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OBIIASA XAPAKTEPUCTHUKA PABOTbI

AKTyaJIbHOCTh TIPOOJEMBI 00YCIOBIEHA HEOOXOIUMOCTHIO COBEPIIECHCTBO-
BaHUA TOJXOJIOB K pa3pabOTKe 3aluThl OT MOJITOIUIEHHs ToposioB. ['opojackoe
CTPOUTENBCTBO, CBSI3AHHOE C IJIOTHOM 3aCTPONKON, OOMIIMEM MOA3EMHBIX KOM-
MYHHMKalUHA, KOMIJIEKCHOM PEKOHCTPYKLHUEH TOpo/IOoB, OCBOCHHEM HEYIOOHBIX
3eMellb, YCIOKHSAETCs MPOOJIEeMOM MOATOIIIEHUSI TOPOJOB MOA3EMHBIMU BOJIAMHU
€CTECTBEHHOT'0 U TEXHOT€HHOI'0 MPOUCXO0XKIeHNU. OCOOEHHO MOABEPKEHBI MO~
TOIUIEHUIO TOPOJia CO CIa0OMPOHUIIAEMBIMH BOJOHOCHBIMU OCaJJOYHBIMU TIOPO-
JaMU YeTBEPTHUYHOI'O MPOUCXOXKACHHS MPU OJIM3KOM 3aJleraHUU BOJOYIIOPOB C
IPYHTOBBIMH BOJIaMH MajOi MOIIHOCTH.

Crposimuecs 34aHUS U COOPYKEHUsI BTOPTarOTCsl B F€OJOTHUECKYIO CPEAY
ropozaa. Ilpu 3ToM nox BIMSHUEM pPa3IMYHBIX CTPOUTEIBHBIX KOHCTPYKLUHN H

TE€XHOJIOTUHA MOXET MPOUCXOJUTh 00pPa30BaHUE HOBBIX TEXHOT€HHBIX TOPU30H-
TOB IIOA3EMHBIX BOJ MaJIOW MOLIHOCTH: BEPXOBOJKU U I'PYHTOBBIX BOX. Bius-
Hue ropojckoro crpoutenscrBa (I'C) Ha moaToNIEHHE U IPEHUPOBAHUE TEPPHU-
TOPUN MMeEET IEUCTBUE U IOCIEACHUCTBUE: TEXHOTEHHOE ITOATOIIJICHUE HAaYWHa-
€TCA B XOJE CTPOUTEIBCTBA U IPOJOJDKAECTCSA IIPU IKCIUIyaTallU TOPOACKHX
TEPPUTOPUH.

BimsiHue ctpouTensCcTBa HA U3BMEHEHUS TUAPOTE€OJOIMU TOpoAa CBA3aHO HE
TOJIBKO C 00pa30BaHUEM TEXHOT€HHBIX MOA3E€MHBIX BOJ. CTpOUTENbHOE OCBOE-
HUE TEPPUTOPHUIA H3MEHSET (PUIbTPALMOHHBbIE CBOWCTBA OCHOBAaHUMN 3/aHUU U
COOPYKEHHUH B IMPOLIECCE CTPOUTENBCTBA U JAIBHEUIIIEN dKCIUTyaTaluu. B rpyH-
TOBBIX BOJAX MaJOW MOIIHOCTH TEXHOI€HHBIE MU3MEHEHHUs NPOHULIAEMOCTU OC-
HOBaHUN OCOOEHHO CHJIBHO BIMSIOT Ha MOATOIUIEHUE. 3ariyOJIeHHbIE COOpYXKe-
HUsA, QyHAAMEHTBl U YIUIOTHEHHbIE TPYHTBI CO3JAI0T OappaxHbI 3 dekT mio-
THH JUISI TIOTOKOB NIOA3EMHBIX BOJ.

Metonbl U METOAUKU MPOTHO3a U MOJEIUPOBAHUA MOATOIUIEHUS U IPEHU-
poBanus noj BiausHueM ['C TpeOyroT pa3pabOTKH C y4E€TOM YCIOXHSIOUIUX
TEXHOTE€HHBIX (PAaKTOPOB: MaJIOW MOIIHOCTH MOTOKOB I'PYHTOBBIX BOJ, U3MEHE-
HUSI IIPOHULIAEMOCTHA TPYHTOB OCHOBAaHWUM 3JaHUU U COOPYKECHUH, U3MEHECHUS
BOJHOro OajlaHca CUCTEM «TPYHTOBBIE BOJABI — 30HA a’palu — aTtMocdepar
(uciapenue U UHQOUIBTPALIHS).

Lenb pabotel. Jlucceprauus mocBsilieHa pa3padOTKe U Pa3BUTHIO KOHCT-
PYKTHUBHO-TEXHOJIOTMYECKOTO ITOAX0AA K 3alIUTEe OT IOATOIUICHUSA IIyTEM CO3-
JAHWSI METOJIOB M METOJHUK IIPOrHO30B U MOJEIMPOBAHUS NOATOIUICHUS U Ape-
HUPOBAHUS TEPPUTOPUM 11O BIUIHUEM I'OPOIACKOTO CTPOUTEIIBLCTBA.

OcCHOBHas Ues UCCIE0OBaHNS COCTOUT B HOBOM KOHCTPYKTHBHO-TEXHOJIO-
TUYECKOM IOJAXO0E K 3aluTe OT INOATOILUIEHUS B TOPOJICKOM CTPOUTEIBCTBE, KO-
TOPBII MOKHO IIPEICTaBUTh B BUJE CTPYKTYPHOU cxembl (puc. 1).
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Puc. 1

KoHCTpYKTUBHO-TEXHOJIOrMYECKHI MTOAXO/ K 3alIUTE OT MOATOILICHUS
B TOPOJICKOM CTPOUTENHCTBE (CTPYKTYpHAsi CXeMa OCHOBHOM UJIEU UCCIIEIOBAHMUS )

3aga4yn MCCIIEI0OBAHNU:

1) aHanu3, yTOYHEHHE U COBEPIICHCTBOBAHUE CYIIECTBYIOIIUX TOJIXOOB,

MCTOJA0B, MCTOAWK H KPUTCPHUCB IIPOTrHO30B U MOACIUPOBAHUA MMOATOIUVICHUA U

IpEHUPOBaHUs TeppuTopuil nox BiusiaueM 1'C;
2) NOCTaHOBKAa KOHCTPYKTUBHO-TEXHOJOTHYECKOIO MOJAXO0Ja K 3allUTe OT
HOJTOIJIEHUS ¢ KJIacCU(PUKAUEN pa3HOBUAHOCTEN FOPOJICKOIO CTPOUTEILCTBA,
BIIMSIONINX HA MOATOIJIEHNE U IPEHUPOBAHUE TEPPUTOPUI;
3) pa3paboTKa aHATUTUYECKUX METOAOB U METOAUK (DUIbTPAIMOHHBIX pac-
YETOB I'PYHTOBBIX BOJ MajlOd MOIIHOCTH B HEJIMHEHHOW T'MIPABIMYECKOU IIO-

CTaHOBKC, C YUYCTOM M3MCHCHUA ITPOHNIACMOCTHU I'PYHTOB OCHOBAHUU U DJIEMEH-

TOB BOAHOI'O Oaanca MOA3CMHBIX BOJ IMPHU HNPOrHO3ax MOATOIVICHUA U APCHH-

poBaHnus tepputopuii B I'C;
4) pa3paboTka KOMIIBIOTEPHOTO METOJa MOJCIUPOBAHUS TMOATOILUICHUS U
npenupoBanus teppuropuii B I'C;
5) BHepeHue 1 MPOU3BOICTBEHHASI allpO0AaIUsl HAYYHBIX PE3YJIbTATOB.
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OOBEKT uccaeAoBaHMs: MOATOIJIEHUE W JAPEHUPOBAHUE 3acTpanBaeMbIX

TEPPUTOPUNA T'OPOJIOB.
[IpeameT nccaegOBaHUS
MIPOTHO3UPOBAHUE MPOIECCOB (PUIBTPALMU MOJI3EMHBIX BOJ, BBI3BIBAIOIIHUX

MOATOIVIEHUE U APEHUPOBAHUE TeppuTopuiil noa BiausiaueM ['C.
MeToasl UCCIIeTOBAHUN
a) HOBBIE TEOPETUKO-IKCIIEPUMEHTAIBHBIE METO/IBI ABTOPA!

aBTOMOJICJIbHBIX JIBUKEHUNM C YUCIEHHBIM MonaenupoBanuem (AJUM), un-
(dhopmaloHHast TEXHOJIOTHsI MOJICIMPOBAHUS B AJIEKTPOHHBIX Tabnuax (MIT);

0) KJIaCCUYECKHE TEOPETUUECKUE METO/IbI:

MHTErpajbHBIX MpeoOpa3oBaHuil TuUdPepeHIalIbHbBIX YpaBHEHUNH (PUIIbT-
panuy, aCUMOTOTUYECKUX MPHUOJIMKEHUN, MHTErpajJbHOro OasaHca, KOH(OpM-
HBIX OTOOpa)kKeHUH, (parMeHToB, (UIBTPALMOHHBIX CONPOTUBIEHUN U TMOCHe-
JIOBaTEJIbHON CMEHBI CTALIMOHAPHBIX COCTOSHUM;

B) SKCIIEPUMEHT YMCIIEHHBIN, (U3HUECKUI, HATYpHbIE 00CIEJ0OBaHUS.

JIOCTOBEpPHOCTh PE3YJIbTATOB TEOPETHUECKUX MCCIEJOBAaHUN aBTOpa MOA-

TBEP)KJAECHA UX MHOTOKPATHBIMH MPOBEPKAMM C MOMOUIBIO YUCIEHHOI'O JKCIIE-
pUMEHTA, HATYPHBIMU OOCJEI0BaHUSIMH OOBEKTOB 3aIUTHI OT MOATOIUICHUS U
oOecrieyeHa MPUMEHEHUEM MAaTEMaTHUYECKOro aHali3a B KaueCTBE OCHOBHOI'O
MHCTPYMEHTA UCCIIEAOBAaHUM.

Hayunas HOBU3HA:

— BIEpPBbIE pa3pabOTaH KOHCTPYKTUBHO-TEXHOJOTHYECKUNA MOAXOJ K 3a-
LIUTE OT MOJATOIUIEHUS B TOPOJICKOM CTPOUTENBCTBE;

— BIIEPBbIE pa3padOTaHbl ABTOPCKUE aHATUTUYECKUE METOAbl U METOIUKH

MIPOTrHO30B MOJTOIUIEHUS U JpeHUpOoBaHUs TeppuTopuil noa BiausHueM ['C c
YUETOM YCIOXHSIOUIMX (PAKTOPOB: MajOd MOIIHOCTU MOTOKOB I'PYHTOBBIX BOJ,
TEXHOTE€HHBIX M3MEHEHHMH MPOHMIIAEMOCTH TPYHTOB OCHOBAaHHWM, BOAHOro Oa-
JlaHCa MOJI3EMHBIX BOJI 3aCTPOMKH (MCTIapeHue U UHPUIbTpALKs);

— BIEpBbIe pa3paboTaHa MHPOPMALMOHHASI TEXHOJIOTHSI KOMIIbIOTEPHOIO
MOJICTUPOBAHUS B AJEKTPOHHBIX Tabnunax (MOT) craniMuoHapHBIX U HECTAIUO-
HapHBIX MPOLIECCOB (PUIBTPALMU BOJbI, BO3AyXa, BIaroTeruionepeHoca, 3JeK-
TPOOCMOCa, KOHCOJMJAUUU TPYHTOB IMPU NPOTHO3UPOBAHMWU MOATOIIICHUS U
IpeHUupoBaHus TeppuTopuii nox BiusHueM ['C.

Ha 3amury BeIHOCATCS:

— KOHCTPYKTHBHO-T€XHOJIOTMUECKHUI MOAXO0/ aBTOpa K 3allliuTe OT MOJATOM-

JICHHS B TOPOJICKOM CTPOUTENILCTBE;

— AaBTOPCKHE METOAbl U METOAUKH AHAIUTUYECKUX IIPOTHO30B ITOATOILIE-
HUA U IpeHnpoBanus teppuropuii B ['C;

— ABTOPCKHUE METOJbI U METOAUKH KOMIBIOTEPHOI'0O MOJEIUPOBAHUS IOJ-
TOIUIEHUS U ApeHupoBaHus tepputopuii B I'C.



6

IIpakTryeckasi 3HAUMMOCTh Da6OTI>I.

KOHCTPYKTUBHO-TEXHOJIOTUYECKUN TMOAXOA, METOJAbl U METOJUKH aBTOpa
MO3BOJISIIOT IOCTOBEPHO BBIMOJIHATH MPOrHO3bI M MOJEIMPOBAHUE MOATOIIICHUS
U JIPEHUPOBAHMS B TOPOJICKOM CTPOUTEIBCTBE, YTO CYUIECTBEHHO IOBBIIIAECT
HAJIeKHOCTh Pa3pabOTKU U peaan3alry 3alIUThl OT MOATOIIEHUS TOPOJIOB.

[IpakTuyeckas peanu3anus padoOThI.

MeTonbl 1 METOJUKH aBTOpPA BHEAPEHBI MPU pa3padOTKe 3alUThl OT MOJATO-
IJIEHUS] OOBEKTOB TOPOJICKOTO CTPOUTENbCTBA. Pe3ynbpTaThl paboOThI MO Mpo-
rpamme 'KHT CCCP 0.85.01 3aganue 08.06 Bonud B cipaBoYyHOE MOCOOUE K
CHullI [11], monyunsin Bcecoro3Hoe BHeapeHue. B 1992-1994 rr. aBropom npo-
BEJICHbI HAYYHO-UCCIIEI0BATENbCKHUE Pa0OTHI MO 3aLIUTE OT MOATOIUICHUS KpyI-
HOT'O HAPOJHO-XO035MCTBEHHOIO 00BEKTAa CTPOUTENbCTBA — OMCKOT0 METPOIO-
JUTEeHa W npuierawpiei repputopud. OHU TPOBEJIEHBI B COCTABE YTBEPKICH-
HOM MporpaMMbl HHXEHEPHOH 3aIUThl TEPPUTOPHUU T. OMCKa OT MOATOIJICHUS.

Hayunble pa3zpaboTku, METOAbI U METOJIMKHU aBTOPA UCIIOJIb30BAHBI:

— TEPPUTOPHAIBHBIM NMPOEKTHBIM MHCTUTYTOM OAO «OMCKIrpax1aHmpo-
eKT» MpU pa3padOoTKe TEXHUKO-DKOHOMUUYECKOTO o0ocHOBaHus (TDO) 3amuth
oT noaroryieHus r. Omcka B 1995-1996 rr.;

— TPECTOM HHXKEHEPHO-CTPOUTENbHBIX U3bIcKaHuil OAO «OmckTUCU3»
IIPU TUAPOTrE€OJOTMYECKUX U3bICKAaHMUSIX ISl 3alUThl OT MOATOIJIEHUSI HACEJIeH-
HbIX TYHKTOB OMCKOM 00jlacTh U TIpU pa3pabOTKe KOMIIbIOTEPHBIX T€OUHPOP-
MAaIMOHHBIX cucTeM I'. OMcKa;

— B yueOHOM mpouecce By3a. ABTOpCckui Kypc [24] «3ammuTa OT NOATOMN-
JICHUS B TOPOJCKOM CTPOUTEILCTBE» BHEJAPEH B yueOHbIM mporecc CudbAJIU c
despansg 1999 r. no cnerumanbHOCTH «['OpOJCKOE CTPOUTENBCTBO U XO3SUCTBO
(I'CX)» ¢akynpTeTa NpOMBIIIIIEHHOTO U TpaxaaHckoro ctpoutenscTsa (I11°C);

— B PEruoHaNbHOM LEeHTpe noBbimeHus kBamudukanuu PLIIK CucA N
(mocneBy3oBckoe oOpazoBanue). C 1999 r. aBTop NpOBOJIUT €XKEMECSIUHbIE JIEK-
LIMOHHBIE 3aHATHUS IO 3aIUTE OT MOJITOIICHHUS] B TOPOJICKOM CTPOUTENIbCTBE IS
CHEUATNCTOB-TIPOU3BOACTBEHHUKOB CHOUPCKOro pernoHa.

— B CHCTEME JIMCTaHIIMOHHOTro 00pa3oBanus uepes Internet. C mas 2000 r.
aBTOPCKUI KypC JUCTAaHUMOHHOTO OOydeHHMs «3aliuTa OT MOATOIUIEHUS B TO-
POJICKOM CTPOMTENBCTBE» pa3MeleH Ha Internet-caiire CuoAJIN.

AnpoGanust paGoThlL.

Pe3ynpTaThl MCClenOBaHUN JOKIAIbIBAIMCH U OOCYXJainuch B MockBe B
1987 r. na III Beecoro3znom cemunape «CoBpeMEHHbIE TPOOIEMbl HHKEHEPHOU
r€0JIOTUU U THAPOT€OJOTHH TOPOJOB M FOPOJACKHUX arjioMepauuii» npu Akazae-
mun Hayk CCCP [6]. C 1988 mo 1999 rr. — Ha eXeroaHslX Hay4yHO-
TexHuueckux KoHpepenuusx CubAJlM, B HekoTopble roabl mo 2-3 a0KiIaja.
Jloknasibl aBTOpa COCTOSUIMCh Ha COBMECTHOM HaydHOU KoH(pepeHuun OMCKOro
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obnactHoro Coeta Bcepoccuiickoro oOmiectBa oxpaHbl NpupoAbl, OMCKOro
oraena ['eorpaduueckoro obmecrea CCCP, OMCXU u Cub AU «IIpupona u
skoHOMUKa Omckoil obnactu» [7], BCEpOCCUICKON MEXIYHAPOIHON HAy4YHO-
TEXHUYECKON KOHpepeHIuu «ABToMOOMIbHBIE Aoporu Cubupu» [13], mexny-
HapOJHOM Hay4YHO-TeXHHYecKol KoH(pepeHuuu «l'opoa u tpancnopt» [14], me-
KIYHApOJIHON Hay4yHOU koH(pepeHun «Poxs Poccun B pa3BUTHHM 3KOJIOTUM HA
nopore XXI Beka» [15], II MexayHaponHOW Hay4yHO-TEXHUYECKOW KOH(EpeH-
uu «ABTOMOOMIBHBIE oporu Cubupu» [16].
JIMYHBIN BKJIAJT aBTOPA.

Bce pesynbTaThl, NMpUBEICHHBIE B AMCCEPTAIlMU, UMEIONIME HAYYHYIO HO-
BU3HY, MOJIYYEHbI JIMYHO aBTOPOM. ABTOp C(HOPMYIHPOBAI OCHOBHYIO 1I€JIb HC-
cle0BaHus, pa3padoTal KOHCTPYKTUBHO-TEXHOJOTMYECKUM MOJIXO0/A K 3alluTe
OT MOJTOIUICHUS!, BBITIOJIHWJI TEOPETUUYECKHUE, IKCIIEPUMEHTATbHBIE U HATYpPHbIC
HCCIIeIOBAHUSI, BHEJIPWI UX PE3YIbTATHI B MPOU3BOJICTBO M YUeOHBIH IpoI1iecc.

[IyGaukaruu.

ITo Teme auccepranuu onyosukoBaHo 25 pabot [1-25]. B ux uucie MOHO-
rpadus [25], comeprkaiias OCHOBHbIE PE3ylbTaThl paOOThI, CIPABOYHOE MOCO-
o6ue k CHull [11] ¢ yuacTuem aBTOpa B pazaenax 2—>5, yueOHoe nmocooue [24],
CTaTbU B IEHTPAILHBIX XXypHanax [9, 12], HayuHbIx cOopHHMKax [2-5, 17-23],
TE3WChl JOKJIAJIOB HAa BCECOIO3HBIX M MEXKIYHAPOJIHBIX HAYYHO-TEXHHUYCCKUX
koHpepeHusx [6, 7, 13—16], nenonupoBanHbie padoThI [ 1, 8].

CtpyKTypa u cojiep>kaHue paboThI.

Jluccepranusi COCTOUT M3 BBEACHUS, S5 TJiaB, 3aKIIOYUTEIBHBIX BBIBOJOB U

pEKOMEHIaIui, CIIUCKa JTUTEpaTyphl U3 352 HAUMEHOBAHUHN U npuiioxeHui. Pa-
6ota comepkut 324 cTpaHMIIBI OCHOBHOTO TeKcTa, / Tabnul, 81 pucynok. [Ipu-
JIOKEHUS pa3MENIEHbl Ha 28 CTpaHUIAX.

biiarogapHocTty.

ABTOp BBIpAXKA€T MPU3HATEIBHOCTh KOJIJIEramM Mo paboTe W crnenranaucTaM
n3 CubA/I, HUM BOJI'EO, rocynapcTBEHHBIX, HAYYHO-UCCIEOBATEIbCKUX,
CTPOUTENbHBIX, MPOEKTHBIX, U3BICKATENbCKUX U MPUPOIOOXPAHHBIX OpraHu3a-
U, KOTOpPbIE OKa3aldu MOMOUIb M MOJJAEPKKY B padote. OOCyXIeHUE Pe3yiib-
TaTOB PadOThI, a MOAYAC U AUCKYCCUH OBLJIM BEChbMa IOJIE3HBI U HAIIPaBJIEHbI HA
YIIy4LIEHUE €€ KaYeCTBA.

['myGokyro OiarogapHoCTh aBTOp MNPUHOCUT CBOEMY HE3a0BEHHOMY
HAay4YHOMY PYKOBOJUTENIO M KOHCYIbTaHTy Axmery JKanseBuuy Mydraxony,
HaIpaBJISIBIIETO aBTOpa MO TEOpUHU (PUIBTpALMU, a TaKXK€ CBOUM JOOPBIM
ponutensim — Haranse AunekceeBHe u MBany MBanoBuuy CosoraeBsiM 3a
MIOCTOSSHHOE BHUMAaHHE, TIOMOLIb M TMOJAEPKKY B XOAE€ KpOMOTJIUBOM
UCCJIEe10BATEIbCKON PaOOTHI.
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COIAEPKXAHHUE PABOTBI

Bo BBeneHUU NpuBENEHBI KpaTKUe CBEACHUS 00 aKTyaJlbHOCTH, LIE€H, 3a/a-
yaX, 00bEKTe, MpeIMeTe, METOAax MCCIEJOBaHUM, JOCTOBEPHOCTH, HAYUHOM
HOBU3HE U MPAKTUYECKON 3HAUMMOCTH MIPEJACTABICHHON PaOOTHI.

I'nasa 1. IIpob6aema u 3a114TAa OT MOATOIJICHUS
B F'OPOJICKOM CTPOUTEILCTBE

IloaTomienne B ropogax — OTO MOBBILMIEHUWE YPOBHS MOA3EMHBIX BOJ
(YIIB), mnpuBogsuiee K aBapHilHO-KaTacTpO(UUYECKOMY, aHTUCAHUTAPHO-
TUCKOM(OPTHOMY M SKOHOMHUYECKU-YOBITOUHOMY COCTOSIHUIO 3[aHUM, COOpY-
KCHUH, KOMMYHHKAIIMA U JPYTUX 3JIEMEHTOB TOpOjCKoN Teppuropuu [11, 24,
25].

IlokazarenssMu NMOATOIUIEHUS U IPEHUPOBAHUSA TOPOJACKUX TEPPUTOPUIN SIB-
nseTcs u3MeHeHue YIIB 0THOCHUTENbHO HOPM OCYIIEHHUS ISl COOTBETCTBYIOIIUX
(GyHKUMOHANBHBIX 30H Topoja, pernameHTupoBanHbix CHull 2.06.15-85 «Mu-
KEHEpHas 3allliTa TEPPUTOPUU OT 3aTOIUVIEHUS M MOATOILICHUs». [loBblmaro-
wuiica YIIB BeI3bIBa€T NOATOIUIEHUE, TOHUKAOIIUNCA — IPEHUPOBAHHUE.

KonudecTBeHHO 3TH mOKa3aTeld MOTYT OBbITh CIPOrHO3UPOBAHBI AHAJIUTH-
YEeCKMMU METOJIaMHU M MOJEIMPOBAHUEM Ha OCHOBE TEOPUHM (PUIbTpALUHU MOJI-
3eMHbIX BOJ (cM. puc. 1). [ToaToMy Teopust puiibTpanuu siBisieTcsl HAy4YHOU Oa-
30i s onpenenenus BausHus ['C Ha mOATOIIEHNE U IPEHUPOBAHUE TEPPUTO-
pUH U 11 JOCTH>KEHUS TPAKTUYECKOM LETN — 3alIUThl OT MTOATOILICHHUS.

N3BeCTHBI HECKOJBKO METOI0JIOTMYECKUX MOJAXO0JI0B K pa3pabOoTKe 3alUTh
OT MOATOIUIEHUS NMOA3EMHBIMHU BOJAAMHU.

1. EcrectBeHHO-TUIpOreonornuecknii moaxoa. [Iporno3sl u moaenupona-
HUE CBsI3aHbI ¢ OOIIEW M MEIMOpPaTUBHOUM Tujaporeosiorueii. B pamkax storo
noaxoja HayuyHele paboThl onyosukoBanin C.®. AepbsiHo, ®.M. bouesep,
WN.K. I'aBuu, .M. Kan, H.H. Jlanmun, B.A. Muposnenko, I1.41. [Tonybapunosa-
Kounna, I'.A.Pa3symoB, B.K. Pynakos, B.I'. Pymbemnun, B.C. VYceHko,
B.M. Illecrakos, LI.H. lkuukuc, J[.®. ynsrun, E.H. OMux u np.

2. TexnorenHo-ruaporeonornyeckuid noaxon (C.K. A6pamos, B.C. Anek-
cees, B.E. Aunmnos, B.W. Apasun, B.A. bapon, H.H. Bepurun, H.I1. KypaHnos,
A XK. Mydraxos, B.Il. Hegpura, C.H. Hymepos, I'.11. Tlokposckuii, A.B. Po-
manoB, B.C. CapxkucsH, ['.b. Ila6ep, A.IL. [lleBunk, b.C. lllepxxykoB u ap.).

3. I'panoctpoutensubiii noaxon (b.M. [errspes, [1.B. Paguies u ap.).

4. BepositHocTHO-cTaTucTHueckuil nmoaxon (M.B. bonros, E.C. JI3ekuep,
B.®. [Tucapenxo, C.I1. ITo3ausxk0B 1 Ap.).
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IIpennaraemelii aBTOPOM KOHCTPYKTHUBHO-TEXHOJIOTMUYECKUN ITOAXOM K 3a-
muTe oT noaromieHus B I'C JONOMHSAET NepEUnCIEHHbIE N3BECTHBIE MTOXO0/IBI.

OcHoBHOI 11eNbI0 Topockoro ctpoutenscTBa (I'C) sBIseTCS KOMILTEKCHAS
3acTpoiiKa TOpPOJIOB, BO3BEICHUE 3/IlaHUi U coopykeHuil. [IpoOnema moaroruie-
HUS TOPOJOB MOJA3EMHBIMH BOJAMM MPEMSITCTBYET ITOM LIENIH, ITOITOMY aBTOP
npeajaraeT, YToObl MOMUMO OCHOBHOM 1enu camo ['C monyTHO peanu3oBaio U
3aIIUTY OT NOATOIJICHHUS.

KOHCTpYKTUBHO-TEXHOJIOTMYECKHAM MOAXO0 aBTOpPA K 3alIUTE OT MOJATOILIE-
HUS COCTOUT B OINPEIEIECHNUH ITyTEM MPOTHO30B U MojenupoBaHus BausiHus ['C
Ha MOATOIUIEHUE U JPEHUPOBAHUE TEPPUTOPHI C LIEJBIO 3aIUTHI OT MOATOILIE-
Hug (cM. puc. 1). Ilpu 3TOM Ha OCHOBE TeOpuU (PUILTpAIUU, OCYIIECTBIISAS aHA-
JUTUYECKHUE MTPOTHO3BI, a 3aTEM KOMIIBIOTEPHOE MOJEIUPOBAHUE C YYETOM YyC-
JIOKHAIOMKX (PAaKTOPOB (MaJIOH MOIIHOCTH NOTOKOB I'PYHTOBBIX BOJ, TEXHOT'€H-
HbIX W3MEHEHUH NPOHULAEMOCTH TPYHTOB OCHOBAaHMM M T.J.) ONPEAEISIOT
Binusinue ['C, 3aTeM BBIOOPOM COOTBETCTBYIOUIMX KOHCTPYKTHUBHBIX PELICHUHN U
TEXHOJIOTUH CTPOUTEIBCTBA PEATU3YIOT HA NPAKTUKE 3aIIUTY OT MOATOIJIEHHUS
IIOJA3EMHBIMM BOJAMU WM K€ MUHUMU3UPYIOT Bo3aencTBre Ha YIIB.

PasnoBugHoctu 1'C, Bnusiomuye Ha NMOATOIUIEHUE W JIPEHUPOBAHHUE TEPPU-
TOpUH, KilacCU(PUIIMPOBAHBI aBTOPOM B TaOJIMUHOM Popme (Tadi1.).

CocraBieHuIo JaHHOW KiIacCHU(PUKALMU MPEAIIECTBOBAIM MHOTOJIETHUE HC-
ciefoBanus aBTropa [1-25] myTeM aHATMTHYECKHX MPOTHO30B, (HU3MYECKOTO,
aHAJIOrOBOI'O0 M YMCIIEHHOTO MOJEIUPOBAHUS (UIBTPALMU MOA3EMHBIX BOJ Ha
3aCTpauBaeMbIX TEPPUTOPHUSAX, IPOBEIECHUS JTAOOPATOPHBIX ONBITOB U 3KCIEPH-
MEHTOB, HATYpHBIX 00CJIE€I0BaHUI MHOTOYUCIEHHBIX MOATOIUIEHHBIX OOBEKTOB
TOpPOJICKOTO CTPOUTENLCTBA (JeiicTBUe U nocaeaeicTue ['C).

ba3oBbIM 00BEKTOM aBTOPCKUX MCCIEJOBAaHUN BBIOpAH OJUH M3 KPYMHEH-
mux ropoaos Cubupu — r. Omck. B ropojie ”HTEHCUBHO BEAETCSI CTPOUTEINb-
CTBO B YCJIOBHUSIX MOJATOIIEHHBIX U IMOTEHIMAIBHO MOATOIUIIEMBIX TEPPUTOPUIA
(mocnennuit Tepmun npuHamiexkut E.C. [I3ekuepy, 1982). B OmMcke npencras-
JIeHbl OOJIBIIMHCTBO (PAKTOPOB, YCIOXKHSIOIIUX MPOTHO3bI U MOJIETUPOBAHUE
MOJATOIUIEHUSI U JPEHUPOBAHUS: TPYHTOBBIE BOJIbI MAJIOM MOLIHOCTH, OJM3KHE
BOJIOYIIOpBI, CIA0ONPOHUIIAEMbIE BOJIOHOCHBIE TpyHTHI U Jp. ['opom mmeer
OOJIBIION OMBIT THAPOHAMBIBA, YCTPOUCTBA CBAtHBIX ()yHAAMEHTOB.

TepMHUH «KOHCTPYKTHMBHO-TEXHOJIOIMYECKUNA METO» BCTpeueH y B.IM. Bo-
ponuosa u I'.b. [llaGepa (1984), oqHako naHHbIE aBTOPHI MPUAABATU €MY MHOM
CMBICJI, YEM B HallleM KOHCTPYKTHBHO-TEXHOJOTMYECKOM MOAXOAE, UMES B BU-
Iy COOJIIOJICHHE TEXHOJOTUYECKUX PEKHMMOB BCKPBITHS U OCBOCHMSI BOJIOHOC-
HBIX TOPU30HTOB M MPaBWJIBHBIM BBHIOOp MapamMeTpOB BOJAONPHUEMHBIX YacTeil
JIPEH U CKBa)XXWH, a TAK)KE JPYrMe MEPONPUATHUS, HAIPABICHHBIE MPOTUB OCAJI-
KOOOpa30BaHMS U KOJIbMATa)Ka JPEHAXKHBIX YCTPOUCTB.



10

K.TlaCCI/I(l)I/IRaHI/IH pa3H0BI/l)1H0CTeI7I TroOpoOACKOro CTpouTejabCTBAa,
BJIMAKOINUX HA MOATOIVIECHUE U IPCHHUPOBAHUE TeppnTopnﬁ

Pa3noBuaHOCTH Teppuropust (CTeEHb MOATOTICHHUS)
TOPOACKOro [Tonronnennas [TorennmanpHO OATOILISIEMAS
CTPOUTEIbCTBA [Tonrormenne | JpenupoBanue | [loaronnenue | JlpeHupoBaHue
1 2 3 4 5)
|. IlnkJ1 MH/KEeHEPHOI MOATOTOBKH TePPUTOPHI
I'maponamMeiB CunbHoe Cnaboe CunbHoe Cnaboe
BosBenenue nam6 Cnaboe Her BiausHus Cnaboe Her BiausHus
Y CTpoiicTBO ApeHaxa Her BiusiHus CuibHOE Her BiusiHus CuiibHOE
BeprukanbHas
TJIAHUPOBKA Cpennee Cnaboe Cpennee Cnaboe
I1. HysieBoii (mmoA3eMHBbIii) UK/ CTPOUTEIbCTBA 31aAHUI U COOPYKEHHUI
OTKpBITBIE BBIEMKH
TpyHTa Cpennee Cpennee Cpennee Cpennee
Bopootnus Cnaboe CunpHoe He neiictByer He neiictByer
Bonomnonmxenue Cnaboe CuibHOE He neiictByer He neiictByer
Y CTpoiCTBO apeHaxa Her BiusiHus CuiibHOE Her BiusiHus CuiibHOE
[IuToBas
MPOXOJIKa Cpennee Cnaboe Cpennee Cnaboe
Y cTpoiicTBO CBalHBIX
(dhyHIaMEHTOB Cpennee Her BnusiHus Cpennee Her BnusiHus
YcTpoiicTBO CcIuiomi-
HBIX (PyHIAMEHTOB Cpennee Her BnusiHus Cpennee Her BnusiHus
Y cTpoiicTBO J€HTOU-
HBIX QyHIAMEHTOB Cpennee Her BnusiHus Cpennee Her BnusiHus
YcTpoiicTBO OTAEIb-
HBIX (PyHIAMEHTOB Cnaboe Her Bnusnus Cnaboe Her Bnusnus
YcrpoiicTBo
TOJIIOPHBIX CTEHOK CuibHOE Her BiusiHus CuibHOE Her BiusiHus
CTpouTensCTBO J0- Cpennee Cnaboe Cpennee Cnaboe
por
«CTeHBI B TPYHTE» Cpennee Her BiusiHus Cpennee Her BiusiHus
YcrpolicTBO ImyHTa Cnaboe Her Bausinus Cnaboe Her Bausinus
CsaiiHoe KperieHue
TpyHTa Cnaboe Her Bnusnus Cnaboe Her Bnusnus
YcrpoiicTBO Tuapo- Cpennee Her BiusiHus Cpennee Her BiusiHus
U30JISLUU
YmioTHeHue
rpyHTa Cpennee Her BnusiHus Cpennee Her BnusiHus
OO0paTtHbIe
3aCBIIIKU Cpennee Her Biusnus Cpennee Her Biusnus

111. HagzeMHBIN HUKJ CT

OMTENbCTBA 3JAHUH M COOPYKEHH I

Bo3Benenue HagzeM-
HBIX
JacTeu 3MaHui

YcrpoiicTBo
03€JIeHEeHNS

Cnaboe

Cnaboe

Her Biusnus

Her Biusnus

Cnaboe

Cnaboe

Her Biusuus

Her Biusnus

I[Ipumeuanue. Ilon BausHueM I'C noHumaercs nsmenenue ecrectseHHoro YIIB: cuibHoe
(2-10 m); cpennee (0,1-2 m); cnaboe (0,01-0,1 m); Het Biausaus (Menee 0,01 m).
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O0630p myOauKalMii MOKa3ai, YTO B CYIIECTBYIOLIEH METOI0JIOIMH MPOTHO-
30B MOJTOIUIEHUS M APEHUPOBAHUS Y PA3JIMYHBIX aBTOPOB (DAKTUYECKU OTCYT-
CTBYET y4€T BIIMAHUSA KOHCTPYKIIMH M TEXHOJOTHM FOPOJICKOTO CTPOUTENIHCTBA.
C 0onbILION CTENEHbIO YCIOBHOCTH K JAaHHOM TeMaTUKE MOXKHO OTHECTH OT-
nenpHbie pabotrsl AJK. Mydraxosa, B.K. Pynakoma, B.II. ITlumarosckoro,
B.C. Cnopsiiea, G. Schneider, R.G. Pope u C.S. Ho — oHM NOCBSIIEHBI U3Y-
YEHUI0 HEOJHOPOJHBIX B IUIAHE BOJOHOCHBIX IIACTOB. CyIECTBYIOLIME METO-
IUKA (QUIBTPALIMOHHBIX PACYETOB MPU MaJOW MOIIHOCTH MOTOKOB I'PYHTOBBIX
BOJ W B INEpBOHAYaJbHO HE0OBoAHEHHbIX TpyHTax I[L.S. IlomyGapunoBOIi-
Kouunoii, I'.1. bapen6narra, H.H. Bepuruna u ap. 0XBaTbhIBalOT HE BCE BaX-
HbIE Clly4au TMOATOIUIEHUS W JIpeHHpoBaHMs. Hampumep, HEM3BECTHO TOYHOE
pelIeHre O paJHalibHOM pacTeKaHUM A3bIKa MO BOJOYNOPY B HEOOBOJHEHHBIX
IpyHTax, a TaKXke JpYyrue ciydau, KOTOpble pacCMOTpeHbI B Hamieil padore. Ho-
Belilne MyOJIMKAMKU 10 BEPXOBOJKAM U MOTOKaM I'PYHTOBBIX BOJ MaJlOil MOII-
HOCTHU COJZIEpKAT PELICHUS B paMKax JUHEAPU30BAaHHOM TMAPABIMYECKON TEO-
pun punerpanuu (H.II. Kypanos, A.B. Pacropryes, I1.B. Kymos, 2002) nu6o
HOCSIT YaCTHBIM XapaKTep C UeaTU3UPOBAHHBIMHU IMOCTAHOBKAMH O OECKOHEYHO
ynanenno rpanuie Biusaus (D.A. Lockington, J.Y. Parlange, M.B. Parlange,
J. Selker, 2000), To ecTb ¢ BecbMa MPUOJINKCHHBIMHA PEIICHUSIMHU.

Pa3paboTtanHass aBTOpOM KiIaccUPUKALMS PA3HOBUIHOCTEH TOPOICKOIO
ctpoutenbeTBa (I'C), BIUAIOMMX HA OATOIVIEHUE U IPEHUPOBAHUE TEPPUTOPUIA
(cM. TabJ1.) TTO3BOJISET C/IeNIaTh BHIBOJIBI:

1) xaxxgas BbleNeHHas pa3HOBUAHOCTH I'C BHOCUT BIIOJIHE OIpeAesIeHHbIN
BKJIQJI B IOATOIJIEHWE WIHA IPEHUPOBAHUE TEPPUTOPUH;

2) HauOouiblliee BIUSHUE HA MOATOIJIEHUE WM JIPEHUPOBAHUE TEPPUTOPUIA
rOpOJOB OKa3bIBAIOT KOHCTPYKLMU M TEXHOJIOTMM LMKJIA WHKEHEPHOW MOIrO-
TOBKH U HYJIEBOTO (ITO3€MHOI0) IUKJIA CTPOUTEIBCTBA;

3) o6mas TenaeHuus BiausiHus ['C HampaBiieHa B CTOPOHY MPOIIECCOB MO/ -
TOTUIEHUS, HEKEIU IPEHUPOBAHUS, TO3TOMY HEOOXOIUMO YCUIIMBATDH 3AIIUTY OT
MOATOIUIEHHUSI B TOPOJICKOM CTPOMUTENIBCTBE MEPOIPUATHIMHU, aKTUBHO BIIUSIO-
IIMMHU Ha JPEHUPOBAHUE TEPPUTOPUI: BOJLOOTIMBOM, BOAONIOHMKEHUEM U OCO-
OEHHO JpeHakeM, Kak HauboJiee HaJeKHbIM TEXHUYECKUM CPEICTBOM.

['maBHBIM pe3ynbTaToOM 1-H r1aBbl SBISETCS MOCTAHOBKA HOBOTO KOHCTPYK-
TUBHO-TEXHOJIOTUYECKOr0 MOAXOAA K 3alIUTE OT IMOATOIUIEHUS B TOPOJACKOM
CTpouTenbCcTBE. JlOKa3zaHa JOCTAaTOYHAs AaKTYaJbHOCTh Pa3pabOTKH METOJOB U
METOJMK IPOTHO30B W MOJEJIUPOBAHMS MOATOIUIEHUS U APEHUPOBAHUSA TEPPHU-
TOPUM NOJ BIMSHUEM T'OPOJICKOTO CTPOUTEIBCTBA, MPEANPUHATOE B HAIIEH pa-
6ore. DTO Oompenenauio 1eNlb U TTOCTAHOBKY 3a/1au JAMCCEPTALMOHHOTO MCCIIEN0-
BaHMUS.
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I'naga 2. Teopernueckue 000CHOBAHUS NIPOrHO30B M MOJEJIMPOBAHUS
MOATOIVIEHUS M IPEHMPOBAHUSA B FOPOJACKOM CTPOUTEIbCTBE

Lenp uccrnenoBaHuii onpeieseHa Bhlllle B 00IIEH XapaKTepUCTUKE PaOOTHI.
OHa Hepa3pbhIBHO CBA3aHA C TJIABHOM MPAKTUYECKOU LEJIbIO 3aIUThI OT MOJITOII-
JIEHUs, COCTOsIIe B 0OeCrieYUeHNH MOJ0XKEHUsT ypoBHS noa3eMHbIX Boj (YIIB)
HE MEHEE HOPM OCYIIECHUS, perilaMeHTUPOBaHHbIX naeicTByrommMmu CHullamu.
JIng moaBanoB CTPOAIIMXCA 3JaHUM NOHMXKEHHBIM YIIB AOoMmKeH HaXxOoIuTbhCs
HIKE OTMETKH IoJa rnojsaina He MeHee 0,5 meTpa. B cTponUTENbHBIX BIEMKAX U
BbIpaOoTKax Tpedyemoe mnoHmkeHue YIIB N0KHO NpUHUMATBCS C Y4ETOM
BPEMEHM AaBAPUMHOTO OTKJIFOUEHHUS CHCTEM BOJOOTIHMBA W BOJOIOHWKEHHUS, U3
YCIJIOBUM UCKIIFOUEHHUS POPBHIBOB HAMOPHBIX BOJ U 00€CTeUeHusl yCTOMUYMBOCTH
IpUJIEraloux rpyHToB. ['7aBHasg npaxkTuyeckas 1eiab Aa€T YETKUM OPUEHTUD
IUI TIPOTHO3a U MojenrpoBanus YIIB npu onpeaeneHnu BIUsSHUSA FOPOICKOTO
ctpoutenscTBa (I'C). Kpome TOro, HaxoaaT NpUTOKU MOJ3EMHBIX BOJ B KOTJIO-
BaHbI, TPAHILIEH, CUCTEMBI BOJOOTIINBA, BOJIOIIOHMKEHN U ApeHaxa. [lonosHu-
TEJIbHO OLICHUBAIOT HEraTHBHBIE nocieacTBus (nocneaeiictsue) I'C npu noaro-
IUICHUU U JPEHUPOBAHUM TEPPUTOPUU 3aCTPOWKH, HANpUMeEp, OappakHbld 3¢-
(GeKT OT BIUSHHUA Pa3HbIX KOHCTPYKTUBHBIX pelieHuid. [lepedncinenHble mpak-
TUYECKUE LIETU MOKHO 00OCHOBATH JIMILIb C IOMOUIBIO 3aKOHOB JIBUKEHUS KU /I-
KOCTH U T'a3a B OPUCTHIX Cpeax — TEOPUH (PUIIbTpALUU.

Jlanee B riaBe mpuUBEAEH KpaTKUil 0030p 3aKOHOMEpHOCTEH (puiibTpanuu
BOJIbI, BO3AyXa, (PUIIBTPAlMOHHOW KOHCOJIUJALMK TPYHTOB, BIaroTeIIONepeHo-
ca, 3JIEKTPOOCMOca, 3anucanbl ux Iud@epeHranbHble YpaBHEHUS JIBUKEHUS.
OHu HEOOXOIMMBI B KQU€CTBE OCHOBBI JIJIs1 AHAIIUTUYECKUX MPOTHO30B U MOjIe-
JMPOBAaHUS MOATOIUIEHUS U APEHUPOBaHUs TeppuTopuid noj BiussHueM ['C (cm.
ri1. 3-5).

BoAbIIMHCTBO (QUIABTPALIMOHHBIX NOTOKOB MPOUCXOJUT B JJAMUHAPHOM pe-
xume (B.U. Apasun, C.H. Hymepos, 1953). Takue nOoTOKH JOCTATOYHO TOYHO
ONMCHIBAIOTCS OMIMpUUYECKUM 3akoHOM J[lapcu. Hampumep, Bce pacu€rHble
bopmynsl punapTpanuu B cripaBoyHoM nocoduu k CHull [11] ocHoBaHbI Ha 3a-
koHe [/lapcu. Muoronetnue tadbopatopusie onbiThl B.M. [1aBunonckoro (BHUU
BOJII'EO) ¢ pa3zHooOpa3HbiMU TTUHUCTBIMU TpyHTaMu (1964—1987) nmokazanu,
4T0 3aKO0H [lapcu cobironaercs Aaxke B IIMHAX, a HAYaJIbHBIA TPaJUEHT Haropa
orcyrcTBYeT. M3BecTHbIi aBcTpanuiickuii reosor P.E. YUenmen (R.E. Chapman,
1983), cchutasice Ha pabotel X.B. Oncena (H.W. Olsen, 1965-1966), npuiien k
TEM K€ BbiBOAaM, uTo U B.M. [laBuiioHCKui.

YIOMSIHYTBIE aBTOPBI COLJIMCh Ha MHEHUH, YTO 3aKOH Jlapcu He HMMeeT
HUKHETO Tpeniesia, TO €CTh OH JEUCTBUTENEH NSl JII0OBIX TJIMHUCTBHIX U Necya-
HBIX TpyHTOB. Bepxuuii npezaen 3akona Jlapcu (TypOyJl€HTHOCTb) UMEET MECTO
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IUIsl KpYITHOOOJIOMOYHBbIX MarepuainoB U rpyHToB (B.U. ApaBun u C.H. Hyme-
poB, 1953). B nameit pabote paccMOTpeHbI (DHIbTPAIIMOHHBIE TTPOIIECCHI B TIpe-
Jenax NPUMEHUMOCTH 3aKkoHa Jlapcu B mecyaHbIX, TJIMHUCTBIX TPYHTaX U HC-
KYCCTBEHHBIX MaTepuaiax.

Teopuu, npumMensiembie il (PUIBTPAMOHHBIX MPOTHO30B M MOJEIMPOBA-
nus (S. bap, C.IL. Io3gusikos, I1.4A. Tlony6apunoa-Kounna, M.W. llIBunnep u
Ap.) IpHU 1€TEPMUHUPOBAHHOM HUJIM CTOXACTUYECKOM MOJIXO01aX:

— rupaBiIdyecKas (JMHeapu30BaHHAs U HEJTMHEapU30BaHHAas);

— ruApoauHamMudeckas (mpouiibHbIE U TPEXMEPHBIE 3a4a4H).

JleTepMUHUPOBAHHBIN MOAXO B ONMCAHUU MPOHULIAEMOCTH (PUIbTPYIOLIUX
cpell JOMUHUPYET B MPOU3BOACTBEHHOMN MPAKTUKE, TOATOMY OH IPUHAT U Y Hac.
Haubonee npuMeHMMON BCIEACTBUE €€ MPOCTOTHI SBISETCA THApPABIMYECKas
JMHeapu30BaHHas Teopusl (GUIbTPALMU, HO N0 UCCIEAOBAHUIM aBTOpa OHA MO-
KET MPUBOJUTH K MOTPEUTHOCTAM /10 HECKOJIbKMX COTEH MPOIEHTOB B IPYHTO-
BBIX BOAaxX Manod MomrHocTH [25]. TloaToMy asisi MPOTHO3MPOBAHUS BIIUSHUS
I'C mo teme uccnenoBaHuil MOTPeOOBAIOCh KPUTEPUAIBHO Pa3rPaHUYUThL 00-
JJIACTU IPUMEHEHHUS JIMHEAPU30BAHHON U HEJIMHEAPU30BAHHOU T'MJIPABINYECKON
teopuu punprpanuu (no byccunecky).

ABtop yrounun kpurepuii C.®. Apepbsnona (1956, 1982) no nuneapusza-
UK ypaBHeHHs byccuHecka it TpyHTOBBIX BoJ [25]:

1) npu oOecnieyeHuun (HUIBTPAIMOHHOIO pacyeTa ¢ MOrPeIIHOCThI0 He Ooee
5 % NMHEeapu30BaHHbIE THIPABINYECKUE PEIICHUS] MOKHO MPUMEHSTh, €CIIU

Ah/h, < 0,1; (1)
2) npu ommoOke pacuera He Oonee 10 % xkpurtepwui:

Ah/h, < 0,25, (2)

rie AN — Bosmymenue yposus rpyHToBbix Boj (YI'B) npu NOATOIIEHUN UK
IPEHUPOBAHUY; he — €CTECTBEHHAsl MOILLHOCTb I'PYHTOBBIX BOJ.

JIONOJTHUTENBHBIE UCCIIEIOBAHUS aBTOPA € MOMOILBIO YUCIEHHOTO MOJEIH-
poBanus (1o ero merony MOT) gunbTpannuu rpyHTOBBIX BOJI CO CBOOOIHOM MO-
BEPXHOCTBIO MO3BOJIMJIM HAWTU HOBBIM KPUTEPUH JINHEAPU3ALUHN:

h /£<0,01, 3)

COrJIacHO KOTOPOMY ypaBHEHHE ByccHMHecKa MOYHO JMHEApH30BaTh HPHU IIHO-
os1x coorrourenmsx AN/h . 3necs & — xapaxrepusiii pasmep oGmactu $ubTpa-

I[UU B IJIaHE.
ABTOpOM pa3pabOTaH HOBBIM METO]] aBTOMOJICIBHBIX JIBM)KEHUI B cOoYeTa-

HUM C YHCICHHBIM MojenupoBaHreM — Meto AJ{UM [25]. Metoa mo3BossieT

MOJIy4aTh TOYHBIC TUAPABIMYCCKHE PEIICHHUS HEIUHCHHOTO ypaBHCHHS (PHIIbT-
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palyy TPyHTOBBIX BOJ. JIOCTOBEPHOCTh METOIa IPOBEPEHA HA PEIICHUU OJHO-
MepHoi 3agaun [1.5. [Tony6apunoBoii-KounHoili o 1iauHe si3plka TOATOILICHUS B
NEepBOHAYAJILHO HEOOBOJHEHHOM TIPYHTE MpH IJIOCKOMapasuleNbHON (uibTpa-
MM TI0 TOPU3OHTaJIbHOMY Bojoymnopy (1952). @opmyna, nmonydeHHass HallUM
meronoM AJIYM, nonHocthio coBnana ¢ Qopmynoit I1.A. IlonmyGapunoBoii-
Kounnoi

L, = 1,616 (kHqt/w)"?, 4)

rae K — xosdpuuuent ¢punsrpanuu rpynra; Hy — mocrosnnslii Hanop B uc-
TOYHHMKE monaToruieHus; t — Bpemsi; [/ — HenocTaTtok (Ae(UIUT) HACHIICHUS
IpyHTAa.

Oo6ocHoBanue Hamiero merona AJ[UM nokazaHo Ha yHOMSIHYTOM Kilaccuye-
ckoii 3aaaue [1.4. [Tonybapunooii-Kounnoii.

Hcxonnoe HenuHeliHoe ruapasinunyeckoe (mo byccunecky) nuddepenium-
albHOE YpaBHEHHE HECTAMOHApHOW (UIbTpalMU sI3bIKa MOJATOIUICHHS MpHU
MJI0CKOMApayIebHOM JABM)KEHUH BOJIBI B YACTHBIX MPOU3BOJIHBIX UMEET BH/L

k g HﬁH :é’H1 (5)
U oX O X ot

rne H — nanop u MomHOCTE rpyHTOBBIX BOJ; OCTAIEHOE OTOBOPEHO BBIIIIE.
I'panuunoe ycnosue ciepa npu X = 0 BbIpaskaeT MOCTOSHCTBO HANOPA B BbI-
TSHYTOM UCTOYHUKE MOATOIJICHUS :

H(O, t) = Ho. (6)

JIlpyroe rpaHMYHOE YCIOBHE C MOCTOSIHHBIM HYJIEBBIM HAIOPOM CTABUM Ha
IBWKyLIEMCs (pPOHTE SA3bIKA MOATOIUIEHHsS cripaBa npu X = Ly, B Buge

H(L,,, t) = 0. (7)

[lepBoHauanbHO TpyHT He 00BOJHEH. HavanbHoe ycnoBue npu arobom X > 0

UMEET BU]I
H(x, 0) = 0. (8)
Beenem nBe noacraHoBku (Oe3pa3mMepHbIe IEPEMEHHBIE):
U = H/Ho; (9)
X

ézJZkHot/,u' (10)

Bennunny & MOKHO Ha3BaTh aBTOMOJIEILHOMN MEPEMEHHO.
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Torna ypaBHenue (5) npeodpasyercs B 0ObIKHOBEHHOE TU(DepeHIIHAIBHOE
ypaBHCHHE

d2U? du
+2 =0, 11
KOTOPOC MOKHO MECPLIUCATL B Pa3BCPHYTOM BUJIC TAK:
UU" + (U)2 + &U' =0, (12)

r7ie MTPUXOM U JIBYMS IITpUXaMU OOO3HAUEHBI I KPATKOCTH MHChbMa COOT-
BETCTBEHHO NepBas u Bropas npoussoausie U no &,
Ecmu B (12) monoxuts U = 0, To cuntas U" # oo, umeem
U + =0,
otkyna, ecan U' # 0, momygaercs
U+ &=0.

B touke & = C umeercs nepeceyeHne MHTETPATLHON KPUBOU ¢ abCIUCCOM,
toects U=0,U"'=-C.

Hanee I1.4. TlonybapunoBa-KounHa Hanuia penienue ypaBHenus (12) B Bu-
ne psana, pasnoxus U no crenensm pasnocrtu & — C, otkyna onpenenuna xkos¢-
dbunreHT C=1,143.

13 (10) npu x = Ly u & = C TS Tonybapunosa-KounHa BbIBENa JUIMHY
A3bIKa MOATOIJIEHUST B BuE (4), cTaBuIeM KiaccH4eckol (opmysioil Teopuu
bunpTpaiK 1 HEOJHOKPATHO ITUTHPOBAHHOW PAa3NMYHBIMU OTEYECTBEHHBIMU H
3apyOeKHBIMU aBTOPaAMHU.

Mer Haxoaum C 1o-cBoeMy, 00bEANHUB YUCIEHHOE MOJIETMPOBAHHUE SI3bIKA
TPYHTOBBIX BOJ M aHAUTHUKY, JIJIs 4ero nepenuchkiBaeM (11) B KOHEUHBIX pa3HO-
CTSIX B BUJIC

Ui2—1 — 2Ui22+Ui2+1 n Zéi (Ui+1 _Ui—l) —0.
(a¢) oAz

W3 storo ypaBHeHHs mojiydaeM (OpMyIy aBTOMOJAEIBHOIO 0e3pa3MepHOro
MOJICTTUPOBAHUS

U, =| (U2, +U7,)/2+EA8 (um—ui_l)/z}m. (13)

Oty GopMyny MpUMEHUM Ha AUHAMUYCCKOH MOJEIU 10 HAIIEMY METOIY
MDOT. Ilpasyo rpanuiy mozaenu ¢ ycaosueM | poga U = 0 (monsymuii pponT
A3bIKa) HaunHaeM ¢ npubnwkenus & = 1. Ha neBoii rpanuiie MoJenu CTaBUM TO



16

xe yenosue | poma U = 1. CoGpas ogHOMEpHYIO MOJED, ¢ TIOMOLIBIO HAIIEH
uHpopMmaimonnoi texnojsoruu MOT [25], npumenss dopmyny (13), npousBo-
JIUM UTEPALMOHHBIN pacueT Mojenu ajis nepsoro npubmmkenus C = &= 1. 3a-
TEM CJBUTAeM BIIPABO MPABYIO I'PAHHUIYy MOJEIH HA HECKOJIBKO NIArOB M HAXO-
nuMm creayroniee npubmmkenue koddpunuenra C. IIpu kakom-to 3Hauenun C
CYET Ha MOJIEJIM CTAHOBHUTCS HEYCTOMUYMBBIM. 3HAUMT npeasiayiiee 3HaueHne C
€CTh HCKOMOE 3HAYCHHE.,
Taxkum nmytem Ha MozeH ObLIO HAlZIEHO TOYHOE 3HaUeHHE KoddPuimenta

C=1,143,

YTO MOJHOCTHIO COBMAJO C PE3yJbTaTOM aHAJUTHUYECKOr0 COoco0a HaXO0XKICHUS
C no 1. TTony6apunoBoii-Kouunnoii. Tanee koappunuent C noacrapisercs B
dbopmyny (10), oTkyaa BeiTekaeT ¢hopmylia TOUYHO Takas ke kak u (4). Tem ca-
MBIM JIOKa3aHa JIOCTOBEPHOCTh MeToa aBTopa AJ[UM.

O¢ddexruBHocts HOBoro Meroaa AJ/[YM miisi mporHo3oB MOATOIUICHUS U
IPEHUPOBAHUS B FOPOJCKOM CTPOUTENIBCTBE MPOJAEMOHCTPUPOBAaHA B TJIaBe 3.
Oxka3zanoce, 4TO METOJ MOAXOAUT U JUJIsI HE COBCEM aBTOMOJEBHBIX 3a1a4, I1e
TPaJAMLIMOHHBIMU aHAIUTUYECKUMU NMPeoOpa3oBaHUSIMU HE YIaeTcsl N30aBUTHCS
OT BPEMEHHOW 3aBHCHUMOCTU. DTO CBUIETEIBCTBYET O JOBOJBHO IIMPOKOH 00-
nactu npuMeHeHus Meroga A/IYM npu pemieHnn npuKkiIagHbiX 3aad.

BoIBo1bI 1O 2-1 T1aBe:

— MpOaHAJIU3UPOBAHA TEOPETHUYECKAS] OCHOBA IMPOTHO30B U MOJEIHPOBA-
HUs TOATOIUICHHS] W JPEHUPOBAHUS TEPPUTOPUN B TOPOJACKOM CTPOM-
tenbcTBe (I'C), KOTOpOH sIBIsieTCss Teopus (GUIbTPALUHU TPYHTOBBIX BOJI
CO CBOOOJIHOM MOBEPXHOCTHIO B BOJAOHOCHBIX IUIACTaX C MaJOH MOIIHO-
CThIO MTOTOKOB, C HEOOXOJIUMOCTBIO YETKOTO pa3rpaHUYEeHUs] IPOrHO30B
MOJATOIUIEHUS] U IPEHUPOBAHUS B JJUHEAPU30BAHHON U HEJIMHEWHOMW THU-
PABIMYECKUX TOCTAHOBKAX;

— aBTOPOM YTOYHEHBI CYHIECTBYIOIINE KPUTEPUU JINHEAPU3ALIUHA HEJIMHEH-
HOTO YpPaBHEHUS JBWKEHHs T'DYHTOBBIX BOJ C Halepelx 3aJaHHOW IIO-
rpemHocThio pacyera 5 % u 10 %, a Takke MOJy4eH HOBBIM KPUTEPUU
JMHeapu3aluu, Npu cOoOMIOIEHUH KOTOPOTO MPOTHO3bI MOATOIIICHUS U
npenupoBanus Tepputopuil B ['C Bcerga MOKHO BBIIOJIHATH C TOMOIIIBIO
JMHEapU30BaHHOM T'MapaBIMYE€CKON TEOPUH (PUIbTPALIUU;

— aBTOPOM pa3pa0OTaH HOBBIM NMPUKIATHONW MaTEeMaTUYECKUN METO] aB-
TOMOJIEJIBHBIX ABMKEHUM ¢ YUCICHHBIM MojenupoBanueM (AJUM), mo-
3BOJIAIOLIMI TOJy4aTh TOYHBIE TUAPABINYECKUE PEIICHUS HEIUHEWHOTO
muddepenunanbHoro ypaBHeHus byccunecka (uiabTpaluu IpyHTOBBIX
BOJ C IMMOTOKaMHM MajiOil MOIIIHOCTH, YTO aKTyaJbHO JJIsI IPOTHO3UPOBA-
HUS 110 TEME UCCIIEN0BaHUS.
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I'maBa 3. IIporuo3s! NOATONJICHUS U APEHUPOBAHUS
B I'OPOJICKOM CTPOUTEIbCTBE

CrpoutenbHOe OCBOCHHE TEPPUTOPUN OCIOKHAETCA MPOLECCAMU MOATOI-
neHus. [IpoekTUpoBaHHE CTPOMUTENHCTBA B TaKUX YCIOBUSAX AOJKHO MAKCH-
MaJbHO UCIOJIb30BaTh METObl TEOPUU (PUIBTPALMU MOJI3EMHBIX BOJ, TaK Kak
OCHOBHBIM MPOJYKTOM TE€XHOJOTHUM 3aIUTHI OT MOATOIUIEHUS B OOJBIIMHCTBE
CJIy4aeB SIBJIAETCS TPYHT C OHM>KEHHBIM COJIEP)KAHUEM BOJIbI. DTO JOCTUIAETCA
MIPUMEHEHUEM AKTUBHBIX TEXHOJOTMH 3alIUThl OT MOATOIUIEHUS (CTPOUTEIBHO-
ro BOJOOTJIMBA, BOJOTIOHMKEHUS U JPEHAXa), HO MOXKET OBbITh JIOCTUTHYTO U C
MOMOILBIO APYTHX TEXHOJOIMI U KOHCTPYKTUBHBIX pelieHuit (cm. tabi.). Ilpo-
THO3MpPOBaHUE MX 3(P(PEKTUBHOCTU C TOUKHM 3PEHHUS 3AIIUTHl OT MOATOIJICHMS
HanOoJiee JOCTOBEPHO PEAM3YETCs C MOMOIIbI0 KOMIBIOTEPHOI'O MOJIEIMPOBa-
Hus. OJHAKO MpeaBapUTEIbHbIE MPOTHO3bI Jy4lle MPOU3BOJIUTH aHAaJIUTUYE-
CKMM METOJIOM pacueta npoieccoB puibTparuu no ¢popmynam (cM. puc. 1).

[IporHo3 MOATOIJIEHUS HY>)KHO HAauWHATh C MCCIEIOBaHUS OOBEKTa BO3-
MO>KHOM 3aIIUTHI OT MOJATOIUICHUS: TEPPUTOPUH 3aCTPOUKH, 31aHUS UIU COOPY-
xKeHus. 3yuaroT npoeKTHbIE pelieHusl 00bEeKTa U TUAPOre0OrMYECKY0 CUTya-
uuto. Ha sTom sTame BHIOMpPArOT BUJA MPOrHO3a MOATOIIEHUS. PasHoBUAHOCTH
MPOTHO30B NOATOIIEHUA cieaytomue [11, 25]:

— OpOrHO3 paBHOMepHOro noaséMa YIIB (MeTon ananorwuii);

— IIPOTHO3 BEPXOBOJKHU U Ky1osoB YIIB;

— nporuo3 noanopa YIIB u3 koTi0BaHOB, TpaHIllel U BEIPA0OTOK;

— 1porHo3 noamnopa YIIB 31aHUsAMU U COOPYKEHUAMMU.

MpI cunTaem 1enecooOpa3HbIM B YCIOBHSIX FOPOJICKOTO CTPOUTENILCTBA I1€-
pea BhILIENEPEUYUCIEHHBIMU TPOTrHO3aMU MTPOBOJIUTH JOTIOJHUTEIbHBIN MPOTHO3
M3MEHEHHs] MPOHUIIAEMOCTH TPYHTOB OCHOBAaHUM IO Halleil METOIMKE, W3JIO-
*eHHol B padbore [25]. K TpaauiinoHHOMY MOHATHIO MPOTHO3 MOATOILICHHS Ha-
10 J100aBUTh Hall KOHCTPYKTHMBHO-TEXHOJIOTMYECKUH moaxoa (cM. puc. 1 wu
TabJ.) U CTPEMUTBCS K TOMY, YTOOBI BHIOOPOM COOTBETCTBYIOIIUX KOHCTPYK-
TUBHBIX PEIICHUI U TEXHOJOTUH CTPOUTENHCTBA YMEHBUINTh MOATOIIEHUE WU
MUHHUMH3UPOBATH BO3/ICHCTBUE HA YpOBEHb rpyHTOBBIX BoA (YI'B).

[IpumeHsieMble B HacTOfAIEEe BpeMsi KPUTEPUM CXEMaTU3allMK 00yacTu
bunbTpanuK sl TPYHTOBBIX BOJ CO ¢BOOOHOM noBepxHocThiO (YI'B) 6azupy-
I0TCS Ha JIMHEAPU30BaHHOW T'MApaBIndecKol Teopuu Guibrpaunu. OgHako o0-
JaCTh MPUMEHEHHSI HEJIMHEAPU30BAaHHON TUAPABINYECKON TEOpUU (UIBTPALINU
(mo byccunecky) Ha caMOM Jieie JOCTaTOYHO Hupoka. Hanpumep, B rugporeo-
JIOTUYECKUX yCcIOBUAX I'. OMCKa B CBA3U C MaJIOM MOIIIHOCTBIO IOTOKOB IPYHTO-
BbIX BOJI MMPOTHO3bI NOJATOIUICHUS] U APEHUPOBAHUS JOJDKHBI MCIOJIb30BaATh He-
JIMHEApU30BaHHYIO THIPABINYECKYIO TEOPUIO (PUIBTPALIUH.
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JI1 TPYHTOBBIX BOJ U BEPXOBOJOK C MaJIOM U HYJIEBOM HAYAJILHON MOILHO-
CTBhIO TOTOKOB (Harpumep, nNpu o0pa3oBaHUKM HOBOTO TEXHOI'€HHOI'O FOPU30HTA
Ha TEPPUTOPUHU 3aCTPOIKN) GOPMYIIbl TMHEAPU3OBAHHON T'MIPABINYECKON TEO-
pHH 110 HAUM pacderam [25] HeompaBIaHHO 3aBBIMIAIOT BEJIMYHHY 30HBI BIIHSI-
Hus (Ha 100-200 %). B aTom ciyyae ciieqyeT NpUMEHSATh Hallu (OpMYIIbl JJIs
30H BIIMSHUSA, [IOJIYYEHHBIE B BUJIE€ PELICHUN HEIMHENHOTO ypaBHeHUs byccuHe-
cka MmerogoM AJIYM (npuBonsarcs nuxe). [lo repmunonoruu I1.5. [Hony6apu-
HOBON-KOUYMHOM, Takue pEelIeHHs] Ha3bIBalOT TOYHBIMU THJIPABINYECKUMHU pe-
HICHUSIMU.

Jlanee B riaaBe pacCMOTPEHBI MPOTHO3bI U3MEHEHUS NMPOHULIAEMOCTH TPYH-
TOB OCHOBAaHMI BCJEACTBHUE NMPUMEHEHUS PA3JIMYHBIX KOHCTPYKTHMBHBIX peElIe-
HHUH U TEXHOJIOTUN CTPOUTEIILCTBA.

IIpoHNMIIa€MOCTh TPYHTOB €CTECTBEHHOI'O M MCKYCCTBEHHOTO IPOMCXOXKIE-
HUS, TOJYYMBIIMUX JIONOJHUTEIBHYIO HArpy3Ky MpU CTPOUTENIBLCTBE, Ooee
CKJIOHHA K YMEHBILIEHHIO, YeM K YBEJIIMYEHHUIO, TaK Kak JepopMallid TPYHTOB,
YMEHBIIEHUE UX MOPUCTOCTH U KOdpdULMEeHTa PuiIbTpaluu 0ObIYHO HE o0Opa-
tumbl (H.M. T'epceBanos, 1937; b.B. baxonaun, 1975; B.H. )Kuneunkos, 1983;
F0.K. 3apeukuii, 1988; IL.JI. UBanos, 1985; I1.B. Konosanos, 1990; E.M. Ky-
npusHoB, 1954; B.J1. Jlomtanze, 1984; H.H. Macnos, 1982; C.P. Mecuan, 1985;
K. Tepuaru, 1960; B.A. ®nopun, 1961; I'.. Yepnsiii, 1979 u np.).

B nameii paboTe paccMOTPEHO yMEHBIIEHUE MPOHUIIAEMOCTU TPYHTOB OC-
HOBAaHHUM B 3aBUCHMOCTH OT Harpy3kH, CTENEHU CKHMAEMOCTH M BOJOHACHIILIE-
HUS TPYHTA, TO €CTh BCIEACTBUE (PU3UUECKUX MPUUMH.

YMEHBbIIEHHE TIPOHUIIAEMOCTH MACCHBOB TPYHTOB OCHOBAHUM 3aCTpanBae-
MBIX TEPPUTOPUNA MOKET MPOU3OUTH MO MPUYUHAM BHEAPEHHS CIA0ONpPOHU-
AEMbIX U HEMTPOHMIIAEMbBIX CTPOUTEIBHBIX KOHCTPYKIMI B TPYHT (CBau, IIIYHT,
MOJANOPHbIE CTEHKU, TOHHEIU, METPOMOJIUTEHBI, KOJUIEKTOPBI U T.J.), AUHAMU-
YECKOTo YIUIOTHEHHUsS] TPYHTA B Mpolecce 3a0MBKHU CBail, KOHCOJIUAALMOHHOTO
VIUIOTHEHUSI TPYHTa Nociie 3a0UBKU CBai, YIUIOTHEHUS TpyHTa noJ (yHAaMeH-
TaMM CIUIOIIHOTO U JICHTOYHOT'O TUIIA, YIUIOTHEHHS TPYHTA OCHOBAHUM JOPOT B
IIPOLIECCE CTPOMUTENBCTBA M IKCIUIyaTallMd, YIUIOTHEHUS T'PYHTAa NIpPU CTPOMU-
TEJIBHOM BOJIOOTJIMBE, BOJONOHMKEHUH U JPEHAKE, [TPU 3aMAYUBAHUU TPYHTA U
zp.

Hamu pacuérer nmokazanu [25], 4To B 30HE YIUIOTHEHHUS IMOJ JICHTOYHBIMH
byHIaMEeHTaMH MPOHULAEMOCTh TNIMHUCTBIX TPYHTOB YMEHBILIAETCS B CPEIHEM
B 7-8 pa3, a MakcumanbHO — B cynecsix — B 10-20 pa3. I[Iponunaemocts mnec-
KOB BCJI€JICTBUE YIUIOTHEHUS MOJ JIEHTOUYHbIMU (yHAAMEHTaAMHU YMEHbILAETCS
MakcuMyM B 1,5-2 pa3za. Oty usmeHenus kodpduuuenta GpunpTpauu noa QyH-
JAMEHTAMHU HYKHO YUYUTBHIBATh MPU MPOEKTUPOBAHUM 3AIIUTHI OT MOATOIJIEHHUS
Y MIPOTHO3aX MOATOIUIEHUs U apeHnpoBanus B ['C.
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Puc. 2. K nporHosy u3MeHeHus
MPOHUIIAEMOCTH TPYHTA OKOJIO P ¢ /—/_
3a0WBHBIX CBall B MpoIriecce / &
CTPOUTEIIECTBA TI0 pe3ylibTaTaM
JTMHAMHYECKUX UCTIBITAHUN / / 7& n=l1
CBail Ha HECYIIYIO CIIOCOOHOCTh / @ 1/10
[9]. OGo3HaueHust cM. 1O TIpH- 0% / / A 1/20
MeuanusMm K dopmynam (16) u / / / 1/30
(17). P(z, n) — otHocurens- l /// 1/40
HOE€ YBEJIMYECHHE HECYUIEH CIO- ! / //
COOHOCTH CBau B BOJOHACHI-
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ABTOpOM pa3paboTaHa METOJMKA MPOrHO3a HM3MEHEHHUs MPOHUIIAEMOCTU
IpyHTa MPU CTPOUTEIBCTBE HA CIUIOUIHBIX (PyHAAMEHTaX C y4E€TOM MOJOKEHUM
Teopun puibTpannonHoi koHconuaanuu (K. Tepuaru, 1925), tak kak npu noj-
TOTUIEHUH TPYHTHI OCHOBAHHUI BOJIOHACHIILIEHHBIE.

Hanee aBTop pa3paboTan IpOrHo3 U3MEHEHHUs TPOHULIAEMOCTH IPYHTa OKO-
710 3a0MBHBIX CBail B mpoliecce cTpoutenbeTBa (puc. 2). Ham ananu3 npucpai-
HOTO TpyHTa B paMKax TEOPHUM yHnpyrocTd W IJIaCTUYHOCTH [12] moxkasan, 4To
€ro MPOHUIIAEMOCTh B MpeJenax paauyca YIJIOTHEHHs] yMEHbIIaeTcs 6oJiee ueM
B 40 pas.

ABTOpOM pa3paboTaHa METOJMKA MPOrHO3a HM3MEHEHHUs MPOHUIIAEMOCTU
IpyHTa TOJI CBAHBIMH, JIEGHTOUHBIMH, OTJIEIbHBIMH U CIUIOIIHBIMH ()yHIAMEH-
TaMU [PU JKCIUTyaTalluy 34aHUM KaK IOCIENEHCTBUE COOTBETCTBYIOIEN pa3HO-
BUJTHOCTH CTpouTenbcTBa. Hampumep, K yIjJoTHEHHIO IPUCBAMHOIO TPYHTA MPH
cTpoutenbCcTBe (10 MPUUYMHE 3a0MBKU CBaM) J00ABJISETCS BIHMSHUE Beca CTPOS-
HIerocs 3/1aHus, Tak Kak (yHIaMEHT NepeaaeT Harpy3Ky OT 3/JaHHs Ha OCHOBa-
Hue. [loaTomy rpyHT eule 6osee YyIIOTHAETCS U MPOHUIIAEMOCTh €ro JAOTMOIHU-
TEJIbHO YMEHBIIAETCS MPHU IKCIUTyaTallMd 3[aHus. YIJIOTHEHHWE TpPYyHTa pac-
CMOTPEHO C y4€TOM TeOpuu (UIBTPAIMOHHOW KOHCOJUJALMUU. YMEHBIICHUE
koahunrienTa GUIBTpaAMU MPEAT0KEHO PACCUNTHIBATh 110 OJHOMEPHOU 3aBU-
CUMOCTH JJISI IIUPOKUX (PYHIAAMEHTOB MpPHU OJIM3KOM IUIOTHOM cioe. [l jeH-
TOYHBIX, MPSIMOYTOJBHBIX M KPYTJbIX B IJIaHE (YHIAMEHTOB — IO JBYX- U
TpeXMEpPHBIM (popMyiam (TP TITyOOKOM CII0€ COKMMAEMOTO IPYHTA).

ABtopom yrouHeHbl pemenus A.K. Mydraxosa (1984) u H.II. Kypanosa
(1986) Mo MpPOrHO3UPOBAHUIO CTAIIMOHAPHOTO YPOBHS BEPXOBOJOK Ha ciado-
MIPOHULIAEMBIX TEXHOT€HHBIX U €CTECTBEHHBIX I'€OJIOTMYECKUX JIMH3aX. JlaHHbIE
MIPOTrHO3bl MPUMEHUMBI JUIsl OLUEHOK MOCJIEACTBUN MNPUMEHEHHS] TEXHOJIOTHU
rUpOHaMbIBa Ha OBIBUIMX B YHNOTPEOJIEHUU TEPPUTOPUAX (pbIOALIKKE MOCEINKH,
CTapble JOPOTH U T.1.). 3aMEUEHO, YTO TMIpaBIMuecKas Npeanocsuika romon
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0 TOPU30HTAIBHBIX CKOPOCTAX Ha CIA0OMPOHUIIAEMBIX JIMH3aX HE COOJII0aeTCs
B WX IEHTPaIbHBIX YacTax (puc. 3). [loaToMy rugpaBirueckue pemieHus s
HEYCTAHOBUBIICHCS (UIBTPAIIMK BOJBI Ha CIA0ONPOHMIIAEMBIX JIMH3AX TIOJY-
qaroTcsi rpyObIMU. BcenencTBue 3TOro MpOTHO3UPOBAHWUE HEYCTAHOBUBIICHCS
buIbTpanK BEpXOBOJAKH (HAPUMEpP, OT TEXHOJIOTHH THAPOHAMBIBA) Ha CJIa00-
MIPOHUIIAEMBIX JIMH3aX, a TaKKe 00pa30BaHHE HOBBIX TEXHOTCHHBIX TOPU30HTOB
Ha CTPOUTEIHHBIX IUIOMIAIKAX IEJIECO00Pa3HO MOJEIUPOBATh 1O TEXHOJOTHH
aBTopa MOT (cm. 1. 4-5).

B kagecTBe mpumepa Iporao3a BEpXOBOJIKH MPUBOIAM OJHO M3 aHATUTHYC-
CKUX BBIPQKCHHM, IMOJIYYCHHBIX aBTOPOM [25] B paMKkax JMHEeapu30BaHHOW TU/I-
paBIMYECKOW TeopuH (DUIBTpAIU, JJIS ONPEACIICHUS BIUSHUS IOCIIEICTBHMA
TEXHOJIOTUH THPOHAMBIBA Ha BBHITSIHYTOU B TUIAHE TEXHOTCHHOW JIMH3E (HAIPH-
Mep, cTapoit noporu) (cM. puc. 3):

h(4 v
C
awm,h, 1 (Ax) . 2K, 14

()= k|~ ch[A(L+D]|[ 7 Vkmph,

rae H(X) — nanmop BepxoBojaku; X — ropu3oHTanbHas KOOPAMHATA; () — HH-
TEHCHBHOCTh MH(UIBLTpauuK Baark; Mg — ToMMHA NUH3BL Ng — cpennss
MOIIIHOCTh BepXoBoakHu; L — momymmpuna nunser; | — mmpuna 3omer croka; K
— k0>(puuueHT pUIbTPaMU TPYHTa HambIBa; Ko — kosduument punbrpa-
MU JTMH3BL. 3aHWKEeHHE Hamopa 1o Gopmyse menee 5 %.

Z Ocb CUMMETPHH

0 Cra ﬁnﬁpnwvnm eMAad IUH3A

1 X=1L |

Puc. 3. K mporuo3y TeXHOT€HHON BEPXOBOJIKH O] BIUSIHUEM TEXHOJIOTHUH
ruapoHaMbIBa (HyHKTI/IpOM IMOKa3aHbl JIMHHUU PABHBIX HAIIOPOB, MOJTY4YCH-
HBbIE Ha JIBYXMEPHOW TMIPOMEXaHUUYECKOW MOJIEIN BEPXOBOJKH CO CBO-
00HOI MOBEPXHOCTHIO 10 MeToxy aBTopa MOT)
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ABtopckuM metoaom AJ[UM HaliIeHO TOYHOE THAPABIMYECKOE PEIICHUE
JUIs paavyca sA3blka TPYHTOBBIX BOJ OT Odara IMOATOIUIEHUS C IOCTOSHHBIM
YPOBHEM BOJbI (CTPOMTENBHOIO KOTJIOBaHA WM MOJABAJA 3[aHUS NPU aBapHil-
HOM 3aTOIUIEHUH), pacpOCTPAHSIONIETOCs 110 BOJOYIOPY B MEPBOHAYAIBHO He-
00BOJTHEHHOM TpyHTE [25]:

R, =1,| 1+(15114-0,0461In7)V7 |; 7 =kHt/(u17), (15)
rae Iy — paanyc B IUIaHe oYyara MoATOIICHUS, K — xoapdumuenT punbrpanuu
rpynta; H, — nocTosHHEIi Hanop B oyare NOATOIICHHS, OTCUATHIBAEMBII OT

HIOBEPXHOCTH FOPH30HTAILHOTO Bojoymopa; t — Bpewmst; [/ — HemocTaTok (ze-
¢unut) HacelmeHus rpyHTa. JlocroBepHocts (15) moareepskaeHa MoaeIMpoBa-
HUEM U HATYpHBIMH 00CJI€e0BaHUSIMHU NOATOILIIEMOro oobekTa [25, c. 331].

IIpy Manoil MOITHOCTHA T'PYHTOBBIX BOJ he ycinoBue H.H. Bepuruna (1951)
Ha (pOHTE SA3bIKA MOATOIUIEHUS MPU MOANEPTON PuiIbTpanuu He coOoaaeTcs,
Y TPaJHECHT HAIopa II0 NOPU3OHTAIM CTPEMUTCS K HyIr0. Pacuer moameprou
GuabTpalMK TPU MaJIOW MOIIHOCTH MOTOKOB IPYHTOBBIX BOJ aKTyaJleH, HalpH-
Me€p, IIPU MPOrHO3ax MOATOILNIEHUS B XOJ€ CTPOUTEIBCTBA METAHTEHKOB, CEIITH-
KOB U JIpYTUX OOBEKTOB BOJHOI'O XO35SUCTBA ropooB. [ 'MIpaBIMUecKu TOYHBIM
METOJIOM MHTErpajibHOr0 OajlaHca MOJYyYeHO HECKOJIBKO PEIICHUN HEeTUHEUHOM
OJTHOMEpHOW (PUIbTpAllMK TPYHTOBBIX BOJ MaJIOM MOIIHOCTH JJIsi Ciyyas Io-
CTOSIHHOI'O Haropa Ho B UCTOYHUKE ITOATOIIJICHHUS.
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Puc. 4. Cxema 3a0uBKH Puc. 5. [loBpimenue ypoBHs rpyHTOBBIX BOJ (YI'B)
cBaii (BU/]I B IJIaHE) npu 3a0MBKe CBailHOTO psifa: | — cBas; 2 — ecre-

ctBeHHbIH YI'B; 3 — Bopoymnop; 4 — 30Ha Makcu-
MaJIBHO YIUIOTHEHHOTO TPYHTa; 5 — HapyLICHHbIN
YI'B
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IIporHo3sl KynojaoB rpyHTOBBIX BOJ PACCMOTPEHBI IPU HAIIMYHH IIJIAHOBBIX
HEOJHOPOJHOCTEN: CBAaHBIX (DYHIAMEHTOB, 30H YIJIOTHEHHOTO TPYHTa U T.A.
[25] HeoOxommmoii oTrpaBHON 0a30i CIIYy)KWIM HCCICIOBAHUS KYIOJIOB, BbI-
MIOJIHEHHBIE B HAllEd KaHAWAATCKOW JUCCEPTAallMM NMPHU PELICHHWH 3a7ad B JIM-
HEapU30BaHHBIX MOCTaHOBKax. B HacTosmeld paboTe 3T 3a/lauyu paclIMpEeHbl:
OBLIIM 3aHOBO NEPECUMUTAHbl TOYHBIE PEIICHUS B BUJI€ HECOOCTBEHHBIX UHTErpa-
JIOB; YTOYHEHBI 00JACTH MPUMEHEHUs MOJYyYEeHHbIX 3aBUcUMocTel. [lonb3ysch
dbopmynamMu Al KynoJioB, IPUBEACHHBIMU B MOHOTpaduu [25], MOKHO TPOU3-
BECTU NMPUOJIMKEHHBIE pacyeThl MOJATOIUICHUS C YY€TOM KOHCTPYKTHBHBIX pe-
HIEHUI U TEXHOJOrui cTpoutenbeTBa. Hanpumep, npu 3a0uBKe cBail B BUJE MO-
CJIeI0BaTeIbHBIX PSIIOB (pHUC. 4) MPOMEXKYTOYHOE MOBBIIIEHHE YPOBHS I'PYHTO-
BbIX BoJ (YI'B) st kaxkmoro cBaifHOTO psijia MOKHO HaTH Tak (puc. 5):

1+2n

Ah, = Ahy| 1 1+\fza erfc\/TTT :
T=4ayt/rcz; n=k./k; a:(\/ﬁ—l)/(\/ﬁikl), (16)

rae K — xosdpdument gunsrpamun rpynta; K, — xosdurment dunsrparnuu
IPyHTa B YILIOTHEHHOH 30HE paauycoM I [9, 12], KoTOpbIil MOKHO OIIPENEITUTh
M0 pe3yJibTaTaM JHHAMHYECKUX HUCIBITAHUN CBalli Ha HECYIIYIO CIOCOOHOCTH
[9]; t — Bpems mocne 3a0uBKY cBau; 8y — yPOBHENPOBOIHOCTS.

Bennuuny HayanbHOW BBICOTHI KYTOJa TPYHTOBBIX BOJ BJOJIb 3a0MBAEMOTO
CBaifHOTO psijia (CM. pUC. 5) MOKHO HANTH MO clienyomen Gpopmyre

Ahg = AP/ (ulpg tge, ), (17)
rne AP, — xoneunoe npupanienne Hecymieil cnocoGHOCTH CBau TOCIIE €€ «OT-
JAbIXa» B BOAJOHACBIIIICHHOM FPYHTC; u— HCpI/IMeTp CBau, I — MOIITHOCTH BOJI0-

HACBIILIEHHOTO CJIOS TPYHTA, NPHUMBbIKAIOUIEro K OOKOBOM MOBEPXHOCTH CBaW;
0 — MJIOTHOCTb TPYHTOBOM BOJBL; J — ycKkOopeHHe CBOOOIHOTO NaACHUs; (O —
— Yron BHYTPEHHEro TpeHus rpyHTa. IIpu npesbimenun Benuuunoit ANg mo-
BEPXHOCTHU 3€MJIM €€ CJIEyeT OTPaHUYHUTh IITyOMHOU 3ajeranus €CTeCTBEHHOIO
VI'B.

Crpositiecst 37aHUSL M COOPYXKEHHSI MOTYT TEPEKPHITh (PHIbTPAIIMOHHBIC
MOTOKHU TMOJ3EMHBIX BOJ] CBOMMH HETIPOHUIIAEMBIMH WU CIa0OMpPOHHUIIAEMBIMU
MOJI3EMHBIMHU 4YacTsIMHU M QyHIamMeHTaMu. Takoe siBIEHHWE Ha3bIBAIOT Oappa-
HbIM 3(PEeKTOM, YTO aHAJIOTHYHO JACHCTBHIO TUIOTHH, MOAMHUPAIONINX MOTOKH
BOoJbl. B pesynbrare OGappaxkHoro sddexra ¢ BEpXOBOM CTOPOHBI MOTOKA YpO-
BeHb noj3eMHbIX BoJ (YIIB) moBeImaeTcs, a HUkKe M0 TEUSHUI0 — MOHMKACT-
csi. Haunbonee cunpHO moamop HaOmogaercs BOMM3M MOJA3EMHOW MIperpaisbl
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(3maHusi, COOpYKEeHUs), MepeKphiBaroiiei GuIbTpaluoHHbId NoToK. C ynaieHu-
€M OT BO3MyLIarouien nperpaasl YIIB BEIXOAUT HAa €CTECTBEHHBIN YPOBEHbD.

B xannunmarckolt quccepraniud aBTOpOM ObLIa pacCMOTpPEHA CTallMOHapHas
MOCTAHOBKA TaKMX 3aJa4 C JIMHEAPU30BAaHHBIMM ypaBHEHUsIMU (unbTpanuu. B
HacTose padore OGappaxHblii 3QPEeKT paccMOTpeH LIUpe, TOMOJHEH HecTa-
LIMOHAPHBIMU U HEJIMHEWHBIMU MMOCTAaHOBKAMHU. J[OMIOJIHUTENBbHO YTOYHEHBI KPU-
Tepuu 30H noamnopa [25]. AHanUTUYECKUH METOJ MOAKPEIUICH MOJICINPOBAHH-
€M MO0 METOAY aBTopa 0e3 JMHeapu3aluud UCXOIAHBIX ypaBHEHHHM (QuibTpanuu
IPYHTOBBIX BO/I.

Hamu uccnenoBanus nmokasanu [25], 4To npu CTPOUTETLHOM OCBOCHUU T'O-
POJICKMX TEPPUTOPUN BO3HUKAET OappaKHbIN 3(PPEKT MOTOKOB MOA3EMHBIX BOJ
(3 dext moa3zeMHbIX MIIOTHUH) MPUMEPHO B ABa pa3a OOJBIIMI, YeM CUUTAIOCH
paHee.

Metonom aBropa AJ[UM mnonydeHbl TOYHBIE THUAPABIMYECKHE (POPMYIIbI
JUTsL OTIpeJIeICHUsl pPa3MepOB KPUBBIX (BOPOHOK) JAempeccuit u obnacteit (paauy-
COB) MUTAHUS NPU TPUMEHEHUHU CTPOUTEIBHOTO BOJIOOTIMBA, BOJOTIOHUKEHUS U
JApeHa)xa, B 4aCTHOCTH [25]:

a) JUIMHA KPUBOW JENPECCUM MPHU BOAOOTIMBE U3 TpaHUIEH WK paboTe Of-
HOJICHTOYHOTI'O IJIACTOBOTO JIpEHa)ka

L, =(4,5-0,625 h /h,)Vat; a=kh,/u, (18)

rac hT — Hamnop B TpaHUICC HIIM APCHAXC, APYIruc 0003HaYECHHUS OIrOBOPCHBI

BBIIIIE;
0) paauyc BOPOHKH JCMPECCUU MPHU BOJAOOTIMBE M3 KOTJIOBAHA WK PadOTe
KpYTJIOro B IUIaHE MJIACTOBOTO JIpEHa)ka

R,, =F, +(1-0,157 h_/h.)(4,12-0,1In7)/at;
a=kh,/u;t=at/y, (19)

rae hK u I, — Harnop ¥ pajnyc KOTJIOBaHA UIIN JIPEHAKA,

B) pacyeTHas JJMHA 00JacTH MUTaHus (MO0 pacxoidy) MPU BOJOOTIMBE W3
TpaHILen Uiu padoTe OJHOJIEHTOYHOIO MJIACTOBOTO JIpEeHaXka

L =(1,5+0,25 h,/h,)at; a=kh,/u; (20)

I') pacYeTHBIN pajnyCc NMUTaHus (0 pacxoly) NpU BOAOOTIUBE U3 KOTJIOBaHA
WK paboTe KPYIJIoro B IJIaHE IJIACTOBOTO JpeHa)a

R =1,+(0,94+0,077 h /h,)(1,72-0,016 In7)at;
a=kh/u; T=at/r. (21)
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ABTOPOM YTOYHEHO JIONOJHUTEIbHOE (PUIBTPALIMOHHOE COMPOTUBIECHHUE TIO
A K. MydTaxoBy 1jsi THAPOAMHAMUYECKA HECOBEPLIEHHBIX KPYIJIBIX B IUIAHE
CTPOUTENBHBIX KOTJIOBAHOB U IUIACTOBBIX APEHAXKEWU, KOTOPOE BBIPAKEHO B Ta0-
JUYHOM, rpaduyeckoil popMe U B BUJIC aHATUTHYECKOM 3aBUCUMOCTH [25]

¢, =€xp[-1,265In(r,/m)—0,661], (22)

rae M — paccrosiHue OT BOAOYNOpa A0 JHA KOTJIOBAaHA WIM HM3a QUIBTPYIO-
1I€H MOCTENIH IUIACTOBOTO JPECHAXKA.

Knaccuueckumu Merogamu (GuIbTPALMOHHBIX CONPOTUBIEHUM, (parMeH-
TOB, KOH(POPMHBIX OTOOpaXEHUI M IMOCJIEI0BATEIbHON CMEHBI CTAal[MOHAPHBIX
COCTOSIHMM pEIIEHBl XapaKTEPHBIE 3a1a4M M0 JBHXKEHUIO MOA3EMHBIX BOJ IpHU
MIPUMEHEHUHN BOJOOTJIMBA U3 TPaHUIEH U KOTJIIOBAHOB C KPEIUIEHHEM «CTEHA B
IPYHTE», TPaHIWIEN U KOTJIIOBAHOB CO CBAaWHBIM KPEIUIEHWEM, MOJITOIUIEHUH Ia-
3yX CTPOUTEIBHBIX BBIEMOK.

Hanpumep, nmoaTomieHue na3yx TPaHIIEW M JJIMHHBIX KOTJIOBAaHOB I'PYHTO-
BbIMU BOJIaMH KaK IMOCJIEJCTBUE CTPOUTEIBCTBA MOXKHO paccuyuTaTh o Gopmy-
Jie, TIOJyYEHHON B XOJ€ MCCIEAOBAHMM aBTOpa IPHU 3aIIUTE OT MOATOILICHHUS
Omckoro metpornonutena B 1992 . TToBbliieHrne BOIbI B Ma3yxe MUPUHOM B

z,=h,—(h,—h, )exp| - 2 .
2(u,/ 1)(L,/B,) +(Li/B,)
r=at,/B}a=kh, /4, (23)

rac Lt onpeaAcEICTCA B 3aBUCUMOCTU OT MPOAOJDKHUTCIBHOCTU BOJOOTIMBHBIX

pabot no dopmyine (20); uHACKC «I1» OTHOCUTCS K masyxe. [lorpenrHocTts dop-
Mysbl MeHee 5 % npu T < 250, 4TO MPOBEPEHO HEIMHEWHBIM MOJEIUPOBAHUEM
no meroay asropa MOT. [lpu 7> 250 ¢popMysia HaUMHAET HEMHOI'O 3aBbIIIATH
MOIbEM YPOBHS BOJBI B Ma3yXe Zy, 4TO OJHAKO MJIET B 3amac HaJIeKHOCTH IMPO-
rHO3a MOJTOIJICHUS Ma3yXHu.

KoHcTpyKuu 1 TEXHOJIOTUM HAA3EMHOIO LIMKJIA CTPOUTENbHBIX paboT cia-
00 BIUSIIOT HAa MOATOIUICHHE TeppuTOpuid (cM. Tabi.). BiusHue 3THX pa3HOBUI-
HOCTEH CTPOUTENIHCTBA U3YYEHO MPOTHO30M M3MEHEHHUs BOJHOTO OanaHca cHc-
TE€M «TPYHTOBBIE BOJbI — 30HA a’panuu — armocdepay (MHPUIBTpAIUs U HC-
NapeHue) Mpu BO3BEICHUU 31aHUM U COOPYKEHUIA.

KnuMar 1 ropoackoe CTpOUTENBCTBO COBMECTHO BIMSIIOT Ha MPOLIECCHI MO~
TOIUICHUS W JpeHUpOBaHUs. Brustomumu hakTopamu sBISIIOTCS COJHEYHAs pa-
auanus, anb0eq0 MOBEPXHOCTEH, 3aTeHEHUE YYAaCTKOB 3aCTPOMKH 3AaHHUSIMU U
JIEpEeBBbSIMU, TEMIIEPATYpa BO3AyXa, IOYBOIPYHTOB U UCKYCCTBEHHBIX MOKPBITHIA,
UX BJIQXHOCTb, a’pallds 3aCTPOMKH, CKOPOCTh BETpa, MHPUIbTpALUsS aTMO-
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cepHBIX OCaIKOB B TPYHTHI M JIOMOJHUTEIbHAS TEXHOTCHHAs WHQWIbTpaIus
BJIard, MCHApeHUue BOJAbI C MOBEPXHOCTH MOYBOIPYHTOB, MCKYCCTBEHHBIX IIO-
KPBITHH ¥ YPOBHSI TIOJI3EMHBIX BOJI U JIP.

CpeaHecyToOYHYI0 UCHapsieMOCTh MPH MPOTHO3aX W MOJEIUPOBAHUM BIIMS-
Hus ['C Ha MOATOIUIEHWE W APEHUPOBAHUE TEPPUTOPUN MPEIAJIOKEHO OINpejie-
JSITh TIO0 HAIIMM SMIHPUYECKUM Gopmynam [25], mocTpoeHHBIMU 00pabOTKOM
nanubix B.C. MesenueBa u U.B. Kapnanesuua (1969-1993) nns aBaauatu ro-
ponoB Cubupu, Antasi, Ypana u Kazaxcrana (npui. 1).

Benuuunbel cpeaHecyTOYHON HCHapsieMOCTH JJii KOHKPETHOrO ydacTKa
CTPOUTENILCTBA ABTOP MpeljiaracT yTOYHsTH [25], yuuThIBas KIUMaTUYECKO-
TEXHOTE€HHBIE (PAKTOPBI TOPOJCKON 3acTpoiiku (anbbeo0, 3aTeHeHne, MpoIyBae-
MOCTh W Jip.). MicnapsieMoCTh B rOpOJI€ Ha pas3HbIX €ro y4acTKax &, MOXKET

YMEHBIIATHCS WM YBEJIWYMBATHCS OTHOCUTEIBHO BEIMYHMHBI HCMIAPSIEMOCTH
E , U3MEPEHHOU Ha TOPOJICKON METEOCTAHIINN.
McT?

Metoauka yTOUHEHUSI UCTIapEeHUs] U UH(PUIILTPAIIMU BJIAard Ha MOBEPXHOCTH
TPYHTOBBIX BOJI B YCJIOBUSAX TOPOJACKOT'O CTPOUTEILCTBA MOJIE3HA JJI MPOCKTH-
POBaHUS JIOJITOBPEMEHHBIX CPEJICTB 3alIUTHI OT MOJATOIJICHUS (IpeHaxen), s
MIPOTHO30B OCYIIEHHUSI TUIONIAI0K TUAPOHAMBIBA U T.J.
BriBoas! o 3-ii rna.e:
1. ABtopom pa3paboTaHbl HHXKEHEPHBIE METOJIUKH, TO3BOJISIONINE BBIMOJ-
HATh QHAJUTUYECKUE MPOTHO3bI MOATOIUICHUS U JAPEHUPOBAHUS TEPPU-
TOpPHUI TOJ BIUSHUEM TOPOJICKOTO CTPOUTEILCTBA C YYETOM YCIIOXK-
HAIOMIUX (PAaKTOPOB: TPYHTOBBIX BOJI MaJOi U HYJE€BOW MOIIHOCTH B He-
JIMHEWHON THUJIPABIMYECKON MOCTAHOBKE, M3MEHEHHUS NPOHUIAEMOCTH
IPYHTOB OCHOBAaHMI, C YTOYHEHUEM 3JIEMEHTOB BOAHOTO OajlaHca MoJ-
36MHBIX BOJI CUCTEM «TPYHTOBBIE BOJbI — 30HA a’panuu — atMmocde-
pa» (ucnapeHue 1 MHPUIbTpaLUs).
2. JlaHHbIE aBTOPCKHE METOJMKH IO3BOJISIIOT B TMEPBOM MNPUOIMKEHUU
MPOTHO3UPOBATH BIUSHUE PA3HOBUIHOCTEN TOPOJACKOIO CTPOUTEIbCTBA
(cMm. Tabi.) HA MOATOIJIEHUE U JPEHUPOBAHUE TEPPUTOPUI pa3AeIbHO
Mo yCIOoXHSOMMUM (hakTopam (cMm. puc. 1).

3. Ilocne aHanMTUYECKOro MPOTHO3a MOJTOIJICHUS U JIPEHUPOBAHUS TEP-
putopuil oz BiussHUEM 1'C aBTOp peKOMEHAYET NPOBOJIUTH MOAEIUPO-
BaHue 1o ero meroay MOT (cm. 1. 4-5), KOTOPBIN MO3BOJISIET YUYECTh
ycinoxHstonme ¢akTopsl (cM. puc. 1) mpu UX OJHOBPEMEHHOM JEHCT-
BHUM, YTOOBI 3aT€éM OOOCHOBaHHO BBIOpaTh palMOHAIBHOE COYETAHHE
KOHCTPYKTUBHBIX U TE€XHOJIOTMYECKUX PEIICHUN C LENIbI0 JTIOCTUKECHUS
3alUTHl OT MOATOIJICHUSI CTPOSIIIIErocsi 00bEKTa U MpPUJIETAIOIIEeH Tep-
PUTOPUH.
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I'naBa 4. ABTOpPCKHUIT METOA MOAECJIHUPOBAHUA
B JJICKTPOHHBIX Ta0JIMIAX

JlaHbl OCHOBBI HOBOW MH(OPMALMOHHON TEXHOJOTHMH aBTOPA JIJIsi KOMIIbIO-
TEPHOr0 MOJAENIUPOBAHUsS (PUIBTPALIMOHHBIX MPOIECCOB MOATOIJICHUS U JIPEHU-
pPOBaHHUs TEPPUTOPUI IOJ BIHMSHUEM TOPOJCKOro crpouTenbcTBa [15, 17-20,
22-25]. Texuomorust HanboJjee MOAPOOHO M3I0KeHa B MOHOTrpaduu [25] — mo-
JEUPOBAaHUE B ANEKTPOHHBIX Tabiumax (MIT).

MopenupoBanue 3amutel oT noaromieHus B Poccun 1 CCCP Hauvanmock ¢
pabotel H.H. [1aBnoBckoro 1922 r., npeajoKuBIIEro METOJ 3IEKTPOrUAPOAU-
Hamuueckux aHajoruin (OI'JIA). UucieHHBI METON KOHEYHBIX pPa3HOCTEH
(MKP) B ruaporeonioruu Hauan npumensats [.H. Kamenckuii ¢ 1943 r. 3nauun-
TeJIbHBIM BKJIAJ B pa3BUTHE MoJeaupoBaHus puibrpanuu BHecau B.M. Apasun,
WN.K. TI'aBuu, H.W. Jpyxunun, U.E. Kepnos, I'.H. Kamenckuii, A.B. Jlebenes,
B.C. JIykpsHoB, E.A. Jlomakun, B.A. Muponenko, C.H. Hymepos, 1.C. Ilam-
KoBckuii, A.B. Pacropryes, I1.®. ®unbuakos, B.M. lllectakoB u apyrue.

3a pyOexom Haubosiee KpymHble paboThl IO MOJACIUPOBAHUIO (DHIIBTPALIUU
onyonukoBanu M.II. Aagepcon (M.P. Anderson), S. bap (J. Bear), K.A. bpe6-
ouma (C.A. Brebbia), Ix. ®. Banr (J.F. Wang), T.B. I'pomaaka Il
(T.V. Hromadka II), P.Jok.M. e Yucr (R.J.M. De Wiest), O. 3eHkeBuu
(O. Zienkiewich), Y. Kaprmumroc (W. Karplus), JI.®. Konukos (L.F. Konikow),
C.IL. Jlapcon (S.P. Larson), Y. Jleit (C. Lai), I'.Il. Jleanon (G.P. Lennon),
Jx.A. Jlurrertr  (J.A. Liggett), JI. Jlykwep (L. Luckner), ILJL.®. Jlsto
(P.L.F. Liu), T. Hapucumxan (T. Narisimhan), I'.®. IMuagep (G.F. Pinder),
I.B. [Tucmen (D.W. Peaceman), K.P. Pamron (K.R. Rushton), 1. Pemcon
(I. Remson), P.B. Coytsemn (R.V. Southwell), P.B. Cromnmen (R.W. Stallman),
ILK. Tpeckorr (P.C. Trescott), J.K. Tonn (D.K. Todd), X.C. Xene-llloy
(H.S. Hele-Shaw), I'M. Xopu6eprep (G.M. Hornberger), LK. Yanr (Y.K. Cheung)
U JApyTHE.

Wnes ucnonp3oBaTh s MOJAEIMPOBAHUS AJIEKTPOHHbIE TaOJIUIBI MPUIILIA
aBTOpY KaK aJlbTepHATHUBA KPOMOTIMBON pabOThI MO CO3JaHUIO CUCTEM MOJEIIH-
POBaHUS MYTEM HCIIOJNb30BAHUS JTUHIBUCTUUYECKUX A3BIKOB MPOrPaMMHUPOBAHUS
Cu, Cut+, ITackans, beiicuk, @optpan u AccemOiep u ap. Ita ujest mo3BOJsSET
HIMPOKO BHEJAPITH KOMIBIOTEPHOE MOJIETMPOBAHHE, TaK KaK:

— MOJIb30BATENI0 HE 00513aTENBHO OBITH MPOTPAMMHUCTOM;

— BJIEKTPOHHbIE Ta0JIMLIBI HEOOBIYaiHO MOMYJISIPHBI CPEAU MOJIb30BATEIEH;

— METOAMKA MOJCIIUPOBAHUS HECIOMXKHAs, HO HAJIeKHAS.

DOneKTpOoHHbIE TAOJULBI MPEJOCTABISIOT BECbMa YyJIOOHYIO Cpeay MOJENu-
poBaHusi. OHU 3HAKOMBI OOJIBIIMHCTBY MOJIb30BaTENIEH MEPCOHATBHBIX KOMIIbIO-
TEpOB. DTO MO3BOJIIET OOMEHUBATHCA MH(MOpPMaIUel, MoMorarh Apyr Apyry B
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oOydeHMH M pa3pabaThiBaTh MOJEIU KOJUIEKTUBHO B €JUHBIX CTaHJAApTaX U
dopmarax. YueOHO-Tieqarorunyeckas MpakTUKa aBTOpa IMOKas3ajia, 4TO MOJEIH-
pOBaHHE B DJEKTPOHHBIX TaOJHMIIAX BOCIPUHUMAETCS CTYJECHTAMH U acHUpaH-
TaMU JIETKO W C OOJIBIIMM MHTEPECOM. DTH TaOJHUIBI TPUMEHSIOTCS BO MHOTHUX
y4eOHBIX Kypcax, YTO TaKKe MOBBIIIAET MHTEPEC K MX HCIIOIH30BaHUIO.

MOT ecTh MeTOA MOJEIMPOBAHUS MPHUKIAAHBIX (PUIBTPAIIMOHHBIX 3a/1a4
0COOBIMM MpUEMaMU. B oTiinume oT KOMMEpYECKUX M CBOOOJHO pachpocTpa-
HsieMBIX TTakeToB MeToag MOT He ckOBaH BCTPOCHHBIMH CIICLIUATM3UPOBAHHBIMH
anroputMaMu. B MOT 3an0keH NpUHLIKIN pa3BUTHUS MOJIENIEH CAMUMH UCCIEN0-
BaTeJIsIMU, KOTOPBIE JUIsl CBOMX 3a7a4 MOTYT 3alucaTh HOBbIE (POPMYIIBI MOJe-
JMPOBAHUS, YETO HEJb34 ClIeJaTh B TPAJAUIUOHHBIX TAKEeTaX.

COopka Mozenu B 3JIEKTPOHHOM Ta0iMIle MPOU3BOAUTCS MPUMEPHO TaK Ke,
Kak ecqii Obl coOupanach JUCKPETHAs JIEKTpUIECKast MOAEb. ITO obecrieynBa-
€T TPEEeMCTBEHHOCTh Pa3BUTHUSA (PHIBTPAIIMOHHOTO MOJCIUPOBAHMS, TaK Kak
MO>KHO HCIOJIb30BATh:

— JIATEpaTypy MPOLUIBIX JIET MO JUCKPETHOMY MOJIETUPOBAHUIO HA DJIEK-
TpUYECKUX U ruApasinyeckux moaeinsax (B.M. lllectakoB u ap.);

— CcTapble, MPOBEPEHHbIE MPAKTUKON PYKOBOJICTBA MO YHMCIEHHOMY MOjie-
JMPOBAaHUIO, OpUEHTUPOBaHHbIE HA pyyHOil cueT ([.FO. ITanoB u np.).

B To e BpeMs MOSBISIIOTCS HOBBIE BO3MOKHOCTH

— 0THajaeT HeoOXOIUMOCTh MPOTPAMMHUPOBAHUSI UTEPAIIMOHHBIX ITUKIIOB,
TaK KaK OHU BCTPOECHBI B DJIICKTPOHHBIE TaOJIHIIBI;

— TO K€ KacaeTcs Hamepe 3aJJaHHOM TOYHOCTU pacueTa MOJEeNd, KOoTopas
orpezensieTcs MoJb30BaTeNeM TaOJIUIIbI Yepe3 MapaMeTp MEHIO;

— 0OoJiee OMBITHBIE MOJB30BATENU C MPOrPAMMHUCTCKUM CTaXKEM MOTYT
NPUMEHUTH BCTPOSHHBIN S3BIK MAKPOTIPOTPAMMHUPOBAHUSI.

OtcyrcTBHE MyONMMKAaLMA MO HCHOJB30BAHUIO DJIEKTPOHHBIX TaOMMI] JAJIs
MOJICTTUPOBaHMs (PUIBTPAIIMH MO3BOJIIET aBTOPY 3asBUTH CBOW MPHOPHUTET MO
pa3paboTaHHOMY METOJy, onyoOiaukoBaHHOMY B 1998 1. B [17-19]. B Goiee
no3nuent nmyonukanuu B.J[. Opsuca (CIIA) 1999 r. Obutn npeacTaBieHbl CXOI-
HbI€ UJI€U TI0 MOJAEIMPOBAHUIO JIMIb OJJHOMEPHOTO MPOLECCa HECTALIMOHAPHOM
TEIJIONPOBOIHOCTU cTepxHs B Tabnuuax Excel. M3nanue kuuru B.JI. Opsuca
COJICPKUT TOJBKO JIBa HEOONBIINX TMpUMepa MPUMEHEHUsS METOoJa KOHEYHBIX
pa3HOCTEN 1O TEOpUM TETIONPOBOIHOCTH B Tabiuiax Excel 97. B nameit pado-
Te [25], ocHOBaHHOI Ha HE3aBUCHMBIX MCCIICIOBAHHUIX aBTOPA, MPOBEJACHHBIX C
koHia 1980-x ronoB, npencTaBieH METO/, MOJICIMPOBAHUS B JICKTPOHHBIX Ta0-
JUIax IeJbIX KJIAcCOB 3aJad (PUIbTPAlUU M aHAJOTHYHBIX MPOLIECCOB MpHUMeE-
HUTEJIBHO K 3aLIUTE OT NOATOIUIEHUS B TOPOJICKOM CTPOUTENBCTBE.

ABTOp WHCCJIEIOBAI MOJCIUPOBAHUE B OOJIBIIMHCTBE PACIPOCTPAHEHHBIX
ANEKTPOHHBIX Ta0auL. s Tabaui pa3HbIX MPOU3BOAUTENEH BBISBICHBI HEJO-
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KYMEHTUPOBaHHbIE OCOOCHHOCTH, MOJE3HbIE NI MOJAEIUPOBaHUA. DPPEeKTUB-
HOCTb TaOJHI] JIJI1 MOJIETTUPOBAHMS MOXKET MEHATHCS C Ka)XJA0W HOBOUM Bepcueit
tabmuiel. [ToaToMy aBTOp paspaboTai BCIoMoraTelibHbIe anroputMbl [25] Ha
BCTPOCHHBIX SI3bIKaX MPOrpaMMHUPOBaHUs HAaUOOJEe PacIpOCTPAHEHHBIX TAOIHIL
(MS Excel, Lotus 1-2-3, SuperCalc) mist aBToMaTH3aI[MH MOJICITUPOBAHUS.

MopenupoBanue B 2JIeKTpoHHBIX Tabnunax (MOT) ocyiecTBisieTcss B TpU
stama [17]:

1) BU3yanbHBI MOHTAXX MOJEIH B Cpelie TAOMUIBI C MCIOIB30BaHUEM COO-
pouHbIX hopmya (GopMy MOJIETUPOBAHMS);

2) uTepalMOHHbIA PaCUETHBIN MPOLECC;

3) NOJKIIOYEHHE JOMOJHUTEIBHBIX IPOrPAMMHBIX CPEICTB MO TEXHOJIOTUU
OLE Automation (ActiveX) U mOCTpO€HUE KapT MOTEHIMATIbHBIX MOJIEH ypOB-
Hel, HaOPOB MOJI3EMHBIX BOJ, BIIAYKHOCTH U T.I.

[Ipennaraemasi TEXHOJIOTMSI MOJEIMPOBAHMS PACCMOTPEHa NOJAPOOHO, C
MHOTOYUCIIEHHBIMU npumepamu [25]. IIporecc kapTupoBaHus MOJIEH HAOPOB,
VIIB u T.1. peannzoBan B m3BecTHOM mnakere Surfer ¢pupmer Golden Software.
HcxXoaupIMu TaHHBIMU JUISL KapT CIY>KaT YUCJIEHHbIE PE3YJbTAaThl MOJIETUPOBa-
Hus (Matpuusl). Ilepenaya qaHHBIX MPOU3BOJIUTCSA AaBTOMATHYECKH MO TEXHOJIO-
ruu OLE Automation (ActiveX) ¢ momonipto Mmakponporpammel ForSurfer. Jta
IporpamMma aBTopa MO3BOJISIET CAMOT€HEPUPOBATh KapThl U30JIMHUMA, UCTIONb3YS
quclieHHble Mojiend. OHa MHOTOKPAaTHO MpPOBEpPEHa Ha MHOTOYMCIEHHBIX MpH-
Mepax MPOMU3BOACTBEHHOIO MOJIEIMPOBAHMS, peaTu30BaHHbIX aBTOpoM. [Ipo-
rpamma ForSurfer pekoMeHIyeTcsl K UPOKOMY MCIOJIb30BaHUIO JJI1 aBTOMATH-
3allMM KapTUPOBAHUS PE3YNbTATOB JIBYX- U TPEXMEPHbIX Mojenel. JIucTuHr
ForSurfer nmpusenen B mpui. 2 quccepranuu u B MoHOTpaduu [25].

Jlanee B riaBe MU3JI0KEHbI HEJOKYMEHTHUPOBAHHBIE BOBMOXHOCTH 3JIEKTPOH-
HBIX TaOJMI], TO3BOJISIOUIME CYHIECTBEHHO YCKOPUTH MPOLECC MOJEIUPOBAHUS
0 METOJy aBTOpa. DTO JenaeT Mojenu BecbMa 3G ()EKTUBHBIMU, HE YCTyMal0-
IIMMHU TI0 TEXHOJIOTMH COOPKH, CKOPOCTH pacdera U BHU3yaJbHBbIM BO3MOXKHO-
CTSIM CIEUATU3UPOBAHHBIM KOMMEPUYECKUM MaKETaM.

C noMmomumpio METpPHUK, MPUMEHSEMBIX B ICUXOJOTUU MPOrpaMMHUPOBAHUS
(b. llIueitnepman, 1984), npoaHaIu3upoBaHO KayecTBO Hamied MHGOpPMaIMOH-
HOM TexHosnoruu moaennpoBanuss MOT. CpaBHEHHE NTOKA3aJ10 BBICOKHE OLICHKH
MOT, no3toMy aBTOp PEKOMEHAYET K LIMPOKOMY HCIOJIb30BAaHUIO CBOW METOJ
MO/IEJIUPOBAHUSI.

Benen 3a A.A. CamapckuM, HHTErpO-0aIaHCOBBIM METOJJOM KOHEUYHBIX pa3-
HocTel (mosioxkeH B ocHOBY MOT) monydeHsl 00OOOILEHHBIE OJHO-, ABYX- H
TpexMepHble (OpPMYIJbl MOJETUPOBAHUS MPOLECCOB MO ucciaeayemon teme. B
KauecTBe MpuMepa MPUBOAUM OJHY M3 (HOPMYT MOJEIUPOBAHUS JIBYXMEPHOM
MJIaHOBOM (DUIIBTPALIMU TPYHTOBBIX BOJI MAJIOM MOILITHOCTH
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N Dt ko—l(h1S +hos)(H18 _Hos)+

HS+1: HS
’ ’ Hy (XO—Xl)(X3—X1)

oo (181 )(HE—HE) (R +0E)(HE—HS)
(Y2_YO)(Y2_y4) (X3_Xo)(X3_X1)
(YO_Y4)(Y2_y4) Hq oMy

rae X, Y — rOpU30OHTabHBIE JEKAPTOBBI KoopauHathl; H — mamopsr; h —

MOII[HOCTH I'PYHTOBBIX BOJ; K — ko> puLueHTs puibTpanuu; @ — UHQUIBT-
pauus; Dt — war Bpemenn; (f — Bogootnaua; M* — MOIIHOCTE CIAGONPOHHU-
aeMoro mpocios. MHAeKCh 03HaualoT MPHHAICKHOCTh K OJIOKaM KOHEYHO-
Pa3HOCTHOW CETKH, HEPABHOMEPHOMN MO MPOCTPAHCTBEHHBIM KOOPIUHATAM.

OtMmetum, uto B pekomenaanusax [IHUMUCa (B.C. 3unsbepr u ap., 1983)
3anucaHa Onu3kasi 1o BuAy (opMmyna, OAHAKO B HEW, B OTIMUUE OT (POPMYIIBI
(24), ucnonbzoBaHbl He KOG PUIMEHTH! GUIBTPALIMM U MOIIHOCTA BOJOHOCHO-
o MJiacTa, a KOMIUIEKCH B BHJIE MX MPOU3BEACHHUS — BOJONPOBOIUMOCTH TIIa-
cTa. DTO MPUAACT MOTy4aeMbIM PE3yJIbTaTaM MEHBIIYIO TOUHOCTb.

Jlanee B ri1aBe pacCMOTPEHBI MOJIE3HBIE TEXHOIOTHUECKHUE TPHUEMBbl MOIEIH-
POBaHUs MPOIIECCOB IO TeME MCCIEAOBAHUS C MOMOIIBIO SJIEKTPOHHBIX TAaOIHII,
MO3BOJISIONINE CYIIECTBEHHO YTOYHHTH PEIICHHE 33]1a4 U YBEIHYUTH MPOU3BO-
AUTETHLHOCTh MOJETUPOBaHUS (PUIBTpALMU MPH MPOSKTUPOBAHWUHU 3aLIUTHI OT
MOJITOTIJICHUSI B TOPOJICKOM CTPOUTENLCTBE. [Ipuembl ObUTM MOTYyYEHBI B XOE
MCCIICIOBAaHUI aBTOpPA, YacTh MX MPOWJUIIOCTPUPOBAHA HAa MpUMEpax B JIaHHOM
pabote, MOAPOOHO OHM U3JI0KEHBI B MOHOTpaduu [25].

BeiBoz1bI 10 4-1i r1aBe:

— pa3paboTaH HOBBI METOJ KOMIBIOTEPHOTO MOJEIUPOBAHUS TOATOILIE-
HUS ¥ JIPEHUPOBAHUS B TOPOJICKOM CTPOUTENHCTBE C MOMOIIBIO JJICK-
TpoHHBIX Tabmul (MIT);

— TexHoJsiorus apropa MOT HanoMHHAET aHAJIOrOBOE MOJEINPOBAHUE, SB-
JSIACh BUPTYAIbHOM HCCIIeIOBAaTENbCKOM Jaboparopueit, uto obecredu-
BaeT MPEEMCTBEHHOCTh Pa3BUTHUS (DUIBTPAITMOHHOTO MOJICITHUPOBAHHS,;

— HOBasg WHQPOPMAIMOHHASI TEXHOJOTUS MOJEIHPOBAHHS TPOIECCOB
(buIBTpay MOI3€MHBIX BOJI MHOTOKPAaTHO CHIXKAET TPYAOEMKOCTh MO-
JCNMPOBaHUsl B CPAaBHEHHUU C TPAJAWIIMOHHBIMH MPHHIMIIAMHA MPOTrpaM-
MUPOBaHUSI KOMIIBIOTEPHBIX MOJIETICH.
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I'nasa 5. IIpakTKa MoOAEJUPOBAHUSA MOATOIICHUS U APEHUPOBAHUSA
B I'OPOJICKOM CTPOHUTEIbCTBE

[IpeacraBieHbl MpUMeEphl PACIHIMPEHHOTO MPUMEHEHHs] METoJa MOJEIUPO-
BaHUS B dJIEKTPOHHBIX Tabnunax (MOT) ¢punbTpalilioHHBIX MPOIECCOB MOATOMN-
JICHUS W IPEHUPOBAHMUSI TIO]T BIUSIHUEM T'OPOJICKOTO CTPOUTEINIHCTBA.

PaccMoTpeHO MozenupoBaHHE CXE€MaTU3alMOHHOE M MOJIETUPOBaHHE 00-
paTHbIX QUIbTpalIMOHHBIX 33/1a4. [lokazaHa B3aUMOCBSI3b TOYHBIX THApaBIUYE-
ckux pemieHuit tuna (19) co cxeMaTH3allMOHHBIM MOJECIUPOBAHUEM TIPU HC-
MOJIb30BaHUM KpuTepuen JuHeapuzanuu (1) u (2).

Puc. 6. TTone ko3¢ purenToB GpuabTparyy rpyHTa (M/CyT), YIZIOTHEHHOTO (BYHIaMEHTOM
— pe3yabTaT MOJEIMPOBAHUS METOJIOM aBTOpa (3/1eCh U Jaiee pa3Mephl B METPax)

MopnenupoBaHue U3MEHEHUsI POHULIAEMOCTH TPYHTOB B CJIOXKHBIX CIydasiX
HEOJHOPOJHBIX OCHOBAHMM W pa3HOOOpPAa3HBIX KOHPUTrypauuid (yHIaMEHTOB
PEKOMEHYETCs BBITIOJIHTH 110 HOBOM TeXHOJIOrMH aBTopa. OOBIYHO onpeens-
M HaYalbHOE pAaclpeleieHHe MOPOBbIX JaBICHHUI [);, B BOJOHACBHILICHHOM

TPYHTE OCHOBaHUs ¢ noMmouisio Metoga D' JIA. Teneps HauanbHOE pacnpeesne-
HUEe ), B IPYHTOBO# Bojie O] (yHIaAMEHTaMHU MPOIIE U TOYHEE HAXOJUTh C MO-

MOIIIbIO METO/1a aBTOPA, 3aTEM OINPEIEISIIOT U3MEHEHUE TPOHUIIAEMOCTH TPYHTA
ocHoBaHus (puc. 6). Takke HECII0KHO M HAJEAKHO MOKHO OIPENEIUTh MOJEIH-
pOBaHMEM H3MEHEHUE KO3(PPUUMEHTOB (PUIBTPALMH BO BPEMEHH, UCIOJb3YS
JUHAMUYECKOE MOJECIMPOBAHUE M TEOPHUIO0 (PUIBTPALMOHHON KOHCONHUAALMH
rpyHTa. 3mMenenne ko3(p(HUIMEHTOB (UIbTPALMU JIETKO MOACIUPYETCS U IS
CJIOUCTBIX TPYHTOB.

[Ipy MoJenupoBaHMM CTAlMOHAPHBIX 3aJlay MJIAHOBOM (UIIBTPALMHU TPYH-
TOBBIX BOJ MAJIOW MOIIHOCTH B HEJIMHEWHOM IOCTAHOBKE B PaMKax I'MIpaBilu-
YeCcKOil Teopuu (PUIbTpaly BO3HUKAET JOMNOJHUTEIbHAS CII0KHOCTb, CBS3aH-
Hasl C BBIBOJIOM CTallMOHAPHBIX (popmyi1 MoaenupoBanus. Oopmyiibl MOAEIUpO-
BaHUS CTAHOBSITCS YPE3BbIYAHHO TPOMO3AKUMH, TaK KaK TPEOYIOT BbIPAXKECHHUSI B
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dbopMe pamuKaioB, BHIBOJUMBIX M3 BEChMa CIIOKHBIX MHOTOWICHOB. BbIxomom
U3 TYITUKOBOTO TIOJIOKECHHUS SIBJISICTCS MPUMEHEHHE 3BOJTIOIMOHHOTO METOa MO-
JICTMPOBAHUS CTAIIMOHAPHBIX 3aJ1ad WJIH, MO-IPYyroMy, cueTa Ha YCTAaHOBJICHHE
(H.C. baxpanos, 1987; H.H. Kanutkun, 1978; A.A. Camapckuii, E.C. Huxona-
eB, 1978). DBONIONMOHHBIA METO/ MPOJIEMOHCTPUPOBAH HA MPUMEPE MPOTHO3-
HOTO MOJICTTUPOBAHUS BIUSHUS CTPOUTEIHLCTBA HA THUAPOTCOJOTUICCKYIO CPEY
ropoja (mocieaeicTeue crpoutenbcTa). C MOMOIIBIO METOJA aBTOpa MPOMO-
JeaupoBaHa 3ajava o 6appakHoM 3¢ dexTe KoMIUIeKca 3aHuN Kak 30H HEOJ-
HOPOJHOCTH C TIOHM)KCHHOU TPOHUIIAEMOCTBIO B TIOTOKE TPYHTOBBIX BOJ MaJIOH
MOIIIHOCTH (pHUC. 7), pe3yJIbTaThl IOTBEPKICHBI HATYPHBIMU 00CIICIOBAHUSMH.
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Puc. 7. IIporno3Hoe nossieHue YI'B Ha TeppuTopun 3aCTpONKH Kak
MOCJIEICHCTBUE CTPOUTENBCTBA (MOIETUPOBAHUE 110 aBTOPY)

Peann3oBaHO MPOM3BOJICTBEHHOE MOJEIMPOBAHUE YCTAHOBKH BAaKyyMHOT'O
KEKTOPHOTO BOJONMOHMXKEHHUS J1si OMCKOTO METPOITOJIMTEHA, YCUIIEHHOM AJIEK-
TpoocMocoM. Tak kak KO3(PPUUUEHT GUIbTpALMU CYTJIMHKA UMEJ MpPeleIbHOe
3HaueHue I/ NpPUMEHEHHs BaKyyMHOro BojomoHmxkenus K = 0,01 m/cyt
(B. Knayne, 1988), T0o penieHo yCUIUTh OCYIIUTENbHBIE PAOOTHI IO BaKyyMHUPO-
BAHMIO B 30HE LIUTOBOM MPOXOJKH C MOMOILIBIO 3JIEKTPOOCMOTHYECKOIO BOO-
NOHWKEHUSI, KOTOpoe AonoiaHuTeabHO 3akpemisieT rpyHT (I.H. Xunkun, 1966).
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[Ipu rmyOGoKOM BOJIONIOHMKEHUHM B COOTBETCTBUM ¢ Kputepusmu (1)—(2) u
HECTAallMOHAPHOM (PUIIBTPALIMOHHOM IPOLECCE OCYLIEHUsl IPyHTa ObLIa MpuMe-
HEHA HEJMHEapU30BaHHAs TMAPABINYECKAS MOCTAHOBKA JBUKEHUS TPYHTOBBIX
BoJ. Bnaronepenoc B kanwisipHoit 30He, ciaeays B.M. ['puropeseBy (1973), yu-
TEH BBICOTOM MPUBEACHHON KanuuisipHOU 30HbL. OnHako B.M. I'puropses npu-
MEHSUI JUIsl pacueTa YMCTO BaKyyMHOT'O BOJIOTIOHMKEHHUSI JIMHEAPHU30BAaHHbIE T10-
ctaHoBku. C nmoMomibto Metoga aBropa MOT Takue ynpouieHus: He TpeOyroTcs,
JUIIb CHEeUaTIbHBIMA TECTOBBIMU 3a/layaMu ObUIO 0OOCHOBAHO B JAHHOM CIIy-
yae MPUMEHEHUE TUAPABIMYECKOTO METOJa BMECTO T'HMAPOJWHAMHUYECKOTO.
Kpome Toro, aBropckas texHosgoruss MOT mo3BosisieT NpoBOJIUTH OJHOBPEMEH-
Hoe (0e3 MCMONB30BaHUs MPUHIIUIA CYNEPHO3UIIMHN) MOJIECIUPOBAHUE TPOLIEC-
COB, B JIaHHOM NpUMEpe — BaKyyMHOU (UiIbTpallUu U 3iekTpoocmoca. [Ipomo-
JNETUPOBAHHOE CTALlMOHAPHOE JJIEKTPUYECKOE IOJIE HAJIOKEHO HA HECTALMO-
HapHOE M0JI€ BAKYYMHOU (DUIbTpAIMU BOJABI B TPYHTE 30HBI LIUTOBOM MPOXO-
Ku. B pe3ynbrare monyyaroTcs KapThel NOHWKEHUNA YI' B, oqHa U3 KOTOPBIX IO-
Ka3aHa Ha puc. 8 (ImyckoBas KaMepa [IuTa 3alllTPUXOBaHAa).
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Puc. 8. Kapra monmxenunii YI'B uepe3 12 cyTok paboThl COBMEIIEHHON YCTaHOBKU
BOJIONIOHMKEHHUA (MOJEIMPOBAHKE IO aBTOPY)

[lar Ha Mojenu MPUHAT HEPABHOMEPHBIN MO 00€UM TOPU30HTAIBHBIM KO-
opaunatam. Jls ynoOcTBa pa3oueHusI IPOCTPAHCTBEHHOTO IIara MCIoJIb30BaHa
U TIepeoCMBbICIieHa MPUMEHHUTEIBHO K MeToAy aBTopa MOT morapudmmuueckas
dbopmyna B.C. Vcenko (1968), koropasi 3amucaHa B 3KCIIOHEHIIMAIbHO-
Jorapu(pMUYECKOM BUE.

B mpouiecce MonmenupoBaHusl CO31aHO TpH (paiiya: 3MEKTPUIECKOTO OIS,
MOJISl HATOPOB (C BaKyyMOM); Cllydasi aBApUIHOTO OTKIIOYEHHS] CUCTEMBI BOJIO-
MOHIKEHUS. Pe3ynbTaTel MOACTMPOBAaHUS B BUAE TaOMMUYHBIX MaTpull 0Opabdo-
TaHbl MakpornporpamMmoi aBropa ForSurfer u kaptupoBaHs! (cM. puc. 8).
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Hecranunonapusiii GuabTpallMOHHBIA MPOIECC MOXKET ObITh peaiu30BaH B
ANEKTPOHHOM Tabnuile TpeMs criocodamu: 1) craTuueckuM (TOCTPOYHO BHUR);
2) nuHaMHYecKUM (B ONEPATHUBHOM NaMATH C MCMIOJIb30BAHUEM JIOTHMUECKOM
¢byukiuu ECJIN); 3) ¢ moMomp0 aBTOMaTHYECKOTro J100aBlICHHS] TaOIUYHBIX
muctoB. [locnennuii cnoco® aBTOMATU3UPOBAH CHELMAIBHON MakKporporpam-
MoH, onyOnukoBaHHOM B [19]. B paccMartpuBaeMoM mMpuMepe CTPOUTEIHLHOIO
BOJIOTIOHMKEHUSI MPUMEHEH caMblil 3(pPeKTUBHBIM CIOCOO MOJETUPOBAHUS —
JUHAMUYECKUH, e IIard BPEMEHM 3aJal0TCs 4Yepe3 BCTPOEHHBIE HTEPALUU
AIEKTPOHHOM TaOJIUIIBI.

B rnaBe mpuBeneHsl U Apyrue npuMmepsl QUIBTPAMOHHOTO MOJIETUPOBA-
Hus. B nameit monorpaduu [25] Texnonorus MOT uznoxxkena BecbMa mopoo-
HO, ¢ 15-10 mpuMepamu, KOTOpbIE€ PACIOIOKEHBI MOCIEI0BATEILHO B OCHOBHOM
TEKCTe.

JloCTOBEpHOCTh HOBOWM MH(POPMAITMOHHON TEXHOJIOTUM — aBTOPCKOTO Me-
TO/Ia MOJIETMPOBAHMS B JEKTPOHHBIX Tabmunax (MOT) — npoBepeHa u noj-
TBEpK/JIE€HA  THIATEJIbHBIM  MHOTOJIETHUM  TECTUPOBaHMEM  (HAy4dHO-
MCCJIEeI0BATEILCKUM MOJEIMPOBAHUEM aBTOpa) MPOLECCOB MOJATOIUICHUS U
JIPEHUPOBAHUS HA TUIOBBIX PACUETHBIX cXeMax objacTed puibTpauuu: B IByX-
MEpPHOM M OJIHOMEPHOM MOCTAaHOBKAaX; MPU CTALIMOHAPHBIX U HECTAIMOHAPHBIX
npoueccax (QUIbTpaluy MOJA3EMHBIX BOJ; B JI€KapTOBBIX M LMJIMHIPUYECKUX
KOOpJIMHATaX; B OJAHOPOJHBIX U HEOJHOPOJHBIX MO MPOHULIAEMOCTH BOJIOHOC-
HBIX IJ1aCTaX U JIp., & TAKKE HATypHBIMU 00cieoBaHusIMu [25].

[TonyyeHHbIE MOJEIMPOBAHUEM PE3YIIBTATHI OB COMOCTABJIEHBI C PacyeT-
HBIMHM 3HAYEHUSIMU HANOPOB MOJ3EMHBIX BOJ U BOAONPUTOKOB, HAJAEHHBIX IO
M3BECTHBIM TOYHBIM AHAJUTHYECKUM 3aBUCUMOCTSIM JJII COOTBETCTBYIOIIMX
pacyETHBIX CXEM, KOTOpbIe B cBOoe Bpems nonyuunu B.M. Apasun, I'.1. bapen-
onarrt, B.B. Beaepuukos, H.H. Bepurun, M. Macker (M. Muskat), A.K. Myd-
taxoB, C.H. Hywmepos, H.H. IlaBnosckuii, II.4. [lonybapunosa-Kouuna,
A.B. PomaHoB. PacxoaeHusl 3Ha4€HUI COCTaBUIM OT 2—3 % Ha MalbIX MOJe-
nsx (10-1000 y3710B) 10 COTBIX—TBICSYHBIX J0JIEH MPOIEHTOB Ha CPEIHUX MO-
nensix (1000-10000 y31m0B), 4TO YOOBIETBOPSAET OOLICHPUHATHIM KPUTEPHUSAM
VH)XEHEPHON TOYHOCTH.

Takum 00pa3oMm, aBTOPCKUIA METOJT MOJIETUPOBAHUS B AJIEKTPOHHBIX TaOJI-
nax (MOT) ¢unbTpaniioHHBIX TIpoiieccOB A(MPEKTUBEH U TMOJE3EH IS Onpeje-
JIeHUS! MOATOIUVIEHUSI U IPEHUPOBAHUS TEPPUTOPHUI MO BIMSIHUEM TOPOJICKOTO
CTPOUTENBCTBA, MO3BOJSET MOTYyYaTh HAYYHO OOOCHOBAHHBIE TEXHHUYECKHE pe-
HIEHUS MO 3alUTe OT MOJTOIUIEHHS] TOPOJICKUX TEPPUTOPUI, BHEIPEHUE KOTO-
PBIX BHOCHUT 3HAYUTENbHBIM BKJIAJ B Pa3BUTHE SKOHOMHUKHU CTPAHBI 3@ CUET Ipe-
JOTBpPALIEHHOr0 yiep0Oa OT NOATOMIICHHUS.
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SAKITIOYUTEJIBHBIE BBIBO/JIbI U PEKOMEHIAIIUA

1. Ha ocHOBaHMU BBITIOJHEHHBIX aBTOPOM HccienoBanuii [1-25] paspabo-
TaH HOBBIM MOJAXOJ K 3alIUTE OT MOATOIJIEHUS B TOPOJCKOM CTPOUTEIBCTBE, MO-
3BOJISIIOILMNA TMPUHUMATh HAayYHO OOOCHOBAHHBIE TEXHUYECKHUE PEIICHHS IO
00prOe ¢ MOATOIVIEHUEM TEPPUTOPUH, BHEAPEHHE KOTOPHIX BHOCUT 3HAYUTENb-
HBIM BKJIAJ] B pa3BUTHE S3KOHOMMKHU CTpPaHbl 3a CUET MPEIOTBPAIICHHOIO yuiepoa
oT moxaroryieHus. B wactHOCTH, 11 . OMCKa NpeIOTBPALLIECHHBIA TOJOBOM
yuiepO OT MOJTOIJICHUS HAa CEIUTEOHONW TEPPUTOPUM MONKET JocTUraTh 83,93
MJIH. py0. (B 6a30BbIX 1IeHaX 1984 r.), YTO COCTaBIAET HE MEHEE TPETU CPEJICTB
Ha CTPOUTEIBCTBO JKUJIIbA.

2. Pa3zpaborannas aBropoM kiaccudukaius (cM. Tabi1.) mokaszaia, 4YTo Hau-
OoJblIee BIMSHUE HA MOJATOIUIEHHWE U JIPEHUPOBAHHE TEPPUTOPHUI OKA3BIBAIOT
CTPOUTENIbHbIE KOHCTPYKIMU U TEXHOJOTUU LUKJIA UHKEHEPHOU MOATOTOBKU U
HyJIeBOro (moa3eMHoro) nukia. OOmas TEHACHIUS BIUSHUS TOPOACKOTO
ctpoutenbeTBa (I'C) HampaBieHa B CTOPOHY MOJATOIUICHHUS, HEXKENU TPEHUPOBa-
HUS, TO3TOMY HEOOXOMMO YCHIIMBATH 3aIUTY OT MOJATOIJIEHUS] MEPONPUATHSI-
MU, BIMSIOIIMMU Ha APEHUPOBAHUE, OCOOEHHO NMPUMEHEHHEM JIpeHa)a, Kak
HanOoJee HaJeKHOTO CPECTRA.

3. Ha ocHoBe aHanM3a CyIIECTBYIOLIUX MOJIXOJ0B, METOJOB, METOAUK U
KPUTEPHUEB MPOTHO30B U MOJEIUPOBAHUS MPOLIECCOB (PUIBTPALIUN, OTHOCAIIMX-
Csl K BIMSHHUIO TOPOJCKOIO CTPOMTENIbCTBA HA MOATOIUIEHHWE W JPEHUPOBAHUE
TEPPUTOPHI, aBTOPOM TIOCTABIEH M pa3pabOTaH HOBBIH KOHCTPYKTHUBHO-
TE€XHOJOTUYECKUM MOAXO/ K 3aIIUTE OT MOATOIJIEHUS B TOPOJCKOM CTPOUTEIb-
CTBE.

4. Pa3zpaboTaH U IIUPOKO MPUMEHEH HOBBIA MPUKIATHON MaTeMaTUYECKUN
METOJ] aBTOMOJICTbHBIX JBWKECHHUIN C YHCIICHHBIM MojenupoBanuem (AJ[UM),
MO3BOJISIIOLIMI TOy4YaTh TOYHBIE TUJPABIMYECKUE PEUICHUS MO0 (PUIbTpaLUU
I'PYHTOBBIX BOJ| C MaJIOM MOIHOCTBIO MOTOKOB. [loyueHbl HOBbIE PEIICHUS IS
paaunyca si3blKa TEXHOT€HHBIX TPYHTOBBIX BOJ OT Oouyara MOJTOIUIEHHS C MOCTO-
SHHBIM YPOBHEM BOJbI, ISl pa3MEPOB KPUBbBIX (BOPOHOK) JEMPECCUI MpHU MpH-
MEHEHUHU CTPOUTENbHBIX TEXHOJIOTUH BOJOOTINBA, BOJAOIIOHUKEHUS U IpeHaXA.
OHU NpUMEHHMMBI U KaK 3TaJOHbI AJii IPOBEPKHU MPUOIMKEHHBIX PELICHUH, a
TaK)Ke KaK KpUTEpUHU JJIs ONpeaeeHusl pa3MepoB o0aacTell puibTpauuu IrpyH-
TOBBIX BOJ IIPU MojenupoBaHuu BiausHusA I'C Ha MOATOIUIEHHE U IPEHUPOBAHUE
TeppUTOpUiL. Y TOUHEHBI U3BECTHBIC KpUTepuu JuHeapusanuu (1)—(2) u Haitnen
HOBBI KpuTepuil (3) NMPUMEHUMOCTH THUAPABIUYECKON Teopuu (GUIbTpALMH,
MMEIOIIME BaXKHOE 3HaYEHUE JJI1 IPOrHO30B U MOJIETMPOBAHUS MOATOIICHUS U
JIPEHUPOBAHUS B TOPOJICKOM CTPOUTENIbCTBE.



35

5. Pa3paboTtana HOBasi METOAMKA MPOTHO3UPOBAHUS U3MEHEHHUS MpPOHUIAe-
MOCTH TPYHTOB OCHOBAHUMU 3JaHUN U COOPYKEHUH KaK JEHUCTBUE U MOCIEAECUCT-
BHE BIMSHUS KOHCTPYKTUBHBIX PEIICHUM U TEXHOJIOTUH FOPOICKOrO CTPOUTEIb-
cTBa. YacTp 3aj1ay penieHa KIaCCUMYECKUMU METOJAMHM TEOPHHM (PUIbTpaLUu:
BIIMSIHUE CTPOUTENBCTBA HA YPOBHU MOJ3EMHBIX BOJ B CIIy4ac MPUMEHEHUS IIH-
TOBBIX MTPOXOJOK, «CTEH B TPYHTE», CBAHBIX KPEIJIEHUI KOTIOBAHOB, IIPU yCT-
poCTBE 0OPATHBIX 3aCHIMOK.

6. [IpennokeHo yTOUHATH 3JEMEHTHI BOJTHOTO OajlaHca MOA3EMHBIX BOJI MPU
IIPOTHO3€ U MOJEIUPOBAHNN MOATOIUIEHUS U APEHUPOBAHUS TOPOACKUX TEPPHU-
TOPHUM C UCIIOIB30BAHUEM JAHHBIX METEOCTAHLIMI FOPOJOB IYTEM PACUETOB MUC-
MapeHusi ¢ YPOBHS IPYHTOBBIX BOJI C YYETOM KIMMATHYECKUX (PaKTOPOB ropo-
CKOM 3acTpoiku (anbbenno, 3aTeHeHue, PO yBAEMOCTh U JP.) U MOCIEAYIOIIUM
YTOYHEHUEM MH(DUIBTPAIMOHHOTO MUTAHUS.

7. PazpaboTaH U MIMPOKO HCIOJIb30BAH HOBBIM METOJI KOMIBIOTEPHOTO MO-
JeIUpoBaHusl B 3EKTPOHHBIX Tabnunax (MOT) guiabTpalimoHHBIX MPOIECCOB
MOATOIUICHUSI M IPEHUPOBAHUS TEPPUTOPUIN IO BIUSHUEM T'OPOJICKOTO CTPOU-
tenbcTBa. HoBasg wmH(pOpMalMOHHAsT TEXHOJOTHS MOJEIMPOBAHMS IMPOLIECCOB
(GuIbTpaLMK NOJI3EMHBIX BOJI MHOTOKPAaTHO CHMXKAET TPYAOEMKOCTh MOJEIIUPO-
BAaHMS B CPAaBHEHUU C TPAJWLMOHHBIMM MPUHLIMIAMU IPOTPAMMHPOBAHUS MO-
nener. TexHomoruss aBropa MOT HamoMHMHAET aHaJIOTOBOE MOJEIIMPOBAHHUE,
ABJISASICH BUPTYaJIbHOM HCClen0BaTeNbCKON abopaTopueid. OHa MO3BOJSET MO-
JENUPOBATh B DJIEKTPOHHBIX TaOMMIAX CTAllMOHAPHBIE U HECTAILIMOHAPHBIE MPO-
Hecchl (QUIbTpalMu BOJABI, BO3AYyXa, BIArOTEIUIONEPEHOCA, 3JIEKTPOOCMOca,
KOHCOJIMJALWN TPYHTOB, MMPOUCXOISIINE NPU MOATOIVIEHUN U JAPEHUPOBAHUU B
TOPOACKOM CTPOMTENBCTBE, C YUYETOM TEXHOTE€HHBIX U3MEHEHUU NPOHUIIAEMO-
CTH TPYHTOB OCHOBaHMWA M T.[., C MPUMEHEHHEM aBTOMATU3AIMU 00pabOTKU
uH(pOpMAIH U YIIPaBICHUS MOJICIIMPOBAHUEM.

8. B xozxe uccnenoBanuii onpeaesnieHbl 00JacTH TPUMEHEHUSI METOAO0B U Me-
TOAMK aBTOpa JJIsl AHAJIMTUYECKUX MPOrHO30B U KOMIIBIOTEPHOTO MOJAEIUPOBA-
HUs (QUIBTPALIMM U AHAJOTUYHBIX MPOLIECCOB MPH 3aIIUTE OT MOATOIUICHUS B
TOPOACKOM CTPOUTENBCTBE:

a) B MPOU3BOJICTBEHHON AESATEIBHOCTH CTPOUTENbHBIX, TPOCKTHBIX U U3bI-
CKaTeJIbCKUX OpraHU3alMi pa3pabOTaHHbIE METOAbl U METOAUKU IO3BOJSIOT
MIPOTrHO3UPOBATH MapamMeTpbl (PUIbTPALMOHHBIX MPOIECCOB BOJOOTINBA, BOJO-
MMOHWKEHUS U JPEHUPOBAHNUs, COBEPLIEHCTBOBATh KOHCTPYKTUBHBIE PELICHUS U
TE€XHOJIOTUU CTPOUTENLCTBA C TOUKU 3pEHUSI OOpbObI C MOATOIJICHUEM, HUCCIIe-
noBaTh 3(PPEKTUBHOCTh MPUMEHEHUS TEXHUYECKUX CPEJCTB 3alUThI OT MOJTO-
1ieHus (BOJOOT/IMBA, BOJAOIOHMKEHUS U JIpEHa)ka) MyTeM pacuera U MOJEeu-
pOBaHMs, MOBBICUTh KAu€CTBO ONpeAesieHUs (UIbTPALMOHHBIX MApaMETPOB B
X0JIe¢ MH)KEHEPHO-CTPOUTENBHBIX U3BICKAHUNM C NMOMOIIBI0 UMUTAlMOHHOIO MO-
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JeNUpPOBaHUs, HEOOXOIUMOE JJI MPOCKTUPOBAHUS YIOMSHYTBIX TEXHHUYECKUX
CpElCTB, pa3pabaTbiBaTh MPOEKTbl OpraHU3allMd CTPOUTEIBHOTO BOJOOTIIMBA,
BOJIOTIOHMKEHUS U JPEHAKa Ha KPYIHBIX HAPOJIHO-XO3IMCTBEHHBIX O0BEKTAX U
KOMIIJIEKCAaX M COBEPIIEHCTBOBATh KaJleHAapHOE IUIAHUPOBAaHUE, pa3BUBATh UH-
(GopMalOHHBIE TEXHOJOTHHM OPraHU3aldHd CTPOUTENbCTBA, MOBBICUTH HAJEXK-
HOCTb BO3BEJICHMS 3/IaHUA U COOPYKEHHH M UX PEKOHCTPYKLHMH B YCIOBHSIX
MOJATOIUICHMSI, pa3padaThiBaTh KOMIUIEKCHYI0 MEXaHM3aLUI0 TEXHOJOTHYECKHUX
MPOLIECCOB MO 3alIUTE OT MOATOIUICHHS, UCCIEN0BATh BIMSIHUE CTPOUTEIbHBIX
MIPOLIECCOB HAa OKPY>KAIOIIYIO TUAPOTr€OJOTHYECKYIO Cpely rOpoOB IyTeM aHa-
JUTHUYECKUX PACUETOB M MOJICTUPOBAHUS MOJATOIUICHHSI, BOJIONIOHKEHHUSI, JIpe-
HUPOBAHUS U JIP.;

0) Hay4YHO-UCCIIEI0BATEIbCKOE MOJICIMPOBAHUE MOXKET OBITh CYIIECTBEHHO
YCKOPEHO € MOMOIIbI0 MeToAa aBropa MOT: mjist mpoBepKH MOJyYEHHBIX aHa-
JUTUYECKUX 3aBUCUMOCTEN MO Teopuu (PuiIbTpaluH; KOMOMHUPOBAHUS aHAIU-
TUYECKUX, YUCICHHBIX METO/OB C JIAOOPATOPHBIM M HATYPHBIM 3KCHEPUMEHTOM
¢ OBICTPOIl anmpoKCUMalUeld JAaHHBIX U MOJYYEHUEM AMIUPUYECKUX (HOPMYII;
TSI MOICIIUPOBAHUS CIIOKHBIX MPOLECCOB (GUIBTPALUU U BIAroTEeIIONEpeHOCca
B MTOPUCTHIX Cpeax, He MOAIAIOIINXCS aHATUTHUYECKOMY MCCIIE0BAHUIO.

9. HoBas TexHonorus monaenupoBanus apropa MOT moxer ObITh IpUMeEHe-
Ha B JIPYTUX HAyYHBIX JUCUUIIMHAX CTPOUTENHHOTO NPOQUsS U MPOMBILIICH-
HOCTH. B 4acTHOCTH, B TE€XHOJOTHMU CTPOMUTENILHOIO MPOM3BOJCTBA METOAMKA
MOJICJIUPOBAHUS AJIEKTPOOCMOCA JIETKO TPaHC(HOPMHUPYETCS B MOJEIUPOBAHUE
aneKTponporpeBa 6etoHa. B cTpoutenbHON (U3MKE aBTOPCKUN METOJ MOKHO
UCIIOJIb30BaTh MPU MOJEIMPOBAHUU BIIATOTEIUIONEPEHOCA B OTPa)XKAarolINX
KOHCTPYKIUSAX 3JaHUN U COOPYKEHUU, MPUMEHSS aHAJOTHUI0 (PU3HYECKHUX IMPO-
1eccoB (UIbTpALMKU, TEIMIONPOBOAHOCTH, Auddy3un u ap. B dyHmamento-
CTPOEHUHU U MEXAHHMKE TPYHTOB MOJIEIUPOBAHHUE 1O aBTOPY MOKHO MPUMEHSTH
JUISL IPOLIECCOB (PUIIBTPALIMOHHON KOHCOJMJALMU TPYHTOB OCHOBAHM, TPOTHO-
3UpOBaTh OCAAKU QYHIAMEHTOB U MOPO3HOE IMyUYECHHE.

10. Hayunsie pe3yabTathl 10 3alIMTE OT MOATOIUIEHHS B TOPOJICKOM CTPOHU-
TEIbCTBE, MOJIyYEHHbIE aBTOPOM, IPOLUIH BHEAPEHHUE U IPOU3BOICTBEHHYIO all-
poOarrio Ha BCECOIO3HOM ypoBHE [11], Ha KpyImHBIX HApOAHO-XO35HCTBEHHBIX
o0OBeKTax: Mpu pa3pabOTKe TEXHHUKO-3KOHOMUYECKOIO OOOCHOBAaHMS 3alUTHI
r. OMcKka OT MOATOIUIEHUS, IPU CTPOUTENbCTBE OMCKOTO METPOIOJIMUTEHA, B
CUCTEME BY30BCKOI0, MOCIEBY30BCKOI0 U JUCTAHIIMOHHOI'O 00pa30BaHUsl.
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