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Orsbrn

ac[upaHTa PyrcanuqrrHa BaAuma
Bs.recraBoBlrqa, <<Onpe4eJIeHHe ycrofiuunocrr{ reoJrorrrqecrcofi cpeAbr c
rIpHMeHeHHeM MeroAoB Marrrr{HHoro o6yueHuq (Ha upurvrepe r. Mocrcnrr)>,
rIpeAcraBJreHHyro Ha colrcKaHrre yueuofr crerreHr{ KaHArrAara reoJroro-
MrlHepaJroruqecKl{x HayK rro c[erluaJrbHocrr{ 25.00.08. HH?KeHepnafl

f eoJrof r.rfl , Mep3JroToBeAeHr{e u rpyHToBeAeHue.

Bu6paHuax coHcKareJIeM TeMa lr{ccepraunonuofi pa6orrr onpeAeneHr{e

ycroftuunocrH reororl4qecxofr cpeAbr rrpeAoTaBJrrerc.f, AoBoJrbHo cloxHofi, uo
upesnrtuafiHo arryalruofi. KaxAufr pazpa1atrrsaeNarrfi rr4ApooHepreravecr<zfi
npoeKT c cucrenrofi rl{AporexHl4r{eaKl4x coopyxeuafi, H€uu4rrneM H pa3BHTr4eM

orIacHbIX feororl4qecKlrx npoqeccoB perxaer rnasHrrfi Bonpoc: a r4MeHHo

ycrofi vflnocrb reoJlorl{rrecKoft cpe4u B npoqecce crpor'rreJrbcrBa r4 oKcrrny ararrypr
o6ter<ra. B erou [JraHe pa6ora col4cKarerrx paccMarprrBaercr cileuuarzrcra.vrr4
reoJloraMI4 I4 npoeKTrIpoBIrIIrKaMr{ KaK [paKTr4r{ecKr4 3Haqr4Mar. llpaxrzuecra_a
Ba)KHocrb pa6oru pacrleHnBaercr r4 TeM, .{ro laN,r5br, lpyHToBbre z 6eroHurre
[IJIOTr4HbI, CO3AaBaeMbIe BoloxpaHvInl4rr\a 14 Apyfr4e coopy)KeHr4t
paccMarprrBarorc{ KaK reoJloruqecKa-f, cpeAa c BbrcoKofr rexuoreuHofi narpy:xofi.
A n xoAe rIpoeKTI4poBaHI4t crapalorcr nonyqurb orBer Ha Bonpoc: BbrAep)Kvrr rrkr

feoJrofr4rrecKafl cpeAa co3AaBaeMyro rexHofeHHyro Hafpy3Ky B nepr4oA
crpor4Tenb crBa r4 Anr{Tenruofi oKc[nyar a\un?

Moxuo corracr4Tbc.s c aBTopoM pa6orrr B ToM, qro ((rn-f, perxeHr4.q

HmxeHepHo-reorlorl4qecKl4x 3aAaq MarrrnHHoe o6yveur4e npr.rMeH.rrercr He qacro)).

Peruaeurre qacrHble 3a!:aqu nocpeAcrBoM Susuvecxoro 14 MareMarrrqecKoro
MoAeJrupoBanufl Ha pa:pa6oraHHbrx vr o6ocnosaHHbrx MoAerr x ((.rloBoJrbHo

npocrbl)> v orBeqalor JII{IrII Ha HeKoropbre Borrpocbr ycrofivnnocrr{
reoJlorl,lqecrofi cpeAbl B rlpeAeJlax npoeKTr{pyeMoro coopyx{ e:oufl". O6qa.s or{eHKa
ycrofivzeocrl4 feonorl4qecrofi cpeAbr Bbr3brBaer 3Haqr.rremnrrfi r4HTepec K

Ws BBeAeHHt,

aBTOp B

IIICCTI{ fNAB [I 3AKIIOIIEHH{, I43JIO}KEHHbIX B AI4CCCPTAqAOUHOfi

anropeQepare npeAnafaer HenocpeAcTBeHHo

nonoxeuuft.
o6cy4zu

perrreHzro srofi upo6leurr.

pa6ore

IoKa3arenbHyro 6 a:y s arqr{qaeMbrx

llepeoe 3aurl4qaeMoe rloJrolKeHr4e: <<Onpe4eJreuue ycrofiuznocrr4
reoJlornrlecxoft cpeAbl, BbIrroJIHeHHoe Ha rrpelnpoerruofi era1kru, rro3BoJr.fler

onrl4MH3l4poBarb rz yHz$zqHpoBarb npoBeAeHr,re r4H)KeHepHbrx rzgbrcKaHr4fi)).
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Zccle4onareJlb p accMarpl4Baer 14 a*aJrr43r4pyer na6op reoJrorrzrrecKr4x S arropon
v Sz:raro-rntexaHl4qecKl4x caoficrn rpyHToB, Koropbre Jre)Kar B ocHoBe
onpeAeJIeHI4t ycrofr'{anocrz reoJloruqecrofi cpe4br: K coxpaHeHrrro HeKoropbrx
xapaKTepr4crnK; K I4X I43MeHeHr4rO B OrrpeAeneHHbrx Aorrycrr4Mbrx npeAenax;
cloco6socrr Bo3BpaqeHI{.[ xapaKTepacrr4K B 6a:oeoe cocrof,Hr4e npa hx
BO3MOXHOM OTKJIOHCHHII.

Llccle4onaHnfl aBTop tlpoAoruKaer, HcnoJrb3ytr MoAenb B3aaMoAeitcrnuq
reoJrofHqecxofi cpeAbr H coopyNennfi Anfl fopoAa Mocr<nrr. llo cepuLr
aHaIrI4TLrqecKI4X OIIeHOT{HO-IrpofHo3Hbrx ,{eTaJrbHbrx KapT aHanu3vpyeTc.f,
orlacHocrb nos4efrcrnzx feoJlornqecKr,rx rrpoqeccoB Enfl pa3Hbrx cra4uft
npoeKTr{poBaHr4-rr ropo4crofr sacrpofixz, sa^:euuofi vr no4:evluofi
uuspacrpyKrypbr fopoAa, peKoHcrpyKru4H v KarHraJrbHofo peMoHra
o6ecne'reHHbre pe3ynbraraMrz r{HxreHepHbrx ragrrcr<anzfi .

B peeynrrare aHaJrw3a ransopuaur4r,r aBTop orMeqaer, r{To orrpeAeneHae
ypoBHr ycrofiuunocru reoJlofuqecrofi cpeAbr npor4cxoAr4T Ha rro3AHHX crailvnx
npoeKTI4poBaHrrfl u pa^:pa6o:rrrz pa6oueft AoKyMeHTarJHLr rr3-sa cJroxHocrz rI
AonroBpeMeHHocrH HccJleAoBalF.uit H [onyqenzx an@opMardr4r4. Ho uanSonbr]ryrc
IIoJIe3Hocrb 3Ta ranSoprr,taqr,rx I4Meer Ha npeAnpoerrrrofi cra1;?.r4) KorAa 3Hafl
ypoBeHb ycrofi'rueocru reororzrrecr<ofi cpeAbr, MoxrHo 6olee .qocroBepHo
o6ocuonarb paclonox{eHI'Ie npoeKTI4pyeMoro o6ter<ra, olrr4Mr43r4poBarb o6reurr
HHlKeHepHbIX usltcrallufi, cKoHIIeHTpI{poBaB ocHoBHbre yannprfl B Mecrax
IIoBbIIrreHHoro pl4cKa. Anrop y6ex4aer Lr HacrazrBaer, qTo B ?rAeiurbHoM Bapr4aHTe
ycrofrvunocrr reoJroruilecxofi cpeAbr Aon)KHa orrpeAen{Tbcr errle Ha
lpeAlpoeffinofr cra\Lrv v I4crloJrb3oBarbcr rrpz cocraBJreHrt4 rrporpaMMbr
I{H}KeHepHbIX rz:rrcraHrafi. llepeoe 3alrlgqaeMoe IIoJro}KeHr4e crrr4Taro
o6ocHosaHHbrM.

Bropoe 3arluulaeMoe noJlo)I{eHr4e: <OAHrzu r43 rrepcneKTr4BHbrx MeroAoB
MareMarl{r{ecKoro MoAennpoBaHvrfl u rrporHo3r4poBaHr4.s ycrofivznocrr4
reororl{rlecxofi cpeAbl tBr.f,erc,s MarxHHHoe o6yveune, ilo3Bonrrculee
o6pa6amrnarr 6olrruue o6relmr paruopo4Hofi H croxuofi ro cocraBy
r4HxeHepHo-reoJrorz.recKofr znQopua\vrr4>>. Anrop pa6oru roroHfler, qro
MaITIHHHoe o6yveuze B cnoefi ocHoBe rrpeAcraBJr.rrer co6oft aHaJrH3 BrrvrflHvrfl
B3aI4MocB.[3aHHbrx Me)KAy co6oft npI4poAHbrx u rexHoreHHbrx $arropon Ha
ycrofrvueocrb reoJrorr{rrecKofi cpe4u.
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B pa6ore I4ccJIeAoBareJIb zrrler orBer Ha Bonpoc, KaKa.fl MoAeJrb, KaKr4e

napaMerpbl HerlocpeAcrBeHHo cBfl3aHbr c ycrofiuraBocrbro reororr4qecxofi cpeAbr

AocryrlHble Ha caMoM rIepBoM 3Tane r4HlxeHepHbrx lr3brcrcawufr, KaK r,rcnoirb3oBarb

3HarIeHI4t ycrofruunocrl4 e xax4oft ycroenofi ToqKe HccJreAyenrofi repputopuu. B
r4Tore AoKa3areJrbcrBa 3arrluulaeMoro rroJrox{eHut 6:.;rrra [oflyrreHa 6asa 4auurrx,
rpl4 noMolIII4 Koropofi xolanuorep olyuutrcx orpeAeurb ypoBeHr ycrofiuzBocru
reoJlorl4rrecr<ofi cpeAbI, coorBercrnyroqzfi ypoBHro rropora oruz6r<u npr4

rrpocTpaHcTBeHHoM rrpofHo3prpoBaHr4r{.

o6ocHoeaHrae rperbero 3arqr4rrlaeMoro rrofiox{eHr4f,: <<Mo4eru ycrofi.rneoarr{
reoJlorl4qecrofr cpeAbl r. Mocxsbl, pa3pa6oranHas n 4anHofi pa6ore, cJreAyer
paccMarpHBarb B KarlecrBe aHaJrofa npu onpeAeneHl4r4 cocrorHkr.s reoron4qecrofi
cpeAbl yp6auuzupoBaHHblx reppzropzfi, HaxoArrrlLrxcfl. B aHarorr4qHbrx
rrHxeHepHo-feoJrorl{r{ecKux ycnoBr4.rrx)). ZsnoNeHHa.f, B pa6ore MeroArzKa
npHMeH.flJlaab ilnfl onpeAeneHl4{ ypoBHr ycrofrlrr4Bocrr{ reororrzrrecrofi cpeAbr r.
Mocxnrr z cpaBHeHlr-a ero pe3yJrbraroB c pe3yxbraraMr4 3KcleprHofi oqenxu.
llocrpoeuHble KoMnbrorepoM MoAenrr ycrofivneocru reoJrorrarrecxofi cpeAbr no
Teppi{TopntM AByx nu6paHurrx pafioHon Harrt-sAHo rroKa3aJro Bo3MoxHocrr4

AaHHov cl4creMbl onpe,4entrr ycrofir{kIBocrb reoJrorr4rrecrofi cpeAbr 4lx lro6ux
reppuropzfi c noxoxtl{Mz rrH)KeHepHo-reoJrorurrecKuMr4 ycnoBr4{Mra np1a

IrcIIoJIb3oBaHLrv I{cKJIIoqI4TeJrrHo apxznnofi ran$opuaqrau vr 6es npoBeAeHr4t

AononHuTeJrbHbrx r4HxeHepHbrx rr3brcrcauuit.

Pa:pa6ora:r^Hafl MeroAI{Ka onpeAeneHr4-rr ycrofr.runocrr,r feoJrofr4rrecr<ofi
cpeAbl Ha ocHoBe MaIrII4HHoro o6yvennx Ilo3BoJr.fler paccMarplrBarb ee r<ar o.qr4H

I{3 OCHOBHbIX MeTO,{OB MaTeMaTLIqeCKOfO MOAenI4pOBAHVfl II IIpOfHO3kIpOBAHkrfl
ycrofr.rHnocrH feoJrorHqecrofi cpeAbr, roroprrfi no3BoJr{er
6oruiuze o6r,dv'rr pa:nopo4uofi v cnoxuofr ro cocraBy
feoJrofr4rrecrofi HH$opN,raquu. oua ilpouna recrr{poBaHr4e Ha

HpKeHepHo-f eoJlofl4rlecKr4x H3bICKaHr{fi U :anep [raer o6o cHoBaurae

B Ar'r ccepr arJvrr noloxenaff .

o0pa0aTbrBaTb

floly'reHHble pe3yJlbrarbl He rrporr4Bopeqar BbrrroJrHeHHbrM o6ocuonaHuflM

r4HTeJrJreKryalr,Hrrfr aHaJrr43 Ha 3Tale QopvrzpoBaHufl. 6a":u AaHHbrx, KaK

HcnoJlb3oBarb cKpblTyro un$oprraaquro AJrf, peanrnarJkrLr cnoco6a Marrrr,rHHoro

o6y.renzx. I,I oreer oH Haxorr4T B nonyqeHurl TaK Ha3brBaeMofi <oSyvarorqefi
Marrrr4HHofo o6yveurax, Koropa-rr coAeplKr4T B ce6e 3HaqeHr{.rrnrr6opre>>

Qaxropon, xapaKrepll3ylo[Il4x ycrofivunocm reoJrorlrrrecrofi cpeAbr, u ca6r4

r4HX(eHepHO-

MaTeprraJrax

3au{HrrlaeMbrx

lr IIo3BoJI'sIor aBTopy pa6orbr npeAnoxl4Tb MeToAI4Ky Anfl pacqera ycrofilrr4Bocrr4
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feoflou.rqecKoft cpelbr c rrpr4MeHeHHeM MeTOIOB Marrrr{HHOfO O5yrreHr4.s, Koropat
3 aIIIr4rrIaeTCf rry6nr{r{H o.

B o6terrae, B Koropoiu o6ocuoBaHa MerorraKa onpeAeneHr4r ycrofi.{finocru
reorofl4rlecrofi cpeAbl, a raK xe BbIrroJrHeHHoe recrr4poB aHvre Anr onpeAeneHr{t
ypoBH.s ycrofrvunocrl4 reororl4trecxoft cpeAbr r. MocKebr rro3BoJrqJro rronyrrgTb

AocroBepHbre KoJILIqecrBeHHbre pe3yJrbrarbl. B urore 6ula nonyqeHa MoAeJrb,

ilo3Borf,Iolqa-f, orIeHI4Tb ycrofr.runocrt reoJrorr{qecxofi cpeAbr 6es
HenocpeAcrBeHHbIX t4mKeHepHo-reoJrorr4lrecKrrx ragrrcralrufi Ha yrracrKax
pa3BvlTvIfl OIIaCHIIX LIHIKeHepHO-reOJIofI4r{ecKZX npoqeCcoB. llapanterprr
npoqeccon 6ulu olpeAeJIeHbI KoMllbrorepoM 3a cqer rzverorqeficr Hu$opMar\Lrvr,
otll4cblBaloulefi pelreQ, rI,I4poreoJlorl4r{ecKr4e ycnoBn.f, H TeKToHr4Ky H3yqaeMoro
pavro}Ia.

floly.renurre pe3ynbrarbr rro3BoJrflror peKoMeHAoBarb oupo6onaru
MeroAI4Ky An{ pacqera ycrofirll4BocrI4 reoJrortrrrecrofi cpeAbr B npeAenax ApyrHX
rIpI4poAHo-TexHI{rIecKI4x cl4creM, HanpnMep, rr4AporexHr,rqecKr4x o6reKroe.

HayvHax I{ nplrKnaAHat 3Harll4Mocrb pa6omr rroJrHocrbro coorBeTcrByer
rpe6onauHsl.{ BAK.

KaHALrAara reoJroro-Ml{HepzlnorrrqecKr4x HayK rro clerlr4urJrbHocrn 25.00.08
I{H}KeHepHat feoJlor[.[, Mep3noroBeAeHlzle, rpyHToBeAeHI{e.

3anrecrureJrb fJraBuoro rrHxeHepa
AO MOC OBIrf r4APOrrPoEKT,

KAH I'LTAAT f eO JI Of O -MI4 H ep €UrO f I4r{ e c KII
HayK, AOTIeHT Csexrun Eopzc AreKceesr4q

Hayvnar
noeugHoft Lr

u npaKTprrrecKa.f, r{eHHocrb BbrrroJrHeHuofi pa6orrr onpeAeJreHbr

coBpeMeHHOCTbrO Upueua pelreHr4.rr npo6neurr, a AkrccepraHT
Pyrcannqrtn BaAuu B.sqec.[asoBr{r{ 3acJryx{raBaer ucrouofi yuenofi creneHr4
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yAocroBepqrc

A.E. KyruHrprryK
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AO MOCOFJI|I4APOIPOEKT, aApec: 143532, Poccrficxa.s @esepaqur,

Mocr<oscras o6racm, Irlcrpvrucxuft pafiou, r.,{e4oncK, yr.3neprernKoB,,{.1, rel.

+7 (495) 994-81-73, e-mail:

www.hydroproj ect.rushydro.ru.

info @hydroproj ect. com ; CAVTT:


