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BBE,QEHHE 

,0,0 nOCIleAHero BpeMeHIiI OCHOBHblM MeTOAOM OL\eHKIiI 

nOTeHL\liIaIlbHbiX peCypCOB yrneBoAopOAOB B POCCIiIIiI OCTaeTCH 

MeTOA CpaBHIiITeIlbHOrO reOIlOrlil4ecKoro aHaIllil3a OL\eHIiIBaeMoro 

reOIlOrlil4eCKOrO 06beKTa C aHaIlOrlil4HbiM XOpOWO 1i13Y4eHHbiM 

reIlOrlil4eCKIiIM 06beKTOM, B KOTOPOM B pe3YIlbTaTe npOBeAeHIiIH 

nOIilCKOBO-pa3BeA04HbIX pa60T BblHBIleHbl BCe OCHOBHble 

MeCTOpml<J:\eHIiIH Hecj:lTIiI iii ra3a iii OL\eHeHbl IiIX 3anaCbl. 

,o,IlH OL\eHKIiI nOTeHL\liIaIlbHbiX pecypcoB Hecj:lTIiI iii ra3a Ha 

HOBblr;1, cIla60 1i13Y4eHHblr;1 reOIlOrlil4ecKIilr;1 06beKT, no aHaIlorlil1il C 

XopOWO 1i13Y4eHHbiM :naIlOHHbIM, pacnpOCTpaHHIOTCH TaKlile 

xapaKTepliICTIiIKIiI, KaK cpeAHHH nIlOTHOCTb 3anaCOB Ha 1 KM2 (IiIIlIiI 

Ha 1 KM3 ocaA04HbiX nopoA), IiIIlIiI BeIllil41i1Ha 3anaCOB 

yrneBoAopoAOB B pac4eTe Ha ocpeAHeHHYIO CTpyKTypy. 

nOCKOIlbKY 

T0>KAeCTBeHHbIX 

CYLl\eCTByeT 

reOIlorlil4eCKIiIX 06beKTOB 

nOIlHOCTblO 

HOBblr;1 

OL\eHIiIBaeMblr;1 06beKT no PHAY nplil3HaKoB BcerAa OTIllil4aeTCH OT 

:naIloHHoro, a B pHAe cIlY4aeB Bo06Ll\e He IiIMeeT aHaIlorOB, 

OL\eHKa nOTeHL\liIaIlbHbiX pecypCOB Hecj:lTIiI iii ra3a HOBoro 

reOIlorlil4ecKoro 06beKTa 3TIiIM MeTOAOM BO MHorlilX CIlY4aHX 

npOBOAIiITCH C HIiI3K0r;1 BepOHTHOCTblO iii T04HOCTblO. K TOMY >Ke 

OL\eHKa CYMMapHblX HeIlOKaIllil30BaHHbiX nOTeHL\liIaIlbHbiX 

pecypCOB yrneBoAopOAOB HOBoro reOIlorlil4eCKoro 06beKTa no 

npeAnOIlaraeMor;1 cpeAHer;1 nIlOTHOCTIiI 3anaCOB HIiIKoro Y>Ke 

YAOBIleTBopliITb He MO>KeT 
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nOTeHL\lIIanbHble pecypcbl HecpTIII III ra3a B KOHKpeTHblX 

nOKanbHblX CTpYKTypax BblAeneHHOrO nlllL\eH31110HHOrO Y4aCTKa. 

OCHoBHolII L\enblO AaHHolII pa60Tbi HBlllnOCb C03AaHllle 

HOBolII anbTepHaTIIIBHOIII III 60nee o6ocHoBaHHoIII MeTOAIIIKIII 

npOrH03a III OL\eHKIII pecypcoB yrneBoAopOAOB, oCHoBaHHolII Ha 

KOnlll4eCTBeHHOM MOAenlllpOBaHlII1II npOL\eCCOB reHepaL\1II111 HecpTIII 

III ra3a III CPOpMlllpOBaHIIIH IIIX MeCTOpO>KAeHIIIIII B COOTBeTCTBlII1II C 

OCHOBHblMIII non O>KeH IIIH M III ocaA04HO-MlllrpaL\1II0HHOIII Teopllllll 

06pa30BaHIIIH HecpTIII III ra3a III IIIX MeCTOpO>KAeHIIIIII. 

HOBaH MeTOAIIIKa, IIIcnonb3YlOLL\aH Konlll4eCTBeHHYlO 

IIIHcpopMaL\1II1O 0 npOL\eCcax reHepaL\lIIl11, MlllrpaL\1II1II III 

yrneBoAopOAOB He aHanorlll4Horo, a 

HenocpeACTBeHHO OL\eHIIIBaeMoro reonorlll4eCKoro 06beKTa, 

npeACTaBnHeTCH ropa3AO 60nee o6ocHoBaHHoIII III 3cpcpeKTIIIBHolII. 

AOCTIII>KeHllle oCHoBHolII L\enlll IIIccneAOBaH1II1II - C03AaHllle 

HOBolII MeTOAIIIKIII onpeAeneHIIIH nOTeHL\lIIanbHblX pecypcoB 

yrneBoAopOAOB Ha OCHOBe MOAenlllpOBaHIIIH npOL\eCCOB 

reHepaL\1II1II HecpTIII III ra3a III CPOpMlllpOBaHIIIH IIIX MeCTOpO>KAeHIIIIII -

nOTpe6oBano paCCMOTpeHIIIH III peweHIIIH L\enoro pHAa 4aCTHbiX 

3aAa4 HecpTera30BoIII reonorllllll III reOXIIIM III III. B o6naCTIII 

reHepaL\1II1II yrneBoAopOAOB C03AaHIIIH Ka4eCTBeHHbiX 

3Mnlllplll4eCKIIIX MOAenelll HecpTe- III ra3006pa30BaHIIIH B npOL\eCce 

KaTareHe3a opraHIII4eCKoro BeLL\eCTBa nopoA; 6anaHCOBbiX 

ypaBHeHlII1II AnH AOCTaT04HO T04HoIII Konlll4ecTBeHHoIII OL\eHKIII 

reHepaL\1II1II HecpTIII III ra3a; Konlll4eCTBeHHbiX MOAenelll reHepaL\1II1II 

HecpTIII III ra3a ADH OCHOBHblX reHeTIII4eCKIIIX TlllnOB OB 
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MaTeplilHCKIilX nopop,; MeTOp,OS paC4eTa nnOTHocTeii1 reHepaL\1il1il Iil 

3MlilrpaL\1il1il HecjJTIil Iil ra3a; CYMMapHblX KOnlil4eCTS 

reHeplilpOSaHHblX Iil 3MIilrplilpOSaSWIilX 1il3 MaTeplilHCKIilX nopop, 

yrnesop,opop,os. 

Ha OCHose C03p,aHHbIX Konlil4eCTseHHbiX MOp,enelir 

reHepaL\1il1il HecjJTIil Iil ra3a CTano S03MO>KHbIM C03p,aTb snepsble 

o6uWlO Konlil4eCTseHHYlO Mop,enb reHepaL\IilOHHO-

3MlilrpaL\IilOHHbIX Iil nnaCTosblX yrnesop,opop,HbIX CIilCTeM, KOTOpal'l 

xapaKTeplil3yeT IilX COCTas Iil CSOIirCTSa s nnaCTosblX ycnoslill'lx s 

WIilPOKOM p,lilana30He p,asneHIilii1 Iil TeMnepaTYp. C03p,aHHal'l 

Konlil4eCTSeHHal'l Mop,enb yrnesop,opop,HbIX CIilCTeM p,ana 

S03MO>KHOCTb oxapaKTeplil30SaTb cjJIil31il4eCKIile csoii1cTsa 

yrnesop,opop,HbIX cjJnlOlilp,os s nnaCTosblX ycnoslill'lX, 3HaHIile 

KOTOPblX Heo6xop,IilMO nplil 1il3Y4eHIillil npOL\eCCOs MlilrpaL\1il1il 

yrnesop,opop,os Iil cjJOpMlilpOSaHlill'l IilX MeCTOp0>Kp,eHIilIir. 

B o6nacTIil 1il3Y4eHIil,l'I MlilrpaL\1il1il yrnesop,0poAOs Iil 

cjJOpMlilpOSaHlill'l IilX MeCTOp0>Kp,eHIilIir paCCMOTpeHbl 3ap,a41il no 

onpep,eneHIilIO MexaHlil3Ma, nYTeii1 Iil HanpasneHIilii1 MlilrpaL\1il1il 

HecjJTIil Iil ra3a, CKopocTeii1 MlilrpaL\1il1il yrnesoAopoAOS nplil 

cjJOpMlilposaHlil1il MeCTOpO>Kp,eHIilii1; MaKCIilManbHblX paCCTOl'lHIilii1 

MlilrpaL\1il1il yrnesop,opop,os, KOHTponlilpyeMblx IilX nOTepl'lMIil Ha 

nyTl'Ix MlilrpaL\lillil; Mop,enlilposaHIilIO Iil KapTlilposaHlil1O s xop,e 

reonorlil4eCKoro speMeHIil npOL\eCCos naTepanbHoii1 MlilrpaL\1il1il Iil 

aKKyMynl'lL\1il1il yrnesop,opop,os s 3ane>Kax: no onpep,eneHIilIO 

nOTeHL\lilanbHblX pecypcos HecjJTIil Iil ra3a, KaK perlilOHanbHblX 

06beKTOS, TaK Iil OTp,enbHbiX nOKanbHblX nosyweK. 
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B nOCIle,[lHe~ rnaBe paCCMOTpeH HaKOnIleHHbl~ OnblT 

~cnOIlb30BaH~R MeTO,[lOB MO,[leIl~pOBaH~R np04eCCOB 

reHepa4~~, M~rpa4~~ ~ aKKyMyIlR4~~ Hecj:n~ ~ ra3a B 

MecTopO>KP.eH~RX MOIlO,[lbIX ~ ,[IpeBH~X nIlaTCpOpMeHHblX 

Hecjnera30HOCHbiX 6aCCe~HOB, nO,[lTBep>KP.alOl.l.\~~ 

3cpcpeKT~BHOCTb ~ ,[IOCTaT04HYIO T04HOCTb 04eHK~ 

nOTeH4~aIlbHbIX pecypcoB yrneBO,[lOpO,[lOB 3T~M MeTO,[lOM. 



rIlaBa 1. Kom14ECTBEHHOE MO,QEflL-1POBAHL-1E 

rEHEPAUL-1L-1 HECl>TL-1 L-1 rA3A 

1.1. L-1cxoAHble 3MnlllplII'leCKlile MOAeIlIil Heej>Te­
III ra3006pa30BaHlilSi 

Pa3pa60TKe CTpOrLi1X KonW-leCTBeHHbIX MO,QeneVl reHepal1Li1Li1 

HecpTLi1 Li1 ra3a npe,QweCTBOBan ,QnLi1TenbHbIVl nepLi1o,Q 

3KCnepLi1MeHTanbHoro Li13Y4eHLi1fl 3aKoHoMepHocTeVl npeBpall.\eHLi1S'1 

OCHOBHblX TLi1nOB OB B npOl1eCce KaTareHe3a_ 3TO n03BOnLi1nO 

C03,QaTb Ha OCHOBe MHOr04Li1CneHHbIX nonY4eHHblX ,QaHHbIX 

3MnLi1pLi14eCKLi1e MO,QenLi1 npeBpall.\eHLi1S'1 6Li1TYM0Li1,QHbIX 

KOMnOHeHTOB Li1 OCHOBHOVl HepaCTBOpLi1MOVl 4aCTLi1 OB B npol1eCce 

KaTareHe3a. 

HaLi160nee S'lpKO npOS'lBnS'ltOTCS'I npOl1eCCbl reHepal1Li1Li1 

HecpTS'lHbIX Li1 ra30BbiX yrneBO,QopO,QOB B npOl1eCce 

KaTareHeTLi14eCKOro npeBpall.\eHLi1S'1 canponeneBoro OB, 

06na,QatOll.\ero BbICOKLi1M nOTeHl1Li1anOM HecpTe06pa30BaHLi1S'1 (PLi1c. 

1.1 ). 

B Ha4ane KaTareHe3a canponeneBoe OB cO,Qep>KLi1T He 

60nee 1 - 3 % xnopocpopMeHHoro 6Li1TYM0Li1,Qa. K KOHl1Y 

npOTOKaTareHe3a ero cO,Qep>KaHLi1e HeCKonbKO B03paCTaeT. 

Aanee Ha rpa,Qal..1Li1S'1x KaTareHe3a MK1 - MK2 CPLi1KCLi1pyeTcS'I 

MHoroKpaTHoe B03paCTaHLi1e B OB KOHl1eHTpal1Li1V1 

reHepVlpYtOll.\erocS'I 6Li1TYMOVl,Qa - ,QO 20 - 25 %. Ho Y>Ke K Ha4any 

rpa,Qal..1V1V1 MK3 OHa CHOBa 6blCTPO VI 3Ha4V1TenbHO CHLi1>KaeTCS'I, He 

npeBblWaS'l 4 - 5 %. 

10 



... ... 

KaTa-

nK 

MKl 

MK2 

MK3 
MK 
MK 
AKl 

AK2 

AK 34 ,. 

r:\T. 
I-'YB' % 

5 10 

r:\H.K. 
f'YB' % 

Plo1c.1.1. ~3MeHeHlo1e KOHLleHTpalllo1101 XllOpocj:lopMeHHOrO 6lo1TYM0lo1Aa, 

BblCOKOMOIleKYIlSlpHblX Hecj:lTSlHbIX YB, Hlo13KOKlo1mm-llo1X Hecj:lTSlHbIX YB, rOMOIlOrOB MeTaHa 

101 MeTaHa B npOllecce KaTareHe3a canpOneIleBOrO OB 



T04HO TaK >Ke BeAYT ce6f1 L1 BXOAflL1\L1e B COCTaB 

6L1TYM0L1Aa BblCOKOMoneKynflpHble HecpTflHble yrneBoAopOAbl 

(t KL1neHL1f1 > 250°C). B Ha4ane KaTareHe3a B OB L1X He 60nee 

1 %, a Ha MaKCL1MYMe reHepa4L1L1 L1X KOH4eHTpa4L1f1 B03pacTaeT 

AO 15 %. npL1 npeKpaL1\eHL1L1 reHepa4L1L1 L1 MacwTa6Ho~ 

3ML1rpa4L1L1 L1X cOAep>KaHL1e pe3KO CHL1>KaeTCfI, He npeBblwafi 2 -

3 %. HL13KOKL1nflL1\L1X HecpTflHblX yrneBoAopoAOB (H.K. - 150°C) -

6eH3L1HOBbIX cppaK4L1~ HecpTL1 - B Ha4ane KaTareHe3a B OB eL1\e 

HeT COBceM. Ha MaKCL1MYMe reHepa4L1L1 L1X KOnL14eCTBO 

AOCTL1raeT 2 - 3 % OT MaCCbl OB, a 3aTeM npL1 YCL1neHL1L1 

3ML1rpa4L1L1 naAaeT AO ML1HL1MyMa. 

B03pacTaHL1e B OB KOH4eHTpa4L1~ 6L1TYM0L1Aa L1 BXOAflL1\L1X 

B ero COCTaB HecpTflHblX yrneBoAopoAOB AO MaKCL1MYMa 

03Ha4aeT MacwTa6HYlO reHepa4L11O HecpTL1, npeBblWalOL1\YIO ee 

3ML1rpa4L10HHble nOTepL1, a naAeHL1e KOH4eHTpa4L1L1 B OB -

npeKpaL1\eHL1e reHepa4L1L1 HecpTL1 L1 B03paCTaHL1e AO MaKCL1MYMa 

ee 3ML1rpa4L10HHbIX nOTepb L13 MaTepL1HCKL1X nopoA. 

Ha rpaAa4L1f1X MK1 - MK2 oAHoBpeMeHHo C L1HTeHCL1BHO~ 

reHepa4L1e~ HecpTL1 npoflBnfleTcfI TaK>Ke L1 nL1K reHepa4L1L1 

CBo~cTBeHHblx HecpTL1 >KL1pHbIX YB ra30B (C2 C5) L1 

He3Ha4L1TenbHOro KonL14eCTBa MeTaHa. 

MaKCL1MYM reHepa4L1L1 HecpTflHblX YB, B TOM 4L1Cne 

6eH3L1HOBbIX cppaK4L1~ HecpTL1, a TaK>Ke roMonoroB MeTaHa, 

03Ha4aeT npOfiBneHL1e Ha rpaAa4L1f1X KaTareHe3a MK1 - MK2 

rnaBHO~ cpa3bl HecpTeo6pa30BaHL1f1 (r<l>H), OCYL1\eCTBnflIOL1\e~cfI 

B pe3ynbTaTe MaCWTa6HO~ AecTpyK4L1L1 nonL1MepnL1nL1AHbIX 
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KOMnOHeHTOB OB. C B03paCTaHilleM TeMnepaTypbl 111 CTeneHIll 

KaTareHe3a OB HanpaBneHHO 1I13MeH51eTC51 111 COCTaB 

reHepll1pYlOlLlll1XC51 HecpT51HbIX YB, B HII1X B03paCTaeT pOnb 

anKaHOBblX YB, B TOM LJII1Cne HOpManbHblX anKaHOB, 111 CHII1)f(aeTC51 

KOHL.jeHTpaL.jll151 HacpTeHOBblX YB, KaK B 06blLJHbiX HecpT51X. 

Ha nepBOHaLJanbHOM 3Tane np051BneHII151 r$H reHepaL.jll151 

HecpTIll npeBblWaeT ee 3MlI1rpaL.j1l10HHble nOTeplll 1113 MaTepll1HCKII1X 

nopo,Q, a Ha 3aKnlOLJII1TenbHOili - reHepaL.jll151 HecpTIll 3aTyxaeT 111 

npeKpalLlaeTC51, a 3M 111 rpaL.jll151 ee 1113 MaTepll1HCKII1X nopo,Q 

,QOCTlllraeT MaKCII1ManbHoili II1HTeHCII1BHOCTIll. 

Ha ,QanbHeillwlI1x 3Tanax KaTareHe3a (MK3 - AK3-4) 

npOCne)f(II1BaeTC51 nll1Wb ,QanbHeiliwee II1CTOlLleHllle OB 

6I11TYM0Il1,QOM, HecpT51HbIMIll yrneBO,QopO,QaMIll 111 roMonOraMIll 

MeTaHa, TO eCTb reHepaL.j1l1111 HecpTIll 60nbwe He npOIl1CXO,QII1T B 

CB513111 C II1CLJepnaHllleM HecpT51HOrO nOTeHL.jll1ana OB. 

O,QHaKO MeTaH Be,QeT ce651 npll1HL.jll1nll1anbHO II1HaLJe. Ha 

rpa,QaL.jIl151X KaTareHe3a MKs - AK2 np051Bn51eTC51 BTopoill, 60nee 

MacwTa6Hblili MaKCII1MYM era reHepaL.jll1l11, KOTopblili COOTBeTcTByeT 

Bbl,Qen51eMoili HaMill rnaBHoili cpa3e ra3006pa30BaHII151 (r$r). 

nonYLJeHHble Ha OCHOBe 3Mnll1pll1LJecKoili MO,Qenlll ,QaHHble a 

reHepaL.j1l1111 HecpTIll 111 YB ra3a ,QalOT npaBlI1nbHOe npe,QCTaBneHllle 

a CTa,QlI1i11HoCTIll II1X 06pa30BaHII151, HO He ,QalOT Ha,Qe)f(HbIX 

CBe,QeHII1i11 a KOnll1LJeCTBe 06pa3YlOlLlll1XC51 HecpT51HbIX 111 ra30BbiX 

YB no ,QBYM npll1LJII1HaM. nepBa51 3aKnIOLJaeTC51 B TOM, LJTO 

3Mnll1pll1LJeCKille ,QaHHble a KOnll1LJeCTBe B OB 6I11TYM0Il1,Qa 111 

HecpT51HbIX YB OTpa)f(alOT o6lLlll1i11 II1Tor ,QBYX npOTIllBOnOnO)f(HO 
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HanpaBIleHHblX ~ O,lJ,HOBpeMeHHO npo~CxO,lJ,ftlll~X npOL\eCCOB -

reHepaL\~~ ~ 3M~rpaL\~~ YB. np~Be,lJ,eHHble ,lJ,aHHble 

xapaKTep~3ytoT He ~CT~HHO reHep~pOBaHHble, a OCTaBW~eC5I 

nOCIle 3M~rpaL\~~ OB KOIl~4eCTBa 6~TYMO~,lJ,a, HecpT5IHbIX YB ~ 

YB ra30B. 1I1 eCIl~ 0 MaCWTa6ax reHepaL\~~ Ha~MeHee 

nO,lJ,B~}t(Horo 6~TYMO~,lJ,a ~ BbiCOKOMOIleKYIl5lpHbiX YB ellle KaK-TO 

MO}t(HO np~6Il~}t(eHHO Cy,lJ,~Tb no MaKC~MaIlbHbIM 3Ha4eH~51M 

(reHepaL\~ft 6~TYMO~,lJ,a - ,lJ,O 25 %, HecpTftHblX YB - ,lJ,O 18 % OT 

MaCCbl OB Ha 3Tane Me30KaTareHe3a), TO 0 Ha~6oIlee 

nO,lJ,B~}t(HbIX YB ra3ax, COXpaH5Itolll~XC5I B 04eHb He6oIlbW~X 

KOIl~4eCTBax B 3aKpblTbiX nopax MaTep~HCK~X nopo,lJ" ~ 3Toro 

CKa3aTb HeIlb351, ~X OCTaT04Haft KOHL\eHTpaL\~51 B OB nOCIle 

3M~rpaL\~~ COCTaBIl5leT nOp5l,lJ,Ka 20 - 30.10-2 %. 

BTopa51 np~4~Ha 3aKIlto4aeTCft B TOM, 4TO 3Mn~p~4eCK~e 

,lJ,aHHble 0 KOIl~4eCTBe B OB 6~TYMO~,lJ,a, HecpT5IHbIX YB ~ 

ra3006pa3HbiX YB Onpe,lJ,eIl5leTC5I B Ka}t(,lJ,OM CIlY4ae B paC4eTe OT 

MaCCbl OB Ha ,lJ,aHHOIii CTa,lJ,~~ KaTareHe3a, np~H~MaeMolii 3a 1, a 

Ha caMOM ,lJ,eIle ~CXO,lJ,Ha51 Macca OB 3Ha4~TeIlbHO YMeHbwaeTc5I 

C POCTOM KaTareHe3a BCIle,lJ,CTB~e ee pacxo,lJ,a Ha o6pa30BaH~e 

reHep~pytolll~XC5I nO,lJ,B~}t(HbIX IleTy4~x npO,lJ,yKTOB. 

n03TOMY ellle pa3 nO,lJ,4epKHeM, 4TO 3MnUpUlJeCKafi Mooeflb 

oaem npaBuflbHYIO KalJeCmBeHHYIO KapmuHY 2eHepal.{UU HecfJmu 

U YB 2a3a, HO He npfiMble KOnUlJeCmBeHHbie oaHHble 0 UX 

2eHepal.{UU. LfTo6bl ~X nOIly4~Tb, Heo6xo,lJ,~MO BBO,lJ,~Tb 

nonpaBK~ Ha 3M~rpaL\~to ~ Ha nOTepto MaCCbl OB B npOL\eCce 

KaTareHe3a, ~Il~ ~cnOIlb30BaTb ~Hble MeTO,lJ,bl paC4eTOB. 
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reHepaLlVlfl HecpTVI, YB ra3a VI ,[IpyrVlx neTYYVlX npO,[lyKTOB 

(C02, H 20, H 2S, NH3) o6ycnoBnVlBaeT COOTBeTCTBYIOLl.\YIO 

nOTeplO MaCCbl VlCXO,[lHOrO OB VI npVlBO,[lVlT K 3KBVlBaneHTHbiM 

Vl3MeHeHVlflM ero 3neMeHTHoro XVlMVlyeCKOrO COCTaBa B npOLlecce 

KaTareHe3a (pVlC. 1.2). 

3Tan npoToKaTareHe3a xapaKTepVl3yeTcfI nOBblweHVleM 

cO,[lep>KaHVlfI yrnepo,[la VI YMeHbweHVleM KOHLleHTpaLlVlVl cepbl VI, 

oco6eHHo, KVlCnOpO,[la BOB. KOHLleHTpaLlVlfl BO,[lOpO,[la VI a30Ta 

OCTaeTCfI nOYTVI HeVl3MeHHor;1. CY,[lfl no 3TVlM Vl3MeHeHVlflM, 

rnaBHblM npO,[lYKTOM reHepaLlVlVl Ha 3TOM 3Tane 6blno neTyyee 

BeLl.\eCTBO C BblCOKVlM CO,[lep>KaHVleM KVlCnOpO,[la VI HVl3KVlM -

yrnepO,[la, TO eCTb CO2 (C - 27,2 %, 0 - 72,8 %), a reHepaLlVlfl 

YB 6blna eLl.\e HVlYTO>KHOr;1. 

Ha 3Tane npoflBneHVlfI r<l>H (rpa,[laLlVlVl KaTareHe3a MK1-

MK2) B HepaCTBOpVlMor;1 yaCTVI OB npoflBnfleTcfI 3a,[lep>KKa pOCTa 

VI ,[Ia>Ke CHVI>KeHVle CO,[lep>KaHVlfI yrnepO,[la, CHVI>KeHVle 

KOHLleHTpaLlVlVl BO,[lOpO,[la VI OTHOCVlTenbHoe HaKonneHVle 

reTep03neMeHTOB, oco6eHHO KVlCnOpO,[la VI Cepbl. 

Cne,[lOBaTenbHO, Ha 3TOM 3Tane OB reHepVlpOBano VI Tepflno 

BeLl.\eCTBO C BblCOKVlM CO,[lep>KaHVleM yrnepO,[la VI BO,[lOpO,[la VI 

HVl3K0r;1 KOHLleHTpaLlVler;1 reTep03neMeHTOB, T.e. HecpTb (C - 84 -

85 %, H - 13 - 14 %, 0 + N + S - 1 - 3 %). 3TO xopowo 

nO,[lTBep>K,QaeTCfI MaKcVlMYMOM cO,[lep>KaHVlfI reHepVlpoBaHHoro 

6V1TYMOVl,[la VI HecpTflHblX YB B OpraHVlyeCKOM BeLl.\eCTBe Ha Tex 

>Ke rpa,[laLlVlflX KaTareHe3a (pVlC. 1.1). 
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... 
Q\ 

KaTareHea 
C;% H; % N~ % S;% O+N+Sr 

20 28 

vr 

20406080 

nK 

MK 1 

MK Z 

AK z 

AK 3-4 

56 64 72 80 88 14 4 12 36 

PHC. 1.2. 1113MeHeHHe 3IleMeHTHoro COCTaBa H Bblxo,o,a IleTY4Hx npo,o,YKTOB B HepacTBopHMOH 4aCTH 
canponeIleBoro 08 B npollecce KaTareHe3a 

. ' . . . 

." 



,Qanee, Ha 60nee BblCOKIIIX rpa,QaLjlllflX KaTareHe3a, 

B0306HOBnfleTCfl npOLjeCC o6yrnepO>KIIIBaHlllfl HepaCTBopIIIMOr.:1 

4aCTIII OB, COnpOBO)f(,lJ,alOLl.\lIIr.:1cfl nOTeper.:1 BO,QOpO,Qa, a30Ta, Cepbl 

III KlIIcnopO,Qa, a TalOKe 3aMeTHbiM na,QeHllleM BbIXO,Qa neTY4111X 

BeLl.\eCTB. Ha cj:>OHe 3TIIIX HanpaBneHHblX 1113MeHeHIllr.:1 pe3Kor.:1 III 

3Ha4l11TenbHor.:1 nOTeper.:1 BO,QopO,Qa xapaKTeplll3yeTcfl 

HepaCTBoplIIMafl 4aCTb OB Ha rpa,QaLjlllflX KaTareHe3a MK4 - AK2. 

Cne~OBaTenbHO Ha 3TOM 3Tane OB reHeplllpOBano III Tepflno 

3Ha4111TenbHoe Konlll4eCTBO neTY4ero BeLl.\eCTBa C BbICOKOr.:1 

KOHLjeHTpaLjlller.:1 BO,QopO,Qa, TO eCTb MeTaHa (C 75 %, H -

25 %), 4TO nO,QTBep)f(,lJ,aeTCfl MaKclIIMYMOM KOHLjeHTpaLjlll1ll 

reHeplllpoBaHHoro MeTaHa BOB, coxpaHIIIBwerocfl B 3aKpblTbiX 

nopax MaTeplIIHCKIIIX nopo,Q (pIIIC. 1.1). TaKIIIM o6pa30M, 0 

npoflBneHlII1II fCl>f Ha rpa,QaLjlllflX KaTareHe3a MK5 - AK2 

cBIII,QeTenbcTBYIOT KaK IIIHTeHCIIIBHoe na,QeHllle cO,Qep~aHlllfl 

BOB, TaK III MaKclIIMYM KOHLjeHTpaLjlll1ll 

reHeplllpOBaHHoro MeTaHa, coxpaHIIIBweroCfl B OB 3aKpblTbiX nop 

MaTeplIIHCKIIIX nopo,Q. 

CY,QIIITb 0 KonIll4eCTBeHHor.:1 CTopOHe MeTaHoo6pa30BaHlllfl 

nplll npoflBneHlII1II fCl>f no 3TIIIM ,QaHHbIM He npe,QCTaBnfleTCfl 

B03MO~HbIM, nOCKonbKY nocne IIIHTeHcIIIBHor.:1 3MlllrpaLjllllll MeTaHa 

OCTaeTCfl B 3aKpblTbiX nopax. COBceM HeMHoro - He 60nee 

15.10-2 % B paC4eTe Ha OCTaT04Hoe OB. Bnpo4eM, ecnlll 

nplllHflTb, 4TO 15.10-2 % COCTaBnfleT Bcero 5 % OT 

reHeplllpoBaHHoro Konlll4eCTBa (noTepflHo 95 %), TO reHepaLjlllfl 
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MeTaHa Morna COCTaBIlS'lTb 3 % OT MaCCbl canponeIleBoro 08, TO 

eCTb AOCTaT04HO 60Ilbwoe KOIl~4eCTBO. 

fYMYCOBoe opraH~4eCKoe Bel1.\eCTBO, xapaKTep~3YIOl1.\eeCS'l 

H~3K~M HecpTereHepa4~OHHblM nOTeH4~aIlOM, BeAeT ce6S'l B 

np04ecce KaTareHe3a ~Ha4e, HO Bce ~e nOCIleAOBaTeIlbHOCTb 

ero npeBpal1.\eH~1ii ~MeeT ~ 3aMeTHbie 4epTbi CXOACTBa C 

canponeIleBblM 08. 8 Ha4aIle KaTareHe3a OHO cOAep~~T B 

cpeAHeM 0,2 % XIlOpocpopMeHHoro 6~TYMo~Aa. Ha rpaAa4~S'lX 

KaTareHe3a MK1 MK2, KaK ~ Y canponeIleBoro 08, 

KOH4eHTpa4~S'l reHep~poBaHHoro 6~TYMo~Aa AOCT~raeT 

MaKc~MYMa, B cpeAHeM 1,5 % (npoT~B 25 % Y canponeIleBoro 

08). MaKC~MaIlbHaS'l KOH4eHTpa4~S'l OCTaT04Horo 

reHep~poBaHHoro MeTaHa, KaK ~ Y canponeIleBoro 08, 

np~ypo4eHa K rpaAa4~S'lM KaTareHe3a MK5 - AK2-3. II1HTeHc~BHoe 

MeTaHoo6pa30BaH~e rYMycoBblM 08 Ha 3TOM 3Tane 

nOATBep~aeTCS'l Ta~e ~HTeHC~BHolii nOTepelii BOAopoAa ~3 

HepacTBop~MOIii 4aCT~ 08 - OT 5 AO 2,5 - 3 %. TaK 4TO 

cTaA~IiiHocTb reHepa4~~ HecpT~ ~ yrneBoAopoAHoro ra3a 

rYMycoBblM 08 B np~H4~ne TaKaS'l ~e, KaK Y canponeIleBoro 08, 

HO HecpT~ OHO reHep~pyeT MHoroKpaTHo MeHbwe, nocKoIlbKY 

~CXOAHO H~3K~M 

nOIl~MepIl~n~AH~XKOMnOHeHTOB. 

3Mn~p~4ecK~e MOAeIl~ npeBpal1.\eH~S'l 08 B np04ecce 

KaTareHe3a xapaKTep~3YIOT reHepa4~1O HecpT~ ~ 

yrneBoAopoAHoro ra3a TOIlbKO Ka4eCTBeHHO, OAHaKO 6oIlbwoe 

~x 3Ha4eH~e 3aKIl104aeTCS'l B TOM, 4TO OH~ cIly~aT ~CXOAHbIM 
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MaTep~anOM ,Qml npOBe,QeH~fl CTpOr~X KOn~4eCTBeHHbIX 

6anaHCOBbiX paC4eTOB reHepal..\~~ HecjJT~, yrneBO,QOpO,QHOro 

ra3a ~ ,Qpyr~x neTy4~x np0,QYKTOB, o6pa3ylOLll~xCfl np~ 

TepM~4eCKOIii ,QeCTpyKI..\~~ OB MaTep~HCK~X nopo,Q B np0l..\eCCe 

KaTareHe3a. 

1.2. 6anaHcoBbie ypaBHeH .. ul ,Qn~ KOmtlleCTBeHHoM 
O,-,eHKIIt reHepa,-,1It1lt He<l>TIIt lit ra3a 

npllt KaTareHe3e 08 nopo,Q 

Kon~4eCTBeHHoe MO,Qen~pOBaH~e np0l..\eCCOB reHepal..\~~ 

HecjJT~ ~ ra3a flBnfleTCfl Ba)l(Heliiw~M 3neMeHTOM B o6Lllelii 

C~CTeMe MO,Qen~pOBaH~fl cjJOpM~poBaH~fl MeCTOpO>K,QeH~1ii ,Qnfl 

nporH03a ~x pecypcoB ~ B03MO)l(HOrO cjJa30Boro COCTOflH~fl 

yrneBO,QopO,QOB. 

MO,Qen~pOBaH~fl np0l..\eCCOB MeTO,Q~Ka 

HecjJTera3006pa30BaH~fl B pa3HbiX HaY4HbiX WKonax 

pa3B~BanaCb no pa3HbiM HanpaBneH~flM. B POCC~~ 

pa3B~Ban~Cb, B OCHOBHOM, 6anaHCOBbie MeTO,Qbl paC4eTOB, B 

MeHbwelii Mepe K~HeT~4eCK~e, nony4~Bw~e w~pOKoe 

pacnpOCTpaHeH~e Ha 3ana,Qe. 

Ha nepBOM :nane (1960-e ro,Qbl) 6bln~ C03,QaHbl 

3Mn~p~4ecK~e MO,Qen~ HecjJTeo6pa30BaH~fl, Ka4eCTBeHHO 

on~CbIBaIOLll~e B03paCTaH~e cO,Qep)l(aH~fl 6~TYMO~,Qa 

(HecjJTflHbiX yrneBo,Qopo,QOB) B opraH~4eCKOM BeLlleCTBe B 

3aB~C~MOCT~ OT rny6~Hbl norpy)l(eH~fl, TeMnepaTypbl ~n~ 

3penOCT~ OB. nepBble TaK~e MO,Qen~ np~Ha,Qne)l(aT 
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E.C. napcKoVi (1964) III M. nYIII (1966). B 1967 r. c.r. HepyyeB 

nOKa3an BnepBble, YTO B03pacTaHlIIe cO,Qep)f{aHlIIfl 6I11TYMolll,Qa B 

OB npolllcxo,QIIIT TonbKO ,QO onpe,QeneHHoVi rny6l11Hbi (Ha 

rpa,Qal..\lIIflX KaTareHe3a MK1 - MK2), nocne yero CHOBa CHlII)f{aeTCfl 

,QO MIIIHIIIMyMa. O,QHOBpeMeHHO B 6I11TYMOIll,Qe CHlII)f{aeTCfl 

cO,Qep)f{aHlIIe HeqnflHblx yrneBO,QopO,QOB III OTHOCIIITenbHO 

B03paCTaeT - accpanbTOBO-CMonlllCTbiX Be~eCTB C BblCOKIIIM 

cO,Qep)f{aHlIIeM reTep03neMeHTOB, YTO Bbl3bIBaeTCfl 

B03paCTalO~eVi 3MlIIrpal..\lIIeVi HecpTflHblX yrneBO,QopO,QOB 1113 

MaTeplllHCKIIIX nopo,Q III 3aTyxaHlIIeM np0l..\eCCOB IIIX reHepal..\lIIl11. 

TaKlIIe MO,QenlII ,QalOT nplll6nlll)f{eHHOe, 3HaYlIITenbHO 

IIICKa)f{eHHOe npe,QCTaBneHlIIe 0 reHepal..\1II111 HecpTIII. nplllYIIIHa B 

TOM, YTO 3MnlllplllyeCKlIIe ,QaHHble 0 cO,Qep)f{aHIIIIII 6I11TYMOIll,Qa 

(HecpTflHbiX YB) B OB paCCYIIITaHbl Ha Ka)f{,QOM YPOBHe rny6l11Hbi B 

% OT OCTaTOYHOVi, a He OT IIIcxo,QHOVi MaCCbl OB B Hayane 

KaTareHe3a III He YYTeHbl KOnlllyeCTBeHHO nocne,QCTBlIIfl 

3M III rpal..\111 III HecpTIII 1113 MaTeplllHCKIIIX nopo,Q. Tenepb )f{e 1II3BeCTHO, 

YTO 3MlIIrplllpOBaBwee KOnlllyeCTBO HecpTIII ,QOCTlIIraeT 70 - 80% OT 

IIICXO,QHOro, a Macca OB YMeHbwaeTCfl K KOHl..\y 3Toro 3Tana 

B,QBoe. 

,Qnfl nonyyeHlIIfl IIICTIIIHHOVi KapTIIIHbl reHepal..\1II111 HecpTIII 

Heo6xo,QIIIMO npolll3Bo,QIIITb 6anaHcoBbie paCyeTbl KOnlllyeCTBa 

reHeplllpoBaHHoVi III 3MlIIrplllpoBaBweVi HecpTIII B ,QonflX OT 

IIIcxo,QHoVi MaCCbl OpraHlIIyeCKOrO Be~eCTBa B Hayane 

KaTareHe3a. 
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C.r. HepY4eBbiM 6blnO YCTaHOBneHO, 4TO YMeHbWeHlI1e 

COAep)KaHlI1fl 6l11TYM0ll1Aa 111 HecpTflHblX YB B OpraHlI14eCKOM 

Bell.\eCTBe 060rall.\eHlI1e OCTaT04Horo 6l11TYM0ll1Aa 

reTep03neMeHTaMlI1 npOIl1CXOAII1T BcneACTBlI1e 3MlI1rpal...lll1l11 HecpTII1. 

TaKlI1e 1I13MeHeHlI1fl HapaCTalOT C POCTOM rny6l11Hbi nOrpY)KeHlI1fl 

MaTepll1HCKII1X nopoA, a Ha OAHO~ rny6l11He - OT l...IeHTpanbHo~ 

4aCTlI1 cnOfl rnll1HII1CTblX MaTepll1HCKII1X nopoA K KOnneKTOPY, B 

KOTOPbl~ npoll1cxoAlI1na pa3rpY3Ka HecpTflHblX yrneBoAopoAOB. 

o KOnll14eCTBe 3MlI1rpll1pOBaBWe~ HecpTII1 MO)KHO CYAII1Tb no 

Benll14l11He K03CPCPll1l...1l11eHTa 3MlI1rpal...lll1l11, KOTOPbl~ onpeAenfleTcfl 

KaK OTHOWeHlI1e 3MlI1rpll1pOBaBWe~ 4aCTlI1 6l11TYMoll1Aa (HecpTII1) K 

II1CXOAHOMY reHepll1poBaHHoMY Kon1l14ecTBY: K3M = ~3M/~reH' 
MaTepll1anbHbl~ 6anaHc 3neMeHTOB (KoMnoHeHTOB) 

6l11TYMoll1Aa B II1CXOAHOM, OCTaT04HOM 111 3MlI1rpll1pOBaBWeM 

6l11TYM0ll1Aax BblrnflAII1T cneAYIOll.\II1M o6pa30M: 

C"CX = CocT(1-KoM) + KOM C 3M 

H"cx = H OCT( 1-KoM ) + K3MH3M 

YB"cx = YBOCT(1-K3M) + K3MYBoM , 

oTKYAa 

rAe 

K = C llex - CoeT 
3M C

JM 
-C

OCT 

H IlCX - HoeT 

HOM - HoeT 

YB llex - YB oeT 
YB'M - YB

OCT 
' 

(1.1 ) 

C"CX, Cocn COM - KOHl...IeHTpal...lll1fl yrnepoAa B II1CXOAHOM, 

OCTaT04HOM 111 3MlI1rpll1pOBaBWeM 6I11TYM0Il1Aax; 

H"cx, H OCT, H3M - KOHl...IeHTpal...lll1fl BOAopOAa B II1CXOAHOM, 

OCTaT04HOM 111 3MlI1rpll1pOBaBWeM 6I11TYM0Il1Aax; 
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KOHL\eHTpaL\IIIH HecpTHHblX 

yrneBoAopOAOB B IIICXOAHOM, OCTaT04HOM III 3MlllrplilpOBaBWeM 

6I11TYMOIilAe. 

5aIlaHC npOL\eCCa reHepaL\1II1II 6111TYMOlilAa IIIMeeT 

CIleAYIOLl.\1II1II BillA: 

(1.2) 

nOCKOIlbKY 1113 OnpeAeIleHIIIH K3M cIleAyeT, 4TO ~3M = K3M ~reH' 

TO 

(1.3) 

reHeplilpOBaHHoe KOIllll4eCTBO 

(MIIIKpOHecpTIII) B % OT MaCCbl OB Ha AaHHOIil cTaAIIIIII KaTareHe3a; 

~OCT - OCTaT04HOe KOIllll4eCTBO 6111TYMOlilAa B % OT MaCCbl 

OB Ha AaHHOIil CTaAIIIIII, a 

K3M - K03CPCPIIIL\lIIeHT 3MlllrpaL\lIIlII. 

TaKIilM 06pa30M, pacnOIlaraH AaHHblMIil 0 COCTaBe 

6I11TYMOIIIAa, MO>KHO AIlH nOCIleAoBaTeIlbHblX ypOBHelll rny6111H 

onpeAeIlIIITb BeIllll4111Hbi K3M , a 3aTeM no BeIllll4111HaM OCTaT04HbiX 

COAep>KaHIIIIII 6111TYMOlilAa B OB onpeAeIlIIITb reHeplilpOBaHHble III 

3MlllrplilpOBaBWllle 1113 MaTepIIIHCKIIIX nopOA KOIllll4eCTBa 

6111TYMOlilAa B paC4eTe Ha Maccy OCTaTo4Horo opraHIII4eCKoro 

BeLl.\eCTBa. 

nOCIle 3Toro Heo6xOAlilMO onpeAeIlIIITb reHeplilpOBaHHble III 

3MlllrplilpOBaBWllle KOIllll4eCTBa HecpTIil B paC4eTe Ha IIICXOAHYIO 

Maccy OB. 
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OCTaTOLlHaH Macca 08 Ha IlI060M 3Tane norpY>KeHII1H (npll1 

YLleTe pacxo,D,a 08 TonbKO Ha reHepaL\1I11O 6I11TYM0Il1,D,a) MO>KeT 

6blTb onpe,D,eneHa KaK 

MO =100- 100~reH 
OCT 100 ACT + tJrell 

(1.4 ) 

MO OCT - OCTaTOLlHaH Macca 08, % OT II1CXO,D,HOIiI, 

~~:H -KOnll1L1eCTSO reHepll1pOSaHHoro 6I11TYM0Il1,D,a Ha ,D,aHHOIii 

CTa,D,1I1111 norpY>KeHII1H, % OT MaCCbl OCTaTOLlHoro 08 Ha ,D,aHHOIii 

CTa,D,II1I11. 

Tor,D,a reHepll1pOSaHHoe, OCTaTOLlHoe 111 3MII1rpll1pOsaswee 

KOnll1L1eCTSa 6I11TYM0Il1,D,OS Ha ,D,aHHOIii CTa,D,1I1111 norpY>KeHII1H S 

pacLleTe Ha II1CXO,D,HYIO Maccy 08 onpe,D,enHeTCH 

AO -A .Mo 
t-' reu - t-' rell OCT (1.5) 

(1.6) 

(1.7) 

npll1 Han 1I1L1 111 111 reOXII1MII1L1eCKII1X ,D,aHHbIX TonbKO 0 

CO,D,ep>KaHII1I11 6I11TYM0Il1,D,a 08 111 0 COCTase 6I11TYM0Il1,D,a 3TOT MeTO,D, 

MO>KeT II1cnonb30saTbCH ,D,nH KOnll1L1eCTSeHHoro MO,D,enll1pOSaHII1H 

Hecj:neo6pa30SaHII1H. Ho OH ,D,aeT nll1Wb npll16nll1>KeHHble 

pe3ynbTaTbl, nOCKonbKY He YLlIl1TblsaeT pacxo,D,a 08 Ha 

o6pa30saHII1e ,D,pyrll1x neTYLlll1x npo,D,yKTOS (CH4, NH 3 , H 2S, CO2). 

OnblT II1cnonb30SaHII1H 3TOro MeTO,D,a paCLleTa 

Hecj:neo6pa30SaHII1H OpraHII1L1eCKII1M SeLl.\eCTSOM 6a>KeHOSCKolii 

CSII1Tbl 3ana,D,HOIii C 1116 111 pili nOKa3an snonHe npll1eMneMble 
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pe3ynbTaTbi. reHepaL\IMl Hecpn1 OL\eHeHa S 27 % OT MaCCbl 

L1CXOAHOra OpraHL14eCKOro selLleCTsa, TorAa KaK npL1 npL1MeHeHL1L1 

60nee cosepweHHoro 6anaHcosoro MeTOAa An51 TaKora )Ke 

canponenesoro OB OHa 6blna OL\eHeHa HaML1 s 28,2 %. 

60nee T04Hbie L1 60nee AeTanbHble pe3ynbTaTbi KaK no 

HecpTe- TaK L1 ra3006pa30SaHL11O MoryT 6blTb nonY4eHbi npL1 

L1CnOnb30SaHL1L1 6anaHcosbiX MOAeneiil, C03AaHHbiX Ha OCHose 

L13Y4eHL151 L13MeHeHL1ii1 :meMeHTHoro COCTasa HepaCTBOpL1MOiil 

4aCTL1 OpraHL14eCKoro selLleCTsa, KOTopble npoL1CXOA51T s 

npoL\ecce KaTareHe3a. 

nepsa51 TaKoro pOAa MOAenb npeAnO)KeHa B.A. YcneHCKL1M 

An51 OL\eHKL1 ra3006pa30SaHL151 npL1 KaTareHeTL14eCKOM 

npeSpalLleHL1L1 OpraHL14ecKoro selLleCTsa ryMycosblx yrneiil (III 

TL1n KeporeHa). 

C Y4eToM Toro, 4TO ryMycosble yrnL1 reHepL1pYIOT 04eHb 

Mano 6L1TYM0L1Aa, s TOM 4L1Cne HecpT51HbIX yrnesoAopoAOS, L1 OHL1 

oCTaIOTC51, s OCHOSHOM, S COp6L1pOSaHHoM COCT051HL1L1 S yrn51x, 

6blnO npL1H51TO, 4TO 3ML1rpL1pOsaswL1e npoAYKTbl reHepaL\L1L1 

COCT051nL1 S OCHOSHOM L13 CH4 , CO2, NH3, H2S L1 H20. ,Qn51 

paC4eTa KOnL14eCTSa reHepL1pYlOlLlL1XC51 neTY4L1X 

npeAnO)KeHa CL1CTeMa L13 10 6anaHcosbiX ypasHeHL1ii1: 
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C j =Cj+1M j+! +CreJi-(i+l)] 

H j = Hj+1M j+1 +HreJi-(i+l)] 

N j = Ni+1M i+1 +NrcJi-(i+l)] 

Si =Si+!M i+1 +SreJi-(i+l)] 

npOAYKTOS 

(1.8a) 

(1.8b) 

(1.8c) 

(1.8d) 



CreH = 12/44C02 + 12/16CH 4 

HreH = 2/18H 20 + 4/16CH 4 + 2/34H 2S + 3/17NH3 

NreH = 14/17NH3 

SreH = 32/34H 2S 

OreH = 16/18H20 + 32/44C02 , 

(1.8e) 

(1.9a) 

(1.9b) 

(1.9c) 

(1.9d) 

(1.ge) 

C;, H;, N, S;, 0; - KOHl..leHTpal..lVlH yrnepo,Qa, BO,QopO,Qa, 

a30Ta, cepbl VI KVlcnopO,Qa B OpraHVlyeCKOM BeLlleCTBe Ha i­

CTa,QVIVI KaTareHe3a; 

C;+1, H;+1, N;+1, S;+1, 0;+1 - KOHl..leHTpal..lVlH yrnepo,Qa, 

BO,QopO,Qa, a30Ta, cepbl VI KVlcnopO,Qa B OpraHVlyeCKOM BeLlleCTBe 

Ha cne,QYKlLlleVi i+1-CTa,QVIVI KaTareHe3a; 

M+1 - OCTaTOYHaH Macca OB Ha i+1-CTa,QVIVI KaTareHe3a. 

AeCHTb ypaBHeHVlVI cO,Qep>KaT 11 HeVl3BeCTHbIX: MaCCbl 5 

:meMeHTOB B npo,QyKTax reHepal..lVlVl, MaCCbl 5 np0,QYKTOB 

reHepal..lVlVl VI OCTaTOYHYKl Maccy OB (M;+1). npVl ycnoBVlVI, YTO 

VlCKOMble BenVlYVlHbl He MoryT VlMeTb OTpVll..laTenbHbiX 3HayeHVlVI, 

B03MO>KHble 3HayeHVlH M;+1 MO>KHO onpe,QenVlTb KaK 

MII20 + MC02 (MCH4) M - 1+1 1+1 1+1 
;+1 - 2 . (1.10) 

Onpe,QenViB OCTaTOYHYKl Maccy OB, MO>KHO paCCYVlTaTb 

KOnVlyeCTBa reHepVlpOBaHHblX np0,QYKTOB. KOppeKTHOCTb 

paCyeTOB npOBepHeTCH 3aTeM no ,QoncnHVlTenbHOMY ypaBHeHVlKl: 

(1.11 ) 
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OnblT npV1Be,o,eHHbIX paC'-IeTOS, npose,o,eHHblX Ha 

npe,o,CTaSL-lTenbHOM MaTepL-lane, nOKa3an, '-ITO HeSfl3Ka HeSenL-lKa 

L-l He npesblwaeT 0,01 - 0,02 %. 

6L-lTYMOL-l,o,a ryMycosblM 08 seCbMa 

He3Ha'-lL-lTenbHa (He 60nee 1,6 %) L-l np0L-lCXO,o,L-lT S ,o,L-lana30He Ro 

0,3 - 0,57. reHepa4L-lfi CO2 ,o,OCTL-lraeT 27,5 % L-l OCYLL\eCTSnfleTCfI 

S OCHOSHOM Ha paHHelii CTa,o,L-lL-l 3penOCTL-l 08 (Ro - 0,2 %). 

reHepa4L-lfi MeTaHa, L-lMelOLL\afl ,o,nfl Hac rnaSHoe 3Ha'-leHL-le, 

,o,OCTL-lraeT 15,3 %. Ha ,o,onlO H20, H2S L-l NH3 S cyMMe 

npL-lXO,o,L-lTCfI ,0,0 27,2 %. 

6anaHCOSbiX paC'-IeTOS 

yrneso,o,opo,o,Horo ra3a, a TalOKe ,o,pyrL-lx neTy'-lL-lX npo,o,YKTOS 

06pa3YIOLL\L-lXCfI npL-l 

KaTareHeTL-l'-leCKOM npeSpaLL\eHL-lL-l canponenesoro 08, :na 

CL-lCTeMa 6anaHcosbiX ypasHeHL-l1ii L-lCnOnb30saHa 6blTb He MO)l(eT. 

n03TOMY ,o,nfl canponenesoro 08 C SbICOKL-lM Hecj:nflHblM 

nOTeH4L-lanOM C.r. HepY'-lesblM pa3pa60TaHa ,o,pyrafl CL-lCTeMa 

6anaHcos~xypasHeHL-lIii. 

vb ypasHeHL-lfl, 6anaHCL-lpYIOLL\ero SbIXO,o, neTy'-lL-lX seLL\eCTS 

Ha L-lcxo,o,Holii L-l cne,o,YIOLL\elil CTa,o,L-lL-l KaTareHe3a cne,o,yeT, '-ITO 

yr -(l_AM).yr AM.yr 
Hex - Ll OCT + Ll reB ' ( 1.12) 

r,o,e 

y~cx - SbIXO,o, neTy'-l\l1x SeLL\eCTS \113 KepOreHa Ha \I1cxo,o,Holii 
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V~CT BblXOA neTy'-ll.1x Bell.\eCTB 1.13 KepOreHa Ha 

nOcneAylOll.\e~ CTaAl.11.1 KaTareHe3a; 

v[rW - COAep>KaHl.1e neTy'-ll.1x Bell.\eCTB B o6pa3ylOll.\I.1XC~ 

npoAYKTax (paBHoe 100%); 

f,.M - nOTep~ MaCCbl 08 Ha reHepalll.11O neTy'-ll.1x npoAYKTOB 

OT I.1CXOAHO~ AO nocneAylOll.\e~ CTaAl.11.1 KaTareHe3a. 

CneAoBaTenbHo nOTeplO MaCCbl 08 Ha reHepalll.11O 

neTy'-ll.1x npoAYKTOB MO>KHO onpeAen~Tb 1.13 npeAblAYll.\erO 

ypaBHeHI.1~ KaK 

v r 
_ V r 

f,.M. = HCX OCT 

1 r r' 
V reH - VOCT 

(1.13) 

a OCTaTO'-lHYIO Maccy 08 nocne nOTepl.1 neTy'-ll.1x npoAYKTOB KaK 

MOCT j = 1-f,.Mj. (1.14) 

Macca XI.1MI.1'-1eCKI.1X :meMeHTOB B I.1CXOAHOM, OCTaTO'-lHOM 

opraHI.1'-1eCKOM 

6anaHcl.1pyeTc~ KaK 

C_cx = (1-f,.M;)COCT + f,.MjCreH 

H_cx = (1-f,.M;)HoCT + f,.M;HreH 

N_cx = (1-f,.Mj)NoCT + f,.MNreH 

S_cx = (1-f,.M;)SOCT + f,.M;SreH 

O_cx = (1-f,.M;)OOCT + f,.M;OreH 

npOAYKTaX reHepalll.11.1 

(1.15a) 

(1.15b) 

(1.15c) 

(1,15d) 

(1.15e) 

V1cXOA~ 1.13 :noro, :3neMeHTHbl~ COCTaB npoAYKTOB 

reHepalll.11.1 onpeAen~eTc~ KaK 

C = C HCX - COCT + f,.MjC OCT 

reH L'l.M 
I 

(1.16a) 
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H
'eH 

= H ltcx - HoeT + L'l.MjH oeT 
L'l.Mj 

N reH 
N ItCX - N OCT + L'l.M j N OCT 

° = 0ltCX -OOCT +L'l.MjO oc, 
relt L'l.M. 

I 

ECTeCTBeHHO, 4TO B 

reHepIi1PYIOLl\Ii1XC5l npOJWKTOB 

(1.16b) 

(1.16c) 

(1.16d) 

(1.16e) 

3neMeHTHOM COCTaBe 

CreH + HreH + NreH + SreH + OreH = 100%. (1.17) 

3TO ypaBHeHli1e n03BOn5leT npOBepli1Tb npaBli1nbHOCTb 

npOBOAIi1MblX pac4eToB 3neMeHTHoro COCTaBa reHepli1pYIOLl\Ii1XC5l 

npOAYKTOB. 

CYMMapHa5l Macca 3neMeHTOB, BXOA5lLl\Ii1X B COCTaB 

reHepli1pYIOLl\Ii1XC5l npoAYKTOB, AomKHa 6blTb paBHa nOTepe 

MaccblOB: 

HalllAeHHb11ll CYMMapHbl1ll 3neMeHTHblill COCTaB 

reHepli1pYIOLl\Ii1XC5l BeLl\eCTB Heo6xOAIi1MO npeACTaBIi1Tb B BIi1Ae 

Ha60pa OCHOBHblX reHepli1pYIOLl\Ii1XC5l npoAYKTOB: HecpTIi1, MeTaHa, 

ero roMonoroB, CO2 , H20, NH3(N2), H2S Ii1 APyrIi1X. 

o npeo6naAaHIi11i1 Toro Ii1nli1 Ii1HOrO npOAYKTa B Ii1X CMeCIi1 

MO}t(HO CYAIi1Tb Aa}t(e no 06Ll\eMY 3neMeHTHOMY COCTaBY. 

COAep}t(aHli1e C - 83 - 85 %, H - 10 - 13 %, 0 + N + S - 5 - 7 % 
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CBIllp,eTenbcTByeT 0 npe06nap,aHIIIIII B npop,yKTaX reHepaL\1II1II Ha 

p,aHHOM 3Tane KaTareHe3a HecpTIII; BblCOKOe COp,ep>KaHlile 

BOp,OpOp,a (15 - 20 %) - 0 npeo6nap,aHIIIIII yrneBop,opop,Horo 

ra3a, BblCOKoe cOp,ep>KaHlile Klllcnopop,a III HIII3Koe - yrnepop,a - 0 

npe06nap,aHIIIIII CO2 (C - 27 %,0 - 73 %). 

Aml pacnpep,eneHIII51 cYMMapHoro 3neMeHTHoro COCTaBa 

reHeplilpYIOll.\eroc51 npop,yKTa Ha OCHOBHble KOMnOHeHTbl ero 

cnep,yeT nepeCYIliTaTb Ha aTOMHble COOTHOWeHIII51: CnHmNoSpOq. 

3neMeHTHblVi COCTaB reHeplilpYIOll.\IIIXC51 IIIHp,IIIBIllp,yanbHblx 

KOMnOHeHTOB (HecpTIII, YB ra3a, P,BYOKIIICIil yrnepop,a, aMMlliaKa, 

ceposop,opop,a, SOp,bl III p,p.) 1113seCTeH. 

Cnoco6oM nepe60pa S03MO>KHbIX COyeTaHIilVi cYMMapHblVi 

3neMeHTHblVi COCTas reHeplilpYIOll.\eroc51 npop,yKTa MO>KeT 6blTb 

npep,cTasneH s slllp,e Ha60pa OCHOSHblX KOMnOHeHTOS. BaplilaHT 

pacnpep,eneHIII51, 

c6anaHClilposaHHOCTlil CIilCTeMbl, cnep,yeT nplllH51Tb KaK Halll60nee 

p,ocTOsepHbIVi. 

PaccMoTplilM 3TO Ha KOHKpeTHOM nplilMepe. B Hayane 

npOTOKaTareHe3a canponenesoe OB xapaKTeplll3yeTC51 

cnep,YIOll.\IIIM COCTaSOM: C"CX - 51,08 %, H"cx - 6,27 %, N"cx -

4,42 %, S"CX - 3,38 %, O"CX - 26,85 %, Vr"CX - 79,46 %. 

B KOHL\e paccMaTplilsaeMoro 3Tana OB COp,ep>KIIIT COCT -

72,97 %, HoCT - 7,12 %, NoCT - 1,57 %, SOCT - 3,22 %, OOCT -

15,12 %, Vr
OCT - 72,32 %. 
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nOTep51 MaCCbl 08 Ha reHepal.\1t11O neTy'-lIt1X npogYKTOB 

7946 -72 32 
onpegen51eTC51 KaK LlM =' , = 0,257 It1nlt1 25,7 % OT 

100-72,32 

MaCCbl It1cxogHoro 08. 

PaC'-leT no nplt1BegeHHblM paHee cpopMynaM nOKa3an, '-lTO 

cYMMapHblrl1 :meMeHTHblrl1 COCTaB reHeplt1pYIOL1lIt1XC51 npogYKTOB 

6bln cnegYIOL1lIt1M: 

CreH - 19,54; HreH - 3,85; NreH - 12,54; SreH - 3,83; OreH - 60,23; 

I = 99,99 %. 

8 aTOMHblX COOTHOWeHIt151X CYMMapHblrl1 COCTaB 

reHeplt1pYIOL1lIt1XC51 npogYKTOB MO)f{eT 6blTb npegcTaBneH 

oKpyrneHHo KaK C16H3gNgS1037. 

CxeMa pacnpegeneHIt151 XIt1MIt1'-leCKIt1X 3neMeHTOB nplt1 It1X 

3KBIt1BaneHTHOM B3alt1Mogerl1cTBIt11t1 C 06pa30BaHIt1eM 

It1Hglt1Blt1gyanbHblX KOMnOHeHTOB Bblrn51glt1T cnegYIOL1lIt1M o6pa30M: 

C16 H39 Ng S1 0 37 

15 + 30 

15C02 

~ 
+4 

4H2O 

Halt1nY'-lWIt1M 06pa30M 6anaHClt1pYIOL1llt1r11C51 Baplt1aHT 

OTBe'-laeT cnegYIOL1leMY Ha60py It1Hglt1Blt1gyanbHblx BeL1leCTB: 
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15C02 + 8NH3 + H2S + N02 + 4H20 + CH4 + OH 

nOCneAHlI1111 'lneH (OH) flBnfleTCfl HeBfl3K0ll1 paC'leTa - He 

XBaTaeT OAHOro aTOMa BOAopOAa Anfl 06pa30BaHillfl MoneKynbl 

BOAbl. 

TaKllle paC'leTbi BeAYTCfl Anfl He60nbWII1X Bbl6paHHbiX 

II1HTepBanOB my6111H (KaTareHe3a). Ha Ka>K,QOM npeAblAYLL\eM 

ypOBHe Macca OB ycnoBHo npll1HII1MaeTCfl 3a 1 (100 %) 111 

KOnll1'leCTBO reHeplllpYIOLL\II1XCfl npoAYKTOB pacc'l111TbiBaeTcfl OT 

Hee. 3aTeM paC'leTOB 

nepeC'l111TbiBalOTCfl B AonflX (npOL\eHTax) OT II1CXOAHOIl1 MaCCbl OB 

Ha HyneBoM ypoBHe KaTareHe3a. 

B CBfl3111 C 60nee WII1POKII1M II1cnonb30BaHilleM B nocneAHllle 

B npaKTII1Ke reOXII1MII1'leCKII1X 

nillpOnll1TII1'lecKoro MeTOAa Rock-Eval HaMill pa3pa60TaHa 

MeTOAII1Ka C03AaHillfl 6anaHCOBbiX KOnll1'leCTBeHHbiX MeTOAOB 

OL\eHKII1 Hecj::ne06pa30BaHlllfl Ha OCHOBe AaHHblX Rock-Eva!. 

BOAOPOAHbl1l1 II1HAeKC HI (S2/Copr) xapaKTepll13yeT, KaK 

C'lIllTaeTCfl, HecpTflHOIl1 nOTeHL\lI1an KeporeHa. Ho, CTpOro roBOPfl, 

HI He HecpTfl H 0111 , a HecpTera30reHepaL\1I10HHblll1 nOTeHL\lI1an OB, 

XOTfl Ha YMepeHHblx CTaAlI1flX 3penOCTill OB (AO Ro 0,85%) OH 

OTBe'laeT, B OCHOBHOM, HecpTflHoMY nOTeHL\lI1any. 

ComaCHO 6anaHCY BeLL\eCTB, cneAyeT: 

HI = (1- flM o
-

i
). HI + flM o

-
i 

. HI o
-

i 
o reli I .eH reH (1.19) 

1113 3Toro cneAyeT, 'lTO nOTepfl MaCCbl KeporeHa Ha 

reHepaL\1I11O YB paBHa 
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· HIo-HI .0.M o-, = ' 
reH HI - HI 

reH I 

a OCTaTOYHa51 Macca KeporeHa 6Y,D,eT pasHa 

Mi = 1- .0.M o
-
i . 

OCT reu 

(1.20) 

(1.21) 

Onpe,D,en5leMa51 no ,D,aHHbIM Rock-Eval OCTaTOYHa51 Macca 

KeporeHa He cosceM cOOTseTcTsyeT II1CTII1HHOVi, nOCKonbKY 

YYII1TbISaeTc51 nOTep51 MaCCbl 08 TonbKO Ha reHepa411110 

yrneso,D,opo,D,OS, a OHa yaCTII1YHO paCXO,D,yeTc5I 111 Ha 

06pa30saHII1e HeyrneSO,D,OpO,D,HbIX npO,D,yKTOS. nOnHa51 nOTep51 

MaCCbl 08 MO>KeT 6blTb onpe,D,eneHa TonbKO no ,D,aHHbIM 06 

1I13MeHeHII1111 SbIXO,D,a neTYYII1X Sell\eCTS, KaK nOKa3aHO paHee. 

no KonneK4111111 06pa340s MaTepll1HCKII1X nopo,D, C KeporeHoM 

II TlI1na (100 06pa340S) S ,D,lI1ana30He KaTareHe3a Ro 0,4 - 3,5 % 

6blnll1 npOSe,D,eHbl paCyeTbl reHepa4111111 HecjJTII1 ,D,SYM5I MeTO,D,aMII1 

- no :meMeHTHOMY cocTasy 08 111 no ,D,aHHbIM Rock-Eva!. 

feHepa411151 >K1I1,D, Kill X 111 ra3006pa3HbiX yrneSO,D,Opo,D,OS, 

paCCYII1TaHHa51 no 3neMeHTHOMY cocTasy 08, OKa3anaCb pasHoVi 

63,5 %, a no ,D,aHHbIM Rock-Eval - HeCKonbKO MeHbweVi -

58,9 %. KaK SII1,D,II1M, pe3ynbTaTbi ,D,OSOnbHO 6n1l13KII1. n03TOMY 

6anaHcosbie paCyeTbl reHepa4111111 HecjJTII1 no ,D,aHHbIM Rock-Eval, 

XOT5I 111 MeHee TOYHbl, HO npll1 OTCYTCTS 111 111 ,D,aHHbIX 06 

3neMeHTHOM COCTase 08 sce >Ke MoryT II1cnonb30SaTbC5I ,D,n51 

np1l16nll1>KeHHOVi 04eHKII1 HecjJTe06pa30SaHII151. 

,Qn51 np1l16nll1>KeHHOVi 04eHKII1 HecjJTe(ra30 )06pa30SaHII151 Mbl 

peKOMeH,D,yeM TaK>Ke II1cnonb30saTb, npll1 OTCYTCTSII1I11 60nee 
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,qeTaflbHblX ,qaHHbIX 06 3fleMeHTHOM COCTaBe OB, BefllllYIIIHbl 

OTHOWeHIliLit H/C. 

no YCflOBIIIHM MaTeplllaflbHoro 6aflaHca, eCfllll nplllHHTb, YTO 

BeCb BOAOPOA pacxo,qyeTcH Ha 06pa30BaHille yrfleBo,qopo,qOB, 

cnpaBeAfllliBo paBeHcTBo: 

(H/C)"cx = (1-~MreHYB)-(H/C)OCT + ~MreHYB·(H/C)YB' (1.22) 

oTKy,qa reHepllipoBaHHoe KOfllllyeCTBO yrneBo,qopo,qOB B 

,qOflHX OT MaCCbl IIIcxo,qHoro OB 6y,qeT paBHO 

I1Mreli = (H/CLx -(H/CtT 
YB (H/C)YB -(H/CtCT 

(1.23) 

npill paCyeTe Ha HecjJTb (H/C)YB nplIIHIliMaeTCH paBHblM 2, a 

nplll paCyeTe Ha MeTaH - 4. 

1.3. Kom.1'-1eCTBeHHble MOAem1 reHepalllou1 Hecpnt ~ ra3a 
B npollecce KaTareHe3a Aflfl OCHOBHblX T~nOB 

08 nopoA 

npill HafllllYlII1II CIliCTeMaTlllyeCKIliX AaHHblX no 3fleMeHTHOMY 

COCTaBY OB HecjJTera30MaTepIIIHCKiliX nopo,q Ha 

nOCfle,qOBaTeflbHblX 3Tanax KaTareHe3a KOfllllyeCTBeHHaH Mo,qeflb 

reHepaLllII1II HecjJTIII III ra3a B nplIIHLllline MO>KeT 6blTb C03AaHa ,qflH 

flIo60Llt HecjJTera30npoIll3Bo,qH~eLlt TOfl~1II flIo60ro 1113yyaeMOrO 

HecjJTera30HocHoro 6aCCeLitHa. O,qHaKo AflH 3TOro Tpe6yeTcH 

orpOMHblLit 06beM ,qeTaflbHblX reOXIIIMlllyeCKIliX IIIccfle,qoBaHIliLit 

OpraHlllyeCKOrO Be~eCTBa, YTO B03MO>KHO ocy~ecTBIIITb nplll 

Hafl lilY III III npe,qCTaBIliTeflbHO oT06paHHoro KepHa TOflbKO B 

TeyeHllle MHorlliX fleT. 
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nO:nOMY Mbl nowm1 no APyroMY nyn1 C03AaHIII51 

KonW-leCTBeHHbIX MOAenelli reHepa~1II1II Hecj:nlll III ra3a An51 

OCHOBHblX reHeTlllyeCKIIIX Till nOB OpraHlllyeCKOrO BelllecTBa, 

KOTopble MoryT 6blTb IIIcnonb30BaHbi B KayeCTBe OCHOBbl An51 

o~eHKIII HecpTera3006pa30BaHIII51 B mo6oM 1113yyaeMOM 

HecpTera30HOCHOM 6accelliHe. ,Qn51 nplllMeHeHIII51 :nlllx MOAenelli 

Heo6xoAlliMO IIIMeTb IIIHcpopMa~1II1O 0 reHeTlllyeCKOM Tiline OB B 

KOHKpeTHoM 1113yyaeMOM 06beKTe III AaHHbie 0 CTeneHIll 

KaTareHe3a OB B HeM. 

npill C03AaHIIIIII 6anaHCOBbiX KOnlllyeCTBeHHblX MOAenelli 

HecpTera3006pa30BaHIII51 HaMill IIIcnonb30BaHbi pe3ynbTaTbi 

MHoroneTHlllx AeTanbHblX reOXIIIMlllyeCKIIIX IIIccneAOBaH1ll1li 

OpraHlllyeCKoro BellleCTBa HecpTera30MaTepIIIHCKIIIX nopOA Bonro­

YpanbcKolli, 3anaAHo-CIII6I11pcKolli, BOCTOYHo-CIII6I11pcKolli 

HecpTera30HOCHbiX o6nacTeili III APyrlllx perlllOHOB POCCIIIIII. 

reHepam130BaHHbie KOnlllyeCTBeHHble MOAenlll reHepa~1II1II 

HecpTIII, YB ra3a III APyrlllx neTYYIIIX npOAYKTOB C03AaHbi An51 

canponeneBoro Tillna OB, An51 rYMYCOBoro Tillna OB, a TaK)I(e An51 

OKClllcop6ocanponeneBoro OB HIII3KIIIX KOH~eHTpa~lIIlIi. 

Halll60nee BblCOKIllM HecpTeMaTeplIIHcKIllM nOTeH~lIIanOM 

xapaKTeplll3yeTC51 canponeneBoe OB (I - II Tlllnbi KeporeHa no 

3anaAHoili TepMIIIHonorllllll). Bce Heo6xoAlliMbie AaHHbie 0 

reHepa~1II1II HecpTIII, YB ra3a III APyrlllx neTYYIIIX npoAYKTOB 

canponeneBblM OB nplllBeAeHbl B Ta6n. 1.1. 
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Ta6JlVll.\a 1.1 
reHepa4HfI HecpTH, YB ra3a H APyrHx IleTYllHx npoAYKTOB canponeIleBblM OB 

KaTareHe3 
Cr 

MOCT 
reHe:)aI...lVl51, % sec. OT VlCXO,[lHOIl1 MaCCbl OB 

Ra% 
HayaJlo 

% % HecpTb 
YB 

CO2 H2S NH3- H2O Inp. reH.+ 
rpa,[lal...lVlVl ra3 N2 +MOCT 

6,0 nK 58,9 100 0,0 0,0 0,0 0,0 0,0 0,0 100 

7,1 MK1 71,0 69,09 0,0 0,91 24,35 0,35 4,21 1,10 100,01 

7,6 MK2 76,5 54,0 8,2 0,91 29,60 1,45 4,60 1,25 100,01 

8,4 MK3 78,6 32,5 28,24 1,33 29,60 2,25 4,60 1,50 100,02 

9,0 MK4 82,2 27,0 28,24 4,00 31,80 2,55 4,80 1,70 100,09 

10,0 MKs 81,5 25,5 28,24 4,50 32,70 2,60 4,80 1,70 100,04 

10,9 AK1 81,3 24,3 28,24 4,80 33,30 2,65 4,91 1,80 100,00 

12,0 AK2 84,3 22,0 28,24 6,30 33,45 2,95 4,95 2,10 99,99 

13,0 AK3 88,2 20,5 28,24 6,70 34,15 3,25 5,00 2,20 100,04 

17,0 AK4 94,5 19,0 28,24 7,20 34,50 3,40 5,00 2,65 99,99 

rpacpVlT 100 17,52 28,24 7,55 34,95 3,50 5,10 3,15 100,01 



vb Hee cneAyeT, '-ITO Ha 3Tane npOTOKaTareHe3a (Ra 6,0 -

7,1) reHepal1V1V1 Hecj:nV1 He npOV1CXOAV1T, a reHepal1V1fl YB ra3a 

BeCbMa He3Ha'-lV1TenbHa - 0,9 % OT MaCCbl V1CXOAHOro OB. 

B Ha'-lane rpaAal1V1V1 MK1 reHepal1V1fl HecjJTV1 canponeneBblM 

OB TalOKe He3Ha'-lV1TenbHafl, HO K Ha'-lany rpaAal1V1V1 MK2 

AOCTV1raeT Y)J{e 8,2 % OT V1CXOAHOJlJ MaCCbl OB. 

npe06naAalOll.\afl '-IaCTb HecjJTV1 (70 %) 06pa3yeTcfl npV1 

TepMV1'-1eCKOJlJ AecTpYKl1V1V1 canponeneBoro OB Ha rpaAal1V1V1 

KaTareHe3a MK2 V1 AOCTV1raeT K Ha'-lany rpaAal1V1V1 MK3 28,24 % OT 

V1CXOAHOJlJ MaCCbl OB B Ha'-lane KaTareHe3a. 3TO TaK Ha3blBaeMafl 

rnaBHafl cjJa3a HecjJTe06pa30BaHV1R reHepal1V1fl YB ra3a Ha 

3Tane V1HTeHCV1BHoro HecjJTe06pa30BaHV1fl BeCbMa 

He3Ha'-lV1TenbHa. 

Ha 60nee BbICOKV1X rpaAal1V1flx KaTareHe3a (OT MK3 AO 

KOHl1a anoKaTareHe3a) reHepal1V1fl HecjJTV1 Y)f{e He npOV1cxOAV1T 

COBepweHHO, HO aKTV1BV13V1pyeTcfl npOl1eCC 06pa30BaHV1fl 

yrneBoAopoAHOro ra3a, B COCTaBe KOToporo npe06naAaeT 

MeTaH. npOflBnfleTCfl rnaBHafl cjJa3a ra3006pa30BaHV1fl. Ha 

rpaAal1V1V1 MK3 reHepal1V1fl YB ra3a COCTaBnfleT 2,67% OT 

V1cXOAHOJlJ MaCCbl OB, K KOHl1Y Me30KaTareHe3a AocTV1raeT 4,5%, 

a K KOHl1Y anOKaTareHe3a - 7,5% OT V1CXOAHOJlJ MaCCbl OB. KaK 

BV1AV1M, OT 70 AO 80% YB ra3a 06pa3yeTcfl nocne 3aBepweHV1fl 

HecjJTe06pa30BaHV1fl, BO BpeMfl npoflBneHV1fl rnaBHOJlJ cjJa3bl 

ra3006pa30BaHV1R 

rYMycoBoe OB 06naAaeT HV13KV1M HecjJTeMaTepV1HcKV1M 

nOTeHl1V1anOM (Ta6n. 1.2). 
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Ta6nlilL\a 1.2 
reHepa4~ul HecpTIII, YB ra3a III APyrlllx IleTY'lIllX npoAYKTOB ryMYCOBblM OB 

KaTareHe3 
Cr 

MOCT 
reHepaL\IiIs:l, % Bec. OT L-1CXOp,HOIII MaCCbl OB 

Ra% 
Ha4ano % % HecpTb 

YB 
CO2 H2S NH3- H2O 

Inp.reH.+ 
rpap,aL\L-1L-1 ra3 N2 +MOCT 

6,0 nK 58,9 100 0,0 0,0 0,0 0,0 0,0 0,0 100 

7,1 MK1 76,0 78,45 0,60 1,55 16,15 0,80 0,15 2,30 100 

7,6 MK2 79,4 71,36 1,64 2,35 20,00 0,85 0,30 3,50 100 

8,4 MK3 84,8 63,41 1,64 3,03 25,80 1,52 0,35 4,25 100 

9,0 MK4 88,3 60,26 1,64 4,15 26,40 1,65 0,40 5,50 100 

10,0 MK5 90,0 58,36 1,64 4,85 26,40 1,65 0,68 6,49 100,07 

10,9 AK1 90,6 57,16 1,64 5,70 26,40 1,65 0,70 6,65 100 

12,0 AK2 91,6 55,21 1,64 7,75 26,40 1,65 0,70 6,65 100,00 

13,0 AK3 93,5 52,76 1,64 8,85 27,20 1,80 1,00 6,75 100,00 

17,0 AK4 94,8 50,41 1,64 10,50 27,50 2,00 1,10 6,95 100,00 

rpacpliIT 100 44,17 1,64 15,27 27,50 2,54 1,75 7,12 99,99 
- -~ 



K Hayany rpa,Qal..\IIWI MK1 reHepal..\lI151 Hecj:lTII1 He npeBblwaeT 

0,6 %, K KOHl..\y rpa,Qal..\1I1111 MK2 He 60nee 1,64 % OT II1CXO,QHOI1 

MaCCbl OB B Hayane KaTareHe3a, a Ha 60nee BblCOKII1X 

rpa,Qal..\1115'1X KaTareHe3a COBceM npeKpaLl\aeTC51. Cna6a51 

reHepal..\lI151 Hecj:lTII1 rYMycoBblM OB Ha rpa,Qal..\lI151x MK1-MK2 

5lBn51eTC51 aHanorOM rnaBHOI1 cj:la3bl Hecj:lTe06pa30BaHII151, 

KOTOpa51 Hall160nee 5lpKO np051Bn51eTC51 npll1 KaTareHe3e 

canponeneBoro OB. YB ra3 reHepll1pyeTC51 rYMycoBblM OB Ha 

Bcex 3Tanax KaTareHe3a, HO HepaBHoMepHo. B npoToKaTareHe3e 

06pa3yeTC51 1,55 % YB ra3a, Ha 3Tane np051BneHII151 rnaBHOI1 

cj:la3bl Hecj:lTe06pa30BaHII151 - Bcero 0,8% OT II1CXO,QHOI1 MaCCbl OB 

B Hayane KaTareHe3a. ,Qanee reHepal..\lI151 YB ra3a 

aKTII1 B 1113 111 pyeTC51 , np051Bn51eTC51 rnaBHa51 cj:la3a ra3006pa30BaHII151. 

K KOHl..\y Me30KaTareHe3a 06pa3yeTC51 5,7 %, a K KOHl..\y 

anOKaTareHe3a - 15,27 % YB ra3a OT II1CXO,QHOI1 MaCCbl OB. 

TaKII1M 06pa30M npe06na,QalOLl\a51 yaCTb YB ra3a (> 80 %) 

06pa3yeTC51 BO BpeM51 np051BneHII151 rnaBHOI1 cj:la3bl 

ra3006pa30BaHII151, nocne cna60ro np051BneHII151 r<l>H. 

4aCTO B MaTepll1HCKII1X nopo,Qax cO,Qep>KII1TC51 He YIl1CTO 

canponeneBoe II1nll1 YII1CTO ryMycoBoe OB, a CMewaHHble cj:lOPMbl 

canponeneBo-rYMYCOBoro 111 ryMycoBo-canponeneBoro OB. 3Ha51 

COOTHOWeHlI1e canponeneBblX 111 ryMycoBblX KOMnOHeHTOB B OB 

1I13yyaeMOrO reonOrll1yeCKOrO 06beKTa 111 II1cnonb3Y51 ,QaHHble Ta6n. 

1.1 111 1.2, MO>KHO paCCYII1TaTb ,Qn51 nlO60ro OB CMewaHHoro 

COCTaBa KOnll1yeCTBa 06pa3YIOLl\eI1C51 Hecj:lTII1 111 YB ra3a 
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nponop4V10HaIlbHO KOIlVlyeCTBY canpOneIleSblX VI ryMycosblX 

KOMnOHeHTOS. 

B Ta6Il. 1.3 npll1Se,ll,eHbl ,ll,aHHble no reHepa4111111 Hecj:>T1I1 111 

ra3a OKcII1cop6ocanponeIlesbiM OB HII13KII1X KOH4eHTpa4111111. 

V1HTeHCII1SHOe OKII1CIleHlI1e OB Ha CTa,ll,1I1111 ,ll,lI1areHe3a 

cYL1\eCTSeHHo nOHII13111IlO ero HecjJTeMaTepll1HcKII1111 nOTeH4I11aIl. 

reHepa4111fl HecjJTII1 OT HayaIla rpa,ll,a4111111 MK1 ,ll,O KOH4a rpa,ll,a4111111 

KaTareHe3a MK2 ,ll,Ilfl :noro TlI1na OB COCTaSIlfleT scero 6,25 % 

(npOTII1S 28,24 % y canponeIlesoro OB). reHepa4111fl YB ra3a 

HeCKOIlbKO Sblwe, yeM y canponeIlesoro OB 111 Ha rpa,ll,a4111111 AK2 

,ll,OCTlI1raeT 10,56 % OT II1CXO,ll,HOIII MaCCbl OB S HayaIle 

KaTareHe3a. 

1.4. Pac 'leT nIlOTHOCTelil reHepa~l1l1 11 3Ml1rpa~1111 
He(jJTl1 11 ra3a 11 CYMMapHblX KOIll1'1eCTB 

reHepl1pOBaHHblX 11 3Ml1rpl1pOBaBWl1X ymeBoAopOAOB 

3HaHII1e reHeTlI1yeCKOrO TlI1na OB, KOH4eHTpa4111111 Copr, 

CTeneHII1 KaTareHe3a OB S 1I13yyaeMbiX HecjJTera30MaTepll1HCKII1X 

nopO,ll,ax 111 II1X MOL1\HOCTII1 ,ll,aeT S03MO)f(HOCTb Onpe,ll,eIlIl1Tb 

nIlOTHOCTb reHepa4111111 HecjJTII1 VI ra3a. 

nIlOTHOCTb reHepa4111111 HecjJTII1 paCCYII1TblSaeTCfl (S T/KM2) 

(1.24) 
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Ra% 

6,5 

7,1 

7,6 

8,4 

9,0 

10,0 

10,9 

12,0 

13,0 

reHepal.{HSI Heq,TH, YB ra3a H APyrHx I1eTYlfHx npoAYKTOB 
OKCHcop6ocanpOneI1eBblM OB HH3KHX KOHl.{eHTpal.{Hlir 

Ta6.nllll1a 1.3 

KaTareHe3 
Cr 

MOCT 
reHepal1l1lfl, % sec. OT IIICXOAHOro OB 

Ha4a.no 
% % 

rpaAal1l1l1ll 
HecpTb YB ra3 CO2 H2S 

nK2 76,5 100 0,0 0,0 0,0 0,0 

MK1 78,0 93,37 0,55 0,90 0,95 0,97 

MK2 80,0 81,74 4,33 3,91 1,98 1,85 

MK3 80,0 70,39 6,25 5,12 2,43 2,98 

MK4 81,6 69,01 6,25 5,28 2,44 4,68 

MKs 83,0 66,69 6,25 6,28 2,72 5,12 

AK1 85,0 64,96 6,25 8,12 3,15 5,66 

AK2 87,0 60,44 6,25 9,66 3,65 6,05 

AK3 88,0 58,94 6,25 10,56 3,78 6,30 



PMn - nIlOTHOCTb MaTeplIIHCKIIIX nopo,Q; 

hMn - MOll..lHOCTb MaTeplIIHCKIIIX nopo,Q; 

Kre
\ - KOacpcplIILjllleHT reHepaLjlll1ll HecpTIII; 

C
r 

- cO,Qep)f(aHllle yrnepo,Qa 8 OB Ha ,QaHHO~ CTa,Q1II1II 

KaTareHe3a; 

MocT - OCTaT04Ha5! MaCCa OB. 

nIlOTHOCTb reHepaLjlll1ll yrne80,QOpO,QHOrO ra3a (8 HM3/KM2) 

paCC4111Tb18aeTC5! KaK 

r,Qe 

C opr • P >In • h Mn • K ~eH • 109 

C r 
. MOCT 

KreH
r - KoacpcplIILjllleHT reHepaLjlll1ll YB ra3a. 

(1.25) 

CYMMapHoe KOIllll4eCT80 HecpTIII, 06pa308a8We~C5! 8 

1113Y4aeMbiX HecpTeMaTeplIIHCKIIIX OTIlO)f(eHIII5!X, onpe,QeIl5!eTC5! KaK 

r,Qe 

QreH = qrell . S 
H H HMn I 

(1.26) 

QreHH - cyMMapHoe KOIllll4eCT80 reHeplllpo8aHHo~ HecpTIII; 

qre\ _ nIlOTHOCTb reHepaLjlll1ll HecpTIII; 

SHMn - nIlOll..la,Qb pacnpocTpaHeHIII5! HecpTeMaTeplIIHcKIIIX 

nopo,Q. 

CYMMapHoe KOIllll4eCT80 yrne80,QopO,QHoro ra3a, 

06pa308a8WerOC5! 8 1113Y4aeMbiX HecpTera30MaTepIIIHCKIIIX 

OTIlO)f(eHIII5!X, onpe,QeIl5!eTC5! KaK 

Qrcll:= reI!. S 
r q r ["Mil ' 

(1.27) 
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Ore"r - cyMMapHoe KOm1I.JeCTBO reHepVlpOBaBwerOCfl YB 

ra3a; 

qre"r - nnOTHOCTb reHepal...lVlVl YB ra3a; 

SrMn nnOl.l.laAb pacnpOCTpaHeHVlfl ra30MaTepVlHCKVlX 

nopoA· 



rnasa 2. 06LltAfi KOm14ECTBEHHAfi MOaEIlb 

rEHEPAU~OHHO-3M~rpAU~OHHbIX ~ nIlACTOBblX 
• 

yrIlEBOaOPOaHblX C~CTEM 

O,QHIII Cnel..jlllanlllCTbl B Hecj:m'lHoC1 reonorllllll 1II3yyafOT 

reHepal..jlllfO HecpTIII III ra3a III 3MlIIrpal..jlllfO o6pa30BaBwlIIxcfI 

yrneBO,QOpO,QOB 1113 MaTeplllHCKIIIX nopo,Q; ,Qpyrllle 

cnel..jlllanlll3l11pYfOTCfI Ha 1II3yyeHlIIlII HecpTeC1, TpeTblII - Ha 1II3yyeHlIIlII 

ra30KOH,QeHCaTOB III ra30B. 

B Ka>K,QoC1 1113 3TlIIX 06naCTeC1 nplllHflTbl CBOIII 

Cnel..jlllcplllyeCKlIIe XapaKTeplllCTIIIKIII 1II3yyaeMbiX yrneBO,QOpO,QHbIX 

cpnfOlII,QOB. TaK Cnel..jlllanIllCTbl, 1II3yyafOLl.\lIIe reHepal..jlllfO III 

3MlIIrpal..jlllfO HecpTIII III ra3a 1113 MaTeplllHCKIIIX nopo,Q, onpe,QenflfOT 

IIIX KOnlllyeCTBa B BeCOBblX ,Qonflx OT IIIcxo,QHoC1 MaCCbl OB III 

xapaKTeplll3YfOT COCTaB o6pa30BaBwlIIxcfI HecpTflHblX YB III ra30B. 

Cnel..jlllanIllCTbl, 3aHflTbie 1II3yyeHlIIeM HecpTeC1, 

xapaKTeplll3YfOT IIIX nnoTHocTbfO, cppaKl..jIllOHHbIM III 

yrneBo,Qopo,QHbIM cocTaBoM, BenIllYIIIHOC1 ra30Boro cpaKTopa 

(06bIYHO M
3
/T), onpe,QenfleMoro B cTaH,QapTHblx ycnoBlIIflx Ha 

nOBepxHocTIII; COCTaBOM pacTBopeHHoro ra3a. Pe>Ke, B OCHOBHOM 

B HecpTenpoMblcnoBOC1 npaKTIIIKe, IIIcnonb3YfOTcfI 

xapaKTeplllCTIIIKIII, nonyyaeMble nplll 1II3yyeH III III nnaCTOBblX 

HecpTeC1. 

Cnel..jlllan IIICTbl , 3aHflTbie 1II3yyeHlIIeM ra30KoH,QeHcaToB, 

xapaKTeplll3YfOT IIIX BenIllYIIIHOC1 KOH,QeHcaTHoro cpaKTopa, 
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2.1. HeKoTopble MeTOAM"leCKlile nplileMbl no 
onpeAeIleHlll1O napaMeTpoB III xapaKTeplilcTIilKe 

YB CIilCTeM 

Ami onpeAeneHL1H nOKa3aTeneVt yrneBoAopOAHblX CL1CTeM 

(ra30Hacblll.\eHHOCTL1, 06beMHOVt AOnL1 HecpTHHblX (ra30Bblx) YB B 

CL1CTeMe, KOHAeHcaTHoro cpaKTopa) 3ML1rpL1pOBaBWL1e BeCOBble 

KOnL14eCTBa HecpTL1 L1 ra3a nepeC4L1TbIBanL1Cb B 06beMHbie C 

Y4eTOM TeMnepaTYP L1 AaBneHL1Vt OT BenL14L1H, CBOVtCTBeHHblX 

30HaM reHepaL.\L1L1 YB, AO nOBepXHOCTL1. 

npL1 3TOM 6bln0 npL1HHTO, 4TO 4L1CTaH HecpTb 6e3 

paCTBopeHHoro ra3a npaKTL14eCKL1 HeC)I{L1MaeMa L1 

xapaKTepL13yeTcH cpeAHeVt nnOTHOCTblO 0,8 TiM
3 

BO BceM 

AL1ana30He rny6L1H, ecnL1, KOHe4HO, He npOL1CXOAL1nO ee 

BTOPL14HbIX L13MeHeHL1Vt BcneACTBL1e rL1nepreHe3a L1 APyrL1X 

npL14L1H. 

B L1Aeane 3TO, KOHe4HO, He COBceM T04HO - npL1 

B03paCTaHL1L1 AaBneHL1H 06beM HecpTL1 HeCKonbKO YMeHbwaeTCH, 

a npL1 YBenL14eHL1L1 TeMnepaTypbl - B03paCTaeT. OAHaKO 

Aera3L1pOBaHHaH HecpTb xapaKTepL13yeTcH 04eHb HL13KL1M 

K03CPCPL1L.\L1eHTOM C)I{L1MaeMOCTL1 - nopHAKa (4-7).10.10 
na,1 [2]. 

K03CPCPL1L.\L1eHT TepML14eCKOro paCWL1peHL1H Aera3L1pOBaHHOVt 

HecpTL1 TaK)I{e HeBenL1K - (9-18)·10,4 1fc [2]. C B03paCTaHL1eM 

rny6L1Hbl POCT AaBneHL1H BeAeT K He3Ha4L1TenbHOMY C)I{aTL11O 

HecpTL1, a OAHOBpeMeHHblVt POCT TeMnepaTypbl K ee 

paCWL1peHL1IO. Y4L1TbIBaH 3TO, MO)l{HO C4L1TaTb, 4TO 06beM L1 
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nnOTHOCTb Hecj:nlll BO BCeM ,qlllana30He rny611lH npaKT1Il4eCKlIl He 

l!13MeHflfOTCfl. 

YTO KacaeTCfl ra3a, TO TyT KapTlIlHa nplllHl..jlllnlllanbHO lIlHafl -

06beM 1Il nnOTHOCTb ra3a 3Ha411lTenbHO, MHoroKpaTHo 

l!13MeHflfOTCfl B 3aBlIlClIlMOCTlIl OT COCTaBa ra3a, TeMnepaTypbl 1Il 

,qaBneHlIlfl. 

nnOTHOCTb ra3a nplll COOTBeTCTBYfOLl.\lIlX P 1Il T 

paCC411lTbiBanaCb B COOTBeTCTBlIllll C cpopMynoili MeH,qeneeBa­

KnailinepOHa KaK 

nn M .p 
p, =S,317(T+273) 

a 06beM ra3a onpe,qenflnCfl paBHblM 

ynn 
r nJ] 

Pr 

M - MoneKynflpHblili Bec ra3a; 

P - nnaCTOBoe ,qaBneHlIle, Mna; 

T - nnaCTOBafl TeMnepaTypa, DC; 

Or - MaCCa ra3a, m. 

(2.1 ) 

(2.2) 

Bonpoc 0 T04HOCTlIl paC4eTOB no onpe,qeneHlIlfO 06beMOB 

ra3a B nnaCTOBblX ycnoBlIlflX lIlMeeT Ba)f{HOe 3Ha4eHlIle. 

He06xo,qlllMO 3HaTb HaCKonbKO paC4eTHbie 

COOTBeTCTBYfOT lIlCTlIlHHbIM. Anfl BblflCHeHlIlfl :noro Bonpoca 

paC4eTHbie Ben1ll411lHbi 06beMOB ra3a B nnaCTOBblX ycnoBlIlflX no 

cepllllll np06 6blnlll conOCTaBneHbl C cpaKT1Il4eCKlIlMlIl Ben1ll411lHaMlIl, 

onpe,qenfleMblMlIl 3KcneplllMeHTanbHO Ha YCTaHOBKax P-V-T. 
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OKa3anOCb (PL-1c. 2.1), YTO Me>K,D,Y paCyeTHblML-1 ,QaHHbIML-1 L-1 

cpaKTL-1yeCKL-1ML-1 ,Qa>Ke Ha rny6L-1He 4 - 5 KM cYl1.\eCTByeT 

yCTO~YL-1Bafl npflMafl CBfl3b. PaCyeTHble BenL-1YL-1Hbl o6beMoB ra3a 

OKa3anL-1Cb CL-1CTeMaTL-1yeCKL-1 HL-1>Ke cpaKTL-1yeCKL-1X 3HayeHL-1~ B 

cpe,QHeM Ha 20 %, YTO ,Qnfl TaKL-1X 06l1.\L-1X nOCTpOeHL-1~, no 

HaweMY MHeHL-1fO, BnonHe npL-1eMneMO. 
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PIIIC. 2.1. CooTHoweHllle Me>K,L:\Y 3KcnepIIIMeHTaIlbHo 

onpe,QeIlHeMblMIII III paC'IeTHbIMIII 3Ha'ieHIIIHMIII o6beMa ra3a B 

nIlaCTOBblX YCIlOBIIIHX Ha my6111Hax 3,8 - 5,0 KM 



COCTas ra3a, reHeplt1pyeMoro canpOneneSblM SeU.jeCTSOM, 

Ha 3Tane Me30KaTareHe3a nplt1HIt1ManCH S COOTSeTCTSlt11t1 C 

3KCneplt1MeHTanbHblMIt1 ,lJ,aHHbIMIt1 cne,lJ,YIOU.jIt1M (sec. %): N2 -

0,36; CO2 - 0,57; CH4 - 49,70; C2H6 - 16,82; C3 - 15,19; C4 -

10,51; C5 - 6,83, MoneKynHpHbl~ sec OKono 30. Ha 3Tane 

anOKaTareHe3a COCTas ra3a nplt1HIt1ManCH TaKIt1M )l{e, KaK ,lJ,nH 

ryMycosoro OB (sec.%): N2 - 0,36; CO2 - 0,5; CH4 - 95,00; C2H6 

- 2,5; C3 - 1,6; C4 - 0,04; C5 - 0,0, MoneKynHpHbl~ sec OKono 20. 

AnH CMewaHHoro Tlt1na OB COCTas ra3a 6bln nplt1HHT 

cpe,lJ,HIt1M Me)l{,lJ,y HIt1MIt1 C MoneKynHpHblM seCOM OKono 25. C 

Y4eToM 06beMos ra3a It1 HecpTIt1 nplt1 ,lJ,aHHbIX P It1 T 

paCC41t1TbiSanacb ra30HacblU.jeHHocTb CIt1CTeMbl s M3 ra3a Ha 1 M3 

HecpTIt1 It1 06beMHaH ,lJ,OnH HecpTIt1 (ra3a) s yrneso,o,opO,lJ,HO~ 

CIt1CTeMe (s % 06.). 

KaK 1t13SeCTHO, nplt1 pacTSOpeHlt11t1 ra3a s HecpTIt1 06beM ee 

ysenlt14lt1saeTcH. CYMMapHbl~ 06beM HecpTIt1 It1 ra3a, 

pacTsopHIOU.jerocH s He~, nplt1 ,lJ,aHHbIX P It1 T onpe,o,enHncH KaK 

VH+r =1+Vr. 

no nplt1HHToMy s XIt1MIt1It1 MeTO,lJ,y, s03paCTaHIt1e 06beMa 

paCTsopa onpe,lJ,enHeTCH CYMMapHO~ Macco~ paCTSOplt1TenH It1 

paCTsopeHHoro seU.jeCTBa, OTHeceHHO~ K Cpe,lJ,He~ nnOTHOCTIt1 

paCTSOplt1TenH It1 paCTsopeHHoro seU.jeCTsa. B HaweM cnY4ae: 

1V+V = QH+Q r 

u pr TlIl (1 ) p" +Pr -n 
(2.3) 

1VH + Vpr - 06beM HecpTIt1 C pacTsopeHHblM ra30M, 
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Q H - MaCCa eAIiIHIiIYHOrO 06beMa HecpTIiI. 

Q r - Macca paCTBopliIBwerOCfl ra3a. 

PH - nnOTHOCTb HecpTIiI. 

Pr - nnOTHOCTb ra3a. 

n - BeCOBafl Aonfl HecpTIiI B paCTBope. 

B HecpTenpOMbicnOBOVI npaKTIiIKe YBenlilyeHlile 06beMa 

HecpTIiI nplil paCTBopeHliI1iI B HeVi ra3a (o6beMHblll! K03CPCPlill1li1eHT) 

onpeAenfleTCfl 3KcnepIiIMeHTanbHO Ha YCTaHOBKe PVT no 

OTHoweHlil1O 06beMa nnaCTOBOVI HecpTIiI C paCTBopeHHblM ra30M K 

06beMY Aera31i1pOBaHHOVI HecpTIiI. 

npaBOMOYHOCTb paCCMOTpeHHblX nOAXOAOB no Ol1eHKe 

YBenlilyeHlilfl 06beMa HecpTIiI nplil paCTBopeHliI1iI B Hell! ra3a 

cneAyeT iii 3 conOCTaBneHlilfl pe3ynbTaTOB. nonyyeHHblX C 

IiIcnonb30BaHlileM Bcex Tpex cnoco60B (pIiIC. 2.2). Ha plilC. 

xopowo BIiIAHO B03pacTaHlile o6beMa HecpTIiI C paCTBOpeHHblM 

ra30M B 3aBlilCIiIMOCTIiI OT BenlilYIiIHbl ra30Boro cpaKTopa HecpTIiI. 

ECTecTBeHHo. YTO yeM 60nbwe ra30BblVi cpaKTOp. TeM 60nbwe 

AOn)l(eH YBenlilYIiIBaTbCfl 06beM HecpTIiI C paCTBOpeHHblM B HeVi 

ra30M. 

CYMMapHblVi 06beM HecpTIiI iii paCTBopfllOU.\erocfl B Hell! B 

nnaCTOBblX ycnoBlilflX ra3a no paCCyeTHblM AaHHblM B03paCTaeT 

nplil YBenlilyeHliI1iI ra30Boro cpaKTopa Ha MIiIHIiIManbHOM ypOBHe 

(pIiIC. 2.2). 3TO BnonHe nOHflTHO - paCyeTHble 3HayeHlilfl o6beMa 

ra3a B nnaCTOBblX ycnoBlilflX OKa3anlilCb CIilCTeMaTliIyeCKIiI 

HeCKonbKO MeHbwe cpaKTliIyeCKlilx. onpeAenfleMblx Ha 

YCTaHoBKax PVT. 
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til PIilC. 2.2. YBelllll'leHllle o6beMa He¢TIII B nllaCTOBblX YCIlOBIIISlX B 3aBIIIClilMOCTlil OT ra30Boro ¢aKTopa -



Bem1Yli1Ha CYMMapHOrO 06beMa HecpTli1 C paCTBOpeHHblM B 

HeC1 ra30M, onpeAeneHHa51 no npli1H51TOMY B Xli1Mli1li1 cnoco6y, 

B03paCTaeT Ha MaKCli1ManbHOM ypOBHe, a Benli1Yli1Hbl 

3KCnepli1MeHTanbHO onpeAen51eMblX 06beMHbiX K03CPCPli1Ljli1eHTOB 

- Ha cpeAHeM Me>KAY Hli1Mli1 ypOBHe. 

PaCyeTbl no YBenli1yeHli1to 06beMa HecpTli1 npli1 paCTBOpeHli1li1 

B HeC1 ra3a np0li13BOAli1nli1Cb B Ka>KAOM cnyyae, eCTeCTBeHHO, C 

yyeTOM KOHKpeTHoro COCTaBa ra3a, ero MoneKyn51pHoro Beca li1 

nnOTHOCTli1 npli1 COOTBeTcTBytoll\li1X AaBneHli151X li1 TeMnepaTypax. 

fa30HaCblll\eHHOCTb yrneBoAopOAHOC1 Cli1CTeMbl B M3 ra3a 

Ha 1 M3 HecpTli1 npli1 cooT-BeTcTBytoll\li1X P li1 T 5lBn51eTC51 He 

TOnbKO YAo6HbiM conOCTaBli1MbIM nOKa3aTeneM pa3nli1YHblX 

yrneBoAopOAHblX Cli1CTeM, HO li1 AaeT B03MO)f{HOCTb npli16nli1)f{eHHO 

OLjeHli1Tb B03paCTaHli1e 06beMa HecpTli1 npli1 paCTBOpeHli1li1 B HeC1 

ra3a. 

nOcne 3Tli1X npeABapli1TenbHblX 

C006pa)f{eHli1C1 nepeC1AeM HenocpeACTBeHHO K xapaKTepli1CTli1Ke 

yrneBoAopOAHblX Cli1CTeM, reHepli1pyeMblx pa3nli1YHbIMli1 Tli1naMli1 

OpraHli1yeCKOrO Bell\eCTBa MaTepli1HCKli1X nopoA, li1CnOnb3Y51, B 

OCHOBHOM, o606ll\eHHble 

ra30HaCblll\eHHOCTb li1 o6beMHa51 AOn51 HecpTli1 (ra3a) B 

yrneBoAopoAHOC1 Cli1CTeMe npli1 cooTBeTcTBytoll\li1X AaBneHli151X li1 

TeMnepaTypax. 
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2.2. XapaKTeplIICntKa YB clllcTeM, o6pa3ylO~lIIxcH 
III 3MlllrplllpylO~lIIx 1113 MaTeplIIHCKIIIX nopo,q 

C pa3fllllYHblMill TlllnaMIll OB 

PaC'-IeTHble xapaKTep~CT~K~ ymeBoAopOAOB, 

06pa3ylOLl.\~XCfl ~ 3M~rp~pylOLl.\~X ~3 MaTep~HCK~X nOpOA C 

pa3HblM~ T~naM~ OpraH~'-IeCKOrO BeLl.\eCTBa np~BeAeHbl B Ta6n. 

2.1. 

nOCTpoeHHble Ha OCHOBe 3T~X AaHHblX p~c. 2.3 ~ 2.4 

HamflAHO 3aKOHOMepHoe 

nOKa3aTene~ ymeBoAopoAHblX C~CTeM, 3M~rp~pylOLl.\~X ~3 

MaTep~HcK~X nopoA B KOnneKTOpa Ha nocneAOBaTenbHblX 

3Tanax npOL~ecca Hecj:)Tera3006pa30BaH~fl. 

B C~CTeMe ymeBoAopOAOB, ~3 

nopoA C canponeneBblM OpraH~'-IeCK~M 

BeLl.\eCTBOM, ra30COAep>KaH~e B nnaCTOBblX ycnoB~flx K Ha'-lany 

rpaAaL\~~ KaTareHe3a MK1 AOBonbHO BblCOKoe - 3,85 M3/M3 

HecpTflHblX YB, TO eCTb flBHO npeo6naAaeT ra3. 06beMHafl AOnfl 

HecpT~ B C~CTeMe 20,6 %. B cTaHAapTHblx ycnoB~flx Ha 

nOBepxHocT~ 3TO~ C~CTeMe cooTBeTcTByeT HecpTb C BbICOK~M 

ra30BbiM cpaKTOpOM, nopflAKa 728 M3/M3 (900 M3/T). Ho TaK~X 

HecpTe~ 3M~rp~pyeT O'-leHb Mano, He 60nee 1,8% OT o6Ll.\ero 

KOn~'-IeCTBa HecpT~, o6pa3ylOLl.\e~cfl B MaTep~HCK~X nopOAax C 

canponeneBblM OB. V1 BPflA n~ OH~ o6pa3ylOT caMOCTOflTenbHble 

CKonneH~fl. 
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XapaKTepHCTHKa YB npOAYKTOB reHepa,-,HH 

Ii' ro c:: 
s 

s s S ::t: -::f 
::;; s () ::t: l- I- s ro 
>:: -::fro 

0 OJ 0::-8- I-eo 0. 
cti r:; ::t: S -8-0 OJ eo 

ro Ii' ro '" 0. m ro OJ OJ s ::t:O ::t: s :=;rOJ >- ro ::t:::t:eo S -::f OJ I-
~..t: S ::t: o.::t: I- t:{ro §-0::0 -::fro 

::t: __ 

ID OJ '- ~ ro OJ e S 0. c:: 1-_ 
::;; S I- -8-,- c:: I-

>-* o ro 0. :0::2: S OJ ro -
r:; >- OJ 

::;; -::f __ 
-8- s -::fe ::t: ro r:; I- m ro I-L-o. e >-0. (') ::;; ro ro 0.'" ro ro 0 ro ~ '- ::T >:: ::;; ()OJ o (') 0.1-

0 ro OJ b ::t: ~ 
'- (') ::;; e f- S 

I ro OJ ::;; ::;; 
r:; '-

(1) >-c: () 

canpOneneBOe OB 
1,8 MK, 70 18 0,05 0,010 0,005 0,0045 
2,5 MK2 87 25 0,082 0,3 0,0246 0,0091 
3,0 MK3 105 30 0,2824 0,8 0,20132 0,0133 
4,0 MKs 140 40 0,2824 0,9 0,02824 0,0450 
5,0 AK2 175 50 0,2824 0,95 0,01412 0,0630 

rYMYCOBoe OB 
1,8 MK, 70 18 0,006 0,10 0,0006 0,0155 
2,5 MK2 87 25 0,0164 0,3 0,00432 0,0235 
3,0 MK3 105 30 0,0164 0,8 0,00820 0,0303 
4,0 MKs 140 40 0,0164 0,9 0,00164 0,0485 
5,0 AK2 175 50 0,0164 0,95 0,00082 0,0775 

CMewaHHoe OB 
1,8 MK, 70 18 0,028 0,1 0,0028 0,0100 
2,5 MK2 87 25 0,0492 0,3 0,01196 0,0163 
3,0 MK3 105 30 0,1494 0,8 0,1047 0,0218 
4,0 MKs 140 40 0,1494 0,9 0,02646 0,04675 
5,0 AK2 175 50 0,1494 0,95 0,00340 0,07025 

C POCTOM norpY)j(eHII1H MaTeplI1HCKII1X nopo,lJ" K HayaI1Y 

rpa,lJ,a~1I1111 MK2, ra30HaCblLl\eHHOCTb B CII1CTeMe 3MlI1rpll1pYfOLl\II1X 

yrneBO,lJ,OpO,lJ,OB 3HaYII1TeI1bHO YMeHbwaeTcH ,lJ,O 0,59 

M
3
ra3aiM

3
Hecj:lTII1. 06beMHaH ,lJ,OI1H Hecj:lTII1 B CII1CTeMe 

yrneBO,lJ,OpO,lJ,OB B03pacTaeT ,lJ,O 62,8%. 
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Ta6nvll.\a 2.1 

L... L... (j) (j) '" ro 
[JJ\Cii- '" :2 s: L... 

I ra30HaCbl 
:;;; :;;; 

I I':: 
rom ra30HaCbl- s: 0 s: (j) s:- (j) L... 

f- o.I L... 

:3 ""-@O UjeHHOCTb 
UjeHHOCTb I-~o... () C L... 

((l -
C~CTeMbl, B- m- x S:.nr-: ;" i': o s: L... f-

C~CTeMbl, () f- I f-
0::-;:: M3ra3a (j);"J5 .U f-B-M3ra3a [JJB-S: f- 0 s: M3Hect>T~ I I 

-&:1: o (j) ::fa> MJHect>T~ :2 
(j) I m(j)o... 
:2 Q) x (j) I CIl c np~ (j) ro >-IX I g- o "" o.ro Ha nosepx- .0 
(j) q . , -

L... f- AaHHbix f- f- M .n ID 
[JJ 

s: C') HOCT~ \0 () s: B-CIlI 0 0 ro 
P~T 0 0. L... I () M :2 s: c ro 

(I) () c (j) ro 
(1J 

(j) 
L... I q 

:I: m 

canponeneBoe 08 
0,00455 3,85 728 20,6 207792 1098 0,91 
0,00455 0,59 147,9 62,8 1355932 5406 0,18 
0,00420 0,08 16,68 92,59 10000000 47961 0,02 
0,0317 3,101 898 24,38 257981 890 1,12 
0,0187 4,41 1059 18,48 181405 755 1,32 

rYMYCOBOe 08 
0,0155 158,9 20666 0,62 5034,6 38,7 25,83 
0,0080 9,25 1481,4 9,75 86448 540,0 1,85 
0,0068 3,49 663,4 22,27 229226 1205,9 0,83 
0,0182 38,6 8878,0 2,52 20725 90,1 10,97 
0,0290 108,8 28292,6 0,910 7387,9 28,27 35,36 

CMewaHHoe 08 
0,0100 20,40 2857,1 4,672 39215,68 280 4,38 
0,0063 2,63 434,48 38,02 304182,5 1841,2 0,52 
0,0055 0,2211 83,76 81,89 3619909,5 9551,0 0,052 
0,0249 3,273 885,55 23,40 244424,0 903,39 0,94 

0,02355 23,57 5541,17 4,48 37541,06 144,37 6,91 

B CTaH,lJ,apTHblx YCIlOBV1HX Ha nOBepxHocTV1 3TO 

cooTBeTcTByeT Hecj:HV1 C ra30BbiM cpaKTOpOM 148 M3/M3 (185 

M31T). TaKV1x HecpTeC1 TalOKe cpaBHV1TeIlbHo MaIlO, He 60Ilee 9 % 

OT o6ll.\ero KOIlV14eCTBa, reHepV1pyeMoro canponeIleBblM OB. 
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TUnbl OB MamepUHCKUX nopoo: C - canpOneneSblU, CM - CMeWaHHbIU, 1- ilYMYCOSbIU. - HecjJmb; - - il830KoHoeHcam; 
20 M3/T - ila30sblu cjJaKmop HecjJmu (s cmaHoapmHblx ycnosuflx); 115 r/M3 - KOHoeHcamHblu cjJaKmop (s cmaHoapmHblx 
ycnosuflx); 1466 r/Mj - ycnosufl o6pa30saHufi ila30KoHoeHcama c oaHHou KOHl.jeHmpaL./ueu HecjJmflHblx YB S ila3080u cjJa3e (8 
cmaHoapmHblX ycnosuflx) no 3KcnepUMeHmanbHbiM oaHHblM 

PIIIC, 2,3, XapaKTeplilCTIilKa ra30COAep>KaHIII~ CIilCTeMbl ymeBoAopoAHblX 4>I1IOIIIAoB, 3MlllrplilpylO1lIlliX 1113 

MaTeplIIHCKIIIX nopOA C 08 
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Tunbl 08 MamepuHcKuX nopoo: C - canponene8blu, CM - cMewaHHblu, 
r - ZYMYC08blU 
- HecjJmb; 
- - za30KoHoeHcam; 
16 M3/M 3 - za308blu cjJaKmop HecjJmU (8 CmaHOapmHblX ycno8uRx); 
715 r/M3 - KOHoeHcamHblu cjJaKmOp (8 CmaHOapmHblX ycno8URX) 

P...,C. 2.4 CO,Qep>KaH...,e He!f>ulHblx ymeBo,Q0p0,QOB (%06.) 
B C...,CTeMe ymeBO,Qop0,QHbIX !f>111O"",QOB, 3M...,rp""pylO~""X ...,3 

MaTep...,HCK...,X nopo,Q C OB 

57 



Ha rpaAa4VlVl KaTareHe3a MK2 VlHTeHCVlBHOCTb reHepa4VlVl 

HecpTVl AOCTVlraeT MaKCVlMYMa. 06pa3yeTcfI Vl 3MVlrpVlpyeT Vl3 

MaTepVlHCKVlX nopoA 60nee 70 % HecpTVl. ra30COAep)l(aHVle B 

CVlCTeMe 3MVlrpVlpylOI.l.\VlX yrneBoAopoAOB B nnaCTOBblX ycnoBVlflx 

CHVl)l(aeTCfI AO MVlHVlMyMa - 0,08 M3/M3. 06beMHafl Aonfl 

HecpTflHblX YB B CVlCTeMe 3MVlrpVlpylOI.l.\VlX YB B nnaCTOBblX 

ycnoBVlflx AOCTVlraeT 92,6 %. B cTaHAapTHblx ycnoBVlflx Ha 

nOBepxHocTVl 3TO~ CVlCTeMe YB cOOTBeTCTByeT HecpTb C HVl3KVlM 

ra30BbiM cpaKTOpOM - 16,7 M3/M3 (20,8 M
3/T). it1MeHHo TaKVle 

HecpTVl HaVl60nee xapaKTepHbl Anfl MaTepVlHcKVlX OTnO)l(eHVl~ C 

canponeneBblM opraHVl4ecKVlM Bel.l.\eCTBOM. npVl npoflBneHVlIiI 

r<l>H iii 3 HIiIX 3MlilrpVlpyeT B npeo6naAalOI.l.\eM KOnVl4eCTBe 

CIiICTeMa yrneBoAopOAOB C HIiI3KIiIM ra30COAep)l(aHVleM B 

nnaCTOBblX ycnoBlilflX, B 061.l.\enpVlHflTOM nOHIiIMaHliI1iI 

COOTBeTCTBYlOl.l.\afl HecpTflM C HVl3KVlM ra30BbiM cpaKTOpOM. 

HanpliIMep, IiIMeHHO TaKVle HecpTIiI XapaKTepHbl Anfl 

BepXHeAeBOHCKVlX-HIiI)I(HeKaMeHHoyronbHblx OTnO)l(eHIiI~ Bonro­

YpanbCKO~ HecpTera30HOCHO~ 06naCTIiI, IiICT04HVlKOM KOTOPblX 

6blna AOMaHIiIKOBafl CBIiITa C canpOneneBblM OB. no AaHHblM 

Jl.3. Ko6nOBO~ iii AP. ra30Bbl~ cpaKTOp 3TVlX HecpTe~ B npeAenax 

BepXHeKaMCKO~ BnaAVlHbl iii nepMcKoro CBOAa COCTaBnfleT OT 5 -

10 AO 30 - 40 M
3
/T. 

TaKVlMIiI )l(e AOBonbHO HIiI3KVlMVl ra30BblMIiI cpaKTopaMIiI 

xapaKTepVl3YlOTCfI Vl HecpTVl HIiI)I(Hero Mena WlilpoTHoro nplilo6bfl 

3anaAHo~ CIiI6Ii1PIiI, IiICT04HIiIKOM KOTOPblX 6blno canponeneBoe 

opraHIiI4ecKoe Bel.l.\eCTBO 6a)l(eHOBCKo~ CBIiITbl. BenVl4VlHa 
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ra30Boro cpaKTOpa COCTaBn51eT 06blYHO OT 9 - 13 ,[10 30 -

50 M3/M3. 

nocne 3aBepWeHVl51 r<!JH C HayanOM VlHTeHCVlBHoro 

ra3006pa30BaHVl51 xapaKTep yrneBO,[lOpO,[lHblX cpnIOVI,[IOB, 

3MVlrpVlpylOLl.\VlX Vl3 MaTepVlHcKVlX nopo,[l C canponeneBblM OB, 

Vl3MeH51eTC51. 5blCTPO npVlHL\VlnVlanbHO 

B03pacTaeT ra30HaCblLl.\eHHOCTb 

yrneBO,[lOpO,[lHblX cpnIOVI,[IOB. 

B KOHL\e Me30KaTareHe3a, K Hayany rpa,[laL\VIVI MK5, 

ra30CO,[lep>KaHVle B 3MVlrpVlpYIOLl.\eVl yrneBO,[lOpO,[lHOVI CVlCTeMe B 

nnaCTOBblX ycnOBVl51X B03paCTaeT ,[10 3,1 M
3
/M

3
, a 06beMHa51 

,Qon51 HecpT51HbIX YB B CVlCTeMe CHVI>KaeTC51 ,[10 24,4 %. B 

cTaH,[IapTHblx ycnOBVl51X Ha nOBepxHocTVI ra30BblVi cpaKTop TaKoVi 

YB CVlCTeMbl cooTBeTcTByeT nOYTVI 900 M3/M3 (1125 M3/T). TaKa51 

yrneBO,[lOpO,[lHa51 CVlCTeMa 06blYHO 5lBn51eTC51 ra30KOH,[IeHCaTHoVl, 

cO,Qep>KaLl.\eVl B nnaCTOBblX ycnOBVl51X 258 Kr HecpT51HbIX 

yrneBO,[lOpO,[lOB Ha 1 M3 C>KaTOrO ra3a. B ycnOBVl51X nOBepXHOCTVI 

OHa B 06Ll.\enpVlH51TOM nOHVlMaHVIVI COOTBeTcTByeT 60raTOMY 

ra30KOH,[IeHcaTY, cO,[lep>KaLl.\eMY 890 r HecpT51HbIX YB Ha 1 M3 

ra3a. 

To >Ke caMoe npO,[lOn>KaeTC51 VI B 60nee rny60KoVi 30He B 

Hayane anOKaTareHe3a. ra30HaCblLl.\eHHOCTb 3MVlrpVlpYIOLl.\eVl 

yrneBO,[lOpO,[lHOVI CVlCTeMbl ,[IOCTVlraeT 4,41 M
3
/M

3
, 06beMHa51 

,Qon51 HecpT51HbIX YB B CVlCTeMe CHVI>KaeTC51 ,[10 18,5 %. ra30BblVi 

cjJaKTop B cTaH,QapTHblx ycnOBVl51X Ha nOBepXHOCTVI ,[IOCTVlraeT 

1050 M3/M3 (1323 M
3/T). CVlcTeMa yrneBO,[lOpO,[lOB 5lBn51eTC51 

59 



ra30KOHAeHcaTHoill 111 COAep)f(lIIT B nnaCTOBblX ycnoBIIIHx 181 Kr 

HecjnHHblx YB Ha 1 M3 C)f(aTOrO ra3a, 4TO B cTaHAapTHblX 

ycnoBIIIHx Ha nOBepxHocTIII cooTBeTcTByeT ra30KoHAeHcaTY, 

cOAep)f(aLl.\eMY 755 r HecjnHHblx YB Ha 1 M3 ra3a. 

I-1TaK, 1113 MaTeplIIHCKIIIX nopoA C canpOneneBblM OB Ha 

Ha4anbHOill CTaAlII1II Hecj:lTera3006pa30BaHIIIH B He6onbWOM 

KOnlll4eCTBe 3MlllrplllpyeT yrneBoAopOAHaH CIIICTeMa C AOBOnbHO 

BblCOKOill ra30HaCblLl.\eHHOCTbfO - HecpTIII C ra30BbiM cpaKTOpOM, 

YMeHbWafOLl.\IIIMCH OT 700 AO 150 M3/M3. 3aTeM 

ra30HaCblLl.\eHHOCTb 3MlllrplllpYfOLl.\eill YB CIllCTeMbl 6blCTPO 111 

CYLl.\eCTBeHHO CHIII)f(aeTCH, B KOnneKTOpbl 

npeo6naAafOLl.\ee Konlll4eCTBO HecpTeill C HIII3KIIIM ra30BbiM 

cpaKTOpOM. 3TO 111 eCTb Tlllnlll4Hbie HecpTIII, o6pa30BaBwlllecH B 

MaTeplIIHcKIIIX nopoAax C canponeneBblM OB. 

C Ha4ana npoHBneHIIIH r<l>r HanpaBneHHocTb B 1113MeHeHIIIIII 

3MlllrplllpYfOLl.\IIIX YB CIllCTeM MeHHeTCH Ha o6paTHYfO. 6blCTPO 111 

3Ha4111TenbHO B03pacTaeT ra30HaCblLl.\eHHOCTb YB CIllCTeMbl - OT 

0,08 AO 4,4 M
3
/M

3
, o6beMHaH AonH HecpTHHblX YB CHlII)f(aeTCH OT 

92 AO 18 %. 06pa3YfOTcH 111 3MlllrplllpYfOT 1113 MaTeplIIHCKIIIX nOpOA 

ra30KOHAeHCaTbl, COAep)f(aHllle HecpTHHblX YB B KOTOPblX B 

C)f(aTblX ra3aX B nnaCTOBblX ycnoBIIIHX AOCTlllraeT 180 - 260 Kr/M
3
, 

4TO B cTaHAapTHblx ycnoBIIIHx cooTBeTcTByeT ra30KOHAeHcaTaM, 

cOAep)f(aLl.\IIIM 755 - 890 r/M
3 

HecpTHHblX yrneBoAopoAOB. 3TO 

nOATBep)f(AaeTCH 3KcnepIIIMeHTanbHblMIII AaHHblMIII T.n. )/(Y3e 111 

AP. nplII TeMnepaType 200°C 111 AaBneH1II1II 88 Mna cOAep)f(aHllle 

KOHAeHcaTa B C)f(aTOM ra3e AOCTlllrano 212 Kr/M
3
, 4TO B 
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CTaHAapTHblX ycnoB~HX OTBeyaeT ra30KOHAeHcaTY, 

cOAep)KaLl.\eMY 628 r/M3. 

HanpaBneHHocTb B ~3MeHeH~~ yrneBoAopoAHblX C~CTeM, 

06pa3ylOLl.\~XCH ~ 3M~rp~pylOLl.\~X ~3 MaTep~HcK~X nopoA C 

rYMYCOBblM OB Ha nocneAOBaTenbHblX CTaA~HX npollecca 

HectJTera3006pa30BaH~H Ta )Ke caMaH, YTO ~ Y MaTep~HcK~X 

nopoA c canponeneBblM OB (p~c. 2.3; 2.4). Ho ~3MeHeH~H YB 

c~CTeMbl npo~cxoAHT Ha cOBepweHHo APyroM ypoBHe 

ra30HacblLl.\eHHOcTb Ha Bcex 3Tanax 3M~rpall~~ YB ~3 

MaTep~HcK~X nopoA c ryMycoBblM OB B AeCHTK~ pa3 Bblwe, yeM 

B YB C~CTeMax, pO)K,[laeMblX canponeneBblM OB. 

B Hayane rpaAall~~ KaTareHe3a MK1 (P = 18 Mna, T = 
70DC) ra30COAep)KaH~e B 3M~rp~pylOLl.\ell1 C~CTeMe YB B 

nnaCTOBblX ycnoB~Hx COCTaBnHeT 158,9 M3/M3 HecpT~, 06beMHaH 

AonH HecpT~ B C~CTeMe YB 0,62 %. B cTaHAapTHblx ycnoB~Hx 

3TO OTBeyaeT 6eAHoMY ra30KoHAeHcaTY, cOAep)KaLl.\eMY 38,7 r 

HecpTHHblX YB Ha 1 M3 ra3a, C ra30HaCblLl.\eHHOCTblO 20666 M3/M3 

HecpTHHblX YB. nonyyeHHbl1l1 pe3ynbTaT OKa3anCH HeCKonbKO 

HeO)K~AaHHbIM, ecn~ yyeCTb 06Ll.\enp~HHToe ~, B 06 Ll.\e M , 

npaB~nbHoe MHeH~e 06 06pa30BaH~~ nepB~YHbiX 

ra30KOHAeHcaTOB Ha 60nbw~x rny6~Hax, nocne npOHBneH~H 

r<l>H. OAHaKo np~ 3TOM He yY~TblBanaCb B03MO)KHOCTb OyeHb 

BblCOKOIl1 ra30HaCblLl.\eHHOCT~ YB C~CTeMbl Y)Ke B Hayane 

Me30KaTareHe3a, CBOIl1CTBeHHaH MaTep~HCK~M nopOAaM C 

ryMYCOBblM OB. 
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3KcnepVlMeHTanbHbie AaHHbie T.n. )KY3e nOATBep>K,lJ,afOT, 

4TO B ycnOBVl51X, COOTBeTCTBYfOll\VlX Ha4any Me30KaTareHe3a (P = 

19,6 Mna, T = 55 - 100°G), AelilcTBVlTenbHo B03MO>KHO 

o6pa30BaHVle ra30KoHAeHcaTa C KOHAeHcaTHblM cpaKTOpOM AO 

58,3 -100 r/M3. 

TaKVlM o6pa30M, HeCOMHeHHO, 4TO npVl BblCOKOIii 

ra3006V1nbHocTVI Y>Ke B Ha4ane Me30KaTareHe3a B MaTepVlHcKVlX 

nopoAax C rYMycoBblM OB AelilcTBVlTenbHo o6pa3yeTC51 VI 

3MVlrpVlpyeT B KOnneKTOpbl 6eAHa51 ra30KOHAeHCaTHa51 CVlCTeMa 

(5 Kr HecpT51HbIX YB Ha 1 M3 C>KaTOrO ra3a B nnaCTOBblX ycnOBVl51X, 

VlnVl 38,7 r/M3 
- B cTaHAapTHblx ycnOBVl51X Ha nOBepxHocTVI). 

Ha cneAYfOll\eM 3Tane (Ha4ano rpaAa l...IVI VI MK2) 

ra30HaCblll\eHHOCTb 3MVlrpVlpYfOll\elil YB CVlCTeMbl YMeHbWaeTC51 

B nnaCTOBblX ycnOBVl51X AO 9,25 M3/M3 npVl o6beMHolii Aone 

HecpT51HbIX YB 9,75 %. COAep>KaHVle HecpT51HbIX YB B C>KaTOM 

ra3e B nnaCTOBblX ycnOBVl51X COCTaBn51eT 86 Kr/M
3
. B 

cTaHAapTHblx ycnOBVl51X Ha nOBepxHocTVI 3Ta YB CVlCTeMa 

OTBe4aeT ra30KoHAeHcaTY C cOAep>KaHVleM HecpT51HbIX YB 

540 r/M
3
, xapaKTepVl3YfOll\eMYC51 ra30HaCblll\eHHOCTbfO 

1481 M3/M3 HecpulHblX YB. 

,D,anee, K KOHl...IY rpaAal...lVlVl KaTareHe3a MK2, VlHTeHCVlBHOCTb 

reHepal...lVlVl VI 3MVlrpal...lVlVl HecpT51HbIX YB AOCTVlraeT MaKCVlMYMa. 

ra30HaCblll\eHHOCTb yrneBoAopoAHOIii CVlCTeMbl 

YMeHbWaeTC51 AO MVlHVlMyMa - 3,49 M
3
/M

3
, a o6beMHa51 AOn51 

HecpT51HbIX YB B CVlCTeMe B03paCTaeT AO 22 %. B cTaHAapTHblx 

ycnOBVl51X Ha nOBepxHocTVI 3Ta YB CVlCTeMa OTBe4aeT 
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BbICOKora30HaCblLl.\eHHO~ Hecj:n1i1 C ra30BbiM cj:>aKTOpOM 663 M3/M3 

(828 M
3/T). 

TaKIi1M o6pa30M, AmI MaTepli1HCKIi1X nopoA C rYMycoBblM OB 

npli1 np05lBneHIi11i1 f<l>H xapaKTepHbl o6pa30BaHIi1e Ii1 3Mli1rpal..\li151 

Hecj:>TIi1 C BblCOKIi1M ra30BbiM cj:>aKTOpoM. 

feHepal..\li151 Hecj:>TIi1 Ha 3TOM 3Tane npeKpaLl.\aeTC5I. Ho 

3Mli1rpal..\li151 OCTaBWIi1XC5I B MaTepli1HCKIi1X nopoAax Hecj:>T5IHbIX YB 

npoAOn>KaeTC5I COBMeCTHO C aKTIi1BHO 06pa3YIOLl.\Ii1MC5I Ii1 

ra30M. B COOTBeTCTBli11i1 C 3TIi1M 

ra30HaCblLl.\eHHOCTb CIi1CTeMbl 3Mli1rpli1pYIOLl.\Ii1X YB K KOHl..\y 

Me30KaTareHe3a nOBbIWaeTC5I AO 38 M
3
/M

3
, a o6beMHa51 Aon51 

Hecj:>T5IHbIX YB B CIi1CTeMe CHIi1>KaeTC5I AO 2,52 %. B cTaHAapTHblx 

ycnoBIi151x Ha nOBepXHOCTIi1 TaKa51 CIi1CTeMa yrneBoAopoAOB 

xapaKTepli13yeTc5I BeCbMa BbICOKO~ ra30HaCblLl.\eHHOCTblO -

8878 M3/M3 Hecj:>T5IHbIX yrneBoAopoAOB Ii1 cOAep>KaHli1eM 

Hecj:>T5IHbIX yrneBoAopoAOB paBHblM 90,2 r/M
3
, TO eCTb 3TO 

ra30KOHAeHcaT CO CpaBHIi1TenbHO HIi13KIi1M KOHAeHcaTHblM 

cj:>aKTOpOM (B nnaCTOBblX ycnoBIi151x 20,7 Kr/M
3 

C>KaToro ra3a). 

B KOHl..\e Me30KaTareHe3a Ha4ane anOKaTareHe3a 

ra30HaCblLl.\eHHOCTb CIi1CTeMbl YB, 1i13 

MaTepli1HCKIi1X nopoA C ryMycoBblM OB, AOCTli1raeT B nnaCTOBblX 

ycnoBIi151x MaKcli1MYMa - 108,8 M3/M3 Hecj:>T5IHbIX YB, a o6beMHa51 

Aon51 Hecj:>TIi1 B CIi1CTeMe - MIi1HIi1MyMa - 0,9 %. B cTaHAapTHblx 

ycnoBIi151X Ha nOBepXHOCTIi1 3Ta YB CIi1CTeMa xapaKTepli13yeTc5I 

3KcTpeManbHo BbICOKO~ ra30HaCblLl.\eHHOCTblO - 28292 M3/M3 

Hecj:>T5IHbIX YB Ii1 BeCbMa HIi13KIi1M KOHAeHcaTHblM cj:>aKTOpOM -
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28,2 riM3. To eCTb 3TO 6e,ll,Hb1Vi He<tmlHbIM~ yrI1eBO,ll,0p0,ll,aM~ 

ra30KOH,ll,eHCaT (7,3 Kr HecjJTHHblX YB Ha 1 M3 C>KaTOro ra3a B 

nnaCTOBblX ycnoB~Hx). 

B 60nee >KeCTK~X TepMO,ll,~HaM~4ecK~x ycnoB~Hx B 30He 

anOKaTareHe3a ~3 MaTep~HcK~X nopo,ll, C rYMycoBblM OB 

3M~rp~pyeT ra3, npaKT~4eCK~ Y>Ke He CO,ll,ep>Kall.\~V1 HecjJTHHblX 

yrneBO,ll,OpO,ll,OB. 

0606ll.\aH pe3ynbTaTbi paC4eTOB no MaTep~HCK~M 

OTnO>KeH~HM C rYMYCOBblM OB, Cne,ll,yeT OTMeT~Tb, 4TO OT 

Ha4ana Me30KaTareHe3a ,ll,0 rpa,ll,aL1~~ KaTareHe3a MK2 ~3 H~X 

3M~rp~pyIOT B KOnneKTOpa ra30KOH,ll,eHCaTHble yrneBO,ll,OpO,ll,Hble 

C~CTeMbl C KOH,ll,eHCaTHbIM cjJaKTOpOM, nOBbIWalOll.\~MCH OT 38 -

40 riM3 
,ll,0 400 - 500 riM3. 

Ha rpa,ll,aL1~~ MK2 cna60 npoHBnHeTcH f<l>H ~ ~3 

MaTep~HcK~X nopo,ll, 3M~rp~pyeT HecjJTb C BbICOK~M ra30BbiM 

cjJaKTOpOM - 60nee 600 M
3
i M3 (>800 M

3JT). nocne 3aBepweH~H 

f<l>H CHOBa, KaK ~ Ha nepBOM 3Tane, ~3 MaTep~HCK~X nopo,ll, 

3M~rp~pyIOT ra30KOH,ll,eHCaTbl. KOH,ll,eHcaTHbIVi cjJaKTop ~x C 

POCTOM rny6~Hbl ~ TeMnepaTypbl 3Ha4~TenbHO CH~>KaeTCH - OT 

90 ,ll,0 28 riM3. B 60nee >KeCTK~X TepMO,ll,~HaM~4ecK~x ycnoB~Hx 

~3 MaTep~HcK~X nopo,ll, 3M~rp~pyeT yrneBo,ll,opo,ll,HbIVi ra3, 

npaKT~4eCK~ He cO,ll,ep>Kall.\~V1 pacTBopeHHblx HecjJTHHblX 

yrneBO,ll,OpO,ll,OB. 

C~CTeMa yrneBO,ll,OpO,ll,OB, ~ 

3M~rp~pylOll.\aH ~3 MaTep~HcK~X nopo,ll, co CMewaHHblM 

canponeneBo-rYMycoBblM OB (50 % canponeneBblX ~ 50 % 
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ryMYCOBblX KOMnOHeHTOB ), 3aHIllMaeT, eCTeCTBeHHO, 

npOMe)KYTOYHOe, cpe,o,Hee npill TOVI 

HanpaBneHHOCTIll 1113MeHeHIII~ napaMeTpOB yrneBO,o,OpO,o,HOVI 

CIllCTeMbl. 

Ha HayanbHOM 3Tane 1113 MaTeplIIHCKIIIX nopO,o, 3MlllrpillpyeT 

He60nbWOe KOnlllyeCTBO ra30KOH,o,eHCaTOB. fa30HaCblLlleHHOCTb 

YB CIllCTeMbl B nnaCTOBblX ycnoBIII~X COCTaBn~eT 20,4 M3/M3 

HecpT~HbIX YB, 06beMHa~ ,o,on~ HecpTIll - 4,6 %. KOH,o,eHCaTHbIVi 

cpaKTop B nnaCTOBblX ycnoBIII~x COCTaBn~eT 39 Kr/M
3 

C)KaToro 

ra3a, YTO B CTaH,o,apTHblx ycnoBIII~x OTBeyaeT BenlllYIllHe 280 r/M3. 

,Qanee ra30HaCblLlleHHOCTb 3MlllrpillPYlOLlleVi YB CIllCTeMbl 

CHIII)KaeTC~, 06beMHa~ ,o,on~ HecpT~HbIX YB B03pacTaeT. npill 

npo~BneHIIIIII f<l>H 3MlllrpillpyeT HecpTb, B CTaH,o,apTHblx ycnoBIII~x 

xapaKTepIll3yIOLlla~c~ ra30BbiM cpaKTOpOM ,0,0 430 M3/M3 (537 

M3/T). Ha 60nee n03,o,HIIIX 3Tanax CHOBa B03paCTaeT 

ra30HaCblLlleHHOCTb yrneBO,o,OpO,o,HOVI CIllCTeMbl B nnaCTOBblX 

ycnoBIII~X, CHayana ,0,0 3,2 M3/M3, a 3aTeM ,0,0 23 M3/M3 HecpT~HbIX 

yrneBo,o,OpO,o,OB, 06beMHa~ ,o,on~ HecpT~HbIX YB B CIllCTeMe 

CHIII)KaeTC~ CHayana ,0,0 23,4 %, a nOTOM III ,0,0 4,4 %. 

B CTaH,o,apTHblx ycnoBIII~x nOBepxHocTIll 3TO cooTBeTcTByeT B 

06LllenpVlH~ToM nOHIllMaHlII1II cneKTpy ra30KOH,o,eHCaTOB C 

KOH,o,eHCaTHbIM cpaKTOpOM OT 900 r/M
3 

,0,0 144 r/M3. B 60nee 

>KeCTKIIIX TepM06apillyeCKIIIX ycnoBIII~x KOH,o,eHCaTHbIVi cpaKTop YB 

CIllCTeMbl npo,o,On)KaeT CHIII)KaTbC~ III, HaKOHe4, 3MlllrpillpyeT ra3, 

npaKTlllyeCKIll He cO,o,ep)KaLllIIIVl HecpT~HbIX YB. 
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B l..\enOM, npOBe,[leHHble paCLfeTbl nOKa3anl!1, LfTO 1!13 

MaTepl!1HCKI!1X nOpO,[l C pa3HblMI!1 reHeTI!1LfeCKI!1MI!1 Tl!1naMI!1 OB 

3MI!1rpl!1pyeT B KOnneKTOpbl BeCbMa Wl!1pOKI!1~ CneKTp 

yrneBO,[lOpO,[lHbIX cpnKlI!1,[10B - OT CaMblX HI!13KOra30HaCbILlleHHbIX, 

OTBeLfaKlLllI!1X B nOBepXHOCTHblX ycnoBl!1flX HecpTflM C HI!13KI!1M 

ra30BbiM cpaKTOpOM ,[10 BbICOKOra30HaCbILlleHHbIX, OTBeLfaKlLllI!1X 

6e,[lHb1M ra30KOH,[IeHCaTaM 1!1 ra3aM. 

1I13MeHeHI!1fl napaMeTpOB yrneBO,[lOpO,[lHbIX CI!1CTeM OT 

rny61!1HHbiX 30H I!1X reHepal..\l!11!1 1!1 3MI!1rpal..\I!11!1 ,[10 nOBepXHOCTI!1, 

KOTOpble ,[IOmKHbl npOI!1CXO,[lI!1Tb npl!1 CHI!1)KeHI!1I!1 ,[IaBneHl!1fl 1!1 

TeMnepaTYPbl B aBTOHOMHO~ YB CI!1CTeMe (6e3 nOTepb KaKI!1X­

nl!160 KOMnOHeHTOB) npl!1 BOCXO,[lflLlle~ BepTI!1KanbHO~ Ml!1rpal..\l!1l!1 

I!1nl!1 npl!1 ,[I06b1Lfe 1!13 CKBa)KI!1Hbl, nOKa3aHbi Ha Pl!1c. 2.3 1!1 2.4 

cooTBeTcTBYKlLllI!1MI!1 KpI!1BbIMI!1. 

npl!1Mepbl pacLfeToB ,[Infl YB CI!1CTeM, 06pa30BaBWI!1XCfl 1!1 

3MI!1rpl!1pOBaBWI!1X B KOnneKTOpbl Ha rny61!1He 5 KM, nOKa3aHbi Ha 

pl!1c. 2.5 1!1 npl!1Be,[leHbl B Ta6n. 2.2. 

npl!1 Tex )Ke caMblX BeCOBblX KOnl!1LfeCTBax HecpTflHblX YB 1!1 

ra3a 06beM ra3a, Hanpl!1Mep, ,[Infl canponeneBoro OB npl!1 

cooTBeTcTBYKlLlleM YMeHbweH1!11!1 ,[IaBneHl!1fl 1!1 TeMnepaTypbl 

,[IOn)KeH B03pacTaTb B aBToHoMHO~ YB CI!1CTeMe OT 0,0795 ,[10 

18,17 M
3
, TO eCTb B 235 pa3. ra30HacblLlleHHocTb CI!1CTeMbl 

,[IOn)KHa B03pacTaTb OT 4,5 ,[10 1059 M
3
/M

3
, TO)Ke B 235 pa3, a 

KOH,[IeHCaTHbl~ cpaKTop - YMeHbwaTbcfl OT 177,6 Kr/M
3 

,[10 755 

r/M
3
, TO eCTb TO)Ke B 235 pa3. 
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PIo1C. 2.5. B03pacTaHIo1e o6beMoB ra30BoH cjJa3bl 101 YMeHbweHlo1e KOH,QeHcaTHbIX cjJaKTopoB (nplo1 
nOCTOSlHCTBe Macc HecjJTSlHblX 101 ra30BbiX YB), np0lo1cxoAfll1lee nplo1 nO,QbeMe YB CIo1CTeM, 

o6pa30BaBwIo1xcSI Ha my6101He 5 KM 1013 MaTeplo1HCKIo1X nopo,Q C OB 



ro 
:I: 

Ta6IlV14a 2.2 
1f13MeHeHHs\ B YB CHCTeMax, o6pa30BaBwHxcs\ 

npH 3MHrpa~HH YB H3 MaTepHHcKHX nopo,Q C pa3HblMH 

THnaMH OB OT 30Hbl reHepa~HH (my6HHa 5 KM) 

npH nO,QbeMe K nOBepxHocTH 

KOHAeHcaT- ra30HaCbl-
06beM Hbl~ ll1eHHOCTb 

ra3a cjJaKTOp C~CTeMbl 

:s; ::< 
~'" 

3MVlrpal..\Vl5I 3MVlrpal..\Vl5I (M3) np~ r HecjJT~i 
M3ra3a 

np~ 

HecjJn1, r ra3a, T COOTBeT- COOTBeTC-

C CTBylOll1~X np~ TBylOll1~X P ~ 
P~T COOTBeTCT- T M3ra3ai 

BYlOll1~X P ~ T M
3
HecbTVl 

can p one Il e B 0 e OB 
5 14120 0,0187 0,0795 177610 4,5 
4 14120 0,0187 0,0813 173677 4,6 
3 14120 0,0187 0,0857 164760 4,85 
2 14120 0,0187 0,133 106165 7,53 
1 14120 0,0187 0,239 59079,4 13,54 
0 14120 0,0187 18,7 755,4 1059 

rYMycoBoe OB 
5 820 0,029 0,111 7387 108,8 
4 820 0,029 0,126 6507,9 122,9 
3 820 0,029 0,152 5394 148,2 
2 820 0,029 0,207 3961 201,9 
1 820 0,029 0,371 2210 361 
0 820 0,029 29,0 28,27 28292 

CMewaHHoe OB 
5 3400 0,02355 0,10 34000 23,57 
4 3400 0,02355 0,102 33333 24,00 
3 3400 0,02355 0,112 30357 25,88 
2 3400 0,02355 0,1682 20214 39,52 
1 3400 0,02355 0,3019 11262 80,50 
0 3400 0,02355 23,55 144 5541 

TaK >Ke, HO, KOHeLlHO, Ha APyroM ypoBHe BeAYT ce6S1 

nOKa3aTeIlV1 yrneBoAopoAHblX CPIlIOV1AOB B aBTOHOMHblX 
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CVlCTeMax, 06pa30BaBWVlXCfI VI 3MVlrpVlpOBaBWVlX Vl3 MaTepVlHCKVlX 

nOPOA C rYMYCOBblM VI CMeWaHHblM TVlnaMVI OB (Ta6n. 2.2). 

2.3. nJ1aCTOBble YB CIr1CTeMbl MecTopo>KAeHIr1I1t 
ymeBoAopoAOB 

AHanorW-IHbIM cnoc060M npOBeAeHbl paC4eTbi Vl3MeHeHVlfI 

napaMeTpoB Anfl WVlPOKOro cneKTpa yrneBoAopOAHblX cpnlOViAoB, 

A06blBaeMbix Vl3 pa3Ho06pa3Hbix MeCTOpO>K,t:leHVlVI - OT HecpTeVi C 

He60nbwVlM ra30BbiM cpaKTopoM - 30 M3/r (24 M3/M3) AO ra30B, B 

KOTOPblX ra30COAep>KaHVle COCTaBnfleT 160000 M3 Ha 1 M3 

HecpTflHblX yrneBoAopoAOB, a KOHAeHcaTHblVi cpaKTop paBeH 

5 r/M3. 

CpeAHfIfI nnOTHOCTb ra3a B cTaHAapTHblx ycnoBVlflx 6blna 

npVlHflTa B pac4eTax paBHoVi 0,001 r/M3, a COCTaB ra3a VI ero 

nnOTHOCTb npVl cooTBeTcTBylO~Vlx AaBneHVlflX VI TeMnepaTypax 

KaK y CMewaHHoro canponeneBo-rYMycoBoro OB. Pe3ynbTaTbi 

pac4eToB npVlBeAeHbl B Ta6n.2.3 VI nOKa3aHbi Ha pVlC. 2.6 VI 2.7. 

CepVlfl napannenbHblx KpVlBblX xapaKTepVl3yeT BCIO raMMY 

nnaCTOBblX yrneBoAopoAHblX cpnlOViAoB MeCTopO>K,t:leHVlVI B 

WVlPOKOM AVlana30He rny6V1H, TeMnepaTYP VI AaBneHVlVI - OT 

rny6V1HHb1X 30H reHepa4V1V1 AO nOBepxHocTVI. 

HaViMeHee ra30HaCbl~eHHafl HecpTb, xapaKTepVl3ylO~aflcfI 

B cTaHAapTHblx ycnoBVlflx nOBepxHocTVI ra30COAep>KaHVleM 

24 M3/M3 (30 M3/T), npVl 06pa30BaHVIVI B rny6V1HHoVi 30He 

npoflBneHVlfI r<t:>H VlMena B nnaCTOBblX ycnoBVlflx COBceM VlHbie 

xapaKTepVlcTVlKVI. 

69 



:;; 
'" r:i 
s; 
I 
Ql 

'" >-
Q. 
'-
0 
c 
ro 
I 
s; 

1O 
>-
C; 

L 

1 

° 1 
2 
3 
4 
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° 1 
2 
3 
4 
5 

-

Ta6nli1l...\a 2.3 
\I13MeHeHMSI CMCTeMbl nllaCTOBblX YB Q>llIOMAOB B 3aBMCMMOCTM OT rny6MHbl, 

TeMnepaT ypbl M AaBneHMSI B HeApax 

!ll ro 
Ql >- '" s; Ql s; ~ Q. ro s; '-

U I >< C '" I~ 
0 Ql :D '" ro s; 

~ cf!.Q}I- Ql '-
cO C; I I" a30HaCbll!.\eH- nepBI-I4HOe '- Q. I- 3 "'. CD )~ ~ s: ~ c :s: Q. ro I>: '- o >-
~ c[ro .... 

!ll HOCTb CI-ICTeMbl AaBneHl-le ~t;o.. 
o Ql 

I '" 
ro QlC B- >- M

3
ra3a HaCbll!.\eHI-ISl 

)~ ~ Q.. .... ro 
Ql :;; s; . .ll Ql CD o '-

Q. 0::2; I Ql 
M

3
HecpTI-I 

Q) <J ~ I .... .... 
Ql '" Ql CD HecpTI-I :;; u 0 c 0 <oJ::: :D '" CD 0 Ql s; 0 o s; 

:;; I npl-l COOTB. P 1-1 T ra30M Mna 1Os;0 CD .... .... 
I>: O .... U '" u u 0B-Ql u :;; 

I- ro .... 
B-

1O CD U Ql 
C; '" B- 0 Ql I Ql 

C ro Ql I !ll 
L :r: 

2 3 4 5 6 7 8 9 10 
30 33333 24 4 96 0,03 

70 18 2605863 0,307 76,5 23,5 0,03 
87 25 4597701 0,174 85,17 14,83 0,03 
105 30 6557377 0,122 4,16 89,28 10,72 0,03 
140 40 7079646 0,113 89,84 10,16 0,03 
175 50 8000000 0,10 90,90 9,1 0,03 

50 20000 40,0 2,43 97,57 0,05 
70 18 15625500 0,512 66,13 33,87 0,05 
87 25 2807017 0,285 77,82 22,18 0,05 
105 30 4255319 0,188 6,19 84,1 15,9 0,05 
140 40 4624277 0,173 88,49 11,51 0,05 
175 5o __ L 

4705882 0,1J 84,74 15,26 0,05 
----



· IpogOJl>KeHV1e TaL- .. _._ n 6 
1 2 3 4 5 6 7 8 9 10 ° 100 10000 80,0 1,23 98,77 0,1 
1 70 18 780487 1,025 49,38 50,62 0,1 
2 87 25 1401050 0,571 63,65 36,35 0,1 
3 105 30 2122015 0,377 10,5 72,99 27,01 0,1 
4 140 40 2305475 0,347 74,23 25,77 0,1 
5 175 50 2352941 0,34 74,6 25,4 0,1 ° 125 8000 1000 0,99 99,01 0,125 
1 70 18 625000 1,28 43,85 56,15 0,125 
2 87 25 1120448 0,714 58,24 41,76 0,125 
3 105 30 1698513 0,471 12,46 67,98 32,02 0,125 
4 140 40 1860465 0,43 69,93 30,07 0,125 
5 175 50 1904762 0,42 70,42 29,58 0,125 ° 150 6666 120 0,82 99,18 0,15 
1 70 18 522875 1,53 39,52 60,48 0,15 
2 87 25 933488 0,857 54,05 45,95 0,15 
3 105 30 1413427 0,566 14,0 63,8 36,2 0,15 
4 140 40 1538461 0,52 65,8 34,2 0,15 
5 175 50 1568627 0,51 62,2 37,8 0,15 ° 250 4000 200 0,49 99,51 0,25 
1 70 18 320000 2,5 28,5 71,5 0,25 
2 87 25 563380 1,42 41,32 58,68 0,25 
3 105 30 851063 0,94 18,9 51,5 48,5 0,25 
4 140 40 930232 0,86 53,76 46,24 0,25 
5 175 50 941176 0,86 54,0 46,0 0,25 



--l 
N 

1 
0 
1 
2 
3 
4 
5 
0 
1 
2 
3 
4 
5 
0 
1 
2 
3 
4 
5 
0 
1 
2 
3 
4 
5 

2 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

3 4 5 
500 2000 

18 156250 
25 280701 
30 425532 
40 462427 
50 470588 

700 1428 
18 111576 
25 200000 
30 303030 
40 330576 
50 336134 

800 1250 
18 9756 
25 175054 
30 265780 
40 288808 
50 294117 

1000 1000 
18 78048 
25 140105 
30 212201 
40 230547 
50 325203 

- II DO,D,011>KeHL>1e Ta _____ n 611.2.3 

6 7 8 9 10 
400 0,25 99,75 0,50 
5,12 16,33 83,67 0,50 
2,85 25,97 74,03 0,50 
1,88 24,9 35,2 64,80 0,50 
1,73 36,83 63,17 0,50 
1,70 50,0 50,0 0,50 
56,0 0,18 99,82 0,70 
7,17 12,23 87,77 0,70 
4,0 20,0 80,0 0,70 
2,64 28,0 27,47 72,53 0,70 
2,42 29,23 70,77 0,70 
2,38 29,58 70,42 0,70 
64,0 0,156 99,844 0,80 
8,20 10,86 89,14 0,80 
4,57 17,95 82,05 0,80 
3,01 29,2 24,93 75,07 0,80 
2,77 26,52 73,48 0,80 
2,72 26,88 73,12 0,80 
800 0,12 99,88 1,0 

10,25 8,88 91,12 1,0 
5,71 14,90 85,10 1,0 
3,77 30,8 20,96 79,04 1,0 
3,47 22,37 77,63 1,0 
2,46 28,90 71,10 1,0 



II ::JOAOIl)f(eHlIIe Ta 6Il. 2.3 
1 2 3 4 5 6 7 8 9 10 
0 1500 666 1200 0,083 99,917 1,5 
1 70 18 52015 15,38 6,1 93,90 1,5 
2 87 25 93348 8,57 10,44 89,56 1,5 
3 105 30 126782 6,31 33,8 13,22 86,78 1,5 
4 140 40 153550 5,21 16,10 83,9 1,5 
5 175 50 173535 4,61 17,80 82,2 1,5 
0 2500 400 2000 0,05 99,95 2,5 
1 70 18 31201 25,64 3,75 96,25 2,5 
2 87 25 56338 14,20 6,57 93,43 2,5 
3 105 30 76045 10,52 8,68 91,32 2,5 
4 140 40 92059 8,69 10,31 89,69 2,5 
5 175 50 104031 7,69 11,50 88,50 2,5 
0 5000 200 4000 0,025 99,975 5,0 
1 70 18 15600 51,28 1,91 98,09 5,0 
2 87 25 28001 28,57 3,38 96,62 5,0 
3 105 30 38004 21,05 4,53 95,47 5,0 
4 140 40 46592 17,17 5,50 94,50 5,0 
5 175 50 52015 15,38 6,10 93,90 5,0 
0 10000 100 8000 0,0125 99,9875 10,0 
1 70 18 7800 102,56 0,96 99,04 10,0 
2 87 25 14000 57,14 1,71 98,29 10,0 
3 105 30 19002 42,10 2,32 97,68 10,0 
4 140 40 23001 34,78 2,79 97,21 10,0 
5 175 50 26007 30,76 3,14 96,86 10,0 

-



-.I .. 
1 
0 
1 
2 
3 
4 
5 
0 
1 
2 
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4 
5 
0 
1 
2 
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4 
5 
0 
1 
2 
3 
4 
5 

2 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

70 
87 
105 
140 
175 

3 4 5 
20000 50 

18 3960 
25 7000 
30 9501 
40 11500 
50 13008 

40000 25 
18 2000 
25 3500 
30 4750 
40 5755 
50 6504 

60000 16 
18 1248 
25 2240 
30 3040 
40 3692 
50 4173 

100000 10 
18 780 
25 1401 
30 1900 
40 2300 
50 2605 

n .. 611.2.3 pOAomKeHli1e Tat 
6 7 8 9 10 I 

16000 0,006 99,994 20,0 I 

205 0,48 99,52 20,0 
114,28 0,86 99,14 20,0 

84,2 1,17 98,83 20,0 
69,56 1,41 98,59 20,0 
61,50 1,60 98,40 20,0 
32000 0,003 99,997 40,0 

400 0,24 99,76 40,0 
228,53 0,43 99,57 40,0 
168,4 0,59 99,41 40,0 
139,0 0,71 99,29 40,0 
123 0,8 99,20 40,0 

48000 0,002 99,998 60,0 
615 0,162 99,838 60,0 

342,8 0,29 99,71 60,0 
252,6 0,39 99,61 60,0 
208,0 0,478 99,522 60,0 
184,0 0,54 99,46 60,0 
80000 0,0012 99,9988 100,0 
1025 0,097 99,903 100,0 
571 0,174 99,826 100,0 
421 0,23 99,77 100,0 

347,8 0,28 99,72 100,0 
307,69 0,32 99,68 100,0 
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1 
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2 

70 
87 
105 
140 
175 

3 4 5 
200000 5 

18 400 
25 700 
30 1050 
40 1151 
50 1176 

n · . 6n.2.3 pOAOJ1)f(eHlt1e Tal 

6 7 8 9 10 
160000 0,00062 99,99938 200,0 
2000 0,0499 99,9501 200,0 
1142 0,087 99,913 200,0 
761,9 0,13 99,87 200,0 
695 0,143 99,857 200,0 
680 0,146 99,854 200,0 
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Tunbl 08 MamepuHcKuX nopoo: C - canponenesblO, CM - cMewaHHblO, 1- 2YMYCOSbIO; - Hecj;mb; - - 2a30KoHoeHcam; 
50 M3/T - 2a30sbiO cj;aKmop; 25 r/M3 - KOHoeHcamHblO cj;aKmop; L Y2nesooopoObl, 3MU2PupY/OUlue U3 MamepuHcKuX nopoo 

PHC. 2.6. ~3MeHeHHe ra30COAep>KaHHH nnaCTOBblX YB ¢moHAoB C POCTOM rny6HHbl, TeMnepaTypbl H 
AaBneHHH B HeApax 
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Tunbl OB MamepuHcKuX nopoa: C - canpOneneBblu, CM - CMewaHHblu, 
1- aYMycoBblU; - Herpmb; - - aa30KoHoeHcam; 50 M

3JT - aa30Bbiu rpaKmop; 

25 r/M3 - KOHaeHcamHblu rpaKmop; L yaneBooopoabl, 3Muapupy/OUJ,ue U3 

MamepuHcKuX nopoa. 

PIllC. 2.7. 1i13MeHeHille cOAep>KaHIIIH HeIPTHHblx yrneBoAopoAOB 
(% 06.) B CIllCTeMe yrneBoAopoAHblX nIlaCTOBblX IPIllOlllAoB 

fa30COAep>KaHlI1e B 3TOVr CII1CTeMe YB B nnaCTOBblX 

ycnoBlI1flx COCTaBnflno Bcero 0,12 M
3
/M

3
, a o6beMHafl Aonfl 

HecpTflHblX YB 6blna paBHoVr 89,3 %, TO eCTb 3TO 6blna >KII1AKafl 
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HecpTb, Ha 06beM ra3a B KOTOPOJii npVlXOAVlflOCb Bcero 1,7 %. 

npVl nOAbeMe K nOBepxHocTVl OHa, BCfleACTBVle paCWVlpeHVlS'l 

ra3a, npeBpaLl.\aeTCS'I, B CVlCTeMe 06Ll.\enpVlHS'lTbIX nOHS'lTVlJii, B 

HecpTb C ra30BbiM cj:>aKTOpOM 24 M3/M3. YB CVlCTeMa B nflaCTOBblX 

YCflOBVlS'lX npOS'lBfleHVlS'l f<l>H Ha my6VlHe 3 KM, C 

ra30COAep>KaHVleM 0,37 M3/M3 HecpTS'lHbIX YB, o6beMHaS'l AOflS'l 

HecpTVl B KOTOPOJii COCTaBflS'leT 72,9 %, npVl nOAbeMe K 

nOBepxHocTVl CTaHOBVlTCS'I, B o6Ll.\enpVlHS'lTOM nOHVlMaHVlVl, 

HecpTblO C ra30BbiM cpaKTOpOM 80 M3/M3 (100 M
3/T). 

YB CVlCTeMa B nflaCTOBblX YCflOBVlS'lX npOS'lBfleHVlS'l f<l>H, 

xapaKTepVl3YIOLl.\aS'lCS'I Ha my6VlHe 3 KM ra30COAep>KaHVleM 

1,7 M3/M3 HecpTS'lHbIX YB Vl o6beMHoJii AOfleJii Hecj:>TS'lHbIX YB 50 %, 

npVl nOAbeMe K nOBepxHocTVl KBaflVlcpVl4VlPyeTCS'I B cTaHAapTHblx 

YCflOBVlS'lX KaK HecpTb C ra30BbiM cpaKTOpOM 400 M3/M3 (500 M
3
/T). 

YB CVlCTeMa, KOTOpaS'l xapaKTepVl3yeTCS'I B nflaCTOBblX 

YCflOBVlS'lX 30Hbl reHepa4VlVl ra30COAep>KaHVleM 3,01 M3/M3 

HecpTS'lHbIX YB Vl o6beMHoJii AOfleJii HecpTS'lHbIX YB B CVlCTeMe 

24,9 %, npVl nOAbeMe K nOBepxHocTVl CTaHOBVlTCS'I Hecj:>TblO C 

ra30BbiM cj:>aKTOpOM 640 M3/M3 (800 M
3
/T) npVl o6beMHoJii AOfle 

HecpTS'lHbIX YB B YCflOBVlS'lX nOBepxHocTVl 0,15 %. 

YB CVlCTeMa, KOTOpaS'l xapaKTepVl3yeTCS'I B nflaCTOBblX 

YCflOBVlS'lX ra30HaCblLl.\eHHOCTblO 3,77 M3/M3 Vl o6beMHoJii AOfleJii 

HecpTS'lHbIX YB 20,9 %, MO>KeT cYLl.\eCTBOBaTb B nflaCTOBblX 

YCflOBVlS'lX, B 3aBVlCVlMOCTVl OT BapVla4VlJii P Vl T Vl COCTaBa 

ymeBoAopoAOB, B BVlAe >KVlAKOJii HecpTVl VlflVl ra30KOHAeHcaTa. 

ECflVl OHa HaXOAVlTCS'I B >KVlAKOJii cpa3e, TO npVl nOAbeMe K 
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nOBePXHOCHl npeBpal1.\aeTC51 B Hecj:lTb C ra30BbiM cj:laKTOpOM 800 

M3/M3 (1000 M
3
/T), o6beMHa51 Aon51 Hecj:lT51Hblx YB B KOTOPOV! B 

HopManbHblx ycnoBI!151X COCTaBn51eT Bcero 0,12 %. 

Ecnl!1 B 30He reHepa~1!11!1 3Ta YB CI!1CTeMa HaXOAl!1naCb B 

ra30BoV! cj:la3e, TO COAep>KaHl!1e paCTBOpeHHblX B ra3e Hecj:lT51HbIX 

YB B HeV! Ha rny61!1He 3 KM COCTaBn51no 212 Kr/M
3 

C>KaTOrO ra3a, a 

npl!1 nOAbeMe, BcneACTBl!1e paCWl!1peHI!151 ra3a, CHI!1>KanOCb, Ha 

rny61!1He 2 KM - AO 140 Kr/M
3
, Ha rny61!1He 1 KM - AO 78 Kr/M

3 

C>KaToro ra3a, a Ha nOBepXHOCTI!1 B cTaHAapTHblx ycnoBI!151x 

COCTaBn51no 1000 r/M3. B 06l1.\enpI!1H51TOM nOHI!1MaHl!11!1 3TO 

6oraTblV! ra30KOHAeHcaT, C KOHAeHcaTHblM cj:laKTOpOM 1000 r/M3. 

YrneBoAopoAHble CI!1CTeMbl C ra30BbiM cj:laKTOpOM 60nee 

1000 M3/T BO Bcex cnyya51X HaXOA51TC51 B nnaCTOBblX ycnoBI!151x 

30Hbl reHepa~1!11!1 B ra30BoV! cj:la3e, xapaKTepl!13Y51cb pa3nl!1YHbiM 

COAep>KaHl!1eM pacTBopeHHblx B ra3e Hecj:lT51Hblx YB. 

fa30KOHAeHcaTHblV! yrneBoAopOAHblV! cj:ln IOI!1A , 

COAep>Kal1.\l!1V! B 30He reHepa~1!11!1 Ha rny61!1He 4 - 5 KM 173 Kr 

Hecj:lT51Hblx YB B 1 M3 C>KaTOrO ra3a npl!1 06beMHoV! Aone 

Hecj:lT51Hblx YB 17,8%, npl!1 Ml!1rpa~1!11!1 BBepx xapaKTepl!13yeTc51 

YBenl!1YeHl!1eM ra30COAep>KaHI!151 OT 4,6 M3/M3 AO 6,3 M3/M3 Ha 

rny61!1He 3 KM; Ha rny61!1He 2 KM - AO 8,57 M
3
/M

3
, Ha rny61!1He 1 KM 

- AO 15,38 M
3
/M

3
, a Ha nOBepXHOCTI!1 - AO 1200 M3/M3. 

CooTBeTcTBeHHo cOAep>KaHl!1e Hecj:lT51Hblx YB, pacTBopeHHblx B 

ra3e, CHI!1>KaeTC51 OT 173 Kr/M
3 

B 30He reHepa~1!11!1 AO 666 r/M3 B 

cTaHAapTHblx ycnoBI!151x Ha nOBepXHOCTI!1. 
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ra30KOHAeHcaTHbl~ YB cpn IOItlA , cOAep)I(al.l.\ltl~ B 30He 

reHepaL\1tl1tl Ha rny61tlHe 5 KM 52 Kr HecpTflHblX YB Ha 1 M3 C)I(aTOrO 

ra3a npltl ra30COAep)l(aHItlitl 15,38 M
3
/M

3
, npltl nOAbeMe K 

nOBepXHOCTItl paCWltlpfleTCfl, ra30HaCbll.l.\eHHOCTb CItlCTeMbl Ha 

nOBepXHOCTItl B03paCTaeT AO 4000 M3/M3. CooTBeTcTBeHHo 

KOHAeHcaTHbl~ cpaKTop CHltl)l(aeTCfl AO 200 r/M3. 

ra30KoHAeHcaTHbl~ cpn 10 ItlA, cOAep)l(al.l.\ltl~ B 30He 

reHepaL\1tl1tl Ha rny61tlHe 4 - 5 KM 26 Kr HecpTflHblX YB Ha M3 

C)I(aTOrO ra3a Itl xapaKTepltl3ylOl.I.\ltl~Cfl ra30COAep)l(aHitleM 

30,7 M3/M3 npltl nOAbeMe K nOBepXHOCTItl paCWltlpfleTCfl, 

ra30COAep)l(aHitle B CItlCTeMe YB B03pacTaeT AO 8000 M
3
/M

3
, a 

KOHAeHcaTHbl~ cpaKTop COOTBeTCTBeHHO YMeHbwaeTcfl AO 

100 r/M3. 

To )l(e caMoe xapaKTepHO Itl Anfl ra30KOHAeHcaTHbiX YB 

CItlCTeM C el.l.\e MeHbWItlM cOAep)l(aHltleM pacTBopeHHblX 

HecpTflHblX VB. 

reHepltlpltlpylOl.I.\ltl~cfl Ha rny61tlHe 5 KM ra30KOHAeHcaT C 

cOAep)l(aHltleM HecpTflHblX YB 6,5 Kr Ha M3 C)I(aToro ra3a npltl 

ra30COAep)l(aHItlitl 123 M
3
/M

3
, paCWltlpflflCb npltl nOAbeMe, B 

cTaHAapTHblx ycnoBltlflx Ha nOBepXHOCTItl cOAep)l(ItlT Y)l(e Bcero 

25 r HecpTflHblX YB Ha 1 M3 ra3a; ra30COAep)l(aHitle CItlCTeMbl npltl 

3TOM B03pacTaeT AO 16000 M
3
/M

3
, a o6beMHafl Aonfl HecpTflHblX 

YB B CItlCTeMe CHltl)l(aeTCfl AO 0,006 %. 

CaMafl 6eAHafl paCTBOpltlMblMItl HecpTflHblMItl YB 

ra30KOHAeHcaTHafl CItlCTeMa cOAep)l(ItlT B 30He reHepaL\1tl1tl Ha 

rny61tlHe 5 KM 1,17 Kr HecpTflHblX YB Ha M3 C)I(aToro ra3a Itl 
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xapaKTepiI13yeTcfl ra30CO,[lep>KaHiI1eM 680 M3/M3. 06beMHafl ,[I011fl 

HecpTflHblX YB B CiI1CTeMe YB COCTaB11fleT 0,14 %. PaCWiI1pflflCb 

npil1 nO,[lbeMe, B CTaH,[IapTHblx yC110BiI1flX nOBepXHOCTiI1 OHa 

xapaKTepil13yeTcfl KOH,[IeHCaTHbIM cpaKTOpOM Bcero B 5 r/M3. 

ra30co,[lep>KaHiI1e B CiI1CTeMe YB ,[IOCTiI1raeT 160000 M
3
/M

3
, a 

06beMHafl ,[I011fl HecpTflHblX YB YMeHbwaeTcfl ,[100,00062 %. 

Bce 3TO He06xo,[lil1MO iI1MeTb B BiI1,[1y, iI13Y4afl npoLleccbl 

MiI1rpaLlil1i11 iI1 aKKyMy11flLlil1i11 YB CiI1CTeM B rny6i11HHbiX YC110BiI1flX 

3eMHoill KOPbl. 3aMepfleMbie Ha nOBepXHOCTiI1 B CTaH,[IapTHblx 

YC110BiI1flX Be11i114i11Hbl cO,[lep>KaHiI1fl pacTBopeHHblx HecpTflHblX YB 

B ra30KOH,[IeHCaTax MHoroKpaTHo - B ,[IBeCTiI1 C 11i11WHiI1M pa3 -

HVI>Ke cpaKTiI14eCKVlX Be11i114i11H 3TiI1X napaMeTpoB B n11aCTOBbIX 

YC110BiI1flX Ha 6011bWVlX rny6V1Hax, r,[le npoil1CXO,[lil111i11 npoLleccbl 

MVirpaLlil1i11 iI1 aKKyMy11flLlVlVl VB. MHoroKpaTHo MeHbwe 6bl11i11 iI1 

06beMbi ra30KOH,[IeHCaTOB iI1 ra30B, npil1HVlMaBWiI1X Y4acTiI1e B 

npoLleccax MiI1rpaLlil1i11 iI1 aKKyMY11flLliI1VI. 

PaC4eTHbie KpiI1Bble, nOKa3blBatoLl.\iI1e iI13MeHeHiI1e 

ra30HaCblLl.\eHHOCTiI1 n11aCTOBbIX YB CiI1CTeM MeCTOp0>KAeHiI1l11 iI1 

06beMHYto ,[101110 HecpTflHblX YB B HiI1X (Ha Pil1c. 2.6 iI1 2.7) 

Ha110>KeHbl Ha Kpil1Bble, xapaKTepVl3ytoLl.\Vle nOBe,[leHiI1e Tex >Ke 

caMblX napaMeTpOB B yrneBO,[lOpO,[lHblX CiI1CTeMaX, 

3MiI1rpil1pytoLl.\iI1X iI13 MaTepil1HCKiI1X nopo,[l C pa3HblMiI1 TiI1naMiI1 OB. 

KaK BiI1,[1i11M, Ha611to,[laeTcfl iI1X n011Hoe nepeKpblTiI1e. Bce 

pa3H006pa3i11e n11aCTOBbIX yrneBO,[lOpO,[lHblX CiI1CTeM, 

CBOIIICTBeHHblX caMblM pa3Ho06pa3HbiM MecTOp0>KAeHiI1flM 
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yrneBoAopOAOB, 06eCne4l1lBaeTCs:I 

cj:)J1IOLIIAaMLII, 3MLllrpLilpylOL1\LIIMLil L113 MaTepLIIHCKLIIX nopOA. 

MaTepLIIHCKLile nopoAbl C canpOneneBblM OB OTBeTCTBeHHbl 

3a cj:lOpMLllpoBaHLile Hecj:lTe~ C ra30BbiM cj:laKTOpOM OT 16 AO 

700 M3/M3. B nnaCTOBblX ycnoBLIIs:lx B rnaBHo~ 30He Hecj:lTe­

o6pa30BaHLIIs:I ra30HaCblL1\eHHOCTb TaKLllX Hecj:lTeVi COCTaBns:leT OT 

0,12 AO 2,6 M3/M3 npLil o6beMHoVi Aone Hecj:lTs:lHbIX YB OT 89,2 AO 

27,4 %. 

B 30He 60nbwLllx rny6L11H, npLil npOs:lBneHLIILII r<l>r, 
canponeneBoe OB OTBeTCTBeHHO 3a cj:lopMLllpoBaHLile 

ra30KOHAeHcaTOB, COAep>KaL1\Lllx OT 1000 r/M
3 

AO 100 r/M3 

Hecj:lTs:lHbIX YB (B cTaHAapTHblx ycnoBLIIs:lx). B nnaCTOBblX 

ycnoBLIIs:lx ra30HaCblL1\eHHOCTb LIIX COCTaBns:leT OT 3,5 AO 30 -

34 M3/M3 npLil o6beMHoVi Aone Hecj:lTs:lHbIX YB B CLilCTeMe OT 26 % 

AO 2,8 % LII BenLll4L11He KOHAeHcaTHoro cj:laKTopa OT 330 Kr/M
3 

AO 

23 Kr/M
3
. 

MaTepLIIHcKLile nopoAbl co CMewaHHblM TLilnOM OB 

OTBeTCTBeHHbl 3a cj:lopMLllpoBaHLile Hecj:lTeVi C ra30BbiM cj:laKTOpOM 

OT 50 - 60 M3/M 3 AO 800 M3/M3. B nnaCTOBblX ycnoBLIIs:lx B rnaBHo~ 

30He Hecj:lTeo6pa30BaHLIIs:I ra30HaCblL1\eHHOCTb LIIX COCTaBns:leT OT 

0,18 M3/M3 AO 3,7 M3/M3 npLil o6beMHoVi Aone Hecj:lTLil B CLilCTeMe 

OT 84% AO 0,12 %. B rnaBHoVi 30He ra3006pa30BaHLIIs:I 

CMewaHHblVi TLiln OB OTBeTCTBeHeH 3a o6pa30BaHLile 

ra30KOHAeHcaTOB C cOAep>KaHLileM Hecj:lTs:lHbIX YB OT 800 -

1000 r/M
3 

AO 50 - 25 r/M
3 

(B cTaHAapTHblx ycnoBLIIs:lx). B 

nnaCTOBblX ycnoBLIIs:lX OHLII xapaKTepLll3YlOTCs:I 
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ra30HaCblll.\eHHOCTblO nopRAKa 2,7 - 3,5 M3/M3 npL-1 o6beMHoVi 

Aone HecpTRHblX YB B CL-1CTeMe OT 22 AO 26 % L-1 BenL-1YL-1He 

KOHAeHcaTHoro cpaKTopa OT 220 AO 290 Kr/M3. 

MaTepL-1HCKL-1e nopOAbl C rYMycoBblM OB OTBeTCTBeHHbl 3a 

CPOpML-1pOBaHL-1e HecpTeVi C ra30BbiM cpaKTopOM He MeHee 600 -

700 M3/M3. B nnaCTOBblX ycnOBL-1RX B 30He ,CDH ra30COAep>KaHL-1e 

B TaKoVi YB CL-1CTeMe COCTaBnReT 2,6 - 3 M
3
/M

3
, npL-1 o6beMHoVi 

Aone HecpTL-1 24 - 27 %. 

Ha 60nbWL-1X rny6L-1HaX, B 30He npORBneHL-1R ,CD, 

ryMycoBoe OB OTBeTCTBe H H 0 3a 

ra30KOHAeHcaTOB C KOHAeHcaTHblM cpaKTOpOM OT 600 AO 16 -

10 r/M
3 

(B cTaHAapTHblx ycnOBL-1Rx). B nnaCTOBblX ycnOBL-1RX OHL-1 

xapaKTepL-13YIOTCR ra30COAep>KaHL-1eM OT 5 AO 350 M
3
/M

3
, 

o6beMHaR AonR HecpTRHblX YB B CL-1CTeMe COCTaBnReT OT 29 -

26 % AO 0,3 - 0,2 %. BenL-1YL-1Ha KOHAeHcaTHoro cpaKTopa B 

nnaCTOBblX ycnOBL-1RX Kone6neTcR OT 330 Kr/M
3 

AO 2,3 Kr/M
3
. 3a 

o6pa30BaHL-1e ra3a npaKTL-1yeCKL-1 He COAep>Kall.\ero HecpTRHblX YB 

« 5 r/M3) OTBeTCTBeHHO ryMycoBoe OB B 30He HayanbHOro 

anOKaTareHe3a, a TaK>Ke CMewaHHoe L-1 canponeneBoe OB B 30He 

rny6oKoro anOKaTareHe3a. 

0606ll.\eHHble nOKa3aTenL-1 HecpTeVi, ra30KOHAeHcaTOB L-1 

ra30B Ha nOBepXHOCTL-1, B rnaBHoVi 30He HecpTeo6pa30BaHL-1R L-1 B 

rnaBHoVi 30He ra3006pa30BaHL-1R npL-1BeAeHbl B Ta6n.2.4. 

3aKoHoMepHOCTL-1 L-13MeHeHL-1R nOKa3aTeneVi YB CL-1CTeM npL-1 

CHL-1>KeHL-1L-1 AaBneHL-1R L-1 TeMnepaTypbl npL-1 nOAbeMe K 

nOBepXHOCTL-1 B nonHoVi Mepe cnpaBeAnL-1Bbl TonbKO AnR 
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aBTOHOMHblX YB C~CTeM, a OH~ AaJ1eKO He BcerAa 51BJ1fnOTCS'I 

aBTOHOMHbIM~. 

Ta6J1~l1a 2.4 

0606w.eHHble nOKa3aTemt ymesoAopoAHblX C,",CTeM 

HecpTb 

C BblCOKIo1M 
nOKa3aTe11101 

HecpTIo1 ra30BbiM 
YB CIo1CTeM 

ra30KOHAeHCaT ra3 

cpaKTOpOM 10111101 

ra30KOHAeHcaT 

nOB e p x HOC T b 

r MO/Mo H 24 - 600 600 - 900 900 -160000 > 160000 

Voo"' % 4 - 0,16 0,16 - 0,11 0,11 - 0,00062 < 0,00062 

H Kr/Mo r 33,3 -1,33 1,33 - 0,88 0,88 - 0,0050 < 0,0050 

rnaBH a 51 3 0 H a H e ~ Teo 6 p a 3 0 B a H iii 51 

r MO/Mo H 0,12 - 3,60 3,6 - 3,4 3,40 -762 > 762 

Vou", % 89,3 - 21,73 21,7 - 22,7 22,7-0,13 < 0,13 

H Kr/M' r 6660 - 235 235 - 222 222-1,04 < 1 

rna B H a 51 3 0 H a ra3006 pa30BaH iii 51 

r M'/M' H 0,1 - 2,55 2,55 - 2,5 2,5 - 680 > 680 

Voo", % 90,9 - 28,16 28,1 - 28,0 28,0 - 0,14 < 0,14 

H Kr/M" r 8000 - 313 313-310 310-1,17 < 1,0 

3aKOHOMepHOCT~ ~3MeHeH~51 nOKa3aTeJ1eC1 YB C~CTeM nplif 

CH~>KeH~~ AaBJ1eH~51 ~ TeMnepaTypbl np~ nOAbeMe K 

nOBepxHocT~ B nOJ1HoC1 Mepe cnpaBeAJ1~Bbl TOJ1bKO AJ151 

aBTOHOMHblX YB c~cTeM, a OH~ AaJ1eKO He BcerAa 51BJ151IOTCS'I 

aBTOHOMHbIM~. 
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nplII BepTIIIKaJ1bHOLil BOCXOA51ll.\eLil M III rpa 1..\111111 Heq>TeLil, 

CH lII>KeH III III TeMnepaTypbl III AaBJ1eHIII51 HIII>Ke AaBJ1eHIII51 

HaCblll.\eHIII51 Hecj:>TIII ra30M 6YAeT npOIIICXOAIIITb BblAeJ1eHllle III 

4aCTIII4Ha51 nOTep51 ra3a, 06YCJ10BJ1I11BalOll.\a51 CHIII>KeHllle ra30BOrO 

¢aKTOpa Hecj:>TIII. 

BepTIIIKaJ1bHOLil Mlllrpal..\lIIl11 

ra30KOHAeHcaTOB, CHIII>KeHIIIIII TeMnepaTYPbl III AaBJ1eHIII51 HIII>Ke 

AaBJ1eHIII51 Ha4aJ1a KOHAeHCal..\lII111 6YAeT npOIIICXOAIIITb 4aCTIII4Ha51 

nOTep51 KOHAeHClllpYIOll.\IIIXC51 Hecj:>T51HbIX yrneBoAopoAOB, 

CTaBWIIIX 11136blT04HblMIII nplII AaHHOM AaBJ1eHIIIIII III TeMnepaType. 

nplII nOrpY>KeHIIIIII Ccj:>OpMlllpOBaBWeLilc51 Hecj:>T51HOLil 3aJ1e>K1II B 

rJ1aBHylO 30HY ra3006pa30BaHIII51 6YAeT npolllcxoAIIITb 

o60rall.\eHllle Hecj:>TIII ra30M, 3MlllrplllpYIOll.\IIIM 1113 MaTeplIIHCKIIIX 

nopoA, B03pacTaHllle ra30Hacblll.\eHHocTIII Hecj:>TIII, a B KOHe4HOM 

L-1TOre npeBpall.\eHllle Hecj:>T51HOLil YB CIIICTeMbl B 

ra30KOHAeHcaTHO-Hecj:>T51HYIO 1IIJ1111 B 4111CTO ra30KoHAeHcaTHYIO. 

PaccMoTplIIM 3Ha4eHllle 3TIIIX np0l..\eCCOB III onpeAeJ1I11M B 

KaKIIIX YCJ10BIII51X OHIII np051BJ151IOTC51. 

,QaBJ1eHIllIO HaCblll.\eHIII51 Hecj:>TIII ra30M BcerAa nplIIAaBaJ10Cb 

60J1bWOe 3Ha4eHllle. C4I11TaJ10Cb Aa>Ke, 4TO no AaBJ1eHIllIO 

HaCblll.\eHIII51 MO>KHO onpeAeJ1I11Tb rny6111HY, Ha KOTOpoLil 

C¢OpMlllpOBaJ10Cb CKOnJ1eHllle Hecj:>TIII, a, COOTBeTCTBeHHO, III 

re0J10rlll4eCKoe BpeM51 cj:>OpMlllpOBaHIII51 3aJ1e>K1II Hecj:>TIII. no­

BL-1AIIIMOMY, TeopeTIII4eCKoLil OCHOBOLil 3Toro 6blJ10 HIIIKeM He 

AOKa3aHHoe n0J10>KeHllle, 4TO Hecj:>Tb nplll cj:>OpMlllpOBaHIIIIII 3aJ1e>K1II 

AOJ1>KHa 6blTb AO npeAeJ1a HaCblll.\eHa ra30M. 

85 



Ha CaMOM Aene, KaK nOKa3aHO HaMVI, ra30HaCblLL\eHHOCTb 

06pa3YIOLL\eVic51 YB CVlCTeMbl onpeAen51eTC51 06beMHbiM 

COOTHOWeHVleM ra3a VI HecpTVI, nocTynalOLL\VlX Vl3 MaTepVlHCKVlX 

nopoA. A onpeAen51eTC51 OHO reHeTVl4eCKVlM TVinOM OB 

MaTepVlHcKVlX nopoA VI CTeneHblO erc KaTareHe3a. KaK nOKa3aHO 

paHee, B MaTepVlHcKVlX nopoAax C canponeneBblM OB npVl 

np051BneHVIVI r<t>H B OCHOBHOM o6pa3YIOTC51 VI 3MVlrpVlpylOT HecpTVI 

C HVl3KOVi ra30HaCbILL\eHHOCTblO, a npVl np051BneHVIVI r<t>r 

ra30KOHAeHcaTbi C BblCOKVlM cOAep>KaHVleM HecpT51HbIX YB. B 

MaTepVlHcKVlX nopoAax C ryMYCOBblM OB o6pa3YIOTC51 VI 

3MVlrpVlpYlOT Ha Bcex 3Tanax npOL.\ecca HecpTera3006pa30BaHVl51 

YB CVlCTeMbl C BblCOKOVi ra30HaCblLL\eHHOCTblO - OT HecpTeVi C 

BblCOKVlM ra30BbiM cpaKTOpOM B rnaBHOVi 30He 

HecpTeo6pa30BaHVl51 AO 6eAHbix ra30KOHAeHcaTOB VI ra30B - B 

rnaBHoVi 30He ra3006pa30BaHVl51. 

eCTeCTBeHHbIM, 4TO 

HaCbILL\eHVl51 HecpTVI ra30M AOn>KHO 6blTb TeM Bblwe, 4eM 60nbwe 

B HeVi ra3a VI Bblwe nnaCTOBa51 TeMnepaTypa. V1 AeVicTBVlTenbHo, 

AaBneHVle HaCbILL\eHVl51 B npVlpoAHblX HecpT51X HaVl60nee 

cYLL\eCTBeHHo VI 3Ha4V1TenbHO B03pacTaeT npVl nOBblweHVIVI VlX 

ra30HaCblLL\eHHOCTVI (pVlC. 2.8). npVl YBenVl4eHVIVI 

ra30HaCblLL\eHHOCTVI OT 50 M3/M3 AO 700 - 800 M3/M3 AaBneHVle 

HaCbILL\eHVl51 HecpTVI ra30M B03pacTaeT OT 8 Mna AO 36 Mna. 
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100 200 300 400 500 
3 3 

,a30Bb'" cjJaKTOp, M 1M 

600 700 800 

PI'IC. 2.8. 3aBI'ICI'IMOCTb AaBI1eHI'ISI HaCblll4eHI'ISI HeIPTI'I ra30M 

OT ra30Boro lPaKTopa 

900 

CSs:!3b TeMnepaTYPOIil III 

HaCbILlleHIIIs:! HecjJ'r1il ra30M xapaKTeplll3yeTcs:! 

AasneHllleM 

60nbwIIIM 

pa36poCOM AaHHblx, HO TalOKe HeCOMHeHHa (pIilC. 2.9). 

no MIIIHIIIManbHblM 3Ha4eHIIIs:!M nplll nOSblweHlII1II 

TeMnepaTypbl OT 1050
C AO 1800

C AasneHllle HaCbILlleHIIIs:! 

s03pacTaeT OT 10 Mna AO 30 Mna. 

CosMeCTHoe snllls:!Hllle ra30HaCblLlleHHOCTIII III TeMnepaTYpbl Ha 

senlll4111HY AasneHIIIs:! HaCbILlleHIIIs:! HecpTlil ra30M I/II1I1toCTplilpyeT plilC. 2.10. 
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T. DC 

PMC. 2.9. 3aBMcMMoCTb AaBneHMH HaCbll1leHMH HeqlTM ra30M 

OT nnacToBoM TeMnepaTypbl 

npl1 nIlacTosoJil TeMnepaType OT 105 ,QO 1200C 11 

ra30HaCbll1leHHOCTI1 OT 50 ,QO 250 M3/M3 (s cTaH,QapTHblx 

YCIlOSI1HX) SeIll1411Ha ,QaSIleHI1H HaCbll1leHI1H HecpTI1 COCTaSIlHeT 

22 - 28 Mna 11 ,QOCTl1raeT MaKcl1MYMa (34 Mna) npl1 

raaOHaCbll1leHHOCTI1 HecpTI1 ,QO 600 - 700 M3/M3 11 TeMnepaType 

150 - 160°C. npl1 ,QaIlbHeJilweM soapaCTaHl111 raaOHaCbll1leH­

HOCTI1 HecpTI1 ,QO 800 - 900 M3/M3 11 TeMnepaTypbl ,QO 180°C 

yseIll14eHI1H ,QaSIleHI1H HaCbll1leHI1H He Ha6I11o,QaeTCH. 
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PMC. 2.10. 3aBMcMMoCTb AaBneHMH HaCbl~eHMH HetPTM ra30M OT 

ra30Boro tPaKTopa M TeMnepaTypbl 

V1cnOIlb3Y51 3TIiI AaHHble iii 3Ha51 pacnpeAeIleHlile AaBIleHIiIJIJ 

iii TeMnepaTYP no pa3pe3y ocaAo4Horo 4exIla, AIl51 HecpTeJlJ c 

pa3Illil4HOJlJ nepBIiI4HOJlJ ra30Hacblll.leHHoCTblO MO>KHO npliIMepHo 

onpeAeIlIiITb Ha KaKIiIX rIly61i1Hax 6YAeT npolilcxoAIiITb IiIX 

4aCTIiI4Ha51 Aera3aL\liI51 nplil BOCXOA51ll.leJlJ BepTIiIKaIlbHOJlJ MlilrpaL\1iI1iI 

(Ta6Il. 2.5). 
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Ta6m1L\a 2.5 

KpMTM'IeCKMe my6MHbi Ha'lana nOTepM 
Heq,TblO pacTBopeHHoro ra3a 

rnaBHas:l 30Ha reHepa41-!I.1 Q) <Il oS ,s 
Heqm.1 0:: <Il I- 0", 0 ,s S Q) 0 c I-& 

L.. 
Ji '" "'<Il::;:;; I Q) 0 

ai ::;; I I <Il o C; S Q) .ll lO I 
"'s- ~gc lOI ~ S I S o 1-'" t; <Il -

I () 
~ -&::;;- Ji"'::;:;; <Il T S >-s '" I- Q) Q) 0 C; <Il l- E ~ s-&a.::;; ::;; c; <Ii L..Q)~ U::;; - C I -& b.Q)~::':: '" '" )$ J: ~ <Il 0 ~ Q) Q) ~ 0:: <Il ::;; a. Q) I t; <Ii <Ii <Il <Il ~ ::0 a. CO I '" :r o S ~ ('t) ~ 

I C[C I 0 0 Q) <Il <Il '" I S U ~ aJ s: CO (f) 

S ~::;:;; 
<Il T ~ C; sL..a. U Q) S Q) Q) C; S a. <Il 

lO a. S <Il U I S Q) Q) C; :r T c[ <Il:r L.. 
>- III Q) 

~ -& >:- Q) I- I T '" <Il ~ <Il 
III <Il .ll 

E 0 C C;-&Q) S <Il '" a. a. a. 
t; ::;; Q) t; III Q) L.. ~c:t~ S C; Q) L.. Q) 

Q) C ~ <Il I a.<Il I- S I-
<Il l- e;{ a. Q) :x: T I ::;; 0 
C; :x: c[ <Il :s: C 
c I 

3,0 30 105 25 8 8 0,8 3,5-0,8 

3,0 30 105 50 10 10 1,0 3,5-1,0 

3,0 30 105 100 14 14 1,4 3,5-1,4 

3,0 30 105 200 20 20 2,0 3,5-2,0 

3,0 30 105 300 25 25 2,5 3,5-2,5 

3,0 30 105 400 29 29 2,9 3,5-2,9 

3,0 30 105 500 30 30 3,0 3,5-3,0 

no npIIIH51TO~ HaMill cxeMe HIII>KH5151 4aCTb rnaBHO~ 30Hbl 

Heq:neo6pa30BaHIII51 pacn01l0>KeHa Ha rny6111He OK01l0 3,5 KM, rAe 

n1laCTOBOe AaB1leHllle COCTaB1l51eT 35 Mna, a TeMnepaTypa 

120°C. HecpTIil C nepBIII4Ho HIII3KIIIM ra30BbiM cpaKTOpOM 25 M3/M3 

IIIMetOT AaB1leHllle HaCblll.\eHIII51 OK01l0 8 Mna. BC1leACTBlile 3Toro 

BOCXOA51ll.\a51 BepTIIIKa1lbHa51 MllirpaL\lII51 TaKo~ HecpTIil 1113 r3H 

MO>KeT npOIIICXOAIIITb 6e3 nOTepb paCTBopeHHoro ra3a AO 

rny6111Hbi 0,8 KM. V1 T01lbKO Ha rny6111Hax MeHee 0,8 KM B03MO>KHa 

4aCTIII4Ha51 nOTep51 pacTBopeHHoro ra3a. 
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LJeM BblWe nepBVl4Hbilii ra30Bbilii cpaKTOp 06pa30BaBWelilcH 

HecpTVI B rnaBHOIii 30He HecpTeo6pa30BaHII1H, TeM Ha 60nbWelii 

rIly6V1He Ha4V1HaTbCH 4aCTVl4Hoe Bbl,QeneHVle 

paCTBopeHHoro B Helil ra3a, KOr,Qa HecpTb ,QOCTVlrHeT npVl 

MlI1rpa14V1V1 rny6V1HHolii 30Hbl C nnaCTOBblM ,QaBneHVleM HVI>Ke 

,aaBneHVlH HaCblll.\eHVlH HecpTVI ra30M. npVl ra30BOM cpaKTope 50 

M3/M3 3TO MO>KeT Ha4V1HaTbCH Ha rny6V1He < 1 KM, npll1 ra30BOM 

cpaKTope 100 M3/M3 - Ha rny6V1He < 1,4 KM, npVl ra30BOM cpaKTope 

200 M3/M3 Ha rny6V1He < 2 KM. 1-13 nepBVl4HO 

BbICOKOra30HaCblll.\eHHbIX HecpTelii (400 - 500 M
3
/M

3
) 4aCTVl4HaH 

nOTepH pacTBopeHHblx ra30B MO>KeT Ha4V1HaTbCH Y>Ke npVl 

no,abeMe HecpTVI Ha 0,5 - 0,6 KM Bblwe 30Hbl reHepa14V1V1. 

LJaCTII14HaH nOTepH HecpTbfO pacTBopeHHoro ra3a CHVl3V1T ee 

ra30HaCblll.\eHHOCTb, HecpTb nepelil,QeT B ,QpyryfO, MeHee 

ra30HaCblll.\eHHYfO KaTeropVlfO, VI npVl ee ,QanbHelilweM nO,QbeMe K 

nOBepxHocTVI napaMeTpbl YB CVlCTeMbl 6Y,QYT Vl3MeHHTbCH no 

napannenbHolii KPIl1BOIiI, COOTBeTCTBYfOll.\elil ee HOBOIii 

ra30HaCblll.\eHHOCTVI. 

npVl6nVl>KeHHaH 014eHKa BenVl4111H ,QaBneHII1Ii1 HaCblll.\eHII1H 

HecpTelii ra30M, a C VlX Vlcnonb30BaHVleM VI KpVlTVl4ecKVlx rny6V1H, 

Ha KOTOPblX Ha4V1HaeTCH 4aCTVl4Hoe Bbl,QeneHVle pacTBopeHHoro 

ra3a, MO>KeT 6blTb np0Il13Be,QeHa, no HaweMY MHeHVlfO, VI 

paC4eTHbiM nYTeM. 

Ha o6pa30BaBweecH B 30He reHepa14V1V1 3neMeHTapHoe 

CKonneHVle HecpTVI C pacTBopeHHblM B Helil ra30M B03,QelilcTByeT 

nnaCTOBoe ,QaBneHVle, cBolilcTBeHHoe 3TOlii 30He - Pnll. OHO 
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ypaBHo-BeWIIlBaeTCfI p,aBIleHlI1eM HecpTII1 111 paCTBopeHHoro B Hev. 

ra3a. 

CYMMa napL\lI1aIlbHblX p,aBIleHII1Vr HecpTII1 111 ra3a B 

3IleMeHTapHOM CKOnIleHlI1111 YB p,OIl>KHa 6blTb paBHa nIlaCTOBOMY 

p,aBIleHII1IO: 

PH + P r = P nn (2.4) 

BeIlIl1YII1Ha napL\lI1aIlbHOro p,aBIleHII1f1 ra3a, KaK 3TO 06blYHO 

npll1HII1MaeTCfI, p,OIl>KHa 6blTb nponOpL\1I10HaIlbHa p,OIle 06beMa 

ra3a B CII1CTeMe YB npll1 p,aHHOM p,aBIleHII1I11 111 TeMnepaType. 

II1cxop,f1 1113 3TOro MO>KHO 3aKIlIOYII1Tb, YTO napL\lI1aIlbHOe 

p,aBIleHlI1e ra3a B CII1CTeMe YB, T.e. p,aBIleHlI1e HaCblllleHII1f1 HecpTII1 

ra30M, p,OIl>KHO onpep,eIlflTbCfI KaK 

P . ynJl 
P = nn r 

Hac V YBCHCT. 

(2.5) 

C II1CnOIlb30BaHII1eM 111 HcpOpMa L\1I1 111 no KOHKpeTHOv. 

cOBoKynHocTII1 npo6 HecpTeVr (BeIlIl1YII1Ha ra30Boro cpaKTopa, 

KOMnoHeHTHblVr COCTaB ra3a, nIlOTHOCTb ra3a, MOIleKYIlflpHblVr Bec 

ra3a, nIlaCTOBble TeMnepaTypa 111 p,aBIleHlI1e) HaMII1 BblYII1CIleHbl 

BeIlIl1YII1Hbl o6beMoB ra3a 111 o6beMHoVr p,OIlIl1 ra3a B CII1CTeMe YB. 

no 3TII1M p,aHHbIM no BblWenpll1Bep,eHHoVr cpopMYIle 

np0ll13Bep,eH paCyeT BeIlIl1YII1Hbl napL\lI1aIlbHblx p,aBIleHII1Vr ra3a, 

II1Haye rOBopfl - BeIlIl1YII1H p,aBIleHII1f1 HaCblllleHII1f1 HecpTII1 ra30M. 

PaCyeTHble BeIlIl1YII1Hbl p,aBIleHII1f1 HaCblllleHII1f1 HecpTII1 ra30M 

conOCTaBIleHbl C onpep,eIleHHblMII1 

BeIlIl1YII1HaMII1, cBoVrcTBeHHblMII1 p,Ilfl Tex >Ke npo6 HecpTeVr (Pll1c. 

2.11 ). 
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3KcnepIiIMeHTallbHO Onpe,(lelleHHblMIiI Bell1i141i1HaMIiI ,(IaBlleHliIs:I 

HaCblLl.\eHliIs:I Heqnlil ra30M nps:lMas:l iii BnOllHe YCTOIll4Ii1Bas:l. 
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PMC. 2.11. 3aBMcMMoCTb Me>K,QY 3KcnepMMeHTal1bHO 

onpeAel1eHHblMM M paC'IeTHbIMM Bel1M'IMHaMM AaBl1eHMH 

HaCbll1leHMH He«l>TM ra30M 

O,(lHaKO paC4eTHbie Bell1i141i1Hbi ,(IaBlleHliIs:I HaCblLl.\eHliIs:I B 

601lbWIiIHCTBe CllY4aeB CIiICTeMaTIiI4eCKIiI HeCKOllbKO HIiI)Ke 

3KcnepIiIMeHTallbHO onpe,(lelleHHblX, B Cpe,(lHeM Ha 20 %. B 

O,(lHOM CllY4ae oWIiI6Ka COCTaBliIlla Bcero 3,3 %. 
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ClleAOSaTellbHO, paCyeTHble Sell\l1Y\I1Hbl 

HaCblLl.\eH\I151, K TOMY >Ke C nOnpaSKO~ Ha C\I1CTeMaT\I1yeCKYIO 

norpeWHOCTb, SnOllHe MorYT \I1CnOllb30SaTbC51 

np\l161l\l1>KeHHblX OLjeHOK :noro napaMeTpa \11 OnpeAelleH\I151 

Kp\l1T\I1yeCK\I1X rny6\11H, Ha KOTOPblX AaSlleH\I1e HaCblLl.\eH\I151 HecpT\I1 

AOCT\I1raeT nllaCTOSOro AaSlleH\I151 \11 Aallee MO>KeT HayaTbC51 

yaCT\I1YHa51 Aera3aLj\l151 HecpT\I1. 

Ha p\l1c. 2.12 no AaHHblM nposeAeHHblx paCyeTOS nOKa3aHa 

CS513b Me>KAY ra30SbiM cpaKTOpOM \11 paCyeTHO~ Sell\l1Y\I1HO~ 

AaSlleH\I151 HaCblLl.\eH\I151 All 51 o6pa3YIOLl.\\I1XC51 HecpTe~ np\l1 

TepM\I1yeCKO~ TpaHccpopMaLj\l1\11 OB MaTep\l1HCK\I1X nopoA \11 

nllaCTOSblX YB C\I1CTeM MeCTOpO>KAeH\I1~ yrnesoAopoAOS np\l1 

pacnpeAelleH\I1\11 TeMnepaTYP \11 AaSlleH\I1~ S HeApax, 

Cso~cTseHHblx S np\l1H51TO~ HaM\I1 cxeMe (Ta61l. 2.1 \11 2.3). 

,/J,1l51 HecpTe~ \113 30Hbl reHepaLj\l1\11 C canpOnelleSblM OB 

(Ta61l. 2.6) Sell\l1Y\I1Ha cpeAHes3seweHHoro ra30soro cpaKTopa (s 

cTaHAapTHblx YC1l0S\I151x) COCTaSll51eT 44,8 M
3
/M

3
, a AaSlleH\I1e 

HaCblLl.\eH\I151 HecpT\I1 ra30M - 4 - 5 Mna. no \I1MelOLl.\\I1MC51 Y Hac 

cpaKT\I1yeCK\I1M AaHHblM M\I1H\I1MallbHa51 Sell\l1Y\I1Ha AaSlleH\I151 

HaCblLl.\eH\I151 HecpT\I1 ra30M np\l1 HeCKOllbKO 601lbWeM ra30S0M 

cpaKTope (53 M
3
/M

3
) pasHa 8 Mna. 

,/J,1l51 Hecj)Te~ \113 30Hbl reHepaLj\l1\11 co CMewaHHblM T\I1nOM 

OB (50 % canpOnelleSblX \11 50 % rYMycosblX KOMnoHeHTos) 

cpeAHes3seweHHbl~ ra30sbl~ cpaKTop COCTaSll51eT 118 M
3
/M

3
, a 

AaSlleH\I1e HaCblLl.\eH\I151 HecpT\I1 ra30M - 8.8 Mna. 
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Ta6m1l...\a 2.6 
CpeAHeB3BeweHHbie Bemf'lIllHbl ra30Boro 4>aKTopa 

III AaBneHIllM HaCbll1.\eHlllfi He4>TeM, reHeplllpOBaHHblX pa3HblMill 

TlllnaMIll 08 

IIly6V1HHaSl 
la30Bbl~ 

,QaBIleHVle 
nIlaCTOBoe nIlaCTosaSl cpa KTOP , 30Ha HaCbll11eHVlSl 
AaSIleHVle, TeMne£arypa, M3/M 

HecpTVI reHepal\VIVI 
Mna C (B CTaHA. 

HecpTVI, KM 
YGIl,l 

ra30M, Mna 

can p 0 n e neB 0 e OB 
1,8 - 3,0 18 - 30 70 -105 44,8 4,14 

CMewaHHoe OB 
2,5 - 3,0 25- 30 87 -105 118,0 8,8 

ryMycoBoe OB 
2,5 -3,0 25 -30 87-105 1014 29,7 

,Qml Heq:>Telii 30Hbl reHepal...\li11i1 C rYMycoBblM OB 

cpeAHeB3BeweHHbilii ra30Bbilii cpaKTop paBeH 1014 M3/M3 nplil 

BenW·11iIHe AaBneHlilfi HaCblLl.\eHIi1f1 HecpTIII ra30M 29,7 Mna. 

CneAOBaTenbHO 

reHeplilpOBaHHblX canponeneBblM OB, npli1 Ii1X BOCXOAflLl.\elil 

BepTIi1KanbHOIii Mli1rpal...\li1li1, MO)f{eT Ha4aTbCfI, no 3TIi1M AaHHblM, 

TonbKO B6nli131i1 OT 3eMHolii nOBepXHOCTIi1, Ha rny61i1HaX < 0,5 -

0,4 KM. YaCTIi14Hafi Aera3al...\li1f1 HecpTelil, reHepli1pOBaHHblx 

CMewaHHblM OB, MO)f{eT Ha4aTbCfI Ha rny61i1He < 0,8 KM, a 

HecpTelil, reHepli1pOBaHHblx 41i1CTO rYMycoBblM OB - Ha rny61i1He 

< 2,9 KM, TO eCTb npaKTIi14eCKIi1 Y)f{e B rnaBHolii 30He 

HecpTeo6pa30BaHIi1f1. 

npli1MepHO TaKli1e )f{e 3aKn104eHIi1f1 cneAYIOT Ii1 1i13 paC4eTOB 

AaBneHIi1f1 HaCblLl.\eHIi1f1 HecpTIi1 ra30M Anfl CIi1CTeMbl nnaCTOBblX 

YB cpnlOli1AOB (Ta6n. 2.3, pli1c. 2.10). 
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YaCTW-tHaS'l ,Llera3a4t.1S'1 HecpTt.1 C ra30BbtM cpaKTOpOM 

24 M3/M3 Ha4t.1HaeTCS'I TonbKO Ha rny6t.1He < 0,4 - 0,5 KM, HecpTt.1 C 

ra30BbtM cpaKTOpOM 50 M3/M3 - Ha rny6t.1He < 0,7 KM, HecpTt.1 C 

ra30BbtM cpaKTOpOM 100 M3/M3 - Ha rny6t.1He < 1,25 KM; HecpTt.1 C 

ra30BbtM cpaKTOpOM 200 M3/M3 - Ha rny6t.1He < 1,9 KM; HecpTt.1 C 

ra30BbtM cpaKTOpOM 500 M3/M3 - Ha rny6t.1He < 2,7 KM, a HecpTetli 

C ra30BbtM cpaKTOpOM 700 - 800 M3/M3 - Ha rny6t.1HaX MeHee 2,9 -

3 KM, TO eCTb npaKTt.14eCKt.1 n04Tt.1 cpa3y ~e B rnaBHotli 30He 

HecpTeo6pa30BaHt.1S'1. 

C,LlenaHHbte Ha OCHOBe paC4eTOB 3aKnI04eHt.1S'1 0 

Kpt.1Tt.14eCKt.1X rny6t.1HaX Ha4ana 4aCTt.14Hotli ,Llera3a4t.1t.1 HecpTetli 

npt.1 t.1X BOCXO,LlS'lll.\etli Mt.1rpa4t.1t.1 He3Ha4t.1TenbHO OTnt.14aIOTCS'I OT 

BbtBO,LlOB, C,LlenaHHbiX npt.1 t.1CnOnb30BaHt.1t.1 3aKOHOMepHocTetli, 

BblS'lBneHHblX npt.1 o606ll.\eHt.1t.1 3KCnept.1MeHTanbHblX ,LlaHHbIX. 

YTO KaCaeTCS'I ra30KOH,LleHCaTOB, TO npt.1 BepTt.1KanbHotli 

BOCXO,LlS'lll.\etli Mt.1rpa4t.1t.1 t.13 Ht.1X Mo~eT npOt.1CXO,Llt.1Tb 4aCTt.14HaS'l 

nOTepS'l paCTBopeHHblX B ra3e HecpTS'lHbIX YB, npt.1BO,LlS'lll.\aS'l K 

CHt.1~eHt.11O t.1X nepBt.14HOrO KOH,LleHCaTHoro cpaKTopa, Ha 

rny6t.1HaX, r,Lle nnaCTOBoe ,LlaBneHt.1e CTaHOBt.1TCS'I Ht.1~e ,LlaBneHt.1S'1 

Ha4ana KOH,LleHCa4t.1t.1 HecpTS'lHbIX yrneBO,LlOpO,LlOB. 

B COOTBeTCTBt.1t.1 C nOrt.1Kotli ,LlaBneHt.1e Ha4ana KOH,LleHCa4t.1t.1 

,LlOn~HO 6blTb TeM Bblwe, 4eM 60nbwe ra3 t.13Ha4anbHO 

neperpy~eH paCTBopeHHblMt.1 B HeM HecpTS'lHbIMt.1 

yrneBO,LlOpO,LlaMt.1 t.1 4eM Ht.1~e 6Y,LleT nnaCTOBaS'l TeMnepaTypa. 

3aBt.1Ct.1MOCTb ,LlaBneHt.1S'1 Ha4ana KOH,LleHCa4t.1t.1 OT Bent.14t.1Hbl 

KOH,LleHCaTHoro cpaKTopa xopowo Bt.1,LlHa Ha pt.1c. 2.13, 
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nOCTpoeHHOM no AaHHbIM, npltlBeAeHHblM B pa60Te r.n. 

DblnltlHKItlHa [5]. npltl KOHAeHcaTHOM cpaKTope OKono 130 r/M3 OHa 

He npeBblwaeT 19 Mna, a npltl B03paCTaHItlltl KOHAeHcaTHoro 

cpaKTopa AO 700 r/M3 AOCTltlraeT 54 Mna, TO eCTb B03paCTaeT B 

2,8 pa3a. 

1 I I I I ill I I I I 

140 180 220 260 300 340 380 420 460 500 540 580 620 660 700 740 

HYBIraa, r/M3 

P ... C. 2.13. 3aB ... c ... MoCTb AaBlleH ... SI Ha'lalla KOHAeHCall ...... 

HetPTSlHblX YB OT Bell"''1 ... Hbl KOHAeHcaTHoro tPaKTopa 
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3aBlIIClIIMOCTb AaBneHlIIfI Hayana KOHAeHCa4111111 OT 

TeMnepaTypbl MeHee YeTKaS'l, HO TeHAeH4111f1 BCe-TaKIII 

HeCOMHeHHa (pIllC. 2.14). nplll CHIII>KeHIIIIII TeMnepaTypbl OT 11 oDe 
AO 750C AaBneHlIIe Hayana KOHAeHCa4111111 B03paCTaeT MIIIHIIIMYM 

OT 30 Mna AO 43 Mna, TO eCTb Anfl Toili >Ke cOBoKynHocTIII 

AaHHblX B 1,4 pa3a. 

55 

50 

20 

PMC. 2.14. 3aBMcMMoCTb AaBneHMH Ha'lana KOHAeHcallMM 

He!pTHHbIX YB OT TeMnepaTYpbl 
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COBMeCTHoe BIWlf1Hli1e KOH4eHTpa41i11i1 paCTBOpeHHbiX B ra3e 

HecpTflHblX YB Ii1 nIlaCTOBO';; TeMnepaTypbl Ha BeIlli141i1HY 

AaBIleHIi1f1 HayaIla KOHAeHCa41i11i1 Ii1IlIlIOCTpli1pyeT pli1c. 2.15. 

PIIOH,Q.. 
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PMC. 2.15. 3aBMcMMoCTb AaBlleHMH Ha~alla KOHAeHCal.\MM 

He4lTHHbiX YB OT BeIlM~MHbi ra30KOHAeHcaTHoro <j)aKTopa M 

TeMnepaTYpbl 



AaBneHLI1e Hayana KOH,QeHCallLl1L11 paCTBOpeHHblX B ra3e 

HecpTl'lHbIX YB l'lBHO B03paCTaeT npLl1 rloBblWeHLI1L11 LI1X 

KOHlleHTpallLl1L11 B ra3e LI1 CHLI1>KeHLI1L11 TeMnepaTYpbl. BLI1,QHbl ,QBe 

COBoKynHocTLI1 ,QaHHbIX. npLl1 TeMnepaType OKono 1100C LI1 

YBenLl1yeHLI1L11 KOH,QeHcaTHoro cpaKTopa OT 130 ,QO 300 r/M3 

,QaBneHLI1e Hayana KOH,QeHCallLl1L11 B03pacTaeT OT 19 ,QO 41-44 

Mna. npLl1 KOH,QeHcaTHoM cpaKTope OT 340 ,QO 700 r/M
3 

LI1 

TeMnepaType 70-80oC ,QaBneHLI1e Hayana KOH,QeHCallLl1L11 

B03pacTaeT C 42 ,QO 84 Mna. 

Pacnonaral'l 3TLI1MLI1 a 

pacnpe,QeneHLI1e TeMnepaTYP LI1 ,QaBneHLI1~ B pa3pe3e oca,QKOB, 

MO>KHO npLl1MepHO onpe,QenLl1Tb Ha KaKLI1X rny6L11Hax LI13 

ra30KOH,QeHcaTOB C TeM LI1nLl1 LI1HblM KOH,QeHcaTHbIM cpaKTOpOM 

6Y,QeT npoLl1Cxo,QLI1Tb yaCTLI1YHal'l nOTepl'l HecpTl'lHbIX YB npLl1 LI1X 

KOH,QeHCallLl1L11 (Ta6n. 2.7). 

no npLl1Hl'lTO~ HaMLI1 cxeMe rnaBHal'l 30Ha reHepallLl1L11 YB 

ra3a HaXO,QLI1TCl'l Ha rny6L11He ,QO 6 KM LI1 xapaKTepLl13yeTCl'l 

TeMnepaTYpo~ 2100C LI1 nnaCTOBblM ,QaBneHLI1eM 60 Mna. 

ra30KoH,QeHcaT C nepBLI1YHblM KOH,QeHcaTHbIM cpaKTOpOM 

140 r/M
3 

(B cTaH,QapTHblx ycnOBLI1l'lx) xapaKTepLl13yeTCl'l 

AaBneHLI1eM Hayana KOH,QeHCallLl1L11 19 Mna LI1 COOTBeTCTBeHHO 

MO>KeT MLI1rpLl1pOBaTb 6e3 nOTepLl1 paCTBOpeHHblx HecpTl'lHbIX YB C 

rny6L11Hbi 6 KM ,QO rny6L11Hbi 1,9 KM, TO eCTb Ha 4,1 KM BBepx no 

pa3pe3y. 

ra30KoH,QeHcaT C nepBLI1YHblM KOH,QeHcaTHbIM cpaKTOpOM B 

30He reHepallLl1L11 200 r/M
3 

(B cTaH,QapTHblx ycnOBLI1l'lx) LI1 
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xapaKTepVl3ylOll.\VlIIIC~ AaBJleHVleM HayaJla KOHAeHCal..\VlVl 33 Mna 

npVl MVlrpal..\VlVl BBepx no pa3pe3y 6e3 KaKOIII-JlVl60 nOTepVl 

pacTBopeHHblx HecpT~HbIX YB MO)f(eT nOAH~TbC~ Ha my6VlHY 3,3 

KM, TO eCTb Ha 2,7 KM BBepx no pa3pe3y. 

Ta6JlVll..\a 2.7 
KpHTw·lecKHe my6HHbi Ha .... aJla nOTepH ra30KOHAeHcaTOM 

pacTBopeHHblx He<pTHHbIX YB 

r naBHafi 30Ha 
S 

reHepal..\liU1 ra3a 's CIl '" JiM S e; 
Q) 

J: ::; :::r Q) S CIl ::; 'S \D ::; 
CIl f-_ CIl 00. o CIl "" CIl '- U iii "" C J: m ~ co J: f-U .JlCllcri 
~ J:--" Q) OOC J: -

Q) D: t:[ ti c CIl ~ e;U;>, 

ai () t:[S J: CIlCll~ J: CIl ~ ~ x 
0 J: III 0 S U ::; S 00 '" e; e; - \D J: S t:[ Ji 

'" 
J: oi '" e; CIl CIl c CIl CIl 

>-Q) 
f- J: J: 

Q) 0. o U e;C Q) ::r f- e; t:[ 0.0D: 
oi e; 

~ '" >- o CIl rl Q) '" f-
III £!~ 

'- J: III 0-& J: CIl . '" J: J: D: 0 
S CIl CIl '- f- U Q) Q) 

CIl '" 
e; '" Q) t:[ 0. )S~ CIl ro ~ :J: \D J: Q) S t:[ 

'" S >- Q) Q) Ji 0. ::r J: J: Uo. III S .Jl 
e; 0 C 

J: 0 Q) S Q) 0 Q) Q) o.so. 
t- III ::; 

~ ~ 
S ~ ~ ~ ::r f- Q):::rCl) 

0 Q) J: S 0 f- CIl f-
f- I- III CIl Q) o.CIl Is c J: 0. 0 
U 

iit-& 
e; ~t:[ S '- c 

CIl III 0. S 
e; C CIl ~ ::; 

C c:[ 

6 60 210 140 19 19 1,9 4,1 
6 60 210 200 33 33 3,3 2,7 
6 60 210 300 40 40 4,0 2,0 
6 60 210 400 45 45 4,5 1,5 
6 60 210 600 50 50 5,0 1,0 
6 60 210 700 50 50 5,0 1,0 

LJeM Bblwe KOHAeHcaTHbl1ll cpaKTOp, TeM Bblwe AaBJleHVle 

HayaJla KOHAeHcal..\VlVl Vl TeM MeHbwe B03MO)f(HOe paCCTO~HVle 

BepTVlKaJlbHOill BOcxOA~ll.\elll MVlrpal..\VlVl ra30KOHAeHcaTa 6e3 

BblnaAeHVl~ Vl3 Hero paCTBopeHHblx HecpT~HbIX ymeBoAopOAOB. 

npVl BOcxOA~ll.\elll BepTVlKaJlbHOill MVlrpal..\VlVl ra30KOHAeHcaTa C 

KOHAeHcaTHblM cpaKTOpOM 300 r/M3 yaCTVlYHOe BblnaAeHVle 

HecpT~HbIX YB HaYHeTC~ Y)f(e Ha my6VlHax MeHee 4 KM, a npV1 
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KOHAeHcaTHOM cpaKTope 700 r/M
3 

- Ha my6V1He Bcero OK0J10 

5 KM, TO eCTb nOAHl'IBWVlCb Vl3 30Hbl reHepal..\VIVI Bcero Ha 1 KM, 

ra30KOHAeHcaT Y>Ke Ha4HeT 4aCTVl4HO Tepl'lTb pacTBopeHHble B 

HeM HecpTl'IHble YB. 

nOTepl'lB npVl KOHAeHCal..\VIVI 4aCTb paCTBopeHHblX 

HecpTl'IHblX YB, ra30KOHAeHcaT nepell1AeT B KaTeropVlIO ra30B, 

MeHee HaCblll.leHHblX HecpTl'IHblMVI ymeBoAopOAaMVI, VI ero 

napaMeTpbl npVl AaJ1bHell1WeM nOAbeMe K nOBepXHOCTVI 6YAYT 

Vl3MeHl'ITbCl'I no napaJ1J1eJ1bHOIl1 KPVlBOIl1, CBOIl1CTBeHHOIl1 AJ1l'1 TaKOIl1 

YB CVlCTeMbl (pVlC. 2.6, 2.7). 

2.4. KOfllo1'"1eCTBeHHaH MOAeflb YB CIo1CTeM, OCHOBaHHaH 

Ha MaCCOBblX COOTHoweHIo1HX ra30BbiX 101 He<j:>THHbIX YB 

B npeAweCTBOBaBWVlX pa3AeJ1aX xapaKTepVlCTVlKa 

reHepaI..\VlOHHO-3MVlrpaI..\VlOHHbIX VI nJ1aCTOBbIX YB CVlCTeM AaHa 

HaMVI C Y4eTOM, B OCHOBHOM, 06beMHbiX COOTHOWeHVlII1 

HecpTl'IHblX VI ra30BbiX YB npVl COOTBeTCTBYlOll.IVlX P VI T, XOTl'I 

VlCXOAHblMVI AaHHblMVI pa3YMeeTCl'I, MaCCOBble 

COOTHOWeHVll'I reHepVlpOBaBWVlXCl'I OB MaTepVlHCKVlX nopOA 

ra30BbiX VI HecpTl'IHblX YB. 

OAHaKo HeKOTopble aBTopbl, HanpVlMep, B.A. 3Hml'lHA C 

coaBTopaMVI [4], C4V1TaIOT, 4TO npeAno4TeHVle CJ1eAyeT OTAaBaTb 

MaCCOBblM COOTHOWeHVll'IM ra30BbiX VI HecpTl'IHblX YB, oco6eHHo 

npVl nporHo3e cpa30Boro COCTOl'lHVll'I YB CVlCTeM Ha nOViCKOBOM 

:nane. 
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B KayeCTBe OCHOBHOro nOKa3aTeIlfl YB CII1CTeM OHII1 

npeAIlaralOT II1CnOIlb30BaTb MaCCOBOe OTHOWeHlI1e ra30BbiX YB 

(C1-C5) K HecpTflHblM (C6+), B Kr/Kr. BeIlIl1YII1Hbl ::noro nOKa3aTeIlfl 

HaMill TalOKe 6blIlll1 paCCYII1TaHbl 111 AaHbl B Ta6Il. 2.1 111 2.3 KaK Allfl 

npoAYKTOB reHepa~1I1111 pa3HblMII1 TlI1naMII1 OB Allfl 

nOCIleAOBaTeIlbHblX ::nanOB npo~ecca HecpTera3006pa30BaHII1f1, 

TaK 111 nIlaCTOBblX YB CPIlIOII1AOB MeCTopO>KAeHII1Vi YB - OT caMblX 

HII13KOra30HaCblLl.\eHHbIX HecpTeVi C ra30BbiM cpaKTOpOM 15 M3/T AO 

ra30B C KOHAeHcaTHblM cpaKTOpOM 5 r/M3. 

HanpaBIleHHocTb 1I13MeHeHII1f1 YB CPIlIOII1AOB, reHepll1pyeMblx 

OB MaTepll1HCKII1X nopoA 111 3MlI1rpll1pYIOLl.\II1X 1113 HII1X B KOIlIleKTOpa 

Ha nOCIleAoBaTeIlbHblX CTaAII1f1X npo~ecca HecpTera30-

06pa30BaHII1f1 Bblpa>KeHa MaCCOBblMII1 COOTHOWeHII1f1MII1 ra30BbiX 111 

HecpTflHblX yrneBoAopOAOB AOCTaTOYHO yeTKO (pll1c.2.16). 

B Hayalle npo~ecca HecpTeo6pa30BaHII1f1 (HayaIlO 

rpaAa~1I1111 KaTareHe3a MK1) BeCOBoe OTHOWeHlI1e ra30BbiX 

KOMnOHeHTOB K >KII1AKII1M HecpTflHblM Allfl canponeIleBoro 08 

COCTaBIlfleT 0,01 Kr/Kr, 'ITO B 06blYHOM nOHII1MaHlI1111 

COOTBeTcTByeT HecpTII1 C ra30BbiM cpaKTOpOM 728 M3/M3. Ho TaKII1X 

HecpTeVi 3MII1rpll1pyeT 1113 MaTepll1HCKII1X nopOA OyeHb MallO. ,lJ,aIlee 

C POCTOM CTeneHII1 KaTareHe3a MaCCOBoe COOTHOWeHlI1e ra30BbiX 

111 HecpTflHblX YB YMeHbwaeTCfI 111 AOCTlI1raeT MII1HII1MyMa (0,02 

Kr/Kr) K KOH~y rpaAa~1I1111 MK2, 'ITO COOTBeTcTByeT HecpTII1 C HII13KII1M 

ra30BbiM cpaKTOpOM 16,6 M3/M3. TaKlI1e HecpTII1 npll1 3MlI1rpa~1I1111 1113 

MaTepll1HCKII1X nopOA C canponeIleBblM OB npeo6IlaAalOT. 
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PHC. 2.16. Lt13MeHeHHe BeCOBoro COOTHoweHH~ ra3a H Heq:,TH B reHepallHoHHo-3MHrpallHoHHblX 

::; H nIlaCTOBblX YB CHCTeMax 
\II 



Heq:neo6pa30BaHVle Ha 3TOM 3Tane npeKpalL\aeTCfI III 

Ha4V1HaeTCfI aKTVlBHOe ra3006pa30BaHVle. B COOTBeTCTBVIVI C 3TVlM 

MaCCOBOe COOTHOWeHVle ra30BbiX VI HecpTflHblX YB B CVlCTeMe 

CHOBa B03paCTaeT - K Ha4aIlY rpaAaL\VIVI MK5 - AO 1,12 Kr/Kr, a B 

Ha4aIle rpaAaL\VIVI AK2 - AO 1,32 Kr/Kr. 06beMHafl AOIlS'l 

HecpTflHblX YB B CVlCTeMe YB CHVI>KaeTCfI npVl 3TOM C 92,6% AO 

24,3 - 18,4 %. B 06bl4HOM nOHVlMaHVIVI TaKafl YB CVlCTeMa 

cooTBeTcTByeT ra30KOHAeHcaTaM C cOAep>KaHVleM paCTBOpeHHblx 

HecpTflHblX YB 890 - 755 r/M3 
(B cTaHAapTHblx YCIlOBVlflX). 

HanpaBIleHHocTb B Vl3MeHeHVIVI MaCCOBoro COOTHOWeHIIlS'l 

ra30BbiX VI HecpTflHblX YB AIlfl MaTepVlHcKVlX nopoA C rYMycoBblM 

OB Ta >Ke caMafl, TOIlbKO Ha Bcex cTaAVlflX np0l.\ecca 

HecpTera3006pa30BaHVlfI OTHoweHVle ra3a K HecpTVI B AeCflTKVI pa3 

Bblwe, 4eM B YB CVlCTeMe, o6pa3YIOlL\elilcfI npVl TepMVl4ecKoM 

npeBpalL\eHVIVI canponeIleBoro OB (pVlC. 2.16). 

B Ha4aIle rpaAaL\VIVI MK1 BeCOBoe OTHoweHVle ra3a K Hecpn1 

B YB CVlCTeMe ryMycoBoro OB paBHo 25,8 Kr/Kr, 4TO B 06bl4HOM 

nOHVlMaHVIVI cooTBeTcTByeT ra30KoHAeHcaTY, cOAep>KalL\eMY 

pacTBopeHHblx HecpTflHblX YB 38,7 r/M3. 3aTeM MaCCOBoe 

OTHoweHVle ra3a K HecpTVI CHVI>KaeTCfI npVl MaKcVlMYMe 

npoflBIleHVlfI r<1>H AO 0,83 Kr/Kr, 4TO B 06lL\enpVlHflToM 

nOHVlMaHVIVI cooTBeTcTByeT HecpTflM C ra30BbiM cpaKTOpOM 

660 M3/M3. 

npeKpalL\eHVle reHepaL\VIVI HecpTflHblX YB VI YCVlIleHVle 

VlHTeHCVlBHOCTVI ra3006pa30BaHVlfI CHOBa 

B03paCTaHVle B CVlCTeMe YB OTHoweHVlfI MaCCbl ra30BbiX 
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KOMnOHeHTOB K HecpnlHblM - AO 10,9 - 35,3 KriKr B Ha4aJle 

rpaAa41i11i1 KaTareHe3a AK2, 4TO cooTBeTcTByeT reHepa41i11i1 1iI 

3MliIrpa41i11i1 1iI3 MaTeplilHCKJ.1X nopoA ra30KOHAeHcaTOB C 

cOAep>KaHliIeM pacTBopeHHblx B ra3e HecpnlHblx YB, 

CHliI>KalOl.l.leMCfl AO 90 - 28 riM3 
(B cTaHAapTHblx yCJlOBliIflX). 

CMewaHHoe OB (50% canpOneJleBblX 1iI 50% ryMycoBblx 

KOMnOHeHTOB) 3aHliIMaeT, eCTeCTBeHHO, npOMe>KYT04Hoe 

nOJlO>KeHliIe Me>KAY canpOneJleBblM 1iI ryMYCOBblM OB nplil TOI1 >Ke 

CaMOI1 HanpaBJleHHOCTJ.1 J.13MeHeHliIfl MaCCOBoro COOTHoweHliIfl 

ra30BbiX 1iI HecpTflHblX YB B CliICTeMe YB CPJllOliIAOB Ha 

nOCJleAOBaTeJlbHblX 3Tanax npo4ecca HecpTera3006pa30BaHliIfl. 

B Ha4aJle npo4ecca BeCOBoe OTHoweHliIe ra30BbiX KOMnOHeHTOB 

K HecpTflHblM B CliICTeMe YB COCTaBJlfleT 4,38 KriKr, Ha nlilKe 

npOflBJleHliIfl rcPH CHJ.1>KaeTCfl AO 0,05 KriKr, a nplil aKTliIB1iI3a41i11i1 

ra3006pa30BaHliIfl CHOBa nOBblwaeTCfl AO 6,9 KriKr. B 06bl4H0l1 

CJ.1CTeMe npeACTaBJleHliIl1 3TO cooTBeTcTByeT reHepa41i11i1 CHa4aJla 

ra30KOHAeHcaTa, COAep>Kal.l.lero B cTaHAapTHblx YCJlOBlilflX 

280 r HecpTflHblX YB Ha M3 ra3a, 3aTeM B pa3rape 

HecpTe06pa30BaHliIfl - HecpTliI C ra30BbiM cpaKTOpOM 83,7 M
3
iM

3
, a 

BO BpeMfl npOflBJleHliIfl rcPr - ra30KOHAeHcaTOB C KOHAeHcaTHblM 

cpaKTOpOM B cTaHAapTHblx YCJlOBliIflX, CHliI>KalOl.l.llilMCfl OT 900 AO 

144 riM3. 

Ha KplilBble, xapaKTep1il3YlOI.l.llile MaCCOBoe OTHoweHliIe 

ra30BbiX 1iI HecpTflHblX YB B CJ.1CTeMaX, 3MJ.1rpJ.1pylOl.l.lJ.1X J.13 

MaTepJ.1HCKJ.1X nopoA, HaHeceHbl AaHHble, xapaKTepJ.13YIOI.l.lJ.1e 

MaCCOBoe OTHOWeHJ.1e ra30BbiX J.1 HecpTflHblX YB B nJlaCTOBblX YB 
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CIiICTeMax MeCTOpO>KgeHIiI~ yrneBoAopOAOB - OT HeC/:ne~ C 

ra30BbiM cpaKTOpOM B YCIlOBlilflX nOBepxHocTIiI 15 M31T (MaccoBoe 

OTHoweHlile ra3a K HecpTIiI 0,015 Kr/Kr) AO 6eAHbiX 

ra30KOHAeHcaTOB C KOHAeHcaTHblM cpaKTOpOM B cTaHAapTHblX 

YCIlOBlilflX 5 r/M3 (MaccoBoe OTHoweHlile ra3a K HecpTIiI 200 Kr/Kr). 

KaK BIiIAIiIM, no Alilana30HY MaCCOBblX oTHoweHIiI~ ra30BbiX 

KOMnOHeHTOB K HecpTflHblM YB CIiICTeMbl, pO>KgaeMble OB 

MaTepliIHcKIiIX nopoA Ha nocIleAOBaTeIlbHblX 3Tanax npOl.\ecca 

HecpTera3006pa30BaHlilfl, onpeAeIlfllOT CPOpMlilpoBaHlile wlilpoKoro 

cneKTpa nIlaCTOBblX YB CPIlIOIiIAOB, peaIlbHo cYL4eCTBYIOL4Ii1X B 

pa3Hoo6pa3Hbix MeCTOp0>KgeHlilflX YB - OT HecpTe~ C HIiI3KIiIM 

ra30BbiM cpaKTOpOM AO 6eAHbix ra30KOHAeHcaTOB iii ra30B. 

TaKIiIM o6pa30M, CIilCTeMa reHepaL\liIoHHO-3MlilrpaL\IiIOHHbIX 

iii nIlaCTOBblX YB CPIlIOIiIAOB, nocTpoeHHafl C IiIcnOIlb30BaHlileM 

MaCCOBblX oTHoweHIiI~ ra30BbiX iii HecpTflHblX YB, BnOIlHe 

nplilroAHa. OAHaKo paHee nOAPo6HO oxapaKTeplil30BaHHafl 

eAIiIHafl CIilCTeMa YB CPIlIOIiIAOB, nocTpoeHHafl C Y4eToM 

o6beMHbix iii HeKoTopblX BeCOBblX CooTHoweHIiI~ HecpTflHblX iii 

ra30BbiX YB nplil cooTBeTcTBYIOL4Ii1X P iii T, Bce >Ke HaMHoro 

60Ilee IiIHcpopMaTIiIBHa iii 60Ilee YAo6Ha AIlfl IiIcnOIlb30BaHIiIR 

2.5. 4acTHbie MO,Qem1 yrneBo,Qopo,QHbIX CHCTeM 
,QJlSl BOCTOllHO-CH6HpcKoro H THMaHO-nellopcKoro 

6acceMHoB 

B Ha3BaHHbiX 6acce~Hax napaMeTpbl yrneBoAopOAHblX 

CIilCTeM (YB-clilcTeM), p0>KgaBWIiIXCfl iii 3MlilrplilpOBaBWIiIX 1i13 
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HecjJTera30MaTepVlHCKVlX nopo,Q (H rM-nopo,Q) Ha 

COOTBeTCTBYtO~VlX rpa,Qal\VlflX KaTareHe3a OB, 6blIlVl 

nO,QCYVlTaHbl ,QIlfl TpeX cj:lal\VlaIlbHO-reHeTVlyeCKVlX 

(6VlOl\eHOTVlyeCKVlX) TVlnOB OB, ,QOMVlHVlPYtO~VlX B HVl>KHeM­

Cpe,QHeM naIle030e-,QOnaIle030e 3TVlX 6acceViHoB: aIlbroreHHblX 

canpOneIlVlTOB, OKCVlCOp6ocanpOneIlVlTOB Vl aIlbro30oreHHbiX 

canpOneIlVlTOB. AIlbrOreHHble canpOneIlVlTbl VlMetOT, KaK 

npaBVlIlO, nIlaHKTOHOreHHYtO OCHOBY - Cyanophita Vl Acritharcha 

- C TOVi VlIlVl VlHOVi, ya~e He6oIlbWoVi npVlMeCbtO aIlbro6eHToca -

6YPblX BO,QOpOCIleVi Phaeophita; OHVl XapaKTepHbl ,QIlfl nopo,Q C 

KOHl\eHTpal\VleVi C HK ;;:: 0,5 % (,QoMaHVlKoVl,QHble Vl ,QOMaHVlKVlTHble 

KOHl\eHTpal\VlVl). nOpO,Qbl, cO,Qep>Ka~Vle TaKoVi TVln OB, CIlaratOT 

HrM-cj:lopMal\VlVl pVlcj:lefl, BeH,Qa, HVl>KHero-cpe,QHero naIle030fl 

BOCTOYHO-CVl6VlpcKoro ,QoMe3030VicKoro Mera6acceViHa 

CVl6VlPCKOVi nIlaTcj:lopMbl Vl cVlIlypa TVlMaHO-neYOpCKOro 

6acceViHa BOCTOYHO-EBponeVicKoVi nIlaTcj:lopMbl. 

OKCVlcop6ocanponeIlVlTbi VlMetOT Ty >Ke 6VlOl\eHOTVlyecKYtO 

OCHOBY, TOIlbKO CIlaratO~ee VlX OB npeTepneIlo 60Ilee VlIlVl 

MeHee cy~ecTBeHHoe ,QVlareHeTVlyeCKOe OKVlCIleHVle, n03ToMY 

YB-nOTeHl\VlaIl VlX HVl>Ke no cpaBHeHVltO C TaKOBblM y 

canponeIlVlToB. OKCVlcop6ocanponeIlVlTbi xapaKTepHbl ,QIlfi HrM­

nopo,Q C KOHl\eHTpal\VleVi C HK 0,1 - 0,5 %. TaKVle nopo,Qbl 

BCTpeyatOTCfl B Tex >Ke BblweynoMflHYTblX HrM-cj:lopMal\VlflX B 

Tex >Ke perVloHax. B paccMaTpVlBaeMblx 3,QeCb aIlbr0300reHHbiX 

canponeIlVlTax OCHOBY COCTaBIlfltOT TeHTaKYIlVlTbl (TaIlIloMo- Vl 

KOIlIlOXVlTVlHVlT) C npVlMeCbtO nIlaHKTOHHblX 3eIleHbiX BO,QopocIleVi 
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It1 Acritharcha. Anbro300reHHbie canpOnenlt1Tbl Hepe,QKO 

~BmHOTC~ nopo,Q006pa3YIOl1\It1M KOMnOHeHTOM B ,QOMaHIt1KIt1TaX 

,QOMaHIt1KOBOVi cj:l0pMaL\1t11t1 (s.lato) D3 TIt1MaHO-ne40pCKOrO 

6acceViHa. 

B Ta6n. 2.8 - 2.10 npe,QcTaBneHbl napaMeTpbl YB-CIt1CTeM 

,Qn~ Bcex Tpex Tlt1nOB OB. (Cne,QyeT HanOMHIt1Tb, 4TO ,Qn~ 060lt1x 

paCCMaTplt1BaeMblx 6acceViHoB xapaKTepHa COKpal1\eHHa~ -

"cy6,QoHeL\Ka~" - 30HanbHOCTb KaTareHe3a OB.) B 3TIt1X Ta6nlt1L\ax 

nOMel1\eHbl KaK It1CXO,QHble ,QaHHble - rpa,QaL\1t11t1 KaTareHe3a OB, 

MaKCIt1ManbHbie naneorny6lt1Hbl, COOTBeTCTBYIOl1\lt1e It1M 

nnaCTOBble ,QaBneHIt1~ It1 naneoTeMnepaTypbl, nnOTHOCTIt1 Hecj:lTIt1, 

HopManbHble nnOTHOCTIt1 ra3a, cYMMapHble Benlt141t1Hbi reHepaL\1t11t1 

>K1t1,QKIt1X It1 ra3006pa3Hbix YB K KOHL\Y Ka>K,QOrO 3Tana, Benlt141t1Hbi 

It1X 3Mlt1rpaL\1t11t1 KOHKpeTHo Ha Ka>K,QOM 3Tane (nocne,QHlt1e 4eTbipe 

napaMeTpa 6blnlt1 nonY4eHbi 1t13 pac4eTHbix reHepaL\1t10HHO-

3Mlt1rpaL\1t10HHblX MO,QeneVi ,Qn~ cooTBeTcTBYIOl1\erO Tlt1na OB), TaK 

It1 nO,QC4It1TaHHble napaMeTpbl - nnOTHOCTIt1 reHeplt1pOBaHHoro 

ra3a Ha cooTBeTcTBYIOl1\It1X rpa,QaL\lt1~x It1 rny61t1Hax It1 pa3nlt14Hbie 

Tlt1nbl 06beMHbiX It1 06beMHO-BeCOBbIX COOTHOWeHIt1V1 

3MIt1rplt1pOBaBWIt1X YB cj:laKTIt14eCKIt1 HeC>KIt1MaeMOVi Hecj:lTIt1 111 

C>KIt1MaeMoro ra3a. nnOTHOCTIt1 3MIt1rplt1pOBaBWeVi Hecj:lT1I1 

onpe,Qen~nIt1Cb, It1CXO,Q~ 1t13 ,Qonlt1 nerKIt1X YB Cr C14 (nYB), B· 

3Mlt1rplt1pYIOl1\eM >K1t1,QKOM np0,QYKTe (,QaHHble nonY4eHbi B 

reHepaL\1t10HHO~3M1I1rpaL\1t10HHbIX MO,Qen~x It1 nOMel1\eHbl B Ta6n. 

2.8 - 2.1 0). An~ anbroreHHblX canpOnenlt1TOB nnOTHOCTIt1 Hecj:lT1I1 

1t13MeH~IOTC~ OT 0,82 T/M3 nplt1 ,Qone nYB 0,26 - Ha rpa,QaL\lt1~x 

no 



nKT MK1 AO 0,70 TiM3
, KorAa )f(~AK~1iI 3M~rpal..\~OHHbllil npoAYKT 

L\efl~KoM npeAcTaBfleH nYB (rpaAal..\~51 AK1, Ta6f1. 2.8). Afl51 

OKc~cop6ocanponefl~TOB A~ana30H nfiOTHOCTelil )f(~AK~X 

npOAYKTOB 3M~rpal..\~~ TOT )f(e C TeM )f(e np~MepHO A~ana30HOM 

,aOfl~ nYB (Ta6n. 2.9). 

Afl51 aflbro30oreHHbiX canponefl~ToB A~ana30H nfioTHocTelil 

)f(LII,aK~X npoAYKTOB 3M~rpal..\~~ HeCKOflbKO CAB~raeTC51 B CTOPOHY 

yT51)f(efleH~51 - 0,72 + 0,84 TiM3; AOfl51 nYB KOfle6f1eTC51 B 

LIIHTepBafie 0,24 - 0,88. B OTfl~4~e OT nepBblx ABYX T~nOB OB, B 

aflbro30oreHHbiX canponefl~Tax AOMaH~KoBoliI cpopMal..\~~ D3 B 

30He anOKaTareHe3a eLL\e npOAOfl)f(aeTC51 reHepal..\~51 nYB ~ 

3MLllrpal..\~51 nOCfleAH~X nopl..\~1iI XflOPOcpopMHoro 6~TYMo~Aa 

(X6A), n03ToMY ~ nfiOTHOCTb )f(~AK~X YB 3AeCb HeCKOflbKO Bblwe. 

HaAo CKa3aTb, 4TO cnel..\~cp~Ka paccMaTp~BaeMoro OB TaKOBa 

(o6~fI~e accpaflbTeHoB B reHep~poBaHHoM npoAYKTe), 4TO 

npoL\ecc reHepal..\~~ ~ oco6eHHo 3M~rpal..\~~ )f(~AK~X YB 3AeCb 

paCT51r~BaeTC51 Ha 60flbW~1iI KaTareHeT~4ecK~1iI A~ana30H no 

cpaBHeH~1O C afibroreHHblM~ 6~Ol..\eHOT~4ecK~M~ T~naM~ OB. 

3TOT Bonpoc HaM~ HeoAHoKpaTHo paccMaTp~BaflC51 paHee. 

B Ta6f1. 2.11 np~BeAeHbl n03TanHbie CYMMbl 

3M~rp~poBaBw~x YB ~ ~x AOfl~ B % OT o6LL\elil CYMMbl 

3M~rpal..\~~. 06LL\a51 cYMMa 3M~rp~poBaBw~x YB Afl51 

afibroreHHblX canponefl~ToB COCTaBfl51eT 0,4939 TiT OB; BeCOBoe 

OTHoweH~e ra3a K HecpT~ 0,405, HecpT~ K ra3Y - 2,47. Afl51 

oKc~cop6ocanponefl~ToB o6LL\a51 cYMMa 3M~rp~poBaBw~x YB -

0,3262 TiT OB; OTHoweH~e ra3iHecpTb 0,406, o6paTHoe - 2,46. 
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::;; ro 
'" C 

ro cO 0 
~ M 

0 

QJ :c cO ai :c :s; 

QJ \0 a. :s; 
L- >- >- :c 
ro E: f- QJ 
f- ro c: ro a. m 0; QJ '" ro ro c o:t: 0; :c ::;; :s; .a QJ QJ :r c: f- a ro ro a m o:t: ::;; QJ a ro :s; c: t; a. u ro L '" C ro 

ro c: 
~ C 

nK3 1,5 75 15 

MK, 2.4 120 24 

MK, 2,8 140 28 

MK<, 3,2 160 32 

MK3 3,8 190 38 

MK., 4,1 205 41 

MK, 4.4 220 44 

AK, 5,0 250 50 

AK'_3 6,5 325 65 

YmeBo.qopo.qHble npO.qyKTbl reHepallHH 
(al1brOreHHble canpOnel1HTbl, 

cO aJ aJ 
0 0 aJ ::;; 

>- 0 a 
x J::: ~ '" :s; f- ~ o:t: 
'" cO 

:s; 
o:t: ai ai '" :s; C M 

'" 
ro ro c ci. 
f- L- ro L-

M 0; (') 0; f- :s; ::;; :s; :s; (') ::;; QJ 
:raJ ro :r (') ~ -;:: 
21. 0 

:c ro ro 
:c m >-:s; a. o:t: s 

QJJ::: f- ro aJ ~ 

-& 
QJ 

M a -6-
iJj f- :c ro >- a. " QJ ~ 
L- QJ L- X C 

:c L- a. 0; :s; 0; 
0; 0; :s; '" ro :s; ro :r L-

:c :r :c ro QJ a. ro a. a. c: ro a. ro L- 0; ::;; L- ::;; :s; c: ::;; :s; ::;; ::;; a 
>- ::;; >- (I) q 
0 (I) 0 
0,0516 0,0034 0,0092 0,0092 0,26 0,82 

0,1271 0,1010 0,0668 0,0576 0,26 0,82 

0,2417 0,0892 0,0685 0,0017 0,30 0,80 

0,2984 0,0903 0,0925 0,0240 0,32 0,80 

0,3432 0,0518 0,1140 0,0215 0,92 0,70 

0,3483 0,0062 0,1175 0,0035 0,59 0,78 

0,3540 0,0062 0,1209 0,0034 0,59 0,78 

0,3540 0,0035 0,1258 0,0049 1,0 0,70 

0,3540 - 0,1423 0,0165 - -

Ami anbro300canponenViTOB 3TVI L\VlCPPbl paBHbl 

COOTBeTCTBeHHO 0,3837 TIT 08; 0,32 VI 3,10. KaK BVI.qHO, Y8-

COOTHOWeHVll'I anbrocanponenViTOB OKCVlCOp60-

canponenViTOB OAHVI VI Te >Ke, OAHaKO 3TVI TVlnbl pa3nVlyalOTCl'I 

Me>KAY c060Vi KaK no a6conlOTHbiM BenVlYVlHaM 3MVlrpVlpoBaBwVlx 

npoAYKTOB, TaK VI no AVlHaMVlKe npOL\eCCOB 3MVlrpaL\VlVI. 
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Ta6IlIIILla 2.8 
III 3Mlllrpal..\IIIIII 1113 He<l>Tera30MaTepIIIHCKIIIX nopo,Q 
CIll6I11pCKa~ nI1aT<I>opMa, R-D) 

3 fa30HaCblLlleHHOCTb 
P raJa, TIM 

C~CTeMbl 

s: np~ Ha 
::;:'" Q) ill tJ AaHHblX P, nOBepx-
0 ::;: Q) ::;: 0 
M-- ::;: Q)", ~ J: TO HOCTlII ro l- X 

0 L.. - ~~ tJ ::;: 0. 0 ., 
I- :s: ci.1- UO :s:'-s Q) M 

I- m ~ 
a: u o - :s: - u ... 

0'" 
0 mo.. u't- m "If c ::;: 

X J: tJ x m :r 
X ]i :s:a: ro L.. ro'-s 

]i 0. ro >- - J: ... 

Y Y 
J: Q) 0.J: I- :s: 0 ro "If ro :s: ro :s: 
J: m u i§ -&0. Q)I- M-& M I- MB- M I-
ro :s: - >-c roB- [1!~ t:[ 0 ~t:[ 

Q) C ",,0.. [1! Q) L.. Q) [1! Q) 
C 

":s: 
J: t:[:s: Q) '" J: '" J: '" J: '" J: :s: :s: ro !!o. > :s: 0. 

"" ::;: ::;: ::;: I- ::;: ::;: ::;: I-0. J: ;( C t:[ C a.. C :s: 
;( 

0.1555 0.0013 0.3348 6,48 57432 480 14.44 17.41 1685 2082 

0,2203 0,0013 0,6022 32,03 387381 2280 2,12 2,59 359 438 

0,2445 0,0013 0,7896 94,09 12742857 68091 0,06 0,08 11,7 14,7 

0,2666 0,0013 0,6880 55,64 1003333 4891 0,80 1,00 164 204 

0,2960 0,0013 0,5815 50,47 713498 3132 0,98 1,40 224 320 

0,2063 0,0009 0,5735 31,72 364706 1594 2,15 2,74 492 627 

0,2146 0,0009 0,5798 33,33 392405 1640 2,00 2,55 478 610 

0,2299 0,0009 0,4258 19,01 164319 643 4,26 6,08 1089 1556 

0,2614 0,0009 - - - - - - - -

J: 
"i:: 
Q) 
:s: 
J: 
Q) 

3 
0 
J: 
l-
0 
0 
u 
Q) 
0 
m 
0 
U 
Q) 

ro 

2.70 

0,57 

0,02 

0,27 

0,42 

0,56 

0,55 

1,40 

-

B Ta6Il, 2.12 npIIIBep,eHbl a6C01ll0THbie BeIllll4111Hbi 

3MIIlrplilpOBaBWIIlX YB III IIlX COOTHoweHlllfI no KpynHblM 3TanaM 

KaTareHeTIII4ecKoro npoLlecca, B 3TOrlr )Ke Ta6IlIIILle nplllBep,eHbl III 

o6beMHbie 3Ha4eHlllfI YB III IIIX COOTHoweHlIlfl B HopMaIlbHblx 

YCIlOBlllflX no TeM )Ke 3TanaM - p,Ilfl Bcex Tpex paccMaTplllBaeMblx 

TlilnOB OB. 
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:::; 
'" U ro cO 

'" 
0 

OJ :c 
cO :c s 

OJ \D a. 
L- >. >. 
ro E I--
I-- ro 
ro a. 

(J: OJ '" 
(J: 

ro c 
s :c ~ 
::J" 

..0 OJ 
C; I--ro ro 0 

~ ~ OJ 
S C; a. U ro L 
'" C ro 
~ 

nK3 1,5 75 

MK, 2,4 120 

MK, 2,8 140 

MK', 3,2 160 

MK3 3,8 190 

MK., 4,1 205 

MKs 4,4 220 

AK, 5,0 250 

AK,_3 6,5 325 

YrneBOAopOAHble npOAYKTbl reHepal.\I>U1 
(OKCMCOp6ocanpOnenMTbl, 

ai []) []) 

0 0 []) :::; » 0 0 
ro x .!::: .!::: '" : 
c s I-- I-- ~ ct 

s , 

~ '" <Ii cO * ct <Ii <Ii s c '" ci.. * ro ro c 
s I-- L- ro L-

"' 
, 

:c (J: <') (J: I-- S 
~, OJ S S <') :::; OJ 

c; ::J"[]) ro ::J" <') !;: f:: 
ID li o :c ro ro 

:c ID >. ro s a. ct {' ct OJ.!::: I-- OJ ro []) 0 
ifj I-- €- :c '" » a. OJ OJ OJ ro c !I! 

0 L- L-
L- X 

ID :c (J: s Q. 
0 (J: 

(J: 
(J: 

S '" !J ro s ro ::J" L-
:c 

::J" :c ro OJ 
ro a. ro a. a. C; 
C; ro a. ro L- (J: 

C ~ L- ~ S C; :::; S :::; :::; 0 
>. :::; >. (T) C{ , 
U (T) U 

15 0,0579 0,0193 0,0068 0,0068 0,44 0,80, 

24 0,1247 0,0613 0,0221 0,0153 0,27 0,82 

28 0,1948 0,0663 0,0242 0,0021 0,25 0,82' 

32 0,2152 0,0489 0,0547 0,0305 0,50 0,80, 

38 0,2330 0,0233 0,0737 0,0190 0,71 0,7Sl 

41 0,2363 0.0045 0,0787 0,0050 0,44 0,80, 

44 0,2396 0.0046 0,0842 0,0055 0,44 0,80; 

50 0,2396 0,0019 0,0882 0,0040 1,0 0,70[; 

65 0,2396 0,0019 0,0942 0,0060 1,0 0,70P 

MaKCIIIMaIlbHaH 3Mlllrpal.llllH Bceil! YB-CIIICTeMbl npOIIICXOAIIIT 

Ha 3Tane r<l>H (MK1 - MK2
2 ), 1113 aIlbrocanponeIlIIITOB - 73,66 % OT 

o61l1eil! 3Mlllrpal.llllOHHOil! CYMMbl, 1113 OKCIIICOp6ocanpOnem1TOB -

68,79 %, 1113 aIlbro30ocanpOneIlIIITOB - 66,56 %, nplII 3TOM 

>KIIIAKIIIX YB 3MlllrplllpyeT 1113 aIlbrOCanpOneIlIIITOB 79,78 % (OT 

CYMMbl >KIIIAKIIIX YB), 1113 OKCIIICOp6ocanpOneIlIIITOB - 76,08 %, 1113 

aIlbr0300CanpOneIlIIITOB - 71,47 %, 
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Ta6Jlll1l.1a 2,9 
III 3M ... rpa4 ......... 3 He$Tera30MaTep ... HCK ... X nOpOA 
(CIII6",pCKaH nl1aT$OpMa, R-D) 

~ 
0.­
x 
:ii 
:I: 
:I: 
CO 
<:t: 
s 
0. 
C 

s 
b 
o 
:I: 
X 
0. 
Q) 
ID 
o 
C 

CO 
:I: 

:!OM 
o :!O 
~J::: 
L.. -

ci..~ 
o -lDo.. 
b ~ 
CO ..c 
0.:I: 

u ffi 
~<:t: 
-9- s 
~o. 

a. c 

Q) 

:!O 

~::R UO 
s -
u°l­
ID _ 

so.. 
t- s 
-&0. 
Q) C 
:I: 

> 

ra30HaCbl~eHHOCTb 

CI-1CTeMbl 

npl-1 
AaHHblX 

P, TO 

Ha 

nOBepx-
HOCTI-1 

0,1555 0,0013 0,6324 35,55 441674 3690 1,81 2,26 217 271 

0,2203 0,0013 0,7007 51,84 882014 5208 0,93 1,22 

0,2445 0,0013 0,8022 

0,2666 0,0013 0,5951 

0,2960 0,0013 0,5461 

0,2063 0,0009 0,4875 

0,2146 0,0009 0,4812 

0,2299 0,0009 0,3813 

0,2616 0,0009 0,3670 

90,48 

34,81 

32,63 

18,79 

18,47 

13,43 

10,55 

780000 

o 

427447 

362928 

185950 

179687 

109195 

82969 

40925 0,11 0,13 

2084 1,87 2,34 

1593 2,06 2,76 

810 4,32 5,37 

752 4,41 5,56 

428 6,44 9,15 

285 8,48 12.05 

157 192 

20 24 

384 480 

470 627 

991 1233 

1053 1328 

1644 2337 

2470 3510 

Q) 
S 
:I: 
Q) 

3 
o 
:I: 

b o 
u 
Q) 
o 
ID 
o 
U 
Q) 

co 

0,35 

0,25 

0,03 

0,62 

0,82 

1,11 

1,20 

2,10 

3,15 

CpaBHeHlI1e 3TII1X 1.I111CPP ell.le pa3 nOATBep>KAaeT 

BbiweynoMflHYTYIO HeKOTOpylO "3aTPYAHeHHOCTb" 3M 111 rpal.lll1 111 

>KII1A KII1 X YB 1113 nopOA AOMaHII1KoBolii CPOPMal.lll1111 

ra3006pa3HbiX YB Ha :nane r<l>H 3MII1rpll1PyeT COOTBeTCTBeHHO 

no nmaM OB - 58,53 %, 50,85 % 111 50,34 %, 
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ro 
M 
Q) 
I 
Q) 
'-ro I-ro 
'" 0; 
s: 
:r 
ro 
c:r ro a. 

L 

nK3 

MK, 

MK'2 

MK"2 

MK3 

MK4 

MKs 

AK, 

AK2-3 

YrneBO,QopO,QHble npO,QYKTbl reHepallHH 

(aI1br0300reHHble canpOneI1HTbl, THMaHO-ne"lOpCKHH 

ro al ci. 
0 c 0; 

c 
0; s: 

2 ro a. ::;; 0 s: l- s: 
'" :ren (') :r '- Q) ro al s: 
ro- ~O ro ro roen ::;; !;; a. s a. en lti° '" I >- I Q)J:: 

I 

~O 
(') >- ::;; s: I- Q) s: '- I- m c:r I I- --10 ro c; Q) - I-en ~J:: O;f:: 0 I-

>- a. m '-en -8-0 s en a. 
E: Q) ro ~>- Q) I- 0; I- :ral >- c S c c:r ro - ro c x ::;; ~ 

::;; 
I __ 

a.ro -8-
~ I X 0; l- I ro s: 0 Q) 

Q) Q) a.S: a. M '- I-
'" 

~ 

s: I- 0 ro '" s: ro ~ s: (') '- '" u 0 m ::;; c:r :r ::;; ro Q) c:r a. 
'" Q) 0 ::;; s: ro ::;; 

(T)I c; s: 
ro c; I- a. ::;; * 2 ro u >-* '- >- 0; 

C ro 0 s: 0 c; 
c; ::;; 0 

C (T) C{ 

1,5 75 15 0,0340 0,0020 0,0030 0,0030 0,25 0,84 

2,4 120 24 0,1402 0,0966 0,0255 0,0255 0,25 0,84 

2,8 140 28 0,2166 0,0652 0,0334 0,0079 0,24 0,84 

3,2 160 32 0,2470 0,0456 0,0510 0,0176 0,24 0,84 

3,8 190 38 0,2607 0,0313 0,0623 0,0113 0,84 0,72 

4,1 205 41 0,2700 0,0131 0,0719 0,0096 0,64 0,78 

4,4 220 44 0,2754 0,0063 0,0814 0,0095 0,39 0,80 

5,0 250 50 0,2788 0,0063 0,0849 0,0035 0,73 0,75 

6,5 325 65 0,2956 0,0238 0,0935 0,0086 0,88 0,72 

TaKII1M 06pa30M, 'T<1>H-OBCKII1Ii1" ra3 B 4eIlOM COCTaBIl51eT 

4yTb 60Ilee nOIlOBII1Hbl ra3a, 3MII1rpll1pOBaBwero OT Ha4aIla nK3 

AO KOH4a AK3. (OAHaKO YKa3aHHbie AOIleBble 3Ha4eHII151 He 

5lBIl51tOTC51 TaKOBblMII1 OT Bcero reHepll1pOBaHHoro B KaTareHe3e 

ra3a, 11160 Ha rpaAa4111111 AK4 (rny6>Ke 6,5 KM) reHepll1pOBaIlOcb 

ell.\e - pa3HblMII1 TlI1naMII1 OB - OT 10 AO 20 % ra3006pa3Hbix YB.) 
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Ta611IIIl.\a 2.10 
l1 3Ml1rpa4l1l1 l13 He~)Tera30MaTepl1HCKl1X nopoA 
6aCCeI1H, AOMaHl1KOBaSi <popMa4l1S1 D3) 

s 
5 
o 
I 
X 
U 
aJ 
m 
o 
c 
ro 
I 

f-­
cL 
s 
U 
c 
aJ 
::2! 

~~ u 0 

s 
u 
m 
s 

B-
aJ 
I 

> 

aJ '" ::2! :ti 
aJ ~ 

f-'" 
U ::2! 

s"""" u .e. 
m " r 

(D '­
>-0-
aJl­
s -",0.. 
c::ts 
s 0. 

;.:; c 

'-
fa30HaCbllLleHHOCTb 

C~CTeMbl 

np~ Ha 
nOBepx-

ro s 
'" f­roB­
'- aJ 

'" I 
::2! f-

aJ 
s 
I 
aJ 
3 
o 
I 

b o 
U 
aJ o 
m 
o 
u 
aJ 

(D 

0,1555 0,0013 0,4223 10,97 103627 866 8,11 9,65 969 1155 1,50 

0.2203 0,0013 0.7229 52,97 946131 6131 0,89 1,05 150 179 0,23 

0,2445 0,0013 0,7756 70,61 2018575 10723 0,42 0,50 78 93 0,12 

0,2666 0,0013 0,6803 45,14 690909 3378 1,21 1,45 248 296 0,38 

0,2664 0,0012 0,5998 50,50 740740 3323 0,98 1,35 217 300 0,36 

0,2063 0,0009 0,5374 26,54 281720 1228 2,77 3,55 635 814 0,73 

0,2146 0,0009 0,4480 15,13 142212 597 5,60 7,03 1335 1675 1,50 

0,2299 0,0009 0,5892 35,59 414474 1619 1,81 2,41 463 617 0,55 

0,2614 0,0009 0,5983 50,07 723404 2492 1,00 1,38 289 401 0,36 

B TO >Ke BpeM51 OTHOWeHIII51 ra3/HecpTb III BeCOBble, III 

06beMHbie - Cpe,[llil BCeX :nanOB - ,[11151 f<l>H HalllMeHbWllle, a 

HecpTb/ra3 COOTBeTCTBeHHO Halll6011bWllle (Ta611. 2.12). 

Ha :nane f<l>f (MK3-MK5) 1113 a11brocanpone11lIITOB 

3MlllrplilpyeT 18,75 % YB, 1113 OKCIIIcop6ocanpone11IIITOB - 18,98%, 

1113 a11bro30ocanpone11IIITOB - 21,14 %, nplll4eM Ha 3TOM 3Tane 

BeCOBoe OTHoweHllle ra3/HecpTb ell.\e MeHbwe e,[llllHlIIl.\bl - 0,44; 
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0,91; 0,60 - COOTBeTCTBeHHO no Tl!maM OB (Ta6n. 2.12). 

nOcneAHee CBfl3aHO C TeM, YTO Ha rpaAaL\liIliI MK3 - HeCMOTpfl Ha 

npeKpaLl.\eHliIe reHepaL\liIliI X6A B anbroreHHblX Tlilnax OB -

BMeCTe C reHepaL\liIe~ nYB 6blBalOT BOBneyeHbl B 3MliIrpaL\liIlO 

eLl.\e 3HaYliITenbHbie nopL\liIliI >KliIAKliIX YB. 

Ta6nlilL\a 2.11 
n03TanHbie CYMMbl 3MlilrplilpoBaBwlilx YB iii IiIX AOI1eBble 

3Ha'leHIiIH OT o611.1eJli KaTareHeTIiI'IeCKoJli CYMMbl 3MlilrpaL\1iI1iI 

ro TI1MaHO-ne40pCKI1~ 

'" CI1611pCKafl nIlanpopMa, Q) CI1611pCKafl nIlanpopMa, 6acce~H, I 
Q) aIlbroreHHble 
L.. OKCI1cop6ocanpOneIll1Tbi aIlbr0300reHHbie ro 
I- canpOneIlI1Tbl 
ro canpOneIlI1Tbl 
'" 0; 

% OT %OT % OT :s; CYMMa CYMMa CYMMa ::r o6ll1e~ o6ll1e~ o6ll1e~ ro 3Ml1rpl1pO- 3Ml1rpl1pO- 3Ml1rpl1pO-
t:t: saswl1x CYMMbl saswl1x CYMMbl saswl1x CYMMbl 
ro 
c. YB, TIT OB 3MI1rpa4 YB, TIT OB 3Ml1rpa-

YB, TIT OB 
3Ml1rpa-

L.. 1111 41111 41111 

nK3 0,0126 2,55 0,0261 8,00 0,0050 1,30 

MK1 0,1586 32,11 0,0766 23,48 0,1191 31,04 

MK'2 0,0909 18,40 0,0684 20,97 0,0731 19,05 

MK'2 0,1143 23,14 0,0794 24,34 0,0632 16,47 

MK3 0,0733 14,84 0,0423 12,97 0,0426 11,10 

MK4 0,0097 1,96 0,0095 2,91 0,0227 5,92 

MKs 0,0096 1,96 0,0101 3,10 0,0158 4,12 

AK1 0,0084 1,70 0,0059 1,81 0,0098 2,55 

AK2-3 0,0165 3,34 0,0079 2,42 0,0324 8,45 

Il1Toro 0,4939 100,00 0,3262 100,00 0,3837 100,00 

B 30He anOKaTareHe3a (AK1 - AK3) 3MliIrpaL\liIOHHafl Aonfl 

YB-cliIcTeMbl COOTBeTCTBeHHO no TliInaM OB - COCTaBnfleT 

5,04 %; 4,23 % liI 11,0 %. OTHoweHliIe ra3/HecpTb caMoe BblCOKoe 
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s anbrOreHHblX canpOnem1TaX - 6,11 (3Aecb 3MV1rpa4V151 >t<V1AKV1X 

YB 3aKaH4V1SaeTC51 B KOH4e AK1, a Ha AK2-3 3MV1rpV1pyeT TonbKO 

ra3); B OKCV1cop60canponenV1Tax 2,63; V1 TonbKO B 

anbro300reHHOM OB AOMaHV1KoBo~ cj:>OPMa4V1V1 D3 3TO 

OTHoweHV1e On51Tb-TaKV1 MeHbwe eAV1HV14bl 0,40, 4TO 

onpeAen51eTC51 reHepa4V1oHHo-3MV1rpa4V1oHHo~ cne4V1cj:>V1Ko~ 

3TOro OB, 0 4eM y>t<e rOBopV1nocb Bblwe. HaV1MeHbwa51 AOn51 

3MV1rpa4V1V1 YB-cV1cTeM CB513aHa C 3TanOM nK3; 3Ha4eHV151 

OTHOWeHV151 ra3/Hecj:>Tb B pa3Hbix TV1nax OB pa3nV14Hbl - V1 

60nbwe, V1 MeHbwe eAV1HV14bl (Ta6n. 2.12). 

CneAyeT, OAHaKO, npV13HaTb, 4TO AocToBepHocTb 

MOAenbHblX pac4eToB An51 nOACTaAV1V1 nK HaV1MeHbWa51, 4TO 

CB513aHO C MV1HV1ManbHbIM 06beMoM V1Hcj:>OPMa4V1V1 no 3TOMY 

3Tany, onpeAen51eMblM B CBOIO 04epeAb cne4V1cj:>V1Ko~ perV1oHoB. 

Ho BepHeMC51 K Ta6n. 2.8 - 2.10, rAe npV1BeAeHbl OCHOBHble 

pac4eTHbie napaMeTpbl YB-cV1cTeM. nnaCTOBa51 nnOTHOCTb (prnn) 

3MV1rpV1pYlOllIero ra3a V13MeH51eTC51 OT 0,1555 T/M3 Ha nK3 AO 

0,2960 T/ M3 Ha MK3 (npV1 MoneKyn51pHOM Bece 30) V1 OT 0,2063 

T/M3 Ha MK4 AO 0,2614 T/M3 Ha AK3 (npV1 MoneKyn51pHOM Bece 20). 

nnaCTOBa51 ra30HaCblllleHHOCTb An51 anbrocanponenV1ToB 

V13MeH51eTC51 B AV1ana30He 0,06 M3/M3 Ha MK12 AO 14,44 M3/M3 Ha 

nK3, COCTaBn5151 B anOKaTareHe3e (AK1) 4,26 M3/M3. ra30Bbl~ 

cj:>aKTop npV1 3TOM cooTBeTcTByeT BenV14V1HaM 11,7 M3/M3; 

1685 M3/M3 V1 1089 M3/M3. 
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Ta6m14a 2.12 

BeCOBble III 06beMHbie COOTHoweHIllSi 3MlllrplllpylOlL\IIIX YB 

pa3Horo cpa30Boro COCTaBa no 3TanaM 

BeCOBble BeIlJIIYJIIHbl 06beMHbie BeIlJIIYJIIHbl 
A6cOiliOTHbie 

COOTHOWeHJlle 
A6cOIlIOTHbie 

COOTHOWeHJlle 3Tan BeIlJIIYJIIHbl BeIlJIIYJIIHbl 
Hecj:lTb, ra3, ra3! Hecj:lTb! Hecj:lTb, ra3, ra3! 

Hecj:lTb!ra3 
TITOB TIT OB Hecj)Tb ra3 M3 HM3 Hecj)Tb 

2 3 4 5 6 7 8 9 10 
nK3 0,0034 0,0092 2,70 0,37 0,0041 7,08 1726,8 0,0006 

f<l>H 
(MK,-MK2

2) 
0,2805 0,0833 0,30 3,37 0,3477 64,08 184,3 0,0054 

f<l>f 
0,0642 0,0284 0,44 2,26 0,0852 28,40 333,3 0,0030 

(MK3-MK5) 

AK'.3 0,0035 0,0214 6,11 0,16 0,0047 23,78 5059,5 0,0002 

iIIToro 0,3516 0,1423 0,405 2,47 0,4417 123,34 279,2 0,0036 

nK3 0,0193 0,0068 0,35 2,84 0,0241 5,23 217,0 0,0046 

f<l>H 
0,1765 0,0479 0,27 3,68 0,2170 36,85 169,8 0,0059 

(MK,-MK2
2) 

f<l>f 
0,0324 0,0295 0,91 1,10 0,0414 29,50 712,6 0,0014 

(MKT MK5) 

AK,_4 0,0038 0,0100 2,63 0,38 0,0054 11,11 2057,4 0,0005 
-



----

-N -

1 

Ji 
t-
:s: 
c; 
a.> 
c 
0 
0.. 
c 
ell 
u 
0 
L.. 
.Jl 

~ 

2 
~Toro 

nK3 

f<l>H 
(MK,-MK2

2) 

f<l>f 
(MK3-MKs) 

AK,_3 

~TOro 

3 4 5 
0,2320 0,0942 0,406 

0,0020 0,0030 1,50 

0,2074 0,0480 0,23 

0,0507 0,0304 0,60 

0,0301 0,0121 0,40 

0,2902 0,0935 0,32 

npOAOJl)KeH~e Ta6Il. 2.12 

6 7 8 9 10 
2,46 0,2879 82,69 287,2 0,0035 

! 

0,67 0,0024 2,31 962,5 0,0010 

4,32 0,2469 36,92 149,5 0,0067 

1,67 0,0661 30,40 459,9 0,0022 

2,49 0,0410 13,44 327,8 0,0031 

3,10 0,3564 83,07 233,1 0,0043 
----------



nIlaCTOBafl nIlOTHOCTb Heqml1 C paCTBopeHHblM ra30M 

COCTaBIlfleT COOTBeTCTBeHHO 0,7896 T/M3; 0,3348 T/M3 VI 0,4258 

T/M
3
, a o6beM HecpTVI B CVlCTeMe 94,09 %; 6,48 % VI 19,01 % 

(Ta6Il. 2.8). B OKCVlcop6ocanponeIlVITax ra30HaCblll.leHHOCTb 

Vl3MeHfleTCfl OT 0,11 M3/M3 Ha MK12 AO 8,48 M3/M3 Ha AK2.3; 

ra30Bblll1 cpaKTop COOTBeTCTBeHHO paBeH 20 M3/M3 VI 2470 M3/M3. 

nIlacTOBafl nIlOTHOCTb HecpTVI C pacTBopeHHblM ra30M Ha 

YKa3aHHbix rpaAaL\VlflX paBHa 0,8022 T/M3 VI 0,3670 T/M
3
, a o6beM 

HecpTVI B CVlCTeMe - 90,48 % VI 10,55 %. 3TVI BeIlVlYVlHbl 

o6pa3YtoT COOTBeTCTBeHHO MaKcVlMYMbl VI MVlHVlMYMbl 3HayeHVlII1 

(Ta6Il. 2.9). B aIlbr0300reHHbiX canponeIlVITax AOMaHVlKoBoll1 

cpopMaL\VIVI D3 MVlHVlMaIlbHafl ra30HaCblll.leHHOCTb (0,42 M
3
/M

3
) 

TalOKe cooTBeTcTByeT MK12 (ra30Bblll1 cpaKTop 78 M
3
/M

3
). A BOT 

MaKCVlMaIlbHafl BeIlVlYVlHa onflTb naAaeT Ha nK3 (8,11 M
3
/M

3
, 

ra30Bblll1 cpaKTop 969 M
3
/M\ XOTfl OHa YCIlOBHa, KaK Y)f(e 

roBOPVlIlOCb, Vl3-3a HeAOCTaTKa VlHcpopMaL\VlVI. Ha rny6V1Hax 

60Ilbwe r<l>H MaKCVlMYM ra30HaCblll.leHHOCTVI OTBeyaeT rpaAaL\VIVI 

MK5 (TO eCTb B npeAeIlax r<l>r) - 5,60 M
3
/M

3
, ra30Bblll1 cpaKTop 

1335 M3/M3. OCTaIlbHble paHee YKa3aHHbie napaMeTpbl - VlX 

MaKcVlMYMbl VI MVlHVlMYMbl - 3AeCb TalOKe HaxOAflTCfl B 

COOTBeTCTBVIVI C ra30HaCblll.leHHOCTbto CVlCTeMbl (Ta6Il. 2.10). 

Ha pVlC. 2.17 npeAcTaBIleHo Vl3MeHeHVle 

ra30HaCblll.leHHOCTVI VI AOIlVI o6beMa HecpTVI B norpaAaL\VlOHHO 

3MVlrpVlpytoll.lVlX YB-cVlcTeMax AIlfl Bcex Tpex TVinOB OB, TO eCTb 

PVlCYHOK VlIlIltoCTpVlPyeT HeKOTopble (OCHOBHble) AaHHbie Ta6Il. 

2.8 - 2.10. 
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VIa pLt1c. 2.17 BLt1AHO, 4TO pacnpeAeJ1eHLt1e AOJ1Lt1 06beMa 

HecpTLt1 flBJ1fleTCfl n04TLt1 aepKaJ1bHblM OTpa>KeHLt1eM TaKOBoro 

raaOHaCbl~eHHOCTLt1. raaoHacbl~eHHocTb YB CLt1CTeM 

aJ1brOreHHblX canpOneJ1Lt1TOB Lt1 OKcLt1cop60canpOneJ1Lt1TOB 

CHLt1>KaeTCfl OT nK3 - MK1 K MK2, a aaTeM BHOBb BoapacTaeT BO 

BTopoVi n0J10BLt1He MeaOKaTareHeaa Lt1 B anOKaTareHeae. ,QOJ1fl 

06beMa HecpTLt1 BeAeT ce6fl COOTBeTCTBeHHO npOTLt1BOn0J10>KHbIM 

06paaoM: BoapacTaeT OT nK3 - MK1 K MK2, a aaTeM HeYKIloHHo 

CHLt1>KaeTCfl. YKaaaHHble napaMeTpbl YB CLt1CTeM aJ1brOaOOreHHblX 

canpOneJ1Lt1TOB AOMaHLt1KoBoVi cpopMallLt1Lt1 D3 BeAYT ce6fl 

aHaJ10rLt14HbIM cnoc060M AO KOHlIa MeaOKaTareHeaa, HO B 

anOKaTareHeae npOflBJ1fleTCfl npOTLt1BOn0J10>KHafl TeHAeHIILt1fl: 

CHLt1>KeHLt1e raaOHaCbl~eHHOCTLt1 Lt1 YBeJ1Lt14eHLt1e AOJ1Lt1 06beMa 

HecpTLt1. 0 npLt14Lt1He AaHHoro flBJ1eHLt1fl HeoAHoKpaTHo 

ynOMLt1HaJ10Cb Bblwe: pacTflHYTafl reHepallLt1fl >KLt1AKLt1X YB Lt1 

aanOaAaJ1afl Lt1X 3MLt1rpallLt1fl. raaoHacbl~eHHocTb YB-CLt1CTeM Lt1 

AOJ1fl 06beMa HecpTLt1 B HLt1X 4eTKO CBflaaHbl Me>KAY c060Vl 

06paTHoVl, HO He J1Lt1HeVlHOVl, a 3KcnOHeHIILt1aJ1bHOVI 

aaBLt1CLt1MOCTblO (PLt1c. 2.18). 

,Qo CLt1X nop napaMeTpbl 3MLt1rpLt1pYIO~Lt1X YB-CLt1CTeM 

paCCMaTpLt1BaJ1Lt1Cb HaMLt1 Ha rny6Lt1HHb1X YPOBHflX CBoero 

pO>KAeHLt1fl. A 4TO >Ke np0Lt1CXOALt1T C HLt1MLt1 npLt1 nOAbeMe - B 

npollecce MLt1rpallLt1Lt1 4epea TOJ1~Lt1 nopoA Lt1/Lt1J1Lt1 npLt1 

TeKTOHLt14eCKOM BoaAbIMaHLt1Lt1 Toro Lt1J1Lt1 Lt1HOrO Y4acTKa 

J1Lt1Toccpepbl? 
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ra30HaCblLl\9HHOCTb, ~ 1M 3 

PMC. 2.18. CBH3b o6beMa HelPTM C ra30HaCbll1.leHHOCTbIO B Y8-
cMcTeMax, 3MMrpMpylOI1.IMX M3 HrM-nopoA Ha pa3Hbix rpaAaLlMHx 

KaTareHe3a 08 (AJlH pa3Hbix TMnOB 08) 
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nIlOTHOCTb ~ COOTBeTCTBeHHO 06beM >K~AK~X YB 

npaKT~4eCK~ He ~3MeHflIOTCfI, a BOT napaMeTpbl ra3a MeHfllOTCfI 

BeCbMa CYLl.\eCTBeHHO, 4TO BIle4eT 3a c060tlt 3Ha4~TeIlbHble 

~3MeHeH~fI ra30HaCblLl.\eHHOCT~, KOHAeHcaTHoro cpaKTopa, AOIl~ 

06beMa HecpT~ ~ APyr~x 3aB~C~MbIX OT ra3a napaMeTpOB, 4TO 

Y>Ke 6blIlO flCHO ~3 npeAblAYLl.\erO ~3IlO>KeH~fI: Bblwenp~BOA~Mble 

BeIl~4~Hbl ra30Boro cpaKTopa BO MHOro pa3 Bblwe J"l1060tlt 

nIlaCTOBOtit ra30HaCblLl.\eHHOCT~ (Ta6Il. 2.8 - 2.10). 

B Ta6Il. 2.13 np~BeAeH pac4eT ~3MeHeH~fI nIlaCTOBblX YB­

C~CTeM, p0>KAeHHbIX Ha rIly6~Hax 3,8 KM (MK3) ~ 5,0 KM (AK1)' 

np~ nOAbeMe AIlfl Bcex Tpex T~nOB OB. np~ nOAbeMe YB­

C~CTeM, 3M~rp~pylOLl.\~X C rIly6~Hbl 3,8 KM 06beM ra3a ~ 

ra30HaCblLl.\eHHOCTb BO Bcex Tpex T~nax OB B03pacTalOT 60Ilee, 

4eM B 220 pa3; BO CTOIlbKO >Ke pa3 CH~>KaeTCfI KOHAeHCaTHbltlt 

cpaKTop, a AOIlfl 06beMa HecpT~ CH~>KaeTCfI B 105 - 112 pa3 

(Ta6Il. 2.13). 

rIlaBHble KOIl~4eCTBeHHble ~3MeHeH~fI npo~cxoAflT B 

~HTepBaIle 0 - 1,0 KM. ECIl~ np~ nOAbeMe C rIly6~Hbl 3,8 KM AO 1 

KM 06beM ra3a B03pacTaeT B 2,65 pa3a, TO np~ AaIlbHetltWeM 

nOAbeMe Ha nOBepxHOCTb B03paCTaH~e 06beMa npo~cxOA~T 

60Ilee 4eM B 85 pa3. A~HaM~Ka ~3MeHeH~fI OCTaIlbHblX 

3aB~C~MbIX OT 06beMa ra3a napaMeTpoB aHaIlor~4Ha (Ta6Il. 

2.13). 

np~ nOAbeMe YB-c~cTeM, 3M~rp~pylOLl.\~X C rIly6~Hbl 5,0 

KM (AK1)' 06beM ra3a ~ ra30HaCblLl.\eHHOCTb B03pacTalOT B 255 

pa3, AOIlfl 06beMa HecpT~ CH~>KaeTCfI np~ 3TOM B - 160-220 pa3. 
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B Ta6n. 2.14 np~BeAeH pac4eT ~3MeHeH~H napaMeTpoB 

YB-c~cTeM, 3M~rp~pyIOLl.I~X C rny6~Hbl 5 KM B ~HTepBane 

nOAbeMa 1,0 - 0 KM 4epe3 Ka>KAble 100 M. 

1113 Ta6n~4bl B~AHO, 4TO rnaBHbl~ CKa40K npo~CXOA~T Ha 

nOCneAHe~ "CTOMeTpOBKe". np~ nOAbeMe C rny6~Hbl 1,0 KM AO 

rny6~Hbl 0,1 KM, T.e. B ~HTepBane 0,9 KM, o6beM ra3a ~ 

ra30HaCblLl.leHHOCTb B03pacTalOT B 8,65 pa3a, a np~ 

AanbHe~welJl nOAbeMe K nOBepXHOCT~ Ha 0,1 KM yBen~4eH~e 

3T~X nOKa3aTene~ npo~cxoA~T B 9,55 pa3a. TaKLttM o6pa30M, 

MO>KHO KOHcTaT~poBaTb, 4TO ~3MeHeH~e o6beMa ra3a ~ 

CBH3aHHbiX C H~M napaMeTpoB C rny6~Ho~ ~MeeT 

"norap~cj:>M~4ecK~~ xapaKTep". 

Bblweon~caHHble ~3MeHeH~H napaMeTpoB YB-c~cTeM np~ 

nOAbeMe ~nnlOcTp~pyIOT rpacj:>~K~, np~BeAeHHble Ha p~c. 2.19 -

2.21. OH~ He Tpe6ylOT OC06blX KOMMeHTap~eB, TonbKO 06paT~M 

BH~MaH~e, 4TO Ha rpacj:>~Kax ~3MeHeH~H 06beMa ra3a (p~c. 2.19) 

MaKC~ManbHble 3Ha4eH~H Ha Ka>KAOM ypoBHe OTBe4alOT 

anbroreHHblM canponen~TaM, M~H~ManbHble - anbr0300reHHbiM 

canponen~TaM AOMaH~KoBo~ cj:>opMa4~~ D3. Ha rpacj:>~Kax 

~3MeHeH~H ra30HaCbILl.leHHOCT~ (p~c. 2.20) MaKC~ManbHble 

3Ha4eH~H nepexoAHT K oKc~cop6ocanponen~TaM, a 

M~H~ManbHble TaK>Ke CBH3aHbi C OB AOMaH~KoBo~ cj:>opMa4~~ 

D3. Ha rpacj:>~Kax ~3MeHeH~H Aon~ o6beMa Hecj:>T~ (p~c. 2.21), 

Hao6opOT MaKC~ManbHble 

anbro30oreHHOMY OB, a M~H~ManbHble 

oKc~cop6ocanponen~TaM. Bce 3TO CBH3aHO co cne4~cj:>~Ko~ 
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Ka>K,Qoro Vl3 TVinOB OB VI pa3IlVl4V1HMVI B AVlHaMVlKe reHepa4V1V1-

3MVlrpa4V1V1 VlX YB-CVlCTeM, 0 4eM HeOAHOKpaTHO ynoMVlHaIlOCb 

BbiWe. 

Ct-16t-1pCKafl nIlaTcj:)QpMa Ct-16t-1pCKafl 
(ailbrOreHHble canpOneIlt-1Tbl) (OKCt-1COp60-

::;: 
L.. 

L.. 
L.. 

'" I- M 0: 
./J- af I- M 

ro oS ::;: b ::;: oS ::;: 
I- ro , 

I- ro I 0 - ID .g. 0 0 OJ 0 -.g. '" b .g. '" S CO t- r::o . t- I CO t-
\0 OJ L.. 0: >.t:{- I I SO OJ L.. 0: >- I I a.. OJM u t-_ I 

0;: 

C 
0;: 

OJ 0 3"::;: 0;: S S IDa.. 0;: S S 
S :r 0.. :s:~L.."' lit:::: S :r 0.. 
:r CO c "'~M 

~~ :r CO c t:{OJ::;: U M 
CO 0.. CO CO ::;: CO 0.. CO 0.. L.. S::;:- .g. 0.. L.. 

'" ;:EOJ
I I '" L.. S CO 0 OJ 

L.. S CO S ::;: L.. b '" I S ::;: L.. ::;: (I) > CO ::;: (I) > (I) S L > (I) u 

3,8 51800 0,0215 0,0726 713498 0,98 50,47 23300 0,0190 0,0642 

3 51800 0,0215 0,0850 609412 1.15 46,54 23300 0,0190 0,0752 

2 51800 0,0215 0,1112 465827 1,50 39,96 23300 0,0190 0,0982 

1 51800 0,0215 0,1924 269231 2,60 27,78 23300 0,0190 0,1701 

0 51800 0,0215 16,54 3132 224 0,45 23300 0,0190 14,62 

5 3500 0,0049 0,0213 164319 4,26 19,01 1900 0,0040 0,0174 

4 3500 0,0049 0,0241 145228 4,82 17,18 1900 0,0040 0,0197 

3 3500 0,0049 0,0287 121951 5,74 14,84 1900 0,0040 0,0235 

2 3500 0,0049 0,0380 92105 7,60 11,63 1900 0,0040 0,0310 

1 3500 0,0049 0,0658 53191 13,16 7,06 1900 0,0040 0,0538 

0 3500 0,0049 5,44 643 1089 0,09 1900 0,0040 4,44 

TaK me, KaK VI B CIlY4ae "aBTOHOMHbIX" YB-CVlCTeM, 

3MVlrpVlpylOLl.\VlX Vl3 HrM-nopOA Ha Ka>K,QOIII rpaAa4V1V1 (pVlC. 2.18), 

npVl nOAbeMe Ka>K,QOIII Vl3 HViX OTMe4aeTCH 4eTKaH o6paTHaH 
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3KcnOHeHLjll1aJ1bHal'l CBl'l3b Me>KAY ra30HaCbll1leHHOCTbtO YB­

CIllCTeMbl 111 06beMHOlil A0J1111 HecpTIll B Helll (Pll1c. 2.22). 

Ta6J1I11Lja 2.13 

TII1MaHO-neYOpCKII1~ 

nnanpopMa 6acce~H 
canpOnenll1Tbl) (anbro30oreHHble 

can :>onenIl1Tbl) 
L.. 

L.. 
L.. 

a: .D ai I- '" a: .D ai 
b :; s- :; I- :; , 

I- ro- , u 
<D B-o 0 Q) - <DB- 0 Q) 

I- B- M 0 

b CD . ~ I U ro ~ CD .~ I 
>-<:t- I I 

1§~_ 
Q) L.. u..- >-<:t- I I 

s~ Iu.. Q)'" I 
0:: Iu.. Q)'" 

Q) 0 ~~ Q) 0 _ 3":; u _ 
<Du.. 0:: S S <Du.. s: :::£ L..- S :::r e. s '" L.. JlL::: "'~'" ..0 L.. "'~'" <:tQ):; u'" ~~ :::r ro c <:tQ):; u'" ~~ ro :; ro e. ro ro :; s:;-- B- e. L.. s:;-- B-;:E Q) I I L.. S M ;:EQ)I I 

0 Q) s :; ro 0 Q) 
b M I :; L.. I- M I ro (') > u ro s L > (') s L > U u 

362928 2,06 32,63 31300 0,0113 0,0424 740740 0,98 50,50 

309840 2.42 29,26 31300 0,0113 0,0491 637475 1,13 46,98 

237271 3,16 24,05 31300 0,0113 0,0649 482280 1.49 40,13 

136978 5,47 15.46 31300 0,0113 0,1124 278470 2,58 27,90 

1593 470 0,21 31300 0,0113 9.42 3323 217 0.46 

109195 6,44 13.43 6300 0,0035 0,0152 414474 1,81 35,59 

96447 7,30 12,05 6300 0,0035 0,0172 366279 2,05 32,81 

80851 8.70 10,31 6300 0,0035 0.D205 307317 2.44 29.D7 

61290 11.48 8,01 6300 0,0035 0,0272 231617 3,24 23,60 

35316 19,93 4,78 6300 0,0035 0,0470 134042 5,59 15,16 

428 1644 0,06 6300 0,0035 3,89 1619 463 0,22 

no cpopMYJ1e 2.5, nplllBeAeHHolil B pa3AeJ1e 2, 6blJ1111 

paCCYII1TaHbl BeJ1I11YII1Hbl AaBJ1eHII1l'l HaCbll1leHII1l'l, 

xapaKTepll13YtOl1III1e YB-clllcTeMbl, 3MII1rpillPYtOl1III1e Ha Ka>KAOIll 

rpaAaLjll1111 KaTareHe3a AJ1l'l Bcex Tpex TlllnOB OB. 
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e~6~pCKa5l nnaTCpopMa 
;:!; anbroreHHble canponen~Tbl 
eli Pnn, 

, ra30Ha- v Hecj:lT~ I TOe P nn:l s Cbll1leH-
10 Mna TIM V'nn, M3 B 
>- HOCTb, 
C; 

M3 r/M3 C~CTeMe, 
L 

%, P, TO 
H 

1,0 10 50 0,0744 0,0658 13,16 7,06 

0,9 9 45 0,0681 0,0720 14,40 6,49 

0,8 8 40 0,0615 0,0797 15,94 5,90 

0,7 7 35 0,0546 0,0897 17,94 5,28 

0,6 6 30 0,0476 0,1029 20,58 4,63 

0,5 5 25 0,0403 0,1259 25,18 3,82 

0,4 4 20 0,0328 0,1494 29,88 3,24 

0,3 3 15 0,0250 0,1960 39,20 2,49 

0,2 2 10 0,0170 0,2880 57,60 1,71 

0,1 1 5 0,0086 0,5698 113,96 0,87 

0,0 0,1 0 0,0009 5,44 1089 0,09 

Pe3YIlbTaTbi paC4eTOB np~BeAeHbl B Ta6Il. 2.15. ,/J,Ilfi 

aIlbroreHHblX canponeIl~TOB B npeAeIlax BceLii 30HbI 

Me30KaTareHe3a AaBIleH~e HaCblLl.\eH~fI MeHbwe nIlaCTOBOrO, TO 

eCTb C~CTeMbl fI BIlfiIOTCS'I HeAOHaCblLl.\eHHbIM~ ra30M. 

Ha~MeHbw~e BeIl~4~Hbl XapaKTep~3ylOT 30HY MK2 . Ha rpaAaL\~M 

MK1 Aecp~L\~T AaBIleH~S'I HeBeIl~K, ~60 ~MeHHO 3AeCb 

reHep~pyeTcS'I 60IlbWaS'l 4aCTb 'T<1>H-oBcKOrO" ra3a. 
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Ta6Illllqa 2.14 

nOAbeMe B HHTepBane rny611H 1 - 0,1 KM 

CIiI61i1pCKafi nnanpopMa TIiIMaHo-ne4opcKIiIL1 6aCCeL1H 

OKClilcop6ocanponenlilTbi anbr0300reHHbie can JOnenlilTbl 

fa30Ha-
V HecpTIiI 

fa30Ha-
V HecpTIiI 

B B 
V'nn, M3 

Cbll..l.leH-
CIiICTeMe, V'nn, M3 

Cbll..l.leH-
CIiICTeMe, 

HOCTb, HOCTb, 
M3 r/M3 H 

%, 
M3 r/M3 H 

%, 
P, TO P, TO 

0,0538 19,93 4,78 0,0470 5,59 15,16 

0,0587 21,74 4,40 0,0514 6,12 14,05 

0,0650 24,07 3,99 0,0569 6,77 12,86 

0,0733 27,15 3,55 0,0641 7,63 11,59 

0,0840 31,11 3,11 0,0735 8,75 10,26 

0,0993 36,78 2,65 0,0868 10,33 8,82 

0,1220 45,19 2,17 0,1067 12,70 7,30 

0,1600 59,26 1,66 0,1400 16,67 5,66 

0,2353 87,15 1,13 0,2059 24,51 3,20 

0,4651 172,26 0,58 0,4070 48,45 2,02 

4,44 1644 0,06 3,89 463 0,22 

B 30He anOKaTareHe3a (AK1) ,QaBIleHllle HacblllleHlllfI 

npeBblwaeT nIlacToBoe, CIIICTeMa nepeHacblllleHa III flBIlfleTCfI 

ra30KOH,QeHcaTHolli. (Ha rpa,Qaqllllll AK2-3 )/(1II,QKllle YB B CIIICTeMe 

OTCYTCTBYIOT.) 3HaYIIITeIlbHblill 11136blTOK ,QaBIleHlllfI HacblllleHlllfI 

paCCYIIITblBaeTCfI Ha nK3 (Ta6Il. 2.15). B cIlyyae 

OKCIIIcop6ocanponeIlIIITOB ,QecplllqlllT ,QaBIleHlllfI HaCblllleHlllfI 

CBfl3aH C 30HOIII r<l>H, B 30He f<l>r III B anOKaTareHe3e ,QaBIleHllle 

HaCblllleHlllfI npeBblwaeT nIlaCTOBoe; Ha rpa,Qaqllllll nK3 
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OTMe4aeTCfl 04eHb He3Ha4LIITenbHblll1 Vl36blTOK ,QaBneHVlfl 

HaCblLl.\eHVlfl no cpaBHeHVlIO C nnaCTOBbIM. ,D,nfl anbro30oreHHbiX 

canponenViTOB ,QOMaHVlKOBOIl1 cpopMaL\VIVI D3 OTMe4aeTCfl Vl36blTOK 

,QaBneHVlfl HaCblLl.\eHVlfl Ha nK3, ,QecpVlL\VlT B VlHTepBane MK1-MK3, ' 

Vl36blTOK Ha MK4-MKs VI CHOBa ,QecpVlL\VlT B anOKaTareHe3e. 3,Qecb 

onflTb-TaKVI CKa3anaCb CneL\VlcpVlKa :noro OB C 3aTPY,QHeHH0Il1 

3MVlrpaL\Vlell1 >KVI,QKVlX YB. 

,QaBl1eHMe Hacblll.\eHMfl Ha pa3Hblx 3Tanax 

ro CL-l6L-lpCKa51 nnaTcpopMa 

0; ro :; Olc anbroreHHble canpOnenL-lTbl 
s '" "" 0::2: 
:rOl ro- m Ol-

, 
ro :I: :I: 0 -., ...:., Ol ro 's -
o::t~ s ti s ro :; , .11 :; 3C Jig-., 
ro ro \0 ro :I: '" aJ :; . Ji::2: m !;;; :; Ol ~~ >- Olo-
0..1- >- C; C; ti 1-_ 

u _ o .,--
Lro C C > ro 0; '" ro :; "" m > 0..- [io.. :I: s ~-& ro 

o::t 0.. :I: 

nK3 1,5 15 0,0592 0,0376 23,6 1685 

MK1 2,4 24 0,2615 0,2634 23,8 359 

MK'2 2,8 28 0,0070 0,1115 1,7 11,7 

MK'2 3,2 32 0,0900 0,1661 17,3 164 

MK3 3,8 38 0,0726 0,1260 21,9 224 

MK4 4,1 41 0,0170 0,0170 41,0 492 

MK5 4,4 44 0,0158 0,0165 42,1 478 

AK1 5,0 50 0,0213 0,0197 54,1 1089 

AK2•3 6,5 65 0,0631 - - -

Ha pVlC. 2.23 npe,QcTaBneHa CBfl3b ,QaBneHVlfl HaCblLl.\eHVlfl C 

ra30BbiM cpaKTOpOM YB-cVlcTeM. Ha6nlO,QaeTcfl ,QoBonbHo 

xopowafl npflMafl KpVlBOnVlHell1Hafl CBfl3b Me>K,QY 3TVlMVI 
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BeJlL.14I.1HaMI.1. npl.1 60IlbWI.1X 3Ha4eHI.1f1X ra30Boro cpaKTOpa (> 800 

M3/M
3
) Kpl.1Bafi AaBlleHI.1f1 HaCblLl.\eHI.1f1 BbInOlla>KI.1BaeTCfI. 

OTMe4eHHoVi CBfl31.1 He COOTBeTCTBYIOT ABa 3Ha4eHI.1f1, 

xapaKTepl.13YIOLl.\l.1e rpaAaL11.11O nK3 Allfi allbrOreHHblX 1.1 

aIlbro30oreHHbiX canpOnelll.1TOB. 'Ta30Bb1Vi cpaKTOp" 3AeCb 

CIlI.1WKOM Belll.1K Allfi AaHHblX 3Ha4eHI.1V1 AaBlleHI.1f1 HaCblLl.\eHI.1f1 

(Ta61l. 2.15). 

Ta61l1.1L1a 2.15 
reHepa4~H1-3Ml.1rpa41.11.1 YB-cl.1cTeM AIlS! pa3Hbix Tl.1nOB OB 

C14614pCKaH nnaTcpopMa T14MaHO-ne40pCK14V1 6acceVlH 
OKc14cop6ocanpOnen14Tbl anbr0300reHHbie canpOnen14Tbl 

, , 
-.., ...:.., ID ro ,:s; - -.., --.., ID ro ,:s; -

ro :::!; , .D :::!; 3C Jig.,.. ro :::!; , .D :::!; 3C Jig.,.. 
C'l co:::!; , Ji~ III ~ :::!; C'l co:::!; , Ji~ III ~ :::!; roo- >- IDa 0 o ..,- roo- >- IDa 0 o ..,. 
'-I- > ~ 1--

'-I- 1-1-
ro Ii C'l ro :::!; 

>~o.:- ro Ii C'l ro :::!; > 0..- I :s; ~B- >0.:- I :s; ~B-00.. 0.. I 0 0.. I 

0,0437 0,0413 15,9 217 0,0193 0,0116 25,0 969 

0,0694 0,1093 15,2 157 0,1021 0,1648 14,9 150 

0,0086 0,0852 2,8 20 0,0323 0,0942 9,60 78 

0,1144 0,1334 27,4 384 0,0660 0,0929 22,7 248 

0,0642 0,0775 31,5 470 0,0424 0,0710 22,7 217 

0,0242 0,0195 50,9 991 0,0465 0,0422 45,2 635 

0,0256 0,0209 53,9 1053 0,0443 0,0353 55,2 1335 

0,0174 0,0154 56,5 1644 0,0152 0,0166 45,8 463 

0,0229 0,0215 71,2 2470 0,0329 0,0541 39,5 289 

BI.1AI.1MO, 3Ha41.1TeIlbHafi AOllfi ra3a 3AeCb 1.13Ha4aIlbHO 

HaXOAl.1llaCb B "cBo6oAHOM" COCTOflHI.1I.1. Bce OCTaIlbHbie 

3Ha4eHI.1f1 - 1.1 npl.1 Aecpl.1L1I.1THOM, 1.1 1.136blT04HOM AaBlleH1.11.1 
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HaCblUjeHIIISl - nplIIMepHO "YKJlaAbIBaIOTCSl" B OTMe4eHHYIO 

3aBIIICIIIMOCTb. BIIIAIIIMO, 11136blT04HOe AaBneHllle Ha 60nbWIIIX 

rny6111Hax AOn>KHO COOTBeTCTBOBaTb 

ra30KOHAeHcaTHbiM CIIICTeMaM. 

II1cXOASl 1113 cpOpMynbl onpeAeneHIIISl AaBneHIIISl HaCblUjeHIIISl 

p .yr 
n~B nn, MO>KHO nOC4111TaTb 11136blTOK IIInlll HeAOCTaTOK V CHCT. 

Tln 

ra3a B Ka>KAolil YB-CIIICTeMe AnSl CnY4aSl, KOrAa HecpTIII 6YAYT 

npeAenbHO HaCbIUjeHHbIMIII, TO eCTb AaBneHllle HaCblU..\eHIIISl 

6YAeT paBHO nnaCTOBOMY. B 3TOM cny4ae y r = y YBCHCT. 
n11 nll • 

npOBeASl HeCnO>KHble paC4eTbl, onpeAenlllM KaKOBOIil nplll 3TOM 

AOn>KHa 6blTb BeCOBaSl AOnSl B CIIICTeMe: 

Tlllna OB, nonY4aeM CneAYIOUjee: AnSl anbrOreHHblX 

canponenlllTOB CYMMapHbl1il 11136blTOK ra3a COCTaBnSleT 0,0266 T 

(0,0185 T B anOKaTareHe3e, 0, 0081 T B npOTOKaTareHe3e), 

CYMMapHbl1il AecplIILlIIIT - 0,2553 T, TO eCTb n04TIII B 10 pa3 

60nbwe; AnSl OKClIIcop60canponenlllTOB: 11136blTOK - 0,0114 T, 

AecplIILlIIIT - 0,1093 T; AnSl anbr0300canponenlllTOB: 11136blTOK -

0,0104 T, AecplIILlIIIT - 0,1455 T. 

TaKIIIM 06pa30M, BO Bcex paCCMOTpeHHblX Tlllnax 

canponenlllTOB Ha6nlOAaeTCSl 3Ha4111TenbHbilil AecplIILlIIIT ra3a. 
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nplilBeAeHHble paCyeTbl III paCCY>KAeHlIlfl nOATBep>KAaIOT 

YCTaHOBneHHYIO HaMill paHee 3aKOHOMepHOCTb reHeTlilyeCKOro 

Aecplll411lTa ra3a canponeneBoro OB. 

HeKoTopble HecpTereOnOrlilyeCKlile cneACTBlilfl "noBeAeHlIlfl" 

BblweonlllcaHHblX YB-clilcTeM 6YAYT KpaTKo paccMoTpeHbl B 

pa3Aene, nOCBflll.leHHOM MOAenflM CPOpMlIlpoBaHlilfl 3ane>KeVi YB 

B ycnoBlIlflx 6acceVlHoB ApeBHlIlx nnaTcpopM. 

2.6. <J)H3w·lecKHe CBoMcTBa ymeBoAopoAHblX ~l1IOHAOB 
B nl1aCTOBblX yC110BH~X 

Anfl KOppeKTHoro onpeAeneHlIlfl CKopocTeVi MIIlrpa411l1ll 

yrneBoAopOAHblX cpnlOlilAoB nplll 1Il3yyeHIIllil CPOpMlIlpoBaHlilfl 

MeCTOpO>KAeHIIlVI Heo6xoAlilMO 3HaHlile IIlX cplll311lyeCKIIlX CBOVlCTB 

(nnoTHocTIil III Bfl3KOCTIIl) B nnaCTOBblX ycnoBlIlflX 30H reHepa411l1ll C 

yyeTOM TeMnepaTypbl III AaBneHlIlfl. CnpaBOYHbie nOC0611lfl TaKIIlX 

AaHHblX He COAep>KaT, a nOTOMY nplllwnOCb BblnOnHIIlTb 

cne411lanbHYlO pa60TY no onpeAeneHlIl1O nnOTHOCTIil III Bfl3KOCTlil 

wlilpOKoro cneKTpa yrneBoAopoAHblX cpnIOIilAOB, onlllpaflCb Ha 

pe3ynbTaTbi IIlccneAOBaHIIlVI no MOAenlilpOBaHlil1O reHepa411l0HHO-

3MIIlrpa411l0HHbiX III nnaCTOBblX yrneBoAopOAHblX CIilCTeM C 

yyeTOM IIlMelOll.IlIlXCfl cpaKTlIlyeCKIIlX onpeAeneHIIlVI nnOTHOCTIil III 

Bfl3KOCTlil yrneBoAopOAOB B nnaCTOBblX ycnoBlIlflX Ha YCTaHOBKax 

PVT. 
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2.6.1. nnoTHocTb yrneBoAopoAHblX (j)nJOillAoB 

npl1 paCyeTe nnOTHOCTI1 yrneBoAopoAHblX (j)ntOI1AOB 

npl1HI1ManOCb, YTO cpeAH~~ nnOTHOCTb Hecpn1 (6e3 

paCTBopeHHoro ra3a) B 30He npO~BneHI1~ rnaBHoill cpa3bl 

HecpTeo6pa30BaHI1~ COCTaBn~eT 0,8 T/M3. OCHOBaHl1eM An~ 

:noro ~Bn~eTC~ TOT cpaKT, YTO C POCTOM rny611Hbi HecpTb 

o6nerYaeTc~, a KOHAeHcaT - yT~)f(en~eTC~, I1X nnOTHOCTb B 30He 

npO~BneHI1~ r<l>H CTaHOBI1TC~ npl1MepHO OAI1HaKOBoill, paBHoill B 

cpeAHeM 0,8 T/M3. 

nnoTHocTb nnaCTOBblX yrneBoAopoAHblX cpntOl1AOB 

yMeHbwaeTc~ no Mepe B03paCTaHI1~ ra30COAep)f(aHI1~. Ha 

OCHOBaHl111 AaHHbIX, npl1BeAeHHblx B npeAblAYL1leill rnaBe 2 

(ra30COAep)f(aHl1e M3 ra3a Ha M3 HecpTI1, o6beMHa~ Aon~ HecpTI1 

11 ra3a B YB CI1CTeMe, nnOTHOCTb ra3a B nnaCTOBblX ycnOBI1~x), 

6blnl1 paCCYI1TaHbl nnOTHOCTI1 Bcero cneKTpa yrneBoAopoAHblX 

CI1CTeM B nnaCTOBblX ycnoBI1~x npO~BneHI1~ r<l>H 11 r<l>r - OT 

HecpTeill C HI13KI1M ra30BbiM cpaKTOpOM AO Bb1COKora30-

HaCblL1leHHblX HecpTeill 11 OT BblcoKoHecpTeHaCblL1leHHblX 

ra30KOHAeHcaTOB AO YI1CTblX ra30B. 

nOMI1MO :noro I1CnOnb30BaHbi AaHHbie 

r.n. 6blnl1HKI1Ha [5] no cpaKTl1yeCKI1M Benl1YI1HaM nnoTHocTeill 

yrneBoAopoAHblX cpntOl1AOB B nnaCTOBblX ycnOBI1~X, 

onpeAen~eMble Ha YCTaHoBKax PVT. PaCyeTHble 11 cpaKTl1yeCKl1e 

3HayeHI1~ nnOTHOCTI1 HecpTeill C ra30BbiM cpaKTOpOM OT 10 M3/T AO 

1000 M31T HaHeceHbl Ha Pl1c. 2.24. 
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PMC. 2.24. ~~BMCMMOCTb nnoTH()cTM H8c1JTM ,iii nnaCTOBblX ycnOBMHX r3H OT ra30Boro IPaKTopa H8IPTM 



Ha HeM XopOWO BLtlAHO, "lTO paC"leTHble AaHHbie 0 

nnOTHOCTrIX yrneBoAopOAHblX CLtlCTeM, 3MLtlrpLtlpOBaBWLtlX Ltl3 

MaTepLtlHCKLtlX nopoA, paC"leTHble AaHHbie no nnaCTOBblM 

yrneBoAopoAHblM CLtlCTeMaM LtI AaHHbie 0 nnOTHOCT5lX Heqnelil, 

onpeAeneHHblx Ha YCTaHoBKax PVT npLtl nnaCTOBblX 

TeMnepaTypax LtI AaBneHLtl5lX, HaXOA5lTC5l B xopoweM 

COOTBeTCTBLtlLtI. LJeTKo npOCne>KLtlBaeTC5l (KpLtlBa5l 1 - I) nocneAoBa­

TenbHoe CHLtI>KeHLtle nnOTHOCTLtI He¢Telil npLtl B03paCTaHLtILtI 

ra30COAep>KaHLtl5l OT 0,8 TiM
3 

(npLtl ra30BOM ¢aKTope OKono 

10 M
3
iT) AO 0,6 TiM

3 
(npLtl ra30BOM ¢aKTope 40 - 500 M

3
iT) LtI, 

HaKOHel..\, AO 0,5 TiM
3 

(npLtl ra30BOM ¢aKTope 900 - 1000 M
3
iT). 

3TO OCHOBHa5l TeHAeHl..\Ltl5l Ltl3MeHeHLtl5l nnOTHOCTLtI He¢Tera30Bblx 

CLtlCTeM B ycnOBLtl5lX np05lBneHLtl5l rnaBHoliI ¢a3bl 

He¢Teo6pa30BaHLtl5l npLtl nnacToBoliI TeMnepaType nOp5lAKa 90-

150°C LtI AaBneHLtl5lX OT 20 - 25 AO 30 - 35 Mna. 

OAHaKo An5l He¢Telil, LtlCnblTaBWLtlX norpY>KeHLtle rny6>Ke 

30Hbl np05lBneHLtl5l r<l>H LtI HaXOA5lL1\LtlXC5l B HaCT05lL1\ee BpeM5l B 

ycnOBLtl5lX nOBblweHHblX nnaCTOBblX TeMnepaTYP (170 - 190°C), 

no AaHHblM LtlCCneAOBaHLtl5l nnaCTOBblX He¢Telil YCTaHoBneHa 

BTOpa5l nLtlHLtl5l Ltl3MeHeHLtl5l nnOTHOCTLtI nnaCTOBblX He¢Telil. C 

B03paCTaHLtleM ra30COAep>KaHLtl5l, KaK LtI Ha OCHOBHOIiI KPLtlBOIiI, 

npoLtlCXOALtlT YMeHbweHLtle nnOTHOCTLtI He¢Telil, HO npLtl 60nee 

HLtl3KOM ypoBHe LtlX nnOTHOCTLtI npLtl TOM >Ke caMOM ra30BOM 

¢aKTope. 

TaK, HanpLtlMep, no OCHOBHoliI nLtlHLtILtI 1 npLtl ra30BOM 

¢aKTope 200 M
3
iT nnOTHOCTb He¢TLtI paBHa npLtlMepHO 0,7 TiM

3
, a 
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no II JlI-IHI-II-I - 0,62 T/M3. norpY>KeHl-le Heq)Teill rny6>Ke 30Hbl 

npOflBJleHl-lfi r<t>H np0I-ICXOAI-IT, BI-IAI-IMO, BCe-TaKI-I AOCTaT04HO 

peAKO. TaK 4TO npl-l paC4eTax CKopOCTeill Ml-lrpal..\l-Il-I HecpTIii 

CJleAyeT CHI-IMaTb B03MO>KHble 3Ha4eHl-lfi nJlOTHOCTeill HecpTI-I C 

Kplil BO ill I. 

3aKOHOMepHOCTlii 1i13MeHeHl-lfi nJlOTHOCTI-I yrneBoAopOAHblX 

CPJlIOI-IAOB C ra30BbiM cpaKTOpOM 60Jlee 1000 M3/T 

ra30KOHAeHcaTOB 1-1 ra30B - nOKa3aHbi aHaJlOrl-l4HbiM o6pa30M C 

Y4eToM TeopeTIiI4eCKI-IX pac4eTHbix 1-1 cpaKTI-I4eCKI-IX AaHHblX Ha 

pl-lc.2.25. 

nJlOTHOCTb nJlaCTOBblX ra30KoHgeHcaToB 1-1 ra30B 

nOCJlegoBaTeJlbHO CHI-I>KaeTCfI OT 0,52 T/ M3 npl-l cogep>KaHI-lIii 

pacTBopeHHblx B ra3e HecpTflHblX YB 1000 r/M3 (B cTaHgapTHblx 

YCJlOBl-lflX) go 0,40 TIM 
3 

npl-l KOHAeHcaTHOM cpaKTope OKOJlO 

400 r/M3 1-1 go 0,25 T/ M3 npl-l KOHgeHcaTHOM cpaKTope OKOJlO 

50 r/M
3
, a y 41-1CTOrO YB ra3a - go 0,21 - 0,22 T/M3. 

no gaHHblM 1-13Y4eHl-lfi nJlaCTOBblX YB CPJllOl-IgOB Ha 

YCTaHOBKax PVT nOMI-IMO OCHOBHoill 

nJlOTHOCTI-I ra30KoHgeHcaToB BblgeJlfleTCfI TaK>Ke II JlI-IHl-lfi. 

YrneBogopogHble CPJllOl-Igbl C aHOMaJlbHO BblCOKI-IM 

cogep>KaHl-leM gBYOKI-ICI-I yrnepoga 1-1 cepoBogopoga, 4TO 

xapaKTepHO gJlfl npl-IKacnl-lillcKOill Bnagl-lHbl, npl-l TOM >Ke caMOM 

cogep>KaHI-II-I KOHgeHcaTa xapaKTepl-l3YlOTCfI 3aMeTHO 60Jlee 

BblCOKOill nJlOTHOCTblO, KOTopafl CHI-I>KaeTCfI, KaK 1-1 B nepBOM 

CJlY4ae, npl-l YMeHbweH1-I1-I KOHgeHcaTHoro cpaKTopa. 
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KOHAeHCaTHbf~ ¢>aKTOp. rIM:> 

• - paClIemHble 3HalieHUR nnomHocmu nnacmoablX za30KOHaeHcamoa U za30a; * - paClIemHble 3HalieHUR nnomHocmu 

za30KOHaeHcamoa U za30a, 3Muzpupoaaawux U3 MamepUHCKUX nopoa; X ® - cjJaKmUlieCKue 3HalieHUR nnomHocmu 
nnacmoablX YB cjJmouaoa; C, CM, r - canponeneaoe, CMewaHHoe, zyMycoaoe OB MamepuHcKuX nopoa; MKs, AK2 - Hallano 
zpaaaL(uiJ KamazeHe3a; I - yzneaoaOpOaHble cjJmoUabl C HeablCOKUM COaep)/(aHUeM C02 U H2S; II - yzneaoaOpOaHble 
cjJmoUabl C aHoManbHo ablcoKUM COaep)/(aHUeM CO2 U H2S. 

PHC. 2.25. 3aBHcHMoCTb nnOTHOCTH ra30KOH,QeHcaTOB H ra30B B nnaCTOBblX ycnoBHHx r:3r OT 

KOH,QeHcaTHoro tPaKTopa 



AmI paC4eTa CKopocTei:1 M~rpa41ln1 ra30KOH,D,eHCaTOB ~ 

ra30B ,D,aHHble 0 BepOflTHblX nJlOTHOCTflX CPJ1l0~,D,OB CJle,D,yeT 

CH~MaTb, KOHe4HO, C I KP~BOi:1, KOTopafl nOCTpoeHa C Y4eTOM 

06bl4Horo H~3KOro CO,D,ep>KaH~fI CO2 ~ H 2S B ra3ax. BTOPOi:1 

KP~BOi:1 ,D,Jlfl onpe,D,eJleH~fI nJlOTHocTei:1 YB CPJ1l0~,D,OB CJle,D,yeT 

nOJlb30BaTbCfI TOJlbKO B cne4~cp~4eCK~X reOJloro-reOX~M~4eCK~X 

yCJlOB~flX. 

2.6.2. BSl3KOCTb yrneBoAopoAHblX CPJlIOHAOB 

Apyr~M Ba>KHbIM nOKa3aTeJleM, He06xo,D,~MbIM ,D,Jlfl 

pac4eTa CKopocTei:1 M~rpa4~~ yrneBO,D,OpO,D,HbIX CPJ1l0~,D,OB. 

flBJlfleTCfI ~x Bfl3KOCTb. 0606Ll.\eH~e cpaKT~4eCK~x ,D,aHHbIX no 

onpe,D,eJleH~1O Bfl3KOCT~ yrneBO,D,OpO,D,HbIX CPJlIO~,D,OB Ha 

YCTaHoBKax PVT ,D,aJlO B03MO>KHOCTb YCTaHoB~Tb HeKoTopble 

06Ll.\~e 3aKoHoMepHocT~ ~3MeHeH~fI :noro napaMeTpa. 

Ha p~c. 2.26 xopowo B~,D,HO, 4TO B 30He npOflBJleH~fI r<l>H 

Bfl3KOCTb nJlaCTOBblX HecpTei:1 MHoroKpaTHo CH~>KaeTCfI npill 

B03pacTaH~~ ra30Boro cpaKTopa. np~ He60JlbWOM ra30BOM 

cpaKTope « 40 M
3
/M

3
) Bfl3KOCTb HecpT~ COCTaBJlfleT OKOJlO 

1,8 Mna·c, np~ ra30BOM cpaKTope 300 M3/M3 CH~>KaeTCfI B TPIII 

pa3a - ,0,0 0,6 Mna·c, np~ ra30BOM cpaKTope OKOJlO 500 M3/M3 He 

npeBblwaeT 0,2 Mna·c, a np~ ra30BOM cpaKTope 800-900 M3/M3 

He npeBblwaeT Y>Ke 0,1 Mna·c. 

TaK~M o6pa30M, np~ B03pacTaH~~ ra30Boro cpaKTopa ,0,0 

900 M3/M3 Bfl3KOCTb HecpT~ cYLl.\eCTBeHHo YMeHbwaeTcfI - B 18 
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pa3, 4TO 06f13aTeflbHO HY>KHO Y4V1TbIBaTb npV1 MOAeflV1pOBaHV1V1 

CKOpOCTeLii MV1rpaL\V1V1. 

100 200 300 400 500 600 700 800 900 r •• 'Iv' 

PMC. 2.26. 3aBMcMMoCTb Bfl3KOCTM HecpTM B nl1aCTOBblX YC110BMflX 

OT ra30Boro cpaKTopa 

npflMafl 3aBV1CV1MOCTb Ha6f1IOAaeTCfI TalOKe Me>K,QY 

nflOTHOCTblO V1 Bfl3KOCTblO HecpTeLii B nflaCTOBblX yCflOBV1f1X (pV1C. 

2.27). npV1 YMeHbweHV1V1 nflOTHOCTV1 nflaCTOBblX HecpTeLii OT 0,8 

AO 0,5 T/M3 V1X Bfl3KOCTb CHV1>KaeTCfI B nflaCTOBblX YCflOBV1f1X OT 

1,8 AO 0,1 Mna·c. rpacpV1KaMV1 (pV1C. 2.26, 2.27) MO>KHO 
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nOflb30BaTbC51 ,Qfl51 Onpe,QefleHIII51 B513KOCTIII WlllpOKOrO CneKTpa 

Heq)Telil. 

nn 
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PKC. 2.27. 3aBKcKMoCTb Bfl3KOCTK HecpTK B nIlaCTOBblX YCIlOBKflX 

B r3H OT ee nIlOTHOCTK B nIlaCTOBblX YCIlOBKflX 

AHaflorlll4Hbie nocTpOeHIII51 BblnOflHeHbl TalOKe ,Qfl51 

onpe,QefleHIII51 B513KOCTIII ra30KoH,QeHcaToB III ra30B B nflaCTOBblX 

YCflOBIII51X np051BfleHIII51 rnaBHoliI cpa3bl ra3006pa30BaHIII51 Ha 

OCHOBe 1113Y4eHIII51 B513KOCTIII CPfllOlII,QOB Ha YCTaHoBKax PVT. 
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P~C. 2.28 ~nnlOcTp~pyeT 3aB~C~MOCTb Bfl3KOCT~ ra30-

KOHAeHcaTOB ~ ra30B OT cOAep)f(aH~fI B H~X pacTBopeHHblx 

HecjHflHblX yrneBoAopoAOB. 

0.07 

~ 0,06 
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"~. 
• x ~II 

• >I' 

0,02 

0,01-'-,-----,-----.---,----.----,-----,---------, 
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Kq, rl'; 

• - YB Za3bl C HeBblCOKUM COOep>KaHUeM C02 U H2S; 
X - YB Za3bl C aHOManbHO BblCOKUM COOep>KaHUeM C02 U H2S; 
ACmpaXaHCKOe MeCmOp0>KOeHUe: + - MemaH 

100 0 

PIilC. 2.28. 3aBlllclilMoCTb BH3KOCTIII ra30KOHAeHcaTOB III ra30B B r3r 

OT KOHAeHcaTHoro cPaKTopa 

np~ KOHAeHcaTHoM cpaKTope OKono 700 r/M3 Bfl3KOCTb 

ra30KOHAeHcaTa B nnaCTOBblX ycnoB~flx COCTaBnfleT OKono 

0,09 Mna·c, np~ KOHAeHcaTHOM cpaKTope OKono 300 r/M3 

CH~)f(aeTCfI nOYT~ BABoe - AO 0,05 Mna·c, a y YB ra3a (Kcp"'O) 

CH~)f(aeTCfI AO 0,025 Mna·c, TO eCTb B 3,6 pa3a (ocHoBHafi n~H~fI 
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I). ra30KOH,QeHCaTbl C BblCOKIi1M cO,Qep>KaHli1eM CO2 Ii1 H 2S 

XapaKTepli13YIOTCfI npli1 TeX >Ke BeIlli141i1HaX KOH,QeHcaTHoro 

cpaKTopa 60Ilee BblCOKOIll Bfl3KOCTbIO (IlIi1HIi1f1 II). 

HeCKOIlbKO MeHee 4eTKafi 3aBIi1CIi1MOCTb 

ra30KOH,QeHcaTOB Ii1 ra30B YCTaHOBIleHa Me>K,QY Ii1X nIlOTHOCTblO 1/1 

Bfl3KOCTbIO B nIlaCTOBblX YCIlOBIi1f1X (Pli1c. 2.29). 

, 

0.0 

f~' T/M3 

........ -- -+ 

• - Kapa4azaHaKcKoe MeCmOp0>KOeHUe; x - AcmpaxaHcKoe MeCmOp0>KOeHUe 
+ - MemaH 
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PIllC. 2.29. 3aBlllcillMoCTb Bfl3KOCTill ra30KoHAeHcaToB III ra30B 

B nnaCTOBblX ycnoBlllfix r<l>r OT nnOTHOCTIll YB <I>molllAoB 

B nnaCTOBblX ycnoBlllfix 



npIII YMeHbWeHIIIIII nnOTHOCTIII ra30KOHAeHcaTOB 111 ra30B OT 

0,52 AO 0,2 TiM
3 

IIIX B~3KOCTb B nnaCTOBblX ycnoBlllfix CHIII)I(aeTCfI 

OT 0,09 AO 0,025 Mna·c. 

nonY4eHHbie 3aBIIICIIIMOCTIII cneAyeT IIIcnonb30BaTb Anfl 

onpeAeneHlllfi nnOTHOCTIII 111 Bfl3KOCTIII yrneBoAopoAHblX cpnlOlIIAoB 

B nnaCTOBblX ycnoBlllfix nplll pac4eTe CKopocTelii MlllrpaL\1II111 

HecpTelil, ra30KoHAeHcaToB 111 ra30B. 



rI1aBa 3. KOJWI4ECTBEHHOE MO,QEIn1POBAH~E 

npOUECCOB M~rpAU~~ ~ AKKYMYIlflU~~ 

HECI>T~ ~ rA3A 

BblnonHeHHble B03MO>KHOCTb 

Kom14eCTBeHHO oxapaKTepIII30BaTb reHepaLjlll10 HecpTIil III ra3a B 

MaTeplIIHCKIIIX nopOAax C pa3nlll4HblMlil reHeTIII4eCKIIIMlil TlilnaMIII 

opraHIII4eCKoro BeLl..\eCTBa (rnaBa 1), a TaK>Ke COCTaB, cBoLircTBa III 

cpa30Boe COCTOS'lHllle yrneBoAopoAHblX cpnlOlilAoB, 

3MlllrplilpylOLl..\IIIX 1113 MaTeplIIHCKIIIX nopOA Ha nocneAOBaTenbHblX 

3Tanax KaTareHe3a (rnaBa 2). 

06naAaS'l 3TIIIMlil CBeAeHIIIS'lMlII, MO>KHO B Ka~OM 

KOHKpeTHoM cny4ae nonY4111Tb npeAcTaBneHllle ° xapaKTepe III 

Konlll4eCTBe yrneBoAopoAOB, 3MlllrplilpYIOLl..\IIIX 1113 MaTeplIIHCKIIIX 

nopoA, IIIX cpa30BoM COCTOS'lHIIIIII III B03MO>KHOM MexaHIII3Me 

MlllrpaLjlll1ll yrneBoAopoAOB. 

3.1. MexaHM3M, nyTM M HanpaBI1eHMH MMrpa'-'MM He~TM 
M ra3a npM ~OpMMpoBaHMM MeCTOpO>K,l\eHMH 

06pa3YIOLl..\lIIeCS'I yrneBoAopOAbl 4aCTIII4HO nepeMeLl..\aIOTCS'I 

1113 ynnoTHS'lIOLl..\IIIXCS'I MaTeplIIHCKIIIX nopOA B noplilCTO-

npOHIIILjaeMble pe3epByapbl. 

3MlllrpaLjlllS'l yrneBoAopOAOB MO>KeT npOIIICXOAIIITb B BOAHOM 

paCTBope (IilCTIIIHHOM, KonnOIilAHOM IIInlll B BIilAe 3MynbCIIIIII); 
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nYTeM AVic/XPY3 VI VI , VlnVl B CBo6oAHOVi (HeqmlHoVi, ra30BOVi) cj:>a3e 

B BOAOHaCblLl.\eHHOVi nopoBoVi cpeAe. 

nepBVl4Hafi MVirpaL\VlfI Bbl3blBaeTCfI nporpeCCVlpYIOLl.\VlM 

ynnoTHeHVleM MaTepVlHCKVlX nopoA npVl VlX norpY>KeHVIVI nOA 

HarpY3KOVi BbIWene>KaLl.\VlX OTnO>KeH VI Vi , COKpaLl.\eHVleM nopoBoVi 

CVlCTeMbl npVl aAeKBaTHOVi nOTepe cj:>nIOViAOB. 

naCCVlBHafi 3MVlrpaL\VlfI Hecj:>TVI B BOAOpaCTBOpeHHOM 

COCTOflHVIVI HaBpflA nVi VlMeeT CYLl.\eCTBeHHOe 3Ha4eHVle 

BcneAcTBVle HVl3KOVi paCTBOpVlMOCTVI Hecj:>TflHbIX YB B BOAe. K 

TOMY >Ke npOTVlB TaKOrO MeXaHVl3Ma MVirpaL\VIVI CBVlAeTenbcTByeT 

CaM COCTaB Hecj:>TVI, B KOTOpoVi npeo6naAalOT anKaHOBble, 

HaViMeHee paCTBopVlMble B BOAe YB, B TO BpeMfi KaK HaVl60nee 

XopOWO paCTBopVlMble apOMaTVl4eCKVle YB COAep>KaTCfI B Hecj:>TVI 

B ropa3AO MeHbWVlX KonVl4eCTBax. 

HaVl60nee 3cj:>cj:>eKTVlBHOVi AOn>KHa 6blTb MVirpaL\VlfI 

yrneBoAopOAOB B BViAe CBo6oAHOVi cj:>a3bl, ecnVl, KOHe4HO, 

CYLl.\eCTBYIOT ycnoBVIfi Anfl ee B03HVlKHOBeHVlfI. B03MO>KHOCTb 

aKTVlBHOVi MVirpaL\VIVI Hecj:>TVI B CBo6oAHOVi cj:>a3e npeAnonaranaCb 

MHorVlMVI CneL\VlanViCTaMVI. npOBeAeHHble HaMVI paC4eTbi Ha 

OCHOBe KonVl4eCTBeHHbiX MOAeneVi Hecj:>Teo6pa30BaHVlfI 3TO 

npeAnOnO>KeHVle nOATBep>KAaIOT. 

npVl cpeAHeVi nopVlCTOCTVI MaTepVlHCKVlX nopOA B 30He 

npOfiBneHVlfI r<l>H 5 - 6 % VI VlCXOAHOVi KOHL\eHTpaL\VIVI 

canponeneBoro OB 2 % Hecj:>TeHaCblLl.\eHHOCTb nop MO>KeT 

,QOCTVlraTb 30 %, a npVl KOHL\eHTpaL\VIVI 3 - 5 % OB - 44 - 75 %, 

TO eCTb B03HVlKHOBeHVle CBo6oAHOVi Hecj:>TflHOVi cj:>a3bl HeVl36e>KHo. 
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3M~rpaLl~5l HecpT~ B BOAOpaCTBOpeHHOM COCT05lH~~ B 30He r<l>H 

npo~CXOA~T B H~YTO>KHbIX MaCWTa6ax, B nopoBolii BOAe Morno 

paCTBOp5ltbC5l, B COOTBeTCTB~~ C npOBeAeHHbIM~ paCyeTaM~, He 

60Ilee 0,02 - 0,07 % OT reHep~poBaHHoro ~X KOIl~yeCTBa. 

COBceM APyra5l c~TyaLl~5l xapaKTepHa AIl5l rn~H~CTbIX 

MaTep~HCK~X nopoA C rYMycOBblM OB, KOTopoe xapaKTep~3yeTC5l 

H~3K~M HecpTeMaTep~HCK~M nOTeHLI~aIlOM. B 30He np05lBIleH~S'I 

r<l>H Aa>Ke np~ KOHLleHTpaLl~~ ~cxOAHoro OB 10 % HeB03MO>KHO 

B03H~KHOBeH~e HecpTeHaCblLL\eHHOCT~ nop 60Ilee 8 - 9 %, TO 

eCTb aKT~BHa5l M~rpaLl~5l HecpT5lHbIX YB B CBo6oAHolii HecpT5lHOVi 

cpa3e HeB03MO>KHa. OAHaKO B03MO>KHO B03H~KHOBeH~e B 

CBo6oAHOlii cpa3e ra30BbiX yrneBoAopoAOB ~ 06pa30BaH~e 

ra30KoHAeHcaTHbix c~cTeM, COAep>KaLL\~x pacTBopeHHble 

HecpT5lHble YB. 

W~pOKO pacnpocTpaHeHbl MaTep~HCK~e nopOAbl co 

CMewaHHblM T~nOM OB - canponeIleBo-rYMYCOBbIM. npl>1 

KOHLleHTpaLl~~ Copr 2 % HecpTeHaCblLL\eHHOCTb nop B 3TOM 

cIlyyae Morna AocT~raTb 20 %, TO eCTb Morna 06pa30BaTbCS'I 

cBo6oAHaS'l HecpTS'lHa5l cpa3a. 

ra3006pa30BaH~e B 60IlbW~X ~Il~ MeHbW~X MaCWTa6ax 

OCYLL\eCTBIl5leTC5l Ha Bcex 3Tanax norpy>KeH~5l ~ KaTareHe3a 

MaTep~HCK~X nopOA. 

AIlS'l YB ra3a M~rpaLl~5l B03MO>KHa nYTeM A~CPCPy3~~, B 

BOAopaCTBopeHHOM COCTOS'lH~~, B HecpTepaCTBopeHHOM 

COCT05lH~~, a TaK>Ke B B~Ae CBo6oAHolii ra30Bolii cpa3bl. 
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Mlrlrpal..\lrlfi YB ra3a B BOAHOM paCTBOpe Halrl60Ilee 

xapaKTepHa Allfl paHHIrlX CTaAIrlVl nOrpY>KeHlrlfi OCaAKOB, KOrAa 

He60IlbWirle KOIlW .. leCTBa 06pa3YIOll.\erOCfI ra3a nplrlXOAflTCfI Ha 

3Ha41rlTeIlbHbie 06beMbi nOpOBOVI BOAbl. B YCIlOBlrlfiX npOfiBIleHlrlfi 

rCl>H ymeBoAopOAHoro ra3a 06pa3yeTcfI MallO, OH nOIlHOCTblO 

paCTBopfleTCfI B HecpTIrl Irl BOAe Irl 3MIrlrpirlpyeT 1rl3 MaTeplrlHCKIrlX 

nopOA B HecpTepaCTBopeHHOM IrlIlIrl BOAopaCTBopeHHOM 

COCTOflHIrlIrl. TOIlbKO B MaTeplrlHCKIrlX nopOAax C CYll.\eCTBeHHO 

rYMYCOBblM OB B 30He rCl>H B03MO>KHO 06pa30BaHirle Irl Mlrlrpal..\lrlfi 

YB ra3a B CB060AHOVI cpa3e, Aa Irl TO B He60IlbWIrlX MaCWTa6ax. 

COBceM APyrafi clrlTyal..\lrlfi IrlMeeT MeCTO B maBHOVI 30He 

ra3006pa30BaHirlfi (rCl>r), KorAa ero 06pa3yeTcfI 60Ilbwoe 

KOIllrl4eCTBO, nplrlXOAflll.\eeCfI Ha He60IlbWOVI 06beM nopOBOVI 

BOAbl B 3Ha41rlTeIlbHO ynIloTHeHHblX mlrlHIrlCTblX nopOAax 

(nOpIrlCTOCTb 3 - 4 %). 

B MaTeplrlHCKIrlX nopoAax C canponeIleBblM OB, comaCHO 

npOBeAeHHblM paC4eTaM, nplrl KOHl..\eHTpal..\1rl1rl OB B 1 % 

ra30HaCblll.\eHHOCTb nop AOIl>KHa AOCTlrlraTb OKOIlO 27 %, nplrl 

KOHl..\eHTpal..\1rl1rl 2 % - > 50 %, nplrl KOHl..\eHTpal..\1rl1rl 3 % - > 70 %, a 

nplrl KOHl..\eHTpal..\1rl1rl 5 % - AO 140 %, eCIlIrl 6bl, KOHe4HO, 

OAHOBpeMeHHO He npolrlCXOAIrlIla 3Mlrlrpal..\lrlfi YB ra3a B 

KOIlIleKTOp. PaCTBopflTbCfI B nopOBOVI BOAe B 3TIrlX YCIlOBlrlfiX 

Momo He 60Ilee 1 - 5,5 % OT reHeplrlpOBaHHoro KOIllrl4eCTBa YB 

ra3a. 

Ell.\e 60Ilbwafi ra30HaCblll.\eHHOCTb nopOBoVi CIrlCTeMbl YB 

ra30M AOIl>KHa B03HIrlKaTb B 30He npOfiBIleHlrlfi fCl>r B 
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MaTepl!1HCKI!1X nopoAax C ryMycoBblM OB - OT 30 % npl!1 

KOHlIeHTpall1!11!1 I!1CXOAHOro OB 1 %, - AO 160 % npfil 

KOHlIeHTpall1!11!1 OB 5 %, ecnl!1 6bl, KOHeYHO, oAHoBpeMeHHo C 

reHepalll!1eLlr He npOI!1CXOAl!1na 3Ml!1rpalll!1f1 ra3a B KOnneKTOp. 

PaCTBopflnaCb B BOAe 1!1 3MI!1rpl!1pOBana B BOAHOM paCTBope B 

3TI!1X ycnoBI!1f1X He60nbwafl Aonfi 06pa30BaBwerOCfI ra3a - OT 0,9 

AO 4,5 %. 

TaKI!1M 06pa30M, Ml!1rpalll!1f1 YB ra3a B 30He npOfiBneHI!1f1 

r$r Aon~Ha npoI!1CXOAI!1Tb, B OCHOBHOM, B BI!1Ae cB060AHOLir 

ra30KoHAeHCaTHOLir I!1nl!1 ra30BOLir cj:>a3bl 1!1 nl!1Wb B 

He3HaYI!1TenbHOLir CTeneHI!1 B BOAHOM pacTBope. 

OCHoBHafi yaCTb Hecj:>TI!1 3MI!1rpl!1pOBana 1!13 MaTepl!1HCKI!1X 

nopoA· 3aAonro AO npOfiBneHI!1f1 rnaBHOLir cj:>a3bl 

ra3006pa30BaHI!1f1. OCTaBWl!1eCfI B MaTepl!1HCKI!1X nopoAax 

Hecj:>TflHble YB BO BpeMfi I!1HTeHCI!1BHOrO ra3006pa30BaHI!1f1 npfll 

1!136blTKe ra3a, B ycnoBI!1f1x BblCOKI!1X AaBneHI!1L1r 1!1 TeMnepaTYP 

paCTBOpflnl!1Cb B c~aTblX ra3ax, 06pa3Yfl ra30KOHAeHcaTHbie 

CI!1CTeMbl. 

TaKI!1M 06pa30M, Hal!160nee pacnpocTpaHeHHble fII 

nOMep~I!1BaeMble MHOrl!1MI!1 3anaAHblMI!1 1!1 POCCI!1L1rCKI!1MfII 

I!1CCneAOBaTenflMI!1 npeAcTaBneHI!1f1 0 npeo6naAalOLl.\eLlr ponfll 

Ml!1rpalll!1l!1 Hecj:>TI!1 1!1 ra3a B cB060AHOLir cj:>a3e HaXOAfiT 

nOATBep>KAeHl!1e 1!1 Ha OCHOBe BblnonHeHHblX HaMI!1 paCyeTOB no 

pa3pa6oTaHHbiM MOAenfiM Hecj:>Tera3006pa30BaHI!1f1. VlMeHHo 3TfII 

npeAcTaBneHI!1f1 0 MeXaHI!13Me Ml!1rpalll!1l!1 Hecj:>TI!1 1!1 ra3a B 
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CB060,LIHOIII cpa3e nplII CPOpMlIIpOBaHlII1II III X MeCTOpO>t<.D,eHIIIIII 

,LIOJ1)KHbl 6blTb nplllHSlTbl nplll OCYll.\eCTB11eHIIIIII MO,LIe11l11pOBaHIIISl. 

COOTHOWeHIIISl Me)KJW MaTeplllHCKIIIMIII nOpO,LIaMIII III 

K01111eKTOpaMlII, B KOTOpble nOCTYnalOT 3MlIIrplllpYIOll.\lIIe 1113 

MaTeplllHCKIIIX nOpO,LI yrneBO,LIOpO,LIbl, MOrYT 6blTb pa311l114HbIMIII. 

TlIInlll4HbiM C11Y4aeM SlB11SleTCSl 6011ee lII11l11 MeHee paBHOMepHOe 

nepeC11alllBaHlIIe MaTeplllHCKlIIX nOpO,LI C K01111eKTOpaMlII. 

OCHOBHaSl 4aCTb 3MlIIrplllpYIOll.\lIIX lII3 n11aCTa MaTeplllHCKlIIX nOpO,LI 

HecpTSlHblX yrneBO,LIOpO,LIOB, nplllMepHo 2/3, KaK CBIII,LIeTe11bcTBYIOT 

reOXlIIMlII4eCKlIIe ,LIaHHble, nocTynaeT B 3a11era 10 ll.\111 III 

Henocpe,LICTBeHHo Ha,LI HlIIM K01111eKTOp; MeHbwaSl 4aCTb (1/3) - B 

HlII>Ke3a11eralOll.\1II111 K01111eKTOp. Aa11bHelilwaSl MlIIrpal.\lIISl HecpTlII 

npolllcxO,LIIllT B 3TlIIX n11acTax-pe3epByapax, XOTSl BC11e,LICTBlIIe 

He,LIOCTaT04Holil lII3011Sll.\lIIl11, Ha111114l11Sl BepTlIIKa11bHblx Tpell.\lIIH 11111111 

npOBO,LISlll.\lIIX HapyweHlIIlII nOTOK HecpTSlHblX yrneBO,LIOpO,LIOB 

MO>KeT 6blTb cTyneH4aTblM, CMell.\alOll.\lIIMCSl lII3 

HlII>Ke3a11eralOll.\ero K01111eKTOpa B paCn0110>KeHHble Bblwe no 

pa3pe3Y, sn110Tb ,LIO perllloHa11bHolil HenpOHlIIl.\aeMOIll nOKpblwKlII. 

He MeHee pe,LIKlIIM c11Y4aeM SlB11SleTCSl ,LIOCTaT04HO MOll.\HaSl 

O,LIHOpO,LIHaSl T011ll.\a (30 - 100 M III 6011ee) 060rall.\eHHblX 

canpone11eBblM OB rnlllHlIICTblX MaTeplllHcKlIIX nopo,LI, He 

CO,LIep>Kall.\aSl SHyTplll ce6Sl K01111eKTOpos. OCHosHaSl 4aCTb 

06pa3YIOll.\IIIXCSl HecpTSlHblX YB (,LIO 2/3) 3MlIIrplllpyeT lII3 TOJ1ll.\lII 

MaTeplllHcKIIIX nopo,LI ssepx no pa3pe3y III BCnJ1blSaeT no 

cy6sepTIIIKa11bHblM Tpell.\IIIHHO-nOpOSbIM 

npeO,LI011esaSl Ma11oMOll.\Hble rnlllHIIICTbie 

ssepx, 

Me>KAY 
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OTAeIlbHbIM~ KOIlIleKTOpaM~. Bo MHOr~X CIlY4al'lX, KaK 

nOKa3blBaeT ~3Y4eH~e KOHKpeTHblX reOIlOr~4eCK~X 06beKTOB, 

BOCXOAl'lLl.\al'l BepT~KaIlbHal'l Me>KnIlaCTOBal'l M~rpa4~l'l Heq)T~ ~3 

3aIleralOLl.\eCli H~>Ke no pa3pe3Y TOIlLl.\~ MaTep~HCK~X nopoA 

npOCIle>K~BaeTCl'l Ha paCCTOl'lH~e OT 80 - 150 AO 800 - 1000 M. 

npOXOAl'l 4epe3 OTAeIlbHble nIlaCTbl neC4aHbiX 

KOIlIleKTOpOB, 4aCTb Heq)T~ AOCT~raeT ~x np~KpoBeIlbHoCii 30Hbl, 

nOCTeneHHO HaKanIl~BaeTCl'l TaM, 06pa3Yl'l nepB~4Hble 

CKOnIleH~l'l, a 3aTeM OH~ ~cnblTblBalOT BOCXOAl'lLl.\YIO 

IlaTepaIlbHYIO M~rpa4~10 BBepx no BOCCTaH~1O nIlaCTOB no 

HanpaBIleH~1O K np~nOAHl'lTbIM B nOA3eMHOM peIlbecpe 

IlOBYWKaM. 

nOCKOIlbKY AaBIleH~e B ynIlOTHl'lIOLl.\~XCl'l MaTep~HCK~X 

nopOAax np~ reHepa4~~ HecpT~ ~ ra3a npeBblwaeT 

r~APOCTaT~4eCKoe, 06bl4HO cBoClicTBeHHoe KOIlIleKTOpaM, TO 

4aCTb HecpTl'lHbIX YB ~3 MaTep~HCKOCII TOIlLl.\~ MO>KeT 

M~rp~pOBaTb BH~3 no pa3pe3Y - B nOACT~IlalOLl.\~CIi nec4aHbl!:i 

KOIlIleKTOp, eCIl~ OH He OTAeIleH OT MaTep~HCK~X nopOA MOLl.\HO!:i 

HenpOH~4aeMOVi TOIlLl.\e!:i. B nOACT~IlalOLl.\eM MaTep~HCKYIO 

TOIlLl.\Y KOIlIleKTOpe HecpTb HaKanIl~BaeTCl'l Y ero KpOBIl~, a 3aTeM 

~cnblTblBaeT BOCXOAl'lLl.\YIO IlaTepaIlbHYIO M~rpa4~10 AO 

np~nOAHl'lTo!:i IlOBYWK~. AaIlbwe BH~3 no pa3pe3Y ~3 :noro 

neC4aHoro KOIlIleKTOpa HecpTb M~rp~pOBaTb He MO>KeT, 

nOCKOIlbKY apX~MeAOBa C~Ila BcnIlbIBaH~l'l 6YAeT YAep>K~BaTb ee 

Y KpOBIl~ BOAOHaCblLl.\eHHOrO neC4aH~Ka. 
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CpaBHL.nellbHO OAHOpOAHaH TOllllla (20 100 M) 

o6orallleHHbix canpOnelleBblM 08 Kap6oHaTHO-rm1HL1CTO­

KpeMHL1CTbIX MaTepL1HCKL1X nopoA (TL1na AOMaHL1KOBOIll CBL1Tbl) 

MO>KeT 3alleraTb B pa3pe3e Kap60HaTHbix L11lL1 Kap6oHaTHo­

TeppL1reHHblx OT1l0>KeHL1III. OCHoBHaH yaCTb o6pa3YI01lIL1XCH 

Hecj:>THHbIX yrneBoAopoAOB 3ML1rpL1pyeT B cBo6oAHOlil cj:>a3e L13 

TOlllllL1 MaTepL1HCKL1X nopoA npeL1MYlllecTBeHHo BBepx no 

pa3pe3y no CL1CTeMe TpelllL1HHO-nOpoBbIX KaHa1l0B, AOCTL1raH 

60llee npOHL14aeMblx Kap60HaTHbix L11lL1 TeppL1reHHblx 

KOlllleKTOpOB, Bn1l0Tb AO perL10HallbHOIil HenpoHL14aeMolll 

nOKpbIWKL1, a 3aTeM ML1rpL1pyeT no HL1M BBepx no BOCCTaHL11O 

C1l0eB AO npL1nOAHHTbIX 30H aKKyMyllH4L1L1. 

8 HeKoTopblX CllyyaHX L13 MaTepL1HCKOIll TOlllllL1 TL1na 

6a>KeHOBCKolll L11lL1 AOMaHL1KOBOIll CBL1Tbl Hecj:>Tb MO>KeT 

3ML1rpL1pOBaTb no TpelllL1HHOIil CL1CTeMe rL1nCOMeTpL1yeCKL1 BBepx, 

HO CTpaTL1rpacj:>L1YeCKL1 - BHL13, L13 AenpeCCL1I11, B KOTOPblX 

MaTepL1HCKaH CBL1Ta HaXOAL1TCH rny6>Ke, yeM nOACTL1llalOllIL1111 ee 

KOlllleKTOp B npL1nOAHHTolll 30He. 

It1TaK, Ha nepBOHayallbHOM 3Tane B OCHOBHOM npoL1CXOAL1T 

BepTL1KallbHaH ML1rpa4L1H Hecj:>TL1 (L11lL1 ra3a) B cBo6oAHOlil cj:>a3e 

L13 MaTepL1HCKL1X nopoA B 3alleralO1lIL1e Bblwe npOHL14aeMble 

KOlllleKTOpbl no CL1CTeMe TpelllL1HHO-nOpoBbIX cy6BepTL1KallbHblX 

KaHa1l0B. nocTynaH B KOlllleKTOp, yrneBoAopoAbl CHayalla 

HaKanllL1BaIOTCH y ero nOAOWBbl, a 3aTeM BCnllblBalOT L1 

KOH4eHTpL1pYIOTCH y ero KpOBllL1 nOA HenpOHL14aeMOIll 

nOKpblwKOIli. 
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Y KpOBnll1 KOnneKTOpa o6pa3ytOTCfI CHa4ana He6onbWII1e 

nepBII14Hbie CKOnneHII1f1 yrneBoAopOAOB, pa3Mep KOTOPblX 

nOCTeneHHO YBen1l14111BaeTCfI, OHII1 Cnll1BatOTCfI APyr C APyroM \II 

nOA B03AerlrCTBII1eM apXII1MeAOBOrir ClI1nbl Ha4111HatOT BCnnblBaTb 

BBepx no BOCCTaHlI1tO nnaCTOB B HanpaBneHlI1111 CTPYKTYPHOrir II1n\ll 

APyroro TlI1na nOBYWKII1. 

TaKlI1e )f(e nepBII14Hbie CKOnneHII1f1 yrneBoAopOAOB, 

nOCTeneHHO YBenll14l11BatOll.lll1eCfI B pa3Mepe 111 Cnll1BatOll.lll1eCfI 

APyr C APyroM, o6pa3ytOTCfI 111 B npll1KpOBenbHOrir 4aCT\II 

KOnneKTOpa, 3aneratOll.lero nOA nnaCTOM MaTepll1HCKII1X nopoA. 

II1cXOAfI II1X Toro, 4TO rnaBHblM cj:laKTOpOM, onpeAenfltOll.lIl1M 

naTepanbHYtO MlI1rpaL\lI1tO, flBnfleTCfI apXII1MeAOBa clI1na 

BcnnblBaHII1f1 nepBII14HbiX CKOnneHII1r1r YB B BOAOHaCblll.leHHOrir 

nOpOBOrir cpeAe KOnneKTOpOB, MlI1rpaL\lI1f1 MO)f(eT npOIl1CXOAII1Tb 

TonbKO BBepx no BOCCTaHlI1tO cnoeB OT Hall160nee norpY)f(eHHblX 

Y4aCTKOB Hecj:lTe(ra30)c6oPHOrir nn 0 ll.laA 111 AO MaKCII1ManbHO 

npll1nOAHflTblX B npeAenax 3aMKHYTOrir nOBywKII1. 

CXO)f(AeHlI1e HanpaBneHII1r1r MlI1rpaL\1I1111 K npll1nOAHflTOrir 

3aMKHYTOrir CTpyKType onpeAenfleT nOnO)f(eHlI1e nOKanbHOrir 30Hbl 

aKKyMynflL\1I1111 (nOBYWKII1 YB). B nnaTcj:lopMeHHblX ycnoBII1f1X 

Hall160nee 4aCTO BCTpe4atOTCfI 3aMKHYTbie Hecj:lTe(ra30)c6opHble 

nn Oll.laA 111 , onpeAenfltOll.lll1e aKKyMynflL\lI1tO yrneBoAopOAOB B 

AaHHOrir nOBYWKe. Eionee peAKO Hecj:lTe(ra30 )c60pHafl nnOll.laAb 

MO)f(eT OKa3aTbCfI He nonHOCTbtO 3aMKHYTOrlr, nonYOTKpblTOrir C 

OAHOrir 1113 CTOpOH. B TaKII1X cnY4aflX aKKYMynll1poBaHHble B 

nOBYWKe YB, AOCTlI1rafl ee 3aMKa, MOryT 4aCTII14HO npopblBaTbC5I 
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~ M~rp~pOBaTb B CTOPOHY 60Jlee 

BbICOKOpaCnOJlO>KeHHOIiI nOBYWK~. 

OCHOBOIiI AnH nOCTpOeH~H KapT HanpaBneH~1iI ~ CKOpOCTelil 

M~rpal..\~~ yrneBoAopOAOB HBnHIOTCH naneOCTpYKTypHble KapTbl, 

xapaKTep~3YIOll.\~e pen beep npOBOAHll.\~X (npOH~l..\aeMbIX) 

pe3epByapoB-KOJlneKTOpOB B nep~OAbl npOHBneH~H MaKC~MYMa 

rnaBHblX epa3 HeepTeo6pa30BaH~H ~ ra3006pa30BaH~H. 

Ecn~ nOCJle 3aBepweH~H HeepTe(ra30 )o6pa30BaH~H AO 

HaCTOHll.\erO BpeMeH~ CTpYKTypa ~3y4aeMoro reonor~4eCKoro 

06beKTa ~3MeH~naCb He3Ha4~TenbHO, AnH nOCTpoeH~H KapT 

HanpaBneH~1iI ~ CKopOCTelil M~rpal..\~~ yrneBoAopOAOB MO>KHO 

nonb30BaTbCH CTPYKTYPHOIiI KapToliI ~3Y4aeMoro 06beKTa, 

OTpa>KalOll.\elil ero CTpoeH~e Ha COBpeMeHHbl1il MOMeHT. 

3.2. Onpe,QelleHMe CKOpOCTel1 MMrpa'-'MM He(jlTM M ra3a * 

M~rpal..\~H HeepT~ B cBo6oAHOIiI epa3e B BOAOHaCblll.\eHHOM 

KOnneKTOpe B ep~3~4ecKoM CMblcne HBnHeTCH np0l..\eCCOM 

AByxepa3HoIiI ep~nbTpal..\~~, T.e. ep~nbTpal..\~elil B nopoBoliI cpeAe 

ABYX HeCMeW~BalOll.\~XCH >K~AKOCTelil BOAbl ~ HeepT~. 

TeopeT~4ecK~e ypaBHeH~H, on~CbIBalOll.\~e AByxepa3HYIO 

ep~nbTpal..\~lO, C03AaHbi C Y4eTOM nOHHT~H 0 epa30Bbix 

napaMeTpax ~ xapaKTep~CT~Kax. Y4~TbIBaIOTCH epa30BaH 

HaCblll.\eHHOCTb Sj (i=1,2) AonH OTKPblTOro nopoBoro 

B HanucaHUU iJaHHo2o pa3iJena ucnonb30eaHbl Mamepuanbl 
t1.A. BonKoea 
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npOCTpaHCTBa, 3aHlilMaeMOrO BOAO~ III HecpTblO (LSi =1), a TalOKe 

BeIllll411lHbi cpa30Bbix AaBIleHIIl~, pa3HocTb Me>KAY KOTOPblMIil B 

Teopllllll PannopTa-fililca nplilpaBHIIlBaeTc~ K KanIilIlIl~pHOMY 

AaBIleHlIl10 

(3.1 ) 

B Ka4eCTBe AlilHaMIIl4eCKoro COOTHoweHIIl~ 06l..L.1enplllH~TblM 

~BIl~eTC~ o6061..L.1eHIIle 3aKOHa ,QapclIl: 

- K 
U i =-f(S)grad Pj(i =1,2) (3.2) 

Il 

rAe 

K - K03CPCPlllllllleHT a6coIlIOTHO~ npoHlIlllaeMocTIil nopoBolll 

cpeAbl; 

f - cpa30Ba~ npoHlIlllaeMocTb cpIlIOIIlAa; 

S - cpa30Ba~ HaCbll..L.leHHOCTb nopoBo~ cpeAbl; 

f.L - B~3KOCTb cpIlIOIIlAa; 

P - cpa30Boe AaBIleHlIle; 

U i - BeKTOp pacxoAHolil cpa30Boill CKOpOCTIil. 

,QIl~ TOro, 4T06bl CIilCTeMa ypaBHeHlIl1ll 6blIla 3aMKHYToIII, 

OHa AonOIlH~eTC~ ypaBHeHIIl~MIIl coxpaHeHIIl~ MaCCbl AIl~ Ka>KAOIll 

)l(IIlAKOCTIil. PeweHlIle 3aMKHYTOill CIilCTeMbl ypaBHeHlIl1ll nplilBOAIilT B 

IIlTore K CIlO)l(HblM MOAeIlbHblM 

onpeAeIl~IOI..L.IIIlM cpa30Bbie CKOPOCTIil CPIllIlbTpall1ll1ll U 1 III U 2 AIlR 

CMa411lBalOl..L.leill )l(IIlAKOCTIil (BOAbl) III HeCMa411lBalOl..L.leill cpa3b1 

(HecpTIIl) KaK: 
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rAe 

U; = -K J; (S) grad P + KP; (S)<p(S)grad S = 
fli 

_ K[J; (S) + 12 (S) grad p. F(S) + KP;(S)rp(S)grad s] = 

fli fl2 

=F(S)U + KP;(Syqy(S)grad S 

(3.3) 

AHa110n-14HO A115'1 HeCMa4V1BalOl1\elll cpa3bl: 

~ = [1-F(S)]lJ -KP~(S)gradS (3.4) 

F(S) - fl (S) flo = l:::L - CPYHK4V15'1 6aK11e5'l-neBepeTTa. 
- fl(S)+flof2(S)' fl2 

OAHaKO peweHVle ypaBHeHVlIII npeACTaB115'1eT 

3Ha4V1Te11bHble TPYAHOCTVI Aa>Ke B oAHoMepHblx 3aAa4ax VI 

npaKTVl4eCKVI He pea11V130BaHO. 

3Ha4V1Te11bHO npOl1\e nOAxOA 6aK11e5'l-neBepeTTa, B 

KOTOPOM npeHe6peraeTC5'I B11V15'1HVleM KanVl11115'1pHbIX CVl11 (P2-

P1=O), 4TO ynpOl1\aeT MaTeMaTVl4eCKVlIII annapaT VI n03B0115'1eT 

onpeAe11V1Tb A115'1 OAHOMepHoro C11Y4a5'l CKOPOCTVI cpVl11bTpa4V1V1 

cpa3 KaK 

(3.5) 
fll 

(3.6) 
fl2 

,lJ,115'1 C11Y4a5'l AByxcpa3HoIII CPVl11bTpa4V1V1 C Y4eTOM 

rpaBVlTa4V1V1 
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rAe 

Kf (S) d . 
U I =_ I (P+PI.g. sma) 

III dx 

U2 = - Kf2(S) d (p+ P2 . g. sina) 
f.12 dx 

P1, P2 - nnOTHOCTb cpnlOlt1AOB, 

g - YCKopeHlt1e Clt1nbl nnKeCTIt1, 

a - yron HaKnOHa nnaCTa. 

(3.7) 

(3.8) 

Aml SmneHlt1fl rpaBIt1TaL\1t10HHO~ cerperaL\1t11t1 - pa3AeneHIt1fl 

cpa3 nOA Ae~CTBlt1eM rpaBIt1TaL\1t10HHbIX clt1n 

cplt1nbTpaL\1t11t1 onpeAenlt1TCfl KaK 

UI = -Kg(pI - P2)' sin a· <p(S) 

CKOPOCTb 

(3.9) 

CnO>KHOCTb It1 HeAOCTaT04Hafl flCHOCTb npo6neMbl nplt1BenM 

K BblBOAY, 4TO nonHOCTblO YAoBneTBOpIt1TenbHO~ TeOpMIrt 

cplt1nbTpaL\1t11t1 AByxcpa3Ho~ >KIt1AKOCTIt1 nOKa He cy~ecTByeT. 

n03TOMY Aml nplt16nlt1>KeHHblX paC4eTOB CKopOCTe~ Mlt1rpaL\It1M 

yrneBoAopOAOB nplt1XOAIt1TCfl It1ATIt1 Ha HeKOTopble ynpo~eHlt1fl. 

KaK It1 B TeOp1t11t1 6aKnefl-neBepena nplt1HIt1MaeM, 4TO ponb. 

Kanlt1nnflpHblX clt1n npeHe6pe>KIt1MO Mana It1 P1=P2=P. 

3KCneplt1MeHTanbHoe na60paTopHoe MOAenlt1pOBaHlt1e Mlt1rpaL\It1M 

HecpTIt1 3TO nOATBep>K,QaeT. 

OKa3anOCb, 4TO Ae~CTBlt1e Kanlt1I1nflpHblX clt1n cy~ecTBeHHO 

TonbKO Ha TO~ CTaAlt1lt1, KorAa e~e He AOCTlt1rHyTa Heo6xOAIt1MaSi 

Anfl Ha4ana Mlt1rpaL\1t11t1 MIt1HIt1ManbHafl BblCOTa HecpTflHoro 

CKOnneHlt1fl B OCHOBaHlt11t1 KOnOHKIt1. OAHaKO nocne AOCTIt1>KeHMSI, 
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npeOAOIleHVlfI KanVlIlIlflpHblX CVlIl 

MVlHVlMaIlbHolii BblCOTbl HecpTflHOrO CKOnIleHVlfI, Ha6IltOAaBWaflCfI 

CKOPOCTb MVirpal.\VIVI 6blIla Y>Ke npaKTVlyeCKVI He3aBVlCVlMOlii OT 

HVlX, TO eCTb KanVlIlIlflpHblMVI CVlIlaMVI B nepBOM npVl6IlVl>KeHVIVI 

,QeIiiCTBVlTeIlbHO MO>KHO npeHe6peYb. 

BTOpOe ynp0Ll.\eHVle 3aKIltOyaeTCfI B TOM, YTO CKOPOCTb 

MVirpal.\VIVI BOAHOIii cpa3bl npVlHVlMaeTCfI paBHOIii HYIltO. 

rypeBVlyeM E.A., KpyrnVlKoBblM B.M., KanyeHKO n.H. CKOPOCTb 

IlaTepaIlbHOIii MVirpal.\VIVI BOAbl B npVlpOAHblX pe3epByapax C 

Y4eTOM HeOAHOpOAHOCTelii npOHVll.\aeMOCTVI 6IlOKOB nOpOA 

Ol.\eHVlBaeTCfI OyeHb HVl3KOlii - OT n·10-
3 

AO n·10-
2 

cM/rOA (VlIlVI OT 

a,On AO O,n KM/MIlH.IleT). CIleAOBaTeIlbHO, B nepBOM 

npVl6IlVl>KeHVlVI, AIlfl rpaBVITal.\VlOHHOIii cerperal.\VIVI npVl 

HenOABVI>KHOCTVI BOAHOIii cpa3bl (U 1=0) VI C Y4eTOM cpa30BOlii 

npOHVll.\aeMOCTVI HecpTVI paCXOAHYtO CKOPOCTb MVirpal.\VIVI HecpTVI 

MO>KHO OnpeAeIlVlTb KaK 

UH = KfH(S)(PB -pJ·g·sina (3.10) 

I-lH 

COOTBeTCTBeHHO "VlCTVlHHafl" IlVlHeliiHafl CKOPOCTb 

MVirpal.\VIVI HecpTVI (CKOpOCTb npOABVI>KeHVlfI HecpTflHoro cppOHTa) 

OnpeAeIlVlTCfI KaK 

U H K·K<j>n ( ). 
VH =- = PB -PH· g·sma (3.11 ) 

m I-lH·m 
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K·K 
V

H 
= "'n (YB -yJ.sina (3.12) 

IlH ·m 

YB, YH - YAeIlbHblt:1 sec SOAbl III HecpTIll. 

PaC4eTbi no 3T0t:1 cpopMYIle, a TaK)f{e pe3YIlbTaTbi paC4eTOS 

APyrlllx asTOpos (A.E. rypeBIII4a, BA 3HArmIHAa) nOKa3aIlIII, 4TO 

CKOPOCTIII M III rpa 4111 III HecpTIll 04eHlllsalOTcs:! S COTHIII pa3 

66IlbWIIIMIII, a ra3a - S Tb1Cs:!4111 III Aecs:!TKIll TbICs:!4 pa3 66IlbWIIIMIII, 

4eM CKOPOCTIII Mlllrpa4111111 SOAbl. CIleAosaTeIlbHo, CKOPOCTblO 

Mlllrpa4111111 SOAbl S nepsoM nplll6IlIII)f{eHIIIIII Aet:1cTsIllTeIlbHO MO)f{HO 

npeHe6pe4b. TeM 60Ilee, 4TO aKTIllSHOe HecpTera3006pa30saHille 

peaIllll3yeTcs:! Ha 3IlIllll31110HHOM 3Tane pa3slIITIIIs:! 6accet:1Hos, 

KorAa Mlllrpa4111s:! SOAbl III yrnesoAopoAOS, KaK npaslllIlo, AOIl)f{Ha 

6blTb HanpasIleHa S OAHY CTOPOHY - ssepx no BOCCTaHlll1O CIloes. 

npeHe6peras:! Y4eToM Kpat:1He HIII3KIIIX CKopocTet:1 Mlllrpa4111111 SOAbl, 

Mbl nplll 3TOM IlIIIWb He3Ha4111TeIlbHO 3aHIII)f{aeM CKOPOCTb 

Mlllrpa4111111 yrnesoAopoAOS. 

<l>OPMYIlbl AIls:! 04eHKIII CKOPOCTIII Mlllrpa4111111 yrneBoAopoAOS, 

npeAIlO)f{eHHble APyrlllMIll aSTopaMIII, aHaIlorlll4Hbi III 6Illll3KIII K 

npeAIlaraeMot:1 HaMill. Pa3Il1ll4111s:! B TOM, 4TO A.E. rypesIII4 III 

B.A. 3HArns:!HA He IIIcnOIlb3YlOT S CSOIliX cpopMYIlax seIl 1114111 Hbl 

cpa30sot:1 npOHIII4aeMOCTill yrnesoAopoAOS, KOTopas:! 3aSIIICillT OT 

COOTHoweHIIIs:! cpa3. n. YHrepepoM OHa IIIcnoIlb3yeTCs:! III, nOMIllMO 

Hee, - seIllll4111Hbi cpa30SbiX AasIleHIllt:1, TO eCTb npIIIHIllMaeTCs:!, 

4TO VB "* O. 
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Halll60Ilee 6Illll3Ka K Hawelil cpOpMYIle paC4eTa CKOPOCTIII 

Mill rpal..\111 III HecpTIII cpOpMYIla, npeACTaBIleHHa51 B pa60Te 

n. KaTaIlaHa: 

V = Knp . Kq,n (PH - pJsin a 

H IlH .m·So 
(3.13) 

So HecpTeHaCblll.\eHHOCTb nopOBoro npOCTpaHCTBa 

B6Illll3111 HecpT51Horo CPPOHTa. 

BBeAeHlIIe 3Toro napaMeTpa, nO-BIIIAIIIMOMY, 1II3IlIllWHe, TaK 

KaK BIlIll51HlIIe COOTHoweHIII51 HecpT51Holil III BOAHolil cpa3 Y>Ke Y4TeHO 

B BeIl 1114 III He cpa30Bolil npOHIIIl..\aeMOCTIII, CPYHKl..\1II0HaIlbHO 

3aBIIIC51ll.\elil OT HecpTeHaCblll.\eHHOCTIII. 

PeaIlbHOCTb Ol..\eHKIII CKopOCTelil MlIIrpal..\1II111 no nplllBeAeHHolil 

cpopMYIle 3aBlIIClIIT OT Toro, HaCKOIlbKO 060CHOBaHbi paC4eTHbie 

napaMeTpbl. BeIl 1114 III HY cpeAHIIIX K03CPCPIlll..\lIIeHTOB 

npOHIIIl..\aeMOCTIII III nIlOTHOCTIII KOIlIleKTOpa cIleAyeT onpeAeIl51Tb 

Ha OCHOBe CTaTlIICTlII4eCKolil o6pa6oTKlII cpaKTlII4eCKlIIX AaHHbIX, 

BeIl 1114 III HY K03CPCPIlll..\lIIeHTa cpa30Bolil npOHIIIl..\aeMOCTIII - no 

COOTHoweHlII1O HecpT51Holil III BOAHOIil cpa3bl C IIIcnOIlb30BaHlIIeM 

1II3BeCTHolil 3aBlIIClIIMOCTlII Me>KAY cpa30Bolil npOHIIIl..\aeMOCTblO III 

COOTHoweHlIIeM cpa3. 

AIl 51 onpeAeIleHIII51 BeIl 1114111 H nIlOTHOCTIII III B513KOCTIII 

yrneBoAopOAHblX CPIlIOIIIAOB cIleAyeT IIICnOIlb30BaTb rpacplllKIII 

3aBlIIClIIMOCTlII IIIX OT ra30HaCblll.\eHHOCTIII CIIICTeMbl, 

060CHOBaHHbie HaMill B rIlaBe 2. 
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B Ta6Il. 3.1 np~BeAeHbl pe3YIlbTaTbi pac4eToB B03MO>KHbIX 

CKopocTeLii M~rpaL\~~ Heq)T~, xapaKTepHblX AIl51 yCIlOB~1iI 

np05lBIleH~51 r<l>H np~ K"," = 0,1 (4TO cooTBeTcTByeT 

Hecj:>TeHaCblLl.\eHHOCT~ nopoA Ha nYT5Ix M~rpaL\~~ OKOIlO 35 %), 

AIl51 w~poKoro A~ana30Ha npOH~L\aeMOCT~ KOIlIleKTOpa (OT 

0,0010 AO 0,10). nIlOTHOCTb Hecj:>T~ C pacTBopeHHblM ra30M 

6blIla np~HflTa paBHoLii 0,75 r/cM3, B5I3KOCTb - 1 cn, nIlOTHOCTb 

BOAbl - 1,1 r/cM3, nop~cToCTb KOIlIleKTOpa - 0,2. 

Ta6Il~L\a 3.1 
CKopOCnt M",rpa41lu1 He~)T'" np'" K",n = 0,1 

CKOPOCTb M~rpaL\~~ Hecj:>T~, 
KM/MIlH. IleT 

Knp,D 
nIlaTcj:>OpMbl 

CKIlaA4aTbie 

o6IlacT~ 

0°30 5°00 10° 30° 
0,001 0,4 4,8 9,5 27,5 

0,01 4,8 48 95,6 275,6 

0,05 24,0 240,0 478,5 1378,0 

0,1 47,9 490,6 956,9 2756,2 

KaK B~A~M, np~ Hecj:>TeHaCblLl.\eHHOCT~ B KaHaIlax 

M~rpaL\~~ OKOIlO 35 % B nIlaTcj:>opMeHHblx 6acceLilHax CKOpOCT~ 

M~rpaL\~~ Hecj:>T~ MoryT KOIle6aTbC5I OT 0,48 AO 490 KM/MIlH. IleT, 

a B CKIlaA4aTbiX o6IlacT5Ix - OT 9,5 AO 2756 KM/MIlH. IleT. 

B Hecj:>Tera30HocHblX 6acceLilHax C BblCOKOLII nIlOTHOCTblO 

3M~rp~poBaBw~x Hecj:>T5IHbIX YB B np~KpoBeIlbHoLii 4aCnt 

KOIlIleKTOpOB MO>KeT B03H~KaTb BbICOKa51 Hecj:>TeHaCblLl.\eHHOCTb 

nopoBoLii cpeAbl - AO 50 % ~ 6oIlee. B 3TOM cIlY4ae BeIl~4~Ha 
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K<I>n MO)f(eT 6blTb npL-1HHTa paBHo~ 1. B03MO)f(Hble CKOPOCTL-1 

J1aTepanbHo~ ML-1rpal..\L-1L-1 nepBw·IHblX HecpTHHblX cKOnneHL-1~ ,QnH 

3TL-1X ycnOBL-1~ Ol..\eHL-1BaIOTCH 3Ha4L-1TenbHO 60nee BbICOKL-1ML-1 

(Ta6n. 3.2). 

Knp , D 

0,001 

0,01 

0,05 

0,1 

Ta6nL-1l..\a 3.2 
CKOPOCTH MHrpa4HH He<l>TH npH K"Jn=1 

CKOPOCTb ML-1rpal..\L-1L-1 HecbTL-1, KM/MnH. neT 

nnaTcpopMbl 
CKna,Q4aTble 

06naCTL-1 

0°30 5°00 10° 30° 
4,8 48 95,7 275,6 

47,9 480,7 956,9 2756,2 

239,0 2303,4 2784,8 13781,2 

479 4906,9 9569,7 27562,5 

PaCCMOTpL-1M, HaCKonbKO peanbHbl C reOnOrL-14eCKL-1X 

n03L-11..\L-1~ onpe,QeneHHble pac4eTHbiM nYTeM CKOPOCTL-1 ML-1rpal..\L-1L-1 

HecpTL-1 L-1 KaKOBa B03MO)f(HaH npo,Qon)f(L-1TenbHOcTb BO BpeMeHL-1 

np0l..\eCCOB L-1 CPOpML-1pOBaHL-1H HecpTHHblX 

MeCTOpO)f(,QeHL-1~. 

OnblT nOKa3blBaeT, 4TO B peanbHblX reOnOrL-14eCKL-1X 

ycnOBL-1HX BnonHe B03MO)f(Ha CL-1Tyal..\L-1H, Kor,Qa ML-1rpal..\L-1H L-1 

aKKyMynS'll..\L-1H HecpTL-1 npoL-1cxo,QL-1na B nOBywKax C HecpTec60pHo~ 

nnOllla,QL-1 Ha paCCTOHHL-1L-1 50 KM. npO,Qon)f(L-1TenbHOcTb np0l..\ecca 

ML-1rpal..\L-1L-1 L-1 CPOpML-1pOBaHL-1H MeCTOpO)f(,QeHL-1H B 3TOM cnY4ae 

onpe,QenL-1TCH KaK 
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T=~ 
V"lHrp 

(3.14) 

npVI cpa30BO~ npOHVl4aeMOCTVI HecpTVI 0,1 HaVl60Ilee 

peaIlbHbl CKOPOCTVI MVlrpa4V1V1 HecpTVI OT 4,8 AO 490 KM/MIlH. IleT, 

KOTOPblM B nIlaTcpopMeHHblx YCIlOBVlflX OTBe4aeT BpeMfi 

CPOpMVlpoBaHVlfI HecpTflHblX MeCTOpO>KAeHVI~ BCIleACTBVle 

IlaTepaIlbHo~ MVlrpa4V1V1 OT 0,1 AO 10 MIlH. IleT. B CKIlaA4aTbiX 

06IlacTfix OHO COCTaBVlIlO 6bl BO Bcex cIlY4aflx MaKcVlMYM 0,5 -

5,2 MIlH. IleT, a npVl BbICOKO~ cpa30Bo~ npoHVl4aeMocTVI, paBHo~ 

1,0, AIlfi CPOpMVlpoBaHVlfI MeCTOpO>KAeHVlfI 3a C4eT IlaTepaIlbHo~ 

MVlrpa4V1V1 nOTpe60BaIlocb 6bl B 1 ° pa3 MeHbwee BpeMfi - OT 

0,01 AO 1 MIlH. IleT. 

CornacHo HaweMY onblTY MOAeIlVlpoBaHVlfI CPOpMVlpoBaHVlfI 

MeCTOpO>KAeHVI~, B nIlaTcpopMeHHblx YCIlOBVlflX B 60IlbwVlHcTBe 

cIlY4aeB BpeMfi CPOpMVlpoBaHVlfI MeCTOpO>KAeHVI~ npVl 

IlaTepaIlbHo~ MVlrpa4V1V1 HecpTVI COCTaBIlfieT OT 0,3 AO 1,5 -

2 MIlH. IleT. 

I.-1.B. BbICOTCKVI~ npVlBoAVlIl npVlMepbl HecpTeHaKonIleHVlfI B 

MOIlOAblX ocaAKax (MVl04eH, nIlVl04eH), rAe CPOpMVlpOBaHVle 

MeCTOpO>KAeHVI~ no reOIlorVl4eCKVlM AaHHblM npoVlcxoAVlIlO 3a 

BpeMfi He 60Ilee 0,08 - 1,0 MIlH. IleT. 

TaKVlM 06pa30M, eCIlVl c03peBaHVle OB MaTepVlHcKVlX nopoA 

VI HecpTe06pa30BaHVle B norPY>KaIOLl.IVlXCfI ocaAKax pa3BVlBalOTcfI 

B reOIlorVl4eCKOM BpeMeHVI 04eHb MeAIleHHO - B Te4eHVle 

AeCflTKOB-CTa MIlH. IleT, TO nOCIle CPOpMVlpOBaHVlfI nepBVl4HbiX 

HecpTflHblX CKonIleHVI~ B npVlKpOBeIlbHO~ 30He KOIlIleKTOpOB 
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IlaTepaIlbHaSl MlI1rpal..\II1Sl 111 aKKYMYIlSll..\II1Sl HecpTII1 npOIl1CXOASlT 

04eHb 6blCTPO, BO MHOrll1X CIlY4aSlX BCerO 3a HeCKOIlbKO COTeH 

TblCSl4 JleT, MaKCII1MYM 3a 1 - 2 MJlH. JleT. 

He06xOAII1MO OTMeTII1Tb, 4TO npll1 pac4eTe CKopocTelii 

MlI1rpal..\II1I11, oc06eHHo BepTII1KaJlbHOIii MlI1rpal..\1I1111 HecpTII1 1113 

MaTepll1HCKII1X OTJlO>KeHII1Iii AO npll1KpOBeJlbHOIii 4aCTII1 

KOJlJleKTOpOB, CJleAyeT Y4111TbiBaTb OrpaHII14eHII1Sl CKOPOCTII1 

MlI1rpal..\II1I11, KOTOpble 06YCJlOBJleHbi nOTepSlMII1 MlI1rpll1pYlOl..L\elii 

HecpTII1 Ha 06pa30BaHII1e OCTaT04HOlii HecpTeHaCbll..L\eHHOCTII1 

nopOA B KaHaJlaX MlI1rpal..\lI1l11. 

LlII1CTO TeOpeTII14eCKII1 CKOPOCTb BOCXOASll..L\elii BepTII1KaJlbHOIii 

MlI1rpal..\1I1111 o l..\eH 111 BaeTCSl MaKCII1MaJlbHOlii, nOCKOJlbKY OHa 

nponOpl..\1I10HaJlbHa sina (sin90o=1). npll1 Tpel..L\lI1HHOIii 

npOHII1l..\aeMOCTII1 B 0,1 0, cpa30Bolii npOHII1l..\aeMOCTII1 0,1 111 Tex >Ke 

napaMeTpax HecpTII1 111 nopoA, KaKlI1e npll1HII1MaJlIl1Cb B 

npeAblAYl..L\lI1X pac4eTax, CKOPOCTb BepTII1KaJlbHOIii MlI1rpal..\1I1111 

HecpTII1 Ol..\eHII1BaeTCSl 60Jlee 5000 KM/MJlH. JleT, TO eCTb MlI1rpal..\II1Sl 

Ha 1 KM BBepx no pa3pe3y Morna 6bl OCYl..L\eCTBII1TbCSl Bcero 3a 

180 JleT. OAHaKo 3TO 6blJlO 6bl cnpaBeAJlIl1BO JlIl1Wb npll1 

HeOrpaHII14eHHOM KOJlll14eCTBe II1CXOAHOIii HecpTII1. Ha caMOM AeJle 

KOJlll14eCTBO II1CXOAHOIii HecpTII1 B03pacTaeT BO BpeMeHII1 04eHb 

MeAJleHHO 111 OHa B Te4eHII1e BeCbMa npOAOJl>KII1TeJlbHOrO 

BpeMeHII1 (HeCKOJlbKII1X AeCSlTKOB MJlH.JleT) nOJlHOCTblO 

paCCell1BaeTCSl B KaHaJlaX BepTII1KaJlbHOIii MlI1rpal..\1I1111 npll1 

He60JlbWOM npOABII1>KeHII1I11 BBepx. 
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BcneACTBllle 3TOro cj:>aKTW-leCKafi CpeAHfIfi CKOPOCTb 

npOABIII>KeHlllfi Hecj:>TIII BBepx no pa3pe3y AO KpOBnlll KOnneKTOpOB 

1113-3a pacceflHlllfi B KaHanax Mlllrpal..lllllll Ol..leHeHa HaMill B 

1113yyeHHbiX cnyyaflX OT 0,02 - 0,018 AO 37-49 M/MnH. neT, TO 

eCTb 6blna B 100000 pa3 MeHbwe(;1, yeM 3TO cneAOBano 6bl 1113 

cj:>opManbHoro paCyeTa. 

K CO>KaneHllltO, nOKa 3TO 06CTOfiTenbCTBO nplII 

MOAenlllpOBaHlII1II cj:>OpMlllpOBaHlllfi Hecj:>TflHbIX MeCTOp0>KAeHIII(;1 

HIIIKeM He YYIIITbIBanOCb. B TOM YlIIcne 111 HaMill B npeAblAYLllIIIX 

pa60Tax OWIII60YHO YTBep>KAanOCb, YTO BepTIIIKanbHafi Mlllrpal..llllfl 

Hecj:>TIII 1113 MaTeplIIHCKIIIX nopOA AO KpOBnlll KOnneKTOpOB 

OCYLlIeCTBmleTCfI npaKTlIIyeCKIII MrHOBeHHO. 

CKOPOCTIII Mlllrpal..lllllll yrneBoAopOAHoro ra3a B CB060AH0(;1 

cj:>a3e paCCYIIITblBanlllCb aHanOrlllYHblM 06pa30M. bblno npIIIHflTO, 

YTO Anfl ycnoBIII(;1 npOfiBneHIII5I f<l>f YAenbHbl(;1 Bec ra3a B 

nnaCTOBblX ycnoBlllfiX COCTaBnfleT 0,32 r/cM3
, Bfl3KOCTb - 0,03 cn, 

cj:>a30Bafi npOHlIIl..IaeMoCTb - 0,1, YAenbHbl(;1 Bec BOAbl - 1,1 r/cM3, 

noplllcToCTb nopoA - 0,2. PaCyeTbl, KaK 111 Anfl Hecj:>TIII, 6blnlll 

BblnonHeHbl An51 Alllana30Ha npoHlIIl..IaeMOCTIII KonneKTOpa OT 

0,001 AO 0,1 D 111 yrnoB HaKnOHa nnaCTOB OT 0°30' AO 90° (Ta6n. 

3.3). 

3HaYIIITenbHO MeHbwlII(;1 YAenbHbl(;1 Bec 111 MHorOKpaTHO 

60nee HIII3Kafi Bfl3KOCTb yrneBoAopoAHOro ra3a onpeAenfitOT 

3HaYIIITenbHO 60nee BblCOKllle (B 70 - 80 pa3) CKOPOCTIII Mlllrpal..lllllll 

YB ra3a no cpaBHeHllltO C Hecj:>TbtO nplll npoYlllx paBHblx ycnoBlllfix 
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(npOHI/1L~aeMOCn1 KOJlJleKTOpa, cpa30BOIiI npOHIIIL\aeMOCTIll ra3a, 

yrnax HaKJlOHa nJlaCTOB). 

Ta6JlIIIL\a 3.3 
CKopOCnt Mlllrpa4111111 YB ra3a 

CKOPOCTb MlllrpaL\1II1II YB ra3a, KM/MJlH. JleT 

Knp, D nJlaTcpopMbl CKJlaAyaTble 

06JlaCTill 

OU30 5uOO 1Qu 30u 

0,001 36,5 366,2 729,1 2100,0 

0,01 365,4 3662,4 7291,2 21100,0 

0,05 1827,0 18312,0 36456,0 105500,0 

0,1 3654,0 36624,0 72912,0 211000,0 

MIIIHIIIMaJlbHa51 CKOPOCTb MlllrpaL\1II1II yrneBoAopoAHoro ra3a 

B nJlaTcpopMeHHblx YCJlOBIII51X (Ta6Jl. 3.3) nplll npOHIIIL\aeMOCTIll 

KOJlJleKTOpa 0,001 D COCTaBJl51eT 36,5 KM/MJlH.JleT (yroJl HaKJlOHa 

0°30') AO 366 KM/MJlH. JleT nplll yrne HaKJlOHa 5°, a npill 

npoHIIIL\aeMOCTIll 0,1 D - OT 3684 KM/MJlH.JleT AO 36624 

KM/MJlH.JleT. B CKJlaAyaTblX 06JlaCT51X CKOPOCTb MlllrpaL\1II1II YB 

ra3a OL\eHIllBaeTC51 3HaYIIITeJlbHO 60Jlee BblCOKOIiI - OT 729 

KM/MJlH. JleT AO 2100 KM/MJlH. JleT (npill Knp 0,001 D). npill 

npOHIIIL\aeMOCTIll 0,1 D CKOPOCTb MlllrpaL\1II1II YB ra3a MO)f(eT 

AOCTlllraTb 3HayeHlllIiI OT 72912 AO 211 000 KM/MJlH. JleT. 

CooTBeTcTBeHHo BpeM51 CPOpMlllpOBaHIII51 "yCJlOBHOIiI" 

ra30BoIiI 3aJle)f(1II npill JlaTepaJlbHOIiI MlllrpaL\1II1II Ha paCCT051Hllle 50 

KM OL\eHIllBaeTC51 AJl51 nJlaTcpopMeHHblx YCJlOBIllIiI OT 13,6 TbIC.JleT 

AO 1,3 MJlH. JleT (npill HaKJlOHe nJlaCTa 0°30') III Bcero OT 1,3 AO 

136 TbIC. JleT (npill HaKJlOHe nJlaCTa 5°). B CKJlaAyaTblX 06JlaCT51X 
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Al1~ CPOpMli1pOBaHIi1~ TaKOrO ra30BOrO MeCTOpO>K,QeHIi1~ 

nOTpe6yeTc~ el1\e 6011ee KOpOTKOe BpeM~ - OT 680 l1eT AO 680 

TbIC. l1eT (npli1 yme HaKllOHa 10°) Ii1 Bcero OT 230 AO 23 TbIC. l1eT 

(npli1 yme HaKllOHa nl1aCTa 30°). 

TaKIi1M 06pa30M, BO BpeM~ 3aBepWeHIi1~ r<l>r npli1 

06pa30BaHIi11i1 B npli1KpOBel1bHOIii 30He KOl1l1eKTOpOB nepBIi1YHblX 

CKOnl1eHli11i1 ra3a CPOpMli1pOBaHli1e ra30BbiX MeCTOpO>K,QeHIi1Ii1 

AOl1~HO npoli1CXOAIi1Tb BCl1eACTBli1e BOCXOA~l1\elil l1aTepal1bHOIii 

Mli1rpallli1li1 ra3a B re0110rli1yeCKOM CMblCl1e nOYTIi1 MrHOBeHHO - 3a 

BpeM~ OT 1 - 2 AO 20 - 60 TbIC. l1eT. 

OnblT MOAel1li1pOBaHIi1~ rli1raHTcKoro ra30Boro 

MeCTOpO>K,QeHIi1~ (MeABe~bero Ha ceBepe 3anaAHolii C1i161i1pli1) 

nOKa3al1, Hanpli1Mep, 'ITO Ha 3TO nOTpe60Ba110Cb Bcero 20 -

30 TbIC. l1eT. 

LITO ~e KacaeTC~ BepTIi1Kal1bHOIii Mli1rpallli1li1 YB ra3a OT 

MaTepli1HCKIi1X nopOA AO KPOBl1li1 KOl1l1eKTOpOB, TO KaK Ii1 Al1~ 

HecpTIi1, cpaKTli1leCKa~ ee CKOPOCTb CYl1\eCTBeHHO 

OrpaHIi1YIi1Bal1aCb paCCe~Hli1eM ra30B Ha nyT~x Bcelil Mli1rpallli1li1. B 

YpeHrolilcKOM paliiOHe 3anaAHolii CIi161i1pli1 B TIOMeHCKIi1X 

OT110~eHIi1~X OHa, Hanpli1Mep, no HaWIi1M paCyeTaM He 

npeBblWal1a 0,67 MiMl1H. l1eT. 

TaKIi1M 06pa30M, napal1l1el1bHO C reHepallli1elil YB ra3a B 

MaTepli1HCKIi1X nopoAax BepTIi1Kal1bHa~ Mli1rpallli1~ ero OT 

MaTepli1HCKIi1X nopoA AO KpOBl1li1 KOl1l1eKTOpOB oCYl1\eCTBl1~eTCR 

KpalilHe MeAl1eHHO B TeyeHli1e HeCKOl1bKIi1X AeCRTKOB MIi111111i10HOB 

l1eT. LITO ~e KacaeTCR Aal1bHelilwelii BOCXOARl1\elil l1aTepal1bHOIii 
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Ml-1rpal..\1-11-1 YB ra3a nOCIle 06pa30BaHI-1~ nepBI-1YHblX ra30BbiX 

CKOnIleHI-1V1 B npl-1KpOBeIlbHOVI 30He KOIlIleKTOpOB, TO OHa 

np0I-1CXOAI-1T B reOIlOrl-1yeCKI-1X MaCWTa6ax BpeMeHI-1 npaKTl-1yeCKI-1 

MrHOBeHHO, B nepl-10A OT HeCKOIlbKI-1X AO 20 - 60 TbIC. IleT. 

npl-1BeAeHHble CBeAeHI-1~ 0 paCyeTHblX CKOpOCT~X 

IlaTepaIlbHoVi Ml-1rpal..\1-11-1 HecpTI-1 1-1 ra3a xapaKTepl-13YlOT IlI-1Wb 

caMble o61l.\I-1e yepTbl :noro ~BIleHI-1~, npl-1MepHblVi nop~AOK 

BeIlI-1YI-1Hbl CKopOCTeVi Ml-1rpal..\1-11-1 yrneBoAopOAOB npl-1 pa3Ill-1YHOVI 

npOHI-1l..\aeMOCTI-1 KOIlIleKTOpOB. npl-1 MOAeIl 1-1 pOBaH 1-1 1-1 >Ke 

np0l..\eCCOB Ml-1rpal..\1-11-1 B KOHKpeTHblX reOIlOrl-1yeCKI-1X yCIlOBI-1~X, 

npl-1 1-13yyeHI-11-1 KOHKpeTHblX reOIlOrl-1yeCKI-1X 06beKTOB, paCyeTbl 

Heo6xOAI-1MO npOBOAI-1Tb C yyeTOM Bcero I-1MelOll.\eroc~ 

cpaKTl-1yeCKoro MaTepl-1aIla, xapaKTepl-13YlOIl.\ero reOIlOrl-1yeCKYIO 

I-1CTOPI-1 10 , CTpyKTyPY paViOHa, CBOVlCTBa yrneBoAopOAHblX 

CPIlIOI-1AOB 1-1 KOIlIleKTOpOB. 

3.3. OnpeAeneHMe nYTeBblx MMrpa,-,MoHHbIX nOTepb 
He<t>TM M ra3a npM <t>OpMMpoBaHMM MeCTOpo>K,lJ,eHMM 

ConOCTaBIleHl-1e Macc reHepl-1pOBaHHblX 1-1 

3MI-1rpl-1pOBaBWI-1X 1-13 MaTepl-1HCKI-1X nopOA HecpT~HbIX 1-1 ra30BbiX 

yrneBoAopOAOB C peaIlbHO Bbl~BIleHHbIMI-1 3anaCaMI-1 HecpTI-1 1-1 

ra3a B MeCTOpO>KAeHI-1~X Y>Ke AaBHO nOKa3aIlO, YTO B HI-1X 

KOHl..\eHTpl-1pyeTc~ IlI-1Wb He3HaYI-1TeIlbHa~ 1-1 X YaCTb, a 

npeo6IlaAalOll.\a~ - paCCel-1BaeTC~ Ha nynlx Ml-1rpal..\1-11-1 B nopOAax 

L-1 nIlaCTOBblX BOAax. TpYAHOCTI-1 AOCTaTOYHO TOYHOVI 

KOIll-1yeCTBeHHOVI Ol..\eHKI-1 Ml-1rpal..\1-10HHblX nOTepb HecpTI-1 1-1 ra3a 
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flB1lSUlYlCb HaYl60nee Cna6blM 3BeHOM, 3aTpYAHfllOll..\YlM 

YlCnOnb30BaHYle reHeTYl4eCKYlX MeToAoB MOAenYlpOBaHYlfl Anfl 

Ol..\eHKYl nOTeHl..\YlanbHbiX peCypCOB HecpTYl Yl ra3a B ocaA04HbiX 

6aCCe"'HaX, YlnYl B YlX aBTOHOMHblX 4aCTflX, Yl, TeM 60nee, B 

oTAenbHblx KOHKpeTHblX MeCTOp0>KgeHYlflX. 

Anfl peWeHYlfl 3TO'" Ba>KHO'" 3aAa4Yl 06bl4HO ,0,0 CYlX nop 

YlCnOnb3YlOT 3MnYlpYl4eCKYl onpe,o,enfleMble K03CPCPYll..\YleHTbl 

aKKyMynfll..\YlYl AonlO aKKYMynYlpOBaHHblX B nOBYWKax 

yrneBoAopoAOB OT YlX 06ll..\e'" MaCCbl, 06pa30BaBWe"'CfI 101 

3Mlo1rpYlpOBaBWe'" B KOnneKTOpbl. OAHaKo BenYl4101HY 

3MnYlplo14eCKOrO K03cpcpYll..\YleHTa aKKyMynfll..\YlYl MO>KHO 

onpeAenYlTb TOnbKO Anfl Y>Ke nOnHOCTblO pa3BeAaHHoro 

6aCCe"'Ha YlnYl Anfl Yl30nYlpOBaHHO'" HecpTe(ra30 )C60pHOili 

nnOll..\aAYl C paCnOnO>KeHHO'" B He'" nOBYWKO"', B KOTOpoili 

Ol..\eHeHbl npOMblwneHHble 3anaCbl yrneBoAopOAOB. 

B APyrYlX >Ke, Cna60Yl3Y4eHHbiX 06beKTaX, OCTaeTCfI TonbKO 

OAHa B03MO>KHOCTb YlCnOnb30BaHYle K03CPCPYll..\YleHTOB 

aKKyMynfll..\YlYl, onpeAenfleMblX He Anfl AaHHoro, a Anfl APyrlo1X 

aHanOrYl4HbiX reOnOrYl4eCKYlX 06beKTOB. BenYl4YlHbi 

3MnYlpYl4eCKYlX K03CPCPYll..\YleHTOB aKKyMynfll..\YlYl, Ol..\eHeHHble 

PflAOM aBTopOB Anfl pa3HbiX reOnOrYl4eCKYlX 06beKTOB, 

HaXOAflTCfI B BeCbMa WYlPOKOM AYlana30He - OT 1 - 2 ,0,0 20 %, 

4TO, eCTeCTBeHHO, BHOCYlT 60nbwylO HeonpeAeneHHocTb nplo1 

Ol..\eHKe nOTeHl..\YlanbHbiX pecypcoB yrneBoAopoAOB Yl CBOAYlT 

n04TYl Ha HeT Bce YCYlnYlfl no 06beKTYlBHO'" Yl AOCTaT04HO T04HOili 

Ol..\eHKe reHepYlpOBaHHblx Yl 3MYlrpYlpOBaBWYlX Yl3 MaTepYlHCKYlX 
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nopOA B KOnneKTOpbl MaCC yrneBoAopoAOB. n03TOMY 

pa3pa6oTKa MeTOAOB Ol4eHKI-1 MI-1rpa141-10HHbiX nYTeBblX nOTepb YB 

npeACTaBnfleTCfI I-1CKnlO41-1TenbHO Ba>KHOVI. 

B pa60TaX c.r. HepY4eBa paHee npeAnarancfI 

reOXI-1MI-14eCKI-1V1 MeTOA Ol4eHKI-1 Macc MI-1rpa141-10HHbiX HecpTflHblX 

YB. OAHaKO KpaVlHfIfI HepaBHOMepHOCTb onp060BaHI-1f1 

npOAYKTI-1BHblX OmO>KeHI-1V1 KepHOM 1-1 He1-136e>KHb1Vi HeAOCTaTOK 

reOXI-1MI-14eCKOVI I-1HCPOPMal4l-11-1 Aa>Ke no xopowo 1-13Y4eHHbiM 

reOnOrl-14eCKI-1M 06beKTaM, He rOBopfl Y>Ke 0 Cna601-13Y4eHHb1X, 

Anfl KOTOPblX Heo6xOAI-1M nporH03, AenaeT 3TOT MeTOA 

6ecnepCneKTI-1BHblM, HeCMOTpfl Ha ero AOCTaT04HYlO 

TeopeTI-14eCKYlO 060CHOBaHHOCTb. 

rOpa3AO nepCneKTI-1BHee npeACTaBnfleTCfI Ol4eHKa nYTeBblX 

MI-1rpa141-10HHbiX nOTepb yrneBoAopOAOB Ha OCHOBe 

npl-16nl-1>KeHHblX paC4eTOB Macc paCCeflBWI-1XCfI Ha nyTflx 

BepTI-1KanbHOVI 1-1 naTepanbHOVI Ml-1rpal4l-1l-1 YB B BI-1Ae OCTaT04HOVI 

("MepTBOVl") HecpTeHaCblLL\eHHOCTI-1 C Y4eTOM nnOLL\aAI-1 

pacnpOCTpaHeHI-1f1, paCCTOflH 1-1 VI M 1-1 rpa 141-1 1-1 OT MaTepl-1HCKI-1X 

nopOA AO KpOBnl-1 KOnneKTOpOB, CBOVlCTB KOnneKTOpOB, 

KOHl4eHTpal4l-11-1 HecpTflHblX 1-1 ra30BbiX YB B nopOAax 1-1 nnaCTOBblX 

BOAax, B KOTOPblX npol-1CXOAl-1na Ml-1rpal4l-1l-1 HecpTI-1 1-1 (1-1I1I-1) ra3a. 

B nepBOM Bapl-1aHTe paC4eT nOTepb HecpTI-1 np0l-13BOAI-1nCfI 

I-1CXOAfI 1-13 npeAnOnO>KeHI-1f1, 4TO BcnnblBaHl-1e HecpTI-1 

npol-1cxOAl-1no cnnowHblM CPPOHTOM no BceVi nnOLL\aAI-1 no 

nopOBOVI CI-1CTeMe neC4aHoro BOAOHaCblLL\eHHOrO KOnneKTOpa C 
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06pa30BaHilleM OCTaT04HOVI Hecj:>TeHaCbILLleHHocTIll nOpfiAKa 0,4 

OT 06beMa nop. 

PaC'~eTbl 6blJ1111 npOBeAeHbl AJ1f1 Alllana30Ha MOLLlHocTe'1 

KOJ1J1eKTOpOB OT 5 AO 180 M III nJ10THocTe'1 3Mlllrpal..llllill Hecj:>TIII OT 

0,5 AO 5 MJ1H. T/KM2. OKa3aJ10Cb, 4TO npill nJ10THOCTIll 3M III rpal..llll III 

Hecj:>TIII 0,5 MJ1H. T/KM2 30 % nOTeplll Hecj:>TIII AOCTlllrafOTCfI Y>Ke npill 

MOLLIHOCTIll KOJ1J1eKTOpa OK0J10 5 M, a 100 % nOTepfi - npill 

MOLLIHOCTIll pe3epByapa Bcero B 8,3 M. npill nJ10THOCTIll 

3Mlllrpal.\1II1II Hecj:>TIII B 1,0 MJ1H. T/KM2 Bce Hecj:>TflHble YB 

paccelilBafOTcfI nplll MOLLlHOCTIll KOJ1J1eKTOpa B 16,6 M. 

npill nJ10THOCTIll 3M III rpal.\111 III Hecj:>TIII B 2,0 MJ1H. T/KM2 50 % 

nOTepfi Hecj:>TIII 6YAeT Y>Ke B KOJ1J1eKTOpe C MOLLlHOCTbfO 20 M, a 

100 % nOTepfi - nplll MOLLIHOCTIll B 33 M. Aa>Ke nplll BeCbMa 

BbICOKO'1 III AOCTaT04HO peAKO BCTpe4afOLLleVlCfI nJ10THOCTIll 

3M III rpal.\111 III Hecj:>TIII B 5,0 MJ1H. T/KM2 - 50 % nOTepfi Hecj:>TIII 

npolll30VlAeT npill MOLLlHOCTIll 83 M. nOCKOJ1bKY paccToflHlllfi 

BepTIIIKaJ1bHOLl! Mlllrpal.\1II1II Hecj:>TIII HepeAKo 6blBafOT 3Ha4I11TeJ1bHO 

60J1bWe - AO 300 - 1000 M, TO npill TaKOM cj:>pOHTaJ1bHOM 

MexaHIII3Me BCnJ1blBaHlllfi Hecj:>TIII no nOpOBOLl! CIllCTeMe BCfI Hecj:>Tb 

AOJ1>KHa 6blJ1a 6bl paCXOAOBaTbCfI Ha 06pa30BaHille OCTaT04HOLl! 

Hecj:>TeHaCbILLleHHOCTIll III aKKyMyJ1f1l.\1II1II Hecj:>TIII 6bl He 

npolllcxOAIIIJ10. 

n03TOMY 6oJ1ee BepofiTHblM III 6oJ1ee 3cj:>cj:>eKTIIIBHbIM 

MexaHIII3MOM flBJ1f1eTCfI BCnJ1blBaHllle Hecj:>TflHbIX YB He no BCeLl! 

nOpOBOLl! CIllCTeMe KOJ1J1eKTOpa, a TOJ1bKO no Halll6oJ1ee 
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npOHVlL1aeMbiM Tpell.\VlHHbIM cy6BepTVlKaIlbHbiM KaHaIlaM, KaK 3TO 

Ha6IlIOAaIlOCb, HanpVlMep, B 3KCnepVlMeHTaX J1. KaTaIlaHo [6]. 

reHepaL1V1f1 HecpTVI B MaTepVlHcKVlX nopoAax npVl 

npoflBIleHVIVI r<l>H B OTAeIlbHO B3f1TOM paLiloHe 60Ilee VlIlVI MeHee 

paBHoMepHa no nIlOll.\aAVI. MeHee paBHoMepHa no nIlOll.\aAVI 

pacnpocTpaHeHVlfI MaTepVlHcKVlX nopoA ee 3MVlrpaL1V1f1 B 

KOIlIleKTOp - npeViMYll.\eCTBeHHo no HaVl60Ilee npOHVlL1aeMbiM 

30HaM, 06ycIloBIleHHbiM pa3BVlTVleM Tpell.\VlHHO-nopoBbIX 

KaHaIlOB. nOAaBIlfllOll.\ee 60IlbWVlHCTBO CVlCTeM Tpell.\VlH 

o6IlaAaeT BepTVlKaIlbHblM VlIlVI 6IlVl3KVlM K HeMY naAeHVleM 

OTHOCVlTeIlbHO CIlOVICTOCTVI, 4TO VI onpeAeIlfleT AIlfl HecpTVI VI ra3a 

BcnIlblBaHVle K KpoBIle KOIlIleKTOpa, Vl30IlVIpoBaHHoro 

nOKpblwKOLil, no CVlCTeMe cy6BepTVlKaIlbHbix HaVl60Ilee 

npoHVlL1aeMblx nopoBO-Tpell.\VlHHbIX KaHaIlOB. PacKpblTOCTb 

MVlKpOTpell.\VlH OL1eHVlBaeTCfI E.M. CMexoBblM B eAVlHVlL1bl­

AeCflTKVI MVlKPOH, peAKO - 60Ilee 50 - 100 MKM. nOMVlMO HViX 

cYll.\eCTBYIOT VI 60Ilee npOHVlL1aeMble MaKpOTpell.\VlHbl. 06beM 

cy6BepTVlKaIlbHbix Tpell.\VlHHbIX KaHaIlOB MVirpaL1V1V1 YB 

COCTaBIlfleT 06bl4HO He 60Ilee 1 - 2 % OT o6ll.\ero 06beMa 

nopoA. npOHVlL1aeMOCTb nopOA B HanpaBIleHVIVI BepTVlKaIlbHoLil 

Tpell.\VlHOBaTOCTVI OL1eHVlBaeTcfI B AeCflTKVI pa3 60Ilee BbICOKOLil, 

4eM B nepneHAVIKYIlflPHOM K HeMY HanpaBIleHVlVI, 4TO VI 

cnoco6cTByeT MVirpaL1V1V1 HecpTVI VI ra3a Vl3 MaTepVlHCKVlX nopOA K 

KpOBIle KOIlIleKTOpa. 

BepTVlKaIlbHblLil BOCXOAflll.\VlLil MVirpaL1V10HHbILil nOTOK HecpTVI 

no KaHaIlY MVirpaL1V1V1 MO>KeT cpa3Y He AOCTVlrHYTb KpOBIlVI 
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KOIlIleKTOpa L.1 BpeMeHHO OCTaHOBL.1TbCfI, eCIlL.1 BCfI 

3ML.1rpL.1pOBaBWafi Ha 3TOT MOMeHT HecpTb paCCeeTCfI. B CnY4ae 

HOBOro nOATOKa 3ML.1rpL.1pOBaBWeiil HecpTL.1 OHa 6YAeT 

npOABL.1raTbCfI no Tpell.lL.1HHO-nopOBOMY KaHany Aanee iii 

nOCTeneHHO AOCTlilrHeT KpOBnL.1 KOnneKTOpa, L.130nL.1pOBaHHoro 

nOKpbIWKOiil. lt13-3a 3Toro cpaKTL.14eCKafi CKOPOCTb BOCXOAflll.leL1 

BepTL.1KanbHOiil ML.1rpal..\L.1L.1 HecpTL.1 L.1 ra3a MO>KeT 6blTb 

3Ha4L.1TenbHO HL.1>Ke paC4eTHoiil, onpeAenfieMoiil no cpopMYIle 

,QapcL.1. 

,QoCTL.1rHYB KpOBnL.1 KOnneKTOpa, HecpTb Ha4L.1HaeT 

HaKannL.1BaTbCfI B ero npL.1KpOBenbHoiil 30He, nOKa He 

npeKpaTL.1TCfI nOATOK HecpTL.1 L.13 MaTepL.1HCKL.1X nopOA. B 
npL.1KpOBenbHoiil 30He 06pa3YlOTCfI nepBL.14Hble CKOnneHL.1f1 HecpTIiI 

(L.1nL.1 ra3a), nOCTeneHHO YBenL.14L.1BalOll.lL.1eCfI B pa3Mepe iii 

CnL.1BalOll.lL.1eCfI APyr C APyroM. nocne npeKpall.leHlilfi 

BepTL.1KanbHOiil ML.1rpal..\L.1L.1 HecpTL.1 B ML.1rpal..\L.10HHbIX Tpell.lL.1HHO­

nopOBblX KaHanax OCTaeTCfI TonbKO "MepTBafl" OCTaT04Hafi 

HecpTeHaCblll.leHHOCTb, He npeBblWalOll.lafi 0,3 - 0,4 OT nopOBO­

Tpell.lL.1HHOrO npocTpaHCTBa. 

lt1CXOAfi L.13 3TL.1X 06ll.lL.1X C006pa>KeHL.1ii1, npeACTaBnfleTCfI 

B03MO>KHbIM npL.16nL.1>KeHHO Ol..\eHL-1Tb nOTepL-1 HecpTL.1 Ha nyTflx ee 

BepTL.1KaIlbHOiil ML-1rpal..\L-1L-1 OT MaTepL-1HCKL-1X nopoA AO KpOBIlIiI 

KOnneKTOpa, B KOTOPOM np0L-1CXOAL-1T nepBL-14Hafi aKKyMynfll..\liIfI 

HecpTL-1. 
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KOm'lYeCTBO Heqm.." 3MVlrpVlpOBaBWeill Vl3 MaTepVlHCKVlX 

nopo,Q B paCyeTe Ha 1 KM2 ("nIloTHocTb 3MVlrpal..\VIVI HecpTVI"), 

Ol..\eHVlBaeTC51 KaK 

C h K reH K"M 106 
3M opr . P Mn' Mn' H • H • 

qH = cr. M (3.15) 
OCT 

Copr - cO,Qep>KaHVle OCTaTOYHOrO yrnepo,Qa B nopo,Qe; 

PMn - nIlOTHOCTb MaTepVlHCKVlX nopo,Q; 

hMn - MOlllHOCTb MaTepVlHCKVlX nopo,Q, 

K
reH 

H, K
3M 

H - K03CPCPVll..\VleHTbl reHepal..\VIVI VI 3MVlrpal..\VIVI 

HecpTVI; 

Cr 
- cO,Qep>KaHVle yrnepo,Qa B OCTaTOYHOM DB nopo,Q; 

MocT - OCTaTOYHa51 Macca DB. 

nOTepVl HecpTVI B KaHaIlax BepTVlKaIlbHoill MVlrpal..\VIVI OT 

MaTepVlHcKVlX nopo,Q ,QO KpOBIlVl KOIlIleKTOpa MO>KHO Ol..\eHVlTb (B 

paCyeTe Ha 1 KM2) KaK 

BepT _ KOCT h 106 
qHn - m Tp ' HH' MHrp' PII . (3.16) 

mTp - TpelllVlHHa51 nopVlCTOCTb; 

~C\H - K03CPCPVll..\VleHT OCTaTOYHOill HecpTeHaCblllleHHOCTVI 

nopo,Q B TpelllVlHHo-nopOBblX KaHaIlax MVlrpal..\VlVI; 

hM"rp - paCCT051HVle BepTVlKaIlbHoill MVlrpal..\VlVI; 

PH - nIlOTHOCTb HecpTVI. 

nIlOTHOCTb HecpTVI, CKonVlBWeillc51 B npVlKpOBeIlbHoill 30He 

KOIlIleKTOpa B paCyeTe Ha 1 KM2 onpe,QeIlVlTC51 KaK 
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(3.17) 

Pacnonara5l 3TI-1MI-1 CBeAeHI-15lMI-1, MO>KHO KOnW·leCTBeHHO 

OL\eHI-1Tb MOLllHOCTb 30Hbl Hecj:lTeHaCbILlleHI-15l B npl-1KpOBenbHOIii 

30He KOnneKTOpa KaK 

(3.18) 

rAe 

m K - nOpl-1CTOCTb KOnneKTOpa, 

KHH - K03cpcpl-1L\l-1eHT HecpTeHaCblLlleHHOCTI-1 nopoA B 

npl-1KpOBenbHOIii 30He KOnneKTOpa, 

hHH - MOLllHOCTb HecpTeHaCblLlleHHOIii 30Hbl. 

npeAnO>KeHHble HaMI-1 cpopMynbl An5l OL\eHKI-1 

BepTI-1KanbHblX Ml-1rpaL\1-10HHblX nOTepb HecpTI-1 1-1 

MOLllHOCTI-1 6blnl-1 onpo60BaHbi Ha 

MaTepl-1anax 3KCnepl-1MeHTOB no Ml-1rpaL\1-11-1 HecpTI-1, npOBeAeHHblM 

KaTanaHo [6]. 3cpcpeKTI-1BHOCTb paC'-IeTOB no npeAnO>KeHHblM 

cpopMynaM An5l onpeAeneHI-15l Ml-1rpaL\1-10HHblX nOTepb HecpTI-1 npl-1 

BcnnblBaHl-11-1 K KpOBne KOnneKTOpa Mbl CMOrnl-1 npOBepl-1Tb, 

I-1CnOnb30BaB 3KCnepl-1MeHTanbHo nonY'-leHHble AaHHbie npl-1 

na6opaTopHoM MOAenl-1pOBaHl-11-1 Ml-1rpaL\l-1l-1, npoBeAeHHoM 

n. KaTanaHoM C coaBTOpaMI-1. 06beM BBeAeHHolii HecpTI-1 B 

HI-1>KHIOIO '-IaCTb Tpy6KI-1 C BOAOHaCblLlleHHblM neCKOM COCTaBn5ln 

13,5 CM3. B pe3ynbTaTe np01-130weAwero BcnnblBaHI-15l HecpTI-1 no 

TpeLllI-1HKe B BepxHelii '-IaCTI-1 Tpy6KI-1 (noA "noKpblwKOIiI") 

CKOnl-1nOCb 6,385 CM
3 

HecpTI-1 (I-1nl-1 47,3 % OT I-1CXOAHOro 

KOnl-1'-1eCTBa), nOTep5lHO Ha nyTI-1 Ml-1rpaL\1-11-1 7,114 CM
3
, I-1nl-1 
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52,7 %. BblcoTa CJ10S'l aKKYMYJ1V1pOBaHHoill HecpTV1 COCTaBV1J1a 

OK0J10 7 CM. no HaWV1M cpopMyJ1aM, K03CPCPV1L\V1eHT nOTepV1 

HecpTV1 Ha nyTS'lX MV1rpaL\V1V1 COCTaBV1J1 52,68 %, 

aKKYMYJ1V1pOBaHHoe K0J1V14eCTBO COOTBeTCTBeHHO 

47,32 %, a MOll.\HOCTb 30Hbl HaCblll.\eHV1S'l 7,01 CM. PaC4eTHbie V1 

3KcnepV1MeHTaJ1bHble BeJ1V14V1Hbl OKa3aJ1V1Cb B xopoweM 

COOTBeTCTBV1V1, 4TO nOATBep~aeT 060CHOBaHHOCTb V1 

AOCTaT04HYlO T04HOCTb 3TV1X cpOpMyJ1. 

CKonV1BWV1eCS'l Ha Bceill nJ10ll.\aAV1 pacnpOCTpaHeHV1S'l 

HecpTenp0V13BOAS'lll.\V1X nopOA AV1CKpeTHble MaCCbl HecpTV1 B 

npV1KpOBeJ1bHOill 30He KOJ1J1eKTOpOB Ha4V1HaIOT BCnJ1blBaTb BBepx 

no BOCCTaHV11O CJ10eB, V1cnbITbIBaS'l J1aTepaJ1bHYIO BOCXOAS'lll.\YIO 

MV1rpaL\V11O no HanpaBJ1eHV11O K npV1nOAHS'lTOill J10BywKe, rAe 

Ha4V1HaeTCS'l V1 npoV1cxoAV1T V1X aKKYMYJ1S'lL\V1S'l. 

JlaTepaJ1bHaS'l MV1rpaL\V1S'l HecpTV1 no nopoBoill CV1CTeMe 

KOJ1J1eKTOpOB K npV1nOAHS'lTOill B nOA3eMHoM peJ1becpe J10BywKe B 

npV1KpOBeJ1bHOill 30He TalOKe conpoBO~aeTCS'l MV1rpaL\V10HHbIMV1 

nOTepS'lMV1 HecpTV1, pacxoAYIOll.\eillcS'l Ha o6pa30BaHV1e oCTaTo4Hoill 

("MepTBoill") HecpTeHaCblll.\eHHocTV1. MV1rpaL\V10HHaS'l nOTepS'l 

HecpTV1 npV1 J1aTepaJ1bHOill MV1rpaL\V1V1 B npeAeJ1aX HecpTec6opHoill 

nJ10ll.\aAV1 MO>KeT 6blTb OL\eHeHa KaK 

q naT = h . m . KOCT 
• P .106 

HH HH K HH H 
(3.19) 

qIla\H - nJ10THOCTb nOTepb HecpTV1 npV1 J1aTepaJ1bHOill 

MV1rpaL\V1V1 B npV1KpOBeJ1bHOill 30He KOJ1J1eKTOpOB, 

m K - nopV1CTOCTb KOJ1J1eKTOpa, 
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!("C\H - K03cpcpl-1l.\I-1eHT OCTaT04HOIiI HecjneHaCblLlleHHOCTI-1 

nOpOBOrO npOCTpaHCTBa, 

PH - nnOTHOCTb HecpTI-1. 

KOnl-14eCTBO HecpTI-1, OCTalOll.\elilcH CB060,LIHOIiI, MorYll.\elil 

Ml-1rpl-1pOBaTb ,LIanbWe 1-1 aKKYMynl-1pOBaTbCH B nOBYWKe, 

Onpe,LIenHeTCH KaK 

q aK =q"" _qnaT 
H H Hn 

(3.20) 

KaK = q:K .100 
H 3M 

qH 
(3.21 ) 

npOBe,LIeHHble HaMI-1 MO,LIenbHble paC4eTbi nYTeBblX 

MI-1rpal.\I-10HHbiX nOTepb HecpTI-1 C Y4eTOM pa3nl-14HOIiI B03MO>KHOIiI 

nnOTHOCTI-1 3M 1-1 rpa l.\l-1l-1 HecpTI-1 1-1 pa3nl-14HbiX paCCTOHHl-11i1 

BepTI-1KanbHOIiI Ml-1rpal.\l-1l-1 nOKa3anl-1 Cne,LIYIOll.\ee. 

npl-1 nnOTHOCTI-1 3M 1-1 rpa l.\l-1l-1 HecpTI-1 1,5 MnH. T/KM2, 

paCCTOHHl-11-1 BepTI-1KanbHOIiI Ml-1rpal.\l-1l-1 HecpTI-1 ,LIO KpOBnl-1 

KOnneKTOpOB 25 M 1-1 Tpell.\I-1HHOIiI nOpl-1CTOCTI-1 nopo,LI OKono 2 % 

MI-1rpal.\I-10HHbie nOTepl-1 HecpTI-1 ,LIOn>KHbl ,LIOCTl-1rHYTb 10 %; npl-1 

paCCTOHHl-11-1 BepTI-1KanbHOIiI Ml-1rpal.\l-1l-1 110 M - 46,9 %, npl-1 

Ml-1rpal.\l-1l-1 Ha 150 - 200 M - 64 - 85 %. npl-1 BepTI-1KanbHOIiI 

Ml-1rpal.\l-1l-1 Ha 240 M cYMMapHble MI-1rpal.\I-10HHbie nOTepl-1 ,LIOn>KHbl 

,LIOCTl-1rHYTb 100 %. 

npl-1 nnOTHOCTI-1 3M 1-1 rpal.\l-1 1-1 1,0 MnH. T/KM2 1-1 paCCTOHHl-11-1 

BepTI-1KanbHOIiI Ml-1rpal.\l-1l-1 OT 25 ,LIO 100 M nOTepl-1 HecpTI-1 ,LIOn>KHbl 

COCTaBI-1Tb 16 - 64 %, a npl-1 paCCTOHHI-11-1160 M -100 %. 

184 



npL.1 ML.1HL.1ManbHOIiI nnOTHOCTL.1 3ML.1rpal.\L.1L.1 Heq:nL.1 B 

0,25 MnH. T/KM2 BC~ HecpTb pacceeTc~ Y>Ke npL.1 paCCTO~HL.11r1 

BepTIr1KanbHOIiI Mlr1rpal.\1r11r1 B 50 M. 

CYMMapHble nYTeBble Mlr1rpal.\L.10HHble nOTeplr1 HecpTIr1 nplr1 

BepTIr1KanbHOIiI, a 3aTeM naTepanbHoliI ML.1rpal.\1r11r1 B pa3nw·IHblX 

reOnOrlr14eCKIr1X ycnOBIr1~X MoryT 3Ha41r1TenbHO Bapblr1pOBaTb, 

COCTaBn~~ 06b14HO, KaK ML.1HIr1MyM, 55 - 60 %, 4TO L.1MeeT MeCTO, 

BepO~THO, KpalilHe peAKO; AOCTlr1raTb 80 - 95 %, 4TO BCTpe4aeTc~ 

B nplr1pOAHblX ycnoBIr1~x Halr160nee 4aCTO, a MorYT AOCTlr1raTb Ir1 

100 %, Ir1 TorAa npoMblwneHHble 3ane>K1r1 HecpTL.1 06pa30BaTbC~ 

He MoryT, XOT~ HecpTeo6pa30BaHIr1e Ir1MenO MeCTO. 

npL.1 MOAenL.1pOBaHIr1Ir1 nOTepb YB ra3a, 3MIr1rplr1pYlOl1.Iero 1r13 

MaTepL.1HCKIr1X nopoA, cneAyeT Y4Ir1TbIBaTb, 4TO OH pacTBop~eTc~ 

B o6pa3ylOl1.Ilr1xc~ HecpT~HbIX YB, B nnaCTOBblX BOAax 

KOnneKTOpOB, paCCelr1BaeTC~ B Tpel1.llr1HHO-nOpoBbiX KaHanax 

BepTIr1KanbHOIiI Mlr1rpal.\1r11r1 OT MaTeplr1HCKIr1X nopoA AO KpOBnL.1 

KOnneKTOpOB Ha o6pa30BaHIr1e oCTaTo4HoIiI ra30HaCbll1.leHHOCTIr1, 

paCCelr1BaeTC~ nplr1 o6pa30BaHIr11r1 oCTaTo4HoIiI 

ra30HaCbll1.leHHOCTL.1 KOnneKTOpOB B np0l.\ecce BOCxOA~l1.Ielil 

naTepanbHoliI ML.1rpal.\Ir1L.1. 

ItlcxoAHoe KOnlr14eCTBO yrneBoAopoAHoro ra3a, 

o6pa30BaBweroc~ Ir1 3MIr1rplr1pOBaBwero 1r13 MaTepL.1HCKIr1X nopoA, 

Ol.\eHIr1BaeTC~ B 1 HM3 B pac4eTe Ha 1 KM2 (nnoTHocTb 3Mlr1rpal.\lr1L.1 

ra3a) KaK 



(3.22) 

rAe 

f('"eHr, K3M
r - K03CPCPI/1L.jlileHTbl reHepal..\liI1iI iii 3M iii rpal..\liI iii ra3a. 

YaCTb YB ra3a, 06pa30BaBwerocS'I OAHOBpeMeHHO C 

HecpTS'lHbIMIiI yrneBoAopOAaMIiI, paCTBOpS'leTCS'I B HecpTIiI. 

rAe 

PaCXOA ra3a Ha paCTBopeHlile B HecpTIiI Ol..\eHIiIBaeTCS'I KaK 

qPHrn - nOTepliI ra3a Ha paCTBopeHlile B HecpTIiI, 

PH - n1l0THOCTb HecpTIiI, 

g <I> - ra30BblVi cpaKTOp. 

(3.23) 

PaCXOA ra3a Ha paCTBopeHlile B nllaCTOBOVI BOAe 

KOlllleKTOpOB onpeAellS'leTCS'I KaK 

rAe 

T. 

pB - h K 109 qrn - K· m.· pr· 

h. - MOLllHOCTb KOlllleKTOpa, 

m. - nopliICTOCTb KOlllleKTOpa, 

(3.24) 

Kpr - K03CPCPIiIl..\IiIeHT paCTBopliIMOCTIiI ra3a nplil AaHHblX P iii 

n1l0THOCTb OCTaBWerOCS'I nOClle paCTBOpeHIiIS'I B CBo6oAHOVI 

cpa3e YB ra3a B paCyeTe Ha 1 KM2 onpeAellS'leTCS'I KaK 

(3.25) 
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OCTaBWlilv,C5I B CBo6o.QHOV, cpa3e ra3 Bcn11blBaeT no 

BepTIiIKa11bHbIM nopOBO-TpeLl.\IiIHHbIM KaHa11aM OT MaTepliIHCKIiIX 

nopo.Q K KpOB11e K01111eKTOpOB, pacXO.QY5lCb Ha 06pa30BaHlile 

"MepTBOv," ra30HaCblLl.\eHHOCTIiI B KaHa11ax Mlilrpa41i11i1, KOTOpa51 

HaBp5l.Q 111il npeBblwaeT 0,2 - 0,3 OT o6beMa TpeLl.\IiIHHO-nopoBbIX 

KaHa110B. 

nOTepliI ra3a nplil BepTIiIKa11bHOv, Mlilrpa41i11i1 K KpoB11e 

K01111eKTOpOB MO>KHO 04eHIiITb KaK 

q BePT=m .KOCT.h .p"n.l09 
rn Tp rH MHrp r (3.26) 

m Tp - TpeLl.\IiIHHa51 noplilcToCTb, 

K"CTrH - K03cpcplil41i1eHT oCTaT04HOv, ra30HaCblLl.\eHHOCTIiI 

nopo.Q B KaHa11ax Mlilrpa41i11i1, 

hM"rp - paCCT05lHlile Mlilrpa41i11i1, 

pnnr - n110THOCTb ra3a nplil .QaHHbIX P iii T. 

n110THOCTb YB ra3a, CKonlilBweroC5I B npIiIKpOBe11bHOv, 30He 

K01111eKTOpOB B paC4eTe Ha 1 KM2, onpe.Qe11IilTC5I KaK 

q KP = q"P _ qBepT 
r r rn (3.27) 

MOLl.\HOCTb npIiIKpOBe11bHOv, 30Hbl ra30HaCblLl.\eHliI5I 

K01111eKTOpOB onpe.Qe115leTC5I KaK 

Kp 

hKP = qr 
rH nn K 109 

P ·m· . 
r K rH 

(3.28) 

hKPrH - MOLl.\HOCTb 30Hbl ra30HaCblLl.\eHliI5I, 
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qKPr - nJ10THOCTb YB ra3a B npVlKpOBeJ1bHOIiI 30He 

KOJ1J1eKTOpOB, 

pnI1r - nJ10THOCTb ra3a B nJ1aCTOBbIX YCJ10BVlS'lX, 

m K - nOpVlCTOCTb KOJ1J1eKTOpa, 

KrH - K03CPCPVll\VleHT ra30HaCbl~eHHOCTVl KOJ1J1eKTOpOB B 

npVlKpOBeJ1bHOIiI 30He .. 

CKOnVlBWVllilcS'l B CBo6oAHOIiI cpa3e B npVlKpOBeJ1bHOIiI 30He 

KOJ1J1eKTOpOB YB ra3 VlCnblTblBaeT J1aTepaJ1bHYIO BOCXOAS'l~ylO 

MVlrpal\VlIO BBepx no BOCCTaHVlIO nJ1aCTOB no HanpaBJ1eHVlIO K 

J10BYWKe. nOTepVl YB ra3a B npOl\eCce J1aTepaJ1bHOIiI MVlrpal\VlIo1 

Ha 06pa30BaHVle OCTaT04HoIiI ("MepTBoliI") ra30HaCbl~eHHOCTIo1 

MO>KHO onpeAeJ1VlTb KaK 

q naT = ill . h . KOCT . p"n .109 
rn K rH rH r (3.29) 

qI1aTrn - nJ10THOCTb nOTepb YB ra3a npVl J1aTepaJ1bHOIiI 

MVlrpal\VlVl, 

m K - nopVlCTOCTb KOJ1J1eKTOpa, 

hrH - MO~HOCTb npVlKpOBeJ1bHOIiI 30Hbl ra30HaCbl~eHHOCTVl, 

K"C\H - K03CPCPVll\VleHT OCTaT04HoIiI ra30HaCbl~eHHOCTVl, 

pMr - nJ10THOCTb ra3a B nJ1aCTOBbIX YCJ10BVlS'lX. 

nJ10THOCTb aKKyMyJ1VlpylO~erocS'l YB ra3a B paC4eTe Ha 1 

KM2 onpeAeJ1S'leTCS'l KaK 

q aK = qKP _ qnaT 
r r rn (3.30) 
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(3.31 ) 

TeOpen-14eCKVle MOAeIlbHble paC4eTbi nOTepb YB ra3a 

TOIlbKO npVl BepTVlKaIlbHO~ MVlrpa4V1V1, 6e3 Y4eTa paCTBopeHVI~ 

ra3a B nIlaCTOBblX BOAax, BbinOIlHeHbl AIl~ nIlOTHOCTe~ 

3MVlrpaL\VIVI OT 1,5 MIlPA. M3/KM2 AO 0,25 MIlPA. M3/KM2 VI 

paccTo~HVI~ BepTVlKaIlbHo~ MVlrpaL\VIVI OT 400 AO 25 M npVl 

oAVlHaKoBo~ TpeLl.\VlHHO~ nopVlcToCTVI 0,02 VI ~C\H - 0,3; pnn, - 0,3. 

npVl nIlOTHOCTVI 3MVlrpaL\VIVI YB ra3a 1,5 MIlPA. M3/KM2 VI 

paccTo~HVIVI BepTVlKaIlbHo~ MVlrpaL\VIVI 25 - 100 M MVlrpaL\VlOHHble 

nOTepVl ra3a COCTaBIl~IOT AO 3,0 - 12 %. Ho TaKVle cIlY4aVl, 

BVlAVlMO, peAKVI. npVl BepTVlKaIlbHo~ MVlrpaL\VIVI OT 200 AO 300 M 

nOTepVl ra3a AOCTVlralOT 24 - 36 %, a npVl paccTo~HVIVI MVlrpaL\VIVI 

B 800 M BeCb ra3 AOIl>KeH nOIlHOCTblO pacce~Tbc~. 

npVl nIlOTHOCTVI 3MVlrpaL\VIVI YB ra3a 1,0 MIlPA. M3/KM2 npVl 

MVlrpaL\VIVI Ha 25 - 50 M nOTepVl MOryT COCTaBIl~Tb AO 4,5 - 9 %, 

npVl paccTo~HVIVI 100 - 200 M - 18 - 36 %, a npVl paccTo~HVIVI 

550 M -100 %. 

npVl MVlHVlMaIlbHo~ nIlOTHOCTVI 3MVlrpaL\VIVI 

0,25 MIlPA. M3/KM2 VI npVl BepTVlKaIlbHo~ MVlrpaL\VIVI Ha 50 M 

nOTepVl COCTaBIl~IOT 36 %, a npVl paCCTO~HVIVI B 138 M - 100 %. 

BeIlVl4V1Ha cYMMapHblx nYTeBblx MVlrpaL\VlOHHbIX nOTepb YB 

ra3a He MO>KeT 6blTb MeHee 40 - 60 %, 4aCTO AOCTVlraeT 80 -

90 %, a MO>KeT AOCTVlraTb VI 100 %, KorAa, HecMoTp~ Ha 

npo~BVlBWYIOC~ reHepaL\VlIO VI 3MVlrpaL\VlIO YB ra3a, 
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paCC4111TbiBaTb Ha OTKpblTllle npOMbIW11eHHbIX ra30BbiX 

MeCTopO>K,QeHIllIiI He nplIIXOAIilTCR 

npOBeAeHHble TeopeTIII4eCKille MOAe11bHble paC4eTbi 

Mlllrpa41110HHbiX nYTeBblX nOTepb HecpTIll III ra3a npill 

CPOpMlllpOBaHlII1II MeCTOpO>K,QeHIllIiI xapaKTeplII3YIOT, pa3YMeeTC~, 

T011bKO 06Ll1111e 3aKOHOMepHOCTIll. 

npill 1113Y4eHIIIIII KOHKpeTHoro re0110rlll4ecKoro 06beKTa 

He06xOAlilMO npOBOAIIITb MOAe11bHble paC4eTbl, y4l11TblBa~ 

KOHKpeTHble re0110ro-reOXIIIMIII4eCKllle oc06eHHOCTill 1113Y4aeMoro 

paliiOHa III MlllrplllpOBaBWIIIX YB CP11IOIIIAOB. 

3.4. MaKcMManbHble paccToHHMH MMrpa4MM He<pTM M 
ra3a, KOHTponMpyeMble nOTepHMM yrneBoAopoAOB 

Ha nyTHx MMrpa4MM 

npill Ha11 1114 III III npOBOA~LlIIIIX BepTIIIKa11bHbIX TpeLllIIIHHO­

nopOBblX KaHa110B III OTCYTCTBIIIIII HenpOHIII4aeMbiX nOKpblweK 

BOCXOA~LlIa~ BepTIIIKa11bHa~ Mlllrpa4111~ HecpTIll (TeM 6011ee ra3a) 

MO>KeT npOIIICXOAIIITb C rny6l11Hbl, rAe 06pa30Ba11acb 3a11e>Kb 

yrneBoAopoAOB, Bn110Tb AO AHeBHolii nOBepxHocTIll. nplllMepoB 

TaKolii "CKB03HOIiI" Mlllrpa4111111 nplll pa3pyweHIIIIII MeCTOpO>K,QeHIllIiI, C 

06pa30BaHilleM BblXOAOB ra3a, HecpTenpo~B11eHIllIiI, 3aKillpoBaHillVi 

III Aa>Ke HecpT~HbIX 03ep Ha nOBepxHocTIII, IIIMeeTC~ MHOro. 

npill Mlllrpa4111111 HecpTIll III ra3a 1113 MaTeplIIHCKIIIX nopoA AO 

npoAYKTIIIBHblX n11aCTOB, B KOTOPblX npolllcxoAIilT aKKyMy11~4111~ 

yrneBoAopoAOB, c11eAyeT III MeTb B BIllAY paHee He 

y4l11TblBaBweec~ Aa11bHOCTIll 
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Bepn1KanbHoLil VlnVl naTepanbHOLil MVirpaL\VlVI, o6ycnoBneHHOe 

nOTepeLil MaCCbl MVlrpVlpYlOll.IeLil Hecj:>TVI (ra3a) Ha 06pa30BaHVle 

OCTaT04HOLil Hecj:>Te(ra30 )HaCblll.leHHOCTVI nopo,Q B KaHanaX 

M VI rpa L\VI VI. 

EcnVl nnOTHOCTb 3MVlrpaL\VIVI Hecj:>TVI Vl3 MaTepVlHCKVlX nopo,Q 

HeBenVlKa, a paCCTOflHVle MVirpaL\VIVI ,QOCTaT04HO 60nbwoe, TO 

BCfl Hecj:>Tb B KOHe4HOM VlTore MO)l{eT pacceflTbCfl npVl MVirpaL\VIVI 

Ha onpe,QeneHHoe paCCTOflHVle, 4TO VI CTaHeT orpaHVl4eHVleM 

AanbHOCTVI MVirpaL\VlVI. 

<!>opManVl3Yfl 3TO nOnO)l{eHVle, MO)l{HO 3aKnI04V1Tb, 4TO 

BepTVlKanbHafl MVirpaL\Vlfl Hecj:>TVI npeKpaTVlTCfl Ha TOM 

paCCTOflHVIVI OT VlCT04HVlKa, Kor,Qa nOTepfl Hecj:>TVI Ha 

cj:>0pMVlpOBaHVle OCTaT04HoLil Hecj:>TeHaCblll.leHHOCTVI nopo,Q B 

KaHanax MVirpaL\VIVI CTaHeT paBHolli KonVl4eCTBY 3MVlrpVlpoeaBweLil 

Hecj:>TVI; B paC4eTe Ha 1 KM2 - Kor,Qa nnOTHOCTb 3MVlrpaL\VIVI 

CTaHeT paBHoLil nnOTHOCTVI nOTepb npVl BepTVlKanbHoLil MVirpaL\VlVI, 

TO eCTb 

q
3M = qBepT 
H Hn (3.32) 

q3\ _ nnOTHOCTb 3MVlrpaL\VIVI Hecj:>TVI; 

qBepTHn - nnOTHOCTb nOTepb Hecj:>TVI npVl BepTVlKanbHoLil 

M VI rpa L\VI VI. 

nnOTHOCTb nOTepb Hecj:>TVI npVl BepTVlKanbHoLil MVirpaL\VIVI 

MO)l{HO onpe,QenVlTb KaK 

q BepT =h ·m ·KoeT.p .106 
Hn MHrp Tp HH H ' 
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rAe 

hM"rp - paCCTOflHlile Bepn'lKanbHOIiI Mlilrpal.llillil; 

m Tp - TpeU1Ii1HHafl nOpliICTOCTb nopoA; 

I("C\H - K03CPCPIiI1.llileHT OCTaTOYHOIiI HecpTeHaCblU1eHHOCTIiI 

nopoA B KaHanaX Mlilrpal.llillil; 

PH - nnOTHOCTb HecpTIiI. 

PaBeHcTBo (3.32) npeAcTaBIiIM B BIiIAe: 

3M _ h KOCT 106 
qH - MHrp omTp· HH ·P H • (3.33) 

OTKYAa B03MO>KHOe MaKIiICManbHoe paCCTOflHlile Mlilrpal.llillil HecpTIiI 

onpeAenfleTCfI KaK 

q:M 
h = --""---

MHrp ill . K OCT • P 
Tp HH H 

(3.34) 

PaCyeTbl AanbHOCTIiI BepTIiIKanbHoliI Mlilrpal.llillil HecpTIiI, 

onpeAenfleMoliI ee Mlilrpal.llilOHHblMIiI nOTepflMliI, BblnonHeHbl Ha 

nplilMepe 1i13yyeHlilfI CyprYTCKoro iii YpeHrolilcKoro palilOHOB 

3anaAHoIiI CIiI6Ii1PIiI. 

B CyprYTCKOM palilOHe HecpTeMaTepliIHCKafl 6a>KeHOBCKafl 

CBIiITa Bowna B rnaBHYIO 30HY HecpTe06pa30BaHlilfI OKono 

110 MnH. neT Ha3aA, npliIyeM IiIHTeHCIiIBHoe HecpTe06pa30BaHlile 

B Helil 3aKOHYlilnOCb TOnbKO OKono 10 MnH. neT Ha3aA (pIiIC. 3.1). 

nnoTHoCTb reHepal.llil1il iii 3Mlilrpal.llillil HecpTIiI 1i13 MaTepliIHcKIiIX 

nopOA 6a>KeHOBCKoliI CBIiITbl B03paCTana BO BpeMeHIiI 

3KCnOHeHl.IlilanbHO, no Mepe BXO>I<AeHlilfI MaTepliIHcKIiIX nopoA B 

rnaBHYIO 30HY HecpTe06pa30BaHlilfI, B03pacTafl OT 0,00148 MnH. T/KM2 

(100 MnH. neT Ha38,l:\) AO 4,58 MnH. T/KM2 (20 MnH. neT Ha38,l:\). 
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He<pTeMaTepMHcKMX OTIlO>KeHMSIX B paHoHe 3anaAHo- 101 BOCTO'lHO-CypryTcKoro MeCTOpO>KAeHMH 



PaC4eTbi ,QIlfl Onpe,QeIleHVlfl nIlOTHOCTVI reHepa4V1V1 VI 

3MVlrpa4V1V1 HecpTVI 6blIlVI BblnOIlHeHbl 4epe3 paBHble npOMe>KYTKVI 

BpeMeHVI (10 MIlH. IleT). 

O,QHoBpeMeHHo C reHepa4V1elil VI 3MVlrpa4V1elil HecpTVI Vl3 

MaTepVlHcKVlX nopo,Q Ha4aIlVICb VI np04eccbl BepTVlKaIlbHolii 

MVlrpa4V1V1 HecpTVI Vl3 6a>KeHOBCKolii CBVlTbl B Bblwe3aIleralOLl.\Vle 

OTIlO>KeHVlfl HeOKOMa no BepTVlKaIlbHblM TpeLl.\VlHHO-nopoBbIM 

KaHaIlaM. 

CxeMa BepTVlKaIlbHolii MVlrpa4V1V1 HecpTVI B OTIlO>KeHVlflX 

HeOKOMa nOKa3aHa Ha pVlC. 3.2, a pac4eTHafl ,QaIlbHOCTb 

BepTVlKaIlbHolii MVlrpa4V1V1 HecpTVI BO BpeMeHVI - Ha pVlC. 3.3. 

npVl nIlOTHOCTVI 3MVlrpa4V1V1 0,00148 MIlH. T/KM2 (100 MIlH. 

IleT Ha3a,Q) BCfl 3MVlrpVlpoBaBwafl HecpTb ,QOIl>KHa 6blIla 

pacceflTbcfl, np0,QBVlHYBWVlCb BBepx no pa3pe3Y Bcero Ha 0,24 M, 

a Ha O,QVlH MeTp - TOIlbKO 70 MIlH. IleT Ha3a,Q (npVl q:M = 0,0096 

MIlH.T). 

KOIlIleKTOpCKVlX nIlaCTOB EiC21 .22 BepTVlKaIlbHo 

MVlrpVlpoBaBwafl HecpTb CMoma ,QocTVlrHYTb TOIlbKO 40 MIlH. IleT 

Ha3a,Q, npolil,Qfl BBepx no pa3pe3Y Ha 267 M, npVl nIlOTHOCTVI 

3MVlrpa4V1V1 HecpTVI Ha 3TOT MOMeHT B 1,71 MIlH. T/KM2. 

CO,Qep>KaLl.\ero OCHOBHble 3anaCbl HecpTVI nIlaCTa EiC1Q npVl 

BepTVlKaIlbHolii MVlrpa4V1V1 HecpTb CMoma ,QocTVlrHYTb TOIlbKO 

OKOIlO 30 MIlH. IleT Ha3a,Q, Kor,Qa B HeM VI Momo Ha4aTbCfl 

CPOpMVlpOBaHVle HecpTflHolii 3aIle>KVI. 
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PHC. 3.2. CxeMa MHrpallHH HelPTH H3 6a>KeHOBCKoM 
HelPTeMaTepHHcKoM CBHTbl B paMoHe 3anaAHo-CypryTcKoro 

MecTOpO>KAeHHfI 
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KaK SL-1AL-1M, S CyprYTCKOM pa~OHe nepsble 30 MnH. neT 

AanbHOCTb SepTL-1KanbHO~ ML-1rpal\L-1L-1 Hecj:>TL-1, OrpaHL-14L-1SaSWaflCfI 

ML-1rpal\L-10HHbIML-1 nOTepflML-1 Hecj:>TL-1 S KaHanax ML-1rpal\L-1L-1, 

COCTasnflna MeHee 1 M, S cneAYIOLl.\L-1e 20 MnH. neT - OT 1 AO 

9,3 M, a S nocneAYIOLl.\L-1e 40 MnH. neT - OT 87 AO 462 - 954 M, 

KorAa Hecj:>Tb AOCTL-1rna, HaKOHel\, pe3epsyapos, OrpaHL-14eHHblx 

csepxy AOCTaT04HO 3cj:>cj:>eKTL-1BHbIML-1 nOKpbIWKaML-1. Ha4anocb 

cj:>0pML-1pOBaHL-1e Hecj:>TflHbIX 3ane>Ke~, AOCTL-1rWee 

MaKCL-1ManbHOro npOfiBneHL-1f1 30 - 20 MnH. neT Ha3aA, TO eCTb B 

KOHl\e naneoreHa - B Ha4ane HeoreHa. 

<l>aKTL-14eCKafi cpeAHfIfi CKOPOCTb npOABL-1>KeHL-1f1 ssepx 

Hecj:>TflHoro cj:>pOHTa BO BpeMeHL-1 B03paCTana - OT 0,02 -

0,048 MiMnH. neT (100 - 90 MnH. neT Ha3aA) AO 37 - 49,2 MiMnH. 

neT (30 - 20 MnH. neT Ha3aA). 

EcnL-1 6bl CKOPOCTb BepTL-1KanbHO~ ML-1rpal\L-1L-1 Hecj:>TL-1 

onpeAenflnaCb TonbKO BcnnblBaHL-1eM ee, 6e3 OrpaHL-14eHL-1f1 

nOTepflML-1 Ha cj:>OpML-1pOBaHL-1e OCTaT04HO~ Hecj:>TeHaCblLl.\eHHOCTL-1 

B KaHanax ML-1rpal\L-1L-1, TO OHa, COOTBeTCTBeHHO paC4eTaM no 

cpopMyne AapcL-1, Aa>Ke npL-1 caMO~ HL-13KO~ npOHL-1l\aeMOCTL-1 

KaHanOB (0,005 D), AOn>KHa 6blna 6bl npeBblwaTb cj:>aKTL-14ecKYIO 

B COTHL-1 pa3. npol\ecc BepTL-1KanbHO~ ML-1rpal\L-1L-1 Hecj:>TL-1 Ha 954 M 

BBepx s MacwTa6e reOnOrL-14eCKOro SpeMeHL-1 BblrnfiAen 6bl 

npaKTL-14eCKL-1 MrHOBeHHbIM, Ha 3TO nOTpe60Banocb 6bl Bcero 

OKono 100 neT, a He 80 MnH. neT, KaK 3TO L-1MenO MeCTO. 

TaKL-1M 06pa30M, L-1MeHHO nOTepfi MaCCbl Hecj:>TL-1 npL-1 

BepTL-1KanbHO~ ML-1rpal\L-1L-1 HecpTL-1 flBnfleTCfI rnaBHblM cpaKTOpOM, 
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onpeAemllOI..L.lIIIM KaK AanbHOCTb Mlllrpa~1II1II Hecj)TIII, TaK III KpaillHe 

HIII3KYlO CKOPOCTb npOABIII>KeHIII51 HecjJT51HOrO cjJpOHTa BBepx no 

pa3pe3y. 

CXOAHble pe3ynbTaTbi nonY4eHbi TaK>Ke III nplo1 

MOAenlllpOBaHllllll AanbHOCTIll BepTIo1KanbHoill Mlllrpa~1II1II HecjJTIo1, 

o6ycnoBneHHoill ee nOTep51MIo1 Ha nYT51X Mlllrpa~1II1II B 

YpeHroillcKOM paillOHe 3anaAHoill CIII6I11pIII. 

rnaBHa51 cjJa3a HecjJTeo6pa30BaHIII51 B 6a>KeHOBCKoill CBIIITe 

peanlll30BanaCb, comaCHO pIIIC. 3.4, B nepllloA BpeMeHIII OT 100 

AO 10 MnH. neT Ha3aA. 

~ J, J, I J, K, I K, N 

"'.:::c:..----..~---:.!:1 ,,=0 ,.....",::::"'-'-__ 1Ct.:20'--...:1.::;:00'----"Bc:..0 __ 6::,::O_--"'----'2L--9 MnH.neT 

r3H 

--. __ .•••.•. _--

r3r 

PMC. 3.4. ~CTOPMSI norpY>KeHMSI TIOMeHcKoM M 6a>KeHOBCKoM CBMT 

M BCTYnl1eHMSI MX B rnaBHble 30Hbl He<llTe- M ra3006pa30BaHMSI 

B YpeHroMcKoM paMoHe 3anaAHoM CM6MPM 
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nnOTHOCTb 3Mlt1rpa~lt1lt1 HecpTlt1 lt13 6a>KeHOBCKOLil CBlt1Tbl 

B03paCTana BO BpeMeHlt1 3KCnOHeH~lt1anbHO, OT 0,021 MnH. T/KM2 

(100 MnH. neT Ha3a,Q),Q0 5,56 MnH. T/KM2 (10 MnH. neT Ha3a,Q). C 

yyeTOM nnOTHOCTeLil 3Mlt1rpa~lt1lt1 HecpTlt1 lt13 MaTeplt1HCKlt1X nopo,Q lt1 

nnOTHOCTeLil Mlt1rpa~lt10HHbIX nOTepb HecpTlt1, paCCYlt1TaHHbIX yepe3 

Ka>K,Qble 10 MnH. neT (,Qml neplt1o,Qa BpeMeHlt1 100 - 10 MnH. neT 

Ha3a,Q), 6blnlt1 onpe,QeneHbl MaKClt1ManbHble paCCTOflHlt1f1 

BepTlt1KanbHOLil Mlt1rpa~lt1lt1 HecpTlt1 BO BpeMeHlt1 lt13 6a>KeHOBCKoLil 

CBlt1Tbl B OmO>KeHlt1f1 Hlt1>KHerO Mena. nO,Qp06Hble pe3ynbTaTbi 

CaMlt1X PYTlt1HHbIX paCyeTOB nplt1BO,Qlt1Tb 3,QeCb He lt1MeeT CMblcna, 

OHlt1 nOKa3aHbi Ha Plt1c. 3.5. 

CTO Mlt1nnlt10HOB neT Ha3a,Q HecpTb lt13 6a>KeHOBCKoLil CBlt1Tbl 

nplt1 nonHoLil ee nOTepe Ha CPOpMlt1pOBaHlt1e OCTaTOYHOLil 

HecpTeHaCbILlleHHOCTlt1 B KaHanax Mlt1rpa~lt1lt1 Moma nO,QHflTbCfI 

TonbKO Ha 4,3 M, 80 MnH.neT Ha3a,Q - Ha 114 M, 50 MnH. neT 

Ha3a,Q - Ha 490 M, Kor,Qa Momo HayaTbCfI CPOpMlt1pOBaHlt1e 

Hlt1>KHeLil 3ane>Klt1 B nnaCTe 5Y16. AOCTaTOYHO BblCOKafi 

npOHlt1~aeMOCTb pa3pe3a cnoc06cTBoBana ,QanbHeLilweLil 

BepTlt1KanbHOLil BOcxo,QflLlIeLil Mlt1rpa~lt1lt1 HecpTlt1. 30 - 20 MnH. neT 

Ha3a,Q npe,QenbHoe paCCTOflHlt1e Mlt1rpa~lt1lt1 HecpTlt1 Momo 

,QOCTlt1rHYTb, nplt1 nonHOM paCCeflHlt1lt1 HecpTlt1, 891 - 1110 M. B 3TO 

BpeMfi Momo Y>Ke HayaTbCfI CPOpMlt1pOBaHlt1e cKOnneHlt1Li1 HecpTlt1 B 

nnaCTax 5YlO lt1 5Ys, cO,Qep>KaLlllt1X OCHOBHble 3anaCbl HecpTlt1 

(plt1c.3.5). 

199 



N 
co 
co 

H, 
OM 

2,0 

2,5 

nK ,t::-o . 

/>y, ,~ 

h-.= 6l<i 
6Y. 

6Ys 
6Y. 

6Y, 
DY, 

, 
, 

DY,2 \2 

. -

3,O~ DY, " ... 
6Y, \. 

3,5 

0 4.3", 

11 

. 

. 
. 

204, 
48Mt "'I 

3anaCbl H"""", % 
10 20 30 40 50 60 . . .... 

lrK 

I 

...... rK 

rK . 'rK 

'" HrK . 
+",..=3. 4"'h,..,,~ HrK 

-rK 

HrK 

400"1' 
HrK 

32""t 

"" T, MIlH.n. 1;0 100 90 80 70 60 50 40 30 20 10 

HrK 

PIIIC. 3.5. CxeMa BepTIIIKanbHoM Mlllrpallllllll He¢TIII 1113 6a>KeHOBCKOM CBIIITbl B HIII>KHeMenOBble OTnO>KeHlllfi 

YpeHrOMCKoro MeCTopO>KAeHlllfi 



ct>aKTIII4eCKa5l CKOPOCTb npO,QBIII>KeHIII5l HecpT5lHOrO cpPOHTa 

BBepx no paapeay B YpeHrOVICKOM paViOHe, onpe,Qel15lBWa5lC5l ee 

paCCe5lHllleM Ha nyT5lX Mill rpaL\1II III , COCTaBl15ll1a 0,43 M/Ml1H. l1eT 

(100 Ml1H. l1eT Haaa,Q), 16,1 M/Ml1H. l1eT (50 Ml1H. l1eT Haaa,Q) III 

p,OCTlllral1a MaKclIIMYMa - 21 M/Ml1H. l1eT (20 Ml1H. l1eT Haaa,Q), TO 

eCTb 6bll1a B COTHIII paa MeHbweVl, 4eM OHa Moma 6bl 6blTb 

OL\eHeHHOVI Ha OCHOBaHlII1II aaKOHa AapclII - ,Q115l cpllll1bTpaL\1II1II 

HecpTIII He orpaHIII4eHHOVI ee nOTep5lMIII B KaHal1aX MlllrpaL\lIIlII. 

B paCCMOTpeHHblX Cl1Y4a5lX aHal1lllalllpOBal1lllCb YC110BIII5l 

BepTIIIKal1bHOVI MlllrpaL\1II1II HecpTIII ilia e,QIIIHOVI HecpTeMaTeplIIHCKOVI 

CBIIITbl (6a>KeHOBCKOVl) BBepx no paapeay C ,QOCTIII>KeHllleM B HeM 

HeCKOl1bKIIIX KOl1l1eKTOpCKIIIX nl1aCTOB, KOTopble MorYT HaXO,QIIITbC5l 

OT MaTeplIIHCKIIIX nopo,Q Ha paCCT05lHIIIIII OT 200 - 300 M III 6011ee 

(,Qo 800 - 900 M). 

B Tex Cl1Y4a5lX, Kor,Qa MaTeplIIHcKllle OTllO>KeHIII5l 

npe,QcTaBl1eHbl nepeCl1alllBaHllleM mlllHIllCTblX HecpTeMaTeplIIHcKIIIX 

nopo,Q C neC4aHIIIKaMIII, KOTopble 5lBl15lIOTC5l KOl1l1eKTOpaMIII, 

,Qal1bHOCTb BepTIIIKal1bHOVI MlllrpaL\1II1II HeBel1lllKa III onpe,Qel15leTC5l 

MOL1\HOCTblO KOl1l1eKTOpa, B nplIIKpOBel1bHOVI aOHe KOToporo 

06paaylOTC5l nepBIII4Hbie CKOnl1eHIII5l HecpTIII. 

Kaaa110Cb 6bl, "ITO nplll MOL1\HOCTIII KOl1l1eKTOpa B 20 - 30 M 

BeCb nyTb BepTIIIKal1bHOVI MlllrpaL\1II1II HecpTIII ilia nl1aCTa 

MaTeplIIHCKIIIX nopo,Q ,QO KpOBl1l11 BblWel1e>KaL1\ero KOl1l1eKTOpa 

MO>KeT 6blTb npoVl,QeH npaKTIII4eCKIII MrHOBeHHO. O,QHaKo :no He 

TaK. III B TaKIIIX Cl1Y4a5lX paCCT05lHllle BepTIIIKal1bHOVI MlllrpaL\1II1II 
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OrpaHIIIYIIIBaeTCfI nOTepflMIII HecpTIII Ha CPOpMlllpOBaHllle 

OCTaTOYHOLil HecpTeHaCblLlleHHOCTIII nopoA Ha nYTflX MlllrpaL\lIIl11. 

TaKafl clIITyaL\lIIf1 paCCMOTpeHa HaMill Ha nplllMepe 1113yyeHlllfI 

npOL\eCCOB MlllrpaL\1II111 HecpTIII B TIOMeHCKoLil CBIIITe YpeHroLilcKoro 

paLilOHa 3anaAHoLil C1II6111plII. 

06Lllafl MOLllHOCTb TIOMeHCKoLil HecpTera30MaTepIIIHCKoLil 

CBIIITbl B 3TOM paLilOHe COCTaBnfleT OKono 1600 M. Pa3pe3 ee 

npeAcTaBneH nepecnalllBaHllleM nnaCTOB rrllllHIIICTblX 

MaTeplIIHcKIIIX nopoA co cpeAHeLil MOLllHOCTblO 28 M III 

KOnneKTOpOB co cpeAHeLil MOLllHOCTblO 25 M. 

~HTeHcIIIBHoe HecpTe06pa30BaHllle npoflBlllnocb B nepllloA 

120 - 68 MnH. neT Ha3aA. CYMMapHafl nnOTHOCTb 3MlllrpaL\1II111 

HecpTIII 1113 MaTeplIIHCKIIIX nopOA TIOMeHCKoLil CBIIITbl 

3KCnOHeHL\lIIanbHO B03paCTana BO BpeMeHIII OT 0,04 MnH. T/KM2 

(120 MnH. neT Ha3aA) AO 6,58 MnH. T/KM2 (68 MnH. neT Ha3aA). 

B paCyeTe Ha OAHY naYKY rrllllHIIICTblX HecpTeMaTeplIIHCKIIIX 

nopOA nnOTHOCTb 3MlllrpaL\1II111 HecpTIII 3a 3TOT neplIIOA BpeMeHIII 

B03pocna OT 0,0014 AO 0,234 MnH. T/KM2. ABe Tpen'l HecpTIil 1113 

nnaCTa rm1HIIICTbiX MaTeplIIHCKIIIX nopOA 3MlllrplllpOBano BBepx no 

pa3pe3y B Bblwe3aneralOLlllllLil neCyaHIIIK, 1/3 - B nOAcTlllnalOLllIllLil. 

PaCCYIIITaB MaKCIIIManbHO B03MO>KHble paCCTOflHlllfI 

BepTIIIKanbHoLil MlllrpaL\1II1II HecpTIII 1113 nnaCTa rrllllHIIICTblX 

MaTeplIIHCKIIIX nopOA B 3aneralOLlllllLil Bblwe KOnneKTOp nplll 

nonHOM ee paccelll BaH III III Ha OCTaTOYHYIO HecpTeHaCblLlleHHOCTb 

Anfl nocneAOBaTenbHblX neplIIOAOB BpeMeHIII npOTfI>KeHHOCTblO B 

10 MnH. neT, Mbl y6eAlllnlllCb, YTO 120 MnH. neT Ha3aA HecpTb 
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Morna nOAHflTbCfI OT nOAOWBbl KOJ1J1eKTOpa Bcera Ha 0,0048 M, 

110 MJ1H. J1eT Ha3aA - Ha 0,09 M, 100 MJ1H. J1eT Ha3aA - Ha 6,8 M, 

80 MJ1H. J1eT Ha3aA - Ha 20,8 M, TO eCTb Y)I(e n04TVI AO KPOBJ1V1 

KOJ1J1eKTOpa. nVlWb 4epe3 40 MJ1H. J1eT nOCJ1e nepBoro 

nocTynJ1eHVlfI HecpTVI B KOJ1J1eKTOp OHa CMorna AOCTVlrHYTb ero 

KPOBJ1V1 VI 06pa30BaTb nepBVl4Hoe HecpTflHoe CKOnJ1eHVle C 

MOI..L.IHOCTblO 30Hbl HecpTeHaCbll..L.leHVlfI 0,39 M (80 MJ1H. J1eT Ha3aA) 

VI AO 1,8 M (60 MJ1H. J1eT Ha3aA), KaK 3TO BViAHO Ha pVlC. 3.6. KaK 

BVlAVlM, VI B CJ1Y4ae nepeCJ1aVlBaHVlfI nJ1aCTOB rnVlHVlCTblX 

HecpTeMaTepVlHcKVlX nopoA C KOJ1J1eKTOpaMVI CKOPOCTb 

npOABVI)I(eHVlfI HecpTflHoro CPPoHTa K KpOBJ1e KOJ1J1eKTOpa 

orpaHVl4V1BaeTcfI nOTepflMVI HecpTVI Ha CPOpMVlpoBaHVle 

oCTaTo4Ho~ HecpTeHaCbll..L.leHHOCTVI nopoA B KaHaJ1aX MVlrpa4V1V1. 

PaccToflHVle OT nOAOWBbl AO KPOBJ1V1 KOJ1J1eKTOpa B 25 M 

HecpTflHo~ CPPOHT npeOAOJ1eJ1 3a 50 MJ1H. J1eT, TO eCTb cpeAHfIfI 

CKOPOCTb era npOABVI)I(eHVlfI COCTaBJ1f1J1a 0,5 M/MJ1H. J1eT. 

<!>opMaJ1bHble pac4eTbi CKopocTe~ BepTVlKaJ1bHO~ MVlrpa4V1V1 no 

cpopMYJ1e ,QapcVI AaJ1V1 6bl B 3TOM CJ1Y4ae CKOPOCTb MVlrpa41.11.1 

nopflAKa 1000 KM/MJ1H. J1eT, 4TO cOBepweHHo HeBepoflTHo. TaKafl 

CKOPOCTb 6blJ1a 6bl B03MO)l(Ha TOJ1bKO npl.1 HeorpaHVl4eHHoM 

K0J1V14eCTBe HecpTI.1 B I.1CT04HI.1Ke B MOMeHT Ha4aJ1a Ml.1rpa4V1V1, 

4ero B npVlpoAe He 6blBaeT. 

AHaJ10rVl4Hble MOAeJ1bHble paC4eTbi npOBeAeHbl AJ1f1 

onpeAeJ1eHI.1f1 cpaKTI.14eCKI.1 B03MO)l(HbiX CKopOCTe~ BepTI.1KaJ1bHO~ 

MVlrpa41.1V1 yrneBoAopOAHoro ra3a (Pl.1c. 3.7), TOJ1bKO nOMVlMO 

nOTepb Ha o6pa30BaHI.1e oCTaTo4Ho~ ra30HaCbll..L.leHHOCTVI nopOA 
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Ha nynlx MlilrpaL\1iI1iI 6blfllil Yl.lTeHbl TalOKe nOTepliI ra3a Ha 

paCTBopeHlile B nIlaCTOBO~ BOAe KOIlIleKTOpa iii B HecpnlHblX 

yrneBoAopOAax. 
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PMC. 3.6. CxeMa MMrpaLlMM He4>TM M3 rflMHMCTblX MaTepMHcKMX 

nopoA B KOllIleKTOpbl TIOMeHcKoM CBMTbl YpeHroMcKoro paMoHa 
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B neplllo,Q co 120 ,QO 60 MllH. lleT Ha3a,Q nplll BOcxo,QRLl.\eli! 

BepTIilKallbHoli! MlllrpaL\1II1II ra3 Mor nO,QHRTbCR OT nO,QOWBbl 

KOlllleKTOpa TOllbKO Ha 14 M (plilC. 3.7), nOllHOCTblO paccelilBaRcb 

B nopo,Qax III nllaCTOBblX BO,Qax. 
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31 6,21 1- HanpaBJ1eHlllfl III paCCTOflHlllfl MlllrpaL\1II1II YB ra3a 

41 1,3 ~I- npIIIKpOBeJ1bHafl 30Ha ra30HaCblU.\eHHOCTIII, M 

PMC. 3.7. CxeMa MMrpaLlMM YB ra3a M3 rm1HMCTbiX MaTepMHcKMX 
nopoA B KOnneKTOpbl TIOMeHcKoiii CBMTbl YpeHroiiicKoro paiiioHa 

205 



V1 TonbKO 40 MnH. neT Ha3aA ra3 Mor AOCTl!1rHYTb KpOBm1 

KOnneKTOpa. 06pa30BaHI!1e nepBI!14HbiX CKOnneHI!1Vi ra3a B 

npl!1KpOBenbHOVi 30He KOnneKTOpa C MO~HOCTblO 30Hbl 

ra30HaCbl~eHI!1~ OT 0,7 AO 2,4 M Morno npol!130ViTI!1 TonbKO B 

nepl!1oA OT 30 AO 10 MnH. neT Ha3aA, TO eCTb TonbKO 4epe3 90 -

110 MnH. neT nocne nepBOHa4anbHoro nocTynneHI!1~ ra3a B 

KonneKTOp.CpeAH~~ cpaKTl!14eCKa~ CKOPOCTb npOABI!1>KeHI!1~ ra3a 

OT nOAOWBbl K KpOBne KOnneKTOpa, OrpaHl!14eHHa~ nOTep~MI!1 

ra3a Ha paCCe~Hl!1e B nopOAax 1!1 nnaCTOBblX BOAax, COCTaBn~na 

OKono 0,28 M/MnH. neT. B TO BpeM~ KaK cpopManbHO no 3aKOHY 

cpl!1nbTpaL\1!11!1 ,Qapcl!1 OHa OL\eHI!1BaeTC~ npl!1 BepTI!1KanbHOVi 

Ml!1rpaL\1!11!1 B 80000 KM/MnH. neT. 

3TO e~e pa3 nOKa3blBaeT, 4TO npl!1 1!13Y4eHI!11!1 npOL\eCCoB 

Ml!1rpaL\1!11!1 paC4eTbi CKopOCTeVi BepTI!1KanbHOVi Ml!1rpaL\1!11!1 AOn>KHbl 

KOHTpOnl!1pOBaTbC~ nOTep~MI!1 Macc Ml!1rpl!1pylOll.\I!1X 

yrneBoAopOAOB. K CO>KaneHI!1IO, nOKa 3Toro e~e HI!1KTO He 

nOHI!1MaeT, KaK He nOHI!1Manl!1 1!1 aBTopbl AaHHOVi pa60Tbi Bcero 

1 - 2 rOAa Ha3aA. 

BocxoA~~a~ naTepanbHa~ Ml!1rpaL\l!1~ HecpTI!1 no 

npOHI!1L\aeMoMY KOnneKTOpy OT Hal!16onee rny6oKoVi 4aCTI!1 

ocaA04Horo 6acceViHa K ero npl!1noAH~ToMy 60PTY npl!1 

OTCYTCTBI!1I!1 Ha nyTI!1 Ml!1rpaL\1!11!1 HenpOHI!1L\aeMoro 3KpaHa 

(TeKTOHI!14eCKOro HapyweHI!1~, BbIKnI!1HI!1BaHI!1~ I!1nl!1 3aMe~eHI!1~ 

nnaCTa I!1nl!1 aKKyMynl!1pylO~l!1x nOByweK) MO>KeT npoI!1CXOAI!1Tb, 

Ka3anOCb 6bl, 6e3rpaHl!14HO, no KpaViHeVi Mepe Ha COTHI!1 

Kl!1nOMeTpoB - BnnOTb AO BblXOAa KOnneKTOpa Ha nOBepXHOCTb. 
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VlHorAa, nplil CTe4eHIiIIiI 6narOnplil51THblX ycnoBIilLiI, TaKlile CnY4alil 

AeLilcTBIiITenbHO IiIMelOT MeCTO. 

OAHaKO paCCe51Hlile He¢TIiI Ha nyT51X naTepanbHOLil 

Mlilrpa41i11i1, pacxoAYlOl1leLilc51 Ha ¢OpMlilpOBaHlile OCTaT04HOLil 

He¢TeHaCbll1leHHOCTIiI B nnaCTe-KOnneKTOpe, B onpeAeneHHblX 

CnY4a51X CTaHOBIiITC51 Ba>KHbIM, paHee He Y4Ii1TbIBaBWIiIMC51, 

¢aKTOpOM, orpaHIiI41i1BalO11llilM AanbHOCTb Mlilrpa41i11i1. 

nOTepliI He¢TIiI nplil naTepanbHoLil Mlilrpa 4 iii iii 

onpeAen51IOTC51 HaMIiI, KaK nOKa3aHO paHee (¢opMyna 3.19)(B 

pac4eTe Ha 1 KM2) 

q naT =h .m ·KoCT.p .106 
Hn HH K lUI H 

Konlil4eCTBO He¢TIiI, KOTOpa51 MO>KeT IiIcnblTblBaTb 

AanbHeLilwylO BOCXOA51l1lYIO naTepanbHYIO Mlilrpa41i11O iii 

aKKYMynlilpoBaTbC51 B nOBYWKax, paBHO (no ¢opMyne 3.20) 

q a" = q"P _ qnaT 
H H HO 

B npeAenax 30Hbl ocaAo4Horo 6acceLilHa, B KOTOpoLil 

peanli130Banacb rnaBHa51 ¢a3a He¢Teo6pa30BaHIiI51, 

nOBceMeCTHO 3MlilrplilpOBaBWa51 1i13 MaTepliIHcKIiIX nopoA He¢Tb 

BcnnblBana K KpoBne KOnneKTOpa, o6pa3y51 n04TIiI HenpepblBHble 

nepBIiI4Hbie He¢T51Hble CKOnneHIiI51 C nnOTHOCTblO q:P . 3aTeM 3TIiI 

CKOnneHIiI51 Ha41i1HalOT BcnnblBaTb BBepx no BOCCTaHlil1O cnoeB -

1i13 Halil60nee norpY>KeHHblX 30H K cBoAaM nplilnOAH51TbiX 

aHTIiIKnIilHanbHblX CTPYKTYP, rAe iii npolilcxoAIiIT aKKYMyn5141i151 

He¢TIiI iii ¢OpMlilpoBaHlile 3ane>KeLil. 
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nOCKonbKY OCTaTOYHa51 Heq:>TeHaCbl~eHHOCTb KOnneKTOpa 

cpOpM~pyeTC51 Ha Ka>K,QOM yyaCTKe 3a CyeT HecpT~, 

3M~rp~poBaBweli! ~3 MaTep~HCK~X nopoA Ha 3TOM yYaCTKe, TO 

M~rp~pylO~a51 ~3 60nee nOrpY>KeHHoli! 30Hbl HecpTb C 

nnOTHOCTblO q:", npOXOA51 yepe3 3TOT yYaCTOK, Y>Ke He ~MeeT 

AononH~TenbHblX nOTepb Ha CPOpM~pOBaH~e OCTaTOYHoli! 

HecpTeHaCbl~eHHOCT~ KOnneKTOpa. ,o,anbHOCTb BOCXOA51~eli! 

naTepanbHoli! nonHOCTblO onpeAen51eTC51 

TeKTOH~yeCKoli! CTPYKTypOIi! - MaKC~ManbHbIM paCCT051H~eM OT 

Ha~6onee norpY>KeHHoli! yaCT~ HecpTec6opHoli! nno~aA~ AO 

CBOAa aHT~KJ1~HanbHoro nOAH51T~51. 

np~Hl..\~n~anbHO APyra51 c~Tyal..\~51 Ha6n1OAaeTC51 np~ 

BOCXOA51~eli! naTepanbHoli! M~rpal..\~~ HecpT~ ~3 norpY>KeHHOVI 

30Hbl 6acceli!Ha, rAe np051B~naCb f<t>H, B MeHee norpY>KeHHYIO 

30HY, rAe HecpTeo6pa30BaH~51 He npO~CXOA~no. 

np~ naTepanbHoli! BOCXOA51~eli! M~rpal..\~~ HecpTb Ha BceM 

nyT~ ee AB~>KeH~51 (£ ) , 6YAeT paCXOAOBaTbC51 B np~KpOBenbHoli! 

30He KOnneKTOpa 

HecpTeHaCbl~eHHOCT~. 

Ha 06pa30BaH~e 

M~rpal..\~51 HecpT~ 

OCTaTOYHoli! 

C yyaCTKa 

npOT51>KeHHOCTblO B 1 KM npeKpaT~TC51 B TOT MOMeHT ~ Ha TaKOM 

paCCT051H~~ KorAa KOn~yeCTBO (nnOTHOCTb) M~rp~pylO~eli! 

HecpT~ (q:" ) nonHOCTblO 6YAeT ~3paCXOAOBaHO Ha 06pa30BaH~e 

OCTaTOYHoli! HecpTeHaCbl~eHHOCT~ B np~KpOBenbHoli! 30He 

KOnneKTOpa (q:~T ), T.e. KorAa 6YAeT co6nlOAeHO paBeHCTBO 

(3.35) 
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B pa3BepHYTOM BII1Ae :3TO MO>KHO npeACTaBII1Tb KaK 

q "" _ qnaT = £. qnaT 
H Hn Hn 

(3.36) 

1I1J1111 

o h K"cm 106 
{.. 1111 "m

K
' /III • PI/ . = 

(3.37) 
h"" . mK • K"" . p" .106 

- hllli . m K • K,:~'m . p" .106 

OTKYAa B03MO>KHOe paCCTOHHlI1e MlI1rpaL\1I1111 HecpTII1 OnpeAeJ1HeTCH 

KaK 

(3.38) 

COOTBeTCTBeHHO, eCJ1111 npOTH>KeHHOCTb HecpTHHOrO 

CKOnJ1eHII1H B npll1KpOBeJ1bHOIil 30He KOJ1J1eKTOpa Ha rpaHII1L\e 

npOHBJ1eHII1H 30Hbl rct>H COCTaBJ1HeT n KM, TO MaKCII1MaJ1bHO 

B03MO>KHOe paCCTOHHlI1e J1aTepaJ1bHOIil MlI1rpaL\1I1111 HecpTII1 1113 30Hbl 

rct>H OnpeAeJ1HeTCH KaK 

K KOCT 

£ = n·"" "" 
KOCT 

"" 

(3.39) 

ECJ1111 npOTH>KeHHOCTb BCnJ1blBalOLllero HecpTHHoro 

CKOnJ1eHII1H COCTaBJ1HJ1a 1 KM, II1CXOAHaH HecpTeHacblLlleHHocTb B 

npll1KpOBeJ1bHOIil 30He KOJ1J1eKTOpa 6blJ1a paBHa 0,8, a OCTaTOYHaH 

B 30He MlI1rpaL\1I1111 - 0,4 - 0,3, TO MlI1rpaL\II1H HecpTII1 AO nOJ1HOrO ee 

paCCeHHII1H AOJ1>KHa 6blJ1a np0ll130lllTII1 Ha paCCTOHHlI1111 

£ = 0,8 - (0,4 -:- 0,3) = 1 -:-1,66 KM , 

(0,4 -:- 0,3) 
a npll1 npOTH>KeHHOCTII1 

HecpTHHoro CKOnJ1eHII1H B 10 KM - 10 -:-16,6 KM. 
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ECllLil WVlpVlHa 30Hbl npOHBneHVlH fCl>H COCTaBnHeT 50 KM VI 

Ha n)'TVI BOCxOAHLl\eVl naTepanbHoVi MVlrpaL\VIVI HeqnVl HeT HVI 

3KpaHoB, HVI nOByweK, TO MaKCVlManbHaH AanbHOCTb MVlrpaL\VlIII 

HecpTVI Vl3 30Hbl fCl>H AO nonHoro pacceHHVlH HecpTVI Morna 

AocTVlraTb 50 - 83 KM. 

B 3aBVlCVlMOCTVI OT TeKTOHVlyeCKOVI CTpyKTYPbl KOnneKTOpa 

MOryT B03HVlKaTb VI 60nee cnmKHble cVlTyaL\VlVI, cnoco6cTBYIOLl\Vle 

YBenVlyeHVlIO AanbHOCTVI BOCXOAHLl\eVl naTepanbHoVi MVlrpaL\VIVI 

HecpTVI no OAHOMY Vl3 HanpaBneHVlVI. HanpVlMep, KaK Ha pVlC. 3.8, 

rAe MOHOKnVlHanbHoe 3aneraHVle KOnneKTOpa ocnmKHeHO 

CTpyKTypHblM HOCOM. 

npOTH>KeHHOCTb nepBVlYHOrO HecpTHHoro CKonneHVlH 

COCTaBnHeT 10 KM. Ha L\eHTpanbHoe HanpaBneHVle BOCXOAHLl\eVl 

naTepanbHoVi MVlrpaL\VIVI no OCVI CTPYKTypHoro Hoca "cnVlBaeTcH" 

BCH HecpTb C TpexKVlnoMeTpoBoVi 30Hbl. CooTBeTcTBeHHo 

MaKCVlManbHoe paccToHHVle BOCXOAHLl\eVl MVlrpaL\VIVI HecpTVI no 

CTPYKTypHOMY HOCY AO nonHoro pacceHHVlH HecpTVI COCTaBVlT 

'- = 10·3· 0,8 - 0,3 = 50 KM. Ho Ha coceAHVlX yyaCTKaX cneBa III 
0,3 

cnpaBa, C KOTOPblX HecpTb ywna Ha CTPYKTYPHblVi HOC, 

naTepanbHaH MVlrpaL\VlH TorAa He npOHBVlTCH Boo6Ll\e, a Ha 

KpaVlHVlX C HVlMVI yyaCTKaX, npVl HeHapyweHHoM MOHOKnVlHanbHOM 

CTpoeHVIVI nnaCTa, MVlrpaL\VlH npVl non HOM pacceVlBaHVIVI HecpTVI 

~ 08-03 
npOVl30VlAeT Ha paCCTOHHVle He 60nee 16 KM ( '- = 10·' '). 

0,3 
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- nepa~4Hoe CKonneH~e Hecj:lT~ B np~KpOBenb­
Hoii 30He KOnneKTOpa np~ i<,.H=O,8 
- OCTaT04Ha" HecjlTeHaCblL1\eHHOCTb KonneKTopa 
np~ K~;;r = 0,4 

- HanpaaneH"" naTepanbHoii M~rpal1~~ 

PMC. 3.8. OrpaHM'leHMe AallbHOCTM BOCXOAHllIeM llaTepallbHoM 
MMrpaL\MM He<l>TM ee pacxoAoM Ha <l>opMMpoBaHMe OCTaTO'lHOM 

He<l>TeHacblllleHHocTM B npMKpoBellbHoM 30He KOlllleKTOpa 
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npL<1 WL<1pL<1He 30Hbl npOflBlleHL<1f1 rct>H B 50 KM L<1 

aHallOrL<1YHOIil OCllO>KHeHHOCTL<1 MOHOKllL<1HallL<1 CTPYKTYPHblM 

HOCOM, Ha KOTOPbl1ll "CllL<1BaeTCfI" HecpTb C ABYX COCeAHL<1X 

yYaCTKOB, MaKCL<1MallbHafi AallbHOCTb BOCXOAfll..l..lelll llaTepallbHoi/i 

HecpTL<1 no CTPYKTYPHOMY HOCY COCTaBL<1T 

08-03 
50·3·' , "" 250 KM. 3aTo Ha COCeAHL<1X co CTPYKTYPHblM 

0,3 

HOCOM yyaCTKaX llaTepallbHolil ML<1rpaL\L<1L<1 He 6YAeT BOO 6 l..I..Ie, a Ha 

KpaIllHL<1X yyaCTKaX AallbHOCTb ML<1rpaL\L<1L<1 80 KM. 

TaKL<1M 06pa30M, He TOllbKO HallL<1YL<1e HenpOHL<1L\aeMbIX 

3KpaHOB Ha nyTL<1 ML<1rpaL\L<1L<1 HecpTL<1, HO L<1 caMO paCCeflHL<1e HecpTL<1 

nyTflx Ba>KHbIM cpaKTOpOM, 

OrpaHL<1YL<1BatOl..I..IL<1M AallbHOCTb ML<1rpaL\L<1L<1 HecpTL<1 L<1 ra3a, YTO 

paHee He YYL<1TbIBallOCb. Ho 3TL<1X o61..1..1L<1x co06pa>KeHL<1111 L<1 

npL<1BeAeHHblx KOHKpeTHblx npL<1MepOB HeAOCTaTOYHO. B Ka>KAoi/i 

KOHKpeTHolil reOllOrL<1yeCKOIll CL<1TyaL\L<1L<1 Heo6xOAL<1MO np0L<13BOAL<1Tb 

MOAellbHble paCyeTbl L<1 onpeAellflTb MaKCL<1MallbHYtO AallbHOCTb 

ML<1rpaL\L<1L<1, OrpaHL<1YL<1BatOl..l..lytOcfI paCCeflHL<1eM HecpTL<1 L<1 ra3a. 

3.5. MOAem1poBaHMe M Kapn1poBaHMe I1aTepaI1bHOM 
MMrpaLlMM He<j>TM M ra3a B KOI1I1eKTOpax npM 

<j>OpMMpoBaHMM MeCTOpO>K,QeHMM 

MOAellL<1pOBaHL<1e BOCXOAfll..l..lelll llaTepallbHolil ML<1rpaL\L<1L<1 

ymeBO,QopOAOB B KOlllleKTOpaX L<1 aKKyMyllflL\L<1L<1 L<1X B IlOBYWKax 

np0L<13BOAL<1TCfI Allfl reOllOrL<1yeCKOrO 06beKTa, 06beAL<1HfltOl..l..lerO 
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IlOKanbHYIO 30HY aKKYMynfll\VIVI (CTPYKTYPHYIO VlnVl VlHOrO TVlna 

IlOBYWKY) VI OKpY>KaIOLlIYIO ee Heq>Te(ra30 )C60PHYIO nnoLllaAb. 

nOBYWKa VI OKpY>KalOLlIafi ee Heq>Te( ra30 )C60pHafi 

nnOLllaAb BblAenfilOTCfI C VlCnOnb30BaHVleM naneOCTPYKTYPHOIiI 

KapTbl, nOCTpOeHHOIiI Ha reOnOrVl4eCKOe BpeMfi npOfiBneHVlfI 

aKTVlBHOrO Heq>Te- VlnVl ra3006pa30BaHVlfI, VlnVl CTPYKTYPHOIiI 

KapTbl, ecnVl Heq>Te- VlnVl ra3006pa30BaHVle npOflBVlnVlCb 

HeAaBHO VI CTpYKTypa palilOHa He VlcnblTana K HaCTOflLlleMY 

BpeMeHVI 3aMeTHbiX Vl3MeHeHVlIiI. 

HanpaBneHVlfI BOCXOAfiLlIelil naTepanbHoliI MVlrpal\VIVI 

yrneBoAopOAOB TpaCCVlpYIOTCfI no CTPYKTYPHOIiI KapTe 

opTorOHanbHO BBepx no BOCCTaHVlIO nnaCTOB - OT HaVl60nee 

norpY>KeHHblX Y4aCTKOB Heq>Te( ra30 )C60pHOIiI nnOLllaAVI AO 

MaKCVlManbHO npVlnOAHflTblX B npeAenax 3aMKHYToIiI nOBYWKVI. 

PaBHOMepHO nOKpblB npVlneralOLlIYIO K nOBYWKe Vl3Y4aeMYIO 

Heq:ne(ra30 )C60PHYIO nnOLllaAb ceTblO npocpVlnelil BOCXOAfiLlIelil 

naTepanbHoliI MVlrpal\VlVI, MO>KHO onpeAenVlTb rpaHVll\bl 

HecpTe(ra30)c6opHOIiI nnOLllaAVI, B npeAenax KOTOpolil 

yrneBoAopOAbl MVlrpVlpOBanVl K AaHHoliI nOBYWKe. CXO>KAeHVle 

HanpaBneHVlIiI BOCXOAfiLlIelil naTepanbHoliI 

yrneBoAopOAOB K npVlnOAHflToliI 3aMKHYToIiI nOBYWKe onpeAenfieT 

nOnO>KeHVle nOKanbHoliI 30Hbl aKKYMynfll\VIVI HecpTVI (VlnVl ra3a). 

no Ka>KAOMY npocpVlnlO BOCXOAfiLlIelil naTepanbHoliI 

MVlrpal\VIVI OT HaVl60nee norPY>KeHHOIiI 30Hbl AO nOBYWKVI 

npOVl3BOAVlTCfI paC4eT CKopOCTelil MVlrpal\VIVI yrneBoAopOAOB 

(cpopMyna 3.12) Anfl nocneAOBaTenbHblX Y4acTKoB npocpVlnfl, 
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OTm14atol.l..lL.1XCH yrnaML.1 HaKJ10Ha nJlaCTOB. nOCKOJlbKY yrnbl 

HaKJ10Ha nJlaCTOB Ha OT,D,eJlbHbIX Y4aCTKaX ML.1rpal.\L.10HHOro 

npoq>L.1JlH L.13MeHHtoTCH, TO Ha HL.1X ,D,OJl>KHbl L.13MeHHTbCH 101 

CKOPOCTL.1 JlaTepaJlbHOVI ML.1rpal.\L.1L.1 yrneBO,D,OpO,D,OB, 

nponOpl.\L.10HaJlbHble sin a - yrna HaKJ10Ha nJlaCTOB (cpopMyJla 

3.12). 

MO,D,eJlL.1pOBaHL.1e COCTOHHL.1H L.1 pa3BL.1TL.1H ML.1rpal.\L.10HHbIX 

np0l.\eCCOB np0L.13BO,D,L.1TCH 4epe3 onpe,D,eJleHHble paBHble 

npoMe)f{j'TKL.1 BpeMeHL.1 - OT HYJleBOrO MOMeHTa, KOr,D,a Ha 

HecpTe(ra30 )C60pHOVI nJlOl.l..la,D,L.1 CCPOpML.1pOBaJlL.1Cb nepBL.14Hble 

CKOnJleHL.1H yrneBO,D,OpO,D,OB B npL.1KpOBeJlbHOVI 30He KOJlJleKTOpOB, 

,D,O KOHe4Horo MOMeHTa, KOr,D,a Bce nO,D,BL.1)f{Hble YB ,D,OCTL.1rnlo1 

aKKYMYJlL.1pytol.l..leVi JlOBYWKL.1, a Ha BceVi OCTaJlbHOVl 

HecpTe(ra30 )C60pHOVI nJlOl.l..la,D,L.1 B KOJlJleKTOpax OCTaJlL.1Cb JlL.1Wb 

HenO,D,BL.1)f{Hble YB, CPOPML.1pytol.l..lL.1e oCTaT04HYto, "MepTBYto" 

HecpTe(ra30 )HaCbll.l..leHHOCTb KOJlJleKTOpoB. 

Pac4eT paCCTOHHL.1V1 ML.1rpal.\L.1L.1 BCnJlbIBatol.l..lL.1X BBepx no 

BOCCTaHL.1to Macc yrneBO,D,OpO,D,OB np0L.13BO,D,L.1TCfI 4epe3 

Bbl6paHHbie paBHble npoMe)f{j'TKL.1 BpeMeHL.1 no Ka)f{,D,OMY 

ML.1rpal.\L.10HHoMY npocpL.1Jlto HecpTe(ra30 )C60pHOVI nJlOl.l..la,D,L.1. 

PaCCTOHHL.1H ML.1rpal.\L.1L.1 yrneBO,D,OpO,D,OB 3a Bbl6paHHblVl 

oTpe30K BpeMeHL.1 onpe,D,eJlHtoTCH KaK S=Vt. ECJlL.1 3a npL.1HHTbIVl 

,D,Jlfl pac4eTa oTpe30K BpeMeHL.1 t yrneBO,D,OpO,D,bl npL.1 ,D,aHHOVl 

CKOPOCTL.1 ML.1rpal.\L.1L.1 MOryT npOVlTL.1 paCCTOHHL.1e 60JlbWe ,D,JlL.1Hbl 

nepBoro Y4aCTKa, TO CHa4aJla onpe,D,eJlHeTCH BpeMH ML.1rpal.\L.1101 

yrneBO,D,OpO,D,OB no nepBOMY Y4aCTKY, a 3aTeM - paCCTOHHL.1e L.1X 
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Ml'1rpallVIL,., no BTOPOMY yyaCTKY co CBOVlCTBeHHOVI AIlfl Hero 

CKOPOCTblO Ml'1rpa 1l1'1 1'1, a TalOKe cyMMapHoe paCCTOflHl'1e 

Ml'1rpalll'1l'1 3a BpeMfl t. 

nepBOHayaIlbHafl nIlOTHOCTb B 

npl'1KpOBeIlbHOVI 30He KOIlIleKTOpOB Ha BceVi Heqne(ra30 )C60pHOVI 

nIlOl..l.IaAI'1 npl'1MepHO OAI'1HaKOBa VI COCTaBIlfleT q:~r) (cpopMYIla 

3.17 - AIlfl HecpTVI, VlIlVl cpopMYIla 3.27 - AIlfl ra3a). 1I13MeHeHVlfl 

CKopocTeVi MVlrpallVlVl yrneBoAopoAOB Ha OTAeIlbHblX yyaCTKaX 

Ka>KAOrO MVlrpalll'10HHoro npocpVlIlfl npl'1BOAflT K Vl3MeHeHVlflM 

nnOTHOCTI'1 MVlrpl'1pylOll.\VlX yrneBoAopoAOB. 

ECIlVl CKOPOCTb MVlrpallVlVl yrneBoAopoAOB Ha nepBoM, 

60Ilee norpY>KeHHOM yyaCTKe npocpVlIlfl, MeHbwe, yeM Ha 

BTOPOM, 60Ilee npVlnOAHflTOM, TO npOVl30VlAeT YMeHbweHVle 

nnOTHOCTI'1 MVlrpVlpylOll.\VlX yrneBoAopOAOB. ECIlVl Ha nepBOM, 

60Ilee norpY>KeHHOM yyaCTKe npocpl'1Ilfl, CKOPOCTb MVlrpalll'1V1 

60Ilbwe, a Ha cIleAYIOll.\eM MeHbwe, TO npOVl30VlAeT CIlO>KeHVle, 

B03paCTaHVle nIlOTHOCTVI MVlrpVlpylOll.\I'1X yrneBoAopOAOB. ECIlVl 

CKOPOCTVI MVlrpallVlVl yrneBoAopOAOB Ha nepBOM VI CIleAYIOll.\eM 

yyaCTKaX npocpVlIlfl OAVlHaKOBbl, TO nIlOTHOCTb MVlrpVlpylOll.\VlX 

yrneBoAopOAOB OCTaHeTCfl HeVl3MeHHOVI - CKOIlbKO nocTynVlT 

MVlrpVlpylOll.\VlX YB Ha CIleAYIOll.\VlVI 60Ilee npVlnOAHflTblVi yYaCTOK, 

CTOIlbKO >Ke YViAeT C Hero no BOCCTaHVlIO nIlaCTa. 

KOHKpeTHblVi npVlMep HarnflAHO VlIlIllOcTpVlpyeT 3TVI 

nOIlO>KeHVlfl (pVlC. 3.9). npOcpVlIlb COCTOVIT Vl3 AByX yYaCTKoB. 

nepBblVl, 60Ilee norpY>KeHHblVi - 11 KM co CKOPOCTblO MVlrpallVlVl 

HecpTVI 223,6 KM/MIlH. IleT, BTOPOVI paCnOIlO>KeH 
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rlllnCOMeTplll4eCKlil BblWe, C 11 no 26 KM co CKOPOCTblO Mlllrpal..\1II1II 

91,8 KM/MnH. neT. Aanee Ha 27 KM Y>Ke Ha4I11HaeTCf'l 30Ha 

aKKyMynf'll..\1II1II HecpTIil B nOBywKe. 

nnoTHocTb HecpTIil B nplIIKpoBenbHolil 30He KOnneKTOpOB 

(qKPH) COCTaBnf'leT 250 TbIC. T/KM2. nOTeplil HecpTIil Ha 

CPOpMlllpoBaHlile oCTaTo4Holil HecpTeHacblU.\eHHocTIil nopo,q nplII 

naTepanbHolil Mlllrpal..\1II1II (qna\n) paBHbl 140 TbIC. T/KM2, nnOTHOCTb 

HecpTIII, OCTalOl..L.lelilcf'l Mlllrpal..\IIIOHHOCnoco6Holil III MorYl..L.lelil 

aKKYMynlllpoBaTbCf'l B nOBywKe (qaKH) paBHa 110 TbIC. T/KM2. C 

Ka>KAOrO KlilnoMeTpa npocplllnf'l MlllrplilpoBano ,qanee BBepx no 

BOCCTaHlil1O KOnneKTOpOB 110 TbIC. T/KM2. Pac4eT Mlllrpal..\111111 

npolll3Be,qeH Ha KOHel..\ IIIHTepBana BpeMeHIII B 0,1 MnH. neT. 

3a 3TO BpeMf'l no,qBIII>KHaf'l HecpTb ywna C nepBblX 

Halll60nee norpY>KeHHblX 16 KM (0 - 15). nnoTHocTb oCTaTo4Holil 

HecpTIil B 3TOlil 30He OKa3anaCb paBHolil140 TbIC. T/KM2. Ha 16-0M 

KlilnoMeTpe 6blnO HecpTIil 250 TbIC. T/KM2, ywno BBepx no 

BOCCTaHlil1O 110 TbIC. T/KM2, nplllwno C nonf'l norpY>KeHHOrO 

Y4acTKa 110 TbIC. T/KM2. nnoTHocTb HecpTIil OKa3anaCb paBHolil 

250 - 110 + 110 TbIC. T/KM2. C 17 -ro KlilnoMeTpa ywno 

110 TbIC. T/KM2, a nplllwno 110·3 = 330 TbIC. T/KM2, nnOTHOCTb 

HecpTIil OKa3anaCb paBHolil 250 - 110 + 3· 110 = 470 TbIC. T/KM2, III 

TaK ,qanee (pIilC. 3.9). 

B 30He aKKYMynf'll..\1II1II nnOTHOCTb HecpTIil B03pacna 4epe3 

0,1 MnH. neT ,qo 1,35 MnH. T/KM2. npaBlllnbHocTb nplIIBe,qeHHblx 

pac4eToB npOBepf'leTCf'l no 6anaHcy HecpTf'lHbIX yrneBo,qopo,qOB. 
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V1=223.6 KMiMnH. neT 
to= 0 

V2= 91.8 KMiMnH.neT 

KM o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

qKHP 2yO 2?0 2?0 2?0 2rO 2rO 2?0 2rO 2?0 2rO 2rO 210 2?O 2rO 2?O 2~0 2rO 270 2?0 2?O 2?O 2~0 2rO 2?O 2?0 2rO 2~ 2rO L: 7 .1(Y\ 
~ ~"""""" < , , < < , , , ~ , , 

qKP 
H 

N .... 
....:t 

t1= 0.1 MnH. neT 

oaK =0 
H 

250 470 360 470 300 250 250 250 250 250 250 250 L: 7 .106T 

OaK=13510\ 
H 

PVlC. 3.9. npVlMep paclIeTa nnoTHocTeH MVlrpVlPYlOll.\VlX VI aKKYMynVlpYlOll.\VlXCH HecpnlHblx YB 
no npocpVlnlO MVlrpaLlVlVl 



!t1cxoAHoe KOm14eCTBO Hecj:m1 Ha npocpLr1ne B HyneBoLl! 

MOMeHT BpeMeHLr1 6blnO QKPH= 250000 T·28 = 7 MnH. T. Yepe3 

0,1 MnH. neT OHO OKa3anOCb paBHblM QKP H= 16· 140 + 250· 1 + 

470·1 + 360·1 + 250·6 + (110·10 + 250) = 7 MnH. T. 

AHanOrLr14HbIM cnoco6oM npoBoAflTCfI pac4eTbi no BceM 

npocpLr1nflM MLr1rpal4Lr1Lr1 4epe3 paBHble Lr1HTepBanbl BpeMeHLr1 (B 

AaHHOM cny4ae 4epe3 0,1 MnH. neT), nOKa He o Ka>KeTCfI, 4TO Ha 

Bcex npocpLr1nflX B npLr1KpOBenbHOLl! 30He KOnneKTOpOB OCTanaCb 

TonbKO "MepTBafl" HecpTeHaCblllleHHOCTb KOnneKTOpOB, a Bee 

nOABLr1>KHble HecpTflHble YB aKKYMynLr1pOBanLr1Cb B npeAenax 

3aMKHYToro KOHTypa nOBYWKLr1, TO eCTb CPOpMLr1pOBaHLr1e 

MeCTOpO>KAeHLr1f1 3aBepWLr1nOCb. 

B npeAenax KOHTypa 3aMKHYTOLl! nOBYWKLr1 3a C4eT 

HenpepblBHoro nocTynneHLr1f1 yrneBoAopOAOB Lr1X nnOTHOCTb BO 

BpeMeHLr1 B03paCTaeT. OHa paCC4Lr1Tb1BaeTCfI no Ka>KAOMY 

MLr1rpal4Lr10HHOMY npocpLr1ntO; no cyMMe AaHHblX no BceM 

npocpLr1nflM onpeAenfleTCfI cpeAHfIfi nnOTHOCTb 

aKKYMynLr1pOBaHHbIX yrneBoAopOAOB B nOBYWKe Ha Ka>KAblLl! 

Bbl6paHHblLl! Anfl MOAenLr1pOBaHLr1f1 nocneAOBaTenbHblLl! MOMeHT 

BpeMeHLr1 t. 

npaBLr1nbHOCTb paC4eTOB nnOTHOCTLr1 MLr1rpLr1pYlOllILr1X LII 

aKKYMynLllpYlOllILr1XCfI yrneBoAopOAOB no Ka>KAOMY npocpLr1nlO, KaK 

nOKa3aHO paHee, npOBepfleTCfI no 6anaHCY yrneBoAopOAOB. 

061l1ee Lr1X KonLll4eCTBO Ha Ka>KAOM MLllrpal4Lr10HHOM npocpLllne 

npOTfI>KeHHOCTblO B n KLllnOMeTpOB AO Ha4ana naTepanbHOLII 

MLllrpa14L11Lr1 paBHO n· q:~r) . Yepe3 OTpe30K BpeMeHLr1 t OHO AOn>KHO 
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OCTaTbCfl cyMMapHo TeM >Ke CaMbIM, TOJlbKO Ha OTAeJlbHblX 

Y4aCTKaX npOcplt1Jlfl nJlOTHOCTb YB BpeMeHHO B03pOCJla, It1JlIt1 

YMeHbWIt1JlaCb, a B 30He aKKyMyJlfl41t11t1 HeYKJlOHHO B03paCTaJla. 

Ha KOHe4Hbliil MOMeHT BpeMeHIt1 CPOpMlt1pOBaHlt1fl MeCTOpO>KAeHlt1fl 

Ha Bcex MIt1rpa41t10HHbiX npocplt1JlflX HecpTe(ra30)c6opHOiil 

nJloll.\aAIt1 nJlOTHOCTb yrneBoAopOAOB naAaeT AO MIt1HIt1MYMa, 

xapaKTepHoro AJlfl OCTaT04Hoiil, "MepTBoiil" HecpTe­

(ra30 )HaCblll.\eHHOCTIt1 KOJlJleKTOpOB, a B npeAeJlaX 3aMKHYToro 

KOHTypa JlOBYWKIt1 - B03paCTaeT BCJleACTBlt1e 3aBepWeHIt1fl 

aKKyMyJlfl41t11t1 AO MaKCIt1MYMa, xapaKTeplt13YIOll.\ero nJlOTHOCTb 

HecpTIt1 (It1JlIt1 ra3a) B CCPOpMlt1pOBaHHOM MeCTOpO>KAeHIt1It1. 

nJlOTHOCTb MIt1 rplt1 py 10 ll.\1t1 X It1 aKKYMYJlIt1PYIOll.\It1XCfl B 

JlOBYWKe yrneBoAopOAOB paCC41t1TbiBaeTCfl Ha Ka>KAbliil 

nOCJleAOBaTeJlbHbliil MOMeHT BpeMeHIt1 no BceM MIt1rpa41t10HHbiM 

npocplt1JlflM HecpTe(ra30 )C60pHOiil nJl0 ll.\aAIt1 AJlfl Ka>KAOrO 

KIt1JlOMeTpOBoro Y4aCTKa. TaKIt1M 06pa30M, BCfl 

HecpTe(ra30 )c60pHafl nJlOll.\aAb nOKpblBaeTCfl AOCTaT04HO rycToiil 

ceTblO T04eK, B KOTOPblX onpeAeJleHa nJlOTHOCTb Mlt1rplt1pYIOll.\It1X 

YB It1 nJlOTHOCTb aKKYMYJllt1pOBaHHblX YB B npeAeJlax JlOBYWKIt1 Ha 

Bbl6paHHbie AJlfl MOAeJlbHblX paC4eTOB MOMeHTbl BpeMeHIt1 - OT 

nepBoro, KorAa Ha4aJlaCb BOCXOAflll.\afl JlaTepaJlbHafl MIt1rpa41t1fl 

YB B KOJlJleKTOpax, AO nOCJleAHerO, KorAa Bce nOABIt1>KHble YB 

OKa3aJllt1Cb aKKYMYJllt1pOBaHHblMIt1 B JlOBYWKe. 

C It1CnOJlb30BaHIt1eM 3TIt1X AaHHblX COCTaBJlfllOTCfl 

AeTaJlbHble KapTbl nJlOTHOCTeiil Mlt1rplt1pylOll.\It1X It1 

aKKYMYJlIt1PYIOll.\It1XCfl B JlOBYWKe yrneBoAopOAOB Ha 
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onpeAeneHHble IIIHTepBanbl BpeMeHIll - OT Ha4ana BOCXOAS'llllelli 

naTepanbHolli Mllirpalllllill AO ee 3aBepWeHIIIS'l, KOrAa nOABIII>KHble, 

MllirpalllllOHHOCnoco6Hbie YB aKKYMynlllpoBaHbl B nOBYWKe, a 3a 

ee KOHTYPOM KOnneKTOpbl xapaKTeplll3YIOTCS'l COAep>KaHllleM 

TonbKO oCTaTo4Holli, "MepTBolli" Hecj:ne(ra30 )HaCblllleHHOCTIll. 

AnS'l COCTaBneHIIIS'l TaKIIIX KapT, xapaKTeplll3YlOllIlliX pa3BIIITille 

npolleccoB Mllirpalllllill III aKKyMynS'l1l1ll1ll yrneBoAopOAOB B xOAe 

reonorlll4eCKoro BpeMeHIII, Halll60nee npllleMneM MacwTa6 

1: 1 00 000 IIInlll 1 :200 000. KOMnneKT TaKIllX KapT xapaKTeplll3yeT 

pa3BIIITille npolleccoB BOCXOAS'llllelli naTepanbHolli Mllirpalllllill III 

aKKyMynS'l1l1ll1ll YB B nOBywKe 1113Y4aeMoili Hecj:ne(ra3o )c6opHolli 

nnOlllaAIil B XOAe reonorlll4ecKoili IIICTOPIIIIII 4epe3 onpeAeneHHble 

paBHble npOMe>KYTKIll BpeMeHIll. 

B Ka4eCTBe nplllMepa paccMoTplllM pe3ynbTaTbi 

MOAenlllpOBaHIIIS'l naTepanbHolli Mllirpalllllill III aKKyMynS'l1l1ll1ll Hecj:>TIII 

B C.-BapberaHcKoM MeCTOpO>KAeHIIIIII 3anaAHoili CIII6111pIII (pIllC. 

3.10). Pac4eTbi COCTOS'lHIIIS'l MllirpallllloHHblX npolleccoB III 

aKKyMynS'l1l1ll1ll Hecj:>TIII B nOBywKe npolll3BoAlllnlllcb III OTpa>KanlllCb 

Ha cooTBeTcTBYlOllIlliX KapTax AnS'l nocneAOBaTenbHblX :nanOB 

BpeMeHIll 4epe3 Ka>KAble 0,1 MnH. neT naneoreHOBoro BpeMeHIII, 

KorAa npOIIICXOAllino cj:>OpMlllpOBaHllle MeCTOpO>KAeHIIIR 

Ao Ha4ana naTepanbHolli Mllirpalllllill (0 MOMeHT) nnOTHOCTb 

Hecj:>TS'lHbIX YB, CKonIllBWIo1XCS'l B nplo1KpoBenbHolli 30He 

KOnneKTOpOB Ha BceVi Hecj:>Tec6opHOVi nn 0 llIaA 101 6blna 

AOCTaT04HO OAHOPOAHOVi 101 COCTaBnS'lna OKono 250 TbIC. T/KM2. 
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BcneACTB~e Ha4aBWe~CH naTepanbHO~ M~rpa~~~ 

nnOTHOCTb HecpTHHblX YB Ha HecpTec60pHO~ nnoLllaA~ Ha4ana 

CYLlIeCTBeHHO A~cpcpepeH~~pOBaTbCH, CH~>KaHCb AO 140 TbIC. T 

Ha Ha~60nee norPY>KeHHbiX Y4acTKax ~ B03pacTaH Ha 

np~noAHHTbIX, K KOTOPblM npo~cxoA~no BcnnblBaH~e HecpT~. 

Y>Ke 4epe3 0,1 MnH. neT co 3Ha4~TenbHo~ 4aCT~ HecpTec60pHO~ 

ywn~ np~ BcnnbIBaH~~ Bce nOAB~>KHble 

M~rpa~~OHHocnoc06Hble HecpTHHbie YB ~ B np~KpOBenbHO~ 

30He KOnneKTOpOB OCTanaCb TonbKO "MepTBaH" OCTaT04HaR 

HecpTeHaCblLlleHHOCTb C nnOTHOCTblO B 140 TbIC. T/KM2. 

OAHoBpeMeHHo B Ha~60nee np~noAHHTbiX 30Hax 

06pa30Ban~cb KpynHble CKonneH~H M~rp~pyIOLlIe~ HecpT~ c 

nnOTHOCTblO HecpTHHblX YB AO 250 - 360 ~ 60nee TbIC. T/KM2, 

BcnnblBalOLlI~e K np~noAHHTo~ nOBywKe. Ha4anacb 

aKKyMynH~~R HecpT~ B nOBywKe, nnOTHOCTb aKKyMyn~poBaHHblx 

B He~ HecpTRHblX YB AOCT~rana 1350 TbIC. T/KM2. 

Lfepe3 0,3 MnH. neT Ha npe06naAalOLlIe~ 4aCTill 

HecpTec60pHO~ nnOLllaA~ B np~KpOBenbHO~ 30He KOnneKTOpOB 

OCTanaCb TonbKO "MepTBaH" HecpTeHaCblLlleHHOCTb nopoA, a 

OCHOBHaH 4aCTb KpynHblx cKonneH~~ M~rplllpyIOLlIe~ HecpTIll 

"Bn~nacb" B nOBywKY, nnOTHOCTb aKKYMyn~poBaHHo~ HecpT~ B 

KOTOpO~ AOCT~rna 2324 TbIC. T/KM2. Ha 3TOM 3Tane (0,3 MnH. 

neT) Ha KapTe B~AHa TonbKO cep~H He60nbW~X HecpTHHblX 

CKonneH~~, BcnnblBalOLlI~X K nOBYWKe C ceBepHO~ 4aCTill 

HecpTec60pHO~ nnOLllaA~. 

222 



Yepe3 0,5 M11H. 11eT n0110SII1Ha 3TII1X scn11blSalOll.lll1X C eesepa 

Hecj:mlHblx cKOn11eHII1~ ,lJ,OCTlI1rna 110SYWKII1, n110THOCTb He¢TII1 S 

KOTOpO~ s03pac11a ,lJ,O 2556 TbIC. TiKM2, a OCTaJlbHble eeMb 

CKOn11eHII1~ He¢TII1 npIl1611I11>KaIOTCfI K l1osywKe. 

Yepe3 1,0 M11H. 11eT aKKYMy11f1L\II1f1 He¢TII1 S l10sywKe 

npaKTII14eCKII1 n04TII1 3aSepWII111aCb, n110THOCTb He¢TII1 S He~ ,lJ,OCTlI1rna 

2700 TbIC. TiKM
2
, a Tpll1 nOC11e,lJ,HII1X He6011bWII1X CKOn11eHII1f1 He¢TII1 

y>Ke n04TII1 sn11oTHYIO nO,lJ,OW11111 npll1 scn11blSaHII1I11 K l1osywKe. Yepe3 

1,1 M11H. 11eT npoL\eccbl MlI1rpaL\1I1111 He¢TII1 111 aKKYMy11f1L\1I1111 ee s 

l10sywKe n011HOCTblO 3aSepWII111I11Cb, 111 n110THOCTb He¢TII1 S He~ 

,lJ,OCTlI1rna 2712 TbIC. TiKM2. 

nOTeHL\lI1aJlbHble pecypcbl C. -BapberaHcKoro 

MeCTOpO>KAeHII1f1 Ha na11eoreHosoe speMfI OL\eHeHbl HaMill no 3TII1M 

p,aHHbIM s 329 M11H. T, 4TO Ha 24 % npesblwaeT OTKpblTble 

npoMblw11eHHble 3anaCbl He¢TII1 Ha cospeMeHHoM 3Tane. 3To 

npeSblWeHlI1e MO)KHO 06bflCHII1Tb 11111111 HeKoTopo~ HeT04HOCTblO 

p,aHHbIX npll1 Mop,e11l11pOSaHII1I11 npoL\eccos MlI1rpaL\1I1111 111 aKKYMY11f1L\1I1111 

He¢TII1, 11111111, 4TO TaK>Ke sepoflTHo, nOTepflMII1 He¢TII1 1113 

MeCTOpO>KAeHII1f1 3a speMMfI era CYll.leCTSOsaHII1f1 s Te4eHII1e 20 M11H. 

11eT. 

OnblT npOse,lJ,eHHblx II1cc11ep,OSaHII1~ nOKa3blsaeT, 4TO 

¢OpMlI1pOSaHlI1e He¢TflHbIX MeCTOpO>KAeHII1~ s n11aT¢opMeHHblx 

YC110SIl1f1X s 6011bWII1HCTSe 1I13Y'-leHHblx C1lY'-laes npOIl1CXOp,II1T npll1 

11aTepa11bHo~ MlI1rpaL\1I1111 3a nepll1o,lJ, SpeMeHII1 OT 1 p,o 2 MII111111110HOS 

11eT, a ra30SbiX MeCTOpO>KAeHII1~ seera 11I11Wb 3a 20 - 30 TbIC. 11eT. 
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rnaaa 4. OUEHKA nOTEHU~AnbHbIX PECYPCOB 

HE<I>T~ ~ rA3A HA OCHOBE KOn~4ECTBEHHOrO 

MO,QEn~POBAH~fI npOUECCOB rEHEPAU~~, 

M~rpAU~~ ~ AKKYMYnflU~~ YrnEBO,QOPO,QOB 

Ao nOC11eAHero BpeMeHI1 OCHOBHblM MeTOAOM 04eHKI1 

nOTeH411a11bHb1X pecypcoB yrneBoAopOAOB B POCCI1I1 OCTaeTCR 

MeTOA CpaBHI1Te11bHOro re0110rl14eCKOro aHa11113a 04eHI1BaeMOro 

re0110rl14eCKOro 06beKTa C aHa110rl14HblM XopOWO 113Y4eHHbiM 

re0110r114eCKI1M 06beKTOM. B KOTOPOM B pe3Y11bTaTe npOBeAeHI1R 

n0I1CKOBO-pa3BeA04HbIX pa60T BbIRB11eHbl Bce OCHOBHble 

MeCTOpO>KAeHI1R HecpTI1 11 ra3a 11 04eHeHbi I1X 3anaCbl. 

A11R 04eHKI1 nOTeH411a11bHb1X pecypcoB HecpTI1 11 ra3a Ha 

HOBbli:1. c11a60 113Y4eHHbli:1 06beKT. no aHa110rl1l1 C XopOWO 

113Y4eHHbiM 3Ta110HHbIM. pacnpOCTpaHRIOTCR TaKl1e 

xapaKTepl1CTI1KI1. KaK cpeAHRR n110THOCTb 3anaCOB Ha 1 KM2 (Ha 1 

KM3 ocaAKoB). 111111 Be1111411Ha 3anaCOB yrneBoAopoAOB B pac4eTe 

Ha ocpeAHeHHYIO CTpyKTypy. 

HenocpeAcTBeHHo no caMoMY o4eHI1BaeMoMY o6beKTY C 

YCTaHoB11eHHoi:1 HecpTera30HocHOCTbIO I1HorAa np0l13BOAI1TCR 

nOAC4eT nOTeH411a11bHb1X pecypcoB no o6beMY 

npeAno11O>KI1Te11bHO npoAYKTI1BHblX pe3epByapoB B npeAe11ax 

BbIRB11eHHbIX 3aMKHYTbiX 11oByweK. TO eCTb no 06beMY nOCYAbl. a 

He no K011114eCTBY 11 MelOll.Iei:1CR )f{I1AKOCTI1. nOCK011bKY He 

CYll.leCTByeT AByX n011HOCTblO T0>KAeCTBeHHbIX re0110r114eCKI1X 

06beKTOB 11 HOBbli:1 04eHI1BaeMbli:1 06beKT no PRAY npl13HaKOB 
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BcerAa OT11lll4aeTCfl OT :na11oHHoro, a B pflAe C11Y4aeB Boo6l1\e 

He IIIMeeT aHa11oroB, OlleHKa nOTeHllllla11bHblX pecypcoB HecpTIII III 

(11111111) ra3a HOBOro re011orlll4eCKoro 06beKTa 3TIIIMIII MeTOAaMIII 

HeIll36e>KHO npOlll3BOAIIITCfl C HIII3KOill BepOflTHOCTblO III T04HOCTblO. 

K TOMY >Ke OlleHKa T011bKO CYMMapHblX nOTeHllllla11bHblX pecypCOB 

yrneBoAopOAOB Ha n110l1\aAIII HOBOro re011orlll4eCKoro 06beKTa 

Y>Ke He YAOB11eTBopfleT, nOMIIIMO 3Toro Heo6xOAIIIMO OlleHIIIBaTb 

nOTeHllllla11bHble pecypCbl HecpTIII III ra3a Ha KOHKpeTHblX 

110Ka11bHblX CTpYKTypax 11llllleH31110HHoro Y4aCTKa. 

HaY4Hoo6oCHOBaHHafl opraHIII4eCKafl (ocaA04HO-MlllrpallIllOHHafl) 

Teoplllfl 06pa30BaHlllfl HecpTIII III ra3a III CPOpMlllpOBaHlllfl 

MeCTOpO>KAeHIIIIII yrneBoAopOAOB, a OlleHKa nOTeHllllla11bHblX 

pecypcoB HecpTIII III ra3a npOlll3BOAIIITCfl cyry60 3Mnlllplll4eCKIIIMIII 

MeTOAaMIII, 6e3 IIIcn011b30BaHlllfl TeoplIIlII. 

Me>KAY TeM ocaA04HO-MlllrpalllllOHHafl Teoplllfl 06pa30BaHlllfl 

HecpTIII III ra3a Y>Ke AOCTlllrna TaKoro YPOBHfl, 4TO AaeT 

B03MO>KHOCTb K011lll4eCTBeHHO onlllCblBaTb npOlleCCbl reHepalllll1ll 

HecpTIII III ra3a, Mlllrpallllllll III aKKyMy11fllllll1ll yrneBoAopOAOB B 

IlOBYWKax, III OlleHIIIBaTb Ha 3TOIII OCHOBe nOTeHllllla11bHble 

pecypcbl HecpTIII III ra3a KaK perlllOHa11bHblX re011orlll4eCKIIIX 

06beKTOB, TaK III OTAe11bHblX 110ByweK B IIIX npeAe11ax. 

n03TOMY IIIcn011b30BaHllle HOBOIII MeTOAIIIKIII OlleHKIII 

nOTeHllllla11bHblX pecypcoB HecpTIII III ra3a Ha OCHOBe 

K011lll4eCTBeHHOrO MOAe11lllpOBaHlllfl npOlleCCOB reHepallllllll, 

Mlllrpallllllll III aKKyMy11fllllll1ll yrneBoAopOAOB B 110BYWKax He 
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aHanon14Horo, a caMoro 014eHII1BaeMOro reOnOrll14eCKOro 

06beKTa, npeAcTaBnfleTcfl BeCbMa nepCneKTII1BHbiM. 

nOcneAOBaTenbHbl1ll KOnll14eCTBeHHblill aHanll13 np014eCCOB 

06pa30BaHII1fl HecpTII1 111 (II1nll1) ra3a, HanpaBneHII1I11, CKopOCTelil 111 

paCCTOflHlI1111 MlI1rpa14l11l11; nYTeBblx MlI1rpa141110HHblX nOTepb OT 

MaTepll1HCKII1X nopoA AO nOByweK B ycnoBlI1flx KOHKpeTHoro 

014eHII1BaeMOro reOnOrll14eCKOro 06beKTa AaeT B03MO>KHOCTb 

014eHKII1 nOTeH14l11anbHblx pecypcoB HecpTII1 111 (II1nll1) ra3a KaK B 

14enOM Anfl 1I13Y4aeMoro perll10HanbHoro reOnOrll14eCKOro 

06beKTa, TaK 111 Anfl oTAenbHblx nOByweK. MeTOAII1Ka, 

cooTBeTcTBYIOl1\lI1e cpopMynbl 111 npll1eMbl KOnll14eCTBeHHoro 

aHanll13a Bcex np014eCCOB, BeAYl1\II1X K CPOpMlI1pOBaHlI11O 

MeCTOpO>KAeHII1I11 111 pecypcoB yrneBoAopoAoB B HII1X, 

paccMoTpeHbl B npeAblAYl1\II1X rnaBax. 

nOTeH14l11anbHble pecypcbl HecpTII1 111 (II1nll1) ra3a 

014eHII1BaIOTCfl no pa3HOCTII1 Me>KAY KOnll14eCTBOM 

3MII1rpll1pOBaBWll1X 1113 MaTepll1HCKII1X nopoA yrneBoAopoAOB 101 

nYTeBblx MlI1rpa14I110HHbIX nOTepb YB B npeAenax KOHKpeTHoro 

1I13Y4aeMoro 06beKTa. 

Anfl 3Toro Heo6xOAII1MO, KOHe4Ho, o6naAaTb 

onpeAeneHHblM MII1HII1MYMOM reonoro-reOXII1MlI14eCKOIll 

II1HcpopMa14111111 no xapaKTepll1CTII1Ke MaTepll1HCKII1X nopoA: Io1X 

MOl1\HOCTII1, reHeTII14ecKoMY TlI1ny OpraHII14eCKOro Bel1\eCTBa, 

KOH14eHTpa14111111 Copr., CTeneHII1 KaTareHe3a OB; no CTpyKTYPHO-

TeKTOHII14eCKII1M oco6eHHOCTflM OL\eHII1BaeMOro 

onpeAenfllOl1\II1M HanpaBneHlI1fl, paCCTOflHlI1fl, CKOPOCTII1 MlI1rpa14l11101 
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VI MltlrpaWItlOHHbie nOTepltl yrneBoAopOAOB; no MOLl.\HOCTItI ItI 

CBO~CTBaM KOnneKTOpOB ItI T.A. TaKafl ItIHcpopMaWltlfl 06bl4HO B 

BItIAe perltlOHanbHblX CTPYKTYPHo-reonorItl4eCKItIX ItI 

reOXItIMItI4eCKItIX KapT, ItInltl XOTfI 6bl B BItIAe aHanItlTItI4eCKO~ 

VlHCPOPMaWItlItl, ItIMeeTCfI no Ka>KA0MY ocaA04HOMY 6acce~HY. 

Pa3YMeeTCfI, 4TO 4eM T04Hee 6YAYT onpeAeneHbl 

VlcxOAHbie napaMeTpbl, Heo6xOAItIMbie Anfl KOnltl4eCTBeHHoro 

MOAenltlpOBaHltlfI reHepaWItlItl, MltlrpaWltl1tl ItI aKKYMynflWltl1tl HecpTItI ItI 

ra3a, TeM 06beKTItIBHee ItI T04Hee 6YAeT Ha ItIX OCHOBe oweHKa 

nOTeHWltlanbHblX pecypcoB yrneBoAopOAOB. 

OCHOBO~ Anfl npOBeAeHltlfI pa60T no oweHKe 

nOTeHWltlanbHblX pecypcoB yrneBoAopOAOB flBnfleTCfI KOMnneKT 

KapT, aT pa>t<a 10 Ll.\ItIX CTpyKTyPY 1t13Y4aeMoro 06beKTa, 

pacnpOCTpaHeHltle B HeM VI MOLl.\HOCTb BblflBneHHblX HecpTe­

(ra30 )MaTepItlHCKItIX omO>t<eHItI~; pacnpOCTpaHeHltle ItI MOLl.\HOCTb 

KOnneKTOpOB; cOAep>t<aHltle ItI Tltln ItICXOAHOro Anfl reHepaWltl1tl 

yrneBoAopOAOB OpraHItI4ecKoro BeLl.\eCTBa MaTepltIHCKItIX nopOA; 

CTeneHb KaTareHe3a (3penOCTItI) OpraHItI4eCKOro BeLl.\eCTBa, 

OTpa>t<alOLl.\YIO KaKafl CTaAltlfI reHepaWltl1tl HecpTItI (ItInltl ra3a) ItIM 

AOCTltlrHYTa B xOAe reOnOr1tl4eCKO~ ItICTOpltl1tl 1t13Y4aeMoro 

reOnOrltl4ecKoro 06beKTa. 

Ha 3TO~ OCHOBe npOltl3BOAflTCfI paC4eTbi nnOTHOCTe~ 

reHepaWltl1tl ItI 3MltlrpaWltlltl HecpTItI ItI (ItInltl) YB ra3a, nnOTHOCTe~ 

nOTepb HecpTItI ItI (ItInltl) ra3a Ha nyTflx MltlrpaWltl1tl YB aT 

MaTepltIHCKItIX nopOA AO nOByweK, a 3a Bbl4eTOM 3TItIX nOTepb -

nnOTHOCTe~ aKKyMynflWltl1tl HecpTItI ItI ra3a B OTAenbHblX T04Kax, 
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paBHOMepHO pacnpeAeIleHHblX no nIlOll.\aAItl 1tl3Y4aeMoro 11 

04eHItlBaeMoro reOIlorltl4ecKoro 06beKTa. 

nIlOTHOCTb aKKyMyIl5l41tl1tl HecpTItl B Il1060ril T04Ke Ha 

04eHiliBaeMoro reOIlorlll4eCKoro 

onpeAeIl5leTC5I KaK 

q
aK = qJM _ qBepT _ qnaT 
H H Hn Hn 

qH3M - nIlOTHOCTb 3Mlllrpa4111111 HecpTIII, 

(4.1 ) 

qHnBepT 
- nIlOTHOCTb nOTepb HecpTIll nplll ee BepTIliKaIlbHoril 

Mlllrpa4111111 1113 MaTeplIIHCKIliX nopOA no cy6BepTiliKaIlbHbiM 

TpeIl.\IIIHHO-nopOBbIM KaHaIlaM AO KpOBIlIll aKKyMyIlllipylOll.\l1X 

KOIlIleKTOpOB, 

qHn naT - nIlOTHOCTb nOTepb HecpTI1 nplll BOCXOA5Ill.\eril 

IlaTepaIlbHoril Mlllrpa4111111 B npl1KpOBeIlbHoril 30He KOIlIleKTOpOB Ha 

06pa30BaHille OCTaTo4Horil, "MepTBoril" HecpTeHaCblll.\eHHOCTIli. 

MeTOAIliKa III CPOPMYIlbl AIl51 paC4eTa 3TIIIX napaMeTpOB 

AaHbl B rIlaBaX 1 III 3 (cpOPMYIlbl 1.24; 3.16; 3.19), a AaHHbie 0 

cpeAHl1x BeIll1411HaX K03CPCPlll411eHToB 3M III rpa4111 III no CTaAIII5IM 

KaTareHe3a - B rIlaBe 2 (Ta6Il. 2.1). 

CooTBeTcTBeHHo nIlOTHOCTb a KKyMyIl51 4111 III YB ra3a 

onpeAeIl5leTC5I KaK 

q
aK = qJM _ qPH _ qPB _ qBepT _ qnaT 
r r rn rn rn rll (4.2) 

q/M _ nIlOTHOCTb 3Mr.1rpa 4 111111 YB ra3a, 

q,/H _ nIlOTHOCTb nOTepb YB ra3a nplll pacTBopeHlII1II B 

HecpTIII, 
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q,lB - n110THOCTb nOTepb YB ra3a nplr1 paCTBOpeH1r11r1 B 

n11aCTOBbIX BOAaX K01111eKTOpOB, 

qrn
BepT 

- n110THOCTb nOTepb YB ra3a nplr1 BepTIr1Ka11bHOVi 

Mlr1rpal.\1r11r1 ero no CIr1CTeMe cy6BepTIr1Ka11bHblX Tpel1\Ir1HHO-

nopOBblX KaHa110B nopoA AO KpOB111r1 aKKyMy11lr1pylOl1\lr1X 

K01111eKTOpOB, 

qrn naT - n110THOCTb nOTepb YB ra3a nplr1 BOCXOAfll1\eVi 

11aTepa11bHOVi Mlr1rpal.\1r11r1 Ha 06pa30BaHIr1e OCTaTO'-lHOVi, "MepTBOVi" 

ra30HaCbll1\eHHOCTIr1 B npIr1KpOBe11bHOVi 30He K01111eKTOpOB. 

CVOPMY11bl A11f1 paC'-IeTa 3TIr1X napaMeTpOB nplr1BeAeHbl B 

rnaBax 1 Ir1 3 (cpOPMY11bl 1.25; 3.23 - 3.26; 3.29). 

n110THOCTb aKKyMy11f1l.\1r11r1 HecpTIr1 (ra3a) 03Ha'-laeT, '-ITO OT 

reHeplr1pOBaHHblX Ir1 nocTynlr1Bwlr1x nplr1 Mlr1rpal.\1r11r1 B n11aCTbl-

K01111eKTOpbl yrneBoAopOAOB nOC11e Ir1X 

Mlr1rpal.\1r10HHble nOTeplr1 OCTaeTCfI B paC'-IeTe Ha 1 KM2 

onpeAe11eHHOe K011Ir1'-1eCTBO nOABIr1>KHbIX YB (HecpTIr1 Ir1 (1r1111r1) 

ra3a), KOTopble aKKYMY11Ir1PYIOTCfI B 110BywKax. 

nOTeHl.\lr1a11bHble pecypcbl HecpTIr1 Ir1 (1r1111r1) ra3a 

onpeAe11f1IOTCfI A11f1 nOAC'-IeTHOrO Y'-lacTKa Ol.\eHIr1BaeMOVi 

n11011\aAIr1 re0110rlr1'-1eCKOrO 06beKTa KaK 

QnOT s aK 

H(r) = Y4.· q H(r) (4.3) 

rAe SY4 - n11011\aAb nOAC'-IeTHOrO Y'-laCTKa, 

qa"e(r) - n110THOCTb aKKyMy11f1l.\1r11r1 HecpTIr1 (ra3a) B paC'-IeTe Ha 
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CYMMapHble nOTeH41i1anbHbie pecypcbl HecpTIii (ra3a) 

04eHIiIBaeMOrO reOnOrlil4ecKoro 06beKTa onpeAemHOTCfl KaK 

I Q:~;) no BceM nOAC4eTHbiM Y4aCTKaM. 

Ha nepBOM :nane 06bl4HO npOlil3BOAIiITCfl 04eHKa 

nOTeH41i1anbHbiX pecypcoB HecpTIii iii (liinlil) ra3a B 4enOM Anfl 

1i13Y4aeMoro reonorlil4eCKoro 06beKTa, a Ha BTOPOM, nplil 

Han iii 4 iii iii Heo6xOAIiIMolii IiIHcpopMa41i11i1, 04eHKa nOKanlil30BaHHbiX 

nOTeH41i1anbHbiX pecypcoB yrneBoAopOAOB B OTAenbHblX 

nOBYWKax. 

Ha nepBOM :nane no IiIMelOLlIIiIMCfl MaTepliianaM Allfl 

1i13Y4aeMoro reonorlil4eCKoro 06beKTa npOlil3BOAIiITCfl nOCTpoeHlile 

KapT MOLllHOCTelii MaTepliIHCKIiIX OTnO)f{eH iii iii , pacnpeAelleHlilfl Copr. 

B MaTepliIHCKIiIX nopOAax, KapT MOLllHOCTelii KOnneKTOpOB, KapT 

CTeneHIiI KaTareHe3a opraHIiI4eCKoro BeLlleCTBa MaTepliIHCKIiIX 

nopOA. 3aTeM C IiIcnonb30BaHlileM :nolil IiIHcpopMa41i11i1 

npOlil3BOAflTCfl paC4eTbi nnOTHOCTelii 3M iii rpa41i1 iii HecpTIii iii (liIllli1) 

ra3a no nnoLllaAIii 1i13Y4aeMoro 06beKTa iii nocTpoeHlile KapT 

nnoTHocTelii 3Mlilrpa41i11i1 HecpTIii iii (liinlil) ra3a Anfl o4eHIiIBaeMoro 

06beKTa no MeToAIiIKe, npeAnO)f{eHHOIii A.3. KOHTopoBIiI4eM. ,o,nfl 

3Toro nnoLllaAb 1i13Y4aeMoro 06beKTa nOKpblBaeTcfl 

opTorOHanbHolii ceTblO iii pac4neHfleTcfl Ha ceplillO paBHblx no 

nnoLllaAIii npflMoyronbHblx Y4acTKoB, Anfl KOTOPblX no cpopMYllaM 

1.24 iii 1.25 npolil3BoAflTCfl pac4eTbi nnoTHocTelii 3Mlilrpa41i11i1 

HecpTIii (06bI4HO B MnH.T/KM2) iii (liinlil) YB ra3a (06bI4HO B MnpA. 

M3/KM2). 
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Ha OCHOSe 3n1X paC'''leTOS CTPOflTC51 KapTbl nnOTHocTeJiJ 

3M~rpa4~~ Hect:>T~ ~n~ YB ra3a .. 

nnOL4aAb ~3y4aeMorO reOnOr~4eCKOrO 06beKTa Ha KapTaX 

V130n~H~JiJ nnOTHOCT~ 3M~rpa4~~ Hect:>T~ (~n~ ra3a) cpa3y )f(e 

AV1cpcpepeH4~pyeTC51, SbIAen51IOTC51 30Hbl C H~3KOJiJ (~n~ Aa)f(e 

HynesoJiJ nnOTHOCTblO 3M~rpa4~~ HecpT~ (~n~ ra3a), 30Hbl C 

nOSblweHHoJiJ ~ MaKC~ManbHoJiJ nnOTHOCTblO 3M~rpa4~~ 

yrnesoAopOAOS .. 

np~Mepbl nOCTpOeH~51 TaK~X KapT no lOry 3anaAHoill 

C~6~p~ np~seAeHbl Ha p~c .. 4 .. 1 - 4..4 .. 

nnOL4aAb ~3y4aeMoro 06beKTa no nnOTHOCT~ 3M~rpa4~~ 

HecpT~ xopowo A~cpcpepeH4~pyeTC51 (p~c .. 4.1). MaKc~ManbHblx 

3Ha4eH~JiJ nnOTHOCTb 3M~rpa4~~ HecpT~ AOCT~raeT S KpaillHeJiJ 

cesepo-socTo4Hoill 30He (0,6 - 0,7 MnH. T/KM2), a 3aTeM AosonbHO 

6blCTPO CH~)f(aeTC51 S IO)f(HOM ~ IOrO-3anaAHOM HanpaSneH~51X AO 

0,10 - 0,05 MnH. T/KM2 ~ AOCT~raeT Hynesoro 3Ha4eH~51 Ha 

KpaJiJHeM lOre. npo~CXOA~T 3TO S pe3ynbTaTe CH~)f(eH~51 

MOL4HOCT~ MaTep~HcK~X nopoA, KOH4eHTpa4~~ S H~X Copr. ~ 

CTeneH~ KaTareHe3a opraH~4eCKoro seL4eCTSa MaTep~HCK~X 

nopOA. 

nOCTpOeHHa51 An51 3TOJiJ Tepp~TOp~~ KapTa nnoTHocTeill 

aKKyMyn514~~ HecpT~ (p~c. 4 .. 2) COAep)f(~T eL4e 60nee Sa)f(HYIO 

~HcpopMa4~1O.. Ha cesepe SbIAen51eTC51 30Ha aKKyMyn514~~ 

HecpT~. 

nnOTHOCTb ee aKKYMyn51~~ AocrnraeT MaKC~ManbHbIX 3Ha4eH~JiJ 

Ha KpaJiJHeM C8sepo-SOCT04HOM Y4aCTKe - AO 0,25 - 0,3 MnH. Tliw? 
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YCJ10BHble 0603Ha'leHMJI 

rpaHIo1l.\bl a/l,MHHHCTpaTI1BHblX paiiOIlOB nnOTH. SMYlrp. He¢TI'I, MnH T/KM2 

o rpaHlJIl.\bI m'll~eH3HOHHI>IX Y48CTKOB 0,06-0,1 

o rpaHl-ll(a AeMM1HCKOrO npoeKTB 0.11-0,2 

0,21-0,3 

0,31-0,4 

0,41-0,5 

0,51-0,6 

0,61·0,7 

PMC. 4.1. nl10THOCTb 3MMrpaLlMM He<i>TM 143 rI1MHMCTblX 

MaTepMHCKMX nOpOA CpeAHeM IOpbl 



YcnOBHbie 0603Ha'ieHKA 

rpaHI1~bl a.QMHHHCTpaTHBHblX PBL10HOB nnOTH BKKYM , MIlH.TfKM2 

o rpBHHLJ,bl IlHu,eH3HOHHblX Y'"IaCTKOB 

D rpaHH~a AeMb51HCKOfO npOeKTa 
0-0.025 

0.026-0.05 III 0.16-0.2 

0,06-0,1 _ 0,21-0.25 

0,11-0,15 _ 0,26-0,3 

PI4C. 4.2. nl10THOCTb aKKyMyl1J11.\1414 HelPTI4 B cpeAHelOpcKl4x 

OTI10>KeHI4J1X 
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YcnOBHbie 060lH8'ieHMft 

rpaliHlIbI aAMHHHCrpaTH8HblX pa.:ioHoB CYM. nnOTH., I.WAA·M3/~M2 

o rpSHHL\blIl114eH3MOHHblX '('iaCTK08 

o rpaHHlIa AeMb$lHCKOro npoeua 0-0,1 

0,11-0.2 

0,61-0,7 

0,31-0,4 0,71-0,8 

0,41-0,5 III 0,81-0,9 

0,51·0,6 _ 0,9"',0 

PMC. 4.3. CYMMapHa$l nnOTHOCTb reHepallMM YB ra3a OB 
rnMHMCTblX MaTepMHcKMX nopoA M yrneH cpeAHeH IOpbl 



YcnOBHbie 060JHa'ieHMA 

rpaHI4~b! aAMI4Hli1CTpaTli1BHblX pa~OH08 nnOTHOCTb J MnpA.M1KM
2 

o rpaHlol~bl fllo1L\eHJlolOHHbIX Y"IaCTKOs 

o rpaHI4L\a AeMbRHcKoro npoeKTa 

° 
0·0,005 

0,006·0,05 

0,06·0,1 

RIIO,11.0,15 

_ 0,16·0,2 

PI1C. 4.4. nI10THOCTb aKKYMymll.11111 ra3a B cpeAHelOpcKl1x 

OTI10>KeHI1S1X npl1 BepTI1KaI1bHOM Ml1rpalll1l1 He 6oI1ee '1eM 

Ha 10-80 M Bblwe I1X KpOBI111 (Y'l. 9, 11, 12, 15-18) 11 He 6oI1ee '1eM 

Ha 200-600 M Bblwe I1X KpOBI111 (Y'l. 1-5, 10) 
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B IO>KHOM III IOrO-3anaAHOM HanpaBneHIIIS'lX OHa AOBonbHO 

6blCTPO YMeHbwaeTCS'I AO 0,05 - 0,025 MnH. T/KM2. Ha IO>KHO~ 

nonOBIIIHe TepplllToplll1ll aKKyMynS'l~1II111 He¢TIII He npOIIICXOAlllno, 

BCS'I He¢Tb, nplII HIII3KO~ nnOTHOCTIII ee 3Mlllrpa~lIIl11, paccelllBanaCb 

Ha nyTS'lx Mlllrpa~1II111 OT MaTeplIIHCKIIIX nopOA AO nOByweK. 

3HaYIIITenbHbie Mlllrpa~1II0HHble nOTeplII He¢TIII 6blnlll III B 

30He aKKyMynS'l~1II111 - OT60 - 75 % III AO 97 % B oKpalllHHo~ yaCTIII 

30Hbl aKKyMynS'l~IIII11. 60nee 60 % nOTeH~lIIanbHblX pecypcoB 

He¢TIII OKa3anlllCb nplllypOyeHHblMIII K ceBepo-BOCTOYHO~ yaCTIII 

30Hbl aKKyMynS'l~IIII11, nnOlllaAb KOTOpO~ COCTaBnS'leT He 60nee 

30 % OT o61l1e~ nnolllaAIII o~eHIIIBaeMoro reOnOrlllyeCKOrO 

06beKTa. 

TaKIIIM 06pa30M, KapTbl nnoTHocTe~ aKKyMynS'l~1II111 He¢TIII 

n03BOnS'lIOT BblAenS'lTb Ha HIIIX 30Hbl aKKyMynS'l~1II111 He¢TIII, a B IIIX 

npeAenax Halll60nee nepCneKTIIIBHble yyaCTKIII C MaKclIIManbHo~ 

nnOTHOCTblO pecypcoB He¢TIII, III AaBaTb KOnlllyeCTBeHHYIO 

o~eHKy nOTeH~lIIanbHblx pecypcoB He¢TIII, KaK B ~enoM AnS'l 30Hbl 

aKKyMynS'l~IIII11, TaK III AnS'l oTAenbHblx ee yYaCTKoB. 

He MeHbwee 3HayeHllle IIIMeeT TaK>Ke III BblAeneHllle 

6ecnepCneKTIIIBHbiX 30H, B KOTOPblX aKKyMynS'l~1II111 He¢TIII B 

nOBywKax He npOIIICXOAlllno III He MO>KeT 6blTb BblS'lBneHO 

He¢TS'lHbIX MeCTOpO>KAeHIII~. 

KOnlllyeCTBeHHaS'l o~eHKa nOTeH~lIIanbHblX pecypcoB He¢TIII 

B ~enOM AnS'l nnOlllaAIII 1113yyaeMOrO reOnOrlllyeCKOrO 06beKTa III B 

OTAenbHblX ero 30Hax S'lBnS'leTCS'I xopowe~ OCHOBO~ AnS'l 

nnaHlllpOBaHIIIS'I nOIllCKOBo-pa3BeAOYHbIX pa60T. 
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OAHOBpeMeHHO C reHepal..\lI1eVi HecpTII1 B paCCMaTpll1BaeMOM 

re0J10rIl14eCKOM 06beKTe npoll1cxoAlI1no 111 06pa30BaHII1e YB ra3a 

KaK OpraHII14eCKII1M BeLlleCTBOM rnll1HII1CTblX MaTepll1HCKII1X nopoA, 

TaK 111 yrneVi, CYMMapHafl MOLllHOCTb KOTOPblX AOCTlI1rana Ha 

OTAeJ1bHbIX Y4acTKax 15 20 M. Ho rnaBHafl cpa3a 

ra3006pa30BaHII1fl 3AeCb He peanIl130BaJ1aCb, nOCKonbKY Aa~e 

MaKCII1ManbHafl CTeneHb KaTareHe3a OB Ha OTAenbHblX Y4aCTKax 

He 6blna Bblwe Ha4ana rpaAal..\111111 MK3. 

PlI1c. 4.3 xapaKTepll13yeT nnOTHOCTb reHepal..\111111 YB ra3a no 

nnOLllaAII1 Ol..\eHII1BaeMOro 06beKTa. MaKCII1ManbHOVi Benll14111Hbi 

nnOTHOCTb reHepal..\111111 YB ra3a (0,8 - 0,9 MnpA. M3/KM2) 

AOCTlI1rana B caMoVi ceBepHoVi 30He 111 AOBonbHO 6blCTPO 

CHII1~anaCb B IO~HOM HanpaBneHII1I11, AO 0,3 - 0,2 MnpA. M3/KM2 B 

cpeAHeVi 4aCTII1 nnOLllaAII1 111 AO 0,2 - 0,1 MnpA. M3/KM2 B IO~HOVi, 

AOCTlI1rafl HyneBoro 3Ha4eHII1fl Ha KpaViHeM lOre. 

4TO KacaeTCfl aKKyMynfll..\111111 YB ra3a (Pll1c. 4.4), TO 1I13-3a 

3Ha4111TenbHbiX MlI1rpal..\1I10HHblX nOTepb ra3a nnOTHOCTb ee He 

npeBblwana 0,15 MnpA. M3/KM2 Aa~e Ha He6onbwoM Y4acTKe Ha 

KpaViHeM ceBepe nnOLllaAII1, a 3aTeM 6blCTPO CHII1~anaCb B 

IO~HOM HanpaBneHlI1111 AO 0,05 - 0,005 MnpA. M3/KM2. K lOry, Ha 

npeo6naAalOLlIeVi 4aCTII1 1I13Y4aeMoVi nnOLllaAII1, aKKyMynfll..\111111 YB 

ra3a He npOIl1CXOAlI1no, OH BeCb paCCell1BanCfl Ha nYTflX MlI1rpal..\111111 

111 paCTBopflnCfl B nnaCTOBblX BOAax KOnJ1eKTOpOB. Aa 111 B 30He 

aKKyMynfll..\111111 ero MlI1rpal..\1I10HHble nOTepll1 6 blfl 111 BeCbMa 

3Ha4111TenbHblMII1 - OT 84 AO 98 %. 
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KaK BIiIAIiIM, KapTa nIlOTHOCTeLil aKKyMyIlfll..\liI1iI YB ra3a 

CBIiIAeTeIlbcTByeT 0 HIiI3KIiIX nepCneKTIiIBaX ra30HOCHOCTIiI 3Toro 

reOIlorlil4eCKoro 06beKTa. Ha npeo6IlaAalOlLIeLil 4aCTIiI ere 

nIlOlLlaAIiI nOIilCKIiI ra3a Boo6lL1e He IiIMelOT CMbICIla, nOCKOIlbKy 

aKKYMYIlfll..\liI1iI ero He npOIiICXOAIiIIlO, a B KpaLilHeLil ceBepHoLil 30He, 

rAe MorYT 6blTb o6HapY>KeHbl oTAeIlbHble Heq>Tera30Bble IiIIlIiI 

ra30Bbie cKonIleHlilfI, ero nOTeHl..\liIaIlbHble pecypcbl BeCbMa 

He3Ha41i1TeIlbHbi. 

PaccMoTpeHHble npliIMepbl nOKa3b1Ba1OT, 4TO aHaIllil3 KapT 

nIloTHocTeLil aKKYMYIlfll..\liI1iI Heq)T1iI iii ra3a AaeT Ba>KHYIO 

iii Hcf:>0pMal..\liI 10 , Heo6xoAIiIMYIO AIlfl Ol..\eHKIiI nepCneKTIiIB iii 

KOIllil4ecTBeHHoLil Ol..\eHKIiI nOTeHl..\liIaIlbHblx pecypcoB Hecf:>TIiI iii 

ra3a. 

nOKa, K CO>KaIleH iii 10 , AIlfl Ol..\eHKIiI nepCneKTIiIB 

perliloHaIlbHblx 06beKTOB iii nOAc4eTa nOTeHl..\liIaIlbHblx pecypcoB 

ymeBoAopoAOB KapTbl nIloTHocTeLil aKKYMYIlfll..\liI1iI Hecf:>TIiI iii ra3a 

HIiIKTO He IiIcnoIlb3yeT, XOTfI MeTOAIiIKa IiIX nOCTpoeHlilfI 

npeAIlO>KeHa aBTopaMIiI Y>Ke HeCKOIlbKO IleT Ha3aA. 

Ccf:>opMlilpoBaBWlileCfI MeCTopO>K,lJ,eHlilfI YB coxpaHfllOTCfI B 

ocaA04HbiX 6acceLilHax 3nlilrepl..\IiIHCKIiIX nIlaTcf:>opM B Te4eHlile 

AeCflTKOB MIiIIlIlIiIOHOB IleT 6e3 CYlLIeCTBeHHblX nOTepb Hecf:>TIiI IiIIlIiI 

ra3a, eCIlIiI, KOHe4HO, TeKTOHIiI4eCKlile ABIiI>KeHlilfI He 

paccf:>0pMlilpoBaIlIiI IlOBYWKY, IiIIlIiI He BblBeIlIiI ee 6Illil3KO K 

nOBepXHOCTIiI. B 3TIiIX CIlY4aflX B BeIllil41i1HY nOTeHl..\liIaIlbHblX 

pecypCOB ymeBoAopOAOB, onpeAeIlfleMblX Ha BpeMfI 

cf:>opMlilpoBaHlilfI 3aIle>KeLil, Heo6xOAIiIMO BBOAIiITb nonpaBKy, 
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oco6eHHO, eCIWI C MOMeHTa CPOpMVlpOBaHVl5l MeCTOpO>KAeHVlIII 

npowno AnViTenbHOe reOnOrVl4eCKOe BpeM5l nop5lAKa COTeH 

MVlnnVlOHOB neT, KaK, HanpVlMep, Ha ApeBHVlX nnaTcpopMax. 

OAHaKO cpopManVl30BaHHoro MeTOAa BBeAeHVl5l nonpaBOK Ha 

pa3pyweHVle MeCTOpO>KAeHVlIII nOKa He npeAnO>KeHO, MO>KHO 

nonb30BaTbC5l TonbKO 3KcnepTHblMVI Ol4eHKaMVI. 

Mbl paCCMOTpenVi npOCTelllWVlIII cnY4alll, KorAa Ha 

TeppVlTOpVlVl Vl3Y4aeMoro reonorVl4eCKoro 06beKTa B XOAe 

reonorVl4eCKOlil VlCTOPVlVl B MaTepVlHCKVlX nopOAax np05lBVlnaCb 

TonbKO rnaBHa5l cpa3a HecpTeo6pa30BaHVlR 

50nee CnO>KHOIil npeACTaBn5leTC5l Ol4eHKa nOTeHI4V1anbHbiX 

pecypcoB HecpTVI VI ra3a perViOHanbHblX 06beKTOB B Tex cnY4a5lX, 

KorAa B pe3ynbTaTe AnViTenbHoro VI rny6oKoro norpY>KeHVl5l 

ocaAKOB B MaTepVlHCKVlX nopOAax CHa4ana np05lBn5leTC5l rnaBHa5l 

cpa3a HecpTeo6pa30BaHVl5l, a n03>Ke - B TOM >Ke 06beMe ocaAKOB 

- np05lBn5leTC5l rnaBHa5l cpa3a ra3006pa30BaHVlR 50nee n03AH5l5l 

MaCWTa6Ha5l reHepal4V15l, MVlrpa14V15l VI aKKYMyn5lI4V15l YB ra3a B 

nOBYWKax, nepBOHa4anbHO 3anonHeHHbiX HecpTblO nocne 

3aBepWeHVl5l rnaBHOIil cpa3bl HecpTeo6pa30BaHVl5l, npVlBOAVIT K 

CYl.1\eCTBeHHOMY pa3pyweHVlIO nepBVl4HbiX MeCTOpO>KAeHVlIII 

HecpTVI VI npeBpal.1\eHVlIO VlX B ra30KOHAeHcaTHO-HecpT5lHble, 

ra30KOHAeHcaTHbie VI ra30Bble, 4TO COnpOBO>KAaeTC5l BblHOCOM 

3Ha4V1TenbHOIil 4aCTVI YB ra3a VI HecpTVI BBepx no pa3pe3y VI 

cYl.1\eCTBeHHblMVI nOTep5lMVI HecpTVI Vl3 nepBVl4HbiX HecpT5lHbIX 

3ane>Kelil. B TaKVlX cnY4a5lX Heo6xOAVIMO CHa4ana nOCTpOVlTb 

KapTbl nnOTHOCTelil 3MVlrpa14V1V1 VI aKKYMyn5lI4V1V1 HecpTVI VI Ol4eHVlTb 
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nepBOHa'-lanbHble peCypCbl Hecpn1 Ha reOnOn1'-1eCKOe BpeM~ 

3aBepWeHIII~ rnaBHO~ cpa3bl HecpTeo6pa30BaHIIIR 

3aTeM npOIll3BOAIIITC~ nOCTpOeHllle KapT nnOTHOCTe~ 

reHepal.\lII1II III aKKyMyn~l.\lIIlII YB ra3a Ha reOnOrlll'-leCKOe BpeM~ 

npO~BneHIII~ rnaBHO~ cpa3bl ra3006pa30BaHIII~ C Ol.\eHKO~ 

nOTeHl.\lIIanbHblX pecypcoB YB ra3a, 06pa30BaBWerOC~ Ha 

AaHHOM 3Tane. 

npOIIICXOA~llIee nepecpopMlllpOBaHllle nepBIII'-IHbiX 

HecpT~HbIX MeCTOpO>KAeHIII~ nplII npO~BneHIIIIII rnaBHO~ cpa3bl 

ra3006pa30BaHIII~ COnpOBO>KAaeTC~, CYA~ no 1113Y'-leHHbIM 

MeCTOpO>KAeHIII~M B ceBepHO~ 30He 3anaAHO~ CIII6111 Pili , 

3Ha'-lIllTenbHb1MIli nOTep~MIII nepBIII'-IHbiX pecypCOB HecpTIII (AO 60 -

80 %), CCPOpMlllpoBaBwlllxc~ KO BpeMeHIII 3aBepweHIII~ rnaBHo~ 

cpa3bl HecpTeo6pa30BaHIIIR nonpaBKY Ha nOTepto nepBIII'-IHbiX 

pecypcoB HecpTIII, Benlll'-lIllHa KOTOpO~ onpeAen~eTc~ no 

OTAenbHblM pa3BeAaHHbiM MeCTOpO>KAeHIII~M, cneAyeT BBOAIIITb 

An~ Bce~ nnOlllaAIli perllloHanbHo~ 30Hbl aKKyMyn~l.\lIIlII nplII 

Ol.\eHKe nOTeHl.\lIIanbHblX pecypcoB HecpTIII Ha reOnOrlll'-leCKOe 

BpeM~ 3aBepweHIII~ nepecpopMlllpoBaHIII~ MecTOpO>KAeHIII~ B 

pe3ynbTaTe npo~BneHIII~ rnaBHo~ cpa3bl ra3006pa30BaHIII~. YTO 

KacaeTC~ nocneAHero no BpeMeHIII reHepal.\lII1II YB ra3a, TO ero 

nOTeHl.\lIIanbHble pecypcbl cneAyeT Ol.\eHIIIBaTb no KapTaM 

nnOTHOCTe~ aKKyMyn~l.\lIIlII, nOCTpoeHHblM Ha BpeM~ 3aBpweHIII~ 

rnaBHO~ cpa3bl ra3006pa30BaHIII~ 6e3 KaKlIIx-nlll60 

AononHIIITenbHblX nonpaBOK. KaK nOKa3an onblT 1113y'-leHIII~ 

MCTOpO>KAeHIII~ Ha ceBepe 3anaAHO~ C III 6 III pili , Ol.\eHIIIBaeMble 
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nOTeH~lI1aIlbHble pecypcbl YB ra3a no KapTaM nIlOTHOCTeLil 

aKKyMyIlfl~1I1111 BeCbMa 6m13KII1 K pa3BeAaHHblM npOMblWIleHHblM 

3anacaM YB ra3a. 

Ha ApeBHII1X nIlaTCpopMax, rAe nOCIle npOflBIleHII1f1 maBHoLil 

cpa3bl ra3006pa30BaHII1f1 111 3aBepWeHII1f1 CPOpMlI1pOBaHII1f1 ra30BblX 

CKOnIleHII1Li1 npowIlo BeCbMa npOAOIl>KII1TeIlbHOe BpeMfI (AO 

HeCKOIlbKII1X COTeH MII1IlIlll10HOB IleT), B BeIlw·III1HY nepBII14HblX 

nOTeH~lI1aIlbHblx pecypcoB YB ra3a He06xOAII1MO BHOCII1Tb 

3KcnepTHble nOnpaBKII1 Ha nOTepll1 YB ra3a 1113 MeCTOpO>K,QeHII1Li1. 

npll1 BceLil Ba>KHOCTII1 onpeAeIleHII1f1 nOTeH~lI1aIlbHblX 

pecypcoB HecpTII1 111 ra3a perll10HaIlbHblx reOIlOrll14eCKII1X 06beKTOB 

ell.le 60Ilee aKTyaIlbHoLil npeAcTaBIlfleTcfI B HaCTOflll.lee BpeMfI 

o~eHKa nOTeH~lI1aIlbHblX pecypcoB HecpTII1 111 ra3a B OTAeIlbHblX 

IlOKaIlbHblX IloBywKax IlIl1~eH31110HHbIX Y4acTKoB. AIlfl 3Toro 

Tpe6ytOTCfI, eCTeCTBeHHO, 60Ilee AeTaIlbHble AaHHble 

CTPYKTypHble II1IlIl1 naIleocTpYKTYpHble KapTbl (Ha BpeMfI 

reHepa~1I1111 HecpT1I1111 ra3a) MacwTa6a 1:50000 -1:100000, II1IlIl1 B 

KpaLilHeM cIlY4ae 1 :200000 no KpoBIle MaTepll1HCKII1X OTIlO>KeHII1Li1I11 

KpoBIle HecpTera30HocHoro KOMnIleKca, xapaKTepll13ytOIl.III1e 

CTpOeHlI1e He TOIlbKO 

HecpTera30c60pHoLil 

IlOBYWKII1, HO 111 oKpY>KatOll.IeLil ee 

nIl0ll.laAII1; 60Ilee AeTaIlbHafl 

xapaKTepll1CTII1Ka pa3pe3a MaTepll1HCKII1X nopoA 111 

HecpTera30HocHOro KOMnIleKca. 

Hall160Ilee Ba>KHbIM f1BIlfleTCfI npaBII1IlbHOe onpeAeIleHlI1e 

rpaHII1~ 111 pa3Mepa HecpTera30c60pHoLil nIl 0 ll.IaAII1, B npeAeIlax 

KOTopoLil BOCXOAflll.Iafl MlI1rpa~lI1f1 ymeBoAopoAOB BBepx no 

241 



BOCCTaHlo11O nJ1aCTOB Morna npolo1CXOAIo1Tb TOJ1bKO B HanpaBJ1eHlo1li1 

OlleHIo1BaeMO~ nplo1noAHflTO~ J10BYWKIo1. 

AJ1f1 3Toro Ha CTPYKTYPHYIO KapTY HaHOCliITCfI ceTb 

npocplo1J1e~ BOCXOAfillIe~ J1aTepaJ1bHO~ Mlo1rpalllo1lo1 - OT Halo16oJ1ee 

norpY>KeHHblX Y4aCTKOB opToroHaJ1bHO BBepx no BOCCTaHliIlO 

nJ1aCTOB no HanpaBJ1eHliIlO K nplo1nOAHflTO~ B peJ1becpe J10BYWKe. 

CXO)I(AeHlo1e 3TIo1X npocplo1J1e~ K J10BYWKe onpeAeJ1f1eT n0J10>KeHliIe 

J10KaJ1bHO~ 30Hbl aKKYMYJ1f1 1...1101 101. no T04KaM neperlo16a nJ1aCTOB B 

Halo16oJ1ee norpY>KeHHblX 101 YAaJ1eHHbIX OT J10BYWKIo1 Y4aCTKax, OT 

KOTOPblX BOCXOAfillIafi J1aTepaJ1bHafi Mlo1rpalllo1f1 ymeBoAopOAOB 

AOJ1>KHa 6blJ1a npolo1CXOAIo1Tb Y>Ke He B HanpaBJ1eHIo1Io1 K 

OlleHIo1BaeMO~ J10BYWKe, a B APyrlo1x HanpaBJ1eHIo1f1X, 

onpeAeJ1f1eTCfI rpaHlo1l1a HecpTe(ra30 )C60pHO~ nJ101llaAIo1. 

Heo6xoAIo1Mbie AJ1f1 pac4eTa nJ10THOCTe~ 3MIo1rpalllillil 

ymeBoAopoAOB, Io1X Mlo1rpallliloHHblX nOTepb 101 nJ10THOCTeJlr 

a KKyMyJ1f1 1...1101 101 HecpTIo1 liI (101J1Io1) ra3a AaHHbie B pa~OHe 

olleHIo1BaeMo~ J10KaJ1bHO~ CTPYKTypbl onpeAeJ1f1IOTCfI liIJ1101 no 

101 MelOllIliIMcfI cpaKTIo14eCKIo1M AaHHbIM, 101J1101 CH101 MalOTCfI C 

Io1MelOllIliIxCfI perlo10HaJ1bHblX reOXIo1MliI4eCKIo1X KapT (AaHHble no 

MOlllHOCTIo1 MaTeplo1HcKIo1X nopoA, cOAep>KaHIo1IO B HIo1X C opr., 

CTeneHIo1 KaTareHe3a 08 101 T.n.). PacCTOflHIo1f1 B03MO>KHOJlr 

BepTIo1KaJ1bHO~ Mlo1rpalllo1lo1 OlleHIo1BalOTCfI no COOTHoweHlo11O B 

pa3pe3e HecpTera30c6opHO~ nJ101llaAIo1 MaTeplilHcKIo1X nopoA, 

B03MO>KHbIX npoAYKTIo1BHblX nJ1aCTOB 101 HenpOHlo1l1aeMOJlr 

nOKpblwKIo1. 
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Ha MOMeHT 3aSepWeHIMI npolleccos MVlrpallVlVl VI 

aKKyMyllflllVlVl HecpTVI (VlllVl ra3a) nOTeHIIVlallbHble pecypcbl 

yrneso,Qopo,QOS S llOSYWKe onpe,QellfllOTCfI KaK 

Q Jl _ (S S) aK S Kp 
H(r) - H(r)c6. - Jl • q H(r) + n' q H(r) (4.4) 

QH(rt - nOTeHIIVlallbHble pecypcbl HecpTVI (ra3a) S llOSYWKe; 

SH(r)c6 - nllOLl.\a,Qb HecpTe(ra30 )C60PH0i.1 30Hbl; 

Sn - nllOLl.\a,Qb llOSYWKVI; 

qH(r)aK - nllOTHOCTb aKKyMyllflllVlVl HecpTVI (ra3a) S npe,Qellax 

HecpTe(ra30 )C60PH0i.1 nllOLl.\a,QVI; 

qH(rt
P - nllOTHOCTb HecpTVI (ra3a) S npVlKposellbHoi.1 30He 

KOlllleKTOpos. 

V1MeeTCfI S03MO>KHOCTb nposeCTVI MO,QellVlposaHVle 

COCTOflHVlfI MVlrpallVlOHHblX npolleccos VI 

yrneBO,QopO,QOB B llOBYWKe B xO,Qe reOllorW·leCKoro BpeMeHVI, KaK 

3TO nOKa3aHO B rnaBe 3, C onpe,QelleHVleM nOTeHIIVlallbHblX 

pecypcos yrneso,Qopo,QOB Ha Ka>K,D,bli.1 noclle,QoBaTellbHbli.1 3Tan 

speMeHVI CPOpMVlposaHVlfI MeCTOpO>K,D,eHVlR 

PecYPcbl HecpTVI (ra3a) B lloBywKe, aKKYMYllVlpoBaHHblx Ha 

JlIo6oi.1 paC4eTHbli.1 nepVlo,Q BpeMeHVI CPOpMVlpOBaHVlfI 

MeCTOpO>K,D,eHVlfI onpe,QellfllOTcfI KaK 

Qn _ S aK.Cp 

H(r) - n' qH(r) , (4.5) 

QnH(r) - pecypcbl HecpTVI (ra3a) B lloBywKe Ha ,QaHHbli.1 3Tan 

speMeHVI CPOpMVlpoBaHVlfI MeCTOpO>K,D,eHVlfI; 
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Sn - nIlOlllaAb 3aMKHYTOLil IlOBYWKVI; 

nIlOTHOCTb aKKYMYIlVlpOBaHHblX 

yrneBoAopOAOB B IlOBYWKe Ha AaHHblLil :nan BpeMeHVI. 

B Tex CIlY4a~x, KorAa B paLilOHe paCnOIlO)f(eHVI~ 

OL.\eHVlBaMoLil IlOBYWKVI BCIleACTBVle rny6oKoro norpy)f(eHVI~ 

ocaAKOB nOCIle rnaBHoLil cpa3bl HecpTeo6pa30BaHVI~ npO~BVlIlaCb 

VI rnaBHa~ cpa3a ra3006pa30BaHVI~, Heo6xOAVlMO npOVl3BeCTVI, 

KaK VI AIl~ perVlOHaIlbHblX 06beKTOB, CHa4aIla Ol1eHKy 

nepBOHa4aIlbHbiX nOTeHl1V1aIlbHbIX pecypCOB HecpTVI B IlOBYWKe 

Ha MOMeHT 3aBepweHVI~ r<t>H, 3aTeM Ol1eHKY nOTeHl1V1aIlbHbIX 

pecypCOB YB ra3a Ha MOMeHT 3aBepweHVI~ r<t>r VI BBeCTVI 

nonpaBKY B pecypcbl HecpTVI, y4V1TbIBa~ cYlllecTBeHHoe 

pa3pyweHVle nepBVl4HbiX HecpT~HbIX 3aIle)f(eLil BHeAPVlBWVlMC~ 

n03)f(e YB ra30M. 

OnblT npOBeAeHHblX VlccIleAOBaHVlLiI B :mVlrepl1V1HCKOM 

ocaA04HOM 6acceLilHe 3anaAHoLil CVl6V1pVl nOKa3aIl, 4TO 

onpeAeIl~eMble pecypcbl HecpTVI Ha MOMeHT 3aBepweHVI~ 

CPOpMVlpOBaHVI~ HecpT~HbIX MeCTopo~eHVlLiI (naIleoreH, HeoreH) 

06bl4HO Ha 5 - 13 % npeBblwalOT VlX npoMblwIleHHble 3anaCbl, 

Ol1eHeHHble B HaCTO~llIee BpeM~ npVl npoBeAeHVlIo1 

reoIloropa3BeAo4HbiX pa6oT. 3TO BnOIlHe 06b~CHVlMO 

He6oIlbwVlMIo1 nOTep~MIo1 HecpTVI 1013 MeCTopo~eHVlLiI 3a BpeM~ Io1X 

CYllleCTBOBaHIo1~ B Te4eHVle 10 - 20 MIlH. IleT. 

B ceBepHoLil 30He 3anaAHoLil CVl6Io1PVl, rAe nOCIle aKTIo1BHOrO 

HecpTeo6pa30BaHIo1~ npo~BIo1Ilacb rnaBHa~ cpa3a 

ra3006pa30BaHVI~, B nepBVl4Hbie pecypcbl HecpTIo1, CYllleCTBeHHO 
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pa3pyweHHbie n03>Ke BHeAPIiIBWIiIMCfI ra30M, Heo6xOAIiIMO 

BBOAIiITb CYllleCTBeHHYIO nonpaBKY. K03¢¢IiIL\liIeHT iii X 

coxpaHHOCTIiI He Bblwe 0,2 - 0,3. llTO >Ke KacaeTCfI pecypcoB 

noclleAHero no BpeMeHIiI o6pa30BaHlilfi YB ra3a, TO B 3TO~ 30He 

ero pecypCbl, OLleHeHHble MeTOAOM MOAelllilpOBaHlilfi Ha 

HeoreHOBoe BpeMfI, Bcero Ha 4 - 6 % npeBblwalOT pa3BeAaHHbie 

npoMblwlleHHble 3anaCbl. 3TO He6ollbwoe npeBblweHlile 

MOAellbHblX pecypcoB BnOllHe 06bflCHIiIMO He60llbwIiIMIiI 

nOTepflMIiI ra3a B Te4eHlile 10 - 15 MllH. lleT. 

llTO KacaeTCfI He¢Tera30HOCHbIX 6acce~HOB ApeBHIiIX 

nllaT¢opM, Ha KOTOPblX npOLleCCbl He¢Tera3006pa30BaHlilfi iii 

¢OpMlilpOBaHlilfi MeCTopO>KAeHIiI~ 3aBepwlillllilcb 200 - 400 MllH. 

lleT Ha3aA, TO 3AeCb BeCbMa CYllleCTBeHHblM flBllfleTCfI BBeAeHlile 

nonpaBOK B nepBIiI4Hbie pecypCbl YB Ha pa3pyweHlile 

MeCTOpO>KAeHIiI~ B Te4eHlile BeCbMa AllliITellbHoro BpeMeHIiI IiIX 

cYlllecTBoBaHlilfi. no IiIMelOllllilMCfI K HaCTOflllleMY BpeMeHIiI 

AaHHblM K03¢¢IiILllileHTbl coxpaHHOCTIiI nepBIiI4HbiX pecypCOB 

He¢TIiI iii ra3a 3AeCb He npeBblwalOT, nO-BIiIAIiIMOMY, 0,1 - 0,15. 

n03TOMY AallbHe~wafi pa3pa6oTKa MeTOAOB 0LleHKIiI nOTepb 

yrneBoAopoAOB 1i13 nepBIiI4Ho C¢OpMlilpoBaBwlilxcfI 3alle>Ke~ Ha 

ApeBHlilx nllaT¢opMax 3a BeCbMa AllliITellbHoe BpeMfi iii X 

cYlllecTBoBaHlilfi npeAcTaBllfleTcfI BeCbMa aKTyallbHo~. 



rJlaBa 5. OnblT nPHMEHEHHR METO,QOB 
MO,QEIlHPOBAHHR npOUECCOB rEHEPAUHH, 

MHrPAUHH H AKKYMYIlRUHH HE<l>TH H rA3A ,QIlR 
OUEHKH PECYPCOB YrIlEBO,QOPO,QOB B 

MECTOPO>K,QEHHRX OCA,Q04HbIX 6ACCEHHOB 
MOIlO,QbIX H ,QPEBHHX nIlAT<I>OPM 

Pa3pa6oTaHHbie ~ oxapaKTep~30BaHHble B npeAbIAYLl..\~X 

rnaBax MeTOAbl Ol..\eHK~ pecypcoB yrneBoAopOAOB Ha OCHOBe 

~3y4eH~fl ~ MOAell~pOBaH~fl np0l..\eCCOB reHepal..\~~, M~rpal..\~~ ~ 

aKKyMyllfll..\~~ HecpT~ ~ ra3a 6b11l~ ~CnOllb30BaHbl np~ ~3y4eH~~ 

l..\e1l0ro pflAa re01l0r~4eCK~X 06beKTOB pa3Horo T~na B yC1l0B~flX 

3anaAHo-C~6~pcKoro, T~MaHO-ne4opcKoro ~ BOCTo4HO­

C~6~pcKoro HecpTera30HocHbiX 6accei1HOB. 

5.1. MOAemlpoBaHlr1e ~OpMlr1pOBaHIr1H He~THHbIX Ir1 

He~Tera30Bblx MeCTOpO>K,D,eHIr1M C o~eHKoM pecypcoB 
yrneBoAopoAOB B YCJlOBIr1HX 3anaAHo·CIr16Ir1pCKOrO 

He~Tera30HocHoro 6acceMHa 

B 3anaAHo-C~6~pCKOM 6accei1He MOAell~pOBaH~e 

CPOpM~poBaH~fl MeCTOpO>KAeH~i1 C Ol..\eHKoi1 pecypcoB HecpT~ ~ 

ra3a 6bl1l0 npOBeAeHO B AByX 30Hax, np~Hl..\~n~allbHO 

OT1l~4alOLl..\~XCfl no yC1l0B~flM HecpTera3006pa30BaH~R 

nepBoi1 30H0i1 Allfl MOAell~pOBaH~fl flB~llaCb 061laCTb 

W~poTHoro np~06bfl, xapaKTep~3ylOLl..\aflCfl pacnpOCTpaHeH~eM 

MHOr04~ClleHHbIX KpynHblx npe~MYLl..\eCTBeHHO HecpTflHblX 

MeCTOpO>KAeH~i1, ~CT04H~KOM KOTOPblX flBllflllaCb n03AHelOpCKafl 

HecpTeMaTep~HcKafl 6a>KeHOBCKafl CB~Ta C canpOnelleBblM OB, B 
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KOTOPOI.1 np~ ,[IOCT~}I(eH~~ rpa,[la4~1.1 KaTareHe3a MKrMKz 

pean~30BanaCb rnaBHafl cpa3a HecpTe06pa30BaH~fl. 

B nO,[lCT~nalOll.\~X ee OTnO}l(eH~flX TIOMeHCKOI.1 CB~Tbl C 

npe~MYll.\eCTBeHHO rYMYCOBblM OB r<t>H npOflB~naCb cna60, ~ 

pOnb ee B CPOpM~pOBaH~~ MeCTOpO>K,[\eH~1.1 HecpT~ 6blna 

He3Ha'-l~TenbH0I.1. 

AeTanbHOe KOn~'-IeCTBeHHOe MO,[len~pOBaH~e np04eCCOB 

reHepa4~~, M~rpa4~~ ~ aKKYMynfl4~~ HecpT~ ~ ra3a 6bln0 

OCYll.\eCTBneHO B 30He W~pOTHOrO np~06bfl B npe,[lenaX 

CyprYTCKOrO CBO,[la (YcTb-oanbIKCKafl, 3ana,[lHO-CypryTcKafl ~ 

BOCTO'-lHo-CyprYTCKafl CTPYKTYPbl), H~}I(HeBapToBcKOro CBO,[la 

(nOKa'-leBCKafl CTPYKTypa) ~ CeBepo-BapberaHCKafl CTpyKTypa 

(Ha norpy}l(eH~~ CBO,[la, p~c. 5.1). 

BTOpOI.1 30H0l.1 ,[Infl npOBe,[leH~fl MO,[len~pOBaH~fl 

CPOpM~poBaH~fl MecTopo>K,[\eH~1.1 flB~naCb ceBepHafl '-IaCTb 

3ana,[lHO-C~6~pcKoro 6aCCe1.1Ha, B KOTOPOI.1 npe06na,[lalOT 

KpynHble ~ r~raHTCK~e ra30Bbie ~ ra30KOH,[IeHCaTHo-HecpTflHble 

MeCTOpO>K,[\eH~fl. B 3T0l.1 30He ~CTO'-lH~KOM yrneBO,[lOpO,[lOB 6blna 

He TonbKO 6a}l(eHOBCKafl, HO ~ TIOMeHCKafl CB~Ta, 

xapaKTep~3ylOll.\aflCfl 60nbwel.1 MOll.\HOCTblO (,[10 3 KM) ~ 

CMewaHHblM canponeneBo-rYMycoBblM OB. Ha rny6~Hax ,[10 5 - 6 

KM B 3~X OTnO}l(eH~flX CTeneHb KaTareHe3a OB nopo,[l ,[Io~rna 

rpa,[la4lt11.1 AK1-AKz, Bcn8,[\CTB~e '-Iero 3,[IeCb B OTnO>KeH~flX TIOMeHCKOI.1 ~ 

6a>KeHOBCKol.1 CB~ npoflB~aCb He TonbKO rnaBHafl cpa3a 

HecpTe06pa30saH~fl, HO 3aTeM ~ rnaBHafl cpa3a ra3006pa30BaH~fl, '-ITO ~ 

06ycnOB~O npe~MYll.\eCTBeHHylO ra30HOCHOCTb He,[lp. 
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tT06011bCK 
,._'-'.._______ _ - He¢Tb Cl - ra3 ~ - ra30KoHAeHcaT 

I - CypzymcKuu ceoa, 1/ - HWKHeeapmOeCKUU ceoa, III - MeaeeJKuu ean, 
IV - YpeHZOUCKUU ean; MecmOpOJKaeHUfI: 1, Ycmb-oanbIKcKoe, 2, 3anaaHo­
CypzymcKoe, 3, BOCmO'IHO-CypzymcKoe, 4, nOKa'leeCKOe, 5, Ceeepo­
BapbezaHcKoe, 6, MeaeeJKbe, 7, YpeHzoucKoe 

PMC. 5.1. CxeMa reOnOrM'feCKMX 06beKTOB 3anaAHoM CM6MPM, Ha 
KOTOPblX npoM3BoAMnocb KOnM'leCTBeHHoe MOAenMpoBaHMe 

c1JopMMpoBaHMH MeCTOpO>KAeHMM C Ol..leHKOM pecYPcoB YB 
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B 3TOVI CeBepHOVI 30He 3ana,QHO-Cl-16l-1pCKOrO 6aCCeVlHa 

,QeTanbHOe KOnl-14eCTBeHHOe MO,Qenl-1pOBaHl-1e CPOpMl-1pOBaHl-1fl 

MeCTOpO~eHl-1V1 C O~eHKOVI pecypcoB yrneBO,QOpO,QOB 

npOBe,QeHO Ha npl-1Mepe rl-1raHTCKl-1X ra30KOH,QeHCaTHOrO 

Me,QBe>Kbero l-1 ra30KOH,QeHCaTHO-HecpTflHOrO YpeHrOVICKOrO 

MeCTOpO~eHl-1V1 (Pl-1c. 5.1 ), pacnOnO>KeHHblX B npe,Qenax 

Me,QBe>KberO l-1 YpeHroVicKoro BanOB. 

5.1.1. 30Ha WHpoTHoro npHo6bfl 

~CTOPl-1~ norpY>KeHl-1fl OTnO>KeHl-1V1 l-1 pa3Bl-1Tl-1fl npo~eccoB 

HecpTe06pa30BaHl-1fl B 30He Wl-1POTHOro npl-106bfl l-1nn~CTpl-1pyeT 

Pl-1c. 3.1 (rnaBa 3). 

OCHoBHafl HecpTeMaTepl-1HCKafl 6a>KeHOBCKafl CBl-1Ta Bowna 

B rnaBHy~ 30HY HecpTe06pa30BaHl-1fl OKono 110 MnH. neT Ha3a,Q, 

npl-14eM l-1HTeHCl-1BHOe HecpTe06pa30BaHl-1e 3aKOH4l-1nOCb B HeVi 

TonbKO OKono 10 MnH. neT Ha3a,Q. ~Me~Ll.\afl 60nee Hl-13KIIIVI 

HecpTflHOVI nOTeH~l-1an T~MeHCKafl CBl-1Ta Bowna B 30HY 

HecpTe06pa30BaHl-1fl HeCKonbKO paHbwe, npl-14eM OHO 

npo,Qon>KanOCb B HeVi TaK>Ke ,QO KOH~a norpY>KeHl-1fl l-1 

3aKOH4l-1nOCb 10 MnH. neT Ha3a,Q. 

nnOTHOCTb reHepa~lIIl-1 l-1 3Ml-1rpa~l-1l-1 HecpTl-1 l-13 

MaTepl-1HCKl-1X nopo,Q 6a>KeHOBCKOVI CBl-1Tbl B03paCTana BO 

BpeMeHl-1 3KcnOHeH~l-1anbHO - OT 0, 0014 MnH. T/KM2 (100 MnH. 

neT Ha3a,Q) ,QO 4,58 MnH. T/KM2 (20 MnH. neT Ha3a,Q). PaC4eTbi 

,Qnfl onpe,QeneHl-1fl nnOTHOCTl-1 reHepa~l-1l-1 l-1 3Ml-1rpa~l-1l-1 HecpTl-1 
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6blIlll1 BbinOIlHeHbl AIlfi :noro II1HTepBaIla BpeMeHII1 4epe3 Ka)KAble 

10 MIlH. IleT. 

OAHoBpeMeHHo C reHepa4l11e~ 111 3MlI1rpa4l11e~ He¢TII1 1113 

MaTepll1HCKII1X nOpOA 6a>KeHOBCKO~ CBII1Tbl Ha4aIlll1Cb 111 

npOIl1CXOAII1IlIl1 np04eCCbl BepTII1KaIlbHO~ MII1rpa4111111 He¢TII1 B 

3aIlerafOllIII1e Bblwe no pa3pe3y OTIlO>KeHII1f1 HeOKOMa no 

BepTII1KaIlbHblM TpelllIl1HHO-nOpOBbIM KaHaIlaM. BeCbMa 

AIlIl1TeIlbHOe BpeMfi (100 - 30 MIlH. IleT) BCfI He¢Tb npll1 

BepTII1KaIlbHO~ BOCXOAfillIe~ Mill rpa4111 111 nOIlHOCTbfO 

paCCell1BaIlaCb, ¢OPMII1PYfl B KaHaIlax MII1rpa4111111 OCTaT04HYfO 

He¢TeHaCblllleHHOCTb, 111 aKKyMyIlfl4111111 He¢TII1 B IlOBYWKax He 

npOIl1CXOAII1IlO. 

06pa30BaHII1e nepBII14HbiX CKOnIleHII1~ He¢TII1 B 

npIl1KpOBeIlbHO~ 30He KOIlIleKTOpOB, IlaTepaIlbHafi BOCXOAfillIafi 

MlI1rpa4111f1 He¢TII1 no KOIlIleKTOpaM 111 aKKYMYIlfl4111f1 ee B 

IlOBYWKax II1MeIlIl1 MeCTO TOIlbKO B nepll10A 30 - 20 MIlH. IleT 

Ha3aA - B KOH4e naIleoreHa - B HeoreHe. MaKCII1MYM 

a KKYMYIlfi 4111 111 He¢TII1 B IloBywKax npOflBII1IlCfI TOIlbKO B 

HeoreHOBoe BpeMfI, OKOIlO 20 MIlH. IleT Ha3aA (Pll1c. 5.2). 

Ha He¢Tec6opHo~ nIl OlllaA 111 BOCTo4Ho-CyprYTcKoro 

MeCTOpO)KAeHII1f1 He¢TII1 (640 KM2) cpeAHfIfi nIlOTHOCTb 

3MII1rpa4111111 He¢TII1 1113 6a>KeHOBCKO~ CBII1Tbl B HeOKOM, BBepx no 

pa3pe3Y, 04eHeHa B 3,71 MIlH. T/KM2. OAHaKo nOTepll1 He¢TII1 npll1 

MII1rpa4111111 BBepx no pa3pe3y 6blIlll1 BeCbMa 3Ha4111TeIlbHblMII1, 

paBHblMII1 3,28 MIlH. T/KM2. nIlOTHOCTb He¢TII1 B npll1KpOBeIlbHo~ 
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30He KOlllleKTOpOB B COOTBeTCTBiI1i11 C 3TiI1M COCTaBiI111a 0,43 MllH. 

T/KM2 (3,71 - 3,28 MllH. T/KM2). 

110 

1 - 3MUap8L(UR He¢mu; 2 - 8KKYMynRl(UR He¢mu 

PIIlC. 5.2. 3MIIlrpalllllH HecPTIIl 1113 6alKeHOBCKoiil CBIIlTbl III 
aKKyMynHlIlIlH ee B MenOBblX pe3epByapax CypryTcKoro paiilOHa 

3anaAHoiil CIIl611lplll 

npil1 CYMMapHoliI Heq)TeHaCbILlleHHOCTiI1 B npil1KpOBellbHoliI 

30He HeOKOMCKiI1X KOlllleKTOpOB paBHoliI 3,27 M nOTepil1 HecpTiI1 

npil1 llaTepallbHoliI MiI1rpaL\iI1i11 OL\eHeHbl B 0,21 MllH. T/KM2. 

CooTBeTcTBeHHo nllOTHOCTb HecpTiI1, oCTaBwelilcH B cBo6oAHOM 

COCTOHHiI1i11 iI1 MorYLlIelil aKKYMYllil1pOBaTbcH B lloBywKe B 
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HeOKOMCKVlX KOJ1J1eKTOpaX, OnpeAeJ1V1J1aCb paBHoIII 0,22 MJ1H. 

T/KM2. Ha OCHOBaHVIVI 3TVlX AaHHblX B03MO>KHble pecypcbl HecpTVI B 

MeJ10BbIX 0TJ10>KeHVl51X BOCTOYHO-CypryTcKoIII CTPYKTYPbl 

onpeAeJ151IOTC51 KaK 

Q~" = SH.c6 • q:" = 640 KM . 0,22 MnH.T / KM2 = 140,4 MnH.T. 

TaKVlM o6pa30M, pecypcbl HecpTVI B MeJ10BbIX OTJ10>KeHVl51X 

BOCTOYHO-CypryTcKoro MeCTOpO>K,£:leHVl51 Ha OCHOBe 

MOAeJ1V1pOBaHVl51 npoLleccoB reHepaLlVlVl, MVirpaLlVlVl VI 

aKKyMyJ151LlVlVl OLleHeHbl B 140,4 MJ1H. T, YTO Bcero Ha 13 % 

npeBblwaeT BeJ1V1YVlHY 6aJ1aHCOBbIX 3anaCOB HecpTVI, 

nOACYVlTaHHblX Ha OCHOBe npOBeAeHVl51 nOViCKOBo-pa3BeAOYHOro 

6ypeHVl51. TaKoIII pe3YJ1bTaT MO>KHO CYVlTaTb BnOJ1He 

YAOBJ1eTBOpVlTeJ1bHbIM, TeM 6oJ1ee, YTO aKKYMYJ1V1pOBaHHble 

3anaCbl HecpTVI OLleHeHbl Ha BpeM51 CPOpMVlpOBaHVl51 

MeCTOpO>K,£:leHVl51 (20 MJ1H. J1eT Ha3aA), a 6aJ1aHCOBble 3anaCbl -

Ha cOBpeMeHHb11ll MOMeHT, yepe3 20 MJ1H. J1eT nOCJ1e 

CPOpMVlpOBaHVl51 MeCTOpO>K,£:leHVl51. BnOJ1He B03MO>KHO, YTO 3Ta 

He6oJ1bWa51 pa3HVlLla onpeAeJ151eTC51 nOTep51MVI HecpTVI 3a BpeM51 

ero cYl1:\eCTBOBaHVlR 

npoBeAeHo TaK>Ke MOAeJ1V1pOBaHVle CPOpMVlpOBaHVl51 

3aJ1e>Kelll HecpTVI B TIOMeHCKVlX 0TJ10>KeHVl51X BOCTOYHO-

CypryTcKoro MeCTOpo>K,£:leHVl51, VlCTOYHVlKOM KOToPOIII Morna 6blTb 

KaK 6a>KeHOBCKa51 CBVlTa, TaK VI caMa TIOMeHCKa51 CBVlTa. 

3MVlrpaLlVl51 HecpTVI Vl3 6a>KeHoBCKoIII CBVlTbl npoVlCXOAVlJ1a 

He TOJ1bKO BBepx no pa3pe3y (2/3), HO VI BHVl3 no pa3pe3y (1/3). 

1-13 HaVl6oJ1ee rny6oKoIII 30Hbl HecpTec6opHoIII nJ101llaAVI, rAe 
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6a>KeHOBCKafi CBII1Ta nOrpY>KeHa my6>Ke nllaCTOB 101-102 

TtOMeHCKolii CBII1Tbl Ha CBOAe CTPYKTypbl, HecpTb Morna nocrynaTb 

nplI1 BOCXOAfll1Ielii J1aTepallbHOIii MlI1rpaL\1I1111 B 3TII1 pe3epByapbl. 

n1l0THOCTb 3MlI1rpaL\1I1111 HecpTII1 1113 6a>KeHOBCKOIll CBII1Tbl, 

rll1nCOMeTplI1yeCKII1 - BBepx, a CTpaTlI1rpacpll1yeCKII1 - BHII13, 

onpeAelleHa B 1,81 MllH. T/KM2. nOTepll1 HecpTII1 npll1 MlI1rpaL\1I1111 no 

Tpel1lll1HaM AO nllaCTOB 101-102 OL\eHeHbl B 0,98 MllH. T/KM2, TO 

eCTb n1l0THOCTb HecpTII1 B KOlllleKTOpax COCTaBllfllla 

0,83 MllH T.lKM2. nOTepll1 HecpTII1 npll1 llaTepallbHOIii MlI1rpaL\1I1111 no 

nJ1aCTaM 101-102 AO 1l0BYWKII1 OL\eHeHbl B 0,41 MllH. T/KM2. 

nJ10THOCTb HecpTII1, oCTaBwelilcfI B cBo6oAHOM COCTOflHlI1111 111 

aKKYMYllll1pOBaBWelilcfI B J10BywKe B nllaCTaX 101-102, COCTaBllfleT 

COOTBeTCTBeHHO 0,83 - 0,41 = 0,42 MllH. T/KM2. 

PecYPcbl HecpTII1 B nllaCTaX 101-102 TtOMeHCKolii CBII1Tbl 3a 

CyeT nocTynlleHII1f1 1113 6a>KeHOBCKolii CBII1Tbl OL\eHII1BatOTCfI 

paBHblMII1 Q:" = SH.c6 • q:" = 220·0,42 = 92,4 MJIH.T. 

,Qpyrolil B03MO>KHbllii II1CTOYHII1K nocTynJ1eHII1f1 HecpTII1 B 

nJ1aCTbl 101-102 - MaTepll1HCKlI1e nopOAbl caMolii TtOMeHCKolii 

CBII1Tbl. 

n1l0THOCTb 3MlI1rpaL\1I1111 HecpTII1 1113 TtOMeHCKII1X 

HecpTeMaTepll1HCKII1X nopOA C HII13KII1M HecpTflHblM nOTeHL\lI1a1l0M 

OL\eHeHa Bcero B 0,83 MJ1H. T/KM2, a nOTepll1 npll1 BepTII1KaJ1bHOIii 

Mill rpa L\1I1 111 AO nllaCTOB 101-102 - B 0,768 MllH. T/KM2. 

CooTBeTcTBeHHo nJ10THOCTb HecpTII1 B npll1KpOBellbHOIii 30He 

KOJ1lleKTOpOB 101-102 He Morna npeBblwaTb 0,06 MllH. T/KM2 (0,83 

- 0,768 MllH. T/KM2). nOTepll1 HecpTII1 npll1 llaTepaJ1bHOIii 
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BOCXOAS'll.I.\eLII M~rpaL\~~ OL\eHeHbl B 0,034 MnH. T/KM2, a 

nnOTHOCTb aKKyMynS'lL\~~ Heq)T~ B 0,03 MnH. T/KM2. 

C.ooTBeTcTBeHHo pecypcbl Heq)T~ B nnaCTax 101-102 3a C4eT 

Heqm·1, nocTynaBweLil ~3 MaTep~HCK~X nopOA TIOMeHCKOLil CB~Tbl, 

onpeAen~n~Cb KaK Q:K = 640·0,03 = 19,2 MJIH.T. 

TaK~M o6pa30M, cYMMapHble 3anaCbl Heq)T~ B nnaCTax 101-

102 3a C4eT nocTynneH~S'I ~3 MaTep~HCK~X nopOA 6a>KeHOBCKOLil ~ 

TIOMeHCKOLil CB~T onpeAenS'lIOTCS'I paBHblM~ 92,4 + 19,2 = 
111,6 MnH. T. 

3Ta OL\eHKa pecypcoB HecpT~ B nnaCTax 101-102 BOCTOYHO­

CypryTcKoro MeCTOpO>KAeH~S'I HeCKonbKO H~>Ke 6anaHCOBbiX 

3anaCOB, np~HS'lTbIX B 1995 r., HO B 2,8 pa3a 60nbwe -

YTBep>KAeHHbIX rK3, np~3HaBweLil 3Ha4~TenbHylO AonlO 3anaCOB 

HeKOHA~L\~OHHbIM~. LITO KaCaeTCS'I He~3BneKaeMblX 

3a6anaHCOBbiX 3anaCOB HecpT~ B nnaCTe 102, OL\eHeHHbIX B 

737 MnH. T, TO pe3ynbTaTaM~ MOAen~pOBaH~S'I OH~ He 

nOATBep>KAaIOTCS'I. W~pOKoe pa3B~T~e HecpTenpOS'lBneH~LII B 

nnaCTe 102 - Heocnop~MblLil cpaKT, HO B03MO>KHaS'l Macca HecpT~ 

OL\eHeHa HecpTS'lH~KaM~ S'lBHO HepeanbHO. BnpOyeM, Bce paBHO 

3Ta HecpTb, ecn~ OHa B KaKOM-TO Kon~4eCTBe ~ ~MeeTCS'I, 

npaKT~4eCK~ He~3BneKaeMa ~ He MO>KeT C4~TaTbCS'I peanbHOLil 

peCYPCHOLil 6a30LII. 

HecpTec6opHaS'l nnOl.l.\aAb HeAaneKo pacnOnO>KeHHoro B 

3TOLII >Ke 30He 3anaAHo-CyprYTCKoro MecTOpO>KAeH~S'I 

onpeAeneHa B 632 KM2, nnOTHOCTb 3M~rpaL\~~ HecpT~ ~3 

6a>KeHOBCKoLil CB~Tbl B HeOKOM - B 4,43 MnH. T/KM2. nOTep~ np~ 
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BOCXOAflLLlelil Bepn1KaIlbHOIiI MlI1rpa~IIU" no TpeLLlIl1HHO-nOpoBbIM 

KaHaIlaM 1113 MaTepll1HCKII1X nopOA 6a>KeHOBCKoliI CBII1Tbl AO 

pe3epByapoB COCTaBIlfllOT 3,28 MIlH. T/KM2. nIlOTHOCTb HecpTII1 B 

npll1KpoBeIlbHoliI 30He HeOKOMCKII1X KOIlIleKTOpOB COCTaBIlflIla 

COOTBeTCTBeHHO 1,15 MIlH. T/KM2 (4,43 - 3,28). nOTepll1 HecpTII1 

npll1 IlaTepaIlbHoliI MlI1rpa~1I1111 no pe3epByapaM o~eHeHbl B 

0,57 MIlH. T/KM2, 1113 4ero cIleAyeT, 4TO nIlOTHOCTb HecpTII1, 

OCTaBaBwelilcfI B CBo6oAHOM COCTOflHlI1111 111 aKKYMYIlll1pOBaBwelilcfI 

B IlOBYWKax COCTaBIlflIla 0,58 MIlH. T/KM2. Ha OCHOBaHlI1111 3TII1X 

AaHHbix pecypcbl HecpTII1 B HeOKOMe 3anaAHo-CyprYTcKoro 

MeCTOpO>KAeHII1f1 MoryT 6blTb onpeAeIleHbl Ha OCHOBe 

MOAeIlll1pOBaHII1f1 paBHblMII1 

. Q:" = SH.c6 • q:" = 632·0,58 = 366,5 MlIH.T , 4TO COBceM 

npeBblwaeT npOMblWIleHHble 3anaCbl 

MeCTOpO>KAeHII1f1, nOAC4111TaHHbie B pe3YIlbTaTe npOBeAeHHblX 

pa3BeAo4HbiX pa6oT. He6oIlbwoe npeBblWeHlI1e MO>KeT 6blTb 

o6bflcHeHo nOTepflMII1 HecpTII1 3a BpeMfI CYLLleCTBOBaHII1f1 

MeCTOpO>KAeHII1f1 (10 - 20 MIlH. IleT). 

lt1MeeTcfI Ha 3anaAHo-CYPryTCKOM MeCTOpO>KAeHII1I11 HecpTb 

111 B nIlaCTe 102 TIOMeHCKoliI CBII1Tbl, OCHOBHblM II1CT04HII1KOM 

KOTOpolil, no HaweMY MHeHII1IO, 6blIla Ta >Ke caMafl 6a>KeHOBCKafl 

CBII1Ta, norpY>KeHHafl Ha 4aCTII1 HecpTec6opHoIiI nIlOLLlaAII1 rny6>Ke 

nIl aCTa 102 Ha CBOAe CTPYKTypbl. 

nIlOTHOCTb 3MlI1rpa~1I1111 HecpTII1 1113 6a>KeHOBCKoliI CBII1Tbl 

BHII13 no pa3pe3y o~eHeHa HaMII1 B 1,9 MIlH. T/KM2. nOTepll1 HecpTII1 

npll1 MlI1rpa~1I1111 no TpeLLlIl1HHO-nOpoBoliI CII1CTeMe AO nIlaCTa 102 
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COCTaBllS'IIOT 1,64 MllH. T/KM2. CooTBeTcTBeHHo nllOTHOCTb Hecpn1 

B npL.1KpOBellbHolii 30He nllaCTa 102 COCTaBllS'ma 0,26 MllH. T/KM2 

(1,9 - 1,64). nllOTHOCTb nOTepb HecpTL.1 npL.1 llaTepallbHol7I 

ML.1rpaL\L.1L.1 no nllaCTY 102 OL\eHeHa B 0,13 MllH. T/KM2. 

CooTBeTcTBeHHo nllOTHOCTb aKKYMYlll'lL\L.1L.1 HecpTL.1 paBHa 

0,13 MllH. T/KM2. 

Ha :nolii OCHOBe pecypCbl HecpTL.1 nllaCTa 102 TIOMeHcKol7I 

CBL.1Tbl onpeAelleHbl KaK Q:K = SH.c6 • q:K = 268·0,13 = 34,8 MJIH.T , 

YTO YYTb MeHbwe 3anaCOB, OL\eHeHHbIX no pe3YllbTaTaM 

pa3BeAOYHbiX pa60T. 

YCTb-6allb1KCKoe HecpTl'IHOe MeCTOpO>K,QeHL.1e paCnOllO>KeHO 

B IO>KH 0 Iii yaCTL.1 CYPrYTCKOro CBOAa. OCHOBHOI7I 

HecpTeMaTepL.1HCKOIii 6bllla 6a>KeHOBCKal'l CBL.1Ta. 

npeAnOllO>KL.1TellbHO Alll'l nllaCTa 102 L.1CTOYHL.1KOM HecpTL.1 6blllL.1 

rllL.1HL.1CTble MaTepL.1HCKL.1e nopOAbl 

npOAYKTL.1BHbIML.1 HecpTeHOCHbIML.1 B 

l'IBlll'llOTCl'I nllaCTbl 6C19-6C1 L.1 AC7. 

TIOMeHCKolii CBL.1Tbl. 

MellOBblX OTllO>KeHL.1l'1X 

nllOTHOCTb 3ML.1rpaL\L.1L.1 HecpTL.1 L.13 6a>KeHOBCKolii CBL.1Tbl 

COCTaBlll'llla 1,5 MllH. T/KM2, npL.1yeM 2/3 HecpTL.1, TO eCTb 

1 MllH. T/KM2 3ML.1rpL.1pOBallL.1 BBepx no pa3pe3Y. nOTepl'l HecpTL.1 

npL.1 BOCXOAl'Il1Iel7l BepTL.1KallbHOIii ML.1rpaL\L.1L.1 no Tpel1lL.1HHO­

nopoBblM KaHallaM OL\eHeHa B 48 %. CooTBeTcTBeHHo 

cYMMapHal'l nllOTHOCTb HecpTL.1 B npL.1KpOBellbHolii 30He MellOBblX 

pe3epByapoB COCTaBlll'llla 0,52 MllH. T/KM2 npL.1 MOl1lHOCTL.1 

HecpTeHaCbll1leHHOIii 30Hbl 3,8 M. 
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nOTeplII HecpTIII nplll JlaTepaJlbHOIiI BOCXOA~ll.\elil Mlllrpal..\lIIl11 

no KOJlJleKTOpaM K CBOAY JlOBYWKIII Ol..\eHeHbl B 0,182 MJlH. T/KM2. 

CooTBeTcTBeHHo nJlOTHOCTb HecpTIII, oCTaBwelilc~ B cBo6oAHOM 

COCTO~HIIIIII III Moryll.\elil aKKYMYJllllpOBaTbc~ B JlOBywKe, 6blJla 

paBHa 0,338 MJlH. T/KM2. ~CXOA~ 1113 3TIIIX AaHHblX pecypCbl HecpTIII 

B MeJlOBblX OTJlO>KeHIII~X MOryT 6blTb Ol..\eHeHbl KaK 

Q:K = 1076.0,338 = 363,6 MnH.T , YTO JlIIIWb Ha 15,8 % 

npeBblwaeT npOMblWJleHHble 3anaCbl HecpTIII, nOACYIIITaHHble B 

pe3YJlbTaTe npoBeAeHIII~ pa3BeAOYHbiX pa6oT. 3aJle>K1II HecpTIII 

CCPOpMlllpOBaJlIIICb B HeoreHe, OKOJlO 20 MJlH. JleT Ha3aA III 

He6oJlbWOe npeBblweHllle pecypcoB HecpTIII, Ol..\eHeHHblX Ha 

OCHOBe MOAeJllllpOBaHIII~, HaA cOBpeMeHHblMIII 3anacaMIII BnOJlHe 

MO>KHO 06b~CHIIITb nOTepelil HecpTIII nplll pa3pyweHIIIIII 

MeCTOpO>KAeHIII~ 3a 20 MJlH. JleT. 

B nJlaCT 102 TK>MeHCKOIiI CBIIITbl HecpTb Morna nocTynaTb KaK 

1113 MaTeplIIHCKIIIX nopoA TK>MeHCKOIiI CBIIITbl, TaK III 1113 

6a>KeHOBCKoliI CBIIITbl, KOTopa~ Ha 60JlbWelil yaCTIII HecpTec6opHoIiI 

nJlOll.\aAIII 3aJleraeT rny6>Ke, yeM nJlaCT 102 Ha CBOAe CTpyKTYPbl. 

nJlOTHOCTb 3Mlllrpal..\III111 HecpTIII 1113 MaTeplIIHCKIIIX nopoA 

TK>MeHCKOIiI CBIIITbl, xapaKTepIll3yK>ll.\IIIXC~ HeBblCOKIIIM 

HecpTeMaTeplIIHCKIIIM nOTeHl..\lIIaJlOM, Ol..\eHeHa HaMill B 

0,82 MJlH. T/KM2. OAHaKo ee nOTeplII nplll BCnJlblBaHlII1II K KpOBJle 

KOJlJleKTOpOB 1113-3a IIIX 60JlbWolil MOll.\HOCTIII (170 M) AOJl>KHbl 

6blJlIII AOCTlllraTb 0,823 MJlH. T/KM2, TO eCTb BC~ TK>MeHCKa~ 

HecpTb paCCelllBaJlaCb nplll Mlllrpal..\lIIl11 III ee aKKyMyJl~l..\lII~ B 

JlOBYWKe He Morna npoIIICXOAIIITb. CJleAOBaTeJlbHO peaJlbHblM 
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IiICTOYHIiIKOM HecpTIiI B nIlaCTe 102 MOrna 6blTb TOIlbKO 

6a>KeHOBCKa~ CBIiITa. 

nIlOTHOCTb 3M iii rpal.\1iI iii HecpTIiI 1i13 6a>KeHOBCKoili CBIiITbl BHIiI3 

no pa3pe3Y COCTaBIl~Ila 0,5 MIlH. T/KM2. nOTepliI HecpTIiI nplil 

Mlilrpal.\1iI1iI no TpeLllIiIHHo-nopoBblM KaHaIlaM AO nIlaCTa 102 

COCTaBIiIIlIiI 76,8 %, BCIleACTBlile yero nIlOTHOCTb HecpTIiI B 

npliIKpoBeIlbHoili yaCTIiI nIlaCTa 102 He npeBblwaIla 

0,116 MIlH. T/KM2. nOTepliI HecpTIiI nplil BOcxoA~LlIeili IlaTepaIlbHoili 

Mlilrpal.\1iI1iI K CBOAY IlOBYWKIiI no nIlaCTY 102 Ol.\eHeHbl B 

0,0432 MIlH. T/KM2, a nIlOTHOCTb cBo6oAHOili, MlilrplilpoBaBweili iii 

aKKYMYIllilpoBaBweilic~ HecpTIiI, 6blIla paBHa 0,0728 MIlH. T/KM2. 

B COOTBeTCTBliI1iI C 3TIiIM pecypcbl HecpTIiI B nIlaCTe 102 

Ol.\eHeHbl Ha OCHOBe MOAeIllilpOBaHIiI~ B 75,1 MIlH. T. no 

nOCIleAHIiIM AaHblM npoMblwIleHHble pecypcbl HecpTIiI nIlaCTa 102 

Ol.\eHIiIBaIOTC~ Bcero B 29,5 MIlH. T, npliIyeM B.D. ljIilCT~KOBbIM 

OTMeyeHO, 'ITO nOKpblWKa nIlaCTa 102 CIiIIlbHO HapyweHa 

TpeLllIiIHOBaTOCTblO, a 6IlaronpliI~THble yCIlOBIiI~ AIl~ coxpaHHOCTIiI 

3aIle>K1iI CYLlIeCTBYIOT TOIlbKO Ha 15 % nIlOLllaAIiI flOBYWKIiI. 3TO, 

Bepo~THo, iii ~BIiIIlOCb npliIYIiIHoili cYLlIecTBeHHoro pa3pyweHIiIR 

nepBIiIYHO CCPOpMlilpoBaBweilic~ 3aIle>K1iI HecpTIiI C nOTepeili 60 % 

nepBOHayaIlbHblx pecypcoB HecpTIiI. 

B npeAeIlax HIiI>KHeBapToBcKoro CBOAa WlilpoTHoro 

nplilo6b~ MOAeIllilpoBaHlile np0l.\eCCOB reHepal.\liIliI, Mlilrpal.\1iI1iI iii 

aKKYMYIl~l.\1iI1iI HecpTIiI npoBeAeHo AIl~ nOKayeBCKOro iii CeBepo­

BapberaHcKoro MeCTopO>KAeHliliIi. 
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nnOTHOCTb 3MlI1rpal..\lf1lil HecpTlI1 1I13 6a>KeHOBcKoli1 CBlI1Tbl Ha 

HecpTec6opHoli1 nno~aAlI1 nOKa'-leBcKoro MeCTOpO>KAeHlI1f1 

onpeAeneHa B 0,5 MnH. T/KM2. nOTepll1 HecpTlI1 npll1 BepTlI1KanbHoli1 

MlI1rpal..\lI1l11 1I13 6a>KeHOBcKoli1 CBlI1Tbl AO npoAYKTlI1BHblX 

pe3epByapoB Ol..\eHeHbl B 50 %. CneAoBaTenbHo nnOTHOCTb 

HecpTlI1, AocTlI1rweli1 npll1KpoBenbHoli1 30Hbl npoAYKTlI1BHblX 

pe3epByapoB COCTaBnflna 0,25 MnH. T/KM2. nOTepll1 HecpTlI1 npll1 

naTepanbHoli1 BOcxoAfI~eli1 MlI1rpal..\lI1l11 HecpTlI1 no KOnneKTOpaM AO 

nOBywKlI1 Ol..\eHeHbl B 0,11 MnH. T/KM2. nnoTHocTb nOABlI1>KHbIX, 

MlI1rpll1pOBaBWlI1X 1I1 aKKYMynll1poBaBwlI1xcfI B nOBywKe HecpTflHblX 

YB, Ol..\eHeHa B 0,14 MnH. T/KM2, a pecypcbl HecpTlI1 B nOBywKe 

paBHblMlI1 252,18 MnH. T, '-ITO Bcero Ha 1,78 % MeHbwe, '-IeM 

nOAC'-IlI1TaHHble nocne pa3BeAKlI1 3anaCbl HecpTlI1. 

Ha HecpTec6opHoli1 nno~aAlI1 CeBepo-BapberaHcKoro 

MeCTOpO>KAeHlI1f1 nnOTHOCTb 3MlI1rpal..\1I1111 HecpTlI1 1I13 6a>KeHOBcKoli1 

CBlI1Tbl COCTaBnflna 0,5 MnH. T/KM2. nOTepfl HecpTlI1 npll1 

BepTlI1KanbHoli1 MlI1rpal..\lI1l11 no Tpe~lI1HHO-nOpoBbIM KaHanaM OT 

MaTepll1HCKlI1X nopoA 6a>KeHOBcKoli1 CBlI1Tbl AO npll1KpoBenbHoli1 

'-IaCTlI1 pe3epByapoB Ol..\eHeHa B 50 %, cneAOBaTenbHO nnOTHOCTb 

HecpTlI1 B npll1KpoBenbHoli1 30He KOnneKTOpOB COCTaBnflna 

0,25 MnH. T/KM2. npll1 o6~eli1 HecpTeHacbl~eHHoli1 MO~HOCTlI1 

KOnneKTOpOB B 2,38 M nnOTHOCTb nOTepb HecpTlI1 npll1 

BOcxoAfI~eli1 naTepanbHoli1 MlI1rpal..\lI1l11 HecpTlI1 no pe3epByapaM 

Ol..\eHeHa B 0,14 MnH. T/KM2, a nnOTHOCTb MlI1rpll1pylO~lI1x 1I1 

aKKyMynll1pylO~lI1xcfI HecpTflHblX YB - B 0,11 MnH. T/KM2. 
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PeCYPCbl Hecj:m . ., nOKa4escKoro MeCTOpO>KAeH~fI Ha OCHOSe 

MOAen~pOSaH~fI reHepaLj~~, M~rpaLj~~ ~ aKKYMynflLj~~ 

Hecj::nflHbIX YB OLjeHeHbl S 329 MnH. T, 4TO Ha 23 % 60nbwe 

npoMblwneHHblx 3anacos, nOAC4~TaHHbIX nocne nposeAeH~fI 

pa3seAo4HbiX pa6oT. BnonHe S03MO>KHO, 4TO npesblweH~e 

MOAenbHblX pecypcos HaA cj:JaKT~4eCK~M~ o6ycnosneHo 

nOTepflM~ Hecj:JTII1 3a speMfi cYLl.\eCTBOSaHII1f1 MecTOpO>KAeHII1f1 s 

Te4eHille 20 - 30 MnH. neT. 

nOMIllMO KOnll14eCTSeHHoro MO,tJ,enlllpOSaHII1f1 reHe pa LjIl1 111 , 

MlI1rpaLjll1111 111 aKKYMynflLjll1111 Hecj:JTII1 C OLjeHKotli ee pecypcos no 

paCCMOTpeHHblM nflTIll MeCTOpO>KAeHII1f1M CpeAHero npll106bfl Anfl 

Ka>KAOrO 1113 HII1X nposeAeHO AeTanbHoe MOAenillpOSaHllle 

npOLjeCCOs naTepanbHotli MlI1rpaLj~1I1 111 aKKYMynflLjll1111 Hecj:JTII1 B 

XOAe reOnOrll14ecKoro SpeMeHIll - OT Ha4anbHoro MOMeHTa, KorAa 

B KOnneKTOpax 06pa30Sanll1Cb neps~4Hble CKOnneHII1f1 Hecj:JTII1, AO 

KOHe4Horo, KorAa npOLjeCCbl M~rpaLjIl1I11 nonHOCTblO 3aSepWll1nll1Cb 

111 3aKOH4111nOCb cj:JOpMlI1pOSaHllle MeCTOpO>KAeHII1f1. 

KaK Y>Ke YKa3blsanOCb paHee, npOLjeCCbl naTepanbHotli 

SOCXOAflLl.\etli MlI1rpaLjll1111 Hecj:JTII1 no KOnneKTOpaM AO 

aKKYMynlllpYIOLl.\etli nosywKIll npO~CXOAlI1n~ C KOHLja naneoreHa AO 

HeoreHosoro SpeMeHIll SKnI04I11TenbHO. Ha OCHOSaHlI1111 

paC4eTOS CKopocTetli MlI1rpaLjll1111 Hecj:JTII1, 

nnOTHocTetli Hecj:JTflHbIX YB S MII1rpaLjll10HHbiX nOTOKax 111 B 

aKKYMynlllpYIOLl.\II1X nOSYWKax 6blnll1 COCTasneHbl 

MHoro4111cneHHbie KapTbl S MacwTa6e 1: 100000 111 1 :200000, 

AeTanbHO xapaKTepll13YIOLl.\lI1e COCTOflHllle npoLjeccos MlI1rpaLjll1111 111 
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a KKyMyml 4111 111 HecpTII1 4epe3 onpeAelleHHble pasHble npOMe>KYTKII1 

SpeMeHII1 (0,1 MllH. lleT) - OT Ha4alla llaTepallbHoliI MII1rpa4111111 AO 

ee nOllHOrO 3aSepWeHII1fl npll1 OKOH4aHII1111 CPOpMlI1pOSaHlI1fl 

MeCTOpO>KAeHII1Ii1. 

npll1 pac4eTe cKopocTelil MII1rpa4111111 HecpTII1 Allfl 1I13Y4eHHbix 

II1CnOllb30Sallll1Cb ocpeAHeHHble AaHHbie no 06beKTOS 

nOpll1CTOCTII1 

nllacTosoliI 

111 

SOAbl 

npOHII14aeMOCTII1 KOlllleKTOpos, nIl OTH OCTII1 

cpa30so1i1 111 HecpTII1, Sfl3KOCTII1 HecpTII1, 

npOHII14aeMOCTII1 nopoA 111 T.A. 

CKOPOCTb SOCXOAflll\elil llaTepallbHoliI MII1rpa4111111 HecpTII1 S 

061laCTII1 WlI1pOTHOro npll106bfl 06bl4HO COCTaSllfllla OT 20 -

50 KM/MllH. lleT AO 80 - 100 KM/MllH. lleT, a Ha KPYTblX KpblllbflX 

CTPYKTYP s03paCTalla AO 250 - 280 KM/MllH. lleT. 

BpeMfl CPOpMlI1pOSaHlI1fl MeCTOpO>KAeHII1Ii1 (OT Ha4alla AO 

OKOH4aHII1fl aKKyMyllfl4111111 HecpTII1) S 3aSII1CII1MOCTII1 OT cKopocTelil 111 

AallbHOCTII1 MII1rpa4111111 COCTaSllfl1l0 OT 0,2 - 0,3 MllH. lleT 

(BOCT04Ho-CypryTcKoe 111 3anaAHo-CyprYTcKoe MeCTOp0>KAeHlI1fl) 

AO 1,1 - 1,4 MllH. lleT (YcTb-OallbIKCKOe, Cesepo-BapberaHcKoe 

MeCTOpO>KAeHlI1fl ). 

Oblllll1 nOCTpoeHbl MHoro4111ClleHHbie KapTbl, 

xapaKTepll13YlOIl\II1e S xOAe re01l0rll14eCKOro SpeMeHII1 COCTOflHlI1e 

MII1rpa4111111 111 aKKyMYllfl4111111 HecpTII1 Ha 1I13Y4eHHbix 06beKTaX 

WlI1pOTHOro npll106bfl. 3Aecb >Ke npll1S0AII1M S Ka4eCTse 

n1n1l14HOrO npll1Mepa TOllbKO cepll1lO KapT, xapaKTepll13YlOIl\II1X 

COCTOflHlI1e npo4eccos llaTepallbHoliI MII1rpa4111111 111 a KKyMyllfl 4111 111 
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Heqm • ., B xO,Qe re01l0n'lYeCKOrO BpeMeHIIl ,Q1ll'l Me1l0BbIX 

OTllO)f(eHIIlIiI BOCTOYHO-CyprYTCKOrO MeCTOpO)f(,QeHIIll'l. 

CXeMa npocplll1lelil ,Q1ll'l paCyeTa CKOpOCTelil MlIlrpaL\1Il1ll 

HecpTIIl B palilOHe BOCTOYHO-CypryTCKOIiI CTpyKTYPbl 

npe,QCTaB1leHa Ha plllC. 5.3. 

npOL\eCCbl 1laTepa1lbHOIiI MlIlrpaL\1Il1ll 111 aKKyMy1ll'lL\1Il1ll HecpTIIl 

npolllcxo,QIIl1l1ll B Haya1le HeoreHOBoro BpeMeHIIl. MO,Qe1llllpOBaHlIle 

111 KapTlIlpoBaHlIle npOL\eCCOB MlIlrpaL\1Il1ll 111 aKKMy1ll'lL\1Il1ll HecpTIIl 

npoIll3Bo,QIIl1l0Cb B MacwTa6e 1: 1 00000 yepe3 111 HTepBa1lbl 

BpeMeHIIl, paBHble 20 TbIC. 1leT. B pe3Y1lbTaTe :noro 6bl1l0 

COCTaB1leHO 15 KapT, 1Il1l1lIOCTPIllPYIOl.l\IIlX pa3BIIlTIIle npOL\eCCOB 

MlIlrpaL\1Il1ll 111 aKKyMy1ll'lL\1Il1ll HecpTIIl BO BpeMeHIIl, 8 1113 KOTOPbIX, 

OTpa)f(alOl.l\IIlX OCHOBHble 3Tanbl CPOpMlIlpOBaHIIll'l MeCTOpO)f(,QeHIIll'l, 

nplllBe,QeHbl B BIIl,Qe 1Il1l1lIOCTpaL\1Il1i1 (plllC. 5.4 - 5.11 ). 

nplll paCyeTaX CKopocTelil MlIlrpaL\1Il1ll B cpe,QHeM ,Q1ll'l 

HecpTec60pHoIiI n1l 0 l.l\a,Q 111 6bl1l1ll nplllHl'lTbl c1le,QYIOl.l\lIle 

napaMeTpbl: npOHIIlL\aeMOCTb K01l1leKTOpOB (Knp) paBHal'l 0,03 D; 

K03cpCPIllL\lIleHT cpa30BoIiI npOHIIlL\aeMOCTIIl (KcjJnp) paBHbl1il 0,6, YTO 

OTBeyaeT COOTHoweHlIl1O HecpTIIl 111 BO,Qbl B nplllKpOBe1lbHOIiI yaCn1 

K01l1leKTOpB 1:1, y,Qe1lbHbllil Bec n1laCTOBOIiI BO,Qbl 1,1 r/cM
3
; 

y,Qe1lbHbllil Bec HecpTIIl 0,8 r/cM
3
; noplllcToCTb K01l1leKTOpOB 0,18. 

CKOPOCTb MlIlrpaL\1Il1ll HecpTIIl, IIICXO,Ql'l 1113 3TIIlX ,QaHHbIX III 

npOBe,QeHHbiX paCyeTOB, K01le6a1laCb, B 3aBIIlCIIIMOCTIIl OT yma 

HaKllOHa n1laCTOB, Ha pa3HbiX yyaCTKaX HecpTec60pHoIiI n1l0l.l\a,Q1II 

OT 17,2 ,QO 283,5 KM/M1lH. 1leT, COCTaB1ll'll'l B 601lbWIIlHCTBe 

C1lyyaeB OK01l0 100 KM/M1lH. 1leT. 
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PMC. 5.3. CxeMa npotPMneH Ami paC'IeTa CKopocTeH MMrpaLlMM 
HetPTM B paHOHe BOCTO'lHO-CYPryTCKOH CTPYKTYpbl 
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YCIlOBHble 0603Ha4eH~51 K p~c . 5.4 - 5.11 . 

nnOTHOCTb M Lil rp ltlpylO~lo1X Heq:,UIHb IX YB, MIlH. T/KM2 

1 ... _'2110""1 -liI30nmCbl no KpoBne 6a>KeHOBcKo&1l CBt.1Tbr-------l _ . ' _ 
L-...J 0.43 0.65 0.B7 1.09 

[2] -rpaHLiI~ HecpTec6opHoi1 nIlO~101 
~ II 022 nnoTHocTb OCTaTO~HO~ HecpTeHaCbll1.\eH-
~ -Iloeyw KIit L--.l ' HOCHI KO(lneKTopoB. MnH. r/KM2 

PMC. 5.4. KapTa nnOTHOCTM MMrpMpYI011IMX M aKKYMynMpYlO11IMXCJI 

HecpTJlHblX YB B OTnO>KeHMJlX 6a>KeHOBCKoiil CBMTbl B paiiloHe 

BOCT04HO-CYPryTCKOiil CTPYKTYPbl 4epe3 0,02 MnH. neT nocne Ha4ana 

MMrpaLlMM 



P HC. 5.5. KapTa nnOTHOCTH MHrpHpYIO~HX H aKKYMynHpYIO~HXCH 
Heq,THHbIX YB B OTnOlKeHHHX 6alKeHoBcKoM CBHTbl B paMoHe 

B OCTOYHO-CYPryTCKOM CTPYKTYPbl yepe3 0,08 MnH. neT nocne Hayana 

MHrpaLlHH 



PMC. 5.6. KapTa nl10THOCTM MMrpMpYIO~MX M aKKYMYI1MPYIO~MXCSI 
He4>TSlHblx YB B OTI10>KeHMSIX 6a>KeHOBCKoM CBMTbl B paMoHe 

BOCTO'lHO-CypryTCKOM CTPYKTYPbl '1epe3 0,14 MI1H. l1eT nocl1e Ha'lal1a 

MMrpaLlMM 



PIo1C. 5.7. KapTa nnOTHOCTIo1 Mlo1rplo1pylOU\Io1X 101 aKKYMynlo1pYIOU\Io1XCH 

He<pTHHbIX YB B OTnO>KeHIo1HX 6a>KeHOBCKoH CBIo1Tbl B paHoHe 

B OCTO'lHO-CYPryTCKOH CTPYKTYPbl '1epe3 0,18 MnH. neT nocne Ha'lana 

Mlo1rpaLllo1101 



PHC. 5.8. KapTa nllOTHOCTH MHrpHpylOl1.IHX H aKKYMYllHPYlOl1.IHXCfI 

He<l>TflHblx YB B OTllO>KeHHflX 6a>KeHOBCKoM CBHTbl B paMoHe 

BocTo~Ho-CyprYTcKoM CTPYKTYpbl ~epe3 0,22 MllH. lleT nOClle Ha~alla 
MHrpal.lHH 



PI1C. 5.9. KapTa n110THOCTI1 Ml1rpl1pYlOll.Il1X 11 aKKYMYl1l1PYlOll.Il1XCH 

Heq,THHbIX YB B OT110lKeHI1HX 6alKeHoBcKoM CBI1Tbl B paMoHe 

B OCTO'lHO-CYPryTCKOM CTPYKTYpbl 'lepe3 0,26 MI1H. l1eT nOCl1e Ha'lal1a 

Ml1rpaLll111 



PHC. 5.10. KapTa nnOTHOCTH MHrpHpYIO~HX H aKKYMynHpYIO~HXCSI 
He4>TSlHblx YB B OTnOlKeHHSlX 6alKeHoBcKoH CBHTbl B paHoHe 

BOCTo'lHO-CYPryTCKOH CTPYKTYPbl '1epe3 0,28 MnH. neT nocne Ha'lana 

MHrpaLlHH 



P IilC. 5.11 . KapTa nllOTHOCTIil MlllrplllpYIO~IIIX III aKKYMYIlIIIPYIO~IIIXCJI 
He<l>TJlHblX YB B OTIlO>KeHIIIJlX 6a>KeHOBCKoH CBIIITbl B paHoHe 

B OCTO"lHO-CYPryTCKOH CTPYKTYpbl "Iepe3 0,3 MIlH. lleT noclle Ha"lalla 

Mlllrpal.lllllll 



nnOTHOCTb HecpTIII B nplIIKpOBenbHOIli 30He KOnneKTOpOB 

nepeA Ha4anOM npOL.\eCCa BOCXOA5ILl\elli naTepanbHOIli Mlllrpal..\111111 

COCTaBn5lna B npeAenax HecpTec60pHOili nnOLl\aAIII B cpeAHeM 

0,43 MnH. T/KM2. 

Yepe3 20 TbIC. neT nocne Ha4ana BOCXOA5ILl\elli 

naTepanbHolli Mlllrpal..\111111 (pIIIC. 5.4) nOABIII>KHa51 HecpTb ywna C 

Halll60nee norpY>KeHHblX Y4acTKoB HecpTec60pHoili nnOLl\aAIII III no 

ee neplllcpeplIIIII 06pa30Banacb Y3Ka51 30Ha oCTaT04Hoili 

HecpTeHaCblLl\eHHOCTIII KOnneKTOpOB C nnOTHOCTblO HecpT5IHbIX YB 

0,22 MnH. T/KM2. Ha 60nbwelli 4aCTIII HecpTec60pHoili nnOLl\aAIII 

nnOTHOCTb MlllrplllpYIOLl\IIIX K CBOAY HecpT5IHbIX YB OCTaBanaCb 

OKono 0,43 MnH. T/KM2, HO B OTAenbHblX 30Hax B03pocna AO 0,65 

- 0,87 MnH. T/KM2. Ha4anacb III aKKYMyn5ll..\1II51 HecpTIII B 

nplllcBoAOBblX 30Hax CTpyKTYPbl, rAe nnOTHOCTb 

aKKYMynlllpoBaHHblx HecpT5IHbIX YB AOCTlllrna 0,51 

0,63 MnH. T/KM2. 

np0l..\ecc BOCXOA5ILl\elli naTepanbHolli Mlllrpal..\111111 HecpTIII K 

CBOAY CTPYKTYPbl npOAOn>KanC5I HenpepblBHo III 4epe3 80 TbIC. 

neT (pIIIC. 5.5) CKOnneHIII5I nOABIII>KHOIli HecpTIII nOAownlll 6nlll>Ke K 

CBOAY CTPYKTYPbl, a BO Bcelli BHewHelli 30He HecpTec60pHoili 

nnOLl\aAIII 06pa30Banacb 06wlllpHa51 30Ha oCTaT04Hoili 

HecpTeHaCblLl\eHHocTIII. nnoTHocTb HecpTIII BO BcnnblBalOLl\IIIX K 

CBOAY CKOnneHIII5IX COCTaBn5lna OT 0,43 AO 0,65 - 0,87 MnH. T/KM2. 

nnoTHocTb aKKYMynlllpoBaHHblx HecpT5IHbIX YB B CBOAOBOIli 

nplllnOAH5ITOili 30He AOCTlllrna 0,76 -1,62 MnH. T/KM2. 
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Yepe3 140 TbIC. neT nocne Hayana BOCXOAs:lLl.\eill 

IlaTepanbHoili MVlrpal..\l/WI (pVlC. 5.6) yaCTb 

Heqnec6opHoili nnOLl.\aAVl Y>Ke OKa3anaCb nVlweHHoili nOABVl>KHbIX 

Hecj:>Ts:lHbIX YB Vl KOnneKTOpbl B Heill COAep>KaT B npVlKpOBenbHoili 

30He TonbKO OCTaTOYHYIO Hecj:>TeHaCblLl.\eHHOCTb. 

B ceBepHoili Vl ceBepO-3anaAHoili yaCTs:lX Hecj:>Tec6opHoili 

nnOLl.\aAVl, BnnOTb AO npVlCBOAOBOili 30Hbl aKKyMyns:ll..\VlVl, B 

KOnneKTOpax OCTanaCb TonbKO 

Hecj:>TeHaCblLl.\eHHOCTb Vl np0l..\eCC MVlrpal..\VlVl Vl aKKyMyns:ll..\VlVl 

Hecj:>Ts:lHbIX YB C ceBepa Vl ceBepO-3anaAa nonHOCTblO 

3aBepWVlnCs:I. 

C IOrO-BOCTOKa Vl BOCTOKa K CBOAOBOili yaCTVl CTPYKTypbl 

nOATs:lrVlBaIOTCs:I BcnnblBalOLl.\Vle CKOnneHVls:l Hecj:>TVl C nnOTHOCTblO 

Hecj:>Ts:lHbIX YB OT 0,43 AO 0,87 MnH. T/KM2. B npeAenax 30Hbl 

aKKyMyns:ll..\VlVl Ha CBOAe CTpyKTYPbl nnOTHOCTb 

aKKYMynVlpoBaHHbix Hecj:>Ts:lHbIX YB B03pocna AO 1,0 

2,15 MnH. T/KM2. 

Yepe3 180 TbIC. neT nocne Hayana BOCXOAs:lLl.\eill 

naTepanbHoili MVlrpal..\VlVl (pVlC. 5.7) Y>Ke npeo6naAalOLl.\as:l yaCTb 

nOABVl>KHOili Hecj:>TVl AOCTVlrna 30Hbl aKKyMyns:ll..\VlVl, a nOYTVl BCs:I 

Hecj:>Tec6opHas:l nnOLl.\aAb xapaKTepVl3yeTcs:I TonbKO OCTaTOYHOili 

Hecj:>TeHaCblLl.\eHHOCTblO B KOnneKTOpax. BVlAHbl nVlWb 

cpaBHVlTenbHo He60nbwVlx pa3MepoB CKOnneHVls:l MVlrpVlpYIOLl.\eill 

Hecj:>TVl, nOATs:lrVlBalOLl.\VleCs:I K CBOAOBblM 30HaM aKKYMyns:lI..\VlVl, B 

KOTOPblX nnOTHOCTb aKKYMynVlpoBaHHbix Hecj:>Ts:lHbIX YB AOCTVlrna 

1,17 - 2,46 MnH. T/KM2. 
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LJepe3 220 TbIC. neT nocne Ha4ana BOCXOAHLl.\eli1 

naTepanbHOVi MlI1rpa14VIL-1 (Pll1c. 5.8) n04TII1 BCH nOABII1>KHaH HecpTb 

AOCTlI1rna npll1cBoAoBoli1 30Hbl aKKyMynH14I11I11, a n04TII1 BCH 

HecpTec60pHaH nnOLl.\aAb xapaKTepll13yeTcH pacnpocTpaHeHlI1eM 

B KOnneKTOpax nll1Wb oCTaTo4HoVi HecpTeHacblLl.\eHHOCTII1 C 

nnOTHOCTblO HecpTHHblX YB 0,22 MnH. T/KM2. Xopowo BII1AHO, KaK 

C lOra 111 BOCTOKa K npll1cBOAOBblM 30HaM aKKyMynH14I11V1 

"noAnnbIBaIOT" OTAenbHble He6onbWII1e HecpTHHbie CKOnneHII1H C 

nnOTHOCTblO 0,43 - 0,65 MnH. T/KM2. B 30Hax aKKyMynH14I11V1 

nnOTHOCTb HecpTHHblX YB K 3TOMY BpeMeHII1 AOCTlI1raeT 1,25 -

2,62 MnH. T/KM2. 

LJepe3 260 TbIC. neT np014eCC BOCXOAHLl.\eli1 naTepanbHoli1 

M 111 rpa 14111 111 111 aKKyMynH14111111 HecpTII1 B npll1CBOAOBOVi 4aCTVI 

CTpyKTYPbl Y>Ke n04TII1 3aBepWII1nCH (Pll1c. 5.9). n04TII1 BCH 

HecpTec60pHaH nnOLl.\aAb xapaKTepll13yeTcH OCTaTo4Holi1 

HecpTeHaCblLl.\eHHOCTblO B npll1KpoBenbHoli1 30He KOnneKTOpOB C 

nnOTHOCTblO HecpTHHblX YB 0,22 MnH. T/KM2. C lOra K IO>KHOMY 

Kynony aKKyMynH14111111 nOAXOAII1T TonbKO OAHO HecpTHHoe 

CKOnneHlI1e, a C ceBepa - eLl.\e ABa COBceM He6onbWII1X 

CKOnneHII1H C nnOTHOCTblO YB 0,43 MnH. T/KM2. OAHO He6onbwoe 

CKOnneHlI1e C nnOTHOCTblO YB 0,43 MnH. T/KM2 nOAXOAII1T K 

ceBepHoVi 30He aKKyMynH14I11I11. nnoTHocTb aKKYMynll1poBaHHblx 

HecpTHHblX YB AOCTlI1raeT 1,33 - 2,72 MnH. T/KM2. 

LJepe3 280 TbIC. neT nocne Ha4ana BOCXOAHLl.\eli1 

naTepanbHoli1 MlI1rpa14111111 (Pll1c. 5.10) npo14ecc CPOpMlI1pOBaHII1H 

BOCTo4Ho-CyprYTcKoro MeCTOpO>KAeHII1H HecpTII1 3aBepWII1nCH Y>Ke 
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n04H1 nOnHOCTbKl - m1Wb 4eTbipe COBCeM He60nbWVlX 

CKOnneHVlfl HecpTVI, npOTfl>KeHHOCTbKl He 60nee 1 KM, nO,QXO,QflT C 

BOCTOKa K Kl>KHOIii 30He aKKyMynflL\VIVI VI O,QHO - C Klra - K 

ceBepHolii 30He aKKyMynflL\VlVI. nnOTHOCTb aKKYMynVlpoBaHHbix 

HecpTflHblX YB B npVlcBo,QOBOIii 4aCTVI CTpyKTYPbl ,QOCTVlraeT 1,33 -

2,73 MnH. T/KM2. 

4epe3 300 TbIC. neT nocne Ha4ana BOCXO,QflLl.\elil 

naTepanbHolii MVirpaL\VIVI CPOpMVlpOBaHVle BOCT04Ho-CyprYTCKoro 

HecpTflHoro MeCTOpO)I(,QeHVlfl cpaKTVl4eCKVI 3aBepWVlnOCb. Ha 

KapTe (pVlC. 5.11) BVI,QHbl nVlWb TonbKO 4eTbipe COBceM 

He60nbwVlx CKonneHVlfl HecpTVI C nnOTHOCTbKl YB 0,43 MnH. T/KM2, 

npVl6nVl>KaKlLl.\VleCfl K Kl>KHOMY Kynony aKKyMynflL\VlVI. nnOTHOCTb 

aKKYMynVlpoBaHHbix HecpTflHblX YB B nOBywKe Ha 3TOM 

nocne,QHeM 3Tane OCTanaCb TaKolii >Ke, KaK VI Ha npe,Qbl,QyLl.\eM 

3Tane, COCTaBnflfl 1,33 - 2,73 MnH. T/KM2. 

3aKnKl4afl, cne,QyeT OTMeTVlTb, 4TO 3MVlrpaL\Vlfl HecpTVI B 

paliioHe BOCT04Ho-CyprYTcKoro MeCTOpO)I(,QeHVlfl Vl3 

HecpTeMaTepVlHcKVlX nopo,Q 6a>KeHOBCKolii CBVlTbl Ha4anaCb eLl.\e B 

KOHL\e paHHero Mena - 110 MnH. neT Ha3a,Q, HO MaKCVlManbHoro 

pa3BVlTVlfl ,QOCTVlrna TonbKO 20 MnH. neT Ha3a,Q, B Ha4ane 

HeoreHOBoro BpeMeHVI. Ha npOTfl>KeHVIVI ,QnVlTenbHoro BpeMeHVI -

OKono 80 MnH. neT - BCfl 3MVlrpVlpoBaBwafl Vl3 6a>KeHOBCKolii 

CBVlTbl HecpTb, BcnnblBafl BBepx no pa3pe3y ,Qo KpoBnVl 

npo,QyKTVlBHbiX KOnneKTOpOB no TpeLl.\VlHHO-nopoBbIM KaHanaM, 

nonHOCTbKl B HViX pacceViBanacb, 06pa3Yfl OCTaT04HYKl 

HecpTeHaCblLl.\eHHOCTb. 

275 



B HIi14TO>KHbIX MaCWTa6ax aKKyMymH..jIi151 nepBIi14HbiX 

CKOnIleHli1111 HecpTIi1 B npli1KpOBeIlbHOIl1 30He MeIlOBblX KOIlIleKTOpOB 

Ha4aIlaCb 30 MIlH. IleT Ha3a,Q, a ,QOCTli1rna MaKCIi1MaIlbHOro 

pa3BIi1TIi151 IlIi1Wb 20 MIlH. IleT Ha3a,Q. CCPOpMli1pOBaBWli1eCfI K 

3TOMY BpeMeHIi1 B npli1KpOBeIlbHOIl1 30He BO,QOHaCbIL1leHHbIX 

KOIlIleKTOpOB nepBIi14Hbie CKOnIleHIi151 HecpTIi1 Ha4aIlli1 BcnIlblBaTb 

BBepx no BOCCTaHli1tO nIlaCTOB no HanpaBIleHli1tO K npli1no,QHflTOVl 

IloBywKe. 3TOT 3aBepWatOL1IIi1111 3Tan BOcxo,Q5IL1IeVl IlaTepaIlbHOVl 

Mli1rpaL\1i11i1 nepBIi14HbiX cKOnIleHli1111 Hecpnll, 06YCIlOBIi1BWI.1V1 

CPOpMli1pOBaHli1e BOCT04Ho-CypryTcKoro MeCTOpO>K,QeHIi151, 6blIl 

04eHb aKTIi1BHblM Ii1 KpaTKoBpeMeHHbIM, 3aBepWIi1BWIi1MC5I B 

HeoreHOBoe BpeM5I npaKTIi14eCKIi1 nOIlHOCTbtO Bcero 3a 

300 TbIC. IleT. 

5.1.2. CeBepHafi 30Ha 3anaAHo-CH6HpcKoro 6acceHHa 

CeBepHa51 30Ha 3ana,QHo-CIi16Ii1pCKOrO 6acceVlHa 

OTIlIi14aeTC5I OT 30Hbl WIi1POTHOro npli106b51 npIi1HL\li1nli1aIlbHo. 

rIlaBHoe OTIlli141i1e B TOM, 4TO MaTepli1HCKli1e nopO,Qbl 

6a>KeHOBCK0Il1 Ii1 TtOMeHCKOIl1 CBIi1T Ii1CnblTaIlIi1 3Ha41i1TeIlbHO 

60Ilbwee norpY>KeHli1e, ,QO 5 - 6 KM, 4TO 06YCIlOBIi1IlO 60Ilee 

BblCOKYtO CTeneHb KaTareHe3a OB (,Qo rpa,QaL\li1V1 AK1-AK2) 1.1 

np05lBIleHIi1e He TOIlbKO rnaBHOIl1 cpa3bl HecpTeo6pa30BaHIi151, HO 

n03>Ke BO BpeMeHIi1 - Ii1 rnaBHOIl1 cpa3bl ra3006pa30BaHIi151, 4TO 1.1 

06YCIlOBIi1IlO B 3TOVI 30He npe06Ila,QaHli1e ra30BblX, 

ra30KOH,QeHcaTHbIX Ii1 HecpTera30KOH,QeHcaTHb1X MeCTOpO>K,QeHIi1V1. 
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KpynHble pa3Mepbl CTpyKTyp (AO 25 x 180 KM) ItI 

Heqnera30c6opHbiX nfiOLl.\aAeVi (AO 5000 10000 KM2) 

06YCflOBltlflItI 3AeCb CPOpMltlpOBaHltle KpynHblx ItI rltlraHTCKItIX 

MeCTOpO>KAeHItIVI ymeBoAopoAOB. 

it1CTOpltl51 norpY>KeHItI51 HecpTera30MaTepltlHCKItIX OmO>KeHItIVI 

ItI HecpTera3006pa30BaHItI51 B ceBepHoVi 30He 3anaAHoVi CItI61t1pltl 

npeAcTaBfleHa Ha pltlc. 3.4 (maBa 3). ffiaBHa51 cpa3a 

HecpTeo6pa30BaHItI51 B 6a>KeHOBCKoVi CBItITe peaflltl30Baflacb B 

nepltloA BpeMeHItI OT 100 AO 10 MflH. fleT Ha3aA, a B TIOMeHCKOVi 

CBItITe - 120 - 68 MflH. fleT Ha3aA. 

3MltlrpltlpOBaBWa51 HecpTb ItICnblTblBafia BOCXOA51Ll.\YIO 

BepTItIKaflbHYIO Mltlrpa~1tI1O no TpeLl.\ItIHHO-nOpOBbIM KaHafiaM 1t13 

MaTepltIHCKItIX nopOA AO KpOBflltI npOAYKTItIBHblX nfiaCTOB. 

BblnOflHeHHble MOAeflbHble paC4eTbi nOKa3aflltl, 4TO BeCbMa 

AflltITeflbHOe BpeM51 (100 - 20 MflH. fleT) BC51 HecpTb 6a>KeHOBCKOVi 

CBItITbl paCCeltlBaflaCb Ha nYT51X Mltlrpa~1tI1tI ItI nepBItI4Hbie 

CKOnfieHItI51 ee B KOfifieKTOpaX HItI>KHero Mefla MOmltl 

06pa30BaTbC51 TOflbKO B HeoreHOBoe BpeM51. B TIOMeHCKItIX 

OTflO>KeHItI51X nepBItI4Hbie CKOnfieHItI51 HecpTItI B npltIKpOBeflbHOVi 

30He KOfifieKTOpOB CMOrfiltl 06pa30BaTbC51 no TOVi >Ke npltl41t1He 

TaK>Ke TOflbKO 4epe3 50 MflH. fleT nocfle Ha4afla 3Mltlrpa~1tI1tI 

HecpTItI - B KOH~e n03AHero Mefla (pltlc. 3.6, maBa 3). 

LITO KaCaeTC51 maBHOVi cpa3bl ra3006pa30BaHItI51, TO OHa 

np051BltlflaCb TOflbKO B TIOMeHCKOVI CBItITe, B nepltloA OT 100 AO 

10 MflH. fleT Ha3aA. AflltITeflbHOe BpeM51 (OKOfiO 80 MflH. fleT) 

BeCb ra3 paCCeltlBaflC51 Ha nyT51X BepTItIKaflbHOVi Mltlrpa~1tI1tI K 
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KpOBJ1e KOJ1J1eKTOpOB, a COOTBeTCTBeHHO nepBI-1YHble CKOnJ1eHI-1H 

ra3a 06pa30BaJ1I-1Cb B npI-1KpOBeJ1bHOVi 30He KOJ1J1eKTOpOB TOJ1bKO 

B KOHL1e naJ1eOreHa - B HeoreHe. 

<t>OpMl-1pOBaHl-1e 3aJ1e>KeVi B KOJ1J1eKTOpax 

TIOMeHCKOVi CBI-1Tbl BCJ1e.D,CTBl-1e J1aTepaJ1bHOVi BOCXO.D,Hl.I..\eVi 

Ml-1rpaL11-11-1 np0I-1CXO.D,I-1J10 B KOHL1e n03.D,HerO MeJ1a - B HayaJ1e 

naJ1eOreHa. B MeJ10BbIX KOJ1J1eKTOpax cjJOpMl-1pOBaHl-1e HecjJTHHblX 

3aJ1e>KeVi 3a CyeT 6a>KeHOBCKOVi HecjJTI-1 np0I-1CXO.D,I-1J10 B 

HeoreHOBoe BpeMH. 

MOl.l..\HOe ra3006pa30BaHI-1e B TIOMeHCKOVi CBI-1Te 

06YCJ10BI-1J10 B HeoreHOBoe BpeMH nocTynJ1eHl-1e orpOMHblX 

KOJ1l-1yeCTB YB ra3a B paHee CcjJOpMl-1pOBaBWl-1eCH HecjJTHHbie 

3aJ1e>Kl-1, YTO npl-1BeJ10 K I-1X CYl.l..\eCTBeHHOMY pa3pyweHI-1IO. 

PaCCMOTpl-1M pe3YJ1bTaTbl KOJ1l-1yeCTBeHHoro MO.D,eJ1l-1pOBaHI-1H 

reHepaL1l-1l-1, Ml-1rpaL11-11-1 1-1 aKKyMyJ1HL11-11-1 HecjJTI-1 1-1 ra3a B ceBepHOVi 

30He 3ana.D,HO-CI-16I-1pCKOrO 6acceViHa. 

YpeH20UCKUU paUOH. nJ10THOCTb 3Ml-1rpaL11-11-1 HecjJTI-1 1-13 

MaTepl-1HCKI-1X nopo.D, TIOMeHCKOVi CBI-1Tbl OL1eHeHa B 

6,79 MJ1H. T/KM2. nOTepl-1 HecjJTI-1 npl-1 BCnJ1bIBaHI-1I-1 K KpOBJ1e 

KOJ1J1eKTOpOB COCTaBI-1J11-1 81,17 %. CooTBeTcTBeHHo nJ10THOCTb 

HecjJTI-1 B npI-1KpOBeJ1bHOVi 30He KOJ1J1eKTOpOB OL1eHeHa B 

1,28 MJ1H. T/KM2. 

nOTepl-1 HecjJTI-1 npl-1 BOCXO.D,Hl.I..\eVi J1aTepaJ1bHOVi Ml-1rpaL11-11-1 

no TIOMeHCKI-1M KOJ1J1eKTOpaM npl-1 cpe.D,HeVi HecjJTeHaCbll.l..\eHHOVi 

MOl.l..\HOCTI-1 13,3 M COCTaBI-1J11-1 0,638 MJ1H. T/KM2. COOTBeTCTBeHHo 

nJ10THOCTb HecjJTI-1, oCTaBweVicH B CBo6o.D,HOM COCTOHHI-1I-1 1-1 
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MorYLl.\eJli MlI1rpll1pOBaTb 111 aKKYMynll1pOBaTbCfl B nOBYWKe, 

onpe,lJ,enll1naCb paBHoJli 0,65 MnH. T/KM2. 

nepBII14Hbie pecypcbl HecpTII1, aKKYMynll1pOBaHHoJli B 

KOnneKTOpax TIOMeHcKoJli CBII1Tbl Ha KOHeL1 Mena - Ha4ano 

naneoreHa OL1eHeHbl paBHblMII1 Q:KTIOM = 4950·0,65 = 3,2 MJIP)J..T. 

nnOTHOCTb 3MlI1rpaL1111111 HecpTII1 1113 6a>KeHOBcKoJli CBII1Tbl B 

HII1>KHeMenOBble OmO>KeHlI1fl B npe,lJ,enax YpeHroJlicKoJli 

HecpTec6opHoJli nnOLl.\a,lJ,1I1 OL1eHeHa B 5,56 MnH. T/KM2. nOTepll1 

HecpTII1 npll1 BcnnblBaHlI1111 K KpoBne KOnneKTOpOB COCTaBlI1nll1 

51,79 %. CooTBeTcTBeHHo nnOTHOCTb HecpTII1 B npll1KpOBenbHoJli 

30He HII1>KHeMenOBbIX KOnneKTOpOB onpe,lJ,enll1naCb paBHoJli 

2,66 MnH. T/KM2. npll1 cYMMapHoJli HecpTeHaCblLl.\eHHoJli MOLl.\HOCTII1 

20,85 M nOTepll1 HecpTII1 npll1 BOCXO,lJ,flLl.\eJli naTepanbHoJli MlI1rpaL1111111 

COCTaBlI1nll1 1,33 MnH. T/KM2, a nepBII14Hbie pecypcbl HecpTII1 B 

HII1>KHeMenOBbIX KOnneKTOpax YpeHrofl Ha Ha4ano HeoreHa 

Q:K = 4950 ·1,33 = 6,58 MJIP)J..T. 

TaKII1M 06pa30M, YpeHroJlicKoe 

nepBOHa4anbHO (,IJ,O npOflBneHlI1fl r<t>r) 6blnO rll1raHTCKII1M 

HecpTflHblM, C cYMMapHblMII1 pecypcaMII1 HecpTII1 B 9,78 Mnp,lJ,. T. 

B HeoreHe npOflBlI1naCb rnaBHafl cpa3a ra3006pa30BaHII1fl B 

TIOMeHcKoJli CBII1Te. nnoTHocTb 3MlI1rpaL1111111 ra3a Ha YpeHroJlicKoJli 

ra30c6opHoJli nnOLl.\a,lJ,1I1 COCTaBnflna 4,97 Mnp,lJ,. M3/KM2. nOTepll1 

yrneBO,lJ,OpO,lJ,HOrO ra3a npll1 pacTBOpeHlI1111 B HecpTflHblX YB 

OL1eHeHbl B 1,098 Mnp,lJ,. M3/KM2, B nnaCTOBblX BO,lJ,aX KOnneKTOpOB 

- B 0,69 Mnp,lJ,. M3/KM2. 
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nOTepVl YB ra3a npVl BCnnblBaHVIVI K KpOBne KOnneKTOpOB 

onpe,qenVlnVlCb B 1,104 Mnp,q. M3/KM 2. CooTBeTcTBeHHO 

nnOTHOCTb YB ra3a B npVlKpoBenbHoC1 30He TIOMeHCKVlX 

KOnneKTOpOB COCTaBVlna 2,161 Mnp,q. M3/KM 2. 

npVl cYMMapHoC1 MOll.\HOCTVI ra30HaCblll.\eHVlfl KOnneKTOpOB 

B 60,0 M [loTepVl ra3a npVl BOcxo,qflll.\eC1 naTepanbHoC1 MVlrpal..\VIVI K 

CBO,qy YpeHroC1cKoC1 CTpyKTYPbl OKa3anVlCb paBHblML1 

0,54 Mnp,q. M3/KM2, a nnOTHOCTb cBo6o,qHoro, 

aKKYMynVlpoBaBweroCfl B nOBywKe, YB ra3a paBHo~ 

1,62 Mnp,q. M3/KM2. CooTBeTcTBeHHo nepBoHa4anbHbie pecypcbl 

YB ra3a B TIOMeHcKoC1 CBVlTe COCTaBnflnVl B HeoreHOBoe BpeMfi 

4950·1,26 = 8,019 TpnH. M3. 

AKKYMynfll..\L1fl YB ra3a npoVlcxo,qVlna B YpeHro~cKo~ 

nOBywKe B HeoreHOBoe BpeMfl - 20 - 15 MnH. neT Ha3a,q, Kor,qa B 

KOnneKTOpax TIOMeHCKO~ CBVlTbl VI HVI>KHero Mena Y>Ke 

CYll.\eCTBOBanVl rVlraHTCKVle HeqnflHble 3ane>KVI C cyMMapHblML1 

pecypcaMVI B 9,78 Mnp,q. T. 06beM HecpTVI B nOBywKe COCTaBnfln 

12,24 Mnp,q. M3, a o6beM aKKYMynVlpoBaBwerocfl ra3a (B 

nnaCTOBblX ycnoBVlflx) - 40 Mnp,q. M3, TO eCTb npeBblwan 06beM 

HecpTVI B nOBYWKe B 3,2 pa3a. 

nocTynneHVle YB ra3a B nOBywKy npVlBeno K pa3pyweHL11O 

nepBVl4HbiX 3ane>KeC1 HecpTVI. K HaCTOflll.\eMY BpeMeHVI B 

YpeHroC1cKoM MeCTOpO)K,[leHVIVI OCTanOCb 2,1 Mnp,q. T HecpTflHblX 

YB - nonOBVlHa B HecpTflHblX OTopo4Kax VI nonOBVlHa - B 

ra30KoH,qeHcaTHblx 3ane>KaX B ra30pacTBopeHHoM COCTOflHVlVI. 

Cne,qoBaTenbHo nOTepVl HecpTVI npVl pa3pyweHVIVI nepBVl4HbiX 
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Hecj::lTHHbIX 3ane>KeVi 3a CyeT BHeApeHItlH ra3a COCTaBltlnltl 78 %. 

npltl BHeApeHltl1tl ra3a B Hecj::lTHHble 3ane>K1tl cj::lopMltlpOBanltlCb 

r330KOHAeHcaTHbie 3ane>Kltl, B pHAe nnaCTOB - C Hecj::lTHHbIMItl 

OTOpOYKaMItl. 

npltl BOCXOAHLl.\eVi BepTItlKanbHOVi Mltlrp3L11tl1tl YB ra3a Ha 

CBOAe CTpyKTYPbl BBepx no pa3pe3y CHItl>KeHltle TeMnepaTypbl Itl 

A3BneHItlH o6ycnoBnltlBano BblnaAeHltle Hecj::lTHHblx YB 1tl3 

r330Boro pacTBopa. B pe3ynbTaTe B ceHOMaHCKItlX OTnO>KeHItlHX 

H3 rny61tlHe OKono 1 KM nOA MOLl.\HOVi nOKpblwKOVi o6pa30Banacb 

orpoMHaH YItlCTO ra30BaH MaCCItlBHaH 3ane>Kb C BblCOTOVi B 213 M. 

nepBOHayanbHble pecypcbl ra3a YpeHroVicKoro 

MeCTOpO>KAeHItlH OL1eHeHbl HaMItl B 8,019 TpnH. M
3
, a 

cj::laKTltlyeCKltle COCTaBnHIOT 7,7 TpnH. M
3
, TO eCTb nOTepltl ra3a 1tl3 

MeCTOpO>KAeHItlH B TeyeHltle HeoreHa COCTaBltlnltl 312 MnpA. M3 

(3,9 %). 

npoBeAeHo AeTanbHoe MOAenltlpOBaHltle Itl KapTltlpOBaHltle 

npOL1eCCOB naTepanbHoVi MltlrpaL11tl1tl Itl aKKyMynHL11tl1tl Hecj::lTItl B 

YpeHroVicKoVi cTpyKType B OTnO>KeHItlHX TIOMeHcKoVi CBItlTbl Itl B 

OTnO>KeHItlHX HItl>KHero Mena; MOAenltlpOBaHltle Itl KapTltlpOBaHltle 

naTepanbHoVi MltlrpaL11tl1tl Itl aKKyMynHL11tl1tl YB ra3a B TIOMeHcKoVi 

CBItlTe. COCTOHHltle Itl pa3BItlTItle npOL1eCCOB naTepanbHoVi 

MltlrpaL11tl1tl Itl 3KKyMynHL11tl1tl Hecj::lTItl Itl ra3a B XOAe reonOrltlyeCKoro 

SpeMeHItl oxapaKTepltl30BaHbi 19 KapTaMItl MacwTa6a 1 :250000 

1:0 KpoBne 6a>KeHOBCKoVi CBItlTbl. HeKoTopble 1tl3 HItlX npltlBeAeHbl 

H3 pltlc. 5.12 - 5.19. 
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Ycn013Hble 0603H84eHUR K puc. 5.12 - 5.15 

/"" -3,7 ./ L-130rvlnCbl no KpOBJle 6a>KeHOBCKO~ CBL-1Tbl 

---- rpaHL-1~a HeCPTera30c6opHO~ nIlOll\C3AL-1 2 

nIlOTHOCTb ML-1rpL-1pylOll\L-1X HecpTS'lHbIX YB, MIlH.T/KM 

0-1 ,3 0 -1,95 .-2,6 . -3,25 
o 0,65 nIlOTHOCTb OCTaTo4Hoi-i HecpTeHacblllleHHocH1 KOIlIleKTOpOB, MIlH.Ti KM 2 

PMC. 5.12. KapTa nnOTHOCTM MMrpMpylO~Mx M aKKyMynMpylO~MxcSI 
He4>TSlHblx YB B OTnOlKeHMSIX TIOMeHcKoliI CBMTbl B palil'oHe 

YpeHrolilcKoro MeCTOpO>K,qeHMSI "Iepe3 0,2 MnH. neT nocne Ha"lana 
MMrpaLlMM 



PI1C. 5.13. KapTa nnOTHOCTI1 Ml1rpl1pylOl1Il1X 11 aKKYMynl1pYlOl1Il1XCSI 
He'i>TSlHblx YB B OTnO>KeHI1S1X TIOMeHcKolii CBI1Tbl B paliioHe 

YpeHrolilcKoro MeCTOpO>K,qeHI1S1 '1epe3 0,6 MnH. neT nocne Ha'lana 
Ml1rpaLll111 



PIilC. 5.14. KapTa nllOTHOCTIil MlllrplilpylO~lIIx III aKKyMYlllllpylO~lIIxcR 

He€pTRHbIX YB B OTIlOlKeHIIIRX TIOMeHcKoM CBIIITbl B paMoHe 

YpeHroMcKoro MecTOpO>K,QeHIIIR "Iepe3 1 ,0 MIlH. lleT noclle Ha"lalla 

Mlllrpa",1II1II 



P MC. 5.15. KapTa nIlOTHOCTM MMrpMpylO~Mx M aKKYMyIlMpylO~MxcSI 

He<pTSlHbIX YB B OTIlO>KeHMSlX TIOMeHcKoM CBMTbl B paMoHe 

YpeHroMcKoro MeCTOpO>K,QeHMSI lIepe3 1,8 MIlH. IleT nOCIle Hallalla 

MMrpaJ.lMM 



YcnOBHbie 0603Ha'ieHUR K puc. 5.16 - 5.17 

____ -3 7 "'-- H30rHnCbl no KpoBIle 6a)f(eHOBCKo~ CBHTbl 
~ rpaH~lIa Hecj:lTera30c6opHO~ nIlOU1aA~ 

nnoTHocTb MHrpHpylOl1jHX Hecj:mlHblx YB, MIlH.T/KM 2 

D - 2,6 D -3,9 • - 5,2 . -6,5 
D - 1,3 nnoTHocTb oCTaTo4Ho~ Heq)TeHaCbl~eHHocTH KonneKTopoB, MnH.T/K~ 

PMC. 5.16. KapTa nnOTHOCTM MMrpMpylO~Mx M aKKyMynMpylO~MxcH 
HecPTHHblX YB B HM>KHeMenOBbIX OTnO>KeHMHX, o6pa30BaHHbix B 

6a>KeHOBCKoM CBMTe B paMoHe YpeHroHcKoro MeCTOpO>K,QeHMH 'fepe3 

0,6 MnH. neT nocne Ha'fana MMrpaLlMM 



P HC. 5.17. KapTa nnOTHOCTH MHrpHpylO~Hx H aKKyMynHpylO~HXCft 

HecPTftHblX YB B HHlKHeMenOBblX OTnOlKeHHftX, o6pa30BaHHbix B 

6 a lKeHoBcKoH CBHTe B paHoHe YpeHroHcKoro MeCTOpOlK,tleHHft 'fepe3 

1,2 MnH.neT nocne Ha'fana MHrpaLlHH 



Ycn06Hbie 0603H84eHUR K puc. 5.18 - 5.19: 

..----3 7 ....... 1-130rl-1nCbl no KpOBlle 6a>KeHOBCKolii CBI-1Tbl 
, - rpaHl-1l..\a He<pTera30c60pHOIii nnOll.\at:\1-1 

nnOTHOCTb Ml-1rpl-1pylOll.\I-1X YB ra3a, MnpA. M3/KM
2 

O - 2 ° 0 -3 4 0 - 4 8 • -6 2 
I I " 3 2 

0 -0,6 nIlOTHOCTb oCTaTOYHolii ra30HaCblLl.\eHHOCTI;1 KOIlIleKTOpOB, MIlPA.M IKM 

PHC. 5.18. KapTa nIlOTHOCTH MHrpHpYIOll.\erO H aKKYMYIlHPYIOll.\erOCSI 
YB ra3a B OTIlO>KeHHSlX TIOMeHcKoM CBHTbl B paMoHe YpeHroMcKoro 

MeCTOpOlK,QeHHSI 'Iepe3 5 000 IleT nOCIle Ha'lalla MHrpal..\HH 



PMC. 5.19. KapTa nnOTHOCTM MMrpMpYlOl1.Iero M aKKYMynMpYlOl1.IerocSi 
YB ra3a B OTnO>KeHMSIX TIOMeHcKoH CBMTbl B paHoHe YpeHroHcKoro 

MeCTOpOlK,QeHMSI ~epe3 30 000 neT nocne Ha~ana MMrpal.lMM 



B TIOMeHCKO~ CBvlTe paC4eTHbie CKOPOCTIIl MlIlrpaL!lIl~ 

HecpTIIl, B 3aBIIlCIIlMOCTIIl OT yrna HaKIlOHa nJ1aCTOB, COCTaBmlJ111l OT 

7 - 10 AO 30 - 40 KM IMJ1H. J1eT. MOAeJ1l1lpOBaHlIle MlIlrpaL!lIl~ ~ 

a KKyMyJ1f1 L!1Il III HecpTIIl npo1ll3BOAIIlJ10Cb 4epe3 npOMe)f(YTK~ 

BpeMeHIIl, paBHble 0,2 MJ1H. J1eT. 

4epe3 0,2 MJ1H. J1eT nOCJ1e Ha4aJ1a J1aTepaJ1bHO~ MlIlrpaL!~~ 

B y3KO~ n0J10ce, oXBaTbiBalOLlle~ Halll60J1ee norpY)f(eHHble 

Y4acTKIIl neplllcpe pill III HecpTec60pHo~ nJ10LllaAIIl, nJ10THOCTb 

HecpTIIl B npIllKpOBeJ1bHO~ 30He KOJ1J1eKTOpOB nOH1Il311lJ1aCb AO 

0,65 MJ1H. T/KM2, 4TO OTBe4aeT oCTaT04Ho~ "MepTBo~" 

HecpTeHacblLlleHHocTIIl nopoA (pIllC. 5.12). Ha Halll60J1ee 

nplllnoAHflTblX Y4acTKax YpeHro~cKoro BaJ1a Ha4aJ1aCb 

aKKYMYJ1f1L!lIlfl HecpTIIl, nJ10THOCTb aKKYMyJ1l1lpOBaHHo~ HecpTIIl 

AOCTlIlraJ1a 2,7 - 3,6 MJ1H. T/KM2. 

4epe3 0,4 MJ1H. 30Ha OCTaT04HO~ 

HecpTeHaCblLlleHHOCTIIl paCWlIlplllJ1acb. nJ10THOCTb HecpTflHoro 

nOTOKa, HanpaBJ1eHHOrO K J10BywKe, MeCTaMIIl AOCTlIlrna 2,6 -

3,5 MJ1H. T/KM2, a B 30Hax aKKYMYJ1f1L!IIlIll- 4,7 - 6,0 MJ1H. T/KM2. 

4epe3 0,6 MJ1H. J1eT KOJ1J1eKTOpbl Ha 60J1bWe~ 4acn1 

HecpTec60pHo~ nJ10LllaAIIl Y)f(e COAep)f(aJ111l TOJ1bKO oCTaT04HYlO 

HecpTeHacblLlleHHocTb, HecpTflHo~ nOTOK npIll6J111l311lJ1CfI K 

CBOAOBO~ 4aCTIIl BaJ1a, B Halll60J1ee nplllnoAHflTblX Y4aCTKaX 

KOToporo nJ10THOCTb aKKYMyJ1l1lpOBaHHo~ HecpTIIl AOCTlIlraJ1a 6 -

9,3 MJ1H. T/KM2 (pIllC. 5.13). 

4epe3 0,8 MJ1H. J1eT npe06J1aAalOLllafl 4aCTb 

HecpTec60pHO~ nJ10LllaAIIl Y)f(e xapaKTeplll3yeTcfI oCTaT04Ho~ 
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HeqneHaCblU\eHHOCTblO. He<pTfIHOVI nOTOK nOAXOAVIT K OCeBOVI 

4aCTVI BaIla, nIlOTHOCTb He<pTVI B HeM MeCTaMVI AOCTVlraeT 2,6 -

3,2 MIlH. T/KM2, a nIlOTHOCTb aKKYMYIlVIpoBaHHblx YB B CBOAOBOVI 

4aCTVI BaIla -7,7 - 10,3 MIlH. T/KM2. 

LJepe3 1 MIlH. IleT (pVlC. 5.14) Y>Ke n04TVI BCft 

He<pTec6opHaft nIloU\aAb xapaKTepVl3yeTCft TOIlbKO oCTaTo4HoVi 

He<pTeHacblU\eHHocTblO, a OTAeIlbHble CKOnIleHVlft He<pTVI C 

nIlOTHOCTblO AO 2,6 - 3,2 MIlH. T/KM2 nOATftrVlBalOTCft K HaVl60Ilee 

npVlnOAHftTblM Y4acTKaM B CBOAOBOVI 4aCTVI BaIla. 

LJepe3 1,2 MIlH. IleT TOIlbKO HeCKOIlbKO He60IlbwVlX 

cKonIleHVlVI He<pTVI BIlVIBalOTCft B HaVl60Ilee npVlnOAHftTble 

Y4acTKVI 30Hbl aKKyMyIlftI..\VlVI, rAe nIlOTHOCTb He<pTVI AOCTVlrIla 11 -

11,8 MIlH. T/KM2. 

LJepe3 1,4 MIlH. IleT np0l..\ecc MVirpal..\VIVI VI aKKyMyIlftl..\VIVI 

He<pTVI n04TVI 3aBepWVlIlCft. Ha HeKoTopblX Y4acTKax, oco6eHHo B 

ceBepHoVi '-IaCTVI BaIla, He<pTftHoVi nOTOK eU\e BTftrVlBaeTCft B 

aKKYMYIlVIPYIOU\VlVI KynoIl, rAe nIlOTHOCTb aKKYMYIlVIpOBaHHOVI 

He<pTVI AOCTVlrIla 9,75 MIlH. T/KM2. 

LJepe3 1,6 - 1,8 MIlH. IleT np0l..\ecc IlaTepaIlbHoVi MVirpal..\VIVI 

VI aKKyMyIlftl..\VIVI He<pTVI n04TVI nOIlHOCTblO 3aBepweH. nVlWb OAHO 

CKonIleHVle He<pTVI nOATftrVlBaIlOCb K ceBepHoMY KynoIly, B 

KOTOPOM nIlOTHOCTb aKKYMYIlVIpoBaHHoVi He<pTVI AOCTVlrIla 

11,05 MIlH. T/KM2 (pVlC. 5.15). 

CKOPOCTb IlaTepaIlbHOVI M VI rpal..\VI VI 

6a>KeHOBCKOVI He<pTVI B HeOKOMCKVlX KOIlIleKTOpaX COCTaBIlftIla OT 

30 - 50 AO 110 - 177 KM/MIlH. IleT. 
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Yepe3 0,2 MIlH. IleT Ha~6oIlee norPY)f{eHHble Y4acTKIo1 

Hecj:>Tec6opHoili nIlOLl.\aA~ Y)f{e OKa3aIl~Cb Il~weHHbIMIo1 

nOAB~)f{HOili Hecj:>T~. M~rpal..\~OHHble nOTOK~ Hecj:>TIo1 

np~6Il~3~Il~Cb K np~cBoAOBOili 4aCT~ BaIla, rAe nIloTHoCTb 

aKKYMYIl~pOBaHHoili Hecj:>T~ AOCT~ma 9,7- 13,2 MIlH. T/KM2. 

Yepe3 0,6 - 0,8 MIlH. IleT Y)f{e n04T~ BCfl Hecj:>Tec6opHafl 

nIlOLl.\aAb xapaKTep~30BaIlacb pacnpocTpaHeH~eM "MepTBoill" 

Hecj:>TeHaCblLl.\eHOCT~ KOIlIleKTOpoB. Ha KapTax B~AHbl TOIlbKO 

OTAeIlbHble He6oIlbw~e CKonIleH~fl M~rp~poBaBweili Hecj:>TIo1, 

"BIl~BalOLl.\~eCfl" B Ha~6oIlee np~noAHflTble y4acTK~ BaIla, rAe 

nIlOTHOCTb aKKYMYIlfll..\~~ Hecj:>T~ AOCT~rIla 17,3 - 24,9 MIlH. T/KM2 

(p~c. 5.16). 

Yepe3 1 - 1,2 MIlH. IleT BOCXOAflLl.\afl IlaTepaIlbHafl 

M~rpal..\~fl ~ aKKYMYIlfll..\~fl Hecj:>n1 B MeIlOBblX OTJlO)f{eH~flX 

npaKT~4eCK~ 3aKOH4~Il~Cb. n~Wb B ceBepHoili 30He OAHO 

CKonIleH~e M~rp~pYIOLl.\eill Hecj:>T~ C nIlOTHOCTblO B 2,8 MIlH. T/KM2 

npOAOIl)f{aIlO BIl~BaTbCfl B aKKYMYIl~PYIOLl.\~iII KynoIl, nIlOTHOCTb 

Hecj:>T~ B KOTOPOM AOCT~ma 22,28 MIlH. T/KM2 (p~c. 5.17). 

nOCKOIlbKY OCHOBOili AIlfl MOAeIl~poBaH~fl IlaTepaIlbHoili 

M~rpal..\~~ ~ aKKYMYIlfll..\~~ Hecj:>T~ B MeIlOBblX OTJlO)f{eH~flX 

flBIlflIlaCb CTpYKTypHafl KapTa no KpoBIle 6a)f{eHOBCKoili CB~Tbl, 

Ccj:>OpM~poBaBweecfl Hecj:>TflHoe MeCTOpO)f{geH~e BbIrIlflA~T Ha 

Heill B B~Ae l..\en04K~ 6Il~3KopaCnOIlO)f{eHHbIX cKonIleH~iII Hecj:>T~ 

Ha BceM npOTfl)f{eH~~ YpeHroilicKoro BaIla, XOTfl no CTpYKType 

MeIlOBblX npoAYKT~BHbIX nIlaCTOB OHO npeAcTaBIlflIlo co6oill 

eA~Hoe orpoMHoe CKonIleH~e Hecj:>T~. 
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naTepanbHaH Mli1rpal...!li1H li1 aKKyMynHl...!li1H YB ra3a B 

YpeHroillcKOM paillOHe npoli1cxo,Qli1na B TIOMeHCKli1X OmO>KeHli1HX B 

HeoreHe. Yepe3 nHTb TblCHY neT nocne Hayana Mli1rpal...!li1li1 

Mli1rpal...!li10HHble nOTOKli1 ra3a Y>Ke HeCKonbKO npO,QBli1Hynli1Cb K 

CBO,QOBoill yaCTli1 Bana, a B caMblX norpY>KeHHblX yyaCTKaX 

ra30c60pHOill nnOLl.la,Qli1 B KOnneKTOpax OCTanaCb TonbKO 

"MepTBaH" ra30HaCbILl.leHHOCTb. HayanaCb aKKyMynHl...!li1H ra3a B 

CBO,QOBbIX yyaCTKax, r,Qe nnOTHOCTb ra3a ,QOCTli1rna 5,4 -

8,4 Mnp,Q. M3/KM2 (Pli1c. 5.18). 

Yepe3 30 TbIC. neT Y>Ke nOYTli1 BCH ra30c60pHaH nnOLl.la,Qb 

OKa3anaCb nli1WeHHOill nO,QBli1>KHbIX YB ra30B, a OT,QenbHble 

CpaBHli1TenbHO He60nbWli1e CKOnneHli1H YB ra3a ,QOCTli1ranli1 

npli1nO,QHHTbIX 30H aKKyMynHl...!li1li1, r,Qe nnOTHOCTb ra3a COCTaBnHna 

22 - 26 Mnp,Q. M3/KM2 (Pli1c. 5.19). 

Yepe3 60 TbIC. neT npOl...!eCC BOCXO,QHLl.Ieill naTepanbHoill 

Mli1rpal...!li1li1 li1 aKKyMynHl...!li1li1 YB ra3a Ha YpeHroillcKOM 

MeCTOp0>K.QeHli1li1 npaKTli1yeCKli1 nonHOCTblO 3aBepWli1nCH. 

nnOTHOCTb aKKyMynli1pOSaHHoro ra3a ,QOCTli1rna s npli1CBO,QOBOill 

yaCTli1 Bana 22,4 - 30,4 Mnp,Q. M3/KM2. TonbKo K cesepHoMY 

nO,QTHrli1SanOCb e,Qli1HCTSeHHoe CKOnneHli1e 

Mli1rpli1pOSaBWero YB ra3a C nnOTHOCTblO OT 2 ,QO 

4,8 Mnp,Q. M3/KM 2. B COOTSeTCTSli1li1 C paCyeTaMli1 nonHOCTblO 

3aBepWli1naCb aKKyMynHl...!li1H YB ra3a Ha cesepHoM Kynone 

TonbKO yepe3 195 TbIC. neT, Kor,Qa nnOTHOCTb 

aKKYMynli1pOSaHHoro ra3a ,QOCTli1rna Ha HeM 58 Mnp,Q. M3/KM 2. 

TaKli1M 06pa30M, Mli1rpal...!li1H li1 aKKyMynHl...!li1H YB ra3a Ha 
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YpeHroillcKOM MeCTOp0>KAeHIIU1 3aBepWL.1IlaCb B OCHOBHOM 3a 50-

60 TbIC. IleT, XOTfl nOAnL.1TKa ceBepHoro KynoIla ra30M 

npOAOIl>KaIlaCb eUle OKOIlO 50 TbIC. IleT. 

B pailloHe MeOee>KbeaO MeCmOp0>KOeHUfI aKTL.1BHOe 

He¢Teo6pa30BaHL.1e np0L.1CXOAL.1IlO C paHHero MeIla AO Ha4aIla 

30l..\eHa. 

nIlOTHOCTb 3ML.1rpal..\L.1L.1 He¢TL.1 L.13 MaTepL.1HCKL.1X nopOA 

TtoMeHcKoill CBL.1Tbl B npeAeIlax He¢Tec6opHoill nIlOUlaAL.1 

COCTaBIlflIla 4,288 MIlH. T/KM2. nOTepL.1 He¢TL.1 B TpeUlL.1HHO­

nopoBblX KaHaIlax npL.1 BepTL.1KaIlbHOill ML.1rpal..\L.1L.1 K KpoBIle 

KOIlIleKTOpOB Ol..\eHeHbl B 89,5 %. CooTBeTcTBeHHo nIlOTHOCTb 

He¢TL.1 B npL.1KpOBeIlbHoill 30He KOIlIleKTOpOB 6blIla paBHoill 

0,449 MIlH. T/KM2. npL.1 cYMMapHoill He¢TeHacblUleHHoill 

MOUlHOCTL.1 4,08 M nOTepL.1 npL.1 BOcxoAflUleill IlaTepaIlbHoVl 

ML.1rpal..\L.1L.1 K CBOAY IlOBY!,UKL.1 COCTaBIlflIlL.1 0,26 MIlH. T/KM2. 

nIlOTHOCTb He¢TL.1, oCTaBweillcfl B cBo6oAHOM COCTOflHL.1L.1, 

ML.1rpL.1pOBaBWeill L.1 aKKYMYIlL.1pOBaBWeVlcfl B aHTL.1KIlL.1HaIlbHOVl 

IloBywKe, B COOTBeTCTBL.1L.1 C 3TL.1ML.1 AaHHbIML.1, 6blIla paBHa 

0,189 MIlH. T/KM2. 3TO n03BOIlL.1IlO Ol..\eHL.1Tb nepBoHa4aIlbHbie 

pecypcbl He¢TL.1 B KOIlIleKTOpaX TtoMeHcKoill CBL.1Tbl MeABe>KberO 

MeCTOpO>KAeHL.1fl paBHblML.1 

TaKL.1M o6pa30M. B naIleoreHOBoe BpeMfl B TtoMeHCKL.1X 

OTIlO>KeHL.1flX MeCTOpO>KAeHL.1fl cYUlecTBOBaIlL.1 KpynHble 3aIle>KL.1 

He¢TL.1. npoBeAeHHoe MOAeIlL.1pOBaHL.1e L.1 KapTL.1pOBaHlile 

np0l..\eCCOB BOcxoAflUleill IlaTepaIlbHoill ML.1rpal..\L.1L.1 III aKKyMyIlfll..\L.1111 
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HecpTIII B 1l0BYWKe B MacwTa6e 1 :250000 nOKa3a1l0, 4TO 

CPOpMlllpoBaHllle HecpT51HbIX 3a1le>Ke~ B TIOMeHCKIllX OTllO>KeHIII51X 

MeABe>Kbero MeCTOpO>KAeHIII51 npOIIICXOAIII1l0 B na1leOreHOBoe 

BpeM51 B Te4eHllle 1,5 M1lH. 1leT. 

AKTIIIBHOe HecpTeo6pa30BaHllle B 6a>KeHOBCKO~ 

HecpTeMaTepIIIHCKO~ CBIIITe C np051B1leHllleM r<l>H npolIICxOAIII1l0 B 

pa~oHe MeABe>KberO MeCTOpO>KAeHIII51 B na1leOreHOBoe BpeM51. 

n1l0THOCTb 3Mlllrpa4111111 HecpTIII 1113 6a>KeHOBCKO~ CBIIITbl B 

BbIWe1le>KaLl.\lIIe OTllO>KeHIII51 HeOKOMa B npeAe1laX HecpTec6opHO~ 

n1l 0 Ll.\aA III COCTaB1l511la 2,0 M1lH. T/KM2. nOTeplII HecpTIII B 

TpeLl.\IIIHHO-nopoBbIX KaHa1laX nplll BepTIIIKa1lbHO~ Mlllrpa4111111 K 

KpOB1le Me1l0BbIX K01l1leKTOpOB 04eHeHbi B 72 %. 

CooTBeTcTBeHHo 3TOMY n1l0THOCTb HecpTIII B npIIIKpOBe1lbHO~ 

30He HeOKOMCKIIIX K01l1leKTOpOB onpeAe1leHa paBHO~ 

0,56 M1lH. T/KM2. 

nOTeplII HecpTIII nplll BOCXOA51Ll.\e~ 1laTepa1lbHO~ Mlllrpa4111111 

no K01l1leKTOpaM K CBOAY 1l0BYWKIII COCTaBIII1l111 0,32 M1lH. T/KM2. 

n1l0THOCTb HecpTIII oCTaBWe~C51 B cBo6oAHOM COCT051HIII III , 

MlllrplllpoBaBwe~ K CBOAY 1l0BYWKIII III aKKYMY1llllpOBaBWe~C51 B 

3a1le>KaX, onpeAe1ll111laCb, COOTBeTCTBeHHO, paBHO~ 

0,24 M1lH. T/KM2. 

Ha OCHOBaHlII1II 3TIIIX AaHHblX nepBIII4Hbie pecypcbl HecpTIII B 

HeOKOMCKIIIX K01l1leKTOpax MeABe>KberO MeCTOpO>KAeHIII51 

onpeAe1leHbl paBHblMIII Q:" = 9500·0,24 = 2280 MJIH.T. 

npoBeAeHHoe MOAe1llllpOBaHllle npo4eccoB BOCXOA51Ll.\e~ 

1laTepa1lbHO~ Mlllrpa4111111 III aKKYMY1l514111111 HecpTIII B Me1l0BbIX 
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o 6blnOVI HeqlTeHaCblLl.\eHHOCTlii aHTliIKIllilHanbHOH 

CTPYKTYPbl Me,QBe>KberO MeCTOpO>K,QeHliIfI CBliI,QeTenbCTBYIOT 

npliiTOKlii HecpTlii ,QO 0,5 - 1,0 M3/CYT. liI3 BepxHelOpcKliIx III 

BanaH>KliIHCKliIX OTnO>KeHliIVI liI BblCOKoe cO,Qep>KaHliIe HecpTflHblX 

yrneBo,Qopo,QOB B ra30KOH,QeHcaTHbIX 3ane>KaX Ha 60nbUJlllx 

rny6li1Hax. 

OCTaTKliI nepBliI4HbiX 3ane>KeVi HecpTlii B BliI,Qe oCTaTo4HOH 

HecpTeHaCblLl.\eHHOCTlii KOnneKTOpOB, a B03MO>KHO, liI HecpTflHblX 

oTopo4eK MoryT 6blTb o6HapY>KeHbl nplil ,QeTanbHoVi pa3Be,QKe 

HliI>KHeVi 4aCTlii pa3pe3a MeCTOpO>K,QeHliIfI. 

YXY,QUJeHliIe 3KpaHliIpYIOLl.\liIX CBOVlCTB nOKpblUJeK, nOTepfi 

liIMlii nnaCTliI4HOCTlii liI pa3BliITliIe TpeLl.\liIHOBaTocTliI, a TaK>Ke 

B03,Qb1MaHliIe TeppliiTopliIVI B HeoreHe Bbl3Banlii BepTliIKanbHYIO 

MliIrpaL\liIlO YB ra3a Ha CBO,Qe CTPYKTYPbl BBepx no pa3pe3Y, B 

pe3ynbTaTe 4ero Ha rny6li1He 1 KM no,Q MOLl.\HOVI nOKpblUJKOH 

o6pa30Banacb rlilraHTCKafi ra30Bafi 3ane>Kb B ceHOMaHCKIIIX 

OTnO>KeHliIflX. 

nOTeplii YB ra3a nplil BepTliIKanbHoVi MliIrpaL\liIliI Ha 4 KM 

OL\eHeHbl HaMill nplilMepHO B 320 Mnp,Q. M3. 3a Bbl4eTOM 3TliIX 

nOTepb pecypcbl YB ra3a Ha Me,QBe>KbeM MeCTOpO>K,QeHliIliI MOryT 

6blTb OL\eHeHbl paBHblMlii 2 340 Mnp,Q. M
3
, 4TO Bcero Ha 6 % 

npeBblUJaeT nepBoHa4anbHbie YTBep>K,QeHHble 3anaCbl YB ra3a. 

LITO KacaeTCfI pecypCOB HecpTflHblX YB, cO,Qep>KaLl.\liIXCfI B 

ra30KOH,QeHcaTHbIX 3ane>KaX, a, B03MO>KHO, liI B HecpTflHblX 

OTop04Kax B HliI>KHeVi 4aCTlii pa3pe3a Ha 60nbUJliIX rny6li1HaX, TO 

OHlii He MoryT npeBblUJaTb 10 - 15 % OT nepBoHa4anbHbix 
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pecypcoB HecpTIiI AO pa3pyweHIiI51 IiIX BHeAPIiIBWIiIMC51 ra30M, TO 

eCTb 400 - 600 M1lH. T. 

KaK BIiIAIiIM, npliIMeHeHlile pa3pa6oTaHHbix MeTOAOB 

MOAe1llilpOBaHIiI51 npo~eccoB reHepa~liIliI, Mlilrpa~1iI1iI iii 

aKKyMy1l51~1iI1iI ymeBoAopoAOB B YC1l0BIiI51X 3anaAHO-CIiI6Ii1pCKOrO 

6aCCeJlJHa Aa1l0 Bn01lHe YAOB1leTBOpIiITe1lbHble pe3Y1lbTaTbl. 

OKa3a1l0Cb B03MO>KHbIM AeTa1lbHO oxapaKTeplil30BaTb 

nOC1leAOBaTe1lbHble cTaA1iI1iI CPOpMlilpOBaHIiI51 MeCTOp0>KAeHIiI1I1 

HecpTIiI iii ra3a B xOAe re01l0rlilyeCKOrO BpeMeHIiI iii o~eHIiITb 

pecypcbl ymeBoAopoAoB. 

B 30He WlilpoTHoro nplilo6b51, rAe np051BIiI1l0Cb T01lbKO 

HecpTeo6pa30BaHlile, pecypcbl HecpTIiI MeCTOp0>KAeHIiI1I1, 

o~eHeHHble HaMIiI MeToAoM MOAe1llilpOBaHIiI51 Ha MOMeHT 

3aBepWeHIiI51 IiIX CPOpMlilpOBaHIiI51, 06blYHO HeCK01lbKO npeBblwalOT 

(Ha 5-13%) npOMblW1leHHble 3anaCbl, o~eHeHHble B HaCT051L4ee 

BpeM51 nplil npoBeAeHliI1iI pa3BeAOYHbiX pa6oT. 3TO Bn01lHe 

06b51CHIiIMO He601lbWIiIMIiI nOTep51MIiI HecpTIiI 1i13 MecTop0>KAeHIiIJIJ 

3a BpeM51 IiIX cYL4eCTBOBaHIiI51 B TeyeHlile 10-20 M1lH. 1leT. 

T01lbKO B OAHOM c1lyyae (nOKayeBCKOe MeCTOp0>KAeHlile) 

o~eHeHHble HaM iii Ha MOMeHT CPOpMlilpOBaHIiI51 MeCTOp0>KAeHIiI51 

pecypcbl HecpTIiI OKa3a1lIilCb Ha 1,78% MeHbwe pa3BeAaHHbix 

3anaCOB. Ho TaKa51 norpewHocTb npaKTliIyeCKIiI He IiIMeeT 

3HayeHIiI51, OHa He 601lbWe TOYHOCTIiI nOACyeTa npOMbIW1leHHbIX 

3anaCOB HecpTIiI 06beMHbiM MeTOAOM. npaKTliIyeCKIiI :no 

03HayaeT nOYTIiI IiIAea1lbHOe COOTBeTCTBlile pe3Y1lbTaTOB 
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MO,QeI1L<1pOBaHL<1H C pe3YI1bTaTaML<1 nO,QC4eTa npOMbIWI1eHHbIX 

3anaCOB. 

B CeBepHOIl1 30He 3ana,QHO-CL<16L<1pCKOrO 6aCCe1l1Ha, rAe 

nOCI1e He¢Te06pa30BaHL<1H npOHBL<1I10Cb MO~Hoe 

ra3006pa30BaHL<1e, pecypcbl YB ra3a, OL.\eHeHHble MeTo,QOM 

MO,QeI1L<1pOBaHL<1H Ha MOMeHT 3aBepWeHL<1H ¢OpML<1pOBaHL<1H 

MecTopO>K,IJ,eHL<1I11, npeBblwalOT nO,QC4L<1TaHHble npOMblWI1eHHble 

3anaCbl YB ra3a Bcero Ha 4 - 6 %, 4TO BnOI1He MO>KHO 06bHCHL<1Tb 

He60I1bWL<1ML<1 nOTepHML<1 YB ra3a 3a BpeMH cy~ecTBOBaHL<1H 

MeCTOpO>K,QeHL<1111 nOCI1e L<1X ¢OpML<1pOBaHL<1H (10 - 15 MI1H. I1eT). 

4TO KacaeTCH 04eHKL<1 pecypcoB He¢THHbIX YB B 3T0ll1 30He, 

TO OHL<1 COCTaBI1HIOT He 60I1ee 10 - 20 % OT K0I1L<14eCTBa He¢TL<1, 

nepBL<14HO aKKYMYI1L<1pOBaHHoll1 B MeCTOpO>K,QeHL<1HX ,QO 

pa3pyweHL<1H L<1X BHe,QpL<1BWL<1MCH YB ra30M. 

5.2. MOAenMpoBaHMe npo~eccoB MMrpa~MM M 
aKKyMynH~MM yrneBoAopoAOB B ycnoBMHx 

HeejJTera30HocHbiX 6accelilHoB ApeBHMx nnant>opM 

MO,QeI1L<1pOBaHL<1e np04eCCOB ML<1rpa4L<1L<1 L<1 aKKyMyI1H4L<1L<1 YB 

B YCI10BL<1HX He¢Tera30HocHblX 6aCCell1HOB (Hr6) ,QpeBHL<1X 

nI1aT¢OpM BCTpe4aeT TpY,QHonpeO,QOI1L<1Mble npenHTCTBL<1H, 

CBH3aHHble, npe>K,Qe Bcero, C L<1CTOpL<1KO-re0I10rL<14eCKL<1ML<1 

npL<14L<1HaML<1. B Hr6 ,QpeBHL<1X nI1aT¢OpM Ha6I1IO,QaeTcH, KaK 

npaBL<1I10, cy~ecTBeHHaH nOCTreHepa4L<10HHaH (L<1 

nOCTML<1rpa4L<10HHaH) CTpYKTypHaH nepepa60TKa KaK 04arOB 

He¢Tera3006pa30BaHL<1H (OHrO), 30H 
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Heqnera30HaKOnIleHLllfI (3HrH); npLil 3TOM B03HLIIKalOT pa3IlL114L11f1 

BO B3aLIIMOOTHOWeHLllflX Me>KAY OHrO LII 3HrH B 3noxy 

reHepa4L11L11-MLllrpa4L11L11-aKKYMYIlf14L11L11 - C OAHOIII CTOPOHbl - LII B 

COBpeMeHHYIO 3noxy - C APyrOIil. nOAaBIlf1IOll.\afl 4aCTb nIl0ll.\aALil 

ApeBHLIIX Hr6 B npeAeIlaX KOHTLIIHeHTaIlbHOro CeKTOpa 

npeACTaBIlf1eT c060111 3POALilpOBaHHYlO B TOIII LIIIlLil LIIHOIII CTeneHLII 

nOBepXHOCTb, LIIHorAa MOll.\HOCTb pa3MblTbiX OTIlO>KeHLIIIII 

AOCTLilraeT nepBblX KM, - TO eCTb COBpeMeHHble rny6L11Hbi TOrO LIIIlLil 

LIIHOrO rOpLll30HTa B HeApax He COOTBeTCTBYIOT naIleOrIly6LIIHaM 

3nOXLil reHepa4L11L11-MLllrpa4L11L11 YB. B COOTBeTCTBLilLil C 3TLIIM 

naIleOAaBIleHLllfI LII naIleOTeMnepaTypbl TaK>Ke npeBblWaIlLil 

COBpeMeHHble (4TO KacaeTCfI TeMnepaTYP, TO LIIX naAeHLlle K 

COBpeMeHHOIil 3noxe CBfl3aHO He TOIlbKO C nOAbeMOM 

TeppLilTopLilLII, HO LII CO CHLII>KeHLlleM TenIl0BOrO nOTOKa). Bce 3TO 

npeAOnpeAeIlf1eT a6COIl1OTHYlO He06xOALilMOCTb 

naIleOCTpYKTYPHOIil peCTaBpa4L11L11 MOAeIlLilpyeMoro Y4aCTKa Ha 

MOMeHT reHepa4L11L11-MLllrpa4L11L11, TO eCTb Ha MOMeHT 

MaKCLilMaIlbHOrO norpy>KeHLllfI. TaKafl peCTaBpa4L11f1, eCTeCTBeHHO, 

AOIl>KHa npeAweCTBOBaTb MOAeIlbHblM paC4eTaM, 6e3 Hee 

TaKOBble LII He MblCIlLilMbl. ,QaIlee, B KpaeBblX 4aCTflX ApeBHLIIX 

nIl aTCp 0 pM , rAe LIIMelOT MeCTO napbl "nOAHflTLile - 30Ha 

a KKyMyIlf1 4L11L11" "nporLll6 (naIleonporLll6) - Heqnera30c60p" 

Ha6IlIOAaeTCfI, KaK npaBLIIIl0, 04eHb WLIIPOKLIIIII ALllana30H 

KaTareHe3a OB B npeAeIlaX orpaHLII4eHHOlil nIl0ll.\aALil (LilHorAa 

nepenaA AocTLilraeT 4eIl0111 nOAcTaALilLII, MK1-AK1, HanpLIIMep). B 

TaKLIIX CIlY4aflx npLil MOAeIlLilpOBaHLilLil npLllxoALIITCfI npLll6eraTb K 
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CTaAIIIVlHOMY nOACyeTY, BblAemlTb naIleo:nan, 11160 "CIIIHXPOHHO 

nporHaTb" YB OT AK1 K MKl HeB03MO)l{HO, TaK KaK B KOHl..\e 

Me30KaTareHe3a-anOKaTareHe3e cYLl\eCTBeHHo MeH51IOTC~ 

CBOVlCTBa III pe3epByapoB (oc06eHHo neCyaHblx), III 

cpIlIOIIIAoynopoB, III reHeplllpyeMble Ha 3TIIIX rpaAal..\lII51X YB yXOA~T 

BBepx no 30HaM TpeLl\IIIHOBaTOCTIII III Tep51IOTC51, - no KpaVlHe~ 

Mepe AIl51 MOAeIllllpyeMoro pe3epByapa. Bce 3TO CYLl\eCTBeHHO 

OCIlO)l{H51eT MOAeIllllpOBaHllle, OAHaKO APyroro BblXOAa nOKa He 

BIIIAHO. 50Ilee TOro, nOAbeM TepplIIToplIIlII, 3P0311151, AeHYAal..\IIIR, 

pa3BIIITllle AIII3blOHKTIIIBHbiX HapyweHIIIVI, TpeLl\IIIHOBaTOCTIII, Aa)l{e 

nplll XOPOWIIIX cpIlIOIIIAoynopax, eCTeCTBeHHO, He cnoc06cTByeT 

coxpaHHOCTIII 06pa30BaHHbiX 30H aKKyMyIl51l..\lIIl11. MO)l{HO C 

YBepeHHOCTblO YTBep)I{AaTb, YTO Hili OAHa 3aIle)l{b YB B ApeBHIIIX 

6acceVlHax He coxpaHIIIIlaCb Ha 100 %. ECIlIII B HaCT051Ll\ee 

BpeM51 nOTeplII nplll Mlllrpal..\l11l11 III aKKyMyIl51l..\lIIl11 C TOVI IIIIlIII IIIHO~ 

AOIleVl Bep051THOCTIII Mbl HaYYIIIIlIIICb KOIllIIyeCTBeHHO Ol..\eHIII BaTb, 

TO 3Toro HeIlb351 CKa3aTb 0 nOTep51X YB 1113 CCPOpMlllpOBaHHblX 

MeCTOpO)I{AeHIIIVI 3a Bce BpeM51 IIIX CYLl\eCTBOBaHIII51. ,/J,a)l{e B 

npeAeIlax OTHOCIIITeIlbHO norpY)l{eHHblX TepplIIToplIIVl, KaKOBO~ 

5lBIl51eTC51 ceBepHa51 yaCTb TIIIMaHO-neYOpCKOro 6acceVlHa (Tn5), 

TaKllle nOTeplII, 6e3YCIlOBHO, IIIMelOT MeCTO, 11160 KayeCTBO 

CPIllOlIIAoynopoB HeBblCOKoe (Kap60HaTHO-rIlIIIHIIICTble TOIl Ll\1II). 

nOACYIIITaHHble HaMill KOIllIIyeCTBa YB B 30Hax aKKyMyIl51l..\l!1l11 

MOAeIlbHblX 06beKTOB - KaK IlOKaIlbHbIX, TaK III perlllOHaIlbHblX -

BcerAa CYLl\eCTBeHHO Bblwe ocplIIl..\lIIaIlbHO npIIIH51TbiX 

reOIlOrlllyeCKIIIX 3anaCOB 3TIIIX 06beKTOB. npaBAa, ocplIIl..\lIIaIlbHO 
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nplIIHl'lTble Benlll4111Hbi OTBe4alOT 06bl4HO 3cpcpeKTIIIBHOIII, a He 

o61..L.\elll MOI..L.\HOCTIll HecpTeHaCbll..L.\eHIII51 B TOIII IIInlll IIIHOIil 3ane>KlII. 

TaKIllM 06pa30M, onblT nOKa3blBaeT, 4TO MOAenbHble paC4eTbi 

aKKYMynillpoBaHHblX YB B ycnOBIII51X Hf5 ApeBHIIIX nnaTcpopM 

opllleHTillpOB04HO OL(eHIllBaIOT BepXHIIIIII, no CYl..L.\eCTBY, HIilKorAa He 

AOCTIII>KIIIMbllll npeAen pecypCOB YB. III 4TO >Ke? Konb CKOPO B 

ApeBHIIIX Hf5 Bce Aeno B KOHCepBaL(1II1II YB, a ee Mbl 

Konlll4eCTBeHHO OL(eHIIITb He MO>KeM C AOCTaT04HOlil CTeneHblO 

T04HOCTIII, TaK CTOIllT nlll C4111TaTb aKKYMyn51L(IIIIO, ecnlll OHa Bce 

paBHO He AaeT IIICTIIIHHOIil KapTIIIHbl pecypCOB YB? MO>KHO 

onpeAeneHHo CKa3aTb: TeM He MeHee - CTOIllT. ,Qanee B cnY4ae 

Ka>KAOrO KOHKpeTHoro 06beKTa 6YAeT nOKa3aHo, 4TO B npOL(ecce 

pac4eTHoro MOAenlllpOBaHIII51 MlllrpaL(lIIlII-aKKyMyn51L(1II1II - Hap51AY C 

YCTaHoBneHllleM BepXHelll "pecypCHOIil nnaHKIII" YB - B03HIIIKaeT III, 

B KaKolll-TO Mepe, peWaeTC51 L(en bl III P51A IIIHTepeCHbix 

HecpTereonorlll4eCKIIIX III reOXIIIMIII4eCKIIIX BonpoCOB KaK 

perllloHanbHoro, TaK III o61..L.\ero xapaKTepa, Ha KOTopble paHee 

BHIIIMaHllle 06pal..L.\eHO He 6blno. 

HaMill MOAenlllpoBanlllCb 06beKTbi TIllMaHO-ne40pCKoro 

6accelilHa (Tn5) BOCT04Ho-eBponeIllCKOIll nnaTcpopMbl 

(nOKanbHble) III BOCT04HO-CIII6I11pCKoro AOMe3030lllCKoro Mera-

6accelilHa (BC,QM) CIII6111PCKOill nnaTcpopMbl (perIllOHanbHble). B 

Ta6n. 5.1 nplllBeAeHa CBOAHa51 "CKopOCTHa51" III "BpeMeHHa51" 

xapaKTeplllCTIilKa npoMoAenlllpoBaHHblx 06beKTOB. CKOPOCTIII 

MlllrpaL(1II1II YB nOAC4111TbiBanlllCb no cpopMyne, nplllBeAeHHolil B 

npeAblAYl..L.\lIIX pa3Aenax, III HeT HY>KAbl ee 3AeCb nOBTOp51Tb. 
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TIilMaHo-
ne4opcKIIIC1 

6acceC1H 

Ta6I1~4a 5.1 
CBoAHaH Ta6mt4a CKopocTelil MHrpa4~Ut YB H BpeMeHH $OpMHpoBaHHH 

30H HX aKKYMynH4HH B 06beKTaX ApeBHHx nnaT$opM 

0 CKopocn1 
~ ro " naTepanbHoro ':s: '" J: ro OJ 0 " BpeM5l o t- BcnnblBaHIII5l YB, :S:J:1Il 
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'" ~ 
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WanKIilHo-lOpb5lXIIIHCKIIIC1 Ban 
naWWOpCKa5l III 

1-1,5 46-600 16-18 
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B. rpy6ewopCKa5l 3ane>K1II 
-
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B 0 3 Kap6. 

M1II4alO- 2,3-6,3 
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nawHIIIHc 
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nawHIIIHc 
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190- 96 TbIC. 

B O2.3 naneo:nan 0,5-3,5 
827 - 47,5-50,0 >K,QeHllle neT 
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-~ -- --- - L-___ ---



c.> 
<:> 
UI 

BOCTo4HO-
C~6~pCK~~ 
Mera6acce~H 

1 
3aKIlI04~-

TenbHbl~ 

3Tan 

HencKo-6o-ryo6~HCKal1 aHTeKIl~3a 

V1-2 Tepp. 

AHrapo-neHCKal1 c-ryneHb 
V1-2 Tepp. 

2 3 
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3,5-7,5 
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9,5-< 0,5-1,5 
472,5 

0,05-0,7 3-210 . 

npOAOIl>KeHlI1e Ta6Il. 5.1 

4 5 6 
72-80 

- 28-30 TbIC. 
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5 MnH. 

5,8.103
-

neT 
130-260 4500 

I 

311.103 

neT 
(ra3) , 

BOCT. 
30Ha 
1-2,5 
MnH. 

1,6.103
-

60-260 neT 
135.103 3anaA . 

30Ha 
5-7 

MnH. 
neT 



B Tn6, r,Qe TeKTOHII14eCKII1e CTPYKTypbl 60nee KOHTpaCTHblli1 

yrnbl HaKnOHa nnaCTOB COOTBeTCTBeHHO 60nbwe, CKOPOCTIi1 

MII1rpa4111111 HecpTII1 TalOKe Bblwe, a BpeMs:J CPOpMlI1pOBaHII1s:J 30H 

aKKYMyns:J4111111 Kop04e. CKOPOCTII1 MII1rpa4111111 ra3a B ,QeBoHCKIi1X 

06beKTaX Tn6 He npIl1Bo,Qs:JTCs:J, 11160 ra3 3,QeCb HII1Kor,Qa He 

CYll.\eCTBOBan B CB060,QHO~ cpopMe, a Bcer,Qa 6bln paCTBopeH B 

"CBoe~" HecpTIi1. (06 3TOM HeCKonbKO nO,Qp06Hee HII1>Ke.) 

Aanee npIl1Bo,Qs:JTCs:J OCHOBHble nOnO>KeHII1s:J 111 pe3ynbTaTbi 

no KOHKpeTHblM 06beKTaM. 

Hall160nee npocTO~ 06beKT MO,Qenll1pOBaHII1s:J B Tn6 -

IO>KHas:J 4aCTb WanKII1HO-lOpbs:JXII1HCKOrO Bana - naWWOpCKOe Ii1 

BepxHerpy6ewopcKoe HecpTs:JHble MeCTOpO>K,QeHII1s:J. OCHoBHaSl 

cne4111cpll1Ka II1ccne,QyeMoro 06beKTa B TOM, 4TO Ha ceMlI1nYKCKO­

BepXHecppaHCKOM ypOBHe D3 3Ta 4aCTb Bana nepeceKaeTCSl 

pll1cporeHHblMII1 06pa30BaHII1s:JMII1, OT,Qens:JIOll.\II1MII1 MenKOBO,QHble 

OmO>KeHII1s:J 3apll1cpOBbiX cpa4111~ (6e,QHble OB) OT 60nee 

rny60KOBO,QHbIX rnIl1HII1CTO-KpeMHII1CTO-Kap60HaTHbIX, 060rall.\eH­

HblX OB (B cpe,QHeM ,QO 3,5 %), SlBnSlIOll.\II1XCSl II1CT04HII1KOM YB. 

Pe3epByapbl pll1cporeHHble 06pa30BaHII1Sl (naWWOpCKOe 

MeCTOpO>K,QeHlI1e) 111 CaMIi1 Kap60HaTHbie ,QOMaHII1KOBble 

OmO>KeHII1s:J (BepxHerpy6ewopcKoe MeCTOpO>K,QeHlI1e), TO eCTb 

pe3epByap pacnonaraeTCSl no coce,QCTBY C HecpTera30-

MaTepll1HCKII1M rOpIl130HTOM, a He Ha,Q HII1M. 06beKT pacnOnO>KeH B 

ceBepHO~, Hall160nee norpY>KeHHO~ 4aCTII1 Tn6, C nOBepxHOCTIil 

CnO>KeHHO~ Me3030~CKII1MII1 111 4eTBepTII14HblMII1 06pa30BaHII1s:JMIII. 

O,QHaKO paHee HaMII1 6blno YCTaHOBneHO, 4TO np04eCCbl 
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HeqJTera30reHepaLlIIIIII B :nolll 4aCTIII perlllOHa npeKpaTlIIlllIICb B 

KOHLle TplllaCa - AO OKOH4aHlllfI norpy)!(eHIIIIII - B CBfl3111 co 

CHIII)!(eHllleM TenllOBOrO nOTOKa, n03TOMY III MOAelllllpOBaHllle 

npOLleCCOB MlllrpaLlIllIll-aKKyMyllflLlIIIIII npOBOAlIIllOCb Ha YKa3aHHblill 

"reOllOrlll4eCKIIIIII MOMeHT" - KOHeLl TplllaCa. Ha pIIIC. 5.20 

npeAcTaBlleHa nalleocTpYKTypHafl KapTa MOAelllllpyeMoro 

Y4acTKa - to)!(HOIil 4aCTIII WanKIIIHo-lOpbflXIIIHCKoro Balla III 

npllllleratOll.\elll 4aCTIII TIII6elllBIIICCKOill AenpeCClII1II Ha KOHeLl T no 

nOAOWBe D3Zd. 

BCfI ceMlIIllYKCKO-BepXHecppaHCKafl TOllll.\a COCTOIIIT 1113 

4eTbipex PIIITMOB, Ka)!(Abllll 1113 KOTOPblX BKllt04aeT 4eTbipe 

3lleMeHTa: PIllCP, Wllelllcp 06ll0M04HbiX nopoA, o60rall.\eHHble 

AOMaHIIIKolIIAHble cpaLllII1II III Heo6orall.\eHHble cpaLllII1II 3anollHeHlllfI, 

nepeKpblBatOll.\lIIe AOMaHIIIKolIIAbl III Kap60HaTbi wllelllcpa III n04TIII 

BblKllIIIHIIIBatOll.\lIIeCfI HaA plllcpaMIII (pIIIC. 5.21). nOclleAHllle III 

clly)!(aT CPlltOlIIAoynopaMIII nplll MlllrpaLllII1II YB. HecpTflHble 3alle)!(1II 

pacnollaratOTcfI Ha clllpa4olllcKoM ypoBHe Di3. Ha KOHeLl Tplllaca 

MaKCIIIMallbHafl my6111Ha nOAOWBbl D3sm(dm) B oceBolll 4aCTIII 

AenpecclIIlII - 4100 M, nepenaA BblCOT AO OCIII Balla 1500 M. 

WlllplIIHa 30Hbl aKKYMYllflLllII1II YB 4 - 5 KM, AlllIIHa - AO 18 KM, 

nllOll.\aAb HecpTera30c6opa no D3src - 398 KM2. KaTareHe3 OB 

KOlle6lleTcfI B Alllana30He OT MK4 AO MK
2
2. MacwTa6bl 

3MlllrpaLlIIIIII Allfl HecpTec60pa 1113 Clllpa40lllCKIIIX AOMaHIIIKOIIIAOB 

(D3src) 255,0 MllH. T; nllOTHOCTIII 3M III rpaLlIII III - 0,17 -

1,09 MllH. T/KM2. nplII BblCOKOIll nllOTHOCTIII 3M III rpa LlIII III nOTOK 

CBo6oAHbiX YB nplll MlllrpaLllII1II 3anOllHfleT npaKTIII4eCKIII BCtO 
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MOlllHOCTb AOMaHVlKoVlAHOro rOpVl30HTa. nOTepVl npVl MVlrpa4VlVl B 

CVlpa40LIICKOM ropVl30HTe npVl MOlllHOCTVl 40 M COCTaBnHIOT 

120 TbIC. T/KM2. npVl nepexoAe MVlrpa4VloHHoro nOTOKa Vl3 

AOMaHVlKOVlAOB B "nycTOLil" KOnneKTOp npoVlcxoAVlT cneAYlOlllee: 

Bo-nepBblx, "BcnnbIBaHVle" no OCHOBHblM KaHanaM, HO OHO VlAeT 

He no BceLil MOlllHOCTVl KOnneKTOpa, a TonbKO B COOTBeTCTBVlVl C 

MOlllHOCTblO MVlrpa4VlOHHoro nOTOKa (npVl BblCOKOLil nnOTHOCT\II 

3MVlrpa4VlVl MOlllHOCTb nOTOKa paBHa MOlllHOCTVl nVlTalOlllero 

AOMaHVlKoVlAa). 

nocne "BcnnbIBaHVlH" YB Ha4VlHaeTCH CPOpMVlpoBaHVle 

npVlKpoBenbHoLil 30Hbl HecpTeHacb1llleHVlH B KOnneKTOpe Vl TaK 

war 3a warOM B COOTBeTCTBVlVl C COOTHoweHVleM nocTynalOlllVlX 

Macc YB Vl 06beMoM nycToTHoro npocTpaHcTBa B KOnneKTOpe. 

Pac4eTbi nOKa3anVl, 4TO AnH cVlpa40LllcKoro ropVl30HTa 

nepeMellleHVle Macc HecpTVl C HecpTec60pHoLil nnolllaAVl D3src 

oCYlllecTBVlnocb B Te4eHVle 100 110 TbIC. neT (np\ll 

MaKCVlManbHoLil AnVlHe "np06era" OT OCVl AenpeccVlVl AO 30Hbl 

aKKyMynH4VlVl 16 - 18 KM). nnolllaAb cVlpa40LllcKoLil 30Hbl 

aKKyMynH4VlVl OKono 65 KM2, npVl 3TOM nonOBVlHa HaXOAVlTCH B 

30He AOMaHVlKOVlAHblX OmO>KeHVlLII (rAe pacnOnO>KeHO 

BepxHerpy6ewopcKoe MeCTOpO)K,[\eHVle). B 3TOLII 4aCTVl 30Hbl 

OKa3blBaeTCH 80 % 3MVlrpVlpoBaBwVlx YB, Vl60 nOTepVl BO BpeMH 

AB\II>KeHVlH no AOMaHVlKoVlAHOMY ropVl30HTY HeBenVlKVl. YacTb 

3TVlX YB YXOAVlT BAonb Bana Ha ceBep B 60nee 

BblcoKonpVlnoAHHTYIO nawwopcKYIO CTPYKTYPY, pacnOnO>KeHHYIO 

B 06noM04Ho-pVlcporeHHoLil 4aCTVl 30Hbl, rAe KOnneKTOpOM 
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51BmleTC5I PL.1cp. B :ny 06JlOMOYHO-pL.1cpOreHHYIO yaCTb 30Hbl 

aKKyMyJl5l4L.1L.1 npL.1XOAL.1T 40 % 3ML.1rpL.1pOBaBWL.1X co cBoero 

HecpTec60pa YB, CTOJlbKO )f{e Tep5leTC5I npL.1 nYTeweCTBL.1L.1 B 

06JlOMOYHblX L.1 pL.1cporeHHblx OTJlO)f{eHL.151X BHe 30Hbl 

aKKyMyJl5l4L.1L.1. KOHeYHble MOAeJlbHble nJlOTHOCTL.1 HecpT5IHbIX YB B 

30He aKKyMyJl5l4L.1L.1 AO 5 MJlH. T/KM2 (pL.1c. 5.22, 5.23). Bcero B 

30HY aKKyMyJl5l4L.1L.1 nonaAaeT nOp5lAKa nOJlOBL.1Hbl )f{L.1AKL.1X YB, 

3ML.1rpL.1pOBaBWL.1X C HecpTec60pa (MaJla51 AJlL.1Ha "npOnJlbIBa", 

rL.1APocpo6Ha51 cpeAa AOMaHL.1KOBOVi cpopMa4L.1L.1 L.1 HL.13Ka51 ee 

nOpL.1CTOCTb), TO eCTb nOp5lAKa 125 MJlH. T. B TO )f{e BpeM5I 

ocpL.14L.1aJlbHO YTBep)f{AeHHble 3anaCbl Kap60HaTHbiX 3aJle)f{eVi D3 

060L.1X YKa3aHHbiX MeCTOpO)f{AeHL.1Vi COCTaBJl5llOT B cyMMe 1/5 

yaCTb YKa3aHHoVi BeJlL.1YL.1Hbl. OAHaKo, Aa)f{e no npL.1BOAL.1MbIM B 

0cpL.14L.1aJlbHbIX Ta6JlL.14aX 

(nJlOll.\aAL.1 HecpTeHoCHOCTL.1, 

napaMeTpaM MeCTOpO)f{AeHL.1Vi 

cpeAHeVi MOll.\HOCTL.1 nJlaCTOB, 

cpeAHeVi OTKPblTOVi nOpL.1CTOCTL.1) npOCYL.1TbIBaIOTC5I BeJlL.1YL.1Hbl 

nOYTL.1 BABoe 60JlbWL.1e, oco6eHHo no BepxHerpy6ewopcKoMY 

MeCTOpO)f{AeHL.1IO. Bep05lTHO, ocpL.14L.1aJlbHble 4L.1CPPbl 60Jlee 

OTpa)f{alOT TeXHL.1KO-3KOHOML.1YeCKOe COCT05lHL.1e MeCTOpO)f{AeHL.1Vi, 

He)f{eJlL.1 L.1X reoJlOrL.1yecKYIO CYll.\HOCTb. TeM He MeHee, Aa)f{e B 

3TOM CJlyyae COAep)f{all.\L.1eC5I B YKa3aHHbiX 3aJle)f{aX )f{L.1AKL.1e YB 

6YAYT COCTaBJl5lTb MeHee nOJlOBL.1Hbl TOro, "ITO KorAa-TO 

co6paJlOCb B 30He aKKyMyJl5l4L.1L.1. COBpeMeHHa51 nJlOll.\aAb 

3aJle)f{eVi BABoe MeHbwe nJlOll.\aAL.1 30Hbl aKKyMyJl5l4L.1L.1. 
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PHC. 5.20. nalleocTPYKTypHafi KapTa H)>KHO~ "IaCTH 
WanKHHo-lOpbflXHHCKoro Balla H TH6e~BHCCKO~ AenpeCCHH 
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PHC. 5.21. nalleoreOIlOrH"IeCKHe npo<pHIlH ceMHIlYKcKo-BepxHe<ppaHKcKHx OTIlOlKeHH~ 0 3 
Ha KOHeLl T (WanKHHo-lOpbSlXHHCKH~ Ball Tn6) 
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HecpTeHaCbl~eHHOCT~ B 

,qOMaHIiIK0l-tAaX 
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n nOTHOCTM 3 Ml1rpa L4MM He ¢lTIII 
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Pj.1C. 5.22. nepeMeU4eHj.1e Macc )f(j.1,QKj.1X YB npj.1 Mj.1rpaLlj.1j.1 j.1 CPOpMj.1pOBaHj.1j.1 nawwopcKoro j.1 
BepxHerpy6ewopcKoro MeCTOpO>K,QeHj.1H (Tn6) (Ka>K,QbIH 3Tan 0,02 MIlH. lleT) 
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PHC. 5.23. nepeMel1leHHe Macc >KHAKHX YB npH MHrpal.lHH H cPOpMHposaHHH naWWOpCKOrO H 
BepxHerpy6ewopcKoro MeCTOpO>KAeHHilt (Tnc) (Ka>KAblllt 3Tan 0,02 MI1H. I1eT) 



BepOSlTHO, nOTeplt1 nplt1 pa3pyweHIt11t1 MeCTOpO>KAeHIt1I11 B 

AaHHOM CJ1yyae COCTaBJ1SlIOT nopSlAKa 50 % OT KOJ1lt1yeCTBa 

aKKYMYJ1lt1pOBaBwlt1xcSl (yaCTb YB OCTaHeTCSl B 30He aKKYMYJ1SlI...\It1It1 

B BIt1Ae "MepTBolil" HecpTeHaCblLl.\eHHOCTIt1 nplt1 COKpal1.\eHIt1It1 ee 

nJ10Ll.\aAIt1 ). 

Ha nawwopcKOM It1 BepxHerpy6ewopcKoM 

MeCTOp0>KAeHIt1SlX cBo6oAHOlil ra30Bolil cpa3bl HeT. nJ10THOCTIt1 

reHepal...\lt11t1 ra3a D3src HeBeJ1It1KIt1 - 79.106-236.106 
HM3/KM2. 

CYMMapHbl1ll ra30c6op C AaHHOIil nJ10Ll.\aAIt1 (398 KM2) - 63,6.109 

HM
3
, OTHOWeHlt1e HecpTb/ra3 - 4,0. 

PaHee HaMIt1 6blJ10 YCTaHOBJ1eHO, YTO AJ1Sl AOMaHIt1KOBOrO 

OB (TO eCTb 30oreHHoro OB C TeHTaKYJ1It1TOBOIil OCHOBOIII) 

MOAeJ1bHOe reHepal...\1t10HHOe OTHOWeHlt1e HecpTb/ra3 

Halt16oJ1bWee CpeAIt1 BCeX 1t13BeCTHbiX Tlt1nOB OB, perlt10HaJ1bHOe 

3MIt1rpal...\1t10HHOe COOTHOWeHlt1e, COOTBeTCTBeHHO TalOKe 

MaKCIt1MaJ1bHoe. B Ta6J1. 5.2 nplt1BOASlTCSl AaHHbie paCyeTa 

paCTBOplt1MOCTIt1 ra3a B HecpTIt1 AJ1Sl KOHKpeTHblx nJ10THOCTHbIX 

xapaKTeplt1CTIt1K 3MIt1rpal...\It11t1 HecpTIt1 It1 ra3a Hawero 

HecpTera30c6opa AJ1Sl YCJ10BIt1III 3aBepWeHIt1Sl np0l...\eCCOB 

reHepal...\lt11t1 YB B perlt10He. B naJ1e030e - AO KOHl...\a Tplt1aCa -

reOTepMlt1yeCKlt1111 rpaAlt1eHT B rn6 COCTaBJ1SlJ1 - 50C/100 M. 

BeJ1It1YIt1Hbl naJ1eOAaBJ1eHIt1I11 onpeAeJ1SleM no naJ1eorny6lt1HaM, a 

MaKCIt1MaJ1bHbllll ra30Bbllll cpaKTop, cooTBeTcTBYIOLl.\1t1111 AaHHblM P 

It1 rO, HaXOAIt1M no HOMorpaMMe AJ1Sl onpeAeJ1eHIt1Sl AaBJ1eHIt1Sl 

HaCblLl.\eHIt1Sl, B3SlTOlil 1t13 "MeTOAlt1yeCKIt1X YKa3aHIt1111 no 

KOJ1lt1yeCTBeHHolil Ol...\eHKe nporHo3HbiX pecypcoB HecpTIt1, ra3a It1 
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KOHAeHcaTa" (BHV1rHV1, 1983). (3aMen"M, 4TO Bem14l-1Hbl, 

CH51Tble C HOMorpaMM npl-1MepHO cOBnaAalOT C TaKOBbIMI-1, 

onpeAeJ151eMbIMI-1 no cpopMYJ1e AaBJ1eHI-151 HaCbll.l.\eHI-151, 

npI-1BOAI-1Moi/i B rnaBe 2). 

V13 Ta6J1. 5.2 xopowo BI-1AHO, 4TO eeCb reHepl-1pOBaHHbli/i 

ra3 paCTBOpI-1TC51 B "cBoei/i" HecpTI-1, Aa el.l.\e C 60J1bWI-1M 

AecpI-1I..\I-1TOM, C HeAOHaCbll.l.\eHl-1eM n04TI-1 BABoe. 

Ta6J1l-1l..\a 5.2 
PacTBopHMOCTb reHepHpOBaHHoro ra3a B 3MHrpHpoBaBwelil 

Hecj:>TH cHpa'iolilcKOro ropH30HTa D3 Ha lOre 
WanKHHo-lOpbSlxHHcKoro Balla Tnc 

nnOTHOCTb KOm1yeCTBO ra3a, 

3M iii rpaL\1iI iii ra30Bbl~ cnoco6Horo 

Heq,TIiI cj:JaKTOp nplil paCTBOpS1TbCS1 B 

931 1102 

621 735 

490 580 

613 725 

422 499 

337 339 

3aAaHHbiX 
P iii TO, M3/M3 

400 

390 

380 

360 

360 

360 

3MlilrplilpOBaBwe~ 

Hecj:JTIiI nplil 

AaHHblX P iii TO, 
HM3/KM2 X 106 

440,8 

227,0 

220,0 

261,0 

180,0 

144,0 

nnOTHOCTIii 

3M iii rpa L\1iI iii 

ra3a, 
HM3/KM2 X 106 

236 

158 

122 

152 

98 

79 

B HaCT051l.l.\ee BpeM51 nawwopCKa51 3aJ1e)l(b HaXOAI-1TC51 Ha 

rny61-1Hax 3 - 3,2 KM, a B npeAlOpcKoe BpeM51 (Ha KOTopoe 

npOBOAI-1TC51 pac4eT) pacnoJ1araJ1aCb Ha 500 - 600 M Bblwe, TO 

eCTb COBpeMeHHble nJ1aCTOBble AaBJ1eHI-151 AOJ1)1(Hbl npeBblwaTb 

npeAlOpCKl-1e. nJ1aCTOBble TeMnepaTYPbl CHI-131-1J1I-1Cb C paC4eTHoro 

BpeMeHI-1 AO 70+750C. TaKI-1M 06pa30M, YCJ10BI-151 paCTBOpl-1MOCTI-1 
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ra3a B Heq,n1 Ha AaHHOM KOHKpeTHOM Y4aCTKe YJ1Y4Wlllm1Cb, a He 

YXYAWIIIJ1I11Cb. 111 TaK, BepOflTHO, no BceMY ceBepy Tn6, AJ1S'1 

KOToporo xapaKTepHa norpe6eHHaS'l 30HaJ1bHOCTb KaTareHe3a 

OB. 

B Ta6J1. 5.3 nplilBoAIIITCfl pac4eT pacTBoplilMOCTIil ra3a B 

Heq,TIII III cpaBHeHllle ero K0J11114eCTBa C o6beMoM 

reHeplilpoBaHHoro ra3a AJ1fl Bcero TIilMaHO-ne4opcKoro 6acce~Ha 

B lIeJ10M no Ka>K,QOMY HrMr B OTAeJ1bHOCTIil. 

Ta6J1l11l1a 5.3 
PacTBopMMOCTb reHepMpoBaHHoro ra3a B 3MMrpMpoBaBweM 

Heq,TM HrMr TMMaHO-nelJOpCKOro 6accelilHa 

MaCWTa6bl Kon~4eCTBO 

3M~rpal..l~~ 
ra3a, 

cnoco6Horo 
He( PT~ paCTBop~TbCIl MaCWTa6bl 3Mlilrpa-

B03pacT B 3M~- 3M IiIrpal..llil iii 1..I1i10HHOe 
rop~30HTa M3 X 

rp~poBaBWe~ ra3a, COOTHoweHlile 

T x 109 HecjlT~ np~ HM3 X 1012 Heq,Tb/ra3 
109 AaHHblX P ~ 

T", 
HM'/KM2 X 10· 

S1 171,3 202,7 71,7 63,3 2,71 
S2 180,2 213,2 75,5 66,5 2,71 
0 1 216,7 256,5 90,8 90,9 2,38 
O2 167,3 198,0 70,1 66,4 2,52 
03tm-sr 109,2 129,2 45,7 44,4 2,46 
03dm(sm) 136,4 161,4 57,1 37,4 3,65 
Oi~-C1t 274,1 324,4 114,8 77,4 3,54 
P1ar 97,2 115,0 40,7 64,8 1,50 
P1k 75,2 89,0 31,5 59,7 1,26 
:LPZ 1427,6 1689,5 598,1 570,8 2,50 

1113 Ta6J1l11l1bl BIilAHO, YTO B cpeAHeM naJ1e030e, rAe 

AOMIIIHlllpyeT canpOneJ1eBOe OB, BeCb reHeplilpoBaHHbl~ ra3 Mor 

pacTBoplIITbCfl B 3MlllrplilpoBaBwe~ Heq,TIII, nplilyeM B cIIIJ1ype III B 
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AOMaHLilKOBOIf1 cpOpMal.\LiILiI C 60IlbWLilM AecpLill.\LilTOM LiI TOIlbKO B 

03tm-sr LiI OC06eHHO B 0 1 KOIlLilyeCTBO ra3a, CnOC06HOrO 

paCTBOpLilTbCfI LiI reHepLilpOBaHHOrO, npaKTLilyeCKLiI HaXOAflTCfI B 

6aIlaHCe. OTCtoAa AecpLill.\LilT ra30HOCHOCTLiI CpeAHenaIle030lf1CKLilX 

KOMnIleKCOB B Tn5. B nepMCKLilX HrMr, rAe B OB BeIlLilKa AOIlfl 

ryMyca, 3MLilrpal.\LilOHHoe COOTHoweHLile HecpTb/ra3 TaKoBo, YTO 

nOCIleAHero BnOIlHe AOCTaTOYHO AIlfl 06pa30BaHLilfI CBo60AH0lf1 

cpa3bl. 

OnLilcaHHoe flBIleHLile, npOflBIlfltoLl.\eeCfI no-pa3HoMy B 

pa3IlLilYHbiX 6aCCelf1HaX LiI B pa3Hoe reOIlOrLilyeCKOe BpeMfI, HO TaK 

LilIlLil LilHaye LilMeBwee MeCTO npLil AOMLilHLilpOBaHLiILiI canponeIleBoro 

OB B HrMr, LiI 6blIlO Ha3BaHO HaMLiI aeHemU'IeCKUM 

oecpuqumoM aa3a canponeIleBoro OB. 

Apyrolf1 06beKT MOAeIlLilpOBaHLilfI MLilrpal.\LiILiI LiI aKKyMyIlfll.\LiILiI 

YB B npeAeIlax Tn5 HeCKOIlbKO 60Ilee CIlO>KeH - He CTOIlbKO B 

CTPYKTypHOM OTHoweHLilLiI, CKOIlbKO B IlLilTOIloro-cpal.\LilaIlbHOM LiI 

LilCTopLilKo-reOIlOrLilyeCKOM. 06beKT 3TOT - cpeAHfIfI yaCTb 

BepXHe-neYOpCKOIf1 BnaALilHbl (BnB) npeAypaIlbcKoro nporLil6a C 

npLilIleratoLl.\elf1 K Helf1 C 3anaAa nawHLilHCKOIf1 aHTLilKIlLilHaIlblO, B 

npeAeIlax KOTOPOIf1 pacnOIlaraeTCfI OAHOLilMeHHoe 

MeCTOpO>KAeHLile, OTKpblToe eLl.\e B 1963 1964 rr. 

MecTop0>KAeHLile COCTaBIlfltoT weCTb 3aIle>Kelf1 YB: nflTb 

HecpTflHblX LiI OAHa ra30KOHAeHcaTHafl; ALilana30H 

HecpTera30HocHOCTLiI 02e-P1k, CHLil3Y BBepx: 

1. ra30KoHAeHcaTHafl 3aIle>Kb B neCyaHLilKaX HLiI>KHelf1 yaCTLiI 

3111cpeIlbcKoro flpyca O2, B KOIIIBeHCKOM (no HOBOIII TepMLilHKIlaType 
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ne40pCKOM) rOp1t130HTe; neC4aHIt1KIt1 3aIleralOT 

HenocpeACTBeHHO Ha 1t13BeCTHflKaX S1 It1 nepeKpblBalOTCfI 

KpaCH04BeTHblMIt1 aprlt1IlIlIt1TaMIt1 D2e; COBpeMeHHafl rny61t1Ha 

KPOBIlIt1 nIlaCTa 3123 M. 

2, 3. ABe HecpTflHble 3aIle>K1t1 B neC4aHIt1KaX cTapo­

OCKOIlbCKoro rOplt130HTa Dziv, nOACTIt1IlaeMble It1 pa3AeIlfleMbie 

rnIt1HIt1CTO-Kap6oHaTHbIMIt1 TeMH04BeTHblMIt1 nopoAaMIt1 BepxHe'1 

4aCTIt1 KeAPoBcKoro It1 OMPVlHCKOro roplt130HTOB D2e VI caMoro 

CTapOOCKOIlbCKoro ropVl30HTa Dziv. COBpeMeHHafl rny61t1Ha 

KpOBIlIt1 2612 M It1 2518 M COOTBeTCTBeHHO. 

4. HecpTflHafl 3aIle>Kb B 6a3aIlbHbix neC4aHVlKax D3f', no­

cTapoMY - naWIt1'1cKoro, nO-HoBoMY - flpaHcKoro VI A>KbepCKOro 

ropVl30HTOB. 3Aecb BblAeIlfleTCfI HeCKOIlbKO neC4aHbiX 

rOplt130HTOB cYMMapHo~ MOl!.\HOCTblO 40 M. COBpeMeHHafl 

rny6V1Ha KpOBIlVI BepxHero Vl3 HViX 2478 M. 

5. HecpTflHafl 3aIle>Kb B BepxHecpaMeHCKIt1X Kap60HaTax 

(D3) C rny6lt1Ho~ KpOBIlIt1 1313 M. 

6. HecpTflHafl 3aIle>Kb B KyHrypcKo-apTVlHCKIt1X Kap60HaTax 

(P 1); COBpeMeHHafl rny61t1Ha KPOBIlIt1 919 M. 

MOAeIlVIpoBaIlacb aKKyMyIlfl4V1f1 YB B cTapoocKoIlbCKOM III 

flpaHCKO-A>KbepCKOM roplll30HTax Dziv-D3f' (3aIle>K1t1 2 - 4, KaK 

eAIt1Hafl 3aIle>Kb, It1MelOl!.\afl o6l!.\VI'1 BHK), a TaK>Ke B Kap60HaTax 

D3fm (3aIle>Kb 5). Ha OCHOBe npoBeAeHHoro AeTaIlbHoro 

MOAeIllt1pOBaHIt1f1 nplt1BeAeM 3AeCb TOIlbKO OCHOBHble It1CXOAHble 

AaHHbie It1 pe3YIlbTaTbi MOAeIlVIpoBaHVlfI. 
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B Ka'-leCTBe MaTep~HCK~X n~TalOL4~X rop~30HTOB AIlfi 

"CBOAHOIll" 3aIle)K~ paCCMaTp~BaIOTCfI, B nepBYIO O'-lepeAb, 

BepXHeKeAPOBCKO-OMp~HCK~e Kap60HaTHO-rIl~H~CTble na'-lK~ D2e 

~ apr~IlIl~Tbl KOIlB~HCKOrO rOp~30HTa Dziv, a TaK>Ke apr~IlIl~Tbl 

T~MaHCKoro rop~30HTa Di, flBIlfllOL4~eCfI AIlfi AaHHOIll 3aIle)K~ 

cpIlIO~AoynopOM. ,QIlfi cpaMeHCK~X Kap60HaTOB MaTep~HCKOIll 

flBIlfleTCfI 060raL4eHHafi OB AOMaH~KOBafi cpopMal..\~fI s.lato, 

np~'-IeM B npeAeIlax CaMOIll naWH~HCKOIll aHT~KIl~HaIl~ 

AOMaH~KOBafi cpopMal..\~fI B ceM~IlyKcKO-H~)KHe3aAOHCKOM 

B03paCTHOM 06beMe nOACT~IlaeT Kap60HaTHblill pe3epByap. K 

BOCTOKY, Y)Ke B npeAeIlax BepXHe-ne'-l0pCKOIll BnaA~Hbl 

cpaMeHCK~e Kap60HaTbi 3aMeL4alOTCfI AOMaH~KO~AaM~, TaK~M 

06pa30M cpaMeHCKafi 3aIle)Kb ~MeIla KaK H~)KHee, TaK ~ 60KOBoe 

n~TaH~e. K n~TalOL4~M cpaMeHCKYIO 3aIle)Kb MO)KHO OTHeCT~ ~ 

nOACT~IlalOL4~e AOMaH~KOBYIO cpopMal..\~1O rIl~H~CTble 

Kap60HaTbi capraeBCKoro rop~30HTa (D3sr). 

Oc06eHHOCTblO AaHHoro MOAeIl~pyeMoro 

flBIlfleTCfI '-Ipe3Bbl'-laIllHO w~poK~1I1 A~ana30H KaTareHe3a OB 

(MK1-AK2 ) Ha paCCTOflH~~ MeHee 50 KM, '-ITO onpeAeIl~IlOCb 

rIly60K~M~ norpy)KeH~flM~ B OCeBOIll '-IaCT~ BnB BO BpeMfi 

CPOpM~pOBaH~fI npeAypaIlbcKoro npeAropHoro npor~6a 

(n03AHfIfi nepMb). Ha p~c. 5.24 npeAcTaBIleHa CTPYKTypHafi 

xapaKTep~CT~Ka MOAeIl~pyeMoro Y'-lacTKa (KapTa no nOAOWBe 

D3dm), a Ha p~c. 5.25 - KapTa KaTareHe3a OB B nOAOWBe 3T~X 

oTIlo)KeH~II1. 
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PMC. 5.25. KapTa KaTareHe3a OB B nOAOWBe OTIlO>KeHMM D3dm 



CTOllb WIr1POKIr1V1 AIr1ana30H KaTareHe3a OnpeAelll.1I1 

Heo6xOAIr1MOCTb MOAelllr1pOBaHIr1~ npO~eCCOB MIr1rpa41r11r1 1.1 

aKKYMYll~~1r11r1 YB B ABa :nana: Ha KOHe~ P1 1.1 Ha MOMeHT 

OKOH4aHIr1~ norpY>KeHIr1V1 (T3). ECTeCTBeHHO, nplr1 3TOM - AI1~ 

Ka>K,QOrO 3Tana OTAellbHO onpeAell~lllr1Cb (1.1 KapTlr1pOBalll.1Cb) 

KaTareHe3 OB, reHepa~Ir1~-3Mlr1rpa~lII~ YB, oco6eHHOCTI.1 

KOlllleKTOpCKIr1X CBOVlCTB pe3epByapOB. 

OKOH4aTellbHbie pe3YllbTaTbi MOAelllr1pOBaHIr1~ no ABYM 

:nanaM All~ o6olr1x pe3epByapoB - Tepplr1reHHOro D2-3 1.1 

Kap6oHaTHoro D3 npeACTaBlleHbl B Ta61l. 5.4, 5.5 1.1 Ha PIr1C. 5.26, 

5.27. 

Ta61l1r1~a 5.4 
5anaHc pacxoAa >KHAKHX YB, 3MHrpHpoBaBwHx H3 
TeppHreHHblx (rnHHHcTbIX) HrMr O2-3 B neClJaHble 

pe3epByapbl OzjV-03f1 naWHHHCKoro MeCTOpO>KAeHHSI 
T 6 v HMaHO-nelJOpCKOro acceHHa 

CTaTb~ pacxoAa 
KOlllr14eCTBO 

MllH. T % 
B 30He aKKyMyll~41r11r1 562,0 22,0 

nOTeplII Ha BCnllblBaHlr1e 807,0 31,6 

naTepallbHble nOTeplr1 568,0 22,3 

Mlr1rpa~lr1~ Ha 3anaA 85,0 3,4 

Mlr1rpa41r1~ BBepx no 30HaM 
TpeLllI.1HOBaTOCTIr1 nplr1 Ir1C4e3HOBeHIr11r1 

528,0 20,7 rpaHyll~pHOrO KOlllleKTOpa 1.1 

"MepTBa~" HeqneHacblLlleHHocTb B 
:noVl 30He 
V1Toro 2550,0 100,0 
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Ta6nll1L\a 5.5 
6anaHc pacxoAa >KHAKHX YB, 3MHrpHpoBaBwHx 

H3 AOMaHHKoBolIJ cpopMa4HH D3 B Kap60HaTHblllJ pe3epByap 
D3 nawHHHcKoro MeCTOpO>KAeHHSI 

T 6 HMaHO-ne'l0pCKOro aCCellJHa 
KOI1I11'-1eCTBO 

CTaTbS'l pacxoAa 
MI1H. T % 

B 30He aKKYMYI1S'1L\1I1111 505,0 11,9 

nOTeplil Ha Bcnl1blBaHlile 2124,0 49,9 

naTepal1bHble nOTeplil 756,0 17,8 

MlI1rpaL\lI1S'1 BBepx no 30HaM 
870,0 20,4 Tpel..L.lll1HOBaTOCTIil npll1 

II1C'-Ie3HOBeHII1I11 cPl1lOlI1AOynOpa 

V1TOro 4255,0 100,0 

Cl1eAyeT nOA'-IepKHYTb, '-ITO el..L.le OAHOVI oco6eHHOCTbIO 

paCCMaTplilBaeMOro paViOHa S'lBI1S'1eTCS'I '-Ipe3Bbl'-laVlHO 6011bwaS'l 

MOI..L.IHOCTb pe3epByapoB, oco6eHHO Kap6oHaTHoro (AO 250 M -

O2-3 ; AO 860 M - 0 3), '-ITO 06YC110BII1110 MaKCII1Mal1bHble nOTeplil 

>KII1AKII1X YB Ha Bcnl1blBaHlile npll1 C03AaHII1111 npll1KpOBe11bHOVI 30Hbl 

Heq:neHaCbll..L.leHII1S'1 (31,6 % B Teppll1reHHOM pe3epByape O2-3 111 

49,9 % B Kap6oHaTHOM pe3epByape 03fm - Ta611. 5.4, 5.5). 

V1TaK, nOCl1e OKOH'-IaHII1S'1 norpY>KeHII1V1 B BepXHe-ne'-l0pCKOVI 

BnaAIilHe B 30Hax aKKyMyI1S'1L\1I1111 Teppll1reHHOro 111 Kap6oHaTHoro 

AeBOHa, TO eCTb B nal1e03al1e>KaX naWHII1HCKOrO 

MeCTOpO>KAeHII1S'1, nplilMepHO Ha Ha'-lal10 IOpbl OKa3a110Cb 

cyMMapHo nOpS'lAKa 1 MI1PA. T >KII1AKII1X YB (1067 MI1H. T), '-ITO 

COCTaBI1S'1eT 15,7 % (K03cPcPlI1L\lI1eHT aKKYMYI1S'1L\II1I11) OT cYMMapHblx 

MacwTa60B 3MlI1rpaL\1I1111 (6,8 MI1PA. T). 
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B TO >Ke BpeMfl CYMMapHble Ha4anbHbie reOnOn"'4eCK~e 

3anaCbl 3ane>KeVi Tepp~reHHOrO ,D,eBOHa, BepXHerO cpaMeHa ~ 

H~>KHeVi nepML-1 (B nOcne,D,HeVi HeT CBOerO nL-1TalOlLIerO L-1CT04H~Ka) 

n04TL-1 B 10 pa3 MeHbwe. nnOlLla,D,b 30Hbl aKKYMynflL\L-1~ 

TeppL-1reHHOro ,D,eBOHa 60 KM2, a nnOlLla,D,b cOBpeMeHHoVi 3ane>K~ 

- 46 KM2; B BepxHeM cpaMeHe COOTHOWeHL-1e nn 0 lLIa,D,e Vi 

naneoaKKYMynflL\L-1L-1 L-1 cOBpeMeHHoVi 3ane>KL-1 elLle KOHTpacTHee -

50 KM2 L-1 14 KM2 COOTBeTCTBeHHO. Mbl MO>KeM nO,D,C4L-1TaTb nOTep~ 

>KL-1,D,KL-1X YB, Bo-nepBblx, Ha nYTL-1 OT D3 K P1 (noTep~ Ha 

BcnnbIBaHL-1e) ~ nOTepL-1 Ha oCTaTo4HYIO HecpTeHacbllLleHHocTb 

npL-1 COKpalLleHL-1L-1 3ane>KeVi MOlLlHOCT~ 

HecpTeHaCbllLleHL-1fl, a TaK>Ke nOTepL-1 npL-1 "pa3y6o>KL-1BaHL-1L-1" 

3ane>KeVi Tepp~reHHoro ,D,eBOHa B npOMe>KYT04HOVi Kap6oHaTHoVi 

TOnlLle Me>K,D,y 3ane>KaML-1 D:J.ir-dj L-1 D3fm2. 

B 3ane>KaX TeppL-1reHHOro ,D,eBOHa cYMMapHafl MOlLlHOCTb 

o6lL1eVi HecpTeHacbllLleHHOCTL-1 87 M (npOTL-1B 96 M B 30He 

aKKYMynflL\L-1L-1 Ha KOHeL\ norpY>KeH L-1 Vi); nnOlLla,D,b 

HecpTeHacbllLleHL-1fl npL-1 3TOM cOKpaT~nacb Ha 14 KM2 (60 ML-1HyC 

46). TaKL-1M o6pa30M, Ha nnOlLla,D,L-1 14 KM2 OCTaT04Hafl 

HecpTeHacbllLleHHocTb 6Y,D,eT OXBaTblBaTb Bce 96 M 6blBwero 

HaCbllLleHL-1fl, a Ha nnOlLla,D,L-1 3ane>KL-1 - 9 M (96 ML-1HyC 87). B 

pe3ynbTaTe cYMMapHble naTepanbHble nOTepL-1 np~ 

"pa3y6o>KL-1BaHL-1L-1" 3ane>KeVi TeppL-1reHHoro ,D,eBOHa 6Y,D,YT 

L-13MepflTbcfl BenL-14L-1HOVi - 57 MnH. T >KL-1,D,KL-1X YB. B Kap6oHaTHoVi 

cpaMeHcKoVi TonlLle HL-1>Ke 3ane>K~ nocne ,D,ByX 3TanOB 3ML-1rpaL\L-1L-1 

L-1 CPOpML-1pOBaHL-1fl 30Hbl aKKyMynflL\L-1L-1 OCTanOCb 385 M, He 
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3aTpOHYTbiX MVirpallVieili: npVl 860 M MOLllHOCTVI TOllLllVI 114 M -

30Ha aKKyMyllflllVlVl VI 361 M - cYMMapHa51 KpVlTVlyeCKafl 

MOLllHOCTb ,[IByX 3TanOB, r,[le TpeLllVlHbl 3anOllHeHbi "OCTaTOYHOili" 

HecpTblO. Ha 3anOllHeHVle 3TVlX "cB060,[lHbIX" 385 M ,QOJl}KHO 6bl1l0 

6blTb nOTpayeHO - 118 MllH. T >KVI,[IKVlX YB. CYMMa nO,[lCYVlTaHHbIX 

nOTepb 3alle>KVI D 2-3 - 175 MllH. T. 

B Kap60HaTHoili 3alle>KVI D3fm2 npVl cOKpaLlleHVIVI n1l0Llla,[lVi 

OT 50 KM2 ,[10 14 KM2 VI MOLllHOCTVI OT 114 M ,[10 15 M nOTepVl Ha 

MepTBYIO HecpTeHacblLlleHHocTb COCTaBflT 182 MllH. T. 

Ha nyTVI OT cpaMeHcKoili 3alle>KVI K HVI>KHeili nepMVI (394 M) 

nOTepVl Ha BCnllblBaHVle Vl3MepfllOTcfI BellVlYVlHOili nOpfl,[lKa 

100 MllH. T. lt1TaK, Bce BblWenepeYVlClleHHble nO,[lCYVlTaHHble 

nOTepVl B cyMMe paBHbl 175 + 282 = 457 MllH. T; eLlle - 108 MllH. T 

HayallbHblX 3anaCOB - 565 MllH. T. 

A r,[le >Ke eLlle nOll M Vlllll VI a P,[l a Vl3 cYMMapHblx 

aKKYMYllVipOBaHHblx >KVI,[IKVlX YB? Bo-nepBblx, npVlBO,[lViMble B 

6allaHCOBbiX Ta61lVI llax re01l0rVIyeCKVle 3anaCbl flBllfllOTCfI 

"3cpcpeKTVlBHbIMVI" 3anacaMVI HecYT 

"TeXH01l0rVlYHOCTVI", VI "3KOHOMVlYHOCTVI", TO eCTb He flBll51IOTCfI B 

CTPOroM CMblClle re01l0rVlyeCKVlMVI. B 3TVlX ynoMflHYTblX 

Ta61lVillaX npVlBO,[lVlTCfI - no Ka>K,[loili 3alle>KVI - MOLllHOCTb He 

TOllbKO 06Ll1e iii , HO VI 3cpcpeKTVlBHOili HecpTeHacblLlleHHocTVI, VI 

VlHOr,[la 3TVI BellVlYVlHbl CVlllbHO pa3HflTbCfI. TaK, B BepxHeili yaCTVI 

cTapOOCKOllbCKOili 3alle>KVI (D2) 06Ll1afl MOLllHOCTb 

HecpTeHacblLlleHVlfI 40 M, a 3cpcpeKTVlBHafl - 7,14 M; TO eCTb Ha 

caMOM ,[Ielle "re01l0rVlyeCKVle 3anaCbl" (Bce HayallbHOe 
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KOIH1yeCTBO Hecpn1 B 3ane>KaX) 60nbwe 0cpVlL\VlanbHO npVlH51TbIX. 

BO-BTOPbIX, npVI nOACyeTe nOTepb Ha BCnnblBaHVle BenVlYVlHY 

Tpel1.\VlHHO~ nOpVlCTOCTVI Mbl npVlHVlMaeM - KaK 06blYHO .B HaWVlX 

3MVlrpaL\VlOHHbIX MOAemlX - paBHo~ 0,02. Ho 3Ta Tpel1.\VlHHa51 

nopVlcToCTb nopoA, a BHYTPVl cpopMaL\VIVI B L\enOM o6beM nycToro 

npocTpaHcTBa B Tpel1.\VlHaX MO>KeT 6blTb VI HaMHoro 6onbwe, 

oco6eHHo B 3noxVI paCHI>KeHVl51 (TpVlac, paHHVI~ Men, n03AHVI~ 

naneoreH, nnVlOL\eH - yeTBepTVlYHOe BpeM51). EcnVl BenVlYVlHY 

Tpel1.\VlHHO~ nopVlCTOCTVI npVlH51Tb 3a 0,06, TO CYMMa nOTepb Ha 

BcnnblBaHVle Me>KAY 3ane>KaMVI 6YAeT He 218 (118 + 100) MnH. T, 

a B 3 pa3a 60nbwe - nOp51AKa 660 MnH. T, a o6l1.\a51 cYMMa 

nOTepb COCTaBVIT OKono 900 MnH. T. npVl YKa3aHHoM nOAxOAe 

6anaHc "cTaTe~ pacxoAa" >KVlAKVlX YB 6YAeT 6nVl30K K CBeAeHVlIO. 

HaAo CKa3aTb, YTO ecnVl nOTepVl aKKYMyn51L\VIVI HecpTVI Mbl 60nee 

VlnVl MeHee HaYYVlnVlCb nOACYVlTblBaTb VI Bblpa60TanVl An51 3Toro 

onpeAeneHHble npaBVlna, TO An51 OTHOCVlTenbHO AOCTOBepHoro 

nOACyeTa nOTepb KOHCepBaL\VlVI Heo6xOAVIMa KOHKpeTHa51 

VlHcpopMaL\Vl51 no pacnpeAeneHVlIO BTOpVlYHO~ 6V1TYMVlH03HOCTVI 

no BceMY pa3pe3Y Vl3yyaeMOrO MeCTOpO>KAeHVl51, yeM An51 

naWHVlHCKoro yyaCTKa Mbl, K CO>KaneHVlIO, He pacnonaraeM. EcnVl 

cpeAHVI~ K03CPCPVlL\VleHT aKKYMyn51L\VIVI An51 HecpT51HbIX 3ane>Ke~ 

nawHVlHcKoro MeCTOpO>KAeHVl51 AOCTaTOYHO BblCOK (15,7 %) -

BcneACTBVle BbICOKO~ npoAYKTVlBHOCTVI HrMr, - HeCMOTp51 Ha 

6onbwyIO MOl1.\HOCTb pe3epByapoB, rAe BenVlKVI nOTepVl, TO 

K03CPCPVlL\VleHT coxpaHHOCTVI, npeACTaBn51IOl1.\VI~ co6o~ BenVlYVlHY 

Toro >Ke nOp51AKa (10 - 15 %), An51 3TO~ KaTeropVlVl BenVlYVlH, 
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KOHe4HO >Ke, 04eHb MaIl. B ,QaHHOM CIlY4ae onpe,QemUOI..LlYIO 

POllb VlrpaeT HVl3Koe Ka4eCTBO Kap6oHaTHO-rIlVlHVlCTbIX 

CPIlIOVl,QoynopoB D3f
1
-
2 

Vl C 1 - 3TO C o,QHoLii CTOPOHbl; C ,QpyroLii -

n01l0>KeHVle naWHVlHCKOLII aHTVlK11VlHaIlVl B 30He perVlOHallbHoLII 

cpIleKCYPbl Ha C04IleHeHVlVl npe,QypallbcKoro nporVl6a Vl cTyneHeLii 

Ltl>KMa-ne40pCKoLII Bna,QVlHbl cnoco6CTBOBaIl0 pa3BVlTVllO 

Tpel..LlVlHOBaTOCTVl Vl CHVl>KaIl0 coxpaHHOCTb 3alle>KeLii. 

Bbl60p 06beKTOB MO,QeIlVlpOBaHVlS'l np0l..\eCCOB MVlrpal..\VlVl Vl 

aKKyMyllS'll..\VlVl YB B 0TJ10>KeHVlS'lX BeH,Qa (Vl KeM6pVlS'l) CVl6VlPCKOLII 

nllaTcpopMbl C o,QHoLii CTOPOHbl He npOCT, C ,QpyroLii - BeCbMa 

orpaHVl4eH no pS'l,Qy npVl4VlH. Bo-nepBbIX, B perVlOHe npaKTVl4eCKVl 

He Vl3BeCTHbi 1l0KaIlbHbie nO,QHS'lTVlS'l (B TOM 4VlCIle Vl HecpTe- Vl 

ra30CO,Qep>KaI..LlVle), 06pa30BaHVle KOTOPblX 6bl1l0 6bl CVlHXPOHHO 

np0l..\eCCaM HecpTe- Vl ra3006pa30BaHVlS'l, IlVl60 npe,QweCTBOBall0 

VlM. OTCIO,Qa Clle,QyeT, 4TO CPOpMVlpOBaHVle OT,QellbHbiX 3alle>KeLii 

B aHTVlK11VlHallS'lX, KaK npaBVlll0, MOIl0>Ke CBOVlX perVlOHallbHblX 

30H HecpTera30HaKonIleHVlR OT,QellbHble 3alle>KVl B 

IlVlTOIl0rVl4eCKVlX 1l0BYWKax TaK>Ke 06bl4HO OCPOPMIlS'lIlVlCb 

HeCKOllbKO n03,QHee caMoLii 30Hbl BClle,QCTBVle Tex VlIlVl VlHblX 

Vl3MeHeHVlLil KOlllleKTOpCKVlX CBoLilcTB. TaKVlM 06pa30M, B CVlIlY 

VlCTopVlKo-reOIl0rVl4eCKoLII Cnel..\VlcpVlKVl perVlOHa CPOpMVlpOBaHVle 

30H HecpTera30HaKOnlleHVlS'l npe,QweCTBOBall0 CPOpMVlpOBaHVlIO 

OT,QellbHbiX 3alle>KeLil, TO eCTb He 3alle>KVl (MeCTOpO>K,QeHVlS'l) 

06be,QVlHS'lIlVlCb B 30Hbl, a 30Hbl ",QP06VlIlVlCb" Ha 3alle>KVl. B CBS'l3Vl 

C 3TVlM, B ,QaHHOM perVlOHe 60Ilee Vl MeHee Ha,Qe>KHO 

npOMO,QeIlVlpOBaTb np0l..\eCCbl reHepal..\VlVl, 
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aKKyMymU.\1iI1iI YB MO>KHO nlilWb B npeAenax perlilOHanbHOro, B 

KpaVtHeM CnY4ae, cy6perliloHanbHOrO 06beKTa. C APyroVt 

CTOPOHbl, TaKIiIX perlilOHanbHblX 06beKTOB C Y>Ke OTKPblTblMIo1 

npOMblWneHHblMIiI 3ane>KaMIiI YB B AOMe3030VtCKOM 

Mera6acceVtHe CIiI61i1pCKOVt nnaTCpopMbl He TaK y>K MHoro, a no 

CYLl.\eCTBY COBceM Mano - Bcero 4 iii Bce OHIiI pacnOnO>KeHbl Ha 

lOre nnaTCpopMbl: 1 - HencKo-60Ty06Ii1HcKa~ aHTeKnlil3a (H6A); 2 

- AHrapO-neHcKa~ cTyneHb (MC); 3 - KaTaHrcKa~ ceAnoBIiIHa; 4 

6aVtKIiITcKa~ aHTeKn1il3a. (npIiIHl.\liInlilanbHo 06beKTaMIo1 

perlilOHanbHoro MOAenlilpoBaHIiI~ reHepal.\IiIIiI, Mlilrpal.\1iI1iI iii 

aKKyMyn~l.\1iI1iI YB Morn iii 6bl cnY>KIiITb TaK>Ke AHa6apo-

OneHeKCKa~ aHTeKnlil3a, ceBepHblVt CKnOH AnAaHcKOVt aHTeKnlil3bl 

C IiIX 3ane>KaMIiI 61i1TYMOB B rlilnepreHHOVt 30He, a TaK>Ke KypeVtCKo­

neTHIiIHCKIiIVt Ban 3anaAHoro 06paMneHIiI~ nnaTCpopMbl C 

nonynpoMblwneHHblMIiI iii HenpOMblwneHHblMIiI 3ane>KaMIiI YB; 

OAHaKO 3TIiI 06beKTbi MO>KHO paCCMaTpliIBaTb KaK pe3epB 

6YAYLl.\erO KOnlil4eCTBeHHOrO 1i13Y4eHIiI~). 

nepBble ABa 1013 

Bblwenepe4li1CneHHblX. 3AeCb AaIOTC~ nlilWb KpaTKlile CBeAeHIiI~ 0 

HIiIX, npIilBOA~TC~ 

paCCMaTpIiIBaIOTC~ HeKOTopble Heq)TereOnOrlil4eCKlile cneACTBIiIR 

Ha4HeM C AHrapO-neHCKOVt cTyneHliI, KaK OTHOCIiITenbHO 60nee 

npOCToro 06beKTa. 

B HaCTO~Ll.\ee BpeM~ perlilOH npeACTaBn~eT c0601l1 

AeVtCTBIiITenbHO cTyneHb - Me>KAY nOAH~TbIMIiI iii BblBeAeHHblMIiI 

Ha nOBepXHOCTb 6aVtKanbCKIiIMIiI (plilcpeVtCKIiIMIiI) CKnaA4aTblMIiI 
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coopy~eH~RM~ Ha BOCTOKe ~ norpy~eHHo~ CaRHO-EH~Ce~CKO~ 

C~HeK11~30~ Ha 3ana,qe. 60Jlee TOYHO - BCR per~OHaJlbHaR 

CTpyKTypa npe,qCTaBJlReT c060~ aMcp~TeaTp (KaK 06blYHO 

~CTOp~yeCK~ ~ Ha3blBaJlaCb), ~60 C IOrO-3ana,qa OrpaH~yeHa 

np~nO,qHRTbIM~ CK11a,qyaTbIM~ coopy~eH~RM~ BOCTOYHOrO 

CaRHa (Ta~e 6a~KaJlbCKOrO B03paCTa). 

6a~KaJlo-B~JlIO~CK~~ npor~6 B COBpeMeHHO~ CTpYKType 

,qaHHOrO per~OHa npaKT~yeCK~ He Bblpa~eH (B OTJl~y~e OT IOro­

BOCTOYHOro no,qHO~~R H6A, r,qe cOXpaH~Jl~Cb peJl~KTOBble 

Bna,q~Hbl HIO~CKo-,Q~ep6~HCKaR ~ ,qp., BblnOJlHeHHble 

OTJlO~eH~RM~ Op,qoB~Ka) ~ cp~Kc~pyeTcR Jl~Wb nOBblweHHblM~ 

MOL1lHOCTRM~ H~~Hero ~ BepxHero BeH,qa Ha MOHOK11~HaJl~ 

CK110Ha 6a~KaJlbCKOrO CK11a,qyaTOrO coopy~eH~R. C nOBepxHoCT~ 

per~oH CJlaraeTCR cpopMaL\~RM~ BepxHero KeM6p~R ~ Op,qoB~Ka, 

y CK11a,qyaTbIX coopy~eH~~ - p~cpeR, BeH,qa, H~~Hero KeM6p~R. 

O,qHaKO per~OHaJlbHbl~ ~CTop~KO-reOJlOr~yeCK~~ aHaJl~3 

n03BOJlReT 3aK11IOY~Tb, YTO 3noxo~ MaKC~MaJlbHoro norpy~eH~R 

B npe,qeJlax AnC 6blJl KOHeL\ n03,qHero c~Jlypa - HayaJlO paHHero 

,qeBoHa. 

B OTJl~y~e OT H6A, r,qe HblHe cocpe,qoTOyeHa OCHOBHaR 

OTKpblTaR HecpTera30HocHOCTb ,qoMe3030~cKoro Mera6acce~Ha 

C~6~pCKO~ nJlaTcpopMbl, B npe,qeJlax AnC npOMblWJleHHblX 

MeCTopo>K,ll,eH~~ Bcero TP~ (~ Bce OH~ ra30KOH,qeHcaTHble): 

AToBcKoe, 6paTCKoe, KOBbIKT~HCKoe. KpOMe Toro, Ha ,qaHHO~ 

Tepp~Top~~ nOJlyyeHbl ,qOBOJlbHO MHOrOY~CJleHHble np~ToK~ -

npOMblWJleHHble B oT,qeJlbHbiX cKBa~~Hax, nOJlynpoMblWJleHHble 
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~ HenpOMblWneHHble - ra3a, ra3a C KOHAeHCaTOM, pe>Ke HecpT~ B 

Tepp~reHHblX OTnO>KeH~flX BeHAa ~ OC06eHHO B 

BbIWene>Kal1l~X Kap60HaTHbiX OTnO>KeH~flX H~>KHeKeM6p~VicKOLil 

COneHOCHO-Kap6oHaTHOLil cpOpMaL\~~ (OC~HCK~VI, 6anbIXT~HCK~LII, 

XP~CTOCPOpOBCK~LII, aTOBCK~VI, 6~PK~HCK~VI, 6~nb4~pCK~LII, 

KenOpCK~VI rOp~30HTbl). V13 Tepp~reHHblX OTnO>KeH~VI BeHAa -

60XaHCKOrO, WaMaHoBcKoro ~ OC06eHHO napcpeHOBCKOrO 

rOp~30HTa nOnY4eHbi np~TOK~ ra3a, n~60 ra3a C KOHAeHCaTOM ~ 

TOnbKO Ha LJOPCKOVI nnOl1laA~ nOnY4eH He6onbWOVI np~TOK 

nerKOVI HecpT~ ~3 HenCKOVI CB~Tbl. V13 Kap60HaTHbiX rOp~30HTOB 

nOnY4eHbi - HapfiAY C ra30M ~ KOHAeHCaTOM - 60nee 

MHor04~cneHHble np~TOK~ nerK~X KOHAeHCaTOnOA06HbiX 

HecpTeLil. HaAo CKa3aTb, 4TO per~OHanbHOe pa3Mel1leH~e 

npOfiBneH~LII YB OTpa>KaeT He TonbKO ~, MO>KeT 6blTb, He CTonbKO 

~CT~HHYIO KapT~HY, CKonbKO CTeneHb pa36ypeHHocT~ per~OHa; 

XOTfi MO>KHO Bce-TaK~ KOHCTaT~pOBaTb, 4TO npOfiBneH~fI YB B 

L\enOM TfirOTelOT K L\eHTpanbHOMY naneOCBOAY, a TaK>Ke K 

EipaTCKOMY Bany. 

ATOBCKoe ~ EipaTcKoe MeCTOpO>KAeH~fI np~yp04eHbl K 

aHT~Kn~HanflM, np~4eM nepBoe CBfl3aHO C eA~HCTBeHHO 

~3BeCTHOVI KOHceA~MeHTaL\~OHHOLil nOBYWKOVI BeHACKoro 

BpeMeH~ (B ceBepHOM ATOBCKOM Kynone V2prf nO>K~TCfI Ha 

CPYHAaMeHT, a HenCKafi CB~Ta V2 OTCYTCTByeT). KOBbIKT~HCKOe 

ra30KOHAeHcaTHoe MeCTOpO>KAeH~e 6blnO OTKPblTO B 1987 r.; no 

3anacaM OHO flBnfleTCfI KPynHblM ~ np~ypo4eHo K 

n~Tonor~4ecKoVi nOBywKe Ha MOHOKn~Han~; nOBywKa CBfl3aHa C 
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Baplt1a41t151MIt1 KOnneKTOpCKIt1X CBOIl1CTB napcpeHOBCKOrO rOplt1aOHTa 

V2• 

~TaK, B npeAenax It1CCneAyeMoll1 Tepplt1TOplt11t1 Tplt1 

npOMblWneHHblX raaOKOHAeHCaTHblX MeCTOpO>KAeHIt151. OAHaKO, 

Hanlt141t1e B npOAYKTIt1BHblX napcpeHOBCKIt1X neC4aHIt1KaX TBepAblX 

HepaCTBOplt1MblX Keplt1TOB aCcpanbTeHIt1TOBOrO p51Aa 

CBIt1AeTenbcTByeT 0 TOM, 4TO paHee aane>K1t1 6blnlt1 HecpT51HbIMIt1. 

Perlt10HanbHOe nplt1CYTCTBlt1e HepaCTBOplt1MblX 6It1TYMOB­

aCcpanbTeHIt1TOB B neC4aHbiX peaepByapax BeHAa AnC - TaK>Ke 

CBIt1AeTenbCTBO perlt10HanbH0ll1 naneOHecpTeHOCHOCTIt1 TOrO It1nlt1 

It1HOrO MaCWTa6a. 

B Omlt141t1e OT H6A, B npeAenaX AnC BeCb KOMnneKC 

BeHACKIt1X OmO>KeHIt1I11 5lBn51eTC51 Tepplt1reHHblM. OTnO>KeHIt151 

HIt1>KHero BeHAa (ywaKoBcKOIl1 CBIt1Tbl) B CpeAIt1HHOIl1 4aCTIt1 

perlt10Ha OTCYTCTBYIOT. OmO>KeHIt151 It1 HIt1>KHerO, It1 BepXHerO BeHAa 

Halt16onbWYlO MOLl.\HOCTb It1MelOT B nplt16all1Kanbe; aAeCb >Ke OHIt1 

o6naAalOT Halt16onbWell1 rnlt1HIt1CTOCTblO It1 MaKCIt1ManbHOIl1 

Cep04BeTHOCTblO (KpaCH04BeTbi OTCYTCTBYIOT nOnHOCTblO). 

KpaCH04BeTHOCTb paapeaa - KaK rnIt1HIt1CTbIX, TaK It1 06nOM04HbiX 

paaHOCTell1 - nOCTeneHHO BOapaCTaeT B aanaAHOM HanpaBneHlt11t1 

It1 y aanaAHOIl1 rpaHIt14bl perlt10Ha CTaHOBIt1TC51 CnnOWHOIl1, T.e. 

nnaCTbl HecpTeraaOMaTeplt1HCKIt1X nOpOA It1C4eaalOT COBCeM. 

B OTnO>KeHIt151X BepxHero BeHAa - HenCKOIl1 It1 TIt1PCKOIl1 CBIt1T 

- aAeCb TaK >Ke, KaK It1 B npeAenaX H6A, MO>KHO npOCneAIt1Tb Tplt1 

neC4aHbiX rOplt1aOHTa-peaepByapa: 60XaHCKIt1111 (6aaanbHblll1), 

WaMaHOBCKlt1111 (CpeAHlt1l11) It1 napcpeHOBCK1t1111 (BepXHIt1I11, B 
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OCHOBaHL.1L.1L.1 TL.1PCKOC1 CBL.1Tbl}. np0l..\eCCbl ML.1rpal..\L.1L.1 Ii1 

aKKyMymll..\1i11i1 YB MOAe11L.1pOBa11L.1Cb B napcjJeHOBCKOM rOpli130HTe 

V 2, KaK Hali16011ee npOAYKTIi1BHOM. 

KaTareHe3 OB B HecjJTera30MaTepL.1HCKL.1X mIi1HL.1CTbIX 

rOpli130HTaX (na4KIi1 V 2np Ii1 V2tr) pacnpeAe11f1eTCfI no n110~aAIi1 

AnC c11eAyto~L.1M 06pa30M: l..\eHTpa11bHYto 4aCTb 

npIi16aC1Ka11bCKoro na11eonporL.16a 3aHL.1MaeT rpaAal..\li1f1 MKs 

(my6)f(e na11eoCTpaT0li1306aTbl 4,1 KM), 60pTa - MK4; 3TIi1 )f(e 

rpaAal..\1i11i1 Ha ceBepo-3anaAHoM 60PTY CaflHO-EHL.1CeC1cKOC1 

CIi1HeK1l1i13bl; 6011bwafl 4aCTb n110~aAIi1 AnC cooTBeTcTByeT 

rpaAal..\L.1L.1 MK3 (Bblwe na11eoCTpaT0li1306aTbl 3,8 KM); B 

npli1CaflHbe KapTL.1pyeTcfI rpaAal..\L.1f1 MK22 (Bblwe 3,2 KM). 

PaCC41i1TaHHafl KapTL.1Ha aKKyMy11f1l..\L.1L.1 )f(L.1AKL.1X YB TaKOBa: 

Ha BOCTOKe pacno11araeTcfI "cjJaHToMHafl" (HblHe 3POAli1pOBaHHafl) 

npIi16aC1Ka11bcKafl 30Ha aKKyMy11f1l..\Ii1L.1 wli1pli1HoC1 20 - 30 KM Ii1 

n110THocTbto )f(Ii1AKL.1X YB OT 6011ee 400 AO MeHee 200 TbIC. TiKM2 

(KoHKpeTHo 140 - 480 TbIC. TiKM
2
), npli1 3TOM MaKCIi1Ma11bHafl 

Be11L.14Ii1Ha - npL.1 n011HOM HaCbl~eHIi1Ii1 pe3epByapa MO~HOCTbto 

15 M. Pe11L.1KTbl 3T0C1 30Hbl 06HapY)f(Ii1BatoTCfI B HaCbl~eHIi1Ii1 

neC4aHL.1KOB accjJa11bTeHIi1TaMIi1, KOTopble Ii1HorAa BCTpe4atoTCfI B 

npL.16aC1Ka11be (npaBAa, neC4aHIi1KIi1 He V 2prf, a Vd. nOCK011bKY Mbl 

He 3HaeM, HaCK011bKO Aa11eKO npOCTli1pa11aCb 30Ha B BOCT04HOM 

HanpaB11eHL.1L.1, BbICKa)f(eM "B011bHYto" rli1nOTe3Y 0 TOM, 4TO 

HecjJTenpOflB11eHIi15\ 3a6aC1Ka11bCKL.1X rpa6eHOB reHeTIi14eCKIi1 MoryT 

6blTb CBfl3aHbi C BeHAOM npoceBweC1 l..\eHTpa11bH0C1 4aCTIi1 

3POAL.1pOBaHHoro BnOC11eACTBIi1L.1 rli1nOTeTIi14eCKOro 6aC1Ka11bCKoro 

334 



CSOAa, CMeHS'lSwero Ha SOCTOKe npl<16a1i1KanbcKI<11i1 nporl<16. 

CYMMapHO S npl<16aVlKanbcKo1i1 30He aKKyMynS'l41<11<1 6blnO 

cocpeAoTo4eHo 4,15 MnpA. T HecpTI<1; naTepanbHble nOTepl<1 

COCTaSl<1nl<1 1,10 MnpA. T. nnoTHocTb "MepTso1i1" 

HecpTeHacbllLleHHOCTI<1 S Tanbsere npl<16aVlKanbcKoro nporl<16a 

Kone6neTCS'I S I<1HTepSane 20 - 40 TbIC. T/KM2. 

B II1PKYTCKOM npl<1CaS'lHbe nnOTHOCTb >KI<1AKI<1X YB S 30He 

aKKyMynS'l41<11<1 300 - 400 TbIC. T/KM2, Wl<1pl<1Ha 30Hbl He 60nee 

20 KM. Penl<1KT 3TOVI 30Hbl - npOS'lSneHl<1e TsepAblx 61<1TYMOS 

p. YPI<1K, rAe AosonbHo 061<1nbHOe HaCbllLleHl<1e TsepAblMI<1 

61<1TYMaMI<1 - OKCI<1Kepl<1TaMI<1 (?) CSS'l3aHO C aHanorOM V2Prf. 

Wl<1pl<1Ha 30Hbl aKKyMynS'l41<11<1, S npeAenax 4eHTpanbHoro 

naneOCSOAa 100 - 180 KM, nnOTHOCTI<1 aKKYMynl<1posaHHblx 

>KI<1AKI<1X YB 1<13MeHS'ltoTCS'I OT MeHee 20 TbIC. T/KM2 (Ha 3anaAe) AO 

60nee 300 TbIC. T/KM2 (s npl<1ocesoVi 4aCTI<1 1<1 Ha SOCT04HOM 

cKIloHe). nnOTHOCTI<1 "MepTsoVl" HecpTeHacbllLleHHOCTI<1 Ha 3anaAe 

COCTaSnS'ltoT MeHee 7 TbIC. T/KM2. Bcero S 3anaAHoVi 30He 

aKKyMynS'l41<11<1 (Ha naneOCSOAe 1<1 S npl<1CaS'lHbe) 4epe3 5 MnH. neT 

cocpeAOT041<1nOCb 7,21 MnpA. T >KI<1AKI<1X YB, naTepanbHble 

nOTepl<1 COCTaSl<1nl<1 1,80 MnpA. T. B Ta6n. 5.6 npI<1S0AI<1TCS'I 6anaHc 

"pacxoAa" >KI<1AKI<1X YB (HecpTI<1), nocTynl<1swl<1x S pe3epsyap V2Prf. 

1113 7,21 MnpA. T >KI<1AKI<1X YB 3anaAHoVi 30Hbl aKKyMynS'l41<11<1 

CKonbKO TO elLle YTpa4l<1saeTCS'I Ha naTepanbHble nOTepl<1 npl<1 

"nOATS'lrI<1SaHI<1I<1" YB K ocesoVi 30He naneOCSOAa (nOpS'lAKa 

1 MnpA. T), npl<1MepHO CTonbKO >Ke (I<1nl<1 4yTb 6onbwe) "nOrI<16aeT" 

S npl<1CaS'lHCKOVI 30He rl<1nepreHe3a. OCTaeTCS'I npl<1MepHO 
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5 MilPA. T Hecjnlll. 3TO He TaK MHoro Ha BCIO TepplilToplil1O Ane 

(200 TbIC. KMz), HO III He TaK MaIl0. 

OAHaKo, rAe OHIIl? 

Ta6Il11ll.\a 5.6 
6aIlaHc pacxoAa HecpTH, nocTynHBweL71 B pe3epByap V2prf 

30Hbl aKKyMyIlflLjl!11!1 
Beero 

CTaTbfl 3anaAHafi BoeT04Hafi 

paeXOAa MIlPA· MIlPA· 
% % MIlPA. T % 

T T 

YB B 30He 
7,21 55,68 4,15 58,20 11,36 56,57 

aKKYMymlLjl!11!1 

naTepaIlbHble 

nOTepl-I YB 
1,80 13,90 1,10 15,43 2,90 14,44 

nOTepl-I YB Ha 
3,94 30,42 1,88 26,37 5,82 28,99 

BcnIlblBaHl-le 

CYMMa 

3Ml-lrpi-lpOBaB 

Wl-lxYB, 12,95 100,00 7,13 100,00 20,08 100,00 

nocrynl-lBWI-IX 

B V2prf 

B 5.7 nplilBOAIIlTCfI 6aIlaHC 

reHeplilpoBaHHoro ra3a, nocTynlllBwero B napcpeHOBCKIIlLl! 

pe3epByap Vz. 

It1TaK, B pe3YIlbTaTe OKOH4aTeIlbHOrO CPOpMlIlpOBaHlilfl 30Hbl 

aKKYMyIlf1l.\lIllil B paLl!OHe l.\eHTpaIlbHoro naIleOCBOAa B HeLl! 

AOIl>KHO 6blIl0 cocpeAOT0411lTbCfI nopflAKa 5 MilPA. T 

ra30HaCblLl.\eHHOLl! HecpTIil III nplilMepHo 150 MilPA. HM3 ra3a. 

336 



.... .... 
-...l 

Ta6m1L\a 5.7 

EianaHc pacxoAa ra3a, nocTYnlr1Bwero B pe3epByap V2prf 

30Hbl aKKyMVJ1S'lIl~~ 
Beero 

CTaTb~ paeXOAa 3an8AHaS'l BoeT04HaS'l 
TPJ1H. HMO % TpJ1H. HMo % TPJ1H. HM~ % 

Ha paeTBopeH~e 
np~ BenJ1bIBaH~~ 

0,61 14,66 0,20 8,58 0,81 12,48 
K np~KpoB. 30He 

ro HeQ:>T~ M 
ro Ha paeTBopeH~e L... 

s: 
np~ c. 0,15 3,61 0,15 6,44 0,30 4,62 (]) 
J1aTepaJ1bHO~ I-

0 
c M~rpall~~~ 

Ha paeTBopeH~e 
B 30He 3,24 77,88 1,98 84,98 5,22 80,43 
aKKyMYJ1S'lIl~~ 

CBo6oAHbl~ ra3 B 30He 
0,16 3,85 - - 0,16 2,47 

aKKVMYJ1S'lIl~~ 

CYMMa ra3. YB, 
4,16 100,00 2,33 100,00 6,49 100,00 

noeTYm1Bw~e B V2prf 
- -



Ho 3TO cpOpMaJlbHblVi MOAeJlbHblVi paC4eT Ha BpeM~ 

CPOpM~pOBaH~5! 30Hbl, 4TO 6blJlO peaJl~30BaHO MHOro 

M~JlJl~OHOB JleT Ha3aA. 

B HaCT05!ll.\ee BpeM5! Mbl ~MeeM B per~OHe TP~ 

ra30KOHAeHCaTHbiX MeCTOpO>KAeH~5! - ~MeHHO B V2prf - C 

CYMMapHbIM~ 3anaCaM~ ra3a 352 MJlPA. HM
3
, OKOJlO 97 % ~3 H~X 

np~XOA~TC5! Ha KOBbIKT~HCKOe MeCTOpO>KAeH~e. 04eHb KPynHoe 

KOBbIKT~HCKOe ~ MeJlKOe (2 MJlPA. HM
3

) AToBcKoe 

MeCTOpO>KAeH~5! pacnOJlO>KeHbl B npeAeJlaX pacc4~TaHHoVi 30Hbl 

aKKyMyJl5!L\~~ HecpT~, np~4eM B apeaJle Ha~6oJlee BbICOK~X 

nJlOTHOcTeVi. B TO >Ke BpeM5! 5paTCKOe ra30KOHAeHCaTHOe 

MeCTOpO>KAeH~e C 3anaCaM~ ra3a 10 MJlPA.HM
3 

pacnOJlO>KeHO 

AaJleKO 3a npeAeJlaM~ napcpeHoBcKoVi 30Hbl aKKyMyJl5!L\~~, 

60Jlee Toro B03Jle HYJleBOVi ~30Jl~H~~ nJlOTHOCTeVi 

np~KpOBeJlbHOVI 30Hbl HecpTeHaCblll.\eH~~ KOJlJleKTOpa. Ha 3TOM 

Y4acTKe npo~cxoA~T BbIKJl~H~BaH~e HfMf V2tr, a 4epe3 50 -

60 KM K 3anaAY ~C4e3aeT ~ HfMf V2np (o6e CB~Tbl CTaHOB5!TC5! 

KpaCHOL\BeTHbIM~). OTJlO>KeH~5! V1 3AeCb TaK>Ke KpaCHOL\BeTHble 

~ He COAep>KaT HfMf. nOTOK YB C BOCTOKa He B03MO>KeH no 

CTpyKTypHblM (~ naJleOCTPYKTYPHbIM) C006pa>KeH~5!M; TaK~M 

06pa30M BeHACK~VI ~CT04H~K YB AJl5! 5paTCKoro MeCTOpO>KAeH~5! 

~CKJlto4eH. B CTPYKTypHO-TeKTOH~4eCKOM OTHoweH~~ 3TO 

MeCTOpO>KAeH~e pacnOJlaraeTC~ no CYll.\eCTBY Y>Ke 3a 

npeAeJlaM~ AHrapO-neHCKOVi cTyneH~ - Ha BOCT04HOM (ceBepo­

BOCT04HOM) 60PTY Ca5!Ho-EH~ceViCKOVI C~HeKJl~3bl. lt1CT04H~KOM 

YB 5paTcKoro MeCTOpO>KAeH~5! Morn~ CJlY>K~Tb Jl~60 
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Kap60HaTHbie OTllO>KeHLtlfl AaHLtlllOBCKOrO ropLtl30HTa G1, 

nepeKpblBalOLl.\ero V2tr (HenOCpeACTBeHHO K C3 OT rpaHLtl4bl 

LtlCClleAyeMoro perLtlOHa Ha KOBLtlHCKOIll nllOLl.\aALtl 6blll nOllY4eH 

He6011bWOIli npLtlTOK llerKOIll HecpTLtl Ltl3 AaHLtlllOBCKLtlX OTllO>KeHLtlIll), 

llLtl60 pLtlcpelllCKLtle o60raLl.\eHHble 08 roPLtl30HTbl, aHallOrLtl4Hbie 

TaKOBblM KaTaHrcKolll CeAllOBLtlHbl (npLtl YCllOBLtlLtl OTCYTCTBLtlfl 

KaTareHeTLtl4eCKOro HeCOmaCLtlfl Ha rpaHLtl4e pLtlcpelli/BeHA). TaKLtlM 

o6pa30M MO>KHO cOBepweHHo onpeAelleHHo rOBOpLtlTb, 4TO 

opaTcKoe MeCTOpO>K,l:leHLtle reHeTLtl4eCKLtl He CBfl3aHO C AHrapo­

neHCKOIll cTyneHblO, 4TO Mbl npeAnOllarallLtl Ltl paHee. VlHTepeCHO 

OTMeTLtlTb, 4TO B opaTCKOIll 3alle>KLtl npLtl HaLtl6011bWelll my6LtlHe (Ltl 

nalleomy6LtlHe) - CpeALtl Tpex ynoMflHYTblX - Ltl HaLtl6011bWee 

cOAep>KaHLtle TfI>KellblX Y8 B ra3e (7,4 %) Ltl HaLtl6011bWLtlIll 

KOHAeHcaTHbl1ll cpaKTop (130,8 r/M3). 

Ho BepHeMcfI K AHrapO-neHcKolll cTyneHLtl. 8blwe Y>Ke 

rOBOpLtlllOCb, 4TO 3a LtlCKIl104eHLtleM Y3KOIII nOllOCbl npLtlCaflHbfl, rAe 

KaTareHe3 08 B V2 cooTBeTcTByeT rpaAa4LtlLtl MK22' Ha oCTallbHolll 

TeppLtlTOpLtlLtl AnC OTllO>KeHLtlfl V2 HaXOAflTCfI B 30He KaTareHe3a 

MK3-MK5, T.e. my6>Ke "HecpTflHoro oKHa", B npeAellax maBHolll 

30Hbl ra3006pa30BaHLtlfl (f3f). Vl3 HecpTereOllOrLtl4eCKOill 

npaKTLtlKLtl Ltl3BeCTHO, 4TO "HopMallbHble" HecpTLtl B peA4alllWLtlX 

cllY4aflx BCTpe4alOTcfI my6>Ke rpaAa4LtlLtl MK3, Aa Ltl B 30He MK3 

HecpTflHble 3alle>KLtl He 4aCTbi. PaHee Mbl npeAnOllarallLtl, 4TO 3Ta 

30Ha rpaAa4Ltlill MK3-MK5, reHeTLtl4eCKLtl OTBe4alOLl.\afl f3f, 

npeACTaBllfieT co60111 30HY BblTeCHeHLtlfl HecpTLtl ra30M. 8epofiTHo, 

3TO cnpaBeAllLtlBO B CllY4aflX, KorAa reHepa4Ltlfl ra3a 
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npeBOCXOAVlT reHepaL\VlIO HecjJTVI, Vl11V1 - no Kpall1Hell1 Mepe -

reHepaL\VlfI 06eVlx cjJa3 YB paBHOBe11V1Ka - B C11Y4ae CMewaHHoro 

TVlna OB, 11V160 KorAa HVI)I{e HrMr C 4V1CTO canpOne11eBblM TVlnOM 

OB 3a11eraeT ropVl30HT C CYl1\eCTBeHHO ryMYCOBblM OB 

(HanpVlMep, "TaHAeM" 6a)l{eHOBCKafl VI TIOMeHCKafl CBVlTbl 

3anaAH0ll1 CVl6V1pVl). B C11Y4ae )l{e canpOne11eBoro, Vl11V1 Aa)l{e 

OKCVlcop60canpOne11eBOrO OB (4TO VlMeeT MeCTO B HaweLil 

cVlTyaL\VlVI) flB11eHVle reHeTVl4eCKoro AecjJVlL\VlTa ra3a He 

n03B011f1eT OCYl1\eCTBVlTbCfI npOL\eccy HenocpeACTBeHHoro 

BblTeCHeHVlfI HecjJTVI ra30M, TaK KaK nOAaB11f1IOl1\afl 4aCTb ra3a 

paCTBopVlTCfI B c06CTBeHH0ll1 HecjJTVI. TaK 4TO )l{e C HecjJTblO MC? 

El1\e pa3 HanOMHVlM VI nOA4epKHeM, 4TO HecjJTb B napcjJeHOBCKVlX 

(VI He T011bKO B napcjJeHOBCKVlX) neC4aHVlKax 6bl11a, 0 4eM 

npaKTVl4eCKVI nOBceMeCTHafl 

accjJa11bTeHVlTVl3aL\VlfI neC4aHVlKOB. Bblwe OTMe4a110Cb, 4TO 

HapflAY C Bblwenepe4V1C11eHHbIMVI ra30KOHAeHcaTHblMVI 

MeCTOpO)I{AeHVlflMVI B perVlOHe Ha611IOAaIOTCfI MHor04V1cneHHble 

npVlTOKVI ra3a, ra3a C KOHAeHcaTOM VI 11erKOLil HecjJTVI, KaK B 

TeppVlreHHblX 0TI10)l{eHVlflX V2, TaK VI - oc06eHHO B 

BbIWe3a11eralOl1\VlX Kap60HaTHbiX 0TI10)l{eHVlflX G1. 

OTMeTVlM TaK)l{e C11eAYIOl1\VlII1 BeCbMa 111060nb1THblll1 cjJaKT: 

ra3bl TeppVlreHHoro KOMn11eKCa V2 MC flB11f1IOTCfI caMblMVI 

"CYXVlMVI", a ra3bl Kap60HaTHbiX 0TI10)l{eHVlLII G1 AnC CaMblMI!1 

")I{VlPHbIMVI" cpeAVI Bcex ra30B AOMe3030LIICKoro Mera6accell1Ha 

CVl6V1PCKOLil n11aTcjJopMbl, TO eCTb ra3bl Teppl!1reHHOro 1!1 

Kap6oHaTHoro KOMn11eKCOB AnC (B 0TI1 1!14 Vie, CKa)l{eM, OT H6A) 
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VlMetOT c0601ii MaIlO CXOACTBa. c 
BblweCKa3aHHoro VlCTOPVlfl HecpTVl Vl ra3a TeppVlreHHOrO 

KOMnIleKCa BeHAa AnC npeACTaBIlfleTCfI HaM Ha celii MOMeHT 

CIleAYtOl.l..IVlM 06pa30M. nOCIle 06pa30BaHVlfl 30Hbl aKKYMYIlfl4VlVl 

HecpTVl BO BpeMfi r<l>r ra3, HeCYI.l..IVlIii TalOKe IlerKVle >KVlAKVle YB, 

npVl nocTynIleHVlVl B 30HY aKKYMYIlfl4VlVl Bbl3BaIl my60KYtO 

AeaccpaIlbTeHVl3a4VltO HecpTVl (c KOIlVl4eCTBeHHolii T04KVl 3peHVlfl 

MexaHVl3M YHVlBepcaIlbHoro npVlpOAHoro np04ecca 

AeaccpaIlbTeHVl3a4VlVl HecpTelii Vl 6VlTYMOVlAOB el.l..le AaIleKO He 

flceH Vl 3TO Bonpoc OTAeIlbHoro VlCCIleAOBaHVlfl), a caM B 

nOAaBIlfltOl.l..Ielii cBoelii 4aCTVl paCTBopVlIlCfI B 3TOlii 06Iler4eHHOIii 

HecpTVl. 3Ta 06Iler4eHHafi HecpTb co CBOVlM ra30M C OAHOIii 

CTOPOHbl MeAIleHHO MVlrpVlpOBaIla Ha ceBep, B CTOPOHY YCTb­

KYT-HenCKoro CBOAa, KYAa npOVlCXOAVlT 04eHb nOIlorVlIii nOAbeM, 

C APyrolii CTOPOHbl B KpaTKOBpeMeHHble 3noxVl paCTfI>KeHVlfl 

(KorAa OTKpblBatOTCfI Tpel.l..lVlHbl) OHa "nepe6VlpaeTCfI" BBepx, B 

Kap60HaTHbie ropVl30HTbi G1, - oTCtOAa B G1 "4epeC4Yp" IlerKVle 

HecpTVl, HeCBoliicTBeHHble Kap60HaTHbiM OTIlO>KeHVlflM. npVl 

nepeMel.l..leHVlVl BBepx AaBIleHVle CHVl>KaeTCfI Vl cB060AHoro ra3a 

CTaHOBVlTCfI 60Ilbwe; nocIleAYtOl.l..IVlIii 061.l..1Vllii nOAbeM TeppVlTOpVlVl 

TalOKe YBeIlVl4VlBaeT AOIltO cB060AHoro ra3a. nOCTynVlBwafi B 

Kap60HaTbi HecpTb B KaKolii-TO Mepe paccpeAOT04VlBaeTCfI B HVlX, 

4aCTVl4HO ocepHfleTCfI Vl YTfI>KeIlfleTCfI (OTCtOAa BblCOKVlIii 

BTOPVl4Hbilii 6VlTYMVlH03Hbilii CPOH Vl HaIlVl4Vle OTHOCVlTeIlbHO 

TfI>KeIlbiX BTOPVl4HbiX 6VlTYMOB HapfiAY C IlerKVlMVl). B 3TO >Ke 

BpeMfi B neC4aHbie pe3epByapbl V2 , B TOM 4VlCIle B V2prf, 
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nocTynallJ..1 HOBbie nOp4J..1J..1 ra3a J..13 30Hbl anOKaTareHe3a 

npJ..16all1KallbCKOrO nporJ..16a; 3AeCb B 30He AK HaXOAJ..1llJ..1Cb 

AOCTaT04HO MOlL.\Hble (AO 500 M J..1 6ollee) TeMH04BeTHbie 

OTllO>KeHJ..1f1 V1. ra3bl 30Hbl AK 60llee "cyxJ..1e", He>KellJ..1 TaKOBble 

BbIWe3alleralOlL.\J..1X 30H C MeHee npeo6pa30BaHHbiM OB. OTclOAa 

J..1 HaJ..16ollbWafi "CYXOCTb" ra30B TeppJ..1reHHOro BeHAa AnC. 3TOT 

Bonpoc MO>KHO 6bl1l0 6bl npOflCHJ..1Tb npJ..1 KOllJ..14eCTBeHH0Il1 04eHKe 

reHepa4J..10HHO-MJ..1rpa4J..10HHbIX cnoco6HocTell1 V1 AnC. 

HaJ..16ollee J..1HTepeCHblll1 J..1 C1l0>KHblll1 06beKT 

MOAellJ..1pOBaHJ..1f1 npo4eccoB MJ..1rpa4J..1J..1-aKKYMYllfl4J..1J..1 YB B 

npeAellaX BOCT04HO-CJ..16J..1pCKOro AOMe3030ll1CKOrO 

Mera6accell1Ha - HencKo-6oTyo6J..1HCKafi aHTeKllJ..13a (H6A). B 

3TOM perJ..10He o6lL.\ell1 nIl 0 lL.\aAb 10 200 TbIC. KM2 B HaCTOfllL.\ee 

BpeMfi OTKPblTO 23 3alle>KJ..1 B TeppJ..1reHHblx pe3epByapax V2 J..1 9 

3alle>Kell1 B Kap60HaTHbix pe3epByapax G1, npJ..1 3TOM TOllbKO B 

Tpex MeCTOp0>KAeHJ..1f1X npOMblWlleHHble 3alle>KJ..1 cOAep>KaTCfI 

llJ..1Wb B Kap60HaTax KeM6pJ..1f1 (npJ..1 OTCYTCTBJ..1J..1 TaKOBblX B 

BeHAe), OCTallbHble >Ke KeM6pJ..1l11cKJ..1e 3alle>KJ..1 pacnOllaralOTCfI 

HaA BeHACKJ..1MJ..1 TeppJ..1reHHbIMJ..1 3alle>KaMJ..1. no COCTaBY YB 

npaKTJ..14eCKJ..1 Bce 3alle>KJ..1 (KpoMe OAHOIl1 He6ollbW0ll1 HecpTflHOIl1) 

nOllJ..1cpa3Hbl; no MacwTa6y - OT MellKJ..1X AO YHJ..1KallbHbIX; no TJ..1ny 

- KaK 11 J..1T01l0rJ..14eCKJ..1e , TaK J..1 CTPYKTypHble, HO Bce OC1l0>KHeHbl 

AJ..13bIOHKTJ..1BaMJ..1. HecpTera30MaTepJ..1HCKJ..1e rOpJ..130HTbl (HrMr) -

rJlJ..1HJ..1CTble J..1 rJlJ..1HJ..1CTO-Kap6oHaTHble OTllO>KeHJ..1f1 V2 (J..1 4aCTJ..14HO 

V1), KaK Ha IO>KHOM CKllOHe H6A, TaK J..1 B npJ..1lleraBWeM C lOra 

6aIl1Kallo-BJ..11l1OII1CKOM nporJ..16e, TO eCTb MJ..1rpa4J..1f1 YB AOll>KHa 
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6bll1a npm1CXOAL.1Tb OT Tal1bBera nporL.16a BBepx no CKllOHY H6A. 

Y>Ke ynOML.1Ha110Cb, '-ITO B HaCTOl'lUlee BpeMl'I OT 6aLIIKa110-

BL.1l1IOLliCKOro nporL.16a COXpaHL.1l1L.1Cb l1L.1Wb pel1L.1KTbl, IO>KHbILil 

CKllOH H6A TaK>Ke L.1CnblTal1 3Ha'-lL.1Tel1bHbILil nOAbeM; MOUlHOCTb 

pa3MblTbiX OT1l0>KeHL.1L11 B perL.10He 0,8+4,0 KM. B CBl'I3L.1 C 3TL.1M 

6bll1a np0L.13BeAeHa pecTaBpa4L.1l'1 CTPYKTypHOro 0611L.1Ka perL.10Ha 

Ha MOMeHT OKOH'-IaHL.1l'1 norpY>KeHL.1L11, T.e. Ha MOMeHT 3aBepWeHL.1l'1 

B ero HeApax npo4eccoB HeqlTe- L.1 ra3006pa30BaHL.1l'1 L.1 Ha'-lal1a 

aKTL.1BHOrO pa3BL.1TL.1l'1 npo4eccoB ML.1rpa4L.1L.1 (KoHe4 D1). B 

npeAel1aX H6A TeppL.1reHHblLil BeHA - ABa MaKpOpL.1TMa HenCKOLil 

CBL.1Tbl, B OCHOBaHL.1L.1 KOTOPblX neC'-IaHble roPL.130HTbl: Tal1aXCKL.1L11 

(HL.1>KHL.1L11), 3al1eralOUlL.1L11 Ha KpL.1CTal1l1L.1'-1eCKOM <PYHAaMeHTe, L.1 

XaMaKL.1HCKL.1L11 (BepXHL.1L11). BeH'-IaeT TeppL.1reHHYIO TOl1UlY V2 

60Tyo6L.1HCKL.1L11 neC'-IaHblLil rOpL.130HT, 3al1eralOUlL.1L11 B OCHOBaHL.1L.1 

rllL.1HL.1CTO-A0110ML.1TOBOLil TL.1PCKOLII CBL.1Tbl V2, TaK>Ke l'IBl1l'llOUleLIICl'I 

HrMr. ML.1rpa4L.1l'1 L.1 aKKYMYl1l'l4L.1l'1 YB B Tpex BbiweHa3BaHHbiX 

neC'-IaHblX rOpL.130HTaX L.1 l'IBL.1l1aCb 06beKTOM paC'-IeTHOrO 

MOAel1L.1pOBaHL.1l'1. MOAel1L.1PyeMoLil 30HOLII aKKYMYl1l'l4L.1L.1 YB 

l'IBL.1l1aCb 30Ha BbIKllL.1HL.1BaHL.1l'1 neC'-IaHblX pe3epByapoB B611L.13L.1 

nal1eOOCL.1 H6A. B 6Bn nOA Tal1aXCKL.1M roPL.130HTOM 3al1eraeT 

TeppL.1reHHal'l TOl1Ula HeBbIAep>KaHHOLil MOUlHOCTL.1 (V1), TaK>Ke 

COAep>KaUlal'l na'-lKL.1, reHepL.1pOBaBWL.1e YB. 

KaTareHe3 OB B BeHACKL.1X HrMr B npeAel1aX pa3BL.1TL.1l'1 

neC'-IaHblX pe3epByapoB L.13MeHl'IeTCl'I B AL.1ana30He rpaAa4L.1L11 OT 

MK12 AO Ha'-lal1a MK5. CYMMapHble MaCWTa6bl 3ML.1rpa4L.1L.1 YB L.13 

HrMr, ApeHL.1pyeMblx AaHHbIML.1 neC'-IaHbIML.1 pe3epByapaML.1, 

343 



COCTaBLilnLil: )f<LilAKLilX YB - 109,8.109 T; ra3006pa3Hbix YB _ 

41,9.1012 HM3. 

B Ta6n. 5.8 npeAcTaBneHbl pe3ynbTaTbi MOAenLilpoBaHIIIR 

MLilrpa4Li1Li1 LiI aKKyMynR4Li1Li1 )f<LilAKLilX YB cYMMapHo no TpeM 

neC4aHbiM ropLil30HTaM. Ta6nLil4a nOKa3blBaeT, KaK 

pacnpeAenLilnLilcb CTaTbLil pacxoAa 3MLilrpLilpoBaBweLii HecpTLiI B 

np04ecce ee nepeMell.\eHLilfI no pe3epByapaM. 

Ta6nLil4a 5.8 
oanaHc pacxoAa )f<IIIAKIIIX YB, 3MlllrplllpOBaBWIIIX 1113 HrMr V1-2 

HenCKo-ooTyo6111HCKOail aHTeKnlll3bl 
III o - B - 6 alii Kano- 1IIn10IllCKOro nporlll a 

Kom14eCTBO 
CTaTbfl pacxoAa 

MIlPA. T % 

B 30He aKKyMymH.\VIVI 33,8 30,8 

Ha 3an01lHeHVle nop B 

alleBpOIlVlTaX VI TOHKVlX 11,0 10,0 

npOn1laCTKaX neC4aHVlKOB 

nOTepVl 
Ha BCn1lblBaHVle B pe3epByapax 

13,7 12,5 
no TpeU\VlHaM 

Ha llaTepallbHYIO MVirpal..\VlIO B 

npVlKpOBellbHo.:1 30He 51,3 46,7 

pe3epByapoB 

VlToro (MacwTa6bl 3MVlrpaI..\VlVI) 109,8 100,0 

nOCKonbKY pe3epByapbl H6A LilMetOT nLil60 He60nbwytO, 

nLil60 yMepeHHytO MOll.\HOCTb, a paccToRHLile naTepanbHoliI 

MLilrpa4Li1Li1 HecpTLiI BenLilKO (AO 200 KM LiI 60nee), OKono nonOBLilHbl 

ee 3MLilrpLilpOBaBwero KonLil4eCTBa pacxoAyeTcfl Ha naTepanbHble 
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nOTepVl, a Ha BCnJ1bIBaHVle K KpOBJ1e KOJ1J1eKTOpa - HeMHorVlM 

6oJ1ee 10%. (BcnoMHVlM AVlaMeTpaJ1bHO npoTVlBOnOJ1O>KHYtO 

cVlTyal..\VltO B 06beKTaX Tn6.) KoaCPCPVll..\VleHT aKKyMyJ1fll..\VIVI B 

AaHHOM CJ1Y4ae COCTaBVlJ1 30,8 %. n04TVI Bce cOBpeMeHHble 

3aJ1e>KVI HecpTVI, 60J1bWVlHCTBO Vl3 KOTOPblX VlMetOT Ty VlJ1V1 VlHytO 

CTeneHb CTPYKTYPHOro KOHTPOJ1fl, pacn0J10>KeHbl J1V160 B 

npeAeJ1aX caMoili "J1V1T0J10rVl4eCKoili" 30Hbl naJ1eOaKKYMYJ1fll..\VlVI, 

J1V160 B HenocpeAcTBeHHoM coceACTBe C HetO (pVlC. 5.28 - 5.30). 

CYMMapHble HblHe OTKpblTble 3anaCbl HecpTVI B neC4aHbiX 

pe3epByapax V2 VI B pacn0J10>KeHHbIX HaA HVlMVI Kap60HaTHbix 

pe3epByapax G1 COCTaBJ1fltOT OK0J10 10 % ee K0J1V14eCTBa, 

HaKonVlBwerOCfl B 30He aKKyMyJ1fll..\VlVI. OAHaKo c4V1TaTb, 4TO 90 % 

3anaCOB HecpTVI AaHHoili 30Hbl eLl.\e He OTKPbITO, 6blJ10 6bl 

HeBepHbiM. HecMoTpfl Ha TO, 4TO KoaCPCPVll..\VleHT aKKYMYJ1fll..\VIVI 

HecpTVI OKa3aJ1Cfl BeCbMa BbICOKVlM, - Vl60 OCHOBHafl MVlrpal..\Vlfl ee 

npOVlCXOAVlJ1a B OTHOCVlTeJ1bHO cnoKoiliHoili TeKTOHVl4eCKoili 

06CTaHOBKe B KOHl..\e paHHero - Ha4aJ1e cpeAHero naJ1e030fl, -

Y>Ke B caMoili 30He aKKYMYJ1fll..\VIVI Ha4aJ1V1 npOVlCXOAVlTb ee 

CYLl.\eCTBeHHble nOTepVl, 4TO 6blJ10 06YCJ10BJ1eHO nOCJ1eAytOLl.\VlMVI 

TeKTOHVl4eCKVlMVI nepecTpoiliKaMVI, Ha4V1Hafl CO cpeAHero AeBOHa 

VI - C He6oJ1bWVlMVI "OCTaHOBKaMVI", - no CYLl.\eCTBY, AOHbIHe. Ho 

TeM He MeHee, C 60J1bWoili AOJ1eili BepOflTHOCTVI MO>KHO 

YTBep>KAaTb, 4TO VI He 10 % HecpTVI cOXpaHVlJ10Cb OT 

CMOAeJ1V1pOBaHHoili 30Hbl naJ1eOaKKYMYJ1fll..\VlVI, a no KpailiHeili 

Mepe BABoe-BTpoe 60J1bwe. OTCtOAa BblTeKatOT perVlOHaJ1bHble 

nporHocTVl4ecKVle CJ1eACTBVlfl, HO aTO OTAeJ1bHafl np06J1eMa. 
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PMC. 5.28. nOnO>KeHMe 30Hbl naneoaKKYMynJlLlMM M COBpeMeHHblX 3ane>KeM He4>TM 

B TanaXCKOM rODM30HTe 
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PMC. 5.29. nOnO>KeHMe 30Hbl naneoaKKyMynHLlMM M cOBpeMeHHblx 3ane>KeM He41TM 

B xaMaKMHCKOM rODM30HTe 
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PMC. 5.30. n0110>KeHMe 30Hbl nal1eoaKKYMYI1J1L1MM M cOBpeMeHHblx 3al1e>KeM He<tlTM 

B 6oyYo6MHCKOM ropM30HTe 



Bblwe ynOML.1HaIlOCb, 4TO B npe,QeIlaX Heq:nera30c6opa 

H6A CYMMapHble MaCWTa6bl reHepal..\L.1L.1-3ML.1rpal..\L.1L.1 YB-ra30B 

COCTaBL.1IlL.1 41,9·10'2 HM3. Pac4eTbi nOKa3aIlL.1, 4TO Ha 

pacTBOpeHL.1e B BO,Qe - L.1 B nopax MaTepL.1HCKL.1X nopo,Q, L.1 B nopax 

L.1 Tpe~L.1HaX pe3epByapoB pacxo,QyeTc~ He3Ha4L.1TeIlbHOe 

KOIlL.14eCTBO YB-ra30B (oco6eHHO B yCIlOBL.1~X 04eHb BblCOKOIll 

ML.1HepaIlL.13al..\L.1L.1), He 60Ilee nepBblX % OT q3M. OCHOBHOIII pacxo,Q 

CB~3aH C paCTBOpeHL.1eM B HecpTL.1. 3TOT perL.10H TalOKe 

npaBL.1Ily reHeTL.14ecKoro ,QecpL.1l..\L.1Ta ra3a 

canponeIleBoro OB. 

,QonYCTL.1M, Ha paCTBOpeHL.1e B BO,Qe 6blIlO nOTpa4eHO 

HeMHOrL.1M 60Ilee 3 % YB-ra30B OT q3M, Tor,Qa "Ha HecpTb" 

OCTaeTC~ 40.1012 
HM3. 1113 Ta6Il. 5.8 BbI4L.1CIlL.1M cYMMapHble 

nOTepL.1 HecpTL.1 - 76,0.109 T. npL.1 P L.1 TO, cooTBeTcTBylO~L.1X 

yCIlOBL.1~M 3nOXL.1 OKOH4aHL.1~ norpY>KeHL.1111 (D,), ~ 85 % 

3ML.1rpL.1pOBaBwero ra3a nOIll,QeT Ha HaCbl~eHL.1e 3TOIII 

"noTep~Bwelllc~" HecpTL.1 L.1 IlL.1Wb 15% nona,QeT B 30HY 

naIleoaKKyMyIl~l..\L.1L.1. HecpTb B 30He naIleoaKKyMyIl~l..\L.1L.1 

OKa>KeTC~ He,QoHacbl~eHHolil ra30M (npL.1 cpe,QHeM nIlaCTOBOM 

,QaBIleHL.1L.1 24 Mna ,QaBIleHL.1e HaCbl~eHL.1~ COCTaBL.1T OKOIlO 

15 Mna). Bblwe Heo,QHoKpaTHo ynOML.1HaIlOCb, 4TO TeppL.1TOpL.1~ 

H6A B nocIle,QylO~L.1e 3nOXL.1 L.1CnblTaIla 3Ha4L.1TeIlbHbllll nO,QbeM -

L.1 B 30He aKKyMyIl~l..\L.1L.1 (B cpe,QHeM, Ha 1 KM), L.1 B npe,QeIlax 

nYTelil ML.1rpal..\L.1L.1 - Ha e~e 60IlbWYlO BeIlL.14L.1HY. ECTecTBeHHo, B 

TaKL.1X yCIlOBL.1~X 4aCTb ra3a Bbl,QeIlL.1TC~ B cBo6o,QHYIO cpa3Y, 
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npe>KAe Bcero, Ha nyn'lx MlI1rpaL\lI1l11 B 30He "MepTBoliI" 

HecpTeHaCb1u.teHHOCTlI1 1I1 ylilAeT B 30HY aKKyMym'lL\lI1l11. 

Y>Ke ynoMVlHanOCb, 4TO npaKT1I14eCKlI1 Bce MeCTopO>KAeHVI~ 

H5A nOnll1cpa3Hbl, TO eCTb BO Bcex eCTb 3Ha4111TenbHa~ 

cB060AHa~ cpa3a ra3a. CYMMapHble pa3BeAaHHbie 3anaCbl ra3a 

OKono 1 TpnH. HM
3
, TO eCTb B ~ 3,2 pa3a MeHbwe 3KBlI1BaneHTHbiX 

3anaCOB HecpTVI. Ho caMoe lI1HTepeCHoe BOT 4TO: npll1 Han1l14V1V1 

"BHywll1TenbHbIX" ra30BbiX wanOK HecpTVI cyu.teCTBeHHO 

HeAOHaCblu.teHbl ra30M. B Ta6n. 5.9 npll1BeAeHbl napaMeTpbl Tex 

3ane>Kelil, rAe 6bln 3aMepeH ra30Bbilil cpaKTop (BO BC~KOM cnY4ae, 

rAe OH npll1BeAeH B ocpll1L\lI1anbHblx 5anaHcoBbiX Ta6nVlL\ax). 

napaMeTpbl HeKoTopblX 3aI1e>Keili YB 

OJ ~ 
ai ti 00 

oj 00 OJ ..;: 
I s: .1l c: 

3"00 
() 

o I * 00 l- I :2: ~ r<p r<p , 
ti OJ OJ o..U J5 ::i: ~c: ~ PHeq,3" '" 
OJi?c; M 00 z ~:2: ~ M31T M3/M3 () 

o c; >- TIM III :2:0~ C ~ III C ~ ~ :>. 
0.. a. ~ I-a. 

~ 

MapKOBCKoe C,OS 2150 21,5 - 20 224,2 183,7 0,820 -
5lpaKT~HCKOe V,jn 2700 27,0 24,9 36 151 125,8 0,833 0,81 

C,pr 1540 15,4 - 12 91,3 77,4 0,848 -
BepxHe-

V2 1615 16,15 - 13 95,2 81,3 0,854 19.66 
40HCKOe 

V2 1640 16,4 - 13 90,4 77,4 0,856 19,66 

TaIlaKaHCKOe C,OS 1100 11,0 9,9 11 79,4 67,5 0,85 0,15 

Tac-

IOpRxCKoe 
V2bt 1960 19,6 - 17 60,6 53,0 0,875 -

CpeAHe6o-
V2bt 

Tyo6~HcKoe 
1900 19,0 14,0 15 72,9 63,2 0,867 5,41 

V2bt 2125 21,2 14,8 19 75,6 64,3 0,85 17,0 
4epeIlRxCKoe 

V2nl 2140 21,4 - 20 74,3 63,2 0,85 14,0 
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neBafi yaCTb Ta6rU1l.\bl (rny6I11Hbl, Pnll' TOnll , r<1>, PHecpT", 

COCTaB ra3a) COCTaBlleHa 1113 ,QaHHbIX, B3f1TbIX 1113 ocplIIl.\lIIallbHblX 

IIICTOYHIIIKOB; npaBafi yaCTb (cpe,QHllle MOlleKYllflpHble Beca, 

nllOTHOCTb ra3a, ra30HaCbILl..leHHOCTb, ,QaBlleHllle HaCblLl..leHlllfI) -

6bllla paCCYIliTaHa HaMill. 1113 Ta6llIII l.\bl BIII,QHO, YTO 3HayeHillfi r<1> 

BeCbMa HeBelllllKIII, a ,QaBlleHllle HaCblLl..leHlllfi B,QBoe-BTpoe 

MeHbwe nllaCTOBoro. CBfl3b :nlllx Bell lilY III H Me>K,QY c0601i1 

,QOBOllbHO YeTKafl, npfiMafi (nOYTIll lllllHelilHafl, pillC. 5.31). 

B "ClloBape no reOllorlll1ll HecpTIll III ra3a" [8] YKa3blBaeTcfI, 

YTO " ... Hecpmu e npucymcmeuu aa30eou wanKU, KaK npaeuno, 

HaCbl/LleHHble" . 

Ta6llllll.\a 5.9 
HenCKO-ooTYo6HHCKOIll aHTeKllH3bl 

'" 1i :; 
I- 3" - :;", ro --~ ~ l-
ff 1fl-) Q) :; C 

N2 , 
0 

0 r ti _ :2: N ra3a I- P nOB~x L ro - So 

% 0 paCT 0..- TIM u J: o.."';:l ';'1- u o S '" () Q) 
'" c. CD - '" B. ~ CD ro c ;>,0.. 0.. 

~ L a.. > 
- - 17 0,1500 0,00075 0,1378 0,9187 1,3238 14,9 

2,9 0,05 17 0,1786 0,00075 0,0943 0,5280 1,2103 11,6 

- - 20 0,1299 0,0009 0,0697 0,5366 1,1567 7,2 

4,25 2,93 22 0,1494 0,0010 0,0813 0,5442 1,1799 7,4 

4,25 0,45 22 0,1517 0,0010 0,0774 0,5102 1,1703 7,15 

4,18 0,05 17 0,0792 0,00075 0,0506 0,6389 1,1162 6,3 

5,66 
0,30 18 0,1463 0,0008 0,0424 0,2898 1,0903 5,2 

5,50 
0,25 18 0,1428 0,0008 0,0506 0,3543 1,1093 6,1 

3,00 0,08 21 0,1833 0,0009 0,0579 0,3159 1,1246 6,0 

4,6 0,06 20 0,1756 0,0009 0,0569 0,3240 1,1230 6,2 

351 



R.ac" I 
Mna , 

16 

12 ---,,-
1O-i ......... 

i .,.".."" 
8~ ,/ 

I ...... ,.r" 
6-; ......... 

i ......... / 
4J 

i 
2-1 

i 

-
---

_0 

---

O+----r--I--~--- - 1 -· .... T-----r - --,'- .. -·1----1---,---.. ,. ---1----'--'--1---

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 
raaoBbl1il cjJaKTop, M3/M3 

PMC. 5.31. CBH3b AaBJleHMH HaCbll1.\eHMH C ra30BbiM (jlaKTOpOM Ha 

MeCTOp0>KAeHMHX HenCKO-coTYo6MHCKOM aHTeKJlM3bl 

OYeBV1AHO, 3a11e)l(V1 H5A OTHOCflTCfI K YV1C11Y V1CKIltoyeHV1I11. 

06bflcHeHV1f1 TaKoMY aHoMa11bHoMY flB11eHV1to, K CO)l(a11eHV1to, 

nOKa He YAa110Cb HaIllTV1, B TOM YV1C11e V1 B 11V1TepaType, no 

KpalilHelll Mepe, perV10Ha11bHolll. 06paTV1M BHV1MaHV1e, 

TeMnepaTypbl B 3a11e)l(aX HblHe KpalilHe HV13KV1e - B V1HTepBa11e 

rny6V1H 1100 -- 2700 M -- 11+36°C (Ta611. 5.9); K TOMY)I(e A11fl 

BeHAcKoro TeppV1reHHoro KOMn11eKca H5A xapaKTepHbl AHnA -

TeKYLl.\ee AaB11eHV1e HV1)1(e "HopMa11bHoro" n11acToBoro Ha 2 --

5 Mna, V1HorAa 6011ee (HeKoTopble AaHHbie npV1BeAeHbl B Ta611. 

5.9). nOc11eAHee rV1APoreo11orV1 06bflCHfitoT Ha11V1YV1eM T011Ll.\V1 

MHoro11eTHeMep311blx nopoA, YTO 3aTpYAHfleT (npaKTV1yeCKV1 
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ItlCKJ1104aeT) nocTynlleHltle BOAbl B pe3epByapbl 1tl3 061laCTelii 

nltlTaHltlfl. BepOflTHO, Itl Hallltl41tle AHng, Itl aHOMallbHOe 

paCnpeAelleHltle cpa3 YB B 3alle>KaX H5A KaK-TO CBfl3aHbi Me>KAY 

co6olil. HeCOMHeHHO OAHO - Itl TO Itl APyroe - flBlleHltlfl 

re01l0rltl4eCKItl BeCbMa n03AHltle, HeAaBHltle Itl 06YC1l0BlleHbi 

HOBelilwelii reOAItlHaMItlKOIii TeppltlTOpltl1tl Itl ee "X01l0AHbIM" 

reOTepMItl4eCKItlM pe>KItlMOM. 

Bonpoc 0 reHe31tlCe cpa30BOrO paCnpeAelleHltlfl YB B 

3alle>KaX H5A HeCOMHeHHO Tpe6yeT AallbHelilwero 

ItlCClleAOBaHltlfl. 



3AKnI04EH~E 

B pe3YJlbTaTe npOBeAeHHblX IIICCJleAOBaHIllVi C03AaH 

POCCIIIVlCKIllVi BapillaHT KOJllIIyeCTBeHHOrO MOAeJllllpOBaHIII~ 

npOL.\eCCOB reHepaL\lIIlII, MllirpaL\1II1II III aKKYMYJl~L\1II1II HecpTIll III ra3a, 

Aa 10 lllill VI B03MO>KHOCTb npOlll3BOAIIITb npOrH03 

HecpTera30HOCHOCTill C OL\eHKOVI JlOKaJllll30BaHHbiX peCypCOB 

HecpTIll III ra3a B CCPOpMlllpOBaBWIIIXC~ MeCTOpO>KAeHIII~X. 

Ao CIIIX nop Ha npaKTIIIKe, KaK 1113BeCTHO, nplll npOrH03e III 

OL\eHKe peCypCOB yrneBoAopOAOB B POCCIIIIII IIICnOJlb30BaJlIIICb, B 

OCHOBHOM, YIliCTO 3MnlllpillyeCKille nOAXOAbl, B OCHOBY KOTOPblX 

nOJlO>KeHbl MeTOAbl reOJlOrlllyeCKIIIX aHaJlOrIllVi. 

HOBa~ TeXHOJlOrlll~ npOrH03a III KOJllIIyeCTBeHHOVI OL\eHKIII 

peCypCOB HecpTIll III ra3a, IIICnOJlb3y~ pa3pa60TaHHYlO OCaAOYHO-

MllirpaL\IIIOHHYIO 

CPOpMlllpOBaHIII~ 

TeoplillO HecpTera3006pa30BaHIII~ III 

MeCTOpO>KAeHIIIVI, OCHOBaHa Ha 1113yyeH III III 

reOJlorO-reOXIIIMIIIYeCKOVI IIIHcpopMaL\1II1II He no aHaJlOrIllYHbIM, a no 

HenocpeACTBeHHO 1113yyaeMbiM reOJlOrlllyeCKIllM 06beKTaM. 

Ha OCHOBe MHOrOJleTHIIIX IIICCJleAOBaHIllVi 

oxapaKTeplll30BaHbi KayeCTBeHHO III KOJllIIyeCTBeHHO npOL\eCCbl 

reHepaL\1II1II III 3MlllrpaL\1II1II HecpTIll III ra3a 1113 MaTeplIIHCKIIIX nopOA. 

nplIIBeAeHbl KOJllIIyeCTBeHHble AaHHbie 0 reHepaL\1II1II HecpTIll III 

ra3a OCHOBHblMIll Till na M III OB nopOA B npOL\eCce IIIX 

KaTareHeTlllyeCKOrO C03peBaHIII~. 

BnepBble C IIICnOJlb30BaHilleM 06111IllX KOJllIIyeCTBeHHblX 

nOKa3aTeJleVi OXapaKTplll30BaHa BC~ CIllCTeMa YB CPJlIOIllAOB 
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3eMHoili KOPbl - >KII1AKII1X 111 ra3006pa3HbiX npOAYKTOB reHepaL\lI1l11, 

o6pa3ytoLL1I11XCfl B MaTepll1HCKII1X nopoAax, 111 nIlaCTOBblX YB 

CIllCTeM MeCTOpO>KAeHII1I1i yrneBoAopOAOB B WII1POKOM AII1ana30He 

rny6l11H, TeMnepaTYP 111 AaBIleHII1I1i. OXapaKTepll130BaHbi 

napaMeTpbl YB CIllCTeM B nIlaCTOBblX YCIlOBlI1flX, 3Ha'lillTeIlbHO 

OTIlIl1'latoLL1I11XCfl OT XapaKTeplllCTIilK YB CIllCTeM B CTaHAapTHblX 

YCIlOBlI1flX Ha nOBepXHOCTIll. nOKa3aHO, 'lTO CIllCTeMa YB, 

reHeplllpytoLL1I11XCfl OB MaTepll1HCKII1X nopoA, OTBeTCTBeHHa 3a 

06pa30BaHille Bcero cneKTpa YB cpIltoIllAOB, HecpTflHblX, 

HecpTera30Bblx, ra30KoHAeHcaTHbix 111 ra30BbiX MeCTOpO>KAeHII1I1i. 

nOIlY'leHHble xapaKTeplllCTII1KII1 YB CIllCTeM B nIlaCTOBblX YCIlOBlI1flX 

II1cnoIlb30BaHbi npll1 MOAeIl 111 pOBaH 111 111 CPOpMlI1pOBaHlllfl 

MeCTOpO>KAeHII1I1i yrneBoAopoAOB. 

PaCCMOTpeH 060CHOBaH MeXaHII13M 

yrneBoAopOAOB Ha nocIleAoBaTeIlbHblx 3Tanax CPOpMlI1pOBaHlllfl 

MeCTOpO>KAe H 111 iii. 06ocHoBaHbi cpOPMYIlbl AIlfl onpeAeIleHlllfl 

CKopOCTelli MlI1rpaL\1I1111 HecpTIll 111 ra3a, a TaK>Ke ypaBHeHlllfl 111 

cpOPMYIlbl AIlfl onpeAeIleHlllfl nYTeBblx MlI1rpaL\1I10HHblX nOTepb 

HecpTIll 111 ra3a 111 aKKyMyIlflL\1I1111 yrneBoAopoAOB B IloBywKax, 

AatoLL1l11e B03MO>KHOCTb KOIlll1'leCTBeHHO OL\eHIllBaTb pecypcbl 

HecpTIll 111 ra3a B o6pa3ytoLL1I11XCfl MeCTOp0>KAeHlI1flx. nOKa3aHO, 'lTO 

reHepaL\lI1fl 111 3MlI1rpaL\lI1fl HecpTIll 111 ra3a 1113 MaTepll1HCKII1X nopOA 

pa3BII1BatoTCfl Ha 3Tanax npOflBIleHlllfl rnaBHblX cpa3 HecpTe- 111 

ra3006pa30BaHillfl no Mepe norpY>KeHlllfl MaTepll1HCKII1X nopOA B 

Te'leHllle BeCbMa AIlIllTeIlbHOro reOIlOrll1'leCKOrO BpeMeHIll -

HeCKOIlbKII1X AeCflTKOB MillIlIlll10HOB IleT. OAHOBpeMeHHO 
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npOVlCXO,QVlT 3MVlrpaL\VlS'I HecpTVI VI ra3a Vl3 MaTepVlHCKVlX nopo,Q VI 

VlX MVirpaLlVlS'l. 

YCTaHOBIleHO, YTO B npOLleCCe MVirpaLlVlVl HecpTVI VI ra3a 

CIle,QyeT Bbl,QeIlS'lTb ,QBa npVlHLlVlnVlaIlbHO OTIlVlyalOll.\VlXCS'I 3Tana. 

nepBblM 3TanOM S'lBIlS'leTCS'I BepTVlKaIlbHaS'l MVirpaLlVlS'l paCCeS'lHHblX 

yrneBO,QopO,QOB OT MaTepVlHCKVlX nopo,Q ,QO npVlKpOBeIlbHoili 30Hbl 

KOIlIleKTOpOB, BcnIlblBaHVle HecpTVI VI ra3a no cy6BepTVlKaIlbHbiM 

Tpell.\VlHHO-nopOBbIM KaHaIlaM BO,QOHaCblll.\eHHbIX nopo,Q ,QO 

KpOBIlVI pe3epByapoB, 3KpaHVlpOBaHHbiX 3cpcpeKTVlBHblMVI 

HenpOHVlLlaeMblMVI nOKpbIWKaMVI. C n03V1L1V1i11 cpVlIlbTpaLlVlOHHoili 

TeopVlVl CKOPOCTb BepTVlKaIlbHoili MVirpaLlVlVl HecpTVI VI ra3a ,QOIl)KHa 

6blTb MaKCVlMaIlbHoill, a BpeMS'I MVirpaLlVlVl yrneBO,QopO,QOB ,QO 

KpOBIlVI pe3epByapoB Ha paCCTOS'lHVle OT HeCKOIlbKVlX ,QeCS'lTKOB ,QO 

HeCKOIlbKVlX COTeH MeTpOB - HVlYTO>KHO MaIlblM B MaCWTa6ax 

reOIlOrVlyeCKOrO BpeMeHVI. O,QHaKO OKa3aIlOCb, YTO 3TO He TaK. 

BeCbMa ,QIlVITeIlbHoe BpeMS'I yrneBO,QopO,Qbl nOIlHOCTblO 

pacceViBalOTCS'I B KaHaIlax Bocxo,QS'lll.\eill BepTVlKaIlbHoili MVirpaLlVlVl, 

CPOPMVlPYS'l OCTaTOYHYIO HecpTe(ra30 )HaCblll.\eHHOCTb nopo,Q, VI He 

,QOCTVlraIOT npVlKpOBeIlbHoili 30Hbl pe3epByapOB. n03TOMY 

cpaKTVlyeCKaS'l cpe,QHS'IS'I CKOPOCTb npO,QBVI>KeHVlS'I yrneBO,QopO,QOB 

BBepx no pa3pe3y K KpOBIle pe3epByapoB BeCbMa HVl3Ka, B 

Vl3yyeHHbiX cIlyyaS'lX - OT 0,04 - 0,28 ,QO 3,7 - 49 M/MIlH. IleT, 

yero npOLlecc BepTVlKaIlbHoili MVirpaL\VIVI 

yrneBO,QopO,QOB K KpoBIle KOIlIleKTOpOB npoVlcxo,QVlIl B TeyeHVle 

HeCKOIlbKVlX ,QeCS'lTKOB MIlH. IleT. 
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nplI1 AOCTII1)f{eH 111 111 npII1KpOBeJ1bHOVI 30Hbl KOJ1J1eKTOpOB 

ymeBoAopOAbl HaYII1HalOT HaKanJ1I11BaTbCfI nOA scjJcjJeKTII1BHblMII1 

nOKpblWKaMlI1, 06pa3Yfl nepBII1YHble CKOnJ1eHII1f1. Pa3Mep 111 X 

nOCTeneHHO B03paCTaeT 111 npll1 AOCTII1)f{eHII1I11 Kpll1TlI1yeCKII1X 

pa3MepOB HaYII1HaeTCfI aKTII1BHafl BOCXOAflL1Iafl MlI1rpaL\lI1f1 

ymeBoAopOAOB no pe3epByapaM BBepx no BOCCTaHlI11O nJ1aCTOB B 

HanpaBJ1eHII1I11 npll1nOAHflTblX J10ByweK. 3TOT STan MlI1rpaL\1I1111 

npOTeKaeT BeCbMa 6blCTPO 111 3aKaHYlI1BaeTCfI aKKYMYJ1f1L\lI1eVl 

ymeBoAopOAOB B J10BYWKax, TO eCTb cjJOpMlI1pOBaHlI1eM 

MeCTOpO)f{AeHII1V1: HecjJTflHblX - 3a BpeMfI nopflAKa OT 0,3 - 0,5 AO 

1,5 - 5 MJ1H. J1eT, a ra30BbiX - 3a HeCKOJ1bKO AeCflTKOB TblCflY J1eT. 

HaMill BnepBble pa3pa6oTaHa MeTOAII1Ka KOJ1l11yeCTBeHHoro 

MOAeJ1l11pOBaHII1f1 111 KapTlI1pOBaHII1f1 npOL\eCCOB BOCXOAflL1IeVi 

J1aTepaJ1bHOVI MlI1rpaL\1I1111 ymeBoAopoAOB 111 cjJOpMlI1pOBaHII1f1 

MeCTOpO)f{AeHII1V1 B xOAe re0J10rll1yeCKOrO BpeMeHlI1, He II1MelOL1Iafl 

aHaJ10rOB Hill B POCCII1I11, Hill 3a py6e)f{OM. npll1Mepbl 

II1Cn0J1b30BaHII1f1 3TOVI MeTOAII1KII1 npll1 1I13yyeHlI1l11 cjJOpMlI1pOBaHII1f1 

MeCTOpO)f{AeHII1V1 ymeBoAopoAOB npll1BeAeHbl B maBe 5. 

Pa3pa6oTaHa MeTOAII1Ka 111 npeAJ10)f{eHbl cjJOpMyJ1bl AJ1f1 

KOJ1l11yeCTBeHHoVi OL\eHKII1 nOTepb HecjJTII1 111 ra3a Ha 

nOCJ1eAOBaTeJ1bHbIX 3Tanax II1X MlI1rpaL\1I1111 111 aKKyMyJ1f1L\1I1111 B 

J10BywKax, AalOL1IlI1e B03MO)f{HOCTb KOJ1l11yeCTBeHHO OL\eHII1BaTb 

pecypcbl HecjJTII1 111 ra3a B MeCTOpO)f{AeHII1f1X no pa3HOCTlI1 Me)f{AY 

KOJ1l11yeCTBOM 3MlI1rpll1pOBaBWlI1X ymeBoAopOAOB 1113 MaTepll1HCKII1X 

nopOA 111 II1X nOTepflMII1 B npOL\eCce MlI1rpaL\1I1111 111 aKKYMYJ1f1L\II1I11. 
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Pa3pa6oTaHHbie MeTO,LIbl MO,LIe1lL<1pOBaHL<1fl reHepaL\L<1L<1, 

ML<1rpaL\L<1L<1 L<1 aKKyMY1lflL\L<1L<1 yrneBO,LIOpO,LIOB C K01lL<14eCTBeHHOIIJ 

OL\eHKOIIJ pecypcoB HecpTL<1 L<1 ra3a L<1Cn01lb30BaHbl npL<1 L<13Y4eHL<1L<1 

L\e1loro pfl,LIa re01l0rL<14eCKL<1X 06beKTOB B 3ana,LIHO-CL<16L<1pCKOM, 

TL<1MaHO-ne40pCKOM BOCT04HO-CL<16L<1pCKOM OCa,LI04HbIX 

6aCCellJHax. 

HaL<1601lee 3cpcpeKTL<1BHbIML<1 L<1 ,LIOCTaT04HO T04HbIML<1 

OKa3a1lL<1Cb pe3Y1lbTaTbl MO,LIe1lL<1pOBaHL<1fl CPOpML<1pOBaHL<1fl 

MeCTopO>K,LIeHL<1Jii B 30He WL<1POTHOro npL<106bfl 3ana,LIHoJii CL<16L<1pL<1, 

r,LIe npOflBL<11laCb T01lbKO rnaBHafl cpa3a HecpTeo6pa30BaHL<1fl B 

na1leOreH-HeoreHOBoe BpeMfl. 

B 3TOIIJ 30He pecypcbl HecpTL<1 L<13Y4eHHblx MeCTOpO>K,[leHL<1I1J, 

OL\eHeHHble Ha OCHOBe MO,LIe1lL<1pOBaHL<1fl Ha MOMeHT 3aBepWeHL<1fl 

L<1X CPOpML<1pOBaHL<1fl OKa3a1lL<1Cb HeCK01lbKO 601lbWe (Ha 5 - 13 %) 

npOMbIW1leHHbIX 3anaCOB HecpTL<1, OL\eHeHHbIX B HacToflLllee 

BpeMfl npL<1 npOBe,LIeHL<1L<1 n0L<1CKOBO-pa3Be,LI04HbIX pa6oT, 4TO 

Bn01lHe 06bflCHL<1MO He601lbWL<1ML<1 nOTepflML<1 HecpTL<1 L<13 

MeCTOpO>K,[leHL<111J 3a BpeMfl L<1X cYLlleCTBOBaHL<1fl B Te4eHL<1e 10 -

20 M1lH. 1leT. V1 T01lbKO Ha nOKa4eBcKoM MeCTOpO>K,[leHL<1L<1 

onpe,LIe1leHHble Ha OCHOBe MO,LIe1lL<1pOBaHL<1fl pecypcbl HecpTL<1 

OKa3a1lL<1Cb 1lL<1Wb Ha 1,78 % MeHbwe pa3Be,LIaHHblX 3anaCOB. Ho 

TaKafl norpewHocTb npaKTL<14ecKoro 3Ha4eHL<1fl He V1MeeT. MO)f(HO 

C4V1TaTb, 4TO pe3Y1lbTaTbl MO,LIe1lVlpOBaVifl n04TVI V1,L1ea1lbHO 

COBna1lVl C ,LIaHHblMVI nO,LIC4eTa 3anaCOB. K03CPCPVlL\V1eHT 

coxpaHHOCTVI pecypcoB HecpTVI npVl ,LI1lVlTe1lbHOCTVI 
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CYll.\eCTBOBaHII151 HecpT51HbIX MeCTOpO>KAeHII1Vt B TeyeHlI1e 10 -

20 MIlH. IleT COCTaBIl51eT, TaKII1M 06pa30M, 0,95 - 0,87. 

B ceBepHOVt 30He 3anaAHO-CII16I11pCKOro 6aCCeVtHa, rAe 

nOCIle HecpTe06pa30BaHII151 np051BII1IlaCb rnaBHa51 cpa3a 

ra3006pa30BaHII151, OKa3aIlOCb, YTO pecypcbl ra3a rll1raHTCKII1X 

MeCTOpO>KAeHII1Vt, olleHeHHble MeToAoM MOAeIlll1pOBaHII151, Bcero 

IlIl1Wb Ha 4 - 6 % npeBblwalOT npoMblwIleHHble 3anaCbl ra3a, 

OlleHeHHble no pe3YIlbTaTaM n0Il1CKOBO-pa3BeAOYHbIX pa60T. 3TO 

He60Ilbwoe npeBblWeHlI1e MOAeIlbHblX pecypcoB BnOIlHe 

06b51CHII1MO nOTep51MII1 ra3a 1113 MeCTOpO>KAeHII1Vt 3a BpeM51 II1X 

CYll.\eCTBOBaHII151 B TeyeHlI1e 10 - 15 MIlH. IleT. 

TaKII1M 06pa30M, pe3YIlbTaTbi OlleHKII1 pecypcoB ra3a, 

nOCIleAHero no BpeMeHII1 npoAYKTa reHepallll1l11, MO>KHO CYII1TaTb 

AOCTaTOYHO TOYHbIMII1. 

LITO KaCaeTC51 

MeCTOpO>KAeHII1Vt 3TOVt 

nepBII1YHblX pecypcoB HecpTII1 

30Hbl, CCPOpMlI1pOBaBWII1XC51 AO 

np051BIleHII151 II1HTeHCII1BHoro ra3006pa30BaHII151, TO OHII1 OKa3aIlll1Cb 

MHorOKpaTHO 60Ilbwe npOMblWIleHHblX 3anaCOB HecpT51HbIX YB, 

nOACYII1TaHHblX Ha COBpeMeHHblVt MOMeHT. npll1YII1HOVt 3Toro 

6bIIlO, HeCOMHeHHO, pa3pyweHII1e nepBII1YHblX HecpT51HbIX 

3aIle>KeVt BHeAP51BWII1MC51 ra30M, 06beM KOTOPOro B nIlaCTOBblX 

YCIlOBII151X B HeCKOIlbKO pa3 npeBblwaIl 06beM nepBII1YHO 

aKKYMYIlll1pOBaHHOVt HecpTII1 B Tex >Ke IlOBYWKaX. 

!t1CXOA51 1113 nOIlyyeHHblX pe3YIlbTaTOB, COBpeMeHHble 

pecypcbl HecpT51HbIX YB B MeCTOp0>KAeHII151X TaKII1X 30H cIleAyeT 

OlleHII1BaTb Ha OCHOBe MOAeIlll1pOBaHII151 C yyeTOM K03cpcpll1l1111eHTa 
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coxpaHHOCTI!1 HecpTI!1 0,1 

aKKYMYIll!1poBaHHolil HecpTI!1. 

0,2 OT pecypcoB nepBI!1YHO 

El..L.le 3HaYI!1TeIlbHO 60Ilee CIlO>KHOIil OKa3aIlaCb npo6IleMa 

MOAeIll!1pOBaHI!1S'1 reHepal..\l!1l!1, Ml!1rpal..\1!11!1 1!1 aKKyMyIlS'll..\1!11!1 HecpTI!1 1!1 

ra3a B ApeBHl!1x HecpTera30HocHbiX 6accelllHax - BCIleACTBl!1e 

CYl..L.leCTBeHHblX TeKTOHI!1YeCKOrO pe>KI!1Ma, 

TeKTOHI!1YeCKOIil CTPYKTYPbl 1!1 APyrl!1x reOIlOrl!1YeCKI!1X 1!1 

TepM06apl!1YeCKI!1X YCIlOBI!1I11 B 3TI!1X 06beKTaX 3a BeCbMa 

AIlI!1TeIlbHOe BpeMS'I cYl..L.leCTBOBaHI!1S'1 MeCTOpO>KAeHI!1I11 nOCIle 

3aBepWeHI!1S'1 I!1X CPOpMl!1pOBaHI!1S'1 B TeYeHl!1e HeCKOIlbKI!1X COTeH 

MI!1IlIll!10HOB IleT. 

Hanpl!1Mep, B TI!1MaHO-neYOpCKOIil o6IlacTI!1 Ha HayaIlO IOPbl, 

TO eCTb Ha MOMeHT 200 MIlH. IleT Ha3aA, nepBI!1YHble pecypcbl 

HecpTI!1 naWHI!1HCKOrO MecTOpO>KAeHI!1S'1 no AaHHblM 

MOAeIll!1pOBaHI!1S'1 Ol..\eHeHbl OKOIlO 1000 MIlH. T, a cOBpeMeHHble 

pecypcbl npl!1MepHO B 10 pa3 MeHbwe. CIleAoBaTeIlbHo, 

BeIlI!1YI!1Ha K03cpCPI!1l..\l!1eHTa coxpaHHOCTI!1 pecypcoB HecpTI!1 3a 

BpeMS'I, npoweAwee nOCIle OKOHYaHI!1S'1 CPOpMl!1pOBaHI!1S'1 

MecTopO>KAeHI!1S'1, COCTaBIlS'leT He 60Ilee 0,1 - 0,15 OT BeIlI!1YI!1Hbl 

nepBI!1YHO aKKYMYIll!1poBaHHolil HecpTI!1. 

Ha CI!161!1PCKOIII nIlaTcpopMe, rAe np0l..\eCCbl reHepal..\l!1l!1, 

Ml!1rpal..\1!11!1 1!1 aKKyMyIlS'll..\1!11!1 HecpTI!1 1!1 ra3a 3aBepWl!1Ill!1Cb OKOIlO 

400 MIlH. IleT Ha3aA, MOAeIll!1pOBaHl!1e OKa3aIlOCb B03MO>KHbIM 

np0l!13BeCTI!1 no PS'lAY 06beKTI!1BHbiX npl!1YI!1H He AIlS'l OTAeIlbHblX 

MeCTOpO>KAeHI!1I11, a TOIlbKO AIlS'l KpynHblx 30H 

HecpTera30HaKOnIleHI!1S'1. 
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npll1 MOAeIlV1pOBaHII1I11 np0l.\eCCOB reHepal.\lI1l11, MlI1rpal.\1I1111 111 

aKKyMym:Il.\1I1111 HecpTII1 Ha HenCKo-6oTyo6I11HCKOLil aHTeKJ11113e 6blIlO 

YCTaHOBIleHO, 4TO nepBOHa4aIlbHbie pecypcbl HecpTII1 B 30He 

aKKyMyIlfl l.\111 111 OKOIlO 400 MIlH. IleT Ha3aA AOIl>KHbl 6blIlll1 

COCTaBIlflTb 33,8 MIlPA. T. OTKpblTble 111 nOAC4111TaHHbie Ha 

cOBpeMeHHblLil MOMeHT pecypcbl HecpTII1 B :3TOLII 30He COCTaBIlfllOT 

MaKclI1MYM 3,1 MIlPA. T, TO eCTb OKOIlO 10 % OT nepBoHa4aIlbHo 

aKKYMYIlll1poBaHHblx pecypcoB. CIleAoBaTeIlbHo K03CPCPIl1l.\lI1eHT 

coxpaHHOCTII1 HecpTflHblX pecypcoB 3a BpeMfl OKOIlO 400 MIlH. IleT 

He npeBblwaeT 0,1. 

ECIlIl1 Y4ecTb HeAocTaTo4HYlO pa3BeAaHHocTb HencKo-

60Tyo6111HCKOLil aHTeKJ11113bl 111 npeAnoIlO>KII1Tb, 4TO peaIlbHble 

3anaCbl HecpTII1 OKa>KYTcfl BABoe 60IlbWIl1MII1, TO BeIlll14111Ha 

K03CPCPIl1l.\lI1eHTa coxpaHHOCTII1 HecpTII1 Bce paBHO He npeBblCII1T 

0,2. 

TaKII1M 06pa30M, C Y4eToM K03CPCPIl1l.\lI1eHTa coxpaHHOCTII1 

cOBpeMeHHble pecypcbl HecpTII1 B 30Hax HecpTeHaKOnIleHlI1fl Ha 

ApeBHeLil CII16111PCKOLII nIlaTcpopMe cIleAyeT Ol.\eHII1BaTb He 60Ilee 

0,1 - 0,2 OT nepBII14HO aKKYMYIlll1poBaHblx pecypcoB HecpTII1, 

Ol.\eHII1BaeMbIX Ha OCHOBe MOAeIlll1pOBaHlI1fl Ha BpeMfl 

3aBepWeHII1fl CPOpMlI1pOBaHlI1fl MeCTOpO)KgeHII1L11. 

KOHe4Ho, 3TO TOIlbKO npeABapll1TeIlbHOe 3aKJ1104eHlI1e, 111 

OHO MO>KeT 6blTb nOATBep)KgeHO II1IlIl1 onpoBeprHyTO TOIlbKO B 

np0l.\ecce AaIlbHeLllwlI1x II1ccIleAOBaHII1L11 HecpTera30HOCHOCTII1 

ApeBHlI1x nIlaTcpopM C npll1MeHeHlI1eM pa3pa6oTaHHbix HaMII1 

MeToAoB MOAeIlll1pOBaHlI1fl. 
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YTO >Ke KaCaeTCSl MOnOAbIX. 3nli1rep41i1HCKIi1X 

Heqnera30HOCHbiX 6aCCeVlHOB, TO pa3pa6oTaHHbie HaMIi1 MeTOAbl 

MOAenli1pOBaHIi1Sl Y>Ke CeVl4aC n03BOnSlIOT 04eHIi1BaTb pecypcbl 

HecpTIi1 Ii1 ra3a nOKanbHblX nOByweK Ha nli14eH31i10HHbiX Y4aCTKaX C 

AOCTaT04HOVI T04HOCTbIO Ii1 60nee 06beKTIi1BHO, 4eM C 

npli1MeHeHli1eM TpaAIi141i10HHbiX MeTOAOB, OCHOBaHHblX Ha 

reOnOrli14eCKIi1X aHanOrli1SlX. 

Pa3pa6oTaHHbie MeTOAbl MOAenli1pOBaHIi1Sl np04eCCOB 

CPOpMli1pOBaHIi1Sl MeCTOp0>KAeHIi1V1 yrneBoAopOAOB 

peKOMeHAYIOTCSl HaMIi1 AnSl Ii1CnOnb30BaHIi1Sl B npaKTIi14eCKOVI 

AeSlTenbHOCTIi1 no 04eHKe nepCneKTIi1B HecpTera30HOCHOCTIi1 Ii1 

pecypcoB Heqnli1 Ii1 ra3a. 
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