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K 150-nemwo omKpb1mwz 
OCH06H020 3aKoHa rPWlbmpaiJUU 

rjJpaHiJY3CKUM zuiJpaeJIUKOM 
AHpu iJ'Apcu 

IIpe;:i;ncJJosue 

Ilpo6neMa Heo6xo,n:HMOCTII OT,ZJ.eJibHO

ro 0606rn;a10rn;ero ocBern;eHmr pe)KHMa H xa

paKTepa ,ZJ.BIDKeHIHI BO,ZJ. Ha 60JihllIHX rny61rnax 

B rH,n:poreonorHH co3pena ,n:aBHO. TaK, ern;e 

npH H3,ZJ.aHHH MHOroTOMHHKa "OcHOBhl rH.n.po

reononnt" rummi:poBanocb H3Jlo:tKHTh coBpe

MeHHbie npe.n.cTaBneHH5! o pe)KHMe H xapaKTe

pe ,ZJ.BIDKeHH5! rny6oKHX BO,ZJ.. 0,n:HaKo, ,n:aHHa5! 

npo6neMa, B CHJIY cy6beKTHBHhIX o6CT05!

TeJihCTB 6hma pacCMOTpeHa JIHIIIh qacni:qHo. 

H nttIIIb coBceM tte.n.aBHO B.H. ,Il;IOHHHbJM 

ony6nHKOBmrn Mottorpa<i>HH «rH,n:poreo,n:HHa

MHKa rny6oKHX ropH30HTOB He<t>Tera30HOC

HhTX 6acceHHOB)) [30], B KOTopoH c.n.enaH KOM

nneKCHbIH no.n.xo.n: K perneHHIO :noH npo6ne

MhJ. TeM He Mettee, <Ptt3HqecKa5! H reonorttI.Je

cKa5! cyTh, Kacmorn;a51c51 Henocpe,n:cTBeHHO 

,lJ,BH)KeHmJ rny6oKHX BO,lJ, H 3aKOHOB :noro 

)J.BH)KeHH5!, B OCHOBHOM OCTaBanacb He»CHOH 

.n.o rrocne.n.ttero BpeMeHH. 

B Teop1m H3YI.JeHH» qmnhTpau:mt rny-

6oKHX BO)J. )J.OCTaToqHo npo'IHO yKopeHHJIHCh 

OCHOBHhie IIO)J.XO)J.hl J( peIIIeHHIO cyrn;eCTByIO

ID;HX B 3TOH o6nacTH npo6neM. 0TCYTCTBMe 

KaKHX-ntt6o ITOTihITOK yil:Ttt B CTopotty OT yc

TaHOBHBIIIHXC5! CTepeOTHITOB IIpHBeno K 3a

CTOfO B 3TOH c<Pepe IT03HaHHH. TaK B Teop1m n 

npaKTHKe rH,n:po.n:1rnaMHI.JeCKHX HCCJie,ZJ.OBaHHH 

npoI.JHO yKopemmHCb ,ZJ.Ba MHeHH5!. 

Bo-nepBI>IX, npn H3YI.JeHMH HarrpaBne

mu <PHJioTpau:vm BO.ll. yI.JttTb!BaJiacb TOJibKO 

ITOTeHU:HaJlbHaH 3HeprHH BO)J.bT B BH,ZJ.e TTbC30-

MeTpH1IeCKOro Hanopa, pa3JIHl.JHblX MO,n:mjm

KaU:HH nplrne,n:eHHI>IX HanopoB A.H. CMJittH

EeKqypHHa, MeTo.n.a <PttJibTpau:ttoHHOH CHJlbI 

A.E. rypeBHI.Ja H .n.pyrHe. Bee 3TH MCTO)J.bI 

6bIJIM ttanpaBneHI>I Ha B03MO)KHO 6onee Toq

HbIH pacqeT ITOTCHU:HaJlbHOH 3Hepnrn: BO)J;bI, H 

npaKTHI.JCCKM oTcyTcTBOBaJIH norrbITKH yqeTa 

,n:pyrHX BH)J.OB ee 3HeprHH. 

Bo-BTOpbIX, rrpH H3YI.JeHHH cKopocTH 

<PttJibTpau:1m rny6oKHX BO):\ HapyIIIeHHC 3aKO

Ha ,IJ;apctt rrpH HH3KHX CKOpocrnx QJHJihTµaU:HH 
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TOJlbKO CBH3hIBaJIOCh c rrpmrnneHHeM Me)KM0-

neKyJI5!pHbIX CHJI npHT5!)1(CHH5! BO)J.hl c nopo

)J;OH-KOJIJICKTOpOM. Hatt6onee nonHo BonpocI>I 

BJIH5!HH5! nopO,ZJ.bl Ha CKOpOCTb <PttJlbTpau:1m 

BO,ZJ.01 6omH onttcaHI>I A.r. Apbe B pa6oTe 

"<PH3HqecKHe OCHOBbl <PHnbTpau:HH IlO)J.3CM

HbIX Bo.n."[4]. l1HTepecHh1e H,ZJ.eH no 3TOMY BO

rrpocy rrpe.n:naranHcb rpynnott: yqeHI>IX Mexa

HHKOB H3 r. KITTattH. 06o6rn;eHHaH HX pa6orn 

H3Jl0)KCHa B "OcHOBaX Teop1m penaKCaU:HOH

HOH cpHJibTpaU:HH "[74]. 0.n.ttaKo, Bee 3TM pa-

6oTbI OTHOCHJIHCb K H3yqeHHfO )J.BH)KeHH5! <Ptt-

311qecKl1 CB5!3aHHbIX BO,lJ,. 

11pe.n:naraeMa5! BameMY BHMMami:io 

KHHra B HeKoTopoM po.n.e pyIII1n cJTO)KHBIIIHe

cH cTepeoTttnhI B rro.n.xo.n.e K peIIIeHHJO npo-

6neM ,ZJ.HttaMHKH ,ZJ,BH)l(CHH5! rny6oKHX Bo.n.. B 
pa6oTe paccMaTµHBaeTc5! <PH3HI.JecKa» cyrn;

HOCTb npou:ecca ttapyIIIeHH5! 3aKoHa ,IJ;apcH B 

cBo6o.n.ttoH: Bo.n.e H YI.JHTbrnaeTc5! B03MO)l(HOCTh 

tt3yqettH5! HarrpaBJieHH5! ee ,lJ,BH)KCHH5! C yqe

TOM TeTIJIOBOH 3HeprHH. 

0.n:Ha H3 rrptt'IMH cna6oii H3YI.JCHHOCTH 

TaKOH, Ka3aJIOCb 6bJ, rrpocTOH rrpo6neMbl, KaK 

,lJ,BIDKeHH5! CBo6o,n;HblX BO,ZJ. 3aKJIIOI.JaeTC5! B 

<PYH.n.aMCHTaJihHbIX rrpo6neMaX COBpeMeHHOH 

<PH3ttKM. HarrpttMep, pa3rpattttqetttte aMopcptto 

TBep,n;bIX TCJI OT )J(H)l,KOCTeH M HX rrepexo.n:, OT- -

JIHl.JHH CBOHCTB rron3yqecnI M TeKyI.JeCTH H psr.n: 

.n:pyrnx npo6neM, TaK MJIH HHaI.Je B3aHMOCB5!-

3aHHbIX Me)K)I,y co6oii. Pemetttte .n.aHHbIX <Ptt-

3WiecKHX rrpo6neM .n.aeT BbIXO,n: Ha pa3perne

HMe pH,n:a .n:pyrHX BorrpocoB reonorMH, .n:ocrn

TOI.JHO HarTI5!,I{HO OTIHCaHHblX A.A. rpaycMa

HOM [24]. l1o3TOMy B ,I{aHHOH KHHre qmaTeJib 

HaH,n:eT perneHMe 3THX H .n:pyrHX COBpeMeHHhIX 

rrpo6neM <PmHKH, KOTOpbie 6y.n:yT HHTepeCHbI 

He TOJlbKO B ,n:aHHOH o6naCTH 3HaHHH, HO H B 

.n.pyrHX pa3,n:enax n1.n:poreononm, B qacTHO

cn1, B rH,ZJ.poreoTepMHH, r.n:e Ta}()Ke HeT .n:ocTa

TO'IHO o6rn;errpH3HaHHOH TO'IKH 3peHH5! Ha 

rrpo6neMy ¢opMttpoBamrn TeMrrepazypttoro 

TIOJl5! oca,ZJ.Ol.JHbIX 6acceHHOB. 



OcttoBoii .n:aHHOH KHHrH nocrry)l(HJIH 

MaTep:mUihI MHOfOJieTHHX aBTOpCKHX HCKaHHH. 

Pe3yJihTaToM 3THX HcKaHHii HBHJiach Katt.n:H

.n:aTcKaH .n:wccepTaIIHH «Hccrre.n:oBaHHe xapaK

Tepa )J,BH)l(eHHH IIJiaCTOBhIX BOJJ: ... » [104]. 0.n:

HaKO, B CHrry pH.n:a o6cT05JTeJibCTB MHOrHe 

pa3.n:errhI m rnaB pa6oThI 6hmH rrw6o y.n:arreHhI, 

rrw6o coKpam,eHhI. Ilpe)l(.ll:e Bcero, 3TO Bonpo

ChI, CBH3aHHhie c HHTepnpeTaIIHeH BhIBe.n:eH

HhIX B .n:aHHOH pa6oTe Q:>opMYJI, c Q:>mwqecKH

MH OCHOBaMH H3yqeHHH HanpaBJJeHHH cpHJihT

paIIHH B pe3KOHeo.n:Hopo.n:HOH cpe.n:e, yttH

KaJihHOCThlO H3yqeHHH .n:BH)l(eHHH rrry6oKHX 

BO.ll: KaK Q:>mttqecKOfO Tena " pH.n: .n:pyrHX BO

npocoB. IJpaKTHqecKH He pacKphlThIMH OCTa

JillCb BOIIpOChI H3)'11eHHH .ll:BH)l(eHHH rrry6oKHX 

BO.ll: B HecprnHhIX H ra30BhIX nrracTax. 

KpoMe 3Toro, B KHHre ocsem,aIOTCH 

MHorne Q:>ytt.n:aMeHTaJihHhie w.n:en: o rH.n:poreo

norm1 KaK ttayKH o rromeMHOH rw.n:pocQ:>epe, o 

reonorHqecKoii <PopMe JJ:BH)l(eHHH BO.ll:hI, o ca

MoopraHH3aIIHH cncTeMhI so.n:a - nopo.n:a H .n:p., 

KOTOphie TOJlhKO Ha1IllHaIOT pa3BHBaThCH B 

rH.n:poreonornH. Bo MHoroM .n:aHHhie H.ll:eH, 

pa3BllBaeMbie E.B. IlHHHeKepoM, c.n. lllsap

QeBbIM ll .n:p, OCTaIOTCSI IIOJIHOCTblO He pac

KpblTblMH H crropHbIMll, B oco6eHHOCTH, rrpn 

1nyqeHHU .n:uHaMUKH JJ:BU)l(eHHH no.n:3eMHhIX 

BOJJ:. IJo:noMy HX paCCMOTpem1e npHBO.ll:llTCH 

He CTOJihKO c IJ,eJihlO TIOKa3a B03MO)l(HOro nyTn 

.n:arrhtteuwero pa3BHTHH .n:aHttoro _ HanpaBne

HHH, CKOJihKO SIBJIHIOTCH MttpOB033peHHeM aB

Topa Ha perneHHe paccMaTPHBaeMhIX npo6rreM 

,[{aHHOH pa6oThI. IJepBOHaqaJibHO 3TO Mttpo

B033peHHe 6hIJIO 1IllcTo mrryHTHBHhIM H ocHo

BaHo Ha npe,[{IIOJIO)l(eHHJf, -crro MeXaHH3M ,[{BH

)l(eHHSI rrry6oKHX BO.ll: TeCHO CBH3aH c peryJIH

poBaHHeM nrracTOBhIX TeMrrepaTYP, TI0,[{06HhIM 

MexaHH3My rroMep)l(amrn TeMneparyphI Ten 

)l(HBOTHhIX H qenoseKa 3a cqeT KpoBoo6pam,e

HH51. 0,[{HaKO, BIIOCJie)J,CTBHH, KaK OKa3aJIOCh, 

.n:aHHOe rrpe,[{TIOJIO)l(eHHe, B03MO)l(HO, MMeeT 

IIO,[{ co6oii ,[{OBOJlhHO rrry60KHe KOpHH, CBH-

3aHHbie c 6yptto pa3BHBaIOllI,eiica B nocneAHHe 

ro.n:hI HaYKH CHHepreTHKH, H3)'11aIOllI,eii CB513H 

rrpOIIeCCOB " 3aKOHOB, rrpoHCX0,[{5JIIJ,HX B He

)l(HBOH H )l(HBOH npupo.n:e [39, 122]. Ilepexo.n:

HhIM 3BeHOM KOTopoii, B03MO)l(H0, HBJI5JeTCSI 

reonon1qecKasr <J:>opMa ,[{BH)l(eHHH MaTepntt, 

o6ocHoBaHHaH aKa,[{eMHKOM E.M. KeApOBhIM. 

Heo6xo.n:HMO TaK)l(e OTMeTMTh, qTo 

XOT5l B Ha3BaHHH KHHrn: peqh H,[{eT 06 113yqe

HHH JJ:BH)l(eHM5l BO.ll:, 3HaqHTeJihHa5l ee qaCTb 

TaK mrn HHaqe CB5l3aHa c pacCMOTPeHHeM BO

rrpocoB, CBH3aHHhIX c JJ:BH)l(eHHeM BO.n:hI B He<j:>-
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TSIHbIX H ra30BhIX IIJiaCTax. c o.n:Hoii CTOpOHhl, 

3TO BIIOJIHe ecTeCTBeHHO, TaK KaK 6rraro.n:apa 

3THM TIOJie3HhIM HCKonaeMblM CTaJIO B03M0)1(

HblM myqeHHe JJ:BH)l(eHHSI rrry6oKHX Bo.n:. He

CMOTPR Ha TO, qTo, no .n:aHHhIM IO.II. rarreH-

6eprepa, He<PTh H ra3 B npwpo.n:HhIX pe3epsya

pax 3aHHMaIOT Bcero 0, I % eMKOCTHOfO npo

CTpaHcTBa B cpaBHeHHH c 99,9 % BO.ll:hl. c 
.n:pyroii CTOpOHhl, H3)'11eHHe .ll:BIDKemrn BOJJ:bl B 

He<j:>nIHhIX H ra30BhIX nrrac'rax rro3sonsreT .n:oc

TaToqHo npoCTO 11 HarmI,[{HO IIOH51Th CJIO)l(Hhle 

npOIIeCChl, HBJieHHH " 3aKOHhI .ll:BIDKeHHH cpH-

3HqecKH CBH3aHHblX BOJJ:. I'naBHOe, XapaKTep 

pacnpe.n:erreHH5J HeQ:>TeHach1m,eHHOCTH no BhI

coTe B 3aJie)l(aX II03BOJI5leT qeTKO .n:oKa3aTh, 

qTo co.n:ep)l(aHHe cBo6o.n:HoJi BOJJ:hI B so.n:oHoc

HhIX nrracTax .n:ocTnraeT 70 %, M, TeM caMhIM, 

Hapywem1e 3aKoHa ,ZJ;apcn B rrry6oKHX ropn-

30HTax HeJib35l CBO)lllTh TOJihKO K .n:eiiCTBHIO 

CHJJ npllTIDKeHll5J co CTOpOHhl CTeHOK nap. 

IJepBhie rnaBhI HarrucaHhI 6orree npo

CTO u .n:ocrynHo, qeM nocrre.n:yIOm,ne. TiocTe

neHHO H3JIO)l(eHne ycJIO)l(H5leTC5l. 

B rrrase 4 ocsem,aIOTC5J tterrocpe.n:cT

BeHHO TeopeTnqecKHe OCHOBhl .n:attHOH KHllrH. 

IIocne.n:oBaTeJihHOCTh M MeTo.n:onorH5J M3Jio

)l(eHHSI MaTepnarra 3TOH rnaBhI 3aHMCTBOBaHa 

H3 Mottorpa<Putt AT. Aphe "<l>mwqecKne oc

HOBhI ... ". ,ZJ;arree npottcxo.n:uT nepexo.n: K "reo

norwqecKHM ocHoBaM", r.n:e )J.BH)l(eHue rrry6o

KHX BO)), M3yqaeTCSI He CTOJlbKO qepe3 nopbl 

ropHhIX nopo.n:, CKOJlbKO BMeCTe c ropHOH no

po.n:oii, T.e. paccMaTpHBaeTCH 3TO )J,Bll)l(eHHe 

KaK pe3ynhTaT 6onee o6lll,HX ocaAoqHhIX, TeK

ToHHqecKHX, reoTepMnqecKHX H Apyrwx ,[{BH

)l(eHHH, o6ycrroBJieHHhIX CHJJaMll 3eMJill. 

B rrraBe 5 .n:aeTCH o6bHCHeHHe norry

qeHHoii B pa6oTe [ 104] rrapa.n:oKCaJibHoii 3asn

CHMOCTM pacqeTa y.n:errhHOH TenrroeMKOCTH 

rrry6oKHX BO,[{, HCXO.ll:SI H3 <iJytt.n:aMeHTaJihHbIX 

w.n:eii c.n. lIIBapn;eBa n E.B. TinttHeKepa o 

reorrornqecKoii <j:>opMe )J.BH)l(eHHH BO)lhl. 

lllecTaR rnaBa - npaKTMqecKaa, Heno

cpe.n:cTBeHHO TIOCBHIIJ,eHa ll3)'11eHHIO CKOpOCTH 

ll HanpaBJieHHSI )J,BH)l(eHHSI rrry6oKMX Bo.n:. 

Ilocne.n:Hne .n:Be rnaBhI Hatt6onee 

CJIO)l(Hhle, TIOCB5lllI,eHhl rrepcneKTHBaM )laJih

Heihnero HanpaBJieHHH H3yqeHM5l JJ:Bll)l(eHHSI 

rrry6oKHX BO)),. Il03TOMy )J,JIH llX IIOHHMaHH}J 

peKOMeH)lyeTcsr npe.n:aapnTeJihHO npoqHTaTb 4, 
5 M 6 rrraBhI. 3To 3HaqnTeJihHO o6rrerqHT no

HuMaHHe u.n:eu, H3JIO)l(eHHhIX B nocrre,[{HHX 

rrrasax. 

B rnaBe 7 3aTParnBaIOTCSI npe.n:nochIJI

KH HOBoro HayqHoro HanpasrreHMR B reorro-



nni:, OCHOBaIIHOro Ha HHTerpau:HH rH,D;poreo

)1.HHaMHKH H reoTepMHH rrry6mrnx ropH30H

TOB. 

B nmBe 8 o6cy)f()l.aIOTCJI 06111eMHpo

B033peH'-IecKHe, cj:JyH,ZJ;aMeHTaJihHhie, reonorn:

qecKHe rrpo6JieMbI H B3rJij[,ZJ;hI Ha H3yqeHHe 3a

KOHOB )1.BIDKeHHe rrry6oKHX BO,Zl;. 

ABTop rrpeKpacHo OT,ZJ;aeT ce6e o"NeT B 

TOM, qTo CJIO)f(HOCTb rrpo6JieMbl B u:eJIOM Ii ca

MhIH IIIHpOKHH IIO,ZJ;XO,Zl; K ee perneHHIO C HC

IJOJib30Bami:eM He TOJihKO pa3JIHqHhlX HarrpaB

JieHHH reonorHH Ii cj:JH3HKH ( TepMO,Zl;HHaMHKH, 

MOJieKYJI.HpHOH cj:JH3HKH, TeopHH yrrpyrocTH H 

,D;p ), HO H MeXaHHKH, cj:JHJiococj:Jmf, 6HoJiorHH, 

He MO)l(eT He CKa3aTbCJI Ha )1.HCKYCCHOHHOCTH 

,ZJ;aHHOH KHHrn:. Qrqero KHHra He MO)l(eT 6b1Th 

nnrneHa He,ZJ;ocTaTKOB, TaK KaK OTPa)l(aeT TOJih

KO II03HQHJO aBTOpa. Ilo3TOMY aBTOp 6y,ZJ;eT 

rrpH3HaTeJJeH 3a BCHKOro po,D;a peKOMeH,ZJ;aU:HH, 

3aMeqaHHJI H IIO)l(eJiaHHJI. 

I1pe,D;cTaBJIJ1eMaJ1 KHIIra - IIJIO,ZJ; 6onee 

qeM )1.Ba,D;l\aTHJieTHe:H pa60T1>1 aBrnpa no npo-

6neMaM, CBH3aHHhIM c rII,D;pO,IJ.HHaMHKOH rrry-

6oKHX ropH30HTOB H ,ZJ;aHh rrry6oKOH npH3Ha

TeJibHOCTH H 6naro,IJ.apHOCTH BCeM TeM, c KeM 

)J,OBeJIOCh 3a 3TH ro,ZJ;hl pa6oTaTh H yqHThCJI. 

Ilpe)f()l.e Bcero, npocj:Jeccopy M.E. EyKaThI KO

Top1>1:H e111e B cry,IJ.eH'-1eCKYJO 6nITHOCTb yroBo

pHJI nepe:HTH Ha HH)J,HBHAYaJihHhIH rrnaH o6y

qemrn Ha cneu:wanH3aU:HIO «Hecj:JrnHaa rH,D;po

,ZJ;HHaMHKa». BceM MacTepaM II reonoraM, c 

KOTOpbIMH pa6oTan H rrepeHHMaJI OIIhIT B Heep-
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Tera30BhIX opraHH3aQHJIX 3BeHKIIII, 3anonJI

pba, TioMeHcKoii n ToMcKoii o6nacTH. B.r. 

lfaattoBy, rrpIIrnacttBIIIeMY pa6oTaTh B ITO 
«ToMcKHHIIMHecPTh» no npo6neMaM rII,D;po

AHHaMHKII rny6oKHX ropH30HTOB, r,ZJ;e H Haqa

JIH cj:JopMHpOBaTbCJI OCHOBHhie ll,IJ.eH ,ZJ;aHHOH 

KHHHI, H B )1.aJihHeHrneM HHKOr)J.a He OTKa3bJ

BaBllleMY B COBeTe H B IIOMOIIIH. Oco6YJO npH-

3HaTeJibHOCTh Heo6xo,ZJ;HMO Bbipa3HTb npo<t>ec

copy C.JI. lllBapu:eBy, KOTOphIH He TOJihKO 

oco6eHHO TIO,IJ.,IJ.ep)l(HBaJI u:eHHOCTh H CMeJIOCTh 

MHOrHx H,ZJ;eH, HO H )1.0Jiroe BpeMJI y6e)l()1.aJI H 

yqnJI, KaK rrpaBHJibHO 3aIIIHIIIaTb 3TH H,IJ.eH. 

IlepBottaqanhHaa PYKOIIHCh KHiffH 6bma npo

qJITaHa H npocMOTpeHa BbIIIJeHa3BaHHbIMH 

JIIO,ZJ;hMH. Bee ux 3aMeqaHHJI H IIO)l(eJiaHHH yq

TeHbI B OKOHqaTeJibHOH pe,IJ.aKU:HH KHHrH. 

B rrpot1ecce pa6oThI Ha.LI KHHTOH aBTop 

CTpeMHJICJI ee H3JIO)l(HTh KaK MO)l(HO npo111e, 

HeCMOTPH Ha CJIO)l(HOCTh pernaeMhIX npo6JieM. 

HacKoJihKo 3To y,IJ.anoch cy,IJ.HTh qHTaTenio. 

MHorwe pa3,D;eJibI 3TOH KHHrH HCIIOJih-

30BaJIHCh aBTOpOM rrpH pa3pa60TKe rrporpaM

Mbl HOBoro yqe6ttoro KYPCa «fJ.mpoJJ:HHaMHKa 

3JIH3HOHHhIX CHCTeM» H npH rrperro].J:aBaHHH 

ero B rrepBbIH yqe6HbIH 2002 ro.r1 Ha Ka<l>e,D;pe 

n1,IJ.poreonorHH ll HH)l(eHepHoH reononm B 

T oMcKOM non11Textt11qecKOM YHHBepcHTeTe, 

no HHHQJ.1aTJ.1Be C.JI. lllBapQeBa H M.E. EyKa

TbI. Ilo3TOMY )1.aHHaH KHJ.lra MO)l(eT 61>1Tb pe

KOMeH,LIOBatta B KaqecTBe yqe6HHKa. 



IlocTaHOBKa u o63op npo6JieMLI, 
MeTO.r.OJIOruqecKUe OCHOBhl ee pemeHUSI 

1.1. IloHHTHe n1y60Kue Bo.r.bI u 

DOCTaHOBKa npo6JieMbl 

KnaccwrecKoe rroIDITIIe «apTe3MaH

CKHH 6acceiim> (Keilhack, 1935; CasapeH

CKHH, 193 5) c IIOCJIC,ll,OBaTeJibHblM pacrrono

)J(CHHCM 06nacn1 mrramrn, CTOKa H pa3rpy3KH, 

KaK cqMTaIOT A.A. KapQeB, B.M. Marycesnq, 

B.H. EopMCOB M .D.p., srnm1eTc'1 apxaMqHbIM M 

Tpe6yeT 3aMCHbl, TaK KaK OHO OTp~aeT TOJib

KO HHcpIDibrpaQHOHHbIC BO,ll,OHarropHbie CHC

TCMbl c rH,ll,pocTaTwrecKHM HarropoM. YMecT

uo roBOpHTb J1Hlllb 06 apme3UG11CKOU 60iJe, 

HaXO,ll,'11QCHC'1 B 30He aKTHBHoro HJ1ll CB060,ll,

HOro BO,ll,006MeHa. 

B 3ouax 3arpy.D.HeHHoro H secbMa 3a

TPY.D.Hettuoro BO,ll,oo6Meua nrrH 3acToiittoro 

pe)J(HMa KJiacc11qecKax apTe3ttaucKaH cxeMa 

HapyrnaeTCH. ,L(eno B TOM, LJTO, KaK OTMeLJarr 

E.B. IIHHHeKep [80], s rny6oKHX ropmoHTax 

IJJJaCTOBbIX BO,ll, Ha rM,ll,poreO,ll,HHaMHKe, KpOMe 

rM,ll,pOCTaTMLJecKoro Hanopa, CKa3bIBaJOTCH: 

BO-rrepBbIX, JJHTOCTaTllLJCCKOC (reoCTaTHLJC

CKOC) ,ll,aBJJCHHC H, BO-BTOpblX, rrpoHBJJeHHH 

BttyrpeHHHX CHJ1, T.e. TCKTOHHqecKHX (reO,ll,H

HaMMqecKHX) HaTipH)J(CHHH H BOCXOMlQCH MH

rpaQHH ra30B0-)J(H,ll,KHX pacTBopoB 113 cpytt,ll,a

MCHTa. IIpH OT)J(aTHH BJJarn H3 rJJHH IIO,ll, ,ll,CH

CTBHCM BblllIC 3aJICraJOII(HX rropo,ll, ,ll,BH)J(CHHC 

IIJJaCTOBbIX BO,ll, rrpoHCXO,ll,HT H3 rrorp~eHHbIX 

qacTeii K rrep11cpepH11 6acceHHOB. IIpoHBJJCHMe 

BttyrpeHHHX CHJ1 rrpOHCXO,ll,HT JJOKaJibHO B TCK

TOHWICCKH-IIO,ll,BH)J(HblX yqacTKax. 3To ,ll,BH

)J(CHHe rrpeHMYlQCCTBCHHO BOCXOMlQCC, rrpo

HCXOMlQCC ITO,ll, ,ll,CHCTBHCM BttyTPCHHHX CHJ1: 

pa3rpy3KOH lOBCHHJibHbIX cpJJIOH,ll,OB, 3IIHreHe-

30M rropo,ll,, Bbl)J(HMaHHeM rH,ll,pOTepMaJJbHbIX 

pacrnopoB m rropo.D., ,ll,erH,ll,parn:QHeH H rrepe

KpMcTarrnmaQMeii rropo,ll,. Ka3arrocb 6b1, ,ll,aH

Hoe orrpe,ll,eneHHe rroHHTIUl «rny6oKHe BO.D.bI 

(ropH30HThI)», MO)J(HO H IIpHIDITb KaK o6neKT 

HCCJJC,ll,OBaHHH ,ll,aHHOH KHHrH. 0,ll,HaKO 6onee 

,ll,CTaJJbHOC 113yqeHHC 3TOro sorrpoca BbI3bIBaeT 

Heo6xO,ll,HMOCTb KOHKpCTH3HpoBaTb ero HCXO

,ll,H, ll3 CJIC.D.YJOII(HX coo6pa)J(eHHH. 

Bo-rrepBbIX, aHarrorHquoe paccy)J(,ll,e-
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HHC B rrepBOM TOMe «0CHOB rH,ll,poreonormrn 

rrpMBO.D.HTC'1 B.H. EopMcOBbIM [79] .D.JJH rroHH

THSI rny6HHHbIC BO,ll,bl. IlpH 3TOM OH cqHTaeT, 

LJTO ycJJOBHOCTb TepMHHa «rny6HHHbie BO,ll,bI» 

OLJCBH,ll,Ha, HO B rH,ll,poreOJIOrHH OH HCIIOJib3Y

CTCH 3a HCHMCHHCM JiyqIUero. 

Bo-BTOpbIX, y caMoro E.B. IlMHHeKepa 

OTMCLJaCTCH HCKOTOpaH Heorrpe,ll,CJlCHHOCTb. 

TaK, OH cq1naeT, qTo B rny6oKHX ropM30HTaX 

rH,ll,pOCTaTllLJCCKHH Harrop MO)J(CT pacrrpocrpa

IDITbCH rrpaKTHLJCCKH Ha BCJO TOJIIUY rH,ll,pO

reonorHLJCCKO ro 6acceiiua. HcxoM H3 3Toro, 

rronyqaeTCH, LJTO rrpH orrpe,ll,eJJCHHbIX ycJJOBH

HX KJiaccHLJecKyIO HHcpHJJbTpaQHOHHYJO cxeMY 

BCe )J(C MO)J(HO rrepeHOCHTb Ha rny6oKHC ropH-

30HTbI. 

KpoMe 3Toro, ,ll,CTaJibHbie xapaKTepH

CTHKH o6oHX IIOIDITHH TaK)J(C HMCI-OT HCKOTO

PYI-0 pacrrJibIBlJaTocTb H Heonpe.D.eJieHHOCTb 

rpaHHIJ, HX rrpHMeHeHHH. TaK, KpoMe rn,ll,po

CTaTHLJecKoro pe)J(HMa, E.B. IlHHHCKep Bbl,ll,e

mm B rny6oT<HX ropmoHTax eIQe ,ll,Ba pe)J(HMa: 

reoCTaTlf<ICCKHH H pe)J(HM rny6HHHOro THIIa. 

rny6HHHblC BO,ll,bl, OIIHCaHHbIC B.H. EopHCO

BbIM, B OCHOBHOM xapaKTCPH3YI-OTC'1 rny6HH

HbIM THIIOM pe)J(HMa, XOT'1 qacTHlJHO 3arparH

BaCTCH BJIH'1HHe Ha 3TH BO,ll,bl ,ll,CHCTBHC reo

CTaTWICCKHX CHJ1. 0,ll,H03HalJHO K ITOIDITHIO 

211y6u1111b1e 60iJb1 rro,ll,XO,ll,MT C.JI. lIIBapQeB 

[122], 11eTKO ysSI3bIBM ,ll,aHHoe rroHHTMe c .D.CH

cTBHCM TOJlbKO BttyTpeHHHX CHJI. IlpWieM K 

IIOWITlflO «rny6HHHbie BO,ll,bl)) OH IIO,ll,XO,ll,HT 

ropa3.D.O IUMpe, paccMarpHBaH HX He rrpocTo 

KaK reHCTHlJCCKHH THII, a KaK ,ll,BH)J(CHHC reo

JIOrHqecKoro TeJia, T.e. ,ll,BH)J(CHHe He CTOJlbKO 

qepe3 rropbI ropHbIX nopo.D., a CKOJibKO HX 

,ll,BH)J(CHHe BMCCTe c ropHOH nopo,ll,OH (B 11acT

HOCTH c MarMoii). 

HcxoM M3 .D.aHHbIX rrpe.D.cTaBJieHMii, 

ITO,ll, 2J1y60KUMU 600GMU (2opwo11mGMu) 6y,ll,eM 

ITOHHMaTb BO,ll,bI, Ha pe)J(HM KOTOpbIX OKa3bIBa

CT BJIH'1HHC B OCHOBHOM reocTaTHqecKHC CHJlbl 

BhIIUeJle)J(alQHX rropo,ll,. IIpwreM 3TO He 03Ha-



qaeT, qTo B TaKllX BO)J,ax rH)J,pOeTaTHqeeKHH 

Harrop He MO)f(eT paerrpoeTpamrTheJI Ha Beeb 

6aeeeliH. B rny6oKMX ropmoHTaX TaK)f(e MO

ryT eoxpamITbeJI H o6pa30BbIBaTbC51 rH)J,poern

TWieCKHe )J,aBrreHHJI, HO xapaKTep )J,BIDKeHIDI 

3THX BO.LI I1pHHQHI1HaJihHO HHOH, OTJIJfqffbIH OT 

xapaKTepa )J,BH)l(eHIDI apTe3HaHeKllX BO.LI, OITH

CbIBaeMhIX 3aKOHOM ,I{apeH. y eJIOBHOeTb Tep

MHHa rrry6oKHe BO,Ll,hl TaK)f(e oqeBH)J,Ha, KaK H 

rrry6HHHbJe BO)J,hI, HO B Hecl>TJIHOH rH,Ll,poreo

rrorHH OH rrorryqaeT Bee 6orrhIIIee paerrpoeTpa

HeHHe. TaK, HarrpHMep y B.11. ,I{IOHHHa [30] 
06m;errp.um1Toe rroHJITHe BO)J,hI rrry6oKMX ro

pH30HTOB OTO)K,Ll,eCTBJIJleTeJI c IlOHJITHeM rrry-

6oKHe BO.D.hl ( <PrrIOH.D.bl). 

I1pH3HaBaeMM H paecMaTpHBaeMaJI B 
HaCTOJIID;ee BpeMJI MHOrllMH HCCJie)J,OBaTeJIJIMH 

(A.A. Kapu;eB, B.A. KpoTOBa, n.H. KanqeHKO, 

11.r. KHeeHH, A.E. rypeBHq, Ar. Apne H ,Lip.) 

rH)J,pO,Ll,HHaMHqeeKaJI 30HaJihHOeTb rH,L1,poreo

nor11qeeKHX 6aeceHHOB, II03BOJI51eT eB513bIBaTh 

OCH0611YTO npo6J1eMy U3ytJe1/UR 06U:JICeHWl 2llY-
6oKUX 600 c npoR6Jle1-1UeM 11u:J1C11e20 npeoella 
npUMe11UMocmu 3aK011a !{apcu. MMeHHO 6rra

ro,L1,ap51 npHHU:HIIllaJihHO llHhIM 3aKoHaM )J,BH

)l(eHIDI rrry6oKHX BO.LI B HHX C03)J,aIOTe51 6rraro

npH51THhie yerroBHJI )J,JIJI o6pa30BaHH51 H ,Ll,JIH

TeJlhHOH eoxpaHHOeTH eBepxrH.D.poeTaTHqe

CKHX ,Ll,aBneHHH. 

ITpwieM .D.BH)l(eHHe rrry6oKHX BO.LI B 

)J,aHHOH KHHre paceMaTpHBaeTeJI He rrpoeTo 

KaK clin3wieeKoe )J,BIDKettne reHeTwieeKoro 

THITa BO.LI, a ropa3,Ll,O IIIHpe - KaK )J,BHJKeHHe 

reorrorwiecKoro Terra. ,I{oeTaToqHo rrorrHo Ta

KOH KOMIIJieKeHbIH ITO,Ll,XO.D. K peIIIeHHIO npo-

6rreMhI <PopMHpOBamrn rrry6oKHX clirrIOH,Ll,OB 

6bm rrpe.L1rrpnmT B.11. ,I{IOHHHhIM .LIJIJI 06oe

HoBaHHJ1 HeCOCTOJITeJibHOeTH HH<i>HJibTpau:.u

OHHOH .u 3JIH3HOHHOH Teop.uli cliopMupoBaHHJI 

rrrraeTOBhIX )J,aBJieHHH rrry6oKllX ropmoHTOB. 

0,Ll,HaKo, een.u y c.n. lllBapu:esa II 

B.11. ,I{IOHHHa, 3aKJia.D.I>IBaIOTe51 nHIIIb rrpe.D.no

ebIJIKH K Heo6XO.D.HMOeTH H3yqeHIDI 3aKOHOB H 

MeXaHH3MOB )J,BIDKeHIDI -BO.LI e yqeTOM HX 

B3aHMO)J,eHCTBH51 e rropO)J,OH, TO 3)1,eeb B rH)J,

poreo)J,HHaMHKe, scrre)J, 3a rn,L1,poreoXHMHeli, 

BhipaJKaxeh enoBaMH B.M. MaryeeBHqa [71], 
«eHeTeMa BO.Lia - nopo)J.a, pearrbHO rrpernHeyeT 

Ha ee nepeHOe H3 ecliepbl 11HayqH0-

60)l(eeTBeHHOH11, B e<lJepy rrpaKTH'IeeKoro ee 

HeITOJih30BaHH51». 

B umoze, 6 i>aJlbHeumeM noi> my6o
«UMU 60i>aMu 6yi>eM nouUMamb ma«ue 60-
i>bt, 6 Komopr.tx pwzbmpau,ua npoucxoi>um, 
He noiJ 11UHRRCb 30KOHY /(apcu (HU:JICHUU 
npeiJeJl npwneHUMocmu). 

1.2. <l>u1uqecKaH u reoJioruqecKaH 
cyTh npo6JieMhl 

KaK yJKe 6bIJIO OTMeqeHo, oeHOBHM 

rrpo6rreMa myqeHHH .D.BHJKeHHJI rrry6oKHX BO.LI 

CBH3aHa c rrpoxBneHHeM HH)l(Hero rrpe.D.ena 

rrpHMeHHMOCTH 3aKOHa ,I{apcH. 0.D.HaKo, yern

HOBJleHHe 3aBHCHMOCTH CKOpOCTll <fiurr1>Tpa

U:Hll OT rpa)J,HeHTa Harropa HIDKe HaqarrhHOro B 

HaCTOHll!ee BpeMH HBmfeTCH TeopeTuqecKH 

cna6o pa3pa6ornHHOH. OcHOBHhie Hccrre.D.oBa-

HIDI no 3TOMY sorrpocy, rrpoBe)J,eHHhie IO.M. 
MorroKoswieM [72,74], A.r. Apne [3,4] .u B.B. 

TpyIIIKHHhIM [111, 104], ,D,o KOHU:a He peIIIaIOT 

3T)' crrO*H)'IO rrpo6rreM)' rrry6oKoli m,D,po.z1:i-1-

HaMHKH. OcHOBHoe pa3nwine 3THX pa6oT 3a

KJIIOqaeTC51 B IlO,Ll,XO)J,e K peIIIeHHIO ciiH3JJqe

CKOH npo6neMhJ pa3rpaHu:qemrn TBep,L1,1>1x Terr 

H )l(If,Ll,KOCTeH. 

1.2.1. Ilpo6JieMa pa1rpauuIJ:emrn 
)KH)J,KOCTCH H TBep)J.hlX TCJI 

KrraccHqecKH npH3HaeTex, ~o *H.11-

KOCTh (B OTJIHqne OT TBep,L1,oro Terra) o6na.naeT 

CBOHCTBOM TeKyqecn1. TBep.noe Teno, Hao6o

poT, npH npHJlO)l(eHHH K HeM)' Harpy3Kll npo-

,51BJ151eT CBOHCTBO yrrpyrocTll <lJopMbl. 0)J,HaKO, 

eCJIH Ha TBep.noe Teno 6y.neT )J,eHCTBOBaTb Ha

rpy3Ka B TeqeHHe .D.JIMTeJibHOro BpeMeHII, TO 

OHO HaqnHaeT rrpo51BJIHTb CBOHCTBO rron3yqe

CTH. B 3TOH eB513H, B rrpaKTHKe He Beer.na 
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MO)l(HO qeTKO ,Ll,aTh OTBeT, KOr)J,a Teno MO)l(HO 

Ha3BaTb TBep.ZJ:bIM, a KOr)J,a )f(ll)J,KHM. 

,I{.B. CHB)'XMH [97], OITMChlBM pa3-

JIHqHhie rrpMMepbI ll3MeHeHIDI CKopocTeii ,D,e

qJOpMau;MH )l(ll)J,KOCTeH H aMop<J:iHbIX TBep,Ll,bIX 

Ten (crrMpT, BO.ZJ:a, Me.LI,, naTOKa, ry.npoH, CTeK

JIO ), IlbITaeTCJI I10Ka3aTb, qTo B HaCTORm;ee 

speMR HeJih351 npoBeCTH pe3Koe pa3rpamiqe

HHe Me)K,LI,)' HMMM. HanpttMep, nenrm;a51 rrym1 



pHKOIUeTMT OT BO)J,hl, KaK OT TBepnoro TeJia. 

Men '1epe3 ll1eJIM B 60'1Ke BhmomaeT MJIM BhI

TeKaeT? KycKM rynpoHa no ttcTe'leHMH BpeMe

HH npHHHMaeT <!JopMy eMKOCTM, B KOTOpyJO 

rroJIO)J(eHbI. CTeKJIRHHaH TiaJIO'IKa Jie)J(all1aR 

Kom:i:aMn Ha )J.Byx onopax no ncTe'leHHH nnn

TeJihHO BpeMeHH Heo6paTHMO )J,e<!JopMHpyeTCR 

- rrporn6aRch. Cxo)J(aR rrpo6neMa B03HHKaeT 

rrpn IIJiaBJieHHH rnep)J.hIX Ten, KOTOphie BHa'la

ne Ha'IHHaIOT IIOJI3TH, a 3aTeM Teqh. 

B 1867 r. MaKcBeJIJI rrpe;::i:JIO)J(HJI cno

co6 onpeneneHHH nepexona CBOHCTB )J(ll)J.KO

cTn B TBepnoe Teno Ha OCHOBe Bhlpa)J(eHHH 

w*t,,, rne w - 'laCTOTa B03JJ:eMCTBHR nepeMeH

HhIX BHeIUHHX cnn; Ip - BpeMR peJiaKcau:1m. 

ITpn w*tp<<I )J(H)J.KOCTh Be,neT ce6.s1. KaK 

06h1qHoe B.sI3Koe Teno. B o6paTHOM cnyqae 

(w*tp>> I) )J(H)J.KOCTh 6y)J.eT rrpo.s1.BJI.s1.Th cBoii

crna TBep,!1,oro Tena. 

ITonhITKY peruttTh npo6neMY pa3rpa

HH'leHn.s1. TBep,!1,oro Tena OT )J(H)J,KOCTll ell1e B 

Ha'laJie xx BeKa npe,D,IIpHHHJI ll3BeCTHhlH co

BeTCKllH <Ptt3HK JUI. <l>pettKenh. Pa3pa6oTaH

HaSJ HM KHHeTH'leCKaR KOHU:eIIU:llSI rpaHCJISIU:ll

OHHhlX nepeXO)J,OB ll BhJIUe,IJ,rua.s1. Ha OCHOBe 

3TOH pa60Thl MOHorpa<!Jm1 (1925) B )J,aJihHeii

IIIeM BhI,!1,ep)J(HBaeT HeCKOnhKO nepeH3)J,aHHH ll 

BXO)J.HT B IIIKOnhHhle y11e6HHKM. PaccMaTpnsaH 

H,!l,eIO MaKcBenna KaK <!JettoMeHonorn'lecKyro 

TeopHIO, OH cqnTan, 'ITO Teqemie )J(llJJ:KOCTll 

rronHOCThlO attanorlll.J:HO nnaCTH'IeCKOH )J,e

<!JopMati:Hll (rromy11ecT11) rnep,!1,oro Tena rro 

<Pmn11ecKoii cyll1HOCTH rrpou,ecca, HO ornH'la

eTc.H OT Hee MaCIIITa6oM rrpOHBneHH.sI npu 

O)J,HHaKOBOM ycttnHH H BpeMeHH rrpHnO)J(eHHSI. 

"TBep,!1,hie Tena He HMelOT CBOHCTBa TBep,!1,0CTH 

HJIH yrrpyrocTH <flopMhl, OTHOC.sl.TCR K 11)KH)J,KO

CTRM11, IIpORBnHH CBOHCTBO TeKyqecTH, HO OT

Me'laeMoro TOJihKO TIO HCTel.J:eHHH ,IJ,OCTaTOqHO 

)J,nHTenhHoro BpeMeHH", T.e. rrpou,ecc Te'leHHR 

)J(H)J,KOCTH TIO <PH3H'leCKOll cyTH aHaJIOrH'leH 

npou:eccy nomyqecn1 rnep,!1,oro Tena. 

AHanorH'IHoro MHeHH.sI npH,D,ep)KHBa

IOTCR H B HaCTO.sl.ll1ee BpeMR pR,D, ,!1,pyrHX HC

cne,IJ,oBaTeneii, KaK tjlH3HKOB, TaK H reonoroB, 

BKJII011aR A.r. Aphe, O.JI. CaMounoBa 11 ,!1,p. 

TaK, HaTipHMep, Jl.C. rery3HH [20], yrnep)J()J,a

eT, 'ITO BpeM.sI "oce)J,JIOll )f(H3HH11 aTOMOB B 

KpHCTaJIJie Ip HecpaBHeHHO 6onbIIIe, 'leM B 

)J(H)J,KOCTH, HO "ecJIH )J,eHCTBOBaTb Ha KpHCTaJIJI 
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B Te11eHne BpeMeHH 3H3'1HTeJihHO 6onhmero, 

TO KpHcTann 6y)J.eT Te'lh, KaK )J(H,!l,KOCTh". Ta

KMM o6p330M, pa3HMIJ,a Me)K)J,y rnep,!1,hIM TeJIOM 

M )KH)J,KOCThlO B reonor11qecKOM MaCIIITa6e 

BpeMeHM, no MHeHHlO MHOrMX MCCJie)J,OBaTe

neu, .sIBnReTCR OTHOCMTenhHOll. "KaK H3BeCTHO 

reonoraM, TeKyT )J,a)J(C CKaJihI, XOUI 3Haq11-

TeJihHO Me)J,JieHHee, qeM so,n;a... B )J,eiicTBH

TenhHOCTH, He MMeeTCR pe3KOH rpaHHl.J:hl Me)J(

)J.y TBep,!1,bIM TenoM II )KlI)J,KOCThI0"[92]. 

0)1,HaKo, ellle Jl.H. <l>peHKenh, npe

KpacHo OC03HaBaR npoTMBopeqHBOCTh CBOeH 

Teopim cnO)J(MBIIIHMCR KJiaccHqecKHM rrpe,!1,

CTaBneHH.sIM, IIHCaJI: "I13nO)KeHMe HOBOll Teo

pHH, )J,a)J(C ellle B oqeHh CblpOH M HerronHOH 

<!JopMe, 6yJJ:eT cnoco6cTBOBaTh npHsneqeHHIO 

,!1,pyrnx yqeHhIX K 3TOMY npe,!1,Mery H ycKope

HHIO ero )J.aJihttelirnero p33BMnrn". 

B 3Toii cB.sI3H o6paTHaH ToqKa 3peHH.sI 

p33BHBaeTCR B.B. TpyrnKHHhIM. OnnpaRCh Ha 

HJJ:eIO MaKcBenna [ 63] HM 6bmo c;::i:enaHo 

npe,!1,nono)Kemi:e [ 108], qTo BO,!l,a npH rpa,!1,H

eHTe Hanopa Hll)J(e Hal.J:aJihHoro rrpo.s1.sn.s1.eT 

CBOHCTBO aMop<lJHO TBep;::i:oro Tena - IlOJI3y

qecTh [2]. 3aTeM, Hcrronh3Y.sI KJiacc11qecKHe 

npe,!1,cTaBneHHH, 6brna ycTaHOBJieHa MoneKy

JIHpHO-KHHeTuqecKaH cyll1HOCTh csoiicTBa 

non3yqecTH Ten - 33KJIIOqaJOll13SICH B HBneHH

.sIX reHepaQHH Tenna H rrocne,IJ,yroll1eii ero ne

pe,!1,aqH 33 cqeT .sl.BJieHMH TerrnorrpOBO)J,HOCTH, 

cne)J,CTBMCM nocne)J,ttero HBnHeTCH B.sl.3KOynpy

rHH C,IJ,BHr, B OTnnqwe OT yrrpyronnacTH11eCKO

ro C,!l,Bllra - xapaKTeptt3YIOll1ero npoii:ecc Te

qeHHR (104, 106, 111). 

Ta1<.UM ofipmoM, 6 nacmoaw,ee BpeMa 
npeoJ10J1ceno 06'bacne11ue pmu11ec1<.ou cyw,
nocmu cBoucmaa - noJ11y1.1ecmu me.n c 1<.llac
cu1.1ec1<.ux no1uu,uu, 1<.omopoe 1a1<.ll1011aemca « 
anllenuu menllonpoaoo11ocmu. 3mo 001<.a3bt-
6aem ezo onmu11ue om caoucmBa - me1<.y1.1e
cmu, 3U1<.lll01.IUIOUl,eeca 8 RBlleHUU BR31<.0Cmu. 
B cao10 011epeob pemenue oannou pmu1.1e
c1<.ou npofineMbt npu my1.1enuu pllllbmpau,uu 
800 Bbl3bl6aem opyzy10 2eOll02U'leCl<.)'IO npo
OlleMy a1aUMocaa1u cyw,nocmu nomy1.1eu 
pllllbmpau,uu c pe:HCU.JHOM popMup06UHUR 
menlloBow nolla u coxpannocmu nopoaow 
npocmpa11cmaa « my601<.ux wpmonmax. 



1.2.2. Ilpo6JieMa coxpaHHOCTH nop 

BTopocTeTieHHOM HO, He Mettee BIDK

HOH rrpo6neMoH rn:,I1,po,I1,1rnaMHK11, HBmr:eTcH 

npo6neMa coxpaHHOCTlI nopoBoro npocrpaH

CTBa Ha 6onhIIIHX rny6HHax. B ttacToHm;ee 

BpeM5f, Harrp11Mep, CTaJIO aKClIOMOH, qTo OT

C)'TCTBlle 3a30pOB Me)K)J,)' KaMeHHbIMlI IIJllITa

MH Erm1eTcKHX m1paMll)l, cera,IJ,H5f Y*e o6b5fC

H5feTCH He <P11n11rpaHHOH TeXHHKOH ,D,peBHHX 

MacTepoB, a cnoco6ttocTbIO MaTep11ana K nna

cTnqecKoH .n:e<PopMaU:HlI, "3aTeKaH11eM 11 IIJllIT B 

3a30pbl Me)l(,II,)' H11M11. Tio3TOM)', eCJilI TBep,D,aH 

tj:>a3a oca,IJ,oqHbIX nopo.n: B reonor11qecKoM 

MacrnTa6e BpeMeHlI o6na.n;aeT CBOHCTBOM "Te

qeHHH11, TO ,lJ,OJDKeH cym;ecTBOBaTb MeXaH113M 

era npeKpam;emrn. B rrpoTlIBHOM cnyqae B 

3eMHOH Kope He Morn11 6hI cym;ecTBOBaTb 

,lJ,B)'Xcpa3Hhie cpe,n;h1: 6onee nerKaH cpa3a Bce

r.n:a 6bma 6b1 BhI)l(aTa 6onee rn*enoii. 

Eonee Toro, BpeMH penaKcau:HH Ha

rrp11:)1(ett11ii B rpatt11Te H 6a3aJihTe He npeBhirna

eT 30 TbTC. neT, 11 np11 ,n;aHHbTX napaMerpax, 

KaK cqHTaeT B.C. IlottoMapeB [87], " .. B HarnH 

,lJ,HH Ha 3eMJTe ,IJ,OJT)l(HbI 6MJTH 6h1 cym;ecrno

BaTh TOJlbKO Te ropbI, KOTOpbie B03H11KJ111 He 

6onee CTa TblCHq JleT Ha3a)..l, 11 • 0TCYTCTBHe "Te

LieHHH rop" OH o6bHCHHeT 30HOH penaKcau:Heii, 

T.e. TeM, LITO BpeM5T penaKcau:H11 HaIIpH)l(eHHH 

onpe.n;emr:eTCH pa3MepaM11 CHCTeMbl H B 6oJib

lIIHX MaCCHBaX cTaHOBHTCH COll3MepHMbIM c 

reonor11qecKHM BpeMeHeM. 

He ocnapHBaH 3TO npe.n;rroJio)l(ett11e 

,n;JTH o6bHCHeHHH cym;ecTBOBaHHH rap, A.A. 
rpaycMaH [24] BblCKa3bIBaeT COMHem1e B rrpa

BOMepHOCTH era ,lJ,Jl5f o6bHCHeHHH coxpaHeHlIH 

B reonorwqecKoM MacrnTa6e BpeMeHH ,n;Byx

cpa3HhIX cpe,D,. Ilo era MHeHHIO, BpH,n; JTH MO)J(

HO o6bRCHHTb 30HOM penaKcau:HeH HanpR)l(e

HllH cyrn;ecTBOBaHlle IIO,II, .n;aBJieHHeM MHOra

KHJIOMerpOBOH BbilIIeJie)l(am;e:H: TOJTII(H Ha KOJI

JleKTOp HMeIOII(HH B03pacT 6onee 600 MJTH. 

neT. 

B 3TOH CBH3H OH o.n;H11M m nepBbIX 

npe,D,np11H11MaeT IlOTibITK)' npaKTifqeCKH ,lJ,OKa-

3bIBaTb Heo6xo,n;11MOCTb 113y<IeHHH ,lJ,BlI)J(eHHH 

rny6oKHX BO,IJ, B c11cTeMe c rropo,D,oll:. OcHoB

H)'JO rrpll'IBHY coxpaHHOCTlI rropoBora rrpo

crpaHCTBa Ha 6oJiblIIHX rny611Hax, OH BH,lJ,HT B 

penaKcau:1111 HaKaTIJI11BaJOII(HXCH HarrpH)J(eHlIH 

B ropHOH rropo.n;e qepe3 BO,lJ,)' B OKpy)l(alOm;yIO 

cpe.n:y. "llTo, no era MHeHIIlO, MO)J(HO paccMaT

p11BaTb - KaK rrpou;ecchI caJ11opezyJ1upo6aHUR u 
caJ11oop2aHU3a1fuu 6 cucmeMe 6ooa-nopooa. 

<l>aKTaMlI, TIO)..l,TBep)J(,lJ,aIOII111MH npe

Kpam;ettlle )..l,eiicTBHH 3Toro rrpou;ecca, HBJIHeT

CH Heo6paTHMaH ll,ecpopMau;1rn IIJiaCTOB 

(yMeHblIIeH11e rropHCTOCTH) 6e3 HapyrneHlIH 

CilJIOlIIHOCTH CKeJleTa rropo.n: np11 CHII)l(eH1111 

rrnacToBoro .n;aBJieHlIH B rrpou;ecce pa3pa6oTKH 

MecTopo)J(,lJ,em1ii tteQ:>T11 11 ra3a. Attanor11qm,1e 

npou;ecchI 3acpHKc11poBaHbI npH tteyMepeHHbIX 

BOlJ.OOT6opax B qepTe MHorHX KpyrrttbIX ropo

,n;oB [82]. Hanp11Mep, TIO.II ropo.n;aMH 5InoH11H 

(PHc. 1-1 ). 
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"-.. --..\ tlwiama 
\-Ocatra ., 

Toxuo 
Puc. 1-1. Ocei>anue 3eMHoii 

noaepxnocmu noi> KpynHblMU wpoi>aMu 
Hnonuu. 

Ila A.A. HuK011oey 

Hcxot)n U3 :Jmozo, npofille.Ma co
xpannocmu nopoaozo npocmpancmaa nepe
pacmaem U3 1.1ucmo <}Jmu1.1ec1<0ii 6 zeonozu
ttecKyto. llo caoeii cymu t>annan npo6ne.Ma 
R6JlRemcR <}Jyni>a.Menma.llbHOU, OCH08aHHOU 
Ha neo6xoi>wuocmu pacc.Mompenun :Jmozo 
npou,ecca a cucme.Me c aoi>oii. 

1.3. MeTo~oJiorn'lecKne npneMLI no1uaunH 

B 11,n;eHH)'lO ocHoBy .n;aHHoii pa6oTbI 

6bIJT11 IIOJIO)J(eHbI MeTO,lJ,OJIOrHqecK11e rrpHeMbl 

CHHepreTHKll, KOTOpbie CTaHOBHTCH, 110 MHe

AlllO C.JI. lllBapu;eBa [122], o,n;HlIMH 113 rnaB

HbIX B apceHaJie rll)l,poreOJIOrlIH. rnaBHOH CO

CTaBHOH qacTbJO, KOTOpbIX 5fBJ1HJOTCH rrplleMbJ 
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KH6epHern:KH 

ynpaBJieHlIH H caMOpa3B11THH, caMoopraHll-

3)'lOIIIHXCSI ClICTeM, KOTOpbie ,lJ,OCTaTOL{HO xo

pOIIIO 113yqem1 B )l(HBOH 11p11poll,e, B TeXHHKe, 

B o6mecTBe, B MbIIIIJ1eH1111 11 rrpaKTllqecKH He

H3yqeHbl B He)l(HBOH npHpo.n;e. 



1.3.1. Ku6epHeTuqecKHH MexaHH3M B 

1103HaHHH rH,llporeO,llHHaMuqecKHX o6'LeKTOB 

0THOCJITeJihHO Harmr,IJ;HO KH6ep

HeTM'IeCKHH MexaHH3M ynpaBneHIDI rrpo

HBHJICH H B IT03HaHHH rH,IJ;poreonorttqe

CKHX o6beKTOB. ~OCTaToqHo TOqHo H xo

pomo 3TOT MexaHH3M 6bUI OITHCaH B.A. 

Kttp10xttHhIM, A.H. KopoTKOBhIM, Ar. 

Aphe H .z:i;p. [3, 49, 50]. TaK, B yqe6HttKe 

"rH.IJ:poreox11Mm1" [50] HapttcoBaHa cxe

Ma HX IT03HaHHH, B KOTopoli aBTOpbI rrpaK

TH'leCKH O'leHb 6ntt3KO OT06pa3HJIH pe

aJihHhIH KH6epHeTHqecKHH MexaHH3M rro-

3HaHmr 3aKOHOB npttpO.IJ:bl, H3o6pIDKeH

HhlH Ha pttc. 1-2. B 3THX pa6oTax TaIOKe 

Bbl,lJ;emreTCH ,IJ;Ba 3Tana ( CTa,IJ;HH) Il03Ha

HIDI: rrepBbIH - 3Mnupu1JeCKUU, K020a 

npoucxooum 6ocnpwzmue R6flenwz, BTO

poif - meopemu1JeCKUU, OCH06GHHblU Ha 

no3nanuu cyUJnocmu Jl6Jlenwz. 

B 3TOH CBH3H Heo6xo.z:i;ttMo Ha

rroMHHTb, 'ITO "cyrn,HOCTh pacKpbrnaeTCH B 

HBJieHIDIX: « ... cyrn,HOCTh HBJIHeTCH. 5IBne-

HHe cyllJ,ecTBeHHO» (B.H. JleHHH). O.z:i;ttaKo, 

e,IJ;HHCTBO cyrn,HOCTH H HBJleHHH He 03Ha'laeT 

HX COBila)J,eHHH, CYlllHOCTb Bcer.z:i;a CKpbITa 3a 

noBepXHOCTbIO JIBnettttH. B pe3ynbTaTe pac

Kphrnrn cyrn,HOCTH CTaHOBHTCJI B03MO)J{HblM 

HayqHoe o6bHCHeHHe caMoro JIBJieHHH. I1po

THBOpe'IIDI Me)K.IJ:y CYlllHOCThIO H HBJieHtteM M 

o6ycnaBJIHBaIOT xapaKTep npou,ecca rro3HaHm1 

". . . EcnH 6br <j:lopMa nposrnneHmr H CYUIHOCTb 

BeUieM Henocpe.z:i;cTBeHHO coBna.z:i;antt, - nMcan 

K. MapKc, - TO BCHKM HayKa 6bma 6br mmnn

HJIJI ... ". [58]. 
B myqeHMH rromeMHOM rH,IJ;po.z:i;Htta

MHKH TaK)J{e nepBOHa'laJihHO BeJIHCh ITOHCKH 

MaTeMaTJ.fIIeCKHX 3aBHCMMOCTeM, y ,IJ;OBJleTBO

pHTeJibHO OilHCbIBalOIIIHX pe3yJihTaThI 3KCITe

pttMeHTOB 6e3 paccMoTpeHHH CYUIHOCTH npo-

11,eccoB (HBJieHl'IM). rnaBHhIM pe3yJibTaTOM 

0T6op 
].H_1x}.JlM.~-

I 1111 
, , 111 
111 rl 
\ \ 

Puc. 1-2. 3manbt no111a11W1 1a«.01100 npupoobt. 
Ilo P. ([J. A6oee6y 

3Toro 3Tana HBHJIOCh OTKpbITHe 3MITllpll'IeCKO

ro 3aKOHa ~apctt. 3aTeM noHBHJIHCh ITOIThlTKH 

myqeHIDl: cyrn,ttoCTH npouecca ¢HJibrpau,HH 

Ha OCHOBe <l>YH.IJ:aMeHTaJihHhTX HayK ecTeCTB0-

3HaHHH. HaH6onee 3Ha'IHMbIMM nonbITKaMH 

cTantt pa6oTbI A.r. Apbe [3, 4] no myqeHMIO 

.IJ:BH)l(eHIDI </Jmu1JecKU c6mannoii BO.IJ:hI H B.B. 
TpylllKHHa [104, 106, 1 I 1] no myqeHmo 

<PttJibTpaU,HH ceo6oOHOU BO.IJ:hl nptt Hll3KHX 

rpa.z:i;tteHTax. B 3TOM CBJI3H MO)l(HO c yBepeH

HOCThJO CKa3aTb, •no Ha COBpeMeHHOM 3Tane 

pa3BHTHJI rll,IJ;pO.IJ:HHaMHKa nepelllna Ha BTO

PYJO CTMHH no3HaHmr. 

0CH06HOU 3ai)a11eu daHHOU pa6ombl 
R«UJiocb daJlbHeumee pU3eumue emopow 
nymu pemenua npofilte.Mbt npwtenume.nbHO 
K d«W1CeHu10 my6oKux eoi>. 

1.3.2. Ocuoeuoii ff.llCHHblH llO)J;XO.ll ,llanuoii pa6oTbl 

c 1103HQHH CHHepreTHKH 

HapHey c 3Mnupu1JecKoii u meopemu-

1JecKou cmaoueu T103HaHIDI B.A. KHplOXHHbIM, 

A.H. KopoTKOBhIM .z:i;p. [49, 50] Bbr.z:i;enHeTcH 

Ha'laJibHaJI Cmaowz - UHmyumU6Ha.R, KOr,IJ;a 

CBH:3H Me)l(.IJ:Y IT03HaBaeMbIMH o6beKTaMH H3Y

qal()TCH CTHXHHHO, a 3aKOHbl, ynpaBJIHlOUIHe 

HMH, HeM3BecTHbI. XoTH .z:i;aHHM cTa.IJ:HH H He 

HBJIHeTCH COCTaBHOH qacTbJO KH6epHeTM'leCKO-
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ro MeXaHM3Ma TI03HaHIDI, TeM He Mettee, ee 

3HaqeHHe B Il03HaHHH 3aKOHOB npllpO.IJ:hI, KaK 

OTMeqaJOT aBTOpbr, BeCbMa BeJittKo. Me)l(.IJ:y 

TeM no 6oJibllleM qacTH B COBpeMeHHOM. Hayq

HOM Mttpe pe3yJibTaTbI, rrorryqeHHhie TaKMM 

nyTeM, He rrpH3HaJOTCH. I1pttlfHHOM orpmi;a

TeJihHOro OTHOilleHIDI K pe3yJibTaTaM, rrony

lfeHHhIM HHTyHTHBHbIM rryTeM, HBJI.HeTCJI He 



H3)"IeHHOCTh HayKoif MexaHH3Ma HHTYHTHB

Horo MhlIDJieHIDI. 

Corrractto coBpeMeHHOMY orrpe,lJ,erre

HHIO, HHyYHQmI - 3TO 'l)'The, rrpoHHQaTeJib

HOCTh, Herrocpe,lJ,CTBeHHOe IIOCTI'OKeHHe HCTH

Hhl 6e3 rror11qecKoro o6octtoBaHIDI, ocHoBaH

Hoe Ha rrpe,lJ,mecTByrorn,eM orrhrre [100]. 
HeB03MO)l(HOCTh rrorw:1ecKoro o6oc

HOBaHIDI rrorry11.eHHbIX 3aKOHOMepHOCTeif TaK

)l(e rrepBOHaqarrhHO Bhl3BaJIO OTpHQaTeJihHOe 

OTHOIDeHHe K pe3yJihTaTaM, norryqeHHbIM ern,e 

B 1991 r. B ocHoBy rro)J;Xo,lJ,a ycrnHOBJieHIDI 

3TMX 3aKOHOMepHOCTeif rrerrra HHyYHTHBHaH 

H,lJ,eH 06 aHarrorHqHOCTH cpopMHpOBaHHH Me

xaHH3Ma TeMrrepaTyphI )l(HBhIX Terr H reorrorH

qecKHX, B nepBOM cnyqae KpoBoo6parn,eHIDI, 

BO BTOpOM 3a cqeT ,ll,BH)l(eHIDI rny6oKHX BO,ll,. 

Ilo cyTH, KaK oKa3arrOcb, ,lJ,aHHaH M,D,eH corrra

cyeTc.sr c CHHepreTMl.J.eCKHM BbIBO,lJ,OM B pa6oTe 

[122] «06 yHacrre,lJ,oBaHHH 611orrornqecKHMM 

cpopMaMH B rrpo[{ecce 3BOJII01(HH cpopMbl Kpy

roBopoTa BO,ll,hI B reorrortt11.ecKnx cHcTeMax». 

C11ttepreTHKa KaK HayKa noHBHJiach 

6rraro,lJ,apH pa6oTaM COBeTCKOro 3MHrpaHTa 

H.P. ITpttTO)l(MHa u ,D,pyrnx 3apy6e)J{HbIX uc

crre,IJ,oBaTeneiI B 1975 r H HBHJlaCb MOCTOM 

Me)J{,ll,y HeopraHH'IeCKOM H )J{HBOM rrpHpO,lJ,OM. 

IloCKOJihKY ,lJ,O 3TOro ,lJ,0 cepe,lJ,HHhI 70-x fO,lJ,OB 

Hamero CTOJieTHH cyrn:ecTBOBaJI Henpeo,D,OJIH

MhIM 6apbep Me)K,lJ,y HeopraHH'!eCKOM H )J{HBOM 

npHpO,lJ,OM, H C'IHTaJIOCb, qTo JIHillb )J{HBOM 

npMpO,lJ,e rrpHCYW:H rrp011eCCbl caMoperymIQMH 

H caMoopraHH3aQHH. 

Ilocrre BhlHBJieHIDI cyrn,HOCTH ,lJ,BH)l(e

HIDI BO.II., rro,II,TBep)J{,ll,aJOrn,eiI H,II,eJO H.H. He

rrp11Mep0Ba u IO.M. MorroKOBMl.fa [72] o TOM, 

qyo Bo;:i:a rrpH rpa,II,HeHTe Harropa HH)J{e Ha

qarrhttoro IIOJI3eT IIO,II,06Ho aMopcpHO TBep,lJ,OMY 

Terry, rrpoBe,lJ,eHa BTOpaH qaCTb HCCJie,II,OBaHHH, 

OCHOBaHHaH Ha rrpHMeHemm MeTO,II,a rrpHHQH-

rroB ll. HhIOToHa [98]. CornacHo ,II,aHHoro Me

To,II,a, Heo6xo,II,HMO YCTaHOBHTb ocHOBHbie 

rrpHH.QHIIhI H 3aKOHbI, OIIHChIBaFOIIJ,He 3TO HB

rreHHe. ~rn 3Toro ttymno orrpe;:i:errHTh B03-

MO)l(HOCTH HCIIOJib30BaHIDI rrpHHl(HIIOB TeOpHH 

BH3KoyrrpyroCTH rrpHMeHHTeJibHO K IIOJI3)"IeH 

<jJHJibYpa.QHH. 0,II,HaKo RX HCIIOJTh30Bam1e Tpe-

6yeT yqern YHHKaJihHOCTH 113y11.eHm1 rrry6oKMX 

BO,lJ, KaK <J>m1111.ecKoro Terra (pa3,lJ,err 6.1 ), 11.To 

II03BOmleT npHMeH.sITh He rrpH6JIH)J{eHHbie 3a

BHCHMOCTH ,lJ,ecpopMaQHH OT HarrpH)l(eHHM Teo

pHH BH3KoyrrpyrocTH, HCIIOJih30BaBllIBec.sr 

IO.M. MonoKOBHl.feM, a TOl.J.Hhre 3aKOHhI Tep

MO,ll,HHaMHKH. ,aaHHOe HarrpaBJieHHe BHe,II,pe

HH.sl B rH,II,poreorrorHJO 3aKOHOB ToqHblX HaYK, 

rro Bhipa)l(emno E.B. IlHHHeKepa [79], TaHT B 

ce6e 6orrhmHe nepcrreKTHBhI. 0,II,HaKo, no 

MHeHHJO C.Jl. lllBapQeBa [79], Heo6xo,II,H

MOCTh yqern Cilel(HQ>HKH ,ll,BH)J{eHH.sI BO,ll,hl B 

3eMrre, KaK reorror11qecKoro rrpoQecca, rpe6y

eT H COOTBeTCTByrorn:ero IIO,ll,XO,D,a K my11.ettmo 

3TMX 3GK01J06, TaK)l(e 1JOCJlUfUX cnelfUr/JU'leCKUU 

xapaKmep. 
ll,lJ,eH Heo6xo,lJ,HMOCTH paCCMOTpemrn 

reorronrn He KaK rrpmOia,lJ,HOM HayKH, HCIIOJib-

3YIOIIJ,eif 3aKOHbl MeXaHHKH, qm.3HKH, XHMHH H 

,D,p. a KaK Q>yH,D,aMeHTaJibHOM HayKH, HMeJOIIJ,eH 

co6cTBeHHhle 3aKOHhI pa3BHnrn 6bma BnepBbie 

BhICKa3aHa <l>. 3ttrenbcoM. B ,lJ,aJibHeuureM otta 

nony'lttna pa3BHTHe B pa6ornx aKa,lJ,eMHKa 

I>.M. Ke,lJ,poBa H npHMeHHTeJihHO K TIO,lJ,3eM

HhIM BO,ll,aM - C.Jl. lllBapQeBa H E.B. Ilutttte

Kepa. 

B :>moil C6R3U, Bmopaa rwcmb ucCJ1e

Oo6a11ua noc6amena OilllblleiimeMy pa36U
mu10 UOeU pacCMompellUR 2eO!lOZUU 1<.QI<. 
fjJyni>aMellmilllbllOU 11ay1<.u, OCll06QllllOU fill 
npueMax cunepzemu1<.u. 

1.4. HcTopu11 no1uauu11 3aKouos .i:.su~euu11 no.r.JeMHLIX soi:. 

1.4.1. Pa1BuTue BlrJUIJWB ua uu~uuii 
npe,LJ;eJI npuMeHHMOCTH 33KOHa .IJ:apcu 

y CTaHOBJTeHHe B 1 83 9-1841 rr. I1ya-

3ettJieM H f areHOM 3aKOHOMepHOCTH Tel.J.eHHH 

)l(H,ll,KOCTH B TOHKHX Tpy6ax ,lJ,aJIO TOJil.J.OK K 

pa3BHTHIO nmpaBJTHKH, If, IIO-BH,lJ,HMOMY, Ha

TOJTKHyJIO cppattey3cKoro rn.upaBnHKa AHpu 

,aapcH B 1856 r. Ha MhlCJih 0 B03MO)l(HOCTH Ta

KOM )l(e qmrrhrpal(HH BO,lJ,hI qepe3 necKH. 3Kc

rrepHMeHThl IIO,UTBep,lJ,HJIH rrpHMOJIHHeMHyJO 

14 

CBH3h Me)K,lJ,y CKOpOCThlO Q>IDibTpa.QHH H rpa

,UHeHTOM Harropa 

Vq, =kq,*l, (1.1) 

r,II,e vtf; - cKopocTh cpum.rpa.Q1n1; kq, - Ko3<Pcp11-

IIHeHT rrporropQHOHaJihHOCTH, Ha3BaHHhIM K0-

3Q>cpHQHeHTOM cpHJihTpal(HH; I - rpa.uneHT Ha

rropa. 

.:. 



B 1857 r. npyroH: cppamzy3cKHH: HH

iKeHep-rHnpaBJIHK )I{. ,1.VoITIOH 3KCnepHMeH

TarihHO l(OKa3arI, qTo 3aKOH ,l1;apcH cnpaBel(JIHB 

TOJihKO .rvrn: OTHOCHTeJibHO Mel(JieHHbIX JiaMH

HapHbTX TeqeHHH, IIpH ryp6yneHTHblX ITOTOKaX 

OH He Bhll(epiKHBaeTcJI. Tio3iKe B 1898 r. KHHr 

ycTaHOBHJI, qTo Hapyrnem1e 3aKoHa ,l1;apcH 

npoHCXOl(HT H IIpH BeCbMa MarihlX CKopocn1x 

cpHJibTpaUHJI. 0Ka3arIOCb, qTo annpoKCHMH

pyeMaJI, 3KCIIepHMeHTaribHa.ll rrp})'MaJI npoxo

l(HT He qepe3 0, a qepe3 HeKoTopyro BeJIIfqHtty 

rpaAHeHTa Harropa I 0. 3KcrrepHMeHTaribHO 3TO 

IlOl(TBepl(HJIOCb B HCCJieAOBaHH.llX COBeTCKHX 

yqetthIX H.TI. Tiy3hipeBcKoro (1931), C.B. lfa-

6arna (1931 ), K.II. JlyMHHa (1934) H np. IlpH 

3TOM nonyqeHHbie HMM 3MilHpHqec1me cpop

MYJihl AaHhI 6e3 pacKphITH.11 <PmMqecKoH cyJ.D:

HOCTH BXOMJ.D:HX B HHX K03cpcpHUHeHTOB 

(KpoMe K03cpcpHUHeHTa cpHJibTpaQHH). 

He cocTaBJrneT B 3TOM CMhicne Mc

KJIJOl.JeHJrn TaKOH napaMeTp KaK HaqaJihHhlH 

rpaAHeHT cpHJibTpaIJ,HH. IlOA HaqaJibHbIM rpa

AHeHTOM Hanopa, ITO K.Il. JlyHAHHy, IlOHHMa

eTC})' TaKOH rpaAHeHT, npH KOTOpoM HaqHHaeT

C.11 cp1mhTpaQHJI no 3aKotty ,l1;apc11 (P11c. 1-2). 
HcxoM 113 3Toro, np11 HH3KHX cKopocrnx 

cpHJibTpau1111 no 3aKOtty ,l1;apCH cpopMyJia CKO

pocTH cpHJibTpau,HH npHo6perneT cneAyroJ.D:HH 

BM):(: 

I 
I 

I 

I 
I 
\ 

, , , 
, 

3 

(1.2) 

2 

Puc. 1-3. I'pa</JuKu 1asucuMocmu cKopocmu 
</JU.llbmpau.uu om zpaiJueuma uanopa: 

I - JiaMttHapHIDI 4JrrnL 1Pal\IDI no 3aKOHJ' ,l(apcn; 2 - ryp6y
neJITHIDI .pnnL TpaQ!lll; 3 - 4JttnbTpaQ1rn nptt rpMneHTe ttanopa 
HIIlKe HaqaJibHOfO lo. 

IlpH 6onee BbICOKHX CKopocrnx IlO

rpeIIIHOCTb H3MepemIH rpaAHeHTa Harropa 

cTaHOBHTC})' corrocTaBHMOH c BeJIIfqJIHOH I 0• B 

pe3yJihTaTe CKOpOCTh cpHJibTpaQHH Cl.JHTaeTCH 

ITO OCHOBHOH cpopMyne ( 1 .1) 
BbUIBJieHHbie oTKJioHeHHH OT ocHoB

Horo 3aKOHa naMHHapHoro Tel.JeHH})' )l(Hl(KOCTH 

B nopHCTOH cpene B036yl(HJIH HHTepec pa3-

JIJfqHhIX yqeHbIX K HCCJieAOBaHHIO cpH3Hqe

CKOH cyJ.D:HOCTH H KOJIMqecrneHHoH: oueHKH 
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K03cpcpHU,HeHTa nponopUHOHaJihHOCTH MeiKAY 

paCXOl(OM IlOTOKa H rpaAHeHTOM Harropa. 

Pa3BHTHe B3rm1AoB Ha AaHHbIH Bo

rrpoc AOCTaTOl.JHO TIOAp06Ho OCBeTHJI H npo

aHarIH3HpOBaJI A.r. Aphe [3, 4], qTo rro3BOJIH

no eMY ccpopMYJIHpoBan, cnenyIOJ.D:HH 0606-

J.D:eHHhIH BhIBOA: HaJIHl.JHe Hal.JaJihHoro rpaAH

eHTa Tel.JeHH.11 B HaCTOHJ.D:ee BpeMJI JIBJI})'eTCJI 

npeAMeToM AHCKyccHH:. 0AHH aBTopbI, onH

paHCh Ha 3KCrrepHMeHTbf, npoBeAeHHbie c BhI

COKOH TOl.JHOCThIO H3MepeHHM, noKa3hIBaIOT, 

1.JTO HaqaJihHhIH rpaAHeHT Tel.JeHHJI OTCYTCT

ByeT, H orrpoBepraIOT cpH3Hl.JecKyIO B03MO)l(

HOCTh ero cyJ.D:eCTBOBaHH})', Apyrue 3KCnepH

MeHTaJihHO H TeopeTHl.JeCKH ou;eHHBaIOT 3TY 

BeJIH4Htty. 

ITplfqHHhI HapyIIIeHH})' 3aKoHa ,l(apcH 

CB513hIBaIOT B OCHOBHOM c npo51BJleHHeM CMJI 

MOJieKYJI51pHoro B3aHMOAellCTBHJI qacTHQ BO

Ahl H nopoAhI. BTopocTeneHHbTMH Cl.JHTaIOTCH 

npH4HHhl, CB})'3aHHhie co CTpYKTYPHOH rrpoq

HOCTblO (ynpyroCTblO) CaMOll BO):(bl H HaJIH-

1.JHeM B Hen B3BeIIIeHHhIX H KOJIJlOifAHbIX qac

THQ, qTo AOilOJIHHTeJibHO IIOBbIIIIaeT ee 

CTPYKTYPHOCTb. 

06o6J.D:aJI pe3yJihTaThI npoAenaHHOH 

pa6oThI, A.r. Aphe [3] yKa3hrnaeT: «IlpMMe

HeHHe 3aKOHa ,l1;apcH B KaqeCTBe OCHOBHoro 

3aKOHa cpHJibTpaQHH Am perneHH})' MHOrHX 

3aAa1.J npaKTHl.JeCKOH rHAporeonorHH BTIOJIHe 

orrpaBAaHO. 0AHaKO HeJIHHeHHOCTb 3aBHCH

MOCTH CKopocTH cpHJihTpaQHH OT rpaAHeHTa 

Harropa npoHBJIHeTC51 B CYJ.D:eCTBeHHbTX Mac

IIITa6ax, HanpMMep, rrp11 oueHKax pernouanh

HhIX noTOKOB. B TaKHX cnyqa51x TpMHUHOH

Hhltt TIOAXOA K paCCMOTpeHHIO ABJI)l(eHHJI 

TIOA3eMHhIX BO):(, 6a3Hp}'IOJ.D:HHC51 Ha HCTIOJih-

30BaHHH npttHQHTIOB H TIOJIO)J{eHHH Tpy6HOH 

rJIApaBJIHKH, He AaeT B03MOiKHOCTH o6b51C

HHTh OTKJIOHeHHe OT np})'MOH 3aBHCHMOCTH 

MeiKAY CKOpOCThlO <l>HJihTpaQHH H rpaAtteH

TOM Hanopa.» HecoMHeHHO, 1.JTO B rny6oKJ.IX 

ropmottTax 3TH Macrnrn6hr eJ.D:e B 60JihIIIe:H 

CTeneHH Hal.JHYT npOHBJIJIThC51, Bl1Jl0Tb AO 

l(BH)l(eHHJI BOA npH rpaAHeHTe Hanopa Htt)l{e 

Hal.JaJJhHoro. AHanorHqHhie MHeHH.11, KaK OT

MeqaeT A.A. Kapu;eB [45], " BhICKa3hIBaIOTCH 

H ApyrHMH HccneAOBaTemMH. Oco6etttto IIIH

poKo TaKHe B3rJI51AhT pa3BMTbr B pa6oTax A.E. 

rypeBifqa". 

lfayqettHe npou;ecca cpHJibTpaQHH npH 

rpaAHeHTe HH)l(e HaqaJihHOro BeAeTCJI l(OBOJlb

HO nnHTeJihHoe BpeM51 B CllIA H B 6brnmeM 

CCCP. BnepBhre u;enettanpaBnettHo 3THM Bo

npocoM y Hae B crpaHe cTan 3aHHMaThC.ll 



JO .M. MonoKoBwi:, no Hacrn1memno H.H. 

HerrpnMeposa. Orrnpa11ci, Ha H,D;eIO MaKcBeJI

rra, OH cqnTaeT, qTo <l>H3HqecKH CBR3aHHa.H BO

,D;a rrpoRBmieT cBoifcrna TBep,D:oro Tena. Hcxo

M H3 3TOro, OH npHMemeT ypaBHeHHj[ TeOpHH 

BR3KoyrrpyrocTH. Teop1rn BR3KoynpyrocTH 

H3yqaeT non3yqee ,D:BIDKemie rnep.ZJ:bIX TeJI, 

COOTBeTCTBeHHO )l,BIDKeHue TaKOH 'IKH)],KOCTH B 

nopHCTOH cpe,IJ,e OH Ha3brnaeT "norr3yqHM" Te

qettueM. OnHpaRch Ha 3aKOH ~apcn, OH rrorry

qHJI OCHOBHOe ypaBHeHHe TaKoro )l,BIDKeHHj[ 

)l,JIR O)l,HO<l>a3HOH 'IKH)l,KOCTH B 0)],HOpO,IJ,HhlX 

H30TPOIIHhlX KOJIJieKTopax c yqeTOM penaKca

.QHOHHhIX HBJieHHH: 

k dP 
v = -*grad(P-t -), (1.3) 

q, p dt µ p 

r,IJ,e k - K03<l>qmu:ueHT npoHH.QaeMOCTH; µ -
BH3KOCTh; fp - BpeMR peJiaKCa.QHH; p - ,IJ,aBJie-

HHe; 

Pe3Koe cHIDKeHHe cKopocTH qmJihTpa

U:HH BO)], (ttapyllleHHe 3aKoHa ~apcH) HM CB51-

3bIBaeTCH c BJ,JqHTaeMOH qacThIO, KOTOpa.H B 

Teopim B513KoynpyrocTH Ha3bIBaeTCH R)l,pOM 

non3yqecTH. 

Pe3yJihTaThI nccne,IJ,oBaHHH no MaTe

MaTuqecKoif TeopnH peJiaKCa.QHOHHOH <l>HJibT

pau;HH ny6miKOBaJIHCb B Te'ieHHe pH,IJ,a JieT 

(1969, 1971, 1980). B 1987 r. H3)],atta MOHO

rpaqnrn JO.M. MonoKoBnqa H IT.IT. Ocunosa 

[74], 0606ma10m:a11 pe3ynhTaTbT Bcex pa60T. 

0,IJ,ttaKo, KaK OTMe4aIOT BO BBe)l,eHirn aBTOpbI, 

"HeCMOTp}I Ha 60JihllIYIO cepHIO IIOCTaBJieH

HhlX cneu:uanhHbTX OTihlTOB, 3Ta KHttra CKOpee 

cTaBHT sorrpoc Ha o6cy)l()],eHtte, qeM ,D;aeT o,IJ,

H03HaqHhIH OTBeT Ha peaJihHhie MeXaHU3Mhl 

perraKcau:uu B rrpO,IJ,yKTHBHhIX KOJIJieKTOpax". 

ITorrhTTKY n3yqHTh cymttoCTh Teqeffllj[ 

BO)l,bl B nopttCTOH cpe,D:e c TI03HQHH TeopHH 

TpaHCJIRU:HOHHhIX nepeXO,D:OB JI.H. <t>peHKeJIH 

[114] rrpe,D:rrputtHMaeT A.r. Api,e [3]. Pac

cMaTPuBa.H H.ZJ:eIO MaKcsenna o nepexo,IJ,e 

CBOHCTB 'IKH)],KOCTH B rnep,D:oe TeJIO KaK cpeHo

MeHOJIOrWieCKYJO Teopmo, 51.H. <t>pettKeJih 

[105] ,IJ,erraeT BhIBO.ZJ:, qm npou.ecc TeqeHH}I 

'IKH,IJ,KOCTH no cpn3WiecKoif CYTH attanorwi:eH 

nrracTnqecKoif ,D;ecpopMaU:HH rnep,D:oro Tena H 

OTJIWiaeTCH JIHlllb ITO MaCllITa6y CKOpOCTH 

.D:BH'IKeHHH. Onnpa11ci, Ha ,D:aHHhIH BhIBO.ZJ:, A.r. 

Api,e cqnrneT, qTo <Pn3nqecKH CBSI3aHHa.H so

,D;a He MO'IKeT Teqi,, a, CJie,D;OBaTeJibHO, H .ZJ:BU-
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raThC5I. 0,D:HaKo, rrpR3HaBa.H <:jlHJibTPaU:HOH

HbIH MacconepeHoc npn rpa,D:HeHTe ttarropa 

HH'IKe Haqani,ttoro, 3TOT rrpou:ecc OH noni,1-

TaJICR npe,D;CTaBUTb B BU,D;e MOHOMOJieeyrrHp

HbIX u:erroqeK BO,l.l;hl, TeKym:HX B,l.l;OJlb oceif Ka

nurrmrpHhIX TPY60K H,IJ,eaJihHoro rpyuTa, T.K. 

paBHO)l,eMCTBYJOW:aH IIOBepXHOCTHhIX CHJI Ha 

3THX JIHHHj[X paBHa ttyJIIO. TaKOH Moneeyn5Ip

HblM MacconepeHoc, 6nmm:B no csoeif cym:

HOCTH K HBJleHHIO CaMO.D:H<:jl<:jly3HH, B HeKOTO

pbIX pa6oTax Ha3hIBaIOT <l>a:BnIOaIJ,HeH. 

He npeTeH,IJ,y5I Ha o6H3aTeJibHOCTh 

TepMRHa, A.r. Aphe Ha3hIBaeT K03<l><:jlRu:tteHT 

nponopo;HOHaJibHOCTH Me'IK,IJ,y e,D;HHWIHbIM 

pacxo,IJ,OM u rpa,D:ueHTOM Hanopa K03cpcpuu;u

eHTOM cpaliJIIOau;uu (B OTJlWIHe OT K03cjl<:jlHU:H

eHTa <:jlmihTpau:uM). 

TpenR ToqKa 3peHMH pa3BusaeTC}I 

B.B. TpyIIIKHHbIM, Ha'IHHM c 1990 r. B ee 

M.ZJ:ettttyIO ocHosy nono'IKeHhI Te 'IKe KJiaccM11e

CKHe npe,D:cTaBJieHHH [108], qm H y IO.M. 
MonoKOBWia. CquTaeTcR, 'ITO BO,IJ,a npH rpa

,IJ,HeHTe Hanopa HH'IKe HaqaJIJ,HOro OTHOCHTCH 

K niny MaKCBeJIJlOBCKOH 'IKH)l,KOCTH 11 rrpmrn

JIHeT CBOHCTBO aMop<:jlHO-TBep,D:oro Tena -

rron3yqecTh. 0,D:HaKo, ,D:anee, 11cnoni,3yg rro,D,

xo,IJ, A.r. Aphe, HM c no3uu:u11 TepMo.ZJ:uHaMH

Ku H MOneeynHpHOH <:jlH3HKH H3yqaeTC5I cyw:

HOCTb nomyqecTH BO.ZJ:bl. B pe3yJihTaTe ycTa

HOBJleHO, 'ITO MeXaHH3M penaKCa.QHH CBR3bl

BaeTCH He TOJlhKO c 51,D:pOM TIOJI3Y4eCTH, HO H 

caMott cymttoCThIO rrpou,ecca rromy':lecTu -

HBJleHIIeM TerrnonpOBO)l,HOCTH, a CBOHCTBO 

IIOJI3yqecTH MO'IKeT npoHBJIHTb He TOJibKO <:jlH-

3H4eCKH CBSI3aHHaH BO,D;a, HO H CB060,D:HaSI. B 
KoHeqttoM MTore B pa60Te [104] 3amHI.QeHo 

IIOJlO'IKemre 0 HaJIWIHH ,D;Byx BH)],OB <l>Mm.TPa

U:HH: TeKyqeif, OTIUChIBaeMOH 3aKOHOM ~apcu 

u non3yqe:B, npoucxo,D;HI.Qett rrpH rpa,D:uettTe 

ttarropa HU)J{e ttaqani,ttoro. Onupa}ICh Ha Teo

puIO TerrnonpoBO,l.l;HOCTH BhIBe,D;eHa tPOPMYJia 

pacqern cKopocTH nomyqe:B <PunbTpau:uu. 

B qe!loM, ucxooa U3 coeJ1a1111020 o6-
3opa, npwne11umeJ1bllO K my6oKUM wpmo11-
mtut Mom110 pacCMampu6amb o6a 6UOa 
06ume11un 600bl npu zpaoueume uanopa 
uume uattaJibuozo: OllR c6o6oouou 600bt -
noJ13ytty10 f/JW1bmpaqu10, OllR c6a1a11uou 60-
0bl - fjJaiill10aqU10. 



1.4.2. 1Ipo6JieMhl u1yqenuH nanpaeJienuH 
)J;BH'.IKeHHH BO)]; B [' ey6oKHX ropH30HTaX 

Eonee qeM 3a I 00 neT .n:o oTKpbITIDI 

OCHOBHOra 3aKOHa qmJibTPaQllll B 1738 r. pyc

CKHM yqeHbIM ,il;aHnnnoM EepttynmI 6hlJJo 

BBe)J,eHO IlOHHTHe 0 Harrope BO)J,bI, KOTopoe B 

rrocne.n:yrollJ,eM HBllJJOCb 6a30BbIM 3JJeMeHTOM 

H3yqeHHH Ha:rrpaBJJemrn )J,BIDKeHHH IlO)J,3eMHbIX 

BO)J,. Ilo era orrpe.n:enemno, aem1qnHa rronttoro 

Harropa .ll,JJH IlO)J,3eMHhlX BO)J, MO)KeT Bbipa

)KaThCH CJJe.ll,ylOllJ,llM ypaBHeHHeM: 

2 p v 
H = _!!!!__ + h +-iP- (1.4) 

p*g 2*g' 
r.n:e v/12*g - cKopocTHOH Harrop, OTPIDKaIO

llJ,HH KHHeTnqecKyro 3Heprmo BO.D:bI B mrneii

HOM Bll.ll,e, KOTOpblH B IIOTOKe IlO)J,3eMHhIX BO.D: 

BeCbMa MaJJ H o6bJqHo rrpnpaBHHBaeTCH K tty

JJIO. B 3TOM cnyqae ocTamnaHcH qacTh Bbipa

)KeHHH (1.4) 

H= pf/JI +h 
p*g ' 

(1.5) 

H3BeCTHa Il0,[1 Ha3BaHHeM IIbe30MeTpHqecKoro 

Harropa, OTPIDKaIOllJ,ero rroTeHIJ,HaJJbttyIO :mep

rHIO BO)J,bl, OTHeceHttylO K e,[IHHHIJ,e CHJJbl TH

)KeCTH. Bcne.n:cTBHe B03HHKaIOllJ,HX rrpn .ll,BH

)KeHHH BH3KHX CHJl BennqHHa Ilbe30MeTPHqe

CKoro ttarropa rra.z:1aeT. Ilo ttarrpaBJJeHHIO na.n:e

HHH ttarropoa orrpe.n:enHeTCH Harrpaanettne 

.ll,BIDKeHHH BO)J,. 

,il;aHHOe ypaBHeHHe 3<P<PeKTHBHO pa-

6oTaeT TOJibKO B rrpnrroBepXHOCTHbIX BO)J,0-

HOCHbIX ropH30HTax, r.n:e IlJJOTHOCTb BO)J,bJ oc

TaeTCH rrpaKTllqecKH 6e3 H3MeHeHHH. Tipw 

myqemm tta:rrpaBnemrn )J,BIDKeHHH rny6oKHX 

BO)J, HX IlJJOTHOCTh 3HaqHTeJJhHO MeHHeTCJC 3a 

C"CJeT yaeJJH"CJeHHH MHHepaJJII3aIJ,HH, TeMnepa

T)'pbI, ra3oHaCblllJ,eHHOCTll H .n:pyrnx <PaKTO

poB. B 3TOH CBH3H B 1941 r. A.H. CHJJHH

EeKqypHHbIM ,LIJJH yqeTa BapHaIJ,Htt IIJTOTHOCTH 

rny6oKHX BO.LI 6bmo BrrepBbie cqiopM)'mipoaa

Ho rroHHTHe o rrpHBe.n:eHHOM ttanope. OcHoB

HbIM ycJJOBHeM npHMeHHMOCTH .n:aHHOro 

ypaBHeHHH HBJJHeTCH IIOCTOHHCTBO ITJJOTHOCTH 

BO,ll,bl BO Bcex TO"CJKaX BbT6paHHOH IIJJOCKOCTH 

cpaBHeHHH. 

B nocne.ll,ylOll],He ra,n:bI H,n:eH np1rne

,n:eHHbIX HarropoB pa3BHBaJJaCb B Tpy.n:ax 

60JJbIIIOro "CJHCJJa HCCJJe,n:oBaTeJJeH. 0,n:HaKO, 

.n:aHHbIH MeTo,n:, cqlOpM)'JJHpOBaHHblH c "CJeTKH

MH ycJJOBHHMH era MaTeMaTH"CJeCKOH rrpaBO

MepHOCTH, BO MHOrOM CTaJJ TOJlKOBaThCH YM0-

3pHTeJJbHO. B pe3yJJhTaTe, KaK oTMe"CJaeT A.E. 
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rypeBH"CJ, npHBe,ll,eHHbie ,n:aBJJeHHH CTaJJH IIpH

MeHHTbCH H IIpHHHMalOTCH .n:o CHX nop B TaKHX 

CHT)'all,llHX, r.n:e oHH caMn n nx rreperra)J,hI He 

HMelOT y)Ke HH rll.ll,pO,n:HHaMH"CJeCKoro, HH Ma

TeMaTH"CJeCKOra CMhtcna [26]. Tio3TOM)' cTano 

B03MO)KHhIM, KaK C"CJHTaJJ ell],e E.<I>. CTaHKeBnq 

( 1963 ), C IIOMOll],blO pa3JJH"CJHblX <PopM)'JJ H ,[10-

nyllJ,eHHH "3acTaBJIHTb 11 BO.n:y Teqh B o6paTHOM 

HarrpaBJleHHH. 

B ycnoBHHX 3arra.n:ttoH: CH6npn m-3a 

He60JlblIIHX rrepena,n:oB MHHepanH3aIJ,HH H 

TeMrrepaT)'phI Bo.n: .n:aHHM npo6neMa, KaK cq11-

TaIOT IO.TI. rarreH6eprep, B.M. MaryceBHLI, 

B.B. TpyrnKHH H .n:p., yrrpolll,aeTCH 11 cBo,n:nTcH 

K cpaBHeHHIO a6cOJllOTHbIX OTMeTOK CTaTH"CJe

CKHX ypoBtteii, orrpe.ll,eJrneMhIX no <}JopM)'ne 

(1.5). llcKJJJOqeHHeM HBJlHlOTCH HarropbI, pac

cqHTbIBaeMhie B tte<PTHHhIX H ra30BhIX yqacT

KaX rrnacrn, r.n:e 3a IlJlOCKOCTh cpaBHemrn rrpH

HHMaeTCH rrnocKOCTb BHK HJIH I'BK. 0.n:ttaKo, 

)J,ff)Ke B 3TOM cnyqae rrorpernttoCTh B orrpe.n:e

ne1rnn HarrpaBJleHHH ,ll,BH)KeHHH IIJiaCTOBhlX 

BO)J, .n:ocTnraeT 7 %, a no .n:aHHbIM A.E. rype

BH'la [26] OKOJJO 20-25 %. 
Me)K,ll,y TeM B03HHKaIOll],aH elll,e B rrep

BOH rronoBnHe XIX BeKa TepMo,n:nHaMHKa .n:o

rronHHeT ypaBHeHHe Eepeynntt TPen,eif co

CTaBJCHIOllJ,eii - BHYTPeHHeif 3Heprneif n pac

nrnpHeT rpaHHIJ,hl era rrpHMeHHMOCTH He TOJib

KO .n:m1 HeC)KHMaeMhIX )}(ll.ll,KOCTeM, HO H ,ll,JIH 

C)KHMaeMhIX )Kil)J,KOCTeH, KOTOphIMH, TIO CyTH, 

KBJJHIOTCH rny6oKHe BO,ll,bI. HecMoTpK Ha 3TO, B 

JIHTeparype TIO ,n:HHaMUKe rny6oKHX rapH30H

TOB .n:aHHbIH <}JaKT .n:o IlOCJie)J,Hero BpeMeHH oc

TaBaJJCH <PaKTH"CJeCKH 6e3 BHHMaHHH. 

HcKJJJOqettueM KBHJIHCb pa6orn B.B. 
TpyllIKHHa [104], B KOTOpOH BTiepBbie y.n:anocb 

npuMeHHTb 3TO ypaBHeHue Ha OCHOBe rrapa

,D,OKCaJCbHO BbIBe,D,eHHOH BeJJJiqHHbl y.n:eJChHOH 

TeITJlOCMKOCTH rny6oKOH BO,D,bI, KOTopasi: OKa-

3aJlaCb B 4 pa3a HH)J(e o6hI"CJHOH BO,ll,bI. IlpH"CJH

Ha TaKoro pacxo)K)J,eHHH xoTh H 6oIJia .n:atta B 

3TOH pa6oTe, HO HBHJiaCb He .n:ocTaTO'lHO 

o6ocHoBaHHOH. Eonee Tio.n:po6tto 3TOT BoTipoc 

paccMorpeH B cne.ll,ylOllJ,eM pa3,n:ene. ,il;nH my

qeHHH ttarrpaBnemrn ,ll,BH)KeHirn rny6oKMX ao.n: 

c yqeToM Terrnoaoli 3HeprHH B.B. TpymKHH 

rrpe.ll,JlaraeTCH [104, 107, 110] HCIIOJlh30BaTh 

BeJCH"CJHtty - 3HeproMeTPuqecKHH Harrop, KOTO

paK OTpff)KaeT 06lll,)'IO 3Heprmo BO,D,hI, OTHe

ceHH)'IO K e,n:IIHHIJ,e CHJlbl TH)KeCTH 



c 11JIT P 
H = v '"'+_!!!!_+h. 

3 
(1.6) 

g pg 
r,n:e Cv "'1 

- y,n:eJTbHa>I H30XOpHa>I TennoeMKOCTb 

rny6oKHX BO,n:. 

HcnoJib30BaHHe ,n:aHHOH se1mqHHhI 

npw RapTwposaHHH rpaHHU. BHK IlepBoMaH

cRoro H HronbcRo-Tanosoro MecTopmK.n:emrn 

ITOKa3aJIO npaKrnqeclili 100 % CXO)l{eCTb rpa

HHU. c cpaKTHqecKH ycTaHOBJTeHHblMH. 

KpoMe :noro, B TeqeHHe p>I,n:a neT B.H. 

,lVoHHHbIM CTaBHTC>I eiu:e O,l],Ha He Mettee Ba)l(

Ha>I npo6neMa rny6oKHX ropH30HTOB, CB>I3aH

Ha>I c onpe,n:eneHHeM HanpasneHH>I ,ll,BH)l{eHIDI 

B pe3KOHeO,n:Hopo,n:HOH qmnhTpaU,HOHHOH cpe

.n:e, qTo o6ycnosneHo .n:syM>I npwnrnaMH. 
C O,l],HOU CTOpOHbI, BbICOKa>I CTOH

MOCTb 6ypeHH>I H onpo6oBaHIDI n1y60KHX 

CKB<DKHH He no3BOJI}leT pernaTb :ny npo6neMy 

nyTeM, xapaKTepHbIM ,n:mI npHITOBepXHOCTHblX 

ropH30HTOB, 3a cqeT )l:OITOJIHHTeJibHOrO npo

Be,n:eHH>I 6ypoBhIX pa6oT H 3aMepa cTan1qe

CKHX ypoBHeU. 

c .n:pyrou CTOpOHbl, cyiu:ecrnyIDil(HU 

MeTO,ll, onpe.n,eneHH>I HarrpasneHH>I cpm1bTpa

U.HH so,n: no ttarrpasneHHID na,n:eHH>I HanopoB B 

pe3KOHeo,n:HopO,ll,HOH <PHJibTpaU,HOHHOH cpe.n,e, 

,ll,a)l(e rrpH .n,ocrnToqHoM Komrqecrne 3aMepos 

cTaTHqecKHX ypoBHeu, He scer,n:a rro,n:rnep

)1(.ll:aJIC>I reonorHqecmM CTpOeHHeM. HarrpH

Mep, MCCTa o6pa30BaHH>I IIbe30MHHHMJMOB " 
ITbe3oMaKCHMYMOB Heo6XO,ll,HMO 6hIJIO pac

CMaTp1maTh KaK CKpbITbie 30HbI pa3rpy3KH H 

IIHTaHH>I Me)l()l:y rrnacTaMH. HeKM Heorrpe,n:e-

JTeHHOCTh B03HHKaeT H rrpH orrpe,n:eJieHHH Ha

rrpasneHH>I ,n:BH)l(eHH>I so.n: no HaKJiotty nna

cToBo-cso,n:oBhIX 3aJie)l{eu ttecprn. KaK QJHJihT

pau,HOHHhIH IlOTOK, ).J,BHfMCb Ha 3aJie)l{h, He 

TOJibKO CMeiu:aeT ee, HO H npoxo,n:MT qepe3 

Hee? 

OcHOBHOH rrpHqHHOH He3cp<IJeKTHBHO

CTH MeTo,n:a rH,n:po,n:HHaMJ{qeCliliX ceTOK }IBJI}l

eTC>I TO o6CTOSlTeJibCTBO, qTo ,n:aHHhIH MeTO).J, 

npHMeHHM TOJibKO ,ll,JI}I ycJIOBHH 0).J,HOpO).J.HOH 

QJHJihTpaU.HOHHOH cpe,n:bI. 

K H3yqeHHID Hanpasnemur BO).J.hI B 

pe3KOHeo,n:Hopo,n:HOH cpmihTpaU.HOHHOU cpe.n:e 

Heo6xo,n:HMa pa3pa60TKa HOBbIX MeTO)l:OB, c 

JByqeHHeM QJH3HqecKHX OCHOB 3Toro npou,ec

ca. ITpe.n:rrocbIJIKH Heo6xo,n:11MocTH pa3pa6oT

KH TaKHX <f:imHqecKHX no,n:xo.n,oB BIIepBbie 6hI

JIH H3JIO)l(eHhr B.B. TpynrKHHhIM [108), r,n:e, 

HCITOJib3Y>I BapHau,HOHHbJH npMHU.HII Teopmr 

B>I3KoynpyroCTH, OH ITOKa3aJI ero 3QJ<PeKTHB

HOCTb Ha rrpHMepe ManopeqeHcKoro MecTo

polK,l1,eHH>I ttecprn. 

TaKUM oopa:JOM, 6 u3y11e11uu 11anpa6-

JlellUR 06U;Jft:e11UR ZllYOOl<.UX 60iJ npoc!lemu-

6aemca iJ6e npoo!leMbt. /Iep6aa C6R3a11a c 

11eo6xooUMocmb10 pa:Jpa6om1<.u </Jmu11ec1<.ux 

oc1106 ma1<.ow 06UJ1Ce11W1 6 pe31<.011eoiJ110-

poiJ11oii </JUJZbmpal(uo1111ou cpeiJe. Bmopaa - c 

11eo6xoiJUMocmb10 iJaJ1b11euiuew 611eiJpe11UR 

6 npa1<.mu11ec1<.y10 iJeamenb11ocmb 6enu11u11b1 

:mepw.ttempu11ec1<.ozo 11anopa u meopemu11e

c1<.0My UCClleiJ06llllU10 ee napaOOl<.CaJlbllOU 

6e!lUllUllbl yoe!lbllOU mellllOiiMKOCmu. 

1.5. 06 aHOMaJihHOD xapaKTepHCTHKe BOLlhl -
yLleJILnoii TenJioeMKocTu 

Bo,1:1a - O.LIHO H3 caMhIX Y.z:IHBHTeJih
HbTX COC.[IHHeHIIU Ha 3eMJie - ,n:aBHO y)l{e no

pa)l{aeT HCCJie.[IOBaTeJieH Heo6hJqHQCThID MHO

rHX cBOHX <IJmwiecKHX cso:Ucrn. TaK, caMou 

>IpKOH H 3ara,1:1oqHo:U aHOMaJIHeH o6hiqHOU 

BO)l:bI, 6y,1:1h OHa o6brqHbIM rw,n:pH,n:OM, >IBJI>IeT

C}I TeMrreparypa 3aMep3aHJl}I FI KHIIeHH}I (PHc. 

1-4 ). EcnH rrpo,n:OJI)l{HTb rrp>IMyID B crnpotty 

H 20, TO OKa)l(eTc>I, ~o TeMneparypa rrnaBne
HJl}I Jib,n:a )l:OJI)l{Ha rrpH6JIIDKaTbC}I K -100 °C. 

Ha caMOM )l{e ,n:ene 3Ta TeMrreparypa pastta 0 
°C, T.e. pe3KO aHOMaJibHa .[IJI>I .[laHHOH rpyrrrrhr 

rH,n:pH,n:HbIX coe,n:HHeHHH. Cxo,1:1Ha>I Kapnrna 

Ha6nro.n:aeTc>I H ,n:Jl}I TeMrreparyphr KHIIeHH>I, 

KOTopasr .[IOJT)l(Ha 6bITb r.n:e-TO Me)l(.ll:y -70 H -

80 °C, a <f:iaKTHqecKH OHa paBHa + 100 °C. 
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He Mettee y.nnBHTeJlhHhIM xBm1eTcx 

TOT <flaKT, 'ITO nnaBJieHue BO)J,bl COIIpOBO)J()J,a

eTC5! He pacumpettueM, KaK y rro.naBJIXI01I1ero 

6orrnllIHHCTBa coeJJ:HHeHHH, a C)l(aTueM. Torrn

KO Il03TOMY rre.n: He TOHeT B co6CTBeHHOM 

pacnrraBe (BOJJ:e ). B pe3ynnTaTe Bo.n:oeMbI He 

npoMep3aIOT, rrorrHOCThIO 06ecneq1rnaK TeM 

caMbIM coxpatteHue )l(H3HH B HHX. Han6orrh

meti nnoTHOCThIO 0,99987 r/cM3, a crre.n:oBa

TeJibHO, H HaHMeHhlllllM y,n:eJibHbIM o6beMOM, 

Bo.n:a o6rraL(aeT npn TeMneparype, paBHOH 

3,98 °C, a He npn 0 °C. 
I1pH HOpManhHhlX ycJIOBll5!X BOL(a 06-

rra.n:aeT CBOHCTBaMll TO crra6oti KlfCJIOThl, TO 

cna6oro ocHoBattnx. ITpn IIOBhillleHHH TeMrre

parypM oHa crnHoBnTcK KncrroToii. ITpu 600 
°C BOL(a y)l(e CTaHOBHTC5! OlleHh arpeCCllBHhIM 

BeI..QeCTBOM, JierKO pacTBOp5!5! B ce6e KpeMHe-

3eM, CTaHOB5!Cb npn 3TOM pacTBOpOM KpeMHH

KHCJIOThl H4Si04. 

He Mettee y.nnsnTeJihHhI H .npynre 

CBOHCTBa BOLl:hI: He06bJqHa5[ 3aBHCHMOCTh 

B5l3KOCTl1 BO,!lbl OT .n:asneHH5!, BhICOKa5l )J,ll-

3JieKrpHqecKa5! npomu~aeMOCTh, ee 60JihIIIOe 

rrosepxttocTHoe Harn)l(ettne u T . .n:. 

0,D,tta H3 caMhIX 3ara,n:oqHhIX xapaKTe

pHcTHK paccMarp1rnaeMhlX B ,D,aHHOH pa6oTe, -

yiJeJlb11(1fl mer1.;10eMKOCmb 600bl. ee BeJIHq1rna 

caMM BhICOKM H3 Bcex )l{H.ll:KOCTeH H ropHhlX 

nopo,D,. ~Jrn Toro qTOfa1 HarpeTD 1 Kr 06h1q

Hoii BO,n:hI Ha 1°C, 3arpaqnsaercx 4, 1868 ~ 
TeIIJIOThI (1 KKan). B ropHDIX rropo.n:ax oHa co

CTaBJI5!eT He 6orree 1 ~(Kr*K). MHHH

MaJihHM TerrnoeMKOCTh BOLl:hl rrpnxo,n:HTC5! Ha 

TeMrreparypy 32 - 38°C, 6nmKoii K TeMnepa

rype qenoseqecKoro Terra. ITpH 3TOM y,D,enn

HM TeIIJIOeMKOCTh Jlh,D,a H BO,D,5!HOro napa 

B,D,Boe HIDRe - 2,06 ll 2,08 ~(Kr*K). 
Em,e 6oJtee yiJuBumenen u mom 

fjJaKm, 11mo peMbHO ycmaH08lleHHllR 8e!lU
llUHa - yiJenbHWI mewwiiMKocmb my601mx 
BoiJ - oKll3bl8aemca 8 4 pa3a MeHbllle cBo-
6oiJnou BoiJbt! H oKll3bl8aemca npu6RU3U
meJtbHo paBnou yiJenbnou menJtoiiMKocmu 
nopoiJb1! 

Bhrne.n:eHHa5! e1I1e B 1991 r B.B. 

TpymKHHhIM cnyqaiiHo ,D,aHHaH 3aBHCHMOCTh, 

y)l(e K 1993 r. rrpHBeJia K OC03HaHHIO Toro, 

LITO OHa OTpa)l(aeT KaKOH-TO <flytt.n:aMeHTaJih

Hhlll 3aKOH, rrpOHCXOAAlllHH B He.n:pax 3eMJIH. 

ITepBhie IIOIIhITKH onucaTh MexaHH3M 3Toro 

3aKoHa 6E.rna H3JIO)l(eHhI B pa6ornx [I 05, 109]. 
0.n:HaKo, 3aTeM, B c1my cyfo,eKTl1BHhIX o6-

CT05!TeJlhCTB ,D,aJihHettmee o6cy)J()J.eHHe ,D,aH

Horo 3aKOHa rrpHllIJIOCh npeKpaTHTh H B pa6o

Te [104] npe.n:JIO)l(HTh «IIOBepXHOCTHOe» o6b-

5lCHeHHe rrpnqHHhl Hll3KOH BeJlHllHHbl y,D,eJih

HOH TennoeMKOCTH rny6oKHX BOJJ:. 

1.5.1. Oco6euuocTh cTpoeHHH cBo6oJJ;Hoii BOJJ:hl 

Ilp1rne.n:ettHhie .naHHble KpacHopequso 

rosop5!T 0 He06h1qHOCTH MHOrHX CBOHCTB He 

TOJibKO CBo6o.n:HoH BOL(hl B o6blqffhJX ycnOBH-

5!X, Ho u so.n: B rny6oKHX ropu3oHTax, rrpuqn

Ha KOTOphIX, B03MO)l{HO, KpOeTC5! B csoeo6-

pa3HOM crpoemrn ee MOJieKyJihI. 

Bo,D,opo.n: HMeeT oqeffh He6orrhmoii 

aTOMHbIH paJJ:uyc, H y Hero HeT BttyTpeHHHX 

cnoeB 3JieKTpoHoB. B pe3yJihTaTe, BO Bcex 

rn.npHJJ:ax c 6oJibllIHM aTOMHbIM pa.n:uycoM 

Bo.n:opo.n TIOJIHOCTblO 3KpaHnpyeTC5l, H TI03TO

MY Bo.n:opo,n:HM CB5!3h OTCYTCTByeT. TonhKO 

HOH so.n:opo.n:a, CB5l3aHHhIH c ru.n:pHJJ:OM KH
cnopo.n:a, 3a cqeT He3Ha1mTeJI.hHoro aTOMHoro 

pa;::i:uyca. nocrre;::i:ttero H rrmTOMY HmKoro ero 

3KpattupyJ01I1ero B03JJ:eHcTBH5! 0,4 [10] crro

co6eH 3JieKrpocTaTuqecKu rrpHTxrnBaTh K ce-

6e ;::i:pyroii HOH KHCJIOpo.na. 

f pa<fluqecKH 3TOT <flaKT mo6pa)l(aeTcx 

rnK: 0-H"""'O. B cpe,D,HeM paccTOSJHH5! Me)l(

.Ll.Y aTOMaMH B MOJieKynax BOJJ:hl, coe.D,HHeH

HhIX BO.D,OpOJJ:HOH CBS!3hl0, B COOTBeTCTBHH C 

BeJIHqllHOB 3KpaHHpYf01I1ero B03JJ:eHCTBH5! KH-
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cnopo.na, paBHhI: 0 - H = 0,098 HM H H ...... O = 
0, 176 HM. JleBM qacTh rrpHBe,D,eHHOro Bhipa

)l(eHJrn xapaKTepmyeT rrpoqHYIO xHMnqeCKYIO 

CB5l3h Me)J(,!zy BOJJ:OPOJJ:OM ll KHCJIOpO,!lOM, cy

I..QeCTBYIOl..QYIO B CaMOH MOJieKyne BO)J,hl 

(nMeIOJ..QYIO IIOp5!,D,OK 100-400 ~MOJih), a 

rrpasax ~ 6onee cna6YIO H no paccTOS!HHIO 

6onee JJ:JIHHHYfO so,D,opo;::i:ttyJO CB5!3h Me)J(,!zy 

BO,D,OpO,D,OM H aTOMOM KHCJiopoL(a ;::i:pyroii co

ce.nHeii MoneKyJihI BO,D,hI. 3ttepnrn Bo.n:opo.[(

Hoii CB5l3H B so.n:e no .n:aHHhIM pa3HhIX HCCJie

.n:osaTeJiett, COCTaBJISJeT OT 5,4 .D,O 19,3 
K~MOJih [3,4]. IToMHMO 3TOro B so.n:e cy1I1e

CTBYfOT H 6onee cna6hre Batt-.n:ep-BanhCOBhie 

CB5!3H, 3Hepnrn KOTOphIX KOJie6neTC5l B 3aBH

CHMOCTH OT TeMrreparyphI OT 4 .n:o 8 
I<.):VK/MOJih, HO 3Ta CB5!3h .n:eiicTByeT Ha ropa3-

JJ:O 6onhmee paccT05!HHe, lleM so.n:opo.n:HM. 

KpoMe KHcnopo)J,a BO)J.opo)J.HM CB5!3h 

rrpoxsmeTcx c a3oToM n c <flTopoM, pacrrono

)l(eHHhIM CJieBa " crrpasa OT KHCJIOpO)J,a B Ta6-

JIHQe ~.II. MeH,D,eneesa, u B tteKoTophIX cny

qa51x c xnopoM. B yrneso.n:opo,n:HhIX coe,D,HHe-



HIDlX (Heqnh, ras) BO.n;opo.n;, HMeIOIIl;IiM KOBa

JleHTH}'IO CBH3b c yrnepo.n;oM ( CJieBa OT <iJTo

pa ), y)f{e npaKTJllleCKH IIOJIHOCThIO 3KpaHttpy

eTCH HM (0,8) H IIOTOMY OKa3hIBaeTCH HeaK

THBHhIM. 

TaKUM o6pmoM, . ynuKllJlbHocmb 
MHOZUX C60UCffl6 o6blllHOU 60dbl 06yCJ106lle
Ha, npemde 6Cezo, npOH6JleHUeM 6 Heu 60-
dopodHOZO muna C6.H3U, KomopaR nollno
cmbJO ne :JKpanupy10mca KUCllopodoM, 
UMeJOW.UM HeOOllblUOU amoMHblU pa<)uyc 6 
OIWlU'lUe om <)pyzux zu<)pudo6. 

1.5.2. CTpyKrypa cBo6oi.uoii Boi.hl H 

IIpHIIHHbl ee BblCOKOH TeIIJIOeMKOCTH 

B 1783 r. r. KaBeH,lJ,llIII B KeM6pH.ll:)f{e 

H A. JlaByashe B IIaplf)f{e, C)KHrM Bo.n;opo.n: B 

Kttcnopo.n;e, nonyqttJIH so.n;y, qTo no3BOJIRJIO 

ycTaHOBHTb y,n:ttBHTeJibHO npOCTOM ee COCTaB, 

Bhlpa)f{aIOIIIHM B CHMBOJiax 3JieMeHTOB npe

.n;eJihHO rrpttMHTHBHo - H 20! Ho, BhI,lJ,aB 6onee 

200 JieT Ha3a,l1, rrpocrnry XllMH'-ICCKOro COCTa

Ba, BO,lJ,a Cbirpana c qeJIOBeqecTBOM IlOTpH

CaIOIIzyIO llI)'TKy, CKphIB I1pH 3TOM ll CKphlBM 

)J,O CHX nop HeBepoHTHO ,lJ,HHaMnqeyIO H 3ara

.n;oqeyIO cBOIO CTPYKJYPY· 

Haqano coBpeMeHHhIM ttccJie,lJ,OBaHn

HM BO)J,bl 6hIJIO IlOJimKeHO c OTKpbITHeM peHT

reHOBCKHX nyqeii. 3To I103BOJIHJIO B 1933 r. 
attrnHHCKHM Hccne.n:oBaTeJIHM ,LVK. EepHaJIY tt 

p. <l>aynepy ycTaHOBHTh, ~o CTpyKrypa BO)J,bl 

HMeeT TeTPa3.l1.pHqecKHH xapaKTep, rrpH KOTO

poM Ka)f{)J,aH ee MOJieeyna OKpy)f{eHa qeTblpb

MH .n:pyrttMn MoneeynaMH. CocTaB MoJieKyJihI 

BO,lJ,bl - )J,Ba aTOMa BO,l1,0po.n:a H 0)1,HH aTOM KH

CJIOpo.D,a - o6ecneqHsaeT HanHqtte s Hew rpex 

3JieKTpttqecKHX u,eHTPOB: .D:Byx TIOJlO)l(llTeJib

HblX n O,lJ,Horo orpwu,aTeJlhHoro. Enaro)l,apH 

TaKOMY crpoeHHIO Ka)f{)J,aH MOJleKyna BO)l,bl B 

COCTO.llHHH o6pa30BaTh qeTbipe BO)l,OpO)l,HbIX 

CBH3H (PHc. 1-5). ,ZJ;eiicTBHTeJlhHO, Ka)f{)J,M 

MOJleKyna BO)l,hl OKpy)f{eHa qeThlphMH )l.pyn-1-

MH, c qeM CB.113bIBanaCb HaH6onee rronyJIHpHM 

MO)l,eJlh )f{eCTKOM TeTpa3,l1,pJllleCKOM HX KOH

¢Hrypau,mI c yrnaMH B 105°. 

0 

.H 

'a 
Puc. 1-5. CxeMa mempa3dpu11ecKozo xapaKmepa 

uoi>opoi>1161X cu11Jeii « uoi>e. 
llo /(:JJC. EepHany u P. <PayRepy 
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3Hal.J.HTeJihHhIH BKJla)l, B ofrMICHeHHe 

CTpYKJYpbI BO)l,bl BHeCml COBCTCKHM HCCJie)J,O

BaTeJih O.JI. CaMolinos, HTanb.llHCKHM - M. 
~eHo, aMepHKaHcKHe - A. CMHT H A. Jio

ycoH, HeMeIJ,KHH yqeHblM r. POT H .n:p. He

CMOTpH Ha 3TO B u,enoM Borrpoc 0 CTpYKTYPe 

BO,lJ,hI ocrnBanc.11 oTKp1>1Tu1M. CHHTe3 3MI1Hptt

qecKHX H 3KCrrepHMeHTaJlbHhIX ,lJ,aHHhlX no 

crpyKrype BO)l,hI IJ03BOJIRJI IO.A. Kom1cHttKo

By BhIHBHTb rrpHHIJ,JfIIHaJihHYIO HepaBH03Haq

HOCTb coe,lJ,HHHIOIIIHX MOJieKynhI BO)l,hI H

CB.sr3eii H C03,lJ,aTb HOBYIO TeTpaMepHYIO MO

)l,eJih BO)l,hl. B Hett IIpe.D,IJonaraeTcR oTcyTcT

BHe Moneeyn H 20 so BceM )l,Hana3oHe cyII1e

CTBOBaHHH )f{H)l,KOH ¢mhl. 3To, B CBOIO oqe

pe)l,h, o6'bHCHHeTC}I yqacTHeM B KaqecTBe "Mo

JieKyJibI" so.n,hr 6onee TH)f{enoro TerpaMepa 

Hs04 (PHc. 1-6). HMeHHO 3Ta CTPYKJYPHM 

e,IJ,HHHIJ,a B nOHCKax pa3ra)l,KH BO)J,hl BCnJlhIBa

Jia, no MHeHttIO B.B. CMHJOKOBa [99], HaH6o

nee qacTO B pa6oTax pa3JIHl.J.HhIX HCCJIC)lOBa

Teneu, B KOTOpoii TpH CBS£3H rrp1ma,lJ,JlC)f{aT 

BttyTpttTeTpaMepHOMY KoonepaTHBY H pacno

JlO)l(eHhI ITO OTHOIIIeHMlO .r1pyr K .n:pyry IIO)J, 

yrnoM 60° ( KaK B paBHOCTOpOHHeM Tpeyronh

HHKe) H TOJlhKO 1.J.CTBepTaH 3a)J,CMCTBOBaHa Ha 

coe,lJ,HHeHMe c coce.D,HHM TeTpaMepoM H ttMeeT 

TeTpa3)1,pJllleCKMM yron 105°. 
B TaKoM TeTpaMepe, 12 m 16 KOHIJ,OB 

CBH3eii KoonepaTHBHO 3aMKeyThI BOBttyTph, 

1.J.TO onpe.n:enHeT ero yHMKMhHYIO npoqHocTu tt 

CHJlhHYIO C)f{aTOCTh, H TOJihKO qeTbipe CBH3hI-

JJM BOP.A OAF 

~- .a_.& A 
0,45 8 11 ~0,35Hv0 o,2h1N 

Hu0t6 Ha<?. H10 
Puc. 1-6. CmpyKmypllble edu11UU,bl !lbda, uoi>b1 u 

«Oi>llOZO napa. 
Ila JO.A. Koll5lcHuKoey. 

BHH3Y - ll.lleaJibHtlil: pa3)J(aTbiil: BHII, BBepxy - npHpOJ:(Hllll cfiopMa, 
cynepc)J(aTllll JJ:Jlll TeTpaTeTpaMepa H TeTpaMepa KooneparnaoM H3 
mecrn H-caJl3eit 



BaIOT TeTpaMep c coce,ll,IDIMH, 06pa3y51 ne.D. 

rrpH 0 °C B BH.D.e TeTPaTeTpaMepa H32016· 3rn 
MO,ll,eJib rrpe,ll,IIOJiaraeT, qTo BO Jlb,ll,y pOJib MO

JieKyJI HrpaIOT TO:iKe C:iKaTbie TeTPa3,ll,pbI tt3 qe

Tbipex TeTpaMepoB (TeTPaTeTpaMepa), Bee 

Me:iKTeTpaMepHbie H-cBJl3H KOTopbIX rrpJ1Mb1e, 

HO c HaqaJioM IIJiaBJieHHJI OHH HaqttHaIOT H3-

rn6aTbCJI. AHoMaJibHO 6onbIIIaJI TeIJJioTa rro,ll,

roTOBKH K H3rn6y np51MbIX CKOOIIepHpOBaH

HblX Me:iKTeTPaMepHbIX H-cBJ13eil Jib,ll,a rrpH ero 

IIJiam1eHHH (80 Kanlr) o6ecrreqnBaeT ,ll,JIHTeJib

Hoe coxpaHettHe B TaJIOH BO,ll,e ¢parMeHTOB 

cTpyKTypbl Jib,ll,a. B TO )Ke speMJI B oxna:iK

.D.a10rn.eilcJ1 BO.D.e OHM oTCYTCTBYIOT BIIJIOTh .11.0 

0°C, qTo o6ecrrequBaeT nerKHH rrepexo.D. B MH

ttycoBoe MeTacTa6HJihHOe COCTOJIHHe 6e3 3a

Mep3aHHJI. 0TCIO,ll,a pa3JIH'IHe cxo,ll,HhIX CTPYK

ryp BO,ll,hI B HHTepBane 0-4 °C H Jih,[l,a COCTOHT 

JIHlllb B H30rttyTOCTH Me:iKTeTPaMepHhlX CBJl-

3di B BO,ll,e! 

flpH IIJiaBJieHHe Jih,[l,a BHeIIIHHe CBJl3H 

IIO,ll, B03,ll,eHCTBHeM BqeTBepo 6onee TJl)KeJioro 

TeTPaMepa "Ha,ll,JiaMhIBaIOTCJI" H H3rH6alOTCJI 

,[1,0 12 (ttarpeB H,[l,eaJibHOro IlOJIHMepa c HCKa

:iKeHHOH CTpyKrypoil Jib,[l,a ,ll,O 4°C), qeM o6y

CJIOBJieHa MaKCHMaJibHaJI TIJIOTHOCTb BO,ll,bl B 

3TOH TOqKe, H npuo6peTaIOT ern.e O,ll,tty CTe

neHb cBo6o,ll,bI - oceBoe Bparn.eHHe (HarJIJl.11.

HbIH npHMep - B6HTbie B CTeHy rrp51MOH H 3a

rHyTbIH rB03.11.H). c '.HOM oco6eHHOCThlO CBJl-

3aHa aHOMaJihHO HH3KaH B}{3KOCTh BO,ll,bl, He

CMOTPH Ha OTCYTCTBHe s HHTepBane 0-4 °C, 

cornacHo MO,ll,eJIH, pa3opBaHHhIX H-cB»3eM. 

TaK 'ITO no,ll,aBmnorn.nH: o6beM 3eMHoil 0Kea

Hoc¢epb1, BO,ll,a KOTOpoil HMeeT cpe,ll,HIOIO 

TeMneparypy 3,7°C, npe.D.CTaBJIHeT co6oil 

rno6aJibHblH COJieHhIH IIOJIHMep TaKHX TeTPa

MepoB (o.D.Ha ruraHTCKM Moneryna, no H.B. 
fleTPOBy-CoKOJIOBy, HJIH ern.e o6pa3Hee -

e,[l,HHbIH )l(H,ll,KHH KpHCTaJIJI, TIO,ll,06HhIH KBaH

TOBOH )l(H,ll,KOCTH). 

ITpu HarpeBe BO,ll,bI .11.0 100°C, coorneT

crneHHO c ee yoeJlbHOU mellJIOi!MKOCmblO 1 
Kanlc, 3aTPaqHBaeTcH Tenna 100 Kan/r. Pa3ra,ll,

Ka «TieHmI» BO,ll,bl 3a,[l,OJiro ,ll,O BCKHTiaHHH o6b

JICH;JeTCH TeM, 'ITO npH 60-80°C H,[l,eT IJOCTe

neHHOe pa36HeHne y:iKe ¢parMeHToB o6LeM

Horo noJIHTeTPaMepHoro KapKaca Ha 0.11.HHoq

Hbie TeTPaMeTPbI u ux n:erroqKH. B CB»3H c 

3THM BhICB06o)K)l:aIOTCJr H pe3KO, pmK,[l,aJI 3BYK, 

pacrnHpSIIOTCJI C:iKaTbie ,ll,O Toro B KapKace 

MHKpony3hlpbKH paCTBopeHHOro B BO,[l,e B03-

,ll,yXa. ITpH 100°C B KHTIHm;eii BO,ll,e rrpoucxo

.11.HT e,[l,HHOBpeMeHHbIH pa3pbIB Bcex rnecTH 

KoorrepaTHBHbIX npHMhIX H-cBue:H y)Ke O,ll,H-
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HOqHbIX TeTPaMepoB, HHalJe roBOp51, oqeffh Te

TIJIOeMKHH HX pacrra,[I, Ha HCTHHHbie MOHOMO

JieKyJihI. TerrnoTa ttcrrapeHHH BO,ll,bI B TOtJKe 

KHIIeHUSI ,ll,OCTHraeT 540 Kan/r. 

Ho, BhIJieTaJI H3 KHTIHTKa, OHH TyT :iKe 

o6be,[l,HIDHOTCH CHOBa B TeTPaMephI rrapa, H3-

BeCTHa51 06)KlfralOIIJ;M cnoco6HOCTb KOToporo 

npHMO CB513aHa c Bbl,[l,eJleHHeM TOJibKO 'ITO 3a

TPa'leHHOH Ha KHrreHHe TeTIJIOBOH 3HeprHH. 

TaK qTo BH.11.HMhIH nap Ha.D. KHIJJITKOM - 3TO 

y)Ke TeTpaMepHaH MHKpOKaneJibHaJI BO,[l,a, a 

co6cTBeHHo MOJieKyJibI H 20, 6y,ll,yqH soo6rn.e 

Ha Harneil ITJiaHeTe HCKJIIOqHTeJibHO 3¢eMep

HOH cy6cTaHI.{Heil, cym;ecrnyJOT JIHIIIh B 6yp

m1m;e-KHTI5Illl.eii BO,ll,e H 6yKBaJibHO MrHOBeHHH, 

,[1,0 MOMeHTa BhIJieTa MX H3 KMIIJITKa, T.e. 3a 

npe,ll,eJihI moTepMhI 100 °C. 0TCJO,ll,a cne,ll,yeT, 

qTo TeTPaMepH3aU:HSI HBJIHeTCSI HaM6onee Ba:iK

HblM CBOBCTBOM BO,ll,hl, o6ecrreqHBaIOIIJ;HM ee 

y,ll,ep)KaHHe Ha IIOBepXHOCTH IIJlaHeTbI, a CTaJIO 

6bITb, "cyrn.ecTBOBaHIIe caMOH )[{u3HH. 

0THOllleHJ.-Ie cyMMhl TeIIJIOTbl IIJiaBne

HHH Jlh,ll,a (80 Kan!r) H HarpeBa BO,ll,bI .11.0 100 °C 

( 100 Kan/r) K Te11n0Te ee ucrrapeHMJI B ToqKe 

Kr.meHHJI ( 540 Kan/r) cTporo OTpa:iKaeT rrpo

nopn:UIO Me)K- H BttyTPHTeTPaMepHhIX KOHJ..(OB 

H-cBR3eif, paBHYIO 4: 12, H JIBJIHeTcH rrpHMhIM 

.1J.OKa3aTeJihCTBOM HCTHHHOCTH M0.11,eJIH. XoTH 
BhI.11,emIIOTCH «CHJihHhie» H «cna6h1e» H-cBH3H, 

CTporo paccqHTaHHaH ee 3HeprHH paBHa 45 

KaJI/r, HJIH 3,4 ~MOJih, Ha Ka:iK.1J.YIO H3 .[IByx 

MOJieKyJI H20, 'ITO, COOTBeTCTBeHHO, BX0.11,HT B 

rronoBHHy HHTepBan pa36poca 3HatJemi:il, rro

nyqeHHhIX .11.PYnt.MH aBTOpaMH [4]. M rro3TOMY 

HecnyqaiIHo, 'ITO npH 3TOM B aTMoc¢epe Ha-

6JIJ0.11,aeTCJI 6 CHHrym1pHbIX <Pa30BbIX nepexo

.[IOB Jib.[la, poBHO YKJia.11,bIBaIOIIJ;HXCH B HHTPH

ryrorn.uif TeMIIepaTYPHhIH HHTepBaJI 45 °C 

[56]: 

0°C. KanenbKH B0.1J.bI B aTMoc<Pepe rro

KphIBaJOTCJI Jie.11,HHOH o6oJIOlJKOH, o6pa.3y;i: 06-

JiaKa; 

-45°C. ITpoHCXO,ll,HT CIIOHTaHHaH B3phIB

HM KpHCTaJIJIH3aU:HR BO.[IHoro KOH.11,eHCaTa B 

CHe)KHHKH H B03HHKHOBeHHJI rp03hI; 

-90°C. IIOJrnoe cMep3aHHe BO.[lbI B ne

.11.HHOH 06011otJKe n 06pa30Bam1e Jib.11.a I (nep

naMYTPOBbie n cepe6pncTb1e o6naKa); 

-135°C. Jie.11, I nepexo.11,HT B cTeKJIOBH.11.

HbIH ne.11, HJlH aMop¢Ho rnep.r:IYIO BO,ll,y (IJJIOT

HOCTblO 0,94 r/cM3); 

-180°C. ITpoucxo.r:1HT cKatJKoo6pa3HOe 

yBeJIH'IeHHe IIJIOTHOCTH ,ll,O 1,1 r/cM3; 



-225°C. IlnoTHOCTh Jib.D.a yBenwurnaeTc.si 

.D.O 2,3 r/cM3, q-ro CBOHCTBeHHO BO.D.OPO.D.HO

MOJieKyn.sipHbIM o6naKaM KOCMOca; 

-270 °C rum 3 K. MHHHManhtta.si TeMne

pazype 3acpHKCHpOBaHHOH B KOCMoce. 

Ilo 3Kcrpanon.siu:m1 c.z:i;enaHHoil E.A. 

CaBem,eBbIM (1991), paBHOMepttoe yMeHhme

HHe men;weMKocmu Jih.D.a c Ka:JK,D.hIM rpa.z:i;y
coM Ha 0,0078 K):VK/(Kr*K) TaIOKe .z:i;aeT Bem1-

'1Htty -270 °C, 6mI3KO nO.D.XO.D..sI K a6comoT

HOMY H)'nIO -273,15 °C. Ilo3TOMY «a6comoT

HhIH HOJih nop.z:i;a KanbBirna cyrn;ecTByeT He 

caM no ce6e n He .z:i;aH OT Bora» [56]. 

TaKUM ofipa3oM, KaK c•mmM IO.A . 
KollRCHUKoe [56], aHOMaJlbHocmb ecex 
ceoucme 06b111uou eoob1, e moM 'IUCJle u me
tmobtKocmu, 06a1aua moMy, 11mo oua, filla
woapa ocofieHHOCmRM H-C6R3eu ee MOJleK)'Jl 
H 20, a6JUlemca eouncmeeHHblM eew,ecmeoM 
MUp01i>aHUJl, Komopoe 6 pa3JlU'IHblX azpe
zamHblX cocmoanURX 06J1aoaem pa3HblMU u 
ynuKaJlbHblMU cmpyKmypHbtMu eounuu,aMu 
H32016 - Rei>, Ha04 - eooa, H 20 - nap (c co
omnomenueM Mace 16:4:1), no UMelOUl,UMU 
6J1u1Kue pa3Mepb1 0,45, 0,35 u 0,28 HM. 

1.5.3. K Bo11pocy 06 yJJ:eJihHOH Tem1oeMKOCTH 

cl>H3H'leCKH CB.H33HHOH 80.lJ:hl 

B Haqane 60-x ro.z:i;oB H.H. <I>e.z:i;sunrn 

o6Hapy)l(HJI qpe3BhI'lailHo HHTepecttoe .si:Bne

Htte: nptt KOH)J,eHcaQHH napoB BO)J,bl B TOHKHX 

KBapu:eBbIX Kannnmrpax (.D.ttaMerpoM 5- 20 

MKM) o6pa3yeTCSI )l(H,Il;KOCTb, KOTOpaS! no 

CBOHCTBaM 3Ha'lttTeJibHO OTJIH'IaeTC.sI OT 

o6bJqHoH BO.II.bl. 1103.D.Hee 3Ta )l(H,11,KOCTb, Ha-

3BaHHaSI BO.D.a II, 113yqanach KpynHhIMH coBeT

CKHMII H 3apy6e)J(HblMH HCCJTe)J,OBaTeJISIMH, B 

qacTHOCTII, 6oJiblllHM KOJIJJeKTHBOM yqeHbIX 

Bo rnaBe c E.B. ,ll;ep.sirnHhIM. 

Bo,D.a II npe.z:i;ernBJI.sieT eo6oii o4ettb 

BSl3K)'IO )J(H,11,KOeTb 16,5-22 * l 02 m, (B cpaBHe

HHH c 1 * 102 Il3) H HMeeT IIJIOTHOeTb OKOJIO 1.4 
r/eM3. MonbHbIH Bee Kone6neTe}I B rrpe.z:i;enax 

190±80 Kr/MOJib, HHor.z:i;a ,11,0CTHraSI 285 

Kr/MOJib, T.e. rrpeBblIDa.sI o6bJ'IHbIH MOJieK)'

n.sipHblH Bee BO.D.bI B 16 pa3. 3Ta )J(H,11,KOCTb 

rrepeXO.D.HT B TBep.z:i;oe eOCTO.sIHIIe rrptt OXJia)J(

)1,eHHH .D.O -3 5 - -40 °C 6e3 cKa'lKa ofo,eMa. 

TeMnepazypa KHIIeHIISI npu aTMoccpepHoM 

)J,aBJieHHH npttMepHO 250 °C. Ilptt 3TOM OHa 

coxpaH}leT CBOIO crpyKTypy rrptt IIOBbJJIJeHHlf 

TeMrrepaTypbI )]:O 300-400 °C 3a c'leT oeo6o 

npoqHoH KOBaneHTHOH MOJTeKyJI}lpHOH CB}l3H 

0-H-O Me)J(,11,y B0,11,opo)]:OM H KHenopO)]:OM 

H TOJibKO rrptt 700 °C nepeXO.D.HT B o6blqH)'IO 

Boey. 3Heprlf}I 3TOH CBSl3H HMH on:eHHBaeTeSI 

B 210 K):VK/MOJib H xapaKTepmyeTC}I TeM, qTo 

BaneHTHbie 3JieKrpOHbl rrp1rna)J,JTe)J(aT O)]:HO

BpeMeHHO TpeM aTOMaM, a He .D.BYM, KaK 3TO 

ttMeeT MecTo B o6hI'IHOH BO)]:e. PaceTOSIHHe 

Me)J(,11,y aTOMaMlf 0 -... - 0 COeTaBJI}leT 2,3 HM, 

n aToM H rrpu 3TOM Haxo.D.HTCSI B n:ettTpe, B 

OTJIHqne OT o6bIKHOBeHHOH BO.D.bl, r,11,e 3TO 

paeeTOSIHHe paBHO 2,8 HM, H B0,11,0pO)]: Haxo

.D.HTeSI 6JIH)J(e K O.D.HOMY H3 aTOMOB 0. 
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Eem1 no OTHOIIIeHHIO K o6brqttoil BO.D.e, 

6naro.z:i;apS1 pa6oTaM IO.A. KonHeHHKOBa B no

ene)J,Hee BpeM}I, KR)J(eTcR, noRBHJiacb 6onee 

HJIH Mettee KaKaSl-TO Sl:CHOCTb B OTHOIIIeHHH ee 

cTpyKTypbI, TO no OTHOIIIeHHIO K BO.D.e II Bo

rrpoc ocTaeTeSI: OTKpbITblM. m-ij{ npHMepa Ha 

pHc.1-7 npHBe.D.eHhI npe.z:i;nonaraeMbie THnhI 

erpyKTyp Moneeyn BO)]:hI II. Eonee nonpo6Ho 

3TOT Bonpoe oeBern;eH B pa6oTe [29]. 

' 

a 
Puc. 1-7. llpeiJnoJ1azaeMble munb1 cmpyKlnyp 

.MoJ1e1<yJ1 BOiJbl II: 
a - TeTJlll3J:lPH'ICCKaJJ.; 6 - KOllbUCBble TeTpaMepLI; B - reKcaro

HaJibHllll; 2 - pa3BCTBJICHHaJI IIOJill:MepHaJJ. uellb; iJ - acCOUll:aQll:ll 

eo36)'JK.LleHHbIX Morreeyrr H20. 

Bo3MO'JKHOeTb o6pa3oBaHHSI BO.D.bI II B 

TOHKHX KailHJIJISl:pax, Sl:BJISieTCSI: pemaIOW:HM 

apryMeHTOM .D.JISI: MHOrHX OTeqecTBeHHbIX HC

CJie)]:OBaTeneil - rH,11,poreonoroB, npnpaBHH

BaIOrn;HX CBOHCTBa 3TOH BO)J,bl K CBOHCTBaM 

cptt3nqecKH CBSl3aHHoli BO.D.bl. B 'IaCTHOCTH, 

C.JI. IIIBapn:eB eq1naeT, 'ITO H y.D.eJihHa.sI Ten

noeMKOCTb rny6oKOH BO)J,bl TaK)J(e )]:OJT)J(Ha OT

JIH'IaTbeSI: OT y.D.eJibHOH TennoeMKOCTH CBO-



: 

60,IJ,HOH BO)J,bl. ,ll;eHCTBIITeJTbHO, cornacHO nep

Boro Haqarra TepMO)J,HHaMHirn, y,n:enhHWI Ten

noeMKOCTb r.rry6oKOH BO)J,bl MO)KeT 6bITb npe,n:

CTaBJTeHa B BH,n:e: 

(I. 7) 

r.n:e CP - H3o6apHrur TennoeMKOCTb BO,lJ,bI paB

Ha 75,37 ,ZVK/(MOJJb*K) [13]; µn., - MOmlpHbIH 

Bee IlJJaCTOBOH BO,lJ,bI, B cpe,n:HeM COCTaBHT 

69,6 Kr/MOJTb, npH 70 % CB060,1J,HOH BO)J,bl (18 
Kr/MOJTb) H 30 % <PmttqecKH CBH3aHHOH BO,lJ,bl 

(B3HB 3Haqem1e BO,lJ,hT II 190±80 Kr/MOJJh). 

B 3TOM c.rryqae oHa 6y,n:eT paBHHTbCH 

1,086 K,ZVK/(Kr*K), 4TO oqeHb 6JJH3KO K ycrn

HOBJJeHHOH. Ilo3TOMY nonbITKa o6ocHOBaTb B 

pa6oTe [104] HH3KYJO BeJJH~urny y,n:eJJhHylO 

TenrroeMKOCTH r.rry6oKHX BO,lJ, B cpaBHeHHH co 

CB060)J,HOH BO,lJ,OR, HCilOJTh3YSI CBOilcrna BO,lJ,bl 

II, oKmarracb BilOJIHe yMeCTHOH. 

0)1,HaKO, no MHemno E.B. ,ll;epxrHHa, 

TaKaH BO,n:a )J,eHCTBHTeJTbHO MO)KeT o6pa30BbI

BaTbCH B rmrnax, CBoeo6pa3HbIX npttpO)J,HbTX 

Kanttnm1pax. Ho rrpoBe,n:eHHbie HM nccne)J,oBa

HHH noKa3aJTH, qTo BO)J,a II He o6pa30BbIBaJTaCb 

Ha noBepXHOCTH rtt,n:poqmrrbHbIX nrraCTHH IIpH 

HaJTO)KeHHH Ha HHX oqeHb TOHKHX nrreHOK BO

,lJ,bI, H TOJThKO B ycJJOBHHX pe3Koro KOJTe6aHHH 

He)J,OHaCbIIIJ;eHHH H nepeHaCbIIIJ;eHHH napaMH 

o6biqHoH BO)J,bl Ha IlOBepXHOCTH IlJlaCTHHKH 

(He o6H3aTeJlbHO B KaITHJlJJHpax) HaLJHHaJTa o6-

pa30BhIBaThCH BO)J,a II. He Mettee y)J,HBHTeJJeH 

H TOT <PaKT, "ITO ,n:aHHrur BO,lJ,a rrpH 3aKHilaHHH 

coxparuma CBOIO CTPYKTYPY H He nepexo,n:HJTa 

B o6hILJHbIH nap. 

Ilo1m0My, Ka« cttuma10m B.A. Kup10-
xuH, A.H. KopomKo6, A.H. Ila6n06 f 49], no
Ka mpyouo onpeoenumb ponb 60obt II 6 npu
poo11b1x cucme.Max, Ho ac110, 'lmo ee uccne-
006a11ue cynum onpeoene1111b1e nepcneKmu-
6bl 6 u1y1JeHuu zny6u1111b1x zeonozuqecKux 
npou,ecco6. Coom6emcm6e11110 u ca.Mo 06'b
Rc11euue HU3Koii yoenb11ou mennoi!MK.ocmu 
my6oKux 600 c oaHHblX no1uu,uu cmauo6um
ca cnopHbLM. 

HmaK, npo6eOeHHblU 061op npo6ne.Mbl UJy'leHUR iJ6umeHUR my6oKux 600 W6opum o 11a
Memu6UlUMCR cyU(ecm6eHHOM ciJ6uze, ee pemeuua 6 npaKmu'lecKoM llllllHe, Ho 6 meopemu'le
CKOM nnaHe OCMblCJleHUe :JfflUX pe3ynbmamo6 OKll3bt6aemcR oaneKUM om C60ezo 3a6eptueHUR. 
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r JiaBa 2. Bo~a B r Jiy6oKHX ropn30HT3X 

2.1. BH,LJ;hl BO)J;hl 

B rny6oKHX ropH30HTaX BO)J,a MO)l(eT 

6b1Tb rrpe)J,CTaBJieHa rpeMJl BJ.f)J,aMH: CB060)J,

Hfilf BO)J,a, <lJH3WieCKH CBJl3aHHaH BO)J,a H XH

MWieCKH csuaHHrur Bo)J,a. PaccMoTpHM 6onee 

Il0)J,po6Ho BbI)J,eJieHHbie BH)J,bl BO)J,bl. 

C6o6oonaR Booa B rny6oKHX ropH-

30HTax MO)l(eT HaXO)J,HThCH B TBep)J,OM co

CTOHHHH (ne)J,), B )l(ll)J,KOM H rrapoo6pa3HOM 

COCTOHHHH. Bo,D,a B TBep,D,OM COCTOJlHHH 06pa-

3yeTCJl npH oTpm.1,aTeJihHhIX TeMrreparypax H 

CO,D,ep)l(HTCH B 30He MHOfOJieTHeM Mep31IOThI, 

r,D,e ne,D, oco6eHHo rnttpoKo pacrrpocrpaHeH ,D,O 

rny6HH 1500 M, B AHrnpKTH,D,e ,D,O ttecKOJib

KHX KHJIOMeTpoB. Bo)J,a B Q:>opMe rrapa oco-

6eHHO lllHpOKO pacrrpocrpaHeHa B o6JiaCTHX 

synKaHH3Ma. Ha 6onhrnHX rny6wHax Haxo

mncH TaIOKe )l(H,ll,KHe rreperpeTbie BO,D,hl. 

<l>U3Ul/eCKU C6R3QHHllH 60da o6na,D,a

eT pe3KO OTJTH'IHbIMH CBOMCTBaMH OT CB060,D,

HOM BO,ll,hl, Ha 4eM H OCHOBaHO ee BhI,D,eJieHHe. 

CBM3aHHrur BO,D,a co)J,ep)l(HTCH B ropHhIX rropo

)J,ax B BH,D,e fH,D,paTHbIX o60JTO'IeK, o6neKa.IO

lll,HX MeJih'IaHlllHe MHHepanbHbie qacTHIJ,bl, 

cnaraJOIIJ,He rropo,D,hI, H noJJ.pa3,!leJ11leTC1l Ha 

rrpo'IHOCBJl3aHttyJO HJIH a,D,cop6wpoBaHttyJO H 

pb1xno- HJIH cna6ocB1l3aHHYJO. Cpe)J,HHH 

IlJIOTHOCTb y HHX ropa3)J,0 Bblllle ( 1,2 H 2,4 
r/cM3), qeM y cBo6o)J,Hoif BO)J,hl. TeMrreparypa 

3aMep3aHH51 3THX BO)l. cyIIJ,ecTBeHHO HIDKe Hy

Jl.S[ H IlOHH)l(aeTC5J B KaOJIHHHTe -20 °C, a MOH

TMOpHJIJIOHHTe HIDKe -100 °C. 

llpOI/,HOC8R3aHHaH eoda Ha IIOBepXHo

CTH qacTHIJ, y,D,ep)l(HBaeTCH MoneeynHpHblMH H 

3JieKrpH'IeCKHMH CHJiaMH c1.1,errneHAA H MO)l(eT 

rrepeMeIIJ,aThCJl TOJihKO rrpH rrepexo,D,e B rrapo

o6pa3Hoe cocTOHHHe. TonIIJ,HHa CJIOJl rrpo'IHo

CBJl3aHHOM BO)l.hl, a, CJie,D,OBaTeJibHO, H ee KO

JIH'IeCTBO 3aBHC51T OT MHHepanbHOfO COCTaBa 

qacTHIJ,, HX pa3Mepa, xapaKTepa KaTHOHOB a.n

cop6npoBaHHOro CJI05!, COCTaBa ll KOHIJ,eHrpa-

1.1,Hll pacTBOpeHHblX B BO,D,e COJTeM, ,D,aBneHHJl H 

TeMrrepaTYPbl. qaCTHIJ,hl OKpy)l(eHbl HeCKOJib

KHMll CJIOHMH BO,L\hl, H qeM 6mJ)f(e CJIOH BO,L\hI 

K qacTHIJ,e, TeM CHJihHee OH rrpHTHfHBaeTCH K 
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Hett (Puc. 2-1 ). IlpO'IHOCBJl3aHttyJO BO,D,y 

MO)f(HO pa3,!leJIHTh Ha .IJ;Ba pa3JIH'IHhIX cnoH: I) 
cno:H, Herrocpe)lcTBeHHo rrpwnermoIIJ,HM K qac

THIJ,e rropO)l.bl TOJIIIJ,HHOM 1-3 MOJieeyJThl, KO

TOpbIH no CBOHM CBOHCTBaM 6JTH30K K TBep

JJ.OMY Teny H y,nan5!eTCJl rrpu HarpeBaHHH )J,O 

150-300 °C; 2) COJTbBaTHblM HJIH OCMOTHqe

CKHH CJIOH TOJTIIJ,HHOH 10-20 MOJTeKyJT, Herro

cpe.IJ;CTBeHHO rrpimeraJOIIJ,HH K rrepBOMY CJTOJO. 

Pb1X!locemaHHaH (ocMomul/,eCKU enu

maHHaH, WlU nJteHOI/,HaH) eoda o6pa3yeT 

rrnettey IlOBepx rrpoqHQCBH3aHHOM BO)l.bl. Ilo 

Mepe yL1.anettm1 OT nosep.xttocTH qacTHIJ,hl CH-

0~,W1~~711.lll.JffnllfZllRDlI!II!IltIIJlDI!llm!m:El!mmi:ma=;i._. 
Bola C80608HaJ1 6aiJa 

< 0,5MKM cI 

Puc. 2-1. CxeMa B3aUMoi>eucmBuR cull« 
cucmeMe mBepi>aa rtacmuu,a - BOi>o. 

floHA. abzmoeu•ty: 
a - cxeMa pacrrorroJKemu1 MOJieKyrr BO.lib! B rrpe.11errax .!IHcPcPY-
3lIOHHoro CJIOl! TBep.11oti qacTIIUbl; 6 - 31I10pa II3MeHeHllll IIO

BepXHOCTHhlX CIIJI p B 3aBIICIIMOCTII OT pacCTOllHIIJI )10 MIIHe

parrbHOH qacrnuh1 L; so.11a: I - cso60.11HaH; 2 - a,J:1cop61Ipo

BaIIHal!; 3 - IIOBepXHOCTHblX CJIOeB 



Jlbl CB513Jf rpyma c MOJieKynaMH BO)J:bl OCJia-

6eBaIOT. Ha HeKoTopoM paccToHHHH, HcqHc

JIHeMoM ,n;oJJHMH MHKpoMeTpa, 3Ta CB513b yT

paqHBaeTcH COBCeM, If BO,n;a rrepexo,n;HT B CB0-

60,n;Hoe COCT051HHe. 

OcHoBHhIM rrpH3HaKOM pbJXJIOCB513aH

Hoii BOJ:i:bI HBJIHeTcH ee crroco6ttocTb rrepe,n;BH

raTbcH OT O)J:HOH qacTH:Qbl K ,n;pyroii, He3aBH

CHMO OT BJIH51HH51 CHJibl TH)l(eCTH. Ilepe,n;BH

)l(eHHe rmeHoqHoH BJiarn rrpoHCXO)J:HT OT 

MeCT, r,n;e TOJillJHHa ITJieHOK 6oJibIIIa51, K Mec

TaM, r,n;e nneHKH TOHbllle. TaKoe nepe,n;BIDKe

HHe qacn1u: 6y,n;eT npo,n;oJI)l(aTbCH ,n;o Tex nop, 

ITOKa TOJilllHHa BO)J:HOH nJieHKH Ha o6oHX 3ep

Hax rropo,n;bT He CTaHeT O)J:HHaKOBOH. Tiepe

)J:BIDKeHJfe pblXJIOCBSl3aHHOH BO)J:bl npOHCXO

)J:HT TaK)l(e rro,n; ,n;eiicTBHeM pa3HOCTH OCMOTH

qecKoro ,n;aBJieHH51, H pa3HOH KOHQeHTpaQHH 

COJieH H 3aITOJIHeHHH JIOByIIIeK tteqnb H ra30M. 

<l>H3HqecKH CB.sI3aHHa51 Bo,n;a HaqHHaeT 

y,n;aJI.sIThCR H3 rropOJ:i:bl rryTeM HarpeBaHH51 ,n;o 

105-110 °C, u:empmpyrnposaHH.sI, OTcacbrna

HH.sI rro,n; BaKyyMoM. KaK noKa3aJIH onhIThI 

II.A. KpIOKOBa H ,n;pyrHX Hccne,n;oBaTeneii, 

npH ,n;asnemrn. 300-500 MTia pbIXJIO- H npoq

HOCBR3aHHa.si Bo,n;a rnHH crroco6tta nepexo

Ji:HTb B CB06o,n;Hoe COCTO.RHHe. TaKaR OT)l(aTa.R 

H3 TOHKHX rrop BO,n;a rronyqHJia Ha3Batttte rop

HOro HJIH rroposoro pacTsopa. B ecTecTBeH

HbIX ycJIOBH.RX rropOBbJe paCTBOpbl ODKHMa

lOTC.sI rrpH yITJioTHeHHH oca,n;KOB no,n; ,n;eHCTBH

eM co6cTBeHHoro Beca. 

XUMu11ec1<.u C6J13a1111UJ1 oooa - 3TO 

BO,n;a, BXOJ151lllaR B COCTaB KpHCTaJIJIHqecKOH 

peIIIeTKH MHHepa.rroB, o6pa3yeT XHMITTeCKH 

e,n;HHoe u:enoe c ,n;pyrHMH 3JieMeHTaMH pe

meTKH H no CTerreHH CB}l3H c HHMH ,n;eJIHTCH 

Ha u:eorrHTttyIO, KpHCTaJIJIH3aQHOHHYJO R KOH

CTRTYU:HOHttylO. 

~eo;1um11aR eoiJa CBH3aHa c MHHepa

JiaMH secbMa Herrpoqtto, otta BbIJi:eJrneTCH rrptt 

HH3KHX TeMrrepaTYPax 80-400 °C, 11 KOJIHqe

CTBO ee 3aBHCHT OT TeMrrepaTYPbI H BJia)l(HO

CTH B03JIYXa. IlpH HarpeBaHHH OHa y,n;arr}leTCH 

IlOCTerreHHO, MHHepanbI rrpH 3TOM coxpaH5IIOT 

CBOIO KpHCTaJIJIHLfeCK)'IO CTpyKrypy, MeHR51 

JIHIIJb OfITRqecKHe CBOHCTBa. IlpRMepoM MR

Heparra c u:eoJIHTHOH BO)J:OH MO)l(eT CJIY:>KHTh 

orrarr Si02*nH20. 

Kpucm(JJ[J[U3GlfU011HaR eooa BXO)J:HT B 

KpHCTaJIJIHLfeCKYIO perneTey MHHepaJIOB B BH

,n;e MOJieKyn H20. IlpHMepoM MO)l(eT cny)l(HTb 

rnrrc CaS04 *2H20, y,n;anett11e BOJ:i:bI KOToporo 

rrpH ITOBbIIIJeHHH TeMrreparyphI ,n;o 400 °C Be

,n;eT K rrepecTpoiiKe ero KpHcrnmmqecKoii pe

rneTKH H o6pa3oBaHHJO attrn,n;pHTa CaS04 . 

Ko11cmumyljU01lHGR eooa BXO)J:HT B 

COCTaB peIIIeTKH MHHepanoB B BH,n;e OT)J:eJib

HblX HOHOB, ee y,n;aneHHe B03MO)l(H0 TOJibKO 

nyTeM HarpeBaHH51 rrptt BbICOKHX TeMrrepary

pax 6onee 400 °C H IlOJIHOM pa3pymeHHH MO

JieKyJib(. HarrpnMep, ,n;nacrrop AlO(OH), MYC

KOBHT K,Ah(OH,F)2*[AISi3010]. 

KaK BHJIHO H3 rrpHBe,n;eHHbIX BhIIIIe 

rrpHMepoB XHMHqeCKH CB.sI3aHHbIX BO)J:, HX 

pOJih, KaK aKTHBHOro HCTOqHHKa ITHTaHJrn 

ITJiaCTOBhIX BO)J:, Haq1rnaeT rrpoRBJHTTbC.sl rrptt 

TeMneparypax 6orree 200 °C, T.e. cpaKTHqecKH 

rrpH nepexo,n;e rny6oKHX BO)J: B rny6HHHhIH 

THIT pe)l(HMa. 

B OaJ1b1teiime.tt 0611e1<.moM U3ylle11u11 

fiyoem 6 OCH061lOM C600001lllJI u pU3Ul/eCKU 
C6R3a1111UJ1 6oi>a, 11enocpeocm6e11110 yllacm

oytoU(a.Jt 6 06UJ1Cenuu my601<.ux 600. IIo

'JmoMy 6 301<.JllOl/eHUe OallHOW pa3i>e!la coe
/laeM. 6llJICllblU 6bl60d 0.TIJl KOllUl/eCm6ellllOU 

ou,en1<.u po!lu 'Jmux eoiJ 6 ux oeuJ1Cenuu na 

fio!lblllUX 2J1y6unax. 06U(UJI cpeowm moll

w.una CllOJI npollHOC6Jl3llHHOU 60dbl (co
cmoRU(ew U3 11-23 MOJ1e1<.yll), ucxoiJa U3 

pmMepa oiJnoii MOJ1e1<.yllbl eoi>bl 2,8 HM 

(2,8* 1 ff12 M), ne OOllJICHa npeeb1mamb 0,05 
MKM (5*lff11 M), 11mo cocma6J1J1em i>ec11my10 

iJOJllO mOJlU(UHbl 6Ceii pU3Ul/eCKU C6Jl3llHHOU 

60dbt 0,5 MKM (5*1ff10 M) (no H.A. ~b1mo-
6u11y). 

2.2. Bo,!J,a B ue«i>THHLIX u ra3oe1>1x 

0,lJ,HOpOJJ.HhlX KOJIJieKTopax 

IlopoBoe rrpocTpaHCTBO rrnacTa-

KOJIJieKTopa B rrpe,n;enax 3aJie)l(eH 3arronHeHo 

)l(HJIKHMH H ra3006pa3HbIMH yrneBo,n;opo,n;a:MH 

(ttecpThIO H rrpHpO,D;HhIM ra3oM) H BOJJ.OH. Bo

npochI H3yqeHmI pacnpe,n;eneHH.sI BOJJ.bI B 

HecprnHbIX H ra30BblX IJJiaCTax rrpHHQHITHaJib-
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HO B~Hbl rrpR ITOCTpoeHHH reonorHqecKHX 

MOJJ,eneii MeCTOpo)l()J,eHHH, B LfaCTHOCTH, rrpH 

orrpe,n;enemm HX rpaHHU: H rrpH HX pa3pa60T

Ke. Pattee npe,n;cTaBJIHJIOCh, qTo 3TH BellleCTBa 

IlOJIHOCTbJO OT,n;eneHbl ,n;pyr OT ,n;pyra H pac

rrpe,n;eneHbl no BepTHKaJJbHOMY pa3pe3y 3ane-



)Kll B CTporoM COOTBeTCTBllll co CBOeM TIJIOT

HOCThIO: cBepxy Hatt6onee nerKttM ra3, o6pa-

3YIOtnttM: "ra30BYIO manKy", 3aTeM ttecl>Tu, a 

CHii3Y - BO,Il,a KaK 6onee Dl)KeJIM )KH,Il,KOCTh 

no cpaBtteHHIO c yrneBo,I1,opo,I1,aMH. 

0)1,HaKO, noJIHOro rpaBHTailllOHHOro 

pa3,I1,eJieHIUI )l(ll,Il,KOCTeM H ra30B B Hecl>DIHhIX 

rmacTax He nponcxo,Il,ttT. B 1929 r. coBeTcKHe 

reonorn H.T. JlJIH.Il.TPOn n B.M. HnKoJiaeB 

noKa3aJIH, "!TO B nopax Hecl>DIHhIX nJiaCTOB 

CO,Il,ep)KHTCR 3Ha"IHTeJihHOe KOJIH"leCTBO BO,Il,hl, 

KOTOpaR OCTaeTCR npH BhITeCHeHllll HeqnhIO H 

ra30M IlO,II, ,Il,eMCTBHeM rpaBHTaQHOHHhIX CHJI. 

3aTeM M.ll. MaKCHMOBhIM [68] 6hmo ycrn

HOBJieHo 30HaJihHoe pacnpe,Il,eJiettne ttecl>Ttt, 

ra3a H BO,Il,hI B nnacTe ITO BhICOTe, r,I1,e HM Bhl

,Il,eJIRJiaCh ( CHH3Y BBepx): 

I - BO,Il,OHaChIIQettaR 30Ha; 

II - rrepexo,Il,HaR 30Ha OT BO.II.hi K Heq:ntt; 

III - Hecl>nHM 3otta; 

VI - rrepexo,Il,HaR 30Ha OT ttecl>n1 K ra3y; 

V - ra3oBa}I 30Ha. 

Ilepexo,I1,Hasr 30Ha HM ,Il,eJIHJiach Ha TPM 

"laCTH: HFl)l(HRR, CO,Il,ep)KamM BO,Il,y c HeKOTO

phIM KOJill"leCTBOM HenO,Il,BFl)l(HOH Hecl>Ttt; 

cpe,Il,HRR - c nO,Il,BFl)l(HOH Hecl>ThIO H BO,Il,OH Fl 

BepXHR.sr, CO,Il,ep)l(ama.sr HenO,Il,BFl)l(HYIO BO,Il,y Fl 

nO,Il,BFl)l(HYIO Hecl>Th. 

C"!HTanoc1>, "ITO B Bepxmix TPeX 30-

Hax CO,Il,ep)l(aHHe BO.II.hi npttMeptto O,Il,HHaKo

BOe c npe,Il,eJibHhIM K03cl><l>mi:HeHTOM ttecl>Tera-

30HaCbIUJ,eHHR. B npe,Il,eJiax II nepexo,I1,Hoif 

30Hbl CO,Il,ep)KaHHe Hecl>TH CHFl)l(aeTC.sJ CBepxy 

BHll3 OT npe,Il,eJibHOrO Hach1m:eHH.sI ,Il,O HyJIR. 

ToJIUJ,HHa nepexo,Il,HOH 30HhI cB.sJ3hIBanach c 

CHJiaMH KailHJIJIRpHoro BbITeCHeHHR Hecl>TH 

BO.II.OH. ~eM MeHbUie pa,Il,ttyC rrop nnacTa

KOJIJieKTOpa, TeM 6onhme Tonm:tttta rrepexo,Il,

Hoif 30Hhl, KOTOpM ,Il,OCTHraeT 12-15 M. 

HaKorrneHH1>1e K ttacTo»rn.eMy BpeMe

HH MHOrO"IHCJieHHhie ,Il,aHHhie no 30HaJihHOMy 

pacnpe,Il,eJieHHIO BO.II.hi, Hecl>Ttt H ra3a no BhI

coTe tte TOJihKO YTO"IHHIOT 3TH npe,Il,CTaBne

HHH, HO, rnaBHOe no-HOBOMY pacKpbIBaIOT 

cl>H3H"leCKYIO CJTb 3THX rrpoQeCCOB. 

2.2.1. <l>HJHqecKH CBH33HH3H BO~a 

.D:ernJI1>H1>1e HCCJie,Il,oBaHH.sI pacnpe,Il,e

nemrn Hecpnr, ra3a H BO.II.hi no BhICOTe 61>mH 

npoBe,Il,eHbl cneIJ:HaJIHCTaMH 3arrCtt6EypHll

Illl. rnaBHOe IlpHHIJ:HIIHaJihHOe OTJ1WIHe ,Il,aH

HbIX llCCJie,Il,OBaHHM 3aKJIIO"laJIOCb B TOM, "!TO 

ll3MeHeHHe BO,Il,OHaCblllleHHOCTH rrepexo,Il,HOH 

30HhI 6hmo yBH3atto He c KannmrnpHbIMH cn

naMH CB060,Il,HOH BO,Il,hl, a c HaJill"!HeM pbIX

JIOCBH3aHHOH BO.II.bl. BTopoe OTJIH"IHe: B 30He 

rrpe,Il,eJihHOro Heqnettac1>1memrn Km<f>qmii:n

eHT BO,Il,OHaCbIUJ,eHHOCTH He noCTORHeH, a He-

3Ha<rnTeJihHO, HO Bee )Ke y6I.rnaeT (PHc. 2-2). 
B COOTBeTCTBHH c ,Il,aHHOH cxeMOH HMH BbI,Il,e

JI.sJJIOCb ceMb 30H. 

1. Bo,I1,ottacI.1UJ,eHHaH 3oHa. 

2. 3otta c OCTaTO"IHOH HeqnhIO, Haxo

.Il.Hm:e:HcH B cnen1>1x HerrpoTO"IHhIX nopax. B 
TIO,Il,OIIIBe CO,Il,ep)KaHIIe HecpTH paBHO ttymo, a B 

KpOBJTe cpa30BaH npOHHQaeMOCTb HecpTH paBHa 

ttyJIIO. ToJIUJ,HHa 30HhI 8-20 M. IlmTOMy rrpn

TOK H3 3TOM 30Hhl ocymecTBJIHeTCH TOJibKO 3a 

C"leT CB060,Il,HOH BO,Il,hl. 

3. 3oHa COBMeCTHhIX rrpttTOKOB HecpTH 

H BO.II.hi HJ1H 30Ha BHK, Tonm:nHoif 1-8 M. B 

nO,Il,OIIIBe 3TOM 30Hbl cpa30BM npoHHIJ:aeMOCTb 

no HecpTH paBHa HyJIIO, a CO,Il,ep)l(aHHe OCTa

TO"IHOM He<l>TH COOTBeTCTByeT ee MaKCllMaJib

HOMy 3Ha"!eHHIO. B KpoBne 30HhI cpa30BM 

npoHHii:aeMOCTb CB060,Il,HOH BO,Il,bl paBHa Hy-
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Puc. 2-2. Kpu6ble pacnpei>eJteHUR 
Boi>o11acblll(e1111ocmu no Bb1come [90}: 

I - Heljmmol! 3aJ1e11m ropITTOHTII AB •. 5 CaMornopcKoro 
MeCTopoJKJ1eHHJ1; 2 - rll3oHeljmrnoii 3aJJelKII ropH30HTa AC9.10 
JiirnrnpcKoro MeCTopo)J{)leHJrn; 3 - rreTJlll rncTepe3Hca 

mo, CB060,Il,HM BO,Il,a BbIIIIe 3TOH rpaHHIJ:hl ii:e

JIHKOM rrepeXO,Il,llT B CBH3aHHOe COCTOHHHe. 

IlpH OTKa"IKax H3 3TOH 30Hbl IIOJIY"laIOT rrptt

TOKH 3a C"leT CB060,Il,HOH BO,Il,bl H nO,Il,BH)KHOH 

HecpTH, no COOTHOIIIeHHIO KOTOpbIX pac"!eT

HhIM rryTeM ee MO)l(HO pa3,Il,eJIHTh Ha 3KBHBa

JJeHTHhie BOLJ,0- H HeqlTettachlm:eHHbie TOJIUJ,H

Hbl. 



4. 3otta He,ll,ottaci,nn;emur TiopoBoro 

061,eMa KOJIJieKTOpa He<jJTbIO, BbICOTOH OKOJIO 

18-30 M). Ha HIDKHeii rpamui:e 30HbI, cpa3oBrur 

Tipottnu:aeMOCTb TIO Bo.ne paBHa HyJIIO. Ha 

BepxHeH rpam1u:e HecpTeHaCbII:neHHOCTb ,ll,OC

THraeT cBoero MaKCHMaJibHoro 3HaqeHIDI. Bo

.nottaci,nn;ettHocTb KOJIJieKTopa TIO TOJIIn;HHe 

30Hbl y6i,rnaeT CHH3Y BBepx 3a cqeT CHIDKeHHH 

TOJIIn;HHbl IIJieHKH pblXJIOCB513aHHOH BO,ll,bl. 

K03cpqmu:neHT Hecj:>TeHaCblin;eHHOCTH Bo3pac

rneT 3,ll,eci, Tipn6JJH3HTeJibHO Ha 27 %. Ilpn 

OTKaqKaX BMeCTe c Hecj:>TbIO TIOnyqaJOT CJie,ll,bl 

HJJH He6oJibIIIOe KOJIHqecTBO BO,ll,bl (Mettee 5 
%) 3a cqeT qacTHWOH TIO,ll,BIDKHOCTH pbIX

JIOCBH3aHHOH BO,ll,bI TIPH C03,ll,aHHH BbICOKOH 

.nerrpeccm1 Ha rrnacT. 

5. 3oHa Tipe.nenhttoro He$Tettaci,1ni:e

HH5I. ,llirn Hee xapaKTeptto MaKCHMaJibHOe H 

He3HaqHTeJibHOe yMeHhIIIeHHe TIO BhICOTe ,ll,JIH 

paBHO TipOHHU:aeMLIX KOJIJJeKTopoB (tte$TeHa

CbIIn;eHHe .no 3 % ). B TipornqHhix H cneTihIX 

nopax, 3aIIOJIHeHHblX He$Tbl0, HaxO,ll,HTCH 

TOJibKO npoqHoCB513aHHa51 BO,ll,a. Ilpn OTKaq

KaX H3 Hee nonyqaIOT 6e3BO,ll,ttyIO He$Th. 

Bo3MO)J(HO TaK)J(e, qTo Ha oT,ll,eJibHhIX yqacT

Kax CTIJIOIIIHrul ,ll,O 3TOro ITJieHKa CB513aHHOH 

BO,ll,bl pa3opBaHa He$Tbl0, H TIOBepXHOCTb TIO

pO,ll,bl B HeKOTOpOH CTeTieHH npim6perneT 

rn.npo<jJo6Hbie CBOHCTBa. 

6. 3oHa fHK n rrepexo.nttaR 30Ha c 

IIOBbIIDeHHbIM co.nep)J(aHIIeM OCTaToqHoH 

He<jJrn. Pacrrpe.nenem1e CB513aHHOH BO,ll,bI cTa

HOBHTCH eni:e 6onee CJlO)J(HbIM, B 6oni,meif 

CTeneHH MOryT OTMeqaTbC51 pa3pbIBbI IIJleHOK 

CB513aHHOH BO,ll,bl (rn,ll,po$o6mau:HH IlOBepx

HOCTH IIOpO,ll,bl-KOJIJJeKTOpa). 

7. 3otta npe.nenhttoro ra3ottaci,1ni:e

HHH. Kr;:::;lOO o/o. 
Cpa«HU6aR pacc.ttompenny10 1<JJU«y10 

«btme zpaHUl(bt BHK co cxeMou B3aUMooeu
cm«ua m«epoou 'lacmul(bl c «oooii (Puc. 
2-1), nempyono 3aMemumh, 'Imo Bbtmecne
nue BOObl ne</Jmb10 nod i>eiicm«UeM zpa«u
mal(UOHHblX Cllll npoucxoi>um 6 coom«em
cm«uu c no«epxnocmHblMU CU/la.MU 63llU.iHO
deucmBUR «odbt u nopoobt. 

2.2.2. OcTaTo~Ha.H cBo6o.ll:Ha.H BO.ll:a H necfJTL 

Ilpe)J(,ll,e qeM TiepeHTH K paccMOTPe

HHIO ,ll,aHHoro pa3.D,ena Heo6xo)],HMO OTMeTHTb, 

qTO o6ni:aH nopHCTOCTb (m) IIO,ll,pa3,ll,eJI51eTC51 

Ha: OTKpbll)'IO (mo), 3aKpb11)'lO (m,), l)'IIHKO

BYIO (mm) H OIIHCbIBaJOTC51 CJie.ll.YIOmeif 3aBH

CHMOCTblO: 

m=mo+mm+m3. ( 2.1) 
OcrnToqHrur Bo,ll,a H He<jJTb co.nep)J(aT

CR B OCHOBHOM B l)'TIHKOBbIX HJJH 3aKpb1TbIX 

HenpoToqHbIX rropax. Ilpn rpaBHTaU:HOHHOM 

BbITeCHeHHH BO,ll,bl He$Tbl0 ee CB060,ll,Ha51 

qacn, OCTaeTCH B rropax H KaHanax, KOTOpbie 

HMeIOT rrpoToqHbIH Kamm B BepxHeH qacTH, a 

TaIOKe B HH)f(HeH qacTH, HO rrepeKpbITbIH <t>n-

3rrqeCKH CB513aHHOH BO,ll,OH (pnc.2-3). 

Ilptt cTeqeHHH orrpe.neneHHbIX 06-

CTOHTeJibCTB Bhime BHK B cimy pacqneHeH

Hocrn IIJiaCTOBblX pe3epByapoB MOryT 6bITb 

BCTpeqeHbl OT,ll,eJibHbie H30JIHpoBaHHble JIHH-

3bI H «l)'IIHKOBbie» 30Hbl c BO,ll,OH. Ilo.no6Ho 

MexaHH3MY coxpaHHOCTH «TYTIHKOBhIX» 30H 

BO)], B 3aJie)J(aX H B6J1H3H 3aJie)J(eH MOryT co

xpaHHTbCH IJ;eJlbie ClfHKJIHHaJlbHbie JlOBYIIIKH 

BO,ll,bI, ~o rrpHBO,ll,HT K K~eMYC51 Ha rrep

BbIH B3rJJlI,ll, He rpaBHTau:imHHOMY neperra.ny 

OTMeTOK BHK (pa3.nen 2.2.4). 

Attanornqtto B ra30BbIX 3aJie)f(aX .no

rrycKaeTcH, qTo rrpn BhJTeCHeHHH ra30M Hecprn 
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TaIOKe MOryT OCTaBaTbC51 CKOIIJleHIDI Hecpni c 

orpattnqeHHbIM yrrpyrnM 3arracoM. 

B Teqettne reonornqecKoro BpeMeHH 

co.nep)J(aHne OCTaToqHQH BO,ll,hl yMeHbIIIaeTClI. 

<I>aKThl, ,ll,OKa3bIBaJOIIIHe yMeHbllleHHe co,ri:ep

)f(aHHH BO,ll,bI B 3aJie)f(ax B Teqettne reonon1qe

CKoro BpeMeHH, 6hIJJH rrpHBe,ll,eHbl B pa6oTe 

H.A. EpeMeHKO, B.C. CnaBKHHa HM.II. fo

noBaHOBOH [33]. B Heil c,ri:enatt BhIBO.ll., qTO 

qeM ,ll,peBHee 3aJie')f(b, TeM tteqnettaci,rmeH

HOCTh npn6Jltt')f(aeTC51 K e,ll,HHHIJ;e (Puc. 2-4). 

Cyn, ,ll,aHHoro RBneHHH 3aKJIJOqaeTcH B cne-

Puc. 2-3. CxeMa coxpamwcmu ocmamo'111ou 
aoiJbt u 11e<jJmu « mynuKo«blX nopax: 

I - rropo.ua; 2 - HeljJn; 3 - CB060.IlHaJ! BO.Ila; 4 - ljJH3WleCKH 
CBJl3a!IHaJ! BO.Ila 



P2u • 
• 

P1a • • 
• • • 

C2m • • •• 
• ··- • 

C1s 

•• • • 
C1v(ok) • • •• • • 

• • • • 
C1V(ok) • •• 

• • • 
C1v(ok) • • 

• 
C1v(bb) • ... ··--··-· C11 • • • .... ----· ·-•• ··- - •• 
C1t • 

• • • • • 
D3fm • • •• • 

• • 
D3f • • 

• • - • 
D3f1 •• • - ••• 

• 
D2zv • • • • ••••• 

• -· D2ef • • ·- ..... 
D1e • 

0,5 0,6 0,7 0,8 0,9 

KH, ,!10/lH 6AHHH~bl 

Puc. 2-4. 3aBucuMocmb Ko1fjJqJUU,Ue1tma 1tefjlme11acb1ut,e1111ocmu Kn om 
BoJpacma i>JlJl Ope116ypJ1CbR {33}. 

.IJYIOIIl,eM. 3a CCJeT TeKTOHMqecKHX )1,BIDKeHMH 

M )1.pyrnx reonorJlqeCKMX rrponeccoB rrpoMc

xo)J.MT pacKpbITMe M HaKnoH cnerrhIX rrop, 

TPeIIl,MH n HX cMcTeM. B pe3ynoTaTe, ocTaToq

HM BO)J,a orrycKaeTCR BHM3, yBeJ1JlqMBM K0-

3.p.pm.i:MeHT He<i>TeHaCbIIIl,eHHOCTH 3aJ1e)l(H, a 

OCTaToqHa5I He<i>To, Hao6opoT MHrpnpyeT B 

JIOBYIIIKy, yMeHblIIM 30HY OCTaToqHoH He<P

TeHaCbJIIl,eHHOCTH. 

BMecTe c TeM rrpM Kone6aTeJihHbIX 

)lBH)l(CHHRX 3CMHOH KOpbI, KOr)J,a 0)1,HH yqacT

KH orrycKaIOTC5I, a )1.pyrue IIO)J,HMMaIOTCR, rpa

HHQbl 3ane)l(eH MeIDIIOTCH. B rrp11rro)J.H5ITYffi 

qacTb Haq11HaeT MMrpnpoBaTb He.PTO H3 rrpo

TOqHbIX rrop onyIIl,eHHOH qacTM, OCTaBJI}l}I 

Hecj>Tb B cnerrbIX rropax. 3To rrpMBO)J,HT K TO

MY, CJTO ecnM B TelleHMe reonon1qecKoro Bpe

MeHM CO)J.ep)l(aHMe OCTaToqHoM BO)J,bl IIOCT0-

5IHHO yMeHbIIIaeTCR B JIOBYillKe, TO CO)J.ep)l(a

HMe OCTaTOqHoH He<i>TM B6JIH3H rpaHHQbl 

BHK MO)l(eT KaK yMeHbIIIaTbCSI, TaK M ysenu

qnBaTDcR, coxpamR 30HY c OCTaToqHOH He<P

ThlO. 

Tal<.UM o6pa30M, cooepmanue oc
mamO'IHOU 600bl 6 ne<JmumbtX u Zll306blX 
Macmax 1a6ucum 6 ocno6HOM om 601pacma 
</JopMUp06llllUR 3(1Jle:JICU, lleM ope6Hee 3Q
!le:HCb, meM Menbrue 6 neu ocmamo11nou 60-
0bt. 

2.2.3. OneHKa co)J.epX(aHHH pa1J1n~rnh1x sn;ws BO)J.hl 

Co)J.ep)l(am1e BO)J.hI B IIJ1acTe xapaKTe

pmyeTcH K03<i><PMQMeHTOM BO)J,OHaCbIIIl,CHHO

CTH, orrpenenHeMbIM TIO rJilC: 

k6 = V8 /Vn, (2.2) 

r)J,e Ve - o6'beM BO)J.hI, co;:i,ep)l(aIIl,MHCR B rropax 

06pa311:a; V,, - o6'beM Bcex rrop o6pa3IJ:a. 

B rrpoMhICJIOBOH rrpaKTHKe Ko3<P<PH

QMeHTbl ra30- H Heq>TeHaCbIIIl,eHHOCTH orrpe-
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)1,eJIRIOT TIO Km<P<P1111:HeHzy BO)J,OHaCbIIIl,eHHO

CTH M3 COOTHOUieHHH kll=l-k., k,=1-k •. -K., r)J,e 

K" - ocTaToqHM tte<PTettac1>1II1,eHHocTh B ra3o

BOH qacTH tteqnera30BbIX 3ane)l(eH. 

Jilcrrorrh3YH KpHBYIO pacnpe)J.eneHH}I 

BO)J,OHaCbIIIl,CHHOCTH no BbICOTe B JII06oii 3a

JIC)l(H YB, MO)l(HO opMeHTHpoBoquo orrpe)J.e

JIMTh nponeHTHOe conep)l(aHHe CB060)1.HOH, 



pbIXJIO- H rrpoqHOCBH3aHHOH BO.Llbl H, KaJ< 

cne.n:cTBHe, HX rrpou:eHTHoe co.n:ep)J(attHe B 

qHCTO-BOLJ:OHOCHblX nnacTax. 

B ocHoBy ou,em<.u 1<.oJ1u11ecmBa pa:J
llUllHblX BUOOB BOObl noJ10J1CeHo OBa BbtBooa 

cOeJtaHHbtx Bbttue. Ilo BeJtu11une u1MeHeHUJ1 
1<.03ppuu,uenma nepmenacbtll(ennocmu ne
pexoonou 10Hbt onpeoeJtHemca npou,enm 
pblXJIOCBR1annoii BOObl B nepmenacbtll(eH

HbtX nopax. 3ameM, B coomBemcmBuu c Bbt
BoOoM pa30e.rta 2.1, onpeoenaemca 1<.onu11e
cmBo npo11nocBR1annou BOObt 1<.a1<. i>ecamou 
11acmu pblXllOCBR3aHHOU BOObl. )(a.nee, nocne 
ux cyM.lHUpoBaHUR, ocmaBaBtullRCR 11acmb 
6yoem R8JIRmbcR ocmamo1111ou Boi>oii. 

HanpUMep, OAR 11epmR11oii 1a;1e;J1Cu 

2opu3011ma AB4-5 CaMomJ1opcK020 Mecmopo

:>1Coemm (Puc. 2-2) 11a 2pa11ulfe BHK 40 % 
nopo6020 npocmpa11cm6a 3anom1eno 11ep

mbNJ, ocmaJ1bHa5l ?Jacmb Boooii: 35 % pb1x

AOC6R3a1111oii (no nepexoo11oii 1one), 3,5 % 
npolJHOC6R3GHHOU (KaK 0, 1 lJaCmb pblXJT,OC6R-

3GHHOU} u 21,5 % ocmamOlJHOU. 

B ocmamo?J11oii eooe: 40178,5 6yoem 

wnoAneno cB060011oii eoooii 11 %; 35178,5 -

pblXJIOC6R3GHHOU eoiJoii 9,6 %; 3,5178,5 -
npOlJHOC6R3QHHOU eoiJoii 1 %. 

B cyMMe e nAacme Ha 2pa11ulfe BHK 

coiJep:>1Cumca 40 % 11epmu, 44,5 % pb1XJloc

ema1111oii 60dbl, 4,5 % npOlJHOC6R3aHHOU, 11 
% ceo6oiJ11oii nenpomo?J11oii eodbl, coiJep

;J1CalljeiicR 6 cAenblx nopax, a11a;zo2UlJHblU npo

lfeHm 11enpomo?J11oii 11epmu, m. e. npaKmu?Je

CKU He U36AeKaeMoii. 

B 3011e npeoeJ1b11020 11epme11acb1UJe

HU5l npolfeHm 11enpomo?J11oii 11epmu yee.llu

?Jumca Ha 6eJlUlJUHY pblXJlOC6R3QHHOU 600bl, 

Bbzmec11emwii U3 cJtenblX 11enpomolJHblX nop -

4, 5 u e cyMMe cocmaeum 15, 5 %. 
I1pH He3Ha1mTeJibHOM H3MeHeHHH 

tj:>HJihTPau:1rnHHo-eMKocrnhIX cBoH:crn 6onee 

TOqHo ou:eHHTb co.n:ep)J(aHHe pa3JIHqHbIX BH

.D:OB BOLJ:bl MO)J(HO, HCnOJib3YH Kp1myio pac

npe.n:eneHIDI BJiaroeMKOCTH no BhlCOTe. 

Ko3tj:>tj:>m.1:tteHT o6beMttoH: anaroeMKo

cn1 W xapaKTepH3yeT OTHOIIIeHHe o6beMa 

BOLJ:hI, co.n:ep)J(aII1erocH B npo;::i:yKTHBHOM nna

cTe, K o6beMY 3TOH nopOLJ:bl H qHcJieHHO 3a

BHCHT OT nopHCTOCTH H K03tj:>tj:>Hll,HeHTa Hetj:>

TeHaChIII1eHHH 

W = m * K8 = m * (1- KJ. (2.3) 

2.2.4. CHHKJIHHaJILHble JioeymKH BO.JJ;LI 

· B npaKTttKe reonoropa3ae;::i:oqHhIX pa-

6oT Ha Hetj:>Th H ra3 Ka)l(LJ:hIH HCCJieLJ:OBaTeJib 

3HaeT KOHu,erru:mo TeopHH tj:>opMttpoBamrn aH

THKJIHHaJlhHhIX noByIIIeK 3aJle)J(eH YB. Kor.n:a 

He<l>Th HJTH ra3 no.n: .n:eiiCTBHeM rpaBHTaU,HOH

HblX CHJI BCTIJibIBaIOT BBepx, 3aHHMaH 6onee 

BhICOKOe rHTICOMeTPHqecKoe TIOJIO)J(eHHe II, B 

KOHeqHoM HTore, CKaTIJIHBMCb B TIOJIO)J(J.1-

TeJihHblX CTPYKrypax, 06pa3y10T 3aJle)J(II Hetj:>

TH II ra3a. 

B rrpoTHBonoJio)J(HOCTh 3TOMY .n:m1 

6oJibIIIHHCTBa HCCJie;::i:oBaTeJieH He oqeBil,n:eH 

rrpou,ecc HeB03MO)J(HOCTH BbITecHeHIDI BO.Llhl 

Hetj:>ThIO m 3aMKHyThIX OTPHQaTeJihHhIX 

cTpyKryp H ero ponh B coxpaHeHIIH B npe.n:e

nax 3aJle)J(eH YB CHHKJIHHaJlhHhIX JIOBYIIIeK 

BO.Llbl. 

TaK, no MHeHmo B.E. Een03ep0Ba H 

.n:pyrHX HCCJieLJ:OBaTeJieii, 3aMKttyThTe OTpHqa

TeJibHbie CTPYKTYPhI, pacrrono:>KeHHhie B npe

.n:enax 6onee KpynHhrx IIOJio:>KHTeJihHbIX 

cTpyKryp, npn 3anonHemm nocne;::i:HHX He<iJ

ThIO 6y.n:yT coxpamITb IJJiaCTOBYJO BOLJ:Y .n:a)J(e 

npH ycnoBHH, eCJIH BHK Haxo,n:HTCH HH)J(e no

BYIIIKH c Bo.n:oii (P11c. 2-5). He yqeT .n:attHoro 
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Puc. 2-5. CunK!lUHU.llbHble Jlooyiu«u ooob1 o 
npeoeJZa.x JaJ1eJ1Ceu uerjJmu B pa1pe1e u o nr1aue 



}!BJiemrn: MO*eT rrpttBeCTH K 3aHH*emno 3ana

coB. TaK, B ceyqae 6ypemur CKB~Hhl B u,eH

TPe cttHKJIHHaJihHOH cTpyKryp1>1 tt BCKphITIDI 

He<jneBo.wrnoii 30Hhl (HH*HIIH TIJiacT), BHK 

MO)f(:eT 6bJTb pacnpocTpaHeH Ha BCIO aHTHKJIH

HaJibttyIO CTPYKTYPY. A B ceyqae c BepxHttM 

TIJiacToM aHTHKJIHHaJibHruI CTPYKrypa Boo6m,e 

MO)f(:eT 6bITb npHmTa KaK 6ecnepcneKTHBHa.SI. 

06paTHa}l CHryaIJ,H}l MO)f(:eT B03HHK

ttyTb, KOr,lJ,a 3anac1>1 3aJie*H MOryT 61>ITh 3a

B1>111IeH1>1 B c~ae OTCYTCTBH}l rrpo6ypeHHhIX 

CKBa_)f(:HH B rrpe,l1,eJiax CHHKJIHHaJihHOH JIOBYIII

Kll. 

PaccMOTPeHHhle rrpHMephl >TBJHIIOTC}l 

Jlllllih 4aCTHhIMH, Hatt6oJiee rrpoCThIMH H Ha

rJI}l)J,HhIMR ropa3,l1,0 Mettee O'leBH,lJ,HO BJIH}!HHe 

KpyrrHhIX CHHKJIHHaJibHhIX cTpyKryp Ha ipop

MttpoBaHHe JTOBYIIIeK He<Pni H ra3a. 0)1,HaKO, 

rrpH 6JiarorrpH}!THOM coqeTaHHH H HaJill"IHH B 

npe,l1,eJiax cTpyKryp1>1 pa3JIH'lHoro po,l1,a TeKTo

HH4eCKHX, JllITOJIOrH4eCKHX 3KpaHOB 3)1,eCb 

TaK*e B03MO)f(:HO c}JopMHpoBaHHe KOM6HHHpo

BaHHhIX noByllleK He<PTH, r,lJ,e B Ka4eCTBe 0)1,-

Hora ll3 3KpG1to6 MO)f(:eT BhICTyIIaTb CUHKJlU-

1/GJlbHaR 11oeywKa eoObZ. B 3TOH cHryau,HH 

TaK*e MOryT B03HHKaTb pa3JIWIHOro po,n:a 

HBK - CHHKJIHHaJihHble H BHK - aHTHKJIH

HaJibHhie. 

IIo:noMy n106oii aHaJIH3 CTPYKTYPHO

ro TIJiaHa )J,OJI)f(:eH BKJII04aTb B cefor He TOJlhKO 

BhrnBJieHHe 3aMKHYTI>IX nOJIO*HTeJihHhIX 

CTPYKTYP no npoHHu,aeMOH KpOBJie nnacToB, 

HO H OTPHU.aTenhHhIX CTPYKTYP no no,lJ,OIIIBe 

rrpom1u,aeM1>IX IIJlacToB. IIp11 3TOM HY*HO 

yqHTbJBaTh B03MO)f(:HOCTh o6pa30Bamrn KOM-

6HHHpoBaHHhIX JIOBYllleK BO)J,bl CUHKJIUHaJlbH0-

3KpaHHblX. 

TaKUM o6pa30M, 6 npeoe!lax 1tlJle
J1Ceu Hepmu u Za3a, c60600Hwt 6ooa Mo
Jteem HllXOOUfflbCR He mollbKO 6 mynuK06blX 
nopax, 10Hax, HO u oaJtCe 6 l{eJlblX cuHKRU
HtlJlbHblX cmpy1<.mypax. ,l(aHHblU 6bl600 
o'leHb «aJtCHo y'lumbt«amb npu nouc1<.o«o
pa3«ei>o'IHblX pa6omax, pa3llU'lwt BHK u 
I'BK aHmUKRUHtlJlbHblX u HBK u BI'K cUHK
llUHtlJlbHblX cmpy1<.myp. 

2.3. KanuJIJIBpHhie CHJihl BO.lJ.hl B 

HeO)J,HOpO.l1,HhlX KOJIJieKTOpax 

KarrttmUipHoe ,lJ,Blt*eHHe BO,lJ,hI HapH

.l1.Y c rpaBHTaIJ,HOHHhIMH CHJiaMH 06ecne1mBa

eTC}J )J,0110JIHHTeJibHO CHJiaMH TIOBepXHOCTHO

ro HaT}J)f(:eHHH, KOTOpbie B03HHKalOT IIO,lJ, ,n:eif

CTBHeM Moneeym1pHoro npHrn)f(:eHll>T )f(:ll,lJ,KO

CTH K rnep,lJ,OMy Te.JI)', o6pa3y>T </JU3Ul/eGKU 

C6ff3aHHY10 eooy, H 3a cqeT CHJI IIOBepXHOCT

HOrO HaUI)f(:eHH}l BffYTPH caMOH BO,lJ,hl no Ka

TIHJIJIHPY TIO,lJ,HHMaeTC>T qacTb ceo60011ou 60-

0bl . .D:aBHO 3aMe4eHo, 4TO B TOHKOH CTeKJI>TH

HOH Tpy6Ke, OilYllleHHOH B BO)J.y, BO,lJ,a TIO,lJ,

HHMaeTCR Ha HeKOTOPYJO B1>1cory. ITpII 3TOM, 

qeM MeHhIUe ,lJ,HaMeTP Tpy6KH, TeM 6oJibIIIe 

B1>1corn no,n:beMa BO.l1.hI. IIpou,ecc no,n:beMa 

BO,lJ,hl o6ycnoBJieH TeM, 'fTO nptt CMa4HBaHHH 

BO,lJ,OB 2uopo</JWlbHblX CTeHOK cocy)J,a 3a C'leT 

CHJI IlOBepXHOCTHoro HaT>T)f(:eHHH TIOBepx

HOCTh BO,lJ,bl CTPeMHTC>T np1106pecTH ipopMy 

IIIapa c o6pa30BaHHeM BOrffYTOro MeHHCKa. 

EcJIH *e *H,lJ,KOCTh He cMa'lHBaeT cTeHKH, Ko

TOphie HBJI>TIOTC51 2UOporjJo6HblMU, TO <PopMH

pyeTCB MeHHCK BhlII)'KJlOH <PopMbl ll COOTBeT

CTBeHHO ypoBeHh BO,lJ,hl B Tpy6Ke CTaHOBHTCH 

HH*e ypoBHR CB060,lJ,HOH BO,lJ,bl. 

2.3.1. KJiaccutl>uKaQHSI 1aJieX(eH c Ka1rnmrnpHhlMH BHK 

B npHpo,n:HhIX ycJIOBH}!X KannJIJIRpHaH 

BO,lJ,a, o6pa3YJOlll,ruI KaIIHJJJI>TpHYJO KaHMy, 

pacnonaraeTC>T Ha,lJ, TIOBepXHOCThIO CBo6o)J,

HhIX 6e3HarropHbIX BO,lJ,, OT KOTOpbIX OHa TIO,lJ,

HIIMaeTC51 IIO)J, )J,eBCTBHeM CHJI IlOBepXHOCTHO

ro HaT>T*eHH}l OT 2 CM B KpyrrHo3epHRCTbIX 

rrecKax ,lJ,O 12 MB fJIHHaX. 

B HanopHhIX ropH3omax . ,n:eifcrnne 

KaIIHJJJI51pHbIX CHJI Ha6n10,n:aeTC5£ B HaKJIOHe 

rpa11nu, 3aJie*eli yrneBo,n:opo,n:oB, o6ycnoB-
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neHHhIX pa3MepaMH 3epett, cnara10m:HX rropo

.l1.Y • MaKCHMaJihHhIH TaKOH rreperra,n: B pbIXJibIX 

oca)J,04HhIX rropo,n:ax MO*eT ,n:ocTHraTh 15-18 
M (PHc. 2-6). ITpw 3TOM ,n:eifcTBHe Ka1mmrnp

HhIX CHJI rrpo>TBJIBeTC51 TOJlhKO B lPH3ll"IeCKH 

CB>T3aHHOB BO,lJ,e. CBo6o,n:Ha51 Bo,n:a npaKTH'le

cKH He 0Ka3hIBaeT HHKaKoro BJIH}!HH51 Ha Ha

KJIOH 3aJie)l(:H, IJOCKOJibKY cpa3y BhITeCH>TeTCH 

tteqn1>10. Tio3TOMy ,n:aJiee pe'Ih IJOB,lJ,eT o rjJu

Jul/ecKU C6513aHHOU BOOe. 



Puc. 2-6. H1Me11e11UR ypoo11eu BHK, ompa:HCa10m,ue 
ptl311UUJ' o 1<anUJ1ll11p11b1x i>aoJ1e11uax, 06yCJ100J1e1111b1e 

pa3MepOMU 1epe11, CllllZUIOUl,UX nopoi>y. 
[Petroleum Research Corporation, 1960]. 

KanttrrJu1pttoe )laBHeHtte, Mila: rnttHa - OT 0, I )IO 4 H 6orree; arrespJIT -
OT 0,06 )10 0,1 H 6orree; necoK - OT 0,0002 )10 0,06; rpaBHJ,\ - OT 0,0001 
)10 0,0002 

B He<l>THHoli reonorHH s nocne,l{HHe 

ro.l{hI, 6naro.n:apH pa6ornM lO.JL oonhIIIaKosa 

[8,9], 6onhIIIYJO H3BeCTHOCTh nonyqwna Teo

pwH KanwnnHpHoro 3KpaHwposaHHH 3aJie)Keli, 

cornacHO KOTopoli BbI,l{enHeTCH ,l{Ba THTia Ka

TIHJIJU!pHbIX 6apbepoB B rn.n:po<}>HnhHOH H B 

rn.n:po<}>o6Holi cpe.n:e (Puc. 2-7). B cnyqae c 

rtt:.n:po<}>o6Holi noposoli cpe.n:oli Karrtt:nnHpHoe 

.n:asneHtt:e B ctt:cTeMe He<}>Th(rn3) - so.n:a ~rnm1-

eTcH OTPHIJ:aTenhHhIM. 3a cqeT 3Toro He<l>Th H 

ra3 HaqHHaIOT rrpoHHKaTb B Hatt:MeHhIJIHe H3 

nycToT, T.e. B paccMaTPtt:BaeMoM cnyqae rrpo

wcxo.n:tt:T BITHThIBaHtt:e yrneso.n:opo.n:os rropaMH 

tt: TPeIIJ:HHaMH cpaBHHTenhHOro Manoro pa3-

Mepa. 
B 3aJie)KaX rlf.l{po<}>HJibHoro Ttt:na 

nptt:TOKH He<}>Ttt: 3HaquTenhHO Bblllle rrptt:TOKOB 

BO,l{hl H3 Karrtt:nmipHbIX 6apbepoB, KOTOpbie 

COCTaBilHIOT OKono 1 M3/cyT . 

IIpH 3TOM ,l{a)Ke 'lHCTO smyanhHO He-

a 

P.' ..,.,.J.. >O 
l<.8 . ,.. .s 

IDB 1 

Puc. 2-7. CxeMa aKKJJMYllJll{UU yZJ1eooi>opoi>oo 1<anull.ILHpllblM 
6apbepoM o zui>pof/Ju!lblloii (a) u zui>pof/Jo611ou (6) cpei>e. 

Ilo B.II. EollbWaKoey: 
1 - yrneao.n:opo.n:br, 2 - ao.n:a. 
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TPY,D;HO 3aMernTh, qTo noBynrKa Hetjlnr c rH,D;

poQJHJihHbIM 6apbepoM (PHc. 2-7 a) RBmreTCj{ 

qacTHblM cnyqaeM BO,D;OTIJiaBmo:rn:eH: JIOBYlllKH 

c HaKJioHHhIM BHK (PHc. 2-6). Ilo3'fOMY MaK

CHMaJihHO B03MOiKHhm nepena,z:i; oTMeroK BHK 

)l,IDI CQeMeHrnpoBfilIHbJX nopo.n: MO)l(HO pacc~

TilTh no QJOPMYJie B.Il. CaBqeHKo. 

h _(Pu -P",J * 
max - r' (2.4) 

P. - Py• 

3.z:i:ecb p KJ H p KK - COOTBeTCTBeHHO KaTIJUIJIRp

Hbie ,n:aBJieHH51 B 3KpaHe H B KOJIJieKTope, CHH

MaeMbJe c KanHJIJI5IpHblX KpHBhIX B ToqKaX B, 
01:pIDKaIOIIl;MX Haqano BhlTeCHeHHg pbIXJIOCB51-

3aHHOH BO.ll:bl (Puc. 2-8); 't - nonpaBoqHbIB 

MHO)JillTeJih, npHB0.11:5IIIl;HH B3aHMO,IJ.eHCTBHe BbI

TeCIDIJOm;ero ra3a H BO,Il.hI npH na6opaTopHOM 

IDMepemrn: KaTIHJIJIHpHoro .n:asneHH5l K nnaCTO-

BhIM ycnoBM5IM. ,ll;JuI cttcreM ra3-so.na OH paBeH 

1, ,ll;Jl}J CMCTeM HeQJTh-BO,n:a .n:o 30 °C - 0,5, B ,n:Ha

Tia30He 60-70 °C - 0,41-0, 44. 
CornacHo 3TOH QJOPMYJie H ,n:aHHbIX 

Ta6JIHQbl 2.1, MaKCHMaJibHbIH KaTIHJIJrnpHhIH 

nepena.n oTMeToK BHK MO)KeT .r1ocrnraTh 270 
M, IJTO Ha nop51:,I1.0K BbIUie, qeM ,!IJI}J pbIXJihIX 

nopo,!1. 

TaKUM o6pa3oM, J(IJlemu c nalUloH
HblMU BHK 1a c11em fjJUJu11ecKU C6HJaHHblX 
600 Momno pa3i>eJJamb na i>Ba muna: 11Jla
cmo6o-Maccu6Hbte u nJ1acmoBo-c6oi>o6bte. 
Ilpu JmoM 6Ce 1na11enua u pacl/embt no 
ou,enKe yi>epmu6a10U(eii cnoco6nocmu cu,e
Menmupo6aHHblX nopoi) 6yi>ym npUMeHUMbl 
u Olla ou,enKu 6ellu1.1un nepenaoa om.nemoK 
BHK 6oi>onlla6aJOU(UX J{IJleJICeii. 

Ta6J1ulfa 2.1. 
XapaKmepucmu«.a nopoi>. 

[[ FO 5f. E 0 OJ/bUWK06Y 

,ZJ)rnMeTp ITopHcTOcTb, % ITpe11,eJ1 npo- Karrm1m1pHoe )lasneHHe, MITa 
ITopo.lla HHI.laeMOCTH, 

3epHa, MKM OTKpblTID! 3cjicjieKTHBHID! M,ZJ, MO.llMbHoe MaKcHMMbHOe 

AprHJlJJHThI 3 1-4 0,00002 - 0,003 2,3-12 15 
AneBpomffhI: 

ToHK03epHHCTbie 6-20 9-24 6-16 0,7-14 0,1-2,5 14 
Cpe,llHe3epHHCThie 20-35 6-17 - 0,09 - 38 0,04-1,0 10,2 
Kpy1rn03epHHCTh1e 735-60 7-20 <18 0,18-49 0,03-2,0 8,2 

ITecqaHHKH: 

ToHK03epHHCThre 60-250 12-19 9-15,3 1,3-800 0,03-0,2 4,6 
Cpe)J,He3epHHCThre 250-500 9-21 7-18 I - 390 0,07-0,28 3,0 

Kap6oHaTHbie nopOJlhI 2-5 0-400 0,04-15 15 

2.3.2. OCTaToqua.u ceo6oJJ:Ha.H BO.Ila 

Hap51.n:y c HaKJIOHHhIMH rpaHHQaMM 

BHK B Heo,n:Hopo,n:HhIX KonneKTopax, rpaHtt

QhI .n:pyrux HetjJTeHaCbIIIl;eHHhIX 30H TaK)Ke 

6yeyT HaKJIOHHblMH. IlpHIJeM rrpH rrepexo,z:i;e 

OT 30Hbl c OCTaToqHbIM HetjJTeHaChIIIl;CHJieM 

.no 30HbI rrpe,!ICJibHOro HCQJTCHaChIIIl;eHHR pac

CTOHHHC OT 3epKana BO.U:bI 6y.neT yseJIHqH

BaTbCH • 

.[{ocTaToqHo HarJI51,n:Ho ,n:aHHaH 3aBH

CHMOCTh npo,n:eMOHC'TpMpOBaHa B pa6oTe [54] 
Ha o6pmQaX KepHa c IIOMOIIl;bJO KaTIIDIJI5lpHbIX 

KpIIBhIX (Puc. 2-8), Ha KOTOpbIX HMCJOTCH TOIJ

KII rrepertt6a, yKa3hIBaIO:rn;He Ha so3pacTaHIIe 

rpaJJ;HCHTa ,!laBJieHHII, Heo6xoJJ;HMOro )l,IDI Bbl

TCCHeHII.sl cso6oJJ;HOH BOJJ:hI (yqacTOK AB), 

pn1xnocsg3aHHOH (yqacTOK BC) H npoqHocBH-

3aHHOH (yqacToK C.[{). IlpII 3ToM npH nepexo

.n:e OT BbICOKOnpoHHQaeMoro KOJIJieKTOpa K 
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HH3KOTipOHHQaeMOMY KOJIJICKTopy 6y,!leT 

npOIICXO.U:HTh yseJIH'JCHHe BO,Il.OHaChIIIl;CHHO

CTH 30HbI npe,z:i;enhHOro HetjJTeHaChim;eHH51. 

EcJJM yqecTh, 'ITO npoIJHOCB513atttta51 

BOJJ:a 3aHIIMaeT ,!leCHTYJO qacTb BCCH CB513aH

HOH BO,!lbl, TO B JJ;aHHOM CJIYIJae OHa 6yJJ;eT 3a

HHMaTb 1,5 - 2 %. 3HaqHT, nptt npOHHQaeMO

crn 2974 M.[{ COJJ;ep)KaHHe OCTaTO'IHOH BO.U:bl 

COCTaBHT OKOJIO 7 %, a rrptt yMeHbIIICHHH 

rrpoHHQaeMOCTH ,!10 42 M.[{ OKORO 37 % . .[{oc

TaToqHo qeTKO JJ;aHHM JIHHettHaH 3aBHCH

MOCTb (2.5) H3MeHeHHR KOnttqecTBa OCTaTO'l

HOH BO.U:hI Ksocm OT JIOrapHQJMa npoHIIQaeMo

CTH Knp' rrpeJJ:CTaBJieHa Ha pttc. 2-9. 
<cm = -0,14675/gKnp + 0,59448, ( 2.5) 



0CHOBHaH npH1IHHa Y13enlflleHHH oc

TaTO'iHOH BO~hl npH yMeHhUieHHH npomru,ae

MOCTH CBH3aHa c yBenlflleHJieM BHa'iane TY
TIIIKOBhIX nop BO~hl, HMeIOIIIHX npOTO'iHhltt 

Kattan B HIDimeii 'iaCTH, HO nepeKphIThltt CBj[-

3aHHOH BO;r.(OH, a 3aTeM H OTKphIThIX rrop, B 

KOTOphIX npoTO'iHhJe KaHanhI TaIOKe nepe

KphIBaIOTCH CBH3aHHOH BO~Ott. 

Ta1<.UM o6pmoM, 6 neoonopooHblX 
npooy1<.mu6Hbtx ll!lacmax npu yMeHbutenuu 
npoHUf<aeMocmu y6e11u11u6aemca 1<.o!lu11e
cm60 ocmamo11nou c6o6oonou 600bt, 3a 
c11em nepeKpbtmua npomo'IHbtX 1<.aHQ!lo6, 
1<.a1<. 6 mynu1<.06btx, ma1<. u 6 om1<.pbtmbtx no
pax </JU3U'leCKU C6R30HHOU 6000U. 

40 

35 

30 

25 

Ii 20 
:1 

15 

10 

5 

a 
1,5 1,7 1,9 2,1 2,3 

t :l ll 

Puc. 2-8. KanUJlJlllpllble KJJU6ble oopa:JU,06 Kepna 
npoi>y«mUBllblX nJlacmoB AB1.5 CaMom.nopcKozo 

Mecmopo:HCi>enua: 
1 - Knp=2974 M)J;, 2- 1446 M)J;; 3 - 982 M)l;; 4- 71 M)J;; 5 -

42M,ll;. 

2,5 

lgK,,p 

2,7 2,9 3,1 3,3 3,5 

Puc. 2-9. 3a6ucuMocmb U3Me11e11ua ocmamo1111ou Boi>o11acbtU(e1111ocmu om 
nponuu,aeMocmu i>llll nJlacmoB AB 1.5 CUMom.nopc«ozo Mecmopo:J1Ci>e11ua 

B f<eJlOM, pacCMompeHHbte 60llp0Cbl 6 OUHHOU lllU6e 0 cooep:m:anuu 600bl 6 l<.Olllle1<.mopax 
my6o«ux zopu3onmo6 cauoemeJ1bcmay10m o npeo6!laoanuu 6 HUX cao6oonou aoobt, C!leooaa
meJlbHo, uapyutenue 3a«ona /(apcu HeJlb3R CBR3bt6amb mo!lbKO c npoRB!leHueM Me31CMo!leKJl!lJIP
HblX cU!l npuma:m:eHUR aoobl c nopodou-KolllleKmopoM. 
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r JiaBa 3. reoJioru-cieCKUH KpyrOBOpOT BO.[lhl 

Ilpe,I1,CTaBnem1e o Kpyrosopo

Te B0,11,bl B npnpo,IJ,e y)l(e ,11,aBHO BOllIJIO 

B llIKOJioHI>Ie yqe6HHKH. OcttoBHaH 

CYTb 3Toro KpyrosopoTa CBO,Il,HTC5I K 

TOMy, qro BoIIIa,I1,a10ru;He Ha cyrny 

oca,IJ,KH L£aCTblO 06pa3y10T IIOBepXHo

CTHbIH CTOK, qacThIO, rrpocaqJIBaHCb 

Brny6o, .popMHPYIOT IIO,Il,3eMHbie B0-

,11,bI. IlosepXHOCTHoie H IIO,l],3eMHbie 

BO,Il,bl ITO)], BJUUIHHeM CHJibl TH)l(eCTH 

CTeKaIOT B IIOHIDKeHlrn - peL£Hhie ,11,0-

JIHHbl - H o6pa3yIOT peKH. Bo)J.a peK, 

rrorra,IJ,a:H B KoHe4Hhie 6acceHHhI cToKa 

H ttcnap5151Ch, ,11,aeT Haqano HOBbIM 

oca,I1,KaM. KonuqecTBeHHO ,11,aHHhIH 

KpyrosopoT xopomo myqett H co

CTaBn5leT 9,67*1018 r/ro,11,. 

Mettee H3BecTeH reonorHlle

CKHH KpyrosopoT B0,11,hl B 3eMHOH KO

pe (PHc. 3-1 ), paccMOTPeHHhIH A.H. 

IlasnoBhIM [83] H C.JI. lllsapQeBhIM 

[122] H B nocne,IJ,HHe rD)J,hI KonuqecT

seHHO on:eHHBaeMoIH B.Il. 3sepeBblM 

[152]. B ornH~u1e OT KJIHMaTttqecKo

ro, OH o6ycnoBJieH HerrpepolBHhTM 

OT,IJ,eJibHhIX yqacTKOB 

3eMHOH KOpoI B BepniKaJlhHOM H ro

pH30HTaJlbHOM Harrprumemui:x B CB513H 

c o6ru;eil: TeKTOHHqecKOH )l(H3Hbl0 

3eMnH. ,AaHHhIH KpyroBOpOT ,11,0 Ha

CT05Iru;ero BpeMeHH ,I1,emmca Ha TPH 

3Tarra: ce,11,HMeHTa:QHOHHbIH, MeTa

Mop<)JoreHHhIH H MarMaToreHHhIM, 

Ka)l(,Il,bIH H3 KOTOpoIX B orrpe,11,eneHHOM CMbIC

ne HOCHT caMOCTO»TenoHoTM xapaKTep. B ,11,aH

ttoH: pa6oTe, OIIHpaHCb Ha rrpHHQHIIllaJibttyIO 

cxeMy rH,11,poreonornqecKoil: 30HaJioHOCTH 

B.A. Ky,I1,en1>cKoro (Ta6nm.(a 3.1.), MMeeT 

CMbICn pa3fo.lTb ce,11,HMeHTaQHOHHbIH 3Tarr Ha 

,11,Ba 3Tarra: ,11,HareHHbIH H KaTareHHbTM. 

,!1uazemtb1ii Jman 3TOro KpyrosopoTa 

CBH3aH c 6acceil:HaMH oca,11,KOHaKOIUieHHH Ha 

CTa,11,HH iPopMHpoBaHHH reocHHKnHHaJlhHOro 

nporn6a. Bttaqane cTpyKrypttoro pa3BHTH51 

npoHCX0,11,HT HaKorrneHHe H ynnoTHeHHe or

poMHoIX Tonru; oca,I1,oqtt1>1x rropo,IJ,, rrpenMyru;e-

R0&nrgnMIHR J08~H11J1b· 
HblX 8111J U h111amr6a 

Ma-u 

Puc. 3-1. B3aUMooeucmoue K.!lUMamu11ec1<.ozo (I) u 
2eoJ1ozu11ec1<.ozo (II) 1<.pywoopomoB ooob1. 
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llo C.JT. meap1je6)' 

crneHHO MopcKoro rrpoMcxo)l(,Il,eHHH. B HHX 

3axopOH5IeTCSI 6onhllIOe KOJIHqeCTBO ce,IJ,H

MeHTaQMOHHblX BO,IJ,. Ha 3TOH cTa,11,MH rrpoHc

xo,11,HT npou:ecc .p1nuqecKoro H XHMttqecKoro 

CB5I3oIBaHHSI B0,11,bl ~mcTHQaMH ropHOH rrop0,11,bl 

(Pttc. 3-2) H cnm1rnoro nepepacrrpe,I1,eneHH5I 

MoneKyn B COOTBeTCTBHH c <)JopMHpYIOIQeHC51 

rropHCTOCTbIO H opraHO-MHHepanoHblM TIIIIOM 

oca,11,KOB. 

Ilo Mepe Toro, KaK rrpoHCX0,11,HT yBe

JIHlleHtte TOJIIQMHbl oca,I1,oqH1>IX rropo,11, B pe-

3yn1>TaTe ,11,aBneHHH rrepeKpoIBaIOI.QHX cnoes H 

yrrnoTHeHJU[ HllOB, CO.ll,epacaHHe B0,11,bl B HHX 



Ta6JJUlfG 3.1. 
llpunu,unuaJlblUIR cxeMa 2u()po2eo!lo2ul/ec1wii JOHaJlbHocmu ocaOo'lnoii momu,u JeMnoii 1<.opb1. 

rR,llpO,Illl

HaMlf'-Ie

cKne cnc-

TeMhI 

rpyHTOBble 

BO,Ilhl 

KBa3ll3JIH-

3HOHHble 

TepMorH,I1-

po,I1HHaMH

'ieCKHe 

CTa,Illlil nnToreHe-

3a OCa,IIO'!Hh!X IJO

pO,II 

JJ:nareHe3 ( rrpn 

IJO,Il'heMe Teppn-

Topnn rropO,IlhI 

pa3nnqHhIX cTa

.IIHH rrpeo6pa3oBa

Hmr) 

Tio3,IIHHH ,IIHare-

He3- KaTareHe3 

MernreHe3 (pe

rnoHanhHbIH Me

TaMop<fimM) 

Ila B.A. KyoeJJbCKaMy 

Oco6eHHocTH rll,llpO,IIHHaMHKH n 

<fin!OR,llO,IIHHaMHKH 

r Opll30HThl 6e3HailOpHb!e H IJO,II rH,IlpOCTa 

TH'!eCKHM ,IlaBneHneM llHTeHCHBHble, rrpe 

HMYI11ecrneHHO naTepanbHbie TPaHc6acce.H 

HOBhie rrepeMeI11eHm1 IJO,Il3eMHhlX BO,II. Tin 

TaHne BO,IIOHOCHhlX ropH30HTOB B OCHOBHOM 

nmjmnb TpaunoHHoe 

Jl:BmKeHne IJO,Il3eMHbIX BO.II IlO,II ,IleHCTBHeM 

rpa,IIHeHTOB ,IlaBnemui CJIO)J(HOH npHpO,Ilhl 

TipnMaT BepTMKanhHhIX ,IIBll)KeHHH, corrpM 

)J(eHHh!X c 3JieMeHTaMH cy6ropH30HTanhHOrc 

ueHTpo6e)J(HOro rrepeMeI11eHnM no,I13eMHhIX 

BO.II rrpn aKTHBHOM B03,IleHCTBHH <jJJIIOH,IIOE 

TepMorll,IlpO,IIHHaMHqecKoH CHCTeMbl 

Oco6eHHOCTH o6ycnoBneHbI: 

Hanlf'-IHeM rreperpeThIX BO.II (rnnoTep 

Mhl), cy6- H Ha,IIKpnrnqecKHX BO,IIHO-ra30BhDI 

cMeceti (<lJn10H,I10B) 

rrpeHMYilleCTBeHHh!M pa3BHTHeM Ha,II 

KpliTHqecKnx (,Lill}[ BO,Ilhl) <lJmoll,IIOB 

TeMrrepaTy

pa, oc 

JJ:o 50-60 

60-200 

200-450 

450-700 

JJ:aBneHne 

P nn =P s; lIOKanbHO 

Pe<Pnn<PrcT 

PB<< Pnn ~prCT 
TiepHO,IIHqecKH 

Pnn >PrcT C pe

llaKCaUne.H rrpe

HMYI11ecTBeHHo B 

30Hax pa3JIOMOB 

ttaq~rnaeT 6I,1cTpo yMeHbIIIaThCH. B ttaqaJib

tto:H crn,D,HH ce,D,HMeHTaQHH H ,D,Harette3a oca,D,

KOB B rpatty.JrnpHbIX rropo,ZJ,ax HMeeTCH O,D,Ha 

CBH3aHHM o6nacTb rroposoro rrpocrpattcTBa -

O,D,HH 6ecKOHeqHblH K.JiaCTep. IlpH 3TOM u,n:eT 

CHIDKeHHe rropMCTOCTH H BhDKHMaHHe BO)lhl, B 

oco6ettttocTH H3 nmHHCThIX oca,D,KOB. Y)l(e Ha 

rrepBhIX COTHHX MeTpOB rropHCTOCTb r.JIHHH

CTbIX OCa,D,KOB HHTeHCHBHO yMeHblllaeTCH, H 

OHH TepHIOT 3HaquTe.JibHOe KO.JIHqecrno CB0-

60,n:HOH BO.D.hI. OcHOBHM qacTb BO,D,hI B nepe

pacnpe,n:e.JIHeMbTX H.JIOBblX OCa,D,Kax B03Bpmu:a

eTCH B BO,IJ;OeM, r,D,e npoHCXO.D.HT 

oca,D,KOHaKorrneHHe. HHTeHCHB-

ro pa3.JIO)l(eHHH H CBH3bIBaHMH BO.D.bl, BHOBb 

qiopMttpyiomttMHCH [.JIHHHCTbIMH H Kap6o

HaTHblMH MHHepanaMH c O.D.HOBpeMeHHbIM 

rrepeTOKOM BO,D,bl B cpopMHpyromwecH KO.JI.JieK

TOpbI. B necqaHhIX II.JiacTax c caMoro ttaqana 

HX o6pa30BaHMH TO)l(e HaxO,IJ;HTCH ce,IJ;MMeHTa

l.J,HOHHaH BO,IJ;a, HO OHa IIOCTerreHHO ycryrraeT 

MeCTO BO,IJ;aM, BbI,IJ;aB.JIHBaeMhIM 113 r.JIHH, TaK 

KaK reocTan1qecKoe ,D,aB.JieHHe, rocrro,D,

cTBYJOmee B yrr.JIOTHHIOmnxcH cJirnl:X rJIMH, B 2 
pa3a H 6onee rrpesblmaeT ru,D,pocTaT11qecKoe 

,n:asnem1e, rocrro.n:crnyiomee B rrpaKTHqecKH 

HOCTb '.Hora BO,IJ;oo6MeHa co

CTaB.JrneT 0,49* 1018 r/ro,n: (rn6-

nuu;a 3.2). 
KamazeHHbtu 1man 

reonorR'lecKoro KpyrosopoTa 

BO.D.hl CBH3aH co CTa,D,Hett XHMH

KO-MHHepanorwrecKoro rrpeo6-

pa3oBaHHH nopo.D. npH ux no

rpy)l(eHMH Ha 6onee 2J1y60Kue 
2opU3011mbl. Ha 3TOM 3Tane Bo

,n:a OTIKHMaeTCH B KO.JI.JieKTOp

CKHe nnaCThI, npeMMYmecTBeH

HO rrecqatthie, 3anermom11e Me

)K)l)' ynnoTHeHHbIMH C.JIOHMH 

r.JIHH. Ha CTa,D,HH KaTarette3a 

OCa,IJ;KOB OT)l(aTMe nocTeneHHO 

CMemeTCH rrpou:eccaMH HOHHO-

'llW!J(flt:IJNiH: ~ 
11zO+C01 

Puc. 3-2. reoXUMUl/eCl<.UU U,UIUl BOObl 6 JeMHOii 1<.ope. 

Ila C.Jl. WBap11eey 
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Ta6J1Ulfa 3.2. 
Oc110611b1e Macconomo1<.u no03eMllblX BOO 6 3eM11ou 1<.ope. 

fl BII 3 0 eepeey 

Maccorro- Tom11a ropHhIX nopoll 3eMHOli KOphI, 

TOKH BOBJieKaeMM B KpyrosopoT 

3oHa aKTUBHOro BOll006MeHa KOHTH-

fMporeo- HeHTaJibHOro 6noKa 3eMHOH KOpbi 

rrornqe- 3oHa 3aMellJieHHoro BOll006MeHa 

CKHM KOHTHHeHTaJihHOro 6rroKa 3eMHOH KO-

pbl 

0Call0l!Hble rropOllhl KOHTHHeHTaJih-

HOI'O H cy6KOHTHHeHTaJibHOI'O 6noKa 

JlttToreHe- 3eMHOM KOPhl 

THl!eCKHM OcMOl!Hb1e rropOllhI I ceikMMl!ecKoro 

CJI05! OKeaHMl!eCKOI'O 6noKa 3eMHOM 

KOPbl 

lpaH!ffHO-MeTaMOpljltt'leCKM 060-

feonorH-
JTOl!Ka KOHTHHeHTaJibHOro 6noKa 3eM-

l!eCKHM 
HOM KOpbl 

II H III ceiicMtt'lecKne cnon oKeaHH-

qecKoro 6noKa 3eMHoii KOpbt 

tttllpO- CttcTeMa oKeaHMl!ecKHX pttQJToB 

TepManh- CncTeMa ocTpOBHhIX llYI' H aKTHBHhIX 

Hblll KOHTHHeHTaJibHhlX OKpattH 

*3*10 15 r/n no B.B. TpyIIIKHHy. 

HeC:llCHMaeMhIX nec'-laHHKax. B ;n:anhHeiiIIIeM, 

.D,BH)KeHHe BO.D, B BO.D,OHOCHhIX ropH30HTax 

npOHCXO.D,HT B COOTBeTCTBHH c rH;n:paBJIH'-le

CKHM yKJTOHOM, HanpaBJieHHhIM OT MCCT HaH-

6oJibIIIero nporw6aHHH H BhI)KHMaHHH K Mec

TaM OTHOCHTeJihHO Mem,mero TeKTOHJfileCKO

ro ,I(BH)KeHIHI. 

IIpw norpy)J{eHHH nopo;n: B npm~ecce 

,I(HareHe3a Ha'-IHHaeT cpopMHpOBaTbCj[ 'fYTIHKO

BM nopHCTOCTh, H, B ,I(aJlhHeHIIIeM, npH KaTa

reHe3e e.n,HHM CBH3aHHM o6nacTu nopoBoro 

npocTpaHCTBa pacna,n:aeTCj[ Ha p51.JJ: He CBH3aH

HhIX ,a:pyr c ,a:pyroM o6nacTeH, '-ITO cymecT

BeHHO CHfDKaeT OTTOK BOJ.1: Ha TIOBepXHOCTh. B 

CBOIO oqepe,a:h, H36bITOK TIJiaCTOBoro ,n:aBJTe

HHR Ha'-IHHaeT npeIDITCTBOBaTh yMeHhIIIeHHIO 

nopHCTOCTH nopo,a:. Ilo3TOMY TeMTihI CHH)J{e

HH51 nopHCTOCTH Ha 3TOM 3Tarre, B cpaBHeHHH 

c Ha'-laJThHhIM 3TarroM, 3Ha'-IHTeJibHO CHH)Ka

IOTCH. 

Ha 3TOM 3Tarre B npm~ecc BKJTIO'-laIOT

CH CBjf3aHHhie w u,eoJIHTHOie BOJl:bI. Ha:u6ono

mee BHHMaHHC rrpHBJICKaIOT, npe)KJ.l:e Bcero, 

Me)J{CJIOeBbIC BOJ.l:bl MOHTMOpHJIJIOHHTa, KOTO

pblH co,a:ep)J{HT 6onee 20 % BO.JJ,bl B CBH3aH

HOM COCTOHHHH. BoI,I(CJieHHe MC)KTIJiaCTOBOH 

BOJ.l:bl npoHCXOJl:HT He paBHOMepHO, a CBH3aHO 

11HTeH-

CMBHOCTh 

I1peo6rra-
Macca rop- Macca BOllhI, BOll006-

HOH rropOllhl, COllepi!<a- MeHa MITH 
llaIOIIIHe CO-

BOBJieKaeMOH 111errc11 B Bhmerre-
CT01!HHe IIOk 

ropttoti no- HH1! B CBO-B Kpyroso-
3eMHhIX BOll 

poT, 1024 r polle, 1024 r 60llHOe 

COCT05!-

Hile, r/roll 

0,04 0,0025 9,67*1018 

Cso60llHOe 

1,06 0,065 0,49*1018 

1, 11 0,051 4,42*10 15 

<l>M3lll!eCKH 

CB5!3aHHOe 

0, 18 0,098 0,42*10 15 

XHMM'lecKH 
8,12 0,17 0,41 *1015 

CB5!3aHHOe 

5,96 0,052 0,39*10 15 

Cso60llHOe, - - 0,18*101)* 
napOBOMHM 

4,0*10 15 - -
CMeCb 
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c 3TanaMH HJIJIHTH3aU,HH MOHTMOpHJIJIOHHTa, 

onpe,n:CJIHCMbIMH JIHTOJTOfH'-leCKHMH oco6eH

HOCrnMH roptthIX nopo.n,, cKopocTbIO HX no

rpy)Ketttt}I, reoTeMneparypHhIMH ycnoBmIMH. 

Ba)KHO, '-ITO BhI,a:enetttte Me)J{nJiacToBoii BO.D,hI 

conpOBO)KJ.l:aeTCjf rny6oKHMH CTpyKrypHbTMH 

H3MCHCHH5IMH MHHCpaJibHOro COCTaBa rJIHH: 

MOHTMOpHJTJTOHHT ~ xnopHT ~rH;n:pocJIIO.D,hI. 

IIpn 3ToM wx 061.eM JMCHhmaeTcjf, '-ITO cooT

BeTcTByeT cpopMHpYJOmeiiC}I reO.JJ,HHaMITTC

CKOH o6cTattOBKe, CB}l3aHHoii c JBeJilfileHHeM 

,a:aBJICHHH. Oco6eHHO HHTeHcttBHo npou,ecchI 

JIHTHcpHKaU,MH npoTeKaIOT Ha rrry6ttHax 2-3 
KM, HO npo_a:oJT)KaTOTCH H rrry6)J{e. IIocne yn

JIOTHCHHH H TIOJIHOH JTHTHcpHKaU,HH oca.JJ,KOB 

OCTaBIIIHeCSI B HHX nopoBble BO.D,bl COCTaBJIH

lOT eme 2-5 % oT wx o6'beMa. Ha 3TOM 3Tane B 

KOHTHHeHTanhHOH 3eMHOH Kope BO)J,a o6paTHO 

nepeXOJl:HT B CB06o;n:Hoe COCTOHHHC c HHTeH

CHBHOCThlO 4,42* 1015 r/ro_a:, B OKeaHJfileCKOH 

Kope 3Ta BeJIH'-IHHa Ha nopHJl:OK MeHhJile. 

Mema.MopfjJozeHHblU 3man. Tipo
Jl:OJT)KaIOmeec51 nporn6aHne TeppttTopww npu

BOJ.l:HT K ;n:anI>HeiimeMY norpy)J{eHHIO oca,a:oq

HhIX nopo,a: H CBSI3aHHbIX c HHMH TIOJ.1:3eMHhIX 

BOJ.1: H nona,a:aHMH HX B 30tty nporpeccMBHOrO 

MeTaMopcptt3Ma. Ha 3Toii cTa.JJ,HH Ha rrry6wHax 



3-4 KM B rpaeymrpHhIX rropo.n:ax-KoJUieKTopax 

M,n:eT 3aKOHOMepHoe pacq][eHeHHe e,n:MHOH rro

poBOH CHCTeMhI Ha OT,n:eJibHble, He CB.sr3aHHble 

.n:pyr c .n:pyroM o6rracTM [24]. B ,n:arrhHemneM 

pa3Mep o6rracTeH yMeHhIIIaeTc.sr, H OCTaIOTC.sr 

oT.n:errhHhie 3aMKH}'Thie rrophI. B 3TMX ycrroBM

.srx HaqMHaeT pe3KO IIOBbIIIIaThC51 IIJiaCTOBa51 

TeMneparypa (.n:o 200 - 450 °C) M nrracToBoe 

.n:aBJieHMe (.n:o reocTaTMT.JecKoro ), HaqMHaeTCH 

nepeKpMCTaJIJIH31UI nopo.n: c Bbl,n:erreHMeM B 

CB06o.n:H}'IO tPa3Y He TOJibKO nopoBhIX, HO H 

Bcex MX KpHCTaJIJIM3aIIHOHHbIX H KOHCTMTY

IIHOHHhIX pa3HOCTeH BO,ll,hl, KOJIHT.JeCTBO KOTO

phIX MO)l(eT .n:ocTMraTh 15-25 % BeCOBhIX. B 

pe3yJihTaTe, TeMnhI CHif)l(eHifjJ nopMCTOCTH, He 

TOJihKO cyIIIeCTBeHHO _CHif)l(aIOTCll, HO H 3a 

cT.JeT rrpoueccoB rM.n:popa3phIBOB nrracToB tta

T.JMHaIOT pa3BMBaThC.sr npouecChI rpeIIIHHOBa

TOCTH nopo.n:. 3TM npouecchI MeTaMopQ:>mMa, 

no Bceif BM,[IMMOCTH, MrpaIOT He nocrre,n:HIOIO 

porrh B o6pa30BaHMH TeKTOHMT.JeCKMX pa3JIO

MOB H 5IBIDIIOTC51 npe,n:BeCTHHKaMH pe3Koro 

H3MeHeHIDI TeKTOHHqecKoro pe)l(HMa TeppH

TOpHH, KOr,n:a onycKaHHe CMeIDieTCH no.n:m

THeM M perpecctteif MopH. B 3TO BpeM.sr c03,n:a

eTC» ropHO-CKJia,n:T.JaTa» CllCTeMa. 

IlpH 3TOM rrponCXO,lJ,llT He npOCTO oc

Bo6o)l(.lJ:eHHe BO.lJ:hl MITH .n:ern.n:paTaIIHH ropHhIX 

nopo.n:, Ho H MX .n:ertt.n:poKcmmpoBaHHe, T.e. 

BhI,n:erreHMe rM,n:poKcllrrhHOH rpynrrbl OH, a 

TaK)l(e llOHOB Bo,n:opo11.a H KllCJiopo.n:a, KOTO

phie, coe,n:MH51$1Ch, CHHTe3HPYJOT MOJieeyny 

BO,ll,hI. B 3TMX ycnoBll5IX Q:>opMnpyioTcH BHOBh 

CllHTe3HpOBaHHhie, HJIH B03pO)l(.lJ:eHHhie, BO

.ll:hI. TeM caMhIM, 3axopoHeHHa» rrepBoHa

T.JaJihHO B oca,n:oqHhIX OTJIO)l(eHMHX Bo,n:a B 

npouecce MeTaMopQ:>H3Ma nocTeneHHO IIOJIHO

CThIO ocBo6o)l(.lJ:aeTcR. HHTeHCHBHOCTI. 3Toro 

reonornT.JecKoro Bh1,n:eneHID1 BO.D:hI cocTaBJIHeT 

OKOJIO 0,4*1015 r/ro.n:, KaK Ha KOHTHHeHTax, 

TaK H B OKeaHHT.JeCKOH KOpe. 

B ,n:arrhHelimeM, npw norpy)l(eHHH rro

po11. Ha 60JihIIIHe rny6HHhl nJiaCTOBhJe ,n:aBJie

HHH Q'>JIIOH.[IOB HaqHHaJOT rrpeBhIIIIaTh reocTa

TMT.JecKHe, B pe3yJihTaTe rrpOHCXO.[IHT o6pa30-

BaHMe pa3JIOMOB, T.Jepe3 KOTOpbie H.[leT penaK

cauw.sr nnacTOBhIX ,n:aBrreHwif. Hx TeMrreparypa 

.n:ocrnraeT 450-700 °C. B 3TMX Ha,n:KpHTHT.Je

cKHX ycJIOBMHX Bo,n:a CTaHOBHTCR XHMHT.JeCKH 

oT.JeHb arpeccHBHhIM BeIIIecrnoM (C. AppeHH

yc, 1900). TaK oHa nerno pacrnopReT B ce6e 

KpeMHe3eM, CTaHOBHCb npH 3TOM paCTBOpOM 

KpeMHeKHCJIOThI H4Si04• TaKoH KOHIIempn

poBaHHhIH pacrnop, )l,BHrruICh K pa3JIOMaM, 

«B6ttpaeT>> Ha CBOeM rryTH noJie3Hhie KOMno-
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HeHThI. Pe3Koe rra.n:eHne 11.aBnemrn rrpoBOIIH

pyeT ero BCKHnaHMe H 0.ll:HOBpeMeHHOe OCa)l(

)1,eHMe KaK KpeMHe3eMa no cxeMe: 

H4SiO 4=Si02+ 2H20, 
TaK H Bcex noJie3HhIX KOMnoHeHTOB HJIH 6y

.D:YIIIHX py,n: (57]. 
MazMamozemtbtu "Jman. Ilpouecc 

ropoo6pa3oBaHMH conpoBo)l(.lJ:aeTcH pa3,n:po6-

nem1eM TeppHTOpHH Ha OT.[leJihHbie T.JaCTll, 

B03HHKHOBeHHeM MarMaTMT.JeCKHX npoueccoB 

c BYJIKaHHT.JecKHMH npo.srBJieHHRMH. Bee 3To 

rrpnBO.ll.HT K TOMY, T.JTO rrorpe6eHHI>Ie BO.lJ:hI 

BCzynaIOT B aKTHBHOe B3aHMO,D,eHCTBMe c rny-

6MHHhlMH pacTBopaMH H ra3aMH MarMaTHT.Je

CKoro rrpOHCXO)l(.lJ:eHIDI. 

PacmttpHIOll(HecR H yrny6mnoIIIwec.sr 

pa3JIOMhl 3eMHOH KOphI, npouecChl MarMaTH

T.JeCKOH .n:eRTeJibHOCTH cnoco6cTBYJOT aKTHB

HOH MllrpaIIHH 3axopoHeHHhlX BO.[I H BOBJie

T.JeHHIO HX B cQ:>epy ,lJ,eHCTBIDI KJIHMaTHT.JeCKOro 

KpyroBoporn. B 3THX ycnoBH»X Q:>opMnpYJOT

CR pa3Hoo6pa3Hhle MHHeparrI>Hhie, ra30HOC

Hhie, rn.n:poTepMaJihHhie, IOBeHHJihHhie H npy

rne BO.lJ.hI. IIo,n:HHMaIOIIIHecR H pacKphIBaIO

IIIHecH CTPYKTYPhl no,n:BepraIOTCH B03,n:eifcT

BHIO MaCCOilOTOKOB: MeTeopHoro npoHCXO)l(

.n:eHHR (3,37*1015 r/ro.n:) n rny6nHHoro npo

HcXo)l(.lJ:eHH.sr (0,63*10 15 r/ro.n:), T.JTO ell(e yc

JIO)l(meT rn.n:poreonornqecKne ycrroBMH n 

cnoco6crnyeT BOBJieT.JeHHIO rny6HHHhIX BO.[I B 

KJIHMaTHT.JeCKHH KpyroBopoT. 

B 3TO epeM11 HaT.J1rnaIOT TaK)l(e aKTHB

HO o6pa30BhIBaTI>c.sr, no rwnoTe3e rrpe.n:no

)l(eHHoif aBCTpHHCKHM reonoroM 3. 3IOCCOM, 

IOBeHHJihHhle BO,ll.hl, KOTOphie COCTaBJI}IIOT 3 
% OT MaCChl H3Bep)l(eHHbIX rropo.n: H o6pa3y

IOTC.ll c HHTeHCHBHOCThlO 0, 18* 1015 r/ron. 

0.n:HaKO, ,lJ,aHHa.sr rnnoTe3a IOBeHHJibHhIX BO.[I 

.llBJI.sreTC.ll BeCI>Ma cna6o o6ocHOBaHHOH Q:>aK

THT.JeCKHMH ,n:aHHhIMH [81]. Ilo pa3Hoo6pa3-

HhIM COBpeMeHHhlM MeTo,n:aM OIIeHKH, co.n:ep

)l(aHHe BO.[lhl B MarMaX .[IOCTHraeT 22 %, B 

cpe.n:HeM 5% [82]. B CBOe BpeM.sr eIIIe B.H. 

BepHa,n:CKHH npe,n:rrararr paccMaTp1rnaTh Mar

MhI KaK paCTBOphI BO,D,hl B CHJIHKaTOBOH H 

aJIIOMOCHJIJIKaTOBOH pacIIJiaBJieHHOH, rrepe

IIOJIHeHHOH ra3aMn Macce. TaK no ero ,n:aH

HhIM TOJihKO B rrarrarOHHTOBhIX nopo.n:ax H zy
Q:>ax HcnaH,n:HM Korrnqecrno BO,D,hI .n:oxo.n:HT .n:o 

24,4 %. 3TO npe.n:rroJIO)J(eHHe nonyqttno 

,n:arrhHemune pa3BMrne K Komzy 80 ro,n:oB 6na

ro.n:ap.sr IO.A. Kon.srcHHKOBY [57]. HM 6hlna 

o6ocHoBaHa IIOJIMMepHa.sr Mo.n:enI> MarMoo6pa-

30BaHnsc. Ilo 3TOH MO.[leJIH, BeJIMT.JHHa IOBe

HHJlhHhIX Bo.n: cocTaBmreT 50 %. MexaHM3M 



pmK,Il,emUI BO,l1,bl B XMMHqec.KHX CHMBOJiax HM 

npe,l1,CTaBJieH TaK: 

2(Si04)4-+8JI' =2Si[OH}4=2Si02+Hs04 
BecKMM ,Il,OK!l3aTeJibCTBOM ;:i:aHHoii 

MO,l],eJIH jJBMJIHCb He3aBHCHMbie ,l],aHHbie 6a-

3aJibTOBO-OKeaHuqecKoro cpeHoMeHa 3eMJIH 

[5], cyTb KOToporo COCTOMT B TOM, qTo 3a IIO

CJie,l1,HHe 150 MJIH. neT o6beM 0Keattoccpepb1 

B03poc ,l1,0 1060-1160 MJIH. KM2, M3 3TOro o6b-

eMa TOJibKO 50 % 6bIJIO 3aIIOJIHeHO M3JIHTbIMH 

6a3aJibTaMH B OKeattax 521 MJIH. KM2 H Tparra

MH Ha KOHTHHeHTax - 30 MJIH. KM2. IlpH 10 % 
o6beMHOM BbI,l1,erremrn: BO,l1,bl H3 MarMbl, BO,l1,a, 

HaXOMill~CjJ B OKeaHe, rpy6o roBOpjJ, 6bIJia 

6bI CJTHTa B QeHTPbI OKeam1qecKHX BIIa,l],HH. 

HcxoM m 3Toii Mo;:i:enw, BeJIHqHHa o6pa3o

BaHHjJ IOBeHHJihHhIX BO,l1, ,l1,0JI)l<Ha COCTaBJTj{Tb 

3*1015 r/ro;:i:. 

HmaK, pacCJHompeHHblU HaMU zeoJ1ozu1JecKuii «pyzoBopom 60dbl 6 ocnoBHOM omJ1u1Jaem
CR om panee cyU(ecm606a61UUX npeiJcmaBJtenuu pa3iJeJtenueM ceiJUMenmau.uonnozo Jmana Ha 
iJuazeHHbtii u KamazeHHblU Jmanbt. Oco6ennocm.R.Mu noCJteiJnew R6J1R10mca pe3Koe cnu:ncenue 
meMnoB yMeHbJUenua nopucmocmu, unmencuBHbtii nepexoiJ C6R3annou BoiJbt 6 C6o6oiJnoe co
cmoanue, KoziJa nJtacmoBoe iJaBJtenue na'lunaem npe6bt1Uamb zuiJpocmamu11ecKoe u m.iJ., no, 
zJtaBHoe UMenno 11a JmoM Jmane, no Bceu Bepoamnocmu, MeHRemca 3aKoH </JWlbmpau.uu BoiJ, ne
pecma6(JJI noiJ11uHRmbcR 3aKoHy ,l(apcu. Ilpu11eM, 603Mo:ncno, 6JtazoiJapa UMen110 U3Mene11u10 3a
Kona </JWlbmpau.uu Boo, npoucxoiJ.11m pe3Kue U3Menenua cBoiicmB nopoiJ npu KamazeHe3e, 11mo 
no360llRem npeiJ!lo:ncumb zeollozu1JecKuii Kpumepuu noHRmu.11 my6oKue wpU3011mbt - Jmo wpu-
30Hmbt, noiJBepziuueca Kamazenemu11ecKUM npeo6pa3o6aHURM. 
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r JiaBa 4. OcHOBHhie cf>opMhl )J;BH*eHHH 

r Jiy6oKHX BO)]; H HX 3aKOHhl 

B rH.D:poreonornH H3)1,aBHa H )1,0BOJJh

HO npoqHo yKopeHHJIOCb MHeHHe, qTo OCHOB

Hble 3aKOHbl ~IDKemrn BO)J,bl B 3eMHhlX He

.npax cocTaBJUIIOT npe,nMeT oco6oii ttayqttoii 

,nHCQIIIIJJHHbl - )1,HHaMHKH IIOA3eMHhIX BO)],, 

KOTOp<UI KaK COCTaBH<UI qacTb BXO)J,HT B II0)1,-

3eMttyIO rlf):(paBJIHKY, myqaIOIIzyIO 06II1tte 3a

KOHOMepttocTH )1,BIDKeHmI <PnIQH)J,OB (BOAhl, 

tte<Prn, ra3a). 

c TaKHM IJO)J,XO)J,OM K rH)J,pO)J,HHaMH

Ke, a, CJie)J,OBaTeJTbHO, II K OI.WHKe IIO)J,BIDKHO

CTII KOMIIOHeHTOB II0)1,3eMHOM rH,npoc<liepbl 

Tpy)J,HO cornacHTbCJ!, TaK KaK ee 3aKOHaM 

rro,nqumeTCJ! )1,BIDKeHHe JJHIIIb "KarreJibHO

)lll)J,Koii" BO)J,bl, 0)1,HOH H3 MHoroo6pa3HblX 

.npyrHX <PopM. Ha 3TO 06paII1aJJH BHHMaHtte 

,ll;.H. rop.neeB, A.M. 0BqHHHHKOB, r.IO. Ba

JJYKOHHC, A.E. Xo)J,bKOB, A.H. IlaBJIOB, B.11. 
,ll;IOHHH H .np., OTMeTHBIIrne, qTo KJTaccwqe

CKaJ! rlf):(pO)J,HHaMHKa He yqHTbIBaeT )1,Bif)l(e

HHe )1.pyrHX <PopM B0)1,bI, a TaK)l(e ee 113MeHe

HHJ! rrpH )1,BIDKeHHH. 

OcnoBH<UI qacTb BO)J,bI B 3eMHoii Kope 

HaXO)J,HTCJ! B <PH3HqecKH H XHMHqeCKH CB5£-

3aHHOM COCTOHHHH. IlpH reoJiorHqecKOM Kpy

roBopoTe 3Ta BO)J,a cttaqana rrorJIOII1aeTcJ1 no

po.now, a 3aTeM Ha 6oJihIIIHX rny6ttHax noKH

.naeT ropttyIO nopoey. Ilo3TOMY ttapHey c 

<PHJib Tpau,neii MexaHHqecKoe nepeMeII1eHtte 

BOAhl BMeCTe c OCa)J,KOM, MarMaTuqecKHM 

pacIIJiaBoM, T.e. BMecTe c reonorn:qecKoii cpe

.noii, KOTOp<UI BMemaeT 3TY BO)J,y, HrpaeT Ba)l(

HeHIIIYI-O ponb B reoJiornqecKOH HCTOpHH 

3eMHoii Kopb1. B 3Toii CBH3H, E.B. lIHHHeKep 

H C.n. lllBapQeB npe.nnaraIOT BbI)1,eJJ.lJTb )1,BH

:JKeHHe BO)J,bI KaK reonorHqecKoro Tena, 3aHtt

MaJOmero cTporo orrpe.neneHHbie o6oeMbI H 

IJOJIO)l(eHHe B reonorHqecKOM CTpyKrype. 

Ilo3TOMy, IIpH myqeHHII )1,BIDKeHHJ! 

rny6oKHX BO)],, CHaqana pacCMOTpHM MeXaHH

qeCKYIQ H qm3HqecKYJO cyII1HOCTb )1,BIDKeHHJ! 

CB060)1,HOH BO)J,bI, 3aTeM KaK TeJia, <Pw3wqecKH 

CBH3aHHOro c ropHbIMH nopo,naMH, If, HaKO

HeIJ,, KaK reoJiorHqecKoro Tena. 

4.1. Cy~uocTh .Z:.BH~eHHSI cBo6o.r:.uou BO.Z:.hI 
KaK MexauuqecKoro TeJia 

4.1.1. YnpyrocTL H nJiaCTH'leCKa.H ;:i:ecf>opMaUHR Bo;:i:LI 

B ttacTOHII1ee BpeMH KJTaccHqeCKH Ma

TeMaTHqeCKaH cyTb ynpyrocTH TeJI 060HCHJ1-

eTcS1 [98] KaK TIOJIOBHHa Me:JKMOJieKyJrnpHoro 

paCCTOJ!HHJ!, a/2 (B OTJIHqwe OT HeKJTaccHqe

CKHX npe)J,CTaBJieHHH 51.H. <I>peHKeJISI [105], 
wcnonh3yeMbIX A.r. Apbe, r.ne ,naHHaH BeJIH

qHHa )1,JIJ! B0)1,bI paBHa a). PaccMOTpHM )1,Ba 

MOHOMOJieKYJI5!pHbIX CJIOJ! BO)J,bl, K 0)1,HOMY H3 

KOTOpbIX npHJIO:JKeHO C)1,BHralOII1ee ycHJIHe, 

paBHoe F, a BTopo:H 3aKpeIIJieH HenoJ{BIDKHO. 

H3 pHc. 4-1. cJieeyeT, ~o no.n .neiicT

BHeM TaKOH CHJibI 3TOT CJIOM BOJ{bl CMeCTJfTCH 

OTHOCHTeJibHO HH)l(ffero CJIOH Ha paCCTOSIHHe l. 
EcJin l>a/2, TO, corJiactto KJiaccHqecKHM npe;:i:

cTaBneHIDIM, B03HllKHeT caMonpOH3BOJibHbIH 
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nepexon B 6nIDKaiirnee noJio:JKemi:e ycToifqw

soro paBttosecll5£ !=a, T.e. npomo:HneT ynpy-
2on;iacmu'-lecKaR ciJeu2 HJIH npoqecc TeqeHH5£ 

BOJlbI. ,ll;pyr<UI KapTHHa 6y;:i:eT, Korna a He ne

peiineT qepe3 rnqKy MaKCHMYMa l=a/2. B 3TOM 

CJiyqae nocJie CHSITH5£ Harpy3KH CJTOH MOJieKyJT 

Puc. 4-1. BJauMooeucmBue i>Byx 
MOJleK)IJIRpHblX CJlOe6 600bl. 

IloA.I' Apbe 



BepHeTC.H B HCXO,[(HOe ITOJIO)l(eHJie paBHOBeCH.H, 

T.e . .n:eQ:>opMaU:HB 6y.n:eT yrrpyroli. Hao6opoT, 

ecJIH He CHHMaTb Harpy3Ky B TeqeHHe ,[(JIH

TeJihHOfO BpeMeHH, TO B KOHeqHOM HTore CJIOH 

BO,[(bI TaIOKe ,[(OJI)l(eH CMeCTHTbC.H Ha paccTOH

HHe l>a/2. B 3TOM cnyqae rrpomoli.n:eT eRJKo

ynpy2uu coeu2, xapaKTepH3yroIIIHH rrpou:ecc 

ITOJI3yqecTH BO,[(bl. 

Hcxooa U3 iJaHHblX npeocma6lleHuu, 
eC!lu noiJ </JU!lbmpau,ueii BOiJbt nonUMamb 
2e0Mempu10 ee iJ6UJICeHUR, mo, 6 0111JlU'IUe 
om mepMuHa 10.M. MoJ101<.06u11a "no!l:Jy11e
w" me11enua, ne npemeniJy10zu,ew na 06a-
3ame!lbHocmb, iJaHHblU 6UiJ iJBumenua 60iJb1 
mo11nee 6yiJem Ha:Jbl6ambcR noJ13y11eu 
pU!lbmpau.ueii. A pU!lbmpau.ua 600, npouc
xoiJazu,aa no :Ja«ouy l(apcu - me«ylleii. 

,lJ,JUl TOfO qT06hI BO.L(y MO)l(HO 6hIJIO 

paccMaTpHBaTb KaK MaKCBeJIJIOBCKylO )l(H,[(

KOCTh, cornacHo rrpe.n:cTaBrreHHBM IO.M. Mo

JJOKOBHqa, Heo6XO,[(HMO, ~06bI BbIITOJJHHJJOCb 

rJiaBHOe CBOHCTBO TBep.n:oro Tena - CBOHCTBO 

yrrpyrocTH, T.e. Harpy3Ka CHJlhI F .n:oJJ)l(Ha 

6bITb He CTOJ1b BellHKa, qTo6hI cpa3y CMeCTHTb 

MOJieKyJJBpHbIH CJTOH Ha paccTOHHHe l>a/2. 
Haxo,[(Bch B rropo.n:e-KonrreKTope, 

qaCTb BO,[(bl HJIH Beeb ee 06'heM HaxO,[(HTC.H B 

Q:>H3HqecKH CB.H3aHHOM COCTOHHHH. Tio3TOMy 

Heo6xo,n;HMO 3aMeTHTb, qTo Q:>H3HqecKH CBH-

3aHHaH so.n:a, B OTJ1HqHe OT CBo6o.n:HoH, o6na

.n:aeT ITOBbJUieHHOH C,[(BHfOBOH npoqHOCTblO. 

3HaqHT ,[(JJH <jJH3JiqeCKH CB.H3aHHOH BO,[(bl CHrra 

yrrpyrocTH 6y.n:eT BblUie, qeM Harpy3Ka CHJihI F 
B CB06o,n;HOH Bo.n:e. Ilo 3TOH rrpHqHHe rrepso

Haqant.HO B rrpou:ecc TeKyqeli Q:>HJihTPaU:HH 

rrpH ysem1qeHHH rpa,n;HeHTa Harropa BOBJJeKa

eTcH CBo6o.n:HM so.n:a, a 3aTeM CBB3aHHM. 

TaKUM o6pa:JoM, noiJ cU!lou Hll'lll!lb
uow zpaiJueuma 11anopa, 6 011l!lu11ue om 
npeiJcma6!leHuu 10.M. MoJ10Ko6u11a, A.I'. 
Apbe u HeKomopblX iJpyzux ucCJ1eiJ06ameJ1eu, 
6yoeM no11U.Mamb ma«y10 6enu11u11y 11anopa, 
Komopaa 11e npe6blluaem ue mo!lb«o npeoe!l 
ynpywcmu </JU3U'leCKU C6R3llllllOU 600bl, 110 u 
c606oiJ11ou BoiJb1. 

4.1.2. Ynpyroe c~aTne n 
TeMneparypuoe pacmttpeune BOJJ:hI 

KaK 6hrno y)l(e rroKa3aHo B npe.n:i,i.n;y- Hcxo.IJ,H m TepMO,[(HHaMJiqeCKHX no-

IIIeM pa3.n:ene, npH l<a/2 CJJOH BO)J,bl ynpyro 3HU:HH, rrpHqHHOH C)J,BHfOBOH .IJ,eQ:>opMaU:HH 

CO)l(MeTCH. B 3TOM cnyqae so.n:a 6y.IJ,eT OTHO- BO)J,bl 6y.IJ,eT HBJTHTbCH ee TeMneparypHoe pac-

CHTbC.H He TOJibKO K THny MaKCBeJTJTOBCKOH nrnpeHHe. Tipw-1.eM 3a cqeT npoTHBO)J,eHCTBHH 

)l(H)J,KOCTH, HO H K THITY C)l(llMaeMOH )l(H)J,KO- CHJJ ynpyrocTH co CTOpOHbl CTeHOK rrop H CH-

CTH. B pe3yJihTaTe, B Bo.IJ,e pe3Ko B03pacryT JihI rpa.IJ,HeHTa Harropa TeMrreparypHoe pacUIH-

HopMarrbHt.Te CHJJbJ TpeHmJ (BH3KOCTH), ,D;eHCT- peHHe 6y,D;eT He o6beMHbIM, a JIHHeHHbTM H 

syroIIIHe BttyTPH CTPYHKH Me)l(.L(y MOJJeKyrraMH HarrpasrreHHt.IM B cTopoey na,n;eHHH Hanopa. B 
B HarrpaBrremrn CHJibT Harropa. Tio 3TOH I1pH- pe3yrrhTaTe K BeJIJiqJfHe yrrpyroro C:>KaTHH 

qHHe rrpoM30MeT rrpou:ecc ,[(JICCHITaU:JIH Mexa- l<a/2 HaqHeT .n:o6aBJT.HTbC.H Bem1qJIHa JIHHeM-

HHqecKOH 3HeprMH (BKJIJoqaIOlll,eiI B ce6H KH- HOro TeMrreparypHoro pacnrnpeHHH iJl. TipH 

HeTHqecKyro 3Hepnno MaKpocKormqecKOfO l+ !Jl=a/2 CJIOR BO,[(bl TaIOKe CMeCTHTCH Ha no-

,[(BH:>KeHH.H B yrrpyroM Terre H ero IIOTeHU:HaJib

Hyro (yrrpyryJO) 3Heprmo ), rrepexo.n:HIIIeti, B 

KOHU:e KOHU:OB, B TeIIJIO [63]. 
B pe3ynt.rnTe ynpyroro c:>Kanrn BO.L(hI 

H Bh1,n:eJieHHH Temia, cornacHo rrpe,n:cTaBJieHH

HM AT. Apt.e [3), MorreKyrra BO,[(hI rrpH .n:oc

TH:>KeHHH orrpe.n:eneHHOH TeMneparyphI rrony

qHT He,n:ocTaJOlll,ylO 3HeprHIO ,[(JIB COBeprneHHH 

CKaqKa B IlOJIO:>KeHHe HOBOfO paBHOBeCHB. 

flpttqeM qeM MeHhilJe CHJia Harropa OTHOCH

TeJihHO CHJibl yrrpyroCTH BO,[(bl, TeM Ha 60Jib

rnyIO BeJIHqHtty ,[(OJI:>KHa IIOBbICHTbC5f ee TeM

rreparypa, IJT06t.1 rrpomornen cKaIJoK. 
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JIOBHtty Me:>KMOJieKyrrHpHoro paccTOHHHH H 

rrpomo:H,n:eT BH3KoyrrpyrHiI c,n:BHr, xapaKTepH-

3YIOIIIHH rrpou:ecc rromyqecTH Bo.n:1>1. 

TaKUM oopa:JOM, MeJCllllU'leCKaR cymb 
noJ1:Jy11ecmu 60iJb1 6yiJem :JaK!l1011ambca 6 
001wuanpa6J1e11110M iJeiicmBuu iJByx !lUHeu
HblX MaKpOCKOllU'leCKU MaJlblX npou.ecco6, 6 
ynpywM cmamuu u noCJ1eiJy10zu,eM meMne
pamyp110M pacmupe11uu. llpu11eM :Ja c11em 
nepBow npou,ecca npoucxoiJum yBeJ1u11euue 
meMnepamypbl 60iJb1, C!leiJcmaueM «omopow 
6 C6010 O'lepeiJb, fJyiJem ee meMnepamyp11oe 
pacmupeuue. 



4.2. CyIQnocTL i:.sn.iKennH cso6oi:.noii soi.hi 
KaK «j>n3nqecKoro TeJia 

B cooTBeTcTBMM c rroW(o.J:i:oM A.r. 

Apbe, paccMOTPHM <1Jm1PiecKyro cym,ttocTb 

)J.BmKeHIDI cso6o)J.HbIX BO.J:i:. Cym,ttoCTb .J:i:BH

)J(ettm1 Ten pacKpbIBaeTCH B HBJieHJUIX 3Hepro

MaccorrepeHoca Bem,ecrna. B MOrreeynHpHoil 

<lJM3HKe HarJIH)J.HOCTb B3aHMOCBJ!3H J!BJieHHH 

rrepeHoca MR ra3oB: TerrnorrpoBO.J:i:HOCTH, BJ!3-

KOCTH H MtPtPY3HH - Mo:>KHO rrpe.J:i:CTaBHTh Bbl

pa)J(eHMeM MaKcBenna 

Km =cv*µ=c/p*D, (4.1) 

r)J.e Km, µ, D - K03<lJ<l>wu:11eHTbI TemmrrpoBO.J:i:

HOCTH, BH3KOCTH, .J:i:HtPtPY3HH; Cv - y.J:i:eJibHaJ! 

H30XOpHaJ! TerrnoeMKOCTb; p - rrJIOTHOCTb. 

B rromeMHOH rll)J:pO.J:i:HHaMHKe rro)J. 

BJ!3KOCTbIO rroHHMaIOT Ko3<lJ<lJMQHeHT, xapaK

TepM3YJOlil,HH CBOHCTBO )l(ll)J:KOCTeH, HO co

BpeMeHHaH tPM3MKa paccMarpMBaeT ero ropa3-

.J:i:O urnpe, KaK HBrrem1e [97]. 
)VIJ! )l(ll)J:KHX H TBep)J.bIX Terr 3Ta B3aM

MOCBJ!3b ycno*H»eTca. HarrpwMep, B pa6oTe 

A.r. Apbe [4] cB»3b BJ!3KocTn n .J:i:n<iJ<lJY3MH 

Bbipa)J(eHa B cne.J:i:yrom,eM BM.J:i:e: 

k*T 
µ=3*a*D' 

( 4.2) 

r)J.e k - rrocTOHHHaH bOJibQMatta; T - TeMrrepa

rypa; a - .J:i:MaMeTp Moneeyrrbl. 

4.2.1. Teqenue u BH3KOCTL BO.[J;LI 

PaccMOTPMM 6onee rro)J.po6Ho Mo.n.enn 

.IJ.BH)J(eHHJ! MOJieKyrr BO.IJ.bl .D.JIJ! H)J.eaJihHOH He

C)l(HMaeMOH )l(ll)J.KOCTM, B KOTopoil OTCYTCT

BYIOT CHJihI Bttyrpettttero TpeHHH. B 3TOM crry

qae reqeHMe mo6o:H MOJieKyJihl BO.IJ.bl MO)l(HO 

orr11caTh ypaBHemfeM IiepttyJIJIH, rrpe.n.cTaB

JieHHOro qepe3 JIMHeiittyro BerrMq11ey - Harrop 

p v2 
H = -- + h + - =canst. ( 4.3) 

p* g 2g 
CJMMa .D.Byx rrepBbIX qJieHOB Plp*g+h 

3Toro ypaBHemrn Ha3hIBaeTca rrbe3oMeTpWie

CKMM HanopoM H CJIY)l(HT Mepoil rroTeHQHaJih

HOH 3Hepr1111 BO.IJ.bI ( orneceHHOH K e)J.HHHu;e 

CHJibl TJ[)J(eCTH m*g). TpeTMH qrreH vq/!2*g Ha-

3nrnaeTCJ! CKOpOCTHhIM HanopoM H ~rnm1eTCJ! 

JIHH.eMHOH Mepoil KMHeTHqecKOH y)J.eJibHOM 

3HeprHH BO)J.bl. TalillM o6pa3oM, ypaBHeHMe 

IiepttynnH IIOKa3hIBaeT, qTo IIOJIHhlH Harrop H, 
paBHbJH cyMMe rrne30Merp11qecKoro Hn H CKO

pocrnoro He, HanopoB, BO Bcex ceqem:rnx MO

HOMorreeyrrRpHoro CJIOJ! H.IJ.eaJibHOH BO)J.bl 6y

.n.eT O.IJ.HHaKOB 

H = H n + Ha: = canst . ( 4. 4) 

B peannHOH Bo.n.e, B OTJIWIHe OT H)J.e

aJibHOM, npH TeqeHHH B03HHKaIOT CHJlbl Tpe

mrn HJIH BH3KOCTH. CHJinI rpeHIDI no)J.pa3,n:e

AAIOTCJ! Ha KacaTeJibHble H HOpMaJibHble. Ka

caTeJibHbie o6pa3YJOTC» 3a cqeT rpeHHH crpyeK 

BO)J.bl Me)l()J.y co6ou H 0 CTeHKH cocy)J.a HJIH 

rropo,n:bl KorrneKTopa. HopManI>Hble - B03HH

KaIOT B pe3yrrnTaTe ,n:aBrreHHH Morreeyrr .n:pyr Ha 

.n:pyra BHJTPH crpyeK BO,[{bl B 3TOM crryqae, 
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KaK npaBHJIO, OHH rrpeHe6pe)l(MTeJibHO MaJibl. 

B pe3ynhTaTe )J.eifcTBM» CHJihI rpeHIDI (BH3KO

cnr) cKopocTh Teqemrn 6y)J.eT rra.n.aTh. KHtte

TuqecKaH 3HeprIDI 6y.n.eT rrepeXO.IJ.HTb B MOJie

K)'AApHO-KHHeTW.JeCKYIO HJIH TenrroByro, qTo 

6y.n.eT Bblpa)J(aTbCJ! B rrOHIDKemm BerruquHbl 

rronHoro Hanopa 
I I 2 2 

H n + H CK = H n + H CK + i1Ji' ( 4.5} 

r.n.e no <l>tt3MqecKOM cyTH BeJIHqHHa LJH J!BJIJ!

eTCJ! oTpa)J(eHneM YBerr11qeHHH Terrrrosou 

3HeprHH BO,[{bl ( OTHeceHHOH K e,n:nttnn:e CHJlhl 

TH)l(eCTH) B HeJIBHOM Bn,n:e. IlpnqeM qeM BblIIIe 

BH3KOCTb BO,[{bl, TeM MeHbIUe CKOpOCTb ee Te

qeHIDI. Ilo 3TOH npnqnHe serrnqntty, o6paT

HYJO K03<lJ<lJ11u:11eHry a6coJIIOTHOll BJ!3KOCTH, 

Ha3bIBaIOT TeKyqecTblO. 

B crryqae <lJHITb Tpau:m1 BO,[{bI qepe3 ne

coK (Pnc. 4-2) o6niqHo cqHTaeTCH, qTo Bem1-

q1rna Ml paBHa rreperra.n:y ypoBHeii Me)l(.J:i:J 

; !Joiia. · 

Puc. 4-2. CxeMa on111ma /.(apcu. 
llo JO.fl. I'amme116ep2epy 



CITHBHbIMH Tpy6KaMH. B peanbHOCTH, 3a cqeT 

CKOpOCTHOro Ha11opa ypoBeHb 110,Il'beMa BO,Ilbl 

B 11paBOH qacTH MO,IleITH 6y.neT HeCKOITbKO 

Bblllle ypoBHSI CITHBHOH rpy6KH. Ilpu IIOBblllle

HHH rrpomni.aeMOCTH necKa ypoBeHb 6y.neT 

Bo3pacrnTb. B rrpHpO,IIHbIX ycIToBHHX B Mecrnx 

pa3rpy3KH BO.II :no HHOr,Ila MmKHO Ha6mo.naTb 

B BH,Ile He6oITbllIHX "6yrpoB" HITH ,IlffiKe Kmo

qen, qlOHTaHOB - 110,Il'beMa BO,Ilbl Ha,D; ee rna

,IlblO. 

B H,D;eanbHOM cnyqae npH npoHmi.ae

MOCTH, paBHOH 6ecKOHeqHo 6oITbllIOH Bem1.qH

He, H OTCYTCTBHSI BH3KOCTH y BO,Ilbl BeITJfqHHa 

Hci,, B coornercTBHH c ypaBHeHHeM (4.4), 6y

.neT paBHa M, a .IlaHHaSI BeITwmHa ttyITIO. 

B o6paTHOM cITy•-rne, Kor.na TeKyqasr 

<IJttnbrpaQHSI 3a cqeT CHIT BSl3KOCTH 11peKpaTHT

CSI (Hc,=O), BeITHq1rna M 6y.neT paBHHTbCSI 

rreperra.n;y OTMeTOK ypOBHeH CITHBHbIX rpy6oK 

H oTpffiKaTb Haqano nepexo.na TeKy'leH <IJttnbT

paQHH B rromyqyro <IJHITbrpaQHIO. B 3TOM cny

qae BeITHqHHa Mil 6y.neT S1BITS1TbcS1 ttaqanb

HbIM rpa.nneHTOM Hanopa /l..H/l 

( 4.6) 

IlpH 3TOM Heo6xo,IIHMO 3aMeTHTb, qro 

ecITH YMeHblllaTb H .nanee npoHHQaeMOCTb 

rrecKa (He CITHBaSI BO,D;y H3 CHCTeMbl), TO BeITH

qHHa M 6y.neT OCTaBaTbCSI HeH3MeHHOH. 0.n

HaKO, ecm1 npH 3TOM Ka)l(,ll;bIH pa3 3aHOBO 

nporrycKaTb Boey qepe3 rrecoK, TO BeITH'lHHa 

M 0 6y.neT yBeITWIIIBaTbCSI, T.e. npoQecc TeKy

'leH <IJttnbTpaU:HH BO,Ilbl 6y.neT npeKpall(aTbCSI, 

He ,IIOCTHrttyB KpaSI npaBOH CITHBHOH Tpy6KH. 

TaKUM o6pmoM, 6 noiJm6epJ1CiJenue 
632/lRiJa A.I'. Apbe, tjJu3u11ec«OJ1 cymb npo
u,ecca me11enua 6yiJem 1al\Jl10'lambcR 6 c6ou
cm6e BRJ«ocmu, 6 pe3yllbmame «omopozo 
npoucxoiJum nepexoiJ «unemu11ec«ou 3Hep
zuu 60 «HympUMolle«yllapny10 3Hepzu10 xao
mu11ec«ozo iJ6UJ1CeHUR. IIpu y6e!lu11enuu 
mellllo6ou 3Hepzuu 60iJb1 (u nopoob1) oo pm
HUU;bl 3Hepzuu nolloJICeHUR o6!lacmu numa
HUR u pmzpy1«u npou,ecc me11enua 60dbt 
npe«pamumca, a zpaiJuenm uanopa cmauem 
llll'lllllbllblM. 

4.2.2. Tem1onpoeo)J;HOCTh H noJ11yqecT1. BO)J;hI 

PaccMoTpeHHaSI B rrpe.IlhI,D;yll(eM pa3-

.neITe MexattnqecKaH cyrh rromyqen <iJHITbrpa

U:HH Il03BOJISleT nepeHTH K paCCMOTpeHHIO 60-

ITee ITOITHOH ee <IJH3WleCKOH cyI.QHOCTH. KaK 

y)l(e OTMeqanocb, 3a cqeT B03HHKHOBeHIDI B 

CITOe C)l(aTOH BO,ll,hl HOpManhHhIX CHIT BSl3KOCTH 

B HeH B03HHKaIOT npou:ecChI, rrpHBO,ll,Slll(He K 

BhI,IleITeHHIO Terrrra. TlpHqeM BCJie,ll,CTBHe Toro, 

'lTO BeITWIHHa C)l(aTlrn BO,Ilbl 6y.neT y6bIBaTb B 

HarrpaBITeHHH rra,n;eHHSI Harropa, TO MaKCH

MMhHOe yseITWieHHe TeMIIeparypbI 6y.neT 

TaK)l(e rrpoHCXO,IIHTb B MecTe rrpHJIO)l(eHHSI CH

JlbI F, MHHHMMbHOe - B KOHU:e CJIOSI (PHc. 4-1 ). 
Tor.na B cIToe BO,ll,bI B03HHKHeT neperra.n; TeM

rreparyp, qTO rrpHBe,I(eT K B03HHKHOBeHHIO SIB

ITeHHSI rrepepacrrpe.nerreHHSI Terrna H, KaK cne.n

CTBHe, ,ll,OIIOJIHHTeJibHOM)' TeMrreparypHOM)' 

JIHHeiiHoMy pacllIHpeHHIO BO,IlbI. Cne.nosa

TeJibHo, H3ITO)l(eHHasr B Haqane rnaBbI rrpe.nrro

ChIJIKa o CBSl3H SIBJieHHH rrepeHoca Te11no11po

BO,IIHOCTH, BSl3KOCTH H .n;n<IJ<IJy3HH C O,IIHHM H 

TeM )Ke CBOHCTBOM ra30B H )J(lf,IIKOCTH - 110,Il

BH)l(HOCTH HX MOITeKyJI - BIIOJIHe ,IIOKa3yeMa 

He TOJibKO ,I(JISI BSl3KOCTH H .nn<1Jcpy3HH [ 4]' HO H 

,I(JISI BSl3KOCTH H Terrno11poBO,I(HOCTH. 

IlpH 11omyqeii cj:JHJibTpaU:HH .naHHhIH 

rrpou,ecc MO)J(eT BbirJISl,I(eTb cne.nyroI.QHM o6pa-

30M. ITpe.nrrono)J(HM, qTo Ha paccMaTpHBaeMoH 
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cxeMe (Puc. 4-2) cTeHKH npe.ncrnBITSIIOT co6oii 

a,n;Ha6aTuqecKHe o6ono'lKH H neperra.n Hano

poB He npeBbilllaeT HaqanbHhIH. Tor.na BHH3Y 

MO)..lCITH npoH3oH,IleT ynpyroe C)KaTlIC BO,I(bI H 

tta'lHeTCSI rrpou:ecc yBeJJHqeHIDI Te11na. Bcne.n

cTBHe Toro, qTo B rrpaBOH qacTH cxeMbl CTOJI6 

BO,Ilhl MCHbllle, TO KOHe'lHaSI reHepHpyeMaSI 

TeMrreparypa 6y.neT MCHbllle, qeM B JieBOH 

qacTH. Pa3HOCTb TeMrreparyp 6y.neT rrpHBo

.IIHTb K orroey Terrna H3 neBoro cocy.na. 1'fa-3a 

3TOfO, OKOJIO npaBOro cocy.na MO)KCT rrpo

H30HTH TeMneparypttoe paCllIHpeHHe BO,I(bI, 

qTo rrpHBe.ri;eT K BbITMKHBaHHIO BO,Ilbl H3 .natt

HOH qacTH cocy.na, T.e. rrpoH30H,I(eT rrp01i.ecc 

rromyqeif QJHJJL'I'paU:HH. IlpH 3TOM BCJJH'lHHa 

LJH, xapaKTepH3YIOIQaSI TCilJJOBYfO 3HeprHIO, 

6y.neT paBHa pa3HOCTH OTMCTOK 30H ITHTaHIDI H 

pa3rpy3KH BO.LILT. Ha caMoM .nene BenWIHHa 

Tel1JTOBOH 3HeprHH, TaK )Ke KaK H rrpH TeKyqei1 

cj:JHITb'I'paU:HH, KaK 6hIJIO OTMe"feHO B pa3.nene 

4.1, 6y.neT yBeJIWIHBaThCSI. B 3Toii CBSl3H, HC

noJJb30Battne ypaBHeHIDI BepttynnH .nnsr C)J(H

MaeMoii BO.Ilbl Tpe6yeT BblpffiKCHHSI BttyTpeH

HeH 3Heprnn B SIBHOM BH,D;e. Tor.na BenWIHHa 

rronHoro Harropa, BKmoqaroI.QaSI B ce6S1 BHyr

peHHIOIO 3Heprmo BO,IlbI, OTHeceHttyro K C,I(H

HHU:e CHJibI TSl)KeCTII, rrpHMeT BH,D;: 



H cv*T P 
=--+--+h =canst ( 4.7) 

g p*g ' 
r.n:e Cv - y.n;eJibHM TeIIJIOeMKOCTb BO.IIbl. 

/IoiJ6oiJa umoz, ciJenaeM nocneiJ11uu 
6b1ooiJ pa3iJena 4.2. IIpu iJ11umenbHOM ynpy
wM cmamuu ooiJbt npoucxoiJum npou,ecc 
npeo6pa3ooa11ua 611ympUM011e«.y1mpHow 

iJoume11ua U3 xaomu'lec«.ozo o 11anpa611eH-
11oe, c11eiJcm6UeM «.omopozo R6Jtaemca 11a
npa611e111we meMnepamypHoe pacmupeHue 
ooiJbl. /Io tjJU3u'lec«.ou cymu npou,ecc nomy
'lecmu ooiJbt cxom c R6lleHUeM men11onpo
ooiJHocmu. 

4.3. reoJioruqecKaB CYTh 
UOJI3yqeii cf>HJihTpau,uu BO~hl 

,llTIJ1 paccMoTpeHIUI reonorIIqecKoH 

cyTH cpHJibrpal{IUI BO.IIbI p336epeM ee qHI3IIqe

CK)'IO cyrn.HoCTb B cIIcTeMe c nopo.D.oif. KaK 

y)l(e OTMeqanocb B p33,IJ,ene 4.2, <fiII3IIqecKM 

cyTb )J,BH)l(eHIUI BO.IIbI no 3aKOtty )J;apcII 3a

KJII04aeTCJI B JIBJieHIIII BJl3KOCTII. IlpII pac

CMOTpeHIIII B KOMIIJieKce <fiII3II4eCKOH CYUJ.HO

CTII 3Toro .IIBII)l(eHHJI, CTaHOBHTCJI oqeBII.IIHbIM, 

4TO ,IJ,aHHbIH nepexo,IJ, 6y,IJ,eT rrpoIICXO,IJ,HTb, He 

TOJibKO 3a Cl.feT B3aIIMO,IJ,eHCTBIIJI MOJieryJI BO

.IIbI Me)l(,IJ,y co6o.H, HO II 3a cqeT IIX rpemrn o 

cTeHKII KOJIJieKTopa. Hcxo,n:J1 113 3Toro, MO)l(HO 

cKa3aTb, 4TO 2eoJZ02u1JecKaR CYUJHOCmb meKy-

1Jeu pWlbmpalfUU 6y.n;eT 3aKJIIOqaTbCJI B nJlO

UJaOHOM fnau.Mooeucmeuu eoobl u cmeHOK nap 
KOJlfleKmopa. MaTeMan1qecKH .n;aHHM reono

rIIl.fecKaJI cyrb B3aIIMo,n:eikTBIIJI MOJieKyJI BO

.IIbI B 3aKOHe )J;apcH BblpaJKaeTCJI 4epe3 K03<fi

cpIIl{IIeHT npOHIIl{aeMOCTII, KOTOpbIM COOTBeT

CTBeHHO II3MepJ1eTCJI B ITJIOUJ.a.IIHblX e.IIHHHl{aX. 

):(ocTaToqHo HarJIJ1.IIHO ,n:aHttyIO reonor11qe

cry10 CYUJ.HOCTb MO)l(HO IIOK33aTb, paccMaTpII

BaJI TeqeHJie BO.Ilbl qepe3 M,IJ,eaJibHbIH rpyHT 

(HecKoJibKO KanmmHpHbIX Tpy6oK). CornacHo 

cpopMYJ1bI I1ya3eHJIJI II f areHa, K03cpcpIIl{HeHT 

npoHHu;aeMOCTH 3aBHCHT OT I<Ba,IJ,paTa pa.n:eyca 

rpy6 rpyHTa R 

( 4.8) 

Ilpu nomyqew cpHJibrpal.lIDI, no cBoeii 

cyrM cxo)l(eH c JIBJieHIIeM TennonpoBO.IIHOCTH 

ttecoMHeHHo, 'ITO rrepe.n:aqa Terrna 6y.n:eT rrpo

HCXO.IJ.MTb He TOJibKO TIO BO,IIe, HO H TIO IIJiaCTy, 

T.e. B cpIIJibrpal{MOHHOM 3HeproMacconepeHo

ce 6y)J.eT yqacrnoBaTh eecb o6'beM pllllbmpa

lfUOHHou cpeObl. 

"Ilo,II3eMHbie BO.IJ.bI, XBJIJIJ!Cb HaII6onee 

TeIIJIOeMKIIM BeUJ.eCTBOM 3eMHOH KOpbI, aKKY

MYJIIIPYJOT Tenno rny6HHHbIX He.n:p H npu 

,IJ,BH)l(eHIIH cnoco6cTBYJOT nepepacnpe.n:ene

HIIIO TeTIJIOBOH 3HeprIIII B TOJIUJ.e ropHbTX no

po.n:" [101]. Bcne.n;crnne 3Toro H36bITOK Tenna, 

HaKaTIJIHBaIOUJ.IIHCJI B BO.IIe, 6y.n;eT TIOCTOJIHHO 
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" " B CTaJIKIIBaTbCJI Tiopo.n;e. pe3ynhTaTe nepe-

,n:aqa Tenna no KonneKTopy 6y)J.eT npottcxo

.IJ.IITh npepbIBIICTO-IIpJIMOJIIrnettHO, a TIO BO,IJ,e -

cpttnbrpal{HOHHO. PaccMoTpeHHbIH MexaHII3M 11 

6y.n:eT oTpa)l(aTb reonorIIl.feCKYIO cyrn;HoCTb 

B3alfMO.IIeHCTBIIJI rromyqeii BO,IJ,bl B CHCTeMe c 

rropo.n:oii, KOTopyIO MaTeMaTJil.feCKII MO)l(HO 

rrpe,IICTaBIITb B rrptt6JIH)l(eHHOM BII,IIe cpopMY

JIOH: 

K / = K: * m + K; 3J 1 - m , ( 4. 9) 

r.n:e m - rropIICTOCTh; Km <P, Km 6 u Km n - K03cp

cj:>Hl{HeHTbl TennorrpOBO,IJ,HOCTII BJia)l(HOH IIO

pO,IIhI, BO,Ilbl II cyxow rropO,IIbI B TIJlaCTOBblX yc

JIOBIIJIX. 0.n;HaKO, B rrpaKn1qecKIIX pacqernx 

CKOpOCTII nomyqew cpHJibTpau;IIII nyqrne HC

ITOJib30BaTb He pacqeTHbIH K03cpcpIIl{IIeHT Terr

JIOIIpOBO.IIHOCTII BO,IIOHaCbIUJ.eHHOH nopO.IIbI, a 

3KCnepIIMeHTaJibHbIH (Pttc. 4-3), TaK )Ke KaK II 

npII paclfeTe cp11nbrpal{IIII no 3aKotty ):(apcu 

IICilOJib3YeTCJI 3KcnepIIMeHTaJibHM BeJIH4HHa 

K03cpcpHl{HeHTa rrpOHHl{aeMOCTH. 

llo:JmoMy iJaJ1ee, ec11u WBopumb o 
zeo11ozu'lec«.ou cymu iJBumeHua wy6o«.ux 
BoiJ, mo 11eo6xoiJUMo UMemb B BuiJy He 
mo11b«.o u He cmoHb«.o no113y'lee iJBume11ue 
BOiJbt 'lepe1 nopbl wpllblX nopoiJ, c«.0J1b1<.o 
mewwaoe iJaW«:e11ue 'lepe3 Beto wpHyto no
poiJy, «.omopoe 1aBucum om muna nopoiJbr, 
6!1UHHUR iJpyzux ucmO'lllUKOB menJta, 63llU
MOomnomenua c nopoiJou u m.iJ. ECJ1u «. 
:JmoMy iJo6aBumb, 'lmo cocma6 BoiJbt u nopo
iJbt ma«.:HCe U3Me11aemca c Bb1iJeJ1e11ueM wiu 
llOZJIOU(ellUeM menJta npu XUMU'leCKUX pe
UKU,UJIX, mo cmanem eU(e 6011ee o'leouiJHoii 
cneu,utjJu'lec1<.aR </JopMa :Jmow iJBumeHUR 
60iJbl. 



~r; ZIJ ,,rs '</) 5lJ 
S11111K.¥acmb,B~. ~·~ 

a) 6) 
Puc. 4-3. a) 3aBucuMocmb me11J1onpoBo011ocmu cyxow CKeJlema 

zopHblX nopot) om ux om11ocumeJ1b11oii 11J1om11ocmu; 6) llonpaBO'IHblii 
«.o3</H/mu,uenm 011a onpeoeJ1e11ua men11onp0Boo11ocmu 6/laJH:HblX 

zopHblX nopoo. {28] 

4.4. ,ll;BH:iKeHne ct>n3nqecKH CBH33HHOH BO~hl 

<l>H3MIJeCKR CBH3aHHbJe BO)J,bl Haxo

)J,HTCH TIO)], B03)J,eHCTBMeM KanmurnpHblX CMJI 

co CTOpOHbI ropHbIX nopo)J,, " Il03TOM)' IIX 

)J,BIDKettne cyrn,ecrneHHO orpattnIJeHo. Bcne)J,

CTBHe 3Toro OHH, B OTJIMIJHe OT CB060)J,HblX 

BO)J,, HMelOT rrpttHIUIIlMaJibHO MHbie <jJopMbl 

rrepe)J,BIDKeHMH. B HacTo»rn.ee BpeMH B npaK

TMIJecKOM IIJiaHe MO:tKHO Bbl)J,eJTMTb )J,Be <jJopMbl 

)J,BIDKeHMH <jJmIJIJeCKM CBH3aHHOH BO)J,bl: <jJaif

moau.noHHYIO " 3JieKTPOOCMOTMIJecKyIO. 

4.4.1. <l>aiimoaQHOHHaSI <ltopMa ,lJ;BH~eHHSI 

IIo A.r. Apbe [3,4] rrpn yMeHblllettnn 

nopoBoro npOCTPaHCTBa )J,O pa3MepoB, B KOTO

pbIX npoTOIJHbie KaHaJibl IlOJTHOCTbIO rrepe

KpbIBaIOTCH cptt3HIJecKR CBH3aHHOH BO)J,OH, 

rromyqa» tjlnrrbTpa1.1,MH rrpeKparn,aeTC» H rrepe

XO)J,HT B tjlanmoau:rroHttyIO <jJopM)' )J,BIDKeHITH. 

MaTeMaTHIJecKrrif arrrrapaT Teopirn cpaifmoa

U:HH, ornipaeTCH Ha He KJiaCCITIJeCKYIO TeoprrIO 

TpaHCJTHU:HOHHbIX rrepeXO):{OB 51.¥1. <l>peHKeJIH 

[114]. 
<l>aifmoau;HH nponcxo;::i:HT rrpH rpa;::i:n

eHTe Harropa HIDKe HaIJaJihHoro n ocyrn,ecTB

JIHeTc» B tjlopMe MOHOMOJie:r<yrr»pHblX u:enoIJeK 

BO):{bl, ):{BIDKJ'ill,IIXCH B):{OJTb oceif rropOBblX Ka

HaJTOB (Puc. 4-4). IIo3TOM)' TaKa» tjlopMa ;::i:sn

)l(eHMH Bblp~eTCSI MOJie:r<ymipHblM Maccorre

peHOCOM, 6JIM3KHM K HarrpaBJieHHOH )J,Hcp<jly-

3MH. Otta He 3aBHCHT OT IIyTeti ;::i:mnKeHMH so

):{bI, HO rrpHMO rrporropu;HOHaJibHa rroprrcTOCTH 

n o6parno nporropu;HoHaJI&Ha Ksa;::i:pary pa

;::i:eyca pacKpbITOCTH rrop. IIpIJIJeM B rny6oKIJX 

ropmoHTaX, no pac<JeTaM A.r. Api,e [5], cKo

pocTu TaKOro BepTHKaJibHOro <jJaH:moa~OHHO-
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ro TIOTOKa qepe3 rJTMHHCTbie nopo;::i:bl B MHJIJIH

OH pa3 6oJibIIIe, IJeM no naTepanH B):{OJib nec

IJaHbIX IIJiaCTOB. 

Puc. 4-4. CxeMa </Jaiimoau,uu -
OBUJ1Ce11ua 00110Mo11e«y11ap11oii cmpyil«u Boob1 

11epe3 KanUJ1J1.Rp11y10 mpy6«y. 

Ilo HllUU!MY MHeHUIO, He CMompR Ha 
mo, 11mo meopua R.H. <l>peHKeJIR RBJlRemca 
He KJlllCCU'leCKOU, 6 11,e!lOM MameMamu11e
CKUU annapam 3moii meopuu, ucno!lb3ye
Mbl ii A.I'. Apbe OllR onucaHUR <}Jaii.l110au,uoH
nozo 06UJlceHUR, R6JlRemca peHOMeHOJl.OZU
"ecKU 6epHblM. 



4.4.2. 3JieI.npoocMOTH'leCK3H «l>opMa ,lJ;BHmeHHH 

,l{BIDKeHJie <l>H3HqecRH CBH3aHHOH BO

.[(bl B rny6oRHX ropmoHTax B npaRTHRe eII.J,e 

OTO)((.[(eCTBJUIIOT c HX nepeMeII.J,eHHeM no.n: 

.n;eiicTBHeM 3neRTpoocMoTHqecKHx cHJI. B 30-

Hax BO.[(OHe.[(OHaChIII.J,eHHH (npMnoBepXHOCT

Hble TIJiaCThI) OCHOBHblM npH3HaKOM pbIXJIOC

BH3aHHOH BO.[(bl HBnHeTCH ee cnoco6HOCTb ne

pe.n;BHraTbCH OT O.[(HOH 'IaCTHU:bl K .n:pyroii. 

IIepe.n:mnReHMe nnettoqttoii BnarM npoMcxo.n;MT 

OT MeCT, r.n:e TOnII.J,HHa TIJieHOK 6onblllaH, K 

MecTaM, r.n:e 1meHKH TOHbllle. TaKoe 3JTeRrpo

ocMOTHqecRoe nepe.n;BIDKeHMe 'IaCTHU: 6y.n;eT 

rrpo.n;oJDKaTbCH .n:o Tex nop, noRa TonII.J,MHa 

BO.[(HOH nneHKH Ha o60HX 3epHax nopo.n;bl He 

CTaHeT O.[(HHaKOBOH. 

B Bo.n:ottarropHbIX ropmoHTax .n:attHhIH 

npou:ecc npoHCXO.[(HT npH BCTIJTbITHH BBepx 

ttecpTH HJTH ra3a. Ho rrpH 3TOM tta6n10.n:aeTCjJ 

yMeHhllleHHe TOJTII.l,HHbl ITJieHKH CB}I3aHHOH 

BOJlhI no BhICOTe 3aJie)l(Jf. IIocTeneHHO, no Me

pe HaRonJieHHH tte<l>TH (ra3a) B JIOBYllIKe H 

yBenw-1.eHHjl BblCOTbl 3aJie)l(Jf, BbITecHHeTCjJ 

CHa'laJia CBo6o.n;HM BO.[(a, 3aTeM pbIXJIOCBH-

3aHHM H, ttaKoHeU:, npo'IHOCBH3aHHM. CRo

pocTb 3neRT}JOOCMOTH11eCKOro BhITecHeHHjl 

CB}I3aHHOH BO):lbl tte<l>ThIO 6y,ri;eT B OCHOBHOM 

3aBHCeTh OT CKOpOCTH aKKYMYJTjJU:HH yrneBO

.n:opo.n:oB. B cnyqae ecnH npoTO'IHaH nopa 3a-

TIOJIHeHa pbIXJIOCBJ£3aHHOH BO)l;OH, TO ):lJTjJ rrpo

xo.n:a qepe3 Hee He<l>TH nopoH: .n:ocTaTO'IHO aR

KYMYJIKo:HH «MHRpmane)Jm». EcnM npoTO'IHaH 

rropa Mana H 3anonHeHa TOJlbKO npoqHOCBH-

3aHHOH BO.[(OH, TO ):lJTH npoxo)((.[(eHHjl qepe3 

Hee He<PTH noTpe6yeTcK M36bITO'IHoe .n:aBne

HMe, <PopMttpyeMoe 3aJie)l(bIO BbICOTOH 6onee 

20M. 
lfa6hJTOqHoe .n:aBJieHMe, B03HHKaIOII.J,ee 

B BepXHeH: qacTH 3aJie)lm BblCOTOH h 3a cqeT 

pa3HOCTH nJTOTHOCTeii BO.[(bl H yrneBo,ri;opo.n:oB 

pacC'IHTbJBaeTCjJ cne)zyl0111HM o6pa3oM: 

PU36 = h(p" - p yr;). ( 4.1 O) 

.l{ononHHTenhHhIM CTHMYJIMpyroII.1,HM 

ycnosMeM, crroco6cTByroII.J,MM ,ri;anhHeH:llleMy 

npo.n:BH)J{emno yrneBo.n:opo.n:oB no MOHOKJIH

HaJihHOMY CKJIOtty, MOryT }IBnHThCH 3eMnerpK

ceHHH [8]. 
B peJynbmame, a npou,ecce :me1<.mpo

oCMomu1Jec1<.ozo ob1mec11e11ua <jJUJullec«.u 
caa3a1111ou aoObl 11e</Jmb10 a nnacme co3oa-
10mca yHUKflJlbllble ycno6UR. I'!lll6HOU oco-
6e1111ocmb10 11e<jJmaHbtX nnacmoa, a oco6e11-

11ocmu e Jo11ax npedeJlbHOZO 11e<jJme11acb1-
w.e11ua, aenaemca peJ«.oe yeenu1Je11ue npo-
11uu,ae.Mocmu 11e<jJmu, a om.i1u1Jue om npo11u

u,aeMocmu aodbt a 000011oc110M nnacme • 

4.5. )1,BH'1\:enue rJJy6oKux soi:. 
KaK reoJJoruqecKoro TeJJa 

Heo6MqHocTb rH,ri;poreonorH'lecKoro 

Tena COCTOHT B TOM, qTo OHO He nonHOCTblO 

3aHMMaeT reonorH'lecKoe npocTpaHCTBo, a 

Ton1.Ro ero qacn,, He 3aHHTYJO ropHoii nopo

.n:oH:, BKJTIOT-JM Meni,qaiillIMe npocTpattcTBa B 

npe.n:enax RpMcTanJJHT-JecKoii pellleTKH. Bo.n:a 

npommaeT BO Bee 6e3 HCKJIIO'IeHHH reonorM

qecRMe Tena, npoHM3bIBaeT HX TOH'IaH:llleH: ce

ThIO BOnOCHbIX. KaITHJJJJKpOB H TOJJbKO MecTaMH 

o6pa3yeT MaCCOBhie CKOTIJieHJ{jJ, Ha3bIBaeMbTe 

6acceiffiaMH, pe3epByapaMH, MecTopo)((.[(e

HHjJMH. BMecTe c TeM pacnpe.n:eneHHe BO.IJ:hI B 

He.n;pax 3eMnH Bo MHOroM onpe.n:eJljfeTCH xa

paRTepaM H THnOM ropHOH rropo.n:hl, ee CJJO

)J(eHHeM, COCTaBOM, HCTOpHeH ee pa3BHTHH II 

3BOJIIOU:IIH. IIo3TOMY H3,ri;aBHa B rII,ri;poreorro

rIIII ccpopMHpoBanocb rrpe.n;cTaBneHIIe o reo

norH'lecKoif CT}JyKrype, KOTopaK, ITO E.B. 

IIHHHeKepy, xapaKTepw3yeT "npocTpaHCTBeH-
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Hoe pacnpe.n:eneHIIe IIO):l3eMHbTX BO):l H HX 

B3aHMOOTHOllleHHe c BMeII.J,aIOII.J,HMH nopo.n:a

MH11 B tte.ri;pax 3eMnH. Crre,ri;oBaTeJihHO, reono

rII'IeCKM crpyKTypa II ee 3neMeHTbI BbICTyIIa

lOT O.IJ:HOH H3 <PopM npOHBneHJffi reonorII'Ie

CKoro Tena BO,D;hI. 

/{ew1ee1tue 2J1y601wx eoo KaK 2eoJ102u-

1lecK020 meJJa COBCeM He.[(aBHO ,I(OCTaTO'IHO 

IIOJIHO 6hIJIO OIIIICaHO Ha rrpHMepe pK,D;a Hecp

Tera30HOCHhIX 6acceH:HoB B.11. .l{IOHHHhIM 

[30]. ,l{aHHblH BH)l; ,LIBIDKeHHjl BO,I(bl 3aHHMaeT 

npoMe~O'IHOe nonO)J{eHHe Me)J(,Lly .LIBYMH 

.n:pyrHMH 3JIU3UOllllblM u 2J1y6u1tJtblM 06U:HCe

HUeM 60d KQK 2eOJ102U1leCKUX meJJ, pacCMOT

peHHhIX C.JI. lIIBapu:eBhIM [154], II no3TOMY 

He MO)J(eT 6bITb rrpaBHnbHO noHHT 6e3 yqern 

3THX BH,D;OB B CBeTe TeopHII nomyqeii <l>HnhT

paU:HH. 



4.5.1. 3JIH3HOHHblll HCTO~IHHK BHYfpHDJiaCTOBOH 30Hhl DHTaHHR 

3mi3MOHHOe .rt;BJ.f.iKeHJ.fe BOJJ;bl CBjJ3aHo 

B OCHOBHOM c norp)')KeHJ.feM oca.rt;O'IHblX no

po.n; BHJ.13 J.f c 3JIJ.f3J.feH (Bbl.rt;aBJIJ.fBaHJ.feM) BOJJ;bI 

J.13 ropHbIX nopo.n;. 3mi.3mI BOJJ;bl J.13 ropHbIX 

nopo.n; HaqJ.fHaeTCjJ c nepBbIX MOMeHTOB HX 3a

xopoHeHIDI B ce.rt;MMeHTaU,UOHHOM 6acceHHe 

(MopcKOM .n;tte). Ha HaqanhHOM 3Tane yIDioT

HeHIDI rnuH, IIOKa He Hacryrmna CTa.rt;IDI MU

HepanornqecKoro HX npeo6pa30BaHIDI (nep

Bhie COTHU MeTpOB ), ODKMMaeTCjJ cso6o.n;HajJ u 

cpmuqecKH CBjJ3aHHM so.n;a. B 3TOM cnyqae 

o6'heM ODKUMaeMOH BO.rt;bl 6JIH30K K o6'heMY 

yMeHhIIIemur noposoro rrpoCTPaHCTBa. Ha 

60JihIIIHX rny6uHax COOTHOIIIettue o6beMa H3-

MeHeHUjJ nop u o6beMa OT.iKHMaeMOH BOJJ;bl 

U3MeHjJeTCjJ BCJie.rt;CTBUe ycwnemrn pa3H006-

pa3HblX cpH3UKO-XUMHqecKHX rrpoQeCCOB B BO

.rt;OHOCHhIX ropU30HTax. lfa ynJIOTffjJJOIIIHXCjJ 

rmm OT.iKUMaeTCjJ orpOMHOe KOJIJ.fqecTBO BO

,Llbl. TaK, ttarrpttMep, H3 BepXHe10pcKoro

HU.iKHeMeJI0Boro BOJWHOCHOro KOMIIJleKca 3a

na,[IHOH CM6upH 3a Bee BpeM>I 6hIJIO oDKaTo 

330 M3/M2 nopOBhIX BO.LI [31). 

Bonpoc o ttanpaBneHHH orroKa H3 yn

JIOTffjJJOI.QerocjJ CJIOjJ rJIUHhl BO,LIHOro paCTBOpa 

ocTaeTcjJ rroKa .r:1ucKyccttoHHhIM. TaK, U3 pac

qeTOB IO.B. MyxttHa [75] cneeyeT, ~o B cnoe 

oca,L1Ka IIOJlO'Jl<eHHe rpaHHll,hI pa3,LleJia OTTOKa 

OT.iKHMaeMOH .iKH.rt;KOCTM BBepx H BHU3 3aBHCUT 

rnaBHhIM o6pa30M OT rny6uHhl rrorpy.iKeHMSI 

oca.n;Ka, H Ha 3HaqHTeJlhHhIX rny6uHax, H3Me

pjJeMhIX 100-KpaTHblMH ero rrepBOHaqaJihHbT

MU MOl..QHOCTjJMlf, ycTaHaBJrnBaeTCjJ paBHOBe

cue: H BBepx, H BHH3 OT.iKHMaeTCjJ npnMepHo 

OJJ;MHaKOBOe KOJIJ.fqecTBO rropoBOH .iKHJJ;KOCTH. 

BbIIIIe 3TOH rny6HHbI rpaHMu,a ,LIBH.iKeHIDI BO

.rt;hI BBepx BHH3 CMeI.QaeTCjJ K IIO.rt;OIIIBe ymIOT

ffjJJOIIIHXCjJ rJlHH, HH.iKe - COOTBeTCTBeHHO K 

KpOBJle. 

Huaqe sorrpoc o pacrrpe.n;eneHMU 1rr10-

pb1 .n;asneHHSI B ynnoTHjJJOI.QeMCjJ rJIHHHCTOM 

CJIOe paccMOTPeH r.IO. Ba.riyKOHHCOM, A.E. 

Xo.n;hKOBhIM [14], K. Marapoi,J [67] u .n;p, Ko

TOpb1e .rt;OKa3hJBaIOT HaJJHqHe B paccMaTpHBae

MOM cnoe rJIHH .n;Byx 30H yrrnOTHeHIDI: 30Hbl 

YTIJIOTHeHIDI, HJIH aKTHBHOH 30Hbl, H HeyrrnoT

HeHHOH (MepTBOH) 30Hbl, paCITOJIO.iKeHHOH B 

u,eHTPe yIDioTasuorn;erocjJ rmacTa rnuH. B 

rrepBoH 30He rrpoTeKaIOT npou,ecchI yrmoTHe

HHSI u ODKaTlfjJ rropOBOH BO,[(hl, a Harrop H3Me

HjJeTCjJ B COOTBeTCTBHH c KOJie6aHHjJMJ.f rpa

mi.eHTa OT.iKaTJ.fjJ, Bo BTOpOH 30He rrpou,ecc 
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yrrnoTHeHttjJ rrpaKTHqecKH He rrpoTeKaeT, a 

nopOBaSI .iKH.IJ:KOCTh HaXO.IJ:HTCB no.n: HeKOTO

pbIM H36blTOqHbJM .n;aBJieHHeM. JlpKHM npHMe

poM, r.n:e OTMeqaroTC51 TaKHe 30Hhl, jJBJljJJOTCjJ 

6a.iKeHOBCKHe aprHJIJIHThI 3arra.n;HoH Ctt6HpH 

[77]. 
B .II. ~HHH, McnoJih3YH 3aKoH )1apctt 

npH pacqernx CKOpOCTH ODKaTHSI BO,[( H3 rJIH

HHCTbIX TOJIID:, onpoBepraeT 3TH ToqKH 3peHHH, 

cqHTaB, qTo B rJlHHHCThIX TOJIID;aX He MO.iKeT 

cyrn:ecTBOBaTh rpaHHQa pa3.n;ena Me)l(.rt;y .D:BYMH 

rrpOTHBOIIOJIO.iKHhIMH HarrpaBJieHHHMU ,[(BU.iKe

Hlfjl, IToposoe ,n:aBJieHHe HMeeT HOpManhHhIH 

3aKOH pacnpe.n;eneHlfjl u 3aBHCUT OT 3HaqeHUH 

n-1.n;pocTaTw1ecKoro .n;aBJieHUjJ Ha rpaHHQax 

rnuHucToro crroR. ITo ero pacqeTaM, )],JIB cpop

MupoBaHujJ TaKOH 30Hbl K03cpcpuu,ueHT cpUJihT

paQUH .n;orr.iKeH 6bITh MeHee 10-7 MICYT, KOTO

pble peanhHO He cyrn:ecTBYfOT B rrpupo.n;e. C 

.n;pyroH CTOpOHbI, OH rrpw.n;ep.iKHBaeTCH MHeHIDI 

AT. Aphe o B03MO.iKHocrn cyrn:ecTsosaHIDI B 

rmrnHCThIX rropo.n;ax rpa.n;uettrn Hanopa HH.iKe 

HaqaJihHOro. 3To H II03BOJIHeT OTBepraTh B03-

MO.iKHOCTh )J,BH.iKeHH51 cpmoH.rt;OB B rJIUHHCThIX 

nopo.n;ax. Hanuque HaqanhHhIX rpa.n;HeHTOB 

ycrnttosrreHo B na6opaTopHbIX ycrroBlfjJX, Ko-

3cp<PwQHeHT <iiHJihTPaQHH KaK pa3 H ,[(OCTHraeT 

BeJIH'lHHbl 10-7 M/cyT. 0.[IHaKo, )J,aHHbie Km<P

cpuQHeHTbl xapaKTepHhl TOJibKO )J,JIH rropoBOH 

CMKOCTH. 

Hcxo)J.jJ H3 rrpe.n;norro.iKemrn, qTo Bo.n;a, 

ODKHMaeMM H3 YIIITOTHHIOlIIUXCjJ rropo.n;, y.n;a

JI>IeTC51 Ha IIOBepXHOCTb TOJibKO ITO rrrracTaM 

npOHHU,aeMhIX rropo.n; - KOJTJleKTOpoB BBepx TIO 

HX HaIIJiaCTOBaHHIO, A.E. rypeBuq [26] no 

BhIBe.n;eHHhIM UM cpopMYJiaM opueHTHpOBoqHo 

paccquTan cpe.n;HIOIO CKOpOCTh 3JIH3HOHHOro 

IIOTOKa, B03HHKaIOID;HH npH 3TOM rn.n;paBJIJ.fqe

CKHH yKnoH H H36hIToqHoe .n;aBJieHHe. KaK 

BH)J,HO H3 rn6JIHQbl 4.1, c rny6HHOH 3JIH3HOH

Hhle CKOpOCTH .rt;BH.iKeHHH BO)], na.n;aIOT, rH)J,

paBJIHqecKHe YKJIOHhT YMeHbIIIaJOTC>I, HHTeH

cHBHOCTh Bo.n;oo6MeHa 3aMe)J,JI>IeTC>I, qTo, B 

KOHeqHoM IITore, cnoco6crnyeT nepexoey Te

eyqeH: <iiHJihTPaQHH B rromyqyIO. 

HeCMompa ua 6e3yCJ10Bny10 opueu
mupoBo'lnocmb nolly'leHHblX daHHblX, 6 l{e
llOM ouu comacy10mca c uau60J1ee OOUfeU 
«apmunou l>aumeHWl my601<..ux nod n 3anu
cUMocmu om l>numenWl :JllU3UOHHblX nod u 
no nopal>«y ne.i1u'IUHbl connaiJa10m co cKopo
cmb10 nomy'leu qnutbmpal{uu fl 04]. 



Ta6J1utJa 4.1. 
1aBucuMocmb c«.opocmu OBUJICeHUR v, zuiJpaB11u11ec1<ozo y1<11oua I u u16b1mo11uozo 

iJ p {j llBlleHUR om my, UHbl Jfl!lezauUR n.ltacma 

rny6mm 3ane-
3aBJ-!CHMOCTh CKOpOCTH OT rny6HH1.I 

ramu1 rrnacTa, 3KCITOHeH~Han&H<UI JlorapmpMHqecKa.ir 
M 

V, Miro)! I, MIM P,MITa V, Miro.II I, MIM P,MITa 

100 0,00076 0,000024 0,096 0,22 0,00070 0,70 

500 0,00039 0,000012 0,039 0,0044 0,00014 0,14 

3000 0,00032 0,000010 0,013 0,00073 0,000023 0,023 

4.5.2. r JI3BHaJI OC06eHHOCTb 30Hhl Tp3H3HT3 r Jiy6oKHX BO}.I, 

IIepexo.n: reKy'Ieii tPHJibTpau:iui: B non-

3Y'l)'IO <PHJibrpan:mo Be.n:eT K npHHU:HnHaJih

HOM)' H3MeHeHHIO KJiaccHqecKOH apTe3HaH

CKOll cxeMhI JJ:BIDKeHHSI. Bo.n: (pa3.n:en 1 .1 ). Oc

HOBHhie C)')K,ll:eHH51 no 3TOM)' Borrpocy 6hIJIH 

H3JIO)J(eHhI B.B. TpyIIIKUHbIM [108]. B <PH3u

qecKYJO ocHoBy paccMoTpeHH51 ::noii cxeMhI, 

JIOJJO)J{eHbI rrpe.n:cTaBJJeHUSI. B.H. .nlOHUHa, 

A.A. fpaycMaHa u MHorux .n:pyrux uccne.n:o

BaTeneii 0 Heo6xo.n:HMOCTH UCJIOJlh30BaHUSI. 

TepMO,lJ,HHaMH'IeCKOro ypaBHeHHJI COCTOSl.HH51 

npu myqeHHU ,lJ,BIDKeHHSI. rny6oKUX BO)J, 

j(P, V, T) =O, ( 4.11) 
cornacHo KoToporo .n:asneHHe P, o6oeM V H 

TeMrreparypa T HaXO,lJ,Sl.TCSI. B <PYHKU:HOHaJihHOH 

3aBHCHMOCTH. H3MeHeHJ.Ie o.n:ttoii HJIH .n:Byx H3 

3TUX BeJIHqHH rrpHBOJJ:UT K H3MeHeHHIO oc

TaJihHbIX. 

B rny6mrnx ropH30HTax 30tty rpatt3H

Ta, r.n:e npoucxo.n:rrT nomyqa51 <PUJibrpan:mr 

BOJJ:hl, IIpaBHJlhHeH 6y.n:eT Ha3BaTh 30HOU cnoll-

3QHUR 2J1y60KUX 800. IIpHttn;HIIHaJlhHOH OTJIH

quTeJibHOH oco6eHHOCTbJ-O 3TOM 30Hhl OT 30Hbl 

cm01w apme3UQHCKUX 800 SIBJllleTCSI. TO, qTo 

,lJ,aJihHeilmee CHM)J(eHMe rH.D:paBJIHqeCKUX YK

JIOHOB H CKOpOCTH ,lJ,BH)J(eHH51 cnoco6cTBYJOT 

C03.D:aHHIO OTHOCHTeJibHO 3aCTOMHoro pe)J{HMa 

BOJJ: H ycJIOBHH .n:m1 <PopMHposaHHSI. Ha onpe

,[{eJieHHOM 1rnne pa3BHTHSI. CTPYKTYPbI aHo

MaJibHo BbICOKUX IIJiaCTOBbIX ,[{aBJieHHH 

(ABTI,n), T.e. B03HHRHOBeHHJO 8Hympunlla

cmo80U 06.11acmu numamm. B nponrnHoM cny

qae, KaK 3TO .[{OKa3hIBaeTC51 B.H. ,!\IDHHHbIM 

[30] no pe3ynhTaTaM MO.[{eJIHpoBaHH51, pac

cMarp:HsaeMbIH npou:ecc pacnpe.[{eJieHHSI. Ha

rropos H CKOpOCTH Sl.BJISl.eTCSI. CTaQHOHapHbIM, 

T.e. o6pa3oBaHHe ABII,n HeB03MO)J{HO. IIprr 

MO,[{eJIHposaHHH 3a,[{aBaJIUCb CJie,[{YJOIIJHe 
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KOM6HHHpoBaHHbie ycJIOBH51: npOTSl.:IKeHHOCTb 

6accetiHa 500 H 1000 KM, Ko1<P<Puu:ueHT 

<PHJibrpaQHH rmrn 10·5 H 10"6 M/cyT, cyMMap

Hoe muam1e HX Ha BCJO .n:m1tty pa3pe3a Ha 1 M 

IIIHpHHbI 3,2*103 M3/ro,[{, OTHOIIleHHe BeJIH'IH

HbJ HHtPHJibTpan;HOHHOf'O IlHTaHHSI. K nttTaHmo 

U3 rnttH 1, 7 u 10. HaqaJihHmI BO.[{onpoBO.[{H

MOcTh necqaHbIX OTJIO)J(eHHH paCC'IHThrBaJiaCh, 

HCX0,[{51 H3 HaH6onee xapaKTepHbIX npOHHIJ,ae

MOCTeH rny6oKUX ropH30HTOB 300 H Ha nepu

¢epttH 3000 M2/cyT, T.e. <Pttnbrpan;HSI. BOJJ: MO

.n:eJiuposanacb no 3aKotty _napcH. 

BhI.[{eJieHtte 30HhI cnomaHH51 rny6o

KUX BO,[{ JI03BOJISl.eT ITO,[{OMTH npUHIJ;HnHaJibHO 

Ha HHOM KOJIHqecTBeHHOM ypoBHe K ou:ettKe 

BpeMeHH cy1IJeCTBOBaHH51 ABII,n. IIonhITKH 

on;eHHTh BpeMSI. penaKCaU,HH ITJiaCTOBhIX ,[{aB

JieHHH npe.n:npHHHMaJIHCh B.<P. nwHeU:KHM 

(HeCKOJihKO MHJIJIHOHoB neT) [66], M.K. Ka

JIHHKO (AeCSl.TKH, coTHH MUJIJIHOHOB neT), B.B. 

KoJIO.[{HH H IO.B. KaJIJO)J{Hhiii (50 ThICH ,[{e

CSl.TKH MHJIJIHOHOB neT), B.H. ,nJOHHH (140-
14000 neT) [30], H.r. K11ccttH (3000 neT) [51], 
A.E. fypeBwq (coTHH JieT) [25]. IO.II. faT

TeH6eprep Boo61IJe cq1uaer [19], qrn ABII,n 

He MOryT o6pa30BbJBaThC51 B OTKpbITblX CHC

TeMaX, a TOJibKO B 3aKpbITblX. Tlo3TOM)' caMO 

IlOH51THe aHOMaJibHOCTH .n:asneHHSI. HeKoppeKT

HO H nyqrne HCnOJib30BaTb TepMHH «CBepx

rrr.n:pocTan1qecKoe nnacTOBoe .[{aBneHHe 

(CfIT,n)». 
HcnoJI:E.3YSI. Te )Ke ycnoBH51, qro H y 

A.E. fypem1qa, HO, 3aMemm Ko3<P¢mi;tteHT 

Te~eii tPUJihTpau,m1 5 Mlcyr, paccqRTaHHbIH 

no 3aKotty _napcn, Ha Ko1<P<Pttn;HeHT nomyqeii 

¢UJI:E.Tpan;rrn 2,6*104 Mlcyr [104] cqurneM, 

qrn coxpaHHOCTh ABII,n cocTaBMT oKoJio 10 
MJIH. JieT. A nocKOJII>KY Bo.n:a npu non3yqei1: 



qmJibTpaU,Hlf Be,D,eT ce651 KaK HeHhIOTOHOBCKM, 

MaKCBeJIJIOBCKM, aHOMaJibHaH )l(H,ll,KOCTb, TO 

TepMHHhI ABTI,z:.t; H AHTI,z:.t; 3,D,ech BIIOJIHe yMe

CTHhI. Eonee Toro, rH,D,pocTaTHqecKwe ,D,aBne

HHH B o6naCTlf CIIOJI3aHHH COOTBeTCTBeHHO 

TO)l(e 6y,D,yT HBJIHTbCH aHOMaJibHbIMH rH,D,po

CTaTWieCKHMH IJJiaCTOBhIMlf ,D,aBJieHHHMlf 

(Af'TI,z:.t;), c H3o6apHO-H30TepMHqecKOH KBa3lf

CTaTWieCKOH o6cTaHOBKOH (IIJiaCTOBbie ,ll,aBJie

HlfH If TeMIIeparyphl HeH3MeHHhl BO BpeMeHH). 

B :noM cnyqae ypaBHeHHe cocTOHHHH IIpHMeT 

BH,ll, TepMO,ll,HHaMifqec1mro ypaBHemrn Eep

HyJIJIH. 0,D,HaKo, BepoHTHO, B peaJibHOCTH HC

IIOJih30BaHHe ,D,aHHOro ypaBHeHHH orpaHwqeHO 

H B03MO)J(H0 TOJihKO ,ll,JIH BepXHHX qacTeH rny-

6oKHX ropH30HTOB HJIH Ha JIOKaJibHhIX yqacT

Kax. B ocTaJihHhIX cnyqa5fX 06pa30Bam1e 

ABTI,z:.t; H AHTI,z:.t; Hem6e)J(HO 6y,D,eT IIpHBO,ll,HTh 

K HapyrneHHIO mo6apHO-H30TepMHqecKOH 06-

CTaHOBKH. 

Han11qwe BHyTpHnnacTOBOH o6nacTH 

IIHTaHHH rrpe,D,IJOJiaraeT ,ll,Bif)KeHHe BO,ll,bl OT 

u,eHTpa 6acceliHa K ero rrepmpepHH, OT yqacT

KOB c 6oJiblIIHM KOJIHqecTBOM rJIHHHCTbIX CJIO

eB K yqacTKaM pa3BHTIUI KOJIJ1eKTOpOB. TipH 

3TOM IIpOHCXO,ll,HT He rrpocTO OT)J(aTHe BO,ll, 3a 

cqeT yIIJIOTHeHH51, HO If ,ll,OITOJIHHTeJibHM re

ttepau,HH TeIIJia, He3HaqHTeJihHaH BeJIHqHHa 

KOTOpou, TIO MHemno B.H. ,l.l;IOHHHa B COOT

BeTCTBHH c ypaBHeHHeM COCTOHHHH ( 4.17) He 

MO)l(eT CJIY)KHTh IIpWIHHOH o6pa30BaHHH 

ABTI,z:.t;, Ho, TeM He Mettee, yBeJIWiemrn cKopo

CTH rrepepacIIpe,D,enemrn Terrna, B cooTBeTcT

BHH c CYIIIHOCThlO IIOJI3yqe:H Q-lHJihTpaU,HH, 6y

,D,eT crroco6cTBOBaTb yBeJIWieHHIO ee cKopo

CTH. Tio3TOMY BHyTpHIIJiaCTOByIO o6JiaCTb IIH

TaHHH cne,D,yeT myqaTh ropa3,ll,O rnttpe, pac

cMaTpHBM ee He TOJlhKO KaK o6nacTh A BTI,z:.t;, 

HO n e:me KaK menJ1oey10 06J1acmb «numaHUR». 
BhlcKa3aHHoe IIpe,D,rroJio)J(em1e rro,D,TBep)K,ll,a

eTcR MaTepnanaMn reoTepMHqecKHX Ha6mo

,D,eHHli Ha Teppurnp1m BocTOqttOro Tipe,D,KaB

Ka3hH [52), cornacHO KOTOpblM TeMrreparypa 

OTJIO)l{eHHH, HaXO,ll,HIIIHXCH IIO,ll, 6oJihIIIHM reo

CTan1qecKHM ,D,aBJieHHeM, OKa3bIBaeTCH MeHb

rue TeMrrepaTyphI rropo,D,, Haxo,D,H:mHXCR ITO,ll, 

MeHhIIIHM ropHhIM ,D,aBJieHHeM. 

no MHeHHIO H.A. OrHJibBll C03,ll,aHHe 

aHOMaJibHOro TeMrreparypttoro IIOJIH IIpOHC

XO,ll,HT IIpn TeKTOHnqecKHX ,ll,BH)l{eHHHX. Tor,D,a, 

B COOTBeTCTBllll c ypaBHeHHeM COCT05IHHH, 6y

,D,eT IIOBbIIIlaThC51 IIJiaCTOBOe ,n:aBJieHHe. 

BnHHHHe HeoTeKTOHH:qeCKHX no,D,Bn

)l{eK Ha COBpeMeHHOe IIOJIO)J(eHHe ITbe3oMeT

pWieCKOH rrosepXHOCTH rny6oKHX ITO,ll,3eMHhIX 
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BO.ll Bhl5IBJieHo 6brno pa6ornMH BCE1HH1EO. 

TaK, Ha rrpoQ-iHJie HornKap-Ona-TyttMa3bI-Y Q-ia 

KpHBbie HOBeHIIlHX TeKTOHHqecKHX ,ll,BH)l(eHHH 

H rrpHBe,D,eHHhIX HaIIopoB BepXHe

cpe,D,He,D,eBOHCKoro BO,ll,OHOCHOI'O ropH30HTa 

pacrronaraIOTCH rroqTH IIapanneJibHO ,D,pyr 

,D,pyry (Puc.4-5). 

l(.M 
:ioo' 

!{)0 
j 
I 

.-...--...,..,.-t (l ......,..-""".,-...... __,,--.--_,.,._,_.,,, '• 

iJql.ilKap4)1'1f.1 p.flttM<.1, i,;f'tMa.)lU p.Yrp« 

Puc. 4-5. Cxe.Mamu11ec«uu npo</JU!lb no Jlunuu 
iiom«ap-0Jla-TyuMa:Jbl-Y rjJa: 

1 - aMilJUITY.lla HeOTeKTOHlflieCKIDC )lBIDKemitt; 2 -
3HaqeHmr np1rne.11eHHbIX HanopoB 

Mo)Kffo rronaraTh, qTo rrpn BbIIIOJIHe

mrn: IIOJIO)l(eHHH ynpyroIIJiaCTHqecKOH TeOpHH 

Q-lHJihTpau,irn: penaKcau,n51 rpa,D,neHTa B 0,0005, 

o6pa3oBaBlllerocH B TeqeHHe 2-4 MJIH. neT, He

coMHeHHO, ,ll,OJI)l{Ha 6orna IIOJIHOCTbIO 3aBep

IIlHTbCH (3ana,L1,HM qaCTb IIpoQ-iHn51). <PaKn1qe

CKH :1Ke rpa,D,HeHT ttarropa 3a 3TOT rrepuo,D, 

yMeHhIIlHJIC51 JIHIIlh Ha 1/3 OT rpa,D,HeHTa TeK

TOHH4eCKHX ,D,BH)l{eHHH. AHanorWIHhIH BbIBO,ll, 

IIOny11aeTC5I H rrpH paCCMOTpeHHH palioHa 

ToMCK-Tapa-KonnarueBo Ha IOre 3aIJa,D,Hoii 

Cu6nptt. Ha ocHOBe 3THX IIOJIO)J(eHHH C.C. 
EoH,D,apeHKo, JI.B. EopeBCKHM H A.A. ,l.1;3106oii 

[80] rrpe.IVIaraeTC51 IIpmHaTb, qTo IIO.[l3eMHbJe 

BO.llhI rny6oKo3aneraIOruHX ropH30HTOB o6na

,ll,aIOT .[{OCTaTOqttO Bblpa)J(eHHbIMH peonorWie

CKHMH CBOHCTBaMH. ,l.l;nH IIpnBe,D,eHH51 HX B 

,ll,BH)J(eHne Hy)f<HO rrpHJIO)J(HTb OIIpe,D,eJieHHyIO 

cnny, o6ycnosneHHyIO HaqanbHbIM rpa,D,HeH

TOM Q-lHJibTpaU,HH, IIpWieM ,lJ,Jlj( BbIIIIeHa3BaH

HhJX paifoHOB ero BeJIWJHHa HMM ou,eHnBaeTCR 

He MeHhIIIe 5*10-4. ,l.l;anee OHH coseprneHHO 

CIIpaBeMJIBO rronaraIOT, qro Hif)Ke Ha4aJTbHO

ro rpa,D,HeHTa Hanopa ,ll,BH)J(eHHe IIO,ll,3eMHbIX 

BO,ll, XOT51 H cyrnecTByeT, HO He IIO,ll,lJHmieTCR 

3aKOHy ,l.l;apcH H 3aBHCHT He TOJThKO OT IIpH

JIO)J(eHHOH CHJihI, HO ll OT speMeHH B03,ll,eHCT

BH51. ,l.l;aHHOe IIpe,D,IIOJlO)J(eHHe He IIponrnope-

4HT BH3KOyIIpyroi-i TeopnH Q-inJibTpaU,HH. Tio

CKOJibKY nomyqaH <flnnhrpau,mr IIptt Hapyrne

HHH KBa3HCTaTH4eCKOH o6CTaHOBKH 3aBHCHT 

He TOJibKO OT rpa,D,HeHTa HaIIopa, HO ll OT Bpe

MeHlf penaKcau,irn. Tiptt4eM CKOpOCTH HeOTeK-



TOHHqecKHX ,IJ,BHJKeHHH COIIOCTaBHMbI co CKO

pocrnMH rromyqeii QHUihTPaQHH. KpoMe 3TO

ro, BepTHKaJibHbie ,IJ,BIDKeHm! rmaCTOB rrpn He

OTeKTOHHqecKHX IIO,Il,BIDKKax 3eMHOM KOpbI 

TaIOKe conpoBO)K)J:aIOTC}{ He TOJihKO YBeJIHqe

HHeM HJIH CHHJKeHHeM Harropa BO,IJ, B 3aBHCH

MOCTH OT 3HaKa KOJie6aTeJibHbIX ,IJ,BHJKeHHH, 

HO H COOTBeTCTBeHHblM H3MeHeHHeM BeJIHqH

Hbl naTepaJibHOro reMrreparypHoro rpa,D,HeHTa. 

IlpH IIO,I(beMe TeppHTOpHH 6y,IJ,eT IIOBb!IIIaTbC}{ 

reorepMHqecKHif rpa,D,HeHT H Hao6opor. 

B TeKTOHHqecKM-aKTHBHhIX paifoHax 

no pa3JIOMaM rrpoHCXO,IJ,HT TepMorH,D,pO,Il,HHa

MHqecKoe B03,IJ,eHCTBHe rny6HHHbIX <PnIOH,Il,OB 

Ha rny6oKHe H apTe3HaHCKHe BO,IJ,bl, qTo cy~e

CTBeHHO ,IJ,OIIOJJH}{eT H H3MeHS!eT rrpe,IJ,CTaBJJe

HH}{ o 30Hax mnaHM}{ rny6oKHX Bo,n:. TaK, B03-

,IJ,ettcrn11e rny6HHHhIX rrpou;eccoB (MarMaTHqe

CKHX oqaroB, rH,n:poTepManbHbIX CHCTeM, 

,IJ,tt<P<PepeHI._\HpoBaHHblX TeKTOHJiqecKHX ,Il,BH

'/KeHHH H T.,IJ,.) TaK'/Ke Be,IJ,eT K IIOBbIIIIeHHIO 

TeMrreparyp H c03,n:aHHIO meW106blX 3011 nu

maHwt. AttanorHqHo 30HhI MHoroneTHeMep3-

JJhIX rropo,IJ, MoryT paccMaTPHBaThC}{ meWlo-

6blMU 30HaMU pa3zpy3KU BO.I( (3arra,IJ,Ha}{ CH-

6Hph - B.B. TpyLIIKHH [108], JIKynrn - A.A. 
fpaycMaH [24]). 

y CTaHOBHTb ToqttylO 3aBHCHMOCTh 

Me)K)J:y rrnacTOBhIM ,IJ,aBnemreM n TeMTiepary

poif, TIO MHeHHIO B.H. ,lJ;IOHHHa, He npe,I1,crnB

JI}{eTc$1 B03MO'IKHblM. KpnsM 3TOM CB}{3H, rro

BH,IJ,HMOMy, 6y,IJ,eT JJe'IKaTh Me)K)J:y KpHBblMH, 

O,IJ,Ha H3 KOTOpbIX IlOCTPOeHa TIO ypaBHeHHIO 

BaH-,IJ,ep-Baanhca, ,Il,pyrM - no ypaBHeHHIO 

KnaliTiepoua-MeH,IJ,eneeBa. Me)K)J:y TeM, HC

IIOJih3Y}{ ypaBHeHHe cocTosrm-rn, A.A. fpayc

MaH BbIBeJI CJie,D,yIO~ <PopMyny H3MeHeIDUI 

,IJ,aBJieHM}{ B TinacTe TIPH TIOHH'/KeHHH TeMTiepa-

rypbI: 

a*m+(l-m 1*a 
i1P = / c * ,1 T ( 4 12) 

in K * m + (1 - m) * Kc 'VI ' • 

r,n:e m - nopHCTOCTb, a H ac - K03<P<P11u:neHTbI 

TeMneparypHoro pacIIInpemrn BO,IJ,bI H cKenera 

Tiopo,IJ,bI; K H Kc - K03<P<P11u,HeHTb1 o6beMHoro 

CJKaTHsr BO,I(bl H cKeJieTa rropo,IJ,hI; LIT 1'IJI - H3Me

HeHHe rrnacTOBOM TeMTieparypbI; L1P 1'IJI - H3Me

HeHHe nnacToBoro ,IJ,aBJJeHH}{. PacqeThI CHH

JKeHmr TIJiaCTOBbIX ,IJ,aBJieHHif, C,IJ,eJJaHHbie HM 

no 3TOH <PopMyJie npaKTHqecKH COBTiaJIH c 

<i>aKTHqecKHMH (24]. 3TO IlO,IJ,TBep)l(,Il,aeT ee 

TipaBOMepHOCTb H oqeBH,IJ,HO, TI03BOJT}{eT ee 

TipHMemTb He TOJibKO K Tipou:eccaM TIOHIDKe

HH}{ reMTieparyphI rrpH TipoMep3aHHH rropo,IJ,, 

HO H K rrpou:eccaM ee IIOBhlllleHH}{. Pa3JIHqHhie 

XHMHqecKHe peaKQHH, TIPOHCXO,IJ,R~He c Bbl

,IJ,eneHHeM HJIH rrorno~eHHeM rerrna, TaK'IKe 

6y.izyT BJIH$1Tb Ha pe'IKHM ,IJ,BHJKeHH}{ BO.I(. 

Bee U3llomeHHOe 6 Jmo.ff paJOene 
no160llRem zo6opumb, ttmo Zlla6HOU oco6eH
Hocmb10 1011b1 cno!l1a11UR my601<.ux 600, 6 
om!luttue om 1011bt cmo1<.a apme1uaHc1<.ux 
600, R6llRemcR 603MOJICll0Cfflb o6pa306UllUR 
6 nep6ou 611ympe1111ux 3011 numauua u pa1-
zpy11<.u 600. llputteM o6paJo6auue :Jmux 1011 
Momem npoucxooumb He moilbKO 1a cttem 
MeJ1C1l.!lacmo6blX nepemo1<.06, Ho u 1a cttem 
lllOOblX opyzux npou.ecco6: Mexa11uttec1<.ux, 
</JU3uttec1<.ux, menllo6blX u xUMuttec1<.ux, 
npome1<.a10u,.ux 6 cucmeMe BoOa - nopooa u 
01<.a1btsa10u,.ux cyu,.ecm6eH11oe 6llURllUe 11a 
c1<.opocmb u 11anpa6!le11ue no!l1y11eu rjJUJtbm
pau.uu. 

4.5.3. n1y6HHHhie pa3JIOMhl KaK O"llaru 

(30Hhl) pa3rpy3KH rny6oKHX BO.LI: 

Ilo,IJ, rny6HHHblMH BO,IJ,aMH TIOHHMa

IOTCR reHeTHqecKHe THTibl BO,IJ,, c<i>opMHpOBaH

Hbie Ha 3HaqHTeJibHbIX rny6ttHax. feHe3HC Ta

KHX BO,II, CB}{3bIBaIOT He c OT'/KaTHeM HX 113 rop

HbIX nopo,IJ, B rrpo1.1ecce yrrnoTHeHM}{, a c B03-

po)K)J:eHHeM ( CHHTe30M) MOJJeeyn BO,Il,bI B rrpo-

1.1ecce MernMop<i>H3Ma, T.e. BhI,IJ,enem1eM rH,IJ,

poKcHJihHoii rpyrmh1 OH, a raK'IKe HOHOB so

,IJ,opo,IJ,a H KHcnopo,n:a, K0Topb1e, coe,IJ,HH$1HCh, 

cHHTe3HPYIOT Mone«yny BO,IJ,hl. B 3THX ycno

Bmrx <PopMHPYffiTCH BHOBb CHHTe3HpOBaHHbie, 

HJJH B03po)K)J:eHHbie, BO,IJ,hI. TeM caMhIM, 3axo

poHeHHasr rrepBOHaqanbHO B OCa,D,OqHbIX OT-
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JIO)l(eHH}{X BO,IJ,a B npou:ecce MeraMop<j:>H3Ma 

TIOCTerreHHO ITOJJHOCTbIO ocso6o)l(,Il,aeTCH. 

0,IJ,HOM H3 Ba'/KHeifIIIHX 3MITHpHqecKH 

ycTaHOBJieHHbIX 3aKOHOMepHOCTeii ,I(BIDKeHM}{ 

BO,I(bl B paCCMaTPHBaeMOH 30He HBJIHeTC}{ ee 

BOCXO,IJ,H~ee ,Il,BH'/KeHHe. 06 3TOM, rrpe)l(,Il,e 

Bcero, CBH,IJ,eTeJJbCTByeT MHOroqwcneHHblH 

OIIhIT 1nyqemrn rH,IJ,porepManbHbIX MecTopo

)1(,Il,eHHH. IIpo6neMa MexaHH3Ma ,IJ,BIDKemrn H 

reHe3HCa rH,Il,pOTepMaJibHbIX pacTBopoB (IOBe

HHJJbHbIX, Bo3po)l(,Il,eHHhIX, HmpIDib TPaU:HOH

HhIX) CTOHT oqeHb ,IJ,aBHO (A.r. l>eTeXTHH, B.H. 
CeMeHoB, B.A. )l{apHKOB, A.A. H.:>K H ;::i:p.). B 



nocne.n;Hee BpeMH A.A. IbK H .n;p 3a npttqmzy 

,ll;BIDKCHHH rny6ttHHbIX pacrnopoB npttHHMaIOT 

BbDKHMaIOrn;ee JIHTOCTaTHqecKoe .n;aBJieHtte 

(MeXaHH3M fpeihoHa). IlpWieM cqHTaJIOCb, 

qTo ,ll;BIDKCHHe rny6HHHbIX BO,ll; npOHCXO,ll;HT B 

)'CJIOBHRX IIOCTOSIHHOfO )'MCHbIIIeHHR rropoBO

ro npocTPaHcTBa .n;o 0,1 - 1,5 % H npoHMQae

MOCTH ,ll;O 0,001 ML(. 

0.n;HaKo, B nocne.n;HMe ro.n;bl see 6oJib

rne HCCJIC,ll;OBaTeJieH orn1paHCb Ha o6rnHpHbIH 

reonoro-rrpOMbICJIOBbIH MaTepHaJI, npttXO,ll;HT K 

BbIBO,ll;)', qTo c rny6HHOH MO,ll;eJib pe3epsyapa 

HaqttnaeT )'CJIO)J(ffHTbCH, KpoMe nop B CTpoe

HHH Haq1rna10T rrpttHMMaTb yqacTne TPCIIl;MHbI 

tt KaBepHbI. TaK, B.ll. ,l(iomrn [30] Ha MHoro

qttcJieHHbIX npttMepax H <flaKTax ,ll;OKa3bIBaeT, 

qTo rnttHHCTbie nopo.n;hI o6na.n;aIOT ern;e H 

TPCIIl;HHHOH eMKOCTblO (He cPMKCttpyeMOH Ha 

06pm4ax B na6opaTOpHblX )'CJIOBlijJX), KOTO

pax M 06ecneq1rnaeT IIOBbllIICHHe K03cPcPHllH

eHTa cPHJibTpaQHH Ha 2-3 nopH.n;Ka nptt MCCJie

,ll;OBaHHH rJIHH Ha MGCCU6ax B IIOJICBblX )'CJIO

BHRX (rH.n;poreOXHMMqecKMH, TepMOMeTpttqe

CKHH, tt30TOIIHbIH MeTO,ll;bI) H aHanoroBbIM Mo

.n;eJIHpoBaHMeM. 3TH 3aHH)KCHHbie 3HaqeHHR Ha 

o6pa3Qax CBH3aHbI c TeM, ~o MacrnTa6 orrpo-

6oBaHHH MCHbllie MacrnTa6a MHKpo- H MaKpo

HCO,ll;HOpo.n;HOCTH, T.e. cymecTB)'CT MaJiaH Be

pOHTHOCTb Toro, qTo B o6pa3Qe rmrn OK~

CH TPCII\HHbI, rrecqaffbIH rrpocJio:H H T.II. B 
6onblIIHHcTBe cnyqaeB TPCII\HHHbie o6pa3QbI 

Boo6rn;e He H3yqaJOTCB, TaK KaK HM Hepe.n;Ko 

Tpy.n;Ho rrpH.n;aTb <flopMy, y.n;o6H)'IO ,ll;JIH ttccJie

.n;oBaHmr Ha crreQHaJibHOH anrraparype. Ilo

'.HOM)' no Mepe mrroreHeTJfqecKHX rrpeo6pa-

30BaHttii rJIHHHCTblX MHHepaJioB: IIJiaCTHqHax 

rJTHHa__,aprHJIJIHT__,rJIHHHCTbIH CJiaHell - H 

CKOpOCTb OTTOKa OCB06o)K,ll;a10rn;ell:cx XHM.Hqe

CKH CBH3aHHOH BO,ll;bl 6y.n;eT yseJIWJ.HBaTbCSI Ha 

2-3 nopH.n;Ka. 3TOM)' cnoco6cTB)'eT CHtt)J(eHtte 

IIJiaCTlfqHOCTH H TIOBbllIICH.He crroco6HOCTH 

rmrnttcTbIX nopo.n; K TPCII\HHOBaTocTM, T.e. no-

CTeneHHOH CMeHe rropoBOH npOHHQaeMOCTH 

Ha TPern;HHH)'IO. B pe3)'JibTaTe, noKpbllIIKM 

CTaHOBBTCH KOJIJieKTopaMH, ~o npttBO,ll;HT K 

BepTHKaJibHbIM cPJIIOH,L(OIIepeTOKaM. 

H.TI. 3anHBaJIOB H ll.TI. IlonoB [34] Ha 

npHMepax pa3HOCTOpOHHHX (rn.n;po.n;ttHaMWJe

CKJIX, npOMbICJIOBo-reo<flH3ttqecKHX, JIMTOJIO

ro-neTpo-rpa<flWJeCKHX H .n:p.) Hccne.n;osaHHH 

MHoroqHcJieHHbIX MeCTOpO)K,ll;eHHH He<flTH H 

ra3a TaK)J(e ,ll;OKa3bIBaIOT Heo6xo.n;HMOCTb 60-

nee cJIO)J(Horo no.uxo.n:a K M3yqeHHIO pe3ep

syapoB. TaK, OHH no.n;qepKHBaIOT ycnoBHOCTb 

TaKJIX )'KOpeHHBlIIHXCH B TeopHH JIOHSITHH, KaK 

KOJIJICKTOp H IIOKpbIIIIKa. 0.n:Ha H Ta )J(e nopo

.n:a B npoQecce JIHToreHe3a MemeT cBOH cBo:H

cTBa, npeBpamaHCb H3 IlOKpbIIIIKJI B KOJIJTCKTOp 

H Hao6opoT. Manb1e 3Haqemrn: nopHcTOCTH H 

rrpoHHQaeMocTH ern;e He onpe.n;eJIHIOT HH3K)'IO 

npo.n;yKTMBHOCTb CKBa)J(HH; 6naro.n;apB BTO

pHqHoii nopHcTOCTH H TPCIIl;HHOBaTOCTH, rop

Hbie nopo.n;b1 MOryT co.n;ep)J(aTb 3HaqttTeJibHbie 

tt 3<fJ<fleKTHBHbie 3anacb1 yrneBo.n:opo.n;oB. 

B QeJIOM no npo6neMe Tpern;ttHHbIX 

KOJIJieKTOpOB Bbl,L(CJIHeTCH ,L(Be OCHOBHbie KOH

QellU,HH (rn6nttQa 4.2) 
K Bbtrne CKa3aHHOM)' Heo6xo.n:HMO .n;o-

6aBHTh CJie.n:yIOrn;ee. IloMHMO Toro, qTo Ha 

3TOH CTMHH B rpattyJIHpHbIX nopo.n:ax

KOJIJICKTopax H,ll;eT 3aKOHOMepHoe pacqneHe

HHe C,L(HHOH nopoBOH CHCTeMbl Ha OT,L(eJihHble 

3aMKH)'TbTe rropbl, B 3THX ycnOBHHX, HaqHHaIOT 

pe3KO IlOBhllliaThCH TeMnepaT)'phl (.n:o 200 -
450 °C) H IlJiaCTOBbie ,L(aBJICHHH (.n;o reOCTaTH

qeCKHX ), HaqMHaeTCH rrepeKpHCTaJIJIH3allHH 

nopo.n: c Bb1.n:eneHtteM B cBo6o.n:H)'IO cpa3y Qe

OJIMTHbIX H KpHCTaJIJIH3aQHOHHhIX pa3HOCTeii 

BO,L(hl. flpuqeM rrpou,ecc Bhl,ll;CJieHMH KpHCTaJI

JTH3allHOHHbIX pa3HOCTeH BO):(, B OTJIWJ.He OT 

npoQecca OT)J(aTHH cPH3WJeCKH CBSI3aHHbIX H 

u.eoJIHTHblX BO):(, npoHCXO,L(HT He IIOCTerreHHO, 

a CKaqK006pa3HO, TOJibKO rrpH ,ll;OCTH)J(eHHH 

orrpe.n:eneHHhIX TepMo6apWJeCKHX ycnOBHH. 

Ta6J1Ulfa 4.2. 
ConocmaaJ1e11ue «01111,enu,uu no npo6JleMe mpeU(UHHblX KOJl.'leKmopoa 3anaiJuou Cu6upu. 

Ilo C.H. lliumu2u1l)I 
OcHOBHble rroJIO)J(CHIDI, I KOHI.\CIIl.IIDI II KOHI.\CIII.\IDI 

rrapaMCTJTbI (f.A. MaKCHMOBWI H .11p.) (A.A. TpoqH-IMJ'K, A.M. He'Iaii, Cll.H. KornxoB 

li ,Ijp.) 

B03MO)J(HOCTb HaxO)J(,11CHIDI He BcTpe'IaJOTCj! Bc1'pe'IaJOTCj! 

meII1HHHbIX KOJIJICKTOPOB 

Pa3MepbI TPel!lttH B rropo.11ax Ha rnyfornax 3 KM H 6orree 3ttj!HHe KpoMe MHKpoTpelllHH ecTI. MaKpoTpelllHHI.I, 

1'pelllHH He rrpeBbUUaeT 15-20 MKM, KaBepHbI H KapCTOBble IIOJIOCTH, o6Jia,11aJOll(He 

T.e. COH3MepHMO c pa3MepaMH rrop n 60JibIIIHMH pa3MepaMtt 

IIOPOBbIX KaHanOB 

TpernttHH~ eMKOCTb He Ha,IIO Y'JHTI.rnan, T.K. oHa He rrpe- Mo)J(eT .11ocTHraTI. 3Ha'IHTeJihHbIX pa3MepoB 

BbIIUaeT 0,2 %, 'ITO Hax0,11HTCX 3a rrpe- ,110 3-5 %. TioCKOJibKY OHa IIOJIHOCTbIO 3cpcpeK-

.11erraMH OIIIH6KH orrpe.11erreHHX rropHC- TllBHall, TO He pe,11KO j!BJij!CTCj! COH3MepHMOH c 

TOCTH 3cpcpeKTHBHOH rropHCTOCTb!O Mal'pHilbl 
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Pe3Koe rroc1)11lleHHe ,IJ,orrorrHHTeJibHOH BO.IJ.bI B 

3aMKHYfOe rropOBOe npOCT}JaHCTBO npllBO.IJ.HT 

K B03HHKHoBemno npou,ecca nr,IJ,popa3pbrna 

nnacTa H o6pa3oBaHHIO mpeUJ-UHHou eMKocmu, 
.IJ.OCTHra10II1eH 3-5 %. 

Ha rrry6HHax 6onee 5-6 KM TepMO.IJ.H

HaMw-1ecKHe ycnoBIDI 3aneraHIDI BO.IJ.b! eII1e 

6onbme ycnmKIDJIOTC.sI, cKaqKoo6pa3HO npo

HCXO,lJ,HT BbI,lJ,eJieHHe y)f(e KOHCTHT)'IJ,HOHHbIX 

pa3HOCTett BO,ZJ,bJ. IInacTOBhie ,ZJ,aBneHIDI 

cpnIOH,ZJ,OB Haq1rnaIOT npeBhIIIIaTb reocTaTH:qe

cKHe, B pe3yJibTaTe, npoHCXO.IJ.HT o6pa3oBaHne 

pa3JIOMOB, qepe3 KOTOpbie npoHCXO.IJ.HT pe

JiaKcaQIDI rrnacTOBbIX ,ZJ,aBrreHHH. Hx TeMnepa

rypa ,ZJ,ocrnraeT 450-700 °C. B 3TllX Ha,ZJ,KpH

n1qecK11X ycJIOBH.slX BO,ZJ,a, CTaHOB.slCb XHMHqe

CKH oqeHb arpeccHBHbIM BeII1eCTBOM, pacTBO

p.sieT B ce6e KpeMHe3eM H, TeM caMbIM, C03,IJ,a

eT KaeepHoey10 CMKOCmb. 
T eKTOHHtiecKa.si TPeIIIHHa, 6naro,ZJ,ap.s1 

CBOeii CKB03HOH II BbICOKOH npOBO,lJ,llMOCTH, 

C03,lJ,aeT o6rraCTb OTHOCHTeJibHO noHH)f(eHHbIX 

IlJJaCTOBbIX ,IJ,aBJieHHH H II03TOMY ,ZJ,eiicrnyeT 

KaK KOH,[(eHCaTop nepBoHaqarrbHO pacce.sIHHO

ro noToKa pa3rpy3KH. IIo Me)K3epHOBbIM rrpo

Me)KJTKaM, MHKpoTpeII1HHaM, onep.sIIOIIIHM 

TpeLQMHaM H T . .[(. paCTBOpbl aKTHBHO npOHll

KalOT B QeHTpanbttylO 30tty pa3JIOMa, BbJBO,ZJ,.sl

IIIYIO cpn10H,n B o6nacTh noHH)KeHHbIX ,naBne

HHH. KorrnqecTBeHHO ou,eHHTb senH~n1ey rpa

.IJ.HeHTOB ,naBneHIDI, no6y)K.[(al0.ll.(}'IO TaKOro 

po.na T}JelllHHHbIH no,IJ,COC, KaK cnpaBe.[(JIHBO 

OTMeTHJI A.A. Il3K [84], B HaCTO.sIII1ee BpeM.sI 

HeB03MO)KHO, HO COMHeBaTbCSI B ero HaJIHqm-1 

sp.si.n JIH npasoMepHo. Cne,IJ,oBaTeJibHO, HMeH

uo ,IJ,peHHPYIOIIla.sI npHpo,IJ,a .IJ.ll3'blOHKTllBHblX 

uapymeHHH (H HX CllCTeM) CJIY)KHT HCX0,11,HOH 

rH,11,pO.IJ.HHaMH:qeCKOH npe.nnocbIJIKOH, Ha6n10-

,IJ,aeMOH CB5!3M 60JibIIIOro qlfcna rH,IJ,poTep

MaJibHbIX MeCTOpO)K.[(eHHH c pa3JIOMaMH H 

CHCTeMaMH T}JeIIJIIHOBaTOCTH. 

0.IJ.HOH 113 HepeIIIeHHbIX rrpo6neM 

.IJ.Bll)KeHIDI rrry6oKHX BO.IJ., no MHemuo M.E. 
EyKaThI, .s1Bn.s1eTc.s1 npo6neMa BbrnBrreHIDI 06-

nacTeif (3ott) pa3rpy3KH orpoMHbIX o6oeMoB 

BO.IJ., OT)KllMaeMbTX B npou,ecce norpy)KeHIDI 

oca,IJ,oqHbIX nopo.IJ.. 

06pa30BaHHe rrry6HHHbIX pa3JTOMOB 

npoHCXO,IJ,HT He TOJTbKO B MeCTaX HaH60JTbllle

ro cHHTe3a MoneKyn BO,IJ,br B npou:ecce MeTa

MopcpH3Ma, HO H MaKCHMaJibHOro O'DKanrn BO.IJ. 

B BbIIIIe3aneraIOIIIIIX rrry6oKMX rop113omax, 

nocKOJihKY OCHOBffYIO porrh B MexaHH3Me 

,IJ,Bll)KeHIDI KaK rny6HHHhIX BO.IJ. pe)KllMa, TaK H 

3JIH3HOHHbIX BO.IJ. HrpaeT yrrrroTHeHHe nopo,IJ,. 

B pe3yJibTaTe no pa3JIOMaM npoHCXO.IJ.HT pa3-

rpy3Ka He TOJibKO rrry611HHhIX BO.[( cpnIOH.IJ.OB, 

HO H BhTIIIe3aneraIOlll,HX rrry6oKIIX H apTe3H

aHCKIIX BO.IJ.. .IJ:auua.si 3aKOHOMepHOCTh no3BO

JISieT npe,IJ,TIOJIO)KHTh, qTo orpoMHhie KOJIHqe

CTBa OT)KHMaeMhIX BO.IJ. B rrry6oKllX ropH30H

Tax H3-3a Hll3KOM CKOpocrn nomyqeif QJHJibT

pau:m1 Bp5!.IJ. JIH HMeIOT y.IJ.arreHHhie 30HbI pa3-

rpy3KH, a HaXO,lJ,5!TC5! B Henocpe,IJ,CTBeHHOM 

6JIH30CTM OT MeCT MaKCHMaJibHhIX 30H BttyT

pHnJiaCTOBbIX o6nacTeM IIHTaHH.sl. c ,11,pyroif 

CTOpOHhl, ueo6XO,lJ,HMO no)J;qepKttyTh, qTo 

HH3Klle CKOpOCTM ,IJ,Bll)KeHIDI rny6oKHX BO.IJ., 

npen.sITCTBYIQT pe3KOMY na,ZJ,eHIIIO Hanp.sI)Ke

HHM, B03HHKaIOIIIHX B HaH6onee norpy)KeHHbIX 

qacn1x 11, TeM caMhIM, 6narorrpID1TCTBYIQT 

npoHMKHOBeHHIO rny6MHHbIX pa3JIOMOB B 

BepXHHe qacTH 3eMHOM KOpbI BIIJIOTb .IJ.O no

BepxHOCTH. 

TaKUM o6pll1oM, i>Bumenue z.;zy6un
HblX Boi> npoucxoi>um B ycnoBURX, c oi>nou 
cmopOHbl, yMeHbUleHUR nopOBOZO npo
cmpancmBa, a, c i>pywu cmopoHbt, yBe!lul/e
nua mpeUl,UHllOU u KaBepHOBOU eMKOCmu, 
nputteM He mo!lbKO B KO!l!leKmopax, Ho u B 
no«pblUIKax, ttmo cnoco6cmByem Bocxoi>a
Ul,eMY i>BWH:eHUIO B03pomi>e1111btX Boi>. A no
CKO!lbKY 3a cttem mozo, ttmo KUK B 3011e z.;zy-
6u1111ozo pe:ucUMa, maK u :JllU3Uo1111ozo pe
mwua, yll!lomnenue nopoiJ u llU3KUe cKopo
cmu nomyl/eu t/JWlbmpal(UU BOi> uzpa10m 
OCllOBHYIO pORb 6 MeXUllU3Me C03iJUHUR ano
MtulbllblX i>uBnenuu, mo my6u1111b1e pa3llOMbt 
KUK pa3 u 06pa3y10mca 6 Mecmax MUKCU
MtulbllOZO yMomnenua nopoiJ, o6pa3ya 30Hbt 
pa3zpy3KU Ile mo!lbKO my6u11HblX tjJlllOUOOB, 
110 u my6oKUX BOi>. 

B l(eJIOM, Bee U3JIO:Hee1111oe 6 OUllllOU Z!lUBe ll0360llRem 3UIUllO'lUmb, ttmo, HeCMompa Ila 
11eoocmumol/11y10 U3ytte1111ocmb npo6!leMbt oBumenUR my6oKUX Boi>, B noCJ1eo11ue zoobt B :JmoM 
nunpuBRenuu oocmuznymbt ycnexu u 11aMetta10mca cepbe311b1e ci>Buzu. B :Jmoii cBa3u, KUK o111Jffe
l/aJI C.JI. lliBapl(eB /122], "Cmtu10 COBepU1e11110 otteBUdllblM, ttmo OUlla.MUKU noo3eM1lblX 600 my-
6oKUX wpU3011moB ne Mo:ucem 6btmb npuBWlbno nonamu 6e3 yltemu zeoRozuttecKou tjJopMbt oBu

:ucenua BOi>bt ". 
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r Jl3B3 5. EJJ;HH3SI reoJioru...:ecKaSI <f>opMa .[J;BUa{eHUSI 

rJiy60KUX BO)]; U OCHOBH3SI ee 33KOHOMepHOCTh 

KaK BH,n:Ho H3 paccMOTJJCHHOM rrpe.n;h1-

.n:yII1eif rnaBhI, tj:>opMhl ,!J:BIDKeHH.SC BO)l:hl B rny-

6mrnx ropmomax pa:rnoo6pa3HhI. BMecTe c 

TeM, HCJih3.SC He BH,!J:eTh 3a MHoroo6pa3HeM 

,!J:BIDKCHH.sl 3THX ¢opM HX e.n;HHCTBa, B3aHMO

CB.SC3H H B3aHMoo6ycnoBJieHHOCTH. HarrpHMep, 

coBeprneHHO oqeBH.n;Ho, ~o MexaHHqecKall 

cyTh nomyqeif tj:>HJihTJ)aQHH, 3aKJU0qa10II1a.scc.sc 

B ynpyroM C)l(aTHH BO,!J:hl H IIOCJie,n:yIOIIICM ee 

TeMneparypHOM pacrnHpeHHH, .SCBJI.SCCTC.SC qacT

HOM COCTaBJI5IlOIIICM ee <j>H3tfqCCKOM CYTH -

SIBJieHHH B5I3KOCTH H TermorrpoBo.n;HocTH. B 

CBOIO oqepe.n;h 3TH ljlH3H'leCKHe SIBJICHH5I ,!J:BH

)l(eHH5I BO,!J:hl 5IBJISII-OTCH qacTblO 06II1ero rrpo

Qecca np0Mcxo,n:51II1ero BO sceM o6neMe 

<frnJihTpaQHOHHOM cpe.n;hl. ,l.l;aHHhie TeIIJIOBhie 

SIBJieHHH, rrpoHCXOAAIIIHe B ljlHJihTJ)aQHOHHOH 

cpe.n;e, OTJ)a)l(aIOT reonornqecKYIO cyTh .n;BH

)l(eHH.sl rny6oKHX so.n;. B cBoro oqepe,n:b Terrno

Bble rrpoQeCChI, npOHCXO,!J:5III1He B CHCTeMe BO

.n:a - rropo.n;a, B03MO)l(HO, HBJIHI-OTCH Ba)l(HeM

llieH qacThlO TeTIJIOBhIX rrpoQeCCOB, npOHCXO

.n;Hlll,HX B QeJioM B 3eMtto:if Kope. Bee :JTO rro-

3Bon.sceT paccMarpttBaTb ,n:BIDKeHHe rny6oKHX 

Bo.n;, cornacHo npe.n;cTaBnemrnM C.JT. IIIBap

QeBa [79, 122] H E.B. IlHHHeRepa [79, 80], KaK 

pa3HOBH,!J:HOCTb eOWIOU 2eOJl02UlJeCKOU <}JopMbl 

06u:>ICeHUJl 600bl, KOTOpaSI .HBJI5IeTC5I Ba)l(HeM

llieM COCTaBJIHJOIIleM reoJiornqecKOH ¢opMhl 

,!J:BIDKeHH.sl MaTep1m, o6ocHOBaHHOH aKa.n;eMH

KOM E.M. Ke.n;poBhIM. 

H.n;esr reonorttqecKoif ljlopMhI ,n:BIDKe

mrn BO,!J:hI 6hma paccMorpeHa .n;ocrnToqHo rnu

poKo B rrepsoM TOMe «0cHoB ru.n:poreononrn» 

C.JI. Illsapu;eBhIM [79]. 0.n;HaKo, B .n;anhtte:H

rneM, B «06II1eii rn.n;poreonornu» [ 122] :JTHM 

)Ke aBTOpOM )l:aHHaR TeMa 3HaqHTeJJhHO cy)l(a

eTC5I. Bu.n;ttMo y)l(e rny6)1(e oco3Hasasr n qyB

cTsysr CJIO)l(HOCTb 3TOH npo6JieMbl, aBTOp c 

o.n;HOH CTOpOHbl MHOrHe CBOU rrpe.n;cTaBJieHH.sl, 

OTHOCllMhie paHee K reoJIOrtfqeCKHM cpopMaM 

)l:BIDKeHll$l BO,!J:hI, nepeHOCIIT Ha paHr Hll)l(e, K 

npou;eccaM ,n:BH)l(eHH5I so.n;hI - KaK re0110rtfqe

CKOro TeJia. c .n;pyroii CTOpOHhl, OITllpMCb Ha 

pa6ory B.H. BepHa.n;cKoro , aBmp no :JTOMY 

IIOBO.n:y .n:enaeT BhIBO.n;, ~o «CJIO)l(HOCTh H 
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MHoroo6pa3He ,!J:BIDKCHll$l BO,!J:hl onpe.n;eJI5IIOT 

¢ytt.n;aMeHTaJihHhie CBOHCTBa rn.n;pocljlephl B 

QeJioM». B .n;aHHOH rnaBe .n:enaeTc.SI rrorrhITKa 

rrpaKTHqecKH pacKphITh 3TO y6e)l()l:eHHe, HCXO

,!J:5I H3 rrpe.n;cTaBJieHHH, OIIHCaHHhIX B rrpe.n;hI

.n:yII1eH rnaBe, HOBhIX 3HaHllH H COBpeMeHHblX 

MupoB033peHqecKHX npe.n;cTasneHHH. H, npe

)1(,!J:e BCero, IIOIIbITaeMC.SC npaKTHqecKH .n;oKa-

3aTb, Ha rrpHMepe paccMorpeHmI napa.n;oK

CaJihHOH 3aBUCUMOCTU y.n;eJihHOH TeIIJIOeMKO

CTH rny6oKHX Bo.n;, qTo reonoru5I KaK HayKa 

5IBJI5IeTC5I ljlyH.n;aMeHTaJJhHOH, a He rrpHKJJa.n;

HOH HayKoif, HMerolll,eH co6cmeHHhTe 3aKOHhI 

pa3BHTll$l 3eMJIH, B .n;anhtteurneM neperne.n;rnue 

K 6HoreHHhlM CHCTeMaM. 

Ka)l(eTc.sc rrapa.n;oKcanhHhIM, TepMo.n;H

HaMHqecKoe ypasHeHHe EepHYJIJIH, H3BecTHO 

y)l(e 6onee 160 JieT, HO, HeCMOTp.sc Ha 3TO, B 

cospeMeHHOH nHTeparype no .n;uHaMHKe .n;BH

)l(eHHH rny6oKllX so.n: .n;aHHhlH 3aKOH o6xo.n;H

Jlll BHHMaHHeM. Me)l(,!J:Y TeM, HasepIDIKa, yqH

ThIBM K~IIIYI-OC.SC rrpOCTOTY 3TOfO ypaBHe

Hll$l, IIOIIhITKH ero npeMeHHTh npe.n:rrpttHHMa

JJHCh tte O)J,HHM uccne.n;osaTeJieM. Ha nepBhTH 

B3rJI5I)J,, Ka3aJIOCh 6b1, qero npoII1e K y)l(e uc

IIOJJh3yeMOMY rn:.n;po.n;HHaMtfqeCKOMY ypaBHe

HHI-0 .n;o6aBHTh rrpOH3Be.n;ettue rmacTOBOM TeM

neparyphl Ha y.n;eJihHYlO TeIIJIOeMKOCTh BO,!J:hI, 

KOTopa.sc paBHa 1 KKa.rrl°C HJIB 4, 1868 ~c. 
3To nepBOHaqaJJbHO ll 6hIJIO c.n:enaHO, KaK 

BnpoqeM, HaBepHoe, u .n:pyrHMH 11ccne.n;osaTe

JISJMB, HO 6bIJI nonyqeH OTJ)BQaTeJihHbIM pe-

3YJihTaT. 

TaKUM o6pll30M, c 0011ou cmopo11bt, 
KUJICJlU(llRCR npocmoma npUMe11e11un mep
MOOUHaMu11ecK020 ypaB11e11un Eep11yll!lu, a, c 
opyzou cmopoHbl, mynuK06blU pe3yllbmam, 
noJ1y11aeMblU npu nonbtmKax ew npu.Ate11e-
11un, u R6UJIUCb, 6UOUMO, OCH06HOU npu11u
HOU 06xo3ICoe11un :Jmow 3aKona coomBem

cmBy10w,wu 61IUMa11ueM. <PaKmu11ecKu, KaK 
0Kll3QJl0Cb, npUMe11umen.bHO K ZJ1y60KUM 60-
0aM yoeJ1b11tu1 men.rwi!MKocmb OKll3llflacb B 4 
pa3a Me11bme. B npu11u11e :Jmozo napaooKca 
Mbl u nonb1maeMcR pa106pambcR 6 :Jmou 

maBe. 



5.1. 0 pa3HOBH.IJ:HOCTIIX reoJioruIJ:eCKHX 

<J>opM .IJ:BH~eHHII BO)lhl 

HeoTbeMJieMo:H qepTo:H pa.3JilflIHhIX 

reorrornqeCKHX cJ:>opM ,lJ,BIDKemrn BO,l], RBJI5feTCH 

TO, qTo HX HeJih3}l CBO,l],HTh K npOCTOH cyMMe 

MexaHlflleCKHX, Q'JH3HqecKHX H XHMHqecKHX 

,l],BH)KeHHH, KOTOpble reorroraMH B p5I.D,e crryqa

eB Tpa,D;HU:HOHHO B03BO)J,}ITCR B paur Be.D,ylllHX 

HJIH onpe.D,eJJRIOLQHX B u3yqeHHH reonornqe

CKHX HBJieHHH. reonorlflleCKllil Q'lopMa ,l],BH)Ke

mrn BO)J,bl OTJJnqaeTC5I TaK)Ke OT )J,BH)KeHHH BO-

.D,hl KaK reonoruqecKoro Tena. 3.JJ,ecI> 3TO .D,BH

)f(em1e paccMaTpHBaeTcR He npocTo KaK Mexa

uuqecKoe nepeMeU1eHHe BO.D,hI, BMecTe c Be

llleCTBOM 3eMHOH KOpbI HJJH TeTIJJOBOe - qepe3 

nopo.D,y, a KaK rrraBHaH cocTaBJJ5IIOlllllil reono

rWiecKoH cpopMbl )l.BH)KeffEUI MaTepttH. qT06hI 

rryqrne pa3o6paThCR B HCCJJe.D,yeMOM BOIIpoce, 

npttBe.D,eM KOHKpeTHhie npe,ll,CTaBJJeHHH. 

5.1.1. Cym;ecTByrom;ue npe~cTaBJieHHH 

06pa3oBaHHe ce,lJ,HMeHToreHHhlX BO,l], 

nponcxo.D,uT 6naro.D,apH KpyroBopozy Bern;ecT

Ba B He,ll,pax 3eMJJH, npH KOTOpOM BO,l],a BMecTe 

c BMel.QaIOI.U;HMH ee nopo.D,aMH Me)l.JJeHHO IIO

rpy)f(aeTCH Ha 3Haq1neJII>HI>Ie rny6ttHhl no Me

pe onycKaHlljJ OT,lJ,eJibHblX 6JJOKOB 3eMHOH KO

pbl, qTo 3aTeM KOMIIeHcttpyeTC}l HaKOIIJJeHHeM 

oca)J,oqHbJX nopo,ll, COOTBeTCTBYIOllleH MOI.U;HO

CTH. Ilpu '.HOM 3axopOHHlOTCH pa.3m1qHhle BH

)J,hl BO,l],, KaK CB060)J,Hhie, TaK " CBH3aHHhie (He 

TOJlbKO Q'ltt3uqecKH, HO H XHMH4eCKH). Ilo Me

pe norpy)f(eHHH H 3axopoHeHH5I OCa,D;Ka COOT

HOIIIeHHe Me)K)J)' OT)J,eJihHblMH BH,l],aMH BO,lJ,bl 

HenpepbIBHO MeHHeTC5I: O)l.HH ee BH)J, rrepeXO

)J,HT B .D,pyroi1, qacTb MOJieKyJJ BO)l.hI X:HMH4e

CKH pa.3naraeTC5I, qacTh Mexau11qecKH OT)f(H

MaeTC5I 113 3TOH CHCTeMbl H T. )],. Ilpu MeTa

MopcJ:>tt3Me CBR3aHHa5I BO)J,a BCJIC)J,CTBHe npo

u:eccOB ,lJ,eru.D,paTau:uu, ,lJ,eru.ll,pOKCHJJupoBaHH5I 

" CHHTe3a MOJTeKyJI BHOBb B03pO)K,l],aeTC5I. 

I'JiaBHllil oco6eHHOCTb paccMaTpHBaeMOH CHC

TeMhl COCTOHT B rrepeHoce BO,lJ,hl Ha 60JihillUe 

rrry6HHhI B pe3yJTI>TaTe reonorHqecKoro .D,BH

)KeHH5I MaTepHH. CaMo ,lJ,BH)KeHHe BO,lJ,hT -

qacTb 6onee o6w;nx npou:eccoB ce.D,HMeHrn

U:HH, ;::i:uareHe3a, KaTareHe3a u MeTaMopcJ:>u3Ma, 

T. e. JIHToreHe3a B l(CJIOM. Ilo::HOMY Ha3BaTh 

3Ty pa.3HOBH,lJ,HOCTb ,lJ,BH)KeHHH BO)l.hl, CKopee, 

Bcero, cne;::i:yeT Ha3BaTb numoze1111ou. 
06paTHMCH K rrpHIIOBepXHOCTHOH 30-

He 3eMHOH Kopr,1. Kmarroch 6hl, 3,lJ,CCh ,lJ,HHa

MHKa IIO)J,3eMHblX BO,lJ, CBO.ll,HTCH K MexaHlflle

CKOH HJIH cJ:>mlfllecKo:H cJ:>opMaM ,lJ,BH)f(eHHH. 

0.D,HaKO 3TO 3a6rry)K,l],eHHe, cyTb KOTOporo 

CTaHOBHTCH oqeBH)J,HOH, ecJTH paccMaTpHBaTh 

.D,BIDKeHHe KaK reorroruqecKHH rrpou:ecc B3aH

Mo;::i:e:HcTBH5I MeTeoreHHblX BO)], c Bern;ecTBOM 
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3CMHOH KOpbI B Teqeuue ,lJ,JIHTeJihHOro BpeMe

HH. 

,[{eiicTBHTeJTbHO, B Bepxue:H qacTH 

3eMHOH KOpbI MoryT 6bITb Bbl,lJ,CJICHbl npOCTbJe 

BH,l],bl ,l],BH)KCHH5I BO,lJ,hI: <i>HJibTpaU:HH, .D,McJ:><fly-

3H5I, KaIIHJJJIHpHoe IIO,lJ,HHTHe H T. )].. 0,lJ,HaKO 

HH Te, HM JJ.pyrtte He onpe.D,eJTRIOT ew;e cpopMy 

)l.BH)KeHHH BO)l.bl. IlpH <PttnbTpau:1rn HJIH nepe

MeLQemrn BO)J,a B3aHMO)l.eHCTByeT c ropHblMH 

rropo,JJ,aMH, ra3aMH, opraHH4eCKHM BeU1eCT

BOM, paCTBOp5IeT H Bblll1CJiaq1rnaeT O)l.HH IIO

pO,ll,hI, u:eMeHTHpyeT .D,pyrue, T.e. H3MeHHeTCR 

He TOJlbKO CaMa BO,l],a, HO H BMeU1aIOll11Ul ee 

cpe)l.a. lfHaqe roBOp5I, HaJJHU:O CJIO)l(Hllil pa.3-

HOBH)J,HOCTb reonor11qecKOM <fiopMbl ,l],BH)Ke

HU}l BO,lJ,bI, B KOTOpo:H He TOJlbKO HHTerpupy

IOTC5I npOCThle ero BH,lJ,bT, HO H xapaKTep ,lJ,BH

)KCHH5I BbirJIH,lJ,HT KaqecTBeHHO COBeprneHHO 

HHhIM. Ba)l(Hetirna5I 4epTa .D,HHaMHKH no;::i:3eM

HhIX BO,lJ, Bepxueli qacTH 3eMHOH KOpbl - BHe

;::i:peHHe MeTeoreHHhIX BO.D,. 3TOT npou:ecc ofrI>

e;::i:umeT B ce6e B03,lJ,ettCTBue 3K3oreHHhIX 

qmKTOpOB H MO)KeT cquTaThCH OCHOBOTIOJJa

raIOI.U;HM. OH H rrono)KeH B Ha3BaHHe ;::i:aHHoii 

pa3HOBH)J,HOCTH reonorlflleCKOH <fiopMhl )l.BH

)KeHHH BO,l],bl - Memeoze1t1tOU. Ilo MHeHHIO 

E.B. IlHHHeKepa, MeTeoreHHM cJ:>opMa .D,BH)Ke

mrn BO)J,bl Bee 6oJJhIIIe BH,lJ,OH3MemeTC5I TIO)]. 

BJJHHHHeM ,lJ,e5ITeJihHocTu qerroBeKa. B 3TOH 

CBSl3H, OH BbI)l.eJI5IeT TeXHOreHH)'IO cJ:>opMy 

,lJ,BH)l(eHHH. 

KpoMe y)Ke paccMoTpeHHhIX pmuo

BH.D,HOCTe:i:i C.JI. lllBapu:eBhIM 6I>ma BhIJJ.eneua 

ew;e O,ll,Ha reo110r11qecKM fjJop;na ,lJ,BH)KCHHH 

BO,lJ,hI - MazMamoze1111aa, KOTopa5I BhI3BaHa 

MarMaTHqecKHMH RBJieHH5IMH: nocrynrreHHeM 

MarMhl B 3CMH)'IO KOpy, ee KpHCTaJIJIH3aU:HeH H 

o6e3BO)l(HBaHHeM, o6pa30BaHHeM IIOCTMarMa-



ni:qecKHX rnyfornHhIX pacrnopos IOBeHllJihHO

ro llJIH B03pO)J()J;eHHOfO reHe3HCa. :rv1exaHH3M 

TaKoro ABIDKeHH}l BO)l,hl, KaK IIHCaJI OH, B03-

MO)KHO, 5!BJrneTc5! He .ri:ocTaToqHo xopomo pac

KpbITbIM, O)J,HaKO Bp5!.JJ: JIH MO)KHO COMHeBaThC5! 

B ero 6oJibIIIOH 3HaqHMOCTH H cneQHlpffqHO

CTH. ~aHHOe npe.n;noJIO)KeHHe IIO,l(TBep.l(HJIOCh 

B pa60Te IO.A. KoJI}lCHHKOBa [56], KOTOpbIH, 

H3)"Ia}l CTPYKTypy BO.JJ:bl H ee pOJih B npoQec

cax MarMaTH3Ma, npHIDeJI K cJie.llYIOIQeMY BbI

Bo.n;y. Hecypa311oe u 11eycmou11u6oe noJio)Ke

HHe npoTOHOB B O,l(HHOqHoH MOJieKYJie BO,l(bl 

H20, c TeTpa3.IJ;p1111ecKHM yrnoM B03HHKJIO 

611aro.IJ;ap}l ToMy, qTo B npoQecce po)J()J;eHH}l B 

MarMe BO)l,bl eii 6bIJIO rrpocTpaHCTBeHHO H 

::mepreTHqecKH BhffO)J,HO 3aHHMaTb y.n;o6uyro 

TeTpa3.l(pHqecKYIO l/JopMy KpeMHeKHCJiopo.l(

HOfO TeTpa3.l(pa [Si04]4-, rnaBHOH CTpYKTYP

HOH e.l(HHHQbI MOZMbl. E11aro.ri:apH HMeHHO 

TeTpa3.l(pffqeCKOMY yrny rrpoHCXO.IJ;HT o6'be,l(H

HeHHe qeTbipex ueycTOHqHBbIX MOJieKyJT BO,l(bl 

B O.IJ;HH TeTpaMep H80 4, HMeIOIQHH O.JJ:HHaKo

BhIH pa3Mep 0,35 HM C [Si04)4-. 3Ta MbICJib 

JIO,l(TBep)J()J;aeT CYIQeCTBOBaBinee )l,O CKX rrop 

npe.l(JIOJIO)KeHHe 0 crroco6HOCTH BO)l,bl «JIOM

HHTh» csoe rrporn11oe [ 1 O]. MHbIMH c110BaMH, B 

rrpoQecce MarMaToreuuoii <jlopMhI .JJ:BH)KeHH}l 

MaTepHH, po)J()J;aeTC5! H B03HHKaeT y)l(e pac

CMOTpeHHa5! MeTeoreHHa5! QlOpMa )l,BH)KeHH}l 

BO)l,hl. 

TaKUM o6pmoM, cKmaunoe no160-

J1UJIO C.JI. Hl6ap11;e6y 6 nep60M npu6J1uJ1Ce
HUU HtJMemumb mpu pmHo6UiJHocmu zeoJ10-

zu11ecKou f/JopMbl iJ6UJ1CeHUR 60iJb1. MemiJy 
meM OH c11umaem, 11mo noKa my11eHbt iJaJte
KO He Bee pa3H06UiJHocmu. Hx, 6epoamHo, 
HeCKOJlbKO. 

5.1.2. MeTaMopclJoreuuaH cf>opMa ,I.J;BHaceHHH BO,I.J;hI 

PaccMoTpeHHa5! <Ptt3HqecKM H reo110-

rttqecKa5! cyIQHOCTb )J,BIDKeHH5! rny6oKHX BO)], 

npH rpa.ri:HeHTe Hanopa HIDKe HaqaJihHOfO OT

JIHqaJOTC5! He TOJibKO OT MeTeoreHHOH <PopMbl 

.IJ;BH)l(eHH5! BO.IJ;hl, npoHCXO.IJ;}lIQeH no 3aKOHY 

~apcH, HO H B KOpHe OT OCTaJibHbIX, qTo no-

3BOJI}leT HaMeTHTb qeTBepTYJO pa3HOBH.JJ:HOCTb 

reonorHqecKoii tj:lopMhI )J,BH)KeHH}l BO.JJ:bI -

MemaMopf/JozeHHy10. Oua o6ycnosnetta MeTa

MopqmqecKHMH npoQeccaMH, He CTOJibKO B 

nopo.ri:e, CKOJibKO B caMOH BO)J,e. 

Xoporno H3Becrno, 'ITO H3MeHeHHhie B 

HOJIOBYJO CTa)J,HIO Ce)J,HMeHTaQHOHHbie BO,l(bl B 

rrpou;ecce ,ZJ,aJibHeiirnero 3axopotteHH}l no.ri:Bep

raIOTC5! rrpon:eccaM JIHToreHHOH MeTaMOpQlH-

3aQHH. TipH '.JTOM B BO,l(HOM pacTBope npoHC

XO)J,HT HenpepbIBHOe HaKOIIJieHHe 3JieMeHTOB. 

0)1.J-IH reOXHMffqeCKHH nm BO,ll;hl nepeXO}l.HT B 

.u.pyroii. 0TcIO.ri:a B rH)J.poreonorHH .u.aBHO 

ctj:lopMHpOBaJIOCb yqeHHe 0 MeTaMoptj:lman:HH 

COCTaBa IlO}l.3eMHbIX BO}].. lIOKa3aTeJieM, xa

paKTepH3YJOIQHM CTerreHb MeTaMop<j:>mMa BO

}l.bl, }lBJI5!eTc5! Cl/Br K03<jJqmn:HeHT, KOTOpbIH 

no Mepe rrorpy)l(eHH5! BO.U. yMeHbIIIaeTC}l. TipH 

K03<jJtj:IHU:HCHTe MeTaMopcpH3Ma HH)Ke 296 BO

.JJ:bl cqHTaJOTCH MeTaMopcpH30BaHHhIMH. 

Hapw c H3MeHeHHeM XHMMecKoro 

COCTaBa BO}]. nocne HOJIOBOH CTa}l.HH, KOf,l(a 

CKOpOCTb <j:>llJihTpaU:HH BO}]. B rrecqaHhIX IIJia

CTax H f JIHHHCTbIX rropo.u.ax pe3KO na.u.aeT H 
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nepeXO.IJ;HT B IIOJl3)"IHH BH}l., B BO}l.e TaK)Ke Ha

I.JHHaIOTC5! npon:ecchI IIOBbIIIIeHH5! TeMrrepary

pbI ITO}]. .u.ei:fCTBHeM .u.asnemrn CTOJI6a BO}l.bl 

HJIH BbIIIIe3aneraIOIQKX rropo.u.. IIpH 3TOM npo

HCXO.JJ:HT He CTOJibKO MeXaHHqecKOe nepeMe

IQeHHe BO}l.bl CKB03b nopo.n;y, CKOJibKO TeIIJIO

BOe ee nepeMeIQeHHe no BceMy o6beMy 

<jlllJihTpaQHOHHOH cpe.ll,bl. 

IIo3TOMY .u.auHa5! <jJopMa }l.BH)KeHH5! 

BO.IJ;bl 5!BJI5!eTC5! COCTaBHOH qacTblO (B03MO)KHO 

Be)l.YIQeii) 6onee o6meii reonornqecKoi1 qiop

MhI }l.BH)l(eHml MaTepmt:, CBJ.T3aHHOH c norpy

)KeHHeM rnraCTOB KX ynpyrHM C)KaTHeM, rpa

BHTaqHOHHhIMH npon:eccaMH Bhl}l.eneHmI Ten

na, ero nepepacrrpe.ri:eneHH51 H, B KOHeqHoM 

HTore, npon:ecca MeTaMop<jJH3Ma rropo.IJ;. 

MHbIMH cnoBaMH, MeTaMop<PoreHHaH qiopMa 

,l(BH)KeHHH BO.IJ;hl HBJI5!eTCjJ rrpe.ri:BeCTHHKOM Me

TaMopcporeHHOH tj:lopMbl .IJ;BH)!{eHH5! MaTepHH . 

TaKUM o6pmoM, pacc..Mompennb1e 
iJo6oiJbt no160J1R10m HtJMemumb 11em6epmy10 
pa3H06UiJHOCmb zeOJIOZUl/eCKOU f/JopMbl 
iJ6uJ1CeHUR 6oiJ - MemaMopf/JozeHHy10, HO 
Zllll6HblM apzyMeHmOM 6 6bliJeJleHUU iJaHHOU 
f/JopMbl iJBumeHUR 60iJbl R6!1Remca pac
CMompeHHaR iJaJtee napaiJOKCUJlbHaR JQKO

HOMepHocmb, npucyw,aa UMeHHO Jmou l/Jop
Me iJ6UJ/ceHUR 60iJbl. 



5.2. 0 poJIH BO)J;hl B reoJIOrH'IeCKOM D;HKJie 

06pa10BanuH nopoJJ; 

Cornactto Teopm1 JIHTorette3a, ocHo

BaHHOH aKa)..leMHKOM H.M. CYpaxoBLtM, B 

ll,HKJle npoIJ,eCCOB o6pa30BaHmJ OCa)..IOqHbIX 

nopo.r:1 Bhl.[lemreTcH YpH CTa.LIHH: rHnepreHe3a, 

ce.[IHMeHTorette3a, .[1Harette3a. B HaCTOHIIJ,ee 

5.2.1. 

Bhmenettne MeTaMopqmreHHoii cpop

MhI .[IBH)l(eHHH BO.[lhl, npoHCXO.[IRIIJ,eH Ha CTa

.[IHH KaTareHe3a, Bhl3bIBaeT Heo6xo.[IIIMOCTb 

cy3HTh TIOHRTHe JIHTOreHHOH cpopMhl .[IBH)l(e

HHH BO.z:lhl. l1pu.r:1ep)l(HBaHCL TeopIIH H.11. 

CTpaxoBa, TIO.LI nnToreHHOH cpopMoH .LIBIDKe

HIDI BO.[lbl 6y.[leM TIOHHMaTh .[IBIDKeHne BO.[lhl, 

nponcxo.z:1xllJ,ee Ha CTaJ..IIDIX rHneprette3a, ce

.LIHMeHTarurn H .r:1narette3a. Ha 3THX cTa.[IIDIX 

<j:>HnhTpall,H5! BO.LI npoHCXO.[IHT B OCHOBHOM no 

3aKotty )J;apcH. 

Hapymem1e 3aK0Ha )J;apcn HaqnHaeT

CH Ha CTa.[IHH .[IHareHe3a, B oco6eHHOCTH, B 

rrrHHHCThIX oTJIO)l(eHIDIX. Ha cTamrn KaTare

He3a TeKyqaH <j:>IIJihYpaIJ,HH IIOJlHOCThlO rrepe

XO.[IHT B rron3yqHH BR.LI. H3Mettettne 3aKoHa 

<j:>HJlhTpall,HH, BH.[IHMO, H npHBO.[IHT K BTOpHq

HOMY H3MeHemuo oca.r:1oqffhIX nopo.r:1 n B03-

HHKHoBemno npttHQHTIHaJlhHO IIHOH paccMOT

peHHOH BhIIIIe reorrorHqecKOH cpopMbl .[IBH)l(e

HIDI BO.[lhl - MeTaMopcporeHHOM, KOTOpaH HB

JlReTCH rrpe,l:IBeCTHHKOM MeTaMop<fioreHHOH 

<fiopMbl .[IBIDKeHmr MaTepHH. 

B cBoIO oqepe.r:1L, Ha CTamnr MeTareHe-

3a H perHoHarrbHoro MeTaMop<fimMa y:>Ke 3a

po:>I<,11;aeTCH MarMaToreHHM cpopMa .[IBIDKeHHH 

BO.LILI. B OTJiffqHe OT rrpe,l:ILI.z:IYll.l,eM CTa.[IIIH, r.r:1e 

nocryrrneHHe B KOJlJleKTOp OT)l(llMaeMblX H3 

rJTHH, $H3ffqeCKH CBH3aHHbIX BO.LI rrpOHCXO.ll:H

JIO TIOCTeneHHO H OTHOCHTeJibHO paBHOMepHo, 

Ha CTa.[IHH o6pa30BaHIDI MeTaMopcpffqeCKHX 

nopo.r:1 HaqwHaeT nepexo.[IHTh B cso60.r:1Hoe co

CTOHHHe XHMHqecKH CBH'3aHHM BO.Lia CKaqKo-

BpeMH pH.n; yqeHLIX - nHTonoroB (H.E. Bac

coeBnq, H.B. JiornnHeHKo, O.B. JlnacKypT, 

B.11. AneKceeB H .LIP) B noHHTHe muorette3a 

BKJlIOqaJOT H CTa.[IHH npeo6pa30BaHH51 oca.z:1oq

HblX nopo.r:1: KaTareHe3 H MeTareHe3 [32]. 

o6pa3HO H M03a~HO. 11o3TOMy, ecnII B nep

BOM cnyqae so.n:a rrpemTcTByeT yrrnoTHeHHIO 

rropo.r:1, coxpaHHH rropOBbIH KOJIJleKTOp, TO BO 

BTopoM cnyqae Haq1rnaIOTCH npou;eCChI TIOCTe

rreHHOro CHIDKeHIIH rroposoro npocYpaHcrna H 

pe3KOro o6pa3oBaHIDI YpeIIJ,HHHOro KOJlJleKTO

pa. H, HaKoHeIJ,, Ha CTaJ..IHH perHOHaJlhHoro 

MeTaMopcpmMa o6pa30BaHIIe YpeIIJ,HHHOro 

KOJlJieKTOpa HaqnHaeT rrpHBO.[IHTh K 3eMJieYpH

ceHHHM C o6pa30BaHHeM pa3JlOMOB. I'ny6HH

Hhie BO.[lbl TIO.LI ,[leHCTBHeM BblCOKHX TeMnepa

TYP nerKo pacrnopHIOT B ce6e KpeMHe3eM, 

CTaHOBH'Ch nptt 3TOM paCTBOpOM KpeMHeKHC

JlOThI HiSi04, o6pa3yH TO, KaK cqHTaJl ell.l,e 

B.H. Beptta.[ICKHH [16], qTO MhI co6crneHHO 

Ha3hIBaeM MarMoii Si[OH]4°. ,lJ;aHHaH IOBe

HHJihHM BO.[la (MarMa), IlO.[IHHMaHCh ITO Ype

IIJ,HHaM H pa3JIOMaM Ha TIOBepXHOCTh, BCKHIIa

eT H OCa)l(,lJ;aeT KpeMHe3eM. 

H, HaKoHeIJ,, Ha CTaJ..IHH MarMaTH3Ma, 

KaK 6bmo rroKa3aHo B pa3.n:ene 5 .1.1, B pacnna

se 6y.n:eT o6pa30BbIBaThCH IOBeHHJlbHaH BO.Lia, 

npe.[IBeCTHHK MeTeoreHHOM <fiopMhl .ll:BIDKemrn 

BO,ll;hl. 

Hma«, HeCMompa Ha 6e3yCJ10BHy10 He 
6eccnopnocmb He«omopblX npeiJcmae1zeHuil 
iJannozo pmiJena, 6Ce :m:e nenb3R ne om.Me
mumb npoCMampu6a10U1JJ1oca 6eiJyU1,J110 ponb 
pmnU'lllblX tjJopM iJeu:m:enua eoiJ 6 zeonozu
'lec«o.tt U,UIUle tjJopMupoeanuu ocHOBllblX 
munoe nopoiJ. 

5.2.2. Ilpe.r.rroJiaraeMMe reoJiorHqecKHe cl>opMhl 
,!J;BHX(eHHB BO,!J;LI 

HcxoM H3 Bhrno.n:a npe,n:hI.z:IYIIJ,ero pa3-

.r:1ena, MO)l(HO npe.n;IIOJIO)l(llTh B03MO)l(HOCTh 

6onee .n:eTaJihHoro pacqnetteHIDI H paccMOYpe

mrn: MeTeoreHHOH II JIHTOreHHOH cpopM )J;BH

)l(eHHH BO.ll:hI. H, npe:>I<,11;e scero, no.n:oii.[leM K 
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paCCMOYpeHHIO .n:aHHOro Bonpoca c II03Hll,HH 

B.H. BepHaJ..ICKoro [16], yKa3hIBaBIIIero Ha He

o6xo.n;HMOCTh H3)"IeHIDI BO.ll:hl KaK MHHepana, 

«B HCTOpHH Bcex HJlH rroqTH Bcex MHHepanoB 

Mhr cTaJIKHBaeMcR c so.n:ou. Hepe)J.Ko oHa n B 



3THX qaeTHbIX npo6JieMax HrpaeT eoBepIIIeHHO 

HeKJTIO~nITeJibH)'l-0 orrpe)l,eJI.11IOru;e10 ponh. Ee

JIH Mbl HeKJIJOqHM H3 paeeMorpeHH.11 B HeTopHH 

MJmepaJIOB B 3eMHOH Kope npHpO)l,ttyI-0 BO.Izy, 

Mbl ITOTep.11eM B03MOX<HOCTb HayqHo 06ID1Tb 

HCTOpHIO rroqrH Beex 3CMHbIX MHHepanoB». 

Ilo.llBJieHHe MeTeoreHHOH tj:>opMbl 

)l,BHX<CHHH BO)l,bl npHBO)l,HT K XHMJPieCKOM)' H 

tj:>mHqecKOM)' Bb1Berp1rnaHHIO KopeHHbIX IIO

po)l, 30HbI nmeprette3a H o6pa3oBaHHIO KopbI 

BbIBeTpHBaHH.11. Ho O)l,HHM H3 nepBbIX MHHe

panoB, IIO)l,BepX<eHHbIX XHMHqecKOM)' BbIBeT

pHBaHHIO, BBJI.lleTCH MeTeoreHHa.11 BO)l,a, )l,aH

HbIH BO)l,HbIH MHHepan npH B3a:HMO)l,CHCTBHH c 

yrneKHCJibIM fa30M pa3pymaeTeH, nepexo)l,H B 

yrneKHenory H B )l,aJibHeHIIIeM e 3aXBaTOM BO

)l,Opo)l,a aJIIOMOeHJIHKaTaMH rrpH o6pa30BaHHH 

rmrn. HHbIMH enosaMH, no)], MeTeoreHHOH 

tj:>opMOH )l,BH:>KCHH.11 BO)l,bl MO:>KHO TIOHHMaTb 

2unep2e1111y10 tj:>opMy )l,BHX<eHHH BO)l,bl. 

Bbma)l.eHHe aTMoetj:>epHbIX oea)l,KOB H 

noene.zzyru;a:.11 HX MHrpai..(HH B 6aceeHHbI npHBO

)l,HT K B03HHKHOBCHHIO CeOUMe11moze11110U HJIH 

ocaOO'lHOU tj:>opMbI )l,BHX<CHH.11 BO,ll,bl H KOpbI 

BbIBeTpHBaHH.11 B 30He rHneprette3a. IlocKOJlb

KY eHOBa «rrepBHqHOH» OCa)l,OqHOH nopO)l.OM B 

6aeeeMHax HBJlHeTeH eB060,D,Ha.11 H XHMHLJeeKH 

pa3JIO:>KCHHaH BO,D,a, BOllIC,ll,llla:.11 B eoeTaB nepe

HOCHMbIX rnHH H KaTHOHa HC03. 

Bene)], 3a oea)l,OLJHOM cpopMoi.i )l,BHX<e

HH.11 BO)l,bl npoHeXO)l,HT eHoe nopo,D, H3 30H fH

nepreHe3a B ee)l,HMeHTal.(HOHHble 6aeeeMHbI H 

06proosam1e pblXJlblX ocaoKo6. IlpH nepettoce 

H oea:>K)l,CHHH Beru;ecrna IIpOHCXO,ll,HT <j:JH3HKO

XHMJPieeKoe ypaBHOBCIIIHBaHHe BO,ll,bl e eHe

TeMOH oea)l,Ka. B qaeTHoeTH, B 3THX ycrroBH.llX 

3asepmaeTcx rrpor~ecc pa3rroX<emrn BO,D,bl e 

o6pa30BaHHeM Kap6oHaTHbIX rropo,JJ,. 1IaeTb 

BO,ll,bl <j:JH3JPieeKH CB.113bIBaeTe51 rrepeHOCHMOM 

nopo,D,OH. IlpH HaKOITJICHHH oca,D,KOB Ha CTa

,ll,HH ,D,HareHe3a HaqHHaeTeH Herrocpe,D,eTBCHHO 

rrpol.(eee <j:JH3HKO-XHMJPieeKoro ypaBHOBCllIH

BaHH.11 CHCTeMbI OCa)l,Ka, HO rrepBbIM MHHepa

JIOM, c KOTOpbIM rrpOHCXO,ll,HT ypaBHOBCIIIHBa

HHe OCa)l,Ka, .llBmJeTCB BO,JJ,a, H ,D,aHHblM )J,Ha

reHHbIH I1p01.(CCC HJIH OUazeHHaR <PopMa )J,BH

:>KeHHH BO)l,bl HaqlfHaeTC.11 Ha CTa)l,HH CC)l,HMeH

TareHe3a. 

Ha cTaJJ,HH )l,Harette3a Ha1mttaeTcx 

npoQecc O'DKaTH.11 pbIXJ10CBH3aHHOH BO,ll,bl, T.e. 

KaTareHHbIH npoQece rrpeo6pa3osamrn nepBo

ro poIXJloro oca)l,Ka - BO)J,bl, B nepsyro oca

)J,OLJH)'l-0 nopo.zzy - np04HOCBH3aHttyro BO.Izy, H 

B I.leJIOM npOIICXO)l,HT ynrroTHCHHe OCa)l,Ka 3a 

cLJeT yJJ:arreHH.11 pbIXJlOCBH3aHHOH BO)J,hI. Ha 

eTa)l,HH KaTareHe3a npoHCXO)l,HT Y:>Ke ynJIOTHe

HIIC nopoJJ,bI H ee npeo6pa30BaHHe. TeM ca

MhIM, OIIHTb-TaKII rrpocMaTpHBaeTe5I KamazeH

HaR <PopMa )l,BH:>KeHHB BO)J,bl Ha )J,IIareHHOM 

3Tane. 

Hrna«, 6bt6od npedbti>yw,ew pU3deJ1a 
noJ60llRem HUMemumb nau60J1ee JUMemnbte 
npmna«.u ew,e «a« MUHUMYM mpex pa3no-
6Udnocmeii zeo!lozu'lec«.ux <jJopM d6u:»eenua 
60db1: ocai>ortnoii, ouazennoii u «.amazennoii. 

5.3. 0 MeTO)J,OJIOruqecKOH cyTH 

reoJioruqecKHX cl>opM ,lJ,BH*eHHH BO,lJ,bI 

HeeMorpH Ha ,D,OeTHrttyThie olJeBH.D.

Hbie yerreXH B rroHHMamm reorrorHqeeKoi.i 

<J:>opMbl )l,BHX<eHH.11 BO,ll,bl, Bee :>Ke MHOn1e BO

npoebl, 3arpottyTbie B «0eHosax rH)J,poreorro

rHH» [79], OCTa:IOTe.11 IlOJIHOeTblO, He )l,0 KORI.la 

H He LJeTKO paeKpbITbI, H, B qaeTHOeTH, Bonpoe 

0 MeeTe II B3aHMOeBB3H reorrorHLJeeKOM <j:Jop

Mbl )l.BH:>KeHH.11 e .D;pyrnMH <PopMaMII. HanplI

Mep, HCJ1b3H IIOJIHOeTblO eornaCHTbe5I c BbieKa-

3bIBaHHeM C.JI. lllBapQeBa, qro reonorJPie

eKa.11 cpopMa )J,BHX<eHHB MaTepHH, eKopee Bee

ro, HeKoTopa5I cneU;u</Ju11ec1<.aR <PopMa )l.BH

:>KeHH.11 MaTepHH, KOTopax BKJIJOqaeT B ee6x He 

TOJibKO npoeThie <tiopMbl (MexaHJPieeKyro, tj:>H-

3JPieeKyIO, XHMHLJeeKyro ), HO II 6onee eJIO:>K

Hble (6HOJIOfHLJeeKyro, TeXHoreHttyro HJIH HOO

etj:>epttyro ). B pe3yrrI>TaTe, Tep.11eTe5I Mern.n.orro-
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rM4eeKM eyro 3TOH <J:>opMbI .IJ;BH:>KeHH5I MaTe

pHH KaK KJII04 K I103HaHHIO 3aKOHOB reoJIOfH

qeeKHX npoQeeeos. C.JI. lllBapQeB JIHIIIh oT

MeqaeT, qro «reonorHLJeeKa5I <J:>opMa JJ,BM:>Ke

HH.11 BO)l,bI He MexaHHqeeKa:.11 CYMMa 6onee 

npoeTbIX <J:>opM, a KalJeCTBCHHO HOBa.11 <l>opMa, 

HMCIOUJ;a:.11 eo6eTBCHHbie 3aKOHbl )l,BH:>KCHH.11 H 

pa3BHTH.ll, IIOKa eru;e, npaBJJ,a, HC)J,OeTaTOLJHO 

1nyqeHHbie». B 3Toii es.111tt rrpHBeJJ,eHHa.11 B 

pa60Te [104] IIOJIO)f(HTCJibHa.11 IIOIIbITKa o6'b

HCHHTb npJPIHtty HH3KOH yJJ,eJibHOll TennoeM

KOeTH rny6oKOH BO)l,bl nyTeM MexaHJPieeKoro 

CJIO)f(eHH.11 y)l.eJibHbIX TeTIJIOeMKOeTeH eBo6o)J,

HOH H BO)l,hI II (no)l. KOTopoi.i, KaK 3TO noKa3a

HO B pa3.n.ene 1.3 .3' Heo6oeHOBaHHO IIO)J,pa3y

MeBaJiaCb <J:>mwiecKH eB5I3aHHa5I BOJJ,a) HBJ15I

eTe.ll COBIIa)J,eHHeM. 



0 MecTe reonorwrecKOH cpopMhI )J.BH

)l(eHmI E.M. Ke.n:poB oTMeT.Jan [152], T.JTo eme 

<I>. 3ttreJihC TPaKTOBaJI reononno, "ne KaK 

Hayi<y o KaKoH:-1m60 cnel(upui1ecT<.ou cpopMe 

)J,BH)l(eHJUI, a KaK HaYKY 0 peaJibHhIX rrpe.n:rro

ChIJIKax )J,IDI B03HHKHOBeHHH BhICIIIHX <fJopM 

,n:BnlKemrn ()l(H3HH), KaK HayKY 06 ycnomrnx, B 

KOTOpbIX pearrmyroTc51 3TH BhICIIIHe cpopMbI 

,ll.BH)l(eHHH. feOJTOrHT.JeCKaH cpopMa ,ll.BH:lKeHHH 

MaTepHH o6pa30BaJiaCh KaK pe3yJioTaT pa3BH

THH H3 HH3IIIHX <t>opM ,ll.BH)J(eHmI B BhICIIIHe. 

0HH cne.n:yroT B TOM )Ke rropH.n:Ke: MexaHUl.Je

CKOe, <t>u3HT.JecKoe, XHMHT.JecKoe, reonoruqe

cKoe u 6Ho11oruqecKoe )J,BH:lKeHue. TaKuM o6-

pa3oM, reo11on1T.JecKue rrpmwcchI 3aHHMaIOT 

3,ll.eCh MeCTO npoMe~OYBOe Me)l()J,y XHMU3-

MOM u )l(H3HhIO". Hcxo,n:H H3 .n:aHHoro onpe.n:e

JieHlfH, reonorHT.JecKHe <t>opMhI ,ll.BlUKettmI Ma

Tepm1 He MOryT BKJIIOl.JaTb B cefoI 6011ee 

CJIO)l(Hble <fJopMbI )J,Blf)l(eHH5l MaTepuu B qacT

HOCTH, 6HOJIOrHl.JeCKYIO, .n:pyroe .n:eno, l.JTO B 

6HOJIOrHT.JeCKHX <t>opMax ,ll.BH)l(eHll5I MaTepuu 

MoryT rrpo5IBJI5IThCH reonoruqecKHe <t>opMhI 

,n:Bu)l(eHJur MaTep1m. 

HcxoM H3 .n:attttoro orrpe.n:eneHHH, He

o6xo,n:uMo OT,n:eJibHO OCTaHOBUTbCj{ Ha BhI,ll.e

meMOH E.B. IlHHHeKepoM (79] mexnozennou 

<t>opMe )J,BH:lKemrn BO)J,hl KaK pa3HOBll)J,HOCTll 

reonorul.JeCKOH Q:>opMbI BO)J,hl. ,I(eHCTBMTeJihHO, 

B03,n:eifoTBHe qeJIOBeKa Ha rrpHpo.n:y B IIOCJie)J,

Hee CTOJieTue HaCTOJThKO BhlpOCJIO, l.JTO Hal.JaJIO 

COIIOCTaBJij{ThCH B MaCIIITa6e c reonorHl.JeCKH

Mll rrpou:eccaMH. 0,ll.HaKO, IIOKa qeJIOBeK He 

CTOJihKO C03,ll.aeT HOByro tPOPMY )J,BH:lKeHH5I BO

,ll;hl, CKOJihKO pa3pyrnaeT cymecrnyromne: Me

TeoreHttyro, a nocne.n:Hue .n:ec51THJTeTll51 H Me

TaMopcporeHttyro ( co3.n:aBaeMhie B Tel.Jemie 

)J,JIHTeJihHoro reonoruqecKoro BpeMeHu) u, 

TeM caMhTM, nepeBOM HX B 6onee HH3IIIHe 

<},lopMbI ,ll;BH:lKeH}fj{: MeXaHHl.JeCKyIO, cp113Hl.Je

cKyro, XUMlll.JeCKyro H, B KOHel.JHOM UTOre, He

pe,n:Ko o6ocTpj{51 3KonoruqecKyro curyau:uro. 

,lJ;rur C03,ll.aHH51 TexHoreHHOH <j:lopMhl 

)J,BH:lKeHl151 BO,ll,hT Heo6xo,ll,HMO, npe)l()J,e Bcero, 

XOTH 6hr Il03HaHue 3aKOHOB caMOH MeTeoreH-

HOH <j:lopMbI ,ll,BIDKeH}fj{, H TOJlhKO ITOCJie 3TOro 

Ha OCHOBe HCITOJ1h30BaH}fj{ 3THX 3aKOHOB u He 

HapyrnaH HX, a JIHIIIb .IJ:OITOJIH5151, B03MO)f(H0 

IlOHBJieHue TeXHoreHHOH <j:lopMbl .IJ:BIDKeHJrn 

BO.IJ:hl. JTO B KOHel.JHOM HTore I103BOJIMT CBe

CTH 3Konorlll.JecKHe nocne.n:cTBH51 K pa3yMHO 

.n:onycTuMOMY I 0 % MHHHMYMY, a, B03MO:lKHO, 

u rrpe.n:ornpameHHIO oTpHQaTeJihHoro BJIH~HH51 

T.JeJIOBeKa Ha I10)];3eMHOie BO,ll,bl. 

HcnoJih3YH Mepapxuro pa3BMTH51 pa3-

JIUT.JHhIX Q:>opM ,ll,BH:lKeHlij{ MaTepHH <I>. 3ttreJib

ca, 6bIJia c<j:lopMYIIHpOBaHa M,ll,e5l HX e,ll.UHCTBa 

c 3aKOHaMH, yrrpaBirnIOmHMH HMM. foBOpH 0 

3aKOHe coxpatteHlfH 3HeprnM, oH rmcan: "Ho 

caMa 3Ta TeopH51 npeBpamaeTc51, ecJIH rrocne

,ll,OBaTeJibHo IIpHMeHUTh ee KO BCeM HBJieHmIM 

npHpO,ll.bl, B UCTOpuqecKoe ll306pa)l(eHue U3-

MeHeHHU, rrpOHCXO.lJ.jlmHX O,ll.HO 3a .n:pyrHM B 

KaKOH-HH6y,ll,h MllpOBOH CllCTeMe OT ee B03-

HllKHOBeHUH )J,O rH6eJiu, T.e. npeBpamaeTCj{ B 

HCTopmo, Ha K~OH cryrreHH KOTOpoH: roc

IlO)];CTByroT ,n:pyrne 3aKOHhl, T.e. ,n:pyme <},lop

Mbl rrpo5IBJieHllj{ o.n:ttoro H Toro )l(e yHHBep

CaJibttoro .n:sU)l(emrn ... " [48, cTp. 190]. 
TaT<.UM o6paJoM, ucxoiJR U'J pac

cMompennozo eiJuncmBa uepapxu'tecT<.ozo 
nono:m:emut zeonozuyecT<.ux popM iJBu:m:enun 
Mamepuu (BoiJbt) u ux 'JaT<.oHoB, Bblme«.aem 
MemoiJOROlU'leCT<.aR cymb ux llO'JHllHUR. I'eo

JIOlU'teCT<.Ue popMbt iJBu:m:enun Mamepuu 
UMe10m 6onee ynuBepcaJlbHble 'JUT<.OHbt dBU
:m:enun u pll38UmUR, T<.omopble 81<.llto'latom 8 
ce6n 'JUT<.OHbt MexanuT<.u, rjJU'Ju«.u u xUMuu. B 
C6010 O'lepedb, OUOZeHHblMU CUCmeMUM 8 
npol(ecce 3BOR10l(UU obmu ynacne<JonaHbl 'Ja
T<.OHbt zeonozu'tec«.ou popMbl iJnu:m:enun 
Mamepuu, na:m:neutuUMu U'J T<.omopbtX J18RR-
10mca 'JQKOHbl zeoROlU'leCT<.OU popMbl iJBU
:m:eHUJl 80iJbt, llO'JHQHUe «.omopbtX, T<.aT<. C'IU
maem pa<) uccnedoBameneu, BO'JJHO:m:Ho, u 
no3Bonum pacT<.pbtmb cymb cmanoBnenun 

JKU'JHU Ha 3eMne. 

5.4. OcuosuaH 3aKonoMepuocTb 

MeTaMop<l>oreuuou fjlopMbI ,a:suEeHHH BOJJ:bI 

li)J.e51 reonorlll.feCKOH cpopMbI ,ll,BH)l(e

Hl151 MaTepHH HBlrnacb pe3yJibTaTOM HeCOCTOH

TeJibHOCTH o6b51CHeHHH Bcex <j:lopM pa3BHTHH 

(.n:BIDKeHlfH) reo11or11qecKHX cucTeM MexaHH

qecKHMH ll cpH3Hl.JeCKHMll 5rBJieHH>IMll, a Bcex 
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3aKOHOMepHOCTeH - cpH3Hl.JeCKllMH llJill <jJH3H

KO-XHMHl.JeCKUMll. Hcxo.n:5r H3 e.n:HHCTBa B3aH

MOCBH3H pa3Jilll.JHblX cpopM ,ll;Bll)l(eHH51 MaTe

pHH H 3aKOHOB, yrrpaBIDIIOmHx liMH, 6oma 

cQ:iopM)'11HpoBaHa MeTO)];OJIOrHT.JeCKaH B3aHMO-



CB513h 3aKOHOB Me)J()zy pa3JIWIHbIMH ypoBHjfMH 

opraHmau:HH MaTepHH [1], KOTOpa51 3ByqHT 

cne;zyioru;HM o6pa30M: 3aKOHOMepHOCTH BbIC

umx ypoBHeH pa3BJITHjf MaTepHH, TaK HJIH 

HHa'le, BKJIIO'laIOT B ce6H 3aKOHOMepHOCTH 

HH3llIHX ypoBHeH, HO OTHIO,JJ:h He CBO,JJ:HTCH K 

HHM. IlpHMeHJITeJibHO K H3y11aeMOH cpopMe 

oHa 6y,n:eT ccpopMYIIHpoBaHa cne;zyioru:HM o6-

pa3oM. 3aKOHbl zeo!IOZU'leCKOU tjJopMbl dBU

:HCeHUR Mamepuu BIUl101Ja10m B ceiia 3llKOHbl 
MeJCllHUKU, t/JU3UKU, XUMUU u m.<), HO om
HIOdb He CBOdRmCR I( HUM. 

5.4.1. Bb1eo.r:. clJopMYJibI y.r:.eJJbHOii u106apHoii 
TeDJJOCMKOCTH r JJY60KHX soi:. 

B cooTBeTCTBHH c H3JIOJKeHHOH MeTo

.n:onorHeif, HCIIOJlh3Y51 3aKOHhl rrepsoro H BTO

poro tta11an TepMo,D,HHaMHKH, 6hlna BhJBe,n:eHa 

cpopMyJia pacqern y,n:eJTbHOH TeTIJioeMKOCTH 

IIJTaCTOBOH BO,JJ:hl B 3aBHCHMOCTH OT ,n:pyrHX ee 

rrapaMeTpOB. 

ComacHo rrepBoro Ha11ana TepMo,n:H

HaMHKH y,n:eJTbHaH mo6apHa51 TeTIJIOeMKOCTh 

TIJiaCTOBOH BO,ll,bl MOJKeT 6bITh npe,D,CTaBJTeHa, 

KaK: 

c c;1 =-P-, ( 5.1) 
µ,JJI 

r.n:e Cp - H3o6apHM TennoeMKOCTh BO)l.hI; µ,n -
MOAApHhIH Bee IIJiaCTOBOH BO)l.bl. 

IlpH mo6apHO-H30TepMHqecKOH 06-

CTaHOBKe y.n:eJibHyIO 3HTaJThIIHIO nnacTOBOH 

BO,ll,hl i MO.IKHO npe)l.CTaBHTb B BH)],e cne;zyio

ru:ero Bhipa.1KeHHjf: 

i = C p * Tru1 = Cv * TIL, + p ru1 • ( 5.2) 

Jlw1 flm1 P 
Bb1pa3HB H3 .n:attHoro Bhipa.1KeHH51 MOnHpHhIH 

Bee, nonyqHM cne.n:y10ru:ee Bhipa.IKeHHe: 

(CP -Cv)* p*TIL, 
fln1 = p · { 5.3} 

IL1 

Cornactto BToporo Ha11ana TepMO)l.H

HaMHKH, pa3HOCTH TennoeMKOCTeH ,ll,JIH TBep

)l.blX Ten HJIH .IKll)l.KOCTeH, Haxo,n:HW:HXCH B OT

HOCHTeJibHOM IIOKOe, MO.IKHO onpe.n:emJTh no 

cne;zyiow:eu cpopMYJie: 

T * K*a 2 *V2 c -C = IL1 0 (5.4) 
p v v 

r.n:e V - MOJrnpHhIH o6i.eM; V0 - tta11anhHhIH 

MOJTHpHbIH o6i.eM; a - TeMneparypttbIM K03cp

cpm1;11eHT o6i.eMHOro paCllIHpeHHjf np11 TIOCT0-

5IHHOM ,n:aBneHHH; K - moTepMH11eCKHH Mo

.n:ynh o6i.eMHOro C.IKaTHH 

dvp 
a= ( 5.5) 

dTP *v0 
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K -- -v*dPr , 
dv7 

( 5.6) 

Ilo)l.CTaBHB cpopMYJlY (5.4) B (5.3) 

T 2 *K*a 2 *V 2 *p 
flm1 = n1 p * V 0 { 5. 7} 

n1 

a 3aTeM B ( 5 .1 ), nonyqaeM cpopMYny )l.JIH onpe

.n:eneHHjf y,n:eJibHOH H3o6apHOH TennoeMKOCTH 

nnaCTOBOH BO)l.bl 

C *P *V 
CfU1= p TUI (5.8) 

P T 2 *K*a 2 *V 2 *p ru1 0 

Hcxo,[151 H3 Toro, 'lTO C/V0 =cp lv0 , 

VIV0 =vlv0 , a nnoTHOCTh BO,ll,bl p 51BmreTCH 06-

paTHbIM npomBe,D,eHHeM y.n:enhttoro o6i.eMa 

BO,ll,bl v, TO nocJie IlO,ll,CTaHOBKH ,n:aHHhIX Bhl

pa.IKeHHH B <f:>OPMYJlY ( 5. 7) cpopMYIIa npHMeT 

cne;zyioru:HH BH,n:: 

* p * 2 11.1 cp m v 
c = 2 . ( 5.9) 

P T * K *a 2 *v 2 
rw 0 

Pacc11ttTaHHhie no <f:>opM}'ne (5.9) 
y.n:eJibHhie TeIIJIOeMKOCTll rny6oKOH BO,ll,hl Ha 

OCHOBe Me)J()zyHapo,n:HhlX TepMO,[IHHaMWieCKHX 

Ta6JIHU: ,n:JIH ycnOBHH MHOrHX MecTopo)l(,ll,eHHH 

yrneBo,n:opo.n:oB ToMcKoii o6nacTH B cpe.n:tteM 

COCTaBHJlll OT 0.872 K,[(.IK/Kr*°C ,ZJ,O 1.209 
I<,[{>K/Kr*°C, lJTO B 'leTbipe pa3a MeHhllle 

y,n:eJihHOH TeIIJIOeMKOCTH BO,ZJ,hl B o6bI11HbIX 

ycJIOBHjf)( 4, 1868 K)VI</Kr*°C ( 104]. 
3ua11ume.11bnoe cuU:HCeuue Be.TlU'lUHbt 

yde.TlbHou men.Ttoi.M«ocmu myiio«ou BOObl, 
pacc11umaHnou no <)pyzWlf napa;nempa.tt BO

Obl (5.9) 11ao cyw,ecmByww,eu, co2.r1ac110 
npeocmaBJ1e11URM P. t;/J. AiioeeBa, noKl13btBa
em, 11mo 3a1<0110Mepuocmb (5.9) MO:HCHO pac
CMampuBamb «a« 3a1<0110.Mep11ocmb 60J1ee 
6blCOKOW ypo611R opzaHUJllU,Ull Mamepuu, He 
cBooaw,y10ca « 3a1<0110.Mep11ocmu iionee 11U3-
1<ow nopao«a yoe!lbHOU men!loi.M«ocmu BO

Obl. II01m0My, BOJHUK Bonpoc, « 'le.MY ew,e 
cBooumca noJ1y11e1111aa 3aBucwiocmb? 



5.4.2. 0 napaJJ:OKce H reoJiorHqecKoii cyTH onpe.i:i:eJieHHB 

y)J;eJILHOH TeIIJIOCMKOCTH BO,IJ;LI B CHCTeMe c nopO.JJ.OH 

B 1991 roey, em,e He 3H<UI BhIIIJett3-

JIO)l(eHHOM MeTo,n:onoruu, HO rro~HB orpuua

TeJihHhIM pe3yJihTaT rrptt HCIIOJih30BaHHM 

y,n:eJihHOM TeIIJIOeMKOCTM 06b1qttoii ( CBo6o.n:

HOM) BO.U:hI, 6i,m rrpttMeHeH rrapa,n:oKcaJihHbIM, 

queTo MaTeMani:qecKHM rro,n:xo.n: BhlBo,n:a cpop

MyJibl (5.9). Ilapa,n:oKe '.Haro cptt3uqecKoro 

BhIBo,n:a COCTOHT B TOM, qTo 110 rrpaBIUiaM Ma

TeMaTMKM rrpH rrpeBpam,emrn Bhlpa)l(eHIDI H3 

rrpocToro B CJIO)l(HOe )1,0JI)l(eH IIO~HThCH 

npe)l(HMH pe3yJihTaT. HarrpuMep, B H3BeeTHOM 

lllKOJibHO-IOMOpHCTUqeeKOM Bblpa)l(emt:H 

2 *2=4, eeJIH 3aMeHHTb .ll:BOHKH Bhlpa)l(eHH51MH 

(5-3)*6/3=4, Te, B CBOIO oqepe,n:h, Ha .n:pyrne H 

T.,n:., TO, B KOHeqHOM HTOre, B pe3yJibTaTe Bee 

paBHO HHKor.n:a He rronyqttM 5. MbI )Ke H3 4 
rrony'IIUIH 1? Cne,n:oBaTeJihHO, B cpopMyne 

(5.9) HMeeTCH KaKaH-TO BeJIM'IHHa, KOTOp<UI 

rrpHMeHUTeJihHO K o6hIKHOBeHHOM Bo,n:e .U:OJI)l(

Ha OTJIH'laTbC51: B 4 pa3a. 

}fa Bcex ceMH rrapaMeTpOB, BXO.U:RIIIHX 

B cpopMyJiy (5.9), TOJihKO IIJiaCTOBaH TeMrrepa

rypa MO)l(eT He HMeTh rrapaMerpbI, xapaKTep

Hhie ):IJIH BO):lbl, He Haxo,n:RIIJ,eMC51: B KOJIJieKTO

pe. IIocKoJihKY nnacToBcur TeMneparypa HBJIH

eTeH BemfqHHOM xapaKTep1nyJOI1J,eM He TOJibKO 

IIJiaCTOBYIO Boey, HO H rropoey. Ilo 3TOH npu-

11HHe ee BeJIHqHHa B03pOeJia nptt6JIH3HTeJihHO 

B ,n:Ba pa3a, a ee KBa,n:paT IIOHM3illl y,n:eJihttyJO 

TeIIJIOeMKOCTh B 4 pa3a. 

lfHblMU CllOBa.MU nJtacmoeaJ1, meMne

pamypa ne ecmb rjJynKlfUR cocmoRHUR eodbl, a 

5l6Jl5lemCR rjJyHKlfUeii cocmoRnUR cucmeMbl eo

da-nopoda, lfmo enOJIHe ecmecmee11110, no

CKOllbK}' mell.!706ble npolfeGCbl 11e Mozym npo

ucxodumb omOeJlbllO 6 600e U 6 nopode. 

Ilo E.B. lIHHHe1<epy [79], HOBhIM no.n:

xo.n: K n3yqeHHJO rtt,n:poreonormi, KaK ttayKH o 

no,n:3eMHOH ru.n:poccpepe 3aKJiioqaeTcH B H3Me

tteHHH TeH,n:eHUHH HCCJie,IJ,oBaHMH K TI03HaHJIIO 

so.n:oo6MeHa H Maeeonepettoea uenttKOM ,n:JIH 

no,n:3eMHOM rtt,n:poecpepbI, a He .U:JIH OT)J,eJihHO

ro, nycTh ,n:a)l(e H ae.n:ym,ero ee KOMnotteHTa -

so,n:i,1. HeeMOTJJ5l Ha 3To, .n:atttthIH no.n:xo.n: pa3-

BHBaJie5J TOJJbKO B ru.n:poreOXHMHH, H .n:o no

CJie,n:ttero BpeMeHH cpaKTJ.Nee1<11 He 6hmo rro

IIhITOK IIpHMeHHTb .n:aHHbIM rro.n:xo.n: npH V13Y

qeHHH ,n:BIDKeHH5I II03eMHhIX BO,n:. 0,n:ttHM H3 

rrepBhIX HaqaBIIJHX rrpaKTM'leCKH ):IOKa3hIBaTb 

Heo6xo,n:HMOeTb npHMeHeHirn eucTeMHOro 

59 

rro.n:xo.n:a B myqeHHH ,n:BmKeHHH rny6oKHX BO.U: 

fam A.A. rpayeMaH [24]. 
lfa ,n:attHoro rro.n:xo.n:a, 6i,mo no,n:Me'le

Ho, qTo paecqHTaHHhIH MOmipttblll Bee y,n:eJib

HOll TeITJJOeMKOCTH rny6oKOll BO.ll:hl ):IOJI)l(eH 

6h1Th paseH He 18 KrlMOJih no cpopMyne ( 5 .1 ), 
a 72.8 Kr/MOJih, qTo eoeTaBJT5JeT rrpH6JIH3H

TeJibHO 1/2.4 MOJIHpHoro Beea rropo,n:hl

KOJIJieKTOpa 175 Kr/MOJIL. 

Ilo3TOMy, rrpHMeH5151 KOMIIJieKeHhIH 

no.n:xo.n:, K ctteTeMe so.n:a - rropo.n:a, 6bmo e.n:e

natto npe.n:rroJio)l(eHHe, qTo, YKa3attttoe eooT

HoIIJemie 1 :2.4, eeTb HM qTo Jrnoe, KaK OTHO

weHHe IIJIOTHOeTH BO.U:hl K IIJIOTHOeTH rropo,n:bl 

KOJIJieKTopa (IIJiaern) 1. Tor.n:a 

µn,,=µn *p/pm ( 5.JO} 

µnll= Vn *p. ( 5. J J} 
llpUMenR5l da1t1toe 6b1pa:J1CeHue, 6b1Jt 

pacclfumaH MOll5lpHblU o6veM nopodbl npo

oyKmueHozo nJlaCma fl ep60MaUCK020 Mecmo

po:JtCOeHUR. Cpeo11ee 3nalfe11ue, Komopozo co

cmaeww 74.6 cM31MOllb. 

/{llR nodmeep:JtCdenUR paccl/umaHHblX 

3Halfenuii MOllbHozo eeca u o6veMa pWlbmpa

lfUOn11ou cpeob1 pacclfumaeM we 11enocpedcm

ee11110. llo pe3yllbmama.M uccJteooea11U5l Jtumo

Jto20-Mu11epa1102uwcKUX ceoiicme omo6paH110-

20 Kep11a, npodyKmUBHblU nJtacm e oc11oe110M 

xapaKmepmyemcR KeapLf-noJteeoiunamoebZM 

cocmaeoM c Ka0Jtu11um2udpocmo()ucmb1M 1fe

Me11moM. Codep:J1Ca1tue Keaplfa 37-55 %, no

Jte6blX umamoe 30 - 48%, 1feMe11ma JO- 20 %. 
B cpeoneM, coomeemcmee11110 45% - 40% -
15%. llpu nopucmocmu nJtacma 15 % 3mu 

napa.Mempbl coomeemcmee111to yMeHbWambcR 

00 38 - 34 - 13 %. 
311Cl5l npo1fe11m1tb1u cocmae nopoob1-

KOJl!leKmopa u ucnollb3YR 3HatteHU5l MOllRp11020 

eeca Mu11epanoe, paeubzx cyMMe omdellbHblX 

XUMUl/eCKUX KOMno11e11mo6, 6XOd5lUfUX 6 HWC u 

63RmblX U3 ma6JlUlfbl /{.H. Me11iJeJteeea, onpe

iJellUM Moll5lp11b1u eec 

µm,=IJ.1". ( 5.J2} 

I JlJ060rrLITHO, '!TO aHaJiornqHoe COOTHOIIIeHlle ycTa

HOBJieHO rrpll myqeHllII ,!ll!CCI!MeTJll!llll B IlOJ!OlKeHI!e rrpI!p0,!1-

HLIX BO,!I B 3eMHOll Kope., T.e. OTHOIIIeHI!e ITJIOillll,ll;ell Mope : 

CyIIIa ecTL '!IICJIO 2,43, qTQ no MHeH!IlO B.H.BepHll,!ICKOro, He 

JIBJIJICTCJI crryqailHLIM [ 16]. 



/JflR 600bl OH cocma6Ull 18 K21MOJlb, 

K6ap1Ja (SiOi) - 60 1<2IMO!lb, no!leBblX umamoB 

275 K21MOJlb (MUKpOKJIUH u caHUOUH 

K(AlSi30s) - 278, OflU20Kfla3 (Ca0 2NaosJ 

(All.2Si280s) - 280, anb6uma - 262, aHopmuma 

- 278), 2UOpOCJllOObl 380 K21MOJlb (wopo6uo

mum - 361-429, 2uopoMJICK0Bum - 378-400), 
KaollUHuma 500 K21MO!lb (KaO!lUH, ouKKUm, 

2aJlllymum -A/4(Si40uJ(OH)s - 516, aHoKcuma 

- 420-516), KaoJ1u11um-2uopocJ110oucmo20 l{e

MeHma 440 K21MOJlb. 

µ/VI= 18*0, l 5+60*0,38+ 275*0,34+440*0, 13= 
= 176,1 KdMOJlb. 

MonhHhIH o6neM ITJiacrn TaIOKe pac

cq1naeM cyMMRposami:eM MOJihHoro o6neMa 

[8] XHMMqecKHX ::meMeHTOB, BXO}UIIIUIX B co

CTaB MHHepanoB. 

Vl1Jl=IV_,, ( 5.13) 
jJ!lR 600bl MO!lRpHblU o6oeM pa6eH 18 

CM31MOJlb, K6Gp1Ja - 23 c;~llwoJlb (a-K6Gp1J -

22.29, b-KBaplJ - 23. 72), nolleBblX umamo6 - 6 

cpeoHeM 106 CM31MOJlb (MW<pOK!lUHa - 108.69, 
caHuouHa - 108.98, anb6uma - 100.2, mwp

muma - JOO. 73), 2uopocJ110ob1 - 143,46 
cM31.J1toflb (rjJJlo20numa - 146.38, MycKoBuma -

140.55) -12 %, KGOJlUHUma - 198.62 CM31.woJlb 

(ouKKuma 198. 62) 7 4 %, KaoJ1uHumzuopoc

J110oucmo20 l{eMeHma - 184, 3 c.iil /.1110J1b. 

Vrm=18*0,l 5+23*0,38+ 106*0,34+ 184,3*0,13 
=71,4 CM3/MOllb. 

CaeJ1aHHb1e pacwmbl M0!1RpH020 o6'b

eMa U 6eca npooyKmU6H020 1V1acma flep60-

MffUCK020 .111ecmopo:J1Caemm Hepmu npaKmu-

1/ecKu coBnaomom c pacl/emGMu, coeJlaHHblMU 

Ha ocHoBe 3a6UCUMocmeu (5. 7) u (5.11), meM 

CaMblM, noom6ep:J1COGR 3a6UCUMOCfflb (5.JO) 
noJ1y'leHHOU Ha OCH06e npeonOJIO:JICeHUR 3G6U

CUMocmu M0!1RpH020 Beca "cpedbl 11 om napa

MempoB cucmeMbl Boda - nopoaa. 

AHano2ul/Hble pe3yJ1bmamb1 nOflJ1leHbl 

no H20J1bcKo-Tano60My u KapaucKoMy Me

cmopo:J1CdeHWlM Hepmu. MoJ1bHblU o6oeM 

pac1JumaHb1ii Ha ocHo6e popMyflbl (5,11) co

cmaBUll 64 CM3 !JltoJlb. <PaKmU'leCKUU o6'beM 

cocmaBUll no H20J1bCKo-Tano60My - 65,8 
cM3 IMO/lb, no KapaiicKoMy- 67,3 cM3 /MO!lb 

Hcxooa U3 11ezo, noiJcma6U6 (5.11) 6 
(5.10), a :JameM 6 (5.1), nollylJUM 3U6UCU
MOCmb 

CpWl=C,lp*Vllll=cp*VIVIUlJ ( 5.14) 
Komopaa namai>Ho noKll3bl6aem, 1<. lie.MY ew,e 
c6ooumca napaoo1<.c onpeoenenua yoenbnou 
mennoe.JU1<.ocmu 60iJb1 6 cucme.Me c nopooou 
(5.9). YoellbHaa menJ1oe.JU1<.ocmb my601<.ux 
600 3a6ucum om o6"be.JUa nopoob1-
1<.olllle1<.mopa. A ypa6Henue cocmoRHUR. 
/(P,V,T)=O npu.JtenumellbHO 1<. my601<.UM 60-
oa.M npUMem CJleOylOUl,UU 6UiJ: 

Cv*TWl*VIVllJl+Pn;/p+h*g=const(t). ( 5.15) 

5.4.3.YJJ:eJILHall TeIIJIOeMKOCTh rny6oKHX BO}]; 

KaK 3aKOHOMepHOCTh MeTaMoptj)OreHHOH 

t)>opMLI }J;BH~eHHH BO}J;hl 

B rrpe,n:hIJzyIUHX rro,n:pa3,n:enax IIOKa3a

Ho, qTo OCHOBHOH rrpe,n:IIOChIJIKOH, KOCBeHHO 

JJ:OKa3hIBa.IOIUeH cyrn:ecTBOBaHMe rrapa,n:oK

CaJihHOM 3aBHCHMOCTH y,n:eJihHOM TeITJioeMKO

CTH rny6oKHX BOJJ:, .llBHJiaCh H,n:e5! aKa,n:eMHKa 

E.M. Ke.n:poBa o reorrorHqeCKoli <J:>opMe JJ:BH

)l(eHM.11 MaTepRH. I1cxo}UI H3 3Toro, paCCMOT

pRM 6orree rro.n:po6Ho 3TY 3aBHCHMOCTh. 

IJpe)l(JJ:e scero, Heo6xo,n:HMO Bhl.llC

HHTh CYTh rrott.11TH.11 TenrroeMKOCTH. ,[(o Ha

cTo.11r:u:ero BpeMeHH 6hITYIOT HerrpaBHJihHhie 

rrpe,n:cTaBrremrn o CMhicrre 3Toro TepMHHa, oc

HOBaHHoro He Ha orrpe,n:enemm ,n:aHHoro B co

BpeMeHHOli TepMOJJ:MHaMMKe, a Ha accon:MaU:MH 

3Toro TepMRHa, rronyqeHHoro HayKoli B Ha

crre,n:cTBo OT TeopRR TeITJiopo,n:a, c "HeKHM 

o6neMoM" TeITJioBoli 3Hepmeil: rrpH yserruqe

HHM TeMrrepazyphI Ha OJJ:HH rpa.n:yc. Ilo3TOMy, 
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rrpe)l(JJ:e scero, Heo6xo,n:HMO HarroMHHTh onpe

.n:eneHHe TennoeMKOCTM. 

Ilo.n: me1V1oe.\.!Kocmb10 BOObl Heo6xo

dUMo noHUMamb omHmueHue 6ecKoHe'IHO Ma

J1020 npupaUJeHUH BHympeHHeii 3Hepcuu u npo

U36adcmBa pa6omb1 no meMnepamypHoMy 

pacwupeHu10 BOObl K coomBemcmByTOUJeMy 

npupaUJeHu10 ezo meMnepamypbl. 

IJpH paccMaTIJeHMH <j:imHqecKOH cyrn:

HOCTH rrpon:ecca <j:iHIThTIJaI.:(HH BOJJ:hl rrpH rpa

,n:HeHTe Hanopa HH)l(e Ha'fanhttoro, 6hmo rroKa-

3aHo (pa3,n:en 4.2.2), qTO ero cyTh 33KJIIO'faeT

c.11 B rrepe,n:aqe BHYTPeHHeH 3HepmH, scne,n:cT

BHe 11ero npoHcxo,n:HT TeMneparypHoe pacnm

peHHe BOJJ:hl. 3To II03BOmieT c.n:erraTh BhIBOJJ:, 

1ITO orrpe.n:erreHHe TenrroeMKOCTH BOJJ:hl COBITa

.n:aeT ITO ct>mHqeCKOH cyTH c rrpon:eccoM IIOJI-

3YtieCTH BOJJ:hl. 



IIpHHIIHIIHaJrbHO Ba)l{lfbIM MoMeHTOM 

.[(aHttoro onpe.D:enem·rn HBm1eTcH To, qTo Ten

noeMKOCTb, B COOTBeTCTBHH c 3aKOHOM coxpa

HeHHH :meprttH, He eCTb <ii)'HKllHH COCTOHHHH 

Tena, KaK-To o6'beM, TeMneparypa, ,[(aBJiemie 

( cornactto cymecTBOBaBineu TeopHH Terrnopo

.D:a) - a .llBJIHeTCH xapaKTepHCTHKOU 6eCKOHeq

HO Ma.Jioro rrpoIIecca. HaH6onee npocTbIMH 

xapaKTepHCTJ{KaMH 6ecKOHelJHO Ma.JibIX npo

IIeCCOB B COBpeMeHHOU TepMO,[(HHaMHKe HB

JI.llIOTC.11 TeMrreparypHbIH Km<tiqrnIUieHT o6'b

eMHOro pacumpeHH.11, TeMneparypHbIH K03<li

<iiHIUieHT ,[(aBJieHHH H MOcyJib o6'beMHOro 

C)l(aTHH Bell1eCTBa. 

Il03TOMY TepMHH TenJioeMKOCTb, no

nyqeHHblH HaMH B HaCJie,[(CTBO OT TeopHH Ten

nopo,ll;a, paIIHOHaJibHee fa.mo 6h1 3aMeHHTb 

TepMHHOM THIIa TeMrreparypHbIH K03<liqm11H

eHT YBeJmqeHH.11 BttyTpetttteH. 3HeprHH H o6'h

eMa TeJia (npH H3MeHeHflH ero TeMneparypbl 

Ha o,n:HH rpacyc ). 0,n:HaKo, KaK OTMeqaeT B . .IJ:. 
CHByxHH [98], "TepMHHOJiorn.a Bcer,n:a 6onee 

)l(HByqa.11, qeM <f>H3HqecKHe rrpe,n:cTaBJieHHH, 

cMeH.llIOll1He .n:pyr .D:pyra. Oco6oif 6e,n:bI B 3TOM 

HeT, ecJIH TepMHH TeIIJIOeMKOCTb IIOHHMaTb B 

CMblcne ,n:aHHoro eMY ToqHoro onpe,n:eneHHH". 

HaH6onee rro11Ho c,n:enaHHblli BbIIIIe 

BbIBO.D: pacKpbIBaeTCH B qiopMyne (5.9), r.n:e 

TO)l(,[(eCTBa, OIIHCbIBaIOll1He 6ecKOHeqHo Ma

Jlble rrpo11eccbl: H30TepMMqecKHii MocyJib o6n

eMttoro C)J(aTHH H TeMrreparypHbIH Km<ticJmIIH

eHT o6i.eMHoro pacUIHpeHHH - KOJmqecTBeHHO 

OTpa)l(aIOT paccMOTpeHHYJO MeXaHnqecKYJO 

cymttoCTb rro113yqeif BO,n:bI, TaK)l(e 3aKJIIOqa10-

mYJOCH B yrrpyroM C)l(aTHH H nocne.n:YJOmeM 

TeMrreparypttoM pacnmpettHH (pa3,n:en 4.1.2). 

Hcxo,n:H H3 :Haro, MO)J(HO npe,n:no110-

.1K.HTh, qTo y.n:enbHa.ll TeIIJIOeMKOCTb BO.ll:hl .llB

Jl.lleTCH xapaKTepHCTHKOU MJIH TeMrreparypHblM 

Km<licJmIIHeHTOM rromyqecTH BO,ZJ,bl. IIpH 

,l],BH)l(eHHH BO.ll:hl KaK CIIJIOUIHOH cpe,ll;bl, 6y.D:eT 

CBO,lJ,HTbC.11K3aBHCHMOCTH (5.16) 
Cp=C/p*V6= Cp *V6 /V6, ( 5.16) 

HCXO,l],H. M3 KOTopoii BH,l],HO, qTo B 3TOM ,ZJ,BmKe

HHH Y'-IaCTBYeT Bech MOJI.llpHbIU o6beM BO,n:bl 

V". 
Onpe.nenemre reorroru11ecKoii cyrw 

3aBHCHMOCTM (5.14) BO,lJ,bI B CHCTeMe c rropo

,l],OH, ITOKa3aJIO ee CB.113b C MOJibHbIM o6neMOM 

rrnacra. B 3TOH CB.113H crreIIH<iiHKa orrpe.nene

HH.11 y,ZJ,eJibHOH TerrnoeMKOCTH rrry6oKHX BO,ZJ, 

CBeJiaCb He K 3aBHCHMOCTH (5.16), a K (5.14). 
IIpH wccne,ZJ,oBaHHH <PHJibTpa11woHHou non3y

qecTH BO,n:bl qepe3 KOJIJieKTOp, KaK 6bIJIO ycTa

HOBJieHO B pa3.nene 4.3, qro ee reonorH'lecKa51 

CYTb TaK)l(e 3aKJII01faeTcH B yqacTHH B 3TOM 

,lJ,BIDKeHHH BCero o6'beMa cjJHJibTpalJHOHHOU 

cpe,Zl,hl. 

TuKUM o6pll3oM, 6Xomi>enue nupu

Mempo6 u, K, cp, V 11.11 6 3UBUcUMocmu onpei>e-
11.eHua Cp 11.11, KOJl.U'lecmtJeHHO ompllJICUIOUl,UX 

MexaHU'lec«y10, </JU3U'lec«y10 u zeo11.02u'le

c«y10 cyW,HOCfflb 06UJICeHUR my6oKUX 600, 

no36o!1.Rem pucc.MumpuBumb yi>e11.bny10 men-

11.oi!MKocmb BOObl 6 cucmeMe c nopoi>ou c 

</Ju3U'leCKOU mo'lKU 3peHUR, KUK me.Mnepu

mypHblU Ko3</J</Juu,ueHm, xupuKmepU3y10w,uu 
no11.3y'ly10 </JU!1.bmpuu,u10, c 2eo11.02u1-1ecKou -

KUK 3UKOHOMepHOCfflb .Mema.Mop</JozeHHOU 

</Jop.Mbl 06U.JICeHUR 600bl. 

HmuK, 6 OUHHOU muBe HU npUMepe pucCMompeHUR nupui>oKCllll.bHOU 3UBUCUMocmu puc

'lema yiJellbHOU U306upHou mennoi!MKocmu 211.y60KUX 600 Mbl npuKmU'leCKU OOOCH06ll!1.U uoe10 (/J. 

3Hzenbcu, 6 OllJlbHeumeM pll3Bumy10 uKuoeMuKoM .b.M. Kei>poBblM u npUMeHume11.bHO K no03eM

HbtM 600UM C.JI. llI6Upl(e6blM u E.B. IIuHHeKepo.M, limo zeo11.02ua R6!1.Jlemca 11.e npuKJ1ui>11.ou 11.ay

Kou, u </Jy11.i>a.Me11.mll!1.b11.ou, UMe10w,eii co6cm6e11.11.b1e 3UK011.bl pll36Umua 3e.M!1.U. 
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r JiaBa 6. OcHOBHbie 33KOHOMepHOCTH H npHHU:Hilbl 

u3yqeHH.H .Z:.BH)KeHH.H BO.Z:. B rJiyooKHX ropH30HT3X 

,niut: H3yit:emur SrBJieHHH BH3KOCTH H 

TerrnorrpoBOAHOCTH BOAbI B rn:y6oKHX ropH-

30HTaX, OTproKaIOlll,HX cyrb rromyqeii tPHJibT

pau:uH, oqeHb BroKHO ycTaHOBHTb OCHOBHbie 

3aKOHbJ H npHHQHITbl, c TIOMO:rn;blO KOTOpbIX 

MO)l(HO o61:.5!CHHTb Bee H3BeCTHbie 5!BJieHH5! H3 

paccMaTpHBaeMoro Kpyra, a TaK)l(e npeACKa-

3aTh HOBbie. TaKoii no~OA K n3yqemno HBJie

HHH npnpOAbl TIOJiyqMJI Ha3BaHne MeTOAa 

npHHU:HIIOB. 0CHOBOTIOJ10)1(HMKOM ero 5!BJ15!eT

C5! HcaaK HMoToH, nepBbIH c<jJopMYJittpoBaB

IIIMH TIOJittyIO CHCTeMY np:HHQHIIOB MexaHHKH, 

KOTOpbie TaK)l(e HCIIOJ1b3yroTC5! B no~eMHOH 

rHAPOAMHaMHKe npn H3yit:eHHH ABIDKeHJUI 

nnacTOBbIX BOA no 3aKotty )l,apcn. Herrpe

B30HAeHHbIM MacTepoM MeTOAa npHHIIHTIOB 

6bIJI Asrb6epT 3HHIIITeHH, pa3pa6oTaBIIIHH 

Teopmo OTHOCHTeJibHOCTH " ycTaHOBHBIIlliH 

rpaHHU:bI rrpnMeHHMOCTH HblOTOHOBCKOH Me

xaHHKM co CTOpOHbl BbICOKMX CKOpOCTeH. 

B paccMaTpirnaeMoii pa6oTe pe% HAeT 

o6 oqeHb HM3KHX CKOpocnix rny6oKHX BOA, 

COTIOCTaBHMbIX co CKOpOCTHMM reonoruqecKHX 

npou:eccoB. )l,Btt)l(ettue rny6oKHx BOA HeBm

MO)l(HO OTIHCaTb npn llOMOlll,H HblOTOHOBCKOH 

MexaHHKH. Peqi:,, no cyrn, HAeT 0 ee HmKHeH 

rpaHHu.e rrpHMeHHMOCTlf. ITpHHU.HIIHaJihHhIM 

OTJinqneM 3TOro ABH)l(eHH5! 5!BJ15!eTC5! TO, ~o 

co6cTBeHHO KHHeTnqecKaH 3tteprm1, n3yqae-

Ma5! B MeXaHHKe " TeOpHH OTHOCHTeJibHOCTH, 

paBHa Hymo. 3AeCb peqb HAeT He 0 KHHernqe

CKOH CKOpOCTM KaK TaKOBOH, a 0 HanpaBJieH

HOH B Teqemie reonornqecKoro BpeMeHn cKo

pocnI MHKpOCKonnqecKnx npou:eccoB. ITpH 

3TOM 3aAeHcTByeTC5! KOJIOCCaJibHOe KOJIHqecT

BO 3Hepnrn, a CaMH npon:ecCbl CTaHOBjJTC5! 3a

MeTHbIMH B Teqettne reonornqecKoro BpeMe

HM. TaK, ecnn npH TeKyqeif <jJHJibTpan:nn 3a

AeHCTBYIQTCH, KaK npaBMJIO, nepBbie eAHHHU:bl 

KHJIOA)l(oyneif, TO nptt nomyqeif <jJHnt.Tpaium 

K 3TOMY npon:eccy IIOAKJIIOqaeTCjJ TeIIJIOBa5! 

3HeprlljJ, B COTHH pa3 npeBbIIIIaIOlll,aH IIOTeH

U:HaJibttyIO 3HeprMIO. ITpu 3TOM cKopocn, MaK

pocKonuqecKnx npou.eccoB npu OAHOH H TOH 

)Ke IIOTeHU,HaJibHOH 3Heprnn npeBbJIIIaeT CKO

pOCTb MHKpocKonnqecKHX rrpou.eccoB, Hao6o

pOT, Ha o6paTttyro BeJIHqtttty. l1HbIMH CJlOBa

MM, pacqeTHaSI cKopocTh nomyqeif <jJttJibTpa

U:UH MeHbIIIe CKOpOCTM TeKyqeH cj:iHJibTpan:un, 

npH OAHOM H TOM )Ke rpaAHeHTe Hanopa Ha 

ABa nopHAKa. 

OAHaKo, npe)l(Ae qeM nepeiinI K M3-

JIO)l(eHHIO AaHHhIX <jJaKToB Heo6xoAHMO ysic

Httn yttHKaJibHOCTb H3yit:eHHSI ABM)l(eHHjJ rny-

6oKHX BOA KaK <jJH3nqecKoro Tena. 

6.1. YnnKaJILHOCTL n3y'leHHB ,LJ;BH~ennB rJiy6oKnx B0.11: 

KaK <l>n3H'lecKoro TeJia 

ITpn paccMoTpeHnn Q:>mnqecKoii cy:rn:

HOCTM ABM)l(eHmr rn:y6mrnx BOA 6bIJIO ycTa

HOBneHO, qTo BOAa npH rpaAH:eHTe Hanopa 

HH)l(e HaqanbHOro np05!BJ15!eT CBOHCTBO 

aMopQ:>ttoro TBepAoro Tena nomyqecTh. CBoH

CTBO nomyqecTM - M3yit:aeTC5! TeopHeH B5!3KO

yrrpyrocTM. ITpe~e qeM nepeiiTn K paccMoT

peHnIO Q:>opMynbI cKopocTM nomyqeif cpttJihT

pau:nn Ha OCHOBe TeopHH B5!3KoynpyrocTM He

o6XOAHMO yjJCHHTh ocHOBHOH HeAOCTaTOK 
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A3HHOH Teopnn CB5!3aHHbIB c IIQHjJTMeM Ha

IIp5f)l(eHH5!. 

B sonpoce o noHjJTMH "HanpIDKettne", 

KaK cqHTan A.A. f'paycMaH [24], cpeAH wc

cJieAOBaTeneH: HeT eAnttoro MHeHnH. C OAHOH 

CTOpOHhI, OHO TµaKryeTCH IIIHpOKO " IIOA Ha

np5f)l(eHIIeM, KpoMe ynpyrnx cnn, B03HMK3IO

lll,HX B TeJie npn ero Ae<iJopMnpoBaHMH, IIOHM

MaIOT n Apyrne - caMoypaBHOBeIIIeHHbie 

BttyTpeHHne CHJibI (HanpIDKeHmr), cy:rn:ecT-



BYJOlil,He H B HeHarpy)J(eHHOM TeJie [113]. c 
.n;pyroii CTOpOHbl, cq11TaeTCR, 'ITO "ttanpR)J(e

HHe" Boo6rn;e ITOHHTHe a6cTpaKTHOe Ii BBe,D;eHO 

JJ.JIH y.n;o6cTBa MaTeMaTHqecKOH cpopMynHpOB

KJI 3a.n;aq orrpe.n;eneHHR .n;ecpopMal(Hii'' [76]. 
KaK cqHTaJI M. PeiiHep, "ttaIIp}l)J(eHHe HBJIHeT

cR BHyTpeHHeH peaKl(HeH, B03HHKaIOlil,ett npH 

.n;eHCTBHH BHenrnen CHJibl Ha Teno. 0TKy.n;a Mbl 

3HaeM, qTQ HMeeTCH TaKaH BttyrpeHHHH peaK

U:IDI? HMeJOTCH KaKHe-ntt6o 3KcrrepHMeHTaJib

Hbie JJ.OKa3aTeJibCTBa? Mo)J(eM JIH MbJ orrpe.n;e

JIHTb 3KCIIepHMeHTaJibHO BeJI11q11ey HaIIpH)J(e

HHH?" H OTBeqaH Ha cBon Borrpoc, roBopHT: 

"MbI He MO)J(eM onpe.n;eJTHTb BeJI11q11ey Ha

npH)J(eHHH Henocpe.n;cTBeHHO 3KCrrepHMeH

TaJibHbIMH cpeJJ.CTBaMH, Mbl MO)J(eM TOJTbKO 

Bb1q11cJIHTb HX ... " [92]. H cero.n;HHIIIHHe Ho

Beiim11e orrpe.n;eneHHH HarrpR)J(eHHOro COCTOH

HIUI MaCCHBa ropHbIX rmpo.n; ocyrn;ecTBJTHJOTC}J 

rryTeM H3MepeHHH yrrpyr11x .n;ecpopMal(HH OT

.n;emeMoro OT MacCHBa 3JieMeHTa H rrocne

.n;yiorn:ero BbP:JHCJieHHH HaUpH)J(eHHM c yqeTOM 

yrrpynrx IIOCTOHHHbIX .n;aHHbIX rropo.n; [ 4 7]. 
HeBo3MO)J(HOCTb Henocpe.n;cTBeHHO 

3aMepHTb Harrp}l)J(em1e B MaCCHBe, He Hapy

IIIHB ero CIIJIOIIIHOCTH, H rrpHBO,Jl;HT K ToMy, 

qTo cpH3H'feCKa51 cylil,HOCTb HBJieHH51 IIO)J,MeIDI

eTCH ero cpopMaJIH30BaHHbIM MaTeMaTHlJeCKHM 

orrncaHHeM, 3aHMCTBOBaHHblM H3 JJ.pyroH: 06-

JiaCTH 3HaHliH. AttanorHlJHO H JO.M. MonoKo-

Blfq, HCIIOJib3Y51 ypaBHeHHe B513KoynpyroCTH, 

qiopMaJibHO ITOJJ.MeIDieT ero Hanp51)J(eHHYJO 

qacTb 1Iepe3 3aKoH ~apcu. Pe3Koe rra.n;emre 

CKOpocn1 cpHJibTpal(HH OH CB513hIBaeT c 51,lJ,pOM 

nomyqecrn B ypaBHeHHH «rromyqero» TelJe

HH51 (1.3). 
B 01Wlu11ue om ucmuHHo mBepiJow 

me!la, Boda xomb u npoR6!1Rem cBoucm6o 
mBepiJow me!la - noll3y11ecmb npu HU3KU.X 
zpaiJueHmax Hanopa, no npu ee zuiJpoiJuHa
Mu11ec1<0M UCCJled06QHUU 6 CK6UJICUHe Mbl 
MoJICeM JaMepumb ll!lacmo6oe iJa6lleHue u 

meMnepamypy, Komopbte, no cymu, R6!1R10m
CR BnympemmMu pea«u,URMu Ha 6HemHue 
CUllbl, He Hapymu6 ee CllllOWHocmu. Bee 'Jmo 
no16o!IRem npUMenamb He npu611u3ume.rtb
Hbte 3a6UcUMocmu iJe<f10pMau,uu no113y11eu 
60iJb1 om nanpaJJCenuu, a mo1111b1e 1a1<.0Hbl 

mepMoiJUHllMUKU. /(aHHaa y11u1<.aJ1b11ocmb 
my601<.ux BoiJ, 601MoJJC110, 6 iJaJ1b11eumeM no-
36011um onpeiJeJ1umbcR 6 tjJy11iJaMe11maJ1b11ou 
npoo!leMe meopuu ynpywcmu - iJamb yem
Koe tjJu1uyec1<.oe onpeiJeJ1e11ue no11amua "11a

npRJ1Ce11ua". OiJna«o, 6 iJa11110M c11y11ae, 3a
iJa11a cmoum ue 6 moM, Ymo6bt onpeiJe11umb
ca B nonamuu "11anpaJ1Cenua", a 6 m01u, 

11mo6b1 ucnollbJOBamb mo11nb1e 1a1<.011b1 
mepMOdUHllMUKU dllR myYeHUR CKopocmu u 
11anpa6!le11ua iJBuJJCeHUR my6o«ux BoiJ. 

6.2. Ou;euKa cKopocTu )J.BH.IKeHHH rJiy6oKux BO)J. 

6.2.1. C1rnpocTL tl>HJILTpau:nn cBo6o)J;HLIX B0.11: 

y lJHTbIBa51 pacCMOTpeHH)'IO yttHKaJib

HOCTb 113yqeHH5I ,ll,BlDKeHH51 rny6oKJIX BO,ll, H 

HCXOJJ.51 H3 cpH3HlJeCKOH cylil,HOCTH IIOJI3yqett 

cpHJibTpau;mi, B COOTBeTCTBHH c IIOJJ.XO)J.OM 

A.r. Aphe, 11crronh3Y» Teopmo TerrnorrpoBo.D.

Hocni BbIBeJIH <jJOpMYTIY paC'feTa ee CKOpOCTH 

[104], KOTOpa» B o6rn;eM BHJJ.e npH HeycTaHO

BHBIIIeMC51 pe)J(HMe <jJHJibTpan;HH (P YUi u 
T,mfconst(t)) HJIH npH aHOMaJibHO BbICOKHX 

TIJiaCTOBbIX )J,aBJleHH51X MO)J(eT 6bITh rrpe)J.CTaB

JieHa KaK: 

vn = K:'*TYUI * g* p *AH - CV ·AT rm ,(6.1) 
q, p rm 2 l p n/S * t p 

r.n;e - Km rw - Km<jlqmu;HeHT TeIIJIOIIpOBO,ll,HOCTH 

BOJJ.OHaChilil,eHHOH rropOJJ.bl, s - rrnorn;a,D;b, qe

pe3 KOTopyIO rrpOXO)J,HT TeIIJIOBOH IIOTOK, fp -

BpeMH cyrn;ecTBoBaHH51 ABIT).l MaTeMaTHlJe

CKJI )J,aHHa51 clJOPMYJia aHaJIOrH'fHa ypaBHeHHIO 
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«rron3yqero» Te'feHHH IO.M. MorroKOBHqa, 

O)J,HaKO ee HaIIpH)J(eHHaH lJaCTb Bblpa)J(eHa He 

qepe3 3aKoH ~apcH, a qepe3 ypaBHeHHe Terr

rrorrpoBOJJ.HOCTH. 

11pH KBa3HYCTaHOBHBIIIeMC51 TepMOJJ.H

HaMHqecKOM pe)KHMe <j:JHJibTpaU:HH (P YUi u 
Tm1=const(t)), Koni:a nrracTOBbJe .D.aBrreHH51 

6JIH3KJI K r11.n;pocTaTuqecKHM, »JJ.PO rron3yqe

CTH HJIH 51JJ.PO «IIaMHTH» CTaHeT paBHbIM tty

JIJO, IIOCKOJibKY !JT,,/tp=O, TOr)J,a <j:JopMYJia 

npHMeT cne.n;yiolil,HH BH)J,: 

K 11 *T *g*p ,1JJ 
v 11 

- m 1UJ * -- ( 6.2) 
q, - p2 l 

rm 

ITonyqeHHaH <jlopMYna nomBep)J(.ll,aeT 

B3rITHJJ.bI A.r. Apbe H IO.M. MonoKoB11qa, 

cqHTaJOIIl,HMH qTO CKOpOCTb JJ.BH)J(eHHH BO.D. 

npH rpa.ll,HeHTe Hanopa HH)J(e HaqanhHoro TaK 

)J(e, KaK H B 3aKOHe ~~pcH, rrpHMO nponop-



QHOHaJibHa rpa~HeHTy Hanopa H OTJIHqaercR 

OT Hero JIHIIJb K03<PqmQHeHTOM <PHnbTpaQHH. 

CoornercrneHHO B 3aKoHe ~apcH Km<P<PHQH

enT <PttJibT}JaQHH 6y~er TeKY1!HM 

k 
K; = -*g*p, (6.3) 

µ 
a B <PopM)'ne (6.2) - rromyqHM 

K"*T 
n m n;1 * * '6.4l Krp= 2 gp. \' '/ 

ptlll 
JJ.Jlf/, OlfeHKU CKOpocmu rjJUJtbmpalfUU 

2lly6oKux eoo paccl/umaHbl cKopocmu pa3JtUl/

HblX ee 6U006 6 pauoHe CK6. 15 HzoflbCKOU. 

KaK euo110 U3 puc. 6-1 u 6-2, nbe30Mempu'le

CKM noeepx11ocmb UMeem eo211ymy10 Jtu11u10. 

J/,JtR pacl/ema Jtu11eii11020 2paoue11ma 11anopa 
onpeoeJteHa eeJtul/wta 11anopa e KUJtOMempe 
om CKB. 15-H c yl/emoM U3MeHR10UJeUCJI, mofl

UJUHbl nJtacma no rjJyHKlfUU HK. I'upUHCKOZO 

[80] 

(m2-m1Jlx 
m -

2 l 

(6.5) 

zoe / - paccmORHUe Me:JICOY CKBG:JICUHa.AtU 16-

H u 15-H, m1 u m2 - 3rjJrjJeKmue111~e moilllJUHbl 
nJtacma u H 1 u H2 - nbe3oMempUl/ecKue nano

pbl 6 CKBG:JICUHax 15-H U f 6-H. 

(141.1*8-185.7* 2.8)* 1 
141.1*8-~--------

H 9.75 
x=~~~-8--~~---2.-~-*-1~~~-

9.75 

= 142.8M 
B pe3yflbmame eeJtul/UHa 2paoue11ma 

11anopa Ha oaHHOM ompe3Ke cocmaeUJta: 

( Hx -H2 ) = (142.8-141.1) = 0.0017M/M 

/x 1000 

CKopocmb meKyl/eu rjJUJtbmpalJUU pac

cl/uma11a, no 3aKoHy Jl,apcu, ucxoaR U3 cJte

oy10UJe20 ycJtOBUJI,." npu npoHUlfGeMocmu 6 1 JI. 
K03rjJr/JulJUeHm rjJUJtbmpalfUU OflR BOObl B 
cmaHoapm11b1X ycJtoeUJ1,X paee11 10·5 Mic [ 19]. 

<!JaKmu11ecKu npo11u1faeMocmb nJtacma npu-
6J1U3umeJtb110 pae11a 0. 026 JI, (pauoH 6Jtu:J1Caii

weii CKBG:JICUHbl 13-H). Yl/umbZBM, 'I.mo e nJta

cmoeblX ycJtOBUJl,X o6'beMHblU K03rjJr/JU1fUeHm 

C:JICWvtaeMocmu eoob1 paee11 1.024 u 6R3Kocmb 
U3MeHJ1,emrn om 1*10·3 Ila*c oo 0.55*10-3 

Ila*c, CKopocmb meKY1Jeii rjJUJtbmpalfUU pac-
cl/umaeM maK: 

Vm= 2,6*10-7 *0,00J7= 

rp 1,024 * 0,55 

= 8 * 10-10 Mic:::; 25M.iwlzoo 
CKopocmb nofl3ywii rjJUJtbmpalJUU 

paccl/umaHa no rjJopMy!le (6.2). lJJtacmoeM 

meMnepamypa, J(J)l4epe1111aR e cKe. N2 15-H 
pmma 92 °C (365 K), n!lacmoeoe Oa6JleHue -

28.26 Mila. TenJtonpoeoo11ocmb cyxoii nopo

Obz n10mnocmb10 2,4 2!clvr3, onpeoe!leHHM no 

zparjJuKy (Puc. 4-3), cocmaeulla 

Puc. 6-1. Kapma npuBei>eHHblX nanopoB 6 npei>e;wx H20J1bc1<0-TaJto8020 u 
Kapauc«ow Mecmopomi>enuu ne</Jmu: 

I - CKBaJKJma: B ql!CJJHTeJJe ee HOMep, B 3HaMeHaTeJJe IIpl!Be,!leHHblll Hanop, M; 2 - ll30Jll!Hllll 

npHse.11eHHOro Hanopa, M; 3 - npHse.11eHHbitt Hanop 6orree 200 M 
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280 H,M 

260 \266 

240 

220 

\ 
\ 

TurroBOH rupporeoEorugecKuH paspes ,, 

200 

180 

160 

140 

-2640 

-2660 

-2680 

-2720 

-2740 

-2760 

-2780 

-2800 

Puc. 6-2. TunoBoii zuiJpozeoJ1ozu11ec1<.uu p03pe3 Bepxne10pc1<.ux om.rtomenuu « npeiJeJtax 
Hzo!lbc1<.o-TOJ106ozo MecmopoJ1eiJemi>1: 

)K11pmU1 JlllHlll! Ha CKBmKHHe - HHTepBaJI HCCJie)loBaHllJI rrnacTa JO, 0' crrpaBa OT Hero MHHepaJI113aQHJI JTJiaCTOBOH BO.Ubl, r/JI 

II JTJiaCTOBall TeMrrepai:ypa, °C; CJieBa - .ue611T ITJiaCTa, M3 /cyT II BeJIHqmia .uerrpeccHH Ha rrnacT, Mrra. CTpeJIKa OT CKBmKH

Hbl BCJIHqllHa rr1>e3oMeTjlnqecKoro Harropa, M. IIITp11xoaal! JIHHlll! Ha.u HarropaM11- IIbe3oMeTjlH'ieCKall rroaepxHocTh 

iKKa.nl'l*M*K=l.163 BmlM*K C y'lemoM K0-
3rj)(jJUlJUe1-1ma 6Jla:J1C1-1ocmu 2, 5 npu nopucmo
cmu nAacma - 0.17 6, menJ1onpoeoo1-1ocmb 
oocmuzlla 2, 9 BmlM * K 

n 2, 9 * 3 65 * 9, 8 * 1000 * O OO 17 = 
v~ 28260000 2 ' 

= 2, 1 * 10-11 Mic ~ 0, 6 MM/zoo 

Cpae1-1ueaJ1, noJ1y1Je1-11-1bze pe3Yllbmambl, 
MOJICHO CKG3amb, 'Imo 6 3G6UCUMocmu om 6U
i)a <jJUJtbmpalfUU ee CKOpocmb MOJICem pa'3JIU
'IGmbC51. 6 150 pa3. /(JlR 6bl6opa 60J1ee Oocmo-
6ep1-10U 6eJlU'lU1-lbl U3 paCC'IUfflQHHblX CKOpo
cmeu pWlbrnpGlfUU 6blJl paCC'IUfflGH 603MOJIC
HblU rjJponm 6blmec11e1111.51. Menee MUHepaJtU30-
6aHHblX 600 18 Zill om CK6. 6-Jf, 60J1ee MUHe
paJtU306GHHblX 600 11a ceeepe 35 zlll, 3a epe.M.fl 
CYUfeCm606QlllJ51. C06peMeHHOZO KOHmUHeH
maJtbHOZO pe:JICUMG ocadKOHGKOn!leH11.51., Komo
pblU 1lQ'lOJIC51. c no3iJ11enllUOlfeH060ZO epeMel-IU 
4 M!IH. llem 1-1maiJ. 3a 3mo 6pe.M.fl rjJpo1-1m 6b1-
mec1-1e1111.5l. no 3aKouy f(apcu iJoJ1:HCe11 6b1J1 co-
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cma6umb 100 KM. llpu nomyiieu rjJUJ1bmpalJUU 
</Jpo1-1m npod6UJ1Ce1-111.51. Me1-1ee Mu1-1epaJtu3oea1-1-
1-1b1x 6oiJ coom6emcmee1-11-10 6yoem paee1-1 640 
M. Paccmo5t.1-1ue Me:J1CiJy CK6a:JICUHaMU 15-H u 
6-H 1-1e npe6blutaem 15 KM. 

/(aHHbte pac11emb1 no3BOllUJlU ciJe
llamb CJ1eiJy10w,uu 6btBoiJ: 6b1co1<.ue c1<.opocmu 
iJ«uJ1CeHUR 60iJb1 no 3aKoHy /(apcu Ha pac
c.1uampu«aeMoii meppumopuu He y«.11.3bl6a-
10mc.11. c 3a1<.0HoMepHocmb10 U3MeHeHUR .wu
HepaJ1U3au,uu «oiJ. hllU3K.Ue pe3yllbmambt no 
iJpyzUM paiioHaM 3anaiJHou Cuoupu 6wm 
nolly'leHbl « pac'lemax B.A. Bce80J1J1Cc1<.ozo, 
<P.H. 3ocUMo6a, A./(. Hmapo«a u iJpyzux uc
CJ1eiJo«ameJ1eu. C iJpywii cmopoHbl, He3Ha
'lUmeJlbHblU ppoHm npoiJBuJICeHua cJ1a60 
MUHepaJ1U30BaHHblX «oiJ npu noll3Y'leu 
pllllbmpau,uu xoporuo comacyemca c 3llU3U
OHHoii MOdeJlblO popMUp06QHUR cocmaBa 
BoiJ u iJaHHblMU pac'lema c1<.opocmu iJBUJICe
HU.R. onmcUMae.MblX BoiJ A.E. Fype6u'la 0,32 
MM/zoiJ. 



6.2.2. CKopocTL cl>ailmoau;uu cI>n1u-i:ecKn CB.HJauuLix BO~ 

~UI ou;eHKH CKOpOCTH <Pawmoau;HH 

<f>mw:1ecKH ca.snaHHhIX BOil, A.f. Aphe 6bma 

BhIBe11,etta cJie11,yio:ll.l;a5l <PopMyJia: 

4N a4s2 g l1H 
v rfl11 = n m 411 t k T * -l-, ( 6. 6) 

JVI 

N - MOJieKyJI5IpHa51 Macca BO/:lhI paBHa 18 
aTOMHhIM e11,um1u;aM Macchi (a.e.M), 1 a.e.M. 

COCTaBJI5leT l,7*10-27 Kr; a - Me)l(MOJieKyJI5Ip

HOe paCCT05IHHe B BOJJ,e, 2,8*10-9 M, k- noCT0-

5IHHa51 EoJihQMaHa, l,38*10-23 ,I:VK/K,. t - nepu-

011, TeTIJIOBbIX TPaHCJI~uif B Bo11,e, s - y11,enhHa5l 

nosepxHoCTb M 2/M3; T,,,, - nnacTOBa51 TeMnepa

TYPa, K. 
Ilepuo11, TennoBbIX TPaHCJI5Iu;HH MO)K

HO paccq11TaTb no 3MTIHpuqecKoH cpopMyne 

(6.7), IIO.JlY'IeHHOH no 3HaqeHH5IM [4], B 3aBH

CHMOCTH OT nnaCTOBOH TeMneparypbI, Hanpu

Mep, rrpu 365 K: 

-0,0238*Tm 

7516,6 * e 
t=--------

-0.0238* 365 
7516,6 * e 

1012 

=l.3*10-12 c 
. (6.7) 

y .ri;eJibHa51 TTOBepXHOCTh .ri;m1 HH3KO

rrpoHHQaeMblX necqaHHKOB MO)l(HO orrpe11,e

JlHTb no cpopMyne K03eHH, KOTOpa51 npH m -
nopHCTOCTH 0,096 H Knp - npottmi;aeMOCTH 

0,001 MKM2 COCTaBHT 

3 
0,096 

s = 'P * 10 6 = * 106 
2*0,001 ,(6.8) 

= 0,67* 106 M 2 /'t/ 
Ilocne ITOIJ,CTaHOBKH <PopMyJibT (6.8) B 

(6.6) H COOTBeTCTBYTO:ll.l;HX npeo6pa30BaHHH 

<PopMyna CKOpOCTH cpailnroau;m1 CB513aHHOH 

BOIJ,bl IIpHMeT CJlCIJ,}'IO:ll.l;HH BHIJ,: 

Vq,Jl=l.2*10-30 * Vm * 11H.(6.9) 
~ K,,p * t * T,VI l 

/{rm cpae1-1eHWl. pacc11umaeM cKopocmb 

</Jaw11oal{uo1-1Ho20 nomoKa e npeoenax Hzonb

cKo-T aJloeozo Mecmopo:J1COeHWl.. l(;m ::>mow 
603bMeM )!'IGCfflOK 6 pauoHe CK6G:JICUHbl 6-.H, 

zoe nopucmocmb rmacma ocmae;mem 9, 6 %, 
3<fJ<jJeKmU6HaR mO!lUJUHa - 0,4 M u Hanop -

266 M (Puc. 6-2). 
CHa'laJlO onR onpeoeneHUR nu1-1eitH020 

2paoue1-1ma 1-1anopa no <jJyHKlfUU HK I'upu1-1-

CK020 (6.6) pacc11umaeM 1-1anop e 1 KM, om 
CK6a:JICUHbl 6-H no 1-1anpaeJ1e1-1u10 K cKea:JICUHe 
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15-H, 2oe nanop CHU:JICaemcR oo 185, 7 .«, a 

3</J</JeKmueHcm mo!lUJUHa rmacma yeeJ1U11uea
emCR oo 2, 8 M. 

* (185.7* 2.8-266*0.4)*4,25 
185.7 2.8-------------

5.25 

2.8- (2.8- 0~4) * 4,25 

5.25 

= 216M 
B pe3ynbmame eeJ1U'mHa zpaoueHma Hanopa 

Ha oaHHOM ompe3Ke cocmaeum 

(Hx -H2 )/lx =(266-216)/1000=0.05MIM, 

a CKopocmb ¢aw11oal{uu 

1.2* 10-30 *Vo.o96 
v = * 0 05 = 

rjJll .Jo.001*1,3 * 10-12 * 365 ' 

= 1.8 * J0-15 MIC= 5.8*10-5 .MM/200 
11mo e 10000 pa3 MeHbUle CKopocmu n0Jl3)!'leit 

</JWlbmpalfUU ceo6oonou eoobr, 3mo npomueo
pe11um ypaeHeHwo Hepa3pbl6Hocmu nomoKa. 
llo3mo.«y OOJl:JfCeH CYUJecmeoeamb oonOJlHU

meflbHblU ucmo'IHUK numamm co cKopocmb10 
noonumKU 6JlU3KOU K CKOpocmu nomy11eu 

</JWlbmpalfUU. 
c opyzou cmop01-tbl, U36ecmHO, 'Imo 6 

2Jw1-1ucmb1x nopooax yoenbHcm noeepx1-1ocmb 

Ha 06a nop51.0Ka 6blUl.e, 'leM 6 neC'laHblX nopo

oax. CoomeemcmeeHHO Keaopam yoe!lbHOU 
noeepxHocmu 2nuHucmb1x nopoo npeeb1U1.aem 
a1-1a.;10zu'lHy10 eenu'luny nec'laHblX nopoo mo

:J1Ce npu6_1U3umeJibHO e 10000 pm, 'Imo coom

eemcmeyem cKopocmu eepmuKG.J1bHozo </Jau

_r110al{uoHHozo oeu:J1Ce11Wl. ceR3aHHbZX eoo WlU 

cKopocmu ::>.mwu 1,3 .l1.ll11200. 

llpaK1ttu11ec1<.oe coBnanenue 3llU3U

onnoit c1<.opocmu t/JaitJ11oa~uu u c1<.opocmu 
noJ13y11eit t/Ju.7bmpa~uu cBuiJemeJlhcmByem 6 

ll0llb3Y 3JIU3UOHHOU .noiJeJIU 06UJ-ICeHUR 60iJ 6 

npede!lax HzoJ1bc1<.o-Tw10Bozo Mecmopom

denun. KpoMe 3mozo, neo6xoiJUMo o6pa

mumb BHUManue na 603MOJ-1CHy10 mpezu,uno

Bamocmb HU31<.onponu~aeMblX nec11aHblX no

pot), noc1<.o!lbl<.JI o6'bi!M.Ha.a zycmoma mpezu,un 

Momem Obtmb conocmaBUMa c ydellbHOU no-

6epxnocmb10 munucmbtx nopoiJ. Hanpwtep, 

dlla KOMeHHOYWllbHblX 0111JlOJ-ICeHUU hllllll<.U
puu oHa cocmaB!laem 40 M11M3• llmmoMy 

HeJlb3R UCl<.JllOl/Ufflb 603MOJ-ICHOCmU conoc

ffla6UMOCmu !lamepaJtbHblX c1<.opocmeit 

d6UJ-ICeHUH t/JU3Ul/eCKU C6R3llHHblX u C6000d
HblX 60iJ. 



6.3. Ocuoeuoii: 3JieMeHT u3yqeuu11 
uanpaBJieuu11 noJ13yqeii: <f>nJILTpau;uu 

6.3.1. lloH.HTHe 3HeproMeTpH'ICCKHH Hanop 

Ilptt paccMOTpeHHH tj:>H3HqecKOH cym:

HOCTH npou:ecca nomyqeif tj:>ttnhTpaU:HH 6I>mo 

TIOKa3aHo, <JTO HCTIOJib30BaHHe ypaBHeHmI 

Eepuynmr ;:uu1 C:>KHMaeMOll BO,L{bl, HCXO,l.UI H3 

TepMo.[{HHaMttqecKHX coo6pa:>Kettnil, Tpe6yeT 

BblpIDKeHmr BttyTpeHHell :mepnrn: BO,L{bI B SIB

HOM BMJ(e. B 3TOM cnyqae Be1mqttua nonuoro 

Hanopa, BKJIIO<Ja10m;aS1 B ce6.11 sttyTpeHHeIO 

3HeprHIO BO.[{bl, npHMeHIUeJibHO K TIJiaCTOBbIM 

ycJIOBH.llM npHMeT BH,L{: 

c n1 *T p 
H 3 = v ru1 + _n_n_ + h ' ( 6.1 OJ 

g p*g 
r,L{e Cv n' - y.[{eJibHa.11 H30XOpHaH TeTIJIOeMKOCTb 

rny6oKHX BO,[{ 

He npeTeH.[{y5r ua o6sJ3aTeJTbHOCTh, 3Ta 

BeJIH'fHHa Ha3BaHa 3HeproMeTpH'IeCKHM Harro

poM. B OTJTH'IHe OT IThe30MeTptt<JecKoro uano

pa, KOTOpbill HBJrneTC.11 peanbHOH BeJIHqHHOH, 

OTpa:>KaIOm;e.H TIOTeHU:HaJibttyIO 3HeprHIO BO.[{bl, 

,L{aHHaH BeJIH'IHHa HBJIHeTCSI ycJIOBHOll H B pe

aJibHOCTH He cym:ecTByeT. E.[{HHHU:eil H3Mepe

HH.ll ee j[BJI.lleTC.11 JIHHeHHM sem1qttua M~. 

<l>aKTH'IeCKH, eCJIH ::ny JIHHettttylO BeJIH'IHtty 

rrepeMHO:>KHTb Ha ycKopem1e cso6o.[{Horo na

,L{eHirn (M/c2), TO noeyqwM rroJIHYIO 3Heprmo 

BO.[{hl, yqaCTBYIOill;YIO B npou:ecce nomyqeil 

cpttJibTpawrn B .[{:>Koy11.11x. To :>Ke caMoe nony

qnM n .[{JI.II nbe3oM~wqecKoro Hanopa. 100 M 

Hanopa (sbipa:>KeHHOro B a6coJIIOTHbIX OTMeT

Kax) npw6JIH3HTeJibHO pasmeTcj[ 1000 ~ 
HJIH 1 ~-

j{,'lR npUAtepa Ha puc. 6-3 npueeoeHa 
Kapma :mep20Mempu1JecKux Hanopoe e npeoe
Jlax HzollbCKO-T{JJloeo20 u KapaucK020 Jlte
cmopoJ1COeHuu He</Jmu. MaKCUJW{JJlbHbZe Hano
pbz omMel/a10mca Hd 102e MecmopoJ1COeHuii, 
oocmuzaR 42374 M. Ha ceeepe Hanopbl CHU
J1Ca10mC5l oo 38594 M. llo Kapme npueeoemtblX 
Hanopoe (Puc. 6-1) maKJ1Ce 0111Me?Jaemca na
OeHue Hanopoe c 102a Ha ceeep om 266 oo 67 
M. 3KcmpeMyMbl maKJICe 11a o6eux Kapmax 
coenaomom. 

c cptt3H'IecKOll TO'IKH 3pemrn ,L{Jlj[ H3Y

qemrn Hanpas11eHH.11 cpttJibTpaU:HH rny6oKHx 

BO.[{ norwquee Bcero cqnTaTb o6myio 3Heprn10 

3Toro ,L{BH:>KeHJJ.11 B ecTeCTBeHHbIX BeJIH'IHHax -

~- Ho, HCXO.[{SI H3 Toro, ~o B npaKTHKe 

rH.[{pO.[{HHaMHqecKHX HCCJie,L{OBaHnll ,[{JI.II H3Y

qeHH.11 HanpaBJieHmI ,L{BH:>KeHH.11 II0,[{3eMHbIX 

BO,[{ Tpa.[{HU:HOHHO HCIIOJib3YIOTC.ll pa3JIHqHbie 

MO.[{ll(pHKaU:HH HanopoB, OTpa:>KaIOm;HX IlOTeH

U:HaJibffYIO 3HeprHIO ,L{BmKeHmr BO,L{bl, TO B u:e

Jl.llX cpaBHHTeJibHOro aHaJIH3a BeJIHq}fHa 06-

m:eil 3HeprHH BO.[{bI, yqacTBYIOm:eif B npou:ecce 

nomyqeif cpHJihTpaU:HH, TaK:>Ke Bbipa:>KaeTcj[ s 

JIHHettHOM BH,L{e qepe3 ycJIOBHYIO BeJJH'IHtty -

3HeproMeTpHqecKHH Harrop. f naBHOe, HCilOJib-

30BaHHe seJIH'IHHbT 3HeproMeTpttqecKoro ua

nopa IT03BOJIHT rrpHMeH.sITb ,L{OCTaToqHo 6oJib

myIO 6a3y MeTO,L{OB perneHH.11 3a;::i:aq ):IHHaMHKH 

Il0,[{3eMHblX BO,[{ [80], H B qacTHOCTH, 6011ee 

ToqHo orrpe.[{e11.11Tb rpaHHU:bT 3ane:>Keil yrneso

.[{Opo.[{OB. 

/{llR npUAtepa, UC110Jlb3YR </JyHKlfUlO 
HK. I'upu11cK020 (6.5), maKJICe 6b1Jl paccl/u
maH 3Hep20Mempu1JeCKUU Hanop e KWlOMempe 
om CK6GJICUHbl 15-H 

40402.2 * 8 _ (40402.2 * 8- 40647.5 * 2.8) * 1 

H =----------9_.7_5 ____ _ 
3x 8- (8-2.8)* 1 
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9.75 

= 40411.7 M. 
a ee!lUl/UHa 2paoue11ma 311ep20Mempu1JecK020 
Hanopa cocmaewza: 
(H3X -Ho2 )/Ix = (40411, 7- 40402,2)/1000 = 

= 0.0095 MIM. 
HmaK, nod 1Hep20Mempur1ecKu./tt Ha

nopoM 6ydeM noHUMamb yCJtoaHyto ae,1ullu
Hy, KomopaR ompa:»eaem 1Hepzu10 llllacmo
aoii aodbt, Bblpa:»eeHHyto llepe:i Bbtcomy, 11a 
1<.omopy10 6b1 noiJHJU1cR cmo.T16 BOdbl 11aiJ 
ypoa11e.;n omcllema a11ympu aepmuKaJ1b11oii 
mpy6«.u npu yCJto6uu, 1.tmo B11ympe11HRR 
1Hepzua aodbl 6bma 6b1 ma«.:»ee npeo6pll3o
aaHa 6 nome11U,U{l.flbHy10. 



Puc. 6-3. Kapma :mep20.llempu11ecKUx uanopoa a npeiJe.rtax H20J1bc1<.o-
TtlJloao20 u Kapauc1<.020 ,.,,ecmopo:m:iJeuuu uet/Jmu: 

1 - CKBa)l{liHa: B qucmrre,1e ee HOMep, B 3HaMeHaTeJJe 3HeproMeTpttqecKtte HaIIOpb!, M; 2 
- moJJHHtttt 3HeproMcrpttqeCKHX nanopoB, M; 3 - 3HeproMeTp1iqecKtte nanopbl 6onee 
41000 M; 

6.3.2. <l>opMYJia pac'l:eTa :meproMeTpuqecKoro uanopa 

Ec11H ,llODyCTHTb, q-ro 1macTOBbTe ;:i:as

JieHmI H TeMrreparypbI HeH3MeHHbl B Te'IeHHe 

,llJIHTeJibHOro BpeMeHH, TO y,lleJibH)'IO 3HTaJib

rrmo B 3HeproMeTpM'IeCKOM Harrope MO)l(HO 

rrpe,llcTaBHTb qepe3 Bbipa)l(eHHe (5.2). B 3TOM 

c11yqae BeJIH'IMHa 3HeproMeTpnqecKoro Harro

pa rrpHMeT BH,ll: 

ti7 * T cp m 
H, = +h ( 6.11) 

g 
r,lle c/11 

- y,lleJibHa.sI M3o6apHaH TeTIJIOeMKOCTb 

rny6oKOH BO,llbl. IlO):(CTaBHB cpOPMYJIY rrapa

,llOKCaJlbHOro pac'IeTa Cp "-" (5.9) M, COKpanrn B 

'IHCJIHTeJie H 3HaMeHaTeJie IIJiaCTOBYJO TeMrre

parypy, KoHe'IHa.si cpopMy11a pac'IeTa 3Hepro

Me'TpH'IecKoro Harropa ):(JIH IIJiaCTOBOH BO,llbl B 

r11y60KHX ropH30HTax rrpHMeT CJie,llyIOillHM 

BH):(: 

*P * 2 cP ,,_. v 
H = '2 2 + h. ( 6.12) 

3 Tn7 * K *a *Vo * g 
,ll)rn OKOH'IaTeJibHOro pacqern ,):laHHOH 

BeJilI'IHHbl B rrpMJIO)l(eHMe rrpHBe):(eHbl Me)l(,lly-
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HapO,!l;Hbie Ta6JIHQbl BeJIH'IHH Cp lI v AJI.sI pa3-

JIH'IHbIX ;:i:aBJieHHH H TeMnepaTyp, H tPOPMYJibl 

HX pac'IITa, a TaK)l(e Kmcpcpm.{HeHTOB a H K 
)JJTH TIJJaCTOBblX ycJJOBHH. 

B umoze, 1<.one•maa tjJopMyJta wueem 
OlleHb zp0.+10301<.UU 6UO (65 oeucmauu). Oo
HQKO, n08Ce.MeCmHoe npu.tteHeHUe Celli/QC 
nepcoHtl.t1bHblX 1<.oMnblomepoo no380JtRem 
cHRmb 3119' npo6JteMy, aomoMamu3upoaaa 
pac11em. B 3moM CJ1y11ae, o pacl/em 6yoem 
aoodumbcR n.;1acmoooe oaaJtenue, meMnepa
mypa, my6una u.x 30.nepa u no 11emr.1pe 
6nu:»eailluu.x napa.nempa ydeJtbHow 0611e.tta 
u yde.'lbHOit U3o6apnou mewwi!M1<.ocmu ao
dr.1, 03anu.1e U3 .ne:»edynapodHblX mepModu
na.nul/ec1<.u.x ma6Jtuu,. Ilpu :JmoM ne uc1<..mo
l/aemca 803MO:HCHOCmb ynpoU(eHUR daHHOU 
tjJopMy.ut, o 3aoucUMocmu om npeoeJta no
zpemnocmu 3a.nepoo nnacmoaow oaoJteHUR 
u me.nnepamypr.1 npwuenumeJtbHO 1<. 1<.on-
1<.JJemnoMy pezuony. 



6.3.3. IlpHH:QHil BbIBO,a:a f}>opM)'JI - pacqeTa 
HaKJIOHHhIX rpaHH:Q JaJiea(eii yrJieBo,a:opo,a:oB 

0roIHM 113 Ha116onee KpynHbIX ,n:ocTH

)l(eHHii TIOHCKOBOH rn,n:poreonormI BTOpoii 

TIOJIOBHHbI xx CTOJieTHH }JBHJiaCb pa3pa60TaH

HaH aMepHKaHCKMM nccne,n:oaaTeneM M.K. 
Xa66epToM [116,127] MeTOJJ:HKa rn,n:po,n:1rna

MHqecKoro KapTHpoBaHM}J JIOBynieK HecpTH H 

ra3a. Bae,n:5l B Hayey noHHTHe "noTeHIJ;HaJib

HOH 3Hepnrn rnrncTOBbTX cpnioM,n:oa", M.K. 
Xa66epT noKa3an B03MO)l(HOCTb no11cKa 3ane

)l(eH HecpTH H BO BHe CTPYKTYPHbIX ycnoa1u1x, 

B TOM q11cne He TOJibKO B 30Hax pacnpOCTPa

HeHH}J JIHTOJIOrHqecKHX H TeKTOHHqecKHX 

6apbepoa, HO H a npe,n:enax CTPYKTYPHbIX HO

coB, MOHOKJIHHaJibHbIX CKJIOHOB H JJ:a)l(e CHHK

JIHHaJIH npon160B. 

c ToqKH 3peHH}J TIOTeHQHaJibHOH 

:meprHH, no,n:3eMHa}J JIOBYIIIKa mm HecpTH H 

ra3a MO)J(eT paccMaTPHBaTbCH KaK yqacTOK 

KOJIJieKTOpa, r,n:e TIOTeHQHaJibHa}J 3HeprH}J yr

JieBo,n:opo,n:HOH cpa3bI MHHHMaJibHM. B npe,n:e

JibI :woro yqacTKa 6y,n:eT CTPeMHTbCH mo6a5l 

3JieMeHTapHaH Macca HecpTH H ra3a, HaXOM

rn;aHcH a6nmH Hero. M.K. Xa66epT .D.OKa3an, 

qTo IlOCKOJibKY HecpTb H ra3 TeCHO CBH3aHbl c 

nnaCTOBOH BO).l,OH, TO IlOTeHQHaJibttyIO 3Hep

nIIO HecpTH H ra3a MO)J(HO Bbipa3HTb qepe3 no

TeHQHaJibHYIO 3HeprHIO BO.D.bI. ,Z:Vrn CHCTeMbl 

ao,n:a - HecpTh (ra3) HM BbIBe,n:eHo cneJzyJOrn:ee 

ypaBHeHHe: 

P11 * H,, = Pe * H-Z, (6.13) 
Pa - P,, Pe - P,, 

r,n:e z - a6coJIIOTHaH OTMeTKa KpOBJIH nnacTa; 

H,,(2) - noTeHQHOMeTpH"leCKHH Hanop .D.JI5l 

tteil>TH (ra3a), H - noTeHQHOMeTpHqecKHii Ha

nop M5I BO,D;bl. IlpH '.WOM cpopMYJibI TIOTeH

UHOMeTpHqecKoro Hanopa 

H = Pm, +h 
p*g 

( 6.14) 

H 3HeproMeTpHqecKoro Hanopa (6.10) MO)J(HO 

npe,n:CTaBHTb B BH,n:e ypaBHeHIU npHMOH 

Y=X*B+ A, ( 6.15) 
r,n:e Y- coorneTcTayiorn;He HanopbI BO.JJ:bI; X -
nnacToaoe ,n:aarreHHe H nrracTOBaH TeMnepary

pa; B - TaHreHcbl yrna HaKJiotta npHMOH, paa

Hbie 1 Ip *g 11 c/ g; A - ae11Mq1rna rnqKH rrepe

ceqeHHH rrpHMOH c OCblO op,n:HHaT B o60HX 

cnyqa51x paBHbI h. 
MaTeMaTHqecKaH attarrorHqHoCTb 

3HeproMeTPHqecKoro H IIOTeHQHOMeTpHqe-
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CKoro HanopoB II03BOJIHeT HCIIOJib30BaTb Te 

)Ke MaTeMaT11qecKHe ,n:eifoTBH}J npH BbIBO.D.e 

cpopMyn ttaKJIOHHbIX rpattHU 3aJie)J(ett YB c 

yqeTOM TeIIJIOBOH :meprmI. IlpHMeHH51 rropH

.D.OK BbIBO.D.a 3aBHCUMOCTH TIOTeHQUaJlbHOH 

3HeprHH ttecpTH H ra3a OTHOCHTeJibHO TIOTeH

UHaJibHOH 3Heprntt ao,n:1>1 M.K. Xa66eprn, 

orrucaHHbIH B MoHorpacpHH 3.q, ,narr1>6epra 

[27], fama BbIBe).l,eHa 3aBHCHMOCTb 061IIeii 

3HeprHH HecpTH H ra3a OTHOCHTeJlbHO 061IIeH 

3HeprHH BO,ll,bl 

( 6.16) 
a TIOCKOJibKY corJiaCHO reonorHqecKOH CYTH 

(pa3.D.eJI 5.4.2) Cptvl=cp *VIVn;,, TO y,n:eJibHa51 Te

TIJIOeMKOCTb He<j:lTH B CHCTeMe c rropo.n:oH: TaK
)J(e npHMeT BH.D. c/"· 11(2) =c/(zJ *VIV nJl 11("). B 3TOM 

v. ~v. 11(2) 
cnyqae n•, ~ /VI • 

C 6 c"M 
r H 11r2; = r * H + Z , ( 6.17) 

6 11(2) 3 6 11(2) 3 

er -cP cP -cP 

r,n:e cp11<2Jl(c/-c/<2J) - 3HeproMeTpnqecKHH K0-

3cpqmu11eHT yaenHqeHH51 ttaKJioHa 3aJie)J(H; 

c/ - y,n:errbHa51 u306aptta5I TennoeMKOCTb 

BOJJ:bl, paccqHTbIBaeTC51 TIO cpopMYJie (11.1 ); 
c/ - y,n:eJibHa5l H306apHa51 TeITJIOeMKOCTb 

He<j:lnr1MO)J(eT orrpe,n:eJIHTbC51 Herrocpe,n:cTBeH

HO B na6opaTOpHbIX ycJIOBHHX HJIH paccqHTbl

BaTbCH TIO <j:lopMYJie K.C. Kperoe: 

II 4,1868 * (0,403 + 0,00081 * f,.,,) 
cP = '- (6.18) 

'\f P11 

HJIU <l>opTqa H y HTMeHa 

c; =4,1868*(2.1-p11 )* 
(6.19) 

* (0,345 + 0,00086 * t"'') 
IlepBa51 TipHMeHHMa rrpn IIJIOTHOCTH He<fiTH p,, 
oT 0.72 ,n:o 0.96 r/cM3 tt nrracTOBbIX TeMTiepa

TYPax tn11 .z:i:o 400 °C, BTopaH - npH TIJIOTHOCTH 

Heii>TH OT 0.75 .D.O 1 r/cM3 H TeMrrepaTYPaX .D.O 

260°C. IlorpernttocTb onpe,n:eneHHH B rrepBoM 

cnyqae .D.OCTHraeT ,n:o 2.5 %, BO BTOpOM - .D.O 4 
%. 3KcTiepnMeHTaJibHbie onpe.n:eneHHH y,n:enb

ttoH: TennoeMKOCTH OT.D.eJibHblX KOMTIOHeHTOB 

)J(H.D.KHX yrneao,n:opO.D.OB B 3aBHCUMOCTU OT 

TeMrreparypbI H ,n:aBJieHH5l OTPa)l(ett1>1 B pa6oTe 

[38] H rrpHBe,n:eHbI B npHJIO)J(eHim. 



c/ - y)J.eJJhHaH mo6apHaH TerrnoeMKOCTb 

npHpo/J,ttoro ra:m orrpe)J.eJIHeTCH no crreu:Hanb

HblM rpaqmKaM B 3aBHCHMOCTH OT COCTaBa ra-

3a HJIH ero IlJIOTHOCTH [ 41 ], rrpHBe)J,eHHbIM B 

rrpHJIO)f(eHHH. 

CooTBeTCTBeHHo, <PopMyna pactieTa 

TaHreHca yrna ttaKJioHa BHK B.IT. CasqeHKO, 

HMe10maH BH)J, 

*iJH 
I 

( 6.20) 

IIOCJJe 3aMeHbI K03<l><PHU:HeHTa ysem1qemu1 

HaKJioHa 3aJie)f(H H IIbe30MeTpHqecKoro Harro

pa Ha COOTBeTCTBYJOmHe 3HepreTHlJeCKHe Be

JJH'-IHHbI rrpHMeT CJJe.zzyromHH BH)J,: 

CH 
p 

tga} = R H 

cP -cP 

* $, 
I 

( 6.21) 

/{rm npWllepa, ucnollb3YR 6brrmc11eHHb1e 

BeJIUttUHbl nbe30MemputtecK020 u 3Hep201uem

pu11ecK020 2paoueHmo6 Hanopa, pacettumaHu 

mGH2eHCbl y2Jia HaK!loHa BHK ce6epo-

6ocmottHoii ttGcmu lf2ollbCKoii 3Wle:JJCU. KaK 

BUOHO U3 puc. 6-4, 2opu10Hma'lbHaJl n.wc

Kocmb BHK c a.o. -2682 M, npuHRmaJl npu 
H,M 

-2640 1409 1 
-2650 

-2660 

-2670 

-2680 

-2690 

-2700 
0 0.5 ]KM 

-2710 

-2720 

-2730 

26-/11 

nooc..,,eme 3GnGcoe, no OGHHblM 3Kcn.r1yma1JU-

0HHOCO 6ypeHUR (CK6a:JICUHbl 409 u 702), He 

noiJm6epOWtaCb, OKG3G6lUUCb HGKJlOHHOU C 

102G Ha ce6ep 6oJiee tteM HG 27 M. 

Ilo rjJopMyJie B.Il. Cae..,,eHKO maH2eHc 

y2Jia HGKJloHa cocmGeu.11: 

1 
tgG1 = * 0,0017 = 0.0113 MIM 

1-0,849 
c y..,,emoM menJioeoii 3nep2uu, OKG3aHCJl He

CKOllbKO HU.J/Ce 

2.1698 
tgG 2 = * 0,0095 = 0.0104 MIM. 

4.1518 -2.1698 
YoeJibliaJl menJioeMKocmb eoobz pac

c..,,umanG na ocHoee Me:JJCOYHGpoiJnbzX mG6JIUtf, 

G yoeJibliaJl menJioeMKocmb HerjJmu no rjJopMy

Jie K.C. Kpe2oe (6.18) 

H 4,1868*(0,403+0,00081* 92) c =~~~~~~~~~~~~-
p ~0,849 

= 2,1698 K/{:J1C!K2 * K 

Jlw-tUR BHK, npoBeoeHHaJl HG pmpe3e 

no pacc..,,ummmoii eeJiuttune tga1, OKG3aHOCb na 

5 .tt 6bltue BHK nooce..,,ennoii CK6G:JICUHOU 409. 
Ila eeJiu..,,une tga2 npoeeoennbzii 

BHK coena11 c rjJGKmu..,,ecKWll. C 

ucnOllb306anueM 3moii 6ellUl/,U1lbl, 

6b1,1a oKonmypena co6cmeenno

zuopoouHGMU'1,eCKaJl ll06ytuKa, 

yKa3aHo Jwecmo 3aHO:JJCeHUJl pa36e

oo..,,Hoii CK6Q:JICUHbl 26-H ( Puc. 

6-5) u 071enelibl neoopa36eOG1ilible 

2eo,102u..,,ecKue 3anacb1 e 20 MJIH. 

m. 

Puc. 6-4. Pa3pe3 ceBepo-Bocmormou 'lacmu Hzo!lbCKOU 3ilJle:m:u 
HefjJmu c zpanul(aMu BHK. 

Ta1<.UM 06pa10M, ucnollb-
1yR npuHu,un Mame.Mamu'lec1<.oii 
llHaJlOZUU </JopMyll nomeHU,UO
.!Hempu'leCKOZO u 311epzoMempu
l/ec1<.ozo nanopa, 6bmu BblBeiJenbl 
u noJ1y'le1tbl oc110011b1e t/JopMyllhl 
no pac'lemy 11al<Jlo1t11btx zpanuu, 
1aJZeJ1Ceii YB c y11emoM men!lo
ooii :Jnepzuu. 

llo51.cHeHWl 6 meKcme 
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0 B [LJ3 4 CZJs []]6· 
Puc. 6-5. Kapma U, V,Z, wuuocmpupy10U(aR npeono!lazaeMoe 

nO!lOJ1Ce11ue co6cm6ellllO..ZUOpoOUllllMU'leCKOU Jl06YUlKU 11efjJmu 6 
npeoe!lax Hwi1bc1<ozo cmpy1<myp11020 11oca: 

1 - BblCOTHble OTMeTKll z ( CTIJYKl)'phl rmacm), M; 2 - 11303HeprernqecKl!e 3HaqeHilll )IJIJI 

BO)lhl V, M; 3 - 1130111eprernqecK11c 3Haqe11ID1 )IJIJI 11eljlrn U, M; 4 - o6nacn Hll3Koii 111ep
r1111 6naronp11J1rnoii )IJIJI cKonneHJ{Jl 11eljlrn; 5 - HanpaBJieH11e ljJ11.inTpan1111 BO,llhl; 6 - pe
KOMeHeyeMoe MecTo 3anoJKe1111x pa3aenoq11oii CKBaJKllHhl N~ 26-H 

6.3.4. .ll:oKaJaTeJILCTBO BeJIHqHHLI JHeproMeTpuqecKoro uanopa 

Hap51ey c qHcTo npaKTHqecKHM 3Ha

qeHHeM, TeopH51 KapTHpOBaHH51 3aJie)J(eH Hecp

TH Il ra3a 5IBJI51eTC51 xoponrnM MHCTpyMeHTOM 

no npoBepKe TQqHOCTM, pa3JIIlqHhIX MeTO,l(OB 

H3yqeHM51 HanpaBJieHM51 ,l(BIDKeHM51 Bo,n:. K co

)J(aJieHMIO, ,l(aHHhIH cpaKT npaKTJfqecKH He 

oco3HaH coBpeMeHHblMM rMJ:i:POreorroraMH. II 
II03TOMY ):(0 CMX nop Hepe,l(KO npo,l(OJI)J(aIOTC51 

IIOIIhITKM JIOfJfqecKM ):(OKa3aTh TOT MITH MHOH 

MeTO,l( onpe,l(eJieHM51 IIOTeHI1HOMeTpttqecKOH 

IIOBepXHOCTM, 6y,l(h TO KaKa51-JIH6o MO.lJ:M<l:>H

KaIIIUI pacqeTa npttBe,l(eHHoro Hanopa MJIM 

,l(aBJieHM51, IIhe30MeTpttqecKoro Hanopa, cTa

TttqecKoro ypoBH51 n T.):(. 

B cooTBeTCTBHM c MeTo,D;oM npttHIIM

noB [97], CaMM 3aBMCMMOCTM He MOfYT 6hITh 

,l(OKa3aHhI rrorttqecKM. Hx ,D;OKa3aTerrhCTBOM 

51BJI51eTC51 OIIhIT. IIpttqeM OCHOBHOe 3Haqem1e 

MMeIOT He CTOJlhKO OIIhITbl IIO Henocpe,llCTBeH

HOH npoBepKe 3TMX 3aBMCMMOCTeii, CKOJihKO 
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OIIbIThl (IIOCTPOeHH51 Jf pacqeThI), Ha KOTOphIX 

npoBep51IOTC51 BbITeKaIOIIIJfe Jf3 HMX CJie,ll;CTBM51. 

,I:(Jrn TeOpHH ,IJ.BM)J(eHHSI rny6oKHX BO,l( Jf3-3a 

HM3KMX CKOpOCTeii <J:>ttJihTPaIIMM Henocpe,llCT

BeHHO onbITHhIM IIYTeM He npe,IJ.cTaBJI51eTC5I 

B03MO)J(HblM c.n:enaTh 3Ty npoBepKy. Tio3TOMY 

MeTO,l(HKa rtt,IJ.po)J:MHaMHqecKoro KapTMpoBa

HM51 KaK pa3 M 51BJI51eTC51 crroco6oM rrpoBepKH 

ToqHOCTM pa3JIJfqHbJX ITO,IJ.XO,IJ.OB K M3yqeHMIO 

HaIIpaBJieHM51 ,lJ.BH)J(eHM51 rny6oKHx BO,IJ., rro

CKOJihKY CJie,l(CTBMeM ,l(BH)J(eHH51 BO,l( 51BJI51eTC51 

CMem,eHHe KOHTaKTOB 3aJie)J(eH HecpTM Jf ra3a. 

B 1991 roey HMeHHO 3TOT MeTO,IJ. HC

IIOJih30BaJIC51 rrptt npoBepKe pa3JJHqHbIX 3aBH

CMMOCTeii no 1nyqeHHIO HarrpaBnemrn ,l(Btt)J(e

HH51 rny6oKHx BO,IJ. B rrpe.n:enax IIepBoMaiicKo

ro MecTopo)J(,l(eHH51 He<J:>TM. HecMOTP.SJ Ha He 

COBCeM KoppeKTHbie BbIIIOJIHeHHhie MecTaMH 

fH,IJ.po,n:MHaMHqecKHe IIOCTpoeHM.SI rpamill,bl 

BHK, B u:eJJoM, 110JJyqeHHb1e pe3yJihTaThI ,IJ.oc-



TaTO'IHO xoporno OTpa3HJlH 3<P<PeKTHBHOCTb 

era npHMeHemrn:. 

llepBoHaIJaJlbHO no rjJopMJ!lle (6.17) 
6b1Jlu paccIJumaHbl 3KBunomeHlJUarlbHble 3Ha

'-teHWl OflR Herjlmu rmomHocmb10 0,785 2/cM3 u 

nocmpoeHa coomBemcmey10UfWl Kapma. 3a 

2paHUlfY BHK 6b1fla npuHRma U30JIUHWl 3550 
M (puc. 6-5). Cpa6HU6Wl ee c 2paHUlfeU BHK 

npuHRmoii npu nepec'-teme 3anacoB 6 1991 2. 

6bmo ycmaHOBJleHo, 'Imo oHa xomb u npoxo

oum napaJllleflbHO rjJaKmUIJeCKOMY KOHmypy 

BHK, HO coenaoaem c HUM flUUlb B paiioHe CKB. 

269. llo2peutHocmb pacxo:J1CoeHWl cocmaewr.a 

7%. (llo oaHHblM A.E. I'ypeeuIJa [25] no2pew

Hocmb no Opy2UM Mecmopo:J1COeHWlM Oocmu-

2aJla 25 %). 
B 3mou cB5/.3u 6bzflu npeiJnpuH5/.mb1 no

nblmKu noeb1cumb mo'-tHocmb ommou Memo

duKu C y'-lemOM mermOBOU 3Hep2UU. jL1Jl '3m020 

nepBOHa'-laJlbHO 6bUlU pacc'-tumaHbl 3K6U3Hep-

2emU'-leCKue 3Ha'-leHWl dJm Herjlmu (6.21) c uc

noflb3oeaHueM yiJeflbHOU men.wi!MKocmu 

o6bl'-1Hoii eoobz u npoU3eeiJeHa noemopHWl no

nbzmKa 3aKapmupoeamb 2paHUlfbl Mecmopo

:JICdeHWl. B umo2e, 6bzfl no/ly'-leH ompu1fame1b

Hb1u pe'3yJ1bmam. BMecmo '3Hep2emWJecKozo 

MUHUMyMa 6Hympu tJeHmpaJlbHoii IJacmu .lte

cmopo:J1CdeHWl ompucoeaJ1c5/. 3Hep2emuIJecKuii 

MQKCUMYM c OmMemKGMU 6oJlee 180 000 .'\J. 

JameM, ucnoflb3YR CllYlJffUHO Bbl6ede11-

Hy10 eeJIUIJUHY yoeJlbHYIO mennoi!MKOCmb wy-

6oKOU eodbl, 6b1J1u e mpemuii pm 3aKapmupo

BaHbl 2paHUlfbl Mecmopo:J1CdeHWl. B 3moM cJ1y

IJae 2paHUlJa BHK, npoBeoeHHWl no U30JIUHUU 

44 000 M, COBnaJla C ucmwmou zpaHUlfeU 

Herjlmu e pauoHe npaKmUIJecKu Bcex CKBa:J1CuH, 

BCKpbrnutux BHK. HcKJ110'-teHue cocmaBwtu 

JlUUlb pauoH cKea:>1CuH 266, 65 u 254. B daJlb-

HeUW.eM, Ha MeCmopo:J1CdeHUU noOm6epOUllC5/. 

npupocm 3anacoB B pauoHe cKea:JICUHbl 254. 
A B pauoHe cKBa:J1CuH 266 u 65 HaxooumcR ca

MocmoRmeJlbHWl 3arte:J/Cb, o '-teM c6udeme.'lb

cmBy10m pa3J1UIJHb1e 3Hep2emu'-tecKue 3HaIJe

HUR Ha BHK no '3muM cKBa:JICUHGM. B 3mou 

cBmu 3a 2paHUlfY Herjlmu 3iJecb Heo6xoiJUMo 

6blJIO npuHRmb 3K6UnomeHlfUaJlbHY10 U30JIU

HU10 3 300 M, a 3K6U3Hep2emuIJecKy10 U30JlU

HUlO 40 000 M. 
Ha puc. 6-7 npueeoeHbl Kapmb1 nbe-

30MempuIJecKux u '3Hep20Mempu'-tecKux Hano

poe. BeJ1uIJuHa '3Hep20MempuIJecK020 Hanopa, 

pacc'-tummmWl c ucnoJlb30BaHueM napaooK

CaJlbHou 3Q6UCUMOcmu yoeJlbHOU menJIOi!MKO

cmu 211y60KOU 60dbl, UMeem KOHrjJuzypalJUU 

U30JIUHUU, CXO:JICUe c KOHrjJu2ypalJUeu U30JIU

HUU nbe30MempuwcK020 Hano pa, pe3KO OmRU

IJalOUfUecR om KOHrjJu2ypalJUU U30JIUHUU 3Hep-

20MempuIJecKUX Hanopoe dJIR o6blIJHou BOdbl. 

KoHrjJuzypalJUR U30JIUHUU 3Hep20MempuIJecKux 

Hanopoe dJIR o6bllJHOU BOdbl 6 OCHOBHOM 3Q6U

cum om nAacmoeou meMnepamypb1, 3Kcmpe

-"'OJMbl meMnepamyp coomeemcmey10m 3KC

mpeMJ!MGM 3mux Hmwpoe. 

TaKUM o6pa3mH, npuaeoeHHbte no
cmpoeHUR zpaHUI( IIepaoMaucKozo Mecmo
pomoeHUR, B coo1116emcmauu c MemoooM 
npuHu,unoa, He mollbl<.O 001<.a3aJ1u B03Mom
Hocmb npUMeHeHUR mepMOOUHllMUlleCKOZO 
ypaBHeHua EepHyllllU npUMeHume.nbHO «. 
z.1y60KU.ff 600a.M, OCHOBaHHOZO Ha napaoo«.
CQ.1bHOU JaBUCUMOcmu pac11ema yoellbHOU 
men.wi!.ttKocmu myooKux aoo, Ho u cauoe
me.nc1116y10m 0 00/lee mollHOU 603MOJICHO
cmu UJy11eHUR HanpaBlleHUR oau;,1ceHUR c 
y11emo.H men.1oaou :mepzuu. 

6.4. <l>u3uqecKue ocuoBhI u3yqeuuH uanpaBJieuuH ,ll,BmKeHHH 
BO.ll. B pe3Koueo.z.uopo,ll,uou cl>nJJhTpanuouuou cpe,ll,e 

B HacToHrn:ee speMH Hanpasnemre 

.ll:BlDKemrn IlO.LJ:3eMHbIX BO.ll: orrpe.ri:enHIOT no 

KapTaM pa3JlHtffibIX MO.LJ:H<PHKal(RH HanopoB 

HJlH .ri:asneHHH, rryreM rrpose.ri:eHH5! JlHHHH TO

Ka, nepneH.LJ:HKym1pHbIX K npocTHpamno nH

HUH rn.ri:poH30IIbe3 mm H3o6ap. CooTBeTCT

BeHHO IlOTOK TIO.LJ:3eMHblX BO.LJ: 6y.ri:er HanpaB

neH B cTopotty na.ri:emrn: np1rne.ri:eHHbIX Hano

pos HnH .ri:asneHHM. CHcTeMa mmHli paBHbIX 

HanopoB H nepneH.D:HKY115!pHbIX K HMM JlHHHM 

TOKa o6pa3yeT rH.LJ:PO.LJ:HHaMH4eCKYIO ceTKY 
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HJlH, HHaqe roBOp5!, CeTKY .LJ:BmKeHH5! TIO.LJ:3eM

HbIX BO.LJ: . 

Hcnonb30BaHHe rH.ri:po.ri:HttaMHqecKHX 

CeTOK M5! npaKTH4eCKHX l(eneii B03MO)l{H0 

npH cne.ri:yrorn:Hx ycnoBH5!X: a) TIOCT05!HHOM 

IlJlOTHOCTH H B5!3KOCTH )KH.LJ:KOCTif; 6) O.LJ:HO

pO.LJ:HOCTH nopHCTOM cpe.LJ:bI; B) ycTaHOBHB

rneMC5! pe)l{HMe; r) naMHHapHoM xapaKTepe 

.LJ:BH)l{eHHH )KH.LJ:KOCTH. Hcxo.ri:H H3 :noro, onpe

.ri:enettHe ttanpasneHHH .D:BH)l{eHHH so.ri: B rny-

6oKHX ropH30HTax secbMa npo6neMaTwmo. 
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Puc. 6-6. Kapmbt U, V,Z Ilep6oMaiicKozo MecmopoJH:i>eHUR nepmu c zpanul(eii BHK npunamoii 61991 z: a) no JK6UnomeHl(UtutbHblM 3ua11euuRM; 
6) no JK6UJHepzemu11eCKUM 3Hll'leHURM, noi>c11umaH1tblM c ucnOJlb306llHUeM yi>eJtbHOU mewweMKOcmu o6bt'lHOU 60dbt; 
6) no JK6UJHepzemu11ecKUM 3Hll'leHURM, noi>c11umaHHblM c ucnoJlb306llHUeM yi>eJtbHOU me1Ul0i!M1<.ocmu my6oKOU 60dbt: 

J - o6mtCTb BblCOKllX :meprntt He6n.aronplUITHhlX )1Jlll CKOIIJieHHll He$TH: 2 - CKBa)KHHa B '!HCJIHTeJie ee HOMep; B 3HaMeHaTeJie COOTBeTCTBYIOII1He 3HepreTII'!eCKHe 3Ha'!eHIIll, M; 3 - H30JIHHIIll COOTBeTCTBYI0-

1I1ero 3Ha'!eHHll, M 
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IIocKOJibK)' ocHosHaH qacTb rrnacTo

BhIX .n.asneHHH 3aMepHeTCH B Hecl>THHbIX H ra-

30BbIX nnacrnx. Ilo 3Tou np11q11He Hapyrnaer

CH nepsoe ycnOBHe, T.K. Hecl>Tb H ra3 pe3KO OT

miqaIOTCH OT BO)lbl no IIJIOTHOCTH H BH3KOCTH. 

A nnacTOBbie .n.asneHHH, 3aMepeHHbie B so.n.o

HOCHhIX nnacrax, H3-3a .n.oporoBH3HhI pa6oT 

no HX HCIIbITaHHIO HaCTOJibKO pe,D,KH, 1lTO, KaK 

npaBHJIO, He Il03BOJTHIOT 1nyqaTb o6cTaHOBK)' 

no ,D,aHHOH MeTO,D,HKe j')Ke IIO BTOpoii rrpH11ttHe 

- Heo.n.Hopo)lHOCTH nopttcTou cpe,D,bI. H, HaKo

Heu, B-TpeThHX, rny6oKHe BO.IJ.hI, qacTo Haxo-

MTCH B 30Hax ABII,lJ; H AHII,lJ;, B rrpe.n.enax 

KOTOpbIX rrpottCXO,D,HT Hapymem1e ycTaHO

BHBIIIerocH pe)l(lfMa ( CKOpOCTb H HanpasneHHe 

,ZJ,Bl'DKeHHH IlOCTOHHHO MeHHIOTCH BO speMeHtt). 

,lJ;aHHhie npttqHHhI rpe6ymT 1rnoro <Pw-

3wqecKoro no.n.xo.n.a K tt3yqeHHIO )lBH)l(eHHH 

rny6oKMX BO)l B pe3KOHeO)lHOp0,Zl,HOH <PttnbT

paQHOHHOH cpe.n.e. ,lJ;.rrx 3Toro, rrpe)l{,Il,e scero, 

Ha,D,O IIOHHTb cl>mHqecKyIO cyrb cyn1ecrny10-

1Uero Mero.n.a orrpe.n.enemrn ttarrpasneHHH 

)lBH)l(eHHH BO,D, B OTHOClfTeJibHO O,D,HOpO,D,HOH 

cl>ttJibTpau:ttOHHOH cpe.n.e. 

6.4.1. HeuuepuuaJILHaB cl>nJihTpauuH H 
pa3phlBHOCTh UOTOKa 

B oTHOClfTeJThHO o.n.ttopo.n.ttoii <PttnbT

pau:ttOHHOH cpe.n.e, r.n.e rrhe30MeTptt11ecKax rro

sepxHOCTb na.n.aer OTHOClfTeJTbHO npHMOJIH

HeHHO H paBHOMepHo, cl>HJibTpauHOHHOe )J,BH

)l(eHHe Ka)l()lOH qacTH11Klf BO,D,bl OTHOCHTeJihHO 

.n.pyr .n.pyra MO)l(Ho paccMaTpHBaTh, cornactto 

COBpeMeHHbIM <lJ11311qecKHM rrpe)lCTaBJieHHHM, 

KaK HHepu11anbHoe ,Il,Blf)l(eHlfe BO,D,bl IIO,D, .n.e:H

CTBHeM rpa,D,HeHTa Hanopa. <l>lf3lf1IeCKOH oc

HOBOH )laHHOro MeTO)la HBJTHeTCH HHepUHOH

HaH CHCTeMa OTcqera. CornacHO KOTOpoii, 

<P11JTbTpauHOHHOe ,D,Blf)l(eHHe 11acT1111eK BO)lbl 

OTHOClfTeJibHO .n.pyr .n.pyra, OTpm1<aeMoe Ha 

KapTe Ilbe30Merp11qecKOH IlOBepXHOCTH, 

.n.omKHO COBepIIIaTbCH IIp}IMOJTHHeHHO If paB

HOYCKOpeHHO. A cl>11nbTpau110HHhIH rroToK 

OTTlfCbIBaeTCH ypaBHeHHeM Hepa3pbIBHOCTH. 

B pe3KoHeo.n.Hopo.n.Hoii <P11nbTpauttoH

ttoii cpe.n.e .n.aHHhie ycnoBttH ttapyIIIaIOTC}I. B 
rrpaKTHKe rtt.n.po,D,HHaMH1IeCKHX lfCCJie)lOBaHHH 

rrpoHBJieHife Ilbe30MHHHMJ'MOB If Ilbe30MaK

ClfMJ'MOB c II03HUHH HCIIOJTb3YeMOH 1rnepu11-

aJTbHOH CHCTeMbl OTcqeTa paccMaTpHBaJTH KaK 

30Hbl pa3rpy3KM H IIHTaHHH HJTlf 30Hbl nepero

Ka BO)l Me)l()ly rrnaCTaMlf. 0,ZJ,HaKO, 3TO rrpe.n.

IlOJIO)l(eHlfe qacTo He no,ZJ,Tsep:>K.n.anoci, reono

r1111ecKHM crpoeHHeM. B 3TOM cnyqae TaKMe 

tteyrropH.n.011eHHbie lf3MetteHHH ttanopos, pac

npe.n.eneHHbie 6e3 BH.IJ.HMOH reorror11qec1<oif 

npH11HHbl, paccMaTpHBaJTlfCb KaK He3aKOHO

MepHbie. Ho .n.aHHbie reonor11qecKtte npoTHBO

pelfH}I }IBmlIOTCH He3aKOHOMepHbIMH Jilflllb c 

II03HIJ;HH Irnepa;ttaJTbHbIX CHCTeM OTcqera. 

IlpH HCIIOJib30BaHlfH HettHepa;Hanb

HbIX ClfCTeM OTClfeTa OTMe11aeMbie 3KCTpeivry

MbI CTaHOB}ITC}I nerKO o6'bHCHHMbIMH. Ilptt1Ilf

Ha o6pa30BaHlf}I 3THX 3KCTpeMyMOB B nrracTe 

6y,n:er no.n.o6Ha o6pa30BaHHIO IIO)lbeMa BO)J,bl B 

peKe rrepe)J, rrpeIIHTCTBHeM Ha nym ee TelfeHHH 
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If c pe3KlfM IIOHlf)l(eHJfeM ypoBH51, BIIJIOTb ,D,O 

o6pa30BaHlfH 3aCTOHHOH 30Hbl, 3a rrpenHTCT

BHeM. IlpH1leM rrpH o6pa3oBaHlfH 3aCTOHHOH 

30Hbl npoHCXO,D,HT pa3pbIBHOCTb BO,D,Horo IJO

TOKa c o6pa30BaHHeM r11.n.pocTaTH11ecKOH 06-

CTaHOBKH. B 3TOM cnyqae, cornacHo 3aKoHa 

K11pxrocl>a. B o6rracmu 3acmoR 60dbl .n.asneHHe 

6y.n.er paBHO ,D,aBJJeHHIO Ha JIHHHH OTpbIBa. 

HcrroJib30BaHtte MaTeMaTHlfecKoro 

arrnapaTa MexaHHKH crrnoIIIHOtt cpe,D,bI rrp11 

H3yqeHHH )J,BH)l(eHml BO,D, B qmni,rpau110HHOH 

cpe.n.e, II03BOJT51IOT yrsep)J(,D,aTh, 1fTO reonor11-

qecKott rrplfqlfHOH o6pa3oBaHH51 3KCTpeMyMoB 

51BJI}llOTC}I pa3JTH1fHhie yxy.n.IIIeHH51 <l>EC IIJia

cTa Ha rryTH ci>HJThTpaumi BO,D,. 3To rrpHBO,D,HT 

K TOMy, lfTO rrepe.n. cl>HJibTpaa;ttOHHbIM rrpemT

CTBHeM 6y)leT o6pa30BhIBaThCH IIhe30MaKCH

Mj'M, a 3a HMM o6nacTb IlOHlf)l(eHHOro, HHOr)la 

TJOCTOHHHOro (3aCTOHHoro) Ha onpe.n.eneHHOH 

TJJTOIUa,D,H, ITJTaCTOBOf'O )laBJTeHH51 - Ilbe30Mlf

HHMJ'M. B 3TOM cnyqae Hanpasnemie )lBlf)l(e

HIDI BO)l MO)J(HO OTJHCaTb ypaBHemieM OTHOCH

TeJibHOro )J,Blf)l(emrn: 

Fucm=FUfrep+Fonm, ( 6.22} 
r.ue FuHep - CHJTa HHepuHlf perlfOHaJihHOH lfJTH 

30HaJibHOH cl>HIIhTpau:tttt; Fucm - HCTHHHaH c1rna 

30HaJibHOH HJIH JTOKaJibHOH ci>HJJhTpaum1; FamH 

- CHJJa OTHOCHTeJJbHOH <f>ttJJbTpau:ttH lfaCTHU 

BO)lbl. 

/(;m Ha2llRd11ocmu npuBedeM npUMepbl 

no U3)''leHu10 Hanpa6Jlemm rjJWlbmpalfUU Bod c 

ucnOJlb306GHUeM HeUHeplfUllllbHblX cucmeM 

omc'lema 6 npedeJlax IJep60Ma-iicK020 Mecmo

poJ1CdeHWl 11erjJmu, Komopoe caMo no ce6e R6-

JlRemcR Kpyn11oii rjJJ11oud11oii Heod11opod110-

cmb10 no omHozue11u10 K Bode. I'paHUlfbl BHK 
3a c'lem d6UJ1CeHWl 60dbl uMe10m pa3llU'IHble 
a6coJ110m11b1e om.uemKu Ha 3anade -2440 .u, 
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J - CKBITTKl!Ha B q11cJil!TeJie ee HOMep; B 3HaMeHaTeJie COOTBeTCTBYIOIJ.111H Hanop, M; 2 - ll30JlllHIDI COOTBeTCTBYIOIJ.1erD Hanopa, M 

75 



Ha eocmoKe -2400 .M. 

Bo-nepBblX, 

eo3epamu.,111cR K Heon

pede!leHHocmu ycma
HOBRewm HanpaeJ1ewm 

iJeuJ1CeHUR eoiJ e npeiJe

JlaX 3ane:J1Ceu HerjJmu 

(?Jlaea 1), nocmaeJleH

HblU eonpoc «KaK eooa, 

06U2aHCb Ha 3aJleJICb, He 

mollbKO c.MeUJaem ee, 

HO u npoxoiJum 11.epe3 

nee?» 6yiJem iJocma

mo11.Ho J1e2Ko peuwmb

cR. 3a c11.em CWlbl UHep

tfUU pe?UOHGJlbHOU 

rjJWlbmpatfUU npoucxo
oum HGKJIOHHOe C.MeUJe

HUe 2paHUtf 3aJleJICU, 

ucmunHaa cwza 301la.Jlb

HOU rjJwzbmpatfuu eoobl 

6yiJem Hanpa6lleHa 6 

o6xoo 3aneJ1Cu. 

Bo-emopblX, 3a 

c11.em mo20, 11.mo .Me-

248 C• 

14,5 ., 

\,, 

13 \ 

8 

258 
8,2 0 256 

266;t:_~ _,V' ' 13 
13.1 <.. -·-- ( 65 

- "' . "13.5 
'·' J3 Q9 

10 10, 1 

cmopoJ1CoeHue Bbzma

Hymo c 102a Ha eocmoK 

pe2uoHGJ1bHoe Hanpae

JleHue iJeuJ/CeHUR eoiJ, 

Puc. 6-8. Kapmbl o6U(UX u 3</HjJe«muBHblX moJlll(UH 

llep60MUUCKOW MecmopoJJClJeHUR HetjJmu: 
I - CKBaJKHHa; B 'IHCJI!Herre ee HOMep, B 3HaMeHaTeJie TOJlll(HHa rmacra; 2 -
lBOJIHHHH paBHLIX TO,'!Il{HH 

onpeoeJ1Re.Moe no Hanpa6lleHu10 HaKJ10Ha BHK 

ua 3anaiJ, .MOJICHO pacc.Mampueamb KaK npu-

6J1uJ1Ce1111oe. /{llR 60J1ee mottHO?O ew onpeiJe

J1e11u.R onamb-maKu eocnoflb3Ye,ltcR 11eu11eptfu

aJlbHOU cucme:l\-WU omcttema. Cpae11ueaa Kap

mbl moflUJWt (Puc. 6-8) c KapmaMu 11anopoe, 

MOJICHO om.Memumb, ttmo e tfeHmpe 10J1CHOu 

ttacmu ;wecmopoJ1CiJe11UR 11a6mooaemcR MaK

cwwanbnoe c11u:J1Ce11ue o6UJeu u :JrjJrjJeKmueHou 

moflUJUHbl nRacma, a ttymb ceeepo-3anaoHee 

mmwettaemca 311ep20- u nomentfuo.Memputte

CKUU ;wu11wwyM. CJ1eiJoeamenbHO, pe2uoHGJ1b

HaH cu.Ila u11eptfuu rjJUllbmpatfuo1111020 nomoKa 

eodb1 6yoem HanpaeJ1eHa Ha ceeepo-3anao, 

cMeUJaH 311ep2emu11.ecKue .MUHUil1YMbl e 3mOM 

11anpaeJ1e11uu, a ucmwmaa JlOKGJlbHWl apxwwe

iJoea cUlla ecnJ1b1mUR 11erjJmu npu rjJop;wupoea

HUU 3aneJ1Cu cmpeMumcR o6oumu .MGJIO.MOUJ-

Hy10 ttacmb nflacma. 

llpu 3moM Heo6xoowwo om.Memumb, 

ttmo 3Hep20.MemputtecKuii .MUHWWyM, om.Me

l/aeMblU 6 paiioHe CK6a:J/CUHbl 263, 603MO:J/CHO, 

RBJIRemcR 06J1acmb10 3acmoR. B :Jmo.M cflyttae 

npoR6JlRemca 3aKOH KupxzorjJa. B npaKmutte

CKOM nJlaHe, 31110 0311attaem, ttmo npu no

cmpoe11uu Kapm 11anopoe B paiio11e om 3mou 
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CK6QJICUHbl 00 cepeOUHbl paccmoRHu.R c co

ceiJnu.MU CK6G:J/CUHaMU, 6yoym coxpaHRmbCR 

ana'lo?Ul/.Hble 11anopb1 u moflbKO nomoM u:x 11a-

pacmanue. 

C r/JU3ul/ecKou mo11.Ku 3peHu.R, pac

nwmpeHHbze 11eoopo0Hocmu rjJWlbmpatfUOH

nou cpeiJb1, omHocRmcR K naccueno;wy muny u 

xapaKmepHbl. mollbKO d!IR ycma11oeueu1e2ocfl. 

peJ1Cuwa iJeuJ1CeHu.R 2J1y60Ku:x eoiJ. B 30Hax 

ABll/{ lL1U AHll/{ npoucxoiJum Heycmanoeue

wuucR peJICUll d6UJICeHu.R 2J1y60KU:X eoiJ. B 
3moM crvttae maKue 30Hbl 6yiJym omHocumbcfl. 

K muny -aKmuenou neoo1wpoonocmu rjJuflbm

patfuonnoii cpedbl. /JaHHble 30Hbl noo iJeiicm

BUe.tt CWl UHeptfUU pe2UOHGJlbH020 2uiJpocma

mul/eCK020 Hanopa 6yiJym cMeUJambCR om 

tfeHmpa MGKCU.MaJlbH020 u:x numaHu.R. 

TaKUM o6pa3oM, ucnollb306a11ue 11e
u11epu,uaJ1b1tbtX cucmeM omcttema npu U3J
ttenuu iJ6uJ1Ce11ua 6oiJ 6 pe31<.011eoiJ11opoiJ11ou 
pwibmpau,uonnou cpeiJe no360llRem cnamb 
cyw,ecm6y10w,ue npomu6opettua. llpu ':lmoM 
ucnollb306a11ue ypa611e11ua nepa3pbt61tocmu 
nomo«a cmano6umca 11enpueMJ1eMblM, no
c«ollbKY 6 3mux JC!l06URX npoa6JlRemca 3a-
1<011 Kupxwpa. 



6.4.2. BbIHBJieHRe 3KpaHoB B 

Mea\:CKBUKllHHOM npocTpaHCTBe 

I'tt)l.poreonorttqecKax KOppemIIJ,H51 

rmaCTOB MO)KeT paccMaTPHBaTbC51 KaK )l,OIIOJI

HHTeJibHbIH MeTO)l, reocpH3HqecKOH KOppeJI51-

ll,HH. 3ToT MeTO)l, MO)KHO HCIIOJib30BaTb rrpH 

KoppemIJ,HH Me)K,Izy )l,aJieKO OTCT051lll,HMH .ll.pyr 

OT ,ll,pyra CKBruKHHaMH c 11,eJibIO Bbl5IBJieHH51 

3KpaHOB Me)Key HHMH. 

B ocHoBy MeTO)l,a rH,L1,poreonorlfqe

cKoH Koppen51IJ,HH rroJIO)KeHa rpaqmqecKa51 

3KCTpanoJI5111,H51 3aBHCHMOCTH H3MeHeHH51 )l,aB

JieHH51 C rny6HHOH. I'pa)l,HeHT 3TOfO H3MeHe

HH5! 3aBHCHT OT IIJIOTHOCTH cp1IIOH)l,a (HecpTb, 

ra3, BO)l.a). TloCKOJibKY BC5!KOMY )l,aBJieHHIO B 

IIJiaCTe COOTBeTCTByeT orrpe,ll,eJieHHaH BblCOTa 

IIO)l,'beMa )KH)l,KOCTH B CKBruKHHe B 3aBHCHMO

CTH OT ee IIJIOTHOCTH, 3Ta BbICOTa MO)KeT 6bITb 

rronyqeHa Herrocpe,ll,cTBeHHO Ha rpacpHKe H3-

MeHeHHsr )l,aBneHH51 c rny6Irnoii, ecnH npmKc

TPanOJmpoBaTh JIHHHIO rpa,ll,HeHTa )l,aBJiemrn 

BBepx )l,O rrepeceqeHHsr c ocbIO op)l.HHaT, r)l,e 

)l,aBJieHHe paBHO ttyJIIO. 

IIpH rH,ll,pocTaTHqecKHX ycnoBH51X B 

O)l,HOpO,ll,HOM rrnacTe c ropH30HTaJibHOH ITbe-

30M~HqecKOH IIOBepXHOCTbIO Bee ToqKH 3a

Mepa ITJiaCTOBblX )l,aBJieHHH )l,OJI)l(Hbl JIO)KHTbC5! 

Ha O)l,tty JIHHHIO rpa,ll,HeHTa )l,aBJieHHH. TlpH 

3aMepe ITJiaCTOBbIX )l,aBJiemril B fa30BOH, Hecp

T5!HOH H BO)l,HOH qacTH nnacTa Ha 3TOM rpacpH

Ke B MeCTaX rrepeceqeHHH JlHHHH rpa)l,HeHTOB 

3THX cpa3 orrpe,L1,eJI5lIOTC5! a6coJIIOTHbie OTMeT

KH BHK, rHK, rrpH OTCYTCTBHH HecpT5!HOH 

qacTH rBK. B pe3KOHeO)l,HOpO)l.HOM IIJiaCTe 

ToqKM 3aMepoB rrnacTOBblX ,ll,aBJieHHH B HecpTe

H fa30HaCbllll,eHHbIX rrnacrnx MOfYT JIO)KHTbC51 

Ha pa3Hble JIHHHH rpa)l,HeHTOB )l,aBJleHHH, qTo 

6y,ll,eT CBH)l,eTeJibCTBOBaTb 0 BCKpbITHH CKBa

)KJIHaMH pa306II1eHHbIX JIHTOJIOfHqecKH-

3KpaHHpoBaHHbIX 3aJie)KeH. XoT51 no reocpH3M

qecKoH KoppemIIJ,HH )l,aHHbltt IIJiaCT 6y)l.eT pac

CMaTµHBaTbC5! KaK O)l,HOpO)l,HbIH c e)l,HHOH 3a

Jie)KbJO. ,nocTaTOqHo I10)l.po6Ho )l,JI51 fH)l.pOCTa

THqecKHX ycnOBHH )l,aHHbJH MeTO)l, H3JlO)KeH H 

rrpoHJIJIIOCTpHpOBaH B MOHOrpacpHH 3.q. 
,nano6epra [27]. 0)].HaKo, OCHOBHa5! CJIO)l(

HOCTb fH)l.poreoJIOflfqeCKOH Koppen5!11,HH 3a

KJI10qaeTC5! B TOM, ~o B peaJibHOCTM fH)l.pO

CTaTHqecKMe ycJIOBH5! B rrnacTax pe)l.KO HMeIOT 

MeCTO. 

IIptt ™.ll.PO.ll.HHaMHqecKHx ycnomrnx B 

O)l,HOpO)l.HOH cpHJibTpa11,HOHHOH cpe)l,e ITbe30-

M~MqecKaH IIOBepXHOCTb 6y)l.eT CHH)KaTbC5! 
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paBHOMepHo H rrp»Momrne:HHo, a ToqKH 3aMe

poB IIJiaCTOBbIX )l,aBJieHMH Ha rpacpHKe H3Me

HeHHH )l,aBnemrii c rny6MHOH 6y)l.yT JIO)KHTbC5! 

Ha pa3Hbie JIHHHH rpa.I(HeHTOB )l,aBJieHMH. Hc

KJIIOqeHHe COCTaB51T JIHIIIb )l,aBJieHmI, 3aMe

peHHbie Ha JIHHMHX paBHblX HarropoB. 

B pe3KOHeO,ll,Hopo,ll,HOH cpH1IbTpa11,noH

HOH cpe,21,e nhe3oMerpttqecKaSJ rroBepxHocTh 

6y,ll,eT HMeTb 30HbJ Ilbe30MHHHMYMOB H IIbe-

30MaKCllMYMOB. B 3TOM cnyqae B Harrpasne

HHH perHOHaJibHOfO HJIH 30HaJibHOfO IIOTOKa 

6y,ll,YT oTMeqaToC51 pe3KHe rra,ll,eHH51 Hanopos, 

rrpH HaJIHqmi: B Me)KCKBruKHHHOM rrpocTpaHCT

Be rropo,21, c pe3KO yxy,ll,IIIeHHbIMH cpHJibTpall,H

OHHblMH csoiicTBaMH. HHbJMH cnoBaMH, 6y,ll,eT 

npo5!BJI5!TbCSJ JI060BOH-TbIJIOBOH 3cpc):ieKT. 

/{JIJl npUMepa pacc.MompUM MW1ope-

1Je11cKoe .MecmopoJ1Coe11ue 11erjJmu, Komopoe, 

no oa1111b1.M noucKoeo-pmeeoo1J11020 6ype11ufl, 

xapaKmepU3oecmocb omcymcmeue.M 11enpo11u

lfae;ttblX 1011. Ilpueeoe1111b1e u 311ep20.Mempu1ie

cKue 11anopb1 11a .MecmopoJ1Coe11uu xapaKme

pUJy10m oocmamO'iHO CflOJICHYlO o6cmaH06KY 

nepepacnpeoeJte11U.R 11erpmu. Ilpueeoe1111bie 

11anopb1 KOJte6momcfl om 1 oo 188 M (Puc. 

6-9). 3Hep20Mempu'tecKue 11anopb1 - om 31743 
oo 36298 .M. HcnoJtb306a11ue 2uopo2eoJto2U'ie

cKou KOppeltfllJUU nOJ60JllmO 6bl0CJtUmb iJea 

3Kpa11a e AteJ1CCK6a:J1cu11110M npocmpa11cmee. 

Ha puc 6.10 npueeoe11 nepeb1u npUMep 

6bl0eJtC1lU.R 3Kpa11a .MeJtCoy CK6aJICU1laMU 122 u 

124. CKa'ioK 11anopoe MeJtCoy 3mwwu cKea

:JICUHGMU oocmu2aem 128 .M. HeJHa'iumeJtbllblU 

nepenao 11anopoe 8 M, Komopb1u 11a6Jt10oaem

Cfl .Me:JICOY CK6a:JICU1la.MU 118 u 124, 6XOOUm 6 

npeoeJt no2peumocmu MemoouKu 2uopo2eoJto-

2u'tecKou Koppe.!lRlJUU, 'imo noJeoftflem pac

c.Mampueamb pauo11 3mux CKBa:J1Cu11 KaK Ja

cmou11y10 3011y. BHK -2445 .M, onpeoeJte1111b1u 

no nepece'ie11u10 Jtu11uu 2paoue11moe CK6a:J1Cu11 

118 u 124, noomeep:J1COaemcfl c rpaKmU'te

CKUM, ycma11oe,7e1111b1M e CK6a:J1Cu11e N!2 118. 
Ha puc. 6.11. npueeoe11 emopou npu

Mep 6blOeJteHU.R 3Kpa11a .Me:JICOY CK6G:JICU1la.MU 

125 u 128, 2oe nepenao 11anopoe oocmuwem 

37 M. B pauolte CK6G:JICUHbl 128 oocmamO'iHO 

xopouw euoe11 nbe30MUHU.MYM. Omcymcmeue 

Re110 eb1pa:J1Ce11no20 nbe3oMaKcUMy.Ma e pau

one CK6a:JICUltbl 125 C6UOemeJtbCmByem 0 mOM, 

'imo CK6a:J1Cu11a 11axooumcfl omnocumeJtbHO 

OaJleKo om 3Kpa11a. Ha CK6a:J1Cu11y 120 11e cKa-
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Puc. 6-9. ruopozeoJIOZU'leCKQH .'lfOOe.'lb 

Mwwpe11euc«ow Mecmopo:»coeuua uetjJmu: 
[ - CKB<UKHHa: B 'IHCJTIITene ee HOMep, B 3HaMeHaTe.'le TipHBe

)leHHbIH Hanop, M; 2 - H30nHHIDI npHBe)leHHOro Hanopa, M; 3 -
HHepUHOHHOe HanpasneHHe perHOHanbHOii QJHJlbTpalllfll; rpa
Hlfl.la 3aneJ1m: 4 - npttHllThlii BHK nptt no.ucqere 3anacos; 5 -
yrn'IHeHHi>Iil BHK, 6 - HenpOHHUaeMbie rpaHHULI. 

3bl6aemrn 6JlU5lHue mb1J1oeo20 3</J</JeKma 

CK6a.JICUHbl 124. flo3m0My nepenaiJ ua

nopoe 19 M Me.J1CiJy CK6a:JICUHGMU 120 u 

125 MO.JICHO paccMampueamb KaK 2pa

iJueHm Hanopa xapaKmepU3y10UfUU 2uiJ

poiJuHGMU'JecKy10 o6cmaH06KY 6 n;iacme. 

fl OCKOJlbK)' 6JlU3KUU nepenaiJ Hanopo6 20 
M omMe'JaemcR Me.J1CiJy CK6a.JICUHGMU 

125 u 123, MeJ1CiJy KomopblMU 3KpaH 

omcymcmeyem. 

llpu ::JmoM Heo6xoiJuMo 3aMe

mumb, 'imO CK6a.JICUHbl 120 u 123 JlO

:JICamcR Ha oiJHy J1UHU10 2paiJueHma Ha

nopa, HO OC1106e 3mo20 MO:JICHO npuHRmb 

oum6o'Juoe pemeuue o ecKpbzmuu 

CKBG:JICUHGMU zuiJpocmamu'JeCKOU cuc

meMbl. <PaKmU'ieCKU Mbl wweeM iJe!lo c 

peiJKww ucKJ110'JeuueM U3 npaewia. 06e 

CK6a:JICUHbl uaxoiJRmCR 6 2uiJpodUHGMU

'JeCKUX ycJ106U5lX, HO 6CKpblllU n!lacm Ha 

JlUHUU paeH020 Hanopa 94-95 M. 

Ta«UM o6pa:Jo.M, ucnollb306a
nue zuiJpozeOJIOZU'leCKOU 1<.oppellRU,UU 
Momem noJ60.TIRmb 6blR6llRmb J1<.panb1 
e 111emc1<.6amunno111 npocmpancm6e no 
pe31<.0111y naiJenu10 nanopa. Ocno61lblM 
yCJ106ue111 npUMenUMocmu iJannozo 
.MemoiJa R6Jlaemca pacnoJlomenue 
c1<.6amun no nanpa6J1enu10 pezuon(lJlb
nozo UJIU JOll(lJlbllozo nanpa6J1enun 
t/JUllbmpau,uonnow nonw1<.a. 

6.4.3. Bapuau:noHHLie npHHU:HIIhl 

B TeopHH B513KoyrrpyrocTH ,rem myqe

HH51 HarrpaBneHH51 rron3yqecTH Ten HaH6onee 

npoCTbIM rrpn:HU;HITOM 51Bll51eTC51 npUHIJUn 

BoJ1bmeppb1. IlpHMettettn:e )l,attttoro rrpHmuma 

B03MO:IKHO TOllbKO rrpH ycnOBHH ITOCT051HHbIX 

HnH Me)UleHHO MeH51IOIIIHXC51 BO BpeMeHH Ha

rpY3Kax, rrpette6pera51 c1rnaMH HHepu;Hn: H or

paHHqHBa51Cb KBa3HCTarnqecKOH ITOCTaHOBKOH 

3a)l,aqH. Ilo CYTH, ,ZJ;aHHbIH rrpn:HU;HIT MaTeMa

THqecKH attanorn:qett MeTO,ZJ;y onpe,ZJ;eneHH51 

HarrpaBneHM.51 )J:BH:IKeHM.51 ITO,D:3eMHbIX BO)]: B OT

HOCHTellbHO O)J:HOpO,ll,HOH $n:nbTpaQHOHHOH 

cpe.ue c KBa3HYCTaHOBHBIIIHMC51 pe:IKHMOM. 

,!Viii yqera CHll HHepu;HH B03HHKaIO

IIIHX ITO)]: )l,eHCTBHeM KaKn:x-mr6o rpaHHqflblX 

ycnoBHH, B TeopHH B513KoyrrpyrocTH rmrpoKoe 

rrpHMeHeHHe HamnH BapHaQHOHHbie rrpHHU;H

Ilbl Jlarpam1<:a H KacTHnh51HO [2]. HcxoM H3 
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ycnoBmI, 'ITO rro.u rpaHHqttLIMH ycnOBH51MH 

ITOHHMaeTC51 HeO)J:HOpO)J:HOCTb $HnbTpau;HOH

HOH cpe,llbT H H3BecTHO perHottanhHoe HnH 30-

Hanbttoe ,D:eHCTBHe CHllbl HHepu;HH BO)]:, ,u:aH

Hbie rrpHHUHIThl MO:IKHO c$OPMYllHpOBaTb cne

.D:YIOIIIHM o6pa30M. 

llpunu,un Jlazpanma. (llpu ucc.r1eiJo-
6anuu .101<.a.1bnozo, JOH(lJlbHozo nanpa6J1e
llUR iJ6umenun 6oiJ). HJ 6cex 603.M031CllbtX 
nolleii nepe.Mew,enun 600bl (netjJmu u za:Ja), 
comaco6annbtx c neoiJnopoiJnocmb10 
t/JU11bmpau,uonnoii cpeiJbt, ucmuHHblMU 6y
iJym me, npu 1<.omopbtx nollllaR 3Hepzun, Ja
mpa11u6aeMaa na noJ13y11y10 t/JUllbmpau,u10 
pacCMampu6ae.Moii meppunwpuu, cmpe111u
J1acb 6bl 1<. MUHUMyMy. 
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IIpunt.(un KacmWlbR1w. (IIpu ucCJ1eOo
Banuu HeOOHOpOOHOCmU t/JU!lbmpat.(UOHHOU 
cpeob1). H1 Bcex cmamur1ec1<.u BOJMO:>JCHblX 
no!leU neoonopoonocmu t/JU!lbmpat.(UOHHOU 
cpeob1 ucmunnblMU 6yoym me, npu 1<.omopblX 
nollHaR JHepzUR t/Jwibmpat.(UOHHOU cpeObl 
pacCMampuBae.ttou meppumopuu cmpeMu
!lacb 6bl K MUHUMyMy. 

llpUHtfun Jla2paH:J1Ca ucnoflb306aJICR 6 

6bZUle npu6eOeHHblX npUMepax no llep60Mau

CKOMY Mecmopo:J1COeHwo. llpUHtfUn Kacmwrb

RHO pacc:'lwmpuM HU:JICe na npUMepe MaJ1ope

IJeHcKoe Mecmopo:J1COemm. Hcnoflb3YR 6blute

npueeOeHHble pe3yflbmamb1 2uopo2eo!lo2uIJe

cKoii Koppe!/Jl,tfUU u Kapmy npu6eOemtb1x na

nopo6, meppumopUR ucc!leOyeM020 yIJacmKa 

6bz!la pa'30e!lena Ha cucmeMbl u noocucmeMbZ. 

Cucme11w A. CK6a:J1Cu11a 117 xapaK

mepu3yemcR MUHUMaTlbHblMU 3HaIJemm.Mu na

nopoe: npu6e0eHHblM 1 M u 311ep20.'WempuIJe

CKUM 31824 M. llpu npo6Hoit omKaIJKe U3 

3mou cKea:JICUHbl 6b1Jlo 006b1mo 40 .~l He<ftmu. 

3a 3mo 6peMR nitacmo6oe Oa6Jle11ue pe3KO 

CHU3WlOCb c 24.11 oo 23.97 Mila. Ha oc1106e 

3mo20 cOe!lano npeono!lo:J1Ce11ue, IJmo paiion 

OpeHUp06QHUfl CK6Q:JICUHbl R6JlRemCR 2U0poiJu-

1lQ.MU'JeCKU u3o!lupoeannou fl06yutKoit. llo 

rjJopMyfle B.H II(eflKaIJe6a paccIJumaH o6beM 

openupyeMOU 11erpmu, a 3ameM ee nflOUjaOb, 

KomopaR cocma6wra 0. 7 KM2. 

CucmeMa C, xapaKmepU3)'1<JUjaRCR 

11taKCUMaJ1b1lblMU Hanopa111u (npu6eiJe1111b1u -

181 M u a11ep20MempuIJeCKuu - 36563 M}, na

xoiJumcR 6 He6!la20npw:tmHblX 2uiJpoiJu11Q.Mu

IJecKux yc!l06UflX OflR coxpaHHocmu nerjJmu. 

llpuIJUHou o6pmoeanzm 2uopoiJu11a,mIJecKu

Jlo6oeoit fl06yutKu 11e<ftmu 6 3mou 3011e MO:J1Cem 

R6JlRmbCR 3KpaH, wwe10UjUU 602Hymy10 rjJopMy 

6 cmopoHy npomu6onoflo:J1C11y10 Hanpa6Jle11u10 

pe2uoHaJ1b11ou </Ju!lbmpatfUU 600bl. 

CucmeMa B npeiJcma6flRem co6ou 

2uiJpoiJUHa"vtU'JeCKU-mblfl06YIO Jl06yutK)7 11erjJmu 

u 6KltTOIJaem 6 ce6R 06e CK6axu11b1 12 4 u 118 
Hanopbl 6 KomopblX npaKmuIJecKu pa6Hbl (npu-

6eoeHnbze 73 u 65 M u 311ep20MempuIJecKuu 

32742 u 33287 M). B fl06yutKe coxpaHRemrn 11a 

0060JlbHOU 3HaIJume!lbHOU n.JlOUjaOu 3acmou

HaJl 06cma1106Ka 3a cIJem 3Kpa11upy10Uje20 

6.TlURHUfl c 6ocmoKa u c 102a. 

CucmeMa D maK:J1Ce Re.JlJlemcR 2uopo

OUHaMUIJecKu-mb1Jlo6ou Jlo6yutKou 11erjJmu 6 

pauo11e CK6a:J1CUHbl 128, 6 3011e nbe30Mempu

IJecK020 MUHUMy.111a 77 M u 3HepcoMempuIJe

CK020 -32742 M. 
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CucmeMa E 6KfllOIJaem 6 ce6R co6cm-

6eHHo C600060-2uiJpoOUHa"vtU1.feCKJ7lO Jl06YWKY 

Herpmu, 6Hympu KOmopou HGXOOUmCR CUCme

Ma D. MaKCUMaJlbHble npu6eiJe11Hb1e 11anopb1 

127 U 114 MU OmMeIJa10mCR Ha 60CmOKe OaH

HOU cucmeMbl CK6. 121 u 125. /(aJ1ee oHu, no

HU:JfCaJlCb, 6blpa6HU6a10mcR 6 paUOHe CK6a:JICUH 
120 - 95 Mu 123 - 94 M. (311ep20MempuIJecKue 

11anopbz 33369 u 33436 M). Om11ocume!lbHO 

HU3Kuu npu6eOeHHbzu Hanop 48 M 6 pauoHe 

CK6. l 3 2 cemaH c 3acmo-UHblM 6JlUflHUeM cuc

meMbl A. llocmpoeHHaJl 2uopo2eo!lo2uIJecKaR 

MOOe!lb MecmopoxiJeHUR xopouto 6bz!la 

aiJanmupo6aHa c pe3yflbmama111u ezo pa3pa-

6omKu. 

Pmpa6omKa Mecmopo:J1CoeHUfl HaIJa

JtaCb c 1985 2oiJa. C 3mo20 6peMeHu Ha6Jl10iJa

flUCb C!leoy10Ujue U3MeHeHUR. B 10x11ou IJacmu 

nnacm OKa3aJICJl npaKmuIJecKu HenpoHUtfae

MblM. B 3oHe 2uopoouHaMuIJecKou fl06yutKu 

npoU3oumo y6e!luIJeHue n!lacmo6020 iJa6fleHUfl 

iJo 26 Mila, u 6 iJo6bl6alOUjUX CK6a:JICUHax 

noR6WlaCb Ha211emame.rtbHaJl 600a. B ocmartb

HblX IJacmRX npOU30U.fflO 3HaIJume!lbHOe CHU

:J1Ce11ue iJa6fleHuii oo 16-20 Mn a (Puc. 6-12). 
B cucmeMe B o6pa3o6a.rtacb 6o!lbU.fllH 

OenpeCCUOHHllH 60pOHKQ, HeCMOmpR Ha 3aKa'J-

1<}' 600 JlUHUeu CK6Q:JICUH, ceKylljUM cucmeM)i c 
3anaoa Ha 6ocmoK. Ha 1020-3anaoe cucmeMbl 

B Ha6Jl100aJ1CR noiJmoK nnacmo6blX 600. 

MaKCUMaJlbHaJl o66oOHemwcmb oo 60 
% 11.;1QCtn06blMU 600a"vtU 3arjJUKCUp06([1la 6 

cucme:we C. B 1020-6ocmoIJHOU IJacmu cucme

.:itbl E npoucxoiJwro pe3Koe npo06U:J1CeHue nna

cmo6bl.X 600 6 3anaiJHoM Hanpa6JleHuu, 3a 

CIJem pe2UOHGJ1b1l020 noonopa 600 6 3mOM 

pauo11e. 

llo oaHHblM 3KcrmyamatfUOHH020 6y

pe11UR 3a 1989 200, 6bIR6.rze110 omcymcm6ue 

'lemK020 11erjJmRH020 KOHmaKma Me:JICOY Jl0-

6yutKa'WU e cucme.-wax E u D. B 1990 2ooy 

CK6a:JICUHbl, npo6ypeHHble Ha 1020-eocmoKe 

cucme.-i1b1 D, noomeepowru HaJIUIJue 11enpoHu

tfaeM020 3KpaHa. 

Ta1<.u.ff o6paJoM, ucnollbJOBanue Ba
puat.(uonnozo npunt.(una KacmWlbRHO no-
360llUllo cdellamb 6bl60d o moM, 'Imo Ml1llo
pe'lenc1<.oe Mecmopomdenue netjJmu cocmo
um UJ n.11mu J10Byme1<. netjJmu, 6 ocnoBHOM 
paJOe.nemtblX Memoy co6ou nenponuu.ae
MblMU 11<.pa11t1Mu, Jmom 6bl600 noomaepOWl
CR oannbl.MU 11<.cn!lyama11;uo11nozo 6ypenUR u 
pe3JllbmamtLttu ezo pa3pa6om1<.u. 



Puc. 6-12. Kapma uw6ap Mwwpe-
11e11c1<020 Mecmopomoeuua 11e<}Jmu ua 

01.01.93 z: 
I - IIOHCKOBO-pa3Be,11,oqmlll CKBIDKHHa H ee HO

Mep; 2 - ,11,06bIBaJOlI!as! CKBIDKHHa; B qHCJlllTeJJe ee 

HOMep, B 3HaMeHaTeJie illiaCTOBOe ,l\aBJleHne, B 

aTM; 3 - HarHeTaTeJJLHas! CKBIDKHHa JI ee HOMep; 4 
-H30JlllHHH paeHoro rmacTOBOfO JJ.aBJJeHmI; 5 -
HarrpaeJJeHHe IIa)l.eHllll IIJJaCTOBOro .l(aB;<eHHJI. 

6.4.4.Heo;iHopOJJ:HOCTL cl>HJILTpau;HOHHOH cpe;iLI H 
JHeproMeTpHqecKHH Hanop 

B npe,n;i1,zzyrn:eM pa3,ll,eJie 61>mo ,ll,OCTa

TOIJHO IJeTKO TIOKa3aHo, lJTO 3HeroMeTpw1e

CKHe Hanop1>1, KaK 11 npme,n:eHHI>Je ttanop1>1, 

OTPa)KaIOT B npe,n:enax MecTopmK.n:eHH.SI Ha

npaBnemrn .n:e:HCTBHe CHJibl HHepl(HH 30HaJib

HOro cpHJibTpal(HOHHOfO TIOTOKa. 0)],HaKO, 

npHBe,l],eHHblH npHMep SIBJHTeTC51 JIHIIIb qacT

HbIM cnyr.rneM. B o6rn:eM cnyr.me 3HeproMeT

pHqecKHH Hanop, 51BJISl51Cb CHCTeMHOH BeJIH

lJHHOM .n:oJDKeH OTPa)KaTh He TOJII>Ko ttanpaB

JieHHe cpHJibTPal(HH rn:y6oKHX BO)],, HO H He-

0,ll,HOpO,ll,HOCTb cpHJibTPal(HOHHOM cpe,ll,bl. 

/{JtR Mecmopmtcoenuu, xapaKmepu-
3Y10Uf.UXC51. omnocume!lbHO 001-1opo011b1Mu KOJl
JteKmopcKUllU C6oucm6GMU, npucyUf.e 2pa6u
ma1Juo1111oe pacnpeoeJte11ue 1-1erjJmu no 6b1co
me. Ilpu 3moM 311ep20MemputtecKue 11anopbl 6 
npeOeJtax 3w1eJ1Cu yMe11buta10mc51. 66epx om 
nJtOCKocmu BHK Ha2J1.RdHblM npUMepoM 51.6-
JtRemcR 10JICHGR ttacmb Kapmbz 3K6U3Hep20-
1wemputtecKux 1-1anopo6 Ilep60MaucK020 Me
cmopoxdemm (Puc.6-7). 

B npeOe!lax H20JtbCKo-T wzo6020 u Ka
paucKozo Mecmopoxoe11uu nerjJmu onpeoe-
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JtR10Uf.UM rjJaKmopoM, Konmp0Jtupy10UJUM 2pa
llUlfbl BHK, maK:JICe 51.6JtRemcR 2pa6umal{uon-
11bzu npu111Jun. 311ep20MemputtecKue nanopbl 
cnuxa10mcR om 40744 M na 2paHUZfax BHK 
do 39860 M 6 KynoilbHblX 11ac1W1.X (Puc.6-3). 
IJJ1om11ocmb nerjJmu U3Me1151.emrn om 0.86 do 
0.83 zlcM3 (Puc.6-13). B51.3Kocmb - om 8.4 do 
7.0 M..M21c (Puc. 6-14). 

Ha 102e cmpyKmyp npo51.6WlC51. Kanwt
Mp11b1u npUlll{Un pacnpedeJleHUR 11er}Jmu, zoe 
ee nJtom11ocmb 11erjJmu npe6blut.aem 0.87 zlcM3, 

a KUHeMamutteCKGR 651.3KOCmb - JO M..M2!c. 
311ep20MemputtecKue Hanopbz 3decb npe6bl
ut.a10m 41000 M, 'Imo 06yc.T106JleHo yMeHbut.e-
11ueM 3rjJrjJeKmU6HOU MOllfHOcmu nJtacma oo 
0. 6 M (Puc. 6-16) u y6eJlU'lellUeM 3Q2JlUllU3Upo-
6allllOU moJtllfUHbl 1macma do 3. 6 M (Puc. 6-
15 ). 3a cl/em 3mo20 mRJ1CeJtb1e KOMnoHeHmbz 
11erjJmu (acr}Jwzbme1-1bl, CMOJtbl u dp.), 06jw
da10l1Jue 6 mou WlU UllOU Mepe noeepxnocm110 
GKmU611blMU ceoucmeGMU, ydep:JICU6G10mCR 6 
nopode 6 6Ude c0Jtb6am11b1x 1me110K u co3oa10m 
C6oeo6pm11b1u 3Kpa11 Ha nymu 06UJ1Ce11UR eo
dbl u Jle2KUX KOMno11e11moe 11erjJmu. 
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Puc. 6-15. CxeMamu11ec1<aR 1<apma 1amuuu1upoaauuou mollUl,UHbl n.11acma 10/ 6 
npeiJeJ1ax Hwllbc1<0-Tlllloaow u Kapauc1<ow MecmopomiJeuuu uefjJmu: 

4KM 

1 - CKBIDKHHa: B qllCJIHTeJie ee HOMep, B 3HaMeHaTeJie 3arJIHHll3llpOBaHHaJI TOJIUJ:lllla nnacra, M; 2 
- H30JIHHHH TOJilllHHbl, M; 3 - TOJilllHHa nnacra 6onee 1 M 

o2!<: 
3.8 

ofilS 
3 

4K 
0 :la 

1-51_._2u o . 
!ili ' 
.2.4 

c'llli 
1.4 

0 2;3111 
1.4 

olli 
3 

4 

' 12l1 0811 
5 4.4 

}110 
3.8 

111 .. ' 
0 4'.4 

0 1111 
4.4 

: 0 24V1 
4.8 

9..k'.! 
0.4 

6 

4 

8 

1,JV1 
7.2 

o19Jl1 
2.8 

10T 
'8.4 0 

o:rr 
5.8 

Ofil 
1.8 

Puc. 6-16. CxeMamu1Jec1<.«R 1<.apma 'lfjJfjJe1<muanou mollUl,UHbl nllacma 10/ 
a npeiJeJlax H20J1bc1<0-Ta,r10ao20 u Kapauc1<020 AtecmopomiJeuuu uefjJmu: 

1 - CKBIDKHHa: B ql!CJIHTeJie ee HOMep, B 3HaMeHaTeJie 3tjltjleKTHBHaJI TOJllllI.fHa, M; 2 - ll30JlllHllH 

Tomnmn.1, M; 3 - Torrru:HHa rmacra .LIO 2 M 
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HeJHat/umellbHblU )'l/acmoK 2uopoifto-

6malJUU nJiacma Ha6mooaemcR e paiioHe 

cKe.5-H. BVLcOKa.R 3a2JlUHU3upoeaHHocmb nJia

cma 1.5 M ( 

Pnc. 6-15) e 3moM paiioHe cnoco6cm

eoeana e20 2uopoifto6u3alJUU MU2pupyl()UfUMU 

mR:JICeJlblMU KOMnOHeHma.Mu Heiftmu (pH=0.861 

21cM3, µ11 =10.25 MM2!c). Ilo iftopMylle JO.II. 
I'ammeH6ep2epa, npoU3eeOeH pact/em ebzcombz 

noO'beMa BHK noo OeucmeueM KanwumpHblX 

cwz omHocumellbHO BHK, ecKpblmo20 CK6. 24-

H. 

!ih(p:' - p:) 24,6(0, 78-0, 74) 
h= = =5M 

PB - p: 0,98-0,78 

2oe iJh - MUHUMa!lbHa.R 6blCOma HeijJmRHOU 

omopo'-lKU onpeOe.!lflemca KaK pa3HUlJa omMe

moK Kp06JlU nJiacma Me:JICOy CK6. 5-H u 24-H; 

pg, PH m, p/ - nJIOmHocmu 600bl, mR:JICeJlOU u 

J1e2Koii Heiftmu e nJiacmoebzX ycllo6URX 63Rmbz 

no CK6a:JICUHa.M, UMel()UJUM 6JlU3KUe nJiacmo-

6ble ycll06UH 14-H, 2-H u 3-H. BnocJleOcmeuu 

OaHHblU np02H03 noomeepOWZCR, nRmb 3KC

nJlymalJUOHHblX CK6a:JICUH 01W3(L7UCb 6 6000-

HOCHOU 30He. 

IIocl\0,7bK)l oeu:J1CeHue eoo npoucxo

oum c 1()2a Ha ceeep, 3mo OOll:JICHO npueooumb 

K CMeUJeHUl() u 6blMbl6GHU1() Heiftmu U3 cmpyK

myp KapaiicK020 u H20llbCKo-Tanoeo20 .iwe

cmopo:J1COeHuii. OoHaKo 3a.MeUJeHue ZllUHU

cmblMU nopooa'Wu npooyKmUeHozo n!lacma Ha 

1()2e cmpyKmyp u KOllbMamalJUR ocmaew.uxcfl. 

t/acmeu KOJllleKmopa collbBamHoii nlleHKoii 

HeijJmu R6Wl0Cb OCH06HOU nput/UHOU coxpaH

Hocmu Heiftmu e 3mux cmpyKmypax. HcKJll()l/,e

Hue cocmaewz y11,acmoK cmpyKmypbl co11,J7eHe

HUR, zoe npoU30UJ.JlO pmpyw.eHUe CKOnlleHUU 

HeijJmu u ee aKKJ!MYllRlJWl e ceeepo
eocmo11,HoM HzollbCKOM cmpyKmypHoM Hoce 

(pmOell 6.3.4). 

IJepeoHal/a!lbHO, no OaHHblM noucKo

eo-pmeeOot/Hozo 6ypeHUfl, ct/umanocb, 1Jmo 

cmpyKmypa cot/JleHeHUfl JanOJlHeHa HeijJmbl(). 

IlpUMeHRR eapualJUOHHblU npUHlJUn MUHUMa

HU3GlJUU 3Hep2uu Jla2paH:J1Ca, 6b1J1 coeJlaH 6bl

eoo, 11,mo 0.!lfl Oa!lbHeiiw.e20 06U:JICeHUfl nJia

cm06blX 600 om CK6a:JICUHbl 16-H K CK6a:JICUHe 

15-H u oanee Ha ceeep 1Jepe3 cmpyKmypy co

t/JleHeHWl Heo6xoouMo, 11,mo6bz 3ane:J1Cb e 

cmpyKmype OO!l:JICHa 6b1mb npoMbzma. /{aH

HblU 6bl600 noomeepOWZCfl. OaHllblMU 3KCnllya

malJUOllH020 6ypeHUfl. 
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Omcymcmeue 2uiJpoou11a'Wu'lecKUX yc

Jloeuu coxpa11Hocmu 11eiftmu e cmpyKmype co

l/,JleHe11Ufl cmaeum eonpoc o npu11,uHe ee co

xpaHHocmu e paiio11e CK6. 7-T. /{aHHOU CKBa

:JICUHoii 6CKpblm no 6CeU mOllUJUHe HeijJme11a

CblUJellllblU nHacm. A6cofll()mlla.R omMemKa 

nooow.ebz nJiacma -2682 M, 11,mo 11UJ1Ce a6co

Jll()m11b1X OmMemoK BHK, 6CKpblrnblX opy2UMU 

CK6a:JICU1la.MU; /{llR 6blRClleHWl npUlJUHbl maK0-

20 11ecoomeemcmeua 6bzll npoU3eeOeH a11anU3 

a110ManbHocmu HeKomopbzx napa.111empoe, 

OmMet/aeMblX no OGHHOU CK6a:JICUHe. 

Bo-nepBblX, no cpaeHeHUl() c 6llU3lle

:J1CaUJUMU CK6a:JICU1la'WU ( 

Puc. 6-3), npu npaKmUt/eCKu ifto11oeou 

nJ1om11ocmu Heiftmu ( 

Pn:c. 6-13), 311ep20Mempu1JecKuu 11a

nop CWlbllO 3aeb1tueH - 40849 M. HenpoHUlJae

MblU 3Kpa11, omMet/aeMblU no xapaKmepy uc

Kpue!leHWl mpex KB/{ no 3mou cKea:J1Cu11e, ae

Jlaemca npu'luHou J106oeo20 3iftifteKma. 

Bo-emopblX, xapaKmepHou oco6eHHO

cmbl() 11eiftmu, noll)'l/eHHOU U3 iJmmou cKea

:JICUHbl, R6JlRemCR HU3Ka.R nJlOmHOCmb - 0.847 

zlciw3 u Ot/eHb llU3Ka.R KUHeMamu'leCKa.R 6R3-

KOCmb - 4. 03 MM2 /c ( 

Pnc. 6-13 u 

Pn:c. 6-14). OoHoii U3 npu11,uH maKOU 

HU31wii 6R3Kocmu 11eiftmu 11a 2pa11ulJe BHK ae

JlRemca MaKCU.714a!lb1lO OmMe'laeMblU 2a306blU 

ijJaKmop - 65 M3IM3 11a w.myljepe 8 MM. Ila 

opy2UM CK6a:JICUHaM Ha 2pa11Ulje BHK 2a306blU 

ijJaKmop cocmae!lRem 20 M3IM3. B rynollbHblX 

t/acmRX npUMep110 50 M3IM3. /{llR 6blRClleHWl 

nput/Ullbl HecmpyKmypHOU aHOMa!lbHOcmu 

Heiftmu no za3oeoMy iftaKmopy u 6fl3Kocmu, 

onamb ucnollb3YR eapualJUOHHblU npUHlJUn Jla-

2paH:J1Ca, COe.'laHO npeOnOJlO:JICeHUe, t/mO He

npoHUlJaeMblU 3KpaH UJvteem eoZHymyl() iftopMy 

u H6JlRemcR ceoeo6pa3HOU ,'lUmOJlOZUl/,eGKOU 

Jl06YUJ.KOU. 3a Ct/em 1.1e20 Hei/Jmb u 2a3, MU2pU

pya e ceeepHOM HanpaeJleHuu u nonadaR e 3my 

lloeyw.Ky, pacnpeoeflRl()mca ma;w no zpaeuma

lJUOHHOMY npuHlJuny. TR:J1CeJ1bze y2J1eeooopoOb1 

ebzmecHRl()mca U3 JlOBYUJ.KU, a 60J1ee J1e2Kue 

KOMnOHeHmbl HaKanJlU6al()mCR 6 Jl06YUJ.Ke. 

OmiJe!lbHo paccMompeHbl 2uopoou11a

MU'-lecKue yc,weUR pacnpeoeJleHUfl Heiftmu 



Me:>1Coy H20J1bc1<0u u KapaiicKou 3aJleJICb10. C 
oOHou cmopoHbl, pauoH cKe.14-H npeocmae

llRem co6ou 3acmou11y10 3oHy, Komopa5l xa

paKmepu3yemcR noHUJICeHHblJWU 3HGl/eHUHMU 

311ep20MempuqecK020 Hanopa - 39509 M u 

npueeOeHH020 nanopa - 91 M, I/mo co3oaem 

6J1a2onpURmHble ycll06U5l OllR CKOnlleHUR ne</J

mu. C Opyzou cmopOHbl, nOBblUJeHHa5l 3Q2JlU

HU3Up06GHHOCmb mzacma C030aem ycllOBUR 

0Jl51. 6blmeCHeHU5l nOO OeucmeUeM KGnWl!lRp

HblX CWl Jle2KUX KOMnOHeHmoe ne</Jmu 6000U. 

Om11ocumeJ1bHO He60J1bU1ou npomzacmoK c 

11e</Jmb10 e Kepne no :Jmou cKeaJICuHe npeo

cmaeJ1Rem co6ou ocmamol/Hy10 coJ1bBamHy10 

nllemry. llo pe3yJ1bmamy o6pa6omKu KB/(, e 

38 M om CK6 14-H 3Q Cl/em yMeHbUleHUR 3Q-

2JlUHU3Up06GHHOCmu mzacma u 60,we BblCOK0-

20 cmpyKmyp11020 nOllOJICeHUR, 603MOJICHO, 

npoxooum <jJaKmul/eCKa5l 2pGHUlfG BHK. Bb1-

c0Kue eeJ1Ul/UHb1 HGnopoe 311ep20MempuqecKo-

20 - 41011 Mu npueeOeHH020 - 199 M, ornMe

l/aeMbte HG 102e om cKe.14-H no CKe.25-H, 

y:>1Ce Hellb3R paccMGmpueamb KaK pe3Yllbmam 

2UOpopo6U3GlfUU nllGCmG, 0 l/eM CBUOemellb-

cmeyem <jJoHoea.R nllomnocmb He<jJmu 0.846 
2!cM3• llpul/unoii noebzUJeHUR nanopoe R6Jl51.

emcR zuopoOuHaMUl/ecKuu 1w6oeou 3</J</JeKm, 

06pG3oea1111b1ii 3a cl/em 11enp01tuZfaeM020 3K

pana, e paiio11e CKe.14-H. 

llpueeoe1111blu npUMep U3YWHU5l Heoo-

11opoo11ocmu <jJW1bmpaZfuo1111oii cpeObl HG oc

Hoee Kapm 311ep20MempuqecKux 11Gnopoe no-

360llWIO CYUJecmeeHHO ymol/HUmb 2uiJpoduHG

MUl/eczry10 Modellb H20J1bCKo-T aJloeo20 u KG

pGUCK020 Mecmopo:>1Coe11uii 11e</Jmu, Komopa.R 

noiJmeep:>ICOGemcR OGHHbl."'1U 3KCn.llymaZfuo11-

11020 6ypemm. 

B l(e!loM, npuneiJenHbtu npUMep 11a
ZJ1Rt>110 no1<.U3btnaem, 11mo :JHepzoMempu11e
cKue nanopbt, ompama10m ne mo!lbl<.O iJnu
menue not> 3a 1<.onmypa.Mu MecmopoJ1CiJenuu 
u yCJlonuR nepepacnpet>e;ze11UR 11ef/Jmu u z03a 
nnympu nux, 110 u neoiJnopoiJnocmb f/JU!lbm
pal(uonnou cpet>bt, me.M Ca.MbtM, R6JUUICb 
nmopbut iJ01<.mameJ1bcmnoM mow, 11mo 
yiJe;zbHllR menJ1oe.M1<.ocmb my601<.ux not> an
!IRemcR cucmeMnou ne;zu11unou nopot>bt -
not>bl - nef/Jmu - zma. 

6.5. Ou,euKa cTeneuu .r:.ocToBepuocTH 
ucxoi:.uoii nn<l>0pMau,uu 

B1>IBO,lJ,hI OTHOCMTeJT1>Ho xapaKTepa 

IIO)J,3eMHOH o6cTaHOBKM )J,BIDKeHJUI BO.D: c HC

IIOJlb30BaHJieM BeJIMqllffbl 3HeproMeTpHqecKO

ro ttanopa .nomKHhI HaquHaT1>C5! c aHamna, OT-

6paKOBKH ll rrepeo6pa60TKH He TOJlhKO rrna-

CTOBbIX )J,aBJTeHHH, HO H IIJTaCTOBbIX TeMnepa

TYP· Ilp11 ttamrquH HeCKOJThKHX 3aMepoB 

rrpe.n;rroqTeHHe Heo6xo.n;11Mo oT.n;aBaTb 6onee 

BbICOKHM rrnacTOBblM ,naBJTeHH5IM H rrnacTo

BblM TeMrreparypaM. 

6.5.1. XapaKTepHCTHKa KaqecTBa u ToqHocTu 
TepMOMeTpnqecKOH HH4>opMaQUH 

B1>1COKYJO TOIJHOCTb 3aMepa TeMrrepa

TYP ,ll,O coTbJX ,lJ,OJTeH rpa.nyca HMeIOT 311eKTPO

TepM0MeTp1>1, HCIIOJlb3YeMhie rrpH 3alIHCH He

rrpepbIBHOro TepMOKapOTa)Ka. 0,lJ,HaKO, HC

IIOJlh30BaHHe TepMOKapoTa)Ka B03MO)KH0 

TOJlbKO rrpH BbICTOHKH rny6oKHX CKBa)KHH OT 

ro)J,a )J,O 10 JTeT, qTO OIJeHb pe)J,KO HMeeT Me

CTO. Il03TOMY, KaI< cquTaIOT A.P. KypquI<oB H 

E.Il. CTaBHIJ,KHH [61], no 60111>mHHCTBY cI<Ba

)KllH, r,lJ,e rrpoH3Be,lJ,eHa 3aIIHch TeMrreparyp no 

pa3pe3y, He rrpe.n;CTaBJI5leTC51 B03MO)KffblM yc

TaHOBHTb CTerreHb HX COOTBeTCTBH51. 

Ilpu ycTaHOBJTeHHll CTeneHH )J,OCTO

BepHOCTM Toqel.JHbJX 3aMepoB Heo6XO)J,HMO, 

Bo-rrepBhIX, HCKJII011aT1> Bee 3aMepbI TeMnepa

TYP B cyxHx H Manon:e6HTHhIX CKBIDKHHax, Bo

BTop1>rx, He HCIIOJlb30BaTb 3aMepbI, KOTOpbie 
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BblIIOJIHeHbI Ha pacCTORHHH 6onee 100 M B 

y,lJ,aneHHH OT HHTepBana rrpHToKa cpn10u.n;a B 

CKBa)Klltty, B-TPeTbHX, BhT6opoHO HCIIOJlb30-

BaTh 3aMepbI B CKBa)KHHax c I<paTKOBpeMeH

HbIMH rrpHTOKaMH. IlpH 3TOM MaKCHMaJTbHbie 

p'fYTHbie TepMoMeTPhI MapI<H TII-7, Hcnon1>-

3YJOII(HecJI rrpH To11e11HOM 3aMepe TeMneparyp 

B ,D;HaIIa30He OT 15 )J,O 155 °C, HMeIOT rrorpem

HOCTb 0,] - 0,5 °C. 
llpu iJa11Hou no2peumocmu eeJ1u1./u11a 

3Hep20Mempul/ecK020 Hanopa 6yiJem U3Me-

11RmbCR om 5 do JOO M WIU MeHee 0,3 % om 

o6uwu eellU'lUHbl, I/mo 11e eJ1URem 11a mol/

Hocmb onpeoeJ1eHUR Hanpa6lleHttR oeuJ1CeHUR 

2J1y60Kux eoo. OiJHaKo, npu OlfeHKe nepenaooe 

om.1wemoK BHK no2peumocmb MOJ1Cem cocma-



BUmb om 7 oo 115 M, ttmo, ecmecmBemw, He 
OonycmU.lllfO. 

TaKUM o6pa3oM, npu Ol(eHKe nepe
nai>o6 omMemoK BHK c ucnoJ1b:J06a11ueM 

n!lacmo6btx meMnepamyp, :JaMepe1111btx MaK
CUMfLTlbllblM mepMoMempoM, Momuo i>oBe
pamb :imUM i>a1111btM 6 20 % m 100 %. 

6.5.2. On:euKa )J;OCT0BepuocT11 onpe)J;eJieHHB 

IIJI3CTOBLIX )];3BJieHHH 

IlpH <j:>JIIOHJJ:OJJ:HHaMW-leCKMX nOCT{JOe

HIDIX BCeMH cneU:HaJIHCTaMH y.nemieTCH oco-

6oe BHHMaHHe ou:eHKe creneHH )J,OCTOBepHO

CTH HCXOJJ:HOH HH<j:>OpMaU:HH. Ilpe)f()J,e Bcero, 

BCH HH<j:>opMtmlUI no I1JlaCTOBhIM )J,aBJieHHHM 

.nom1rna BbI6HpaThC.sI TOJihKO H3 aKTOB HCilhl

TaHUH CKBIDKUH. ~aHHM UH<j:>opMau:u.si: )J,OJDKHa 

nposepHThCH Ha Hanuque ornu6oK B pacqeTax, 

Ha HenpaBUJihHOe ucnOJih30BaHHe MeTOJJ:HK, Ha 

cy6beKTllBHOe npoBe,neHHe annpoKCUMHpye

MhIX npHMhIX, Ha HeyqeT rny6HHhl ycTaHOBKli 

MaHoMeTfJOB n .npyrne npuquHbI. 

B cnyqae o6Hapy>KeHu.si: ornu6oK unu 

B03MO)KHOCTU 6onee TOqHoro pacqeTa TaKaH 

uH<j:>opMau:u.si: .noJDKHa nepeo6pa6aTbIBaThCH. 

lfacTh nnaCTOBhlX .naBJieHUH MOryT 

oT6paKOBhIBaThCH. Ilpu uccne,noBaHUH cna6o

npoHuu:aeMhIX nJiaCTOB, ,nIDKe npH oqeHh He-

6oJihlIIOM oT6ope <J:>mou.na, npoucxo)lUT pe3-

Koe CHU)KeHue nnacToBoro ,ll,aBJieHu.si:. B 3TOM 

cnyqae nnacTOBhie .nasnettu.si:, onpe.neneHHbie 

no KBY, 6y.nyT 3HaqmeJihHO HH)Ke nepBOHa

qanhHhIX. Tor.na B03MO)KHO ucnoJib30BaHue 

TOJihKO .naBJieHuH:, onpe.neneHHhIX B npoQecce 

6ypemrn c HCnOJih30BaHUeM HCilhITaTeJIH ITJia

CTOB. 

Ilpu COBMeCTHOM HCCJie)lOBaHHH .nsyx 

" 6onee nJiaCTOB 3ailUChIBaeTC.sI MaKCHMaJih

HOe nnacToBoe )J,aBJieHHe. B 3TOM cnyqae BI.I-

6upaeTc.si: O)J:HH HaH6onee BepoHTHbIH ITJiaCT. 

II, HaKoHeU:, npH aHaJIH3e ITJiaCTOBhIX 

)J,aBJICHUH Heo6xo)J,UMO yquThIBaTh CJie,ll,ylO

IIJ,llH MOMeHT. Ilpu UCCJie,ll,OBamrn nnacTOB c 

yxy.nrneHHblMU npHCKBIDKllHHhIMH 30HaMH 

onpe,ll,eJIHeTCH He HCTHHHOe ITJiaCTOBOe )J,aBJie

HUe p ""' a HeKoTopoe 3aHH)KCHHOe ycJIOBHOe 

1macT0Boe .naBJieHue P n11. ycJZ· [72] , xapaKTepu-

3yromee IIJiaCTOBOe )J,aBJiem1e B npucKBIDKUH

HOH yxy.nrneHHOH 30He P !VI. yx.· Ilocne ycnern

Horo B03,ll,eHCTBUH Ha npUCKBa)KHHHyro 30tty 

nnacTa TeM UJIH UHhIM MeTO)J,OM BeJIHqHHa 

nJiaCTOBoro .naBJieHU.sI nOBI.IUiaeTCH .no p nJI• 

Pa3HOCTb Me)K,ll,y 3TuMu .naBJieHu.si:Mu HBJIHeTcH 

CKHHOBhIM cKaqKoM .naBJiettuH: Ms (Puc. 6.17). 
Jlpu Ol/eHKe cmeneHU OOCm06epHOCmU 

nJJacmoBblX oaBJJeHuu, 3GMepeHHblX npu uc
cJJeooea11uu 42 noucKoeo-pmeeoottHblX cKea-
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:JICUH H20.nbcKo-TaJ1oeo20 u KapaiicK020 Me

cmopoJK:OeHuii HerjJmu, ux eeJJuttUHbl BO MH0-
2ux CJlytta.RX OKa3aJlUCb 3HattumellbHO HUJ/Ce 

ucmuHHblX [104]. 3a cttem mo20, ttmo He yttu

mblBaJiacb 2J1y6u11a ycmaHOBKU MGHOMempoe 
nJ1acmoeb1e OaeJleHUR, onpeOelleHHble no 6 

CK6aJICUHGM, OKa3aJlUCb 3aHUJ/CeHHblMU HQ 
0.09 - 0,2 Mlla. Ila 0011oii cKeaJ1Cu11e nllacmo

eoe oaeJ1e11ue onpeoe.ne110 c outu6Koii Ha 0,55 

Mlla. Ilo 11 CK6aJK:UHGM 6CJ1eocmeue yxyo

zueHUJl npUCK6aJICUHHOU 30Hbl nllaCm06ble 

Oa6JleHURyMe1lblUWlUCb Ha 0,07- 0,97 MJia. 
Iloc11e ymottHe111m wtacmoeblX Oa6JJe-

11uii, eeJ1uttuHa npueeoeHHblX Hanopoe eo3poc

Ita Ha 7- 97 M, a 3Hep20MemputtecKux - 11a 100 
-1600M 

Ilpu HaJiuquu Ha KB~ npHMOJIUHeH:

Horo yqacTKa, xapaKTep03yromero rrpucKBa

)KUHHYJO 30tty, MO)KHO onpe,ll,eJIHTb HaqaJibHOe 

ITJiaCTOBOe )J,aBJieHHe, He npoBO)J,}J MeponpHH

THH no B03,ll,eHCTBHIO Ha npHCKBIDKUHttyro 30-

tty, onupaHCh Ha rpa<j:>oaHanuTuqeceyro MeTo

.nuey onpe.neJiemrn CKHH-3<j:><j:>eKTa, no KB~ 

o6pa6ornHHOH MeTO,ll,OM Xopttepa [102]. Co

rnactto KOTopoH: seJiuqHHa Ms Haxo,ll,HTCH no 

Be.JIWIHHe OT{Je3Ka Ha OCH )J,aBJieHHH OTCeKae

MhIMll 1 H 2 npHMOJIHHeHHhlMH yqacTKaMH 

(Pnc. 6-18). 

lg(T +t).11 " 

Puc. 6-17. KBJ(, ofipafioma1111aa no Memooy 
Xopuepa. 

IlOHCHeHJHI B TeKCTe 



CooTBeTCTBeHHO, rmacToBoe ,n;aBJie

HHe, OTipe.n;em1eMoe Tpa.D;HQHOHHO TIO ToqKe 

TiepeceqeHIDI KOHeqHoro npxMOJIHHei:fHoro 

~aCTKa 2 c OCblO .n;aBJieHHH, 6y,n;eT ,n;aBJJeHHeM 

B yxy.n;IIIeHHOH TipHCKBIDKHHHOH 30He, a Ha

qaJJbHOe TIJJaCTOBOe .n;aBJieHHe HJIH TIJiaCTOBOe 

.n;aBJieHHe B y.n;aneHHOH qacTH Tinacrn c He 

yxy.n;IIIeHHhIMH TiapaMeTpaMH MO)l(HO orrpe.n;e

JIHTh no ToqKe rrepeceqeHIDI rrepBoro rrpxMo

JJHHeiiHoro yqacTKa 1 c OCblO .n;aBneHHH. 

MeTO.IJ;ttKa oTipe.n;enemUI HaqanhHoro 

rrnacToBoro .n;aBneHIDI TIO KB.D;, o6pa6ornHHoii 

B TionynorapmpMH1·IeCKHX KOOp.D;ttHaTax, H3-

JIO)l(eHa B pa3.n;ene 6.6.3. Hcnoflb306a11ue 3moii 

Memoi>uKu 6 npolJecce pmpa6omKu Hzo!lbCKo

Ta;w6020 MecmopoJ1COe11ua noKmwio, 'lmo 3a 

c'lem cKu11-3<fxj;eKma f/Jlacmo6oe i>arme11ue 

MoJ1Cem c11uJ1Cambc.R oo 3,2 Mila, 6 cpeo11eM 

1,1 Mila. 

Tal<.UM o6pa30M, npu ou,eu1<.e oocmo-

6epuocmu 11J1acmon1J1x da6Jleuuu uap11.oy c 

mpa<Juu,uounblMU npueMaMU np0Bep1<.u ue

ooxoOUMo y11umbl6llfflb 603MOJICHOCfflb UX 

CHUJICeHUR npu yxyozue11uu npUCl<.BllJICUH

HblX 3011. Ilpu ycmaHOBlleHUU mal<.060U JOHbl 

(no HllllUllUIO dnyx npRMOJIUHeUHblX y11acm

l<.06 Ha KB/() onpedeJlRfflb no na1tllllbHOMY 

np11.Mol1u11eu110My y11acm1<.J1 11J1acmonoe <Jan-

dP/dt 

p 

Puc. 6-18. KBP, 06pa6oma1111b1e no 
MemoouKe A.II. Kpww6a. 

TimICHeHIDI B TeKCTe 

11enue 6 yollllen11ou 11acmu n.I1acma, no cymu 

ompa:HCaJO~ezo HallaJlbHoe 11J1acm0Boe oan

ne11ue, no npeonazaeMblM Memoou1<.UM. 

6.6. BJiuBnue <1>u3u-iecK11 CBB3aHHhIX so.r. 
ua <l>nJILTpau;uouuo-eMKocTuLie csoiicTBa 

He,n;oTIOHHMattue pom-1 cpmJ{qeCKH 

CBH3aHHbIX BO.IJ;, B npou,eccax HaqJJHM OT BTO

pttqHoii MHrpau,HH H aKKYMYJIHUHH HecpTH H 

3aKa~HBM rrpou,eccaMH pa3pa6oTKH MeCTO

po)l(.IJ;eHHH, MO)l(eT cy1I1eCTBeHHO CKa3hIBaTbCH 

Ha 3cpcpeKTHBHOCTH reonoropa3Be,n;oqmrx pa-

6oT u Ha .n;o6hlqe HecpTH H ra3a. qT06h1 rrpo1I1e 

IIOHHTh cyTb 3TOH rrpo6JJeMbI, rrpe.n;cTaBHM ce-

6e, qro CBH3aHHM BO.IJ;a HBJIHeTCH aMopqmo 

TBep,n;hIM TenoM. B pe3yJibTaTe Tiop11cToCTh 

nnacrn, qepe3 KOTOPYJO .IJ;BHraeTC51 ttecliTh HJIH 

ra3 pe3KO YMeHhIIIaeTc5I. 

HanpUMep, npu nopucmocmu 18 %, 6 
% KOJtJteKmopa 6yoem 3an0Jt11e110 <jJmuqecKu 

cema1111oii eoooii, cJteiJoeameJtbHO, nponycK-

11cm nopucmocmb cocmaeum 12 %, qmo 6Jtu3-

KO K 11eKOJtfleKmopy. Ilpu omcymcmeuu pblXJIO 

C6.R3a1111oii eoobz nponycK11cm nopucmocmb O!l.R 

11e</Jmu cmaH06UmCR pa6HOU <jJaKmU'leCKOU. 

CooTBeTcTBeHHO npo11cxo.n;5III1ee ecTe

cTBeHHoe Tipttpo,n:ttoe YMeHhIIIeHHe (nptt aK

KYMYJI5IIJ.HH 3aJie)l(H) HJIH ttcKyccTBeHHoe yBe

nttqeHHe (npM 3aKaqKax) KOJIHqecTBa cauaH

Hoii BO,rt:bl 6y.n;eT rrpHBO,rt:HTb K COOTBeTCTBYJ0-

1I1eMY H3MeHeHmo cpHJibTpaIJ,HOHHO

eMKOCTHbIX CBOHCTB HecpTeI'a30BbIX TIJiaCTOB. 

6.6.1. KaIIHJIJUipHoe KOJILMaTHpoBaHHe KOJIJieKTopa 

Texun:qecKoii: BOJJ:Oii 

3aKa~a BO,rt:bl B IIJJaCTbI, B IJ,eJI5IX no,n:

.n;ep)l(aHH5I IIJJaCTOBOro ,n:aaneHIDI, TipHBO,rt:HT K 

TOMY, qro yBeJilfqHBaeTcK TOJIIIIHHa <Pmttqe

cKH CB5I3aHHOH BO,rt:bl, B oco6eHHOCTH, B 30He 
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rrpe)l;eJibHOro HecliTeHaCblllleHH}I, TeM Ca.MbJM 

pe3KO YMeHbIIIM rrpoHHu,aeMOCTb tteqnu 

(BIIJIOTh ,n:o TIOJIHOH KOJibMaTaIJ,HH MeJTKHX 

Me)l(nopoBbIX KaHaJIOB ). B pe3yJihTaTe, 3aKa-



qHBaeMa51 CBo6o,n:HM BO,D;a, ,D;BHfaRCh rrepBO

HaqaJihHO ITO OTHOCHTeJibHO BhICOKOIIpOHH

u.aeMOMY KOJIJieKTopy, 3aIIOJJHeHHOMY Hecj:l

ThIO, qacTWJHO nepexO,D;HT B tjlH3WJeCKH CBR-

3aHHoe COCTOHHHe, KaribMaTHpyeT ero Ha 

TpeTb H nepeBO,D;HT TeM CaMhIM qacTb nop H3 

pa3p51,n:a OTKphIThIX B pa3pH.n; 3aKphIThIX. EcTe

CTBeHHO, y.n;arIHTh so.n:y, neperne.n:rnyio B tjlH-

3HqecKH CBH3aHHOe COCT051HHe, H3 IIJiaCTa CTa

HOBHTCH HeB03MO)f(HbIM. 

KaK cJie,n:cTBHe rna6JioHHoe H Macco

Boe rrpHMeHeHH51 3aBo,n:HeHH51 B CCCP npHBe

Jio He TOJibKO K npe)f()J,eBpeMeHHOMY o6BO)J,He

HHIO MHOf'HX MeCTOpO)f()J,eHHH, KaK OTMeLJaeT 

H.Il. 3anHBarIOB [34], HO H pe3KOMY yxy.n:rne

HHIO npOHHI.(aeMOCTH BhICOKOIIOpOBhIX KOJl

JieKTopos. B HaLJarie 90-x ro,D,oB B CCCP 60-

Jiee 95 % He<i>TH .n:o6bIBariocb 3a cqeT rrepBHLJ

Horo 3aBO,D,HeHHH, Tor.n:a KaK s CIIIA :noT 

cnoco6 cqHTarICH BTOpWIHhIM (TPeTHqHbIM), H 

o6'heMhI .n:o6h1qH 3a cqeT 3aBO,n:HeHHH He npe

BhIIIIarIH 50 % OT o6mero ofrI,eMa ,D,06hILJH. 

He Mettee spe.11.HhI H rnyrneHHH cKBa

)f(HH LJHCTOH BO,D,OH (6e3 ,l(o6aBJieHHB B Hee 

ITAB HJIH CaCb), KOTopb1e )1.JIHTeJihHoe BpeMR 

HaxO)J,RJIHCh B pa3pa6oTKe H HMeIOT HH3KHe 

IlJlaCTOBbie .n:aBnemrn. 3a cqeT o6pa3osaHHH 

BbICOKOH penpeccHH Ha IlJiaCT BO)J,a npOHHKaeT 

Ha 3HaqHTeJihHbie paCCTOHHHR, H HeMariaH ee 

'IaCTh nepexo)J,HT B tjlH3HLJecKH CB513aHttoe co

CTOHHHe. B 3TOM cnyqae TaK)f(e KaK H npH 3a

so.n:tteHHHX H3 IIJiaCTa B CKBa)l(Htty, B03Bpama

eTCR TOJihKO qacTh B0.11.hl. Bo.n:a, neperne.n:rnaH 

B CBH3aHHOe COCTOHHHe, OCTaeTCH B npHCKBa

)l(lfHHOH 30He IlJlacTa, TeM caMbIM, yMeHhIIIaR 

nepBOHa'laribttyIO npoHHu;aeMOCTb KOJIJieKTopa 

)1,JIR IIpOTOKa HeijJTH. 

Attwor11qHh1e npou;ecch1, TaK)l(e npo

HCX0.11.HT H npH BCKpbITHH npo.1J.YKTHBHhIX IIJia

CTOB Ha B0)1,e HJIH rJIHHHCTOM paCTBOpe npH 

BhlCOKHX penpeCCHBX. Ilorra)1,aJOIIlaR B IIJiaCT 

BO)J,a nepeX0.11.HT B pbIXJIOCBR3aHHOe COCTOR

HHe, TaK)l(e pe3KO yxy.n:maeT rrpOHHIJ;aeMOCTh 

IIpHCKBa)l(HHHOH 30Hbl. 

Ta«.UM o6pa3oM, mexnozeHHUH Booa, 
nonaoa10U(UH B ue<jJmeuacbtU(eHHblU llllacm 
U noo OeucmBUeM KllnUlUlRpHblX CWI nepe
XOORU(a.JI B CBR3UHHOe cocmoauue, pe3«.o 
yMeHbtuaem nponuu,aeMocmb llllacma. 

6.6.2. 3JieKTpOOCMOTH"11ec1me ;::a:ecl>opMa~HH BOJJ:LI 
IIpH cl>opcupoBaHHLIX OT6opax necl>TH 

B o6so.n:HeHHhIX CKBa)l(HHax H s cKBa

)l(HHax HaX0.11.RIIlHXCR B 30Hax He<t>TeHe)J,OHa

ChIIIleHHR, npOHHI.l,aeMOCTb Hetjln1 TaK)f(e )1,0-

IIOJIHHTeJibHO yMeHhIIIaeTCH 3a CLJeT o6pa30-

BaHHR 3JieKTpOOCMOTHLJeCKHX II0)1,H5ITHH, npo

HCXOMIIlHX B pbIXJIOCBR3aHHOH B0)1,e. flpH 

C03)1,aHHH He3HaqHTeJihHOH .n:enpecCHH Ha 

IIJiaCT IIJieHKa pbIXJIOCBR3aHHOH B0.11.hI OCTaeT

CR B Heil0)1,Blf)f(HOM COCTORHHH. IlpH IIOBhIIIIe

HHH .n:enpeCCHH IIJieHKa B0.11.bl HaqHHaeT )1,e

cj:lopMHpoBaTbCH. }fa noposoro npOCTPaHCTBa 

IIJieHKa nepeTHrHBaeTcH B Me)l([lopoBoe npo-

Puc. 6-19. CxeMa oepopMau,uu pblXJlOCBR3llHHOU 
BOObl npu OBUJ1Cenuu nefjJmu: 

1 - cTeHKa KOJIJieKTopa; 2 - rpam1ua pa3J.1ena MelK)()I so.noil H Heljl

TLIO B CTiiTifqecKOM COCTOJIHlfll; 3 - TO JKe rrpH C03).laHJflf B KO!l

neKTOpe rreperra.na ).laBilCHIUI; 4 - BbICOTa 3neKipOOCMOTJfqCCKOro 

IlO).IHJITIUI pbIX!IOCBl!3aHHOH BO).lbl 

88 

crpaHCTBO, o6pa3yJJ 3JieKTPOOCMOTHqecKHe 

IIO)lH51THB (PHc. 6-19). )J;anbHeHIIIee TIOBhIIIIe

HHe )lerrpecCHH rrpHBO,lJ,HT K TOMy, "ITO 3JleK

TPOOCMOTWieCKHe no,D,H51TH» JIH6o cMbIKaJOTCH 

Me)J()J,y co6oii H IIOJIHOCThIO npeKpaIIlaJOT IIO

C1)'IIJieHHe Hecj:lTH B CKBa)l(Htty, JIH6o HaLJHHa

IOT qacTHLJHO cpe3aTbCH ,l],B~HMCJI TIOTO

KOM, H B CKBa)l(lftty HaLJHHaeT nocrynaTh c 

HecpTbIO B0)1,a. 

HecMOTPR Ha HeKOTOPYJO Teopeniqe

CKYJO cnopHocn :noro MexaHH3Ma, paccMoT

peHHoro B pa6oTe [90], B npaKTHKe OH )1,0CTa

TOLJHO xoporno IIO)J,TBep)f()J,aeTCR, "ITO HMeeT 

rrpHHU.HIIHarihHO BIDI<HOe 3HaqeHHe npH onpe

,D,eJieHHH OIITJfMaJihHblX pe)l(HMOB 3KcnnyaTa

ll,JfH CKBa)l(lfff. 

Hcnollb3YJl pe3yHbmambz 2uopoou11GMu

"ecKux u 2eopU3Ul/eCKUX UCCJle006aHUU CK6a

JICUH H20JlbCKou 3aJleJICu, n0Hy'le1111b1X K 1994 
2, 6bzlla ycma11orme11a 63aUMOC6Jl3b 311al/e11uu 

paouyca yxyiJUle1111ou 30Hbl om K03p</Ju11ue11-

ma eooo11acblUf,eH11ocmu. 

B KynoJJax, 2oe npucymcmeoecma mollb

Ko npo'111ocema1111aJt u ocmamol/HaJt eooa 

(Kll>70 %), OKOJlOCm60HbHaJl 30110 CK60JICUH 

ocmaeaJlacb 6e3 U3MeHeHuu (Puc. 6-20). 3oecb 



CKBO:J/CUHbl pa6omanu 6e3 pe3Ko20 

CHu:>JCeHUR 006bl'lU HerjJmu. 

B 30Ha:x HeooHaCblUfeHUR 

HerjJmblo c pblXJIO u npottHO CB.fl3QH

HOU eooou (KH<70 %) paouycbl 

yxyotueHHblX 3011 cocmaeJl5/Jlu om 3 

oo 9 M. llpoHUlfaeMocmb e npu

CKBa:JICUHHou 30He CHU:J/CWlQCb 6 He

CKOJlbKO pa3 U, KQK CJleocmeue, 

npoucXOOWlO pe3KOe naoeHue oo-

6bllJU HerjJmu. 

MaKCll714WlbHoe 3HatteHue pa

ouyca yxyouteHHOU 30Hbl 00 11 M 

OmMetteHO 6 CKBQ:JICUHe 701, 

ecKpbrnuteu BHK (KH-::::,50 %). 
CKea:JICUHbl, BCKpbleutue BHK, eo

o6U/e He yoaeaJlOCb 3anycmumb e 

pa6omy. 

Ha OCH06e 3mo20 OblJl coe
naH 6bl6od, 1tmo Hauoonee uHmeH
CU6Ho npol(eCCbl yxydtUeHUR KOll
JleKmopcKUX c6oucm6 npu </Jopcu
po6aHHOM cnoco6e pa3pa6om«u 
npoucxodUJlu 6 nnacme c pb1XJ1oc-
6R:JaHHOU 6000U (60/IU3U zpaHUl( 
BHK). B «ynonbHblX 1tac1W1X, zoe 

npucymcm6o6ana monb«o npo1tHo 
C6R:JaHHan 6oi>a, daHHble npof<ec
Cbl omcymcm6y10m. 3mo no:J6onu

703 
•69 

e1089 •330 

• 70110 9 
54 t 1117 

• 
• 32968 e1116 58 

1093 - - ""· 1!ll 704 • 77 7 7,2 • 11.li 9 67 • 52,7 

• 74,0 7,4\ .3635,4 380 ~ 
'\.. 56,2 \ 

• 1114 67,4 ~ \ 

• 111364 .1.11Q •AQQ 
72,2 ' . • 362 0 6 616 ~ 

• 361 - "· ~~~ • 6309973,6 ' .• 414 
""'-"'' ' 46 

.lli.Q. ill " 11ll ~ 413 Dao • m 0 • _ 0 ?o ••. 6.5. ,8
5

•
3 

• 599 
0 76,3 •3980 ~ • 432 "-

62,6 " 
• 1129 • m - .~ . • m - - 0 . 66,7 

80·8.,.o ~5-3- 7o --.. ill 6 7 - 430 • 1159 
/ 689' . - , ~· 52 

132 ~.1043 .1145 .-. 1158 1162. 
o.~ •!! )' 674 - s1 

.409 ~ .4296,8 ' .1156 11,3 .457 
71,7 - 61,8 59,5 

•1141 • 4il! e 1156_ &O e ~ _ 60 1167e 
51,6 618 ,_ 

·~ ' 449 ( 58•6 45~ "'-. / 531-----.....; 59 • 67,6 

• 1144 • .illA 0 ' 
59,6 \ --- - • 448 

22,1 

~1 ~2 
Puc. 6-20. CxeMamu11ecKaR Kapma netjJmenac61UfeHnocmu ceBepo

BocmoKa HzoJibCKoii 3a.neJ1Cu: 
I - CKBa)l(HHa: qJICJIHTem. - HOMep, 3HaMeHaTem, - KH (npoqepK B 3HaMeHaTene -

HeT CBe,!1eHHli), cnpasa OT .11po61I - Pa.r\IIYC yxy.11II1eHHOli 30Hbl, M; 2 - II30JllIHIIII Helf>

TeHllbIIUeHHOCTH, % 
no pe«oMeudo6amb U3 :JOHbl He</J
meHedouacbtlll,eHUR <)06b1Bamb He</Jmb 6 111,a
i)a111,eM pemUMe npu <)enpeccuu Ha nnacm He 
6onee 3 Mila {103/. 

6.6.3. MeTO,ll;HKa oIJ,eHKH noKa3aTeJieii JOH 

3JieKTpOOCMOTUIJeCKHX ,11;efi>0pMaIJ,HH 

.n.JuI Ol{eHKH H3MeHeHHbTX rrapaMeTJJOB 

rrpHCKBIDKRHHblX 30H 3a cqeT 3.JieKTJJOOCMOTH

qecKHX ,n:eqiopMaQIIB BOJJ:bl 6blna pa3pa6orntta 

crreQHaJibHM MeTOJJ:HKa. KpaTKO cyr1> 3TOH 

MeTOJJ:HKH cBo,n:ttnach K cne,n:yIOrn;eM)'. Ha 

KB,n H.JIH KTI,ll;, o6pa6ornHHbtX rro CTaHJJ:apT

Hoti MeTOJJ:HKe B rronynorapmpMWieCKJIX KO

op,n:HHaTax, rrpw Bbl,n:enemm ,n:Byx rrpHMO.JIH

HeHHbIX yqacTKOB ITO HaqanbHOM)' yqacTKY 

orrpe,n:e.JIH.JIHCh rrpoHHQaeMOCTb kyx, ni,e3onpo

BO.ZJ:HOCTh Xyx nnacTa B yxy,n:rneHHOH 30He w 

rrpwBe,n:eHHhIH PMHYC CKBIDKRHhl rnp.yx, a no 

KotteqttoM)' yqacncy - 3TH )J{e napaMeTJlbI k, x, 
r 11p .wrn y.n:aneHHOH qacTH IJ.JiacTa. 

Hanpwwep, no cKea:J1Cu11e 396 H20Jlb

CKo-TaJ1oeo20 Mecmopo:J1CoeHu.a (Puc. 6-21). 
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flpu oe6ume HerjJmu 19 J\/ /cym. npOHUlfae
MOCmb 6 npUCK6Q:J/CUHHOU 30He CHU3WlQCb c 

18, 4 oo 2, 4 MJ(, nbewnpoeooHocmb - c 0, 087 

oo 0,012 M2!c. llpueeoeHHblU paouyc no Ha

ttanbHOMY npRMOJlUHeUHOMy yl./aCmK)I cocma

BWl 5, 7 M, no KOHelJHOMy- 0,2 CM. IloemopHble 

2uopoOUHa.M.Ul./ecKue UCClleooeaHUR. CK6Q:JICUHbl 

MeHbute tteM ttepe3 MeCJl.lf noKa3anu, ttmo npo

HUlfaeMocmb npUCKBQ:JICUHHOU 30Hbl CHU3WlaCb 

oo 2,1 Mj.(, nbewnpoeooHocmb - oo 0, 010 M2 le, 
oe6um - oo 13 J1,t3 /cym. llpueeoellHblU paouyc 

no HQlJWlbHOMY )"laCmK)I yeeJlUlJWlC.fl 00 7 M, 

no KOHelJHOMY 00 20,2 CM. 

IIpttBe,n:eHHbIH PMHYC BTOporo yqacTKa, 

He3aBHCHMO OT Toro oTMeqanacb .JIH yxy.n:

rneHHajf 30Ha H.llH HeT, HaMH paccMaTJJHBa.JICH 



KaK Benwurna, xapaKTepH-

3)1IOIIJ,fil! TOJThKO 31j:J<j:JeKTHB

HOCTh rreplj:Jopa:QHH 

rnp = re * e-C , C = CI + C 2, 

(6.23) 
r.n:e re - pa.n:eyc CKBIDKl1HbI; C1 
11 C2 - noKa3aTen11 HecoBep

rneHCTBa CKBIDKHHbl ITO CTe

ITeHl1 H xapaKTepy BCKpbITIDI. 

4,5 

3 

1, 

P, Mna 

• 

3 

• 

• 
• 

• 

lgt(c) 

3,5 4 4,5 5 

Cornactto .r1pyrttx To

qeK 3pettm1, cTeITeHh ttary

panbHoro q11cna 3aB11c11T e1IJ,e 

11 OT Ben11q11Hhl CKHH-

31j:Jlj:JeKTa s. IIpMqeM 0 B3aM

MOOTHOIIIeHIDIX )J.aHHhIX Be

mi'mH TaIOKe cylIJ,eCTB)'IOT 

)l.OCTaToqHo ITPOTl1BOpeqHBhie 

ToqKH 3peH11». TaK, ITO MHe

HHIO IO.II. KopOTaeBa [43] w 

np Puc. 6-21. KBJ( no CKB. 396 HzollbCKO-TMoaow Mecmopom:i>enuR nepmu 

C=C1 +C2 +S, (6.24) 

a, c ToqK11 3pemrn T.E. IIn1xa

qeBa [91] M .r1p. 

(6.25) 

0THOCHTeJTbHO 11HTepITpeTa:QHH Ben11-

q uHhl r KaK ITl1IIIeTCR B prr 153-39.0-109-.rJ. np.yx, f-'. 

O 1 [72], «B 3THX cnyqa»x nonyqaIOTCR Mano

o6oRCHl1Mble qucJTOBhie 3HaqeuIDI», )l.OCTl1-

raIOIIJ,He HeCKOJThKHX MeTPOB, a s COOTBeTCT

BeHHO MMeeT OTpH:QaTeJTbttyIO Benwmtty. 

IIo onpeneneumo npwBe)l.eHHoro pa

.r1wyca, nonyqeHHhie BeJTWIHHhl rnp.yx MO:lKHO 

paccMaTPl1BaTb KaK lj:JMKTHBHhie CKBIDKHHhl c 

pa.n:eycoM B HeCKOJThKO MeTPOB, pa6oTa.IOIIJ,11e 

B rrnacTe, 11Me101IJ,eM napaMeTphI yxy.n:rneHHOH 

OKOJTOCTBOJThHOH 30Hhl peanhHOH CKBa:lKHHhl. 

<I>aKTWJeCKH B pa.r1eyce lj:JHKTHBHOH 

CKBa:lKHHbl HaXO,[IHTCR KOJTbIJ,eBfil! rpaHM:Qa 

yxy.r1rneHHhIX ITapaMeTPOB nnacTa, H np11TOK K 

3TOH 30He ocylil,eCTBIDieTCR, 11CXO,[IR 113 ecTe

CTBeHHhIX napaMeTPOB rrnacTa, TeM CaMI.IM, B 

paccMaTp1rnaeMOM RBJTeHHH ITpORBJlReTCR ,[IHC

Cl1MMeTPHR. IIo3TOMY, cornacHO IIOJTO)l(eHIDI 

II. KIOptt [61], «3Ta :lKe .[1Hcc11MM~HR JJ.OJI)l(

ua npoRBJT.sIThCR H B npwqwHaX, HX ITOPO.LIHB

IIIHX», T.e. 113-3a BhICOKOH rrepBouaqanhHOH 

.r1enpecc1111 npMTOK B CKBIDKHtty KOHTPOJIMpy

eTC.sI He TOJlbKO rrapaMeTPaMH yxy.n:rneHHOH 

npHCKBa:lKHHHOH 30Hhl, HO H pa)l.HyCOM ee 

pacnpocTpauemrn R, KOTOphIM np116n11311TeJT1>

Ho paBeH rnpyx, a BeJTWJHHa CKHH-31j:Jlj:JeKTa H3-

3a )l.HCCl1MMeTPl111 HMeeT o6paTHbJH 3HaK. 

R ~ r = r * e"806P, -S16P=S ( 6.26) np.yx c 
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J-fa 3TOH <j:JopMYJihl MO:lKHO BbJqHCJIHTb CKHH-

31j:llj:JeKT, a 3aTeM CKHHOBbIM CKaqoK )l.aBJieHHM 

no lj:JopMYne ,[(.P. Xopuepa: 

LiP = S * 0. 87 * tga 2 , s 
(6.27) 

r.r1e tga2 - TaHrettc yrna HaKJioHa BToporo 

np.sIMOJIHHeMHOro yqacTKa. 

B cnyqae, ecnn KB,D, B1>1rnna Ha nnacTo

Boe .n:aBneHMe, .r1aHHa» BeJIHqttua orrpe.n:en.si:eT

c.si: 6onee ToqHo rpalj:JttqecKH, KaK pa3HOCTh 

.r1enpeccHM Me)l(,[ly nepBblM H BTOpbIM np.sIMO

JTHHeHHblMH yqacTKaMH B ToqKe Bhixona KB,D, 

Ha IIOCTORHHOe IIJiaCTOBOe )l.aBJieHMe (P11c. 

6-21 ). CooTBeTCTBeHHo, 6onee ToqHo qepe3 

Ben11q11ey L1P s. B o6paTHOM nop.si:.r1Ke no lj:Jop

MYJiaM (6.28) 11 (6.27) MO)l(HO OIIpe.r1en11Th 

CKHH-3<jllj:JeKT 11 pa.n:wyc 3arpR3HeHIDI rrnacTa. 

CornacHo 11ccne.r10BaHIDIM [90], ycrn

HOBJieHo, qro B CKBIDKHHax c yxynrneHHOM 

OKOJIOCTBOJihHOM 30HOM ycTaHaBJIHBaeTC.sI 

nnacToBoe .[laBJieHHe P myx HaMHoro Hlf)l(e no 

CBOeM Be.JTH'Urne, qeM IIJiaCTOBoe ,[laBJTeH11e B 

y.r1anemmli qacTH nnacTa HJTH HaqanhHoro 

IlJiaCTOBOro ,[laBJTeHMe B rrp11CKBa:lKHHHOH 30He 

,[10 ee yxy.r1rnemHI p fL1' Pa3HH:Qa ,[laBJTeHHH Me

)1()1.y 3THMH 30HaMH OTPa:lKaeT CKHHOBbIM CKa

qoK .r1aBJieH11tt L1P8. Hcxo.[IR 113 3Toro, rr.JTacTo

Boe naBJieHne B ynaneHHoii qacTH rrnacTa B 

BoccTaHOBJieHH1>1x KB,D, onpe.n:e.JT»nocb no 

<jlopMYrre: 

P =P +M.s .. n.Jl rvz.yx ~ 
( 6.28) 

,D,n.si: tte)l.oBoccrnttoBneHHhIX KB,D, Me)l()J.y nep

BhIM H BTOpbIM np.si:MomrneHHbIMH yqacTJ{aMH 



Ta6llulJ a 6.1. 
n rpu1a OUHble napaMempbl no CKB. 396H. ZO.flbCKO- {) ll.!IOBOZO Mecmopom eHU.JI 

lvfemoiJuKa 

,?par/JoaHaJ1umu1JeCKaR OJJ51KBPc3anucaHHbIM P 11J1.W. 

pac1JemHaR iJJJR KBP c He3anucaHHbIM P '"-"x. 

no JO.fl. )KeJJmo6y 

no J1. </J. PaxU.ttK)JJJ06Y 

no 3.I' CfeKaJJIOKV 

no P.!1. MeiJ6eocKoMy - B.H Hecmepo6v 

no C.I'. KaMeHelJKOMY 

no A. </J. EJJUH06Ji u YKpHJJI'P 11 

Haxo,IJ,HJiaci, paccqmaHHa.SI rro qiopMyJie (6.28) 
BeJIHqHHa ,1!>8

1 (Pttc. 6-21) H orrpe,IJ,eJI.SI.JJHCb 

IIJiaCTOBhie ,IJ,aBJieHH.SI B rrpHCKBIDKHmIOH H 

ymmeHHOH 'laCTM IIJiaCTa. 

/{Jtfl. npUMepa 6 ma6Jtulfe 6.1. npu6eOeHbl 

napa.Mempbl npUCK6aJICUHHblX 30H, paCC'lU

maHHb!e no oaHHblM MemoouKaM u paouycbz 

3mux 30H, U3 Komopbzx mecmb nocJleOHUX pac

C'lummmbz no pa3llU'lHblM MemoOUKaM, OCHO

eaHHblM Ha mo'lKe epeMeHu nepe2u6a nep6020 

u emopo20 np.HMOJlUHeUHblX y'lacmK06 no 

CK6G:JICUHe 396. 
Ilo utecmu CK6G:JICUHGM, 2oe npou16eoe-

1ta 3anucb eoccmmtoeJzeH1lblX KB/{, pa31lUlfG 6 

onpeoeJleHuu nflacmoebzx oaeJte1tuu no npeo

Jlo:JICeHHblM MemoOUKGM He npe6blUlaJla ± 0, 16 
MIIa (no2pemHocmb 2 %). 

lfcnoJtb3Yfl. npeoJla2aeMb1e MemoOUKU, 

6bZJlU pacc'lumaHbl npUCK6a:J1CU1lHb1e napa

Mempb1 no 6CeM UCCJleOo6aHHblM CK6G;JICU1la.M 

pa1pa6ambrnaeMOU lf20JlbCKOU 3Wle:JICU K KOH

l/Y 1992 2 (ma6Jlulfa 6.2), 'Imo no360flWZO He 

mOJlbKO ycmaH06Umb u 00Ka3amb npU'lUHbl 

s R, j\,j Pm.vr. Mila Pn.,. Mila 
5,1, 15,1 25,25 26,57 
4,1 5,7 25,22 26,32 

56,0 
37,4 
27,2 
19,9 -
18,4 
7,6 

pe3K020 naOeHWl iJe6umoe He</Jmu, HO u ycma

H06Umb npU'lUHbl pe3K020 naoeHWl Oa6JleHUU 

3a nepeb1e 'lembzpe MeCJl.lfa c 28,3 oo 21,9-25, 7 
Mlla. B cpeoHeM nflacmoeoe oaeJleHue CHU3u

JlOCb Ha 4,1 MIIa, 6 moM 'lUCJle 3a c'-tem: 

• CKUH06020 CKa'lKa Oa6JleHUU HG 0,2 - 3,2 
Mlla, e cpeoHeM 1,1 Mlla (27 %); 

• om6opa He<jJmu Ha 1,3 Mlla (32 %); 
• HaJlU'lWl 2uopoOUHWWU'leCKUX 3KpaH06 Ha 

1, 7 MIIa (41 %). TaK CKea:JICUHa 410 no

naJla e «JtUH3Y» u nJtacmoeoe oaeJleHue 

CHU3Wl0Cb Ha 6,4 Mlla (160 %). 
Ta1<.UM o6p03oM, p03pa6omamtaR 

Memoou«.a Ol(e1t1<.u no1<.03ameneii 1011 :me1<.
mpooCMomu11ec1<.ux o6p03oBauuii ne monbKo 
xopouw npoRBn.R.emca B 1onax llllJlU'IUR 
pb1XJ10C6a1an11oii BOObt ( 11epmeneoo11acb1-
w,enuR), 110 U n0360JlUJlQ 8blR6Umb ee cy11<e
Cm8e1t1ty10 ponb B nonuJ1Cenuu nnacmoBblX 
iJaBne11uii 8 npUCl<.8UJICUH110U 30He. llpu 
:imoM OOltaCmb npWHeHeHUR oannoii M.emo
OUKU 11e ozpa11u11uBaemcR monb«o ORJI. 1011, 
zi)e yxyi)we11ue napa.Mempo6 nnacma npouc
xoi)um 1a c11em :in.e1<.mpooCMomu11ec1<.ux 

Ta6~ulJa 6.2. 
JlpUCK8ll31CUHHble no1<a1ame.nu HWJlbCKOU 3Me3/CU K IWHl(J! 1992 z. 

N2 
)],am 

Pn.r1.yx, rnp.yx, P,,,, rnp, LIPs, (MTia) 
HCCJTC)IOBa-

(MTia) (CM) 
So6p 

(MTia) (cM) 
c 

CKBaJKHHbI pac11em. 2pa</JoaH. HHH 

362 16.06.91 yxy)IIIICHHaH 30Ha OTcyrcrnyeT 24,52 50,0 -1,7 0 0 
377 16.01.91 25,70 134 -2,7 26,67 8,1 0,2 0,97 
378 28.09.91 yxynrneHHaH 3oHa oTcyrcrnveT 22,17 0,7 2,6 0 0 

396 
21.01.91 25,26 565 -4, 1 26,40 0,2 3,7 1, IO 1,32 
11.02.91 23,90 696 -4,3 27,06 20,2 -3, 1 3,16 3,00 

398 15.10.91 YXYJIIIICHHaH 30Ha OTCVTCTBVCT 22,40 12,3 -0,3 0 0 

410 
17.01.91 23,42 432 -3,8 131,0 -2,6 
17.02.91 21,85 338 -3,6 HC)IOBOCCTaHOBJICHHaH KB)], 

411 17.02.91 25,03 666 -4,3 25,54 0,51 0,97 
429 22.02.91 24,27 678 -4,3 25,33 2, 1 1,5 1,06 1,05 
1114 15.09.91 24,01 738 -4,4 24,97 10,7 -0, 1 0,96 
1093 16.09.91 24,70 418 -3,8 24,91 0,21 0,20 
1113 18.09.91 23,28 637 -4,2 24,63 100.0 -2,4 1,35 

1115 
08.11.91 23,66 903 -4,6 24,99 10,5 -0, 1 1,33 1,20 
02.12.91 23,53 829 -4,5 HCJIOBoccTaHOBJTCHHaH KB)], 

1129 16.03.91 24,51 178 -2,9 HC)IOBOCCTaHOBJTCHHaH KB.[{ 
1133 25.12.91 23,39 526 -4,0 25,34 232,0 -3,2 1,95 
1142 25.11.91 yxynrneHHaH 30Ha OTCYTCTBYCT 22,60 I 13,4 I -o,3 I 0 I 0 
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noiJHRmuu BOdbl. Ona matou:e .MOJ1Cem Oblmb 
npUMeHU.Ma u iJllR 30H, ziJe l<OllbMamaU;UH 

npoU3ouma 3a Cllem iJpyzux tjJa1<1110poB. 

6. 7. ru,ZJ;pO,Ll;UH3MH'leCK3SI KJ13CCUCf>HK3D,USI 

3aJJe~eii: ue<f>Tu n ra3a 
3aneJKM c HaKJIOHHhlMH KOHHlKTaMH B 

He3aMKH)'ThIX CTJJYinypax H3BeCTHhl .n.aBHO. 

EII1e B KJiaccmjmKau:irnx <I>. Knanna (1929) n 

lf.M. ry6KHHa (1932) BhI,lJ,eJieHbl TaKHe rpyn

Ilbl 6JiaronpJUITHhIX .ll.JIH tteqnera3otta~onJie

HJUI He3aMKH)'TblX CTJJyKryp ( CTJJYKTJPH:ble 

HOChI n Teppacb1). B pH.n.e KJiaccmpHKau:nn 

B.E. Xaima, A.A. EaKnpoBa, IO.A. ITpHTyJibI 

Ii .n.p. no.n.o6Hbie TliIIbI 3aJie)l(en 6nmn Bh1.n.ene

Hb1 B oco6h1e BH.IJ.bI HJili no,D,rpynnhI. BnepBble 

TeopeTnqecKH o6ocHOBaJI B03MO)J(HOCTh cy

II1eCTBOBaHJUI TalillX 3aJie)l(eH c rn.n.po,ll.HHaMH

qecKllX no3HU:HH B.IT. CaBqeHKO [93]. 3aTeM 

attanorn:qHble rH,lJ,po.n.HHaMnqecKHe 3ane1Im 

6bmH rro,Apo6Ho 06cq1naHhI M.K. Xa66epToM 

[ 116] H o6ocHOBaHbl rrpHHU:HilllaJihHO HOBhle 

rpyrrnhI 3aJie)l(eU 3KpaHHO-fll,lJ,PO.ll.HHaMnqe

CKlle. lI3JIO)l(eHHbie pa60Thl 0 BJill}IHJill rn,lJ,pO

)J,HHaMHqecKoii o6cTaHOBKll Ha 3aJie)J(lf HecpTH 

Ii ra3a no3BOJIHJIH IO.IT. rarreH6eprepy [95] 
CHCTeMaTll3llpOBaTb ll KJiaccncpnu:wpoBaTh llX. 

ITpe,lJ,CTaBJieHhie B KHHre npnMepbr no 

BJIHHHIDO rw.n.po,ll.HHaMwqecKOU o6cTaHOBKH Ha 

3aJie)l(H HecpTH H ra3a IOrO-BOCToqttoii qacTH 

3ana.n.Ho-Cw6HpCKOH npOBHHU:HH, II03BOJIHJili 

3HaqHTeJibHO yToqHHTb cyw.ecTBYJOIIIHe H 

11pe.n.no)l(HTb pH.ll. HOBhIX rn.n.po.n.HHaMwqecKHX 

KpHTepweB IIOllCKa H pa3Be)J,Kll 3aJie)l(eU pa3-

JillqHhIX THIIOB. B CBOJO oqepe)J,b, 3TO Bhl3BaJIO 

Heo6xo,lJ,HMOCTh CHCTeMaTll3HpOBaTh BhrnB

neHHbie KpHTepnw B 3aBHCllMOCTH OT Bll,D,a 

CTpOeHH}I 3aJie)l(ell. 

ITo KJiaccwcpwKaU:Hll IO.IT. rarreH6ep

repa, BbI,lJ,enHeTc51 TJJH rpyrrnhI rn.n.po.n.nHaMn

qecKHX 3aJie)l(eU: co6CTBeHHO-rli)J,p0,ll.llHaMH

qecKne, 3KpaHHO-rll)J,pO.IJ.HHaMwqecKHe H CBO

,lJ,OBO-rH.IJ.PO,lJ,llHaMWJecKHe. 

B rpynne co6cTBeHHO rH.IJ.pO.IJ.HHaMH

qecKHX 3aJie)l(eU BhI,lJ,eJI}IJOTCSI CJie.IJ.YIOIIIHe BH

,lJ,bI: 3aJie)l(H CTJJYKTYPHblX HOCOB H Teppac, 3a

Jie)l(H Ha MOHOKJIHHaJI}IX c H30rttyToii IIOBepx

HOCTblO BHK BCJie.IJ.CTBHe U-o6pa3Horo H3rn-

6a Tihe30MeTJJWieCKOH noBepxHOCTII BO.ll. H 

CMeUiaHHbie, BKJIIOqaIOIIllle .II.Ba rrepBblX BH)J,a. 

ITo 3.LI. ~anb6epry [27], reoJiornqecKoii rrpw

qnHoii o6pa3oBamrn 3aJie)l(eU c moreyToii rro

BepXHOCThJO KOHTaKTa HBJISieTCSI HannqHe CJia-

6orrpoHHU:aeMoro 3Kpatta rrepe.n. 3aJie)J(bIO. He-
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XO.ll.51 H3 3Toro, B npe.IJ.JiaraeMoii KJiaccHcpHKa

u:1rn )J,aHHbIH Bli)J, 3aJie)l(eU OTHeceH K 3KpaHHo

rn.n.pO.IJ.HHaMHqecKOMY THny ( JIHTOJIOrWieCKHH 

BH.IJ.). 

OcTaBumecH B rpyrr11e co6cTBeHHo 

CTJJYKTJPHLIX HOCOB H Teppac TaK )Ke, KaK H 

CBO,lJ,OBO-rli)J,pO,ll.HHaMHqecKHe 3aJie)l(H, o6pa-

3YJOIIIlleCH B IIOJIOJKMTeJibHbIX CTpyKrypax, 

xapaKTepH3YJOTC51 06II1HMll IIOKa3aTeJI51MH co

xpaHHOCTH Hecprn H ra3a, OTHOllleHH51Mll yr

JIOB HaKJIOHa IIa)J,eHll}I rrnaCTOB K yrJiaM Ha

KJIOHa nhe3oMeTJJHqecKoii 110BepxttoCTH. Hc

XO.lJ.51 ll3 3Toro, .n.aHHbie 3aJie)l(H 061,e,D,liHeHhl B 

CTJJYKTYPHO-rli)J,pO,D,HHaMnqecKHH THII. 

B rpy1111e 3KpaHtto-rn.n.po.n.1rnaMH-

qecKnx 3aJie)l(eH, B COOTBeTCTBHH c npnpo.n.o.H 

3Kpatta, IO.IT. rarrett6eprep BhI,lJ,eJI51JI JIHTO

nornqeCKHe, cTpanrrpacpwqecKne n TeKTOHH

qecKne 3aJie)l(H. B KOM6Httau:1rn c 3THMH 3Kpa

HaMH CIO)J,a MO)l(HO OTHeCTll BO)J,HO

CHHKJIHHaJILHbie 3KpaHbl (pa3,D,eJI 2.2.4). 3rn H 

BhirnenepeqHcJieHHbie 3aJie)l(H xapaKTeptt3y

IOTC51 urnpoKO H3BeCTHbIMH rH):J,pO,ll.HHaMHqe

CKHMH KpHTepH51MH - HaJIHqHeM Tihe30MHHH

MYMaMa H cosna.n.ettHeM HaKJioHa nnacTa H 

Ilbe30MerpwqecKOH IIOBepXHOCTH. 

B npe.IJ.JiaraeMoii I<JiaccttcpttKau:HH .n.o
noJIHHTeJibHO Bbl)J,eJieHa npHttu:HIIHMbHO HO

BaSI no.n.rpynna 3KpaHHO-rli,lJ,p0,ll.HHaMWieCKllX 

JIOByrneK, KOTOphie xapaKTepll3YJOTCSI o6paT

HhlMH ITOKa3aTeJI.llMH: Ilbe30MaKCHMJMOM H 

o6paTHblM HaKJIOHOM IIJiaCTOB. ITpWieM 3Kpa

Hhl .n.aHHLIX JIOByrneK .IJ.OJI)l(Hbl 6bITh BOrttyTbI 

B CTOpoey HaKJIOHa Ilhe30MeTJJHqecKOH no

BepXHOCTII. B npoTHBHOM cnyqae 3a cqeT no-

6osoro 3cp¢eKTa tte¢Th H ra3 He CMOryT 

y.n.ep)J(llBaTbCSI OKOJIO 3KpaHa. 

KpoMe 3Toro, B cyrnecTBYJOII1HX KJiac

cHcpHKaU:H}IX 3aJie)J(eH (JiosyrneK) ,D,ocTaToqtto 

xoporno H3BecTeH THIT JIHH30BH,D,HbIX JIOBY

rneK, KOTOpbie TeopeTWJeCKH MOryT xapaKTe

pH30BaTbC51 KaK Ilbe30MHHHMJMOM, TaK H IIbe-

30MaKCHMJMOM. OcttoBHhIM KpHTepHeM BhI,lJ,e

Jiemrn JIHH30Bli,lJ,HbIX JIOByllleK MO)l(eT HBJJ51Th

C51 ycJIOBHe pe3Koro na,lJ,eHHSI rrnacToBoro ,lJ,aB

JieHll}I 11pH oT6ope ttecpTH HJIH ra3a. B npaKTH

Ke reonoropa3Be,D,oqHhIX pa6oT .n.attHhIH KpH-



TepHii HHor.na HCIIOJih3yeTC51 rrpH 110.ncqeTe 

3a11acoB H H3BeCTeH 110)], Ha3BaHHeM MeTO)J,a 

11a.nettH5! .naBJieHHtt. Hcxo,IJ,51 M3 3Toro, rrepe

qlfcJieHHble 3KpaHHO-rH,IJ,pO,l1,HHaMHqecKHe JIO

BYIIIKH BhI)J,eJieHbl B caMOCT051TeJibHhIH THII, 

KOTOpblii BKJilOqaeT B ce651 rn:.npo,IJ,HHaMHqe

CKH-TbIJ10BYffi, -no6oByro H -Jf30JittpoBaHttyro 

rpyrr11i,1 noBymeK. KpoMe oTMeqeHHhIX AByx 

OCHOBHhlX THIIOB 3aJie)l(eii: CTpYKTyPHhIX H 

3KpaHHhIX, Moryr 6hITh H CMeIIIaHhie. 

IlpHMeHeHHe )J,aHHOH KJiaccmpHKau:1m 

1103BOJIHJIO pm,n:eJIHTh 110Ka3aTeJIH coxpatte

HH51 3aJie)l(eii Ha cTpyKryptthie H 3KpaHHhie. K 
CTpYKTYPHOMY IIOKa3aTeJilO OTHeceH IIOKa3a

TeJih - HH3KHtt rHApaBJIHqecKHtt yKJioH. 3K

pattHOMY 110Ka3aTeJIIO, Hao6opoT, BCJieACTBHe 

no6oBoro H ThIJIOBoro rH,n:po,n:1rnaMHqecKoro 

3cpcpeKTa 6y,n:eT COOTBeTCTBOBaTh pe3KHH rre

pe11a,n: ttarropoB. ,lVI51 rH,n:pOAHHaMHqeCKHX yc

JIOBHM lOfO-BOCTOKa 3a11aAHOtt CH6HpH cTpyK

rypttbltt rH.1:1paBJIHqecKHtt YKJIOH AOJI)l(eH 6hITh 

MeHhIIIe 0,002 M!M, 3KpaHHhltt, ttao6opoT, 60-
/ 

nee 0, 1 MIM. 3cpcpeKTHBHOCTh ripHMeHeHH51 3K-

pattttoro KpHTepM51 6hIJIO IIOKtGaHO Ha rrpHMe

pe ManopeqettcKoro MecTopo)l(.[\eHH51 ttecpTH 

(pa3AeJI 6.4). 

KpoMe 3Toro, rrpoBOAHMhie Hccne.1:10-

BaHHH 110 rH,n:pOAHHaMH4eCKHM ycJIOBH51M 

<t>opMHpoBaHH51 MecTOpO)l(.[\eHHH HecpTH H ra3a 

B rrpe.nenax TOM CK Ott o6nacTH 1103BOJIHJIM 

3HaqMTeJihHO yTo4HMTh C)'Iu:ecrnyromHe M BhI

HBHTh .[\OIIOJIHHTeJibHbie fH)J,pO)l,MHaMH4eCKHe 

KpMTepHH rroHcKa HecpTH H rma. Cornactto 

A.A. Kapu:eBy, 3aJie)l(H HecpTH rrnoTHOCThJO 

0. 785 H 0.85 r/cM3 MOryT coxpattHTbC51 11pH 

ycJIOBHH, eCJIH a>4,7i l{ a>6,7i, )J,JISI ra3a a>i 
(r.ne a - yron HaKJioHa rra,n:eHH51 rrnacToB; i -

yron HaKJIOHa Tibe30MeTp1NeCKOH IIOBepXHO

CTM). Hccne.noBaHHe HaKJioHHhIX rpattHD: BHK 

IIepBoMaiicKoro H HronbcKo-TanoBoro Me

cTopo)l(.[\eHHH l10Ka3aJIO, qTo K03cpcpHU:HeHTbJ 

fH.JJ.paBJIJNeCKOro yBeJIHqeHHH HaKJIOHa 3ane

)l(eH 3aBHCHT He TOJibKO OT TIJIOTHOCTH HecpnI H 

rrnacTOBOro ,IJ,aBJieHMSI, HO 11 OT y.n:enhHOH Terr

noeMKOCTH HecpTH H IIJiaCTOBOH TeMrrepaTYPhl. 

c yqeTOM TeIIJIOBOH 3HeprHH pacqeTHbie K0-

3cpcpHU:MeHTbI yBeJIH4eHM51 HaKJIOHa 3aJie)l(H 

OKa3aJIJfCb HeCKOJibKO HH)l(e 4.1 H 6.3, COBITaB 

c cpaKTJNeCKM ycTaHOBJieHHhIMH. 

Y4ttThIBa51 TeopeniqecKyro rrpe.n:rro

ChIJIKY IIOCTOHHCTBa 3Hepnm Ha IIJIOCKOCTM 

rpaHHU:hI BHK, rrpe,n:Jio)l(eH KpttTep11w KOJIJNe

crna noByrneK. Hantt4tte B rrpe.n:enax MecTo

po)l()J.emrn CKBa)l(MH, BCKphIBIIIHX BHK c pa3-

JIWIHhIMH 3HeprH51MH HecpTH, 6y.n:eT CBH.[\e-

93 

TeJihCTBOBaTb 0 HaJIH4HH rH.npaBJIJNeCKH-pa-

306meHHbIX noByrneK ttecpnr. Bn1c0Ka5! 3cp

¢eKTHBHOCTh rrpHMettemrn ,n:aHHOfO Kpmeptt51 

6hma .D.OKmaHa rrpH aHanH3e MO)J.eJIH KaThIJih

rHHCKoro H 3arra.[\Ho-KaTbIJibfHHCKOro MeCTO

po)l()J.eHHH Hecprn. 

Oco6o Heo6xo.D.HMo ocTaHOBMThC51 Ha 

orrpe.1:1eneHHH JIOBYIIIKH, )J,aHHOH B CBOe BpeM51 

M.K. Xa66epToM, KaK rrhe30MeTp1111ecKoro 

MHHHMYMa. JJ:eno B TOM, qTo HCCJie)J.oBaHHe 

IIbe3oMeTpHqecKOH IIOBepXHOCTH JiyrHHeU:KO

ro H OcTaHHHCKoro MecTopo)l(.[\eHHH tte<JJTera-

30KOH.D.eHcaTa IIOKa3aJIH rrpoTHBOIIOJIO)l(ttyro 

Kapnrny - MaKCHMaJibHhie HarropbI OTMeqa

JIHCb B KYIIOJiax (Puc. 6-22). c cptt3nqecKoii 

ToqKH 3peHH51 3TO BIIOJIHe ecTeCTBeHHO, T.K. 

)1.aBJieHtte B ra30BbIX CHCTeMax rrpaKTHqecKH 

paBHo B JIJ06oii. ToqKe H rrepenaAhI rrhe30MeT

p11qecKHX ypoBHett cpaKTHqecKH 3aBHC51:T OT 

nepena.n:a rHIICOMeTpHqecKHX OTMeTOK IIJiaCTa. 

HaJIH4He B npe.1:1enax MecTopo)l()J.ettttii yqacT

KOB c pe3KO OTml4aJOIIIHMHC51 TIJiaCTOBhIMH 

.1:1aBJieHH5!MM MO)l(HO paccMaTpHBaTb KaK TIOKa-

3aTeJib rH.1:1paBJIH4eCKH pa306II1eHHbIX JIOBY

rneK ra3a. B CBoe BpeMH ell1e H.H. PocTOBU:eB 

paccMaTpMBan HaJIH4He ABIIJJ: KaK IIOKa3a

TeJib BCKpblTH51 3aJie)l(JI ra3a, 

H, HaKoHeu:, Heo6xo.D,HMO OTMeTHTh, 

4TO B rrpaKTHKe rH,n:pO.JJ.HHaMHqecKHX HCCJie

)J,OBaHMH CKBa)l(HH .[\OCTaToqHo )J,aBHO npe.1:1-

JIO)l(eH B.II. 51.KOBJieBhIM MeTO)J, r11.1:1poreoJIO

ncqecKOH pa3BeAKH. MeTO.JJ. octtoBaH Ha BJIH51-

HHH rpamru: pa3JIM4Horo po)J.a Ha xapaKTep 

HCKpHBJieHH51: KOHeqHhlX yqaCTKOB pa3JJH4HhIX 

KpHBhIX (KBJJ:, KBY, KIIJJ: tt T.)J.), HO HeCMOT

p5r Ha 3TO, y Hae B CTpaHe B rrpaKTHKe OH He 

ttarnen umpoKoro rrp11MetteHH5!. B 3TOtt CB513H 

rrpe)J.JIO)l(eHHa51 I'H.JJ.POAMHaMJf4eCKa51 KJiaCCM

<PHKau:1rn AOIIOJIHeHa eme 0)1.HMM HeqJTefa30-

IIOHCKOBbIM KpHTepHeM - OTHOIIIeHMeM yrnoB 

HaKJIOHa KOHeqHoro yqacTKa KpHBbIX )1.aBJie

HHH K rrepBoHaqaJihHOMY b/ii, c u:enhlO tterro

cpe.D.CTBettttoro orrpe.n:eneHMH HanMqM51 3Kpa

HOB JJoByrneK H rpaHHU: 3aJie)l(eH HetjlTM H ra3a. 

IIo .n:aHHOMY MeTo.n:y 6bm c.1:1eJiaH rrporH03 no

HH)l(eHH51 BHK Ha 3arra)J.Ho-MoMceeBcKoM Me

cTopo)l()J.eHHH tte<PTH, KOTOpbIH IIO.[\TBep,l1.MJIC51 

B rrpou:ecce pmBe.n:oqttoro 6ypetttt51, qTo rro-

3BOJIMJIO o6ne)J.HHMTh 3TO MecTopo)l(.[\eHHe c 

JleCMYPOBCKHM H lJ:BypeqeHCKHM MeCTOpO)K

.n:eHHSIMM HecpTH. 

HmaK, npeOJ10:HCeHHllR zuopoouna
MU'leCKllR KJlllCCUtjJUKQU,UR :JaJle:HCeu, 6 om
J1Ul1Ue om panee cyw,ecmBoBaBmeu, :JHallu
meHbHO 00llOJ1HeHa U ymollHeHa, '-tmO no:J60-



ll.Rem 6o;1ee 3ppeKmu6no ucno11b106amb 
lUOpOOUlla.MU'leCKUe KpUmepUU npu llOUCKO-

6o-ptn6eoo'lnbtx pa6omax na nepmb u za3. 

lloo6eoe.M umoz oannou ma6bl. Hcnollb306a11Ue Memooa npunu;uno6 H. Hb10mo11a ll0360-
llWlO, npe:m:oe 6cew, y'lumbl6llll y11u1<.aJlb11ocmb my'lenua 06U:m:enua my601<.ux 60o 1<.a1<. pmu'le
cK.020 me/la, c oonou cmopo11b1, 06oc1106amb neooxodUMocmb npUMenenua 1a1<.01106 mepModu11a
Mu1<.u npu 6bl6ode oc110611b1x popMy11 no my'le11u10 cKopocmu u 11anpa6lle11ua no111y'leil pwtbm
pau;uu my601<.ux 600 u, 6 'lacmnocmu, napado1<.cfl.Tlb11ou 1a6UcUMocmu yoe/lbnou men!lobt1<.ocmu 
my60KU.X 600; C opywu cmopOllbl, UCllO/lb306amb npunu;un Mme.MamU'leCKOU allfl.TlOlU'llJOCmU U 
npu11u;unb1 meopuu 6.1131<.oynpywcmu, 6 oco6e1111ocmu, npu u1y'le11uu 11anpa6lle11ua i>6u:m:enua 600 
6 pe11<.011eod11opod11ou t/JUllbmpau;uo1111ou cpede. B noc11eo11eM CllY'lae 6nep6ble oano 06oc1106a11ue 
neooxooUMocmu ucno11b106a11ua neunepl(UllllbllblX cucme.M omc'lema u ptnpb1611ocmu t/JU11bmpa
u;uo1111ow nomoKa (1aK.011 KIJPxwpa). BblR611e1111b1e 1a1<.011b1 u npu11u;unb1, 6 coom6emcm6uu c 
.nemodoM npu11u;uno6, do1<.oja11b1 na oc1106e Clleocm6UR o6u»cenua Goo - c;nem,enua zpanuu, 1a-
11e:m:eu 11efjJmu u ztna. 

Hapady c :JmUM ucno11b106anue Memoda npunu;uno6 no16011U110 npeocKll3amb 1106b1e R6-
1w11ua, npoucxooam,ue 6 1e.M11ou 1<.ope: zpa6umau,uonnoe zenepupo6anue u 11amepllllbHoe 1<.011oy1<.
mu611oe nepepacnpeoe11enue men/la 60dou, pacCMompeHHble dfl.Tlee. 
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Puc. 6-22. Cxe.ttamu•1ec1<.ue 1<.apmbl npu6eoe1111btx nanopo6 6epx11e10pc1<.ow 600011oc11ow wpu1011ma na 

Hyzuneu.«o.M u Ocma11u11c1<.o.M 11etjlmew101<.011oencamnbtx MecmopoJ1Coe11URx. 
Ilo .ll.C. MaHbl!loeou: 

I - CKBIDKHHa; B •mcmrrene ee HOMep, B 3HaMeHaTene rrp1rne):\eHHI.Til Harrop; 2 - rn,l:\pomorri.e311: a) l:\OCTOBepHhle; 6) rrpe)U"foJiaraeMhie; 3 -
H30JIJIHHH KpOBJIH ropmoHTa JO,. 
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r JiaBa 7. 0 pOJIH CHCTCMhl BO.Z:.a - nopo.z:.a 

B <J>opMupoeauuu TCUJIOBOro UOJIH 

Pa3ttoo6pa:me cpopM )J,BIDKeHIDI no)J,-

3eMHhIX BO)J,, MHonre H3 KOTOphIX He yKJia)J,hl

BfilOTCH B paMKH 3aKOHOB KJiacc11qecKOM rH)J,

pO)J,HHaMHKH, TI03BOJIHJIO ern:e r.IO. BanyKo

HHcy H A.E. Xo,nbKOBY npe)J,rronmKHTb reono

r11qecKyio Teop:mo )J,BIDKeHHR TIO)J,3eMHbIX BO.II:, 

rro.n: KOTopoH: OHM IIOHHMaIOT 11CHHTeTHqecKyio 

)J,HCU,HIIJIHtty, • . . H3yqaIO~IO OCHOBHbie 3a

KOHOMepHOCTH paBHOBeCH5[ H )J,HHaMHKH TIO)J,-

3eMHblX cpnIOH)J,OB B reonorJlqeCKH )J,nHTeJib

Hbie npoMe)K)'TKH BpeMeHH" [14]. 
Attanorwrnoii ToqKH 3pettll5[ rrp11.n:ep

)l(llBaeTCH B. 11. ~IOHHH cqHTM, qTo «npo6ne

Ma cpopMHpoBaHlUI 2J1y60KUX fjJlllOUOOB ~IBml

eTCR He TOJihKO nmporeoJior11qecKOH, HO B 

3HaqHTeJibHOH cTerreHH reonor11qecKoii. Ee3 

npHBJieqeHHR )J,OCTIDKeHHH CMe)l(HblX reOJIO

r11qecKJ1X HayK o 3eMJie (HcTopHH reononfqe

CKoro pa3BHTHR, reo,n:HHaMHKH, reoXHMHH, JIH

TOJIOrHH, MHHepanorHH, MeXaHHKH rpyHTOB, 

mepMOdUHllMUKU H .n:p.) peIIIHTb ee rrpaKTH

qecKH HeB03MO)f(HO» [30]. 
B rrpe,n:hI.IJ:YW:HX rnasax MbI y)J(e ,noc

TaToqHo TIOJIHO B o6rn:HX qepTax c 3THX ToqeK 

3peHH5[ paccMorpenH 2uopo2eoow1GMuKy 2J1y-
60Kux eoo. 0,nHaKo, CKa3aHHoe BHaqane 3TOH 

rJiaBbl II03BOJIHeT roBOpHTh, qTo )J,JIH peIIIeHH5[ 

rrpo6neM rH,nporeo,n:HHaMHKH, Mbl He MO)J(eM 

rrpHBJie'l:b )J,OCTIDKeHJrn reOTepMHH, IIOCKOJibKY 

3Ta orpacnh 3HaHHii caMa rpe6yeT pemeHHH 

cToHmHX nepe.n: Hen MHoroq11cneHHhIX npo-

6neM. Ilo3TOMY B )J,aHHoti rnase noii,n:eT pe% 

He CTOJibKO 06 HCTIOJlb30BaHHH COBpeMeHHbIX 

)J,OCTH)J(eHHH rH,n:poreoTepMHH )J,JISI pemeHHH 

rrpo6neM nmporeo,n:HHaMHKH, CKOJibKO 0 He

o6xo,n:HMOCTH H B03MO~OCTH CHHTe3a 3THX 

,n:Byx HayqHhIX ,n:HCU,HIIJIHH. IIocKOJihKY TOJih

Ko CUHme:J 3llllllUU, Ha OCHOBe HHTerpaU,HH 

3THX )J,HCU,HIIJIHH, B03M0)l(HO, II03BOJIHT o6Ha

PY)J(HTb HOB)'IO coBMecTttyio cyrn:ttocTb rrpo

u.eccos 3HeproMaccorrepettoca, rrpo11cxo,n:H-
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«llpupooa npocma u He pocKoUtecm(f)lem 

U3J/UUlHUMU npU'lUH(JMU 8eU(et1». 

HcaaK Hb10moH 

W:HX B 3eMHOH Kope. l1HbJMH CJIOBaMH, B 3TOH 

rnaBe peqb TIOH)J,eT 0 Heo6xo,n:HMOCTH HCTIOJJb-

30BaHIDI u11mezpupo6a1111ow noi>xoi>a. 
o.r. CopoXTHH, C.A. YrnaKOB [96], 

R3Y4M HCT04HHKH reHepaU,HH TeIIJia B rrpo

u.ecce 3BOJIIOU,HH 3eMJIH, HCXO)J,HJIH H3 .D:Byx 

OCHOBHbJX KpHTepHeB npoBepKH rrpaBHJibHO

CTH n1060H: Teopuu. Bo-nepBhIX, TaKaH TeopHH 

)J,OJI)f(Ha 6bITh BttyrpeHHe He npoTHBOpequBOH, 

npo'IHO onupaTbCH Ha COBpeMeHttyio cpH3HKY 

H, KOHe4HO, He npOTHBopeqHTb ee 3aKOHaM H 

cpyH)J,aMeHTanbHbIM npHHt11maM. Bo-BTOpbIX, 

Teoprrn, o6beKTHBHO OTpa)J(atOW:aH ,n:eHCTBH

TeJibHOCTb, )J,OJDKHa 6b1Th caMocornacoBaHHOH 

H rrpHHU,HIIHaJibHO Il03BOJIHTb c e,n:HHbIX Il03H

U,HH KOJmqecTBeHHO o6bHCHHTb Bee HBJieHHH H 

npou.eccI:.1, u3yqaeMbie B ,n:aHHOH o6nacTu ec

TecTB03HaHRH c rrpucyrn:uM paccMaTpHBaeMOH 

TeopHH rrpH6JJIDKeHHeM. 

PaccMoTpeHue cpu3HqecKoii cynr npo

I.(ecca rroJI3yqeH: <jmnI:.Tpau.1111 rny6oKHX so.n: c 

II03HI.(HH KJiaCcHqecKHX rrpe,n:cTaBJJeHHH TIOKa-

3aJJO, qTo ,n:aHHblH rrpou.ecc CXO)J( c HBJieHHeM 

reHepau.u11 Terrna B Bo,n:e H nocne.n:yiorn:eiI era 

rrepe)J,aqeii: 3a cqeT HBJJeHHH TeIIJiorrpoBo,n:Ho

cTH. 113 3Toro, cne.n:yeT, qTo eCJIH paCCMOT

peHHM cpmJlqeCKaH cyrn:HOCTb )J,BIDKemrn rny-

6oKHX BO)J, BepHa, TO OHa )J,OJI)J(Ha 6hITb He 

npoTHBopeqrrna ycnoBHHM cpopMHpoBamur He 

TOJJbKO rn)J,po,n:HHaMHqecKoro, HO H reoTep

Mli'JeCKoro pe)l(llMa. 

Bee 3TO Bhl3bIBaeT Heo6xo,n:HMOCTb 

B3rJHittyTb Ha npou.ecCbl <jlopMHpOBaHHH pe

)J(HMa TeJIJIOBOro TIOJJH oca,n:oqHbIX 6acceHHOB, 

He TOJibKO c TI03HI.(HH rHIIOTe3bl pa.n:ttoaKTHB

Horo pacna,n:a, KOTopaH B nocne,n:Hee BpeMH 

no,n:Bep)f(eHa cyrn:ecTBeHHOH KpHTHKe, a c no-

3HI.(HH npol.(eccoB rpaBHTaU,HOHHoro C)l(aTIDI 

oca,n:oqHI:,JX TOJIW: H HaXO.IJ:HW:HXCH B HHX BO.II: H 

B03MO:>KHOCTH rrepepacrrpe.n:eneHHH Terrrra rny-

6oKHMH BO)J,aMH KOH.IJ:YKTHBHbIM rryTeM. 



7.1. 06 HCTOifHHK3X reuepaQUH TenJia 

B XIX BeKe cpe,lllf reonoroB 6brna ITO

rrymrpHa KOHTpaKIJ,lfOHHWI flfITOTe3a 3JIH ,Ile 

EoMoHa. CornacHo ITpeacrnBJieHIDIM 3TOH rH

ITOTe3hI, OCHOBaHHOH Ha lf,[{eHX Kama

JlaIIJiaca o ropHqeM npottcxo)J():leHHH ConHeq

HOH etteTeMbI, Hama 3eMJIH o6pa3oBanacb H3 

nepB03,llaHHO fa3006pa3HOro, a 3aTeM, ITOeJie 

eryrn,eHIDI, H3 neperpeTOH orHeHHO-)f(H,llKOH 

MarMbl. Ilo Mepe oeTbIBaHHH 3eMJIH ITOKpbIBa

naeb Bee 6onee TOJieToH Kopo.H H e)f(lfMaJiaeh, 

eoKpamaHeb B IToITepeqHbIX pa3Mepax (ITpotte

XO,llHJia ee KOHTpaKll,IDI). 3TO ITpMBO,lllUIO K 

06pa30Bamno CKJiaaqaThIX ITOHeOB 3eMJilf lf 

B03HHKHOBemno 3eMJieTpHeeHHH, a ITO,llKOpo

BaH MarMa, ITpopbIBWieb Hapy)K)', eo3,llaBana 

BynKaHbI HJIH Btteaprumeh B oeaaoqHbie ITopo

.ll.hI, <jlopMHpOBaJia rpaHHTHhie IIJiyTOHhl. 

0TKpbTTHe B 1896 r. EeKKenepeneM 

HBJieHIDI pa,ll,HOaKTHBHOeTH eb1rpano oqettb 

B~IO pOJih B eTaHOBJieHHH H pa3BHTHH rH

TIOTe3bl O.IO. liIMtt.D.Ta o pa3orpeBaHHH H3Ha

qanbttO xonoattoif 3eMJm. I'ttITOTe3a KaHTa

JlaITnaea 6bma B KOptte ITO,ll,OpBaHa H rnaBHblM 

o6pa30M, 3a eqeT TIOHBHBIIIeroeH paattoreHHO

H30TOITHOf'O MeTO,lla OITpe,lleJieHIDI B03pacTa 

nopo,ll. TioeKOJibKY B03pacT 3eMJIH OKa3aJICH He 

TaKOH y)I( MOJIO,ll,OH H tteqMeJIHeTCH He tte

eKOJibKHMM MHJIJIHOHaMH JieT, KaK e'IHTaJIOeb 

,ll,O 3TOro, a MHJIJIHap.n,aMH. 

I'ttrroTe3a O.IO. liIMlf,llTa Colf'pana, 

6e3yenoBHo, B~IO ponh B rrporpeece H pa3-

BMTHH eoBpeMeHHOH reoJIOf'MM. 0,llHaKO, M y 

ttee 6orntt eBoH Tpy.n,ttoCTH H KpyrrHI>Ie H3-

.n,ep)f(KH. 

Tiptt OQeHKe MOIQHOeTH paattoreHHOf'O 

JieToqHMKa B 3eMJie Beer.n,a OCTaBanach ITOJIHml 

HeHeHOCTh 0 KOHQeHTpaQHH 3TMX 3JieMeHTOB B 

3eMHOH MaHTMH. JII pernanaeb 3Ta ITpo6neMa B 

eooTBeTeTBMH e reonoruqecKHM MHpOB033pe

HHeM yqeHbIX, HCXO,ll,H H3 MX ITpHBep)f(eHHOeTH 

paauoreHHOH rHITOTe3bl. KoHQeHTpaQHH pa

,n:HoaKTHBHhIX 3JleMeHTOB B MaHTHH OITpe,n:eJIH

JiaCb no ycnoBHIO paseHCTBa reHepupyeMoro 

HMH TeITJia co cpe,llHHM 3Ha4eHHeM TeITJIOBOf'O 

IT OTO Ka qepe3 3eMttyIO IIOBepXHOeTh (W asse

burg et al., 1964; JlIOCTMX, 1967; JlI06HMOBa, 

1966). B 3TOM cnyqae 3HeprIDI pa,n:ttoaKTHBHO

ro pacITaaa .D.OJI)f(Ha 6hrna cocTaBJI.sITb 11,3 -
19,5*1020 3pr/c. IlpH TaKOH MeTO,ll,OJIOfHH pac

qeTa aBTOMaTH4eeKH H IIOJIHOCTbIO MCKJII04a

JIHeb Bee oeTaJibHbie HCT04HMKM 3H,llOreHHOH 

3HeprHH B 3eMJle. JlpKHM ITpHMepoM KBHJIHCh 

pacqeTbI 3HeprHH paattoaKTHBHoro TeITna, Ko

TOpb1e I10Ka3aJIH, qTo ITO,ll,KOpOBhle TOJIIQH 

3eMJIH rrpaKTH4eeKH He eoaep)f(aT pa.D.HOaK

THBHhIX 3JieMeHTOB. CneaosaTeJihHO, B oKea

HwqeeKoii Kope (H eBH3H e OTeyTCTBMeM rpa

HHTHOro eJIOH) reHepaQIDI Terrna )J,OJI)f(Ha 6bITh 

Metthmeil, 4eM B KOHTHHeHTaJlbttoii. OattaKo, 

3aMephl <jlaKTM'IeeKoro ITOTOKa rny6ttHHOf'O 

Tenna qepe3 /],HO OKeaHOB I10Ka3aJIH ITpaKTH4e

CKOe paBeHeTBO TeITJIOBhlX TIOTOKOB M Ha KOH

THHeHTax, H ITO/], OKeaHHqecI<HM ,ll,HOM. 

7.1.1. Pom. rpaBHTaIJ;HOHHoii :meprHH 

IlepBI>Ie pe3yJibTaTbI paeqeToB :mep

rHH Terma, BbI.JJ.eJIHeMoro npu pa3JI~HbIX 

rrpoQeecax <J:>opMttpoBaHIDI H pa3BHTHH 3eMJIH, 

TIOKa3aJIH, ~o OHa BITOJIHe eOITOCTaBHMa c 

3HeprHeH pa,llHOreHHOro TeIIJia, paccqHTaHHOH 

ITO y1<a3aHHOH BhIIIIe MeTO,ll,HKe - 1,6-2,8* 1038 

3pr. K qlfeny TaKMX rny6HHHbIX HcToqHHKOB 

OTHOCHTeH (KporrOTKHH, 1948; JlI06MMOBa, 

1966): 
• rpaBHTaIJ,HOHHWI 3tteprHH ( eBH3aHHaH 

c yrrpyroii 3HeprHeif e)f(aTOii IIJiaHeTh1 -

2*1038 3pr H 3HeprHeH rpaBHTaIJ,HOHHOH !J.H<l:>

<PepeHQHail,lfH - 1,5-2*1038 3pr); 

• poTaQHOHHaH 3HeprHK ( eBK3aHHWI c 

3aMe)J,JleHHeM CKOpOCTH BpameHml 3eMJIH -

0,36*1038 3pr, e H3MeHeHHeM KOJie6aHHH CKO-
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poeTM spamettm1 3eMJIH - 2*1038 3pr) H tte1<0-

Topb1e apyrtte. 

Eonee TO'IHhie pe3yJihTaThI oQeHKM 

eo,IJ,ep)l(aHIDI pa,llHOaKTHBHbIX 3JieMeHTOB B 

MaHTHH (no TpeM MO.JJ:eJIHM) 6hIJIH ITpO,lleJiaHhI 

o.r.CopOXTHHblM H C.A.YmaKOBbIM [96). 
0Ka3aJIOCb, ~o B MaHTHH eo.uep)l(HTCSI ropa3-

.n:o MeHblIIe pa,llHOaKTHBHbIX 3JieMeHTOB 

(0,35*1020 3pr/c), qeM B 3eMHOH Kope 

(0,91 *1020 3pr/c). Ha oeHoBe rronyqeHHbIX 

aaHHbIX HMM 6oma rrpoBe,IJ,eHa oIJ,eHI<a 3HeprHH 

pa)J.HoreHHoro TeIIJia no MeTO,llOJiorHH, He3a

BHCHMOH OT paHee rrpHMeH.sIBIIIeH fHITOTe3bI 

paa110reHHoro pa3orpesa 3eMJIH. B pe3yJibTa

Te OKa3aJIOCb, ~o BKJia.n: pa.n:HoaKTHBHbIX 3Jie

MeHTOB B 3HepreTlfqeeI<He HeTO'IHHKH OKa3aJI

eH 6onee CKpOMHbIM, HO, TeM He MeHee, Bee )f(e 



3aMeTHhIM - 0,31*l038 3pr. Ilo HX pacqemM, 3a 

BpeMH reOJIOnrqecKOfO pa3BIITH}J 3eMJIH B ee 

He.n;pax Bbl,l1,eJIHJIOCb 1,46* 1038 3pr rpaBHTa:QH

OHHOH 3HeprHH, H3 KOTOpoil: 1,23*1038 3pr ne

peIIIJIO B TeIIJIO H 0,23*1038 3pr ,n;o6aBHJIOCb K 

3HeprHH ynpyroro C)Kanrn: nnaHeTbr. lfa pa

JJ;HoreHHOH 3HeprHH 0, 12*1038 3pr pacceHJIOCb 

B KOHTHHeHTaJibHOH KOpe H TOJibKO 0, 19* 1038 

3pr TeIIJIOBOH 3HeprHH coxpattHJIOCb B MaHTHH 

H IIOIIIJIO Ha mnaHHe 3HJJ;OfeHHbIX TeKTOHH'-le

CKHX, COBMeCTHO c OCTaBIIIeHCH TeIIJIOBOH qa

CTbIO rpaBHTall,HOHHOH 3HeprnH H 0,09* 1038 

3pr TeIIJiosoil: IIpHJIHBHOH 3HeprHH. B cyMMe 

TeIIJIOBM 3Hepr.H}J, BbI,D;eJIHBIIIMC}J B MaHTHH 

3a BpeMJl pa3BHTH}J 3eMJIH, COCTaBHJia 

1,51*1038 3pr. 

TaKUJH ofipt13oM, npeocma6ne11nb1e 
co6peMeHHble </Ja1<mb1 pac11emo6 pt13llUIJHbtx 
ucmo1111u1<06 ze11epau,uu melllla 6 3e.'HJle, c6u
oemeJ1bcmByem 8 nonb3Y 6eOyU(eii pollu 2pa-
6umau,uo1111ou 3Hepzuu, 11mo 11e npomuBope-
11umb tjJmu11ec1<ou cymu non3y11eu </JWlbm
pau,uu 600 0 zenepau,uu menna noo oeucm-
6UeM i>aB!leHUR 600bl. 

7.1.2. MexaHH3M reHepaD,HH TenJia B BOJJ.e 

IIO.[I. .[l.CHCTBHeM rpaBHTaIJ,HOHHhIX CHJI 

qT06bI Hanrn.n;ttee pa3o6paTbC}J B Me

xaHH3Me reHepall,HH TeIIJia TIO}); .n;eHCTBHeM 

rpaBHTall,HOHHbIX CHJI H .n;aTb IIpH6JIIf3HTeJib

ttyIO OIJ,eHKY pOJIH IIO,D;3eMHbIX BO,D; B 3THX 

npoll,eccax, paccMoTpHM a6cTpaKTttyIO cKBa

)KHHY aJJ;Ha6aTH'IeCKHMH CTeHKaMH, T.e. He 

nponycKaIOIIJ,He Tenno, rny611HoH. 2855 M, Ha

nontteHttyIO so,n;oil:. IlepsoHaqanbHa}J TeMne

parypa 3aJIUTOH BO,l1,bl paBHa 0°C .. ,ZJ;asneHHe 

COOTBeTCTBeHHO B03pacTaeT OT aTMoc<l_>epHoro 

Ha ycTbe ,no 280 6ap (28,55 Mlla) Ha 3a6oe. 

IlpH 3THX ycnosm1x H3o6apHax TeIIJioeMKOCTh 
BOJJ;bI 6y,n;eT yMeHbIIIaTbC}J OT ycTh}J K 3a6010 

OT 4,218 ,no 4,082 I<,D;)!(/( Kr*K) (CM. npHJIO)Ke

HHH). Ha ocHoBaHHH ypaBHeHH}J EepfIYJIJIH 

3 = c /T + h * g ( 7 .1 ) 

pacqeTHaH 0611J,aR 3Hepnrn BOJJ;bI Ha ycTbe 

CKBa)KUHbI COCTaBHT 115 2 K~, Ha 3a6oe -

1087 ~. KaK BH.D;HO H3 pacqeTa, nepsoHa

qanbHO BOJJ;a B CKBa)KHHe TepMO,l1,HHaMuqecKU 

ttepaBHOBecHa. B 3TOH csuu, no.n ,n;eiicTBHeM 

rpaBHTaIJ,HOHHbIX CHJI TH)KeCTH H npOTHBO,l1,eH

CTBH}J HM HOpMaJibHbIX CHJI BH3KOCTH Ha•rneT

CH npou,ecc reHepall,HH TeTIJia. 0.n;HospeMeHHO 

c pocTOM TeMneparypbI 6y,u:eT so3pacTaTb 

H3o6apHaH TennoeMKOCTb, a COOTBeTCTBeHHO " 
o6IIJ,aH 3Hepnrn BOJJ;bl Ha });He. qucneHHO 3TOT 

npou,ecc 6y,n;eT rrpoucxo,n;HTb cne.lJ:YIOIIJ,HM o6-

pa3oM. Ilpu reHepau,1m TeMrreparypbI Ha ,u:He 

cocy,u:a ,u:o 10°C TenrroeMKOCTb cocTaBHT 

4,0898 T<,[QK/(Kr*K), a cyMMapHaR 3Hepnrn 

ysenuqUTCH ,no 1130 ~· IlpH TeMneparype 

15°C TenrroeMKOCTb COCTaBUT 4,0937 

I<,D;)!(/(Kr*K), 3Hepr.H}J yserruquTC}J .n;o 1151,6 

~· Ilpu 15,1°C B CKBa)KUHe ycTaHOBUTCH 

TepMo,n;uHaMuqecKoe paBHOBec11e - 3Hepnrn Ha 

3a6oe H Ha ycTbe Bb1posm1eTcJ£. 

y CJIO)KHHM MO,U:eJib. qaCTb BO,U:bl Ha 

3a6oe CKBa)KttHhI rrepeKpoeM TennonpoBOM-

11J,eH. neperopo.n;Koii u ysen11qHM .n;asrreHue B 

1,25 pa3a ,D,o 350 6ap. B 3TOM cnyqae y,u:enb

HM TennoeMKOCTb IIOHlI3HTC}J ,11,0 4,0686 

K,IVK/(Kr*K), a 3Hepnrn COCTaBMT 1145 K~, 
qTo npttBe,D,eT K HapyrneHMIO TepM0,11,HHaMU'-le

CKOfO paBHOBeCJUI, KOTopoe BbipOBH}JeTCH y)Ke 

npu TeMrreparype 16,8 °C. Ilpu ysenHqeHutt 

,D,aBJieHJUI ,11,0 420 6ap (B 1,5 pa3a) TepMO,U:HHa

MU'-leCKOe paBHOBecue HacrynIIT rrpH TeMne

parype 18,3 °C. ,ZJ;aHHM Mo,u:enb xoporno co

rnacyeTcJ£ c Bbl.lJ:BMfIYTbIM B cneeyIOIIJ,eM pa3-
,D,ene rrpe,n;rroJIO)KeHHeM, qTo OCHOBHOH B03-

MO)KHOH <l_>H3.HqeCKOH rrpflqHHOH IIOBbIIIIeHH}J 

HaIIp}J)KeHHOCTH Terurnsoro nonH c YMeHbrne

HHeM B03pacTa TeKToreHe3a RBJI}JeTCH ysenH

qeHHe K03<l_>qmu,ueHTa aHOMaJibHOCTH nnacTO

BbIX BO,U:. 

TaKUJH ofipt13oM, npeo11azaeMa.11 Mo
oe11b MeXQHU3Mll zeHepaU,UU melllla 6 600e He 
npomu6ope11um coBpeMeHHblM zeono2u11e
CKUJH npeocmaBneHUJlM, tjJaKmaM u tjJmu11e
c1<UJH pac11emaM ofi ucmo1111u1<ax zenepau,uu 
menna 6 3eMnou «ope. 

7.1.3. B3aHMOCBH3L HanpHa.:eHHOCTH TCIIJIOBOro IIOJIH H 

rHJJ.pOJJ.HHaMn-iecKoro pea.:nMa 

lbBeCTHO, qTo cyrn.ecTBeHHbIM <l_>aK

TOpOM, BJIIDllOIIJ,HM Ha Bem1q11ey Hanp}J)KeH

HOCTH perHoHaJibHoro Tennosoro IIOJI}J rny-
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6oKHX qacTeH 6acceH.HOB, }JBJI}JeTCH B03pacT 

TeKToreHe3a (Pnc. 7-1). Ha:H6onee Hanp}J)KeH

HbIM reorepMnqecKHM pe)KHMOM xapaKTepH3y-
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Puc. 7-1. I'papuK Ja«ucuMocmu wwmnocmu 
metlllo«ow nomoKa q om «OJpacma cK!laOl/amocmu. 

no P.H. Kymacy u .Jl.E. CMupHoey: 
1 - cpe)Ufee 3Ha'leH11e nnornocTH TennoBoro noToKa; 2 - KO· 
ne6aHHJI BpeMeHH aKTHBH3aJJ,llH. I - M11oreoc11HKJil!Ham.m.1e 
o6nacTH am,n11licK1JX CKJiaJ1'la'fbIX cHCTeM; II - MeraaHTlfKJillHO· 
pnli BOJibIIIOro KaBKa3a II KapnaT; m - o6nacTH KHMMepnii
CKOii CKJia,zi'laTOcTH; 1 v - repnHHHJU,1; v - 6aliKaJibCKlfe, npo
Tep030llCKlfe H apxeiicKHe CTpyKI)'pbl 

JOTc.sr 6acce:Hm,1 Mono,n;hIX rrnaT<PopM H reo

CHHKJIMHanhHhIX o6nacTe:H, B npe,n;enax KOTO

pbIX nnoTHOCTb TennoBoro nOTOKa H reoTep

MH':IecKHe rpa,n;HeHThI B cpe.n;HeM B 2-3 pa3a 

BbIIIIe, qeM Ha ~HTaX H ,n;peBHHX rrnanpopMax. 

IlnoTHOCTb TerrnoBoro noTOKa B pa3-

nJ{qHbIX o6nacrnx cocTaBn.sreT, MBT/~: 
• ,n;oKeM6pmicKoro TeICToreHe3a OT 21 .4 

,n;o 62.0 (cpe,n;ttee 37.3), 
• KaJie)..l,OHCKOH CKJI8.)J;'laTOCTM 28.5-71.6 

(46.5), 
• reptUIBCKOH 25.1-80.0 (53.6), 
• Me3030HCKOM 41.9-92.5 (61.5), 
• KaMH030HCKOM 13.8-150.7 (74.5), 
• B paiioHax KaMH030HCKoro BynKaHH3Ma 

Ha KOHTHHeHTax 50.2-146.1 (91.7). 
K. <l>. Eoropo,n;mi:KHM (1964) ,n;mr pa3-

nJ{qHh1x TeKTOHH'feCKHX 30H npHBO)..l,HT cne

,n;yJO~He BenwwrnhI reoTepMttqecKoro rpa,n;HeH

Ta, °C/1 OOM: 
• ,n;peBHHe ~hi (Eanrn:HcKHii M YKpattH-

cKHii) 0,6-0,9; 
• rrnaT<PopMbI c ,n;oKeM6pmicKHM qiytt,n;a-

MeHTOM (BocTO'fHO-EBpone:HcKall H BocTo'fHo

C116HpcKa.sr) 1,0-2,5; 
• rrnaT<PopMbI c naneo30MCKMM qiytt,n;a-

MeHToM (3arra.n;tto-CH6npcKa.sr) 2,5-3,5; 
• TeKTOHttqeCKHe coop)')KeHHll repu:HH-

CKOM H Kane)..l,OHCKOH <Pa3 CKJT8.)J;'laTOCTH 1,5-2 
(Ypan), 2,5-3,5 (T.srHb-lllaHb), 2-3 (Ama:H), 2-2,5 
(CMHb1); 

• TeKTOHWieCKHe COOp)')KeHHll anbIIHH-
CKOH <Pa3hI cKJia,n;qaTocrn 2-3,5 (Kapnan1), 

4-6 (KpbIM H KaBKa3), 3-5 (KorreT,n;ar). 

<l>H3H'feCKaSI npH'fHHa ,n;aHHbIX 3aKO

HOMepHOCTeH )..1,0 CHX nop He o6'b.srCH.llnacb. 

MeJK,I:ly TeM amurnrM'fHM 3aKOHoMepHOCTh 

npocne)JnrnaeTc.sr MeJK,I:ly nmpo,n;nHaMnqecKHM 

pe)l(HMOM H Bo3pacToM TeKToreHe3a. KaK no-
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Ka3ana o6pa6oTKa <PaKTnqecKoro MaTepnana 

JO.A. E)l(OBhIM H IO.TI. B,n;oBHHhIM [80], xa

paKTep pacrrpe)..l,eneHH.sr nnacTOBhIX ,n;aaneHH:H 

Ha rny6MHe TaK)l(e 3aBHCHT OT B03pacTa CKJia,D;

qaTOCTH (Puc. 7-2). qeM MOilO)l(e 6acce:HH, TeM 

ftJlltTOllCtt A<l81lll$1M•, iT¥ 

a IQ(} lt!IJll HO llfll) H1(J(I 11/l(J ,.. 

" z +l}f}(/ 

:s: 

•1qgp t-·-lr---1r~!'J...~-'""l~:----t > 
c:; 
~ 'll(J(J(} 

llJfJ(JO .____.. _ _...._.....__..L.;;:;..io..L...,_._Ji_..-...i 

Puc. 7-2. CxeMa UJMenenuR npupoObl 
Wlacmo6blX Oa6JleHUii c my6unoii. 
llo JO.A. EJJCoey u 10.ll. BiJoeuHy: 

Ofumcm CKlll\il.'larocIB: 1 - am.IIHiicKaJI, 2 • repUHHcKaJI; 3 • 6aii
KlUlbCKaJI, 4 • l\O)JH<jleliCKaJI. 

6onee Hanp.sr)l(eHHhTH ero rn,n;poreo,n;nHaMHqe

CKHH pe)l(HM. TaK, rroBhIIIIeHHM HHTeHCHBHOCTh 

BOCXO.D;llme:H MHrpau:HH <finJOH.D;OB Ha6mo.n:aeTC51 

B MOilO)..l,bIX Bna,n;HHax, 3aTµOttyTbIX anbIIHH

CKOH cKJJa,n;qaTocnro HnH rrpeypoqeHHhIX K aK

THBH3HpOBaHHhIM 30HaM Mono,n;hIX rrnaT<fiopM. B 
HHX Benwnrna nnacTOBhIX ,n;aBneHHM y)J{e c 

rny6HHbr 2-3 KM (a B paiioHax coBpeMeHHoro 

BYJIKfilill3Ma H noBbIIIIeHHott ce:HcMWIHOCTH Mettee 

qeM c 1 KM) c~ecrneHHO OTilttqaeTCR OT rn,n,po

CTilTW:IeCKOro ttarropa M, pe3KO B03pacTIDI, npH-

6Illf)l(aeTC51 K reocTaTttqeCKOMY ,n;aBneHIIlO. 

B ,n;peBHHX Bna,n;HHax ( o6nacrn 6aii

KaJJhCKo:H H ,n;opH<Pe:HcKOH CKJJ8.)J;'laTOCTH) nepe

XO)..I, BeJIWIHHbI rrnaCTOBOro ,n;aBJieHH.sr OT rn,n,po

CTaTttqeCKoro ttarropa K reocTaTH'JecKOMY ,n;aB

neHIIlO <i>HKcnpyeTc.sr Ha rny6HHe 5 - 7 KM. 

OcHOBHOtt npnqnHo:H o6pa3oBaHH.sr 

ABTI~ llBilRJOTCR BO)..l,hl, KOTOphle 3axopomr

IOTCSI B rJIHHHCThIX OTJIO)l(eHH.srX H 3aTeM, no 

Mepe rrorpy)J{eHH.sr nocne,n:HHX, ODKHMaJOTC.sr B 

nnacThI KonneKTopa. C YBenttqeHneM B03pacTa 

3a cqeT pa3rpY3KH BO)..I, Ha noaepXHOCTb H HC

TomeHH.sr noTeHI.(HailhHO B03MO)l(ffhlX pecyp

COB OT)l(HMaeMbIX BO)..I, c onpe,n;eneHHbIX rny-

6HH nnacTOBhie ,n;aaneHH.sr )'MeHhIIJaJOTc.sr )..l,O 

ru,n;poCTaTWieCKHX. ,n;rn OTIKaTM.sr HOBblX nop

u:n:H BO)..I, OCa,D;KH )..l,OJI)l(Hhl rrorpy3HTbC.sl Ha 

6onblII)'10 rnyforny. fnHHHCThie OCa,D;KH, no 

Mepe norpy)l(eHHSI yrrnoTH5lJOTCll, IlHTH<fJHU:H

PYJOTC.sl H MeTaMopQJH3YJOTCR, nocne,n;oBa

TenhHO OT)l(HMa5l CB06o.n;HyJO, <PmHqecKH

CB5l3aHHyJO H, HaKOHeU:, Bhl)..l,emrn XHMHqecKH

CB.ll3aHHyJO BO.D;y B KonneKTOp. 



Ha oc11oae iJa1111b1x tjJa«moa MOJICHO 
ciJellamb npeiJnoJ10J1Ce11ue, 11mo npu11u11ou 
noabtUleHUR Hanp11J1CeHHocmu men!loaozo 
noJ111 c yMeHbllleHUeM ao3pacma me1<mozeHe-
3a, 11aJ11110mc11 n!lacmoabte aoiJbt. Ilpu noabt
menuu nllacmoaozo iJaa!leHUR om zuiJpo

cmamu11ec1<ozo iJo zeocmamu11ec1<ozo npouc
xoiJum pe31<oe yaeJ1u11eHue ze11epal(UU men-

!la. Coomaemcmae11110 a MO!lOOblX 0111Jlo:>1ee
HUJ1X iJaHHbte npol(eccbt 11a11uHa10m npouc

xoiJumb Ha 11e311a11umeJ1bHblX my6u11ax. Ilo 
Mepe yae!lU'leHUR ao3pacma 0111llOJ1Ce11uii 
oHu npo11aJ11110mc11 Ha 60J1bUlUX my6u11ax, 
noHUJICllll 11anp11J1CeH11ocmb men!loaozo no
Jlll. 

7.2. Kon,LJ;yKTHBHLIH Tem1onepenoc 

c y'leTOM rpaBHTall,HOHHhIX CHJI 

Cne.n.cTBHeM nepBoil m.n.ep:>KKH pa

.JJ.Horettttow MeTo.n.onor1111 myqemrn: cpopMHpo

Bamur TennoBoro pe)lmMa 3eMnH, HBHJiacb 

BTOpaH Mettee oqeBH)J,HaH H3)J,ep:>KKa, He npH

HHMaBlllaH BO BHHMaHHe BJIHHHHe rpaBHTan:H

OHHbIX CHJl Ha BeJlH4lltty yMeHbIIIeHHH KOH

JJ.YKTHBHoro TennonepeHoca. 

IlpH TaKOM noxo.n.e cqHTaJIOCb, qTo 

BbIIIIe H HIDKe 3aneraIOII1He MHOfOKllJIOMeTpo

Bbie TOJllllH, HaxO)J,HTCH B MeXaHH4eCKOM paB

HOBeCHll ll TeTIJIOBOH TIOTOK HB.JIHeTCH npOH3-

Be)J,eHHeM reoTepMHqecKoro rpa.n.neHTa Ha Te-

0J1onpoBOJJ.HOCTh nopo.n.: 

jjT 
J=Km*-, (7.2) 

I 

r.n.e Km - Ko::Hpcp11n:neHT TennonpoBOJJ.HOCTH 

nopO,IJ,bI; l - paccTOHHlle Me)K)l,y TOqKaMll 3a

Mepa TeMneparyp; AT - pa3HOCTb TeMnepa

TYP· 
B pe3ynhTaTe, B HaCTOHII1ee BpeMH 

cno)J{HJ[acb napa.n.oKCaJihHaH cHryal(HH. Ee.JIM 

OTHOCHTeJlbHO llCTQqHllKOB cpopMHpoBaHHH 

TeTIJIOBoro nonH HMeIOTCH Y*e .n.ocTaToqHo 

BeCOMhle onpoBep)R'.eHHH OCHOBHOM ponn pa

)J,HoreHHoro pacna.n.a n npose.n.eHbI KonnqecT

BeHHh!e Ol(eHKH, TO TeopHH Ol(eHKll TeilJIOBOro 

IIOTOKa, BblHOCHMOro Ha noBepXHOCTb 3eMJlH 

H3 ee HCJJ:p, OCTaeTC5! He3bI6JleMOH. 

7 .2.1. BepTHKaJihHhIH nepeuoc TenJia 

IlpnBe,[leHHb!e BbIIIIe pe3yJibTaTbl 

pacT.JeToB rraKa3bIBaIOT, qyo ysenHqeHMe TeM

rrepaTYPhI BO):lbl (TaK ll .r1pyrHX Te.JI), MO)l(eT 

npoHCXO,[IHTb OT Mettee HarpeTOM qacTH K 60-

nee ttarpeTon T.JaCTH, rrp11qeM B cyII1eCTBett

HOM MaCIIITa6e. B 3TOM cnyqae BO)J,a OT IIO

BepXHOCTH .n.o ,[Itta 6y.n.eT HaxO,[IHTbCH B Tep

MO)J,HHaMHT.JeCKOM ( CYMMapHoM MexaHHT.Je

CKOM H TeTIJIOBOM) paBttOBeCIIII II HIIKaKOro 

sepTIIKaJibHOrO KOHJJ.YKTHBHOro Tennorrepe

Hoca rrpOIICXO,[IHTb He 6y.n.eT. ,[{JUI B03HHKHO

BeHHH npon:ecca TennorrpoBOJJ.HOCTH Heo6xo

)J,HM )J,OTIOJlHHTeJlbHblH HCTOT.JHHK TeIIJIOTa, TOT 

)l(e pa.r111oaKTHBHbIH pacna.r1. Hcxo,[l}I H3 3Taro, 

3aBHCHMOCTh (7.2) npHMeT CJieJJ:YIOIIIHM BH,[I: 

iJT-T 
J = K * " ( 7.3) 

m I 

r.r1e T2 - TeMneparypa, reHepIIpyeMM rpaBH

TaQIIOHHaii 3ttepr1Ieii. 

Ilo on:ettKaM o.r. CopOXTIItta H C.A. 

YlllaKoBa [96), JJ:OJI}I MattTHHHoro pa.n.HoaK

TIIBHoro Tennosoro IIOTOKa COCTaBJI}ICT 13 %, 
B cpaBHettlIII c 81 % TeII.JIOBOM 3HeprHII rpa-
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BHTaQIIOHHOH ):11ItjlcpepeHl.(1Ian:1rn BeII1eCTBa. 

CooTBeTCTBeHHO, B 3eMHoii Kope, r.r1e Be.JI1I

q1Itta pa.n.1IoaKTIIBHbIX 3.JieMeHTOB BbIIIJe B 2,6 
pa3a, ):IOJlH pa.n.HoaKTIIBHoro Terrnosoro noTo

Ka B03pacTeT )J,O 33,8 %. 0cTaBIIIMC5! ):10Jl5! 

rpaBHTaQIIOHttOH 3tteprHII COCTaBHT 66,2 %, 
ec.JIH npeHe6peT.Jb OCTaJibHbIMII TeII.JIOBbIMH 

IICTOT.JHIIKaMII: 3HeprHeM TeKTOHIIT.JeCKIIX 

,[IBH)l(eHHH, 3Heprnei:i 3K30TepM1IT.JeCKHX peaK

U:HH H T.)J,. 

/{M npUMepa e pau01le paccMompeH

Hozo paHee H20J1bCKo-TaJ1oeo20 MecmopoJtC

oeHUH HerjJmu OlJeHueaeMaR eeJlUl/WW eepmu
KaJlbH020 me11J1oeo20 nomoKa cocmaeMem 60 
MBmlM2 [61], a co2J1acHo coeJ1aHH020 BblBooa 

yMeHbutumcR oo 20 MBmlM2. 

HcxoiJ11 U3 3mux pac11emoB Bellu11u-
11a aepmUK(JJlbHozo 1<011iJy1<muB11ozo men!lo

nepe11oca 3a c11em paiJuoa1<mua11ozo pacna
iJa, onpeiJeJ111eMllll B 11acmo11U(ee ape.MR a 
my601<ux zopU3011max, BO:JMOJICHO, 3aBbtme-
11a a 3 pa3a. 



7.2.2. JlaTepaJihHLIH nepeHoc TenJia 

YpaBHemie TennonpOBO)J,HOCTH (7.2) 
TaIOKe HCilOJib30BaJIOCb If npH ou;ettKe rraTe

panbHOfO KOH)J,)'KTHBHOro nepeHoca Tenrra. 

ITeperra)J, HanopoB, oTpa)l(aJOmIDi MexaHHqe

cKoe ttepaBHOBecHe BO)J,hl, B pacqeT He 6paJICK. 

AnpHopHo cqHTaJIOCh, ~o nepena.n: HanopoB 

npaKTHqecKH He BJTMeT Ha BeJilfqHH)' Tenrro

BOfO rroToKa. B peanhHOCTH 3TO MO)l(eT npH

BO)J,HTh He TOJibKO K cymecTBeHHbJM onrn:6KaM, 

HO If )J,a:/Ke K H3MeHeHHIO ero HanpaBJTeHHj{ B 

npoTHBOilOJTO)l(ttylO CTOpoey. 

HanpUMep, KaK euoHo U3 puc. 6-2, MU

HUMaJlbHCIJl, meMnepamypa 85 °C rjJuKcupyem
c.a 6 CK6a:JICUHe 16-H, 'Imo Ha 7 "C HU:JICe, 'JeM 

e CK6a:JICUHe 15-H. EcJtu He y'tumb1eamb yee

flU'JeHue Hanopa K CK6aJ1Cu11e 15-H, Jtame

panbHblU meniloeoii nomoK 6yoem 11anpa£me11, 

11ao6opom, K CK6a:JICUHe 16-H, a pac'JemHaR 

eeflU'JUHa Komopo20, co2!lacuo 3aeucwwocmu 

(7.3), npu paccmORHUU MeJICoy CK6a'JICUHarl1U 
9750 M cocmaeum: 

- * (-7) - 2 Jq, -2,9 ----2.l."1Bml..u 
9750 

/(fl.a y'tema Mexa11u'JecK020 11epa6110-
eecwz BblBeoena B3awwocBR3b pa3Hocmu Wta

cmoBblX meMnepamyp, 'tepe3 pa3Hocmb nbe-

3oMempu'tecKu.x 11anopo6, co2JtacHo Komopou 
JlamepanbHblU menJtoBou nomoK noo oeucm6u

eM 2paoueHma nanopa 6yoem paBeH npoU36e

oe11uzo CKOpocmu nOfl3Y1JeU r/JwlbmpatfUU (6.2) 
na nilacmoBoe oaBJleHue Wlu: 

J _ np _ K~T 1mgp * Af! _ 
¢ - Vq, - -

IUl P,"' I 

2,9*365*9,8*1000* 44,4 ml.. 2 = --=l.7MB M 
28260000 9750 

(7.4) 
KaK nuiJHo U3 npunedeHHbtx paclte

mon, no neRUllUHe menROBbte nomoKu He 
fflOJl,bKO pl13llUllQIOfflCR, HO UMe10m npomu-
60nOROJICHbte 3HllKU, limo C6UdemeRbCmBy-
10m 0 HeOOXOdUMOCfflU yllema 6HelUHUX CUJl 
npu ou.eHKe RamepW1b11020 nanpa6Renua u 
cKopocmu menR06020 nomoKa. Ilpu'leM, 6 
noc.11ed11e.M c.i1yl/ae, menRo6ou nomoK 6yiJem 
6Ce2iJa Hanpa6ReH 6 cmopoHy Hanpa6ReHUR 
no.uy'leii fjJUJlbmpau.uu nod. 

7 .3. TenJionpoeonHmne n 
TeDJIOH30JI11pyromne TOJIID;ll 

lfaBecTHO, ~o Ha pacnpe.n:enemie Te

nnoBoro nonH B 3eMHOH Kope OKa3brnaeT 

BJTHHHHe JIHTOJIOrHqecKHH <l>aKTop. ITo y.n:enh

HOM)' TeilJTOBOM)' conpoTHBJieHHIO BbJJJ:eJTKIOT 

TennorrpOBOMmHe TOJllllH (MeTaMop<l>Hqe

CKHe, MarMaTHqecKHe, Kap6ottaTHbJe, rano

reHHhie If BO)J,OHaCbIUleHHbie OCa)J,OqHhJe no

pO,ll,bI) H TeilJTOH30JTHPYJOmHe (rrrHHhl, yrrrH, 

cyxHe H ra30Hacb1meHHh1e oca,n:oqHbie nopo

.UbI ). T103TOM)' 6acceHHbl c pa3HbIM JIHTOJIOfH

qecKHM COCTaBOM nopo.n: xapaKTepH3YJOTCK 

pa3HhIMH reornpMHqecKHMH ycrroBHHMH. Ha

npHMep, perHOHbl, pa3pe3hl KOTOpbIX npe.n:

CTaBJTeHhl npeHM)'mecTBeHHO nopo,n;aMH c Bbl

COKOH TenrronpoBo.n:HocTbIO (Kap60HaTHh1e 

HJIH COJieHOCHhJe TOJIW:H), HMeIOT 6onee HH3-

KHe BeJIHqHHhI reoTepMJiqecKoro rpami:eHTa, 

IIJIOTHOCTH TeIIJIOBOfO IlOTOKa H BblCOKYJO 

reoTepMu<IeCKYJO cryrreHh. 
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IloMHMO BepTHKaJibHOfO KOHBeKTHB

HOfO nepepacnpe.n:eneHM Tenna Tenrro<l>H3H

qecKHe CBOHCTBa ropHblX nopo.n: OKa3hJBaIOT 

cymecTBeHHoe BJIHj{HJie Ha npou:ecc naTe

panhttoro KOH)J,)'KTHBHoro TennonepeHoca B 

3eMHOH Kope. l'faBeCTHO, qTo fJIIIHHCThie ITO

po,ll,bl, B oco6eHHOCTH o6e3BO)l(eHHhie, HBJIH

IOTCH He TOJihKO <t>nIOH)J,OynopaMH, HO H xo

poIIIHMH TeITJTOH30JI.sITOpaMII H, Hao6opoT, BO

)J,OHaChIUleHHhle necqaHIIKH KBJTHIOTCSI He 

TOJibKO KOJIJieKTopaMH, HO H xoponIHMH TeII

JionpOBOMUlHMH TonmaMH. TaK, HanpHMep, 

KaK BH,UHO H3 npHBe)J,eHHblX .n:aHHbIX B Ta6JIH

u:e 7 .1, nonyqeHHhIX IIpH HCCJie,UoBaHHH 6onee 

200 o6pa3U:OB, TeIIJIOnpoBO)J,HOCTb necqaHbIX 

nopo.n: B cpe,n:HeM B 1, 16 pa3a 6onhme, qeM y 
aprHJIJIHTOB. 



-Ta6JlUljG 7. J. 
Jna'leHUR Km</J</Jul{uenmoo men1wnpoooonocmu OllR nec'laHUKOB u 

apzwu1umoo no Janaono-Cufiupc1<0Mv Mezafiacceuny /61/ 
Cmirn, cTpan-1rpa- qHcno 06pa:n.10B HHTepBan oT6opa Ko3«t>qmQHeHT TerrnorrpoBO)lHOCTH, BT/(M*K) 
«1>w-1ecKHll HH)leKC o6pa3QOB, KM IIecqaHHKOB AprttnnHTOB 

IloKypcKaJI, K1.2 8 0,9-1,6 
KIDrnHHCKllil, Ki 6 1,5-2,2 
TapcKM, Ki 8 1,8-2,3 
KynoM3HHCKrur, Ki 17 1,9-2,5 
EIDKeHoBcKrur, h 65 2,1-2,9 
feoprHeBcKall, h 11 2,3-2,7 
BacioraHCKaJI, Ji 26 2,2-2,8 
TJOMeHCKaJI, Ji.2 55 2,4-3,0 

Ha OCH06QHUU :Jmozo MO:JICHO coe
namb 6bl600, 'Imo ZJlUHUCmbte OmJIO:HCeHUR 
R6na10mca He monb1<0 qmwuooynopa.ttu, Ho 
U uzpatom pOllb C60eo6pa:moii aOua6amU'le-

2,13 1,8 
2,2 l,88 

2,22 1,9 
2,26 1,95 
2,29 1,97 
2,29 1,97 
2,29 1,97 
2,32 2,0 

c1<ou o6ono'l«U, meM ca.ttblM, cnoco6cm6ya 
y6enu11eHu10 JlamepaJlbHoii mellllonpo6oOHo
cmu nec11aHblX nopoo, cJ1eocm6UeM «.omopou 
RB!lRemcn nomy11Wl l/Jllllbmpau.ua. 

7 .4. PoJJh no~1eMHhIX eo~ B 
cI>opMupoeauuu TenJJoeoro noJJH 

y CTaHOBJTeHo, qTo porn, IlO,ll,3eMHbIX 

BO.ll. B nepepacnpe,ll,eneHHH TenJioBoro noill! 

3aI(JUOqaeTC51 B CMemeHHH " paccexmrn BOC

XO,ll,511.QHX TenJIOBbIX IlOTOKOB npH JiaTepanb

HOM ,ll,BIDKeHHH BO,ll, OT o6rracTeM HH<i>HJibTpa

QHH K o6nacrnM pa3rpy3KH. B pe3yJILTaTe, 06-

nacTH HH<i>HJJbTpaQHOHHOro IlHTaHH51 xapaKTe

pli3YlOTC51 HH3KOM HanpX)KeHHOCThlO TenJIOBO

ro nom1, a 0611acTH pa3rpy3KH no,ll,3eMHhIX BO.ll. 

IlOBhIIUeHHOM. 3aKOHOMepHOCTH pacnpe,ll,eJie

HH51 TenJIOBoro nomI B 3aBHCHMOCTH OT )lHHa

MHKH IlO,ll,3eMHhlX BO,ll, npocJie)KHBaIOTC51 B 

nI06oM 113 rH,ll,poreonorlfqeCKHX 6acceiIHoB 

[42]. 
IToBLillieHHoti Hanp51)KeHHOCThlO Ten

JIOBoro pe)KHMa Ha perHOHaJJhHOM <l>oHe OTMe

qaIOTC51 JIOKaJJbHbie H 6onee Kpyntthle IlOJIO

)KHTeJibHhie crpyKrypLI He3aBHCHMO OT Toro, 

co,ll,ep)KaTcsr B HHX cKorrrreHH51 YB HJJH )Ke OT

cyTcTBYJOT. <I>opMHpOBaHHe 3THX aHOMaJIHH 

06b1qHo 06Lxcm1eTCR TeTJJIOBOM aHH30TpOnHeH 

rropo,ll, H ,ll,OilOJIHHTeJibHbTM nepeHOCOM Tenna K 

CBO,ll,aM aHTHKJIHHaJibHbIX crpyKryp H3 CHHK

mrnaJibHhIX nporn6os HJIH )Ke ,ll,BIDKettHeM 

<l>nIOH)lOB no pa3JJOMaM H3 HIDKeJie)KaLQHX ro

pH30HTOB B BblllieJJe)Kamne. Ilpn 3TOM Heo6-

XO)l,UMO yquTLIBaTb B03MO)KHOCTb C,ll,BHra 

«reoTepMH'-leCKOro CBO,ll,a», B CTOpotty perHo

HaJJbHOrO L{BIDKeHHR TTO)l3eMHhIX BO)l. 

HaH60JibIIIHe noTepH (.ll.o 25 % H 60-

nee) npoHCXO,ll,RT B 30He aKTHBHOro BO,ll,006-

MeHa. Ilo ,ll,aHHbIM <P.A. MaKapeHKo, £.f. ITo

JIHKa, 5LE. CMupttoBa, C.H. CepreettKo 11 .ll.P., 

perttOHaJibHhlll BblHOC Tenna Ha TeppHTOpHH 

6Lrnmero CCCP B y,ll,eJILHOM Bbipa)KeHHH co

cTaBJI51eT 6,7 MBT/M2, B BocToqHoM ITpe,ll,KaB

Ka3be H B HcJiaH,ll,HH 3Ta BeJilfqHHa paBHa 42 
MBTIM2, a Ha yqacTKax rrrL{poTepMaJJbHbIX 

cncTeM Kypttno KaMqaTCKoro per:ttoHa ,ll,OCTH

raeT 230 :n Hosoti 3enaH)l,HH -297 MBT/M2. 

PemaIOmyJO poJJb 3,ll,ecb HrpaJOT ,ll,Ba <PaKTopa: 

3Haq:nTeJJLHoe KOJIWiecIBo nepeMema10meticx 

BO,ll,bl H BhICOKa51 HHTeHCHBHOCTh ee ,JJ,BH)Ke

HH51. 

7.4.1. 3BOJIIOUHB rrpe,l1;CTaBJICHHH 0 pOJIH I'.JIY60KHX BO.lJ: 

fny6oKHe CJIOH 3eMHOH KOpbl xapaK

TePH3YIOTC51 3arpy,D,HeHHhTM H BeChMa 3arpy,D,

HeHHbIM BO.ll.006MeHHOM. Ilo3TOM)' Cqf[TaJJOCb, 

~o ponL KOHBeKTHBHoro TerrnonepeHoca 

CHH)J(aeTC51, HO OCTaeTC51 )lOCTaToqHo OmyTH

MOM B CB513H c BbICOKOH H36bITOqtt0M TeMnepa

rypoii. B nocne,ll,ttee BpeM51 ponh 3Toro BH,ll,a 

nepeHoca Tenna cTana ocrrapHBaTbC51. 
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A.P. KypqHKOB II E.IT. CrnBHQKHM 

[ 61], paccMaTpHBa51 pa3BHTHe B3rJI51,ll,OB Ha 

npo6JieM)' ~OpMHpOBaHH51 TenJIOBOro Il0Il51 B 

npe;:i:enax 3ana;:i:Ho-Cw6wpcKoro Mera6acceti

Ha, npHIIIJ1H K CJie.Il)'JOLQHM o6o6meHH51M. 

IIepBoHaqaJJhHO ,JJ,BH)KeIDUO BO.ll. B 

<PopMHpOBaHHH reoTepMWieCKOro noAA OTBO

L{HJJaCb nepBocTerreHHaH poJib (E.<I>. MaBpm:i:

KHM, B.A. KomJI51K, JI.H. 3opLKHH, H.M. 



KpyrrrHKOB ). 3aTeM, Hcnorrh3Yj{ MeTOAhI MaTe

MaTHqecKo:H cTaTHCTHKH IO.r. 3HMHHhIM, A.3. 

KoHTopoBHqeM, JT.H. illBhIAKOBhIM 6brno yc

TaHOBJieHo, 'ITO OCHOBHOH <fiaKTOp nepepac

npeAeJieHHj{ TeMnepaTYP CBjJ3aH c oco6eHHO

CTHMH CTPOeHJfj{ <j.lyHAaMeHTa ( ero B03pac

TOM ), noATBepJK,JJ,M B3rITHAhI A.r. qepeMeH

cKoro, E.II. CrnBm.1,Koro, H.M. KpyrnHKOBa. 

qeM MOJIO)f(e OTJIO)f(eHHH ¢YHAaMeHTa, TeM 

HanpH)f(eHHeii TenrroBoe none. 

OcHOBHhIM apryMeHTOM, OTPHI.J,alO

Ul,HM rrraBeHCTBYJOUJ,ylO ponh ABH)f(eHHH BOA B 

<fiopMHpOBaHHH reoTepMHqecKoro nOJIH, HBH

JIHCh AaHHbie A.E. rypeB11qa 0 HenpHMeHJ'IMO

CTH 3aKOHa )J;apcH B rrry6oKHX ropH30HTaX. 

lfoKJI10qeHHe COCTaBJIHlOT JIHlllh <fiaKThl JIO

KaJihHblX B03MYUJ,eHHH reoTeMnepaTYpHoro 

nonH, Ha6JJlOAaeMble B npeAeJiax HeKOTOphlX 

noAmTFIH, KOTOpbie o6'bHCHHJIHCh rHnoTe30H 

H.M. Kpyrn11K0Ba o MOIIl,HOM noATOKe noA-

3eMHhIX BOA 3a cqeT 3HaqHTeJihHhIX yrnoB Ha

KJIOHa BOAOHOCHhlX ropH30HTOB. 

Ha rrepBhIH B3rmrA, Teoplfj{ nomyqe:H 

<fJttJihTpaI.1,HH, OT}JHI.J,aeT rnaBeHCTBYlOIIJ,YJO 

ponh rny6oKHX BOA B <fiopMHpOBaHHH reoTep

MH'leCKOro noJJH, IlOCKOJihKY IlOATBepJK,JJ,aeT 

AaHHhie A.E. rypeBHqa H B KOpHe OTBepraeT 

CaMJ HAelO KOHBeKTHBHoro rrepettoca Tenna, 

noTOMY 'ITO cyTh 3Toii <j.lHJJhT}JaQHH 3aKJllOqa

eTCH B KOHAYKTHBHOM TenrronepeHoce. 

0AHaKo paccMo-rpeHHM B pa3Aene 7.1. 
B3aHMOCBH3h ttanpH)f(eHHOCTH TenrroBoro noJIH 

H rHAPO.J:(l-1.HaMHqecKOH ttanpj{)f(eHHOCTH, He 

rrpoTHBopeqHT pacqernM IO.r. 3HMHHa, A.3. 

KoHTopoBttqa H JT.H. lIIBhIAKOBa, qTo cBHAe

TeJibCTByeT 0 B03MO)f(HOH rnaBeHCTBj'IOUJ,eH 

pomr BOA <fiYHAaMeHTa B <fiopMHpOBaHHH Ten

JIOBoro noJIH 3anaAHO-CH6HpCKOro Merara-

6acce:HHa. )J;anee BOCXOAHUJ,He TennoBbie no

TOKH CKB03b qexon, CMeUJ,alOCH ,I(BH)f(eHHeM 

rrry6oKHX BOA noCKOJlbKy, KaK nOKa3bIBalOT 

pacqeTu1, np11Be,nettHb1e B pa3Aerrax 7.2. H 7.3., 
BeJIHqHHa rraTepaJibHOro KOH,Z:(yKTHBHOro Ten

JIOBoro nOTOKa, CJieACTBHeM KOToporo HBJIHeT

CH non3yqaH <fiHJibTpaQHH, HBJJHeTCH AOCTa

TOqHo OUJ,yTHMOH c BeJJHqHHOH BepTHKaJJhHO

ro KOH.ri:yKTHBHOro noTOKa. <l>aKThl JIOKaJJhHhIX 

B03MyIIJ,eHHH TeTIJIOBOro noJIH, KaK B KpynHhIX 

noJIO)f(HTeJihHbIX c-rpyKrypax, TaK H o6nacTH 

pa3rpy3KH IIOA3eMHhIX BOA o6'bHCHHlOTCH BTO

pblM HaqanoM TepMO.J:(HHaMHKH. B coorneTcT

BHH c nocrynaTOM IlnaHKa, HeB03MmKeH Tep

MOAHHaMH<IeCKHH npo1.1,ecc norpy)f(eHHH BO,I(hl, 

a 3aTeM IIO)lHHTHH 6e3 yBeJJMqeHHH ee TeMne

paryphI. 

TaKUM oopa30M, 3iJecb Mbl 6UOU.M 
K.llaccuttec«oe npoRBnenue 6 nayttnoM no-
3Hanuu 3aKoHa ompul(anwt ompuu,anwt wiu 
zezene6c«y10 mpuaoy: me3uc - anmume3uc -
cu11me3. Te3ucoM nep6oii mottKU 3peHUR obl
na meK)lttaR pwibmpal(UR. Anmume3ucoM 
6mopoii mottKU 3penuR uenpU.MeHU.Mocmb 
3aKoua/(apcu. H, HaKoueu,, cuume3oM oooux 
motteK 3peuwt R6.17RemcR - non3yttaR pUllbm
pal(UR. 

7.4.2. OcuoBuoii: apryMeHT B noJIL3Y 
rJiaBeHCTBymm:ett pOJIH CHCTeMhl BO.LI.a - nopo)J.a 

)J;o cHX nop attaJJH3 reoTepMHqecKHX 

AaHHhIX JT03BOJIHJI cyAHTh B o6IIJ,HX qepTax 0 

HanpaBJieHHH perHOHaJibHOro CTOKa IIOA3eM

HhTX BOA, nOCKOJJhKY .D.JIH 3Toro HCnOJJh30BaJI

CH TOJibKO OAHH nOKa3aTeJJb TeTIJIOBOH 3Hep

rHH - TIJiaCTOBaH TeMneparypa. 

y CTaHOBJieHHaH CBH3h nnacTOBOH 

TeMneparyphl c AMHaMHKOH ,I(BH)f(eHJrn BOA Ha 

OCHOBe TepMOAHHaMHqecKoro ypaBHeHHH 

EepttynnH 

H= c!*T~, + p""' +h (7.5) 
g p*g 

H npHBeAeHHhie B pa60Te [ 104] pacqeThI :mep

roMe-rpttqecKHX HanopoB AJJH MHOrHX MeCTO

poJK,JJ,eHHH He<fin1 ToMcKo:H o6nacTH, cBHAe

TeJJhCTBYJOT 0 Be.lJ.Ylll,eH ponH rrry6oKHX BOA B 

rrepepacnpeAeneHHH JJOKaJibHoro TenrroBoro 
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nomr. B 3To:H CBSI3H Heo6xoAHMo no.ri:qepK

H)'Th, 'ITO MO)f(HO AHCKYTl'fpOBaTb CKOJJhKO 

yrOAHO no IIOBO.IJ.Y HCToqHHKOB <fiopMHpOBa

Hlfj{ H xapaKTepa rrepepacrrpeAeJieHHH Tenna B 

3eMHOH Kope, HO B KOHeqHOM HTOre Bee Teo

pHH AOJJ)f(Hbl CBOAHTbCjJ K rrpaKTttqeCKHM 3a

KOHOMepHOCTHM. 

IlonytteHHaR 3ll6UCU.MOCmb nOKll3bl-
6llem, ttmo llOKllllbHO nnacmo6aR meMnepa
mypa 6 nep6y10 ottepeiJb 3a6ucum om nna
cmollozo iJa6neuwt u, 603MO:JICHO, om MOJ1b
now oo'bi!.Ma pllllbmpal(uonuoii cpedbl, a 6Ce 
ocmanbHbte nputtUllbt: numonozwt, 603pacm 
me«mozeue3a u m. iJ. - yme RllllRTOmcR cneiJ
cm6UeM 3mUX 06YX mepMOOUHaMUtteCKUX 
cocma611R10w,ux, ttmo u c6uiJemenbcm6yem o 
6eiJyw,eii ponu cucmeMbt myoo«ue 600bt -
nopoiJa 6 popMupo6anuu mennollow nona. 



7.5. HoBLie B03Mo~uocTu u3yqenu11 

.Z:.BH~euu11 f'J1y60Kux BO.Z:. no TenJJoBoMy noTOKY 

~o CHX rrop cqf[TaJIOCb, YITO IIO,ll,3eM

Hble BO,ll,bl, HBJUHICb Hatt6onee TermoeMKHM 

Bern:ecTBOM 3eMHOH KOpbI, aKKYM)'JIHPYJOT Te

IIJIO rny6ttHHbIX He,n,p H rrpH ,ll,BIDKeHHH crro

co6cTB)'IOT rrepepacrrpe.n.eneHHIO TeIIJIOBOtt 

::meprtttt B Tonrn:e ropHbIX rropo,n,. B CBH3H c 

3THM TeMrreparypHbie ,n,aHHbie HCIIOJ1b30Ba

J1HCb ,ll,JIH BblHCHeHHH CTerreHH ,ll,HHaMHqHOCTH 

HJIH 3aCTOHHOCTH BO,ll, B rny6oKHX ropH30HTax, 

o6nacTett HX pa3rpy3KH H .11.P [ 101]. 
HecMOTJJH Ha To, qTo paccMo'TpeHHaH 

TeopHH rromyqen <PttJihT}JaU:HH OT}Jttn:aeT B03-

MO)J(HOCTb KOHBeKTHBHoro rrepettoca Terma, B 

u:enoM, KaK 6bIJIO TIOKa3aHO Bbillie )1,aHHbIH 

no.n.xo.n. myqeHHH B o6rn:HX qepTax HarrpaBJie

HHH perHOHaJibHOro )1,BIDKeHHH rny6oKHX BO)],, 

Ha OCHOBe reoTepMHqecKHX )1,aHHbIX, OKa3aJICH 

$eHOMeHOJIOrttqecKH BepHbIM, IIOCKOJihKY Ma

TeMaTHqecKHH annapaT, HCI10Jlb3yeMbIH ,ll,JIH 

OIIHCaHHH KOHBeKTHBHoro H KOH)J.yKTHBHoro 

nepeHoca Tenna, O)J.HHaKOB. 

HapH.n.y c 3THM, ncrronh3oBaHHe Teo

pHH non3yqeli <PnnbTpan:ttu 3Ha'mTeJibHO pac

llIHpHeT B03MO)l(HOCTH H3yqeHHH HarrpaBJieHHH 

,ll,BIDKeHHH rny6oKHX BO,ll, no TeTIJIOBOMY nomo, 

TIOCKOJihKY xapaKTepmyeTCH ern:e BTOpbIM Te

IIJIOBbIM HBJieHHeM - reuepan:Hett Tenna B BO,ll,e, 

B OCHOBHOM 3a cqeT rpaBHTaU:HOHHOH 3Hep

nm. 06Hapy)l(eHHe )1,aHHOH HOBOH COBMeCT

HOH cyrn:HocTH 3HeproMaccorrepeHoca B rny-

6oKHX ropH30HTax TI03BOJIXeT HCTIOJib30BaTb 

BhHIBJieHHyio B3aHMOCB5!3b Me)l()J.y Harrp5!)f(eH

HOCThlO TeTIJIOBoro IIOJUI H rn.n.poreo,n,HHaMH

qecKHM pe2IillMOM )J.JIH rrporn03a nocne.n.Hero. 

y CTaHOBJieHHOe COOTBeTCTBHe pac

npe.n.eneHH5! TeIIJIOBbIX ITOTOKOB c TeKTOHHqe

CKHM CTpoeHHeM <i>YH.11.aMeHTa B 3ana)J,HOH 

Ctt6HpH IT03BOJIHJIO A.P. KypT.JHKOBY H E.IT. 
CTaBHU:KOMy npoBecTH ero KOCBeHHOe TeKTo

HHqecKoe pattOHHpOBaHtte H )1,aTb on:eHKY 

MHOrHM acrreKTaM reoTeKTOHHT.JeCKHX rro

CT}JOeHHH, BblTIOJIHeHHbIX Ha OCHOBe TOJibKO 

rpaBHTaU:HOHHbIX ITOJieH H MaTepttanax .n.pyrHX 

reo<t>mHT.JeCKHX HCCJie)J,OBaHHH. 
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AHanorHT.JHO BeJIHT.JHHbI TeIIJIOBhtX rro

TOKOB (rrocne COOTBeTCTB)'IOID:HX MeTO,ll,Hqe

CKHX rrpopa6oTOK) MOryT 6bITb HCTIOJib30BaHbI 

)J,JIH nporH03a aHOMaJibHOCTH TIJiaCTOBbIX )1,aB

JieHHH rrpH BCKpbITHH <i>YH.D.aMeHTa B 3arra.n.

HOH Ctt6HpH. TiocKOJibKY B HacToHrn:ee speMH 

CT.JHTaeTCH, qTo csepxrtt,n,pocTaTHT.JecKHe .n.aB

rreHH5! B <i>YH.11.aMeHTe pacrrpocTpaHHIOTC5! 6e3 

BH.11.HMott 3aKOHOMepttocTH [ 1 7]. Pa3JIHT.JHM 

BeJIJ.lqHHa aHOMaJibHOCTH rrnacTOBOro .n.asrre

HHH H TeIIJIOBoro IIOTOKa B <l>YH.11.aMeHTe TaK)l(e 

OKa3bIBaeT npHMOe H KOCBeHHoe BJIHHHHe Ha 

BeJIHT.JHHY HanopoB BO)J,OHarropHhIX KOMIIJieK

COB 'ieXJia. TipHMOe B03)1,ettCTBHe rrpOHCXO)J,HT 

3a CT.JeT BepTHKaJibHhIX <t>niott,n,orrepeTOKOB H3 

<l>YH.11.aMeHTa B BbIIIIe3aneraIOrn:He OTJIO)l(eHHH 

T.JeXJia. KocBeHHoe - 3a cqeT pa3JIHT.JHoii HH

TeHCHBHOCTH BepTHKaJibHOro KOH.n.yKTHBHOro 

IlOTOKa, ':ITO CKa3bIBaeTCH Ha BeJIHqHHaX JiaTe

paJibHOro KOH.D.YKTHBttoro rrepettoca Terrna B 

OTJIO)l(eHHHX qexna, CJie)J,CTBHeM KOToporo XB

JIHeTCH nomyqax <i>HJib'TpaU:HH. 

Hcxo,n,H H3 3Toro, IIOBbillieHHM HJIH 

IIOHH)l(eHHaH HanpH)l(eHHOCTb TeIIJIOBOro ITOJIH 

B <l>YH.11.aMeHTe )1,0JI)l(Ha CKa3hIBaTbCH Ha BeJIH

qHHe K03<P<Pttn:HeHTa aHOMaJibHOCTH rmacTo

Boro ,n,aBJieHHH B BO,ll,OHOCHhIX KOMIIJieKcax 

qexrra. Ilo Mepe y)J.aJieHHH OT nopo,n, <l>YH.11.a

MeHTa pa3JIHT.JHaH HarrpIDKeHHOCTb Terrrrosoro 

H rH)J.pO)J.HHaMHT.JeCKOro ITOJIH 6y.n.eT HHBeJIH

poBaThCH. 

/(aJ1Ce 6e2;we cpae1-1e1-1ue Kapmbl 

11.llom1-1ocmu me11.lloeo20 nomoKa 6 npeoeJ1ax 

3anao1-10-Cu6upcKoii nJ1umb1 (Puc. 7-3) u Kap

mbl npueedeHHblX 1-1anopoe e eepx11e10pcK020 

2opu301-1ma 101 ToMCKoii 06J1acmu (Puc. 7-4) 

noiJmeepJ1CiJa10m coeJ1aHHble 6blUle npeiJno

J1o:J1<;e1-1Ufl,. B lJelloM K03ppulfue1-1mb1 a1-10Ma.Jlb-

1-1ocmu nJtaCm06blX OafmeHUU 6 paUOHe 11.llOm

HOCmU me11.lloeo20 nomoKa 60 - 70 MBmlM2 co

cmaeJ1R10m om 1do1,03. Ha ceeepe u eocmo

Ke, 2iJe 11.llomnocmb me11.lloeo20 nomoKa no

HUJ/CaemcR HUJ/Ce 60 MBmlM2, Kmippulfue11mb1 

aHOMa.JlbHocmu maKJ1Ce cma1-1oeRmcR HUJ/Ce 1. 



Puc. 7-3. I!JwmHocmb meJLwBozo nomoKa B npei>e.wx 3anaiJHo
Cu6upcKou W1um1,,. Jlo A.P. Kyp'lUK06Jl u E.JI. CmaeulJKOM)': 

I - rpamma 3arra,n,Ho-Cu6itpcI<OO nmm.1; 2 - m01ll0Clb remoooro OOTOKa -'IBT/M2; 3 - JIHIIllH paBHbIX 

IUIOTilOCTeit TeIUIOBoro noroKa. 

KpynHaJL aHOMaJIU5l menJ106020 no.!lR 

(60J1ee 70 MBmlM2), Haxooumc51, e npeoeJ1ax 

Jly2uHe1pw20, MbZllbO:JICUHCKOZO, CHe:J1CH020 u 

Ceeepo-Cwzb2UHCK020 Mecmopo:J1COeHuu y2J1e

eooopooo6. Ko::HjXpUlfUeHmbl aHOMaJlbHOcmu 

30ecb oocmuzmom 1,04-1,07. 
He6oJlbUJaJl aHOMaJIU5l menRoeozo no

JIR omJ'vtelJaemc51, nepeo CllWlHUeM peK 06u u 

Baxa. Ilo Kapme npueeoeHHbZX 11anopoe noJle 

xapaKmepU3yemc51, He3HalJumeJlbHbZM nbe3o

MaKCUMYMOM 129 M. <PaKmUlJeCKU, KaK noKa-

3a'I aHa1u3 pe3Yllbmamoe ucnb1ma11Wl l/e-

6atJbUX CK6a:J1Cu11 218 u 219, npueeoeHHbze 11a

nopb1 3iJecb oocmuzmom 525 M, a K03rprpu1fu

enm QHO.-UaJlbHOCmU 1,22. 
TaKUM o6pa3oM, oaHHbtu npUMep 

HllKJ1ROHo ooKa3btBaem Hony10 B03MOJIC

Hocmb U3y1teHua onumeHua my601<.ux noo no 
zeomep.nu11ec«.UM oaHHblM npozuo3a auo

MWlbHocmu wwcmo6blX oanneHuu Ha 6onb

mux myouHax. 

B 3QKJllOlleHUU OQHHOU ZJIQBbl HeOOXOOUMO 6blpa3umb ell(e OOHY MblCJlb. K pemeHUIO zeo

JIOZUlleCKOU npo6neMbl tjJopMuponaHUR mennoBow nona uymHo noi>xoi>umb He npocmo c no3u

l(UU nei>yll(eu ponu my601<.ux noi>, a wpll3i>o mupe, pacCMampuBOR 1my ponb B ee cucmeMe c nopo
ooll. IlpUlleM meMnepamypa nnacmonou BOObl 6yi>em H8JIHmbCR He npocmo pe3ynbmamoM eou

HUl/HblX zeonozu11ec1<.ux npol(eccon, a, «.aK 6yi>em no1<.a3aHo B cneoy10U(eii mane, uHmezpupo6aH

uou 6enu11uuou ncex zeonozu11ec«.ux npol(eccoB u ompa:HCaJOU(eii «.onu11ecmno uutjJopMal(UU c11u

maHHoii 6ooou o nopooe 6 npol(ecce ee ca.MoopzaHU3al(uu. 

106 



I '\ / \<. __ 

_,,,·' 

y CJlOBHble 0003HaqeHH~ 

[_/.!2 
ITT \J.3 
\ D 14 

!07±N]5 
E<~-=::-]s 

;:,,tj; 

MeCTOpoll<,11.eHlUI 
0 ra .. aa,,,,. 
~ /QJ0Hecpm11H61e 

ill' NrcpmRHb1e 

HenpoMMtnJJeHHbJe MecTOpo)f(Jlemrn 

<(JJJ> H111<Z>mRHoll!J 

~ /Q4Q->a::1Htief!CatnH611!! , 
....,,. C~.tpnT~lfOUOmopovKOU 

((IJ> . ra30XDHd!t!HCDmHbl~ 

I - fll,!IJ>OH30IIbe3LJ, M; 2 - HanpaBJJeHHe <jJHJlbTJlal(HH BOA; 3 - CTJlYKTYPLI I IIOpllJ(Ka; 4 -KOHrypbl JIOKaJJbHhIX CTJlYKTYP; 5 - npo6h: B 'IHCJIHTeJIH HOMep JIOKaJJhHOH 

CTJlYKTYPbI, B 3HaMeHarerre npr!BeJ(CHHhlH Hanop, M; 6 - rpaHllU:bl ToMCKOH o6nacTH 

107 



rJiaBa 8. reoJIOrH~eCKaH JBOJIIOU:HH H 

caMoopraHH3aU:HH CHCTeMLI BO.LJ:a - nopo.LJ:a 

HecMoTp51 Ha ,lJ,OCTHrIIJ'Tbie npaKTw-1e

cKHe pe3yJihTaTbI B 0611aCTH TIOHHMaHH}{ reo

JIOfHYeCKOH qiopMbl ,lJ,BH)KeHH51 MaTepHH H ee 

rJiaBHOH COCTaBMIOilleH - BO)J,bl, MeTO)J,OJionm 

ee H3yYeHJ.rn H T.,ll,., BCe )Ke B HaCTO.llillee BpeM.ll 

OCTaeTC.ll MHOfO He.lICHb!X H cnopHbIX Bonpo

COB. Ba)l(HeHIIIHM H3 HHX 51BJI51eTc.ll sonpoc 06 

HepapXHH IlOJIO)l(eHH}{ reoJIOfHYeCKOH <PopMbl 

no OTHOIIIeHHIO K LIPYfHM <}lopMaM, 3aHHMaI0-

1IleH cTporo onpe,ll,eJieHHyIO HepapXHYeCKYJO 

crynettb B pa3BHTHH MaTep1m. B CB513H c 3THM 

sonpocoM BCTaeT H L1pyroil sonpoc o B3aHMO

CB.113H reoJIOfHYeCKOH <t>opMbl c C.HHepreTHKOH, 

KOTOpM TaK)Ke .lIBJI51eTC51, no o6pa3HOMY Bbl

pa)KeHHIO, MOCTOM, TI03BOJIHB1IIHM coe,lJ,HHHTb 

)KHBYIO H tte)KHBYIO np.Hpoey. He Mettee aKry

aJihHO CTOHT rrpo611eMa irn<PopMal.l,HH B reoJIO

rnYeCKHX CHCTeMax [122]. 
IlOHHTHe 11H<}lopMau:11.H TeCHO CB.ll3aHO 

c TIOHHTHeM BTOporo HaYaJia TepMO)J,IrnaMl1KH 

3HTPomrnu, cor11acHo KOToporo 3Hmpomm 

ooJ1J1CHa cmpeMumbCR K MaKCUMYMY OJIR 3a

Kpblmbzx cucmeM. 0,lJ,HaKo, npoBe,lJ,eHHbie <l>.A. 

JleTHl1KOBblM HCCJie,lJ,OBaHHH [ 151], Ha 6a3e 

<i>YHLlaMeHTaJihHhIX H)J,eif B.H. BepHa,ll,CKoro, 

,n:.c. Kop)l(HHcKoro, A.JI. 51ttIII.HHa, B.A. )K.a

pwKosa, A.3. KoHTopoBHYa H )J.p. )J.OKa3bIBa

JOT, YTO 6oJibllla51 YaCTb reonorHYeCKHX C.HC

TeM OTHOCHTC51 K pa3p.11ey OTKpbITbIX, HeJIH

HeHHblX, )J,HHaMHYeCKH aKTHBHblX, TIOCT051HHO 

o6MeHHBaI01IIHXC.ll BeilleCTBOM 11 :rneprHeH c 

oKpy)l(aI01IIl1M npocTpaHCTBOM. Bee 3TH CBOH

CTBa cny)l(aT npH3HaKOM caMoopraHH3yt01IleH 

CHCTeMbI. Ilo)J, TIOCJie)J,HHM TIOHHMaIOT cno

co6HOCTb CHCTeMbl caMOCT051TeJibHO BbI6Hpan 

O)J,HH 113 MHO)l(eCTBa B03MO)KHblX nyTeM 3BO

JTIOIJ:HH, conpoBO)l()J,aI01IIHXC}{ yMeHbUleHUeM 

npou3eoocmea 3Hmponuu. 

0,ll,HOH H3 reonor11qecKHX CHCTeM, 

Ha116011ee no11Ho YLIOB11ernop5II01IIHX KpHTepw

HM caMoopraHH3aU:1111, }{BJUieTC.ll Cl1CTeMa BO)J,a 

- nopo)J.a, cocTaBHM qacTh 6onee o61Ile.H oc-
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HOBOTIOJiaraI01IleH )],JI}{ 3eMHOH KOpbl Cl1CTeMbl 

BO)J.a - nopo,ll,a - ra3 - opratt11YecKoe BeilleCT

so, aKTl1BHO pa3Bl1BaeMOH B flOCJTe)J,HHe fO)J,bl 

C.JT. IIIBapu,eBbIM [122] c rnqKH 3peHH}{ rn)J,

poreoxHMHH. Ilo ero 11H11.1.1,.HaTHBe B 2005 r ro

LIY BhIIIIeJI nepBbIH TOM TIHTl1TOMHoro 113,lJ,aHH}{ 

«I'eo11orttYecKa.ll 3BOJIIOU:H}{ H caMoopraH.H3a-

0:11}{ Cl1CTeMbl BO)J,a - nopo,ll,a» [21]. B MHOfO

TOMHl1Ke nnanttpyeTC}{ H3J10)1(HTb pemeHl1.ll 

reonoruqecK11x npo6neM c no3HU:11H rH.JJ,po

reox11M1111, a He c no3.H.lJ,.HH MMHepanorMM H 

J111TOJIOfHH, KaK-TO npttmTO B )J.pyrHX 113,lJ,aHH

.llX. ,[VI.11 3TOfO, KaK CYl1TaIOT aBTOpbI, HMeeTC}{ 

HeCKOJibKO npttYHH. TaK, npH cospeMeHHOM 

aHaJil13e MHOfHX reonorMYeCKHX 51.BJieHHH He

,lJ,OyYl1TbIBaeTCH 11MeHHO pOJib BO)J,bl KaK HaH-

6onee aKTHBHOfO KOMTIOHeHTa 3eMHOH KOpbI. 

0TCIO)J,a KapTHHa qacTO pHcyeTC.ll HeTIOJIHa.11, a 

HHOr,lJ,a H He peaJibHa.11:. B u:e110M, ponh BO)J.hI B 

COBpeMeHHOH reonorHH npHHH)KeHa H B no

BCeL{HeBHOH ttayqttoii pa6oTe c11a60 YYHThrna

eTC51. Il03TOMY MHOfOTOMHl1K TIJiaHwpyeTCH 

Han.Hean )J,JIST pellleHHH )J,aJieKO He TOJibKO 

rH.JJ,poreoXHMWieCKHX, a, rnaBHhIM o6pa3oM, 

reonorHYecKHX npo6neM, HO rH,ll,poreoxMMH

qecK.HM.H MeTO)J,aMH. 

B npe)J.hILIYllleH rnaBe MhI y)Ke noKa-

3aJIH B03MO)[(HOCTb B03BpaTa K rnnoTe3e Be

LIYllleH poJIH BO)], B <t>opMHpOBaH.HH TeTIJIOBOro 

nonH, T.e. OIDITb-TaKM pemeHH}{ reonorWie

CKOH npo6neMhI c nmH.1.1,.HH rH.JJ,poreoTepMHH. 

B 3TOH rnase pe% snepBbie noH,lJ,eT o 

perneHHH HeKOTOpbIX reOJIOfH'-IeCKHX npo6neM 

( coxpaHHOCTH nop, B03Hl1KHOBeHHH 3eMJieTp51.

ceHHH H )J.p) c II03HIJ:HH fH,ll,poreO)J,HHaMHKH. 

PemeH.He 3THX 11 )J.pyrwx BonpocoB, B KOHeY

HOM HTore, Heo6xo)J,11MO )J,JIST ,lJ,aJibHeHIIIero 

pa3BHTHH MeTO)J,OJIOfl1YeCKHX rrpHHU:HIIOB B 

II03HaHHH reoJIOfHYeCKHX 3aKOHOMepHOCTeH H 

51.BJieHHH. 



8.1. MexauuJMhl ynpaeJieuuB 
B cucTeMe eo.r.a - nopo.r.a 

1ITo6bl rny6)Ke IIOIDITh tteo6xo,n:H

MOCTh 113yqeHIDI rrpo6neMhI caMoopramnau:1111 

rrpou:eccoB B CMCTeMe rny60K11e BO.Lib! - nopo

,D,a Heo6xo,n:HMO em:e pa3 HarroMHMTh, noqeM)', 

Ka3aJIOCh 6h1, B Tex )Ke ErnrreTcKMx rr11paMH

,D,ax rrpoM30IIIJIO 3aTeKaHHe IlJIHT B 3a30ph1 B 

TeqeHMe qyn, 6onee ,D,Byx ThlC5NeJieTHH, a IIO

pbl coxpaIDIIOTC}J B TeqeHHe MHOrHX MHJIJIHO

HOB JieT. IlpHqeM no.n: .n:eiiCTBHeM Harpy30K, 

rrpeBhIIIIaIOW:HX Harpy3KM ermieTCKHX IIJIHT Ha 

,D,Ba nopH,n:Ka H 6onee. Me)J{)J,y TeM npH ,D,06b1-

qe HecPTH, ra3a M BO.Llhl npoHCXO.LIMT npnce,D,a

HHe IlOBepxHOCTH 3eMJIH Ha,n: pa3pa6aTbIBae

MhIMH MeCTOpO)J{)J,eHI.f}JMH. 

IIpaBHJihHhiii nyTh pemeHIDI 3TOii 

npo6neMhI B nocne.n:mie ro,D,hI rrpe,D,CKa3aJI 

A.A. fpaycMaH [24] c Il03HU:HH KOHU:eTIU:HH 

paCCMOTpeHIDI oca,n:oqHOH nopOJJ.hl KaK oeyx 
pa31Wp0011blX 11ecMeutU6G10UfUXCR JICUOKO

cmeu. OcHOBhIBMCb Ha 3T)' KOHU:eTIU:HIO, OH 

.n:enaeT BhlBO.LI, 'ITO npM'IHHOH coxpaHHOCTH 

nopoBoro npocTpaHCTBa Ha 6oJihIIIHX rny6n

Hax, HBJrneTCH penaKcau:irn ttanp}J)l{eHIIH B 

ropttoii nopo,D,e c oKpy)KaIOm:eii cpe,D,oH: (Bo

.n:oii), qTo MO)l{HO paccMaTpHBaTh, KaK rrpOHB

JieHHe ca;uope2yJtupoea11UR u ca;uoop2anU3a

lfUU cucmeMbl eooa - nopooa. 
Ilpe)J{)J,e qeM nepeiiTH K no,D,po6HOMy 

paccMOTpeHHIO MexaHH3Ma npeKpam:eHH}J ,«Te

KyqeCTM» ropHhIX nopo,D, H coxpaHeHHIO nopo-

soro npocTpaHCTBa, Heo6xo,n:HMo KpaTKo pac

CMOTpeTh OCHOBH)'IO HJJ:eIO 3TOH KOH11enu:mi. 

B ocHoBy K0Hu:err11HH «oeyx pmno
poonbzx necMeutmm10UfUXCR JtCUOKocmeu» no

JIO)l{etta aKCHOMa, 'ITO TBep,D,hie Tena rrpH npH

JIO)l{eHHH K HHM B Te'leHHe .LIJIHTeJihHOro Bpe

MeHH Harp)'3KH Heo6paTHMO ,D,e¢opMHPYIOTCH 

H npoHBJ151IOT cBoiicTBo Te'leHH}J. Ho, KaK 6h1-

no TIOKa3aHo Bblllle, rrpH M3yqeHHH c KJiaCCH

'leCKOH I103HU:HM ¢11311qecKOH cyTH CBOHCTB 

TeK)''leCTH H IIOJI3yqecTH BOJl.hl, 3TH JI.Ba CBOU

CTBa B KOpHe OTnH'laIOTCH .n:pyr OT ,D,pyra. Hc

XO,ll,}J H3 ,D,aHHhIX npe,n:CTaBJieHHH TBep,n:hie Tena 

npH npHJIO)KeHHH K HHM B Te'leHHe .LIJIHTenh

HOro BpeMeHII Harpy3KH, He npeBbIIIIaIOm:eu 

npe,D,eJI yrrpyrocTH ( OCHOBHOe OTnnqHTenhHOe 

CBOUCTBO rnep,D,blX TeJI OT )KH,n:KOCTH) 6y,n:yT 

IIOJ13TH. c ,D,pyrou CTOpOHhl, KaK 6bIJIO OTMe

qeHO B 3TOH TeopHH, BO.Lia no Mepe norpy)Ke

mrn Ha 6oJihIIIHe rny611Hb1 TaK)l{e Ha'lHHaeT 

npoHBJIHTh CBOHCTBO TBep,D,oro Tena - IlOJI3Y

qecTb. II01TOM)' .n:anee, rrepe¢pa311pyH Bhipa

)l(eHIIe A.A. fpaycMaHa, rro.n: oca,n:oqHoii rro

po.n:oii 6y,n:eM IlOHHMaTh - 06a pa3HOpOOHblX 

necMeutuea10UfUXCR meepoblX meJta. Terreph 

crnHoBHTCH 6onee IIOIDITHOH l/JU3u11ec1<.aa 

npu11uua coxpauuocmu nopooow 1<.0ime1<.mo
pa, 3anonue11uow «moepiJou ooiJou»! 

8.1.1. MexaHHJM nepexo11:a Teicy'leii «f>uJILTpau1111 B noJl3YIJYID 

Terreph nonhnaeMcH 6onee no.n:po6tto 

rrpe,n:cTaBJITb MeXaHH3M yrrpaBneHIDI npHMe

HHTenhHO K caMoopraHH3)'lOW:eUC}J CMCTeMe 

BO,D,a-nopo,D,a (Puc. 8-1). B u:enoM, MexaHH3M 

yrrpaBneHH}J n106ou CHCTeMbI COCTOHT H3 ,n:Byx 

KOHT)'pOB o6parnoii CB513H (OC). B rrepBOM 

KOHrype npoHcxo,n:}JT npou:eccbl caMoperyn}J

U:HH c U:HpKYJISIU:Heii orrepaTHBHOH 1rn¢opMa

QHH. BTOpoii KOHT)'p CBH3aH co CTpYKTYPHOH 

1rn¢opMaQHeii, OT6HpaeMOH H 3aTIOMHHaeMOH 

IIOCJie MHO)J(eCTBa «none3HhIX cne,n:oB» B03-

,n:eiiCTBIDI, KOHT)'p HaKOIIJiemrn pa3H006pa3IDI 

H ero cpopMnpoBaHne B orrpe.n:eneHttyIO cTpyK

TYPY (nHaqe roBopH, Henocpe.n:crneHHO KOH

TYP caMopa3BHTM}J H caMoopraHH3aQHH cHc

TeM ). 
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Ilo.n: o6beKmoM ynpaeJteHUR 6y,n:eM 

paccMaTpHBaTh BOJzy, HaXO)J,Sl:m:ylOC}J B BO)J,0-

HOCHOM ropH30HTe. IlpH OTCYTCTBHH BHeIIIHe

ro B03)J,eikTBH}J cpe)J,hl BO.Lia HaXO)J,HTC51 B rH,n:

po,n:HHaMlfljeCKOM paBHOBecwn. Ila.LI BHeIIIHHM 

B03,n:eiicTBHeM Ha CHCTeM)' 6y.L1eM IIOHMMaTb 

BbIIIa,n:eHHe aTMoc¢epHbIX OCa,IJ:KOB B 30He IlH

TaHIDI BO)J,OHOCHOro ropH30HTa, B pe3yJihTaTe 

qero rrpoHcxo,n:HT Hapymemie rn,n:po)J,HHaMH

qecKoro paBHOBeCH}J. CooTBeTcTBeHHo B cHc

TeMe IIOSIBn.SieTCjJ u:enh: BOCCTaHOBJieHue rH,n:

po,n:HHaMHqecKOro paBHOBeCJUI. 

B KaqecTBe U3Mepumeflfl. onepamue11ou 

wupopMalfUU BhicryrraeT rrepena.n: Harropos 

Me)K)zy 30HOH IIHTaHH}J H 30HOH pa3rpy3KH. 



0 Bl>. EK T 
YIJPAB.ltER111! 

C~T 

,[J;arree, ynpa6J1fUOUfUU cy6'b
eKm «Booa - nopooa» npvrHHMaeT 

perneHHe, c KaKOH CKOpOCTblO tj:>lDibT

poBaTbC>I BO,lJ,e, B 3aBHCHMOCTH OT 

cmpyKmypnou naMRmu nocmynmo
Ufeu U3 II Konmypa OC: BOJJ:bI - noM

HHTh CBOIO B>I3KOCTb H nopOJJ:bl - noM

HHTb K03cpcpmi:HeHT ciiHJibTPau:mr. 3a

TeM, no,lJ,aeT CHrHarr B Bll)J;e TeKyqeif 

cplDibTpau:HH Ha H3MeHeHHe onepa

THBHOM ttmpopMaU:HH HJIH yMeHhIIIe

HHe nepena)J;a Hanopa. lf3MepeHHe H 

aHaJIH3 3TOH vrmpopMaU:HH CHCTeMOH 

BO,D,a - nopoJJ:a npHBO,ll,HT KO BTOPOMY 

U:HKJiy, a 3aTeM K TPeTbeMY H T.,ll,. ,ll,O 

HaCTYnJieHH>I B CHCTeMe rH,11;p0,11;HHa

MHqecKoro paBHoBecll>I lDIH npeKpa

rn:eHH>I npou:ecca tj:>HllhTPaLJ.HH BO,!J,bI 

no 3aKoey ,[J;apcn. 

Puc. 8-1. 06oiiU1,eHHaJ1 MoiJe.nb Mexanu3Ma ynpa611enuR iJJIR 

lfraK, Mbl pacCMOTPeJlH TOJib-

KO I KOHTYP OC c U:HPKYllHU:Heif onepaTHBHOH 

HHtj:>opMaU:HH no H3MeHeHHIO Hanopa, npHBJie

KaH H3 II Kottrypa CTPYKTYPHyIO HHciiopMa

U:HIO. <l>aKTHqecKH KaK BO,D,a, TaK H nopo,ll,a xa

paKTep1nyJOTC}J MHoroo6pa3HeM pa3JrnqHbTX 

CBOHCTB, KOTOpbie B u:eJIOM H COCTaBJIHIOT oc

HOBttylO >JqenKy II KOHTYpa o6paTHott CBH3H 

HaKonJietttton CTPYKTYPHOH HHcpopMau:1rn, 

«onhna, naM,HTH H T.,!J,.» Ho qepe3 ceMaHTHqe

CKHH cPHJibTJJ nponycKaeTC,H TOJibKO ,!J,Ba cBoli

CTBa CHCTeMbl BO,D,a - rropo,ll,a. IlpnqeM co

rnacHO o6o6rn:ettttott MO,!J,emr B ttaqaJie II KOH

TYPa qepe3 ceMaHTvrqecKHH cpHJibTp nponyc

KaeTCH onepanrnHM HHcpopMaQll>I o cyrn:ecT

Byrorn:eM rrepena,1J,e HanopoB, 3Ta ntt<PopMa

U:ll>I, no cyTH, H CJIY)l(HT CHrHaJlOM ,!J,JI,H BbI6opa 

H3 Bcero MHOroo6pa3H>I CBOHCTB BO,!J,bl H rro

po,D,bl, TOJihKo TOH CTPYKTYPHOH HttcpopMaU:HH, 

KOTopaH Heo6XO,!J,HMa ,ll,JUI rrpHHHTH>I CHCTeMOH 

perneHHjl, c KaKOH CKOpOCTblO ,lJ,BHraTbC>I BO,!J,e. 

KottKpeTH3HpyeM 3TO, BepttyBIIIHCb 

o6paTHO K I KOflTYpy, r,D,e MbI ocTaHOBHJIHCb 

Ha MOMeHTe rrpeKparn:eHH>I cPlDibTPaU:HH BO,ll,bl 

no 3aKotty ,[J;apcH, B cnyqae KOr,!J,a rpa,D,HeHT 

Harropa cTaHOBHTC>I paBHbIM ttaqaJibHOMY. B 
pe3yJibTaTe, MexaHH3M yrrpaBJie~ aHaJIH3H

pyeT 3TY orrepaTHBHYJO HHQ:>opMaU:HJO, rrpo

nycKM ee qepe3 CeMaHTfiqeCKHH Q:>HllbTJJ H 

IIO,D,aeT CHrHan, orrepeJKaIOrn:HH HHc}lopMaU:HJO 

Ha 3aKpbITHe, no o6pa3HOMY BbipaJKeHHIO C.JI. 
IIIBap.u.eBa, «HqeifKH», rrporrycKaBrneti cTapyro 

CTJJYKTYPHYJO HHcpopMaLJ.HIO, xapaKTepH3yro

rn:yro TeKyqyio Q:>HJibTpau:HIO. 0,D,HOBpeMeHHO 
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ca.ffoopzanu3yHJU1,UXCR cucmeM. 
llo P.<!>. A6oeeey 

rrponcxo,!J,HT OTKphITHe HOBOH «H'ieMKH» c 

rrponycKoM HOBOM CTPYKTYPHOM HHcpopMau:irn 

0 TenJionpoBO,!J,HOCTH BO,!J,bl H nopO,ll,bl, xapaK

TepH3yrorn:eli CBOMCTBa nomyqeif Q:>HJibTPaU:HH 

,!J,Jl}J npHHSITH>I pemeHH}J CHCTeMOM, c KaKOM 

cKopocTbIO ,ll,BHraTbCH BO,ll,e. B paccMaTPHBae

MOM ceyqae npou:ecc caMoperyJIHU:HH npo

,!J,OJl)l(aeTcH, XOT}J c MeHbIIIeU CKOpOCTblO, HO 

rrmrnmreTCR HOBaR u.eJib - BOCCTaHOBJleHI-re 

TepMO,ll,HHaMH'ieCKoro paBHOBeCH}J. 

IlpH nepexo,n,e TYP6yJieHTHoif cplDibT

pau:1rn B JlaMHHapttyIO npoHCXO,!J,HT 3aKpbITHe 

TOJibKO qacTH ((>JqeeK», xapaKTepH3YJOiu:HX K0-

3cpqmu:HeHT HeJIHHeUHOU qmJibTJJa.u.1rn. 

Ta1<UM o6pawM, npu iJ6umenuu 60-
iJb1 n() 3a1<01ty /(apcu ona cmpeMumc11. « 2uiJ
poiJunaMul/ec1<0My pa6H06ecwo co cmen1<a
MU nop. Ilpu cnumenuu 2paiJue11ma nanopa 
iJo 11al/a.llb1to20 iJa1111oe paanoaecue nacmy
naem, u me«y'lllJl </JU!lbmpal(UH npeKJJaw.a
emcR, no «Hal/unaem napymambcll» yme 60 
ace.M o6'bi!..Me mep.HoiJunaMul/ec«oe pa6H06e
cue, 'Imo, 6 C6010 o'lepeiJb, 6bl3bt6aem H06oe 
iJaumenue - nomy'ly10 </JU11bmpal(u10. H1tb1-
MU CJI06a.MU, cucmeMa noiJKT110l/aem H06ble 
.HexaHU3.Mbt, 6bl3bl6a10w.ue iJllJlbHeiimee ei! 
iJ6umenue {pll3aumue), 3aKT110l/a10w.eec11. a 
npeo6pa306a11uu 6HympUMo.lle«y.llRp11oii 
xaomu11ec1<ou :J1tep2uu 6 nanpaa.lle1tny10 me-
1uzo6y10, m.e. npoRa.llllemcR oc1to61toii </Ja«
mop ca.MoopzaHU3al(UU cucmeMbt aoiJa - no
poiJa ei! pa6H06ec110-nepaa11oaec11b1ii xapa«
mep. 



8.1.2. MexaHH3M coxpaHHOCTH nopoBoro npoCTpancTBa 

flpH yBeJmqeHHH B03)1,eHCTBJUI Ha B0-

)1,0HanopH)'IO CHCTeMy BHenrneii cpe.llhI - OT

JIO)J(emur oca)J,KOB, npOHCXO)J,HT ynpyroe C)J(a

ni:e CHCTeMbI BO)J,a-nopo)J,a. B CHCTeMe nmrn

m1eTC.sl u:enh - BOCCTaHOBJieHHe MeXaHU4eCKO

ro paBHOBecm1. B Kaqecrne H3Mep11Ten.sI MH

tf>opMau:1rn 3)1,ech BhrcryrraIOT )),Ba rroKa3aTen.s1: 

rroKa3aTeJih yMeHhrnemrn nopoBoro npocTpatt

crna H rroKa3aTenh yBenHqettJij{ Hanopa. B pe-

3YJih TaTe CHCTeMa npHHHMaeT )),Ba perneHH.sI, c 

KaKOH CKOpOCTblO <fiMJihTPOBaTbC.sl BO)J,e Ji )J,e

Q:>opMHpOBaThC5I nopo)l.e. M )J,anee c11cTeMa 11c

nontt.s1eT 3TM perneHJij{, yMeHhIIIaH )J,eHCTBHe 

BHernttett CHJibI H 3aMbIKaH I KOHTYP OC. 3a

TeM ocym,ecTBJI5IeTC}I 2 U:HKil, 3 H T.)l., T.e. 

npoHcxo)l.MT npou:ecc caMoperyn5IU:HH Hapy

rnettttoro B CHCTeMe MeXaHHlJeCKOro paBHOBe

CH5I c U:HPKYJIHU:HeH B CHCTeMe 2 3JieMeHTOB 

onepaTHBHOH 1rn<fiopMaI.1MM. 

Elll,e 6onee ycJIO)J(HHeTcH MexaHM3M 

caMopa3BHTHH CHCTeMhI BO II Kottrype. Orre

paTMBHa5I HH<j:>opMau;HH, rrpoxoM qepe3 ce

MaHTHqecKHH tf>HJibTP, TIOCTOHHHO MeH5IeT B 

CBOIO oqepe)l.h, ,n:Ba rrapaMeTpa CTPYKTYPHOH 

HH<j:>opMaU,HH. YMeH1>rnettHe nopoBoro npo

cTpattcrna M3MeIDJeT K03<j:><j:>HU,HeHT rrpoHM

u:aeMOCTH nopo.[lhI, 3To orrepe)J(aIOmee OTPa

)J(eHHe rrocryrraeT B 6JIOK rrpHHHTH}I CHCTeMOH 

perneHJij{, c KaKOH CKOpOCThlO e:H <j:>HJibTPO

BaTbCJ! no 3aKOtty ~apcw. YMeHhrneHHe Hano

pa BO.[lbl OTPa)J(aeT yMeHbllleHHe ee C)J(aTOCTJI, 

3Ta CTPYKTYPHM onepaTJIBHM HH<j:>opMaU:HH 

TaK)J(e rrocryrraeT B 6JIOK npHH5ITJI}I CHCTeMOH 

perneHJij{, c KaKOH CKOpOCTblO di C)J(HMaTbCH. 

1Iepe3 tteKoTopoe BpeMH nopo.n:a non

HOCTbIO yrrpyro .n:ecpopMHpyeTC}I H B ceMaHTH

qecKOM <fiHJibTpe oTKpbIBaeTC5I )J,OIIOJIHHTeJib

HM 51qe:HKa, nponycKaIOIUM qepe3 ce65I 

<PYHKU:HIO 5I,n:pa rromyqecTH HJIH «<fiyttKlJ,JIIO 

rraM5ITH» [2]. B pe3yJihTaTe, B rropo.n:e Ha'lttyT

c.s1 U:MKilbI B.sI3Koyrrpyroii .n:e<fiopMaU:HH HJIM 

rrpou:ecc 3ailOJ13aHH51 IIOpO.[lhl B TIOpbI. rpa.un

eHT nepena.ua HanopoB CHH3HTCH )l.o Haqanb

ttoro, M B ceMaHTH'leCKOM <fiHJibTPe IIpOH30H

.n:yT BbIIIIe OIIHCaHHbie H3MeHeHHSI. flepexo)l, 

CBOHCTBa TeKY<JeCTH B nomyqecTb BO)J,bI, B 

CBOIO O<Jepe,n:b, BbT30BeT nepeOTKpbIBaHJJe j{qe-

I I I 

eK B CeMaHTlllJeCKOM <fiHJibTPe, CHll)J(aH CKO

poCTb yMeHbIIIeHH51 nopoBoro npocTpaHCTBa. 

flpH OTJIO)J(eHHH HOBbIX oca,n:KOB pac

CMOTpeHHbie npou:ecchI yMeHbIIJeHJij{ nopoBo

ro npocTpaHCTBa 6y.n:yT TIOBTOpHTbC}I, HO y)J(e 

6onee Me)l,JieHHblMH TeMrraMH. flocKOJibKY 

CKOpOCTb BbITecHeHJie BO.[lbl yMeHbIIIHTC5I, H3-

3a TIOHH3HBIIIeHCSI nopHCTOCTH H npoHHI.1ae

MOCTH. flpH OTJIO)J(eHHH cne.n:yIOIUHX OCa)lKOB 

3TH TeMIIbI 6y.n:YT npo.n:oJI)J(aTbC}I CHH)J(aTbC5I. 

B KOHelJHOM MTore, B onpe.n:eneHHblH MOMeHT 

BpeMeHH nopHCTOCTb TIJiaCTa YAfeHbIIIHTCJ! )J,0 

TaKOro npe.n:ena, 'ITO B ceMaHTM'leCKOM cpHJibT

pe rrpecrnHeT oTKpbIBaThCH JiqefiKa, nponyc

KaIOIUaH CBOHCTBa CHCTeMbl qmnhTpoBaHH}I 

BO.[lbl no 3aKOtty ~apcM. flpOH30H)l,eT CKa40K 

CHCTeMhl Ha HOBbIH ypoBeHh caMopa3BHTH.sI H 

caMoopraHH3au:1rn. CKopocTh npHpocrn JIHTo

cTaT1111ecKoro ,n:aBJieHHH nopO)J.hI Ha<JHeT orre

pe)J(aTb CKOpOCTb CHH)J(eHJ!Ie rrnacTOBoro )J,aB

neHH51 CHCTeMbl. B pe3yn1>TaTe, B CHCTeMe B03-

HHKHeT ABil,ZJ;, KOTopoe .n:onoJTHHTeJibtto 6y

,n:eT rrperr5ITCTBOBaTb CHH)J(eHHIO rropoBoro 

npocTpattcrna. A npH )J,OCTll)J(eHHH H npeBhI

rneHHH TIJiaCTOBOfO ,n:aBJieHH5I tta.n: JIHTOCTaTH

qecKHM CHCTeMa IIOMeH5IeT perneHHe. flopHc

TOCTb nopo,n:bI HalJHeT, Hao6opoT, yBeJIH4H

BaTbC5I 3a c'leT o6pa30BaHHH TPeIUHHHoro 

KOJIJTeKTopa. 

KpoMe :noro, ecJIH K paccMoTpeHHbIM 

rrpo11eccaM )J.06aBHTb npou:ecchl 3JIH3HOHHoro 

OT)J(aTJij{ BO.LI B TIJiaCTbI, TO qHTaTeJib ~e 6e3 

JIHIIIHHX KOMMeHTapHeB CMO)J(eT caM rrpocJie

.[IHTh )l,OIIOJIHHTeJihHble H3MeHeHH51 B Mo,n:eJIH 

MexaHH3Ma yrrpaBJieHJJ5I H eme rny6)J(e rrott5ITb 

npH'lHHbI coxpaHHOCTH nop Ha 6onbIIIHX rny-

6HHax 6naro.n:apH KH6epHeTH'leCKHM npou:ec

caM, npoHCXOMIUITM B CHCTeMe BO)J,a-nopo,n:a. 

B ~ellOM MO:JICHO 1a1<.T1101Jumb, pac
CMompeHHbl ii MexaHu:JM coxpamwcmu no
poaow npocmpaHcmaa Ha 6onbiuux my6u-
11ax '06ecne1Juaaemc11 Olutzo<)ap11 HOJIU'lUIO 6 
HeM aoObl. Bo<>a 11an11emCJ1 meM «Mexa11U3-
MOM», 1<.omopblU CHll'laJlll CHUMaem ozpoM
Hbte a1111<.oynpy2ue aepmu1<.aJ1bHb1e Hanp11-
meHUR, 603HU1<.a10114ue 6 c«.eneme nopoObl, a 
1ameM, MeHJ111 ux 11anpaal1eHue Ha name
pWlbHoe, Bbmocum ux Ha noaepxnocmb. 



8.2. 06 ypoBHHX oprauu3au,uu 
reOJIOrH'ICCKHX fi>opM .r:.eu~eHHH so.r:.LI 

8.2.1. Ocnosnoe onposep~enue HJJ;eH 
reoJioruqec1mii '1JopMLI JJ;BH~enm1 MaTepHH 

HecMoTpsr Ha npe,llnpnHsrThie norrhITKH 

pa:rnunrn: n)len o reonorWJecKoii cpopMe JlBU

)l(eHHSI MaTepuu B rU,llporeononm, B u:enoM B 

reonormt ,llaHHaH H,lleR He pa3BUBanach. Ilpu

qnHoii TOM)' SIBHJiaCh «KOMMYHUCTnqecKaX 

H,lleOJIOrHR», paccMaTpHBaBIIIaR H,lleH KJiaccu

KOB MapKCH3Ma-JieHHHH3Ma He KaK yqeHne, a 

KaK ,lJ,OrMhI. B TOM qucne U,lleIO <l>. 3Hreni,ca o 

IIOCJie,lloBaTeJihHOCTH pa3BUTUR pa3JIUqHbIX 

cpopM JlBH)l(eHUR MaTep1rn. B pe3ynhTaTe, B 

CBR3U c 6ypHblM pa3BUTHeM caMOH reonoruu B 

rrpoIIIe)lIIIeM XX BeKe qacTnqHo H,lleR <l>. 3H

reni,ca Haqana rrpoTHBopeqnTh He TOJihKo co

speMeHttoMy cpHJIOCOcpCKOM)' MHpOB033peHmo, 

HO H HOBhIM reonoruqecKHM npe)J,CTaBJieHIUIM. 

KaK H3BecTHo, 6a3oBott ocHoBoll: H,n:eu 

0 pa3BHTHH pa3JIHqHbIX cpopM .llBH)l(eHUR Ma

Tepuu rrocny)l(UJia KOCMOroHHqecKaH rurroTe3a 

II. Jiannaca B03HHKHOBeHnx u cMeHhI pa3nnq

HhIX crynetteH pa3BHTHH COJIHeqHoH CHCTeMbl 

H 3eMJIH. HcnOJih3YH ee, <l>. 3HreJibC rrpe,n:JIO

)l(HJI TIOCJie,llOBaTeJihHOCTb pa3BHTUR cpopM 

,llBH)l(eHUR MaTepuH: MeXaHHqecKYJO, cpH3Hqe

cryto, XHMnqeCKYJO H 6HOJIOrHqecryIO If T.,U. 

«feononrqecKHe npou:ecchl B :noM pH.JlY, OH 

cqlfTaJI, 3aHHMaIOT npoMe~oqHoe MeCTO, 

Me)l(JlY XHMH3MOM H )l(H3HhIO, rrpe,n:cTaBJIHH 

co6oll: Te ycnoBDR, npu KOTopi,rx ycno)l(HeHne 

oprauuqecKoro BeIIIecrna .uoxo.uITT JlO o6pa3o

Bamrn 6enKa. flocne.uoBaTenhHoe ycno)l(HeHne 

cpopM )l(M3HH ,llOCTHraeT CBoero BblCIIIero pa3-

BHTUSI B qenoBeKe, c B03HHKHOBeHHeM KOTopo

ro npupo,lla npuxo.unT K oco3HaHHIO caMOH 

ce6H. BMecTe c qenoBeKOM npou:ecc pa3BHTHH 

MaTepHH BbIXO.llHT 3a rrpe,ll,eJihl co6cTBeHHO 

rrpHpO.llhl If BCTYTfaeT B o6JiaCTb pa3BUTmI o6-

IIIeCTBeHH0-3KOHOMHqecKHX cpopMaU:HH» [ 48]. 
TaKOBhI BKpaTu:e, rro <l>. 3ttrem.cy, 3TaIIhI cTa

HOBJieHUR pa3JIWIHhIX Q->opM .llBH)l(eHJfH MaTe

puu Ha 3eMne, IIOCJIY)l(HBIIIHe E.M. Ke,llpoBy 

6a30BOH OCHOBOH ,UJIX o6ocHOBaHMH reonoru

qecKOH cpopMbI .llBU)l(eHHH MaTepuu. 

0,n:HaKo, OTKpbITHe pa,r:i;uoaKTHBHOCTH 

u nocne,llOBaBIIIne 3a 3THM orrpoBep)l(eHmI B 

Haqane xx BeKa KOCMOrOHHqecKOH rurroTe3bI 

Jiarrnaca, Q:>aKTWieCKH cBeno K uymo 6a30By10 
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ocHoBy u,r:i;ett reonorWiecKoii cpopMhI .llBH)l(e

HDH MaTepuu H, KaK cne,r:i;CTBHe, JIHIJIHJIO reo

JIOrHIO 6a30BOM MeTO.llOJIOrHH TI03HaHHH ee 3a

KOHOB. B CBH3H c 3THM, B reonorHH HaMeTH

JIHCb ,r:i;Be TeH,lleHu:Im. B.II. KoBaneB [25] no 

3TOM)' TIOBO.JlY IllfCaJI cne,r:i;y10II1ee. «C 0.llHOH 

CTOpOHbI o6pamaeT BHHMaHHe Ha ce6H Heco

CTOSITeJibHOCTb U,lleana nannacoBCKoro ,r:i;eTep

MHHH3Ma2, Heo6ocHOBaHHOe :iKeJiaHne BU,lleTb 

Be3,r:i;e H BCIO.JlY (()l(eJie3Hbie» 3aKOHOMepHOCTH 

6e3 o6sr3aTeJibHbIX B 3THX cnyqaHX :iKeCTKHX 

rrpou:eeyp BepncpHKaU:FIH3 (BOT II03TOM)' ,!l;a)l(e 

HaH6onee Q:>yH,r:i;aMeHTaJihHO rrpopa6ornHHhie 

reoct>H3HqecKHe MO)J;eJIH He onpaB.llhIBaIOT 

B03JiaraeMbIX Ha HHX tta,r:i;e:iK,ll), c ~pyron CTO

poHhl rrpOHCXO,UHT OTpbIB reonorHH OT ,r:i;pyrux 

ecTeCTBeHHbIX HayK: MexaHHKH, cpH3HKH, XH

MHH H T.)J;. 11 ee OTCTaBaHHe B 06JiaCTH MeTO

.llOJIOrHII, onopy Ha apxaHqHbie u.ueu, H3-3a 

qero BbIMblcen, MHcp If CKa3Ka, - qacThle fOCTH 

B reonorHqecKux Kottu:em.i;HHX». 

TaKUM o6pll3oM, eU(e 6 20-x wi>ax 6 
zeo.'lozuu 603HUKJla ocmpaa neo6xoi>UMocmb 
6 H060U Mupo6033pen11ecKoii Konu,enu,uu. B 
1mou C6R3u, 603HUKJla i>ucKyccua o xapaK
mepe zeOJIOZU'leCKOU HayKU - npUKllllOHOU 
UJIU 6Ce :m:e </Jyni>aMeHmO!lbHOii. Bee 1mo 
mpe6o60llO H06blX Mupo6033pen11ec1<ux no0-
xoi>o6 K zeo!lOZUU - KaK nayKe, R6llHIOU(eUCR 
</JyHi>aMeHmllllbHOU, co C60UMU 3llKOHllMU 
pll36Umu.a, HO He npuKllaOHOU HayKu, onu
Cbl6aeMOU mollbl<.O 3lll<.OHQMU </JU3UKU, Mexa
HUKU, XUMUU U m,i), 

2 ,[(eTepMHHll3M - 4JmmcocpcK<ll! KOHI.ICIIUHll I1p113HaIO

mM o6'beKTllBH)'ID 3aKOHOMepHOCTb Ii npwmHJi)'IO o6ycJIOB

JICHHOCTh BCCX llBJICHl!ll npttpO,llbl II o6mecTBa. 

3 Bep11<!>HKawtll - npoBepKa ttCTllHHOCTll TeopeTil'leCKHX 

nonoll<em1fi, yCTaHOBJieHtte ,I1ocT0BepHocT11 onLITIIh!M nyTCM. 



8.2.2. Kn6epueTH'lecKaH aJILTepHaTnBa 

KOCMOf'OHH'leCKOH f'HilOTe3LI JlanJiaca 

B KOHU:e 70-x - Haqarre 80-x coBeT

CKHH KH6epHernK P.<l>. A6.IJ;eeB, HCXO)J,ji H3 Ho

BhIX MHpOB033peHHH, 3Ha~rnTeJibHO ycoBep

rneHCTBOBa.JI MaTepHa.JIHCTHqecK)'IO Teopmo <l>. 

3HreJih'Ca 0 pa3BHTHH pa3JIMqHbIX ¢opM )J,BH

)KeHIDI MaTepHH H, B qacTHOCTH, npe,ll,JIO)KHJI 

HOBYJO Mepapxmo ypoBHeH ee opraHM3aU:Hlf, B 

3aBHCHMOCTH OT ypoBllR ompaJ1CameJ1bHOU 
cnocoonocmu. Bcero MM BhI)J,eJijleTcj{ BoceMh 

ypoBHeH: opraumaU,MH CHCTeM. B OTJIHqHe OT 

KOCMOfOHHqecKOH I'HilOTe3bl naTIJiaca, nepBbie 

qeTbipe ypOBffj{ HM CBjJ3bIBaIOTCjJ c 3TanaMM 

cTanoBneuIDI KM6epuen1qecKoro MexaHM3Ma 

ynpaBJieHMj{, KOTOpbIH He 6hIJI )J,aH H3Haqarrb

HO B npttpo)J,e M ¢opMttpoBarrcj{ B npon:ecce 

pa3BHTMj{ pa3JIMqffbIX ¢opM MaTepHM (Pwc. 

8-2). Cne)l,YJOlll,He ypoBHH Y*e oTuocncj{ ue

rrocpe,ll,CTBeHuo K :IKHBOH npwpo,ll,e M )J,eTarrM-

3MPYJOT rrpe)J,CTaBJieHMj{ <l>. 3ureJibca4, II03TO

MY paccMoTpIIM TOJihKO nepBhie qeTb1pe ypoB
Hj{, 

)J,BH)KeHHji MaTepHH (BO)J,bl), 3aHHMaJOllJ,ajJ 

CTPoro onpe,ll,eJieHHYJO 11epapx11qtty10 CTY

neHh, ¢aKTttqeCKH pacna)J,aeTCji Ha HecKOJihKO 

ypoBHeH. 

1-ii yposeub - CTaTttqecKHX CTPYKTYP, 

HJIH TaK Ha3hIBaeMblH ypoBeHb OCHOBaHHH. 

~aHHOM)' ypoBHIO CHCTeM xapaKTepHa nep

BHqffajJ cpopMa orpa)KeHIDI, KOr)J,a HH¢opMa

ll,IDI He BbI)J,eJI}leTCjJ H3 o6Ill,ero CO,ll,ep)KaHIDI 

B3aHMO)J,ettcTBmr. Ha 3TOM ypoBue npn MarMa

TII3Me npoH30IIIJ10 3apo)K)J,eHMH BO)J,bI, H B03-

HMKarra MeTeoreuHaj{ HJIH rHnepreHHM ¢opMa 

ee )J,BH:IKeHHj{. 

2-H ypoBeHb - rrpocTbIX )J,HHaMHqe

CKHX CHCTeM c )J,eTepMHHHpOBaHHbIM )J,BH)Ke

HHeM ( COJIHe4HM CHCTeMa, KpyroBopoT BO)J,bl) 

c peaKU,HeH JIHIIIh Ha TeK)'lll,ee B03)J,eHCTBMe. 

IIoj{BmleTca u,eJib caMocoxpaueHH}l. Ha 3TOM 

ypoBHe B03HHKJia ce)J,HMeHTaU,MOHHM HJIM 

0Ca)J,04Haj{ ¢opMa )J,BH)KeHIDI BO)J,hl, 11 noaBJie

HMe ryp6yneuTHOH <PHJibTpau,1111, KOTopa}l, rrpH 

)J,11arettuoi1 ¢opMe, nepernna B 

JiaMMHapuyro ¢HJihTPaU,HJO. 

3-H ypoBeHb - aBTOpery

JI}lll,HH CHCTeM HJIH ypoBeHb 
mep.nocmama. <l>ynKU,HOHa.JihHOil 

OTJI11q11TeJibHOH oco6eHHOCThJO 

Puc. 8-2. 3manbl cma110B/le11uR Mexa11u1Ma ynpaBJ1e11UR. 
0 - o6LeKT ynpa11rreHm1 Y - yrrpa11JIJ110mee 3BeHo IT - naMllTh 

aBTOperynHpyeMhIX CHCTeM 

TpeTbero ypoBHj{ OT BTOporo }lB

JijleTC}l B03HHKHOBeHHe MexaHH3-

TeM caMhIM, cornacHo 11epapXH11 pa3-

JIHqHhIX ¢opM )J,BH)KeHIDI MaTepHH B 3aBHCH

MOCTH OT OTpa)KaTeJihHOH cnoco6uocTH, caMO 

IIOffj{THe reonor11qecKM ¢opMa )J,BH)KeHIDI Ma

TepHM, KaK oTMeqaeT P.<l>. A6)J,eeB [l], ocrneT

Cj{ )J,MCK)'CCHOHHhIM. AHarrorHqHoro MHeHHj{ 

rrpH,ll,ep)KHBaeTCj{ B.II. KoBarreB [39] cqMTajJ, 

qro cneu,11¢11Ka Belll,eCTBa 3eMJIH 3aKmoqaeTC}l 

B era BKmoqeHHOCTH B npon:ecchI pa3uoro 

paHra (oT MHKpo- )J,o MeraypoBuen), npe,ll,

crnBmnolll,He co6on cno)KHYJO Hepapxmo cnc

TeM H IlO)J,CHCTeM, T.e. reonorHqecKM ¢opMa 

4 5-ll: ypoBeHi. - pacTemrn; 6-ii yposem. - lKHBOTHhlX, iUlll 

KOTOporo xapaicrepHo lIOJIBJieHHe IICHXUKH " KOMM)'HUKaTHB

HOCTH; 7-f.i ypoaem - qenoseKa c si.1cmefi <!JopMofi OlpalKCHUJI 
( cmttaHUJ1, M!.ImrreHUJ1); 8-it yposetti. - qerroaeqecKoro o6me

CTBa, 3TaI!bl CaMOopraID13aQHH KOTOporo - o6mecTBeHHO
')KOHOM!fqecKHe <!JopMarum; B03MOlKHbIH CJie)lyiomufi; 9-ll: ypo

BeHb - BHe3CMHbIX QHBUJIH3aIUIH. 
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Ma yrrpasneHIDI. llepeoa11.a u 
aHUJlU3 umjJopMau,uu cytu,ecm«ennaa 
tjJym<.u,uonUJlbHllR ocooennocmb cucmeM na 
JmoM ypo«ne. YposeHh TepMocTaTa xapaKTe

peu )J,JI}l reonor11qecKHx ¢opM )J,BH)KeHHH BO

)J,hI, Ha TeMnepaTYPY KOTOpblX He 0Ka3hIBaeT 

BJIHj{HHe ce30HHM H3MeHqHBOCTb TeMrrepaTYP· 

K HMM MO)KHO OTHeCTH KaTareHttyJO H MeTa

Mop¢oreHttylO ¢opM)' )J,BH)KeHmI BO)J,bl, IIpH 

KOTOpblX npOMCXO)J,HT CMeHa BH)J,a <l>HJibTpa

U:HH TeKyqei1 Ha nomyqyro. 

4-11 yposeHb - caMooprattH3YJOlll,HX 

CTPYKTYP, HJIH ypoBeHb KJieTKH. CqHTaeTCH, 

qrn ua )J,aHHOM ypoBHe ¢opMwpyeTcH onepe

)KaIOlll,ee OTPa)KeHMe - naMHTh H )KHBoe ua~rn

uaeT OTJIJ.lqaTbCj{ OT He)KHBoro [ 1]. 
0,ll,ttaKo, 6ypHoe pa3BHTMe B nocne)J,Hee 

BpeMa CHHepreTHKH Il0Ka3a.JIO, qTo rrpon:ecCbl 

caMoperymru,1111 M caMoopraHH3au,nn npHCylll,M 

He TOJibKO )KHBOH np11po,ll,e, HO H ueoprattHqe

CKOH, H, B qacTHOCTH, reonoruqecKOH CHCTeMe 



Bo.n:a - rropo.n:a, 1ITO II03BOJTHeT paccMa-rpHBaTb 

.n:aHHblH ypoBeHb KaK rrepeXO,D,H)'IO cryrreHb OT 

Hexarnoti rrpttpo,D,hI K JKHBOti. B cttcTeMe B03-

HHKaeT orrepe)l(aJOII{ee o-rpa)l(eHHe - rraMHTh. 

Ha 3TOH CTa)J,Irn opraHH3aIWH CHCTeMbl BO,D,a -

nopo.n:a IIOJTHOCThlO 3aBepIIIaeTCH 4JopMHpOBa

HHe MeXaHH3Ma yrrpasneHHH H IIOHBJTHeTCH 

C'fPYKTYPHaH HH4JopMauHH. Ilo MHeHHIO C.JI. 
lllBapueBa [122], y)l(e caMa CTIJYKT)'pa Bo.n:Ho

ro pacTBopa 3aKJlIOIJaeT B ce6e MexaHH3MhI 

oueHKH, rrepeo6pa6oTKH H rrepe.n:aIJH HHcjmp

MauHH. ~aHHOe IIOJTO)l(eHHe TaK)l(e IIO)J,TBep

)1()],aeTCH ttccne.n:oBaHHHMH IO.A. KoJTHCHHKOBa 

[56], KOTOpblH C'-IHTaJT, 'ITO «Ba)l(HbIM 3JTeMeH

TOM Te-rpaMepHOH MO)J,eJTH BO)J,bl HBJTHeTCH Ha

JTHIJHe B Heu npaBhIX H neBhIX no pacnpe,D,eJie

HHlO BttyTpeHHHX BO,D,OpO)J,HhlX CBH3eH. A KaK 

nonaranw eme IT. K10pH H B.11. BepHa)lCKHH, 

rrpaBH3Ha-JieBH3Ha )l(HBoro BelI{eCTBa eCTb 

crre,D,CTBHe ,D,HCCHMMe-rpHH cpe)lbl, B HarneM 

cny1rne - BO)lbl. B pe3yJTbTaTe B KOHueH-rpHpo

BaHHhIX pacrnopax KpeMHe3eMa H 6uorrorrH-

MepoB KOH4JopMHaH MM BO,D,a rrepexo.n:HT B 

CBH3aHHOe COCTOHHHe, KOr,D,a Te-rpaMepbI "pa3-

BH3hlBaIOTCH", o6pa3yH npaBble H rreBhle CITH

panbHbie ueIIO'IKH, B KOTOphIX B CBH3H c KBa)J,

pynoJTbHOCTblO MOJTeKyJT MO)l(HO KO)J,HpoBaTh 

HeKYJO HH4JopMaumo. TaK, reHeTH'leCKHH Ko.n:, 

KJllO'IOM K KOTOPOMY cny)l(aT 4 THIIa MorreKyn 

c pa3HbIM pacnpe.n:eneHHeM 3apH)J,OB, O,D,H0-

3Ha'IHO 3aIIHCaH Ha BO,D,HOH MaTpHue, r.n:e OT

pa)l(eHbl H o6nHCHHIOTCH Bee ero HIOaHCbI». 

K 4 ypoBHIO MOJKHO ornecTH reonorH

IJecKHe 4JopMbl ,D,BH)l(eHHH BO)J,bl, npoHCXO)J,H

II{He Ha CTa;ZJ,HH MeTaMop4JM3Ma, IIOCKOJTbKY 

HMeHHO Ha 3TOH CTa)J,HH ,D,BH)l(eHHe BO)], npo

HCXO)J,HT XUMH'-leCKHH CHHTe3 BO)J,bl 3a C'leT 

nepeKpHCTaJTU3aUHH KpHCTaJTJTH'-leCKOH pe

IIIeTKH. 

TaKUM oiipa3o.M, pacCMompe1111aa KU
iiepnemullecKaa Kapmuna pa3aumua ne 
npomuaopellum cyU1,ecmay10U1,UM npedcmaa
!leHURM 0 pll3JlU'lllblX zeOJlOZUlleCKUX tjJop
.Max d6U:JICellUR 60dbl. 

8.2.3. y ,lJ;eJihHaB TeDJIOeMKOCTh r JIY60KHX B0.11: KaK 

33KOHOMepHOCTh aBToperyJIHpyeMOH CHCTeMbl BO,lJ;a - nopo.11:a 

B rnase 5 6bma H3JTO)l(eHa MeTo,D,orro

nrn BbIBO,na <PopMYJTbl y,neJThHOH TeIIJTOeMKO

CTH rrry6oKHX BO)], KaK 3aKOHOMepHOCTH MeTa

Mop4JoreHHOH 4JopMbl )J,BH)l(eHHH BO)J,bl. 3aKO

HOMepHOCTH BhICUIHX ypoBHeti pa3BHTHH Ma

TepHH, TaK HJTH HHaLte, BKJllOIJalOT B ce6H 3a

KOHOMepHOCTH HH3IIIHX ypOBHeii, HO OTHIO)J,b 

He CBO,D,HTCH K HMM [1]. B COOTBeTCTBHH c aJTb

TepHaTHBHOH Hepapxtteil, IIOIIbJTaeMCH pac

CMO'fPeTb IIOBTOpHO ::rry MeTO)J,OJTOrHIO corro.n

qHHeHHOCTH 3aKOHOMepHOCTeii pa3HbIX ypoB

Heii, HCXO)J,H lI3 CJTe)lyIOII{eH B03MOJKHOH KH-

6epHeTH'leCKOH Kap.HHbl pa3BITTHH m.npoc4Je

pb1 H ee 3aKOHOB. 

IlepBoHa'laJThHO npouecc o6pa3oBaHHH 

rn,n,poc4Jepbl, KaK nonaran A.H. IlaBrroB [39], 
Ha'laJTCH c o6pa30BaHHH <<HeITO)J,BH)l{HOrO» 

CJIOjJ rurpoCKOTTH'leCKOH BJTarH, KOTOpblH Mor 

6bITb y,naneH TOJlbKO rrpH TeMnepaTYPax + 140 
- +350 °C. 3TH 4JH3HIJeCKH CBH3aHHbTe BO)J,bl c 

ropHOH nopo.n:oii 6bIJTH 0)1,HOH H3 nepBbIX H3~ 

BeCTHbIX 4JopM npwpo.n:HhIX so,n. Ha 3TOM 3Ta

ne o6pa3oBaHHH rH)lpoc4Jeph1, xapaKTepM-

3~ mmeM MeTeoreHH)'IO (mnepreHH)'IO) 4JopMY 

.IBIDKeHHH BO)J,bl, rrpmlBJTHJTHCb HaH6orree 06-

II{He 3aKOHhI npHpO)lbI: 3aKoH coxpaHeHH11 

3Hepnrn, cIDia .neikTBMH paBHa cHrre nponrno

.IeHCTBIDI n T.,n. ~anee, Bcrre.n 3a cop6uHeif 

BO.Ibl B03IIBICTH npouecCb! rH,D,paTaUHH " rH)J,-
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poJIH3a, T.e. BO)J,a Haqana BXO)J,HTb B KpHCTan

JIH'leCKYJO peUieTKY MHHepanoB. 

B ,nanbHeHllieM, npu OCThIBaHim 3eM

HOH noBepXHocTu .n:o + 100 °C H HachtlI{eHuH 

ee <j:JH3H'-leCKU U XUMH'-leCKH CBH3aHHblMH BO

,naMH, HaLtanacb KOH,D,eHcauMH rpaBHTaUHOH

HOH BO)J,bl, npHIJeM BHaIJane ITO)J,3eMHOH, a 3a

TeM rrosepXHoCTHOH. Pa3YMeeTcH, rpattHuy 

Me)K)ly 3THMH CTa)J,HHMH rrposecTH TPYJJ;HO. 

IlpaBHJibHee, HaBepttoe, rosopHTb, IJTO BHa'-la

ne rrpeo6na,nano HaKoIIJTeHHe BO)], JTHToc<PepbT, 

a Ha 3aBepmaiomeM 3Tarre HaKOIIJTemie oKea

HH'-leCKHX BO)],. 0.n:HoBpeMeHHO c HaKOIIJiemr

eM rpaBHTaUJ-IOHHblX BO)]; B03HHKaeT rHJJ;pOJIO

rH'leCKHH KpyrosopoT BOJJ;bT u npoucxo;::i;uT 

nepexo.n: Ha BTopy10 CTa)lHIO opraHH3auuu 

)J,BU)l(eHmr B CUCTeMe BOJJ;a - nopo.n:a. 06pa30-

BaHHe OCa)J,O'IHOll H .n:uareHHOH <j:JopMbl JJ;BH

)l(ettmI BO)J,bl H,neT no qacTHbIM 3aKOHaM ~apcu 

H EepttyJIJTH, KOTopo1e BKJllO'-lalOT B cefor 6onee 

o6mue 3aKOHbT rrpHpo.no1 nepBoro ypoBH11 op

raHH3aUHH CHCTeM (3aKOH coxpaHeHMH 3Hep

rHH, CHJia .neucTBHH paBHa CHJie rrpoTUBO)J,eH

CTBMH H T.,n.). 

Ilo Mepe o6pa30BaHHH OCa)J,OIJHbIX rro

po.n:, HX CHOCa H OTJIO)l(eHHH o6pa3yeTCH KaTa

reHHM, a 3aTeM MeTaMop<PoreHttaH <j:JopMa 

)J,BH)l(eHUH BO)J,bl H B03HHKaeT reorrornqecKHH 

KpyrosopoT so.n:o1. B pe3yrrhTaTe ocymecTBJIH-



i 

eTCH nepexo.n: opraHH3aUHH .IlBIDKeHHH BO.Ubl B 

CHCTeMe c rropo.n:oii Ha lpeTHH ypoBeHb. 0.n:
HOBpeMeHHO c 3THM rrpottCXO,UHT ,UaJibHeiirnee 

ycno)J{Hettne 3aKOHOB, ynpaBnmorn;ee 3THM 

,UBIDKeHHeM. 

JlpKHM ,UOKa3aTeJibCTBOM 3TOfO HBMJIHCb 

BbIBe,n:eHHble 3aBHCHMOCTH y,n:eJihHOH Tenno

eMKOCTH rny6oKHX BO.Il (5.9) H (5.14). KaK y)l(e 

OTMeqaJIOCh, xapaKTepHOH <PYHKIJ,HOHaJlbHOH 

oco6eHHOCTblO CHCTeM TpeThero ypOBHH HBJIH

eTCH nepe,n:aqa n aHaJIH3 ntt<PopMau,nn. Pacqe

TbI MOJUlpHoro ofrheMa nopo,n:bI rro $opMyne 

(5.13) npomse,n:eHbI Ha ocHoBe ,n:aHHhIX 3aMe

pa TOJibKO ,n:Byx napaMelpOB BO,Ubl: ,n:aBJieHHH 

H TeMneparypbI. TeM caMbIM MO)l(HO cKa3aTb, 

1-ITO BO.Ila KaK 6bI TIOMHHT nmpopMaUJHO 0 

MOJibHOM o6oeMe nopO,Ubl. ,ll,aHHbIH <PaKT rro-

3BOJIHeT y)l(e paccMalpHBaTb rny6oKHe BO.Ubl 

KaK MaTepttIO, Hecyrn:y10 B ce6e rrpoaHaJIH3tt

poBaHttyIO o nopo.n:e 1rn<PopMalJ,llIO, 3aKo,n:wpo

BaHttyIO B BH,Ue 3aBHCHMOCTH ( 5 .14) M rrepe-

,UaHHyIO en CaMOM IIOpO,IIOH. 'ITO HB..'UleTCH 

BIDKHeHmeii <PyttKIJ,llOHaJihHOH oco6eHHOCThfO 

CMCTeM TpeTbero ypoBHH. 

Tal<.UM oopa3oM, pacowmpennpo 
napaiJ01<.caJ1bHYJO tjJopMylly pac11ema yde.11r 
nou mell!loi!M1<.ocmu 60dbt 6 cucme.ne c no
poiJou (5.14), Mo:»eno omnecmu 1<. mpembe.ny 
ypo6HTO aBmopezyllupye.Mou cucme.Mbt BoiJa -
nopoiJa, 1<.omopaa onucbt6aemca 3a1<.0H0Mep
nocma.Mu Bmopow ypo6WI 11epe3 3a6ucu
.Mocmb (5.9). HapaiJy c JmUM, Bam110 no
namb iJpywe, 11mo Mnozue tjJopJltbl iJ6UJ1ee
nu.11 {pa36UmUR) Mamepuu u ux 3a1<.0Hb1, 
npoucxooaw,ue 6 neiJpax 3e.Mllu, iJeucmBu
mellbno, naBepnoe, naxoiJamca na fioJlee 6b1-
co1<.ou uepapxu11ec1<.ou cmynenu (3 u 4), no-
311anue ux mollbKo na11unaemca u fiyiJem 
603.MOJlellbl.M mollbl<.O O!lluoiJap.11 no6blM .Mu
po6o33penllec1<.UM noiJxoiJa.M c no3uu,uu 1<.u-
6epnemu1<.u u cunepzemu1<.u. 

8.3. 3uTpODHH H HeJIHHeUHOCTh npoQeCCOB 

B HacToHw;ee speMH KOJIHqecTBO MH

<PopMau,ntt, oTo)l(,UecTBJieHHOe H. BnHepoM 

(1959) c OTpnu,aTeJihHOH 3HlpOIIMeH (Hef3H

lpOIItteif), CTaJIO, no.n:o6Ho KOJIHqecTBY Bew:e

CTBa HJIH 3HeprHH O,UHOM M3 <PYH.n:aMeHTaJih

HhIX xapaKTepttcTMK HBJieHHH np11po,n:b1. Bse

,n:eHHe IIOHHTHH 3HlpOIIHH B TeopMIO HH<l>op

MaIJ,HM HBHJ10Cb, TIO Bhipa)({eHHIO Jiytt .n:e 

EpoiinH, «Hatt6onee Ba)l(HOM H KpacttBott m 

H,Uett, BhICKa3aHHbIX Ktt6epHeTHKOH», H pac

CMaTpHBaeTCH KaK 60J1blIIOH BKJia,U xx BeKa B 

HayqHyIO MhICJlh. 

IloHHTHe 3HTpOITHH nepBOHaqanbHO 

6bmo BBe,n:eHo P. Knay:rnycoM (1852 r) c l.(e

JlbIO 6onee y.n:o6ttoro onncaHIDI pa60Tb1 Ten

noBbIX ,UBHraTenen 

S= J aQ 
'j T , 

l<fJCm 

(8.1) 

r.n:e s - 3Hlp0IIHH; ···t;t - KOJilfqeCTBO TellJ10Tbl, 

nonyqeHHOe TenoM; T - TeMnepazypa Tena. 

B ,n:anhttenrneM, ycttnHHMH MHorHX 

yqeHbIX, H, npe)l(.Ile Bcero JI. Eonhl.(MaHa, 3To 

IIOHHTHe CTaJIO nrpaTh )'HHBepcaJibHyIO ponb. 

YcrnttosneHHaH HM B 1929 r CBSJ3b Me)l(.Il)' 3H

lpOIItteH: H BepoHTHOCTblO, Bbipa)l(aIOI1(eHCSJ B 

ero 3HaMeHHTOM <l:iopMyne (8.2), cTana Mepo:H: 

BepOHTHOCTH HH<l>opMal.(HOHHblX CHCTeM H 

HBHJiaCb OCHOBOH TeopHH nmpopMal.(HH (pa6o

Tbl JI. Cl.lHJIJiap.n:a, K. IlleHHOHa) 
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S=k*lnW, ( 8.2) 
r.n:e k - TIOCTOHHHaH DOJlhIJ,MaHa (1.380622± 
0.000044)*10-23 ~, w - TepMO)l,HHaMHqe

CKaH BepOHTHOCTb COCTOHHHH. 

H, HaKotteu, B 1944 r pa6ornMH 3. 

Illpe.n:1rnrepa noHHTHe 3HlpOITHH ern;e 6onee 

pacrnttpHJIOCb - )l,0 IIOHHMaHHH ee KaK Mepbl 

)l,e3oprattmauHH cwcTeM mo6on rrpnpo,n:bl. 3rn 

Mepa rrpOCTHpaeTCH OT MaKCHMaJihHOM 3Hlp0-

TIHH (S=J), T.e. xaoca noJIHOM Heonpe.n:eneH

HOCTH, .n:o ncqe3HOBeHmJ 3HTpOIIHH (S=O), co

OTBeTCTBYJOII.(ero HaHBbIClIIeMy ypoBHlO opra

HH3al.(HH, nopsr,n:Ka. 3To I103BOJIHJIO CBH3aTb 

3HTpOIIHIO c HH<PopMal.(Hett, TIOCKOJlbKY OHH 

xapaKTepH3YJOT peanbttyIO .n:ettCTBHTeJihHOCTb 

c Toq:r:rn: 3peHHH HMeHHO ynopsr,n:oqeHHOCTH H 

xaoca, npnqeM ntt<l>opMalJ,llH BbICTJI1aeT Me

po:ii ynopx,n:oqeHHOCTH, 3HlpOITHH - Mepon 

6ecnopx,n:Ka. 

3HTponHH H HH<l>opMal.(HH CJIY)l(aT, Ta

KHM o6pa30M, Bblpa)l(eHHeM .n:syx npoTHBOIJO

JIO)l(HhIX TeH,UeHI.(HH B npol.(eccax pa3BHTHSJ. 

AnbTepHaTHBHOCTb H B3aHMOCBH3b nomrn:H: 

3HTpOIIHH H nmpopMal.(HH HalIIJIH Olpa)l(eHne B 

<l:iopMyne: 

S+J=l. ( 8.3) 



8.3.1. 0 «TeilJJOBOii CMepTH» r.iiy6oKHX B0,11; 

B cooTBeTcTBmt c nmoTe3oii P. Knay-

3I1)'Ca «TeilJIOBOH CMeprn BceneHHOH», B CHC

TeMe BOL{a - 110po.z:i:a 110 Mepe ee TIOrpym:eHM5! 

TaioKe L{OJDKHa HaCTyIIHTh Tel1JIOBa5! CMepTh, 

T.e. iiiIDihTJ>aU:IDI .uom1rna 11peKpaTMThC5!, a no

phI noJIHOCThIO Mcqe3H}'Th. TaKoii ToqKH 3pe

HIDI npH)].ep)J{MBaJIMCh E.JI. J1b1qKoB, H.K. Hr
HaTOB~, H.H. ToncTIIXMH, E.B. IIocoxoB, 

H.K. 3aliu:eB, E.<P. CrnttKeBw-1 H MH . .up., cqH

Ta5!, ~o c rny6Huoif lPIDihTpau:IDI npeKparn:a

eTc5!, 06pa3y51 3aCTOMHbie HJIH OTHOCMTeJihHO 

3aCTOMHbie 30Hhl. IlopHCTOCTh c rny6MHOH 

LJ.OCTHraeT 1 %. B 3TOM cnyqae 3HTJ>ODH5! 

)l.OJI)J{Ha nptt6JIH3HTbCj[ K MaKCHMyMy. 0)1.Ha

KO, )l.aHHa5! JIHHeHHa5! 3KCTJ>ailOJ15!QH5! B03pac

TaHH5! 3HTJ>ODHH ue HMeeT MecTa. B peaJihHo-

4ilOO 
(1219) 

~ BDOO 
~(243 

~ 

OZD4060BO 
Co&pNtaHtJe CMeKmtJmu-

6~.t c/!Oe6J ~/.., 

Puc. 8-3. 3aaucuMocmu U3MeuenuR 
nopucmocmu c myounoii. 

CTH LJ.OIJYCKaeTcH, ~o BceneHHM MO)J{eT 3BO

JIIOU:HOHttpoBaTh no HeJIHHeHHOM 3KCTpaIIOJ15!

U:HH, HenpephIBKO. H MOHOTOHHO, HHKOr,IJ,a He 

npHXO)l.51 B COCT05!:HHe TepMO,IJ,HHaMHqecKoro 

paBHOBeCH5!. AHanor~Hoe 3BOJIIOU:HOHHoe 

HeJIHHeiinoe pa3BHTHe Ha6JIIO)l.aeTC5! B CHCTe

Me BOLi.a - nopo.ua. 

0 HeJlUHeUJtblX meMna:x U3MelleHWl CKO

pocmu 06U:JICeHWl n003eMJlblX 600 C 2!1y6UHOU 

.'WO:JICHO cyoumb no oa1111b1M, noflytteHHblM 11a

npu.wep e llpun51,mcKOM (Ee!lopyccm) apme3u

a11cKo.w 6acceu11e (Puc. 8-4), 2oe cKopocmb 

oeu:J1Ce11UR Boo c 2.rzy6u11ou y6bleaem no !102a

purjutUttecKou JaeucUMocmu: 
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Puc. 8-4. 3aaucuMocmb 
c«.opocmu nooJe.MllblX aoo om 

VlYOUllbl (/ llpunRmCIWM 
apme3UllllCKOM OllCCeiiue. 

lgvrp =4,98-J,9llgH, (8.4) 

2oe Vrp- CKopocmb r/Ju.rzbmpm1uu; H - 2!ly6u11a. 

A11aJ102utt11bze 11eJ1u11eu11b1e meMnb1 

CHU:JICeHWl omMe11momc51, u Ha 3G6UCUMOCm51,X 

UJMeHeHUR nopucmocmu 2!1UH c 2!ly6u11ou 

(Puc. 8-3). 3mu JaK0110Mep11ocmu ma«.:J1Ce yc

ma11oefleHbl OM 2!1UH MocKoecK020 6acceu11a, 

3anao110-Cu6upcK020 Mew6acceu11a, </Jepw11-

cKoii enaOUHbl, flpeOKG6KG3b5l U MH02UX opy-

2UX pauo11oe. llopucmocmb necttallblX u Kap-

6011am11b1x nopoo c 2fly6u11ou yMeHbUtaemc51, 

3Hattume!lbll0 MeOJleHHee, tteM 2JlUHUCmblX. llo 

A.E. I'ypeeutty, yMellbllleHue nopucmocmu c 

2!ly6u11ou 11ocum Jlu6o !lowpurjJMuttecKuu xa

paKmep: 

m = m0 -alnbH, 
JlU6o 3KCnoHeHlfUaJlbHblU: 

(8.5) 

-cH m = m0 e , (8.6) 

2oe m - nopucmocmb nopoob1 na 2!ly6u11e H; 
mo - nattaJibHWl nopucmocmb; a,b,c - 11uc!lo

eb1e Ko3r/Jr/Ju11ue11mb1, onpeoeMeMbze npu 

cmamucmUttecKou o6pa6omKe rjJaKmuttecK020 

MamepuaJia. 

TaKUM. o6pll3oM, daHHble pa1<.mb1 
c6udemellbCm6y10m o moM, 11mo cucmeMa 
Boda - nopo{)a pll36U6aemca J60lll0l(UOHHO 
no HellUHeiiuoii 3a6UCUM.ocmu, u 6 ueii HUKO
z{)a ue npe1<.paw,a10mca npol(eccbl pWlbmpa
l(UU u coxpaHRemca KOlllleKmop. 



8.3.2. 3HTporrm1 II yJJ;eJILHaB TellJIOeMKOCTL r.Jiy60KDX BO,ll 

HHqiopMaQIDI RBJUieTCR rnaBHbIM 3Be

HOM B yqemm 0 caMoopraHH3filJJiH MaTepHH. 

IIo;:i:qepKHBaHHe ;:i:oMHHHpyiomero 3HaqeHHR 

HH$opMaruroHHoro acneKTa B npoQeccax op

ramnaQmi CHCTeMbI BO.Lia - nopo.r1a OTHIO,I:lb 

He 03HaqaeT orpHQattHe po;m 3HepreTHqecKMX 

npeBpamemm. Ilo3TOMY BIDKHo noHSITh cne

Qllqimcy B3aHMOCBR3H HH$OpMaQHOHHbIX H 

3HepreTlfqeCKHX acrreKTOB B npoQeccax opra

HH3aQHH reonorMqecKHX CMCTeM. 

06mHM ,[IJIR JII06bIX CHCTeM (6wonorn

qecKHX, TexttwqecKHx, reonorHqecKHX) RBnR

eTcR TO, qTo BbICOKOKaqecTBeHHaR 3HeprHR -

XHMHqecKaR, $H3HqecKaR, 3neKrpH4eCKaR, 

MexaHHqecKaR - nocne cqHThIBaHHR Mmpop

MaQHH npeBpamaeTCR B HH3KOKaqecTBeHttyio, 

TermoByio 3Heprmo. Cne;:i:osaTenhHO, 3,[leCb 

npOHCXO,[IRT ,[IBa B3aHMOCB.Sl3aHHbIX H KaK 6bI 

rrpoTHBononmKHbIX npoQecca. BBe,[leHMe tto

BOH 1rncpopMaQHH, TIOHIDKaeT 3HrpOilHlO CHC

TeMbl B KM6eptten:1qecKoM CMblcne. IIpespa

mettMe pa3nH4HhIX BH.LIOB 3Heprm1 B Tenno

BYIO 03HaqaeT IIOBbillleHMe 3HTponHH B Tep

MO,I:IHHaMwqecKoM CMbICne. ,!J,.rrn rny6oKHX 

BO.LI, ecnH B3RTb HHTerpan H3 Q:>opMYJibl (8.1), 
TO 3HTpOilHR CHCTeMbl BO,[la - nopo.r1a npH H30-

6apHO-H30TepMHqecKOH KBa3HCTaT11qecKOH 

o6cTaHOBKe npHMeT BH,[I: 

Src1 =cp''"*lnT,,_.+const. ( 8.7) 
HCXO.!J:R H3 KOTOpOH BH,[IHO, qTo yBeJIH4eHHe 

rrnaCTOBOH TeMnepaTypbl c my6nHOM HeH3-

6e)l<H0 .r1omKHo npHBO.LIHTh K YMeHi.rneHHIO 

y.r1enbHOM TennoeMKOCTH, ecnn CHCTeMa BO,[la 

- nopo.r1a RBJIReTCR OTKpbITOH ,[lnR o6MeHa Be

mecTBOM H 3HeprHeH c OKpy)l(mOmHM rrpo

crpaHCTBOM. 

Ec!lu ucnoJlb30Bamb Beflu'lu11y c/', pac
C'luma1111y10 11a oc110Be napa.MempoB ducctju
llUpoBa1111ou BOdbl (5.9), mo npoucxodum yBe
flU'le11ue 311mponuu c 2J1y6u11ou (Puc. 8-5). 
3mo cBudemeflbCmByem, 'lmo 'lucmo 311ep2e
mu'leCKUU 06Jwe11 u11<f;opMaLJueu Me:J1Cdy Bodou 
u nopodou 11edocmamo'le11 dllH mow, 'lmo6b1 
cucmeMa nepeuma 8 pmpRd ca.Moop2a11U3y10-
UJeUcR. Pea.JlbllO cucmeMa 800a - nop'oda o6-
J'vte11U6aemca eUJe u BeUJecmBoM, 'lmo npoRBflH
emcR B xUMu'lecKoM 3axBame Bodbl nopodou 
Ha cmadUU cedUMeumaLJUU U OUa2e11e3a U no
CJleOy10UJeU ee omda'leU npu Mema.MoppU3Me 
nopod, 6 yBeflU'lellUU MUHepa.JlU3fflfUU 60dbl, 
Bbmade11uu cofleu U3 BOdbl u dpy2ux npotjec

cax. 
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Hcxoda U3 3mo20, OlfeHil.l1if 603.llO:JIC
Hocmb yMeHbute11ua 3Hmponuu nymeM ucno.'lb-
3oea11UR napa.MempoB MopcKou BOd"bl u ee 
pacmeopoB [88 }, npu6ede1111b1X 6 npwzo:J1Ce11u
RX. Ilo 3mUM da1111blM npu meMnepamype 20"C 
npu yBeJ1u'le11uu coJ1e11ocmu c 5 do 40 2h 
ydellbHaJl men!loeMKocmb pacmBopa no11u:J1Ca
emca c 4,1526 oo 3,9688 K/{:J1CIK2*K, ydeJlb
HblU o6aeM - c 0,9975834 cM3iz do 0.972283 
cM3 lz, K03</J</JuLJue11m 06aeM11020 c:J1CamUR - c 
4,54 oo 4,21*10-6 1/d6ap. Ilpu nodcmaHOBKe 
oa1111b1x 311a11e11uu B <f;opMylly (5. 9) ydellbHaJl 
menllOeMKOCmb 2J1y60Kux 60d npaKmU'leCKU He 
U3MeuaemcR u, coorneemcmee11110, 311mponUR 
(8. 7). Ho npu 3mux ycfl06URX npoucxodum 
yBeJ1u11e11ue K03</J</JuLJue11ma menJ10Bo20 pac
wupeHUR c 214,4 do 262,9*10-6 1/K, KBadpam 
Komopo20 npuBeoem K yMeHbute11u10 BellU'lUHbl 
c/,. e 1,5 pma u, cJ1eooBameJ1b110, no11U3um 
311mponu10 11a a11a.Jlo2u1111y10 Bellu11u11y. 

S, K,[1Jl</(Ke'C) 
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Puc. 8-5. I'pa<}lu«. U3MeneHUR :mmponuu 
(i>uccl(UJ1upo«a1111oii) «oi>b1 c wy6unou 



Ilpu yeeJluIJeHuu meMnepamypbl e 2 
pma K03pputfueHm menJ1oeo20 pacumpeHwt 
yeeJluIJumcR oo 407,4* 10-6 Ill(, a eeJlU'IUlta c/" 
e 3, 6 pma. <PaKmuttecKu :JJCe oJZR pacCJwom
peHHblX npUMepoe nJZacmoeafl meMnepamypa 
cocmaeJZRem OKOJlO I 00 °C. /{aHHble 3HaIJeHwt 

OOCmamOIJHO peaTlbHO C6UOeme!lbCm6yem 0 
603MO:JJCHocmu noHu:JJCeH1m 3Hmponuu c 2J1y-
6uHoii oJZR cucmeMbl eooa - nopooa. B 3moM 

CllyIJae 2papuK U3MeHe11wz 3Hmponuu n!lacmo
eoii eoobz c 2J1y6uHoii 6yoem UMemb euo aHa
J102uIJ11b1 ii puc. 8-3 u 8-4. 

TaKUM o6pa3oM, npuBedeHHbte pac1Je
mb1 no360J1J110m cdenamb c.riedytoU(UU BbtBod: 

yi)e,7bHaJI mennoi!MKocmb my6oKu:x Bod, pac
c1JUmbt6aeMaJ1 6 HacmoRli(ee BpeMR Ha ocno
Be napaMempoB i)uccu,wmpoBaHHoii sodbt, 
Momem UCllOJlb30SQfflbCR npu U3ylJeHUU Ha
npa6lleHUH dsumenuR soi) mollbKo na no
KanbHbtX y1JacmKax. Ilpu U3y1JeHuu pezuo
HanbHoii dUHOMUKU i)sumeHUR 60d 6 nnaHe 
u 6 pa3pe3e, dJIJI pac1Jema ydenbHoii menno
i!MKocmu my6o«ux soi) Heo6xodUMo npoBo
i)umb cneu,uanbHbte na6opamopHbte ucCJ1e
dosaHUR no U3y1JeHUIO U:JMeHeHUH ydenbHOW 
o6'bi!Ma u yoenbnou mennoi!M«ocmu nna
cmoBoii «odbl 6 yCJ106u.HX 6nU3«UM K nna
cmo6bl.M. 

8.3.3. KoJiuqecTBO uucl>0pMau;uu, 
cqnThIBaeMoe rny6oKOH BO,llOH 0 nopO,llC 

I'JiaBHhIM nO)J.TBep)J(,IJ,eHIIeM yMeHhllle

HIUI :mrponmt no Mepe norpy)l(eHIUI BO)J.OHOC

HOH CHCTeMhl H nepexo)J,a TeKyqe:H QlMJibrpa

U:HH B non3yqy10 RBml.eTC}I TO, qTo npOHCX0-

)1,HT He npOCTO pe3Koe HeJIHHeHHOe CHH)l(eHHe 

CKOpOCTH QlMJihrpau:un H TeMnOB yMeHhllleHH}I 

nopHCTOCTH, HO H pe3KOe yMeHhIIIeHHe Tenno

eMKOCTH (noqrn B 4 pa3a), KOTOPM OKa3hIBa

eTC}I npH6JIH3HTeJihHO paBHOH y.D.eJihHOH Ten

JIOeMKOCTH nopO.IJ.hl. llHhIMH CJIOBaMH, BO)J,a 

CTaHOBHTCSI He TOJlhKO «aMopcptto rnep)J.hIM 

TeJIOM», HO H nO.IJ.CrpaHBaeTC}I no)J, .D.pyroe 

CBOHCTBO IIOpO)J.hl - ee y)J.eJihHYIO TeDJIOeM

KOCTh, MaKCHMaJihHO npncnoca6JIHBaSICh K HeH 

H, TeM CaMhIM, nOBhIIIIM CBOIO (()l(HByqecTh» 

( conpoTHBJl}l}ICh Bhl)J,aBJIHBaHHIO 113 nopO.IJ.hI). 

Bo.D.a KaK 6hI Bhipa6an,rnaeT cnoco6HocTh 

noMHHTh CHCTeMJ, B KOTopo:H OHa HaxO)J,HTCR? 

,n:aHHM H)J,e}I CBOHCTBa IlaM}ITH BO)J,hl, BhICKa-

3aHHM A.M. bJIOXOM [ 10]' TIO)J.TBep)J(,IJ,aeTC}I H 

IO.A. KoJIHCHHKOBhIM [56], KOTOphrtt cqJITaJI, 

qTo Hecypa3HOCTh TeTpa3.IJ.pHqecKOM crpyKTy

pbI BO)J,hl o6'hRCWieTC}I B03MO)l(HOCThIO Hacne

)J,OBaHHH BO)J.OH B npou:ecce MarMarnqecKoro 

CHHTe3a cjlopMhl rnaBHOH cTpyKTypHOH e)J.H

HHU:hI JIHTOccpephI - KpeMHeKHCJIOpO.D.HOro 

TeTpa3)J.pa [Si04)4-. 
Jho6i,1e HHcpopMau:noHm.1e npou:ecci,1 

HeB03MO)l(HhI 6e3 3aTpaThl 3Heprnw. T~ )J.JIR 

npeO)J.OJieHHH conpoTHBJiemrn )J.BH)l(eHIUI BO)J, c 

noTepeli noTeHU:Ha.JihHOH 3Hepnm Hanopa Bce

ro B 200 M (2 ~) no 3aKotty ,n:apcH, 3a cqeT 

CHJI rpettml MOJieKyn BO)J,hl Me)l()J.y co6oii H 0 

cTeHKH nopo.D.hl, BhI.D.eJrneTcR TeMneparypa 

Mettee 0,5 °C, KOTOpM TepReTC}I B Macce .D.PY

roii HHcpopMaU:HH H )J.pyrnx cpopM )J.BH)l(eHHH. 

IIpH nomyqeii <Pilllhrpau:HH, KaK 3TO He 
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napa)J.OKCaJihHO 3syquT, HO BO)J.a He TOJihKO 

nornom:aeT Termo, cj:>opMwpyiom:uecH B He)J.pax 

3eMJIH, Ho u, KaK Y*e 6hmo paccMorpeHo BhI

llle, MO)l(eT caMOCTOHTeJihHO reHepupoBaTh 

ero, nOBhIIIIaH TeMneparypy Ha HeCKOJihKO )J,e

CHTKOB rpa)J.yCOB. AHa.JioruqHhre rrapa.D.OKChI 

OTMeqaIOTCH B )l(HBhIX opraHH3Max. TaK, Ha

npHMep KaK nucan A. bhIXOBCKHH (1976), «Ka

)l(eTC}I napa)l;OKCaJihHhIM, HO RHU:O, KOTOpoe 

BhICH)l(HBaeT eypnu:a, He nornom:aeT Tennozy, 

a BhmenHeT ee. Ponh rypuu:i,1 qucTo TepMo

cTaTHM: OHa TOJihKO 3a)J,aeT (H noMep)l(HBaeT) 

TeMnepazypy, Heo6XO.D.HMYIO )J.JIH pa3BHTIUI 

RHQ». B 3TOH CBR3H B03MO)l(HO orpoMHhie 

TOJIW:H 3eMHOH KOphI TaIOKe HBJIHIOTCH JIHIIIh 

TOH «Kypnu.eil», no3BOJIHIOW:HH 3a)l;aBaTh II 

rro.zu:i:ep)l(HBaTh TeMrrepazypy, BhI)J.enHeMYJO 

BO)J.OH. lI03TOMY He cnyqaiitto, TpeTHH ypo

BeHh aBTOperynwpyeMhIX CHCTeM em:e Ha3hIBa

eTC}I - ypoBHeM TepMOCTaTa. 

Ilpu nepexooe cucmeMbl eooa - nopoiJa 

co emopo20 ypo6HR c OUHaMUIJeCKUM, oemep
MUHUpoeaHHblM iJeuJ1CeHueM 11a mpemuu ypo
eeHb mepMocmama KOJluttecmeo uHpopMatfUU 
o MOJlbHOM o6oeMe nopoobz, Komopoe cIJumbz
eaemcR eoooii, MO:J/Cem 6b1mb onpeoeJleHo KaK 
pmHocmb :mmponuii 

Af n = Sn-I - Sn , ( 8. 8) 

2oe Sn-J u Sn - '3Hmponuu cocmoRHWl o6aeKma 

Ha ypoeHe n-1 u n, MOJICHO npu6J1u3umeJ1bHO 
onpeoellumb no <f;opMylle (8. 7), coKpamue no
cJle UX noocmaH06KU nocmORHHYKJ IJaCmb pac
C'lumaeM 311ep2uw eoobz, Komopafl 3ampaIJu
eaemcR npu nepexooe meryIJeii pWlbmpatfUU e 
nomy'lyKJ 



11/. =4,18*ln298-J,15*ln370= 

= 23,8-6,8 = J7,0 K/{:>tc/Kz * C 
TaKUM ofip03oM, npu nepexooe me

Ky11eii </JWlbmpau,uu 6 non3y1Jy10, aooa He 
monbKO MaKcUManbno npucnocafinuaaemca 
K nopooe, aeoa cefia KUK aMop<jJno maepiJoe 

meno u noHU31CllR mennoi!MKocmb oo men
noeMKocmu nopoiJbt, ·no u omnocumenbno 
unmencuano ll36JleKaem un<jJopMau,u10 o neii 
u, meM CaMblM, nonu31Caem JHmponu10 cuc
meMbt, 'lmo RB!lH.emca oonUM m maanbtX 
npmnaKoa caMopa:Jaumua cucmeMbt. 

8.3.4.3eMJieTpHCeHHH KaK CHHepreTH'leCKHH 

npou;ecc r JIY6HHHLIX BO,ll, 

B nponrnononmKHocTh TennoBoti 

KOHI..J,enI..J,HH cMepTH Bcenettttoti Eonou.MaHoM 

6oma BblCKa3aHa qmyKTyaI..J,HOHHaR rHITOTe3·a, B 

COOTBeTCTBHH c KOTopoti BTopoe Haqano Tep

M 0)1,JrnaMHKH eCTb CTaTWJeCKHM 3aKOH, co

rnacHO KOTOpOM)' OTCTyITJieHHR OT TepMO)J,H

HaMHqecKoro paBHOBeCHR - cpnyKryaI..J,HH - He 

TOJihKO B03MOJKHbI, HO H HeH36eJKHbl. Tio3TO

MY OH cqHTan, qTo coapeMeHHoe ttepaBHOBec

Hoe COCTORHHe BceneHHOM eCTb rHraHTCKaR 

cpnyKryau.HH, a B )1,anbttetirneM HacrynneHHe 

Tennoaoti cMepTH BceneHHOM 6y)J.eT BpeMeH

HhlM COCTORHHeM, cnycn1 KOTopoe BO BceneH

HOM B03HHKHeT HOBM rHraHTCKaR cpnyKTya

U.HR, H CHCTeMa OITRTb BhIM)J.eT H3 COCTORHH51 

TeilJIOBOM CMepnl. 

Ilo cyrH, )1,atttta.R rnnoTe3a HBHJJach 

6a30BOM OCHOBOM HOBOro ttayqttoro HarrpaB

JieHHH, OKOHqaTeJibHO BOllie)J,Illero B HayKy, 

Haq1rnaH c 70-x ro,!l,OB nporne)J,rnero cToneTHR. 

B :no BpeMR HeMeI..J,KHM cpH3HKOM r. XaKeHOM 

BBO)J,HTCR HOBbIM TepMHH «CHHepreTHKa», KO

TOpbIM 3a.Kpermn IIOHBJieHHe HOBOH HayKH, no

JJyqHBllieH COOTBeTCTBytam;ee Ha3BaHHe - CH

HepreTHKa. HMe51 TeCHytO npeeMCTBeHHytO 

CB513b c KH6epHeTJIKOH, CHHepreTHKa HCCJie)J.y

eT oco601e COCTOHHHR CJJO)l(HbIX CHCTeM B 06-

naCTH HeycToHqHBOro paBHOBeCHR, Toqttee -

)1,HHaMHKY HX caMoopraHH3aI..J,HH B6mt3H ToqeK 

6HcpypKal(HH, KOr)J,a )1,aJKe Manoe B03)1,eHCTBHe 

MOJKeT rrpHBeCTH K Herrpe,!1,CKa3yeMOM)', 6bICT

poM)' ( «JiaBHHoo6pa3HOM)'») pa3BIITHIO npo

u.ecca. 

AHanOrttqHbie npol(ecc1>1 npoHCXO)J.HT 

npn rny6HHHOM nrne pe)l(llMa BO)J. nepe,!1, B03-

HHKHoBeHHeM 3eMJieTp51CeHHH [50]. 

CornacHo Teopnn naBnHotteycTojfqH

Boro TpeIIJ;HHoo6pa30BaHH51 BbI)J,eJJRIOT TpH 

CTa)J,HH IIO)J,roTOBKH 3eMJieTpHCeHH51: 1) pa3-

HOHanpaBJieHHOe H MenneHHOe pacTpeCKIIBa

Hlle ropHbIX nopo,!1,; 2) JiaBHHOo6pa3HOe H 6bI

crpoe ttapacTaHne rpew;1rnoo6pa30BaHHR, 

rrpoHCXO)J,51IIJ;ee nocne )1,0CTH)l(eHHR HM HeKO

TOpoti KpHTHqecKOH BeJIJlqHHhI; 3) )1,anhHeH-
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rnee ycHJieHHe ,!1,ecpopMaI..J,HM, 3aaeprna10w;eecH 

o6pa30BaHIIeM B JIOKaJibHOM 30He KpyrrHhIX 

)1,HCJIOKaI..J,MM. 

He,!1,0CTaTKoM 3TOM Teop1111 RBJIReTcR 

TO, qTo OHa He )"IHTbIBaeT yqaCTH51 BO)J,bI B 

npou.eccax rpew;11ttoo6pa30BaHnR, He nenaeT 

pa3JIJlqHR Me)l()J.y npou.eccaMM B «cyxHX» HJIH 

ttaco1m;ettHbIX aonoti nopo,!1,aMM. Bnontte oqe

BH)J,Ho, qTo TaKoe pa3JIWIHe cyw;ecTByeT, H 

OHO npoRBJIReTCR KaK B CKopocTH, TaK H B 

MaCIIITa6ax rpeIIJ;MH006pa30BaHHR. 

CornacHo Teopm1 )1,HJiaTa.HCMH (pac

rrmpemm rropo,!1, npH HX C)J.BHroBott )1.ecpopMa

u.1111), B BO)J,OHOCHbIX ropll30HTaX nepen o6pa-

30BamteM Tpem;HH nopoaoe npocrpattcTBo 

yMeHbIIIaeTCR, nnacTOBOe )1,aBJieHMe yBem1q11-

BaeTC5I, ypoBHll BO)J, pacryr. IlpH )1,HJJaTaHCHH 

rrpoHCXO)J,HT 06pa30Bam1e MHoroq11cneHHbIX 

MttKporpew;nH, yaenJiqem1e rrpomn1aeMOCTH 

rropo,!1, ll COOTBeTCTBeHHO na)J,eHMe IIJiaCTOBoro 

)1,aBJleHHR H CHH)l(eHMe ypoBHR nnacTOBblX 

BO)J,. 06pa3YJOI.U;MC51 rrpH 3TOM CHCTeMa Bep

THKanhHbIX rpem;HH cnoco6cTByeT B03HllKHO

BeHHIO rH,l1,paBJIWieCKOM CB513H Me)l()J.y BO)J,0-

HOCHblMH ropH30HTaMH, IlO)J,'beM)' BO)J,bl c rny-

6HHbl pa3H006pa3HbIX cpJIIOH)J,OB H H3MeHeHHIO 

rH,l1,poreOXHMWieCKOro pe)l(llMa ropH30HTOB. 

CKa3a.HHoe CBH)J.eTenocTByeT o TOM, qTo BO,!l,a 

aKTHBHO yqacTByeT B no)J,rOTOBKe 3eMJieTpR

cemrn. 

IlpH 3TOM Heo6XO)J,HMO OTMeTHTb, qTo 

B reonorWieCKHX CHCTeMax, B OTJIHqJle OT 

,!1,pyrHX CHHepreTWJeCKHX CHCTeM npou.ecc o6-

pa30BaHMH 3eMJieTpRCemru XOTb Ji IIpOllCX0-

)1,HT 6blcTpo, HO Bee JKe He RBJIReTCR Henpe,!1,

CKa3yeMbIM. B HacToRm;ee apeMR B rH,!1,poreo

norllH )1.0CTHrHJTbI cyw;ecTBeHHbie ycneXH B 

rrporn03llpOBaHHH 3eMJieTp51CeHHH [82], no

CKOJibKY )1,aHHbIH npon:ecc npOHCXO)J,llT 6hICT

po c ToqKJl 3peHll51 reonor11qecKoro BpeMeHM 

pa3BHTll51 CHCTeMhI, a cpaKn1qecKII OH pa3BH

BaeTC51 B TeqeHMe HeCKOJlbKHX )1,HeH. 

06naCTb HeycToHqJlBOfO paBHOBeCH51 

HacryrraeT npu rrepexone peJKHMa )1,BllJKemrn 



rrry60KHX BO,[( B pe)l(HM ,[(BH)l(eHmI rrry6HHHbIX 

BO,[(, KOr,[(a oca,[(KH HaXO,!VITC>I Ha CTa,[(HH Me

TareHe3a H perHOHaJibHOro MeTaMop$H3Ma. 

Ha 3TOH CTa.JJ:HH HOHHoe pa3JTO)l(eHHe BO,[(bl 

CMeH>IeTC>I ee ClfHTe30M, a 3HTpOIUUI, Hao6o

poT, ttaqHHaeT pacTH. IlpWieM ecntt npou;ecc 

OT*aTml $H3HqecKH CB>I3aHHbIX BO,[( npOHCXO

,[(HT TIOCTeneHHO, TO CHHTe3 BO,[(bl npoHCXO,[(HT 

CKaqKoo6pa3HO npH ,[(OCTH)l(eHHH onpe.z:i:eneH

HblX TepMo6apWieCKHX ycnOBHll, ~o 6y.z:i:eT 

cnoco6cTBOBaTh pe3KOMY TIOBbillleHHIO nna

CTOBbIX ,[(aBneHHH. 

IlpH 3TOM KpHBble na.z:i:eHHH nopHCTO-. 

CTH H CKOpOCTH nepecTattyT MOHOTOHHO 

yMeHblllaTbCH, a 6yeyT xa0Tnqec1m OTKnO

HRTbCH OT 1aBUCHMOCTH. TaK, npH o6prooBa

HHH TpeIIt;HHHOIO KOJTJTeKTopa 6y,[(eT KpaTKO

BpeMeHHO npoHCXO,[(UTb pe3KOe yBennqeHHe 

TIOpHCTOCTH H CKOpOCTH $HnbTpau;1m lJ ee ne

peXO,[( m nomyqen B TeKyqy10 (naMuttapttyIO 

IJJTIJ ryp6yneHTHYIO ). 3aTeM 3TH napaMeTpbI 

TaK)l(e pe3KO yMeHblliaIOTCH, qyTb npeBbllllaR 

3HaqeHH>I KOTOpble 6b1Jlll ,[(O o6pa30BaHIJH 

Tpern;HH, no Mepe na.z:i:ettIIR nnacToBoro ,[(aBJTe

HH>I. Ho nocKOJThKY B 3TOH 10He 06pa10BaB

II1eroc>1 TpeIIt;UHHOro KOJTJTeKTOpa nnacTOBOe 

,[(aBneHIJe pe3KO TIOHIJ3HJTOCb, TO CKOpOCTb 

yMeHbIIIeHH>I nopoBoro npocTpaHCTBa Bo1pac

rneT no cpaBHeHHIO co CKOpOCTblO 3Toro 

yMeHbllieHIJ>I ,[(0 o6pa30BaHIJH TpeIIt;HHHOro 

KonneKTopa. B pe1ynhTaTe, s cttcTeMe ttaqu

HaIOTC»: npou;eccbJ cyrn;ecTBeHHblX KOne6aHHH 

(6mpypKaIJ;HH) 3THX rrapaMeTpOB OT HeJTHHeii

HOH 3aBUCUMOCTH, T.e. CHCTeMa, BXO,[(HT B co

CTO>IHHe HeycToiiq1rnoro paBHOBeCIUI. 

Haxo,[(>I:Cb B TaKOM COCTO>I:HHH, CHCTe

Ma BO,[(a-nopo,[(a B JTI06oii MOMeHT MO)l(eT 

BbIITTH H3 3TOfO tteycToifquBoro paBHOBec1rn 

rrpH CTeqeHUH onpe.z:i:enefl!Il>IX o6CTO>I:TeJTbCTB. 

B 3TOM cnyqae B 1eMHon Kope ttaqHeTc>I: <ma

BHHoo6pa3HbIH» npou;ecc o6pa3oBaHH>I Tpe

IIt;HHHoro KOJIJieKTOpa - 3eMneTp>ICeHHe, c o6-

pa30BaHHeM rrry6HHHbIX pa3JTOMOB, B,I~OJlb KO

TOpbIX npoHCXO,[(llT pe3KOe B03,[(bIMaHHe H 

orrycKaHHe yqacTKOB 3eMHOH KOpbI. 

K 1ottaM pa3noMa ycTpeMHTC>I: BO,[(a c 

ysenWieHHeM cKopocn1 no 1aKotty ,ll;apctt. 

Bttaqarre B BH,[(e naMUHapHoro TIOTOKa, a 3aTeM 

ryp6yneHTHoro. B pe1ynbTaTe, B paifotte pa3-

noMoB nnacToBoe ,[(aBneHHe yna,[(eT .IJ.O rH.ll,po

cTaTHqecKoro. Ila.z:i:ettue nnacTosoro .IJ,aBneHH>I 

B CBOIO oqepe,[(b npHBe,[(eT K 6ecnpenHTCTBeH

HOH B>I:3Koynpyroii .IJ.e$opMau;HH H yMeHbllle

HHIO nopoBoro npocTpaHcTBa. Bee 3TO npttso

,[(UT K UHTeHCHBHOH pa3rpy3Ke rrry6ttHHblX B0.11. 

Ha nosepXHOCTb H o6e3BO)l(UBaHUIO KOJTJTeKTO

pa. 

06e3BO)l(HBaHHe KOJTJTeKTOpa 6y.IJ,eT 

cnoco6cTBOBaTb nOBbIIIIeHHIO xpynKOCTU no

pO.IJ., qTo, B CBOIO oqepe.IJ.b, 6y,[(eT yBenuquBaTb 

Bepo>I:THOCTb o6pa30BaHH>I HOBbIX Tpern;1rn u, 

KaK cne,[(CTBUe, B03HUKHOBeHue HOBbIX 3eMne

Tp>ICeHUH H pa3JTOMOB. 

Ta1<.UM o6pll3oM, 1oecb Mbl 6UOUM 
cuuepzemu'lec1<.oe 001<.ll3ameJlbCm60 mozo, 
'Imo npu nepexooe U3 pe:HCUMa 06U:HCeuu.a 
my6oKUX 600 6 pe:»cUM my6uHHblX 600 -
cucmeMa 6oOa - nopooa 6xooum 6 cocmoa
uue ueycmoii'IU60W pa6H06ecu.a, npu 1<.omo
poM npoucxodum o6pll3o6anue mpew,unnow 
1<.oll.ll.e1<.mopa, npu'le.M 6 mo6oii MOMeum 6pe
Meuu oanubtii npol{ecc Momem npu6ecmu 1<. 
ezo «lla6uuoo6pll3HoMy» pocmy - 1eMJ1empa
cenu10. 

8.4. IIucl10pMa~uounaH MoheJIL 
pa3BHTHH 3eMHOH KOphl 

Hccne.IJ,oBaHH>I, npose,[(eHHbie B npe

.IJ.bI.JJ:YIIt;UX pa3.l1,enax .IJ,aHHOH rnaBbI, n03BOJT51-

lOT nepeHTU K o6o6m;ettHOH HH$opMaIJ;IJOHHOH 

Mo.z:i:enu pa3BHTHR 1eMHoii KopbI. B rrpaKTWie

CKOM nnaHe 3TO no3BOJT>IeT npocne.IJ,HTb fll.IJ,

poreO.IJ,HHaMWieCKlle npou;ecCbI B CHCTeMe BO

,[(a - nopo,[(a H C,[(eJTaTb Tlp01H03 ee pa3BllTlrn 

Ha oqeHh 6onhlllHX rrry6uttax (wccne.IJ,oBaHHbIX 

JTHlllb e,[(HHHqHbIMH csepxrrry6oKHMU CKBa

X<HHaMH). 

Ilott»:Tue npou;eccos caMoperyn>1:u;n11 H 

caMopa1BHTH>I, rrpo11cxo.IJ,5rW:HX Ha scex ypos-
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iffix oprattu1au;uw scex reonor11qecKHX <!JopM 

,[(BlDKeHH>I BO.IJ,bl H rropo,D,bl, 03HaqaeT, qTo >IB

neHH>I pa3BHTHH B u;enoM MO)f(HO paccMaTpll

BaTb KaK 6opb6y ,[(Byx npoTHBOilOJTO)f(HOCTeif -

opraHH3aQJm H ,D,e1oprattmau;1m BO,D,bI H rro

po.IJ.hI. 

Ilpu 3TOM rrpou;ecc pa3BHTHH, HaqH

HaIOW:HHCH c MaKCHMaJlbHOll 3HTpOnHH, MO

)f(eT 6hITb orrwcaH B o6m;eM, KaK npou;ecc Ha

KonneHH>I CTPYKTYPHOn umj:>opMau;wu. CTpyK

TYPHaR umpopMau;H>I ncqwcnHeTcH KaK pa1-

HOCTb Me)l(.JJ:Y MaKCHMaJlbHbIMH H pearrbHblMll 



3HaqeHIUIMH 3H'fpOIIHH. l103TOM)' 

HBJieHHe pa3BUTHjJ MO)l{HO paccMaT

pHBaTh B KOop.n:uHaTax, CBH3aHHbIX 

c rromTIUIMH 3HTpOIIHH - Hmpop-

MaQHH, c B03MO)l{HOCTblO OTcqeTa 

ypoBm oprattmaQHH CHCTeMbl BO.IJ:a 

- 110pO.IJ:a Ha BCeX 3TaIIax ee pa3BH

Tlfjf (P11c. 8-6). 

l'poDle~ ~li~U 

-~I 

-~· TaKHM o6pa3oM, MblcneH

HM MO.IJ:eJib, KOTopyIO Mbl paCCMOT

pHM, HMeeT rpexMepttyIO CHCTeMy 

Koop.n:irnaT. B 3TOH cucTeMe 3Hrpo

TIUjJ no Mepe HaKOIIJieHHjJ HHcpop

MaQmf yfo,rnaeT OT nep:ucpepu:u K 

u:eHTPY (K OCH Mo.n:em1), qro O.IJ:HO

BpeMeHHO 03HaqaeT COOTBeTCTBeH

HOe Bo3pacTaHue ypoBHjJ opraH:U3a

u:u:u CHCTeMhI Bo.n:a - nopo.n:a B npo

u:ecce ee pa3BHTU51. 

Onm6oqHocTb pacnmpjJJO-

IIJeHCH <f>opMbI cnwpan:u o6oHCHHeT-

CH TeM, qro 3.IJ:eCb pa3.n:eneHhI .IJ:Be 

«COCTaBJIHIOIIJ:Ue» nomTIDI «pa3BUTUe»: napa

MeTp BpeMeHH u HaKonneHHoe pa3Hoo6pa3ue 

(HJIH «nporpecc», .IJ:OCTUfttyThlH 3a )1.aHHblH 

orpe3oK BpeMeHu) [l]. ITocrpoeHue Mo.n:enu 

Puc. 8-6. Moi>eRb npou,ecca ca.MoopzauuJau,uu 
uuqwpMau,uoHHblX cmpyKmyp. 

II o P. <P. A 6oeeey 
npu pa3.n:eneH:UH 3TifX COCTaBJIHIOIIJ,HX npuBo

.IJ:HT K KaqecTBeHHO HOBOH, CKpyq1rnaioII1eHCH 

cpopMe cm1panu pa3BHTlUI. 

8.4.l.IlporH03 IIOpHCTOCTH H CKOpOCTH fl>HJILTpa:u:uu 
Ha 6oJii.mux n1y6uHax 

KpuBM MaKpo.n:wHaMMKM npou:ecca 

pa3BHTU51 xapaKTepmyeT H3MeHeH:ue 3HTpo

I1HH OT rrapaMerpa «nporpecca» - P(t). B c:uc

TeMe BO.IJ:a - rropo.n:a Kp:UBM 6y.n:yT OTpa)l{aTh 

KpHBbie H3MeHeHIUI CKOpOCTH cpHJibTIJaU:HH H 

nopMCTOCTH c rny6uHOH (PHC. 8-6). 0T.n:eJTb

Hbie qacTH 3THX KpHBbIX 6bIJTH pacCMOTpeHbI B 

npe.IJ:hI.IJ:YIIJ,eH. rnaBe. B .n:aHHOM pa3.n:ene MbI 

ITOilbITaeMCjJ rrpe.n:cTaBHTb B u:enoM 31)' .IJ::UHa

MHKy. 

Bttaqane MarMaTuqecKMH pacrmaB 

rrpe.n:cTaBnHeT co6on xaoTttqttyIO cwcTeM)' «He 

BO.IJ:Y - He nopo.n:y», KOTOpaH ITO.IJ:HHMaeTCH no 

)l{epnaM c orpoMHbIMH cKopocrnM:u. ITpw H3-

Bep)l{eHMH rrpOHCXO.IJ:HT 3apo)K.IJ:eHHe .IJ:Byx co

CTaBJTHIOIIJ,HX BO.IJ:bl " nopO.IJ:bl. 

B .n:anntteihneM, rrpu o6pa3oBaHHH 

oca.n:oqHbrx nopo.n: (OT BanyHOB .IJ:O rnHHUCTblX 

qacTHU:) B03HHKaIOIIJ,M nopHCTOCTb " ryp6y

neHTHM cpMJTbrpaQHH xapaKTepH3YJOTCH MaK

CHManbHblM xaocoM. 

ITo Mepe cttoca " OTJIO)KeHIDI oca.n:oq

HbIX nopo.n: rrpOHCXO.IJ:HT HX .n:mp<f>epeHQHaQHH 

no pa3Mepy qacTMU:, <f>MJThTIJaQIDI BO.II: yrropH-
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.n:oqMBaeTCH, rrepeXOM B JTaMUHapHbIH noTOK. 

CKopocTh rrottU)l{aeTCH. 

,lJ:anee, Ha CTa.IJ:HH .n:wareHe3a no Mepe 

HaKOITJieHlUI OCa.IJ:KOB H HX rrorpy)l{eHIDI, npo

HCXO)J:UT y)l{e ynopH;i:i:oqMBaHMe $HJThTPaU:HH 

BO.II: Ha MOJTerynHpHOM ypOBHe. ,lJ:o 3TOro np:u 

TeKyqeii $HJTbTIJaU:HH MOJieryJTbl XaOTHqecKH 

KOJie6anHCh OTHOCHTeJTbHO CBOero MeCTOno-

-- JIO)KeHMH B noToKe. ITp:u nepexo.n:e $MJTbrpa

u:uu BO)J: B nomyqHii BH)J: HarrpaBJTeHMe BHyT

puMOJieryJTHpHoro KOJTe6aHMH CTaHOBUTC5! 

crporo HarrpaBJieHHbIM, B cTopotty .IJ:BU)Kemu1 

BO)J:, T.e. CHCTeMa ynop»:;i:i:o1IJIBaeT )J:BH)l{eHue 

BO.IJ:bl ~e Ha MOJieKyJTHpHOM ypOBHe. 

ITocne 3Toro Ha CTa.IJ:MH KaTarette3a 

rropHCTOCTh " CKOpOCTh $HJTbrpau:uw rrpaKTH

qecKU He MemJOTCH. CucTeMa BXO.IJ:HT B cTa

;i:i:HJO Heycrnifqlfsoro pasHosecuH (mpy6Ka 
mpaeKmopuu), BHaqane o6pa3yeTC5! rpeIIJ.MH

HbIH KOJTJTeKTOp c pe3KUMU CKaqKaMH CKopo

CTeH $HJTbTPaU:HH OT ryp6yneHTHOH TeKyqeH 

.n:o rro113yqeii. TeM caMhIM, pe3KO yBenuquBM 

aMITJIHTY)J:y MHKpo;i:i:HHaMHKH CHCTeMbl, HO B 

cpe.n:HeM MaKpo.n:1rnaMnKa cwcTeMhI coxpam

eTcH noCTOHHHOH. 



<!>opMHpOBfiliHe TaKHX cj:iJTIOHAOHaCbl

rn;eHHhIX 30H pa3ym10THeHHK rrpoHCXOAHT no 

npHHQHrry «nop5rAOK-6ecnopKAOK-nopMOK» H 

KBJUlCTCK, no MHCHHIO H.II. 3ammanoBa H 

H.II. IIonoBa [34], cj:iytt,n;aMeHTaJihHblM csoii

CTBOM reoJIOrHqecKHX CHCTeM. 

,[{an1>HeiiIIIee norpy:»<eHwe 11 scryTIJie

HHe CHCTCMhl B CTMHIO perHOHaJlhHOro MeTa

MopcpH3Ma, Kor,n;a TeMrreparypa ,n;ocTHraeT 

KpHTlfqecKOH OTMeTKH 600 °C, BO,n;a CTaHO

BHTCK oqeHh arpeCCHBHOH KHCJIOTOH, HaqHHa

eT pacrnopKTh B ce6e aJIIOMOCHJIHKaT1>1, o6pa-

3Y.ll: KaBepHOBYfO eMKOCTh, a caMa «BO,ll;Ha.11: KH

CJIOTa» ITO CYTlf, CTaHOBHTCK MarMoii. 

Ta«.UM o6pa:JoM, u11fjJopMau,uo1111aR 
MOiJeJlb pll38UmUR 3eMHOU KOpbl no380JlRem 
ciJeJlamb npozuo3, 11mo na 6oJ1.btUUX myou
uax coxpauaemca nycmomuoe npocmpa11cm-
80 u iJ8UJ1Ceuue my6uu11btx 600, uo :Jmu npo
u,eccbt xapa«.mepmywmca cocmo.1111ueM 11e
ycmoii11u8ow pa81106ecua, m.e. pe3«.UMu u 
M03QUIJ11blMU CKlllJKtlMU U3Meueuua 8 npo
cmpaucm6e u 80 8peMenu :Jmux xapa«.mepu
cmu«.. 

8.4.2. Ilo,11;xo,11; K u1yqeumo ,11;Bua1:euuH B0,11; 
Ha CT3,IJ;HH MeTaMop4.>H3M3 

CrrHpaJI1>Ha.11: KpHBaJI AHHaMHKH npo

u;eccos pa3BHTM.ll: 6y,n;eT OTPIDKaTb pa3JIHqH1>1e 

ypoBHH reoJiorHqecKHX cj:iopM ABJDKeHHK Ma

TepHH H ee BIDKHeHIIIeH COCTaBJI.ll:IOIIJ;eH - BO

AbI, 6op1>6y H e,n;HHCTBo 3THX ,n;syx rrpoTHBo

noJIO)l(JIOCTeH, opraHH3aQmo H ,n;e3opramna

QHIO (Pwc. 8-6). B opweHTHposoqHoM sw,n;e ee 

MO)J(HO OITHCaTh CJie,lJ;yIOIIJ;HM o6pa30M. 

IIepBhIH HaH6oJiee npo,n;omK11TeJihHh1ii 

no BpeMeHH (t1) BHTOK cnHpaJIH c MHHHMaJih

HhIM BeKTOpOM rrporpecca rrpoHCXO,ll;HT Ha 

ypoBHe MarMaToreHHOH cj:iopMhl ,ll;BH)J(eHH.11: 

MaTepHH c 110.ll:BJieHHeM MeTeoreHHOH cj:iopMhl 

ABH)J(eHH5f BOAhI. MeTeoreHHaH cj:iopMa ABH

)J(eHHH rrpHBOAHT K rrpeo6pa30BaHHIO KopeH

HhIX rropo,n; 30HbI rHrreprette3a (tz). Bhma

,n;eHHe aTMoccpepHbIX OCMKOB H nocJie

AYfOIIJ;HH HX CTOK B 6acceHHhl K B03HHKHO

BCHHJO OCa,ll;O"lJHOH cpopMbl ABH)J(eHH5f BO,ll;hl. 

BcJieA 3a Heil rrpottcxo,n;HT cHoc rropo,n; H 

o6pa30Bam1e oca,n;oqtt1>IX nopo,n; (t3). Ha 

CTaAHH ,n;wareHe3a rrpOHCXOAHT rrpeo6pa30-

BaHHe oca,n;o"LfHbIX nopo,n; (t4). Ha CTMHH 

KaTareHe3a B03HHKaeT MeTaMopcj:ioreHHa5f 

cj:iopMa ABH)J(eHHK BOAhI (ts). IlpH 3TOM BeK

TOp rrporpecca pe3KO B03pacTaeT, BCJie,n;cT

BHe HHTeHcHqmKaQHH HIIcj:iopMaQHOHHhIX 

rrpou;eccoB, H cwcTeMa Bo,n;a-rropo,n;a rrepe

XOAHT H3 peBOJTIOQHOHHOH B 3BOJIIOQHOH

HYfO CTMHIO pa3BHTH5f. 

H, HaKoHeQ, y)J(e Herrocpe,n;cTBeHHO 

Ha CTa,ll;HH MeTareHe3a (1<i+n) CHCTeMa BXO

AHT B CTMHIO HeycTOH"lJHBOro paBHOBCCH5f. 

Haq1rnaeT M03aM.qHO, cKaqKoo6pa3HO o6pa-

30BhIBaT1>c.11: nopOBO-TµeIIJ;HHHhIH ll Tµe

IIJ;HHHO-)f(JfJlbHhIH KOJIJieKTOp, H B 3eMHOH 

Kope HaqHHaeT cj:iopMHpOBaTbC5f 30HQ pe-

2UOHaT/bH020 2uopo2eHH020 pa3yn;10mHe

HUR, CB513aHHa51 c o6pa30BaHlleM MHHepa-
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JIOB 6oJiee npoqHoH ynaKOBKH npH MeTa

Mopcj:iH3Me nopo,n;. Oco6eHHO .11:pKo 3TO 61>1-

JIO BhrnBJietto B npou;ecce 6ypeHH.ll: KoJih

cKoiI CBepxrJiy6oKOH CKBa:11rnHhI. 

B Heil 6hIJIH BhIAeJieH1>1 TPH pemo

HaJihHI>Ie Tpern;HHOBaTbie 30Hhl B HHTepBanax 

300-620, 1050-1840 H 2300-2870 M, C KOTO

pbIMhl CB5f3aHhl npHTOKH B CKBIDKHtty Tµe

IIJ;HHHO-)f(JfJlhHhIX BOA (pHc. 8-7). B HHTepBane 

rny6HH 4,5-9 KM BhffiBJieHa 30Ha perHOHaJih

HOro Pa3YIIJIOTHeHH5f, KOTOpaJI co,n;ep:ll<JIT CB0-

60,n;HyJO BO,lJ;y, ccpopMHpOBaHttyIO B npou;ecce 

MeTaMopcj:iH3Ma H nepeKpHcTaJim13aQHH rop

HhIX nopo,n;. 3To H eCTh B03pO)J(ACHHhie BO

Ahl, <j:>opMHPYIOIUHCCK B npou;ecce reOXHMH-

Puc. 8- 7. I'uopoze0Rozur1ec«a.a 
xapa«mepucmu«a fjJau.uu pezuonaJtbHOlO 

MemaMopfjJuJMa no oaHHblM 6ypenUR 
Konbc«oii caepxmy6o«oii c««aJ1CU11b1 /49] 



qecKoro u;1n01a. HarrpHMep, rrepeKpHCTaJlJIH-

3au;IDI xnopuTa B 6HOTUT conpoBO)K)l;aeTC.SC BbI

,z:i;eJieHIIeM 6-10 % BO,ll:bI. Hu)J(e rnyfornbr 9 KM 

qHCJIO Tperu;HHOBaTbIX 30H B ropHbIX nopo

.n:ax pe3KO COKparu;aeTC.SC, a MOII(HOCTb HX He 

rrpeBhUIIaeT 20 M. 

bblCTpoe npeKpa1IIeHHe npHTOKOB 

BO,ll;bl B CKBa)J(UHY CBHJJ:eTeJihCTByeT 0 JIO

KaJibHOM xapaKTepe Tperu;HHOBaThIX 30H. 

3nr BO,ll;bl HaXO,AHTC.SC B H30JIHpoBaHHbIX, He 

coo6ru;aI01IIHXCH Me)J(.n:y co6on rropax u 

Tperu;1rnax. ITnacToBoe .n:asnemre, 3aMt)peH

Hoe Ha rny6Irne 6350 M, COCTaBUJIO 117 
MITa, qTo B 1,9 pa3a BhJIIIe rH.n:pocTaTHqe

cKoro H 6ntt3KO K reocTaTHqecKoMy. Ho 

.n:aHHbie JIOKaJihHhTe 30Hbl Tperu;HHOBaTOCTH 

HBJIHIOTCH TOJibKO qacThID cucTeMhI. Oco6o 

Ba:iKHYIO KaTeropHIO Tperu;UHHbIX BO.A co

CTaBJI.SCIOT pa3HOBH,AHOCTU, CBUaHHhie c 30-

HaMH TeKTOHH'IeCKHX HapyIIIeHUH " pa3JIO

MOB. 

ITpn MeTaMop<j:JH3Me rnHHHCTo-

Kap6oHaTHhIX nopo.n: B03pO)K)l;aeTC.SC 15-25 % 
BO,Abl. no no.n:cqeTaM aKa)J,eMUKa A.B. Cu

.n:opeHKO " .n:p, TOJihKO Ha CTa)J,HH <j:JopMupo
BaHH.SC aMcpH60JIUTOBOH cpaQHU JJ:OKeM6pHH

CKHX rropo.n: BbI,AeJIUJIOCh 0,065*1024 r BO)J,hI, 

qTo cocTasn.sreT 40 % oT Bcero o6neMa BO!J. 

rpaHMTHO-MeTaMopcpuqecKoli o6onoqKu 

KOHTMHeHTaJihHOro 6noKa 3eMHOH KOpbI 

(Ta6JIMI.J;a 3.2). 

B cBoe BpeMH B.H. Beptta.n:cKMii [16] 
cqHTaJl, qTo MMeHHO Bo.n:a C03,i:i:aeT HBJieHIDI 

MeTaMop<j:JmMa, .SCBJIHHCb MOryqMM ero .n:e.si:Te

JieM. yqHTbIBaH TO, qTo, corJiaCHO paccMOT

peHHOH irn<j:JopMaQMOHHOH Mo.n:enu, Ha CTa,ll;Ml-1 

MeTaMop<j:JmMa BbI)J,eJIHeTC.SC HeCKOJihKO BMT

KOB cmrpanM c ycToifqMBbIM BeKTOpOM npo

rpecca, TO MO)J(HO npe.n:nonmKMTh cyru;ecTBO

Bamre HeCKOJTbKHX MeTaMOp<j:JWieCKHX <j:JopM 

,ll;BM)J(eHIDI BO,ll;hl, npe.n:rneCTBYIOIIIHX COOTBeT

CTBYfilll(UM cpau;IDIM MeTaMop<j:JH3Ma (Escola, 

1915). 3TO )J,Be <j:Jau;mr KOHTaKTOBOro MeTa

Mop<j:Ju3Ma: CaHM,AHHOBaH H poroBHKOBaH H 

IIIeCTh tj.>au;uli perHOHaJihHOfO MeTaMop<j:JM3Ma: 

3eJTeHocnattu;eBaH, 3TIH,ZJ,OT-aM<Pu6omiToBa.sr, 

aMcpH60JIHTOBaH, rpattyJIHTOBaH, 3KJIOfHTOBaH 

H tj.>au:u.sr rnayKo<j:JaHOBhIX CJiaHu;eB, CTOR1IIa5I 

HeCKOJlhKO oco6tt.SCKOM OT OCHOBHOH nocne.n:o

BaTeJibHOCTH. 

lio </JU3u1.1ec1wu cy1U,11ocmu npol(ecca 
6Ce 6btUle npeonoJ1ce1111bte 6oce,nb .Mema
Mopqm1.1ec«.ux popM 06u:m:e11wt BOObl 6yoym 
cxo:m:u, a of1l!lu1.1ambcR llUtub mollb«.o no 
XUMUlleCKOU cyU(HOCmu. H.MeHHO XUMUlle
CKUU cunme3 600 u 6yoem onpeoeJUtmb no-
6mopa10w.uuca xapa«.mep OBUJH:eHUR my-
6uHHblX 600 Ha pa3llUllHbl.X cmaOURX Mema

Mop</JU3Ma nopoo. 

8.4.3. rurroTe3hl 1IpH'1HH rHraHTCKHX 

cl>JIYKTY3~HH B HCTOpHH 3eMJIH 

Bttaqane csoero pa3BUTHll cncTeMa 

so.n:a - rropo.n:a, ttaxo.n:Rch Ha CTa,AHH rnraHT

cKoro <j:JnyKryaQHOHHOro HepaBHOBeCIDI ~' 
B03MO)J(H0 npe,z:i;CTaBJI.srJia co6on «JiaBOBhlH 

oKeam>. B )J,aJihHeiiIIIeM B npou;ecce pa3BHTIDI 

npoHCXO)J,HT He TOJlbKO ycJIO)J(HeHne pa3JIWI

HhIX reonorWieCKHX <PopM JJ:BM)J(eHIDI BOJJ:bI H 

MaTepm-1, HO H ycJIO)J(HeHHe «cjJH3HqecKOH» 

HH<j:JopMaU:HH, npncy1IIeif npou;eccaM oTpa)J(e

HIDI B tteopramiqecKoif npnpo,z:i;e. <«Dmnqe

cKall» HH<j:JopMaI.J;HH B 3aBHCHMOCTH OT BH):IOB 

iJ.BM)J(eHn.sr MaTepnH (reoreHe3a) rro.n:pa3.n:en11-

eTc» Ha MexaHnqecKyro, <j:JH3HqecKyro, XHMH

qecKyro H .sr.n:epttyro. 

Mexauul/ecKcm ¢op.Ma ompa;J1CeNUR 
B03HHKaeT npn rrpocrpaHCTBeHHOM nepeMe

ru;eHHH BO)J,bl H nopO)J.bI. ~aHHaH cpopMa orpa

)J(eHIDI xapaKTeptta AA.SC HaqanhHbIX reonoru

qecKnx <j:JopM ,ll;BM)J(eHHH. I'JTaBHOH cpopMOH 

TaKoro nepeMe1IIeHn.sr HBJilleTc.sr TeKyqa.sr 

123 

qmnbrpaQIDI, OIIHCbIBaeMaH 3aKOHOM ~apcn, 

OTKpbITblM BJ856 f. 

<l>U3Ul/eCKaJl rpop.Ma ompa;J1CeNWl B03-

HHKaeT npH TeTIJIOBOM, rpaBnTaI.J;HOHHOM H 

3JieK'TpOMarHHTHOM nepeMeru;eHHH. ~aHHbIH 

BH,ll: HH<l>opMaQHH, KaK TIOKa3bIBaeT Bee co

.n:ep)J(aHue .n:aHHOH KHnrn, npucyru; nomyqeii 

cpHJib'TpaQHH H B03HHKaeT npH KaTareHe3e rro

po.n: HJIH npn MeTaMOpcporeHHOM <j:JopMe ,ll;BH

)J(eHIDI BO)J:bl. 

XUMul/eCKaJl rjJopMa ompa;J1CeNWl npo

ucxo.n:HT y)J(e Ha aTOMHO-MOJieKyn.srpHOM 

ypoBHe, Kor.n:a rrepeMe1IIeHue BOJJ:hI ocyru;ecTB
JIHeTc.sr 3a cqeT ee CIIHTe3a Ha CTa,AHHX KOHTaK

TOBOfO H perHOHaJibHOro MeTaMopcpH3Ma IIO

po.n:, pacCMO'TpeHHaH BbIIIIe. 

H, HaKotten:, Mano rrott.srrna.sr ROepucm 
rjJopMa ompa.J1CeHWl 3JieMeHTapHbIX qacnm;. 

ITpe)K)l;e qeM .n:anee MhI nonhITaeMcH noHHTh 

3TY cpopMY, Heo6XO)J,UMO HaTIOMHMTh, q"[Q e1IIe 



B.H. BepHap;cKHH [ 16] paccMaTpHBa.JI Mancy 

KaK pacrnop BO,ll;hl. 

CornacHo HmpopMa:QHOHHOM Mo,n:em1, 

Haxo,n:HCb Ha CTa,n:mi HeycToiiqHBOro paBHOBe

CIDI, CHCTeMa MO)l(eT B mo6o"H MOMeHT BpeMe

HH BhlHTH H3 Hero. IlpH 3TOM B03HHKHOBeHHe 

nrramcKoH: <t>nroKryau:Hu MO)l(eT npoucxo

,ll;HTh IlOCTeneHHO f/JJ H CKa~oo6pa3HO f/J2 (PHC. 

8-6). 
IlocTeneHHOe B03HHKHOBeHHe rHraHT

CKOH <l>nYKryaU:HH npoHBJTHeTcH B BH,n:e 3eMne

Tp.si:ceHHH u no.n:neMa TeppHTopuu. Be.n:ymax 

pOJTh B <t>opMupoBaHHH 3eMJTerpHCeHHH, KaK 

y)l(e 6hmo paccMorpeHo paHee, npuHa.n:ne)l(HT · 

rnyfornHhIM Bo.n:aM. TaK aHa.JiornqHax, no MHe

HHIO T.<l>. KonMaKoBa (1989), HOBaH rnraHT

cKax <l>nyKryau:wx (6ecnopx,n:oK) 3apo)l()J;aeTcx 

B 3arra.n:Horr CH6HpH c o6pa3oBattHeM «Mono

.n:oH: ropHoil crpatthl HeoreH-qernepniqHoro 

TeKTOreHe3a» c aKTHBHbIMH rrpol(eccaMH <Pop

MHpOBamrn H nepe<t>opMttpoBaHIDI 3a.Jie)l(eH. B 

3TOM cnyqae HaqHHaIOT ycttmrnaThCH npou:ec

ChI <t>moH)J;OMHrpaQHH H rpem;ttHoo6pa30Ba

HH.51. IlpH 3TOM, .n:orrycKaH, qTo B aHOMaJThHOH 

30He Ha rny6HHe 10 KM H 6onee BO,n:a IlOJTHO

CThlO .n:11ccol(nau:ttpoBaHa, KaK rronaraIOT B.r. 

KoBa.JieB H JO.E. Cne3KHH [53], Bocxo.n:Hru:HH: 

noTOK, co.n:ep)l(all(RH .n:nccou:HaThI, MHrpHpyeT 

K IlOBepXHOCTll, r.n:e npOHCXO)J;HT CHHTe3 MO

JieKyJI synKaHH4eCKOH BO,ll;bI, xapaKTeptt3yIO

m;Httcx BhICOKOH MaKCHMaJTbHOH 3HTponHeil. 

Bh1.n:eneHHe Tennosoil 3HeprHH ou,eHHBaeTcx 

HMH B 119 KKa.JI/MOJlb. Ha KOHTaKTe IIO)J;3eM

HbIX Bo.n: c BynKaHttqecKHM TenoM B03HHKaeT 

rH.n:poTepManh Hax cHcTeMa. TeMneparypa 

3,n:ech pe3KO yBeJIITTHBaeTCH, a BO,n:a HaqJ.IHaeT 

rrepexo,n:HTb H3 )l(Ji,ll;KOCTH B nap, OIIHTh pe3KO 

IIOBbllllax CBOIO 3HTponmo .n:o +28,39 
Kanfrpa,n:*MOJib. 

CKaqKoo6pa3Hoe tp2 B03HHKHoBeHHH 

rHraHTCKOH <l>nyKryal(HH, B03MO)l(HO, o6nHC

HHTh rHIIOTe30H y)l(e Heo,n:HOKpaTHO yrroMH

HaBrnerocH JO.A. KoAACHHKOBa. CornacHo 

3TOH rHIIOTe3e, x.n:po HarneH nnaHeTbl CJIO)l(eHO 

caMhIM pacnpocrpaHeHHhIM B KocMoce «con

HeqtthIM Bem;ecTBOM» - rentteBO-BO,ll;Opo,n:HOH 

IUia3MOH, HO C)l(aTOH CBepXBbICOKHM .n:aBneHH

eM .n:o nnoTHOCTH )l(eJie3a. B 3KcrrepnMeHTax 

no JTa3epHOMY TepMOH,ll,epHOMY CHHTe3y c .n:oc

TH)l(eHHeM Mera6apHoro .n:asneHHX 6bma OT

KphITa yttHKaJTbHaH cnoco6HOCTh BO,n:opO,ll,HOH 

IUia3Mbl C)l(HMaThCX .n:o 100 r/cM3, B KOToporr 

o6H3aTeJihHO npucyTCTBYJOT HettTpOHhI [ 6]. B 

3TOM cnyqae nptt JTI060M CHH.)l(eHHH .n:aBneHIDI, 
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Ha:rrpuMep, npn HeKOTOpOM pacrnupeHHH 3eM

JIH (a oHa «.ll.hilIIHT», T.e. rrynhcttpyeT B o6ne

Me, KaK-TO npe.n:nonara.JI eru:e JleoHap.n:o .n:a 

BttttqH), H HeiirpoHhI, H caMa 6apoTIJTa3Ma 6y

.n:yT CTpeMHThCH BhlpBaTbCH M3 H.n:pa Hapy)l(y. 

H o6e 3TH 3JTeMeHTaptto-qacTITTHhie KOMrro

HeHTbJ ,lJ,a.n:yT B KaqecTBe KOHeqHhIX rrpo.n:yK

TOB Heo6XO,l1,HMhIH )J;JTH po)l()J;eHIDI BO)J,hI BTO

porr KOMnOHeHT BO)J,Opo.n:. HMeHHO yqaCTHe B 

rrpoQeccax po)l()J;eHIDI CHJIRKaTHhIX pacrmaBoB 

TaKoro oqeHh 3HeproeMKoro Bo,n:opo.n:a o6nxc

meT B03HHKHOBeHHe rttraHTCKllX qmyKrya-

1.(RH. TaK, B HCTopHH 3eMJIH Heo.n:HoKpaTHO H 

cTporo nepno.n:nqecKH, B cpe,n:HeM 11epe3 30 
MJIH. JieT, rrpoucxop;H.JIH MaccOBhie H3JIHBaHHH 

rpoMa)J;HhIX 06beMOB (MHJIJTHOHhJ KM3) pacKa

JieHHhIX naB. H rroBTopHnc.si: QHKJI o6pa3oBamrn 

rropo.n:, HO y)l(e, BR)J;HMO, Ha KaqecTBeHHO 

HHOM ypoBHe, c o6pa3oBaHHeM nopo.n: 6onee 

BhJCOKoro ypoBHH opramJ3aU,RH MaTepHH. 

B rrpoMbilIIJTeHHOCTH .n:aHHhIH naTeHT 

IlpttpO,ll;hl - nceB,ll;OO)l(Ji)l(eHIDI - HaCbIII(eHIDI 

npw pacnnaBJieHHH MeTannoB Bo.n:opo.n:oM, 

B3HT TeXHOJIOraMH Ha BOopy)l(eHHe. 

Ilpu 3TOM, rrpHBJieKaH K po)l()J;eHmo 

6a3aJTbTOBhIX H rpaHHTHhIX MarM npeo6pa30-

BaHHe Bo.n:opo.n:Horo cpJTJOtt.n:a, rrpH TeMnepary

pe rrnaBneHH.sI 6a3aJTbTOB 1200 °C TaK)l(e rrpo

Hcxo.n:HT CHJibHaH 3K30TepMHqecKaH peKoM6H

HaQHH HOHOB BO)J,Opo.n:a B ero aTOMhl c BbI)J;e

JTemieM 400 KKaJT/MOJih TeilJTOBOH 3HeprHH. 

3aTeM peaJTbHaH BO)la y)l(e CHHTe3HpyeTCH 3a 

npe.n:enaMH MarMani:qecKoro 011ara, Kor.n:a 

TeMneparypa no.n:aeT .n:o TeMrreparypb1 nnaB

neHHH rpaHHTOB 700 °C, T.e. 3a rrpe.n:enaMH na

BoBoro IIOTOKa, rrpH 3TOM BbI)J;eJTReTCH 60 
KKan/MoJTh Terrna. MttbIMH cnoBaMu B 3eMHOH 

Kope B03HHKaeT HOBM rnTaHTCKM tPJIYKTYa
QHH, xapaKTepH3YJOII(MCH MaKCHMaJTbHOH 3H

rporrueii. 

Ta«.UM o6pa3oM, pacc.MompemuU1 

MooeJlb pomoeHua BOObl He npomu6ope11um 
aoepHOU fjJopMe ompaJICeHUR. Hapaoy c 
:JmUM, 1<.a1<. OmMe'lQJl IO.A. KollRCHUl<.06, OaH

HaR noJlUMepHaa MOOeJlb M<UMoo6pa3o6aHUR 
pomoaem Macey H06blX Bonpoco6 m o6Jlac
mu ROepHOU fjJU3Ul<.U, 6oJlee iJemaJlbHOe 06-
cyJ1CiJeHUe «.omopblX npeocmaBJleHo 6 pa6o
max [55, 57]. B l(eJlOM paccMompeHHaa Ha

.MU uHrjJopMa14uoHHaR MOOeJlb zeo1wzu11e
c1<.oii 360Jl10l(UU pa36UmUR 3eMHOU 1<.0pbl no
l<.a3bl6aem 6eoyU<JJ10 pollb cucmeMbl Booa -
nopooa 6 :JmoM npo14ecce. 



8.5. linoreHHhle npei:.noChIJIKH OCHOB n3yqeHHH 

):(BH~eHHH r Jiy6oKHX BO):( 

C11cTeMa BO,ll.a - rropo,IJ,a 6nIITa O.ll.HOH m 

Ha1160Jiee paHHHX H Il03TOMY IIOJIO)((HJia Ha'la

JIO 3BOJIJOQHOHHbIM npou:eccaM B HCTOpHH 

3eMJIH. 3rn rrpou:ecCbl B MHOroKpaTHO ycJIO)((

HeHHbIX H npeyMHO)((eHHblX BH,ll.aX " <PopMax, 

BKJIIO'laH opraHM'leCKOe BernecTBO, rrpO,I.1,0JI

)((aJOTCH H HnIHe. Pa3BMBaeTcH n 6a3oBbIH rrpo

u:ecc B3aHMO,IJ,eHCTBHH BO,ll.bl c HCXO,ll.HblMH 

ropHbIMH nopo,IJ,aMH. 3To O,IJ,Ha H3 CHCTeM, Ha

npaBJieHHaH 3BOJIIOU:MH, KoTopoH:, rro B.H. 

BepHa,ll.CKOMY, HMeeT rny601rnH:rnee reoJiorH

qecKoe CJie,IJ,CTBIIe ,ll.JIH opraHH3au;uu H CTaHOB

JieHMH 3eMHOH KOpbI H )((Jil3HH Ha 3eMJie. 

B 3TOH cBH3H C.JI. IIIBapu;eB [122] oT

Me'laJI: «CoBeprneHHO O'leBH,I.l,HO, 'ITO reono

rH'leCKHM pe3yJibTaTOM 3BOJIIOQHOHHOro pa3-

BHTHH 3TOH CHCTeMbl HBJIHeTCH pa3Hoo6pa3He 

c<PopMHpoBaHHbIX paccMaTpHBaeMOH CHCTe

MOH BTOpH'IHbIX MHHepaJibHbIX <Pa3 " reono

rH'leCKHX cpe,I.1,, KOTopoe onpe,IJ,eJIHJIO pa3HO

o6pa3He H 611onorM'leCKHX <PopM 3BOJ1JOU:HH, 

KOTOpbie BO MHOrOM yHaCJie)J,OBaJIH THII B3aH

MO,ll.eHCTBH)l BernecTBa, ero crpyKrypy, <PopMy 

KpyroBopoTa, ce30HH)'IO H3MeH'IHBOCTb, CBH3b 

co cpe)J,oH:, cnoco6HocTh K pacrrpocTpaHeHHIO 

B rrpocrpaHCTBe, COCTaB 3JJeMeHTOB H MHOroe 

)J,pyroe. C11cTeMa BO)J,a - nopo)J,a rroJJO)J(HJia 

Ha'laJIO 3BOJJJOU:HH KOCHOro BernecTBa, KOTO

poe 3aTeM rrepeIIIJIO B 6HOKOCTHOe H )((HBOe. 

0,ll.HaKO npSIMbie CB)l3H MHOrHX reonorttqe

CKHX SIBJieHHH: c HCXO,IJ,HOH CHCTeMOH BO)J,a -

nopo)J,a 3aByanupoBaHhI H Henocpe,ll.cTBeHHO 

qacTO He Ha6JIIO)J,aIOTCR, HO, BHe COMHeHHR, 

OHH HMeIOT MecTo». OcHOBHOH npH'IHHoH: 

3Toro RBJrneTCH )J,JJHTeJibHOCTb 3THX rrpou:eccoB 

B reoJiorH'IeCKOM MaCIIITa6e BpeMeHH. IlpH 

BCeM TOM no Mepe 3BOJIJOQHOHHOro pa3BHTHSI 

cHcTeMbI Bo,ll.a - nopo)J,a, ee nepexo,IJ,a B KOCT

Hoe, 6.HOKOCTHOe H )((.HBOe sernecTBO npOHC

XO,I.l,HJIO y6hICTpem1e 3THX npou:eccoB H rrepe

XO)J,OM HX Ha 6oJiee KatieCTBeHHbIH ypoBeHb. 

Ilo3TOM)' y)((e Ha CTa,ll.HH 6.HOJIOfHqecKHX 

<PopM ,n;BIDKeHMH MaTep.HH MHOfHe yHaCJie,IJ,o

BaHHhie reoJiorHqecKHe HBJieHMH H npou:ecchT 

CTaJIH B03MO)((Hbl )J,JIR Henocpe,I.1,CTBeHHOfO Ha-

6JIJO,ll.eH.HH. IlpHMepoM TOMY MO)((eT cJiy)J(HTh 

MexaHH3M <PopMHpOBaHHH KOCTHOfO H 6.HOKO

crnoro BeIIJeCTBa, KpyroBopoT KpOBH B )((JfBbIX 

opraHmMax H MHoroe ,I.1,pyroe. 

KacaTeJihHO paccMorpeHHoro ocHOBHO-
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ro CBOHCTBa ,ll.B.H)J(eH.HH rny6oKHX BO,I.l, - ITOJJ-

3yqecTH, TaK)((e ll3BeCTHO, 'ITO KpOBb rrpe)J,

CTaBJI5TeT co6oH: HeHhJOTOHOBCKYIO cpeey, B 

KOTOpoH: HaIIp)l)J(eHHH H CKOpOCTH ,ll.e<PopMa

U:HH CBH3aHbl HeKOTOpbIM HeJJ.HHeHHbIM COOT

HOIIIeHHeM [11, 59]. 0).1,HO H3 nepBbIX Ha6JIIO

,ll.eHHH HeHhJOTOHOBCKHX CBOHCTB KpOBH 6hIITO 

C)J,eJiaHo CaMy3JieM 3iiHaBOM (1975). IIposo

).1,HMhie HM HCCJJe)J,OBaHHH HaTOJIKHYJIH ero Ha 

MbICJib 0 TOM, qTo KpOBb o6Jia,ll.aeT HeKOTOpbIM 

npe)J,eJibHbIM C)J,BHroBhlM HanpH)((eHHeM, He 

BblXO)J,H 3a npe)J,eJihl KOToporo, KpOBb Be)J,eT 

ce6J1 IIO,IJ,06Ho TBep)J,OMY TeJiy, npOHBJIH51 

csoH:crno nomyqecTH. ToJibKO B KpynHhIX ap

TepHRx KpOBb Be)J,eT ce651 KaK HblOTOHOBCKa51 

cpe)J,a. 

KpoMe Toro, npoBe,ll.eHHhie HccJie,IJ,oBa

HHR (pa3,I.1,eJI 8.2.3) IIOKa3aJIH, 1ITO BbIBe,IJ,eHHa51 

3aKOHOMepHOCTb - y,IJ,eJ1bHa51 TerrnoeMKOCTb 

rny6oKHX BO)],, OTHOCHTC5T K TpeTbeMy ypoBHIO 

TepMOCTaTa H OTp~aeT MeXaHH3M aBTOpery

JIHpOBaHH51 TeMneparyphI TeJI. Hantt'!He atta

JiorutIHoro MexaHH3Ma no,IJ,,ZJ,ep)((amra TeMrre

paryphI TeJI TeIIJIOKpOBHbIX )((HBOTHbIX 3a cqeT 

KpOBOo6parnemrn, IIO,ZJ,TBep)((,lJ,aeT OCHOBHOH 

BbIBO,ZJ, 0 nepexo.iw Htt<PopMaU:HOHHOfO KO,ZJ,a OT 

reonorttqecKHX CHCTeM K 6ttoreHHbIM. 

MexaHH3M aBToperyJittposaHHH TeMne

paryphr TeJI rrpH nepexo,ZJ,e K 6noreHHbIM CHC

TeMaM 6hIIT 3Ha'IHTeJibHO ycoseprneHCTBOBaH. 

B qacTHOCTH, KaK OTMeqan B.Il. KoJI5ICHHKOB 

[56], 6brna Bbipa6oTaHa OIITHMaJibHa51 TeMne

parypa Harnero TeJia 36,6 °C, TaK KaK HMeHHO 

B 3TOH TO'IKe pa30pBaHa pOBHO IIOJIOBHHa 

Me)J(TerpaMepHhIX H-cBH3eH:, qTo o6ecne'IHBa

eT TOJibKO B HeH paBttyIO BepORTHOCTb Te'IeHH51 

B o6e CTOpOHbl o6paT.HMbIX 6HOXHMH'IeCKHX 

peaKQHH: B opraHmMe, perynttpYJOrneM HX Ha

rrpasneHHe MHKporpa,ZJ,HeHTaMH TeMneparyphI. 

HMeHHo B npe,ZJ,enax TeMneparyphr 36,79 °C 

TeIIJIOeMKOCTb BO,I.l,bl ,ZJ,OCTHraeT CBoero MHHH

MaJibHOro 3Ha'leHUSI, TeM caMbIM, cnoco6cTBYH 

MaKCHMaJibHOMY IIOHH)((eHHJO 3HTpomrn: H no

BbIIIIaH )((ttByqecTb qenoBeKa. Ecm1 3TO ,ll.eHcT

BHTeJibHO HMeeT 6bITb MeCTO, TO nonyqeHHaSI 

3aBHCHMOCTb pac'leTa y,ll.eJibHOH TennoeMKO

CTH rny6oKHX BO,I.l, MO)((eT 6hITb HCIIOJlb30BaHa 

rrpu myqeHHH npou:eccoB Kposoo6parneHHH 

TeIIJJOKpOBHbIX )J(HBOTHbIX. .[{JUI XOJIO,ll.HO

KpOBHbIX )J(HBOTHbIX xapaKTepeH TOJibKO TeKy-



'IHH KpyroBopoT KpOBH. 

Ilo MHeHnIO C.A. IOIIIKOBa (125], CH

HepreTH'leCKOH npH'IHHOH uene6HOCTH 

CBOHCTB rny6oKHX IIO,[J;3eMHbIX BO)]; 51BmieTC51 

CXO)l{eCTb HX COCTaBa c COCTaBOM Tin33MbI 

KpOBH. 

B :>moii C6R3U, 6btpamenue ««p06b 
3eMJiu» nepecmaem 6btmb o6pa3HblM nona
mue.M, npuo6pemlUl cu11epzemul1ec«y10 no
dolllle«y. llo:>moMy odnUM U3 npue.Mo6 cu
nepzemu«u R611Remca 603MOJ1C11ocmb U3ylle-
11ua zeo!lozullec«ux npof,(ecco6, R6!lenuii u ux 

3a1<0110Mep11ocmeii, na ocnoBe cpaBnenua 
anaJIOZUllllblX «amewpuii 6 JICU6blX cucme
Max. 06 :><}H/Je«muBnocmu 3mow npueMa 
c6udeme.11bcmByem <>a1111<U1 MonozpatjJuR. B 
u<>eu11y10 ocnoBy «omopoii, ew,e 6 cUMoM na
llaJle pa6omb1, 6bmo no!lomeno npedno!lo
menue, limo Mexa11U3M d6UJ1Ce11ua my601<ux 
60d mecno C6R3an c llJlacmoBoii me.Mnepa
mypoii, nodo6no Mexanu3My nodepmanua 
meMnepamypbl lle!lOBellec«ow me.11a 3a Cllem 
1<po6006paw,e11ua. 

B f,(eJIOM Bee Bbltue c«a:Jannoe 6 dannoii maBe no360!lRem HUM 6bld6unymb npedno!lome
nue, limo MexaHU3M aBmopezy!lupo6aHUR meMnepamypbt mellllo«po6HblX J1CU6om11b1x, 603HU« 
ew,e na npei>6uoze1111bvc 3manax. Ho, maBnoe, limo om zeo!lozullec«ux cucmeM nepelU!lo « 6uo
ze1111b1M - 3mo u11tjJopMaf,(uo1111b1it «od, 6blpa:Ju6tuuitca 6 3a1<011e aBmopezy!lupoBanuR me.Mnepa
mypbl men, llepe3 napa<>o«CaJ1b11y10 3U6UCUMocmb onpede!lenuR yde.11b11oii melllloeM«ocmu 60dbt 6 
cucmeMe c 6/lteut,a10U1,UM me.110M. 
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3aKJuoqeuue 

Ilo)J,BOM HTOI'H pacCMOT}JeHHbIX rrpo-

6neM, 3aTpOH)'TbIX B )J,aHHOH KHHre, cne.zzyeT, 

rrpe)f()J.e Bcero, oTMeTHTh )],Ba rnaBHhIX Teope

THqecKux pe3yni.rnTa :non pa6oThI. 

Bo-nepBi.rx, BrrepBble c KJiaccHqecKHX 

I103Hll,HH )J,aHO peUieHHe <PYH)J,aMeHTaJibHOH 

rrpo6neMb1 <Ptt3HKH - TeopeTuqecKH o6ocHo

BaHa Mexattw1ecKa5f u <Pu31IqecKa5f CYTb csoli

cTBa IIOJI3yqecTH, KOTopaH OKa3aJiaCb OTJIHq

HOH OT csoncrna TeryqecTH. BMecTo pattee 

cym.ecTBOBaBUieH HeKJiaccwqecKOH TeopHH 

.H.H. <I>peHKCJI5f T{JaHCJ15fQHOHHbIX ( CKa'-IK006-

pa3HbIX) rrepeXO)J,OB (BOIIIC)J,IIIeH B IIIKOnbHhie 

yqe6HHKH), rrpe)J,nOJKeHa KOHIJ,eIIIJ,H5f IIOCTe

neHHOro MonerynSipHoro rrepexo)J,a. TeM ca

MhIM, npe)J,noJKeHo pellleHHe B )J,JI5fID,eMCSI 60-

nee BeKa crrope 0 B03MOJKHOCTH OTCYTCTBHSI 

CBOHCTBa ynpyrocTH y TBep)J,bIX Ten. 3To, B 

cso10 oqepe)J,h, rro3sonuno YToqmJTh o6cTa

HOBKY npnMeHHMOCTH TepMO)J,HHaMnqecKoro 

ypaBHeHH5f Eepttyrrnu. ,ll;attHoe ypaBHettue 

OIIHCbIBaeT )J,BHJKeHHe He Me)J,JieHHO TeKYUIHX 

Ten, a Ten, rrpOSIBnSIIOIIl,HX CBOMCTBO IIOJI3yqe

CTH. 

Bo-BTopi.rx, ucrrorrn3Y5f 3aKOHhI rrep

soro H BTOporo Ha'-larr TepMO)J,HHaMHKll, Bbl

BC)J,eHa rrapa)J,OKCaJibHM 3aBHCHMOCTb pacqe

Ta y)J,eJihHOM H3o6apHOH TCIIJIOeMKOCTH rrry-

6oKOH BO)J,bl 

c * P * v2 
C11.!1 - p WI 

P-T2*K*2*2' 
11.11 a v0 

KOTOpM OKa3anacb B 4 pa3a MCHbllIC 06i.1qHoH 

BO)J,bl H npH6JIH3HTCJibHO paBHOH y)J,eJibHOH 

TenrroeMKOCTH ropHOM nopO)J,bl. 

B npaKTuqecKOM nnaHe pernettue 

3THX )J,Byx <l>YH)J,aMeHTaJibHbIX rrpo6JieM <Pw-

3HKH TI03BOJIHJIO: 

• o6ocHOBaTb )],Ba BH)J,a <PHJibT}JaIJ,HH 

CB060)J,H0ll BO)J,bI: TeKyqyIO, OTIHCbIBaeMYJO 

3aKOHOM ,l{apcH, H TIOJI3yqyIO, xapaKTepH-

3YJOill,YJO HIDKHHH rrpe)J,eJI rrpHMeHHMOCTH Ja

KOHa ,l{apcw; 

• BbIBCCTH rrpH6JIHJKCHHYJO <PoPMYJIY 

pacqern CKopocTH rromyqeii <Puni.T}JaIJ,1rn; 

• 6onee ToqHo onpe)J,eAATh HanpaBrre

HHe rromyqeii <PHJihT}JaIJ,HH rrry6oKHX BO)], H, 
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KaK CJie)J,CTBHe, 6onee ToqHo paCC'-IHTbIBaTb 

HaKJIOH 3aJIC)f(CH yrneBO)J,OpO)J,OB; 

• o6ocHOBaTh He06XO)J,HMOCTb HCITOJib-

30BaHHSI: HeHHepll,HaJibHbIX CHCTeM OTC'-ICTa H 

BapHaIJ,HOHHbIX npHHIJ,HTIOB, rrpH H3Y'-ICHHll 

)J,BH)f(eHH5f TIJiaCTOBbIX BO)J, (KaK rrry6oKHX, TaK 

H 6JIH3b IIOBepXHOCTHbIX) B pe3KOHeO)J,HOpO)J,

HOH <PHJihT}JaIJ,HOHHoii cpe)J,e. 

IlpOBCM aHaJIH3 ycJIOBHH H xapaKTe

pa )J,BHJKeHHjJ BO)J, B rrry6oKHX ropH30HTax, 

rrpe)J,JlaraeTcSI H3 KJiacca apTeJHaHCKHX BO)],, 

BbI)J,eJIHTb H BBeCTH B ttayqHhIH o6opoT HOBbIH 

KJiacc BO)J, - rrry6oKHe BO)J,bI. c <PmH'-ICCKOH 

TO'-IKH 3peHH5f B OTJIHqHe OT apTe3HaHCKHX 

BO)],, r)J,e <Puni.Tpall,H5f ocym.ecrnrrSJ:eTcH no Ja

KOH)' ,l{apcH, B rny6oK.HX BO)J,ax rrpOHCXO)J,HT 

ero HapyllleHHe. c reonorll'-ICCKOH TO'-IKH 3pe

HH5f B03MOJKHO HMeHHO HapyrneHHe JaKOHa 

,l{apcu Ha cTaJJ,HH .D,HareHeJa nopo.D, npHBO.D,HT 

B )J,aJibHCHIIIHM K KaTareHH'-ICCKHM npeo6pa-

30BaHH5fM nopo.D,. 

KpoMe 3Toro, ycTaHOBJieHHM YHH

KaJihHOCTh HJyqeHH5f rrry6oKHX BO.II, KaK $H-

3H'-leCKOro Tena ( c O)J,HOH CTOpOHbI, npOHB

JISI:IOII1ero CBOHCTBO rnep)J,Oro Tena, a c l:t:PY

roli CTOpOHbl, npH HCCJie)J,OBaHHH B CKBaJKH

Hax BC.Izylil,M ce65f KaK o6bI'-IHa5f BH3Ka5f )KH)J,

KOCTb ), B03MOJKHO, B )J,aJihHeHIIIeM II03BOJIHT 

pernHTh .D,pyrYJO <PYHJJ,aMeHTaJihHYJO npo6ne

MY MexaHHKH, .D,aTh O)J,H03Ha'-1Hoe onpe.D,ene

HHe IIOHHTH5f «HarrpH)f(eHH5f». 

0)1,Ha H3 3aµ:aq, KOTOpaH npecJie)J,OBa

nach aBTOpOM B 3TOH KHiffe - 3TO o6o3Ha'-IHTb 

HOBOe HanpaBJieHHe B rH)J,poreonornH, OCHO

BaHHoro Ha Heo6XO)J,HMOCTH HHTerpupoBaH

Horo no)J,Xo)J,a K perneHHIO npo6neM B H3yqe

HHH TCITJIOBoro H rH)J,pO)J,HHaMH'-ICCKoro pe

JKHMa rrry6oKHX BO)],, H np1rnneqb KaK MOJKHO 

6onee llIHpOKHH Kpyr HCCJIC)J,OBaTeJieH K pe

IIICHHIO npo6neM B 3TOH o6nacTH 3HaHHH. 

B 3TOH csu11, MOJKHO HaMeTHTh cne

)1,YJOW.He 3a)J,a'-IH )J,aJibHCHllIHX HCCJie)J,OBaHHH 

no H3yqemno TepMO)J,IrnaMH'-lecKoro ypasHe

HHH EepttynnH rrpHMeHHTeni.Ho K rrry6oKHM 

BO)J,aM: 

• rrepBhie )J,aHm.Ie no pacqery 3Hepro

MeTpHqeCKHX HanopoB B IOrO-BOCToqHoti qac-



TM 3aITa,n;Ho-CM6HpCKOH ITJIHTbI .n:ocTaToqHo 

xoporno IT0.n:rnep~a10Tc11 TOJibKO B noKanb

HOM IIJiaHe. B penrnttaJibHOM rmatte, ttecMoT

p11 Ha He6oJibllIOH o6'beM o6pa6oTaHHOH MH

¢opMaQJm, OTMeqaeTC11 pe3KOe pa3JIMqMe 06-

CTaHOBKM )J,BMJKeHM11 rny6oKHX BO,l( ITO KapTaM 

ITplme.n:eHHbIX HaITopoB M ITO OT,l(eJibHblM yqa

CTKaM 3HeproMeTJmqecKHX HaITopoB. 0KOH

qaTeJibHbie BhIBO,l(bI o npJlqHHax 3THX pacxo

~eHMii MO'IKHO 6y,ZJ,eT c,ZJ,enaTh nocne o6pa-

6oTKH H Bce:H HMe10w,e:Hc11 MttQ:>opMaU,HH B 

KOMTIJieKce c reoTepMHqecKHMH ,ZJ,aHHhlMH. 

Pernetttte 3TOH 3a.n:aqn MOJKeT Kap,D,HHaJibHO 

H3MeHHTh Hamn npe)J,CTaBJieHlfjl 0 ,ZJ,HHaMHKe 

,ll,BIDKeHJur BO)], H ¢opMHpOBaHHH TeTIJIOBOro 

pe)[(JIMa; 

• Heo6xo,ZJ,HMhI na6opaTopHbie oITpe.n:e

neHH.sI y,ZJ,eJibHhIX TeIIJIOeMKOCTeH IIJiaCTOBbIX 

BO,ll,bl, B oco6eHHOCTH, BbICOKOMMHepaJIH30-

BaHHhIX. HanpttMep, ,ZJ,JIH pacconoB BocToq

tto:H Ctt6ttpH c MHHepanH3au,tte:H .n:o 300 r/n. 

,[.t;n.sI BO,l( c COJieHOCTblO ,ll,O 40 r/n, B03MO'/KHO 

HCTIOJib30BaHHe Ta6JIMU, ITapaMeTpOB ,l(JI.s! MOp

CKOH BO,lJ,bI; 

• He HCKJIIOqeHo TaKJKe, 'ITO reorrorw

qecKm1 cyTh y.n:enhttoii TennoeMKOCTH rny6o

KHX BO,l( 3aBMCHT He OT OTHOIIIeHlfjl ITJIOTHO

CTH BO,lJ,bI K nopo.n:e 112.4, a OT OTHOIIIeHM.sI 

ITJiaCTOBOro ,ZJ,aBJieHlfjl K ropHOMY ,ZJ,aBJieHHIO. 

B 3TOM cnyqae B 30ttax aHOMaJibHblX ,ZJ,aBrre

HHH BMeCTO 1 Heo6xo.n:HMO HCITOJih30BaTh K0-

3Q:><f>ttu,HeHT aHOMaJihHOCTH nrracTOBOro .n:as

JieHH.sI; 

• IlOMHMO 3Toro He HCKJIJOqaeTC.sI B03-

MOJKHOCTh, qTo B 30Hax pe3KO BblpaJKeHHhIX 

ABIT,[.t;, Boo6w,e npowcxo.nwT HapyrneHMe KBa-

3MCTaTJlqeCKOH o6cTaHOBKH ( cyw,ecrneHHOe 

H3MeHeHHe ITJiaCTOBoro .n:aBJieHlfjl H ITJiaCTO

BOH TeMneparypbI B Teqettwe reonornqecKoro 

BpeMeHH) - OCHOBHOro ycJIOBHll npHMeHHMO

CTH TepMo,D,HHaMHqecKoro ypasHeHml Eep

nynnw; 

• Bhl3bIBaIOT HHTepec B03MOJKHOCTH 

rrpHMeHeHHll y.neJibHOH TernrneMKOCTH rrry6o

KHX BO,[( B rw.nporeOXHMJm; 

• cflopMJna pacqern y.n:enhHOH Terrrro

eMKOCTH rrry6oKHX BO.ll: MMeeT oqetth rpo

M03,[(KMH BM.JJ:, ITPM 3TOM He MCKJIIOqaeTC.sI 

B03MOJKHOCTb ee yITpOW,eHH.sI, myqMB ITpe,n:e

JihI rrorpernHOCTH OT)J,eJibHbIX 3HaqeHHH M 

rrpe,n:cTaBHB HX B BH,n:e KOHCTaHT. 

B u;enoM, ITepe)J, qttrnTeJieM ITpe.n:

cTaBJieHhI He rrpocTo <«l>H3JlqecKHe H reorro

rJlqeCKHe OCHOBhl H3yqettH.sI .ll:BIDKeHlfjl rrry-

6oKHX BO)].», a u,ena.sI MHpoB033peHqecKa.sI 
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KOHu;enQIDC aBTopa Ha myqeHHe 3aKOHOB pa3-

BMTH11, rrpOHCXO,[(jlllJ,HX B 3eMHOH Kope, Ha 

rrpHMepe ,lJ,BIDKeHlfjl ITO)J,3eMHbIX BO,[(. 

c O)J,HOH CTOpOHbl, B ITOCJie)J,HHe )J,eCll

THJieTH.sI .s!BHO HaMeTHJICH orpbIB reonorHH OT 

B03MOJKHOCTH HCITOJib30BaHlfjl xoporno pa3pa-

6oTaHHhIX <f>yH)J,aMeHTaJibHhlX OCHOB MexaHM

KH H iPtt3HKH, B qacTHOCTH, npH H3yqeHHH 

)J,BHJKeHHH BO)], B pe3KOHeO)J,HOpO)J,HOH <f>HJibT

paQHOHHOH cpe)J,e. c .n:pyro:H CTOpOHbl, B03-

MOJKHOCTb ITpHMetteHfil HeKOTOpbIX OCHOB 

COBpeMeHHOH Q:>tt3HKH OKa3aJIOCh ITpo6rreMa

THqHhIM, IlOCKOJibKY caMH OCHOBhl 5IBJIHCb 

.n:wceyccwoHHbIMH (ITpo6neMa pa3rpam1qettlfjl 

rnep,D,bIX Terr OT JKH,[(KOCTH H )J.p ), qTo rpe6o

BaJIO B nepBYJO oqepe.nh HX perneHfil. 

B TO JKe apeMH BbIBe,n:eHHM napa,n;oK

carrbHaH BeJrnqwtta - y)J.eJibHM TenrroeMKOCTb 

BO,l(hI B cttcTeMe c ITopo.n:oii n Hccrre,n:oBaHHe 

rrpHqHHhl ee HH3KOrO 3HaqeHMll IlOTpe60BaJIO 

BepHyThCR K o6cy~eHHIO o 3Ha1IeHHH reorro

rnw He KaK rrpwKJia,D,HOH ttayKH, a KaK HayKH, 

ttMe10w,e:H co6crneHHhie Q:>ytt.n:aMeHTaJibHhie 

3aKOHbI pa3BHTHH. Perne&tte Bcex npo6rreM 

reonorHH HeB03MO'/KHO penmTh TOJihKO Ha 6a-

3e coapeMeHHOH MexaHHKH H Q:>tt3HKH. I1o-

3TOMY reonorJlqecKne rrpou;ecc1>1 B .nattHoii 

pa6oTe rrpe,n:cTaBneHhI KaK KaqecTBetttto HHOH 

ypoBeHb pa3BHTlfjl MaTepHaJibHOro MHpa, XOTH 

M rrpoqHo om1paIOW,HHCH Ha 3aKOHhI MexaHH

qecKoro H <f>mttqecKoro MHpa. 

f eonorttqecKHe rrpoueccbr B )J,aHHOH 

pa6oTe rrpe,n:cTaBneHhI KaK npoMeJKYToqttoe 

3BeHO Me)[(.[(y <J:>mwqecKOH H 6ttoreHHOH qiop

MaMH ,[(BIDJ<emrn MaTepnw. IlpH 3TOM, BH,[(H

MO, He cnyqattHO, 1ITO B BbIBe,D,eHHOH reono

rttqecKOH 3aKOHOMepHOCTH HMeHHO so.n:a Hr

paeT KJII01IeBYIO pOJib. IloCKOJibKY HMeHHO 

Bo.n:a HBHJiaCh OCHOBOH C03).J:aHHH foioreHHhIX 

CHCTeM. Ilo3TOMY 3aKOHhI, B03HHKIIIHe B o.n:

HOH H3 rnaBHOH reonorwqecKOH CHCTeMhI BO

.n:a - nopo.ri:a, B .n:arrbtteiirneM 6bIJIH yttacrre.n:o

BaHbI 6MoreHHhIMH <j:JopMaMH H, B qacTHOCTH, 

MeXaHH3M aBTOperynnpoBaHHH TeMITeparypbI 

Ten. B 3Toii CBH3H, y aBTopa .n:aBHO c03pena 

IIOKa He ocyw,eCTBHMaH H,[(ell B03MOJKHOCTH, 

npoBepKH ITOJiyqeHHOH 3aBHCHMOCTH IIpHMe

HHTeJibHO K )[(JIBhIM opraHH3MaM. TeM caMhIM 

npH nonyqeHHH IIOJIOJKHTeJibHbIX pe3yJibTa

TOB B 3aroJIOBOK npn B03MO'/KHOM crre.l.J:YIOW,eM 

rrepem.naHMH KHHrH MOJKHO 6blJIO 6bI .n:o6a

BHTh rpeThlO COCTaBJIHIOllJ,YIO <«l>H3HqeCKHe, 

reonorMqecKHe H 6HoreHHhie ocHOBhI H3yqe

Hlfjl ,l(BIDKeHMll rrry6oKHX BO).J:». 



B 1aK!l1011e11ue 11eofixoOUMo ell(e pa:J 
CKa:Jamb om11ocumeJ1bHO <jJopMyJ1 Olla onpe
Oe.Jlenua cKopocmu u uanpa6J1e11ua noJ11y-
11eu </Jw-tbmpau,uu. ECJ1u </JopMylla cKopocmu 
noJ11y11eu </Jw-tbmpau,uu UMeem 11eKomopy10 
npufiJ1ume1111ocmb, mo om11ocumeJlbHO 
</JopMyllbt yOeJlbHOii menlloi!MKocmu myfio
KUX 600 y a6mopa Hem HUKllKUX COMHeHUU 6 
ee cyll(eCm606llllUU KOK 3llKOHOMep11ocmu, 
onucbt6a101J(eil 1aK011 nomylleit </JUllbmpa-

u,uu 600bl c 6Mell(alOIJ(W11 ffleJlOM UJIU 3QKOH 
a6mopezyRupo6a11ua meMnepamypbl mell. 
J(pyzoe OeJlo, limo 3mom 1aK011 ell(e 11e oo 
Konu,a c</JopMyJ1upo6a11, MemoOoJ1ozua ezo 
ofi11ac11e11ua, onuca1111wt 6 Knuze, xoma u 
co6nadaem c cyll(ecmay101J(UMU co6peMe11-
HblMU ofill(eMupo6011pe11l1ecKUMU nped
cma6J1e11UJ1Mu, 110 603Mom110, R6JU1emca 11e 
do KOllU,Q UCCJle006llHllOU. 

H, 11ecMompa 11a 3mo, 1a6epiuumb 3my Knuzy xollemca u,umamou 6btda10IJ(ezoca zudpo
zeo!loza yiuediuezo 6eKa, llJ1e11a Koppecno11de11ma PAH E.B. llu1111eKepa U3 1aK!l1011umeJlbHoii 
llacmu ezo noCJ1ed11eu pafiomb1 <<I'udpozeollozua ua nopoze XXI 6eKa» [86]. «Mne KaJtCemca, limo 
Mbl cmoUM 11a nopoze 6eJ1u11auiuux om«pb1muu, 11mo noMomem 1acJ1yme11110 6btd6u11ymb zudpo
zeoJ1ozu10 6 pad oucu,unllun, co1da10IJ(UX co6peMe1111y10 meopu10 3eMllU». B 3mou c6111u xollemca 
11adeambca, limo omKpb1mue 1a6ucW11ocmu ydeJ1b11ou mofiapuou menlloiiM«ocmu myfioKux 600 u 
ee OQJlblleiiiuee UCCJ1edo6a11ue fiydem Jl6JlJlfflbCR OdHll.111 U3 mex KOMHeii, C03dlllOIJ(UX </Jyni>a.MeHm 
C06peMeHHOU meopuu 3eMHOU KOpbl. 
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IlpHJIOa(eHHH .ll:JIH onpe,a:eJieHHH y,a:eJihHbIX 

H306apHblX TeUJIOeMKOCTeil: H o6'beMOB 

Bo,Ll;hl u BO.Ll;DHoro napa 

Ha OCHOBe HIDKerrpHBe,n:eHHblX Ta6nm-1 orrpe,n:emIIOTCj{ B 3aBHCHMOCTH OT ITJiaCTOBOro ,n:asne

ffflj{ H ITJiaCTOBOH TeMrreparypbI. 

y ,n:eJibH~ TerrnoeMKOCTb BO):lbl 

vi vi+ I v' - vi+! 
( i n - n /n p )' i ( i n+I n+I /n _ P. )) 
vn + 11 YIJI - i+l / - vn+l + P. - P. 11 YLJ1 Hi 

P; -P;+/ l Hi 
a=------------------------~ 

KmcpcpHI.\HCHT yrrpyroro C)J(aTHH 

- v(P; - 1';+1) 
K=-------------------------

; i i+I i+J 
i Vn -Vn+l i+I Vn -Vn+l 

Vn + (T"'' -Tn+l )-(vn + (TnR -Tn+I )) 
Tn -Tn+l Tn -Tn+l 

r,n:e P; H P;+ 1 - 6rr113rre:>R:am11e ,n:asnenm1, B HHTepsane KOTOpbIX naxo,n:ttTCM rmacToBoe ,n:asnem1e; Tn tt 

Tn, r 6ntt3Jie)J(amHe TeMrreparypbr, B HHTepsane KOTOpbIX Haxo,n:HTca rmacTosasr TeMneparypa; en', 
Cnicl' Cn,/ H Cn+/ 1- 6JIH3JTC)J(amHe y,n:eJibHbie TennoeMKOCTH, B llHTepsane KOTOpbIX naxo,n:HTCM HCKO-

.. i i+l i i+l 6 
M~ y,n:eJTbHaM TerrnoeMKOCTb BO):lbl B ITJiaCTOBbIX ycrrosmrx; Vn' Vn ' VnLJ 11 Vnc-] - JTH3Jie)J(amIIe 

y,n:eJibHble o6'beMbI BO):lbl, B llHTepsane KOTOpbIX Haxo,n:HTCM llCKOMbIH y,n:eJibHbIH o6neM nJiaCTOBOH 

BO,n:hr; Vo -y,n:eJTbHblH o6neM BO):lbl B CTaH,n:apTHbIX ycnOBHj{X, 1,0003 CM3/r. 
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Me:J1COyHapodHble mepModuHGMUtJ.ecKue ma6JlUlfbl 
o ~ 6 o a Y• ellbHOU U30 apHou mewweMKocmu 60 bl u 60 'R.Hozo napa 

/{a6lleHue, 6ap 

t, 0 c 0.1 I 1 I 5 I JO I 20 I 25 I 30 I 40 I 50 I 60 I 70 I 75 I 80 I 90 
0 4,218 4,217 4,215 4,212 4,207 4,204 4,202 4,196 4,191 4,186 4,181 4,179 4,176 4,170 

50 4,292 4,181 4,180 4,179 4,176 4,175 4,174 4,172 4,170 4,167 4,165 4,164 4,163 4,161 

JOO 1,910 2,038 4,215 4,214 4,211 4,210 4,209 4,207 4,205 4,202 4,200 4,199 4,198 4,196 

120 1,913 2,007 4,244 4,243 4,240 4,239 4,238 4,235 4,233 4. 230 4,228 4,227 4,226 4,223 

140 1,918 1,984 4,285 4,283 4,280 4,279 4,277 4,275 4,272 4,269 4,266 4,265 4,263 4,261 

160 1,926 1,977 2,287 4,337 4,334 4,332 4,330 4,327 4,323 4,320 4,317 4,315 4,313 4,310 

180 1,933 1,974 2,198 2,613 4,403 4,401 4,399 4,395 4,390 4,386 4,382 4,380 4,378 4,374 

200 1,944 1,975 2,144 2,433 4,494 4,492 4,489 4,483 4,477 4,472 4,466 4,464 4,461 4,456 

220 1,954 1,979 2,108 2,316 2,939 4,613 4,609 4,601 4,593 4,586 4,578 4.575 4,571 4,564 

240 1,964 1,985 2,087 2,242 2,674 2,967 3,336 4,763 4,752 4,741 4,731 4,725 4,720 4,710 

260 1,976 1,993 2,074 2,194 2,505 2,707 2,944 3,582 4,981 4,964 4,948 4,940 4,932 4,917 

280 1,987 2,001 2,067 2,163 2,395 2,539 2,704 3,716 3,683 4,514 5,280 5,270 5,250 5,230 

300 1,999 2,010 2,065 2,141 2,321 2,427 2,548 2,834 3,199 3,679 4,338 4,770 5,310 5,750 

320 2,011 2,021 2,066 2,126 2,268 2,351 2,440 2,649 2,903 3,217 3,610 3,847 4,118 4,804 

340 2,024 2,032 2,071 2,122 2,239 2,304 2,375 2,536 2,723 2,943 3,207 3,359 3,526 3,918 

350 2,030 2,038 2,075 2,125 2,235 2,296 2,360 2,504 2,670 2,861 3,084 3,212 3,350 3,662 

360 2,037 2,044 2,080 2,127 2,231 2,288 2,346 2,478 2,625 2,793 2,985 3,106 3,216 3,472 

365 2,040 2,048 2,082 2,128 2,227 2,281 2,338 2,462 2,602 2,759 2,938 3,028 3,134 3,374 

370 2,043 2,050 2,084 2,128 2,222 2,274 2,328 2,446 2,578 2,725 2,891 2,973 3,072 3,293 

375 2,046 2.053 2,085 2,127 2,218 2,266 2,317 2,428 2,552 2,690 2,845 2,928 3,018 3,218 

380 2,049 2,056 2,087 2,127 2,212 2,259 2,307 2.412 2,528 2,657 2,802 2,836 2,964 3,148 

385 2,052 2,059 2,088 2,126 2,207 2,251 2,297 2,396 2,505 2,627 2,762 2,880 2,913 3,083 

390 2,056 2,061 2.090 2,125 2,202 2,244 2,288 2,381 2.486 2,600 2,726 2,795 2,867 3,025 

395 2,059 2,065 2,091 2,125 2,200 2,239 2,280 2,369 2,467 2,575 2,694 2,758 2,826 2,973 

400 2,062 2,068 2,093 2,126 2,197 2,234 2,273 2,358 2,451 2,553 2,665 2,726 2,789 2,926 

t, °C 
,l(a6Jle11ue, 6ap 

JOO I 110 I 120 I 125 I 130 I 140 I 150 I 160 I 170 I 175 I 180 I 190 I 200 

0 4,165 4,160 4,156 4,153 4,151 4,146 4,141 4,136 4,131 4,129 4,127 4,122 4,117 

50 4,158 4,156 4,154 4,153 4,152 4,150 4,148 4,145 4,143 4,142 4,141 4,139 4,137 

100 4,194 4,192 4,189 4,188 4,187 4,185 4,183 4,181 4,179 4,178 4,177 4,175 4,173 

120 4,221 4,218 4,216 4,215 4,214 4,212 4,209 4,207 4,205 4,204 4,202 4,200 4,198 

140 4,258 4,255 4,252 4,251 4,250 4,247 4,245 4,242 4,240 4,238 4,237 4,234 4,232 

160 4,307 4,304 4,300 4,299 4,297 4,294 4,291 4,288 4,285 4,283 4,282 4,279 4,276 

180 4,370 4,366 4,361 4,360 4,358 4,354 4,350 4,346 4,342 4,340 4,339 4,335 4,331 

200 4,450 4,445 4,440 4,438 4,435 4,430 4,425 4,420 4,416 4,413 4,411 4,406 4,402 

220 4,557 4,550 4,542 4,540 4,535 4,530 4,523 4,517 4,511 4,508 4,504 4,498 4,492 

240 4,700 4,690 4,680 4,676 4,672 4,662 4,653 4,645 4,636 4,632 4,628 4,619 4,611 

260 4,902 4,887 4,872 4,866 4,859 4,846 4,832 4,820 4,807 4,801 4,795 4.783 4,772 

280 5,20 5,18 5.16 5,14 5,13 5,ll 5,09 5,07 5,05 5,04 5,03 5,01 4,997 

300 5,70 5,66 5,62 5,59 5,57 5,53 5,50 5,46 5,43 5,41 5,39 5,36 5,33 

320 5,79 7.38 6,51 6,46 6,41 6,32 6,23 6,15 6,08 6,05 6,01 5,95 5,89 

340 4,412 5,06 5,94 6,,52 7,25 9,48 8,14 7,82 7,57 7,45 7,35 7,17 7.01 

350 4,043 4,516 5,12 5,49 5,93 7,07 8,86 12,24 9,64 9,27 8,96 8,47 8,10 

355 3,899 4,312 4,829 5,14 5,50 6,40 7,70 9,77 13,88 18,45 11,07 9,92 9.20 

360 3,769 4,132 4.578 4,843 5,14 5,87 6,86 8,31 10,66 12,57 15,63 13,61 11,37 

365 3,655 3,981 4,362 4,578 4,822 5,40 6,15 7,18 8,73 9,84 11,34 17,20 19.72 

370 3,546 3,836 4,178 4,374 4,583 5,08 5,69 6,50 7,62 8,36 9,28 12,09 18.38 

375 3,446 3,710 4,015 4,188 4,376 4,806 5,33 6,00 6,86 7.40 8,05 9,79 12.71 

380 3,356 3,594 3,869 4,022 4,189 4,566 5,02 5,57 6,26 6,68 7,17 8,39 10.19 

385 3,274 3,191 3,739 3,576 4,024 4,357 4,750 5,22 5,79 6,13 6,50 7,43 8.68 

390 3,201 3,401 3,626 3,749 3,882 4,177 4,520 4,923 5,40 5,68 5,99 6.72 7 .65 

395 3,137 3,319 3,524 3,636 3,756 4,021 4,325 4.675 5,09 5,32 5.58 6,17 6.90 

400 3,078 3,246 3,435 3,537 3,615 3,885 4,155 4,465 4,822 5,02 5.24 5.73 6.33 i 
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t, 'C 
/(a6lleHue, 6ap 

205 I 210 I 215 I 220 I 225 I 230 I 235 I 240 I 245 I 250 I 255 I 260 I 270 I 280 

0 4,115 4,113 4,110 4,108 4,106 4,103 4,101 4,099 4,097 4,095 4,092 4,090 4,086 4,082 

50 4,136 4,135 4,134 4,133 4,132 4,131 4,130 4,129 4,128 4,127 4,126 4,125 4,123 4,121 

JOO 4,172 4,171 4,170 4,169 4,168 4,167 4,169 4,165 4,164 4,163 4,162 4,161 4.159 4,157 

120 4,197 4,196 4,195 4,194 4,193 4,192 4,190 4,189 4,188 4,187 4,186 4,185 4,183 4,181 

140 4,231 4,229 4,228 4,227 4,226 4,224 4,223 4,222 4,221 4,220 4,218 4,217 4,215 4,212 

160 4,274 4,273 4,271 4,270 4,268 4,267 4,265 4,264 4,262 4,261 4,200 4,258 4,255 4,252 

180 4.329 4,328 4,326 4,324 4,322 4,320 4,319 4,317 4,315 4,313 4,312 4,310 4,306 4,303 

200 4,399 4,397 4,395 4,393 4,390 4,388 4.386 4,384 4,382 4,379 4,377 4,375 4,371 4,367 

220 4,489 4,489 4,484 4,481 4,478 4,475 4,472 4,469 4,466 4,464 4,461 4,458 4,452 4,417 

240 4,607 4,603 4,599 4,595 4,591 4,588 4,584 4,580 4,576 4,572 4,569 4,565 4,558 4,551 

260 4,766 4,760 4,755 4,749 4,744 4,738 4,733 4,728 4,722 4,717 4,712 4,707 4,697 4,687 

280 4,988 4,979 4,971 4,963 4,955 4,947 4,939 4,931 4,923 4,916 4,908 4,901 4,886 4,872 

300 5,32 5,31 5,29 5,28 5,26 5,25 5,24 5,23 5,21 5,20 5,19 5,18 5,16 5,13 

320 5,87 5,84 5,81 5,79 5,76 5,74 5,72 5,69 5,67 5,65 5,63 5,61 5,57 5,53 

340 6,93 6,87 6,80 6,74 6,68 6,63 6,58 6,53 6,48 6,43 6,39 6,35 6,27 6,20 

350 7.95 7,81 7,68 7,56 7,45 7,35 7,26 7,17 7,09 7,02 6,94 6,88 6,76 6,64 

360 10,70 10,18 9,76 9,40 9,10 8,84 8,62 8,41 8,23 8,07 7,93 7,79 7.56 7,36 

365 15, 74 13,77 12,52 1/,62 10,94 10,40 9,95 9,58 9,26 8,99 8,75 8,54 8,18 7,89 

370 26,97 75,67 24.49 18,38 15,56 13,84 12,66 11, 79 11,11 10,56 10,11 9,73 9,12 8,66 

375 15,13 19,03 26,74 52,7 81,49 29,52 21,18 17,44 15,24 13,76 12,68 11,86 10,67 9,84 

380 11,46 13,14 15,52 19,19 25,71 40,93 106,9 68,38 36,86 23,37 19,02 16,47 13,51 11,82 

385 9,49 10,49 11,74 13,38 15,62 18,88 24,07 33,38 52,1 73,1 49,93 32,53 20,07 15,52 

390 8,23 8,90 9,71 10,68 ll,88 13,42 15.44 18,21 22,16 28,04 36,61 46,18 38,02 23,89 

395 7,34 7,83 8,40 9,06 9,84 JO, 77 ll,90 13,29 15,05 17,31 20,26 24,10 33,71 35,00 

400 6,67 7,06 7,49 7,97 8,53 9,16 9,90 10, 76 11,79 13,02 14,50 16,32 21,JJ 26,90 

t,'C /J,aMeHue, 6ap 

290 I 300 I 310 I 320 I 330 I 340 I 350 I 360 I 370 I 380 I 390 I 400 I 420 I 440 I 460 

0 4,077 4,073 4,039 4,061 4,050 4,056 4,052 4,048 4,044 4,040 4,036 4,032 4,024 4,016 4,008 
50 4,119 4,117 4,I15 4,ll3 4,111 4,109 4,107 4,105 4.101 4,102 4,100 4,098 4,094 4,091 4,087 
JOO 4,155 4,153 4,151 4,150 4,JJ8 4,ll6 4,144 4,142 4,140 4,138 4,136 4,135 4,131 4,127 4,124 
120 4,179 4,177 4,174 4,172 4.170 4,168 4,166 4,164 4,162 4,160 4,1,58 4,156 4,152 4,148 4,115 
140 4,210 4,208 4,205 4,203 4,200 4,193 4,196 4,194 4,191 4,189 4,187 4,185 4,180 4,176 4,172 

160 4,250 4,247 4,244 4,242 4,239 4,233 4,233 4,231 4,228 4,226 4,223 4,220 4,215 4,210 4,205 
180 4,300 4,295 4,293 4,290 4,287 4,283 4,280 4,277 4,274 4,271 4,268 4,265 4,259 4,253 4,247 
200 4,362 4,358 4,354 4,350 4,346 4,342 4,338 4,334 4,331 4,327 4,323 4,319 4,312 4,305 4,298 

220 4,442 4,437 4,431 4,426 4,421 4,416 4,1 ll 4,406 4,402 4,397 4,392 4,388 4,379 4,370 4,361 
240 4,544 4,537 4,530 4,521 4,517 4,511 4,504 4,498 4.492 4,486 4,480 4,474 4,462 4,451 4,440 
260 4,678 4,659 4,659 4,650 4,612 4,633 4,624 4,616 4,608 4,600 4,592 4,584 4,509 4,555 4,540 
280 4,858 4,845 4,832 4,819 4,807 4,795 4,783 4,771 4,769 4,749 4,738 4,728 4,707 4,688 4,669 
300 5,11 5,09 5,07 5,05 5,04 5,02 5,00 4,983 4,957 4,951 4,935 4,920 4,891 4,863 4,837 
320 5,50 5,46 5,43 5,40 5,37 5,34 5 32 5,29 5,26 5,24 5,21 5,19 5,15 5,11 5,07 
340 6,13 6,07 6,01 5,95 5,90 5,85 5,89 5,76 5,72 5,68 5,64 5,60 5,53 5,46 5,40 

350 6,54 6,45 6,35 6,29 6,21 6,15 6,08 6,02 5,96 5,90 5,85 5,81 5,72 5,64 5,57 
360 7,18 7,03 6,89 6,77 6,66 6,55 6,47 6,38 6,30 6,23 6,16 6,10 5,98 5,88 5,79 

365 7,64 7,43 7,25 7,09 6,95 6,82 6,71 6,60 6,51 6,42 0,34 6,27 6,14 6,02 5,91 
370 8,28 7,98 7,72 7,50 7,31 7,15 7,00 6,87 6.78 6,67 6,57 6,48 6,33 6,19 6,07 
375 9,23 8,76 8,33 8,07 7.80 7,58 7,39 7,21 7,05 6,93 6,81 6,70 6,50 6,34 6,20 
380 10.70 9,90 9,30 8,83 8,45 8,13 7,87 7,64 7,43 7,26 7,11 6,97 6,73 6,54 6,37 
385 13.16 11,68 10,65 9,90 9,32 8,86 8,49 8,17 7,91 7,68 7,48 7,30 7,00 6,76 6,56 
390 17,74 14,60 12, 73 II,47 10,56 9,86 9.32 8,83 8,50 8,20 7,93 7,71 7,33 7,04 6,79 
395 26,10 19,68 16,00 13,75 12,26 11,19 10,39 9,76 9,26 8,84 8,49 8,19 7,71 7,34 7,05 
400 29,49 25,71 20,72 17,08 14,65 12,98 11,79 10.90 10,19 9,63 9,17 8,78 8,17 7,70 7,34 
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epMO 6 UHGMU'leCKG51, ma 'llUlfO Vi eJlb1-1020 0 6 oeMa 60 bl u 60 '51.Ho20 napa 

}1,a6lleHue, TeMnepamypa, °C 
Mila 25 50 100 150 200 250 300 350 400 450 500 

0,1 1,0031 1,0121 1695 1937 2172 2405 2638 2871 3102 3334 3565 
1 1,0027 1,0!17 1,0430 1,0902 206,0 232,6 257,8 282,2 306,5 330,3 359,9 
5 1,0008 1,0098 1,0408 1,0870; 1,1530 1,2492 45,39 51,95 57,81 63,32 68,58 
10 0,9987 1,0075 1,0386 1,0845 1,1482 1,240 1,3970 22,46 26,45 29,78 32,81 
15 0,9966 1,0054 1,0363 1,0815 1,1439 1,2330 1,3771 11,50 15,68 18,47 20,80 
20 0,9943 1,0033 1,0339 1,0784 1,1393 1,2256 1,3598 1,665 9,98 12,72 14,78 
25 0,9921 1,0012 1,0316 1,0753 1,1349 1,2183 1,3446 1,602 6,02 9,17 11,I 1 
30 0,9899 0,9992 1,0293 1,0722 1,1305 1,2115 1,3311 1,556 2,83 6,72 8,119 
35 0,9875 0,9971 1,0267 1,0697 1,127 1,205 1,319 1 522 2,130 4,906 6,953 
40 0,9858 0,9951 1,0248 1,0665 1,1225 1,199 1,308 1,489 1,919 3,691 5,627 
45 0,9837 0,9931 1,0226 1,0638 1,119 1,193 1,298 J,463 1,810 2,920 4,637 
50 0,9817 0,9911 1,0204 1,0610 1,115 1,187 1,288 1,443 1,736 2,492 3,892 
60 0,9776 0,9872 1,0161 1,0511 1,107 1,176 1,270 1,409 1,638 2,085 2,955 
70 0,9737 0,9834 1,0119 1,051 1,101 1,166 1,255 1,382 1,572 1,894 2,465 
80 0,9700 09798 1,0080 1,046 1,094 1,157 1,240 1,358 1,522 1,774 2,189 
90 0,9663 0,9763 J,0041 1,041 1,088 1,148 1,228 1,337 1,482 1,691 2,015 
100 0,9635 0,9733 1,0020 1,036 1,082 1,140 1,214 1,312 1,444 1,631 1,894 
110 0,9602 0,9700 0,9966 1,032 1,076 1,132 1,203 1,294 1,416 1,581 1,804 
120 0,9569 0,9668 0,9930 1,028 1,070 1,125 1,192 1,278 1,390 1,539 1, 737 
130 0,9537 0,9637 0,9896 1,023 1,066 1,118 1,183 1,264 1,368 1,503 1,677 
140 0,9506 0,9606 0,9862 1,020 1,061 1,111 1,174 1,251 1,349 1,473 1,629 
150 0,9475 0,9576 0,9830 1,016 1,056 J,105 1,165 1,239 1,331 1,446 1,588 
160 0,9445 0,9546 0,9798 1,012 1,051 1,099 1,157 1,227 1,314 1,421 1,553 
170 0,9416 0,9517 0,9767 1,008 1,047 1,093 1,149 1,217 1,299 1,399 1,521 
180 0,9387 0,9489 0,9731 1,005 1,042 1,087 1,141 1,206 1,285 1,380 1,493 
190 0,936 0,946 0,971 1,001 1,038 1,082 1,134 1,197 1,272 1,362 1,468 
200 0,933 0,943 0,968 0,998 1,034 1,077 1,128 1,188 1,260 1,345 1,445 
220 0,928 0,938 0,9112 0,991 1,026 1,067 1,115 1,171 1,237 1,315 1,405 
240 0,923 0,933 0,957 0,985 1,018 1,058 1,103 1,156 1,218 1,289 1,371 
260 0,918 0,928 0,951 0,979 1,011 1,045 1,092 l,142 1,200 1,266 1,341 
280 0,913 0,923 0,946 0,973 1,004 1,040 1,082 1,129 1,183 1,245 1,314 
300 0,908 0,919 0,941 0,968 0,998 1,033 1,072 1,117 1,168 1,226 1,291 
320 0,904 0,914 0,937 0,962 0,992 1,025 1,063 1,106 1,155 1,209 1,263 
340 0,900 0,910 0,932 0,957 0,986 1,018 1,055 1,096 1,142 1,193 1,250 
360 0,895 0,906 0,928 0,952 0,980 1,012 1,047 1,086 1,130 1,178 1,232 
380 0,891 0,902 0,923 0,948 0,975 1,005 1,039 1,077 1,119 1,165 1,216 

400 0,888 0,898 0,919 0,943 0,970 0,999 1,032 1,068 1,108 1,152 1,201 
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MopcKoii BO.r.LI II ee pacTBOpOB 
Ta6Jlulfa yoeJ1b11ou U306ap11ou men;zoeMKocmu MopcKOU eoobz npu amMocrjJep110M oaeJ1e11uu 

(c Kj(:JK:!Kz*K) '/)' 

t, °C S,%0 
0 5 10 15 20 25 30 32 34 35 36 38 40 

-2 3,984 3,979 3,968 3,957 
-I 4,075 4,043 4,013 4,001 3,99 3,984 3,979 3,968 3,957 
0 4,2174 4,1812 4.1466 4,113 4,0804 4,0484 4,0172 3,9865 3,9564 

4,2205 4,1497 4,0831 4,0199 3,9601 
4,217 4,179 4,142 4,107 4,074 4,043 4,013 4,002 3,99 3,985 3,979 3,968 3,957 
4,208 4,132 4,074 4,032 4,003 3,973 3,952 3,927 3,894 

1 4,214 4,176 4,14 4,106 4,074 4,043 4,013 4,002 3,991 3,985 3,98 3,968 3,958 
2 4,21 4,174 4,138 4,105 4,073 4,042 4,013 4,002 3,991 3,985 3,98 3,969 3,958 
5 4,2019 4,1679 4,1354 4,1038 4,073 4,0428 4,0132 3,9842 3,9556 

4,202 4,168 4,135 4,103 4,072 4,042 4,014 4,003 3,992 3,986 3,981 3,97 3,959 
4,199 4,124 4,055 4,024 3,994 3,969 3,944 3,919 3,885 

JO 4,1919 4,1599 4,1292 4,0994 4,0702 4,0417 4,0136 3,9861 3,959 
4,1949 4,1334 4,0741 4,0178 3,9638 
4,192 4,161 4,13 4,1 4,071 4,042 4,015 4,004 3,993 3,988 3,983 3,972 3,962 
4,191 4,ll6 4,061 4,019 3,986 3,96 3,936 3,911 3,881 

15 4,1855 4,1553 4,1263 4,0982 4,0706 4,0437 4,0172 3,9912 3,9655 
4,186 4,157 4,128 4,099 4,071 4,073 4,016 4,006 3,995 3,99 3,985 3,975 3,965 
4,187 4,112 4,053 4. Oil 3,982 3,957 3,931 3,906 3,877 

18 4,187 4,112 4,053 4,011 3.982 3,957 3,931 3,902 3,877 
20 4, 1816 4,1526 4,1247 4,0975 4,0709 4,0448 4,019 3,9937 3,9688 

4,1849 4,128 4, 0741 4,022 3,9718 
4,182 4,154 4,126 4,098 4,071 4,045 4,018 4,008 3,938 3,993 3,988 3,978 3,968 
4,182 4,107 4,049 4,007 3,978 3,952 3,927 3,902 3,873 

4,159 4,131 4,105 4,078 4,05 4,023 4,012 3,998 3,993 3,988 3,978 3,968 
25 4,1793 4,1513 4, 1242 4,0977 4,0717 4,0462 4,021 3,9962 3,9718 

4,179 4,153 4,126 4,099 4,072 4,046 4,02 4,01 4 3,995 3,991 3,981 3,972 
4,179 4.103 4,049 4,007 3,943 3,948 3,923 3,898 3,869 

30 4,1782 4,151 4, 1248 4,0992 4,077 4,0494 4,0251 4,0011 3,9775 
4,1815 4, 1279 4,0767 4,027 3,9788 
4,178 4,152 4,126 4,1 4,074 4,048 4,023 4,013 4,003 3,999 3,994 3,985 3,976 
4,179 4,103 4,075 4,003 3,973 3,948 3,923 3,898 3,865 

35 4,1779 4, 15!1 4,1252 4,0999 4,0751 4,0508 4,0268 4,0031 3,9797 
40 4,1783 4,1515 4,1256 4,1003 4,0754 4,0509 4,0268 4,003 3,9795 

4,18 4,129 4,078 4,03 3,983 
* 1 3KcnepUMeHmOJlbHbJe dGHHble. 

*2 Bb11.1ucJ1eHo HG OCHOBGHUU </JopMyJI: 

Cp (1<GJ1!z*K)=l,005-0,0004226t+ 0,00000632lt 2 {961 
Cp (1<0JLlz*K)=l,005-0,004/36S +0,0001098S 2 -0,000001324S 3 {57/. 

Ta6!lulJa yiJe!lbHou u3oxopr1ou mennoeMKocmu Mopowu eoiJbz npu amMocrjJepr10M iJa6Jler1uu 

(c.,,, K/(:JJC!Kz*K) 

t, °C S,%. 
0 5 10 15 20 25 30 35 40 

0 4,2149 4,18 4,1461 4,1129 4,0804 4,0482 4,0165 3,9851 3,954 
5 4,2019 4, 1673 4, 1341 4,1016 4,0697 4,0382 4,0071 3,9765 3,9461 

10 4,1873 4, 1538 4,1215 4,0899 4,0589 4,0284 3,998"2 3,9686 3,9392 
15 4,1715 4,1391 4, 108 4,0777 4,0478 4,0186 3,9898 3,9614 3,9332 
20 4,1543 4, 1229 4,0929 4,0631 4,0341 3,0056 3,9773 3,9495 3,9221 
25 4,1356 4,1053 4,0759 4,047 4,0186 3,9906 3,963 3,9357 3,9087 
30 4,1152 4,0864 4,058 4,0302 4,0026 3,9756 3,9488 3,9222 3,8957 
35 4,0945 4,0659 4,0381 4,0106 3,9835 3,9568 3,9302 3,9038 3,8775 
40 4,0724 4,044 4,0163 3,989 3,9618 3,9348 3,9079 3,881 3,8541 
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Ta6JZUlfbl K03p<jJU2fUeHmoe menJ/06020 pacumpeHU5/, MOpCKOU 600bl u pacmeopoe (10-6K 1) 

a) Millero, Gonzalez, Ward, 1976 - U3Mepe1w 11a pacmeo ax MopcKoii eoObl n u amAtoc e 110)\1 oae11enuu: 

t, 0 c S,%0 
0 5 10 15 20 25 30 35 40 

0 -68,J -48,4 -30,4 -13,3 3,3 19,5 35,6 51,5 67,4 
5 16,0 31,9 46,8 60,9 74,6 87,9 100,8 l/3,5 125,9 

JO 87,9 100,6 112,8 124,4 135,6 146,4 156,8 166,8 176,4 
15 150, 7 160,8 170,6 180,0 189,l 197,8 206,1 214,0 221,5 
20 206,6 214,4 222,2 229,8 237,0 244,0 250, 7 257,0 262,9 
25 257,1 263,1 269,0 274,9 280,6 286,2 291,5 296,7 301, 7 
30 303,1 307,7 312,1 316,1 320,8 325,1 329,5 333,9 338,4 
35 345, 7 349,1 352,0 354,9 358,0 361,4 365,1 369,2 373,6 
40 385,4 387,8 389,4 391,0 393,9 395,4 398,6 402,6 407,4 

6 Chen,Millero,1976 - U3Me eHo 11a acmeo ax MO CKOU 600bl n US =35%o, noo Oae11e11UeM: 
-amM, 

JO 4 Ila 0°C 5°C 10°C 15° c 20°C 25° c 30° c 35° c 40° c 
0 51,5 113,5 166,8 214 257 296,7 333,9 369,2 402,6 

1000 79,1 135,6 184,4 227,9 267,6 304,6 339,4 372,5 404,1 
2000 104,8 156,4 201,1 241,2 277,9 312,3 344,9 376,1 405,8 
3000 129 176,1 217 253,8 287,9 319,9 350,4 379,7 407,9 
4000 151,6 194,5 232 265,9 297,4 327,3 355,9 383,4 410,1 
5000 172,7 211,9 246,2 277,4 306,6 334,4 361,2 387,2 412,4 
6000 192,6 228,3 259,6 288,3 315,3 341,2 366,4 390,9 414,8 
7000 211,l 243,7 272,3 298,7 323,7 347,8 371,4 394,5 417,2 
8000 228,5 258,2 284,3 308,5 331,7 354,2 376,3 398,l 419,6 
9000 244,8 271,8 295,6 317,8 339,2 360,2 380,9 401,5 421,9 
10000 260,l 284,6 306,3 326,6 346,3 365,8 385,3 404,7 424 

e) Fine, Wan ,Millero, 1976 - ew1uc11e110 OJlJI S=35%o: 
-amM, 

JO 4 Ila 0°C 5° c 10° C 15° c 20°C 25°C 30°C 

0 51,52 113,91 167,22 214,21 256,92 296,82 335,03 
1000 78,79 136,13 185,03 228,19 267,54 304,56 340,37 
2000 104,43 157,1 201,93 241,52 277, 75 312,09 345,68 
3000 128,5 176,87 217,95 254,23 287,58 319,45 350,99 
4000 151,51 195,51 233,14 266,37 297,07 326,66 356,33 
5000 172,17 213,05 247,52 277,97 306,23 333,74 361, 71 
6000 191,88 229,53 261,14 289,06 315,09 340, 72 367,17 
7000 210,25 245 274,03 299,66 323,69 347,63 372,72 
8000 227,31 259,5 286,22 309,8 332,05 354,48 378,38 

9000 243,13 273,05 397, 75 319,51 340,17 361,29 384,17 

10000 257,73 285, 71 308,63 328,8 348,1 368,07 390,1 

us = 34, 702%0: z) Caldwell, Tucker, 1970 - U3MepeHO Ha UCKyccmee11Hoii MOTJCKOU eooe nf)i 
EllU3 1° C DJlU3 2,4° c 

t, °C P,10 • Ila a,10-° K-' t, °C P,10" Ila a,10_, K-1 

1,252 3369 0,1471 2,617 4016 0,1777 
0,923 5213 0,1893 2,393 6737 0,2238 
0,949 5215 0,1876 2,246 10452 0,2825 
0,987 5518 0,1933 
0,877 6210 0,203 
0,837 7628 0,2316 EJlU3 17,4° c 
0,75 8257 0,2394 

0,754 8263 0,2409 17,496 amM 0,2392 
0,762 8263 0,2368 17,415 3858 0,2843 
0,656 10586 0,2788 17,385 7006 0,3195 
0,624 11798 0,299 17,342 10327 0,3555 
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Ta6JlUlfbl K03ipipu4ue11moe U30mepMU'JeCK020 CJ/Camt/51, MOpCKOU 800bl u ee pacmeopoe 
(B1; 10 -6 o6ap-1) 

5° c 10° c 15° c 20° c 30° c 35° c 40° c 
4,505 4,403 4,323 4,26 4,18 4,159 4,147 
4,391 4,294 4,218 4,158 4,079 4,057 4,044 
4,28 4,189 4,117 4,059 3,982 3,959 3,946 
4,174 4,088 4,019 3,964 3,889 3,866 3,851 

4000 4,17 4,071 3,99 3,924 3,872 3,799 3,776 3,761 
5000 4,065 3,972 3,896 3,833 3,783 3,743 3,712 3,69 3,675 
6000 3,964 3,876 3,804 3,745 3,697 3,659 3,629 3,607 3,592 
7000 3,866 3, 784 3,716 3,66 3,614 3,578 3,549 3,528 3,513 
8000 3,771 3,694 3,53 3,577 3,534 3,499 3,472 3,452 3,437 
9000 3,68 3,608 3,547 3,497 3,457 3,424 3,398 3,378 3,364 

10000 3,592 3,524 3,467 3,42 3,382 3,351 3,326 3,308 3,295 

6 Fine, Wan , Millero, 1976, - ew1uc1te1-10 ORR S = 35% a: 
P- amM), 

10 4 Ila 0°C 5° c 10° c 15° c 20° c 25° c 30° c 
0 4,6326 4,5055 4,4029 4,3216 4,2659 4,2124 4,1796 

1000 4,5109 4,3911 4,294 4,2168 4, 1568 4,1119 4,0797 
2000 4,3935 4,2808 4,1889 4,1154 4,058 4,0146 3,9829 
3000 4,2802 4,1742 4,0874 4,0175 3,9625 3,9204 3,8891 
4000 4,1709 4,0713 3,9894 3,9229 3,8701 3,8291 3, 7981 
5000 4,0653 3,9719 3,8946 3,8314 3, 7807 3,7407 3, 7098 
6000 3,9632 3,8759 3,803 3,7429 3,6941 3,6551 3,6241 
7000 3,8646 3,783 3, 7143 3,6572 3,6102 3,572 3,541 
8000 3, 7692 3,6932 3,6286 3,5743 3,529 3,4915 3,4602 
9000 3,6769 3,6063 3,5456 3,494 3,4503 3,4133 3,3818 

10000 3,5877 3,5221 3,4652 3,4161 3,3739 3,3375 3,3057 

e) Miller a, Kubinski, 1975 - 6bl'1UCJ1e1w OllR 1 cma11oa mHoii amMoc e bl: 
t, °C S. %0 

0 5 JO 15 20 25 30 35 40 
0 5,0885 5,0178 4,9497 4,8834 4,8191 4, 7556 4,6938 4,6333 4,5739 
5 4,9170 4,8538 4, 7929 4, 7335 4,6755 4,6185 4,5626 4,5075 4,4534 

JO 4,7810 4, 7237 4,6682 4,6141 4,5610 4,5088 4,4574 4,4067 4,3567 
15 4,6736 4,6207 4,5694 4,5192 4,4700 4,4214 4,3735 4,3262 4,2795 
20 4,5895 4,5400 4,4918 4,4447 4,3983 4,3526 4,3075 4,2630 4,2189 
25 4,5250 4,4780 4,4323 4,3874 4,3436 4,2998 4,2569 4,2147 4,1729 
30 4,4774 4,4322 4,3883 4,3452 4,3028 4,2612 4,2202 4,1798 4,1399 

35 4,4444 4,4006 4,3580 4,3164 4,2755 4,2354 4,1960 4, 1573 4, 1192 
40 4,4243 4,3815 4,3401 4,2997 4,2602 4,2215 4,1837 4, 1466 4,1102 

2 Le le, Millero, e HOM OG6JleHUU: 
t, °C S, %0 

0 6,14 11,8 14,75 21,01 24,52 29,38 34,25 35 
0 5,089 5,007 4,925 4,884 4,814 4,763 4,701 4,649 4,632 
5 4,917 4,842 4,770 4,730 4,671 4,625 4,562 4,517 4,503 

JO 4,781 4, 710 4,643 4,611 4,559 4,517 4,462 4,415 4,402 
15 4,674 4,609 4,541 4,515 4,463 4,429 4,374 4,332 4,319 
20 4,590 4,531 4,466 4,438 4,392 4,361 4,317 4,269 4,258 
25 4,525 4,471 4,413 4,383 4,345 4,298 4,256 4,218 4,211 
30 4,477 4,426 4,368 4,343 4,296 4,268 4,224 4,188 4,178 
35 4,444 4,392 4,334 4,313 4,271 4,233 4,196 4,169 4,149 
40 4,424 4,375 4,319 4,301 4,263 4,223 4,186 4,155 4,148 
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Ta6JlUlfbl yoeJ1b1l020 o6oeMa MOpCKOU 600bl u ee pacmeopo6 (v, CM3 lz) 

a Chen,Millero,1976- U3Me e11011a 
(P- amM}, 

10 4 lla 0°C 5°C l5°C 20°c 25°C 30 °C 35° c 40°C 
S= 5,467 %0 

0 0,995718 0,995397 0,996041 0,996703 0,997647 0,998844 1,000273 1,001918 1,003787 
1996,6 0,986078 0,98636 0,986934 0,987793 0,988873 0,990179 0,991687 0,993376 0,995263 
3993,3 0,977044 0,97758 0,978372 0,97939 0,9806 0,981999 0,98358 0,985321 0,987234 
5990,0 0,968558 0,969322 0,97029 0,971455 0,972785 0,974273 0,975914 0,977697 0,979628 
7986, 7 0,960583 0,961536 0,962663 0,963957 0,965381 0,966952 0,96865 0,970466 0,972414 
9983 4 0 953079 0 954198 0 955461 0 956855 0 958365 0 959996 0 961746 0 963599 0 965562 

s = 9,989%0 
0 0,992115 0,992162 0,992565 0,993275 0,994253 0,995476 0,996923 0,998577 l,000437 

1996,6 0,982626 0,98296 0,983577 0,984475 0,985591 0,986915 0,98844 0,990132 0,992017 
3993,3 0,973706 0,9743 0,975123 0,976178 0,977419 0,978833 0,980425 0,982162 
5990,0 0,96535 0,966155 0,967162 0,968349 0,969694 0,971195 0,972847 0,974622 0,97655 
7986, 7 0,957485 0,958476 0,959634 0,960942 0,962389 0,963958 0,965664 0,967481 0,969416 
9983,4 0,950076 0,951223 0,95251 0,953921 0,95545 0,957076 0,958832 0,960676 0,962628 

s = 14,949%0 
0 0,988195 0,988319 0,988783 0,989542 0,990495 0,991746 0,993211 0,994878 0,996733 

1996,6 0,978855 0,979261 0,97994 0,980872 0,981962 0,983303 0,984832 0,98654 0,988427 
3993,3 0,970092 0,970731 0,971603 0,972688 0,973894 0,975328 0,976919 0,978667 0,980568 
5990,0 0,961861 0,962717 0,963749 0,96496 0,966275 0,967785 0,969433 0,971216 0,973138 
7986, 7 0,954115 0,955135 0,956321 0,95765 0,95906 0,960641 0,962342 0,964166 0,966101 

9983 4 0 946811 0 947984 0 949292 0 950721 0 952221 0 953852 0 955599 0 957442 0 959388 
s = 20,082 %0 

0 0,984175 0,984376 0,9849 0,985706 0,986759 0,988036 0,989521 0,991202 0,993008 
1996,6 0,974999 0,975465 0,976197 0,977166 0,978341 0,97971 0,981256 0,982973 0,984855 
3993,3 0,966387 0,967078 0,96799 0,969102 0,970389 0,971841 0,973445 0,975199 0,977102 
5990,0 0,958293 0,959173 0,960245 0,961483 0,962869 0,964393 0,96605 0,967836 0,969757 
7986,7 0,950662 0,951712 0,952922 0,95427 0,955757 0,957339 0,95905 0,960869 0,962815 
9983,4 0,943462 0,944664 0,945994 0,947439 0,94899 0,950649 0,952395 0,95423 

S=24,989%o 
0 0,980362 0,980632 0,981213 0,982057 0,983143 0,984445 0,985948 0,987643 0,98952 

1996,6 0,971335 0,971858 0,972634 0,973636 0,974841 0,976222 0,977791 0,979516 0,981423 
3993,3 0,962862 0,963605 0,964545 0,965681 0,966999 0,96847 0,970082 0,971843 0,973771 
5990,0 0,954887 0,955809 0,958915 0,958169 0,959586 0,96112 0,962779 0,964587 0,96653 
7986, 7 0,947382 0,948455 0,949684 . 0,951059 0,952545 0,954149 0,955865 0,957707 0,959648 

9983,4 0,94028 0,941504 0,942855 0,944314 0 945874 0 947538 0 949293 0,95ll3 0 953104 
s = 30,003%0 

0 0,97649 0,976825 0,977457 0,978342 0,979459 0,980781 0,982302 0,984003 0,985885 
1996,6 0,967612 0,968193 0,969019 0,970047 0,971272 0,972682 0,974251 0,975986 0,977876 
3993,3 0,959268 0,960053 0,961039 0,962206 0,963541 0,965011 0,966637 0,968412 0,970306 
5990,0 0,951409 0,952376 0,953509 0,954794 0,95622 l 0,957752 0,959425 0,961225 0,963139 
7986,7 0,945133 0,94639 0,947769 0,949266 0,950871 0,952585 0,954426 0,956377 
9983,4 0,938273 0,939632 0,94111 0,942691 0,944343 0,946105 0,947972 0,94994 

s = 35,008%0 
0 0,972666 0,973074 0,973755 0,974676 0,975826 0,977175 0,978716 0,980434, 0,982325 

1996,6 0,963951 0,964576 0,965437 0,966498 0,967759 0,969186 0,970774 0,972518 0,974423 
3993,3 0,955744 0,956565 0,957587 0,958774 0,960127 0,961622 0,963267 0,965033 0,966960 
5990,0 0,948010 0,948997 0,950169 0,951460 0,952895 0,954453 0,956143 0,959896 
7986,7 0,940720 0,941850 0,943144 0,944526 0,946030 0,947648 0,949387 0,951226 0,953181 
9983,4 0,933845 0,936474 0,937947 0,939523 0,941195 0,942959 0,944835 0,946792 

s = 39,864 %0 
0 0,968951 0,969420 0,970146 0,971109 0,972283 0,973655 0,975209 0,976994 0,978907 

1996,6 0,960367 0,961051 0,961954 0,963054 0,964331 0,965767 0,967372 0,969180 0,971108 
3993,3 0,952293 0,953159 0,954208 0,955434 0,956794 0,958295 0,959952 0,961804 0,963731 
5990,0 0,944679 0,945704 0,946889 0,948223 0,949661 0,951222 0,952932 0,954806 0,956737 
7986,7 0,937497 0,938662 0,939955 0,941368 0,942885 0,944509 0,946259 0,948151 0,950090 
9983,4 0,931986 0,933381 0,934869 0,936459 0,938130 0,939904 0,941806 0,943768 
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a) Chen,Millero, 1976 - c2.J1a:JK:eHHb1e pe3V!lbmamb1 U3Meve11uu Ha vacmeova.:x cma11oapm11ou Mopc1wu eoOb1 O!l51 S=35%o: 

(P- amM), 

10 4 na 0°C 5°C 10° c 15° c W°C 25°C 30°C 35°C 40°C 
0 0,972664 0,973069 0,973754 0,974684 0,975834 0,977186 0,978729 0,980452 0,982346 

1000 0,968228 0,968751 0,969529 0,970531 0,971735 0,973127 0,974696 0,976433 0,978331 
WOO 0,963927 0,964561 0,966495 0,966495 0,967751 0,969181 0,970776 0,972528 0,974431 
3000 0,959757 0,960492 0,961438 0,962572 0,963877 0,965343 0,966963 0,96873 0,97064 
4000 0,955711 0,956541 0,957563 0,958757 0,960109 0,96161 0,963254 0,965036 0,966953 
5000 0,951784 0,952702 0,953795 0,955045 0,956441 0,957975 0,959643 0,961441 0,963365 
6000 0,947971 0,948971 0,95013 0,951434 0,952871 0,954437 0,956,127 0,957939 0,959871 
7000 0,944267 0,945343 0,946565 0,947918 0,949394 0,95099 0,952702 0,954528 0,956467 

. 8000 0,940669 0,941815 0,943095 0,944494 0,946007 0,947631 0,949363 0,951W3 0,953149 
9000 0,937171 0,938383 0,939716 0,941159 0,942707 0,944356 0,946108 0,94796 0,949914 

10000 0,93377 0,935044 0,936427 0,93791 0,939489 0,941163 0,942933 0,944797 0,946756 

6 Fine, Wan ,Millero, 1976- Bbl'IUC!leHo O!IJ/. S = 35%0: 

(P- am.Jw), 

10 4 na 0°C 5°C JOO c 15°C 20° c 25° c 30°C , 
0 0,972669 0,973076 0,973764 0,974695 0,975844 0,977198 0,978743 

1000 0,968233 0,968758 0,969539 0,970543 0,971748 0,973139 0,97471 
woo 0,963933 0,964557 0,965436 0,966508 0,967765 0,969193 0,970789 
3000 0,959762 0,960498 0,961449 0,962586 0,963892 0,965356 0,966975 
4000 0,955715 0,955547 0,957575 0,958773 0,960125 0,961623 0,963266 
5000 0,951788 0,952708 0,953808 0,955063 0,956459 0,957991 0,959657 
6000 0,947975 0,948977 0,950144 0,951453 0,952892 0,954455 0,956145 
7000 0,944272 0. 945351 0,94658 0,947939 0,949418 0,951013 0,952726 
8000 0,940675 0,941824 0.943111 0,944518 0,946035 0,94766 0,949397 

9000 0,93718 0,938393 0,939734 0,941186 0,94274 0,944394 0,946155 
10000 0,933782 0,935055 0,936446 0,937941 0,939529 0,941212 0,942997 

e Emmet,Millero, 1974 - U3Me e110 Ha cma110a m11ou MO cKou eoOe n u S =35%o: 
(P- amM), 

10 4 na .- 2°C 0°C 2°C 4°C 6°C 8°C ]0° C 12°C 15° c 
amM 0,972579 0,972678 0,972808 0,972972 0,973Wl 0,973455 0,973768 0,974120 0,974697 
967,9 0,968373 0,968555 0, 968763 0,969031 0,969331 0,969669 0,970045 0, 970670 

1966,2 0,963903 0,964073 0, 964300 0,964554 0,964859 0,965192 0,965556 0, 965970 0,966632 

2964,5 0,959687 0,959901 0,960174 0,960470 0,960809 0,961174 0,961581 0,962009 0,962714 

3962,9 0,955603 0,955859 0,956187 0,956505 0,957277 0,957709 0,958166 0,95. 8896 

4961,3 0,951642 0,951933 0,952288 0,952652 0,953059 0,953485 0,953945 0,954423 0,955193 

5959, 7 0,947798 0,948130 0,948518 0,948908 0,949348 0,949799 0,950282 0,950788 0,951578 

6958, l 0,944058 0,944431 0, 944846 0,945283 0,945740 0,946215 0,946714 0,947247 0,948072 

7956,5 0,940434 0,940840 0,941282 0,941738 0,942227 0,942728 0,943249 0,943798 0,944647 

8954,9 0,936921 0, 937813 0,938805 0,939337 0,939876 0,940447 0,941309 

9953,3 0,933499 0,933953 0,934451 0,935484 0,936032 0,936600 0,937174 0,938038 

(P- amM), 

10 4 na W°C 25°C 30° c 35°C 40°C 
amM 0,975843 0,977197 0,978744 
967,9 0,971854 0,973265 0,974810 0,976582 0,978480 
1966,2 0,967892 0,969320 0,970919 0.972680 0,974582 
2964,5 0,964009 0,965480 0,967110 0,968885 0,970793 
3962,9 0,960249 0,961747 0,963399 0,965194 0,967107 
4961,3 0,955589 0,958110 0,961601 0,963513 
5959,7 0,953015 0,954589 0,956275 0,958097 0,9600W 
6958,1 0,949538 0,951131 0,952847 0,954686 0,956616 
7956,5 0,946151 0,947776 0,949507 0,951359 0,953298 
8954,9 0,942851 0,944509 0,946245 0,948105 0,950052 
9953,3 0,939623 0,941300 0,943066 0,944944 0,946884 

138 



KoMnouenToB uefjnu 
Ta6Jtul{a U306ap11ou tnen.noeMKocmu Cp /(:J1Cl(K2*K), 11-2eKca11a 

npu fJa3JlU'l1lbZX () Mn t °C a6Jle11URX p, a, u meMnepamypax , 
I t I cp t I cp I I cp t I cp t I cp t I cp t I cp 
f{oKpumui;ecKUe P n ap06aJI <J;ma p =3.0 255,58 7199 p=5,5 p =8,0 p=/5,0 

JKuOKaJI <J;ma P=0,5 234,21 14266 256,71 6925 220,52 3379 232,63 3314 78,09 2458 
p=0,5 135,12 2309 234,44 12748 257,69 6680 230,84 3511 240,98 3380 103,11 2564 

22,45 2263 137,54 2318 234,54 11870 259,03 6304 240,86 3670 252,61 3470 121,21 2645 
53,82 2398 140,17 2322 234,6 11399 260,12 6026 252,51 3942 265,07 3573 139,23 2719 
78,11 2514 147,93 2335 234,92 10098 265,1 5017 265,17 4321 278,43 3703 162,3 2821 
102,42 2642 170,2 2400 235,29 8844 281,05 3827 266,56 4374 289,85 3788 180,07 2902 
124,79 2773 210,61 2519 235,91 7614 290,29 3586 271.9 4528 299,37 3841 199,32 2984 

126 2780 244,86 2633 237,46 6030 305,73 3405 274,12 4566 302,34 3864 220,4 3075 
126,92 2787 282,35 2762 238,04 5742 330,33 3296 275,35 4584 304,16 3851 238,86 3350 
127,68 2798 310,65 2862 238,78 5385 349,8 3281 276,9 4595 307,86 3872 261,37 3251 

p=l,O 331,45 2936 239,32 5188 p=4,5 278,23 4609 309,83 3869 279,32 3323 
102,42 2635 351,12 2993 240,82 4829 220,53 3500 279,06 4598 310 3873 299,48 3397 
120,99 2745 p=l,O 254,95 3541 230,81 3771 280,7 4599 31!,97 3866 319,91 3467 
141,48 2879 168,22 2615 281,46 3200 240,76 4052 282,3 4567 316,63 3869 349,57 3568 
158,04 3007 169,83 2612 309,96 3131 252,27 4829 286,09 45!1 319,75 3854 p = 20,0 
162,03 3045 175,69 2610 330,47 3141 256.95 5360 289,91 4412 330,08 3824 53,74 2348 
163,38 3057 192,06 2595 349,94 3170 260,32 5651 305,47 3980 347,67. 3748 78,54 2448 
163,62 3060 210,48 2614 C6epXKpU'<ecKUe P 261,33 5700 330,2 3595 p =9,0 102,88 2551 

p=l,5 255,93 2722 p =3,5 262,38 5736 347,92 3490 232,16 3260 121,19 -2626 
121,02 2740 282,38 2805 199,27 3313 262,95 5749 p = 6,0 240,98 3322 139,27 2699 
141,48 2872 310,73 2893 220,4 3726 263,52 5748 213, 17 3273 265,13 3491 162,29 2794 
162,22 3030 330,99 2956 229,81 4235 264,12 5747 220,58 3333 278,47 3578 179,97 2866 
179,91 3237 350,61 3022 230,62 4283 264,71 5717 230,86 3449 289,88 3653 199,29 2941 
183,96 3284 p=l,5 232,97 4547 264,9 5681 240,92 3581 299,41 3702 220,39 3031 
186,5 3330 190,44 3003 234,35 4777 265,62 5661 252,53 3771 312,13 3743 238,93 3099 

187,12 3339 191,34 2981 238,64 6009 266,81 5594 265,33 4049 319,71 3757 261,36 3182 
p =2,0 193,58 2941 240,39 7067 268,18 5446 278,28 4295 325,28 3777 279,3 3240 

141,47 2860 197,07 2897 241,84 8999 270,45 5225 280,76 4313 330,13 3770 299,66 3311 
162,26 3012 210,09 2813 242,56 10304 272,81 4987 282,36 4331 335,57 3765 319,97 3382 
179,89 3198 231,5 2783 243,l !1367 280,82 4353 283,55 4340 347,6 3749 349,4 3470 
199,18 3533 255,69 2806 243,71 12294 290,12 3917 284,9 4344 p=IO,O p = 30,0 
202,15 3630 282,/ 2860 243,93 12621 305,57 3574 286,16 4344 22,34 2242 20,29 2212 
204,42 3734 310,44 2937 244,07 12885 330,33 3386 288,42 4338 53,77 2367 53,72 2337 

P=2,5 330,75 2993 244,26 12910 349,7 3342 289,92 4323 78,l 2472 78,47 2426 
78,11 2503 350,33 3047 244,31 12891 p =5,0 293,96 4276 102,46 2582 103,05 2530 

102,46 2625 p =2,0 244,57 12806 78,09 2491 299,23 4199 121,04 2667 120,29 2593 
121,02 2726 208,75 3528 244,78 12321 102,46 2608 311,92 3954 139,24 2752 139,2 2672 
141,5 2851 211 3400 245,02 12041 121,02 2702 319,91 3829 162,26 2858 162,35 2760 

162,27 2993 214,5 3274 245,9 10664 141,5 2811 330,16 3704 180,09 2953 178,78 2821 
179,87 3158 218,95 3170 246,67 9459 162,3 2932 347,81 3561 199,31 3047 199,39 2903 
199,22 3437 222,91 3100 249,93 6418 179,9 l 3048 P= 7,0 215,84 3133 220,18 2981 
213,04 3876 231,24 3012 252,14 5558 199,28 3207 78,09 2483 220,6 3156 238,84 3044 
214,J 3953 255,43 . 2932 252,15 5550 213,16 3344 102,46 2596 240,99 3280 261,36 3118 

215,51 4057 281,77 2935 258,14 4379 220,57 3434 121,03 2687 264,94 3415 268,5 3145 
216,93 4186 310,21 2991 265,59 3853 230,82 3592 141,54 2794 278,49 3495 279,22 3177 
218,49 4365 330,66 .3041 281,29 3442 240,83 3814 162,23 2895 282,15 3523 299,54 3241 
219,47 4528 . 350,19 3087 309,85 3233 252,43 4216 179,93 2995 299,41 3612 319,95 3297 
219,71 4576 P=2,5 330,38 3211 265,04 4867 199,29 3120 319,88 3682 349,38 3381 

p=3,0 221,97 5202 349,85 3216 266,43 4937 220,61 3272 330,12 3705 p = 40,0 
199,28 3368 222,7 4915 p =40 268,02 4975 230,9 3359 335,56 3711 53,64 2322 
213,09 3660 223,15 4756 213,12 3452 269,21 4996 240,96 3462 341,01 3713 78,4 2416 
217,01 3806 223,87 4555 220,5 3600 270,41 5002 252,59 3583 347,54 3715 102,96 2513 
220,27 3974 224,48 4396 230,75 3906 271,41 5019 265,44 3749 p=/2,0 120,3 2578 
223,36 4196 225,56 4219 240,64 4553 272,52 5006 278,38 3915 232,14 3165 l 39,15 2655 
226,49 4602 226,58 4070 246,35 5487 273,73 4984 286,29 3977 252,66 3274 162,29 2740 
227,52 4839 227,91 3932 249,94 6442 275,03 4954 290 4009 268,37 3345 178,59 2780 
230,31 5835 229,16 3822 251,08 6727 279,09 4784 293,99 4033 282,18 3410 198,58 28'.'5 
231,22 6632 231,04 3692 251,68 6934 280,7 4731 296,55 4033 299,5 3497 220,58 2959 
231,9 7631 241,28 3321 251,94 6970 289,97 4265 299,32 4042 319,9 3566 237,81 3016 

232,13 8247 255,21 3134 252,6 7137 305,46 3781 301,52 4038 330,11 3590 260,51 3087 
232,37 8970 281,6 3043 253,18 7251 330,27 3492 305,42 4031 347,54 3629 268.-19 3!11 
232,62 10055 310,04 3055 253,8 7281 349,66 3423 312,1 3983 298.59 3204 
232,82 11514 330,58 3082 254,32 7290 319,79 3920 305.22 3223 

350,04 3127 254,96 7264 330,05 3815 319.92 3r1 
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Ta6llulJa u306ap11ou meMoeMKocmu Cp, /(:JIC!(K2*K), lJW0102eKca11a 
npu pa3JlU'tHblX aeJleRUHX p, a, u meMnepam1 pax t, iJ Mii °C 

t I cp t I cp t I cp t I cp t I cp t I cp t I cp 
oKpumu'lecKue 1 lapoeaR rpma p - 3,U p - j,IJ p~6,U 1 !U, I LJYJ f'-11,U 

JK uiJKaR <fama p = 0,5 256,55 4164 22,4 1843 274,67 3554 188,62 2693 274,82 3181 
p=0,5 145,05 2038 257,94 3768 44,87 1947 284,99 3816 219,46 2885 296,31 3336 

22,43 1848 151,68 2056 259,02 3679 61,56 2030 295,91 4323 230,97 2966 318,99 3500 
44,88 1954 188,23 2170 263,91 3382 90,45 2171 305,52 5069 239,63 3033 324,97 3572 
61,59 2038 210,87 2264 283,J 2043 116,87 2305 307,8 5272 252,69 3136 338,61 3661 
90,47 2184 230,03 2348 301,55 2974 150,05 2491 309,4 5 365 260,46 3208 358,83 3782 
116,85 2322 264,75 2500 325,29 2979 188,61 2724 309,75 5 403 267,76 3274 377,14 3835 
140,66 2466 283,77 2581 341,88 3010 219,4 2942 310,73 5479 274, 74 3357 395,77 3823 

p=l,O 301,99 2651 362,47 3054 230,93 3040 312,04 5498 296,17 3677 p=l2,0 
116,9 2322 342,36 2821 377,78 3091 239,62 3135 313,63 5521 312,29 4016 274,83 3154 
145,03 2491 363,01 2899 401,81 3155 252,65 3302 315.48 5474 324,98 4309 296,35 3295 
176,88 2704 378,27 2955 P=3,5 260,63 3 430 318,16 5325 329,88 4385 318,99 3433 
178,1 2710 402,14 3041 269,56 5106 267,66 3 601 319,96 5180 332,34 4393 324,99 3481 

p=l,5 p=l,O 270,27 4869 274,27 3844 324,83 4798 335,22 4400 338,6 3575 
170,61 2651 182,3 2314 274,75 4238 274,28 3844 329,8 4429 338,14 4389 358,84 3699 
188,57 2784 187,98 2319 283,02 3480 279,87 4138 341,56 3936 341,48 4356 377,16 3767 

P=2,0 212,22 2361 301,5 3158 284,66 4596 362,29 3565 350,24 4 191 395,75 3789 
170,59 2642 229,62 2418 325,23 3073 288,66 3 288 377,16 3472 362,18 3 974 p=/3,0 
188,58 2771 264,39 2542 341,82 3076 290,23 5 739 395,89 3416 377,04 3773 274,83 3128 
219,28 3056 264,4 2542 362,44 3102 292,69 6789 p=6,5 395,92 3620 296,46 3256 
224,2 3139 283,42 2617 377,79 3132 293,33 7120 274,7 3467 p=8,0 318,92 3395 

225,03 3151 301,78 2686 401,79 3186 293,36 7140 285,02 3670 274,75 3321 325 3430 
225,84 3162 325,45 2781 p =4,0 294,42 7688 296,03 3989 296,22 3589 338,59 3507 

P=2,5 342,1 2839 282,66 5927 295,12 8211 305,61 4378 312,32 3849 358,84 3631 
22,42 1845 362,79 2926 288,43 4275 296,53 8598 312,16 4726 324,87 4083 377,37 3701 
44,86 1952 378,03 2977 301,39 3350 297,01 8644 315,87 4885 329,93 4161 395,75 3748 
61,57 2034 401,93 3059 325,18 3209 297,56 8602 318,22 4 958 335,28 4214 P=14_0 
90,47 2173 p=l,5 341,77 3162 298,34 8458 319,99 4 968 338,18 4300 274,82 3112 
(16,90 2314 207,55 2550 362,43 3162 299,27 7990 321,94 4982 341,51 4250 296,46 3228 
145,02 2478 211,25 2533 377,77 3174 300,8 7230 324,81 4915 345,17 4215 318,87 3358 
170,56 2636 213,42 2527 401,75 3220 303,4 6128 329,65 4717 350,23 4183 325,02 3392 
188,59 2761 220,65 2521 CeepxKpum. P 305,52 5515 335,26 4446 362,21 4031 338,63 3471 
219,34 3038 221,91 2524 p=4,5 307,71 5036 338,06 4323 377,02 3855 358,84 3583 
235,11 3278 232,02 2533 274,32 4183 308,6 4377 341,49 4249 395,88 3684 377,17 3652 
238,29 3355 250,11 2572 276,73 4402 310,02 4673 345,19 4062 p =9_0 395,8 3700 
241,18 3438 278,39 2650 279,75 4901 311,67 4494 350,46 3932 274,79 3264 p= 15,0 

P=3,0 300,55 2721 282,88 6009 311,99 4460 362,25 3742 296,27 3460 22,28 1834 
170,59 2633 325,36 2815 284.48 7189 315,67 4145 377,l 3571 312,36 3645 44,76 1940 
219,37 3014 342,06 2875 284,87 7800 324,93 3 734 396,01 3475 324,94 3808 61,5 2021 
230,98 3158 362,64 2944 285,47 8736 341,69 3 442 p = 7,0 341,55 3986 90,36 2154 
246,73 3472 377,93 2999 285,97 9910 362,38 3322 274,73 3403 350,29 4017 ll6,65 2282 
252,46 3726 401,95 3078 286,51 11553 377.38 3308 285,11 3572 355,83 4021 150,05 2455 
254,43 4082 p =2,0 287,03 13377 395,97 3295 296,12 3802 362,2 4013 170,6 2552 
254,92 4076 227 2825 287,56 16050 p=5,5 312,24 4275 376,99 3916 189,26 2645 
254,72 3920 229, 14 2807 288,05 16437 274,61 3667 318,3 4476 395,8 3781 219,32 2794 

p =3,5 229,29 2807 288, 15 16436 284,75 4060 322 4561 P=IO,O 230,97 2853 
170,59 2624 230,24 2801 288,19 16435 292,97 4715 324,78 461l 22,33 1838 231,61 2906 
219,36 2993 233,1 2770 288,34 16 347 295,67 5088 327,48 4637 44,83 1944 252,83 2981 
235,16 3176 245,13 2718 288,6 15 871 299,63 5746 329,65 4612 61,53 2026 260,55 3019 
254,57 3062 264,18 2710 289,33 13173 302,13 6170 329,78 4632 90,43 2162 267,86 3058 
261,14 3946 283.23 2744 289,86 11483 303,19 6325 332,11 4586 116,71 2 289 274,82 3096 
265,98 4531 301,61 2793 290,98 8894 304,26 6450 335,24 4532 150,08 2 468 296,47 3208 
266,98 5132 325,29 2860 292.16 7433 305,33 6502 341,46 4364 170,64 2576 318,83 3346 

p=4,0 342.03 2915 293,3 6492 306,52 6465 350,3 4102 188,65 2673 325,01 3360 
. 170,57 2622 362,6 2968 295,42 5415 307,48 6405 362,22 3 856 219,44 2842 338,59 3478 
219,39 2944 377,87 3029 300 4506 308,44 6281 377,03 3 672 230,99 2919 358,85 3539 

231 3093 401,92 3105 302,32 4263 309,8 6063 395,99 3548 239,56 2964 377,18 3605 
239,56 3199 P=2,5 312,27 3671 311,55 5754 p = 7.5 252,8 3057 395,85 3665 
252,6 3442 242,95 3212 325,02 3414 312 5673 22,37 1841 260,52 31 JJ p = 20,0 
260,24 3660 244,87 3162 341,74 3284 318,22 4773 44,87 1946 267,85 3166 22,27 1831 
267,47 4072 264,12 2900 362.4 3238 324,81 4229 61,55 2028 274,82 3219 44,69 1933 
274,04 5241 283,15 2852 377,41 3243 329,91 3975 90,41 2164 296,29 3391 61,47 2018 

301,56 2864 395,99 3253 341,63 3658 116,67 2299 319,01 3597 88,77 2135 
325,24 2914 362,33 3437 150,07 2477 324,97 3648 116,61 2274 

342 2954 377,3 3378 338,6 3783 

362,5 3013 396 3357 358,8 3898 
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Ta6J1u11a uw6apHoit menJ1oeM1<ocmb 3mWt6eH3Dfla C p, 1</{:JJCl(1<z*K) 

P,Mlla Te111nevamvna, °C 
25 50 100 150 200 250 300 350 400 

0 1,210 1,314 1,510 1,693 1,863 2,017 2,156 2,282 2,399 
0,5 1,755 1,840 2,012 2,192 2,389 2,085 2,200 2,314 2,421 
1 1,756 1,840 2,011 2,190 2,386 2,272 2,279 2,357 2,449 

1,5 1,754 1,839 2,010 2,188 2,383 2,622 2,441 2,423 2,486 
2 1,754 1,839 2,009 2,186 2,380 2,611 2,975 2,527 2,531 

2,5 1,754 1,838 2,008 2,183 2,377 2,598 3,030 2,707 2,592 
3 1,753 1,837 2,007 2,182 2,372 2,591 2,969 3,056 2,670 

3,5 1,753 1,837 2,006 2,181 2,368 2,582 2,923 4,055 2,779 
4 1,752 1,836 2,005 2,178 2,365 2,574 2,885 - 2,935 

4,5 1,752 1,836 2,004 2, 177 2,360 2,566 2,855 4,205 3,176 
5 1;751 1,835 2,003 2,175 2,357 2,560 2,830 3,650 3,488 

5,5 1,751 1,835 2,002 2,174 2,354 2,552 2,808 3,412 3,811 
6 1,751 1,834 2,001 2,173 2,351 2,546 2,788 3,277 4,028 

6,5 1,755 1,833 2,000 2,171 2,348 2,540 2,771 3, 183 3,962 
7 1,750 1,833 2,000 2,170 2,346 2,534 2,757 3, 117 3,762 

7,5 1,749 1,832 1,999 2,167 2,343 2,530 2, 744 3,064 3,580 
JO 1,747 1,830 1,995 2,160 2,328 2,506 2,695 2,915 3,176 

12,5 1,745 1,828 1,991 2,156 2,320 2,490 2,662 2,845 3,029 
15 1,743 1,827 1,987 2,149 2,310 2,474 2,636 2,800 2,952 

17,5 1,742 1,823 1,984 2, 145 2,306 2,464 2,617 2,766 2,901 
20 1,740 1,821 1,981 2,140 2,300 2,454 2,603 . 2,738 2,863 

22,5 1,738 1,819 1,978 2,137 2,294 2,445 2,589 2,716 2,828 

25 1, 737 1,817 1,975 2, 133 2,289 2,438 2,578 2,698 2,799 

Ta6,w11a u306apHoii menJ1oe.M1<ocmu o-1<cUJ10J1a C P, 1</{:JJCl(1<z • K) 

P, Mila TeMnepamvva, °C 
25 50 100 150 200 250 300 350 400 

0 1,255 1,345 1,524 1,696 1,856 2,003 2,138 2,264 2,378 
0,5 1,752 1,833 1,998 2,171 2,361 2,(J77 2,183 2,294 2,399 
1 1,751 1,832 1,997 2, 169 2,357 2,591 2,262 2,336 2,425 

1,5 1,750 1,832 1,996 2, 168 2,354 2,581 2,432 2,401 2,459 
2 1,750 1,83 l 1,995 2, 166 2,351 2,573 2,948 2,501 2,503 

2,5 1,749 1,830 1,994 2,165 2,348 2,564 2,915 2,677 2,558 

3 1,748 1,829 1,993 2,164 2,345 2,557 2,889 2,988 2,630 
3,5 1,747 1,829 1,992 2,162 2,342 2,550 2,860 - 2,726 
4 1,747 1,828 1,992 2,161 2,340 2,543 2,811 4,242 2,903 

4,5 1,746 1,827 1,991 2,160 2,337 2,538 2,792 3,594 3,266 

5 1,745 1,826 1,990 2,158 2,335 2,532 2,775 3,386 4,007 
5,5 1,745 1,826 1,989 2, 157 2,333 2,526 2,761 3,265 4,327 

6 1,744 1,825 1,989 2,156 2,330 2,521 2,758 3,171 4,285 

6,5 1,743 1,824 1,988 2,155 2,328 2,516 2,748 3,104 3,996 

7 1,743 1,824 1,987 2,154 2,326 2,511 2,737 3,052 3,715 

7,5 1,742 1,823 1,986 2,153 2,324 2,507 2,726 3,012 3,527 
10 1,738 1,820 1,982 2,148 2,314 2,487 2,678 2,894 3,135 

12,5 1,735 1,817 1,979 2,143 2,306 2,471 2,648 2,828 3,002 
15 1,732 1,814 1,976 2,139 2,229 2,458 2,621 2,782 2,930 

17,5 1,729 1,811 1,974 2, 135 2,293 2,447 2,601 2,749 2,888 

20 1,726 1,808 1,971 2,132 2,288 2,438 2,585 2,724 2,957 

22,5 1,723 1,805 1,969 2,129 2,283 2,430 2,571 2,703 2,832 

141 



Ta6J1ul{a U3o6apHou menJ1oeMKocmu 6eH30lla C,,, Kff.xl(Kz*K) 

p, M!Ta TeM.nepamypa. °C 
25 50 JOO 150 200 250 300 350 400 

0,0 1,050 1,811 1,345 1,530 1,703 l,851 1,985 2,103 2,211 
0,5 1, 730 1,811 1,977 1,642 1,765 1,890 2,011 2,123 2,226 
1,0 1,730 1,810 1,975 2,172 1,871 1,943 2,043 2,144 2,242 
1,5 1,729 1,809 1,974 2,168 2,436 2,024 2,084 2,169 2,259 
2,0 1,729 1,808 1,972 2,164 2,424 2,157 2,039 2,199 2,279 
2,5 1,728 1,807 1,970 2,160 2,413 2,416 2,209 2,233 2,301 
3,0 1,728 1,807 1,969 2,157 2,403 3,013 2,300 2,275 2,326 
3,5 1,727 1,806 1,967 2,153 2,393 2,916 2,423 2,326 2,355 
4,0 1,727 1,805 1,965 2,150 2,384 2,848 2,613 2,389 2,289 
4,5 I, 729 1,805 1,964 2,147 2,375 2,796 2,968 2,465 2,427 
5,0 1,726 1,804 1,962 2,144 2,367 2,755 4,036 2,556 2,470 
5,5 1,725 1,803 1,961 2,141 2,359 2, 7 l l 2,672 2,519 -
6, 0 3,725 1,802 1,960 2,138 2,352 2,693 3,247 2,821 2,572 
6,5 1,725 1,802 1,958 2,135 2,346 2,667 4,200 3,008 2,629 
7,0 1,725 1,801 1,957 2,132 2,339 2,645 3,670 3,250 2,691 
7,5 1,724 1,801 1,955 2, 130 2,333 2,625 3,406 3,580 2,754 

10,0 1,722 1,797 1,949 2, ll8 2,307 2,550 2,929 3,563 3,066 
12,5 1, 721 1,795 1,943 2,107 2,285 2,498 2,766 3,123 3,132 
15,0 1,719 1,792 1,938 2,098 2,269 2,460 2,679 2,934 3,056 
17,5 1,717 1,790 1,933 2,089 2,254 2,431 2,617 2,827 2,951 
20,0 1, 716 I, 787 1,928 2,082 2,237 2,400 2,567 2,747 2,861 
22,5 1, 714 1,785 1,924 2,075 2,227 2,381 2,533 2,683 2,766 
25,0 1,713 1,783 1,920 2,069 2,219 2,366 2,507 2,632 2,695 

Ta6J1u4a U3o6apHou menJ1oeM.Kocmu mo.~yolla C P, K,l{.J1Cl(K2*K) 

p, MTla TeMnepamypa, °C 
25 50 JOO 150 200 250 300 350 400 

0, 0 1,127 1,227 1,420 1,603 1,774 1,931 2,073 2,201 2,319 
0,5 1,709 1,789 1,956 2,145 1,860 1,983 2,108 2,226 2,338 
1,0 1,708 1,788 l,954 2, 142 2,371 2,077 2,158 2,258 2,360 
1,5 1, 707 1,787 1,953 2,139 2,365 2,287 2,235 2,298 2,386 
2,0 1, 707 1,786 1,952 2,136 2,358 2,679 2,362 2,362 2,415 
2,5 1,706 1,786 1,950 2,134 2,353 2,658 2,606 2,424 2,452 
3,0 1,706 1,785 1,949 2,132 2,348 2,638 3,320 2,522 2,492 
3,5 1,705 1,784 1,948 2,129 2,343 2,621 3,750 2,658 2,550 
4,0 1,705 1,783 1,947 2,127 2,338 2,605 3,358 2,871 2,615 
4,5 1,704 1,783 1,946 2,125 2,333 2,590 3, 180 3,235 2,693 
5,0 1, 704 1,782 1,945 2,122 2,328 2,577 3,070 4,042 2,788 
5,5 1,703 1,781 1,944 2, 120 2,324 2,565 2,991 ~ 2,907 
6,0 1,703 1, 781 1,942 2,118 2,320 2,554 2,934 5,032 3,041 
6,5 1,702 1, 780 1,941 2,116 2,316 2,544 2,890 4,225 3,185 
7,0 1,702 1,780 1,940 2, 1!4 2,312 2,534 2,854 3,776 3,318 
7,5 1,701 1,779 1,939 2, l 12 2.308 2,525 2,824 3,52 1 3,426 

10,0 1,699 1,776 l,934 2,104 2,292 2,492 2,725 3,044 3,342 
12,5 1,696 1,774 1,930 2,096 2,279 2,466 2,668 2,888 3, 111 
15,0 1,694 1, 771 1,926 2,090 2,268 2,446 2,626 2,808 2,970 
17,5 1,692 1,768 l,922 2,084 2,259 2,430 2,594 2,754 2,898 
20,0 1,690 1,765 1,918 2,079 2,251 2,416 2,569 2,714 2,845 
22,5 1,688 1,763 1,914 2,074 2,243 2,405 2,550 2,681 2, 798 
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Ta6J1u11a U306ap11ou mem10eMKocmu M-KCWIOlla C p, . KjJ:J1Cl(K2 • K) 

p, Mila TeMnepamypa, o C 

25 50 JOO 150 200 250 0,3 350 400 
0 1,201 1,297 1,482 1,659 1,825 1,980 2,120 2,246 2,363 

0,5 1, 737 1,824 1,999 2,178 2,374 2,048 2,162 2,275 2,386 
1,0 1, 737 1,823 1,998 2,176 2,370 2,614 2,237 2,317 2,486 
1,5 1,736 1,823 1,997 2,174 2,366 2,601 2,380 2,378 2,447 
2,0 1, 735 1,822 1,995 2,172 2,362 2,590 2,747 2,467 2,489 
2,5 1,735 1,821 1,994 2,170 2,358 2,580 2,979 2,611 2,541 
3,0 1, 734 1,820 1,993 2,168 2,355 2,571 2,933 2,833 2,607 
3,5 1,733 1,820 1,992 2,167 2,351 2,562 2,895 3,308 2,683 
4,0 1, 733 1,819 1,991 2,165 2,348 2,554 2,863 - -

4,5 1,732 1,818 1,990 2,163 2,345 2,547 2,836 - -

5,0 1,732 1,818 1,989 2,162 2,342 2,540 2,812 - -

5,5 1, 731 1,817 1,988 2,160 2,339 2,533 2,792 - -

6,0 1,730 1,816 1,987 2,158 2,336 2,527 2,773 -- -

6,5 1,730 1,815 1,986 2,157 2,333 2,522 2,757 - -

7,0 1,729 1,815 1,985 2,155 2,331 2,516 2,742 - -

7,5 1,729 1,814 1,984 2,154 2,328 2,511 2,729 3,042 -

10,0 1,726 1,811 1,979 2,147 2,317 2,490 2,678 2,914 3,153 
12,5 1,723 1,808 1,975 2, 141 2,308 2,473 2,644 2,837 3,052 
15,0 I, 721 1,805 1,971 2,135 2,299 2,460 2,619 2,786 2,269 
17,5 !, 718 1,802 1,967 2,130 2,292 2,449 2,601 2,749 2,904 
20,0 1,716 1,799 1,963 2,125 2,286 2,440 2,586 2,722 2,853 
22,5 1,713 1,796 1,960 2,121 2,281 2,433 2,574 2,701 2,812 
25,0 1, 711 1,724 1,956 2, 117 2,276 2,426 2,565 2,684 2,779 

Ta6J1utfG U306ap11oii mel1.!loi?MKocmu n-K c WI Olla C P• K/{:J1Cl(K2*K) 

p, Mila Te.11mepamypa. oC 

25 50 JOO 150 200 250 300 350 400 
0 1,195 1,289 1,471 1,645 1,810 1,964 2,105 2,233 2,352 

0, 5 1, 713 1,796 1,975 2, 162 2,367 2,036 2,150 2,263 2,374 
1,0 1,712 1,796 1,974 2,160 2,363 2,619 2,228 2,306 2,399 
1,5 1, 712 1,795 1,973 2, 158 2,359 2,606 2,393 2,371 2,433 
2,0 1,711 1,795 1,972 2,156 2,355 2,594 2,862 2,467 2,478 
2,5 l,711 1,794 1,971 2,155 2,351 2,583 2,997 2,623 2,533 
3,0 1, 7]] 1,794 1,970 2,153 2,347 2,573 2,948 2,888 2,603 
3,5 l,710 1,793 1,969 2,151 2,344 2,564 2,907 4,059 2,682 
4,0 1, 710 1,793 1,968 2,149 2,340 2,555 2,873 - -

4,5 1,709 1,792 1,967 2,148 2,337 2,547 2,844 - -

5,0 l, 709 1,792 1,967 2,146 2,334 2,540 2,819 - -

5,5 1,709 1,791 1,966 2, 145 2,331 2,533 2,797 - -

6,5 1,708 1,791 1,965 2,143 2,328 2,526 2,778 - -

6, () 1,708 1,790 1,964 2,142 2,325 2,520 2,761 - -

7,0 1,707 1,790 1,963 2,140 2,323 2,515 2,745 - -

7,5 1,707 1,789 1,962 2,139 2,320 2,509 2,731 - -

10,0 I, 705 1,787 1,959 2,128 2,308 2,486 2,678 2,900 3,079 
12,5 1,704 1,785 1,955 2, 126 2,298 2,468 2,642 2,827 3,003 
15,0 1,702 1,783 1,952 2,121 2,290 2,454 2,616 2,779 2,940 
17,5 1, 701 1,782 1,949 2,ll6 2,283 2,442 2,596 2,744 2,889 
20,0 1,699 1,780 1,946 2,112 2,276 2,432 2,580 2,720 2,850 
22,5 1,698 1,779 1,943 2,108 2,270 2,424 2,567 2,698 2,819 
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Ilpnpo.r.uoro ra3a n Kou.r.eucaTHoii cMecn 
OnpeoeJreHue U3o6apHou mewweMKocmu 

1'fao6apHaH Tem10eMKOCTh ra3a 

KKa.rr!KMOJih °C onpe.n.emreTCR no qiopMyne 

Cr=C/+11Cr, (Ill) 
r,IJ,e C/ - y,IJ,eJibHaH mo6apHaR TennoeMKOCTb 

npJI aTMoc<tiepHOM ,IJ,aBJieHJIJI JI 3a,n:aHHOH TeM

nepazype; !iCP - nonpaBKa Ha .n.aBnettJle,. 

Benwmtta c/ ,Il,JI}J npJ1pO,L\HOro ra3a 

onpe.n:emi:eTcH no qiopMyne 
n 

c~wU = LgtC~i, (11.2) 
i=l 

r.n:e Cr/ - H3o6apttaH TennoeMKOCTh npJ1 T JI 

aTMoccpepHOM ,IJ,aBneHJIJI i-ro KOMnotteHTa,; gt 
- MaCCOBM ,IJ,OJJ}J I-ro KOMnOHeHTa, ,LJ,OJIH e.n:n

HJIIJ;bl. 

Bennq1rna Cpto onpe.n.enHeTCH no pJ1c. 

11.1 JIJIH paccqHTbJBaeTcH no ciJopMyne 

Cr,0=Et+n*Ft +n2*G; +n3 *H;+ N/n, (11.3) 
r.n.e E;, F;, G;, H;, N; - K03cPcPHI.J:JleHThI, onpe.n.e

nHeMbie ,IJ,ml KIDK,IJ,Oro KOMnoHeHTa no Ta6n. Il

l; n=T/100; T- TeMnepazypa, K. 
IlonpaBKa Ha .n.aBne-

HHe !iCP ,IJ,OJJ)f<Ha onpe.n.enHTh

cH B 3aBHCHMOCTH OT COCTaBa JlJO 

Cp. K!CU..N/"f>f011b· 0t 
48 ..-------r----=r--
._; 

Puc. II-1. 3a«ucuMocmb u306apuou Mo!lapnou 
mewwi!M«.ocmu ymeBoOopoOoB npu 

amMoctjJepnoM OaBJtenuu om meMnepamypbl 

~ ~ ~·~~ 
JQr--r-,.......,-n-r-rT")'nrrl"T"'~~~:-r-rr......,, 

ra3a no .IJ.BYM JIJIJI TPeM napa

MeTpaM. 

200 l-+-.f-M.----1----+-!o-+--I 201--+-+-++-+-+-MVl+fl-l-+l-...t~~~ 

~nH onpe.n.eneHMH 

!iCP no ,n:ByM napaMeTpaM 

HCnOJJh3yeTCH rpa<PJIK, npe.n.

CTaBJieHHbIH Ha pnc. TI-2. 
~nH onpe.n.eneHJIH 

y.n.enhHOH Jl3o6apttoii Tenno

eMKOCTJI Cp B I<KaJJ/Kr*°C, 

cne.n.yeT rronyqenttyIO BeJJJ1-

1lHtty pa3,IJ,eJIHTb Ha MOJieKy

JrnpttyIO Macey ra3a, onpe.n.e

JJHeM)'IO no qiopM)'ne 
n 

µ = Ix1µ1 • crr.4) 
i=l 

r.n.e µ1 - Macca KHJIOMOJIR i-ro 

KOMnOHeHTa, Kr/KMOJib; x,
MOJibHaH ,IJ,OJIH i-ro KOMno

HeHTa, ,IJ,OJJJI e,IJ,HHHI.l,bI. 

~JJH onpe.n.eneHHR 

!iCp c yqeToM TµeThero rra

paMeTpa npOBO,IJ,HTCH no 

<PopM)'ne 
!iC =R/f1C (OJ + m!iC (lJi p \l p p Jo 

(TI.5) 
r.n.e R=l,986 KKaJl!KMOJZb*°C; 
!iC/°J, !iC/l) - 6e3pa3MepHbie 

Puc. II-2. 3aBUCUMocmb f..CP om Pnp u Tnp 
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<j:iyHKQHH, orrpe,z:i;emIIOTC51 no rpa<j:JHKaM Ha 

pHc. II-3 H II-4 B 3aBHCHMOCTH OT rrpHBe,z:i;eH

HbIX .n:aBrremrn H TeMrrepaTypbI .n:m1 3HaqeHHM 

Pnp OT 0,3 .D:O 4 H Tnp OT 0,8 .D:O 2 . 
.l(Jrn pacqeTa no <j:iopMYrre (II.5) BeJIH

qHHbI w, Pnp, TnfJ' paccqHTbIBaIOTCH no cocTaBy 

ra3a. IlpUMep, OnpeiJe;mmb Cp npu P=150 
K2c!CM2 U t=137°C. 

OnpedeJlReM no puc II-1 wru no </Jop
Mylle (II.2) Cp;0 iJ;m KaJ1Cdo20 K0Mn0He11ma. 
HaxoiJww g, dJlR Ka:J1Cdo20 KOMno11e11ma no 
</JopMylle (111). Ilo <jJopM)llle (II.3) 6bl'mcJl5leM 
Cpc}=J0,825 KKwt!KMOJlb•°C (ma6Jl. II.2). 

OnpedeJlReM P,P> T,P (ma6Jl. II.2). 
PacctJumbl6aeM npuBedeHHble napa;uempbl 

Pnp=150/47,38=3,16; 
Tnp=(273+ 137)1200=2,05. 

Ilo puc. II-2 dJlR nollytJe1111blx 3HatJe-
11uu Pnp u Tnp 11axodUM 11Cp=l,6 
KKG.JllKMOJlb•°C(no d6yM napa;uempa;u). 

Ilo </JopMylle (II. I) pacc11umb16aeM Cp 
Cp= 10,825+ 1,6=J 2,425KKWllKMOllb" 0 C. 

/(llR nollytJeHUR yiJellbHoii UJ06ap11ou 
menlloeMKocmu dellUM no11ytJe1111yKJ BellUlJUHY 
Ha Macey KWlOMOJlR µ= 17, 431 KZIKMOllb. 

cp= 12,425117,431=0,713 KKan!K2* 0 C. 
Tenepb pacctJumaeM 11Cp no mpeM napaMempaM 
no puc. II-3 u II-4 11axoiJww 

!1C (OJ=O 87· 11C (JJ=9 12 
p ' ' p ' . 

/(anee no <jJopMylle (II. 5) pacctJumbzBaeM 

11Cp= I, 896*(0,87+0, 12*0,0812) = 

=l,65KKwt!KMOJlb•°C 
B OaHHOM Cll)!'-lae y()e.JlbHG.fl U3o6apHa.R mennoiiM
Kocmb cocmaeum 
Cp=(J0,825+ J,65)/J7,43f =0, 716 KKwt!K2* 0 C. 

TaKUM 06pa10M, nozpeumocmb 6 pac
tJemax no dByM MemoOUKGM cocmaBwra 0, 4%. 

IIpH ttemBeCTHoM KOMIIOHeHTHoM co

craBe H .rvnr npH6mDKeHHbrx pacqeToB, TenrroeM

KOCTb ra3a onpe,z:i;eJI5IeTc51 no rpa<j:JHKaM, npe,z:i;

CTaBJieHHbIX Ha pnc. II-5 ,z:i;n51 pa3JinqffbJX oT

HOCHTeJihHbIX IIJIOTHOCTeii. 

n n 80 
0. 

0 80 
1.fp,KJWt/Kt· "C · 

41J fGO p, iiZcf&:i.tl 
Puc. II-2. TenJ1oi!MKocmb npupoiJnow 
lU3a o 1aoucuMocmu om iJa8JleHUR u 

me.Mnepamypbl. 

a - p=O, 6; 6 - p=O, 65; 6 - p=O, 70 

IIpHMep pacqeTa TenrroeMKOCTH ra3a 
Cocmae x,, 06. cp, µ, g, cp,g, µ,x, PKpi PKpixi T Kpi TNpiXj WI w,x 1 

zma % 

CH4 93,7 9,5 16,042 0,862 8,189 15,031 46,95 43,99 190,55 178,5 0,0104 0, 0097 

C2H6 3,04 15 30,068 0,0524 0,786 0,914 49,76 1,51 305,43 9,3 0,0986 0,0030 

C3Hs 1,05 24 44,094 0,0265 0,636 0,463 43,33 0,45 369,82 3,9 0,1524 0,0016 

C4H10 0,71 30 58,12 0,0236 0,708 0,413 36,71 0,26 425,6 3,0 0,201 0,0014 

C5H12 0,17 38 72,151 0,007 0,266 0,123 34,48 0,06 469,65 0,8 0,2539 0,0004 

C0 2 0,72 9,5 44,011 0,0181 0,172 0,317 75,27 0,54 304,2 2,2 0,231 0,0017 

H 2 S 0,61 7 28,016 0,0097 0,068 0,171 91,35 0,56 373,6 2,3 0,1 0,0006 

100 0,9993 10,825 17,431 47,38 200,0 0,0185 
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KoMnoHeHm E F*10 2 -G* 10-3 H*10 5 N*lO 

COP' cop• COP' co P' COP' co P' COP' co P' COP' co P' 

KKWI KKWI KKQJI KKQJI KKaJl KKQJI KKQ.;7 KKQJI KKaJl KKaJl 

K21°C KMOJU/'C K21°C KMO!lb!°C K21°C KMO!lb!°C K21°C KMO!lb!°C K21°C KMO!lbl°C , 

MemaH 16,04 0 0 13,9778 224,203912 3,63405 58,2901 -0, 70404 -11,2928 4,43679 71,1661 

3maH 30,07 0 0 14,9416 449,293912 6,12969 184,32 8,5988 258,565 0, 798489 24,009 

flponaH 44,09 0 0 15,8422 698,482598 7,82632 345,062 14,879 656,015 -0,186794 -8,23567 

b'.vmaH 58,12 0 0 15, 7191 913,594092 7,92549 460,63 15,3555 892,491 0,0009222 0,0535982 

Hw6ymaH 58, 12 0 0 16,2779 946,072 8, 78718 504,899 18,1292 1053,67 -0,40259 -23,3985 

lleHmaH 72,15 0 0 15,7071 1133,26 8,07657 582,725 15,991 1153,75 -0,02678 -1,93242 

J130neHmaH 72,15 0 0 15,9642 1151,82 8,28487 597, 754 16,6134 1198,66 -0,36553 -26,3732 

I'eKCGH 86,18 0 0 15,7782 1359,77 8,30555 715,772 16,9376 1459,68 -0,109444 -9,43192 

I'enmaH 100,20 0 0 15, 7734 1580,49 8,38146 839,822 7,60467 661, 774 -0,120294 -12,0535 

0KmaH 114,22 0 0 15, 7864 1803, 12 8,47111 967,569 17,6414 2515 -0,134128 -15,3201 

HoHaH 128,26 0 0 15,7605 2021,45 8,47869 1087,48 17,684 2268,15 -0, 124772 -16,0033 

JleKaH 142,29 0 0 15, 7618 2242,7 -8,52149 -1212,5 17,8629 2541,66 -0,131244 -18,6744 

Kuc!lopoiJ 32,00 0 0 5, 16411 165,25152 3,93096 125, 79072 10,8545 347,343 2,87836 92, 10755 

BoiJopoiJ 2,02 0 0 78,907122 158,07675 70,346688 141,81931 224,91 454,319 47,940622 96,8406 

BoiJa 18,02 0 0 9,58901 172, 7556 6,64028 119,63128 18,9227 340,988 6,30786 143, 7332 

I'elluit 4,00 1,24 4,96 0 0 0 0 0 0 0 0 

Ap20H 39,95 0,12437 4,9686 0 0 0 0 0 0 0 0 

KpunmoH 8380,00 0,0594 4,9777 0 0 0 0 0 0 0 0 

X;wpucmbtit eoiJopoiJ 36,46 0,177044 6,45591 0,345655 12,9325 0,04478 1,63292 0,0122594 0,459225 0,07491 2, 73161 

CepoeoiJopoiJ 64,86 0 0 4,56145 292,23385 3.69804 236,91798 10,49818 672,513 1 ,22039 78,24764 

!(eyoKUCb cepbt 34, 08 0 0 5,8229/ 198,683 3,98313 135,745 10,9436 372,958 2, 79027 95,0917 

A30m 28,01 0 0 5, 19374 145,528 3,85242 107,9448 10, 7919 302,28 3,68539 103,24662 

!(eyoKUCb y2RepoiJa 44,01 0 0 6, 14927 270,636 4,6403 204,224 12,7996 563,323 1,65387 72,7885 

0Kuco y2!lepoiJa 28,01 0 0 5,27029 147,626 3,86785 108,3342 10,6507 298,337 3,62987 101,676 
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ll.rwm11ocmb 2ma u 2moK011oe11cam11ou c.Mecu 

flJTOTHOCTb ra3a H3BeCTHOro COCTaBa 

onpenem1eTCj[ KaK cyMMa npomBe.n;emrn 

nJTOTHOCTH OT)J;eJTbHbIX KOMnoHeHTOB p, Ha HX 

ofo,eMttoe ( MOJTj[pHoe) conep)l(aHHe xi. 
n 

p= I:XiPi (II-6) 
i=I 

HJTH no H3BeCTHbIM MOJTeKyJTj[pHblM MaccaM 

p = ~xiµi ;{2,4 (II-7) 

IlnoTHOCTb cyxoro ra3a npH TH P on

pe.n;eJTj[eTCj[ no <fJopMyne 

PT P 
p=pH-" =283,58pH-, (Il-8) 

P,,Tz Tz 

rne Pu - nnoTHOCTb ra3a npH 20 °C H 760 MM 

pT.CT., Kr/M3; z - K03<lJ<fJm.1,neHT CBepXC)l(H

MaeMOCTH ra3a npH PT. 
Ecnn B ra3e co.n;ep)l(aTCj[ BO.IJ:j[Hbie na

pbI, T.e .. Bnaroco.n;ep)l(am1e W>O, nnoTHOCTb 

ra3a onpe.n;enj[eTCj[ no <iJopMJne 

p* p 6ll = 283,58p11 -
Tz 

[ ] 
(II-9) 

* 0,00353TzW P6.n P6.n ' 
l+ (---) 

p PH P71 
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rne Ps.n - IlJTOTHOCTb HaCbIIIJ,eHHoro BO)J;j[HOro 

napa, Kr/M3; W - Bnaroco.n;ep)l(aHHe, onpe.n;e

JTj[eMoe cornacHo n. II. 7; P 6.n - .n;aBneHHe Ha

CbIIIJ.eHttoro BO)J;j[Horo rrapa, Krc! cM2• 

3ttaqeHIDI Pe.n MP6 nilPMBe.n;eHbl B Ta6n. 

II.2. IIonpaBKH K nnoTHOCTH cyxoro ra3a Ha 

ero BJia)l(HOCTb M )];JU .n;aBneHHH 730-790 MM 

pT. cT. rrpHBe.n;eHbI B ra6n. II.3. 
B ra3oKott.n;eHcaTHbIX CKBa)l(MHax rrpH 

3HaqHTeJTbHOM co.n;ep)l(amrn KOH)J;eHcaTa nJIOT

HOCTb cMec.u onpe.n;eJTj[eTCj[ no <iJopMJne 

PCM = pQZ - pKQK ' (II-10) 

Q2 -a,,QK 
r.n;e p, p" - TIJIOTHOCTb ra3a H KOH)leHcara co

OTBeTCTBeHHO nocne cenapaTopa npH 20 °C M 

760 MM pT. CT., Kr/M3; Q,, QK - .n;e6HThl ra3a H 

KOH)J;eHCaTa COOTBeTCTBeHHO npH 20 °C M 760 
31 MM pT. CT., M cyT. 

Ilpn Tex )Ke ycnoBIDIX 

a =24pK (Il-11) 
K µK ' 

r.n;e aK - K~IIJ:HHCj[ o61>eMHbIH K03tPtPHIJ,H

eHT Kott.n;ettcara; µ, - Moneeynj[pHM Macca 

KOH)leHCaTa. 



Ta6Jmu,a II.4. 
3aBMCMMOCTb ITJIOTHOCTM M ;:i:aBJieHmI HaCbIIIJ;eHHoro BO,WIHOro rrapa OT TeMrreparypbI 

t, °C p 6.n• Pe.n, t, °C p e.n• p e.n, Kz!~t 3 t, °C p 6.111 Pe.n, 

KZc!CM 
2 

KZIM 3 KZc!CM 
2 

KzclcM 
2 

KZIM 3 

0 0,00623 0,00485 27 0,03634 0,02576 54 0,15298 0,0998 
1 0,00669 0,00519 28 0,03853 0,02722 55 0,16051 0,1044 

2 0,0072 0,00556 29 0,04083 0,02875 56 0, 16835 0,1092 

3 0,0772 0,00594 30 0,04325 0,03036 57 0,17653 0,1142 
4 0,0072 0,00636 31 0,0458 0,032205 58 0, 18504 0,1193 

5 0,00899 0,00679 32 0,04847 0,03381 59 0, 1939 0,1257 
6 0,00953 0,00726 33 0,05128 0,03565 60 0,2031 0,1302 

7 0,01021 0,00775 34 0,05423 0,03758 61 0,2127 0,136 
8 0,01093 0,00826 35 0,05733 0,0396 62 0,2227 0, 142 
9 0,0117 0,00882 36 0,06057 0,04172 63 0,233 0,1482 

JO 0,01251 0,0094 37 0,06398 0,04393 64 0,2438 0,1546 
11 0,01338 0,01001 38 0,06755 0,04623 65 0,255 0,163 
12 0,01429 0,01066 39 0,07129 0,04864 66 0,2666 0,1682 

13 0,01526 0,01134 40 0,0752 0,05115 67 0,2778 0,1753 
14 0,01629 0,01206 41 0,0793 0,05376 68 0,2912 0,1827 

15 0,01738 0,01282 42 0,0836 0,05659 69 0,3042 0,1903 
16 0,01853 0,01363 43 0,08809 0,08935 70 0,3177 0, 1982 
17 0,01974 0,01447 44 0,09279 0,06234 71 0,3317 0,2064 
18 0,02103 0,01536 45 0,09771 0,06545 72 0,3463 0,2148 
19 0,02239 0,0163 46 0,10284 0,06868 73 0,3613 0,2236 

20 0,02383 0,01729 47 0, 10821 0,07205 74 0,3769 0,2326 

21 0,02534 0,01833 48 0,11382 0,07557 75 0,3931 0,242 
22 0,02694 0,01942 49 0,11967 0, 07923 76 0,4098 0,2516 

23 0,02863 0,02057 50 0,12578 0,08302 77 0,4272 0,2515 

24 0,03041 0,02177 51 0,13216 0,08696 78 0,4451 0,2718 
25 0,03229 0,02304 52 0,13881 0,09107 79 0,4637 0,2824 

Ta6JIMu,a II.5. 
IIorrpaBKM K rrnoTHOCTH cyxoro ra3a Ha ero BJIIDKHOCTb 

I!J10m11ocmb Ilonpa6Ka, % npu meMnepamyoe, C 

cyxozo zma, 

KZIM 
3 JO 15 20 25 30 35 40 45 50 

0,4 1,2 1,5 2,0 2,7 3,4 5,5 6,4 7,0 8,5 
0,5 0,7 0,9 1,2 1,5 1,9 2,4 2,9 3,5 4,3 
0,6 0,4 0,5 0,6 0,7 0,9 1,0 1,2 1,4 1,6 
0,7 0,1 0,1 0,2 0,2 0,2 1,0 0,0 -0, 1 -0,3 
0,8 0,0 -0,1 -0,1 -0,2 -0,4 -0,6 -0,9 -1,3 -1,7 

0,9 -0,2 -0,3 -0,4 -0,6 -0,8 -1,2 -1,6 -2,2 -3 

1,0 -0,3 -0,4 -0,6 -0,8 -I, 1 -1,6 -2,1 -2,9 -3,9 
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06 aBrnpe. 
TpyrnKHH BarrepHli Bna,n,HMHpOBHq - oKoHqHJI ToMCKHll noJIHTeXHWieCKHli HHCTmyr B 1986 

r no crrelVfaJIH3au:1111 HecpDrnaH rH,n;po;:mHaMHKa. Henocpe,IJ,cTBeHHhTtt yqacTHHK OTKphITHH BaHKop
cKoro H TaryntcKoro MecTopo)K,Il,eHHli yrneBo..a.opo,IJ,oB B 3anonHphtt. Pa6oTan rrp11 pa3Be,1l.Ke TaxoMo
IOpy6qeHcKoro MecTopo)K,Il,eHmr B 3BeHKHH, CeBepo-~eMhHHCKoro H YpHeHcKoro MecTopo)K,Il,eHHli 
HecpTM Ha IOre T10MeHtt. YqacTBOBaJI B ocBoeHHH HronhcKo-TanoBoro MecTopmK,IJ,eHMH HecpTH B ToM
CKOH o6nacTH. B 2000 r 3aoqHo 3alll.HTMJI KaH,IJ,H,IJ,aTCKYIO ,IJ,Hcceprnu:HIO. C 2001 r B03rnaBmieT no,IJ,
pa3,IJ,eneHHe orrepaTHBHOro 110..a.cqern 3arracoB rrpH OAO «ToMcKHIIITHHecpTh BHK». HHHU:HaTop H 
O,IJ,HH m aBTopoB co3,IJ,aHH1l o6be,IJ,HHeHHOH Mo..a.en11 ~BypeqeHcKoro MecTopmK,IJ,eHH1l tteqnH B ToM
cKoli o6nacTH c yttHKaJihHhIMH cynrrepKonnel<TopcKHMH cBolicTBaMtt. 

ABTOp 30 rry6JIHKaU:Hll H O,IJ,Horo mo6peTeHH5l. 
E-mail: Trushkin VV@nipineft.tomsk.ru 

noAnlAC8HO K ne'laTIA 12.12.2007. C!>OpMaT 60x84/8. 6yMara «CHerypo'lKa». 

neYaTb RISO. Yc11.ne11.11. 18.15. Y11.-1A3A.J1. 16.41. 
3aKa3 1814. T111paJK 300 3K3. 

M3.4ATEAbCTB~nY. 634050, r. ToMcK, np.neHJAHa,30. 
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