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OPPEKTUBHOCTL  M3BMeYeHNna HedpTM Kn3  HedpTEHOCHbIX  MacToB
COBPEMEHHbLIMU, MPOMbILLIIEHHO OCBOEHHBLIMM MeTOAaMKU pa3paboTkm BO BCEX
HedpTeaobbIBaOWNX  CTpaHax Ha  CErodHsIlHWA  OEHb  cuyMTaeTcs
Heya0BNEeTBOPUTENBHOW, MPUTOM YTO NOTpebneHne HedpTENPOAYKTOB BO BCEM
Mupe pacTeT 3 roga B rog. CpegHsast KoHeYHast HedbTeoTaadya nnacTtoB Mo
pasnuyHbIM CTpaHaMm 1 pernoHam coctasnset ot 25 0o 40%.

Hanpumep, B cTpaHax JlatnHckon Amepukn n KOro-BoctouHon Asnn cpegHsas
HedTeoTgaya nnactoB coctaBnsaetr 24—-27%, B WpaHe — 16—17%, B CLUA,
Kanage n Caynosckon Apasuun — 33-37%, B ctpaHax CHIT n Poccun — po
40%, B 3aBUCMMOCTN OT CTPYKTYPbI 3anacoB HEPTU U NPUMEHAEMbIX METOO0B
pa3paboTku.

25-45% /

55-75%

_ OCTaTOMHbIE 3anackl

OcmamoyHbie unu Heu3eJieKaeMble MMPOMbIWI/IEHHO OCB0€HHbIMU MemodamMu pa3pabomku
3anacbl Hegbmu Odocmuzarom 8 cpedHeM 55-75% om nepeoHayasibHbIX 2€0J102U4Y€CKUX

3anacoe He¢bmu e Hedpax.

MosToMy akTyanbHbIMM SBMSIOTCA 3adadn  MPUMEHEHUS HOBLIX TEXHONOrMn HedTenoodbIun,
MO3BOMNSAOLUNX 3HAYNTENBHO YBENUYMTL HedITeoTAauy YyKe paspabaTbiBaeMbiX NNacToB, HA KOTOPbIX
TPagULUNOHHBEIMM METOAAMMW N3BNEYb 3HAUUTENbHbIE OCTATOYHbIE 3anacbl HETU YK€ HEBO3MOXHO.




TpyOHousenekaemble 3anacbi Hegpmu (TW3) — aTo 3anacbkl, 3aKMOYEHHbIE B TrEONOrMYECKU
CMOXHOMOCTPOEHHbIX MflacTax W 3anexax Wnu npeacTaBreHHble  MaronoaBWXKHON  (TsKenow,

BbICOKOBSI3KOWN) HedTbHO.

TpyaHOu3BnNeKaemMmble 3anacbl HeMTU XapaKTepuayrTcs HU3KMMM  gedutamm  CKBaXKUH,
MeOSIEHHbIMM  Temnamu pas3paboTky, 4YTO OOYyCrnoBNEHO HWU3KOM MNPOAYKTUBHOCTbID  MfacToB,
HebnaronpuATHLIMU YCIOBUAMW 3aneraHns HedTn, aHoManbHbIMU (PU3UKO-XMMNYECKMMU CBONCTBaAMM
HeTH

B cywecTtByowemM poOCCUACKOM HOPMaTMBHO-NPABOBOM MOSI€ MOXHO BblAENUTb HECKOSIbKO MOOXOAO0B K onpenerieHuto
TPyAHOU3BNEeKaeMbIX 3anacos.

1. C nosuumun knaccudukaumm 3anacoB pecypcoB HedITU U roproYmMx ras3os, Kotopasa yreepxaeHa npukasom MIMNP Ne 477
oT 1 Hosi6pst 2013 r. CormacHO AaHHOMY AOKYMEHTY K U3eJsiekaeMbIM 3anacaM OTHOCAT Ty «4acTb reonorn4eckux
3anacoB, KoTopas MOXeT ObiTb AO0ObiTa U3 3anexu (MecTopoXxaeHwusl) 3a BeCb CPOK pa3paboTku B pamKax
onTUMarnbHbIX MPOEKTHbIX PEeLeHUN C UCMNOoNb30BaHMEM [AOCTYMHbIX TEXHONOrMAW C y4yeTom cobnroaeHus
TpeboBaHMN NO OXpaHe Heap U OKpyXxaruwen cpeabl». icxoaa M3 gaHHOro onpeaeneHns, K U3BnekaembiM MOXHO
OTHECTU 3anacbl paspabaTbiBaeMblXx MECTOPOXAEHWMWA, a K TPyAHOM3BNEKAeMbIM — 3anacbl pa3BedblBaeMblX
MeCTOpOXAeHW (rpagauuns 3anacoB Mo CTeNeHN NPOMbILLITEHHOTO OCBOEHUS).

2. C TOYKM 3peHus KayecTBa YIMNEeBOAOPOAHOIO ChipbsA BbIAENATCA HeMTU C aHOMalibHbIMU (PU3NKO-XMMUYECKNMU
CBOMCTBAMU: TSDKENMbIE; BA3KME, CEPHUCTbIE; NapaduHUCTbIE; CMOMNUCTbLIE; C BbicoKon (6ornee 500 M3/T) uUnn HU3KOW
(meHee 200 M3/T) rasoHachILLEHHOCTbIO; C Hanuunem Goree 4em 5 % B cBOGOAHOM M (MNM) PaACTBOPEHHOM rase
arpeccuBHbIX KOMMOHEHTOB (ceposogopoa, yrnekucnota). Mo gaHHbIM UHcTuTyTa Xumnmn Hedpt CO PAH, aaHHble BUAbI
Hed TN ABNSATCA pacnpPoOCTPaHEHHBIMU HAa MHOMMX MECTOPOXAEHUSX MUPa.

3. C TOuYkM 3peHus KOMMEKTOPCKMX CBOWCTB BMeELLAKLWEero nracra, KOTopble BIIMAKT Ha (U3MKO-XMMUYECKUe
XapaKkTepucTuKM yrnesogopoaHoro cbipbs. OOHON M3 OCHOBHbLIX XapaKTEPUCTUK KOSTNEKTOPOB SABMSETCH NMPOHULIAEMOCTb —
cnocobHOCTb NOpop Nriacta NponyckaTb XUAKOCTb M ra3 npy nepenage gaBneHus.

Mo BenuMuYuHEe nNPOHULAEMOCTU MPOAYKTUBHbIE MfacTbl Oensatcd Ha HuskonpoHudaemble (ot 0 go 100 wmA);
cpegHenpoHuuaemble (o1 100 mO go 500 m[); BeicokonpoHuuaemble (6onee 500 m). CywecTtByeT geneHue Ha 5
KnaccoB KOJSIEKTOPOB (MKMZ2): O4eHb XOpoLlo npoHuuaemslie (> 1); xopowo npoHuuaemsle (0,1-1); cpeaHe npoHULaemble
(0,01-0,1); cnabonpoHuyaemsie (0,001-0,01); nnoxonpoHuuaemble (< 0,001).
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KoadhdhpuumeHT nssnevyeHmna Hedptu

HayanbHble u3Brekaemble 3anacbl HETWM paBHbl NMPOU3BEAEHMIO BEMNUYUH HavarbHbIX 6anaHCoBbIX
3anacoB 1 KoHe4yHoro K/H.

KoachduumeHT HecpTeoTaaum npeacraensier cobom Jomno U3BfeKaeMblx 3anacoB OT reofIorm4ecKux.
KoHe4yHbIn ko3athdhnumeHT nasneveHnsa HedpTy nokasbiBaeT, Kakad YacTb OT Ha4varnbHbIX GanaHcoBbIX
3anacoB MOXeT OblTb Wu3BnNedYeHa npu paspaboTke 3anexum [Oo npegena  3KOHOMUYECKOM
peHTabenbHOCTN.

[Mpn nogcyeTe HayanbHbIX U3BNEKAEMbIX 3anacoB HedTU 3anexen, BBOOUMMbIX B pa3paboTky, U npu
nepecyeTe 3anacoB paspabaTbiBaeMblX 3anexen HayarnbHble OanaHcoBble 3anacbl YMHOXAalTCA Ha
YTBEPXOEHHbIN KOHEYHbIN Ko3adhnumeHT usBnevyeHnsa HedpTn, O0OOCHOBAHHLIA TEXHUKO-
9KOHOMWYECKMMM pacdeTamMn. IATOT KOIPDUUMEHT UCMOMb3YeTCs MpU MNPOEKTUPOBaHMMN pa3paboTku
3anexen, nraHMpoBaHUN pasBUTUA HedTeaobbiBaloWEN NPOMBILLFIEHHOCTM U T. .

Hapagy C KOHEYHbIM KO3(hMUUMEHTOM M3BMEYEHUA HEMPTU pasnuyaloT TeKywun KoacpduumneHT
M3BMEYeHUA, PaBHbIN OTHOLLEHUIO HaKOMNMEeHHoW O00bluM n3 3anexm unnm obbekta paspaboTkm Ha
onpeaeneHHyo aaTy K ux HavanbHbIM 6anaHcoBbIM 3anacam.

3HayeHns KWH no mecTtopoXxaeHuio unn 3anexu 3aBucAT OT psga  reosioro-pusnyeckux U
TeXHonorn4yecknx aktopoB. McxogHbiMu gaHHbIMKM onsa onpegenenma KWH  cnyxut Bcs  reonoro-
npomMbICrioBas MHQoOpMaUnd, Morydyaemas Ha BCeX CTaaudax SKCrryaTtaumm 3anexu — oT pasBenku o
NpPOMbICIIEHHOM pa3paboTkn. Ha BennymHy koHeyHoro KMH okasbiBatoT BANSHME NPUMEHSIEMbIE METOAbI
Bosgencteus. lpn paspabotke 6e3 BO3AENCTBUS - pPeXUM pas3paboTKM 3anexu, NAOTHOCTb CETKU

CKBaXXWH ap. 5 5
[MpoekTHbIN KOHeYHbI KWH paccunTbiBaeTca no dopmyrne:

KMH=n_-n _-n
BT 3 o OXB
rae n . - Ko3(ppULMEHT BbITECHEHUSI HEHTU BOAOW;
n , - KO3(PPULNEHT 3aBOAHEHUS;

N e - KO3 PULIMEHT OXBaTa Nracta NpoLEeCCOM BbITECHEHMS.



KoadbcpuumeHT BbITecHeHusA n_ onpepensaoT B nabopatopHbix ycrnoBusix. OH xapaktepusyet
OTHOLWIEHNe oObemMa BbITECHEHHOW HedTM wun3 obpasua nopoabl Npy 6GECKOHEYHOW MNPOMbIBKE K
nepBoHavyanbHOMy ee o6bemy B 3ToM obpasue, T. €. npu 06BoAHEHUM BbixoasLwen npoaykunm ao 100%.
OH 3aBMCUT OT NPOHULAEMOCTU, CTPYKTYPbl MYCTOTHOMO MNPOCTPAHCTBA, (PUNKO-XMMUYECKMX CBOWCTB
HedTM U BbITeCcHAWEro areHta. [0na BbICOKONPOHMLAEMbIX MNacToB n, AocTuraer 0,8 -0,95, B
ManonpoHULAaEMOM KOMMEeKTope OH MOXET OblTb BABOE MeHblle. JTU OCODBEHHOCTM onpenensioT
crnocoObl pacyeTa cpegHuX 3HaYeHUn KoapdnumeHTa BbITECHEHUS Ha Pa3NUYHbIX CTaaUsaX N3yYEeHHOCTU
3anexm.

KoadhchuumeHT 3aBoAHEHMA N, xapakTepusyeT noTepu HedpTn B obbeme, OXBa4eHHOM NpOLEcCoM
BbITECHEHUS!, U3-3a MpeKpaLleHna ee A00blYN MO 3KOHOMUYECKMM COODpaXKeHusaM npu 06BOAHEHHOCTU
npoaykumn ckBaxuH meHee 100 % (ot 95 pgo 99%). OH 3aBucUT OT HEOAHOPOOHOCTW nnacTa,
NPOHULIAEMOCTN, OTHOCUTESTIbHOM BA3KOCTU U Ap.

KoadhcbuumeHT oxBaTa  nMpoueccomM  BbITECHEHWS N NpeAcTaensieT  cobon OTHolleHue
HedTeHacbIWEeHHOro obbemMa nnacrta (3anexmu, SKCniyaTaunmoHHOro 06bekTa), OXBa4E€HHOIo NPOLIECCOM
BbITECHEHUS, KO BCEMY HedbTeHacbILLEHHOMY 06beMy 3TOro nnacra.

N3 onpepeneHuns koadpdnumeHTa U3BnevYeHnss HepTn cnegyet, YTO OH He XapaKkTepusyeT
dU3nYeckn BO3MOXHYIO MpPeaenbHY MOMHOTY HeddTen3BnevyeHus, nokasbiBasd TOSbKO Ty
Aonto HedTH, KoTopad MOXeT ObiTb M3BredYeHa w3 3anexu npu paspabotke ee A0
9KOHOMMYECKM uenecoobpasHoro npegena. Takum oOpas3oM, MNOHATME «KOIDPULMEHT
HedpTeoToauYn» ABNSAETCH , MO CyLeCTBY, YCNOBHbIM: OHO onpeaesnsieT TOMbKO Ty 4acTb
GanaHcoBbIX 3anacoB, W3BNeYEeHUEe KOTOPbIX 3KOHOMMWUYECKU LenecooodbpasHo.
PuU3nyeckm BO3MOXHas A00blYa HepTU U3 3anexen MOXeT ObITb HECKOSIbKO Gonblue.



V OcTaTouyHble 3anacbl HedpTH
OcmamoyHble 3anachbi Hecpmu, CKOHUEHTPUPOBaAaHHbLIE B CJ'I860I'IpOHVILI,aeMbIX

(1J1dGT OB (A akpOHEOOHOROOHOCH b iyl GMEHNNBOClB

nponnacTky, npepbiBUCTOCTb N J'II/IHSOBI/I,EI,HOCTb.)

*KanNUNMsipHO yaep>KaHHast HeddTb;

*HedTb B NIIEHOYHOM COCTOSIHMM, MOKPbIBaKOLLAa MOBEPXHOCTb TBEPAOM dhasbl NOPoab!;
*HedTb, OCTaBLLAACH B ManonpoHnLaeMblX y4acTkax, 060MaeHHbIX N NOX0 NPOMbITbIX
BbITECHSAOLWMM areHToM (BO4OM, ra3om);
‘He(Tb B NH3AdX, OT1€e bIX O C
CKBaXKMHaMMU;
*HedTb, 3a4€epKaBLUAACH Y MECTHbIX HEMPOHULLAEMbIX «3KPaAHOB»

MaBHbIe cunbl NPOTUBOAENCTBYOLWME N3BNEYEHUIO
OCTaTO4YHOMN HedhTH

rpaBnTaullMoOHH
bie

MOMNEKYNSApHbIE CUSTbI
mMexay drirongamm m
nopoaou

KannnnapHblie BA3KOCTHbIE CUIbl YMNPYrocTun

HedTH, rasa,
BOObI W nopoapbl

-



Kan UNnNAaApHbIe ABJIeHUA

[Mpy Hann4YMmM B NOPUCTON Cpeae HECMELLUNBAIOLWMXCS XNUOKOCTEN (HETU U
BOAbl) MPOLECC UX OBUXEHUSA HEMPEPBIBHO KOHTPONUPYETCA KanUnmsApHbIM
AaBneHuem (pasHocmb OaerieHUl 8 Hecmaduearuweu (Hegpmu) u 8
cmaduearouwiel (8o0e) chasax, pal3oesieHHbIX 8 ope MEHUCKOM), KOTOpoe
3aBUCUT OT MeXdasHOro HaTshKEHUS Ha rpaHuuax pasgena HeddTM U BoAbl,
CMa4ynBaEMOCTU KOMSieKTopa 1 pa3sMmepoB rnop:

p =(20cosB)/r

rae p, - KanunnsipHoe AaBrieHne B MOPOBOM KaHare; 0 — MOBEPXHOCTHOE
HaTsPKEHMe Mexay HedTbido WM BOOOW, CTpeMsdaleecd YMEHbLUUTb
NOBEPXHOCTb MX KOHTAKTA; B - KOHTAKTHbIA Yroy cMavynBaHUS NMOBEPXHOCTU
Nop CMauduBaloLLlen XWOKOCTb (BOOOW); r - CpeaHur padanyc rnopoBOro
KaHana.

KanunnapHole cunbl - OCHOBHasi MpuunHa, yaepxusawuwas HedpTb B
HeoOOHOPOAHOW  MNopuUcToMm cpege -  obycnoBnMBaKOT  OCTATOYHYIO
HedTeHaCbILWEHHOCTb MNPU BbITECHEHUM HEMTU BOOOW, a MPU MNOBbILLEHHON
BOHOHaCbILIJ'eHHOCTM I'Ihlﬁ')’)ﬁf\leILIV AMILI mMNANAaTATD\AI/INT I'Ir\IA'I'I\Ky He¢TM M3

a) o)

Miacta B CKBaXXNHY. 2R, 2Rs 2R,

- >




BA3KOCTb U NNIOTHOCTb XXUAKOCTEN

BA3KOCTL HedTW B MS1aCTOBLIX YCMNOBUSAX — OCHOBHOE CBOWCTBO,
onpegensioulee ee NoABMXKHOCTbL B nopucton cpene. CKOpoCTb
domneTpaunu 7 pacxoq (nebur) XUOKOCTU obpaTtHo
NponopuUuoHaribHbl BA3KOCTU  HEPTM MpU NPOYMX OOMHAKOBLIX
YCNOBUSIX.

3anacbl HedpTn ¢ BA3KOCTbO bonee 50 mlla-c NPUHATO OTHOCUTBL K
TPYAHOM3BMEKaeMbIM.

BA3kocTb HedTM B paspe3e OOHOr0 MECTOPOXOEHUA MOXET
CYLLECTBEHHO (B OECATKM M COTHM pa3) pasnuyarbca Ans pasHbIX
3anexem wu nNnacrTos.. Tak Kak BA3KOCTb MJ1acToBOW HedTun
BaXkHeuLlagd ans obocHoBaHuS MeToA40B pa3paboTKu
XapakTepuUCTMka, TpebyeTca TuwartenbHoe e€e onpeaeneHue no
BCEMY OObEMY 3anexeun.

OenctBue cunbl TSXKECTU MPOSABMSETCA [MaBHbIM 0bpas3oM npwu
opmMmnpoBaHUKN 30H raso-, HedTe-, BOJOHACHILLLEHHOCTM MO BbICOTE
nnacTta noa AecTBUEM KanunnapHbIX CUI






MpoaBuxkeHne poHTa BbITECHEHUsI B O4HOPOAHON Moaenu nnacTta npu M >50 (BA3kocTHoe
A3blKOOOpa3oBaHue)

Q, — HakonneHHbIM 06beM AOOLITON He(pTU B % OT 0OBLema nop nnacra;
QHar—HaKonneHHbM 00bemM 3aKka4yaHHOW BOAbI;
\' o o6bem nop nnacra.

no

QH=OO/O; QHar=340/(;

QH=QHar=120/O QH=520/0; QHar=6500/0




CmaymnBaemMoCTb NOPUCTOMU cpeabl

Mepor cmaynmBaemMOCTU MOPUCTON Cpedbl CRAYXUT KOHTAKTHBIA Yron Mexay
MNNOCKOCTbIO BOOOHETAHOIO KOHTaKTa B NOPE U TBEPAOWN NOBEPXHOCTLIO

YpaBHeHue HOHra-Aonpe:

B D — 0
T LT T LT TR LTI AT G m - G@m - GH@ COS C

H

R T e

TIoBEpXHOCTH OPOSHL TuapoduibHas TuppogobHas

CMa4uBaEeMOCTh CUCTEMBI
He()Tb-BOJa-TBEP/as IOBEPXHOCTD

rae o, — 9Heprusi NoBepXHOCTY pasfena (SHeprusi NOBEPXHOCTHOTO HATSHKEHNS) HE(Thb-
TBEpOasi nopoaa, AVH/CM;

O_ — TO Xe, pasfena Boja-TBephasi nopoaa, AuH/CM;
0, — TO Xe, pasaena HepTb-Boaa, AVH/CM;

6, — yron noBepxHOCTU KOHTaKTa HedTb-BOAA-TBEPAASA NOPOAA (KpaeBow yror
cMayunBaHusi), 3aMepEHHbIN Mo BoAe, B rpag,.



HauajipHas CTaust CpenHasa cTagus IIocJie IPOMBIBAHUA
JIBHIKCHU S JIBYOKCHUA BOJION

PanuoHaJIbHBIA
npejies IPOMBIBAHUA

HauvanabHan

(o] . ISIN

E He Boja 1
3€pHO IecKa b5 3epHO IecKa Hedrs BOJIa

PacnpenesieHue JKHJIKOCTEN IPH 3aBOJHECHUH PacnipepgesieHHEe JKUTKOCTEN IIPHA 3aBOJHEHUN
B riIpoPUIIHLHOM ILIACTE B ru/ipopoOHOM 11JIacTe

HedTH HedTH
BOJA BOJA
BOJA He(TH nopoja
CxeMa nmponecca nponuTKH
(BbrTecHeHHE HeTHU BOJOH B T'H/IPO- CxeMa apeHupOBaHUA (BHITECHEHHUE
¢uIbHOM ECKEe, KPaeBOR yIoJI Hed T Bogon B ruipodoOHOM IECKe)

cmauuBaHusa = 0°)




HeoaoHopogoHOCTb He(PTEHOCHOrO nnacTa

PeanbHble He®TEHOCHbIE MNacTbl XapakTepusylTCs MaKpPOHEeOAHOPOAHOCTLIO MO
KpanHen mepe TPeX OCHOBHbIX BUOOB - PaCcyYNIEHEHHOCTbIO HENPOHMLIAEMbIMI NPONnacTkamm
M NUH3aMKW, WM3MEHYMBOCTbIO MPOHULAEMOCTM MO paspe3y MOHOMUTHbLIX MfacTtoB W
HEepaBHOMEPHOCTbID CBOWCTB MNIacTOB MO MPOCTUpPaHuio. OTU BUAbl HEOOHOPOAHOCTU
HedTEHOCHbIX MNacTOB BbI3blBAlOT HEPABHOMEPHOCTb MOTOKOB XXWOKOCTU U MOMEXu Ans
N3BneYeHns HedTU, CHUXKAKOLLME OXBaT NNacToB paboynm areHToM.

PacuneHeHHOCTb NnacToB B HeMTENPOMbLICIIOBOM FEONOrMn MNPUHATO BblpaXaTb
pasnMyHbIMN Ko3thdMLMEHTAMN — NECYAHUCTOCTU, PACUYTIEHEHHOCTW, HEMPEPbLIBHOCTM 1 ApP.
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B MukpoHeogHopoaHOM rnopucton cpeae HedTb BbITECHSETCS BOAOW C onepexeHnem
n3 Haumboree KpynHbIX MNOPUCTbIX YacTenm nnacta, a C OTCTaBaHMEM W OCTaeTcs
HEBbLITECHEHHOM U3 MENKOMOPUCTLIX YacTen nnacra.

B audpogpunbHol nopucmoli cpede 3a GHPOHTOM BbITECHEHUS NOA4 AOEWCTBUEM
KanunnsapHbIX CUT HEeMTb BbITECHAETCSA BOAOW W3 MeENKMX NOop B KpynHble. [nd
9HEpPreTU4YecKoro paBHoBecusi W obecnedeHna MuHMMyma  cBOB6OOHOM  SHeprun
NponCXoauT NPOTUMBOTOYHAA KanunnapHasa nponutka B MMKpomacluTabe Boga 3aHMMaeT
Menkne nopbl (CyxkeHnsa), a HePTb NEPEXOAUT B KPYMHblE NOpbl U BrOKMpyeTcs BOAOW,
OCTaBasiCb B HMX B BuAe rnobyn. B Takom coctossHun 6yayT HaMMeEHbLUMMW NOBEPXHOCTb
KOHTakTa HedTn ¢ Bogon u ceobogHasd NoBepxHOCTHas aHeprusa. Ecnu nopuctas cpena
obnagaetr 4actuyHom TrMAPOdPOBHOCTBIO, YTO XapaKTEPHO MpakTUYEecKu nOns BeCeX
HedTEHOCHbIX NMacToB,

TO ocTaTto4YHasi HedTb MOXET
OCTaBaTbCs B nopax B Buae

NSIEHKMN.
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Puc. 8. Cxema pacupenenenns ocTaTOUHOH He(TH B 33aBOAHEHHHIX NJACTAX.

IV—Hed)‘I‘b B JIMH3aX H NpPONJIACTKAaX, HE OXBAaUEHHLIX ApeHupopanuem, 30—40 % nu Goaee; 2, 3 —

He()Th B MOHOJHTHOM IJIaCTe, UTO OOYCJIOBJCGHO €0 HEOAHOPOLHOCTHI0 M BA3KOCTHOH HEeyCTOHUM-

BOCThL}O BHITeCHeHHS BOxoH, 10—30 %; 4 — HedTh, paccedsHHas B 3aBOAHEHHON YacCTH. ILacTa,
20—40 % :




Y mgpodobHOM NOBEPXHOCTU KPYMHbIX MNOP nMieHKka HedTu 3aTeM CrnuBaeTcs C
rmobynon HedTn, npuwegwen mn3 Menkux nop. Mobynbl HedTH, BNOKMPOBaHHbIE
BOAOM B KPYMHbIX Mnopax (KanunniapHbiMKU  curiamMn), OCHOBHasl MPUYMHA CHUXEHUS
obwen npoHMUaemMocTn Ans HedPTM KU BoAbl B 3aBOAHEHHbIX nNfiactax. Ho HedpTb B
rmobynax He TepsaeT CNOCODHOCTN ABUraTbCA NPU YCTPaHEHUN KanunspHbIX CUn.

B rugpodobHbB X KONNEKTOpP ax, KOTOPble HA NPaKTUKe BCTpevatoTcH
penko, nepBOHayasnbHas CBA3aHHAA BoAda pacrnpeneneHa npepbiBUCTO U 3aHMMaeT
Hanboriee KpynHble nopbl. BToprwascsa B nnact npu 3aBOOAHEHUN BOOA CMELLUMBAETCH
CO CBSI3aHHOM BOAOW, OCTaBasiCb B Hambonee KpynHbix nopax. OctatoyHada xe HedTb
OCTaeTCcH B Nopax MEHbLUEro pasmepa n Takke He TepsieT CnocobHOCTM ABUratbCs MNpu
yCTPaHEeHUN KanunnapHbIX CUST.

Ha atom ocHoBornonarawwem pakte nocTpoeHa BCA Teopus MeTOO4OB YBENUYEHUd
HepTeoTaa4YM NNacToB.

[pyroe BaxHeWLlee yCrioBuMe YCMNewwHOro NpUMMEHEHUA HOBLIX METOOOB YBeNndeHus
HedTeoTAa4yn NnacToB - 3HaHME CBOWUCTB OCTAaTOMHOM HE(TU, KOTOPbLIE MOTYT
OTNM4aTbCs OT CBOMCTB AoOblBaeMonM HeddTM MO pasHbiM MpUYMHaAM: BCreacTesue
paccrioeHna HedTM Ha nerkMe u TaXKenble KOMMOHEHTbl, OCTakwuwmeca B MnacTe,
BTOPUYHOIMO U3MEHEHUS CBOWCTB HedTU Nnog AENCTBMEM BHECEHHbLIX B MfacTt C BOOOW
Kncriopoga, MMKpOOPraHM3mMoB U np.



NMpnynHbl 06pa3oBaHNA OCTAaTOYHON HEDTU U
nyTn ee usBrie4yeHns

PacuneneHHOCTh, MPEPHIBUCTOCTH TIJIACTOB
cocraBiget 0,1-0,8 oObema 3anexu

HeonnoponHoCTh IUIAaCTOB 110
nponunaemoct ot 0,01 no 3-4 Mxm2

BsizkocTh HedTU O0JbIIE BI3KOCTH BOJIBI U
n3mensercsa ot 1-5 no 50-1000 mlla-c

MexdazHbie, MOJIEKYJISIPHbIE CHUJIBI Ha
KOHTaKkTe HEe(TH C BOAOU U MOPOAOM
coctaBigoT 18-30 MmH/Mm

MukpoHeoTHOpOAHOCTh cocTaBiseT 1-10-4 -
lcMm; ynenbHasi MOBEPXHOCTh MOPUCTOM CPEJIBI -
(0,05-3) -104 cm2 /em3 wmm (0,02-1,5 M2 /1)

IToBblIeHME OXBaTa APCHUPOBAHUCM 34 CUCT
CUCTCMbI pa3sMCUICHUA CKBAXKHH, BI)I60pa
O6’B€KTOB, BCKPBITUS IJTACTOB, OIITUMHU3ALIUU

AJaBJICHUA HAarHETaAHUA

BripaBHMBaHUE TPOBOJMMOCTH IJIACTOB 3a CUET
yMEHbIIEHNS (a30BOM MPOHUIIAEMOCTH IS
BOJIbI, YBEJIMUECHHE BA3KOCTH U JIp.

CHIKEeHME BA3KOCTH HE(TU, YBEITUUEHUE
BA3KOCTH BOJIbl; 00bEMHOE pacllIupeHrne HePTu

CHmxenne Mex(da3HOro HaTsHKEHHS Ha
KOHTAKT€ HE(PTh-BOAA; TUIPOPUIU3ALINS
IIOPUCTOU CPELBI

OcnaOnenune MOJEKYISIPHBIX U MPOSIBICHUE
IPaBUTALMOHHBIX CHII




Llenb npumeHeHnsa MYH

Llenbto ana metogoB yBenuyeHna HeddTeoTdadn NracTtoB Mocrie MX 3aBOAHEHUS
SABNSETCA WU3BNevYeHme HedTn, OCTaBLUENCA B 3aBOAHEHHbIX 30HaxX MacToB,
paccpegoTOMEHHOM MO NOPUCTON cpeae, BnoKMpoBaHHOW B OTAEMNbHLIX MOpax BOAON,
a Takke HedTW, OCTaBLUENCA B HEOXBAYEHHLIX 30HaxX B crnabonpoHuuaembix
BKITIOYEHUAX, CIOSX, NKWH3ax, MnponnacTtkax W 3acToOMHbIX 30HaX C BbICOKOW
HenpepbIBHON HePTEHACLILEHHOCTBIO, 00bEM KOTOPOM MOXeT gocturatbe o 20-80
% OT HayanbHbIX 3anacos. [1pn aTom nogBmkHas HedTb OCTAETCA U B 3aBOAHEHHbIX
30Hax nnacrta, U B HEOXBa4YeHHbIX MPOLIECCOM 3aBOAHEHUS CMNOSAX U NponfacTkax BO
BCEX TOYKAX 3anexen, Tak Kak npegenbHas MUHUManbHaa HedTEHACbILWEHHOCTb He
OOCTUraeTca gaXke B 30HaX, Npunerawwmx K HarHetaTenbHbIM CKBaXXMHaMm. A B
30Hax CTArMBaHWA HeddTM Yy A0ObIBAOLLMX CKBaXXMH, 3aBepLuaromx paspaboTky,
ocTatoyHasi HeMTeHacbIWEHHOCTb 3HAYUTENBbHO BbIWLE KPUTUYECKOW, TaK Kak B
HEOOQHOPOAHbLIX nfactax M TeM 0onee npu MOBbILEHHON BSA3KOCTU HedTU
9KOHOMMYECKM peHTabenbHas npegenbHag 0OBOOHEHHOCTb MNPOAYKUMW CKBaXWUH
(95-98 %) HacTynaeT npu cpegHen HedpTeHACHILLEHHOCTM NacToB B Npu3abonHbIX
30oHax o 45-50 % v 6onee.

OTYy OCODEHHOCTb pacnpenerieHnsl oCTaToMHOM HedTeHACbIWEeHHOCTN NfacToB -
yBENUYEHNE €€ OT JSIMHUM HarHeTaHust 40 NUHUKN cTsarmBanus ot 15-25 0o 45-50 % wn
bonee - cnegyer yuduTbiBaTb NP BblIOOpE OMbITHBbIX YYaCTKOB MO MCMbITAHWUIO
METOOO0B, CXEMbl pa3MeELLEHUS CKBaXXUH U pacyeTax adEKTUBHOCTN.



Knaccuchukauma MeToqoB YBENHYSHUA HEPTEOTAAYHN NNACTOB

CoBpeMeHHbIe METORb YBENUYEHUA HE(DTEOTAYU NNACTOB

I
| | | |

Tennosble HeTOAH [a30BbIE METOAN OUIMKO-XUMUYECKHE (UApOUHANMUYECKAE METORL
MeTopsl

—MapoTennosoe BoIgedcTBME —Bo3pedcTaUe JBYOKUCHI —BbiTecHeHue HepTy — Lluknuyeckoe BospedcTeme
—BHyTpUNNACTOBOE ropeHue yrnepoga pPacTBOPAM U MOMUMEpOB — 3MeHeHne HUNLTPAYUOHHLIX NOTOKOB
—Perynuposanue Tennosoro bananca [—BoigencTeue yrnesoAOpOAHLIMU  —BLiTECHEHUE HEDTH —Bosneyenue 8 paspabotky

nnacta {3akayka ropayei sogsl) rasamu komnosuyuamu MAB HEApeHUpyeMbiX 3anNacos HedTH
—Mapoyuknuyeckoe so3feicTeue —Bo3gedcTeue azoTom U —BETeCHEHUE HeDTH BOgHLIMU — QopcupoBaHHbIi 0TOHOD XugKocTH

AbiMOBBIMU Fasamu pacTeopami MMAB WONTUMUIALUA Nepenafa JaBneHus
—BETeCHEHUE HEDTH —bapbepHoe 3aBOHEHHE

WeNnOYHLIMU PaCTBODAM U

—BO3NeACTBUE KHCNOTAMMU

—BoapeicTeue yrnesopo-
POAHLIMU PACTBOPUTENAM U

—Bo3lgedcTeue Mukpoopra-
HUIMaAM I

—CucTemMHOE BOICHCTBHE




MeToabl yBeJlin4yeHuA AebuTta CKBaXKuH

ObbeanHATbL NX C MeTogamm yYBEJIUHEHUA HerTeOTJJ,a‘-IVI HE COBCEM lpPaBUI1bHO
N3-3a TOro, 41O UCMNOJiIb30BaHME METOA0B YBEITNYHEHUA HerTeOT,EI,a‘-IM XapakTepun-
3yeTCAd yBEJIMMEHHBIM NOTEHLUMNAJIOM BbITECHAKOLWEIO areHta, a Orl'13 vawie Bcero
HEe NoBbllWaeT KOHEYHYHO HecheOT,u,aqy nracTta, a b npnBoanT K BPEMEHHOMY
YBEJIUHEHUIO A06bI4n, TO eCTb NOBbLILLEHUIO TeKyLLl,eﬁ HerTeOT,EI,a‘-II/I njacTa.

scbusuyeckue Memoosbl yBennieHnsa 0ebuta CKkBaXkuH:
‘rmapopaspbIB NnacTa;
*rOPU30HTasIbHblEe CKBaXXWUHbI;
*3MIEKTPOMArHUTHoOe BO3OENCTBUE;
*BOSTHOBOE BO3QENCTBME HA NNacT,;
sApYyrme aHanorndHble MeToabl;
*XUMUYEeCKUe Memoohbl:
*KMCNOTHbIE 00pPaboTKK;
«0bpaboTka rmapododunsmpyoimmMmmn coctaBamu,;
*pasnunyHble 06paboTKN XUMUYECKUMMN peareHTamMu;
*mensioeblie Memoohbl:
*napounknmuyeckne obpaboTku;
*NNPOMbIBKN ropssyen HeTblo;
*yCTaHOBKW rpetomx kabenen.




o

Ha3HauyeHue Cnoco6 Bo3gencTBuA Pabouun areHT

Bosgencrteme Ha HedTb,
OCTaBLUYOCS B NnnacTe B

MakpomMacLiTabe - NoBblLLEHNE

OoXBaTa BbITECHEHNEM

BosgencTtene Ha HedTb,
OCTaBLUYlOCS B nnacre

B MUKpoMacLuTabe -
BblITECHEHME pacCessHHOM
OCTaTO4YHON HEedTH

[NoBbILLEeHUE BA3KOCTU
BbITECAIOLLEro areHTa CHUXeHune
BSA3KOCTU HepTH.

YBenuyeHuve (pacLumpeHune)
obbema HepTn

YBenuyeHue apeHnpyemomu
(paboTtatollen) TOMLMHBI
nnacrta

[locT>KeHne cMeLImMBaeMOCTH
Hed TV N BbITECHAIOLWErO areHTa

CHmxXeHne mexdasHoro
HaTSXKEHNS

[ToBbILLEeHME cMaYnBaemMoCTu
nnacra BOOOWU

MNMoBbiweHne cpazoBon Npo
HULaeMoCTU Ana HedhTU U
CHUWXeHue ansa Boabl

[Monumepsl
MwuuennsapHble pacTBOpbI
Map

Boagyx + Boga (ropeHue)
Yrnekucrbln ras

To xe

Map

Boagyx + Boga (ropeHue)
NAB

Monumepobl
BopgorasoBble cmecwu
Lenoun

Bopa (uumknuyeckoe
3aBofiHeHue)

Yrnekuncnbln ras
a3 BbICOKOro gaBreHus

MuuennspHble pacTBoOpbI
LLlenoun

Bopopacteopumble NAB
LLlenoun

Bopopacteopumble NAB
BopgorasoBblie cmecu

-




' NMpumeHnmocTb HekoTopbiXx MYH B 3aBuCMMoOCTHU OT '
BA3KOCTU He(PTH

Baixocrs HedTH (cp)
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Kputepuun npumeHnmoctu MYH

OObIYHO BbLIOENATCA TPU KaTEropun KpUTEPUEB MPUMEHUMOCTHU
MEeTOO0B:

[eonoro-comnanyeckme (CBOMUCTBA NMacTOBbIX XUAKOCTEN, rmybunHa
3aneraHus U TONWMHbI HePTEHACHILLEHHOro nnacTa), napameTpbl
N 0COBEHHOCTN HedhTecodepKaLlero Komnsektopa (HacblWeHHOCTb
MOPOBOro MPOCTPAHCTBa MNACTOBbIMU XWUOKOCTAMU, YCIOBUS
3arneraHus) n gpyrue;

TexHonornyeckme (TEXHUYECKOE COCTOSAHWE CKBaXKWH, pasMep
OTOPOYKWN, KOHLIEHTpaLMUA areHToB B pacTBOpe, pasMelleHue
CKBaXXWH, JaBreHne HarHeTaHus u T. a.);

MaTtepunanbHo-TexHu4eckne (obecrnevyeHHOCTb 06OpyaOBaHUEM,
XUMUNYECKUMWN peareHTamMm, X CBOMUCTBa 1 Ap.).



MeTtoab yBeanueHusi HedT€OTRAYH NJAACTOB B 3aBHCHMOCTH
OT reoaoro-Gu3HYeCKuX yCJIOBHH

Hed 1w, BONA ITaacr Meton
Manosaskas serkas [Mecuauniii HEHCTOUIEHHBIH, | 3aBOHEHHE, IHKITHYECKOe
He(bTb, BOoJa € MaJbiM BbICOKOl'IpOHIfIL[aeMblf;I, CJIa60- BOBlIeflCTBHe, BOAOrasoBagd

Co/lepXKaHUEM COJIEH,
0CcO6EHHO KaJabllus H
MarHus

Manossaskas HedTh,
BOJA C MaJblM coJep-
JKaHUeM coJiell, oco-
6eHHO KaJbliUug d Mar-
HHSA

CpenHeBsi3Kasi, CMOJIH-
crasi {(aKTHBHas) mapa-
¢unucras HedTh, BOAA
C MaJIbIM COJepKaHHeM
conet, 0COGEHHO KaJlb-
UMA ¥ MarsHus

BricokoBsizkas = TaxKe-
Jasi He(pTb, BOja mJja-
cToBasg ¢ 60oJbIIAM CO-
JIepKaHueM coJel

TIPOHULIaeMbIH, HEOJHOPOIHEIH

Kap6oHaTHBII HEHCTOLIEHHEBIH,
BLICOKOIIDOHHIIAEMbIH, Tpeliy-
HOBATBIH, TOPHCTHIA

[Tecuanwlit ucTOIWIEHHBIH (3a-
BOJHEHHBIH), BHICOKOTPOHHIA-
eMbId, MOHOJIHTHBIH

Kap6oHaTHBIHE 3aBOJHEHHBIH,

BRICOKONIPOHHIIaeMEIH, cnabo-
TPEUIMHOBATHIH, HEOXHOPOX-
HBII

[Tecuanstit HEeHCTOIEHHBIH,
BBLICOKOIIDOHHIIaeMbI#, cJaabo-
IPOHHUIlaeMBbIH

Kap6oHaTHBI# HEHCTOUIEHHBIH,
BBICOKONPOHHLAaeMbIH, caabo-
IPOHHIAeMBbIH, TpPELIHHOBATO-
MOPUCTBIN

[lecuaHslli 3aBOJAHEHHBIH, BHI-
COKONPOHHIIAEMbIH, MOHOJHT-
HBIH, OZHOPOJXHBIA

[lecyannit  rayGokosaJeraio-
iKUK,  BLICOKONMPOHHUAEMEIH,
cJ1a60NpOHNLAEMBIH

[TecuaHblli, BBICOKOIIPOHHIlAE-
MBIH, caabonpoHHLaeMBIH, He-
ray60xo3asteramimui

cMech, 3akauka [TAB, npume-
HeHHe rasa BBICOKOIO JaBJie-
HHUS

3aBojHeHHe, IUKJIHYEeCKoe
BO3[eHCTBHE, IPUMeHeHYe Ie-
Joyel, HCTOLIeHNe
Muuennspueii  pacTBop, yr-
JEKHCJbIH ras, BOJOrasoBhle
cMecH

[IpuMeHeHHe YrJeKHCJIOrO ra-
3a, IUKJINYECKOe BO3JeHCTBHE

3aBonHeHHe (ropsiuas BoAa),
NpUMeHeHHe IOJNHMEPOB, 3a-
Kayka BOJOrasoBoil ~ cMecH,
1eJI0YH

3asoaHeHue (ropsuas Boja),
(IUKJHYecKoe BO3JelCTBHE,
3aKauKa IIeJIOYH, YIJIEKHCJIO-
ro rasa

[IpuMeHeHHe YrJIEeKHCAOro ra-
3a, MUKPO3MYJbCHi, BOJOra-
30BHIX CMecei
BuyTpunnacroBoe ropenue

3akauka napa, napoIUKJIHue-
cKue o6paboTku




OcHOBHble KPHTEPHH JJisi MPHMEHEHHS! (PH3HKO-XMMHMYECKHX areHTOB,
yBEJHYHBAIOMUX HedTEOTAAYY NIACTOB

[Tapamerpst Saxawea | pipMeHeune | rommepnoe | S o [Dprix pact

CO, cMecelt A ITAB BOpPOB
Bsskocts naacro-
Boil HedTu, MIla-c <15 <25 5—100 <25 <15
HedrenacsolilieH-
HOCTb, % >30 >50 >25
[TnactoBoe naBae-
uue, MITa >8 He orpanHueHo
Temnepatypa nJa- ,
cra, °C | He orpaHnueHa <70
[TpoHuIaeMoCTb To xe 0,1 He orpaun-
miacra, MKM? yeHa >0,1
Tomuuna njaacra,
M 25 He orpanuueHa <25
TpenuHOBaTOCTD He6naronpusarua *
Jlutosoruga He orpaHuueHa [Tecuanuk Ilecuanuk u | Ilecyanuk

KapOoHATHl
CoJieHOCTh IIIACTO-
BOIl BOABI, MT/J To xe 20 5
JKecTkocTb BOIH
(rasmuune cogei He6naro- | He orpann-{ HeGnaaro-
KaJblusi U Maruus) . NpUSATHA yeHa npusiTHa
["asoBag manka He6naro- He orpanu- He6n4ronpusitia
NpHATHA yeHa

[TnoTHOCTD CETKH He orpaHudena <24 He orpanu- <16
CKBaKUH, Ta/CKB yeHa
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MNoTeHUuManbHble BO3MOXHOCTHU yBeJin4eHus
HerTeOTﬂa‘-IVI nnacTtoB pa3jsindiyHbiMm mMetToaamMu
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Mounck

BonnowieHnne

Hay4yHas geMoHcTpaums
PaspaboTka

OnbITHBIN 0Opasey,
(nokasaTenbHbIN OnbIT)

[MpoekTnpoBaHue

npOMbILLIJ'IeHHbIe NCrblTaHNA

TexHUKo-3KOHOMMYeckoe 060CHOBaHue
MaTtepunanbHO-TeXHUYEeCcKoe obecnedyeHne

NHxxeHepHas npakTuka

N3yyeHne pU3MKo-XuMn4eckmx, rmaporasotrepmo-
ANHAMUNYECKNX ABNEHUIA Y MUKPONPOLLECCOB
OnpegeneHune ycrnoBun BbiITECHEHNSA HETH,
BO3ENCTBUSA Ha HETb N NOPUCTYIO cpeny
[lokaszaTenbCcTBO 3O (PEKTMBHOCTU npoLecca
BbITECHEHUS1 HEAPTU HA MOAENsX NacToB

N3y4yeHne mexaHuama npouecca U BIUSHUS
pasnnYHbIX akTopoB Ha ero 3PPEKTUBHOCTb
[eMoHCTpaums peannu3yemocTi npouecca u
TexHonorn4yeckoro adpdekTta B MPOMbICIIOBbIX
YCIOBUSIX HA MECTOPOXAEHUM

CosgaHne matemaTtudecknx moaenen, MeToaos
NpoeKTnpoBaHus. MIaydeHne TexHomnornm
OnpeneneHne TEXHONOIMYECKON U SKOHOMUYECKOM
3 PEKTUBHOCTN Npouecca B pasfniMyHbIX reosioro-pu-
3nyeckmx ycnosusx. OBocHoBaHME onTMMarbHON
TEXHOMOMMN 1 cUCTeM paspaboTKu

OnpeneneHne macwTtaba, NnepcrnekTuB NPUMEHEHUS U
NoTpebHbIX MaTepmnanbHO-TEXHUYECKUX CPELCTB
3agaHuns Ha NpoM3BOACTBO XMMUYECKUX MPOAYKTOB,
TEXHUKK, 0bopynoBaHus. BkntoveHne B NNaHbl
CMEXHbIX OTpacrnemn

[MpomMbIwnNeHHOe BHePEHNE npoLecca Ha MeCTOPO
xpeHusax. ObocHoBaHNE METOAOB PErynMpoBaHUS U
MoandnKaunm




