3oBasi NMPOHHLAEMOCTb BO BCeX NPOMaacT-
KaX NPONOpIHOHAJbHA a6COJIOTHOH NPOHHIIAEMOCTH, TO B COOTBETCTBHH ¢ ¢op-
Myqaamu ra. I gns MoAHGHUHMPOBAHHEIX OTHOCHTEJBHHX TpPOHHIAeMOCTeH H
MOAHGHIHPOBAHHON BOJOHACHIIEHHOCTH HMeeM

i kf (k) di

by = o—;

[ 2 (&) ar
0
by

oj kf (k) dk

b=

5‘ kf (k) di

0

Sep= OSf (%) dk 4. (1 — sy oer— Ses) ‘5 F (k) dk;

_ Un k—InR)2

I
=0 e >

Noacrasass f(k) B dopmyay ana ks, moayunm

k. k.
In2 f_i-
| E
202
Ef (B) dk = ——— dk.
f (k) 0V2n ¢
0 0
k
lnf
Tocse MoACTAHOBKM =O_V2_ B (opMyay, NpHBeJeHHY® BHlle, NpelcTaB-
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Puc. 89. 3amucumoctn Moaudruupo-  Puc. 90. 3asucEMocts v=v(1):
BaHHHX npounuaemoc-reﬁ kz u ks OT MoO- 1 — daKkTHUeCKHe AaHHBIE; 2 — pacYeTHas ga-

JAGHIEPOBaHHOA BOAOHACHINEHHOCTH §  BHCHMOCTb; 3 — (aKTHuecKHe AaHHbE o6 H3-
MeHeHHH TeKymeA oOGBOAHEHHOCTH NpPOAYK-

IHH ¢ POCTOM TeKyineA HedTeoTAAqH

NeHHHA HHTErpan MOJNYYHM B CJEAYIOUeM BHAE:

! In ke
ke a¥V2 k
In2 k? o?
1 - k VT Fe?
202 —24+0 V2L e
— dk = —7—= = .
eyl 7= ° dh= —g—[1 + et (M)];
0 —00
1 k o

A= In —=— — .

cV2 "7 V2

COOTBETCTBEHHO

oo
' lnz—f- o2
k - T2

! T ke e
—— = - CT .
oV 2 | )

k.

Orciona BMeeM
- 0,85 —
kﬂ =—2— [l—erf (x)]; kﬂ=0,5[1 + erf (?»)].

a5t MORHQHIEPOBAHHOR BOAOHACHIIEHHOCTH
oo [~

5= Scaj.f(k) dk - (1— $y oer — Scs) 5‘ F(k) dk=
0 ky

k

1 — 5y ocr — Sen k

=S5+ p) 1 —erf ——0—7-2_—
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Ha puc. 89 nokasanu 3aBHCHMOCTE MOAHGHIHPOBAEHHX IPOHHILaeMOCTeR OT
MOJAHOHIHPOBAHHON BOAOHACHIIEHHOCTH.

Teneps HetpyaHo no ¢opmyaam (IV103) H (IV.106) nocTpoHTb 3aBHCHMOCTH
TeKymeA o6BOAHEHHOCTH ¥ OT TeKyulelh HedreoTAauH. DTa 3aBHCHMOCTb MOKa3aHa
Ha pHc. 90. Kax BHAHM, B HadaJbHHA NepHOX pa3paboTKH (paKTHUECKHE AaHHHE HE
COBNAJalOT C PACYETHHMH, INOJYYEHHHMH IO NPHBEJEHHOW BHIe MeTOXHKE, 4TO
BIIOJIHE €CTECTBEHHO, TAK KaK B HadaJbHH NMEpHON pa3paGOTKH H3 IJacra MecTo-
pOXKIeHHS HOGHBaercs ManooGBoafieHHast NPOAYKIHA. Boobme nanHylo SMIHpHUe-
CKYI0 METOAHKY HeJb3sl NMPHMEHSITb C CaMOro HadaJja pa3paGoTKH — OHAa NMPHroAHa
TOJBKO AJS NPOTHO3UPOBAHHA Pa3paGOTKH B MEPHOX AOGHYHM CHIBbHO 0GBOLHEHHOR
NPOAYKIHH.

Haunnas xe co 3mauenus tekymeft Hedreornaun v=0,15 npu v>0,5, dakra-
YyeCKHe NaHHHe COOTBETCTBYIOT PAaCUeTHHM H IMOSTOMY H3JIOXKEHHYIO MeTOXHKY
MOXKHO HCIOJb30BaTh ANS POrHO3HPOBAHUS 3aBHCHMOCTH Texyllefl 06BOXHEHHOCTH
NPORYKIHH OT Tekyulell nedreoTaauy.

§ 6. PACYET NJIACTOBOIO JABJIEHHSA H NEBHTOB CKBA)XHH

[Ipu onpenenenun 3a60HHOro AaBJeHHs B CKBaXXHHAX C LEJbIO
pHifopa crnoco60B NoAbeMa KHIKOCTH H3 TJYGHHH Ha JHEBHYIO
TIOBEPXHOCTb, OLIEHKH (Pa30BOro COCTOSHHSI HedTH H BOAH, a Tak-
Ke AN BBHIYHCJEHHA TrpajiHeHTOB INJAacTOBOTO JAaBJEHHS C LEJbIO
onpeleseHHs CKOPOCTeH mnepeMelleHHs OQUJIbTPYIOLIHXCS BEILECTS,
TpaHuL pa3fesoB MexXAy He(dTblo H BOJOH HeOGXOAHMO 3HATh IOJeE
[JIaCTOBOTO JaBJEHHA.

Ilpu peweHnn 3azau ¢GHAbTPALMH HEOJHOPOAHHX XKHAKOCTeH,
B YaCTHOCTH He(dTH M BOJH, HapaAy ¢ BHUHCJIEHHEM IOJS BOAOHA-
CHINIEHHOCTH ONpEeIENsIOT H II0Jie NJacTOBOTO JaBJeHHA. B ciayuae
BLITeCHEHHA He(TH BOJOH H3 NPAMOJHHEAHOro HJH pagHaJbHOTO
nJacTa IpPH HCHOJb30BAHHH MOJEJH NOPLIHEBOrO BHITECHEHHS MO-
Jie JaBJeHHA BHUHC/SETCS OPOCTO MO GOpMysaM, NMpHBELEHHHIM B
§ 2 naHHOH ryaBHL.

B cJayyae HemopluHEeBOro BLITECHEHHA He(dTH BOJOH Laxe H3
NpPAMOJIHHEHHOr0 IJjacTa paclnpeiesieHHe [aBJeHHS B HeM ycTa-
HaBJIHBaTh HECKOJbKO cJoxHee, [103TOMy paccMOTpHUM mocieiHHi
cayyall 6osee noapoGHO.

CornacHo puc. 91 u npuBefeHHBIM B § 3 naHHO# raaBul popmy-
JaM, UMeeM CJeAyiOllee BHIpaxKeHHe AJA CyMMapHOH CKODOCTH

7 2 Sp
Ll /’ L // L (LLL1L L
S H !“H; 1
P
R HpE
T T “w !
T il
T
Puc. 91. CxeMa HeNOpPIIHEBOTO Tg Seg ! t
BHTEeCHeHHs HedTH BOLOA H3 =

npsMoJHHERHOro MJacTa:
1 — ped1n; 2 — BONA 0 z
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¢unbrTpanun HedTH H BOAHW B IJjacTe:

0=0v,4-v,= —k (ﬁ“"‘ ﬁ: )g;; » (IV.107)

Orcona, yUHTHBasg BhHpaxeHHe ans GyHkuuu f(s), noayuum

bhy B )
e S
_ bhk kg(s) Op
== e (IV.108)

Ilpn sToM a5 mpocToTH GyneMm mnoJaraTh B JaHHOM maparpade,
4To 00beM 3aKauaHHON B maacTt BoAb Viy,=gt. Tlockoabky

—_at __a
X= mg, dx = Y dg,
nocje ux noActaHoBku B (IV.108) umeem
___bhk ka(s) Op O8  bhPmk  ky(s) ﬂ_
ST T O W T T i [ 0 (1v.109)

YuursiBasg, uro dgi=f"(s)ds, monyunm wu3 (IV.109), samenss
YacTHBIE NIPOH3BOAHKEE O6bLIKHOBEHHBIMH,
Bhimk  ke(s)  dp
Mgt f)F(s) ds”

HJIH

wat () (5)
T i ds=—dp. (IV.110)

Corsacro puc. 91, B o6aacTH nJacTa NpH Xp<X<! ABHXeTCA
gpctafs HedThb. Bylem cumTaTth, uto (paszoBasm NPOHHLAEMOCTb AJS
HedTH B 3TOH o6sacTH paBHa abcoaoTHOR. Torza AJs NOJHOrO
nepenaja naBjJeHHs Ap B NPSAMOJHHEHHOM IJacTe TIOJYYHM cJe-
Aywoliiee BhpaxKeHHe:

s

B

v ({ —xa) 9*tet .

p= el bhE 2 + bzh!;:lk 5‘11’ (S) ds;
Se

1P(S)=-Z—(,:—:%(—s)-;
(V.111)
f' (ss) gt
Xp = “hm "

BonoHacHIEeHHOCTh Ha (POHTE BHITECHEHHS Sp ONpelesisieM 1o
MeToauKe, npuBeteHHoi B § 3 nanHo# raasu. MHTerpaa oT ¢yHk-
LIHH BOJOHACHIIIEHHOCTH VY (S) MOXKHO BBIYHCJHTbL YHCJEHHBIM IIy-
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TeM C Hcnosab3oBaHHeM SBM. Ilpu 3toM BXOAAIWYI0 (QYHKUHIO
P($) H BTOpYIO NPOH3BOAHYI0 (GYHKIHH [(S) MOXKHO HaHTH NyTeM
yHCJeHHOTO JHbepeHIHPOBAHHA.

B paguanbHOM cjiyuae Ha OCHOBE COOTBETCTBYIOUWIHX (OpPMYJN
§ 3 maHHOH rJaaBH HMeeM

onkhr  ky(s)  Op (IV.112)

== e o
Hupoepenunpys oopmyay (IV.77), nmeem
f (5) ds = 2hmrdr (IV.113)

gt
IToacrapasis (IV.113) B (IV.112) H 3aMeHAs yacTHY1O NPOH3BOIL-
HYI0 Ha OOEIKHOBEHHYIO, OJYYHM
An?mr2h?k ky (s)dp
qtps ["(s) f(s) ds

g=—

HJIH

qus [ ()7 (s) _
Ik ) gy 95 = —ap- (IV.114)

Has nonHoro mepemaja AaBJjeHHS Apc MeXJy CKBaXKHHOH H
KOHTYPOM INHTaHHs MOJYUYHM CJIeAyIolilee BLIpaXKeHHe:

s

qus (L)1) Gl g Ik '
A= g \ TRty BT 2w 07, (IV.115)

Se

BesnHuHHBl S M rp ONpeje/sieM MO COOTBETCTBYIOIIHM (opmy-
gaM § 3 HaHHOH rJiaBHL.

Ilpu pelleHHH NJOCKHX 3a4ay BLITeCHEHHs He(pTH BOAOH 4YHC-
JeHHRIMH MeTofZaMH Ha JBM nmnoJie maacToBOro AaBJ€HHS BBLIYHC-
JSI0T OLHOBPEMEHHO C IIOJIEM BOAOHACHILEHHOCTH M HedTeHaCH-
IIEHHOCTH.

Ha npakTHke OvlBaeT BaxKHO ONpeledUThb Nepenaibl 3abOHHOro
LaBJeHHs] MeXIYy HarHeraTeJbHBIMH M AOGHBAIOIIHMH CKBAXKHHAMH
He BO BCe IepHOAB], a B ONpeJeJeHHBE MOMEHTH pPas3paloTKH, Ha-
IIPHMep B Haua/bHBIA €e NEePHOJA, KOrja B ILIacTe ABHXKeTCS OJHa
IpaKkTHYeCKH He OGBOJHEHHAsi He(Tb, HIM B HEKOTOPble MOMEHTH
rnocse Hauasa o6BOAHeHHsr f0oObIBaeMOH M3 IJacTa NPOLYKIMH.

IIpakTHUECKH BaXXHO NPHOJHKEHHO ONPEJCJHUThL Iepenajgbl gas-
JeHu#. [lo3ToMy IpH TaKHX pacueTax MOXKHO HCIIOJb30BaTh METOJ
S5KBHBAJIEHTHBIX (PHJABTPAllHOHHBIX CONPOTHBJEHHH, CYUIHOCTh KO-
TOporo usnoxeHa B ra. Il.

PaccunraeM pacnpefeleHHe IJiacTOBOTO JAAaBJEHHs1 NPH Tpex-
pPsALHOH cXeMe PacmoJIOXKeHHS! CKBAXKHH IO METONY 3KBHBAaJEHTHHIX
(QHJIBTPAIHOHHEIX CONPOTHBJAeHHH. [l NIpPOCTOTHL BO3bMEM OJHO-
POAHHIA IJIACT H LONYCTHM, UTO NPOHUCXOAHT NOPLIHEBOE BLITECHE-
HHe U3 Hero He¢dTH BOLOH.
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1 2 PaccMoTpHM K NpHMepy TOT

- ' S cJyya#, Korja IpollecC 3aBOjJHe-
a o HHs TOJIbKO HayaJjcsi H HedTb BHI-
L Lz t TeCHEHAa JIHIIb H3 O6JacTH re<{r<g

<rp<<{0/n BOKpPYr HarHerarteJib-

A ° ° ° A | HOH CKBaXHHBI PaJHyCcOM rc (pHC.
26 i 92). BymeM cuuTaTh, 4TO B 4HacTb

N o o N noJiockl paspaboTKH, cofepialled
TPH pAjda AOGHBAIOIIHX CKBaXHH,

-~——1  3ak/I0ueHHHIX MeXAy psAJaMH Har-
J HeTaTeJbHHX, 3aKauHBaeTcs BOJAa

¢ pacxoioM ¢. JauHa paccmaTtpH-

Puc. 92. Cxema uacTH nojock  BaeMOH YaCTH IOJOCH paBHa L.

TPEXPARHON CHCTeMH paspaboT-  TakuM 06pas3oM, ec/H B3ATb Ipa-

*I‘“' 4 cootsercraco a , BB DS HarHeTaTeJbHHX CKBa-
H - OT. neps

BTOPOR. AR HOGHBAIOUMX  CHBANHH, KHH (cM. pHc. 92), TO BJEBO OT

Q—pﬂ}l HarHeTaTeJbHARIX CKBaXXHH HeI‘O, T. e. B paCCManHBaeMyw

nojocy, 6yaer HocTynmatbe BOja ¢
pacxonoM, paBHbM ¢/2. OcTajabHas yacTb BOAH OylneT YXOAHMTb B
COCELHIOI0 MOJIOCY, KOTOopas [LOJXXHAa HaXOLHTbcs cHpaBa. Tak Kak
pexum paspaboTKH mJjacTa CYHTAeTcs BOMOHANODHBIM, OOBEMHHIH
pacxop BoAH paBeH 00beMHOMY AeOHTY He(pTH B NJIacTOBBIX YCJIO-
pusAx. eGuT mepBoro psna JOGHIBAIOUHX CKBaXXHH paccMaTpHBae-
MOH 4acTH NOJIOCH paBeH ¢§;, a AeGHT BTOPOro (LEeHTpaJbHOro) ps-
Ja CKBaXXHH §a. IlockoJbKYy B LEHTpAJbHBIH DA CKBaXKHH NOCTY-
naer HeTb TaKXe cjeBa, TO HMeeM c/elyiolliee COOTHOIIeHHe 6a-
JaHTa XHAKOCTH B IlJacTe:

q/2 =g+ q2/2. (IV.116)

CorsiacHO MeTOLYy 5KBHBaJIeHTHHIX (HJbTPALHOHHEIX COIPOTHB-
HeHHﬁ, C yuYeTroM TOro, 4ro rago/n, HMeeM B COOTBETCTBHH C
pHc. 92.

g
psln 7~
Pa—Ps= 3p nkih’
g
, quy In e
Ps—Pu =3, ckkn '
gitul

Pe—P 01=W;

g
, G114 In are .
Pa—Pa= e nkbyh '

, 9sptal
p cl_p’czz 22/32;15 H

Y
’ 9okt In nre
Pe—Pe2= 2nc2ﬂkknh_.
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31ech Ny, Ny H Neg— YHCAO CKBaXXHH COOTBETCTBEHHO B HarHe-
TaTeNpbHOM, MepBOM H BTOpPOM psiaax. OcranpHbie 0603HaueHHS
yKa3zaHn Ha pHC, 92 HJH COOTBETCTBYIOT NPHHATHIM paHee. Ecin
CJ0XHTL TlepBHe YeThpe H3 cooTtHoweHuH (IV.117), To moayuum

caenymomyio Gopmyay:

Tg
Beln Paln — \)
. q e e
Pa—Par= gy ( P TI ir l

g1y In PP
it 1V.118)

CooxuM nocienHHe TpH cootHomweHust dopmyn (IV.117). B pe-
3YJbTaTe MOJYYHM

g
— __49 Ualys Ha lnﬂ—fc) T1tta ln?’—c— IvV.119
Pa—Pea=5 \"BL T ramks ) ek (IV.119)
Kaxk H3BecTHO, IpH pacueTax NPONECCOB Pa3paGOTKH HePTAHHIX Me-
CTOPOXKJeHHH 3aiaHB: !) HeOHTH CKBaXHH, HeoOXOAHMO HaHTH
nepenanbl JaBJeHHs MeXAY 3a60sMH HarHeraTeJbHHX H J06hIBa-
fOUHX CKBaXHH; 2) nepenain AaBjeHHH, Heo6xoaumo HalTH ne6GH-
THI leIOB CKBaXHH,
B nepsoM cayuae caelyeT Hcmosab3oBaTh ¢opmyan (I1V.118) u
(IV.119), Bo BTOpOM HEO6XOAMMO pellaTh CHCTEMY H3 CJEAYIOUIHX
Tpex JHHEeHHHX anre6paHdecKHX ypaBHEHHI:

Aq+Bgy = p,—poy;
Cqy— Bgy = per—Peas

9=2G+¢,;
o
i Bs ln By ln —— . )
A= 2kh ( nﬂnk + nunky + *
o
By ln T
2nc,nkkﬂh'
Pl Ba In :rt(rr
C=-112 | <. (Iv.120)

Qkkghl T Znegmkkgh

Peluas 5Ty CHCTeMY YpaBHEHHH, OJYYUM
(2A -+ B) (Pcy — Pes) 4 B (Pu —pc)

2= (A+C) B+ PAC K
G = Cq,— (Zu_ Pea) . (v.121)

AHalorHuyHHM 06pasoM pewaloT COOTBETCTBYIOLIHE 3aJadH B
cay4yae NSTHPSAHOR H APYTHX CXeM pAacHOJOXKEHHS CKBaXKHH.
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ITpumep 1IV.5. Ilpu paspaGoTke HeKOTOpOro He(TAHOrO MECTOPOXKAEHHA
TpPUMEHeHa TPeXPAMHAA CXeMa PACNOJIOKEeHHs CKBaXHH (CM. puc. 92). Paccroanus
MeX/JYy HarHeTaTeJbHHIMH U AOOHBAIOIIHMH CKBaXXUHAMH OJHHAKOBHE, T. &, 20y=
=20.=20=500 M. PaccTossHHe MeXAy DsSAOM HarHeTaTeJbHHX H TEePBHM PAAOM
JOGHBAIOUIHX CKBAaXKHH, a4 TaKXe MeXAYy psfaMH AOOHBAIOIMX CKBaXXHH OJHHa-
KoBoe, paBHoe [=1,=0600 M. Paguyc HarseraTeJbHHX CKBaXHH ryc=0,1 M, a mpH-
BelleHHBI pajauyc AOOBIBAIOIIHX BCJIeNCTBHE YXYHIUEHHs NPOHHIAEMOCTH HX HPH-
3abofinbx 308 rc=0,01 M. TonmuHa naacra A=10 M. Ba3kocTb He(TH B NJIACTOBHX
ycaoBHAX py=3:10-3 [la-c, a BA3KOCTh BOAHW Wp=10—23 ITa-c. [Tpoucxoant nopiu-
HeBoe BhITeCHeHHe He(TH BOJOH, MpHYeM B NpoMHTOH BOAOHR oGjacTH miacra ¢a-
30Bas NPOHHILAEMOCTb AJsI BOAH kge=0,4 MKM2, a $asoBas NPOHHIAEMOCTb AJA
HepTH B HeTeHACHIEHHBIX 06JacTsIX kpx=0,5 Mkm2. B paccmMaTpHBaeMH# MOMEHT
BPeMeHH BOJLA, BHITECHs s HedThb H3 IJacTa, MPOABHHYJACh HA PACCTOSHHE Fa=
=0,5 o/n. [laBnenue Ha 3a605iX HarHeTaTeJbHHX cKBaXHH py=20 MIla, a Ha 3a-
605X CKBaXHH IIEPBOrO H BTOPOro JAOGHBAIOIUX PALOB Pei=pPez=15 MIla.

Tpe6yercss onpejiennTh AeOGHTH NEPBOrO W BTOPOrO PSOB ¢ H gz, a TaKke
Pacxoj 3aKauHBaeMOH BOJH B YacTb NOJOCH AJHHOH L=1500 M.

U IlpucTynmas K peweHHI0 3ajaud, BHUYKCAHM BHayate Bejuuyunn A, B u C.
MeeM

In —2- In ——
A 1 p“3nnrnc+p‘“ nnrg_l_ V) _
2h gk Tingkky kk,L

0,5.950 a,. 260-3,14
1 (’O”’"W 310710 514.0,5-250 | _ 3.10-5.600 )_

="3.10 \ 3,14.3.0,4.10® T 3.3,14.0,5.10-% T ,5.10-1%. 1500
= 221,6.108 [Ta.c/m3;
pﬂln;% 3.10-81n§%
B= 5, ks = 2.3.3,14-0,5.10-18.10 — 286,1-10° [la-c/u?;
g
talya Baln 2= 3.10-8.600
C="opkehL T Dnegnflah = 2.0,5.10--10.1500 T

250
3-107% 18 37775 o1
+57373,14.0,5. 10-12. 0 = 06-10° ITa-c/m¥;
B (pu— Pey) 286,1.5.106. 109
9= A+ C)B+ 2AC — 627,6.986,1.1012 1~ 2.221,6.406. 102 —
=0,4-10"2 m3/c = 344 m3/cyT;

Cq 406-108.344
g = Bz = 585 1107 = 88 M/cyT.

Pacxon 3akauHBaeMol BOJABI B YacCTh MOJOCH AaHHON L
q = 2q; + q, = 2488 4 344 = 1320 m3/cyrT.

§ 7. ONIBIT U NPOBJ EMbl PA3BPABOTKH MECTOPO)XIEHHH
C NPHMEHEHHEM 3ABOJHEHHA

ITpoMbimjieHHOe NpUMEHEHYe 3aBOJHEHKHS HE(QTAHBIX MAACTOB B
CCCP 6bu10o Hayato B 1948 r. npu pa3paGoTKe NEBOHCKHX TOPH-
3ontoB Ty#MasuHcKoro HepTaHOro MectopoxkieHHs. K atomy spe-
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MeHd yxKe ObLIM H3BECTHH ONBITHI 3aKauku BOAH B HedTAHHE
IJacYbl ¢ UEJbI0 MONOJHEHHS IJACTOBOH SHEPTHH, IIPOBOJUBIIHECS B
PA3JHYHBIX CTpPaHaXx.

IIpu paspaborke HedTsHbIX MecropoxAeHnit B CCCP ¢ mpume-
HEHHEeM 3aBOJHEHHS BHauaJse HCIOJb30BaJH 3aKOHTYPHOE 3aBOJAHE-
kve. IIpH sToM HarHeTaTeslbHble CKBaXKHHBH GypH/IH 33 BHELIHHM
KOHTYPOM He()TEHOCHOCTH, BJ0Jb Hero. JoGbBalolHe CKBaXKHHHI
pacmojiaraju Takxe BXOJb KOHTypa HedTeHocHocTH. JInHMM pac-
MOJIOKEHHs] HaTHeTaTeNbHBIX CKBAaXKHH OBIH yJajeHu OT IepBLIX
pSANOB JOGHIBAIOLIUX CKBAXKHH Ha 1—6 kM.

3aKOHTYpHOE 3aBOAHEHHE NPHMEHSJIH Ha MeCTOPOXKIEHUSAX, NIPO-
AYVKTHBHBIE IJIaCThl KOTOPHIX OBIJIH CJOXKEHH B OCHOBHOM Iecya-
HUKaMH W aJeBPOJIUTaMU C npoHHumaemocthio 0,3—1,0 Mrm2, Bas-
KOCTb He)TH B MNACTOBBIX YCJOBHAX 3aBOAHAEMBIX MECTOPOXKAEHH
cocrasyasina 1—5-1073 [1a-c.

3akOHTYpHOe 3aBOJHEHHE OCYLIECTBJAANOCh YaCTO He C CaMOro
Hauasa pa3paloOTKH MECTOPOKJeHHH, a CIyCTd HEKOTOpOE€ BpeMs,
B TeYyeHHe KOTOPOro NMPOUCKOAHJO NajeHHe ILTacTOBOrO RABJEHHS.
TeM He MeHee 3aKauKa BOJAB B 3aKOHTYPHYI0O 00JacTh IJacTta Io-
3BOJIsIJIA B TE€UEHHE OQHOrO-ABYX JIET HAcTOJLKO BOCIIOJNHHTL 3amac
{IJJaCTOBOH 3HEpPruH, 4YTO OHO CTAOUJIH3UPOBAJIOCH.

Ucnoab3oBanue 3aBOAHEHHS He(TAHBIX ILUIACTOB NMPHBEJIO BHA-
yajie K BO3HUKHOBEHHIO TEXHOJOTHYECKOH TPYAHOCTH, CBSI3aHHOH ¢
HM3KOH MPHEMHCTOCTbI0O HArHETATEJbHBIX CKBaXKHH. IL1acThl, KOTO-
pule, corjacHo ¢opmyne [omioH, DOKHB GBUIH NpH HCIOJb3ye-
MBIX Nepenajax AaBJeHHs MOTJOWATh 3aNPOEKTHPOBAHHBIE Pacxo-
Jbl BOZBI, NPaKTHYECKH He mpuHuMaJsy BoAy. Illupoxoe mpuMeHeHHe
MeTOJ0B BO3[eHCTBUA HA NPHU3aBOHHYI0 30HY CKBaXKHH, TaKHX, KaK
THADABJHYECKHH PaspbB MJacTta H KHCJIOTHbie 06paGOTKH, H riaB-
HBIM 06pa3oM HCHOJb30BaHHE MOBLINIEHHBIX JaBJeHHH HardeTaHus
TpHBEJNU K CYLIECTBEHHOMY YBEJHYEHHIO IIPHEMHCTOCTH HarHera-
TeJbHEIX CKBAaXHH H, N0 CYTH JAena, K pelleHHI0 npobjeMbl HX oc-
BOEHHS.

OnblT pa3paboTKH He(PTAHBIX MECTOPOXKAEHHH ¢ NpUMEHEeHHeEM
3aKOHTYDHOTO 3aBOAHEHHS NPHBEJ K CIAEAYIOUHM OCHOBHBLIM BHIBO-
Jnam.

1. 3aKkoHTypHOE 3aBOAHEHHEe MO3BOJAET He TOJbKO NOLJEPKH-
BATh IJIaCTOBOE JaBJEHHE HAa NepBOHAYAJbHOM yPOBHE, HO H Hpe-
BHIIIATH €rO.

2. Mcnoab3oBaHHe 3aKOHTYPHOTO 3aBOJAHEHHS JdaeT BO3MOXK-
HOCTh 0o0ecneyuBaTth J0BeJeHHE MAKCHMaJbHOrO TeMIlla paspaboTKH
MeCcTOpOXAeHHH n0 5—79% OT HauaJbHBIX H3BJEKAeMhIX 3aNacos,
NPHMEHATb CHCTEMBl pa3palOTKH ¢ NapaMETpPOM IVIOTHOCTH CETKH
ckBaxuH 20—60-10* M2/ckB mpu HOBOJBHO BBICOKOH KOHEYHON
iedreornade, pocruraromes 0,50—0,55 B cpaBHHTEILHO OJHODPO.I-
HBIX MJ4cTaxX, H NPH BA3KOCTH HeTH B NJACTOBHIX YCJOBHSIX MO~
pganka 1—5-107% [1a-c.

3. Ilpu paspaboTke KpPyNHBHIX MO IVIOMAAH MECTOPOXKAEHHII
¢ YHCJOM DAJOB JOOBIBAIOIINX CKBaXKHH 0OJbile IATH 3aKOHTYpHOE
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3aBOJHEHME OKasmBaer cjafoe BO3NCHCTBHE HAa HEHTPaJbHHEE gac-
TH, B pe3yJabTaTe gero joOnua Hed)TH H3 3THX yacTed OKasHBaer-
Cs HH3KOH. DTO BeJeT K TOMY, 4TO TeMI Da3paGOTKH KPYNHHIX
MECTOpPOXKAEeHHH B IEJOM He MOXeT OHTb JOCTATOYHO BHICOKHM
IpH 3aKOHTYPHOM 3aBOJHEHHH.

4. 3aKOHTypHOe 3aBOjHeHHe He IO3BOJISIET BO3JEHCTBOBaThH Ha
OTJe/bHEE JIOKaJbHBE YYacTKH IIJIacTa C LEJbI0 YCKOPEHHS H3B-
JleueHHs1 U3 HHX He(dTH, BRIpABHHBAHHS NJAaCTOBOro NABJEHHS B pa-
3JHYHHIX IJIacTax U IponJjacTkax H T. [I.

5. IIpu 3aKOHTYDHOM 3aBOJIHEHHH JOBOJBbHO 3HAYHTEJbHAS

gacThb BOJH, 3aKauyHBaeMoOH B mJacT, YXOJAHT B BOJLOHOCHYIO 00-
JacTb, HaxXOIsHIYIOC 34 KOHTYPOM He(TEHOCHOCTH, HE BLITECHSAA
He()Th H3 mJjacra.

YKasaHHble De3yJibTaTh 3aKOHTYPHOTO 3aBOAHEHHS HEPTAHBIX
IJIaCTOB BHI3BAJIM flajibHelllee ycOBepllIeHCTROBaHHe Pa3paGOTKH
He(TAHBIX MECTOPOXKAEHHHW H NPUBEJH K IelecooO6pasHOCTH HC-
N0JIb30BAHHS BHYTPHKOHTYPHOTO 3aBOAHEHHS, OCOGEHHO KDPYMNHBIX
MEeCTOPOXIEHHH, ¢ paspe3aHHeM INJACTOB PSAAaMH HarHeTaTeJbHBIX
CKBaXXHH Ha OTHeJbHble IJIOMAAH HJIH GJIOKH.

HanbHeliline HcclelOBaHHSA H ONKT pa3paboOTKH NOKas3ajH, YTo
HaubGosee Lejecoo6pPasHO pas3pesaHHe paspabaTHBaeMHX IJIacTOB
pAlaMH HarHeTaTeJbHBIX CKBaXHH Ha OTAeAbHHE OJOKH TaKUM
06pa3oM, 4TOGH MeXAy psilaMH HarHeTaTeJbHHIX CKBAXKHH B 6J0-
Ke (moJioce) HaxoAHJAOCh He GoJsee MATH PANOB JOGHBAIOHMIHX CKBa-
JKHH.

Tak Bo3HHKJIa COBpeMeHHAs Pa3HOBHAHOCTb PSAHBIX CHCTEM —
6/10KOBbIe CHCTEMBl Pa3paboTKH HeTAHHX MEeCTOPOXIEHHH: OJHO-
pAHas, TpexpsAiHas H NATHPSALHAsA. DTH CHCTEMH BIEDBLHIE CTAJH
NPHMEHATb Ha MecTopoXxJeHHAX KyHOueBcko# oGaacT.

HcnonbaoBanne cHCTEM pPa3pabOTKH ¢ BHYTPHKOHTYPHHIM pas-
pe3aHHeM NO3BOJHJO B 2—2,5 pa3a yBeJHUHTL TEMIIH pa3paboTKu
N0 CPABHEHHIO ¢ 3aKOHTYPHHM 3aBOJHEHHEM, CYHIECTBEHHO Yayy-
WIHTh TEXHHKO-3KOHOMHYECKHe IIOKAa3aTeJH pa3paBoTKH. BJokoBhe
pAAHbBIE CHCTEMH HAlLIH GOJbLIOE TIPHMeHeHHe unpH paspaboTke
He(TAHEIX MECTOPOXKAEHHH BO MHOTHX He(TeAOOHBAIOUIHX paii-
OHax, H ocoGeHHO B 3anagHoli Cubupu.

B nanpHefilieM, B OCHOBHOM C HeJIbIO PaclOJIOKEHHS Pe3epBHHX
CKBaXXHH, HHTCHCHQHKAIMH H pEryJHpOBaHHs pa3paGOTKH MeCTo-
POXKIEHHH, CTalH NPHMEHSTb CXEMH O0YaroBOro W H3GHPATENbHOTO
3aBOJHEHHSs, IPH HCNOJb30BAaHHUH KOTOPHX HarHeraTtejbHble H J06H-
BalOUIHE CKBA*KHHH DAacCloJaraloT He B COOTBETCTBHH C NPHHSATOH
ynopsiloueHHOA CHCTeMOH pa3paboTKHM, a Ha OTAeNbHHX yyacTKax
NJ1acTOB.

OuaroBoe u H3GHpaTeJbHOE 3aBOJHEHHE CTaJM BIePBblE NpuUMe-
HATh Ha HePTAHHIX MeCTOpOXAeHHsAx Tartapuu. 3aBogHeHune Hed-
TAHBIX NJIACTOB C €r0 Da3HOBHAHOCTAMH B HacTOsilIee BPeMsl —
r1aBHBH MeTOJ BO3JEHCTBHA Ha He(TsHHE IVIACTH C LEJbIO H3BJe-
YeHHsi H3 HHX He(dTH. DTO IJaBeHCTBYIOHIee MOJOXKEHHe METO] 3a-
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BOJHEHHS] COXPAHHAT, BHAMMO, He TOJbKO B XX, HO H B Hauaxe
XXI1 s.

O6wupHble (paKTHUueckKHe JaHHHeE 1o pa3paboTke HeTAHHIX
MeCTOPOXKAEHHH C NpHMEeHeHHeM 3aBOJHEHHS BO MHOTHX CJy4asx
NOATBEPKAAIOT C TOH HJH HHOH CTeleHbIO TOYHOCTH TEOPETHYECKHE
pesyJibTaThl, NOJyuaeMble Ha OCHOBe MOJeJel MOpPLIHeBOro H He-
TOPIIHEBOr0 BHITeCHeHUS] He(TH BOJOH H3 OJHOPOJHOTO, CJOUCTO-
HEOJHOPOJHOrO, a4 TaKXke TPELHHOBATOTO H TPEUHHOBATO-NOPHCTO-
ro IJacTOB, €CAH MOJeNb COOTBETCTBYeT peasbHOMYy mjacty. dak-
THYECKOE H3MEeHeHHe MJaCTOBOTO NABJEHHA, JoObnYa He@TH H XKHA-
KOCTH, 3aBHCHMOCThL TeKylleH OGBOJHEHHOCTH OT He(dTeoTJauH Cco-
riacyiorcs ¢ pacueTHeiMH. OgHako npobJeMa IpPaBHJIBHOTO BhIGO-
pa MojesH, HaHGOJEE TOYHO OTpaxKamolileld rJaBHble 0COGEHHOCTH
pa3pabOTKH IJacTa, elle jajeKa OT CBOEro NOJHOTO0 paspelleHHs.
Mopenn pa3pa6GoTKu miactoB, Han6GoJee COOTBETCTBYIOIIHE OeHCT-
BUTEJbHOCTH, MOTYT OHITb IIOCTDPOEHH JIHILIb Ha OCHOBe TILATEJbHO-
ro H3yueHHs W yueTa CBOHCTB IJ1acTa H CONOCTABJEHHS pe3yabTa-
TOB pacyeTa npoiecca pa3paboTKM maacta ¢ (paKTHYECKHMH JaH-
HHIMH. B nocseaHue roAbl B CBS3H C POCTOM BBIYHCJAHTENbHBIX BO3-
MoxHocTell DBM noayyaior Gosiblree pas3BHTHE AETEPMHHHPOBAH-
Hble MOJeJH IJ1acTOB M npoueccoB pas3paboTkH. Mx ucmosnbzoBaHHe
TIPUBOAHT K HEOGXOAHMOCTH pellleHHs ABYMEPHBIX M TpeXMeDHHIX
3aja4 MHOroasHol MHOTOKOMIOHEHTHOH (G HJIbTpAalHH.

DoraThiil 1 BecbMa MHOrOOOpa3HbBH ONLIT NPHMEHeHHs 3aBOjAHE-
#usi B CCCP 1no3BoJiHA He TOJBKO BIOJIHE ONpeJeNeHHO BHISIBHTD
€ro TeXHOJIOTHYeCKHe BO3MOXKHOCTH, HO H c(HOpPMYyJHDPOBATh MPOG-
JIeMH, CBfI3aHHbBIE ¢ 3THM MeTOAOM BO3JeHCTBHS Ha MNJACTHI.

IlepBas mpo6aeMa 3aBOJHEHHsT BO3HHKJAA elle Ha CTAAHH €ro
71a60paTOPHBIX 3JKCIIEDHMEHTAJbHBIX HCCAeNOBaHHN, 3aTteM Teope-
THYECKHE HCCJeA0BAHHA M aHanu3 pa3paboTKH HePTAHBIX MeCTO-
POXIEHHH C pa3uyHOH BSI3KOCTHIO IJACTOBOH HEQTH NOKa3alH,
YTO C yBeJHYeHHeM OTHOLIEHHSI BA3KOCTeH HedTH W BOAB B WJa-
CTOBBIX YCJOBHSX Wo=pus/s TEKyllass HedTeoTnaya NpH OXZHOM H
TOM K€ OTHOIIeHUWH o6beMa 3aKauaHHOH B IJacT BOAH Q K oObeMy
nop naacta Vi, cHuxaercs. Ecau, HanpuMep, 3a YCJOBHYIO KOHed-
HYI0 He(TeoTiauyy NPHHATb He(TeOTAAYy TIIPH NPOKAayKe uepes
maact Tpex 00beMOB INOp NJacra, T. €. o6beMa BOAbl, PABHOTO
3Va, TO B cpeAHeM IIpH po=1—05 MOKHO TNOJYYHTb KOHEUYHHIH KO-
3¢ ¢unuenT BhTecHeHus nopsjka 0,6—0,7 Ans mopoa-KOJAEKTOPOB
HedpTH ¢ npoHUnaemMocTbio 0,3—1,0 MKM?.

Ecnu xe 3aBoiHeHHe NPHMeEHSIOT Ha HedhTSHOM MeCTOPOXKIe-
HHH C BSI3KOCTbIO He(TH B NJACTOBBIX YCJOBHAX mopsaka 20—
50-1073 ITa-c, To KOHeYHHH KO3(h(HUHEHT BHTECHEHHS] CHHXKAETCSH
ao 0,35—0,4 B pesysnbTaTe YCHJIEHHS HeyCTOHYHBOCTH Ipolecca
BHITECHEHHS HeDTH BOAOII.

JlabopaTopHble 3KCHepHMEHTaJbHBlEe HCCJAeJ0BAaHHS BHITECHEHHS
HedTH BOJIOH, IPOBOAMMBIE HA MOJENSX INIACTOB, NOKA3bIBAIOT, YTO
NpH po=1-—D5 nuHNsA KOHTaKTa HepTb — Boxa H3ruGaercss CpaBHH-
TeJbHO Mano (puc. 93), HO npH ue=20—30 oHa CHJIBHO Ae(pOPMH-
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Puc. 93. CxeMa IBHXKeHHA BofOHedT-  Puc. 93. Cxema ABMIKEHHS BOXOHE(DTSH-

HOro KOHTaKTa B MJacCT€ T1MPH W= HOr0 KOHTAaKTa B MJacte IOPH o=
=]—5-10-3 Ta-c: =20—30-10-2 Ma-c:

1 — o6aacTb, 3aHATasA BoORoOR ocrarognof 1—3 — cMm. pHC, 93; 4 - cKonseHHe HedTH,
HedTbIO; 2 — BOLOHEe(TAHOH KOHTAKT; & — ocTaBUleecs [03afH BOAOHEedTAHOIO KOHTAKTA

o6aacTb, 3aHATaA HedbThIO

pyerca (puc. 94). IIpu aToM BOJA, BHTeCHAWINAA He(Th, ABHKETCA
SI3BIKaMH, OCTaBJfAs N03aAH KOHTAaKTa He(Tb — BOJAA y4yacTKH 0OOH-
JleHHOH BOJOH HedTH.

Ecan pe>100, 3aBogHeHHe HepTAHBIX MeCTOPOXKAEHHH, ocCcy-
IeCTB/IAEMOE NyTeM 3aKAYKH B NJACTH OGHIYHOH BOJBI, OKa3blBa-
eTcsl He3a(p¢heKTUBHBIM, NMOCKOJNBKY KOHeuHass HedTeoTAaua moJiyda-
ercsl HH3KOH (mopsaaka 0,1).

Ta xe camass KapTHHA BO3HHKAET NPH HCMOJb30BAaHHH 3aBOJHe-
HHSl [/ BBHITeCHEHHUS BHICOKomapa@HHHCTOH HedTH M3 IJACTOB.
Ecnu 10nycTHTb CHJBHOE pasrasupoBaHHe He¢TH BO BpeMs paspa-
60TKH MECTOPOXKJEHHS Ha eCTeCTBEHHOM peXHMe HJIH CHHUKEHHe
IJacTOBOH TeMNepaTypH HHXKe TeMHepaTypH KpHCTAaJJIU3aLMH Ha-
paduHa BCJedCTBHE 3aKauKH B IJIACT BOAH ¢ GoJsiee HH3KOH TeMIe-
patypoH, ueM mnJacroBas, TO mapaduH, NepBOHAYAJbLHO HAXOAHB-
wHics B He(TH B PACTBOPEHHOM COCTOSIHHH, BRIAEJNHTCS H3 Hee,
BA3KOCTb He(TH NOBLHICHTCS U OHa NPHOOpPETET HEHBIOTOHOBCKHE
CBOHCTBA, YTO B KOHEYHOM cueTe NpHBEJET K CHHXKeHHI0 HedTeoT-
Jaaug,

Hcxona H3 ckazanHoro, nmepBas npobjeMa pa3paGoTKH HedTs-
HHIX MECTOPOXKACHHH ¢ NPHMEHEHHEM 3aBOAHEHHSI COCTOHT B JIHK-
BHJAUHH OTPHLATEJbHOrO BJIHSIHHA BHICOKOTG OTHOLIEHHS BA3KO-
cTel HePTH ¥ BOABI, a TaKxe HEHBIOTOHOBCKHMX CBOHCTB HedTH Ha
TeKYILIYIO H KOHeUHYI0 HedTeoTaauy.

MccaenoBanuss H ONBT pa3pabOTKH NPHBEIH K CO3AaHHIC cle-
AVIOUIHX HalpaBJeHHH peuleHUs1 3TOH NpobJeMbl:

1) npuMeHeHHIO AJs1 3aKayKH B IJIacT ropsiuedl BOAB H BOASI-
HOro napa;

2) saryuieHHI0 BOAH MOJHMEPHHIMH J06aBKaMH H ApYTHMH Be-
I1eCTBaMH;

3) HCNOJb30BAHHIO BJAXHOIO M CBEPXBJAXHOrO BHYTPHIJIACTO-
BOTO TODEHHSI.

Cnenyer oTMeTHTh, YTO BOAA, 3aMellalollas B TJacTe H3BJeKa-
eMy10 M3 Hero He(dTh, AeficTBHTENbHO HaufoJjee NOCTYNHOE H LeJe-
coo0pa3Hoe ¢ IKOHOMHYECKOH TOUKH 3peHHs1 BewiecTBo. [1oaTomy
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HOBble, 60see 9 PeKTHBHBIE METOAH Pa3paboTKH He(pTAHBIX MECTO-
poxyleHH# O6yAyT, Mo BceHl BHAMMOCTH, W BNpeldb 6a3upOBaTbCs HA
3aKayKe B IJACT BOABI, XOTA CaM MEXaHH3M H3BJeyeHUA HepTH H3
HeAp OyAeT KODEHHBIM 00pa3oM OTJHYATbCH OT COOTBETCTBYIOLLErD
MexaHk3Ma OOBIYHOro 3aBOJHEHHA.

Bropas npo6jeMa 3aBOJHEHHsl CBfi3aHa ¢ NPHHLHUNHAJLHOH He-
BO3MOXHOCTBIO JOCTHXXEHHSI MOJHOTO BHITECHeHHA He(TH BoJOH
jpaxe Inpu HauboJee OJArONPHATHHIX YCJIOBHAX 3HAYUTEJNBHOH NpO-
HHI12aeMOCTH KOJIJIEKTODOB M MaJibIX 3HAUeHUAX IapaMerpa uo.

I'naBHasg npuuYuHAa HEBO3MOXKHOCTH IIOJHOTO BHITECHEHHA HedTH
BOJAOH H3 3aBOJHEHHHIX obJlacTedl IJAacTOB 3aKJOYaeTcd B HecMe-
IIUBaeMoCTH HedTH U BOAH. Pemnts npobaemy obecrmeueHust moJ-
HOrO BHITECHEHHS] HeTu H3 IJAacTOB MOXKHO, JHOO obecrneyuB cme-
WIHBAaeMOCTb He(TH ¢ BHITECHAOLIUM €€ BellecTBOM, JUGO NpuMe-
HUB BBICOKOTEMIIepaTypDHOE BO3AEHCTBHe HAa IJacT, IPH KOTOPOM
HPOUCXOAHJO OH BHITaPUBaHHE HE(TH.

Tpetbsi, Moxer GhiThb Hanbosee oOmwupHAs NpobieMa, BO3HHK-
uiass B pesyJbTaTe aHaJH3a U 0OOOIIEHHUsT ONbITA pa3pabOTKH 3a-
BOJHsIEMBIX He(TSHHIX MECTOPOXKIeHHH, — nmpobseMa obecrmeyeHus
6oJsiee MOJHOTO OXBaTa IJACTOB MNPOLECCOM 3aBOAHeHHs. JlaHHEe
pa3paboTKH NOKAa3bIBAIOT, 4TO MO LeJOMY pSAY NPHUYHH OTHEJbHbIE
NpOIJIACTKH, BXOJsALIHe B 0OBbEKTH pa3paloTKH, He MOrJOUAIT BO-
Ay H, cleJoBaTebHO, U3 HHX He BHTecHferTcsl HedTb. KpomMe ToOrO,
00BOJIHEHHE OTIAEJbHHX He(THAHBIX CKBAXHUH INPOUCXOJHT BECbMa
HepaBHOMEPHO Jaxe NpPH HX CTPOro YHNODSAOYEHHOM pacIloJoKe-
HHUH Ha He(TEeHOCHOH NJOMIAaJAH MECTOPOXKIEHHS, YTO BEIET K OC-
TaBJICHHIO B IJ1aCcTe€ HE OXBAaYEHHHX 3aBOJAHEHHEM He(dTeHACHILEeH-
HBIX 30H.

OnuiT npuMeHeHHsi 3aBOAHEHHS NOKa3aJ, 4TO pelleHHe Npob.ie-
MBI HOBLIIIEHHs] OXBaTa MJACTOB MOXHO MOJIYYHTb MYyTEM KOMILJIEKC-
HOTO HCIIOJb30BAHHS METOJOB BO3JeHCTBHSI Ha NPH3abOHHYI0 30HY
JOOBIBAIOIIHX M HAUHETaTEJbHBIX CKBaXXHH, MOBLIIIEHHBIX JaBJe-
HHH HarsetaHusi, 3p¢eKTHBHBIX CPeICTB NOABEMa XHIKOCTH H3
CKBAaXXHH, METOLOB pEryJHpPOBaHHA Da3pabOTKH MeCTOPOXKJEHHH,
a Takxe BhIOOpa Haubojee NOAXOAsIEH AJs (PH3UKO-TeOJOryye-
CKHX YCJOBHH MECTODOXKAEHHS CHCTEMBI €ro pa3paboTKH, H B Imep-
BYI0 Ouepe/ib COOTBETCTBYIOILErO BbIOOpa OOBEKTOB Pa3paboOTKH H
NJIOTHOCTH CEeTKH CKBAaXKHH.

Ilpu 3TOM cHCTeMy pa3pabOTKH, KOHEUHO, IPHUXOLHTCS BhHIGH-
paTh Ha CTAJHH COCTaBJIEHHA TeXHOJOrHUeCKOH CXeMH pa3paboTKHy,
Korjla MeCTODOXKJEeHHe ellle He AOCTATOUYHO XODOUIO H3YYeHO.

Ilpn BEI6Ope OonTHMAaJbHBIX OOBEKTOB Pa3palboTKH oOuUeHb BaX-
HyI0 pOJib HIpaeT 3HaHHe CTeNeHH cOO6IaeMOCTH OTHEJbHBIX MJa-
CTOB IO BePTHKAaMH. [3BecTHO, UTO TPEIIHHOBATOCTb CBOHCTBEHHA
He TOJbKO KapOOHAaTHHIM KOJJEKTOpaM, HO H NJactaM, CJOoXKeH-
HBIM INleCYaHHKAMH W ajeBPOJHTaMH. Bo MHOTHX cjydasix yBeauue-
HHIO COO6IAeMOCTH NJ4aCTOB MO BEPTHKAJIH CIOCOGCTBYET HaJHUHe
B pasieJsIolUX IJAacThl HENPOHHIAEMBIX CJIOSIX OTAENbHBIX OKOH,
T. €. IPOHHIIaeMbIX y4acTKOB.
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7 Z2 3 4 5 Puc. 95. CxeMa BepTHKAJBHOLO paspe3a
yuacTKa IJacTa ¢ HeCKOJBbKHMH fIpo-
TIACTKaMH:

1, 2 ¥ 4 — cooTBeTCTBEHHO nponnactw A, B
H B; 3 — NHH3a B MpPOAJAcTKe; § — WelpOHH-
HaeMble MPOCJAOH

Puc. 96. CxeMa pacmoJOoKeHHsl CKBa-
JKHH B NPONJacTKe A NPH Sc=S5¢;:

! H 2 — CKBaxKHHbl COOTBETCTBEHHO HarHera-
77 I THTTTTTTTT7T7777 777, 77 TeabHble H pOObiBalolIHe; 3, 4 H 5 — JIHH3B;
6 — yCJOBHBIH KOHTYP HeQTEHOCHOCTH

OnTuMajabHble 06BEKTH PaspaboTKH M INIOTHOCTH CeTKH CKBa-
KHH, KaK H CHCTEM pa3pabOTKH MeCTOPOXKJAEHHS B LeJOM, ClIelyeT
BHGHPATh Ha OCHOBE TEXHHKO-3KOHOMHYecKoro anaiausa. OnHako
3aBHCHMOCTb KO3(pQHIHEHTa OXBaTa IJacTa 3aBOJHEHHEM 12 OT
cTeneHH ofbefAMHEeHHs IJIAcTOB B 0GBEKTH pa3paloTKH H Mmapamer-
pa TJIOTHOCTH CETKM CKBAXKMH Sc YCTaHABJIHMBAIOT TOJbKO HA OCHO-
Be COBMECTHOIO H3yUeHHs Te0JIOTHYECKOro CTPOEHHsS IIAacTOB Mec-
TOPOXKIEHHs M Mpoliecca BHITECHEHHs M3 HEero He(pTH BOJOH NPH
pA3JHYHBIX CHCTEMax PaspaGoTKH HJH MHOrO(akTOPHOro aHaaH3a
pe3y/ibTaToB (aKTHUeCKOH pa3spaGoOTKH IJIACTOB C DasNHYHOH CTe-
neuplo oGbeAHHEHHS HX B OOBEKTH DPa3palOTKH H Pa3IHYHBIMH
napaMeTpaMH MJIOTHOCTH CETKH CKBaXHH.

[lns MAJIOCTPAlHM ONHOTO H3 NPUBEJEHHHIX [MOJOKEHH pac-
CMOTPHM B OCHOBHBIX UYepTaXx METOJHKY HaXOXIEHHS 3aBHCHMO-
CTH 1e=m2(Sc) Ha OCHOBe aHaJH3a BO3MOXHHX BapHAHTOB paspa-
6OTKH MECTOPOXK/EHHs NPH Pas/MuUHBIX 3HAYEHHAX MapaMmeTpa Sc ¢
HCIIOJHL30BAHHEM 30HAJIbHBIX KapT HEOJHOPOAHOCTH MeCTOpOXKAe-
HHSL.

JomyctaM, uTo pa3pabaTbiBAeMBIH MJIACT MeCTOPOXKAEHHA COC-
TOMT H3 HECKOJbKHX MPOMIACTKOB (pHC. 99), pasielieHHBIX IPO-
CJIOAIMH HempoHUIaeMHX nopold. C Lelbl0 MOCTPOEHHS 3aBHCHMO-
CTH N2=12(S¢) A/ maacra B lejoM OyneM moodepelHO BBIAENATH
M3 Hero OTAeJbHbE MPONJAcTKH H H3yuaTh, KaK 3aBHCHT OXBAT
3aBOJHEHHEM KaXAOro MpoljacTka OT IVIOTHOCTH CETKHM CKBaXKMH.
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Puc. 97. CxeMa pacHOJIOXeHHS CKBaXHH B Ipomaactke A npH
Sca<<Se1t
1—6 — cm. pHC. 96

Jas ynpoumenus 6yaeM CUHTaTh, 4TO HEOAHOPOAHOCTb KaxKAOro H3
NPONJIACTKOB XapaKTepH3yeTcs JIHH3aMH, He COOOLIAIOLIAMHCS C
ocTajsbHOH yacTbio nyacra. EcaiH mpH HEeKOTOpPOH NJIOTHOCTH CETKH
CKBAaXXHH JIHH3Y BCKPHIBAIOT OJNHOBpeMeHHO He MeHee IBYX CKBa-
JKHH, OJHA H3 KOTOPHIX HarHeTaTeJbHas, a gpyras — go6bBamouias,
TO TaKas JIHH3a CUHTaeTCsl OXBayeHHOH paspaboTkofi. Ecnu xe
JIHH3y He BCKPOeT HH OJHA HarHeTaTelbHass H HH OAHa JOOHBaIo-
mas CKBaXXHHa, TO 3Ta JIHH3a IPHHHMAaeTcs He BOBJEYEHHOH B
paspabOTKy, a cofiepxauiHecss B Hell 3amacel HeTH HCKJIOYAIOTCA
U3 3amacoB, OXBaUeHHHIX pa3paboTKo#.

BrigeslMM H3 H3yuaeMOro yuacTka paspabaThiBAEMOro CJAOHCTO-
ro njacra npomaactok A (puc. 96). 3TOT NPONIACTOK COAEPIKUT B
npefesax ydactka TpH JHH3H: 3, 4 u 6. Bynem cuurtaTh, YTO mpH
paspaboTKe MeCTOPOXKJAEHHs NMPHMEHAIOT OAHOPALHYI0 CXeMy pac-
IIOJIOXKEHHUS1 CKBaXXHH, PacCMOTPHM H3MeHeHHe 0XBaTa IJacTa pas-
paGoTKOH NpH 3TOH CXeMe pacloOJOXeHHs CKBaXkKHH, HO IPH ABYX
DA3UYHEIX Sc; H Scg, HPHUEM Sci>>Sco. B ciyuyae, NoOKa3aHHOM Ha
puc. 96, COOTBETCTBYIOLIEM Sc=S¢, OXBaTBIBaeTcsi pa3paboTKo#
TOJNbKO JHH3a 4. 3anachl HedTH, cofepxallHecs B JuH3aX 3 u 5,
LOJIKHBl GHITb HCKJIOYEHBl M3 H3BJeKaeMbIX 3almacoB paccMaTpH-
BaeMoOro yvacTka Ijacra.

Bo BtropoM caydae {puc. 97) mnpH ToH Xe cxeMe paclnosOoXKeHHS
CKBaXHH IJOTHOCTL CETKH CKBaXHH BbIlle (Sco<{Sc)) H B JHH-
3l 3 W & mponsacTtka 4 <«nomajamT» He MeHee OJHOH HarHera-
TeNbHOH M OAHOH pno6wmiBaouell CckpaxKHHH. CiefoBaTeJbHO, BCE
JIMH3B OXBAaTbiBAlOTCst pa3paboTKOH u Ko3¢dUUMeHT oXBaTa MJjaacra
6yneT BLILIE, YeM B MepPBOM cJaydae.

W3 npuBefieHHOro npuMepa ciaelyeT, UTO AJS HaXOXAEHHA 3a-
BHCHMOCTH KO3(®HIHEHTAa OXBaTa IJACTOB MECTOPOXAEHHS pas-
paboTKOH CJaeAyeT IpexJe BCEro H3y4YHTb W 3HATb MAaKPOHEOAHO-
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poaHoCTh mnaacta. Heo6xoaquMo mpu 3TOM OTMETHTb, UTO Ha 0XBaT
NJ1aCTOB MEeCTOPOXKAeHHs1 pa3paboTKOH BJHsET He TOJbKO HX JHH-
30BHIHOCTb, HO H JAPYrHe BHAbLI HEOJHOPOJHOCTH H TEKTOHHYECKHE
HapyuweHHsi. TpellMHOBATOCTb IJIACTOB MOXKET HrpPaTh [0JE3HYIO
poJib B MOBHILIEHHH HX OXBaTa paspaboTKOH, NOCKOJBKY ¢ MO-
MOLLBIO TPEUHH COeIHHSIOTCS JHTOJOrHYEeCKH HeOJHODOJHblE MpO-
NJacTKH, B pe3y/bTaTe dero MOBHIIAETCS OAHOPOAHOCTb MJACTOB.
OfHaKo HeOQHOPOAHAS TPEIUIMHOBATOCTh MPHUBOJAUT K NpexKaeBpe-
ME@HHBIM [POpPHIBAM 3aKaYHBaeMOH BOAB B AOOBIBaOUIHE CKBaXHU-
HBH H K CHHXKEHHIO Ko3(¢uLUeHTa 0XBaTa IJIaCTOB 3aBOJAHEHHEM,

Jlna pelleHuss npo6ieMp NOBHIIIEHHS OXBaTa MJACTOB 3aBOJ-
HeHHeM HeOO6XOIHMMO KOJIHYECTBEHHO IPOrHO3HPOBATh XapakTep
npoilecca BBITECHeHHS He(TH BOLOH B HEOJHOPOAHBIX IJlacTax IpH
pPasJuyHBIX cHCTeMaX pa3pabOTKH U pPACCUHTHIBATH, K KaKHM pe-
3yJbTaTaM MOFYT IPHBOIHTb T€ HJH HHble MEPONPHUSATHA IO YaCTHU-
HOMY H3MeHEHHIO CHCTeMbl Pa3palOTKH HJH DPEXHUMOB DalOTH
CKBAXKHH, T. €. MEpONDHATHUSA [0 PEryJHPOBAHHI0 Pa3palOTKH.

ITonoGHBle pacueTwl CBOJAATCS K pelleHHIO JBYMEPHBIX H Tpex-
MepHBIX 3a]a4 BbITeCHeHHs He(TH BOAOH Ha COBPeMeHHEIX OHCTpO-
JefcTBylolux IBM.

Kak yxe ykaspBasoch, mpo6jeMa H3yueHHS BJIHSHHSA MJIOTHOCTH
CEeTKH CKBAaXXHH H CHCTeM Pa3pabOTKH Ha 0XBaT NJAacTOB 3aBOjHe-
HHeM pellaeTcss B o0lleM BHJIe TaKxe C NPHMEHeHHEM MeTOI0B
MHOroakTOpDHOTO aHanusa (pakTuyeckod pas3paboTKM MeCTOPOXK-
JleHHH ¢ pasJHYHBIMH MapaMeTpaMH S.. [IpH 3TOM IOJydHalOT TOJb-
KO OCpelHeHHble 3aBHCHMOCTH, KOTOpbHle BecbMa NPHOJIHXKEHHO
‘MOXKHO HCNIOJb30BATh JJIS1 KOHKPETHBIX MeCTOPOXKIEHHH.

Hns annpoxcHMauuw TaKuX oOLHX 3aBHCHMOCTeH m2=132(S:)
HCNogb3yloT popmyay BHUN

M, =A—Bs,, (IV.122)
nu popmyny B. H. IllenkaueBa
ny=e "%, (IV.123)

rie A, B 1 q~— nocrosinEble K03hQHIHEHTHL.

Has toro uto6H Hemoab3oBath dopmyan (IV.122) u (IV.123)
NPHUMEHHTEJNbHO K KOHKPETHHM MeCTODOXAEeHHSM, HYXXHO HMeHHO
IJIsl 3THX MECTOPOXK/IEHHH ompenennTb koaddHuHeHTH A, B uiu q,
HanpuMep NyTeM H3YueHHs 30HAJbHHIX KapPT HEOZHODPOAHOCTH H
cHcTeM pa3paboOTKH MeCTOPOXIEHHUH,

Brilte yKaselBaJoch, UTO pellleHHe Npo6JeMbl NOBHILEHHS OXBa-
Ta IJACTOB 3aBOAHEHHEM CYyIleCTBeHHBIM 00Da30M CBSI3aHO C BO3-
MOXHOCTbIO 3((eKTHBHOrO peryJHpOBaHHA pas3pabOTKH, KOTOPOe,
noxanyH, MOXHO BRIAEJHTb B CaMOCTOATEJbHYIO NpobiaeMy.

OnHHM M3 NepBHX BONPOCOB, BO3HHKIUIHX NPH peilleHHH npobJe-
MBI peryJHpoBaHHA pa3palOTKH He(TAHBIX MECTOPOXKIEHHH H IO-
BBHILIEHHS] 0XBaTa IJACTOB 3aBOAHEHHeM, SIBAAETCS BONPOC O BHBO-
Je H3 9KCIJIyaTalHH, T. e. OTKJIOUeHHH, OOBOAHHBIIHXCH CKBaXXHH.
Tak, no Mepe NpoABHXEHHs1 BOAOHEe(PTAHOro KOHTAKTa MO OTHAEJb-
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Puc. 98. Cxema paspesa ; T A
f1acta,  COCTOAIIEro H3

Tpex NpONJIAacTKOB, pa3pa-
6aTeiRaeMOro INpH  TPex-
psanHoll cXeMe pacnojaoxe-
HHf CKBajXXHH:

! — HaTHeTaTellbHas CKBaXH- ! 2 3 4

Ha; 2 — mponjactok 1; 88—

JAo6blBaoINasi CKBa)XHHa mep- )

BOro psna; 4 — NpPONJAacTok 2, VIIIINIIIIIIIYS LLLLLLLI LI 11

BHIKJIHRHBAIOUIHACH Mexay
TIepBbIM H BTODRIM PSAOM A0-
ObIBAIOIIAX CKBAaXKHH; 5 — BO-
GbiBaOas CKBaXXHHa BTOPOro
pAna; 6 — Nponaacrok 3

iaLs

LLLLLLE
5
§
I T A

J 7 /J//,.////////.,.. 7777777
L

HBIM TPOIJAcTKaM paspabaThiBaeMoro IJacrta J0OLIBAIOIHE CKBa-
KHHB 0OBOAHSAIOTCA. Bompoc cocTOHT B ciefymlomleM: NPH KakKoH
O6BOJIHEHHOCTH TNPOJAYKIHH OTKJAI0YaTh AOOLIBAIOIHE CKBAXKHHBH C
TeM, 4ToOH He JONYCTHTh CYLIECTBEHHOTO CHHXKEHHS HedTeoTnauH?
Ecau, HanpuMep, npH TpexpAAHOH cHCTeMe pa3pabOTKH MJjacTa
CPeJHHH HH3KONPOHHUAEMHH NPONJACTOK BLIKJHHHBAaeTcHd BOJH3H
nepBoro psjaa JHoOHBAOIMMX CKBaXHH (puc. 98), To BHIBOJ H3
3KCIJIYaTAIHH NEePBOro psAAa CKBaXXKHMH MPH CJAHIIKOM HH3KOH 06-
BOJHEHHOCTH IpHUBEJET K OUEeBHAHOMY CHHXeHHK HedTeoTaauy,
€CJIH CPefIHHH NpPOIMJACTOK COAEPKHUT 3HAHUHTeJbHBIE 3anachl HedTH,
B npobJseMe peryaupoBaHHsl pa3paboOTKH HepTIHHIX MeCTOPOXK-
JEeHHH HMeeTcss M MHOTO APYTHX eille He DelleHHBIX BONDPOCOB,
[ToMuMo ykasaHHbX OOMIMX npo6ieM pas3paboTKH HePTAHBIX
MECTOPQXKJEHUH ¢ TNpHMeHeHHEeM 3aBOJHEHHS H3BECTeH U ILeJhi
pan cHeuHaJbHBIX, TaKHX, Hanpumep, Kak co3naHue 3¢h¢PpeKTHB-
HBIX METOLOB pa3pabOTKH HH3KOMPOHHIAEMBIX, CHJIbHO HEONHOPOA-
HEIX NJIACTOB, BOJOHE(TAHBIX 30H MECTODOXKAEHHH, KOJJIEKTOPOB C
BBLICOKOH TJIHHHCTOCTBIO, TPEUHHOBATO-NOPHCTHIX NJAaCTOB C HeOZX-
HODOJHOH TPEIIHNHOBATOCTBIO H T. A.
YkazaHHble NpO6JeMbl MOTYT GHITb pEIUeHB TaKXKe MyTeM HC-
NOJb30BAHHA BMECTO OOBIYHOrO 3aBOAHEHHS HHBIX MeTOJAOB paspa-
GOTKH He(TAHBIX MECTOPOXKAEHHH.

HEIEE

KoHTpoJIbHLIE BONPOCHI

1. BuBeaure dopMyJy CBA3H MeXAY Tekymed n06bueil HedTH
¥3 IJIacTa, Tekymeld no6biuell XKUAKOCTH H 06BOAHEHHOCTBIO JOOHI-
B8aeMOH NMPOAYKIIHH.

2. BuBeaute ¢opmyay ans ne6ura HedTH B NPAMOJHHEHHOM
OQHODOAHOM IIACT€ MNpH NOCTOSHHOM Tlepenaje MaBJEHHs C HC-
[0JIb30BAHHEM MOJEJH IOPLIHEBOrO BHITECHEHHs He(pTH BOAOM.
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3. Ilo kakoi#i dopMyJsie onpenensiioT BpeMss OOBOXHEHUS NpPAMO-
JIHHEAHOr0 OZHOPOJHOTO IJacTa IPH NOPIIHEBOM BHITECHEHHH Hed~
TH BOAOH?

4. BriBepuTte (opMmyay A/ neGHTa BOAH, AOGLIBAEMOH H3 CJIO-
HCTO-HEOJHOPOAHOTO NMPSMOJHHEHAHOrO mJjacra, Npu Ji060M 3aKoHe
pacnpegeneHHs a6coaOTHOH NMPOHHILAEMOCTH.

5. BuBenure ¢opMyay Ans onpelejieHHS BOAOHACHILEHHOCTH
Ha (POHTE NIPH HENODPIIHEBOM BhHITECHEHHH HedTH BOAOH H3 NMpAMO-
JIHHEHHOro ofHOpOAHoro maacra. O6bsacHUTE NPHHUHN IpadHIecKO-
ro MeTojJa onpejelieHuss 3TOH BOJLOHACHIIEHHOCTH.

6. Ilo xakoit popMmyse onpenessioT ppeMss 6e3BOJHOH 3Kclaya-
TalHH NPAMOJHHEAHOrO IJacTa IPH HENOPIIHEBOM BHITECHEHHH
HedTH BOJOH?

7. Tlpn 3agaHHOl 3MIHPHUECKOH 3aBHCHMOCTH TeKylleit o6BOA-
HEHHOCTH HNPOAYKUHH OT TeKylled HedTeOTAAYH IO MECTOpoxie-
HHIO 110 KAKOMY COOTHOIIEHHIO MOXKHO ONpPENeJHTb 3aBHCHMOCTb T€-
Kylled A06bluH HedTH OT BpeMeHH, eclii pPasJuyHH TeKyliHe oOT60-
PH XKUJIKOCTH M3 MECTOPOXKIAEHHUS?

8. B yem pasnHuyHe BHIUHCJEHHSA NeGHTOB CKBAaXXUH IO 3aAaH-
HBIM IlepenajaM [AaBJIEHHH OT BRIYHCJEHHS AAaBJIEHHH N0 3aJaHHHM
ne6HTaM CKBAaXXHH B TpeX- H NATHPSAIHBIX CHCTEMax pa3paboTKH?

9. PacckaxdTe 0 HefOCTaTKax pa3paloTKH HeTAHBIX MecTO-
DOXAEHHH ¢ mpHMeHeHHeM 3aKOHTYPHOro 3aBoAHeHHs. B ueM mpe-
HMYUIECTBO CHCTEM C BHYTDPHKOHTYPHBIM 3aBOJHEHHeM O CpaBHe-
HHIO C CHCTeMaMH C 3aKOHTYDHLIM 3aBOJHEHHEM?



F'nmaBa V

PA3PABOTKA HE®TEIrA30BbIX

H HE®TETA3OKOHJ EHCATHDIX
MECTOPO)XIEHHH

H IJIACTOB C AHOMAJIbHBIMH CBOACTBAMH

§ 1. PA3BPABOTKA MECTOPO)XNEHHA
fIPH ECTECTBEHHBIX PE)XKMMAX

HedTera3zoBHe MeCTOPOX A€ HHS — 3T0 HeQTAHHE MeCTO-
POXKeHHs C eCTeCTBEHHOH rasopoii mwankoi. Havaabnoe miaacrosoe
JaBJieHHe B HHX 3HAuHTEJbHO HHXKe [JaBJeHHs HACHIUEHHs, BCJel-
CTBHE YEro TOJBKO YacCTh ras3a pacTBOpeHa B He(TH, OCTaJbHAs XKe
HaXoAHTCs Haj HedThlo, 06pasys NEePBHUHYIO ra30BY1O0 IIANKY.

HedTeraszokoHieHCaTHHEe MeCTODPOXIEHHS —
HedTerasoBeleé MECTODOXK/EHHUS, B ra30BOH 4YacTH KOTOPHIX COAEp-
JKHTCS 3HAUHTENbHOE KOJHYECTBO IKHPHOrO ra3a — KOHAeHCarTa,
NpeACTaBJAIOIEro co60l B OCHOBHOM cMech yrieBogopoaos Cz—Cs,
a takxe 6ojee Tsxkenaux. CunTaercs, uto ecqau B 1M3 rasa, Haxonsd-
Ierocss B €CTECTBEHHOH rasoBo#l mamke, cogepxutrcs 150—200 r
KOHJleHCaTa WJIH MeHee, TO TAKO€ MeCTOpPOXK/JeHHe OTHOCAT K Hed-
Tera3oBbiM. IIpH comep:KaHHM KOHIeHcaTa B rasoBOH llanKe Ha
ypoBHe 200 r Ha 1 M® rasa npH cTaHAApPTHHX YCJOBHAX MeCTOPOXK-
JleHHe CUHTAIOT He(pTera3oKOHJAEeHCaTHHM CO CPEJHHM COAepKaHUeM
xoHjeHcaTa, CollepiKaHHe KOHJEHCATa B rase ra3oBofl 1IANKH CBHI-
me 600 r Ha OJHH KyGOMETD CUHTAETCS BHICOKHM.

YCJ0OBHO NpHHHMAIOT, uTo ecad 80—909% yrieBoaopoaOB €O-
JAepxkaTcAd B NPUPOAHBIX YCJOBHUSX B rase, a OCTajJbHas yacTb B
KHUAKOH ¢pa3e, T. e. B He)TH, TO TAKOE MECTOPOKAEHHE CUHTAIOT
rasoBbIM HJIH Ta3oKOHAeHcaTHHIM. [Ipu GosblieM coaeprKaHHH yrie-
BOJOPOJOB B XKMAKOH (pase MeCTOPOXKJAEHHE OTHOCAT K He(Teraso-
BbIM HJIH K He(DTera3oKOHJIeHCATHBIM.

B HedTAHOH uyacTH HedTerasoBbIX MECTOPOXKAEHHH HaXOASTCA
He(dTb BMeCTe C DAcTBODEHHHLIM B Hel rasoM, a TaKXe CBsi3aHHas
BOoAa. B rasoBol yacTH 3THX MeCTOpPOXKJAEHHH HMEIOTCS ras H CBS-
3aHHas Boja. EcTb NMpeamnosoxeHHs, yTo B ra3OBbIX YaCTSX HEKO-
TOPHIX He(Tera3oBbLIX MECTOPOXK/IEHHH BMECTE C Ta3oM H CBS3aH-
HOH BOJOH MOXKET CoJepKaTbcs M HeTb NPH HeGOJbILOH HedTeHa-
CHILIEHHOCTH.

OcHOBHOe TpeGoBaHMe, NpeAbABAseMOe NPH pa3paboTke Hed-
TEra3oBhIX MeCTODOXJAEHHH KaK C BO3JEHCTBHEM Ha NJacT, TaK H
6e3 TakOBOTO, COCTOHT B TOM, UTO HedTb He AOJKHA NepeMellaTh-
csl B CTOPOHY ra3oBod wankd. MHaue roBops, paspaboTka HedTe-
ra3oBOr0 MECTODOXK/JEHHS [OJI2KHA OCYILEeCTBJSTHCS TaKHM o6pa-
30M, YTOOH ra3oHe(TAHOH KOHTAKT He NepeMelascs B CTOPOHY
rasoBoit wanku. CuuTaercs, uto HedTb, NepeMecTUBIIASCS B raso-
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BYI0O lIAamKy, €O3jacT B HeH OCTATOYHYI0 HedTeHachIEHHOCTb, B
pe3y/nbTaTe 4ero BO3HHKAIOT AONOJHHTeJbHHE NMOTEPH HedTH B ra-
30BOH 1uanke, rae HepTb O6yLeT «pa3Ma3blBaThbCsi» MO MOPHCTOH
cpeze.

IIpu paspa6oTke HedTerazoBbHIX MECTOPOXKAEHHH Ha eCTeCTBEH-
HBIX peXHMax NpeloTBpallleHHe NepeMeilleHHs Ta30He(pTAHOTO KOH-
TaKTa B CTOPOHY ra3oBO{ IIANKH OCYLIECTBJASETCd NyTeM NOAfep-
KaHus Ju6o HyJeBoro, nuGo OTpHLATeJbHOro nepenaja IJacToBO-
ro faBJeHHs MeXJ1y He(pTAHOH u ra30BOH YACTSAMH.

Takas paspaGoTka NPUBOAMT HJAHM K HeAONyUleHHIO oT6opa ra-
3a U3 ra3oBOf WIANKH, HJIH K €ro CYIleCTBEHHOMY OTDaHHYEHUIO,
ecJqH NPH 3TOM [OIyCKaeTcsl ONpeleseHHOE IajfeHHe MJIacTOBOFO
nAaBJieHHs B He(TAHOH yacTH 3anexu. OJHAKO NpelOTBPATHTh MOJ-
HOCTBIO OTOOp rasa M3 rasoBofl IIanke Npu pa3paboTKe He(rera-
30BBIX MeCTOPOXKIEeHHH TPYAHO, TaK KaK NpH 3HAYUTENbHOM pac-
INPOCTPaHEHHH Ia30BOH WIAaNKH MO IJOLIAAH MeCTOPOxAeHHA obpa-
3y10TCqd rasoBble KOHychl. HecMOTDS Ha NpHHATHE H3BECTHBIX CIle-
HHAJbHHX Mep AJsi NpelOTBpallleHHs NpOpHIBa rasa B He(TAHbIE
CKBaXHH, KOJHYECTBO OTOMpAeMOro rasa M3 rasoBofl anku Hed-
TEera3oBHX MECTOPOXJAEHHH OrpaHHUYHBAOT B OCHOBHOM NYTEeM 3Ha-
YHTEJBHOTO YMeHbIIeHHs AeGUTOB He(DTAHBIX CKBaXXHH, H 0COGEHHO
CKBa>XHH, HaXOASIIUXCSA BOJM3H rasoHedTSHOro KOHTAKTa. YMeHb-
LIeHHe ke NeOHTOB He(TAHLIX CKBaXHH, C OJHOH CTOPOHH, H He-
06XOJHMOCTb IO SKOHOMHYECKHM MDHYHHAM IOJfEPKAHHA A0CTa-
TOYHO BBICOKOTO TeMna pa3paboTKH, ¢ APYrof — NpUBOAAT K IIO-
TpeOHOCTH O6YpDeHHst NOBBIIEHHOIO YHCJIA CKBAaXKHH, UTO YXy/IIaeT
3KOHOMHUYECKHE II0Ka3aTesiH pa3paboTKH MeCTODOXK/eHHsI.

H7as Toro 4ro6el Aydyule NpeACTaBHTb, 4YTO NEOHUT HePTAHBIX
CKBaXHH JOJXKeH ObITb JeHCTBHUTEJNLHO MaJjbiM IO NPHYHHE HEJ0-
NyLIeHHs] INOATATHBAHMS Ta30BLIX KOHYCOB, PacCMOTPHM YHPOILEH-
HYI0O TeOpHI0O 00pa3oBaHHsS rasoBHX KOHYcOB. JlomycTuM, uto Hed-
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Puc. 99. CxeMa npuroKa HepTH K CKBaXXKHHe He(Teras’oBOro0 MeCTOPOMXKAEHH::
1 — cKRpaxXHERa; 2 — NOBepPXHOCTb rasoHedTHHOro KOHTaKTa; 3 — nepdopEpoBaEEas 9acThb
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TAHAs 4acTb HedTerasoBoro MECTOPOXKAEHHS CHH3Y OrpaHHYHBA-
eTcs MOJOLIBOH MyacTa, T. €. He MOACTH/aeTcss BoAOH. IIpuToK Hed-
TH B CKBa)KHHY, BCKPHIBLIYI0 He(TAHYIO 4acTb He(TerasoBoro Mmec-
TOPOXKJEHHS NO BhicOTe ¢, OTCUHTHIBaeMO# OT MOJOLIBH MJacTa,
NPOHCXOAUT ¢ obpasoBaHueM rasoBoro Kouyca (puc. 99). Bricora
cronba HepTH Ha HEKOTOPOM PAacCTOSIHMH 7 OT UEHTPa CKBAXKHHH
paBHa h=Fh(r). Ha ycIOBHOM KOHType NHTAHHSI NpH r=ryxh=hy.
ByneM cuntath $asoByl0 NpPOHHUAEMOCTb mJaacta s HedTH ERgu
paBHO# k. Jle6ur HedTH Aguc, MPOHHKAIWOUIEH B CKBa*KHHY B DaiH-
aJbHOM HalpaBJIEHHH IO BhicoTe A/, NpHOJHKEHHO CUHTAs ero npo-
MCXOAAUIMM B TOPH3OHTAJbHOM HAaNpaBJeHHH, MOXHO OIpeaesHuThb
cJeAyIouHM 06pasom:

Agy, =2arAh pi %’r’—. (V.1)

B cootBerctBHH ¢ puC. 99 ans naBieHus p(r, 2) B Touke A, uepes
KOTOPYIO IPOXOAHT 3JieMEHTapHHH NOTOK He(TH, HaxoaduieHcs Ha
PACCTOSTHHUH I OT UEHTPA CKBAXXHHHE H Ha BHICOTE 2, OTCUHTHIBAeMOH
OT NOJOLIBBL NJIacTa, HMeeM CJeAyloniee BHpaKeHue:

P (1, 2) = pet-¥e (= (14 Ya [R (N —2], (V.2)

TAe px— AaBJieHHE B ra3oBoH 4aCTH MeCTOPOXKJAEeHHA BOJH3H pac-
CMaTpHBaeMOH CKBAXHHHI;, Yz H yr — yA€JbHBE Beca COOTBETCTBEH-
HO He¢TH H rasa.

Huddepenwupyss pasaeHue p(r, z) mo pajuycy, Ha OCHOBe
(V.2) monyunm

d
a—’r’=AyT; AY=Pa—7,. (V.3
Tlopcrasass (V.3) B (V.1) u ycrpemasis Ah—s>0, Aguc—>0, HMeeM

oo = (V.4)

Tlpounterpuposas (V.4) mo dh u cunrtas dh/dr Mano 3aBHCAmEM
0T h, NOJNyYHM

kA'y

YR (V.5)

r

I/IHTerpnpyﬂ (V.5) eme pas u co6Gmopas TrpaHHYHBE YCJOBHSA
h=hy 1pu r=rx, h=hc 1pu r=rc, NONYYHM OKOHYATEJbHYIO OPMY-
Jy AJf npeaejbHoro 6e3ra3oBOro ge6UTa Guc={(uc, T. €. TAKOIO Je-

6urta, NpH KOTOPOM BLICOTA CTOJ6a HepTH HNPH r=r. paBHA Ac H B
CKBaXKUHY NMPHTEKAEeT TOJbKO HedThb:

- EAY (hy® — R
Guo= nikAy (A = c?) ) (V.6)
p.Hln-—c-
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Ouenum npenenbHu#i GesrasoBwi#l ne6ut Hedtn no dopmyne
(V.6). UmMeem

T . b (h 5 m 71—1( Fc
Ay (B2 —h) =20hey (By—F),  Tp=-ntle. (vV.7)

cp

CuenoBatenbHo, popmyay (V.6) MoxHo 3anucate ¢ yuetom (V.7)
B BHJE

— _ 2nkhpAyAR
Be =T e
Wy In 2=

(V.8)

Ot o6Gbiunolt dopmyan Jiomion ans HanopHoi ¢uAbTpaunud HedbTH
dopmyna (V.8) ornHuaercs TeM, uTO B Hee BXOAUT AyAAi BMecTO
Ap.=px—Ppe.

ITostromy cpaBHEM AyAh C BCTpeyalOUIHMHCA B NpPaKTHKe pas-
pa6oTKH HePTAHHIX MECTODOXKIACHHHA BEJIHUHHAMH Ape.

ITycts Ay=0,8-10* H/M3, Ah=10 M. Torna AyA~2=0,8-10*-10=
=0,8-105 H/M2=0,08 MIla.

B npaxrtike e paspaGoTKH HePTAHBIX MeCTOpPOXKAeHHH Apc
COCTaBJsieT, KaK NMPaBHJO, HECKOJIbKO Meranackajeil. Takum oGpa-
30M, NpefenbHbl 6e3rasoBolii feOHT HePTSAHBIX CKBa)XHH HedTera-
30BBIX MECTOPOXKJeHHH OKasblBaeTcsd MeHbllle OOGHIYHBIX JAeGHTOB
He(PTAHBIX CKBAaXKHH YHCTO HE(PTAHLIX MECTOPOXKAEHHH B HECKOJBLKO
LecATKOB pa3. 10 O6CTOATENbCTBO H NPHBOAHT K HEOOXOAHMOCTH
CHJIBHOTO VIIOTHEHHS CETKH CKBaXHH (no 3—4-10* M?%/ckB) ¢
Lesblo obecrneyeHHs 3aJaHHOTO TeMna pa3paGOTKH He¢TerasoBoro
MecTOpOXKAcHHS 6e3 BO3NCHCTBHA Ha IJIACT.

B HekoTOphIX 0COGHIX chayyasix, HanpuMep NPH HeOGXOAHMOCTH
or6opa 6e3BoAHOH NMPOAYKIHH, €CJU BO BpeMs 3aBOAHeHUs HedTte-
rasoBOr0 MeCTOPOXAEHHA o6pasywTcsd CTOHKHe BOAOHe(dTSHHE
3MYJbCHH, B cJyyasiX BecbMa LEHHHX Hedrel, MOXKHO pa3pabaTh-
BaThb HerayGoKO 3ajeramune HedTerasoBhie MecTOpOXKIeHHs Ge3
3aBOJHEHHS NIPH IJIOTHOH ceTKe cKBaxHH. OJHako Takas paspa-
60TKa HedTerasoBHX MeCTOPOXKJAEHHH BO BCeX APYTHX clydasx 3KO-
HOMHYECKH He ONpaBAaHa H, KpOMe TOTO, BeleT, Mo CYTH Jeja, K
KOHCEPBAlHK rasa B ras3oBoi manke. I103ToMy BO3HHKaeT Heo6xo-
AHMOCTbL pa3paboTKH 3THX MeCTOPOXKIEeHH# ¢ BO3JelfiCTBHEM Ha
nJjact.

Pacuer npomecca paspa6GoTku HedTerasoBoro MecTOPOXKAEHHT
6e3 BO3/eACTBHS HA IJ1ACT OCYLIECTBJSIIOT MO TOH Ke MeTOAMKE, UTO
H pacyeT pa3pabGoTKH He(pTSHOrOo MeCTOPOXKACHHS ¢ BTOPHYHOMH ra-
30BOH LWIankoit. dTa MeToAuKa fAaHa B ri. I11.

Paspa6oTka HepTerasoKkOHJIEHCAaTHOTO MEecCTo-
poXaeHusa [lycTs wumeeM OJHONJIACTOBOE MECTOPOXKIAEHHE
(puc. 100), nmpuypoueHHOe K aHTHUKIHHaAbHOH ckJjaznke. IIpomyx-
TUBHHHA IJIaCT BBLIKJHHHBAeTCs HeNOCPeJCTBEHHO 3a BOAOHe(Ts-
HBIM KOHTAKTOM, TaK YTQ MeCTOPOKJAeHHe MOXKHO CUHTATb 3aMKHY-
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Puc. 100. Paapes nedreraso-
KOHAEHCATHOrO Mec-ropoxne-
HHA:

1 — n0o6BLIBAIOMKE CKBAXHRM, 2 —
HedTAHAS 9YacTb MECTOPOXKAEHHHA;
3 -— FA30KOHAEHCATHAA YaCTh Me-
CTOPOXKAEHHA (NMepBHYRAA ra3o-
Basd lanxa).

THM. B ycl0BHAX NPUPOAHOTrO 3ajleraHusi MeCTOPOXK/EHHE HMeeT
NepBHUHYIO Fa30BYIO WIAMKY, B ra3e KOTOPOH COAEPHKHTCs GoJbluoe
KOJIM9ECTBO KOHIeHcaTa., Kpome Toro, sHauMTe/JbHOE KOJHYECTBO
yraesonopoaos C3—Cg, T. €. O CYTH A€Ja KOHJEeHCcaTa, HMeeTcs H
B He(TH B PACTBOPEHHOM COCTOSIHHH,

PaccMaTpuBaeMoe MECTOPOXK/eHHe MOXHO CYHTATb MECTOPOX-
JleHHeM JIerKod HedTH ¢ rasoKOHAeHcAaTHOH wankoi. OfHAKO AJd
KPaTKOCTH OYyIeM Ha3hnBaTb €ro HeTerasoKOHACHCATHBIM.

IIputok raza u He(TH K CKBaXHHAM MOXHO ONpeleJATb IO
¢dopMysaM HanopHo# WaH Ge3HANOPHOH paAHajbHOH (QHILTPALHH.
OnHako pa3paGoOTKy MECTOPOXKAEHHS B LEJIOM PacCMOTPHM C HC-
MOJb30BaHHEM OO6LIMX (A30BHIX COOTHOLUEHHH H (OPMYJ MHOro-
KOMIIOHEHTHOT'0 MaTepHaJbHOro 6aJjaHca.

[Ipexne Bcero pasobbeM YrJieBOAOPOAHBIH COCTaB MECTOPOXKIe-
HHS Ha TPH TPYNNH: ras, B KOTOPHH BXOAHT B OCHOBHOM MeETaH;
KOHJEHCAT, COCTOSIMH [VIaBHBIM o06pa3oM H3  YIJIEBOAOPOJOB
C3—Cg, u HehTb, cosepxaiiyo yriaeojopoan Cjo H BHIIE.

a3 Kak KOMNOHEeHT GYAeM moMeuyaTb HHIAEKCOM l, KOHAeHcaT —
HHAEKCOM 2 H COOTBeTCTBEHHO HedTb — uHAekcoM 3. IlepBuii u
BTOPOil KOMIOHEHTH HAXOAATCH KakK B rasoBoll ¢ase, Tak H B XKHA-
koit. Comepxanuem HepTu B rase Gyiem npenebperaTs. Otciona
HMeeM CJieAYIOLHe COOTHOLIEHHA:

N, =G +Ly; Ny=G,+Ly; Ny=L,,
(V.9)

rae Ny, N;, N3—o6niue Maccsl KOMIOHEHTOB B MECTOPDOXKAEHHHU B
ueaoM; Gy, G u Ly, Lg, L3 — MaccHl KOMIOHEHTOB COOTBETCTBEHHO
B ra3oBoli M XHAKOH (dasax.

BygeM cuHTaTh, YTO BTOPOH KOMIOHEHT, T. €. KOHAE€HCAaT, Heor-
paHHYEHHO pacTBOpseTCs B TpeThbeM, T. €. B He(TH, NEPBHIH XKe
KOMIOHEHT — ra3 pacTBOPSE€TCS B TPeTbe€M KOMIIOHEHTE MO 3aKOHY
Tenpu. TakuM o6pasoM

L/L,=ap. (V.10)
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Kak u B ra. 111, uMeeM cooTHOWeHNe A/ CYMMBI 06bEMOB KOM-
TIOHEHTOB B XHAKOH (asze B BUJe

Ll Lz La <
=1 L 2 1 =3 5V V.11
Pix | Pax + 03 w’ o ( )

Th¢ Sx — CpPEAHAA HACHIIEHHOCTb IljiacTa XKHIAKHUMH yriesojgopoaa-
MH; Q1x, P2x — KaXKyLUiHecsi NJOTHOCTH II€PBOTO H BTOPOTO KOMIIO-
HEHTOB, paCTBOPEHHLIX B TPETbEM; P3 — IJIOTHOCTb TPETbEro KOMIIO-
HeHTa; Vog— 06beM 1nJacTa, OXBauyeHHBIl IpoleccoM paspa-
60TKH.

IIponecc paspaloTKH MeCTOPOXKAeHHs OyAeM CuHTaTh H30Tep-
MHYECKHM. YDaBHEHHe COCTOSIHMSI peaJbHOro ras3a NpHMEHHTENbHO
K paccMaTpHBaeMOMY MECTOPOXKJEHHI0 HMeeT BU]

(1—52) Von =%, (V.12)

rjie p — cpeifHee IJ1aCTOBOe [aBJeHHE,

Cucrema ypaBHeruii (V.9) — (V.12) Heszamkuytas., Ias ee 3a-
MHKaHHSI HeoGXOAHMMO YYMTHBATbL COOTHOUIEHHE, OIpeJesioliee
MaccoBOe COlepKaHHe KOH/leHcaTa B rase rasoBoll IANKH.

Crporo rosops, Ajis onpefeneHus: ¢aszoBoro COCTOSIHHA YIJeBO-
JOPOJOB B NPOAYKTHBHOM ILIacTe cCJelyeT HCNOJNb30BaTh GoJjiee
obmHe (a3oBHE COOTHOLIEHHS, HEXKEJNH COOTHOLIEHHS, Ompejese-
Mpie 3aKoHOM ['eHpH UM ypaBHeHHeM COCTOSIHHSI peaJibHBIX ra3oB B
Bufe (V.12). K TakuM ypaBHeHHSIM OTHOCSITCSl YpaBHeHHs (pa30BHIX
KOHLleHTpaluH, paBHOBeCHs H 0OoJsiee oOuiHe yDaBHEHHA ra30BOrO
cocTofHuA. OfHaKo 17151 NPUOIHKEHHRIX pacueToB pa3paboTKH Hed-
Tera3oKOHAEHCATHHX MECTOPOK/JEHHA MOXKHO I0Jb30BaThCs Golee
NpOCTHIMH cooTHomeHHsiMH (V.10), (V.12).

UTto6bl NOHATH XapakTep IpOLEcca, HPOUCXOASLIEr0 B Ta30BON
manke HepTerasoKoHJAeHCATHOrO MECTOPOXKIEHHS CO CHHXKEHHEM
NJ1acTOBOrO AaBJI€HHs, HCIONb3yeM GoMGy pVT (puc. 101), B KoTO-

!

[~

Vot 7, /a2

Puc. 101, Cxema BHIafeHHA KOHAeHCaTa B GomGe pVT:

1 — nopureHb; 2 — Kopnyc GOMORI; 3 — KOHAEHCAaTOCOZepxkal(Hit ra3; 4 — BEeHTHJAb; 5 — XKHA-
KHR KOHAeHCaT
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Puc. 102. HsotepMa KOHAEH-
cauuu

PYy!0 IIOMEINEH ra3 ¢ KOHJeHCAaTOM IIpH HadYaJlbHOM IIJIACTOBOM LaB-

JeHuH p=p, (puc. 101,a). a3 ¢ pacTBOpEHHHIM B HeM KOHJeHca-
TOM B 3TOM CJyuae COCTOHT H3 OLHOH (asnl. B MoMeHT BpeMeHH
t=0 u3 GoMO6bl H3BJEKaIOT HEKOTOPOe KOJHUYECTBO rasa BMeECTe ¢
KOHJieHCcaTOM uepes BeHTH b 4. Kpome TOro, nmopmeHb / Taxkxke MO-
JKeT COBepIIHTh [IBHKEeHHe BBepX. B pesyjbraTe H3BJeueHHs rasa
H KOHISHCATa H BCJSACTBHE HEKOTOPOTO MOJbeMa MODPUIHA JaBJe-
HHe B 60oMGe CHH3HTCA 1O CPaBHEHHIO C HAYaJbHBIM M B HUXKHeH
€€ YacTH NOSIBUTCH CJOH KoHAeHcata (cM. puc. 101, 6). Ilpu nanb-
HelflleM H3BJEUEeHHH 3TOH CMeCH AaBjeHHe CHHU3UTCH B OGOJbIIeH
CTENEHH M YBEJHUHTCS KOJHUECTBO KOHAEHCaTa, OTJIOXKUBLIErOCs B
HHXHeH yacTH 60M6H (cM. puc. 101, 8).

O6pa3oBaHue XKHAKOH YrJeBOLODOAHOH (da3n B pe3epByape co
CHHXKeHHeM HaBJeHHd 32 cYeT MNOCTeNeHHOro orfopa u3 pesepByapa
YIJ1eBOLOPOAOB HasbiBaeTcss fU$p PpepeHIHAaJbHOH KOHJeH-
cauuedm.

OTHolUeHHe MacCH KOHAEHCHDOBABUIHNXCHA YIJeBOLODOAOB K Macs
ce YrJaeBOJOPOAHOrO rasa, HX COJepIKaBIUEro, 3aBHCHT IIPH H30Tep-
MHYeCKOM IpoIecce OT AaBJjeHHs. TaKasg 3aBHCHMOCTb HasbiBaeTcs
H30TepDMOH KOHJeHcalHHu OHa HMeeT BUJ, NOKa3aHHHH Ha
puc. 102. HekoTopoe CHHXXeHHe OTHOHI€HHS Px — MacChi KOHJeH-
CHPOBABIUHXCA YrJeBOAOPOLOB K Macce ras3a— CBA3aHO ¢ obpar-
HBIM (peTporpajHbIM) HCmapeHHeM KOHIEHCATa.

HOns pacyera mnpomecca paspaboTKH HedTerasoKOHIEHCAaTHOTO
MeCTOpPOXKJEHHS BaXKHO 3HAThb CBOHACTBEHHYI NAHHOMY MECTODOXK-
J€HHIO H30TepDMYy KOHIEHCalllH, KOTOPYIO NOJYYaloT B pe3yabTaTe
J1a60paTOPHOrO MOAEJHPOBaHUs Ipollecca HCTolleHHs HedTeraso-
KOHZEHCATHHX MecTopoXxAeHHH B 6oMbGax pVT miaM Ha yCTaHOBKax
¢ NOpHUCTOH CpeLof.

st 3aMbiKaHHs CHCTEMH coOTHOWeHHH (V.9)— (V.12) neobxo-
JHMO 3HaTb 3aBHCHMOCTD

G,/Gy =1 (ps—P), (V.13)

KOTOPYIO CTPOSIT C YYeTOM H30TEPMbl KOHIEHCAUHH AJS KaxkKIOro
KOHKDETHOTO MECTODOKIEHHUS,

Ecan 3aBucumocts (V.13) u3BecTHa, TO cHCTeMa COOTHOIUEHH
Lja pacuera paspaGoTKH HedTerasoKOHHZEHCATHOTO MECTOPOXKIe-
Hust (V.9)—(V.13) 3amkHyTas. B 3tux COOTHOLUEHHAAX a, Pix, P2xs
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Ps3, VO!I, Panr, QPep, Prn'r-—KOH-
crautH, Ecan Beanunnn N,
No, Ns u ¢yuxuns  f(p—po)
3aJlaHH, TO HMEEM CeMb ypaB-
HeHH#l JJsi OIpeJesieHHs ce-
MH HeusBecTHHX: G, G, L,
L,, Ls, sx, p. B 3aBucumoctu

L oT Buia ¢yHKUHH [(p—po)
4 5 W 15 20 j-fMR 3Ty cuCTeMy ypaBHEeHHH MOX-
HO pelHTh AHO0 B KOHEYHOM
BHZe, JHOO C HCIOJNIL30BAHH-

Puc. 103. 3apucumoctb [(po—p) OT

Po—p: o
I — SKCnepRMEeHTa/JbHhLe TOUKH; 2 — pacuer- €M HTEpallH. BeJIH'-[HHbI Nl’
Han KpHBan N2, N3 Heo6x0IHMO 3HATh 3a

KaXJIhHH MOMEHT BpEMeHH,
Jlio6asg H3 HHUX paBHaA ee HAYaJbHOMY 3HAUEHHIO, 32 BLIUETOM JO-
OLITOT0 KOMIOHEHTA ¢ YY4€TOM KOJIMUECTBa BHINAJAIOMIEro KOHAEH-
caTa B ra3QHACHIIEHHON YacTH IaacTa.

IIpumep V.I. [IycTe HMeeM HedTerazoKOHAEHCATHOE OAHOILIACTOBOE MECTO-
pOXJeHHe, pa3pe3 KoToporo H3ob6paxen Ha pHc. 100. IlponyxTHBHHA HedTeraso-
HOCHH} IIIacT npejcTaBjsieT cO60H 3aMKHYTHH pesepByap. O6beM miacta, OXBa-
YeHHHH pa3pa6oTKOH, Von=600-10% M3 HauasnpHoe cpennee mnsiacToBoe AaBjeHHE
Po=30 MIla. B rasoHachiiieHHOR YaCTH COLEPHKajoCh TPH HAYANLHOM [ aBJEHHH
P=DpPo=800-10-% M® xoHaeHcata Ha 1 M® rasa B crTaHAapTHHX YcJoBHsX. IlioT-
HOCTb rasa B CTaHAAPTHHX YCJAQBHAX Prar=0,85-10—-% /M3 mnjoTHOCTL XHAKOro
KOHZleHCaTa Pg=0,7 T/M% mioTHOCTH KOMNOHeHTa 3 (HedTH) p3=0,85 T/M3, Kaxy-
masci IJOTHOCTh Tasa P1x=0,3 T/M3, X0o3ddHUHEHT DpacTBOPHMOCTH rasa a=
=10-2r/(r-MIla).

Ilps Haua/ipbHOM CpeJHEB3BEIEHHOM MJACTOBOM LABJIEHHH Do B ILIacTe COZEp-
3anoch: KomnoHenta 1 (rasa) No=85.10% T, xomnonenta 2 (xoHzencara) Ng.=
=112,73-10° T, B ToM uHCJe B raszoBofi wanke Goe=50,07-10% T, KOMIOHeHTa
3 (HedrH) Ng3=30-108 T,

OyHKUHS COAEpXaHHs KOHAEHCATa B rase HMeeT CACAYIOWHA BHA:

F(Po—p) =0,6588 [0, Bo—P) +10,5.108 (5 — p)]-

Bua s10H 3aBHCHMOCTH TOKaszan Ha pHC. 103. B HayaibHEX YCJOBHSIX B mnacre
Haxogunocs HeptH Nu=Log+Los= (Noz—Goz) FLos= (112,73-108—50,07 - 108) 4
—+30-105=92,66- 10 .

Tekymast rogoBasi 106H4Ya Hed)TH H3MeHSETCS CO BpPeMeHeM { CJelyHolINM
o6pa3oM:

gy =0,3089.10¢{, T/rox.
Ipu atom

q, = 0,2089-10%¢, T/rox,
gg==0,1.108¢, 1/ron.

Tekyuas no6Hya rasa TakxKe JHHefiHO HApaCTaeT CO BPeMeHeM,

Tpebyercs ompesenHTh 3HAaueHHS KOIPQHUHEHTOB KOMIOHEHTOOTHAYH M1, Mz
H 13, KOJHYeCTBO BHIABLIEro B IJaCTe KOHAeHcaTa (KOMNOHeHTa 2) mocje AeCATH-
JeTHeli pa3pabOTKH MECTOPOXKEHHS Ha €CTECTBEHHOM PeXXHMe H M3MeHeHHe CO Bpe-
MeHeM CpefiHell HACHIIEHHOCTH IJIaCTa XHAKOH YraeBOAOPOAHOH (a3oll §x. Ilpn
3TOM (OpMyJly 3aKOHAa HSMEHEHHS BO BPeMeHH ! CPeJHEeB3BelUeHHOIO ILIacTOBOTO
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JlaBlieHHs 6yJeM CUHTaTh 3aJaHHOHA B BHJe
P==py— 1 :5t'

Pacuer npouecca paspaboTkr HedTeraaoKOHZEHCATHOrO MECTODOXKJEHHS MK
H3BECTHOM 3aKOHE M3MEHEHHS BO BPEeMeHH CpeJHeB3BEeLIEHHOro NJIacTOBOro JaBJjes
HHMA CYIIECTBEHHO YNpomaercs.

Tlpuctynas K pelueHHIO pacCMaTpHBaeMofl 3ajaud, BHUHCAHM BHauaje HaKoI-
JeHHy10 fo6uuy koMmonenTa 3 (HedTH) Qs HMeem

10 10

# 100
Q,=5q,(t)dt= 0,1:108 =5~ =0,1.108 —— = 5-10° 1;
0 0

Ly= Ngg— Q5 =30-108— 5. 108 = 25.106 .
Yepes 10 ner umeeM

p=po— 1,5-10=30 — 15 = 15 MITa.

Ilo ¢popmyane (V.10)

Ly = Lyap =25.108.10~2.15 = 3,75. 108 T.

Hakonaennas fo6Huya KOMIOHeHTa 2 BMecTe ¢ HediThio 3a 10 Jetr
10 )

2
Q= ’0,2089- 108 5 = 10,445-106 T.
0

CJaiel0BaTeNLHO,
Ly=Ly,— Q,=62,66.106 — 10,445. 105= 52,215. 108 T..
ITo popmyae (V.11) MOXKeM YCTaHOBHTb §x. FMeeM

_ | (375100 52915100 25108\
s"‘=6~103( 03 + o7 t+ 7085 )='94*-

Ilo dopmyJe (V.12) onpepesnnm Gi+ G,. TToayunm

(1 =55 VouPrarp___0,806-6-10%.0,85-10-2. 15
Partep = 0,1-0,9

G, +6G,= =68,51.108 T,

B TO e BpeMs Ha OCHOBe pPHBeJeHHOH B YCJOBHH 3afauH 3aBHCHMOCTH =
=f(Po—D)

% =0,6588 [e~0, 31115 | 10, 5. 10-3. 15] = 0, 1056.
1

Taxum o6pa3oM

G
G, + G, = 68,51-108; G—2=0,1056.
1
Orcona
G, =61,97-10% 1; G,—=6,54.108 1;

Ny=L,+ G, =3,75.106 + 61,9710 = 65,72-10% 7.

KoanyectBo ROGHTOrO rasa (koMmnonesra 1)
Qr= Ny —N,=85-105—65,72- 106 = 19,368 108 T.
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Crie0BaTeIbHO

19,28-108
akon = ~ge 108~ — 0,227;

5-108
YskoMm =W ESS 0,167.

Us ycnopHs 3ajaun H3BeCTHO, YTO A0GHuUA rasza B TedeHue 10 Jer HapacTaeT JiH-
Hefino. TIpHueM, uTo A06HYA ra3a H3 ra30BOM LIANKH TaKKe H3MEHSAETCH CO BpeMe-
HeM 10 JIHHEMHOMY 3aKOHYy.

Ilpy nayanpHOM IJIACTOBOM [ABJIEHHH B DPaCTBOPEHHOM B He(TH COCTOSTHHH
HaXOAHJIOCh

Loy = opylog=9-108 T rasa,
BMecTe ¢ He(pTbIO 106HTO
Qry = (9—3,75) 108=175,25.108 T rasa.

H3 razosofl Wanky, cnegoBatensHo, AoGmro (19,28-—5,25)106=14,03-10° T
rasa.

Tekymas po6nua rasa M3 rasoBoifl LIaNKH BHPaxKaeTcs CJAEAYIOWHM o6pa-

30M:
Grm = at.
Torapa
t
2
Qu=a s‘ tdt:%,
0
14,03-108
=gy = 0,2806- 10¢;

t

— - 1
Que= [ aru (0 £ G 1= 0,1849- 100 gz (1 — emomny

0
1
— 05867 {e0,886% | | 9oF. 10‘3/3].
IIpu {=10 naer
Qyr =1,5-108 T.
KosnuecTBO BHINABLIEro B ra3oBoil Liafike KOHAeHcaTa
G,yp = Gy, — Gy — Qyr = (50,07 — 6,54 — 1,5)- 108 = 42,03- 108 T,
TakuM 06pa3oM, KOHAEHCATOOTAaua H3 rasoBofl IIANKH

1,5-108 0 0
twa:—mN ,03=23%.

Ha puc. 104 nokasan rpaduk usMeHeHHs B Teuenxe 10 JeT cpelHeB3BeLIEHHO-
TO IJACTOBOrO AAaBJeEHHs § M KOJHUeCTBA BHIMABUIEro B ljacTe KOHAEHCATa.

§ 2. PABPABOTKA MECTOPO)XAEHHAH
€ BO3AEUCTBHEM HA IJIACT

PaspaGoTka HedTerasoBbiX H He(pTErasoKOHJEHCATHBIX MeCTO-
pPOXKAeHMH NpH eCTeCTBEHHHIX DeXHMMaX NPHBOAMT K LEJOMY PALY
TpyAHOCTe#, CBA3aHHBIX IVIABHHIM 06pa3oM C HEBO3MOXHOCTbIO
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IOCTHIKEHHsSI BHICOKOTO TeMma oT- S|AMha
6opa HebTH M3 miacToB Ge3 pes- 4}
KOr0 YIJIOTHEHHSI CETOK CKBaXHH,
BHICOKHMH Tas30BHIMH (GaKTopaMH 024}
B HedTAHBIX CKBaXXHHaX, OTPaHH-
yeHHeM OT6opa rasa H3 Ta3oBBIX gz}
IanoK, BhIMajleHHeM KOHJAeHcCaTa
B TOpPHCTOH cpefle MJIAacTOB. YCT- 0200
PAHHTbL 3TH TPYAHOCTH MOXKHO My-

TEeM Tepexojaa Ha pa3paboTKy Mec-

o o 018 L s
TOPOXJAEHHH ¢ BO3AEHCTBHEM Ha 0 5 t, 20001
nJacT.

Ilpn paspaGoTke HedTerasoBHX Puc. 104. Tpadux uaMeHeHHS BO
H HedTerasoKOHAEHCAaTHHIX Mec- BPeMeHH MJIACTOBOTO [ABJEHHS H
TOPOXK/EHHH B OCHOBHOM HCIIOJIb-  KOJHYECTBA BHIaBLIEro B IUIa-

3y1OT CJenyiollHe  chelHaJbHbe CTe KOHAeHCATA:

& ! — cpepHeB3BelIeHHOE NJAACTOBOE AaB-
cHCcTeMBl pa3pabOTKH ¢ BO3JAEHCT- oD o e A peanAn HACHILEHHOCT
BHEM Ha INJacCT: ©§ naacTa XHAKHMMH KOMIIOHeHTaMH

1) cucrema paspaboTKH, cO-
yerawllas GapeepHOe 3aBOJHEHHe C 3aKOHTYPHEIM 3aBOJHEHHEM;

2) cuctema paspaGoTkH, coueTawollas G6GapbepHOe 3aBOAHeHHE
¢ BHYTPHKOHTYDPHBIM H NpPH HEOOXOAHMOCTH 3aKOHTYPHHIM 3aBOJHe-
HHeM He(QTSHOH YacTH MECTOPOXK/IEHHS.

B npouecce paspa6oTku He()Tera3oKOHAEHCATHHIX MECTOPOXKIe-
HHA MOXHO NPHUMEHSATb TaKXKe CHCTeMY, MpelycMaTpPHBAIOILYIO CO-
yeTaHHe 6apbepHOro 3aBOAHEHHS ¢ BHYTPHKOHTYPHEIM 3aBOJHEHHEM
He(dTAHOH YaCTH MECTOPONKIEHHSI W 3aKayKH rasa B €ro ra3oKOH-
JeHCAaTHYI YacTb HJIH BHYTPHKOHTYDHOe 3aBOJHEHHe 3TOH 4acTH
MeCTOPOXKAEHHS.

[lepByl0 W3 YHNOMSHYTHIX CHCTEM HCNOJL3YIOT IpPH pa3paboTke
HeTerasoBLIX MeCTOPOXKAEHHH, HMEOUIHX CPaBHUTEJbHO HeGOoJIb-
Ly10 10 pasMepaM HeTAHYIO 4acTb, KOTOPYI0O HA3bBAalOT He ¢ T -
HOH oTopouko#. Ha 3Ty oropouky BciencTsBHe ee HeGoJbINOH
IIHPHHB MOXHO NpOGYPHTb TOJBKO OJAHH — TpPH psAfa A0GHIBalo-
mux ckBaxHH. Ha puc. 105 nokasana B paspese u B I1aHe cxema
pPacHoJIOKeHHs] CKBAaXXHH NPH HCNIOJb30BaHHH 3TOH CHCTEMH pas-
paboTku. BoloHarHeTaTe/bHbBE CKBaXXHHb GapbepHOrc 3aBOjHeE-
HHS 5 OTCEKalOT rasoBYI0 YacTb MECTOPOXKAEHHs OT HedTSHOH uac-
TH. [loc/ie 3aKaykKH BOABLI B TaKHe CKBAXKHHH CHHXKAE€TCsl NMPOPHIB
rasa M3 rasoBod IIANKH B AOOLIBalOLIHE CKBAXHHbI, UTO NMPEHATCT-
ByeT IepeMelleHHI0 ra3oHedTAHOro KOHTAKTa B ra30HACHILIEHHYIO
o6snacTs Inacta H B ONpefeJeHHON CTElNeHH MO3BOJSET OCYIUEeCTB-
JATL HE3ABHCHMYIO pa3paboTKy rasoBol H HedTAHOH yacTell MecTo-
POXKIEeHHS.

TlpumeHeHHe GapbepHOTrO 3aBOJHEHHS MO3BOJSAET CHH3HTL raso-
Boll ()aKTOp He(PTAHBIX CKBAaXXHH O CPAaBHEHHIO C pa3paboTKO#
HeTerasoBuX MeCTOPOXAeHHH 6e3 BO3JeHCTBHA Ha mJaacT NpHMEP-
Ho B 1,2—1,5 pasa.

BTropas u3 YNOMSHYTHIX CHCTeM NpeiHa3HaueHa Aas paspabor-
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Puc. 106. Cxema cucTeMH paspaboTKH
He()TEera3oBOr0 MECTOPOXKJAEHHS C CO-
yeTaHHeM O0apbePHOro, 3aKOHTYPHOTO H
BHYTPHKOHTYPHOTO 3aBOJHEHHM:

1 — 33aKOHTYpPHble HarHeTaTeJbHble CKBaXH-
Hbl; 2 — BHEIIHHA KOHTYD HedTEHOCHOCTH;
3 — CKBaXXHHW BHYTDHKOHTYDHOrO SaBOAHE-
HHA; 4 — He(dTenOObIBalOUIHE CKBAa>KHHBI; § -—
CKBAXXHHBI 6apbepHOro 3aBOAHEHHSA; 6 — ra-
30[06biBalOliHe CKBAa)KUHBI; 7— BHEIUHHN KOH-
TYP ra30HOCHOCTH

Puc. 105. CxeMa cHCTeMH pa3paGOTKH HedTerasoBOr0 MECTOPON/JEHHR C coyeTa-
HHEM 3aKOHTYPHOro H 6apbepHOro 3aBOJHEHHH:

1 — ra3oHacbilieHHAA YacTbh MECTOPOXIAeHHS; 2 — HedTHAHAs OTOPOYKA; 3 -— 3aKOHTYPHble Ha-
rHETATeJbHbie CKBaXHHH; 4 — HedTenoOniBaouiHe CKBAXKRHBI, 5 — HarHeTaTeJlbHble CKBaXH-
Hbt 6apbepHOro 3aBOAHEHHS; 6 — rasonoO6LIBAlOMIHE CKBAXKHHBI: 7 ~ BHYTP€HHHA KOHTYp ra-
30HOCHOCTH; 8 — BHELUHHI KOHTYD Ta3oHOCHOCTH; 9 — BHELIHHH KOHTYD HeTEHOCHOCTH

KM KpYNMHBIX He(dTera3oBbIX MeCTODOXKIEHHH, HedTAHBlE YacTH KO-
TOPHIX BCJEJCTBHE HX 3HAUHTEJbLHBIX Da3MepoB HelesecooGpasHo
paspabarniBaTh  TOJbKO TyTeM OaphepHoro 3aBomgHeHHA. Ha
puc. 106 mokasaHa cxeMa cucTeMbl pa3paboTKn HedTeraszoBoro
MecTopoxaeHHs Broporo THna. HedrenacolieHnas wacTe MecTo-
pPOKJeHHsl, CXeMaTHYHO TNOKasaHHas Ha pHuc. 106, uMeer GoJbluyio
LIHPHHY, TaK 4TO B 3TOH YacTH MOXHO Pa3MeCTHTb MHOTO IOJIOC
TpeXpsAAHOH CHCTeMBl Pa3pabOTKH C PACCTOSTHHAMH MeXJy CKBaXH-
HamMi 500—600 M. Kak H B cayuae cHCTeMH pa3pabOTKH HedrTera-
30BBIX MECTODOXK/JeHHH NepBoro THNAa, NpH 6apbepHOM 3aBOAHEHHH
HCKYCCTBEHHO OT/eJiieTcsl Ta30HACHIIEHHAs YacTh MECTOPOXKAEHUS
OT ero He)TeHACHILEHHON YaCcTH, 4TO CIOCOOCTBYET OCYLIECTBJEHHIO
KX He3aBHCHMOH pa3paloTkH Ge3 oMaceHHs NepeMelleHHs HedTH B
rasoOHACHUIEHHYI0 YacTb H 6e3 moTepH HedTh B 3TOH HacTH.

B HekoTOpHIX CJayuyasix ¢ Leablo AajbHEHNIEro CHHXKeHHS Npo-
pPHIBOB rasa M3 ra3oBOH INIAanKH B He(TsAHble CKBAXHHH OypAT He
OllMH, a JABa GapbepHBIX pAfa BOAOHAarHeTaTeJbHHIX CKBAaXHH, OT-
CEKaIOIHX Ta30HACBILEHHYI0 YacTh MeCTOPOXKACHHA oT HedreHa-
CHILIEHHOH. DTO NPHBOAMT K elle OoJblleMy CHHXKEHHIO Ta3oBBbIX
$aKTOpOB He(TAHHIX CKBAaXKHH IO CPABHEHHIO ¢ 3THM IOKa3aTeseM
NPH OJHOPSAHOM 6apbePHOM 3aBOJHEHHH.
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Puc. 107. CxeMa cHCTeMH pa3paboTKH Hed)Tera3oKOHJEHCAaTHOrO MeCTOPOXKAEHHS
¢ BHYTPHKOHTYPHHM 3aBofHeHHeM HedbTAHOH H rasoKOHJeHCAaTHOM yacTefl:

1] — BHeIUHHI! KOHTYD HedTEeHOCHOCTH; 2 — HarHeTaTeJbHble CKBaXKMHbl BHYTPHKOHTYDHOrO 3a-
BOJHEHHt HedTAHON 4YacTH; § — Hed)TeNOOBIBAaIOIHE CKBAXHHLI; 4 — HarHeTaTeJbHble CKBaXH-
Hbi BHYTPHKOHTYDHOTO 33BONLHEHHA T'a3OKOHLEHCAaTHOR YacCTH; 5 — BHEIUHHA KOHTYp Tra3oOHOC-
HOCTH; 6 — 9JIeMEHT CHCTeMbI pPa3paGOTKH Tra3OKOHAeHCaTHOft wyacCTH; 7 — rasofo6hLiBalolLHe
CKBaXHHBI

BapbepHoe 3aBOfHEeHHe B ONpEJAeJEHHOH CTENEHH CIOCOOCTBYeT
CHHXKEHHI0O TeMNa NajeHHs [aBJeHHA B la30HACBHIIEHHOH YacTH
MECTODOXK/JAEHHsI NPH YMepeHHHX oT6opax rasa #3 Hee. Eciau xe
paspaaTbiBaeMOe MECTOPOXKAEHHe 10 COOTHOLUEHHIO MJAaCTOBBIX
yraeBofopoaoB 6JH3KO K Fa30BOMY HJIH ra30KOHAEHCATHOMY ¢ Hed-
TSHOH OTOPOYKOH, TO IMaBHOH NPOAYKIIHEH TAKOro MECTOPOXKIEHH:A
OyzneT ras WJH ra3 4 KOHIEHCAT, KOTOpHe He0OX0AHMO HHTEHCHBHO
M3BJeKaTh M3 HeAp. baprepHoe 3aBoJHeHHE, eCJH rasoBasi HJH ra-
30KOHJI€HCATHAs YacTb MECTOPOXKAeHHS OOlUMpHA, MOXKeT He obec-
TneyHBaTh KOMIEHCalUH oTbopa yraeBomoponaoB. IlnacTtoBoe aas-
JieHHe B ra3oBOH HJIH ra30KOHAeHCATHOH yacTH GyAeT najarth, XOTd
Y MeljieHHee, YeM NPH pexHMe HCTOIIEHHs, a KoHAeHcaT Oyler
OCaXKJ1aTbCAd B NOPHCTOH cpefe. JIasi moJjHOro mopjepxaHus nJjac-
TOBOTO [AaBJIEHHS B T'a30KOHAEHCATHOH 4aCTH MECTOPOXK/JEHHS He-
06X0IHMMO BO3/lefiCTBHE HMEHHO Ha 3Ty €e 4acTh NYTEeM 3aKauykH B
Hee BOIH, r'a3a HJH ra30BOASHBIX cMecefl. 3aBOJHEHHE Ia30KOHMIEH-
CaTHOH 4acTH He(TEra3oKoHIEHCATHOTO MEeCTOPOXKAEHHA MOXKHO
OCYILeCTBJATL C NPHMEHeHHeM DAJHOH CXeMH pacnoJOXKeHHA CKBa-
xkuH. Ha puc. 107 noxasana cxema cHcTeMHB pa3paloTKH HedTera-
30KOHAEHCATHOTO MECTOPOXKJAEHHS C TNIpUMeHEeHHeM TpeXpsAHO#H
CXEeMBl PaClNoJIOXKEeHHSI CKBaXKHH Ha HedTeHaCHIEHHON ero yacrtd
¢ 6apbepHHIM 3aBOAHECHHEM H OJHOPSIAHOH CXeMBI HAa Ta30KOHJEH-
CaTHOH 4acTH MecTOpOXKIeHHs. IIpH BHITECHEHMH KaK He(TH, TaK H
ra3a pMecTe ¢ KOHAEHCATOM H3 IJjlacTa BOAOH, T. e. pH pa3paboTke
OyTeM 3aBOAHEHHSI HedTerasoKOHJEHCAaTHOrO MEeCTOPOXK/IEHHs B
HeJIOM, KOHEYHHIH KO3(GHIHEHT BLHITECHEHHST Ia30KOHAEHCATHOR
CMECH BOAOH Mk AoCTHraet nopsiaka 0,75.

JlaGopaTopHbie ONHTH NOKAa3bIBAIOT, UYTO BHITECHEHHE T'a30KOH-
JEHCATHOH CMECH BOJAOH NPOHCXOAMT MOYTH NOPUIHEBHIM 0GPa3oM,
TaK YTO B 3aBOJHEHHOH o6JacTH mjacTa ocTaeTcsi NPaKTHYECKH
HENOJBHXKHBIH 3alleMJeHHbII ra3 BMecTe C KOHAEHCATOM, KOTOPHIH

195



TPYAHO HM3BJIeYb H3 NJAcTa NoOcJe 3aBOAHeHHs. M3BecTHO, 4TO raso-
OT/Zaua BO BpeMs Pa3paGOTKH ra30BHIX MECTOPOXJEHHH Ha pexXHMe
ucromenusi pocruraer 0,92—0,95. T'azootmaua ke npu paspaborke
ra30KOHAEHCATHHIX MECTOPOXK/JEeHHH Ha 3TOM peXHMe COCTaBJseT
NPUMEPHO YKa3aHHYyI0 Bble BeanyuHy. OJHakKo NIPH 3TOM BMecCTe
C rasoM H3 IJacTa H3BJEKaeTcs ToIbKo A0 45—509% KoHAeHcaTa
OT ero NepBOHayaJbHOrO coaepxkaHusi B rase. OcTaJlbHOH KOHJeH-
caT BBHIMajaeT B NOPHCTOH Cpelle H OCTaeTCs HENMOABHXKHLIM. Ecau
paccMaTpHBaTh CYMMapHOe H3BJleuYeHHe YIJeBOAOPOJAOB H3 raso-
KOHJEHCATHOH 4acTH, BKJIOYas ras H KOHJAEHcaT, IPH PeXHMe HC-
TOILEHHs, TO Ha OJHH cTaHAapTHHIH 1 M® rasa BMecTe ¢ KOHJEHCA-
TOM, COAEPXKalUMCS B MJacTe Q0 HauajJa pa3paboTKH, OyleT H3-
BJIEUEHO CJefyiolliee KOJHUYECTBO YIVIEBOAOPOJOB: rasa Qr=nxipot,
KOHAeHCaTa Qx="nxafo2p2-

3aech mx — KOHeyHasi ras3ooTAaya; po; — IVIOTHOCTb Tras3a B
CTaHJaPTHHX YCJOBHSAX; Tz — KOHEYHasi KOHAEHCAaTO0TAaua; foa —
HayaJbHOE cojepxkKaHue KOHJAeHCAaTa B rase; ps-— MJOTHOCTb KOH-
AeHcaTa.

Jns KonvuyecTBEHHOH OLEHKH H3BJEUEeHHs rasa H KOHJAeHcara
NpHMeEM

N =0,9; P = 0,85 kr/m?; Nz =0,5;
foz=10,5-10-3 m3/m3; p,=0,6-10% xr/m?.

Toraa kKo/aHuecTBO H3BJEKaeMBIX YIJIEBOAOPOAOB, MPHXOAAIUX-
ca Ha 1 M3 rasa, nepBoHauaJbHO COAepXKallerocs B IJacre, CO-
CTABHT

Q1 =Qu1+Quy =0,9-0,85+0,5-0,5-103.0,6-108= 0,915 «r.

OneHuM, Kakoe KOJHYECTBO YIJeBOLOPOAOB Qys, NMPHXOAALMIHXCSA
Ha cTaHaapTHHi 1 M3 rasa, nmepBOHauaJbHO COAepKaBLIHACA B
nJaacrte, 6yjaeT U3BJeueHO NPH 32BOJHEHHH Ta30KOHE€HCATHOH 4acTH
MECTOPOXK/IEHHS C Y4eTOM TOrO, YTO KOHEUYHBIH KO3(p(PHLHEHT BHI-
TECHEHHS YIVIEBOJOPOAOB IMPH 3aBOJHEHHH COCTaBHT Mxi =MNx2=
=1nx=0,8. ViMeeM mpH Tex e HCXOAHBIX QAHHHIX, YTO M B cjaydyae
pa3paboTKH ra3oKOHJEHCAaTHOH YacTH IJlacTa Ha pexHMe HCTOlle-
HHS,

Qy2 = "NPor+Mifos05 = 0,8-0,85+0,8-0,5-10-%.0,6- 10° = 0,920 kr.

Takum 06pa3oM, MOXKHO 3aKJIOUHTb, UTO NMPH 3aBOAHEHHH raso-
KOHJEHCAaTHOH YyacTH MecTOpPOXKAEeHHs ToaydaloT Ha 1 M? rasa,
IlepBOHAYA/NILHO COJEpXKaBLIErocsi B IJacTe, AOMOJHHTEJNBHO BCETO
Ha 0,005 kr Gosblle yrieBOLOPOAOB, YeM NpPHU PEXHMe HCTOLLEHHS.
W3 H3/0XXeHHOro cJjelyer, YTO 3aBOJAHEHHE Ta30KOHJAEHCATHOrO
MECTOPOXKIECHHS HJHM Ta30KOHAEHCATHOH vacT# HedTera3oKOHJAEH-
CaTHOTO MECTOPOXK/JEeHHs He BCerAd 0JHO3HAYHO CHOCOGCTBYET YBe-
JIHYEHHIO CYMMAapHOT'O H3BJICUEHHS] YIJIEBOAOPOAOB — KOHJEHCAaTo-
OTAAaYa MOXeT OBIThb yBeJHY€Ha, HO ra3o0TAauya yMeHBIIUTCS.
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vy
lfpbﬁdtfH dzbhdt +
vpbhdt + de bhd
+wobhit \ +w72—dz t+wehhdt
—_—— —
/.
d Puc. 108. Cxema sneMeHta npsiMO-
P — JIHHEHHOro NacTa

TazoKkoHeHcaTHash 4acTb MECTODOXKICHHH MOxKeT pa3pabathl-
BATbCsl TaKXe ¢ NOALEPXKAaHHEM NJacTOBOTO AaBJeHHS NyTeM Ha-
rHEeTaHHS B Hee CYXOro yrJjeBofopojiHoro rasa. Ilycrs npu 3Tom
NpUMeHeHa OJHOpSiIHAS CXeMa pACHOJIOXKEHHs CKBaXXHH, 3JEMEeHT
KOTOpOH BHjeseH Ha pHc. 107 wrTpuxoBkod. - B Takom asneMenTe
BLITECHSIETCS XHPHBIA ras, cojepxaiuil KOHJeHCAT, CYXHM Tra3oM,
3aKayHBaeMbIM B HarHeTaTeJbHYI0 CKBAaXHHy. Bylem npHOJIHAeH-
HO CYHTAThb IIpoIllecC BHITECHEHHUS rasa NpSIMOJUHeHHHM, He NOpII-
HeBbIM, TaK KaK Ha KOHTaKTe ra3oB GYAyT NPOHCXOIHTb MOJIEKY-
JSpHAas 1 KOHBeKTHBHasA nHGYy3Hu.

Monekyanspuas Auddysua obycioBrieHa XaoTHYECKHM [BHKe-
HHeM MOJIEKyJ CMeUIHBAIOUIHXCH Ta3oB, a4 KOHBEKTHBHAs — paaJjH-
YHeM HCTHHHBIX CKOpDOCTeH ABHKEHHS YacTHYeK Trasa B nopax
nnacra. KonBekTHBHasi AH(p(}Y3HSA 3aBUCHT 0T CpeXHeH CKOPOCTH
JBHXKeHHS KOHTAKTa CMEeNIMBAIOUINXCs ra3oB.

YpaBHeHHe MOJeKYJSIPHOH H KOHBeKTHBHOH nubdysuu nosayua-
IOT aHaJOTHYHO YpaBHEHHSIM MaccomepeHoca B IIOPHCTOH cpefle C
yueToM O6ajaHca BemecTBa, JHbYHAHPYIONIEro B 3JeMeHTapHLIH
o6beM MJacTa H H3 HEro, a TaKXKe BellecTBa, NEePeHOCHMOTO BMe-
CTe ¢ NMOTOKOM rasoB. [/ BHBOZA 3TOrO ypaBHEHHS B INPSIMOJH-
HeflHOM IJIacTe PAacCMOTPHM aJeMeHTapHbH 06beM bhdx (puc. 108).
Yepe3 seByio rpaHb 3JeMeHTapHOro o06beMa BXOJAHT BeLIECTBO C
KOHIeHTpalHei c(x, ), a yepe3 NMpaByi0 IpaHb OHO BLIXOAHT. 34
BpeMs df 3a cyer AHPQY3HH NOCTYIOHT KOJHYECTBO BeleCTBa, paB-
Hoe vpbhdt (vp — cKopocTb AHdGY3HOHHOTO TepeHoca BEIlecTBa),
a 3a cueT (QHUJIbBTPAllHOHHOrO T0oTOKa — wcbhdt. Uepes mnpaByio
rpaHb 3a cueT AUPOY3HH ¢ PUILTPALHOHHBIM IMOTOKOM BBIHOCHTCS
caefyoulee KOJHYECTBO BellecTBa:

%D dxbhdt 4w -3 dbht -+ webhdt.

vpbhdt +

B sneMeHTapHOM o6beMme miacta 3a BpeMd df HaKOMUTCH KOJHYECT-
BO BEILECTBA, PaBHOE

dc
vTa bhdxdt.
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PaccmatpuBas npHpalueHHs BelllecTBa C KOHIleHTpauue# c(x, ?)
B 3JeMeHTapHOM o0beMe IJacra, NONy4YuM AHbdepeHuHaNbHOE
ypaBHeHHe
dc 0vD dc
= Y (V.14)
Ckopocth nuddy3un peurecTBa B MOPUCTOH cpefie MOXKHO ompe-
JeauTs mo ¢opmyne sakoHa Puka, ecan BMecTo KoaddHIHeHTa
MoJsiekyasipaod nuddysun Dy Hcmoab3oBaTh KoaphHUHEHT addek-
THBHOH, cymMmMapHOH AHGGY3HH Dg, yUHTHBAIOUHA KaK MOJIEKYJsp-
HY10, TaK H KOHBeKTHBHYI0 1HOPysu10. ITonyuum

Dy=D,--D,, (V.15)

rae Dg — koapdunueHT KOHBeKTHBHOH nH(PPY3HH.
Torza ¢opmyna 3akoHa AHGGY3HH NpUMeET CACAYIOUIHH BHA!

vp=—Dp-2-. (V.16)

IToacraBus (V.16) B (V.14), nonyuum ypaBHeHHe AHGGY3HH Be-
IIECTB B NMOPHCTOH cpelie MPSMOJIHHERHOrO MIacTa:

dc a de de
7=a7(DE—ar)—wa—x- (V.17)

BBeneM Tak HasblBaeMyIO NOJBHXHYIO CHCTEMY KOOPIHHAT, OI-
pele/isieMyio mepeMeHHEIMH

t=x—uwt; T={, (V.18)
Ha ocHose (V.18) uMeem

dc dc dc dc dc

wmw Yt (V.19)

IloacraBus (V.19) B (V.17), noaysuM ypapHeHHe nHPPY3HH B
NPAMOJIMHEHHOM ITacTe B NOABHXKHOH CHCTEMe KOOpJAHHAT:
oc d dc
> = Do (V.20)
BhiTecHeHHe rasa ra3oM M3 HOPHCTOH cpelnl IJ1aCTOB NMPOHCXO-
AHT TakuM o6pa3oM, 4TO BejeacTBHe Aud(y3HH NepBOHAYaNbHbIA
KOHTaKT ra3 —ras (puc. 109) pasmuBaercd. Tak, NpH BLHITECHEHHH
M3 TJlacTa XHPHOIO ra3a CyXHM B MOMEHT BPEeMeHH f KOHIeHTpa-
IIHs1 CYXOTr0o rasa B €ro CMeCH C JKHPHBIM H3MeHsJach TakuM obpa-
30M, KaK 3TO MoKasaHo Ha puc. 109 (cM. kpusylo I). B ator MoMeHT
BPEMEHH JJIHHA 30HH cMelneHHs paBHa 2A,. IIpu t=1%; pacnpenedne-.
HHe KOHLEHTpPalUHH CyXOro rasa B ero CMecH ¢ XKHDHBIM ra3oM Ta-
KOBO, 4TO AJIHHA 30HH CMEIIeHHS] COCTABHT 2A; H T. A.
IT0 03HayaeT, 4TO IpPH NOAXOAE K JHHHH JOOBIBAIOIIUX CKBa-
JKMH 30Ha CMEIUEHHs MOXKET CTaThb AOCTATOYHO GOJbIIOH H JUIs
NOJIHON 3aMeHHBl B IJIACTE XHPHOrO rasa CyXHM NOHano6uTcs mpo-
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Puc. 109. Kpusne pacnpejeneHHsi KOHUeHTpauuu c¢(x, f) cyxo-
ro rasa B ero CMecH C XXHPHBHIM:
1—c(x, 4); 2—c(x, £); 3—c(x, f)

KauHBaTh uepe3 IacT o6be€M CYXOro rasa, CYyHIECTBEHHO IpeBHI-
WauHi mopoBHH 06beM MiacTa. TexHOJOrHYeCKH HpPOIECC BH-
TECHEHHSI M3 IIJIacTa JXXHPHOrO rasa CYXHM OCYUIECTBJISIOT TaKHM
06pa3oM, uTo Ha NMOBEPXHOCTH BHIJEJAIOT H3 ra3a KOHIEHCAT, T. €.
Jles1aloT NJAACTOBHIA ra3 ra3oKOHJAEHCATHOIO MECTOPOXKIEHHSA CYXHM,
HOJAIOT erc B KOMIIPECCODH, AOXKHMAIOT N0 HeOOXOAHMOro jaBJe-
HHUA ¥ 3akauuBaloT B naacT. [losroMy taxkas TexHoJiorHa paspa6or-
KH T'a30KOHJEHCATHBIX MECTODOXKAEHUH NOJIyuyHja Ha3sBaHHE IHKJIH-
yecKoro npouecca (CalKJIUHT-Ipolece).

I[Iprumep V.2. Ta30KOHIEHCATHYIO YaCTh HedTera3oKOHIEHCATHOTO MeCTO-
poX/ieHHs paspabaTHBalOT ¢ HCNOJNb30BAHHEM LHKJIHYECKOTo Npomecca MpH OpHO-
PANHOH cxeMe pacCNOJIOXKeHHS CKBaXHMH. PaccTosiHHe MeXJy pPAJaMH CKBaXKHH
{=800 M, ToNmMHA NJacTa, OXBaueHHas NPOLECCOM BHTECHEHHS rasa rasoM, co-
crapjser A=10 M, mHpHHa naacta =800 M, NOPHCTOCTh M= 0,2. Pacxoa cyxoro
rasa, HArHeTaeMOT0 B CKBaXKHHY 3JeMEeHTa OJHOPSIAHON CHCTEeMH Da3pabGoTKH,

——100 10 M3/cyT rasa mpH CTaHAApPTHHX YCJAOBHAX (par=0,1 MIla), Cpennee
rmac-roaoe nasieHHe p=10 MIla

OnpepennM pasmep 30HH CMelleHHs] 2h, B MOMEHT _BpeMeHH t=1{., Korga yc-
JIOBHBIH KOHTaKT ra3—ra3 (ceueHHe ¢ KoHUeHTpauueHi rasa c¢=0,5) mnoxofiner
K JHHAH NOOHBAIOWKX CKBAXKHH. [11aCT CHIBHO HEOXHOPOZHHH, Tak UTO 3(heKTHB-
HBH Ko3¢duuuent nuddy3un Dg=10-5 m2/c. Pewats 3agaun auddysHH rasa B
ra3 MOXHO METOJOM HHTerpajbHHX cooTHoweHHfi . U. Bapen6aarra. :

Pacrnipenenenne KOHIEHTPAlHH CyXOro rasa B CMECH C JXHPHBIM 3alHIIeM
B BHJE

3 B

c@ )=A4B77 LU) +C 5w @

BHnosHUM creayioline MpaHHYHBIE YCIOBHSA:

c(0,#)=0,5; c(h, H)=1; c(—\, 1)=0;
dc (£, 1) 0
ag et .
BHIIOJHSAS 3TH YCJOBHS, NONYYaeM CHCTEMY ypaBHEHHH
A+B4C=I, A—B—C=0, B-+3C=C.

Orcrona A=0,5; B=0,75; C=—0,25.
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TakuM o6pa3oM,

8
C(g, t)= 0,5—'—0,75 kg(t) —0,25 ks(t) .

Tloxcrasass 3r0 BHpamenHe ajas KoHuenrtpauun c(g, f) B ypaBHenue (V.20) n
pelias ero MeToxOM HHTETpaJbHHX COOTHOIIEHHH, HMeeM

Adh — 4Dpdt.

Orciona
2 = (32Dgt)/2.

BuuucanaM BpeMs f.. MeeM B ycioBusx naacra

@Par  100-109.0,1 wS
L [ T

q 108 0 M
W=k = §00.10-0,2-0,864. 106 = 0:723-107 <=3

L 8% 1280 cyr=3,5
t= 1 =0,7934.105.0,864.106 — 280 cyr=3,5 roza.

Orcrona
2 (t,) = (32-1075.1280.0,864-105)1/2 — 188,1 M.

TakuM obpa3oM, 06J1aCTh CMelIEHHs] BHITECHSEMOTO H BHTECHSIONIEro ras3oB
6yner 3aHMMaTh B MJACTe JNOBOJBHO 3HAauHTeNbHHH pasMep. Ias mogHoll 3aMeHH
B IJIacTe XHPHOTO rasa cyxum norpebyercsi 3akauaTtbh okoJsio 1,5 mopomoro o6bema
rasa, IPHBEAEHHOTO K HJaCTOBHM YCJIOBHSM.

§ 3. PABPABOTKA TI'JIYBOKO3AJIETAIOIUX NJACTOB
C AHOMAJIbHO BbICOKHM MJIACTOBbBIM NABJIEHHEM
H MECTOPO)XJ.EHUA HEHBIOTOHOBCKHUX HE®TEH

HopmasbHoe HauajibHOE MJACTOBOE JaBJieHHe NMPHMEPHO PaBHO
ruapocratuueckoMy. Eciu Xe HauaabHOe IJIAaCTOBOE jaBJIeHHe
6JIH3KO K BEPTHKAJBLHOMY T'ODHOMY, T. €. '€OCTaTHYeCKOMY, TO Ta-
KO€ JaBJjieHHe CYMTAIOT AaHOMAaJbHO BBICOKHM HJIH aHOMAaJIbHBIM.
CospaeTcss Takoe JaBJIEHHe 4allle BCErO0 B 3aMKHYTHIX IJacTax,
3ajerapomux Ha ray6uHax cBhline 3,5—4 kM. B cooTBercTBHH C
cootHoirennem (I1.64) npu BEICOKOM cCpe/iHEB3BEIEHHOM IJacTO-

BOM [aBJIEHHH p cpefiHee HOPMaJjibHOE HampsKeHHe ¢ CPaBHHTEJb-
HO HHU3Koe. CjeloBaTeJbHO, MOPOMAL IJ1acTa B TEUCHHE AJHUTENbHO-
ro TeoJIOrHUYeCKOTO BpPeMEHH OCTaBaJHCh MaJjio HATPYXKEHHBIMH H
NO3TOMY ciaabo ynJaoTHeHHHMH. [Ipu paspaboTke HedTsiHOrO Mec-
TOPOXJIEHHSI ¢ AaHOMAaJbHO BHICOKHM IJIACTOBHIM JlaBJieHHeM 6e3
BO3AEHCTBUS Ha TJIACT MJAacTOBOE AaBJieHHe GLICTPO CHHXaeTcd. 3a
BeCb NepHOA pas3pabOTKH H3MeHeHHe CpeJHEeB3BElIeHHOro INJacTo-
BOTO JAaBJIeHHS Ap MOXeT COCTaBUTb BeJHYHHY, CPABHHMYIO C Ha-
yaJIbHEIM .I1acToBBIM. [IpH 3TOM cpelHee HOpMaJibHOE HaNpsiXKeHHeE,
IOPHCTOCTh ¥ NPOHHLIAEMOCTb NIOPOX MJIacTa, OCOOEHHO C YU€TOM HX
NePBOHAYAJILHOA cab0oil YIJIOTHEHHOCTH, H3MEHSAIOTCS HeJHHEeHHO.
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IIpn HenuHefiHOH yNpyro# H NJacTHYECKOH AepOopMalusix NOPO
B clydyae YyMeHbllIleHHs NJacTOBOro AAaBJEeHHs 3aBHCHMOCTb IIOPH-
CTOCTH M OT CpeJHero HOPMAaJIbHOrOo HANPSAXKEHHS MOXKHO IpeJcTa-
BHTb B CJeAYyIOLLEM BHIE:

m = mJe Pe =00, (V.21)
Macca nedru M,, Hacwunaomed aedOpMHPYIOIIHACA NJIACT,

BLIpAXKaeTCs TaKHM 06pa3oM:

MH = pnvu (1 —Sca)s (V°22)

rie ps— MJIOTHOCTh HedTH, Vyp-— MOpOBHIH 06beM NJAacTa; Scs —

HacCHIEHHOCTb MJIacTa CBA3aHHOH BOJOH. MiMeem nns Texkymes no-

6biyn HePTH H3 MeCTOPOXK/JeHHA B IeloM ¢u(f) ciaenyiollee BHIpa-
JKeHHe:

dM, d dV,, a
9 ()= — G = — (G Vo G (1 =500, (V.25)
3aBHCHMOCTD IIJIOTHOCTH Heq)TPI OT JAaBJI€HUA HMEET BUI:
pﬂ=pHO[l+ﬁH (P—po)] (V24)

YuntnBas cootHowenne (I1.64) mexny o u p, u3 (V.21) noay-
YHUM

m=my ePe ®=P0 (V.25)

[TockombKy Vo=mVna (Vaa— 0Owuit o6beM mniacra), Ha OCHOBE
(V.22)—(V.25) noayuaeM npu p=p

qn(t)=—(d"" Vat-04 dv")(l Se) =

B, (P—p0) - — Be (—po)| dp
= '—Pnomo [BH s +[l +ﬁﬂ (p_po)l 60 € g Po)} 'F;L X
X (1—sg). (V.26)
Hurerpupysa (V.26), umeeM

t
Qu ()= [ 4u () dt = promeV s (1 —5¢5) [ 1—
: 0
—e O B (po—p) €T O, (v.27)

Takum oGpasoM, no ¢opmynae (V.27), 3Has Qu(f) ¥ 3HaueHus
HCXOJHBIX M1apaMeTPOB, MOXHO DAcCYATATh M3MEHEHHE BO BPEMEHH
CpeJHeB3BEIUeHHOro NJacTOBOTrO JAaBJIEHHS p.

PaccMoTpuM H3MeHeHHe [e0HTOB CKBaXHH IIPH pa3paboTke
nJjacra, CJIOXKEHHOTO CHJAbHO JAe(@OPMHPYEMHIMH TOPHLIMH IOpO-
JaMH — KOJJIEKTOpaMu HedTH, AN Yero moayyuM aHaaor ¢opmy-
asl Jionon aaa paHHHX ycjaoBuii. Ilpu 3TOM HeoGXOAHMO YUHTHI-
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BATb 3aBHCHMOCTb IIPOHHLAEMOCTH NOPOA-KOJNJIEKTODOB OT CpelHe-
ro HOpPMaJbHOrO HamnpsixkeHus. [/ TeppUreHHBIX MOPOJ 3Ty 3aBH-
CHMOCTb IPHHEMAKOT OOLIYHO B CJAEAYIOILEM BHJIE:

b=k, e P (O=%0 (V.28)

rae Px— Ko3(phHIHEeHT H3MEHEHHs NPOHHI[aeMOCTH TOPHBIX MOPOX
3a CUeT CKHMAaeMOCTH; k=R, IIpH 0 =0

Boo6ite roBopst, Px OTJIHUEH OT Bc H, KakK NpPaBHJIO, Px>P..
Jlns papguanbHOrO OpHTOKA HedhTH K JoOHBawolled CKBaXHHE B
clyyae H3MEHEHHs IIPOHHIIAeMOCTH IOpoA No 3axkony (V.28)
HMeeM cJeayiolllee BHpaxKeHHe:
__ 2nkh e—BK (p—po) r dp

v = - L (V.29)
[€ Guc — NEOHT CKBAXKHHHI,

Hnterpupys (V.29), noayuaeM ciaexyiwomyio dopMyny anas ne-
6uTa CKBaXKHHBI, SKCIJyaTHPyOlled CHIAbHO nedOpMHpyeMBIH
IJ1acT:

—Be (Po—Px) By (P0—rc)
o= 2ntkyh [e —e ] ) (V.30)

I
tafy In %

Ecnu 3agaHo H3MeHeHHe BO BpeMeHH TeKymled Ao06buH HedTH H3
MECTOPOXKIEHHs B LIeJIOM ¢u=¢x (), TO Nocse onpejejeHuss HaKoOI-
JeHHOH JNo0buH HedpTH Qu(f) B KaxKAbH MOMEHT BPEMEeHH MOXHO
no popmyne (V.27) paccunrath H3MeHeHHe BO BPEMEHH CpefHe-
B3BEIIEHHOTO IJIaCTOBOrO JAaBJeHHA p, a 3aTeM 10 ¢opMyJe
(V.30) — ne6UTH CKBAXKHH,

Ilpx paspaboTke 3aMKHYTHIX MJACTOB C TPEIIHHHOH NOpHC-
TOCTPIO B CJyyae 3HAYHTEJBHOIO H3MEHEHHS IIJIAaCTOBOrO JaBJIEHHS
M, Cle/loBaTeNbHO, CHJIBHOH AedopMallHH NOPOJ MPOHCXOAHUT GoJiee
pe3Koe H3MeHeHHe NPOAYKTHBHOCTH CKBAaXHH BCJEACTBHE CMBIKa-
HUS TpeLIHH, 4eM INpH paspaboTKe CHJIBHO NehOPMHpYeMBIX IJia-
CTOB, CJO0XKEeHHHX TePPHTeHHBIMH IIOPOJAAMH.

TpemuHHass MOPHCTOCTH HOPOA C H3MEHEHHEM CDEeIHEB3BELICH-
HOTO IIJIaCTOBOI'O /1aBJIEHHSI P COCTABHT

My =My [1 —P, (:Eo_-/;)] (V.31)

IIpoHnuaeMocTs kr MOpoA ¢ TPEUIHHHOA IOPHCTOCTBIO C H3Me-
HEHHeM IJ1acTOBOTO JaBJIeHHsS Gymer

ky=Fko [1 —B:(po—p)P°. (V.32)

B npusenenHbix Gpopmynax fr — K03pPHIHEHT H3MEHEHHS TPElHH-
HOrO NPOCTPAHCTBA NOPOJ ¢ H3MeHeHHeM BHYTPHIODOBOro [aBJjie-
HHS p; Moz, Ror — COOTBETCTBEHHO HAauaJibHble 3HAYEHHS TPEIHH-
HOH MOPHCTOCTH H HPOHHIIAEMOCTH.
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Jaa paspaboTku njacrta ¢ TPEUHHHOH MOPHCTOCTBIO MOXHO
HanHCcaTh BHpaxeHue, aHajsoruyHoe (V.26). Hmeem

UM (t) = ”_pﬂomo'rvnn {f}n [1 —ﬁ'r (;O_E)]_l—
11 —By (7o—P)1 B} 2. (v.33)

B pesyabrate HHTerpupoBanusa (V.33) moayunm
14

Qu ()= 4 (08t = PuorV s [(Br+-B) (Po— )+
0

~+Bubr (P —p)?1. (V.34)

CoOTBETCTBEHHO /151 pafAHaJbHOrO NPHTOKA He(TH K CKBaXKHHE, 3KC-
nJayaTtupypoulefi CHAbHO AeOPMHPYeMBIH IJacT ¢ TPEUIMHHOH IO-
PHCTOCTBIO, HMEEM

2nkorh - d
wo= o (1B, (p—Pol* 7 5. (V.35)
ITocae unrerpupoBanus (V.35)
Quo = korh {[1 + Br (Px— Po)* — [ + Br (P — po)I*} . (V.36)

r
201y In f

KpaTko paccMOTpHM HHOH caydyaH pa3pabOTKH NIJacTOB ¢ aHO-
MaJbHEIMH CBOHCTBAMH ILIAacTOB, COJEPKAlHX HEHbIOTOHOBCKYIO
HedTb. Yalwme Bcero K 4HC/ay TakHX HePTel OTHocATcsS HedTH C
HayaJbHEIM TpPajHEHTOM CABHra, (GUABTPALHS KOTOPHX MPOHCXO-
IUT N0 3aKoHYy, HpeajoxkeHHomy A. X. Mupsaaxansaje. Urob6u
He¢Th, 06Jajfaulas HayaJbHEIM IPaJHEHTOM CABHra, crajna (HJIb-
TPOBaThCS B MOPHCTOH cpene, HEOOXOAHMO K 3TOH cpelle MPHUIOKHUTD
rpajueHT HaBJeHHs, GOJbLIHH, 4eM 3TO cJelyeT H3 3aKoHa JlapcH.
B Tex o6aacTax miacra, rjle rpafHeHTHl [aBJeHHS He3HayuTeJbHH,
He(To He OyJeT ABHraTbCs H B 3THX o6sacTAX o6pasyloTcs 3acTof-
Hele 30HH. TakHe 30HR MOryT OBITb B HEORHOPOJAHHIX IJIacTax, B
06J1acTAX ¢ NOHHXKEHHOH NPOHHLAEMOCTHIO H Jaxe B IJAacTax ¢
MaJlofl HEOJHODOAHOCTBIO, Ile CKOPOCTH (HAbTpAUHH HeGOoJbllHE.
O6pasoBaHHe 3aCTOMHBIX 30H BeleT K YMEHbHIEHHIO KOHeuHOH Hed-
TE€OTAAYH NJaCTOB.

Ha puc. 110 nokaszaHa cxeMa 3JieMeHTa NATHTOYEYHOHR CHCTEME
paspaboTKH mJjacra, cofepxauiero HedTb, 06JaiaIRYyl0 Hayalb-
HBIM rpajHeHTOM caBHra. Ilpu BHTecHeHHH Takol HedTH H3 maae-
Ta BOJOH BOJOHedTAHOA KOHTAKT 1O Mepe ero NPOJBHKeHHs OyaeT
nocJ/eJ0BaTeNbHO 3aHuMaTh moJgoxkeHusa I, 2, 3, 4. Kak BujHO, BO-
AOHE(TAHOH KOHTAKT CHJIbHO pRedopMHpYyercs H K AOOHIBAIOLIHM
CKBaXKHHAM IMOATATHBAIOTCSA SI3HIKH OOBOJHEeHHs, 06pas3yss UEJHKH
HepTH. B Tex cayyasx, Korza He(Tb SBJSETCH HbIOTOHOBCKON KH-
KOCTbIO H CHpaBelJHB 06001IeHHNH 3akoH Japcu pas ¢uabTpaluya
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Puc. 110. CxeMa 3jeMeHTa NATHTOUEY-
HOH CHCTEMH Pa3paboTKH:

! — no6biBalomHe  CKBaXKHHM; 2 — NETHKH
HedTH; 3 — nosMokeHHe BOROHEDTAHOro KOH-
TaKTa B MOMEHT BpPEeMeHH {; 4 — IOJIOXKEeHHe
BONLOHe(TAHOr0O KOHTAKTa B MOMEHT BPEMEHH
t2<ts; 5 — moMoXKeHHe BOLOHEDTAHOro KOH-
TaKTa B MOMEHT BpeMeHu [;<f;; 6 —— HarHe-
TaTeJlbHad CKBaxHHA; 7 — oDBOJHHUBIDASACA
o6nacTh miaacra

He()TH M BOABI, 5TH HeJUKH He(TH B KOHIE KOHIOB IIpH TaK Ha3H-
BaeMo#i GeCKOHeUyHOH NPOMBIBKe IJIacTa, T. €. [IPH NpOKauke yepes
niact 60JblIHX OGBEMOB BOAB,, MHOTOKpaTHO INPEBHILIAIOMHX ero
nopoBbHIH 006beM, GYAYT BHIMBITH H3 mjacta. Ecan ke HedTh 06aa-
JlaeT HadaJbHHIM TPaJHEHTOM CJBHIA, TO IEJIHKH He(TH, 06paso-
BaBlIpecsi B o06JacTAX Ijiacra, TIAe TPajHeHT [aBJjeHHS MeHblle
HayaJpHOI'O I'pajueHTa CABHIa, TaK H OCTAHYTCA B IJ1acTe HeH3-
BJIeYyeHHBIMH,

HedTn HeKOTOpLIX MecTODOXKAEHHH Jaxke B eCTeCTBEHHHIX reo-
J0ro-pH3NYeCKUX VYCJOBHAX, CYIIEeCTBOBABUIHX B IIJ1acTaxXx MeCTO-
pOKJeHHH 10 Hadasaa MXx pa3pabOTKH, MOTyT 06sa4aTh Ha4aJbHbIM
rpajiueHToM ciaBura. B apyrux cayuasx HedTH, ocobeHHO o6Jajnalo-
IiKe 3HAYHTENbHBIM COJep:KaHueM napaduHa, npHoGpeTaloT CBOH-
CTBa HEHBIOTOHOBCKHX XKHJAKOCTEH B pe3ysibTaTe u3MeHeHHs (aso-
BOTO COCTOSIHHSA YIVIEBOJODOAOB B IlJIacTaX, HalpHMep -BHAEJEHHS
rasa U3 HeTH H H3MEHeHHsi TEMIEPATyPHOI'O pexHMa BO BpeMs
3aKayKH B IJIACTH BOJbL C TEMIEPaTypodl HHXe TeMIlepaTypHl
KPHCTaJJIM3allMH NapaduHa, pacTBOPEHHOr0 B He(TH.

Ecaun MecTopoxjeHue, cOJepiKallee BHICOKOMapadUHHCTYIO
HedTb, NpeAnosaraercsi paspafaThiBaTh ¢ IPHMEHEHHEM TOJbKO
3aBOJIHEHHs, TO 3aKaukKa BOJAB B IJIACTH ¢ TeMIEpaTypoll HHXKe
TEMIepaType KpDHCTA/JH3alkH MNapaduHa HelomycTHMa. B 3TOM
ciayyae HeoOXOJHMMO 3aKauHWBaTh BOAY, MOJOTPeTYyIO 0 TeMIepaTy-
pH, NpeBHIIAKLER TeMmepaTypy KpHCTaAIH3alHH mapagHHa,

IIpumep V.3. B paspaGoTky BBOAHTCH OLHOIIACTOBOE MECTOPONKIEHHe, 3a-
nerajpouiee Ha ruay6uxe 2200 M, HO C AHOMaJbHO BHICOKHM HadaJbHHM I1aCTOBHM
napnenneM po=>50 MIla. O6beM njacta, BBOAHMOro B DPaspaGoTKy, COCTaBJseT
Via=100-10° M3, CopmepxanHe CBs3aHHOH BOAH B IlJaCTe OUYeHb MaJoO, TaK UTO
MOXHO NoJarath Scs~0. Ilnact Hachien HedTbIO ¢ HAYANBHOR MJIOTHOCTBIO Pup=
=0,85 1/M%. Cxumaemocts HedTH B,=10—* 1/MIla. [Topucrocts I1acTa H3MEHsAET-
Csl ¢ H3MeHeHHeM IJJaCTOBOTO AaBJIEHHSI B COOTBETCTBHH ¢ 3aBHcHMocTbio (V.21),
npugeM mo=0,33, B.=10-2 1/MIla, Bs3koCTb HehTH pux=2-10—23 IIa-c. [IpoHunae-
MOCTb M3MEHSeTCs C H3MeHEeHHeM ILJIacTOBOro jaBJjieHus o dopmyne (V.28). Ilpu
aToM ko=0,1 MEM?, B,=2-10-2 1/MIla. TonmuHa miacra, OXBaYeHHOrO pa3paboT-
kof, h=20 M, rx=800 M, r.=0,08 M. OmpenenuM, cKoILKO HedTH GymeT H3BJIEUEHO
H3 IUIaCTa, eCJH CpelHeB3BellleHHOe IJAaCTOBOe AaBJeHHe [ cHHaHTCs ¢ 50 gmo
10- MIla, u xakuM Gyder AeGHT OAHON CKBAXHHH IO CPaBHEHHIO C NEPBOHAYAJb-
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#uM. TIpH 3TOM mpHHHMaeM, YTO Nepenaj JAaBjeHHA Ap.=fx—pc OCTAaeTCA NOCTO-
SIHHHM, paBHHM 5 MIIa.

Henoabsys dopmyay (V.27), nonyaum
Qs =0,85-0,33.108 (1 — ¢ "% 10-0.40e707"40) —
=0,2805.108 (1 — 0,6703— 0,00268) = 9,323-108 T.
HauasbHoe conepialne He(dTH B IJacTe
Gyo = myVynpye = 0,33-108.0,85 — 28,05-108 T.
CrenoBatesnbHo, HedTeOTAAYA 32 CUET CKATHs MOPHCTOR cpelH

9,323.108
= 9805108 — 0-332.

Jle6ut onHoM cKBaxHHH onpeneaum no dopmyne (V.30). B nauane paspabor-
KH MECTODOMXJEHHH, T. €. IPH p=py,

6,28-10-13.20 (1 — e >107) .
Guco = 2.10—3'2‘10—3_9’2 =281 M/Cy‘l‘.

Koraa cpenHeB3BellieHHOe NJ1aCTOBOEe AaBJeHHe CHH3HTCA o p=10 MIla, ne6ut
CKBaXHHH

6,28-10-18.20 (e—2'1°—""40 e—2-1o—z.45)

Quec = 2.1078.2.10-3.9,2 =126 m3/cyT.

Kak BHIHO H3 JaHHOTO NIPHMEpa, TOJBKO 3a CYET CXKATHs MOPOA-KOJJIEKTOPOB IJIa-
CTa IIPH CHH)KEHHH CpellHeB3BelIEHHOro mJjactoBoro aasJjendst ¢ 50 po 10 MIla
H3 nyacra 6yner «BHAas/ieHo» 9,323-10° T HedTH H HedTeoTaaua cocrapuT 0,332,
Ilpu 3TOM He6HT ROOHBAIOUIHX HedTh CKBaXKHH yMeHbIIHTCs GoJiee yeM B 2 pasa.
IIpumep V.4 IlycTs HMeeM NJIacT C YHCTO TPEIIHHHON MOPHCTOCTHIO, 0Gna-
Jalollui TeMH e NMapaMeTPaMH, YTO H pacCMOTPeHHHH B npuMepe V.3 mnaacr,
CJIO’KEeHHHH TepPHreHHHWMH NopoxaMH. byaeM cuntath Pr=f.. [IpH cHHXeHHH cpel-
HeB3BelleHHOro MJacToBoro AamJjenHs ¢ 50 MIla ao 10 MIla us nanacra Gyger
H3BJIeYeHO KOJIHYeCTBO He(dTH, BHIuHCJsieMoe 1o ¢opmyne (V.34), a HMeHHO:

Qu=0,85.0,33- 108 [(10~8 - 10~10) 40.106 - 10-8 (40-108)2] — 11,38.108 1.
HedTteoTaaua npu 310M cOCTaBHT

__ Qu 11,38.108
= G _ 28,05.108 = 0,406.

Hle6uT no6uBaroulefi cKBaXHHH, 3KCIMyaTHpPYlollel MiacT ¢ TPEUHHHOR MOpH-
CTOCThIO, onpefesnuM no dopmyae (V.36).
Himeem B HayaJse pa3paboTKH IJacra
3,14.10"18.20[1 — (1 — 10-2.5)4]
Quco = 2.10%.2.109.9.3 =273,5 m3/cyr.

Ilpn cHHXKEHHH CpejHEB3BeLIEHHOIO MJacTOBOro HaBjeHHs Ao 10 MIla nonyuaem
3,14-10-18.20 [(1 — 10-2.40)4 — (1 — 10-2-45)4]
Qaco = 2.10%.2.10%.9.9 =056,17 m%/cyr.

Kak BHAHO H3 NIpHBeIEHHBIX Pe3yJbTATOB, KOJHYECTBO H3BJe-
YeHHOH He()TH M3 IJacTa C TPELIMHHOH INOPHCTOCTBLIO Gyler GoJee
BLICOKHM, YeM H3 IlJacTa, CJOKEHHOr0 TEPPUreHHBIMH MODPOAAMH,
IOpHY 2ZHAJOTHYHOM CHHXKEHHH CpeJHEeB3BELIEHHOrO MJ1aCTOBOrO JaB-
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JgeHus. JIeGHT e CKBaXKHH BCJeJICTBHe CHJIbHOA AedopMalHu Tpe-
HIMH CHHXaeTcsl 6oJlee 3SHAUHTEJBHO B NIJacTe C TPEIHHHOH HOpHC-
TOCTbIO, UEM B IJACTe C TEPPHTeHHHM KOJJIEKTOpOM.

§ 4. OCHOBHBIE PE3YJ1bTATbl H NPOBJIEMbBI PA3PABOTKH
HE$TETA30BbIX MECTOPO)XTIEHHH H IJIACTOB
C AHOMAJIbHBIMH CBOHCTBAMH

B CCCP HakomleH 3HAQYHTEJbHHIH ONHT pa3paGoTKH Hedrera-
30BEIX MECTOPOXKIEHHH KaK Ha eCTeCTBEHHHX peXHMax, TaK H C
BO3JefiCTBHEM Ha IJIACTH NOCPEACTBOM 3aBOJHEHHS.

Paspa6oTka, HanpuMep, AHacTacHeBCKO-TpPOHLKOro MeCTOPOX-
nenust B KpacHopapckoM kpae ocyluecTB/seTCss C CaMOro HayaJa
6e3 Bo3neHcTBUS Ha muacT. Takas paspaboTka ZeACTBHTENbHO, KaK
H clefyeT H3 TEeOpHH, moTpeGoBajia OrpaHuueHHs NeGHTOB AOOH-
BalOWIUX He(dTb CKBAXXHH H, CJ€A0BaTe/NbHO, pa36ypHBaHHS MeECTO-
pPOXKJIEeHHs N0 NJOTHOH ceTKe CKBaXHH IPH S., PaBHOM NOPAIKa
2—4-10* M2/ckB, a TakXe NPHHATHS Mep MO HeJONMYyHIEHHIO Nepe-
MellleHHs ra30He(dTAHOr0 KOHTAKTa B ra3sOHACHILEHHYIO 4acTb Mec-
TOPOXKACHHS.

Psjy HedTerasoBniXx MecTOpPOXKAEHHH M OTAENbHHX TOPH3OHTOB
B CCCP paspa6aTHBalOTCA C HCIOJb30BaHHeM 6apbepHOrO 3aBOJ-
HeHHs. ONKHT NOKa3hBaeT, YTO NPH TaKOM 3aBOJHEHHH ra3oBHe
¢$akTOpPH HedTAHHX CKBaXKMH YMeHBIIAIOTCS NMOYTH B 2 pasa IO
CpaBHEHHIO ¢ ra3oBHM (AakTOpOM INpH paspaboTKe HedTerasoBHIX
MECTOPOXKAEHHHA Ha eCTECTBEHHBEIX peXHMaX.

Oxnako B pe3yJbTaTe NPHOGPETEHHOrO OMBITa pa3paboTKH Hed-
TErasoOBBIX H He(TerasokOHACHCATHHIX MeCTODOXKIEHHH mepep,
He(TAHHKAMH BO3HHKJH ABe clelH(HyHble NJs ITHX MeCTOpOXK/e-
Huil npobieMul.

IlepBasi U3 HHX COOTBETCTBYET TE€M CJyuasiM, KOraa HedTsaHasd
4acTh MECTOPONK/JeHHs IpeAcTaBJsieT cOO0H y3Kylo 06JacTh, T. €.
He(TAHYIO OTOPOUKY, H 3akJiouaercss B obecneueHun 3¢ peKTHBHOH
ee paspabGorku. Ha Takoil oTopouke OKasbBaeTcsi Heienecoobpas-
HHM pacnosiarath 6oJiee OQHOrO psifa AOGHIBAIOIHX cKBaxXKHH. [Ipn
aKTHBHOH 3aKOHTYPHOH BoJe n06HIBaiolllHe CKBAaXKHHH, pa3pabaTH-
BaloiHe HedTsaHYIO OTOpPOuKy, G6HCTpo ob6BomHswoTca. Ecau xke 3a-
KOHTYpHasl BOAa He aKTHBHA, TO NIPH OTCYTCTBHH 6apbepHOro 3a-
BOJHEHHS Pe3KO BO3pacTaloT ras3oBele (aKTOpH LOOLIBAIOHIMX
HedTb cKBaxHuH. IIpH Hcmosnb3oBaHHH GapbepHOro 3aBOJHEHHs Ta-
KHe CKBaXHHH GHICTPO o6BoAHAIOTCA. Bo BCex OmMHCaHHBIX cJyyasx
pa3paboTKH HedTeraszoBHX MeCTOPOXKACHHA ¢ Y3SKHMH HepTAHHIMH
OTOPOYKaMH HedTeoTZaua oOka3nBaeTcsi HH3kof. OHa cocTasiser
15—209% naxe npH He3HauuTeJbHOH BA3KOCTH HedTH. Hedrsnme
OTOPOUYKH C MOBHILEHHOH BA3KOCTbIO HedTH 3¢ dekTHBHO paspaba-
THIBaTh elle TPyAHee.

Bropasi mpo6JeMa cBsi3aHa, KaK yXXe YIOMHHAaJOCh, C H3BJeye-
HHEeM KOH/leHCaTa H3 HedTerasoKOHJAEHCATHHIX MeCTOpOXJeHHH. 3a-
BOJHEHHE MeCTOPOXKIEHHH, NMO3BOJSAS B INPHHIHIE NOBBICHTb KOH-

206



JEHCATOOTAayy M HedTeoTnauy, He BCerfa NPHBOAHT K YBEJHYEHHIO
ofme¥i yrjeBoJOpPOAOOTAAYH, TaK KaK rasooTAaya IIPH 3TOM CHH--
JKaerod.

KosnnuecTBo H3BJeKaeMHX YIJIeBOJOPOAOB H3 HedTerasokoH-
JEHCaTHHIX MECTOPOXKAEHHH MOXKHO YBEeJIHYHTb, HCIOJNb3YSA METOABI
KOMGHHHPOBAHHOTO BO3JeHCTBHA Ha Ta30KOHAEHCATHYIO 4acTb Mec-
TOPOXK/JEHHH NMyTeM 3aKaukH B Hee rasa u BoAn. OxHako npob6aeMa
JOCTHKEHHsl Hau6oJiee INOJHOrO H3BJEUEHHs KOHJAeHcata NpH o00-
1leM IOBHILIEHHH YIJeBOJOPOAOOTAAYH BCe ellle OCTaeTCs A0 KOH-
1a He peLueHHOH.

OnbiT pa3paGoTKH IIyGOKO3aJeraiuX KOJJIEKTOPOB C aHo-
MaJIbHO BRICOKMM HadajbHHIM IJACTOBHIM AABJEHHEM, CHJbHO Je-
(OPMHDYIOIHXCA B INpoLlecCe H3BJEYEHHsI H3 HHX YTJIEBOJOPOMOB,
ellle HeBeJHK BO BCeM MHpe. OJHAaK0O YHCJIO MeCTOPOXKIEHHH, Npo-
IYKTHBHBHIE IIJIACTH KOTOPBIX 3ajieraloT Ha OOJbIIHX r1yOHHaAX, BO3-
pacTaeT, H NO3TOMy npob6jeMa pa3paboTKH CHJIbHO AedOPMHPYIO-
IIUXCSA MOPHCTHIX H TPEUIHHOBATHX KOJJIEKTOPOB OyAeT IpeacTaB-
JATb € KaXJbIM TOAOM Bce GOJbIIHH HHTepec M HePTAHOH mpo-
MHILIJIEHHOCTH.

Pemenne npo6ieMun pa3paboTkir MecTopoxAeHHH HedTell ¢ He-
HbIOTOHOBCKMMH CBOHCTBAMH BO MHOIOM CBsI3aHO C HCIIOJIb30Ba-

HHeM (PH3HKO-XMMHUECKHX H OCOOEHHO TEMJIOBHX METOAOB paspa-
OOTKH.

KoHTpoabHBIE BONPOCH

1. B kakux cayuyasix npH paspaGoTke HedTerasoBhHX 3ajexeH
OrPAaHHYHBAKOT Ne0HT CKBaXXuH? BriBegute dbopMmyay nis omnpene-
JieHUs NMpeeJbHOTO (e3ra3oBOro Ae6HTAa CKBaXKHHHI.

2. KakuM o6pasom MOXKHO ofecrneyHBaTh HENOABHIKHOCTb raso-
HeTAHOTO KOHTaKTa NIPH pa3paboTKe HedTerasoBhIX 3ajexed?

3. Kakne cucreMbl W TeXHOJOTHUECKHE MeTOJn pa3paboTKH Hc-
NOJIb3YIOT NMPH BO3JEHCTBHH Ha IJIACTH HedTerasoBnX H Hedrera-
30KOH/IEHCATHBIX MECTOPOXKAEHHH?

4. BrBeaHTe H OGBACHHTE CHCTEMY YpaBHeHHH AJs pacuera
npoluecca pa3paborkH He(Tera3oKOHJEHCATHOTO MeCTOPOXKIEHHSA
MEeTOJ0M MHOMOKOMIOHEHTHOTO MaTepHaJsbHOro 6anaHca.

5. BoiBenuTe dopMmysy naias NpHTOKAa HePTH K CKBaXKHHE H3
CHJIbHO JeGOpMHpyeMOro mnjacra IpH 3KCIIOHEHUHaJbHOH 3aBHCH-
MOCTH NPOHHIAEMOCTH OT Nepenaja AaBJeHHSA.

6. Kakne oc/l0XHEHHSI BO3HHKAIOT NpPH pa3paboTKe MECTOPOXK-
JeHHH, COAepKAUIHX KHAKOCTb C HEHBIOTOHOBCKHMH CBOHCTBaMH?



IF'masa VI

®U3UKO-XUMHUYECKHE METO1bl
PA3PABOTKH HE®TSHBIX MECTOPO)KIAEHUHA

§ 1. BBITECHEHHE HE®TH H3 IINIACTOB PACTBOPHTEJIIMH
H IT'A30M IIPH BbICOKOM JABJIEHHH

I'maBHasi npUYHHA HEBO3MOXKHOCTH JOCTHXKEHHsS IIOJHOTO BHITECHE-
HHS He(dTH BOAOH M3 IJIAaCTOB IIPH HX 3aBOJHEHHH 3aKJI0YaeTcs B
HeCMelIMBaeMOCTH BBITECHAeMOH H BHTECHAIONIEH KHAKOCTEH, B
pe3yabTaTe 4yero o6pasyeTcss NMOBEPXHOCTb pasfiesla MEXAY 3THMH
JKHAKOCTSMH H IPOHCXOAAT KalHJsIDHbIE SIBJEHHS.

KpoMe Toro, HenosHoe BHITeCHeHHe He(TH BOJAOH B OXBAayeHHHIX
3aBojiHeHHeM 006JacTAX IJacToB 00ycJoBJeHO Trujpodobu3anueit
NOPOJ-KOJJIEKTOPOB BCJEACTBHe aJCcOPOLHM TAXKEJHX KOMIOHEHTOB
He(TH Ha MOBEPXHOCTH 3epeH NOPOJ, a TaKke pas3lHyYHeM BSI3KO-
cTeH BLITeCHsIOUIEH H BHITeCHAEMOH XHIAKOCTeH, YTO HPHBOJUT K
HOSIBJIEHHI0 THAPOJAHHAMHYECKOH HeyCTOHUHBOCTH KOHTaKTa HedTh —
BOJa, 06BOIaKHBAHHIO BOJAOH B NOPHCTOH cpele OCTaBJEHHHIX 3a
($pOHTOM BHITeCHEHHs] cKONJieHHH HedTH, 06pa3oBaHHI0 Kaneab HJH
rnobya HedpTH, T. €., 0 CYTH Jeja, ee JHCIepPTHPOBAaHHIO.

BeaencTBHe yKa3aHHHX NPHUHH He(PTh OCTaeTcsi B IOPHCTOH
cpele MJacToOB, NOJABEPraeMblXx 3aBOAHEHHIO, B BHJe IJIEHOK Ha
3epHax Nmopojx H raobyJ, HaxOASIHXCA B TYNHKOBHIX NMOPax HJH
MecTax NOPHCTOH cpell NjacToB, 06ofJeHHHX Bojo# (pHuc. 111).
Ecau 6w HedTh BHITecHsJIaChb M3 IJAacTa CMeIUHBawlleHcs ¢ Hel
XHJIKOCTbIO, TO B pe3yJbTaTe MoJeKymaspHOKk Auddysuu BelecTBO-
pacTBOpHTENb NPOHHKJIO O B He(Tb, a yraeBojopoian HehpTH — B
pPacTBODHTENIb H ¢ TeUE€HHEeM BpeMeHH He(dTb Onljia 6B MOJHOCTHIO
BEIMHTA H3 maacrta. OJHaKo ec/H NMPHMEHATh B Ipoliecce paspa-
60TKH He(TAHHX MECTODOXKAEHHH MeTOA BLITECHEHHs1 HepTH my-
TeM 3aKayK{ B IJACTH OJHHX TOJNBKO DaCcTBOpDHTEJEH, To NocJael-
HHe, BBIMEIB H3 IJIAaCTOB HedTb, OCTAaHYTCs B Hejapax. SIcHO, uTo
OCTaBJseMOe B INJIacTax BEINECTBO JOJIKHO OHITh NOCTyIHee H fie-
weBJsie HeTH. B kauecTBe pacTBOpHTeNs, BHITECHSIOIEro HedTh U3
NJacTOB, HPHMEHAIOT CIHPTH, 3GHPH, cepoyriaepox u aAp. OaHako
3TO JOpPOTOCTOSILIHE BellecTBa. [leiieBjie HCIONB30BaTh BO3AYX, BO-
Iy H B ONpeJeJeHHbIX YCJOBHAX NPHPOJHBIH ra3 M ABYOKHCHb yrie-
pona. Ilpu 3ToM cirelyeT YYHTHIBATb, YTO BOAA B OOBIUHLEIX NJIACTO-
BHIX YCJIOBHSX He cMelllHBaeTcd ¢ He(dThlO, 3aKauka B IJIACT BO3AY-
Xa NPHBOAHT K BO3HHKHOBEHHIO COBEpPILEHHO HHOrO Mpolecca H3-
BJIeYeHHs Hed)TH M3 HeJp — BHYTDHIJIACTOBOIO TOPEHHS.

B 50-x u Hayane 6Q-x rr. OBlJIO NpPe]JIOXKEHO B KayecTBe Be-
I1eCTB, CMeUIHBAIOMMUXCA C He(ThIO JJs ee BHITECHEHHS H3 IJ4CTOB,
INPHMEHATb YIJeBOJAODPOAHLIE PACTBOPHTENH — CKHXKEHHBIfi NponaH,
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Puc 111. Paapes nopucrof ‘cpenH:

1 — 3sepHa nopopgH; 2 — ocraTouHasd HedTb B TyOH-
KoBoill.iope; 3 — ruo6yna HedTH, 0GOAAEHHAsA BOXOH;
4 — nnauounasn HedTb; 5 — BOMA

rasoBu KoeHAeHcaT, GeH3HH H Apy-
rHe B BHAe NpPOGOK HJH OTOPOUEK,
NOABUTaeMHX MO IJIacTy BOAOH HJIH
CYXHM TasoM.

JlaGopaTopHble ONBITH IOKa3aJy,
4TO B Ipolecce BbITeCHeHUS HedTH
H3 MJacTOB HEOrPAHHUYEHHO CMellu-
BaWIMUMHCA ¢ HeH BellecTBAMH —
pPacTBOPHTEJNAMH KO3(pGHHUIHEHT BHI-
TECHEHHS MOXeT OHTb J0BeJeH [0
100%. Ecau ucmosas3oBaTh 0TOP O Y-
KH pacTBOpHTeJs, NMPOJABHraeMble IO IJAacTy CYXHM Ta30M,
KO3(ppHIHEHT BHITeCHEHHS He(TH IO-IpeXXHEMy OCTaeTCs BLICOKHM,
HO mpu 3TOM Habaiogaercss HeyCTOHUMBOCTh KOHTAKTa ras-— pac-
TBOPHUTENb, OTOPOUYKa JA0BOJBLHO ORICTPO HCYe3aeT, a pacTBOPHTeNb
YacTHYHO H3BJIEKaeTcsl H3 IJacTa BMecTe € CYXHM rasom. Takum
o0pa3oM, B clyuyae MPHMEHEHHS CYXOro rasa B KauecTBe BelllecTBa,
MDOTAJKHBAIOUIElO OTOPOUYKY pacTBOpUTeNs, GaKTHUECKH CHHXKaeT-
cA kK03b(HLHEeHT OXBaTa IJacTa MNPOLECcCOM BHITeCHEHHS.

B HakJOHHBIX MJacTax MOcJe BHITeCHEHHS HedTH OTOPOUKOR
pacTBOpPHTENs,, NPOTAJKHBAaeMON CYXHM T[a30M CBepXy BHH3, Ipo-
PHIBH €r0o CTAHOBATCS HE CTOJb CYIIECTBEHHHIMH H IIPOLECC BHITEC-
HeHusl HeQTH H3 IJacTa ocyuecTshsiercs GoJsee 3pdeKTHBHO, ITO
IOPOHCXOAUT NPH OOBIYHBEIX, HEAOCTATOUHO BHICOKHX MJAaCTOBHIX
nasaenusiX. Ecnu napjeHust 6oJiee BHICOKHE, NPOLIECC CMEUIHBAHHUSA
CYXOro raza H yrJeBOLOPOZHOTO PACTBOPHTEJ]sS NPOHCXOAHT GoJee
HHTEHCHBHO B OINpejejeHHHX (H3HUeCKHX YCJOBHAX — J0 Heorpa-
HHYeHHOH cMemnBaeMocTH. OKasajoch, 4TO ¢ JajbHeflINM MNOBHI-
II€HHEM ILTACTOBOrO [aBJIEHHS, ONSATh-TAKH B ONpEeJesieHHHX (H3H-
YeCKHX YCJIOBHAX, OTOPOYKA pacTBOpPHTeJs BooOlle CTaHOBHTCH H3-
JHIIHEH, Tak Kak MeXJy He(pTblo M TasoM BO3HHKaeT 06JacTb
HOJIHOTO CMEHIMBAaHHs CYXOro rasa ¢ YrJjeBOLOPOJaMH, BRIJEJHB-
IWHMHCA H3 HedTH, H 3aTeM YTJeBOJOPOAOB ¢ caMoil HedTblo. Bh-
TeCHeHHe HeTH H3 MJIACTOB CYXHM rasoM B OGJACTH MOJHOH CMe-
HIHBAEMOCTH €ro C YIVIEBOAOPOJaMH He(dTH MOJYYHJO Ha3BaHHe
npouecca BHTEeCHeHHS He(dPTH H3 NMJACTOB rasom
BLICOKOTO KaBJEeHHd.

Ecan oTOpoukKa pacTBOpHTENsI MHPOABUraeTrcss BeJeACTBHE 3a-
Kauk® B MJacT BOAH, o6pa3syercsi o6JacTb COBMeCTHOH ¢HJbTpa-
LMY PACTBODHTENS M BOAH KaK JABYX HECMEIIHBAIOMIUXCH XHIKO-
CTel, B pe3yJbTaTe uero OTOPOYKa pasMasblBaeTcsd IO OOBOAHEH-
HOH 06JacTH miacTa. B 3ToM cjaydae B IJIacTe CYyLIeCTBYeT H 00-
JacTb cMelleHHs1 HehTH H DACTBODHTeJd, H 006J/1aCTb HeCMeIIHBa-
IOLIMXCH KHAKOCTEH.
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[Mpornecc o6pasoBaHuss W pocta O6JacTH cMelleHHs HebTH H
PacTBOPHTE]A KaK H B CJydae [HKJHYECKOrO HarHeTaHHA rasa
ofycJaaBAHBAaeTC MOJEKYJSPHOH M KOHBEKTHBHOH A dysHeH.
OnHako B mocJeHeM cJydyae XKHPHBIH raz H3 IJacTa BLITECHAETCH
CyXHM. BSI3KOCTH 3THX rasoB NpPaKTHYECKH OAHHaKoBH. Ecan HedTb
BHITECHSIETCS OTOPOYKOH pacTBOPHUTEJ]S, TO BA3KOCTb He(dTH B OC-
HOBHOM 6o0Jiee BHICOKas, yeM pactBopurtens. [losToMy Ha xapakTtep
[Ipoliecca CMEIIHBAHHSA 3THX XHAKOCTEH B IJacTe H, CJel0BAaTelb-
HO, Ha oOpa3oBaiHe OTOPOYKH HeOOXOAMMOro pasMepa Oyjrer OKa-
3BIBaTh CYUIECTBeHHOE BJMsIHHe pasJHYHe BA3KOCTeH He(dTH H pacT-
BOpHTeJIA.

PaccmoTpuM BHauane mnpomecc CMelIHBaHHS HedTH H pacTBo-
PHTeJsA, He YUUTHIBAs BBITECHEHHS PAacTBOPHTENS H3 mJjacTra BOAOM.

YpaBHeHHe BHITeCHEHHS H3 TPAMOJHHEHHOTO NJaacTa HePTH ee
pacTBopuTeJeM OTJHYaercsi oT ypaBHeHHs (V.17) Toabko Koadpodu-
yueHToM AHpOy3un. OHO HMeeT CieAyIOMHE BHA:

dc g dc dc
= (Do) (VL1)

Tle ¢ — yldeNbHas KOHIEHTpalHUsi pacTBOPHTeJS B cMecH HedTb —
pactBoputenb; D — xosbdunnent agudpdysun; w=v/m (v— cko-
pocTb GHJLTPALHH; 1 — INOPUCTOCTD).

Tlon kosppunuenTomM AuPbdys3suu D NOHUMAIOT KOMI-
JEKCHHH KO3(p(HUHEHT, YYHTHBAIOWHHA He TOJbKO MOJEKYIAPHYIO
H KOHBEKTHBHYIO AHOQPY3HH OAHOPOJHOH KHIKOCTH B IOPHCTOH
cpelle, HO H paajHyHe BA3KOCTeH BHITECHSIOUIEH H BHITECHIEMOWH
CMELIHBAIOLINXCA XKHIKOCTEH.

O6pa6oTka pe3syJbTaTOB 3KCIEPHMEHTAJbHBIX HCCJeN0BaHHM
BHITECHEHHSI OJHOH XKHAKOCTH ApPYroi, cMellluBawllefics C nepBoH,
TIPH pa3jiHYMH HX BA3KOCTH IOKa3LIBaeT, YTO KOMIJEKCHHH Kko03(-
duuHeHT AHDOY3HH MOXKHO NPEACTaBHTL B IEePBOM HPUOIHIKEHHH
B C/IeflyIOlleM BHJE:

D =Dy (14K, gradp);
(V1.2)
DE=D0+DH; Dy=K,w.

31ech pc— BA3KOCTb CMeCH ABYX xuAKocTelt; Dy — KoadduueHt
MOJIeKYAsApHOH nudOy3uH; Dy — ko3(pPUIHEHT KOHBEKTHBHOR auD-
¢ysun ORHOPOXHOH KHAKOCTH; Ku, K, — 3KcnepHMeHTaJbHbE KO-
3(¢HIHEeHTH, YYUTHIBAKOUIHE COOTBETCTBEHO KOHBEKTHBHYIO AHO-
¢y3HI0 OZHOPONHOH XHUIKOCTH M Pa3HOBA3KOCTHYIO AHGDY3HIO.
Ilpn ABHXKEHMH CMelIMBAIOIIHUXCA XKHAKOCTefl B NpSIMOAHHEM-
HOM IlJIacTe KOHHEHTPAaUUI0 BHITECHSIONUEH KHAKOCTH, T. €, PacTBO-
purens, B HedTH MOXKHO MOJYYHTb mo ypaBHeHuwo (VI.1). Has
ITOr0, KaK M B CJyyae LHKJHYECKOrO0 HAarHeTaHHs rasa, HCIOJb-
3yeM NPHOAHKEHHBIH MeTO] HHTerpajbHBIX COOTHOMeHHU#. Pemenue
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IIDH 3TOM HMeeT CJ'lelIyIOHIHf;I BHJI:

g 3 1,0
c(50=025 [2-—3 W+“ﬁ<5‘]: 4

(VL.3)

E=x—uwl.

3necr w=uv/m (v — cKOpPOCTb
OuasTpanun); 2A — pasmep o6.ia-

cTH cMeweHus (puc. 112). IMoay- 0 z
OJMHY 30HB cMemeHHS A=A({)

OmpeneJiieM IIPH pDEIleHHH ypaBHe- Puc. 112, Cxeva BHTECHEHHS
Hus ( VI.1) Meromom wuHTerpassn- Hed)TH pacTBOpUTE/NEM H3 NpAMO-

o JHHEeRHOrO NJacra:
HbIX COOTHOUICHHH. 1— pacTBOpHTenb; 2 — 30HA cMeme~

MMeeM crenyouine ycaoBuSt Ha  wus; 3 — nedrs
rPaHHUAX 30HH cMelleHHs. [lpu
E=—A ¢(—A, 1) =1, nmpu E=A c(A, £)=0, B ceueHnu maacra E=0,
nepeMeameMcss co BpeMeHeM f, 3HaueHHue ¢ (0, ¢) =0,5.

W3 pewenns (VI.3) monyuaeM Takxe, 4To mpu =)\ g—g =0.
BBenennem nepemennnix §=x—uwf, v=t ypasnenne (VI.1) npHBe-
JleM K BHY

de 0 dc
71?=¥(D W) (V1.4)

s ynpolesus pelleHHst paccMaTpuBaeMoll 3aJagH Tpexno-
JIOXHM caeayioumee. byaeMm cuutaTh, 4TO B 30He CMELIEHHs BS3-
KOCTb CMeCH PacTBOPHUTENS H HedTH JHHEAHO 3aBHCHT OT MOABHIK-
HOH KoopiuHATH §. B ceuenun E=—A pc=yp,, T. e. pc paBHa B3-
KOCTH pacTBOPHTEJIS, IOCKOJbKY €ro KOHIEHTDPAIHsA B 5TOM CeueHHH
COCTaBJsleT eAHHHIY, 4 NPH E=A pc=}o — BA3KOCTH BHITECHSEMOR
KHAKOCTH, T. €. HepTH. B mpenenax xe o6nacTH cMelleHHs, T. e.
OT §=—A 10 §=A, BSI3KOCTb CMECH i 3aBHCHT JIHHEHHO OT E (cMm.
NYHKTHPHYIO JIHHHIO Ha pHC. 112):

dpe  Ope A
== Au=mp—p (VI.5)

[loacrasass (VI.5) B (VI.2), a sarem (VI.2) B (VL4), noJy-

YHAM YDaBHEHHE DAa3HOBSI3KOCTHOH KOHBEKTHBHOH audgysun B cie-
AyIolleM BHIe:

= D)) e (VL6)

Onpenenss npouasoansie dc/0r u dc/dt mo ypasnennio (V1.3),
noacrasass HX B (VI.6) u npousBoAs, coOrmacHoO MeTOAy HHTe-
TPaNbHBIX COOTHOLUIEHHH, HHTerpHpoBaHHe OT 0 A0 A, MOJAYYHM cO-
OTHOILEHHE

A

5OL—Z5 (&—%) %—d§=§( 1+-§—)ii,,5—§dg. (VL7)
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3 (VL.7) umeem
di

T=4DE%( 1+%). (V1.8)

Yuurtusas, yto A=0 npu f=1=0, u3 (VI.8) umeeM caenyiouee BH-
paxKeHHe s onpeneseHus A=A (f):

F—B+pin e _apy (VL.9)

MoxHO onpejensiTb NOJHYI AJHHY o6GiaacTd cMemeHHs A=2L,
Torpa us (VI.9)

A pAatoprin AL A+2f‘ — 8Dy, (VL.10)

Ecau B dopmyae (VI.lO) 3ajJaBaTtb BpeMs ! ¥ ONpeAessiTh JJH-
Hy o6JaacTu cMellleHHss A, To 3Ta ¢OpMyJia IPUMET BH] TPAHCUEH-
JEeHTHOro ypaBHeHHs. MoOXHO, KOHeYHO, 3alaBaThcst § H A H, 3HadA
Dg, nafity Bpems ¢. B s3ToM cayuae BHUHCJeHHs 6yAayT GoJjee mpo-
CTBIMH., YpaBHeHHe (VI.8) MoxHO mepenHcarts clefylolmHuM ofpa-
30M:

Adh
A+P

MoxHo moayyHTh JBa ACHMITOTHYECKHX  peIIEHHSI 3TOro
ypaBHeHHs1. IlepBoe M3 HHX COOTBETCTBYeT CJIyyalo, Korja A BeJH-
Ko, T. e. A>>B. Torna

AMA=4Dgdv; A= (8Dg)Y2.

DTo pelleHHe CIpaBeAJHBO NPH KOHBEeKTHBHOH JH(QY3HH OdHO-
POLHOH XKHAKOCTH B NODHCTOH cpele H MOJHOCTBIO COBilafaeT ¢
COOTBETCTBYIOLIMM pellIeHHeM NPH IHUKJIHYeCKOH 3aKayke rasa.

BTopoe acHMNTOTHuecKoe pelneHHe, GoJee BaxHoe AJs pac-
CMaTpHBaeMoro Hpoliecca BHTeCHeHHs He(TH H3 IJacTa PacTBOPH-
TeJieM, MOJIyyaeM IPH MaJjhX A 0O cpaBHeHHIO ¢ B. B aToM nmocaen-
sieM cnyuae u3 (VI.8) umeem

Atd)

_ 4DEd1:.

B =4Ddr. (VL.11)
Hnrerpupys (VI.11), umeem
A= (12BDgr)153, (VI1.12)
WMay nas NogHOM AJMHE 30HBI CMelleHHus: npu A =23
A = (96BDgr)13. (VI.13)

OnpenenuMm BequyHHYy B Ha OCHOBe Ja6OPAaTOPHHX HKCIEpHMeEH-
ToB I1. U. 3a6ponuna, H. JI. PakoBckoro u M. JI. Posen6epra no
BHITECHEHHIO HedTH cMellHBallielics c¢ Hell XKHAKOCTbIO. B 3Tux
ONBITaX TPH BLHITECHEHHH YIJEBOJOPOAHOH KHAKOCTH BSI3KOCTBIO
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ue==8,48-10-3 [la-c cmemmuBaloniefics ¢ HeH XKHAKOCTbIO-pAacTBOPH-
TejieM, HMEWIIHM BA3KOCTb 1=0,53-10"3% [Ja-c, co cKOPOCTbIO
dunpnpanun v=10"* m/c npu Dg=10"7 M?/c o6pasoBasacb 061acTh
cMelneHus AJaMHOH A =12 M, xorga ceueHue mnacra (§=0, yaenan-
Hasi KOHIEHTPaUHUs pactBopHTeast ¢=0,5) B MoJesiu nepeMecTHIOCh
Ha paccrosinue x=050 M 3a BpeMst T={%.:

{=mx/v.

Ilpu m=0,37 3HaueHue

£, =205 _1,85-10%c.

IIpennosoxuM, uto B> A, u onpeneaum B mo dopmyne (VI.13).
Hmeem

A3 123
p= 96Dl 96-10-7-1,85- 106

=973 M.

[Mockonbky A=12 M, TO ycaoBHe P > A BHOOJHAETCS H 3Ha-
uyenue P, onpejenenHoe no ¢opmyrae (VI.13), cnpaBensuso.

BulJI0 cKa3aHo, UTO C LeJbI0 3KOHOMHH pacTBOPHTEas He06Xxo-
JIUIMO €ro HCNoJb30BaThb B BHAE OTOPOYKH, a He 3aKayHUBaTh Hempe-
puiBHO. Ecnu 3Ta oTopouka nepeMemiaeTcd IO MaacTy 0oj Bo3nefi-
CTBHEM BOJH, PacTBOPHTEJNb B COOTBETCTBHH C MeXaHH3MOM (HJIb-
TPpallHd HECMEIIHBAIOIIUXCA KHIKOCTEH He MOJHOCTbIO BHITECHSET-
cq U3 myacra. PacnpefeneHHe HachILleHHOCTEH TNOPHUCTOH cpean
BOJIOH, pacTBODHTEJeM H ero CMechblo ¢ He(TbI0 NOKa3aHO cxeMa-
THYHO Ha pHc. 113.

Jlas moaHOro BHITECHeHHSI HedTH pacTBOPUTENEM H3 4YACTH
IJacTa, OXBayeHHOH 3THM IpoueccoM, Heo6XOJHMO 3aKayaTh Takoe
KOJIHYECTBO PacTBOpHTeNs, uTOGH o6aacTb cMemeHus ero (¢=0,5)
¢ HeThIO NepeMecTHJaCh 3a Npefeanl miaacta (cm. puc. 113), T. e.
Ha pPaCCTOSIHHE X.e=I[+A, a QPOHT BHITECHEHHS PaCTBOPHTENS BO-

7 /Z J 4 5
2 // 124 // /

) 7.7 Y . _/_]
[ -
A

1, 5c8 \J

- -
‘IB ’ A T Z

x

Puc. 113. CxeMa BHTecHeHHs He(TH H3 TPAMOJHHEAHOTO MJacTa OTOPOUKOA pace
TBOPHTeJIS, NPOTAJKHBaeMOH BOJLOM:

I — pacnpene/ieHHe BOJOHACHILEHHOCTH B MOMEHT BPEMEHH f; 2 — KOHUEHTDANHAA DaCTBODHTE-
Jas ¢(x, t); 3-— pacnpelleJieHHe BOIOHACHIIMEHHOCTH B MOMEHT BpeMeHn f,.; 4 — puxTEBHASA
KOHUEHTPALHA PAaCTBOPHTEJS B MOMEHT BpeMeHH ! .; § — QHKTHBHAA OGJRCTb CMEOIEHHA pac-
TBOPHTENA H HedTH
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noft nowes 6H A0 KOHIA Ijacta, T. €. 9To6m co6a101an0ch ycio-
BHe x;=/[. Torga KOJHUeCTBO PacTBOpHTEJ]s, 3aTpPayeHHOro Ha 00-
pasoBaHHe OTOPOYKH, GyJeT PaBHO KOJHYECTBY PacTBOPHTENd, OC-
TaBuierocsl B 06JacTAX 3aBOJAHEHHs H cMelleHHs. M3 obaacta cMe-
lleHHsT OH 6yZAeT H3BJeyeH H3 NJacTa BMeCTe C HedTbiO, a H3 3a-
BOJHEHHOH MOXeT GHITb YaCTHYHO H3BJEYEeH BMecTe ¢ Bojo#. Opna-
KO ONlpeJefeHHasi ero yactb OyJeT OCTaBjeHa B 1JaCTe, TaK Kak
NpH BHITECHEHHH BOJIOH He CMEIUHBAIOLIEHCS C Helo XHAKOCTH 0O-
BOJIHEHHOCTb NPOAYKUHH B KOHIle KOHIOB AOCTHTHET TAKOro 3Hage-
HHS, YTO H3BJEKaTb H3 NJAacTa pPacTBOPHTeJb OyleT SKOHOMHUECKH
HellesecoobpasHo.

PaccMOTpHM mpoliecC BHITECHeHHS He(PTH ra3oM NpH BBHICOKOM
JIaBJEHHH, KOrja MexJy 3THMH BelllecTBaMH obpasyercs 06/acTs
NOJHOH HX CMELIHBAEMOCTH.

Yro6n onpefeiuTb, BO3MOXEH JH TAKOH Npolecc B YCJIOBHAX
KaKOro-1u60 KOHKPETHOTO MECTOPOXAEHHS, NPOoBOAAT JabopaTop-
Hble HCCJIEJOBAHHA JJ1s1 YCTAHOBJEHHS YCJOBHH CMeEIIHBAeMOCTH
rasa ¥ HedTH HJM PacCUHTHIBAIOT N0 KOHCTaHTaM paBHOBecHs (a-
30BO€ COCTOSIHHE CMECH rasa, KOTOPHH Npejanosaraercs 3aKauHBaTh
B IJIacT, H HE(TH NPH Pa3NHYHBLIX AABJEHHAX H COCTaBax YIJEBO-
ZLOPOMOB.

PesysabTaTh yKa3aHHHX HCCJE€I0BAHHA H pacyeToB NpeACTaBJs-
IOT B BHJe TpeyroJbHoii auarpammel ['u66ca (puc. 114). Kaxnas
TOYKA Ha 3TOH aMarpaMMe XapakTepH3yeT COCTaB HEKOTOPOH yrJe-
BOJOPOAHOM CcMecH, cocrosimieii H3 cyxoro rasa C;, IpOMexXyTou-
HHX yriaeBoaopofoB Co—Cs H Gosnee TSAXKeNHX YIIeBOLOPOAOB OT
Cs u Boiwe (Csy). Touke A cooTBeTCTBYeT yryeBOAOPOAHLIH COCTAB,

W ‘A‘ 7777
U
J
A
7 ﬁﬁ -

5 7

Puyc. 114. Tnarpamma I'n66ca d ﬁﬁ g 0
V s

Puc. 115. CxeMa ABYX IJIacToB, paspabaTHBaeMHX C HCIOJb30OBAHHEM BHTECHEHHS
HedTH OOOraleHHHM Ta30M: :

! — mnact 1; 2 — po6HiBaloliHe CKBaXHHbl naacta 1; 3 — rasoHedTsiHOf KOHTaKT; 4 — raso-
HarHeTaTenbHad CKBaX@XHHa IacTa l; § — miact 2: 6 — 30HA NOJHOrO CMeUIeHHsA OGoralleH-
HOro rasa M HedTH B naCTe 2; 7 — rasoHarHetarelbHas CKBaXHHa mJjacra 2; 8 — noGniBaw-
madA CKBa)KHHa nnacta 2; 9 -— BOMOHeTAHOA KOHTaKT B maacte 1; 10 — BOmoHe(dTAHOR KOH-
TakT B nuacre 2
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noJast KoMmoHeHTa C; B KOTOPOM COCTaBJISIET @, N0J51 KOMIOHEHTOB
Cy—Cs—b u goaa kommoHeHTOB Cgi—c. ITa amarpaMma crpaBel-
JiHBa IIPH NOCTOSTHHOH TeMmepaType.

[Iycts MecTOpOXIEeHHe MMeeT mJjacTH 1 M 2, 3ajeraiomue Ha
Pa3HbiX rAy6HHAX M COAepKallHe OAHY H Ty XKe Jerkyio HedTb, HO
HMeIOllHe Pa3/IMuHOe NJIAacTOBOe napJjeHue (puc. 115). B maacte 1
cpelHee MJ1aCTOBOE AaBJEHHE PABHO pi, a B IjacTe 2 — p,, pHYEM

D2>p:. Pazpa6oTky 5THX IJacTOB BO3MOXKHO OCYLIECTBJATbH C HC-
MOJb30BAaHHEM 3aKauKH B HHX XKHPHOro rasa, T. €. MeTaHa, obora-
IIIEHHOr0 3TaHOM, OyTaHOM, NMPONAHOM H APYTHMH KOMIIOHEHTAMH.
CocTtaB aToro rasza Ha auarpaMme ['H66ca (cM. puc. 114) xapakre-
pusyetcs Toukoit A;. CocraBbl HedTH, HacHUlalOmWeH mIacTe 1 1 2,
TpaKTHYECKH H/JEHTHYHB H XapaKTepH3YITcs TOYKoH Ap. 3awTpu-
XoBaHHaf o6JsacTb, OrpaHHYeHHAas JIHHHEH MJacTOBOr'0 JAaBJeHHSA
P1, COOTBETCTBYET 06JACTH ABYX(a3HOrO COCTOSIHHS YIJEBOJOPOAOB
B miacte 1, a o6yacTb, orpaHHyeHHas JHHHEH pg, — 06JaCTH JBYX-
¢ asHOro cocTosiHHA yrieBodopoaos B maacte 2. Ilpu aByxdasnom
COCTOSHHH B IJIACTe OJHOBPEMEHHO CYLIEeCTBYIOT YIJIEBOJAOPOIH H B
JKHJKOMH, U B rasoBofi pasax. OcranpbHas yacTb NJIOLIAAH JHATPaM-
Mbl ['H66ca, HaxoAswmascsd BHE COOTBETCTBYIOIIHX 3alUTPUXOBAH-
HBIX o6sacTel, OTHOCHTCH K 06JacTH OAHOGMA3HOIO COCTOAHHS YI-
JIeBOJAOPOJAOB, T. €. 06JaCTH NOJHOH HX CMELIHBAEMOCTH,

Ecau B mmact 1 uepes HarHeTaTe/NbHYIO CKBaXKHHY 4 3aKauH-
BaTb XUDHHHA ra3 ¢ coctaBoM A;, To H3 HehpTH cocraBa A,
(puc. 114) uyepes nOBepXHOCTb ra3oHe(THAHOrO KOHTaKTa GyAyT
BLUIENATLCSA JIETKHE YrJeBOJAOPOAB, pacTBopsisice B rase. Cocras
Ta3a, BBITECHAIOMEro HedTb, BONHM3H ra3oHe(TAHOrO KOHTAKTa H3-
MeHsietcst oT Touku A, Kk A4y, A\'!( mo crpesnke Ha puc. 114), 1. e.
o6oramaercss XUPHbBIMH KoMnoHeHTaMd. HedTb ke 6yjerT Hachl-
mAaThCa JerKHMH yriaeBopopojaMH. Ee coctas, xapakTepu3yOUHi-
cs1 nocjaegoBaresbHO ToukaMu Aly u Ay, 6yaeT HIEHTHUEH COCTaBY
ra3a y rasoHedrsaHoro koHrtakrta. Touka A!! cooTBeTCTBYeT cocra-
By rasa, a touka A" cocraBy HedTH Ha razoHedTAHOM KOHTAaK-
Te NpPH YCJOBHH, YTO ra3 H HedThb HAXOAATCH B COCTOSHHH (haszo-
BOro paBHoBecHs. [3MeHeHHe cocTaBa rasa W HepTH Ha 3TOM KOH-
TaKTe CBA3aHO C yCTAaHOBJEeHHeM (a30BOro PaBHOBECHS.

Oanako B nmaacre 1 (cM. puc. 115) moaHOro cMelMBaHHA rasa
C naacToBOH HedTblo He NMPOH30HAET, TaK Kak NP JaBJEHHH P
COCTaB CMECH YIJNEBOAOPOAOB, HAaXOAAUIHXCA Ha rasoHe@TAHOM
KOHTaKTe, 6y/JeT COOTBETCTBOBATH COCTABY CMeCH, Haxojsiuefics B
3alITPHXOBaHHOH nByxdasHOH ob6nactd Ha auarpamMe [u66ca.
Takum o6pasoM, B miacre 1 HedTb He GyAeT BHITECHATHCS Ta30oM B
YCIOBHSAX NMONHOH CMELIHBAEMOCTH YIieBOA0poaoB. Huyio kapThHY
HabJofaeM B IJacTe 2 NPH AAaBJeHHH po. [lpAMas JHHHS, coelH-
HAIag HCXOAHBIE COCTaBbl MJACTOBO# He(PTH H 3aKaYMBAEeMOro
B IJIacT XKHPHOrO rasa, HHKOrja He mepeceuer AByxdasHyno 06-
JIaCcTb, COOTBETCTBYIOIIYIO 3TOMY JaBJjeHH0. Clie10BaTeNbHO, B
naacre chopMHpyeTcss o6JacTb cMeuleHHs, NepeMellapulascss OT
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JIMHMH HAarHeTaHHs rasa K AOGHBAIOIIHM CKBaxxuHaM. [asoHedTd-
HOM KOHTAaKT ucuesHeT (Ha puc. 115 oH NOKa3aH NYyHKTHPHOH JIH-
HHe#), B ceueHHsX njacra, paclOJOXEHHBIX BOJM3H JHHHH HarHe-
TaHHsd, ofHO(dasHasi cMechb YrJeBOJOPOAOB OyHeT mpeacTaB/eHa B
OCHOBHOM JierkoH ¢pakuueil, a BGJIH3U JOOLIBAIOIIHX CKBAaXKHH —
Taxenoil. Hu B o1HOM M3 ceueHHMHl mJjacTa He ocTaHeTcs AByX(das-
HOH cMecH H OyAeT HabalAaTbCA MOJHAag CMEUIHBAE€MOCTb YTIJeBO-
goponoB. OnHAaKO, BCJAEACTBHE BHICOKHX 3HauyeHHH KO3()PHUHEHTOB
KOHBEKTHBHOH AnddysHuH 0OpH BHTECHEHHH rasa rasom, 06JacTb
CMELIHBAaHHs YIJIEBOJOPOAOB B Ipollecce BHTECHEHHS HedTH rasom
INpH BHICOKOM [aBJEHHH MOXeT OHTb AOBOJbHO OOIIHDHOH, YTO
npuBeleT K HeoOXOAMMOCTH NOGHYH BMecTe ¢ He(dTbo 3HAYHTEJb-
HOr0 KOJIHYeCTBAa rasa, T.€. K CHTyallUH, aHAJOTHMYHOH NpH LHKJIH-
YeCKOH 3aKauke rasa.

ITpumep V9L1. B npaMoanneiinuil nnact B 37eMeHT OJHOPSIAHONA CXeMH pac-
NoJioXKeHHs CKBax<MH (cM. puc. 113) amuHoit /=400 m u wHpHHOK =200 M 3aka-
YHBAIOT C L(e/IbI0 BHTECHEHHS H3 Hero Hed)TH CHayajsa PacTBOPHTeNb HedTH (B Oc-
HOBHOM CIKHXEHHH [IpONaH), 3aTeM IOC/e CO3LaHHA ero OTOPOUYKH — BOAY, BHTeEC-
HAIWYI0O PaCTBOPHTe b H NPOTAJKHBAIOIIYI0 OTOPOYKYy. PacXoa XHAKOro pactpo-
purteass H pacxol Boan ¢=300 m3/cyr. ToamuHa nnacra, OXBaueHHOro INPOLECCOM
BHTeCHeHHs Hed)TH OTOPOUKO# pacTBopHTens, A=10 M, nopHcrocts m=0,25. [Toa-
Has TOJIUMHA mJjacta ho=15,4 M, Tak yTOo KO3((HIHEHT OXBaTa NJacTa Npoiec-
coM 1y=0,65. Bs3koCTb He(TH B NJIACTOBHX YCJOBHAX po=>5-10-2 ITa-c, BA3KOCTD
XKHAKOrO pacTBopHTessA f,=0,53-10—3 [la-c. BaskocTs BOAH ps=10—3 [la-c.

BuiTecHeHHe pacTBOpDHTeJs M3 mJjacta BoAoH HenopuHeBoe. IIpu stom dopmy-
Jil OTHOCHTe/bHHX MPOHHIaeMOCTell MMEIOT TOT JKe BHX, YTO H B NpHMepe IV.],
T. €.

s, —s \?
kl=(su._SCB) l'lpH sCB<s< st;

§—5 2
k5=( - ) IpH  Sp K S K §p;

S 1/2
——SCL) NpH 8§ < S S,

kg =0,8 (
B paccMmaTtpHBaeMoM ciyuae S.,=0,05; s.=0,85; s;=0,740.
Kos¢dHunenT koHBekTHBHOH Auddy3nu

Dg=Dq + ky; w=v/m.

Ilpn stom Dy=10-° M%/c; Ku=0,1 M; Kp=2,45-105 m/([1a-c).

Tpe6Gyerca onpeneiuTb 06bEM OTOPOYKH PACTBOPHTEJs, pasMep SOHH cMelile-
HHs, BpeMsi JOOHYH He(TH BMecTe C PACTBOPHTeJeM H 00beM H3BJEKAEMOro pac-
TBOPHUTE/IS H3 IM1acTa B Ge3BOAHHIE NEpHOA.

Ipuctynas k pacueTaM, BHYHCJAMM BHadaje CKOPOCTb (HAbTpauuu. Mmeem

q 300 N
V= "3h ="300.10.0,864. 106 — !»736-107% w/c.

Sy~ Scn

CxopocTb ABHXKEHHS 061acTH CMelleHHs

W=Tr=""029 =6,944.10-6 M/c.

Koa¢pduiueHT KOHBeKTHBHOH AH((Y3HH olpeaensieM CaeAylomuM 06pasoM:
Dp= Dy + kyw = 10-° 4-0,1.6,944-10-6 — 6,954 - 107 m?/c.
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Bpewmsi, B TeueHHe KOTOPOro ceueHue ¢ yneJbHOH KOHIEHTpauHel pacTBOpPHTess
c¢=0,5 nofiger 1o koHua naacra {=400 M, COCTaBHT

l 400

t,=7=m = 57,6.108 ¢ = 667 cyr.

Onpepesnnm 3navene P. Mmeem

kuA 2,45.105 (5 —0,53) 10-3
p——t — (2 53) — 547,6 M.

BuauaJie onpefiesHM pa3Mep 30HH CMeUICHHst B MOMEHT BpeMeHH !=1., Koraa
cepennHa ee AOCTHrHer paccrosuusi x=/[ W3 cdopmynwm (VI.10) moayuum Tpamc-
LeHJeHTHOe yPaBHEHHe [Js ONpeeieHHs A B BHIe

A2—4BA + 8B In 52—22—5 = 32Dgt, .

Peinast 310 ypaBHEHHe NyTeM NOCJeNOBATEJbHHX NPHOJIMKEHHH, NOJYyYHM, 4TO
A=131 m.

OnHaKo HeOGXOAHMO ONpPEeAeNHTh BpeMs {={.s, 33 KOTOpOe 06J1aCTb CMelleHHs
TIOJIHOCTBIO BHITECHHTCS H3 IJIacTa, a BOAA, NMPOTAJKHBAIOUlast OTOPOYKY pacTBo-
puTess, fofizer Ao KoHua maacra x=I[ Ha puc. 113 nokasano Taxxe pacrnpenene-
HHe HaCHUIeHHOCTEH IJIacTa BOJOH H PACTBOPHTEJEM B MOMEHT BPEeMeHH f={f...
TlynkTHpOoM naHa (PHKTHBHAsi OTOPOYKA PaCTBOPHTENS, Kak OW BHIIeLIlas 3a hpe-
JeJH IJaacra.

ByneM B KauyecTBe NepBOTO NPHGJHXKEHHS CYHTATb, YTO B MOMEHT BpPeMeHH
f{=t. ceueMHe (PHKTHBHOH OTOPOYKH C KoHueHTpauuefi c¢=0,5 mpofineT paccTosinne
14+A/2, 1. e. 400-+66=466 M.

U3 npusegenHoro BHule ypaBHeHHs nosiydHM A=138 m,

Taxkum 06pa3oM, yTouHeHHOe 3HaueHHe A/2=69 M.

469 .
lyy= m:(ﬂ,&- 106 ¢2 = 782 cyrT.

BpeMs, B TeueHHe KoToporo H3 miacta Gyfmer No6HBaThcsl HedTh. BMecCTe C
paCTBOpHTeJIeM,
138 138
tes =% = 5,944-10

— = 19,85.10% ¢ = 230 cyr.

OnpeneauM o06beM pacTBOPHTE]S B CMeCH C

HedThiO: f(s)
bhm (1 —se) A 0,25.2000.0,95.138 tof
Vep = 2 = 3 =
— 32,78.108 M8, ber
Ilnsi ycTaHOBJeHHs o6beMa pacTBOpHTess, oc- 61

TaBllerocsi B 06BOJHEHHOM YacTH NJacTa, MPH NoA-
Xofe ¢POHTa BOAH Xp K KOHHY MJacTa MOCTPOHM
Ha OCHOBe AAHHHX OTHOCHTENbHHX IPOHHILAEMO-
creft ¢pyuxkuHio f(s) (puc. 116). B coorBercrsuH
€ TeopHeH HENOPIIHEBOTO BHTeCHEHHs H3 MJacTa ot
BOJOH He CMEIIHBAIOUHXCA ¢ Hefl JKHAKOCTed H ’
KPHBOH 3aBHCHMOCTH, NIOKa3auHofi puc. 116, moay-
YHM . L

g 02 0% 0§ s
£ (s5) =1,409; f (ss) =0,93; sg=0,71.

. Puc. 116. Kpusas 3aBHCH-
Ocrapuiniics B muacTe o6beM pacTBOpHUTENS MOCTH f(s) oT s
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Vop K Hauaay NOGHYH H3 MJacTa CMECH BOAW H PacTBODHTE]S ONpelde/HM TaK:
bhml
F(se)

= 0,25.200-10.400 (0,95-—

Vop= bhml (1 — scg) =

W) = 48,06‘ 103 m3.

Taxum o6pa3oM, cyMMapHHi 06beM pacTBOPHTess, KOTOPH cJefyeT 3aKayaTh
B IJ1aCT, CO3aBasi OTOPOYKY, COCTABHT
Vo= Vep + Vop=32,78-103 - 48,06. 103 = 80,84. 103 m3.

O6beM OTOPOYKH PacTBOPHTeNs B AOJSX MOPoBOro o6beMa Ijacta Gyher

Vo 80,84.108 0
V., = 0,25.200-10.400 — -404,

Hounsi pacTBopHTeNs, OCTABJASEMOro B IJAcTe K HayalJy H3BJICYEHHS ero BMecTe
¢ BOJOH,

Vop _ 48,06:108
Vo — 80,84-108 ~ 00

BesycaoBro, B npouecce J0OHYH pacTBOPHTE/]s BMecTe ¢ BOJAOH H3 IJacTa
6yneT H3BJeYeHO OIpeJesleHHOe AONOJHHTE/bHOE KOJHYECTBO 3TOIO peareHTa.

§ 2. PABPABOTKA MECTOPO)XILEHHHA C HCITOJIb3OBAHHEM
3AKAUYKH B IJIACT A BYOKHCH YTJIEPOIA

K BemecTBy, XOpOLIO CMelIHBaOUEMCA ¢ He(dTblO, OTHOCHTCS
IByoKHCh yraepoaa COg, KOTOPYIO HCHOJL3YIOT B KauecTBe areHTa,
3aKAYMBAEMOTO B IJACT AJs BhiTecHenuss HedTH. Mcrounukuy CO—
NPHPOAHLEIE MECTOPOXKJAEHHs, COJAepIKaliHe 4YacTo CMeCh YTJIEKHC-
JIOTO rasa c YIJIeBOJOPOAAMH H B psijie CJyuaeB C CEDPOBOACPOJOM,
OTXOABl XHMHUYECKHX TNPOH3BOACTB, NLIMOBHIE ra3bl KDYMHHIX 3Hep-
reTHY4eCKHX H MeTaJJyPrHuecKHX YCTaHOBOK.

JIByokHCh yraepola B CTaHAAapTHHIX YCJOBHAX, T. €. NPH AaB-
aenun 10° I1a u Ttemneparype 273,2 K, —ra3. Ha puc. 117 nokasa-
Ha pT-nuarpaMMa JABYOKMCH YrJepoja, H3 KOTOpOH BHJAHO, UTO KpH-
THYECKOe NaBJjieHHe ee cocTaBjasierT 7,38 MIla, a xpHTHUECKas TeM-
nepatypa 304,15 K. 3To n10BoJbHO HH3Kas TeMIepaTypa jajasi o6hIu-
HBIX YCJIOBHH ry6oKo3aseramouux HeQTAHHX MectopoxaeHui. [lo-
3TOMy, eclH HarHeraTb CQO, B mNJacTvl, 3ajerapuide Ha rayGuHe
1500—2000 M ¢ Temnepatypoii 310—350 K npu nasienun 10—
20 MIla, To ABYOKHChb yriaeposa GyAeT HAaXOAHTbCS B 3aKpHTHUEC-
KCOM COCTOSIHHH. B cTaHAapTHHIX ycJIOBHAX, KOrJa 3TO BeLIECTBO Ha-
XOJHTCA B Fa30BOM COCTOSIHHH, py=0,0137-10"31Ila-c, a naoTHoCTh
py=1,98 kr/m®. Ilpu nepexome B KHAKOe COCTOSIHHE BA3KOCTb yrJe-
KHCJIOTHl yBeJMYHBAeTCcH HNPHMEPHO B 3 pasa, ¢ POCTOM JaBJIeHHS
OHA TaKXe yBeJHUHBAETCs, a ¢ MOBHILIEHHEM TeMIepaTyphl — IO-
HHXKaeTcs.

Ha puc. 118 noxasansl KpuBas 3aBUCHMOCTH BA3KOCTH YIVIEKHC-
JIOTBl OT JMaBJeHWs NpPH pas3JHUHEIX TemnepaTtypax. IIpu naBienuu
Boite 10 MIla u temmeparype 300—310 K NpoOHCXOAHMT NOJIHOE
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Puc. 117, pT-guarpamma naa CO; Puc. 118. KpuBas 3aBHCHMOCTH BA3KO-

CTH JIBYOKHCH Yrjepoja Wy OT JaBJje-
HHsl [PH Pa3NHYHHX TeMIeparypax:
! — npu T=303,2 K; 2—npu T'=333,2 K

cmemuBanne CO; ¢ yraeBoaopoiHOH uacThio HepTH. Onanako B
3TOM cJydae cMoJbl H acdanbTensl caabo pacTBOPAIOTCS B CMECH
CO; u Jerkux yrieBogopoioB. OHM MOryT BHIACTh B OcCa-
JOK.

Ilns pocTHxKeHHs nmosiHOM cMemnBaeMocTH COp ¢ yrieBojopo-
7aMH He(TH NpPH NOBHIUEHHEIX TeMNepaTypax CJelyeT YBeJHUHTb
naBnenue. HanpuMep, npu Temnepatype nopsaxa 360 K oo co-
crasaseT okosno 30 MIla.

B taxenwsx komnonentax Hedptu CO; pacTBOpsieTcs, XOTS H
cna6o. OHa crocobeTByeT HaGYXaHHIO YIVIEBOAOPOJOB, HX Pa3phiX-
JIEHHIO H OTPHIBY OT 3€peH IOPOJ, €CJH YIJIeBOAOPOAH HA HHX aj-
cop6uposanuch. Ilpu gaBiennn nopsaka 10 MIla u Temnepartype
300—310 K B 1 M® nHepTu Moxer pactopuThesi 250—300 M3 CO,
3aMepeHHOro Tp¥ CTaHZAPTHHIX ycjoBusX. [1o cBOHCTBY pacTBOpu-
MocTH B yriesopopoaax CO; cxoieH ¢ nmponanoM. Bmecte c TeM
JBYOKHCb YIJ1€poAa PacTBOpsieTCs H B BOJE, HO nmpuMepHo B 10 pa3
MeHblIIeM KOJHYeCTBE MPH OJHHX H TeX e yCJOBUAX. PacTBOpAsick
B HedptH, CO; yMeHbHIAeT ee BA3KOCTb.

TakuM 06pa3oM, ABYyOKHCb YI/1epoJa B XHAKOM, rasoo0pasHoOM
HJIH 3aKPHTHYECKOM COCTOSIHHH MOXKeT OblTh HCIOJIb30BaHA K2k
pacTBOpHTENb HedTH ¢ Ueliblo ee W3BJeyeHHs u3 Help. MspectHb
HECKOJIbKO PAa3sHOBHAHOCTEH TEXHOJOTHH pa3pabOTKH He(pTAHHIX
MecTopoxaenHil ¢ 3akaykoil COy B MJacThl AJis1 BBITECHEHHUSI H3 HHX
HedTH.

. B ozHoli M3 HHX ABYOKHCb yTrJepoja HarHeTamoT B HEHCTOLILEH-
HBI{l MJaCT B BHAE OTOPOYKH, MPOJBHraeMoOH IO MJIACTy 3aKauHBae-
Mol B Hero BOMOH, aHAJOTHYHO PACCMOTPEHHOMY IpoLecCy BHITEC-
HeHHs] HEePTH U3 IJacTa OTOPOYKOH YIJIeBOAOPOJHOrO pacTBOPHTE-
Jas, JIpyryio pasHOBHAHOCTb HCNOJb3YIOT B HCTOIIEHHBIX MJACTaxX &
HM3KHM IIACTOBBIM AaBJjeHueM mopsiaka 1 MIIa, xorna CO; Hempe-
PHIBHO 3aKaYMBAIOT B MJACT B ra3oo0pa3sHOM COCTOSIHHH.

[Ipu ocyumecTBJIEHHH TAaKOro IpoUecca, CXOLHOro C IPOLECcCoM
IHKJIHUeCKOH 3aKauKH rasa, ra3o00pasHyio IBYOKHCb yriepoaa cie-
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JyeT NpoKaunBaThL dYepe3 NIJAacT B o6beMe, B HECKOJLKO pas mpe-
BHILIAONEM MOPOBHH o6beM mjacTta. Jlerkue yriesofopojH Hed-
TH NPH 3TOM 3KCTPATHPYIOTCH, INepexols B Ta3o00pasHyl0 CMeCh
CO; u yraesopoponoB. Ha 1HeBHOH NOBEPXHOCTH HeOOXOLHMO
pasgensaitb CO; W yrieBogopoOdHb, T. €. DEreHEpPHPOBAaTh [BYOKHCh
yIJepojfia H CHOBa HarHeTaTh €€ B IJACT.

Oanako npH HHA3KHX IJIACTOBHIX JaBJEHWAX ONMHCAHHBIA Npolece
He J0cTaTouHo 3(PdexTHBeH, MOCKOJbLKY mnoTpebyercsi 3akauka B
naacTt 3HauutesbHoro ob6bveMa COg A H3BJEUEHHs YIJIEBOAOPO-
n0B. OtHouleHue atoro o6bema CO; K 06bEMY H3BJIEUEHHHBIX yrJe-
BoLOpOAoB MoxeT gocturatb 100 M3 Ha 1 M3 u Gosee. Kpome Toro,
NPH HHU3KHX [MJACTOBHIX JAaBJeHHAX mnoaHoe cMemBanne CO, u
HedTH He BO3HHKAeT H H3 He(PTH H3BJIEKAIOTCS TOJBKO JIerKHe yr-
JIEBOIOPOAHI.

MoxXHO ocylecTBAATh BO3AEHCTBHE Ha NJacT H HHaye. BHaua-
Jge, T. e. B neppof ¢ase mponecca, B maacT HHTEHCHBHO 3aKauHBa-
101 COg npH pe3KOM OTrpaHHueHHH HJIH TpeKpalleHHH otr6opa Hed-
TH. IlnacroBoe naBieHHe npu 3TOM moBbiaercs. Ecan mossonsior
N71aCTOBHeE, a TakKXe TeXHHUeCKHe H 3KOHOMHUECKHe YCJOBHS, AaB-
JIeHHe B NJacTe AOBOJAAT A0 [aBJeHHS [OJHOH CMEIIHBaeMOCTH
CO: 1 HedTH. KOHEuHO, H TIPH 3TOM B NOPHCTOH Cpele MOTYT BhINa-
JaTb cMOJH H acanabreHbl. OAHAKO YIJEBOJOPOAHBIE KOMIIOHEH-
Thl HeTH, BKJIOUAsA TAXKeJbie, H3BJEKAWTCH M3 miaacra. [IpH goc-
THXKEHHH 3aJ]aHHOTO AaBJEHHs TPOH3BOJAAT OJHOBPEMEHHO W 3aKau-
Ky B maact COg H OTGOp M3 HEro CMecH YIJeBOAOPOIOB HedTH K
CO,.

TpeTbst pasHOBHIHOCTD TEXHOJIOTHH pa3paboTKH HedTAHBIX
IJIACTOB C NPHMEHEHHEM [BYOKHCH yrjiepojga COCTOHT B pacTBope-
o COp B Boje, T. €. B NOJYYEHHH TaK Ha3hiBaeMOil KapOOHH3H-
POBaHHOH BOJAH H 3aKauke ee B IJACT JJisg BHITECHEHHS H3 HEro
HedTH, KaK H NpH O6bIlUHOM 3aBOJHeHUH. BceiencTBHe GoJbllero
XHMHYeCcKoro «poactBay» HedTH H COg, uem BoAb H COj, Npu KOH-
TaKkTe KapOOHH3HDPOBaHHO# BOAH ¢ HedThio MoOMeKyan COg aud-
GYHIMDYIOT, PAa3pHXJAIOT MJEHKH TsXKeJoi HedTH Ha MOBEPXHO-
CTH 3€peH MOPOJAH, AeJalOT 3TH IJIEHKH NOJBHXKHBIMH, YTO NpPHBO-
JHUT K YBeJHUeHHIO KOJHUYecTBAa H3BJeKaeMOH He(dTH H3 IJacTOB.
Ha puc. 119,a nokasanu IJIeHKH TsXKeJod HedTH, ocramolnyecs
Ha 3epHax NMOPOAB NPH BEITeCHEHHH HedTH M3 IJIAcTOB OOGHYHOH
BONOH, a Ha puc. 119,6 BuAHO, KaK NJeHKH 3TOH HedTH OTAENSNIOT-
cfl OT NMOPOAH NPH BHTeCHEHHH HePTH KapOOHH3HPOBAHHOH BOJAOCH.

Puc. 119. Cxema oTpuBa IJEHOK
He()TH OT TNOPOAW TpPH 3aKayke B
171acT KapOOHH3HPOBAHHO BOJH:

1, 4 — 3sepHa mnopoakl; 2 — O6bLIYHAA BO-
Aa; 3 — nJeHKH HedTH; 5 — KapGOHH3H-
poBaHHas Boda; 6 — OTpLIBAIOIUHECA OF
3epeH NOpPOAB! MNJEHKH HedTH. '
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Puc. 120. CxeMa BHTecHeHHst HebTH M3 NDSMOJHHeHHOro MJacTa OTOPOYKOH ABY-

OKHCH Yriepojia, NIPOTaJKHBAaEMO BOJOM:

! — Bona; 2 — Taxeapfi ocraTok; 3 — ofaactb cMemwenHs CO, M Boibl; 4 — pacnpelefeHHe
KoHueHTpauud CO, B Boje; & — oTopouka COj; 6 — pachpelencHHe KOHUeHTpauuH CO, B
HedbTH (6e3 Tsxenoro ocratka); 7 — o6aactb cMemeHHs CO; H HedTH; 8 — HedTb; 9 — CBA-
3aHHasl BOAA

M3 Tpex yKasaHHHIX Pa3HOBHAHOCTEA TeXHOJIOTHH Da3paboTKH
He(TAHKX TJIACTOB C 3aKAaYKOH B HHX JABYOKHCH yriepoaa nepBaf,
T, e, BhITecHeHHe HedTH oTopoukol CO,, mpoTaskHBaeMOH BOJOW,
HMeeT NpPEHMYLIeCTBa Nepej OCTaJbHBIMH, TaK KakK M0 CPaBHEHHIO
co BTOpO# TpeGyeT MeHbUIHX 3aTpaT ABYOKHCH yrjepojaa H B Gojiee
3HAYHTENIbHOH cTeneHH ofecrneunBaeT BHITeCHEHHE TSAXKEJOro OcTar-
Ka He(TH TOCJE 3KCTPAKUHH H3 Hee JIeTKHX yraesojoponos. [lo
CPaBHEHHIO C TPeThell Pa3HOBHAHOCTbIO MepBas Gojiee YHHBEPCAJb-
Ha M N03BOJISIeT M3BJjeub GoJblliee KOJHYECTBO He(TH H3 IJIACTOB.
Belb pacCUHTBIBATH TOJBKO Ha 3(@(eKT OTPHBA MJEHOK TSKEJOH
He(TH OT 3epeH IOPOAb He BCerid HaJeXHO: TaKHe IJIEHKH MOTYT
COCTaBJATb OYeHb HE3HAUHTEJBbHYIO AOJIO OcTaTouHOoH HedTH. 3a-
METHM, UTO YBeJHUeHHI0 HedTeOTAAQUH CIIOCOGCTBYET TaKXkKe «pas-
6yxanne» HedTH Npu pactsopeHnH B Hell COs.

PaccMOTpPUM PacueTHYI0 MOJeJ]b Tpollecca BHITECHEHHS HepTH
H3 IJacTa OTOPOYKOH JBYOKHCH YIJepoia, KOTopas MoxeT OBbITb
KHJKOH, razo06pasHOd WJIH HAXOAHTbCS B 3aKPHTHUECKOM COCTOSI-
guu. OTOpOUYKa [BYOKHCH yrjepoja MpPOABHraercss Mo mnjaacry BO-
no# (puc. 120). B o6BoxHeHHON yacTH IJIAcTa OCTAIOTCS TSKeNble
¢dpakuuy HedTH, KOTOpble GyJeM CUHTATb HEBHITECHAEMBIMH BOJOH.
Ha rpanume x=x, NPOUCXOAHT KOHBEKTHBHAHA, B TOM YHCJEe PAa3HO-
BSI3KOCTHAsA, NHpPy3ns u obGpasyercs obaacts cMewenus CO: ¢
HedTbio AJHMHOH 2A;. OAHAKO B OTJIHYHE OT PacCMOTPEHHOro mpo-
lecca BbITECHEHHs HeDTH MOJHHM ee DacTBODHTEJNEM B OTOPOYKY
CO; nepexonfiT H3 HedTH TOJbKO JeTKHe YIJIEBOJOPOAB H YXKe B
obaacTd cMmelleHHs o6pasyeTcs MaJONOABHXXHBIA OCTaTOK HedTH,
cocToslUA B OCHOBHOM H3 cMOJ H acdambTenoB. KosHuecTBo 3TO-
ro OCT4TKa 3aBHCHT OT KOMIIOHEHTHOTO COCTaBa HedTH M, KOHEUHO,
MOXeT ObITb Pa3JHUYHbBIM Y pa3JHYHbIX HedTed. DTa BeJHYHHA ON-
pelensieTcss IKCnepHMeHTanbHbIM nyTeM. Cieiyer OTMETHTb, UTO
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TIpH BHITECHEHHH HEKOTOPHIX HedTel, cojepXamux CMOJH H ac-
dajbTeHBl, CXKHKEHHBM PONAaHOM TaKxXe MOXeT HabJ104aThCsl BhI-
najeHue W3 HepTH TBepAOro ocratka. Pasmep o6sacTH cMelleHHS
HedpTH 1 CO, onHchiBaeTcsd YypaBHeHHEM KOHBEKTHBHOH Pa3HOBsA3-
KocTHOH puddysun (VI.6) u pacuer ee QaHHH Aj=2)\; NPOH3BOAAT
no ¢opmyae (VI.10).

BaHelimiasg uLeJbp pacueTa napaMeTpoB INpollecca pas3pabOTKH
HeTAHOTO MJ1acTa C HCNOJb30BaHHEM 3aKayKH B Hero OTOPOYKH
COq, nponBuraeMo pofoH, — onpeleseine HeoOX0JHMOTrO pasMepa
OTOPOYKH.

ITo3TOMy HYXHO YYHTHIBaThb (AKTOpH, TNPHBOAAILHE B KOHILE
KOHLOB K ee HcYe3HOBeHHI0. OIHH H3 (AaKTOPOB — pacTBOpEHHe B
Hed)TH — yKe yKasaH H paccmorpeH. Bropoii dakTop 3axJaioyaercs
B pactBopenHn CO; B xoHTakTHpYyIOImLe# ¢ Hed Boje, T. €. B AHO-
¢y3HH IBYOKHCH yIJiepoia B BOAY, NpoaBHraiomyio oTopouky COs.
Kak yxe 6bli10 ckasano, CO; pacTBOpsieTcsi He TOJNBKO B HedTH, HO
M B Bojge. Bs3kocTb NBYOKHCH yrjepoia, KaK BHIHO H3 rpagHuka
(cM. puc. 118), mpu oZHMX H TeX Ke IJACTOBHIX [IaBJIEHHH H TeM-
TlepaType MeHblle BSI3KOCTH BOABI, paBHoH okojo 10~3 Ila-c. Ilo-
3TOMY B OTJIMUHE OT KOHBEKTHBHOH Da3HOBSA3KOCTHOH AHOGys3Hn
meHee BsA3koil CO; B Gosiee BsA3kyw HedTb B 00J1aCTH CMelleHHsA
CO; u HedpTH, Ha KoHTakTe Boaa — CO,, rpafiHeHT BA3KOCTH CMeCH
HanpasJleH NPOTHB NMOTOKAa H KOHBEKTHBHOE NPOHHKHOBEHHe BOJbI
B CO; 6yner MeHbiie, OnHako koHBekTHBHas AHG¢y3us CO,; B
BOJy Bce e OyleT MpOHCXOAHTb. [1o3TOMy NpHMEM, YTO Ha KOH-
TakTe BoJga — CO; NPOHCXOAHT OAHOCTOPOHHSST KOHBEKTHBHAsA AHO-
¢dys3us 1O HANpaBJeHHIO NPOTHB NOTOKAa ABHXKYIIHMXCS B IJacTe
BellecTB. BunsinneM pasHOBsi3KocTHOR Audpdysun Gynem npeHeOpe-
raTh, CUHTasi KOHBEKTUBHYIO AHG(DPY3HIO 0GEIYHOK.

Ha rpaunune x=x; (cM. puc. 120) xonuentpauus CO: B BOXE
6yler paBHa npedenbHOH paBHOBecHOH KoHueHTpauuH CO; B Boe
NpH NaHHBIX TJAaCTOBOM [JaBJeHHH H TeMmnepaType. Ha rpanuue
006J1aCTH cMellleHHsl X=Xz—Ag yIeJbHas KoHueHTpauus CO: B Bo-
e Co=V,

Tlpu pacuere pasmepa obaactu cMeuienusi CO; H yrieBoAoOpon-
HOH yacTH He(TH BBejleM, aHaJIOTHYHO TOMY, KaK 3TCO CAeJaHO B
npeabiAymieM naparpage, NMOABHXKHYIO KOOPAHHATY &)y =x—wf, a
Ajsi pacyera objactd cMewleHdst Boabl H COz— NOJABHXKHYIO KOOp-
AHHATY Ep=Xx—wst, rle w;— CKOPOCTb JBHUIKEHHS KOOPAHHATH X,
rae xoHnentpauus CO; B HedTu cocrasaser 0,5, a ws — CKOPOCTb
JBHXKEHHS] KOPJHHATH X = Xp.

PacnpeneneHne KOHUEHTPAUMH ABYOKHCH YIJepoja B Boe Ca
6yneM HCKaTb B BHIe

J— 3 g2 gﬁs
cz(E,'r)—az[ 1+ W_W]' (VL.14)

rle og-— KOHHOEHTpPALUHA ABYOKHCH yriepoja B BOJe Ha rpaHHue
ee C yIJIEKHCJOTOH,
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YpaBHeHHe KOHBeKTHBHOH AHGQY3HH ABYOKHCH yrjiepoia B BO-
Iy MMeeT BHJ

1) at
HMeem

O 3 (& )%
T D \ A2 dv ’

52C2 352
T22 _._?.'

IMoacraBasia Bupaxeuus (VI.16) B (VI.15) n uuHrterpupysa Jje-
BYIO H npaBylo yactu ypaBHeHHs (VI.15) oT Ag 10 0 mo &3, moaysuwm

A, = (8DyT) V2. (VI.17)

CymmapHHil o6peM Vys AByOKHCH yriepola, AHbdyHAHpOBaB-
weil B BOAY K MOMEHTY BPEMEHH f, ONpefesHTCs CAEAYIOIHM 006~
pasom:

0
Vyp = bhmsa, j‘ Cy (5 T)dT=
—

= =2 bhma,sh, = 1,0607bhmsor, (Dpt) 2. (VL.18)

re S — BOAOHACHIIEHHOCTh B OOBOAHEHHOH o6JacTH nJjacrta.

ITpuwMep VI2. Ipamonuuefinniii naact gaunod [=>500 M, wHpHHOA b=250 M,
obmell TommHHOR ho=I5 M npeanonaraercs paspabaTHBaTb NyTeM BHTECHEHHA
HedTH OTOPOYKOH ABYOKHCH yriepopa, npoasuraeMoi Bojofi. KoadpduuueHt oxsarta
njacra npoueccoM Mp=0,8. [TopHctocTs nacra m=0,25, BA3KOCTb HacHINaOLIeH
nnact Heptd u,=4-10-3 ITa-c, BA3KOCTb YIJEKHCJOrO rasa B IIACTOBHX YCJIOBHSAX
y=0,05-10~2 INa-c, HacHILEHHOCTb CBA3AHHOH BOAOH Scs=0,05. Hedtb comepxur
20% no ob6wveMy cMoa H acdaiabreHoB. IIpH BHTecHeHHH HedTH oTtopoukofi COa-
CMOJIH H acanbTeHH NPHMEPHO HATOJOBHHY BHTECHSIOTCS H3 NJ1aCTa, a OCTaJbHas
HX 4acTb OCaXJaeTcs B MopHcTOf cpele u He jBuxkercs. [TosToMy MoxHO npH-
HATb, YTO B BOJOHACHLIEHHOH 4acTH IJacTa OCTaTOYHAasA HedTeHACHIUEHHOCTb (Ha-
CHIIEHHOCTb CMOJIAaMH H acdaJsbTeHaMu) sg=0,1 H, cl1el0BaTeNbHO, BOAOHACHIIEH-
HOCcTh s=0,9.

Pacxon 3akauHBaeMOA B IJIaCT YIJIEKHCJOTH U 3aT€M BOJLI, NPHBEAEHHHA X
NJ1aCTOBHIM YCJIOBHAM, coctaBasier =400 m3/cyT.

Tpebyercss onpenenHTs 06beM OTOPOUKH YIJEKHCAOTH Vor HCXOAS H3 TOTO-
YCJIOBHS, 4TO K MOMEHTY MOAX0Aa K KOHLY maacta x=/[ cepeaHHn 06JacTH CMe-
weHuss CO; H HedTH B NJacTe He OCTaeTCH WYHCTOA ABYOKHCH yriepona. Ky=
=0,1 M; Kn=2,45-105 m/(T1a-c).

OnpejenHM npexje BCero CKOpocTb GHAbTpanuH B Miacre. MMeem

a 400 M oM
U="pr = 250.15.0,8 = 0,133 Ly =1,543-107 .

Hcrunnyro ckopocte B o6aactH cMewnBaius HedTH H CO; onpefmenseM Mo-
dopmyse
v 1,543.10-8
O m(T—Ss0er —Ses)  0,25(1—0,1—0,05

M
y = 7,261.10-6 -
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Ortciofa BpeMs [, NOAX0Aa CedeHRs € KoHuenTpauuefi ¢=0,5 K KOHUY IJIacta
onpefesisercs CheAYIOIHM 06pasom:

l 500
4‘=?=W =6,886-107 c=797 CyT.

ITapamerp

2,45.108-3,95.10-8
ﬁ: p) = 484 M.

Ko3¢pHuHeHT KOHBEKTHBHOA ANDPYy3HH
Dgp=10% _-0,1.7,26-1078=7,271.10"7 m?%/c.

o BTopo#t acuMnToTHKe, T. e. no ¢opmyse (VI.13), umeeM
Ay = (96-484.7,271.10~7.6,886-107)1/3=132,5 M.
ITpu yTouHeHuH Mo nmoJHON ¢opMyJe noayunm A,=133 m.
Cpeanee koanuyectso CO, B 30He cMecH ee ¢ HeThlo onpelesieM no Gopmyne

_ — .950.12.0.85. 1
Vep bhm (1 SH2OCT Sea) Ay _ ,25-250 122 85133 o a0 108 .

TToposni#i o6beM mnJjacTa, OXBAa4YEHHHH NPOLECCOM BO3AEHCTBHS [IBYOKHCHIO
yrjepoaa:

¥on= bhml =0,25.250- 12-500 = 375- 103 m3.
YunTHBas He3HauHTesbHYIO pactBopiMoct COp B BOZe MO CpaBHEHHIO C ee
PacTBOPHMOCTHIO B He(TH, HojaraeM, 4TO B ceueHHH &,=0 B Boje 6yjaeT pacTBo-

patbes 5% CO, Crenosatenbuo, ap=0,05. O6beM YINIEKHCJOTH, PaCTBOPEHHON
B BOfe K MOMEHTY BpeMeHH {=f,, onpelenM no dopmyne (VI.18). Hmeem

Vyp =1,0607-0,25.250-12.0,9.0,05(7,271-10-7.6,886- 107)1/2 == 253,3 MS.

Bcero 6yner 3atpayeH Ha 0TOpPoyky 06beM COj, paBHHE
Vy = 42390 4 2563,3 = 42,65-10% M3,

ITo oTHOWeHHIO K NOPOBOMY 06beMy NJ1acTa 310 cocTaBisier 11,4%.

§ 3. BBITECHEHHE HE®TH U3 NJIACTOB BOJHbIMH PACTBOPAMH
TIOBEPXHOCTHO-AKTHBHBIX BEIECTB

ITpu BoITecHeHHH He()TH U3 IJACTa CMeELIHBAKIIUMCS ¢ HeH Be-
T1eCTBOM KapAHHAJABHO pelaeTcss npobaeMa NOJAHONR JHKBHIAUHH
TIOBEPXHOCTH pasfena MeXAy HedTbio M BellleCTBOM-BHITECHHTEJEM,
«HCUE33I0T» KAMUJJSPHBIE CHJABL, HedTh pPacTBOpPsSeTCS B 3TOM Be-
1leCTBe, B Pe3yJbTaTe Yer0 MOMKHO IIOJHOCTHIO H3BJeuYb ee U3 obaa-
CTH NJacTa, OXBaueHHO# mnpoueccoM BoiTecHeHHd. Ho nHeapss Ju
TIpH OObLIYHOM 3aBOJHEHHH KaKHM-IH60 06Pa3oM CHH3HTb INIOBEpX-
HOCTHOe HaTfXKEeHHEe Ha rpaHHlle HedTH c BOJoH B mopHCTOH cpele,
YJAYUUIHTE CMAauyHBAa€MOCTb BOJOH MOBEPXHOCTEH 3epeH MOPOAH C
TeM, YTOOH NJEHKH Jyudlle OTMHBAJHCh OT MOPOAL H NOZ BO3JeHCT-
BHEM IMOTOKAa BOAB NepeMellaJHCh K AOGHIBAIONINM CKBa’KMHaM?

OkasbiBaeTcs, Takas BO3MOMKHOCTb B NpHHuuNe uMeercs. Eciau
N00aBUTh K 3aKaYHBAeMOH B IJACT BOJEe MOBEPXHOCTHO-aKTHBHOE
BenlectBo ([TAB), TO MOXHO CYIIECTBEHHO CHM3HTb NOBEPXHOCT-
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HOe HaTsiKeHHe Ha KOHTakKTe HedTb — BOJA M CAEJNaTh MOBEPXHOCTb
3epeH TropHHX NMOPOJ-KOJJIEKTOpOB 6ojlee cMayHBaeMOR BOMOH, T. e.
YBeTHYHTb ee THApodHIbHOCTL, KpoMme TOro, ecjiim Kakas-To 4acTb
ocTaToyHoH HedTH B 3aBOAHEHHOH OOJACTH MJacTa HaXOJMTCS B
BHJE IJ06YJ, 3acTpSABLIMX B CYXEHHAX MOPHUCTOH CPelnl, H MoK
JNeACTBHEM TPajHEHTOB jaBJeHHs HE MOXKET ABHraThCs, TO CO CHH-
JKeHWEM MOBEPXHOCTHOTO HATAXKEHHHA 3TH IoOyam OyayT Jerue
ne¢hopMHpPOBATh MOBEPXHOCTb M MPOABHraThCs Uepe3 CyKeHHs Mop.

3¢ (}eKTHBHOCTL BHTECHEHHS He(TH H3 IJIAacCTOB pPacTBOPaMH
TIAB 3aBHCHMT 0T CTENEHH JHCMNEPrupoBaHUs HedTH B 3aBOAHEHHONR
06s1acTH MIacra, CTPYKTYpPH NMOPOBOrO MPOCTPAHCTBA, AOJNH HedTH,
ocTaBlUIelicsi B BHJAE MJEHOK HAa 3epHAX MOPOAL BO BCeH OCTATOUHOH
HedTH, XapakTepa (usnmKOo-xUMHueckoro B3auMmopeiicrens IIAB n
MOPOA-KOMJIEKTOPOB H T. . Ha#iTH onTHMaJjbHBIE YC/IOBHA NpPHMe-
HeHHs Kakoro-au6o KoHkpetHoro ITAB uam moao6paTh A/ 3aiaH-
HBIX IJIAaCTOBBIX ycJoBuii Haubosaee 3ddextuBHoe [IAB — neno
TPYLHOE,

Bcem (U3UKO-XMMHYECKHM MeTOJaM Da3paboTKH HePTAHHX
MeCTOPOXKIEHHH, BKAOYasi BHITeCHeHHe He(TH BOAHBLIMH pacTBOpa-
mH TTAB, noiuMepHOe H MHIEJJISPHO-NOJHMEPHOE 3aBOJHEHHE, CO-
MyTCTBYET $SiBJEHHEe cOPOLHH IOBEPXHOCTHO-AaKTHBHHIX 100aBOK K
BOJle Ha 3€pHaxX MOpPOAB. JTO OKashBaeT pellailllee BJIHAHHE Ha
mpouecc u3BIeYeHHs He(TH H3 MJIACTOB H SKOHOMHKY (H3HKO-XHMH-
UeCKHX MeTOJOB pa3paboTku He(dTAHBIX MecTopoxiaeHu#. [losTomy
pacCMOTpPHM ero mojpo6HO ¢ KOJHYECTBEHHOH CTOPOHH MpeXAe
BCero Ha NpHMepe BHITECHEHHs HedTH M3 NPAMOJHHEHHOro mnJjacra
BOAHBIM pacTBopoM [TAB.

YpaBHeHHust ¢puAbTpanHu HedDTH H BOLB B IJacTe NPH BHITECHE-
HHM H3 Hero HeTH BOAHBIM pactsopoM ITAB ocratores, mo cyuie-
CTBY, T2KMMH K€, 4TO H TIpH BBHITECHEHHH HedTH H3 miacra obhu-
HOH BOJOH.

Ecay HCHONB30BaTh MOJeJb HENOPIIHEBOrO BHITECHEHHH, TO H
ypaBHEHUS Hepa3pBIBHOCTH (HUABTPYIOMIUXCA XKHAKOCTeH H 0606-
IIeHHBIH 3aKOH (UIbTPALMH He(PTH M BOAH OCTAIOTCA TEMH K€, 4TO
H NIpPH BHITeCHEHHH HepTH M3 minacta 06HYHOH BomOH. OQHAKO OTHO-
CcHTeJIbHBle NPOHHLUAEMOCTH BO BpeMs
BHITCCHEHHsI He(TH H3 MJjacTa BOA- wkwku
HeiM pactBopoM IIAB HeckoabKO H3- "
menstores, Ha puc. 121  noxasanwl
KpHBble OTHOCHTEJbHBIX NPOHHLAEMO- 0s
creit ks(s) M ky(S), mocTpoeHHHle MO

o8

Y

Puc. 121. KpuBHe OTHOCHTENbHHX IpPOHHIae-
MOCTeH NpH BHTECHEHHH HedTH OOHYHOH BO- '
no#t 1 BogHHM pacrBopoMm ITAB:

OTHOCHTE/IbHAS NMPOHHIAEMOCTh: I—k, nas uedptH s
TpH BHITECHeHHWH ee OOBIUHOH BOAOM; 2—kH1 a8

HedTH NpPH BLITECHEHHH ee BOALHBIM pacTtBopoM [IAB:
33—k, nns OGHYHOR BOAHI; 4—Fky,1 naa pommoro

pacteopa I[TAB

<«




LaHHHM BbITeCHeHUS HeTH OOGHUYHOH BOZOH (CHJIOLIHEIE JIHHHH) H
BOnHHM pactBopoM [TAB (myHkrupHue aunuM). Kak BHIHO ¥3
3TOr0 pPHCYHKa, MPH HCIOJb3OBAaHHM BOAHHX pacTtBopoB I1AB kpwu-
Bas OTHOCHTE/NIbHOH NpoHHLaeMocTH IJs HeTH nNepemelnaercs
BIIPaBO MO CPaBHEHHIO ¢ KPHBOH NMPOHHLIAEMOCTH IIPH BBEITECHEHHH
HeTH OOLIYHOH BOJOH.

Tak xak KOJIHUECTBO OCTATOYHOH HedTH B nJjacTe NpH BHITECHE-
HUM HedTH BOAHBIM pactBopoM ITAB yMeHbluaercs, cOOTBETCTBYIO-
1asi BeJIMYHHA S«1=>Sa.

OpHako, 4To6B NMOCTPOHTH MaTeMAaTHYECKYIO MOJesb Hpolecca
BBITeCHEHHS HeTH BOAHEM pacTBopoM ITAB, Heo6x0oaUMO MOMHMO
ypaBHeHU# ¢QUIbTPAUUH He(TH H BOAH HCIOJb30BaTbhb ypaBHEHHE
nepeHoca ITAB B nnacte ¢ yueToMm ero copGuHH B MOPHCTOH cperne.
[Tonyuum 370 ypaBHeHHe.

Jast ero BEIBOJAa pacCMOTPHM 3JIEMEHT NOPHCTOH Cpennl, aHajo-
CHYHBIA 3JIeMEeHTY, NoKasaHHOMY Ha puc. 108, B artot 3neMenr ge-
pes JeByIO rpaHb BXOAHT BMeCTe C BOJAOH 3a BpeMs Al KOJHYeCTBO
ITAB, paBHoe vsbhcAt (¢ — ynenbuas koHuentpauusa [TAB B Boge).
3a 3TO Ke BpeMs uepe3 NpaBYIO FPaHb 3JE€MEHTa MJacTa BHIXOAUT
konuyecrso I1AB, paBHoe

v bhoAt4-bn 29 Axas,

B Bope, Hacwuualome#t sjeMeHT IJjacTa, 3a BpeMsi Af NMpoHCXo-
aut npupamehue [1AB, paBHoe
bhm 289 At

Ha 3epHax HOpOAH 3a 3TOT Xe OTPe30K BPEMEeHH copbupyetcs
Koquuectso [TAB, paBHoe

bhm AxAt

rae A — o6uiee KoauuecTBo copGuponabiuerocs [TAB.
Ha ocuoBe Gananca ITAB B 3neMeHTe mjacTta NOJYUHM

bho cAf — (bhvBcAt— bh -"—‘g—x_c)-) AxAt =

= bhm 28D AxAt4-oh IA Axat, (VI.19)

Hs (VI.19) noayyum nmbq;epeﬂuua.nbuoe ypaBHeHHe IepeHOCa
TIAB B npﬂMonHHeﬁHOM mjracre:

2 4 06 | 94 _ (V1.20)

YpaBHeHne (VI.20) MoxHO HpeACTaBUTL B Da3BEPHYTOM BHIE
cJlefylomHM o6pa3oM:

Ju,
(U +mat)+"8 3% T ms 6t+6t =0.
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VuHTBHIBas, 4TO 31ech CTOsIIee B cCKOOKAaX BHpaXKeHHe PaBHO HY-
JII0 Ha OCHOBE YpaBHEHHs HepPa3pHBHOCTH (UALTpYIOUlefics BOIH,
MOy YHM

a a 0A
0y 5 +ms -+ =0. (VL.21)

H3 ypaBHeHHH cOBMecTHOH QHAbTPALMH He(pTH H BOAH, KaK 3TO
nokasaHo B rJ. IV, BeiTeKaeT clefymollee ypaBHeHHe JJis onpejelie-
HHs BOJZOHACHIIEHHOCTH:

of () =t m S —0. | (V1.22)

YpasHenue (VI.21) MoXHO nepenycaTh B BHIE
, a a i)
of (8) goms o4 —0, (V1.23)

Takum o6pa3oM, MOXKHO CYHTaTh, 4To ypaBHenHe (VI.22) cay-
JKHT JJIsl ONpefesieHHS pacnpefesneHHs] BOLOHACHILIEHHOCTH S B
naacre, a (V01.23) — pas pacuera koHueHTpauuu B HeM ITAB. On-
HaKO NPH 3TOM HEeOGXONMMO BHIpa3HTb A B 3aBHCHMOCTH OT KOH-
uentpauuu [TAB B BogE.

Takue 3aBHCHMOCTH Ha3BIBAIOTCS H30TE€PMaMH COPOLHH.
Has onucanus cop6uun ITAB B anemeHTe miacra oGHYHO HpHMe-
HSIOT IBa BHAAa H30TepM CcOpOIHH — H30TepMy JIsHrMiopa H H30-
TepMy 'enpu. ns nepBofi H3 HUX

c
A=—a+bc , (V1.24)
rie a H b —KoapuIHEHTH, omnpele/sieMble 3KCNePHMEHTAJNbHBIM
Ny TeM.

Bropyo H3oTepMy cop6lLuM mOJyuyaeM H3 NMepPBOH B TOM cJyuae,
ecau KoapdHuuueHT b oueHb MaJ.

A=cla. (V1.25)

Ha puc. 122 nokasanbl KpuBBHle 3aBUCHUMOCTH A OT ¢ Aas yKa-
3aHHHX H30TEpM.

Tlopcrasus, HanpuMep, (VI.25) B (VI1.23), nonyuum pudpdepen-
LHaJbHO® ypaBHeHWe TepeHoca H copbuuu ITAB B cienywouiem
BHIE!

of (s) %—I—(ms +—('l—) 2o (V1.26)

TakuM 06pasoM, MOXKHO PacCYHTATh pacnpefeseHHe BOAOHACH-
IEeHHOCTH U KoHueHTpauuu IIAB B niacre npu HemoplIHEBOM BHI-
TecHeHHH HedtH BomHbiM pacTBopom I[TAB c¢ yyerom cop6uuu ITAB
Ha ocuoBe ypaBHeHuit (V1.22) n (V1.26).

Oxnako 6ojiee MPOCTO 3TO ONMPENENUTb AJS INOPIIHEBOrO BHITEC-
Henus HedTH BoaHBIM pactBopoM ITAB. B atom cayuae pacmpene-
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A JeHHe BOJOHACHINEHHOCTH, HedTe-
/ 2 HACHIIEHHOCTH H KOHueHTpauuu ITAB
B HEKOTODHH MOMEHT BpeMeHH !

HMeeT BHJl, NOKa3aHHbIH Ha pHc. 123.

Kak 6yner nokasaHo Huxe, [IAB,

ajicopOHpysick B IJacTe, 3aHHMaeT

o6aactb 0<Cx<TXcop, TAE Xcop — KO-

OpXMHAaTa TIpaHHUBl cOpOHpPOBaBIIEro-

—= c¢a B nJjacre ITAB wuan «dpponra cop-

g c B

6unne, O6JaCThb Xcop<_X=<IX. 3aHATA
Puc. 122. Kpupue sapucumo- ~ BAJIOM HedTH, T. e. HedTbl0, jOmOJ-
ctd A oT ¢ AJst H30TEPM: HHTeJbHO BHITECHEHHOH M3 obJacTu
1 — Tenpu; 2 — JIsArMiopa 0<<x<<x.p mnOL npeiictBueM [IAB.

O6nacts xe  X.<<x<Xs 3aHATa

He(dThIO H BOJXOH, He cofepxameit [TAB. Takum o6pasoM, HecMoT-
ps Ha To uro BOAHHI pactBop [IAB 3akauuBaloT B paccMmarpuBae-
MBI njlacT ¢ HauaJa ero pa3pabOTKH, BHITECHEHHe He(TH W IONOJ-
HHTEJIbHOE ee H3BJ€UeHHe H3 MJacTa IPOHMCXOIAT TOJBKO B o6ja-
cTH 0=<Cx<CXcop. Ha rpaHume Xe x=x, HedTb BHITECHSIeTCSI OOBIU-
HOH BOmOM, KOTOopas ouHctHjach ot ITAB B ofaactH O0<<x<Xcop.
DpoHT copOlMH ¢ KOODAMHATOR Xcop «ABHKETCS» CJeBa HalNpaBo
CO CKOPOCTBIO Wcop=dXcop/dt. JINsi oNpemesNeHHsT CKOPOCTH Weop
HCNOJb3yeM ypaBHeHne (VI.21).

Ilpn moplIHEBOM BHITECHEHHH He(TH CKOPOCTb Uy B YPaBHCHHH
(V1.21) mocrtosinHa.

Pewenne ypaBHeHusa (VI.2l1) B naHHOM cjydae MOXKHO INpel-
CTaBHTb B BUJE

c=f (§); E=Xx—wgt. (V1.27)
Hmeem
o , F) , .
= o =—11 @eop- (V1.28)
IToacrasum (VI1.28) B (VI.21). B pesysnprare moayuum
’ 1
f {vn—(ms—l—T) wcop]=o. (V1.29)

®yukuua f'; B obmeM cayuae He paBHa Hymwo. Torpa gomxHo
6LITh paBHO HYyJIO BhHIpaXKeHHe, CTOsilIee B KBaJApaTHBIX CKOOKax
(VI1.29). U3 Hero noayuum

CcO 1
Peop —. (VI.30)

Up
ms+ =5

Ecnv BBECTH HCTHHHYIO CKOPOCTb BOAL Ws=Us/Ms B 06JacTH
0<x<Xcop, TO

Qoop M5 | (VL.31)

w, 1
B ’ns__l_T
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Wz dopmyan (VI.31) cnenyer, uro mpH a—soo, T. €. IpH OT-
cyrctBud copbuun ITAB Ha nopoge, @Weop=wWs, KaK M CJAEJI0BAJO
oxujaath. B srom cnyuae IIAB ¢uabtpyercs BMecTe ¢ BOAOHA H
¢ poHT copbuun coBnagaer c ¢GpoHTOM BhITeCHeHHs. Ecan xe a=0,
T. €. Ha mopoje copGHpyeTca GeckoHeuHoe KosauuectBo ITAB, To
Weop=0, T. e. [IAB He MoxeT NpOABHrathCs, ocefas Ha MOPOAE Y
BXOJAa B MJAacCT.

Coraacno n1a6opaTOPHHIM 3KCHEPHMEHTANbHEIM TaHHBIM, B 1 M3
nopoiasl miaacra Moxer cop6upoBathes 2—5 kr [TAB. Ecam
A=2 xr/M% TO npu HayaibHOH KoHuenTpauuu [TAB B 3akauusae-
MOl Bofe ¢=¢Co=0,5 kr/mM® corsmacHo usorepme I'enpu 2=0,5/a.
Orcona a=0,25 m3/M3.

U3 dopmyan (V1.30), B nauHom cayuae npu m=0,2 4 BOAOHa-
CHIIEHHOCTH B 061acTH <X < Xcop $=0,65, uMeeM

Deop L —o0242.
B 0,2:0,65 - 555"

EciH xe BHIYHCIHTL OTHOUIEHHE Weop/Ws NO Gopmyne (VI.31),
TO MOJYYHM
Weop __ 0,2:0,7 _
o, __0 20 60 = 0,0339.
2:0,994+75795

CaenoBaTesnbHO, CKOPOCTb (ponta copbuun noutd B 30 pas
MEeHbIUe HCTHHHOH CKOPOCTH JABHXKEHHS BOJAH B NMOPHCTOH cpele.

PaccMoTpuM Gosee noapo6HO H3MeHEHHe Da3MepoOB XapaKTep-
HHIX o0sactelt MPSIMOJNMHEAHOro MJAacTa NPH BHTECHEHHH HeDTH M3
Hero BoAHbIM pactBopoM ITAB (puc. 123). B o6aactu 1 BogoHacH-
U1eHHOCTb paBHa §;, B obJacTu 2 —s;, B ofjactH 3—s;3, a B 06-
JaCTH 4 §=S5cs.

1 2 J 4
////Jlr//////{/ 910NN NI, [y// i
A
q’ = — —_—f—_-——_—_—‘ ql
TITITITITIITI T 7 TTT7I7TTTTTTT 7T TATI 777777777 .
Zegp
‘z‘i‘
Zg
) z

Puyc. 123. Cxema BuTecHeHHs He()TH M3 NPAMONHHENHOrO MAacTa BOXHHM DacTBO-
pom IIAB:

1 — o6aactb 1 (o1 x=0 a0 X=X 5p); 2 —o06nactb 2 (X op<X<%,); 3— obsactb 3 (¥, <X<Xy);
4 — obnactb 4 (xz<x<!)
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YBenunueHne HeTEHACHILEHHOCTH B 06JACTH 2 1O CPaBHEHHIO
¢ o6aacteio 1, T. . o6pa3oBaHHe HE(PTAHOrO Baja, CBA3aHO C Nepe-
MeIleHHeM MOMOJHUTEILHO BHITeCHAeMOH HedTH H3 obnactH 1 B
o6aacte 2. [TosToMy u3 GanaHca HedTH, coraacHo puc. 123, mouy-
YHM COOTHOILlEHHE

(51_32) Xcop = (33_32) (x*'_ xcop)°
HJIH
(51— 5) Xoop = (S5— 5p) X4 (VL.32)

Ias obmero 6anaHca BOAH B IL1acTe, KOrga Xs<<I[, HMeeM BHI-
paxeHue

(83—Scg) (X5 —%4) F (S2—Scp) (Xse—Xcop) 1+

+(Sl_scn) Xeop = _?h% . _ (VI33) )
U3 (VI.32) u (VI.33) nonyuum
B (Sy— ) 2 =9 (V1.34)

[lpy nNOCTOAHHOM  pacxole 3aKayHBaeMOH B MJAacT BOJIH
(g=const) ¢ nomomnbio ypaBHeHHs: (VI1.34) onpeienum nosioxkeHue
¢dpoHTa Xz B JNIOG0H MOMEHT BpEMeHH, ecaH xz<<[. [losoxeHue
¢dbpoHTa COPOUHH YCTAHOBHM, KaK 6blJI0 CKa3aHO, MO BLIPaXKeHHIO
(VL31).

YTo6n HA#TH MOJOMKEHHE TPAHHUH HeQTAHOrO Bala X.=XxX.(f)
H BOJOHACHINEHHOCTH S B 06J1aCTH 2, cJeiyeT yYHTBIBATb OTHOCH-
“TeJibHBle TPOHHIAEMOCTH 1151 He(TH H BOAHL.

N3 dpopmyan (VI.32) nonyduM cOOTHOLIEHHE CKOPOCTeH Wcop H
w,.=dx/dt: :

w, = '2‘55: Weop- (V1.35)

CxopocTb GHJIbTPANHH BOLBI Usz B 00JACTH 2 BHIpA3HM CJeLyIO-
MM 06pa3oM:
Upe = V— M (S;—5¢3) Weops v=gq/(bh). (VI.36)

ITOCKOJIBKY U=7Ups+Unz (Un2 — CKOPOCTh (HJIBTPAlHH HepTH B
o6sacta 2), ¢ yueroM 06o6uieHHOro 3aKoHa JlapcH HMeeM

Vs _ U— M (S1—Sce) Weop _ ks (S3) Uy
Ve - m (sl - SCB) Weop - kH (52) Wg ’ (VI.37)

rie ks(Sg), kuy(S2) — OTHOCHTE/NbHBlE NPOHHIAEMOCTH COOTBETCTBEH-
HO /15t BOAH U HedTH B o6sactu 2.

OnpenenuB s; u3 coorHourenuss (VI.37), ecau 3apaubl s, Scs,
ke(S2) u Ra(S2), H 3Has Bce HeOGXOAHMble BEJHYHHB, BXOASALIHE B
(VI.35), naiinem w,. [locae unterpupoBanus (VI.35) mosnyuum sa-
BHCHMOCTb X, =X, (t). TakuM o6pa3oM, Bce Heo6X0AHMble MapaMer-
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Puc. 124. 3aBHCHMOCTb OTHOCHTEJbHHX
npoHHLaeMocTeR k A HedTH M BOAH
H HedTH H BojHoro pactsopa ITAB or
BOJAOHACHINEHHOCTH §. OTHOocHTeabHasa 0,8
IIPOHHIIaeMOCThb:

I —nns HedTH NPH BhITeCHEBHH ee BOAON;

2 —pna HedTH NPH BHITeCHEeHHH ee BOJHBIM 06
pactsopom ITAB; 3 —naa Bomm; 4 — gas
BojHOro pacrsopa I[TAB

04

>

PH, XapakTepH3YIOIHe NPOLECC BHTECHEHHs He(TH H3 IjacTa BOJ-
HuiM pactBopom ITAB, onpeneneHsl. '

IMMpumep VI3. Ilycte H3 TOro ke NPSMOJHHEHHOro IJacTa AJHHOA [=
=400 ™, wHpHHOA =400 M H TOJHHON, OXBayeHHOM NPOLECCOM BHITECHEHHS,
h=10 M BHTecHseTcst HedTh BOZHHM pacTBopoM ITAB. Bsskocts HedTH B maacro-
BHX YCJOBHAX Wx=4-10-3 [Ia-c, BA3KoCTh BOIH pe=10-3 [la-c, mopHcTOCTL MAa-
cra m=0,2, s.s=0,05. [TapaMerp H30TepMH copbunu I'enpu a=0,25 m3/M3,

OTHOCHTeNbHEE NPOHHIIZEMOCTH A/ He(TH H BOAH KaK NPH BHITECHEHHH HedTH
BOAHHM pacTBopoM ITAB, Tak M uHcTON BOZOH JMHEHHO 3aBHCAT OT BOJOHACHIIEH-
HOCTH (pHc. 124), npHueM, cOracHO JaGOPATOPHHM 3KCIEPHMEHTAJbHHM JaHHHM,
5,=0,65; s,.=0,7.

Pacxoz 3akaunBaeMofi B nyact BogH ¢=>500 M3/cyT. Tpe6yercs onmpefeantsb
BpeMs f, MOAXOAA K KOHUY nuacta (x=I[) nepeanel rpaHUUB HedTAHOTO BaJa X.,
CydTasl, 4YTO BHTeCHeHHe HedTH BOJAOA H BOAHHM pactsopom ITAB mpoucxogut
NOPIIHEBHIM 06Pa30M. .

TMonoxum §;=8..=0,7; s3=s5.=0,65. TakaM 06pasoM, Koneunas HedTeoTHaua
IpH NpEMEeHeHHH BogHoro pactBopa ITAB Bospacraer Ha 5% mno cpaBHeHHIO ¢ Hed-
TeoTAadgell NpH OOHYHOM 3aBOLHEHHH.

OnpefeniM CKOpPOCTh (PHABTPAUHHM BOAH v;=v B obaactH 1. HmeeMm

q 500 M L M
U= "pr = "200.10 = 0,12 o =0,1447.10-% g

OrtHOwWenHe CKOPOCTH QPOHTA COPOLHH Weop K CKOPOCTH (PHALTPALMM U ycTa-
HOBHM 1o ¢opmyJae (VI.30). Umeem

Weop ! —0,242
v 1 = e

0,25-0,65+W5—

Orciofa weop=0,1447-10-5.0,242=0,35-10-6 m/c.
Has nepoft yactH coornomenus (VI.37)
v —m (Sy — Scs) Weop 0,1447.10-5—0,2.0,65-0,35-10-¢ 31 49
m (S, — Scs) Weop 0,2.0,65.0,35-10—8 =AY

ITocse noacTaHOBKH HHGPOBHX 3HAUEHHH BeJHYHH, BXOJAIIHX B NPaBYIO 4acTb
(V1.37), nonyqynm

Fy(s) b 4 (55— 0,05)
Fu () P — 0.7—3;

231



Taxum o6pasom

4 (s, — 0,05)
0’7—_% = 31,49.

Orcona s;=0,627.

Caen0BarebHO,
) §; —S, 0,7—0,627 - . I
w, = Yy @eop =0 65— 0.6 .0,35-108 = 1,111-10-% m/c.
Torpa

d 400 16 11,4

ty=p—= T.111-10-0 = 4167 cyt= 11,4 ropa.

3a 310 BpeMs B muacT Oyjer 3akauyano 2,084-105 mM® BomHOro pacTtBOpa
TTIAB. Ilpu gonuentpauuu ITAB B Boje 0,5 kr Ha 1 M® B naact 6yjaeT BBefeHO
1042 t I[TAB.

CienoBaTebHO, B COOTBETCTBMH C NpPHHSATOH CXeMOH Ipolecca BHTECHEeHHS
HedTH M3 IlacTa BOAHHM pactBopoM IIAB nonosHutensHo H3piekaeMas HedThb
CTaHeT IOCTYIaThb Ha NIOBEPXHOCTb uepe3 11,4 roma nocie nayasda mpoilecca.

§ 4. MOJTHMEPHOE K MHLENJAPHO-TIOJIHMEPHOE
3ABOOHEHHE HE®TSAHbIX NJACTOB

IIpn BHITECHEHMH H3 IIACTOB He(pTeH pasjHYHOA BA3KOCTH
o6BYHOH BOJOM TEKyllass H KOHeuHasi He(TeOoTAaua CHHKAETCH C
yBeJHYEHHEM OTHOLIEHHsS BSI3KOCTeH HepTH H BoAaH. s yMeHblie-
HHsl 3TOr0 OTHOIIEHUS H, CJEAOBATeJNbHO, YBEJIHYeHHss HepTeoTAauH
HCIIOJIb3YIOT BOAHLIE PACTBOPH TNOJHMepOB. B kauecTBe NoJiMMepa,
3aKayuBaeMoro B He(dTSHBIE MJACTH, Yyalle BCEro NPHUMEHSIOT MO-
auakpunamugn (ITAA). MoaexkyaspHoe crpoeHne ITAA TakoBo, 4TO
MOJIEKYJIB 3TOr0 BelllecTBa CXEMaTHYHO MOXHO HpPeICTaBHTb B BH-
e OJHHHBIX IENOYEK, COCTOSINHX H3 aTOMOB YrJjepoja, BOAOPOLA
H asora. MoJsekyaspHas Macca noauMepoB nopsinka 108, B ompene-
JEHHBIX YCJOBHSIX MOJIEKYJa NMoJHMepa npelcTapiaser cobofi uenoy-

Ky, AJHHa KOTOpOH coM3MepuMa cC

”1 pasmepaMu nop naacra. B Hekoro-

pHIX CcJayyYasix ILEeno4yka MoxeT OblThb

cBepHYTOH B KayGok uau wap. Mo-

JEKYJIBl [0JuMepa, NpOABHTasch B

z NIOPUCTOHR cpefe, B BOJHOM pacTBO-

pe Kak 6Bl «HenJsTCcsA» 32 3epHa

3TOH cpeiH, co3AaBas AOMNOJHH-

TeJbHOE (QUABTPAIHOHHOE CONPO-

THBJIEHHe M copOHpysich Ha 3epHax
MOBEPXHOCTH MOPOJ.

i) SMdf ®duabTpanus BOJHOrO pacTBOpa

NNOJIHMEPOB NPOHUCXOAHUT TAKHM 06-
Puc. 125. 3asucumocts ckopo- ~ Pa30M, dTO € yBEJHYEHHEM TpalH-
crefi GMAbBTPAUHH BOAH M AHJA- €HTa JaBJIeHHsI CKOpPOCTb €ro JBH-
TaHTHOH XHgkocTd oT grad p 2K€HHsI BO3pacTaeT MedJieHHee IO
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CPaBHEHHIO CO CKOPOCTBbIO BOAM Mo 3akoHy [apcu. JKuakocts,
CKOPOCTb (PH/IBTPALHH KOTOPOH HEJHHEHHO 3aBHCHT OT IpajdHeHTa
JaBJeHHsl, H MPHTOM C KaXX/LIM IIpUpailleHHeM TrpajueHTa laBJie-
HHS OHa BO3pAaCTaeT Ha Bce MEHbINYIO BEeJHYHHY, HAa3hBaeTcd I H-
nmataHTHoH#. Ha puc. 125 mnokasana 3aBHCHMOCTb CKOPOCTH
¢uspTpauuy OT rpagHeHTa AaBJ€HHs1 AJS OOHYHOH BOABI  (KpH-
Bast I) W ana BOAHOro pacTBopa nmosuMepa (kpuBas 2). Popmyay
3aKOHa (uJabTpanuu BoJHOro pacrsopa IIAA MoXHO mpeicTaBHTDL
B BHJIE

v=—Tk—(|gradp|)", n<l, (V1.38)

€ Msn — BA3KOCTb BOJHOTO PacTBOpa NMOJHMepa.
Oxanako ¢ yueroM ¢dakropa comnpoTuBJeHHss R 3ta ¢opmyna
HMeeT BHJ
v=——F_gradp. (V1.39)
BanR
Takoe npeiacraBjeHHe 3aKOHA (HJIBLTPAIMH BOJHOTO DAcTBOpa
ROJIHMEepa BO3HHKJO B CB3H CO CJeAYIOIIHM OOCTOATEIbCTBOM.
Ecan 3aMepfiTb BA3KOCTb BOJAHOro pacrBopa ITAA Ha BHCKO3HMeT-
pe, TO OHa COCTABHT ppn. ECJAH Xe NPOKAauMBaTh BOJHHBIH PacTsop
ITAA uepes mopHcTywo cpepy, TO Iepenaj AaBJeHHs B TaKoH cpene
Bo3pactaer (oJsiee CyuleCTBeHHO, ueM 3TO CJelyeT H3 3akoHa Jlap-
c. ITosromy u yuutHBawoT ¢aktop comporusiaenus R. M3 (VI1.39)
cJaejyerT, uTo

=R, (|grad p| )" (VI.40)

Kak yxe GHJO cka3aHo, ¢uiabTpaius BogHoro pacrsopa ITAA
conpoBoxkaercsi ero copbumeldl nopuctod cpenoit. Ilpu sTom kpH-
Basi copGiuu, ecan KoHueHTpauus ITAA B Boje 3HauHTeNbHas, He
COOTBETCTBYeT H3oTepMe ['eHpH, a NIpH HE3HAUHTENbHHX KOHLEHT-
pauusx NMoJHMepa MOXKHO ¢ OIpefie/leHHbIM NPHOJIHIKEHHEM IOJb-
30BaThCs TakoH H3oTepMoOi.

IlonuakpunaMu BHIYCKAIOT B BHAe reJisi, TBePALX I'PaHyJ HIH
nopoiuka. O6HYIHO NPUMEHSIIOT CJAERYIOUYIo KonueHTpauuwo I[TAA B
Boze: no renw 1-—5%, no TBepAoMy moJiHMepy (B BHie TpaHys] HiId
nopouika) 0,08—0,4%. BeaeacrBue Buicokod copbuun ITAA noso-
IAT €ro KOHIEHTPALHIO A0 3HAa4eHHsl, NPH KOTOPOM BSI3KOCTb BOJ-
HOTO pacTBOpa 3TOro INOJHMepPa COCTaBHJIA OB pen=5—6 us
{1ts— BA3KocTb OOHYHOH BoAwl). B 3roM cayuae cakrop compo-
THBJEeHUS R u3mensercd B npegenax b—10.

Cuuraercs, Boguwii pacrBop I[TAA uenecoo6pasnHo HCIOMB30-
BATh HOJII BHTECHEeHHUS He(pTH U3 TIJacToB IIPH ee BJA3KOCTH
pe=(10—30) -10-3 [1a-c.

B pesynbrate cop6uun ITAA mopucrofi cpemoét B mpoiuecce
BHITeCHEHUs] HedTH obpasyercsi (PpPoHT copOLMH, KaK H B cjayuae
BHTeCHeHUs] HeDTH BOIHLIMH pactsopaMu ITAB. Bnepexu ¢ponra
cop6uMH NoJHAaKpHJaMHAa B NJacTe JBHXKETCS BOJAA, MPaKTHUECKH
OUHIlleHHAast OT Hero. KapTuHa BHTecHeHHS HedTH U3 MJacTa BOJ-
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HeM pactBopoM ITAA aHajornyHa KapTHHe ee BuiTecHeHus I1AB,
noKasaHHOH Ha pHc. 123, X0Ts MeXaHH3Mbl BHITECHEHHS B 3THX
JIBYX TIpOlieccax COBEPINEHHO Pa3JIHYHHI

Pacyer BoiTecHeHHS HedTH BOAHBIM pacTBopoM [1AA u3 nmpsmo-
JHUHEHHOIO IJacTa MOXHO MPOBECTH IO METOJHKE, H3J0XKEHHOH B
npeAbIAylLleM naparpage, HCHOOJAb3Ys COOTBETCTBYIOHIHE XapakTe-
PHCTHKH BRITECHEHHSH, oNpejeseHHbIE SKCHepUMEHTA/bHO B Jabopa-
TOPHBIX YCTOBHAX.

Bonubiit pactBop ITAA MOXHO NPHMEHATb Tak¥Ke /IS PEryJH-
poBaHMsA Mpoliecca BBITECHCHHS He(MTH BOAOH, NOJb3YACh TEM, YTO
3TOT PacTBOp MNpelcTaBjasdeT COGOH AHNATAHTHYIO KHUAKOCTb. s
3TOro 3akayuBalT pacTBop [TAA B BBICOKONpOHHIIaeMble MpoOMNJa-
CKH, CHHXKAIOT TEM CaMBIM CKOPOCTb [BHJKEHHS [0 HHM BOJHI, MO-
BHIILAIOT [JaBJ€HHEe HArHETAHHS H YBEJIHUHBAIOT CKOPOCThL BHITECHE-
HHA HepTH BOAOH H3 NPONJNACTKOB C 0OoJiee HH3KOH NpOHHIlae-
MOCTbIO, :

Cpean (u3HKO-XHMHUECKHX MeTOJOB pa3paloTku HedTAHBIX
MEeCTOPOKAEeHHH H3BECTEH TaKiKe MeTOA KOMIIEKCHOIO BO3JeHcCT-
BHs Ha HedTAHOH maacT myTeM 3aKaukd B Hero cMecH [T1AB, cnup-
TOB, pacTBopuTesed HedTH, BoAbl H BOAHOro pactBopa ITAA. dtor
MeTOji MOJYYH/I Ha3BaHHe MeTOoJda MHLEeAJSAPHO-NOJHMED-
HOoro 3aBoaHeHHA [lo TakoMy MeToly NpH HCNOJb30BAHHH
CpPaBHUTENbHO HeGOJBbIIOr0 KOJHYECTBA YIJEBOAOPOAa — PACTBOPH-
Tensa HedTH, cnupTa, cyAbdoHATOB UJIH HHHIX [TAB — Ha xoHTakTe
He()Tb — KOMIIJIEKCHBIH pPacTBOp co3jaloT o6jacTh MOJHOIO CMEUIH-
BaHHA He(TH ¢ TaKuM pacTBopoM Ju60 Ha HeM pe3ko (xo 1078 H/m)
CHHKAIOT NOBEPXHOCTHOe HatsKeHHe. [lo Mepe yjajieHHsi OT Hemo-
CPeACTBEHHOrO KOHTaKTa He(Tb — KOMIUIEKCHBIH pacTBOp B CTOPO-
HY BOJOHarHeTaTe/JbHHX CKBaXKHH 0Js BOAH B pPacTBOpe AOJKHa
YBEJIHYHBATHLCA JO Te€X NOD, MOKA OH He IPEBPATHTCA B YHCTYIO BO-
ny. Takum o6pasoMm, Mexay HedTbIO H BOJOH co3faercs 06JacThb C
HU3KHM HJIH HYJIeBBIM NOBEDXHOCTHBIM HaTAXKeHHeM, T. e. obJsacTb
MOJIHOrO0 CMEIIHBaHHsl KOMILJIEKCHOro pacrtBopa W HedTu. [Ipu aToM
COCTaB 3TOr0 pacTBOPa H3MeHSIeTCS OT YHCTOH BOJAH A0 PacTBOpH-
Teas HeTH.

[Ipn pocTHXKEHHH ONpeleseHHOrO COOTHOLIeHHs BOAH, ITAB,
yreBOJOPOJOB H COHPTa B pacTBOpe o6pasyiorcsi HH3HKO-XHMHYe-
CKH CBsI3aHHble TPYNNBl MOJIEKYJ — MuueMInl. Tako# pacTBop Ha-
3bIBAETCSI MH1L € J 5D HB M.

Onsako s(pdeKTHBHAs BA3KOCTb MHIEJISPHOTO pacTBOpa OKa-
3piBaeTcss Gosbliefl, 4eM BSI3KOCTb HCXOJHBIX BeELLECTB, €r0 COCTaB-
agowHx. Ecnin B6/IM3H JHHHH HarHeTaHHsl 3TOT PacTBOP NMEPEXOAHT
B BOAY, TO IOJydYaeTcsl, YTO MOCJHeJHSI] KaK MeHee BS3Kas KHI-
KOCTb JOJDKHA BBITECHATb Go0Jjiee BSI3KYIO KH/IKOCTb — MHIEJJISAP-
Hblfi pacTBop. B Takom ciyuae k03d@HIHEHT BHITECHEHHsI pacTBO-
pa cHH3HTcA., [103TOMY A/ NPOJABHIKEHHS] OTOPOUYKH MHLEMJISIPHOTO
pacTBOpa IO MJACTy HCHOJB3YIOT BOJHEIH pacTBop mosaumepa. Ta-
KOe BO3JeHCTBHE HA IJAacT Ha3bBAaeTcs] MHUIEJJsIpHO-NOJ H-
MEepHHM 3aBOLHEHHEM,.
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V3BecTHH pasJHYHHE COCTAaBH MHLENJISIPHEIX pacTBOopoB. Ha-
IpHMeEp, HCHNONB3YIOT PacTBOPH Takoro coctaBa (B %): 1) cyuasb-
¢oHaTH — 6; TMOBePXHOCTHO-aKTHBHOe BemectBo OI1-4—1,2; uso-
IpONHJIOBHHE cnupT — 1,2; kepocHH — 51,6; Boga —40; 2) cynbpo-
HaT — 8, [IAB—2, HedTp HiH cocTaB onmpeneNeHHBIX XHAKHX YIJe-
Bopopoaos — 30, Boga — 60.

§ 5. NPOBJIEMbl NPUMEHEHHSA ®H3HKO-XHMHYECKHX
METON OB PA3PABOTKH HE®TAHbIX MECTOPO)XJIEHHHA

Haun6osnee n3yueHnl W HCHOHTaHB (H3HKO-XHMHUECKHE METOLL
paspaboTKH He(dTAHLIX MECTOPOXKJAEHHH C BbITeCHeHHeM HedTH HU3
IIJ1aCTOB YIVIEBOAOPOAHBIMH DacTBOPHTEJSMH, BKJuass oboraiieH-
HBIH yrJeBOAOPOAHHIA ra3 H NPHPOJHBIA ras NpH BBICOKOM [aBJe-
HHH, a TaK¥e ABYOKHCBIO yrJjepoja.

Iasi BoiTecHeHHs HedTH HCNOJB3YIOT ras, copepxxamHui 65%
MeraHa ¥ 359% 3TaH-MpPONAaHOBHIX (ppakuHH, a TakkKe o6GOraieHHHH
ras (35% wmerana u 659% »srtan-nponaHoBbix ¢pakunit). Kosdou-
LIHEHT KOHEYHOH He¢TeoTAAuu NPH BbITeCHEHHH HedTH cocTaBisieT
60—709% wu 6oJee.

PesyabTaThl pa6oT MO HCHOJb30BAHHIO BBITECHEHHS HeMTH H3
NJacTOB O6OrameHHbIM ra3oM IpPH BHICOKOM JAaBJEHHH YKa3HBaKT
Ha BO3MOXHOCTb AOCTHKEHHsI KOHeuHoH HedTeoTnauu 70% u BHIUE.

Heo6xonuMoe ycaoBHe ROCTHXKEHHsI BHICOKOH HedTeoTHauH 3a-
Knouaercss B ofecreueHHH cMelrHBaeMocTdH HedTH u rasa. Has
3TOro HedThb JOJKHA ObLITb MAaJOBA3KOH, COAep:KAaTb He3HAUHTeJb-
HO€ KOJIHYeCTBO cMoJ H acanabTeHoB. PH3UKO-reoJOrHUECKHE YC-
JIOBHS NJIaCTa JIOJKHH GHITb TaKUMH, YTOGHl AJS1 BHITeCHEHHs Hed-
TH MOXKHO ObLJIO HCIOJIb30BAaTh MPHPOJAHBIA HJIH OGOraleHHHH a3
IIPH BHICOKOM ILJIaCTOBOM JaBjeHuH He Huxke 20 MIla.

BaxxHoe 06CTOsITENbCTBO — HaJHuHe BGJH3H MECTOPOXKJAEHHs, B
IJIacThl KOTOPOTO NpEANoJaraeTcss HarHetaTh ras, PecypcoB MNpH-
DOJHOr0 WJIH OforanleHHOro rasa. B kauecTBe TakuX pecypcoB MO-
TYT CJYXHTb, INIaBHBIM 0O6pasoM, OJau3jexaliye Tra3oKoHAeHCar-
HBle MeCTODOXKIeHHs, a Takxke He(TsHHE 3aJexH, COAepKallue
JKUDHBIH HeTAHOA ras.

OnwiT paspaborTku HeDTAHBIX MeCTODOXKAEHHH ¢ HCIOJb30BA-
HHeM JIBYOKHCH yrjiepojaa AIJs BbITECHEHHSI He()TH NMOKAa3bIBAeT, 4TO
B 9TOM cJjyyae NIpPH GJaronpHATHBIX YCJOBHSAX HedTeoThaua miac-
TOB [0 CPaBHEHHIO C HedTeoTAauell NpH OoOBIYHOM 3aBOLHEHHH YBe-
guuynBaercsd Ha 10—159%. HauGoabiiunit sddexrr moayuawrt, ecau
npuMeHsilor oTopoukH CO; B XKHAKOM, 3aKPHTHYECKOM HJH Jaxe
B rasoo6pasHoM cocTOssHHH. OTOPOYKH INPOJBHIalOTCS IO MJIacTy
oA BO3JAeHCTBHeM 3akauHBaeMOil B Hero Boanl. IIpouecc BbiTecHe-
nusi HepTH CO, cleayeT NPHMEHSATh NPEHMYLIECTBEHHO NPH paspa-
60TKe MeCTOPOXKAeHHH JierkHx HedTedl ¢ He3HAUHTEJbHBIM COJep-
>)KaHHeM TAXKEeJBIX yTJeBOLOPOAHBIX KOMIIOHEHTOB, ¢MoJ H acdaib-
TEHOB, KOTODHIE MOTYT OCaXAaTbCs B IIOPHCTOH cpefle NIPH KOHTakK-
Te He(TH ¢ JBYOKHCbIO YIJepoja H BBHIEJNEeHHH H3 Hee JIerKHx
dpakumit.
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OzHofi u3 OCHOBHHX npoG6/eM, BO3HHKIIHX IPH HCIOJNb3OBaHHH
pacTBopHTeNeH H rasa NpH BHCOKOM AA4BJIEHHH, SBJSETCH Henomy-
LlleHHe NpeXKAeBpeMeHHBIX IIPOPBHIBOB rasa B A0OLIBAIOLIHE CKBAXKH-
HE H BO3DACTaHHs B HECKOJbKO pa3 rasoBHX (AaKTOPOB CKBAXKHH.
CuJIbHBIE TPOPBIBH rasa CNocOOGCTBYIOT CHHXKEHHIO KO3(PGHIHEHTa
0XBaTa IJIACTOB BO3/eHCTBHEM, BCJAEACTBHE 4Yero B ONpPeAeJEeHHBIX
YCJAOBHAAX C BO3pacTaHHeM Ko3(p¢HUHEeHTd BLHITECHEHHs KOHeYHasi
HediTeoT]a4a NO CpaBHEHHIO ¢ He(dTeoTHauyedl NpPH 3aBOLAHEHHH MO-
JKeT CHH3HTBCH.

B nensx npeofoteHHs TPYAHOCTeH, CBA3aHHBIX C YKa3aHHOW
npo6saeMoH, cJeiyeT CTPEMHUTbCsS HarHeTaTb OOBIYHBIH HiaM o6ora-
IleHHBIH T'a3 NPH BBLICOKHX [JaBJEHHSIX B NMOBHIIEHHBIE YAaCTH CTPYK-
TYp, @ €CJIH BO3MOXHO, B HX Kynosa. B 3ToM cjydyae rpaBHTalHOH-
Hoe pasjeseHHe HepTH M rasa OyJeT HECKOJbKO IpelaTCTBOBATH
NPOpBHIBAM NOCJAENHEro B J06BIBAIOIIHE CKBAXKHHBI H CHHKEHHIO KO-
3¢ PpuHHeHTa OXBaTa IJacTa MpOLEecCoM.

[Ipo6neMa pa3BuTHA MeTOAOB pa3paboTKH He(dTIHBIX MeCTO-
pPOXAeHHH ¢ HCNOJbL30BaHHEM 3aKAYKH B NJAaCThl YIeBOAOPOAHBIX
pacTBOpHTeNeH, 060raleHHoro ra3a H 06bIYHOrO ra3a IPH BHICOKOM
[N aBJICHHH HOCHT TE€XHHKO-3KOHOMHUYECKHH XapakTep.

OHa 3akJ/wyaercs B TOM, YTO IIPH HCIOJBb30BaHHH YKa3aHHBIX
METOJOB B IJIACT HeOGXOAHMO 3aKAUHBATh 3HAUHTEJbHBIE KOJHYE-
CTBA HEeHHBIX YIJeBOJAOPOIOB, JajeKo He NMOJHOCTBIO H3BJEKaeMbIX
U3 Hero BO BpeMs BLIMBIBAHHS YIVIEBOAODPOAHOH OTOPOYKHM HArHerae-
MBIMH B IJIACT BOAOH MJH ra3oM. B Hauaje pasBHUTHS MeTONOB H3-
BJeYeHHs He(PTH H3 nmJacToB OTOPOYKAMH YTJIEBOALOPOAHBIX PACTBO-
pUTeJed NpeanoJaraJocb, YTO 3TH OTOPOYKH OYAYT COCTaBJSATH
Bcero 0,05—0,10 mopoBoro o6wvema miactoB. OaHAKO B AajbHeil-
mmeM, rJaBHBIM 06pa3oM B CBf3H C YYeTOM MNMOBHILIEHHOH JHTOJOTH-
4eCKOR HEeOJHOPOJHOCTH H TPEIUHHOBATOCTH IJIACTOB, cpOpMHPOBA-
JIOCb MHEHHe O TOM, 4YTO Pa3Mep OTODOYEK PacTBOPHTeNs B IJac-
TaX CO CPABHHTE/JbHO NOJOTHM 3aJ€raHHeM JOJIXKeH COCTaBJATh
0,2—0,25 mopoBoro o6bvema nusacra. OTcoaa, €cad HMeTb B BHAY
KpyImHOMacliTabHOe HpHMEHEeHHe INPOHEecCOB BHITeCHEHHS He(pTH H3
IJ1aCTOB YIJIEBOJAOPOJHBIMY pPACTBOPHTENSIMH, NoTpebyeTcsi 3aKay-
Ka B IJIACTHl M OCTaBJIeHHE B HHX Ha JOJTHe TOABl (H, MOXeT
OBITb, HaBcerja) OTPOMHBIX KOJHYECTB LEHHBIX YrJeBOAOPOAOB.
BosHHKaOT BONMpoChl: 0TKyAa Gpath 3TH yraeBopopoln? CobupaTts
HX HA ra3oKOHJEHCATHbIX MECTODOXIEHHSIX, pa36POCAHHBIX 1O BCeH
CTPaHe, H COCPeJIOTOYHBATh HA HECKOJbKHX He(dTAHBIX MeCTODOXK-
Jenusax? HMaum monyuats B pesyabTaTe mepepaboTKH HedTH, OCTaB-
Js1 AJIsS1 HAPOAHOTO XO3HCTBA TOJLKO TsKesble Gpakuuu? DTO He
MOXeT OBbITb ONpPABJaHO C 3KOHOMHYeckOH TOoukH 3peHusi, OnpHako
B 6/1arONpHSATHHIX YCJOBHSIX, 3aKauyMBas, HaNpHMep, O6OralleHHbIH
ras, IOJyyaeMbll H3 HelaJeKO pacllOJIOXKEeHHbIX Ta30KOHIeHCATHhIX
MECTOPOXKJEHHH, B KYMOJbHYI0 4acTb He(DTAHOrO MeCTODOXKJEHHS,
MOXHO 3(Q¢eKTHBHO OCYILECTBJATb IIPOLEcC BHITECHEHHs HedTH
YrJ1€BOJODOAHBIMHE PACTBOPHTENSAMH.

OnHo W3 HampapJeHHH, MNOBHIUAMIHX HeJeco06pa3HOCTh BhI-
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TECHCHHs] He(dTH H3 IJIACTOB OGOralleHHBIM Fa30M HJIH OOBLIYHBIM
rasoM IpH BHICOKOM [ aBJIEHHH, ~— COBMeCTHasl 3aKaukKa BOJbl U rasa
(BomOrasoBHIX cMecefl) B IJacThl.

I'mapHasi npo6seMa CYyLWECTBYOUIHX (DU3UKO-XUMHUYECKHX METO-
AOB TIOBBIUIEHHS HepTEOoTAayH, OCHOBAHHHX Ha HCIOJb30BaHUH
J06aBOK K 3aKauMBaeMOH B IJIacTH BojJe (PHU3HKO-XMMHUYECKH ak-
THBHHEX npuMecell (I[TAB, mojuMepoB U UX cMeceft), 3aKJlouaeTcs B
IpEeOJ0JSieHHH OTPHUATEJNBLHOTO BJHAHUS Ha INMPOLECCH H3BJEYEHHS
HedTH copOuHH 3THX NpHMeceH IOpHUCTON cpelod,, a BO3MOXHO, H
OCTAaTOYHOH HEPTHIO.

Kax 6bu1o mokasaHo, copOLHsi NDHBOAHT K CYIIECTBEHHO GoJee
MeIJIEeHHOMY PacHpOCTPaHeHHIO B IJiacTe aKTHBHOTO BEIleCTBA, BHI-
TECHEHHI0 3HAYUTEJNbHOH YacTH HedTH OUHINEHHOH OoT A06aBOK
BOOOH H K pEe3KOMY CHHXKEHHIO 3((eKTHBHOCTH (PH3IHKO-XHMHUE-
CKHX MeTOZOB NOBHIUIEHHs Hedreornaun. CopOuUUs MOXKeT IIPHUBO-
JHTb TaKxXe K paspylleHHIO OTOpodeK cMecedl (H3HKO-XHMHUYECKH
AKTHBHBHIX BeILLECTB.

OpHnako, HeCMOTpPsL Ha MHOTHe OTpHLaTeJbHbBle ABJEHHS, (HU3H-
KO-XHMHYECKHe METOABl IOBbIlIeHHs1 HedTeoTaaun Heo6XOAHMO Npo-
JOJKAaTh H3y4yaTb, HaXOAUTb HOBble GoJiee 3¢pPeKTHBHBIE KOMIIO3H-
HHH BellecTB, HOBHIE, Gojiee 3 deKTHBHEBIE COCOOH HX NMPHMEHEHHs
IJ1sl yBeJHYEHHs HedTeoTAauH.

D¢ deKTHBHOCTh Ke TaKHX MeTOJOB, KaK BHITeCHEHHe He(pTH
rasoM INpH BBICOKOM [ aBJIEHHH H [BYyOKHCbIO YIJIeDOAa, IOATBEDIK-
JeHa (akTHUECKHMH pe3yJbTaTaMu, TIIOJY4YeHHHIMH Ha peasbHHX
MecTopox/JeHHAX., ONHAKO IIPH HCNOJb30BaHHH 3THX MeTOAOB BO3-
HHK DS TeXHOJOTHYeCKHX TPYJAHOCTeH, CBA3AHHLIX C TPAHCIOPTOM
CO; Ha 3HauHTeJbHBE PACCTOSIHHS, KOPPO3HeH 0060pyHOBaHUs, pe-
renepanuet CO; U3 ee cMecu ¢ HeThIO H HeTAHBIMH rasaMu H Ap.

HanvHefitue  HccAenoBaHHsi B 06JacTH  (PU3MKO-XHMHUECKHX
METO/I0B NOBbILIEHHS HedTEeOTAauu U TUlaTeJbHHH aHAJH3 ONLITHO-
NPOMBILIIEHHBIX pa6oT MOMOryT 60Jiee TOYHO ONpPeAesHTb 3ddek-
THBHOCTb 3THX METOJ0B.

KoHTpoabHBIe BONpockl

1. BeiBenuTe COOTHOILIEHHE, cayKallee JJsl ONpefleleHHs IJH-
HBl 30HH CME€CH NpPH BLITECHEHHH H3 NJacTa He(TH CMeLIHBAIOLLUM-
Cfl C Hed BeILleCTBOM.

2. Ilpy Kakux JaBJeHMAX H cocTaBax He®TH H BTECHSIOLLErO
ee ra3a BO3MOXKHO 06pasoBaHHe B mjacTe 06JacTH MOJHOIO CMe-
IHBaHusA HedTH M raza? Pacckaxure 06 3TOM ¢ IOMOLIBIO Tpe-
yroJbHo# nuarpamMmu I'H66ca.

3. O6bscHHTEe CYTh MeXaHH3Ma H TEXHOJNOTHYECKHX METO/OB
BO3/leHCTBHA Ha IJacT NyTeM 3aKaukH B Hero JABYOKHCH yIJepofa.

4. BuBeaute ¢opMysny, [AOKa3hBaOUIYIO OTCTaBaHHe (pOHTa
COpOUHHN OT (PpPOHTA BLHITECHEHHs] NMpPH 3aKaukKe B IJACT BOAHBHIX pa-
ctBopoB ITAB uiu mosHMepoB.

5. O6GbsAcHATE CYThb MEXdHH3MA M TEXHOJOTHH MHIENIspHO-
NOJIHMEPHOTO 3aBOJHEHHUS HE(TAHBIX [1J1aCTOB.
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I'masa VII

TENJOBBIE METOJ1bl PABPABOTKH
HE®TSAHBIX MECTOPO)KAEHHA

§ 1. TEMIIEPATYPHASI OBCTAHOBKA B IIJIACTAX
H EE HBMEHEHHE B NPOLECCE PA3PABOTKH MECTOPO)XIA EHUH

HavaabHoe 3HaueHHe MJIacTOBOH TeMmepaTyphl H ee pacnpefesneHHe
OTPeeNsIOTCA re0OTePMHUECKUMH YCJOBHAMH, B KOTOPBIX HaxoJAHTCA
MecropoxJeHne. OGBYHO NJacToBasi TeMnepaTrypa HedTsSHEIX Mec-
TOPOXKJEHHHA COOTBETCTBYeT cPelHeMy TreOTePMHUECKOMY pajHeHTy
B JlaHHOM reoJioTHYecKoM perxoHe. OfHako Ha6JIOfaOTCA U CylLIle-
CTBEHHHIE OTKJOHEHHs NJaCTOBOH TeMIepaTypH OT 3TOH BeJHYMHEL
Torna cuuTaloT, 4TO MJAacToBas TeMlliepaTypa IOBHIIEHHAS HJH IIO-
HHXeHHasd. 30HH 3e€MHOH KOpH C BHICOKOH TeMIlepaTypoH HashlBa-
I0TcATeoTepMaJJbHBMH 30HaMHU.

B npouecce paspaboTkn He)TAHOro MeCTOPOXK/ECHHA €ro N/1acTo-
Bafd TeMIepaTypa MOXKET CYLIeCTBEHHO H3MEHHTbCS. IJTO MPOHCXO-
IHUT IPH 3aKauke B MJACT BEUIECTB, IMaBHEIM 06pasoM BOJLL, ¢ HHOH
TeMIlepaTypoH, YeM HayaJbHas [JacTOBas, a TaKXe IPH 3K30Tep-
MHUeCKHX peakuusix B Ijacte. B 3HauMTeqbHO MeHbIle# CTemeHH,
KakK 310 Onljlo noxasaHo B ra. II, naacroBasa Temneparypa H3MeHs-
€TCsl 32 cyeT JpOCCEJHPOBAHHA H3BJEKaeMHX XKMJKOCTeH H rasos
H THADPaBJIHYECKOTO TPeHHs O NMOpOJAH MJjacTa (UAbTPYIOUIHXCH B
HEM BeleCTB.

Pacnpenesenne niacToBoll TeMIlepaTypH IO/ 3eMJedl H H3MeHe-
HHE €€ BO BpEMEHH HA3bIBAIOT TEMIepATYPHEHIM pPEeXHMOM
MecTOpoXJAeHHusl. l3meHeHHe TemnepaTypbl B HedTAHBIX [JacTax
HPOUCXOAHT B OCHOBHOM 3a CUET TENJIONPOBOAHOCTH M KOHBEKHHH.

Hedranele naacTsel He TENJOH30JAHPOBAHBI OT OKPYXKAaIOUHUX IO-
poA H oT Apyrux mnaactoB. [TosTomMy Bcikoe H3MeHEHHe TeMIepary-
pHl Ha KakoM-1HGO y4yacTKe IO CPaBHEHHIO C APYTHMH Y4YacCTKaMH
BJedeT 3a coboll ee mepepacnpefleieHde H [EPEHOC TellJa 3a CYET
TENJONPOBOAHOCTH. 3aKauka B IJ1acT BOJAB C HHOH TeMIeparypow,
yeM mJacroBas, H JoObua u3 njacta HedTH ¢ IJIACTOBOH TeMmepa-
TYpOH NPHBOAAT K H3MEHEHHIO COJAepIKaHHsA TemJa B Ilj1acre H, cje-
JIOBATEJbHO, I1J1aCTOBOH TeMIlepaTypHI.

PaccMoTpuM mnpoiiece BhITeCHEHHS HeTH BOAOH H3 OJHOPOAHO-
ro NpAMOJHMHEHHOro NJjacra B YCJOBHAX, KOrJla 3aKayHBaeMas BO-
Ja MMeeT WHYI0 TeMIeparypy, uyeM IiaacroBaf. bylem cuumrtath Aas
IPOCTOTH], YTO BHITeCHEHHe HedTH BOAOH MOpILHEBOE, IIPHYEM OCTa-
TOYHAs He()TEHACHIIEHHOCTb Suocr YMEHBLIAETCH C YBEJHYEHHEM
TeMIepaTyphHl N0 ONpefe/eHHOMY 3aKOHY.

JlonycTHMm, 4TO B paccMaTpHBaeMHI OAHOPOJAHBIA IJACT 3aKa-
yMBaeTCsl BOJAa C TeMNeparypoit MeHbuled, ueMm maacrosas. [lo-
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CKOJIBKY B CJlyyae ITOPIIHEBOro BhHITeCHeHHS HedTH BOJOH H3 06BOJ-
HEHHOH 006J1acTH He BhITECHSeTcH HedTh naxke NpPH NJacTOBOH TeM-
nepaTtype, TO NPH 3HAYeHHH ee MeHblIeM, 4eM IJaCcTOBAf, H3 ITOH
o6sacti TeM 6oJiee He GyneT BHITECHATLCA He(Th.

BenencTBHe ToOro uto paccMarpHBaeMBI  IIpoIecC BHITECHEHHA
He(dTH BOAOH NPOHCXOZUT B HEH30TePMHUECKHX YCJOBHSAX, KOrAa
TeMIleparypa B IJlacTe He OCTaeTcsi HEH3MEHHOH, HeOGXOJHMO HC-
N0JL30BaTh YpaBHeHHe MepeHoca TemJa B msacre. JlJs BEIBOAA 3TO-
ro ypaBHeHHSl PacCMOTPHM 3JieMeHT NpsSIMOJHHeHHOro mJjacra, Io-
KasaHHbIH Ha puc. 126, CaeBa B 3JleMeHT IJacTa AJHHOH Ax, BHICO-
Toll A u wHpuHOH b (puc. 126) nocrynaer BoAa ¢ Temneparypoi T.

IIpx BBOZE BOAH B 3JEMEHT NJacTra C HHOH TeMmeparypoi, He-
e TeMIepaTypa BOJAB B 3JieMeHTe, NPOHCXOAUT NepeHoC TelJa
3a cuerT KOHBeKuuH. KpoMe Toro, TenJo nepeHocHTcs B IJIACTE H 34
CUeT TeMJONPOBOAHOCTH. ECAH Usx — CKOPOCTb QUIBTPALHH BOJAH B
HalpaBJeHHH OCH X, TO CKOPOCTb BBOJAA Tellla B 3JeMeHT IJacTa
yepe3 ero JIeBYI0 TpaHb 3a CUeT KOHBEKTHBHOro IepeHoca Oyner
CspsUs:T. Uepes nmpaBylo rpaHb 3jeMeHTa JacTa TelJoOTAada NMpo-
HCXORUT 32 CUET KOHBEKIHH CO CKOPOCTHIO
CaPaUsT 42 00000:T)
rie Cy— yAeJbHas TENJOEMKOCTh BOJH; Oz — IJIOTHOCTb BOIHL.

KpoMe KOHBEKIHH TeNJO NEPEHOCHTCH B IJACTe 3a CUeT TEMJo-
npoBogHocTH. Uepes seByio rpadp (cM. puc. 126) ssnemeHT nogayvya-
€T TelJIO CO CKOPOCThIO Ury, H Uepe3 NPaBYIO rpaHb OH OTAaeT Tel-
Ax. CnenyeT yYHTHIBaTh, YTO B 3JIEMEH-

Urx
2
Te cojepxKaTcsi oCTaToyHass HedTh M BoAa. [losTomy mpupamenue
TEIJIOCOAEPKAHHS B HEM BbIpaxaeTcd CJACAYIOUIHM 06p330M:

A {[CTpT (1 —m) —{—CBanLs—{—chﬂmsH oc'r] T},
rjae c¢r—mMaccoBasdg yaeJbHasg TEMJNOEMKOCTb TOPHBIX NOPOA (MPIHe-
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pasioB, CJAaralplux TOpHEE MOPOJH); pr— MJIOTHOCTb MHHEDAJIOB;
S — BOJIOHACHIII[EHHOCTb.

CKOpOCTb Urr PACHPOCTpPaHEHHS TemJsa 3a cueT TemJOoNpoBOLHO-
CTH, KaK 6bljo nokasauo ra. 1I, Buipaxkaercs 3akoHoM ®@ypoe. Eciu
Usx=Us, COLVIACHO 0aJIaHCYy TenJa B 3JeMeHTe IJacTa MOJYYHM

[CnpnvnT—canUBT"“‘ 6(;}35);@ A)C] bhAt+

0

—]—(v,x—vu—— S Ax) bhAt =
= A {[c,0r (1 —m) T CoPaMS—CaPuMSy ocp] T} bh—2q,bAXAL. (VIL.1)

3lecb ¢r— CKOPOCTb OTHAUM TeNJaa ¢ eAHHHIB IJOLLAAH KPOBJH H
OOJOIIBEI IJACTa 33 CUeT TelJONpoBOAHOCTH. Temjaoorpaua Kak
yepe3 KDPOBJIO, TAaK H Yepe3 NMOAOILIBY MJacTa YUYHTEIBaeTcsi UH(PpOH
2 B mocjeAHeM uJieHe B mpasoil yactu dopmyan (VIL.1).
Mexanusm mepeHoca rtemsna B HeTAHOM IJjacTe 3a CYET KOH-
BeKIlMM HMeeT OJHY BecbMa BaXHyH 0cO6eHHOCTb: 30HAa C UHOW
TeMrepaTypoH, ueM IJactoBaf, T. €. OXJaXAeHHasd HJU Harperad,
mepeMeIaeTcs B IJacTe ¢O 3HAUHTEJAbHO MEHbIIEH CKOPOCThIO, UeM
CKOPOCTb [BHXKEHHs1 BOJALI B MOPHCTOH cpefie. ATO NMPHBOAUT K OUEHb
BaXXHOMY AJs pa3paboTKH HEPTAHEIX MecTOpoXIeHHR addexrty,
3aKJawyaplleMycs B TOM, 4TO IIPH 3aKauke B IJacT BOAH C TEM-
nepatypol, otauyawlilelics ot nJaacToBoi, obpasyouasncsa IpH 3TOM
B IJIacTe OXJaxJeHHas HJH Harperas 30Ha, B 3aBHCHMOCTH OT OT-
HOUIEHHSI TeMNEpaTypPH 3aKauHBaeMOH BOABl K INepPBOHAYaJbHOMN
MJ1acTOBO{, OTCTaer OT (ppoOHTA BHITECHEHHA HedTH BOIOH.
JIoKaxXeMm BO3HHKHOBEHHE yKa3aHHOro 3(¢hekTa TeopeTHYECKH,
ucnoan3ays ypasHeHue (VIIL1). JOna 6Gosbluiel HarJAsJHOCTH 3TOTO
JOKa3aTeJbCTBA YNDOCTHM €ro, a HMeHHO: npeHe6peraem mnepeHo-
COM TellJIa 32 cueT TENJONPOBOAHOCTH BAOJbL OCH X U OTHAved Temn-
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Puc. 127, CxeMa BoiTecHeHHs HedTH XOJOZHON BOXOH H3 NMPAMOJHHEHHOTO TeMJo-
H30JHPOBaHHOTO NJacTa
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Ja B KPOBJIO H NOJOMIBY; BHIHECEM 3a 3HAKH COOTBETCTBYIOLIMX
MPOHSBOAHEIX CKOPOCTb KOHBEKTHBHOTO IlepeHOCa TEeNJa CsPslUp H
BeNUYUHY  [Crpr(1—m)+Capems—+cCupurn (1—s) ], yunThHBasi, uTO

Synocr=1—s8.
B pesyabrare, uckawouuB u3 (VII.l) B3auMHO yHHuYTOXKalOIIHe-

Cs 4J€HH, IIOJY4YHUM, NoJgaras Ax—0
aT aT
CpPsls _ax_"l_ [C2Pr (l —m)+chans+chHm (1 —S)] ot 0. (VHQ)

B npsamosuHeiinnit naacr (puc. 127) cuesa uepes rpanuny x=0
3aKauMBaeTcs XOJOJHasl BOJA NpPH MOCTOSTHHOM pacxojie § H TeMIe-
parype T=T,, npudem T1<<Tusx (Ton— HauasJpHas NJacToBas TEM-
neparypa).

B satom caydyae B niacrte obpasyercss (pOHT OXJaXJEHHUA C KO-
opauHaToil X,. Temnepatypa B obaacth O0<Cx<Cx: coctaBuT T),
a np¥ x=xr I'=Ty, PPOHT OXJaXIEHHA [0 Mepe 3aKaYKH XOJIOA-
HOH BOJAH OyJeT mepeMellaTbCi CO CKOPOCTHIO Wi, MpPHYEM

@, = dx./dt. (VIL3)

Pemenue ypaBHenus (VII.2) B paccmarpuBaemMoM cayuae Gyznem
HCKaThb B BHJE

T=f(x—uwd), (VII.4)
rie [ — GyHKuusa oT nepeMeHHOH §=x—w,!.
HimeeMm
aT .. ar
W =f N -—at— = —--w,rf', (VII.5)

IMopcrasum (VILS) B (VII.2). B pesysbrate

fl {cnpsvs_[c'rp'r (1 _m)"l_cnpsfns"l_cnpnm (1—s)] w’r} =0. (VHG)
B o6iem cayuae f'5=0. Toraa paBHO HyJIIO BHpaXKeHHe, 3aKJIIOYEH-
Hoe B ¢urypHoie ckob6ku cootHoweHus (VII.6). Orcioma

Zr = “Ps (VIL.7)

Us Cxpr (1 — m) + Gapoms + Cupum (1 —s)

Ouenum BeaHuuHy w./vs. IlycTb cs=4,19 kJx/(kr-K); p==
=10 «xkr/M%; ¢:=1,3 kIx/(xr-K); p:=2,5-10> kr/m%;, m=0,2;
Spocr=0,4; §=1—Srocr=0,6; ¢a=2,1 KIx/(kr-K); px=0,85-
103 kr/M3; ses=0. IloacraBuM npuBefieHHBIC JaHHHE, XapaKTepHLIE
IJs ycJoBHH peasibHHX He@TAHHX mJacros, B (VIL7).

Tonyuum

we 4,19-108 —1.991
vs  1,3:2,5.0,8-108 - 4,19.108.0,2.0,6 1 2,1-0,85.108.0,2.0,4 <%+

Takum o6pasoM, B JaHHOM cJydYae CKOPOCTb NepeMeIleHHs B
naacre GpoHTa OXJaxKJeHHd NpHMepHo B 1,3 pa3a mpeBHINaeT CKO-
pocTk ¢uabTpanuH BoAH. Ecau ke oTHecTH ckopocTh ¢poHTa
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OXJIaXKJeHUs K CKOPOCTH ()pOHTA NOPIIHEBOro BHITECHEHHA HedTH
BOJOH ws, TO

—L =T —:—v—m(s——scn)= 1,291.0,2.0,6 = 0,155,

CaegoBaresibHO, (DPOHT OXJaXKJIeHHS B KaX/JblH MOMEHT BpeMe-
HH OoTcTaer oT ¢poHTA BuTecHeHUd HedTH Boxoit B 1/0,155=6,45 pa-
3a. OTo 3HauuT, uTo HedpTh OyJdeT BHTECHATbCA M3 IJ1acTa He
OXJIaXKJeHHOH BOJAOH, a BOAOH C NJacTroBoH Temmneparypoii. Utolml
MOJIHOCTBIO OXJIAAHTH 3TOT HAEAJH3HPOBAHHHIN IJIACT AO TeMIepa-
TYypH 3aKayHBaeMOH BOJH, HY>KHO IIpOKayaTh Yepe3 HEro IpH yKa-
3aHHBIX ycaoBUAX Q:=6,45(5—scs), T. €. mpuMepHo 3,9 MOPOBOro
o0beMa X0J0JHOH BOAHI.

OnHako paccMOTpeHHHH IJIACT HAeaJHM3HPOBAHHHIH — OXHOPOA-
HbIi H TOJHOCTHIO TEIJIOH30JHPOBaH. B peajbHBEIX Ke YCJOBHSX,
KOrJla TelJIO HempephIBHO NMOCTyNaeT yepes3 KPOBJIO H MOMAOIIBY, ec-
JHM B ILIACT 3aKayHBaeTcs XOJoJHas BOAA, IIPOHCXOAUT OXJaxKje-
HHe KOHTAaKTHPYIOIIMX C HUM ADYTHX NJIacTOB HJH cJoeB. Takum
0o6pa3oM moJyuyaercs, YTO B HanbGosee BBHICOKONPOHUIIAEMOM IpO-
nJjacTke, B KOTOpPbIH B OCHOBHOM IpOHHMKaeT 3aKayHBaeMmasi X0JO[-
HasA Boja, HePTh 32 OCHOBHYIO 4aCThb BPeMEHH pa3palOTKH BHITEC-
HseTcda BOAOU ¢ mjacrtoBofl Temneparypofi. IIpu aToM B BEHCOKOMpO-
HHIA€MOM MpoNJacTkKe He YXy/JIIAIOTCA YCJOBHS BHITECHEHHS Hed-
TH [0 CPAaBHEHHIO C YCJOBHSAMH B IIpoliecce 3aKaYKH BOABI NMPHU MJa-
cTOBOH TeMmmeparype. B cocemHux ke INpomjacTkax MoOXKeT Ha-
6J10aThCsl yMeHbIIEHHe TeMNepaTyphl H yXy/lleHHe YCJOBUH Bbl-
TeCHeHUsl, 0cO0eHHO ecJH HedTh B HHX o6JsajaeT CBOHCTBOM pe3KO
YBEJHYHBATh BA3KOCTh C NOHHXKEHHEM TeMIepaTyphl HJH B HedTH
KpUCTaJau3yeTcss mapaduH M oHa npuoGperaeT HEHLIOTOHOBCKHE
CBOHCTBaA.

Bo BpeMs 3akauku BOJB B IJIACT, C UeJbl0 BHITECHEHUS W3 HEro
HeTH, ¢ Temnepatypo#i T>>T,, obpasyerca TensaoBasg 30Ha — 06-
Jactb ¢ temneparypofi To. IlepenHiolo rpaHuny 3Tofi 30HH HA30BeM
¢GpoHTOM HarpeBa HJH TemJoBbiM ¢poHTOM. CKOpPOCTb IIpOABHKE-
HHUs Takoro ¢poHTAa MOXKHO OINpeleluTb AaHAJOTHYHO ¢(POHTY
OXJIaXK[eHus ¢ ToH TOJBKO pa3HulelH, UTO B 3TOM IOCJEIHEM CJY-
yae u3 30HH 0<Cx<CX: (¥: — KOOpAMHATa TeNJIOBOro (poHTa, CM.
pHc. 128) O6yder AONOJHHTENbHO BHITECHATbCH HedTh M BHepelH
TEImJIOBOro (ppoHTa NMPH X <L X<Xs obpasyercss 30Ha NOBHIIEHHOH
HeTeHACHIIEHHOCTH (HeTAHOH BaJ).

B HeKoTOpbIfi MOMEHT BpeMEHH paclipeje/ieHHe HaCHILEHHOCTH
njacta BOAOH M OCTATOYHOH He(dThIO CTaHET TAaKHM, KAK NMOKa3aHO
Ha puc. 128. JlomycTHM, 4TO K pacCMaTpHBaeMOMY MOMEHTY BpeMe-
HH B IJacT 3akauaH oO6beMm BOAH, paBHHIiT Qs Torma corsacHo
puc. 128

Qn = mbh (32_ scn) Xe + mbh (sl - scn) (xH - x'r) 'l_ mbh (s—scn) (xd)'—xﬂ)

Eciau paspesanth JIEBYIO W IPaBYIO YacTH NpPHBEJEHHOrO BHIpa-
JKeHHsl Ha npousBedeHue bh, npoaucddeHuuposars ero mo £, pac-
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Puc. 128, CxeMa BHTeCHeHHs HedTH W3 NPAMOMHHERAHOTO MAacTa «ropsueily BogoORN

KPHTb CKOOKH H YHHYTOMKHTH COOTBETCTBYIOUIHE UJIEHBI, MOJYIHM

Up =M [(S3—81) Up—(5—8;) W, +(S—5¢5) @, ];
dxy _ dxy (VIL.8)

a Wy =37 *

Wy =

PaccmatpuBas 6ananc HeTH, BHITECHEHHOH M3 30HH 0<{x<CX; B
30HY X< X<Ijn, HMEEM

wﬂ=( 1—}—%;——5—) w,.
Hs poipaxennit (VII.8) monyunm caemyomymo dopmyay:
/W, =m ($—5,,).

Takum o6pa3oM, H B cilyyae BHITECHEHHS HE(PTH H3 IJacTa BO-
Ao ¢ temnepatypoii T,>Tq, T. €. ropsiueil Bogo#, GyaeT HabJI0-
AaTbCA OTCTABAHHE TEIJIOBOrO GPOHTA OT (PPOHTA BHTECHEHHS Hed-
ta. Hedrp Oyler BrITeCHAThCA CHAuajia BOJOH C MJACTOBOH TeM-
NepaTypod M TOJIbKO B 30He 0<Cx<Cx; —ropsues Bodo#. JonoauHu-
TeJbHYI0 HE(Tb MOXKHO NOOHIBaThL CIYCTS HEKOTOpPOE BpPEMs, KOrAa
«nepefHsas KOOpAuHaTa» HeTAHOro Baja Xy NOCTHIHET KOHILA MJjia-
cra (x=1I).

IlpusenenHas nneann3HpOBaHHA KaPTHHA H3MEHEHHS TeMIepa-
TYpPHOH OGCT2aHOBKHM B MJaCTe€ M XapaKTepa BHITECHEHHS HeDTH IpH
3aKauke BOJBl C TeMIlepaTypoil, HepaBHOH mnJiacToBoil, GhJja cje-
JiaHa TOJIbKO AJa GoJjiee HArAAAHOH aeMoHcTpamuu 3¢dexra or-
CTaBaHUA TEMJIOBOro (poHTa OT QPOHTA BHITECHEHHSA HedTH BOMAOH.
Jas pacueToB e H3MEHEHHs TeMIepPaTypHOH 0GCTAHOBKM B IJAcTe .
Ip¥ 3aKaykKe B HEro BOJAH B HEH30TEPMHUYECKHX YCJIOBHAX HeoOxo-
AMMO, KOHEYHO, YYMTHIBAaTb, KaK 3TO IIOKa3aHO TpPH BHIBOJe
ypaBHenus TenJjonepenoca (VII.1), ornauy Ttenna B Kposaw u
nogowsy. Ilpu pacueTax HeM30TepMHYECKHX IPOLECCOB pa3paboT-
KH HeTAHBIX MECTOPOXK/JEHHH B TaKHX CJydasaX OGBIYHO HCIOJB3Y-
10T ABa cJaedyIOHX crnocoba.
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I. Cnoco6 HelotoHa, cornacHo KOTOPOMY MoJaraloT, 4To
g,=a (T_ Tl:m)s (VHQ)

rie a — x03(pdUIHeHT TenJonepenayd njaacra.

Onnako 3ToT cnoco6 6osiee MpHTrOAeH AJs pacyeTa HeH3OTEPMH-
YECKHX IIPOIEeCCOB, OCYLIECTBJSAIOUIHXCS B HCCJENOBATEIbCKHX Le-
JX B Ja6opaTOpHHIX YCJOBHSIX, T. €. C MOMOUIBIO (PU3HYECKUX MO-
ZeJsieli maacroB. Mcrnoab3oBarh ero A peabHBIX IJIACTOB MOXKHO
TOJBKO Npu NpUOMNKEHHBIX, OLEHOYHBIX pacuerax.

2. Cnoco6 JloBepwe, 3akJioualouiuiics B TOM, YTO TeMHIeparypa
110 TOJILIHHE IIJ1acTa B Ka’KAOM BEePTHKAJbHOM CEYeHUM HJH B KaX-
JIOM 3JIeMeHTe mnJjacTa LJHHOH Ax cuuTaeTcsi OJMHAKOBOH, a mepe-
HOC TellJla B KpOBJIe W NOJOIUBE 3a CHeT TEeNJONPOBOJHOCTH NMPHHH-
MaeTcsl NPOUCXOASALUINM TOJbKO B BEPTHKaJbHOM HanpaBJjeHHH. Tak
Kak oTJaya TelJja 3a CUeT TemJONPOBOJHOCTH NPOHCXOJHT MeJJeH-
HO, YCJOBHO CUMTaeM, YTO KPOBJS H NOJOIIBA IJacTa NMpPOCTHPAalOT-
csl COOTBETCTBEHHO BBEpPX W BHHU3 A0 OeCKOHEYHOCTH.

Urolbl noJyuHTh ypaBHeHHe TEIJONepeHoca HPH MNOPILHEBOM
BLHITECHEHHH He(TH BOJAOH B TPSIMOJHHEHHOM IJIacTe, YHHUTOXHUM
COOTBeTCTBYyloLIHe ujeHH B BoipaxeHuu (VIL.1) u npene6Gperaem
TEMJONPOBOLHOCTHIO B TOPH30OHTAJbHOM HampaBaeHHH. Dylem cuu-
TaTh, YTO TEMJIOEMKOCTH BOJB H TOPHHIX INOPOA B paccMarpHBae-
MOM JHana3oHe H3MEHeHHs TeMIepaTypH MaJo OT Hee 3aBHCAT.
TlosTOMy BHHeceM HX H3-NOX 3HAKoOB Au¢¢depeHnHanoB B Bhpa-
xkeHuu (VIL1). B pesysabTare moayuum ypaBHeHHe TellJIONepeHO-
ca B NpAMOJHHeHHOM NJacTe OpH NOPILIHEBOM BbLITECHEHHH H3 Hero
He(TH BOAOH

oT
€Uy '5;‘“!‘ [C'rp'r (l -—-ﬂl) _l_ CBmeS—l—

+Cypum (1 —8)] S-— 2, (VIL10)

Hns pacuera nBHXKeHHs Baja He(TH U BOAB B IJIACTE MOXKHO
MCHOJIb30BATh CXeMy  paclipefie/eHHs  HedTeBOJAOHACHILEHHOCTH,
npuBelleRHylo Ha puc. 128.

ITpu yuere yxozna Temna mo HeloroHy B ypasHenue (VIIL.10) ne-
06X0IHMO TOACTABUTh BHIpAXKeHHE JIJs1 gr, ONpefeasemoe ¢opmy-
Jgo#t (VIL9).

ITo cnoco6y JloBepbe Heo6XOAMMO HCNOJB30BATh peLIEHHE 3a-
Ia4Yd O pacOpOCTPaHEHHH Telsa B NpPAMOJHHEAHOM CTepXkKHe, AaH-
Hoe B ri. Il. Ecau, Hampumep, KpoOBJIO NJjacTa CYHTAThb CEUEHHEM,
cooTBercTBylomiuM z=0 (cM. pHc. 126), To ¢ ssemeHTa mJjacra AJIH-
HO#t Ax m ¥prHO# b NpH NOCTOSTHHOM Nepenale Temneparyp AT =
=T—Tn, Gymer YXONUTb B eAMHHLY BpeMeHH KOJIHUEeCTBO TelmJa,
paBHOE

ArxATbAx
oL

g.bAx =
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Takum o6pazom
_ AAT
T Vﬂ%mf ’

THe Arx — KO3((HUUEHT TeNJONPOBOAHOCTH FOPHHIX MOPOA KPOBJH
H NOJOWIBHL IJacTa Xrx — KO3(P(HIHEHT TeMIepaTypONpOBOJHOCTH
TeX JKe NMOpol.

Kak sugno us (VIIL.11), ckopocTs oThaun Temnaa B KPOBJIO —
IOJOLBY C TeYeHHEM BpeMeHH [ yMeHbluaercd, a npdH {=0 oHa
CTPeMHUTCS K 6eCKOHEUHOCTH.

Ormerum eme pas, uto ¢popmyaa (VIIL.11) npurogna npu AT =
=const. [lpu nepemeHHOM mepenaje TeMneparyp cJjeiyeT HCIOJb-
3o0BaTh uHTerpaJ Jlioamesns.

Ecau yuHTHIBaTh HeNOpIIHEBOHM XxapakTep BHITeCHeHHs HedTH BO-
Jo#, To ypaBHeHue (VII.10) HeckO/JIbKO H3MEHHTCH — nepef NPOH3-
BOAHOH OT/0x HOMXKHO OLITb HE C3PpUs, @ UNE€H CaPeUs—tCaPulu. [HA-
poJHHAMHUeCKas 4acTb pacyeTa B 3TOM cJydae OCHOBBIBaeTcs, Kak
¥ IPH H30TEDPMHUYECKOM BLHITECHEHMH HedTH BOJOH, Ha HCIOJb30OBa-
HHH OTHOCHTEJIBHEIX NMPOHHLAEMOCTeH Ajad HedTH M BOAR H QYHK-
wuu f(s, T), onpefensieMoll BHpaXKeHHEM

[, 7)== b (9 (VIL12)

s (T
b+ 20k

(VIL.11)

YpaBHeHHe Hepa3pHIBHOCTH ABHXKYIIMXCA B IJAacTe HEONHOPOZ-
HBIX XKHJAKOCTEH OCTAHETCSI TAKUM XK€, YTO H IIPH H30TEPMHYECKOM
BLITeCHEHHH HeTH BOZOH. Pacuer HemoplIHEBOrO BHITECHEHHS Hed-
TH BOJOH B HEeH30TEPMHUYECKHX YCJOBHAX HPOH3BOAAT OOBIYHO YHC-
JeHHEIMH MeTOAaMH Ha DBM.

§ 2. BITECHEHHE HE®TH H3 NJACTOB TrOPAUYEH
BOOOHA K MAPOM

C noBBHIIEHHEM TeMIepaTyphl BA3KOCTH He)TH W BOABI YMEHb-
watores. [1pun sToM BA3KOCTL HedTH, €cJH OHA B OGBLIYHHIX IJIACTO-
BbIX YCJOBHSIX 3HAUUTENbHO NpEBHIIAaJa BA3KOCTb BOJH, CHHXKa-
ercsi GoJsee cyuectBeHHO. CoOTHolIeHHe MNOABHXKHOCTEH HepTH M
BOJbl H3MEHSETCSs B JYy4YUIyI0 CTOPOHY. OITOT 3KCNEPHMEHTAJIBHO
YCTaHOBJEHHHH (aKT — riaBHas NPUYHHA HCNOJb30BAHHSl 3aKaYKH
B IJacT BOAH ¢ MOBHILIEHHOH TeMnepaTypoH HJH BOASIHOIO mHapa
AJasl pocTa HedTEOTAAyd NJAacTOB, COAepXKalUUX HedThb YBEJIHYEH-
HOH Bsi3kocTH. KpoMe TOro, mpu 3akauke B NJacT ropsyed BOOBI
WJH BOJAAHOTO Mapa u3 HedTH NPH COOTBETCTBYIOIIHX YCJOBHAX HC-
f1apsIoTcs Jerkue GpakuMy YrJeBOAOPOJAOB H NMEPEHOCATCH MOTOKa-
MH Ilapa H BOJH MO IJacty K 3a6osM NOOHBAIOIIHX CKBaXHH, HO-
TIOJTHHTENBHO CNOCOOCTBYSI YBeJHYEHUIO H3BJIEUEHHST He(TH U3 HeAp.

Fopsiuylo BoAy M map moJyyaioT B IaporeHepartopax (KoTjax)
BBICOKOTO [aBJIEHHSI H 3aKauyHBAIOT B IIJIACT Y€pe3 HarHeTaTesbHbIE
CKBaXKHHBI CNenHaJbHOH KOHCTPYKUHHM H CO CNENHAJbHEM 060pyro-
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BaHHEM, NpeJHa3HAaYeHHHIM A/ pa6oThl B YCJIOBHAX BLICOKHX TEM-
flepaTyp 4 AaBJeHUH.

IIpu NpOEeKTHPOBAHHM M OCYLIECTBJEHHH 3aKayKH B IJ1acT ro-
psiuedl BOABI M BOASHOrO Hapa BaXXHO 3HAThb TEPMOJHHAMHUYECKOE
COCTOSIHHE BOJIBI: XKHJKOE, B BHJeE I1apa, B BHJE CMECH BOJABl H Hapa
HJIE JaXKe B 3aKPUTHYECKOM COCTOSIHHH.

Y3HaTb 3TO MOXKHO ¢ HoMoulplo pl-guarpaMMul AJs1 BOABI (CM.
puc. 44), Ha KOTOpoH JMHHMS HachllleHHs (KpuBas [) pasgensieT
06J1acTH CyLIeCTBOBaHHsI BOJAB B XKMAKOH H mapoBoll ¢asax. [lpu
3TOM KpHTHUYECKasl 30Ha XapaKTepusyercsa Touko# 2. [na BoAwt
Pxp=22,12 Mlla, T, =647,3 K. Ecau naBJjeHne BOAbH H €€ TeMIle-
paTypa TakoBBbl, YTO COOTBETCTBYWOLLAS 3THM 3HayeHHSM TOYKA Ha
3TOH AuarpaMMe HaxOAMTCSl HAa JIMHMHM HacHILIEHHs, TO BoJAa Ipe-
6LiBaeT OJHOBPEMEHHO H B Mapoo6pas3HOM H B XKHAKOM COCTOSHHAX.
CkoJibKO B €lHHHIle MAacChl BOJH OyJeT COAepiKaTbCs BOJBl B XKHI-
KOM H 1apoo6pa3sHOM COCTOSIHMSIX, 3aBHCHT OT TEMNJOCOJepXKaHHs
eIMHUIIL MaccH BojH. Eciu jpaBJjeHue M Temmeparypa napa CooT-
BETCTBYIOT JABJEHUIO H TeMIlepaType Ha JIMHHHU HACHIILEHHs, TO Nap
Ha3niBaeTCs Hach lleHH M. Hal JuHMel HachILleHUss COCTOSHHE
BOAB OYIeT TOJbhKO KHJKOe, a MOJ Helo — TOJbKO B BHJAe Ieperpe-
TOro napa.

Ilycts HekoTOpBHIH O6beM BOAB HaxXOJUTCA B COCTOSIHHH, COOT-
BETCTBYIOLlEM JIHHUM HacHlleHusl. Macca napa B 3Tom ob6beme pab-
Ha M;, a Macca xuAKo# BoAn M, Mmeem

My/(My+M,) =7. (VIL13)

3necy y— cyxocth nmapa. OHa H3MEHSIETCH OT HYJsl, €CJH TEpPMO-
IHHAMHYECKOe COCTOSIHHE BOJAbl COOTBETCTBYeT TOYKaM, Haxojs-
IMUMCSl HaJ JMHHeHR HacbllleHHs (cM. pHC. 44), T. €. BoJla fBJsIETCH
JKHAKOCTbIO, 10 eduHuusl uau 100%, Korma Bcs Boma mpeacraBdsi-
eT coboii neperpertnii nap.

JIlunuio nacwiedus Ha pT-auarpamMme AJas BOAH (CM. puc. 44)
[PHHSITO AaNNpPOKCHMHPOBATh CJeAyiollel NPOCTOH 3aBHCHMOCTBIO:

Pon=0,0981.1078 (T —273,2)4, (VIL14)

Tlie Psn— JaBJ€HHe Ha JIMHUHM Hachillenus, Mlla; T — remneparty-
pa, K.

ITo dpopmyase (VII.14) nonyuaroTr AaBneHne Ha JIMHMH Hachiie-
HHSI C HEKOTOPOH MOrpeliHOCThbI0 BOJM3H TOUYKH, XapaKTepH3yloulel
KPHTHYECKOE COCTOSTHHE BOJIHIL.

B janpHefimeM ropsiuyio BOAy M nap 6yleM HasHBaTh T €IJ O-
HOCHTEJ 1 MH, 3aKauiBaeMbHIMH B He(TAHBle NJAacTel B IPO-
MBIILJIEHHBIX MacliTabax.

Baxnasa XxapakTepucTHKAa IIpoiecca BhITECHEHHS HedTH Tel-
JIOHOCHTEJIIMH — IIJ1aCTOBAasi ~ TeMIepaTypa M ee paclpeleseHHe.
ITone temneparypsl B NJjacTe NpH 3aKauke B HEro TEMJOHOCHTEJS
pPaccUMTHIBAIOT Ha OCHOBe ypaBHEHHs TemJolepeHoca. PaccMOTpum
BHauaJle TEMIepaTypHOe IoJie NpH 3aKayke B IJacT HauboJee mpo-
CTOro TelJoHocHTeNst — ropsiyell BoAwl. Ilpu stom Gymem moJsiarars,
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9T0 ropdAyas BOoJa 3aKauWBaeTcs B HepTAHOM maacT ¢ HadaJbHOM
Temrnepatypo#l Tqx MpPH NOCTOSHHOH OCTaTOYHOH HedTeHacCHHIEeHHO-
CTH Sy ocr = const.

Hrak, B npaAMoJHHEAHHH OJHOPOAHHH IJacT 4Yepes3 rajepeio
(cM. puc. 127) sakauuBaercs ropsiuas Boja c Temmeparypo# T; H
pacxomom q. CiefoBaTesbHO, Ha BXOJ€ B NJAACT MOCTOSHHO MOAKEp-
xkuBaerca nepenal temneparyp AT =AT;=T,—Ty, IIpeneGperaem
TeMJONPOBOAHOCTHIO I1aCTa B TOPU3OHTAJBHOM HampaBJIeHHH, HO B
OTJIHYHE OT PacCMOTPEHHOTO B NpeinAylleM naparpade HAeaJH3H-
POBAHHOTO TENJIOH30JHpPOBaHHOro miacrta OyjJeM YUYHTHIBAaTb YXOZ
TemJa MO BEPTHKAJH B ero KpomJio u nojouwsy. Cxema pacnpefe-
JIeHHs TeMIepaTyph B mJjacTe B 3TOM cJydae OyAeT CylleCTBEHHO
OTJIHYaATbCSl OT CXEMH, NMOKasaHHo# B HHMXKHeH 4YacTH puc. 127,
B stoM ciayuae mpouecc TemJonepeHoca ONHCHBAaeTcsi ypaBHEHHEM
(VIL.10).

3amnuileM 3To YpaBHeHHe B cJeAyIOlleM BHJe:

aT o 24 _
H oL 2 g, (VIL15)

a4 = CpPpUy; b= 0 (1 _"m) _l_capnm (l — Sy oc'r) —{-mcnpusﬂ ocre

IlockosbKy TeMmepaTypa B KaxXXJIOM BEPTHKAJbHOM CEUEHHH
nJjacTa y KpOBJH H NMOJAOWIBH mepeMeHHas, To ¢opMyJta LJs CKO-
poctu ordaud Tensaa B Buie (VIIL.11) wucnoap3oBaTh HeJdb3d, TakK
Kak oHa cnpasefsuBa npu AT=const. B cayuae xe nepemeHHOH
TemIlepaTypul Hcrnosb3yeM HHTerpasa Hioamens. B pesyabrate no-
JYYHM

__ AT (r)dv
—A, VIL 16
5 Ve f—7) ( )

Drta 3ajaya pacyera TeMIepaTypHOro MNoJjs B IlJlacTe H3BeCTHa
Kax 3anaya Jlosepre. Ee pemaior ¢ ncrnoab3opaHueM npeobpasoBa-
Husa Jlannaca, corjiacHO KOTOpoMy BBOAHTcA ¢YHKIHA 0(x,s) B
BHJE

0 (x, 5) = S' AT (x, ) e=st dt. (VIL.17)
0

ITocne noacrauosku (VIL17) B (VIL15) u (VIL.16) noayuum
caenywilee IubdepeHunaspHoe ypaBHeHHE:
d — 2hrk
2B (bs—c V5)0=0; o= (VIL18)

Peutenne ypaBHeHus (VII.18) c yyeroM rpaHHuHOrO H HauaJbHOTO
yeaosuit AT=AT,, ecnin x=0 u AT=0 npu {=0, uMeeT BUJ

b Vs
e_T(s_ _T_) x
0 (x,s) = AT, - : (VIL.19)
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Oynkuuu 0(x, s) — usobpaxenne no Jlannacy ¢yHKndH-OpHIH-
Hauna AT (x,1).
Ilpn nepexonze oT n3oOpaxeHus Jlamnaca K OPHTHHAJNy HMeeM

ArxX

AT = AT, eric (2); 2= e —— (VI1.20)
ah l/ Hrk (t—- - x)
2 d 2 bx
erfc(z)=1——7—;05e dz, t=—.

Hs (VIL.20) Buano, uro npu x=0 erfc(0) =1 u AT=AT,, a npu
x=Xor=(atfb)erfc(o0)=0u AT =0.

Ha puc. 129 nokasano pacnpejeseHue TeMIepaTypHl NpH 3aKay-
Ke ropsfived BOJAH B NPSAMOJHHEHHBIl NJacT JJA PasjHYHLIX MO-
MEHTOB BpeMeHH. XapaKTepHCTHKAa NIJacTa: TOJIHHA A=15 M, wH-
puna b=100 M, anuna (=100 M, nopuctrocts m=0,2, yaejbHas Tel-
JIOEMKOCTb TOPHHX mnopoj ¢r=1,3 x[Jx/(kr-K), naorsHocts mopon
pr=2,5-10®  Kr/M3, yg@eapHas  TemJI0eMKOCTb  HepTH Cu=
=2,1 kJlx/(kr-K), naorHocts HepTH p.=0,85-10° kr/m3, Temmo-
IPOBOJHOCTh OKPYXKAIOUHX ILTACT NMOPOA Arx=2,6-10% kIlxk/(M-
-cyT-K), ux TemneparyponpoBOmHOCTb krx=0,078 M?/cyT. IlockoJb-
Ky TeNJIOEMKOCTb IJIaCTa B LI€JOM CPaBHHTENBHO MaJjiO 3aBHCHUT OF
cOlep:KaHHA B HEM OCTAaTOUHOH HedTH, IpH pacuere pacmpedeseHHs
TeMIlepaTyphl OLLJIO MPHHATO, YTO CPeAHAS OCTAaTOYHAs HedTeHacCH-
IMEHHOCTh MJACTa Suocr=0,3. B maact sakauyuBaercd ropsdas BoJa
npu AT=T1—T,;=200 K. Pacxox 3akauuBaeMOH BOAH ¢z=
=150 m?/cyr. Pacuer mnokasmBaer, uro 3a {=100 cyr nepenHss
rpaHUIla TEMJIOBOTO ()POHTA Xor IIEPEMECTHTCS B IIJIACT HA paccTof-
Hue 31,17 M. PacnpefeneHye TeMIepaTyph B 3TOM cJydae Xapak-
tepusyercsa KpuBofl I (cM. puc. 129). Ecan {=200 cyT, xor nepeme-
glaeTcsl Ha paccrosiHue 62,34 M IpH pacnpelesleHHH TeMIlepaTyphl

47
45

10
08
06

04

02

0 20 40 60 80 M

Puc. 129. Pacnpefienense TeMIepaTyph B NPSMOJHHERHOM IJacTe NPH BHTeCHe-
HHH H3 Hero He(TH ropsueit BoAoR
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no xkpuBod 2. 3a =300 cyT xor mepeMecTHTCA BHYTPb IJlacTa Ha
paccrosinue 93,51 M. KpuBas 8 B 3ToM ciayuyae xapakrepusyer pac-
npejlejeHde Temnepatypsl B HeM. Jlo KoHLa NJacTta nepeAHsis rpa-
HHIA TeNJOBOro (ppoHTa AOXOAHT 3a Bpems £=320,8 cyr. Pacmpe-
JleJieHHe TeMIlepaTyphl B IJIacT€ B IIpoliecce 3aKayKH B HEro ropsi-
yed BOABI — BaXHHHK TCXHOJOrHYECKHH NOKasatesap npouecca. On-
HaKO OCHOBHBIM IIOKasaTeJieM sBJseTcs HedTeoTnaua H, cJlelOBa-
TeJbHO, TEKyLlasl U HaKoIlJIeHHast 1o6biua HedTH.

B npuHuume npu onpefesNeHHH OCHOBHHIX TEXHOJIOTHYECKHX MO-
KazaTejlefl U3BJeUYEeHHA HeDTH H3 HeAp TENMJOBHIMH METOLAMH, OCO-
6eHHO Bo BpeMs 3aKauk B IJaCT Mapa W B Ipoliecce BHYTpHIJa-
CTOBOro rOpeHHs, Heo6XOJHMO NMPOBOIMTE CJOXKHBIE pacieTH MHO-
roda3Holl HeH30TepMUUYECKOH GHUABTPAUMH C NOMOLIBIO OBICTPOXEH-
cTBylomux dBM,

B nanHOM maparpacde paccMOTDHM TOJBbKO NPHOJHIKEHHHE cXe-
MBbl pacyeTOB BLITECHEHHS HedTH H3 NJacToB ropsiyedl BOJOH u ma-
poM.

YIpolUleHHI0 3ajayd pacyera Iipouecca BbITeCHeHUss HedTH u3
nnacrta ropsiuei BOJOH cmocobecTByeT TO OOCTOATENBCTBO, YTO Tei-
J0BOH ¢GpOHT, Kak 310 OBJIO MOKa3aHO B NpeluAyllleM Naparpade,
CHJBHO OTCTaeT OT (poHTa BHTecHeHHs HedTH Bomoi. IlosToMy
MOXHO CYHTaTh, 4TO HedTb H3 HarpeTod obJactu, 3aHuUMaloUlEH
yacth maacra (0=sCx<Cxo:), mepeMenraercs IO XOLY BBHITECHEHHS
OnicTpee, ueM H3MeHsieTCsl IJacToBas TeMmnepatrypa. C yueTom 3To-
rO MOXHO MNpEeANOJIOXKHUTb, YTO OCTaTOYHasi He(TeHACHIIEHHOCTh B
KaXJoM CeYeHHM HarpeTofl o6,iacTH paBHA NpeleJbHOH OCTAaTOUHON
HedTeHACHILIEHHOCTH Sy ocr, COOTBETCTBYIOLlEH HaHHOH TeMmeparty-
pe uam HaHHOMY nepenany rtemnepatyp A7. DTo npeLNoJoxeHHe
DPaBHOCUJILHO YTBEPKAEHHIO O CYLICCTBOBAHHH 3aBHCHMOCTH.

Siocr =9 (AT). (VIL.21)

Takass 3aBHCHMOCTb, MOJKHO CYHTATh, CYLIECTBYET, TaK KaK 5KC-
TIepUMEHTAJbHO JA0Ka3aHo, YyTo KO03¢hQHUIHEHT KoHeuHOH HedTeoT-
Jayy NpH MHOTOKDAaTHOH NPOMHIBKE ropsiueil BOJOH 3aBHCHT OT ee
TeMIepaTyphl. YBeJHUHBasi TeMiepaTypy BHITECHsIOLleH HedbTh ro-
pAYell BOAB,, MOXHO JAOOHBaTHCSA Bce OoJblIero H3pJjeueHusl HedTH
u3 naacra. [loacrasasis B (VII.21) Benmunny AT, onpelensieMyio
dopmynoti (VII.20), noayunm pacnpeneseHHe OCTATOUHOH HedTe-
HaCBILEHHOCTH B HarpeTtoli o6aactH (0<Cx<CXor). OGuiee pacmpe-
JeJleHHe BOJOHACHIIEHHOCTH B INJacTe B HEKOTOPHI MOMEHT Bpe-
MEHH NpH Xor<! MMeeT BHJ, NOKA3aHHKH cXeMaTHYHO Ha puc. 130.
Buaxo, uto B Harpetoit o6Jjactu I ocratoyHasi HedbTeHACHIIEHHOCTh
BO3DacTaeT, a BOAOHACHIIEHHOCTh S YMEHBIHIAETCH C YBeJHYeHHEM
x, B obnactH 2 obGpasyercsl HedbTSHOH BaJ, a B obsactd 3 IpoOHC-
XOOHT M30TE€DMHYECKOe BHITCCHEHHe He(TH BOLOH C INOCTOSHHOM
OCTATOYHOH He(TEHACHILEHHOCTHIO.

HanoxeHHass cxema paclpejeseHHs HachIIEeHHoCcTeH B IJacre
CXOJIHA C COOTBETCTBYIOLIEH CXeMOH, HCIOJb3yeMOH B MOJEJH
MopLIHeBOro BHTecHeHus HedTH BOAOH, BepHee, sBisercs ee 0606-
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Puc. 130. Cxema pacnpefeseHHs BOXOHACHILEHHOCTH B NPAMOJHHeRHOM IiacTe
IIPH BHITECHEHHH H3 Hero ropsuyeil BOLOH:

! — o6nacte I, 3aHsATas Bomo#i; 2 — o6aacTtb 2, saHsATas HedThw; 3 — obnacTh H30TEepMHYe-
CKOro BhITECHEHHs HedTH Bomo#

lIeHHeM Ha cjayyafi HeM30TepMHUecKoro BhiTecHeHus. CorJacHo
puc. 130, nsis HaKOMJEHHOro KOJIHYECTBA 3aKaYaHHOH B IJIacT BO-
Ibl Qa3 HMeeM CJAeLyIoIlee BhIpaXKeHHe:

X

Q.= mbh [5‘ C;Zx) dx—Scnon- (Sz—'scs)(xz —Xor) -+

0
(1 — 54 oor —Sea) <xn—xz>]. (VIL.22)

Tak kax nuaomanu o6aacred / U 2 paBHB, NOCKOJLKY He(pTh BHI-
TeCcHHJach ropsiveifi Boxoi u3 obgaactu I B o6aacTe 2, o6pa3oBap
HedTAHOH Bax,

xOT‘

SS (%) dx— (1 =8y o) Xor = (1 —Sgocr—S3) (¥p— Xor). (VIL.23)

N3 (VII.22) u (VI1.23) nonyuum
Qps = mbh (1 — 8y 5or—"5¢p) Xp- (VIL.24)

ITo dpopmyne (VII.24) Haxomum xs. Onpenenum x; u S». 3Haye-
HHE S; MOXHO YCTAaHOBHTh HCXOAS H3 YCJIOBHSI COBMECTHOTO J{BHIKe-
HHA HedTH U BoaH B obsmactn 2 (cM. puc. 130), T. e. U3 COOTHO-
weHus

o Fa(sy) pu (VIL.25)

Uy Paky (sy) ©

Opnnako B c¢opmynae (VII.25) HenspecTHa cKOpocTh (HJIBTpa-
HHH vye B obsactu 2. Iisns npubanxkeHHOH OLEHKH MOXHO CUHTAThb
ee paBHOH 1,5 mdxor/dt, OCKONBKY CKOPOCTh GHJIBTPALMH HedTH B
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obnacta 2 noJsKHa OHTb 60Jblle, YeM CKOPOCTb ABHMKEHHS TpaHH-
UH [IPH X==Xor, YMHOXEHHAsA Ha m BCJEJACTBUE NepeTOKa HepTH H3
obsaactu 1 B 2, HO MeHbllIe CKOPOCTH (HJbTPANUH HA TPaHHLE X=
=Xy, NPUMEPHO paBHO 2mdxo-/df. Takum 06pa3oM, NpHOJIUKEHHO
YCTaHABJHUBAIOT S U Xo.

PaccMoTpuM nponecc BHITeCHeHHS He(TH BOASIHHIM mapom. Que-
BHIHO, 3TOT IPOIECC MOXKHO PeaJbHO OCYLIECTBJATh TOJNbKO BOJIH3U
flapoHarHeTareJbHHX CKBaXHH. EcJii B NJacT HarHeTaloT HaCHILEH-
HHH Nap, TO N0 Mepe yJaJieHHss OT HarHeTaTeJbHOH CKBaXXHHBI B
pesyJbTaTe NOTEPhb TEMJAa B KPOBJIO H NMOJOLIBY IJacTa H BJHSHUS
TEIJIONPOBOJHOCTH B TOPDH30HTAJLHOM HAampaBJeHUH CYXOCTb Hapa
6y/leT HENpEpPHBHO YMeHbILATbCSA, TaK YTO HA OINpeJeJeHHOM pac-
CTOSIHMH OT HarHeTaTeJhHOH CKBAaXXHHH Map NOJHOCTHIO CKOHIEHCH-
pyeTrcsi u mpeBpatutcs B ropsiuyio BoAy. OJHaKO BaXKHO OTMETHTb,
4yTo Temnepatypa B ofJiacTH HachimeHHoro napa Oyler 6Ju3Ka K-
TOCTOSIHHOR — OHAa H3MeHseTCA TOJbKO  BCJEACTBHE  YBeJHYEHHS
WY YMeHbUICHUA JaBJieHHusl NPU (UJIbTPALHH Napa.

[Tepememienne o6sacTi HachlEHHOTO Napa ¢ MOCTOSIHHOH TeM-
nepatypoi B raybp miacta MOXHO YCTaHOBUTh IO ¢opmynae Mapk-
ca — JlaHreHreiiMa. BruiBox 3Toll (pOpMyJiHl MONYYalOT HE NIyTeM pe-
weHus AHpdepeHnINaJpHOrO ypaBHEHHs TeIJonepeHoca, a Heno-
CPeACTBEHHO Ha ocHoBe faJjiaHca TemJsa B IJacTe, COIJIACHO KOTO-

poMy
q=qu,+2q.bAx.. (VIL.26)

31eck g — KOJHUYECTBO Tellsla, BBOAHMOTO B IJACT B €JMHHLIY Bpe-
MEHH BMECT€ C NapOM; §n. — U3MeHeHUe 3a eIUHHIy BPeMeHH Tel-
na B Harperod obGsactu I (puc. 131); ¢ — u3meHeHue 3a eIUHHLY
BpEMeHH TelJa, OTAAaBaeMOTr0 B KDOBJIO — NOAOWIBY. B pacueTHoH
cxeme Mapkca — JlaHreHreiiMa HCHoJb30BaHa cXeMa TeIJIONOTEpPD

d /
Ty 7 tr
1,0
08}
2 Tan
L /L g
i
/l i L L L ]
0 T
P g g2 04 a6 08 ¥

Puc. 131. Cxema pacnpenenesust temne-  Puc. 132. 3aBHCHMOCTb 1); OT ¥
paTypul B NJacTe COIMacHO MOJesH '
Mapkca — Jlanrenrefima:

1 — Harperas o6Jaacth; 2 — o6aacte ¢ nJaa-
CTOBOI TemmepaTypoR
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JloBepre. B obsactd, copep:Kaulel HachilleHHHH Nap H OCTaToy-
HYI0 HedThb C HACHIIEHHOCTBIO Syocr, TEMIIEPATYPa paBHa TeMIepa-
Type Ty HarHeraemoro napa. B o6sactu 2, pacrosoxkeHHO# nepen
obaacTsio I, TemnepaTypa paBHa naactoBo# 7.

Honyctum, uto TensoBo# ¢poHT, NPOABHHYBUIHKCHL B ray6p NJja-
CTa, 3aHsJ NoJoXKeHHe X=X (cM. puc. 131) B HEKOTOPHII MOMEHT
BpeMeHH 1. ToJIbKO ¢ 3TOro MOMeHTa HayHeTcs YXOX TelJa B KpoB-
JII0 M TOJOLIBY MO BHOBL O6pa3opaBiuefics niomagke Axr. as or-
Jayd Temsa W3 IJlacTa B KPOBJIO M NOJAOLIBY B COOTBETCTBHH ¢ dop-
Mynoﬁ (VII.11) umeeMm

Z V KTKATO . ATO — To_ Tml_ (V1127)

kg (L — r)

Has marpero#t o6aactu I HMeeM

Axr

nn = CORAT, —T-;

(VIL.28)
¢ =[Cx0y {1 —m) + m (1 —5Sg oc-r) (Cnpn+ CnPr) +mcﬂpﬂsﬂ ocrle

IMoacrasasa (VII.27) u (VI1.28) B ypaBHeHue GajnaHca TenJa
(VIL.26) u nepexoxns x npexeay Af—-0, Axr—>0, noJayyum

dxr
oSBT ﬁ_{_‘? ijTKbATo 5 dr

0 dt Vm‘m (t—7) )
0

(VIL.29)

Tak Kak 3fecb HCKOMasi BeJHYHHa dx./d! HaxoOWUTcs mOJ 3Ha-
KOM HHTerpaja, ypaBHenue (VII.29) unterpasbHoe. Peuienue 3To-
ro ypaBHeHHs MOJyYaeM C HCNOJb30BaHHEM NpeobpasoBaHus Jlan-
aaca. OHO uMeeT CJeIYIOUIHN BHI:

_ E””qu .
X =g par, W)

(p(y) —=eYerfe (y1/2)+2 (';y{‘)l/z—-—l;
0 Vy
Vi e® du. (VIL.30)
14
1]

202t
= TK_. erfc (y1/?) =
V= S (y'%)

TloacraBassa spemsa ¢ B mocienH1ow ¢GopMyay, HaXOAHM COOTBET-
CTBYyIOllee €My 3HaU€HHe Y, N0 y onpenesieM ¢(y) H 3ateM no nep-
Boil popmyae (VIIL.30) Briuncasem .

CkopocTh TenJoBoro ¢gpoHra w.=dx./dt nonydaem auddepen-
K poBaHHeM MepBoro BhipaxeHus (VII.30):

=1 172 VII.31
w, hAT, e¥ erfc (y'/2). ( )
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BaxHHM IIOKazaTeseM IpoLecca 3aKauKH B IJIACT TEIJIOHOCH-
TeNell sBJsfeTcs Nr—KO3PGHUHEHT TennaoBOoRA 3ddexk-
THBHOCTH Tpolecca, onpefensieMul caelyOlmHM 06pa3oM:

n, = ﬁ"”—f’aﬁ“i = e erfc (417). (VI1.32)

Ha puc. 132 nokasaHa 3aBHCHMOCTb Mr=1(Y), H3 KOTOpPOH cJe-
AyeT, uTo ¢ pocToM 6e3pa3MepHOro BpeMeHH Yy KO3()(pHUHMEHT Tel-
J0BOH 3((PEeKTHBHOCTH Ipolecca BO3JAeHCTBHSA Ha ILIACT NyTeM 3a-
KauKH B Hero mnapa yMeHblllaeTcs, IIOCKOJIbLKY C TeUeHHEM BDEMEHH
Bce GoJiblllee KOJHYECTBO Tenja 6Gyner yXOOHTb B KpPOBJIO M MO-
JOLIBY MJacTa.

PaccmorperHylo cxemy TemJonepeHoca B IJacTe IIpH 3aKauke
B Hero mapa MOXHO TaK¥Ke€ HCIIO/b30BaTh H B cJyuae palHaJjbHOM
¢unprpauun. Toraa BMeCTO NEPBOTO YPAaBHEHHS — CM. BHIpaXKeHHe
(VI1.30) — 6ynem umets

Tt
Se=gaAr- W) Sy=mrd, (VIL.33)

rle rr— paguyc Harperofi o6saactu. ®Pynkuuio ¢(y) n 6e3pasmep-
Hoe BpeMs y onpefeasior no ¢opmyae (VIL30), kak u 11s npamo-
JMHEHHOTO MyacTa. Pachpelie/ieHHe HACHIICHHOCTER mJacTa BOJOH
H He(bTblO B paccMaTrpuBaeMoOM CJydyae MOXKHO YCTAaHOBHTbL IO MOJeE-
JIM TOPIIHEBOTO BHITECHeHUS He(pTH BOJOH.

ITpumep VIIl. XapakTepHcTHKa NPSMOJHHeAHOro TJlacTa Ta XKe, 49TO H
npH pacueTe pacnpejeneHus teMnepatypw To dopmyne (VI1.20). B stor maacr
3akayHsaercs ropsiyass Boja ¢ TeMmnepatypoit 77=203,2 K u pacxogoM ¢g=
=150 Mm3/cyr. IlnacroBas temneparypa Tn,=303,2 K; HacHIeHHOCTb MOPHCTOMR
CpenH TiacTa CBsI3aHHOHA Bo#OH Scx=0,05. [Tosnas Tomuuna naacra ho=20 M; Toa-
LIHHA, OXBaueHHasi BHTecHeHHeM, h=15 M (k03bdHUHEHT OXBaTa MJjacTa Bo3nefi-
cTBHeM 1);=0,75). Bsaskoctb HedTH B NJIAaCTOBHX YCHOBHAX R,=40-10-3 Ila-c,
BA3KOCTh BOAH py=10—3 Ila-c.

DKCNIepHMEHTAJbHO ONpefeseH0, UTO OCTAaTOYHAasl HeTeHACHINEHHOCTb Sy oct
NpH 3aKauke B IJACT ropsiveil BOAK 3aBHCHT OT nmepenapga temnepatyp AT=T—Tg,
CJeAyIOmHM 06pa3oM:

—2,554.10—3AT
Sy ocr = 0,75e . (VII.34)

OnpepenuM Tekymyio HedTeoTAauy NpPH BHTEeCHEHHH HedTH ropsuefl Bonoll B
MOMEHT BpeMeHH, KOrfa Xor=I[=100 M; Texymyio He(dTeOTAZauy NpPH BBITECHEHHH
HeTH BOJOH C HayasbHOH IJIAaCTOBOH TeMNepaTypoi; 3aTPATH YCJIOBHOTO KOJHue-
cTBa HedTH Ha IPOH3BOACTBO ropsuefi BOAH, eCAH OOWKH K.N. . CHCTEMH BOAO-
rpefiHasl yCTaHOBKa — BOJONPOBOJ — CKBaXHHa cocrasaser 60%, TtenjorsopHas
cnoco6uocTh HedtH coctaBasier 38108 kI /M3

Suoct

Puc. 133. 3aBHCUMOCTD Sy ocr OT X3

! —npH HempepwBHOR 3akauke ropsueil
BOAB, KOrga X,,=l; 2—mnps wucnoanso-
BAHHH TemJOBOR OTODOYKH H JJHTENBHO-
CTH mnpouecca (=500 cyr; 3 — npu Henpe-
pPHBHOR 3aKauke ropsgefl BoABl, f=500 CyT




Ipexzae BCEro NMOCTPOHM 3ABHCHMOCTB Sk oct=Sg ocr(X) C NOMOIIBIO (opMya
(VIL.20) u (VI1.34). 3Ta 3aBHCHMOCTb NIOKa3aHa Ha pHc. 133.
HauasbHne sanacw HedrH B 06./1aCTH, OXBaueHHOH BHITECHEHHeM ropsuefi Bo-

noit:
Goxs = mbhl (1 — scp) = 0,2-100.15.100 (1 — 0,05) = 28,5-103 m8.
OcraTtouHne 3anmach HedTH B 06JacTH, OXBaueHHOH# BHITeCHEHHEM B MOMEHT Bpe-
MeHH, KOoTAa ¥r=/[, T. e. IIpH {=302,8 cyT,
l

Goer = mbh S Sy ocr (¥) dx.
0
3nayeHHe Gocr onpenenseM mo rpaduky (cm. puc. 133). Hmeem Goer=
==18,47-10% M3,
Kospduuvent BHTECHEHHS
) Gogn— Gocr (28,5— 18,47).108
M= Gos . 28,5-10° =0,352.

Koadduuuent HedreoTnaun
n=nn, = 0,352-0,75 = 0,264.
Ecin Hedth BHTECHSIETCS BOAOH NpH IJacToBOH TeMmeparype, TO KO3(9GH-
IIHEHT BHITECHEHHSl COCTABHT
Goxs —Gpocr  0,95—0,75
Goxs - 0,9

oy = = 0,21.
Koadduuuent Hedreornaun
4= 0,21-0,75 = 0,1575.

KonnuecTBO HAKONJIEHHOH JOMOJHHTENbHO AOGHTOH HedTH 3a cueT ropsyero
3aBOJHEHHSs

AQy = Gy ger — Goer = 22,5-103— 18,47.108 ~ 4.108 M.

3a paccMaTpHBaeMHH NepHOA pa3paboTku B NiacT OyAeT 3akauaH cjaelylolUlHi
o6beM ropsivedl BOAH:

Qg = 150-320,8 = 48,12-103 M3,

IIpu AT,=200 K Ha HarpeB aTOro o6beMa BOAH mnoTpebyeTcs clenyioliee KOJaHYe-
CTBO TeNJa:

Qr = 4,19-10%.200-48,12-103 = 40,27-10° x]Ix.

370 TeNJO KBHBAJIEHTHO YCJIOBHOMY CXHUTAHHIO Qus HEDTH:
40,27-10° s
QHa = —W— = 1060 M HedpTH.
ITox ycnoBHHM CXKHraHHeM He(hTH TOHHMAMT pacXoJOBaHHe 3IKBHBAJEHTHOTO
KOJIHYeCTBa 3HepPruH Ha HarpeB BoaW. C yuetoM K.I.ZA., paBHoro 0,6, HyxHO
cXeub

— 1060
Qus=—g 5= 1770 m® nedrn.

IIpuBenenHHA B 3TOM NpHMepe pacueT yKashiBaeT Ha 3HaYHTEJBHYIO SHEpro-
€MKOCTb INpOllecca HEeMNpepPHBHOrO BHITeCHeHHs HedTH ropsded Bogof. Tak, anas
JIOTIOJIHHTENLHOTO H3BJedeHHs M3 muacta 4000 M3 HedTH clepyeT cxkeub H3 ITOTO
KonkuectBa 1770 M® HedpTH. EclH CTpPeMHTBCs TNOJYYHTh GOsbIuyl0 HedTeoTAaTy
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TpH HeNnpepHBHOH 3aKauke B IJIACT ropsiiedl BOAH, AJS KaXAOWH HOTOJHHTEIbHO
[OJTYyYEHHOH TOHHH HedTH MOTPeGyIOTCA ellle GGJBIIHE PACXOAH 3HEPrHH HA NMOAO-
rpeB ropsiuefi BOJAH.

Ins Toro 4TOGH CHH3HTH SHEPrOEMKOCTb BHITECHEHHS HedTH H3 MJACTOB Tell-
JIOHOCHTEJISIMH, HCIIOJIB3YIOT METOA TEIJIOBHIX OTOPOUYEK.

§ 3. PABPABOTKA MECTOPO)XAEHHHA NYTEM 3AKAYKH
TENJIOHOCHTEJIEA B ITIVIACT METOAOM TENJOBBIX OTOPOYEK

[lo s3TOMy MeTOLy BMecTO HenpepHIBHOH 3aKauKH TENJIOHOCHTES
[ocJie NPOHHKHOBEHHS €ro B IJIACT uYepe3 ONpejiesieHHOe BpeMs
MOXHO HarHeTaTb BOJAY INpH IJacToBoil TeMmmepatype. Ilpu atom B
nJacTe CO3jlaercs lepeMelialollasics B HalpaBJeHHH Npollecca BHI-
TECHeHHs He()TH Harperas 06/1acTh, OJYUHBIIAss Ha3BaHHe T eIl J O-
BOH oTopoukH. Cnoco6 nmepemeuieHdss Harperoll o6jaacTd B
ray6p njacra nyTeM 3aKaukl B HEro XOJOAHOH BOJE,, T. €. BOLHI
¢ Temneparypo#, 6/iM3Ko# K IJacToBOH, Obla npeajoxed B 50-x rr.,
HO TOJbKO B 60-X IT. IO S3KCIEpHMEHTAJbHBIM M TEOPETHUECKHM
JaHHHM O060CHOBaJM MeTOHA TENJIOBHIX OTOPOYEK KaK CIOCO6 pas-
pa6oTky HePTAHBIX MecTOopoXAeHHH. Bblin pazpaboTaHb METOJHKH
BHOOpa ONTHMAJbHHIX Pa3MepoB TEIJIOBHIX OTOPOYEK NpH pasJ/Hu-
HBIX T€O0JIOTO-(PH3MYECKHX YCJOBHAX IJAcTOB, TeMNaX HarHeTaHHA
B IJ1aCT TeIJIOHOCHTeJeH, UX NapaMeTpax H JAPYTHX TeXHoJOrHyec-
KHX [I0Ka3aTeJdX pa3pabOTKH MeCTOPOXKACHHH.

Hcnoap3oBaHue TEMJOBHIX OTOPOYEK II03BOJsIET MOJYYHTh He-
CKOJIbKO MeHblIyio HeTeOTJauy N0 CpaBHEHHIO C 3THM IIOKasare-
JIEM TIpH HeNpepHIBHOH 3aKauKe TemJoHocHTenell B maact. Ho B Ta-
KOM cJyuyae Ha MOATOTOBKY ropsuYefl BOIAbl MJIM Napa 3HAYHTEIbHO
MeHbllle TPATHTCSA SHEPIHH.

Ecan paccmaTpuBaTh OTHOLIEHHe JAONOJHHTENBHO H3BJIEUEHHOM
HehTH AQy, TOJyuaeMOH NpPH HCNOJb30BAHHH METOJa TelJOBOH OTO-
pOYKH, K 3arpare Tellia (Q: Ha HArpesB TeIIOHOCHTENS, TO OINTH-
MaJibHble pa3Mepbl OTOPOYKH M Jpyrue IOKasaTesJd TeNJOBOTO BO3-
JeHCTBUA JOCTHTAIOTCA NPH YCJIOBHH

Npo = AQu/Q, — max. (VII.35)

KoHeuHO, ec/iM yUMTHIBATb JPYrue KPHTEDHH, B NpUHIHIIE MOX-
HO BHIGHpaTbh HHbi€ MOKAa3aTeJH TelJIOBOTrO Bo3jeHcTBHSA, He o6a3a-
TEJbHO B TOUHOCTH COOTBeTCTBYwliue ycaoBuio (VII.35).

PaccMOTpUM paclpelie/ieHHe TeMIepaTypbsl B NpPAMOJHHEHHOM
nsacre NpPH CO3LaHUM B HEM TENJOBOH OTOPOYKH 3a CUET 3aKaykKH
ropsueil BOAb, OCHOBBIBasichb Ha pewlenHn (VII.20). Buauasne 3a-
KauMBalwT B IJIACT Topsiuylo BOAy ¢ HauaabHOH Temmeparypoli T =
=T, 1 AT=AT,. B MoMeHT BpeMeHHU {={, TeMnepaTypa 3TOH BOJLI
cHuXaeTcst cKaukoM A0 T=Tp, uau crasoBurcs AT=0 npu x=0.

Tak kak ucxojaHoe ypaBHeHue (VII.15), omuchiBalouiee pacnpe-
JeNeHHe TeMIepaTyphl NpH 3aKauKe B IJacT ropsueil BOAbI, JHHEH-
HOe, TO CyMMa [BYX ero peuleHHH ecTb ToXe peuieHue. Iloatomy,
u4TOGH IOJYYHTb pachpejesieHHe TeMnepaTyphl B INDPSIMOJMHeHHOM
nJacTe Npv CO3JaHHH B HeM TeIJOBOH OTOPOUKH, HYXHO M3 pellle-
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ang (VII.20) BriuecTh Takoe Ke pelleHue, HO 3aBHCflLlee He OT I,
a ot t—t. (f{.— MOMEHT Hayaja 3aKaukK{ B IJacT BOJAH C TeMIepa-
TYpo#, PaBHOH I/1acTOBOM).

B pesysanTare AJs ompefesieHHsl pacnpejeseHHs Nepenaga TeM-
niepatypel AT(x,¢{) B mJjacre ¢ TEMJOBOH OTOPOYKOH IOJyduM cCJe-
Aytowyio Gopmyay:

AT (x, ) = AT, [erfe _’?_"_b_ —
ah l/ Kok (t— - x)

— erfe Aok - . (VIL.36)
ah l/xTK (z‘—-z‘* ——Tx)

IlepBuiit unen B ¢opmyne (VII.36) cnpasessus npu t>bx/a, a BTO-
poii —upu t—t,>bx/a. Bxogsimue B dopmyny (VII.36) obosHa-
YeHHs Te XKe, 4TO M B MpeJblAYIIUX Naparpadax.

Kak caenyer us (VIL.36), MakcumasnbHaa Temnepatypa B IJjac-
Te JOCTHTAETCS NPH X =Xmax, IIPHIEM

PP el N (VIL37)

PaccMoTpuM npuMep BHTECHEHHS He@TH BOAOH MeTOAOM TEMJO-
BOH OTODOUYKH.

IMpumep VIL2, IlycTe HMeeM TOT XKe NPAMOJHHeHHHH MNJACT C TeMH Xe
pa3MepaMH H CBOHCTBaMH, uTo H B npuMepe VIL1. 3akauka ropsueil BoAH B IJIacTt
npu AT=200 K Begmercsi c TeM xxe pacxoaoM g¢=150 m3*/cyr. OpHako uepes
t.=200 cyr nocje Hauana MNpouecca BHTeCHeHHS HedTH NepexofAT HA 3aKaukKy
xonoaHo# BoaH ¢ AT=0. ByneM cunTaTth, uTO mpouecc pa3pabOTKH paccMaTpHBae-
Moro naacra pefiercss B TeueHHe {=>500 cyr. K.m. x. cucremn Boporpefinas ycra-
HOBKa — BOJONPOBOAX — CKBaxKHHa cocraBiser 0,6. Tensora cropaHus ycJoBHO
CKHraeMo# B KOTJax HedTH IJs TNPOH3BOACTBA TIopsyedl BOAH  COCTaBJAET
3,8/107 kllx /1. Onpenenum pacnpejiesieHHe TeMIePaTypH B IJIacTe B PasJIHUHHeE
MOMEHTH BPEMEHH, a TaKXe OCTAaTOYHYI0 He(dTeHaCHIUEHHOCTDb Sk ocr, HeTEOTAAUY
¥ «YHCTYIO» JOMOJIHHTEJBHO NOJYYeHHYI0O He(Tb MO CpaBHEeHHIO C 3THMH NapaMer-
paMH IpH BHTECHEHHH He(TH H3 NJaCTa XOJOLHOH BOAOH K KOHIY pa3pabOTKH
niacra, T. €. npu ¢=500 cyT, Kak B cJydae HCNOJb3OBAHHS TEMJOBOH OTOPOUKH,
TaK H BO BpeMsl HempepHBHOH 3aKauKH B IJACT ropsiyed BOAHL

Onpenenum nmo ¢dopmysne (VII.36) pacnpenesnenne temnepaTypH B NJacTe B
pasJyHuHHe MOMeHTH BpeMeHH f. Ha puc. 134 mokasano pacnpejfesieHHe TeMIepa-
TYPH TPH BHITeCHeHHH HehTH ropsiuefi BOJOH METONOM TeNJIOBOH OTOPOYKH MNpH
t=300, 400 u 500 cyr ¢ Hayasna 3aKauKH BOAH. BHIuM, uTo TeMmeparypa B Ten-
JIOBOH OTOPOUKe CYIIeCTBEHHO CHHKaeTcsl C TeueHHeM BpeMeHH. Kpumas 4 xapak-
TEPH3yeT paclpejesieHHe TEMIepaTypul B IUIacTe NPH HeNpepHBHON 3aKauke B Hero
ropsueil BOAH B Teuenne 500 cyr.

B cooTtBeTcTBHHM C TEM Xe NpPeANOJIOKEeHHEM O MOPUIHEBOM XapakTepe BHITeC-
HeHHs. He)TH M3 TJacTa NpPH 3aKauke B Hero ropsiyeifl BOAH, HO C y4eTOM 3aBHCH-
MOCTH OCTATOYHOH He(TeHACHIUEHHOCTH Sy ocr OT TEMIEpATYDHI, oNpelenseMofl mo
dopmyne (VIL.34), 6yaem cunTath, 4TO H3 OXsaXxKAaemoil o6JacTd TemjioBofi oTo-
POUKH, T. €. H3 OOJaCTH X<Xmax (Xmax NPHOJHKEHHO BHUHCJIAWT MO opMyJe
(VIL.37)) nedTb yxke He BHTecHAeTcs. BuuHcienHoe mo dopmyie (VII34), ¢ yue-
TOM YKa3aHHOrO MOJIOXKEHHS, paclpele/ieHHe HACHILIEHHOCTH B CJyuae NPHMEHEHHs
TEIJIOBOH OTOPOYKH COOTBeTCTBYeT kpHBofl 2 (cM. pHc. 133), a B ciyuae HenpepHB-
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Puc. 134. Pacnpeaenense TemilepaTypH B NPAMOJHHEAHOM IJlacTe NPH BHTECHEHHH
43 Hero HedTH ropsideft BOAOH METOJOM TeNJIOBOA OTOPOYKH:

I —yepes 300 cyT mocjae Hauasna mpouecca; 2 — uepes 400 cyr; 3 — gepes 500 cyT; 4 — npH
HenpephHIBHOH 3aKauyke ropsuef BofH B MJAAacT B TedeHHe 500 cyT

HOll sakauku ropsadefi Boaw npH {=500 cyt — kpuso#i 3. IlpH rpaduueckoM BH-
YHCJIEHHH OCTAaTOYHON HedTeHAaCHIIEHHOCTH ¢ NMOMOLIbI0 PHC. 133 B caydae TemJo-
BOH OTOPOYKH IOJYYHM

[4
Gocry = thsnoc, (x) dx = 0,2-100.15.58,62 = 17,6- 108 8.
0

KoJsHuecTBO H3BJieueHHOH H3 IjlacTa HedTH IO METOAY TENJIOBO# OTOPOYKH
Quy ==28,5-108—17,6-103= 10,9.103 w3,

KoJsmyecTBo M3BleueHHOH H3 mJacTa He(TH IPH 3aBOAHEHHH XOJOAHON BOAOR
(AT==0) 6nno 6u
Quo = 28,5.108.0,21 ~ 6-10% M3,

JonojHuTeNbHO H3BJeYeHHAs He(Tb IPH ropsAyeM 3aBOAHEHHH C HCHOJb3O-
BaHHEM TEIJIOBOA OTOPOUKH COCTaBJSIET
AQy; = Qu; — Quo = 10,9-108 —6.103 = 4,9.10% M3,
Ha moaorpes ropsiyefi BoOW ¢ yYyeTOM K.II. 1., paBuoro 0,6, m yxasaHHON Bhime
TeNJIOTH CropaHds Hed)TH 3aTpayeHo

4,19.108.200- 150- 200
Quor = 3.8.107.06 = 1103 M3 nedrn.

KosnyecTBO «4HCTOM», HOMOJHHTENLHO MOJyYeHHOR HedTH (3a BHYETOM YCJIOB-
HO COXXKeHHOH B KOTJIaX Ha NOAOrpeB ropsiuefi BOAH) COCTABJsAET

AQu; =4,9-102—1,103-10% ~ 3,8-10% m3.

Kos¢dHineHT BHTECHEHHS MPH HCNOJB30BAHHH TeIJIOBOR OTOPOYKH

10,9 108
™ = 3g,5.108 — 0-382.

Kosdpuuuent nedpreornaun npu =500 cyr
W =1m,=0,382.0,75 = 0,287.
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Onpepnenum TMoKasaTeqn BHTeCHeHHs HedTH ropsivefi BOJXOA NpPH HeNpepHBHOA ee
3aKadke B NJjacT B TeuenHe £=500 cyr.

Pacnpenesente TeMnepaTypH B IJlacTe B STOM CJydae IOKasaHo Ha prc. 134.
AnanornyHo npuMepy VII.1 ompegeinm ocratouHne 3amach HedtH. Mmeem

Gocra= 17,3-108 8,

O6uiee KOJHUECTBO H3BJEYEHHOR HedTH
Qus = (28,5—17,3) 103 = 11,2.103 m3.

Ko/HuecTBO JONOJHHTENbHO H3BJeUeHHON HedTH N0 CPABHEHHIO C 3aBOXHEHHEM
XOJIOZHOH BOXOM
AQy, =(11,2—6,0) 103 =5,2. 108 m3.

KosnyecTBo yc/0BHOM HedTH Ha NOAOrpeB BOAH

4,19-108.200-150-500

Qus, = —33710%.0,6

= 2760 Mm83.

KosHuecTBO 4HCTOA JONOAHHTENbHON MOJAYydeHHOR HedTH
AQy=5,2.103—2,76-10% = 2,44-108 M8,

Takum 0o6pasoM, N0 METOAY TeNJOBOH OTOPOYKA BMECTO HeNpepHBHOM 3aKau-
KH B IJ1aCT ropsveff BOAH NOJYYajoT MPHPOCT YHCTOR HONOJHHTENbHO H3BJEYEHHOH
HedTH 3,8-103—2,44.103=1,36-10° M3,
Kosdpduuyent BuTecHeHHA HedTH NPH HenpepHBHOM 3aKadke B IJacT rops-
9efl BOAK
11,2.108
= 28,5.100 — 3%

Kosdoduuuent nedpreoraaun
1=10,393.0,75 = 0,295.

Kax Buano u3 npuMmepa VII.2, BhTecHeHHe HedTH M3 mJacTa
OpH HENpPEPHIBHOH 3aKauKe B Hero ropsyed BOAL NPHBOAHMT K He-
CKOJBKO GOsbllleMy KO3(pGhHHHEHTY He(dTeOoTHayH, uYeM TMpPH HC-
NOJIb30BAHHH MeTOJa TEMJIOBOH OTOPOYKH, HO 34TO KOJHYECTBO MO-
Jy4aeMoOH YHCTOH JOMOJHUTEJNBHOH He(TH, 32 BHYETOM YCJOBHO
COXXKEeHHOH B BOJOTPEHHBIX YCTaHOBKaX JJd NPOH3BOJACTBA rops-
gefi BoJH, 60sbllie B cJyyae TeNJIOBOH OTOPOUKH.

JanHbie B paccCMOTpPeHHOM npuMepe abcoJIOTHHIE HH(PH H3BJE-
yenusd HedTH U HedTeoTAaud — ycJoBHbe. B apyrux naacrax ¢
JYYIIHMH HCXOJIHHIMH NapaMeTpaMH MOTYT OHTb NOJyYeHH 60Jb-
mue a6CoJMIOTHHE JaHHLIE MO H3BJACUYEHHIO HE(TH.

§ 4. TEXHOJIOTHSI U MEXAHH3M H3BJIEYEHHSI HE®TH H3 HEJP
C HCNTOJIb30BAHHEM BHYTPHIIJIACTOBOI'O TOPEHHA

Meronn u3BjeueHHss HedTH W3 HEAp NPH HCHOJAb30BAHHH BHYT-
PHIJIACTOBHIX OKHCJHTEJIBHHX NPOLECCOB OCHOBAHH Ha HJee MOI-
3eMHOIl rasudukauuu yris, seasunytoii B 1888 r. JI. M. Mennene-
epbM. B 30-x rr. Tekylero Beka coBeTckue yueHnie A. B. lllefinman
1 K. K. ly6poBaii npeljoXuau u3BaeKaTh HePTh METOAOM €€ IOoI-
3eMHOH rasupUKauMH C CO3JaHHEeM B IJlacTe 3K30TEPMHYECKOH
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OKHCJIHTEJIbHOH peakuum, nepexojduest B ropende. Mmu 6HIH che-
JIaHBl IIepBble INONBLITKH HHHLHMHPOBaHHS BHYTPHIJIACTOBOTO OKHCJ/IE-
HHA He(TH Ha OJHOM H3 MecTopoxkAeHHH KpacHomapckoro Kpas.

Onnako B 30-x—>50-X IT. BHYTPHILJIACTOBOE TOpeHHe Ha NpaKTH-
Ke He IpHMEHS/H BCJeJCTBHE €ro HeROCTATOUHOH H3YUEHHOCTH.
B konue 50-x u B Hauaje 60-X rr. Bo3poc HHTEpeC K MeTOHLY H3-
BJIeUeHHsl HeTH M3 HeAp C HCIOJH30BAHHEM BHYTPHIJIACTOBOTO rO-
peuns. B CCCP, CIIA, BHP, CPP, ®pauuuu, Hupepnangax u B
pAle OpYrux CTpaH ObIJIH OCYLIECTBJEHH ONBITHO-NPOMKIIJEHHEIE
paboThI, MOKa3aBIIHe BO3MOXKHOCTb IPOMBIIIJIEHHOTO H3BJEUEHHS
He(TH U3 HeAp INyTeM OCYLIECTBJEHUS BHYTPHIJIACTOBOTO TOpPEHHS.
BuaH npoBeleHH MHOTOUYHCJEHHBIE HCCJENOBaHHSA, CIOCOGCTBOBAB-
LIHE COBpPeMeHHOMY HNOHHMAHHIO MeXaHH3Ma BHYTPHIJIACTOBOro ro-
pPEeHHS U COBEpIIEHCTBOBAHHIO €r0 TEXHOJOTHH. TeopeTHuecKH GBLIO
JOKa3aHO, YTO CKOPOCTb TENJIOBOH KOHBEKLUHM MeHbIe CKOPOCTH
JBHKeHUs GPOHTa TOpeHHs NPH 3aKauke B [JIACT B KaUeCTBE OKHC-
JUTeNsl BO3AYyXa, H 3aTeM 3KCIepPHMEHTAJbHO H TEOPETHUECKH yCTa-
HOBJIEHO, YTO YCKOPHTH IIepEHOC TellJla B IJ1aCTe MOXKHO IIyTeM OCy-
LIECTBJEHHS BJaXHOTO BHYTPHILJIACTOBOTO TOPEHHS.

B CCCP ycroiiuuBhHii npoiecc BHYTPHUNIACTOBOTO TOPEHHS GBI
ocywectBiaeH B 1967 r. Ha mecTopoxaenuu Ilasaoea I'opa B Kpac-
HOZapcKOM Kpae H Ha MectopoxieHun CxolHuna Ha YKpauHse.
B onnrax, npoBeleHHHX Ha 3THX MeCTOPOXKAeHMSX, OLLIH IOJyye-
HBl JOKa3aTeJbCTBA HJHTEJLHOTO CYLIECTBOBaHHA M IepeMellleHHS
B naacre 06JacTH, rie DPOHCXOJHT MHTEHCHBHAs OKHCJHMTEJbHas
peaKuus, «oyara ropeHus», a Takxe BO3MOXKHOCTH CYLIECTBEHHOIrO
JONOJHHTENLHOrO H3BJNeueHHS] HeTH IPH BHYTPHILJIACTOBOM rope-
HHH.

Meron u3BneueHus HedTH H3 HEAp C HCNOJb30BaHHEM BHYTpH-
M/1aCTOBOTO TOPEHHs YCIEIIHO MPHMEHSIOT Ha He(TAHEIX MECTOPOXK-
Jennssx CCCP, CPP, BHP, CHIA.

HccnenoBanus mokasajd, 4TO NIPH PA3BHTHH Npolecca BHYTpH-
f171aCTOBOTO T'OPEHHSI B MOPHCTOH cpejie MJacra cropaet B OCHOBHOM
TSXKENBH OCTaTOK HedTH, MOJYYMBIUHA Ha3BaHHE KOKCa, TaK Kak
GoJiee nerkue ¢pakuuu HepTH HcmapsoTcs mepel o6/acTbio rope-
HMA B pe3yJ/bTaTe MOBHILEHHOH TeMNepaTypel H IepeHoCATCs Io-
TOKOM TasoB BIepej IO MJIACTy IO HalpaBJIeHHIO K AOGHBAIOLIHM
CKBaXKHHaM.

B npouecce paspab0oTKH HePTAHOTO MECTOPOXKAEHHS METOAOM
BHYTPHIIJIACTOBOTO I'OPEHHsl B KaueCTBE OKUCJHTES NPHMEHSAIOT
ri1aBHHM 06pa3oM BO3AYX, 3aKauMBaeMBH B IJacT yepe3 cllelHaJb-
Hele Bo3JyXoHaruerareJbHule cKBaxHHH. HedTb orbupaerca us jo-
GLIBAIOIIHX CKBAXKHH BMECT€ C NpPOAYKTaMH TOPeHHs H BOLOH, KO-
TOPYIO TaKXe MOXKHO 3aKauHBaTbh B IJIACT B T€ K€ BO3lyXOHarHe-
TaTeJbHLIE HJH B CIelHaJbHbIE BOJOHArHeTaTesbHblE CKBAaXKHHHI.

Onepauuio cos3aHusl B IJ1acTe€ BHYTPHIJIaCTOBOTO TOPEHHs Ha-
YHHAIOT ¢ ero BO3OyXJeHHusl, HHHIHHPOBaHHUs. [lJs 3TOr0 B HarHe-
TaTeJbHYI0 CKBaXHHY, B KOTOpPO#l NpeAnoJaraloT HauaTh Npoliecc
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ropeHusi, ONYCKAalOT Harpesa-
TeJbHOE yCTpoficTBO  (ray-
OMHHYIO TODEJKY HJH 3JeKT-
poHarpeBaTesNb) H HarHeTa-
10T Bo3nyX. Bosayx, obaanas
CYliecTBEHHO MeHbllel BsA3-
KOCTbIO, YeM Hachllalouue
njgact HedbTb M BOAa, IMpo-
CKaJb3bIBa€T CKBO3b He(Th
H BOLY, YaCTHYHO BHITECHAS
HX M3 IJIacTa, K 3abosAM J0-
ObiBaloLlHX CcKBaxXHH. Tak
OCYILLeCTBJISIETCS cooGriae-
Mmocth (cGofika) Bo3JyXOHa-

Puc. 135. VismeHeHHe TeMIepaTypHHX rHEeTaTEJAbHHIX M J0GHBal0O-

npoduneli B6JIH3H BO3LyXOHArHETATe/b- 3
HOf CKBaXMHH TNpH HEHmuupoBannn  DIHX CKBAXHH. S5aTeM BKJIO-

BHYTPHILIACTOBOrO TOPERHs yaloT TIJayOHMHHOe Harpesa-

TeJbHOE YCTPOHCTBO H BBO-

IAT TEIJIO B mJjacT. B pe3ysbraTe B HeM MOBHIIIAETCS TEMIIEpaTy-

Pa, CKOpOCTb OKHCJIEHHS He(dTH BO3pacTaeT H OKHCJEHHe INepexo-
JHT B ropeHue.

Ha puc. 135 cxematHuHO moKa3aH rpaduk H3MEHEHHs TeMIepa-
Typbl BOJU3H CKBAXKHHH B IIponecce HHHUHHPOBAHHS BHyTpHIJAac-
TOBOrO ropeHHsi. 37iecb KpHBHE [ H 2, KOTODHIM COOTBETCTBYET
BpeMs I; B f2, IOKa He OTpa)KaloT MOSIBJIEHHE B NJAacTe HCTOUHHKA
HHTEHCHBHOTO BBIJIeJIeHHS TelJa; KpuBas 3 (BpeMms f3>1,>>f) xa-
paKTepusyeT pe3Koe H3MeHeHHe TeMIepaTypH; KpHBast 4 COOTBeT-
CTBYeT HavaJy nepexofa MeAJeHHOH OKHCJIHTEJbHOH peakiHH B ro-
peHue, a KpuBasi & (Bpemsi {5>{3) — chopMmupoBaBlleMycst HpPoOHTY
ropenus c¢ Temneparypoit T=T,. BHyTpunnacroBoe ropeHne mMoxer
6HTh HHHIMHPOBAHO B ONpefeseHHHX YCJAOBHSX 6e3 HONOJHHTENb-
HOro nmojorpeBa IJIacTa NMyTeM €ro CaMOBO3IOpaHHs.

IIpn peakuun OKHCJEHHS HehTH yriiepoA H BOLODOA, BXOZAsIIUE
B €€ COCTaB, COEJHHAIOTCS C KHCJIOPOAOM, 0o6pasys IDH HHTEHCHB-
HOM rOpeHHH OKHCb H JIByOKHCb YIJepojia, a TakyKe BOAY, a IIpH
HM3KOTEMNEPATYPHOM OKHCJEHHH — OKHCJH YIVIEBOJOPOAOB H Op-
raHHYecKue KHCJOTHL.

Ecau nnacroBoe KaBjieHHe CPaBHHTEJNbHO HeBeauko (mo 5MIla),
a temneparypa 420—450 K, npu comepxaHHH B HedTH JeTKHX
YIJIeBOLOPOJOB B IJIACTe B pe3yJbTare peaKUHH OKHCJeHHs o6pasy-s
JOTCSl B 3HAQUHTEJBbHOM KOJIHUECTBE OKHCJHK OPraHHYECKHX cOeJuHe-
HHE M KHCJOTH, a Npu TeMmmeparypax, OGoapliux 470—520 K, —
TOJBKO ABYOKHCb Yrjepoia H B HeGOJILIIOM KOJHYECTBE OKHCh YT-
Jepopa. B atom ciyuae okHCJAHTeJNbHasi peakLusl NpPEBpalaercs B
peaKkuuio ropeHHs.

Xumuueckyio ¢opMyJy ropeHHs ocTraTka He(®TH — KoKca 3alH-
LIeM cJelyIoluM o6pa3oM:

ACH, a0y =AbCO,+bCO--d H,0, (VIL.38)
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rae A, a, b, d — yucaeHHbe KO3pGHIHEHTH XHMHYECKHX DPeakuuhl;
n — OTHOIIEHHE YHCJa aTOMOB Bormopoiaa H k umucay aTtoMoB yrJe-
pona C B Kokce; A — oTHoueHue yucjaa Mojeir CO; K uHcay moJsel
CO B npoayKrax ropeHus.

Ecau, Hanpumep, KOKC NpejCTaBjeH TBepAWM mapadHHOM, XH-
MHYeckasi gopMysaa Kortoporo - CgoHye, T0 A=20, n=2,1. Ognako
NpH HanucaHuu (HOpMYJH peakuuu GyfJeM paccMaTpHBaTh TOJBKO
oany rpynny CH,, nmockosbky AJs najbHefAmero u3J0XeHHS NO-
TpebyloTc OTHOCHTEJbHLIE NaHHHE YYacTBYIONIHX B pEaKUUH Be-
mecTB (HampuMep, CKOJBKO IPHXOAHTCH KHCJOPOAA Ha eIHHUIY
MaccH Kokca # Ip.).

B peakunun, nporekaiouiesi no ¢popmyne (VII.38), Bce atoMu Bo-
nopoja mepexoaar B Boay. IToaTomy nosxkHO OuTh d==n/2. [aee,
IpHPAaBHHBAA YMCJIO aTOMOB yIjepoxa B JIeBOM H NpaBofl yacTax
(VIL.38), umeem

AE1)b=1; b=

AFTLC
ITo kucaopony moayyum
b d 2\ + 1
a=Mt5+g =gty +i

ChnenoBartenpHo, xuMuueckas ¢opmyna ropenus (VII.38) npuo6-
peTaer BH]I

2+1 n _
CHn+(—2m+’r) O,

k+l CO,+ 1+ x+1 CO+ H,0. (VIL.39)
U3 dopmyan (VIL.39) caepyer, uTo HAa ONHH MOJL KOKCa JJIS €ro
2+ 1

CropaHusi Tpe6yeTcs gz + —Z— mosiefi O, Moasipnast Macca rpyn-

+2
ne CH, korca cocraBaser 12-+n. CnenosatesnHo, Ha 1 Kr Kokca
20+ 1 n -
NPHXOAHUTCS (ﬁ? + T)/(l2+n) Kr/mosef O,

BaxHHi mapamerp nJjacra, NoABepraeMoro BO3IefCTBHIO rope-
HHeM, — cOJlepXKaHHe B eJUHHLe ero o6beMa Kokca. DTo comepxka-
HHe 0603HAUUM 2r. TakuM 06pa3oM, o6beM BO3Ayxa Vyos, HeO6X0AU-
MOTO IJ1s1 BBIXKHTaHHA Kokca B | M® myjacra H npuBefEeHHOro K
CTaHJapTHHM YC/OBHSIM, COCTaBHT

A+l  n
224(2x+2 + )

503 = ma, (12 + n)

, (VII.40)

rae a;— coJepXaHHe KHCJOPOJAa B BO3AYXE; @z CTENMEHb HCIHO.b30-
BaHUs KHCJOPOAA.

Heo6xonnMO 3aMeTHTh, uTo corsiacHo (VII.39) uau us 1 kr/mouas
KOKca NpH PasBHTOM Ipolecce ropeHuss B IJlaeTe MPHXOAUTCS
A/ (A1) kr-monet CO; u n/2 xr/moJiell BOLHL

261



CresaeM KOJHYECTBEHHYIO OLUEHKY 06pa3OBaHHA pPa3/IHYHHIX Be-
1IECTB B IJAcTe NPH HHTEHCHBHOM ropenud. Ilycte n=2 u B cooT-
BETCTBHH C SKCIIeDHMEHTaJbHBHIMH HAAaHHBIMH B pe3yJ/bTaTe TOPEHHS
obpasyerca HesHaunTesabHoe KoauyectBo CO. Ilpu stom A=10. Co-
JepxaHne KOKca B nopoae zr=25 kr/m3, a'=0,21, ¢?=0)9.

2:10 41
22,4(m+0,5) 25 s
B0 = T 0.91.0,9(1Z ) o08 MM,

Taxkum o6pasoM, AJaa BHXKHraHuA Kokca u3 1 m® maacra nmorpeby-
ercs 308 M® Bo3lyxa MPH CTAaHAAPTHHIX YCJAOBHSX. JIis1 BEIKHraHHA
xe 1 Kr Kokca Tpebyercs 12,31 M® Bo3lyxa npH cTaHAAPTHHX YCJIO-
BuAx. Kak caenyer u3s (VIIL.39), Ha 1 Kr croparouiero Kokca B mJja-
cre obpasyerca CO; B KosHuecTBe

44),
N2+ n
a TaKXe BOJIBI

9n
124-n

= 2,86 kr,

=1,286 xr.

BaxHas xapaKTepHCTHKa mpolecca BHYTPHIJACTOBOTO TOPeHHs —
CKOPOCTh W OKHCJHTEJbHOH - peaKU HH, HANpUMEp CKO-
POCTb BCTYIVIEHHS] B PEAKLHIO KHCJOPOAa- ¢ KOKCOM B elHHHIE 06b-
eMa MJjacTa. YMHOXHB 3Ty CKOpPOCTb Ha onpefefeHHble Kos¢hbhH-
ILHEHTHl, MOXKHO NOJIYYHTb CKOpPOCTb BHAeJNeHHs Temja B 1 M® maa-
cra.

HccnenoBannsa okucaeHHs HeTH B NOpHCTOR cpelle NMOKa3blBa-
IOT, YTO CKOPOCTb BHYTPHNJIACTOBOH OKHCJHTEJbHOH PEeaKUHH OMH-
cuiBaeTcsl 3aKoHOM AppeHuyca. Tak, B COOTBETCTBHH C 5THM 3aKO-
HOM, [/l CKOPOCTH BCTYIJICHHS B PEaKUHI0 KHCJIOPOJAA Wox HMEEM
clenywouyio gopmyay:

--E
Wox=AoP"0x € R .
3nech @, n— K03pGHIHEHTH, oNpefenaseMbple SKCNePUMEHTaNbHHM
HNyTeM AJA pas3HYHEX HedpTell H NOPOA-KOJNJIEKTOPOB HePTH; Pox —
napuuajbHoe AaBJeHHe KHcJopola B OKHcJauTese; E — sHeprusa ax-
THBaLUHK; R — rasoBas nocrosiiHas; T — remneparypa, K.

Jas ycraHOBJNeHHS] KOHCTAHT do, 7 U B=E/R nposoaar nabopa-
TOPHHI€ HCCJeJOBaHHSl KHHETHKH OKHCJEHHA KOHKDETHBIX Hedred Ha
€CTeCTBEHHHX H HCKYCCTBEHHHX 00pasiax ropHbIX NOpPOA.

DKcnepuMeHTalbHO HafifleHo, uTo Bxojsuue B (VII.41) KoH-
CTAHTHl KHHETHKH OKHCJEHHA HedTed MMEIOT CJeNYIOLIHH NOpANOK:
E/R=(8—9) 10® K; n=0,5—1,0; ao=(1—5) 10* (kr O,-MIla)~"/
/(kr Kokca-c). PasmepHOCTb [wox] =kKr Oz/ (Kr kokca-c). Ouennm
3HaueHHe Wo. mo dopmyae (VII.41). Ilyers A/R=8,5-10® K; n=
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=1,0; ap=3-10* xr Oy/(kr HedpTH-c-MIla); p=10 MIla; po=
021 10=2,1 MIla; T=313,15 K (40°C).
Himeem
8,510
Wo,=3-10%.0,21.10e > =10,27.10" xr Oy/(kr Kokca-c)=
=8,87.10-3 kr O,/(Kr Kokca.cyT).

Taxkum o6pa3oM, NIpH yKa3aHHHIX YCJOBHSIX 33 CyTKH 1 KI KOX-
ca Oyjfer moryiouwlaTh 3a CYET OKHCJAHTEJbHOR peakuuH OkKoJjo 9 r
Kucsaopoaa. Takasg CKOPOCTb ero MOIMIOIEHHS He3HauHTeJbHas.
PaccunraeM CKOPOCTb OKHCJHTEJbHOH peaKUHH NPH TeMIeparty-
pe T=473,15 K (200 °C).
Toayuum
_ _ 8,5-103
Wy, =3-104.0,21.10e #7315
=9,954.10"* xr O,/kr Kokca.c =86 xr Q,/Kr Koxca.cyT.

Ilpu T=473,15 K okucauTeJbHasi peakiyus NpOTeKaeT yxe Obl-
crpee: 1 Kr KOKca cropaer 3a 16 MuH.

Yrobn moayuuth GOpMYJY [Jsi CKOPOCTH BblJeJEHHS Tela MpH
OKHCJIHTEJIbHOH peakiluu, Heo6XOJUMO CKOPOETb BCTYIJIEHHS B pe-
aKIHIO KHCJIOPOJa Wor YMHOXKHTb Ha mapaMerp HT, xapakTepH3ylo-
LM KOJIHYECTBO TellJa, BHIJEJISEMOro NMpH BCTYIJeHHH | Kr KucJo-
pPoia B peaKLHI0O C KOKCOM, H cojepxaHHe KOKca B 1 m3 miacra.
Torna ckopocTh BHJeJleHHsl TenJja w. GyaeT OTHocHTbhca K 1 M3
naacra. Pasmeprocts [w.]=kIxk/(M3-c). B cooTBercTBMH CO CKa-
3aHHEIM HMeeM

Wy = QgP" o H 2, =517, (VIL.42)

OueHHM w: NpH TeX ke Napamerpax OKHCJAHTEJNbHOTO mpolecca,
NpUBElcHHHX Bbile, MN0JN0XKHM H.=10.5-102 xJxk/kr Og, 2:=
=25 xr kokca/m®. Toraa npu T'=313,15 K

it

Wy = o, H 2, = 8,87.102.10,5.10%.25 = 2328 —~= c’;‘T

Ecau cuutath, 4TO OCpeflHEHHAs] TENJIOEMKOCTb IVIACTA Cna=2,5:
-10® kIx/(M3-K), TO 3a CyTKH IpH ONnpefiesIeHHOH BHIUE CKOPOCTH
TENJIOBBIAGEHHSl H OTCYTCTBHH NOTEpPb TeNJia B KPOBJIO H IOJOLIBY
TeMIepatypa B Hem NOBHCHTcA Ha (2,328:10%)/(2,6-103)=~1 K.
IIpumem temnepatrypy T paBHo#i 473,15 K npH Tex Xe mapaMerpax
OKHCJIHTENBbHOro npouecca. B atom cayuae
w,=9,954.104.10,5.10°.25 = 261,3 A% _ 995 8. 105 KL

3y-r'

Temneparypa nunacra 6yaer nosumartbes Ha 0,60 K B cekyHay. 3o
o3Hayaer, yTo NpH T=473,16 K okuciauredbHHH mnpouecc GHCTPO
nepefiier B ropeHpe. CKOpPOCTh ropeHHs OYAeT ONpeAeNATbCH yxKe
TOJIbKO CKOPOCTBIO NMOJayi KHCJIOpOJa B 30HY PEaKUHH.
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Ilpn He3HauHTeNbHOM CKOPOCTH OKHCJAHTENbHON peakuun (T=
=T)) HarHeTaeMHi B IJACT KHCJOPOJ, MpPOCKaJb3biBas CKBO3b
HedTh U MOCTeNMeHHO peardpys ¢ Hel, 3afiMeT HeKOTOPYIO 30HY AJH-
HOH Alox.

Ilpu BriCOKO# cKOpocTH peakuuu oxkucaenus (T=7T,>T,) nnau-
Ha 30HH Alox Gyner HeGosbwof. OkUCAHTEbHAS peaKLus NPOTeKa-
€T B Y3KOH 30He MJacTa JJHHOH B HECKOJbKO CAHTHMETPOB. ITY
Y3KYIO 30HY CYHTAIOT «PPOHTOM TrOpeHH si».

CKopocTh TpOJABHIKEHHS chopMHpoBaBllerocss ¢poHTa rOpeHH
ONpeNesAeTCs PaCXOAOM OKHCJHTEN H Reos. ECAH B OPAMOJHHEH-
HEHIA [J1acT MJs NpOABHIKEHHs (HPOHTA TOpPeHHs HarHeTamT BO3AYX,
TO CKOPOCTb (h)pOHTA rOpeHHs

q
wy =2 (VIL43)

TAE §nos — PACXOA BO3JyXa B NPAMOJHHEAHHHA 3JIeMEHT IJacTa LIH-
pPHHOH & M ToMIIMHON, OXBaueHHOH NpoleccOM TOpeHHs, h.
ITonoxkenue ¢ppoHTa ropeHus xg B JN060H MOMEHT BpeMEHH ¢
'

§ Gs0s (1) dt
=R (VI1.44)
Ilpr pannansHOM caydae
2nrgydrghRon = Gpoxdts Wy = —2-%:%;;.
Orciona

t
UhRyosls? = | Gaon (1) .
0

HJIH

t -|ue
{asas e
0

ro= R (VIL.45)

IpuBenennsle GOpMy/H MO3BOJSIIOT ONPENEJHTh MOJOXKEHHE
¢poHTa ropeHHs B J0O0H MOMEHT BpPeMEHH B CJyYasix NpPSIMOJH-
HEHHOro M pafHajbHOIO IBUMKEHHS.

INycTs, HanmpuMmep, B paguaJpHOM CcJay4ae [pH CTAHZAPTHHIX
YCAOBHAX  gs0s=30-10% wm3/cyT, 2;=25 «xkr/M3, h=10 M, Rsos=
=308 m3/m3. Torma uepes 1 rox=365 cyT GppOHT ropeHHs NMPOABH-
HeTcsd OT CKBaXKMHH Ha pacCcTOsiHHE

30.108.365 \/2
'¢=(3,14.‘“1o-308) =33,65 .
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U3 ¢opmyn (VII.43) u (VIL.45) BuaHo, uro, uem GoJbllie CO-
IepxKHTCA Kokca B 1 M3 mjacra, Tem MeHbIle CKODOCTb JBHIXKEHHSA
¢$poHTa ropeHusi IpH NOCTOSTHHOM pAacXole 3aKayHBaeMoro B IJACT
Bo3nyxa. IlockosirKy, ueM GoJbllie CKOPOCTb ABHXKEHHS (ppoHTa ro-
peHHs, TeM GoJblie KOJHYECTBO JONOJHHTENBHO H3BJEKaeMOH Hed-
TH B €JHHUIY BpPEMEHH, T. €. IPH BHICOKOM CONEpKaHHH KOKca B
nJjacre 6yfer AONOJHHTENbHO H3BJIEYEHO B €IHHHIY BpeMeHH MeHb-
1ee KOJHYeCTBO He(TH MO CpPaBHEHHIO ¢ 00beMOM HedTH NPH MEHb-
el KOHUEHTPAUMH KOKca, HO NPH OJHOH H TOH XKe Haua/ibHOH
He(TeHaCHIUIEHHOCTH,

§ 5. CYXOE H BJIA)KXHOE BHYTPHIIJIACTOBOE TOPEHHE

BHyTpunJjacToBoe ropeHue, OCyllecTBJAsE€MOe NMyTeM HarHeTaHHSA
B IIJaCT TOJMBKO BO3AyXa, MOJYYHJO B TEODHH H NpaKTHKe pa3pa-
60TKH HedTSHHIX MECTOPOXKIEHHH HasBaHHE CYXOTr0 BHYTDP H-
naactoBoro ropenHs. OnHTH, NpoBeleHHHE B JabopaTop-
HBIX YCJOBHSIX, TEODETHYECKHE HCC/IEeJOBaHHS, a TaKkKe H3MepeHHs
TeMIepaTypsl B peasibHHX NJacTax, H3 KOTOpPHX HedTh H3BJEKaeT-
Csl C HCNOJL30BaHHEM BHYTDHIIACTOBOIO TOPEHHs, NMOKa3alH, 4TO
JJIs CYXOro BHYTpPHIJIACTOBOIO IOPEHHS XapaKTepHa KpHBas H3Me-
HEeHHS TeMIlepaTypsl JJs NPSAMOJHHEHHOro IJacra, MOKa3aHHas Ha
puc. 136. Temnepatypa T. COOTBETCTBYeT MOJIOXKEHHIO ¢(pPOHTA ro-
peHHsl ¢ KOOpAHHATOH Xg. Ha 3Tol KpHBOH BuIEeH H3J0OM Ha pac-
CTOSIHHH X, OT HauyaJa KOOpJAHHAT. JTO CBSA3aHO C KOHBEKTHBHHIM
neperocoM tenJa. CeuyeHne nJjacta ¢ NPHOJHKEHHON KOOpPAMHATOR
X=X Ha3piBaeTci PPOHTOM KOHBEeKI HH B mpouecce BHYyT-
PHNJIACTOBOrO rOpeHHst GPOHTHl rOPeHHs W KOHBEKLUHH C KOOpAHHA-
TaMH X U Xr [epeMellaloTcs MO XOAy ABHXKEHHA 3aKaUHBAaEeMHX B
IJ1aCT BelLlecTB.

CKopocTH nepeMelleHHst 3THX (POHTOB C KOOPAMHAaTAMH Xg
H Xr 33BHCAT OT Pa3/JH4HHX (aKTOpOB, M NO3TOMY OHH, IO Cylie-
CTBY, He OJHHAKOBH. B mps-
MOJHMHEHHOM cJlyyae CKOpPOCTb T T
NepeMelleHHs] Xy MOXHO OIl-
peAeIHTh no dopmyJie
(VI1.43). TIlo aHajorum c
TEIJIOBOH KOHBeKLHeH, BO3-
HHKawllel B MNJacTe NpH 3a-
KayKe B Hero ropsiued BOJHI,
paccMoTperHoll B § 1 naHHOH :
raBHl, /st CKOPOCTH GpoH-  0— -
Ta KOHBEKUHH MpPH CyXOM L Ip d
BHYTPHIIJIACTOBOM rOpeHHH

MOJKHO HAMHCATh ¢>0pM)1'g%’, Puc. 136. Kpupas H3MeHeHHs TeMmmepa-
CUHTasi, COrJiaCHO pHC. ) TYpH 0IPH CYXOM BHYTDHIJIACTOBOM FO-
YTO IIPH X=Xr B IIJIaCT€ JBH- PeHHH
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XKETCA TOJBKO BO3AYX:

dxx C503P803UB03
W= —— =
B at CposPsoam + C1Pr (}l —m) * (V11.46)

TJ€ Czos — MACCOBAs TENJOEMKOCTh BO3JyXa.
H3 popmyarr (VII.43)

_ xp __ YoBos , __ Y803
o= = R Uo pos = 37 > (VIL.A7)

I'le Uo nos — CKOPOCTb (pHJBTpALHH BO3AyXa.

Jna panpHelllero aHaJau3a XapakTepa [BHXKeHHSI ()poHTa ro-
peHHSl U KOHBEKUHH NPHMEM, UTO BO3AYX — HJeasbHbI ras. ¥cJjaoB-
Ho OyieM TaKXe CYHTaTh, YTO TeMmepaTypa NMO3afH (poHTa KOH-
BEKIHH, T. €. IPH X<IXr, paBHa mnacroBod. C yueToM aTux momy-
IIE€HHI HMeeM

Up 503 Po po3 = Ugoa Pros* (VH-48)

31ecb Posos H Psos — INIOTHOCTh BO3AyXa COOTBETCTBEHHO IPH
CTaHAaPTHHIX YCJOBHSIX H IJIaCTOBLIX YCJIOBHSIX.

PaccMOTpHM OTHOLIEHHe CKOPOCTH ()POHTA TOPEHHS Wy K CKO-
pocTH (PpOHTA KOHBEKUHH w.. FimMeeM

W __ YonoslerPr (1 —m) 4 mcaosPros] __ [cxPr (1 — m) + MCrosPios] . (VIL.49)

Wr R03Cn03PB03Vs0s, R503¢80300 803

®opmyay (VII.49) MOXHO ynpOCTHTh, YUHTHIBas HE3HAUHTEJb-
HOCTb BTOPOTO 4JieHa B UHCJAHTEJNE IO CPaBHEHHIO ¢ NepBHIM. Tak,
HCIIONB3ysl HauboJsiee XxapakTepHble 3HaueHHsa BXxoAAmHux B (VII.49)
BEJIMYHH, NOJYYHM

¢ p, (1 —m)=1,0475.2,5.10°.0,8 = 2,1.10% xix/(M*-K),

Cp0300 BO3 ~ 1 KH}K/(Ma' K)

Torma

wo  Cxpr(l—m) (VI1.50)

Wr Rgo3 €803 Po pos

OueHum we/wr mo ¢opmyne (VIL50), npuHuMas Reoa=
=308 m3/m3. HMeeMm

wp _ 2,118
= 38 T,0 = 08

TakuM 06pa3om, CKOPOCTb ABHIKEHHS B IJIacTe (PPOHTA CYXOro
TOPeHHSl NMOYTH B 7 pa3 NpeBHIIAET CKOPOCTb (PPOHTA KOHBEKIIVH.
DTO 03HaYaeT, YTO Telso, reHepHpPyeMoe B 30He TODEHHs, OCTaeTcs
nosaiu (poHra ropeHus, 6ecnojie3HO yXoAs B IOPOAH KDOBJH H
noJoIBH mJacra. CoBepllleHHO SICHO, YTO Tello 6yler 3dpdeKTHBHO
HCIIO/NB30BAThCSl TONBKO B TOM CJydae, ecjJd OHO NepeHOCHTCs B 00-
JIACTh, PACMOJIOKEHHYIO Nepell GPOHTOM TODPEHHH, H ONepexaer ero.
Torna o6ecneunBaeTcs H3BJeUEHHE JerkKux Gpakuu#i HedTH H3
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nJjacra Jo moAxoAa (poHTa TopeHHs, Tle OCTATOK HedTH Cropaer.

Kakum xe 06pasoM YCKOPHTb KOHBEKTHBHHIH NepeHOC Telsa
NpU BHYTPUIJIACTOBOM ropeHHu? OKasajoch, YTO 3TO BO3MOXKHO 3a
CUeT YBEJHUEHHS TENJIOEMKOCTH JABHXKYUIHXCA B IJaCTe BELIECTB
npH Ao6GaBJjieHUH CPABHHTEJbHO HeGOJBIIOro KOJHYeCTBA BOJAH K Ha-
rHeTaeMoMy B IJIacT BO3AyXy. BHyTpumiacroBoe ropesue, ocyluie-
CTBJIfEMOE NyTeM 3aKAYKH B IJAcT OKHCJHTeNs BMecTe C BOJOH,
HOJYYH/IO Ha3BaHHE B aXHOe TOpeHue.

IlpoBenem B clyuae COBMeCTHOH 3aKaiykH B IJIacT BO3JyXa H
BOAH IpPH BJaXXHOM BHYTDHIJIAaCTOBOM TOpPeHHH TaKOH XKe aHaJH3
JBHXKEHHA (PPOHTOB TOPEHHA H KOHBEKLHH, YTO H B Ipolecce Cy-
XOro ropeHusi. ByJeM cuuTaTh, YTO B HEKOTOpOH 06JacTH MJacra,
rie COBMECTHO (GHJLTPYIOTCSE BO3AYX H BOJ4, BOJLOHACHIIEHHOCTb
paBHa s. :

Toraa mas cxkopoctu ¢pOHTa KOHBEKHHH [0 aHaJOruH ¢ popmy-
aofi (VI1.46) nmoayuum

C03Ppo3Vpo3 1 CaPals
1Pz (1 — M) + CoosProsm (I — ) * (VIL.51)

W, =

J1s ckopocTH (GpoHTa TropeHHs HMeeM TO XK€ BLIpaXKeHue
(VIL.47). IlpunuMasa Te Xe JoNMyILleHHs, YTO H IIPH BHIBOJAE ¢op-
myasl (VI1.49), 1 npene6perasi KOHBEKTHBHHM TEIJONEPEHOCOM 33
cueT BO3/lyXa, B CJyyae BJAXXHOTO FOPEHHS OKOHUATEJNbHO IOJYUYHM

Yo __ _ Cxpr (1 —m) + coppms
Wy - Raoa (CBO3 Po o3 —I— CBprBB) : (VII.52)

3aech Azs — BOJOBO3AYIIHOE OTHOIEHHE (OTHOLIeHHE 00beMa BOAHI,
JBHXKYILeHcs B mJjacte, K o6beMy BO3AyXa, 3aMEPEHHOro NMPH CTaH-
LapTHBIX ycaoBHax). Ecau, nanpumep, Ha 1000 cranmapTHbix M?
BO3Jyxa npuxoaurcsi 1 m® BoAH, T0 Ags=10-2. ITo popmyae (VII.52)
OLUEHHM W¢/Wr AJS1 BIaXKHOTO TOpEHHS.

[TpuMem cpps=4,19-10% k1k/ (M%-K); Croaposso=1,0 KK/ (M3-
-K); s=1; m=0,2,

BrnepBoM cuayuae i,z=10"% M3/M3.

ITo popmyae (VII.52)

wp __ 2,1-10844,19.108.0,2

W, 308(0,24 4 4,19.10%.10°9)

=2,15.

IIpn TakoM BOJOBO3AYLUIHOM OTHOIUEHHH (GPOHT ropenus Gyner
IBHraThcsi GbicTpee (pPOHTA KOHBEKHHH TOJBKO B 2,15 pasa.

BoBTopoM cayuae Ap=3-10% Ilpn Tex ke ycJaoBHAX, KaK
H B IIEPBOM, '

wp _ 2,1-10844,19.108.0,2
W, _ 308(0,24 I 4,19.10%.3.10-9)

= 0,745.

CaenoBaTesibHO, €CJH Ass=3-1073, To NIpH BJAXKHOM rOpPEHHH (POHT
KOHBEKLHH Y2Ke onepexxaer GPOHT ropeHus.
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Puc. 137. CxeMa pacnmpese-
JIeHHsI TeMNepaTyph H HACH-
[IleHHOCTH §; NOPHCTOR CpeiH
[pH BJaX<HOM TOPeHHH:

1—4 — 30HH

Toos | |[asb eoperun,  Megme -
ﬁl_ Boda \mzp, Boda —_——
\ Boda
1A
—
2
— Zr

Ecan Ape=5-10"3, B T€X XK€ ycJOBHAX
2,1.10844,19-108.02 14z
308 (0,24 1 4,19-108.5-10-3) _ *°°"

Lo _
Wy

Takum o6pasoM, B TpeThbeM cJyuae (GPOHT KOHBEKIHH YyXKe 6o-
Jee ueM B 2 pasa JABHXKercsi GHCTpee, yeM (POHT rOpeHHs. YcTa-
HOBJIGHHOE 3KCNEepHMEHTaJbHBIM IyTeM H PACUETHHIMHM METOJaMH
pacmpejie/ileHHe TeMIlepaTypHl B IPAMOJHMHEHHOM IJ1acTe HMeeT BHJ,
noKasaHHH# Ha pHuc. 137. Ecin npouecc ropeHHst HHTEHCHBHHIH, T. €.
30HA OKHCJAHTENLHOH peaknuH HMeeT He6oJbLIOH Da3Mep, TO INpH
BJAXKHOM TOPEHHH, KaK M [IPH CYXOM, IIPOJOJXaeT CyllecTBOBaTh
«nHKOBasi» Temiiepatypa T.. 3a 3TOH TeMmepaTypod MO XOAy ABH-
KeHHs (ppOHTA FOpPeHHsI PacnojoXeHa 30Ha 3 CO CPaBHUTEJIbHO
MaJio MeHsIoLieHcs 1o KoopAuHaTe X TeMmepaTypoH. 3ta o6JacTh
noJy4YHJia Ha3sBaHHe MAapOBOro MJdaToO, TAK KaK OHa B 3Ha-
YHTEJNLHON CTENeHH HachlllleHa, NTOMHMO NPOJAYKTOB TrOpeHHd, BOAs-
HBEIM [IapoM.

BhiTecHeHHe HedTH W3 IJacta NPOHCXORHT B 30HE, MpHJErao-
mefi cnepend K GppoHTY KoHBekuuH (cM. pHc. 137) ¢ KoopAauHaToi
Xr. ONBHTH NOKa3HBAaIOT, YTO B 06J1aCTH NJacTa, N0 KOTOPOH Mpoxo-
INUT (GPOHT FOpeHHsl, MPAKTHYECKH He ocTaercd HedTH: Jerkue ee
(pakuHH NMyTeM THAPOMEXAHHYECKOTO BHITECHEHHS HJH AHCTHJJIA-
IHH NepeHOCSATCA BIepeld Mo XOAy Ipoliecca, a KOKC Cropaer.

[TosTomy Bmepeir (ppOHTA KOHBEKUHH (X>>xr) oOpaayercs Hed-
TaHo# BaJs. Koraa 5ToT BaJ mojoHAeT K BHIXOAY H3 ILIacra, HaKof-
JIeHHYI0 ROGHYY HedTH NPH BJAXKHOM FODEHHH ONDPEAEJHThb OYEHb
MPOCTO — OHAa paBHA PA3HOCTH MeXJy MepBOHAYaJbHHIM COXEpxKa-
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HHeM HedTH B OXBaueHHOH mpoueccoM 06JaCTH 32 BHYETOM KOJIH-
yecTBa cropeslled HedTH B BHJAe KOKCa H He(TH, HaKanJHBalOLWIEH-
csl B He(pTAHOM BaJie,

C yBesuueHHEM BOJOBO3AYILHOLO OTHOIUEHHS Ass OOJacTb, e
NPOHCXOAHT OKHCJHTeJbHasl peakuus, pacuwupsierca. [Ipu 3TOM
BJIaXKHOe FOPeHHEe NepeXOAHT B TaK Ha3khBaeMoe CBepXBJaXHoe
ropenue. Ecin BOLOBO3AYyIIHOe OTHOLIEHHE Asp YBEJHUHBaeTCH
B 6OJibllleli CTENEeHH, KOKC MOMKET He IOJIHOCThIO BHIrOpeTb, TeMIHe-
paTypa B 30He OKHCJIHTEJbHOH PEaKUHHM CHU3HTCS M IOpeHHe NepeH-
JeT CHayaJla B OKHCJHTeJbHYI0 peaKuuio ¢ o6pasoBaHHeM BMeCTO
ABYOKHCH H OKHCH yrJepoja H BOJAHEl OKHCJOB YIJeBOAOPOAOB H
OpraHUYeckHX KHCJOT, a 3aTeM ¢ JaJjIbHe#IUUM YBeJHYeHHeM Ass
MOXeT coBceM IpeKpaTHThcs. Pacuer mpollecca H3BJeueHHsT He(TH
U3 HeAp ¢ TNpPHMEHEeHHEM BJIaXXHOr0 BHYTPHILJIACTOBOIO TOpEHUS,
MPOBOAAT ¢ NOMOLIBIO CJOXHBIX ypaBHeHHH HeH30TepMHUYeCKOH MHO-
ro)a3HOfl MHOTOKOMIIOHEHTHOH ¢(UJIbTpPallHM ¢ YY€TOM XHMHYECKHX
peaxkuHi B NOPHCTOH cpene. PellleHHe yKa3aHHBIX ypaBHeHHH pea-
JIU3yeTCsl Ha COBPEMEHHEIX MOLUHBIX DBM.

Onnako 10CTAaTOYHO MPOCTO pacyer Mpouecca H3BJeYEHHs HePTH
M3 NpPSAMOJIMHEHHOrO0 H pajHaJjibHOrO IJIaCTOB MOXHO NPOBECTH MO
TNpHOJHKEeHHOH MeTORHKe.

§ 6. METOHKA NPHBJH)XEHHOTO PACYETA NPOLLECCA
HU3BJIEYEHHUE HE®TH U3 NJIACTA C HCNNOJb30BAHHEM
BJIAJKHOT'O TOPEHHA

PaccmorpuMm npouece BiaXHOro ropeHus, cxeMa pachpeleeHHs
TeMIlepaTyphkl KOTOPOro moxasaHa Ha puc. 137. Ilpn npuGaHKEHHOM
pacuere mpollecca H3BJeueHHs HedTH M3 maacta ¢ HCHOJb30BaHHEM
BJIaXKHOTO TOpPEHHS NMPHMEHHM OJHY M3 Pa3HOBHAHOCTEH Tak Ha3H-
BaeMBbIX 30HHBIX Mojenef. M3JI0XKMM paccMaTpHBaeMylo MeETOLHKY
TOJIbKO AJs NpsAMoJuHefiHoro nJacra. JlJs sTtoro pas3obbeM Bech
NpAMOJIHHEAHHH nJacT JJHHOH [ Ha yeThipe 30HH. B 3oHe I (cM.
puc. 137), Oausiexameidl K BO3AYXOBOAOHArHeTaTeJbHOH raJjepee
npr 0<<x<Cxp ABHXKYTCA BO3AYX M Boja. PaKTHYeCKH TeMIepaTty-
pa B 5Tofi 30He pacTeT NOCTENEHHO — OT TeMIepaTyps Ha BXOJe
B IIACT 0 ee 3HaueHus Ha ¢poHTe ropeHus. OnHaKO NPHOIHKEHHO
6yjeM CYHTaTbh, YTO TeMIepaTypa B 30He 1 MOCTOSIHHA M DaBHa
nnacroBofi Tna CnslomiHas JIMHHS XapaKTepH3yeT (aKTHYeCKHM
TeMnepaTypHbIH NPOGHAb NPU BJAXKHOM TOPEHHH, a NYHKTHpHAsd —
ero anmpokcumauuio. B HuxHelt wactu puc. 137 cxemaTHuHO NOKa-
3aHO pacrnpejiesieHHe HacHIUIEHHOCTeH NMOPHCTOH cpelbl Pas3/IHYHBIMH
BelIeCcTBaMH.

Yepes 30Hy 2, B KOTOpOfi NmpoTeKaeT peakUHs T'OpEeHHs KOKca,
GHALTPYIOTCA BO3AYX B CMECH C Ta3aMH TFOpEHHsl H Iapel BOAH NPH
nocrosiHHoi TeMnepatype T.. IlnHHa 3TOH 30HH TakxkKe MOCTOSIHHA
80 BpeMeHH H paBHa Al.. B 30He 3, HachllleHHOfi ra3aMu ropeHHst
4 BOASIHBIM I1apOM, MOXKeT NPHCYTCTBOBATb TaK¥ke XHAKas BOJAA.
DpoHT ropeHHS C KOOPAHHATOM X IHBHXKETCH CcO CKODOCTHIO Weg.
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Temneparypa B 3toh 30oHe pasHa Ts. I'paHnua son 3 u 4, nMelomas
KOOPAHHATY Xr ((POHT KOHBEKUHH), NepeMelaercsd cO CKOPOCTbIO
wr. B 3ome 4, npoctHpaloweiics or ¥=Xr JO X=I, IpxH TeMmepary-
pe, paBHOK maacToBOR Tnx, NMPOHCXONHT COBMecTHass (QHUALTPALHSA
rasoB ropeHss, HepTH U BOAH.

B KauecTBe HCXOAHHIX NaHHHIX IPH pacuere Npolecca BJaXKHOrO
BHYTDHIJACTOBOrO TOPeHHs 3aJaloT pacxol BO3JyXa (¢sos, Harse-
TaeMOro B MJACT, a TaKXe apaMeTpPh IJacra: HayaJbHylOo Hedre-
HACHIIMIEHHOCTb Syo, HACHINEHHOCTb CBA3aHHOH BOAOH Scp; TOJILIH-
Hy h uacTu nsacra, OXBaueHHOrO IIPOLECCOM BJIAXHOro TOPEHHS;
COlepKaHHe KOKca 2Zr, €ro IVIOTHOCTb Px M TEINIOTY cropanus A;
HayaJbHBle MJAAcTOBYIO TeMnepatypy Tnx H AaBJEHHE Pna, TEINIODH-
3HYeCKHe cBOHACTBa MOPOJA NJAacTa H OKPYKAalOUIHX NJACT MOpon, a
TaKXe ApyTrHe HeoOGXOAHMble MapaMeTpHI.

HOasi pacuera yno6HO 3amaBaTbhCs He PacXojoM 3aKauHBaeMOH
B NJIacT OJHOBPEMEHHO ¢ BO3LYXOM BOJH, a OTHOIIeHHeM CKOPOCTH
({POHTAa KOHBEKIHH Wr K CKOPOCTH (pPOHTa TrOpeHHs @y, KOTOpOE
ONpEeNeNsIoOT HCXOAA H3 Pacxola BO3JYXa (sos, MapaMeTpa Rpos H
coJlepXKaHHsl KOKca B mopoje Zr.

BojoBosiyuiHoe OTHOlIeHHe Azs OyJeT HEOJHHAKOBLHIM B pas-
JMUHHIX CEUeHHSX IJ1acTa BCJeJICTBHE HAKOMJEHHs BOAH B 30He [
(cM. puc. 137) u o6pa3oBaHHs BOAH B pe3yJbTaTe peaKIHu rope-
HUA.

Ipucrynas k omnpejesieHHio NapaMeTpoOB Npoliecca HU3BJEUCHHS
HedTH H3 NPAMOJHHEAHOrO MJacTa MO H3JaraeMoi MeTOJHKe, HeoO-
XOJUMO IIpeXJe BCEro yCTaHOBHTb -CKOPOCTb (POHTA TOpPeHHs IO
dopmyne (VIL.43). Ilpun atom napaMeTp Rios nH60 HAXOAAT HeNo-
CpPelCTBEHHO 3KCIePHMEHTaJbHHIM INyTeM, JH60 1o ¢GopMyJe
(VI1.40), 3nast BeIMuUHHY 2r Ha OCHOBe JJaGOPATOPHHIX 3KCIHEPHMEH-
TOB.

B cootBeTcTBHH ¢ mpHOGAHXKEHHOH METOAMKOH 3aJajHMCcsi OTHO-
LIeHHeM CKOPOCTH KOHBEKTHBHOTO NMepeHOca TeIJOTH @y (CKOpOCTH
JBHXKEHHS TPaHHUH 30H 8 H 4) K CKOpPOCTH (pOHTA TOPEHHS Wy,
a 3aTeM ompejejuM NOTpebHOe BOJOBO3AYLIHOE OTHOIIEHHe HAa BXO-
Jie B IIJIACT H, cJef0BaTeJbHO, HeoOXOLUMBIH pacxon BoaH. O603Ha-
YHM Wr/Wy=¢ H BHIYHCIHM TeMnepaTypy T; B 30He 3, MOCKOJBKY,
COTJIACHO CXeMaTH3allhH, TeMnepaTypy B 30Hax I W 4 npuHHHMaeMm
paBHO#t maactoBoft Tun, IIpu atom T. 3ajmanma (ycraHaBiHBaeM Ha
OcHOBe JabopaTOpHHIX SKCHEPHMEHTOB MO BAaXXHOMY BHYTPHILIA-
croBoMy ropenuio). Has HaxoxJenus temmeparypw Ta, KOTOpYIO
npHOJHXKEHHO OyJeM CUHTaTb HEeH3MeHHOH Kak mo AJHHe IJacTa,
TaK H BO BPEMEHH, HCIOJb3yeM COOTHOIHEHHe (aJjlaHca KOJHYeCTBA
TelJIOTH 4, FTeHeDHPOBAHHOH B €JHHHIy BPEMEHH, ee HAaKONJEHHOE
II:IOJIH‘ICCTBO B NJacTe §na H  0TZAYy B KpPOBJIO — NOJOWIBY §r.

MeeM

9y =Gt Gr. (VIL.53)

Pacxon reHepHpOBaHHOrO Tellla B IJIacTe TNPONOPIHOHAJEH
pacxoiy BO3yXa sos, COLEPXKaHHIO B IIacTe KOKCa Zr, €ro TEIJo-
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TH cropands A u o6paTHO NPONOpPIHOHAJEH NapaMeTpy Rgos, T. €.

Gy = Hondror (VIL.54)
RBOS

Pacxon nakaninBaemoro Tenua B 3oHe 3 (cM. pHc. 137)
Gruns = [C2P7 (1 —m) -me,p, 5,1
+m (Cnpu—l—crpr) (l —‘ss)] AT3bh (w'r—wd))' (VII'SS)

3necp Cr, Cr, Cs, Cn— yAeJbHasl TEMIJIOEMKOCTb COOTBETCTBEHHO
KOKCa, rasoB TOPEHHs, BOAH H BOASIHOTO Napa; pPr, Ps, Pn, Pr—
IUIOTHOCTh COOTBETCTBEHHO KOKCA, BOJBI, Mapa M rasoB TOPEHHS;
S; — HaCBHIEHHOCTb MOPHCTOR cpeAbl XHAKOA Bomofl; AT;=T:—
'—Tnn

Onpenenum ¢r no cxeme Jlosepbe. Ilpu 3Tom cuuTaem, 4To 1O-
TOK TelJla B KPOBJIO — MOAOIIBY NPOHCXOAHT 10 BCceH AiHHe 0<T
X< Xr. 3aTeM H3 3TOr0 KOJIHYECTBA TeNJa BHIYTEM TEIJIO IO AJH-
He 0<<x<Cxy. B coorBercrBuu ¢ dopmyaofi (VII.11) umeem

14

20« AT gwbdt _S’ 20 AT gwgtdT
[y (¢ — D)2 5 [ (¢ — T))M/2

Gr3=

t
AT, S’ (wr— wy) bdt
(172 L (t— )12
0

t 1/2
= 2 ATy (90— 1) () - (VILED)

UTo6H ucnoab3oBath cootHowenue (VII.53), neobxoxumo ompe-
JeJIUTh CKOPOCTb YXOAa TellJla B KPOBJIO — NMOJOIIBY M3 30HH 2.
ITockoabKy GHJIO NMPHHATO, YTO JJHHA 5TOH 30HH NMOCTOAHHA B Te-
YeHHe BCEro Ipolecca BJAXXHOTO TOPeHH, JJIS yCTaHOBJEHHS KOJH-
YCCTBA TENJOTH (g, NMOIVIOWAE€MOH KpOBJIEH H TMOAOLUIBOH mJacra
U3 5TOH 30HBI, 6yleM CUHTATh, YTO Ha AJHMHe mJaacra O0<{x<Cxg Cy-
LeCTBYET NPSAMOH MOTOK TelJa B KPOBJIO — MOJOUIBY, a 06paTHLIA
[MOTOK TellJla HauHHaeTcs He ¢ MOMeHTa BpeMeHnu [=0, a ¢ MOMeHTa
BpeMeHH ¢={,., npuuem f.=Al./wy. C yueToM H3JIOXKEHHOrO HMeeM

t—t,

MbwpAT sf - dt .
2= ()22 [ (t—T)”2 5 (t—T)/e ]—~

0
—Znlterts (2 Vb2 VE—2 VIL,);

()M
AT =T, —T,, (VIL57)

[pu £>>1., uto pakTHUECKH M peasiH3yeTCst B AACTBUTE/NbHOCTH,
TakK KakK pasmep 30HH Al. Mau, uz (VIL.57) umeem

Ly
G0 = 4h bW AT, ( —

TK

)”2. (VIL58)

271



KonnuecTBo TenJaoTH, morsonmiaeMofi KpoBJell — MOJOLIBOM:

Gr=Grq+Gus- (VIL.59)
IMoacrasaas (VIL.54), (VIL.55) u (VIL.69) s (VIL.53), moay-
YHM COOTHOILUEHHE, C MOMOIIbI0 KOTOPOro MOXKHO ompefesuts ATs:

Airdoos _ CAT ohwy, (p— 1)+

Raos

2 | .\
+ 20w, [AT,,((p_l)(m;m) +2AT, (_%‘-—) ]; (VIL60)

€= [CyPy (1 —m)-me,p 85 +m (cuPat-6,p,) (1 —55)].

Ha (VIL.60) Bunuo, utro AT; 3aBHCHT OT BpeMeHH f, XOTs B HC-
XOIHOM TNIPEJIOJNOXKEHUH GBlI0 MPHHATO AT3; MOCTOSHHBIM IO AJHHE
niacrta H Bo BpeMeHH. [10aToMy Heo6X0AMMO YCTaHOBHTbH HEKOTO-
pyio cpenHiolo BeaHudHy AT; 3a pacueTHH mepuop BpeMeHH 0<<
<I<Clx (lx— BpeMs KOHUa IpoLecCa BJAXHOrO TOpPEHHS):

AT, = ATsb -!2- (ATg) (VIL.61)

Onnaxko, yTo6H onpenenuts AT;, He06X0AHMO 3HATh BXOISALIYIO
B BhHIpaXKe€HHe IJI5 ¢ BEJHYHHY S3.

[lepefinem x pacueTy BOMOBO3AYLIHHIX OTHOLUEHHH, CKOpOCTeH,
GuAbTPAUMH H HaCHIIEHHOCTe# B OTAEJbHHX 30HaXx. [Ipu 3ToM Ha-
CHIHIEHHOCTH MOPHCTOA cpeiH Ta3aMH H IapoM, BOAOH H He(TbIO
6yaeM cYATaTh MOCTOSIHHBIMH B KaXJOH 30He.

Pacuer ykasaHHWX T1IOKa3aTeJed HayHeM ¢ 30HH 4 (cM.
puc. 137). CxopocTb ¢uAbTpanun HeDTH HAXOAUM, HCXOAS H3 TOTO,
4TO U3 30HH 3 B 30HY 4 IepeMellaeTcs MyTeM FHAPOLHHAMHYECKOrO
BHITECHEHHS! H AHCTHJJISLHH-KOHAEHCAUHH BCcs HedThb (32 BHUETOM
CropeBlUero KOKca) cO CKOPOCTbIO, NpOMOPLHOHAJNBHO# CKOPOCTH
¢poHTa KOHBeKuHH w.. MMeem
ot = (M50 2 0. (VILE2)

O603HaulM HacCHIUIEHHOCTb 30HH 4 rasaMH TODeHHS Srg, BO-
ot sS4 H HedTHIO Swa. OTCIONA

SH+SH4+S4 = l . (VII.63)

STH HacHIUIEHHOCTH — Heu3BecTHHe BeJuYHHH, KpoMe TOro, Heus-
BECTHA TaKXKe CKOpPOCTb GHJBTpauMH BOAK Uss B 30He 4. Ias ompe-
JleJIeHHsT HaCHIleHHOCTed H CKOpPOCTH (PHJIBTPAalMH BOAH B 3TOH 30-
He HCIOJb3yeM COOTHOLUEHHsS TeOpHH YCTaHOBHMBIUeHcs TpexdasHOH
¢uasrpaunn. Mmeem

_ kkp(ss)  Op . _ kku (ss) Op
Up=— p.‘,r ox ' Va=— ™ ox *
— kks(s)  Op
oy=— L (VIL64)
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OTKyZa

Ura ke (5r4) ta
Ung  Brky(Saa) (VIL.65)

AHaJIOrHYHO MOAYYHM

Ung _ ks(s) n
Ung Poku (Sua) ° (VHGS)

Takum o6pasom, 1Jisi OnpejesieHHsi YETHIPEX HEH3BECTHBIX Sry, Sud,
S4 H Usq HMeeM TOJBKO TpH ypaBHenus — (VIL.63), (VII.65) wu
(VIL.66). HemocraomuMm -ypaBHeHHeM OyaeT COYXKHTh COOTHOLIEHHE
IJISl CKOPDOCTH KOHBEKTHBHOTO NepeHOca Tella Wr, T. €.

_ €cPrtra + CuPuUng + CoPuUna
= (1 — m) + m [cupu (1 — 4 — Sra) + CaPpSs + €rPrSpal ’ (VIL6T7)

3aech wr — 3ajaHHas BeJUUHHA; 3HAUEHHE Urs HAXOJHM II0 H3BECT-
HOMY pacxoly rasoB FOpeHHs, KOTOPHIH MOXHO NPHOGJIHXKEHHO NMpH-
HATb paBHHIM pacxoly BO3AyXa.

YKasaHHbIe YeTHIpe HEH3BECTHHE BEJUYHHHI ONpeNeJHM ¢ IO-
momibio cucteM ypaBHenu#t (VII.63), (VII.65), (VIL.66) u (VIL.67)
METOJOM IMOCJef0OBaTeJbHBIX NPHOMMKeHHHA. IIpH OTBICKAHHHM mep-
BOrO NMPHOJIHXKEHHs1 MOXKHO, HanpuMep, NpUHATL S4=0. MOXHO Tak-
XKe npeHebpeub UJeHOM CrprSrq B Bupaxenuu (VII.67) BcaencrBue
€ro MaJIOCTH.

YCTaHOBHB Us4, MOXKHO BBIUHCJHTb BOAOBO3JYLIHOe OTHOLICHHE
B 30He 4 Asss H, CJI€OBaTEJbHO, PACXOA BOAH, NOCTYyNAaloNle H3 30-
HH 3 B 30ny 4 (cM. puc. 137).

IIpexne ueM ompeneNsiTh HaCHIIEHHOCTH B 30He 3, HEOGXOLHMO
OLeHHTb, MOXKET JIH NIPH 3aJaHHHIX NapaMeTpax Ipolecca BJAaXHO-
ro ropeHHsl NPHCYTCTBOBATb XHJKas BOJa B 3TOH 30HE — NApOBOM
naaro. Ecin oHa uMeercsl, To nap HacuimleHHb#. [lapunanabioe naB-
JIeHHe BOASHOrO napa omnpejenuMm no ¢opmysae (VII.14).

Ecau BhpaxaTh mapunaJjgbHoe AaBjeHHe He B MIla, a B Ila,
T0 dopmyay (VII.14) moxno nmpubaHXKeHHO 3amucaTh B CJENYIO-

1ieM BHAE:
Pan==10-8 (T —273,2)1,
lIJ'ISI HaxoXJIeHHs COAepXaHHA gn BOASIHOTO napa B €IHHHUE

IIOPOBOro ofbeMa MOXKHO HCIOOJb30BaTh 3aKOH HIeaJbHBIX Ta3oB,
corjaCcHO KOTOPOMY

10-3(T — 273,24 M,
o= =20 T (VIL68)

COOTBETCTBEHHO [Ji BECOBOrO COJEpKaHHA ras3oB TIOpEHHSA B
€AHHHIE TTOPOBOTO ob6beMa HMeeM BbIpaxeHHE

— 103 (T — 273,24 M,
g, = LT —2B9M: | (VIL69)
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3neck My u M:—macca 1 Moasi COOTBETCTBEHHO BOAH H Ia3a;
R — yuuBepcanbuas rasoBast IIOCTOsIHHAS (R=831X
X 10° Ix/(kMoab- K).

Ilpu oueHke BO3MOXKHOCTH CyIIEeCTBOBaHHS B 30He 3 (CM.
pHc. 137) xKugkoil BOAB HEeOOXOAHMO BHadaje MNOJOXHTb S3=0 H
onpeaeauts mo ¢opmyaam (VIL68) u (VIL.69) conepxkanue napa
H ra3oB B eJHHHIEe NOPOBOro o6bema. Eciu KoJHYeCTBO ra3os IpH-
HATb NPHOJIHXKEHHO PABHHIM KOJHYECTBY BO3JYXa §sos, TO MOXKHO
OLEHHTb O06beM BOJbBI, MEPEHOCHMOH uepe3 30HY 3 B BHJe Mapa.
Ecan stor o6beM Boab 6yleT MeHbllleé KOJHYECTBA BOAM, IO-
cTynamouel B 30Hy 4 H3 30HH 3, TO, 3HAYHT, OCTaJibHAsA YacTb
BOJH MEPEHOCHTCs uYepe3 30HY 3 B BuJe KHAKOCTH. Ilpu 3ToM
.53%0.

B kauecTBe BTOPOro NpHG/IHKEHHS MOXKHO IPHHSTb, YTO S3~ I,
H BHYHCJHTb CHOBa TeMIlepaTypy B 30He 3, a 3aTeM OIIPEJeJHTb
CcpeJlHee 3HaueHHe TeMIepaTyphl I3 MEXJY YKa3aHHBIMH BEIlle 3Ha-
YEHHSIMH H 3TO cpe/iHee 3HAUEHHEe NPHHATH 3a JelicTBHTespHOe. IIpH
HAJIHYHH B 30He 3 BOALI B XHJAKOH (paze BOAOHACHIIEHHOCTh H CKO-
pocTb (UJBTpaLHH BOALI B Hefl ONIpeNeNsIOT MO TOH ke METOJHKe,
YTO Y NPH YCTAHOBJIEHHH HACLIIIEHHOCTH B 30He 4 ¢ y4eTOM IepeHo-
ca BOJbl B TapoBOH (pa3e M pacUIHpPEeHHS 30HH J.

Tak kak 30Ha 2 He3HauHTeJbHa IO pa3MepaM, HaCHIIEHHOCTb
B Hell He HaxOJHM, CYUHTas, YTO BO3AYyX H BOAA KaK Obl NONAJAIOT
M3 30HH ] cpasy B 30HYy 3.

B 30He ] apuxyTCs BOJa, ee map M BO3AYX. 3Hasl pacxof, BOXH,
mocrynamwiei B 30Hy 3, MOXHO MO (pOpMyJaM YyCTaHOBHBIIErocCs
MHOro()a3HOro TeYeHHS BBIYHCJIHTb BOJOHACHIIIEHHOCTL B 30He [
C YUeTOM ee 3amOJIHEHHS BOJOH H, HaKOHell, pacxoj BOJBI Ha BXOJE
B MJAacT H BOJOBO3AYLIHOE OTHOLIEHHE Ass, CYIIECTBYIOLIlee Ha BXO-
Je B MIJacT.

TakuM 06Gpas3oM, BHIUHCJIAIOT Bceé MCKOMBIEe NOKa3aTeJH Mpoliec-
ca BJIaXKHOFO TOPEHHS.

3Hast pacxop BOAH B 30He 4, MOXHO pPAacCYHTaTh JJHTEJNbHOCTDb
nepHosa Ge3BOAHON pa3paboTKu nJjacta, AebHTH He(hTH, Tra3oBbHE
daxTopel U 06BOJHEHHOCTh NpOAYKUHH. To ke caMoe MOXHO cle-
JaTb B BOJHBIH TNepHOA pa3pabOTKH MmJacta ¢ HCNOJb30BaHHEM
BJIaXKHOTO TOPEHHS.

Kak yxe ykasHBaJoch, ONMHCaHHAs Bhlllle NMPHOJHKEHHAs MeETO-
JHKa pacyeTa [OKasaTeJell mpolecca BJaxKHOTQ TOpeHHsT PacCMOT-
peHa NMPHMEHHTEJNbHO K NpAMOJHHeHHOMY miacty. C onpefeseHHBM
JONyllleHHeM ee MOXKHO HCNOJb30BaTh H AJs pacyeTa H3BJEYEHHS
HEe()TH METOJOM BJIaXKHOTO TOPEHHS W H3 PajHaJjJbHOTO IJacTa.

OznHako nmpu pacyere HeyCTAHOBHBIUMXCSl IPOLLECCOB BJIAXHOTO
ropeHusl JaHHas MeTOAMKAa HMeeT TOT HeJAOCTAaTOK, 4TO HCXOJAHOE
HpeAloNoXKeHHe O INOCTOSHCTBE TeMNepaTypH B 30He 3, T. €. B 30-
He IIapOBOr0 1JAaTo, B TOYHOCTH He YJOBJETBOpseTcs.

Ecnn xe paccMaTpHBAaTh YCTAHOBHBIIHHCS IpOliecC BJIAXHOrO
HJIH CBEPXBJIAXXHOr'0 rOpeHHs1, KOIla CKOPOCTh yXOZa TelJa B KPOB-
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JII0 — MOAOIUBY CTAHOBHTCH paBHOﬁ CKOpOCTH reHEpHpOBaHHA TeIll-
Jla 3a cueT ropeHus, TO TeMlepaTypa B 30HE€ MapoBOro nJaaTo 6)’1181’
Hensme}moﬁ, YTO MOJIHOCTBIO COOTBETCTBYET MCXOJHOMY INOJOXKEHHIO

METOLHKH.

Temnepatypa B 30He [apOBOr0 IJATO IIPH YCTAHOBHBHIEMCSA
npouecce BJAXKHOIO HJH CBEPXBJaXHOTO FOPEHHs onpeAensercs No
¢opmyJe, BnosHe aHaJjoruuHoit ¢opmyne (VIL57). Ilpu ycramo-
BHBLIEMCS] CBEPXBJAaXKHOM TODEHHH MOXHO CYHTaTb, YTO B IJacre
CYLeCTBYeT TOJbKO OAHA 30HAa C NOBHIIEHHOH INOCTOSHHOH TeMme-
paTypoii —30Ha NapoBOro mJaTo, T. €. 30Ha 3, NMOKa3aHHas Ha

puc. 137.
Pacuer HacHleHHOCTeH# B NJacTe MPH YCTaHOBHBLIEMCS BJaXK-

HOM HJIH CBEPXBJIaXKHOM TrOpeHHH NPOH3BOAHTCHA MO METOAHKE, aHa-

JIOTHUHOH H3J102KeHHOH BHIIIE.
s aydiiero ycBOeHHS H3JIOXKEHHOH NPHOJIHKEHHOH MeTOJHKH

pacyera BJAXKHOTO H CBEPXBJIaXKHOTO TOPEHHsl PAaCCMOTPHM ycCTa-
HOBHBIUMHCS IPOLECC CBEPXBJAXKHOTO IrOpeHHs.

ITpumep VIL3. B npouecce paspaboTKH He(TAHOrO MeCTOPOKJEHHS, BHOBb
BBOJHMOro B 3KCIJyaTalHIO NOCJe Pas3BeAKH, GHJO pellleHO NPHMEHHTb TeXHOJO-
THIO BJIaXHOFO FOPEeHHsI NPH ONHOPSLHOM CXeMe PACNOJOMKEHHS CKBAaXKUH. DJIeMeHT
3TOH cXeMH MOXHO TPEACTAaBHTb KaK NPAMOJHHEHHHH njact Aauuofi [=500 m n
mupHHoAi b=200 M. B kaXJoM H3 TaKHX 3JeMEHTOB NpeAaNoJiaraeTc CO3/aBaTh
YCTaHOBHBIIHACS NPOIECC BJAXHOTO TOPeHHsl ¢ NOCTOSIHHOH BO BPeMeHH JJHHOR
BHICOKOTEMIIepPaTypHO#l 30HK 2—3 (30HH NapoBoro miarto) (cM. pHc. 137).

®dakTHUeCKOe paclpefiesieHHe TeMIepaTypH B 3TOR 30He NOKa3aHO CIJIOWIHOM
JMHHe#d B BepxHeil uacTH pHCYHKa. [lo NpHOJAHXXeHHOH MeTOIHKe pacyeTa yCTaHO-
BHBILIErOCs BJ2XHOTO FOPEHHs paclpejiesleHHe TeMIepaTypH NpPeACTABJSETCS B BH-
Jle TPSMOYTOJbHHKA, TOKa3aHHOro Ha pHC. 137 NyHKTHpHOR JHHHeH. B HHXHel
YaCTH PHCYHKa JlaHa CXeMa pacnpejeseHHs HacHILeHHOcTedl NOpPHCTOH cpeln BO3-
AYXOM, rasaMi FropeHHsl, He)TbiO H BOAOH B Pa3/IHUHHX 30HaX.

Ilnact uMeer caenywouHe cBoficTBa: BA3KoCTb HedtH py=30-10-8 Ila-c; Tos-
IIMHA IIacTa, OXBaueHHas NpoueccoM ropeHus, h=15 M; nopucrocts m=0,24;
IIOTHOCTL HedpTH py=0,85:10% xr/M% TenJIOEMKOCTb TOPHHX MOPOJ Cr=
=1,3 kJlx/(xkr-K); njaotHocts ropHnx nopoa pr=2,5-10° kr/M3; kKosadduunesr
TeNJONPOBOAHOCTH MOPOJA KPOBJH — HOAOIIBH MJacTa Are=2,6-102 kJIx/(M-cyT-
-K), ux TeMmepaTyponpoBoaHOCTb %:x=0,08 M2/ cyT; cpenHee IJiacTOBOe AaBJie-
HHe p=107Tla; mnnacroBas Temmepatypa 7T=3032 K; coaepxanHe KOKca 2;=
=25 Kr/M® ero mIoTHOCTb Px=10,95-10% Kkr/M% Rs,3=308 M3/M3; Temsora cropa-
Hus Kokca A=25,14-10% k> /kr. B 0Hy BO3JyXOBOJOHAIHETATEJbHYIO CKBaXXHHY
HarHeTalT gaos c=80-10° M3/cyr Bosayxa. CiefoBaTesbHO, B 3JeMeHTe IJacTa
C/IeBa HANpPaBO JABHIKETCH (s03=40-10° M3/cyT.

Hauasbhast HedTeHaCHILEHHOCTb Syo=0,95, HACHIEHHOCTb CBA3aHHOR BOAOH
Sca=0,05.

B mpouecce yCTaHOBHBIIErocsl BJIaXXHOTO FODeHHs DeLIeHO CO3JaTh 30HY Ma-
pPOBOro MJaTo, KOTOPYK O6y/AeM HasHBaTh 30HOA 2—3, TakK Kak NPHOJHIKEHHO CUH-
TaeM, YTO NHK TeMNePaTypPH OTCYTCTBYeT: NPH BHICOKHX - BOAOBO3AYLIHHX OTHO-
IIEHHSIX TTHK «Pa3Ma3bBaeTcA» 1o 30He 2—3.

PaccyntaeM, nosb3yschb OCHOBHHIMH IOJIOXKEHHSIMH TDHBeLEeHHOR METOJLHKH,
TeMIepaTypy B 30He 2—3, a TakXe razoHedTeHaCHIIEHHOCTb H BOAOHACHIIEHHOCTh
B 30onax I, 2— 3, 4, a TakXe HeTeHACHIIIEHHOCTb B 30He 4, BOLOBO3AYLIHHE OTHO-
IIEHH B 30HAX, BXOJHOE BOJAOBO3AYIIHOE OTHOLIEHHE Ags, A€GHT HeTH H BOAH B
ApYrHe NOKasaTeJH NPOLECCa BJ2XKHOIO FOPEHHs.

OnpepnenuM npexje BCEro YCJIOBHYIO CKOPOCTb (POHT2 FOPeHHST Wyw=dXg./dE.
YcaoBHYy0 — IO TOH TPHYHHE, YTO aNPHOPH TPYAHO YCTAHOBHTb, CyLIECTBYeT JH
B 1aHHOM KOHKDETHOM C/lydae y3Kas 30HA OKHCJHTEJbHOH peakuun ($pOHT rope-
HHS) MJIH 3Ta 30HA 3aHHMaeT JOBOJILHO GOJIBIIYIO IJIHHY, CPABHHMYIO € JJIHHOM
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80HH 3. iMeeM B cootBeTcTBHH C dopmysiofi (VII.43)

40-1¢®
W = 500-15.308 =0,0433 m/cyT.

OnpeaenuM BpeMs f., CO3[aHHs MapOBOr0 IIaTO, CYMTAs, YTO AJMHA 30HH
TapoBOro IIATO COCTaBMASAET Aly.:

Aly, 25
bee =4, = 0,043

=577,4 cyr.

IIpupawenne teMnepaTyp B 30He 2—3 Tp_, BRUHCIMM N0 ¢opMyJne, BHTe-
kamowei u3z (VIL.57) npu > f... [Toayuum
Az:h [ iU, )1/’
ATy g=—F— | —7—
1-3 4y ( Al,,

25,14.108.25.15 1 3,14.0,08.0,0422 \1/2
=T72.2,6-10% ( 95 ) =189,1K.

Ipu naacropoft TeMnepatype 303,2 K anauenne Ty.3=462,3 K.
PaccyntaeM ckopocTh (HJALTPaUHH HedTH B 30He 4 mo dopmyae (VIL.62).
TTonyunam

25
gy = (0,24-0,95—-m) 0,0433 = 8,733-10-3 m/cyT.

Otcona ne6ut HeTH gy, NpHTeKaOWeH K AOGHBalOWIeN CKBaXKHHE C ABYX CTODOH,
6yner

G = 20gqbh — 2.8,733.10-3.200.15 — 52,4 M3/cyT.
l'IpH pacyere HacumeHHocreﬁ B 30He 4 CYHTaeM, 4YTO OTHOCHTEJbHHE IPOHH-

1[aeMOCTH AJIf Ta30B TOPeHHS He)TH H BOAH IPH HX COBMECTHOR (H/IbTPaLHH
B 3T0ft 30He JIHHEHAHO 3aBHCAT OT COOTBETCTBYIOUIHX HACHILEHHOCTEH, a2 MMEHHO

Sp—S5pg | Sy —S—S5p |

kr=—l—sc5 ; by = T—sy 7
§— Scp
=T

rie Sro — HACHILEHHOCTb IIOPHCTOA CPeAN Ta3oM, IPH KOTOPOR NPOHHLAEMOCTb AJd
rasa paBHa HYJIIO; S, — BOJOra30HACHIIEHHOCTb, IPH KOTOPOH NPOHHLAEMOCTb IS
He(dTH paBHa HYJIIO.

H3 npuBeneHHHX (OpMyJ NOJYYHM cJjefyiolllee BHpaxKeHHe AN OTHOUIEHHH
CKopocTeHl QHJIbTPALHH rasa H HedTH B 30He 4:

Ura (Sra —Sro) Mu
Una  Mp (Se——S3—8pa)

ITpumem, uto 5:0=0,05; 5.=0,95; u.=0,02-10-3 ITa-c. CKopocTb pUALTPALHE
rasa B 30He 4 MOXHO OLEHHTH NO 3aKOHY HAeaJbHHX ra3os, T. €.

Po 40-.108.108 M
0r¢=vl‘0_‘,;—=—_—200.15.107 =0,1333 T
Hneem
Urg 0,1333 _ 30-10-8 (sp4— 0,05)
vyg  0,8733.10% — 0,02-1078(0,95 — sg — Sr4)
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HJIR
Spg— 0,05

1,0176.10_’=m .

(VII.70)

3To — nmepBoe COOTHOLIEHHE [/Is ONpeJieJeHHs HacHlueHHocTel B 3oHe 4. BTo-
pOe COOTHOLIEHHE IOJYYHM H3 OTHOIIEHHS CKOPOCTH (DHJBTPALMH BOAH K CKOPOCTH
¢unbTpauuH HepTH B 30He 4. MMeeM

Ung (54 — Sce) In
Uns  Ma (Se— S4 —Sre)
HJIM TIOC/le OACTAHOBKH LM(POBHX 3HAYEHHI TIOJY4HM

_ 34-—0,05
0sg ==0,8733-102.30 Ggh =1

(VIL.71)
TperbHM COOTHOUEHHEM JJISi ONpeAeseHHs] HacHUIEHHOCTel B 30He 4 siBAfeTCS
BHpaXKeHHe AJS CKOPOCTH (POHTA KOHBEKUMM w0

O — . — CrPrtra + CuPulug -+ CoPslng
T 0 T o0 (1 —m) + m [cupy (1 — S4— Spa) + CoPeS + CoPrscal |

Coornowenns (VII.70), (VIL.71) u (VIL.72) cayxar ypaBHeHHsIMH IJs Onpejele-
HHSI HEH3BECTHBIX St4, S4 H Uss. PelIaThb 3Ty CHCTEMY ypaBHeHHH GyjzeM MeToaoM
NocJe0BaTENbHEX NPHOJIHKEHHH.

B kauecTBe NepBOro NPHOJHIKEHHs NOIOXKUM B ypaBHenHH (VIL.70) s=0,
TOTAa Sr4=0,059. IToacraBuM 370 3Hauenne sy B (VIL71), a (VIL.71) — 8 (VIL.72),
B KOTOpOM IIpeHeGperaeM YJ€HOM C PS4 BCJAEACTBHe ero Majoctd. Ilocie nmoacra-
HOBKH B (V11.72) uudpoBEX 3HaueHHA BXOASLIMX B HEr0 BEJHYHH H BHpPaKeHHS
Ans veq H3 (VIL71) monyynM KBaZpaTHOe ypaBHEHHe

543+ 46,585, — 5,444 = 0.

Pewas sto ypaBHeHue, HMeeM $4,=0,116.

BTopoe npu6imxenne ANs sr4 HaiifieM ¢ ydyeroM Toro, uto s4=0,116. IToacras-
ass 3to 3HayenHe B (VI1.70), naxomum, yto 5:,4=0,0696. TakuM o6pasoM, 3Haue-
HHS Sr4 Pa3JIHYAIOTCS YeTBEPTHM 3HAKOM APOGH.

Urak, st 30HH 4 514%0,06; 54=0,116, 5,,=0,824, T. e. 372 30Ha B OCHOBHOM
HacHlleHa HeTbIO H TOHKHMH CTPYSIMH uepe3 Hee GHJBTPYIOTCs ras ¥ BoAa. Cko-
poCcTb GHABTPALHH BOAH B 30He 4

Opg = 0,0233 M/cyT.

(VI1.72)

JHe6ur Boan
Gp == 20p4bh = 2-0,0223.200- 15 = 133,8 M3/cyr.

O6BOHEHHOCTb TPOAYKIHH
ds 133,8 _
V=g = 133,81 52,4 = 0719

Ilpu pacuere HacHIeHHOCTeRl B 30He 2—J3 3apaHee He H3BECTHO, COAEPXKHTCK
JH BOJa B XuAKOfA ¢ase MM OHa oTCyTCTBYeT. DyaeM pelraTe 3azady onpeje-
JIeHHs Hacumennocreﬁ B 30He 2—3 TakxXe nyreM IOCJeA0BaTEebHHX HpH6JIH)Ke-

HHI.
ITonoxuM B KayecTBe MepBOro NPHOJHKEHHS s3=0 H BHUHCIHM COAepMaHHe

NapoB BOAH B ra3oBoil ase 30HH 2—3. HMeem
10-3(T — 273,24 M, 10-3 (462,3— 273,2)3-18

fn= RT ="""g31.10%.462,3 0 X
p— 10-3(T— 273,28 M, _ (10"—10-3.189,14)30 _
go=" { RT =g 3 j.462,30  — 00,1 Kr=52,4 w¥.
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Ecym Ha 52,4 M3 rasos mpuxoauTtcs 6 r BoAsHoro napa, To B 40-10° M® rasos
6yaer HaxomuThea 4,58 M® Boan. OTclja 3aKjaouaeM, CUHTasd CYTOUHHH DPacxon
rasoB NPHMePHO PaBHHM CYTOYHOMY Pacxojy BO3AyXa, UTO 3a CYTKH B BHAe Napa
yepe3 30Hy 2—3 Gyper mepeHocHThcss 4,58 M® popn. Oanako B 30HYy 4 MOJIKHO
TIOCTYyNaTh, cOrsiacHo pacuery, 66,9 m3/cyr. CregoBare/bHO, OcTajibHas H [JaBHas
YacTb BOAH AOJIXKHA NMEPEHOCHTbCA yepe3 30HY 2—3 B BHAe XKHAKOH ¢asH u mpen-
MOJIOXEHHe O PaBEHCTBe HYJIO BOAOHACHIIEHHOCTH Sp—3 HEBEPHOE.

OnpenenyM BOJOHACHLIEHHOCTb Sz—3, 3HafA, YTO OHa cyllecTByeT. KiMeem

Urg krits (S¢ — S3) in
—_— = = VII.73
Ung [V (S« — ScB —Sk) Br * ( )

rJe Sy — HaCHLUIEHHOCTb MOPHCTOM cpean KokcoM (sx=0,11);

S vr_oPoTa
s — me *
C yueToM mapoB BOAH PAacxoj rasos B 30He 2—3
68,1 46
G0 =40.108 —6% = 43,5210 m3/cyT;

43,52.108.105-462,3
Urs = "T900.15.107- 303, 2

Gsg— 4,58  0,0223-3000 — 4,58
Uss = oh = 200.15

=0,2212 m/cyT;

==0,2077 M/cyT.

Ilpu pacyere no dopmyae (VIL73) nonyuum s3=0,43. Tlockosbky sx=0,11,
TO Sr3=0,46. TakuM o6pa3oM, 30Ha 2—3 NMPHMEPHO HaNOJOBHHY JLOMOJIHEHa ra3aMu
TrOpeHHs H BOASHHM napoM, a 43% ee MopoBoro o6bemMa 3aHHMAaeT BOAA B XKHAKOH
dase.

PaccynTaemM rasoHacHILEHHOCTb H BOAOHACHIIEHHOCTb B 30He [. IlockosbKy
BOJa He HAKaNJIUBaeTcs B 30He 2—3, TO U5 =vy=0,0223 m/cyT.

Upy = "2"’1;’,_”"' =0,1333 m/cyT.

Hmeem
Ury _ hgpiy 1078(sy—s)  0,1333
Usi  Aepp  0,2.1073(s;—scp)  0,0223 *

Orcioaa 5,=0,854. CoOTBETCTBEHHO HACHILEHHOCTb TOPHCTOR CPeAR BO3AYXOM
sr1=0,146.

PaccuntaeM KOJIHYECTBO BOAH Ags;, HAYWIEA Ha 3aNojiHeHHe 30HH [ Mo Mepe
NPOABHXKEHHA 30HH NapoBOro nJjaro 2—3:

Agy, = bhs;wg, = 200-15.0,854.0,0433 = 110,93 m3/cyr.

Monnuit o6beM BOAH, (GHABTPYIOLIEHCS B pacCMaTPHBAeMOM 3/eMeHTe CJieBa
Hanpaso:

(o1 = Gaq + Agp; — 66,9+ 110,93 = 177,83 m3/cyT.

Pacxozl BOJH, 3aKayHBaeMo# B HarHeTaTeJIbHYI0 CKBaXXHHY:
o= 177,83-2= 356 M3/cyT.

Boznososayuinoe oTHOLIeHHe Ha BXOA€ B IJiacT (B HarHeTaTeJbHON CKBAXKHHe)

356
App = 80.108 = 4,45.1078 M3/m3.
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Taxum 06pasoM, B HArHeTAaTeJbHYIO CKBAXKHHY BMecTe C BO3AYXOM NpHAeTcH
SaKayHBATb 3HAYHTEJbHOE KOJHUECTBO BOXLH.

Hakonen, onpenenum, AefiCTBHTENBHO JH CyIleCcTByeT ¢(POHT rOpeHHd, T. €.
HAeT JH OOLUHHA NpOIECcC BJAXKHOIO IOPEHHS HJH 30HA OKHC/IHTEJbHOH peaKkuuH
pacnpocTpaHsiercd Ha BCIO o6jactb NmapoBoro mjiato 2—3 (cM. puc. 137).

Dynem cunraTth, 4TO AJHHA 30HH OKHCJHTENBHOH peakumn paBHa Alor. Torma
C Y4ETOM KOJIHYeCTBA NOIJIOLLAEMOrO0 KHCJIOPOAA MoJydaeM

Wox2rAloxbh = 0,21poxGnos-
31eck Por — MJIOTHOCTh KHCAOPOAA (Pox=1,3 KI/M?).
W3 npuBeseHHOro COOTHOWEHHs1 ¢ yuetoM dopmysan (VIIL4) nomyuum

B/T
0,21p0,q803 € / .

Algy = =
o bhz1agp™ox

(V11.74)

ITonaras pas ouesousoro pacdyera B o¢opmyne (VIL.74) n=1,
Kr Oy

B=38,5.163K, ap=3-10¢ S oxca. Mila
- X, 0,21-10
Pox= Po20 =Tz ~ 1 Mila,
#3 (V11.74) nonyuum
8,5-103
462,3

0,21-1,3.40.10%¢
900-15-25-3-10%-1

Algy = = 0,00545 M =75,45 mm.

CrepoBatenbHO, B pacCMaTPHBAEMOM CJIyuae BJAXKHOTO TOpeHHs AeHCTBHTENb-
HO CyLuecTBYeT QPOHT rOpeHHs H, BO3MOXHO, THKOBas Temneparypa. OfHako npd
TIpHOJIHKEHHOM pacueTe 3TO OGCTOATENBCTBO HEe YYHTHBAJOCh, BaxHo TO, UTO Bech
KHCJIOPOZ TOIJIONLaeTcs B Ipefenax 30HH IapoBoro miato 2—3 u Aly, < Al,..

Takum o6GpasoM, onpefejeHH BCe NOKasaTelH Mpouecca yCTaHOBHBHLIETOCH
BJIaXKHOTO TOPEHHS.

Heo6x0auMo OTMeTHTB, YTO BCJEACTBHE CJOXHOCTH MeXaHH3Ma H3BJICUEHHs
HeTH H3 WeApP MeTOAAMH BJIaXXHOTO TFOPEHHs pacyeTH pa3paGOTKH IJAcTOB C NpH-
MEHEHHEM 3THX METOAOB CJeAyeT OCYIIECTBJIATb C HOMOIIBI0 MOWHHX IJBM Ha
OCHOBE TEOPHH HeH30TepMHueCKOX MHOrodasHOR MHOTOKOMIIOHEHTHOH OHJbTPanHH
C yueTOM KHHETHKH BHYTPHILIaCTOBOH OKHCJIHTEJBHOH DeaKuHH.

OnHako pacueT mo IPHBEAeHHOH NPHOJIHMKEeHHOH MeToZHKe 00/afaeT TeM KO-
CTOMHCTBOM, YTO OH HarJIiAcH H OCHOBaH Ha HCIOJIb30BaHHH He auddepeHUHa b~
HHX ypaBHEHHH, a IpocTo GOpMy.JI.

§ 7. PE3YJIbTATHI U NNPOBJEMbI PASPABOTKH MECTOPO)XIEHHA
TENMJIOBbIMH METOAJAMH

Hdonsi pasBeieHHBIX 3amacoB He(hTH NOBHILIEHHOA H BHICOKOH
BSI3KOCTH, a Tak¥e GHTyMOB B o0lieM 0asaHce 3amnacoB YIVIEBOJO-
POAOB BO BCEM MHpe HEeNpephIBHO pacTeT B CBSI3H C HHTEHCHBHOH
pa3paboOTKOf MeCTOpOX/JeHHH CpPaBHHTEJbHO JIeTKO H3BJleKaeMbIX
MaJIOBSI3KHX HedTel u MelJIeHHOH pa3paloTkofi MeCTOPOXIeHHH
BRICOKOBSI3KHX He(TeH.

Pacrymas norpe6GHOCTh B YIJ1eBOAODOAHOM CHpbe NPHBOLHT K
Heo6XOAMMOCTH 0oJiee IHHPOKO HCIOJb30BAHHS TEIJIOBRIX MeTO/JOB,
no3BoJsiioluX 3¢ HEeKTHBHO H3BJeKaTh H3 HelAp HedTb BHICOKOH BSi3-
KOCTH.
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Honroe BpeMsi TemJOBbhle METOAB CYHTAJHCh MaJoONepCIeKTHB-
HEIMH BCJIeJCTBHEe HX BHICOKOH 3HeproeMKocTH. OnHAaKO yXe ¢ KOH-
na 50-x u nHavasa 60-x rr. OTHOLIEHHEe HE(PTSAHHKOB K TelJIOBHM
METOJaM BO3/eHCTBHA Ha He(dTAHHE NJACTHl CTAJO H3MEHATbCA B
Jy4LIyl0 CTOPOHY. TOMY cHoco6CTBOBaJO NpoOBeleHHe HCCJe10Ba-
HUH, BHISIBUBILHX BO3MOXHOCTH CYI€CTBEHHOro NOBHILIeHHA 3 dek-
THBHOCTH TeNJIOBHIX MeTOAOB. KpoMe TOro, OmnT NpHMEHEHHs WHK-
JIHYECKHX NapoTenJoBHX 06paboTOK CKBAXKHH IIOKa3aJj, YTO HA KaX-
Able 2—3 T BOASIHOIO Napa, 3aKayaHHOro B IPH3aGOMHYIO 30HY
HePTAHOH CKBa*KHHH ¢ LeJbIO ee IIyOoKOi TemnoBoii 06pabOTKH,
MOXKHO MOJIYYHTb AONOJHHUTENbHO | T He(dTH. [lanee BO3HHKJA HAesd
CHHXKEHHAI 3SHEpPrOeMKOCTH TeIJIOBHX METOAOB BO3JEHCTBHA Ha
IJacThl 3a cyeT NepeMelleHHs HarpeTofl 30HH NyTeM 3aKaykH B
IJ1acT XOJIOAHOH BOAH. 3aTeM B pe3yJsbTaTe HCCJENOBaHHH OKasa-
JIOCb, YTO MOXKHO [lepeMelllaTh B IJ1acTe HarpeThle 30HH (TenJoBHE
OTOPOYKH) Ha 3HAYHTEJbHOE PACCTOSIHHE, CPaBHHMOE C PacCTOAHHS-
MH MeXJYy CKBaX{UHaMH Ha peasbHHX MECTOPOXKAEHHAX, T. €. CAe-
JaTb MEeTOJ TeNJOBbIX OTOPOYEK METOLOM pa3pabGoTKu HedTAHHIX
MECTOPOXK/JAEHHHA B LEJIOM.

Pacuer mokasaJ, yTo npu HenpephLIBHOM HarHeTaHHH Napa HJH
ropsYefi BOAW B NJAacT OTHOIIEHHE KOJHYECTBA 3aKAaUYaHHOrQ B
IJacT napa K KOJIHYeCTBY JONOJHHTEJIbHO AOOHTOH 3a cueT mapo-
TEIJIOBOTO BO3AEHCTBHA HedTH, T. €. TaK Has3bHBaeMHii napoHedTs-
HOH ¢pakTop, coctaBuyo 6n 5—7 T Ha 1 T HedTH u Gousee. IIpu He-
N0JIb30BAHHH METOJA TENJIOBHIX OTOPOYEK OHO paBHO 2—3 T Ha I T
JONOJIHHTEJbHO AOORITON HePTH.

W nakoHen, nosHIUEHHIO NEPCNEKTHBHOCTH TENJIOBHX METOJOB
pa3paboTKu He(PTSIHHX MECTOPOXKAECHHH CIOCOOCTBOBAJH MO3HaHHE
MexaHH3Ma BHYTDHIJIACTOBOrO IOpeHHs, H3yueHHe CYXOro M cosfa-
HHE BJAaXXHOrO BHYTPHIJIACTOBOIO TOpPEHHs, OTKpPHIBAaIOliHe HOBHIE
BO3MOXHOCTH NOBblIIEHHs He(TEOTJayH IJIaCTOB.

Meroj, BeiTecHeHHS HedTH H3 NJACTOB ropsiuefl BOJOH M NapoM
YCIEIUHO NPHMEHSIOT Ha psifie HedrTsaHHX Mecropoxiennit CCCP.
H3BecTeH ycnewHblH ONHIT HCIOJb30BAaHHS NMapOLHK/IHUECKHX Obpa-
6otok ckBaxun B CIIA, BhiTecHeHHss He(TH M3 IJIACTOB NMapoM H
ropsivefi Bogoli B Benecyasne, Hupepnanpax, CIIA, no BuyrpunJia-
croBomy ropennio B CPP, BHP, CHIA u B gpyrux crpanax.

B CCCP BuyTpHn/iacTOBOe ropeHHe HHHIHHPOBAHO H YCIEIIHO
pa3BHBAETCS Ha MHOTHX He(dTAHHIX MeCTODOXKIEHHSX ¢ BeCbMa pas-
HOOOpasHbBIMH CBOHCTBAMH He(dTeldl — OT He(pTH BS3KOCTHIO B He-
CKOJIbKO INacKaJjefl B CEeKyHLYy A0 eJHHHU, MHJJIHIIacKajlefd B ce-
KyHAY. :

[Ipexae Bcero cJjenyer ykasaTb HAa TO, 4TO ONHT pa3paboTKH
HedTanbix MectopoxaeHuii B CCCP myTeM 3akauku B mJjact TelJo-
HOCHTeJIeHl MOKasaJ peasbHYyl0 BO3MOXHOCTL CYLIECTBEHHOrO NOBH-
LIeHHs He@TeoTAauu IJIACTOB NPH TEMNJIOBOM BO3JEHCTBHH Ha HHX.
Y6eauteabHOe [0Ka3aTeJbCTBO BO3MOXHOCTH MOBHIUEHHs HedrTe-
OTAAYH NPH 3aKauKe B IJacT ropsyefl BOAW M Iapa NOJY4YeHO NpPH
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maxTHOR paspabotke SIperckoro Mecropoxpenus. Ilmactm 3srtoro
MeCTOPOKJEHHsl MPEeACTAaBJeHH BHCOKOIPOHHIAEMEIMH IecYaHHKa-
MH, HACHIIeHHEIMH He(TblO CBepXBHICOKOH Bs3KOocTH (6osee
10 ITa-c). Ilpu paspaboTke STHX macToB OOGHYHEIMH CKBa*KHHaMH,
npobypeHHBIMH ¢ JAHEBHOH MOBEPXHOCTH, HedTeOTAaya He IPEBHICH-
Ja 6u 2%. MecropoxeHHne paspabaThiBajoch OBl cHayaJa IpH pe-
XKHUMe DPacCTBOPEHHOro rasa,-a INOTOM — NpH TFpaBHTau#oOHHOM. Ilo-
3TOMy pelleHo OwlIO pa3pabaThHiBaTh SIperckoe MecTODOXK/EHHE
HIaXTHBIM crmocoGoM. DHUIM TpHMeHeHHl [Be pa3jHYHHeE CHCTEMBl
pa3paboTKH: mepBasi, yXTHHCKas, MyTeM COOPYKeHHs] FOPHHEIX BhIpa-
6OTOK Haj NPOAYKTHBHEIM NJACTOM H NPOBOAKH H3 HHX KYCTOB
CKBaXKHH, Kax/Jasl H3 KOTOPHX HMEeT AJHHY B HECKOJbKO JECATKOB
MeTpOB, H BTOpas, YKJOHHOCKBAaXXHHHas, IpeJlycMaTpHBalollas Ipo-
BeJleHHe TOPHOMA BHIPaGOTKH B CaMOM INpPOAYKTHBHOM mJjacre c Oy-
peHHeM H3 Hee «Beepa» OoJiee QJIHHHHIX (M0 HECKOJBKHX COT MeT-
POB) HaKJOHHHIX cKBaxXXHH. OIHAKO omuHT pa3paboTku SIperckoro
MecCTOpPOXJeHHs LIAXTHHM cIHoco60M IMOKasaJ, 4To KOHeyHas Hed-
TeorJadya ¥ Npu 3ToM crnocobe He npesricutT 7%. ITosTomy B 1968 T.
6n10 pelreHO NPUMEHHTh Ha $IPErcKOM MeCTOPOXKIeHHH BHITECHE-
HHe HedTH H3 NJAcTOB NapoM H Tropsiuelt BOAOH B YCJOBHSX €ro
WaxTHOR paspaboTku. OnmT TepMomaxTHOH pa3paboTku JIpercko-
r0 MEeCTOPOXIeHHS TOKa3aj BO3MOXHOCTh CYIIECTBEHHOTO AOMOJ-
HHTEJIbHOTO H3BJeueHHs HehTH U3 nJjactoB. lleHHLIM siBasieTcsl BHI-
COKasl JOCTOBEPHOCTb H yOGeqHTEeNbHOCTh 3TOrO ONHITA, MOCKOJBKY
KOJMYECTBO OCTATOUHOH HedTH B IJacTe Ha OTIEJbHHIX YydacTKax
pa3spaboTKH MOXKHO OHJIO TOUHO ONpPEJEesHTb NMyTeM HeNoCPeACTBeH-
HHX H3MepeHHH B IIaXTHHIX BHpaboTkax, orfopa W HCCJAeAOBaHHSA
NopoJ NJacta, TOYHOTO 3aMepa KOJHuYecTBa 3aKAYaHHOro Ha jmaH-
HOM yuacTKe IlacTa TeNJIOHOCHTeNS W KOJHYEeCTBA H3BJEUeHHOH
HedpTu. OKkasasoch, uTo 3a OoJiee ueM JAeCATHJETHHA NepuHoj pas-
paboTKu IJacra ¢ NPHMEHEHHEM TeIlJIOBOrO BO3fAeficTBHS HedTeoT-
Jaya Ha HEKOTOPHIX yYaCTKax MeCTOPOxKaeHHs NpeBricuaa 50%.

ITaponedTsiHofi pakTop Ha SIperckoM MECTOPOXKAEHHH, KaK H HA
Bcex apyrux Mecropoxzaenusx CCCP, paspaGaTbiBaBUIHXCS ¢ IIpH-
MeHeHHeM 3aKauKH B IIJAcT TEMJOHOCHTeJel, BHauaJje GRJ BHICOK,
coctaBdsiss 6—7 1 Ha | T AomosHHTENBHO AOGHIBaeMo# HedTH, HO
yepes 2—3 roja mocse Hayaja TePMHYECKOro BO3LEHCTBHS CHH-
3udsics 10 2—3 T Ha 1 T momOJHHUTENbHO JOOHTOR HedTH.

Ilpu napounkanmuecknx o6paboTKax CKBaXXHH HapOHe()TSHOR
¢dakTop cocTaBHJ, HalpuMep Ha MeCTOpPOXAeHHH 3HO3a, 2 T Ha
1 gedrH.

Ecan u3 1 t HedTH, ycn0BHO CXKHraeMoih B KOTJax, NOJYYawT
15—18 rt Hacbmennoro mapa, To npu napoHedrsiHOM GakTope,
paBHOM 3 T Ha 1 T He(hTH, Ha NPOH3BOJACTBO Napa Oyner 3aTpauH-
gatbes okKodio 209 pomosnuTesbHO A0GHBaeMoOi HedTH.

Ha psine Mecropoxnennit CCCP 3akauka B IJiacT TeNJOHOCH-
TeJiefl OCYIIeCTBJSIETCS METOJOM TeIIOBHX OTopouek. Ha HekoTo-
PHIX TIPHMeHeHH DSAlBHle CXEMHl PAaclOJIOXKEHHs CKBaXKHH. Pasmep
TENJOBHIX OTOPOYEeK Ha 3THX MECTOPOXIAEHHsIX cocrapjsieT ot 0,3
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2o 0,5 nmoposoro o6beMa MJAaCTOB, NMOABEpraeMbix TENJOBOMY BO3-
I eHCTBHIO.

Pa3pa6oTKa MeCTOpPOXKIeHHH ¢ MpUMEHEeHHEM 3aKauKy B IIJ1aCTH
TEIJIOHOCHUTe/ e BeleTcA IpH HmapaMeTpe IJIOTHOCTH CEeTKH CKBa-
KHH, H3MeHswleMca 0T S.=0,5—1,0-10* M2?/ckB 1o S.=4X
X 10* m2/cks.

B CCCP HakonjeH Takxe 3HAQUHTEJbHBII ONBIT H3BJEYEHHSA
HepTH H3 Help ¢ HCIOJb30BAHHEM BHYTPHIJIACTOBOTO TOpeHHs, B
TOM HHCJe BJaXKHOrO,

HWHHUHHpOBaHHEe BHYTPHILIACTOBOIO TOPEHHS OCYLIECTBJIAJNOCH
C npHMeHeHHeM 3a0OHHBIX 3JeKTpOHarpeBaTeJied, HO BO MHOIHX
cJyyasix OHO MPOHCXOJHJO 3a CUeT CaMOBO3rOpaHHs, T. e. 6e3 mo-
MOJIHHTEJIBHOTO MpOrpeBa IJIaCTa B BO3JyXOHarHeTaTeJbHHIX CKBa-
KHHaX.

Cornacuo ¢akTHUECKHM RaHHHIM, NPH pa3paboTKe MeCTOpOXKIe-
HHi MeTOJaMH BHYTDHIIJIACTOBOTO TOPEHHs YAeNbHHIH pacxoj BO3-
Ayxa Ha 1 T JomoJHHTeNbHO AQ6HITON HedTH coctaBiaser or 1000 M3
Ha | T 1o 2500—3000 M3 na ToHHYy.

Pa3BHuTHe TenJIOBHIX MeTONOB Pa3paGoTKH HeDTSAHHIX MeCTOPOK-
nenuft B CCCP u B npyrux crpaHax, ¢ OAHOH CTOPOHHI, MOJATBEPAH-
JI0 UeJHH pAj TeOpPeTHUYeCKHX M J1abOpaTOpPHHX pe3yJabTaToOB, Ka-
calolHxcA MeXaHH3Ma M 30 (GeKTHBHOCTH 3THX METOJOB, a C ApY-
rofi — BLISIBHJIO Psfi HepPEUIeHHHX TEXHOJQrHUeCKHX BOIIDPOCOB,

Kak caemoBano #3 TeopuH H J1aGOPaTOPHHIX SKCIEPHMEHTOB,
NpaKTHKAa NPHMEHEHHsS BCeX TEIJIOBHIX METONOB NOATBepAuja NPHH-
LLHIIHAJBHYI0O BO3MOXKHOCTb ITOJYYEHHS BHICOKOH KOHEuHO# He(dTeOT-
naud. Hukakas uHas, H3BecTHag B HACTOsIee BPEeMs TEXHOJOrHSA
pa3palboTKH HePTAHBIX MeCTOPOXKIEHHH, MPOAYKTHBHbIE IJACTH KO-
TOPHIX 3aJIeTaloT Ha ray6uHax cBuime 100—150 M, kpome, MoxeT
6LITb, 5KOHOMHUYECKH HellDHEMJIEMOH OTKpHTOH paspaborku ray6o-
K03aJIeralonux MecTOPOXAEHHH ¢ OTMHIBOM He)TH OT mopojhl, He
MoxeT ofecreyHTh YKa3aHHHIH BHIIEe YPOBEHL H3BJEUEHHS BLICOKO-
BSI3KOH He(TH H3 HeHp.

OnHiT mokasaJ, 4to pa3paloTKa MeCTOPOXK/IEHHH BbICOKOBS3KON
HedTH NyTeM BHITECHEHHS] HEOTH H3 MJACTOB TEIJIOHOCHTENSAMH 3KO-
HOMHUECKH npuemJeMa. IIpu 3ToM 3KOHOMHUeCKHe NOKazaTeJH IO-
JyuyaioT 60Jlee BHCOKHE, HeM B Ipolecce pa3pabOTKu Ha eCTeCTBEH-
HEIX peXXHMax. Bmecre ¢ TeM HCIOJb30BaHHE TENJIOHOCHTEJNEH BO3-
MOXHO TOJbKO BO BpeMs pa3paGoTKu MeCTOPOXKJAeHHH, 3aJerao-
mux Ha ray6uHe He Gosee 1000 M, BciencTBHe 3HAUHTENBHHIX HO-
Tepb Tellla B CTBOJE, a TaKXe NPH IJOTHHIX CeTKaX CKBaxHH (Sc
He MeHee (4—5)10 M2%/cKB), uTO c yBeqHueHHeM TAYOGHHH W CTOH-
MOCTH CKBAXKHH BeJeT K GOJbIIHM KamuTa/JbHEIM 3aTpaTaM.

MeToan BHYTPHNJIACTOBOrO TOPEHHSI, OCOGEHHO BJIAXHOE rope-
HHe, HMEIOT BeCbMa CYyLIeCTBEHHOe NPEHMYIIECTBO IIepesi CIOCOO0M
BO3JeHCTBHS Ha HedTAHHE NJACTH NMyTEM 3aKAYKH B HHUX TEIJIOHO-
CHTeJIel, 3aKJwouawlleecs, BO-NEPBHX, B TOM, 4TO, MO CyTH 1eJ]a,
JIUKBHAUPYIOTCA TEMJOBHIE NOTEPH BO BpeMsl JBHXKEHHsI HarHerae-
MOrO B IJJaCT BellleCTBa Ha MOBEPXHOCTH H B CKBa)KMHax H, BO-BTO-
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pHIX, BHICOKOTeMIlepaTypHasi 30Ha NPH BHYTPHIJIACTOBOM TOpEHHH
MOXeT OHTb NPOABHHYTa Ha 3HAYHTeJbHO OOJblIHe PaCCTOSAHHUS
B MJacTe, 4eM IpH 3aKadke B NJIACT TeNJIOHOCHTesef. DTo mocnaej-
Hee MNPEeHMYILIECTBO METOAOB BHYTPHIJIACTOBOTO TOpPEHHSI CBA3aHO
C HelmpepbIBHOH KOMIleHcauHeH TemJa, yXOASILEro B-KPOBJIO — IO-
AOUIBY, TeNJIOM, BHAEJAIOLUHMCS B pe3yJbTaTe BHYTPHIJIACTOBOH
peakuuu ropenusi. CienoBaTesbHO, IPH BHYTPHIIACTOBOM T'OPEHHH
paccrositHHe MeXJAy HarHeraTesJIbHBIMH H JAOOHBAIOIHMH CKBaXH-
HaMH, a TaKXe MeXJAy AOObIBAaIOIIMMH CKBaXKHHAMH MOXeT OHITb
CYIlECTBEHHO YBEJHYEHO MO CPaBHEHHIO C 3THMH DAacCTOSIHHSMH BO
BpeMsl pa3pabOTKH MeCTOPOXKAeHHH NMpH 3aKauke B IJACT TEIJIOHO-
CHTeJIeH, T. €. MOXeT OHITb HCNOJb30BaHa GoJiee pa3pexeHHAs CeT-
Ka CKBaXXHH, YTO AaeT OrPOMHYIO 5KOHOMHYECKYIO BHTIOAY.

Onnako ombT paspaboTKH He(PTAHHX MECTOPOXKIEHHA ¢ NpH-
MeHeHHeM BHYTpPHIJIACTOBOTO I'OpeHHs BHISIBHJ Dsj ellle He PeHIeH-
HBIX 3a7a4, K YHCJAY KOTOPHIX OTHOCATCS CO3JaHHe MeTOAOB OHICTPO-
rO HHHUHHPOBAHHS TrOpeHHUs, O6ecleyeHHe ero TEXHOJIOTHUeCKH 6e3-
ONaCHOTO OCYIIeCTBJEHHS, NOBHIUEHHE OXBaTa IJ1acTa NPOLECCOM,
COBepllIeHCTBOBaHAE CIOCOGOB IKCIJyaTallHM CKBAXHH, pasjeJieHHe
rasop TOpeHHS H YIVIEBOJOPOAOB, pasjesieHHe 3MYJbCHA, OXpaHa
OKpy:xKaiwollle#i cpeiHl.

HecmoTpss Ha HepelleHHble TEXHOJIOTHYECKHe BOIPOCH, METOAH
BHYTPHIIJIaCTOBOrO TOPeHHsl UMeIoT 6OoJbLIHe IepCNeKTHBH NpH pas-
paGoTKe MeCTOpPOXKAEHHH HE TOJBKO BBHICOKOBSA3KHX, HO M MaJIOBf3-
KHX HedTeH.

KoHTpoabHbie BONPOCH

1. BruiBeante ©¢&OpMyJay, ONpeleJsIONIyI0 COOTHOIIEHHe CKOpO-
crefl (ppoHTa BHITECHEHHS H TEIJIOBOrO (POHTA INpH 3aKayke B
[JIaCT BellecTB ¢ TeMIepaTypod, HEOAHHAKOBOH ¢ IJacTOBOH.

2. Pacckaxure 0 cnoco6ax yueTa yxoia TeNJOTH H3 IJjlacTa B
€ro KpOBJIIO H NOJAOIIBY.

3. HazoBute OCHOBHHe AONYIUEHHS, NPHHHMaeMbhle B 3ajaue
JloBepbe mpH pacueTe TeMIePaTypHOrO NOJST B NpPSIMOJHHeHHOM
naacre. Hanumure ¢opMyiy, onpefessoIy0 pacnpelel]eHHE TEM-
nepaTypsl B IJacTe, H HA30BHTe BXOAMAlIHe B Hee BeJHYHHH.

4. WanoxuTe METOAHMKY OIpelelieHHs TeKylleit HedTeoTAauH
IpH BHITECHEHHH He(dTH BOJAOH H3 NJacTa TEIJOHOCHTeJNeM, MOJb-
3ysicb peuteHHeM JIoBepbe.

5. Ha30BuTe OCHOBHHe MONYyIUCHHsS, IPHHHMaeMble NpH pacuere
IBHXEHHS TemoBoro ¢poHTa mo cxeMe Mapkca — JlaHreHrefima.
Hanumure ¢opmyny, onpeiensiomyio KOOPAMHATY TEINJOBOTO
¢poHTa, ¥ Ha30BUTE BXOASIIHE B Hee BEJHUHUHHL.

6. O6GbscHHTe cyTh METOAa TemJOBHX oTopouek, M3 Kakux co-
ofpaxeHHH BLIGHPAIOT pa3Mep OTOPOUKH?
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I'masa VII1

NMJIAHHPOBAHHE H 3KOHOMHYECKHE
NMMOKA3ATEJIH PASPABOTKH HE®TAHDBIX
MECTOPO)XIEHHH

§ 1. HE®TAHAS NPOMBIIIJIEHHOCTbh KAK OAHA
H3 NOACHCTEM HAPOJOHOTIO XO3HCTBA CCCP

Coerckuit Colo3 — cTpaHa, obJajaniiasi BHICOKOPa3BHTOH 3KOHO-
mukoft. ITpombimiesnocTs CCCP cocTOHT H3 KOMIUIEKca OTpaclied,
[NPOH3BOJSALINX NpPaKTHUYECKH BCE BHAH COBPEMEHHOH NPOIYKIUHH.
OrpoMHoe 3HauyeHHe [JS1 HAPOAHOrO X03sfiCTBA Hallell CTpaHH HMe- .
€T rpynna ropHOAOOHIBAIOIIHX OTpacjed, JalolHX MHHepaJbHOe
cHpbe. B 3Ty rpynny BXOAHT H HedTsHas NPOMBIINJIEHHOCTb.

Kaxnass H3 oTpacjeil NmpOMHIUIJIEHHOCTH COCTOHT H3 MHOIOYHC-
JEHHbIX B3aHMOCBSI3aHHHIx mojpasjesenufi. Tak, B HedpTAHyIO NpPO-
MBIHIJIEHHOCTh OPraHHYECKH BXOAAT NMOJApa3jesieHHs Ie0JIOTHH H I'€o-
¢pH3uKH, OypeHHs, HeNmoCpeACTBEeHHO pa3paboTKH HedTAHHIX MECTO-
poxJeHHH H A0OHuYH HedTH, c6opa, TPaHCHOPTAa M TNPOMBICJIOBOH
NOATOTOBKH He(pTH H Trasa, JajbHEro TpaHCNOpTa HedTH OT MeCT
JOOHIYH K 3aBoJaM MO ee nepepaboTKe HJAH Ha 3KCIOPT.

Bce oTpacau Kak moacucTeMbl HapoOAHOrO XO3SHCTBa MpPSIMO HJH
KOCBEHHO CBsSi3aHH Mex1y co6ofi. TpyG6H, H3roToBJsieMble MeTaJ-
Jypruyeckofl NMPOMHIIIJIEHHOCTBIO, NOCTaBJASAIOTCA B OGOJBUIOM KOJH-
4eCcTBe B e0JIOrOpa3BefOuHHe ¥ HedTerasoJOGLIBAOIHe OTpacJH,
a ras norpebJasercs B MeTaJaypruHH. To ke caMOe MOXKHO cKasaTb
06 HCIOJIb30BAHHH He(PTSHOH NPOMHINJIEHHOCTBIO pPa3HOO6Gpas3HON
NPOAYKIHH MAMHHOCTPOEHHS, CTPOHTENbHLIX MaTepHaJOB, 3JEKTpO-
060pynOoBaHHSA, 3JeKTPOHHKH M T. A. OTpacid, mpoH3BOASIHe 3TH
BHAB NPOAYKUMH, NOTPebJSIOT He HENOCPeNCTBEHHO HedThb, a INpo-
IOYKTHl ee mepepaboTKH HJM 3JeKTPO3HEePTHIO, MOJyuyaeMylo OT 3JeK-
TPOCTAaHUHH, Tle CXKHraeTcss BhHpabaThHBaeMHIl H3 HedTH MasyT.

Onnako HauGosee TecHO He(TsHAS NPOMHILLIEHHOCTh CBSI3aHa
C TakHMH OTpac/sIMH, KaK [eOoJIOTH M pasBelKa 3amacoB HedpTH
H CTPOHUTEJHLCTBO OOBEKTOB NOOGHYH H TpaHCHOpPTa HedTH.

ITpu 3TOM moOA YNOMSIHYTHIMH Te0JIOrOpPa3sBeJOYHOM H CTPOHTENb-
HOH OTpacJsIMH NOApasyMeBalOTCs OPraHH3alUHH K NPeANpHATHS,
3aHHMAlOIHeCss COOTBETCTBEHHO pPa3BeAKol 3amacos He(TH H CTPOH-
TEJBCTBOM TNPOMBICIOBEIX M TPAHCMOPTHHIX COOPYXKEHHH H yCTaHO-
BOK, HE3aBHCHMO OT HX aAMHHHCTPAaTHBHOH NPHHAAJEXKHOCTH.

Ot TeMna obecmeueHHss Tre0JOropasBefOYHOR H INPOMBICIOBO-
CTPOHTEJILHOR OTpac/ied MaTepHaJbHBIMH H TPYJAOBHIMH peCypcaMH
3aBHCAT CKOPOCTh MOATOTOBKM HOBHIX 3amacos HedTH H rasa, a
TaKXe TeMINbl 06yCTPOACTBa pa3BelaHHBIX MeCTOPOXKAEHHH H BBOAA
Hx B paspalboTKy.
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Pa3sBHuTHe pa3paGoTKu HeTAHHX MECTOPOXJAEHHH BO MHOIOM
3aBHUCHT OT MOULIHOCTH, 00eclIeueHHOCTH H 3(PPeKTHBHOCTH PabOTHi
6ypOBHIX MOjJpasjeseHHl.

HOns pa3BuTHs Takoi BaxkHefilledl OTpac/H, KakKoi ABJIAETCH
HedTsAHas npoOMBILIIEHHOCTh, HapoAHoe xo3sfictBo CCCP Moxer
BHJIEJIHTb OYeHb O6OJbllde, HO He Ge3rpaHHuHHE pecypchl. Bcsikoe
yBeJHUEHHE KOJIMYeCTBA MepeflaBaeMbix He(GTAHOR NPOMBILIIEHHO-
CTH MalIHH, 060pyNOBaHHs M MAaTEpPHAJOB CBS3aHO ¢ HeOOXOAHMO-
cTbi0 OfecneueHus1 3a6JlarOBPEMEHHOTO YCKODEHHOrO0 DasBHTHA
1eJOro psifa APYTHX oTpacsefi HApOAHOrO XO3fAHCTBA, TaKHX, Ha-
IpHMep, KaK TODHODyZAHas, MeTaJJypruueckas, 3HepreTHueckas,
MalIHHOCTPOHTEJbHAS, NPOMBIIJEHHO-CTpOHTeIbHAA., Heab3s, He
obecnieuyHB pas3BHTHs 3THX OTpacJ/ef,, pe3KO YBeJHUHTb NOCTYNJIECHHE
pecypcoB B He()TAHYIO NPOMBILIIIEHHOCTD.

[TostoMy npu niaHHpOBaHHHM Pa3BHTHA AOOHYH HedTH ClelyeT
OCHOBHIBATbCS Ha TOM, YTO B TeueHHe HEKOTOPOro cpoka HedTsHas
NPOMHILJIEHHOCTb MOJNYYHT ONpeNeNeHHOe, 3alaHHOe KOJHYeCTBO pe-
.cypcoB. Ix Heo6x0qHMO pacnpelesHTb MeXIy reoJoropaspelOYHbi-
MH [OADAa3je/ieHHsIMH, 3SKCIJIYaTaUHOHHHM OypeHueM, cayxbaMu
pa3paboTKH, MOBLIIEHHA HedTeoTnaun H AOOHIUH HedTH, CTPOH-
TeJbCTBOM HPOMBICJOBLEIX COOpPYXeHHH TakHM o6pasoM, uTobHl 3a
NJaHHPYeMbli cpoK OBiJI0 AOOHITO HanGoJiblllee KOJHYeCTBO He(TH
10 BO3MOXHOCTH NpDH HauboJjiee BLICOKOH CTeleHH ee H3BJEUEHHSR
H3 Help H co6JIofeHHH HeoOXOAUMBIX TpeOOBaHHA NO OXpaHe OKPY-
JKarolel cpeanl.

Takoe nnanupoBaHHe pa3BHTHS A06HYM HedTu Tpebyer ONTHMH-
3allHH 3aTpaT pecypcoB B PAasJHUHHE MoOJpasjieseHuss He(PTAHOH
NPOMEIHIJIEHHOCTH.

Tpe6oBaHHs, KOTOpBHle NOJXKHBI NPEABABAATHCH K pas3paborTke
KaXJIOro OTAEJbHOro He()TSHOTO MECTOPOXIAEHHs, cBA3aHH ¢ Oobie-
OTpacjieBbIM INJIaHHDOBAHHEM Da3BHTHsI AOObIUM He(TH, ¢ yUeTOM
HOATOTOBKH HOBHX 3amacoB He(TH, pa3paGOTKH MeCTOpPOXAeHHH,
HCIOJb30BAHHS METOLOB IIOBHIIEHHs He(PTEOTIaun H cmocofoB 3IKC-
nayaTtanuu ckBaxuH. CoBpeMeHHBIe MeTOAB pa3pabOTKH HePTAHHIX
MeCTOPOXJAeHHH ¢ HCKYCCTBEHHHIM BO3JE€HCTBHEM Ha IJIACTHI [103BO-
JAI0T obecneydTb NpH COOTBETCTBYIOILEH CKOPOCTH OOyCTpOHCTBa
BHICOKHe TeMNbl BHPAGOTKH 3amacoB OTAEJbHEIX MECTODOXKIEHHH.
TeopernueckH MOXKHO, CKOHLEHTDHPOBAB OTPOMHEIE MOLIHOCTH IO
o06ycTpoficTBy Ha OAHOM He()TSHOM MeECTOPOXJEHHH, pa3OypHB ero
10 caMOH NJOTHOH CeTKe CKBaXXHH M NMpPHMeHHB HaubGoJiee HHTEHCHB-
HYIO CHCTeMy pa3pabGOTKH, BHIHTH Ha BBICOKHH <«IHKOBHIHi» ypOBEHb
JO6HIYH HEDTH M3 JaHHOTO MECTOPOXJeHHs.

MoxHo, Hao6opoT, pa3GypHBaTh MECTOPOXKIEHHe ¢ OUYeHb HH3-
KHM TEeMIIOM IO PelKOH CeTKe CKBaXKHMH. Torjga nobwua HedTtH 6y-
Jet maJiofi. Ecain kaXkzaoe mecTopoxaeHHe pa3pabaTeiBaTh ¢ HH3KHM
TEMIIOM, HO BCE e CTPEMHTLCS MOJYUHTD 110 CTPaHe B 11eJIOM 3anJja-
HUPOBAHHYIO A00HYYy HedTH, HeOGXOJHMO HaNpaBHTh OCHOBHHIE Ma-
TepHaJIbHHe pecypCH B YCKOPEeHHYIO pa3BeJKy HOBHIX 3amacos Hed-
TH H BBOJ WX B paspaborky. Torma u3 6oJpuioro uucja pasBefaH-
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HEIX MECTOPOXKJeHHH, XOTH H BBEJEHHHX B pa3pabOTKy ¢ HH3KHMH
TEMIAMH, MOXHO MOJYYHTb TaKyl e A06HYY HeTH mO cTpaHe B
1leJIOM, UTO H B cJyuae pa3pabOTKH CPaBHHTEJbHO HeOOJbLIIOTO YHC-
Jla MECTOpOKJEHHH ¢ BHICOKHMH TEMIIaAMH.

MoxHo Hameuatb OecyHcJeHHOE MHOXKECTBO BapHaHTOB pac-
nmpejeJieHHs] pecypcoOB B pasBeJKy H pa3paboTKy MeCTOPOXIeHHH H,
CJeJ0BaTeNbHO, BapHaHTOB HX pa3paboTku. Ilpu sTom BHIGHpAKT
HaH6oJlee ONTHMAJIbHHH BapHaHT.

§ 2. OCHOBHOH NMPHUHUHIT PASPABOTKH HE®TAHBIX
MECTOPO)XIEHHH B CCCP

IIpu paspaGotke JsioGoro Mectopoxpaenus CCCP chaeayer BH-
noJiHATL TpeGoBaHHA obecnedYeHHsT TOCYJAapCTBeHHOro IJIaHOBOTO
3ajaHus no AOOHYe MOJIe3HhX HCKOMaeMBIX NPH MaKCHMaJbHOH Ha-
porHOXO03sAficTBeHHOH 3()DPEKTHBHOCTH U COGJIONAEHHH COBETCKOTro 3a-
KOHOJaTeJIbcTBa O HeJdpaX. DTH TpeOOBaHHS KaK OCHOBHOH NPHHIIHII
palHoHaJbHOH pa3paboTKH He(PTAHLIX MeCTOPOXJeHHH BlepBhIe
6bian coopMyaHpoBaHH B 1949 r. BHIAWOIIMMCS yYeHHIM-He(TAHH-
KoM A. I1. KpHIOBBIM.

OcHoBHO#l NpUHUMND pa3paGOTKu He(dTAHHX MeCTOPOXKAEHHH 3a-
KJaoyaJics B TOM, 4TOOH IJIaHOBasg NOGbiua He(dTH IO CTPaHe B le-
JoM Gblla mMoJyyeHa NPH HaHMEHbIIHX HAPOAHOXO3SIHCTBEHHHIX 3a-
TpaTax.

B coBpemennnx yciaoBusx, korga CCCP poctur BHCOKOro pas-
BHTHSl HHAYCTPHH H KOTAA BHIPOCJH YPOBHH rofoBOH 106HYH He(dTH,
HO B TO Xe BPEMs YBEJHUYHJACh JOJs TPYIHOH3BJEeKaeMHX ee 3ana-
€OB, N1aHOBasi Ao0HYa MO CTPaHe, MO CYTH AeJa, SBJSETCS MaKCH-
MaJabHOH A0oO6bYefi HedTH, KOTOPYIO MOXHO NOJYYHTb IDH JaHHOM
o6beMe BHAENSIEeMBEIX HADOAHHM XO3SACTBOM MaTepHaJbLHHX H TDY-
JIOBHX Decypcos.

[TosToMy OCHOBHOM NMPHHUHMO pa3pabOTKH HE(PTSIHBHIX MECTOPONK-
Jenufi B CCCP MoxHO chOOpPMYNHPOBaTh cleyolluM o6pa3oM: pas-
paboTKa Kaxaoro HedTSHOro MeCTOPOXKAEHHs [OJXKHA OCyIlecT-
BJATbCA TaKHM 00pa3oM, YToOb! MpH 3alaHHOM o0beMe MaTepHaJb-
HHX H TPYROBHX pecypcoB OHlJIa moJiyueHa MakcHMaJbHas JOObua
HeTH 1O CTpaHe B LleJIOM HPH BO3MOXHO 6oJiee HOJHOM H3BJeve-
HHH H3 HEJp BCeX NOJIE3HHX HCKONaeMHIX H COGJIOJeHHH Mep IO
OXpaHe OKpyxamoileH CpeiH.

Bri6op onTuMaanHOro BapHaHTa pa3pabOTKH KaxKaAOro OTHAEJb-
HOTO He(TAHOrO MeCTODOXKAEHHS JOJKEeH OCYINECTBJATHLCS HCXOAs
H3 OCHOBHOTO NpHHLUHNA pa3pabOTKH HEDTAHHX MECTOPOXKIEHHH
g CCCP. :

B ¢opMyanpoBKe OCHOBHOrO HpHHIHMIA CKasaHO O BO3MOXHO
Gojiee NOJHOM H3BJEYEHHH H3 HeAp INpH pa3paboTKe HepTAHBIX
MECTOPOXKIEHHH BCeX IOJIe3HBIX HCKOMaeMHX, a He NpPOcTo 06 HX
MOJIHOM H3BJICUEHHH,

H3BeCTHO, 4TO NPH OCYIIECTBJEHHH BCEX METOJO0B H3BJIEUEHHS
HedTH M3 HeJlp 5KOHOMHYECKH OMNPaBJaH METOH, II0 KOTOPOMY I0-
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CTHraeTCsl TOJNbKO ONpefieIeHHHH ypoBeHb HepTeoTAauH. IIpu Aajb-
HelilleM e yBeJHYeHHH He(dTeOTAauYH CTOHMOCTb AOMOJHHTEJNBHO
H3BJeueHHO# HedTH pe3ko Bospacraer. OCHOBHOH NMPHHLHN paspa-
60TKM HedTAHBIX MECTOPOXKAEHHH, YKa3HBas, YTO HYyXKHO CTPEMHTh-
¢l K BO3MOXKHO 6oJiee MOJHOMY H3BJeUeHHIO BCeX MOJIE3HBIX HCKO-
naeMbBIX u3 HeJp, NMOJpa3yMeBaeT 5KOHOMHYECKH ONpaBlaHHOE HX
n3pJjedenne. TeM He MeHee H3 BCex BapHaHTOB pa3paboTKH KaXAo-
ro HedTAHOro MeCTOPOXK/JeHHsI NPH NPHUMePHO PaBHHX 3KOHOMHYe-
CKHX MNOKasaTeJsiX BHIOHpalOT BapHaHT ¢ HauboJjbliedi HedTeoTAa-
yel,

[IpakTuyeckasi peasu3alusi OCHOBHOTO NpHHUHNA paspaboTKH
HedTaHbIX MecTopoxaeHHr B CCCP ocymecTBasercsa nmyTeM BBAAYH
MPOEKTHHIM OPraHH3alHUsIM TaKHX 3aJaHHH Ha NPOEKTHPOBaHHe pa3-
pabOTKH OTIEeNbHHX HeQTSAHHX MECTOPOXKAEHUH, KOTOpHe obecneyH-
BAIOT IOJyueHHe B TeueHHe NJaHHDYeMOro CpPOKa MAaKCHMAaJbHOR
n06biud HedTH B CTpaHe B LeJoM. YpOBHM I0OHUYH HedTH ONpele-
JaflT MuHHCTEpCTBO HedTAHON NPOMBIIIJIEHHOCTH W HedTerasono-
6niBalomue o6benuHenus. Koneunyio nedTeoTAadyy no MECTOpPOXKie-
HHAM ycTaHaBJHBaeT ['ocynapcTBeHHass KOMHCCHSI MO 3amacaM IO-
JIE3HHX HCKONaeMBbIX.

MuuucrepcTBo HepTAHON MPOMBILIIEHHOCTH U OObelHHEHHS BbI-
Aead10T 06beMul 6YPOBHIX H CTPOHTEJbHO-MOHTAXKHEIX paboT, a Tak-
JKe MaTepHaJbHble U TPyAOBHE pecypch, HeOOXONHMBle AJsl OCY-
IeCTBJeHUs] pa3paboTKH OTAEJbHEIX MECTOPOXKIEHHH, BBOJHMEIX H3
pPa3BelKH B IKCNJIyaTaLHIO,

MeTtonnuecky peanu3anHsi OCHOBHOrO INDHHLUHNA pa3pabOTKH
HedpTanux Mectopoxaennit CCCP ocymecTBasiercs riaBHHEM o6pa-
30M, 3KCHEPTHHM INyTeM, COrJacHO KOTOPOMY YPOBHH AOOHYH Hed-
TH NO OTAEJbHLHIM MECTODOXK/JEHHSM H pErHOHaM yCTaHaBJHBAIOT Ha
OCHOBEe H3yYeHHsl TeHJeHLHA H3MEHEHHs NOKasaTesefi pa3BelKH H
pa3paboTku He(dTAHBHIX MeCTOPOXKIeHHHA, OypeHHS CKBaxuH, 06-
YCTPOHCTBA MECTOPOXKJEeHHH, MaTepHaJbHBIX H TPYHOBHIX 3aTpar,
SKOHOMHYECKHX TIIOKasaTesel, Hay4yHO-TEXHHUECKOro mporpecca,
YuHTHIBAIOT TaKXe yPOBHH HOGHYH HedDTH [0 MECTOPOXKJEHHSM, OIl-
pelesieHHble TeXHOJOrHYeCKHMH CXeMaMM H NpOeKTaMH pa3paboTKH.
[lepcnekTHBHO ONTHMAJbHOE NMJaHHPOBAHHE C HCHOJb30BAHHEM BMe-
CTO 3IKCIEPTHHX peLIeHHHA MaTeMaTHYeCKOro MOJEeJHDOBAHHS pas-
BUTHSI HE(TAHOHA NMPOMBILIIJIEHHOCTH.

§ 3. MATEMATHYECKASt MOIEJIb MO CHCTEMbI
PA3BEI KA — PA3PABOTKA

Mogenb pa3BuTHS HeQTSHOH TPOMBILIJIEHHOCTH AOJXKHA ONUCHI-
BaTb KOJHYECTBEHHO C HeOOXOAHMOH [eTaJbHOCTBIO BC€ OCHOBHEHIE
006J1acTH 1€eATEJbHOCTH 3TOH OTPAC/]d NPOMEIIIJIIEHHOCTH H €€ BHell-
Hue cBa3u. HHXKe paccMOTpUM B YKPYNHEHHOM IiaHe MaTeMaTHue-
CKYI0 MOJEeJb AEATEJbHOCTH ABYX TJaBHHIX NOJApasjeneHnit HedTs-
HOH NPOMBLILIIEHHOCTH, OT KOTODHX B NEpPBYIO Ouepeib 3aBHCHT XOX
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pas3BUTHS NOOHYH HedTH B cTpaHe, pa3peKH 3aacoB H pa3paboTKH
HedTAHEIX MeCcTOpOXKIeHH#A. B Takoll Momesu pedb HAeT O MOJApas-
JeJIeHHH «pa3Bellka 3amacoB» Kak 006 obJsacTH NeATeAbHOCTH, a He
00 agfMHHHCTPAaTHBHOH elHHHIE.

Ecau paccMaTpHBaTh TEPPHTOPHIO Bcell ¢cTpaHbl HJIM KaKOro-JH-
60 He(TerasOHOCHOTO perHoHa, TO B HEeKOTOPH MOMEHT BpeMeHH
Ha 3Tof TeppHTOpHH GyLyT pacnoJiOXXeHH pa3pabaThiBaeMble MeCTO-
POXKIEHHS, TPOMBIIIVIEHHO pa3BelblBaeMble 3aJiekH HedTH, IeoJorH-
YyecKHe CTPYKTYPEI, OOHapyxeHHbe re0OhH3HYECKHMH METOJaMH pas-
BelKH, HO ellleé He pa30ypeHHble Da3BelOYHHIM GypeHuem H, HAKO-
Hel, NpeanoJaraeMele HedTerasoOHOCHHE CTPYKTYpH, T. €. elle TOu-
HO He YCTaHOBJIEHHBIE.

Cornacno npuustoft B CCCP kaaccuduxauuu, samacel HedTH
nofpasfienieHH Ha kareropun A, B, C,, Cp, Cs, O, H,. Huxe npu-
BeJleM HX paclpejeJieHue,

G" PassenaHnnie IpeasapuTean-
/ HO OneHeRHble
7 3amacw . . . A, B,G C,
TMepcnexTHBRKE IIporrosanie
G a,, I,
Qj-y §i-1 %
——

Puc. 138. Cxema nepeMelneHHsl 3anacoB. H3
HHBKHX B GoJiee BHCOKHE KaTerOPHH

[Ipunsito cuurath, uro A u B OTHOCATCS K 3amacaM BBICOKHX
kareropuft, a JI; u Jlo — k 3amacam HH3KHx Karteropuii. ITo mepe
pocra pasBelaHHOCTH 3amachl kareropuu Il; mepesoasirca B M, a
i — B xateropuio C3, C3—p Cy, C;— B C,. Us Husxo#t B GoJee
BBICOKYIO KaT€TOPHIO 3amachl MePeBOAAT ¢ COOTBETCTBYIOLIHM KO3(-
¢pHUHEeHTOM, KOTOpHIH Ha3plBaeTcsi KO3 (P PHULHEHTOM INOI-
TBepXagaemMocTH 3amacoB. Ha puc. 138 nokasana cxema
nepeMelleH sl 3aNacoB M3 HH3KHX B GoJiee BHICOKHE Karteropuu, IIpu
3TOM KOJIHUECTBe [EOJIOTHYEeCKHX 3alacoB, HAXOAALHXCA B COOT-
BETCTBYIOIIeH KaTeropu, 0603HauuM CHMBOJIOM G;, CKOpPOCTb Nepe-
BOJla 3anacoB ~— g;, a HX Ko3(h(HLUHEeHT NOATBEpXKIaeMOCTH — &
3anacH kateropHit A u B u C) HemocpeIcTBEHHO H3BJEKAIOTCA H3
HEAp H, CJel0BaTENbHO, YOHBAIOT CO CKOPOCTBIO §ufTx.

[Tpouecc nepememenus 3anacoB, MOKa3aHHHHA Ha puc.138, Mox-
HO BHPA3HTb aHAJHTHUYECKH CJeAYIOLIHM 06pa3oMm:

dG/dt =a, g, —g;. (VIIL1)

Hanpumep, nsmMenenne sanacos Kateropuu C; BhIpa)kaercsi cJe-
AYIOLIHM ypaBHEHHEM:

dGcI/dt =0qco8c2—8c1-
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U3 ypasmenus (VII.I) BumuM, uro AJs obecnedeHHs oInpeje-
JIEHHOM CKOPOCTH INOCTYIJIEHHsI 3al1aCOB H3 pasBelKH B pPaspaboTKy
Heo0X0AHMO 3abJlarOBpeMEeHHO HANpaBJfATh COOTBETCTBYIOLiHe pe-
CYpcH B MOATOTOBKY 3amacoB GoJsiee HH3KHX Karteropuil. Kostou-
LHEHTH MOATBEPXKAAeMOCTH 3aMacoB OGHYHO CHJIbHO KoJAeBJIoTCH,
HO [0 KaXX/J0My KOHKPETHOMY DErHOHY HJIH CTPaHe B LEJIOM MOXHO
MOJIyYUTb CTATHCTHUECKHE 3aKOHOMEDPHOCTH H3MEHEeHHS 3THX K03(-
{UIHEHTOB ¢ TeM, YTOOH DacCUHTHBATb CKODOCTH MOATOTOBKH 3a-
nacop pasjuunnx xateropuii. ITonmep:xkanne Beanunn G; Ha onpe-
JeJleHHBX YPOBHAX Heo0XOAuUMO IJs ofeclleueHHs HaJeXHOCTH 3a-
IJaHHPOBAaHHOTO IiepeBosa 3amnacoB. Eciu mepeBoj 3amacoB H3
KakoH-JHO0 OoJlee HH3KOH KaTerOPHH OKaXeTcsi HeJAO0CTaTOUHBIM
BCJIeJCTBHE BHE3aNHOr0 CHHXKeHUS KozbOHUHEHTa Ux NOATBepK-
Jla€MOCTH, MOXHO o0eCneuydTh NEPEBOX AAHHHX 3anacoB B 6oJee
BRHICOKYIO KATErODHIO 3a CYeT BPEMEHHOIO CHHKEHHS BeJHUYHHH (.

PaccMOTpHM OCHOBHYIO yacThb MOJEJH B3aHMOCBS3M pa3BelKH
3anacoB H pa3paboTKu HEDTSAHLIX MeCTOPOXKAeHHH.

B nedrerasoHoCHOM perHoHe HJH B CTpaHe B lLeJOM pasBelaH-
Hble HehTsAHEE MECTODOXKACHHA NEPeBOAAT B pa3pabOTKy MOCTeleH-
HO, TaK YTO B MOMeHT BpeMeHu =0 BBOLAT MecTOpOXxAeHHe Mo,
B f; — MecTopoxnenne M;, B f» — mecropoxaenHe M, u T. A.
HsBiekaeMble 3amachl MecTopoxaeHHss Mo 0603Hauum uepe3 Ny, a
TeMn ero pas3paboTku — yepes 2Zp(¢). CiefoBaTe/bHO, H3BJIeKaeMble
3anacel Mecrtopoxpaenus M; O6yayr N; a TteMn ero pa3pabOTKH
z;(t—t;) (t;— BpeMs BCTYNJIeHHS [-TO MECTOPOX/EHHf B pa3pa-
60TKY) .

Orciona, MOMHsL onpelejieHHe TeMna pa3palOTKH MeCTOpOXKJe-
HHA, MOXHO HANHCaTb BbIpaXKeHHE JJA A06bun HedTH §u(f) H3
MeCTOpPOX/eHHH paccMaTpHBaeMOro perdona uaM crpanbl. MMmeewm

Ga) = 3 Nz, (—1,). (VIIL2)
0

OrtMmerum chaepdytoulee. Ecin paccMaTpHBaTh COBMECTHO pa3Bel-
Ky He(TAHBIX MECTOpOXKJeHHH H uX pa3paloTKy KaK HEKOTODYIo
NOACHCTEMY, TO PasBHTHE TAKOH IOJACHCTEMBbl XapaKrepusyercs 006-
IIHM ONTHMYMOM. DTOT ONTHMYM MOXKHO ONpeleJsiTh OCPEAHEHHO,
cyuTas CBOHCTBA BCeX He(TAHBIX MeCTOPOXKAEHHH ONMHAKOBHIMH, H
JHbdepeHUHPOBAHHO C Y4eTOM CBOMCTB OT/€JbHEIX MeCTOpOKJIe-
Hufi. Bynem B jasbHelilleM Ha3HBaTh OCPeJIHEHHHIH ONTHMYM o O-
IIHM ONTHMYMOM NepBOTro, a aAudpdepeHUHPOBAHHHIHA, —
O6mMHUM ONTHMYMOM BTOPOTO pOJAaA.

IIpu sananubix pecypcax (Tpy6, GypOBHIX yCTAHOBOK, MAaWIHH H
T. 1.), BBJeJseMBIX HaPOAHBIM XO3SHCTBOM He(TAHOH NMPOMHHILIEH-
HOCTH, MOXKHO Da3BHBaTb NOJCHCTEMY pa3Belka — paspaboTka pas-
JUYHBIMH nyTsamu. Hanpumep, HalpaBHTh NOJAaBJAIONIYIO YacTh pe-
cypcoB B pa3paboTKy, yNJOTHAA CeTKy CKBAXHH Ha MeCTOpOXKJe-
HUAX H ofecrmeuyHBas BHICOKHH TeMn ux A06biun, OpHako pasBejKa
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3anacoB HeTH IpH 3TOM OyAeT BECTHCh OUeHb MEJIEHHO, YTO CHYy-
CTA HEKOTOpOe BPEeMsl CKaXKeTCsl Ha PAasBMTHH JAOOHUYH He(TH, KO-
Topasi He 6yJeT CTOJNb BHICOKA, KaK MorJa Obl ObITb IIpH BBLIEJEH-
HBIX pecypcax.

PassuBate noacHucremy pasBelka — pa3palOTKa MOXKHO H IIO-
nHoMy. Tak, HapaBHB OCHOBHYIO 4aCTb PeCypPCOB B Pa3BEAKy H He
OCTaBUB AOCTATOYHOIO HMX KOJHYECTBA AJsi pa3pabOTKu MECTOPOXK-
[IEeHHl, MOXKHO ONSATbL-TAKH HE NOJYYHTb GOJbLION AOOBUH HeDTH.
CuenoBatesibHO, €C/IH ONTHMAJIBHOE pachpeiesileHHe pecypcoB B Pas-
BeIKY H pa3pabOTKy HeTSHBIX MECTOPOKIEeHHH.

PaccMatpuBas Bo3MOXHEIE NIepepacnpenesieHdss pecypcos B pas-
BEIKYy H pa3pab0oTKy HedTsSHBIX MecTOpOXKAeHHull, HeoOXoAHMo 3HATh,
YTO He BCE€ H3 MAaTePHAJbHHX DECyPCOB OJAHHAKOBO NOTPEOJsEMbE
KaK B pasBelike, Tak H B paspaborke. Tak, psi pecypcos (OypHJb-
HBIX TPY6, A0JOT, 00CagHBIX KOJIOHH, EMEHTa H APYCHX BHIOB Ma-
TEpHAJIOB) MOYTH OJMHAKOBO IIPHMEHHMHI KakK B pa3paboTke He(Ts-
HBIX MECTODOXK/IEHHH, Tak M B HX pasBeike. Jlpyrie e BHAB pe-
cypcoB (yCTaHOBOK MNOATOTOBKH He(TH, HACOCHOTO 060pyloBaHHs
¥ 1p.) B pasBelKe MeCTOPOXKAEHHH JHG0 He NOTpebJsior, JHOO
HCNOJb3YIOT O4eHb MaJio. OJHAKO, BO-MepBLIX, peYb HAeT O A0Jro-
CPOYHOM MNJIAaHHPOBAaHHMH, KOrJa MOXKHO MepecTPaHBaTh COOTBETCT-
BYIOIlHE IPOH3BOJACTBA B LeJSAX ONTHMAJBHOIO pa3BHTHS JOOGBLIYH
HeTH B CTpaHe B LEJOM, H, BO-BTOPHX, MeXaHHUeCKoe 000pyn0OBa-
HHe OoObelHHAET OAHH OOWHH (akTOp — 3aTpaThl MeTaJj/a Ha ero
NPOH3BOJACTBO, 4 MeTa/J MOXKHO ONTHMAaJbHO INepepaclpeie/uTh
MEXIy OTJeJbHEIMU NPOU3BOJACTBaMHU.
~ OnTuMyM BTOpPOro poja cBsI3aH, KakK y¥e CKas3aHo, ¢ paclpe-
[EeJIEHHEM pEeCypCOB B Da3BeJKy H pa3palboTKy OTAEJbHBIX MeCTO-
pPOXIEHHA wau rpynnm MecTopoxkiaeHHH. Tak Kak (H3HKO-TeOJIOTH-
YeCKHe CBOHCTBA HE(PTSHBIX MECTOPOXKAEHHH pa3/IMuHHL, 3aTPATH pe-
CypcoB, TpeOylOUHXcsl AJs NOJY4YeHHS onpeleseHHOH JOOHYH Hed-
TH H3 KaxJO0ro OT/eJbHOI'0 MECTODOXKAEeHHS HJM H3 KaxAofl rpyl-
bl MeCTODOXKJAEHHH ¢ NMPUMepHO OAHHAKOBHIMHU CBOHCTBaMH, OyAYyT
HeoAnHaKoBbIMH. [l0sTOMy u BO3HHKaer 3ajaya ONTHMAJIBHOrO pac-
npejfesNeHHsl PecypCcOB B pa3BeiKy U pa3pabOTKy OTAEJbHHIX MeCTO-
pOXKAeHHH ¢ TeM, 4TOOBl NpPH 3aJaHHBIX pecypcax MOJY4YHTb MaKCH-
MaJIbHYI0 H06HUY HedTH H3 BCeX MEeCTOPOXKIEeHHH.

Paccmorpum Mopmesb pasBUTHS HedTSHOH NPOMBIILJIEHHOCTH C
YCTAHOBJIEHHA KOJIHYECTBEHHOH B3aMMOCBSI3H pa3BeIKH W paspa-
OOTKH HEPTAHBIX MECTOPOXKAECHHH.

Bynem npu HaxoxaeHHu oOliero onTHMyMa NepBOTo poja CuH-
TaTb, 4TO B pa3palboTKy BBOASTCS HEKOTODHIE OCPefHEHHBIE MECTO-
pPOXJeHH ¢ OJAHMHAKOBbIMH (H3HKO-TE€OJOrHYeCKHMY CBOHCTBAMH.
OTMeTHM ellle pa3, 4TO Y4ecTb pa3J/HuHe CBOHCTB OyAyLIHX MECTO-
DOXJEHHH, ecaM 3TH CBOHCTBA MOXKHO IIPEACKa3aTb, NO3BOJAET
ompejeseHHe o6lIero ONTHMyMa BTOPOTO poja.

Ecan paccmaTpuBaioTCs MECTOPOXKIEHHS, HMeIOlllHe B CPEIHEM
OJMHAKOBBIE CBOHCTBA, TO MOXHO INPOCTO MOJAaraTb, 4yTo B HEKO-
TOPHH MOMEHT BPE€MEeHH T BBOAST B Pa3palOTKy H3BJeKaeMhe 3a-
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nacu HedtH AN (). Torna, Ha ocxose dopmyant (VIIL2), noayunm

q,,(t)—ZAN T)z(t—r)—E Z(t—T) AT =

At —-— 0

t
Sd—” 2(t--7) dr. (VIIL3)
0

Tlycts M(f) — o6muii npoOypeHHBIfi MeTpax B pa3BedOYHOM
U 3KCcmiyaTauuoHHOM OypeHHH. Ecau Mp(f) — Merpax pasBeaou-
HOro, a M,(f) — aKkcnayaTauHOHHoro GypeHus, TO

M (t) =M, (t)+M, (). (VIIL4)

Ecnu 3aganbl BolaensieMble He(TAHOH NPOMBIUIEHHOCTH Ha IJ1aHH-
pyeMbifl mepHoi pecypchl, TO 3aiaHBl M o0was AJauHa 06CaHbIX
Tpy6 (B MeTpax) u oOIHA o0beM APYTHX MaTepHaJoB U 000pynoO-
pauus. Toraa

aM

dt

h. (VIIL.5)

rae f(f) — 3agaHHas QyHKIHA.

Hanee mpumeM, 4TO CKOPOCTb IOCTYIJIEHHs 3anacos HedTu H3
pasBeakH B pa3paboTky g(f) mpomopuHOHAJbl{a NMPOH3BEAEHHIO 30~
deKTHBHOCTH pa3BefouHoro Oypenuss Ep Ha ckopocth dMp/dt npn-
pallleHHs 4HMCJa MeTpoB NOPOAbl, NpOOypeHHHX B paspegouHoMm Oy-
peHuH, T. €.

git)=Ey 2., (VIIL6)

AddexkTHBHOCTL pasBefouHoro OypeHus Ep, BrIpaxaloumascs
B KOJIHYeCTBE OTKPLITHIX U3BJeKaeMbXx 3amacoB HedTu (B TOHHAX),
NpHXOAAINHXCS Ha | M pasBedouyHoro GypeHus, H3MeHseTcsi ¢ poc-
TOM CTE€leHH Das3sBeJaHHOCTH PAacCMaTpHBAaeMOH TepPUTOpPHM peruo-
Ha uau cTpanbl. OfHaKO ¢ LeJbi0 HEKOTOPOTO YIPOLIEHUS MOJeNH
OyneM CUHTaTb e€ HeH3MEHHOI.

CkopocTh BBOJA pa3BeflaHHBIX H3BJEKAaEMBIX 3amacoB B paspa-
60TKy 0603HauuM yepe3 gs(f) =dN/dt. Dty ckopocTb MOXHO BHIpa-
3uTh yepe3 napamerp A. II. KpnioBa Ngp (HM3B.JeKaeMble 3amachl,
NPHXOAAIIMECH HA CKBAXUHY), CKOPOCTb H3MEHEHHs MJHHBI 3KC-
IJyaTauHOHHBLIX CKBaXKHH (B Metpax) dMs/df u cpeaniow ray6uny
ckpaxuun H. Mmeem

_ NKp dM,
g )= %

(VIIL7)

B HeKOTOpHIX cayyasix pa3BeJaHHble 3anachl He)TH He MOTYT
6bITh BBeJEHBl HeMelJeHHO B Dpa3paboTky. Toraa nossasiorcs 3a-
nacel Nop(f), oXHAaomHe BBOJa B pa3palboTKy, H3MeHEeHHE KOTO-
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PBIX CO BpeMeHtM IPOHCXOJHUT B COOTBETCTBHH CO CJEAYIOIIMM ypaB-
HEHHEM:

Nor — g(t)—g, ). (VIIL8)

Ecau dNop/dt=0, 1o g(t) =gs(f) u us (VIIL6) u (VIIL7) no-
JYyUHM

g, (ty = 2o ] ) .
HJIU

NioEpf (1)
L () = —xecel ) VIIIL.9
g ( ) HEp-{-_ pr ( )

MoxHO BHpa3uTh Ngp yepe3 mapaMeTp IJIOTHOCTH CETKH CKBaXKHH
Sc. Umeem

N o =FmSaq¥uS ey (So)» (VIIL.10)

rae h, m, Suio, Yu — CpPEIAHHe MO BBOAYMHIM B pa3paboTKy MeCTO-
POXJEHHSM 3HayeHHs] COOTBETCTBEHHO TOJINMHH IJacTa, IOPHCTO-
CTH, HeTeHaCHIUEHHOCTH, yAEJbHOro Beca; 1jx — KOHeuHasi Hedre-
0TJaya IO MEeCTOPOXK/EHHSM, 3aBHCAWlAasAs OT NnapaMeTpa HJOTHOCTH
ceTKH cKBaxuH Sc. Ecau 0603naynTh

an=-}"_”—i§no'—Ym

to u3 (VIIL.10) umeem

Nyp=0a,S, (So)- (VIIL.11)
BBeneM BeJHYHHY

E
E ,=—F5.
P Mk (Sc)
3neck Erp — 3dpdexTHBHOCTL pa3BefOYHOro GypeHHs, paBHast KOJIH-
YeCTBY TreOJIOTHUecKHX 3anacoB HedTH (B TOHHax), NPHXOAAIHXCH

Ha 1 M NpOXOAKH pa3BeflOYHOro GypeHHS.
Hs (VIILY), (VIIL.11) u (VIIL.12) mosmyuum

( ) — nScnk (Se) Erpf (t)
HErp + apSe )

(VIIL12)

(VIIL.13)

st onpejeneHuss 3aBUCHMOCTH Mx=1x(Sc) MOXHO HCIOJB30-
Bathb popmyay B. H. lllenkaueBa
N (Se) =My e, (VIIL.14)

rae N — Ko3pQPULHEeHT BHITECHEHHSA,
IToncrasasas (VIII.14) B (VIII.13), umeem

oM ErpSe t
g ()= a"‘HbE’iHnScf“ . (VIIL15)
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Ykaxem pasmepHocTH Bxoasmux B (VIIL.15) sennuuH:
[@n] = T1/M% [S,] = M?/cKB; [Epl=T/™;
[f O1=w/ron;  [Hl=m/ckB;  [g, (f)] =T/ron.

Hns pacuera A06biun HedTH H3 HePTIHHX MeCTOPOXKAEHHH pe-
THOHa HJH ctpaHbl nmo ¢opmyne (VIIL.3) Heo6xomumo 3HaTh elle
3aBHCHMOCTb TeMna pa3paboOTKH MeCTOPOXKJAEHHs1 ¢ OCpeJHEHHBIMH
napaMeTpaMH OT BpeMeHH Z=2(f). IlocKOMIbKYy mpH ONTHMH3AlHH
OCHOBHOH TepeMeHHOH BeJHYHHOH Gyler Nyp UM S¢, Ha MaKCHMaJb-
HbIH TeMN pa3pabOTKH KaXAOTO0 MeCTOPOXJeHHs OyaeT BJAHATH Na-
pamerp Nyxp. B camom gnene, yem Gosbwe Nyp, Tem MeHbLIe CKBa-
XHH Oyner npo6ypeHO Ha MecTOPOXJAeHHH. Eciau npHHATH, 4TO
CpelHHA NeGHT CKBaXXHHH He 3aBHCHT OT Nyp, TO, uem Gosblue Np,
TeM MeHbllle TeMI pa3paboTKu MecTopoxAeHHus. [IosToMy mOJIOKHM

Zoax =" (VIIL16)

rle §c— OCpelAHeHHH} He6HT CKBaXXHHH B IIepHOJ MaKCHMaJbHOH
No0OHUH He(hTH H3 MecTopoXkAeHHA. KoHeuHo, npu 6osee jgeTaJbHOM
paccMOTPEHHH 3aBHCHMOCTH TeMIa pa3paloTKH MeCcTOpOXKJeHHS OT
BpeMeHH HeoOXOAHMO YUYHTHIBATH CHCTEMY paspaboTKy H CKOPOCThb
BBOJa ee 3JIeMeHTOB B dKCIJyaTallHio, HO npu 6oJiee mpocToM pac-
CMOTpeHHH He OyAeM 3TO YYHTHIBATb, OTPAaHHYMBLIHCH 3aBHCH-
Mocteio (VIIIL.16).
[Toacrasasa (VIII.11) s (VIII.16), moayanm

@S¢
= de® VIIIL.17)
Zmax anSemy ( .

Nsmenenne temMna pa3paGOTKH MeCTOPOXKIEHHS BO BpEMeHH
2=2(f) MOXHO aNIpPOKCHMHDOBATb CJeAyloulei IpPOCTOH 3aBHCH-
MOCTBIO:

¢ ~1ft
2=

max, (VIIL.18)

MakcuMaJsibHBLE Temnn pa3paGoTKM MeCTOPOXKJAEHHs AOCTHraeT-
csl, Korja f={tmax. IMeeM

1

€Zmax

tmax= (VIIL.19)
Tenepr nMeem Bce 3aBHCHMOCTH AJIs1 OnpefelieHHs s () nmo ¢popmy-
ae (VIIL3). IMoacrasus B (VIIL.3) dopmyay (VIII.13) u nomus,
uto dN/dv=g;(1), a Takke (VIIL.18) ¢ yyerom (VIIL.17) u mpo-
H3BE1Sl HHTErPHPOBAHHE, NOJYyYHM H3MEHeHHe NOGHUYH HedTH G (?)
0 paccCMaTpHBaeMOMY PETrHOHy HJIH CTpaHe.

OnrTuMH3alHug pa3BHTHS pa3BelKH H pa3spaGoTKu He(TSHEX Mec-
TOPOXKJEHHA B PerHoHe MJIH B CTPaHe BO3MOXHa Ha OmnpejeseHHHIH,
3afaHubil cpok. [TosToMy Hapsiny c Tekymeit fo6bluelt HedTH gx(f)
OCHOBHOe 3HaueHHe OyjJer MMeTb HaKOIJeHHas jo6biua HedTH 3a
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naanupyembulfi nepuox ¢, T. e. Qx(f). Ee MOXHO onpefesHTh HHTe-
rpupoBaHHeM TeKylled JoObuyH HedTH no BpeMeHH. OnTHMyMm Ha-
XOSIT HMEeHHO mo BeauunHe Qg (f).

PasinunbiM 3HaueHHAM Nyp uJIH S 6yLyT COOTBETCTBOBATL pas-

Jgu4Hbe BeJHUHHB Qu(f). Tlpu sTOoM KpuBBHe QYHKUHH Qu(f, Nxp)

uan Qu(f, Sc) BOTHYTHI K ocu abcmucc, T. €. HMEIOT MAaKCHMYM.
IlocTpous ykaa3HHBE KDHBBHIE W Hafisi KX MaKCHMYM aHaJIHTHYe-

CKMM HJH rpapHUECKUM ITyTeM, HOJAYUHM Qu max(f) H COOTBETCTBYIO-
miee emy 3HaueHHe Nyp Hau S.. Takum o06pa3oM, 3ajaua Haxoxie-
HHS OoOlIero onTHMyMa IEPBOro poja pelleHa.

PaccmMoTpUM OCHOBBI METONHKH HAXOXKJAeHHs o6liero OnNTHMyMma
BTOpOro poia. B cooTBeTcTBHH cO cKasaHHBIM OyjfeM CYHTATh, YTO
H3BECTHH (H3HKO-TeOJOTHUeCKHe cBOCTBa He(dTHHBIX MeCTOpOXe-
HHH, KOTOpble IPEACTOHT BBOAUTh B pa3paboTKy B IJIaHHpyeMOM Ie-
pHoze.

ByneM ocHOBLIBATBbCSI HA TOM IIOJIOKEHHH, YTO M3 PasBeldKH He-
3aBHCHMO OT 3aTpauydBaeMbIX Ha Hee pecypcoB IIOCTyNaer B paspa-
OOTKy onpejle/leHHbIH HaGOp TPYNN MECTOPOKAEHHH C Pa3JHUHLIMH
cBoHcTBAMH. MOXKHO CUHMTATh, UTO

g, (t) =85 (t) _l_gaz (t) _l_gaa (t) —l_’ reey —l_gai (t)v (VHI20)

rie gsi — CKODOCTb BBOJAa B pa3paboTKy MeCTODOXKAEHHH i-H Tpym-
nbl, 06/1afAIOIIHX ONpeaeeHHHM HabopOM CBOMCTB.

Ecau, HanpuMep, H3 Da3BelkH B pa3palOTKy BBOAMTCS HEKOTO-
poe 4HCJI0 MeCTOPOXAEeHHH cpelHell KPYNHOCTH H KPYNHHX ¢ MaJo-
BfA3KOH He(Tbi0 H XOPOLIO IIPOHHI@aeMBbIMH KOJIIEKTOpaMH, TO HX
MOXHO OTHeCTH K mepBofi rpynmne. J/lMama3oH H3MeHeHHsS CBOHCTB
MeCTOPOXKAEHUH yCJOBHBIH H 3aBHCHT OT CTeNeHH JeTaJibHOCTH IJa-
HHDOBaHHA. MesKHe MeCTOpOXKIEHHS MAaJOBSI3KOH He(TH ¢ KOJJIeK-
TOpaMH cpeJHeH H BBICOKOH NPOHHIaeMOCTH MOXHO K IpHMepy,
OTHeCTH Ko BTOpoH rpymnme. HedTsHble MecTOPOXKAEHHS ¢ KOJLIEK-
TOpaMH cpeJHeH M BBICOKOH IIPOHHIAEMOCTH, COAepxKallHe HedTb
BA3KocThlo  (30—100)10~2 Tla.-c, oTHOocHM K TpeTheii rpynne
HT. A

Jlas i-fi Tpynnel MeCTOPOXKJAEHUH MOXHO HamucaTth CJelyloliee
BLIpaXeHHe:

Nups ~%;S¢;.,
85 (t) = ﬁp fai (t) :'lpisci € )
__ QniMyi
P, ——-——ﬁi . (VIIL.21)

Torga, na ocuoBe (VIIL.3), noGuiua HedTH H3 Bcex MeCTOPOXKJIeHHH
peruoHa HJu CTpaHH Gyjer

n I3
0 ()= [0S (0 2, t—v . (VIIL22)
1 9
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ITocKOJIbKY M3 pelleHHsl 3ajlauyd O HaXOXKJAEHHH ONTHMyMa IepBOro
pona ompefeseHa CKOPOCTb H3MEHEHHs MeTpaxa 3KCIJyaTauHoH-
noro 6ypenust f>(f), ee MOXHO cunTath 3a1aHHOH. CJ/iel0BaTEJBHO,
H3MeHeHHe BO BpeMeHH TeKyuel n06uun HedTH gx(f) HEO6X0AHMO
ONpeNeJsATh C YUETOM COOTHOIUEHHS

2 fi O =F0. (VIIL.23)
1

Hakonuennywo po6uiuy sedt Qu(f), kKak M B Clydyae HaXOXIeHH:
ONTHMYyMa MEpBOro poja, NMOJYyYUM HHTErpupoBanHeM ¢x(f), T. e.

t

Qu® =\ gu(0)dt =" 0, Sk
1

0
¥
¥,{.8,)= J' ¥,S, e (1) 2, (t—) d. (VII1.24)
1‘

3a naanupyemblii cpok t u3 (VIIL.23) umeeM
, 1 T
E jfs,- ® dt:yfa (Hdt=F (t). (VIIL.25)
1
0 0

Jlast onpenesieHHsi ONTHMAaJbHHX Sc; HEOGXOAHMO pPeLIHTb CHCTEMY
ypaBHeHHH

a5 D (5.0 =0, (VI11.26)
1

npu ycaoBuu (VIIL.25).

Takum o6pasoM, u 3ajaya HaxOxKJAeHHsi OOIIEro ONTHMyMa BTO-
POTO poja pelleHa.

Onnako Heo6XOAHMO 3aMeTHTh, UTO NPEACKa3aTb XapaKTepHCTH-
Ky HeTSHBIX MeCTOPOXKAEHHH, KOTOpble GyAyT OTKPHITH B MNJaHH-
pyemMoM 1epuoje, ocobeHHO NPH AOJTOCPOYHOM IJIaHHPOBAHHH, —
TpPyZAHas 3ajaya. 3HAYHTEJBbHO Jierue, ONHMPAsiCh HA TeHIEHUHH 3P-
$EeKTHBHOCTH Pa3BEJOYHOr0 OypeHHsI H NMOCTYIJEHHsI pecypcoB H3
HapOJLHOTroO XO3fIHCTBa, PEWAThb JHIUL 3a7adyy HaXOXKIEHHS ONTHMY-
Ma HepBOro poja, paccMaTpHBasi He KOHKDeTHHe He(TsHble MecTO-
POXIEHHUs] HJIH JaXe HX TPyHINbl, a HEKOTOphie 3amackl HedTH ¢ OC-
pelHeHHBIMH CBOHCTBAMH.

OOCmHu# ONTHMYM BTOPOrO pPOjia MOMKHO ycClEeLIHee ONpeleqHuTh BO
BpeMsl IJIAHHDOBAHHSI Ha MeHbIIHe CPOKH, KOTAa YXKe H3BeCTHH
C£BOHCTBA KOHKDETHHIX HE(PTSHHIX MECTOPOKIEHHH,

[Ipn npuOaHXKEHHOH peasiM3alliy OCHOBHOTO NpHHUHNA paspa-
601k HedTaHHX MecTopoxaeHHH B CCCP M0OXHO HaxomuTh O6LIHHA
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ONTHMYM TOJCHCTEMBl pasBelKa — pa3paloTKa NepBOro poaa.
OzaHaKo BHIIOJHEHHIO 3TOr0 NpHHOHNA 60Jieée cOOTBETCTBYET OINpeje-
JieHHe o6LIero oNTHMyMa BTOPOTO poja.

Paspa6oTka HeDTIHEIX MEeCTOPOXKAEHHA — 3TO MelJIeHHBIH TeX-
HOJIOTHYECKHH Tpouecc, AJAMMACA JecsiTHIAeTHAMH. PasBelka Mmec-
TOpPOXKJEHHH, ec/H ee JJIHTeNbHOCTh CYHTATh HAauHHAas ¢ IIOJIeBRIX
reo®H3HYECKHX HCCAENOBAHHI, Tak:Ke NPOAOJNKAETCH MHOTHe TOAB
H necATHJaeTHS. [T03TOMY, 4TO6H 3G (EeKTHBHO YyNpaBJ/sATh PA3BHTHEM
pasBelKH H pa3paloTKH MeCTOpPOXKAeHHH, He0OXOHMO LOJNTOCPOYHOE
NJAHHPOBaHHe, T. €. NMJaHUpOBaHHe Ha 15—20 Jer u GoJee Bhe-
pea. Buaumo, 1 MeTOAH ONTHMAJbHOrO NJAaHHPOBAHHS H COOTBETCT-
BYIOLIYI0 MaTeMaTHYECKYyI0 MoJe/b pa3BHTHA HedTHHOH NPOMBIIL-
JIEHHOCTH lieJiecoo6pa3Hee BCcero HCIOJb30BATh HA YKA3aHHBIH CPOK.
OnHako ¢ HeCKOJbKO OOJBIIMMH OrPAHHYEHHSMH MeTOJAbl OITH-
MaJIbHOTO NJAHHPOBAHHS MOXHO NPUMEHSITh H Ha MeHbIIHe CPOKH,
HanpHMep Ha NATHJIETKY.

ITpu nnanupoBaHuu nOoGHYH HedTH Ha CPOKH MeHee 5 JieT 4acTo
HCNOJIB3YIOT METOABl KPaTKOCPOYHOTo ITaHHpoBaHusd. PaccMoTpuM
Han6oJiee H3BECTHHIH H YaCTO NPHMEHSIEMBI MeTOJ KPaTKOCPOYHOTO
NJIaHHPOBaHHs J00BIYH He(TH, NOJYYHBIIMHA Ha3BaHUe MeTOJXa
NJaHupoBaHHd a00HMYH HedTH no Kod3bDGHUHUEH-
TaM nNajeHus Aeb6GHTOB CKBaXuH COracHo 3TOMy Me-
ToAy, A0ObUa HEeDTH B INIAHHPYEeMOM TOLY

9= GotoKz+gn, (VIIL.27)

rie §o — cpeaHerofoBofl AeOHT HedTH KaXKJOH CKBAXUHB B TOAY,

NpeAlIecTBYIOIeM TJAHHPYEMOMY; Mo — CPeflHee YHEJO <«CTaphIX»
CKBaXHH, T. €. CKBaXHH, IepeXOAsfIlHX C NMpeAnAylHx Jjer;, Ky —
KO3(p(HIMEHRT NajeHHs JOOHYHM He(TH NO «CTAaphIM» CKBaXKHHAM,
pPaBHBIH OTHOLIEHHIO cpelHero AebHTa CKBaKWHH B NJaHHPyeMOM
rofy K cpeiHeMmy 1eOHTy CKBaXHH B TOAY, NpeJIIecTBYyIOIleM MJa-
HUPDYEeMOMY; § — CPeJIHEr0J0BOH Ae6UT OQHOH HOBOH CKBaXKHHH B

NJIaHHPYEMOM TOJY; 7 — CDe/lHee YHCJO CKBaXHH, Kotopnle GyayT
BBEJEHH B 3KCIJyaTalHiO B IJAaHHPYEMOM TOAY.

IMpumep VIIL]. HeprenoGrBalomniee npefANnpAATHE HA HAYANO [NIAHHPYEMOI'Q
rona KMeetr B 3Kcnayarauun 1000 nedrsanmx ckBaxkuu. Ilpeamonaraercs, uto B Te-
YeHHe MJIaHHpyeMoro roja 6yAeT JHKBHAHDOBaHO 20 cKBaxKWH M BBeAeHO B fefi-
crBie 50 HOBHX ckBaxHH. CpenHerofloBoi MeGHT OAHOR «CTApOR» CKBaXKHHH
qo=2-10* 1/roj, a onxo# BBOAAMOR CkBaXKHHH g=1,9-10* T/ron.

KosppHuuuent nagenns pobuun HedtH Ky=0,95. TpeGyercss ompeneluth n0-
Oniyy HedTH gy, KOTOPYIO IIOJIYUHT NPeINpPHsTHE B NJIAHHPYEMOM TOZY.

OnpenenuM cpefHee HHCJIO «CTapWX» CKBaXKHH B IVIAHHDYeMOM ropy. Mmeem

e 1000 + (1000—20) 1980

g = 3 o— = 990.

CpenHeronoaoe YACJO BBOAHMMKWX CKBAaXXHH

— 50
n=-—g-= 25.
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Toraa ropoeylo A06HYY HedTH NO NPeANPHATHIO ONpefenuM no dopMmyne
(VITI.27) t. e

n=2-104.990-0,95 -+ 1,9-108.25 = 19,285.108 1/rox.

Mpumep VIIL.2. Ha nnanupyeMuii nepiox B 20 Jer nedrenobHBaiomeMy
o6befHHeHHI0O YCTAHOBJEH NJaH OYpeHHs CKBaKHH, cocrasiasiowuii 108 M/rom.
Cpennss raybuna cksaxui H=2000 M. Boaar B paspaGoTKy MeCTOPOX[IEHHS C
HEOJHOPOJAHNMH KOJUIEKTOPaMH, TaK YTO KOHeyHas HedreoTnaua 7 GyaeT CHJIbHO
3aBHCeTb OT MapaMeTpa ITOTHOCTH CETKH CKBaXKHH, a HMEHHO

-2 8,
i = 0,56 2:10-6S;
Cpennne napamMeTpH He(TEHOCHHX KOJIIEKTOPOB MECTOPOXAEHHH, BBOAHMHX B pas-
paboTky: mopuctocth m=0,2; He(pTeHaCHIUeHHOCTb S§40=0,9; CpeaHsA TOJIIHHA
nnacta k=10 M; njotHocts HedTH Pr=0,85 T/M%. CpelHuil JeOHT CKBaXKHH §c=
=10% 1/roa. DbbeKTHBHOCTL pa3BelOYHOro GypeHHst IO TeOJOTHYECKHM 3amacam
Ep=400 T/Mm.

TeMn paspabOTKH KaXXJOTO OTJEJbHOIO MeCTOPOXJEHHS H3MeHsieTcsl IO 3aKO-
Hy, GopMyJsa KOTOPOro HMeeT BHI,
2(t)=AMA%e M; A=eznax-

TpeGyercs onpeleJHTb Ha IJIAHHPYeMHHA MepHoA B 20 JeT, HCIOJMb3YA MOAENb
TOJCHCTeMH pasBelka — Pa3paloTKa, ONTHMaJbHOE DaclpeleseHHe MeTpaxa B
pasBefloyHOe H 3KCILTyaTalHOHHOe GypeHHe H ONTHMAJLHHNA NapaMeTp NJIOTHOCTH
CeTKH CKBaXHH Sc onr HA MECTOPOXJAEHHAX, KOTOPHE SYAYT BBEJeHH B PaspaboTKy
B npeAcTOsILIKe 20 JeT.

OntuManbHEM 6yJeM CUHTAaThb TAKOE Paclpefie/ieHHe MeTpaxa B PasBeflOYHOe
H 3KCNJyaTalHOHHOe GypeHHe H Takoff NapaMeTp MJIOTHOCTH CETKH CKBAaXKHH, TNpH
KOTOPHX HaKOIIeHHas Ao6Hya Q, 3a ABajuaTHJIeTHHH CPOK GyReT MaKCHMaMibHOR.

Ha ocroBe popmynm (VIIL15) npu f({)=C=10% M/ron=const uMeeM

—asS,
g ()= an%ifjca:sc . (VIII.28)
B cootBetcTHE ¢ dpopmyaofi (VIII.17) nonyunm

A= . _fc el+asc TTIT

=&max = _am‘ (VIH.29)
Ipu go=-const umeem u3 (VIII.3)

!

G = g \ (t—1) e—* =0 g7 = g, [T — e (1 - AH)]. (VIIL.30)

0

Ilnsa nakonJyeHHoR AOOHYH HedTH 3a NJIaHHPYEMHll NEpHOA I HMeeM
T
Q,,=j'q,, O dt=g, [7—%+e—’~7 (T+ %)] (VIIL31)
0

ITo dopmyse (VII1.31) MOXHO BEHMUHC/NATL HAKOILIEHHYIO AOGHYY NDH JIOGOM
3HAYeHHH TJIAHHPYeMOro CpOKa { H BeJMYHHH A, a 3HauHT, H S.. Hanpuwmep, npn
Sc=25-10% M2/ckB aaa t=20 ner

1-}-2-10—8.25.104
jose't

A= 10-0,2-0,85-0,85-25-104.0,5

=0,2481 — .
roa
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—2-10—6.25-104
1,445.0,5.400-10°.25.104 B e .
Eo= 2000-400 - 1,445-25- 108 =37,74-10° 1/rop;

2 _ 2
Q, = 37,74.10° [20——0m+e 0,2481-2 (2°+_0,2—48T)] —458.105 T,

AHaJNOrHYHHM 06pa3oM BHUHCIHM Qu npH Sc=30-10% M?/ckB. HMeeM
A=02285 ——;  g,=238,57-10° 1/rox;
Q, = 445,3.10° .

Takum o6pasoM, npu yBeaHueHuu Sc ¢ 25-10* 1o 30-10* M2/ckB HakonseHHas

Jo6uya HeTH yMeHbliaeTcsl. YTOGH BHSIBHTh XapaKTep 3aBUCHMOCTH Qy OT S,
onpeneanm Qyu npu Sc=15-10* m?/cks. HmMeeM

' 104el—f—?-lO"ﬁ-IS-lO-l ags 1 -
Y= "T1,245.15.108.0,5 — 0,385 T~
—2.10—6-.15-104

1,445.0,5.400- 105.15- 104 e
8= 0,8-10°F 1,445-15.108 = 31,59-10° 7/roz;

2 2
Qu = 31,59-108 [2o_m - €70,3385-20 (20 + m)]: 446108 1.

Kak BMAHO M3 TpHBeleHHHX pacueTOB, HaKOIVIeHHAas A00HUa Hed)TH yMeHb-
LIaeTcsl € yBeJHueHHeM [apaMeTpPa NJOTHOCTH CEeTKH CKBaxXHH S. ot 25-10% no
30-10* M?/ckB. Ona TakXKe yMeHbLIaeTCs € yMeHbileHHeM S. oT 25-10% xo
15-10* m2/ckB. CrenoBaTesbHO, NPH ONpejieleHHOM 3HAYeHHH S, HAXOISIUEMCH B
npenenax 15-104<S.<25-10* M2/ckB, n0/MKHA GHTb MAKCHMAJpHAs HaKONJEHHAR
no6uya HedTH. Ha puec. 139 mo pesysnbraraM INpHBeJeHHEX H aHAJOTHYHHX HM
BHYHCIEHHH LI paccMaTpHBAaeMOro NpPHMepa JaHa 3aBHCHMOCTb Qy oT S npH
CpOKe MJIaHHPOBaHHA {=20 ner. Kak BHAHO H3 pHCYHKa, KpHBast Qu=Qu(Sc)
HMeeT MaKCHMyM TpH Sc~20-10* M2/ckB. DTO 3HayeHHe S CUHTaeM ONTHMAJbHEM,

Onpenennm mpH Sc=S¢ onr €XeroJnsii MeTpax pa3BeflOYHOTO H IKCIIyara-
uxoHHOro Oyperus. Ha dopmynn (VIIL.7) uMeeM 1Js 3KCIJIYaTallHOHHOTO MeTpa-
Xa [o(f) crenymomee BHpaxeHHe:

ErpH[ (1)

H Erp+ anSc '

CooTBercTReHHO pasBelOUHBI MeTpax ompefessercs CJEAYIOIHM 06pasoM:
anScf (1)

fp () =="—1—

HErp + apSc

TockosabKy B llaHHOM NpHMepe CyMMapHHIH FOJOBOH MeTPaxK NOCTOSHHHI, T. €.
f(1)=S8=108 m/roa, To H sKclIyaTaunoHHm Cs M Pa3sBeO4HBH C, rOLOBHE MeT-
paxH OypeHHs TaKiKe MOCTOSHHH.

EpHC

HEp+ apS: '
» agS.C

HEp, + apSe
W3 npuBeaesnbX GopMys NONYUHM

Cs  EpH 400-2000 o 77

Cpo = apS. T 1,445.20.100 = </

Orciona C,=0,735-10° m/roa, C,=0,265-105 M/rox.
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§ 4. 3KOHOMHYECKHE IMOKA3ATEJIH PA3PABOTKH
MECTOPO)XIEHHA

[Ipu nnaHupoBaHWu pa3BHTHS HePTSHOH NPOMBILJIEHHOCTH, a
TaKXe [pH NPOEKTHPOBAHHH H aHaju3e pa3paloTKH OTAENbHBIX
He(TAHBIX MECTOPOXKAEHHH paccMaTpUBAIOT 3aTpaTrhl TPyAa H Ma-
TepHaJLHLIX PECYpPCOB He TOJbKO B HX HATypaJbHOM BHAE, HO H B
JeHeXHOM BblpaxkeHHH. [IoMHYyO OuUEHKYy pas3JHYHBIX BapHaHTOB
paspaboTKH KaXIOTo OTHeJbHOro HeGTSHOTO MeCTOpPOXKIeHHS H
pasBUTHs1 He(hATHOH IPOMBIILIJIEHOHCTH B CTpPaHe HJH B peruoHe
B 1leJIOM MOXHO OCYLIeCTBHThb C HCHOJBb30BAHHEM KaK HaTypaJbHBIX
noxasareJeld reoJioropa3BeJouHblx paboT, pa3paGOTKH MeCTOPOXK-
LeHHH H 106BIYH HedTH, TaK H KOMIJIEKCAZ SKOHOMHYECKHX H TeX-
HHKO-3KOHOMHUECKHX I[0KasaTesef, MHCUHCJAAEMBIX B JEHEXHBIX,
JeHeXHO-HATYpPaJbHHX HJH HaTypanbHHX ejuHHLaX (pybiap Ha
TOHHY HedTH, py6Jb Ha MeTp NPOXOAKH, TOHHA He(hTH Ha OJHOTO
paGOTHHKA U T. L.).

B TexHonorHueckux cxemMax H IpoeKTax pa3pabOTKH HedTsSHBHIX
MEeCTOPOXKAEHHH HCMOMb3YIOT CJaelylollHe TJaBHble 5KOHOMHYeCKHe
NoKa3aTeJu:

1) KanuTtajabHBE BJAOKEHHS,

2) yhenpHble KalHTaJbHble BJIOXKEHHs HAa J06b4y 1 T HedTH W
1 T HOBOH MOLIHOCTH;

3) TekyuiHe 3aTtpaThl, 06e3 3aTpaT Ha aMOPTH3ALHI0 OCHOBHBIX
¢ oH10B;

4) 3KcnJyaTalHOHHBlE 3aTpaThl, BKJOUas 3aTpaThl Ha aMOPTH-
3aIHI0 OCHOBHBIX GOHJIOB; '

5) ce6GecTOMMOCTb MPOAYKIIKH;

6) npuOBLIb;

7) 3KOHOMHYecKHil 3 PeKT.

Ilpu Heo6xoauMocTH 0o0Jiee AeTaNbHOIO aHajlH3a BapHAHTOB
pa3paboTKu HePTAHBIX MECTODPOXK/JAeHHH ONpeAeJAIOTCS TaKkKe CJe-
AyIolHe IOKas3aTelH 3KOHOMHYECKOH 3@ @eKTHBHOCTH NpPOH3BOACT-
Ba:

1) npousBOAHTEJLHOCTb TPYAa; s

2) npuBeleHHBble 3aTpaTH; g0r W0

3) ¢donpooTraya.

Ilpy  nAaHHpOBaHHH  pasBHTHSA [,

He(DTAHOH NPOMBIULIEHHOCTH B CTpa-

He WJM B PErHOHE MOXHO HCMOMb30- .

BATb Bce MNepeyHc/AeHHBlE 3KOHOMHUYE- '
CKHe TNOoKa3aTeJH.

KanuTanbHble BJOXKEHHS — 3TO  3a- ;7 15 20 25 5
TpaTHl TpyAa M MaTepHaJbHBIX De-

CYpPCOB B JNeHEeXHOM BHIpaXKEHHH Ha

co3jlaHHe OCHOBHHIX (oHIOB HedTe-

razofoGBBAIOIHX NPEANPHATHE, T.e. fé‘;}'{oé3i66ii3“2’2$2;“’(n“2232
3aTpaThl Ha OypeHue CKBAXHH, CTPO-  merpa [/IOTHOCTH CeTKH CKBa:
HTeNbCTBO OOBEKTOB TNPOMBICJIOBOTO — XKHH

P
10 cxlb
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TpaHcrnopTa He(dTH, cemapanuH yrJaeBOAOPOAOB, TIa306eH3HHOBLIX
33aBOJIOB, YCTAHOBOK IO 06e3BOXKHBAHHIO, 06eCCONIMBAHHIO H Je-
IMyJbCHH J06bIBaeMOfi NMPOAYKIIHH, OUHCTKE TEXHOJOIHYECKOH BO-
Ibl H ee YTHJIH3alMH, YCTAHOBOK IO BO3JeHCTBHIO HAa IJacT ¢
Il€JbI0 NOBHIIEHHS H3BJeUeHHst HeTH U HHTeHCHHKALHH ee NOOHI-
4H, 3JeKTPOCHaGXKeHHIO, aBTOMaTH3alHH NPOH3BOJACTBA H T. A.

CTpyKTypa OCHOBHHX ¢(OHAOB MHOTMX HedTeJ06bIBaIOUIHX
npennpusatai CCCP rtakoBa, yro 60—709% CTOMMOCTH HX COCTaB-
JSI0T cCKBaXHHbI. [To9TOMY npu npubJHKeHHBIX OL@HKaX KanHTaJb-
HBIX BJIOXKEHHH MOXHO, 3HAasl CTOMMOCTb OJHOH CKBaXXHHH HA i-M
00beKTe pa3pabOTKH Scksi, YHCJAO CKBAaXKHH Ha OObeKkTe n; a TakK-
)Ke K03 (HIUNEHT q; NPONOPHUOHAJBHOCTH CTOHMOCTH OCHOBHBIX
($OHNOB H CTOHMOCTH CKBaXHH, ONpeJeJ]HTb KalHTaJbHble BJIOXE-
HuA Ky B m oGbekroB, paspabaThiBaeMblx  HedTeA0OBIBAIOIIHM
NPeANDHATHEM, N0 NPOCTOH dopmyJie

Ka= aSeuaitt (VII1.32)
1

B npoekTHHX pacueTax KamuTaJbHHE BJOXEHHA CJelyeT olpe-
JeJsTh N0 OTAeJbHHIM BHAaM OGODYROBaHHSA H CTPOHTEJNLHO-MOH-
TaXXHBIM paboraM.

[Ipu sTOoM cJaegyeT YUYHTHIBaTb, YTO CTOMMOCTb COODYXKEHHH M
060py/0BaHHs, BXOJAIIHX B OCHOBHBIE (OHAH HedTeN06BIBAIOIIHX
NpEANPUATHH, MOXKET 3aBHCETb OT Pa3jIHYHBLIX IIapaMETPOB CHCTe-
MH Pa3pabOTKH H TEXHOJOrHYeCKHX NOKasarejied. Tak, cTOHMOCTB
BCEX CKBAaXXHH, €CTeCTBEHHO, oOmNpejessieTcsi CTOHMOCTbIO OAHOH
CKBaXHHBl H HX YHC/JIOM. B OCHOBHOM OT uHCJa CKBaXKHH 3aBHCHT
CTOHMOCTb cucTeM c6opa H TpaHcmopTa ao6niBaeMoH NPOJYKUHMH,
KpOMe COODYXKEHHIl N0 NepBHYHOH mepepaGoTKe AoObIBaeMOH MNpo-
NYKIHH, T. €. ceNapaunHH YrieBOJOPOAOB, 06e3BOXHBAHHIO obecco-
JIHBAHHIO H AeaMyabcalHd HedTH. CTOMMOCTb ITHX MOCJEAHHX CO-
ODYKEHHH 3aBHCHT OT TeKylleH NOOHIUH HedTH, BOABI H rasa.

KanurasbHble BJIOXKEHHs INIpH NPOEKTHPOBAHHH pa3paboTKu
HedTAHEX MECTOPOXK/JeHHH ONpejesfloT Ha OCHOBE CMETHOH CTOH-
MOCTH OypeHHS CKBaXXHH M HODMAaTHBOB KaNHTaJbHHIX BJIOXKEHHH,
yCTaHaBJHBaeMHX oOlleOTpacaeBbIMH JokyMeHTaMH. HMHausuny-
aJibHele HOPMATHBBl Ha BHJBl COODYXeHHH, HCIOJb3YEeMHX B yCJO-
BHfIX JAAHHOIO KOHKDETHOTO MEeCTOPOX/JEHHS, YCTaHaBJHBAIOT clie-
HAJbHO HA OCHOBe aHaJjH3a (aKTHUECKHX KamHTaJbHBIX BJOXeHHH
B 3TH COODYIKEHHSA 3a NOCJeJHHE IOJb.

YnenbHbHe KanuTaJdbHbe BJOXEHHS Ha KaX-
AHH roJ pa3zpaboTKH MeCTOPOXKAEHHS — OTHOIIEHHE HAaKOIJIEH-
HEIX KalHTaJbHBIX BJOXEHHH K rofoBo#i 1o6nue HedTH.

YaienbHbe KalDHTaJbHHE BJAOXEHHS Ha OAHY
TOHHY HOBOH MOIIHOCTH — OTHOIIEHHE KAaNHTAJbHEIX BJIOXEHHHA
3a HEKOTOPHH NMEpPHOJA BPEMEHH K pacueTHOH Ao6blue HOBHIX CKBa-
JHH 3a 3TOT NePHOJ BPEMEHH,

Texymue satpathl 6biBaloT ABYX BuaoB, OIHH 3aBHCAT B OC-
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HOBHOM 0T o0beMa Texkyule#t n0OHYH HedTH, BOAH H rasa, Apyrue
JKe ONpeensioTcss TJIaBHEM 00pa3oM YHC/JAOM CKBAXKHH. B OCHOB-
HOM OT ypOBHSI A0OHYHM HedTH, rasa H BOAB 3aBHCAT 3aTPATH
JHEePTHH Ha MeXaHH3HDOBaHHYI0 AOOBIYY, TPAHCHOPT H MEpBHYHYIO
nepepaboTky nepru. Or o6beMa Texkyllet 3aKauyku B IJacT Be-
UIeCTB ¢ II€JbI0 MOBBHILEHHsT HedTeOTHAAud H HHTeHCH(HKAIKH [10-
Oblun He¢TH 3aBHCHT CTOMMOCTb SKCIIYaTallHH COODYXEHHH 110 BO3-
JeHCTBHIO Ha NJacT.

B sxcnusiyaTalMOHHBIE 3aTPaTH  BXOAAT TEKYIIHE 34aTpPATHl H
4MOPTH3aIHOHHbIE OTYHCJEHHS] OT CTOMMOCTH OCHOBHHIX (POHAOB.

Jnasi pasiHYHBIX BHAOB COODYKEHHH H 06OpYJOBaHus, COCTdB-
JISTIOLIHX OCHOBHHe (OHABI, YCTAHOBJEHH HODMAaTHBHHE CPOKH
AMODPTH3allHH, B TeUEHHE KOTOPHX BCS CTOMMOCTB 3THX COOPYXKeHHH
u o6OpynOBaHHS, BKJIOYas HX KAaNHTAJbHBIH DEMOHT, NOJXKHA Ie-
PeiTH B 3KCIJIyaTallHOHHHE 3aTpaThl H B KOHEUHOM cueTe, BOHTH B
cebecTouMOCTb AOOBIBaeMHBIX HeDTH U rasa.

Ilpu pacuere CyMMHPYIOT 3KCIIyaTallHOHHble 3aTpaThH Ha:

1) amopTH3auHI0 AOOHBAIONIMX M HAarHETATEJbHBIX CKBAXKHH Sj;

2) aMopTH3aLHI0 O0GBEKTOB MPOMHICJIOBOTO 06ycTpoicTBa So;

3) ofcayXHBaHUe CKBaXHUH Sj;

4) 3HeprHi0 HA MeXaHH3HDPOBAHHYI0 f0OBIUY XHIKOCTH Sg;

5) Bo3melCTBHe HA NJACT C LEJbl0 MOBHILEHHs HedreoTnaun M
HMHTeHCHUHKAUHU 100HYH HedTH S;;

6) c6op u TpaHcmopT HedTH M rasa Sg;

7) cenapanHio yrieBoJOpOJOB, 06e3BOXHBaHHe H 00ecCOoHBA-
HHUe HeTH S7;

8) o6lenpoH3BOJCTBEHHHE PacXoaH Sg;

9) oruHCleHHST Ha reoJOropasBeflouHbie paboTH Sg.

3aTtpaThl Ha TeKylIuil peMOHT BXOJSAT B 3aTPaThl Ha 0GCHYyKHBa-
HHe CKBajXHH Ss.

Takum o06pas3oM, romoBbie 3KCIJIyaTalHOHHEIE 3aTpaTH S, OT-
PaxKaoT cyMMYy YKa3aHHHX BHILe BHAOB FOJOBHX 3aTtpar Si, T. €.

9
S,=3s, (VII1.33)
1

Ce6ecTOHMOCTb He(TH Cx PaBHA OTHOLIEHHIO TOMOBHIX 3KCILIY -
TalHOHHBIX 3aTPaT K rofoBo#l fo6biue HedDTH Gy, T. €.

¢a=3S,/qn. (VIIL.34)
IlpuBeneHHEIE 3aTPATH
Sup=ca-}+EK. (VIIL.35)

rae E-—HopMaTuBHHE KosddHIHeHT, K — yAe/bHble KanHTaJbHbEE
BJIOXKE€HHSI, PABHHE OTHOLIEHHI0 HAKOMJIEHHBIX KANHTAJbHEX BJIO-
KEHHH Ha paccMaTpuBaeMH roj K rofoBoil A0GhiYe HedTH.

Ilpu cocTaBJ€HHH TEXHOJOTHYECKHX CXeM H NPOEeKTOB paspabo-
TOK He(TSHEIX MECTOPOKAECHHH HEOOXOAHMO NpelyCcMaTpPHBATb HC-
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NO0Jb30BaHHE NEPeNOBOfl TeXHHKH, TEXHOJOrHH H HaHbogee adbdek-
THBHBIX CHCTeM pa3paboTku. OaHako 3(P¢PeKTHBHOCTb HX B ONHHX
YCJHOBHSIX MOXKeT ObITb HauboJblieH, a B APYTHX — HaHMeHblUel.
ITosToMy BO3HHKaeT 3ajiaua CPaBHEHHsI Pa3JMUYHBIX BADHAHTOB pas-
pabOTKH MeCTOPOXKAeHHH M0 S3KOHOMHUUYECKOMY 3(]dekTy, onpeneJse-
MOMY Ha OCHOBE COOTBETCTBYIOILHX OTPAcJeBbIX METOJHK.

IIpoussoauTeIbHOCTh TPYAa B HedTerazoZoOGHBAKILHX mpel-
NPHSITHSIX NMPHHSITO BHIpa)KaTb B OCHOBHOM B ABYX (pOopMax: B TOH-
HaX AOGBITOH He(dTH WJIH Ta3a B eIMHHIY BPEMEHH (Hampumep, 3a
rojl) Ha OJHy €IHHHIYy NPOMBILIIEHHO-POU3BOACTBEHHOrO NepcoHa-
Ja ¥ B JeHEXKHBIX eIUHHLAX, HCUHCJIsSeMBIX CTOMMOCTbIO BaJOBOH
NPOAYKUHH HedTerazonob6LBawlero NpeAnpHATHA Ha OAHY eIHHH-
Iy TNPOMBILIIEHHO-NPOH3BOJCTBEHHOrO MepCcOHana B eIHHHIY Bpe-
MeHHU.

CTouMoCTb BaJOBOH NPOAYKILHH NPEANPHATHH DPaB-
Ha NPOHM3BeNEHHI0 OTNYCKHOH LeHbl Ha He(dTb Ha KOJNHYECTBO ee,
CIaHHOH 3aKa3YHKY B eJHHHIlYy BPeMEHH, IJIOC CTOMMOCTb NPOYHX
YCJIYT.

IIpubeab, nonryuaemMasd He(Terasofo6BIBAKOLIMM NpelNpHS-
THEM B eJUHHUIlYy BpPeMeHH, paBHa pas3HHLEe MeXAY CTOHMOCTbIO
CAAHHOH TNpeANnpUATHEM He(PTH U IKCIJyaTallHOHHLIMH 3aTpaTaMH
3a eJHHHIy BpeMeHH.

®oHA0O0TIaya—OTHOIIEHHe CTOMMOCTH TOJOBOH BaJOBOH
NPOAYKIUHM NPeANPHATHS K CPeOHeroJoBOH CTOMMOCTH OCHOBHBIX
¢oHnOB.

B npoekTHBIX NOKYMEHTax 3KOHOMHUECKHE MOKa3aTead paspa-
60TKH He(dTSIHBIX MECTOPOXK/IEHHH OOBIYHO TECHO CBA3aHHB C TEXHO-
JOTHYECKHMH H TEXHHUYECKHMHU N0Ka3aTessIMH.

IToaToMy KOMIJIEKC TeXHHUYECKHX M 9KOHOMHUECKHX NOKasaTesiel
B TEXHOJIOTHUECKHUX CXeMaxX U IIPOeKTax pa3paboTku HePTAHBIX Mec-
TOPOXK/JEHH# Ha3blBalOT OOBIYHO TE€XHHKO-35KOHOMHUYECKHMH
noxkasarteadaMmHu [JIs oleHKH BapuaHTOB pas3spaboTku HedTH-
HBIX MECTOPOXKAEeHHH MOXKHO HCNOAb30BATHh U YHCTO T€XHHKO-3KOHO-
MHYECKHe MOKa3aTeslH, TakKHe, HampuMep, KAaK METaJJOEMKOCTb H
HEeProeMKOCTb NPOAYKLUHH U AP.

DKOHOMHYECKHe H TeXHHKO-J>KOHOMHUecKHe II0KasaTeslu paspa-
60TKH KaxXJ0ro HedTAHOTO MeCTOPOXKIEHHS H3MeHAKTCS cO Bpe-
MeHeM NO Mepe BHIDAa0OTKM 3al1aCOB MeCTOPOXK/JEHHs, a TakKxe Cy-
[IECTBEHHO 3aBUCAT OT NPHUMeHeHHs JOCTUXKeHHH HaydyHO-TeXHHYe-
CKOro nporpecca, 0cO6EHHO HOBOH TeXHOJIOTHM H3BJeueHUus He(pTH
U rasa u3 HeJp.

KoHTpoJibHBIE BONPOCHI

1. B ueM cOCTOHT ONTHMaJbHOE pacnpelejeHHe DpecypcoB B
HedTanon npomuiaensocry CCCP? KakoBa ero ueab?

2. O6bsicHMTE OCHOBHOH NpPHHIMN Pa3pabGoTKH HepTAHHIX Mec-
topoxzaenuni B CCCP. Kakum o6pasoM peasusyercss 3TOT NPHH-
uun?
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I'masa IX

NMPOEKTUPOBAHMUE H PETYJIUPOBAHHE
PA3PABOTKH HE®TAHbIX MECTOPO)XIEHHUA

§ 1. NIPOEKTHBIE NOKYMEHTH! N0 PA3PABOTKE
HE®TAHBIX MECTOPO)KAEHHH

BBoj B pa3paboTKy Kaxaoro HeprtsHoro MecropoxieHus s CCCP
OCYyLIeCTBJSIETCY Ha OCHOBE NPOEKTHOTO JOKyMeHTa. Bce nocuexnyo-
IHe Hau{oJjiee Ba)KHble HHIKEHEDHBIE MEPONpUATUS, Kacaloluecs
pa3paloTKH MeCTOPOXKIEeHHH, OCYIIeCTBJSAIOTCS IIOCJe COCTaBJeHHUs
H NPUHATHS COOTBETCTBYIOIIHX NMPOEKTHBIX PEIIeHHH.

B HeptsaHoi npombiuieHHocTH CCCP  ycTaHOBJIEHH eQHHBIH
NOPSAOK COCTABJEHHsS NMPOEKTHBIX JOKYMEHTOB IO paspaboTkKe Hed-
TSHBIX MECTODOXKJAEHHH M efuHble TpPeGOBAaHUA K HX OCHOBHOMY
cogepxanuw. [Ipn 3ToM npuHsiTa clefyiollas HOMeHKJaTtypa mpo-
eKTHBIX JOKYMEHTOB.

1. TlpuHunnuanpHas cxeMa paspaboTkd. Ee cocramasoor aas
MeCTOPOXK/IEHHUH, cofepKaUIHX 3HAYHTENbHOE KOJHYECTBO OGBEKTOB
HJIH CAMOCTOSATEJNbHBIX NJouiafell paspabotrku (Gonee 5—7 o0ObeK-
TOB HJIH TJollajell pa3apaboTKH).

2. TexHonoruyeckasi cxeMma paspabotkd. Ee cocraBisiior Ans
BCeX MeCTOPOXKJAeHHUH, BBOAUMBIX B pa3paboTKy.

3. TlpoexTt pa3paboTkH. Ero BBIMONHSAIOT AJs1 BCeX MeECTOPOXK-
JleHUH, BBEAEHHLIX B paspaboTKy.

4. YroyHeHHb#i nmpoekT paspaboTku. Ero cocraBasior pgnast Mec-
TOPOXKJEHHUH, NpeAcTaBJeHHs] 0 XapPaKTePUCTHKAX KOTOPHIX H3MeHH-
JUCh B mponecce ux pasbypuBaHHWs H HadyaJbHOH pa3paGOTKH UJIH
NPH HeOOXOJHUMOCTH Pe3KOTO H3MEHEeHHS YDOBHEH ROOLIUH YIJeBO-
JODPOAOB H3 MECTOPOK/EHHS.

5. TexHoJoruyeckass cxeMa HJH HPOEKT ONBITHO-NPOMbBILIJIEHHOH
paspabotku. HMx cocTaBjsiloT Ansl HCHBITAHHS HOBOH TEXHOJIOTHH
U3BJ€UYeHHS YTJEeBOAOPOJOB H3 Help.

B HeoOX0AMMBIX CIydasfX COCTaBJASAIOT TaKXkKe NPOEKTHhHIE AOKY-
MEeHTHl [0 NPOGHOH 3KCHJAyaTalHH MECTOPOXKIEHHH, eclH 3TH Mec-
TOPOKAEHHS XapaKTePHU3YIOTCs paHee He BCTpPEYaBIIMMHUCHA B NpaK-
THKe CBOHCTBAMY HJH HAX0AATCH B O0COOBIX MPHPOAHBIX YCJIOBHAX.

B npuHUHMNHaNbHON H TeXHOJOrHYecKoil cxemax HJs BHOBb
BBOJAHMBIX B pa3paboOTKy MeCTOPOXKAeHUH yCTaHABIHBAIOT 00BEKTH
H CHCTeMYy pa3paboTKH MeCTOPOXKIeHHH, OCHOBHBIE MOJIOXKEHHsS Tex-
HOJIOTMH Da3palboTKH, OnpelessiOT MaKCUMaJbHHE ypoBeHb JA00bI-
4H He(TH H CPOK BBIXOJA Ha 3TOT YpOBeHb, B IpHHUHNHAJILHON
CXeMe OTpaKamwT OO6ILYI0 COBOKYNHOCTb CHCTEM paspaboTKH OT-
HeJbHBIX KPYINHBIX O0OBEKTOB Da3pabOTKH, ONTHMalbHOe pacmpeje-
JleHHe KaNHTaJbHBIX BJIOXKEHHH B 3TH OODBEKTH, MOCHeN0BaTelb-
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HOCTb HX BBOJA ‘B pa3paboTky, o6mHH ypoBeHb NOOGHYH YIJIEBOJO-
PONOB H3 MECTOPOXKAEHHS H CPOK BHX0Ja Ha 3TOT YpPOBeHb.

B npHHuumHanbHOH W TeXHOJOTHUECKHX cXeMax pa3paboTKH
OTpeaessieTcss COOTBETCTBYIOWHE HAabOp TeXHHKO-3KOHOMHUYECKHX H
AKOHOMHUYECKHX TNOKa3aTeJeH, OLleHHBAIOTCS TeKyllass HedTeoTHaua
4 OOBOJHEHHOCTb MNPOAYKLUHH, OOIIHe H yAeJbHBIE KalHTaJbHBIE
BJIOXKeHHs, ce6eCTOHMOCTb, NpHBEAEHHBIe 3aTpPaTH H T. A.

B npoekre pa3palOTKH CONOCTABJAAIOT HPOEKTHHIE TOKA3aTeNH
paspaboTKH MeCTOpOXKAEHHA, IOJYYeHHHE B pe3yJbTaTe BHIIOJHE-
HHS NPHHIHMNHAJIBLHOH H TEXHOJOTHYeCKOH cxeM, ¢ (PaKTHUeCKHMH
[I0Ka3aTeJAMH Pa3paboTKH MeCTOpOK/[eHHs B HauaJbHOH CTajiuu;
YTOUHSIIOT HCXOJHHEIe JNaHHHe AJs COCTaBJEHHS NPOEKTa; YTOUHSIOT
¥ COrJacoBHIBAIOT C IVIAHHDYIOIUHMH OpraHaMH YpOBeHb AOOBIUH
YIJeBOAOPOJOB H3 MECTOPOXKAEHHS; H3MEHSIOT B cJyyae Iesaecoob-
Pa3HOCTH H. BO3MOXKHOCTH CHCTEMY M TEXHOJIOTHIO pa3pabOTKu Mec-
TOPOXICHHS,

B npoekrte paspaGoTKH 60jiee OCHOBATeNbHO NMPOpPabaTHBAIOT
BOTIPOCHI 3KCHJIyaTallHH CKBaXHH, c6opa, MOATOTOBKH H TPAHCIOPTa
He(pTH H rasa, MEpPONPHATHA MO OXpaHe HEAD H OKpyxKawiueh cpe-
Ibl, MOCKOJIBKY 3TOT NIPOEKT CJYXKHT OKOHYATeJNbHHIM HOKYMEHTOM,
Ha OCHOBE KOTOPOTrO COCTABJSAIIOT HPOEKT o6ycTpoHCTBAa MECTOPOXK-
JI€HHST H TIPOM3BOJUTCSA MPOMBICJIOBOE CTPOHUTEJLCTBO.

TexHosMornueckast cxeMa HJH NPOEKT ONBITHO-NPOMBIIIEHHBIX
paboT MO HCNBITAHHIO HOBOFO METOMA HM3BJEYEHHS HePTH H3 Heup
COJlepKaT, NOMHMO OOBIYHHX pacyeTOB H pelleHHH, KacawoulHxcs
BhH6opa 06BEKTOB pa3paboTKH, CXEeMHl DACNOJOXEHHS CKBAXHH,
TeXHOJIOTMH BO3JAE€HCTBHA Ha ILTACT, TAKXe OCHOBHHE pe3yJbTaThl
HCCJIENOBAHHH, NMOCBSIIEHHBX OCYILECTBJEHHI0 JAHHOTO HOBOTO Me-
ToAa pa3pabOTKH B KOHKDETHHIX IIACTOBHIX YCJAOBHAX MeECTOPOXK-
JeHus, AJS KOTOPOTO COCTaBJieH INPOeKTHHIH [nO0KyMeHT. Oco6oe
BHHMAaHHEe NPU 3TOM CJAeAyeT YIeJATb KaK MOXHO 6oJjiee TOUHOMY
OlpeleseHHI0 TEXHOJOTHYeCKHX IOKasaTeseH, UYTOOB NOJYYHTHb
JocTOBepHBIe cBefeHHS 00 3P PEKTHBHOCTH HCHBITYyeMOro MeTojaa
u3BJeUeHHs HepTH H3 HeJp M CPABHHTb €r0 ¢ TPAaJHIHOHHBIMH Me-
TOfaMH paspaboTKH.

YTOYHEHHHIH NPOEKT pa3paGOTKH IO CONEPXKAHHIO He OTJHYa-
eTcd OT OGHUHOro, KpoMe, MOXeT ObiTb, aHaJau3a NMPHYHH HECOoOoT-
BeTCTBHS pe3yJbTaTOB IpeXHero NpoekTa pesy/bTaTaM ¢aKTHue-
CKOll pa3paboTKH, ecJH Takoe HeCOOTBETCTBHE HMeJO MECTO.

IIpoekTHEHE JHOKYMEHTH N0 pa3paGoTke He(dTAHBIX MeCTOPOXK-
JEHUHA COCTaBJAIOT Ha OCHOBe 33/ aHHH Ha NMPOEKTHPOBAHHE, BHIAA-
BaeMbIX HeTerasoJ0OLIBAIOIIHMH NPEANPUATHAMH.

[IpuHIMNHAJBHAS H TEXHOJOTMYEeCKas CXeMbl, a TaKXKe IpOeK-
TH pa3paloTKH — OCHOBHHE JOKYMEHTH, II0 KOTOPDHIM Kaxjoe
HedTerasono0HBaOLIee NPEANpPHATHE OCYIIECTBJSET BECh KOMII-
JIEKC TE€XHHYeCKHX M TEXHOJOTHYeCKMX MEepONpPHATHH MO H3BJeYe-
HHIO HeTH H rasa M3 Heip, KOHTPOJIO 3a MPOLECCOM paspaboTKH
MeCTOpOXJeHHH, ofecrneueHH0 6e30macHOCTH paboT, OXpaHe Heap
H OKpyXamouled cpelbl. DTH JOKYMEHTH SIBAAOTCA 6a30# aJs co-
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CTaB/IeHHs] TEKYUIHX NATHAETHHX H NEDPCHEKTHBHHX INJAHOB JOOH-
4d HepTH W rada mo HedTera3oAoOHBAKILEMY NPEANPHATHIO, IJa-
HHPOBaHHsi GYpOBHEIX pafoT, 06yCTPOHCTBA MECTOPOKACHHH, COOpY-
JKeHHst HepTerazonpoBOAOB, AOPOr, MPOMBIIJIEHHOTO H KOMMYHAaJb-
HOTO CTPOHTEJIbCTBA.

[1pu cocraB/eHHH NPOEKTHBIX AOKYMEHTOB IO pa3paboTKe Hed-
TAHBIX MECTOPOXKIEHHH CJelyeT pPYKOBOACTBOBATHCS 3aKOHaMH
CCCP 1 cowosHbix pecny6auk, Ykasamu [Ipesusuyma BepxoBHoro
Cosera CCCP u cowsHbXx pecny6auk, peieHusiMH COBeTCKOTO
NpaBHTEJbCTBA, NPHKa3aMu MuHHCTepcTBa He(BTAHOH IPOMBILIIEH-
HoctH, 'OCTamu, OCTamu, UHCTPYKUUSMH, METOJAHKAMH H HODMa-
THBaMH.

IMpoekTHHIe peleHHs Mo pa3paboTKe KaxKAOro HedTsHOTO Mec-
TOPOXKAEHHsI FOTOBSAT B HECKOJbKHX BapHaHTtax. M3 uncia BO3MOXK-
HEX HaHOosee 3b(eKTHBHHIX BLIOHPAIOT TPH OCHOBHHX BapHaHTa,
pasnuyarolinecs: YPOBHAMH A006bYM HedTH, HedTeoTAaueH, MaTepH-
aJbHBIMH, J€HEKHBIMH H TPYAOBHIMH 3aTpaTaMH. YKa3aHHBle Ba-
PHAHTH MOTYT OTJHYaTbCS CHCTEMaMH H TEXHOJIOTHAIMH pa3paboT-
KH MeCTODPOXJeHHS,

Hapsiny ¢ npeanaraeMbiMH B NPOEKTHOM JOKYMEHTE ONHCHIBAIOT
TaKKe BapHaHT pa3pafOTKH MeTOAOM, KOTOPHIM pa3pabaTHBaJHCh
paHee aHaJOTHYHBle MeCTODOKAeHHs. TakoH BapHaHT HasblBaeTcs
Sa30BH M. Ero Hcnoas3yoTr ais cpaBHeHHSt 3¢deKTHBHOCTH pas-
pabOTKN MeCTOPOXK/[E€HHsi NpelJaraeMelM H paHee NPHMEHSBLUIHMCS
METO/0M.

OnvH W3 npepsaraeMblX BapHAHTOB, HauGoJee YIOBJAETBOPSIO-
UIHHA DellleHHI0 3aJaYH NMepCNeKTHBHOrO pa3BHTHS HepTSHOH INpo-
MBILIJIEHHOCTH B CTPaHe B L@JOM ¥ HMEWONIHH JyuYllHe TeXHHKO-
3KOHOMHYECKHe H 3KOHOMHUeCKHe IOKa3aTesH, NPHHHMAIOT K pea-
JIH3aIIHH,

PaccMoTpuM B 06IIHX uepTax COAepKaHHE NPOEKTHHIX AOKyMEH-
TOB, IPHHHMAsi 32 OCHOBY TeXHOJOrHUeCKHe CXeMbl H NIPOEKTHl pas-
pPaboTKH He(TSAHBIX MECTOPOXKAECHHH.

ITpoekTHBIH MOKYMEHT HAUHHAIOT COCTABJSATH C OGOCHOBAHHS
MOCTAHOBKH pabOTH N0 NPOEKTHPOBAHHIO H OOLIHX reorpadHuecKux
H TEOJIOTHUeCKHX CBeJleHHH O MecTopoxpaeHHH. J[lanee npuBOAAT
reoJoro-(bH3HYECKyI0 XapaKTepPHCTHKY MeCTOPOXKAEHHs, Lieslb KOTO-
po# — reojioruueckoe 0OOCHOBaHHE TNapaMEeTPOB MECTOPOXKAEHHH,
KOTODBle 3aTeM HCINOJIb3YIOT NpPH NOJCYere 3anacoB HedTH H rasa
M B pacueTHOH MoJeJH pas3paboTKH MecTopoxkiAeHus. [eosoruue-
CKO€ OIIHCaHHe CTPOEHH:A MECTOPOXKJEeHHS CONPOBOXKAAIT rpacduye-
CKMM MaTepHAJOM — CTPYKTYDHRIMH KapTaMH, TIe0JIOTHYeCKHMH
NPOQHUIAMH, KADTAMH PACIPOCTPAHEHHS KOJJIEKTOPOB.

IIpHBOASIT MaHHBle O MOPHCTOCTH IJIACTOB, WX NPOHHUILAEMOCTH,
HeQTEHACBIIEHHOCTH H ra3oHACHIEHHOCTH, TOJIIHHE OTAENbHBIX
NpocjioeB H OOIIed TOJIIKHE IIJacTa; [aHHBE, ONpeleseHHbE IO
OTHEeJbHBIM CKBAaXXHHAM, TAK H CPelHHEe IO IJ1acTaM MEeCTOpPOXKIe-

HHUA, TIOJyYeHHBle C NPHMEHEHHWEM BeEDOATHOCTHO-CTATHCTHUYECKHX
METOJ0B.
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Oco60 BBHIEISAIT JaHHBE O HEOJAHOPOJAHOCTH, HEOOXOLZUMEIE A%
NOCTPOEHHS] MOJeNHM CJOHUCTO-HEOJHOPOJHOro II1acTa, HCIOJb3ye-
MOH 3aTeM B Ipouecce pacuyeTa pa3paboOTKH MeCTOPOXKIEHHS.

Heo6x01uM0 NOJYYHTHL H BKJWUYHTL B IPOEKTHHIH JOKYMEHT
napaMeTpH, XapakrepHaymiomue ¢pU3HKO-XHMHUECKHe cBOHCTBa Hed-
TH, ra3a H BOJB H, eCJH Heo6X0AuUMO, mapaMeTpH ¢as3oBOro co-
CTOSIHHSI cMecell yrieBoJoposoB. K ocHOBHHM (PH3HKO-XMMHYECKHM
napaMeTpaM He(TH OTHOCATCS BSI3KOCTb (3aBHCHMOCTL €€ OT TeM-
nepaTypel B IJIACTOBHIX H MOBEPXHOCTHBEIX YCJAOBHSIX), MJOTHOCTD,
HayasJbHOE rasocojepiKaHue, JaBJeHHe HaCHIeHHs H OOBLeMHBIH
Ko3dduurent. Jas niacToBoil BOAH Ba)KHO 3HATh €€ ILIOTHOCTb,
BSI3KOCTb, OCHOBHOH COCTaB pacTBODEHHHIX B Heil BeIecTB.

Eciu ans pacuera mpouecca paspaGoTKH HeGTAHOro MeCTo-
POXKJAeHHs HCIIOJb3YIOT MOJeJb HEeNOpLIHEBOTrO BHITECHEHHs, TO He-
06X01AMO HMETb 3aBHCUMOCTH (KpHBBIE) OTHOCHTEJBHHIX NPOHHIIae-
MocTell AJs1 HedTH H BOAH, B TOM uHCJe MOJHQHIHDOBAHHHX OT-
HOCHTeJIbHHIX NpoHHuaeMocTell, Eciu MpuMeHSIOT MoZesb MOPLIHE-
BOrO BHITECHEHHS, CJeJyeT ONpeJeNHThb AaHHble 3aBHCHMOCTH TeKy-
mell HedTeOTHAUH OT CTENEHH MPOMBIBKH AJs 00pasunoB mniaacra
pasjiu4YHOHN NMpoHHL@aeMoCTH, HakoHell, HyXHO 3HaTb [€0JOTHYECKHE
3anace HeTH B MJiacTax MeCTODOXKJAeHHs, pa3paboTKa KOTOPOro
IPOEKTHPYeTCs, a4 TaKXKe 3amachl pacTBOPEeHHOTo B He(pTH H cBoboj-
HOTO rasa.

Ilpn nmoAroToBKe BHEPBHE COCTaBASEMOH [/ MeCTOPOKIeHHS
TEeXHOJIOTHUECKOH CcXeMBl aHaJH3HDPYIOT NapaMeTPhl 3KCIJAyaTalHH
Pa3BeOYHHX HJH ONBTHHX CKBaxHH. B peayabTaTe KOMIJIEKCHOrO
reoJjioro-(pu3HYECKOro H3yueHHs MECTOPOXKJEHHsS, HaHHHX 00 3Kc-
IJIyaTalHH Da3BeJOYHBIX CKBaXHH, Ha OCHOBe OIBITAa pa3pabOTKH
4H4JIOTHYHHX MeCTOPOXKAEHHH paccMaTpHBAIOT BO3MOXKHBIE BapH-
aHTH CHCTeMHBl Pas3pabOTKH ¢ pasauyHBIM OObeAHHEHHeM IJjac-
TOB B OOBEKTH Da3paboTKH W NpPHMeHeHHeM pAa3JHUHHX TeXHOJO-
TH# u3BJeueHHs HedTH U3 HeOp.

Has pacuera mokasaTteseil paspaGoTKH OOOCHOBHIBAIOT H IPH-
HHMAloT Da3JHYHEE MOJe]H Pa3paboTKH H pacueTHHE CXEeMH.

Ha ocHoBe Mopeneill pa3paGoTKH eonpenessiloT TeXHOJOTHUYECKHE
NoKasaTeJH AJsl pacCMaTPHBaeMBIX BapHaHTOB. Jl0 pacyeTos NpH-
BOJSAT CBOJAKY NPHHATHIX HCXOJHBIX JaHHBIX.

Bo BpeMs cocraBieHHs NpOeKTOB pa3paloTKH, KOrja yxe
HMelTCsd JaHHHle NMpeAbAylied SKCIIyaTallHH MeCTODOXKIEHHs co-
IJ1acHO paHee NPHHSTOH H OCYLIECTBJAECHHOH TeXHOJOTHUECKOH cxe-
Me, CTpeMsATcs J00HTbCA COBNAajeHHs (akTHYeCKHX M PacueTHHX
JaHHBIX IyTeM ajalTalliH HCHOJb3yeMbIX MoJedeH pa3paboTKH K
¢haKTHUECKHM AaHHBIM JHOO 32 CYeT HEKOTOPOrO H3MEHEHMSI HCXO[-
HHIX JaHHBIX, JHOO IPUMEHEHHS HHBIX MOjJeJeH.

Ecau cucreMy B npoekTe He NpejrnoJsiaraeTcsi CYIECTBEHHO H3-
MEHATb, MOXKHO HCIOJb30BATb 3MIHPHYECKHE METOAHKH NDOTHO3H-
poBaHHSl pa3pabOTKH MeCTODOXKJEHHs, aAaNnTHPOBaHHble K AaH-
HHM NpebiAylIeH pa3paboTKH.
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3Hasg CHCTEMY M TEeXHOJOrMYeCKHe IOKa3aTeJH B DasJUUYHHX
BapHanTaXx pa3palOTKH MEeCTODOXK/IEHHS, MOXKHO DacCyHuTaTbh TeXx-
HHMKO-3KOHOMHUYECKHe M SKOHOMHUECKHe NOKasaTesaH. Tak, ompeje-
JIAI0T 10 BaDHAHTaM MaKCHMaJbHHH (IPOEKTHHH) ypOBeHb AOOLIYH
HedTH ¥ XHAKOCTH, MaKCHMaJbHBIH TeMn pa3paboTKH, roj BBIXOJa
MECTOpOK/AEHHS Ha MAaKCHMAaJbHHH ypoBeHb N0OBIYH He(TH, Npo-
JOJKHTEJbHOCTh AOGBHIYM HepTH Ha 3TOM YpoBHe. 3a mnepsble 5,
10 u 15 Jjer onpeAessiOT HAKONJEHHYIO A00HYy HeTH, HAKOIJEH-
HYI0O A06BIYYy KHAKOCTH, 06beM 3aKauHBAE€MOH BOJAb HJIH APYrHX
BeLIeCTB B mjacTh. OHEHHBAIOT CPOK pa3paloTK# MECTOPOKIEHHs
H KOHEUHYIO HedTeoTHady.

Jas XxapakTepHCTHKH CHCTeM pa3pafoTKH B Pas3jMUHHIX BapH-
aHTaX YYHMTHIBAIOT MmapaMeTpsl S¢, Nyp, ® H @p, a TakxKe QOHA HO-
6GHIBAIOUIHX, HarHETATEJIbHBX U 006yCTpOHCTBA OTAE/NBbHHX OODBEKTOB
pa3paboTKH.

Jlanee mo BapuHaHTaM YCTAHABJIHBAIOT KOHOMHUECKHe NOKasa-
TeanH. YKa3wBawT 3a 5, 10 u 15 xer obmHe KamuTaJibHBE BJOXKE-
HHS, TeKylUlHe H 3KCIJyaTallHOHHble 3aTpaTh, ce6ecTOMMOCTb IPO-
AYKIHH, NpHUBEJEHHBle 3aTpaThl. Eciu npoekTtupyercs paspaboTka
He(TAHOrO MECTOPOK/JEHHA ¢ NPHMEHEHHEM HOBOH TEXHOJOTHH H3-
BleueHHs HedTH H3 Help, obecneunBawuleii 66abHIyI0 HedTeOTIA-
uy MO CpaBHEHHIO C paHee NMpHMeHsBILeicdA, 6a30BO# TeXHOJOrHeH,
TO CPaBHHBAIOT TeXHOJOTHYeCKHe H TEXHHKO-IKOHOMHYECKHE IIO-
KasaTtean pa3paboTKu C HCNONb30BaHMeM 0a30BOH M HOBOH TeXHO-
Jgorud. Ocobo onpenensiior AONOJHHUTENbHYIO A00bIUy HedTH, KOTO-
pasi 6yJeT NMoJyueHa NPH HCIOJb30BAHHH HOBOH TEXHOJIOTHH, a Tak-
JKe JONMOJHHTeJbHEE KamHTaJbHEE BJIOXKEHHA, ce6ecTOMMOCTb [10-
MOJHHTENbHO A0OHTOH HedTH, NpHUBEJEHHbe 3aTPATH, HA AONMOJHH-
TeJbHO JOOHITYIO HeTh.

B TexHo/nOrnuyeckHx cxeMax OOHYHO OLIEHHBAIOT pacnpejelieHHe
CKBaXXHH II0 crnocobaM 3KcnJayaTauuH, B npoekrtax ke paspaboTku
pPacCUMTHIBAIOT paclpefdeseHHe No rogaM jeHcrBymouero QoHaa
CKBajKHH IO OCHOBHBIM YeTHIpeM cnocof6aM sSKCIJIyaTauuH: ¢oH-
TaHHOMY, rasaugtaomy, SLUH u LIT'H.

KOHCTPYKUUsI AOGBHIBAIOLIHX H HArHETATENbHBIX CKBAMXKHH AOJK-
Ha OblTb NpHBEAEHA B NPHHUHUIIE YXKe B TEXHOJOTHYECKOH CXeMe
paspaboTrkd. OZHAKO OKOHUYaTeJbHO ee YCTAHABJHBAIOT BO BpeMs
coctap/ieHust NpoekTa pa3paboTku. OnpefensioT TakxKe BUI H me-
peueHb 3KCIVTyaTAHOHHOro 060pynoBaHud, HEOOXOAHUMOTO AJA OCY-
LIECTBJEHHsA PA3JIHYHBEIX CNOCO0OB NMOAbeMa He(PTH H3 CKBaXKHH, a
Takxe o0OpYyIAOBaHHA [AJAsl BO3JEHCTBHS Ha NJACTH MeCTOpPOXKIe-
HHUS ¢ LeJbl0 YBeJHYEHHs HedTeoTHaUH U HHTeHCHDHKAIHU 106bIYH
HedTH.

Haxonen, B TeXHOJIOrHYECKHX CXeMaxX, H OCOGEHHO B IPOEKTax
pa3paboTKH, NPHBOAAT HHXKeHeDHOE pelieHHe BOIPOCOB OXPAHM
Help H OKpyXamwlile# cpeirl. B NPOEKTHHE HOKYMEHTH NOMEILAl0T
IepeyeHb MEPONPHATHH IO KOHTPONIO 3a pa3paboTKOH MecTOPOXK-
JAeHHs, B KOTOPOM YKasHBalOTCSA BHAB THAPOJAHHAMHYECKHX H Teo-
GhH3HYECKHX HCCJEJOBAHHH MECTOPOXKAEHHH H UX NEPHOAHUYHOCTD.
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§ 2. UY3MEPEHHUE, PETHCTPALIHSA H AHAJIH3 NOKA3ATEJNER
PA3PABOTKH MECTOPO)XI EHHA

ITocsie MpHHATHS K pealNu3allHd IPOEKTHOrO AOKYMEHTa, ompe-
jensioniero pa3paboTKy He(TAHOTO MECTOPOXKIEHHS, NMPHCTYyNaloT
K pa3bypHBaHHIO MeCTPOXJeHHs, ero o6yCcTPOHCTBY H COGCTBEHHO
jpobblue HepTH U ra3a H3 MecTopoxkAeHus. Hauunasa ¢ BBOOa Mec-
TOpPOXKJeHHs1 B pa3paboTKy A0 CaMOTO OKOHYaHHWsl 3TOro Ipoleccd,
He MpeKpallaloT H3MepeHHs (HcCiael0BaHHS) Treooro-pU3HyecKHx
CBOHCTB MeCTOPOKJAEHHsI H MoKazarenell ero pazpaGoTku. IIpu sTom
HaKanJHBAIOTCS MHOTOUYHCJeHHBle CBeJeHHs, IO3BOJSIOIHE He
TOJIBKO Jyullle MO3HAaBaTb XdPAaKTEPUCTHKH MECTOPOXJAEHHS H H3y-
4yaTb XOX ero paspaboTKH, HO U YNPaBJATb NpoLleccaMH H3BJede-
HHS1 HeTH U3 Hexp.

OcHOBOH AJ151 H3yuyeHHs] CBOHCTB MeCTOPOXK/IEHHS U XapakTepa
NpOLECCOB ero paspabOTKH CJayXXaT JaHHble KOJHUYECTBEHHBIX THA-
pPOJAMHAMHYECKHX H reoU3HYECKHX H3MepeHHH, NMPOHU3BOAHMHIX B
CKBAaXXHHAaX, a TakXe AaHHblE HCCJEJOBAHHA (PH3HKO-XHMHYECKHX
CBOHCTB H3BJIeKaeMblX U3 NJACTOB H 3aKAaYUBAEMEBIX B HHX BelLeCTB.
TlpH 3TOM nNpoBOASIT CJAeAyiOLlHe H3MeDeHHs! H HCC/IeJO0BaHHSA.

1. CranpaprHble reogusHyeckie H3MepeHHs KaXylerocs 3JeKT-
PHYECKOTO CONMPOTHBJEHHsI MNOPOJA H NOTeHuHasa COGCTBEHHOH mo-
JSPU3ALHH B TeOJIOTHYECKOM Da3pese, BCKPBIBAEMOM CKBaXKHHOH,
BO BC€X BHOBb NPO6YpPEHHBIX CKBAXKHHAaX.

2. UccnenoBanus NpH NOMOLIH HCIBITATENEH NJacTOB B pasBe-
JOYHBIX CKBaXXHHaX M B HEKOTODBIX cayuasx OypeHHA 3KcIyaTa-
LIHOHHBIX CKBaXXHH. B GOJbHIMHCTBE CKBa)KMH OTOHPAIOT KEpPH H3
NPOAYKTHBHOIO IJacCTa.

3. MccnenoBanus MeToflaMH  yCTAaHOBHBHIMXCS OTOOpPOB W 3a-
KayKH C 1eJbi0 NMOCTPOeHHs] HHAMKATOPHHIX KPHBLIX B A0OGHIBalO-
LiMX M HarHeTaTe/bHBIX cKBaxkHHax. [IpakTuueckM Bce CKBaXXHHH
JIO/I2KHBl 6HITb HCCNE€A0BAaHBl MeTOJO0M BOCCTAHOBJEeHHs] 3a00HHOro
aaBnends. Ilpu 3TOM TakHe Hcc/eZOBaHHs NOBTODPSIOT yepe3 1—
2 roja MM vaile, eclH NMPOHCXOAHT BO3JeHCTBHE Ha NPH3abOHHYIO
30HY CKBaxKuH. 3aMepbl 3a060HHOro0 W NJAAaCTOBOrO [JaBJieHHH Oe3
CHATHA MHAHKATOPHHIX KPHBHIX H KPHBBIX BOCCTAHOBJICHHS JAaBJie-
HHSl IDOH3BOJAT B CPe/iHeM OJHH pa3 B MOJAT0ja.

B npouecce pa3paGoTKu He(pTSHBIX MeCTOPOXKAEHHH ¢ MpHMe-
HeHHeM OOBLIUHOro 3aBOJHEHHS] OCYIIECTBJSIOT 3aMepbl TeMnepary-
pPH B CKBaXXHHax NpHMepHO OAWH pa3 B roA. Eciu npu 3aBoAHEHHH
He(TAHLIX [JACTOB HCNOJb3YIOT BOAY € TeMIlepaTypo#l HHXKe mjac-
TOBOW, YTO MOXKeT NPHBECTH K KPHCTaNJIH3auHH napadHuHa B Hed-
TH, NJAcTOBYIO TEMIEPAaTyPy 3aMepstoT vaiie. IIpy HCNONb30BaHHH
TEMJIOBbIX METOJ0B pa3paboTKH HedTSHBIX MeCTOPOXKIAeHHH, oco-
6eHHO B HayaJbHBbIH NMepHOx HMX NPHMEHEeHHS, MOXKHO HPOBOJAHMTHL
exxeMecsiYHble WJIH elle Oojee yacThie 3aMepbl TeMIepaTypH B J0-
6BIBAIOIINX CKBAXHHAX.

BecbMa BaxHoe 3HaueHHe AJs KOHTPOJs H aHa/lu3a paspabor-
KH He(pTSHBIX MECTOPOXKAEHHH HUMeEIOT H3MepeHHs NpodHIeH INpH-
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TOKA M NPHEMUCTOCTH CKBAXHH TVIyOHHHBIMH Je6HTOMEPaMH H pac-
xoaoMepaMu. [lepHonUUHOCTD TpPOBEJEHUS TakKHX HCCIE€NOBAHHA B
KaxK/0H CKBaXXMHe COCTaBJfET OT NOJToAa A0 OAHOro roja. B =e-
00XOAHMBIX CAYYasiX 3TH H3MePeHHs MOXKHO NMPOBOAHTb ¢ OoJblied
4acTOTOH.

Ilepen cocTaBlieHHeM TEeXHOJIOFHYECKHX CX€M M NPOEKTOB pas-
pa6oTKMU B 3HAYHTEJBHOM HYHCJE CKBaXKHH, PACNOJOXEHHBEIX Ha pas-
JHYHBIX y4acTKaX MeCTOPOK/JCHHs, OTOHPAIOT FJIyOHHHBIE NPOGH
A00bIBaeMOH NPOAYKUHH. B OTAaeJBHBIX CKBaXKHHax TakHe OTOODH
NOBTOPAIOT NPHMEPHO dYepe3 rod. B Tex ocolvx cayuasX, KOria,
HanpuMep, aHaJH3 r1yOHHHBIX NpPo6 HedTH H BOAH MO3BOJSAET CY-
IUTh O TePeMelleHHH BOJOHe(TAHOro KOHTAKTa HJH OCaXJAeHHH
napaguHa B MOPHCTOH cpese, Npobul OTOHPAIOT yalle.

O6s3aTenbHbl 3aMepbl JeOHTOB HebTH H BOAB Ha BCeX CKBa-
XKHHaX. Takue 3aMepnl NPOBOASIT HA TPYNNOBHIX 3aMepHBIX ycTa-
HOBKaXx.

Jas aHanH3a pa3paGoTKH HedTSAHBIX MeCTOpOXKIEHHH Heob6Xo-
IHMBI TaKKe OJHOBDeMeHHHle H3MepeHHs1 B CKBaXKHHaX 3a00HHOro
JaBJieHHsl, MPoQHuIell NPHTOKA XKHAKOCTH HJM ee pacxona, 3a0o#-
HOH TeMIepaTyphl NpPH NOMOIIH KOMIJEKCHBIX TITyGHHHBIX NDHOO-
poB THma «IIoTOK».

Jas onpeneneHus: NoJOXKeHHst BOLOHe(DTSHOFO H Ta3oHedTAHOro
KOHTAKTOB B CKBAXHHAX HCMNOJbL3YIOT METOAH HEHTPOHHOTO H HM-
NYyJbCHOTO HEeHTPOH-HEHTPOHHOTO Kaporaxa. Takue HCCA€L0BaHHS
NPOBOAST B CKBAXXHHAX NPUMEPHO ONHH Pa3 B NOJTOAA.

B HexoTOpHIX C/lyuyasix NMPH HCCJENOBAHUAX MPHMEHSIOT PajHO-
aKTHBHBbIe H30TONH (B YaCTHOCTH, NyTeM 3aKaykKH B NJACTH TpH-
THA), aKyCTHUECKHH KapoTax, TrJay6uHHoe dororpacdupoBaHHe H
JIpyrHe creuHa/JbHble BHAB HCCTEeN0BaHHH.

Bce ykasaHHBle W3MepeHHs, NPOBOAUMLIE B Ipoliecce pa3pabor-
KH KaX[oro OTAEJbHOTO MECTODOXKAEHHs, HalpasjeHbl He TOJbKO
Ha GoJsee ry6OKOoe NMo3HaHHE CAMHX NPOLECCOB H3BJAeyeHHS HedTH,
HO H Ha AanbHelllllee H3yueHHe HeAD, H B NePBYIO ouepelb NPOAYK-
THBHBIX NJ1aCTOB.

Beo nHbopManHio, BRKAOYAOIYI0 NapaMeTphl, XapaKTepH3YIO-
IiHe MJacThl H CKBa)XHHBHl pa3pabaThiBAeMOro MeECTODOXKIEHHS, CH-
cTeMy pa3paboTKH, TeXHOJOTHYECKHe, TeXHHKO-3KOHOMHYECKHe H
9KOHOMHYECKHe NMOKa3aTeNH, XpaHAT B ciyxkbax o6paGoTKH HHGOD-
MalHH, KYCTOBBIX HHGOPMAaIHOHHO-BLIUHCAHTEILHBIX LIEHTPaX, HMe-
IOIHXCA B HedTerasofoOLIBAIOIIHX yIOpaB/JeHHAX H B oObelHHe-
HHSIX, 2 TaKXe B IVIaBHOM HMH(}OPMallMOHHO-BLIYHCJIHTENbHOM LEHT-
pe MuHHcTepcTBa HepTAHON NPOMBILLIEHHOCTH.

OTAeNbHO DPErHCTPHPYIOTCH  TEXHOJOTHYeCKHe M TEeXHHYeCKHe
MepONPHATHA, KOTOPhle OCYIEeCTBJASIOTCS HAa CKBa)XHHax B MNpolec-
ce pa3pabOTKH MeCTOPOKIEHHH, a Takxe TeXHHKO-3KOHOMHUYeCKHe,
9KOHOMHYEeCKHe [I0Ka3aTeJH, HOPMATHBH, IJIaHOBHE H JADYTHe 3a-
JlaHHble IHQPHL.

Jlas xpaHeHHsi MacCHBOB HHG$OpPMaluH 0 pa3paboTke HePTAHHIX
MEeCTOPOXAEHHH HCNOJBb3YIOT MAIIHHHBE HOCHTENH HHMOPMAIMH:
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MarHuTHHE JHCKH, MarHHTHHe JIeHTH, nepdokapTe, mnepdoJen-
TH. DTH HaKomHTeJH HHbopMauuu moacoeiuHsroT K IDBM coot-
BEeTCTBYIOUIHX  HHPOPMALHOHHHIX CJYX0 H  BbIYHCJAHTEJbHBIX
LEHTPOB,

[IporpammMb BHIGOPKH H 06paboTKH HHGDODMauHH O pa3paboTke
HepTAHOrO MECTOpOXKJAEHHS MpelHa3HaueHH JJf COCTaBJCHHSA
CIIPaBOK, OTYETOB, MOJATOTOBKHM HCXOAHOH MHGOPMALMH, AJSA COCTaB-
JIeHHs1 TPOEKTHHX JOKYMEHTOB 1O pa3paGoTKe MeCTODOXKJeHHH,
L] aHajau3a H peryJHpOBaHHA pa3paboTKH, NPOTHO3HPOBAHHA.
HanpumMep, ecnu Tpebyercs IOCTPOHTH KapTy H3o6ap Ha ompeje-
JIEHHY1I0 ATy, TO COOTBETCTBYIOLlas NporpaMma BbIOHpaeT H3 BCe-
ro HHGOPMALHOHHOIO MaccHBa Te JaHHble, KOTODHe KaK pa3 H
HeoOXOAHMMBI 1JIs1 IOCTPOEHUSA 3TOH KapTHL.

H3BecTHH NpOrpaMMbl, MO3BOJSIOIMIME OCYIIECTBHTH aBTOMAaTH-
yecKHe MOCTPOeHUsi rpadMKOB U KapT, B TOM uHcJe KapT usobap,
npu nomouH rpadonocrpourened. Ecin  Heo6X0QMMO HaHECTH Ha
KapTy NOJOXeHHs BOJOHedTAHOrO KOHTAKTa Ha onpeje/ieHHBeE fAa-
THl, TO NpPOTpaMMa oOcCyllecTBjseT BLIOOPKY H3 HHGOPMALHOHHOIO
MaccuBa COOTBETCTBYIOUIMX AAHHBIX O 3aMepax INOJOXKeHHH BOJO-
He(TAHOro KOHTaKTa H T. A. OnHako yame Bcero DBM obecneun-
BaeT TOJbKO BHIGODKY M pacleyaTKy HCXOJAHHX [JaHHBIX AJS MO-
CTPOEHHSI OTAeNbHBIX 3aBUCHMOCTEH H KapT, a NMOCTPOEHHA ocylle-
CTBJIAIOT CNELHMAJHCTH, aHAJTH3UDYIOIIHEe Pa3pabOTKy MecCTOpOXKie-
HUS.

B npouecce aHanu3a He TOJBKO CTPOSIT Pa3jiHYHble B3aHMOCBS-
34 MNOKasaTesieH pPa3paboTKH, HO M BHIABASIOT NPUUHHBL BO3HHKHO-
BEHHS 3THX B3aUMOCBsi3ell, HAXOAAT HYTH YJYyYLIEHHs IOKasaTeJeH
pa3pabOTKH MeCTODOXKAEHHH myTeM pery/JHpOBaHHA HJH IOATOTOB-
KH H OCYIIeCTBJeHHs HOBOrO MPOEKTHOTO pellleHHus.

Hau6onee cosepuiennas, seiciiag ¢opMma aHanu3a pas3paboTKH
MeCTOPOXKIEHHA — COoNocTaBeHne PpaKTHYeCKHX AaHHHIX O NpoLec-
ce ¢ pesyJpTaTaMM MAaTeMaTHYECKOr0 MOJeNHPOBaHHS pa3paboTKH
Ha coBpeMeHHHX 3BM, aganrauusa mMopenun pa3paGoTKH K (aKTH-
YeCKHM JaHHBIM H BHISIBJEHHE HEH3BECTHHIX OCOGEHHOCTelH TreoJo-
TMYECKOr0 CTPOEHHS MECTODOKAEHHS M Xapakrepa INPOTEKaHUd B
HeM NpPOLIeCCOB U3BJIEUEHHS He(TH,

Pelllenne o npoBeleHHH MEPONPHSITHH 1O peryJHPOBAaHHIO pas-
pPabOTKM MeCTODOXKJAEeHHS B 3TOM cjydyae Hanbosee 0OGOCHOBAHO.

§ 3. PETYJINPOBAHHE PA3PABOTKH
HE®TAHBIX MECTOPO)XKAEHHHA

Ha ocHoBe anannsza pa3paGoTKH HePTAHOrO MECTOPOKIEHHS H
BbIABJIEHHS PAaCXOXKJeHUH NPOEKTHHIX H (aKTHUECKUX MOKasaTtenaeh
paspaboTKH OCYIIECTBJSIOT MEPONpPHUSITHS MO NPUBEAEHHIO B COOT-
BeTCTBHe (paKkTHUeCKOro xona pa3paboTku ¢ npoeKTHHM. COBOKYI-
HOCTb 3THX MepONpUATHH W sBJAfSeTC peryJHpOBaHHEM
pa3paboTKu HeDTAHOTro MECTODOXAEHHUSH, KOTOpoe
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MOXHO IPOBOAHTb YHCTO TEXHOJIOTHYECKHMH METONaMH 0e3 H3Me-
HeHHsI WJH ¢ YaCTHYHbIM H3MEHEGHHEM CHCTeMH pa3paloTKH.

K uHcny TeXHOJIOTHYECKHX METOJIOB PeryJHpOBAHHS pa3paboTKH
He(TAHBIX MECTOPOXAeHHH OTHOCAT cjenyIollHe,

1. U3MeneHHe peXHMOB 3KCIJIyaTaluy AOOLIBAIOIIHX H HAarHe-
TaTeJbHBIX CKBAaXKHUH NyTeM YMeHbLIEHHs] WJH yBejHueHUs HX AebH-
TOB M pPACXOAOB 3aKayHBaeMHX B MJACTHl BellecTB, BIJIOTb 1O
IpeKpallleHds] IKCNNyaTauuH (OTKJIIOUEHHS) CKBAXKHH.

2. O6mee H, rI1aBHHIM 00pa3oM, MOHHTEPBAJbHOE BO3JEHCTBHE
Ha Npu3aGoAHYI0 30HY CKBaXHH C LEJbI0 YBeJHUYeHHd NPHTOKA
HedTH U3 OTJeJbHBIX NPOCJOEB MJAaCTa WJIH pacxoja 3aKayHBaeMHX
B HHX BellleCTB.

3. YBesuueHHe JaBJieHHS HarHeTaHHA B CKBa)KHMHAaxX BIJIOTb A0
JaBJIeHHS PAaCKpHITHA TpeIlHH B NMPH3a60HHOH 30HEe, MOHHTEDPBAJb-
Hasl 3akaukKa pabGouux areHTOB B IIPOCJIOH NJjacTa Ipu aHdpdepeH-
UHPOBAaHHOM JaBJIEHHH HarHeTaHHs.

4. IlpuMeHeHHe mMakepHOro 00OpYIOBaHHSl H NpOBeleHHe paboT
N0 KallUTaJbHOMY DEMOHTY C LeJbI0 H30JSIHH OTAENbHBIX IpO-
¢JIoeB MJacta 6e3 H3MeHeHHs NMPHHATHLIX MO IOCJeAHEMY NPOEKTHO-
MYy JOKYMeHTY O0'bEKTOB pa3paboTKH.

5. Ilukanueckoe BO3JefCTBHe Ha IJACT H HamnpaBJeHHOe H3Me-
HeHHe QUABTPALHOHHHX ITOTOKOB.

K MeromaM perynupoBaHHs, CBI3aHHHIM C YAaCTHYHBIM H3MeEHe-
HHEM CHCTEMBI pa3paloOTKH MeCTOPOXK/eHHS, OTHOCAT:

1) ouaroBoe W u36upaTesbHOe BO3JeHCTBHe Ha paapabaThiBae-
Mble O0BEKTHl NYTEM OCYILECTBJEHHS 3aKauyKH B IJlacT BellecTB
yepe3 crnenHaJbHO NPOOGYPEeHHBIE OTJAe/bHbBIE HarHeTaTeJbHEE CKBa-
XKHHBI-OYarv HJH TPyNNb HarHeTaTeJbHBbIX CKBaXHH, yepe3 KOTO-
poie ocyiiecTBasieTcsl BHIOOpOYHOEe BO3JeHCTBHE HA OTAEJbHble yya-
CTKH MJAacTOB;

2) npoBefeHHe paboT IO KANHUTAJbHOMY PEMOHTY CKBaXKMH HJH
YCTaHOBKA B CKBaXXHMHAX NakKepHoro o60DYJOBAaHMS C LEJbIO yac-
THYHOTO YKPYMHEHHs] WJHM Pa3yKPYyNHEHHs, T. €. NU3MeHeHHS O0ObeK-
TOB pa3paboTKH.

PaccMOTpHM IHKJIHYecKHe MeTOABI BO3eHCTBHS HA mJacT U Me-
TOABl HaNpaB/JeHHOTO H3MeHeHHUA GHABTPALMOHHBEIX INIOTOKOB, HC-
NoJb3yeMble NPH pa3paboTKe 3aBOAHSEMBIX He(PTAHBIX MECTOPOXK-
JIleHHH, NOCKOJBbKY CYTb BCeX OCTAJbHHX METOAOB peryJHpOBaHHA
JH60 sicHa H3 NpelbIAYIINX IJaB HacTofAllero Kypca, Jubo n3nara-
eTCsl B Kypce TeXHOJOIHH U TeXHHKH no6buu HedTH.

TexHOJOrHA LHKJIHYECKOro BO3JAeHCTBHA Ha IIJ1acT 3akKJwdaercs
B I€pPHOJHYECKOM H3MeHEHHH aeOHTOB JAOOLIBAIOIIHX CKBAXHH H
pacxol0B 3aKayHBaeMOH BOJLI B HarHertareilbHbie CKBaXKHHBH HA
KaKOM-1H60 AOCTATOUHO KPYIHOM YuacTKe MECTOPOXKJeHHs HJH Ha
MeCTOpPOxKJeHHH B HesioM. HanpasieHHoe H3MeHeHHe (HJIbTpPALLH-
OHHBIX NIOTOKOB IPOBOJSAT NMyTE€M H3MEHEHHS PeXHMOB pabOTH OT-
JeJbHBIX I'PYNN AOOBLIBAIOUINX M HATHETATEJbHBIX CKBAXKHH C LEJbIO
YCKOPeHHsI NMPOJABHKEHHSI BOJOHE(TAHOrO KOHTAaKTa Ino TeM JHHH-
AM JBUXKEHHS, N0 KOTOPHM OH JO0 3TOro INpOABHrajdcs MeHJeH-
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HO, #, Ha060pOT, 3aMeJJIeHHsI ero mepeMelleHHs] B APYyTHX HAIpaBs-
JIEHHUSIX.

Ilnkanueckoe Bo3jeHcTBHE HA ILIACT YAacTO OCYLIECTBJSIOT IIy-
TeM NepHOIHYEeCKOro H3MeHeHHsl PeXHMOB paboTH TOJbKO HarHe-
TaTeJbHBIX CKBAXHH IIPH TMOCTOSIHHOM pexKHMe 3KCIJIyaTalHud J0-
OBIBAIOIIHX CKBAXHH [JIsl NOJJepxKaHHA AOOBIYH KHIKOCTH Ha BHI-
cokoM ypoBHe. [IpH 3TOM TeMI HarHeTaHus BOABl B IIACTHL BCEro
MECTOPOXKAEHHS TaKxkKe MEeDHOAHUECKH H3MeHseTCsd, KOJeO/asaCh OKO-
JIO CcpelHero MpoekTHoro ypoBHs. IlepHojb KoseGaHHA TeMma 3a-
KauK{d B IJ1aCT BOJBl (UHKJIKI) B 3aBHCHMOCTH OT (GHJbTPANHOHHBIX
CBOHCTB MECTOPOXKJEHHH COCTABJAAIT OOBIYHO OT HeJeJb A0 Mecs-
LieB.

TlepHognyeckoe H3MeHeHHe PeKUMOB pPabOTHl CKBAXKHH H TeKYy-
mHuX 060beMOB XHAKOCTEH, 3aKaYaHHBIX U OTOHUpAaeMBIX H3 IJIacTa,
BbI3bIBAeT H3MeHEHHEe [aBJjieHHs. B CoOOTBETCTBHH ¢ TeopHeH ymlpy-
roro pexkuMma nepepaclpese/ieHHe IJacTOBOTO [aBJEHHS NPOUCXO-
JHUT OblcTpee B BBICOKOINPOHHIIAEMBIX NPOMJAACTKaX HJH B TPELlH-
Hax.

B nukse moBblLEHHS] A2BJE€HHS BO3HHKAIOT MEPETOKH BeLIeCTB
M3 BBICOKONPOHHIIAEMBIX B HHU3KONPOHHMIIaeMble 00JacTH mJjacra.

Ecan mopoAB-KOJJIEKTOPbl HH3KOTPOHHIIAEMBIX YYaCTKOB MJac-
Ta ruapodHubHbe, YTO YacTO OBIBAeT, TO B HHX NPEHMYLIECTBEHHO
TIPOHUKAeT BOJAA, BHITeCHAS HedTb.

B umnkie cHHXEHHS 1aBJeHHS BOJa YAEPXKHUBAeTCA KalUJIIAp-
HbIMH CHJIaMH B HU3KONDOHHL@eMBIX MOPOJAax, a HeQTh NepeTeKkaer
B BBICOKOIPOHHIlIaeMble NPOMJACTKH H TPElIHHBl, NMOCKOJbKY B HHX
TNPOHCXOAUT OBICTpPEe He TOJIbKO TNOBBIIIEHHe, HO H CHHKEHHe [1aB-
JgeHud. Ileperoku HedTH H3 HH3KONMPOHHIAEMBIX NMOPOJ B BLICOKO-
NpoHHLaeMble 06JaCTH I[J1aCTa MNPH IHKJIHYECKOM BO3JEHCTBHH
crocoBCcTBYIOT o0lLleMy yBeJqHYeHHI0 HeTeoT auH TJacTa.

HanpasnenHoe H3MeHeHHe (UJbBTPALUMOHHBIX IIOTOKOB Hepas-
DPHIBHO CBfI3aHO C UMKJHYECKHM Bo3geicTBHeM Ha maacT. OaHako
OHO NPHBOJAMT H K IOTOJHUTEJbHOMY 3(deKTy, CBA3aHHOMY C «BHI-
MblBaHHeM» HedTH H3 objacteli 1mjacra, rie A0 H3MEHEHHs Ha-
npaBJjieHuH NOTOKOB I'PaJHeHTHl JaBJEHHs U CKOPOCTH (PHJABTpPAaLHH
OBbLTH HU3KHMH.

[IpoBereHye yKa3aHHBIX MEpPONPHATHH NG PeryJHPOBAHHI0 pas-
paboTKH He(TSHBbIX MECTOPOXKAEHHH CBSI32HO C AONOJHHTEJbHBIMH,
[0 CPaBHEHHIO C NPOEKTHBIMH, TEKYIIMMH H KalHTaJbHBIMH 3aTpa-
TaMmH.

Ecnu npuBegeHHble 3aTpaThl Ha peryJaupoBaHHe pas3pabOTKH
MeCTOpOXIeHuss HaxoaaTcs B npexenax 10—20% or cymMmapHBIX
NPHUBEJAEHHBIX 3aTparT M €CJH 3TH 3aTpaThl HE BO3PacTalT ¢ Teye-
HHEM BpEMEHH, a Ipollecc pa3pabOTKH yAO0BJETBOPAET 3ajade oOI-
THMAaJbHOIO pa3BUTHA AOOLIYH He(TH B CTpaHe B 1I&JOM, TO OpH-
€HTHPOBOYHO MOXKHO CYHTAaTh, UTO B JAajbHelilleM pa3paboTKy cie-
AyeT MPOAOJIKAThb IO NPHHITOMY TPOEKTHOMY AOKYMeHTy. B mpo-
THBHBIX CJy4asiX CTABHUTCH BOIPOC O MOATOTOBKE HOBOTO IPOEKTHO-
ro pelieHHs 0 paspaboTKe MeCTOPOXKIEHHUS.
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KonrpoabHrie BonpocH

1. HasoBuTe nocJjieA0BaTeJbHO COCTABAsIEMHE NPOEKTHHE JOKY-
MeHTH 1o pa3paboTKe He(PTAHBIX MECTOPOXKIAEHHH M OODBICHHTE HX
Ha3HayeHHUe.

2. ManoxHuTe OCHOBHOE COJep)KAaHHe TIPOEKTHBIX JOKYMEHTOR
1o paspaboTke HePTAHBIX MECTOPOXEHHUH.

3. Ha3oBHTe OCHOBHHE NOKazaTejaH, H3MepsieMble U DeruUCTpH-
pyeMble B npolecce pa3paboTKH HeQTSHOTrO MECTOPOXKAEHHA. YKa-
JKUTEe YacTOTy H3MepeHHsi MoKasaresell. I'ie u Kak xpaHATCS M HC-
NOJIb3YIOTCS 3TH NOKa3aTesu?

4. HasoBuTe U OOBSCHHUTE METOABl PEryJHPOBaHHsI pa3paGoTKH
He(TAHBIX MECTOPOXKAEHHH.

5. B ueM COCTOHT MeXaHH3M H TEXHOJIOTHS LHK/JIHUECKHX MeTO-
JIOB BO3/IeHCTBHS HA IJIACT U METOJAOB HaNpaBJEHHOIO H3MeHeHUs
BLYTPHNJIACTOBBIX NMOTOKOB?
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NPHJIOXEHHSA

NMPHUIO)XKEHHE 1

Hurterpan BeposTHOCTe

B pacuerax pacnpejleseHuss JaBJieHHsl IpH YIPYrOM pexume H
TEeMNepaTypbl 33 CYET TEMJONPOBOJHOCTH B NPSMOJHHEHHBIX IJa-
cTax, B KpOBJie H NOJoLIBe NJ1acToB Nno cxeMe JloBepbe, a Takxke
NpH MaTEMaTHYeCKOM ONHCAaHHH MOJeJH CJOHCTO-HEOLHOPOJHOro

nJ1acra HCHOJb3YIOT UHTErpaJs BeposiTHOCTel
X

2 —A2dA,
erf(x)=—_—j‘e . (1.1
Va
Ipumensilor TakXe GyHKIHIO
erfc (x) = 1 — erf (x). (1.2)

Wnrerpan (1.1) He MoKeT OHITh BHIpa)KeH uepe3 KOHEUHOE YHC-
Jio aareb6pandeckux ¢yHkuuii. OaHaKo, OH MOxeT OHITb NpeicTaB-
JIEH B BHJe psja

(— 1) x2n+1

‘ 2N
erf(X)= VJ'E— 20 nl (2n+l) ’
n==

3HaueHus erf(x), ompe/e/sieHHble YHCJEHHBIM NYTEM, NpUBE/EHLI
B TabJa. 1.

n=1,23... (1.3)

Ta6auua l

x er f(x) X er f(x) x er f(x) x er f(x)
0,00 ¢,00000 0,25 0,2763 0,50 0,5205 0,75 0,7113
0,01 0,01128 0,26 0,2869 0,51 0,5292 0,76 0,7175
0,02 0,02256 0,27 0,2974 0,52 0,5379 0,77 0,7238
0,03 0,03384 0,28 0,3079 0,53 0,5465 0,78 0,7300
0,04} 0,04511 0,29 0,3183 0,54 0,5549 0,79 0,7361
0.05| 0.05637 | 0,30 | 0.3286 |0.55| 0.5633 |0.80| 0.7421
0,06| 0,06762 0,31 0,3389 0,56 0,5716 0,81 0,7480
0,07 0,07886 0,32 0,3491 0,57 0,5798 0,82 0,7538
0,08 0,09008 0,33 0,3593 0,58 0,5879 0,83 0,7595
0,09 0,1013 0,34 0,3694 0,59 0,5959 0,84 0,7651
0,10] 0,1125 0,35 0,3794 0,60 0,6039 0,85 0,7707
0,11 0,1236 0,36 0,3893 0,61 0,6117 0,86 0,7761
0,12 0,1348 0,37 0,3992 0,62 0,6194 0,87 0,7814
0,13| 0,1459 0,38 0,4090 0,63 0,6270 0,88 0,7867
0,14 0,1569 0,39 0,4189 0,64 0,6346 0,89 0,7918
0,15 0,1680 0,40 0,4284 0,65 0,6420 0,90 0,7969
0,l¢| 0,1790 0,41 0,4380 0,66 0,6494 0,91 0,8019
0,17 0,1900 0,42 0,4475 0,67 0,6566 0,92 0,8068
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[Tpononkenue tTabauuu 1

x er f(x) x er f(x) x er f(x) x er f(x)
0,18 10,2009 0,43 0,4569 0,68 0,6638 | 0,93 0,8116
0,19| 0,2118 0,44 0,4662 0,69| 0,6708 |0,94| 0,8163
0,20 0,2227 0,45 | 0,4755 0,70 | 10,6778 0,95 0,8209
0,21 0,2335 0,46 | 0,4847 0,71 0,6847 0,96 0,8254
0,22] 10,2443 0,47 0,4937 0,72 0,6914 0,97 0,8299
0,23 0,2550 | 0,48 0,5027 | 0,73 | 0,698l 0,98 0,8342
0,24} 0,2657 0,49 | 0,5117 0,74 0,7047 0,99 0,8385
1,00f 0,8427 1,25 0,9229 1,50 0,9661 1,75 0,9867
1,01 0,8464 1,26 | 10,9252 1,51 0,9673 1,76 0,9872
1,02 0,8508 1,27 0,9235 1,52 | 0,9684 1,771 0,9877
1,03 0,8548 1,28 | 10,9297 1,53 0,9695 1,78 | 0,9872
1,04 0,8586 1,29 | 0,9319 1,54 0,9706 1,79 | 0,9886
1,06 0,8624 1,30 | 0,9340 1,55 0,9716 1,80 | 0,9891
1,06 0,8661 1,31 0,9361 1,56 0,9726 1,81 0,9895
1,07] 0,8698 1,32 0,9381 1,57 0,9736 1,82 0,9899
1,08 0,8733 1,33 | 0,9400 1,58 | 0,9745 1,831 0,9903
1,09 0,8768 1,34 | 0,9419 1,59 0,9755 1,84 0,9907
1,10 0,8802 1,35 | 0,9438 1,60 0,9763 1,85 0,9911
1,11 0,8835 1,36 0,9456 1,61 0,9772 1,86 0,9915
1,12{ 10,8868 1,37 0,9473 1,62 0,9780 1,87 0,9918
1,13 0,8900 1,381 0,9490 1,63 10,9788 1,88 | 0,9922
1,14 0,8931 1,39 0,9507 1,64 0,9796 1,89 | 0,9925
1,15| 0,8961 1,40 0,9523 1,65 0,9804 |-1,90 0,9928
1,161 10,8991 1,41 0,9539 1,66 | 0,9811 1,91 0,9931
1,17{ 0,9020 1,42 0,9538 1,67 0,9818 1,92 0,9934
1,18{ 0,9048 1,43 | 0,9569 1,681 0,9825 1,93 0.9937
1,19 0,9076 1,44 [ 0,9583 1,69 0,9082 1,94 0,9940
1,20y 0,9103 1,45 0,9597 1,70 0,9838 1,95 0,9942
1,21 0,9130 1,46 0,9611 1,71 0,9844 1,96 0.9944
1,221 0,9155 1,47 0,9624 1,72 0,9850 1,97 0,9950
1,23 0,9185 1,48 1 0,9637 1,73 10,9856 1,981 00,9950
1,24| 0,9205 1,49 0,9649 1,74 0,9861 1,99 0,9950

NPUIOXEHHUE 2

UnrerpanpHan nokasarenbHas GpyHkuus

Pacuer pacnpenenenust naBjeHHsi B GECKOHEUHOM IJ1acTe B cjydae
NPUTOKA XKUAKOCTH K TOYEYHOMY CTOKY IIDH YIIPYTOM pexHMe IpO-
u3Bojutrcs no ¢opmyde (I11.132), B KoTOpyl BXOIHT HHTerpaJjibHast
noxasaredbHass ¢yHRuuss —Ei(—x). Jta ¢yukuusa, xak u erf(x)
fie BbIDAXaercs Yepes KOHeUHOe YHUC/I0 adrebpanyecKux QyHkuuf.
3HaveHusa ¢oyHKuuu —Ei(—x) npuBeneHsl B TabJ. 2.
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Tabamua 2

x —E; (—0) X ~E; (—%) x —E; (—x)
0,00 i~ 0,26 1,0139 0,52 0,5362
0,01 4,0379 0,27 0,9849 0,53 0,5250
0,02 3,3547 0,28 0,9573 0,54 0,5140
0,03 2,9591 0,29 0,9309 0,55 0,5034
0,04 2,6813 0,30 0,9057 0,86 0,4930
0,05 2,4679 0,31 0,8815 0,57 0,4830
0,06 2,2953 0,32 0,8583 0,58 0,4732
0,07 2,1508 0,33 0,8361 0,59 0,4636
0,08 2,0269 0,34 0,8147 0,60 0,4544
0,09 1,9187 0,35 0,7942 0,61 0,4454
0,10 1,8229 0,36 0,7745 0,62 0,4366
0,11 1,7371 0,37 0,7554 0,63 0,4380
0,12 1,6595 0,38 0,7371 0,64 0,4197
0,13 1,5889 0,39 0,7194 0,65 0,4115
0,14 1,5241 0,40 0,7024 0,66 0,4036
0,15 1,4645 0,41 0,6859 0,67 0,3959
0,16 1,4092 0,42 0,6700 0,68 0,3883
0,17 1,3578 0,43 0,6546 0,69 0,3810
0,18 1,3098 0,44 0,6397 0,70 0,3738
0,19 1,2649 0,45 0,6253 0,71 0,3668
0,20 1,2227 0,46 0,6114 0,72 0,3599
0,21 1,1829 0,47 0,5979 0,73 0,3532
0,22 1,1424 0,48 0,5848 0,74 0,3467
0,23 1,1099 0,49 0,5721 0,75 0,3403
0,24 1,0762 0,50 0,5598 0,76 0,3341
0,25 1,0443 0,51 0,5478 0,77 0,3280
0,78 0,3221 1,00 0,2194 3,2 0,01013
0,79 0,3163 1,10 0,1860 3,3 0,008932
0,80 0,3106 1,20 0,1584 3,4 0,00789
0,81 0,3050 1,3 0,1355 3,5 0,00697
0,82 0,2996 1,4 0,1162 3,6 0,00616
0,83 0,2943 1,5 0,1000 3,7 0,005448
0,84 0,2891 1,6 0,08631 3,8 0,004820
0,85 0,2840 1,7 0,07465 3,9 0,004267
0,86 0,2790 1,8 0,06471 4.0 0,003779
0,87 0,2742 1,9 0,05620 4,1 0,003349
0,88 0,269%4 2,0 0,04890 42 0,002969
0,89 0,2647 2,1 0,04261 4,3 0,002633
0,90 0,2602 2,2 0,03719 4.4 0,002336
0,91 0,2557 2,3 0,03230 45 0,002073
0,92 0,2513 2.4 0,02844 4,6 0,001841
0,93 0,2470 2,5 0,0249] 4.7 0,001635
0,94 0,2429 2,6 0,02185 4.8 0,001453
0,95 0,2387 2.7 0,01918 4.9 0,001291
0,96 0,2347 2,8 0,01686 5,0 0,001148
0,97 0,2308 2,9 0,01482 6,0 0,00036
0,98 0,2269 3,0 0,01304 7,0 0,000116
0,99 0,2231 3,1 0,01149 8.0 0,00004
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TNPHJIOXEHHE 3

Pelllenue 3alauu 0 NPHTOKE KUAKOCTH
H3 6eCcKOHeYHOro njacra
K CKBaXHHE KOHEYHOro paguyca

Pacnpenenende naBjeHus B ciydyae NPHTOKA KHAKOCTH K CKBaXH-
He KOHEUYHOro pajuyca H3 GecKOHEUHOTo mJjacTa MpH yNmpyroM pe-
JKHMe C TNOCTOSIHHBIM JeOHTOM § pacCUHTHBaeTcs 10 QopMmyJe
(3.15), moayuaemoir Ha ocHoBaHHH ¢opmyan (3.14). Hcxoaubim
IJisl moJlyueHHs1 3Tofi ¢popmynn sBiaseTcss AupdepeHnnaJLHOe ypas-
HeHHe ynpyroro pexuma (3.11) ¢ rpaHHYHRIM M HAayaJbHBIM YCJO-
BusiMu (3.12). Has pemerus ykaszanHoro JuddepeHnna bHOTO
ypaBHEHHSl HCIOJb3yeTcs Npeobpas3oBaHHe AaBJjeHHs no Jlamnacy,
onpeaensiemoe opmyaon (3.13).

Oyuxkuus f(p, ), onpenensemas ¢opmydaon (3.14), Takxe ynoB-
JIETBOpSeT yDPaBHEHHIO TemjonmpoBomHocTH. IIpu 3TOM TmoOJMyuaeM
CJIEAYIONIYIO MOCTAHOBKY 3aJauu AJs onpeneneHus f(p,t):

g 1 9 d
%+?—af,—= 5 3-1

i
f=0 TMpH T=O, p —> oo, (.TP_)‘,s]:_l.

Beemem mpeoGpasoBanue Jlannaca ¢yukunu f(p,T) B BuIe
flo, s)=j‘f(p, e dr, (3.2)
0

Ile S — HeKOTODHH mapaMeTp.
YMHOXHM JIeBYI0O H NpaByl 4YacTb AHGdepeHIHaabHOro ypas-
Henus (3.1) Ha e™® u npouHTerpupyem ero or 0 g0 oo. [Tonyuum

7 2f _st 1 o of sz K Of —st
.S‘a—pﬁ—e d‘C—l——B-STp—e d‘c=5‘—a~_‘—e dr. (3.3)
0 0 0

Jlns mepBOro M BTOPOrO WJIEHOB, BXOASLIHX B IPaByIO 4YacTb
(3.3), uMeeM cJefyIONIHe BHIPAXKEHHS:

®© o -
of —sx a —sST af

‘S‘a—pe d‘t=“$u"fe T='d—p‘,

0 0

3 af o2 3 dif

j‘ ap‘ e—“ at = 69’ S fe_sr dt = 'd—pz-. (3 4)

0 0

Uaen, crosmuit B npaBo#i uactu (3.3), mpeo6pasyercs caeaylo-
muM o6pasoM

§%e“‘dv=gfe’" +s5 fe " dr=sF. (3.5)
0 1]
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ITepBhlit useH B mpaBofi wactd BeIpa)keHus (3.5) paBeH Hy.JIO,
TaK xak npu t=0, B COOTBETCTBHH C HAYaJbHBIM ycJaoBHeM (3.1),

H3 rpaunudoro ycnoBus (3.1) nmpu p=1 moayyaeMm, NpuMeHss
K Hemy npeo6pasoBanue Jlamjiaca

df 1
=" (3.6)

YuutnBas (3.4) u (3.5), u3 (3.1), moayuaem OOGBLIKHOBEHHOE
lmq)q)epeﬂunanbuoe ypaBHEHHe
aF 1 df -

Bt g =5 (3.7
PemeHHe 3TOTO ypaBHe}{I/Iﬂ HMeeT BHL
f=AK, (V) (3.8)

rie Ko — ¢yHkuus Beccens Broporo poja; A — nocTosiHHas HH-
TerpHpoBaHHus AH{depeHUHATLHOTO YpaBHEeHH .

BeinosHuM rpaHuuHoe ycsoBHe (3.6).

B pesyJabrate moJyyum

df dk, d
! T=A4 dox(x) - ——AKI(V—)V_

dp |D=
1
=R, V) &9
rie K; — rakke pynxuus Beccess.
Orciona
)

ITepexon or uszoGpaxenus no Jlanjacy ¢yukunu f(p,T) K OpH-
THHAJy OCYLIECTBJsIETCS C HCMOJb30BaHHeM (opMyJb obpalleHHs
Menanna, T. €.

100
Foa= o | & o V) (3.11)
£, W= oy 2 K, (V_) :
P—ioco

Briunciienue uuterpaJsa (3.11) ocymecTBisiercsi HA OCHOBe Teo-
pun ¢yHKUHH KOMIJIEKCHOrO mepeMeHHoOro. B pesyjbraTe noJayua-
eM, 4To

f(p,x)=%j(l‘e VUL (@) Yo (wp) = ¥, (@) Jo (p)) e 5.12)

udy® () + Y2 (4]

rae Jo ,J1, Yo, Yy — cooTBeTCcTByIOUIHE OGO3HaueHHA (QYHKHHi Dec-
ceJsl.
Ilpu p=1, T. e. Ha KOHTYpe CKBaXXHHH
[ o]

2 (1 =)V, () Yo (W) — Yy (1) J, ()] dx
fho== S @U@ @ (8.18)
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AnajornuHbeIM 06pasoM pelraercst 3afaua, KOTAa 3ajaH He pac-
XOJ XHIKOCTH, OTOHpaeMON W3 CKBa:KHHEI, a JaBJeHHE B Hel. [lag
GyHKUHM fi(p,T) B 2TOM caydae uMeeM cJelylolliHe HayaJbHble H
rpaHHYHble yCJIOBHSA:
fir=0mn 1=0, p —> o,

fL=lmput>20, p=1, (3.14)
_ Po—P
h= Po —Pc '

rie pc— AaBJieHHe B CKBaXXHHE, P — AaBJEHHe MPH p—>00,
B pesyJabraTe HcnoJb3oBaHHA mpeoGpasoBaHus Jlamjaca ¢yHK-
uuu fi(p,T), BHIIOJHEHHS HAYyaJbHOrO M TPAHHYHOIO YCJOBHS
(3.14) noayuaem
. K, (VSP) (3.15)
T sKe (V) '
ITocae mpumeHnenust k fi, onpeneasemonn QopmyJo# (3.15), 06-
panleHdss MeJMHA H BBIYHCJEHHSI COOTBETCTBYIOLIEIC WHTErpasa C
NMOMOILbI0 (YHKUMH KOMIJIEKCHOTO IlepeMeHHOro, HMeeM AJd
fi(p, T) caenyioliee BeIpaxeHHe:

—ure Jo (up) Yo () — Yo (up) Jo (u) _du (3.16)

2 fe2]
fl(pvr)v=l+_n_j‘e JOZ(u)-.l_yoz(lt) u
0

3nauenua ¢ynkuuit f(p,t) 4 fi(p,T) ONpelesIOTCS UYHCJIEHHBIM
nytem Ha DBM,

NPHJIOXKEHHE 4

TeueHHe XKHEKOCTH B TPEUIHHOBATO-MOPHCTOM MJacTe
NPH YNPYroM pexume

B raase Il (cM. mpumep 4) naHO pellleHue 3afauyd O paclpenede-
HUM JaBJIeHUs NPH yNPYIOM pexkHMe B NPIMOJHHEHHOM He(TAHOM
niacre ¢ OGBIUHOH MOPHUCTOCTHIO KOHeYHOH MJHHH [. Paccmorpum
Ty Xe B NMpPUHUUIIEe 3ajayy AJs TPeLIHHOBATO-IIOPUCTOrO ILIacra.

Ilpn HeycTaHOBUBIIEMCSI TeUEHMH YNPYrod KHAKOCTH B caabo-
CXXMMaeMOM TpelLIMHOBATO-NOPUCTOM IJIacTe JaBJeHHe KHUAKOCTH
B TpelllHHAX BCJeACTBHe BBICOKOH NPOBOJMMOCTH, H3MeHseTCsi ro-
pasjo GBICTpee, YeM B NMOPHCTHIX OJ0Kax. BcAKoe yMeHblleHHe HJH
yBeJlHueHHe JaBJieHHs KHJIKOCTH B TpelIMHAaxX NPHBOAMT K IepeTo-
KaM KHUAKOCTH U3 6JOKOB B TpellUHBl MJIHM HAo60OpOT.

[Ipu MaremaTHuecKOM ONHCaHHUH. (GHIbTPAUUH OAHOPOJHOH yI-
pYTO#i KHMJKOCTH B cJ1ab0OCKHMAaeMOM TPellHHOBATO-OPUCTOM IJia-
CTe, T. €. YyOPYroro pexHma B IJacTe 3TOr0 THIA, pacCMaTpHUBaIoOT
JlBa 1aBJEHUS Py U Py U ABe CKODOCTH (MJIBTDANHH U; H Vg, COOT-
BETCTBEHHO, B TPelIMHAX H 0JIOKaX MOPOJHI.
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Huddepenunanpible ypaBHEHHS HepasphIBHOCTH (UIBTpYIOLIe-
TOCS BellleCTBa B TPEIHHAX H B GJOKaxX UMeIOT CJeAYIOIIHH BHA

ad ] —
((g:’l) + ((’)’;19) —po=0, (4.1

3 3 —
g;vz) 4 (gltsp) J pr=0.

3aech p — MJOTHOCTb XKUAKOCTH; My — TPEU[HHHAS MOPHCTOCTb;
My — NOPHCTOCTb OJIOKOB; U — CKOPOCTb MEpPeTOKa XKHAKOCTH U3
6J10KOB B TpeulvHbl KU HaoGopoT. Haubosee vacto NpHHHMAIOT,
uTo
a
p (PP
rie p — BA3KOCTb XKHAKOCTH, ABHXKYyllelcs B TPEUIHHOBATO-TIOPHC-
TOM NJacTe; ¢ — HEKOTOPHH 6e3paaMepHbii KoadhdHUHeHT, 3aBUCA-
UM OT (UIBTPAUMOHHHX CBOACTB M pasMepoB 6J0KOB mopof. [las
OlleHKH Ko3(®@HLIHEeHTa « MOXKHO HCIOJb30BATbH CJeAyIOlyI0 MNpH-
6JnKeHHYI0O HOpMyTy:
o = k,S%,, (4.3)
rie k; — MOpHUCTOCTb OJIOKOB NOPOAH; Syz — yAeabHasi IOBEpX-
HOCTb OJIOKOB.

MoXHO NpPOHM3BECTH OLEHKY Syy, cunTasd OGJOKH HMEIOUIHMH
dopMy kyba co cropoHod a. B pesysnbrate mosyunm
Syp= S/V = 6a/a®*= 6/a. 4.4

[ycts a=1 M,ky;=0,01 kM2

Torga Ha ocHOBe (4.4) moJayumm, yTO

2

(4.2)

U=

6
@=0,01.10-2.— =0,36-10"12.

Ec/in mpoHHIAeMOCTb CHCTEMH TpPEIIHH HAMHOro GoJblie Mpo-
HHIaeMOCTH GJIOKOB MOpPOJi, MOMXHO MNPHHATH YNPOLIAOIIHEe JOMy-
IE€HHS, COCTOsALIHE B TOM, UYTO paclpejelieHHe AaBJeHHS B TpellH-
Hax B KaX<Ibli MOMEHT BpeMeHH IPHHHMAaeTCs YCTAHOBHBIIHMCH,
a mmepeToK JKHAKOCTH U3 6JioKa B GJIOK He yUHTHIBaeTcs.

[Ipu 3THX NpelmnoJoOKeHUSAX H3 cHCTeMbl ypaBHeHu#t (4.1) no-
JyuaeTcsl ympolleHHasi CHCTeMa ypaBHeHHl, uMeioulas cjelylollui
BHJ

92
ky WT‘I“O‘(pz_pl):O,

(4.5)

0 o
i 'bpti—T (p— p1) = 0.

Benuunna f; XapakrepHayeT ynpyroeMKocTb GJIOKOB.

[IpuMem caefyolide HauyaJbHble W rpaHHYHBe yciaoBus. Bynem
CYHTATh, UTO B HAYaJbHHA MOMeHT BpeMeHH !=0 naBJjeHHe MKHJI-
KOCTH KaK B TpPEIHHAX, TaK U B 6JI0Kax MOPOAH OBIO PaBHO Po.

IIpu ¢>0 naBjeHue Ha KOHUe MJacTa x=/ ocraercd MOCTOSH-
HbIM, PaBHBIM Po, @2 ¢ KOHLA Xx=0 XuHIKOCTb OTGHpaercst ¢ MOCTO-
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AHHBIM aebGutoM ¢. HaBaenne Ha koHue x=0 pasuo p(0,f). D10
JlaBJeHHe H3MEHsETC CO BDeMeHeM TaKHM 06pasoM, 4TO NpH f—>
—>00 OHO CTAHOBHUTCS DaBHBIM p;, a pacmnpeje/ieHHe [aBJeEHHS B
nJjgacre 6leeT YCTAHOBHBLIEMCA, T. €.

Lo—pP X

po—py = =T (4.6)
BeeneM, kak B ruaBe 11, Ge3pasMepHEle KOOPAHHATHI

E=ux/l, T = nt/l2. 4.7

Bynem pewarts paccMarpuBaeMyio 3ajauy, B BHAY JHHEHHOCTH
Au¢ddepeHuHaNbHBIX ypaBHeHHi (4.5), MeTomoM pasiefieHHsi mepe-
MeHHBEIX (MeTomoM Pypre). PemreHne 3ajaun HMeeT CJeAVIOLIHH
BUA:

8 [+¢]
Po—P 62 D) =(p— p) (1— B — (Po— P1) Z X X
0

- (2n+1 S
1 2 “) on 4 1
X GFT | TR e (49
1+ (= w) o

W3 npuBeqeHHOro pellleHUsi cJeAyeT, YTO IPH T—>00 BTOPOH
YJieH B NpaBoli yacTH BHpaxKeHHs (4.8) cTpeMmHTcs K HyJio H pac-
IpelesieHHe AaBJIEHHA B IJIACTe€ CTAHOBHTCA YCTAQHOBHBIIHMCS, OIl-
peneasieMbiM mo dopmyJe (4.6).

OueHHM BJHSIHHE NapaMeTPOB TPEILHHOBATO-MOPUCTOrO MJacTa
Ha Xapakrep nepepacnpefie/leHHsI B HeM JaBJeHHs.

B nepsoM cayyae npumeM k=1 MrM?, ky=0,01 mMrm?, I[=
=500 M, 0=0,36-10"12, Torga
ﬁ ="_"_10_12_ ~ 3 M3,

o 0,36-10"12

HNumeem

Onpenennm — .

3
kyjol? = 10k & 108

[Tonoxum, nanpumep, n==0 B ¢opMyne (4.8). Torna noayuum

@ni+Dn k 2k ]
| =g~ 2,510,

310 — MaJjagd BeJHYHHA IO CpaBHeHHIO ¢ enuHuuel. [axe ec-
au n=10, npuBeneHHas BeauynHa Oyaer paBHa npuMepHo 1072,
Ho Torza Gyjper MaJ H Bech COOTBETCTBYIOWIHHA uJjeH psna (4.8),
TaK Kak psijl yGHBaeT ¢ yBeJuueHHeM n Kak 1/(2n+1)2.

Takum o6pa3oM, MOXKHO 3aKJIOYHTb, YTO NDH NPUHATHIX Hapa-
MeTpax TpeilHHOBATO-NOPHCTOrO mJjacra o6MeH XKHAKOCTbIO 6J0-
KOB H TpeUIHH HecyLieCcTBeHHO BJIHSIET Ha IepepaclpejeseHue AaB-
JieHHs B IlJacTe, KOTOpoe OyleT NMPOHCXOAHTb IIPAKTHYECKH Kak B
OOBIYHOA MOPHCTON cpeje.
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Ilpn uHHIX mapaMeTpax TPeIHHOBAaTO-MOPHCTOTO MJacTa Iepe-
TOKH KHIKOCTH H3 OJIOKOB B TpPelIHHH H Hao6opor OyLyT 3HAuH-
TEeJBHO BJHATE Ha IepepacnpejelieHHe AaBJjeHHss B nJacre. Tak,
Hanpumep, ecaH Ro=10"3 MKM?, k=1 MkM?, pa3Mmep 6loKa a=
=10 M, [=100 M, TO

6
Syn= —a_—: 0,6 l/M, a= kZSzyA= 0,36'10—15-

Torga k;/al?=0,3, Bennunna n?k,/4al2~0,75.

B 3TOM NOCTOSIHHOM ciiyuae BJIHMsHHe OOMeHa MXHAKOCTBIO 6J10-
KOB ¥ TPEIIHH Ha MPOUECC nepepacnpenelenus AaBjeHHs B TPeLiH-
HOBAaTO-MOPHCTOM MJacte GyJeT 3HAYHTENbHBIM.

NNPUJIO)XEHHUE 5

OcHoBHbIE TIOHATHS O KOHEYHO-PA3IHOCTHHIX
MEeTolaxX pelieHHs 3a1ad
pa3paGoTKH nedTAHLIX MECTOPOKIXEHHH

Pacuer MHOrux mpoueccoB paspaboTKH HeTSIHHX MeCTOPOXKAEHHH
NPHBOJAHT K HeOOXOJHMOCTH pellleHHsl ypaBHeHHH B YacTHBIX IpO-
H3BOAHBIX. OfuH H3 HauboJiee MOIIHBIX H YHHBEDPCAJBHEIX CPELCTB
pelleHHsT MaTeMaTHYeCKHX 3ajay pas3paboTKH He(TAHEIX MeCTo-
pOXJeHHH — NpHMeHeHHe KOHeUHO-Da3HOCTHHX METONOB, peaJH-
syeMblx Ha DBM. CymHOCTb KOHEUHO-DA3HOCTHBIX METOAOB 34-
KJIo4YaeTcss B 3aMeHe HCXOJHHX JH(bdepeHUHAJbHEIX YpaBHeHHH
cUCTeMOl aare6paHueckKHX ypaBHeHuH. Eciu noJjyueHHas cucrema
JHHefiHadA, TO AJs ee pelIeHHS NPHMEHSIOT NpsIMble H HTEpAalHOH-
HHe MeTonH. K npsMBIM MetromaM oOTHOCHTcS MeTon I'aycca u ero
MHOTOYHCJIEHHEIE MOAH(UKauuy (MeTom NporoHkd u T. A.). Mrepa-
IIHOHHLIE MeTOJBl pellleHHs OOLBIYHO NPUMEHSIIOTCHA, KOTAa MNOJyyeH-
Hasl CHCTEMAa JIHHEHHBIX YpPaBHeHHH HMeeT GOJIBIIYIO pa3MepHOCTD.
B kauecTBe nmpuMepa HTEPAlHOHHBIX MeTOJOB MOXKHO IPHBECTH Me-
TOJ, BepxHeii pesakcaudd. Ecau noJjyueHHas cucreMma ajirebpauue-
CKHX ypaBHeHHH HeJlHHeHHa, TO ee pellleHHe BO3MOXHO TOJBKO HTe-
pPalHOHHBIMH MeTOJaMHu, HanpuMep, MerogoM HeioroHa.

Ecau umeeM nHddepeHIHaNbHOe ypaBHeHHE AJS HCKOMOH QyHK-
IHMA u, KOTOpas 3aBHCHT OT NPOCTPAHCTBEHHOH NepeMeHHOH x H
BpeMeHH f, TO MPHHAB 3a OCcb alclUHce X, H 32 OCb OPAMHAT #, MOXK-
HO CYHTaTh, YTO 3HAUYeHUsS HE3aBHCHMLIX IepEeMEHHBIX HAXOAATCSA
Ha HeKOTOpPOH mnJockoctH X,f. Ilpu wucnosb30BaHHH KOHEYHO-pas-
HOCTHBIX METOJOB NPOU3BOAAT JHUCKPETHU3ALNIO, T. €. 3aMeHy Hempe-
PHIBHBIX IepeMeHHHX x H ! yHOPSAO4YeHHOH cucTeMOl Touek (y3-
JIOB) HAa INIOCKOCTH X, ! CO 3HaUeHHSIMU MO OcH abcluce x; U MO OCH
opaunar t, (i=0, 1, 2, 3, .., I; n=0, 1, 2, 3, ..., N). 'eomerpuuec-
KM JHCKPeTH3alMI0 MOXKHO HHTepIpeTHPOBATb KaK pasjeflieHne
OJOCKOCTH X, ! NPAMBIMH, NapaJJeJbHbIMH OCAM X H f, T. €. HaHe-
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CEeHHeM Ha TIJIOCKOCTb X, { CeTKM, y3J& KOTOPOH MMeIOT KOOpAHHa-
TH X;, tn. JIpAMOYTOJIbBHHK C KOODJAMHATaMH Xi, Xiti, In, Iny1 Ha3H-
BaeTcst KOHEUHO-Pa3HOCTHOH siuelikofi,  COBOKYNHOCTb  Y3JOB
x: (10, 1, 2, 3, ..., I) npy GHKCUDOBAHHOM 3HAYeHHH f,, T. €. y3-
JIOB, JIeXalllHX Ha NPSMHX, NapaJjilebHbIX OCH X, HAa3hBalOT Bpe-
MEHHEIM CJIOEM.

Gynkuusa u tenepb 6yaer ompedeJieHa B yajax M obo3HayaThcA
Kak u(x;, ts) =w". PasHoctd Xip;—Xi=AXiyy U lpp—En=Alny Ha-
3bLIBAIOTCS, COOTBETCTBEHHO, IIATaMH IO NPOCTPAHCTBY H BPeMeHH.

Ecan Axipi=const, To cerka IO NPOCTpaHCTBY paBHOMEpHas.
AnajsoruusbiM 06pa3oM ompejesisieTcsi PaBHOMEDHOCTh CETKH H IO
BPeMeHH,

s annpokcHMauuu MepBOil NPOH3BOAHON (YHKUHH 4 IO Bpe-
MEHH B y3Jle { Ha A-OM BPEMEeHHOM cJloe HMeeM

n .n
(g—;‘ )nz”‘—“;t;‘f—— (5.1)
i
rae Al — mrar mo BpeMeHH.

CuHTaloT, 4TO DAa3HOCTHHIH ONEPATOpP ANIPOKCHMHPYET HCXOH-
HHH JgupdepeHLHaJbHEE onepaTop, €CJH Pa3HOCTL MeXJy HHMH
CTPEMHUTCS K HYJIO NIPH YMeHBIIIeHHH pa3Mepa Lrara.

Pasjoxenue HCKOMON (YHKUHH B OKpecTHOCTH (n-+1)-ro ysna
B psaa Tefinopa mo BpeMeHHOMY 1iary Af gaer

d n 02 n (AH2
Fui"“:ui"—l—(%). At+(6_tl:). _——( Qt) MR (5.2)
i i

[Tepenocs B JieByio yacTh {5.2) mepsble ABa WieHa pPassOXeHHs
U JeJsi Ha BpeMeHHHH mar Af, moJyuydMM, 4TO pasHHIA MeXAy Aud-
qJepeHuuaJlmeI;w H Apasﬂocmbm olepatopaMi BblpaxeHus (5.1)

@ \n
paBHsieTcsl (Eﬁ—) Tt T. €. ¥MeeT NepBHA NOPsJOK alnlpoKcHMa-

t
IIHH OTHOCHUTEJNBbHO Af.

[IpuBenennble paccyx/eHHss CHpaBelJHBH, KOrja HCKOMas
$yHkuusa auddepeHunpyema Heo6X0AUMOe UHCJIO Pas.

AHaJOrMYHO anNNpPOKCUMHPYETCH H IepBasl NPOH3BOJAHAf QYHK-

UMK 4 IO IPOCTPAHCTBY, HalpUMep,
n n, . .
rje h — mar mo KOOpAHHATe.

Hcnonb3yloT siBHBlE H HeSBHBIE KOHEYHO-pa3HOCTHBIE CXeMBl, KO-
TOpDble PACCMOTPHM Ha OJHOM IIPOCTOM IpHMepe.

[Tyctb nmeem anddepeHUHaNbHOE ypaBHEHHe Mg  HCKOMOH
dbyHkuun u(x,f)
ou 02y
Tof T ot

HauvasbHbie u IpaHHYHBle YCJIOBHS AJd ypaBHeHus (5.4) caeny-
1o1He
Ul = Mo

U lx=0 = i, u '

(5.4)

= u,. (5.5)
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Bropyo nmpoH3BoAHYyI0 IO HPOCTPAHCTBY AMNPOKCHMHDPYEM cJie-
AYIOUIUM 06pasoM:
( 92y )n uni+1— Quni + uni_l

o i =~ %) . (5.6)

Torna, ucmoap3ys BeipaxeHnHe (5.1), uMeeM cuelylowylo pas-
HOCTHYIO CXeMy [Js1 ypaBHeHHs (5.4):

w"t = i 4y (W — 20" 4 uty), (5.7)
i=1,2,3,..., I—1; n=0,1,2,3,, ..., N—1,

rae y=At/h2.

HayanpHble W rpaHHYHBIE YCJOBHSI Ha CETKe IPHHHMAIOT cJe-
AYIOWHA BUA:
Uy = u;%, i=0,1,2,3,..., [; (5.8)
=", Uy == Uy, n=0,1,2,3,..., N.

CrepoBaTeJIbHO, 3HAsi 3HAUEHHS MCKOMOH (YHKUHMH HA HYJEBOM
BpEMeHHOM cJI0e, a TaK:Ke ee 3HAUeHHs Ha rpaHHLE, MOXHO U3 CO-
orHoweHu# (5.7) u (5.8) sIBHO Ompele/HTb 3HAUEHHS HCKOMOH
(YHKIHH HaA cJeAyIolleM BPEMeHHOM cJioe W T. A. PaBeHCTBOM
(5.7) cBf3aHBl 3HAUeHHS HCXOAHOH (YHKUHMH HA JBYyX COCEIHHX
BpeMeHHBIX ¢J05iX. [109TOMy TakHe KOHEUHO-PA3HOCTHBIE CXEMBI IIO-
JyYHJIH Ha3BaHHe SIBHBIX JBYXCJORHBIX cxeM. Ecau xe B pasHocrt-
HOM omepatope cOoTHomeHHs (5.6) B3siTb BepXHHe HHAEKCH Ha
(n4+1)-oM BpeMeHHOM cJioe, TO MOJYyYHM HESBHYI0 pPa3HOCTHYIO
cXeMy

Ul =y (g — 20 g Y, (5.9)
i=1,2,3,..., I—1; n=0,1,2,3,..., N—1.

Hauanpuble ¥ rpaHnunble ycJIOBHSI 3aJalOTCS COOTHOILIEHHAMH
(5.8).

Kax BuAHO u3 BBIpaxeHusi (5.8), HaliTH SBHO 3HAYEHHS HCKO-
MoA ¢(yHKuuH Ha (n-1)-OoM BpeMeHHOM cJOe NPH H3BECTHHIX ee
3HAYEHHSIX HA 71-OM CJIOE He yjaaeTcsi — HeOOXOJHUMO pellaTbh CHCTe-
My aJarebpauuecKux ypaBHeHH{. Jlns pelleHus MOJyYyeHHOH cHCTe-
MBl JIHHEHHEIX ypaBHeHHH NpUMeHsIOT Mojaudukauno merona Iayc-
ca — MeTOJ NPOTOHKH.

PaccMOTpUM MOHSATHE YCTOHYHMBOCTH PasHOCTHHIX cXeM. Dynem
CYHTATh KOHEYHO-PA3HOCTHYIO CXeMy YCTOHYHBOH, ecJH NOTPelIHO-
CTH BBbIYHCJeHHH Ha (n--1)-oM BpeMeHHOM cCJOe MeHblle, YeM Ha
n-OM cJloe.

B mpouecce BbluMCJEHHH BHOCSTCS KAk MOIPEIIHOCTH alllpOKCH-
Manu# HCXOAHBIX AuddepeHUHAJbHBIX YPaBHEHHH, TaK H NOrpell-
HOCTH BCJe[CTBHE OKDYIJIeHHs 4YHCeJ, KOTOpHMH omnepupyer DBM.
Ecau morpemHocT GyAyT HempepbiBHO BO3PacTaTh, TO NMPOH30HIET
aBapufiHasi ocTraHOBKa DBM, Ttak kak moJyuyeHHble uyncJia BBIHAYT
3a pa3psAHOCTb MAMHHHOTO CJIOBA.
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H3BecTHO HECKOJBKO COCOG0OB aHaJH3a YCTOHYMBOCTH MOJyYae--
MBIX DasHOCTHBIX CXeM: MeTOJ TapMOHHK, NMPHHUHI MaKCHMyMa,
SHEPTreTHUeCKHH MeTOA H Ip.

SIBHEIEe cxeMBbl YCTOHYHBH TOJDBKO YCJOBHO, T. €. YCTOHYMBOCTb
IpY HX HCNOJb30BAaHHH COOJIONAETCS TOJBKO IPH ONpeaeIeHHOM
COOTHOICHMH LIaroB IO NMPOCTPAHCTBY H BpeMeHd. Hampumep, nas
cxeMbl (9.7) u (5.8) aTo ycaoBue caenyiolee:

Atk < 1/2. (5.10)

HesBHEle cXeMBl a6COJIIOTHO YCTOHYMBHI, T. €. YCTOHYHBHI NpPH JIIO-
60M COOTHOLIEHUH LIATOB IO MPOCTPAHCTBY H BPEMEHH.

I[naBHOe B KOHEUYHO-Pa3HOCTHHIX METOAAX — MOHATHE O CTpPeM--
JICHUH NPUOJHKEHHOTO pelleHHus] K HCTHHHOMY.

9T0 MOHATHE HA3LIBAETCS CXOAMMOCTHIO PAasHOCTHHIX cxeM. [lisi
JHHeHHHX AH(OepeHUHAJbHEX ypaBHEHHH M3 aNNpPOKCHMAalUH H
YCTOHUHBOCTH CJefyeT CXOAMMOCTb KOHEUHO-Pa3HOCTHBIX CXeM.
Jis HesnuHeAHBIX 3a7a4 B YaCTHHIX NMPOH3BOJHHBIX JOKa3aTb CXOLH-
MOCTb Pa3HOCTHHIX cXxeM TpyAHO. [TosToMy OGHYHO aHAJHTIIYECKH
HCCJEAYIOT alnpOKCHMALHIO H, eCJH BO3MOXHO, YCTOHUHBOCTb pas-
HOCTHRIX CX€M, a AJA TOro, yto6bl y6eAHTbCS B CXOAHMOCTH, NPH-
MeHSIOT pasJjiHyHble TNIPHEMH: pelleHHe JHHeAHBIX MOJEJbHBIX 3a-
Jad, MpOBepKy MO H3BeCTHHIM aHAJHTHYECKHM pelleHHsM, H3MeHe-
HHE IIaroB MO MPOCTPAHCTBY H BpeMEHH H [p.

ITonyueHHe XOpOIIMX pPAa3sHOCTHHIX CXeM, OCOOGEHHO AJA CJOXK-
HBbIX HeJIMHEHHBIX 3a]a4 NOJA3eMHOH THADOMeXaHHKH, TpebyeT 60Jib-
IIIOTO ONBITAa M HCKyccTBa BhIuMchuTens. [leno o6biuHO oGeTouT Ta-
KuM 006pasoM, 4TO MOLIHOCTeH cyimecTByomux 3BM exBa xpataer
IJIs1 pelleHHs] BaXKHBIX NpaKTHuecKux 3ajgay. Iloatomy HeoGxon-
MO MOJYYUTh NPUOJNHAKEHHOe peuleHHe, OJU3KOE K HCTHHHOMY, HC-
[OJb3ys] MHHHMYM pecypCcOB HMEIOLIHXCSl B HaJIJHYHH BBIYHCJIHTEJb-
HEIX cpeictB. Ilns ofHOrO Kjacca 3ajad NPHMEHSIOT SIBHBle pas-
HOCTHBle CXEMBI, JJi APYroro-— HesiBHble HJIM HX coderaHue. M3-
BECTHO OJHAKO, YTO YeM CJOXHee pewlaeMasl 3ajaya, TeM TNpeLNou-
THTeJbHEee HCHOJb30BAaTh HEesIBHBle CXeMbl H3-32 HX a0COJIOTHOH
YCTOHYHBOCTH.

WTak, mojyueHHe PasHOCTHOH CXeMEl OTBeTCTBEHHHIH sTam npH-
MeHeHHus] KOHEYHO-Pa3HOCTHBIX MeToJoB. IlJsi 3TOr0  HCHOJB3YIOT
psiA crnoco6oB: HHTErpO-HHTEPHOJALNHOHHBIN, BapHAUHOHHLIHA, MeTOX
HeonpefieJeHHHX KO3(h(QHIHEHTOB H JpyrHe.

Oco6enHo BaxHOe yCJOBHE — TepeHeceHHe (H3HYECKHX Mpel-
CTaBJIEHMH, JieXKallUX B BLIBOJE HCXOAHBIX JAHddepeHIHaNBHBIX
ypaBHeHH#l, Ha MOJydaeMble KOHEYHO-PA3HOCTHBle cxeMbl, Ecam B
KaX/JOf KOHEYHO-pPA3HOCTHOH siuefiKe BHIMOJHAKTCS 3aKOHH COXpa-
HeHHS Macchl HMIYJbCAa H 3HEPrHH, TO TaKHe CXeMbl Ha3bIBAIOTCSH
KOHCEPBATHBHBIMH WJIH [HBepreHTHHIMH. K TakuM cxeMaMm mnpuso-
JST HHTErpO-UHTEPIONSAIHOHHbE MeTod (Meton Gananca). ITosto-
My OH HauboJee IIMPOKO NMpPHMeHseTCH. BO3MOXHBI pacueTsl H ¢
UCTIOJNB30BAHHEM HEKOHCepBaTHBHHIX cxeM. Ho torza BhuHc/aHTENB
JOJKeH HempepHBHO CJIEAHMTb 3a BHIMOJHeHHeM OaJjianca MaccH,
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HMIyJbca M 9HEPTHH NpH pacuerax. BmpoueM, ato pekomeHayeTcs
JenaTh AJs KOHTPOJA PacyeTOB IO JIIOGKIM Pa3HOCTHHIM CXEMaM.

IIpuBeneHHOEe KpaTKOoe H3JIOXKEHHEe. OCHOB KOHEYHO-DA3HOCTHBIX
MeTOLOB He MOXET, KOHEYHO, OXBATHThb BCE€ ACIEKTH HX IpaKTHYe-
CKoro mpumeHeHHs. IToaToMy uHTates0 AJs GoJsee JeTaJbHOro 03-
HAKOMJIEHHS C Da3HOCTHBIMH CXeMaMH peKoMeHAyercsl obpamarbcs
K cnenvaJjbHOH JHTepaType IO JaHHOMY BOINPOCY.
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