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OCHOBHbIE YC/TOBHbIE OBO3HAYEHWA

MponucHble ByKBblI

naowasab, amnanTyaa konebaHmi

XKEeCTKOCTb, WMPUHA NogBana, 06beKTa, TeppuTopmn

Knacc 6eToHa, (hMKCHPOBAHHOE 3HaYeHWe, KOHCTaHTa

KO3(hPULMEHT KOMMpeccum

KO3((PMLMEHTbI XKECTKOCTM OCHOBAHMA YMPYroro paBHOMEPHOIO U He-
paBHOMEPHOTO CXaTus

KO3(PPULMEHT KOHCONMAAL UM

KO3(hpMLMEHTbI PaBHOMEPHOIO U HEPAaBHOMEPHOIO CABMIa

[mameTp Kpyra

OTMeTKa MaHNPoBKU

MOZAyNb YNPYrocTu, fedopmaumm

XKECTKOCTb (PYHAAMEHTHO 6anku

paBHOAENCTBYIOLLAA aKTUBHOIO W MAaCCMBHONO AaBeHNs rpyHTa
Mofy/b 06BbEMHOI fAethopmam

pacyeTHOe 3HaYeHWe Cu/bl NPeAenbHOro CONPOTUBAEHUA OCHOBaHWS,
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HecyLas cnocobHOCTb cBav

HecyLLas cnoco6HOCTb FpyHTa

OTMeTKa NOAOLBbI lyHAaMeHTa

COBCTBEHHbIN Bec, NOCTOSAHHOE BO3AeliCTBUE, MOAY/b CABMTA

BblCOTa 06bEKTA, AENCTBYIOLWNIA Hanop

rny6uHa cXXMMaeMon TonLwm

HVKHAS FpaHuLa oKnMaeMon Tonwm

nokasaTefb AUHaMUYECKON YNIOTHEHHOCTH
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OTHOCKTe/bHas NIOTHOCTb

MnokKasaTte/ib TeKy4ecTu (KOHCUCTEHLMK)

4Mcno NNacTUYHOCTH

[IMHA 06beKTa UK ero vacTeit

n3rnbatoLuii, KpYTALLMIA MOMEHT, Macca

oceBas (BepTMKanbHas) cuna, Harpyska

OTMeTKa NMOBEPXHOCTU MPUPOAHOro penbeda

TabMYHbIE KO3IPPULMEHTI HECYLLE CNOCOBHOCTY TpyHTa
nepemMeHHOe BO3eliCcTBe

pacyeTHOe COMPOTMBIEHWE FPYHTa, Paguyc WCKPUBAEHUS MOBEPXHO-
CTW OCHOBaHWA, COOPYXEHUS, AINTeNbHAsA NPOYHOCTb FPyHTa
YCMIOBHOE pacyeTHOE COMPOTMBAIEHME TPYHTa W Npejen MPOYHOCTU Ha
CXKaTue CKafbHbIX FPYHTOB COOTBETCTBEHHO

BEPTMKaNbHAA M FOpPW3OHTaNbHasA COCTaBNAOWME PAaBHOAENCTBYOLLEN
peakumin ynpyroro oCHoBaHMA COOTBETCTBEHHO

CTaTUYeCKnii MOMEHT, BHYTPEHHee yCunue, Knacc apMartypbl

CTeneHb BNAXKHOCTM

rOpV3oHTa/bHasA cuna, cuna TpeHns

CTeneHb KOHCONMAAUNW, NoKasaTenb U3MEHeHWA



V— nonepeyHas (nepepesblBaroLiasn) cuna, 06bLem

IV— MOMEHT COMPOTUBIEHNA

Ub— YPOBEHb MOA3EMHbIX BOL

X, V,2 —  ocu KoopguHat

r— rMBKOCTb (hyHAAMEHTHOM 6ankn, MHTEHCUBHOCTL AedhopMaLnii casura
0 — CYyMMa HOpPMasibHbIX HaMpsXXeHWi

CTpOUHble BYKBbI

a— paccTosiHVe, reOMeTPUYeCKunii pasmep

b- LWMpYHa (MeHbLUNIA pa3mep) NOAOLLBLI (hyHAaMeHTa

c— yfenbHoe cuenneHune
CKOPOCTb PacnpoCcTpaHeHWs NPOAO/bHbIX, MONEPeYHbIX BOMH

r'- rny6vHa 3anoxeHus yHAaMeHTa, [uaMeTp Kpyra, paboyas BbicoTa
ceyeHus

d. P @ HOpMaTUBHas, pacyeTHas rny6uHbl Ce30HHOro NPOMepP3aHns rpyH-

Ta u rny6uHa ypoBHS NOA3EMHbIX BOJ COOTBETCTBEHHO
KO3 (hULNEHT NOPUCTOCTH, IKCLEHTPUCUTET
NPOYHOCTbL B6eTOHa (MaTepmana), KoahULNeHT TPeHuUs
BbICOTA, TO/ILLMHA C/OA TPYyHTa
KpeH, 0603HaYeHne aNeMeHTa, rMapaBINYecKnil rpagueHT
MOMNpaBOYHbIA KO3DULNEHT
KO3 MLUUEHT hunbTpaLmum
AnvHa (6onblinii pasmep) NOAOLWBLI DyHAAMeHTa, pasmep (60/b-
LWWiIA) nponeTa KOHCTPYKLWiA
T— macca, KoapPUUMEHT CXKMMaeMoCTU [FpyHTa, O0ObEM TBEpPAbIX
yacTuy, B eguHuLe obbema
KO3 (PULMEHT CKMMAEMOCTN, OTHOCUTENIbHOW CXKMMaeMOCTH
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CONPOTUBNEHME TPYHTA KOHYCY NPpU CTaTUYECKOM 30HAMPOBaHUN

P’ Pe'PM~ [aBneHune, AaBneHne CBA3HOCTU, MHTEHCUBHOCTb HAarpysku, CTPyK-
TYpHas MpOYHOCTb

Py P’Pu ahekTMBHOE, HeMTpasbHOe, MONHOE [faBneHWe, NpefenbHas Ha-
rpyska

Pli~ KanunnspHoe gasneHue

P~ YCNOBHOE COMPOTUB/IEHNE TPYHTa KOHYCY NPU AUHAMUYECKOM 30H-
[LMpOBaHNM

r— nepemeLLeHue, paauyc

5, 0% — 0cafika OCHOBaHW, PasHOCTb 0Cafil0K COOTBETCTBEHHO

g 0cafika BO BpeMeHU

I- TOJILLMHA, Bpems

n— nepuMeTp, ropusoHTasbHOE NepemeLleHne, U36bITOYHOE MOPOBOE
[faBneHue

V,V; ~ CKOPOCTb MOTOKA, (huabTpalum
nepemeLLeHne, LNPUHA PACKPLITUA TPELWH, YrnoBas 4acToTa,
BIAXKHOCTb

KOOpPAWHAaTbl, Pa3HOCTb 3HaYeHun KoopAWnHaT



a- Yrof, OTHOLLIEHMe, 0BEPUTE/NbHAA BEPOATHOCTb, KOIMPULIMEHT 3a-
TyXaHWUs HanpsHKeHWi

13,6- yron, Koagh(uLMeHT, OTHOLLeHNe

y— yAenbHbI BEC

Y, Y28V >~ KOs (PULNEHTbI HaeXHOCTU NO Harpyske, MaTepuany, rpyHTy, Ha-
3HAYEHWIO COOPY>KEHMA, YCNOBUIA PaboTbl COOTBETCTBEHHO

e— fethopmManms (B TOM Ymc/ie OTHOCUTe bHas)

eh— KO3(hpULMEHT OTHOCMTENLHON NPOCAL0YHOCTM

\ — OTHOLUEHWe, OTHOCUTENIbHas HePaBHOMEPHOCTb 0CafoK

V, y0— KoapgumumeHT 6okoBoro pacluupeHus (MyaccoHa), OTHOCUTESb-

HOW norpeLrHocTn gethopMaLmm
| — OTHOCWTENbHas rny6rHa, kKo3ahdrLMeHT 6OKOBOrO AaBNeHUS TpyHTa
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p— Yron BHyTPEHHEro TpeHus
NHpekeb
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CrK - KPUTNYECKINIA
d— pacyeTHOe 3HauyeHue
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TT - MUHVUMYM
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Inm— HVKHee 3HaueHue
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macca —Kr, 1

cuna, Bec —H, kH, MH, 'H

MOMEHT cunbl —H mv, KH *Mm

NA0THOCTb —/CcM3 Kr/M3 r/m3

yaenbHbIn BeC —H/M3 KH/M3 MH/M3

Hanps>XeHune, fasneHune, NpoyHocTs - [Ma, kMa, Mlla
KO3 ULNEHT GunbTpaLmum —m/cyT

Ko3appuumneHt noctenn —H/m3 kH/m3



NMPEANCNOBWE

Mpegnaraemoe yye6Hoe nocobue B 3HAUUTE/IbHOM Mepe OCHOBaAHO Ha
Kypce «OCHOBaHUS U (ByHAAMeHTbI», UMTaeMOM B BpecTcKOM rocyaap-
CTBEHHOM TEXHMYECKOM YHUBEPCUTETe B TeueHue 6onee 40 feT.

Mocobune paccumMTaHo B NEPBYIO 0Yepelb Ha MOAIOTOBKY MHXXEHEPOB MO
cneynanbHocTn 1-70 02 01 «[MpOMBbILL/IEHHOE U TpaXAaHCKoe CTPOUTESIb-
CcTBO». KpoMme TOro, OHO MOXeT 6bITb MCMO/1Ib30BAHO A1 NOArOTOBKU WH-
YKeHepoB M060 CTPOUTENbHONM CreLManbHOCTU, BKIKYAs cnelmaribHOCTH
«3JKCnepTmsa 1 ynpasneHne HeABMKMMOCTbIO» U «CeflbCKoe CTPOUTENb-
CTBO 1 06YCTPONCTBO TEPPUTOPUIA».

Kak nokasblBaeT NpakTuKa, CTOMMOCTb paboT no YCTPOWCTBY (pyHAa-
MEHTOB M MOArOTOBKA HECYLLUX OCHOBaHWI 06bl4HO cocTaBnseT 4o 10%
06LLe CTOMMOCTY 06BEKTA, a NPY CMOXHbIX MHXEHEPHO-re010rnYecknx 1
rPYHTOBLIX YCMOBUAX MOXET gocTuratb 20% wn 6onee.

Mcxons 13 aToro, OCHoBHas 3ajada Kypca —mnoMoYb CTYfeHTY npuobpe-
CTW 3HaHWA B 06N1acTu:

* BUAOB N KOHCTPYKUWNI 3pheKTUBHbIX (DyHAAMEHTOB 1 0COBEHHOCTEN
NX MPUMeHeHUs;

* METOJOB pacyeTa OCHOBaHWI U (PyHAAMEHTOB MO ABYM rpynnam rnpe-
[eNbHbIX COCTOSHNIA;

* 0CO6EHHOCTe NPOEKTUPOBaHUA OCHOBaHUI 1 PyHAAMEHTOB NPU Ha-
nnmuunm cnabbiX FPYHTOB U MNepefaye Ha HUX AUHAMUYECKMX Harpy3ok U
BO3/eliCTBUNA;

* (haKTOpOB, B/MAKOLLMX Ha M3MEHEHMEe CBOWCTB FPYyHTOBbIX OCHOBa-
HUIA 1 OKpy>XXatoLeli cpefbl, U NPOrHO3a UX BANSAHUSA Ha pabdoTy KOHCTPYK-
LM 30aHWIA N COOPYXKEHWNIA;

* MeTOA0B ONTMMM3ALUUN NPOEKTHbIX PeLIeHU NOA3EMHbIX KOHCTPYK-
uuit;

* COBPEMEHHbIX KOMMJ/IEKCOB MO pacyeTy OCHOBaHWMA U (PyHAaMeHTOB
Ha OBM.

Kpome Toro, CTYfeHT A0/HKEH 0BNafeTh HaBblKamu:

* KOMIMJIEKCHOTO aHasm3a WHXeHEepHO-reoslorM4yeckKnx M rpyHTOBbIX
YC/I0BUIA CTPOUTENbHBIX NOLLA/0K;

* OLUEHKW Hecyllei cnocobHOCTU M YCTOMYMBOCTM OCHOBaHWI M Mpo-
rHo3a 1UX NoBefeHWs Noj HarpysKamu;

* yNyulleHNWs, B C/ly4yae HE0BX0AMMOCTU, CTPOUTENbHbIX CBOMCTB FPYH-
TOB [i/11 BO3MOXXHOI0 MCMO/Ib30BaHMA UX B Ka4eCTBe HECYLLLEr0 OCHOBaHUS;

* Bbl6opa METOLOB YCTPONCTBA (hYHAAMEHTOB, MPU KOTOPbIX He Hapy-
LIaeTcA eCTeCTBEHHAA CTPYKTypa rpyHTOB B Nepuos CTPOUTENbCTBA;

* BbIMO/IHEHUA PacYETOB pa3NYHbIX BUAOB (hYHLAMEHTOB C UCMOJb30-
BaHWEeM COBPEMEHHbIX NPOrpamMMHbIX KOMM/IEKCOB;



* MPOrHO30B MOBELEHWUS TFPYHTOB OCHOBAHWUS NPU U3MEHEHUWN BHEL-
HUX (haKTOPOB, BAMSIOLLMX HA UX CBOWCTBA;

* OLEHKM 06bEMOB M cocTaBa paboT Mo o6cnegoBaHUD OCHOBaHWUI ©
(hyHAAMEHTOB PEKOHCTPYUPYEMbIX 34aHUIM 1 COOPYXKEHUA;

e COBEPLLEHCTBOBaHNS 3HaHUI Ha 6a3e CamMOCTOATE/IbHOTO M3YyYeHUS
Hay4YHO-TEXHNYECKUX JOCTUXEHNI B 061aCTN PYHAAMEHTOCTPOEHUS.

[ns 6onee rny6oKoro M3yyeHms Kypca v pasBuUTUA NPaKTUYECKUX Ha-
BbIKOB B y4e6HOM nocobuy npmBeaeHbl HOPMATVBHbIE CCbIIKA U BOMPOCHI
[N CAaMOKOHTPONSA.

ABTOPbI UICKPEHHe bnarogapaT peLieH3eHTOB —KO/NeKTUBbI Kadeap «Ieo-
TEXHMKA U 3KONOrns B CTpouTenbcTBe» (Benopycckmnini HauMoHaNbHbIN Tex-
HUYECKUI YHMBEPCUTET) N «CTPOUTENbHbIE TEXHOMNOTMM N KOHCTPYKLUN»
(yupexxaeHune obpaszoBaHusi «benopycckuii rocyfapCTBEHHbIN YHUBEPCUTET
TpaHcrnopTa») 3a yvacTue B paboTe Haj pykonucbio. Ocobas npusHaTesb-
HOCTb - JOKTOPY TEXHUYECKUX HayK, rnpodeccopy M.N. HUKUTEHKO U KaH-
Angaty TeXHUYECKUX Hayk, AoueHTy B.B. Taneukomy, a Takxe KaHAuaaTy
TEXHUYECKNX HayK, foLeHTy B.A. CepHoBy.

Taroke aBTOpbl 6n1arofapHbl 3a NOMOLLb B MOAFOTOBKE pasfena 2 nHxe-
Hepy I.IN. JemunHoli, pa3gena 3 - wuHxeHepy B.H. Oeaky, pasgena 10 -
KaHAMaaTy TeXHUYECKUX HayK, foueHTy A.H. Tapacesuuy.

JTiobble 3aMeyaHua 1 NpPeasoXeHUs No yay4ylleHUo Nocobus NpUHU-
MaroTcsa no agpecy: 224017, r. bpect, yn. MockoBckas, 267, bpl' TY.



CMUCOK PEKOMEHAYEMOW IUTEPATYPbI

CTBE 1648-2006. CtpouTensctBo. OCHOBaHUA W (DyHAAMEHTbl. TepMUHbl W
onpegenenns. MuHck, 2006.

TKM 45-5.01-254-2012. OCcHOBaHUA W (PyHAAMEHTbI 34aHWUIA U COOPYXXEHUIA.
OCHOBHble nNonoxeHus. CTpouTeNbHble HOPMbI NMPOEKTUPOBaHUA. MUHCK, 2012.

TKIM 45-5.01-67-2007. ®yHAameHTbl NAUTHble. [MpaBuna NPOEKTUPOBAHMA.
MwuHck, 2008.

TKIM 45-5.01-76-2007. OcHOBaHUA 1 (OYHAAMEHTbI 34aHWIA N COOPYXXEHUI Ha
MOMEHHO-HaMbIBHbIX TeppuTopusax. [lpaBuna NPOeEKTMPOBaHWMS W YCTPOICTBA.
MwuHck, 2008.

TKI 45-3.02-108-2008. BbicoTHble 38aHMA. CTpOUTENbHbIE HOPMbl MPOEKTU-
posaHunsa. MuHck, 2009.

TKM 45-5.01-15-2005. MMpo4YyHOCTHbIE U AethopMaLMOHHbIE XapaKTepucTUKK
rPYHTOB MO [AaHHbIM [MHAMWYeCKOro 30HAMPOBaHMA. [paBuna onpegeneHus.
MwHck, 2006.

TKM 45-5.01-256-2012. OcHoBaHWA U (hyHAAMEHTbI 3A4aHWIA U COOPYXXEHWIA.
Csau 3a61BHbIe. MpaBnna NPoeKTUPOBaHMS U yCTpoiicTBa. MuHck, 2013.

M5-2000 k CHB 5.01.01-99. MpoeKTUpoBaHME 1 YCTPOINCTBO OCHOBaHWIA U3 Ha-
CbIMHbIX, MaONPOYHbLIX W CNabbIX FPYHTOB, YNNOTHEHHbIX BUOPOAVHAMUYECKUM
MeToAoM. MuHck, 2001.

CHwIM 2.01.07-85. Harpysku n Bo3geincTeus. CTpouTe/ibHbie HOPMbl MPOEKTU-
posaHus. M., 1985.

[JonvaTos, B./. MpoekTtupoBaHve (yHAAMEHTOB 34aHUA U NPOMBILL/IEHHBIX CO-
opyxeHwii/ B.W. fonmatos, H.H. Mopapeckyn, B.T. HaymeHko. M.; CI6, 2006.

OcHoBaHuA, (yHLAMeHTbl U MoA3eMHble coopyxeHus / M.W. TopbyHoB-
Mocapos [v gp.]; nog o6, pea. E.A. CopoyaHa u FO.I. Tpoumosa. M., 1985.

MunsarvH, A.B. TpoekTnpoBaHMe OCHOBaHWI W PyHAAMEHTOB 34aHuid 1 coopy-
»eHuii /A.B. Munarud. M., 2007.

MoiiTa, M.C. CTponTenbHble CBOMCTBA UCKYCCTBEHHBLIX OCHOBaHwuiA / M.C. Moii-
Ta. bpecr, 2004.

MoiiTa, M.C. MexaHuKa rpyHTOB, OCHOBaHuUA ¥ (yHaameHTbl / T1.C. lMoiiTa
[v ap.]- Bpect, 2010. 4. I1.

CwvmvarwvH, B.I'. OcHoBaHua v hyHaameHTsl / B CumaruH. M., 2007.

CnpaBoYHMK reotexHuka. OCHOBaHWA, PYyHAAMEHTbI U MOA3EMHbIE COOPYXKe-
Hua / nog obul. pea. B.A. nbnyesa n P.A. MaHuyruesa. M., 2014.



COAEPXAHUE

OCHOBHbIE YC/IOBHbIE O003HAUBHMS.c..cveviuiereiereetetete sttt te st st saebe st besaenesaennatens 3

TTPEAMCIIOBUIE. ...ttt bbbttt ettt e ettt sbeeneenean 6

1. OB MNE MPUHLWNMblI MPOEKTUPOBAHWA OCHOBAHIWI
UM OYHOAMEHTOB ..o s 8

1.1. OCHOBHbIE NPUHLUMbI MPOEKTUPOBAHMA c..everieeieeeeieiere e ere e s 8

1.2. icxoaHble AaHHble, HEOHBX0AMMbIE ANA MPOEKTMPOBaHMA OCHOBaHWIA

N QDY HIAMEHTOB  .vtveuieteeetesteaeete sttt stes e be e esesbe e b seeseebe st ebesbeseabese et e s b e e ebe st ebesbeneebennaren 9

1.3. AHann3 UHXeHepHO-reon0r M4ecKmnx yYCnoBuiA, UX BIMSHNE Ha BapuaHTbI

DY HIAMEHTOB . c..teueeteteneeteeetesteseetesteseeeeeeseseeneese s esesaeaeabe s enesbensaseaeensabeseeseseeneaneseenesaeseas

1.4. Knaccbl reoTeXHWYECKOro pycKa yCnoBuil CTpOUTeNbCTBA
1.4.1. KaTeropum cfioXXHOCTU OCHOBAHUIA (DYHAAMEHTOB......cvevieevrerrerinerrerenenns
1.4.2. YPOBHW OTBETCTBEHHOCTU 3[@HUNI 11 COOPYXXEHUIA MO HafeXHOCTK ... 17

1.5. Buabl aehopMan it 30aHNA N COOPYIKEHMM . ..veurrrereerenireeeeeereseseseeneseseneeseseneeeens

1.6. MpunUmnHbI Pa3BUTUA HEPABHOMEPHbIX 0Caf0K COOPYXKEeHWI
1.6.1. OCHOBHbIe cnaraeMble 0caflok PyHAaMeHTOB....

1.6.2. HepaBHOMepHbIE 0CALKN YNMIOTHEHU A ccuveureeiieiiicee
1.6.3. HepaBHOMepHbIe 0CafKN YNIOTHEHUA U BbINUPAHUA...........
1.6.4. HepaBHOMEpPHbIE 0CALKN PACCTPYKTYPUBAHUSA ....crvveveereeieieiesieniesieaieana
1.6.5. HepaBHOMEpHbIe OCafKM B MEPMOJ IKCNyaTaLuyu COOPYXEHWI............ 28
1.7. MeponpuaTns No yMeHbLUEHNIO fedopmaLinii
OCHOBaHUW N NX BANAHNSA HA COOPYIEHMS ...everivieiiienieieieieieieieisieieseeene e saesesensienas a
2. DYHOAMEHTbI B OTKPbITbIX KOT/IOBAHAX HA ECTECTBEHHOM
OCHOBAHWUMM ... 33
2.1. TUNbI N KOHCTPYKUMMN PYHOAMEHTOB ...ceueitiienieeeieieseesesie e seese e seese e e seene s 33
2.1.1. O6wKMe NoNoXKeHUs
2.1.2. Buabl pyHAaMeHTOB, MaTepuasbl A1 UX YCTPOMCTBA. cvvvvereeerereerrrenereens 34
2.1.3. KOHCTPYKLMMN COOPHBIX PYHAAMEHTOB...cveuveeereeeerenereneeeeenesesseseseseesenenes 37
2.1.4. KOHCTPYKLUUN MOHOMUTHBIX (YHAAMEHTOB ..cveeetiieieereieesteeeiesieieeeeeaee 39
2.2. 3awmTa NofBanbHbIX U HaA3eMHbIX KOHCTPYKLUWIA NOMELLEHNI
OT MOA3EMHBIX BOL M ChIPOCT U .cuviuiiiiiiiitieieiieieesie st ettt e b sne s sne s eneenenes 41
2.3. MocnepoBaTeibHOCTb NPOEKTUPOBAHWS OCHOBaHWI U DYHAAMEHTOB............48
2.4. Harpy3skun 1 BO34eiCTBUSA, YUUTBIBAEMBIE B PACHETAX .cverrerrererererererrereranenrereneas 50
2.5. PacueT )yHAAMEHTOB MENKOTO 3ANMOMEHUA . .cuveueeineeieieieeneseeiesiesesresieseseeseneeseens 51
2.5.1. BbI60p rNyOuHbI 3210XKEHNA PYHAAMEHTOB....cvevrieveeeeirieeree e eie e 51
2.5.2. OnpegeneHue HopmMbl U pasMepoB NOAOLBLI (PYHAAMEHTOB.......ccceveueenene 57

2.5.3. OnpejeneHne pacyeTHOro CONPOTUB/IEHNA TPYHTA OCHOBAHMUA..... ....63

2.5.4. T1poBepKa NPOYHOCTN NOACTUNAIILLETO CITO ..cvereiruiaririierieree e seeseesreeiees 70
2.5.5. MpoeKTNpoBaHNE OCHOBAHMIA MO HECYLLEA CMOCOOHOCTM..cucveeercereeeee 71
2.5.6. PacyeT NeHTOYHbIX NAUTHbIX PYHAAMEHTOB U CTEH 3arny6aeHHbIX
TIOMELLLEHUIM ..ttt ettt s ettt e e st et e et e s e e e nsnne s 76
2.5.7. KOHCTPYKTMBHbIE TPe6OBaHMS NPU NPOEKTUPOBAHNW MANTHbBIX

DY HIAMEHTOB  ...cvteteeiete et ete et ee s e te e ebe st e s e ebe e e beebeseebe s et e sbeneebe e ebeseeneabe e eneneeneane 78

396



3. PACYET M’MBKUX ®YHAAMEHTOB KAK KOHCTPY KLU
HA COKUMAEMOM OCHOBAHUW.......cooic s 81

3.1. OcHOBHbIEe NPeanoChLINKM pacyeTa 1 nNpesBapuTeNbHbIA Nog60p ceveHus
DY HOAMEHTA. ettt sttt
3.2. PacyeT no mMeTofy MeCTHbIX YNpYrux geopmMauuil..
3.3. PacyeT no MeToay ynpyroro nofymnpPOCTPAHCTBA. ...ccveverrerreriereeriesienneenes

3.4. PacueT (hyHAaMeHTHbIX 6an0K 1 nauT no Teopumn b.H. )KeMoukunHa................ 87
3.5. Pacuet 6anok rno Teopunt M.A. FopOYyHOBA-TTOCAA0BA. ......coveeeeenrrrieriirieeeeeeas 92
3.6. PacueT pyHAaMeHTHbIX 6a10K No Teopun N.A. CUMBYINLM....ccooveerreeeenene 94

4. CBANHBIE @YHIAAMEHTDB ..o 94

4.1. Knaccugukaums cBai 1 CBaHbIX YHAAMEHTOB ..c.vveururereeeeecreneerenesieeeneeneees

4.2. MNMpefBapUTeNIbHO U3TOTOBMIEHHBIE CBAM .c..iiuiieiiiieiieiieie ettt
4.2.1. )Kene306ETOHHBIE CBAW.......ccovrreriererrerereneereiee e
4.2.2. flepeBAHHbIE, CTa/IbHble Y KOMOVHUPOBAHHbIE CBAWU....
4.2.3. CNOCOO6bI MOTPYEHMUSA CBAM....cvrveeeeririreeeeeneeieeeneseseeneneseseseeesessesenesesessnses

4.3. CBaK, U3rOTAB/INBAEMBIE B TPYHTE ...eiiuiiiieieieiieretete st st sie st ee e e see e i sreens
4.3.1. HabWBHbIE CBAN ....ovvvreerrne.
4.3.2. bypoBble cBaW.........
4.3.3. [IpYTre BUAABI CBAM.....ceveereererereeierererieeneenenens

4.4. B3aMMOAENCTBUE CBal C OKPYXKAKLLMM TPYHTOM .ooveereneieerereseeesieneseseereseseeeens

4.5. OCHOBHble MONOXEHWS MO PacyeTy U NPOEKTUPOBAHNIO CBAMHbIX

(DY HIBMEHTOB......cteteteeeteste et seeteste e ste e e se st e st eee e ebeseemeeee e ebeseene et e e eaeseenesbe e eneseeseeaenenas 129
4.5.1. NcxodHble faHHbIe ANA NMPOEKTUPOBAHMA ..cc.vevieieerentesieeieeeeieie e 129
4.5.2. OCHOBHbIE YKA3AHMNA MO PACULTY ...eiueirerireiiristeeiesieeseeseeeeseeseeneesiessessessenes 130

4.6. PacyeT HecyLeil cnocobHOCTY cBall Npu 4eiACTBAM BEPTUKANIbHBIX

HATPY 30K .ttt ettt ettt ettt b e bt bbbt st e e e etk b ekt b e e b e e e e e e b e b e e b e sbeebenbe e bt ene e e 132

4.7. PacyeT HecyLLein Cnoco6HOCTH CBali Npu AeiCTBUM FOPU3OHTANTbHBLIX

HATPY 30K 11tttk s bt a bt e bkttt b bttt n et n e

4.8. PacyeT 1 NpoeKTUpoBaHMe CBaNHbIX PYHAAMEHTOB...........
4.8.1. Bbl60p KOHCTPYKLMMN CBAAHBIX DYHAAMEHTOB. ...vcvevereevererceniererenieensnnens
4.8.2. OnpefeneHne Yncna ceaii B PyHaameHTe
N PASMELLEHMNE UX B TTITAH .ttt eieeiieiee e see sttt sbe st ne e snenre e srenbe e 148
4.8.3. PacueT 0cafKu CBAAHOTO PYHAAMEHT @ cccuroeereereeerereresereeseneseneesesesenseneses 152
4.8.4. PacyeT CBaHBIX POCTBEPKOB....c.cererreereeriresueersesessesesesssessesessssesessssssesesenens 156
4.8.5. OCO6EHHOCTN NPOEKTUPOBAHNSA MANTHO-CBaliHbIX (PYHAAMEHTOB .... 156

5. MIPOEKTUPOBAHWE U YCTPOMCTBO MCKYCCTBEHHbIX
OCHOBAHUWU ... s 157

5.1, OOLUME MOMOMKEHUSA .eeeieteneeieeeieeteseeieseeieete et e e sbe e ete e e e sbe e ebesbesesbe e eseseeneasenene 157

5.2. VicxogHble faHHble 419 NPOEKTUPOBAHNA YNIOTHEHHbIX OCHOBaHM

U DY HIAMEHTOB ...ttt ettt ettt et bbb et e b etk e e e b e s b e s e et e st e bt st e e et e b enesbe e ebeneens

5.3. I0BEPXHOCTHbIE METOAbI YMIOTHEHMA TPYHTOB....eeviviiiiieeenieiie e
5.3.1. YNIOTHEHNE TAXKENBIMU TPAMOOBKAMM ...t sesee e
5.3.2. ¥YNIOTHEHWE YKaTKOl 1 TpambyoLWwumMm MexaHm3Mamm
5.3.3. ¥YNNOTHEHWE NOABOLHBIMU B3PBIBAMU ....veuvivivieienienienie e sieseesieseeesessesieens
5.3.4. BbITPaMOOBBIBAHNE KOTMIOBAHOB ....cveveiieneereseeneaieeeaeseeneeeeseeneseesesneseenenes




5.4. ' ny6uHHbIE METO/bI YNIOTHEHNSA TPYHTOB....
5.4.1. ¥YNnoTHeHWe necyaHbIMN CBagMMU........
5.4.2. YNNOTHEHWE TPYHTOBbIMU CBAAMM........
5.4.3. ¥YNNOTHeHWE N3BECTKOBLIMU CBAAMMU...............
5.4.4. YNnoTHeHWe rNybuHHbIMK BUGpaTopamu
5.4.5. YNNOTHEHWE CTATUYECKON HATPY3KOM.cvcvvvreeereeiennnes

5.5. DU3NKO-MexaHNYECKMNEe METOAbI 3aKPEN/IEHNS TPYHTOB
5.5.1. YNNOTHEHME BOAOMOHUMKEHNEM....c.vveeveereereeesiee s
5.5.2. ¥YNNoTHeHWe NpeiBapuTENbHbIM 3aMaUYNBAHNEM....cc.evvevereereeiieieeaeeieenes
5.5.3. VIHBbEKLMOHHOE 3aKPEM/EHNE TPYHTOB PACTBOPAMM ..cvveueeeeieriirieaienieas 187
5.5.4. TepMUYECKUIA METOL 3aKPEMMEHNSA TPYHTOB...cveurereeeereirereerereneereneseseeeenes 190

5.6. KOHCTPYKTMBHbIE METO/bI YNYULLEHNS CBOWCTB FPYHTOB OCHOBAHUS.......... 191
5.6.1. YCTPOWCTBO FPYHTOBBIX MOAY LU EK .euveuerenieneeeeeneeeesesesessesenessesenesessesesenens 191
5.6.2. LLUNYHTOBBIE OFPAMKAEHUSA . .ccueeureieieriesiesieeieeieeiee e e st sbe e sre e e 195
5.6.3. APMUPOBAHME TPYHTOB ...eovitiitiiuieiieiieiesiesiestesie st sie s e ee e e e b sbesbesneeneeneas 195

6. MPOEKTUPOBAHUME KOTOBAHOB ... 200

6.1. O6ecneyeHne YCTONUMBOCTM CTEH KOT/TOBAH . ..c.vveverereeruererereeeeneneneereneseneesenes 201
6.2. PacyeT OrparKAEHMUA KOTTOBAHOB.....cueieetiieriesiietiesieiee e sie et ere e seennennen 211
6.3. OCYLUEHMNE KOTMOBAHOB ....eiueiieenietistestestee e eieestesiestesee sttt seeseesnesnesnesnesnesneannas 213
6.4. MoAroToBKa OCHOBaHWIA K YCTPONCTBY (DYHAAMEHTOB. ....cuvveeerreeeeererereseeeeenes 219

7. CNELMANBHBIE ®YHOAMEHTbI (PYHOAMEHTbBI ITYBOKOIO
SATTOXKEHUIA) ..o 224

7.1. KNacCUMUKALNA DYHOAMEHTOB ..cviiiueeeierieneeteseeiesiesesteseesessesessenee e saesessesaenens 224
7.2. Oco6eHHOCTM paboThbl OCHOBaHWIA (hyHAAMEHTOB rly6OKOro 3an0XeHus. .. 225
7.3. ONMYCKHBIE KOMOLLLBI...c.veeveiueeneeeestestestesieaseesteiesteseestesbe b sbe e e e e seesnesnesbesbesnesneaneas
7.3.1. O6nacTb NpUMEHeHUA
7.3.2. KOHCTPYKTUBHDBIE PELUEHMA ..ottt sttt
7.3.3. TTOrpyXeHne OMYCKHBIX KOMTOALEB. ....cc.ciuerierieriirieniesieeeeeesseseeseesseseesnesnnas
7.3.4. PacyeT OMYCKHbIX KOMOALEB...............
T4, KECCOHDI .o
7.5. TOHKOCTEHHbIe 060/104KN 1 6YPOBbLIE OMOPHbI....
7.6. MNNTHbIE PYHAAMEHTBI C AHKEPAMU ...euviiiieneitesieieeie et see et saeneeean

8. MPOEKTUPOBAHUME ®YHOAMEHTOB HA CNOXHbIX
OCHOBAHUAX U3 CNEUNDPUNYECKUX TPYHTOB......coieeeee 255

8.1, OOLLUME MOMOMKEH M c.ovenieeieieieteieeteeteeete st teste e be e teste e be st ese st e e tesbesesbe s ebesbeseenan

8.2. dyHAaMEHTbI Ha GUOTrEeHHbIX TPYHTAX.........
8.2.1. 3aTopoBaHHbIE TPYHTbI U TOPPHbI.....
8.2.2. PacueTocagkn TOP(SHON 3aNeXMU...............
8.2.3. OCO6eHHOCTM YCTPOICTBA (hyHAAMEHTOB...
8.2.4. CBONCTBA UMIOB N CAMPOME B ...veeeeeeeeieieieeeseneeeeeseseneeeneseseeseseseesenenes
8.2.5. OCO6eHHOCTN NPOEKTUPOBAHUA U CTPOUTENLCTBA ()YHAAMEHTOB
HA VTTUCTBIX TPYHTAX 01 evevienireerereeseeseee s sne s snenesis

8.3. CTPYKTYPHO-HEYCTONUMBbIE TPYHTHL...........
8.3.1. J1éccoBble NpocafoyUHble TPYHTHI

398



8.3.2. XapaKTepUCTUKM NPOCAAOUHBIX CBOMCTB .uovererieeereereeeereresieeereeseneesenenes 271

8.3.3. PacueT NpoCafoUHbIX AEMOPMALLUNM ...c...veveereeeiereieereeeseetereeseseereseseeeene s 273
8.3.4. MpUHLMNbI CTPOUTENLCTBA HA NMPOCAAOUHBIX TPYHTAX...cveeeiereerieeienieaes 275
8.3.5. KOHCTPYKTUBHbIE MEPONPUATUNA MPU CTPOUTENLCTBE

HA NMPOCAAOUHBIX TPYHTAX e vtvieuieiieieeseeseeseessessessessessessesseessesessesseseeseessessessessessenn 276
8.3.6. Cnocobbl yCTpaHeHMS MPOCAA0YHbIX CBONCTB FPYHTOB .cvveveeeecriennne. 277

8.3.7. ®yH[aMeHTbl Ha HabyXaroL X rpyHTax
8.3.8. YNYULLEHNE CBOMCTB OCHOBAHMM ....vveerreieieiiieieieesieee et

8.4. Ce30HHOMNPOMEpP3aOLLME N MHOTOSIETHEMEPS3/IBIE TPYHTBl.ecueciieiieie e 283
8.4.1. CBOWMCTBA MEP3ITBIX TPYHTOB....everreeeereneeneesesenenessesesessesensssssesesessesesesensnes 284
8.4.2. YCTpOIACTBO (hyHAAMEHTOB Ha CE30HHOMPOMEP3aLMX TPYHTAX........ 288
8.4.3. CTpouTeNbCTBO ()YHAAMEHTOB HAa MHOTO/IETHEMEP3/bIX TPYHTAX........ 290

8.5. OCOBEHHOCTM CBOMCTB 3aCOMEHHBIX FPYHTOB U YCTPOICTBO PyHaMEHTOB

8.6. Cnabble rMMHNCTLIE Y M/IONPOYHbIE MecHaHble FTPYHThI
8.6.1. ®yHAaMeHTbl Ha NEHTOUYHbIX 03€PHO-NTEAHUKOBbIX MMINHNCTbLIX

TPY HTAX ettt sttt ettt ettt sttt b bt h e s b e b e bt e bt eb e e bt e sb e e e nbeneenbenb e ebeabeebeeneennennens 298
8.6.2. ®yHOAMEHTbI Ha MASIONPOYHbIX MeCYaHbIX OCHOBAHUAX ....cccveveererrnne. 300
8.7. MpoekTuposaHve PyHLAMEHTOB Ha OCHOBAHWAX U3 UCKYCCTBEHHbIX
T Y HTOB ..ttt ettt ettt ettt bbbt h e he et e e b e e bt e b e e bt e bt e b e e b e e ss e s b et e eb e e bt eb e e beene et e e nbenbenes 302
8.7.1. OCO6EHHOCTM CTPOUTENLCTBA Ha HACBIMHBIX TPYHTAX .cueeeeeieiererecrierenens 303
8.7.2. CBOMCTBA HAMBIBHBIX TPYHTOB .. .ueutieeeeeeereneereeseneenesesessesenessssesenesseseneses 310
8.7.3. MpoeKTupoBaHue 1 yCTPOCTBO (hYHAAMEHTOB Ha HaMbIBHbIX
TEPPUTOPUAX ceeviteeieeneeeeteatesteateateeseess et e sbesbesbesbesse e st eseeeeseesbesbesbeabeebeeneennennenbennens 313
9. CTPOUTENBCTBO HA CKAJIbHbIX, 3/TIOBNAJTIbHBIX TPYHTAX,
3AKAPCTOBAHHbIX N MOAPABATBLIBAEMbBIX TEPPUTOPUAX................ 319
9.1. OCHOBHbI€ CBOWCTBA CKa/lbHbIX FPYHTOB M 0COBEHHOCTU CTPOUTENLCTBA
HEL HVIX et 319
9.2. OCHOBHble CBOICTBA 3/1H0BNa/IbHbIX FPYHTOB M 0CO6EHHOCTMW CTPOUTENLCTBA
HAB HVIX ottt et et e et et 322
9.3. OCO6EHHOCTU CTPOUTENLCTBA HA 3aKAPCTOBAHHLIX TEPPUTOPUAX ..vveneenne 327
9.4. Oco6eHHOCTY CTPOUTENLCTBA HA NOAPA6aTLIBAEMbIX TEPPUTOPUAX.....c.cevvnee. 331

10. PEKOHCTPYKLNA ®YHAAMEHTOB U YCUEHUE OCHOBAHWIA.. 336

10.1. Heo6X0AMMOCTb PEKOHCTPYKL MU (PYHAAMEHTOB M YCUNEHNSA OCHOBaHWiA . 336
10.2. O6cnepoBaHVe OCHOBAHMI M (DYHAAMEHTOB ...cvcvenreeeeeeeees

10.3. OCHOBHbIe METOAbI YCUIEHNS OCHOBAHWUIA 1 PYHAAMEHTOB.. ... 343
10.3.1. Cnocobbl yNPOYHEHNS TPYHTOB OCHOBAHUM................... ... 344
10.3.2. TpaguLMOHHbIE CNOCO6bLI YCUNEHUSA (YHAAMEHTOB... .. 347
10.3.3. CoBpeMeHHble Crocobbl YCUNEHUSA PYHAAMEHTOB ...cccuvreeeeeeeeeeeenenees 352
10.3.4. OcO6eHHOCTU PEKOHCTPYKLUM (DYHAAMEHTOB NPU BO34eCTBUN
CUT MOPO3ZHOTO MYUEBHUA c..c.eeeieeiesiesieeieeieeee et sse st bbb e e e e e sbesbesneanean 361

10.4. MpoeKTMpoBaHne PyHAAMEHTOB B6IM3UN CYLLECTBYHOLMX 3AaHUA. .............. 362

10.5. Oco6eHHOCTH NPOEKTUPOBAHUSA YCUNEHNS Y PEKOHCTPYKL UK

DYHAAMEHTOB M OCHOBAHUM ..veveeieieeiseieiecseeieie ettt seenenas 369



11. MPOEKTUPOBAHME N YCTPOWNCTBO MOAMOPHbIX CTEH............ 373

11.1. KOHCTPYKUNUN MOAMOPHBIX CTEH c.vieiiieiieiieiesiesiesiesiesiesseeseeesseessesnesnessessesnesnnas 373

11.2. OnpegeneHvie NPOLONLHONO 4AB/IEHNUA HA NOLMOPHbLIE CTEHKMW ..ccvveevneneeee 375
11.2.1. AKTUBHOE LABNEHUE TPYHT @ ceuieieeiieiiesiesiesiesiee e e sre e sne s
11.2.2. TaccuBHOE faBNeHne TpyHTa

11.3. PACUET MOAMOPHDBIX CTEH c.eruiriieiieiieeeseesiesiestesieeieeeene e seeseesne e enis

11.3.1. Pacy4eT yCTOMNYMBOCTY NONOXKEHNSA CTEHbI MPOTUB CABUTA......vevrenenens 382

11.3.2. PacyeT yCcTOIYMBOCTY MOAMNOPHON CTEHbI HA ONPOKUAbIBAHMUE........... 383
11.4. Oco6eHHOCTUN pacyeToB MMOKNUX He3aaHKepPeHHbIX NMOAMOPHbIX CTEHOK ... 384
11.5. OCOBEHHOCTY PACUETOB CTEH MOABAMOB .. c.veeeireeneeeneanesenreseeseesesesseseseseeseasens 386

12. OXPAI—!AOKPY)KAPOLLI,EVI CPEAbLI MPU MPOEKTUPOBAHUN
N YCTPONCTBE OCHOBAHNN N ®YHOAMEHTOB.
FTEOTEXHUYECKUN MOHUTOPUHT ..o 388

12.1. 3Konornyeckre TpeboBaHNsA NPU NPOEKTUPOBAHMM U YCTPOICTBE

OCHOBAHUMA U DY HAAMEHTOB ...ttt sttt
12.2. Llenn, 3apaun, coctaB 1 06beEM re0TeEXHUYECKOTOMOHUTOPUHTA...
12.3. Hay4HO-TEXHNYECKOE COMPOBOXAEHNE CTPOUTENBCTBA c.ueveveeeerverierierieeeans

CNMCOK PEKOMEHIYEMOM NIATEPATYPDL..ceeeeeereeeeeeeeesensseeneseensseeseseesessenessssesssnesnnens

BUBNTMOTEKA

YupexaeHune ob6pa3oBaHus
«bpecTckuit rocygape 1Bcr:".u:
TEXHUYECKUW YHUBEPEMN-C™>

YyebHoe nsgaHune

Movita MeTp CTenaHoBMY
LLIBegoBckuii MeTp Bnagmmmnposuny
KnebaHok AMnTpuin Hnkonaeesmny

OCHOBAHVA N ®YHOAMEHTbI

YyebHoe nocobune

Pepaktop E.B. Casuukas. XypoxectBeHHblli pegaktop T.B. LLlabyHbKo. TexHuue-
ckunii pegaktop H.A. Jlebegesny. KomnbtoTepHas BepcTka H.B. LLIabyHn. KoppekTop
T.B. KynbHuc

MopnucaHo B neyatb 20.02.2020. ®opmat 60x84/16. bymara ofceTHas. MeyaTb oceTHas.
Yen. ney. n. 23,25. Yu.-u3g. n. 23,1. Tupax 200 3k3. 3aka3s 456.

Pecny6nnkaHckoe yHUTapHoe npegnpusatue «M3gatenscTso “Bboiwaiiwas wkona”». Cenge-
TeNbCTBO O FOCYAAPCTBEHHON peructpauuy usgartens, W3rotoBUTeNs, pacnpocTpaHUTens ne-
yaTHbIX U3gaHuii Ne 1/3 ot 08.07.2013. Mp. MobeguTteneid, 11, 220004, MUHCK,

e-waii: Tarkel@Y3bpK.cow  bup: // y3bpb.coT

OTKpbITOE aKLMOHepHOe 06LLeCTBO «Tunorpagma “robeaa”. CBULETENLCTBO O rOCYaPCTBEHHO
perucTpauun msgatens, M3roToBuTens, pacnpocTpaHWTeNns neyatHbIX usgaHuii Ne 2/38
o1 29.01.2014. ¥n. Tasnagq, 11, 222310, MonogeuHo.



