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MEXAHUKA TrPYHTOB

Masbl M.1- M.16

M.1. OBLUWME CBEAEHUA
M.1.1. Kakne Bonpochbl paccmMaTpuBaloTcA B MeXaHuUKe rpyHToB?

MexaHunka FPYHTOB Hay4dHaa aucuuniinHa, B KOTOpOIZ n3y4varoTca HaI'Ipﬂ)KeHHO-D,qu)OpMI/IpOBaHHOe COCTOAHME TPYHTOB ”
FPYHTOBbIX MacCcunBOB, YCIoBUA NMPOYHOCTU FPYHTOB, AaBl1IeHUE Ha orpaXneHu4, yCTOVI‘-WIBOCTb FPYHTOBbIX MacCMBOB NpoTunB
cnons3aHna 1 paspyLieHus, B3anMoaencTene FPYHTOBbIX MaCCMBOB C COOPYXEeHNAMU N pAn Opyrux Bonpocos. MexaHuka
FPYHTOB ABNAeTCcA COCTaBHOW YacTbio reoMexXaHuKu.

M.1.2. Ha pe3ynbTaTbl MCcCrieaoBaHM KakMx AUCLUMNIIUH ONUPaAEeTCA MeXaHUKa rpyHToB?

MexaHuka FPYHTOB OnnpaeTcda Ha pe3yribTaTbl HAYYHbIX nccnenosaHui B obnacTn MexaHUKM CRMNOLLHbIX cpea
(COI'IpOTI/IBJ'IeHI/IFl MaTtepuanos, TeOpun ynpyroctu, Teopumn I'IJ'IaCTI/I‘-IHOCTI/I), I/IH)KeHepHOI;I reonoruu, I/IH)KeHepHOI;I
rmgporeonorunn, rmgpaBiikm U rmapoMexaHuKn, a Takke Ha pe3ynbTaTbl APYrMX NHXEeHEePHbIX OUCUUNTTUH.

M.1.3. Kakne 3apaum ctaBATCS B MeXaHUKe rpyHTOB?
3agayum NporHo3a MexXaHM4Yeckoro NoBeeHUS rPYHTOB U FPYHTOBbLIX MacCcMBOB. [1nst 3TOro Nnpon3BoAsTCS:

— YCTaHOBIEeHNEe PU3NHECKMX Y MEXAHUYECKUX CBONCTB IPYHTOB Y BO3MOXXHOCTU UX UCMONb30BaHMS B HYXXHbIX LIeNsiX, a B
crny4ae HeobXooMMOCTU, U YIyylLEeHNe CTPOUTENbHBLIX CBOMCTB FPYHTOB;

— onpeaeneHne HanpsikeHHoaAeOPMNPOBAHHOTO COCTOSAHUS IPYHTOBBLIX MacCUBOB, BO3MOXXHOTO €ro U3MEeHeHUs B
nocreayoLem;

— onpeperneHune obLen yCTONYMBOCTN 3TUX MACCUBOB, B3aMMOAENCTBYIOLLNX C MHXXEHEPHBIMU COOPY>KEHUAMMN, UMK
HenocpeaCcTBEHHO YCTONYMBOCTU MX CAMUX, ECIIN OHW SIBIISIKOTCA COOPYXKEHUSIMMU.

Taknm obpa3om, OCHOBHas 3adava — 3TO OLieHKa COCTOSAHMSI B HACTOSILLMIA MOMEHT M NPOrHO3 AaribHENLLIEro NoBegeHus
FPYHTOB M MacCMBOB 13 HUX, MPOrHO3 NPOUCXOASALLNX B HUX NPOLECCOB.

M.1.4. Kakne ocHOBHbIe 3aauum CTOSAT nepea pyHOaMeHTOCTpoeHnem?
dyHOaMEeHTbI 34aHUIA U COOPYXKEHWI OOMKHbI ObITh:

— TEXHUYECKN BbINONHUMbIMU B A@aHHbIX KOHKPETHbIX YCIOBUSX;

— Hanbornee nogxoasaLMMK ANA JaHHOro obbekTa;

— YOOBNETBOPSAOLNMY SKCMyaTaUMOHHBIM TPeBGOBaHMAM;

— 9KOHOMMYECKM ONTUMAaIbHbIMU;

— yaosneTBopsiowmMmn TpeboBaHnam 6e3onacHoCTy;

— YOOBNETBOPSOLLNMY 3KOMOTMYECKUM TpeboBaHMAM.

[OMmKHbI y4NTBIBATBCS €CTECTBEHHbIE M TEXHOMNOIMYECKNE NPOLLECCHI, CBA3aHHbIE CO CTPOUTENBCTBOM U CyLLIECTBOBAHUEM
dyHOaMeHTOB B Mpefenax CpoKoB, YCTaHOBMEHHbIX ANA HOPMarnbHOW SKcnnyaTtaumm 3gaHun unm CoopyXeHu.

M.1.5. YTo Ha3bIBaeTCcA OCHOBaHUeM?

OcHoBaHMeM Ha3blBaeTCsl MaccuB rPyHTa, HaxoAadaWwmincs HenocpencTBeHHO Nnog COOopyXeHnem 1 paaomM C HAM, KOTOprVI
ﬂerOle/lpyeTCFl oT yCI/IﬂI/II7I, nepegaBaemMbiX emMy C MNOMOLLbH (byHD,aMeHTOB. Ecnu CTpOUTEIbHbIE CBOWCTBA FPYHTOB



OCHOBaHuA Mbl cneunanbHO He yry4llaeM U HE U3MeHAEM, TO Takoe OCHOBaHWE Ha3blBaeTCA €CTeCTBEHHbIM B OTJINHMNE OT
MCKYCCTBEHHOIo OCHOBaHWA, B KOTOPOM CTpOUTESIbHbIE cBOMCTBaA FPYHTOB npegHamMepeHHO HaMun yny4lleHbl A4 Toro, YTObbI
YMEHbLLUNTb CXUMaEMOCTb IrPYHTOB, YBEJTUHNTb NX NPOYHOCTb, USMEHUTb BOOOMNMPOHNLAEMOCTb 1 Op.

OcHoBaHus1, co3aaHHble MCKYCCTBEHHO YINOXEHHbIMU IPYHTaMK B pe3yribTaTte OTCbINKX C YNJIOTHEHNEM UM HaMblBa, TakXe
Ha3blBalOTCA MCKYCCTBEHHbIMW.

M.1.6. Yto Ha3bIBaeTcA cpbyHOaMeHTOM?

(DyHD,aMeHTOM Ha3blBaeTCd noAg3eMHada unu noasogHasd 4acTb 34aHNA UMK COOPYXKEeHUA, CrnyxXallad and nepenadu yCVIJ'IVIVI
OT HEero Ha rpyHTbl OCHOBaHUA U, NO BO3SMOXHOCTH, bonee PaBHOMEPHOIo UX pacnpeneneHnd, a Takke yMeHbLUEeHUA
BENMYUHbI OaBreHU oo Tpe6ye|v|b|x 3HaYEeHUN.

M.1.7. B kakux o6nacTax CTpouTenbCTBa UCNOMbL3YTCA Pe3yribTaTbl MeXaHUKU FTPYHTOB?
B ocHOBHOM pe3ynbTaTbl MEXaHWKU TPYHTOB MCMOSb3YTCS B CTPOUTENLCTBE:!

— B NPOMBILLIEHHOM U FPaX4aHCKOM;

— B I’MOPOTEXHNYECKOM;

— TPaHCMOPTHOM (aBTOAOPOT M XKeneaHbIX A0Por);

MOCTOB;

— a3poapOMOB;

NnoA3eMHOM;

— BOEHHbIX 0OBEKTOB 1 0OBEKTOB crneunanbHOro Ha3Ha4eHud,

— CENbCKOXO03ANCTBEHHOM;

— NNHENHbIX 0OBHEKTOB (NTMHMIN 3nekTponepeaay, TpybonpoBoaoB);

— ODBEKTOB SHEPreTMYECKOro X03ANCTBa.

M.1.8. C kakumMun gUucLUNIIMHaAMM CTPOUTENbLHOIo Npodusns B OCHOBHOM CBA3aHO (pyHOAMEHTOCTpOoeHue?

(DyH,D,aMeHTOCTpOGHVIe B OCHOBHOM CBA3aHO CO crneayrwnMmym gucunnimHamMmn: CTponTernbHaa MexaHuka; conpoTmnBiieHne
MaTepunanoB; TEXHONONMA CTPOUTENIbHOIo NPomn3BOoACTBA; 3KOHOMUKA CTPOUTENbCTBA, MeXaH3aluna; 3Kororma
CTpOUTENDBCTBA; CTPOUTENbHbIE MaTepuarlbl; MHXeHepHaaA reosyiorna; MHXXeHepHaa rmgporeosiorna; MexaHuka royHToB,;
MaTeMaTnyeckaa CTaTUCTuKa, Teopuda HaaeXHOCTU; TEXHUKa ©es3onacHocTu CTpouTenbCcTBa U AOp.

M.1.9. Korga n roe B Hawen cTpaHe Bbiwern nepBbii Kypc "OcHoBaHuA U cdoyHAaMeHTbI"?

MepBbin kypc "OcHoBaHMA 1 dyHOameHTb!" 6bin n3gaH B Poccum B MNeTepbypre B 1869 r. ABTOpoM Gbin npodeccop,
BOEHHbIN NHxXeHep Hukonaesckon nHxeHepHon akagemunn B.M.Kapnosuy (18341892). Vim Takke 6bin n3gan B 1891 r. "Kypc
cTpouTensHon mexanukn". LLinpoko 6bin n3secteH "KpaTkuin kypc ocHoBaHui 1 yHaameHToB" npodeccopa B.M.Kypaiomosa
(18531904), BoigepxaBwwmmn Tpu n3ganmsa B 1891, 1902 n 1916 rogax

M.1.10. Korpa Bbiwna B Poccuu nepBas kHUra no mexaHuke rpyHToB U KTO ee aBTop?

MepBon hyHOaMeHTanbLHOM KHUIoM Mo MeXaHuKe rpyHTOB crnedyeT cuntatb MoHorpaduto npodeccopa K. Tepuaru
(18831963), Bbiweawyto B 1925 r. n nepeBefeHHy0 Nod Ha3BaHueM "CTpouTenbHas MexaHuka rpyHToB". OHa nsgaHa B
1933 rogy nopg pegakumen n ¢ npumedadmamu H.M.["'epceBaHoBa.

M.1.11. Korpa B Hawewn cTpaHe BnepBble Bbiwesn y4eObHuK no Kypcy "MexaHuka rpyHToB"?

MepBbin y4ebHUK "OCHOBLI MexaHuKkn rpyHToB" 6bin n3gaH B 1934 r. Ero aBTop npodeccop H.A.LipitoBndy (19001984). 3toT
y4yebHVK aBTOPOM Aarnee HeO4HOKpaTHO gononHsancsa n nepemagasancsa B 1940, 1951 n 1963 rogax. B nocnegytoiem
yeTblpe pasa usgasarncs ero kpatkun kypc "MexaHuka rpyHToB" B 1969, 1973, 1979 n 1983 ropax.



M.1.12. B kaknx Hawux y4yebHukax no gaucumnnuHe "OcHoBaHusa u cpyHAaMeHTbI", U34aHHbIX B NocriegHee Bpems,
MMeloTCA o6CcToATeNbHbIE pa3aerbl, NOCBSALEHHbIe MeXxaHUKe rPyHTOB?

Pazgenbl No MexaHuke rpyHTOB C NOgPOOHLIM U3MNOXEHNEM €€ OCHOB MMeTCs B y4ebHukax: YxoB C.b. un gp. "MexaHuvka
rPYHTOB, OCHOBaHUs 1 doyHaameHTbl", n3g. ACB, Mocksa, 1994 r., a Takke b./.[JanmaToB "MexaHuka rpyHTOB, OCHOBaHUS 1
dyHaameHTbl", CTponnsgart, JlenuHrpag, 1988 r.

M.2. TPYHTbI

M.2.1. Kak nogpa3genstoTcsa no cBoeMy NMPOUCXOXKOAEHUIO FOPHbIe nopoAabI?
Mo cBOEMY NPOUCXOXOEHMIO OHWU NOAPA3AENSOTCS Ha:

— MarmaTtuyeckue, N3BepXeHHble, 06pa3oBaBLUMECs B pe3ysibTaTe 3acTbiBaHWUsA Marmbl; OHU MMEIOT KpUCTannmnyeckyto
CTPYKTYPY Y KNacCcMuUMpPYOTCS Kak cKarbHble TPYHTbI;

— 0Cafo4Hble; OHU O6pa3OBaJ'IMCb B pe3yrnbTaTe pa3pyweHna U BbiBETpMBaHNA TOPHbIX NOpOo4 C MOMOLLbIO BOAbI M BO3aYyXa
n 06p33yl0T CKalnbHbl€ N HECKallbHbl€ IPYHThI;

- MeTaMOpq.)W-IeCKMe, KOTOpble O6pa3OBaJ'IMCb B pe3ynbTaTte OEencTBus Ha MeTaMOpCt)I/l‘-IeCKI/le M 0Cado4Hble nopoabl
BbICOKMX TeMnepartyp u OonbLUKX OaBNeHun; oHn KJ'IaCCI/I(*)I/ILlI/lpy}OTCFl KaK CKallbHbl€ rPYHTbI.

M.2.2. B pe3ynbTaTte Kakux NpoLeccoB o6pa3oBanmcb HecKanbHbIe FPYHTbI?

HeckanbHble rpyHTbl 06pa3oBanuch B pesynbTtaTe AMTENBHOIrO U3NYECKOTO Y XMMUYECKOTO BbIBETPUBAHUIN NMPOYHbLIX
0CaflOYHbIX CKarbHbIX MOPOA, BbI3BABLUMX MX paspyLUeHue.

M.2.3. Kak no cBoemy npoucxoXaeHU0 MOXXHO noapasaenutb 0Cafo4vHbIe OTIIOKEHUA?

Ocap,quble OTNOXeHnA noapas3fenarTca Ha KOHTUHEHTalrlbHble U MOPCKKE. K MOPCKUM OTHOCATCA OTIIOXEHUA KaK

COBPEMEHHBIX, TaK 1 ApeBHUX Mopei. Mopckne OTNOXEHUS — 3TO IMVHbI, WSbl, PaKyLLUEYHMKKW. [N HAX XapakTepHO
3aconeHue.

M.2.4. K Kakum reosiorm4eckum cuctemMam OTHOCSATCA FPYHTbI?

[pyHTBbI YaLLle BCero aBnsAwTCs Hambonee "MonogbiMn" 0cagoyHbIMM OTIIOXKEHMSIMU U OTHOCATCS K YeTBEPTUYHON
reosiorm4yeckon cucteme.

M.2.5. Kakne ocHOBHbI€ rpynnbl FPyHTOBbLIX 00pa3oBaHUi Bbl MOXeTe Ha3BaTb?
pyHTbI 0OpasyoTcs mas:
— MEepBUYHbIX MMHEParos (kBapL, MosieBble WnaTbl, croga u ap.);

— BTOPWYHBIX IFIMHUCTBIX MUHEPAroB (MOHTMOPWITTIOHNT, KAONIMHUT), 06Pa30BaBLUNXCS B MPOLECCE BbIBETPMBAHUS TOPHbIX
nopoq;

— conen (cynbgartos, kapboHaToB);
— OpraHN4ecKMx BELLECTB.
M.2.6. Kakue Bbl MOXeTe Ha3BaTb reHeTU4YecKne TUMNbl KOHTUHEHTaNbHbIX OTNOXEHUN?

B KOHTMHEHTarbHbIX OTNOXEHUSIX BbIAENSAOT: ansoBuii (MepeHeceH peyYHbIMI BOOHLIMM MNOTOKaMM); AentoBUiA(
OTKNaAbIBaeTCs y CKIIOHOB BOMM3M MecTa BO3HUKHOBEHWS!); 30BUiA (3aneraeT B MECTe BO3HVMKHOBEHNS); 90/10BbIe
OTNOXEHWS (NMepeHOC YacTUL, OCYLLIECTBIAETCS BETPOM); NTeQHVKOBbIE 1 BOOAHOMNEAHMKOBbIE OTIOXKEHMS.

M.2.7. Yto cnepyet Ha3biBaTb FPYHTOM?

rpyHTaMI/I Ha3blBalOT Ntobble rOpPHbl€ NOPOAbl KOPbl BbIBETPUBAHUA 3€MJTN — CbilNy4ne Ui CBA3HblE, MPOYHOCTb CBs3en Yy
KOTOPbIX MexXay YacTtuuamMmmn BO MHOIO pa3 MeHbllue, 4eM NPpOYHOCTb CaMUX MUHEPalribHbIX YaCTul, U 3TN CBA3UN MeXOYy



Yactmyamm OTCYyTCTBYHOT BOBCE. Ectb n apyroe onpenerneHne rpyHToB: 3TO ropHbIe NopoAbl, ABNMALWMNECH 00BbEKTOM
I/IH)I(eHepHOCTpOVITeﬂbHOVI neaTenbHocTM YenoBeka. CkanbHble nopoadbl U NOYBbI TAKXKE MMEHYKOTCA NpPyHTaMW.

M.2.8. U3 yero cocToAT rPyHTbI?

["PYHTbI COCTOSAT U3:

— TBepAbIX YacTuL;

— BOAbl B pa3nunyHbIX BUAAX Y COCTOSAHUSX (B TOM Yucre NbAa nNpy HyNeBor Unu oTpuuaTtensHon TeMmnepartype rpyHTa);
— rasosB (B TOM 4ucne v Bo3gyxa).

Boga v rasbl HaxogsaTca B nopax Mmexay teepabiMuy Yactuuamm (MVIHepaJ'IbeIMVI n OpFaHI/I‘-IeCKI/IMVI). Bopa moxeTt cogepxatb
pacTBOpPEHHbIE B Hen rasbl, a rasbl MOryT cogepXaTb napbl BOAbI.

M.2.9. Yto noHMMaeTcs oA CTPYKTYpPOU rpyHTa?

Moa CTPYKTYpOW rpyHTa NoHMMaeTca pasmep, dhopma 1 KoNMYecTBEHHOE (MPOLEHTHOE) COOTHOLLIEHME CraratoLLmX rPyHT
yacTu,.

M.2.10. YTo noHMMaeTcs NoA TEKCTYpPOU rpyHTa?

Mon TEKCTYpPOWt rpyHTa NOHMMAETCS MPOCTPAHCTBEHHOE PACTONOXEHNE SIEMEHTOB MPyHTa C pasHbIMU COCTaBOM U
cBoricTBamu. TekcTypa xapaKkTepuayeT HEOQHOPOAHOCTL CTPOEHWS FPyHTa B NracTte 3aneraHus.

TekcTypa GbIBaeT MacCCUBHOM, CFIONCTON U CETYATOWN.
M.2.11. Kak moxxHO noapa3fenuTb CTPYKTYPHbIe MeXAYyYacTUYHbIEe CBA3U B rPyHTax?

VIX MOXXHO nogpasgenuTb Ha XecTKue (KpUcTannm3aaunoHHbIe) CBA3M U NITacTUYHbIE, BA3KME CBA3W (BOAHOKOMITOMAHLIE).
YKecTkune cBsi3n b6onee xapakTepHbl Ansi CKanbHbIX TPYHTOB, NMACTUYHbIE CBA3M — IMaBHbIM 00pa3oM ANS MUHUCTbIX
FPYHTOB.

XKecTkre cBsian MoryT 6bITb PACTBOPUMBIMY B BOAE UMM HEpacTBOPUMbIMU. py pacTBOPEHUM XKECTKUX
KpUCTanM3aUmoHHbIX CBSA3ei Ha X MeCcTe MOryT BO3HUKaTb BOAHOKOMIIONAHbIE CBSA3N.

M.2.12. B kakom Buae B rpyHTax BcTpe4yaeTcs Boga?

Bopa B rpyHTax BCTpeyaeTca B CBOOOAHOM M CBA3aHHOM cocTosiHun. CBoboaHas Boga — 3TO rpaBUTALMOHHAA BOAA,
nepemellarLlascs 3a c4eT cobCTBEHHOrO Beca 1 BO3HMKAIOLLEro Nepenaaa AaBneHui, a Takke kanunnapHasi Boaa.

CesizaHHas Bofa nogpasgensercsa Ha NPOYHOCBA3aHHY0 BoAy (Cnon us 13 Monekyn, oKpyXatoLwmx MMUHUCTYI0 YacTuLy m
NPUTATMBAOLLMXCA K HEW C OOMbLLOW CUMOW), U PbIXSTOCBA3AHHYO BOAY, TOHKMM CIOEM MPUMbIKAOLLY K MPOYHOCBA3AaHHON
Boge. PbixnocesizaHHasi Boga NoYTH B Thicsidy pa3 criabee nputarMBaeTcs K yacTuue, YeM NpoYHOCBSA3aHHas.
MpoYHOCBS3aHHYH0 BOAY MOXHO OTAENUTb OT YacTuL, TONbKO BbiNnapuBaHWeM. PbIXNIOCBSA3aHHYH BOAY MOXHO OTAENUTL C
MOMOLLIbIO BblAaBNMBaHUS, CO3AaBas AaBlieHne 0O HECKONbKUX Meranackanewn, unm ¢ noMoLLbio LeHTpudyri. KanunnsapHas
BOAa nepemelaeTcs bnarogaps NOBEPXHOCTHOMY HaTSKEHMIO MEHWCKOB.

M.2.13. B kakom Buge BcTpeyvaloTcs rasbl B rpyHTax?
"a3bl MOryT HaxoouTbCS:

— B cBODOOHOM COCTOSIHMM, COO0OLasiCb C aTMocdepon;
— B 3aMKHYTOM MPOCTPaHCTBE B BUAE My3blPbKOB;

— B pacTBOPEHHOM B XWAKOCTU (BOAE) COCTOSHUN.

Bcneacrere nsmeHeHs gaBneHust B XMOKOCTU B Mopax (B BOAE) M TeMMepaTypbl BOAA MOXET BblAENATLCS M3 rasa
(koHAeHcMpoBaTbCs) U, HAOBOPOT, ra3 MOXET PACTBOPATLCH B XKUAKOCTU (B BOAE).



My3blpbkK ra3oB, pacTBOPEHHbIX B MOPOBON BOAE, YCKOPSIOT cxxaTue ckerneta. [asbl, uMetoLLme cooblieHre ¢ atMocdepoi,
Ha CKOPOCTb CXXaTusl TPYHTa NPakTUYECKN He BMUSIIOT.

M.2.14. Yem MOryT CRYXUTb FPYHTbI?

["PYHTbI MOTYT CIYXUTb:

— OCHOBaHWEM 3[aHUIN N COOPY>KEHUNA;

— cpenon Ans pasmeLLeHnst B HAX COOPYKeHUI (TpyO, NOA3EMHbBIX COOPYXXEHWUIA, TOHHENEN, CTaHLMIN MeTpononuTeHa u 4ap.);

— MaTepuanom 4S5 COOPYXEHUA (HacbkInu, 3eMIsiHble NNOTUHbI, Cbipbe ANs U3roTOBMNeHus cTponmartepuanos) (puc. M.2.14).

a) 6)
I VA A

byHpameHT

Puc. M.2.14. icnonb3oBaHune rpyHTOB:
a Kkak OCHOBaHUS; 6 Kak cpefbl ANs pa3MeLLLEeHNsT COOPY)XEHUI; B Kak MaTepuana afisi COoOpyXeHun

M.2.15. KakoBa KpynHOCTb KPYyNMHOOOMOMOYHbBIX, NecYaHbIX, NbifIeBaTbIX U MMUHUCTbLIX YacTuL?

KpynHOO610MOYHbIE YacTuULbl UMEIOT pasMep KpyrnHee 2 MM, necyaHble — oT 2 mm o 0,05 mm, neinesatblie ot 0,05 mm Ao
0,005 Mmm u rmuHuctble meHee 0,005 mm; yactuubl menbyde 0,0001 MM Ha3biBalOTCA KONNMOUAHbLIMU.

M.2.16. Kakyto nnowaab NnoBepXHOCTU UMEIOT NecYaHble U MMMHUCTbIe YacTuubl (Ha 1 r maccbl)?

MecyaHble YacTULbl UMEIOT YAEMNbHYI NOBEPXHOCTb A0 0,05 M*/r. TMUHUCTBIE YACTULbI UMEIOT YAEMbHY NOBEPXHOCTb Y
kaonuHa A0 10 M%/r 1 y MOHTMOpUHToHKUTa Ao 800 M7/T.

M.3. PUSUYECKUE CBONCTBA U KITACCUDUKALIMOHHBIE MOKA3ATENN
HECKAJIbHbIX TPYHTOB

M.3.1. Kakne dhmsmnyeckme xapakTepucTMKu rpyHTa ABNSAKOTCA OCHOBHbIMU?
OCHOBHBIMU (PU3NYECKNMN XapaKTEPUCTUKAMM FPyHTa ABMAOTCS:

— yOenbHbI BEC FpyHTa ¥ ;

— yAernbHbIN BEC YaCTUL, TPYHTA v ;

— NpUpogHas BNaXHOCTb W.

OcrTanbHble U3NYeECKME XapakTEPUCTUKMA MOTYT BbITb BbIMUCIIEHbBI C UX UCMONb30BaHNEM.

M.3.2. Yto Ha3bIiBaeTcs yaenbHbIM BEeCOM IrpyHTa y (PaHee Ha3biBarncsi 06beMHbIM BeCOM rpyHTa)? YTo HasbiBaeTcA
yAenbHbIM BECOM CyXOro rpyHTa (paHee Ha3biBasrici 06 beMHbIM BECOM cKeneTa rpyHTa)?

YpenbHblM (paHee 06bEMHBIM) BECOM IPYHTA y Ha3bIBAeTCS OTHOLLEHME MOTHOMO Beca obpasua rpyHTa K noriHoMy o6bemy,
KOTOpbIN OH 3aHMMaeT, BKMNo4vasd oobem nop. PaamepHocTb [KH/M3]. YOenbHbIM BECOM CyXOro rpyHTa y ¢ Ha3blBaeTcsl
OTHOLLIEHME BeCa BbICYLLEHHOrO rPyHTa K NOSTHOMY 06beMy, KOTOPbIA OH 3aHUMAaET, BKIoYasa 06bem nop.

M.3.3. Yto Ha3bIBaeTcA yAernbHbIM BECOM YacTUL, FPYHTA ¥ s (paHee Ha3blBancA yaenbHbIM BECOM rpyHTa)?



YaenbHbIM BECOM YacTUL, TPYHTa ¥ s (PaHee HasbiBancst yAernbHbIM BECOM IpyHTa) Ha3blBAaeTCs OTHOLLEHME BECa YacTuy,
rPyHTa K 06BbEMyY, KOTOpPhLIN OHM 3aHMMatoT. PaamepHoCTb [KH/M3].

M.3.4. Kakum cnoco60om MOXHO M3MepuTb 06 beM rMUHMUCTOrO FPYHTa C Lefibio onpeaerieHus ero yaenbHoro seca?
[Byms cnocobamu:

1) no oGbemMy BbITECHEHHOV BOAbI NPY NOTPYXXEHUM B HEe TPYHTa, KOTOPbIV NpeaBapuTenbHO napaduHUpyeTcs Ans
npeaoTBpaLleHUsl pasmMokaHus 1 NonaaaHus BoAbl BHYTPb 06pasua;

2) C NOMOLLbIO PEXYLLErO KOSbLia, 06beM BHYTPEHHEN MOMOCTU KOTOPOro ONpeaenseTcs 3aMepoM 1 KOTOPOEe MOMHOCTLI0
3anonHaeTCs FPYHTOM.

M.3.5. Yto Gonblue — yaenbHbIA BEC FPYHTA Y UMK yAelbHbIA BEC YacTuUL, FPYHTa ¥ s U novemy?

Bec BbicyLeHHOro o6pasia rpyHTa MeHblue, YeM BEC TPyHTa, CoOAepXKaLlero Bnary, Ho nomHelii 06bemM rpyHTa, coaepaliero
nopbl, HaMHoro Gorblue, YeM 06beM, 3aHMaeMblii YacTuuamu (To ecTe 6e3 yyeTa nop), No3ToOMy yAernbHbIA BEC YacTuL,
rpyHTa Gonblue, YeM yaernbHbIN BEC rpyHTa, TO eCTb ¥ > .

M.3.6. YUTo Ha3bIBaeTcsi NOPUCTOCTLIO rPYHTa N? YTO HasbiBaeTcs KoachuuneHTOM NOPUCTOCTU rpyHTa €? B Kakux
npeaenax Moryt U3MeHsITbCSA NOPUCTOCTb U KOI(PPULIMEHT NOPUCTOCTU FPyHTa?

MopuCTOCTbIO N FPYHTa Ha3blBaeTCs OTHOLLEHVE 06bema Mop K NonHoMy o6bemy obpasua rpyHTa. KoadduupeHTom
MOPUCTOCTY € UM OTHOCUTESIBHON MOPUCTOCTLIO Ha3biBAETCSl OTHOLLEHME oGbemMa nop B o6pasLie k 0GbemMy, 3aHMMaeMoMy
€ro TBepAbIMM YacTLuaMmn — CKerieTom, To ecTb

TeopeTnyeckn NOPUCTOCTb N M3MEHSAETCA B Npeaeriax oT Hyns (Mopbl OTCYTCTBYHOT) A0 eAUHULbI (CKENET OTCYTCTBYET).
CooTBETCTBEHHO KO MPULMEHT MOPUCTOCTM € UBMEHSETCS OT HyNs (MOpbl OTCYTCTBYIOT) A0 6ECKOHEeYHOCTHM (CcKeneT
otcyTcTByeT). [lopncTocTb HE MOXET ObITb GorblUe eanHULbI, B TO BpEMS Kak KOIPULIMEHT NOPUCTOCTN MOXET ObITb
fonblue eanHnLbl (Hanpumep y neccos, Topda). KoapdunumeHT nopncTocTn paBeH eguHuLe, ecnm obbem nop paBeH
06beMy, 3aHATOMY TBEpPAbIMU YacTULaMM.

M.3.7. OT yero 3aBMCUT yAernbHbIN BEC rpyHTa ¥ ?
YOenbHbI BEC IPYHTA y 3aBUCUT OT yAEMNbHOro Beca YacTuL, IPYHTA Y s, Er0 MOPUCTOCTM N Y BM@XXHOCTU W.
M.3.8. OT yero 3aBMCUT yAernbHbIN BEC YacTUL, FTPYHTA ¥ ¢?

YaenbHbIn BEC YacTul, rpyHTa v s 3aBUCUT OT MMHEParorm4eckoro coctaBa ckeneTta rpyHTa u CTENEeHN X AUcnepcHocTu. Y
FMWH OH BonblLue, YeM y Necka Npu OOHUX 1 TeX e 00pasyoLLNX rPYHT MUHepanax. B rmMHUCTOM rpyHTe NOBEPXHOCTb
YyacTuy, HaMHoro 6onblLue, YeM B MECHaHOM, MO3TOMY M BorblUas BO3MOXHOCTb OKUCIIEHMS U NPOSIBNIEHNST MOBEPXHOCTHBLIX
ABMEHUN. YAenbHbIN BEC YacTUL, FPYHTa Y s OT €ro NOPUCTOCTU N HE 3aBUCUT.

M.3.9. YTo Ha3biBaeTcs BNaXHOCTbIO FPYHTa U Kako oHa 6biBaeT? MoXeT Ny BNaXHOCTb rPyHTa ObITb 6onbLue
eavHuubl (100 %)?

BrnaxHocTb rpyHTa 6biBaeT BeCOBOM M 06 beMHON. BeCcoBON BNaXXHOCTBIO Ha3blBaeTCHA OTHOLLEHME Beca BoAbl B obpa3sue
rPyHTa K BECy TBEPAbIX YacTuL, rpyHTa (ckeneta). O6beMHON BNaXXHOCTHIO HAa3blBaeTCHA OTHOLLEHe obbemMa Bobl B
obpasue rpyHTa kK 06bemy, 3aHMMaeMoMy TBEPAbIMU YacTuLamu (CKeneToM rpyHTa). [Ins ogHOro n Toro e rpyHTa BecoBast
BM&@XHOCTb MeHbLLE, YeM ero o6bemMHas BNaxHOCTb. BrnaxHoCcTb rpyHTa MoxeT 6biTb 6ombLue eguHmubl unn 100 %
(Hanpumep y una, Topga). MNMoatomy

M.3.10. Kaknm obpa3om cBsizaHbl Mexay cob6om koadpPMLMEHT NOPUCTOCTU €, yAeribHbIN BeC rpyHTa ¥ , yAelnbHbIN
BeC YacTuL, rPyHTa y s U ero BecoBasl BJIAXXKHOCTb W?
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M.3.11. YTto Ha3bIiBaeTcsi KO3ahPMLMEHTOM (MHAEKCOM) BOAOHACLILWEHHOCTU FPYHTa Sr U B Kakux npegernax oH
n3meHsieTca?

KoadhduLmeHToM (MHAEKCOM) BOAOHACHILLLEHHOCTU, UMK CTeNeHbio BNaXKHOCTM FPyHTA, Ha3blBAETCS OTHOLLIEHME NPUPOOHOiA
BMa)KHOCTU rpyHTa W K BNaXKHOCTMW, COOTBETCTBYIOLLIEH NMONMHOMY 3aroSIHEHMIO Nop BOAON, Wsy. KoadhdomuneHT
BOJOHACLILLEHHOCTU S, U3MEHSIeTCA OT Hyns (AN abConoTHO CyXOro rpyHTa) 40 eAuHULb! (AN NONHOCTLIO
BOZOHAaChILLEHHOro rpyHTa). OH BbluMcnseTcsa no gopmyrne

5 =2 M

. .
wsﬂ!‘ E1"'-'“-'
rae y w yaoenbHbl BEC BoAbl.

"pYHTbI Ha3bIiBaOTCA ManoBnaxHsiMy Npu S,<0,5, BnaxHeimun npun 0,5<S,<0,8 1 HacblweHHbIMK Bogou npu S,.>0,8 (puc.
3.11).
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Puc.3.11. Knaccudpmkaums rpyHToB N0 BOAOHACBILEHHOCTH

M.3.12. Yemy paBeH yaenbHbIA BeC B3BELLEHHOro B BoAe rpyHTa?

YOenbHblil BeC B3BELLEHHOMO B BOAE MPYHTa v sp PABEH YAENbHOMY BeCy rpyHTa B aTMocdepe y 3a BbIMETOM YAeNbHOro Beca
BOAb! ¥ w TO €CTb

Y sb=Y — Y we

Ota dhopmyna npurogHa ans rpyHTa ¢ nobor BOAOHACKILWEHHOCTBIO, TO €CTb MPU MOSTHOM W HEMOSTHOM 3amnOfHEHUM Nop
BOLOMN (B 9TOM Cry4yae CYMTaeTcs, YTO BO3AyX, MMELUMNIACS B FPYHTE, HE 3aMeLLaeTcsl BOAOW). YOenbHbIA BEC FPYHTA, HO C
MOMHOCTBIO 3aMONTHEHHBIMW BOOOW MOpamMn (W=Wgy), TO €CTb KOraa

_
LE

W=w

MOXeT OblTb onpeaeneH no gopmyre

M.3.13. [inA Kakux Lenen Hy>Hbl Kraccudukaums rpyHTOB U KnaccudukaumoHHble nokasarenu?



Knaccwcbvmau,m FPYHTOB Heobxoauma anst 00 bEKTMBHOIO NPUCBOEHUA TPYHTY OOHOIO U TOro XXe HanMeHOBaHNA 1
YCTaHOBJ1€HUA €r0 COCTOAHUA BHE 3aBUCUMOCTU OT TOIO, KEM U B KaKMUX LiENAX OHU NMPOU3BOOATCA. HanmeHoBaHue u
COCTOsAAHME TPYHTA yCTaHaBMBAKTCA Mo KJ'IaCCI/I(bI/IKaLI,I/IOHHbIM nokasarenam.

M.3.14. Kak nogpa3nenstoTcsi KpynHOOGNMOMOYHbIE FPYHTbI?

KpynHooGrnoMoYHble rpyHTbI NOAPasnensioTcs B 3aBUCMMOCTUM OT NpeobnafatolLiei KpynHOCTU YacTuL, U3 aHanmnsa ux
rpaHyrioMeTPUYECKOro cCocTara no cteneHu ee yooieaHus. OHW NoapasfensoTcs Ha BarnyHHbIE, rarieyHKoBbIE U rpaBUliHbIe
rpyHTbI. [Mpy HAaNUYMK 3HAYMTENBHOTO KONMYECTBA NECYAHOIO UKW FMHUCTOTO 3aMofIHUTENS NOP KPYMHOOGIIOMOYHOIO
rpyHTa (8o 3040 %) AOMKHbI MPUBOANTLCS TaKKe CBeAeHMs 06 3TOM 3anonHuTene.

Mo Hannuuio B HMX BNaru, xapaKTepwsyeMOM BENUYMHON S, prI'IHOO6J'IOMO'~IHbIe FPYHTbI MOTyT ObITb ManoBMNaXHbIMU,
BNaXXHbIMW W HAaCbILWEHHbLIMI BOAOW.

M.3.15. Kak nogpasnensitoTcsi necyaHble rpyHTbI?

lNecuaHble FPYHTbI Noapa3nendarTcd B 3aBUCUMOCTU OT npeo6na,u,alou.|,e|7| KPYNHOCTK YacCTuu No BeCy Ha:

rpaBenucTble;
— KPYMHbIE;

— CpeaHen KpynHocTy;
— MErKue;

— nNblfieBaTble.

Mo COCTOSAHMIO MECOK MOXET ObITh NNOTHBIM, CPEAHEN MAOTHOCTU U PbIXIbIM. [10 BO4OHACKILLEHUIO OH MOXET ObITb
MarnoBnaXHbIM, BNaXHbIM U HaCbILLLEHHbIM BOLOWN.

CocTosHMe necka onpegenseTcs No ero ko3 uUMEHTY NOPUCTOCTH €. NecKkn rpaBenncTble, KpynHble U CPeaHEN KPYNHOCTH
npu €<0,55 nvenytotca nnotHeiMK, Npu 0,55<e<0,7 cpegHen NnoTHOCTM 1 npu €>0,7 — pbixnbiMu. Menkue necku npu e<0,6
nnoTHble, npu 0,6<e<0,75 — cpeaHen nnoTHocTn u npu €>0,75 poixnblie. MNMbineeaTtbie necku npu €<0,6 Takke NNOTHbIE, NpY
0,6<e<0,8 cpeaHen NOTHOCTK U Npn €>0,8 OHN CUMTAOTCH PbIXIILIMMU.

M.3.16. YTo Ha3bIBaeTCA MHOEKCOM MITIOTHOCTU U B KaKMX Npeaenax oH nameHsietca? NpumeHsaeTcs nm 3To NoHATUE
K IMIUMHUCTBIM rpyHTamM? Ecnu nHaekc nnoTHOCTU paBeH eanHULE MITOTHLIW UITU PbIXNbIA 3TO FPYHT?

MHaekcom NnoTHOCTH CbIMy4YunX rPyHTOB |p Ha3biBaeTCHA OTHOLLEHWE

KOTOpOEe U3MeHSeTCH B Npefenax oT Hyns 0 €AVHULbI, TAE €nax — KO3 DULNEHT NOPUCTOCTU NPEAENbHO PbIXIIOro rpyHTa,
€min — KO3 PULMEHT NOPUCTOCTU NPEAENBLHO NIOTHONO rPyHTa, € — KO3 MULNEHT NOPUCTOCTUN NpupoaHOro necka. K
FMIMHUCTBIM FPYHTaM MHAEKC NIOTHOCTU HE NPUMEHSETCS.

Ecnu cteneHb NNOTHOCTU |p 3MeHsieTes B Npedenax oT Hyns Ao 1/3, TO rPpyHT PbIXIbIA, €CNN OH U3MEHSIETCA B Npeaenax ot
1/3 po 2/3, To Necok MMeeT CPEeLHIOK MIOTHOCTb, a ecnv 6onee 2/3, To OH NNOTHbIN. [peaensHO MIOTHBIN FPYHT UMeET Ip=1
(pnc.M.3.16).

Cpemreit IInoTHBIE
Prrxmmie IIIOTHOCTH




Puc. M.3.16. Knaccudmkaums cbinyymx rpyHTOB MO MIIOTHOCTH

M.3.17. YTo HasbIiBaeTCA YNCNOM (MHAEKCOM) NAACTUYHOCTY |, FIMHMCTOrO rPpyHTa U YTO OHO NOKa3biBaeT?

Yucrnom (I/IHﬂ,eKCOM) NNacTM4HOCTU TMUHUCTOrO rPyHTa Ha3blBae€TCA PA3HOCTb MeXAY BNa)XHOCTAMU Ha rpaHunLe Teky4ectu
WL U Ha rpaHnue packaTtblBaHUA UMK NNAacTUYHOCTU Wp,. Yucno (I/IH,EI,eKC) NacTM4HOCTU KOPPENATUBHO CBA3AHO C
NPOLUEHTHbIM coaepXXaHUeM B IpyHTE MUHUCTbLIX YaCTUL U MOXKET CITyXUTb KJ'IaCCI/IqI)I/IKaLI,MOHHbIM nokasartenem and
OTHECEeHUA MMUHUCTOrO rpyHTa K Cynecun, CyrinmHKy Unu rinmHe.

Mpu 1<I,<"7 MMUHUCTbINA FPYHT Ha3blBaeTCA Cynechto, Npu 7<I,<"17 HasbiBaeTca CyrnMUHKOM v npu |,>17 — rmuHon. B gaHHom
criydae W, 1 W BbipaxeHbl B npoLieHTax (puc.M.3.17).
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Puc.M.3.17. Knaccudumkaums rmmHUCTbIX FPYHTOB:

a - Mo Yncny NIacTUYHOCTH; B - MO COCTOSIHUIO (KOHCUCTEHLINM)

M.3.18. 3aBMCUT N1 UnNn HeT YUCNO (MHAEKC) NNACTUYHOCTHU |, OT eCTeCTBEHHOW BRIaXXHOCTU MMNHUCTOrO rPyHTa W
WIN HeT 1 novyemy?

OT eCTeCTBEHHOIN BMaXXHOCTW YNCIO NNACTUYHOCTU |, He 3aBUCUT, NOCKOMbKY BIaXHOCTb Ha rpaHuLIe TeKy4ecTn Wi 1
packaTbiBaHWUS Wy, ONpeaenseTcs Ha MCKYCCTBEHHO NPUroTOBIIEHHOM M3 CyXOro pa3amMerlb4eHHOrO BbICYLLIEHHOrO MOPOLLKa
TPYHTOBOM TecTe.

M.3.19. YTo Takoe nokasaTtesib KOHCUCTEHUUM || (MHOEKC TEKYHYEeCTU) MIMHUCTOrO rPyHTa U 3aBUCUT JIU OH OT
€CTeCTBEHHOM BIIaXHOCTU W? B KakMx npegenax oH UsamMeHseTca?

MokasaTtenb KOHCUCTEHUMN || (MHOEKC TEKYYECTM) FMMHUCTOrO FPyHTa XapakTepuayeT COCTOSIHUE MIMHUCTOTO rpyHTa (rycToTy,
BSI3KOCTb), JIMHENHO 3aBUCUT OT €CTECTBEHHOM BNAXXHOCTU, MOXET ObITb Kak OTpuuaTenbHbIM (TBEPAbIE TPYHTHI), TaK U
NoONOXUTENbHbLIM, B TOM Yncne n 6onee eanHuubl (TPYHTbI TEKy4en KoHCucTeHuun). MNpn nameHeHun | B npegenax oT Hyns
00 eOUHUUbBI TPYHTBI UMEHOT MNAaCTUYHYH KOHCUCTEHLMIO.

MokasaTternb KOHCUMCTEHLMM || onpeaenseTcs B AONSX eAVHMLbGI MO dhopmyre

P w—w,
L_ -
W —w,

[nsi cyrnUHKOB W MMWH AYanasoH U3MEHEHNS || OT Hyns [0 e4UHULBI (MACTUYHOE COCTOSIHWE) NOAPA3AENseTCs Ha YeTbipe
paBHbIX NMoaavanasoHa: rpyHTbl NONyTBEPAbIE, TYroMnnacTUYHbIE, MATKOMMACTUYHbIE U TeKydYennacTuiHble (puc.M.3.19).

M.3.20. F'pe 1 kKak 0O6bIYHO onpeaensiloTCcA NokasaTtenu PU3nyYeckux CBOUCTB rPYHTOB?

MokasaTenu puran4eckux CBOWCTB onpeaensioTcs Ha obpasLax rpyHToB, 0TOGPaHHbIX U3 TPYHTOBOrO Maccuea, B
CTauMoHapHbIX TlabopaTopusix Unu NoneBbIX TabopaTopusix, HAXOASALLMXCSA 63 CTPOMMOWaaoK, Mo
CTaHOapTM3MPOBaHHbIM METOAMKaM.



Nokasartenun HEKOTOPbIX d)l/l3|/|‘-IeCKI/IX CBOWCTB FPYHTOB MOTyT onpeaendaTtbCa HenocpeaCTBeHHO B MNMOJ1EBbLIX YCITOBUAX be3
0T60pa O6pa3LI,OB C NPUMEHEHNEM KOCBEHHbIX cnocoboB nuccnegoBaHus, HanpmMmep 3oHANpoOBaHUA.

M.3.21. Yto Ha3bIBaeTCA 30HAMPOBaAHUEM FPYHTa U ANA Yero OHO CNYXUT? YTo namepsieTcs npu ctaTM4ecKkom
30HAMpPOBaHUK? YTO M3MepsieTCcs NpU AUHAMUYECKOM 30HOUPOBaHUN?

3OHﬂI/IpOBaHVIeM FPYHTa Ha3blBae€TCA MNorpyxeHme B rpyHT KOHyCa CTaH4apTHOro pasmepa. 3OHﬂI/IpOBaHVIe Cny>xunT ond
OLEHKM NMNOTHOCTU NnecHaHbIX TPYHTOB U KOHCUCTEHL NN TTTIMHUCTbLIX TPYHTOB, BblABIIEHNA cnabbix NPOCII0EK rpyHTa. I'IpM
CTaTU4eCKOM 30HANPOBAHUN USMEPAETCA YCUITNE NOrpy>XKeHns (3aﬂ,aBﬂI/|BaHI/IF| ,EI,OMKpaTOM) KOHYyCa, npun aMHaMmmn4eckom
30HOMPOBAaHUN — KOJNMNMYEeCTBO yOapoB, Heobxoaumoe ans NorpyeHma KOHyCa TakXe Ha 3ajaHHOe pacCTosAaHKMe no I'J'Iy6VIHe.

B pesynbTate CtTatn4ecKkoro 3oHANpPoBaHUA CTPOATCA Fpad.)I/IKI/I 3aBUCUMOCTU yaeribHOIro ConpoTuBIIEHNA NOrpyxXeHnto
KOHYyCa C yrnom npu sepLinHe 60° B 3aBMCUMOCTU OT FJ'Iy6l/IHbI 3aneraHuna royHTtoB, B KOTOpPble OH BOaBIMBAETCA. an/l 3TOM
bokoBoe conpoTuBIiieHne Norpy>XeHuto WTaHrn, Ha KOTopyr HacaXeH KOHYC, NCKITK4YaeTCA.

B pesynbTate QUHaMUYeCKOro 30HAMPOBAHUS CTPOATCH rpadukn 3aBUCUMOCTU KONMYECTBa y4apoB 4115 MOrpyXeHus
cTaHAapTHoro koHyca (Ha 10 cM) unu NnpobooTOOPHUKA B 3aBUCMMOCTY OT 3aneraHns Tex UM UHbIX MacToB rPyHTa
(pnc.M.3.21).
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Puc.M.3.21. ViHTepnpeTaums pesynbTaToB
30HAMPOBAHUS NO rMyouHe, M:

a - cTaTnyeckoro; 6 - oMHaMM4YecKoro

Mocne nposegeHna 3o0HANPOBaHNA BbIABIAKTCA cnabble cnown FPYHTOB OCHOBaAHWUA N OaeTCA He TOJIbKO Ka4eCTBEeHHad, HO U
KOoJ1n4eCTBEHHasa oueHKa ConpoTuUBIIEHNA rpyHTOB BHEOPEHUIO KOHYCa.

M.3.22. 'pe u kaknm o6pa3om onpeaensaoTCA XapakKTePUCTUKMU (NOKa3aTenu) CBOMCTB FPYHTOB?

MokasaTenu puran4ecknx CBOWCTB rPYHTOB onpeaensoTcs NMMbo Ha 0ToOpaHHbIX B HAaType B MaccuBe obpasuax rpyHTOoB,
NGO HEMOCPEACTBEHHO MYTEM UCMbITAHUS TPYHTOB, HAXOASLLMUXCS B IPYHTOBOM MaccuBe, TO eCTb B MOJIeBbIX YCroBusix. Mpu
UCMbITaHNAX criegyeT BbINOMHSATL TPebGoBaHNa cooTBeTcTBYOWMX TOCTOB, €CNK OHWM UMEKTCS, UMM BEOOMCTBEHHbIX
HOPMaTMBHbIX JOKYMEHTOB. [N UCMbITaHW UCNONb3YTCS CTalMoHapHble NMMbo nonesble nabopaTopuu.
MpeanoyTUTenbHbIMU SBASOTCS NPSIMble MeTOoAbl UCTbITaHWI, HO B psiAe Cry4YaeB UCMOMb3YoTCs pesyribTaTbl KOCBEHHbIX
METOAO0B UCCreaoBaHus.

M.3.23. Kakne nokasaTtenu cBOMCTB rpyHTOB criegyeT nonaraTtb Afisl NOCreaylowWmMx pac4yeToB npuemMnemMbiMmn?

HanGonee npvemnembiMy ANsi TOCNEAYOLWEro UCMOoNb30BaHUs B pacyeTax criedyeT nonaraTb nokasartenm
(xapaKTepucTukn) onpeaeneHunin, Npon3BeaeHHbIX ANs AaHHbIX KOHKPETHbIX pasHOBMAHOCTeN rpyHToB. OgHakKo 3a
HEeMMeHVEeM pe3ynbTaToB TaKUX ONpederieHnii MOXHO BOCMOSb30BaTbCs pe3ynbTaTaMmy UCMbITaHUIA aHanorMYHbIX FPyHTOB,
HO [OCTaTOYHO BfIM3KMX K TEM, KOTOpbIE 3aneratT B OCHOBaHUM COOPYKeHNUs. MoXHO MHOTr4a BOCMOMb30BaThCS
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pe3ynbTaramu, Nnosiy4eHHbIMU B OaHHOW MECTHOCTU 1 B Opyroe BpemMd paHee Uinn, HakoHew, pe3yrbTataMun gpyrnx
cTaTUcTMYecKknx ob6obLleHnn. Bce 3To 3aBMCUT OT BaXKHOCTU, HAa3HAYeHUS U KaTeropmmn obbekTa.

M.3.24. Kakoe konn4ecTBO UCNbITaHUM crieayeT cYUTaTb MMHUManbHO 4OCTAaTOUYHbIM A1 nocrieaytollero
ocpeaHeHUs1 pe3ynbTaToB?

MwuHMManbLHO B MaTeMaTUYEeCKOM CTaTUCTMKE MPUHATO cYUTaTb AOCTaTOuHbIM 6 onpeaenernunin. OgHako, Yem bonbliee
KOMNMMYeCTBO pe3ynbTaToB onpeaeneHnii BBeaeHo B opMyny AMs CTaTUCTUYECKOro HaxXoXOeHUS cpeHero 3HadeHusl, Tem
"TOo4YHee" oka3blBaeTCsa pe3yrnbTat. B 06paboTKy BBOASTCA pe3ynbTaTbl OAHON CTAaTUCTUYECKOWM COBOKYMHOCTY,
XapaktepusyoLlen AaHHbI MaccuB. Ecnu npocnexmBaeTcsl 3aKOHOMEPHOCTb B M3MEHEHMW YaCTHbIX UHTEPECYIOLLINX HaC
3Ha4YeHUIn NokasaTerns OT TOYKU K TOYKM B OAHOM HanpaeBreHun, TO Toraa Ux Henb3s OObIMHBIM MyTeEM BBOAUTL B OA4HY
CTaTUCTMYECKYIO COBOKYMHOCTb.

M.3.25. Kakum o6pa3om ycTtaHaBNMBalOTCA NoKa3aTenu (XapakTepUcTUKKn) om3nyeckmx CBOMCTB FPYHTOB, HY)XXHble
Ans pacyeTtoB?

HOpMaTI/IBHbIMI/I CHUTAKTCA CpeHNne 3HavYeHnsa nokasarenemn unm XapakKTepPUCTUK, onpenendemMble Kak
cpeAHeapmmmequeCKme. Ecnu XapakTepucTuky 0003HaYnTb yepes X, a X; — ee 3HayeHue, nony4yeHHoe B O.4HOM W13 ONbITOB,

e
Z X,
Xx=-1—
YNCIO KOTOPbIX N, TO CpeaHee 3HavyeHne 6y,qu n . Y1obbl Mcnonb3oBaTth B pacyeTe XapakTepucTtuky, cneagyet

. X, =v.X .
HaWTW ee pacyeTHOe 3Ha4yeHne , Tae v , — 6e3pa3mepHbliii KO3 PULMEHT HaZexXHOCTU. YacTo npuHumaeTcs,
yto v, =1.

M.3.26. Kakne BuabI olMGOK ObIBaOT Npu onpeaeneHnmn nokasarenen pusanyecknx CBOMCTB FPYHTOB?

OLwmnbKN MOryT BbITb NPAMBIMU, CBA3AHHBIMWU C NPUMEHEHMEM HENPAaBUIbHON METOAMKN ONpeaeneHns Unm nioxon
annapaTypou — 3To ownbkM cuctemaTmnyeckme. [Ing rpyHTOB XapakTepHO CBOMCTBO (ryKTyauum, TO eCTb ClyYanHbIX
OTKIMOHEHWI BEMNUYNH XapakTEPUCTUK, KOTOpbIEe XapaKTepu3yT CUCTEMY U3 BOMbLLOMO YNCra 3NEMEHTOB, OT UX CPEAHEero
3HaveHus. OWwmnbKN, TOYHEE OTCKOKU, MOTYT ObITb BOMbLUMMUK. Takne ownbKM Ha3bIBAKOTCS rpyObiMU, U STU BENUYMHDI
NCKMIOYaTCa M3 AarnbHeNLero pacCMOTPEHUS.

OwmnbKK & | BENMYNH, BKITHOYAEMbIX B pacCMaTpUBaEMyto COBOKYMHOCTb, U3 KOTOPOW UCKIOYEHbI BonbLune criydanHble

OTCKOKWU, YCTaHaBIIMBAKOTCA KaK Ppa3HOCTU . OTHOCUTENBHbIE OLUMOKM BBIMUCIIAOTCA MO ('bOpMyJ‘Ie
g X,

= SL_Zi g
X

CpenHue 3HauyeHnst oMBOK BbIMMCATCS NGO Kak

Sx-% 3

E: =
i #

nmbo Kak cpeaHeKBaapaTUYHbIE OTKITOHEHWS], paBHble

b

>(x, -X¥

1
72—1

M.4. QE©@OPMALMOHHbLIE CBONCTBA IPYHTOB

M.4.1. Yem oGycnoBnmBaeTcsi CKUMaeMOCTb FPYHTOB? 3a cyYeT Yero NpoucxoauT cxaTue NosIHOCThLIO
BOJOHACbILWEHHbIX FPYHTOB?

CxxumaemMocTb FPYHTOB OGyCJ'IOBJ'II/IBaeTCFI M3MEeHeHneM nx NoOpnUCToCTn BCrneacTeme nepeynakoBkn 4acTtul, nonsdy4vecTbo
BOAHbIX 060Mo4ek, BbITECHEHNMEM BOAbI U3 nop rpyHTa. CxxaTne NOMHOCTbI0 BOAOHACHILLEHHbIX FPYHTOB BO3MOXHO TOJIbKO
npn yCrnoBnn BblITECHEHUA BOAbl U3 NOP IPpyHTA.
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M.4.2. insa yero cnyxut ogomeTp? HauepTtute ero cxemy. Kakue ycrnoBusi npuMeHUTENIbHO K HanpsiXKeHUsAM U
pedopmauusiv B Hel HaknaabiBarOTCA Ha o6pasew rpyHTa?

BepruraneHoe
\L YCHIHE

A R S W, R S R
S N R N

AW N AN RN

Puc. M.4.2 Cxema ogomeTpa (KOMNPeCcCMOHHOro npmbopa)

OD,OMeTp - I'IpM60p, cny>|<au.|,|/1|?1 ana onpeneneHna CKMMaeMoCTU rpyHTa. ,D,ed)oplvlau,w/l B O4OMeTpe BO3MOXHbI TOJIbKO B
BEpPTUKarbHOM HanpaslieHUn, ropu3oHTarbHble ,qecbopmau,mw OTCYTCTBYIOT. BepTI/IKaJ'IbHOG HanpsaXeHne NsMeHAeTcA
CTyneHAMU N ABnAaeTcAa N3BECTHbIM, OoKoBble Hanpsa>XeHna peakTuBHblie N OCTATCA HEN3BECTHbIMW. ﬂ,e(*)OpMaLll/ll/l
M3MepATCA B 3aBUCUMOCTU OT YyCUINUA, NPUITOXEHHOro Ha wtamn. Ha puc. M.4.2. noka3zaHa cxema oaomMeTpa.

M.4.3. B kaknx koopamMHaTax nsobpaxaeTcsa KOMNpeccuoHHas kpuBas? Kakon Bua MmeeT 3aBMCUMOCTb MeXAay
OCaAKoW LWTamna oAoMeTpa U Bbi3biBatollen ee Harpy3kon? Haueptute rpacuk.

KomnpeccrnoHHas kpuBasi ndobpakaeTcs B KoopAanHaTax: KoaULMEHT NOPUCTOCTU e — fasneHune p, MlMa. [na nonHOCTbO
BOAOHACHILEHHbIX MMUHUCTBIX TPYHTOB OHA MOXET BbITb NpeAcTaBneHa B KoopauHaTax: BNaXHOCTb W — AaeneHue p, MlMa.

3aBUCMMOCTb OCaaKu WTamna s, MM, OT Harpy3ku p, Mla, npeacrasneHa Ha rpaduke (puc.M.4.3.).

e f
Kosd- 0 8[
¢$:T Harpysxa
0,7
TOCTH
0,6} Pasrpyska
0 i | I I I | 2.
1 02 0 04 05
.-*Harpgmqa p, Mlla
1
QOcagka
& MM 2 Pasrpyska
v

Puc. M.4.3. KomnpeccuoHHasa kpmnsasi

C yBenuyeHnem gaBsneHna KpuBaa CTaHOBUTCA ©ornee Nonorow, Tak Kak FPYHT NMpu 3TOM NOCTENEHHO YNITIOTHAETCA U
CTaHOBUTCA MeHee CXKMMaeMblIM.

M.4.4. Kak 3anucbiBaeTcA 3aKOH CxXumMaemocTu B auddepeHumnanbHoOn U pasHocTHOM hopmax?

3akoH cxxmaemocTu B anddepeHumnanbHom oopmMe MMeeT BUA

de
1 _mu’

dp

12



roe e — KoadPULMEHT MOPUCTOCTU, P — AABMNEHNE, My — KOIPDULNEHT cxumaemocTun, MIMa1. 3Hak MUHYC nepea My Bbi3BaH
TEM, YTO NpY yBENNYEHUN AaBNEHNS KOIPPULNEHT NOPUCTOCTN YMeHbLLIAETCH. B pasHOCTHOM bopMe 3TOT 3aKOH
3anucbiBaeTCs B CrieayioLLlem BUaE:

gx—€) € —¢
my=——2"% _ 417

Pa—Ph P20

n q)opmynmpyech TakK: OTHOLUEeHue I'IpI/IpaLLI,eHI/IIZ KOS(b(bI/ILI,VIeHTa NOPUCTOCTN N JaBneHuna eCTb BEJIM4YMHA NMNOCTOAHHAA,
paBHasaA KOS(b(bI/ILI,VIeHTy CXKnMaemMocCThn C O6paTHbIM 3HaKOM.

M.4.5. Yto Ha3bIiBaeTcA KO3IhPULNEHTOM CKUMAEMOCTU My U KOIPPULMEHTOM OTHOCUTESIBLHOW CXKMMaeMoCcTu m,?
KakoBa nx pasmepHocCTb?

KoadhpmuMeHTOM CKMMaeMOCTM Ha3biBAeTCA OTHOLLEHWE NpUpaLLeHnil KoahdmUMeHTa NOPUCTOCTM 1 AaBNEHVs M.

. 1+e,
KOSd_)d.)I/ILLI/IeHT OTHOCUTEJTIbHOU CXKMMaeMOoCT m,, TO eCTb BeJI4nHa My, AeJieHHaA Ha
#
m, = 0l .
1+eu

roe %— KOSd.)q.)MLI,MeHT NOPUCTOCTU B €CTECTBEHHbIX YCITOBUAX.

MY
i

1
il 0,2 0,4 p, MIla
Puc.M.4.5. CnpamMmneHne KOMNpPeCCMOHHOWN KpMUBOW

BenuunHel mg n m, namepstotca B MlMa1.

KoMMnpecCnoHHy0 KpUBYHO At MPaKTUYECKMX pacyHeToB OObIYHO CNPAMISAIOT, NOMb3ysiCb TOYKaMM, PACMONOXEHHbIMN B
cpefHen YyacTn 3Ton KpmBon. Mo3aToMy HavanbHbIN KO3 MULIMEHT NOPUCTOCTHU %‘-IaCTO He coBnagaeT C pacyeTHbLIM
3HayeHneM KoapurLMeHTa NOPUCTOCTH eﬂ, onpegerneHHbIM A8 UcnbiTbiBaeMoro obpasua rpyHTta, 10 ecTb qil;t €o (puc.
M.4.5).

M.4.6. 3anuwuTe 3akoH Nyka B rmaBHbIX HOPManbHbIX HanpsXkeHUAX. CKONbKO HE3aBUCUMbIX XapaKTePUCTUK
CXXMMaeMoCTU Bbl 3HaeTe?

3akoH N'yka 3anucbiBaeTcs B criegytoleM Buae (OCb Z COBMagaeT € OCbio 1, OCM Y U X COOTBETCTBEHHO C OCAMM 2 U
3)(pnc.M.4.6):

1

E, [Gz — Ko (Gx +0, )]

EZ=E].=
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sy=s:=—[c p.nc +0, )]

Ex=53=—[‘3 P-l]'tj +G)]'

nOCKOﬂbe OCHn X, y 1 Z coBnagaroT C rmaBHbIMU OCAMU, KaCaTellbHble HanpAaXeHnAa BAOJSIb HUX paBHbl HYIKO, TO €CTb

Ty = Tyz = Tz, =0
. HezaBrcuMbIX xapakTepucTuK CXMMaeMocTu (4eopMUpyeMOCTH) AN M30TPONHOrO rpyHTa ABE:

1) mogynb obLen (ynpyrov 1 octatodHown) gedopmaummn Eq, MIMa n 2) koadbduumeHT MyaccoHa p o.

1(C., 058

."Ia"IEG_.'_-': Ot _..;I T I:G. =y, B :l
£ T ] 7

Puc.M.4.6. Ocun koopauHat
M.4.7. Yto Ha3biBaeTcs KoadhduumeHTom lNyaccoHa n B Kakmx npenenax oH usameHsietca?

KoadhdpuumeHTom MNMyaccoHa Ha3biBaeTCs OTHOLLEHWE OTHOCUTESbHbBIX AedopMaLnii MONEePEYHON € x K MPOAOSIbHON € 4,
B35TOE C 06paTHbIM 3HAKOM, B Criydae, ecrnuv AeiCTBYIOT TONbKO BEPTUKAmNbHbIE HAMPSXXEHUS G , (HANPSXKEHUS G x M Gy B
3TOM cny4yae oTcyTCTBYHOT). KoadhdpumumeHT NyaccoHa namensaetca Teopetmndeckn ot 1 go +0,5, a npaktudeckn ot 0 go +0,5.
KoadhpuumeHT NMyaccoHa He moxeT 6bITb 6onee 0,5, Tak Kak B 3TOM crydae npu BCECTOPOHHEM CKAaTUN (G x=C Y=0 ;)
[A0ImKeH 6bin 6bl yBENMYMBaTLCA 0ObEM rpyHTa, YTO (PU3NYECKN HEBO3MOXHO. Takum obpasom, npu ¢ ,=c =0

Ag

X

Ag

z .

Ko =—

M.4.8. Yto Ha3sbIiBaeTcA k03adhdprLumMeHToM GOKOBOro AaBrieHUsl FPYHTA, OT Yero OH 3aBMCUT M KaK OH CBsi3aH C
koaddpuumeHTom lNMyaacoHa?

KoadduumeHTom 60KOBOro AaBneHns rpyHTa & HasbiBaeTca OTHOLLEHWE npupalleHns 60KoBoro AasneHns A o x (MNn A o y) K
npupaLleHnio BepTUKanbHOro AasneHus A o , npu obsa3aTenbHOM OTCYTCTBUM BOKOBbLIX Aedopmaunii (e x =€ y =0), To ecTb

Z egy=ey =0

BokoBoe gaBneHne B 3TOM criyyae ABMAsieTCA peakTUBHbIM. [TpuMepoM MOXET CRYyXWTb FPYHT, 0GXXMMaeMbii B 0O0OMETpE.
KoadppmumeHT GOKOBOro gaBneHus 3aBUCUT OT BuAa rpyHTa, ero nnoTHoCTH 1 BnaxHoctu. C koadpduruymneHtom NMyaccoHa oH
CBSI3aH criegyloLLlen 3aBMCMMOCTbIO:

Ho
E-_T0
I-1

OH nsmeHsietcs B npegenax ot 0 go +1.

M.4.9. KakoBa npuHuMnuanbHasi cxema ctabunomMeTpa u Kakue ycrioBusi HakinaabiBaloTCsl HA HaNpsXKeHUs 1
pecdopmaumm B Hen? Kakum obpa3om BeayTcs ucnbitaHusi B ctabunometpe?

MpuHuMnNuanbHas cxema ctabunomeTpa npeacraeneHa Ha puc.M.4.9,a.
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Puc.M.4.9. CtabunomeTp:

a - YCroBus HarpyxeHus; 6 - cxema ucnbiTaHns (Mocne AOCTUXKEHNSI BCECTOPOHHENO
naenenust *0 cesobogHoe BOKOBOE pacLUMpPEHME NPU YBENNYMBAKOLLEMCS
BEPTMKaNbHOM AaBMEHUN); B - NMOCME OCYLLECTBIEHNS BCECTOPOHHErO 06XXaTus
naenenHnem *0 ucnbiTaHne npu oTCyTCTBUM BOKOBBLIX Aedhopmaunii Mo cxeme ogomeTpa

VcnbiTaHusa B ctabmnnomeTpe BegyTca obbl4HO Mo AByM cxemam (puc.M.4.9,6,B,): 1) npuknagbiBaeTcsa obxumaemoe
OfVHaKoBOE AaBlieHNe G x=G \=C ;=G o, @ 3aTEM YBEMWUMBAETCA AaBlEHNE G , NMPU YXKe HEM3MEHHbIX Aanee HanpskeHUsx
x=C y=G o; NPV 3TOM 3amepstoTca AedopMaLMmn CKaTUs & , U paclMpeHns e x =< y (prc.M.4.9,6); 2) npuknaabisaeTca
c_=0'=0
obxumatolee AaBneHne ¥ z 0 (B oTAENbHBIX CIyYasx 3TOro MOXHO U He AenaTb), U3MepsioTCs
COOTBETCTBYIOLLME AeDOPMaLINK € =€ y = € ; =€ o, @ 3aTEM Aaree NpenaTcTBYOT 4edOPMUPOBaHUIO TPYHTa B
rOpU3oHTaNbHOM HanpaBfeHUK, yBENUYMBAs BepTUKaNbHOe Aasrerue. MNpu aTom obpasel aedhopmmnpyeTcst TONbKo
BEpTUKanbHO (B cTabunomeTpe BOCNPOM3BOAUTCS CXEMa OOMETPA C TOM pasHuuel, YTo GOKoBOe AaBneHNE B XOA4E OnbiTa

MOCTOSIHHO M3MepsieTCs, Yero B O4OMETpe caenatb Henb3s) (pyuc.M.4.9,B).

M.4.10. CKONbKO He3aBMCUMbIX XapaKTePUCTUK CKMMaAeMOCTU FPyHTa Mbl Nofly4yaem Npu UCNbITaHUU B oQOMeTpe, B
cTabunomeTpe M NpU WTaMMNOBbIX UCMbITAHUAX?

Bcero He3aBUCUMbIX XapaKTepucTuk CKmumaemMmoCcTu aBe. B npouecce ucnblTaHUAa rpyHTa B O4OMeTpe Mbl NoJSly4aeM TOJIbKO
2
2 1
1— el o I
1-py J By

OQHY HE3aBUCUMYIO XapakKTepPUCTUKY CKUMaAEeMOCTU Mgy UMK BENUYNHY , NIpnyemM Henb3A oTAes1bHO
BbIYUCIIUTb Lo U Eo. B npouecce UCnblTaHUA rpyHTa B CTa6VIJ'IOM6Tpe Mbl MoJty4aem obe XapakKTepUCTUKN CXKMMaeMoCTU L o
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1-p

n Eo. I'IpM LTaMNOBbIX NCNbITAHUAX Mbl MNOJTydaemM O4HY XapaKTePUCTUKY CKMMaAEMOCTU 0 , TAKKe He nmes
BO3MOXHOCTU noAgpa3aerintb ee Ha 1o U Eo.

M.4.11. B 4yem 3aknroyaroTcs WTaMnoBble ucnbiTaHnA? Kakme nx ocHoBHble 4OCTOMHCTBA?

UL
e

s, eM
Puc.M.4.11. lLUTamnoBble UCMbITaHWSA FPYHTa B KOTIIOBAHE B MOMEBbIX YCMOBUSIX

LUtamnoBble ncnbitTaHus (pnc.M.4.11) 3aknoyaloTCcs B TOM, YTO LWITaAMM — Kpyrnas nnuta — ycTaHaBnNuBaeTCs Ha AHO
KOTNoBaHa Ha npeaBapuTENbHO 3a4MLLIEHHYIO Y PA3POBHEHHYIO MOBEPXHOCTb FPYHTA, NOCIE Yero 3arpyaeTcs CTyneHsaIMm
Harpy3ku. [NocneaytoLasn cTyneHb Harpys3ku NpuknagbiBaeTcsa NOCne 3aTtyxaHus 0cafku oT npeablayLen ctynenu. o
NMHENHOMY Y4aCTKy 3aBUCUMOCTU OCafku S, CM, OT Harpy3ku p, Mla, yctaHaBnmBaeTca moaynb gedopmanm Eo.

OCHOBHbIM AOCTOMHCTBOM 3TOro Bnaa NCMbITAHUIN ABMSETCH TO, YTO OHU BeayTCA HenocpeaCcTBeHHO B rPYHTOBOM MaccuBe.

Mpu UcnbITaHUAX XECTKUMM WTamnamu TpebyeTcs TLlaTenbHas 1X yCTaHOBKa Ha rPYHT C npureraHuemM no Bcei
MOBEPXHOCTMU.

LLITamnoBkie ucnbitaHus NMPON3BOAATCA TAKXKe B CKBaXXMHaAX. B aTtom Cny4yae wtamn yCctaHaBJ/1MBaeTCA B 3ab0e CKBaXMHbI.
anIMeHFHOTCFI TakKkKe BMHTOBbIE LUTaMIbl.

M.4.12. Yto Takoe npeccuomeTp, KakoBa ero cxema?

MpeccuomeTp npeactaBnaeT cobom 3aKpbITbIN LUNMHAP C PE3MHOBOM BOKOBOWM NOBEPXHOCTLIO (prnc.M.4.12), B KOTOpbIN
nogaeTcsa AaBreHne P U M3MepPSIETCsa yBeNu4eHne gnameTpa uunungpa A d (nocne ctabunmsaumm). No oTHoweHuo A p/A
yCTaHaBnNMBaeTCs No NIMHENHOMY y4YacTKy Avarpammbl BenuuuHa moaynst aedopmauum Eq. B 06bl4HbIX criyyasx ans
BbluMCIIEHNs Eq Hy>KHO 3HaTb KoadpdumumeHT lNMyaccoHa rpyHTa. Mbl nonydyaem npu 3ToM UCMbITaHUM MoAyb Aedopmaunm
rOPU3OHTaNbHOM, a He B BEPTUKArNIbHOM HanpaBfieHUN, B TO BPEMS KaK B TPYHTaX, SBMSIOLLMXCA NPUPOAHBIMU

d

B

obpasoBaHMaAMU, AehOopPMNPYEMOCTb B FOPU3OHTANTbHOM U BEPTMKANIbHOM HanpaBfeHnsiXx MoXeT 6bITb pasHom (MposBnsaeTca

aHu3oTponus).
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Ilpeccuosterp
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Pezigogas
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M

Puc.M.4.12. NcnbiTaHne rpyHTa B CKBaXKMHE C NMOMOLLbIO MpeccnomMeTpa

Ao, A A AR AR A A A A

s

M.5. ®DUNIbTPALUMOHHBLIE CBOUCTBA NPYHTOB

M.5.1. Yto Takoe Hanop? KakoBa ero paamepHoCTbL?

MonHbI Hanop NpeacTaBnsaeT cobon paccTodHWe, n3MepsieMoe B eAuHULax AnuHbl (MeTp) OT cBOBOAHOM NOBEPXHOCTU
BOAbl B J@HHOW TOYKe A0 HEKOTOPOWN MPON3BONBHON FOPU3OHTaNbHOW MIIOCKOCTU, NPUHATOM 3a HadarnbHyto. [NonHbIN Hanop
BKITIOYaET B cebs Hanop reomeTpuydeckuin H,, nbesomeTpmyeckuin H, 1 CKOPOCTHOWN (CKOPOCTHBLIM HanopoM Mbl 06bIYHO
npeHebperaem, Tak Kak OH KpanHe mar). Takum o6pa3om, Mbl nory4Yaem Hanop H:

Py OaBrneHne B Nbe3oMeTpe B Touke M;
roe -

Y yaenbHbI Bec Boabl (puc.M.5.1).

Ilpezanterp
—

2.
I b+
— T —— i

Hauanbpyas TOp M3 OHTAABHAA
[LIOCEQLTE
Puc.M.5.1. OnpegeneHne Hanopa B rpyHTOBOM MOTOKE

M.5.2. Kakoe naBneHue co3gaeT cTosnb Boabl BbicoTon 1 M? Kakon BbICOTbI cTONG BOoAbl HY)XHO B3fiTb, YTOObI
co3gaTtb gaBrieHue, paBHoe 1 klMamn 1 MMa?



Cton6 Bogbl BeicoTon 1 M co3gaet faenexuve, pasHoe 10 klMa. Ytobbl co3natb aasneHune 1 klMla, Tpebyetca ctonb Boabl
BbicoTon 10 cm, Ansa cosgaHus aasnenns B 1 MIMa Tpebyetca ctonb sBoabl 100 M.

b

i

Puc.M.5.3. OnpegeneHve Hanopa v faBneHus XnakocTn B cocyae

M.5.3. OguHakoBbI Unu pa3nnyHbl HaNopbl B cocyae Ha NOBepPpXHOCTU BOAbI N Ha OHe cocyp,a? OauvHakoBbI UnNu

pa3fninyHbl AaBrieHud B BoAe B 3TUX TouKax?

Ecnu nmeeTcsa cocyn ¢ BoAON, TO NOMHble HaMopbl B Toukax A 1 B 6yayTt oanHakoBbl (puc.M.5.3). B Touke A

I'Ibe3OMeTpI/1‘-IeCKI/1I;1 Hanop paBeH HyI ” NOJHbIN Hanop cosnagaeT C reoMmeTpu4eCkmnm. [aeneHus 6yp.yT paBHbIMU. B TOYKE

A — TOnbKO aTMocepHOMy, B ToUKe B — cymme atmoccepHoro n Beca ctonba XugkocTn Hag HEW.
M.5.4. Yto Takoe rpaaueHT Hanopa? KakoBa ero paamepHocTb?

pagueHT Hamnopa i paBeH NageHuo Hanopa Ha eguHULY AMNVHbI;

P=——1i=
di

"paguneHT (YyknoH) — BenudnHa 6espasmepHas (puc.M.5.4).

H

HI_HI

Xz — X

H,

i,

Puc.M.5.4. OnpegeneHuve rpagueHTa Hanopa

..!|.1

[

Xq

B

M.5.5. 3anuwuTe 3akoH Japcu. KakoBa paamepHocTb kKoadhcpuumeHTa hunbrtpaumn? OT yero oH 3aBucuT? Yrto Takoe

HavanbHbIW rpagueHT dpunbTpauun?

3akoH [dapcu 3anvcbiBaeTcs Tak

¥oz = K::M:.i,
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TO €CTb CKOPOCTb (UNbTpaLum NponopLUmnoHanbHa rpagneHTy Hanopa i u koadduuneHTty dpunbtpaummn Kq,. Kosdduument
hunbTpaumm 3aBUCUT OT BMUAA IPyHTa, pa3Mmepa ero nop (To ectb OT JIMHENHOrO pa3Mepa nop, HO He MOPUCTOCTK), OT
TemnepaTypbl XUAKOCTU (MEHSIETCS €€ BS3KOCTb).

HavanbHbIn rpagneHT CbI/IJ'IpraLI,I/II/I — BENnn4ynHa rpagneHTta (*)VIJ'IpraLI,VIVI B MMUWHUCTbIX TPYHTax, Npn KOTOPOM Ha4YMHaETCA

npakTuYecku oLlyTuMas dpunbTpaums (puc.M.5.5). 3akoH Japcu ¢ y4eToM HavanbHoro rpagueHTa punbTpaumm BelpaxaeTcs

crneayoLmm obpasom:

Vs :j:m(j—:f,,)npm izi,.

Ilecox

Tmita

Iy

Puc.M.5.5. 3aBucMMOCTb CKOPOCTH hunbTpaLmm OT rpagmMeHTa Hanopa

M.5.6. Yto Ha3bIBaeTcA rugpoAnHaMMYeCKUM gaBIieHUEM U KakoBa ero pa3MmepHOCTbL?

MapoavHaMmnyeckum AaBreHVem HasbiBaeTcs cuna, nepegaBaemas nepemMeLlaroLLMMcs MOTOKOM Boabl eanHuLe obbema
rpyHTa. OTa cuna coBnagaeT ¢ HanpaBreHneM ABKEHUS BOAbl U paBHa:

F

TEHH

Y. i.
MmopognHammyeckoe gaBreHne nmeeT pasmMepHOCTb 0O bEMHOM CUMbI kH/M®.

M.6. PACMPEOENEHUE HAMNPAXEHUU B TPYHTOBbLIX MACCUBAX

M.6.1. Kak BbIYMCNUTbL BepTUKaNbHbI€ HaNpsiXXeHUsA B MacCcuBe FPyHTa OT ero CO6CTBEHHOro Beca U YeMy OHU
paBHbI?

BepTukanbHoOe HanpsikeHe OT COOCTBEHHOTO Beca rpyHTa ¢ , NpeAcTaBnsaeT cobown Bec ctonba rpyHTa Hag
paccMmaTprBaeMOn TOYKOW C NIIOLLLaAblo MONEepPEeYHOro ceveHusl, paBHon eguHuue. Takum obpasom, ecnv B Touke M Ha
rnyGvHe Z rpyHT OAHOPOAHbIN, NOMy4YaeM G ;, = ¥ ;, €CIIN UMEITCA pasnuyHble cnow (pruc.M.6.1), To

L X 0 0
R WL () iy '.'.-'_-'.® oy
o of | TRl
Bty
- Yz |Baopmoymap ﬂq,}z\
_.'1’}’( 7 )n "fr.,ﬂr! k __-‘Lf(_; }n .-'1'1;(3 }“
Mi(z) z 7 z
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Puc.M.6.1. Onpep,eneHVle OaBrieHna B rpyHTE OT ero COOCTBEHHOrO Beca 1 Hanmuus
YPOBHA prHTOBOVI BOAbI

K1 k-1
o, =D Vil Y2 D0k |
1

=1

YpenbHbI BEC FPyHTa HMXe ropn3oHTa BOAbl NPUHAMAETCA C y4eTOM OENCTBUS BblTankMBalLWEN CUNbl 3a cHeT
B3BELUMBaAHUA B BOAE, MO3ITOMY Nnosty4daem

C. = Y1l "‘"i"sza(z_kl): ("i"l —"i"w)z"‘"i"whl-

[asneHne ¢ , B BOOOYNOPHOM CJ10€ NpuHMMaeTca C y4eTOM MOJIHOro Beca BOAOHACLIWEHHOIO rpyHTa (TO €CTb
BblTarnkmBarLlaa cura He quTuBaech), KOTOprIZ pacnonoxeH Bblille:

G, =Y/ +Y2 0 + 1’3[3_ (-&1 + 1y )]-
ﬂﬁf-‘q = ?wkz

Ha rpaHuLe Bogoynopa B aMope ¢ Z UMeeT MECTO CKaYoK Ha BENMUUYNHY

Y2=Y1— Y

, NIpn4yemM B JaHHOM Clny4yae

M.6.2. CneayeT nu yuntbiBaTh Aedopmalmm rpyHTa OoT ero Co6CTBEHHOro Beca U B Kakux crny4vasax?

Hedopmauunm rpyHTa oT ero cCo6CTBEHHOrO Beca 00ObIYHO HE YUYUTLIBAOTCS, Tak Kak OHU AaBHO 3aBeplumnuck. OaHako B TOM
criyyae, ecnv B curny o6CTosTeNnbCTB U3MEHSIETCA CTPYKTYpa rPyHTa, TO cura COGCTBEHHOrO BECA FPYHTA BbI3bIBAET B HEM
JononHuTenbHble aedopMaunm (Hanpumep, Npu yBraxHEHUN NEeCCOBOrO rPyHTa, 133a KOTOPOro PacTBOPSOTCS KECTKME
LilEMEHTaLMNOHHbIE CBSA3M, UMK OTTaMBaHUSI BEYHOMEPSIIOro rpyHTa).

M.6.3. Yemy paBHbl 60KOBbIe HanNpsXKeHUsi OT COOCTBEHHOro Beca rpyHTa? Yto HasbiBaeTcs KoadcpuumeHTom
OOKOBOro AaBJIeHUA rPyHTa B YCIIOBUSIX eCTeCTBeHHOro 3aneraHusa? Moxet nu koadcpuumeHT 60KOBOro AaBrieHusi
rpyHTa B YCIIOBUSAX €CTECTBEHHOrO 3aneraHusi ObiTb 60oniee eAMHULbI?

BokoBble HanPsXXeHNst ¢ X COCTaBNSAT 0ObIMHO OO0 OT BEPTUKAIIbHBIX, TO €CTb 6 =& oo ,. KoadhduumneHT 6okoBoro
OaBlNeHUs rpyHTa B YCNOBUSIX €0 eCTECTBEHHOTO 3arneraHust &y paBeH OTHOLLEHMIO GOKOBOro AaBMneHusl 6 x K BEPTUKaNbHOMY
G ;. (2 HEe OTHOLLEHMIO NMpUPALLEHNIA 3TUX AaBMNeHUn), TO eCTb He cnepyeT nyTaTtbh o 1 & . KoadpdmumneHT & MoXeT ObITb Kak
Gonblue, Tak U MeHbLUE eaNHULIbI.

M.6.4. Kak cBaizaHbl Mexay cobon koadcpuumeHT 60KOBOro AaBneHus rpyHTa & n koadduumneHT 60KOBOro AaBneHus
B YCITIOBUAX eCTeCTBEeHHOro 3aneraHus & ,? OT yero 3aBMCUT Benn4iuHa & o?

3HayeHre & MOXeT NMULLb CoBMafaTb C BENMUYNHON . [Ns CbiNy4ero rpyHTa, y KOTOPOro yAernbHoe cuenneHme ¢
OTCYTCTBYET, MOXXHO Ha3BaTb criegytowiue npegenbl Ans &

E<E< 1.

[ns cBasHoro FPyHTa 3TK npenenbl elle bonbLue u NO3TOMY MOXHO CHUTaTb, YTO

2
/8

TO eCTb NPaKTUYECKM KOIPDULMNEHT &, MOXET ObiTb NobbIM. BenuuumHa &, 3aBUCHT OT yCcrioBuii 06pasoBaHnst Maccuea u Tex
reonorm4yeckmnx NpoLEeCccoB, KOTOPbIE NPOTEKanM B TEYEHNE ANUTENbHOrO BpemeHu. OnbITHOE ONpeaeneHne BeNNUnuHGbI &
3aTpyaHUTErnbHO. YacTo cuntaetcs, 4To £y=1, Tak Kak Bce Terna "TekyT" ¢ onpefeneHHbIM, YacTo BeCbMa MarbiM

KO3 PMLIMEHTOM BASKOCTM.

05§u£%+

M.6.5. HauepTtute anlopy pacnpeneneHusi BepTUKarbHbIX HaNpsiKkeHUA B MaccUBe rPyHTa OT COOCTBEHHOro Beca:

— €eCcrnu cBepxy Gornee nerkuii rpyHT;
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— ecnu cBepxy boree THKenbIA rPyHT;

— TPV HanNU4MM B Crioe YPOBHS FPYHTOBOW BOAbI;

— MpuW HanNu4MM Bogoynopa;

CM.Takxe 0TBeThbl Ha Borpoc M.6.1.

1. Ecnu ceepxy Gonee nerkuii rpyHT, To rpaduk ceepxy b6ornee KpyTon, B HUXKHEN — Goree nonoruin.

2. Mpu Bonee TAXeNOM rpyHTe CBEPXY B BEPXHEN YacTu rpadhmk Gonee nonorum, B HKHEN — bonee KpyTow.
3. Mpw HanNn4MM rpyHTOBOM BOAbI, TaK KaK v sp<y , 3M0pa UMEET BU TaKOM Xe, Kak U B criyyae 2.

4. Ha Bogoynope MMeeT MeCTO CKa4yoK B 3rope HanpsbkeHUn o , (cM. puc.M.6.1.).

M.6.6. YUTo MOXeT ABNATbLCA AOKa3aTeNIbCTBOM TOro, YTO C FNyGUHOWN HanpsiKeHUs OT MeCTHOW Harpys3Ku,
NPUIIOXKEHHOW Ha NOBEpPXHOCTU, paccenBaroTcA?

To, 4TO NOBEPXHOCTL OMyCcKaeTCcs Nog eNCTBUEM Harpysku He TONbKO B Npeaerax 3arpyeHHOro yyactka, HO 1 psigoM C HUM
(pnc.M.6.6).

Mo marpysen [Tocae marpyskn

j)
0 0 0 0

B

Puc.M.6.6. MNepemeLleHne Touek MOBEPXHOCTU rPyHTa MNPU NPUITOXKEHNN NOCTOAHHOMN
Harpysku

M.6.7. Kakne oCHOBHbI€ NOJIOXXEHUA NPUHATbI B TEOPUU YNPYrocTn?

OCHOBHbIE MOMOXEHNSA TEOPUN YNPYTrOCTU CreayoLLme:

1. Teno siBnsieTCA CNOLWHbIM U U3OTPOMHbIM (AedopMaLMOHHbIE CBOMCTBA B PasfMYHbIX HanpaBfieHUsX O4MHAKOBbI).
2. Teno sBNseTCs YNpyrum U CO CHATUEM Harpysku Bce gedopmaumm ncyHesator.

3. HanpsikeHns B Tene OTCYTCTBYIOT, €CNN HET BHELLHEN Harpy3ku.

4. Teno sBnseTcs "6eCKOHEeYHO" MPOYHBIM, TO €CTb B HEM HE BO3HUKAET Pa3pyLUEHUA U TPELLUH, N3MEHAOLLNX HanpsXXeHHoe
COCTOSIHME.

5. CBA3b Mexay HanpsXeHnsMn 1 gebopmaumnsimMm BrseTC IMHENHON N ONUCBIBAETCS 3akOHOM [Myka.
M.6.8. Kakne oCHOBHbI€ NONOXEHUA NPUHATLI B TEOPUU NIMHEeNHoaedopMUpyemMbIix Ten?

[nsa Toro, YTo6bl MOXHO GbINTO BOCMOMb30BATLCS PELLEHVSIMY 3a4a4d, UMEIOLUMUCS B TEOPUN YNPYTOCTU, MPUHSATDI
crieytoLLme NomnoXeHus:

1. IpyHT cocTOUT OBbIYHO M3 TPEX KOMMOHEHTOB: MUHEPAITbHOMO CKeneTa, BOAbI M BO3ayXa, OAHAKO BO3MOXHO €ro
paccMaTpuBaTh Kak KBa3uCMIOLLHOE Temno, TO eCTb TENo, UMetoLLiee CBOMCTBA CroLl

HOrO OZIHOPOAHOIO Tera, B KOTOPOM TPELLMHbI 1 MYCTOThbl OTCYTCTBYIOT. [PYHT MOXHO paccMaTpuBaTh Kak Teno U30TPOMHOE,
obnapatolliee oaMHaKoBbIMU AedOpMaLIMOHHBIMI CBOMCTBAMW B PasHbIX HanpaBreHusX.

2. insi rpyHTa XxapakTepHO HanmM4yme ocTaTouHbIX AedopMaumit. Mpu NONMHOM CHSATUM Harpy3ku Bce AedopManmm He
ncyesaloT, a ynpyrue (To ecTb BOCCTaHaBNMBaloLmecsl) 6bIBaloT 4acTo 3HAYUTENBHO MeHee Heynpyrux (OCTaToYHbIX)
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aedopmauuin. [NMoaTomy B Teopumn nuHenHogeopMmnpyembIx Ten paccMaTprBaeTCcs TOMNbKO NPOLLECC Harpys3ku, a npouecc
pas3rpysku, ecnv B TOM eCTb HEOOX0AMMOCTb, paccmaTpmBaeTcsi 0cobo.

3. Cuuntaetcs, 4to Harpy3kun Ha rpyHT He BbI3bIBakOT €ro pa3pyLleHnd 1 ganekm ot npeaeribHbiX, N03TOMY B TDYHTOBOM
MaccumBe HEe BO3HUKaAET TPEeLlnH, pa3pbiBOB, CPE30B U T.O., TO €CTb HEe HapyLlaeTCcA "KBa3nCNIIOWHOCTL".

4. CBs3b MeXay NOJIHbIMU HanpAXeHnAMn 1 oowrmmn /J,ed)opmauvaM NPUHNMAaETCA nNuHenHon. Takum o6pa30M cynTaeTcAa
cnpaBearninBbiM 3aKOH FyKa, CBs13blBaOLL NN HanpaXXeHna n /J,ed)opmau,vu/l. ,D,ed)opmau,vu/l CYUTaKTCA MarnbIMW.

M.6.9. Yem Teopus nuHeriHogedOpMMpPyeMbIX TEN OTNIMYAETCS OT TEOPUM yNpyroctun?

B Teopum ynpyroctv paccmMaTprBatoTCsl TOSbKO Yrpyre Tena ¢ BocCTaHaBNvBaoWwmuMm gedopMaumsmm, a B Teopum
nvHeiHoaedopMUpyeMbIX TEN paccMmaTpuBatoTcs obLme fedopmanmm, BKIOYaoLLME Takke 0CTaTouHY0 Aedopmaumio.

M.6.10. Kakyto nonb3y Mbl nofly4aem OT TOro, YTO MPUMEHSAIEM TeOpUI0 NiMHerHoaecopMUpyembIX Ten?

|_|OCKOJ'Ibe B Teopun ynpyroctm oCHoBHasa cuctema ypaBHeHMVI SABNAeTCs NIMHENHOW, 3TO NO3BONSET CyMMunpoBaTb
oTAelbHble pelleHnda N UHTerpupoeaThb UX. Takue CyMMa Unun nHterpan takke yaoBneTBopA0T OCHOBHOW cucteme
p.I/ICt)CbepeHLI,MaJ'IbeIX ypaBHeHMVI Teopun ynpyroctn n no3Tomy 6yp,yT ABNATLCA NCKOMbIMU peLUEHNAMMN.

M.7. PACMPEQENEHUE HANPAXEHUWU B CNYYAE OENCTBUA
COCPEOOTOYEHHbIX CUJ

M.7. PACMPELENEHUE HAMPSXXEHUW B CNYYAE JENCTBUA COCPEOOTOYEHHbIX CUN

M.7.1. PewueHne Kakon 3agayum Teopun ynpyroctu AnsA NoNynpocTpaHCTBa ABNAETCA OCHOBHbIM? Yem oGycnoBneHa
BO3MOXHOCTb UCMOJIb30BaHUs €ro Ans peLeHus ApPYrux npakTM4ecKkn BaXHbIX 3agay?

OCHOBHbIM SABMSIETCS peLLeHMe 3a4a4un 0 COCPEeLOTOYEHHOW cune, NPUNOXeHHOM K NOBEPXHOCTU NOMynpocTpaHcTBa
nepneHanKynspHO K rpaHNYHOM NNOCKOCTKM (3agada byccuHecka). [Ing pewweHus 3agay o Harpyske, umetoLLen
FOPU3OHTArbHYI0 COCTaBMSOLLYI0, paccMaTpBaeTCs AanbHelllee pa3BuTe peLleHns 3TON e 3adaydu, HO npu
COCPEOOTOYEHHOW Cune, 4ENCTBYIOLEN BAOSb rPAHNYHON NNOCKOCTU (Kak Obl "NnpuKpensieHHon" K Hen B O4HOM TOYKE, pUC.
M.7.1.). AHanornyHble pelieHns 3agay 0 COCPEAOTOUEHHbIX CUnax BEPTMKANbHOM M TOPU3OHTAITbHON, TO €CTb NPUIOXEHHbIX
nepneHanKynsipHo (pewweHne dnamaHa) 1 No KacaTerbHOM K rpaHuLLe NOMYNNOCKOCTU, TakKe ABNATCA OCHOBHbIMU. U3 HKX
nyTeM UHTErpUPOBaHMSA MOTyT ObiTb NONyYEeHbl MHOTUE PELLEHNSI UHTEPECYHOLLMX HAC B MPAKTUYECKMX LieNsX 3adau.

!D

Q

Prc.M.7.1. Cxema npunoXeHns CocpedoTOMEHHbIX CUIT NMPU PacCMOTPEHUN OCHOBHbIX 3a4a4 TEOpPUM YPYrocTy

M.7.2. Yemy paBHbI HanpsikxeHUs1 HeNOCpPeACTBEHHO NoJ, cocpenoTo4YeHHOM cunon? Kakoe npegnonoxeHue
JenaeTcsi B OTHOLIEHUM 30Hbl, PacnoyIOXKeHHOMN HENOCPeACTBEHHO Y COCPEAO0TOYEHHOWN CUnbI?

3apaya aTa sBnseTcsA abCcTpaKkTHON, Tak Kak B AEACTBUTENbHOCTU YCUINNA BCeraa pacnpenensitoTcsi o HEKOTOpPoW
nnoluaake. HenocpeacTBeHHO MO COCPEAOTOYEHHON CUMOI HamnpsKeHUs ABNSATCA 6ECKOHEYHO B6onbLINMM.
MpeanonaraeTcs, YTO CMMoLWHas cpeaa ABnseTcs 6eckoHeYHO NMPOYHOM U HEe MOXET paspylwiaTbes. ByccuHeck, YTobbl
0601TK 3TO 06CTOATENBCTBO, HE paccmaTprBarn HeGOombLLYIO 30HY, HEMOCPEACTBEHHO HAXOOSLLYCS Y COCPEeA0TO4YEHHON
CUnbl.

M.7.3. KakoBbl rpaHu4HbIe yCrnoBusa B 3agaye o COCpe,CIOTO‘-IEHHOﬁ cumne Ha HOHyI‘IpOCTpaHCTBe?
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B mecte NPUNOXEeHUA COCpeﬂ,OTO‘-IeHHOIZ cunbl, HenocpeaCcTBeHHO coBnaarvuemM C Ha4alioM KoopaunHat (TaK npowuie
pewnTb 3a£l.a‘4y), ﬂeﬁCTByeT 3Ta Ccuna, a BO BCeX OCTalibHbIX TOYKax rpaHnLbl HUKAGKUX CUI HE Ll,eIZCTByeT. B Toukax,
6GeckoHevyHOo yaaneHHbIX OT MeCTa NPUIoXXeHus Cuiibl, HanpsAXXeHnAa OOJMXKHbl CTPEMUTBCA K HYIHO.

M.7.4. Kaknum 06pa30M HanpsAXeHue ¢ r 3aBUCUT OT yrna, paguyca, BeJin4nHbI cunbl? CKonbko KoopAauHat
y4dyacTByeT B pelieHuun 3TOM 3ag4a4uu U Kakme?

Hal'lpﬂ)KeHI/IeG R SIBNSIETCHA OCHOBHbIM. JTO HanpgaxXeHune nponopumnoHaribHO KOCUHYCY yrina Mexany pagnyCoMBEKTOPOM U
BepPTUKanbto, O6paTHO nponopunoHarnbHO KBagparty pagunyca un npamMo nponopunoHanbHO BENMM4YnHe ﬂeVICTByPOU.leVI cunbl. B
peweHnmn 3TON 3agayu, BCNeacTene MMeroLLencs CUMMETPUN, yHaCTBYHOT ABE€ KOOpOUHATbl — pagnyc 1 yron mMmexany HMMm n
BEPTUKAIbHO.

!D

O

i

M.7.5. U3 kakux ycnoBun onpeagenseTcsa 6e3pa3mMmepHbIn ko3achduumeHT B hopmyrne AnA ¢ g B 3agaye o
COoCpeaoTOYEHHOW cusie Ha NonynpocTpaHcTBe?

M3 ycrnoBusi paBHOBECKS NPW NPOEKTUPOBAHMM BCEX CUI Ha BEPTUKanbHYH OCb. Bbipe3aeTcsi nonycdepa n Ha
BEPTUKANbHYHO OCb MPOEKTUPYIOTCS BCE HAMNPSXKEHWUSI G g, YMHOXEHHbIE Ha 3NieMeHTapHble nnowaaku (YTobbl Nony4nTb
3NeMEHTapHbIE CUMbl). OTW NPOEKLMM AOMMKHbI YPaBHOBELUMBATLCSA CUITON, OENCTBYHOLLEN CBEPXY BHU3 HA
nonynpocTpaHcTBo (pnc.M.7.5).

M.7.6. Kak MOXXHO BOCMONb30BaTbLCS TeOpUen pasMepHOCTeN ANs pelleHus 3afgavm 0 CocpeaoToO4YeHHON cune?

MockonbKy HanpsKeEHUE G r 3aBUCUT OT BENUYUHBI CUnbl P, yrna mexay BepTukanbto 1 paguycom 0 , a Takke paguyca R, To,
YUYUTbIBast, YTO HaMpPshKEHWE OOMKHO ObITb NPONOPLUMOHAbHO cue, OHa nonagaet B uncnutens. [anee Boibupaetcs
TpUroHomMeTpuyeckas OyHKUUsI OT yrna 0 , YeTHas!, He 3aBucALLas OT 3Haka 0 , umetoLlas makcumym npu 0 =0 1 paBHas
Hyno npu 6 =+ 1t /2. Takon npocTenwen pyHKUnen aenaetTca cosd . ECTeCTBEHHO, UTO 3TOT MHOXUTENb NonagaeT Takke B
yncnutenbs. MNMoCcKoNbKy HaNpPsXXeHNe G g C YBENMYEHNEM PACCTOSIHUSA OT TOUKM NPUITOXEHUST CUIbl AOMKHO YObIBaTb, TO
pagunyc R gormkeH nonacTb B 3HameHaTenb. OgHako Ang Toro, YTobbl ypaBHSATbL pasHOMEpPHOCTH (cresa H/M?, a cnipaBa,
ecnn R B 3HameHaTerne B NepBou cTeneHn, To H/m, a ecnvn Bo BTOPOW CTENEHN, TO H/MZ), Heobxogumo 3anucatb R B
KBagpaTte, oTKyAa nony4mmM

PcosH
op - 4220

KoadhdpuumeHT A onpeaensieTcsl B COOTBETCTBUM C OTBETOM Ha Bonpoc M.7.5. n paBeH A=3/2x .
M.7.7. Kak nonyuuTb HanpsiXXeHue G,, 3Has HanpsixKeHue o R?
Ecnv n3BecTtHo ¢ R, TO 13 yCroBusi paBHOBECUS 3NIEMEHTA Mbl MIMEEM B JAHHOM Clyyae ¢ ,=¢ rC0S20 .

M.7.8. Kakoi BMO MMeIOT aMopbl HaNpshKeHUi G,B 3agade 0 cocpefoTOUYeHHOW cune?

Onopbl HANPSKEHWUN G , N3006paXkeHbl Ha puc.M.7.8.
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P P
f X 0 X
a=0 O =00
npu 2 =0 npa 2 =(
0=( g=0
Z OpH & =—00 opH £ =40
o={ o=
OpH £ =00 OpH £ =C0

Puc.M.7.8. 3ntopbl HaNPsXXeHUN ¢ , B MONYNNOCKOCTM U NOMYNPOCTPaHCTBE NO BEPTUKANbHbIM U
rOPU30OHTaNbHOMY CeYEeHUAM

M.7.9. Kakum obpa3om npuBecTH pelleHUe 3afaym 0 COCpefoTOUEHHOMW CuUre ANns HanpsiXXeHUsa o , K yaoobHown
TabnuyHon chopme?

HanpsixeHune ¢ z B koopanHaTax X,y,Z UMeeT CneaytoLmn Bua:

o _3Pcos’® _3PZ 3P g’
Pooam R EJIRE_Z:II(x2+y=+z?)m'

1 2 2
Cnepnyet BBeCTM 0603Ha4YeHne cs wpll =i , T4e r — npoekumsa paguyca R Ha rpaHMyHyro NnockocTb z = 0, a 3aTem BBECTU
OTHOCUTESbHYH KoopAanHaTy r/z. Torga nony4mm

. _3P1 1 KP
T gt r:/i-f z
1+~

z

M.7.10*. Kakum ob6pa3om crenyeT U3MEHUTb peLueHne O COCPefoTOUYEeHHOM cune, HopMarnbHOM K rpaHuLe
NoJsIynNnpoCTPaHCTBA, YTOObI MNOJNy4YUTb peLleHne 3aaaydm o cune, AeNCTBYHLLEN BOOJb rPaHUL bl NONyNpocTpaHcTBa?

[ns BepTukanbHOM cunbl P nmeem

B 2n Rs’

F4

051 FOPU3OHTanNbHOM cumbl Q UMeem

30 xz*
B 2m Rs’

F4

Takum 06pa30M, B beHKU,I/II/I OAHO U3 Z 3aMeHdAeTCs Ha X. [1ns HaKMOHHOW Curbl criegyet ydecCTb 06e aTu coctasnsiowme P un

Q.
M.7.11. Kak cnepgyeTt npocyMmMmupoBaTb Hanpsi>XeHus, ecrnu ﬂeﬁCTBwa HEeCKOJIbKO COCpenoOTO4Y€eHHbIX cun?

Ecnun gencTBytOT HECKOMBbKO COCPefOTOMEHHbIX CUM, TO AN o4HOM cunbl Pi, cornacHo oTBeTy Ha Bonpoc M.7.9, nmeem
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GZ :K!'z_z.

npl/l HECKOJIbKMX COCPEeNOTOYEHHbIX CUITax nonyvynm

o, :%Zﬂ:ﬁ’iﬂ.
1

2 2 z
. . Lo =X 4,
KoadhpuumeHTbl Ki onpenensitoTes Kaablii pa3 OTAENbHO OS5 CBOUX 3HAYEHWUN ri/z, Tak Kak paguyc ! p TV ansa
KaXk[oW cunbl CBOW.

M.7.12*. Kak cTpouTcA pelueHue 3agayvm Ansi Cunbl, NPUIIOXKEHHON Ha rpaHuue nonynnockoctu? Kak cobnioctu
ycrioBue pasmepHoOCTel B 3TOM criyyae?

B cnyyae nnockoi 3agayn peLleHne CTpouTCs TakmMm e obpasom, Kak 1 B MpoCTpaHCTBEHHOW 3apade (cm.eonpoc M.7.9). B
KayecTBe aprymMeHTOB MUCMOMb3YHTCS: COCPEAOTOUEHHas cuna P (B cnyvyae nnockon 3agaym oHa MmeeT pasHOMepPHOCTb H/m
B OTNMYMe OT NPOCTPAHCTBEHHOW, FAe pa3aMepHOCTb cusbl B H), yron mexay pagnycom v BepTukanbsto 0 n paguyc r. ns
TOro, YTOOLI NeBas 1 nNpaeasi YacTu UMEeNU oAnHaKoBble Pa3MepPHOCTU, YACIIUTENb CriedyeT pas3dennTb He Ha KkBagpat
paguyca, kak B NpOCTpaHCTBEHHON 3aave, a Ha paguyc B nepBor cteneHn. CnegoBaTenbHO, NONyYum

PrcosB
G, =4 ———.
#

M.7.13*. Kak onpepensietcs 6e3pa3mepHbin KoadcuumeHT A; B hopmyne ans o ; (cM.M.7.12) n B yem otnunyme B ero
onpegeneHnu No CpaBHEHUIO C NPOCTPaHCTBEHHOW 3aaayen?

BespasmepHbI k03 urLMeHT A; onpeaenseTcs 13 ycroBust paBHOBECUS NMyTeM NPOEKTUPOBaHUS HAMNPSXKEHWUN G |,
YMHOXEHHbIX Ha BENUYMHY 3IEMEHTAaPHOW NNoLwaaku, Ha BepTuKanbHyo ocb. B gaHHOM criyyae 6epetcs He nonycdepa, kak
B MPOCTPaHCTBEHHOM 3afadye, a nonykonbLo. KosdduumeHT nocne MHTErpMpoBaHms okasbliBaeTcsl paBHbIM Aj=2/1t , NO3TOMY

3 2P cosB

r r

M.7.14. Kak BbIrnAagaT anopbl HANPSXXeHUM Npyu AeNCTBUMN COCPEAOTOUYEHHOM CUIbl B Cllyvae NSIOCKOM 3agayvm U Yem
OHM OTJINYAIOTCS OT MNP NPOCTPAHCTBEHHOM 3agaun?

Ontopbl HANPSXKEHWI B Criyvae NiocKow 3agayn MMERT TOT e BuA, YTO U B NPOCTPAHCTBEHHOW 3adave, oqHaKo OpAMHaThI
nx gpyrve. HanpsbkeHus B criydae nrocKom 3afaymn paccenBaroTca kak Obl MeasieHHee, YeM B Criydae NpoCTPaHCTBEHHOM
3agaun.

M.7.15. Kakoe ycrnoBue HaknagbiBaeTCsl Ha anopbl HANPSAXXeHUN ANA BbINONMIHEHUSA YCNOBUA paBHOBecUs?

[ns BbINONHEHMS YCNOBWS paBHOBECUS] HEOOX0AMMO, YTOOLI B Criyvae NPOCTPaHCTBEHHOW 3aga4vm o6bem anopbl 6 , Npu
3a0aHHON NOCTOSIHHOW BENMYMHE Z PaBHSNCHA Obl AECTBYOLLIEN COCPEOOTOYEHHOW CUMe.

B cryyae nnockon 3agaym 3To YCroBME COXPaHAETCs, O4HAKO OHO YNpOLLIAeTcsl, U NO3TOMY MiioWaab 3Mopbl G , MPU
MOCTOSIHHOWN BENUYUHE Z OOMKHA OblTb paBHa BHELLHEN Harpyske.

M.7.16*. OT kaknx xapakTepucTuk aechopMMpyeMOCTH 3aBUCAT HaNps>KeHUs B criyvae NpOCTPaHCTBEHHOM U MITOCKOWM
3aga4 0 cocpenoTO4YEeHHOM cune Ha NOBEepPXHOCTU?

B cny4ae npocTpaHCTBEHHOW 3afaun psf HanpsXXeHuin, B TOM YUCHE G ,, HE 3aBUCAT OT XapakTepucTuk gedopmMmmpyemocTy,
a ocTarbHble 3aBUCAT OT kKoadduumeHTa lNyaccoHa p o. B cnyyae nnockown 3agayn Bce HanpsiXeHns OT o HE 3aBUCAT.

M.7.17. B yem 3aknto4aerca npuHumn CeHBeHeHa B Teopuun ynpyroctun?

rlpVIHLI,VII'I CeHBeHeHa 3aknto4aeTcsi B TOM, YTO C yoaneHnem ot MecTa NnpunoxXeHua yCunna HanpsaKeHna Okas3bliBaloTCA BCe
MeHee 3aBUCALLMMU OT XapaKTepa 3TOoro ycunua f (COCpeﬂ,OTO‘-IeHHaFI cuna, HECKOJIbKO COCpeAOTOYEHHbIX CUIT UInn
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pacnpeneneHHad Ha KOHe4YHOM y4acTke Harpy3|<a) npun ycnosuu, ecrin paBHOﬂ,eIZCTByPOLLI,aFl BCeX yCI/I.I'II/II7I, NPUITOXEHHbIX Ha
rpaHmge, oanHakoBa.

M.8. PACMPEQENEHUE HAMPAXEHUU NPU El,EI7ICTBI/II/I MECTHOM
PABHOMEPHO PACIMPEOEJIEHHOU HAITPY3KU

M.8.1*. Kaknum o6pa3om ocyLiecTBUTb NepeHoC Havyana KoopauHaT Npu 4eNcTBUN COCPefoTO4YEHHOM CUIbl B criyvyae
nrockKon sagauun?

B cny4ae NocKon 3agaym nepeHocC Ha4ana KkoopanHat BOONb FOpVISOHTaJ'IbHOﬁ OCU X Ha BENMNYUNHY E, OocyLlecTBnAeTcd
cneagywmm 06pasoM. HanmeeHwe G , Npu coBnageHnn Ha4varna KoopanHart C TOYKOMN NPUNOXeHUa Cunbl onpeaendaeTca Kak

3 2Pcos’ O B 2P}

0 .
i w o

[nsi Toro, 4TOGbI NEPEHECTU HaYano KOopAMHaT, MOCKONbKY MOA F MOHMMAETCs pacCTOsiHNE MEXAy paccmaTtpuBaemon
TOYKOW N TOYKOW MPUMOXKEHNSA CUMbI, CriegyeT 3aMeHUTb KOOpAMHATY X Ha X ¢, a cuny P cuntaTb pacnpeaeneHHon Ha
yyacTke d&, cnegoBaTenbHO, HYXXHO 3aMeHnTb P Ha pd&, npudem p OyaeT dyHkumen koopauHatel & (pync.M.8.1,a). Takum
ob6pa3om nonyunm
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Puc.M.8.1. Cxema gna nepeHoca Hayana KoopAuHaT C Lenbio AanbHENLEro MHTErpUpOBaHNA OCHOBHbIX
3aBNCUMOCTEN:
a B Mnriockon 3agade; 6 B npocTpaHcTBEHHOM 3agade (M.8.2)

0O O

?

M.8.2. Kaknm ob6pa3om ocyLecTBUTb NepeHOC Havyarna KoopauHaTt npu 4eNCcTBUM COCPeAOTOYEHHOW CuUnbl B criyyae
NPOCTPaHCTBEHHOW 3agaun?

B cniyyae npocTtpaHcTBeHHOM 3agaum (puc.M.8.1,6), B OTniM4mMe OT NIIOCKOW, CMELLEHME OCEN KOOPAMHAT NMPON3BOAUTCSA

2 2 2 2
BOOMb OCU X Ha BEMUUMHY & , @ BAOMb OCW Y Ha BENWUYUHY 1) . [oaToMy BMECTO Ro=x"+y +z

2 _ .. e _ 2 _
R = (x E) + (,V 1,])2 Tz , @ cuny P 3aMeHUTb pacnpeneneHHon Harpy3skom p, npu4em P= P(ﬁ: 1]}15_;1’1] .
Monyunm

cnenyet cHUTaTb

_ 3Pcos’ B _ 3Pz’ _ 3p(§}1'c_'ﬂ'r| z’
T A T A

F4

M.8.3. Kakne 6e3pa3mepHble KOOpAUHaTbI MOXXHO BBECTU B Crly4Yae NiIOCKOW 3agayv Npu 3arpy3ke 4yactm
NOBEPXHOCTU NOJNYNIIOCKOCTU PaBHOMEPHO pacnpeneneHHon Harpy3kon? Kakon yron HasbiBaeTcs "yrrnom
BUAUMOCTU" N noyemy?
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B yka3zaHHOM criyyae yao6Ho BBecTu fiBe Be3pa3mepHble KOOpAMHATHI — ABa yrna o U B . Yron o Ha3blBaeTcs yrioM
BUAMMOCTM, NOCKOSIbKY ECINY Mbl MOMECTVM B paccMaTpuBaeMyto TOUKy NOMynniocKocTy rnas HabnogaTtens, To nog aTuMm
YrroM Mbl Kak 6bl BUAMM Harpysky. BTopoii yron B Mmexay BepTuKanbto, NpoxXoasLlen Yepes 4aHHYH TOUKY, U GUCCEKTPUCON
yrna BuaMmocTy o .

M.8.4. Kakne HanpsixkeHMs1 Ha3bIBaKOTCS FMaBHbIMU HOPManbHbLIMU U KakKue rmaBHbIMU KacaTenbHbIMU? CKONbKoO
rnaBHbIX HaNpPsXKeHUM B NJIOCKOM M CKONbKO B NPOCTPaHCTBEHHOM 3agavax?

[maBHble HOpMaribHbl€ Hanpsa>XXeHna — 3TO HopMarlibHblE HAMNMpAXXeHud, ﬂeﬁCTByDMMe Ha nnowangkn, Ha KOToOpPbIX
OTCYTCTBYIOT KacaTeJlbHble HanpaXeHn4d. [‘maBHble KacaTenbHble HanpsXeHna — 3TO0 MakCMarlibHble KacaTellbHble
Hanpsa>xXeHus. Ecnn 0603HaunTh rnaBHble HOpMarlibHbl€ HANpPAXXeHnqa Yepes o 1, 6 2 n ¢ 3, TO rMaBHbIE KacaTenbHble
HanpsAXXeHna paBHbl COOTBETCTBEHHO!

1 1 1
T = 5(‘51 — o} = E(G: — o3} = 5(‘53 - 0y)

[MmaBHbIX HOpMalbHbIX Haﬂpﬂ)KeHMl;I B I'IpOCTpaHCTBeHHOI;I 3agadve — Tpu, B nrockon — aea. NaBHbIX KacaTenbHbIX
Hal'lpﬂ)KeHI/II;I B Ccny4yae I'IpOCTpaHCTBeHHOVI 3agayun — Tpu, B Ccnyvyae NSI0OCKOW 3a4a4n — OgQHO.

M.8.5. Yto Takoe N30NIMHUN HaNpPSXKEHUA U KaKOW BUA UMEOT U3OSNTMHUM FNaBHbIX HaNpsiXKeHUn B criyyae ninocKomn
3apaym, Korga Ha yyacTke rpaHuulbl NOsynyIOCKOCTU NPUIioXKeHa paBHOMEPHO pachnpeaerieHHas Harpy3ska?

M30N1HUM Hanpsi>KeHW — 3TO NIMHUW, BO BCEX TOYKaX KOTOPbIX COOTBETCTBYHOLLNE HaMNPsKeHWs paBHbl. MI30NMHMKM rnaBHbIX
HanpsKeHWN, kak HanbornbLUero, Tak 1 HAUMEHbLLEro, NPEACTaBNATCS OyramMu OKPY>KHOCTEN, MPOXOASLLMX Yepes KOHLEBbIe
TOYKW 3arpy’KeHHOro yyacTka.

M.8.6. Kakon Bua nmeroT antopbl BepTUKaNbHbIX HOPMaribHbIX HaNpsXKeHUN G Z B Crly4vyae NioCcKoW 3apgayu, Koraa Ha
yyacTke rpaHuubl NpunoXxeHa paBHOMEPHO pacnpeneneHHasa Harpy3ka?

Onopbl BepTUKarnbHbIX HOPMarbHbIX HanpsbkeHWn ¢ Z ndobpaxkeHol Ha puc. M.8.6.

iz
G =1
G.=p
B OeckonevHOCTH
CTPEMUTCS K HYJIKO
G —>0
B OeckorevnoCTH
G. —={ CTPEMHTCSH K HY.JII

Y.
B Oeckonmewnoctn ¢ lG —{)
CTPEMHTCH K HVIK) ”

Puc.M.8.6. 3Ontopbl HaNpsHXKeHU NpU paBHOMEPHO pacnpeeneHHon Harpy3ke Ha KOHEYHOM yyacTke
MOMynoCKOCTU UK NOMYNpPOCTPaHCTBa

M.8.7. Kakne 6e3pa3mepHble koopAuHaTbl NpUHATLI B HopMax (CHwul) ana pacyeta HanpsbkeHUn?
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, 02,

Ons pacyeTta HanpsikeHuii B HopMmax (CHwul) npvHATLI ABE OTHOCUTENbHbIE KOOpPAUHATHI & 1 1, NpUYem n
roe b — wvpnHa (HaMmeHbLLas CTOpOHa) NOAOLLBbLI MPAMOYrofnbHOro chyHaameHTa, | — ero gnuHa (Bcerga |>b).

i
n=_
M.8.8. Npu Kakom 3HaYeHUUn b , rAe | — anuHa 3arpyXeHHoro y4yacTtka, b — ero wuMpuHa, cuMtaeTcs, YTo
HanpsiKeHUs ¢ Z B NPOCTPAaHCTBEHHOW M B NMJIOCKOW 3agavax NpakTU4YeCKU MOXHO CYMTaTb COBNagalowmmmn?

Cuntaetcs, 4to npmun = 10 Mbl UMeeM 3Ha4eHus Hal'lpﬂ)KeHMﬁ G 2, KOTOPbIMU O1A NPAKTUYECKUX uenen MoXxHo
nonb30BaTbCA U B Cliy4vyae NNocKomn /J,e(bopmau,vwl, TO eCcTb Korga criegoBaro 6bl cunTathb n = .

M.8.9. Kaknm o6pa3om, 3Hasi anopy HaNpPs>keHUM 6 , BAONb OCU Z NPU paBHOMEPHO pacrnpenenieHHON Harpys3ke,
OeNCTBYHOLLEeN Ha y4YacTKe LWWMpPUHON b, nocTpouTb antopy ¢ ,, €CNU Harpy3ka 6yaeT AencTBoBaTh B npegenax
yyacTtka wupuHon 2b? Kak 6ygeT TpaHcthopMuMpoBaTbCs antopa ¢ , Npu AarbHenlem yBenM4yeHU LWMPUHbI
yyacTtka, B npeaernax KotToporo oHa npurnoxeHa?

Ecnu nmeeTcs antopa HanpskeHUn 6 , NPU LUMPUHE 3arpyXeHHOro yyYacTtka b, To, 3Hast opaAnHaTy o , Ha rMyouHe z, HYy>HO
3Ty e opauHaTy Ans cny4vas WMpuHbl 2b oTNOXNUTb Ha rmy6uHe 2z n 1.4. (puc.M.8.9).

| 2bh
‘ , b

'

| iz
|

2z
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Punc.M.8.9. MIameHeHune antophbl 6 , B Criydae niocKor 3agaydn npu yBENMYEHUN LUMPUHBI 3arpy>KeHHOro yyacTtka

Mpv ganbHelwem pocTe WMPUHBI 3arpy>KEHHOTO yYacTka HanpshkeHusl GyayT Bce MeaSieHHee paccenBaThbes U Npu
yBenuyeHun b 1o 6eckoHeYHOCTY antopa ¢ , OyaeT MMEeTb NMOCTOSIHHY0 OpAMHATY G , =p. Bce aTu antopbl UMET BEPXHIOH
OpAVHAaTY, PaBHYHO P, U BbIXOASAT MO3TOMY U3 O4HOMN TOYKM.
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Puc.M.8.10. 'ameHeHune antopbl 6 ; B criyvae

v

I'IpOCTpaHCTBeHHOIZ 3agadun npu NOCTOSAHHOM LnpunHe

3arpy>eHHoro y4yactka h usmeHeHunn ero annHbl

M.8.11. Kakum ob6pasom BnusieT Ha INOpPY ¢ , NPU MECTHOMN Harpy3Ke Harmmuume XeCcTKoro nogcrunaroLlero crnosa?

B HWKHEeWn YacTu anopbl HANPSPKEHUA G , , NTOCTPOEHHbIX AN OCY CUMMETPUN, BONN3M rpaHuULbl XKECTKOro NOACTUIAOLLENO
CNod NPoONCXOANUT Tak HasbiBaemas "KOHLEHTpaUmMa" HaMpPs>KEHUN, TO eCTb UX YBENMYEHME MO CPaBHEHMIO C 3NOPON AN

j=co (1enra)

[=bh{(npsaMoyroanHig )

i=h (kBapar)

M.8.10. Kakum o6paszom Gyaet
TpaHccopmMupoBaTbCA Antopa
BepTUKanbHbIX HaNnpsXXeHUn ¢ , B crnyvae,
ecnuv o4Ha 1 Ta e paBHOMepHO
pacnpegeneHHas Harpy3ka Ha
NnoBepXHOCTU NPUIIOXKEHa B Npeaenax
KBagparta, NpsiMOYyrofibHUKa, NIeHTbl Npun
OAHON U TOW Xe WupuHe b?

Yem Gonblue anuvHa | (HaumeHbLlas CTopoHa
HasblBaeTcH WupuHon b, noatomy Bcerga 1>
b), Tem "nonHee" antopa HanNpsKeHUN G ,
(pnc.M.8.10).

6e3rpaHNYHOro CHU3y cnos (MoNynpoCTPaHCTBA). OTa KOHLEHTPALMS HanpsXXKeHUn MMeeT MECTHOE 3Ha4YeHVe 1 C yaaneHmem
OT rpaHuLbl >XECTKOro MOACTUMAaloLLIEro Crosi CpaBHUTENBHO BbICTPO ybbiBaeT (pmc.M.8.11).

.

Punc.M.8.11. NameHeHMe antop o , K BepTUKaNsaM Npu Hanmnymm >XeCTKoro NoACTUNatoLLLEro Cros:
1 antopa ansa NonynpoCcTpPaHCTBa; 2 NPU Hannymm KXecTkoro HegeopmMmpyemMoro crost

M.8.12. Kaknm obpa3om pacnpenensitoTcsi Hanps>keHUA ¢ , NoA NOAOLUBOM XXeCTKOro wramna? Yemy paBHbI
peakTUBHbIE HanpsKeHUs noa kpaem wramna? Yemy paBHbl peakTUBHbIE Hanps)KeHUs oA cepeanHON JIEHTOYHOro

N KPYyrnoro >XeCTKkux wrTamMnoB?
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B cooTBeTCTBUM C peLleHneM 3ada4m 06 abCoNTHO KECTKOM LUTaMMe, NITOTHO NPUMbIKAIOLLEM K MOBEPXHOCTU YNpPYyroro
MonynpocTPaHCTBa U Harpy>XEHHOM CUMMETPUYHON Harpy3KkoW, anopa peakTUBHbIX AaBMEHUA MMeeT ceanoobpasHoe
oyepTaHue ¢ MYHUMarbHOWM OpAMHATON B cepeanHe U HanbonbLUMMKN OpauHaTaMn peakTUBHbLIX A4aBNeHW, paBHbIMM
6GeckoHeYHOCTH, y KpaeB. DT GeckoHeYHOo Borbluve OaBrNeHUs y Kpaes LTamna Bbl3biBatoT HEOOX0ANMbIA U3 MOCTAHOBKM
3agauu "nsnom" NoBepxHOCTU B KpaeBblx Toukax. Ecnv cpegHee faBneHne nog no4oWBOKM WTamna paBHo P, TO NoA
cepeavHON NIEHTOYHOrO WTamna opanHata antopbl pasHa 0,637p (To ecTb 2p/nt ), a nog Kpyrnbim wtamnom 0,5p
(pnc.M.8.12).

M.8.13*. YUto cnenyet caenartb, YTOOLI MPOBEPUTL YCITOBUE PpaBHOBECUS, NOSb3YACH 3MOPON peaKTUBHbIX
HanpskeHUn noa nNoAoLwwBoOM Wwramna?

[na aTton uenu cnegyeT HanTM 06bEM 3MKOPbl PEaKTUBHBIX AAaBNEHWI (4115 NNOCKOro WTamMna Ha eanHULY AJUHbI), U 3TOT
00BbEeM AOMKeH PaBHATLCA CyMMapHOW BHELLHEN Harpy3ke, 4EeNCTBYIOLWEN Ha WTamm, TO eCTb CyMMa NPoeKuUni Ha
BEPTMKaANbHY OCb AENCTBYIOLLMX CUIN OOMKHA PABHATLCA HyNO (YCroBUE paBHOBECKS).

M.9. PACYET OE®OPMALUA OCHOBAHUA COOPYXXEHUA

M.9.1. Kakoin 06bIYHO NpaKTU4eCKU CYUTAETCA 3Mopa NPUNOXKeHUA Harpy3ku Ha ocHoBaHue? Kakum obpasom
yunTbiBaeTcA 3arnybneHue chyHaameHTa B OCHOBaHue?

3ntopa NPUNOXeHUst Harpy3k Ha OCHOBaHME CYMTaETCs OObIYHO PABHOMEPHOW, ECMN Harpy3ka CUMMETPUYHAS, UK
TpaneuenaanbHOW, ecrn Harpy3ka npuroXeHa ¢ 3KCLLeHTPUCUTETOM.

3arnybneHve pyHoameHTa obbI4HO yYnThIBAaeTCA B hOpMe paBHOMEPHOWN BEPTUKANbHO AEUCTBYHOLLEN NPUTPY3KM MO KpasiM
dyHOameHTa.

M.9.2*. Kako BMA MMeeT antopa peakTUBHbIX HanpsXXeHUN Nnopg XXecTKum wramnom? Kakum o6pa3om Ha Hee BIIUAIOT
ob6nacTtu nnactuyeckon gecgpopmauumn?

Ontopa peakTUBHbIX HANPSKEHWI (OaBMNEHWI) MO XXECTKUM LUTaMIMOM, NOMNy4YeHHas 13 peLleHns Teopumn ynpyroctu, umeeT
dopmy "ceana" c MakCUMymMoM MoA kpasiMu (OpauHaThl paBHbl GECKOHEYHOCTN) U MUHUMYMOM B cepeauHe (MeHee cpeaHen
BENMYMHbI AaBrnenuns). MNocKkonbKy rpyHT (ga n nodon martepuan) He MOXeT BOCMPUHMMaTb 6ECKOHEYHO BONbLUNX AaBNEHNN,
TO NOA KpasiMy HauYMHaKT pa3BMBaTbCA 06NacTu NnacTuyeckon Aedopmanum, a opauHaThl NPkl PeaKTUBHBIX AaBMNEHWUIA
npeBblLLaTh NpeaernbHble 3Ha4YeHUs He MoryT. Ho UToOb! BBINOMHWTE YCNOBME PABHOBECKS, TO €CTb YTODObI HE HapyLuancs
06bem (nnowags) anopbl, MOBLILLIAKTCA OpAMHATBI AMOPbl BO BHYTPEHHEN ee yactu (pyuc.M.9.2,a).

B cnyyae aKCLEHTPUYHOTO NPUIOXKEHNSI BHELLHEN HAarpy3kv BMECTO NPSIMOYTofbHON 3Mopbl Mbl UMEEM TpaneLenaanbHyto
(pnc.M.9.2,6) n NnpMEHNTENBHO K HEW OENal0TCH Te Ke NOCTPOEHUs, Kakme nokasaHbl Ha puc.M.9.2,a.
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Puc.M.9.2. 3ntopbl peakTUBHbIX AaBNeHuI:

a - crny4van ueHTpansHOW Harpysku;

6 - criyyai BHELLEHTPEHHOTrO Harpy>XeHus:

1 - antopa no peLleHnio TeEopumn ynpyrocTu; 2,3 - TpaHcopmaums anopbl C POCTOM NNacTUYeckux gedopmaLini;
4 - BnA antopbl, MPUHMMAaEMbIN B NPaKTUYECKUX pacdeTax; 5 - ocagka NoBEPXHOCTU OCHOBaHus; 6, 7 -
MaKCcUMarnbHble U MUHUMarbHbIE KpaeBble AaBneHus; 8 - LEeHTP aMnopbl peakTUBHbLIX AaBNeHUn

M.9.3. Kakon Bua nmeet KkpuBas 3aBUCUMOCTHU "ocapKa-Harpyska" ans wramna v Kakom Bua en npuparoT npm
pacuyeTe ocagku?

KpvBas 3aBMCMMOCTM "oCagka-Harpyska" Ang wramna uMmeeT BuA, NpeacTaBneHHbIn Ha rpaduke. Mpu pacyeTe ocagku aTy
KPVBYIO Ha MHTEPECYHOLLEM Hac y4yacTke 3ameHsitoT npsamon (puc.M.9.3).

—1
™

DAMEH SO
[ P Mz

P, Mlla

S

V S, CM

Punc.M.9.3. 3aBucMoCTb 0cagku Wtamna OT Harpy3ku

M.9.4. Yto Ha3biBaeTcsa "ocapo4HbIM" AaBreHUeM U kakoe 060CHOBaHue AaeTcs TOMy, YTO OcajKa paccYMTbiBaeTcs
He Ha NOJIHYI0 BEeNIMYNHY AaBreHna?

OcagoyHbIM JaBNEHNEM P, MMEHYETCH Pa3HOCTb AaBMEHMIN NOMHOMO NepeaaBaeMoro OCHOBaHMIO Yepes NoAOoLLBY
dyHOameHTa 1 "ObITOBOr0" - NPUPOLHOTO AABMEHMS, KOTOPOE UCMbITEIBAET FPYHT HA OTMETKE 3anoXeHus nogoLUBbl
dyHOaameHTa. Takum 06pa3oM, ocagka pacCUUTLIBAETCS HE Ha MOSHY BENWYUHY MPUKNaabiBaeMOro 4aBfeHrs, a Ha
yMeHbLUEeHHY0. OBOCHOBaHNEM NS 3TOrO CIYXMUT TO, YTO OCaKkv B FPYHTOBOM MacCvBe OT BECa BbilLenexallemn TomMwm yxe
3aBEPLUMIUCH, a ynpyrne gedopmaum nogbema He3HauUTENbHbI, TAaKKe Kak 1 MOBTOPHbIE Ocagku (YNpyrne n OCTaTtouHbIe)
npuv Harpyske B Npefernax gaBrneHus OT BhilLenexallen Tonwm rpyHTta. lNoatomy kpvasi "ocagku-Harpy3ku" bygeT nmeTb
BMA, NokasaHHbIN Ha puc.M.9.4.
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Puc.M.9.4. 3aBMCMMOCTb Mexay 0CafKon 1 Harpy3Kkom Ha LwTamn:
a - Harpyska - NornHas pasrpyska 1 BTopu4Has Harpyska;
6 - ycnoBHas cxema, NpvHUMaemasi B METOAE 3N1eMEHTapHOro CyMMMPOBaHUA Ans pacdeTa 0cafok

M.9.5. KakvMe oCHOBHbIe AOMNYyLLEHUs! 3anoXeHbl B pacyeTe ocagky CNoco6oM NocronHoro cymmupoBanus? Ot
KaKoro ropM3oHTa OTCUUTLIBAETCA antopa NPMpPoOAHOro AaBreHns ?

OcHoBHble gonyuieHna cneayrouwne:

1. Ocagka NpoMCXOAMUT TOMbKO NPV AaBneHusX, NPeBbllLatoLLMX NPUPOLAHOE AaBeHe Ha OTMETKE 3anoXeHusi NoAoLWBbI
hbyHOameHTa.

2. CBs3b Mexay AaBrneHMeM N OTHOCUTENbHOM AedopMaLMen MHenHas n MoxeT BbiTb onMcaHa 3aB1UCUMOCTBIO 3aKOoHa
lNyka.

3. HanpsikeHnsi B rpyHTOBOM MaccuBe pacnpeensitoTcs B COOTBETCTBUM C PELUEHUAMU TEOPUM YTIPYTOCTH.

4. PaccuntbiBaeTca antopa AaBreHun ¢ Z no rnybuHe TonbKOo Mo 0CM CUMMETPUN Harpy3ku (X = 0), 1 3Tn HanpsXeHnst
CYMTAOTCSA OAMHAKOBbIMU BOOSb FOPU3OHTAaNbHOM ocK X. TakuMm 06pa3oM, MMEET MECTO HEKOTOPOE 3aBbiLLEHNE
Hanps>KeHU, 4ENCTBYIOLNX BOOMb OCK X, MPOTMB CPEeaHUX 3HaYEeHWI B Npeaenax WMPWHbI NOAOLWBbLI (DyHAAMEHTA.

5. CunTtaeTcsi, YTO FPYHT He NpeTeprneBaeT GOKOBOroO pPacLUMPEHUsI U CKMMAETCS TONbKO B BEPTMKAIIbHOM HanpaBrieHuu (3a

CYET 3TOro ocagka HeCKOmbKo NpeymeHblLlaeTcd). Cxema nokasaHa Ha puc.M.9.5.

P=H TC:0

f 7 N -0,

%02l =

=H.

Puc.M.9.5. Cxema gns pacyeta ocagok rno cnocody anemMeHTapHOro CyMMUPOBaHUS:
1 - anemMeHTapHbI cnon 4o gedopMaunm; 2 - To e, nocne gedopmauum
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3mopa npnpoaHOro aaBneHnAa OTCHUTbIBAETCA OT OTMETKM MOBEPXHOCTU IPyHTa — OT NPpUpoOaHOro penbecba.

M.9.6. Kakumu npuHumalroTcsi 6oKoBble AaBneHust NPy pacyeTe ocagku cnoco6om NocrnoMHoro CyMMMpoBaHUA?
Mo>XHO N cuMTaTh, YTO GOKOBOE pacluMpeHUe FPYHTa B 3TOM cnocobe NoNMHOCTLI0 He YYUTbiBaeTca?

npl/l pacyeTe ocaku cnocobom MocrnonHoro CyMMunpoBaHuA OOoKOBblE AeneHus NPUHNMAaKTCA TaKUMWN, KAKUMW OHU
nony4varoTCA npu CxXaTtnm royHta B 0ogomMmeTpe, ToO eCTb

XoTs npu pacyeTe 0caflok GOKOBOE pacLUMpeHne rpyHTa B 3TOM CNocolbe v He yunTbiBaeTcs (MPUHUMAETCS, YTo GOKoBbIe
AedopmaLn paBHbl HyI), HO KOCBEHHO OHM YYUTHIBAKOTCS TEM, YTO pacrpeeneHne HanpshkeHnin Nony4YeHo 13 peLleHus
TEopUM yNpyrocTy ANs NonynpocTpaHcTea (Mnu NomnyniockocTu), B KOTOPOM CYMTaNoCh, YTO cpefa MMerna BO3MOXHOCTb
GoKOoBbIX NepemMeLleHnit. Takum o6pa3oM, OHO HEMOCPEACTBEHHO HE YYUTLIBAETCS, @ KOCBEHHO U YaCTUYHO YYTEHO.

M.9.7. B chopmyne pacuyeTa ocagkm cnoco6om NocrionHOro cyMmMuMpoBaHUsA umeetcsi koadpduumneHT . OT Yero oH
3aBUCUT?

KoacbcpmumeHT B onpenensieTcs U3 BolpaxeHus

A

p=1
1-p,

W, criegoBaTenbHO, 3aBUCUT TOMbKO OT koadhduumeHTa NyaccoHa rpyHTa (koadhdpuumeHTa OTHOCUTENBHOW NONepeYHoNn
aedopmauun). B CHulM 2.02.01-83 ycnoBHO NPUHATO NOCTOAHHOE 3HaYeHune ans B (cumtaetcs, yto B = 0,8).

M.9.8. B kakux npeagenax BegeTca CyMmmMmmpoBaHue ocafku npy pacyete MeToaoM NOCNOMHOro CyMMUpPOBaHUA?
Bcerga nv npMHUMaeTcsa npy onpegeneHnmn NofioXKeHUs1 HKHEN rpaHnLbl CKMMaeMon Tonwm kosadduumeHT 0,27

B meToae NocrnonHoro CyMMmMpoBaHUs 0CaKku CyMMUPYHOTCS 4O TOW OTMETKW, KOrga oceBble AOMNONHUTENbHbIE MO
OTHOLUEHMIO K MPUPOAHBLIM HanpsixxeHnst He cHnsaTca 4o 20 % oT npupoaHbIX (ObITOBLIX) Ha 9TOW e OTMeTke. JTa OTMeTKa
cuMTaeTCsa HWXKHeEN rpaHnuen cxmmaemon tonwm (B.C.), a ocagkamm 3a CHET CXaTus HUXKEPACMNONOXEHHOW TOMLLM
npeHebperatoT. OgHaKo, ecnv HWKe pacrnonoXeHbl cnabble rpyHTbl ¢ Mogynem gedopmaummn E < 5 MlMa, To HWKHIOK
rpaHnLy CXUMaeMOW TOMLLM CNeayeT OnyCcTUTb 4O TON OTMETKM, rae OONONHUTENbHbIE MO OTHOLLEHWIO K MPUPOAHbLIM
naenenust coctaeaT 10 % oT npmpoaHbiX, a He 20 % kak 00bIYHO.

M.9.9*. NMony4aeTca Nu NMHeNHaA 3aBUCMMOCTb OCafKU OT Harpy3Ku B MeToAe NOCIIOMHOro CyMMUPOBaHUA?

HerT, He nony4yaeTca B CBA3M C TEM, YTO NoJ10XKeHne HWKHEN rpaHunubl CXMMaEeMOW TONLMN U3MEHSIETCS B 3aBMCMMOCTH OT

OEVCTBYHOLLIEro CBepXy 0Caf04HOro AaBneHns — yem Bonblue ocagovHoe AaBrieHne, TEM HIDKE MPU NPOYMX PaBHbIX
ycrnoBusix 6yaeT NonoxXeHne HWXKHEN rpaHnLbl CKMMaeMon Tonwu. NoaTomy 3aBUCUMOCTL OCagKu OT Harpy3km He BygeT
TNUHENHOWN.

M.9.10. OT Kakux pakTopOB 3aBUCUT MONOXKEHNE HDKHEN rPaHnLbl CXMMaeMOW TOMNLWM B MeTO4Ee NOCIONHOro
CymMmMUpoBaHus (OyaeT nu oHa pacnonaratbCs HKE Unu Bbilwe)?

3aBucuT OT:

— yAenbHoro Beca rpyHTOB OCHOBaHWS;
— Hanu4ums ropM3oHTa rPYHTOBbLIX BOA;
— 3arnyonexHus yHaameHTa;

— Harpysku Ha yHOaMEHT;

— WWPUHBI byHOaMEHTa;
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— COOTHOLUEHNA CTOPOH NoaoLUBbI cbpr,ameHTa B niaHe,;
— Hanu4us cnos criaboro rPyHTa B OCHOBaHUW.

M.9.11. Kakum obpa3om BNusitoT pacnorioXeHHble pssgoM chyHaameHThl Apyr Ha apyra? Kak ctpoutcsa antopa
HanpsHKeHUN ¢ , NPU HaNIM4YUK pacrnosioXXeHHoro psaom chyHaameHTa? Kak noctynuTtb, ecnv nogoLwwBbl COCeaHUX
hyHOaMeHTOB pacnonoXeHbl B pa3HbIX YPOBHAX?

Mpun pacnonoxeHnn yHOaMEHTOB PSAOM HanuyMe ogHOro U3 HUX BUSIET HA 0CaAKy cocenHero oyHaameHTa. Oto
06CTOATENLCTBO CrieayeT yunTbiBaTh Npu pacyeTe ocagku (puc.M.9.11). MosTomy Kk 4ONONHUTENBbHBIM SABMNEHUSM G ,
paccyMTbiBAaEMOro pyHaamMeHTa cregyeT 400aBUTb 3HAYEHNST HAMPSKEHUIN G ;, BO3HUKAIOLLUX B 3TOM MECTe OT COCeLHEro
byHOaMeHTa, Nonb3ysicb CNocoboM yrnoBbIX Tovek. Ecnv oTMeTkn NogoLwBbl OGHOMO M APYroro yHAaMeHTOB O4UHAKOBSI,
TO 3ntopa LOMNONHUTENBHbIX AaBNeHunin 6ygeT UMeTb HyNeByo opauHaTy BBepxy. Ecnv cocegHuii doyHoameHT 2 umeet 6onee
BbICOKO pPacrnoSiIOKEHHY0 NOAOLLBY, TO 3MOpa NonyyYnT B YpOBHE MOAOLUBbLI paccuMTbiBaeMoro yHgameHTa 1 koHevHoe
3HavYeHue OOMOMHUTENBHOrO OT coceaHero dhyHaameHTa 2 faBneHnst A o ;.

a) &)

o |

|
Oyt |

|
o |
Ao at (2)
QT

Punc.M.9.11. Cxembl onsa pacyeTta ocagok npy Hanuyuum 65IM3Ko pacnonoXeHHbIX PyHOAMEHTOB:
a - byHaameHTbl 1 1 2 HaxoaAaTCa PAAOM Ha OOAHOM YpPOoBHE; 6 - dyHAAMEHT 2 pacnosioKeH Bbille, YeM
dyHaameHT 1

M.9.12. [inAa kakoro criy4yas nosiy4eHo pelueHue 3agayum ob ocagke pyHaamMeHTa, B KOTOPOM yUYUTbLIBAETCA BIIMAHUE
BCEeX KOMMOHEHTOB Hanpsi>kKeHUn?

[nsa ogHOPOAHOro N30TPOMHOrO FPYHTA, Y KOTOPOro 1 Moaynb gedopmaummn Eq n koadpdpuumeHT MNMyaccoHa p g NOCTOSIHHBI.

M.9.13. Kak BbluMcnnTb 3Ha4YeHUs moaynsa aedopmaumm rpyHta Eo, Heobxogumble ans pacyeta ocagku, no
pesynbTaTaM WITaMNOBbIX UCMbITaHUW B NoONe UM KOMNPEeCCUOHHbIX UCMbITaHUA B ogoMeTpe?

Ha kpuBon "ocagka-Harpy3ka" wtamna BblOMpaloTcs OBE TOUKM, B Mpegenax KoTopbiX BEAETCA CrpsMITEHME.
PekomeHngyeTcs, 4ToObl MepBasi TOYKa COOTBETCTBOBara bbl JaBNeHWIO B IPyHTE B To4ke oTbopa obpasua oT cobCcTBEHHOro
BECa BblLUeNexallyx Croes p;, a BTopasi COOTBETCTBOBaNa Obl MOSTHOMY AaBMEHUIO P, OT BECA FPYHTA 1 OXXUMOAEMOMN
Harpy3ku OT CoopyXeHus. imeeTcs B BuAy, YTO KpMBas B AnanasoHe BbIOpaHHbIX ABYX OABMEHMIN XOpoLo Obl
annpokcMmmnpoBanacbk npsmon. [Ana Boidncnenns moaynsa gedopmauun Eq, MIMa, ncnonbayetca dpopmyna

g, - - mli-pi o

3~ 8

30ecb S, U S;, CM — BEMUYMHBI OCaaKM, COOTBETCTBYIOLLME AaBNEHUaM p; 1 p, MIMNa; d — guameTp wramna, cMm; o —

koadhbuumeHT bopmbl WTamna, pasHein 0,85; u o — koadduumeHT lNyaccoHa rpyHTa, NpUHMMaeMsbin 0bbibHo 0,3 Ans neckos
n cynecen n 0,4 ons rmuH. o pesynbTaTtamM KOMNPECCUOHHbLIX UCMbITAHUI B ogoMeTpe BenuunHa Eq, Mla, BeldmncnseTcsa no

dopmyne
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b (ﬁ’l—ﬁ’:)h—un)

roe e; n e; — 3HadeHns Ko PULIMEHTOB NOPUCTOCTU, COOTBETCTBYIOLLME AABMNEHUAM Py U Pa; S BENMYMHa Ha4yarnbHoOro
koadhuLUmeHTa NOpUCTOCTH, Noryyaemasi Ha ocu BenudvH e (cm.M.4.5, puc.M.9.13).

a) 6)

III

Py Pa  p, klla
V."& s CI

Puc.M.9.13. OnpegeneHue BenuumHbl Moayns gedopmMauum rpyHTa Eg:
a - Mo pesynbTatam LUTaMMOBbIX UCMbITAHWIA B NOMEBbLIX YCNOBUSX;
6 - N0 KOMMPECCMOHHON KPUBON

M.9.14. Korga pekomeHayeTcA NPUMEHATb CMNOco6 pacyeTa ocafKu C UCNOSNIb3OBaHUEM pacyeTHOM CXeMbl B Buage
NUHeNnHO-AePOpPMUPYEMOro CNnost KOHeYHOM TONLMNHBI?

OTm cnocobom npeanaraeTcsi NoNb30BaThCs, €CNU MOAY b AedopMaLmMm rpyHTa ocHoBaHus 6onee 100 MlMa unu ecnu
Moaynb aecdopmaumm Eq> 10 MlMa, HO wunpuHa nogowsbl pyHaameHTa 6onee 10 M. B aToM cnyyae ocagovHoe gaBrieHune
CYMTAETCH PaBHbIM MOMHOMY.

M.9.15. B yem cocTtouT nges merona akBuBaneHTHoro crnos (no H.A.LibiTtoBu4y)?

Voes 3aknoyaeTcsa B TOM, UTO NMpUpaBHMBAOTCSA OCagku, C OQHOW CTOPOHbI, WTaMmna (TMOKOro Mnm XXecTkoro), HaxogsLerocs
Ha ynpyrom ogHOPOLHOM NIMHENHO-AehOpPMMPYEMOM NOMYNPOCTPAHCTBE, a, C APYro CTOPOHbLI, MOBEPXHOCTHN 6e3rpaHNYHOro

NIMHENHO-0eOPMMPYEMOrO CrOos NMPU TEX Xe BENUYMHAX BHELLHEN Harpys3ku, 4eACTBYHOLEN OOMHAKOBO MO BCEW rpaHuLe
3TOro crnosl, 1 mogyns aedopmaummn. B pesynbraTte 3Toro NnpupaBHUBaHMS HAXOAUTCA TOSLLMHA Takoro cnosi hake,
Ha3BaHHOro 3KBMBaNeHTHbIM (puc.M.9.15).

b { yxoout b {yxomgur
| | 5 o) 5 o)
—r
]
7 e
= ocagee | ! i
Clcagra @ anm 7 ”
(royfuna 7 SHE
vXoguT B "+ 0"} g’

Puc.M.9.15. PacyeT ocagku no cnocoby 3KBUBANEHTHOTO Crosi

M.9.16. [inA Kakux criy4yaeB MCMNOJib3yeTcsl B pacCYeTHOM NPaKkTUKe cnocob 3KBMBaNeHTHOro crnos?

[nsa cnydyaeB HEOQHOPOOHbIX FPYHTOB OCHOBAHMS U MPU pacyeTe 3aTyxaHusi 0CagKn BO BPEMEHM MO TEOPUU
GUNbTPALNMOHHON KOHCOoNMaaumm.
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M.9.17. NMo4yemy B chopmMyrny ocagkv O XKeCTKOro wramrna Ha yrnpyrom rnosiyrnpocTpaHcTBe He BXOAUT rnybuHa
CXXMMaemown Tonwm?

MoToMy, Y4TO NONYNPOCTPAHCTBO CHWU3Y HE OrpaHMYEHO (TOMLWMHA paBHa 6ECKOHEYHOCTM) U MpY peLleHnn 3aaadm
OTbICKMBAETCS HECOBCTBEHHbIN MHTerpan. Ecnv 6bl TonwmHa Gbina orpaHMyeHa KOHEYHbIM pa3MepoM, OHa Bxoawna Obl B
OKOHYaTEMbHY0 DOPMYY OCaIKu.

M.9.18. OT kakux chbakTopoB 3aBMCUT KO3adhduULIMeHT ® B ddopMyne ocagku AN nonynpocrtpaHcTBa? Yemy oH paBeH
Onsa Kpyra, KBagparta, "neHtbI"?

OTOT KO3 DULMEHT 3aBUCUT OT (POPMbI B NaHe 3arpy>KeHHon nnowanky (kBagpaT, Kpyr, MPSIMOYronbHUK), a Takke oT
XKECTKOCTV Wwtamna (rMoKMI wramn unu xecTtkun). Ons kpyra v )ecTkoro wramna oH paseH 0,79, ang kesagpata — 0,88, ans
"neHThl" (COOTHOLLIEHNE pa3mepoB cTopoH 10:1 n Gonee) - 2,12.

M.9.19. Kakoi Bug umeeT antopa AaBrieHUN G , No rnMybuHe B MeToAe 3KBUBANEHTHOrO Crnos?

B mMeToe aKBMBANEHTHOrO Criosi OHa umMeeT bopMy NPSIMOYTrofibHMKA, PaCnpOCTPaHSIOLLErOCA Ha BCHO TOMNLLUUHY
3KBUBANEeHTHOro crnosi. OgHako 3aTeM 3TOT NPSAMOYIOfNbHUK 3aMEHSIETCS PaBHOBEMKUM TPEYroSibHUKOM C BbICOTOW, paBHOW
OBYM TOSLUMHAM 3KBUBANEHTHOrO cros (cMm. puc.M.9.15).

M.9.20. U3 kakoro npeanosioXXeHUs BLIBOAUTCA cpedHee 3HavYeHue KoadhduumeHTa OTHOCUTENbHOMN CXKUMaeMOCTU B
crnocobe 3KBMBaNeHTHOro crosi?

CpenHee 3HayeHMe koadpuLMEHTA OTHOCUTENBHON CKUMAEMOCTH B Cnocobe SKBUMBANEHTHOrO Crosl BbIBOAUTCS U3
NpeanonoXeHus, 4To ocagka OA4HOPOAHOrO OCHOBAHMWS MPU CpeaHeM 3HaYeHnn KoapduumeHTa OTHOCUTENBHON
CXXMMaeMOoCTW paBHa CyMMapHON ocafKe OTAemNbHbIX CIIOeB, TO eCTb NPUPAaBHUBAOTCA OCafKuM U, UCXOAA 13 3TOrO,
nonyyaeTca cpeaHee 3HadeHne KoaphULneHTa OTHOCUTENBHOM CXMMaeMOCTU. [1pn BbIUMCNEHNN HaNpshKeHW B npeaenax
KaXK[oro Crosi UCnonb3yeTcs TpeyronbHas anopa HanpsbkeHnn ¢ ; No rmybuHe, pacnpoCTpaHSoLWascs Ha ABOVHYHO TOMNLWMHY
3KBMBaneHTHoro cnos (cm.punc.M.9.15).

M.9.21. No4yemy cornacHo cnocoby 3KBMBaNEHTHOrO CNOsl CYATAETCH, YTO CXKaTUe rPyHTa NPOUCXOAMUT Ha ryouHy
3KBUBANeHTHOrO CJiosl, a He Ha ABOMHYIO ero rnyouHy?

[MoTomy, 4TO anopa HaNPSXKEHUN G , CYNTAETCS TPEYrONbHON, PACNpPOCTPaHSAIOLLENCS Ha ABOMHYIO MMyOUHY SKBMBANEHTHOrO
Cnosi, a 3Ta TpeyrosibHas anopa no NioLaam paBHOBENUKA NPSMOYTofibHON 3Mope, pacnpoCTpaHaoLWERcs Ha rnyounHy
3KBMBAIEHTHOrO CIos.

M.9.22*. Kakum o6pa3om onpeaensieTca KpeH XecTkoro pyHgameHTa?

KpeH pekomeHayeTcs onpenensite, UCXOAA U3 peLlEHNs Anst SKCLEHTPUYHO 3arpy>KeHHOrO EeCTKOro Lwtamna, Haxoasierocs
Ha ynpyrom nonynpocTpaHcTBe. KoadhduumeHTbl 4ns hopMyribl B 3aBUCMMOCTU OT COOTHOLLEHMS CTOPOH BbIYMCHEHBI U
npueeneHsbl, Hanpumep, B CHule.

M.10. BE®OPMALIUU IrPYHTOBbIX OCHOBAHUI BO BPEMEHMU

M.10.1. C yem cBsi3aHO TO OGCTOATENIBLCTBO, YTO FPYHTbI AehOPMUPYIOTCSA HE cpa3y NMocrie NPUIIoKeHUA Harpy3Kku, a
Ha 3To TpebyeTcs onpeaeneHHoe Bpemsa?

370 cBA3aHO C TeM, YTO AedpopMaLms rpyHTa onpeaenseTcs U3aMeHeHnem ero NopucTocTy 1 Ana 4edOpMUPOBaHUS rpyHTa
HY>XHO [IeDOPMMPOBaHME MEXOYYACTUYHbBIX CBSA3ei. DTN CBA3M YacTo BbIBaOT BA3KONIACTUYHBIMU U AedOPMUPYIOTCS He
cpasy, a c TedeHneM BpemeHu. KpoMe Toro, B nopax rpyHTa CooepXuTcs BoAa U M3SMeHeHWe NopucTocTh, 0CO6eHHO
MOSHOCTBIO BOAOHACHILLEHHOIO rPYHTA, CBA3aHO C HEOBXO0AMMOCTLIO OTXKaTUs BOAbI U3 NOP rPyHTa, Ha YTo TpebyeTcs Bpemsi.

M.10.2. C kakon CKOPOCTbIO B TBepAbIX Teflax pacrnpoCTPaHAITCA HanpshKeHUs ?
B TBepabIx TeNax HanpspKeHWs PacnpoCTPaHAOTCA CO CKOPOCTbIO 3BYKA.

M.10.3. Kakon npeactaBnsieTcs Mmoaerib NONMHOCTLI0 BOAOHACLIWEHHOIO MMUHUCTOrO rpyHTa? Yto mogenupyer
OuameTp OTBepCTUI B NOpLUHe?

K.Tepu,arm npeanoxun ana rnoyiHoCTbo BOAOHACLILWEHHOIO MMHUCTONO rpyHTa Takyo MoAernb: UMnnHap, 3anofHEHHbIN
BOOOM, BHYTPU KOTOPOIro MeeTCd CTalibHasA Nnpy>xuHa. LlVIJ'II/IHﬂ,p 3aKpbIT NOpLUHEM, UMEKLLNM BECbMa Malible OTBEPCTUA.
Ecnu Ha aToT nopLweHb NoCTaBUTb IPpy3, TO OMyCKaHMe NMopLUHA BO3MOXXHO TOJIBKO 3a CHET BbiAaBlIMBaHUA U3 LmunuHapa
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nuwHen Boabl. [NoplieHb HAYHET HagaBnMBaTh Ha NPYXMHY U OCTAHOBUTCS NWLLL TOr4a, Korga BCe YCUIus rpy3a NofHOCTbI0
nepenagyTcs Ha NpyxuHy. Npy 3TOM NULWHASA Boda U3 UMNUHAPA BblAABUTCSA Hapyxy. [luameTp oTBepCTUA MogenvpyeT
PUNbTPALMOHHYO CMOCOBHOCTL rPYHTa — YeM MefbYe OTBEPCTUSA, TEM MeLIEHHEE BblOaBNMBAETCS BOAA U MeasleHHee naet
npouecc ocagku (puc.M.10.3).

= 3

Pnc.M.10.3. Cxema, nosicHsiloLLaa NnoBegeHne BOAOHAaChILLEHHOro

FMIMHUCTOrO FPYHTa NpU CXXaTuu:

1 - NpyXuHa, 3aMeHsoLLLast CKENET rPYHTa; 2 - XUOKOCTb, 3aMeHSAoLas NOpoBYHO BoAy; 3 - MOPLUEHb C TOHKMM
OTBEPCTUSMU NS Nnepefayv SaBreHns Ha rpyHTOBYHO Maccy

M.10.4. B yem 3aknto4aroTcA NpeAnochINkU Teopun punbTPaLUMOHHON KoOHconuaauumn?
Mpeanocbinku Teopun GUNbTPaLNOHHON KOHCONMAALMN CBOATCA K CneayroLlemy:

— CKemneT rpyHTa NiMHenHo-gedopmMmpyemMbii, 4eddopMUpyeTcs MrHOBEHHO NOCIE NMPUNOXEHNSA K HEMY Harpy3Kku 1 BA3KUMU
cBA3AMU He obnafaerT;

— CTPYKTYPHOM NPOYHOCTBLIO FPYHT HE 0BnadaeT, AaBreHne B NepBbii MOMEHT MOMHOCTLI0 NepeaaeTcs Ha BOAY;

— TPYHT NOMHOCTbLIO BOAOHACHILLLEH, BOAA U CKENeT 0ObEMHO HECX)KUMAaEMbl, BCH BOAa B rPYHTE MMapaBnnYeckn HenpepbiBHa;
— QounbTpaumst nogumMHsIeTCa 3akoHy dapcu.

M.10.5. Kakne HanpsikeHUs BbI3bIBalOT CXKaTue rpyHTa?

Tonbko 3 EeKTUBHbIE, TO €CTb NEPEAAloLLMECs Ha CKeneT rpyHTa. HenTpanbHOe gaBneHne Ha cxxaTme rpyHTa He BrnseT.

M.10.6. Kakne cny4yan nameHeHusi NOSIHOro AaBreHus (3Npbl HaNPSXXEHUN G ;) PACCMOTPEHbI Ha NPaKTUKe U
ABNAKTCA TUNOBbLIMU?

PaccmoTpeHbl Tpu criyyas:
1) antopa npsimoyronbHasi;
2) antopa TpeyronbHas C BEPLLMHOW BBEPXY, Y rPaHuLbl (MMEeTCs B BUOY CxXaTue rpyHTa OT COBCTBEHHOrO Beca);

3) anopa TpeyronbHas ¢ BEPLUMHON BHU3Y N KOHEYHOW OpANHATON BBEPXY (3Ta aMnopa COOTBETCTBYET CNocoby
9KBMBANEHTHOIO Cos).

M.10.7. Kakon B nmeeT oCHOBHOe ypaBHeHue (ypaBHeHue MaBnoBCKOro), M3 KOTOporo BbIBOAUTCA ypaBHEeHue
Teopum punbTpaLMOHHON KOHconuaaumu? KakoB ero ¢pmsanyecknm cmbicn?

370 ypaBHEHMWE A1 OAHOMEPHOro criyyasi UMeeT BUf,

& On

& &

rae q — eOUHUYHBINA pacxod punbTpyloLlerics Boabl (CKOPOCTb), M/C; N — MOPUCTOCTb FPYHTA; Z — KoopauHaTa (BAOSb OCK Z
npovcxoanT unbTpauus), M; t - Bpemsi, c.
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OTO — ypaBHEHWE HepaspbIBHOCTY (CMMOLIHOCTW).

M.10.8. Kakon Bua umeet ypaBHeHUe hunbTPaLMOHHOW KOHCoNuaauum Ansi oqHOMEpHOW 3aga4m u
NPOCTPaHCTBEHHOW (TpeXmMepHoN) 3agaumn?

YpaBHeHM1e Ona o4HOMEPHOR 3afaqn cneayollee:

Ons I'IpOCTpaHCTBeHHOﬁ 3agayun OHO nmveetT B1a

Wy O Doy O Prop 0 Py
=y 7 t— 3 t— 3
& ax Y &

rae Cy — KoadULMEHT KOHCONUAaaLum; Prop _ NMopoBOE AaBreHue.

Kak BMOHO 13 3TUX ypaBHEHUI, 06a OHU NNHEVHBIE OTHOCUTENBHO Prop
M.10.9. C nomoLubIo Kakoro AonyLeHns nmHeapusyeTcs ypaBHeHUe hunbTpaumoHHOM KoHconMaauun?

YpaBHeHusi, npuBeaeHHble B 1.M.10.8, nuHenHble. OgHako npu nx BbIBOAE NPULLNOCL NpuberHyThb kK gonyweHnsam. OgHo us
HUX 3aKnoYaeTcs B cneayoleM. YpaBHeHne hunbTpauMoHHOW KOHCONUAaUMm nMHeapusyeTcsi C MOMOLLbIO TOro, YTO
ncnonb3yeTcs cpefHee 3HadYeHne KoaduLmeHTa NOPUCTOCTU Egpen, MOITOMY

an of e 1 &
_ — [ N
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N NPUHMMAETCS NMMHENHas 3aBMCMMOCTb MexXay npupaLLeHmsaMm KoaduLmeHTa NopnucTtocTn n 3dpEeKTMBHOrO AaBneHus
(3aKoH nmopucTocTh)

e

m“ =
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M.10.10. YTto npencraBnsieT co6om k03athppULMEHT KOHCONMAALMU, HA YTO OH YKa3bIBaeT U KaKyl UMeeT
pa3MepHOCTbL?

KoadhdpurumeHT koHconmaauum

on Of e 1
— T — =
& H\l+e 1+eqm

e
= !
e |
N MMeeT Pa3MepHOCTb MZ/C. OH YKa3blBa€T Ha CKOPOCTb NpOoXoXaeHna npolecca KoHconuaaunum — 4em oonblue

K03 hmUMEHT KOHCONMAaLmmn, TeM BbICTPpee OHa MPOXOAMT.

M.10.11*. Kako nopsifok umeeT ypaBHeHue (punbTpaLMOHHON KOHCONUAALMU U K KaKOMY TUNy
anddepeHunanbHbIX ypaBHEHUM OHO MPUHAANEXUT?

YpaBHeHve dypbe nMHenHoe, BTOPOro nopsigka u napatonuyeckoro tuna. OHo SBNsieTCA ypaBHEHMEM, OMCHIBAOLLM
HecTaLUMOoHapHbIN NPOLECC, TaK KaK COAEPKUT BPEMSI.

M.10.12*. B yem cocTtouT metoa PyphLe pelleHnss ypaBHEHUA Teopumn hunbTPaumMoHHOM KoHconuaauumn?
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MeTton ®ypbe cocTouT B crieaytoLem. [ockornbKy OCHOBHOE yYpaBHEHUE NIMHENHOE U COAEPXKUT ABa NepeMeHHbIX apryMeHTa
(koopauHaTbl U BpeMst), TO peLleHem ero 6yaeT CyMMa YacTHbIX pelleHnit. YacTHble pelleHnst OTbICKMBaOTCS B BUaE
npov3BeaeHnst ABYX HEM3BECTHbIX (PYHKLIMIA — OOHOM OT KOOPAMHATbLI, APYroi OT BpeMeHu. B pesynbTaTe Mbl nonyyaem
ypaBHeHuWe, pacnagatolleecs Ha Ba 0ObIKHOBEHHbIX AnddepeHUnanbHbIX YpaBHEHNS, KOTOPbIE NErko MHTErpuUpyTCS.
HanbHellwan 3aaa4Ya cBsi3aHa ¢ onpeaerneHnem NocTosHHbIX UHTErpUpoBaHNA UCXOASA M3 PaHUYHbIX Y Ha4anbHOro
YCIOBMWIA.

M.10.13*. Kakue rpaHuyHble 1 Ha4yanbHOe YCNOBUSA CTaBATCA A4S CNOSA MMUHUCTOro rpyHTa?

HauanbHoe ycnosue: npu t = 0 UMEEM P=Prop, @ Pspp = 0, TO ECTb B NEPBbIi MOMEHT BCE JaBneHne nepeaaeTcs Ha Boay, a
Ha cKeneT He nepefaeTcs.

"paHn4HbIEe yCnoBMA B 3aade O Crioe rpyHTa, nexaliem Ha Bogoynope, CBOgATCS K TOMY, YTo: 1) Ha BEPXHEW rpaHuue
nosiHoe AasneHne paBHoO addeKTUBHOMY, TO eCTb Mpu z = 0 1 t>0 nMeeM Pygpg = P, Prop = 0; 2) Ha HWXKHEN rpaHuLe nMeem
HyNeBOW rpafMueHT, To ecTb Npu Z = h umeem

a.prmp —_ @311:11: -0,

a i o

M.10.14*. B yem 3aknto4yaeTcs HEKOPPEKTHOCTb B NOCTAaHOBKE FPaHUYHbIX YCNOBUW ANA CMOA MMUHUCTOrO rpyHTa?

HesHauntenbHas HEKOPPEKTHOCTb 3aKMNioYaeTCsi B paCCMOTPEHMM HaYanbHOro MOMeHTa BpemeHu t = 0 u BepxHen rpaHnupbl z
= 0. C ogHOW CTOPOHbI, UCXOAA U3 Ha4YarnbHOro ycrnosus npu t = 0 Ha BEPXHEN rPaHnLIE Pnop = P, HO B TO Xe BpeMsi Ha
BepxHen rpaHuLe npu z = 0 JOrmKHO BbiTb Pagg = P. [103TOMY NprxoguTcs rpaHM4Hoe ycrnosue paccmaTpusars npu t>0, Ho
He npu t = 0.

M.10.15. YTto npeacraBnseT co6oto (pakTop BpeMEeHU U KaKyro OH UMeeT pa3MepHOCTb?

v et

2
dakTop BpeMEHU 4k , OH sBnsieTca 6e3pasMepHON BENNYMHOWN.

M.10.16. YTo npencraBnseT co60t0 CcTeneHb KOHCoNuaauum, Ha YTO OHa yKa3blBaeT, B Kakux npegeriax uaMeHsieTcsi
M KaKoBa ee pa3MepHOCTb?

CreneHb koHconuaaumm U ykasbiBaeT Ha TO, Kakas YacTb NOMHOM 0CaAKM NpomsoLua K AaHHOMY MOMEHTY BPEMEHMW.
CTteneHb koHcoNuaauun 6espasmepHa 1 nameHsieTca ot Hyns (Npy t = 0) 4o eanHULbI (Mpu t = ).

M.10.17. Kaknum ob6pa3om crneayeT BECTU pacyeT No Teopun GunbTPaLMOHHON KOHCONMAALMK, YTOObI
BOCMNONb30BaTbCs roTOBbIMU Tabnuuammu?

Cnepnyet HanTu, 3agaBasiCb CTENEHbIO KOHconuaaummn U, no Tabnuue sBenuymHy daktopa Bpemenn N 1 ganee no gopmyne
no N HaTK COOTBETCTBYIOLLYIO BEMNUYMHY BPEMEHM t. Takum 0Opa3om BbIMMCIIEHMS CUITBHO YMPOLLAKTCS.

M.10.18. Kakum o6pa3om namMeHsieTCA BpeMsi KOHconuaauum ans AByX CroeB pas3finyHOM TOJSLMHbI NPU OOHOW U
TOW Xe cTeneHun KoHconugauun?

B 3TOM crnyyae oTHOLLEHNE BpeMEH OKa3blBAETCS MPOMOPLMOHaribHbIM OTHOLLEHMWIO KBAAPaTOB BbICOT (Tak kak U ogHO U TO
e, To 1 N 0HO M TO Xe), criefoBaTerbHO, ECMNM OTHOLLEHME BbICOT paBHO 10, TO BpeMsi Anst JOCTUMKEHUS! OOHON 1 TOW e
cTeneHun koHconupauum 6yget He B 10, a B 100 pa3 Gonblue.

M.10.19. Kakum o6pa3om non3syyectb rpyHTa BIMAET Ha 0CagKy NMHUCTOro rpyHTa BO BpeMeHu?

YueT nonayyecTu ckeneta rpyHTa o6blMHO M3MEHSIET NPOLIECC NPOTEKaHWs! OCafKu rPyHTa BO BpeMeHW. B yacTHocTu, ecnu
TPYHT He MOJTHOCTbIO BOAOHACHILLEH, TO MOPOBOrO AABMEHNS NOYTH He BO3HMKaeT. B ManoBogoHacbILEHHOM rpyHTe Brara
npu ero cxaTun NepemMelLlaeTcsl BMECTe CO CKENeTOM 1 NMOPOBOE AaBIieHNe NPaKTUYeCcK oTCcyTCTByeT. CxaTtue —
OoTHOCUTEenbHas aedopmaLms B crioe NPoucXoauT BO BCEX TOUYKaX OOMHAKOBO, 8 CKOPOCTb 06LLIel ocanku Npsmo
nponopuuoHanbHa TonmHe crosl. MonsyyecTb ckeneTa 3aTarMBaeT npouecc AeopMUpPOBaHUS.

I'IpV| NOJTHOCTbKO BOAOHACLILLEHHOM rpyHTE OTHOCUTESTIbHaA /J,ecbopmau,vm pa3HaaA B pa3riMyHbIX TOYKaX Mo FJ'Iy6VIHe cnos.
OHa 3aBucuT ot BpeMEHN N KoOOpANHATbI TOYKWN. I'IonsyquTb yBEeITn4MBaeT npun 3TOM NnopoBoe AaBlieHne rno CpaBHEHUKO C
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TeM, Koraa ee HeT, U aedhopMaLmn B CKeNeTe CYATATCA NPOUCXOAALWNMM MTHOBEHHO, KaK B MOAEMMW FPyHTOBOMN MacChl.
Ocagaka npu NposiBrieHnn nonay4vyecty byaet npoucxoamTb Gonee meaneHHo, YeM 6es Hee.

M.10.20*. B 4yeM coCcTOUT OCHOBHasi uaes ypaBHeHUs HacrneacTBeHHoM nonsy4vectu bonbumaHa-BonbTeppbI?

OcHoBHas ugest CocTouT B TOM, YTO npum Kaxkgom CTyneHn Harpy3ku npouecc npoTekaeT He3aBUMCMMO OT TOro, Kakada Harpy3ska
Oblnia 4O 3TOro, HO CYUTaETCs, YTO OT BCeX npeabigywmx CTyl'IeHeIZ Harpy3ku npouecc He 3aBepLunrica. I'IoaTomy npouecc
Kak Obl CTyneH4aTo COBUHYT, a KOHEYHbIN pe3ynbTaT, NOCKOJIbKY YpaBHEHNE NWUHENHO, aABnseTca CyMMOIZ (I/IHTeraJ'IOM)
pe3ynbTaTtoB BCEX NpeaLleCTBYOLWNX Harpy>KeH|/||7|.

Ha puc.M.10.20 npegcTasrneHbl AuarpaMMbl, UNNOCTpUpYoLLME npouecc 4edopMUpPOBaHNs, ONUCbIBaeMbIN Teopuen
HacneacTBEHHOW NOMN3y4YecTu.

2 |
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Py

0

=¥
Punc.M.10.20. 3aBucumocTb OTHOCUTENBHON Aedopmaumm ¢ (3aTyxaroLas non3y4yecTtsb) OT BpeMeHu t npu
AencTBum Harpysku p, klla:
1 - kpuBasi oecbopMMpoBaHUS NOA AABMEHNEM p npu t<t; (NpoaomkeHre npoLlecca Non3yyecTu);2 - Ta xe
KpuBas npu t>t; - npogormkeHne npowecca nonay4vectu; 3 - ecnu 6bl gebopmauum OT p=p; CTabunuampoBanmcb
Obl npu t=t; , TO rpadpuk cnegosan Gbl NO 3TON NUHUK; 4 - rPadOUK MNON3YYECTU NPU HArpy3Ke pP,, ecnu bl
ctabunusauma gedopmarmm npomnsowna npu t=ty; 5 - rpacdmk, NoKasbIBaKLMIN HACITEACTBEHHYIO NON3y4YecTb

M.10.21*. Kaknum obpasom crneayet nosyunTb AAPO NONI3Yy4HeCTU U Kakue Tpu criyvas npu 3ToM BCTpevyarTca?

Anpo nonadyyecTy nonyyaeTcs sKCrnepuMeHTanbHbIM NyTem. [ns pasnuyHbiX CTaaui Non3y4ecTy OHO ONMUChIBAETCS
NPUHLMNMANbHO pasnuyHbIMK yHKUMsMK. Tpu criyydas, aT1o: 1) 3aTyxarowasa non3yyvyecTb; 2) yCTaHOBUBLLASICS NON3y4ecTb 1
3) nporpeccupytoLLasi Non3yyecTb.

Ecnu B3siTb KyOMK CBSAA3HOIO rpyHTA (MNUHbBI), TO NMPU MarnbIxX AaBNEHUsX, MPUKIaabiBaeMbIX K HEMY CBEPXY, MPOUCXOAUT
3aTyxaHne ocakm Co BpEMEHEM 1 ee cTabunmsaums (dasa 3atyxarowien nonsyyvectu). MNpu ganbHenwWemM yBennyeHnm
Harpysku ocagka 0yaeT HapacTaTb NPaKTUYECKU C MOCTOSHHOM CKOPOCTbI0 U He cTabunuanpoBaTtbes (pasa ycTaHOBUBLLENCS
nonay4yecTtn). [lanbHenLWwmnin pocT Harpy3km NpuMBeAeT K TaKOMy COCTOSIHMIO, KOr4a CKOPOCTb HapacTaHusi ocaaku GyaeT co
BPEMEHEM PacTu 1, HAaKOHeL,, NMPON30MAET NOSHOe pa3pyLUeHNe rpyHTa. OTO — dhasa NPOrpeCcCHpyrOLLIErO TEYEHUS UK
nporpeccupyoLen nondyyectu (cm.tarke M.12.3).

M.10.22. Yem pasnuyuaroTcsa nepBuYHasA U BTOPUYHas KOHconuaaumua?

MepBryHas koHconuaauus — aTo punbTpauuoHHasa KoHconuaaums. BropnyHas KoHconvaaumus ces3aHa C nonayyecTbio
cKerieTa rpyHTa, Kotopas npv nepBUYHON KOHCONMaauum He yuuTbiBaeTcs. Pacyet gecopmaunii ¢ y4eToM BTOPUYHOMN
KOHCONMMOauum CBA3aH CO 3HaYUTENTbHBIMU MaTEMaTUYECKMMU CIIOXKHOCTAMW AaXe Npy peLleHn OGHOMEPHOW 3afaqun.

M.11. NIPOYHOCTb 'PYHTOB U METO[bl EE ONPEOENEHUA

M.11.1. Yem BbI3bIBaeTCcsl CONpPOTUBIIEHNE FPYHTA cpe3y?

COI'IpOTVIBJ'IeHVIe FPYHTa Cpe3y Bbl3blBAETCA CONPOTUBNEHNEM MeXOYyHaCTUYHbIX CBsI3€M, 3aBUCALLUM OT npuKknagbiBaemMoro
OaBl1EHUA. npO‘-IHOCTb CBs13el 3aBMCUT OT Buaa FPYyHTa, ero Br1a>XxHOCTU U MITOTHOCTU.

M.11.2. Kakasa pa3Huua mexagy cpe3om un casurom? Kakor Bua umeeTt cxema npsimoro cpesa?
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Cpes npouncxoguT no onpefeneHHon nosepxHocTu. CxeMa paspyLleHus npegcrasneHa Ha puc.M.11.2. edopmauumsa cosura
3axBaTbiBaeT HEKOTOPLIN 06bEM 1 CBSI3aHa C NepekalunBaHNEM NPSAMOYTOfbHOrO rieMeHTa.

Mog npAMbIM CPE30M B MEXaHUKE NPYHTOB NOHUMAaeTCA Cpes, I/I306pa)KeHHbII7I Ha pI/IC.M.1 1.2, ogHaKo 4YacTo nog coBurom
NMOHNMAETCA N FIpFlMOIZ Cpe3, a 3TN NOHATUA OTOXAOECTBINATCA.

a) 6)
Jlo cpesa Jlo casura
—

D
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[Tocae cpesa [Tocae casura
e

— /_'_
-e—

- s

Puc.M.11.2. Cxema paspyLueHus rpyHTa:
a - cpes; 6 - casur:1 - NNOCKOCTb cpesa

M.11.3. YTo Ha3bIBaeTcA "KPpUTUYECKON" NOPUCTOCTLIO NEeCKa U KAKOMY COCTOSAHUIO NMecka OHa COOTBETCTBYeT?

Hedopmauusa caBura B rpyHTax cBs3aHa ¢ M3MeHeHMEM 0ObeMa, Tak Kak Npu CABWUre NPOMCXOaUT NEPEKOMMOHOBKA YacTul,.
Ocob6eHHO ABHO 3TO NposiBNsieTcsi B necke. [Npu caBure B NOTHOM NECKe MPOUCXOAMUT €ro pasyniioTHEHUE, a B PbIXIIOM —
ynnoTHeHne. OQHako CyLLecTBYET Takasi HavarbHas MOPUCTOCTb Necka, KoTopas NpW CABUre He U3MeHsieTcs. Ta
MOPUCTOCTb Ha3blBaeTCs KpUTMdeckon. Kputmndeckas NnOpUCToCTb BGrivke No CBOEMY 3HAUYEHMIO K MaKCUMaITbHOMW.

M.11.4. Kakon Buag nmeeT 3akoH KynoHa gnsi HeCBA3HOro rpyHTa? Yto Ha3biBaeTCA YrinomM BHYTPEHHEro TpeHus
necka?

3akoH KynoHa ansa HecBaA3HOro rpyHTa uMeeT cneayowmi sug (puc.M.11.4,a):
Tn = Grztgq)_l_cﬂ!

rae ¢ — Yron BHyTPEHHEro TPeHUs. Yron BHYTPEHHEro TpeHUs credyeT paccMmaTpuBaTh Kak napameTp fIMHEHOro rpaduka
cpesa obpasiia necyaHoro rpyHTa, KoTopblii MPOBEAEeH Yepes Hayano KoopavHar.

OpHako B psifie criyyaeB auarpaMma MOXeT UMeTb HayarbHbIN y4acToK Co, HasbiBaeMblli 3auenneHneM. O6bIMHO BENMYMHA
3TOro 3aLenneHns oYeHb HeBenuKka.
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Puc.M.11.4. PesynbTupyloLias cxema UCnbITaHUs NPsiMbIM CPE30M:
a - NecyaHbln rPyHT; © - MUHUCTBIN FPYHT

M.11.5. OT yero 3aBUCUT Yros BHYTpPeHHero TpeHuUs necka? Yto Takoe yron ecteCTBEHHOro oTkoca U coBnagaeT nu
OH C YrfiOM BHYTPEHHEro TpeHuAa?

Yron BHYTPEHHEro TpeHuna 3aBUCUT OT KPYNMHOCTU U MUHEPanorm4eckoro coctaBsa necka, ot ero nopucTtoCct n B 3Ha4nNTEINbHO
MEHbLLEN CTENEHN OT BMAXKHOCTU (‘-IaCTO OT BJTaXXHOCTU COBCEM HE 3aBI/ICI/IT). Yron BHYTPEHHEro TpeHna He coenagaet Mno
CBOEW BeNn4YnHe ¢ yrnom eCcteCTBeHHOro oTkoca, MMeHyeMoro nHorga yrriom "BHEeLUHero TpeHI/IFl". Yron ectecTBEHHOro
0TKOCa BMNa)KHOro necka MoXeT ObiTb Oonblue yrna BHYTpPEHHEero TpeHud, Tak Kak B 3TOM Cliyyae ,D,eI7ICTBy}0T KanunnsapHblie
cunbl, yaepXxuBarLwine OTKOC OT pa3pyLueHus.

M.11.6. Yem BbiI3bIBaeTCA CONpoTUBIEHUE Cpe3y CBA3HOro rpyHTa?

COI'IpOTVIBJ'IeHVIe Cpesy CBA3HOro MHNCTOIo rpyHTa BbI3bIBAETCA MeXay4aCcTU4HbIMU CBA3AMU — NIAaCTUYHbIMU BOOHO-
KONnnonaHbIMU N XpPYNKUMU LLEeMEHTaLMOHHbIMW.

M.11.7. YTto Takoe oTKpbITas U 3aKpbITasd CUCTEMbI UCMbITAHUN FFIMHUCTOrO FPyHTA?

Mpuv OTKpLITON cUCTEME BOAA MMEET BO3MOXHOCTb Moj AENCTBUEM NEPEAAtOLLErocs Ha Hee AaBneHusi BbIXOQUTb U3 Mop
rPYHTa Hapy>Ky, TO eCTb OTOUNLTPOBLIBATLCSA. [1pU 3aKPbLITOM CUCTEME BOAA HE MMEET BO3MOXHOCTM BbIXOAWUTL U3 FPyHTA, TO
€CTb BOZja NMOMTHOCTLI0 OCTaeTCs B Nopax rpyHTa U He nepemeLlaeTcs.

M.11.8. YTto Takoe nosnHoe, acpcheKTUBHOE U HENTparbHOe AaBneHna? YTo HasbiBaeTCcs rmgpoCcTaTUyeCKumM u
NopoBbLIM fJaBrieHnem?

lMonHoe aaBneHne — 3TO BCe AaBMEeHNe, NPUXOAsSLEecs Ha AaHHyo nnowaaky. A dekTmBHOE AaBnNeHne — 3To YacTb
MOHOro AaBneHns, BOCNpUHMMaeMasi MMHeparbHbIM CKENETOM FpyHTa.

HelTpanbHoe aaBneHve - gaeneHne, BOCNpUHMMaemMoe BOAOW. Takum o6pa3oM, apheKTUBHOE U HENTPanbHOE OaBNEHUSs
COCTaBNAT NOMHOE AaBneHune. M'apocTaTnyeckoe 1 NOPoOBOE AaBMEHUsI COCTaBNSAOT B CyMMe AaBneHne B BoAe, TO eCTb
HenTpanbHoe Aasrnexve. MnapoctaTuyeckoe AaBrneHne — 370 AaBIeHMe, KOTOPOe YCTaHOBUTCS B BOAE, KOrAa NOSTHOCTHIO
ncyesHeT M3ObITOYHOE MO OTHOLLEHUIO K HEMY AaBreHne, TO eCTb MOPOBOE AaBlEHME.

OdbheKkTUBHLIM JaBNEHME Ha CKENET rPyHTa HA3bIBAETCSA NMOTOMY, YTO OHO MOBbLILIAET CONPOTUBIIEHNE TPYHTA CPe3y.
M.11.9. KakoBa 3aBMcuMmMOCTb (3akoH KynoHa) Ansi HEKOHCONMMANPOBAHHOIO U KOHCONTMAMPOBAHHOIO UCTbITaHUA?

3akoH KynoHa gns cBs3HOro rpyHTa 3anucbisaetcs cnegyowmum obpasom (cm.puc.M.11.4,6):
T, =0, fgp+c,

raoe ¢ — yron BHyTpeHHero TpeHud; ¢ — yaenbHoe cuenneHue.

3OTa 3aBUCMMOCTb onpeaenseT npeaenbHoe COCTOsIHUE rpyHTa. Ecrnv cocTosiHMe B IIMHUCTOM FpyHTE
HEKOHCONUAMPOBaHHOE, TO MMEET MECTO AaBrieHne B NOpoBOi Boge (MopoBOe AaBrieHue) U, U 3TOT 3akoH byaeT
crieayoLmnm:
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T = (o, —uligp+e,

roe U R— nonHoe paBreHne Ha Nnowagke y>ke B MONMHOCTbI0 KOHCONMMOMPOBAHHOM COCTOAHUU, a Pa3HOCTb (Ij .l".l-u)
npegcraBndaeT S(Zb(lbeKTI/IBHOG OaBrieHune, To eCTb AaBlieHne, npuxoadiieeca Ha CKerneT rpyHTa. CTpOFO roeopsa, o n c
cnenyet paccMmaTpuBaTh JULLb Kak napamMeTpbl TNUHENHOro rpaq)vn(a Cpe3a CBA3HOIo rpyHTa.

M.11.10. Ansa yero cnyxuTt gauarpamma Mopa? B kakux koopauHatax oHa CTpouTcs?

Ounarpamma Mopa (puc.M.11.10) cnyxut onsa onpegeneHns Bcex KOMMNOHEHTOB HaNpPsKeHU, eNCTBYOLLKX MO Mobow, Kak
YrogHo HanpaBfneHHON NnoLLaake B TOYKe CroLIHOW cpeabl. Takum o6pasom, guarpamma Mopa xapakrepusyeT
HanpsikeHHOe COCTOsIHME B TOUKe. DTO HanpshKeHHoe cocTosHue ByaeT npeaenbHbiM, ecnu Kpyr Mopa kacaeTcs
npegenbHon ormbatoLen kpyros Mopa. Ecnv oH He kacaeTcs 9Tol npefenbHon ormbatoLLen, To cocTosiHne byaeT
HenpegenbHbIM. MNepecekaTb NpeaenbHyo ormbaroLLyo oH He MoxeT. MNpeaensHas ornbaroLas MoXeT ObITb
NPSAMONMHENHON nnu, B bonee obLlem crnyyae, KpUBOMNMHENHON — 3TO 3aBUCUT OT CBOWCTB CpeAbl, T.e. rpyHTa. [narpamma
Mopa cTpouTcs B koopauHaTax t (KkacaTenbHoe HanpsikeHue) - ¢ (HopmanbHoe HanpskeHne) Ans nodon nnowaaku.

Puc.M.11.10. Kpyrn Mopa:
1 - HenpegenbHbIN; 2 - NpeaerbHbIN

M.11.11. Kakasa pa3sHuua mexay anarpammon Mopa n auarpammon KynoHa? Kakue koopanHaTbl MCMOMb3YHOTCA NpU
NOCTPOEHUM ITUX Anarpamm?

dopmanbHON pasHuLbl HET, MOCKOMbKY NPV MOCTPOEHUN TOW U APYron AnarpaMmbl Mo ocu abecumce oTknagbiBaeTcs
HOpMaribHOE HarnpshkeHne ¢ , a Mo OCU OpAMHAT KacaTenbHoe HanpsixeHne t . Ho cylecTBeHHas pasHuua 3aknioyaeTcs B
TOM, 4TO gmarpamma KyrnoHa OTHOCUTCS NWLLb K OOHOW 13 NAoLWanokK, NPOXOASALWMX Yepes pacCMaTpuBaeMyto TOUKY B
MaccuBe rpyHTa, a guarpamma Mopa oTHOCUTCA KO BCeM Mrowagkam, NpoxoasiimMm Yyepes 3Ty paccmaTpmBaeMyto TOYKY, TO
ecTb guarpamma Mopa BkntoyaeT B cebsa guarpammy KyrnoHa Kak YacTHbI criyyai.

M.11.12. Kak 3anucatb ycnoBue npo4yHoctn Mopa mn ycnosue npovHoctu KynoHa? Kakas mexgy HUMu
npuHUMNManbHasa pasHuua?

Ycnosue Mopa B YaCTHOM crny4ae, Korga HanpsaXeHusda BXogAT B HEro NMHENHO, 3anncbiBaeTCs Tak:
0] — Oz = (01 +0;+2c- ctgq:-)sincp,

rae 6 1>G , — MMaBHble HaNPsHKeHUS.

B ob6wem cny4vae, korga ornbarowas npeaenbHbix Kpyros Mopa He NpsiMOnunHeriHa, 3Ta 3aBUCUMOCTb ByoeT MMeTb
dYHKUMOHaNbHbLIN BUA U 34eCb He npuBoanTcs. B ycnosrne Mopa BXxogaT ABa rnaBHbIX HANpskeHnsa ¢ 1 u o 2. OHO CBA3aHO
C HanNpPsHKEeHUAMU, OEACTBYIOLLMMU B TOYKE TPYHTa, U HE MPUBSA3AHO TONMbKO K HaMboree onacHom Nnowaake Kak ycrnosme
npoyHocTn KynoHa. Ho ¢ nomoLlubto gnarpammbl Mopa 3Ty Hamboree onacHyr nrowagky MOXHO HanTu.

Ycnosue npoyHocTh KyrnoHa, cBA3aHHOE TOMbKO C Hanboree onacHoOW NioLwagKkon, NPOXoasLLen Yepes AaHHYH TOUKY,
nmeeT BUA

T, =0, tgp+c,

Mpy 9TOM HanpsikeHHOe COCTOsIHME B TOYKE B LIENIOM HEe paccmaTpyBaeTCs.

M.11.13. KakoBo MMHUMarnbHOE YMCIO OMNbITOB ANs onpeaereHus yrra BHyTPEeHHero TpeHUsa ¢ U yaenbHoOro
cuenneHus c?

nOCKOJ’Ibe HEen3BeCTHbIX ABe BeJIM4YnNHbI, TO 1 MUHUMallbHOE YMCIO OMnbITOB — ABa (I'IOTOM pewarnTca ABa ypaBHEHUA C
OByMA H€I/I3B€CTHbIMI/I). [ns HecBsisHOro FPYHTA, Yy KOTOPOIro C = 0, MMHMMaNbHO BO3MOXEH OAMH OMbIT, C MOMOLLbIO KOTOpOro

yCTaHaBIIMBaeTCA BEJIMYNHA yITia BHYTPEHHEIo TPEHUA ¢ . 3T0 1 eCTb MUHMMarbHOE KONMMYECTBO OMbITOB, HO UCKITHOYatoLLee
BO3MOXHOCTb CTaTUCTUYECKOM 06p860TKVI pe3ynbTaToB.
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M.11.14. Kak 3anucatb ycrnoBue npo4yHoct Mopa B kKoopauHaTax ¢ ;, G x U T 4, ? Kakue yactHble cnyyau cnegyrot u3
aunarpammbl Mopa?

Ycnosue NPOYHOCTU Mopa 3alnncblBaeTCA B HANPAXEHNAX ¢ ;, 6 x U T , Cleayrownm 06pa30M:

2 2
i B — (Gx B Gz)z +41:xz — gin? .
o +0y +2¢-ctgp) (o, +0, +2¢-ctgp)

OTO ycnosue nonyyaeTcs U3 paccMoTpeHus npsimoyronesHoro TpeyronbHuka AO’ B B kpyre Mopa (puc.M.11.14.), rae AB=t 4,

C,.— 0O,
OB =2 %
: 2

Puc.M.11.14. MNpepenbHbin Kpyr Mopa 1 COOTHOLLEHWS, crieqytoLmne 13 ero nocTpoeHus

YacTHble criyyau cnegytoLume:

1) o , = 0 — 0 AHOOCHOE CXaTue;

2) 6  =-0 1 — YMCTbIN CABUI, KOrga ¢ 1 +o, = 0;

3) o 1 = 0 — ogHoOCHOE pacTskeHue (o,< 0).

M.11.15. Kakne nabopatopHbie MeToAbl onpeaeneHUsa XxapakTepuCcTUK NPOYHOCTU FFIMHUCTOrO FPyHTa Bbl 3HaeTe?
B nabopaTopHbIX yCroBUSAX OS5 9TON LN UCNOoNb3YHTCA METOAbI:

— MNPSIMOro cpesa;

— TPEXOCHOro CxaTus;

— CXaTus-pacTskeHus;

— MCNbITaHWs B Npubope ¢ He3aBMCHMMbIM PErYNIMPOBAHMEM TPEX IMaBHbIX HaMPSXKEHWN;

— ncnbiTaHna B npubope "aprkoBom npobbl”.

M.11.16. Kaknum o6pa3om o6bLIYHO NPOBOAATCA ONbITbI B NpMbope NpsAMOro cpesa u B crabunomertpe?

Ha npnbope npsamoro cpesa (cxema cpesa npefcrasneHa Ha puc.M.11.16,a) 0bbl4HO A4S NONyYEHUS Y MIMHUCTBIX TPYHTOB
NPaKTU4EeCKM OQHOrO N TOrO e 3HadYeHus KoadhuumeHTa NopmuCToCcTn Bce 06pasLbl-6I1M3HeLbl NepBOHaYanbHO
0BXMMaKTCHA NPU MakCMMarbHOM 3HAaYEHWUN OABMEHUS, @ 3aTEM OHU BCE, KPOME OAHOrO, pPasrpyxarTcs 40 BENNYUHbBI TOrO
OaBreHus1, Npy KOTOpom ByaeT NponsBoAnTbLCS ero cpes. [py Takom cnocobe npeaBapuTeNbHOroO 06XXaTus ¢ nocnenyroLlen
pa3rpy3kon HavanbHas MOPUCTOCTb Yy BCEX 0OPa3LIOB OKaXXETCS NMpakTUYeCKn oanHaKoBowW. [onyyYeHHble BENWUYMHBI
HOpPMarbHOro JABMEHUS M COOTBETCTBYHOLLME MM 3HAYEHMS MaKCMMarbHbIX KacaTerbHbIX HAaMpPshKeHUN, AeACTBYOLWME Ha
nnowagke cpesa, NogBepraTcs cTaTtucTuieckon 06paboTke € Lenbio NoNyYeHst HOpMaTUBHBIX BENWYUH YAENbHOrOo
CLeNnsieHns 1 yrna BHyTpeHHero TpeHusa. Obpa3subl NecHaHbIX rPYHTOB Takke MOryT OblTb NpegBapuTenbHO obxaThbl 1
JoBefeHbl 4O HeobX0OMMOWM MOPUCTOCTM, COOTBETCTBYHOLLEN 3aaaHHON. [pu caBure-cpese necyaHoro rpyHTa Heobxogumo
obecneunTb, YTOObI MECHMHKM HE nonaganu 6bl Mexay B3avMMOCABUIaLLMMUCS KOMbLiaMy 060AMBI.

Puc.M.11.16. llabopaTopHOOE onpeaeneHne xapakTepUCTUK MPOYHOCTU FIIMHUCTOrO FpyHTa:

a - Nnpmnbop npsamoro cpesa; 6 - Npnbop TPEXOCHOIo CxXaTtus;

1 - rpyHT; 2 - peanHoBas 060M04Ka; 3 - XX1OKocTb (BOAA);

4 - Npo3payHbIn LUNUHAP; 5 - A4aBnNeHne OT Hacoca, Co34aroLero BCECTOPOHHEE AaBneHuve; 6 - LWTOK AN
CO30aHNsi BEPTUKAIbHOIO AaBIeHust; 7 - NNOCKOCTb cpe3a unu ckona; 8 - ounbtp; 9 - wrtamn
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Takum >xe 0bpa3om Npon3BoanTCs NOAroToBka obpasuoB Ans ucneitaHus B ctabnnometpe (puc.M.11.16,6). O6xatue
06pasLoB B 3TOM Crly4yae Npou3BoAUTCS cCHadvana npv 04HOM M TOM Ke BCECTOPOHHEM AaBIIEHUN, @ 3aTeM 4151 OCTanbHbIX
06pasLoB NPON3BOANTCH Pa3HOE YMEHbLLEHME BCECTOPOHHENO AaBMNEHMS 40 BENMYMHbI, NPU KOTOPON HaMme4vaeTcs
pasgaBnuBaHne obpasLa BepTukanbHbIM gaerneHnem. Obxartme NnponsBoguTcsa 40 TOro BPEMEHU, KOraa 3aBepLUMTCS
npoLecc KOHCONMAaL MmN 1 NOpPoBOro AaBneHus He bygeT. OgHako MoryT OblTb Npou3BeaeHsl U "ObICTpbIe" COBUIM-CPE3HI,
Korga npoYHOCTb 0becneymBaeTcs NPaKTUYECKN OAHUM FULb CLENSIEHNEM.

M.11.17*. KakoBa cxema npubopa ¢ He3aBUCUMbIM perysimpoBaHueM Tpex rnaBHbIX HanpsXXeHUn?

OT1OT Npnbop nmeeT Kybnyeckyto opmy. Obpasel rpyHTa Takke npegcTtaenset codon ky6 (pnc.M.11.17), OKpyKEHHBbIN
obonmon. Kaxxgas us wecty nnacTuH, NPUMbIKaKOLWKX K FPaHsM rpyHTOBOIO Kyba, MMeeT ruapaBIiMyeckyto Kamepy,
HaMoJTHEHHYHO >XMOKOCTLIO, C pe3NHOBON anadparmoit. [JaBneHne XnakocTn B 3TUX NMOMHOCTLIO OOUHAKOBLIX KaMepax
n3mepsieTcs MaHomeTpaMu. B NpoTMBONONOXHO pacnonoXeHHbIX kKaMmepax OHO CO34aeTcs OAUHAKOBbIM. 10 MOHVKEHUIO
YPOBHS XXMOKOCTM B MEPHbIX TpyOKax CyaaT O BowleAlem B kamepy oObeme XXUAKOCTW, YTO NO3BOSISET paccymTaThb
aedopMaunm obpasLa B COOTBETCTBYIOLLEM HarnpaBreHuu.

Punc.M.11.17. Mpubop ¢ He3aBUCMMbIM PErYNMPOBaAHNEM TPEX FMABHbIX HANPSDKEHWUN G 1> G 2> G 3!
1 - nnacTnHa-kamepa; 2 - Tpybka Ansg NoABoAa XUAKOCTU B Kamepy; 3 - pe3nHoBas Anadparma; 4 - MaHoMeTp
(BCe WecTb NnacTuH OAMHaKoBbIe, KBadpaTHbIE)

M.11.18*. Yto Takoe napameTp Jloae n B Kakux npenenax oH uameHsieTca?

MapameTp Jloge nokasbiBaeT "B1A" HANPS)KEHHOrO COCTOSIHUSA U BblpaXKaeTcsa Yepes rmaBHble HAaNPsPKEHUSA U rnaBHble
aedopmauun. [Ina HanpspkeHUn OH onpeaenseTcs BblpaKeHnem

20‘—G+G]
L, = :[1 3:

G; —6G;

roe obs3arenbHO JOIMKHO BbINOTHATLCS YCNOBUE G 1> G o> ¢ 3. [1na gedhopmauuin B 3ToM oopMyre creqyeT ¢ 3aMeHNUTb Ha
¢ . Mpu 0bbI4HOM ycroBUM cTabunomeTpa, Korga o 1>, =6 3, NONYyYUM U ; = -1, ANs OpYroro criyyasi, MHoraa MMeHyemoro
"pacTskeHneM", Korga o 1<c ,=c3, NONYy4YUM L, = +1. Takum obpasom, napameTp Jloge nameHsieTcda B npegenax ot -1 go +1.

Puc.M.11.18. Kpyru Mopa ansa n3obpxxeHms NppoCTPaHCTBEHHOIO HaNPSXEHHOIO COCTOSIHUSA

C nomoLubto gmnarpammbl Mopa BO3MOXXHO nNpeacTaBneHne nNpoCcTPaHCTBEHHOIO HaMNPSKEHHOIO COCTOAHUA. [Inga aToro
n3obpaxkaloTca Tpy Kpyra HanpsbKeHUN, Kak 3TO nokasaHo Ha puc.M.11.18, koTopble kacatoTca apyr gpyra. Ecnm o ,=c 3 unm
G 2 =0 1, TO Avarpamma npegcraBnseTcs ogHMM Kpyrom. C NOMOLLIbIO TPEX KPYroB BO3MOXKHO Takke NpeacTaBuTb U

1

~[oy +03)
napameTp Jloge. [Insa 3TOro 13 To4kM KacaHusi kpyroe M, ouepumBaeTcsa ayra Mok ¢ ueHTpom Oy, paBHas -G ».
Hanee Touka M; coeanHsieTcsa ¢ K; TaHreHc yrna o =0;M;K uncneHHo paBeH napameTpy Jloge u . . Ecniv npuHATH, 4TO 00 —
BENnYMHa oTpuLaTernbHasa npu oTcyeTe ee NpoTUB YacoBOW CTPErKW, TO NapameTp u , OTpuLaTernbHbIA, a ecnv ero
OTCYMTBLIBATL MO YACOBOW CTPENKE, TO OH MONOXUTENbHBIA. B nocrnegHem cny4vae Touka M, 6ygeTt npaBee To4kn O 1 TOUKa
K 6ygeT pacnonoxeHa Bbiwe O;.

M.11.19. Kakne meToabl onpeaeneHns xapakTepucTUK NPOYHOCTU FPYHTOB B NONEBbIX YCNOBUAX Bbl 3HaeTe?

B nomnesbix yCnoBusX B OCHOBHOM pacnpOCTpaHEeHbl criegytoLmne MeTobl UCNbITaHWiA: 1) CABUT WTamna,
NPUOETOHMPOBAHHOTO K FPYHTY; 2) Cpe3 LieNnnKa, NOMELLEHHOro B 060MMY 1 Harpy>KeHHOTO CBEPXY Harpy3kou; 3) UcnbiTaHne
KpblnbyaTkow; 4) 30HOUPOBaHME C NMOMOLLBIO KOHYCa.

Mpu coBure wTamna oH 06bIYHO NPUOETOHMPYETCHA K OCHOBAHMWIO U YacTb LLEMEHTHOIO pacTBOpa 3aTeKaeT B rPyHT,
obecneumBas KOHTakTHoe cuennexHve. CoBUr LIenuka no CyLecTBy BOCNPOM3BOAMT Cpe3HON Npmbop. Harpyska ceepxy u
CABUrawLine ycunus co3gatrotcst JOMKpaTtamu, ynvparLwmMIcs B BEPTUKAIbHbIN nopTan v B ynopHbii maccms. O6
NCMbITaHMUM KpbIfibYaTKOM 1 30HAMpPOBaHMeEM cM.Takke M.11.20 n M.3.20.

M.11.20. YTo Takoe Kpblsib4YaTKa U CKONIbKO XapaKTePUCTUK NPOYHOCTU MOXHO MOJTy4UTb C €ee NOMOLbLI0?
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M.12. OLLEHKA MPOYHOCTN OCHOBAHUN COOPYXEHUN

sM.12.1. Kakon Bug nmeet KpuBasi 3aBUCUMOCTU OCaAKM LiTaMna, HaXo4sLerocs Ha NOBePXHOCTU FPYHTa, OT
cpeaHero paBneHua? Kakon Bug nmeer Ta ke KpMBasi, Nofly4eHHas npyu UCnbiTaHUU rpyHTa B ogomeTpe? Yem oHun
oTnunyaroTca?

KpuBas 3aBMCUMOCTM OCadKu LUTamna UMEEeT BbINyCKINoCTb kBepXy. Bornee GbicTpoe HapacTaHe ocafku C YBeNMYeHem
Harpysku o6bsICHAETCS MPOLIECCOM BbiAaBNMBAHUSA FPyHTa B CTOPOHbI OT LUTaMa BCreacTBME TOro, YTO B 3TUX 06MNacTax
pa3BuBaloTCa AedopManumn casura. Ecnv HanoxuTb Ha 9TOT rpadouk KpMBYHO, NoMydYaemMyto B ogomeTpe (npu
COOTBETCTBYOLLEM BblIOOpEe BbICOTLI 06pasLia, MHavye HaKMoOHbl ByayT pa3nuMyHbiMK), TO oHa ByaeT xapakTepr3oBaTbCs
HapacTatoLLei BOrHYyTOCTbI0 BBEPX C YBENMYEHUEM OaBMNeHs], MOCKOMbKY NMPU 3TOM rPYHT TOMbKO YNINOTHAETCS (CABUIoB
HeT) B BepTUKanbHOM HanpaBreHun, a C POCTOM MIOTHOCTU CKUMAEMOCTb YMEHbLLIAeTCs.

M.12.2. Mo kakomMy NpU3HaKy U Kak MOXHO noapasaenuTtb hyHAaMeHTbl Mo riy6uHe 3anoXxeHua?

Mo oTHocuTenbHOM rMybuHe 3anoxeHus (rMmybrHa 3anoxeHns d OTHOCUTENBHO LWMPUHBI b) OHWM NoapasaensaTcs Ha
dyHoameHTbl Menkoro 3anoxerus (d/b <0,5) (puc. M.12.2), cpegHei rmybuHbl 3anoxeHus (0,5<d/b<2), rnybokoro
3anoxeHus

(2 <d/b<4) n o4eHb rnybokoro 3anoxeHus (d/b > 4).

— T T AT

—
o]

B nepBsbix AByx cnyyasx (d/b<2) HabniogaeTtcs BbiNvpaHue rpyHTa Ha NOBEPXHOCTb, B MOCMEOHUX ABYX Cydasix NPOUCXOAUT
"BHYTpEeHHee" BbiNnUpaHme rpyHTa, a 0 NoTepe HecyLen CrnoCoOGHOCTN OCHOBAHNA MOXHO CYAUTb TOMbKO MO Havany peskoro

HapacTaHus OCafKw.
M.12.3. Kak pedopmupyeTtcs rpyHT BO BpEMEHU U KaK BbIrnaauT rpaduk "ocagka-spema™?

Ecnu B3siTb KyGUK CBSAI3HOMO rPyHTA (FMWHBI), TO NPY MarblX OaBEHNUsAX, NPUKNaabiBaeMblX K HEMy CBEpXY, MPOUCXOANT

3aTyxaHune ocafku Co BpeMeHeM 1 ee ctabunmsaums (dasa 3atyxarowen nonsydectn — 1) (puc.M.12.3). MNpun ganbHerwem

YBENMYEHUN HArpy3kn ocagka 6yaet HapacTaTb NMPaKTUYECKN C MOCTOSHHOM CKOPOCTbIO 1 He cTabununsmpoBaTtbes (hasa

YCTaHOBMBLLENCS nonadyyectn — 2). [JanbHenwmnin pocT Harpy3km NpuBEAET K TaKOMYy COCTOSIHUIO, KOr4a CKOPOCTb HapacTaHust

ocafkm co BpeMeHeM ByaeT pacTu 1, HaKoHEL,, MPoM3on4eT NOMHOE paspyLUeHne rpyHTa. 970 - pa3a NporpeccmpytoLLero
TeyeHus — 3.

¢ (Bpebot)
1
_ P
A] 3
i 2
L
_ ] s
3
L s
S,
ChL

Puc.M12.3. 3aB1ucumocTb 0cagku OT BPEMEHU AENCTBUSA Harpy3ku. [onsyyecTs:
1 - 3aTyxatowas; 2 - ycTaHOBMBLUAsACH; 3 - MporpeccupytoLLas

M.12.4. HazoBuTe chasbl gechopmMmpoBaHUA U rae HaXoAATCA rpaHuL bl 3TUX a3 Ha rpacduke "ocagka— Harpyska"?
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P, MIIa

III

Ha kpuBon "Harpy3ska-ocagka" (puc.M.12.4), nony4yeHHoON Ans wtamna, Haxoasilerocs Ha NoBEPXHOCTN OCHOBaHWUS, MOXHO
pa3nuunTb Tpu gasbl: | — chasy ynnoTtHeHus, |l — dpazy o6pasoBaHust 30H CABUIOB, pa3mep KOTOPbIX pacTeT C pOCTOM
Harpy3ku 1 lll — bady nonHoro BeiNMpaHus (MOTeps HecyLLen CnocoBHOCTM OCHOBaHMEM).

M.12.5. Kakas cxema npuHumaeTcs ansa onpeaeneHvs rpaHuubl | ¢pasbi? Kakon koadycpmumeHT 60KoBOro aaBneHus
rpyHTa B YCNoBUsIX ecTeCTBEHHOro 3aneraHus £ 0 npuHumaetcs B cxeme lNy3bipeBckoro-IF'epceBaHoBa? Ecnu & 0= 1,
O6ypet nu 3apoxaeHune NnacTU4ecKon odracTM NPOMCXoAUTL paHbLLe UK No3aHee?

[na onpegeneHuns rpanHuubl | dhasbl NpUHUMAaETCs cxemMa, Koraa OCHOBaHWe 3arpyXeHo paBHOMEpPHO pacrnpeneneHHon
HarpysKom p, pacrnonoXeHHON Ha y4acTke wupuHon b. Mo 6okam aencTByeT npurpyska g, a obnacts npegensHoro
paBHOBECUA TOMbKO HauMHaeT obpa3oBbiBaTbCA B ToUkax A1 n A2. KoadhdumumeHT 6okoBoro aasneHus & 0 B cxeme
IMy3bipeBckoro-lepceBaHoBa NpuHUMaeTcs pasHbiM eanHuue (0 =1). Ecnn E0 < 1unun 0 > 1, To B 06omx cnyvasx
obnacTb nnactuyeckon gedopmaummn bygeT 3apoxaartbca paHblue, Yem npu & 0 = 1 (pnc.M.12.5).

a) 6)

Pg

2
b 4+

Puc.M.12.5. OnpegeneHne KpUTUYECKON HArpy3Kkn Ha rpyHT B YCMOBUSAX NSIOCKON Aedhopmauum npu ¢ 1>c 2:
a - Harpyska; 6 - cuctema KoopavHaT

M.12.6. Kakon Bug nmeroT hopMyribl ANA rNaBHbIX HaNnps>KeHUM Npu 3arpy3ke KOHEYHOro y4yacTka rpaHuubl
NoJlynyioCKOCTU paBHOMEpPHO pacnpeneneHHOW Harpy3kom?

dopmynbl Ans rmaBHbIX HANPSHXKEHUN HanbonbLero ¢ 1 1 HAaUMEHbLLETO ¢ 2 UMEKOT CneayrLWmn BUA:

o) = (-:z+si11-::r,);cr:= (cr,—sin-::),

rP P
o n

rae o — yron sugumocTu (cm.puc.M.12.5).

M.12.7. MpuHnmatroTcA N gnsa pacyeta NepBON KPUTUHECKOW Harpy3ku NMosiHble 3HAa4YeHUS HanpsiXKeHUM, B KOTOPbIX
Y4UTbIBAeTCA COGCTBEHHbIA BEC FPYHTA, UM TONbKO AOMOJTHUTENIbHbIE HanpPsiXKeHUsi OT BHELUHEeW Harpy3ku?

Mpu BbIBOAE hOPMYNbI ANSA NEPBON KPUTUYECKON HArpy3kv MPUHUMAIOTCS NOSMHbIE 3HAYEHUS HaMNPSHKEHUN,
npeacraBnsoLmne codbon CyMMapHbIe HanpsXKeHUs OT BHELLHEW Harpy3ku p, MPUrpy3ku 1 Beca rpyHTa B paccmaTprvBaeMon
TOYKe Ha rnyOuvHe z, paBHbIE Y ,. HanpsXeHusa cuntarTca nepegarwumMmncs no rmgpocTaTtMYekoMy 3aKOHY Kak OT Beca v -,
TakK 1 OT MPUIPY3KK (, T.€. KaK OT TSHKENOW XnakocTu. MNoatomy cumTtaeTcs, 4to & o = 1.
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M.12.8. Kakoe cTtaButcs JKCTpemMaribHOe ycrioBue, YTOOLI nony4yuTb HegocCTawllee ypaBHeHUe and onpepgeneHus

BeriM4YMHbI NepBO KPUTUYECKOWN Harpysku?

SKCTpemaanoe yCnoBue 3akr4aeTcd B TOM, 4TO HaOo HaWTW Takoe 3HadeHune yrna smgnumocCTu o , YTObbI npu HEM rny6|/|Ha

pacnofioXeHnd TOYKM C npegernbHbiIM COCTOAHUEM Z Obina 6bl MakcMMarbHOR, TO eCTb npon3soaHasA do npupaBHuBanacb

Obl HyrHO0.

M.12.9. Kakon Bua nmeet o606weHHas cdoopmyna lNy3bipeBckoro-fepceBaHoBa? B BUAe CKONbKUX criaraemMbix ee
MOXHO npeacTaBuTb? YeMy paBHbI KoadcpuumeHTbl hopmynbl M, ,My,M. 1 OT Yero oHu 3aBucat? Yemy paBHa
Benn4ymnHa zmax no lNysbipeBckomy-I'epceBaHoBy 1 no CHull?

0606LeHHas chopmyna My3bipeBckoro-MepceBaHoOBa MMEET CrieayroLLUA BUA

_ ¥z, tg e ctgg)

? I
tgp——+
cZp 5 P

KoadhpumumeHTbl paBHbl

! 4-:1: —H+ ’ ct —“+
g2 5 P 29 2 P
M- TP
ctgq:-—f+q:-
2

¥

Mpu BbiBoAE koadhduumeHTa My cornacHo CHuUl npyHUMaeTcs Zma=bl4, koabduuneHTtsl M,, My n M, 3aBUCAT TONbKO OT
yrna BHYTPEHHEro TpeHus rpyHTa ¢ . Y N'epceBaHoBa 1 My3bIpeBCcKOro 66ir10 NPUHATO, YTO Zmax= 0.

+g=M ¥+ M g+ M C.

M.12.10. Kaknm ob6pasom npoucxoguT npouecc pasBuTua obrnacren nnactuyeckux gedopmauum nog oyHgamMeHToOM

C POCTOM Harpy3ku?

HENRRNE
| LT e

[T T e,
H

X
&

Py
l z Py &

CuunTaTeTcs, 4To 06nacTy nnacTMyeckux gedopMaumii 3apoxaatoTcs ¥ kpaes ddyHAaMeHTa; Aarnee ¢ POCTOM Harpysku OHU

pacnpoCTpaHsATCA Brydb M HAYMHAKOT 3axoguTe nod doyHgameHT (pnc.M12.10). HakoHew, npu Harpy3ke, JOCTUratoLLen
HecyLLlen cnocobHOCTM OCHOBaHMs1, 06e obnacTu nnactTnyecknx geopmManunii CMbIKaloTCa Ha ocu dyHOAaAMeHTa U

MPOVCXOOUT Pe3koe NpoceaaHne ero BHIS.

M.12.11*. Kakon BMA meeT cxema pacyeTa HecyLen cnocobHocTu ocHoBaHuA "no MpaHaTtno"? YTto HasbiBaeTcs

"ynpyrum agpom” u rae oHo HaxoauTcAa?

Mpun pacuyeTe BENUUUHbI HecyLen cnocobHocTy "no MpanaTno" npeanonaraeTcs CyLeCTBOBaHNE TPEX 30H: 30HbI C
MaKCUMarbHO HanpsPKeHHbIM COCTOSHMEM | (MU 30HBbI NACCUMBHOMO AABIEHNST), 30HbI C MYMHUMASbHO HanpsiKEHHbIM
cocTosiHveM |l (UnKn 30HbI aKTUBHOTO OABMEHUSA) U MEPEXOAHON MeXay HUMM 30HEI |lI, no3BonsALWwen NonyyYnTb NaBHoe

N3MeHeHne Hal'lpﬂ)KeHVIVl 0©e3 CKayKoB B HUX. I'IpM 3TOM npeanonaraeTcd, 4YTO Harpyska ABINAeTCcA paBHOMepHOVI n HEe nmeet
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ropu3oHTanbHOM cocTaBngLLen. B 0encTBUTENBHOCTM Mbl NPUKNaAbIBaeM Harpy3ky ¢ NOMOLLbIO XXECTKOrO LLepoxXoBaToro
LwTamna, No3TOMY HEMOCPEeACTBEHHO N0 HAM BMECTO 30Hbl C MUHUMAIIbHO HanpsXXeHHbIM npeaenbHbIM COCTOSHUEM
hopMUpyETCA 30HA, B KOTOPOW HET NpedenbHOro COCTOSTHUA U KOTopasi Kak Obl CIMBAETCS CO LUTAMMNOM, COCTaBMASt C HUM
OfHO uenoe. OTa 30Ha HasbiBaeTcs "ynpyrum" nunm "xectkum" sgpom (pmuc.M.12.11).

T

J

=G tgp +e
Puc.M.12.11. OyepTaHne pasnunyHbIX NO XapakTepy Hanps>KeHHOro COCTOSAHWUS NPeAeribHbIX 30H No CXxeme
MpaHatnga

M.12.12. Kakoe ycrnoBue, cBA3biBalLlee HanpskeHus, cregyeT CTaBUTb Ha NWHUKU, OrpaHUYMBaloLEen obnacTtb
BbINUpaHuna?

T=otgptec

Ha aton nuHumn ctaButcA ycnosue Kyn0Ha , TO €CTb OHa CYUTATETCH NUHUIA CKOMbXEHMS.

M.12.13. Bonbluee nnu MeHbLWee 3HaYeHne nmetot koadpcpuumnentsl N, , Ny u N. B hopmyne Hecyuiein cnocobHocTH,
YeM COOTBETCTBEHHO Koadhduumentsl M, , My n M. B 06061ieHHOn chopmyne MepcesaHoBa-ly3bipeBCKOro un oT 4ero
OHM 3aBUCAT?

Mockonbky koadpdpumumeHTtsl M,, My u M, oTBevaloT NuLlb HE3HaYUTENbHBLIM MO pa3Mepam 0bnacTAM NacTU4eCKom
AedopmMaumm, a cooTBeTCTBEHHbIE UM KoadduumneHTbl N, , Ny u N MONHOMY packpbITUIO 3TUX obnacTtew, To, eCTECTBEHHO,
nocnegHve 6onbLle No CBOUM 3HadYeHusaM, Yem nepsble. U Te 1 gpyrue 3aBUCAT OT yria BHYTPEHHErO TPEHNS ¢ , a ecnu
Harpyska nmeeT KpoMe BepTMKarnbHOW eLle 1 ropn3oHTanbHy0 COCTaBNSAOLLYH0, TO U OT yrra HaknoHa paBHOAENCTBYIOLLEN K
BepTukann. MakcnmanbHoe 3HadeHne Bcex KoaMULNEHTOB Mbl MOMydYaeM, €CNN HET FOPU3OHTANIbHOW COCTaBNSOLLEN.

M.12.14. Kakasi ocHOBHas uges nosioxxeHa B OCHOBY MeToAa KpyriouuinHgpU4ecKux noBepxHocTen?

B ocHoBe 3TOro MeToda 3anoxeHa naes o TOM, YTO Npu pa3pyLUEeHU OCHOBaHWUs Nod hyHAAaMEHTOM BO3HUKAOT ABe
XEeCTKMe HenpeerbHble 06racTu, OTAENSIWMNECa APYr OT Apyra KpyrnouunmHapuyeckor noBepxHocTbio (pnc.M.12.14).
Mpn npenenbHbIX YCnoBuax ogHa (BepxHssl) obnacTe 1 CKONb3UT BOOSb 3TON NMOBEPXHOCTM MO APYron HUXKHEN obnacTtu 2.
bnarogaps ycnosuto, 4UTo 06e 061acTh XXeCcTkme, BO3MOXHO OCYLLIECTBIEHME NepeHoca AENCTBYOLLNX CUIT BOOSb JIMHUA NX
OENCTBUS 1 ONeprpoBaHne paBHOAENCTBYOLWMMU. Hanbonee onacHas kpyrnouunuHapuyeckasi TOBEPXHOCTb HAXOQUTCS
nyTem npobHOro novcka n onpeaeneHnst MUHMMarnbHOM BENMYUHBI OTHOLLEHNSI MOMEHTAa BCEX YAEPXKMBAKOLLMX CUM K
MOMEHTY COBUraroLLMXCS CUI.

Puc.M.12.14. Cxema ans pacdeTa npegenbHON Harpy3ku B NpeanonoxeHnm obpasoBaHust
KPYrMOLMITMHOPUYECKMX MOBEPXHOCTEN CKOMBXEHWS
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12.15*. Kakne ypaBHeHu1s1 yaOBeTBOPSAIOTCSH U Kakue He yAOBIeTBOPSOTCSA B CMNOCO6€E KPYrnounMHAPUYeCKUX
noBepxHocTen?

B cnocobe KpyrmnounnmHapn4eCckmx HOBerHOCTeVI NOJNMHOCTbIO HE YAOBNETBOPAKTCA YCITOBUA paBHOBECUA O5A npoeKLu/u7| Ha
ocu (BepTVIKaJ'IbHyPO n ropwsoHTaanyro), TaK KakK HoOpMarlibHasa no OTHOLUEHUIO K Ayre OKPY>XHOCTU COCTaBlAoLan
paBHOD,el‘/‘ICTByPOLLI,eIZ Harpy3km yMHOXaeTCa Ha KOSq)q)VILI,VIeHT BHYTPEHHEro TpeHnda n 3TumMm OHa nNepeBouUTCA B KacaTellbHYH
KOMIMOHEHTY, B TO BpeMsA Kak (baKTI/I‘-IeCKI/I BOOJb MOBEPXHOCTU MO6I/IJ'II/I3yeTCF| He BCe TpeHne, a TOJIbKO 4YacCTb ero. To xe
camMoe fernaeTca U C cunamim cuenrieHns, ,D,eIZCTByI'OLLI,I/IMI/I BOOMb NOTEHUManbHOM NMOBEPXHOCTU CKOJIbXXEHUA, KOTOPbIe
MO6VIJ'II/I3yI'OTCF| NNLb YaCTUYHO. nOSTOMy 3TOT crnocob criegyeT paccMaTpuMBaTb Kak MH)KeHeprIIZ N HEOJOCTAaTO4YHO CTpOFMIZ.

M.12.16. Kakon Bua umeet chopmyna ans koacdhcduumneHTta sanaca (HagexHoctn)? 3aBUcUT nn KoadbduLMEHT 3anaca
YCTOMYMBOCTU Ha COABUI OT paanyca OKPYXHOCTU CKOJbXEHUsA?

OTa dopmyna ansa cnocoba KpyrnounnmHapUYeckmx noBepxHoOCTeln NMeeT crieqyoLmii BUa:

FIEP HL CHIT

Af

o I . CHLTL

K!ﬂ]’[ :-"?'! =

O}y paanyca oTHOWEeHne MOMEHTOB CUI, BXOOALWKNX B 3TY (bOpMyJ'Iy, cbopmaano He 3aBUCUT, OAHAKO KOoraga OTbICKMBAETCA
MWUHUMarbHOE 3Ha4YeHne BerMM4YnHbI K3an=y n, TO yCTaHaBnmMBaroTCA U paaunyc, 1 noroxeHne LeHTpa Ayru, oteevarouime
YyCnoBuo 3TOr0 MMHUMYMa.

M.12.17*. Kakum o6pa3om paccuuTbIBaeTCs yCTOMYMBOCTb Ha CABUT MO NSIOCKOCTU KOHTaKTa COOPYXKEHUs C
ocHOBaHuem?

NS
B!
>

1
AL COB -,

Tcunp

Ecnu He yunTbiBaeTCS BENMYMHA OTNOpa rPyHTa CO CTOPOHbI, KyAa HanpaBfeH caoBur, TO NOACYUTLIBAETCS BepTUKarbHas
coctasnstowasa gencreyrowwmx cun N (pnc.M.12.17), 3atem oHa YMHOXaeTca Ha koaddpuumeHT Tpenus f n gobaenstortcs
cunbl cuenneHus no koHTakTy C. Nocne aToro nonyyYnBLIeecs: MakcMarbHO BO3MOXHOE 3Ha4YeHne Curbl CONpPOTUBIEHNUS
OENUTCS Ha BENMUYUHY CABUratroLlen cunbl TCAB M TEM CaMbIM HAXoauTCa BeNMYMHa KoaddmumeHTa 3anaca (HageXHoCTH),
TO eCcTb

Nf +C
K:mz?nz‘;‘,—

COE

M.12.18. Kakum o6pa3om paccunTbiBaeTCsA YCTOMYUBOCTb COOPYKEHUS Ha ONpoKuabiBaHue?

YcTonumBoCTb Ha onpokuabiBaHme (puc.M.12.18,a) oueHnBaeTCst N0 OTHOLLIEHNO MOMEHTOB CUIN YAEPXKUBAIOLLMNX U CUI
OMNPOKMAObIBAKOLLNX, B3ATLIX OTHOCUTENbBHO KpamHen ToYkK. Mpy 3TOM CUMTaEeTCsl, YTO COOPYKEHME KakK Obl YyTb
MPUNOAHSANOCH U NOSTOMY peakLms OCHOBaHMS B BUAE COCPEAOTOMEHHONM CUIbl NMPUIOXEHA B KpaiHel Touke, a,
crnepoBaTernbHO, B YCIOBME paBHOBECUSI MOMEHTOB OHa HE BOMAET, Tak kak MPOXOAMWT Yepes 3TOT Mortoc.

[nsa Toro, 4ToObl YBENWYNTL YCTOMYMBOCTL HA ONPOKUABIBAHME, CrieQyeT BBECTM CreBa y COOPYXEHUS KOHCOMb
(pnc.M.12.18,6). B cnyyae gepopmmpyeMoCcTn OCHOBaHMS BpaLLEHNE MpU ONMPOKMObIBAHUM NMPOVCXOLAUT HE BOKPYT OAHON
KparHen TOUKN, a Coopy>XeHne "BXoauT" B rPYHT OCHOBaHUA, NO3TOMY M BpallleHre Npon3onaeT BOKPYr LIeHTPa,
pacnonararLerocs B npegenax nogoLBbl CoopyeHus (puc.M.12.18,8). OnpokngbiBaHWO NpealwecTByeT KpeH
coopyxeHusi. OBbIMHO CTPEMSATCS He AoMyCKkaTb OTPbIBA NMOAOLLBLI OT rPYyHTa, KpoMe ocobbix cryvyaeB (Hanpumep, OENCTBUSA
CENCMUYECKNX CUIT), N OFPaHNYMBaTb COOTHOLLEHNE MEXOY MakCUMarnbHbIM U MUHUMAanbHbIM BEPTUKaNbHbIMU
HanpsbkeHuamn (puc.12.18,r). MNMpu ycTaHOBNEHNM BENWUYMH 3TUX MaKCUMarbHbIX HanNpskeHW cneqyeT yunuTbiBaTh Takke U
KacaTenbHble YCUNNsi, BO3HUKAIOLLME MO NMOAOLUBE COOPYXKEHUS.
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Puc.M.12.18. Cxema gns pacdeta yCTOMYMBOCTM HaA ONPOKUAbIBEHUE:

a - oNpoKuabIBaHME NPOUCXOANT BOKPYr TOUkM O; 6 - KOHCONb, YBENMYMBaoLLas
COMPOTUBIIEHNE ONMPOKUABIBAHUIO; B - ONPOKMAbIBAHME BOKPYr ToYkM O npu BOaBMMBaHUU
COOpPYXXEHNSA B OCHOBaHME; I - antopa HopMarsibHbIX HANpPsXKeHU No nogoLwse yHOaMeHTa

M.13. TEOPUA NPEOEJIbHOIO PABHOBECUA TFPYHTOB

M.13.1. Kakum ob6pasom 3anucbiBaeTcsi ycrioBMe npeaesibHOro paBHoBeCUA B FMaBHbIX HanpskeHusx? Kakum
o6Gpa3om 3TO ycroBue npeodbpasyeTcs B 3aBUCUMOCTb, B KOTOPYIO BXOAAT BCE TP KOMMNOHEHTa HanpshkeHun (B
AeKapToBbIX KoopauHaTax)?

Ycnoene npegeribHoro paBHOBECUA B IMaBHbIX HAMNPAXEHUAX UMeeT BU
o, — 0, = (csl +0, +2¢-ctgq))5inq).

C nomoLubto kpyra Mopa u Teopemsbl Nudparopa, cornacHo KOTopom

2

2
O, —0 07— O,
T§x+ I x _ 1 2 ’
2 2

Gz+Gx _ I L o T

1
a Takxe y4yntbiBad, 4To 2 2 nonyyum cnenyroilee ycrnosue:

(Gz = Gx)z +41:i: = (Uz +0, +2—- -:tg‘q:-)z sin’ .

M.13.2*. CKONbKO HEN3BECTHbIX KOMMOHEHTOB HaNpsXXeHU! Mbl MMeeM B crlyyae NiIoCKOM 3ajayum,
OCeCMMMEeTPUYHOM 3a4auu, NPOCTPaHCTBEHHOW 3af4ayum B obLem crnyyvae?

B crnyyae nnockoi 3agayv Mbl UIMEEM TPU HEM3BECTHBLIX KOMIMOHEHTa HaNpPshKEHWIA, B CllyYae 0CECUMMETPUYHOI 3agaun
yeTblpe, a ANsi NPOCTPaHCTBEHHON 3a4aun B 06LLEM Cryyae LeCTb KOMMOHEHTOB HaMPSPKEHNIA.

M.13.3*. Kakne gononHuTtenbHble 3aBUCUMOCTHU npuBIieKarwTCA K ypaBHeHUAM paBHOBeCuUsA B TeoOpuun npeperibHoro
paBHOBeCUA Cbll'ly‘-leﬁ cpeabl B NJI0CKOW, OCQCVIMMeTpVI‘-IHOﬁ n HpOCTpaHCTBEHHOI;I 3agavdyax U CKOJIbKO 3TUX
OOMOJNTHUTENbHbIX 3aBUCUMOCTEN?
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K OBYM ypaBHEHUAM paBHOBECUA B City4dae NNoCcKon 3agaun npuenekaeTcd o4HO yCroBue, CBA3biBarOLLEeE€ KOMMOHEHTbI
Hal'lpﬂ)KeHVIVl, — ycrnoBue npenernibHoro paBHoOBeECUA. B cny4yae OCGCMMMeTpMHHOVI 3afayun K AByM ypaBHEHUAM paBHOBECUA
(I'IpoeKLI,VIVI Ha oCcun KOOpﬂ,VIHaT) NPpUBIIEKAETCA TakKXKe OOHO yCcrnoBue npenesibHoro paBHoOBeECUA, a OOMNMOJTHUTENbHbIM,
MOCKOJ1bKY KOMIMOHEHTOB B YPpaBHEHUAX YETbIPE, ABNAETCA YyCI1OBME paBEHCTBA MeXay cobon OBYX MaBHbIX Haﬂpﬂ)KeHVIVI
(npomex(yTquoe paBHO MUHUMaAlIbHOMY UIMA Machvlaanomy). B cny4vae ﬂpOCTpaHCTBeHHOﬁ 3agayn Mmbl UMEEM TPU
ypaBHEHNA paBHOBECUA N OAHO ypaBHEHME nNpeaeribHOro paBHOBECUA - TAKMM 06pa30M, He XBaTaeT ABYyX ypaBHeHI/IIZ.

M.13.4*. B kaknx cny4asix obwas cuctema ypaBHeHU Teopun nNpeaernibHOro paBHoBecUsl ABMNAETCA 3aMKHyTon? B
KaKuX crny4asix U CKOJIbKO ypaBHEHUWN He XBaTaeT A4Jisi NoNy4eHUsl 3aMKHYTOCTU cucTeMbl? YTo Ha3biBaeTcs
ycrnoBueM "nonHon" n "HenonHon" cbiny4yectn?

B cny4ae nnockon 3agadm cuctema okasblBaeTCsi MOMTHOCTBLIO 3aMKHYTOW. B cnyvyae ocecumMMeTpUYHOM 3afaum He XBaTaeT
OZIHOrO YpaBHEHWS U NPUBMNEKAETCS YCNoBme "NosTHON CbinyvecTn" nyTemM NpupaBHUBaHUS NPOMEXYTOYHOIO rMaBHOMo
HaNpsHKeHMs MUHUMarbHOMY UM MakCcManbHOMY, Nocne Yero cucTtema CTaHOBUTCS 3aMKHYTON. Ecrnn He npuBneys 3Toro
YCIoBMsi, TO cucTema ByaeT He3aMKHYToW (HenosHow). B cnyvae NnpocTpaHCTBEHHON 3afaun He XBaTaeT ABYX YPaBHEHUI U
cUCTEMa OKa3blBaeTCs HE3aMKHYTOW.

M.13.5%. YUemy paBeH nopsaok cuctemol andcepeHumanbHbIX ypaBHEHU B YaCcTHbIX Npou3BoaHbIx? Kakown
nopsAaoK nmeet cuctema anddpepeHumanbHbIX YypaBHEHUA TEOPUU YNPYrocTU (NNockas 3agayda) u Teopumn
npeaenbLHOro paBHOBECUA Cbiny4yen cpenbl?

Mopsipok cucTeMbl AuddpepeHLmanbHbIX YpaBHEHUI B YaCTHBIX MPOU3BOAHLIX PaBeH CyMMe NMOPSiAKOB BXOAALMX B Hee
ypaBHeHuin. Cuctema guddepeHLmanbHbIX ypaBHEHWIA TeopyUmn YNpyrocTy UMeeT YeTBepThIii MOPSAOoK, a cucTeMa
ypaBHEHW TeopUM NpeaenbHOro paBHOBECUSI — BTOPOI NOPSAAOK, TaK Kak ypaBHEHWE NpeaeribHoro paBHOBECUS BKIHOYaeT
TONbKO KOMMOHEHTbI HANPSHKEHWUI, HO HE UX NPOVN3BOAHbIE. DTO YpaBHEHME BTOPOW CTEMEHM, HO HYNEBOro nopsiaka.

M.13.6. Yto natoT HaM NPOU3BOSIbHbIE MOCTOSIHHbIE UHTErPUPOBAHUA U NPOU3BOSIbHbIE (PYHKLIMN MHTErPUPOBaHUSA,
nonyvyaemble B pe3yribTaTe peleHMsi OCHOBHOW CUCTEMbI YPaBHEHUN TEOPUN YNPYTrOCTU U TeOpUM NpeaeribHOro
paBHOBecCUA cbiny4yen cpenbl?

Mpoun3BOnbHbIE NOCTOSAHHBIE UHTENPUPOBAHNSA MO3BOMAT U3 0BLLErO PeLleHNs CUCTEMbI OBLIKHOBEHHbIX
AndpdepeHUmanbHbIX YpaBHEHWIA NMOMyYnTb YacTHOE pellieHre, YOOBMNeTBOPsoLLee KpaeBbiM YCroBusaM. MNponsBorbHbIe
pyHKLMM, MONyYatoLWmMecs B pesynbTate MHTErPUPOBaHNs cucTeMbl AuddepeHLmanbHbIX ypaBHEHNI B YaCTHbIX
MPOM3BOAHbIX, MO3BONSAOT MOMYYUTb YACTHOE peLleHne, YAOBINETBOPSIOLLEE rPaHNYHbIM YCIOBUSIM paccMaTprBaeMoii
3afayun. B Teopum ynpyroctv u B Teopum NpeaeribHOro paBHOBECHS 3TO — HaNPsKeHWs Ha rpaHvue obnacTu. Boonb yyacTka
rpaHuLIbl BO3MOXXHO 3a4aTh [Ba rPaHNYHbIX YCIOBUS — B TEOPUM NPeaeribHOro paBHOBECKS 3TO HOpMaribHOE U
TaHreHumanbHoe HanpsikKeHnsl Ha rpaHuue. B Teopum ynpyroct rpaHuYHble YCroBMs MOTyT BbITb 3aAaHbl B HamNpsiKeHWsIX
WY NepemeLLeHnsIX, MoryT BbITb U CMeLLaHHOro Tuna.

M.13.7*. Yem otnunyatrotcsa auddepeHumanbHble ypaBHEHUA rMnepobonnyeckoro, napabdbonmnyeckoro u
anNnMNTUYecKkoro TunoB? Yto HasbIBaeTCs xapakrepuctukon auddepeHumanbHOro ypaBHeHUA U Kak ee HauTu?
CKONbKO CyLLUeCTBYET XapaKTepPUCTUK?

XapakTtepucTmkon guddepeHumnanbHOro ypaBHEHNsT Ha3biBaeTCA JIMHUSA Ha NMITOCKOCTU, BOOSb KOTOPOW YacCTHble
NPOVN3BOAHbIE HE MOTYT OblTb OAHO3HAYHO OMNpeaeneHbl (4EeTEPMUHAHT OKA3bIBAETCA PaBHbIM HYIH0). XapakTepucTmKu
cucTembl andbdepeHumnanbHbIX YpaBHEHUIA MOTYT ObITb HaMAEHbI NyTeEM NPUPaBHUBAHWS BCEX AETEPMUHAHTOB CUCTEMBI
Hynto. Cuctema runepbonuyeckoro Tuna (Teopusi NpeaenbHOro paBHOBECKS Chinydeln cpeabl) UMeeT ABa ceMencTea
OENCTBUTENbHbIX XapakTepUCTKK, cucTema napabonumyeckoro Tvna (Teopust punbTPaLMOHHON KOHCONMAALUMM) — O4HO U
cMcTeMa annUNTUYECKOro Trna (Teopus ynpyrocTu) — ABa CEMENCTBA MHUMbIX XapakTEPUCTUK.

M.13.8*. C yem coBnagaloT xapakTepucTukn cuctemol andcepeHumanbHbIX ypaBHEHU TeOpUn NpeaernbHOro
paBHOBecuA cbiny4yen cpeabl? CKONbKO CUCTEM XapaKTepPUCTUK Mbl UMEEM B NIIOCKOM 3ada4ve Teopumn npegenbHoro
paBHOBecuaA?

XapakTepuUCTUKM cUCTEMbI AnddepeHumanbHbIX ypaBHEHUA TEOPUN NpeaenbHOro paBHOBECUS ChiNyyen cpeabl coBnagatoT
C JIMHUSIMU CKONBbXEHUS. B nnockon 3agaye Mbl UMEEM [Ba CEMENCTBA XapaKTEPUCTUK, crieqoBaTefibHO, Ba CEMeNCcTBa

y T, =C,tgp+c
JTIMHNN CKONbXXEeHWUA, BOOJ b KOTOPbIX BbIMOJTHAETCA yCcnosue .

M.13.9. Kaknm obpa3om peliaroTcsi ypaBHeHUs1 TEOpPUM NpeaesibHOro paBHoOBeCUsi Cbinyyen cpeabi?

ypaBHeHVIFI TEOPUN NpenersibHoro paBHoBeCcus Cbll'ly‘-leI7I cpenbl B obwem Cliy4ae peLwarTcA YACIEHHbIM cnocobom,
MOCKOJIbKYy CUCTEMa 3Ta HenuHenHasi (B ycnosue npeneribHoro paBHOBECUA HanpAaXeHnAa BXoaqaT B KBa,u,paTe). JInwb oveHb
OorpaHn4eHHoOEe KOJIM4eCTBO 3aday MOXeT ObITb peleHo B KOHEYHOM BMAae.
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M.13.10*. BcemM N1 rpaHM4YHbLIM YCITOBUSIM MOXET YAOBETBOPSATbL CUCTEMA YPAaBHEHUI TeOpun npeaenbHoOro
paBHOBecCUA Cbiny4en cpeabl?

HeT, He BceM. He Bce rpaHuyHble yCcroBust MOryT 0GeCNeunTb Takoe HanpsiKEHHOE COCTOSIHUE, MPU KOTOPOM B KaXKO0W TOuKe
BbINOSHSAETCS NpefernbHoe ycroBue. MockonbKy OCHOBHas CUCTEMA MMEET BTOPOIA NMOpPSA0K U MPOU3BOSIbHBIX (DYHKLINIA
VHTErpMpoBaHUsA ABE (a B TEOPUM YMPYrOCTY UX YETLIPE), 3TUX ABYX (DYHKUMIA "He xBaTaeT", YToOb! YAOBNETBOPUTL MHOGLIM
rpaHUYHbIM YCrOBUSIM.

M.13.11. Kak cTaBATCA KOHKpeTHble 3a4a4yv B Teopumn npenenbHOro paBHOBeCUs cbiny4en cpeabl?

KoHKpeTHble 3ajaun cTaBATCcs crieaytolmm ob6pa3om: Ha O4HOM YacTu rpaHuLLbl 06nacTy 3aaHbl HAaNpPsHKeHWs No BenuYmHe
1 1o HanpaeneHuto. TpebyeTcs oTbickaTb BENWMYUHY (MPY 3a4aHHOM HanpaerieHUn AeUCTBUS) UNW HanpaeneHue (npu
3ajaHHOI BEMNMYMHE) HANPSHKEHUI HA COCeAHEN YacTy rpaHnLbl 06MacTu, MCXOAs U3 TOro, YTO B KaXKOoW Touke obrnactu
MMeEeT MEeCTO MNpeaenbHoe COCTOSIHME.

M.13.12*. UmeeTcsa N1 eANHCTBEHHOCTbL B NOCTaHOBKE 3afay B TeOpUU NpeaenbHOro paBHoBecUs Cbinyyen cpeabl U
B TEOpUU YyNpyroctu?

B Teopun npenernbHOoro paBHoBecus Takon €ANHCTBEHHOCTU HeT, NOCKOJ1IbKY OCHOBHbIM YpaBHEHMEM MnpenerbHoro
paBHOBECUA ABNAETCA KBagpaTHOE ypaBHEHNE OTHOCUTEITbHO Hal'lpﬂ)KeHI/ll;I. nOSTOMy NMEEeT MecTO ABONCTBEHHOCTb, 1
npaBuUIibHYO NOCTAHOBKY 3ada4u NOACKa3biBaOT pe3yribTaTbl SKCNepuMeHTarbHbIX nccnegoBaHui. B Teopun ynpyroctu BcA
cuctema nuHerHas, Nno3TOMY MMEeET MeCTO eANHCTBEHHOCTb peLlleHna 3ahad.

M.13.13. Kakne npocTenume 3agayum Teopum npeaeribHOro paBHOBECUA CbiNy4yen cpeabl pewaroTcs B 3aMKHYTOM
Buae?

MpocTenwne 3agayu, peliaemMble B TEOPUM NPEAEeribHOr0 paBHOBECHS B 3aMKHYTOM BUAe, — 3TO 3aaayn 06 akTMBHOM U
NacCUBHOM [aBfeHUsIX TpyHTa Ha NOANOPHYHO CTEHY Npu ee rMafKkoi BepTMKanbHON NOBEPXHOCTU, MPUMbIKAIOLLEN K
3achblInke, ¥ NPU ropM3oHTaNbHOWM MOBEPXHOCTU FPYHTA 3ackinkun. Takke pellaeTcs 3agada o rpyHToBol Tpybe, Haxoasiencs
B NpefenbHOM COCTOSIHAM NoA, AEACTBUEM AaBMeHUst 3HYTPY (MNU cHapyku). MIMetoTcs eLle HekoTopble 3a4ayn, HO YMCIo
UX BECbMa OrpaHN4eHo.

M.13.14. Kaknum ob6pasom BnusieT yaenbHoe cuenyieHMe B 30He NPOCTENLLEero Hanps>keHHOro COCTOAHUA Ha 60KOBble
HanNpPsKEHUA G x NPY 3af4,aHHOM HanpPsHKEHUN G ,?

B 30HE MUHUManbHOro HanpaA>XeHHOro CoOCToAHUA (30He aKTUBHOIO ,EI,aBJ'IeHVIFl) BEIMM4YMHA G x C POCTOM cLenfeHnd c
YMeHbLLUaeTCAd, a B 30HE MakCMalribHOro HarnpAaXeHHoro CoOCToAHuA (3OHe naccmBHOro p,aBneva) BEJTIM4YNHaA G x C POCTOM
cuenrnieHna C yBernny4mBaeTCA.

M.13.15*. OTKyAa npom3oLUo Ha3BaHMe 30H C NPOCTENLIMM HanpsAXeHHbIM COCTOSIHUEM — 30Hbl MUHUMAalbHO
HaNpPs>KeHHOro COCTOSAHMA U 30HblI MaKCUManbHO HanpPs>XXeHHOro COCTOAHMUA?

30Ha MUHMMANbHOrO HaNPSPKEHHOrO COCTOSIHUST HA3bIBAETCSl Tak MOTOMY, UYTO SMINNC HANPSKEHUA B HEN nMeeT
HaMMEHbLLYH OCb FOPU30HTaNbHOM M ObiTb "TOHbLUE" HE MOXKET (NPW TOM XXe BepTMKanbHOM ocn). 30Ha MakCMMarnbHOro
HaNPsHPKEHHOrO COCTOSHUS MMEET "nexaunin” annunc HanpsiKeHU U ropusoHTanbHasi OCb annunca GbiTb BonbLLe HE MOXET
(Mpw TOM XXe BepTuKanbHOM ocu). Taknm obpas3om, ropnsoHTanbHasi OCb 3Mmnnca NpyM HEM3MEHHOM BEPTUKANbHON OCK
onpenensieT 3T Ha3BaHus.

M.13.16. B yem 3akntoyaeTcsi NOcTaHOBKA NPsIMOM U OOpaTHOM 3afa4y Teopun nNpeaeribHOro paBHOBeCUS Cbiny4ven
cpenbl?

B npsimoin 3agayve 06 0OCHOBaHMM 3afaHa Harpyska no BefMYMHE U HanpaBreHUo U OTbICKMBAETCS BENUYMHA NPUTPY3kK (Npwu
3a0aHHOM €€ HanpasieHun) unu HanpasneHve (Npy 3agaHHoON ee BenuuuHe). B obpaTtHon 3agaye 06 ocHoBaHWM 3adaHa
npurpyska (no BeENMYMHE 1 HanpaBNEHNIO) 1 OTbICKMBAOTCA BENUYMHA Harpy3ku (Mpy 3agaHHOM ee HanpaBieHun) unu ee
HanpaeneHue (Npu 3agaHHoON Benu4YuHe). Takum obpasom, TpU YCNoBUst BCerga okasblBatoTCs 3afaHHbIMK, @ OQHO
NOANEXUT onpeaeneHuio.

M.13.17*. ins 4yero Hy)xHa nepexofHasi 30Ha MeXxay 30HaM/U C MakCUMaribHbIM U MMHUManbHbIM HanpsiKeHHbIMU
COCTOSIHMSIMM B 3af,a4ax Teopum npenenbHOro paBHOBECUSA Cbiny4ven cpenbl?

BkrtoyeHre B paccMoTpeHre nepexoqHom 30Hbl (3oHa Il Ha puc.M.12.11) no3BonsieT Nony4nTb HEMPEPBLIBHOCTL BCEX
KOMMOHEHTOB HaMps>KeHWUI Npy Nepexone u3 O4HOWM 30HbI B APYTYO U NNaBHbIA MOBOPOT OCEN 3MIUMCOB HaNPSHKEHWIA.
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M.13.18*. Yem oTnnyuaroTcA pas3pbiBHOE U Hepa3pbIBHOE pPeLIeHUsA U Kakne KOMNOHEHTbI HaNPsXXeHUn npeTepneBaloT
paspbiB?

PaspbuaHoe M Hepas3pbliBHOE pelleHnA 3agaymn 006 ocHoBaHWK JatoT Pe3KO pas3rfiM4vHyo BENMUHYNHY Hecyu.l,e|7| CnocoBHOCTW.

B aTon 3agave npu nepexoge OT 30Hbl C MUHMMAaIbHbIM HaMPSXXEHHbIM COCTOSHUEM K 30HE C MakCUMarnbHbIM HanpsXKeHHbIM
COCTOsIHVEM MpeTeprneBaeT paspbiB Ha rpaHMLE 30H BEPTUKANbHOE HaNpPsXKeHNE G ,, a HanpsXeHne o  ABnseTcs
HenpepbiBHbIM (B 06eMX 30HaX T y, = 0).

i x)

[

il

.U IIpAmMas 3aagaua

@ 4= w (‘BMSJIJIHHC

P HANDAMEHK

JfpaTHan aagada

if

e

Puc.M.13.18. Cxema anga onpeaeneHnst npeaerbHON Harpy3km Ha OCHOBaHWe B NPEAnOSiOKeHUM
CYLLLECTBOBaHMWS pa3pbiBa B HaMPshXKeHUNU ¢ , cresa u cnpasa oT ocu X=0

M.13.19. Kakon Bua nmeet chopmyna HecyLien cnoco6HocTu no MpaHATnio U YTo NnonyvyaeTcs, eCnu cpena He
obnapaet TpeHuem (¢ =0)?

dopmyna Hecywen cnocobHocTu p, Kla, no MpaHaTnio (B HEM paccmaTpmBaeTCs Chinydasi cpeaa) UMeeT crieayoLwwmin Bua;:

pte-ctgp 1+sinq:-€m
g+c-ctgp 1-sing ’

roe q — npurpyska, klla.

Mpuv pa3pbIBHOM peLleHnn aTa hopmyrna BbIrsanT Tak:

pre-ctgp [l+sing ;

g+c-ctgp \1-sing

Ecnu cpena He obnagaeT TpeHmeM, To U3 nepeon oopMyIbl nonyymnm (no MpaHaTtnto)

p=(n+2)k+q,
a 13 BTOpou
P=Tc+4g.

M.13.20*. Fge pacnonaraeTtcsa "ocobasi TouKa" U KakoBbl ee CBOMCTBA?

"Ocobas Touka" (cm.pnc.M.13.18, Touka O) pacnonaraeTcsa B MecTe, rAe KOHY4aeTCsa Harpy3ka u HaunMHaeTCcs Npurpyaka, To
€CTb UMeEeT MECTO CKayOK B BEMMYMHE YCUINUIA, MPUINOXEHHbIX Ha rpaHuue. Ocobas Todka obnagaeT TeM CBOMCTBOM, YTO
npu Noaxone K Hew No pasnuyHbIM flydam Mbl NonyYaem pasnuyune HanpsbkeHus oT Hanbonbluero (Harpyska) 4o
HavMeHbLuero (npurpyska). Takum obpa3om, B 0Cob0oM TOUKE MMEET MECTO MHOFO3HAYHOCTb HAMPSKEHWIA.

M.13.21. HyXxHbl N1 3KkCnepuMeHThLI AN NPaBUIIbHOW NOCTAaHOBKU 33A4a4M C UCMOJNIb30BaHMEM OCHOBHbIX YPaBHEHUN
Teopuu NpeaenibHOro paBHOBECUSA Chiny4ven cpebl?
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Oa, HY>XHbl HE TOJ1bKO AJ14 NMPOBEPKN NoJTyHaeMblX BEJTMHNH HaI'IpFl)KeHI/IIZ, Kak 00bI4HO, HO U ONS1 MOCTAHOBKW, CBSI3aHHOW C
HEeOOQHO3Ha4YHOCTbIO (ﬂ,BOIZCTBeHHOCTb}O) peLIJeHVIVI TEOPUUN NpeaesibHoro paBHoOBECUA Cbll'ly‘-lGVI cpeabl.

M.13.22. Kakme MHXeHepHble 3aA4a4yun paccMaTpMBaloTCA B TeOpuu NpeaenbHOro paBHoOBeCUs cbiny4ven cpenbl?

B Teopun npegensHoro paBHoBecus 0ObIYHO paccMaTpuBaroTcs cnegyrowme 3agayum (puc.M.13.22) ¢ uenesio onpegeneHms:
1) HecyLlen cnocoBHOCTM OCHOBaHMS (3aBUCUMOCTM Harpy3ku OT NPUrpy3kn Unmn HaobopoT);

2) [aBneHus rpyHTa Ha NOAMOPHYH CTEHKY — aKTUBHOMO M MaCCUBHOrO;

3) yCTOMYMBOCTM OTKOCa 3a4aHHOro o4epTaHus (Heobxoaumown Npurpyskn ceBepxy, obecneynBatoLLen npegensHoe
COCTOsIHME);

4) dhopmbl NpeaenbHO YCTOMYNBOrO OTKOCA;
5) dopmbl cBOAA 0OpPYLUEHMS CBA3HOIO rpyHTa NpuY NOA3EMHON NPOXOAKE;

6) NnpenenbHOro AaBneHns B rpyHTOBOM Tpyoe.

r,_rrln' If.'

ERIREREN
( —
_i —

Puc.M.13.22. 3agaun, pelnaemble N0 TEOPUN NPEeAENbHOMO PaBHOBECKUS Chinyyen cpeqbl

M.13.23. KakoBa npepgernbHas BbiCOTa BepTUKanbHOro otkoca? Kak ee Hautu?

Mo Teopun NpeaenbHOro paBHOBECUS HEMOAKPENIIEHHbI BEPTUKANbHbLIA OTKOC MOXET UMETb BbICOTY h He Bornee

2¢.
o 2c-cosy

~ yl1-sing)’
rae v - yaenbHbI BEC PyHTa.

OTa BbICOTa HaxoQMUTCH U3 YCIOBWS, YTO B CAMOW HIDKHEW TOYKE TaKoro 0TKOCa ropu3oHTarnbHOe HanpshkeHve o 4 = 0, a
BEPTUKANbHOE G ,=Y 1. [ANs peLleHns 3agaym Ncnonb3yeTcs ycroBme npeaernbHoro pasHosecus (pync.M.13.23).
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HI e o

Puc.M.13.23. Sntopbl AaBneHus rpyHTa Ha rmagkyo BepTukarbHY MNOAMNOPHYI0 CTEHY G x U BEPTUKANBLHOMO
OaBreHns o ,

M.13.24. KakoB npeaenbHbIN yron HakrnoHa cbinyyero otkoca?

MpeaenbHbIii Yyron HaknoHa Chiny4yero 0Tkoca PaBeH Yriy BHYTPEHHEro TPEHUS ¢ .

M.13.25. Kakyto hopmy nmeet npeaenbHO yCTOMUYMBLIN OTKOC 6e3 npurpy3kn? Kakue ycnoBus ctaBsaTCA Ha ero
KOHTYype?

Ha koHType oTkoca puc.M.13.25 kacaTenbHoe HanpskeHue T , 1 HOpMarbHOE HanpsXXeHne ¢ , AOMXKHbI OblTb PaBHbI HYTIHO.
M.13.26. YTo o3HavaeT TepMuH "oTpuuaTenbHas npurpyska" B 3agayve o HecyLen CnocCoOGHOCTU OCHOBAHUA?

"OTpuuaTtenbHasi npurpyska" o3HavaeT, YTo st obecneveHms npeaenbHOro COCTOsIHMSA BO BCEX TOUKAxX MaccuBa rpyHTa
HEeOOXOAMMO MPUITOXUTb Ha FPaHULLE HE CXXMMAIOLLME, a pacTAarMBaroLLmMe HanpsXXeHusl, To eCTb "TAHYTb BBEPX", UTO He
peanbHo. [loaToMy He BO BCen 061acT OCHOBaHMS NPaKTUYECKM BO3MOXHO 06ecneynTb NnpeaenbHoe COCTOsSHME.

M.14. PACYHET OABJIEHUA TPYHTOB HA OrPAXOEHUA

M.14.1. C kakou Lenbo NPUMEHAITCA NOANOPHbIE CTEHbI?

MoanopHble CTEHbI MPUMEHSATCS A5 yAep)KaHWsl rPYHTOBbIX MacCUBOB OT CMOM3aHUs B TOM criyyae, korga YCTpoMCTBO
NCKYCCTBEHHOMO OTKOCA HEBO3MOXHO, @ ECTECTBEHHbIN CKIMOH HEOBXOANMO YaepKMBaTb OT CrON3aHus.

M.14.2. Yem rpaBUTaLMOHHbLbIE MNOAMNOPHbIE CTEHbI OTIINYAKOTCS OT ObNerYeHHbIX NrMOKMX NOANOPHbLIX CTEH?

Mpun rpaBUTaALNOHHBIX NOAMOPHBIX CTeHax (puc.M.14.2) ycTon4mBOoCTb Ha CABUM obecneymBaeTcs Nx BECOM (BECOM
mMartepuana CTeHbl U rpyHTa, HaXOAALWErocst Hag NOAOLLBOW CTEHbI), a TOPU3OHTanbHas COCTaBnsALasa AaBNEeHNs 3eMnn
BOCTMPVHNMAETCH CUION TPEHUS, pa3BMBaIOLLLENCS B NMOCKOCTU NOAOLLBbLI CTeHbl. ObrneryeHHble rMbk1e CTeHbl
3a7enbiBaloTCA B OCHOBaHME U MX YCTONUYMBOCTL Ha cABWUr obecneynBaeTcs pa3BUTVEM NACCMBHOIO OTNOPa B HWXKHEN YacTu,
a Takke BO3MOXHbIM HarnMunem aHKepHOW 3aJenku B BEPXHEN YacTUu CTEHbI.

1 2

= & ~

e /I A T

Puc.M.14.2. PasnunyHble BMAbI NOAMNOPHbLIX CTEH:
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1,2 - rpaBUTaLMOHHbIE; 3 - TMOKas WNyHToBas; 4 - Anadparmosast
M.14.3. Kakoi Bug MmeeT guarpamMmma gaBrieHUsl Ha CTeHY B 3aBUCUMMOCTM OT ee NocTynaTesfibHOro nepemMeLleHus ?

Ounarpamma gaBneHus, BO3HUKAOLLEro Mexay 3acbIinkor 1 3agHen rpaHbio CTeHbl, NokaszaHa Ha puc.M.14.3.

TOpHAOHTAMBHAA OPOEKIHA
paEHOgeHCTEYION el 300D
gaemenna F, (H

[TaccHeHOER
[JaEAcHHE
JarneHHe
AXTHEHOE OOEOT
[JaBAcHHE
=B +0

HE.pE.[‘fIE.]]_'[E.HI'IE. CTEHEL HEpEME]]_[EHHE CTEHHI
B CTOPOHY OT 33CHIIEKH B CTOROHY JdCHIIEH

Puc.M.14.3. 3aBncuMOCTb JaBNeHNs rpyHTa Ha CTEeHY OT ee nepeMeLLeHns

AKTMBHOE JaBneHne — MMHMMarbHO BO3MOXHOE JaBreHne, NacCUBHOE — MakCUManbHO BO3MOXHOE [JaBreHune.
M.14.4. Yto Ha3bIBaeTCA aKTUBHbLIM faBfieHWEeM FPyHTa Ha CTEHY U Korga OHO nposiBnsaeTca?

AKTUBHBIM Ha3blBaeTCs MUHUMAarbHOE U3 BCEX BO3MOXHbIX 1151 AaHHOW CTEHbl AaBMeHre Ha Hee rpyHTa, NposBnsioLeecs B
TOM cry4yae, ecrnv CTeHa MMeeT BO3MOXHOCTb MePEeMECTUTLCS B CTOPOHY OT 3aChINku Nog 4eNCTBMEM OaBMNEHNUs rPyHTa.
AKTUBHOE JaBrieHvne nHorga HasblBaeTcs pacrnopom (puc.M.14.4,a)

S\

T

Puc.M.14.4. [laBneHne rpyHTa Ha CTeHy:

a - aKTUBHOE; 6 - MaccuBHOE:1 - MONOXEHNEe 40 Havana nepemMeLLeHUst CTEHbI; 2 - NOMOXEHUE NOCHe NepeMeLLEHNS
CTeHbI; 3 - HanpBasieHne NepemMeLLEHUst CTEHbI;

4 - HanpaBneHWe ABWXEHWS FPyHTa B Npu3Me obpyLleHNs

M.14.5. YTo Ha3biBaeTcA NacCMBHbLIM AaBrieHWEM rPyHTa Ha CTEHY U KOr4a OHO NposiBnsieTcA?

MaccrBHBIM Ha3blBaeTCSH MakCUMaribHOe M3 BCEX BO3MOXHbIX 151 AaHHOW CTEHbl AaBMNeHWe ee Ha rPyHT, NPposiBrsioLLeecs B
TOM Cry4ae, ecrnv CTeHa MMeeT BO3MOXHOCTb NepeMeLLaTbCs B CTOPOHY 3acbINku Nof AeNCTBUEM BHELLHKX cun. MaccuBHoe
OaBrieHne HasbiBaeTcs otnopom (puc.M.14.4,6).

M.14.6. YTo Ha3bIBaeTcA "gaBrneHnemM Nokosi"” n Kkorga oHo NposBnsieTcAa?

[laBneHnem nokos Ha3blBaeTCHa Takoe AaBneHne FPYHTa Ha CTEHY, KOTOPOE COOTBETCTBYET HyNeBOMYy ee nepemMeLleHnto, To
€CTb 3TO Takoe OOKOBOE AaBrieHMe, KOTOpOEe nMmeeT MeCTo B MaccuBe rpyHTa, Korga CTeHbl HET, @ NOBEPXHOCTb IPYHTOBOIO
MaccuBa ropm3oHTaribHa.

M.14.7. Kakne ycunus AeCTBYIOT Ha NOAMOPHYIO CTEHY U KaK PacCUUTbIBaeTCA ee yCTONYNBOCTb?

Ha NnoAMNMOpPHYHK CTEHY AEVICTByeT OaBlieHune rpyHta u gaerneHne sBoAbl. Ecnu Hag 3acbInkon nmeetcs npurpy3ka, To oHa
cosfaeT 4OonOoJIHUTESNbHOE yCcunume, ,El,eIZCTByI'OLLI,ee Ha CTeHy. B pacyeTe yu4nTbiBaeTCA TakKke BeC CTEHbI U NneXXallero
HenocpeacTtBeHHO Haa ee NnogoLLBOW rpyHTa. B cBasn ¢ SaFJ'IY6J'IeHVIeM CTEHbl B TPYHT MOXeT ObITb Y4YTEHO ﬂeVICTByIOU.lee C
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MPOTMBOMNOMOXHOM 3achINKe CTOPOHbI NAacCUBHOE AaBneHne (OTrop), XOTs 3TO 06CTOATENLCTBO B 3arnac YCTOMUYUBOCTM YacTo
He yuuTbiBaeTcs. Ecnn Ha cTeHy NOCTOAHHO AEVCTBYIOT YCUMMS CO CTOPOHbI NULIEBOI TPaHK, TO OHM Takke NPUHUMAIOTCS B
pacuer.

M.14.8. Kakum o6pa3om U3 ypaBHeHUs NpeaenbHOro paBHOBECUs NONy4YUTL 3MOPY AaBrIeHUsl FPyHTa Ha rnagkyo
noAnopHyo CTeHy U aelcTBylolee ycunue? MNMokasaTb ABOWCTBEHHOCTb PeLUeHUs.

ypaBHeHVle npenernbHOro paBHoBecCud, 3annMcaHHoOe B AEKAPTOBbIX KOOpAMHaTax, UMeeT B

(Gz _Gx)l +4T§x
(Gz +0, +21:.=-n:1:g‘q:-)1

. 2
= sin” @

PaCCManMBaﬂ I'IpOCTeﬁLIJee HanpAXeHHoe COCTOAHME, COOTBETCTBYOLLEE rnmagkov 6e3 TPpEeHnA I'IOJJ,I'IOpHOIZ CTEHE U
FOpMSOHTaﬂbHOVI NOBEPXHOCTU 3acChbINKK, KOraa t ,x = 0, n n3enekas KOpP€Hb 13 obeunx yacTten aToro YpaBHEHUA, Nonyy4ynm

c, — O,

= tsing,
G, +0, +2c-ctgyp

TO €CTb NMHENHoe ypaBHeHne OTHOCUTES1IbHO Hal'lpﬂ)KeHMVI o;NC HanmeeHmecs z nonaraeTca paBHbIM vy ;. Haxopartcs
HanpsaXxXeHna o . , TO eCTb OpAuHaThbl NP AaBleHNA rpyHTa Ha NoAnoOpPHYH CTEHY.

M.14.9. Kakum obpa3om BnusieT Ha BENMUYNHY aKTMBHOIO U MacCMBHOIO AaBfIEHUN Ha CTEHY yaenbHoe cuenseHue B
rpyHre?

I'IpV| OANHaAKOBOM HE U3MEHAKLLEMCA 3Ha4YeHUn yrna BHyTpeHHero TpeHua ¢ C yBennmdeHmem yaernbHOoro cuenneHna B rpyHTe
C aKTUBHOE faBlieHne yMeHbllaeTCAd, a NacCMBHOE yBETNYMBAETCA.

M.14.10*. Kakum obpa3om BnusieT Ha BeNIMYMHY paBHOAENCTBYHOLLEN aKTUBHOIO AaBIIeHUs FPYHTa Ha NOAMNOPHYHO
CTeHYy HaKJOH 3aAHen rpaHu CTeHbI?

Ecnu 3agHss rpaHb CTEHbl MMEET YKIOH B CTOPOHY 3acbInkuy, TO AaBneHne ymeHbliaetcs (puc.M.14.10,a), B
NPOTMBOMOSOXHYH CTOPOHY — yBenuumaeTcs (pnc.M.14.10,6).

a} 6}

MeHBIIE Boanoie

il T

Puc.M.14.10. BnusiHne HaknoHa 3agHel rpaHn CTEHbl Ha BENUYMHY akTUBHOMO OABMNEHUS rPyHTa Ha Hee

M.14.11*. Kakum obpa3om BnusieT Ha BeNIM4YNHY paBHOAENCTBYIOLIEN aKTUBHOIO AaBJIeHUA TPyHTa Ha NOAMNOPHYIO
CTeHy yBeJiM4YeHue LepoxoBaToCTH 3agHen rpaHn?

C POCTOM LLEPOXOBATOCTM NMOBEPXHOCTU CTEHbI, KaK NpaBuI1o, akTUBHOE AaBlieHNe YMeHbLLIaeTCAd, a NacCMBHOe
yBenuynBaeTCcA.

M.14.12. B yem cyTb npegnoxeHun KynoHa no pacyety AaBneHusi FpyHTa Ha NOAMOPHYO CTEeHy?

Mo KynoHy npnama obpyLlueHns Bcerga orpaHMunBaeTCs MIOCKOCTLIO (@ HE KPMBOMMHENHON MOBEPXHOCTLIO), KaK MO Teopun
npeaensHOro paBHoBecKs B oOLem cnyyae. [lanee pasblCKMBAETCS SKCTPEMArbHbIV Cryvan (HaKmOH 3TOW NIOCKOCTU) 13
YCINOBWS MakCUMyma A51s akTUBHOIO AaBNeHns U MMHUMYMa Ansi TaCCUBHOIO OABNEHUS.

M.14.13. KakuMKM KOHCTPYKTUBHbIMU NpUeMaMn Npyu oAMHaKOBOM O6beme MaTtepuara cTeHbl MOXHO YBEeNUYUTb ee
o0LLy0 YCTOWYMBOCTb Ha CABUI U ONpOKuAbiBaHue?

1. Yactb mMmaTtepuana FpaBVITaLlVIOHHOVI CTE€Hbl 3aMEHUTb FTPYHTOM, 4TObObI CO3AaTh HEOOXOoOMMbIN BEC.
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2. YCTpouTb ApeHax B 3achblInke.

3. 3acbInKy NPOBECTU IPYHTOM C BO3MOXXHO GOIbLLMM YIIIOM BHYTPEHHETO TPEHMS.

4. Co CTOpOHbI NULLEBOV rpaHn CTeHbI cAenaTh BbICTYM - KOHCOIMb (MPOTMB ONPOKMAbIBAHKS).
5. 3aQHI0I0 rpaHb CTEHbl HAaKMOHUTb, YTOOLI CTEHA feXxana Ha rpyHTe.

M.14.14. Kakon BMA umeeT antopa peakTUBHbIX AaBNeHU noa noAoLWBOM CTeHbl U C MOMOLLbIO KaKoro npuema ee
MOXHO caernaTtb 6onee paBHOMepHON? [N Kakow Lenin HY)XHO UMeTb 6oriee paBHOMEPHYHO 3MIOPY PeaKTUBHbLIX
haBrneHun?

Onopa peakTUBHbIX AaBNeHUn NpUHUMaeTcs NMHENHoN (Tpaneums). bonee paBHOMepHOW ee MOXHO caenaTb, YBenuins
BbICTYMN KOHCOMW Y NULIEBOM CTOPOHBI CTEHBLI. YeM paBHOMepHee antopa AaBrneHun, TEM MeHbLUE BEPOSATHOCTb Nepekoca
CTeHbl BCreacTBMe 0Caku rpyHTa OCHOBaHWS.

M.14.15*. Yto npencTaBnser co6on siBneHue "HaBana" NoANOPHOW CTeHbI HA FPYHT U OT Yero oH Bo3HMKaeT? Bceraa
nu cnegyeT ero yuYuTbiBaTh?

ABneHune "HaBana" NOANOPHON CTEHbI HA FPYHT CBA3AHO C €€ HEPaBHOMEPHOW OCaZAKON U HAKMOHOM 3afHEeN rpaHu
BCMNeACTBME 3TON OCafky B CTOPOHY 3ackinku (puc.M.14.15). B pesynbTaTe gaBneHvne cTaHoBUTCSA BorbLle aKTUBHOIO U 3TO
06CTOATENLCTBO CreayeT YYnTbIBaTb NPV pacyeTe camoln CTeHbl Ha NPOYHOCTb. HaBan cTeHbl LenecoobpasHo yunTbiBaTh
TONbKO MPU BbICOKMX MNOAMOPHbIX CTEHKaX.

a} — _ B}
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Puc.M.14.15. BnusiHne HaBana BbICOKON CTEHbI Ha IPYHT HA AaBMNEHWE Ha Hee:
a - cxema nepemeLleHns cTeHbl; 6 - anpa gaeneHns:1 - akTMBHOE AaBrieHue; 2 - NacCMBHOE AaBneHue; 3 -
pacyeTHOe C y4eTOM HaBana

M.14.16. Kakon Bua npuobpeTaeT antopa akTUBHOro AaBneHUs rpyHTa ¢ y4eTom siBrieHusa "HaBana" n nocne
Tpam6oBaHusA 3acbinkn? Mcnonb3oBaHMe Kakoro rpyHTa Afs 3acbINkKM yMeHbLUAeT akTUBHOE AaBlieHUe Ha CTeHKY?

C y4yeToM HaBarna anopa AaBreHns yBENMUYMBAETCS M 3aHMMAET NPOMEXYTOYHOE NOSIOKEHME MeXaY SMPOo aKTUBHOMO U
naccusHoro gasnexus (cm. puc.M.14.15,6). Mpaktudeckn gasnenune ysenuumeaetcsa 4o 10-15 % (Ha BbICOKyto CTeHy). Takoe
K€ N3MEHEHME B 3MOPe BbI3bIBAET YNITOTHEHNE 3aCbINkn TpaMOoBaHNEM (3TOT 3PEKT YUNTbIBAETCA HA rMyOUHY
yNnoTHeHus1). YeM GonbLue yron BHyTPEHHErO TPEHMS B FPYHTE 3acbINKK, TEM MeEHbLUE aKTUBHOE AaBneHune. [oatomy
NCMNoNb3oBaHME KPYMHOOBGIOMOYHOIO rPYHTa MUK KPYMHOMO necka NPUBOAMUT K YMEHbLUEHWIO aKTUBHOIO AaBMNEHNs rpyHTa.

M.14.17*. NMo4yemy HyXeH ApeHax 3a CTEHOW U KaKuM oO6pa3oM BNMseT HanvM4uue BoAbl B 3acbINKe Ha obLiee akTUBHOe
JaBneHue rpyHTa Ha CTeHy?

[peHax 3a CTEHOW HY>XeH NMOTOMY, YTO OH CHUMAaEeT AaBMeHNe BOAbl HA CTEHY M YMeHbLUAET PunbTpaunoHHoe
NPOTMBOAABIEHME Ha NOQOLLBY rpyHTa. Mpy HaNMYMK ApeHaxa yBenMUYnMBaeTCs YCTOMYNBOCTb CTEHbI. HECMOTPS Ha TO, UTO
B cryyae 06BOAHEHMS FPYHT "CTaHOBUTCS Nlerdye" 3a cHeT B3BELUVMBAHUSI CKeNeTa B BoAe, AaBneHne Boabl 6onblue, 4em 310
"obneryeHve", n cymmapHoe gaBreHne 06BOAHEHHOIO rpyHTa Ha CTeHy 6onblue, YeM HeOOBOOHEHHOTO.

OpAavHaTbl aMopbl OABNEHUS G  NPW MAOKOWM CTEHE U rOPU3OHTaNbHOM 3achinKe paBHbI

s _?zl—sinq:-_l_ z 2sing
¥ 1+ sing * 1+5inq:-'

3pnecb BTOpPOE Clnaraemoe 3aByCUT OT AaBJlieHUA BOObl.

59



M.14.18*. Kakum obpa3om oTrnu4yaeTcs AaBreHne rpyHTa Ha cteHy "no KynoHy" ot gaBneHusi no teopum
npenenbHOro paBHoBecUs (akTUBHOE U NacCUBHOE)?

AKTUBHOE AaBrieHne MOXeT OblTb paBHO AaBneHuto "no KynoHy" nnm 6biTe 6onblue ero (Ha HECKOMbKO MPOLIEHTOB).
MaccuBHOe gaBreHne MoXeT ObiTb paBHO AaBneHuto "no KyrnoHy" nnu pesko npesbillaTb ero (B OTAeNbHbIX Cryyasx Aaxe B
Tpu pasa).

M.14.19*. Kakmue npeanonoxeHusi AenaroTcs nNpu pacyete rM6KuX noanopHbIX cTeH? YTo Takoe "koadhcmumeHT
nocrenu"?

an/l pac4yeTe rMOKMX noanopHbIX CTeH npeanonaraeTcd, 4To opanHaTa ankopbl OoKOBOro gaBreHus FPYHTaA Ha CTEHY CBA3aHa
C I'IpOFI/I6OM CTEHbl B 3TOM MecTe — 4YeM bonblLue I'IpOFVI6, TEM MeEHbLLE OaBrieHne. K03¢)¢)MLI,MGHT nocrtenn — 1o

K03(hPULMEHT NPOMOPLMOHANBHOCTY MEXAY NepeMeLLeHEM 1 AaBNeHNEM, UMEIOLLMA pa3MepPHOCTb, COBMaAatoLLyo C
pasMepHOCTbIO yaerbHOro Beca.

M.14.20*. Kak paccunTbiBaeTcsl noanopHasa cTeHa ¢ iIoMaHoW 3aAHeun rpaHbio?

CTteHa npogommkaeTcs 4O Bepxa 1 paccunTbiBaeTCs kak OyATO HAKMOH 3afHewn rpaHy BClogy OOAWHAKOB, a 3aTeM U3 3TOM
3MPbl UCMOMB3YETCA TONbKO Ta YacTb, KOTOpasd NpUXoAUTCSA Ha (PakTUYECKN CYLLLECTBYIOLLMI Y4aCTOK CTeHbI. B Lienom
antopa norny4vyaeTcs TOMaHon.

M.15. OTKOCHhbI

M.15.1. Yto Ha3bIBaeTCcsA OTKOCOM?

OTKOCOM Ha3blBaeTCs UCKYCCTBEHHO CO3AaHHasi HaKINOHHas NOBEPXHOCTb, OrpaHNYMBaloLLas eCTECTBEHHbIN MPYHTOBI
MaccuB Uy Hachbinb.

M.15.2. Yto Takoe 3anoxeHue otkoca? F'me HaxoauTca 6poBKa oTkoca? [ins 4yero ycrpamBaroTcsa 6epmbi?

3anoxeHne oTkoca — 3TO rOpPU3oHTanbHasi ero Npoekuusi. bpoBka OTKOCa - NIMHKS, KOTOopasi HAXOAUTCSA TaM, rae HaunMHaeTcs
ropu3oHTarnbHas 4acTb — ero rpebeHb. bepmbl — ropu3oHTanbHbIe NMOWaAKN, KOTOpPbIE YCTpanMBakTCa Anst obero
YMNOMNOXEHNs1 OTKOCA, a TakkKe No TEXHOMNOrnm4yeckum obcroatenscream (puc.M.15.2).

a) 6) ) r)

A 1:m
N O

I=mh

m=tg o

Puc.M.15.2. OTkocbl:
a - OCHOBHble pa3mepbl; 0, B, I - OTKOCbI C pa3nMyHbIM YKITOHOM: 1 - MOAHOXbE; 2 - NOBEPXHOCTb; 3 - 6poBKa; 4 -
bepma; 5 - rpebeHb

M.15.3. OT kakux pbakTOpOB 3aBMCUT YCTONYMBOCTb OTKOCOB?
YCTONYNBOCTb OTKOCOB 3aBUCUT OT:

— MPOYHOCTU FPYHTOB MOA OTKOCOM M B €r0 OCHOBaHUW, MPUYEM XaPaKTEPUCTUKMA MPOYHOCTM MOTYT M3MEHSTbCS CO
BpeMeHeM;

yAenbHOro Beca rpyHToB noA OTKOCOM U B €ro OCHOBaHUMN,

KPYTU3HbI OTKOCa;

BbICOTbI OTKOCAQ;

Harpy3oK Ha NnoBepxHOCTU OTKOCa,
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— QounbTpauum Boabl Yepes OTKOC;

— MONIOXEHUS YPOBHS BOAbI, HacCbILatoLLLEN FPYHT B Tene oTkoca.

OTKOCbI 3eMNSAHBLIX NAOTUH 1 aM0 B MOABOAHON YacTu 0ObiYHO Gornee nonorve, Yem B HaLBOLHOM.
M.15.4. Kakon xapaktep MOXeT HOCUTb pa3pyLueHne oTkoca?

PaspymeHMe OTKOCa MOXET NPoncxoanTb BHE3anHO M HOCUTb XapaKkTep obBana unu onnbiBa, a Takke NpoABNATLCA B BUOE
ONUTENbHOro ononsaHnst, YTo 0cobeHHOo XapakTepHo AnA MUHUCTbIX TPYHTOB. B pane cnyvaeB rpyHTbI OCHOBaHuWI nog
OTKOCOM 4ABNAKTCA MeHee NPOYHbIMU, YEM TPYHTbI B TE€J1€ OTKOCa. Torga cTaHOBUTCS BO3MOXHbBIM MX BblAaBnvBaHWe MU3-Nnoa
OTKOCa, C 06pyL|JeHllleM BCEro oTkoca urn ero 4actu.

M.15.5. Kakne ocHoBHbIe MPUYUHBLI MOTYT BbI3BaTb HapyLleHMEe YCTOMYNBOCTU OTKOCOB? Kaknumu meponpuatTusamMmm
MOXHO YBENUYUTb YCTOMYUBOCTb OTKOCOB?

Bo3amokHble NPUYUHBbI HapyLleHnA yCTOI;I‘-II/lBOCTI/I OTKOCa.

M3NULLIHAA ero KpyTusHa,

nogpe3ka OTkoca B HWXHEN YacTu;

yTaXeneHne OTKoCa BCreacTeme yBriaXHEeHUA rpyHTa;

— yMeHbLIJeHVIe BeJTMYUHbI I'IpO‘-IHOCTHbIX XapaKTepVICTVIK prHTa Tena OTKOCa Bclrieactsme ana>|<HeH|/|;| mnnn p,pyFI/IX
00CTOATENbLCTB;

— Harpyska Ha rpebHe oTKoCa;
— OMHaMuMyeckoe Bo3gencTeme u T.4.
MeponpuaTnsa no yeenumyeHno obLen yCTon4nBoCTy:

1) ynonoxeHue otkoca (pnc.M.15.2,6); 2) npurpyska ero HmwkHen Yactn (puc.M.15.2,r); 3) gpeHmpoBaHue oTkoca; 4)
3aKpensieHne rpyHToB Tena OTKoca; 5) npMMeHeHne cBai; 6) yCTPOMCTBO NOAMNOPHOM CTEHBI U T.4. YKPEenneHne noBepxHOCTH
0TKOCa MOXET ObITb AOCTUrHYTO YCTPOWCTBOM OAEXAbI, BLICEBOM TPaB C MPOYHOWN KOPHEBOW CUCTEMOWN

nT.a.

M.15.6. Kakon oTKkOC Ha3biBaeTcA npenernbHO yCTOMYUBbLIM?

MpenensHO YCTONMYMBBLIM Ha3blBaeTCHA OTKOC, NOA4 KOTOPbLIM B KaXO0W TOYKE FPYHT HAXOAMTCA B NPeAernbHO HanpsKEeHHOM
COCTOsIHMU. TeopeTnyeckm npenerbHO YCTONYMBbIA OTKOC U3 ChiNMy4ero rpyHTa — necka MMeeT NPSIMOSTIMHENHBIN KOHTYP C
YIIOM HaKrnoHa K ropu3oHTY, paBHbIM YIIy BHYTPEHHEro TpeHus. [NpeaensHo YCTONYMBBIN OTKOC M3 CBA3HOTO MITMHUCTOrO
rPyHTa KPUBOMUHENHbIN (CM.prc.M.13.25), KH1M3y OH MOCTENEHHO YNONaXXMBAETCS U CTPEMUTCA K HAKIOHY,
NpMbNMkKarLLLEMYCS K YIIy BHYTPEHHEro TpeHusa. Hambonee paunoHanbHoe odepTaHue oTkoca — 6rnmskoe K npegenbHo
YCTONYMBOMY.

M.15.7. Kaknm obpa3om npoBoaUTCA pacyeT YyCTOMUMBOCTU OTKOCOB NO MeToAy KPYrnouunnHapu4ecKnx
noBepxHocten? Kak paccunmtatb pasHOpPOAHbLIA OTKOC MO MeToAy KPYrinouUIIMHAPUYECKNX NOBEPXHOCTEN?

Mo meToay KpyrnounIMHAPUYECKNX MOBEPXHOCTEN NPOBOAUTCS CEPUsi BO3MOXHBIX Oy OKPY)KHOCTEN U AN KaKOOW U3 HUX
COCTaBMSETCS OTHOLLEHNE MOMEHTOB yAepXXMBatoLWMX 1 caBUraloLwmx cun. [lanee oTbICKMBaeTCA METOAOM NPOOHbIX
MOVCKOB MMHUMYM 3TOrO OTHOLLEHUs. B ToM crnyvae, ecnm OTKOC pa3HOPOAHBIN, TO 30Ha, OrpaHnYMBaemMasl MOBEPXHOCTHIO
OTKOCa 1 Oyron NpoBEAEHHON OKPY)XHOCTU, AEMNUTCA Ha BEPTUKAIbHbIE PaBHbIE MO LWMPUHE OTCEKM, a NS KaXO0ro U3 HuX
COCTaBMSAKTCS BENMYMHBI MOMEHTOB YOEPXXMBAIOLLMX M CABUralLWMX cun. [lanee MOMEHTbI yaepXMBatoLLMX U COBUratoLL X
CWI OTOENbHO CYMMMPYHOTCH Y OTBICKMBAETCH MX OTHOLLEHME, KOTOPOE Ha3biBaeTCsl KO3 PMLUNEHTOM HAOEXKHOCTU.
CnegyoLwmmn 3akniovmMTeNbHbI 3Tan — NONCK MUHUMAarbHOIO 3Ha4YeHns KoaddurumeHTa HagexHocTu (puc.M.15.7).
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Puc.M.15.7. Pac4yeT ycTOM4MBOCTM OTKOCA NO METOAY KPYrfoUNINHAPUYECKNX
NOBEPXHOCTEMN:

a - npoBefeHne KPYrnounnMHAPNYECKNX NOBEPXHOCTEN As MOMCKa Hamboree onacHbIX
(nonoxeHue UueHTpa n paguyca us ycnosus MMHMUMyma); 6 - geneHue otkoca Ha
BepTUKasibHbIE OTCEKU

M.15.8. Kakum o6pa3omM oTLICKMBaIOTCA NONoOXKeHue LeHTpa U paguyc AyrM oKPY>KHOCTU, MO KOTOpou Hanbornee
BEPOATHO CKOJIbXXeHUe B OTKoce?

OTbIcknBaeTcs Takad ayra OKpY>XHOCTHU, onsA KOTOpOVI OTHOLWEeHNe MOMEHTOB CUI yaepXXmnearwmx n cun casurarolnx
MUHUManNbHO. [Ansa aTon uenu 6epeTc;| He MeHee AEeBATU NONOXEHUIM LeHTpOoB Ayr, a 3aTeM Fpa(*)l/l‘-IeCKI/l OTbICKMBAETCA
MWHUManbHOE 3Ha4yeHne OTHOLLUEHNA 3TUX MOMEHTOB.

M.15.9. B kakux cny4asix MOXXHO 060UTUCH 6e3 pac4yeToB YCTOMYNBOCTU OTKOCOB?

PacueT ycTon4mMBOCTM OTKOCOB 06513aTeNbHO AenaeTcs npu ux Beicote 6onee 5 M. OgHako npy HebnaronpUsiTHLIX YCroBUSIX
cnenyetT NnpoBoAUTb MPOBEPKY yCTOI7I'~II/IBOCTI/I OTKOCOB 1 NP MEHbLUMX UX BblCOTax, Harnpumep npu Hann4nm
hUNbTPYIOLLLENCS BOAbI, CIIOUCTOrO HannacToBaHWs rpyHTOB € nagarowummy cnosmu n ap. KpytmsHa HeBbICOKMX 40 5 M
OTKOCOB npu 6]‘IaFOI'IpI/I$|THbIX ycnosuax 00ObIYHO HOpMUpyeTCAa Nno Bnay U COCTOAHUIO TPYHTOB, a TakKe BbICOTE OTKOCOB U3
YCINOBUIN TEXHUKM BE30NacHOCTH.

M.15.10. YTo Takoe "NpuUCrNoHeHHbIN OTKOC" N KaKOBbI NPeANoChbISIKK ero pacyeta?

1 N g

[MpMCNOHEHHBIN OTKOC NOKOUTCSA 0ObIMHO Ha Goree NIOTHOM 1 Kpenkom rpyHTe (prc.15.10). NMoaTomMy NOBEPXHOCTLIO
CKOMbXXEHUS CIYXXUT KOHTYP NOBEPXHOCTM BGonee npoyHoro rpyHTa. CocTaBnsieTcs yCroBne paBHOBECUS] MAacChl IPyHTa,
KoTOpasi MOXET CronaTh, U BbIYUCISAETCA OTHOLLIEHNE CyMMapHbIX CUI, YOEPKMBAOLUX OTKOC W BbI3bIBAOLLMX €0
cnonsanHue. ATO OTHOLLEHNE U ABUTCA KO3IPPULIMEHTOM HAOEKHOCTH.

M.16. AUHAMUYECKUE CBOUCTBA IrPYHTOB

M.16.1. Yem BbI3bIBalOTCA AUHAMUYECKNE BO3OEMCTBUSA Ha FPYHTbI?

[nHammnyeckme BO3AENCTBUS CBA3aHbI C BUOpaLMen BCreacTBMe OENCTBUSA MaLLVMH U MEXaHU3MOB, OCOBEHHO C
HeypaBHOBELLEHHbIMU BpaLLAKLWMMNCA YacTsIMK, C YAAPHbIMU BO3LENCTBMSIMU, CO B3pbiBaMu, C NEpPEMELL AL MMCS
TPaHCNOPTOM, C CENCMUYECKNM BO3OENCTBUEM, OENCTBMEM OUMBbTPALIMOHHBIX NOTOKOB U Ap.

M.16.2. Kak moxxHO nogpasaenuTb AMHaMU4eckne BO3AeNCTBUSA Ha FTPYHTbI?

[1Hamnyeckre Bo3OeNCTBIS MOXHO NoApasaeniTb Ha crabble, KOTopble MOryT YacTo AeiNCTBOBaTb OTHOCUTENBHO
ANUTENbHOE BpeMsi, U CUIbHbIE, KOTOPbIe MOTYT AeACTBOBAaThL U KpaTKOBPEMEHHO, BO3MOXHO Aaxe ogHOoKpaTHO (yaap,
B3pbIB). o BpemMeHu OeiCTBUS yCUNUS NMoApa3aensioTcs Ha ONUTENbHO AeCTBYOWMNE U KpaTKOBPEMEHHbIE.
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M.16.3. YTo nponcxoguT B rpyHTax Npyu AMHaAMUYECKUX BO3AENCTBUAX HA HUX?

Bubpauusa Bo BpemMsi AUHAMUYECKMX BO3LENCTBUIA YMEHbBLUIAET CUITbl MEXAYYAaCTUYHOIO TPEHUS 1 CONPOTUBIIEHNE COBUTY.
CwvinbHble UMNYNbCHbIE BO3OENCTBUSI MOTYT Bbi3BaTb JOMONTHUTENBHbIE OCaaKM U npocagky. [py onpegeneHHon YactoTe
kornebaHuin Mexgy4acTUYHOE TPEHME B ChbiMy4MX MPYHTAX MOXET HAaCTOSbKO YMEHBLUUTLCS, YTO FPYHT NprobpeTaeT CBOWCTBA
BSI3KOW XXUOKOCTW JaxKe Npu MarioM KonumyecTBe BoAbl B HeM. Mpy Hanmumm 60nbLUOro KonmMyYecTBa BOAbl B FPYHTE OHA MOXET
He ycrneTb MOKUHYTb NOPbl, B KOTOPbIX HaXoA4Mnach, NOSTOMY BO3HUKAET NOPOBOE NPOTUBOAABNEHNE, yMeHbLUaoLee
conpoTusneHue casury. MNpu oMHaMmUyecknx BO3AENCTBUAX B OCHOBHOM YMEHbLLAIOTCA MEXYaCTUYHbIE CUMbl TPEHUS, a B
MeHbLLEN CTENEHN YMEHbLLAETCH Yror BHYTPEHHErO TPEHWUS. YTOn BHYTPEHHErO TpeHus byaeT ymeHbLLaTbCA BCeACTBME
paspbIXNeHNs rpyHTa, TO eCTb YBENUYEHUST €ro NOpUCTo-

ctn (pnc.M.16.3).

Mpu yckopeHusix konebaHuin 0o ogHoro "g", kak nokasanu onbIThl, yrofl BHyTPEHHETO TPEHUS MPAKTUYECKN HE N3MEHSSICS.
YaenbHOe cLenneHve nocre encTBua AUHAMUYECKMX Harpy3ok Takke MOXeT YMEHbLUNTLCS, O4HaKo, Kak MpaBuno,
He3HauYUTENbHO, HO AJ151 3TOr0 HYXXHbl JOCTAaTOYHO UHTEHCUBHbIE AUHAMUYECKME BO3AENCTBUS, paspyLuaroLme
LleMEeHTaLUMNOHHbIe CBA3W. [prynHon cnaboro ynnoTHEHNS ManoBNaXHbIX MMMHUCTLIX FPYHTOB SABMSETCS Hanmyme 6onbLIon
CBSI3HOCTW Y YacTuUL, W1, KaKk CrieacTBMe, OTHOCUTENBHO BbiCOKasd MPOYHOCTb arperaToB YacTul, rpyHTa.

M.16.4. B yem 3akntoyaeTca pasxumxeHue necyaHbIX rpyHToOB?

&

[

PasxukeHne necyaHbIxX rpyHTOB 3aK04YaeTCsl B TOM, YTO C POCTOM YacCTOTbl KOriebaHum OHM HaYMHatoT "Teub" Kak BsA3kas
XNOKOCTb. PasximkeHne HauymMHaeTcsa nocne npeoaosneHms nopora konebaHun no yactote. [1o pasxmkeHus, Npy MeHbLUEN
yacTtoTe konebaHui 4o 3TOro nopora, NPosiBNsAeTCs BUOPONon3yyecTb. Halle BCEro pas3xmkarTcs BOAOHACILEHHbIE
MerskKue 1 nblneeatble necku. Yem 6onblle NOpUCTOCTb FPYHTA, TEM NPU MEHbLUNX AMHAMUYECKUX BO3OENCTBUAX HAYMHAETCs
pa3xwkeHne. OTCYTCTBME B FPYHTE HAMPSXXEHUA MMEHHO NEPEMEHHOTO 3HakKa UCKTYaeT BO3MOXHOCTb PaXmKeHWs
necyaHblx rpyHToB. CTaTuyeckas Harpy3ka He TONbKO CHMKAEeT BO3MOXHOCTb PaspyLLEHUs CTPYKTYPbI FPYHTA, HO U
YMEHbLLAET YNNOTHAEMOCTb HECBA3HbIX FPYHTOB NPY AUHAMUYECKOW Harpyske.

M.16.5. Yto npeacTaBnsaeT cobon BUGpOynIIoTHEHUE rpyHTa?

BrGpoynnoTHEHNE — 3TO YMEHbLLUEHME MOPUCTOCTM FPyHTa NPU AMHAMUYECKOM BO3AENCTBUN Ha Hero. Mpy oTCyTCTBMM
BHELLHEN NpUrpysku ynioTHEHUE CbIMyYrX rPYHTOB — NECKOB HAYMHaETCs Npu NobbIX, Aaxe crabblx AUHAMUYECKUX
BO3AEVCTBUSIX, U NMPU 3TOM MOXKET BbITb JOCTUIHYTO MOYTH MOSTHOE UX YNIIOTHEHME.

M.16.6. Kakoe Bo3gencTBME Ha rPyHTbI OKa3biBalOT B3PbIBblI B HUX?

"‘1-\_\_ .—"'""-F

Mpu B3pbIBE Ha rPYHT AENCTBYET BbICOKOE AaBMNEHME, co3atoLlee cheprnyecKyto yaapHyro BOrHY. 3a (opOHTOM 3TOW BOSHbI
MPOUCXOAUT CXaTWE rPYyHTa U CMELLLEHNE MO paanarnbHbIM HaMpaBieHUsaM, a 3a CHET 3TOro B TAHreHUManbHOM HanpasnieHnn
NMPOUCXOAMUT pa3fBWKKa rPyHTa U MONyYalTcs pagnanbHble TpewwmHbl (puc.M.16.6).

M.16.7. AnAa kakux uerie NPUMEHSIIOTCA B3pbIBbl B CTPOUTENbLCTBE?
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B3prBbI B CTPOUTENBbCTBE NPUMEHAKTCA OJA PbIXITEHUA TPYHTOB NMpU Ux pa3pa60TKe, a Takxke Onda Ux yrnioTHEHUA,
HanpuMmep npu npeasapuTteribHOM 3aMadnBaHUn 11€CCOBUOHbIX MPOCaA04YHbIX TPYHTOB UM MEJTKUX U MNblINieBATbIX PbIXIbIX
NecKoB. B3prBbI NMPUMEHAIOTCA B CKBaXXUHAX AJ1A4 UX pacLUNpeHnsa npun yCTpOIZCTBe HaOWBHLIX CBal U ornop. an/IMeHFHOTCﬂ
TaKkkKe HanpaBJieHHblIE B3PbIBbl 4114 NepeMeLlleHna 3eMnAaHbIX MacC — 3TO B3PbIBbl Ha Bbl6p00. Takum 06pa30M
npencraBnAaeTcda BO3MOXHbIM CO30aBaTb AamMObl 1 3eMNsIHbIE NNOTUHbI.

M.16.8. Kakne BuabI rpyHTOB Hanbonee onacHbl NPy HaNnU4YuM ceMCMUYECKUX BO3AENCTBUN?

Cewicmunyeckne konebaHus MOTyT Bbl3BaTb NOTEPHO yCTOIZ‘-II/IBOCTI/I BOOOHACbILWEHHbIX HECBA3HbLIX TPYHTOB U UX Nepexoa B
pPa3XXmxeHHOEe COCTOAHME. OTHOCUTENBHO HaUMEHee OnacHbIMU SABMSKOTCS CKalnbHbIE, nonyckanbHblE U prl‘IHOO6ﬂOMO‘-IHbIe
NIOTHbIE IPYHTHI. Bonee onacHbl Bce BUAbI NECKOB — NIIOTHLIE U cpe,u,He|7| NMIMOTHOCTU MaroBliaXHbl€e U BNaXKHbl€, a Takxke
MUWHUCTbIE TPYHTbI C MalbiMX 3HAQ4YEHUAMM MNMOKa3aTenAa TeKy4eCT 1 BEJTUHUNHDI KOS(*)(*)I/ILI,I/IGHTa NOPUCTOCTU. Haunbonee
OonacHbIMU ABNAKTCA PbIXJible NeCKN He3aBUCMO OT UX BITa>XHOCTU N KPYMHOCTU, a TakXe MUHUCTbIE TPYHTbI C OonbLuomn
NOPUCTOCTbIO 1N BOOOHACLILLEHHOCTbLIO.

M.16.9. Yem xapakTepusyeTcsi MUHTEHCUBHOCTb KonebaHui Npyu cemcMUYeCKMX BO3AENCTBUAX?

MHTEHCMBHOCTb KonebaHui XapakTepusyeTca KOS(*)(*)MLI,MGHTOM CENCMNYHOCTU — OTHOLLEHMEM BENUYMHBI CENCMNYECKOro
YCKOPEHUA K YCKOPEHUKD CUTlbl TAXECTW. OHa 3aBUCUT OT ANHAMUYHOCTU 1 (*)OprI cobCTBEHHbIX KOnebaHui COOpYyXeHus.

M.16.10. Kakne Bo3aencTBUSA Ha rPYHTbI OKa3biBaeT NepeMeLlaoLLMncs TpaHcnopT?

CoTtpsiceHune rpyHTa, 00ycrnoBrneHHoe ABWKEHNEM TpaHCNopTa, 06bIYHO 3HAUYNTENBHO criabee cencMUYECcKnX BO3OENCTBUN.
OpHako B CBSA3M C ONMUTENBHOCTBLIO OEWCTBUS 3TUX HArpy30K U eCN OHWM UMELDT BOMbLLY MHTEHCUBHOCTL, TO MOTYT CITY>XUTb
MPUYMHON Pa3BUTMS HE3aTyXaloLWMUX 0CafoK U Aaxe BUOPOTEKYYECTM FPYHTOB.

YacTb |. MexaHuka rpyHTOB

M.1. Ob6Lire cBegeHus

M.2. TpyHTHI

M.3. dusnyeckme CBoOMCTBA MU KNaccuukaLMOHHbIE NoKa3aTenu HeCcKanbHbIX TPYHTOB
M.4. ledbopmMaLMOHHbIE CBONCTBA FPYHTOB

M.5. PunbTpPaLMOHHbLIE CBOMCTBA IPYHTOB

M.6. Pacnpegenenne Hanps»keHnn B rPYHTOBbLIX MaccmuBax

M.7. PacnpegeneHune Hanps»keHnn B cryvae JenCcTBUS COCPEea0TOYEHHbIX CUIT

M.8. Pacnpegenenne Hanps»keHnn npu AeNCTBUM MECTHOW paBHOMEPHO-pacnpeaeeHHOW HarpyaKku
M.9. PacyeT gedopmaLmin OCHOBaAHUI COOPRYKEHWUI

M.10. lecbopmaLmm rpyHTOBbIX OCHOBaHUN BO BPEMEHU

M.11. MpOYHOCTb rPYHTOB 1 METOAbl €€ onpeaeneHus

M.12. OueHka NPOYHOCTM OCHOBAHUIN COOPYKEHWUI

M.13. Teopusi npenenbHOro paBHOBECUSA TPYHTOB

M.14. PacyeT gaBneHus rpyHTOB Ha orpaxaeHus

M.15. OTKOCHI

M.16. InHammyeckme CBONCTBa rPYHTOB
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