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IIPHJIO)l(EHHE TEOPHH HA~E)l(HOCTH K 3A~AqAM 
HH)l(EHEPHOH rEOKPHOJIOrHH 
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B CTaThe 113JJara!OTCSI OCHOBHbie I10JIO)l(eHl1SI Teop1111 Ha):le)l(H0CTl1 rrp11MeH11TeJ1bHO K peweHl1!0 3ai:1aq 
11H)l(eHepHOH reoKp110JIOrl111. c 11X IlOMOlll,b!O rrpomo311pyeTCS1 KaqecTBO rrp11H11MaeMbIX rrpoeKTHbIX peweH11l1; 
o~eH11naeTCS1 Tepp11rnp11S1 no CT011MOCTl1 ee OCBOeHl1SI 11 CTerreHl1 TeXHOreHHOro p11CKa; yq11TbmaeTCSI ylll,ep6 OT 
l'JJ06aJJbHOI'O IlOTerrJJeHl1SI KJll1MaTa B Kp110Jll1T030He, a TaK)l(e rrp0113B0):111TCSI I1JlaH11ponaH11e 11H)l(eHepHbIX 
113bICKaHl1H. 
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USE OF THE RELIABILITY THEORY IN SOLVING ENGINEERING GEOLOGICAL PROBLEMS 

L.N. Khroustalev 

Moscow State University, Department Geology, 119899, Moscow, Vorobjovy Gory, Russia 

This article discusses the basic concepts of reliability theory from the standpoint of their applicability for 
solving problems of geocryological engineering: estimating the quality of geotechnical projects, scheduling steps on 
management of quality, evaluating individual areas in terms of the cost of their economic development and the 
technogenic risk involved, predicting potential damage from probable Global Climate Warming, and planning 
geological engineering surveys in the permafrost zone. 
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BBE)J;EHHE 

CospeMeHHbIH BhICOKHH yposeHh pa3BHTH51 

OTelleCTBeHHOH reoKpHOJIOI'HH )l;OCTHI'HYT 6Jiaro11:ap51 

pa6oTaM HeCKOJibKHX nOKOJieHHH Mep3JIOTOBe)l;OB. 

Mx Tpy11:aMH 6b1Jrn co311:aHhI cnoco6bl o6ecnelleHH51 

yCTOHllHBOCTH HH)KeHepHbIX coopy)KeHHH Ha seq

HOMep3JibIX rpyHTax, KOTOpbie xopomo 3apeKOMeH

)l;OBaJIH ce651 Ha npaKTHKe. 011:HaKO cero)l;H51 

npaKTHKa CT3BHT HOBYIO 3a11:aqy - He TOJlbKO 

o6ecnel.IHTb ycTOHllHBOCTb coopy)KeHHH, HO o6ec

nel.IHTb ee c MHHHMaJibHbIMH TPYAOBbIMH H Ma

TepH3JlbHbIMH 33Tp3T3MH. 3Ta 33)l;alla nepepacTaeT 

B CJIO)KHYIO H3YllHYIO npo6JieMy, KOTopa51 He MO)KeT 

t'ibITb pemeHa c n03HU.HH cym:eCTBYIOIIJel'O 11:eTep

MHHHCTHl.leCKOI'O no;:i_xo;:i_a, B CHJIY npHCYIIJHX eMy 

ll:BYX cym:ecTBeHHbIX He)l_OCTaTKOB: BO-nepBbIX, 3TOT 

no11:xo11: He YllHThlBaeT sepo51THOCTHbIH xapaKTep 

nepepa6aTbIB3eMOM HHcpopMaU.HH H noJiyqaeMbIX 

pe3yJihTaTOB, l.ITO npHBO)l;HT K 3aHH)KeHHIO HJIH 

33BbIIIleHHIO Tpe6osaHHH, npe)l;'b51BJI51eMbIX K coopy

)KeHH51M H, KaK CJie)l;CTBHe, K MaTepHaJibHbIM noTe

p.siM; BO-BTOpbIX, MeTOll: KOJIHl.leCTBeHHO He ou.e

HHBaeT Ha)l;e)KHOCTb pa60Tbl coopy)KeHH51, n03TOMY 

3KOHOMHl.leCKOe cpaBHeHHe sapHaHTOB npoeKTHblX 

pemeHHH Tep.sieT CMbICJI, H6o sapHaHTbI, OTJIHl.la

IOIIJHeC51 no npO)l;OJl)KHTeJibHOCTH 6e30TK33HOH 
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(Ha)l;e)KHOH) pa60Thl He MOI'YT 6hITb conOCT3BHMbl 

no CTOHMOCTH. PemeHHe Ha3B3HHOH 33)]_3l.IH MO)KeT 

6hITb noJiylleHO TOJibKO c n03HIJ;HH sep051THOCTHOI'O 

no11:xo11:a, a HMeHHO c no3HU.HH TeopHH Ha)l;e)KHOCTH. 

TeopH51 Ha11:e)KHOCTH KOHCTPYKU.HM s PoccHH Halla

Jia HHTeHCHBHO pa3pa6aThIBaTbC51 c cepe)l;HHbl 50-x 

ro11:os, llTO 6bIJIO CTHMYJIHposaHo pa3BHTHeM 

3BH3U.HH, 3aTeM OHa CTaJia npHMeH51TbC51 B cy11:ocT

poeHHH H B BbICOTHOM CTpOHTeJibCTBe, a B noc

Jie)l;HHe 15-20 JieT H B cpyH;:i_aMeHTOCTpoeHHH. 011:Ha

KO B nocJie)l;HeM CJiyqae npe11:npMHHMaIOTC5I noKa 

TOJibKO po6KHe nonhITKH 3aMeHHTb ycT051BIIlHeC51 

11:eTepMHHHCTHl.leCKHe nO)l;XO)l;bI, HaIIle)l;IIrne OTpa

)KeHHe B MHOl'OllHCJieHHOM HOpM3THBHOM JIHTepaTy

pe, sepo51THOCTHhIMH no;:i_xo;:i_aMH. Ha Ham B3I'JI511l:, 

TaKa51 3aMeHa HeH36e)KHa, H6o OHa CTHMYJIHpyeTC.sI 

noTpe6HOCT51MH cero)l;H51IIlHero )l;H51. qTO )Ke TaKoe 

sepo51THOCTHbIM no11:xo11: ? 

HA)J;E./KHOCTh rEOTEXHHqECKl1X CHCTEM 

Bepo.siTHOCTHhlH no11:xo11: K paclleTy reoTeXHH

qecKMX CHCTeM, no11: KOTOpbIMH nOHHMaeTC51 reo

JIOI'HlleCK351 cpe11:a H B3aHMO)l;eMCTBYIOIIJee c Helf 

coopy)KeHHe, COCTOHT B CJie)l;yIOIIJ;eM. TenJIOBOe H 



IJPHJIO>KEHHE TEOPHH HA,l{E>KHOCTH 

MexamrqecKoe B3aHMOJI.eHCTBHe coopy)l(eHH5I c reo

norHqecKoli cpe.u.oli TpaKTyeTC5I KaK pa3BHBa

IOID,HHC51 BO BpeMeHH MHOroMepHblH cnyqaliHhlH 

npou.ecc. 1-lHcno H3MepeHHH npou.ecca onpe.u.en5IeTrn 

qHCflOM ero BbIX0,!1.HbIX napaMeTpOB, HanpHMep, B 

npoCTe:il:rneM cnyqae HMH 5IBR5IIOTC5I Hecym,a5I cno

co6HocTh OCHOBaHH5I H COBMeCTHa5I .u.e¢opMall,H5I 

ocHoBaHH5I H coopy)l(eHH5I. ErnH BhIX0,!1.Hhle napa-

1eTpb1 rrpou;ecca He nepeceKaIOT CBOHX npe.u.enhHbIX 

3HaqeHH:il:, HanpHMep, 3HaqeHH5I Harpy3KH, rrepe.u.a

BaeMo:il: Ha OCHOBaHHe, H rrpe.u.enhHO .u.onycTHMOH 

.u.e¢opMall,HH, TO cqHTaeTC5I, qTO KaqecTBO CHCTeMbl 

coxpaH5IeTC5I, B rrpOTHBHOM cnyqae OHO yTpaqHBa

eTC5I, npoHCXOJI.HT OTKa3 CHCTeMhl. Bepo5ITHOCTb 

coxpaHeHH5I KaqecTBa B TeqeHHe rrepHo.u.a 3KCrrnya

TaU:HH Ha3hlBaeTC5I Ha.u.ibKHOCTblO CHCTeMbl, a BC5I 

nocne.u.oBaTeflbHOCTb 3TOH Bep05ITHOCTH BO Bpe-

1emi: - cPYHKil,HeH Ha,!1.e)l(HOCTH. 

HH)l(e npHBeJI.eHhI aHanHTHqecKHe Bb1pa)l(eHH5I 

cP YHKil,HH HaJI.bKHOCTH Tpex HaH6onee pacnpocT

paHeHHbIX reoTeXHHqecKHX CHCTeM: 3,!1.aHHe-OCHO

BaHHe (1)' Tpy6onpOBO,!!.-rpyHT (2)' .u.opora

OCHOBaHHe (3). 

[

FJr:) > F(r) 

P() = p R(r)>F/r) 
t S(r)<Su 

O<r<t 

(1) 

r .u.e Fu, F - Hecy:m,a5I cnoco6HocTh OCHOBaHH5I H 

Harpy3Ka Ha OCHOBaHHe; R, Ff - o6o6m;eHHa5I CHna 

rrp e.u.enhHOrO paBHOBeCH5I H o6o6m;eHHa5I CJI.BHralO

m,a 5I CHna; S, Slim - COBMeCTHa5I .u.e¢opMall,H5I 

OCHOBaHH5I H 3JI.aHH5I H HX npe.u.enhHOe 3HaqeHHe. 

P(t) = P [~:g):~:] , (2) 

0 <r <t 

I". e On, Ohm - IIpO,!!.OflbHOe HaIIp5I)l(eHHe B Tpy6on

p 0BOJI.e H npe.u.enhHOe conpoTHBneHHe MeTanna; Fgr' 
F lim - npo.u.onbHOe ycHnHe C)l(aTH5I Tpy6orrpoBo.u.a H 

rrpe.u.enbHOe corrpoTHBneHHe Tpy6orrpoBOJI.a B npo-

JI.OflbHOM HanpaBneHHH. 

[

Fur(r) > Fr(r)l 
P(t) = P Sr(r) <Sur , 

O<r<t 

rne Fur' Fr - Hecym;a5I cnoco6HOCTb OCHOBaHH5I 

n opo)l(HOro noKpbITH5I H Harpy3Ka, rrepe.u.aBaeMa5I 

Ha JI.Opo)l(Hoe noKpbITHe; Sr, Sur - COBMeCTHa5I .u.e

¢opMail,H5I OCHOBaHH5I H JI.Opo)l(HOro IIOKpblTH5I H HX 

npeJI.MbHOe 3HaqeHHe. 

BhlqHrneHHe cPYHKU.HH Ha.u.e)l(HOCTH .u.aneKo He 

TPHBHaflhHa5I 3a.u.aqa, B03MO)l(Hbl JI.Ba nyTH ee pe

IIIeHH5I - aHanHTHqecKHH H qlfcneHHhlH. AHanH

THqecKH:il: npe.u.noqTHTeflbHee, OJI.HaKO ero B03MO)l(

HOCTH orpaHlfqeHbl B CB5I3H co CflO)l(HOCTblO onepa

Topa rrpeo6pa30BaHH5I BXOJI.HblX napaMeTpOB B Bbl

XOJI.Hbie H HanlfqHeM MHoroqHcneHHbIX B3aHMOCB5I-

3aHHblX rnyqaliHbIX BenHqlfH H cnyqaHHbIX cPYHK

Il,HH. CeroJI.H5I , no HarneMy MHeHHIO, aHanHTHqec

KHe perneHH5I MOryT 6hITb rronyqeHhl TOflbKO Jl.fl5I 
OJI.HOMepHoro cnyqa:il:Horo rrpou;ecca npH p5IJI.e 

anpHOpHblX .u.orrym;eHHH. IlOCKOflbKY Mbl BCer.u.a 

HMeeM .u.eno c MHOroMepHhlM rrpou.eccoM, To 3a

MeHHTh ero OJI.HOMepHblM MO)l(HO flHIIIb B OTJI.eflbHblX 

qacTHhIX cnyqa5Ix. HarrpHMep, npH cTpOHTenhCTBe 

3JI.aHHH no rrpHHU.Hrry I Ha TBep.u.oMep3nhIX rpyHTax 

rrpeHe6peqb ocaJI.KOH OCHOBaHH5I H onaCHOCTblO BbI

nyqHBaHH5I cPYHJI.aMeHTOB. B 3TOM cnyqae 

HaJI.e)l(HOCTb CHCTeMbl 6y.u.eT onpe.u.emlTbC5I COOTHO

rneHHeM Me)l(JI.Y Hecy:m,e:il: cnoco6HOCTblO OCHOBaHH5I 

H nepe.u.aBaeMOH Ha Hero Harpy3KOH. B 1987 r . 

r.rr. IlycTOBOHT, HCCne.u.y5I 3TOT OJI.HOMepHblH 

rrpou.ecc qlfcneHHblM MeTOJI.OM, rrpHrnen K BbIBOJI.Y' 

qTo K HeMy npHMeHHMa nyacCOHOBCKa5I MOJI.eflb 

OTKa30B , qTo II03BOflHflO eMy nonyqHTb aHaflHTHqe

CKOe perneHHe [XpycmaJLel3 U ap., 1988 ]. 3HaqeHHe 

3Toro perneHH5I qpe3Bb1qaliHo BbICOKO, HOO oHo rro3-

BOR5IeT rrepe6poCHTb MOCT Me)l(JI.Y .u.eTepMHHHCTH

qecKHM H Bepo5ITHOCTHbIM IlOJI.XOJI.aMH. 

0.u.HaKO aHaflHTlfqeCKHe perneHH5I - IIOKa 

peJI.KHH cny q a li; OCHOBHblM MeTOJI.OM nonyqeHH5I 

perneHH5I OCTaeTC5I qHcneHHbIH HRH MeTOJI. CTaTHC

TlfqecKHX HCilbITaHHH, KOTOpbIH em.e Ha3bIBalOT Me

TOJI.OM MoHTe-Kapno. )],n5I ero peanH3all,HH Tpe6y

eTC5I IlOCTpOHTb .u.eTepMHHHCTlfqecKoe OilHCaHHe 

npeo6pa30BaHH5I BXOJI.HblX rrapaMeTpOB B BblXOJI.Hbie 

H MHOroKpaTHO BblIIOflHHTb 3TO rrpeo6pa30BaHHe, TO 

eCTb rrpOH3BeCTH HCIIbITaHHe. Ilo pe3yflbTaTaM 

HCIIbITaHHH BblqHCfl5IeTC5I cPYHKil,H5I HaJI.e)KHOCTH: 

P(t) = Pm(t) = 1 - n(t)/m, (4) 

Pm(t) - CTaTHCTHqecKa5I ou.eHKa cPYHKil,HH HaJI.e)K

HOCTH; n(t) - KOflHqecTBO OTKa30B 3a BpeM5I t; m -
qHcno HCIIblTaHHH. 

Bee pacqfahI BeJI.yTC5I Ha 3BM. CeroJI.H5I HaMH 

pa3pa60TaHa nporpaMMa HACT, peanH3yrom;a5I Me

TOJI. MoHTe-Kapno JI.fl5I Tpex reoTexm1qecKHX cHc

TeM: 3JI.aHHe-OCHOBaHHe, He¢TenpOBOJI.-rpyHT, 

B3ReTHo-rroca.u.oqHa5I rronoca-ocHoBaHHe. 

Bh1rne Mhl roBopHnH, qTo ToqHoCTh aHanHTHqe

CKoro MeTOJI.a 6hma Oll,eHeHa c IIOMOIIl,blO qHcneHHO

ro MeTo.u.a. A KaK ou.eHHTb ToqHOCTb qHcneHHoro 

MeTO,!l.a ? )],n5I 3TOro Ha,!l.O BbJqHCflHTb HHTerpaflbHYIO 

xapaKTepHCTHKY cPYHKil,HH HaJI.e)KHOCTH-JI.ORro

BeqHOCTb (5) H (6) H COilOCTaBHTb ee C ¢aKTHqeCKOH 

.u.onroBeqHoCThIO peanbHOro o6'heKTa. 

tlon = J P(t)dt, (5) 
0 

a 10n = V (2f tP(t)dt - t10n) , (6) 
0 

r.u.e t10n, a 10n - MaTeMaTHqecKoe O)KH,!l.aHHe H cpe.u.-

Hee KBa.u.paTHqecKoe OTKflOHeHHe .u.onroBeqHOCTH 

reoTeXHHqecKOH CHCTeMbl. 

Pe3ynhTaThI cpaBHeHH5I npHBeJI.eHhl B Ta6n. 1, 
OTKy.u.a cne.u.yeT' qTo paCXO)l(,!l.eHHe Me)K.u.y 
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Ta 6 JI H L\ a I . <t>aKTuqecKall " pac•1enia11 AOJironeqHOCTb HCKOTOpbIX 3.nam1i1 B r. BOpK)'Ta 

<flaKT11'-IeCKa5l .nonr. JieT Pacl.!eT AOJir. JieT 
DpHHL\HCT 

THn 3AaH11S1 JJ:o n05lBJI. CTp011TeJ1bCTBa ,Uo pa3pyrneH115l flan 0 1on .necjJopMau. 

3-:JTa)lrnoe wnaKo6Jio4HOe 3AaH11e II 

3-:nallrnoe K11pnH4HOe 3.naH11e II 
3-:JTa)l(HOe K11pn114HOe 3.naH11e II 
1-:na)J(HOe K11pn114HOe 3]:1am-ie I 

2-::JTa)l(HOe wnaKo6no4HOe 3.!1aH11e I 

1-::JTa)l(HOe KI1pn114HOe 3]:1aH11e II 
2-::JTa)l(HOe K11pn114HOe 3]:1aH11e I 

2-3Ta)J(H0e KI1pII114HOe 3]:\aHHe II 
3-::JTa)l(HOe KI1pIII14HOe 3]:1aH11e II 

5-::iTa)lrnoe KpyrrHonaHeJibHOe 3]:1aH11e II 

¢aKTl111eCKOH 11 TeopeT1111eCKOH }IOJiroBelJHOCTblO He 

npeBbIIIIaeT O}IHO-Cl1rMOBOro 11HTepBaJia. 

3To CB111WTeJibCTByeT 0 BbICOKOH TOlJHOCTM 

pa3pa6oTaHHOro MeT011a. 

0cTaHOBMMC51 ern;e Ha O}IHOM 11pe3BbillaHHO 

Ba)[(HOM BOnpoce - ynpaBJieHMe Ha}le)[(HOCTblO. 

ct>yHKil,1151 Ha}le)[(HOCTl1 onpe11eJI5leTC5I np11pO}IHO

KJil1MaT1111eCKl1Ml1 11 TexHoreHHblMl1 ¢aKTOpaMl1. 

KoHCTPYKTl1BHhie 3JieMeHThI, BXO}l51ID;Me B rpynny 

TeXHOreHHbIX ¢aKTOpOB, oco6eHHO Cl1JlbHO BJil151IOT 

Ha 3Ha11ett11e ¢yHKIJ,Ml1, 11 B OTJIM1111e OT OCTaJibHbIX 

HCXO]:(HblX ]:(aHHblX Ha Hl1X MO)[(HO HanpaBJie HHO 

B03]:(eHCTBOBaTb, M3MeH5151 TeM caMbIM ¢YHKIJ,11IO 

Ha]:(e)[(HOCT11. Ha3oBeM 3T:u: napaMeTpb1 ynpaBJI5I-

10rn;11M11. Hanp11Mep, ynpaBJI5IIOID;11M11 napaMeTpaMH 

51BJI51IOTC51: rJiy611Ha 3aJIO)[(eHH51 ¢ytt}laMeHTa, TOJI

rn;11Ha CTeHKH Tpy6onpOBO]:(a, MOIIl,HOCTb pa6011ero 

cJio51 AOPO)[(Hoil: ttacbrnH M T.n. Onpe]:(eJieHHhIM co-

11eTatt11eM ynpaBJI51IOID;HX napaMeTpOB MO)[(HO 06ec

ne11HTb JI106y10 HanepeA 3a]:(aHHYIO Ha]:(e)[(HOCTh. B 
CB51311 c 3THM B03HHKaeT Bonpoc: a KaKOH OHa 

]:(OJI)[(Ha 6hITb ? 

OTITMMM3AU:lHI HA,11;E)KHOCTM 
no CTOMMOCTM 

KaK R3BeCTHO, Bee co3]:(aHHhle 11eJI0BeKOM 

cncTeMhI MMeIOT tta]:(e)[(HOCTh Metthme e]:(HHl1Il.hI. B 
pe3yJihTaTe 3TOro He:U:36e)[(Hbl OTKa3bl Cl1CTeM H 

I1051BJieHHe MaTep11aJihHOrO yrn;ep6a. l.feM BbIIIIe 

H:a]:(e)[(HOCTh, TeM MeHbIIIe yrn;ep6. C Apyroil: cTopo

HhI, BbICOKa51 Ha]:(e)[(HOCTb Tpe6yeT 6oJiblll11X Ma

Tep11aJibHbIX 3aTpaT Ha C03]:(aH11e Cl1CTeMbl. 

011eBl1]:(HO, Ha]:(O HaHTl1 KOMI1pOMl1CCHOe peII1eH11e 

(onT11MaJibHOe). Otto cooTBeTCTByeT Ml1Hl1MYMY 

cyMMapHbIX np11Be]:(eHHbIX 3aTpaT c, COCT051ID;l1X H3 

3aTpaT Ha C03]:(aH11e Cl1CTeMbl (Ha11aJibHOH 

CTOl1MOCTl1) Co 11 3aTpaT' CB513aHHbIX c B03MO)[(Hb1M 

BbIXO]:(OM ee 113 CTp051 (IJ,eHbl p11CK3) C,, KOTOpbie 

onpe]:(eJI51IOTC5l ¢YHKIJ,11eH Ha]:(e)[(HOCTl1. 

C = C + C ~min 
0 r ' 

C, = f (dP(t)/dt)-C/t)·dt, 
0 

r]:(e C/t) - IIITpa¢tta51 ¢YHKIJ,H51. 
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(7) 

(8) 

1,0 3,0 0,7 0,9 
4,0 - 10,0 4,3 

l l,O - 10,0 4,3 
3,0 7,0 7,3 3,2 
4,0 - 3,3 2,0 
1,5 6,0 3,0 1,9 
5 ,0 - 3,8 2,2 
3,0 7,0 2,9 1,9 
7,0 - 6,7 3,1 
4,0 - 6,3 5,6 

0nTl1Ml13aIJ,mI ocyrn;eCTBJHieTC51 Ba pb11pOBa

Hl1eM ynpaBJI51IOID;l1X napaMeTpOB. 

Tio IlOCJie}ICTBl151M OTKa30B Cl1CTeMhl I10}1pa3}1e

JI51IOTC51 Ha Cl1CTeMhI, OTKa3 KOTOpblX np11BO}ll1T 

Jll1Illb K MaTep11aJibHbIM IlOTep51M (Cl1CTeMbl c Ma

Tep11aJibHOH OTBeTCTBeHHOCTbIO)' 11 Cl1CTeMhl, OTKa3 

KOTOpbIX conpOB0)[(}1aeTC51 3KOJIOr1111eCKl1Ml1 IlOCJie}l

CTB1151M11, rn:6eJiblO JIIO}leil:, IlOTepeil: npeCTl1)[(a 11 np. 

(c11cTeMhI c MopaJihHOil: OTBeTCTBeHHOCTbIO) . B noc

Jie11HeM CJiy11ae Ha Ha}le)[(HOCTb Cl1CTeMbI HaKJia}lbI

BaeTC51 }IOI10JIHl1TeJibHOe ycJIOBl1e - OHa }IOJI)[(Ha 

6b1Tb He Hl1)[(e HOpMaTl1BHOH P,,. 

C = [C0 + C, ]P >P ~min. 
SI 

(9) 

011HaKO llTO TaKoe HOpMaTl1BHa51 Ha]:(e)[(HOCTb 

Hl1KTO He 3HaeT 11 3]:(eCb II111pOKOe IlOJie }IJI51 BOJieBbIX 

peII1eH11il:. Tio3TOMY B nocJie}IHHe ro}lhI, oco6eHHO 3a 

py6e)[(OM, npe11np11H11MaIOTC5I I10IlbITKl1 nepeBeCTl1 

llaCTb CHCTeM c MopaJibHOH OTBeTCTBeHHOCTblO B 

c11cTeMb1 c MaTep11aJihHOil: OTBeTCTBeHHOCTbIO. Ho 

3TO cnen.:u:aJihHbIH Bonpoc. 

11TaK, pemeHHe ypaBHeHl1H (7) 11 (9) I103BOJI51-

eT OTBeT:U:Tb Ha BOnpoc - KaKOH }IOJI)J(Ha 6bITb 

tta]:(e)[(HOCTb c11cTeMh1. Pac11eTb1 noKa3hIBaIOT, 11To 

OHa 3aBl1Cl1T OT MHOr:u:x ¢aKTOpOB, rJiaBHbIMl1 113 

KOTOpbIX 51BJI51IOTC51 CTOl1MOCTb coopy)[(eHl151 11 Mep-

3JIOTHo-reOJIOrHlleCK11e yc110B115I Tepp11Topm1 

CTpo11TeJibCTBa. Oco6o OTMeT:u:M, 11To onT:u:MaJibHa51 

Ha]:(e)[(HOCTb 3aBl1CHT OT CTOl1MOCTl1 B03B0]:(11MOrO 

ofo,eKTa: lleM BbIIIIe CT011MOCTb, TeM BbIIIIe ]:(OJI)[(Ha 

6bITb Ha}le)[(HOCTb, llTO 113BeCTHbIM }leTepM:U:Hl1C

THlleCKHM nOAXO]:(OM 11rHop11pyeTC5I. B 3TOM O]:(HO :u:3 

rJiaBHblX OTJIHllHH O]:(HOro IlO]:(XO]:(a OT ]:(pyroro. 

Tipo:U:JIJIIOCTpHpyeM B03MO)[(HOCTl1 Bepo51THOCTHOro 

IlO]:(XO]:(a Ha KOHKpeTHbIX npHMepax. 

BbIBOP OIITMMAJibHbIX 
IIPOEKTHbIX PEIIIEHMfi 

IlpuMep 1. Tpe6yeTC51 Bh16paTh onT:u:MaJibHoe 

npoeKTHOe pemeHHe AJI51 B3JifaHo- noca]:(o11Hoil: no

JIOChI, npoeKTHpyeMOH Ha BelJHOMep3JibIX rpyHTax B 

pail:otte 5lKyTcKa. 

CHa11aJia paccMOTpHM H]:(eaJihHhIH cJiy11ail: 

(p11c. 1), KOr]:(a B npe]:(eJiax Been noJIOChl peJibe¢ 
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PHC. 1. 3aBHCHMOCTh cyMMapHOH npJ1BeJ(eHHOH CTOH

M OCTI1 OJ(HOPOAHOro ylfaCTKa B3JieTHO-TIOCaJ(OlfHOH 

rro OChl c (B % OT CTOHMOCTH TIOKpb!THH) OT 

Bb!COTHOH OTMeTKH ee nosepxHOCTH v " TOJlllJ,HHhl 

Tefl i10H30JII1PYIOW,ero CJIOH h. 

a illOTHO nJIOCKHH, a Mep3JIOTHO-rpyHTOBhie yc

."IOBID! o inrnpOJ:\HhI. B 3TOM cJiyqae u:eJiecoo6pa3tto 

IDilITh B KalfeCTBe ynpaBJIHIOmHX napaMeTpOB 

BhICOTHylO OTMeTKY nosepxHOCTH IIOJIOChl (KpacHyIO 

JI r ) H TOJimHHY TenJIOH30JIHpyIOmeif HaChITIH 

XRIDI '-IaCTh HaCbITIH, B03BO}:\HMa5I H3 KpynHO-

;:i THoro MarepHaJia). 3rH ABa napaMerpa onpe-

illfT o6beM BepTHKaJibHOH nJiaHJIPOBKH, a, CJie}l,O

ilhHO, H ee CTOHMOCTh, KOTOpa5I CO CTOHMOCThIO 

n "' hITIUI onpe.D;eJIHT HalfaJihHYIO CTOHMOCTh noJio

• Orrpe}l,eJI5I5I u:eHy pHcKa, npe}l,IIOJIO)l(HM, lfTO 

Ka3e OCHOBaHH5I (oca}l,Ka HJIH nyqeHHe npe-

.J;HT npe;:\eJihHO }l,OnyCTHMOe 3HalJeHHe }:\JI5I 

aHHoro THna noKpb!THH) noKpbITHe nOJIOChl 

' .iIHT B Hero}l,HOCTh H no.D;Jie)l(HT 3aMeHe. B 

M CTaTHCTHlJeCKOM HCnh!TaHHH onpe}l,emreTCH 

3aMeH , eCJIH 3a BpeM5I HCnhlTaHHH OTKa30B He 

ihl.:r 3TO lfliCJio pasHo HYJIIO. 06maH cyMMa 

H BO BCex HCnhITaHH5IX, )leJieHHa5I Ha lJHCJIO 

m::m:.rramrii , .D;aeT cpe}:\Hee lJHCJIO 3aMeH noKpb!TH5I. 

JKYB 3TO lJHCJIO Ha CTOHMOCTh noKpbITH5I no

' u.eey PHCKa, CYMMHPY5I ee c HalfaJihHOH 

'-JlU.Uill, Jl..iblO - cyMMapHyIO npHBe}:\eHHYIO CTOH-

0 500 
~, 
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1500 
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2000 2500 L, M 
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Prrc. 2. reo11or111.JeCKHH pa3pe3 B3JieTHO-IIOCaJ(Olf

HOll TIOJIOChl c BbIJ(eJieHHeM OJ(HOPOAHhIX ylfaCTKOB 

1£ 4-x BapHaHTOB npocjJHJIH. 

J - Menn1i1 necoK, 2 - cyrnHHOK, 3 - HOMep y<iacTKa, 4 -
aap11aHT n poqm mr ; V,

1 
- BhICOTHall OTMeTKa Ha4ana nonoch1. 

MOCTh CHCTeMbl. Ka)l(}l,OH nape 3Hal!eHHH ynpaBJI5I

IOmHX napaMeTpOB 6y}l,eT COOTBeTCTBOBaTh CB05I 

cyMMapHa5I CTOHMOCTh. BapbnpyH ynpaBJIHIOmHM~ 
napaMeTpaMH, Haxo)IHM MHHHMYM cyMMapHOH 

CTOHMOCTH - 3TO H eCTh OTITHMaJibHOe pemeHHe. 

PaccMoTpHM Teneph peaJibHhIH cJiyqaif, cseAH 

ero K cyMMe H}:\eaJibHbIX. D,JI5I 3TOI'O , HCIIOJib3Y5I 

MeTOA nepeKpeCTHOI'O paHOHHpOBaHH5I, pa306beM 

IlOJIOCy }:\JIHHOH L Ha cyMMY yqacTKOB c OTHOCHTeJih

HO TIJIOCKHM peJihe¢oM H O}:\HOPOAHhlMH Mep3JIOTHO

rpyHTOBhIMH ycJIOBH5IMH (pHC. 2). 3aTeM C03)1a.D;HM 

npo¢HJib nOJIOCbl TaK, lJT06bI OH MaKCHMaJibHO B03-

M0)l(H0 noBTOp5IJI peJihe¢ npn ycJIOBHH, l!TO YKJIOHhI 

He npeBhlmaIOT .D;onycTHMhlx. EyAeM nepeMemaTh 

npo¢HJih BBepx-BHH3, A06HBa5ICb MHHHMyMa cyM

Mbl CTOliMOCTeli scex yqacTKOB. Bapnnpy5I Kparnoli 

OTMeTKOH HallaJia nOJIOCbl (KpaCHhle OTMeTKH yqa

CTKOB onpe}l,eJI5IIOTC5I npo¢HJieM) H TOJlmHHOH 

TenJIOH30JIHPYIOmeli HaCbITIH Ha Ka)l(}l,OM yqacTKe, 

HaXO}:\HM OnTHMaJibHOe pemeHHe (pHC. 3). 

OU:EHKA TEPPMTOPMM 
no CTOMMOCTM EE OCBOEHM.sI 

llpuMep 2. TeppHTOpH5I, pacnoJIO)l(eHHa5I B 

palioHe BopKyThI, 3acTpansaeTC5I THnOBbIMH n5I

TH3Ta)l(HbIMH )l(HJlhlMH 3AaHH5IMH. Tpe6yeTC5I BhI-

6paTh BapHaHT TIJiaHHPOBKH, ycTaHOBHTb npHHU:HTI 

HCTIOJih30BaHH5I BelJHOMep3JlbIX rpyHTOB B KalJeCTBe 

OCHOBaHH5I H cnoco6 cPYHJlaMeHTOCTpOeHH5I. D,Jl5I 

pemeHH5I 3TOH 3a.D;alJH npe}:\BapHTeJlhHO Ha}l,O 

IlOCTpOHTb CTOHMOCTHYIO HH)l(eHepHo-reOJIOrHl.leC

KYIO KapTy. Hamn nccJie}l,oBaHHH noKa3hIBaIOT, lfTO 

rJiaBHbIMH Mep3JIOTHo-rpyHTOBbIMH ycJIOBH5IMH, OII

pe}l,eJI5IIOID:HMH npocTpaHCTBeHHYIO H3MeHlJHBOCTb 

cyMMapHOH npHBe}:\eHHOH CTOHMOCTH CHCTeMhl 

3}:\aHHe-OCHOBaHHe 5IBJI5IIOTC5I: rJiy6nHa 3aJJeraHH5I 

KpOBJIH MOHOJIHTHbIX CKaJibHbIX rpyHTOB, pa3pe3 

pbIXJlhlX OTJIO){(eHHH, rJiy6HHa 3a.JieraHH5I KpOBJIH 

BelJHOMep3JihIX rpyHTOB H HX TeMnepaTypa. 3To 

.D;afa ocHoBaHHe npHH5ITh nepel!HCJleHHbie y cJIOBH5I 

B KalJeCTBe KJiaCCHcPHKaU:HOHHhlX npH3HaKOB pacq

JieHeHH5I 3aCTpaHBaeMOH TeppHTOpHH Ha yqacTKH c 

nOCT05IHHOH CTOHMOCTbIO OCBOeHH5I. 

C,% 
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Puc. 3. 3aBHCHMOCTh cyMMapHOH npl1BeJ(eHHOH CTOH

MOCTH B3JieTHO-TIOCaJ(OlJHOH TIOJIOCbl c (B % OT 

CTOHMOCTH noKpbITH5I) OT BhICOTHOH OTMeTKH Ha-

1.JaJia IIOJIOChl v m:· 

UHcjJpoi1 yKa3aH HOMep BapHaHTa npocjJHnSI. 
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JI. H. XPYCT AJIEB 

Ta 6 JI l1 !_(a 2. XapaKTepHCTHKa reoJJOrHqecKHX Y'IaCTKOB, noKa3aHHbIX Ha CTOHMOCTHOH HmKenepno-reOJJOrHqecKOH KapTe 

N~ Tttrr Ilpl1H!_(l1II I IlpHH!_(HII II 
Y'laCT- rpynTOBOH H, M T0, rpaA 

Hf' M Ka TOJII!_(l1 C, % P, A· eA C, % P, A· eA. Hth• M 

1 A 0-2 -1,5 22 0,998 0,0 45 0,72 12,0 

2 A 2-6 -0,2 26 0,998 5,0 44 0,71 12,0 

3 A 6-8 -0,2 27 0,998 7,0 44 0,71 12,0 

4 A 8-12 -0,2 30 0,998 10,0 43 0,68 0,0 

5 A 12-18 -0,2 34 0,998 15,0 23 0,75 0,0 

6 A 18-22 -0,2 38 0,998 20,0 19 0,85 0,0 

7 B 0-2 -1,5 23 0,990 0,0 55 0,70 13,0 

Ilp11Meqan11e. c - MHHl1MaJihHall cyMMapnall CTOl1MOCTb nyJieBoro !_(11KJia 3AaHl1ll (CTOl1MOCTb cjJyn):\aMeHTOB, OXJia)!():\a!Oll.(11X 

YCTPOHCTB , IIOArQTOBKl1 ocnoaan11H l1 !_\eHa p11cKa) B % OT CT0l1MOCTl1 nampyHAaMeHTHOH KOHCTpyK!_\1111; p - Ha):\e)!(HOCTb Cl1CTeMhl 

3Aan11e-ocnonan11e n AOJillX eAHHH!_\hI (A . eA.); Hf, H,h - my611na rrpeAIIOCTpoeqHoro np0Mopa)!(11Ban11ll 11 nporn11aaH11ll rpyHTOB B 

MeTpax. 

)],JI51 nOCTpoemrn CTOHMOCTHOH KapTbI Heo6-

XO,[(HMO, nOJih3Y51Cb 3THMH KJiaccmpHKall,HOHHhIMH 

npH3HaKaMH, pac•rneHHTb TeppHTOpmo Ha y'-IaCTKH, 

no nporpaMMe HACT ):(JI51 Ka:>K):(Oro y'-IaCTKa onpe

):(eJIHTh MHHHMaJibHbie cyMMapHbie CTOHMOCTH CHC

TeMhI 3,[(aHHe-OCHOBaHHe, B03BO,[(HMOH no nepBOMY 

H BTOpOMY npHHil,Hny' KOTOpyIO 3aTeM OT06pa3HTb 

B rpaHHu,ax y'-IaCTKa. 3,[(eCh :>Ke CJie,[(yeT OTpa3HTh 

COOTBeTCTBYIOIQHe 3THM CTOHMOCT51M Ha,[(e:>KHOCTH 

OCHOBaHHH, rJiy6HHbI 3aJIO:>KeHH51 cpyH):(aMeHTOB H 

rJiy6HHbI npe):(nOCTpOel.JHOro npoMopa:>KHBaHH51-

0TTaHBaHH51 rpyHTOB (Ta6JI. 2). ITpHMep TaKoil Kap

ThI ):(JI51 Ramero cJiy'-Ia51 noKa3aH Ha pHc. 4. HaKJia

):(hIBa51 Ha ,[(aHHYIO KapTy noo'-Iepe,[(HO BapHaHThI 

nJiaHHpOBO'-IHhIX pemeHHH, ou,eHHBaeM CTOHMOCTh 

0 40M 
'---J 

Pttc. 4. CTOHMOCTHaSI HH)KettepHo-reoJIOrH'-IecKaSI 

KapTa. 

I - noMep reo11or11qecKoro yLiaCTKa, 2 - rpaHH!_\hI yLiaCTKoa; 

3 - y4aCTKl1, r Ae CTp011TeJihCTBO no np11H!_(l1IIY I AeIIIeBJie, 4eM 

no II, Tl1II rpyHTOBOH TOJII!_(l1 A; 4 - TO )!(e, Tl1n rpyHTOBOH TOJI!l.\11 

B; 5 - yLiaCTKH, rAe CTpo11TeJibCTBO no np111-1!_\11ny II Aernenne, 

LieM no I, T11n rpyHTOBOH TOJII!_(l1 A. T11n rpyHTOBOH TOJI!l.\11: A -
IIOKpOBHh!H cyrJIHHOK (0,5-1,0 M)' MOpeHHb!H cyrJil1HOK (6-
7 M)' cjJJIIOBl10rJill!_(l1aJihHble MeJIKl1e rreCKl1 (CBbIIIIe 10 M). B -
IIOKpOBHb!H cyrJIHHOK (0,5-1,0 M)' cjJJIIOBl10rJill!_\11aJihHbie MeJI

Kl1e neCKl1 (CBbIIIIe 10 M) . 
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Ka:>K):(Oro nepBH'-IHOro 3JieMeHTa 3acTpOHKH (rpynna 

3,[(aHHH, B03BO,[(HMa51 no O,[(HOMY npHHil,Hny)' ycTa

HaBJIHBaeM ,[(JI51 Hero npHHil,Hn CTpOHTeJibCTBa, rJiy-

6HHY 3aJIO:>KeHH51 cpyH,[(aMeHTOB H my6HHY npe,[(nO

CTpOel.JHOH no,[(roTOBKH rpyHTOB. )],aJiee, cyMMHPY51 

CTOHMOCTH nepBH'-IHbIX 3JieMeHTOB B npe):(eJiaX Ka:>K

,[(Oro BapHaHTa nJiaHHpOBKH, HaXO,[(HM BapHaHT c 

MHHHMaJihHOH CTOHMOCThIO. 

AHaJiorH'-IHhre KapThI MoryT 6hlTh cocTaBJieHhI 

,[(JI51 Tpy6onpOBO,[(HOro H ):(OpO:>KHOro CTpOHTeJihCTBa 

H c HX nOMOIQbIO ocyru;eCTBJieH BhI6op onTHMaJihHOH 

TpaCChI H cnoco6a B03Be,[(eHH51 yKa3aHHbIX JIHHeH

HbIX coopy:>KeHHH. 

yqET rJIOBAJibHOrO IIOTEIIJIEHIUI 
KJIIIMATA B IIPOEKTIIPOBAHIIII 

IlpuMep 3. PaccMOTpHM npHJIO:>KeHHe TeopHH 

Ha):(e:>KHOCTH K pemeHHIO cnopHoro Bonpoca Ha):(o JIH 

y'-IHThrnaTh B03MO:>KHOe rJio6aJibHoe noTenJieHHe 

KJIHMaTa B npoeKTHpOBaHHH. 

0'-IeBH,[(HO, '-ITO y'-IeT rJio6aJibHOro noTenJieHH51 

npHBe,[(fa K y):(opo:>KaHHIO CTPOHTeJibCTBa. 0,[(HaKO 

cero,[(H51 HHKTO He 6y):(eT BKJia,[(hIBaTh B CTpOHTeJih

CTBO ,[(OnOJIHHTeJihHhie cpe):(CTBa, He 6y):(y'-IH yBe

peHHhIM B noJih3e 3THx BJIO:>KeHHH 3aBTpa. ITo::iToMy 

roBOpHTh 06 y'-Ifae noTenJieHH51 MO:>KHO 6y):(eT TOJib

KO nocJie Toro, KOr,[(a Ka:>K,[(OMY cu,eHapHIO noTen

JieHH51 6y):(eT COOTHeCeHa Bep051THOCTb ero peaJIH-

3all,HH. ToJihKO Tor.z:i;a 3TOT cnopHhIH Bonpoc MO:>KHO 

6y,[(eT H3 o6JiaCTH CXOJiaCTH'-IeCKHX paccy:>K,[(eHHH 

nepeHeCTH B o6JiaCTb TeXHHK0-3KOHOMH'-IeCKHX 

pac'-IfaoB. 

JJ,onyCTHM, '-ITO HaM H3BeCTHa Bep051THOCTb 

peaJIH3all,HH cu,eHapH51, TOr,[(a noJIO:>KHTeJihHbIH 

OTBeT Ha BhimenocTaBJieHHbIH BOnpoc MO:>KeT 6hITb 

,[(aH B CJiy'-Iae, eCJIH y):(opo:>KaHHe Ha'-IaJihHOH 

CTOHMOCTH reoTeXHH'-IeCKOH CHCTeMhI 3a C'-IeT y'-IeTa 

noTenJieHH51, 6y):(eT MeHhme yru;ep6a OT noTenJieHH51 

yMHO:>KeHHoil Ha Bepo51THOCTh peaJIH3all,HH cu,eHa

pH51 noTenJieHH51 (10). 

(10) 
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(11) 

Qe Co; - Hal.faJih Ha51 CTOHMOCTh reOTeXHHIIeCKOM 

fhl, 3aITpOeKTHpOBaHHOM c y qeTOM i-ro cu;e 

HaplU! IIOTeITJieHH51; c oo - TO 2Ke 6e3 yqeTa TIOTeIT-

-~~~.· C di - y m,ep6 OT i-ro ITOTeITJieHH51, eCJIH OHO 

)';J;eT Y '.fTeHO ITPH ITpOeKTHpOBaHHH; c,; - n;eHa 

B nyrne i-ro cn;eHapm1 ITOTeIT11eHm1; C,0 -

Xe e3 y q eTa ITOTeITJieHH5I; e
0 

- OITTHMaJihHa51 

...,.,,, .... V">TrmOCTh y ITpaBJI51IOII.l,HX ITapaMeTpOB 6e3 yqe-

Ilo a::Ke ' K aK Bhll.fHCJIHTh q JieHhl ypaBHeHH51 

(10 ) . ax OTMel.fa JIOCh Bhlme, .ll:Jl51 ITOJiyl.feH H51 OITTH-

HOf'O pemeHH51 BapbHpOBaHHeM ynpaBJI51IOII.1,HX 

Gll'IJ(l~U~poB CJie.n:yeT .n:ofoIThC5I MHHHMyMa cyMMap

I'IJle,!I,eHH OM CTOHMOCTH. BapbHpoBaHHe ocy

erc5I .ll:JI51 c11y qa5I, Kor.n:a ITOTeIT11eHH5I HeT 

t r-n.•rr<>rr 11 .ll:JI5I CJ1y 'Ia5I, Kor.n:a OHO ecTh (c11yqali 

3TOro BeJIHl.fHHa ym,ep6a OT HeyqeTa 

~ HH5I OITp e.n:eJIHTC5I, KaK pa3HOCTh B n;eHax 

;zyi.i:a5IX M 0 H M 1 ITPH 3Hal.feHH51X yITpaB

rrapaMeTpoB, COOTBeTCTBYIOII.1,HX CJiyqaJO 

( l) . JieBa5I 'IaCTh ypaBHeHH5I (10) 6y.n:eT 

H31.i3JThHOii CTOHMOCTH H n;eHbl pHCKa 

- - lllihI rrpe.n:rrocrpoe tIHOrO OTTaHBaHH5I Bel.f

~i:i!f:pa::mro rpyttTa rro.n: 3.ll:3HHeM, B03BOAHMOM ITO 

liiJ~n;uny II a paaoHe BopKyThI. PaccMaTpHBaIOTC5I 

K m a rpa.n:tteHT cpe.n:Hero.n:osoli TeMITe

<-n-~-no.T =~~~,~a p a s eH 0 (ITOTeITJieHH5I HeT) H Kor.n:a 

0 0 5 r pa.n: / ro.n:, liTO COOTBeTcTByeT cpe.n: -

.ll3BOCI'HbIX rn:eHaptteB r1106aJihHOrO ITOTeIT-

3 pH . 5 CJie.n:yeT , l.fTO B pe3y JihTaTe ITOTeIT-

ITTil:MaJihHa 5I TOliKa CMem,aeTC5I BITpaso ITO 

l!H H 1apHa5I npHse.n:eHHa5I CTOHMOCTh 

;;a~;i;ctci~er B 1, 4 p a3a, ITPH 3TOM pa3HOCTh B Ha -

CTO 10CTH CHCTeMhl B TOl.fKe Ml H M o 

6 % (OT CTOHMOCTH Ha.n:¢yH,qaMeHTHOM 

IIJieHH5I c11e.n:yeT yl.fHThlBaTh ITPH npo

f:!:it'iTIOOBa.H:H:H B T OM CJiy liae, eCJIH sep05ITHOCTh ero 

--="-llL>'dD,mf 6 y.n:eT 6oJihIIIe 0, 76. c yBeJIHl.feHHeM 

aa.n:¢ytt.n:aMeHTHoli KOHCTPYKIJ;HH 3Ta 

Ba.lI sep05ITHOCTh CHmI<aeTC5I H .n:m1 .n:opo 

'llJillD:. coopy ::KeHttli CJie.n:yeT Yl.fHThIB3Th .n:a2Ke 

tanose po5ITHhie cn;eHa pHH. 

3AKJIJOqEHHE 

pKBe.n:eHHhlMH npttMepaMH .n:a11eKO He HC1.fep

IL5ira<UOTC5I BCe B03M02KHOCTH Bep05ITHOCTHOro rro.n:

K rrpo eKT HpOBaHHIO reoTeXHHl.feCKHX CHCTeM. 

p brn a eT illHpOKHe nepcrreKTHBhl B 6y.n:ym,eM, 

phre cero,qH5I .n:a2Ke TPYAHO on;eHHTh. Ha3oBeM 

Ophie H3 HHX. 

PHC. 5. rpacpHK .[!,JUI Bhll.flICJieHHR napaMeTpOB 

ypanttemrn (10). 

3To, npe2K.n:e scero, pe3epBHposaH1Ie pa6oThI 

CIICTeMbI. c TOl.fKII 3peHII5I .n:eTepMIIHIICTIIl.feCKOro 

no.n:xo.n:a pe3epB1IpOBaHHe - 3TO BCer.n:a TOJihKO 

yBeJIIIl.feHIIe 3aTpaT; c TOl.fKII 3peH1I5I Bep05ITHOCTHO

ro no.n:xo.n:a - 0.ll:IIH II3 B03M02KHhlX nyTeli IIX 

CH1I2KeH1I5I. Pe3epB1IpoBaHHe, KaK II3BeCTHO, ,z:i;aeT 

B03M02KHOCTh C03,qaBaTh BhICOKOHa,z:i;e:>KHhie CHCTeMhI 

H3 MaJIOHa,qe2KHhIX 3JieMeHTOB, T.e. CHII2KaTh n;eHy 

p1ICKa. 

BTophlM HanpaB11eH1IeM 5IBJI5IeTrn pery111Ipo

saH1Ie B npou;ecce 3KCITJiyaTaIJ;IIII TeITJIOBOro II Me

xaHIIl.feCKoro B3alIMo.n:elicTBII5I coopy:>KeHH5I c rpyH

TOM. c IlOMOII.l,hIO pery111IpOBaHII5I M02KHO BOCCTa

HaBJIIIBaTh Bbipa6aThIBaeMyIO Ha,z:i;e2KHOCTh CIICTeMhl 

II npo.n:11eBaTh cpoK ee CJ1y:>K6h1. 3To cTaHeT oco6eH

Ho Ba:>KHhIM, eCJIII HatrneTC5I noTen11eH1Ie KJllIMaTa. 

0.n:HaKO pery JIIIPOBaHIIe ocylI.l,eCTBJI5IeTC5I TOJlhKO Ha 

ynpaBJIReMhIX CIICTeMax, u;e11ecoo6pa3HOCTh C03,qa

HII5I KOTOpbIX MO:>KeT 6hITh ycTaHOBJieHa Jlliillh c 

Il031IIJ;IIM Bep05ITHOCTHOro no.n:xo.n:a. 

McnoJib3Y5I Bep05ITHOCTHhIM no.n:xo,z:i;, MO:>KHO 

TIOJIYl.flITh OTBeTbl Ha MHOrlie BOnpOChl II B 0611aCTII 

IIH2KeHepHhlX II3hI CKaHIIli. B qacTHOCTH, KaK 3a

BIICIIT Heo6xo.n:HMOe KOJllil.feCTBO CTaAIIM II3bICKaHIIM 

(mar a,z:i;anTaIJ;IIH) OT II3MeHl.flIBOCTH reoKplIOJIO

rHl.feCKIIX ycJIOBIIM B palioHe CTpOIITeJihCTBa II CTOII

MOCTII npoeKTIIpyeMoro KOMITJieKca coopy2KeHIIM, 

KaKOM OITTIIMaJibHhIM o6'beM II3hlCKaHIIM ,!l;OJI:>KeH 

COOTBeTCTBOBaTb Ka2K.[l,OM CTa,qlIII H, HaKOHen;, KaKO

BO MeCTO .n:oporOCT05III.l,IIX MeTO.ll:OB onpo6oBaHII5I B 

o6m,eM COCTaBe OITpo6oBaHH5I rpyHTOB. 

HeT COMHeHHli, l.fTO nepel.flICJieHHhie 3a,qaq1I 

MoryT 6bITh pemeHhI c no31IIJ;IIH npe.[1,11araeMoro 

no.n:xo.n:a, liTO ,z:i;aeT OCHOBaHIIe Cl.fHTaTh ero :=i¢¢eK

TIIBHhIM cpe.n:CTBOM ycKopeHIIR TeXHII'leCKOro npor

pecca B CTpOIITeJibCTBe Ha Bel.fHOMep3JihIX rpyHTax. 

JllITepaTypa 

XpycrnJieB Jl.H., IlyCTOBOHT r.rr. Bep05ITHO

CTHO-CTaTIICTIIl.feCKIIe pacl.feThl OCHOBaHIIM 3,qaHIIM B 

Kp1IOJIIIT030He. HoBoCH61IpCK, HayKa, 1988, 252 c . 

nocmynUJZa 6 peaaKu,u10 
4 UIOH.Jl 1997 Z. 
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