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BBEJAEHHE

1. O npexmere MexaHWKa rpyHTOB

WHxenepam-reosioraM npHXOAWTCS pafoTath B 06JACTH TeOJOTHH
st nesell cTpoHTesnbcTBA. YIM HEOGXOAHMO, BO-NEPBHIX, BHISCHATD
TCOJIOTHYECKHE YCJIOBHSI Pa3jHYHBIX [IPOEKTHPYEMBIX COOpYKeHHH
4 pemlaTh BONPOCH O BJHAHHH TeOJIOTHYeCKOR OGCTAHOBKH HA BHIGOD
MECTOPacHONOXKeRHs,, Ha JedOpPMAMH H YCTORUHBOCTb COOpYIKEHHI.
Bo-BTOpBIX, BHISICHATb KAK IPOEKTHpPYEMOE COOpYXKeHHe, B mpomecce
€0 CTPOHTEJNLCTBA H IKCIJYATallMH, MOXKeT H3MEHSITh TI'eOJIOTHUECKYIO
0GCTaHOBKY.

Tlporaos B/AHAHHS HHXEHEDHOTO COOPYMKeHHS HA Te0JIOrHYecKyio
OOGCTaHOBKY NPOHM3BOJAAT METOJAMH HHJKEHEDHOH TIeOJIOTHH, KOTOpbie
BKJIIOUAIOT TaKkKe PAcyeThl H, B YACTHOCTH, pacueThl OCHOBAHHS COOpY-
JKeHHS.

Has pemeHHs YKa3aHHBIX 3afa4 HHXKeHep-TeoJIoT JOJ/IKeH MoJjy-
IHTb TpeGyeMble HCXOJHEIE JAHHLIC, KOTGphIEe NpPeACTaBJdIOT: [e0JOTH-
gecKHe KapTel H paspesHl, OCTpOeHHHe NJA pafloHa NMPOEKTHPYEMHX
COOpYXKeHHA H ONHCHIBAIOIIHE el reoJIOTHYEeCKoe CTpPOeHHe; MaTepHa-
Jibl, OTpaKaiolHe THADOTEOJOrHYeCKYI0 OOCTAHOBKY NPOEKTHPYEMBIX
COOPYZKEHHH; YHCACHHble XapaKTepHCTHKH CBOACTB TPYHTOB, C/araio-
HKX UX ocHoBaHHA. UX nosydaoT B pesysibTaTe HHMKEHEPHO-TeosOrU-
YeCKXHX M3LICKaHHi.

Ipr uayueHun cBOACTB TPYHTOB HHIKEHEPY-TeDJIOTY HEOGXOAHMO
NPaBHJBHO BHGHPATh Me¢Ta 0T60pa 06pasLoB I'PYHTOB, /I HX HCHKITA-
HHA B JaGopaTopHH, ofécneuBaTh HX NpAaBHJIBHBIA OTGOP, NPABUJLHO
HamegaTh 00beM H XapakTep JaGOpaTOPHHX HMCOLITAHHH TpYHTOB. Emy
HeoGXOANMO YMeTh NPOH3BOAHTL 0GOCIIEHHe Pe3yJ/ibTaToB Jaboparop-~
HBIX ONpefie/ieHHH MOKa3aTesiell CBOHCTB IPYHTOB H NPABHJILHO BHIGH-
parb pacyeTHele XapaKTepPUCTAKH CBOHCTB TpyHTOB. Ilporpammsr
H3LICKAHH{ TaKiKe COCTaBJISIOTCS MHKeHepoM-reojioroM. B HuX Heo6xo-
JAMMO HAMETHTbL BHJIBI U O0beMBbl Te0JIOrOpasBefOYHBLIX paloT u Hccle-
JOBaHHH [PYHTOB € TeM, 4T06H 0GECeTnTh B NPOeKTe [OJHOE HCHOJIB30-
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RAHME HECYMMX CBOHCTB IPYHTOR B OCHOBAHHM NMPOCKTHPYEMHBIX COOPY-
HKEHMA U paspaGoTky SPdherTHBHHIX Mep GOPEOH C ero paspylieHHeM
B NpoIlecce CTPOUTENLCTBA M nocje Hero. IIpH NOSydYeHHH HCXOAHBIX
KAHHREIX Ui PACYETOB OCHOBAHUi COOpYKeHuH eMy HeoOXOIAMO 3HATH
MeTOnBl 3THX pPAacyeToB.

Kpome Toro, HipKeHep-reo/or YUacTByer B BhIJope HagBHIOgged-
ero MecTa pacroioRKeHusl COOpYXKeHHs ¥ JaeT OGOCHOBAHHKE COOT-
BETCTBYIOMUMY pacdeTaMH 3aK/IOYEHHS O NPUIOAHOCTH BhIGPAHHOTO
MeCTa A PAasMellieHHsl COOpPYKEeHHS.

i

Prc. 1. Cxema paspymienus Muaoro jpoma
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On JomxeH BCerja MMeTh B BHAY, YTO MHXEHEDHHE COOpPYKeHUs,
BO3BOJKMEIe U3 OeToHa, KHpNHYa, JKejesa, AepeBa, IpyHTa H APyrax
CTPOHTE/IHHBIX MAaTEPHANOB, HeJp3s1 PACCMATPHBATH H30AMPOBAHHO OT UX
OCHOBAHHH, Ha KOTOPHIX OHH NOCTPOEHHI H KOTOPHle MOMKHBL HX HeCTH
¢ TpefyeMoli CTeneHbIO HajexuocTH. Harpyska, npukaajpiBaemast
BECOM COOPYIKEHHS Ha MACCHB TPYHTA, MOXKET BH3BATHL HEPABHOMEpHbIE
OCaiXu 3TOTO COOPYKeHUs, TPU KOTOPHIX JajbHefilnas €ro sxcmnyara-
ISl CTaHeT HEBO3MOXKHOH, WJH Pas3pyIUATb OCHOBAHHE H BMeCTe C HHM
CaMO COOPYHKeHHe,

TunuunbIMY aBapHAME coopy:enufi w3-3a fedopmaunii ux OCHoBa-
HY¥ NpH HX HarpyweHuH ABAAwTcA: | O6pasopaHue TPEIMH B KUJIOM
3AaHHH (pHc. 1), KOTOpBle BRI3BAaHH HepaBHOMePHBEIMH OCaJKaMH ero
KupuuyHoll crennl. Ocagxy BOZHHKAW M3-33 TPHUCTPONKH K XUJIOMY
3JaHHIO TSKEJNOro COOpPYKeHHs, 0e3 yueTa ero BJAMAHHS HA MAaccHB
TPYHTA TIOA COCefHMM 3JaHHeM. TpemUHB HACTOJIBKO [PaspyIuuIH
3/laHNe, 4TO MPUIIIOCH €ro paao0pars W 3aMeHuTb HOBHIM. 2, ODpyme-
HHe M TNOBPeXJeHue MOCToBOH epMet (pHc. 2) M3-3a mepexoca ycros
MocTta. Ilepexoc ycTos BO3HUK B peaynbTaTe NPHCHINKH K HeMy 3eMast-
HOM HacHIM foce HaBeJeHHS Ha NOJET MOCTA MeTa/IHIecKOH QepMbl.
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3neck 3emnsHad HACHIp BhI3Bajga Jepopmaliud OCHOBAHMA yCTOA
MocTa. 3. Paspyuiente xeje306eTORHO paMuOH KOHCTpyKnuu (puc. 3)
¥3-32 pa3NMYHOH OCAJKH ee IBYX ONOp, BBHI3BAHHOH pasJHYHOM CXKMMae-
MOCTRIO [PYHTOB, Claralomwix HX ocHoBanusi. HepaBHoMepHble ocalky
BHISBANH HEOOXOQMMOCTh 3aMEHHMThL paspylIeHHYIO paMy HOBol, mocje
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I'vrc. 2 CxeMa paspymleHns MocTa

nepeycTpoiicTBa ee dyHpaMenToB. 4. PaspymienHe 3eMIAHBIX COOpyHKe-
HU#, CBA3aHHOE C ABTEHHeM ONOJ3aHHS OJHOIO M3 €ro OTKOCOB, BCJAEX-
CTBHE ero HeJOCTATOYHOR YCTOHYHBOCTH, K3-32 C1a0Orc IPYHTA B €ro
OCHOBAHWH, HJM HeNpPaBHILHOIO MeToJa NpPOM3BOACTBA paGoT. 3/ech
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Puc. 3. Paapymenne paMHOA KOHCTPYKUHH

JMUKBUAANUS dBAPUH TaKKe CBsi3ana ¢ GONBUIMMY NepefieIKaMy B coopy-
WEeHHH H BpeMeHHHM I[peKpallenueM ero sKCmnyaranuu (puc. 4).
Tlepeuncnensple HaTpy3kd HA TDPYHT ABIANKCH MONOKHTENHHBIMH.

K coopyxkeHnsM, KOTOPHIE PasTpyXaiT MacCHB rpyHTa OTHOCHATCA:
KOTJIOBAHEI, KAphephl, KaHaMhl H Ipyrue BbleMKH 3eMJIH. ABAapHH TaKHX
COOpYMeHHH TaKiKe MOTYT GuITh BhI3BAaHBI HEJOCTATOUHON UX YCTOHYHBO-
cThi0. Pasrpyska maccHBa TPYHTA, WAM OTpHIaTeNhHAasA Harpyska Ha
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HEero, MOMKeT BBI3BATh BHIIOP JIHA BhieMKH U OnNOJ3aHHe ee OTKOCA
(prc. 5), onoJNsaHHE eCTeCTBEHHOI'O OTKOCA, MOJPe3saHHOIC BHIEMKOR
JJid KaHaja HiH JOPOTH, W APYTHE BHJLI NOTEPH YCTOHUHBOCTH OCHOBA-
HHS, CBS3aHHEE C paspylleHHeM 3THX COOpYKeHWH.

CnaBHEIME NPUYMHAMY NEepPeYHCTEeHHBIX aBapufl coOpy:KeHuft Gnuiu
pa3pymenuss HX eCcTeCTBEHHRIX OCHOBaHHWH, BCJEJCTBHe H3MeHeHHs
HanpsiXeHHA B MaccHBe TPYHTa NOJ AeACTBHEM NOJOKHUTENBHOR HJM
OTPHUATENRHOH HArpysKH OT coopyXeuuss H JeQopMallHH rpyHTa,
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Puc. 4. Ononsanve oTkoca 3eMISAHOR BOAOYACPKHBAOMEH MNJIOTHAH

BO3HHKIIeR KaK CJaeiCTBHe H3MeHeHHs] HanpshkeHHfl. 31eCh HUMeIH
MecCTO OIIHOKH B pacieTe OCHOBAHHUA COOPYKEHHUA IO BHHE NPOEKTHPOB-
MHKA #ad omuOKM B NOJyYeHHHIX HCXOQHHIX JAHHBIX AJISl pacuera
OCHOBAHHSAl COOpYMXKEHUS Mo BHHe HHXeHepa-Teosora. IlosToMy mmxe-
Hepy-TeosIory BaXKHO 3HATh MeXaHHKY IDYHTOB, COAEPKAMY TEOPHI0
pacueTOB OCHOBaHMH CGOPYKEHHH.
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Prnc. 5. Paspymenne oTkoca BHEMKH JJia Kagala NoJ JelicrereM
H3OEITOUHOr0 Hamopa BoAw // B BOJAOHOCHOM TOpH30HTE, paclo-
JIOXKEHHOM HHXKe €ro JHa



Mexaunuka rpyHTOB NpejicTaBiseT MeXaHHKY AedOpMHPYeMOro jRuc-
NEPCHOTO Tesa. B Hell pa3paboTaHbl MeTOAb pacdera JeopMaiyy
W YCTOHUMBOCTH MAaccHBa TPYHTA IIpH H3MeHeHWH Harpy3KH Ha Hero.
MeXaHuKa IPYHTOB COBMECTHO CO CMEXHBIMH €CTeCTBEHHO HCTOpHUYe-
CKUMH HAayKaM¥ CAYXHUT CPeACTBOM JIJis NPABUJBHOIO pellleHusi 3ajad
WHKeHepHOH TeoNorHH.

3HaueHHe MeXaHHKH [PYHTOB JJ/isi MHXKEHEPOB-Te0JIoroB He OrpaHHu-
YHBAETCS TPOEKTaM¥ W cTpouTenbeTBaMu. OHa uMmeeT GoJbiioe 3Haye-
HUe ]IS NPaBHJbLHOTO NOHMMAHMS DA3BUTHS NeOJOTHYECKMX SIBJEHHI,
TaK KaK MOC/HeJHHE CBA3aHBl C HeNpepHBHBIMH OTJOXKEHHSIMH, HJH
yBeJHdeHHEM HATPy30K Ha TPVHTH, H CHOCAMH, WM pasrpysKaMu
[PYHTOB, 4 TaKXKe TEKTOHHYECKHWMH NpOIECcaMH, KOTOpHe BHI3hIBAIOT
B IJlacTax [OPHEX NOPOJ onpejlejieHHbe HaNpsiKeHHss W Aedopmanuy,
[IpuyuHHas B3aWMOCBSI3b JO/KHA BCErja JaBaThCsi NPH ONHCAHHH
TeoJIOTHYECKHX YCAOBHH ¢ TpefyeMON 4YeTKOCTBIO H SCHOCTBHIO, YTOOH
HMeThb BO3MOKHOCTH OOOCHOBAHHO NPOTHOSHPOBATL JanbHelllee pas-
BUTHE SIBCHUH [OCNe BO3BENEHHMA KPYIHBIX COOPYKEHHUH, 3HAYUTENbHO
H3MEHSIOHHX NPUPOSHYIO O00CTAHOBKY.

Mexanuka TpyHTOB ANsi HHXEHEPOB-Te0JIOTOB YHTAETCS Hapaj-
JIEJIBHO ¢ KYypCaM¥ MHXKeHePHOH I'e0JIOTHH W HHIKEHEPHBIX COOpyXeHui.
[TosToMy BOTpOCHL WHKEHEPHOH TeoJIOTHH U MHKEHEePHHX COOpYXKeHHi,
BONpOCH © (PUBHKO-XMMHYECKOH NpUpOJe CPYHTOB, of HWHXeHepHo-
reoJIorHYecKuX rpynnax nopoj, o6 ofpaGoTke JabopaTOPHBIX NAHHBIX
H ONpe/leNleHHH HOPMATHBHEX, 2 TAKKe BHIOOpe pacueTHHX XapaKTepH-
CTHK CBOHCTB T'PYHTOB, O TPYHTOBOH naGopaTopuHu, npufopax, BULAX
H MeTonax jafopaTopHRIX paboT, of ammaparype JTsi NOJMEBHIX OIHIT-
HEX paboT U ofpaloTKe JAHHHIX WCHHTAHUEH I'PYHTOB, 00 yJAyYUIeHHH
CBOHCTB TpyHTOB. [lpHMepnl pacyeToB MOANOPHBIX CTEHOK, OTKOCOB
W JAPYTHX COOpYXKeHHWH He BKMOYEHH B 3TOT Kypc, Bo Hu3bekanue
napajsenu3ama.

B MexaHuke TPyHTOB JJIsi TOPHBIX H T'€OTOTHYECKHX BY30B JaHO
TeopeTHieckoe 000CHOBaHHE METONOB pacyeTa OCHOBAHHH COOPYXKeHHH
H TJIaBHLIM 00pa30M OCHOBHBIX METOJOB pacyera C Uedbi0 NOATOTOBHTH
reoJIoroB NPAaBUJABHO NOHWMATH H LIMPOKO HCHNONB30BATh MEXaHUKY
TPYHTOB B HX NPaKTHYECKOH JesiTeNbHOCTH.

MexanuKa TPpyHTOB IMMPOKO HCTONB3YeT 3aBHCHMOCTH, NOJyYeHHbIe
B MeXaHHKEe CIJIOIIHbIX Te&J, B TEOPHH YHPYTOCTH H IIaCTHUHOCTH.
B KHure paccMOTpeHH Pa3nu4yus MeXaHHKH TPYHTOB H TEODHH YIPy-
rocTH, a TaKXe NPHYHHE OTKAOHEHMH pelmeHUH MO TEOPHH YIPYTOCTH
OT JedCTBHTEJNLHOCTH W NOKasaHa ofjacTh NMPHMEHCHHS TeOPUH yIPy-
rocTd K pacyery Jepopmanuii MaccuBa rpyHTa. [anee ucnonb3oBaHHI
3aBHCHMOCTH, Pas3pafoTaHHbe B THAPOMEXAHHKE, H TIOITOMY paccMoTpe-
Hbl TAaKiKe NPUYWHEI OTKJOHEHHA {pelleHWH TeopHH (HABTPAIMH OT
JeHCTBUTEbHOCTH.

OcHOBaHHE COOPYXEeHHH paccMATPUBAeTCs B KHHIE B IIHPOKOM
CMEICTIE, BKJIOYAsi GOKOBHE CONPSIKEHHS COOPYXKeHHS H OTKOCH, Kak
30HA W3MeHeHHH HaNpSKeHUH B MacCHBe IPyHTA, BOSHUKIIAS OT NPHJIO-
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JKEHHS K HEMy BHelmHeHd Harpyskd. Pacdernl OCHOBaHMH AaRH 1O
JedopManysM M yCTOHUMBOCTH.

Pacuern 1o AedopMallUsiM*IIPOH3BOAST HCXOAA M3 BO3MOXKHO TM0J-
HOTO MCNOJL30BAHHS HECYIIMX CBOHMCTB TPYHTOB, CJAralomyUx 3TH
OCHOBAHMS, YTOOL cpeaHee AABJCHHE HA TPYHT OT COOPYMHKEHHS MOIJIO
BHI3BATL HE TOJILKO ero YIUIOTHEHHE, HO jAaxe HeOOJbIIHe CABHUIH,
KOTOpHIE OJHAKO He AOJKHB CONPOBOXAATLCH AepopManned HaayH-
AAMEHTHEIX KOHCTPYKL¥H, HEAOMYCTHMOH AN HOPMAaJIbHOH MX 3KCITya-
Tauud (TpewMHaMu W ApYTMMH nospexaenusivu). Heobxopumbie npe-
JeJbHbe BeJHUMHB HeOpMaumii OCHOBAHHA AJsS TDABH/ILHOTO €ro
pacuera JAIOTCS B HOpMAaX NPOCKTHPOBAHMA €CTECTBEHHLIX OCHOBaHHH
coopyxenuii (HuTY 127—55).

B pacuerax ycTofiuMBOCTH OCHOBAHMH pacCMOTIPEHH BCE OCHOB-
Hble 34J]aY¥ O NpeJNeNbHOM DABHOBECHH, A HMEHHO. J4BjeHHe TPYHTA
HA OTpaXKIeHMsl, yCTOHYHBOCTb OCHOBAHMH COOpPYHKEHHH H YCTOHYH-
BOCTbL OTKOCOB ¥ CKJjoHOB. OHH JaHu B TPYAE B COOTBETCTBHH C OCHOB-
HEIMM THIOTE3aMH 0 fopMax NOBEPXHOCTH CKOJIBKEHHH, 4 TakKkKe ¢ Teo-
pHell NpejenbHOTO PABHOBECHA (TEOpHEH IUIACTHYHOCTH). 3hech XKe
Aanbl ofmi¥e CBeJEHMs O pacueTe NPEAEJAbHOTO COCTOSHUS OCHOBaHWH
N0 YCTOHUMBOCTH H KOa(PGhHIHEeHTe YCTOHUMBOCTH OCHOBAHMS.

B Kkeure npuBejens! 3ajaud AJ5 YNPaKHEHHH, TPHUMEHHTENIbLHO
K MATEpHajy COOTBeTCTBYIOUHX TJi4B.

B cooTBercTBYE ¢ HOpMaMH CTPOMTENLHOTO npoeKTHpoBarus (CTpou-
TeJibHbIE HOPMBE! ¥ Tpasuna, 1954), rae Ang ecTeCTBEHHLIX OCHOBAHHH
NPOEKTHPYEMBIX 3[AHMH H COOpYXKeHHH TpebyeTcid NPOM3BOAHTE pac-
UeTH JJI51 OTPEJesIeHus NPEACTbHOrO COCTOSHUS OCcHOBanuil no jaedop-
MAanMsM, a NpH TFOPH3OHTAJNLHBIX HACPY3KAX HA HUX M OCHOBAHMSAX,
OTPaXKJACHHEIX OTKOCAMH,— PACYETH! NMPEJeJbHOT0 COCTOSTHUS MO yCTOH-
YMBOCTH, MEXAHWKA TPYHTOB JJisi HHXKEHEPOB-TEOJOroB pasfuTa Ha
TpY pasiena. B nepBoM pasfiese npUBOAUTCS TeopHs pacyeTa HANPSIKe-
HUN B MACCHBE I'PYHTA, BRIBBIBAIONUX €ro jeopManiy, Bo BTOPOM pas-
Jejle — pacuer ocaikuM COOPYKEHHA M B TpeTheM pasjelie — pacueT
YCTORYHBOCTY COOPYKEHHH.

2. 06 ocHOBHBIX 0CO0EHHOCTAX TPYHTOB,
onpeaensiOUIHX HX JehopMaLHH TIPH HATPy3Ke

I'pyuTamn HasLBAIOTCH BCE MEJKO pA3fpoOaeHHBIE TOPHBIE TMOPOJLE
KOpBI BBHIBETPHBAHHA JUTOCDEPH, MOITOMY W MEXaHMKA TPYHTOB mnpes-
CTaB/fieT MEXaHHKy MEJKO PasApODJEHHBIX FOPHLIX IOPOJ, WJIH Mexa-
HHKY AeOpMHpYeMEIX JUCTIEPCHBIX TeJ, K KOTOPBHIM OTHOCHATCH mecya-
Hble M [JIMHHCTHE TpYHTB, CJArajoniye eCTECTBEHHBIE OCHOBaHHS
COOpYKEHHUS.

Hpyrue xe Bujipl ropHOH NOPOALI, KPYIHOOGJOMOUHLIE M CKabHbIE,



pACCMATPHBAIOTCH B MEXaHHKE TOPHBIX nopofd. OHM OTAMYAOTCH OT
NeCYAHBIX M [VIHHKCTEIX TPYHTOB OOJbIIEfl NPGYHOCTLIO, MAIBIMK
JedopManysiME ¥ APYTHMH 9epTaMH.

OcHOBHBIMH OCOOCHHOCTSMHM TPYHTOB, ONpEACHAIONHME HX Jedop-
Manyy noj AcHCTBHEM HAIPY3KH, SBJASIOTCS: Pa3jipoGaeHHOCTh MaTepya-
J1a, €ra IJIOTHOCTb M IIPQYHOCTh CBfsell MeXAy vacTuuamu (KoTopbie
B CBOIO QuUepeAb 3aBHCST OT MHHEPAJQrMYeCKars COCTABA WACTHIL,
COCTABA ¥ KQHNEGHTPAUMH 3MEKTPAAHTOB B NOPOBGll BGAE), a TAKKe €ro
HEOZHQPOAHOCTb.

Ha neo6xonumocT Hayyenns xapakTepa pasapob/eHHOCTH MaTepHa-
JIA TPYHTOB MOXKHO He OCTaHaBAUBaThcA. OHA CAYKHT NPH3HAKOM AJA
OTHECEHHA TPYHTA K OAHOH H3 KI1acCHQHKANHGHHBIX Tpynll TOPHBIX
napof.

[laoTHOCTh B MexaHHKE TPYHTOB H3MEpSIOT NOPHCTOCTLIO TPYHTA.
Ona ofycaoBnena pasapobaeHHOCTBIO MaTepuana. [lojoctH Mexay
YACTHUAMHM B TpyHTe TMpeacTasiasior coboii mopel. B ocHoBanuax
COOPYKeHHH OHH OOBYHG MOMHOCTBIO 3aMOJMHEHH BojoH. B some Xe
Konebanuii yPOBHA TPYHTOBHIX BOJ H BhHIIE Hee B NOpPAx IPyHTA HMe-
10TCA MY3HPbKH Bo3AyXxa. O KoJqMuecTBe BO3LyXa B TpPYHTE CYAST IO
ero cTenend Hacwinenus G. [lpH nonnoM Racbonendu TpyHTA BOJOf
€ro CTemeHb HACHIIEHHS paBHa efuuuue. Ecnu ero ponacofepxanue
MeHee TOJHOH BAArOEMKOCTH, TO CIENEHb HACHIUEHWS TPYHTA MeHee
efunune. [locaegnsns pasua

rie W — eCTeCTBEHHAS BJAKHOCTL TPYHTa,

w,— TOJHAf BJAAraeMocTh TOTG Xe IPyHTA.

IlioTHOCTE TpPYHTA OJZHO3HAYHO oONpeAcisieTcs OObEeMHHM BeCOM
ero CKeJeTa, 3aBMCANMM OT €fg NOPHUCTOCTH M YAEMLHOro Beca HIH
MIHEPAJIOTHUECKOr0 COCTABA. YAENbHBIM Bec H3MeHsiercs IJsi 0OJb-
IDMHCTBA TPYHTOB B Y3Kux npegedax oT 2,6 go 2,8 e/cm®.

Pasnuyaior TpH oGbeMHEIX Beca TPYHTa.

1. O6beMHBIll Bec CKe/leTa IPYHTA, KOTOPHH 3aBHCHT OT NOPHCTO -
CTH N

Yer = Aa (1 "'n),
OTKYJa TOPHCTOCTh IPyHTA OyAEeT paBHA:

[ — s

Aa— Yer .
—_— Aa

A

2

B MexaHHKe IDyHTOB NOPHCTOCTb TPYHTA H3MEPSIOT Ko3(P(HIHEHTOM
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TIOPUCTOCTH pPABHBIM

g = Aa_'\’cn= 4, _ 1’
Yer Yer

T7le Yer — OOBEeMHBIEI Bec cKeseTa TpyHTa;
A, — yHeABHBIH Bec TPYHTA.

2. JeficTBuTe/bHbIl OOBEMHBI Bec TpPyHTa, COOTBETCTBYIOILHH
VCJIOBUSIM €CTeCTBEHHOIO 3ajieraHusi, BKJIOUAIOIUA BeC BOAEL B €ro
nopax. OH usMeHSeTCH B 3aBHCHMOCTH OT COJiepaHMs BOAB B INopax
TPyHTa AaKe MPU HEW3MeHHOH erc HOPHCTOCTH:

Y =Yex (1 +w).

3. OGbeMHHIN Bec 'pYHTA, B3BeILEHHLIH B BQAg, IIPH ero sajel'aHuy
Ha ray6use B MacCHBe TDYHTA HMWXe YPOBHS TPYHTOBBIX BOJ, BHIYHC-
Jisietcs no cjenymomeit gopMyae:

1
,YO_—_'YCK(],-—-X—> .

2

Ilpu ynaoTHEHWH BOJXOHACHILEHHOTO MPYHTA MOX HArpyskKol, YMeHb-
iIIeHue [IOPUCTOCTH CBSA33AHO C YAajeHueM M3 ero nop 4yacTa BOA. [Ipu
5TOM NOpOBas BOJA HCMHITHIBAeT H3OBITOUHOE jaBileHHe Haj cTaTd-
yecKuM. M3OGnTOUHOe jaBJeHdHe BOH B Mopax [PYHTa HasblBaeTcd
NopoBbiM  JapjeHHeM. B rauHUCTHIX TpPYHTaX IOpOBoe JaBJeHHe
YMEHBIIAET CONPOTUBJEHHE I'PYHTA CABHTY, a B eCYaHbIX OHO BhI3bIBAET
fiBJieHus pasmumenusa, HecMoTps Ha GOJIBLIYIO NOPHCTOCTh TJAHHHCTBIX
TPYHTOB, WX BOJONPOHHIAEMOCTh 3HAYHTEJIBHO MeHBINE, YeM y recua-
HHIX rpyHToB. HajiHuHe nys3eipbKOB BO3AyXa B NOpax [PyHTa yBeJH-
YKBaeT €ro CKHMAEMOCTb W YNpyrocTs. B mNecKe OHO BHI3BIBAET Clie-
NJIeHue.

[TopucrocTs rpyHTOB ompejeisfeT TakkKe CONPOTHBJIEHHE [PYHTa
caBury. UeM nopHCTOCTh IPyHTA MeHblle NPH HEH3MoHHOCTH IPOUYMX
CBOHCTB, TeM ero CONpOTUB/AeHHE CABHTY OoJblue.

IpounocTh cBoA3eH B rpyHTe fBJAAETCS TPETHUM NOKasaTeJeM cOCTod-
HYWS TpyHTa. Y NecYaHblX PYHTOB OHH OYeHb cjalble M UMM IpeHe-
Operaior. ¥ TJIMHHCTBIX PYHTOB OHH MOTYT ObITh OT €/1albIX 1O MpoOY-
HbIX. OHHM HMEIOT NPEHMYILECTBEHHO KOJJIOHJHOE IPOHCXOXKJeHHe
KaK B arperatax W3 MeJKHX YacTull, TaK W Mexly arperatamu. B aéc-
Cax OHH HMeWT NpPeHMyIeCTBeHHO KPHUCTA/IM3AlMOHHbH Xapak-
TEp.
Ilpu yBenuueHMH HanpsKeHWi B MacCHBe IPYHTa erc HedopMaiuu
NPOUCXOAAT NOCJe YAacTHYHOTO PaspyIIEeHHs cBsisedl, KOTJa 3JEMEHTH
TPYHTa NOJAyYaloT BO3MOKHOCTb BHEAPHTHCS B OGBEM €r0 NOp H yMEHb-
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NIUTh TIOPHCTOCTh TpyHTA. UeM mioTHOCTH IpyHTa OoJbile, YeM CBS3H
B IpYyHTe TpoYHee, TeM MeHblle ero fedopManuu s JaHHOTO H3MeHe-
HUS HaNpsXeHud.

Ipouecc yMmeHbLIEHHS NMOPHCTOCTH TPYHTA [OCJAe PaspyLICHHS ero
CBSI3€ll Y PA3HEIX TPYHTOB MMeeT Pa3juuHbli Xapakrtep. ¥ MaKpOTIOpHU-
CTHX JECCOBHIHBIX TIPYHTOB paspyllleHde CTPYKTYPHBIX CBSI3ell TNpu
3aMauWBAHUY TIOJ HAUPY3KOH BHI3LIBaeT KatacTpodHYecKHe mpocafod-
Hble SBAEHHA. Y MeJKO3epHHCTHIX BOJOHACHIIEHHBIX DPBIXJOCA0KEH-
HbIX TeCKOB paspylleHHe CTPYKTYpHl BHI3BIBAaeT KaTacTpodudeckue
ABJIEHHS PasKKeHHs1. PaspyiieHHbe CTPYKTY pHble CBSI3H B IVIHHHCTAIX
TPYHTaX MOTYT ¢ TedeHHeM BpPEeMeHHM BOCCTAHABTHBATBCH, MPH 3TOM
MIOPHCTOCTh T'PYHTA OCTaeTcd HewsMeHHOH. CBOHCTBO BOCCTaHaBIHBATh
CTPYKTYPHBle CBS3H TOCTe KAKIOTO HX paspylleHHs HasblBaeTIcd
THKCOTPONHER TMUHHCTOTO TpyHTa. OT TPOYHOCTH CBH3edl B TpyHTe
3aBHCAT KaK ero CKHMAaeMOCTh, TAK H COMPOTHBJIEHHE CABHTY.

YMeubllleHHe TPOYHOCTH BOJOHACHINEHHOIO TMIHHHCTOTO TPYHTA
IIpH paspyLleHUd erc CTPYKTYPHBIX CBH3eil TeM GoJbllle, YeM BEIIIE €0
eCcTeCTBeHHAS BAAKHOCTH, OTHOUIEHHE CONPOTUBIEHHS CHBUTY TJIMHH-
CTOT'O TPYHTA O paspylleHHsl eTo eCTeCTBEHHOH CTPYKTYPH K COpOTH-
BJIEHHIO C/BHTY TIOC/ie ee HAPYIIeHHA HA3bIBAeTCA YYBCTBHTEIbHOCTBIO
ITHHBL. Y HEeKOTOPBIX IJIMHHCTHIX TPYHTOB YYBCTBHTEJNBHOCTh OYeHb
BHICOKAST H TIpeBHIIAeT CTO.

MaccuBbl rpyHTa Beerfla HeoJHOPOAHBI. Pa3iuualoT HEOJHOPOIHOCTD
MaccHBa TPYHT2 W HeO[HOPOJNHOCTh B INpejesax OfHOIO CJOsi TPYyHTa.
MaccuB HeoTHOpPONEH, eCld OH CJIOHKEH CJIOSIMH ¢ pasJHYHEIMH CBOHCTBA-
mu rpyHTOB. Cioit rpynTa paccMaTpUBaerTcsi OfHOPORHBIM, €CIH MeXa-
HHYeCKHe CBOHCTBA ero o6pasnoB ABISIOTCH BhIIEPKAHHBIMH  (He
3aBucsAT OT KoopiauHat). Ouenka BBIIEPXAHHOCTH CBOHCTB TDYHTOB
NPOHM3BOAMTICA 1O BenuyuHe KodphUuueHnTa BapuauMu®™ s NoKasa-
Tenell cBOHCTB rpysTta. B GonblmAHCTBe cayyaeB 34 KpHTepHH ORHO-
POIHOCTH CJOSi MPHHUMAOT Kodpduuuent Bapuanud 0,30, 9to 3Hauu-
TeJabHO Gonblle 4eM Ana MeTanna. Ho npu ofpasiax IpyHTOB GObLIMX
pasMepoB H oTOOpaHHBIX paBHOMEPHO B mnpefenaX cJiod TpelyeMulil
Koa(ppuuuent Bapuauuu yMenbaior fo 0,10—0,15. OueHka ogHopoj-
HOCTH OCHOBAHMS COOPYMKEHHS 3aBHCHT OT pasMepa ero (yHIaMeHra.

3. OGnacTb MexaHHKH IPYHTOB

Kax yxe 6bl10 OTMEUEHO Bhille, B MeXaHHKe TPYHTOB paccMaTpuBa-

1]

¢ KoadduuuenToM BapHALMH HA3HBAETCS UaCTHOE OT JeNeHHS cpelHeKBaj-
PATHYHOrO OTK/IOHEHHA 3HAUEHWH NaHHOro mnoKasaTels, XaPaKTEPH3YIOWEro
CTeneHb KX paccesHMs, Ha cpeliHee 3HauUEHHe JAHHOIO NOKA3aTeNsd CBOMCTB TPYH-
TOB JJs CHOA.
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IOT TEOpeTHYECKHE OCHOBbI PacueToB OCHOBaHME coopyxesuil. Ecrecr-
BeHHHE OCHOBAHHUS COODPYIKEHHH HM3Y4alOT TaKXKe B MHKeHEpHOH reo-
JOTHH H TPYHTOBE/IEHHH.

Pacuerbl OCHOBaHHH COOpDYXeHHH M YCTOHUMBOCTH CKJIOHOB BCerja
[POU3BOJAT MOC/Te BHISICHEHHS HHIKeHEPHO-TeOJIOTHUECKOH 06CTaHOBKH
H THAPOTEOJIOTHYECKHX YCJIOBHA B MeCTe DACHOJOMKEHHS COOPYHKeHHS
WJIH YUACTKA CKJIOHA, a8 TAK:KE BLISICHEHH 1 BO3MOXKHBIX IIPHYHH H Xapak-
Tepa jgepopManuil MaccHBa TPYHTA, 4TOObI NPHMEHHTENLHO K HHM
HCIOJIb30BaTh OHO M3 pelleHHdl MeXxaHHKH TrpyHToB. C Apyroii cropo-
Hbl, MEXaHHKA IPYHTOB, BCKPHIBas MeXaHH3M JedopMaruii, moMoraer
WHREHEPY-TeONOTY AHANM3NPOBATL AANHOE HABJICHWE W BHLIACHATL €ro
0coGEHHOCTH M OTJIHYHMS OT NMPuHATOH pacuerHod Mogeau. Ilocrennee
MO3BOJISIET YCTAHOBHTbL [PHYMHY HETOYHOCTH B pacyeTe, a HHOIAA
¥ OXKHJAEMYI0 BEJHUHHY OIMOKH.

It pacuetoB Maccus TPYHTa paccMaTpHUBAOT KaK MaTepHalbHYIO
CHCTEMY, KOTOpast MOKeT GbITb IMCKPeTHOH, cocTosilleH U3 OTIeNAbHBHIX
TOYEK, M/ CIJIOMIHOM, TIpeAcTaBsonlell HellpepblBHOE pacnpeneeHHe
abcTpakTHOTO BemecTBa. B mocaefHeM c/yyae CHCTeMY Ha3bBalOT
CIVIOIIHON MatepuanpHoOl cpefoil. Pasmiuaor HensMeHAeMyIO H u3Me-
HseMylo cpeny. [IpuMepoM cILIOIIHOH HeH3MeHseMOH cpelnl ABJAeTCA
abCoJIIOTHO KECTKOe TeJo, H3MeHAeMOH CIJIOmHOM cpefol — ynpy-
roe, IMJacTHuecKoe, XKHAKOe H rasoobpasHoe Teno.

MexaHuKa TPYHTOB IIpEJCTaB/sAeT TeOPEeTHUECKYID OCHOBY JJis
pacueTOB €CTECTBEHHEIX OCHOBAHHI, a TaKKe 3eMJIAHHIX COOPYKeHH,
ABJIAIONHUXCS BeChbMa CJIOXKHBIMH MaTepHa/bHBIMM TeJlaMH.

B MexaHuKe rpyHTOB NMOJB3YIOTCA MareMaTHYeCKHM aHAMH30OM A
pa3paGoTKH METOJIOB pacyeTa HanpsKeHHH B MaccuBe TPYHTa H ero
JedopMaluil, BO3HHK'OIIHX ToJA AeilCTBHEM NPHJOKEHHHIX BHEIIHHX
cHa (HaTpy30K OT coopyzKeHHi, Bojbl, BETpa U JPYTHX), a TaKKe yC/I0-
BHH NPOYHOCTH FPYHTOB H YCTOHYHMBOCTH OCHOBaHHH coopykenui. Ilpu
5TOM, B 3aBHCHMOCTH OT paccMaTpHBaeMoil 3ajauH, YYHTHIBaeTCH
BJIMSIHME COGCTBEHHOTO BeCa IPYHTd, BHEIIHHEe CTATHUECKHE HJIM JUHA-
MYMECKVE HATPY3KY, BosAelicTaie o0beMHbIX PUABTPANVONNBIX CHA OT
YCT2HOBHBILEroCH HJM HEYCTAHOBHBIIEroCa (QUJABTPAIHOHHOTO MOTOKA,
BKJIIOYas ABJIeHUS [peHaxka H T. n. Vamenenne HanpsxeHwil B Mexa-
HHKe FPYHTOB paccMarpHBAaOT Kak NPHUMHY jAedopMmauuil, a mocnen-
HHe KaK CJIeJCTBHE H3MEHEHUS HampsKeHHH.

Ilpu mocTpoeHHH TeOPHH MPHXOAHTCS NPHPOJHLIE ABJEHHS YIPO-
HaTh HJH CXeMaTH3HPOBATh, OTOpACHIBAA NPH PAcCMOTPEHHH BONpPOCA
BTOpOCTeNeHHble PaKTopsl H COXpaHAsd OCHOBHbIE, ONpPENeAoulHe pac-
cMaTpHBaeMoe ABJIeHHEe WJH mpolecc. Takoe cxeMaTH3HPOBAHHOE Npes-
CTaBJIeHHe Ha3biBaeTcs pacyeTHoi Mofenbio. Ilpu M3y4eHHU Pa3THUHBIX
BONPOCOB NPHXONMTCA B KadeCTBe OCHOBHBEIX NPHHUMATB pa3fHYHBE
tdakropel. [IpaBunsHOCTL BEIGOPA OCHOBHBIX (DAKTOPOB, ONMpeAeAAIOWas
LLEHHOCTb TOCTPOEHHOH Ha HHUX TEODHH, MpoBepseTcs OObeKTHBHBIMH
IKCTIepHMEHTaMH H MPaKTHKOH (BK/II0Yas HaGJIONeHUs B TIepHOJ, CTPOH-
TeJBCTBA H IKCMiyaTaudu coopykenus). [loayuuB pe3yabTaTel mpo-
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BepKH [NPHHATOH pAacyeTHOH MOJENH, NPOH3BOJAUTCH €e YTOYHEeHHe
H [0 Mepe yTouHeHus Bce GoJiee NPUOMHKAIOT ee K NPHPOJE ABJISHHSA.
Hosuole cBeftenus o npupoje fedopMaunil, nonydeHHble B ['pyHTOBeje-
HUH, TaKXKe HCIOAB3YIOT /IS YTOUHEHHS pacueTHOH MojenH.
Onpepenenne pacnpeje/NeHnsa HanpsKeHWH B PazipoOJeHHOM Mac-
cuBe (JAHCKpETHOH MarepuasbHOH CHCTeMe) OT BHEUIHHX Harpy3ok,
HCXO/A K3 YUeTa MECTHHIX HOPMAaJIbHEIX M KacaTeJbHbIX CHJl B BHJIE CHJ
TPEHHS W CIEVIEHHS Ha MOBEPXHOCTAX CONPHKOCHOBEHHS CMEXKHBIX
3epeH, uX Aedopmanuii, a Takxe KPYTAHHX MOMEHTOB, MPHJACKEHHHIX
K 3epHaM, NPHBOAKT K HAcCTOJNBKO CJOXKHBIM ypaBHEHWSM, UTO NPAKTH-
gecKasd MX llenecoobpa3HocTh CTAHOBHTCA COMHHTeNsHoH. Ounu copep-
XKar 36 KOMIOHEHT KOHTAaKTHOH CHJBI, CBSI3aHHBIX YCJIOBHSIMH DaBeH-
CTBA HYMI0 CyMMapHBIX MOMEHTOB, YPaBHEHHAMM paBHOBECHS H ypas-
HEHHSIMH COBMECTHOCTH OTHOCHTEJIBHHIX CcMellieHuit 3epeH (MuHLIHH,
1954). Dousee mpoctele 3aBHCHMOCTH A/ JHCIIEPCHOH cpelnl, MOJaydYeH-
Hble C MpuMeHeHHeM MareMmartndeckKoll cratuctiku (Kaugaypos, 1960)
u kosbdunrentoB KoHuentpauun (Ppemux, 1935), necmMoTps Ha xopo-
fllee COBNAJIEHNE C IKCMEePUMEHTAMH, KOTOpHIE YKAa3bIBAIOT HA pasjiud-
HBIfl Xapakrep pacnpejeseHHs HanpskKeHHH B MecyadoM H TJIHHHCTOM
IpyHTax, He ABJAIOTCA CTPOTHMH H TpeOYIOT SKCIePHMEHTaAbHOTO onpe-
JeJIeHHs1 HOBHIX I'PYHTOBBIX Nokasarened. IlostoMy B MexaHmke rpyH-
TOB, HpH pacyeTe pacnpefeliedys HanpsAxXeHHH B MacCHBe TPYHTA,
HCNONB3YIOT HMENHecH pellleHHs MeXaHHKH H3MeHgeMOoH CcrJIOmHOH
cpefnpl, paspaboTaHHble B TEOPHH YNPYIOCTH H TEOPUM NJIACTHYHOCTH
A HadyaJbHO HeHanpsxKeHHoro, T. e. HesecoMoro, Ttena. HeoGxonu-
MYIO CBfA3b MeXAy HampsxeHHAMHM H JedopManvaMu, AAS pacyera
nocJieIHiX, YCTAHABMHBAIOT IKCHEPHMEHTANLHO M8 KaKA0H pasHocTH
CPpYHTA, BXOAAMEH B COCTAB €CTECTBEHHOIO OCHOBAHHA COOPYKEHHS.
Ilpu 3ToM pa3paboTka MeTOIOB MeXaHH9eCKHX HCOBITAHXN TaKKe BXOAUT
B JHCUHMIVIHHY MEXaHHKH TPYHTOB. B COOTBeTCTBHHM C passioKeHueM
B TEODHH YNpylocTu ofillell nedopmaiuy Tesna Ha jJeopMaluy CKaTHA
u jgedopMaunyu cABHTa paspaboTaHsl MeTOAbl pacyera Jedopmanuu
CJKaTHs MaccuBa IpyHTa M pacueTa Jedopmauuu casura. B merone
pacyera jJedopMalEM CKaTHA pacyeTHOH MOJEMBIO CAYKHT JIHHeHHO
JedopMupyeMas Cpelid, a4 CKaTHE B MeXaHHKe 'PYHTOB PacCMaTpHBalOT
KaK pe3yJbTaT H3MeHeHHs afbeMa op B FPyHTE, NPUHHAMAS, YTO CKaTHe
cKeJleTa TPYHTA U BOJABL B €T0 10paX He MPOKMCXOAMT. B meTofax pacuera
Aedbopmanuil ciBATd, WM [POUHOCTH I'PYHTA, H YCTOHYHBOCTH OCHOB&-
HHS COOPYKEHHS, UCTIONB3YIOT HECKOIBKO PAcueTHBIX Mojiesiell ¢ JiHel-
HOH 3aBHCHMOCTBIO CONPOTHBJIEHHS CJABHTY OT Harpy3KH.
3aBucUMOCTH, pa3paboTaHHble B MeXaHHKe TPYHTOB, MPHMEHHMbHI
JAIA TecyaHwlX M [VIHHHCTHIX T'PYHTOB B ONpefefieHHbIX TPaHHIaX,
3aBHCAHIMX OT MPWHATOH pacyeTHOH MOJe M W TOYHOCTH MCXOJHEIX
JaHHBIX, TOJYYEHHBIX B Pe3yJibTaTe HHKeHepHHO-Te0oITHUECKHX HCce-
JAOBaHWH, TNPOMU3BENEHHEIX B PAalioOHe MPOEKTHPYEMBIX COOpPYKEHHH.
Ecau npuHsaTh, UTO TOYHOCTb HCXOJHBIX JNaHHBIX COCTAB/ISET HE MEHee
10%), T0 Ta e TOUHOCTE OTIpeAe/IseT H JONYCTHMbIE OTKJIOHEHHA CBOHCTB
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HCMOJIb30BaHHOM B MeXaHHKe FPYHTOB pacuerHoll MoOJesaH OT CBOHCTB
€CTeCTBEHHOTO OCHOBaHHA coopykKeHus. Tak, Mojenb JHHeNHO fedopMu-
pyeMol cpefH MpUMeHHMa TO/ILKO AJIA TAKUX IPHp AlEHHH Hanp sKeHHH,
NPH KOTOPHIX OTKJOHEHHe YKCHepHMeHTaJbHOH KpHBOJHHEHHOH cBA3M
Mexjy MOPHCTOCTBIO H JaBJeHHeM Ha FPYHT OT npAMofukefinoll 3aBH-
CHMOCTH He INpeBHIIaeT yKazaHHOH mnorpellHocTH. IlpakTwueckH 310
¥MeeT Bceria MecTo AJs HeGOJBIIHX NPHPAeHHH HanpsKeHul,
XapakTepHBIX [/ OCHOBAaHMA coopyXeHud. B npoTuBHOM cayuae
MOMKHO Harpy3ky Ha TPYHT pa3buth Ha 4acTH H MPOCYMMHPOBATH NOJY-
YyeHHBle YacTHHle KOHewHEle ocaixkd. [as pacuera ycTOHUHBOCTH
OCHOBAHHA COOpPYMKeHHS pacdyeTHas MOJeJb HMeeT JMUHEHHYIO 3aBHCH-
MOCTb COMPOTHBJIEHHWS CHABHTY OT HAarpy3kHd, KoOTopas Ha 3ajaHHOM
HHTEpBaJle MPUPAILEHHSA HanpAKeHUH He J0JKHa MHOTO OTKJIOHATLCSA OT
IKCMepUMEeHTANBHOH KPHBOJIHHEHHOH 3aBHCHMOCTH JJIA peaJbHEIX FPYH-
toB. [Ipakruuecku Ay MajblX NpupauieHHii HanpMKeHUHA B OCHOBAHHH
COOPYKEHHA PAacXOXAeHHA MEXKAY NOJOroHl 3KCHepHMEHTaJbHOH KpH-
BO{l H NPAMOH Bcerfa MeHee YKa3aHHOH Bhllle TOUHOCTH HCXOJAHEIX JaH-
HHX JJIS1 pacyeros.

B cootBerctBHH ¢ TpeGoBaHHAMH «CTPOHTENBHBIX HOPM M NPaBHJI»
(1954) B cocTaB MPOEKTA COOPYXKEHHSA BKJIIOUAIOT Pa3fes] C pacueroMm
OCHOBAaHHS COOPYXEHHS M pa3paGoTKOH Mep, NpelynpeXAaiomHux pas-
pVIIeHHe OCHOBAHHsA, €c/H 3TO0 HEeO6XOIHMO.

4. Pa3BHTHe MeXaHMKH TPYHTOB

HauansHelil nepHos pa3BUTHA MEXaHHKH I'PYHTOB OTHOCHTCH K IIepHO-
ny c koununa XVII u gp konua XIX B. On xapaxTepusyercd BecbMa
c1a6elM NpHMeHeHHeM B CTPOHTEJNLCTBE HAyYHO OGOCHOBAHHEIX METOJIOB
pacuera ocHoBauuii coopyxkenuil. Heo6Xxopumble B To BpeMa peieHHsS
BOMPOCOB [POEKTHPOBAHHS H CTPOHTENBCTBA Pa3/HYHBEIX COOPYMKEHHH
MONYYaNHCh TOYTH HCKMIOUHTENBHO Ha O6a3e HAKOIJIEHHOTO OIKTA
CTPOHTENLCTBA AHAJIOTHYHBIX COOPYKeHHHl B aHAJOTHUHBIX YCJIOBHAX
H HHTYHUHH CTPOHTENZ. ITO CONPOBOXKAANOCH B PAfe C/NydaeB Heyna-
4aMM H aBapHAMH, KOTODHE B CBOIO ouepells cnoco6CTBOBAIH Hakome-
HHIO ONbITA. 1€OpeTHUECKHM HCCJeI0OBAHHMEM, COXPAHHBIIMM 3HAueHHe
IO HACTOANIEro BpeMeHH, sBjfercAd pabora (paHIy3CKOro ydeHOTo
Kynona, pemmusmero 3ajauy o AaBJieHHH 3eMJH HA NOANODHBIE CTEHKH
(1773 r.), a Takxe pycckoro akagemuka H. W. ®yeca, paspaborasinero
B xonne XVIII B. cnocob pacuera 6anox Ha ynpyroMm OCHOBAaHHH, MpH-
HAMad JuHeHHOe paclpelesieHHe HANpsKeHHA HA NMOJOLIBe COOpYHKe-
HHfl C BBeJeHHEM NOHATHA O Ko3(ppHUUMeHTe NOCTe/H.

Pa6otel B oOsacTH MexaHuku rpyHtoB B KoHue XIX u Hauane
XX BB. CBOAMJHCH B OCHOBHOM K ONpefieJleHHIO NaBJeHHs Ha MOAMop-
Hble CTEHKH H PAacCMOTPEeHHIO HEKOTOPHIX TNpocTedIIHX 3ajau ycToH-
UHBOCTH OTKOCOB M OCHOBaHHi{l M Ha3blBaJHUCh CTATHKOH CHITyYHX
TeJI.
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Cnepyer oTMeTHTh ONyOGJIHKOBAHHYI0 B 60-X rojax OpOILIOro CTO-
Jetus usBectHylo GopMyay pycckoro uHxkenepa ITaykepa o jpomyckae-
Mol rayGuHe 3asoxeHHS (QYHIAMEHTOB B CHIIYUMX TPYHTaX.

OnwiTHoe H3yueHHe IPYHTOB, KaK OCHOBAHUH cOOpyKeHHH, OHLIO
nauaro B IlerepGyprckoM HHcTHTYTe nyTeil coobulenus B, M. Kypmaro-
MoBoiM B 1889 r., monoxuBuiMM B PoccH Hauano uccJienoBaHUAM
B 06JACTH MeXaHHKH TPYHTOB. ITH paboTel GbUIH [POAOJIKEHH
A. W. TlpunexaesuiM B Jlenunrpage u B. M. Munsessim B Tomcke
B Hauaje TeKYIero CTOJeTHS.

3HauuTeNbHEIM BKJAAZOM B HAayKy OblIM  KamuTajbHele PaboTHL
aBcrpuiickoro mnpogeccopa K. Tepuarn u B CCCP npodeccopa
H. M. TepceBanoBa B 06/1aCTH pPacueToB OCAAKH COOPYMKEHHUH, BHIIOJ-
HeHHple B 20-Xx rofax TeKyilero CTOJeTHH U JABHIHX PelIeHHS APYTHX
BONPOCOB MeXaHHKH TPYHTOB. 3/Jech e HeoOXOAHMO OTMETHTb TPYIAH
H. I1. Iyserpeckoro B CCCP 1 O. K. ®penuxa B ABcTpun B 06iacTi
pPacueToB MPOYHOCTH FPYHTOB, CJATAIOIIHX OCHOBAHHS COOPYIKEHHMI,
JansHeiimee pasBuTHe TEOPHH YIJIOTHEHHUS IIMHHCTHIX FPYHTOB GHUIO
JI3aHO B KamHTaTbHEIX Tpymax B. A. ®mopuna. HeobxoauMo yKasats
TaK:Ke Ha 3HauuTesJbHBIH BKJaj B coBeTcKylo Hayky H. A. IlutoBHua,
H. H. Macnosa, 1. B. Ilonosa, I'. H. ITokposckoro, M. E. Tlonsumna,
M. H. Top6ynos-Tlocaposa, b. I1. [TonoBa 1 1pyrux cOBETCKHX YUEHBIX,
TPpyAbl KOTOPHIX Pas3BUJH MeXaHHKY TPYHTOB, KaK HAYUHYIO OCHOBY
JJA pelleHHH 3ajgau  CTPOHTEJNBCTBA, BO3HHKAIOH[HX B HAPOJHOM
Xo3sfcTae.

B Coserckom Corose MexaHuKa TPYHTOB, pasBUBAsCh B TECHOM
KOHTaKTe ¢ HHXKEHEPHOH reoJioruefl H IpyHTOBeNEHHeM, 0cBOGOAHJACH
OT MHOIHX (POpMAJIHCTHUECKHX KOHNENUH, XapakTepHuX s 3amaja.
¥Ynopo6nss rPyHTH TEM HJIH HHbIM MEXAHHUYECKHM MOJe/sM, COBETCKHE
CMeNHANUCTEL 0 MeXaHHKe TPYHTOB H HHMKEHEPHOH I'e0JIOTHH yUHTEIBA-
I0T, UTC HMEOT JeJO C eCTeCTBEHHO-HCTOPHUECKHMEH 00pasoBaHHAMHE
¥ [O9TOMY PpeUJaloT BONPOCH ¢ MO3HUHMH IJyGOKOro aHaju3a BCeX
CYWIECTBYIOIIMX [PHUYMHHBIX cBA3eifl u 3aBucuMocteldl. Bcerepcrsue
6OJILIIOTO CTPOUTENLCTBA B Hamlel CTpaHe, B BECbMAa Pas/HYHBIX YCJIO-
BHAX, HMeeTcsl JajbHedias BO3MOXKHOCTL MPOBEPHATb H  YTOUHATH
paspa6GoTaHHEIe B MeXaHHKe TPYHTOB MeTOjpl pacueTta.

Cnenyer OTMETHTb BO3pOcHIee 3HAUEHHE MEXAHUKH TPYHTOB B MO-
cnegnue rogwl, ocobenno noese pemrennil X XII cvesna KIICC, o cospa-
HHM MaTepuaslbHO-TEXHHUECKOH 6a3bl KOMMYyHHCTHYECKOTo OOLIeCTBa.
Tlpu 5TOoM HamedeHO 3aTpaTHTb OoJjblIHe CPeACTBA Ha TIpaH]HO3HOE
CTPOMTE/BCTBO BO BceX yroJkax HamreH crpadbl. (OGbekTH CTPOH-
TeNbCTBA OLLIH T€peMenieHbl B HOBbIE MAJ0 OCBOEHHBIE H H3y4eHHBIE
pationsl Cubupu, [IBK u Cpenneit AsuH, rje cTpOMTENLCTBO HEPELKO
BEJETCA B CJAOKHHIX H HeOMarompUSATHHIX YCJAOBHAX, e MaJo OIbITA
MPOGKTHPOBAHHSA M CTPOUTENTbCTBA B MECTHBIX TEOJIOTHYECKHX YCJIO-
BHSIX W TIOITOMY pOJib MPaBHJILHOH OLEHKH YCJOBHH CTPOHTENLCTBA
H HaleXHBIX PAcueToB €CTeCTBEHHBIX OCHOBAHHH COODYXEHHHl 3HAUH-
TEJILHO BO3POCJ/IH, B CBA3U €O CTPOHTEIBLCTBOM Pa3/HUYHBIX YHHKAJbHBIX
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coopyKeHu#i (BBICOKHX TJOTHH, 3AaHHH, TeJeBH3HOHHHIX MAauT, Lu-
KJIOTPOHOB, IVIYGOKO 3a/i03KE€HHEIX MOCTOBHIX ONOp M 4P.) HpefbABJe-
Hul 0co00 BbLICOKHE TpeGOBaHUSI K ecTecTBEHHLIM OCHOBAHWMSIM.

310 AaeT BO3MOMKHOCTb YTBEPXKJATb, YTO POJib MeXaHHKW T'PYHTOB
B CTPOHUTE/JBHOM Jeje OyJeT BO3pacraTb H janee, cOfeHCTBYA yjhe-
LIeBIeHHI0 U YCKOpEHWIO CTPOHMTELCTBA H obechHeduwBasl YCIIEHIHOE pe-
uleHne TeXHWYECKHX npolseM, BO3HUKAIOUWIHX IPH OCYLLECTBJIEHHH
HOBBIX OOhEKTOB CTpOUTENLCTBA.



Pagszoean I
PACYET HAINPS)KEHHUII

5. OcHOBHbIE NOHATHA O HAMPSKEHHAX B MacCHBe IPyHTa

Ins onpefenenna Jepopmaunuii MaccuBa TpyHTa U Jepopmanuii
MOCTPOCHHBIX Ha HeM COOPYXeHHH HeoGXOAMMO BLIACHHTDL KaK H3MeH -
I0TCA B Pe3yJbTare NMOCTPOHKH COODYKEHHIl HampskKeHWA B TPYHTE,
KOTOpble ABJAIOTCA NPHUYHHOH mnpoucxopamux jedopmauufi. [lpuunu-
MaloT, U4TO B HEBECOMOM CHJIOIU-

HOM TeJle, KOTOpOe HAXOAWTCH B

pPaBHOBeCHH, MOA e CTBHEM BHEIU- ?

Hell custel P, npHJIOKeHHOH K TOU-
Ke Ha er0 JIOBEPXHOCTH, BO3HHK-
HYT BHYTpeHHHe ycunud. Urtobwl
ONpeAeJUTL BEJUUHHY BHYTPEH-
HUX ycuauit B Jmoboil ToukKe M
(puc. 6), pacnosoKeHHOH BHYTpH
3TOTO Tefa, NPOBOJAT UEPE3 TEJIO
OKOJIO MECTa TPHINOKEHHA CHIBL  p,. g Hanpsixenns B Tese oT co-
P cevenue nMm, npOXOAANIEE cpenoroveHHOM HATPY3KH, MpHIOKeH-
uepes TOuKy M, Kotopoe paspie- wHoit k ero rOpHSOHTAIBHOW MOBEpX-
JIUT TeJio Ha paBe uactd A u B. HOCTH

UlacTb Tesla A ¢ NpHIOKEHHOH CH-

Jofi HaxoAWTCA B PABHOBECHH NMOA ACHCTBHEM BHEUIHEH CHJIBl ¥ BHYT-
PeHHHX YCHJHH, HepaBHOMEPHO pAacHpEJEJEHHBIX MO NPOBENEHHOMY
CEUeHHIO, ¥ NMPeACTABIAIOMMX JeHcTBHE OJHOH YacTH Tefla Ha ApYrylo.
VHTeHCHBHOCTD pacnpe/iesiendst BHYTPEHHHX YCHJIHH MO CEUEHHIO Ha30-
BeM HalnpAaXeHHEeM H 0003HAUNM uepe3 O,

Benuunna HampsiKeHHR HaxORHTCH ABYMA MeroflamMH. B ciyuae
pPaBHOMepHOrO pacnpeje/leHH7 HanpAXKEeHHA N0 CeueHHio, HalpuMep,
B Tesle, KOTOpOe HMeeT NpH3MaTHuecKylo (Gopmy,id CedeHHd a—q,
JOCTaTOYHO YAAJEHHOTO OT TOUKH NPHJIOKEHHA CcuJbl P, BelnurHa
HATMIpSKEHKWA MOKeT ObiTh ONpeficJieHa JIedeHHeM CuJBl Ha MJIomanb
ceueHus (puc. 7). B cayuae e HepaBHOMEPHOTO pacnpefesieHus Hanpi-
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HeHuii no ceueHuto nMm, nokazaHHOMY Ha puc. 6, Bhijessior Ha ceue-

HHH y TOYKM M 3JeMeHTapHyl0 [JIOWaAKy, 3areM OlpefefsioT BeJH-

yHHY paBHOjelcTBYyOmei R BHYTPeHHHX YCHJM, AeHCTBYIONHX HA

3Ty 3JEeMEHTAPHYIO MJIOHIAAKY, ¥ NPOU3BOJAT Ae/ICHHE BeNHYHHBI PABHO-

AeHcTBYIOMEd R Ha BequuuHy njomanku F. TIpH ymeHbiIeHWH pasMme-

POB MJIOHIANKH TIpelefibHOE 3HAUYeHHe pe3yJbrara fenenus R Ha F pact
BEIHUMHY HaNpsKeHHd B Touke M:

tp [Fhes=s g

Ecan cuna R BhpaxeHa B KuJorpaMmax, a
naowans F — B KBagpaTHHIX CAHTHMETPaX, TO
pa3aMepHOCTb HampsiKeHus noaydaercs B &I /cm®.
ITnomanxa F MoxeT HMeTh M0G0 HANpaBJ/eHHE, B
P a 3aBHCHMOCTH OT HAJIpaB/IeHHs NPOBefeHHOIO uepes

f TEIO HAHM MaccHB IpyHTa ceueHusa. OTMETHM, UTO
HanpAKeHHe B MacCHBe TPYHTA, NPeACTAB/IAIOIEr0
MeJIKO pasapobJieHHOe TeJlo, ClleflyeT paccMarpuBaTh
He KaK HampsKeHHOe COCTOSTHHe €ro yacTull, a Kak
Puc. 7. Hanpsxe- CPE/JHee HANpsiKeHHE HA MEICJEHHO BHIRICHHOH
HHUSL B Tele TNpu3- ILJIOHAAKE KOHEUHBIX pPa3MepPOB BHYTPH Tena¥®.
Maru4ecko GopMel [na naHHOTO HANMpaBMeHHA TIOMAJAKY 3TO Ha-

TIpsKeHYe MOXeT OLITh BHIP@XKEHO BEKTOPOM, JJiH-
HA KOTOpPOTO IPeACTABJAET BeJHUHHY HATPSAKEHHA B ONpee/]eHHOM
maclrtabe. BesqnuuHa u HampaB/ieHue BEKTOpPA HANPSIKEHHA 3aBHCAT
He TOJIbKO OT BEJHYHHLI CHJIBL £ U KOOPAUHAT TOYKH M, HO TakKe OT
HaTpaBJeHHs VIOHIAKH, LIS KOTOPOH oTpefiensjach paBHOAEHCTBYIO-
mag BHYTPEHHHX YCHMJMH. YToJ MexAy HampaBjeHHSAMH BeKTOpa H
IVIONIAKH MOXKeT OHTb MeHbIIe MNpPSMOTO.

B mo6ux Toukax maccHBa TPYHT4, HMEIOMIENO COGCTBEHHBIA Bec,
U Haxopsamierocs Toj pAeficTBHEM BHe[HeH HArpy3ku, OpH  J060M
HanpaBleHHH TUIONIANKH, MPOBEIEHHOH Yyepe3 3aJlaHHYI0 TOUKY, B Hel
Bcerna OyneT fAelcTBOBATh pe3y bTHPYIOHlEe HampskeHue ¢. PasHo-
JIeHCTBYIONAsT HATIpSKeHHH, JedCTBYIOMMX TIo BCeM MJIOII3AKaM, KOTo-
pHle OPOXOJAT Yepe3d TOUKY, paBHA HYJIO, TAK KAK TOUKA HAXOAUTCH
B paBHOBechi. Hanpsixenus B Toukax Ha MoBepXHOCTH MACCHBA [PYHTA,
3a TIpefeJlaMH TIDHJIOYKEHHOH BHelLIHe# HATPY3KH, TakxXe OYAYT PaBHHI
Hymo. HanmpskeHus B TOUKaxX Ha NOBEPXHOCTH B TIpeNesiax MPUJIOKEH-
HOH BHelIHeH HArpyskH ofo3HaualoTCA B janbHellileM uepes p kI /cm?.

Ecnn BeKTOp pPe3yJBTHPYIOWETO HAMPSMKEHHAS HAKJOHEH K IJIO-
magke a—a (puc. 8), ero pasJjaraior Ana yaoGCTBAa pacyeToB HA JBe
COCTABJISIIOIHE: HOPMANBHYIO (Pe3yJIbTHPYIONLYIO), NePNeHAUKYIAPHYIO
HAnpas/IeHKIO NJIOMAJKH, KOTOPYI0 0603HAYAIOT Yepes 0, H KacaTedbHYIO

* Ims pasgpoGiaeHHOTO NMOPHCTOro Teda miaomazse F B ypaBrenun (1) He
MOXKET yMeHbIIAaThCsl 10 GECKOHEYHO MaJoH BeJHYHHH M IIPH YMeHbIICHHH €¢ pas-
Mepa pe3yJbTaT OT feqeHHs R Ha F He 6yLeT HenpepHBHOH ¢QyHKUMenR.
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(pe3ybTHpYIOULYI0), ASHCTBYIOIYIO B IJIOCKOCTH IJIOWAJKH, KOTOPYIO

0Go3HAYAI0T yepes T.

TlonoxeHue TOUKH B MACCHBE TPYHTa OIpEENSoT MPSIMOYrOMb-
HBIMH KoopjauHatamu. IlpH 3TOM Hauajo KOOpAHHAT Pacnoaramr

B KOHTAaKTHOH TIJOCKOCTH MEXAy BHENIHEH Ha-
rpyskoil H MaccuBoM rpyHTa (Ha mojomse GyH-
JIAMEHTa) B CEpejuHe BHeUIHeH HArpy3KH, Ocbh 2
HampaBJ/floT BHH3, OCh y — cCJieBa HANpaso H
oCb X — IO NPAMEIM YIJOM K ocH y (puc. 9).
B nanbHeiuieM 1jd pacyera CxKaTHA IPYHTa,
OPOHCXOAAIIETO TOJ, AefiCTBHEM BHEIIHEH Harpys-
KM, IVIOMAAKH AeficTBusi Hanpsxenuil GyneM pac-
noJiaratb TOPH3OHTANBHO H BEPTHKAJNBHO. Torja
3a7a4a O CKATHU FPYHTA CBOJMTCA K 3ajaue;o
CJKATHH 3JIEMEHTAPHOTO KyOHKA, BHPE3AHHOTO H3
MaccyBa IpyHTa y Touku M, co cToponamu napas-
JieJIbHBIME ocsiM  koopaunar (puc. 9). Ha rpaun
Ky6HKa JACHCTBYIOT HOPMAJIbHRIE COCTABJISIONIHE
HATpAKEHUS, KOTOPHIE MOAMNEKAT OTPEJIesIeHHIO.
" PaccMoTpuM yxasauHble YacTHple clyuaH pac-
NOJIOKEHH ] MJIOMIANOK JeficTBHSl HANpAXEHHH, a

!
I
{
I

Puc. 8. HopMmanbueie

H KacaTeJbHHE " cOo-

CTaBJAIOIMe Hanp#-

KeHHs B IVIOHIAfKe
a—a

MIMEHHO FOpH30HTA/ILHOE ¥ BepTHKaNbHOe. Hopmanbusle cocTaBisouue
HanpsaXeHui, 1efCTBYIOMUX B 3THX MJomankax, OyayT HMETb COOT-

B

§ —= Y

Puc. 9. Tlonoxenue npsAMOYroNbHHX KOOPAH-
HATHHX ocell H 0603HaueHNs HOPMANLHLIX COCTA-
BASIMMUX HAMPAXeHHH B MaccHBe rpyHTa AIa
TOPH30HTAAbHHX M BePTHEANbLHHMX IJIOMAJOK B

o6BeMHO# 3agave

BETCTBEHHO BEPTHKA/JbHOE U TOPH3OHTAJbLHOE HAnpaBieHus. Beprus
KallbHas cocTaBismomas GyjIeT BH3bIBATH CKATHE TPYHTA B BEPTHKAMb~
HOM HanpasJieHH¥ H OGYCJOBJHBATb OCAfKH MOBEPXHOCTH TpYHTa, a
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FOPH3OHTAJNbHASA COCTABNAIONAA —CKaTHe B TOPH3OHTATLHOM HANpaB-
JIEHHH, T. €. ero GOKOBOE€ CxKarue, KOTOpoe TaKke GYAET BJMATL Ha
OCajXH TOBEPXHOCTH.

BosHHKaIOMY10 OT BHellHEH HArPy3KH HOPMANLHYIO COCTABJISIOULYIO
HanpsXeHus W JeHCTBYIONLYIO HA rOpH3OHTANbHYIO T'paHb Ky6a, 0603-
HAYA0T 4epes Z, a HOpMasbHBIE COCTABJISICIIHE HAnpsKEHHi, aef-
CTBYIOIHE HA [Be BEPTHKA/IbHLIE TPAHH Ky6a H HANPABJIECHHLIE FOPH3OH-
TanbHo, — uepe3 X u Y (puc. 9).

B niockocTd Kaxjoi rpand Ky6a 6yayT ReficTBoBaTh, KpoMe TOTO,
[0 JBe KacaTelbHBIX COCTaBJIAIOMAX, OJHA MapaJjefbHas OJHOH CTO-
poHe rpanH, Apyras — apyrofi. KacartenpHele cocrapJsiomue, pacro-
JIOKEHHbIE B TJIOCKOCTH TOPH30HTANLHOH TpaHu, oGosHadaior ZY
u ZX, rue mepsas GyKBa yKa3biBaeT Ha HarpaB/ieHHe HOPMAJH K ILIO-
manxe JNeHCTBHA, a BTOpas — HAa HanpasJeHHe camofi KacaresbHoil
coctaBnaomed. KacaTenbHele cocTasisionise, AelicTByiomue B TUIOC-
KOCTH BePTHKAJbHOH rpaHH Kyba, NepNeHIHKYJsSpHOH ocH Yy, 6yayT
caenyoue: YZ uY X, Kacarenbuele coctanstoune ZY u YZ nonap-
HO paBHBI MexAy co6oi. IIpu yMeHblIleHHH CTOpOH Ky6a 0 GECKOHEUHO
MajslX PasMepoB COCTAB/SIOHIHE HATIPSAKEHHH OT BHEIIHell HATPY3KH
6yayT COOTBEICTBOBAThL HANPSIKEHHAM B TOYKE B MACCHBE TPYHTA

Bce IpyHTB HMEIOT COGCTBEHHRBIH Bec, KOTOPHIH BLI3HBAET HATPAKE-
HHA B MaccHBe TPyHTa, Bo3pacraomue c¢ riyouHoli. Kpome nanpsixe-
HHil OT COGCTBEHHOTO Beca, B IPYHTAX HMEOTCA HATIPSKEHHS OT BHYT-
PEHHHX CuJI, HampHMep MOJEKYJSPHBIX, KOTOpBlE TaKXKe BHI3bIBAIOT
HANpSKEHHS, HO He 3aBHCAILHE OT rMy6uusl, HopMasbHoe HanpsxeHne
Ha Iy6HHe 2 B TOPH3OHTAJBHOH NJIOHIafKe OT coGCTBEHHOTO Beca Py H-
Ta, KOTOpOoe TNpeAcTas/sdeT HayaJbHOE HANpSIKEHHE B MAcCHBe I'PYHTA,
o6osHaudior uepes vz kI /cm® u oT BHYTpeHHHX cusl uepes ¢ kI /cm?.
PesynbtHpyiomee HOpMajbHOE HanpsiKeHHe B TOPH3OHTAJbHOH TLIO-
IMajKe cjaraercs W3 HayaJbHOI'O HanmpAXeHH#d, ero NpHpanleHHs OT
BHEIIHe#l HATPY3KH H BHyTpenHdX cua. OHO paBHO:

6, =vz2+4Z4¢C.

TlosoxuTenbHOE HaNpsIKEHHE BHIILIBACT CXKaTHe TPYHTa, & OTPH-

LaTeILHOe — ero pacTsKeHHe.

6. OcHoBaHme COOPYXKeHHSHA

IMpu mocTpoiiKe COOPYIKEHHsI BO3HMKAGT NaBJIEHHE He TOJLKO TI0
nofomse ero dyHnaMeHTa. J(aBieHHE OT Beca COOPYIKEHHs Mepenaercs
MaccHBy TPYHTA ¥ pACIpPOCTPAHAETCA B HEM HA 3HAUHTELHYIO INIyGHHY
ot ero nosepxHocTH. [log feficTBHeM Beca cOOpyKeHHA B HATPY30K HA HETO
H3MEHSIOTCA HANpSIKEHHs, KoTopple OblIH B FpyHTE MO HOCTPOHKH
coopyXenusl. IT0 H3MEHEHHe NPOMCXOIUT B JIOKAJbHOH 30HE MacCHBA
rpyura. Tpannuell 370l 30HB! ABJACTCA TeoMETPHYECKOE MECTO ToYekK,
B KOTOpBIX M3MEHEHHE HAmpsKEHH{ HACTOJIBKO MAaso, YTO He BhI3HIBAET
NPaKTHYECKH OULYTHMOTO CXKATHS TPYHTA. DTa 30HA HA3LIBAETCS OCHOBA~
HHeM coopyxeHHA. [lo3ToMy ocHOBaHHeM, B IIMPOKOM CMbIC/IE ITOTO
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¢JI0Ba, CAYKHT Takad 4acTb MacCuBa FPYHTA, HaNpsXKEHHA B KOTOPOH
M3MEHSAIOTCS OT BO3BOAMMOTO HHXKeHeDHOTro coopyxkenus. K ocHoBanuio
JIOJI3HA ObITh OTHECEHA HE TOJIbKO YacTh MaccHBA I'PYHTA IIOJ COOPYHKe-
HUEM, HO ¥ YacTh 32 ero GOKOBBIMM CONPSIKEHHAMH, 4 eCH HMEIOTCA
OTKOCHI, TO ¥ YacTh MaccHBA IPYHTA 32 OTKOCAMH.

Taxum 06pa3oM, OCHOBaHHEM COOPYKEHHsS Ha3blBaeTcs yacTh Mac-
cHBa TPYHTA, BOCTIPHHUMAIOULAA JaBJeHHE OT COOPYMKEHHS, B OT/IHYHE
OT Hecymlell 4YacTH COOpYKeHusd, Ha-

3piBaeMoil (pyHaMeHTOM U CAyXKamiei an-ﬂm
JJIs TIepejaun Beca COOPYKeHHs Ha
TPYHT.

EcrecTBeHHOe oOCHOBaHHe HeOJ- Ve

HOpPOAHO H WMeer pa3HOOGpasHoe e i N\
¥
¥V

cJloKeHHe, BCJIE[CTBHE HeNPephIBHO-
ro H3MeHeHHS YCJOBHH OTJOXKEHHSA
H dopMHupOBanud TPYHTOB, MexaHH-
yecKHe CBOHCTBA TPYHTOB cBfA3aHbl Puc. 10. Bexrtopw wuanpsxenuit
C Harpy3xKaMu, KOTOpbI€ B [IPOIIJIOM B TOYKAX MACCHBA TPyHTa
BIMANM H Ha uX (opMupoBaHHe
OHu H3MeHSAIOTCS W flajiee C TeueHueM BpEMEHH, BCJejCTBHE pa3BHBAIO-
HKXCSA €CTeCTBEHHO-MCTOPHUECKHX MPOHeccoB (NMPOIECcCOB AuareHesa).
Ecnu K cTpouTeIbHOMY MaTepHasy, H3roTOBJEHHOMY B MPOMBIILIEH-
HOCTH, WJIM Ha MecTe CTPOMTeJIbCTBA, MOKHO MPEXbSBUTH TPeGOBaHHS
K €f0 KayecTBY W MOJNYUYHTh €ro TaKHM, KaKHM OH HyXKeH CTpOUTe/b-
CTBY, TO Marepuall, cJaraioHiiii ecTecTBeHHOe ocHOBaHue, Tpebyer
creudanbHOTO H3YUeHHS AJA KaKJAOTO KPYNHOTO COOPYXKEHHH, a TaK-
Xe 1715 KXol NJIOMIaAKH, Ha KOTOPOH poeKTHPyeTcd NPOMBIILTeHHOe
HJTH KHJIHHIHOE CTPOHTENbCTBO. 1Ipu ITOM H3ydeHHH GOJblOe 3Have-
HHe HMeOT MeXaHWJecKHe HCHHITAEHA 006pasioB I'PYHTOB, CJaralomiux
CrpouTe/IbHYI0 MUIOLIAAKY .

Bce ucKyccTBeHHblE OCHOBaHKS (HACHINb, WM HAMBITAS TepPHUTOPHS)
He SIBJIAIOTCS OCHOBAHMAMH, a NPeJCTaB/IdI0T co60il HHKeHepHble COOpY-
eHHs, KOTOPhIe BO3BE/ICHBl B COOTBETCTBHY C 3apaHee 3afAAHHBIMH Tpe-
GOBaHHMAMH K KX KauecTBY, IPOUHOCTH ¥ pasMepaM. B cayuae Xe, ecau
HA WCKYCCTBEHHOH Hacpll# OyJeT BO3BEJEHO COOPYKEHHE, TO HAachlllb
Oyler A8 3ITOTO COOPYMEHHs CJHYKHTb HCKYCCTBEHHBIM OCHOBAHHEM.

Hamenenne nanpsokeHuii B MaccuBe TPYHTa NPOHCXOJAMT HEpaBHO-
MepHO 10 TJy6HHe H B CTOPOHH! OT COOPYMKeHHH, B OJHHX TOUKAaX OHO
Gosibine, B Apyrux — MeHsle (puc. 10). OHo TakKe AB/seTCA NMPHUHM-
HOl HepaBHOMepHBIX jedopMauuil rpynra. Eciu HanpsxeHus B Hexo-
TOPBIX TOYKAX CTaHOBATCHA GoJbllle HaNpHAKEHHs, XapakTepH3YIOUIero
OPOYHOCTb [PYHTA, TO B 3THX TOUKAX NMPOHCXOJHT pa3pylleHHe OCHO-
BauAs,

A

7. PacuerHas MoOfienb AJS pacyera HanpsKeHHIt

B meronax pacuera HanpsKeHWH B MacCHBE IPYHTA W BbI3bIBaeMEIX
HMH JfledopMauuii OCHOBAHHH COODYKeHHH IHHPOKO HCIO/Mb30BaHH
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3aBHCHMOCTH TEOPHH YNPYTOCTH. BBHAY HMEIOMHXCS pasjHyHi CBOHCTB

Cpelbl Teopud YIPYrOCTH H CBOMCTB MAacCHBa TPYHTa HEOOXOAMMO

YCTAHOBHTH YCJIOBHSI IPHMEHHMOCTH TEODHH YIPYTOCTH K pacuery

pacrpefiefleHHsI HanpsKeHHH B MaccHBe TPyHTa,

B Teopuu -yIpYrocTd wu3YYaOT HAMPSIXKEHHA U fe-

z cdopManun, BO3HHKAOMME IIpH JefCTBUM CcHJBl Ha VII-

S pyroe Teno. 3jeck paspalOTaHb! CTpOTHE MaTeMaTHYeC-

o KHe 3aBHCUMOCTH MeX/LY BHelUHe#i Harpy3ko#i, Koopiu-

F——  naravn Touks B rHNOTETHYECKON cpefle, HANPSKeHHSIMH

AN L B 9T0H cpefle H ee pedopmanuavH. Cpela sBasiercs

j_ CIJIOIIHOM, ORHOPOJHOH ¥ YIPYIOH, €O CTPOTOH mpo-

NOPIMOHANBHOCTEIO MexJy fAeopManvell W HanpsKe-

Puc. 11. Cxe- HHeM. Ee ynpyrue cBoiicTBa OAMHAKOBBI BO BCeX Ha-

Ma  pepopMa-  papJieHHsIX, IO9TOMY cpejla H3oTponHasi. OHa HeBeco-

M CHATHR  Mag, NOITOMY HadasbHbIE HAlpsUKeHHs B Hell OTCYTCT-

ByloT. Jebopmanis cKatust H pacTSKeHHS NPOHCXO-

JAT NpH JLeHCTBHH HOpMaJILHOM CocTaBastomell Hampsnkenuit (puc. 11),

a netopMalHu clABHTa — IpH JAeHCTBHH KacaTeNbHOH COCTaBJSIIOMIEH
HanpsukeHHst (puc. 12).

3aBHCHMOCTb MEXY pacTSHKeHHeM H HaNpsiKeHHeM BBHIPaxKaeTcs

3akonoM ['yka:

ZEU =a, (2)

Tfle A — OTHOCHMTeJbHAS JeOpPManusi, paBHAsl OTHOLIEHHIO BEJMYMHEL
pacTsizkeHusi NPU3MaTHYeCKOTO YHpPYroro Tesa, K ero Hayajlb-
Hofi BBICOTe, OBIBINell IO TPUNOKEHHS K HeMY HarpysKH;
0 — HalpsKeHHUe B 3TOM Tese, BO3HHKaollee NMoX AeHCTBHEM IpHU-
JOXKEHHON K Hemy Harpysku, sl /cm?;
E,— KOEKiXbHElHeHT TPONOPIMOHANEHOCTH ¢ pa3MepHOCThIo KI/cm?,
KOTOpHIi B TeOPHU YIIPYTOCTH HA3biBaeTCsA MOAYJIEM yIpYTOCTH.

H3 3aBucHMOCTH (2) BHIHO, UTO MOAY/Ib YHPYToCTH OGpaTHO Hpo-
NOPLHOHAJEH OTHOCHTENbHOH Aetopmanun. UeM mocnenusisi MeHblle,
TeM GoJibllle MOAYJb YIPYTOCTH, TeM TeJIo NPOUHEee.

Jast cTpororo Henosb30BaHHA METOJOB MeXaHHKH CIIOIIHOH cpelsl
Heo6xoAumo, uToO rpyHTH 06sajand CBOHCTBOM CIJIOIIHOCTH, T. €.,
yToOb! HampsiKeHHs1 H JedopMaiHu B 9TOM MaTepHaje MOTJH paccMmar-
pHBaTbCA KaK HempeprBHble QYHKIHH KoopauHaT. Kpome Toro, neof-
XOMMO, YTOOH TPYHT obJajan BhliepKaHHLHIMH CBOACTBaMH. 11pH 5TOM
BBIJIEPKAHHOCTh XapakKTepH3yeTcst OTKJ/IOHEHHSIMH IOKa3aTejed st
OTJeJbHBIX OOpasnoB, OT cpelHero YHCJEHHOTO 3HAYeHHsl [OKa3aTes
CBOHCTB I'pYHTOB, TIOJNYY4eHHOro NpH sna0opaToOpPHLIX H MOJEBBIX HCcJe-
JIOBaHHSX, H OlEHHBaeTcsi Kodddunuentom Bapuaunmu. [ledopmanun
CIIOMIHON Cpejibl ONMHCHBAIOT YPABHEHHSMH DaBHOBECUS H 3aKOHOMep-
HOCTSIMH, CBS3HLIBAIOMHMH HaUpsKeHHs H jedopMallHH. Y paBHeHHS
paBHOBecHs ChpaBeJuBbHl Jasd 6ot cpeabl. CHpaBepTHBOCTL 3Ke
3aKOHOMEPHOCTeH, CBSI3BIBAIONIMX HAmpshKeHHd H JAeopManuH, 3aBH-
CHT OT BHIJIEDXKAHHOCTH MeXaHHUECKHX CBOHCTB CpeJEl.
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OTK/IOHEHHsT CBOHCTB cpelbl TeOPHH YIPYTOCTH OT CBOHCTB MacCHBA
rpyHTa OGbsicHsieTcsl Pa3jipo0JIeHHOCTBIO MAacCHBA TPYHTA, €ro NOPHe-
TOCTBI0O H XapaKTepoMm CBsi3eH MeXKjy YacTHUKamH TPYHTa, a TaKkKe
HaYaJbHLIMH HANpSDKEeHHSMH B TPyHTe, OOYC/IOBJEHHBIMH ero coGeT-
BEHHBIM BECOM H €0 HEOZHOPOJHOCTHIO.

B TeopHH yHpyrocTH mnoA AefiCTBHEM Harpy3KH CXKHMaeTcs €aMa
cinotrHas cpefa. Owna BOCIPHHHMAET PacTATHBAIOINIHE Harps2KEHHS.
B MecTax nosiBieHHs pacTATHBAIOMMX HaNpsiKeHWH OHa coXpaHser
ciomHoeTs. CiKaTHe Ke TPYHTa B OCHOBHOM IIPOHCXOINHT 3a CUeT
H3MEHEHHsI ero INOpoBoro o0bema. B MaccHBe CJIOXKEHHOM II€CKOM,
KOTOpbIH He BOCIPDHHHMAeT PacTATHBAOIHX HalpskKeHHi, pacrpefe-
JIeHHe HanpsuKeHHH OyjieT GoJibllle OTJHYATLCS OT PaclpefeseHHs Mo
TeOpPHH YIpYTOCTH, YeM B MacCHBe, CJIOXKeHHOM I'JIHHOH, KOTopas HMeeT
CllellieHHe H COIPOTHBJSETCS pacTsKeHHIO. VaMepeHHs1 moKaseiBaroT,
4TO B [IeCYAHOM OCHOBaHHH (DyHJaMeHTa HalpsDKeHHS] B TOUKaX, pacro-
JIOXKeHHBIX Ha HeHTpasbHOH BepTHKa/H, 00Jblle, 4eM IO TEOPHH YNpy-
FOCTH, a Ha KpaeBhIX BepTHKa/nsiX — MeHblle. CneflyeT OTMETHTb, 4TO
pasiaH4He B ocajfike (PyHAaMeHTa, pacCUHTAHHOTO C yU4eTOM OTKJ/IOHEHHH
pacnpefieleHHs] HalpsiKEHWH OT paclpejiesieHHs] N0 T€OPHH YHPYTOCTH
# Ge3 Hero, HacTONBKO MaJjO, 4YTO NPaKTHYeCKOro 3HayeHHs He
HMeeT.

CikaTHe BOJOHACHUIIEHHOTO T'PYHTAa CONPOBOXKAAETCS BhHRKHMAaHHEM
BOZHl, 3anoJHAIMmEN NOphl H B3aHMHBIM IepeMelleHHeM YacTHL, 4TO
BbI3BIBaeT OTCTaBaHHE MOMEeHTa KOHEYHOIo CXKATHS OT MOMEHTa NPHJO-
XKeHHs! CHJIBl K TPYHTY. B cpelle TEOpHH yIpyrocTH MOMEHT KOHEYHOTo
CXKATHS H MOMEHT IPHJ/IOXKEHHS! CHJBl COBHNAjaloT.

JlethopMalHi rpyHTOB YaCTHYHO OCTAIOTCS H NOCTIe yajeHHs Harpys-
ki. Ocratounble H/H HeoOpaTHMble AehopMaliH SIBJSIOTCS XapakTep-
HBIMH JI/151 TPYHTOB H HMEIOT MeCTO jame JJIsl OUeHb Masoro H3MeHeHHs!
HanpspKeHHH. Yrpyras HAH oGparuMmas dacTb ofmell jnedopMmaiiuu
TpyHTa MeHbIle YeM OCTAaTOYHAsi 4vacTb. B TEOpHH Ke yIpYrocTH
RedopManHH, BOSHHKIIHE B MOMEHT IIPHJIOXKEHHS! CHJIB, IOJIHOCTBIO
MCYe3al0T B MOMEHT YJa/leHHS CHJIBL.

Ocratoyunast yacTs gedopMalidi BOSHHKAeT B IpyHTe IVIaBHbIM 00pa-
30M OT CMeINeHHs] 3epeH OQHOTO OTHOCHTeJBHO Jpyroro. Kpowme Toro,
BCJIeACTBHE Pas3Apol/IeHHOCTH H HAJHYHS NOJIOCTell B TPYHTe, HMeEKTCS
TOUeUHble KOHTAKTHl MeXK1y 3ePHAMH, B KOTOPHIX Hanpsikenus GoJblue,
4eM cpejiHHe HanpspKeHHs! B 3epHe BOKPYT KOHTaKTa. Dosblle Hanpsi-
JKeHHsl BBI3BIBAIOT paspylIeHHe OCTPLIX YIJIOB, HJH APoOseHHe 3epHa,
YTO BJIeYeT 3a COOOH CMellleHHe YaCTHI] FPYHTa [OJ AeHCTBHEM Il PHJIOXKEH-
HOH HarpyskH. Uewm Gosblile oGbeMHBIH Bec TPyHTa, TeM MEHBIIE ero
NOPHCTOCTb, MeHblle ero ocratowHas fedopmaldss H OTHOCHTEJbHO
Sonwiie ynpyras. O6paTHoO, ¢ yBe/HUEHHEM TIOPHCTOCTH T'PYHTA YBEJIH-
yHBaeTcsl OCTaTOYHAR 4YacTh JedopMaiyH.

JlebopManmi CIUIOIHOTO H NOPUCTOTO Tesa HPH ONWHAKOBOM MHHE-
PanorHYeckKOM COCTaBe CYIECTBEHHO Pa3dsiHdaloTcsi. BeJHuHHA MOLYns
Jedopmanu Anst ofpasia ckanbl Ge3 TpemMH COCTaBasieT OKOJIO
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E=500000 x/'/cu?® u mnsA mecka, IPHTOTOBJIEHHOTO H3 TOH e CKaJlb-
Hoil mopoant E=500 «l'/cm?.

Hanee rpyHTHI HEOJHOPOLHKEL IO pa3MepaM 3epeH H IIOJOCTeH MeXLY
HuMH. OHH HEOJHODOJAHH TaKXxe 10 MHHepaoTHYeCKOMY COCTaBY 3epeH,
a cseJoBaTe/IbHO, 110 CBOeH NPUYHOCTH H JpYTHM CBOHCTBAM.

Hakomnen, rpyHTH He H30TpONHEL. YIX MenKHe YacTHIBL HMeIOT Yelyii-
YaTyi H IJaCTHHYATYIO (opMy. Bo BpeMs ocelaHHsd TakHX YacTHIL H3
BOJHOM Cpefpl HX I10CKasd CTOPOHA CTPEMHTCS COXpAHHTE I'OPHU3OHTAb-
Hoe riosioxkeHue, [losToMy B cjoe rpyHTa GO/BIIMHCTBO TAKMX HaCTHIL
OpPHEHTHPOBOYHO GOjiee HJIH MeHee ropu3oHTasbHO (Tepumaru, 1948).
DONLIIHHCTBO TPYHTOB HMEIOT CJIOHCTYIO TeKCTYpY, OGYCJIOBJIEHHYIO
TAaKXKe YCJOBHSIMH HX (opmupoBanusd. [losToMy cBoficTBa rpyHTOB
3aBHUCAT OT HANpaBJeHHs JeHCTBHS HATpSKEHHSI.

UTo Ke oOIiero y cpeibl TeOpHH YIPYrOoCTH H Y MaccHBa rpyHra?

O6munM siBJsieTCst CBOHCTBO JepOpMHPOBATECH NPH OJNHOKDATHOM
HarpyKeHHH H HeGOJILIIOM HHTEpPBaJse HArpy30K B OJIH3KOH K JHHEHHOH
3aBUCHMOCTH OT Harpy3KH. JTO CBOMCTBO YKAa3HIBAeT Ha BO3MOXKHOCTh
NpHMeHeHHS] TeOpHH YNpYrocTH K rpyHTaM. OTK/IOHeHHS OT 3TOH 3aBH-
CHMOCTH B TPYHTax ONOpH HeGONBIIOM H3MeHeHHH HanpsiKeHHH
HACTO/NBKO He3HAWHTEJbHb, YTO NMpaKTHYeCKOrO 3HAUEHHS JJisl pacue-
TOB OCHOBaHHH COOpyxkKeHUH He MMeloT. llpH yMeHbIleHHH NpHJ/OXKeH-
HOH HarpyskH OyAeT NPOHCXOQHUThL pazbyxaHHe TPYHTA, A KOTOPOTO
Koa(pHIIHEHT NpPONOpPIHOHANLHOCTH MeXJAy HalpshkeHueM H jaedop-
Manugeil GyAeT ApyrHM, YeM NpH ero CHXaTHH.

I'pyHTBl, y KOTOpHIX HMeeTCH JiHHeHHasi 3aBHCHMOCTb KOHEYHOMH
RedopMaIiy OT HArpY3KH NIPH OJHOKPATHOM IIpHJIOKEHHH STOH HArpy-
3KH, YTO HMeeT MeCTO IIDH HarpyXeHHH MAaccHBa IpyHTa QyHIaMeH-
TOM, Ha3BaHbl JHHefiHO Jedopmupyemolt cpefloil. Dta cpefla CaYKHT
pacyeTHOM MOJeabl0 MpH pacdere Hanpsikewuidl. Ona XapaKTepHayercs
He MOJyJIeM YIpYyIoCTH, a MOAYJIEM fedOpMaLliH H NOCJEIHHI BKIOYaeT
TaKxe OCTAaTOYHble JedopMaunHH. ¥ paBHeHHE aHAJOTHYHOe 3aKOHY
T'yka (2) uMeeT ciepyromuii BHA:

AE =0,—0y,

rjle A — OTHOCHTe/bHOE CiKaTHe;

0, — Haya/jbHOe HanpsikenHe B %/ /cm® B TONepeyHOM ceueHHH
NpH3MBL TPYHTA;

0, — KOHeuHOe HallpsKEHHe, pABHOe CyMMe HAYaJbHOTO HaNpsKe-
HHA H ee HeGOJBIIOTO KOHEYHOTO NPHpAIleHHs OT BHeLIHeld
HATPY3KH;

E — mopyab jpedopManyu rpysta ¢ pasMepHocTsio kl'/cm?.

BcenectBHe  NPONOPHHOHANLHOCTH HampsiKeHHH H  Jedopmauuid

B JIHHeHHO fedopMHpyeMeil cpele, As pacdera AedopMalHi, BOSHHKAIO-
IMX B TOYKE OT HECKOJIbKHX BHJOB BHEIIHHX HATIpY30K, BO3MOXKHO Npo-
H3BOJHTb CYMMHpPOBaHHe Hanpshkernil. Ecan 00603HauuTh HanpsiKeHHs,
BO3HHMKAIOIIHE B TOYKe OT TpeX BHAOB BHeIlUHeH HArpyskH, uepes oy,
0, H 04, TO NPH MopyJe jledopMalii papHoM £, Toyka B MacCHBe rpyHTa
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MepeMeCTHTCS Tof AefiCTBHeM STHX HampsDKeHH Ha:
1 1 i 1
7»1+7\f2+7V3=—E‘01+"§02+f03=7(01+02+03)o (3)

B Teopuu ynpyrocTH, KpoMe MOAyJ/si YNPYTOCTH, XapaKTepH3YIomero
OTHOCHTENBLHYIO JedopMallHio 31eMeHTa B HalpaB/jiedHH NeHCTBHS HaNps-
JKeHHsl, HCHOJL3YIOT ellle OLHY XapaKTepHCTHKY, KoTopas Me3BoJjsier
VUHTLIBATL TIONEpeyHoe H3MeHeHHe pazMepa 3jeMeHTa. UToOwl Hosic-
HHTb PO/Ib BTOPOH XapaKTepHCTHKH, BbIAEIHM B YNPYTOH30TPONHOH
cpelie, orpaHHYeHHOH CBepXy TOpPH3OHTaJbHOH MJIOCKOCTBIO, 3JIeMEeH-
TapHEH KyOHMK, KOTOpHifi cxKHMaeTcsi NeHCTBYIOIIMMH HAa €ro TpaHsdx
HOPMaJ/IbHBIMH COCTAaBASIIOIMMH HanpsokeHuil. PeGpa KyOHKa HMelOT
AUy h, H MapamiensHsl ocaM koopAuHar (puc. 9). Toraa oTaoch-
TeJbHOe c¥KaTwe KyOHKA, MapajenbHOoe OCH 2, OOYC/OBJeHHOe Jeil-
CTBHeM HaNpsiKeHHs1 Z, NPH OGecnpensTCTBEHHOM e€ro GOKOBOM paciiiH-
peHHH, MOXeT GbIThb BhlpaXKeHo cuepywomell dopmysnoir (pue. 11):

S Z
S @
]
rae £, — Mogyan ynpyroctd NpH CHKAaTHH.

ﬂonepe'moe paciiMpeHHe KyOMKa B HalpaBleHHM ocell y H X,
KoTopoe MeHblUe CKATHUA, paBHO.

Dy = u——— i A, = ——uE—Zy. (5) u (6)

rje g — s Manelx jAedopMaunuil MOCTOSIHHAsI, HA3biBaeMast Ko3(bhH-
unenToM [lyaccona. 3naku y nedopmauHii B BblpakKeHHAX
(4) (5) u (6) monoxuTenbHLIe Ansl CKaTHS H OTpHILATe/BHBIE
AJisl  pacliHpeHHs.
ITpu ofHOBpeMeHHOM JeficTBHH BCeX TpeX HOpMaJ/IbHBIX HanpskKeHud X,
Y u Z, paBHOMepHO paclpefesieHHbIX 10 I'paHsAM KyOHKa, CyMMapHYIO
OTHOCHTe/IBHOH JedopMallHH A5l KaXjaoH IpaHH KyGHKa MOXKHO HAaHTH
¢ nomotso Gopmya (4, 5 u 6). Jina nonydenus 3Tofl Aedopmaunu cie-
AyeT anrefpandecKH CJOKHTb BCE COOTBETCTBeHHLIE OTHOCHTENBHBIE
AedopMallHy st KaKJAOH I'paHH, Bhi3plBaeMble HOpMaJbHEIMH HallpsiKe-
HusaMH. [losydenHnle BRIpaXKeHHS [/151 OTHOCHTeNBHBIX CXKaTHH KyOHKa
B HANpaBJeHHUSX NapasjenbHbX KoopauHaTHeIM ocsiM (Tumomenko,
1934) HMmeloT cieayowHA BHA:

b= g (X —p (Y +2)) (7)
b= gl —n(X+2)], ®)
ho=g Z—p(X+V)]. (9)

®opmyant (7), (8) u (9) mpeactaBasAOT obmHe BHIDAKEHHS AN
3akona I'yka B YIOpYrou3oTPONHOM Marepuaje. M3 HHX BHAHO, 4YTO
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ofi1He 3aBHCUMOCTH MEXKAY CKaTHeM H HOPMAaJbHBIMH HAIpPAKeHUSIMH

ONpeNeNsIOTCS He OLHOM, a JBYMS XapaKTepHCTHKAMH CBOHCTB MaTepHa-

Jla, ero MOAyJeM yupyrocTH H koaddunnentom Ilyaccona.
KoajpuninenT oOGBEMHOTO CXKATHS paBeH:

_ 3(1—2p)
== - (10)
Ecan p=0,5, 10 4=0, 1 o6beM Npu fedopMalyn ocTaeTes! HEU3MeH-
HbIM,
Hpyras cocTaBasomasl HanpsDKeHHH, KacaTesqbHasl, BbI3bIBAeT
TlepeKallHBaHHe HJH CJBHT MaTepHana. B Teopuu ynpyrocts aedopma-
IHs1 CABHrA Q INPONOPLHOHANBHA KAaCaTeJlbHOMY

RiEN Hal pAKeHHIO:
p 7 Eo=2Y, (11)
Ul
yz* / r/ie Ko3(uIHeHT NponopuHoHansHOCTH E° Hasbl-
L2 BaeTCs1 MOZLyJ/1eM C/IBHTa.
N Jlnsi ynpyroMsoTpomHOro MaTepHasa MOXKHO

Puc. 12. Vron o, IeopMalHIo @ CABHTA BbIpa3HThL Yepe3 MOAYJb
xapaktepnaylomui  ynpyroctH E u kospouunent [lyaccona p. as
JedopManHIo CABHFE  MAJIOTO 3HAYEHHS yraa CKallHBaHHA @, IOKa3aH-

HOTO Ha pHC. 12, Korma 3TOT CABHT elle He Bbi3-
BaJl paspylleHHs B DPACCMATPHBAeMOH TOUKe, BeJHUHHA YIJa CKallH-
BanHs OynerT paBHA:

zZy _2(14pzy
E=" E, ' (12)

rle ZY — KacaTenbHas COCTABJSIOW(ASI HampsUKeHHS,

E°¢ — monyab cnaBura.
Ha ¢opmyast (12) mopyab cpasura B yOpyroH3oTPONHOM MaTepHase
MOXeT GbITh BRIpAXKeH uepe3 MOAYJb ynpyroctd H Koaddumuent [Tyac-
COHa cJenylomel 3aBHCHMOCTBIO:

C__ EU
B= g (13)

ITpuBenenHble 3aBHCHMOCTH MEXKIY COCTABJISIOUMMH HArpsKeHHS
H JehopMalusiMH B YIpYTOH3OTPONIHOH cpefie NMO3BOJAIOT ONpelensTh
COOTBETCTBYIOIHe AePOPMALIHH H B MacCHBe I'DYHTA, 3aMeH s OCHEHHI
JquHeiiHO nedopMHpyeMoii cpenoii. dedopmanuu nocnefxell XapakTepH-
zyoTesi MoxyneM jedopManun ¥ KosdipHiHeHTOM GOKOBOro paciinpe-
HHSl TPYHTa, aHAJOTHYHBIM KoadpHuHeHTy Ilyaccona. UncneHHoe 3Ha-
YeHHe KOapdpunHeHTa GOKOBOTO pacilipeHHsi TpYHTA NPHHHMAIOT OT
0,2 no 0,4.

ITpu BuBoge dopMyJ JJis1 pacueTa HanpsiKeHHE B JIHHeHHO Jedop-
MHpYeMOH cpelle, BCerja HCIOJL3YIOT CBOHCTBO 3TOH cpelil nedopMH-
poBaThCSl B JIHHEHHOH 3aBHCHMOCTH OT HamnpsiKenHH. IlosToMy, ecaH
B (bopMynax jpusl pacyeTa HanpsiKeHHH H OTCYTCTBYeT MOAYJb Jedop-
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MallMH, BeeTa cielyeT HMeTb B BHAY, YTO OHH ObUIH MOJYYEeHH MCXOAA
H3 TNPONOPUHOHANBHOCTH MeXKAY HaNpsKeHUsSIMH H JAedopMmarusivu,
HJIH 3akOHa [yKa.

8. O6bemHas H miockas 3amayd
pacnpenesieHUs] HANPSKEHHH

B Teopuu yupyrocTd pasnuyaioT ABe 3ajauM pacnpefesieHns Hamnps-
JKeHHH B [ONYIIPOCTPAHCTBe, HArPYKEHHOM BHEIUIHeH Harpyskoi, IJoc-
KVI0O H O00BbeMHVIO.

Inockana 3apaya pacrnpefleneHHs] HANPSKEHUH BO3HMKAaeT, Xorapa
BHEIHASA HaArpys3Ka NpelcTaB/sieT 3aTpyKeHHYIO M0J0CY OecKoHeUHOH
AJMHHB], Tapajlle/IbHYI0 KOOPJAMHATHOH OCH X, Y KOTOPOH XapaKrep

LN}

/ .

4

Puc. 13. IlojoxkeHne npaMOYTOJBHBIX KOOpIH-

HATHEIX oceff H 0GO3HAUEHHS HOPMAJbHHIX CO-

CTaBJAIOMHX HANPSAKEHAS B MACCHBE PYHTA A

FOPH3OHTAIbHLIX H BEPTHKANBHEIX IUICU[aKOK B
ILIocKo#t 3axaue

Harpy3KH M3MeHseTCsl TOJNBKO 10 ee WIHPHHe, NapajelbHOH OCH Y.
Ocb 2z XaK 00BIYHO HaNpapJjieHa KHU3Y, a OCH X H Y PacTioNio}KeHkl B FOpH-
30HTAJLHOH IMJIOCKOCTH, OTPAaHHUMBAOIIEH CBepXy IOJYIPOCTPAHCTBO,
KaK nokasano Ha puc. 13. B 3ToM cayuae HanpsiKeHHs!, BO3HHKaOmue
B MaccuBe TPYHTa OT BHelUHeH HarpysKH, mapajijesbHbl IJOCKOCTH Y2
U BeKTOpbl HANPsXKeHWH B TOYKaX, JeXKalHX HA NeplleHIHKyJfApe
K 3TOH IIJIOCKOCTH, OIHHAKOBHI 10 BeJIHUHHe H HallpaBJ/eHHIO, T. e. He
3aBHCSIT OT KOOPAUHATHL X.

B nnockoit 3anaue TpeOyeTcst OnpeflesHTh IBe HOPMaJbHEE COCTaB-
asomue Z H Y, AeHCTBYIOUHe B TOPH3OHTAJBHOH H BepTHKAJBHOH
IJIomaKax, NpoBefeHHBIX Yepe3 Togky M (pHe. 13) u oxny Kacarens-
Hyio ZY, BCero Tpu HeM3BeCTHHIX IeDEMeHHbIX, A5 3aaHHOH BHellHeH
Harpysku. J[{is omnpejeseHHss TPeX HEH3BECTHHIX HCIIOJb3YIOT s

27



3afaHHBIX YCJOBHH Ha KOHTYype JiBa YPaBHEHHs] PABHOBECHS H OJHO

ypaBHeHHe CBSI3H MEXJy HalpsuKedueMm H jedopmanueii, NosyyeHHoe

Ha ocuoBe 3akoHa ['yka, HaselBaemMoe YpaBHEHHEM COBMECTHMOCTH.
YpaBHEHHS] DPaBHOBECHS MMEIOT C/IEAYIONMA BHI:

0 0zZY
a_f"r—a—y‘-i—Fz:O ]
oYz (14)

aY
5 Ty tFR=0 },

rae F, n F, — npoekiuus oOBbEMHBIX CHJL.
Ecnn ofbeMHOH cHJOH siBlifseTCsl TOLKO Bec Tesa, TO ypaBHeHHe

COBMECTHMOCTH OyjeT C/eayiolHM:
02 0
35 CHN+ 55 (Z+Y)=0. (15)

O6osnaunm uepes p(y) paclpeneseHue BepTHKaNbHOH BHeIIHed
HaPPy3KH IO LIMpHHe NOJIOCH 3arpyXKeHHs MMpPHHOH b, mapasinesbHOH
KOOpJHHATHOH OCH y M uepe3 g(y) — COOTBETCTBEHHO TOPH3OHTAILHOH
BHeUIHeH Harpysku.

Hast cayuad q(y)=0, korza B mpenenax MHPHHBL NOJOCH 3arpy-
JKEHUs :

1 1
-5 <Yy <5 b,

HMeeTcsl paBHOMEDHO paclpejlelieHHasl BepTHKa/nbHas Harpyska p(y)=
=p,» TO PAaBHOJAEHCTBYIOIMAs BHEIIHHX cua paBHa P=bp,. Eciun b—0
H p,—>0, HO P ocTaeTcsi HEM3MEHHBIM, TO B Ipejesie TOJNYUHM pellie-
HHe [/ cHiIbl P, paBHOMEPHO paclpeseseHHOH BJOJAb NPSMOfl, COBIa-
Jaieil ¢ ochio X. AHANOTHUHOe pellleHHe NMOJYUHM JJIsi KacaTesbHOMH
cunsl Q=bgq, npu b—0 u gy—co.

O6vbemHas 3ajaya pacupesie/eHds HanpsiKeHHH BO3HHKAaeT, KOTJAa
BHEIIHsAA Harpy3Ka MNpejiCTaB/isieT 3arpy:KeHHY miomagky (puc. 9).
Ona cnokHee WIOCKOH 3afauH, TaK KaK 3JleChb UYHC/IO HEH3BECTHBIX
HOPMaJIbHBIX COCTABJ/ISIIOMNX HaNpSXKeHHH B TOUKAxX IOJYNPOCTPaHCTBa
paBHO TpeM H KacaTe/NbHBIX COCTaBJSIONIMX TAKKe pAaBHO TPEM.

Eenn paccmatpuBaTe Manyio Iiomapky F ¢ paBHojeficTBYIOMmIeH
BHemlHefl Harpysku P=Fp, KoTopasl ocTaercsi HEH3MEHHOH NpH
yMeHbUIeHHH MIOMAAKH F~—>0 H COOTBETCTBEHHO Py—>00, TO MONYYHM
pelileHHe /151 COCPEOTOYEHHOM CHIIBI, IPHJIOKEHHOH K TOUKe Ha MoBepX-
HOCTH NOJYHpOCTPaHCTBA.

Cunel, pacnpeseneHsble BOAb NPSIMOH, H COCPEJIOTOYEHHAs CHJa
B TOYKE HA NMOBEPXHOCTH IIOJIYNPOCTPAHCTBA SIBASIIOTCH aGCTPaKTHBIMH
MOHATHSIMH. B npupose Takux cun Her. Hanpsukenusi, nosnyuenusle u3
ypaBHEHHH TEODHM YIDPYTOCTH, JJ/is TOYeK MOJYIpPOCTPAHCTBA, paclo-
JIOKeHHBIX B HeNOCPeJCTBEHHOH O/MM30CTH OT TOYKHM MNPHJOKEHHS
cocpeJJOTOYEHHOM BHEMIHEH HAarpy3KH, NOAYUAlOTCH 31eCh GecKOHeuHO
Gonemiumu, OHM HaXOAATCS B NPOTHBOPEYHH C MpeANOCHIKAMH, Ha
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OCHOBAHHHM KOTOPHIX 9TH YpaBHeHHs] ObUIM IOJYYeHH, TaK Kak Tje
HanpsoKenusi OeCKOHEYHO BEJIHKH, TaM yTpauHBaeT CHJIY 3aKoH 'yka.
Kpome Toro, HameHnsieTcst 1ojle HANPSKEHHH B TOUKe, TN€ HAIPSKEHUS
GecKoHeuHble, T. €. B IIPele/ax OSHOTO KpHCTa/la 3epHad. 3[4eCh Helb3st
JOMYCTHTb, YTO MaTepHasj OJHOPOJEH M H3OTPOIeH,

Opnaxo no Mepe yjaneHusl OT ITHX ToUeK NoJsie Hanpsikenuil u Aedop-
MallHH, COOTBETCTBYIOIIHE COCPEJOTOYEHHOH CHJle, CTpeMsaTcs K MOJIO
ANSl HArPY3KH, pacnpefieJeHHOR MO IIHPHHE MOJIOCH, NOSTOMY pellle-
HHSl 33/lay O paclpe/leleHHH HanpshKeHHH OT CCCPefOTOYEHHBIX CHJI
npuoGpetalor Gosblioe NpakTHYecKoe 3HadenHe, OQHHM  CTAHOBATCS
HCXOAHEIMH /I pellleHu# MoGbIX 3a5au O pacnpefiesieHHH HanpsKeHH
AJIsl 3aJaHHBIX JeHCTBHTe/bHEX BHEIIHHX HAarpy30K Ha MacCHB TPYHTa.

B MexaHHKe rpYHTOB 3a7a4a O pacnpejie/eHHH Hanp sykKeHuil B JHHEH-
HO Jedopmupyemofi cpepe, cayXKamel pacueTHOH MOJENbI0 MaccHBa
TPYHT3, HJM OCHOBAHHS COOPYMKeHHsl, HA3BIBACTCSl MJOCKOM, ecaH
OTHOIIEHHe JYIMHB 3arpy:KEeHHOH IPSAMOYTOJBHOH NIOmagKH ([IOLOMBE
¢pyspamenTa) K mupune Gosee TpexX. 3ajaua siBasiercs: 00bEMHOM, ecau
Harpy3ka IpH/IOXKeHa K INOBEPXHOCTH MaccHBa TPYHTa B mpejenax
npsMOyrosbHOH mnJomanku (puc. 9), y KOTOpOH OTHOMIEHHe JIJIHHBE
K IIHPHHe MeHee TpeX. Ec/H HMeloTcst HadasbHble HanpsiKeHHs, HanpH-
Mep, OT coGCTBEHHOIO Beca I'pyHTa, TO NPHpAUIeHHe HANpSHKeHHH oT
BHeIIHeHl HarpyskH ompegensierc 1o TeM Xe (QopMy/iaM Kak #u Aas
HadajbHO ~HEeHANpsI:KeHHOH Cpejpl.

Pemmenne snementaproli o6beMHOR 3a5au¥ 0 pacnpeje/ieHHH Hanps-
JKeHHH B MaccHBe TPYHTa OT HPHJIOXKEHHS K el0 IOBePXHOCTH OAHON
BepTHKa/bHOH COCPeflOTOYeHHOH CHJ/IBI TaKKe IIO3BOJMT MOJYYHTb
i Gosiee CJI0KHBIe 3aBHCHMOCTH B 00beMHOM 3a/1aue, KOTOPBle Onpejens-
10T OCaJKy MOBEPXHOCTH MacCHBa I'DYHTA, a C/eloBaTesNbHO, H Aedop-
MallHH DacrloJIOKEHHEIX Ha Hell COOpYMXeHHH.

9. Buelunsis HAarpyaka B BHAE BePTHKANbHOH COCPENlOTOYEHHOH CHIIbI

3ajaua 0 HAXOXKJeHHH COCTABJSIIOMIMX HanpsKeHUid B 060 TOUKe
MaccHBa T'PYHTa OT BepTHKa/ibHOH cocpejoToyeHHolt cuast P, mpuio-
JKeHHO# K TOYKe Ha ero TOPH30HTA/bHON MOBEPXHOCTH, eCJIH Havya/lbHble
HanpsKeHHs] GbIH paBHBI HyJ0, ObINa pellleHa (paHIy3CKHM Y4YeHHIM
Byccuneckom B 1885 r.

BennunHa BepTHKaJLHOH HOPMaJLHOH COCTABASIONIEH HaupsmKeHHA
onpejie/ieHa H3 YCJIOBHs1 TIPONOPLHOHANBHOCTH Hanpspkenuii H aedop-
Mauuil ¥ ycaoBusi paBHoBecHs. [losoxkenne Touku M BHYTpH MaccHBa
TPYHTa 3ajjaHo, KakK II0Ka3saHo Ha puc. 14, ee MOMSIPHBIMH KOOpJHHA-
TaMH, PajHycoM-BeKTOPOM R H moaspubiM yriom f.

Cuavaja onpelesHM BeJIHYHHY HOPMasJbHOrO PajHa/bHOIO Hamps-
KeHHs Op B Touke M, AefiCTBYIOUIET0 HA MUIOMAJKY 72— HepneHfH-
KynsApuyI0 papuycy R. Jis 310rO Bocnosib3yeMcsi BRIpaXKEHHEM /IS
OTHOCHTEJILHOTO DajlHAJBbHOIO CXKAaTHA BHYTPH MacCHBa TPYHTa, MOJ
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JeHCcTBHeM BHelIHeH HArpy3KH, KOTopoe OVAeT NPONOPIHOHANLHBIM
HCKOMOMY HAllpsIZKEHHIO.

Bennuuna cxKatHsi B pajpnanbHOM HanpasseHHH OyleT Aasi pas-
HEIX TOYeK pa3nnynol. MoXKHO NPHHATH, YTO AJ8 Toykd M 3TH mepe-

p p
I I
R R z
n
On Mfo o1
n ar
”f
z 2
Puc. 14. IToaspuse xoop- Puc. 15. Pacnosoxenne
BHHATBl  DaCNOJNOKEHHS TOYKH M,

Touxn M B MaccHBe rpyHTa

Memenus OYAYT TeM MeHblle, YeM OoJbllle OyieT patnyc R u geM HoJib-
e OygeT noasipuuiit yros f (Ustosny, 1951). HauBonsmue nepevee-
HHS OYAYT y ToueK, pacrnoJokeHHeX npH B=0 Ha ocu 2, npoBeleHHON
uepes TOYKY NpHJIOKeHHs bl P. HanMenblline nepemerneHnst B Hanpa-
BJIEHHH pajHyca R, paBHBle HYJIO, cjefyeT OXKHAATb HAa NOBEPXHOCTH
MaccHBa TPyHTa, HpH moJsipiom yrie P=90°. D1y 3axoHOMepHOCTDH
MOXKHO BHIpA3HTb cjiefyiomedl dhopMmyno:

s=AP, (16)
FIe S — pajuajpHOe mnepemelneHHe ToukH M,

A — KO3(ppHIHEHT NPONOPIHOHAILHOCTH.

Hast cocepneil Toukw M,, ynajsewHod B HampaB/JeHHH TOTO Xe
paguyca R, oT Toukn M Ha BennunHy dR mnepememense (puc. 14)
B HalpaBJeHHH pajmyca, OyJAeT paBHO:

cosf
$=AgTaR
OrHocHTenbHOe e cXKaTHe oTpeska dR OyzeT paBHO:
s—s;__ [ A A cos i Acosp
=" =%~k )R =TT RER”
OTKyJa, BCJIENCTBHE MAJIOCTH BelHYHHB RdR MO CpaBHERHIO C BeJIHYH-
Hoii R¥, moayumm:

Ar= ~ i cos B. (17)
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M3 ycnoBuss NPONOPUHOHANBHOCTH Hanpsikenud u gedopmaruit
MOJYYHM HCKOMYIO BEJHYHHY HAIPsIKeHHs B Touke M MacCHBa TpyHTa
ANf  IJOMAJKH, HalpaB/JeHHOH NepNeHJHKY/SPHO K HAllpaB/IEHHIO
pamnyca-Bektopa, (pHc. 14).

Ona 6yjer paBHa:
0r = B cos B, (18)
rie B — xosdxpHIHEHT NPONOPIHOHANBHOCTH MEXIY OTHOCHTEbLHEIM
NepeMellleHHeM H HaIlpsKeHHeM,

TocTognnble HensBecTHble Ko3bduIHenTs A U B Haxopar ua ycno-
BHS DaBHOBECHS YacTH MacCHBA I'PYHTA, HAXOASIErocs Ioj AcHcTBHeM
BHEIlHeH CHJIE H BHYTPEHHHX YCH-
auit, ast 3toro HeoOGxoHMO ofi-
pejleHTL MpPOEKLHIO BceX Hamps-
JKeHHH, BO3HHKAaILHX B CQepH-
4ecKOM CeYeHHH B MAcCHBe I'PYHTa ap p
oT cunl P, Ha ochk z H TpHpaB- &
HSTB ee 3TOH cHue. P

TlpoBeneM H3 TOYKH NpHJOKe-

6/ /k 4F \\R
Hus cuanl P (pue. 16) maposoe ,
ceyeHHe pagnycoM R. Pajguanensle
HaNpsKeHHs B TOYKaXx, pacloJo- ™~ —
JKEeHHBX B 3TOM CeYeHHH, OIlpe-
HensATCs MOTyJeHHEIM BEIpaXKeHHeM 7
(18). s HaxomyeHHs] NPOEKIHH
BCEX PAIMANbHHX HANPSKEHHH  p,. 6 pacnonomenne aJleMeHTap-
Ha OCb Z BBIIE/IHM 3JIEMEHTAPHBIH  Horo nosica ua wapoROM ceuexHH B Mac-
NosIC Ha IapOBOM CeY€HHH B Mac- CHBE TpYHTa
CHBe TPYHTa ¢ LeHTpalbHHM yI-
jgoMm dp. HureHcHMBHOCTH pachpelle/ieHds DPagHATbHBIX HAIPSIKEHHH
110 TaKOMY II0sICY lpHMeM paBHOMEPHOM H paBHOM OR.

OnpejlenM NPOEKLHIO BHYTPeHHHX YCHAMH, NDPHXOJSIIUXCS Ha
IIOmagh HofAca, Ha OCk 2 H IPOHHTErPHPYeM I0/yYeHHOE BHpAKEHHE

11 o
B npefienax or p=0 po fp=7. Tlpoekuns ycunHi Gyjper paBHa
ordF cosP,rne mnomans nosca dF=2m (Rsinf) (RdP), oTkyna
z -
o cos pdF = AB P 97R? sin § 4p =
= AB2x cos? p sin Pdp.
BennydHa onpeje/eHHOTO HHTerpasa /sl MOJYYeHHOTO BLIPAKeHHS
[OMKHA paBHAThCS CHIe P. Tlo3ToMy MOXHO HamHcaTh caelylomiee:

P — AB2x \ cos? B sin fdf = 0.

N
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Pelus onpefesieHHbl HHTErpal, NOJYYHM:
EL

a2
P=AB&4.,”§5}=%nA&
1]

OTKY/la HCKOMOE NMPOH3BEJEHHE HeH3BECTHHIX NOCTOAHHBIX GYﬂeT paBHO:

3 P
AB=5
a BHIpAXKE€HHE A paJHaJAbHOT0 HaNpsKeHHA, }IEI:ICTByIOHI‘eTO B 1nJa0-

nanKe, NepneHiHKYJAPHON pajHycy

R, nonyyuT craelyomui BHA:
3 P p
GR=—2—W COSB (19)
J1 ropH3oHTanpHOR IO aAKH
(puc. 17) B ToH e TOYKe B MAacCH- B
Be IpyHTa HanpfaxeHHs OyAyT pas-
. R
HBI: z
Fp
Op= —% Or = OR COS B, (20)
AL
R
|
n
fa
G
& n P
#
Puc. 17. Pagnanbuas coctas- Puc. 18. Hopmanbuas co-
AAIMas HanpAaAmXeHHsas B ro- CTanafgasa HaNpAXKeHHA
pH30HTAABHOMN oI aKe B TOPH3OHTaNbHOH ILIOLWIAN-
B Touke M Ke B TOuke M

rie Fr — snemeHTapHaa NJOIAAKa, JIepNEHAMKYJsIpHAs pajuycy;
F — nnowair 3/eMeHTapHOH TIOpH30HTANBHOH MO ANKH;
f — yron Mexnay HanpaBleHHSMH O6GeHX TJIOMAJOK, paBHbI
MOJISIPHOMY YTy,
Hopwmaiipnas e BepTHKaNbHad COCTaBAA0MAs] HAaNpAXKeHUS B TOY-
Ke M moxeT OLITb NMOJyYeHa B BHJE NPOEKIHH NPHBEJEHHOIO pajHalb-
HOTQ HANpsDKeHHs B TOPH3OHTANLHON mJomiaaxe (pHc. 18) Ha BepTH-
KA&JTbHYIO OCb!
. 3 Pcos®P
— — 2Q__ 9
Z=o0rcosPp=ocpcos®Pp= T nRE "
YuurhBasg, 410
4
cos fp= B
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rge z — ray6MHa pacnosokeHHA Toukd M, moayuuM

3 P 28
Z=%— % (21)

ITosryuenHoe BhipameHHe Ajsi BepTHKAJILHOH HOPMalIbHOM COCTaB-
JSIIOIER HaNpPsKeHHS B TOUKE MacCHBA rpyHTa, BO3HHKAIONIEro OT
NPHJOXKEHHA K ero NOBEpXHOCTH BHELIHedl Harpy3kKH B BHJe cOCpeno-
TOYEHHOH CHJIBI, HE 3aBHCHT OT XapaKTepHCTHK JHHEHHO neopMHpye-
Moli cpeinl. CnefoBaresbHO, BEJHYHHA BepTHKA/bHOR HOPMaTbHOH
cocTaB/sliOMEed JasA pasAHuHbX JuHefHo [ehopMHDYEMBIX TDYHTOB
6yJeT OJMHAKOBOIl.

BoipamenHst Aas1 ocTanbHEIX ABYyX HOpMaJbHHIX H TpeX Kacaresb-
HBIX COCTABJSIONMX HaNpsAMKeHul B 06beMHON 3ajaye MOTYT ObiTb TONy-

YeHbl AHATOTHUHBIM NyTeM. OHHM BHP@KAOTCH CJAEAYIOLIHMH (GOPMY-
JIaMH

_ 3P Iy 1-2 1 (2R+-2)12 2\ .
Y= [R-’»Jr 3 (R(R+z)_(R-|-z)2R3 Rﬂ)]’

_ B3P l—gu/ 1 @Rf9d 2 \7,
X=om | "+ (R(R-i—z) RI R RQ]’

3P y22
YZ=—‘2?—RT.’ (22)
3P xz2
Xl=gri
3P 1 xyz 1—2u(2R+2)xy
XY= | B ~3 ®R¥orR)" J

OTKyna BHIHO, YTo TpH cocTaBidomux nanpsoxenus X, ¥V u XY
3aBHCAT OT XapaKTePHCTHKH JHHEHHO nedOopMHPYeMOH Cpejsl.

[Tpeobpazyem dopmyny (21), 3ameHnB B Heil paguyc R yepe3 pac-
cTosiHHe 7 A5l Toukd M oT ocu z M Koopauuary z (puc. 18), cornacno
paeeHcTBY R=)r?+ 2%, Toraa:

3 1 P
7=3P &

3
o 5= 5 \F" (23)
5 2N\ 2 rz2 N 2
#(1+5%) (+%)
O6o3Hauaa MHOXKHTENb B CKOOKaX yepes K mosyunm:
3
Ke—m———. (24)
r2N\2
2% 1+'ZT>
OKoHYaTeNbHEIH BHJ MCKOMOH 3aBHCHMOCTH GYAeT
P
Z=K - (25)
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3nauenust Kosbduunuenta K, 3aBUCALEr0 OT OTHOIIEHHA KOOD/H-
HarT % g Toukd M jams B TabGa. 1 g pasHHIX 3HAYEHHH 3Toro

OTHOIIEHH .
W3 monydenusix Gopmy.st BHAHO, 4TO HAaNpsAXKeHHA B TOYKAX MaccH-
Ba I'PYHTA NPAMO NpONOPLUHOHANBHEL CHyie P. B6JH3H TOUKHM NpHJIOKe-
HHSI CHJIBl K NOBEPXHOCTH IDYHTA C:KHMAIO[[He HaNpAXKeHHs AOCTHI 0T
oyedb GOJIBIION 'BEJHYHHBI H MaTepHan
3jech jojKed paspywmarbcd. Ilostomy
06,1aCTb BOKPYT 3TOH TOUKH HCKJIOYaeT-
|2 P2 [P Csl H3 pAaccMOTpeHHSI H HaNpAXKeHHA
AJd NPAKTHYeCKHX Ienefl onpenensior-
! CSl TOJIBKO Ha HEKOTODOM pAaccTOSHHU
| OT TOYKH NPHJIOKEHHS COCPELOTOYeH HOH
f 5 CHJTHL.

: — | [lonyuenssle BblpameHHA AaA Co-
r | CTaBJAIOMHAX HANpAMXKEeHHd B TOYKE Mac-
~_—] CHBA OT JAefCTBHA COCpejOTOYEHHOH CH-
j JIBl, OpPHJOXKEHHOH HA MNOBEPXHOCTH
TPYHTA, ABRJAIOTCA OCHOBHHIM pelleHHeM
{ ofbemHOit 3agaud. OHM cayxaT Ans
pacyeTOB H3MeHeHHd HanpaxkKeHHA B
Puc. 19. Cxema pacmomomenns MACCHBe IPYHTA, BOSHHKAIOMHUX OT pas-
HECKONBLKHX  cocpefioTouennnx VIMYHOTO XapakTepa HArpysoK Ha €ro
CHN Ha {IOBEPXHOCTH MaccHsa INOBEDXHOCTH. 3TH pacueThl NMpOH3BOIAT
rpyHra METOJ0M CYMMHDOBAHHWsSI HaNpsaKeHHH,
Hanpuwmep, ana ciyuad, koraa K
MOBepXHOCTH TpyHTa mpHJyoxKeHO (puc. 19) HeckosnbKO cocpenoToueH-
Hpix cun Py, P,, Py, P,, HopManbHas BepTHKaJjbHAas COCTABJ/IAIOMIAS
HanpsXeHHA B JIOGOH TOYKe MACCHBA I'DYHTA HAXOJHTCS NO CNEAYIO-

umed 3aBHCHMOCTH:

Py

Z=K1?+KZ%+K3%+K4%; (26)
e Ki=f(2); Ke=fOi Ko=1(2); K=1(2).

Ecin 5TH cHabl paBHH ofiHa jpyroii P,= P,=P;=P,=P, 10
BHIp&XKeHHe JJIsl HCKOMOTO HaNpsiKeHHS GyheT CJefyIouiuM:

1 __dm

Z =2 (K4 Ky + Ks+ K, (27)

T. €., JOCTATOYHO CJIOXKHTb HANPSIKEHHA B ITOH TOUKE OT eIHHHYHHIX
CHJI, IPHJIOXKEHHBIX HA NOBEPXHOCTH IPYHTA, H YMHOMXHTb pe3YJbTaT
Ha BeJIHYHHY cHJBl P, a mpH pa3nuynblx P pacyeT MPOH3BOAHTCA TO

(popmyne:
Z=%(K1P1+K2P2+K3P3+K4P4)' (28)



Ta6auupma i

L K z K L K

2 2

0,00 0,4775 0,36 0,3521 1,1 0,0658
0,02 0,4770 0,38 0,3408 1,2 0,0513
0,04 0,4756 0,40 0,3294 1,3 0,0402
0,06 0,4732 0,42 0,3181 [,4 0,0317
0,08 0,4699 0,44 0,3068 1,5 0,0251
0,10 0,4657 0,46 0,2955 1,6 0,0200
0,12 0,4607 0,48 0,2843 1,7 0,0166
0,14 0,4548 0,50 0,2733 1,8 0,0129
0,16 0,4482 0,55 0,2466 1,9 0,0105
0,18 0,4409 0,60 0,2214 2,0 0,0085
0,20 0,4329 0,65 0,1978 2,6 0,0034
0,22 0,4242 0,70 0,1762 3,0 0,0015
0,24 0,4151 0,75 0, 1565 3,5 0,0007
0,26 0,4054 0,80 0,1386 4.0 0,0004
0,28 0,3954 0,85 0,1226 4,5 0,0002
0,30 0,3849 0,90 0,1083 5.0 0,0001
0,32 0.3742 0/95 0,0956 55 —
0,34 0, 3632 1,0 0,0844 6,0 —

Ynpaxuenne Ne 1. O6bemuas 3agaua. OnpejennTs BeJAHUHHBL BepTH-
KallbHBIX COCT4BJAIOMKXX HANpAXKeHHH, BO3HHKAIONHX B TOUKaX B Mac-
CHBe TPYHTa OT NPHJIO¥KEeHHA K er'0 NOBepXHOCTH COCPeIOTOYeHHON CHJIb
paBHoit 10 m, gns Touek, pacrioJioXKeHHHX Ha ITy6HHax: 2 M, 4 A,
6 # H B pacCTOsSIHHAX OT BepTHKAJH, NpoXojdiefl Yepe3 TOUKY NpHIOKe-
HUA CHJBL, paBHbiX: Om, 1 M, 21, 3, 4 » u 5 M, BupaABO H BJIeBO OT Hee.
CocTaBuTh TabiHuy ¢ TOUHOCTBIO YHCes 0 TpeTbero 3naka. ®opma tab-
JIHIH
P=10 m.

10. H306apsl, amw0pbt H JHHHH BAHAHUA

st u306paKeHHs pacnpefiesieHHsl HaNpsKeHHI B MacCHBe IpyHTa
noJe3yloresi H3obapaMH H 3IMOpaMH.

H3o0apoit HasbiRaeTCA JIHHHS, NpeNCTaBJAIINAT '€OMETpPHYECKOe
MeCTO TOUeK B MacCHBe FPYHT& C DaBHBIMH HanpskeHHmMH. Ha pue. 20
NpoBefieHsl ABe H306apnl Ans Hanpsukenuii 0,05 x['/cm?, n 0,1 k' jem?,
BO3HHKAIOIMX B TOUKAX B MacCHBe FPYHTa OT JeHCTBHS COCPEOTOUEHHOR
cuJsibl paBHoit 10 m Ha ero moBepxHocTH. OHA MO3BOJSAIOT ONPENENHTh
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B MACCHBE I'PYHTa XapakTep H pasMephl OCHOBAHHMSA coopyxeHHsl. Ecau
ONBLITOM GBUIO YCTAHOBJEHO, 4YTO NpHpAUIEHHE HANpsAMXKEeHHH MeHee
0,01 &I'/cm? ne BHI3LIBAEeT CKATHA TPYHTA, TO COOTBETCTBYIOMLAA H30JIH-
HHS OyAeT CAYXKHTb I'DAHHLEH OCHOBAHHSA IIPOEKTHPYEMOTO COOP YIKeHHS
H T2KHM 00pas3oM ONpejejHT pa3Mephl OCHOBAHHA.
310 HMeeT CyulecTBEHHOE 3HayeHHe AJfA HHKeHepop-reosoros. Ilo-
JlyYeHHbIE ¢ TOMOIIBIO H300ap pasMepHl OCHOBAHHSI YKAa3hIBAIOT HA Tpe-
Oyemele TIpH HHKEHEPHO-Te0s0-
THYeCKHX H3BICKAHHSIX TJTYOHHBL
B=10m Pa3BeJOYHBIX CKBaKHH H pac-
CTOSIHHA MeXKAy HHMH, AJIsl BbI-
AICHeHHSl CTPO@HHS OCHOBAHHA.
OHH nO3BOJIAIOT jasiee YCTAHO-
307/’;2(;”’67%;’%?0 BHTL TpeGyeMre MecTa 0T6Opa
/ 20 06pasloB TpyHTa H HX KOJH-
YecTBO, JJisl OlpefesieHHsT KOM-
NPeCCHOHHHIMA  HCNBITAHHSIMH

0,05 ljcm 5THX 06pa3loB XapaKTePHCTHK
ﬂhr/'/m?{/ CXKHMaeMOCTH rpnyaB, cna=

\ ¥ raiomux OCHOBAHHE COOPY¥Ke-

/ nua.Kpome Toro, ecan H3obapa

BEIXOJHT 34 IIPeesibl NPOEKTH-

pyemoro pyHpamMenTta H pacipo-

CTpaHfAeTCs NoJ COceqHHE (yH-

Puc. 20. Hsobapu m:;};:g;:eﬂnﬁ B MaccuBe ﬁaMeHT, TO NOJOMXKeHHe 5TOH

306apel MO3BOJIsIET CYAHTL O

BIHAHMM HoBoro (pyHJameHTa

Ha coceaHufl, KOTopoe Bui3oBeT ero nepekoc. Ha puc. 20 noxasana

IITPHXOBKOMH 30HA JONONHHTENIbHOTO CKATHA I'PYHTA nog coceAHHM (yH-
JAMEHTOM,

IpyruM MeTOfOM H306paXKeHHS paclipegeseHHs] HanpsXKeHdH#l B
MaccHBe 'pyHTa ABJSIOTCSI MOPH pacnpefenenHs Hanpsxenui. OHH
npeacTaBasioT rpaduueckoe H3oGpaKeHHe paclipenelieHHs Hanpsixe-
HHMHA N0 TOPH3OHTANBHEIM H BEPTHKAJBLHLIM CeYeHHAM B MaccHBe IPyH-
Ta. ITH 3mMOpsl NOROGHEI C:KAaTHIO TPyHTa B TODH30HTAJLHLIX cede-
HHAX H no ruy6uHe MaccHBa rpyHTa. [locTpoenne smiop o6neryaer
pacueT OcajKH COOpYXKeHHH.

Aniopsr 1A FOPH30HTAJNLHHX ceueHHH YKAa3bIBAIOT Ha XapaKTep BJHA-
HHS HarpysKH, NPHJIOXKEHHOH K NOBEPXHOCTH I'DYHTA, HA HANpPSIAKeHHS,
HMeIOIIHECs] B Pa3HBIX TOUKAX MacCHBA I'PYHTA Ha OAHHAKOBOH I'y6Hue
OT ero NOBEpXHOCTH. Ha puc. 21 nokasana 3miopa pacnpejenenHs
HanpsAKeHHA B FOPH3OHTATLHOM CeYeHHH MacCHBA TPyHTa. Ee OpAHHATEI
ApEeACTaBAT B 331aHHOM MaclITabe BeTHUHHbI H3MEHEHHH Halp K eHHH
B HCKOMHX TOUKaX OT COCPEJOTOYEHHOH HArpy3KH P HiH BIHSAHHe 3TOH
Harpy3KH Ha NOBEPXHOCTH MACCHBA I'PYHTa HA HaNPsIKeHHA B 38/laHHHX
toukaX. [TosToMy 3mopy pacnpenesieHHs HanpAxXeHHd B FODH3OHTAMb-
HOM CedeHHH Ha INIYOHHE 2 MOXKHO Ha3BaTh JIHHHeH BJIHAHHLA.
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JInHNIO BAMSIHMA YAOOHO UCIIOJIb30BATh TaKKe 15 pacyeTa HanpsKe-
HuH B 3agaHHOM Touke M, pacnoJoxkensoll Ha r1yGHHE 2z B MacCHBe
TpYHTd, OT HECKOJIbKHX CHJI, NPHJOKEHHHIX X NOBEPXHOCTH TPYHTA.
s 3Toll e JIMHAIO BJIHSITHUS CTPOSIT JIsl TYGHHB! Z OT €NMHHYHOM
cunel. Ha puc. 21 m3o6paKeHa smiopa pacnpene/ieHHs Hanps:KeHH# Ha
ry1yGHHE 2, OT NOBepXHOCTH IPYH-
Ta AjfA cuisl pasuofi 1 k[ m
NYHKTHPOM — Ta XKe 3Mopa A
ee HCNOJIb30BAHHSl KaK JHHHH
BJIMSIHHA H HaXOXKJeHHsl Hanpd-
xeHHs1 B Toyke M. Oppunara f,
3MIOPBHL  PacnpejeneHdd Hanpf-
)KeHM#l B Touxe M paBHA OpAH- 2
Hare f JIMHUM BJIHAHAS NMOJA 3a-

AaHHoil CHJION, paBHOW eIHHHUE M

H NPHJOXKEeHHOH Ha noBepXHOCTH Ly :HJ_UJ

Petxl

rpynra. CreposarenbHo, —AJst ~~< HT
pacueTa HanpsKeHHA B Touxe M
caefyeT JIMHHIO BAHSAHHS Pacilo- i
JIOKHUTb TaK, YTOGH ee BepIIHHA { ¢
NpUXOJHIACh HOA TOYKOH, B KO-
TOPOH HanpsKeHHe sIBJSeTCS HC- Pxc. 21. Dmiopa pacrnpejenenns Hamps-
KOMBM H OTCYHTAaTh OpAHHATY, WeHHH (samTE{}:{};OB(?XI;?{)KTI; J)IHHHS{ BJAHSA-
PACnoJIOKEHHYIO Toj 3aaHHOH P
cusioit. Ecou cuna pasaa P k[,
TO OpAHHATY f Ha JHEHH BiuaHEA (IYHKTHD Ha pHC. 21), B3ATYIO B onipe-
AeJIeHHOM MacmTabe, caelyeT YMHOXHTh HA BeNHYHHY HpHJIO}KEHHOI';I
caasl P. EciM Ha moBepXHOCTH NMPHJIOXKEHO HECKOJBKO CHJI, PacnoJo-
HKeHHBIX [0 OfHOR npsIMOH, TO cJefyeT BCe OpAMHATH JIHHHH BIAHAHHS,
pacnoJioXKeHHsle MOJ KamkAOR H3 3THX CHJI, YMHOXKHTb Ha BEIHUHHY
COOTBETCTBYIOIIEH CHJBI M NPOCYMMHPOBATH NOJYYEHHbBIE Pe3yJIbTaThl.
Takoit MeTox pacyeTa nanpsiKeHHH HasHBAeTCS METOJOM JHHHH BJuA-
HHSA.

[asi onpeneneHHs HCKOMOTO HanpshKeHHA B 33MaHHOf Touxke M
B MAacCHBe I'DyHTa OT HecKOJbKHX CHJI Py, P, H P; NOoJy4HM cliefyiomee
BHIpZKeHHe:

Py P P
Z=f17§'+f27>:‘+f37:" (29)

rae  fy, f., f3 — OpAMHATE MTHHHH BJMSAHHS TOf 33JAHHBIMH CHJIAMH;
P, — cuna, paBnas | I, ans XoTopo# NOCTPOEHA JTHHMUS
BJMABHS;
P,, P,, P;— BesHUHHB NPHJOKEHHHX cHa, K.
Ecmn P,=P,= P,= P, TO BhlpaXeHHe jJ151 HCKOMOTO HAaNpAXKeHH:A
ynporuaercst:

Z= - (hitfat o). (30)
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3pech cleayer HMeThb B BHAY, YTO DA3MEPHOCTb OPAHHAT JIHHHH BJIHA-
Hud, NOCTpoeHHON AAs cunbl P=1 xI', pasna «l'/cm®, Tak Kak 3TH
OpPAMHATH PacCUHTHBAOT no dopmyse (25).

Ec/iH HA NOBEPXHOCTH TPYHTA 3a7aHa PABHOMEDHO pachpejeeHHas
HarpysKa o npsamo#l, JJIHHOH / C4, HHTEHCHBHOCTBIO p &1"(cAt, TO MOXKHO

- L |
| |
dl\-—- _,p

| 2 %

Y

Puc. 22. PacueTnas cXeMa 1Ja onpenefeHus

HanpAXeHAsl B Touke M OT papHOMEpHO

pacipereseHHOf HarpysKH MO OTpe3ky npsi-

MOM, PaclloNIOKEHHOH Ha NOBEePXHOCTH Mac-
CHBAa TpYHTa

ee paccMaTpHBAaTh KaK COCTOAMIYIO H3 OTAENbHLIX OTPE3KOB, OECKOHEUHO
Manok AnMHH dl, B LieHTpe (cepeniiHe) KOTOPHIX NPHJIOXKEHA pPaBHOAEH-
creyromad cuna (puc. 22). IlocTpous anopy ANa eAHHHYHON CHJIBL H 3a-
JaHHOH rNyGHHB PACNOJIOKEHHsl CEYeHHs B MacCuBe IPyHTa, pacnona-
raioT ee BepIIHHY HAa BepTHKANH, NpoXoidulel yepes Touky M, B KOTO-
poii Halps:KeHHe ABNIAETCA HCKOMBIM. PacyeT HanpsXKeHHMs NMPOH3BOAAT

no dopmyne:

pdl

2
1
z=;1%+f2p_u+ =PLSfd1=LF. (31)

3amenaa HHTeTPHPOBAHHE CYMMHPOBAHHEM, MOJYIHM:

F=fl'gf%ll+f2—gf3lz+f3—;flls+ ey

rae f, — OpAHHATHl JHHHH BHauusA, kI /cm?;
p — 3ajaHHas HHTEHCHBHOCTb HArpyskH, kl/cm;

38



dl — pynuHa GeCKOHEUHO MaJiOro 3JeMeHTA JJIMHEL, oM,

F — nuomiagb 3MOPH € pasMepHocTbio &/ /cm, B mpepesax paBHO-
MEPHO pacrpeneieHHON HAarpy3KH.

[Ipn mopcueTe MJIOMALKH MOPH YAOGHO NOJB30BATLCS OpAHHATAMH
JUIHHH BAHSAHHSA, NOACYHTAHHBIMY Yepes | u 10 IniHHe B npejeax 3anaH-
HOH HA TOBEPXHOCTH paBHOMEDHO pacNpejeNeHHOH Harpyskd. 1akHM
o6pasoM, OTpe3KH /, pexomenayercst 6path no 100 cum, xpome kpafinero
OTPe3Ka, KOTOPhIf CJIefyeT NPHHATbL TAKHM, KAKHM OH MOJYYHTCS B 3a-
BHCHMOCTH OT TPOTSINKEHHOCTH 3aJlaHHOH DaBHOMEPHO paclpejeeHHOH
Harpy3KH H PACNOJIOXEeHHs! TOYKH C HCKOMBIM HANpsDKEHHeM.

Ynpaxnenne Ne 2. JToctpoutb Ansl nosyueHsoro B safaue Ne ! pac-
npejesieHHs] HANpSIKEeHHH:

a) 3MIOpH HanpsDKeHHH MO FOPH30HTAJbHEIM H BePTHKAJbHBIM ceue-
HHSIM 7151 38AaHHHX TyO6nH H BepTHKasell. I'padukH BbluepunBanTCH
B macmratbe 1 : 100 1 0,05 «I'/cm® B 1 em. Macura6 piist Bep THKANBHBIX
paccrossuii 1 : 100 u ropmsosTansHbX 1 : 50,

6) n3o6apnl i Hanpsikennit 0,056 kl'/cm?, 0,02 k['/cm?
0,01 &l'/cm?.

Yapaxkuenne Ne 3. O6bemuas safaua, OnpefesnTs BeJHUHHH HOp-
MaJbHEIX BepTHKAaJbHBIX COCTABJIAIONHX HaNpsiKeHHH, BO3ZHHKAIOMHX
B MacCHBe I'PYHTa OT NDHJ/OXKEHHSI K ero MOBepXHOCTH HSITH COCpelo-
TOueHHBIX cHaI 1o 10 m xaKjas, KOTophle pacno/oXeHsl B OfHOM CTBOpe
M Ha paccToaHHM 1M opma oT Apy-

rofi. BrigucauTh Tabauny H TOCTPOHTb Beprrkamm
3MOpLl HANPSIKEHHA N0 TOPH3OHTA/b- z, n
HbIM CEUEHHSIM, DACHOJIOXKEHHBIM Ha Kpaesast | Cpejusis

ray6usax: 2 m, 4 M W 10 BepTHKAJAM,
NPOXOASIIEM dYepe3 TOUKH MNpHJIokKe-
HAsl cpelnell m xpafimeik cua. Ilosb3so-
BaThbCsl METOAOM JIMHHIT Bausunst, Mac-
wta6 nanpspkenmit: 0,1 xe/em® B 1 cm.
Maciura6 pacctoaunit 1 : 50. @opma Tabmuibl JaHa B TEKCTe.

Ympaxnenne Ne 4. O6pemnuas 3anaua. OnpefeyauTb METOAOM JHHHI
BJIHSIHAS] BEIHYHHBl HOPMAJbHLIX BePTHKA/bHbIX COCTABJISIIOMHX HANPSI-
XKeHHil, BOBHHKAIOMHX B MacCHBE TPYHTA OT NPH/IOKEHHS K ero 1oBepX-
HOCTH HarpysKy, paBHOMEDHO pPacrpeje/ieHHOH NO MpsIMOi C HHTEHCHB-
Hocteio 10 m/a, na Amune 5 u. BHIUHCANTD TAGJIHIY H NOCTPOUTD IMIOPHL
HanpsKeHHil N0 TOPU30HTANLHLHIM CeueHWsIM Ha uybuHax: 2 u, 4 u
H 110 BePTHKAMsIM, NPOXOAAIHM Uepe3 cepeaHHy Harpy3ku H uepe3 ee
kpast. Macura6 nanpstkennit 0,1 x2/em? B 1 em. Macuita6 paccTostHHI
1:50. @opma TabnHubl Takas Xe, KaK B ynpaxueHHu Ne 3.

11. BHemnssi BepTHKANbHAA DpABHOMEPHO pacnpefeseHHas
Harpyska no npamoii

Pemenye 3agaun 0 pacnpeje/leHHH HanpsDKeHHH B MacCHBE TPYHTa
OT BHeliHefl BEpPTHKAIbHOH HArPy3KH, PABHOMEPHO pacnpejeieHHOR No
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GecKoHeyHO JJHHHOH npamoil (puc. 23), ABNAETCA OCHOBHHIM PEILIEHHEM

nJocKof 3aaqn. OHO HCrosb3yeTCsl 115 pacueTa pacnpefie/eHUs Hanpa-
HeHHA B NMJOCKOH 3afaye OT Pas/HYHHX BHIOB BHEUIHEH Harpy3KH.

Peumienne ucxonHbiX anddepenuuanbeblx ypasHenu#i (14) m (15)

JJg BHeIHeH HArpy3xH, paBHOMEDHO pacnpefefeHHOR o mpAMO#, CBs-

34HO CO CJOKHEIMH MaTeMaTHYec-

KHMH BBIKJAKaMH, KOTOpEIE 3ech

He npuBofarcsi. [losyuenusle BHI-

paKeHHa Ijd ABYX HOpMalbHBIX

COCTABNAIONHX HaNpsXKeHHH H

Px OJHOH KacaTe/lbHOR, €CJAH T0JIO-
JeHHe TOYKH B MaccHBe TPYHTa
¢ 3alaHo B NOJIAPHOH CHCTeMe KOOD-
muuar (UpiroBunu, 1951), coranacuo

P \r 2 pHc. 23, O6yayT crepyomue:

2p, cos
z z="2:%0 (39
x -— — .

M 2p, sin?f cos B

oot
_ 2px smf cos?f

] ZY———n— — 5 (34)

Puc. 23. PasnomepHo pacnpeneneHHas

nmo GeCKOHEYHO HPAMOH Harpyska u
HOJAsipHAs CHCTEMa KOODJHHAT B JIOC-
Koit 3anage

rie f — yroa, cocraBnseMbifl pa-
AHYyCOM-BeKTOpoM R, NpoBefeH-
HEIM H3 Haya/jia KOODAHHAT A0 pac-

cMaTpuUBaeMoi Touku M, H OChiO Z;

P — HHTEHCHBHOCTb Harpy3u Ha eJHHHIY JJIHHBE NDAMOH, Hampas-
JIeHHe KOTOpPOH COBNajaer ¢ Ochlo X.

B npuBejennnix (opmynax, KaKk H B 3ajaye [Jia COCPEJOTOYEHHOH

F4

R

Torga cocTapasionine HanpszKeHWH NPHMYT CAeAyOmuH BHA:

# sin p — oTnomenHeM

CHJIBI, MOXKHO COS ﬁ 3aMeHHTh OTHOMEHHEM r'

2p, 28

Z=".5 (35)
2, 4P

Y =40 (36)

zy == 02 (37)

Paccrosiiue oT ocH z 10 ToukH M, napannensHoe OcH ¥, 3/eCh 060-
3HAYEHO Yepes Y, B OTJHUHe oT oObemHOH 3amaud, rle 3TO pACCTOSHHE
Oriio 0603HaueHo 4epes r, TAK KaK TaM HanpsixkeHHe He 3aBHCENO0 OT
HanpaBJieHH g KOOPHHATHBIX OCeif M X, 2 TOJBbKO OT IMIyGHHBI pacrnoso-
JKeHHA TOYKH H ee PAacCTOSHHS /10 OCH 2.

BhipaKenve pepTHKAJNBHOM cocTaBisomel Hanpsxenns (35) Mox-
HO NpeACTABHTL B CJAEAYIOIEM BHJe, 3aMeHHB pafHyC-BEKTOp R xoopan-
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HaTaMHK z ¥ Y J19 Touku M.

7=2. 1 (g B (38)

3unauenust gaa K-1 ganel B Ta6xa. 2.

3 comocTaBneHHsi NOJYUEHHOTO 3HAYGHHS [/ BepTHKAJLHOWN
COCTaBJSAIOIEH HaNpsxKeHHs (38) ¢ pelleHHeM 337auu AJIsl COCpEAOTOUEH-
Ho#l cwibl (25), BHAHO, YTO NMOJYYEHHAS] BEPTHKAIbHASI COCTABJSIONLask
HanpsiKeHHsl TaxkKe NPONOPUHOHANLHA HAIPy3Ke HA NMOBEPXHOCTH, HO
yOHBaeT OHa No IMyOHHe 3HAYHTEJLHO MeLJIeHHee, YeM NOJ, COCPEeRoTo-
denHoii cusoh. Ilocneanee o6wsacHsAeTca BaAHgHUEM GOKOBBHIX HATpPy3oK
OT BHELIHHX CHJ Ha HaNnpsiKeHHA B TOUKAX B MaccHBe IpYHTA.

¥Ynpaxuenne 5. [Inockast 3agaua. OnpeesnTb HOPMATbHEE BEPTH-
KaJbHbE HANDPSIKEHHS, BOSHHKAION[HE B MACCHBE I'PYHTA OT NTPHJIOKEHHS
K €r0 NOBEPXHOCTH HArPy3KH, DABHOMEDHO pacnpejesieHHol 1o Gecko-
HeYHO JJMHHOH NpSIMOH, WHTEHCHBHOCTHIO paBHOH 10 m/m. Beruncauts

Ta6anpma 2

A K-1 A K-1 A K-1
Z Z Z

0,0 0,638 0,9 0,191 1,8 0,036
01 0630 1.0 0151 1.9 0031
0.2 0,590 1 0/129 20 0,027
03 0,532 1.2 0,105 2’5 0,011
0.4 0,470 13 0,088 370 0,006
0.5 0,402 14 0,069 10 0,002
0.6 0,340 5 0060 5.0 0.0007
0.7 0,285 1’6 0,050

0.8 0’236 17 0,042

TalJaHIy JAJisl TOYeK, YKa3aHHbIX B YNPaKHEHHH | H NOCTPOHTS:

d) 3MOpHl pacrnpefiesieHdst HANPSKeHHH NMO T'OPH3OHTAJBHEIM cede-
HHSIM, PAcNoJIOKeHHbM Ha rayGuHax 2 m ¥ 4 ». MaciuTa6 nanpsiKkenuii:
0,1 kI"/em? B 1 op. Maciutab paccTosiHHil TAKOH Ke, KaK B yNp XKHEHHH 2.

6) u3o6apul aast mampsikenuit: 0,06 xI'/em? u 0,02 kl'/em®.

12. BepTukaibHas pasHOMEpHO pacnpefesieHHAas Harpyska
no rubkoli noJaoce

Pacuet pacnpezesienust HanpsiKeHHH 0T MOJOCOBOH PaBHOMEPHO pac-
Mpee/eHHON HArpy3KH NpeACTaBJIsIeT MIIOCKYIO 3384y, HMEIOILYIO 60.ib-
W0e MpakTHYecKOe 3HAYEHHe. 31ech AJHHA 110JOCH 3arpyKeHHs! oueHb
BeJIHKA H HanpapJeHHe HanpsDKeHHii B MacCHBe I'PYHTA sIBJIsIeTCS Mapad-
JIeJIbHBIM TJIOCKOCTH Y2.
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Cany4aii 11010C0BOH pABHOMEPHO paclpelesleHHOH Harpy3KH COOTBeT-
CTBYeT HaNpSXKEHHOMY COCTOSIHHIO B I'pYHTe 1OJ JEHTOYHBIMH QYHAa-
MEeHTaMH JJ1s1 CTeH 3JaHuil, Noj IJIHHHEIMH MOANOPHEIMHE CTeHKAMH H Ha-
GepexXHBIMA M JADYIHMH COODYMKEHUSMH, AJHHA KOTODHIX 3HAYHTE/BHO

[IPEBOCXOJUT HX [onepeyHble pas-
5 MepHl.
Kpome pacnipenenenns Hanps-

KeHHil, B MacCHBe TpPYHTa OT BHell-
Il““” Lo Hell HarpyskM B BHJIE JEHTOYHOTO
p H IEHTPaNbHO HArpyKeHHOTo (QyHxa-

B Y  MeHTa 6YLYT paccMOTpeHH ellle JiBe

IVIOCKHe 33jauH, TaKKe HMeOIde

I A GoJsipllioe TpaKTHYecKoe 3HauyeHHe:

/ TpeyroJabHass Harpyska, COOTBeTCT-

i BYIOI|as] BHEHEHTpeHHOH Harpyske

P M Ha JieHTouHud QyHIaMeHT, a TaKKe

Harpy3ake Ha MaccuB I'pYHTa OT OT-

Koca 3eMJISTHOTO COOpYXKEHHd, H

Puc. 24. Harpyska, pacnpegenen- T[OPH3OHTalbHAsi paBHOMEPHO pac-

Has HepaBHOMepHO Monepek rubkoii NPELe/JeHHAA HarpyskKa MO J10J0uI-

TOJIOCH 3arPyXeHns Be (yHiamMeHta aJd TI'HIpOTeXHH-

4eCKHX HAaNOpHHIX COOpYIKEHHH H

NOJJIOPHHX CTEHOK, BOCIPHUHHMAIIUX [OpH3OHTANBHYI0 HarpyskKy.

PaccMoTpuM ciyyall BepTHKa/JbHON HarpysKkd, pacrnpefeleHHoR

Ha ru6xofl moJjoce ¢ JMoOGHM XapaKTepoM HepaBHOMEPHOI'O ee pacnpene-

JieHds1 monepeK moJockl (pHc. 24), HCNOMB30BAB /14 ee pElIeHHs NOJaY-

deHHble (OPMYJH /51 Harpy3KH, PaBHOMEPHO paclpeneneHHOH IO
IpsMoi.

Ilepemennasi HHTEHCHBHOCTL Harpy3KH 1O noJsoce mupuHoit b, cos-

nanaiomeil ¢ oceo y, pasua p, &l /cu® PasoGeem mosocy (puc. 24)

3arpy:eHHus 10 ee LIHpHHe Ha 6eCKOHEYHO TOHKHE T0JIOCH], NMapallieb-
Hble JNHHE, HIH ocH X. MHTeHCHBHOCTH HarpyskH, mpHXojsiledcss Ha
TaKyl0 TOHKYIO 3JeMEeHTapHYIO 110J0CYy, paBHA:

dpy=pydy,
rlie dy — GecKOHeYHO Masoe paccTOsIHHE Mo MIHpHHE T0JI0CH HArpyxe-
HHS HJIH TIO OCH ¥,

HckoMble 3aBHCHMOCTH AJ1s1 HAanpsDKeHHAl B TOUKaX MacCHBa IPYHTA
JaHsl B IOJAPHBIX KOOpAHMHaTaX, TaK KaK B 3TOH CHCTeMe KOODAHHAT
TOJIy4al0TCSl BRIp&XKeHHst, yIoOHble 1J1s1 HHTerpupoBanusi. Koopannaramn
OynyT CIYXKHATh: Pafuyc-BeKTOp R H moJIsIpHBI| yTog f Mexay HanpasJe-
HHEM pajuyca-BeKTopa M BepTHKanabio (puc. 24),

BesnunHa dy MoXeT OHITh BhpaKeHa uepe3 pajHyc-BeKTop R
u yroa f ciaexyiomeft 3aBucuMocthio (puc. 25):

Rd Rd
dy = COSBB » TOTAA dpy= pcyos 55 ’ (39)

tie d § — yron BunuMocTs mis otpeska dy y Touku M.
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[ng onpeleneHns BepPTHKaJbHON HOPMAaNLHOH COCTaBJAOmEH Ha-
NpsKeHHA B Todke M npuMeM 3/7eMEHTapHYIO Harpy3Ky dp, 3a HHTeH-
CHBHOCTE pABHOMEPHO pacripefie/leHHOd Harpysky 1o 6ecKOHeYHOH mpsi-
Moii. Torja MOXKHO HCIOJB30BaTh 32BHCH-
MOCTb (32) M TPOCYMMHpPOBATb HAMNpSIKEHHS q
B TouKe M OT OTHeJbHEIX 3JIeMEHTApHBIX IO- ﬁ
JIOC, MapajjeJbHBX OCH X, N0 Beell NIMpHHE,

B npenesnax H3MeHEHHs MojsgpHoro yraaf or I

B, 1o Py (puc. 24). B peayarrate cymmmpo- {'ﬁ Rap
BaHHA MOJNYYHM BeJHYHHY HCKOMOH cocraB- ¢

JAIOINEH HanpmKeHUA B Touke M oT JeficTBHA R

J060# 10JIOCOBOH HArpy3KH, MPHJIOKEHHOMH af

Ha TIOBEPXHOCTH MAaCCHBA IpYHTA.

g 3aMeHBI CyMMHPOBAHHM ST HHTETPHPOBA-
HHEeM HeoGXOAMMO B 3aBucumocTH (32) aas
BePTHKA/JIbHOH HOPMAJBHOH COCTABISIOMER p.. or Dacyernas cxema
HarNpsKCHHs, 33 HHTEHCHBHOCTh PABHOMEDHO g ompefeNenus Bedtu-
pacnpeie/ICHHOH HAarpyskKd 10 IpsIMOH IIpH~ uyuHE OTpeska dy B 1oO-

M

HaTb Bhpakenue (39). Torma noayunm: MAPHON CHCTEME KOOP M-

HaT, B 34BHCHMOCTH OT

2dp, cos3p Rdp cos3f ero yria BupuMoctn dff
dZ—T'—R——'n—'Py cosp R (40) y Touku M

CyMmMapHoe Hanpfaxenme 0T JelcTBHA
BepTHKAJNbHOH HAarpysKH, paclnpefle/leHHOM 0 BCeH 110J10Ce, MOTy4HM
ocJ/ie HHTeI'PAPOBAHHS BhipaKeHns (40) oT 3HaYeHHsA IOJSPHOTO yria
Bs Ko yraa By
2 &
Z=;§ p, cos® Bdp . (41)
- B2
Ananoruuso Moryt OLITh NOJIy4eHH! OCTaJbHbie JiBe COCTaBJISIONINE
HanpsnKeHHs:

B1
2 .
Y=~ p, sin® Bdp (42)
B2
ﬂ1
ZY =~ S p, sin B cos Pdf. (43)
B2

Ecnn nosioca sarpyxena ne npoH3BOJBLHEM BHJOM HATPY3KH, 3 PaB-
HOMEpHO pacnpe/leNEHHOM, To pe3y/bTaThl HHTErPAPOBAHAA STHX ypaBHe-
HUR 1as p,= p=const nojydaoTes B caelyomeM BUje:

Z=2[B+y sin2—(£P)—g sin(£2B)] (49
V=2[f,—5 sin2— (£ B)+y sin(£28)]  (45)
VA4 =—:€ [cos 2f, — cos 2B,]. (46)
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Yron P MoOxeT OTCUHTHIBATLCS BIOPABO M BJEBO OT BepTHKAMIH
(pHc. 26). 3nax maoc neper f NpHHHMAETCS [JIs1 TOYEK, JEHKAUHX BHe
H0JIOCH HAIpY3KH M 3HAK MHHYC — JJI TOYEK B IPeJe/aX MOJIOCH.

Hdag cucreMbl MpAMOYTOJNBHEIX KOOPAHHAT YPaBHEHHSA JJsi COCTaB-
JAIOMHAX HanpsKeHui npuanmaior caeaywomuii Bu (Ioabmuu, 1933):

" n(nﬂ—nz——}}—\, i
Z= % arctg —— —~— (47)
m2+n2——4— <m2—-n2———4—> -+ dm2n2
n(znﬁanﬁ_—]—) 1
P 7 4
2 2 2 __ g3~ 4m2n2
mit-n 7] ( m:—n ) ) +4m?n? |
2mn®
zy=2. M : (49)
<m2 —nﬁ—-z> +4m2n?
rpe m= -%— ~— OTHOCHTEJ/IbHBIE TOPH30HTAJNBHEIE PACCTOAHHS:
h= % — OTHOCHTE/ILHHE T'JTyGHHEL.

3zeck OCh 2 TIPOXOJHT uepe3 CepeiHHY LUHPHHBL TOJOCH (puc. 26)
¥ HanpapJeHa KHH3y, @ OCb Y JIEXKHT B KOHTaKTHOH IIJIOCKOCTH MEXALY
Harpy3ko#i H I'PYHTOM H Ha-

b 1lpaBJ/ieHa BIPAaBo.

W3 mnpHBeNeHHBIX BbIpame-
HAH A5 HAMPSKEHHH, BO3HH-
T KaonHxX OT pPAaBHOMEpPHO pac-

y npeJeJeHHOH 1o ToJoce BHell-
' Hell Harpy3KH, PacnoJoXeHHOoMH
[ HA FOPH30HTAJBHOH MoBePXHOC-
| TH MaccHBa TPYyHTa, BHJHO,
|-m-1 YTO OHH HEe 3aBHCAT OT Xapax-
I
!

i P

| |

P m,_.’. m:_’ -

7 7 TePHCTHK JHHEHHO aepopMHpY-

| eMoil cpensl (mMoayast jaedop-

! MalHH K Ko3(pHIHeHTa GOKO-

Puc. 26. PacuetHas cXeMa JJIA IOJIOCO- BOTo pacmeEHHH). Hanee, BC?

BOIl paBHOMePHO pacmpejeneHHoh Ha- COCTABJAIONIHE  HANPSDKEHHH

rPYSKH [PONOPIHOHANBHE  HMHTEHCHB-

HOCTH BHENIHEH HArpy3KH p H

3aBHCAT OT OTHOCHTENBLHBIX KOOPJAHHAT TOueK (ro OTHOMIEHHIO K IUH-

pHHe moJockl 3arpyxeHHs). [IpH ofluHAKOBOH HHTEHCHBHOCTH pacrpe-

JeJIeHAsl BHelllnefl HATPY3KH HAaNPsKeHHA B TOYKAX € ONHHAKOBLIMH

OTHOCHTe/IbHBIMH KOOPJHHATaMH MOj, pasHeMH (PYHLaMeHTamp GYAYT
OJHHAKOBLIMH.

s paBHOMEPHO pacnpelefieHHOH N0 MoJoce HArPy3KH, TPH ee

HHTEHCHBHOCTH PaBHO# | xI'/cm?, Be/HUHHEI COCTABJISIONIHX HANpsKes
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HUI 1151 TOUEK, PACIONOKEHHBIX B MACCHBE I'PYHTA, NpHBeIeH ! B Tab1. 3
IJIS1 BePTHKAJTBbHOH HOPMallbHO# COCTaBIsIONlell HANpsKeHusA Z, ¢ pas-
MepHOCTRIO KI'/cmM?,
Tab6auma 3
Aaa nanpamenns Z

SN
*O
(av]

0,25 0,50 1,00

’

er-lm
—
o
=)
)
=3
S

0,50
0,50
0.48
0,45
0,41
0,37
0.33
0,30
0,28
0.20
0.15
0,10
0,10
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B tabs. 4 Ajs rOPH3OHTANBHOH HOPMaJNbHOH COCTAB/MOIEH HampsikKe-
ausA ¥ K B Tabn. b aas KacaTesnHOM COCTaBJAIOUIeH HanpsiKeHns ZY,

B Bepxneli cTpake Tabu. 3—5 naHEl OTHOCHTENBHEIE FOPH3OHTANBHEIE
PaccTosIHAS #1 OT OCH Z 10 BEPTHKANH, HAa KOTOPOH D) acnonoKeHsl TOUKH
C HCKOMBIMHA HaNpsKEHHAMH, B COOTBETCTBHN ¢ pHC. 27. B nepsoii rpade
Taba. 3—5 JaHBl OTHOCHMTENEBHBIE IJYOHHBL 7 DACHOJOMEHHS TOueK
Ha KaX/10il BepTHKa/IH. UTo6b MOJYYHTh BeTHHHY COCTaBIsIOMmel Hanps-

Ta6auna 4
JAaa nanpsukeHns Y
y
z b 0,00 0,25 0,50 1,00 1,50 2,00
b
0,00 1,00 1,00 0,50 0,00 0,00 0,00
0,25 0,45 0,39 0,35 0,17 0,07 0,04
0,50 0,18 0,19 0,13 0,21 0,12 0,07
0,75 0,08 0,10 0,14 0,22 0,14 0,10
1,00 0,04 0,05 0,09 0,15 0,14 0,13
1,25 0,02 0,03 0,06 0,11 0,12 0,11
1,50 0,01 0,02 0,04 0,08 0,10 0,10
1,75 —_ 0,01 0,03 0,06 0,09 0,09
200 — — 0,02 0,05 0,07 0,08
4,00 — — — 0,01 0,02 0,03
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Ta6auuna 5
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Puc 27. Cxema pacmoitoXenus BepTHKalefl H TOPHSOH-

TalbHBX ceyeHHH B YIpaKHEHHH
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Heo6XO0JMMO YMHOXKHTbL HMC/O0, NPHBENEHHOE B TabJule, HA 3adaHHYIO
T

3KeHUs1, J/19 3a1aHHOH UHTEHCHBHOCTH HArPy3KH, oTianuHol ot 1kl /cm?,
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Pacnpenesienne HanpskeHHi N0J M0J0COH C PaBHOMEPHO pacnpefie/eH-
HOH Harpy3Koi CHMMETPHYHO OTHOCHTENIBHO ocH 2. ITosToMy B Tab/Huax
3—>5 naHbl HANPSIKEHHs TOJLKO JJs TOUEK, PacloJIoKeHHHX B IpaBoil
YaCTH OCHOBaHH.

Jnst n3ydeHns pacnpeneseHus HalpsDKEHH{ B OCHOBAHHH 10JIOCOBO
Halpy3KH CTPOAT 3MOPHI HANPSIKEHHH 110 TOPH3OHTA/IbHLIM B BeP THKA/Ib-
HBIM CEYEHH M, H3 KOTOPHIX BHHO, YTO HAHOOIbIINE CKHMAIONLHE Hanps-
AEHHS 10] THOKOH I0J0COBOM Harpys-

Koil 6y/yT B 30He 10 ocu cHMMeTphH. C I:Jb
YBeJIHUEHHEM TJYOHHBI pPaclo/IOXKeHHs zb_ b 4

TOYEK H C yAaNeHHEM B CTOPOHB OCH CHM- W‘}L”W“‘fi\ v

—f~

METPHH HANP SXKEeHHST YMEHBUIAIOTC 3T0 ( // . / 1)

Z

yCMaTpHBAeTCsI TakKe H3 pHc. 28, rie VA1
JaHbl H300apel A/1s1 HHTeHCHBHOCTH Ha- LER
rpy3Ku paBHoit 1 &I'/cm?®.
HopmanbHbie coctaBisonue B Bep-
THKaJbHBIX ILIOIIAnKaX G6rICTPO yObl-
BaIOT 10 I'MyGHHE H MeJJIeHHO — B CTO-
pOHBl OT OCH CHMMeTpHh Ha rayGuue
paBHoft 1,5 IIHPHHEL NOJIOCE OHH PABHHL /
»

Hy/mo. KacaresqnHble cocraBasiompe Ha-
NpsKeHHH KOHUEHTPHPYIoTCs NOJ Kpa- "
AIMH T0JIOCH HAarpys3kKH H MejJIeHHO yObi- z
BAIOT C IMyGHHOM. Puc 28 Msobapm ans Hamps-
Ecan, nanpuMep, NPHHATL 32 TpaHA-  xewuil, pasEbix 10% u 309 or
Iy 30Hb H3MEHEHHST HanpsaxKeHnid H3o6a- BENHYHHB  KHTEHCHBHOCTH Ha-
PY A HOPMasbHMX cocTaBJsomux [PY3kH Cocrasnsiomue Z Aaubi
., ClomuBiME  NuuHAMH. Cocras-
HaNpPsOKEeHHH B TOPHSOHTANBHBIX INIO-  jawmpe ¥ jaus MpepHBHCTHMHA
mMagkKax, HJau CKAMAMKX HAIPAKEHAN, JauuusiMe  Cocrapagiomue ZY
paenyio 10% OT HHTEHCHBHOCTH HArpys- MAHBL My HKTHPOM
KH Ha JIOBePXHOCTH MacCHBA, TO I'PaHHIIa
OCHOBaHHS TI0 I'1yOGHHe OyJeT pacnoJiciKeHa Iny6xe, yeM MIeCTHKPATHAR
IIAPHHA MOFOCH, YTO yKa3eBaeT Ha GOMBIIYIO IMYGHHY pacrnpocTpaHe-
HHSI CXHMAIOIUX Hallp XKeHHI OT BHEllIHeH MoJ10coBoft HarpyskH. Tako#
XapakTep pacnpenesieHHs HanpsKeHHH OOJ/IKeH BCerna YYHTHIBATHCA
IIPH COCTaBJIEHHH NMPOTPAMMBI H3YYeHHsI OCHOBAHHH COOpYXKeHHH C JieH-
TOUHLIMH (pyHIamenTaMmu, T1pH HasHaueHHH MecT oTGopa 00paslioB cJe-
AyeT HMeTh B BHJY, YTO C:KAaTHE pacrnpocTpaHsercs ray6oKo noj oTMeT-
KOl 3a/0KeHHA QyHAaMeHTa, 4To G0KOBOE JaBJIeHHE PacnpocTpaHsercs
33a npelessl NOJOCH HArPpysKH H 4TO 30HLI BbIIABJIHBAaHHS TPYyHTa
M3 OCHOBaHHUs PACMOJIOKeHbl 0] KPAsMH IOJIOCH HArpysKH.
Yunpamuenue Ne 6. Tliockas sagaga. K ropusonTanbHoil moBepxHo-
CTH MaccHBa IPyHTa NMpPHJIOXKEHA pAaBHOMEDHO pacrnpejeseHHas Harpys-
Ka, NHTeHCHBHOCTHIO 2 K[ /cm?, Ha IHGKOMN noJoce INKpHHOTH 6 M. Briunc-
JINTh 110 TA6/IHIAM HOPMAIbHEIE H KaCaTe/IbHEIE COCTAB/SAIONIHE HANp sKe-
HHI 1151 BeDTHKAJIBHLIX K FOPA30HTANBHBIX ILIOMIAA0K B TOUKAX MACCHBA
TPYHTA. 3TH TOYKH PZCNOJOKEHH Ha NepeceyeHHsX BepTuKaged, mpo-
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XOASAHX Yepes3 cepefltHy 3arpyKeHHoH 10J10CHl, yepes ee Kpas H B pac-
CTOSTHMUH TNOJYIHPHHBL NI0JOCH OT ee Kpasi, ¢ FOPH3OHTAIbHBIMH ceye-
HHAMH Ha N1yOGuuax, pasubix: 1,5 u, 5,0 m, 6,0 » 1 12 u (puc. 27).
Tlo BLIUKCIEHHBIM HaNPSKEHHUAM NOCTPAHTD:

a) 3MIOPHl HOPMAIbLHKIX HaNPSKeHNH B ropH30HTATBHLIX IJJOMalKaX
AN TOYEK, PACIO/IOKEHHBIX Ha YKA3aHHBIX FOPH3OHTANLHBX CEUCHHSX.
Macurra6 0,5 kI /em® B 1 on. Macuira® paceroaBii TaKo# e KaK B 3a1a-
e Ne 2; _

6) H306apE! BceX Tpex COCTaBJSIOMHAX Hanpsukennd fas 1,0 kl'/on?,
0,5 «I'/lcu® u 0,2 «I'/cm?®.

13. )XecTkHii JeHTouHbli dyHramMeHT

Pacnpesienienie HanpsuKeHHH B MacCHBe I'PYHTa IO KECTKHM JieH-
TOYHBIM PYHIAMEHTOM C UeHTpa/IbHON HAIPY3KOH OT/IHYaeTcd AT pacipe-
JeneHusl HANpSKeHHH noj MMOKo# ILIHTOR ¢ PABHOMEPHO pacnpefieseH-
HOH Harpyskofi. ¥ mocneiHeli Bce TOYKH Ha ee IMOJIOIIBE HE HMEIOT

B3auMHOH cBA3U. HanpsixKenus B 3THX

Y? TOYKAX QIMHAKOBbLIE W pABHBEI HHTEH-
- b — CHBHOCTH paBHOMEPHO paclpefie/IeHHOH
7 S Harpy3ku, Ocagku TuOKOH ILIHTH B
// %//// 7 pasHBIX ee TOYKax pasiMdHbIE. Ha
Yy CpenHed BepTHKa/JH, Ile HalpsKeHHS
e B OCHOBapny 60/Iblle, YeM N0 KPaeBbM
BepTHKaNsAM, H ocalka ILIMTH 6yner

GoJibllie, yeM 10 ee KpaaM. [Ipu Harpy-

XeHMH TUGKOH MJIHTE DPaBHOMEpPHO
pacrpelefleHHOH Harpyskodl ee cepe-

P}
AdHa TporHeTcs B CTOPOHY MAaccuBa
GG rpysTa.
~n Y XecTkolo xe QyHiameHTa, Iie

i TOYKH IPOYHO CBA3AHBI, MIPH LEHTPaAIb-

g}:lféﬁ 2;3};‘3]13;:‘;;“(“‘2“?‘332;5;‘%%2{: HO fIPMJIOKEHHOH BePTHKAAbLHOH Ha-

HEIX K oKeCTKoMy Oymiavenry, [PY3KE CepelliiHa QyHIaMeHTa He 6yzer

UeHTpanbHOH BepTHKAIbHOR cy- HMeTh NpPOruba u OCajkH ToUeK HA {10~

Joi, MOMeHTOI\f H TOPH30HTANb-  AOUIBE 6y,uy’r OLUMHAKOBbBIE, HECMOTPH Ha

How CHIOH pasJHdHOe pacnpeliesieHHe HanpsKe-

HUfl B MacCHBe rpyHTa noJ, PyHjameH-

ToM Tlo ero mupuHe. Pacrpenenenue HanpsAeHy# B maccHpe TPyHTa

1o }KeCTKUM PyHAaMeHTOM GyzieT oT.IHYaTLCS OT pacfipe/ie/ieHH sl Hanps-
JKeHHH B OCHOBAHHHM THOKCH nuntTer (47—49).

Ecnu nafitu pacnpeleneHne HAnpsAXeHwd NO I0JIOiiBe KECTKOIQ
byHnavenTa (kOHTaKTHas 3a/a9a), T0 MOXKHO GY/eT NONYYHTL H pacmpe-
JeJIeHHe HAMNPSIKEHUH B MaccuBe FpyHTa, Kak JHHENHO nedopMupyemoil
cpefie, OT IIPHJIOKEHHS K ee MOBEPXHOCTH GeCKOHEYHO JJMHHOH Harpy-
WeHHOH HeflehopMHpPYeMOll HoJIock! — ¥eCTKoro JIeHTodHoro ¢ynaa-
MEHTa,
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Jlto6ble CHALI, JeHCTBYIONIHE HA MECTKHil (yHIAMEHT, MOTYT GHITh
npuBefeHsl (puc. 29) K ofHOH paBHofeHcTByIOmEH R, JHHHA JeHCTBHSA
KOTODO# mepecexaer NOJOIIBY B PACCTOSTHHH e OT cepe/lHHbl (hYHIaMeH-
1a. Culy R MOXHO 3aMEHHTb NEHTPAILHOH BepTHKAJAbLHOH CHJOH P,
TOPHU3OHTABLHON CHJIOH Q, NpPHJOXKEHHOM K NJOCKOCTH NOJOLIBHL (pyH-
JaMeHTa, H 1apod CHJ C MOMEHTOM paBHEIM M=¢P, I'e ¢ — BeJHUHHA
9KCHEHTPHCHTETA NpPHUJOKEHHS CHIH R
B NJIOCKOCTH NOAOWIBLI (PyHIaMeHTa. 2

PaccMorpHM  JeficTBHe HAa MaccHB
IrpyHTa HEHTPaJBHO TPHJOXKEHHOH K % 7
JEHTOYHOMY  HKECTKOMY  (DyHHaMeHTy /%b//z‘////%
BepTUKaNbHOR cuJbl P &I /cM, npuxo- J'j LLLL] ’\J VY
pameiicst Ha | cu nnuHH dyHAAaMeHTa. - N

I HaxXokIeHHS pacnpeneseHus / \
HanpsKEeHHH B MacCHBe TPYHTA OT KeCT-

KOro (pyHIaMeHTa ¢ IEeHTPalbHO NMPHJIO-
JKeHHOH K HeMy cuJoit P cHayana cJe-
JiyeT HAHTH TakOe DACHPENIeICHHE HA- o a0 Specices jeprounud
OpsKeHHI 1o nopomee yHmaMeHTa, byHAAMEHT C UENTPATbHO TpH-
IIpH KOTOPOM BCE TOYKH, PACIOJIOXKEH- jomxeHHOH BepTHKalbHOH Ha-
HHe B IJIOCKOCTH NOJOMIBH, GYAyT NMe- Tpyskoii M 3mopodi  pacmpe.
peMemarsea NOJ JefiCTBHEM Harpysku AeHCHMT —HOPMAILHBIX HANpA-

o JKeHMH IIo ero ToAQIIBe

opxHaroBo. Haiinennoe pacnpenesnenune

HanpsKeHHH 1o nopouiBe QyHAaMedTa

6yzeT TOH BHellIHeff Harpy3koiff aAjas MaccHBa TPYHTA, KOTOpas
H3MEHHT B HeM HanpsKeHHA M BHI30BeT COOTBETCTBYIOIIHE jpedop-
MalHUH.

QO6mee pelleHHe 3Tofl 3ajadH B TEOPHH YNPYILOCTH, € ydeTOM CHJ
TpeHHs1 TPYHTA [0 NojoliBe (PyHIAMEHTa, IPOU3BOLHUTCA IPUGAHKEHHO,
¢ NOMOIIBIO CTENEeHHBIX PAJOB UM KOMIIEKCHEIX TNepeMeHHLIX.

Tounoe peleHre 3a5aun 0 pacnpeneJeHHH HanpsKeHHH o NojoliBe
JKECTKOI'o JIEHTOHHOIO hyHaaMeHTa, 6e3 yueTa BAHAHUA CHJI TPEHU I'DYH-
Ta Mo nojolBe pyHIaMeHTa Ha paclpefe/eHHe HANPKEHHH B €ro OCHO-
BaHHH, 66110 nosnyueHo CagoBekuM (1928). Ecan pacnosnoxuTh ocH Koop-
AMHAT TaK, YTOGH OChb Z MPOXOJHJA Yepe3 cepeqHHY IONEPEsHOro ceye-
HU A XKeCcTKoro (byHIaMeHTa K GBla HanpagJ/eHa KHH3Y, @ OCh i CoBIaja-
Jla ¢ MoJIoIUBO#H U GkLI2 HanpaegeHa Brupaeo (puc. 30), To pacnpefesenye
HanpsKeHUE 10 NOJIOLIBE KECTKOTO JIeHTOUHOI'o (PyHIaMeHTa BHIPA3HT-
ca cnepylowei popMy.oi:

P Pe
py = —_—= —=
n '/iz__yz n:l/_l__lg_
4 4 b?
rae b — IUHpHHA NosocH 3arPYMKEHHs, U NOJOIBH (yHAaMeHTa, oM,

~- OTHOCHTEJbHOE PpPacCTOsAHHE TOUeK Ha IMOJOoUIBE OT HadgaJja
KOOPAHHAT,

(50)

S
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p. — CpefiHee JAaBJeHHe 110

nojoumBe KecTkoro ¢yHmaMenTa,

Ha KaXKIblil 1 cm ero WMPHHEL, pPaBHOE 3, C Pa3MEPHOCTHIO

&l [em?®.

Y

M3 ¢dopmyasr (50) BuaHo: 1) HampspKeHHs 1o NOJOIUBE KECTKOTO
(dyHAZaMeHTa IIpONOpIMOHA/bLHE BHEIHE! Harpyske; 2) OHH HepaBHO-

MepHHl 110 IIMpPHHe MOIOWIBLE (yHAaMeHTa; 3) NpH % paBHOM HYJIO,
p, MeHbliie CPEJIHEro NaBAeHHA P ; 4) OT NPHOIMKEHAs TOUEK HA NOJ0-

e p
e “h
R EZ SN
lll’ \‘\,:
ly--g58 \‘Iiyuqn
‘ {:

1

' 4
Puc. 31. KecTwuit NeHTOUHBIH (yHAA-
MEHT ¢ SKCHEHTPHUHO MPHIOKEHHOH
BepTHKaNbHOH Harpyskoifi H 3Mwpoi
pacnpepesenus HOPMATbHEIX HATIp SKe-

HHE 1O ero MOAOIBe

uiBe PyHAaMeHTa K €l0 Kpaio, 3Ha~
MeHaTe/lb Jpo6H yMeHbIIaeTcs, a
HanpAXeHHA 110 NOoJOoLUBe pacryr,

5) korza % PaBHO NOJIOBHHE, 3Ha-

MeHaTelb IpoOH paBeH HyJIO, a
P, PaBHO GeCKOHEYHOCTH.

OpanHaTe! NM0oMy4eHHOA 3MIOPLL
pacnpejeNeHHd HanpsiKeHHH 1o
HofolIBe KeCcTKoro (yHAaMeHTa,
JJI CpeHero JaBJeHHS pABHOIO
p.=1 kl'/cm* W pas3HBHIX OTHOCH-
TeNbHLEIX PacCTOSHHHA OT HayaJa
KOOpJAHMHAT, A2aHBl B Tabu. 6.

B cnyuae skclieHTpAYHOrO TIpH-
JIOXKEHHSI BEPTHKAJBHOH CHJLI K
KecTKoMY ¢yHaamenTy (puc. 31),
IpA KOTOPOM BeJHYHHA IKCLEHT-

pHCHTeTa PaBHa e, BHElUIHHe CHJIbl MOXHO PaccMaTpHBaThb B BHJE ILEHT-
paJbHO NMpHJOKeHHO! cuabl P n momenTa M=eP. Ecnm npeneGpeun
BJAHSIHAEM TPEHHS M0 IOJOLIBE, TO paclpeleleHHe HanpsKeHHH Ha

TaGauwma 6

y/b _0,5‘_0,4 -0,3 —0,2‘—0,1

0,3

’

0,4

?

0,0 | 0,1 } 0,5

0,796 10,695 0,650

Py

o) l 1,06

0,640 0,650 | 0,695 | 0,796| 1,06

IMOBEPXHOCTH MAaCCHBA I'DYHTA B Iipefeax HIMPHHBL KeCTKOI'o q)y}lﬂ,a—
MeHTa € Y4eTOM JeldcTBAS MOMEHTA M, MOXKHO BbIPasuTh CJeAYIONIHM

ypaBaenseM (Eropos, 1938):

~ <1+82—Z>P

NG D , 51y

Py

= =
T '/T__yz

1 y?

4 b2

g

e
roe 'E- — OTHOCHTeJIbHad BeJIHUHHA 2KCIEHTPHCUTETA,
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%— — OTHOCHTEe/LHOE paCcCTosITHHE OT HadaJsa KoopJaHHAT AJd TOUCK,

pacrnoJioxXeHHbIX Ha IOAOLIBE XKECTKOI'o CI)YHI[aMeHTa;
P. — CpenHee JaBJEHHE JI0 MOJOLIBE XKeCTKOI'o Q)YH,ZIaMeHTa, paB-

HOe =, C Pa3MepPHOCTHIO Kkl /em®,

Buipaxkenue (51) COCTOHT H3 [BYX cJaraeMmbix: HanpsxKeHHi,
nepefaBaeMeIX Ha TPYHT OT HeHTPaJbHO NPHJIOKEHHOH kK ¢yHAa-
MEeHTY CHJBl P M HanpsKeHHil oT gelicTBHg MomeHTa M=eP Ha TOT XKe
PyHIaMenT:

P
Py = — ———
b2 b2
n Y s b A
‘/4 y T Y

EciH Be/HYHHZ OTHOCHTE/NBHOIO 3IKCHEHTPHCHTETa paBHa HYJIO,
TO BTOpOE CJlaraeMoe Takke paBHo HyJo, H dopmyaa (51) npHBoguTca
K (opmyJe (50) 119 HeHTpasbHO NPHIOMKEHHOH CHABL P.

quTbIBaH, YTO OTHOLIEeHHE —g— MOXKeT OHITh U HOJOXKHATENbHBIM H OTpH-

HareNbHHM, TO H YHC/AHTeNb BhIpaxeHHd (bl) MoxeT cTarh paBHBIM
HYJII0, HJH OTPHHATE/HHBIM. DTO 03HaYaeT, YTO MO MOJOLIBE XKECTKOI'o
(yHAaMeHTa Y JIeBOI'o ero Kpasi, HMEIOIEro OTPHIATENBHYIO abcrHccy,
MOI'YyT BO3HHKaTb pacTATHBaiollue HanpsokeHHss. g Jesoro kpad,

KOTOPOI'0 OTHOCHTE/JAbHOE PACCTOSAHHE —y— =—0,5, YHCJANTEJb BREIpaAXKe-
P > P

HHs (51) Oymer paBHBIM HysMO TpH (1 —-4—2) =0. CurenoBatesbHo,

e 1
Korﬂayz—z, TO py=0. Ec/H e Be/IHYHHA IKCUEHTPHCHTETa Gy et Gosee

0,250, To HanpsuKeHHs, MepejaBaeMbie Ha I'PYHT y JIEBOI'O Kpas ecCT-
Koro (yHiameHTa (pHc. 31), MPOTHBONOJIOKHOMY MECTY INpPHJOKEHHS
cuasl P, 6ynyr oTpunare/ibHbiME, B ais y=—~0,5b, oHH GynyT paBHH
6eCKOHEYHOCTH. 3Jiech BO3HHKHYT PacTATHBAIONIME HANpsKeHHs Ha
y4acTke nojowsbl pyHIAMeHTa OT ero JIeBOT'O Kpas 10 TOYKH, [e Hanps-
KeHHs MeHSIIOT CBoH 3Hak. [IpH 5ToM yMeHblilaeTcs NoJiesHas oNopHas
naomais (B npenesnax CKHMAIONMX HanpsukeHwil) y QyHzaMeHTa, 4TO
HejonycTHMo, Takum o0paszoM, BelHYHHA IKCHEHTPHCHTeTa CHJE P,
koropas Gosee 0,25D, y xecTkoro ¢yHmaMeHTa yKkasblBaeT Ha JoNY-
NIEHHYIO OIUHOKY B Ha3HaYeHHH ero pasmepa. Ee MOMXKHO HCIPaBHTh,
YBEJIHYHB LIHPDHHY IIPOEKTHpYeMOro (yHIaMeHTa.

OpzaHHatel 3mOpLl pacnpeneseHHss HanpsKeHHH, NepenaBaeMbHX Ha
TPYHT, 1O NOfOLUBE XKeCTKoro (yHpaMeHra, 51 CPEIHEro Hampsuke-

HM4 10 mojioliBe (pyHAaMeHTa, PaBHOTO p,= I—’b—=l ®l/cm®, 1ad pasubix

o e
3HAQYEHHH OTHOCHTCJILHOTO SKCHEHTPHCHTETA b H pasHbIX OTHOCHTEJ]b-

HbIX pPaccTOSTHHE OT HayaJsa Koopnnﬂa'r—g— 1AaHu B Taba. 7.
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Ta6aunma 7

y

e\ 7% [-0,5| —0,4]-0,3/—0,2/~0,1{0,00| 0,1 | 0,2]0,3{0,4]0,5
b

0 o | 1,06{0,80(0,70{0,65| 0,64[0,65/0,70(0,80{1,06 co

1/6 co | 0,50{0.48] 0.,51[0,56] 0.64{0.74|0.88]1,11|1,63| co

1/4 0,00 0,2110,32] 0,41/0,52] 0,64|0,78)0.97|1,37}1.91| oo

3/8 —oo| —0,15|0,08| 0,28|0)46| 0,64 |0.85|1,11|1,61|2,33| oo

BesauynHbl HanpsoKeHuwit oA HeHTPOM QyHIAMEHTa /sl PasIUYHBIX

SKCHEHTPUCUTETOB ofuHaxopuie. [Ipu skcuentpucutere pasnoM 0,250,

y Kpas QpyHiaMeHTa cO CTOPOHBI

g 7z (WY npujoXeHua cunabsl P Hanpsxe-

P9 L2l HHA OCTalTCs OOMBUIMMH, a Y

[llu_ LUJJ § ' NpOTHBONOJIOXKHOIG Kpasi OHH
' PaBHBL HYJIO,

TopusoHTasbHass cwia  Q,
if d NPHJIOKEHHAs K KeCTKOMY (yH-
| | JAMeHTy B IJIOCKOCTH €ero Io-

i JIOIIBEI, BBI30OBeT B Hell KacaTelib-

i Hble HANPSMKeHHs ,, pacmpeie-

JieHHe KOTOPHIX IO IJHpHHE IO~
JouBw pyHLaMenTa Oyser Hepas-
i s HOMepHEIM H TaKHM e, KaK g

Puc. 32. JKectkufi nenrounmifi ¢yHAa- HOPMA/BHEIX ~ HANPSLKEHUH  TI0
MEHT C TOPH3OHTANbHOH Harpyskoii u  [IOAOHIBE JIGHTOUHOIO eCTKOro
SMIOPOH  pacnpezeleHuss KacaTe/lbHBIX q)y}mamema IIp4d ero Harpyxe-
Hampsixenu#t mo ero mopomse HMH BepPTHKaJbHOH LEHTPaJbHO
IPHOKeHHOR cuioft P. Jmopa

pacnpeneﬂeﬂuﬂuﬁanpﬂmeﬂuﬁ q, A2HA HA pHC. 32. [lostomy psist CpEﬂH%ﬁ
FOPH3OHTANLHON Harpyskud, NPHJIOKEHHOH B MOJOIIBe, W DPAaBHOM:

g, =%—= 1 kI jcm?,

KacareJbHble HANpPsKeHUs ¢, GYAYT PaBHH HANpSKEHUsIM, NpPuUBeleH-
HBIM paHee B Tabn. 6, Ajd UeHTpa/ibHOH BepTHKaNbHOH HArpy3Kd Ha
XKeCTKull GyunaMent, y xoropoit p,=1 xI'/cm®.

U3 dpopmyst (51) 11 pacuera HanpspKeHUH, NepelaBaeMEIX Ha TP YHT
OT eCTKoro (pyHpaMeHTa, HArpyKeHHOTO BepTHKanbHOH cusofl P,
u dopmyart (50), KoTopast npHMeHMMa TaKKe JAJds IOPU3OHTAILHOH
Harpy3Kd ¥ecTKOTro (PyHAaMeHTa CHJIOH (, BUAHO, YTO 3TH HANpsIKeHHS
NPONOPUMOHANbHE BelHYWHe NPHJICKeHHOH K ynlaMedTy CHJIH.
[losTomMy, uTOGH MOJYYHTL HANpPSDKeHHS, NepelaBaeMmbie HAa TPYHT OT
XKecTKOro ¢gyHIaMeHTa, Heo6XOAUMO BelH4HHB!, NIPHBENeHHbIe B Ta0su-
nax 6 1 7, yMHOXKUTH Ha 33JlaHHYIO BeJWYHHY CPEJAHEro HOPMAsbHOIo
HaNpsDKeHHs To MOJOIIBe QyHAAMEHTa, WM JaHHple Talja. 6 — na 3a-
JaHHYIO BeJHYHHY CPelHero KacaTe/jbHOro HAMpsKeHUs.
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I onpellesesns pacnpefesieHds HanpsKeHHH B TOYKaX MacCHBA
TPYHTA TMOJ KeCTKHM QYHIAMEHTOM, HarpyXeHHbIM LEHTPAJIbHO MPHJIO-
JKeHHOfl BepTHKa/JbHOH Harpyskofi P WJM TropH3OHTajbHOH cujoll Q,
3aMEeHAIT 7§eCTKuﬁ ¢dyunament monydennoit smopoii pacrpefieieHist
HanpsKeHUH 1o ero NojouiBe, Kak Nnokasa-

Ho Ha puc. 33. [Ipu onmoBpemeHHo#i Ha- 3 |
rpyske jxecrkoro ¢yupamenTa cusiamu P
A Q CYMMHDPYIOT TOJydYeHHBlE HarpdKe-
HHH B TOUKAX MACCHBa I'PYHTA OT KakKAo-
ro BHJla HATPY3KH Ha QyHAaMeHT.

Yrolpl MOJAYYNTL HaNpsKeHWs B TOU-
KaX MaccuBa I'PYHTa, TOA XecTKHM (yH-
JaMeHTOM pa30MBAIOT 3MIOPY pachpenee-
HUA HANpsSKeHHH 10 UIHpHHE MOJOIIBbI
JKeCTKOTO JIeHTOuHoro (QyHJlaMeHTa Ha Ma-
Jible 3MeMeHTH (pHc. 33) M NPHHHAMAIOT Ha-
TPY3KYy Ha TaKOH 3/jeMeHT 3a HHTEHCHB-
HOCThL PAaBHOMEPHO paclpefiejieHHOH Ha- B
TPY3KH MO IpPAMOH, MapanfelbHOR JJnHe
JeHToyHoro dyniamenta. MckoMble Hanps-  Puc. 33. Dmopa narpysku sa
JKeHus B TOYKaX MAacCHBa FpyHTa HAxXoJAT TPYHT IpH KECTKOM Jeh-
CYMMHDPOBaH{EM BIMAHUE Ha HaMpAKEHHs TounoM QyHAAMeRTE
B 3aJaHHOA TOYKe BceX 3JieMeHTAPHBIX
BHEHIHMX Harpy20K, paBHOMEpPHO pacrpejlefleHHHX 10 Napalie/bHbIM
IpAMBIM, HapaBjeHHBIM BJZOJb AJUHB JIEHTOYHOTO (yHIaMenTa, B
npefesiax IMMPHUHHE ¥XecTKOTO JIeHTOUHOro (yHAAMEHTa.

Tlpu ymeHbleHHH WHPHHH MaJjioOTO 3jleMeHTa K0 (ecKOHeUuHO MaJioro
pasMepa ee MOXHO 000O3HauuTh 4yepe3 dy U 3aMEHUTb CyMMHPOBaHHE
nHTerpupoBanneM. OOuMil BHJ onpefe/ieHHHX UHTErpasioB A/f KamAoH
cocTaBisOmed Hanpsikenus Obl mpuUBeleH Bpiue B ¢popMynax (41),
(42) u (43).

M3 pemennii nonyuenunix onpenenensbix unterpaioB (Eropos,
1938) namGonee mpocToil BHJA MMEIOT BHIpAXKEHHS JJis HaNpsKeHuH
B TOUKaX, pacroJiOKeHHBIX HAa NEHTpalpbHOH BepTHkanu. Ecim och 2
NIPOXOAMT Yepe3 cepefHHy QyHIAaMeHTa, a OCh y COBnajaeT ¢ MOZOIBOH
dynlaMeHTa ¥ HarnpaejeHa BIPAaBoO, TO BhHIpAKeHHH Jjis HOPMANbHBEIX
1 KacaTelbHOH COCTAB/IAIOMUX HANPsAKeHUH B TOYKAX Ha LEHTPANbHOH
BEPTUKAIM UMelOT C/IellyIOuil BUA:

=2‘& 1 n?
b= [1/ EET A (1+4n2)34] %2
___2&. 1 . n2
Vo= [V1+4n2 V(1+4n2)a] (69)
2.
_ 2pc b
P =5 Y 4
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Tlle p, — cpefHee JaBJieHHe Mo Nojoupe GpyHAaMeHTa B kI /cm?,
n — OTHOCHTe/IbHAA TJYGHHA PAcNo/OKeHHS TOUKM C HCKOMBIMH

HanpAaXeHUusIMH, paBHag z

]

e
3 BeJUUYHHE OTHOCHTeJbLHOTO SKCUEHTPUCHTETA.

Bce cocraBasiioliMe HanmpsKeHHH TPONOPUMOHAIbHBL  cpefHeft
Harpyske Ha QyHJZaMeHT H He 3aBUCAT OT XapaKTepHCTHK YIPYTOCTH Mac-
cuBa rpyHta. HopmanbHeie coctapasiomue HanpskeHudt Z ¥ Y 17s T0-
UeK, PaCToJIOXeHHbIX Ha HeHTPasbHOH BePTHKAJH, He 3aBUCAT OT BeJH-
U{HBI 3KCHEHTPUCHTETa, a 3aBHCAT TOJLKO OT OTHOCHTEeNbHOH TryOHHbI
pacnojioxkedus ToukKd. KacaresbHas cocrapasiomast ZY 3aBHCHT
OT 3KCLeHTPHCHTeTa.

Jas BblICHEHUS BIMAHHSA ¥KecTKOCTH (pyHAamMeHTa Ha pacrpefese-
HHe HanpsuKeHHH B JuMHeHHO nedopMupyeMoli cpelle B IJIOCKOH 3aiaue
JaHnl B Talh. 8 HanpsuKeHusl AJif NOJIOCOBOH paBHOMepHO paclpefe-

Ta6auua 8

L2 0 0,5 1,0 2,0
b
zZ Tu6- | XKeer-| Tub- | XKeer-| T'u6- | XKeer-| Tug- | Kecr-
b KHi KHi Kuhi KHA KHit K#k Ku# KHH
0,00 1,00 0,64 0,50 —_ 0,00 0,00 | 0,00 {0,00
0,25 0,96 0,68 0,49 | 0,71 — — — —
0,50 0,82 0,68 0,48 0,54 0,08 0,10 | 0,005 | 0,006
0,75 0,67 0,60 — — — — — —
1,0 0,55 0,51 0,409 | 0,407 | 0,185 | 0,183 | 0,029  0,03]
1,8 0,40 0,38 0,334 | 0,329 ] 0,211 | 0,215 | 0,059 | 0,061
2.0 0,31 | 0,30 | 0,275 | 0,271 | 0,205 | 0,209 | 0,083 | 0,085

JeHHOH Harpysku Ge3 ydera wectkoctd npH p=1 &l'/cm® u s xecr-
KOTO JeHTounoro ¢yHpaamenta npu p,=1 x[/cu®. Pacupegenenne
HanpsKeHUH B OCHOBAHUM M'HOKOIO U ¥KecTKOTo JJeHTOUHOTo (yHjaMeHTa
HMeeT CYLecTBeHHOe Pa3inyue B 30He, pUJerawiel K nojomse pynia-
MeHTa, A0 TJyOHHH, paBHOH mMpHHe (yHLAMeHTa,

OcoGoe 3HayeHHe B pacrpefeseHHH HaNpsXKeHHil MO MONOUIBE XKeCT-
Koro ¢yHaaMeHTa NpHOGPETAIOT HANpPSKeHHs Y ero Kpaes, Iie OHY Teo-
peTuuecKH JOCTHT'AIOT GeCKOHeyHO GOJbINOH BejuyuHL. B JeficTBUTE/Nb-
HOocTH Takux GoJbLIIMX HanpsskeHu#E Ha TpyHT oT QyHAaMeHTa
He TepejaeTcsl, TaK Kak Jo HX TOfABJeHHHA BO3HMKHeT IlacTHye-
CKOe TeyeHHe PYHTa H3-moj Kpas ¢yHnameHnta. I'pPyHT TepseT 37ech
crnocoGHOCT, HeCTH HArpysky M IO3TOMY INPOMCXOAMT Tiepepacrpe-
JlefieHde HanpskeHU#l Mo nojomse ¢yHnamenTa. OHH HeCKOJbKO BO3-
pacTaioT Mo cpefHell YaCTbIO NOJOUIBLI XKeCTKOro hyH/laMeHTa U yMeHb-
HIAIOTCS MOf ee KPasiMK, 110 cpaBHEHHIO C TeOPETHYECKUM pacnpe/ieieHHeM
(51), mosyyenHslM B Teopmu ynpyroctd. IlosToMy JeficTBHTesbHOE
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OTJIMYME B pacripelle/ieHH B MaccuBe TPYHTA JII KECTKOTO U THOKOTO
(DYHAAMEHTOB MeHbIlle, YeM faHo B Ta6i. 8 W B GoJblilell 4aCTH OCHOBAHUSA
HaNnpsmKeHUs NPAKTHYECKH OMHAKOBLIE. ITO M03BOJIAeT N0Jb30BATHCH
IJis pacueTa oCafOK COOpy:KeHMH B ILIOCKON 3ajage, MpPOCTHIMH 3a-
BHCHMOCTAMH, [NOJIYYEHHBIMH 1JISl T0JIOCOBOH HArpysku, Gea yuera ee
JKECTKOCTH.

Ynpaxuenue Ne 7. [Tnockas sanaua. IocTpouTs smops HanpsxKenuit
10 [OJIOIIIBE KEeCTKOT'O JIeHTO4HOTO PyHAAMEHTa UpUHoH 6 » 1Ipu pas-

, JIHYHBIX SKCUEHTPUCHTETAX TPUJIONKEHUS paBHOAEHCTBYOmEl HATPY3KH
Ha ¢yunament. Harpysku npunats cienymompye:

a) UeHTPaNbHO PACIO/I0KeHHYIO BEPTHKAJILHYIO HATPY3KY, PABHYIO
1,2 m na gaxipiit 1 cm paunsl QyHaMenta;

0) Ty e HAarPY3KY, HO NPHUJIOKEHHYIO C FKCIEHTPUCHTETOM, PABHBIM
1 u,;

B) TY Ke HarpysKy, Ho ¢ 3KClueHTpucuteToM 1,5 a5

T) Ty Ke HarpysKy, HO ¢ 3KcleHTpucutetoM 2,25 a;

A) TOPU3OHTAJBHYIO Harpysky, paBuyio 1,2 m. Macmra6 Hanpske-
nuit npunats 0,5 &l /em? B 1 cm.

Ynpaxaenue Ne 8, ITnockas sanaua. [TocTpOUTSL coOBMeleHHBIE SITIO-
pbl HOPMAJIbHBIX BEPTHKA/MLHLIX COCTABJAAIOMMX HAMpspkeHui 1jig rud-
KOTO ¥ JXeCTKOrO JIeHTOYHoTo ()yHIAMeHTa IMPUHOK 6 M Npu cpejHed
Harpyske Ha ero nogoummsy, paBHOH 1 x//em®. Smiopsl MOCTPOHTH A
BepTHKaned, NPOXONAMX yepes cepelMuy GYHAAMEnTa, uepes er0 Kpai

¥ B DACCTOAHMM [ONYmMpuHbl (yHZaMeHTa OT ero kpas. Macmrab
0,5 kl'/em® B 1 com.

14. TpeyronbHas BeprukaJbHash Harpyska Ha FufKylo noJocy

Ciyuail HepaBHOMEDHOI HArpy3Ku Ha NOBEPXHOCTH MACCHBA TPYHTA
HHTEHCHBHOCTL KOTOPOH B rpejiesiaX M’MOKOf M0JIOCH! MeHseTCs M0 JuHel-
HOMY 3aKOHY OT HYJf 0 onpefe/leHHOH HAarpysKH, T. e. TPeyroJbHOR
HArpysKky, ¥MeeT MeCTO, Hanpumep, oT OTKOCOB 3eMJISIHBIX COOpYXeHuH,

Pacnipenenenve HanpsskeHui oT TpeyroJibHOH HArpyskH B JIHHEHHO
JepopMyupyeMoit cpelie Ha ee MOBEPXHOCTH HAXOAMTCH METOJAOM CYMMH-
POBaHM# HaNPANKEHUH, BOZHMKAIOUMX B TaKOH Cpeie OT MpPUJIOKEHMS
K ee MOBEPXHOCTH PAJa HarpysoK, pPABHOMEPHO paclpelefieHHbX IIo
napajnenbHbiM NPAMBIM W HAaNpaBjieHHHX BAOJBb I0OJIOCHI 3aPY3KH.
Iyt 5TOTO TPeyTrOJIbHHK HArpY3KM PasGUBAIOT HA Majble JIeMeHTH M0
[mypuHe MOJOCH M MPHHUMAIOT, YTO HATPY3Ka OT K&XAOTO TAKOro 3Je-
MeHTa COCPEJOTOYEHA B erQ ILEHTpe THAKEeCTH. 3aTeM, MOJb3YACH MOMY-
YeHHHIMH Bblllle GOPMYnamu, AJis COCTABIAIOIIMX HANpsuKeHuH oT Ha-
TPY3KH, PABHOMEPHO PacnpefesieHHO| Mo NPAMOH, COCTABAAIOT BbIp XKe-
HuA AU HAanpsxKeHUH B guddepeHuyansroll GopMe u 3aTeM NPOH3BOJAT
HHTeTPUPOBAaHWE B Npejesax BCceli HIHPHHBLI TOJOCHI C TPEYroJbHOM
Harpyskol.

Jais yupomeHuMs uHTerpMpoBaHWsA pellleHHe 3a1auy [POU3BOAST
B cHCcTeMe NoJAPHEIX Koopaunar. [loatomy KoopauHaramMyu Touek B Mac-
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CHBe TPYHTa CJAYXKAT pajdyc-BeKTop R W mojaapHblll yron f, cocrarsien-
Heifl paauyc-BeKTOPOM C BepTHKaJbio (puc. 34).

Ecau 0603HauHTbL PACCTOAHMS TOUeK, PACTOJIOMKEHHBLIX Ha noBepXx-

HOCTH TPYHTA OT cepelMHbl TPeyroJbHUKA BIPABO, BAOJb ero KaTeTa,
- A {

]

1

¥

Py WTH | p

IS

— —

m={),§ m=05

— - -

2

Puc. 34. Tpeyroapras Harpyska Ha THOKYIO
noJjocy

uepe3 y, a riiy0OHHY pacIoONoOKeHH s TOYeK HUIKE MOBEPXHOCTH — uepes z,
TO 3aKOH U3MEHeHUA HArpy3KHM Ha [I0BepXHOCTU JinHelHa aedopMup yeMoi
cpejbl COTIacHO puc, 34 6yaeT cJERYIONUM:

py=p($+050), (55)

rje p — 3ajganHasfg Haubojblias OpAHHATA TPeyTOJNLHOH HAarpys3KH,
B k' /em?;
y — nepeMenHas, paBHas y=z(ig p—1tg B,)—0,50.
WuTerpanbhoe Bhipaenue A/ HOPMaJbHOH BePTUKAJIbLHOH cOCTaB-
AAIOmeN HanpsKeHHsa B TOUKe MAcCHBA [PYHTA B 3TOM CJlydae, COIVIacHO
u3JIoKEHHOMY pasee (41), uMeeT cienyomui BuJ:

[locnie mojicTaHoBKH B 3TO BHIp@XKeHMe 3Hayenwus p, us (55) u
pelenust ONpEJEIeHHOTo HHTErpana, NoJyInM cne,nylomy}o popmyny
JJISi HOPMasnbHOH BepTHKAJIbHOH cocTap/amomell HaNPsKeHUa B TOYKAX
MaccHBa TPYHTa OT TPeyTOJbHOH Harpy3Ku Ha €ro moBepXHOCTH:

Z =—~ [sm2 B, —sin*p,—tg B (B1 - sin 2f, —
—Py— sin 2432)] . (56)
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IMossipHLI yroa B MOXeT OTCUHTLIBATHLCS BIIPABO H BJEBO OT BEPTHKAMH.
3pak mmoc v Py 4 P, NPUHEMAETCS i TOYEK, JEXKAUUX BHE IOJIOCH
HATPY3KH W 3HAK MHHYC — JLIfl TOYeK, HAXOJSIUXCA B pefesax mojo-
CHI.

OcraiibHble COCTABAONIHe HANPsxeHusT ¥ u ZY uMelot GoJiee CJIOXK-
Hulif By, Bee cocTaBasOnMe HANpP XKeHUH TPONOPIMOH ANbHL] HanG0/Ib-
{efi OpAMHAare TPEYTOJbHOH HATPY3Ke p M HE 3aBHUCAT OT YNPYIHX
CBOMCTB MacCHBa TpYHTA,

Bripaxenus A COCTABASIONMX HANpPMKeHHR B NPAMOYTOJbHOR
cHCTeMe KOODJAHHAT, KOrJa ocb Z NPOXOJUT uepe3 cepeflUHY IOJIOCH
U HANPABJ/IeHA KHU3Y, a OCb J PACTIONI0XKeHA B IOCKOCTH, OFPaHHIHBAIO-
Ilefi MAcCUB TPYHTA CBeDXY W HarpaBjieHa BIPABO, HMeKT CJaeyIOmHi
BuA ([Tosbmun, 1933):

Z:—ﬁ— (rm + 0,5) arctg S L —

m9—}—n2———éli-

n {2mn9+ (m -+ 0,5} (mz— nt— %—)}
a (mz — nz——%>2—}—4m2n2 |

(57)

n

(m+0,5) arctg ————+

m2+n2— —

{2mn2 (m -0, 5)(,"2__,,2___)}
(mz ——) —+-4m2n?
v {ﬂm+0&m—<mh—ﬁ——)}
(m —n?‘—*-—> ~+4m2n?

— arctg ——i——l , (59)
me 4 n2—

(58)

rpe m — OTHOCHTe.ITbHOE paccrosinde TOYKH JO HeHTpaJIbHOﬁ BepTHKAJH,

paBHoOe b’

1 — OTHOCHTeJIbHas TyGuHa PacnosioXKeHHsT TOUKH HHXKe MOBepx-

F4
HOCTH rpyHTa, paBHas B

BenuuuHbo HOPMAaIbHBIX BePTHKAJBLHBIX COCTAB/SIOUIMX Hampsxe-
HHS B TUIOCKOH 3ajaye TpH AeHCTBHM HA MOBepXHOCTH MAcCuBa TPYHTA
BepTHKANbLHOM HATpy3KH, HaMeHsTiomelca ot uyad 1o 1 k' /em® na moso-
ce mUpHHON b, Ge3 ydeTa ee XeCTKOCTH, AaHbl B Tali. 9, NpUMeHHTe/Ib-
HO K YKa3aHHOH CHCTeMe NMPSIMOYTOJbHBIX KOOpIMHAT,
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Haszpayua BepTuKasel 37eCb JaHbl B OTHOCHMTEJbHEIX pacCTOAHUAX
OT Hauasia KOOpAMHAT, 110 OTHOIIEHHIO K INHPHHe 3aTpYKeHHOH NoJioCH b.
Beuay HecuMMeTpW4HOCTH BHelllHell HaTpysKu paclpele/fieHne Hanps-
XeHH#l B MaccHBe TPYHTa Tak:Ke He CHMMeTPHUHO TIO OTHOIIEHHIO K LeH-
TpajibHOl BepTHUKanH. [losToMy HanpsiZkeHnus npuBeleHHl JJd TOUEK,

Ta6auuna 9
Jas Hanpsxkenuft Z

y

z b (—2,0]—1,5(—1,0{—0,50[—0,25/0,00{0,25]0,50](,00(1,50]2,00

b
0,00 — | —| —1| — |0,25{0,50{0,75/0,50] — | — | —
0,25 — | — | —]0,08{0,2|0,48]/0,64(|0,42{0,02} — | —
0,50 — | — 10,021 0,13 | 0,26 {0,41]0,48|0,35|0,06|0,02(0,00
0,75 0,01| 0,02(0,04| 0,15 | 0,25 |0,34|0,36(0,29|0,11{0,02{0,01
1,00 0,01{0,0310,06} 0,16 | 0,22 |0,28]0,2810,24|0,13|0,05{0,01
1,50 0,02| 0,05{0,10( 0,15 | 0,18 {0,20{0,20(0,19[0,12{0,06(0,04
2,00 0,03] 0,06/0,09] 0,13 | 0,15 |0,16}0,16{0,15]0,11]0,07|0,05
3,00 0,05| 0,06{0,08| 0,10 | 0,10 {0,10]0,11|0,10{0,09|0,07|0,05
5,00 0,05( 0,05(0,06] 0,06 { 0,06 |0,06(0,06{0,07|0,06(0,05(0,05

Pacno/ioKeHHbIX Ha BepTHKaNfX CIpaBa W c/1eBa OT LEHTpaibHOM
BepTHKa/nu. BepTHranu, pacnosioxeHHble CripaBa oT UEHTPANbLHON Bep-
THKAJIH, MMEIOT MOJOMHTENbHEIH 3HAK, a CJeBa — OTpHuaTe/bHbI.
Tny6uns! pacnofioxenns ceveuuit
»W B MaccuBe TPYHT4, B KOTOPHX Ha-
] XOJATCA TOUKM C HCKOMBIMA Ha-
"’,‘A"(T T

( v

Puc. 35. IIpusegenne croxuoro ovep-

Y1o6H nosiyunTh HanpseHns OT
3a1anHO# TPeYrOJLHOH HArpyaKH,

NpFXKEeHUAMH, AaHH TaKKe OTHOCH-
TeJIbHble, [10 OTHOLIEHHIO K IHpH~
He 3arpyxKeHHOH NOJMOCH paBHo b.
TaHHS SMIOPHL BHEMHeH Harpysku K
NPAMOYFoJdbHEIM H TpPeyTOJbHHIM 3III0-
paM Harpysox

HeOoOXOMMO HANpKeHHs, npuBe-
Jennbie B Tabj. 9, YMHOXKHUTH HA
BEJIMYMHY 3a3JaHHOH HaHGoJblneli

Harpysku,

Hanpsixennst B siuneitno mepopMupyeMoil cpefie NOA TpeyrobHOH
HAarpysKO# 3aTYXaloT 10 IVyGuHe GbICTpee, YeM NOJ PaBHOMepHO pacmpe-
JeleHHO Harpy3KoH.

Ipusenennnle B Ta6n. 3 # 9 3HAUEHUS HOPMATLHBLIX BePTHKAJIbHEIX
COCTaBJAKIIMX HanpsaxeHUd B NJOCKOH 3agaye AT BO3MOXHOCTh
pelnaTh 3a7auu pacnpe/iesieHNs HanpsoKeHHii B MacCcHBe TPYHTa 0T 1060
HarpyskM Ha ero MOBEPXHOCTH, TaK KaK HarpysKy Jio0Oro ouepranus
MOXKHO CBECTH K KOMOMHALMAM NPAMOYIOJIbHMKOB M TPeyToJbHUKOB,
KaK N10Ka3aHO Ha PHC. 35 H paccuuTaTh YacTHLIe HAMP TAEHHs B TOYKAX,
a 3ateM ITPOU3BECTH X CYMMHpOBaHHue.
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Ynpaxaenue Ne 9. [lnockaa 3anaua. K ropusoHTaibHOH mOBEpXHO-
CTH MacCHBA MPYHTA NPHJIOKEHA HArpy3Ka, paBHOMEPHO BO3pacTalomias
(TpeyrosibHas) OT HyJaS JO CBOEro HaHGOJbINEr0 3HAYeHHd, PABHOTO
2 kI /cm?, Ha rubkoi mosoce, mupuHOi 6 4, [ToCTPOUTL SMIOPH HOPMAITH-
HBIX BePTHKANBHBIX COCTAB/ISIONIMX HATP AXERHH B TOUKAX, PACIIONOKEH-
HEIX {10 TOPH3OHTA/ILHBIM CeYeHHAM Ha I1y6HHax, paeunix: 1,5 #, 3,0 &
v 6,0 » 15 BepTHKANeil, MPOXOAALIMX Uepe3 cepelHy [oJaocH, 06a ee
Kpas M B DPACCTOSIHHM MOJYIMHPHHBI [OJIOCHI OT KaXjoro Kpasa. Mac-
mtab 1,0 x/cm® B 1 cu. Takke mocTpouTs M306apst 1Jisi CJAeAYIOMHX
nanpskenuit: 1,0 I /em? w 0,5 &l /em?.

15. TopusoHTanbHas paBHOMEPHO pacrmpefeleHHas Harpyska Ha rudkoi
noJjoce

OcTaerca paccMoTpeTh elile OFHY THIOBYIO IJIOCKYIO 3aayy pacrpe-
JesieHHa HanpameHnit B suHeliHo Neopmupyemoil cpeae OT JNelcTBHS
Ha ee [MOBEPXHOCTH pPABHOMEpPHO pachpelefieHHOH TOPHIOHTAALHON
Harpysku WHTeHCUBHOCTHIO paBHOH ¢ HA ruOKol mosoce mupuHOi b,

]
me ol T T 7
| s | :
AR (ye0.5b :yrb )
i | { {
'

Pue. 36. TopusonrailbuHas uarpyska paBHOMEpHO pacnpefelleHHas
no rubxoffl mMoJloceé H pacueTHHiE BEPTHKANH B €€ OCHOBAHUH

HMeolliell CYIecTBeHHOe 3HaueHWe, NMPH pacyeTe OCHOBAHHH TMIPOTEX-
HHUeCKHX coopyxenuii (puc. 36). B sTOM ciyuae Barpyxenus Kaca-
TelbHble COCTABJAIOUIHE HanpsKeHuit ZY —> paBHE HOPMaIbHHIM
COCTABJSIONMM HaTpsSKeHUH Y | B TexX ke TOUKAX OT BePTHKAJLHON
paBHOMepHO paclipelie/ieHHoHd Harpy3Ku Ha Takoil Xe mosoce. [Tocnen-
HHe ObLTH TpHBefeHbl B Tabn. 4 J/ig HHTEHCHBHOCTH HATPY3KH
p==1 «kl'/em®. OHU paBHH KacaTe/bHLIM HANPTAKEHUSIM OT TOPH3OHTANb-
HOH paBHOMEpHO paclipelleleHHOH HArPY3KH IO HOBEPXHOCTH MaccuBa
rpyHTa Ha noaoce mupuHOft b mpu g=1 wl/cm® B Tex ke TouKax
B MmaccuBe rpysta. OBM NpONOPUHOHANbHEI HHTEHCHBHOCTH BHeIlHeH
Harpy3ku. [IyTeM yMHOXeHHMA Ha 3aJaHHYIO HHTEHCHBHOCTb HArpPy3KH
HIOYYaloT UCKOMOe pellleHHE,

Hopmasbubie e BepTUKANbHbE COCTABIAKIIME HanpiXKeHHd Z —>
B TOYKax IMOJ NOJocoil, HAarpy:XeHHOH TropHU3cHTaNbHOH paBHOMEpPHO
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pacnpefielleHHOH HAarpyskoil, paBHbI KacarejbHbIM COCTABJIAIOMIUM Ha-
npsukeHn#t ZY | B TeX Xe TOUKax OT BepTHKa/IbHOA paBHOMepHO pacmpe-
JejleHHOH HarpyskKd Ha Takoft XKe 1ojioce, pacyeT KOTOPHIX POHU3BOAMT-
Cs COTJIACHO JaHHbIM Tabn. 5. OAHAKO 3TH HANpKeHHS HMelOT pasHble
aHaxu. I1oJ KpaeM cjieBa oT LeHTPaJbHOM BEPTHKAIM, CO CTOPOHBI TPH-
JIOXeHH S TOPH3OHTANbHOK HATPY3KH, OHH OTPHIATe/bHElE, 4 COPABA —
TI0JIOXKUTe I bHEIE,

Takum o6pasoM, eciu HamupsOKeHWS OT TOPH3OHTAJIbLHOH HATPy3Ku
IpUBeCTH CJieBa, a OT BepTUKAJIbHON — CIIPaBa, To HMeeTcH CieAyiomas
aHAJIOTHA:

ZY —>=Y]
Z—~>=17Y]

['opuzoHTanbHble HOPMAJibHBlE COCTABAAIONIHE HANPAXKEHHA B TOU-
Kax JdHeHHO JedopMupyeMoil cpefbl OT TOPU3OHTAJNbHOH PaBHOMEpPHO
pacnpefiefieHHo#l Harpy3aku Ha NoJioce IMHPHHOM b OTJMYAOTCA OT aHa-
JIOTHYHHIX HanpsxeHnufl JJis BepTHKaJLHOH PAaBHOMepHO pachpefieneH-
HOH Harpy3ku 1o To#t e noJioce. OHH PacCUHTHIBAIOTCSA 1O CJleAyIOIed
dopmyse (ITospmun, 1933):

(m—0,50+n 2mr”
A vy e

Y=+ % In (60)

3uak Munyc B dopmyse (60) Gepercs Asis HaNpshHKeHHH B TOUKax,
PacnoJIOKEeHHBIX Ha BEPTHKANAX CjieBa OT LIEHTPAJbHOH BepTHKAMH,
IIpH HanpaBjeHU¥ TOPH3OHTANLHON pPABHOMEPHO pacupeleieHHOH
Harpy3Ku cjIeBa HaNpaBo, KaK MOKasaHo Ha puc. 36, a 3HaK miioc — JJis
TOUEK, PacloJIOKEeHHHX HA BePTHKA/NfX CNPABA OT LEHTpaIbuOH Bep-
THKAJH.

TaGauuna 10
Jns nanpsikennii ¥V
L
2 b 0,00 0,50 1,00 2,00
b
0,00 0,00 0,50 0,70 0,32
0,25 — 0,60 0,57 0,32
0,50 — 0,26 0,39 0,29
0,75 —_ 0,12 0,24 0,25
1,00 0,06 0,15 0,20
1,50 — 0,02 0,06 0,14
2,00 0,01 0,03 0,08
3,00 — _ 0,01 0,04
6,00 — — — 0,02
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BesiuuuHel HopMa/ibHLIX TOPH3OHTANbHBLIX HanpsxkeHudl Y ajaa un-
TeHCHBHOCTH TOPH30HTANLHOH PAaBHOMEPHO paclpejieieHHOH Harpy3ku
paBuoit 1 xl'/cm? npusesenn B Ta6j. 10. YUto6bi MONyuuTb BEJMUHHY
HaNpsKeHWs B JaHHOA TOUKe OT 3ajaHHof Harpysku ¢ x/ /cm?, pocra-
TOYHO YMHOXHTb JaHHble TabJ. 10 Ha BeJIMUHHY HHTEHCHBHOCTH .

16. BepTHkaibHas PABHOMEDHO pacnpefefeHHas Harpyska
no ru6KkoMy NpSIMOYTOJBHUKY

Ecnu oTHomenune pjiuHbI MOAOMWBEL QYHIAMEHTa COOpYMXKEHHS K ee
MHPHHe MeHee 3, To Il pacyeTa paclipeleieHus HANPsKeHUi B Maccugpe
rPYHTa IPUXOAUTCS pellarh o6beMAYIO 3aja4y. Takas Harpys3ka Ha mo-
BePXHOCTH MACCHBA [PYHTA Ha3blBaeTcs
TaKxKe MecTHO# Harpyskofi (puc. 37). »

[liis pacyeta pachpeseseHus Hanps-
XeHH# B JuHeiiHO fedopMuUpyemMolt cpere
OT MeCTHOH BepTHKaJIbHOH Harpy3Ku pas-
6UBAIOT TPY30BOH NpPAMOYTOJLHHK Ha
Majiple NMPAMOYTOJbHHKM M TNPHHHMAIOT
Halpy3Ky, UpUXOAAILYIOCS Ha KaKnIbil
MaJbifi TpAMOYIO/bHHUK, 34 COCPeNOoTOUeH-
HYIO CHJy, KOTopas INpHJioXKeHa B LeHT- M, !
pe MaJjioro npsaMoyrojbHuka. CocTaBiisi- |
IOIHe HanpsaKeHHS B TOYKAX JHHeHHO v

AeopMEpyeMoii cpefibl HAXONAT KaK CyM-
MapHOe HalpsiKeHHe OT BceX NOJydeH-
HBIX COCpPeNIOTOUeHHBIX CHJI, TIo (hOpMyJiaM
TEOPUH YTIPYTOCTH AJIS COCPeNOTOUeHHOH

Puc. 37. IlpaMoyroabras ru6-
Kafd mIolmlaaKa C paBHOMEPHo
pacnpejelendolf  Harpyakof,
UeHTpalibHASL M yrioBas Bep-
THKAJH B ee OCHOBaHHH

BePTHKAJLHOH CHJIbi, NPHJIONKEeHHOH Ha
TIOBEP XHOCTH.

J[/1s npsIMOYTOJIHOM TPpy30BOMH MUIOMmaAKH, 0e3 yueTa ee XKecTKOCTH,
3anauy o pacnpefefeHHH HanpsKeHWH MOXHO peliuTb B ofieM Bue,
YMeHbINKB Pa3Mepbi MaJIbIX P AMOYTOJIbHHKOB 10 6eCKOHeYHO MaJIbIX pa3-
MepoB W 3aMeHHB CYMMHPOBaHHe HaNpaXeHUH OT cOCPefOTOYeHHHX CHJI
VHTErpHpOBAaHHEM, B TpejesaX KOHTYpa 3arpyKeHHOH INIOM{aAKH.

O6uiie BbIpaXKeHUA NJI HANpsKeHUH B TOYKAX JMHeHHO nedopMu-
pyeMoil cpelbi, 6e3 yueTa KeCTKOCTH 3arpyxeHHOfl NpAMOYToJbHOM
NJIOMAAKM, AJIf pABHOMEDHO paclpefe/ieHHON Harpys3Ku, NOJYyYaioTcs
BecbMa CJIOKHbIMH.

Bosiee mpocTHIMK TMOJIy4aioTCS BHIp AXKEHUsA NJif HANpsxKeHHH B ToU-
KaX, pAaclno/ioXeHHHLIX Ha BepTUKANAX, NPOXONANMX Yepe3 LeHTP
NpAMOYTOBLHOA WM KpYrJiofi iomaaku (Beptukanb 6 Ha puc. 37)
W uepes yroJ NpsMOYTOJbHOH TIOmAAKM (BepTHKanb a Ha puc. 37).
Benuuuna HopMasibHOM BepTHKAILHOH cocTaBiflomed HanpsxeHHH
B TOUK4X, PACNOJIONKEHHbIX 10 BePTHKAH, NPOXOAAmel yepe3 LEHTP
PaBHOMEPHO 3arpy:eHHOH NPAMOYTOJbHOH INJIOMALKH CO CTOPOHAMH
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b n I, sripaxaerca caenywmeit gopmynoit (Koporkun, 1938):
7 _2p 2mn 1-+m2-}-8n? 4+
Y7 [V1 T m2+4n2'(1+m2—]—4n2) 4n2 -1 m?
. m
r 1
e e | ©h
rje p — MHTeHCHBHOCTL PaBHOMEpHO paclpejeseHHO! Harpy3Ku B Ipe-
Jlenax NPSMOYTOJIBHOH MJIOLLALKH,

) o
m — OTHOCHTeNIbHAA JIHHA IVIOMANKH, paBHAs j, B 0GheMHOI

3ajnave, B OTJIHYHE OT IJIOCKOH,
2 o
n — OTHOCHTeNbHAs [yyOuHa, paBHas 7 A9 TOUKH, B KOTOPOi
ONpefie/isleTCsl HaNpsuKeHHe.

Ecnu BepTHKa/Nb NPOXOIHUT Yepe3 yroJ IpsAMOYTOJLHOR paBHOMEPHO
HarpyXeHHOH NJHTHI CO CTOpOHaMH [ H b, TO BeJIMYHHA HOPMAaJIBLHOH Bep-
THKaJbHOH cocTaBASWOUEeH HanpsKeHHs B TOYKAaX Ha HeH, HasniBaeMoi
YIVIOBHIM HampsiKeHHeM, BhIpaxaeTcs caenymomeli gopmynoit (Kopor-
Kun, 1938):

_p mn 1+ m24-2n2 +
¥ 2n V1 metnt (I4-m24-n?) n?-md
. m
J-aresin —m—————— | , (62)
V (m*Fn?) (14-n2)

TJe yC/oBHble 0G03HAYEHH s IPHHATH Te Ke. 11 HHTeHCUBHOCTH paBHO-
MEepHO pachpeje/ieHHOH BepTHKasJbHOH Harpysku, paBHOH 1 xl/em?,
BEJIMYHHBl HOPMasIbHOH BepTHKaAbHOM

a COCTaBJAOMEN HaNpsKeHWH JaHHl B

//_ tabs. 11.
Ilpu kpyrJoit ru6koi nuute (puc. 38)

Yy  C PaBHOMEpHO paclpefieIeHHOH BepTH-
KanbHOH HarpysKoil, BolpameHue NJis
pacyeTa HOpDMaNbHOH BePTUKAJBLHOH CO-
CTaBJSIIOINEH HanpsAXKeHU#t B ToYKax,
pAaCnoJIOXKeHHLIX Ha ILeHTPaJbHOR Bep-
THKaJIH, HMeeT CJeAyIOmuil BHI;

_3
o[-0+ ], @

z rie @ — pajMyc KpyrJaof IJIomaiku,
Prc. 38, Kpyrmas rukas mio- z — ray0una pacnoJioXeRHus  T04-
majzxka ¢ paBHOMEpPHO pacmpefe- KU TOA N/TUTOM.
JNeHHOHK HarpyaKoi Hanpsxenua B Toukax wmaccuba
rpyHTa NpONOPUMOHAIBHBl HHTEHCHB-
HOCTH BHEIUHeH HAarpyskuy H 3aBUCAT He oT alCONIOTHHIX pa3sMepoB
3arpy»eHHOH IUIMTHL M MyOHMHBI pacHosIOXKeHUs TOYKH, a OT HX OTHO-
CUTEJNLHBIX 3HAYeHHH,
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s Hanpaxkenuit Z

TaGaupa Il

\7;\\\:f\ 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6 3,0 4,0 8,0
0,0 0,250 | 0,250 | 0,250 | 0,260 | 0,250 | 0,250 | 0,250 { 0,250 | 0,250 | 0,250 | 0,250 | 0,250
0,2 0,249 | 0,249 | 0,240 | 0,249 | 0,249 | 0,249 { 0,249 | 0,249 | 0,249 | 0,249 | 0,249 | 0,249
0,4 0,240 | 0,242 | 0,243 | 0,243 | 0,244 { 0,244 | 0,244 | 0,244 | 0,244 { 0,244 | 0,244 | 0,244
0,6 0?325 0,228 | 0,230 | 0,232 | 0,232 | 0,233 | 0,233 | 0,233 | 0,234 | 0,23¢ | 0,234 | 0,234
0,8 0,200 | 0,201 | 0,212 | 0,215 | 0,217 | 0,218 | 0,218 | 0,219 | 0,219 | 0,220 | 0,220 | 0,220
1,0 0,175 | 0,185 | 0,191 | 0,196 | 0,198 | 0,200 | 0,201 | 0,202 | 0,203 | 0,203 | 0,204 | 0,205
1,2 0,152 | 0,163 | 0,171 | 0,176 | 0,179 | 0,182 | 0,184 | 0,185 | 0,186 | 0,187 | 0,188 | 0,189
1,4 0,131 | 0,142 | 0,151 | 0,157 | 0,161 | 0,164 | 0,167 | 0,169 | 0,170 | 0,171 | 0,173 | 0,174
1,6 0,112 | 0,124 | 0,133 | 0,140 | 0,145 { 0,148 | 0,151 | 0,153 | 0,155 | 0,157 | 0,159 | 0,160
1,8 0,100 | 0,108 | 0,117 | 0,124 | 0,129 | 0,133 | 0,137 | 0,139 | 0,141 | 0,143 | 0,146 | 0,148
2,0 0,084 | 0,095 | 0,103 | 0,110 | 0,116 | 0,120 | 0,124 | 0,126 | 0,128 | 0,131 | 0,135 | 0,137
3,0 0,045 | 0,052 | 0,058 | 0,064 | 0,069 | 0,073 | 0,078 | 0,080 | 0,083 | 0,087 | 0,093 | 0,098
4,0 0,027 | 0,032 | 0,036 | 0,040 | 0,044 | 0,047 | 0,051 | 0,054 | 0,056 | 0,060 | 0,067 | 0,075
5,0 0,018 | 0,021 | 0,024 | 0,027 | 0,030 | 0,033 | 0,036 | 0,038 | 0,040 | 0,044 | 0,050 | 0,060
7,0 0,009 | 0,011 | 0,013 | 0,015 | 0,016 | 0,018 | 0,020 | 0,021 | 0,022 | 0,025 | 0,031 | 0,041
10,0 0,005 | 0,006 | 0,007 | 0,007 | 0,008 | 0,009 | 0,0i0 | 0,011 | 0,012 | 0,013 { 0,017 | 0,026




CriefioBaTesIbHO, HaNpsKEHHsT B JBYX TOUKAX MacCHBa rpynra M,
u M,, nOKasaHHEIX Ha pHC. 39, nox ABYMs pasiHYHEIMH OPSIMOYTOJb-
HEIMY NJOMAJKAMH, HO C OXMHAKOBOH PaBHOMepHO pacnpejlefeHHOl
Harpyskoi, OAHHAKOBLIM OTHOLIEHHEM HX AJMHbI K IIHPHHE, pacnoJo-
HeHHLIX Ha OJMHAKOBLIX BePTHKANAX H OJHHAKOBHIX OTHOCHTEJbHBIX
ry6MHax, OJHH H Te XKe,

PacemoTpum emme opHy 0COOeHHOCTL pacnpelencHus HanpsaxeHHi
B TOYKAX JHHeAHO nedopMHpyeMOR cpenbl, IO NPAMOYTONLHOR PaBHO-
MepHO 3arpyxeHHOH NJIOMAnKOH.

21

ty

M, 22

My

Puc. 39. Ilono6ubie npsMoyroJbHHe rubKue MIOWALKE ¢
paBHOMEpHO pachHpefelleHHOR Harpy3kod M HX YIVIOBHe
BEpPTHKANH

Ecnu npu comloctaBneHny (QopMyn Ais pacyera HanpsKeHHH B
TOYKax Ha ueHTpanbHoit Beptukanu (61) M Ha yrioBOH BepTHKAMM
{62) zamenuts B dpopmyse (61) rny6uny gzn NOJOBHHOH 3TOft ryGH-

0,5z n
HEL - =5
HHA B NPsIMBIX CKOOKax B o0oux Qopmynax 6yayT oxuHakoBmmH. Ha-
TIpSKEHHS XKe, paccyuTanHEe no dopmyne (61) 11s Touek Ha HEHTPAJb-
HOH BepTHKanH, OyiyT B 3TOM Caydae B 4YeThHpe pa3a Gosblie Hamps-
KeHHil, pacCYHTAHHEIX J/If TOUEeK Ha YIJIoBOH BePTHKANH 0o Gopmy-
Je (62).

CrieoBaTe/IbHO, HOpManbHas BepTHKA/bHAs COCTaBJSIONAsl HAMps-
KEHHd [/19 TOYKH M, pacnosnoxeHHOH Ha YIIOBOM BepTHKAaNH g HA
ray6uHe 2z noj NPpAMOYrONBHOH IJICINAAKOH C PABHOMEpPHOG pacipese-
JIeHHOi Harpyskod, paBHA YeTBePTOil YACTH OT BeJHYUHBl HOPMa/LHOM
BePTHKAJILHOH COCTaBJIsIIOell HANpsiKeHHA B TOYKe M,, pacnosnoxen-
HOJi Ha neHTpaNbHOf BepTHKanH 6 Ha rnyOuHe z, NOKa3aHHO# Ha puc. 37.

B Ttabn. 12 npHBeneHH 3HaYeHHs1 BepPTHKANBHEIX COCTABJSIIOMHKX Ha-
IpsKeHHs B TOYKAX HA LEHTPanbHOfl BepTHKANH NOA NPSMOYTOJBHOHU
NJ0majkofi ¢ paBHOMepHO paclipesieleHHOR HArpysko#fl, MHTEHCHBHO-
cTbio, paBuoit 1 kI'/cm?, pisi pasnuuHOii OTHOCHTENBHOH JJHMHBL IJIO-
magok. B nocnexHedt rpade Tabn. 12 gaHu HanpsXKeHHS MO NOJIO0COBOH
Harpyskoi.
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Ta6nwuna 12

N 1,0 3,0 5,0 10,0 20,0 o0

0,25 0,996 0,956 0,957 0,959 0,960 0,960
0,50 0,701 0,814 0,818 0,819 0,820 0,820
1,00 0,336 0,526 0,545 0,548 0,550 0,550
2,00
5,00

0,108 0,241 0,285 0,303 0,308 | 0,310
0,019 0,053 0,080 0,108 0,125 | 0,130

Pacnpesienienne HanpsikeHHiA NOA NPSIMOYTONBHOH IJIMTOH TpH ee
OTHOCHTEJILHOH JJIHHe MeHee TPeX CYIeCTBeHHO OTJIHYAeTCsl OT paclpe-
JeJNieHHsl HanpsoskeHHH mOJ IMOJOCOH ¢ paBHOMEDHO pachpejelieHHOH
Harpyskoi. [as neneii e pacyeToB pacmpejefieHHsl HalpsmeHHH
B MAacCHBe I'PYHTa OT BHeWlHe{ HarpysKH, KOTJa OTHOCHTeJbHAS AJHHA
NpAMOYTrONBHON IIMTHI C pABHOMEPHO pacnpejesieHHOH Harpyskoi 6o-
Jiee TpeX, MOMKHO [0JL30BAThCS pELIeHMAMH IJocKOf 3anauu. Jlanee
u3 Ta6a. 12 BUAHO, yTo HanpsKeHHMs NOJA KBAAPaTHOH ILTHTOH 3aTyXaioT
no ray6uHe (00beMHas 3aja4a) HHTeHCHBHee, 4eM N0/ JIeHTOYHHIM (PyHia-
MeHTOM (mJlocKast sapauga).

B T1a6n. 13 (Bo BTOpoJ# CTpOKe) naHE HaIpsiKeHUA Z, B TOuKax Mac-
CHBA IPYHTa, paccyutaHHble 1o dopmyane (63), pns paBHOMepHO pacmpe-
JeJleHHOH HAarpyskd no KpyIJoi MJHTe C HHTeHCHBHOCTHIO DAaBHOH
1 kl'/cm® Ge3 ydera mecTKOCTH miHTH. OTHOCHTE/NBHBlE TyOHHBI aHbI
B Heli 0 OTHOWIEHHIO K BeJMYHHe jHaMeTpa Kpyra, paBHOro 2a.

Ta6aupa 13

2_2[{ 0 0,25 0,50 1,00 l 2,00 l 5,00
Z 1,000 | 0,910 | 0,648 | 0,282 | 0,08 | 0,015
Zoo 0,500 | 0,50 | 0,437 | 0,262 | 0,085 | 0,015

Cpasnuas AaHHUe, puBejienHnie B Ta0n. 13 ¢ paHubMu B Tabn. 12,
JAAsl KBajPaTHOH IJHTHl, MOXKHO YCTaHOBHTh, 4TO HaNpsIKeHHWs IIOj
KpPYr/IOH IJHMTOH, NpH OXMHAKOBOH MHTEHCHBHOCTH pacmnpejefeHHs
Harpyskd mo o0eHM nauMTaM, HeCKONBKO MeHEBlle, YeM I0j KBajipaTHOH
IJIMTOH Ha TeX ¥e OTHOCHTe/bHBIX IMyOHHaX. ITo 06bACHAETCS TeM, YTO
paBHOZEACTBYIOIAA BHEWIHHX CHMJI B 9TOM Cjyyae JJ1s1 KPYIVIOH IJIMTH
MeHBbllle, YeM JJis1 KBaJApaTHOH IJIMTHI.

17. MeTon YraoBBIX To4YeK

Merox yrnoBHX Toyek NpenCTaBAsieT NPOCTOM W HaTJIAAHBIE NPHEM
111 pemieny s 0GBpeMHOM 3a1aul o paclipezie/leHHH Halp AxKeHU# B MaCCH-
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Be IpyHTa noj NPSIMOYTONbHOH IUIOM@NKOR ¢ paBHOMEPHO pacmpeje-
JIeHHOH Harpyskoi, Ge3 yyera »ecTKOCTH (hyHAaMEHTHOH INJIHTEL.

Ecan npsamoyroabHywo naowanky (puc. 40) ¢ paBHOMEPHO pacmpe-
neqeHHOH BepTHKANBHOA HArpyskof pastuTh Ha yeTHpe paBHhE 3acTy,
TO LeHTpajbHas BepTHKAaJb OCHOBHOTO NMpPSIMOYroJbHHKA CTaHeT OfHO-
BPEMEHHO H YIJIOBOH BEPTHKANLIO JUIsl KakJOH H3 €ro YeTelpex anTeﬁ,
a JUiMHa ero CTOPOHEl — B JBa pas3a 6oablne, 4yeM CTOPOHA Y KaX0H ero

yacti. OTHOCHTENBHHE XK€ JJIHHBI

/2 Yz gt/ OCHOBHOH MN/IOWAJKY H ee deThipex

b2 yacteli GyayT OIMHAKOBHIMH. Ecnu

Z g . Toyka M, pacnosoxeHa Ha yrJjo-

7 BO}l BepTHKAJH OCHOBHOTO IPSIMO-

] yronbHHKa Ha TnyGuHe, BABOe 00Nb-

£/2 mef, yem Toyka M, Ha UEHTpalb-

HOH BepTHKAaNH TOTO Ke MpaMOo-

yroNLHHKA, TO OTHOCHTeJBHAA My~

6uHa pacrnosnoxeHus TOukKH M, Ha

YIJIOBOH BepTHKAaJH Mayorc NnpsMo-

yrojgbHHKa 6yJeT paBHa OTHOCH-

_U M TeNbHOH TIJyOuHe DAacnoJIOXKeHH s

T Toykn M, Ha yrJjoBoH BepTHKANlH

Puc. 40. Pas6upka npsaMoyrodbuolt  Gonypmoro npaAMoyroabHuKa. Ha-

MWIOAAKH Ha yeTbipe pPaBHBIE YACTH an}KEHHe B TOUKE M1 oT HarpyB-

KM B npepesnax OGoJbuioro mpsiMo-

yroabHMKa GyfeT PaBHO HanpspKeHHIO B Touke M, OT Harpyskv B

npejenax Majaore npaAmoyronpHuka. CrepoBatesnHO, CyMMapHoe Ha-

npsiKeHHe B Touke M, Ha LeHTpanbHOfl BepTHKaMH GOJNBLIOTO IIpS-

MOYTOJIbHHKA OT YEeThIPeX pAaBHEIX MasblX [pPAMOYTOALHHKOB OyreT

B yeThIpe pasa 0oJbllie, YeM HanpsxeHue B Touke M, Ha YrioBoi BepTu-

Kanu GoJblioro NPAMOYrOABHHKAE, KOTOpas pacroJ/okeHa B JBa pasa

ray0xe, yeM Touka M, Ha IEHTpanbcHOH BepTHKany. MeTonoM ciokeHH
HanpsKeHHHA NOJIY4eH TOT e Pe3yJsbTaT, Kak H paHee.

MeTon yruoBeIX TOYEK nNpHMeHseTcs AJisi pacyeTa HampsKeHHH
B o0BeMHOH 3ajaye, eClH INIOWLAJKa ¢ PaBHOMEPHO pacnpefesieHHOH
Harpy3kofl MoxxeT ObITh pa3buTa Ha NpAMOYTOJbHEE YACTH, Ha YIJIOBOH
BePTHKANH KOTOPHIX OyJeT pacnoJsoxeHa TOYKa ¢ MCKOMBIM Hampsixke-
HHeM. 37lecb MOTYT BCTDEeTHThCSI TPH cayudas: Koria BepTHkanb O-/
pacnojioxeHa Ha KOHType 3arpyXeHHOI'O NpPIMOYTOJBHHMKA, KOTAa
BepTHKanb 0-2 pacnonokeHna BHYTPH KOHTYpa NP sIMOYTOJLHHKA H KOTa
BepTHKanb O-3 HaxXopuTcsl BHE 3arpyxeHHOTO mpsIMOYTOJNbHHKA, Kak
NOKasaHo Ha puc. 41,

B nepBom cnyyae HeoOXOAHMO OCHOBHOH NpPsIMOYTOJLHHK C paBHO-
MepPHO pacrnpefe/eHHO Harpyskodl pasGHTh Ha JBe YacTH Tak, yToOH
BepTHKanb -1 crana Obl yrnoBofl fis KakiOH H3 NPAMOYTONbHHIX
vacteli. Torna uckomoe HanpsiKeHHe B TOUKe, paCHoONIOKeHHOH Ha BepTH-
KaJH, npoxopsumel uepes O-1, moxeT GhITH ONpee/€HO KaK cyMMa M3
IBYX HaupsikeHHH OT Harpysox, paBHOMEDHO pacnpefieleHHHX IO
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IJICMANH ABYX BCOIOMOrarelbHLIX npsimoyronsuukos OABC u OCDE.
OGosnauum nnomanxky OABC uepes | u nnomanky OCDE uyepes I1.
Torna uckomoe nHanpstxeHue GyneT paBHO:

Zy=(Z1-+Zm)p,

rje p — 33J(aHHAs PABHOMEPHO pacnpeliesieRHas HAarpyska,
Z' — HanpsDXeHHE A1 PABHOMEDHO paClpeieNeHHON Harpy3KH,
paBro#t 1 xI'/cm?, u3 Taba. 11,

Bo BTOpOM ca1ydae OCHOBHOM NPAMOYTONBHUK PA3GHBAIOT Ha YeThipe
YacTH Tak, 9to0bl BepTHKanb 0-2 cTasa bl YIVIOBOH /s KAMKIAOH H3 STUX
BCIOMOTaTeNbHRX miomanok. He-

KOMEIE HAaNpsKeHHSI OIpeNesioT bm
CJIOMKEHHEM HAUDSKeHHH OT YeTol- A
pex maomagox (cxemMa 6) ¢ paBHO-

MepHO pacnpejieneHHo#l Harpyskoi s RELd
OFAB, OBCD, ODEI u OIKF. Hip-———— - .
OGosnaunm maomanxky OFA B uepes
I, nnomanky OBCD uepes 11, mio- £ o) 7
manky ODEI 4epes I/l u nnoman-
Ky OIKF aepez [V, Torua uckomoe 7
HanpsKende OYAeT paBHO: 2M 1 la2m

Zy=(Z1 +Zu+ Zut + Ziv) p. £l

|

3necs  HeoGxopuMo  0o6patuth X Jl £

BHHMaHHe Ha HaNpsKeHHs1 B TOU-
KaX, PacloJoKeHHEX Ha KOHTYpe, A
BHYTPH KOTOPOTO NPUJIOKeHA paB- o
M
HOMEpHO pacnpejesneHHass Harpys- ] M
Ka. Ecn umrencusHocts pacnpe- pql M1 ___p
JeNleHus] Harpysku B IIpejenax KoH-
Typa Tu0KOTO IpsIMOYrOJibHHKA 7 3
paBHa 1 &F/cm?, 10 wanpsikenus )]
B TOGKAX Ha yOAax KOHTYPA MPH~  p.. 41 Tpu cxems pasOUBKH BCmO-
Havaior mo 0,25 «//en®. poc"le MOTaTeNBLHHX NJIOMAL0K
CYMMHMPOBaHUsI HanpsiKeHWH Ha
yIiax KOWTYpOB deTHIpeX dacTelt
NpsIMOYFO/ibHYKA, BHYTPH KOHTYpa OCHOBHOTO NPSIMOYTOJIBHHKA, O
BTOPOMY CJy4alo, MOJyYMM HanpsikeHnue, pasHoe 1 x//em®. Hanps-
¥EeHHs B TOYKAX, PACNOJIONKEHHBIX Ha OCHOBHOM KOHTYPe, MeXny
€ro yriamu, MOXHO PaCCMaTpUBaTh KAK CYMMy HaOpspkeHHH B yriax
KOHTYPOB JIBYX CMEXKHBIX qacTeli FTHOKOrO IPSIMOYTOJBHHKA, IO MEpBO-
My caydaio. OHu nosydarcst pasHeiMu 0,5 &0 /cm?2.

B Tperbe ciiyuae OCHOBHOH mpSIMOYTONbHHK C PABHOMEPHO pacipe-
JeseHHOR Harpyskoff ClefyeT HapacTHTh BCNOMOTaTeNbHEIMH MpSIMO-
YrobHUKaMu TaK, 4To0b BepTHKads O-3 nonana Gbl Ha KOHTYp HOBOTO
npsAMoyronsauka. Torja HanpskeHHne B 3ajaHHON TOUKe HA BepTHKAJIH
O-3 maxogurest anreGpanuecKHM CIOXKeHHeM HampspKeHHH, BO3HHKAIO-
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IMX OT PaBHOMepHO PaclpeleseHHOfl HATpY3KH IO IJIOUIAAH YeThIpex
BCIIOMOTATeNbHHIX INPSIMOYTOJMEHHKOB (CxeMa 6): CO 3HaKOM ILIOC
y OACD u ODEK u co 3HakoM MuHyc y OA BF u OFIK. Ecau oGosua-
YUTH 3TH IIPSIMOYTOJILHHKHM NMocsefoBarenso vepes I, 11, 111 u IV, 10
151 BCEX TOYeK Ha BepTHKAMH (-3 BeJIMuMHH BepTHKAJBHEX COCTABJISIO-
Mux HanpaxeHui OyAyT paBHHL:

Zy=(Z1 +Zu—Ziu—Z1v) p.

Pacuer ganpsizkeHHiHl B TOYKAX MaccHBa I'DYHTa MeTONOM YIVIOBHX
To4eK npon’ssoam*ca ¢ noMowsto Tab, 11, cogepxkamiedi HanpsKeHHs
B TOYKAax Ha YIJOBOH BepTUKANH NPAMOYTOJLHHKA ¢ paBHOMEpHO pac-
npejeNeHHOR BepTUKANBLHOH Harpyskoii, paBHo# 1 xl'/em®. B meit obo-
3HaueHH Yepes m OTHOCHTEJNbHBIE JJIMHB! NPSIMOYTOMBHBIX NJIOMIAIOK,

{ o
PaBHHX Mm=--, Ife |—AmuHa U b—IIHPKHA KakJOH IIJOU(AJKK;
yepe3 # — OTHOCHTEIbHEE TJIYOHHB  paclo/iOXeHHsT TOYKH Ha
o z
YTUIOBOH BepTHKasaW, DaBHBle 1= %, Tle Z — INyGHHA PaCOJIOKeHHs

TOUKM I0J NJOMAAKOH.

Ynpaxuenne Ne 10. O6vemHas 3anaua, [IpsamoyronnHasn rubxas niu-
Ta pasmepom 3 X6 M HarpyKeHa paBHOMEPHO paclpeneneHHoH Harpys-
KOH HHTeHCHBHOCTHIO, paBHoil 2 xkI'/cu®. Paccuutarh MeToioM yTJIOBHX
ToyeK HOpMasbHble BePTHKAJbHHE COCTABISIONIME HANPAXKEHHH U 1MO-
CTPOMTH 3MIOPHL paclpejesieHHst 3THX HaNpsKeHHH s BepTHKaseH,
NpOXOASMIMX Yepes TOYKK Ha miute: -1, 0-2 u 0-3. Touxku Ha BepTH-
KaJjisix pacrnosIOXuTh OT NOXOUIBH IJIHTH Yepe3 1 M 1o ray6HHE, paBHOHA
6 u. CocTaBuTh TaGMuuy H BHUEPTUTH 3mopel B Macmrade: 1,0 &I /cm?
B 1 em.TlocnenoBarenibHOCTE pacueTa HampsiKeHUH jaHa B chiejpylonied
Tab.Ie.

Beprukanw 0-1, nast ychoBuii ynpamuenust Ne 10

BenoMoraTtensHas Tpy3obast mjomanka I
Benomorarent-
Tny6una or OCHTEJb-
NOROWBH! TUIHTEL ?:; n;:ga Ornocnvenphast | Hampsixe- | Has pr308?Iﬂ
riyGHHA TOUKH [ HHA, K 2} IJIolidAka
INAOILA RKK y o v KL jcm
0
1
2 M

18. )KecTkuit Kpyrawi ¢yngameHnT

H3 o6reMHubIX 3a5a4 pacnpe/iesieHAsT HanpsixKeHHHA NO NOJOIIBe ¢dhyH-
JaMeHTa, C y4eToM €ro KecTKOCTH, PacCMOTpHM 381a4dy O paclpelese-
HHUM HanpsKeHuil No NONOLIBE KPYIJIOre &ecTkoro GyHnameHTa, Harpy-
JKEHHOTO LeHTPa/bHO NPUNOKEHHOH BepTHKanbHOH cunol P.
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Pacnpesiesense HanpsixKeHH# NO NOJOUIBE KPYTIIOTO HKECTKOTO (yH-
AMEHTa B TeOPHH YIPYTOCTH AaeTcs Clenyomiell GopMmyJoii:

p=—rte—e,
2
2/ 1-(5)
a
rae p, — CPefHee JaBJieHHE IO NOJOMIBE, PaBHOE “%2 , (3mecs P —

LeHTPANbHO NpHJOKEHHAs CHIA, O — Danuyc Kpyra),
r — pacCTosiHHe OT UEeHTpa KPYIJoH IJIOUafKH NOJCLIBLI JIO
J1060# TOUKH B npefesnax ee MJOMAH.

W3 dopmyl (64) BuHO, uTO B UeHTpe noaomBH, npu r=0,p =0,50p.;
IpH yBeJNHYEHHH PACCTOSIHHS OT LEeHTPa JI0 TOUKH Ha NOAQILIBE YMEHb~
aeTcsl 3HaMeHaTesib APOCHM H YBeNHYMBaeTCs HampsixKeHue B TOYKax
Ha nogomBe dyHAamenTta. Ilpu
r=0,50¢ HanpsXeHHs mo NOAOIIBE 2a
paBHnl p=0,58p, u npu r=a, B
TOUKAX, PAacno/ioxeHHbIX Ha Kpamwo W
thyHgavenra, HanpskeHns: GeCKoHey-

Ho Gosbmue. Taxkum ofpasoMm, Ha- |
HMEeHbIIIMe HanpAxKeHHs! Ha NOJIOIIBE |
KPYIJIoro  »KecTKOro  (QyHAaMeHTa /
HMEIOT MECTO B LEeHTPa/bHOH TouKe. L
OHM noCTENEHHO  BO3PAcTalOT OT
LeHTpa K Kpaw ¢yHAaMeHTa (NyHK-
THp Ha pHc. 42). z
HanpsixeHnus noj KpasMH XKecT-
Koro Kpyrioro ¢yHnamenta B gefi- Puc. 42. CepiooGpasnast smiopa
CTBHTENLHOCTH He JOCTHTAOT Teope- PACHPEISICHHA HANDSKEHHA MO N0-
. JiolllBe KecTKoro Kpyrioro ¢gynzua-
THYECKHX 3HAYeHHH, NONYYEHHHX M0  yeyura ¢ nentpansio mpusioxenol
dopmyse (64), BcaencTBHe NOABJE-  Harpyskofi  (sepTHKANbuas WITpH-
HHS 1OJ KpasMH GyHjpaMeHTa nJjac- XOBKa)
THYecKHX JAedopMmanuii rpyHTa npu
GoNbIIHX HanpsixeHHsiX. IIPOHCXORMT mepepaclpesesieHHe HampsKe-
HUli O MOJOIBe: [0 KPasM OHH CTAHOBATCS MEHblle TEOPETHUYECKHX,
a noj cepenMHOi— GO/bINe TeOPETHUECKHX, PACCUHTAHHHIX MO GOpMY-
Je (64), ¥ X 3mopa pacnpeneneHHs MO NOJOMBE NPHOGPETAET CelJIo-
o6pasHulil XapakTep, KaK nOKa3aHo Ha puc. 42.

Pacnpenenenye BepTHKa bHLEIX HOPMaJbLHBIX COCTABSIIOMMX Hamps-
HeHul Zye B TOYKAX, PACNOJIOKEHHHX Ha UEHTPANbHOHK BepTHKANH NOJ
KECTKHM KPYI/pM QyHAAaMEeHTOM, IPH CpeJHEeM JABJEHHH p, PAacCyH-
teBaercs 1o dopmyae (Eropos, 1938):

( ) (65)

g ae eyl ’

rie z — ray6uHa pacmnoJIOXKEHHs TOYKH NOJ NOACMBON (QyHAAMEHTa,
a — pagmyc KpyrJaoro ¢yH1aMeHra.

(64)

-
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Hx 3nawenuss mis p,=1 xl'/cm® npuBeneHH B TpeThell CTpPOuKe
Tabs. 13, oTKyHa BHAHO, UTO pacOpefiesieHHe BepTHKaJbHBIX HOpMANhb-
HEX COCTaBJSIIOMMX HanpshkeHH# 0o ray6uHe nop GyHAaMeHTOM,
HayuHad ¢ r/iyOHHE!, paBHOH AMaMeTpy MONOWIBH Kpyrioro gyHiaMeHTa,
H ray6ke, Mano OT/HYAeTCs OT pacnpefeneHHs HanpspkeHHd, noJy-
YeHHOTO NOA KpYIJoH MJOmMAiKoii € paBHOMepHO pacnpefelieHHOMH
Harpysko#, 6e3 yuera ee KeCTKOCTH.

19. dkcnepuMeHTaNbLHAA NPOBEpKa pacnpefeleHHs HanpspKeHHI
B MaccHBe TPYHTA OT BHEIIHeH Harpysku

IonydeHHOe pacueTOM paclpejelleHHe HalpsnKeHHH B MacCHBe
TPYHTAa OT BHeUIHeHl HArpy3KH MOXBEPranoCh MHOTOCTODOHHeH M MHO-
rOKparHo#i 3skcrepuMentanwnoit npoBepke B CCCP u 3a rpanuuef,
B 1a60paTOPHHX H NOJIEBHX YCJOBHAX, Ha TPYHTax, a Takxke Ha ynpy-
rHX MarepHanax.

SxcnepumenTst B CCCP njs1 mpOBepKYW pacyeTHHIX HanpshkeHHH
OO IOJOIIBE JKECTKOTO (pyHaaMeHTa NMPOM3BOIMJIMCL B GOJIBIIHX J1aGo-
paTopHHX JOTKaxX, Ha OOJIBIIHX OMBITHHX KeJje300eTOHHHIX IJHTaX
H OBIKax MOCTOB B NOJIEBHX yCJOBHSIX. KpoMe KpaeBhIX HampsiKeHHH,
NpH MajbiX HArpy3Kax Ha TPYHT, KOTAA 06JaCTh NaCTHYeCKHX jedop-
ManHil BecbMa MaJsia, STH HalpsSKeHHs! YAOBJ1eTBODHTEJNhHO COBHAAJH
C peuleHHsIMH TeOpHH YIPYroCTH. JMIOPH HaNpsDKeHHH NO NojouiBe
KEeCTKHX (YHJAaMeHTOB, NpH MaJHX Harpys3kax, Be3lie IOJy9a/HCh
cennoo6pasHpiMu. Hanpspkennst B6iH3M  KpaeB  ¢dyHaaMeHnTa ObLiH
Gonbie, YeM HanpshkeHHS Ha cepefuHe dyHaaMenTa. Ilpu 6onbmux ke
HATrPy3Kax, Korja IacTuyeckue aed)OpPMalUHH [TOJ XKeCTKHM (dyHiaMeH-
TOM HMeIOT 3HaYHTebHOR pa3BHTHe, 3ITIOPA HaNpsKeHHH I10 ero nojouBe
npuobpeTana napaGojaHdecKuil XapaxTep C BepIIHHO# IO cepenuHOH
tdyHnamenta. B 3TOM cnydae HanmpspkeHHsS y KpaeB (QyHAaMeHTa NOJY-
JanHCch MeHblile, YeM Moj ero cepefuHol. Bo Bcex skcnepuMeHTax Guljio
YCTaHOBJIEHO, YTO XapakTep 3MIOp Hanp skKeHHH N0 NojouBe pyHaaMeHTa
He 3aBHCeJ OT poja rpynTa. OqHAKO B HHOCTPAHHLIX MCTOYHHKAX 4acTo
NPHBOASTCS pe3yJbTaTH IKCIEPHMEHTOB, B KOTOPHIX JJisl NECKa Cpef-
HsIS1 OpJiHHATa 3ITIOpbl HAlPSDKEHHH [0 HOIOIIBe XKECTKOTO GyHraMeHTa
GoJbltle KpaHHX, a JJs IVIMHB CpefHsAsl OpAMHATa MeHblle KpaHHHX.
Takue pesynbraTH ciepyeT paccMaTpHBAaTh OWIHOOUHBIMH, TaK Kak
B HHX He yuTeHa poJsib HarpyskH. [ljis rmecka MOXKHO NOJYYMTH 3MIOPY,
y KOTOpo#l cpejHHe OpAMHATH MeHee KpaHHHX, HO NpH OUYeHb MaJbX
HAarpyskax, IpH KOTOPHX B MeCKe He BO3HHKHYT ellle IJACTHYeCKHe
nepopManyH, HecMOTpSl Ha MOABHKHOCTL IeCKd, H3-33 OTCYTCTBHA
B HeM clemJeHus.

M3 uucna uccnenoBanuii, Npu3BefleHHHX /sl NPOBEPKH TeOpeTHYe-
CKOTO pacripejie/ieRusl HallpsDKeHM# B MaccHBe IpPyHTa mnoj ¢yHpameH-
TOM, CJiefyeT OCTAHOBHTLCS Ha ofcToaTenbHHX 3kcnepuMentax B CCCP,
KOTOpHe GHUIM [pOM3BefieHH Ha NecyaHoM OocHoBaHHH (XaKHMOB,
1939). Beero pns 3Tofi lesw GBI NPOH3BENEHO CEMb I1OJIEBHX OMBIT-
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HBIX HAarpysox xene3o0eTOHHBIX IUIHT Pa3jH4HBIX pasMepoB. JInuTH
HarpyXajmuch 4YYTyHHBIMH 4ynikaMH. PasMmepsl NJuT HpUBeJeHH
B 1a6a. 14. Ha puc. 43 mnoKasaHbl pesysbTarl ONHITHHIX HAarpysoK.

Boinu 3aMepeHb! OCajKH TOYEK B MAaCCHBE IDyHTAa MOJ ILIHTaMmH
Ha pasHBIX Iny6MHAX C NOMOWIBIO TAyCHHHHIX penepoB. M3 mosyueH-

HBIX Pe3yJIbTaTOB IOJEBHIX ONBITOB MOXK- TaGnuna 14
HO cjiesiaTh CJaeayioiiye BbIBOJBL:

1. Ocagkn rpyHTa mop NIHTaMH Maomags | Omhome- | Ko
KBagpaTHO#l (hOpMEI MpeKpaiajuck Ha mmﬁ HHe 4ecTBO
riay6uHe OKOJO 2,5 IIHPHUHBL KaXAOH CTOPOH TLLHT
TLJIMTHL.

2. Jins neHTOYHOrO (hyHjaMeHTa 3Ta 8 M: 1:8 Opua
rayGHHA MONYYH/IACh 3HAYHTENBHO GOJIb- 2’(5) i } : } ﬁ:g
lle yxkasaHHOH rayGHHHL 8.0 M2 1:1 Onua

3. Ocagky mJauT BO3pacTany mpo- 15,0 x? 1:1 Opna

MOpI{OHAJIEHO NPOU3BeJ€HHIO HX CTOPOH.
Ity BHBOAB COBMAJAOT C pacyeTaMH OCAAKM Ha OCHOBe TeOpeTH-

YeCKOr0 paciipejiesieHHsl HaNpsiKeHHA B OCHOBaHHH (DyHIAMEHTOB.
B apyrux noneBuix ONLITAX ObUIM 3a70MKeHBl HA pasHbIX rayGHHAX

NOJ HArpy:KeHHOH Xeae306eTOHHOH NJMTOH M3MepHTesbHHE NpHOOpH,

Wupurio «Badpammod naums), m
' 7 3 4

—

\

N

LA
4
!

5

\

Ocadra, mm
LS

N

[

Puc, 43, 3a8HCHMOCTE OCAKHI KBaAPATHON NIHTH
OT ee wWUpHHE JAA Harpysgu 1| xl/cm® (a)
u ana 2 kl'/em? (6), (X axumos)

C TOMOULBI0 KOTOpHIX INpejcTaBHAach BO3MOXKHOCTL 3aMepHThL H3Me-
HEHHsl HaNpsKeHHH B MaccuBe mecka (MeccposaMH). Bmiio ycranos-
JIEHO, YTO HaNpsKeHHsS B IPYHTE, ¢ POCTOM BHellHeH Harpy3ku J0 ee
Hpe}IeJ'leOﬁ BeJIMUHHBI, YBEeJHUHBAIOTCS NPpONOPUHHOHAJBHO U3MeHEeHUO
3TOH Harpy3ku. Ilpu JOCTHXKEHHM ¥Ke HATPY3KH, OT KOTOpCH NOSBALA-
I0TCs1 3HAuMTeNbHble I1AacTHUECKHe jgedopMaudy, ykKasaHHas OpOMop-
IIMOHANBHOCTL Hapyuiaercsi, JTH pes3yabTaThl NOATBEPAHJH BO3MOXK-

71



HOCTb HCHOJL30BAaHWA pelleHuil A/ JHHelHo JehopMHpyeMOl cpentl
B pacuerax OCHOBAHHH IIpH OTCYTCTBHH INIACTHUECKMX JedopMaliuii
B rpyHTe noj (QyHJAaMeHTOM.

AnaJIorHuHble pe3yJbTATHl H3MepeHHH HaNpsXKeHHHA noj Harpy-
XeHHOH IUIUTOH OBWIM MoJyyYeHH B NaGOpaTOpHBIX YC/IOBHAX NPH yBe-
JIMYEHHH HANpSXKEHHH B IPYHTE C HOMOWIBIO UEHTPHGDYTH.

CyulecTBeHHOE 3HauYeHHE MMeIOT SKCIepHMEeHTaJIbHble HCCJEAOBAHUA
pacnpejiesieHHs] Hanps:KeHHH B JMHelHO JepopMmupyeMoii cpene Ajst
IVIOCKOH 3a/laun, KOTOPble MPOM3BOJMJIHCH NpH Harpy:Kenuu peGpa
TOHKOH MJIACTHHKH W3 YNpPYTOro MaTepHaja. B 3THX HCCeoBaHHSX
H3MeHeHHMEe HaNpsuKeHHH H3Mepsljloch ONTHYECKHM METOJOM, HasblBae-
meiMm OMHHowm. TTocaeguuii OCHOBAH Ha 34BHCHMOCTH ONTHUYECKHX
SIBJIEHMH B IpO3pavHOi NJIACTHHKE H3 CTeksa, OaKeNnTa, WJIH Leaay-
JOHJla, OT ee JehopMandii, MM HANpsKeHHH, MpH JeHcTBHH HATPY3KH
B ILJIOCKOCTH 3TO# NiacTHHKH. Ecau depes Harpy:eHHylo 0O Topuy
IJIACTHHKY IIPONYCKaTh NOJISPH30BaHHBIE Jyu ceera, T. e. TakoH,
Yy KoToporo nmpeo6/1aaa0T kose6aHns B OfHOH ILIOCKOCTH, TO IVIaCTHHKA
nproGpeTaeT CBOMCTBO JBOAHOIO JIyUEmpesJoMJIEHHs!, BeJHUHHA KOTO-
POro 3aBHCHT OT HANIpSAKEHHH B JlaHHOH TOUKe nJyacTuHkH. [locaepHee
H JlaeT BO3MOXKHOCTb W3MepSTh BO3HHKIUHE B IJIACTHHKe HaMpAKEeHHA,
INpn pasnuuHOM HATpyKEeHHH Toplida MIACTHHKH OGLIMIl XapakTep pac-
npeJieNIeHns] HANpsuKeHnH, a Takxke Aas OGOJNBIIHHCTBA TOYEK Hamps-
JKeHHOH 06J/1aCTH, HM3MepeHHAasl BeJMUYMHA HANpsiKeHHH moaTBepxKpaeT
TeopeTHUecKHe pemeHHs. OTKJoHeHHs HaOMOJAIOTCS TOJMBKO OKQJO
MOJIOIIBHl KECTKOH HATPY3KH B MecraX BO3HHMKHOBEHHsI OOJBIIHX
HaNpsuKeHHH.

20. Pacuer HanpsikeHHH OT COGCTBEHHOTO Beca rpPyHTa

Hanpsokennst B MaccHBe IPYHTa OT BHEIUHHX HArpy30K, NOJy4YeH-
Hble PaCcyeToM, OT/IHYAIOTCHA OT AeCTBHTEJBHHIX HaNpsXKeHHH B OCHO-
BAaHHH COOpY:KEHHS HA BEJHYHHY HampsXeHHH OT COOCTBEHHOTO Beca
TpyHTa, KOTOpas B PacCMOTPEHHBHIX BHIIIE METOJAX pacyeTa He YUYHTHI-
BaJach.

Hanpsxennst or coOcTBeHHOTo Beca IpyHTa B GOJBUIMHCTBE CJoIy-
YyaeB ONpele/AIOT HauaJbHOE pacHpelesieHHe HaNpsKeHHH B MacchBe
TPYyHTa Tlepel MOCTPOHKOH HOBOTO coopy:keuHs. HavaabHbME Hamps-
KEHHSIMH SIBJIAIOTCS TaKKe HANPSAKEHHs! B OCHOBAHMH PaHee BHICTpOEH-
HOTO 3JlaHHs Tepe] TeM Kak K HeMy IPHCTPOHJH HoBoe 3jaHme. [{Jd
yCTaHOBJIEHHS KOHEYHOTO HJIH HOBOTO HANpSIKeHHOIO COCTOSHHS, BO3-
HHKAIOUIEro B OCHOBAHHH COOPYKEHHs, IIPOH3BOAUTCS CYMMHDOBaHHE
HaIIp 3KEeHHH 0T cOOCTBEHHOTO Beca IPYHTA M HANpSIKEHHH OT BHENIHel
HaTPy3KH, HJM NpHpAmeHHH HaNpsKeHH# B MaccuBe TpyHTa OT
NOCTPOEHHOTO HOBOTO 3JIAHHS.

Hanpsikenns oT coBCTBEHHOTO BECA TPYHTA 34BHCSAT OT: OGHEMHOTO
BeCa I'pyHTa, TIyOHHBI PACIOJOXKEeHHs] TOUYKH B MacCHBe TPYHTa, B KO-
TOPOH HampsPKeHHe ABJAseTCs HCKOMBIM, IJIyOMHHL 3ajeraHusl TPyHTO-
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BBIX BOJI OT NOBEPXHOCTH 3€MJH, HANOPHOCTH MNOA3EMHBLIX BOJ M HX
JBHKeHHs. lsmenenueM oObeMHOTO Beca TpyHTa B 30HE KalmMJJIsAp-
HOTO NOJHATHS NpeHeOPeraloT W NPHHMMAIOT TOJBKO pAa3JIHUHHIH Bec
TPYHTa B 30HE BHIIIE YPOBHS T'PYHTOBBIX BOJ H HHKE STOTO YDOBHf.
IIpu 5TOM TpyHT, PACNONOKEHHLIH HHXKE YDOBHS IPYHTOBHIX BOJX, NpH-
HHMAIOT IOJIHOCTBIO HACBHIIEHHHM BOJOH, T. €. CTENEHb €ro Hachlule-
HHS PaBHOH ejuHHIE.

Hopmaspable HAOpsXKeHUst B TOPHM30OHTAJBHEIX NJOMIAAKAX OT COO-
CTBEHHOTO Beca TPYHT4 0003HaualoT Yepe3 Z;,, U HOpPMAJIbHBIE HAMp -
KEHHl B BepTHKAJBHBIX mJIomangkax — uepes Y., Ecau nosepx-
HOCTH TPYHTa FOPH3OHTAJBHA, TO

Zeo =Nz (66)
Ye.o.=0Zc 6. =Cv2, (67)

rie Yy — oObeMHEI BeC I'pynTa,

2 — TVIyOHHA paClO/IOKEHHs! TOYKH OT MOBEDXHOCTH 3eMJTH.

B dopmyse (67) uepes [ oGo3nauen kosdpuumeHT GOKOBOro fAaB-
JIeHHs TPYHTA B €r0 €CTeCTBEHHOM 3aJleTaHHH MNPH TOPH3OHTAJLHOH
nosepXHocTH 3eM. OH npexcTapisteT coGofl OTHOMIEHHE HOPMAJIbHBIX
COCTaBJIAIONIHX HANPSKEeHHHi B BepTH-

KaJbHOH M TOPH3OHTANLHOM IIIOLLANKAX
B TOUKAX MacCHBa TpyHTa. [lJs pasHmIX b
TPYHTOB, a TaKke AJs yCJoBHH Hapac- I '
Tanusl B yOHBaHHs HATPY30K OH HMeeT —1 -
pa3JIMYHOe 3HAUEHHe. ’

O6Ge HOpMaJIbHBIE COCTABJISIONIME Ha- e h,
TpsDKCHHH YBEJHUHBAIOTCS C POCTOM Ta1y- d
OWHE DPACIOJIOKEHHS TOUKH B MaCCHBE —F—\
TPYHT2 H HAaXojsTCs TAKKE B 3aBHUCH- ] —
MOCTH OT H3MeHEeHHs OGbeMHOro Beca N S—
rpyHTa ¢ ray6unoii. Hanpassenne nos-
HOTO HANpPSDKeHHST B TOPH30HTAJIBHOM
TJIONIA/[KE COBMAJaeT C HAMpABJECHHEM CH- {’ 2

Jul TsrecTH. Kacateabnag cocrasasiomast
B aTOl Maomajgke OTCyTeTByeT. OHA OT-  Pyc. 44. Pacnpeenenis wa-
CYTCTBYET [J1s1 HANPSKEHHU} OT COOCTBEH- npsXenuii no BepPTHKAIH OT
HOTO Beca TPYHTA TAKKE B BEPTHKAJbHOM  COOCTBEHHOrO Beca TpyHTa
IO agKe.

Oppunatel 3mOpLl Hanpspkenuit Z, , B Toukax M, u M,, pacnoJo-
eHHBIX HA OJHOH BepTHKamu (puc. 44), OyayT ciaenyomue:

Hns Touku M, :Zc o =v,h,
Hast Toukn M, : Z; o =y, + Yolta

THe y; H Y, — CpefHHii o0beMHBIHi Bec rpyHTa Ha TJy6uHe or O
go ky u ot hy po (fy-+hy).
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Ecryu Touka ¢ HCKOMBIM HATIP SHKEHHEM DACHOJIOXKEeHA HEKE YPOBHS
TPYHTOBBIX BOA (pucC. 45), TO HANpSKEHHE OT COGCTBEHHOTO Beca OyfeT
paBHO.

g 0

" upg(im 2pyAmo Ze.o = huhl * Viha,
v Gux o Tae y, — o0beMHEBI BEC I'PYHTA Bhlilie
yPOBHSI TPYHTOBHIX BO[,

Yy — OGBEMHBIH BeC TPYHTA HHXKe
At y YPOBHSl TPYHTOBHIX BOJ.

Hanophocts mogseMnBix Boj jo-

NOJHUTENBHO YMEHBAeT HATpsKEeH U

7

M, ] B TPYHTE, DACNOJOXEHHOM HHXKe BO-
; hs J0ynopa, Ha BeJHUHHY H3GBITOYHOTO
" NaBJICHHs BOAbl HA NONONIBY BOJOYIO-
pa. B atom cayuae g1 Toukn M, no-

; ayunm (puc. 46)

p— 0 0 0
Phc. 45 Omiopa pacmpexencins Z; ¢ = Vil Vihy - Vohs - oy — HA,,
HanpaxeHnii orT co6cTsenmoro Tyie H — BeluUYHHA H3GBITOYHOrO Ha-
B€Ca rpyHTa NPH HAAHUHH ypoB- [I0pa BOJBL HAJ 3epKajoM T'PyH-

HA I‘pyHTOBbIX BOXL TOBLIX BOlI,

Ag — yneabHBIE BEC Bomb.
Bausiune H30BITOYHOTO ABJEHHS BOABI HA pacHpele/]eHHe Hanps-
KEHH# OT COGCTBEHHOTO BeCa TPYHTa MOMKHO YUECTh TaKxke HHaue,
BBellsl JeHcTBHe (PUJIBTPAMOHHBIX cHJl. PUABTPALHOHHBIE CHJB jefi-

Lo AR

Prcon (MG 0] 1P ypobems sopmy
' - #Jm%/
U }hg . 1M -
,%‘)n B4 AJ A,n.)”\"'
Cyendrok |' N, s

82 s h.y , ) S\ b Y

1 S"‘ ¢ [} a W

Y ‘,} va e ML

fecox, {p, s

. ‘ -~ .Y

Mogm 5,

Y:

Puc 46 Bmiopa pacnpeseienus nanpsaxenni

OT coBcTREHHOro Beca npu HANMuHH H3GHITOT-

HOro Hamopa BOXH B 3ajerawnilleM Ha rily6nue
BONOHOCHOM TOPH30HTE
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CTBYK)T B HalPABJEHHH JBHKeHHs Bogbl. Ecsu Tomua caabonponuiae-
MEIX TPYHTOB HMEET MOLLHOCTD /; H 3ajleraeT MexJy CHJ/bHONDOHHILAE-
MBIMH TDYHT4MH, @ DA3HOCTh OTMETOK MNbe30MeTpa H3 BOJOHOCHOTO
TOPH30HTa, PACMOJ/IOKEHHOTO 110J CJ1aG0IPOHHLIAEMbIM C/loeM, H YPOBHS
TDYHTOBHIX BOJ B BEepPXHEM CHJ/LHONPOHHLAEMOM CJoe paBHa H
(puc. 46), To mpu QUIBTPAUKH BOAH M3 HHXKHETO TOPH30HTA BBEDX,
uepe3 Ca1aGONPOHHLAEMBIA CJI0%, BO3HUKHET
GUIBTPALlMOHHOE JaBJICHHE B 3TOM CJIOE, PaB-
HOe, JJIsi €ro MOJHOH MOLIHOCTH:

D=IAhs0, (68)

7]

rae | — QuABTPAUHOHHBIA rpajHent, NpH
paBHOMEDHOH BocXopsieH puabt-

o H
pauuu, paBHBIA I:T ,

hy — MOIIHOCTH cna6onpom13uaemoﬁ TOJI-
I, cM,

® — IJOWA/L CEYEHHsI TMOTOKA, paBHAs
1 cm?.

QuIBTPaIHOHHOE JaBJeHHe NMpeicTaBaser DHC. 47. Pacueras Z}X;’Vﬁ
Co6oii CyMMy HOPMaTBHOTO JaBJEHHS QHIBLT- ﬁg:u Homene Bl
PaIlMOHHOTO NOTOKA HA PPYHTOBHIA CKeJeT H BOJH
CHJI TPeHHsI BOAB MO €ro moBepxHocTH. Eciu
BBIIEUTL NPU3MY TPYHT4 BROJb JBHMKEHHS
TpynToBOH Bogb! (puc. 47) miuMHOH hg, CeYeHHEM @, TO MpH JBHIKEHWH
BOJA TepsieT 4acTh M3buiTouHoro Hamopa (H,—H,). Hopmasbsuoe nas-
Jlenne GUIBTPALMOHHOTO TOTOKA HA IPYHTOBHIH CKeleT B BBUIENEHHOMH
npH3me OygzeT paBHO!

D=A(l—no(H,—H)=A(1—n)-1-0hy, (69)

TIe N — TMOPUCTOCTh T'PYHT4,
®hy =V — o6beM NpH3MHL.

[NosyuenHoe BBIpaxKeHHe MOXKHO HaNHCaTh TAKKe B CJEIYIONIEM
BHJe:

14
D =]A, e
Cuna TpenHsi BOjBl 1O MOBEpPXHOCTH TPYHTOBOro CkeJera IIpH
PaBHOMEpHOM [BHKeHHMHM Boxwl paema (Bypaai, 1950):
eV
T=1Agm
CieoBaTesbHO, NMOJMHOE (UILTPAILHOHHOE [aB/JeHHe Ha TPyHT
paBHo:

(70)

D=® L T=1IAV (71)

CreflyeT OTMETHTB, YTO NOJYYEHHOE BHIpAXKEHHE NJIsi QUIBTPALHOH-
HOTO JaBJeHHsl HEJNBb3sl PACCMATPHBATDL KAK TOUHOE, TAK KaK B JCHCTBH-
TeJILHOCTH JIBHKEHHE BOJH HepaBHOMEPHOE.
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[lpu yuere (HUIBTPALHOHHOTO JAABJIEHHs OT BOCXOsileld (HUABbTpa-
UM HANODHOCTb JOTOJHATEJbHO HEe YUHTHIBAETCH, TaK K4K OHA BHISHI-

p sl7cr?
L
Ypofens zpynmo-
i fot
J
7 1
" =
J
2z
Z axm "
E
I
I
L
=
=
|-
F
E
=
=
=
[—
=
Zc 1 27022, 8
J
F—
F
2z
Puc. 48. Dmopnt pacnpernelleHus Ha-

qaJbHHX HAnpsxeHHH Z,, H KOHEUHHIX
Zy 0o rlyGHHe B MaccHBe TPYHTa OT
paBHOMePHO pacnpexenenHod narpys-
KH p k['/cu® no nodoce, pacrosloxeH-
HOH Ha ero MoBepXHOCTH. Z. ., — Ha-
npsAXkenHs OT COGCTBEHHOrO BeCa,
Z — yanpsxenHs OT BHEIIHEH Harpys-
KH

BaeT GHIBTPAIHOHHYIO CHITY. DITIO-
pa pacnpegeneHHst HalpsKeHHH
OoT COGCTBEHHOTO BeCa TPYHTA 110
BePTHKAJH, C Yy4eToM JaBJeHHsd
duipTpyIOmed Boabl, IoKasaHa
IIYHKTHPOM Ha pHc. 46. [{xs pac-
4eTOB yCTOHUHBOCTH MacCHBa TPyH-
Ta MOXKHO J[elcTBHe GWIbTpalHH
3aMEHATh BHeHmIHell HATPY3KOH,
NPUIOKEHHOH MO KOHTYDY H paB-
Hoii HA,.

[Ipu Goabwom ¢uABTPALMOH-
HOM TpajHeHTe HAIpSDKeHAS B
c1abonponHIaeMoM CJI0e IIPH  BOC-
xonduiell GHABTPAHH uepe3 Hero
MOTYT C DOCTOM TVIYOHHH! yMeHb-
wateesi (IyHKTHD Ha pHC. 46),
BEI3bIBAs pasbyxanMe TpyHTA C
npuOMHKEHHEeM K KpOBJIE BOJO-
HOCHOTO TOPH30HTA.

W3 uanoxenHoro BHAHO, 4To
3MOpHl paclipefieieHHst Hanpsixe-
HHH OT COGCTBEHHOIO Beca TPYHTA
no riyOHHe HMEIOT TpeyroJIbHOE
oyepTaHMe C HyJIeBoH opaHnaToit
HaBepXy y ITIOBEDXHOCTH 3eMJH H
JIOMAHO# OTrpaHMYHBAOUIEH JIH-
Hueill.

DMOpE! HAYAJIBHEIX H KOHEUHBIX
HAID SKEeHHH IToKa3aubl Ha pHE. 48.
YacTe 3amITPHXOBAHHOM SMIOPHI
c1eBa OT OCH 2 HOpejCTaBJIster
H3MeHeHHe [0 INIyOMHE 1/ Ha-

YaJIbHBIX HATPXKEHHHA, 4 BCs 3alITPHXOBaHHAsS AIIOpA — paclpefe-
JieHHe N0 TVIYOHHE N5 KOHeUHLIX HAlpLXKEHHI,

21. AKTHBHAas 30Ha

[Ipu peirenHd mIockod ¥ o6beMHOM 33/au 0 PACHPeeNEHHH Halp A
JKeHMH B MacCcHBe TPYHTa OT BHeiHeH Harpy3ki OBUIO YCTA2HOBJIEHO,
YTO Ty6MHA DACIPOCTPAHEHHS! HANPSDKEHHI OT BHEIIHed HArDY3KH,
TIPHJIOKEHHOH K NMOBEPXHOCTH MaccHBa TDYHTa, OYeHb Besinka. Mawme-
HeHHe XKe HalpIXKeHWH Ha Gosbluof IvyOHHe Ou€Hb MaJlo, HacTOJbKO,
YTO 5TH H3MEHEHHS HANpsKeHHH He BHI3OBYT OULYTUMOH OC4iKH COOpy-
xKenusi. [To3TOMy NP pacyeTe ocaikH Lesnecoo0pasHO OTpaHHUMBATh
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3MOpY pacnpejeNeHHs] HANDsKEHHH OT BHelwlHeH HATPY3KH O BEpTH-
KajlH. BaxHo BEISICHHTB, 10 KaKOH TVIYGHHBI ClleflyeT PaCCUHTHBATH
pacnpejieienHe HANPSMKEHHH MO BEPTHKANH HJH BEJIHUYHHY 30HBI IPaK-
THYECKOTO CKATHS TPYHTA TOJ COOPYeHHeM. DTa riy6HHa Ha3blBAeTCs
AXTHBHOH 30HOA /s pacyeTa OCANOK.

M3 peitennil miockod 1 o6beMHOH 3aja4 O pacnpeneseHHH Hamps-
KEHHH MOXKHO YCTAHOBHTD, YTO AKTHBHAs 30HAa OyjeT 3aBHCeTh OT pas-
Mepa (pyHIaMEHTA COOPYEeHHsS H BeJHYHHE HATPY3KH Ha Hero. Kpome
TOTO, YYHTHIBAsl CKHMaeMOCTb TDYHTOB B
OCHOBaHHH, OHA OyleT 3aBHCeThb OT YCJO- p rlfen?
BHH 3a/leTaHHst TPYHTOB, C/I4TAIOLIHX OCHO-
BaHHe, H HX CxKHMaeMOCTH. Ecin cHJbHO
CXKHMaeMble TPYHTH OYAyT 3a/1eTaTh B HHXK- —
HEH YaCTH OCHOBAHHsSI, TO AKTHBHAH 30HA ¢/
Oyner Gosblie, YeM B caydae, KOTJa B CO- X
OTBETCTBHH C yBe/JHYEHHeM OGBEMHOTO Beca
TPyHTa C TJIYOHHOH ero cxKuMaeMocTh Gyjer / / ;
YMEeHBIIATBC .

JeHAcTBYIOMHMH CTPOHTENBLHEIMH HOPMa-

mu, HuTY 127—55 Ha npoekTHpoBanue
€CTeCTBEHHBIX OCHOBAHHH 3JaHHH H NIPOHU3-
BOJCTBEHHHX COODYIKEHHHA, pexoMeHAyeTCs
onpenessATh IMyOHHY aKTHBHOH 30HH Zaxm
U3 yCJIOBHH, 4TO6GH HaNpsKeHHe OT BHel-
Hell Harpy3kH Ha 3ToH TiyGMHe OBUTo GBI
paBueiM 20% oT HANpsKeHH$, BBI3BIBAEMOTO
coOCTBEHHBIM BeCOM TPyHTA Ha TOH e Pre. 49. Bmiops pacipese-
rayGuue, Kak mMokasano Ha puc. 48. TIpm oy "o toe s BACTPEE
STOM HAaNpPsAXKEHHs OT BHEIIHCH Huarpy'BKH KaX Ha UEHTpPaNdbHOH Bep-
onpenessaOTCa AJd TOYEK HA TAKOU BE€PTH- THKANH jd KBajpaTHOTO
KalH, HA KOTOPOH HampshkeHHs sBJsioTcs (@) ¥ denTousoro (6) dyu-
HAHGOJBIIHME. XOT# 3TOT pacueTHHIH NpHeM AaMEnToB
SIBJISIETCS YCJOBHBIM, OH JiaeT MJIsl CPaBHH-
TEJbHO OJHOPOAHHIX TPYHTOB B OCHOBAHHH COODYKeHHH, mpencTas-
JSIONIMX [pPOMBIIVIEHHBIE M JKWIbe 3[aHHf, YIOBJIETBOPHTE/LHHE
pesyapratel. Ha puc. 49 mnokasanel aBe 3MOpHl pacnpefiesleHHst Ha-
NpsDKEeHHH MO NeHTpPATbHON BepTHKAaJM, I/ KBafpaTHoro (@) u JeH-
TouHoro (6) QyHAAMEHTOB OJHHAKOBROH IIHPHHHL 0e3 yueTa HX KeCT-
KOCTH H TpH HHTEHCHBHOCTH DPaBHOMEDHO paClpejejeHHOH HAarpys-
ku, paBHolt 1 [ /cm®. Ha orHocuTenbHofl T/yGuHe, paBHOH ABYM,
HAIp SPKEHH s1 MOJL KBAAPaTHHIM (yHaaMeHToM cocTaBastoT 0,11p &I /cu?,
a aaa Jentounoro — 0,30p &//cu®, 1. e. B 2,7 pasa Goabwe. [iy-
6MHa aKTHBHOH 30HBI IJs KBAajapaTHOTO (yHAAMeHTA SHAYHTENBHO
MeHBbille, YeM JJ1st JenTouHoro. loatoMy NpH mpouHX paBHHX YCJIOBHSX
ocajika KBajpaTHOTO (pyHAaMEHTA MeHble OCAJKK JIEHTOYHOTO.

OIHakO MOXHO Ha3HAuaThb TVIYOHHY AKTHBHOH 30HBl TIPH CHJIBHO
HEOJHOPOJHOM CJIOKEHHH OCHOBAHHS MO TMyGHHE W HECKOJbKO OTJIHY-
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HYIO OT HOpMAaTHBHOH BequuuHbl. Korpa rpystel Ha ruyGume ciabo
CKHMAeMBbie H TIPH ONPEJSTEHHH IOCJOHHOH ocajkH NOCJIENHAR NOJy-
yaercs JJIs CJI0s, MOMIHOCTBIO PABHOTO JIMPHHE NOJOLIBH COODYKEHHS,
menee 0,5 mM, TO B ITOM cjydae 32 aKTHBHYIO 30HY NPHHHMAIOT IVIy-
6uHy, Ha KOTOpo#l Obina mHoJiyyeHa Manasi NocJofiHas ocajka, Jaxe
ec/IH NOJIyYeHHas akTHBHAA 30HA W MeHee HOPMAaTHBHOH, H oOpaTHoe —
oHa OyJeT 6OMblE HOPMATHBHON TVIYGHHBI IPH HANHYHH CHIBHO CIXKH-
MaeMBbIX TPYHTOB Ha riiyGumne. EciH B npenenax akTHBHOH 30HH 3ae-
raer CKana, TO aKTHBHAs 30HA NDHHHMAeTCs no IIyOHHE 3aJieTaHHd
CKAJIBL.

Ynpaxnende Ne 11. TTocTpoHTh COBMELIEHHYIO SMIOPY HATPY30K AJIS
LEeHTPaJbHOH BepTHKaJM JIEHTOYHOIO M KB3[pPaTHOTO GyHAAMEHTa
MHPHHOH 4 M, Ge3 yyeTa ero }ecTKOCTH, IO TOUKaM 4epes | s mo ray-
Gune, jo ray6unbt 4 m u uepes 2 u go ray6unbl 12 u. ParHomepno

pacnpejesienHass Harpyska pasna

6 2 kI fem®, Macuira6 0,5 [ /em® B 1 om.

—/ Onpenennts B 000HX Caydasx TVIy-

“MHUL O6uny akTHBHOH 30HB NpH 0ObEeMHOM
D Bece I'pyHTa, pasuoM 1,0 m/u3.

frs——

05 22. BauanHe XKeCTKOCTH
’ / NOACTHAAIOWETO CJOSt TPYHTA

/ Ecnn B OCHOBAHMH COODYKEHHS
A Ha HEKOTopoH TiyOHHe OT €ro mo-
/ JIOMIBBI 3a/eraloT CKalbHBE TPYHTHI,
] TO 3Ta rny6HHa OyjeT He TOJbKO
15 y ONPENENATh BEHYHHY AKTHBHOH SOHBI,
) HO H H3MeHATb pAacipejefieHHe Ha-
[ ApSUKEHHE OT BHelHeH narpyskH.
20 Il Ha puc. 50 noxasausl 3mopsl Bep-
!
{

Dmugcumensnas 2nydure 2/

THKAJBbHBIX HOPMAJILHBIX COCTABJISIO-
IIHX HaANpsUKenHH B TOUKAX HA UEHT-
75 palbHOH BepTHKaJH Ui CJydaes,
’ KOTJa OTHOCHTeJIbHAA TIJy6HHA 1O
JKEeCTKOIQ INOJCTHJIAIONIETO CJI0S paB-
Puc. 50. dmops pacnpesenenns Ha 0,5, 1,0 u 2,5. U3 nero Bupuo,
HanpsKeHHH OT BHellHeW Harpys- HTO B Cjiydde, KoIrja OTHOCHTEJ/IbHASA
KH TpH HAJIHYHH JKEeCTKOro Mok TIyIyGHHA JI0 KeCTKOTO HOACTHJIA-
cruaaomero clod miero cios pasda 0,5, To HaNP KeHU S

B C;KHMAEMOM CJIO€ HE H3MeHSIOTCS M0

rayOune. [TyHKTHPOM Ha TOM 3Ke pHCYHKe NoKasaHa mopa pacnpejede-
HUS HANPSDKEHHH N0 ryIyGHHE 118 OfHOPOAHOro MaccuBa rpynTa. Cpag-
HEHHE IIYHKTHPA H CHIJIONIHMIX JHHHH YKashBaeT HA KOHIEHTPAIHIO
Hamp spKeHUH nop cpepHel YacThio QyHjaMeHTa B CJIy4ae, KOT/a HA He-
Gosibio# Tiry6une 3ajeraer xecTkHH nopcrauaromuil ciolt (Eropos,
1939; T'op6ynos-Tlocanos, 1946). Ilpn nanuuuu cnaforo cios rpysra
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nOJ HYHJAMEHTOM HANPSIKEHHS B 3TOM cjioe Oy[yT MEHBIIE, YEM B Tex
e TOUKaX B OJHODOJHOM MAaCCHBE IpynTa. BepxuHil Go/ee KecTKHH
CJIOH TPyHTa nepepacnpejenseT HAarpysky oT ¢ypiaMeHta Ha GoJb-
HIYIO IO db, YeM B OJJHOPOHOM MACCHBE TPYHTA. E.C/IH MOLyJ/Ib Jedop-
MalMH y csaboro cj10 B NIATh Pa3 MeHbUIE, YeM Yy BEPXHETo, Gojee
TIPOYHOTO CJIOS TPyHT4, TO YMEHbIIEHHE BEpPTHKAJbHHX HOPMAJIBHbLIX
COCTABJ/ISIOMHX HanpSKEHHHA B TOUKAX Ha LEHTPANbHON BEPTHKA/IH HA
KpoBJie ¢1a60To cJ10s1 A/151 Pa3HbIX €€ OTHOCHTE/LHBIX TJIYOHH 3aJ/era-
HHA (MO OTHOUIEHMIO K IIMPHHE DABHOMEDHO sarpyxKeHHol THOKOH
TNOJIOCHL), B TIPOUEHTAaX OT HANpSKEHHH B OJHOPOJHOM MACCHBE TPyHTA
Gyner caenyiomum (taba. 15).

Taeanua 15
s ‘ 0,5 l 1,0 1,7 2,5
b
Ac% 23 ‘ 32 33 37

B cayuae, xorga Mony.b neopPMALMH B MaccHBE TPYHTA B BEDPTH-
KaJbHOM HanpapjenHH OoJipille, YeM B TOPH3OHTANLHOM, TO TaKXke
IPOHCXOOHT KOHUEHTPAIHSA HANDSUKEHMH B cpefnell 4acTH OCHOBaHHSA
COOPYKEHHSL.

H3 u3noxennoro BHAHO, YTO PacHpesienenHe panpsKeHHH B OCHO-
BaHHH TDH €ro HEeOAHODPOJHOM CJIONKEHHH OTJHYaeTCs OT paclipejedie-
HHS B OJHODOJHOM OCHOBAaHHH cOOpyxeHHs. [IpoH3BeseHHBIE Teope-
THYECKHEe HCCJIe[oBaHHsA B 5TOH 0O/MaCTH MO3BOJISIOT HAMETHTH 06/14CTh
TPHMEHEHHs JJId HEOJIHOPOIHBIX OCHOBAaHMH pelrenHH 3a1a4 O pacrpe-
JEJEHHH HANDs:KeHHH B OfHOPOJAHOM OCHOBAHMH H XapakTep OTKJo-
HEeHHA OT 3THX pemenuii. B OCOJBIIHHCTBE Xe 33[ady CTPOHTENBHOTO
Jea MPH HAJIHYHH CKaJjibl HA HEOOJbIIOH IyOHHE ee BJIHSHHE HE YUH-
THIBAETCA, TaK KaK MKEeCTKOCTh (QYHAAMEHTOB BIHfeT HA pacnpeiesieHnHe
HamnpsKEHHH B 06paTHOM HaNpABJIEHHH.

23. Pasrpy3ka MaccHBa rpyHra

Pasrpyska maccusa TIpynTa NPOHCXOOMT IIpH YCTPOHCTBE KOTJIO-
BaHa NOJ (QyHIAMEHT, IIpH PHITHE KaHaia, MPH MOATOTOBKE K OTKPLITOH
pa3paboTKe 3aJiexkH TMOJESHBIX UCKOMAEMHIX, IIpH yCTPOHCTBE KapbepoB
H IpYr'HX BHIOB BHEeMOK. (OHA TNPOHCXOJHT Takxe NPH 3PO3HOHHOH
JesITEIbHOCTH TIPOTOUYHBIX BOJ.

Ecnu npn Harpyske Ha IIOBEPXHOCTH MacCHpa IPYHTa TIPDOHMCXOIUT
ONyCKAHHE ErQ TOYeK, MJIH OCajKa, TO NPH pa3rpy3ke Habmopaercs
MOJbEM [HA KOT/JI0BAHA MJIM JPYTOH BhIeMKH. B 5pO3HOHHBIX nOTHHAX
MOYKHO Hab/TI0faTh, 4TO TIpH TOPH30HTAJIbHOH KpOBJIE KODEHHBIX MOPOJ
B CpeIHEH YacTH JOJMHBI HX CJIOH HECKOJBKO MPHUIOJHATH HAJ TeMH
K€ C/I0SIMH B ee foprax. VI3MEHEHHE HaNpsDKEHHH B TOUKaX MaccHBa
TPYHTa TIPH €ro pasTpy3Ke MOXHO PacCMaTpPHBATL, KK OTPHIIATE/bHbIE
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NpPHpAIIeHHs HANPKeHHH, TOTydeHHbIe OT OTPHIATENLHON HArpYy3KH,
NpHJOKEHHO! HA YDOBHE JHA BBIEMKH, Kak [OKa3aHO Ha pHC. 5l.

BT T

Puc. 51. Pacyersas cxema mist
onpenesleHH pasTPy3KH Mac-
cHBa rpyHra

tabs. 9 g5t TPEYTONBLHOH HATD

Hopbie nanpsukeHHsi, KOTOPHI€ BO3HHK-
HyT B MacCHBe IPyHTa IOCJE €ro pas-
TPY3KH, NMPEACTABJAIOT PE3YJbTaT al-
refpanyeckoro CJOXKeHHS HanpsKeHHH
OT COOCTBEHHOTO Beca TPYHTA C OTPH-
LATeTbHBIMH TIPHPAMEHHSAMH HAImp sKe-
HHA.

Ilpn neoOxoouMOCTH y4era pasrpyas-
KM MacCHBa TDYHTA, [Js1 Pacuera ocaj-
Kd, pacueT HanpsUKeHHH C YYeToM pas-
Tpy3KH TO3BOJISIET YTOUHHTbL HAayaJb-
HEBIE HATp suKeHus.

Pasrpyska maccusa TpyHTa Bcerga
sIBJIsleTCs]  OTPHUATEILHOH HATPy3KOH,
KoTopasi He HMeeT ykecTKocTH. OrpHua-
TeJbHbIE MPHDALIEHHS HANPSKeHHH B
TOYUKaX MacCHBa TPYHTa DACCUHTHIBAIOT
B IJIOCKOH 3apaue no Taba. 3 mis pas
HOMEPHO pacnpeAe/ieHHOH HATPY3KH U To
y3KH, Bo3pacraloiell OT HyJd 10 CBoero

HanGoJpiero 3HauYeHusa. TpeyrosibHOM pasTpy3KOH YUHTEIBAIOT BJIHS-
b

Rl

Ypolers zpyrmolisix
4 Ia/ y

i

Zy

Zog

Puc. 52, Smiopa pacnpegenenns HanpsXKeHHH 0o

ryCHHe p MaCCHBE IPYHTA OT cofCTREHHOro Reca

npH ero pasrpyske B pesyJbTaTe yCTpORCTRA
KOTJIOBAHA WHPHHOW b

HHE OTKOCOB BBLIEMKH Ha YMEHBllIeHHe Hanpmeunﬁ B OCHOBaHHuH coopy-

XKEeHHH. Dmopa HAYAJbHBIX HAan
C yueTOoM pasrpy3KH mokasaua
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HaGmonenHss 3a MOABEMOM [HA KOTJIOBaHA4, NPENIIECTBYIOHKE
BO3BEJIEHHI0 COOPYXKEHHs, CTOJIb K€ Ba)KHHE, KaK H HCCJIE0BaHHA
IPYHTOB, NpPOHM3BOAMMbIE IJsi pacyeTa OCAgKH 3ITOTO COODYXKEHHS.
B psine ciyyaeB BeJIHUMHA OCAJKH 33aBHCHT OT IPEANIECTBYIOMWErO MOIbe-
Ma jgHa KoTjoBana. HaGmoneHHs 3a mogbeMoM nHA KOTJIOBaHa IO3BO-
JSIOT YTOYHATH pACUETHYIO CXeMy IJIs1 pacuera OCafkH, a TAKXKe yTOoY-
HATH TIDHHSTHIE PACUETHHIE XADPAKTEPHCTHKH TpyHTOB.

24. Baugnde 3arayGrennst ¢yHgaMeHTa

Ipu pemennu 3ajau O pacmpefeseHuH uHanpsXeHu#t B Maccupe
TPyHTa OT BHelIHed HArPY3KH NOCJEIHIO B pacueTHOH CXeMe pacro-
JlaraJlH Ha MOBEDPXHOCTH IPyHTAa. B JeHcTBHTENBHOCTH Ke MpHXOHTCS
dyHIaMEHTB COOpY:KEHHH 3arayG/IsTh HHXKe 3eMHON NMOBEDXHOCTH MO
CJEAYIONMM TIPHUHHAM:

1. o ycnoBusM mpoMep3aHHs I'pyHTa, TaKk KaK B 30He IIpOMep3a-
HHSI [POMCXOJIHT €ro MOpO3HOE NYyYeHHe, KOTOpOE BRI3bIBAET IOBpe-
JKIEHHsT 31aHHH.

2. Tlo ycnoBHSIM yXVAILEHHs CBOHCTB IPYHTOB B 30HE BHIBETpDHBA-
HHs1 H GOJIbIIOR HEOgHOPOJHOCTH CBOMACTB I'pYHTOB B 3TOH 30He, 4TO
TaKKe MOXKeT BH3BaTh MOBPEXJEHHs 31aHHs. [[J1s 3EMJISHOH IJIOTHHBI
TaxuKe Tpedyercs NOATOTOBKA OTHOBANWA B BWAL VAATREHAR BYLPATRIO
CJIOSl TPYyHTa, pa3pyMIEHHOTO NpOLECCaMH BHIBETpABAHHS H MOYBOOG-
pasoBaHHsI.

3. ITo yc/toBHSIM KOHCTDYKIHH 3JaHHSl, B COCTAB KOTOPOTO BXORHT
IOJBAJILHOE TIOMELIEHHE,

Pasmeprl KOT/oBaHa ONpefeqsiorcsi: 1) pa3mMepaMH COOpyXKeHHs
u (yHpamMedtos, 2) cmoco6OM NpOH3BOACTBA pafoT, B 3aBHCHMOCTH
OT pasMelleHHs 3eM/IepOHHBIX MEXaHH3MOB H OT cfiocoba KJajKH Toj-
3eMHOH yacTH coopyxeHHH. OHH 3aBHCSIT Takxe OT CBOHCTB TpyHTOB
B OCHOBaHMH (yHIaMEHTA H KOHCTPYKLUHMH 31aHHA.

[Ipu ynameHWH H3 KOTJIOBaHA TPYHTAa, HMEIOUIEr0 OINpEjeNeHHbIH
Bec, MPOM3BOJIAT MECTHYIO Pa3Tpy3Ky rpymrtosoro Maccusa. [Ipu sToM
OTpHLATEJRHBIE HATIPIXKEHHS B TPYHTE HHXKE JlHa KOTJIOBaHa ajrebpaH-
YeCKM CYMMHDYIOT C HaIpSDKeHHSIMH OT coOCTBEHHOTO Beca TPYHTa,
JJIsT MOJTyYeHHsT HaYaJbHBIX HalpsDKeHHH, H ¢ HaUpSRKeHHSIMH OT BO3-
BOJIEMOTO (byHJaMeHTa, AJIsl ONyYeHHsl KOHEYHHIX HATpsKenHii. 31eck
MOryT GHITh jBa CJydas.

Nepemii cayuait.” Tlpu ycTpoiicTBe KoT/oBaHa BBIHYTHIH H3 HEro
IPyHT GRICTPO 3aMEHSIOT K/ajko# (yspamenTa, HJIH COOpHBIM (yHja-
MEHTOM, H TPYHT HHKE JHA KOTJIOBaHA HE ycrmeBaer H3MEHHTBCSH OT J€H-
CTBHS pa3rpy3KH.

B 3ToM cilyuae TOJIBKO H3GbITouHBIi Bec BHe(IHEH HATPY3KH Haj
BECOM TpYHT4, BLIHYTOTO H3 KOTJIOBAHA, H3MEHseT HANPSXKEHHs B Tod-
Kax MaccHBa IpyHTa HHXKE JHa KoTjoBana., Ec/i# BeC BHIHYTOro H3
KOTJIOBaHA TPYHTAa paBeH BHEIUHEH Harpysxe, To HAaNpSKEHHA B IPYH-
Te, PAacMoOJIOKEHHOM HIDKE JHA KOTJIOBAaHA, He M3MeHsTcs. [y pacyera
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H3MEHEHHUMA HATIPSKEHHH B TOYKaX MACCHBA TPYHTa HUXKE JHA KOT/IOBaHa
8a pacueTHyi0 Harpysky Ha JHO KOTJIOBaHA NPHHHMZIOT HArpysky
OT (pyHAaMeHTa 32 BHIYETOM HANpSKEHHs OT COOCTBEHHOTO Beca rpyHTa
Ha raybune ¢ sajoxenus dynzamenrta (puc. 53):

rae ! — BeJqH4YHHA 3arTyy6ieHus (yHIaMeHTa,
Y — oObeMHBIH BeC rpyHTa, C yYeTOM MOJIOKEeHHS TPyHTOBHX BOJ,
p. — CpenHsis HArpyskKa oT QyHAaMeHTa, ¢ yyeToM B3BelUHBaHHUS,
TaK Kak (hyHJAMEHT PaCcIoJIOXKeH HUIKEe YPOBHS TPYHTOBBIX BOA.

rf
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Puc. 53. Dmopa pacnpefenenns Puc. 54. Dmopa pacnpesnenenus
HanpsxeHul oT BHellHeft Harpys- HANpSAXKEeHuH oT BHeIWHeR Harpys-
KI (3amITpuXoBaHa} npu OHICTPOR K (32TPUXOBAHA) HPU Me[JeH-
3aMeHe Beca rpyHTa BecoM OQyH- HOfl 3aMeHe Beca FPpYHTA BECOM

AAMeHTa dyHRaMeHTa

Bropo#i cayvaii. KornoBan ycTpanBaioT MEIJIeHHO, BCJENCTBHE €ro
GOJBIIAX pa3MepoB, AJs GOJIBIIOTO COODY:KEHHS, HANpPHUMEpP, BBICOT-
HOTO 3JaHHS, HJOTHHHI, HJIH 3JaHHA THAPOIIEKTPOCTAHIHY.

B 3Tom ciryyae ripd pasTpysKe MPOUCXOAAT H3MEeHEHH s HaNp sIKeHUH
B TPYHTe HHXKE JHa KOTJOBaHa OT MOCTENEHHOIO YHa/JeHHs TDYHTA
H3 HEro HJjid NPH AJIHTENLHOM BHJAED)KMBAHHH KOTJIOBAHA OTKDPHITEIM,
JlHo KOT/IOBaHa B 5TOM cJlydyae NOZHUMAETCH, T. €. HAGMIONAETCR OTPU-
LaTelbHAs 0caaKa, COOTBETCTBYIOMIAA OTPULATENLHOA HArpysKe, HpH-
JIOKEHHOH KO JHY KOTJOBaHA.

Jasi yuera H3MeHeHHH B RaNpsDKeHWAX, BbI3BAHHLIX B MacCHBE
BHIEMKOH I'pyHTa H3 KOTVIOBaHZ, PAcCYHTHIBAIOT YMEHLIUEHWE NpHpoA-
HBIX HaNpspkeHHA NO IIyGHHE OT pasrpy3KH, DABHOM HaNpPSDKEHHIO
OT COGCTBEHHOIO Beca HA IVIYGHHE pACHOJIOXEHHS JAHA KOTJOBaHA paB-
HOH # (puc. 54). 3a Haua/bHEE HATp AMeHAR B TPYHTE NOJ, BO3BONMMBIM
GyHIaMEHTOM NPUHHMAIOT HANpPSUKeHus oT COOCTBEHHOTO Beca FpyHTa
€ yYeToM pasrpysKH OT BHIeMKH rpyHTa H3 KOTJOBaHA.
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INpupamenne HanpsKeHUA# B rpyuTe nof GyHIaMeHTOM B 5TOM Ciy-

yae onpefetsioT AJAs €0 HOJMHOTO Beca:
pP=p, (73)

Pacuer usMeHenHs HaNpsKEHHOTO COCTOSIHMS MaccHBa IpDYHTa OT
pasTpysKd, HpH yuyeTe BJHSAHHS HPOJO/IKUTEILHO OTKPHITOIO KOT-
JIOBaHa, MNPOU3BOAAT JO TaKOH IMyOWHEI HH:Ke 3¢MHOH NOBEpXHOCTH,
Ha KOTOpOH 3TOT yYeT y>Ke Hé HMeeT NPaKTHYeCKOIO 3HAUEHHS, B 3aBU-
CHUMOCTH OT HMEIOLUXCH TPYHTOBLIX YCJIOBHA ¥ KOHKPETHBIX 0COGEHHO-
crefl coopyskenus. Ilpunaro ray6uHy BAUsHHS pA3TPY3KH, OT BbIHY-
TOTO PYHTA ¥3 KOT/IOBaHA, OTDAHHUHBATh HAMpSKEHUAMH, COCTABJISIO-
muMa 20% oT mampspkenufi, oOyclOBieHHBIX COOCTBEHHBIM BECcOM
rpyHTa.

B KOWMIOBaHax, BHIPBITHX HUKE YpOBHS [PYHTOBHX BOJ, 0coGoe
3HAUYeHHe HUMeeT BOJNOOTAHB W3 KoTIOBaHa. Ilpu GO/BIIKAX pasMepax
KOT/IOBAaHA HOC/AENHUI CTAHOBHTCS ApeHOH /51 BOJOHOCHOTO TOPH30HTA,
PACHOJIOXKEHHOTO HMKe ero fHa. OcylleHHbIH KOT/JIOBAH H3MEHsET Kap-
THHY JBHKEHHS TPYHTOBHIX BOJ H Pe3KO HNOBLILAET CKOPOCTH [IBHKe-
Husl OKOJIO CTEHOK U JHa KOoTJoBaHa. C yBennueHHeM CKOPOCTH PUIbTpa-
LMK BO3pacTaeT W (pUILTPALMOHHOE AaB/eHHe I'DYHTOBBIX BOJ H €C/aH
LBI)KeHHe NMpPOUCXOJMT CHHU3Y BBEpPX, TO TAKOe NBIKEHHE pasrpyxkaer
MaCCHB HH)KE JHA KOTJOBaHA U Bbi3biBaeT JOHOMIHUTENbHYIO PasrpysKy,
KOTOpAas B CBOIO OYEPENb BANALT HA BEJVNWHY NONPEMa Jiiid KUTAOBaHa
H OxHJaeMble Ocajfiku coopyxkemusi. Hanpumep, ecid cpefHuid ¢(u/b-
TPAUUOHHBIA rpajeHT y MOA3EMHBIX BOJ, NBHXKYIMHXCA K KOTJIOBaHY,
COCTaBJIsieT B 30He AHa KoT/ioBana [=0,5, To o6beMHBIH Bec B 3TOH
sone OymeT yXe He €IUHHUA, C YyYeTOM CTATHUYECKOTO B3BellIHBaHUS,
a ua noJoBuny Menbiie H paser 0,5 m/m®. EcrecTBenno, 4TO Takoe
H3MEHeHHe Beca IPYHTA CYLIECTBEHHO YMEHBIIHT €I0 [aBJeHHe Ha
HIDKEJ/IEXKAILYI0 TOMILY IPYHTAa H BHISOBET €r0 JONOJMHUTEJbHYIO pas-
TPY3KYy.

Ynpaxuenue M 12. PaccunTaTe nopMa/ibrble BEPTHKAILHEE COCTa-
BJISIIOLIHE HATIPSKEHHH U [IOCTPOUTR SMIOPH! pacipefeJeHnsl STUX Hanps-
XeHuft ijasa ycnosu#l ynpakuemus Ne 10:

a) ¢ yyeToM cOGCTBEHHOTO Beca TPYHTA M 3alyIyOJeHHs IUIHTH Ha
3 m. KorsoBan ycTpanBaeTcsl NOJ 3alIMTOH LITYHTOBOTO OTPaXIeHASA.
Pasmepu koTvioBana Takue ke, KaK y IVIATHL. BbleMKa TPyHTA U 3aMeHa
ero BecoM INITHl C ee HATPY3KOH npousBojurcsi ObcTpo (pHC. 53).
Fny6una pacnojioxendsi TOYEK OTCYUTHIBAETCS OT IIOJOIUBBI IIUTHI;

6) To ke, HO ¢ ydueTOM GOJ/IBUIOH MPOROMKHUTENBHOCTH OTKPHITOTC
KOT/IOBaHa; [VIyGHHA pAcCHO/OKEHHS TOYEeK OTCYUTHIBAETCH OT HORO-
B! IIATH (pUC. 54).

I'pyuTsl uMeoT OOBEMHBIA BeC Bpllle ypPOBHSI I'DYHTOBBIX BOJ—
2,0 m/m® u nmwe —1,1 m/m®. YpoBens rpynToBHIX BOA 3aderaeT Ha
raybune paBmol 3 M.

CxeMsl pacromoxenust BepTuranei O-1, 0-2 u 0-3 paunl na
puc. 41. QopMul Ta6aHI A pacueTa HalpskeHHH B TOUKAaX Ha KaX-,
IOH BepTUKAMH C/eRyIOIHe:
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Bepruxaas 0-1, pan a)

BcnoMorarenbuasi Tpy3oBast | Benomoraredis-

Hanpskesust ot momanka 1 Has rpysoBad
Cay6uHa oT coﬁ%-r BEHHOrO nromajka 11
J npAXenns
TOAOWBHL ILHTEL ) g g TpyHTa Hatp CyMMapHble
OT BHEIHER | .o e
HATPY3KH p
0
1 m
2 M
Bepruxane 0-1, pas G)
i Bcenowmorar.
BeproMoratespHad rpysoBas miomasra | rpysoBas
Hanpsa- naomanxa Il
[ny6una P max
JKeHHe OT
OT MO~ | .obersen-
gomsu | “oRTE OCTaToWHEE | HANPA- | yuMap-
TUTHTHL pas- HanpspKe- WeHUA Hite
rpyura Tpy3- HHA OT | OTBHeW-| . 0
Ka coferpet- | Helt Ha- ® EHpHﬂ
HOro BeCa | TPY3KH
0
1l u
2nm

25. BaanMHOe BJaMsiHHe (hyHIAMEHTOB

B pesyabrate uccienoBaHuil pacrpefeneHs HalpsDKeHHH B JIuHe#-
Ho fetopMupYeMoil cpefie OblIO YCTaHOBJEHO, YTO M3MeHEeHHe Hamps-
JeHHHl B MacCHBe IPYHTA NOJ JiefiCTBHEM HAIDY3KH Ha €e MOBEpXHOCTH,
pacnpocrparsercsas B IyOHHY H B CTODOHHI OT ()yHAaMeHTa, 34 mpe-
He/bi BEPTHKAJIbHBIX [JIOCKOCTeH, NPOXOAAIMX 4epes Kpas ¢yHia-
MeHTa,

ITostoMy, ecam Bo3BOAMTCA HOBHA (YHAAMEHT IO COCEACTBY C pa-
Hee NOCTPOGHHHIM, TO Haua/bHble HanpsiKeHHs B OCHOBaHUH HOBOTO
«pyHnamenTa co cropomsl cyuecrTByiomero OyAayr GoJblle, 4eM OT Cob-
CTBEHHOTO Beca [PYHTa, a4 H3MEHeHHe HanpPsIKeHHH B FPYHTe OT HOBOTO
tdbyHAaMeHTa pachpocTpaHHTCH 32 Mpeliebl ero moAOWIBLH, B CTOPOHY
OCHOBaHHSI BLICTPOeHHOrO (yHIaMeHTa, KaK MOKa3aHO NYHKTHPOM
Ha puc. 55. TocsenHee BHI30BET NepeKoC CyINecTBYIOUiero pyHAaMenTa
B CTOPOHY HOBOTO. BJ/IMsiHHE Ke CYIIECTBYIOMWEro (hyHAaMeHTa Ha OCHO-
BaHue HOBOIO MOKa3aHo Ha PHC. 5D WTpHxoBKOH. OHO BLI30BET MepeKoc
HOBOTO (hyHAaMeHTa B CTOPOHY OT CYIIECTBYIOUlEro, TaK KaK IpPYyHT
CO CTOPOHBI CYIIECTBYIOWEro PyHAaMeHTa ykKe Obll YIVIOTHeH MOCJel-
HHUM M MeHbie YNJOTHHTCA NOJ BecOM HOBOTO (hyHJAMEHTa, YeM IPYHT
C MPOTHBONONOMKHOA CTOPOHHL,

Bansinge coceXHHX cOOpYeHHH MOXKeT BH3BaTh NepPEeKocH, Hepas-
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HOMEepHEIe OCaJK{, KOTODble MOTYT CONpOBOKIATHCS NOBPEKASHHAMH
(yHA2MEHTOB U AAXKe HX aBapHsaMH (puc. 1). BausHue cymecTBYOmeEro
¢dyHlaMeHTa Ha COCEAHWEl HOBBIH W HOBOro (yHjaMeHTa Ha paHee
BLICTPOEHHHI He BCeraa y4dH-

THBAETCS TIPH CTPOWTENBCTBE, -~—}
HH TeoJoTaMH, HH CTPOHUTeJs-
MH ¥ CJLy?KHUT TPUYHHOA OIIH- Y

60K B TIPMHATHX pelleHHUsIX. - ~=~

Pasmep paccmarpuBaeMoro ,l
BJMSHUS 3aBHCHT OT paccros- / '
HUS MeXAY YHIAMeHTaMH H 7
OT pa3MepoB HOBOro (PyHAa- Ik S ~4
MeHT, & TaKXKe ero Harpysku 09~ \ZI T~
U CBOHCTB T'pYHTa. } /

Meton yuera B3aUMHOIO /
BIHSIHUA 3aKJMI0Y2eTCA B ON- 20-J !
pefeeHuH M3MEeHeHHH HAnpsi-
KeHHil [oj  CYIecTBYIONMM
thyHAaMeHTOM OT BHOBb BO3-
BOJMMoro mo TabumuaMm 3—5 2
LMl TOueK B MaccHBe I'DYHTa,
pacroJIoKeHHHX Ha BepTUKE-
75X, TPOXOASUIMX 3a Ipefe-
JaMA HOBOTO (PyHAAMEHTA.

HeoGxonumMocTs yueTa B3a-
HMHOTO BJAWSIHUS ABYX HArpy-
30K, NOJOKHUTEILHBIX W/IH OT-
pHLATENbHEIX, MPHIOKEHHBIX
K NOBepXHOCTH TPYHTA, BO3- Puc. 5b. Baaumuoe pausune ¢QyHIaMeHTOB
HUKAaeT B CAELYIOINX CAYUASX. HAa HANPSXKEHUS B UX OCHOBAHHIX

1. Tlpucrpofixa ojHOro
3Janusi K ApyroMy, HOBOTO 3[aHKS K paHee BLICTPOEHHOMY, HAjACTPOM-
Ka TPUMBIKAIONIETO 3] aHHS, NPHCTPOHKa KOTenbHON K AbIMOBOH TpyGe.

2. Puithe KOTJMIOBAH& DPALOM C CYLIECTBYIOIHM (YHAaMeHioM AJIs
HOBOTO 3[aHHUS UMK TPAHINEH INs NOJ3eMHHIX COOPYKeHW# — BORO-
NPOBOAR, KaHAMMBALHM, 2NEKTPOKabens ¥ ApPYTHUX, KOTOPhie NJIHTE/b-
HOE BpeMsl OCTAI0TCH OTKPBITHIMH.

3. Hapan Gospuioro rpysa K cTeHe 3JaHUs W AJHTeJbHOE €ro Xpa-
HeHHMe Ha 5TOM MecTe,

4. TlomBenenve 3eMJAHOH HaCHOW K INIOCTPOEHHOMY YCTOIO MOCTa
(puc. 2).

5. TlpuMplKanue 3paHusl THAPOSNEKTPOCTAHIHH K paHee BHICTpOeH-
HO#l NJOTHHe.

I3 uanomenHoro BHAHO, KaK BaXKHO WHKEHEPY-I'eoJOI'y CBOEBpeE-
MEHHO YKa3piBaTb Ha HeOOXOJMMOCTb ydeTa B NpOeKTe HOBOI'O COOpY-
AKeHHA N3MEHeHU HATPAKEeHHH B MacCHBe IPYHTa NOJ paHee BHICTPOEH-
HBIM.
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Pasben II
PACYHET OCAJAKH COOPY)XEHHA

26. Opuopa3mepHOe KOHeyHOE CXaTHe CJos TPyHTa

Cxarve rpyHTa npelcTaBisier OAMH U3 ABYX BHAOB ero Aedopma-
Ou# npH U3MEeHeHHH Hanps:KeHUH oT BHemrHel Harpysku. OHO npoHcXo-
JHUT ToA feficTBHEM HOPMAJbHBLIX COCTABJIAIONMX Hanpsukenufi. Cxarue
TPYHTA, CJIaralliero oCHOBAaHHE COOpYXKeHHH, BHI3HIBAET HX OCAAKY.

Pacyer ocanxu 3faHUi U COOpPY:KeHHH HJH pacuer MX OCHOBaHHMA
no fehopMalHsAM HMeeT CBoeH 3ajauefl onpelesuTb oxuiaeMmole Aedop-
Mauuyd HaidyHAaMeHTHHX KoHCTpyKuumil. CornacHo HOpMaM MpoeKTH-
popauns ocropannil (HuTY 127—55) stu pedopmaunn orpaHuueHu
TaKMMH TpefielaMH, KOTOphie rapaHTHPYIOT OT NOSIBIEHHS B KOHCTPYK-
HHsIX HENOMYCTHMBIX JJ151 HODMANbHOH YKCIIYyATaUMH TPEULHH H NOoBpe-
*neuudi (Tokapn, 1956). TlosTomy HeoGxoauMMo, YTOGHI

s<fy

flle s — pacueTHas BejMyHHA JedOpPMAIMH OCHOBAHHS,
f — npenensHas BenuYdHA AeOpMaUMH OCHOBAHHS, YCTaHABJIH-
BaeMasg HOpPMaMHd HJIH MpPOEKTHOH opTaHu3auyed.

Ilpu 3TOM pacdeT ocHOBaHHH Mo AedopMalyUAM NPOU3BOZUTCH JJIs
HOPMaTHBHHX HarpysoK, ONpejelsieMblXx MO YKA3aHHSIM CTPOUTEIlb-
HBIX HopM ¥ npasui (1955).

Ocapga coopy:KeHHs MOXKeT ObiTb pacCYHUTaHa, eCHH H3BECTHHI:
1) reojornyeckoe CTPOGHHEe OCHOBAHHS H €r0 THAPOre0JIorHYecKas
ofcTaHoBKa, 2) TeopeTHYecKoe H3MEHEHHe HaNpshKeHH#A OT Coopyxe-
HHUs B TOYKAX MacCHBa FPYHTA, CJyXalleM ero oCHOBaHHeM, U 3) xapak-
Tep KCNepUMEHTANILHOH CBA3H MKy H3MeHeHHeM HanpsiKeHHA B FPYyH-
Te H ero CXKaTHeM.

Pacyer ocankd npoH3BOAUTCH JABYMsSI METOAAMH:

a) Oe3 yyera BO3MOKHOCTH OOKOBOTO paclIApeHHsl FPYHTA, IpH
€ro OJ\HOpa3MepHOM CxKaTuH,

6) c yueToM BO3MOXKHOCTH GOKOBOro paclIHpeHHs FpyHTa B OCHO-
BaHHH COODYXEHHs, NPH ero JBYX- H TPeXpa3MEepHOM CXKATHH.
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O6nacTb TpHMEHEeHHs KaX/JI0TO MeTOfa 33aBHCHT OT COOTHOLICHHA
pasMepa 3arpy’KeHHOH IVIOWAKH (pyHmameHTa) U MOIHOCTH CXHMae-

MOH TOJY TPYHTA.
Pacuer ocajik# coOpy¥eHHsl 6e3 BOSMOXKHOCTH GOKOBOTO Mepemelne-

HHUA TPYHTa B ero OCHOBAHUH NPOU3BOAAT, €CJIH BHEIIHAA Harpysxa
3HAYUTEJILHO pacnpocrpaHeHa BO BCe CTOpOHB, WJIH Korja MOH{HOCTH
CXuMaeMoro c¢Jioss rpyhHra 3HAYMTENbHO MEHbUIe, YeM HIHpHHA sarpy-
KenHoit muowank# (puc. 56). Hanmpumep, npu HaMuiBe TeppHTOPHH,

]

V™™

h <0255

Puc, 56. Pacuernast cxeMa OJHOPA3MepHOro CMKAaTHS, NpH
ompenefeHHd KouedHoll 0CaiKM, AN CJOS TPYHTa, NPHME-
xaomero K dynAamenty

Korjia 9Ta TeppHTOpHsl BesIHKA, OCajika NOBEPXHOCTH IPYHTA IPOHCXO=
JIUT Ge3 BO3MOXKHOCTH ero GOKOBOTO NepemellleHHsl HJH [PH TeoaoTH-
YecKHX NpOLECCax OT/IONKEHHS OC3LKOB U3 BOAH, HJH H3 BO3AYIIHHX
Teyenuil Ha OoawmMX TeppuropHsix. (CxaTHe TPyHTA TPOUCKOAUT
OflHOpasMepHOE, T, €. TOJbKO B OJHOM HANpaBJeHdd. JTO Hampasie-
Hie o6LIYHO COBNIafaeT ¢ HANPaB/JeHHeM BepTHKAIA. 37iech HOpMasbHLE
HANpPSDKEHHS B CKMMAeMOM Cjioe TPyHTa, OT NpPH/IOKEeHHOA K ero mo-
BePXHOCTH BEPTHKAJBHOH DPaBHOMEDHO paclpelieJeHHOH HarpyskH,
napajijielbusl 3Tolt Harpyske, NO TyyOuHe MOCTOSIHHEL H PaBHH HHTEH-
CUBHOCTH PpACTIPEfeSieHs HArpysKu.

AnanoruuHoe cxKartde 6yjAer NPOHCXOAHTL B BEepTHKAIBHOHM MpH3Me
TPYHTa, BEIENEHHOA B OCHOBaHHM COOPY:XKeHHs, ecld GOKoBOe mepe-
MemeHde rpyHTa GyfeT HeBO3MOXKHEIM. PacueTHas opMmysa mns onpe-
AeJieHHs ORHOPA3MePHOTO CXKATHA C€JIOsi TPYHTA BEIBOJUTCH H3 CJieyio-
el pacyeTHOM CXEM:l.

BepTturanbHas npusMa IPYHTA, BLIICEHHAs B OCHOBaHHH, HMeeT
HauanbHYIO BHcoTy A,. IloA pefictBueM cuisl Z OHA yMeHbllaeTcs
JI0 KOHeYHOH BHICOTH A, (puc. 57). OcalKo# ciod IpyHTa MOIIHOCTBHIO
h, HasuiBaeTCsi M3MEHEHWE BHICOTH MpU3Mut s=H; — h,. B Mmexanuke
[PYHTOB 3T0 H3MeHeHHe BBICOTH! NPH3MEI I'PYHTA CBA3LIBAIOT TOJIbKO
¢ u3MeHeHHeM ero noposoro oobema. Cefopate/ibHo, HMes H3MEHEHHe
TNOPHCTOCTH FPYHTA, AJIfl MAHHOTO H3MEHEeHHs JABJEHHf, MOXHO pac-
CcydTaTh H OCANKy CJIof TPYHTA.

Ecjiu B BhileJleHHOfi NpWaMe TpYHTA, mOKasaHHod Ha puc. 57,
MBICJIGHHO COCPEeJOTOYMTL Bech MarTepHa/l CKejeTa B HIDKHEH 4acTH
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NpH3MBI, TO B BepXHefl 9acTH npU3Mbl (10JYYUM OGBEM IOp, MpelcTa-
BJISIOMAA npuaMy BuicoToi /;. BhicoTy apyroil wacTd npusMue 0603Ha-
quM yepes [,. Tlocse NPUIOKEHUS K TPYHTY AABJEHWS Z OH COMMETCH,

OpH 5TOM BRICOTA [, OCTaHeTCS

Z HeH3MeHHOH, TaK KaK Marepuan
§ ckeneta TPYHTA DpHHHMASTCH
B pacyeTHOH cXeMe HeCKHMae-
L ) MbIM, a 06beM 1OpP YMEHHLIHT-
y Cs M BbICOTA BepXHell dYacTH
b V/ % 5. TPH3MH cTanet paBHo# /5. Ocan-
! Kka npusMel rpyHTa GyeT pas-
/ La / l, Ha:

// § = ll — 13.

Puc. 57. Pacyernas cxema ad onpefiene- O6rem mop B TpyHTe u3-

HUA QMHOPABMEPHOTO CHaTHA CTOA FPYHTA  MeDSIOT JBYMS NOK43aTeJsIMH.
IepBoiil mpepcTaBsieT oTHOWIE-

Tl’ ero Ha3HBalOT HayaJbHpIM  KO3MDODHUIHEHTOM [OPHCTOCTH
2

rpyHta &, 0pu sToM l,=¢;l,. DBropoli npencraBnser coboii apyroe

1

Ay

npu stoM L=mnh,.

Ecau npunsTe 34 Nokasatetp ofbeMa Hop €, TO mocie CKarus

TIpH3MbI TPYHTa, NOJL [elicTBHeM paBneHus Z, ee KOHEYHHH KO3p¢u-
i

IIHeHT MOPHCTOCTH OY/ET paBHATHCH &, =1_3' Bennunna ocajkn mpH3Mbl
2

rpyHra GyleT cyelyiollei:

S=l—ly=18)— g, =1, (8, — &,)

HHe

OTHOMIEHHE s—, KOTOpbifl HAa3LBAOT HAyaNbHOH TOPHCTOCTHIO 7y,

Hauanbhas Boicota npusMel h, MoXeT GObITh Takke BHIpAXeHA
yepe3 [, R &

hy=h+lL=edy+1l=10(s+1)

Orkyza Heu3MenHasi IPH CKaTuy TPYHTA BHICOTA YACTH NIPH3MH, B KO-
TOpOii cOCpeOTOueH MaTepHasl cKejeTa rpyura, OyneT paBHa
7y
. 4
1+81 (7 )
Ona 6yfeT B AanbHeiilieM HA3pIBATLCSA [PUBENEHHOR MOUHOCTHIO
caon rpyuta (fh,). Torza oTHocuTeILHAS OCALKa NPH3MH,
§

=g

hy

MOXKeT ObITh BbIpakeHa uepes KOS(GHUHEHTH MOPHCTOCTH TPyHTa IO
CIeAYIOmeH 3aBUCUMOCTH: )

l,=

_ L(eg—gy) bt
¢= 0Ty (e T (75)
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Orkyna pacuersoii dopmysofi a1 pacuera OJHOPa3MEpPHOrO CXKa-
TUA CAOs (pYHTa, OyAeT CAeAyromas:

g;—F
5= 11-{—912 hy. (76)

B nanpuefimem ofbeM IOp B IPyHTe GyneT H3MepAThCA TOMLKO
ONHMM NOKasareaeM &, MO CAefyIoiMM npuunHam. Ecau ucnombsoBarh

Apyrofi mokasaresb f1, TO KOHeYHas MOPHCTOCTb GYAET paBHa nz=’i—3
2
¥ BeJIHUHMHA 0CanKu OyJeT:

S= ll —_ 13 = hlnl —_ h2ﬂ2,
a AJisl OTHOCHTENbLHOH OCajKH 3aBHCHMOCTH noJiydaercs Cﬂeﬂyfomeﬁ :

e=n1—n2:—f; (77)

CpaBHuBas nBa Bulpaxenus (75) u (77), BUAHO, 4TO HepBoe 3aBH-
CUT OT OJHOH IepeMeHHOH, KOHeyHOro Ko3(hHUMeHTa TOpPHUCTOCTH
g,, 4 BTOPO@ — OT ABYX llepeMeHHbIX, KOHEUHOH MOPHCTOCTH /1, U KOHey -
HOH BBICOTHl HPH3MbI IpyHTA A,. B mepBoM yMeHblieHue ofbeMa NHOP
U3MepsieTcss TO OTHOIIEHHI K HensMeHHoMy oGbeMy YacTH NpPH3MBL
IPYHT4, B KOTOPOH COCpeNOTOYeH MarepHan ero Hec:KMMaeMoTO CKe-
JeTa, 2 BO BTOPOM — [0 OTHOHIEHUIO K ITepeMeHHO BLICOTE Beeil TPHU3MBL
rpyura. [loatomy ans pacuera oTHOCHTeNBHOM OCANKH IIpH OfHOpa3Mep-
HOM C/XaTHH TDYHTa NPeInoyuTaior Gosee mpoctyio dopMyay (75)
nepen qopmysofd (77).

3leck OCajKa cosl TPYHTa Oplia paccMoTpeHa TaK, Kak ecjH Ol
OHZ TIPOHCXOJHMIA OJHOBPEMEHHO € TIpHJIO¥KeHHeM BHeIIHeH HArpy3KH.
B jnefictBuTEnbHOCTH 5T0 He Tak. Ocajka npH3Mel TPYHTA, HJH CiKATHE
C/IOSsl FPYHTa, NPOMCXOMUT NOCTENeHHO, ¢ TeyeHHeM BpeMeHH, NIPH IJIH-
TETbHOM BBHIIEDKMBAHHH HeH3MeHHoH BremHed Harpysku. Ilosrtomy
PasJIHUA0T OCaAKY KOHEUHYI0 M H3MEHSIOYIOCS ¢ TeueHHeM BpeMeHH.
HabmopeHusiMu 6bl10 YCTAHOBJEHO, 4TO KOHeYHas ocajka cjosd anast
pasHHIX FPYHTOB, pa3MepoB CJI0Sl TPYHTAa M HArPy30K Ha HEro moJay-
yaeTcsi uepe3 pPA3NUUHBE TPOMEXKYTKH BpeMeHH IIocje IpHJIOKEHHS
umarpy3ku., OCafKa TMecyaHeiX TPYHTOB JOCTHTAeT CBoell KOHEeyHOH
BEJIMYMHBl PaHblUE, YeM B T[JIMHUCTHIX. JTO O0bsACHAETCS pa3JTHYHLIM
XapaKTepoM H3MeHeHHs ofbeMa [OpP B PYHTAX, 3aNOJHEHHBIX BOJOH,
4 TakXKe Pa3AHYHHIM XapaKTepoM cBsidell B rpyHte. B mecuanux rpys-
TaX BOJONPOHHILAEMOCTh JIydlle, YeM B TJHHHCTBIX, 4 CBSI3H MeXAy
yacTUIIaMH 3HAYUTENBHO cjaee, yeM B [JIHHHCTBIX.

Koneynas ocafka cosi IPYHTa NPH ero OJLHOPA3MEPHOM CXKATHH,
KOrjJa pacnpefeneHHe HanpsKeHUA no ero IayGuHe paBHOMepHoe,
06yc/a0BAeHA TAKUM K€ CXKaTHeM T[PYHTa, Kak H B KOMIPEeCCHOHHOM:
npubope, B ycJoBusAX (e3 BO3MOXKHOCTH GOKOBOTO PaclIMpPeRus TPYHTA.
OTHOCHTENLHOE CKaTHe, NONYYeHHOE M3 ero KOMIIPeCCHOHHBLIX HCIB-
TaHU, MOKHO NEPEHOCHTb HA CXKaTHe MalblX CJOeB [PyHTa B OCHOBA-
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HAd coopyxenuii, Toraa ans pacyeTa KOHeYHOA OCaaKH ClOfl TPyHTa
I8 3ajaHHOrO HHTepBa/la HAarpy3KH CAyxKaT claeayouye GopMy.JHl,
nosydeHHsle TT0 BbIpaXeHHIo (76):

_ B1—8

s=efy =1 1Ts, fy

HJIH
a{pz—p1) Iy
s b (78)

rie e; —HauaJabHHEA Koa(phUIMEHT NOPHCTOCTH TPYHTA NpH ero Mo~
HOCTH, PaBHOM A1y, KOT/ia K C/IOK0 TPYHTa NIPUIOXKEHA HArpysKa
p, (HanpsiKeHHe OT COGCTBEHHOIO Beca TPYHTa),

£q — KOHEUHBIl KO3(pULUHEHT NOPUCTOCTH TPYHTA, HOMYYCHHHIH

noj JeficTBHEM HarpyskH p, (KOHeYHOe HanpsKeHHe),

a — Ko3puiHeHT YNIGTHeHHS TPYHTA, /1S HHTEpBana HarpyskKH

oT py, Ro py KI'/cm®.

Pacuer ocafku NpOHM3BORAT B CJEAYWOLIeH INOC/AENOBATE/NLHOCTH.
BHauasie ycTaHABMHBAIOT U3 I'€OJIOFHYECKOTO paspesa OCHOBAHHS COOPY-
JKeHHs] HaYyaNdbHYI MOULHOCTh f; ]Il CXKHMAEMOro CJosi TPYHTa H ero
TJyOHHY 3a/eTaHusd, ¢ y4eToM TJyOHHE! 3aM0XeHHs (yHAaMeHTa, Kak
MOKAa3aHO Ha puc. 53. 3arTeM onpefensioT HHTEPBAT HATPY3KH HA TPYHT
OT HAYaJbHOTO HaNpsxKeHHs, LI COGCTBEHHOrO Beca IPYHTa, ONpe-
AEJeHHOTO ¢ YYeToM YCJ/IOBHH pasrpy3KH MaccHBa IDYHTAa NIPH PHIThE
KOT/MIOBAHA W BJMSIHHS COCENHHX COOpYMXeHHH, paBHoro p, kI /cm?,
AJsl CPefHero CeYeHHsl CKHUMAeMOro cJOSl TIPYHTa, A0 CYMMapHOIO
HanpsDKeHus p, kl'/cm?, cocTosimero U3 HanpsixKeHHs 0T COGCTBEHHOIO
Beca IpyHTA p, ¥ [NpHpauleHHs HaNpAXKEHHs OT BHEIHed HArpyskH,
paBHoro Z. IlosyuuB 3aTeM H3 MMEIOLMXCS pE3yJNbTATOB KOMIIpec-
CHOHHLIX MCOHITaHHl 0GpasUoB FPYHTOB, OTOOPAHHBIX H3 AAHHOTO CJIOS

NPH HHKEHEPHO-TEOOTHYECKHX HCC/EOBAHMSAX, CPEAHIO KOMIIPECCH-
OHHYIO KDHBYIO JJ/1 CKHMaeMOTO ¢JI0s1, ONPeJeNslioT o Helt Haua/ bHEIH
Kos@cpnuuem TIOPUCTOCTH TPYHTA &, AMs HATPY3KA p, Kkl /cm?, a Takxke
KOHEUHEI KO((UUHEHT NOPHCTOCTH & AAA Harpysku p, xI/cm®
H paCCHHTHIBAIOT NO (opMyne (76) HCKOMYI0 BEMTHYMHY KOHEYHOH
OCAJKH.

Ho MoxHO npousBecTH pacyeT KOHEYHOH OCafiKH H 1o dopmy-
Je (78), onpegenuB no KOMIPECCHOHHOK KPHBOA KO3(OUIHEHT YIIIOTHE-
HUsl FpYHTa @, A/1s 3aJaHHOTO HHTepBa/Na HATPY30K (p, — py) Kkelcm®.

§=

27. KommnpecCHOHHbe MCNBLITAHHS

KomnpeccuoHHble HCHBITAHHS FPYHTA B JaGOPATOPHHIX YCAOBHSAX
NPOH3BOAAT B KOMIPECCHOHHHX NpHGOpax B YCJAOBHAX ORHOpasMep-
Horo cxkatug. O6pasen IPYHT2 NOMEAIOT B XKECTKOE KOJIBIO H K HEMY
NPHK/IAJLIBAIOT CTYNEHAMH BO3pacTaiomylo Harpysky. Msmepenue cxa-
THS IPYHTA NPEKPAIAIOT NOC/Ee 3aTYXaHUs OCAlKd Ha KAKIOH CTyNeHH
Harpyskn (puc. 58). IlonyyeHHAsi KOMIpPeCCHOHHAs KPUBasi XapaKre-
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pH3yeT KOHeuHsle 0CaAKHU ¢/Iosl FpyHTa. Brfop cTyneHell Harpysku npH
KOMIIPECCHOHHBIX HCIBITAHHAX TPYHTOB [POH3BOAAT B COOTBETCTBHH
€ OXHAZEeMOH BeAHUHHOH HaNpPSKEHHS B OCHOBAHUM COODYXeHHH,
mo raybuHe B MaccuBe TPYHTa.
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Puc. 58. Cxarue c/los rpydTa no BPEMEHH CTyIeHA-

Mu Boapacraiomell Harpyarofl. s,;_j —KOHeUHad OCaf-

K4 mTOJ CTYNeHbIO HArpy3KH pj, Sk.g — KOHeuHas
oCafika MOJ CTYMeHBIO HATPY3KH p°.

PesysibTaThl KOMIPECCHOHHBIX HCIBITaHWH TpPYHTOB H300paxKaroT
ONHO# M3 CJefyIOIWUX KpUBbLIX: |) 3aBHCHMOCTbIO H3MeHeHHs! Ko3(-

(HnUeHTa [OPHCTOCTH TrpyHTA
OT Harpy3KH, paccHUHTaHHOro mo
3aMepeHHOH KOHeuHOH oOcCajke
AJis KaXJOoH cTymeHd HATPY3KH,
Wid 2) 3aBUCUMOCTLIO OTHOCH-
TeJILHOIO CXKaTHa rpyHTa, npej-
CTaBJISIOILETO pe3y/bTaT OT Je-
JIeHHsI 3aMepeHHOil ocaiKH, s
KaxJo# Harpyskd Ha TpyHT, Ha
HayaJibHYI0  BeicoTy  ofpasua
rpyuta B nputope. s nepsoit
KpHuBOil, MOKa3aHHOM Ha pHc. 59,
Ha ocu afcpucce HaHoCAT JaBje-
Hde Ha TPYHT, a Ha OCH OpaH-
HaT OTK/IafpIBaloT COOTBETCTBYIO-
mye eMy Ko3gdHuneHTs TOpHC-
toctd. s BTOpOi KPHBOM, TO-
KasaHHoit Ha puc. 60, Ha ocH

AB3@uuutnt NGpUCAOCMY €

!
\
[
!
I

e = = — -
-~

’

b
Hazpjna p

Pyuc. 59. KoMnpeccHodnas KpHBasg B KO-
opAHHATHON cHCTeMe Ko3QdHILUEHT moO-

PHCTOCTH — HATDY3Ka

abcumee HaHOCAT TaKk:Ke AaBjieHde Ha TPYHT, a I0 OCH OpAHHAT — OT-
HOCHTEJIbHOe c)KaTHe TI'PYHTA, BHpaXeHHOe B NPOUEHTaxX OT Hauasb-
HOH BEICOTH ofpasua, 3aMepeHHoi B Kosbue npubopa mnepen npuso-
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eHHeM Harpysku. Ha mocnegnefi KpupoH mo/KeH GBITh HaHeceH Ha-
JaNbHBIH KODPUIHEHT MOPHCTOCTH I'pyHTa, 4ToGH KpuBas Gbiia npu-
Bfi3aHa K ONpPe/e/]eHHOMY HadaJbHOMY COCTOSHMIO o0pasila rpyHra.
TpeSyemass Ana pacdeTa OCaJKH COOpYKEHHS IKCHepHUMeHTanbHAas
CBsI3b MEXKAY [aBJeHHEM Ha TPYHT H ero CKaTHeM XapakTepuayercs
KO3(h(DUIIHEHTOM YIJIOTHEHUS,
MOJIYYeHHBIM B  pesyJbrare
HCOBLITAHHA TPYHTA B KOMIIpec-
CHOHHOM mnpuGOpe, T. €. 6es3
BO3MOXXHOCTH GOKOBOr'O pac-
IMUPEHUs, HJH MOAYJIeM Je-
thopMaLMH, NOJYYEHHLIM B pe-
3y/AbTATE HCOBITAHHS TPYHTA
MOJIEBLIMU ONBITHBIMH HArpys-
KAaMH, IpH BO3MOKHOCTH O60KO-
BOT'O pacUIMpEeHHS HCMbITLIBAe-
moro rpysra. [Ipubopamu ans
TPEXOCHOTO CKATHS TPyHTa
- MOJIL3YIOTCS [PEeHMYIIeCTBeH-
HO JJIs HCCeNOBATENbCKHX

Pic. 60 KomnpeccrnonHas xpupas B Koop- LeJIEH.
IHHATHOH CHCTeMe OTHOCHTENbHOE CcXKa- K03prbmll’leHT YOJAOTHECHHSA
THE — HArpyska npencrasafer co6oit koaddu-
HHEeHT [PONOPLHKHOHANLHOCTH
MeXNy H3MEHEeHHeM JABJeHHs Ha TIPyHT HJH ero Hanpsukenus (mpu-
YiHO JeOpMALMM) U KOHEUHLIM H3MeHeHHeM KoathdHIHeHTa nopucroc-
TH TpyHTa (CleCTBHEe HpUpAlEHHs] B HEM HaNpsuKeHus), 6e3 BO3MOK-

HOCTH €ro GOKOBOIC pacHIMpPEHMs:

(py—p1) a=pa=(en— &x), (79)
roe p,=Z, — HadajbHOe [AaBJCHHE HA I'PYHT, 3aTPYXKeHHbll B KOJbIO
KoMrpeccHoHHOro npubopa, &I /cm?,
po=~Zy — KOHEUHOe JapjieHHe Ha [PYHT JJf JaHHOH CTymeHH Ha-
rpysku, &l'/cu?,
p — TpHpAIIEHHE JABNEHHA WM HanpsikeHuil, &I'/cm?,
a — xO3QPHIUHUEHT YIJOTHEHHA TPYHTA, ANA JaHHOI'O HHTep-
Baja JaBjeHHH Ha HEero, ¢ pasMepHocTbio cM?/kl,
€, — HAYaNbHLIH KO3(p(PHIIMEHT MOPHCTOCTH TPYHTA, COOTBET-
CTBYIOIWIHIT €70 COCTOSIHUIO MPH HArpy3ke Ha TPyHT, pas-
HOH P,
gx — KOHeYHBI KOIPPHIHEHT NOPHCTOCTH TPYHTA, MOJYdeH-
HBIH /15 KOHeYHOH ocajiKu TI'pyHTa Mok Harpyskodl p,
Ona naxoxpedus Ko3ppHilMEHTA YIJIOTHEHHAS TPYHTA CHOPSVIISIOF
Y4acToK KOMIPECCHOHHOH KPHBOH, COOTBETCTBYIOUIHH MAaovy H3Me-
HeHHIO HATPY30K, mpH KOTOPOM CIpsIViIeHHe CYLUIECTBEHHO He OTKJIO-
Hiercs or Kpusoil. Torga cHMaevocTb I'pYHTa Ha 3TOM HHTepBajIe
HArpy30K MOXHO XapakTepH30BaTh YIVIOBbIM Ko3(DQHUUHEHTOM IoJy-
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YEHHOH MPsAMOM, KOTOPLIA paBeH KoappuUMeHTy YIIOTHEHHS AN AaH-
HOIO HHTepBana HAarpysok. Ilpw u3ameHeHHH HArpysok OT p; 10 P,
YII0BOH KO3(PUIHEHT MMOJyYeH-
HOH mnpsiMOli j/1fl 3TOTO HHTep-
Baja Harpysok (puc. 61) Gymer
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ofbema rop TpyHTa B HHTepBane
H3MEHeHHsl Harpy3oK oT p; [0 )
Pa. 2 [
Ecnu KOMOpeccHOHHAst KpH- Hazpysma. p

Bas JaHa B BHIE 3aBHCHMOCTH pyc gl Pacyertas cXeMa A ompe-
OTHOCHTENBHOI'O CXATHS TPYHTA  penesnss xosQQHUHEHTa yIJIOTHEHHA
OT Harpy3KH, TO H3MeHEHHe KO- rpysTa

spduinenta nopucrocTH rpyHTa

CBA3aHO ¢ OTHOCHTENbHOH OCAfKOi Cjefyioulell 3aBHCHMOCTbIO (75)

30‘31261(1+30)=i(‘171—l*;8—()); (81)

rie S — ocajgka NpU3MH TPYHTA MOJ HATPY3KOH, paBHOH p,,

h, — HavanbHag BLICOTA MpH3MBI TFpyHTAa B KOJblle KOMrpec-
cuoHHOro rnpuGopa, nepen ero sarpyskoii (Ipu HyneBol Har-
py3Ke), Korja ero HayanbHBIH Ko3((UIKEHT MOpHCTOCTH pa-
BEH &

[Mpupaienue OTHOCHTenbHOH ocaaku (puc. 60) no OTHOMIEHHIO

K HauanbHOil BHCOTe ofpasla TIPYHTa, [pH YBeNWYEHHH HATPY3KH OT
P1 RO Py PABHO:
ez_e1=80“82_80+81=81_‘82=a_(p2_'p1) (82)
1+4-¢g 1+4¢ 142
Hna 3anaHHbIX HaydanbHOI'O KO(pdHIMEHTa MOPHCTOCTH H HHTep-
Bajla yBeJIMYEHHS] HArpy3KH C YBeJHJYEHHeM OTHOCHTEJIBHOH OCajKH,
MM CKHMAeMOCTH T'PYHTA, yBeJHYHBAeTcs ero KOs(pduIHeHT ymjoT-
HEHHSA.

28. XapaKtep CXKaTHA MeCYaHBIX H [JIHHHCTHIX TPYHTOB

Cxarue mecyaHoro TI'PYHTA MpPH YBeJHYeHWH HAIPY3KH HA HETo
fIDOMCXOJHT B OCHOBHOM OT pa3pyLIeHHS OCTpHX pefep M YIIOB y 3e-
peH ¥ uX MepeMellleHHsl B CTOPOHY MOP H3-32 rpeBbIIeHHs KacaTelb-
HEIMM HanpsDKeHHSIMA HA KOHTAKTaX CHJ TPeHMS MEXAY 3epHaMH.
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IepeMerienne ofHNX 3€peH BLISHIBAeT cMemiende Apyrux. IlopucrocTs
MecYaHoTo TPyHTA YMeHbInaeTcd. IJTH nepeMelleHHs 3epeH MPOHCXOIsT
cpaBuuTeIbHO OhicTpo. BBupy Gosbinoil BOAONpPOHHILAEMOCTH [€cKa
npoilecc OTKATHSI U3 HETO BOALI HE OTPAHHYEH CKOPOCTHIO (QUALTpaIUH
H [IPOJOJ/IKHTENbHOCTL OCAAKH HE 3aBHCHT OT MOHOCTH caost. O6hIuHO
B ¢JIO€ MEeCYAHOTO TPYHTA OCHOBHASA YacTb OCAAKH NPOMCXOAHT B Teye-
HHe OJJHUX CYTOK NIOC/ie YBeHdeHHs] HaTPy3KH Ha HeTo, 3aTeM CKOpOCTb
H3MeHEHHs! OCa[lKH MEJJIEHHO 3aTyXaeT, a BeJIHUHHA ocaike NpHGiu-
’xaeTcsl K CBOEMY KOHEYHOMY 3HayeHuio (puc. 62, xpuBas aq).

Moodoswiumenssocme nobarodenuy, t

I

S

Jeadnu, §

\

Puc. 62. Xox cxaTus cJI0f IECYaHOro TPyHTA
(@) u ramHucToro rpyuTa (b) C TEUEHHEM BPEMEHHU

e

CkaTde MeCYaHoTO TPyHTA 3ABUCHT OT €T0 HaYanbHON IOpPHCTOCTH.
UeM MeHbllle HAyanbHas MOPHCTOCTh JIECUYAHOTO TPYHTA, ueM Goable
KO/THYeCTRO KOHTAKTOB MEXAY ero 3epHaMd, TeM MeHblle cBoGoja
HX NepeMelleHHs, W MeHblle ero CXKuMaeMoctb. UeMm Gosblle mMopH-
CTOCTb MecYaHol'o TPYHTA, TeM MeHbllle KOHTAKTOB MeXAYy ero 3epHaMH,
# GoJbuie BeHUYHHA cKaTHA. [IpH CHATHU HArPysKH TOJLKO YacTh
ocajxu sBaseTcss ofpaTuMol (ympyras u4acTh), jgpyrasi, Goapmias
4acTh KOHEYHOH OCajKH, HMeeT HeoOpaTUMEIN xapaxrep. CKuMaeMoCThb
fecKa TIoff cTaTHUecKOH Hapy3KoH oYeHb Manasi II0 CDABHEHHIO C CxKHMae-
MOCTBIO TJIHHUCTBIX TpYHTOB. JlaBneHde, KoTopoe mepefaeTcs OT 3epHA
K 3epHY, BEI3LIBAET CHJbl TPEHHS! MEXKAY HHMH, KOTODbIE MPENsTCTBYIOT
CMeIeHHIO 3epHA no 3epHy. CxkaTHe mecka Noj yAapHOH MM BHOpa-
HMOHHOA Harpy3Koll 3HayHMTenbHO OoJblle, YeM MoJ, cTatudeckoil. IIpn
BHOPALlMOHHOH HArpysKe KOHTAKTbl MeX1Y 3epHaMH U CONPOTHBJEHHE
TPEeHHsl HApYIIAIOTCA H 3epHA YKJAARIBAIOTCA NJOTHO. ITo3TOMy, yeM
Gonpine Oblna HAYyaAbHAS NOPHCTOCTb NECYAHOTO I'DyHTA, Tem Gosbmie
MoJIy4yaeTcsl ero ocafxa IpY BHOpAIHOHHOW Harpyske.

B cBasn ¢ GoavmuM U GHICTPHIM yMeHblIeHueM oGbeMa Mop rnec-
4aHOTO TPYHTA, MpH €ro JHHAMHYeCKOH HArpyske, 31ech npuoGperaer
CYIIECTBEHHOE 3HAYEHHe ero BOJCMPOHHUIIAEMOCTb, €CIH [0 MpH/IOoKE-
HUS JHHAMUYecKoH HArpyskd nNecuaHbli TpyHT Obl1 BOJOHACHIIIEH.
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Ilpu GosbHIOH BOAONPOHMLIAEMOCTH II€CKA JIMIIHAA BOZa GHICTPO yaa-
JISIETCS U eTO ynJOTHeHHe He ocnoXHsetTcs. Ecnn Ke uMescs mesnkosep-
HHCTHH BONOHACHINEHHHH PLIXJOCTONEHHHH recdaHplil T[PYHT, TO
BCJIE] 33 HapylleHHeM KOHTAKTOB MeXAY 3€pHaMH, B IlepHOJ, ITIOKa
JIMIIHSAS Boja He OynerT OTXKAaTa, BOJOHACHINEHHHH NECOK BPEMEHHO
npeBpaiaeTcs B XKHUAKYIO CMECh NecKa M Bopmpl. TsiKenbe NpenMeTH
B HEl TOHYT, 2 B OTKOoce OHA paciuiuiBaercs. Takoe cocTostHMe liecka
O4YeHb OMACHO M HAa3LBAETCsl P A3 MUK EHHEM.
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Puc. 63 Pacuersad cxeMma pasMuXKeHWs mecka. Ilepexianka sepen mecka (a).
Hapienne B noposofl Bofie 10 BhcoTe caof h (6). Hamenenne nopoBoro jaBienus
D=HA, ¢ TedeHneM BpeMeHy (8).

OGbemublil BeC pasMHKEHHOTO NecKa Y, CKIalblBaeTcsl H3 Beca
3€PECH IeCKa, 3aKNI0YeHHLIX B €JHHHIE OGLeMa, H Beca BOJAEHL, 3aNI0J/HSAI0-
el POCTPAHCTBO MexXpy YacTHIAMH:

gA A,
Yo="T1e ° (83)
rie &€ — Koa(xpHIHeHT OPHCTOCTH IecKa, A0 ero pasKHIKeHHs,
A, A,, — yhenbHbIl Bec BOAB H 3epeH MecKa.

Tlpouece o6paTHOR YKA4LKKH 3epen B HOBOe, GoJjiee MAOTHOE CJOXKe-
HHe, HAYHHAeTCS C HHXKHeH YacTH ¢/Iosl H NOCTelleHHO PacliPOCTpaKseTcs
BBepX, KaK I0Ka3aHo Ha puc. 63, a. 3nech uepes i o6o3HadeHa MOLIHOCTD
CJI0Sl PHIXJIOTO MEJKO3ePHHCTOTO TlecKa M r — ero ViJOTHHBIIASCS
yacrb. CrpenkaMu 0603HaYyeHO ABHMKEHHE 3ePeH [ecKa W BOJAbI B €ro
nopax. Ha pue. 63, 6 nokasana 3mopa Halopos Bogsl 10 rayGHHE ¢105
necka Ha ONpeneneHHbll MOMeHT BpeMeHH. Ma6uiTounsii Hamop BomwI
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Ha ray6une (h—r) paBen
A,—A,
H=((h—r) TER (84)
HM3meHenHe u30bITOYHLIX HANOPOB [0 BPEMeHH [OKA3aHO HA
puc. 63, 6.OnacHOCTb PasKUKEHHS N1€CKA 3ABHCHT OT NPOIOMKUTENbHO-
CTH Da3XKHIKEHHOTO COCTOSIHHS I1€CKa, KOTopad B CBOIO OuYepeib 3aBH-
CHT OT €I'0 BOJONPOHHIAeMOCTH, e pacuer MOXKeT GpiThb NOAYYEH IpH
caenyoHX npeanonoxkennsnx (Ksanos, 1956). Hopaa yknanka 3epen
i..CKa B YACTH r HMeeT KOa(hHUIMEHT NIOPHCTOCTH, DaBHBI &, 4 Bhllle-
pacnionoXKeHHas 4acThb CJ0s1 €€ HAXOJHUTCA B COCTOSHHU Pa3XKHKEHHA
¢ Ko3(bQHIHEHTOM NOPHCTOCTH, pAaBHLIM €. Bhinenum Ha rpadupe
stux dacrefi (puc. 63, 6) snemenrapHslii caoff TomumHOK dr W pac-
cMoTpHM OallaHc Bofibl B 3TOM csoe. KoJIMYeCTBO Boppl, MpoXopsiiee
3a BpeMs df Yepes IOBEPXHOCTL 3J€MEHTAPHOIO Cnosi dr, paBHO U3Me-
HEHHIO BOJOCOAEPXKAHHS B 3TOM C/0O€ 332 TOT XKe [epHoj BpPEeMeHH:

&1— &y
udt= 1‘_{_81 dr
HAH
dr _ u(ldey)
dr T e—e, ! (85)

TAe ¢ — CKOpOCTb HJbTpauuy,
3asucumocth Jlapen-I'epceBaHoBa, YYHTHIBAIasg OTHOCHTENbHOE
JABHXKEHHE 3€DEH M BOJbl MeXNy HHMH, HMEET CllenylomMi BHJ;

u—ep="h, 4L, (86)

rne U — CKOPOCTb JABHXKEeHHSI cKejera PYHTa,
k, — Ko3(phHIHEHT QUALTPAUHH DaBKIKEHHOTO MecKa.
B ciyyae ogHopa3MepHoii 3apauu, UMest B BHAY, 4To

u= —u,
MOKHO M3 3aBHCHMOCTH (85) nonyuuTh C/ELylOmee ypapHeHHe:

dr kp 4o
ﬁ - 81—' 82 ) Ti? (87)

YuuTeizasl, 4TO npHpanieHne H3OLITOYHOTO HANOpa Boas! MO BHICOTE
paBHo (84):

dH _ .8,
dz —_Ae(l +e)?
ypaBHeHne (87) Moxer GuiTh NPeACTaBAEHO B BHIE
df kp (Aa—'Ag)

AT A e (i —ey) (58)
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OTKYZa, TIOCME HHTErPHPOBAHHS, HAXOLHM:

kpt (Aa_Aa)
=
Ag(1-te1) (B —ey) *

KosbduumenT GuabTpanny recka B pasxKuKEHHOM COCTOSIHHH C J0C-
TATOYHOH Ins NpaKTHYECKHX ue.neﬁ TOYHOCTbIO MOXeT ObITh MNPHEAT
PaBHBIM Koa(duuuenTy GuAbTPAuHH Mecka A0 paspylueHHAs] CTPYK-

kt (A,—A) (90)

NPpOAOTIKUTENBHOCTD
B, () (e — gy’ W0 1P

(89)

TYpBbI, CI€NOBATENbHO: 1 =

Pa3KMKeHHsl IeCKa 3aBHCHT OT BOJOMPOHHIAEMOCTH H MOLIHOCTH
caos.

B cnyyae HanHUMA HA MOBepXHOCTH TPYHTA APEHHpYIOUlEH IIpH-
TPY3KH ¢ npouecc YKIaAKH 4acTHIL Pa3:KHKeHHOTO recka NPOHCXOIHT
OfHOBPEeMEHHO KaK B BepXHefi, TaK M HHXHeH 4acTax cios. Hannume
ApeHHpYIOWeH NpHTPYSKH Pe3Ko ycKopsieT Mpoilece YIJIOTHEHHs! MecKa.
Tak, nanpumep, ynJoTHEHHe CJOSI DPA3KMUKEHHOTO MENKO3EDHHCTOTO
fleckKa, MOUIHOCTBIO 5 #, Ge3 MpHTpy3KH MpoTeKaeT B TedeHHe 27 Mus,
a MpPH HAMHYHH [PHTPY3KH HHTeHCHBHOCTbIO | &/ /cm? — B TedeHme
6 smun. IlosToMy yCTpOHCTBO APEHHDYIOMHMX MPHTPY30K, SBASETCS
MEpOnpHATHeM 10 6opbOe ¢ BpenHBLIMH NDPOSIBASHHSMH SIBJEHHH pa3s-
AKHKEHHS.

B ramHncToM FpyHTe Npoiecc CKATHS M0J, cTaTHUecKOH Harpys3KoH
MPOHCXONHT IO-HHOMY, B OCHOBHOM He 33 CYeT paspyHIEHHs ero 3Je-
MEHTApHBIX YacTHil, a BCJAEACTBHE MepeMEUIeHHs [VIHHHCTBIX YacTHIL
MpH YacTHUYHOM paspyUIEHHH MPHPOJHOH CTPYKTYphl TPYHTa, ero CBfl-
3efi. Manas BofonmpoHHIAeMOCTh TJIHHHCTONO TIpyHTa B OCHOBHOM
H OIpefieNseT CKOPOCTb CXKATHSA, eC/JH CBS3H cjiafble H BJaKHOCTb
BOJOHACKIIEHHOTO rpyHTa Goabuas. Manas BOJOMPOHHLAEMOCTb IMIH-
HHCTOTO TPYHTa, a TaKXe MeIJEeHHOe paspylleHHe elo CBssed MOA
HArpy3KoH, o6ycnoBAHBAET BecbMa Me/JIeHHOEe H3MeHEeHHe OCafKH ¢ Tede-
HHEM BPeMeHH [pH NOCTOSHHON Harpy3kKe (puc. 62, kpusas b). Ilpo-
JOKATENBHOCTh OCAfKH Y ¢J10s1 TVIHHHACTOTO I'PYHTAa 3aBHCHT OT MOLI-
JHOCTH CJIOSl H JOCTHTAeT CBOEr0 KOHEYHOro 3HauyeHHsl 4yepe3 GoJbHION
NPOMEXKYTOK BpeMeHH. Ero cxKEMaeMOCTb CPABHHTENIbHO GOjbLUast.
Ilpn cHATHH HArpy3KH, Kak H B recke, TOJbKO 4acTb OCaiKH HOCHT
yUpYTHii XapakTep, 6onbluasi e 4acTb CKaTHsl HeoOpaTHMasi.

B ramudcroM rpyHte GOABbHIIOE 3HaueHHe MMeeT [POYHOCTL ero
CTPYKTypHBEIX cBsizefi. Ecnm cBsisu npouHble, To CKaTHe HayHHaeTCs
TOMBKO [PH CPaBHHTENLHO GOMBIIOH Harpyske, KOTopas BbI3OBET pas-
pyIIEHHEe HEKOTOPHIX Hanbosee cnabbix cBsizell. OHO 3ABHCHT OT HAYa/b-
HOIl MMOPHUCTOCTH TOAbKO IIPH GOMBUIMX HArpyskax.

IpakTnkoii mcclefoBaHHH ecTeCcTBEHHLIX OCHOBAHHUH COOpYXKeHHH
yCTaHOB/IEHO, UTO CBOMCTBA 'DYHTOB BecbMa H3MEHUHMBBI, Jaxe B Ipe-
JefaX OfHOH CTPOMTe/NbHOH [JOWANKH, MO TPYHTOB ORHOTO
BospacTa M OOHHX YCJIOBHH oGpasoBauns. [Ilostomy ueneco-
o6pasuo jaasi Gojee MPABHABHOIO H3YUeHHs CKHMAEeMOCTH TPYHTOB
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oT6upaTh 06pasinl /s J1aGopaTopHLIX HCCAEIOBAHMA JOCTATOYHO 4Yac-
TO, M3 PA3HBIX MECT eCTeCTBEHHOIO OCHOBAHHS H MPOH3BOAUTb HX KOM-
npeccHoHHble HcnbiTaHus, [locnennue He IPOMO3AKH H CTOMMOCTb HX
MeHbIlE, YeM OMBITHHX HAarpy3oK B MOJEBHX YCAOBHAX. IToc/iefHHMH
MOJIL3yIOTCSl PelKO, BBHAY HX TPOMO3IKOCTH H JOPOTOBH3HHI, YTO
OrpaHHYHBAET HX KOJHYECTBO H TIJYOHHY HCIBITAHHH HA CTPOUTENb-

HOH [JoIAaJKe.

29. OpHopasmepHOe CXaTHe, H3MEHZIOUeeCs
C Te4yeHHeM BpeMeHH

TNokasarenu cxKaTHS TPYHTOB, PACCMOTpPEHHble BHINIE, XapakTepH-
3yIOT' KOHEUHYIO OCaAKY CJ0s1 TPyHTAa IOJ MPHJOKEHHOH HAarpyskoil.
Ora ocanka He BO3HHKAeT OJLHOBPEMEHHO C MPHJOKEHHEM HArpyskH,
a HApacTaeT MOCTENEHHO H 3aBHCHT He TOJBKO OT BOAOMPOHHIAEMOCTH

Lmprumenssid Incasgamaguansond neguod

Hazpysaa na ecvoborme, p
<y

Npodeawcumesonacms wainodewsd, t

Puc. 64. ['paduK usMeHeHUAA HArpySKM HA OCHO-
Bauue, OaxkTHueckud (¢) W pacueTsuil (8)

IPYHTA H MPOYHOCTH ero cBA3ell, HO TaKXKe OT XapakTepa HarpysKH.
Ha puc. 64 nokasaus! criioniHoil TuHHEH HapacTaHue HArPy3KH B CTPO-
HTebHHI [1ePUO] U CAEAYIOIHI 32 HUM MepHOA SKCMAyaTallHH C [HocTo-
siHHOH Harpyskoid, IlepenoM na rpaduke yKassiBaeT HAa JOCTHXKeHHe
HATPYy3KOH CBOEro KOHEYHOI'O 3HAYeHHs HJIH HAa OKOHYAHHEe CTPOHTENb-
Horo nepuopa. OpHako Tako# rpapHK HeBO3MOMKHO BHPA3HTh Herpe-
puiBHOH ¢dyHkumell. [TosToMy, YYHTHBAs, UTC MEPHOJ IKCILIyaTALHH
HecoM3MepHMo GoJiblle CTPOHTeNbHOro, Hauosee pacHpoCTPaHEHHBIM
pacyeTHLIM XapakTepoM H3MeHeHHs! HATPy3KH Ha MOBEPXHOCTH IPyHTA
ABJISIeTC MTHOBEHHAsl HArPy3Ka, MOKa3aHHAs MyHKTHPOM Ha pHc. 64.
3nech npeHeGperaloT MepHOAOM HAPACTAHHSl HAUPY3KH, YTO HE BJe-
YeT 3a co6oii GonblIoH OMIMOKH B XapakTepe M3MeHEHHsl OCAJKH [0
BpEMeHH.

IlocTeneHHoe pas3BuTHE OCANKH [MOA MIHOBeHHOH HAarpyskoif mnoka-
3aHo kpuBofi b Ha puc. 62. 3pech KoHeyHas ocalka oG03HAYEHA S,
H 0ocajka, M3MeHsIOIasacsl ¢ TeueHueM BpeMmeHH s;. IlociepHas Boapa-
cTaeT oT HyJ si 0 3HAYEHHS KOHEYHOH OcCajiKH, KOTOpas ocraercs 6e3
H3MeHeHHA Heorpeje/leHHO [ONIOe BpeMsl.

OCHOBHBIM BOMPOCOM SIBJASIETCSl BONPOC O pacyeTe KOHEYHOH OCAIKH
MpH MTIHOBeHHOH HArpysKe Ha MaccMB IpyHTa Bompoc e pacdera
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H3MEHEHHS OCAJIKH CJIOS FPYHT2 B OCHOBAHHMH COODYXKEHHS, MPOHCXO-
JAIIErO ¢ TeYeHHEM BpeMeHH, B GOJIbUIMHCTBe caydaeB ABJsieTCA BTOPO-
CTEMEHHbLIM M pelllaeTcst GoJiee NPHOAHKEHHO, UeM pacyeT KOHEYHOH
ocapkH. Oun npHoGperaeT CymecTBeHHOE 3HAUEHHe A5 pacyera yCToi-
YHBOCTH OTKOCOB H HANOPHBIX THAPOTEXHUYECKHX COODYKEHHH B CBASH
C HX YCTOHYHBOCTBIO, KOTJIA TOPHSOHTa/NbHAS HArpy3ka MOxeT OHTb
MPHJIOKEHA K COOPYKEHHIO TOBLKO MPH CTENeHH YIJIOTHEHHS GMH3KOR
enunule (106) mas cost TMHBL B OCHOBAHMH, KOTAA Harpyska mnepe-
JacTcs Ha CKeJleT TVIHHBI B pesynbTaTe ee ynaotHeHus. [lepmon 3aty-
XaHHS OCaJKH ONPEeNENsIOT B 3TOM CJydae 10 HAGIIoNeHHaM 32 nepBo-
HaYaJbHBIME OCafKaMH 4acTell COOPYXEHHs N0 XOAY CTPOHTENbCTBA
H 000OLIeHHEM HX C HCMOJIb30BAHHEM 3aBHCHMOCTEH JJIsi OJHODa3Mep-
HOTO CXKATHS, W3MEHSIONIEroCs C TEYEHHEM BPEMEHH.

Ona pacueta opHOpasMepHOTO CKaTHs, H3MeHRIOLIErocsl ¢ Tede-
HHEeM BPEMEHH, PaCCMOTPHM CJaydail pABHOMEPHO paclpelle/eHHO! MIHO-
BEeHHOH HATPY3KH, NPHIOKEHHOH K IOBEPXHOCTH CJOSI BOJAOHACHIIEH-
Ho#l ramubl. [lopel B TiiHMHe MOJHOCTBIO 3aMOJIHEHB! BOAOH M mocTe-
NEeHHOe H3MeHEeHHe OCAJKH CJOs C TeyeHHeM BpeMeHH IIpH MOCTOSIH-
HOll Harpyske Ha Hero 6yaeT NMPOUCXONHTb JHUIIbL 110 Meépe OTHKHMAHHA
noposoit Bogsl. ClepoBaTesibHO, /IS PACyeTa OCafKH CJIOsi, H3MeHSIo-
meficss ¢ TeueHHeM BpeMeHH, HeOGXONMMO HMeTb, KPOMe XapakTepH-
CTHKH CXaTus, TaxKke CBeJeHWsl O BOAOMPOHHIAEMOCTH TpYHTA.
Tociennne motyyaror B pedyibTaTe NPSIMEIX OfipefiefieHnil B GHABTpaly-
OHHOM TpHOOpe.

Heo6xonHMO OTMETHTD, UTO H3MEHEHHEe OCAfX¥ CJ0d IVIHHBl C Tede-
HHEM BDeMeHH 3aBHCHT OT paspyileHHs cBsi3edl B IpyHTe B mpollecce
ero cxKarTus. DTH CBS3H BOCIIPHHHMMAIOT Ha ceGs YacTb Harpysku. OHH
MegjeHHO aedOpMHPVYIOTCH IOA BAMSHHEM TOCTOSIHHON HArpyskH, oGy-
CNOBJHBAs fIBJieHHE IIOJ3YUYCCTH B cKejeTe rpynra. ®uabrpaunHoHHOe
YIJIOTHEHHE, KOTOPOE 33BHCHT OT BOJONPOHHIIAEMOCTH I'iHHBLI, 3aKaH-
YyuBaeTcs NpPH JOCTAaTOYHO HPOYHBIX CTPYKTYPHHX CBAA3fiX ObICTpee,
YeM B IepeMsITOH I'JIMHe, I'Jile 3TH CBfI3W HapyuleHsl, [lonsyyee ymaot-
HeHue cJOs TJIMHH [POHCXOJHT OJHOBPEMEHHC ¢ (DHJIBTPALNHOHHEIM
YIJIOTHEHHEM W [I0C/Ieé €r0 OKOHYAHHS BECbMa NPOJIOJKHTENbHOE BpeMs
CO CKOPOCTBIO 3HAYHTENLHO MeHbIleH, YeM CKopocTb (UJILTPAIHOHHOIO
ynaotHeHHs1. BBHAIy HenocTaTouHOM H3yYeHHOCTH Ipolecca NOa3Y-
4ero yMnJOTHEHHS CJIOs TJIHHBL [PH pacyeTaX OCHOBAHHIl COOpYKeHHH
MPHHHUMAIOT, YTO CKOPOCTb YIJIOTHEHHS CJOS TJIMHBLI 3aBHCHT TOJBLKO
OT ee BOJOMNPOHHIAEMOCTH, 4 He OT IIPOTHOCTH cBszeil B MMuze. Koreu-
Has e 0CajKa 3aBHCHT OT MPOYHOCTH CTPYKTYDHBIX CBs3eil.

B pacuerHoit cXeMe MPHHHMMAIOT, UTO T'PYHT TILATEAbHO PAsMAT MpH
BJIZXKHOCTH, ONH3KOH K BIAXHOCTH Ha Npefiesie TEKYIeCTH H YTO CTPYK-
TYpHHIE CBSA3H B IVIMHHCTOM FPyHTe He Bo3HHKAWOT. Hapacranue ocagku
CJI0Sl BOJOHACHIIEHHOH TI'HHEL MPOHMCXOZHT B COOTBETCTBHH C BHDKH-
MaHHeM Boas! H3 Hee. CjoH BOAOHACHULEHHON TJIHHBI MOIHOCTHIO R
HMEET TOPH30HTAAbHOE 3aNieraHHe W PACMoJIOXKeH HHXKE YPOBHS IpYH-
TOBBIX BOA MEXAY ABYMs CJOSIMH [eCKa, XKak MoKasano Ha pHC. 60.
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K c/1010 MIHOBEHHO [PHIOXKeHA PAaBHOMEpHO paclipele/leHHas HarpysKa,
paBuas (p, — py), ThAe p, — HadalbHas Harpyska Ha CJIOH W p, —
KOHeuHast HArpy3ka Ha Hero. B MOMeHT NPHJIOXKEHHH HACPY3KH BOJa
erie He Hayala (HIBTPOBATL H CKeJeT TPYHTa, BCeCTBHE HeH3MeH-
Horo o6beMa 10D, 3aHATOTO BOAOH, He MOMKET CIKAThCSA B COOTBETCTBHH
- C H3MeHeHHeM [OpHCTOCTH
i 10 KOMNPECCHOHHOH KPHBOH
, oT & JO &, NPH H3MEHEHHH
h HarpysKH oT p; 10 pg. B mo-
POBOIl BOJe Mo BCed BHCOTe
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CJIOS1 BO3HUKHET H3OLITOUHBIH
Hariop Bojpl, NOKa3aHHLIH Ha
pac. 65 u paBHBIR

—P
H0=P-2—‘A—l.

(]

(91)

Smopa wu3buTouHolo Ha-
nopa BOAHl [0 BHICOTE CJIos B
9TOT MOMeHT OyAeT npaAMo-
- yroJbHOH (OHA MOKasaHa Ha
h puc. 65 mTpHXoBKo#). Ochb
‘ z unanpaBjena KHuzy. Ha-
2 4ajJo KOOpAHHAT pacnoJo-
KEHO Ha XpoBJe cJofd TJd-
unl. ITox pJeficTeueM H36HI-
TOYHOTO Hariopa BoJpl B MO-
pax rpyHra HauHercs PuiabT-
pauMs OT CepefHHH ¢JIos
KBepxXy M KHH3Y. B closx nmecka u36bITOYHBI HANOP BOAHI, IOC/IE MPH-
JIOKEHUs HATPY3KH, paBeH HYJIO0, TAK KaK 3[ech HAroOpH BOJbl He H3-
MEHHJIECH [MOCJe NPHJIOKEHHsT HAarpyaKH H COOTBETCTBOBAJIH YPOBHIO
IDYHTOBHIX BOJ, COBMAJAIONIEMY C BepxHell rpanmuell BepXHero csos
nmecka. Hau6ospume rpapuentsl Hamopa BOAH, a CJIEJOBATENbHO, H
_Haubonbinas CKopocTh (UJbTpalHH GYAYT HMETb MECTO y KpOBJH H
MOJOWIBEE C/I0A [JIMHBL 3aBHCHMOCTb CKOPOCTH (uiIbTpaluH oT rpa-

Puc. 65. PacyeTnas cxema Al onpejeneHns
H3MEHeHHA OCaJKH CNosd PIHHHCTOrO TPYHTA
C TEYEHHEM BpEMEeHH

AMeHTa Hanopa BoAwbl npuxuMaercs no Jlapcu:
oH

rle 4 — CKOpOCTh $HALTpALHUH,

k — roapduuuedT ¢GuIbTpauusy,

oH
I= ; OTHOLIeHHe NPHPAUIEHHA M3CLITOYHOTO HAMOPA BOXH B 1opax

IJIHHBL K BBICOTe CJIOSI HJH [pajdeHT H3OHTOYHOTO HANopa BopH.

3p1ech 3HaK MHHYC YKasblBaeT HAa HanpaBJieHHe CKOPOCTH (uabTpa-
IHH, XoTopas o6paTHA HanpaBJeHHIO pOCTA Hanopa BojH B CJOe TJH-
Hpl, TaK KaK QuAbTpallus MPOHCXOAUT M3 06JaCTH OOJIBIIOTO Hamopa
B 0671aCTb C MEHBIIHM HAlCPOM BOAHL.
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C momenTa Hayana QuAbTPALKH H3GHITOYHEE Hanopkt H ) B ropoBoil
Boje OYAyT yMeHbINAThCA, a HAPY3Ka HA CKeJIeT TPyHTa BO3pacTaThb
Ilo Mepe ynaneHnss yacTH Bofpl M3 o6beMa [OP CKeneT MPYHTA HAYHET
CXHMaTbesl JMIophl NOPOBoro aasaeHust AH, B ciioe IVIMHBI HA Pa3Hble
MOMEHTL! BpemeHH fy, {, ¥ I, MOKasaHsl Ha puc 66 M3 nero BHZAHO,
YTO HAMMEHbUIHH TrpajyeHT H36BITOYHOIO HAMOPa BOAHL B IJHHE, a cJlle-
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Puc 66 Omiopn pacnpefieneHHS nOpOBOrO JABIEHHA YO BLICOTE
C/I0S1 IVIHHHCTOIO TPYHTA, JI PasiHuHOH IPOJOMKHTENLHOCTH
t;, tg, f3 DPHIOKeHHS BHEIIHEH pPaBHOMePHO pacmpepeleHHOH
HarpyskH Ha 3TOM c¢Joe hy — NPHBEAEHHAS MOIHOCTH CJOS
DJIHHHCTOTO TPYHTA, Z, — NpPHBeReHHAd NIyOHHA pacHolOMNeHHs
CeueHH B CNOE, P — HArPysKa Ha CKeleT TFpPyHTa, f —BpeMs,
£, — KOHEYHBIH MOMEHT BPeMeHH NPH GeCKOHEYHO NMpPoAOdHKHTENb
HOM TNPHJIOXKeHHH BHeIUHeH HArpy3KH Ha cloe

JOBATENbHO, H CKOPOCTh (hUABTpAllHH OyJeT BOMH3H OT CEepeuHH CJOsl.
B cepenute cnost Gyner pacnonoxkeHa rpaHuLa Mex/ly ABYMs HanpasJe-
HUAMH QHADTPALMH KBEpXY H KHH3Y.

Pacxoapl Bonsl yepes yoGoe MOPU3OHTANBLHOE CeyeHHe Ha IyGHHE
2y B CJIoe INIHHEL CJIAraioTcs M3 pacxona oT YMeHbIIeHHS MOPHCTOCTH
NPH CKATHH B JAHHOM CeyeHHH H TPAH3HTHOTO pacxoja H3 cocenHefl
3oHsl c10s1 Iueel [loatomy pacxon Bojpl H HOTEPH Hariopa BoAH B Hall-
PaBAeHHH (QUALTPAIMH BO3PACTAIOT U (PUABTPALHS HOCHT HepAaBHOMep-
Hulfi XapakTep. BoJonpoHHIaeMOCTh Mecka HAacTOAbKO GOJbIIE BOJO-
MPOHHIAEMOCTH [VIHHBI, YTO BOJA, OTKHMaeMas U3 TAMHBL B CJI0H Tlecka,
OTBOJAHTCA H3 MOCAEIHEro ¢ HHYTOKHO MaNBIMH TOTEpPSIMH Haropa, KoTo-
PHIMH MOXKHO ripeHe6peyn u NMPUHATDH, 9TO HANOP BOJIBI B recke 3a BpeMsl
(HABTPALHOHHONO YIJOTHEHHS! TJIUHL HE MeHsercs
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Koraa nJomaips 5mopsl H3OLITOYHLIX HANMOPOB BOAbI 110 BHICOTE CJIOS
[AHHBI, YMEHbIIAACh C TeUeHHeM BPEMEHH CTaHeT, PaBHOH Hy/mo, BCA
BHeIIHAA HArpy3Ka NepelacTCd Ha cKeleT PpYHTA U 0cafixa CJI0s JOCTHT-
HeT CBOell KOHEYHOH BeJMYHHELL

3zech cleiyeT OTMETHTDh, UTO ABHXEHHe NIOPOBOH BOAK!, NIPH CXKATHH
BOJIOHACBHIIEHHOH TJIHHbI, IPOHCXOJUT OJHOBPEMEHHO C JBHXKeHHeM CKe-
MeTa [JIMHB, HO B INpPAMO INPOTHBOMOJIOXHOM HamnpaBieHHH. Ecnu
Np¥ NOpax, MOJHOCTbIO 3aNOJHEHHBIX BOJOH, IOC/AeIHAR (UIABTPYeT
uepe3 KpOBJIO CJOA KBEPXy, TO caMa KpOBJA IepeMeliaercd KHH3Y
Ha BeJMYHHY, PABHYIO ocaxe cios. Takum o6pasoM, 3 yCIORHH CIIJIOMI-
HOCTH TPYHT4 BbITeKaeT, YTO HAIpaBJ/ieHHe CKOPOCTH JBHKEHHS BOJbI
PaBHO M IPOTHBOIOJIOXKHO HANMPABJEHHIO CKOPOCTH JABHXKEHHS CKenera
raubpl, [las  ynpolieHus mocTpoeHHS YpapHeHHS HepasHOMEpHOH
tuapTpallMu B Nopax rAMHBL, IIPH OCajKe cJIos C TeueHHeM BpPEMEHH,
MOYKHO 3aMeHMTb: a) BBICOTY CJIOS TJIMHBI — MPHBENEHHON BhICOTOMH (74)

h
h’O - 1—:[:_8. y
6) paccTosiHHe OT KDOBJIM CNOS {0 FOPH3OHTANLHOTO CEYEeHHS B CJoe —
NpHBEJeHHBIM PACCTOAHHEM:

2=1Tr. (93)

8) koa(unHeHT GUALTPAIUH — NpHBeleHHbM Ko3hbHnuHesToM (Puib-
TpallHu:

k

Torna saBucuMocTs JlapcH Ansa cKopocTH (UJAbTpallHH B NMOpax
rIuHBL OyneT HMeTb CJeAyoHH BHA:

oH =

INpuBenennas MOUTHOCTD CJIOSl TPYHTA B NPHHATOH PACUETHOH cXeMe
He H3MeHAeTCH B INpollecCe CXKAaTHA W TONOXKEHHe Hayaja KOoODAuHAT
B TOM cJyuae OyleT NOCTOSHHBIM.

HexojHoe pudipepernuanbHoe ypaBHeHHE Jiji HEDABHOMEPHOH OHO-
pasMepHoll DHJBTPAllHM JOKHO CBA3aTh CKOPOCTL H3MEHEHHA H30HI-
TOYHBIX HANIOPOB BOjibl C H3MEHEHHEM CKOpOCTH (DHJIBTPAllHH MO BHICOTE
cnos. OHo MoxkeT OHTb NOJNYUEHO H3 COMOCTABJEHHS H3MEHeHHH CKO-
POCTH (HJBTPAllMH B NIOPAX BOJOHACHIIEHHOH IVIMHBI IO BEHICOTE CJOS
¢ uaMeneHHeM ee mopucToctd. Ilpu duabTpamuu H3 cnos rJIUHLL MOJ
Jle#cTBHEM paBHOMEPHO pacmpefiesleHHOH HArpysKH PacXojl BOALl Hapa-
CTaeT B HanpaBneHHH ee JIBHKEHHUS OT OJHOI'0 IOPH3OHTAJBHOrO Ceue-
HHA B CJIOe K APyroMy. ¥ BeJIHUEHHE JKe pacXofia BOJb M0 BHICOTE CJIOS
BOJIOHACHIIICHHOH TJIMHBI, HJIH CKOPOCTH (DHJBTPAllHH, PABHO CKOPOCTH
yMeHbllleHHa ofbeMa TOp B TPYHTE MEXY ITHMH CeueHHAMH. B uact-
HBIX NPOH3BOAHBIX 3TO MOJIOKEHHE MOXKET ObITh BHIPAXKEHO B CIIE/YIOMIEM
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BHAE:
TAe 4 — CKOpoCTh (PUIABTPALIHH;
{ — NMpOJOJIKHTENbHOCTD NPHJIOKEHHS K CJIOI0 I'VIMHBI paBHOMEPHO
paclpeieneHHol Harpysku.
Ina monyueHHs uCKomoro jpHddepeHIHANbHOTO ypaBHeHHS Heob-

du 0t
XOJHMO UNEHHl =—H- B PABEHCTBE (96) Bblpasurh uepes u3OHITOU-
] .
Hbli Hallop Boibl B MOpax INIMHBIL.
Jil 9 X0 3 Bbl (79) -
A 5, MCXONA M3 BHPAXKEHHH , TAe yMeHbleHHe Ko3(du

OHeHTa TNOPHCTOCTH TCPYyHTA, MpH MajblX HHTepBaiaX H3MeHeHHd
HarpysKkH, NpoNOPIHOHANBHO U3MEHEHHIO HATPY3KH Ha CKesleT TpyHTa,
HMeeM ciefyiouee:

de dp

oF T %%
rge a — Xo3(hHLUHENT YIJIOTHEHHS TPYHTA AJf JaHHOIO HHTepBaJa

HarpyskH, NOJIyYeHHBIH H3 KOMIPECCHOHHOH KpHBOH.
Beire  Gblio oTMedeHo, uTo Mo Mepe UABTPALMH H3GLITOUHBIH

Hamnop Bojb! B MOpaX MMMHLI YMEHbIIAeTCs, a Harpy3Ka Ha CKeJieT IPYHTa
yBeJIMYMBaeTcs, MoKa U3OLITOUHLIH Halop Bojpl He HCYe3HeT W Harpyska
Ha CKesleT rpyHTa Oy/jeT paBHA BHelIHed paBHOMEpPHO paclpeje/]eHHOM
Harpy3ske. [ociiequsas B Tedenne Bcero npomecca ¢puibrpanuu (pHe. 66)
BCerjd paBHa CymMMe H3OGLITOYHOTO [(@BJIEHHS BOAbl W MNPHpANICHHA
HarpyskH Ha CKeJeT TIpyHTa:

(p2—py) = HAs+ p., (98)

rie HA,— u3bblTouHoe paBjieHHe Boipl B mopaX ramubl B K[ /cm?
Ha TraybuHe z;
P, — TpHpalleHHe HATPY3KK Ha CKejieT CJHHBl B CeUYeHHW Ha Iay-
6une 2, xIlcu®
Buipaxkenue (98) B uyacTHHIX NPOH3BOAHBLIX IO BpEMeHH IpHMeT
CHAEHYIOUMME BHIL:

(97)

dp, oH
S Tahalien A, FTak (99)

Tenepp cropocTb YMeHbLIeHHS mnopucTocTH INiuebl (97) MOXKHO
CBsI3aThb C W3MeHeHHeM H30BITOUHOTO AaBjeHHd Bouwl (99) u McKomas
de .
3aBHCUMOCTD Jisl 57 Oyier uMeTb CJAENyIOUIHEH BUJ:
de oH
ot 6 at -
du
Haa 35 » mocae nubdepenupopanus ypaBHeHHs (95), moayuum
(1]
HCKOMOE BblpakeHHEe B CJEAYIOeM BHE!
du *H
dz, ~ 0 02% ¢

= alA (100)

(101)
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de  du
3amenus Ternepb B ypaBHeHHH (96) uneHsl 37 H 5z; VX BHIPAXKEHHAMH

yepes W3OLITOYHbIE HAMOPHL BOJLl B MOpax IVIMHBL, MONYYHM HEXOJ-
Hoe auxpepeHlHANbHOE YPABHEHHE HEPaBHOMEPHOH M HEyCTAaHOBHB-
weficst ofHopasMepHo# QUABTPAlHH BOJBl H3 CJIOA IVIMHBI, JJIA pacyera
H3MEHEeHHsI €r0 OCAlKH C TedeHHeM BpEMEHH:
02 oH
kOFz_g"=aA“Tt . (102)

Ionyuennoe nudpepennuabHoe ypasnenue (102) noxasbiBaer,
YTO NMPH OXHOPA3MEPHOM CKATHH CJIOS BOJOHACHIIEHHOH IJIHHBI IO
NefiCTBHEM DABHOMEDHO pAacrpejeNleHHOH HAIPY3KH H3MeHeHHe H306HI-
TOYHOTO Hamnopa BOJbl B MOpaxX INHHBI 10 BpeMEeHH MPOHCXOIHT NPONop-
IIHOHAJIbHO HM3MEHEHMIO MPHPAmEHHS H3GHITOYHOTO Hamopa BOJBl IO
ray6une caos. OHo nonyyeHo B BHJE OJHOPOJHOIO JHHEHHOT'O ypaBHe-
HMSA B YACTHBIX MPOH3BOAHLIX BTOpOro TOPAKKA, C MOCTOAHHBIM K03ddH-
IMEHTOM U pelllaeTcst TyTeM ONpPEAE/IeHHs YaCTHBIX pellenHH, yioBJeTBo-
PSIOMAX TPAaHHYHBIM YCJIOBHSM, M COCTABJNEHHS H3 YACTHBIX DellleHHH
noJiHoro, npuMeHnss paapl Pypoe. I'paHHYHBIME YCJIOBHAMH JJIS pele-
HHuA ypasHeHus (102) apasdioTcs chaexyrouue:

a) B MOMEHT INPHJIOKEHHS HArpy3KH H3GLITOYHBIE HAmopbl BOMbI
B cloe I'THHBEI NMOCTOSIHHBI MO BHICOTE cJos H pasHH (91):

H=H,=FP,

8

6) Ana CAeAYIOLIMX MOMEHTOB BPEMEHH HA KPOBJie H INOJOIIBE CI0OS
u36LITOYHble HANOpPH Bojbl pasHbl H=0.

Pemtenne ypasuenus (102) nns 3ajaHHblX TpaHMUHBIX YCJAOBHE MpH-
BOIMT K CJEIyIOuieMYy BbIPaXKEHHIO 1/ H3GBITOUHOTO HAmopa BoOMbl
B nopax IJIHHbI B 3aBHCHMOCTH OT [VIYGHHBI 2, PaclofiOMeHHs CEeUeHHS
B CJIO€ H BPEMEHH f, IPH MTHOBEHHOM NPHJOKEHHH HAIPY3KH HA CJIOH,
nocnie 3aMeHbl NPHBENEHHBIX PACCTOSHHE AeHCTBHTE/IbHBIMH:

i=x
H=H, [% S e ®sinin L] =HoT W), (103)
i=1,3,5..!
rae H, — HauanpHbIfi W36BITOYHBIE Hanmop Bojpl B Hopax IJIHHBL,

Pa— P31
A@ ’
N — nepeMennas, nponoplioHa/NbHAST BpeMeHM [ H paBHAas

ct k(14-g,)
2 — 0
N=n 75 Iie ¢= A,

2 — DACCTOSTHHE OT KPOBJIH CJIOs JO 3aJaHHOI'O B HEM CeUEHHS, CM.

Ins 3aganHON IyGHMHBL 2 PACHOJIONKEHHS CEYEHHA B CJioe IJIMHBI
BeMHYHHA H3CHITOUHOro Hamopa Boisl H B TOuKaX, PACHOJIOXKEHHBIX
B 3TOM CeyeHHH, OyieT onpenenarbcsi BejHuuHOH UeneMeHHOH N u
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NoCToAHHLIM HanopoM H,. Yem Gonbuie MoniHoCTh cnod h, Tem Jayuuie
CXO/MMOCTb pfifia, 3aKJMOYEHHOTO B MpAMbIX CKoOKax. Ilepemennas N
NpPONOPIHOHAJNLHA NMEPHOAY BPEMEHH, CUMTAsd OT MOMEHTa MTHOBEHHOTO
TIpHNIOKEeHH T MOJHOH HATPY3KH Ha CNOU INIHHBL 0 3aJaHHOrO MOMEHTA.
Ona aBngercs GespasMepHHM YHCIOM, YTO BHIHO M3 CJEYIOLIEro:

R(l-+e)t cm-xl-cm3 200
— ?
N=n aA h? 200-cmE-kTcm? (104)

Yucnennvie snavenus muoxurens T(N) B dopmyae (103) gns pas-
HBIX CeyeHHH No rayOuHe CJ0si TMIMHBI M Pa3HbIX 3HAauyeHHB uncna N
jaorca B taba. 16.

Ta6auuna 16

N‘ 0,1 0,5 1,0 2,0 3,0

0 0 0 0 0 0
0,25 h 0,93 0,55 0,33 0,13 0,04
0,50 & 1,00 0,76 0,47 0,18 0,06
0,75 h 0,93 0,565 0,33 0,13 0,04
1,00 h 0 0 0 0 0

Ha namnbix, npusenennslx B Ta6a. 16, BumHO, uTo yMeHblIeHHe
M3CbITOYHLIX HANOPOB BOALI B INOpAax TIJIHHB HAYHHAETCd y KPOBJIU
H TMOJIUIBBI CNOA M 4YTO H3OBITOYHBIE HAmopel BOABl B Mopax TJHHEL
YMEHBIIAIOTCA OT CepefHHbI CA0A K €ro KPoBJe H mnofiolise, ¥ KOoTOPBIX
pacronoxeHsl JPeHHPYIOMHe NIPOCIOHKH MecKa, B TeYeHHe BCero Ipo-
Lecca mepefiayd AaBJeHHA HA CKener TJHHHL.

BennyuHa XKe CKaTHA CI0S TIAHHBL 110 BpeMEHH DaBHA KOJMHYECTBY
OTXKATOH BOJBl HJH KOJNHYECTBY BOJIb, NPOGHIBTpPOBaBINEH M3 CJ0s
TIHHBL 4epe3 ero KpoBmwo H nofoumBy. OHa MmoxKeT OHITh Hony4yeHa
C YYeTOM YCJOBHH CHMMETPHH H3 CJEIYIOLIEr0 BHIPAMKEeHHS:

v —20e=2e{ [, o=
0

hagp ( ) jie
p Pe— M1 8 1 2
= e —— — —1°N
l+e.p I:l n? Z iz € ]’ (105)
w=1,3,5...
Ile Sy~ ocajka clos I'NHHBL, U3MEHAN[AdaCs C TeUeHHeM BpeMeHH, (M,
f — MOmHOCTH CJIOSI TNIMHHCTOTO TPYHTA, CM,
€cp— CPeIHHH KOI(PPUIMEHT MOPHCTOCTH CNOSA TTHHHCTOTO TPYHTA
INS MepHojia ero YIUIOTHEHHS MOJ, Harpyskoi,
Qcp— cpeliHul  KO3(DQHIMEHT YNNOTHEHHS AN caof TJAHHHCTOTO
TPYHTa H JAHHOTO HHTEPBala H3MeHeHHs HArpyaku, ci/’kl.
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B uipaxenun (105) MHOXHMTENb y nmpAMBIX CKOGOK NpeICTaBasieT
KOHEYHVIO OCAJKY CJOS TJIMHBI, 3HAUeHHe Ke (YHKUHH, 3aK/IIOYEHHOM
B npaMble CKOGKH, 3aBHCHT TOMBKO oT uyMcaa N, pasHoro (104):

— 2 St
N=n 7

rie ¢ — Ko3(pHUHEHT CKOPOCTH YIIIOTHEHH S, P ABHBIH i(al_g__e)_ cm?/e00,
é

! — NpoJOJIKHTeJbHOCTL MEPHOJA YIJIOTHEHHS OT MOMEHTA NpH-
JIO¥KeHHsI MTHOBEHHOH HArpysKH Ha cJjolf [JIMHB B ToJax.
Beipakenue (105) MOXKHO INpeiCTaBHTb B CAELYIOUIEM BHIE:

rjae Sp— KOHeyHasg ocajka CJos, paBHas

ah (ps—p1)
l4e 7
Q(N) — creneHp yIIOTHEHHS Cllosi, KOTOpast MpUBeleHa B Taba. 17,
8 3aBHCHMOCTH OT yHc/a N, BLIYHC/IEHHOTO /i 3aJaHHOTO NMpOMEKYTKa
BpeMeHH f, W JIaHHBIX, XapaxkTePHU3VIOIHX CJOfl TMHHHCTOTO TpPyHTA.

Ta6auna 17
Q N Q N
0,05 0,005 0,55 0,59
0,10 0,02 0,60 0,71
0,15 0,04 0,65 0,84
0,20 0,08 0,70 1,00
0,25 0,12 0,75 1,18
0,30 0,17 0,80 1,40
0,35 0,24 0,85 1,69
0,40 0,31 0,90 2,09
0,45 0,39 0,95 2,80
0,50 0,49 1,00 o)

C yBesmuenMeM NpPOAOMKHTEIbHOCTH £, IS MepHOHA MPHJIOKEHHS
HarPY3KH Ha CJOf TJIMHBI, CTeneHb YINIOTHEHHS cJofl NMpHO/iuKaeTcs
K e[IHHHILE, 4 CIeJI0BaTe/IbHO, 0CAJlKa BO BPeMeHH NPHOAHKAeTcs K KoHey-
HOE ocajiKe cJjiosl, JJIsl J@HHOH Harpysku Ha Hero (puc. 67).

Pacuetr u3MeHeHHA OCaiKM CJOSl T'VIHHBI MOJ JEHCTBHEM JJHUTENBHO
NPHJIOKEHHOH DaBHOMEPHO pacnpejeNeHHOH Harpy3KH NPOH3BOIHTCS
B Chepyiomeit MocaeioBaTeNbHOCTH, BHauane onpefensioT 3HayeHHs
GespasMepHoro yucsa N A5 3aJaHHBIX 3HAYEHHH Pas3aMYHON NMPoOJ-
MUTEJbHOCTH IIPHJOKEHMA K CJOI0 pPaBHOMEDHO pacipefie/ieHHOMR
HarpyakH. 3HaueHHe KO3(p(HIHEHTa CKOPOCTH YIVIOTHEHHS HAXOMAT
Mo 3KCMeDHMEHTANBLHO ONpejeNeHHbM KO3(QhHIHEHTY (HALTPALHH
¥ Ko3ppHLUHeHTY YNJIOTHEHHS JIJ1d 3ajaHHOTO MHTepBAla HATPY3KM
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Ha Coi INHHBL 3aTeM HAXofAT no taba 17 cremeHH yIJIOTHEHHS Clost
Q(N) mns Kax/aoro 3ajaHHOTO IPOMEKYTKA BpeMeHH U 110 BBIMHCICHHOIH

flpedesxcumensnocms ¢, 8 cymnax

10 20 30 40 50 108 150 200
3 0
X
2 e
S N
§’ b6 \\
g
<S 10

Puc 67 QOcaaka cnost rAHHB BO BpPEMeHH

ocajike clos ONMpelleNslOT U3MeHeHHe el'o Ocajiku BO BpeMeHH Pacuer
yio0HO NpOW3BONRHTL MO chaepyiomel (opme:

t tl t2 13 t4 13 (e o)

Sy

[Monbaysics Taba. 17 u dopmyaoit (104) pas wucaa N, MOXKHO pelllHTh
o6paTHYIO 3ajauy H HaiiTH BpeMsi, HeoOXOAHMOe [/ YIJIOTHeHUS Clost
TJIMHBL JI0 33[iaHHO# CTelleHH ero VIJIOTHeHHUs MOoJ 3aJaHHOH Harpy3Koii.

h?

Hs dopmyarr (107) BuiHo, 4TO AN NMPHHATOH pacyeTHOHR CXeMsl
ONpele/IeHHS MpPONOJ/KHTENbHOCTH OCafiKH, B cCJjydae [ABYX CcJOeB
OJtHOTO H TOTO e I'NIHHHCTOTO IPYHTA, HO PAa3/IHYHOH MOLHOCTH, NMpPO-
HROJKHTENIHOCTh OCAJKH 3THX CJIOeB H3MeHSeICS IPONOPLHOHATBHO

KBagpaTy HX MOLHOCTH®
t N2
7 =(at (108)

* Jln9 BOAOHACHIUIEHHHX TPYHTOB, HMEIOMIHX CTPYKTYpDHHE CBA3H, a TaKke
KOJIIOHAHYIO CETKY B NOPOBOM 06BheMe, OGYC/IOBAHBAOIYIO HauanbHu# ¢uaAbTpa-
UMOHHHH TPajHEHT, NOKa3aTenb CTENEHH MMEET 3HaueHHe MeHee JABYX
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Ecsiu Harpy3ka Ha cjioil TIDHNIOXKEHA He MTHOBEHHO, a BO3pacTaer
HoCTereHHO, HauWHAd OT Hynd, W DPaBHOMEPDHO € TeueHHEM BPEMeHH
p=at, rje o.— TOCTOAHHAA CKOPOCTb YBeJH4YeHHS HArpy3kKH Ha CJioH,
TO BhIpaKeHHe U1l H3MEHEHHS OCAAKH ClIOS TJIHHBI C TeUEHHEM BPEMeHH,
uMeeT CJEAYIOUMIHH BUA!

i=200
_ 2qahs n? ot w4 1 1 _en]
St'—nzc(l+scp) R T 1 T Z 75 € ]_
i=1,3,5...
2aah3
= (1 eep) F ), (109)
ct

rie N — GespasmepHoe uguciio, paBHOe T* 5 .

3uauetne pynkuun F(N) pano B Taba. 18 B 3aBucuMoCTH OT UHCHa N,

Tacaunua 18

N l 0,0 y 1,0 2,0 l 3,0 \ 4,0

F(N) l 0,00 0,024 0,065 ] 0,111 ] 0,159

[Tpu HenpepblBHO H paBHOMEPHO BO3pacTalOmiell Harpyske Ha CJoOH
IIHHBL OCafiKa, COTJIACHO NPHUHATOH pacyeTHOH cXeMe, TOXKe pacrter
B COOTBETCTBHH C HArpysKoH.

Ecnu cnoff rauMHbl pacmojiokeH HAa BOJOHENPOHHIIAeMO# CKale
¥ NPH ero YNJIOTHEHHH QUIbTpalHa IPOHCXOAHT TOMbKO B OJJHOM HAIpa-
BJieHHU (CHM3Y BBepX), To hopmyna Anst pacdera uucna N Gymer HMmeTh
CHeNVIOMHN BHA:

N=w,
rjpe b — MOH[HOCTL CJof TUIMHEL

Pacnpenenenne H30bITOUHBIX HAIOPOB BOABL 11O BBICOTE CJOSA IVIMHBI
paccuHTHIBAeTCA TAKXKe C MoMollbio Taba. 16, Ho TosibKo JJif BepXHei
ero moJoBHHH, npuHumas «0,50 h» 3a BOJOHENpPOHHIIAEMYIO MOKOLIBY
cjiod TAHHHCTOro TpyHTa. OcTasibHble 3aBHCHMOCTH, IOJAYYEHHBIE AAs
pacdgera ocajKM CJOof TJIMHHCTOrO TPYHTA, OCTAIOTCS 6€3 H3MEHEHHH.

Croi#t TaAMHHCTOrO TpyHTa MOKeT ObITh 00:KaT TakKe QHIbTPALHOH-
HeiM gasieHueMm (Posa, 1937). Haubosnee mpocrtas pacuerHas cxema
npejcrasiieHa Ha pHc. 68. [IioTHHa nmocTpoeHa Ha CJjo€ TVIMHHCTOrO
TpYHTa, KOTODPbIH H30JHpYeT HHIKepaCHoJ/IOXKEeHHBIH BOJOHOCHBIH TOpH-
30HT OT BOJOXPAHHJHIA. ITOT TODPH3OHT CBA3aH C HHXXHHM ObedoM.
INostomy ero mpesoMeTpHUYecKHHl ypOBEHb paBeH YPOBHIO BOJBI B peKe
HIKe IJIOTHHBI, Pa3HOCTb mbe3oMeTpHUeCKOro YPOBHSI M YDOBHS BOAbI
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B BofoXpauunaunie pasHa (H,—H,). Ira pasHoCcTh HAOPOB BOAKI BLIO-
BeT GUIbTPALHIO BOJbl M3 BOJOXPAHHJHILA B BOAOHOCHBIH TOPH3OHT
Yyepes CNOH CAMHUCTOrO TPYHTA, [IPH KoTopoH (uabTpanHoHHOE AaBle-
HHe HA,, HanpaBjieHHOe CBepXy BHH3, OYIeT YIJIOTHATb CJAOH TJIHHBI
B TedeHHe HeyCTAaHOBHBIIeHCH (QHABTPALHH, NMOKA HHUCXOAAIAR (HIb-
TpanHs He cTaHeT PAaBHOMePHOH.
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Puc. 68. PacueTnas cxema s onpeJiesieHHsl yIJOTHEHHS cJI0S TIHHHCTOTO FPYHTa

nojy pefictBHeM HHcXoasmed OHABTPALMH. A — MOIIHOCTL CJOSI TJAHHHCTOTO

TPyHT4, P — HArpy3ka Ha CKeJleT IPyHTa, { — BDeMs OT MOMEHTa Hayajla QH/L-

TpauHH Yepe3 CJIOH IJIMHHCTOTO TPYHTA, {y — KOHEUHBL MOMEHT BpEMEHH NpH
Geckoreqso TpONC/KHTEbHON (HABTPALMH uepe3 c/oh

HameHeHue ocagku cliost TTHHHCTOTO TPYHTA MoJ AeHCTBHEM HHCXO-
Asimiedl GHALTpanvH pacCYMTHIBAGTCA IO Cclefyiomeil ¢opmyde:
ah (H,—H,) A,
=
t 2(1+8cn) Q(N)’ (110)

rae a — Ko3phHIHeHT YNIOTHeHHS TPYHTA NPH yBeJHYeHHH HArPY3KH
Ha Hero Ha (H,—H,)A, «l'/cm®.
Crenenp ynnoTHeHHs paccuuToiBaercs mo Tabn. 17 mjis Gespasmep-

ct
HoTo u4Hcna, pasHoro N = n2m, rie # — MOUHOCTL CJOH [JHHH-

CTOrO TPYHTA.

Ha puc. 69 mama ppyras pacueTHas cXema ¢ (HJABTPAIHMOHHEIM
JaBieHHeM. 3/leCh BOJOHOCHBIH TFOPH3OHT CBSI3aH C BOJOXPAHHJHILEM
H H30JIMPOBAH OT PeKH HuXKe nioTHHEL [lof nnoTuHOM, 1As yMeHbILIeHUS
MPOTHBOJABJEHHA YJOXKeH NIOCKHH APeHaK, CBA3AHHBIA C HHXHHM
Obetom. B 3ToM cilyuae pasHOCTb Mbe3OMETPHUECKOTO YPOBHSA H YPOBHS
Bojibl B peke paBHa (H,—H,), Ho puAbTPAIHS HANpABieHAa CHH3Y BBepX.
CrejoBaresibHo, H (HALTPALHOHHOE JABJIEHHe HANPABJIEHO B HHXKHEM
Obetbe NJIOTHHBI CHH3Y BBePX H Bbi3blBaeT pasrpysky u pasbyxaHue
€/l TIMHHCTOTrO TPYHTA, KOTOPOoe YXYAIIHT yCTOHYMBOCTb IJOTHHBHI,
4To JoMKHO OBITb y4TeHO B IPOEKTE.
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PaabyxaHue cjos rauHel npd BocXofsuieHl (UABTPAUKH YacTo
HMeeT MeCTO B CTPOMTeNbHLIX KOTJIOBaHAX TMPH MOBEPXHOCTHOM BOJO-
OTJIHBE, KOTOPOE ClellyeT YCTPAHATb YCTPOHCTBOM PAasrpy3o4HBIX CKBA-
HHH, AJ5 YMeHbllleHHsl Hanopa FPYHTOBHIX BOJ

Xapakrep pasbyXadus cJ0s DJHMHHCTOTO FPYHTA PAcCYHTHIBAETCS
o ot XKe dopmyne (110), TonbKo BMecTo KoDhHIMEHTA YNIOTHEHHS
B dopmyay (110) Beoputcs KosdduimHeHT pasGyxaHus i COOTBETCT-
BYIONLer0 HHTEPBANa PasrpyakH

\ 2 M
- _ — = ¥
’ - - - - (Hy #,)
— - - - - ) - $ﬂl

e
I iy i Seakin Nuiin ¥ S
7 Lot — ¥ — =" 1707 Fechd, cOFaamind ¢
P 117 72 0h T—  Rusgwur Qsemon Radmums
Gt 0 _ 3 = [doei)
Necuaneid 2pytm N (M H)ag |-« . .. - - o,

Puc. 69 Pacuernas cXema gJia onpejeseHus pas6yXanus caod MIHHHCTOrO TPYHTA
noj fAeHcTBHEM BocXojsuleh duabtpainus HAs — moposoe JaBieHHe

Ecnu npu HHUCXoNsmelt dunpTpamuy OyjJeT HaOGMONATHCS OCAJKA
COODYEHHH, MOCTPOEHHBIX HA cJloe IVIMHHCTOTO TPYHTA, HalpHmep,
YCTOH U GbIKM MOCTOB B paiioHe BOJOXPaHHJHINA, TO MPH BOCXOAAIIEH
(GUABTPAIMH CellyeT OXKHAATh OMKMBIEHHS ONOJ3HEBOH IEATENbHOCTH
B nmxneM Obede HA CKIOHAX JOJMHE], B OCHOBAHMM HOTODHIX 32J1€T2€T
CNOH IJIKHKCTOTO IpyHTa J3/lech BAXKHO OTMETHThL, YTO YIJIOTHEHHE
TJIHHHCTOTO TPYHTA npu HUCXoAAmEH GHABTPALUH, 4 TaKxKe pasbyXaHue
clost TTHHHCTOrO TPYHTA NIPH BocXofdiel PHAbTPALHH HAUYHETCH Y €ro
noforiBel [losToMy oxXuBaeHue onon3HeBol KeATeLHOCTH HA CKJOHAX
HONMMHBL M yXyAUIEHHE YCTOHYMBOCTH COOpYKEeHHS HacTymsT ObICTpO
BCJIe]l 32 MOABJIEHHeM BocXoxsaulell ¢HABTPAIKH.

B npuBeieHHBIX pacueTHHIX cXemax ObIIO MPUHATO, YTO KOHEYHas
oCajpka cos TMHHE COOTBETCTBYeT OTCYTCTBHIO H3OHITOYHOTO Hamopa
BOJbl B Mopax rAMHucToro rpynta. Onnako HabmoxeHHAMH Obllo ycTa-
HOBJIEHO, YTO INPH MONIHOCTH ORHOPOXHOTO BOJOHACBHIIEHHOTO CJ0S
raunbl Gonee 20 cu u3GHITOUHBIA Hamop Bojabl B MOPax IVIHHHL, NDH €€
BAaXKHOCTH, ONH3KOH K BA&KHOCTH Ha Npefiee pacKaThIBaHHsA, nocie
ctabunu3anuy OCafiky, OTAHYaeTcs OT HyJsa. TakXKe Gblo ycTaHOBJEHO,
YTo (HNbLTPAIHA B TNIHHe OTKJOHAeTCA OT 3aBHCHMocTh Jlapcu H cxo-
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POCTb QUABTPALHH HAMEHSIETCS KPHBOJHHERHO ¢ H3MEHEHHeM T'DajlieHTa
Hanopa Bogasl (Posa, 1950).

OctaTounble M36GHTOUHEE HANOPH BOAB B nopax MJOTHOTO TJIHHH-
CTOT'O TPYHTa, nocje CTAOMAH3aNMy OcafKkH CJIof, 06y C/IOBNIEHE] fBJIC-
HUSAMM B3auMolelicTBHUA IO-

pOBOli BOAHL M TBepJHX Yac- (0,-5,)

THI CKeJleTa TPYHTa, KOTO- {pofers zgyp-

pHe npH TpajgdeHTe Hanopa ”7%/’

BOJBI MeHee OllpefeseHHOTo R
(HauanbHOTO) rpajuenta Ha- i e

CTOJILKO TOPMO3AT (MHJLTpa- h te | 199
IHIO, 4TO ee CKOPOCTb CTa- :

HOBUTCA BecbMa MaJiod H P Ay

MOXHO HPHHATb OTCYTCTBHE T

(bHJ!praIJ.HH. IMocrennsia Puc. 70. KoHeuHast 31110pa 0CTaTOYHOTO NOPO-
IPOHCXOJHUT TOJABKO IIPH  poro JaBjieHHd B CJOE TJIHHUCTOTO TPYHT3
rpajdedTe Hamopa BOAHl Go- npH ero Manoll MomHocTH

Jiee HAYaMbHOTO TpapyeHTa.

B Hopoii pacueTnoii cxeme (UpiroBuu, 1951) MOXHO mpHHATE, yTo
3MI0Pa OCTATOUHHX H3GHITOUHBIX HAMOPOB BOALI B NOPAX BOACHACKIIEH:
HOIl NJIOTHOMH TVIKHH MMeeT OPMY TpeyToJIbHHKA HJTH Tparnellut, B 3aBd-
CHMOCTH OT COOTHOILIIGHHS HauaJbHOTO TpajienTa Hanopa l,, Mountsocts
CJIofl TJHHBL /i M Harpyskd Ha Hee (p—p.).

Ecou

Pg— D1 h
IA, >3 (111)
TO 3MI0Pa OCTATOYHBLIX H3OBLITOUHBIX HAropoOB BOAb (1d t=1¢,) umeer
dopmy TpeyrossHuka (puc. 70) U KOHeuHasi ocajka Clos INIMHBI C yue-
TOM HAaYanbHOTO TpajHeHTa Hanopa BOAB PaACCUMTHIBAEeTCA MO Clefylo-
melt opmye:

Sp= % [(p,— py) — O 25RI5A,). (112)

CrnenosaTesbHo, NpH Malloll BeJMYHHE HAYaTbHOTO TPAJHEHTA
H Majioii BHCOTe cJiosl IVIMHEBl, HAlpHMep, B KOMIPECCHOHHOM npHGope
ApH MCTILITAHMAX IVIHHBI, BJHSAHHE Ha4ajjbHOTO IPajHeHTA Ha KOHEYHYI0
0CaAKy CJIOST Majo.

Ecnn

P2— P h

TO 3MI0pa OCTATOYHHIX H3OBITOYHBIX HanOpOB BOAH (Anf t=1,;) umeeT
dopmy Tpanenuu (puc. 71) u KoHegnas ocanka onpeaessgercs no dop-
MyJe:
a (Pz"'Pl)g (114)

I4+e LA,




34ech 0cafxa CJIOS 3aBHCHT HE OT ero MOLIHOCTH, a OT BEJIHUHHbI
HauaJbHOrO T'pajHEHTA HANopa BOJMI, KOTOpAs ONpeAefeTCs 3KCIIEPH-
MEHTAJEHO B J1a0opaTOpHH AJf KaXAOH pa3HOBHAHOCTH BOJOHACHIIEH-
HO# rumHbl. OHA BO3PACTAET C YMEHbIIEHHEM BJAXKHOCTH HJH YBeJH-
yeHUeM YIVIOTHeHHS ryHpb, C  yBeJHYeHWeM HaYaJbHOrO TpajHeHTa
Hanopa BOJAb! KOHEUYHAS! OCAgKa CJIOSI yMEeHbLIAeTCs.

Pz'ﬂ:)
Ygabers zpyrnmolon
o
. - R - hY « 1 *
Y P n 3 ) A}
o
F oy Lr
5 lga-J,
4
- q TN e,
N NS N /p\\ e
”d
)
(]

Puc 71 Koueuyuad 3m0pa 0CTaTOYHOro MOPOBOrO AaB-
AeHHs B cJoe TJIHHHCTOTO TPYHTA MPH €ro 3HaYHTeN b~
HOH MOHIHOCTH

Yupaxuenue Ne 13. Opuopasmepras samauva. Jag asyx cioes
rPYHTA, NJACTHUHOIO CYMVIHHKA MOIIHOCTBIO 2 M H INIOTHOH [JIHHBI
MOIIHOCTHIO TOKe 2 M, AJSI KOTOpHIX CpeJHsIsi HOPMaTHBHAsT KOMIIpeC-
CHOHHAsl KpHBasl [0 BETBH YILIOTHEHHS Jaercsl B clienylowefi Tabm. 19,

Ta6awnna 19

Harpyaka
Kf/c.u“ 0,0 015 1,0 1,5 2,0 2,5 3,0 3’5 4’0

Cyranaox 0,906] 0,842 0,813} 0,792| 0,777 0,766 | 0,758 | 0,752 0,747

Fnura 0,710| 0,680 0,669 0,664 | 0,661 0,659 0,657 0,656 0,655

C/leNyeT pacCuuTaTh:

a) MOKa3aTesJH CXKaTHSl rpyHTa 4, €, [/ HMHTEDBAJIOB HArpy3KH
ot 0,5 1o 1,5 «l'/em? u ot 2,0 no 3,0 &l/fem?;

6) BeqMUHHY KOHEUHOH OCajxM B OJHOpasMepHOH 3ajaue AAsl CJI0f
CYrJIHHKOB M CJIOSl JIHHBL TIPH MCHOBEHHO TIDHJIOXKEHHOH Harpyske
C TeMH XK€ HHTepPBaJlaMH;
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B) XOJ OCajkH Ans ycaoBHi O) uepes KaxJple O CYTOK Ha HNEePHOA
OJHOrO Mecsilla OT MOMEHTA NPHJOXKEeHHA Harpyskd, Kosgduunent
¢uibTpaunn s cyrsmaka 10 cm/e00 w opna rommE 1 cm/eod.
BrluepTuts TpadHKY 0CajKd, H3MEHAIOmEHCH C TeyeHHeM BpeMeHH.

30. CxkatHe TpPyHTa nNpH BO3MOKHOCTH
ero GOKOBOro pacilHpeHus

Pacuer ocaJlKi cOOpYKEHHf, NPOHCXOAAMEH OT CXKaTHA TPyHTA
B ero OCHOBAHMH NPH BO3MOMKHOCTH GOKOBOrO pPAacCIIHpeHHs, IPOH3BO-
JHTCA TIPEHMYIUIECTBEHHO B CJIy4asix, KOrja Ha MOBePXHOCTH MacCHBA
TPYHTA TDUNOMEHA MecTHasdA Ha-
rpysKa, a IJoIaihb, Mo KOTOPOR 2
OHa NpHJOXKEHa, OorpaHHyeHa He-

GoJIBIIUMHE pasMepaMH, HanpHMep,

v (yHoaMeHTa IOJ CTeHbl 3/aHHA, ' 5
KOrJla CKHMAEMYIO TOJIIY HA BCIO r‘(— -
ee rayGHHY MOXHO NpHHATH OJ- b, | b
Hopoiuo#i. Ecnm ana pacuera ( | 1
OCajKH coopYKeHus O onpe- |

JeqeH  Koa(xpHuHeHT  GOKOBOTO
DACIIHDEHHS TPYHTa, aHaJIOTHY- P";‘ 72. JTlepopuauns xyGuka mon

- feficTBHeM BepPTHKANBHOH HArpysku
Hotii  ko3pduunenty [lyaccona B
TEOPHUH YIIPYrOCTH, TO MOXHO OI-

PeJe/INTh OCAIKY TaKkKe W AJS KPYIHHX (YHIaMeHTOB C yYeTOM BO3-
MOMKHOCTH GOKOBOrO pacliypeHHsi FPyHTa B er0 OCHOBAaHHH H HEOZHO-
POAHOCTH CJIOXKEHHS IOCJeAHEro.

B ofonx cayyasx BePTHKaJbHas COCTABIAIOmAs HanpsKeHHH
B TOUKAX MACCHBA IPYHTa, BOSHHKAIOMMKX OT BHEIUHEH HArDYSKH, yMeHb-
IaeTcsi ¢ rAyOHHOH, a IPYHT B OCHOBAHHH COODYIKEHHSI MOXKET Ilepe-
MejaThCd He TOJLKO B BepTHKAJNHHOM HANPaBJ/J€HHH, HO H B GOKOBOM.
X apakTepHCTHKOR CHKHMaeMOCTH 3JIeCh CJYKHT MOLyJb Aepopmauu
rpyHTa.

Ecsu xyOuK, BelpesadHbifi H3 MacCuBa I'DyHTa, ¢ HayanbHOH BhICO-
T0it hy HATPY3UTh BePTHKanbHEIM JaBieHHeM Z, a K eI0 GOKOBBIM I'DaHAM
He nmpHKAagpBaTh yeuaufi (puc. 72) M JomyckaTh GeCHpenaTCTBeHHOE
60KOBOE pPaCIIMPeHHe TPyHTa, TO €ro BHICOTA USMEHHTCA He TOJBKO
OT C3KaTH$, HO U OT ero 60KOBOro paciinpelns. OTHOCHTE/ILHOE CHKAaTHE
NpH3Mbl CPYHTA, NPH BO3MOMHOCTH ee CBOGOAHOro paciimpenust, o0o-
3HaueHHOE B 5TOM cJIyuae yepesA,, GyjleT NPONOPUHOHANLHO 1ABNEHHIO Z:

ME=2Z,
rae E — KosdxpuIlMeHT 1pONOPUHOHANBLHOCTH, MM MOAYIb AehopMaluH

rpyuTa, mMmetomuit pasmepHocTs KI'/cm®. OTRyAa, € yueToM
(4), ocanka nmpuaMbl TpyHTa GyAeT pasHa:

S=%h0.
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OnHAKO B NelCTBHTeNBHOCTH TAKOrO H3MEHEHH BRICOTH Y NPHSMEL,
Bblle/IeHHOH B MaCCHBE FPYHTA, IIPH €€ CXKATHH TOJ JefCTBHEM BHeIIHeH

HATPY3KH, NPHJIOKEHHOH K 5TOMY MAacCHBy, He npoucxoiuT. Ha Goxo-
BblX TI'paHAX NPHSMEL BO3HHKHYT

Hazoysna wa wmamn, p GOKOBbIE YCHJIHS HJIH HOpMaJIbHble
b h e TODH3OHTAJNbHLIE  COCTABJISIONIHE
HanpsDKeHHH oT BHeIHeH Harpys-
KH B GOKOBoe paciliMpeHHe I'pyH-
Ta 6yjeT 3aTpyJHHUTENBHO.
Moayaes pgedopmanus TpyHTA
HOJyYyaloT M3 TIOJIEBRIX OMNbITHEIX
Harpy3ok Ha Hero, KOTOPHE Npo-
H3BOAAT KBAApATHHIM WITAMIOM B
mypdax, WaxTax H WTONBHAX H
KpPYTJIBIM IITAMIIOM — B CKBAXH-
Hax. Pacuér moayas nedopmauun
Puc. 73. Qcaaka mrramna npu onsithofi  [TPOH3BOAAT  IIO Hadﬂ}oﬂeﬂﬂm’*
Harpyske rpyHra oCaaKe LITaMiia, I[IOKa34aHHOH HAa
pHc. 73, Ha npAMoJIHHeHOM yyacT-
Ke rpaMka 3aBHCHMOCTH OCAaJKH IITaMna OT HArpy3kKH Ha Hero, 1o
dopmysie A pacueta ocaAKH (yHAAMEHTa HA OJHOPOJIHOM OCHOBAHHHU:

E_____Ab(p2—pl) , (115)

Sg— Sy

5 A

Jcadrg wmamna, s

rie b — mMpHHA KBaJpaTHOTO IUTaMIa, CM,
A — gosbduuuent, pasHplii 0,9 AN KBagpaTHOrO IKECTKOFO
ImTaMmna,
(p,—py)— pacdeTHHIA MHTEpBAJ HArpysKW Ha LITamm, B INpefesax
JHHEHHOrO XapakTepa 3aBHCHMOCTH OCaJKH OT HarpysKH,
&l fcm?,
(sy,—s;)— NpupamieHHe OCaaKu Ha 3TOM HHTEpBale HArpysoK, CM.
i1 jaHHOTO WHTepBaJa HArPy30K C YBeJHUYEHHEM NPHpAIEHHS
OCaJXH HJIH CXKHMAeMOCTH I'PYHTa MOAYJb AeOPMAIlHH yMeHEIIaercs.
Ecau nps pasrpyske rpyHTa o XO4y 1OJIEBLIX UCIBITAHHA Oblia U3Me-
peHa ero ynpyras JepopMauHfi, TO COOTBETCTBYIOIHI Ko3(puiHenT
NPONOPUHOHANLHOCTH £, Ha3bIBAeTCA MOJYJIeM YNIPYrOCTH FPYHTa A/
JLAHHOTO HHTEpBasa HAarpy3KH, a H3 KOMIPECCHOHHHIX HCIMITAHHHE —
KoahdHUMeHTOM pa30yxaHHA.

MoxHno mnokasaTh, YTO MOAYJb AedopMallié rpynTa F cBf3aH
€ KO3(XpHIIHEHTOM YIIJIOTHEHHS IPYHTA & ONpe/eJeHHOH 3aBHCHMOCTHIO.
Ona MoxeT ObITh nosyueHa B MPEAMOJOKEHHH, YTo MPYHT B KOMIIpec-
CHOHHOM npHOOpe HpeiaCTaBafAeT YOpPyryio, OAHOPOXHYI0O H H30TpOI-
HyIO cpeny. Jna aHa/mu3a MOXHO HCHOJIb30BATE 3ABHCHMOCTH MEXKAY
HOPMa/JBHEIMH COCTABJISIOMMMH HANPSIKEHHH H COCTABJSAIONIMMH OTHO-
CHTEJILHOTO CXKaTHd M3 TeopuH ynpyroctu (7), (8) u (9), ana ycuoswuii,
KoTZia TPYHT B KOMIPECCHOHHOM nprbope He HMeeT BO3MOXKHOCTH Iepe-
MemarsCsi B GOKOBOM HampaBiieHHH.
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Ecnn K rpyHTY B KOMIpeccHoHHOM HpHOope (pHc. 74) nmpujoxena
Harpyska, pasHas (p,—p;), TO Hpx HEBO3MOXKHOCTH GOKOBOTO pacuIM-
peHHd 'PyHTa, OTHOCHTeNbHOe 60KOBOE CKAaTHe A, 1apaJlJIeJIbHOE OCH X,
H OTHOCHTeJILHOe CXKaTHe A,, napaliie]bHoe OCH Yy, PaBHH HYJIO.
Hanpsikennss X ® Y paBHH B KoMIPECCHOHHOM NpHOOpDE OLHO APY-
roMy, a Hanpskenue Z=(p,—p,).

Hopcrapasisi 5TH 3HaueHHst B BeipakeHue (7) Ana A, unu A, noay-
YUM CJIEYIOULYI0 BeJHYHHY GOKOBOTO HANpSKeHHS A/f YCJIOBHH cxXa-
THS TPYHTA B KOMIIPECCHOHHOM
npubope, B KOTOPoM GOKOBOE pac- Py P

z
mpesre rovara nesovoncro 11T
X=Y=rto(p,—p).  (116) I~

|

Koadppuument l_-}i—p HasplBaeT- Z

cd KoahpuineHTOM GOKOBOro Xas- Puc 74. CxeMa HampsikeHHOTO cocTos-
JeHHd H 0503Ha‘{aeT(‘_ﬂ qepea ‘E' HHA TpyHTa B K6OMHPECCPIOHHOM npH-
OH XapakTepH3yeT OTHOIIeHHe T0- ope
DH3OHTANbLHOH HOpMaNbHOH CoC-
TaBJAIOMEl HanpsAXKeHHs K BepTHKAJBHOH NMPH HEBO3MOXKHOCTH Go-
KOBOTO pacIiHpeHusl rpyHTa. [Ipu HApaCTaHWM BePTHKANLHOH Harpys-
KH OH MeHee eJHHHUE H [IPH yGuiBaHHH — Gostee enuHuub. Jlas pas-
HEIX TPYHTOB OH pasauubuidi. Kos@dHuuenT GOKOBOTO pacIIHpeHus
rPYHTa ONpefesgi0OT NpH HapacTa#HH Harpy3kH M B 5TOM CJaydae
oH Bcerna menee 0,5,

3amennM Teneph B GopMysie (9) ANA BEpTHKAJILHOH COCTaBasIOMIEH
OTHOCHTEJILHOH JiehOpMaliH, NpH BO3MOMHOCTH GOKOBOTO pacIHpeHHS
TpyHTa A,, NapaniensHON OCH 2, FOPH3OHTAJILHHIE HOPMaJIbHEle COCTa-
BISIIONMe HanpskeHuit X u Y polydeHHHIMH Bhipaxkenusimu (116),
Aa8 cayyasi Ge3 BO3MOXKHOCTH GOKOBOTO paciuMpeHHs rpyHra. Toraa
OTHOCHTeJIbHOEe CyKaTHe CpyHTa B BePTHKANbHOM HallpaBsieHHH Oe3
G0KOBOTO paCIIHpPEeHHs TPYHTA MOXKHO HPEJCTaBHTEL B CJEAYIONIEM BHJe:

e=h2=ﬁg—”i<l—%>. (117)

[Nonyuennasi cBaA3b Mek[y OTHOCHTEJbLHOH ocaikoli 6e3 BO3MOXK-
HOCTH OOKOBOTO paciiMpeHHsl TpysTa H MOAyJeM AepopMauHH NpH
BO3MOXKHOCTH GOKOBOTO paciiMpeHHfi TPYHTa, Iocle 0003HAYeHHSH
B Gopwmydte (117) BuipaxkeHus B ckoGkAX 4epe3 P npuMeT crIeyIOMHHA BUA:

ez_gf’z;ﬂ B. (118)

Besnunaa § onpesensiercs onwirybiM nyTem. Ilpu oTcyTcTBHH 3Kcne-
PHMEHTa OHA MOXKeT GLITh IPHHATA cOrJIacHo yKaszauuam HuTY 127-55,
UPUBRIeRELM B Taln. 4.
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Tadéanuwa 20

Koadpuuues ol
Bup rpyHra t l @ B
ITecok 0,40 0,29 0,76
Cynech 0,45 0,31 0,72
CyranHox 0,60 0,37 0,57
Fnuxa 8,70 0,41 G,43

Hickomylo cBssb MesK1y MoAayJeMm fAebopmauun FPYHTA H €ro Kos(-
(ML HEHTOM YIJIOTHeHH 51 TeNEeP b MOIKHO IOJIYYHTh ¢ yueToM hopmyiis (78):

e=a(P2—P1) — P2;P1 B,

l+e
otkyma E=11%p. (119)

a

C yBennyenueM CIKHMaeMOCTH IpYHTa KospduIHeHT YMJIOTHEHHs YBe-
JHUYKBAETCS, a €ro MoAyJb Aedopmanun ymeusiaeTcs. C yBesHYeHHEM
e KEeCTKOCTH TIpPyHTAa €ro MoAyab JedopMaundM YBeJIHYHBAETCH,
a KO3(pQHIHEHT YNJOTHEHHS YMeHEIIAeTcs.

[MokasaTesnn CKUMaeMOCTH TPYHTAa Bcerja NpHBSISHIBAIOT K orpe-
JeJleHHOMYy HHTepBany Harpysku. Ilnist ojHoro u TOTO Xe TPYHTA, HO
LAsl PAsHHIX HHTePBAJOB HArpy3KW I[OKaszaTesin CKHMaeMocTd GyayT
PA3JTHYHBIMH.

Ins mecka, HMeromero NoJIOToe OuepTaHUe KOMIIPECCHOHHOR KPHBOHK,
MOYKHO NpOHM3BECTH ee CHpAMJEHHe, Ge3 CyIlecTBEHHOIo yuiepba Ans
TOYHOCTH pacueTa, oT HATPY3KH, paBHoi 2 xl'/cu® no 6 xI'/cm® 3mua-
deHHd CpeflHHX MoKazaTeeH C)KHMAEMOCTH TecKa npHBe/eHsl B Tada. 21.

Ta6nupma 21

KosHoneHT Monyas OTHOCHTENBHOE
Wurepsan warpyssu YIADTHEHRA AePOpMAILB CRATHE
2 kIJom? 0,004 cm2/kl— 400 &I Jcmu? 1,09 —0,8%
—6 &I [cm? —0,003 cm2/xl —B580 «I'[cm2

[lpu mameHenun narpyskn ot 2 kl'/cm® po 6 xI'/cm® cxarue ciios
necka Ha KaXkaplii MeTp ero momsoctH GyaeT cocTaBisaTh 1 cu.

JUIsi TOIMHE, y KOTOPOH KOMIPECCHOHHAst KpHBAs He HMeeT moJjo-
roro odepTaHusi, CrnpsMJACHHE BO3MOMKHO TMPOM3BECTH HA Hebosb-
LWIOM MHTepBaje HarpysoK, Hampumep, ot 2 sI'/cm® 10 3 «I'[cm®.
B Tabn. 22 npuBefienn NOKAa3aTeqd CKHMAEMOCTH IJIs JIBYX TIJHH,
OJHOK C HayaJbHBIM Kodhbuuuentom mopucrocT €=3,00 n Kpyroi
£,=0,50,

Cxathe TMHH roj Harpyskoi, pasmoit 1 «I'/cm®, B MHTepBase
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ot 2 kI'/em?® no 3 kI /cm?, 6yper coctaBasTh of 10 om mo | mm Ha Kax-
Iplii 1 M MOIMHOCTH CJIOf.

Ta6aunna 22

Kosdgunuenr Moayan OtrocureabHoE
Hurepsan Harpyskn YIUIOTHEHHS redopManun CcHATHE
2 kIl [cm?— 0,40 cm?/kl 10 kI jem? 10%
—3 kI'Jcm?
Totr xe 0,001 cm2/xl 1000 «I'/cm2 0,1%

O6a nokasaTessi C:KHMAeMOCTH I'DYHTa, Ko3(QpunMeHT ymaoTHeHHs
H MOAY./b JieDOpMAllHH, SBJAITCS XapaKTepUCTHKAMH JuHelHo gedop-
MHpyeMOil cpefiel, IS KOTOPOH NPHMEHUMbl 3aBHCHMOCTH TEOPHH YIPY-
rOCTH, 4 CJef0BaTesibHO, 3TH XapaKTePHUCTHKH MOryT OBITH HCTOJb-
30Bapbl /51 PAcuYeTOB OCAJAKH COODYXKeHHH.

CxkaTue TpyHTa IPH BOSMOXKHOCTH ero G0KOBOrO pacUIMpeHHst pas-
AHYAI0T ABYX BHA0B. OHO — AByXpasMepHOe, KOTAA NPOHCXOANUT
TOJILKO B ABYX HANpaBJIeHUsIX, HanpHMep, B BePTHKAJbHOM U GOKOBOM,
B COOTBETCTBHH C IIJIOCKOH 3ajaueit pacmpeflesieHHs] HanpsiKeHNH B Mac-
CHBe TpYHTA4, H TPeXpasMepHoOe, Korja oHO NMPOHCXOJMT BO BCEX Tpex
HANpaB/jeHUsX, B COOTBeTCTBHH ¢ oOGLeMHOH 33lauefi pacrnpeflelieHHs
HanpsXeHUH B MacCHBe TpYHT4 OT BHEUIHEH HArpys3kKH.

3xech HeoOXOZYMO OTMETHTh, YTO OCAJKa COOPYKEHUH MpPH ABYX-
¥ TpeXxpasMepHOM CXKaTHH FPYHTa IIPOHCXOJUT HE TOJIBKO OT H3MeHe-
HHs 06BeMa [op B IPyHTe, HO H OT CKAlIHBAHHSI MACCHBA FPYHTA B CTO-
poHBl OT (pyHAaMeHTa, NPH HeH3MEHHOM o6GbeMe Nop B rpyHTe. Takas
AepopMalusl TPOHCXOAHMT OJHOBPEMEHHO C IPHJOXKeHHeM BHelIHel
Harpy3k#. OHa XapakTepH3yeTCf MTHOBEHHLIM MoJyJsieM YIpPYTLOCTH,
kotopblil B 5—10 pa3s Gosblie modyas fedopManus, o6yc/Ja0BJEHHOTO
HaMeHeHHeM 00bpeMa 11op B IpyHTe. OZHaKO B PACUETHOH NpaKTHKE orpa-
HUYMBAIOT 33Jayy PacyeTOM TOJbLKO OCaJKH, O6GYyCJIOBJICHHOH H3MeHe-
HieM o0BeMa IOp B IpYHTe, TAaK KaK 5TOT BHJ OCafKH NpejcTaB/sieT
OCHOBHYIO 4acTb JedopMalliy MacCHBA TPYHTa, CAYXKAaLlero OCHOBaHHEM
COOpYKEeHHs.

HawuGosee obmieli 3ajayelt pacueTa KOHEYHOH OCA[IKH COODyKEHHS
fBJISieTCsl pacyeT OCAJKH NpH TpeXpasmMepHoOM CXKAaTHH TPYHTa B ero
OCHOBaHHH. JIByXpasMepHoe CxKaTHe NpejCTaBJISIET TO ¥Ke TpPexpasmep-
HOe, eClH JJ/IHHA 3arPyXKeHHOH NPAMOYTo/bHOH NJOIAAKH 3HAYHTe/1bHO
GoJibllle, uyeM ee IIMpPHHA,

Pacuer TpexpasMepHOro CXA4THsi TPYHTa, CJaralomiero OCHOBaHue
COOPY¥KEHHs, [POU3BOAAT ABYMst MeTo/laMu. [lepBulii MeTOl MPHMEH SIIOT
JJISi OHOPOXHOTO CJIOXEHHST MACCHBA TPYHTA, CJYKAIETO OCHOBAHHEM
coopyxenusi. BTopoil METOA NMPUMEHSIOT AJ1st HEOHOPOJHOTO CJI0KEHHST
MacCHBa IPYHTA, CJYKAWero OCHOBAHHEM COOPYIKeHHs, C YUeToM U Ge3
yueTa 60KOBOTO paciuMpeHHs TPyHTA. B nocnennem cayqae metog noJy-
YNJI HA3BaHHE «METOAA IIOCJOHHOrO CYMMHPOBAHHS»,
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31. OnHopoaHoe CJOKEHHE MaccHBa TIpyHTa

MaccuB rpyHTa, COyXKAMHKR OCHOBAHHEM COODYIKeHHA, NPUHHMAETCA
Mpu pacuere OC4AKY OLHOPOAHLIM, €CJIM OH MMeeT B IpefenaX aKTHBHOMH
30HBL N9 AAHHOTO (YHAAMeHTa OAUHAKOBHI JIWTOJOIHYECKHE COCTaB
TPYHTOB, MOCTOfIHHble OGBEeMHbIl BeC CKeJieTa H II0Ka3aTesiu CKHMae-
moctH. [TpuHHUMas Ty XKe pacyeTHVIO MOZeNb /s MAacCHBa rpyHTa, Kak
H NIpH pacueTe HanpsuKeHuH, pacyeT oCajKkyu OPOM3BOJAT Mo GopMyIaMm
TEODHH YNPYToCTH, Tje MoKasaTteJeM CXKHMAEMOCTH BCel0 OCHOBAaHHA
CAYXKHAT MOAyNb JAedhopmauud E. ONHAKO MOXKHO I0J1hb30BaThCH TaKKe
koxbduIMeHTOM yIIOTHeHUs a. B 5ToM Ccayuae pacueT ocagkv Npoms-
BOANTCH MeTOJOM S5KBHBJIEHTHOTO CJoOA.

Pacyernyio ¢opMyny Ajsi KoHeYHOH OCajKH NPAMOYTOABHOH WJH
KPYyTJIoH NJOmMANKH, ¢ yueToM H 6e3 yyeTa ee ¥eCTKOCTH, MOJYYaloT
H3 peerns Byccupecka A COCPENOTOYEHHOH CHJIH, NPHIOKEHHOR
K MOBEPXHOCTH YIPYro#, COJOMHON OZHOPOIHONH B H30TpONHOH Cpefnl
Teopuu ynpyroctd (puc. 14). BepTHkanbHoe nepeMellleHHe @ AJf
TOYeK, pPacHoJIOKeHHBX B pacCTOSSHHH K OT TOUKH NpHJIOKEHHs cocpe-
JOToYeHHOH Cuibl P u Ha riy6uHe 2 OT NOBEPXHOCTH, BHPAXKAETCS cJle-
Idytomed dopMyoi:

_ PO+ r2  2(1—w
w=—gr L®T R ] ’ (120)
rie £ — noctosiuHHi AJSi BCeH Ccpelbl TEOPMM YIOPYTOCTH MOAYJb
YNPYrocTH.
OTtkyna BepTHKANBHEE MEPEMEIeHNHs TOYeK, JieKalllHX Ha MOBEepX-
HOCTH THMOTETHYECKOro Tesa, GYAYT pAaBHH:

P(1—np2
w="0—1) (121)

Ecsu 3anannyo miomanxy ¢ paBHOMEPHO pacnpeleeHHo# Harpys-
KoH pa3GHTb Ha 5JleMeHTapHHE NJOIIAAKK, COCPEIOTOUHTL HX HAIPY3KY
B LEHTpe TAMXKECTH KamAOH IJIOWIAJKH K YMEHBIUATE pasMephl 5JieMeH-
TAPHBIX NJOILAJOK A0 GeCKOHeuHO MaJIEIX pasMepoB, To OCaJKa 3arpy-
KEeHHOR IJIOMIAfiKY MOXKeT ObITh IOJIyyeHa NyTeM ABOHHOro HHTEerpH-
poBanusa Belpaxenus (121).

@opmyaa Aas pacyeTa OCaflKM TOYEK, PaCHosioMKeHHHX B IpefiesiaX
ru6KOro KOHTypa NpsIMOYToJbHO!H IJIOIAJK4 C paBHOMEepPHO pacmpeje-
JeHHOlt Harpyskol, 6uiia nonyuena lneiixepom (1928) B caenyomem
BHJe:

s PV F(1—p)
E ’
rie & — Ge3pasMepHbii KoshpbHUIHEHT, 3aBHCAIIHE OT OTHOUIEHHH
AJVHE H INWPHHLl 3arpyKeHHOH RJOMIAAKH H ee XKeCTKOCTH,
F — nnomanrs 3arpyskH.
Ecnu nnomanb 3arpy3kd 3aMeHHMTh yepes

F = (mb)- b= mb?,
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flie m — OTHOCHTENbHASt JJIHHA TPSAMOYTOJNBHOH nyomajkH, TO ¢op-
MyJie JJIs pacyeTa OCafKH MOXKHO NPHAATh CaeAyoomuii OCHH BHA:

s=optl—ph) (122)

rie ® — KO3(p(HIHEHT, 3aBUCAMHKE OT Pa3MEPOB, thopMEl H KeCTKOCTH
3aTpyIKeHHOH IJIOIIAJKH,

p — HHTEHCHBHOCTL DABHOMEDHO DACHPENeNeHHO HarpyskH st
rHOKOf NIMTH WK p=(p,~Yt) KI'/cm®, tae p, cpenmss Ha-
rpyska ot XecTkKoro ¢yHiaMeHra,

b — mHpHHA, HIH JHaMeTp IUIOUIAAKH 3aTpYXKeHHs, CM,

E — monynn Jedopmannu MacCHBa TpyHTa B xl/cm®, paccMartp-
BaeMOro Kak JIHHEeHHO JedopMHPYeMaRn cpeja.

Bemnuunel kosppHuHeHTa o IS pacyeTa: OCajkH NEHTPANLHOM
TOYKH TNPSIMOYTOJIbHOH TIUIOAAKH C DPAaBHOMEPHO pacrnpelesieHHOH
Harpyskoii; cpegneil ocaikH 3TOH NJIOMLAAKH, TPH OTCYTCTBHH ¥KeCT-
KOCTH, H OCaJAKH MECTKOTO MNpPSAMOYIOJLHOTO (yHAAMEHTa, IaHH
B Tabm. 23.

Ta6aunpa 23
Orrocn- I
TEIBHAST
amEa | 1,0 11,6 12,0 3,0) 401} 5,0/ 6,6] 8,010,0]20,0]100,0
AJoMman-
KH 1m

Uewtp | 1,12]1,36| 1,53] 1,78| 1,96 2,10 2,23} 2,42 2,53| 2,95| 4,00
Cpeamsin | 0,95| 1,15] 1,30| 1,53| 1,70 1,83| 1,96] 2,12} 2,25/ 2.64| 3,69
XKectxuii | 0,88) 1,08) 1,22} 1a4| L1} 1,72] = | {2 = | =

Pasnuune B cpenneil ocanke QynAaMeHTHOH MJIHTHL, NOJYYeHHOH Ge3
y4eTa ee JKECTKOCTH, W JKeCTKOro (PyHIameHTa, IpH HX OAHHAKOBEIX
pasMepax H OAMHAKOBOH Harpyske, HEBEJHKO H COCTABJASIET B CPefHEM
okos10 6%. IMosToMy npH AOMYyCTHMOMH
NOTPEITHOCTH B pacyeTe OCaLKH, PaBHOM TaGanua 24
10%, MOXHO 3aMeHATH pacyeT OCAAKH

KecTkuit
KeCTKOTO dyHAaMeHTa Gosiee MPOCTHIM  Llegrp | CREAHAR | “po o
pacueToM cpefHeii ero ocaikH 6e3 yuera . ocanka MeHT

wecTrocetd. Ocajka JeRTOgHOTO PyHIa-
MeHTa GoJIbIlie OCAAKH KBaJpaTHoro ¢yH- 1,00 0,85 6,79
AaMeHTa, npu OAH}IaKOBOﬁ HX IHHpPlHe.

Ocafka B yrax MOPSIMOYTOJIBHON
rHOKOil IIOmAnAKH ¢ PABHOMEDHO pacnpefe/eHHOH HarpysKo# cocTas-
JisieT NOJIOBHRY OCajJlKH B ee lleHTpe.

Pacuer ocagku Kpyr/ioR IUIHTEI MPOH3BOAAT IO Tok ke dopmyne
(122) nocse 3amensl WMPWHEL MPSAMOYTONBLHOR MJIOManKky Ha jMaMeTp
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Kpyra. Besnuntbl Koo(OHUMEHTAa @ [/ DABHOMEDPHO 3arpy’KeHHOH
KpyrJo# FU6KOH NJOULaJKH M A8 KECTKOro Kpyryoro (yspaMeHta
JaHb B Tabu. 24.

Ocanka kpyrioro ¢QyHIaMeHTa C JUaMeTpOM, pPaBHBIM CTODOHe
KBaApaTa, MeHbllle OC3JKH KBaApaTHoro (pyHaameHTa, Pacuer ocagxu
Toyey, pPacloJIOKEeHHHX B IpefenaX M 33 IpefeiaMu 3arpyKeHHOH

4

‘HH H‘“ 875 300 125 450 475 200

N

(e

Puc. 75. PaBHOMEpPHO pacipeje/ieHHas Harpys-
Ka no rubKkof Kpyrjiod naomagke

KpyrJaoi IVIOMajKH, B DPAa3JMYHEIX pACCTOSIHHAX OT ee UeHTpa, 6e3
ydeTa »ECTKOCTH, ¢ DaBHOMEpHO pacipeje/leHHOM HAarpy3ko, ompe-
JensioT 1o Toii xke gopmyse (122). Ocajku 3THX TOueK NOKa3aHH Ha
puc. 75. Bemnuuna xoadduumenTa o 415 ToU4EK B NpejesaX IVIOMIALKH
JaHa [4Jis pasHHIX OTHOCHTENbHBLIX PacCTOSHUH % OT UeHTpa MJo-
waaku B8 Ta6a. 25.

Ta6auya 25

-Z- l 0,0 0,10 | 0,20 0,30 0,40 ‘ 0,45 | 0,50

1,00 0,99

0,96 0,90 0,81 ‘ 0,71 ‘ 0,64

Benuunuer xosdhduuueHToB 0 A8 TOYEK 3a IpejesaMH KPYIJoH H
KBaJpaTHOH MJIOIAN0K H ®! IJs KBaApaTHOH MVIOMAAKH) JaHH B TabJu, 26,

Tasmuna 26
% 0,50 ’ 0,55 | 0,60 ‘ 0,80 l 1,00 ’ 1,50 | 3,00
® 064 | 0,52 | 046 | 0,32 | 025 | 0,17 | 0,10
ot 0,68 057 | 052 | 037 0,29 0,19 | 0,12




Ocajxy TOYEK, DACMOJOXKeHHHX 3a MNpeleiaMH 3arpykeHHOR
MJIOUIAJIKK, TeOpeTHYeCKH [oJAyyaloTcs Ha pacCTOAHUAX, 3HAYH-
TeALHO TpeBHIIIAIOIIAX JBa JMaMeTpa KPYIVIOH IJIOMAJAKH OT ee
IIeHTPA.

dopmyaa (122) XOpomwo noATBepKaeTCs SKCIEPHMEHTAJIbHO At
OJHOOOPA3HOTO TEOJOTHUECKOTO CTPOEHHS OCHOBaHHUS, HeGOJbWHX
pasMepoB HArp yKeHHBIX
IJINT, DJOM@Is0 He Gojee Wagang nnemsy,

12—15 M2, u Hebosbmoi ! 2 3 4 $
Barpyskd ua HuX, He Go- ] ! §
nee 3 kI'/cm?, Kax MOKazaHo \\
Ha puc. 76 u 77. IIpu Goan- ]
WX pasMepax NAWTH yiKe
CKa3plBaeTCsA  VYILIOTHEHHe
rpyHTa ¢ ryOMHOI TOA Jed- -
cTBHEM COOGCTBEHHOIO BeCa M
€ro CXMMAEMOCTh y¥Ke Hellb- s
37 paccMaTpHBaTh KAK OMM-  pyc, 76. Tpaduk ocagku KBagpaTHOR MJIMTH,
HAKOBYIO IO I‘leGHHe B Mpe- npd pa3iuuHof ee IMHpuHe, ATA NOCTOAH-
Jenax aKTWBHOH 30HH, IIpu HOTO cpejnero HanpsixeHud IO &e mojOuBe,
Go/IbIIMX Ke HArpy3Kax pas- passoro 1 kT Jex
Meprl o6nacTefl muACTHYeC-
KuX Jedopmanuii B rpyHTe NOJ NOAOIIBOH QyHAAMEHTA y¥Ke JOCTHIaloT
TAKHX Pa3MepOB, IPH KOTOPHIX YKa3aHHAS JHHEHHAS 32BHCHMOCTDb TaK-
Ke mapymaercs. [Ipefesl RPUMEHUMOCTH QOPMYInt (122) k peanbHHIM
I'PYHTAM 3aBHCAT OT a6COJIOTHBIX PA3MEPOB NOJOMIEL PYHIaMeHTa H Ha-
IPY3KH Ha Hel'O M HE 3aBUCAT OT
Cpednee wonpsmcenue p, kL fcm? OTHOCHTENbHON AMMHEL Gynia-
/ Z J 4 MeHTa. PacuyeT ocajx# CoOpyxe-
T P HuH TPOM3BOAAT mo GopMyJaam
TeOpUH YINPYFOCTH ITPH OHOOG-
. Pa3HOM re0JIOTHYECKOM CTPOEHHH
I~} €ro OCHOBaHHS HAa MYObHHY 6—
AN 8 u, ecnu y dpyHpamenTa, Gaus-
KOro K JIGHTOUHOMY, IINPHHE
s nopowmesl He Gojlee L # n ¥ dyH-
AaMeHTa, OMM3KOTO K KBajpar-
Puc. 77. Tpaduk ocagkm KBagpaTHoii HOMY, IIMPHHA MOAOLIBHEI He 0o-
MJIHTH TIpH pastﬂ‘-}HOfI Harpyske ﬂauﬁee Jlee 3 M, & Cpeﬂﬂee Hanpﬂ)}(eﬂue’
IS NOCTOAKRO ee WHPHKH, PasHOH 24 nenenapaeMoe HA FPYHT OT QyH-
namenTa, Menee 3 KI'/cm?.

Ecu meCTKuil PyHIaMeHT HarpyMeH IKCHEHTPHYHO H paBHOMel-
CTBYIOMas BHEIUHHX CHJl HaKJOHHA, TO OH HaK/OHfeTcAd B CTOPOHY
JefCTBUS FOPHM3OKTANLHON cocTaBasiomel paBHOJEHCTBYIOMIEH. Benu-
UHHA SKCHeHTPUCHTETa ONpefesieTCsl 10 PacCTOSIHHIO OT Mecra nepe-
CeueHMsl HalPaBJeHHS pasHofeficTBylomel ¢ mojoweoii (yHAAMEHTE
Zo ero cepejunnl (puc. 29). TanreHc yria naknoHa (puc. 31) pogomBat

12}

Jeadra 5,cm
@ N e ey

Ge  w

Ocotkg 5. cm
3




JKeCTKOTO JIeHToyHOTO (PyH[aMeHTa BHIpaXKaeTCs Caenyomei dopMyoi
{®nopun, 1948):
6eP 1—pt eP 0, —
tga="105" o E 4627 =0,38 A= (123)
THe ® — YroJ HakJoHd ¢yHIaMeHTa K TOpH3OMTY;
E — vonyns pedopMaluM TPYHTAa B OCHOBaHHHM (YHAaMeHTa,
k[ /cm?;
P — BepTukaJbHasi cUna, NpUXopAmascs Ha | cu AJHEB QyH-
JaMeHTa;
£ — SKCIIEHTPUCHTET, BHIpaXKeHHH# B c#;
b — mupuHa QyHAAMEHTa, CM;
O, U O,— KpaeBHe HanpsukeHHs y QyHzaMeHTa,

ITox aeficTBHeM ropH3OHTaNbHOH CHJAB @, IpHJOMEHHO# B IJO-
<KOCTH TOIOIIBELI }KeCTKOTO JeHTOUHOTO QYHIAMeNTa, NoC/eARN HaKJIO0-
HUTCS B CTOPOHY AEHCTBHS 3TOH CHJBI. TaHreHC yria HakJoxa QyHaa-
MeHTa BHIUHCIseTcs 1o (QopmyJe:

tga=0,21 2 =021% (124)

The ¢.= 9_ CpejHee KacaTe/IbHOE HanpsKeHHe ro mojoiBe GyHAa-

b
menTa, &I /cm?;

( — ropusoHTalbHAA CHJA, MPUXOAAMAACA HA | oM AJHHBEL
$yHnaMeHTa,

Obmyio pedopManuio Xecrkoro pyHaameHTa NOJYYAIOT B PE3yJib-
TaTe CYMMHPOBAHHSI OCAfAKH OT UEHTPAJbHO NPHJIONKEeHHOH CHJbI P,
nepexoca ot MoMeHTa M=¢eP u mepeKoca OT TOPH3OHTAJBHOH CHIB Q.

®opmysbl 15 pacueTa nepekoca PyHAaMeHTa IaHbi AJS TJIOCKOH
'3ajauM, T. €. AJs JEHTOYHOro (yHraMeHTa. MX npumenenune njs ompe-
JeJeHusi HAK/JIOHA NPAMOYTOJbHLIX (YHIAMEHTOB, OTJHMYHBIX OT JIEH-
TOYHOTO, HE BHOCHT CyIIECTBeHHHIX norpemHocTelf. IlocsenHee BHIHO
H3 CpaBHEHHS HAKJIOHA JEHTOUHOTO JKECTKOTO (DyHpaMeHTa, KOTODHIA
'MOKHO NpEICTaBUTL B CJELYIOMEM BHJE:

_ pe (1—p?)
tga_—5,l 5TE

H HaKJIOHa Kpyrioro xecTkoro ¢ysuamenta (Eropos, 1938):

_ pe (1-—p%
tga=4,7 2. 520

3pecs p — cpenHee HaNPsKEHHe 10 MOAOMIBe XecTkoro (yHpa-
MeHTa. B ofenx ¢opMysax uHcaIeHHBle KODDUUMEHTH OTIHYAITCS
MeHee yeM Ha 10%, 4To JOMycTHMO NpPH Dpacyere QCa/IKH COOPYIKEHHS.

Ynpaxnenne Ne 14. Orzpenemnb OCaj[Ky H HepeKoc COOpYKeHHs,
TIOCTDOEHHOTO Ha CILIOUIHOH ecTKOH IIUTe, C €€ OTHOCHUTEJBHOH JJIH-
HoM, paBHOH NATH, onupawLefics Ha OJHOPOAHOE GCHOBAHHME C [IOCTOSIH-
HbIM N0 TyiyGune MonyJseM pnedopMaumu £E=1000 & I'/cm?, nas ycaoBuit
BarpyKeHus, NPHUBENSHHBIX B ynpaxHeHun Ne 7.
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32. MeToJ 3KBHBaJEHTHOrO CJaOst

PaspaGorannniit H. A. Ilurosuuem (1951) MeTon 5SKBHBaJIEHTHOTO
CJIOS [I03BOJIAET NPHBECTH pacueT JBYX- M TPEXpasMepHOrO CXKaTHS
rpynTa no gopmyne (122) x pacuery onnHopasmeproro cxkaTusa mo ¢op-
Myne (76) uam (78).

JleficTBuTenbHO, € 3aMeHHTE B dopMyae (122) mopyan aedop-
Mauun E ero BolpamendeM uepes Ko3b(QHUMEHT yIJOTHeHHS 4,
C noMomeio 3aBucHMOcTH (119)

E:H'e( 2p2

a Ty A

To dopmyna (122) TeopHm ynpyrocTH A/s OCAAKH NMOBEPXHOCTH MACCHBA
MO/l MeCTHOH Harpy3Koii NpuMeT CJeIylomMi BHL:

- (I—pHa(l—p) _ ap F(l—pp

s=opb ey =T [ om0t ) (129)
31eCh MHOMHTENL B NMPAMBIX CKOGKAX HMeEeT PAa3MepHOCTh JTHHH H
npeacrasnsieT nmo IiMToBMuy MomHOCTE A, 3KBHBaJE€HTHOTO CJOS
TpyHTa, ocagKa KOTOporo moj 3aJaHHOH DABHOMEpHO paclipele/eHHOH
HarpysKoil, paBHO# p, Ge3 BO3MOKHOCTH GOKOBOTO paclIMpEHHs!, PaBHa
OCaJIKe TIOBEPXHOCTH JIMHeHHO JIehopMupyeMoill cpenpl HOJ MECTHOH
HarpysKoi, y KOTOpo#l cpejHee HanpsiKeHHe, NepeaBaeMoe Ha TPYHT,
PaBHO p, IPH BO3MOMKHOCTH GOKOBOIO pACUIMPEHHs TPyHTa B ee OCHO-
BaHHHM. MOMHOCT: 3KBHBaJEHTHOTO CJIOA MNPAMO MNPONOPIHOHAJIBHA
mHpuHe GyHJAMEHTa H 3aBHCHT OT (POPMBI M XKECTKOCTH (yHIAMEHTa,
a Takxke OT KOXpHIMeHTa GOKOBOTO pACHIMpeHHs T[pPyHTa. Pacuer
KOHEUHOH ocafkd QyHJaMeHTa MeTOJOM SKBHBAJICHTHOTO CJIOSI IIPOHS3-
BOoHUTCs N0 ¢opMmyne:

—_ar
5= he (126)
TIe a — KO(pOHIMEHT y/oTHeHHs [PYHTA A HHTepBaja HArpysKH
OT p, 10 Py, B cM¥/k T,

p=(py—py) &l'/cH?,

h, =——-—(i~;)2 ob=Ab cm.
— <k

KoapunuenT 3KBHBajedTHoro cjosi A 3aBMCHT OT pasMepoB
M JKECTKOCTH (yHAaMeHTa, oT Kod(dumueHTa GOKOBOTO pacCIIMPEHHsS
TPyHTa, 8 MOUIHOCTb 9KBHBA/IEHTHOIO C/I0S NPOMOPIUOHATbHA [IHPHHE
¢ynaaMenTa. 3HaueHHa KoapHIHEHTa SKBUBAJEHTHOrO ctost A fatoTes
B tabsi. 27 nnsa necka, uMewpomero p= 0,30, B COOTBETCTBHH c 0603HA-
gyeHuaMH Tabma. 24.

JIJa MJacTHYHBIX CYTVIMHKOB H L[JIHH, uMetomux p = 0,40, Bce uucia
Taba. 27 caepyer yMHOXHTh HA K;=1,47, a Ais TBEpAHIX CYIJIMHKOB
g TiuH, umelomux p=0,20,— cooTsercTeenHo Ha K,=0,83.
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Ta6anuua 27

m=% 1,0 ‘1,5 ‘2,0 '3,0 l4,0 5,0 '6,0 7,0 | 8,0 {9,0 | 10,0
Lentp |1,37 [1,66 1,88 2,18 |2,41 |2,58 |2,72 |2,84 2,94 3,03 |3,12
Cpenusis | 1,17 | 1,40 [1,60 (1,89 {2,090 (2,25 |2.41 |2,51 |2,61 |2,69 |2,77
Kecrsuic | 1,08 1,82 1,49 |1,76 | 1,97 |2,11 | '~ | ‘= | — | — |2,60

Hs Taba. 27 BHAHO, YTO pasHHUA B BeMHUHHAX KO3(HLHEHTA IKBH-
BaJIEHTHOTO C¢ost A, IPONOPIHOHANBHEIX BENUUHHE 0CANKH, AJS KeCT-
KOH IJIMTHL H sl CpefiHeH ocajkH IJIMTHL 0e3 yueTa ee JKECTKOCTH

coctaraseT 6%. CnenorarensHo, npu TpeGye-

0 MOH TOYHOCTH pacyeTa ocCankH, pasHo# 10%,
MOXKHO 3aMeHSThb ¥ B MeTojle SKBHBAJICHT-

HOTO CJO pacueT OCAAKH KECTKOH IIJIMTb
MM QyHAaMeHTa pacyeToM ocaiku Ges yueTa

b8 JKECTKOCTH.
Ina pacdera KospdunuenTa yNAOTHEHHSA
7 15 B HHTEPBaJe Harpysok OT p,, NPeACTABASAIO-
5

LI[ero HAampsKeHHe OT jJeHCTBHS COGCTBEHHOTO
Beca IPYHTa, A0 p,, NPEACTABAAIONIEI0 CyM-
MapHOE HanpsKEeHHe OT COGCTBEHHOro Beca
rpyHTa M BHeINHell Harpysku Ha Hero, 3mo-
Py HanpsDKeHHH 1O BepTHKANH NPHHHMAIOT
e TpeyrosbHof. Bepxnu#l KaTeT paBeH BHei-
Puc. 78. Cxemarusupopai-  poj yarpysge, a BPIKHA TPeyroJAbHHKA Ha-
Hasl 3NIopa pacnpejenenus ’
HANpTKeHHA mNo peprw- NPABJICHA KHH3Y (pHc. 78). Bhicota TPEYrofib-
Kajly OT BHelIHe# Harpys- HOH 3MIOPH YIJIOTHAIOIHMX HANPS:KEHHH MPH-
ki ([eroByy) HHMaeTcs paBHOH h=2h, . MuTteprasn usmene-
HHSl HamOpsDKeHMH B MaccHBe TIpyHTa, LA
pacueTa Ko3(pOHUHEHTA yINOTHEHHS, NPH TPEyToJbHOM 3MOpe H3-
MEeHeHH HANpsKeHMH MO ryGHHe, OTHOCAT HE K CEpeiuHEe BHICOTHI
9MIOPHI, KaK 3TO MOXKHO OHIIO Obl Je/1aTh NpH JHHEAHON 3aBHCHMOCTH
YIUVIOTHEHHS. OT Harpy3KH, a, YYHTHIBAS KPHBOJMHEAHH XxapaxTep
KOMIIDECCHOHHOH KPUBOH, K CEUYEHHIO, PACIO/IOKEHHOMY Ha IyGuHe
0,8h, or nopomssl dyHAaMeHTa. HauanbHoe n KOHeUHOe HAIp KEHHS
OTpene/IaioT Jas 310 raybusel (puc. 78). Hanpsskenne mo mopomse
byHupamenta p=(p,—vyf), rae p.— CpeaHee HANPSIKEHHE HA MOAOLIBE
KeCTKOro (yH/[aMeHTa.
Harpysku ass pacuera KosdduuueHTa yIJIOTHEHHS NPHHUMAIOTCS
clenyoIHe:

p1=0,8a 4yt u p,=p,+0,6(p.—vt),

rae y'— o6beMHbIM Bce I'PyHTA C yYeToM B3BeUIHBaHHS, eclH riyGuHa
3aJIoKeHHs (PyHJAMEHTa COBMNAAAeT C [JyOMHONR PACHONIOKeHHs YPOBHS
TPYHTOBEIX BOA, {— IyOHHA 3aj0XKeHHs! (GyHIAMEHTA.
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Tpe€yeMyl0 KOMNDPECCHOHHYIO KPHBYIO HAXOAAT KaK CPEIHIOI
H3 Pe3y/NbTaTOB KOMIPECCHOHHBIX MCHEITaHHA 06pasioB IPYHTOB,
OTOOpaHHLIX BO BpeMs HHIXEHEPHO-IeOJIOTHUeCKHX HCCJIe/loBanHuil CTpou-
TeJLHOH IUIOmAAKH, € PAasHBIX IIyOHH HHKE OTMETKHM 3aJ0KeHHd
npoeKTHpyeMoro (yHAAMEHTa, B Npeienax TPeyrosbHOH 3MOpPEl H3ME-
HeHUs Hanpsukenui. OHA faeTcs B Ta6auusol hopMe 151 KOIDhHHIHEHTE
NOPHCTOCTH TPYHTA IIPH HApacTalo-
MX Harpyskax Ha HEIO C HHTepBRa-
namu 1o 0,5 xI'/cu® B cooTreTcTRHE
¢ ¢opMyaoit (76). Koabbunuentn
MOpHCTOCTH TPyHTA JJas pacyeTa
OCaJIKH PaCCUHTHIBAIOT C TOUHOCTELIO
Io Tpex 3HakKoB mocje 3anaroii. Ta-
Kasi KPUBas CJIyXHT HOpMaTHBHOH
KOMIIPECCHOHHOH KPHBOH.

31ech 1e06X0HMO OTMETHTh JIBE
0COOEHHOCTH KOMIIPECCHOHHBIX HC-
OLITAHHMH, KOTOpHIE BAXKHO YYHATHI-
BaThL NIpU pacueTe OCAJKH COOpyxKe-
uuii. Ileppasi ocofenHOCTH 3aKJIIO-

—

)
[+ <}
P

i
N ~N

0
;)

Kosppuyuenm nopemacmy &
£
~

65 10 30 30 40
Haepysha p, #lfcm?

yaeTcs B TOM, 4TO 06pasell rPyHTa,
npu ero or6ope W3 MacCHBa IpyHTa,
pasrpyxaercs u pasbyxaer. Ilpu
pacueTe OC3jJKH NPHHHMAIQT, YTO
HampsAXKeHHe OT COOCTBeHHOI'0 Beca

Puc. 79. INTosoxenue BeTBedt pasby-
XaHus, NOAyUeHHHX B peayJbTaTe
KOMIIpeCCHOHHBX HCIBITAaHKIl IPyHTA.
J1s uHTepnana pasrpysku p’ HaMe-
HeHMe NOPHCTOCTH IPYHTa paBHO Ag’,
a JJisd BHTEpBaja pasrpysku p” OHO

TPYHTA HJIM HayaJbHAf HArPY3Ka, pasuo Ae"

IpHNoXKenRas K o6pasiy B KoMIpec-

CHOHHOM NpHBOpe, NPHBOIUT NOPHCTOCTL IPYHTa K NPHPOAHBIM HIIH
HavaJbHBIM ycJoBuaM. [lo3ToMy Haua/lbHBEI KO3GQUUMEHT NOPHUCTOCTH
rpynTa GepeTcst ¢ KOMIIPECCHOHHOH KPHBOH AJsi MPUPONHOH HArpysKH
"a Hero, paBHo#t p; kI /cm. Bropas ocoGeHHOCTL 3aK/IIOUAETCS B TOM,
YTO NPH Pasrpyske o6pasia 'pyHTa B KOMIPECCHOHHOM IpubGope moxy-
YaloT BeTBb pasbyxanus. [1puyeM, BeTBH pasbyXxaHus [V PA3HBIX Ipes-
BApHUTE/bHLIX HArpy30K Ha TIPYHT NOJNyYyalOTCsl NMPAKTHYECKH Iapas-
AeNbHBIME ofHa apyrofl (puc. 79). TlosTomy mokasatesn pasyxaHus
IpyHTa JaloT B Tabiuue Ajs cpefinedl KOMIPECCHOHHOH KPUBO# HesaBH-
CHMO OT B&JIMUMHSI NPeBAPHTE/ILHOR HATPy3KH IPyHTA, B BHAE NpHpa-
uieHH# KO3(hGhUIHEHTOB MOPHUCTOCTH B THICAYHBIX JOMAX ENMHMIUBI, A5
KaxJOro MHTepBana pasrpysk, paseoro 0,5 Il /cm®.

Ipumep pacyera. OnpeieuTh CPEIHIOI 0CajKy GyHAaMeHTa pasMe-
poM 2 X 10 #, cO CpeHHM JaBACHHEM Ha IPyHT, paBHeM p,=2,0 K ['/cm.
ny6una sanoxenns Qynnamenta paBma 2 s. OCHOBaHHe CJIOXKEHO
TIACTHYHLIM cyranrKkoM. Ero o6bemubiét Bec pasen 0,9 m/#?, nast soubt
HHXE YPOBHS I'PyHTOBBIX BOJ, MPH CTENeHH HACHIEHHUS IPYHTA PABHOM
enuHulle. YPoBeHn PyHTOBLIX BOJL COBNANAET € HOM KOTIOBaHa. Koa-
dunnenT GokoBoro pacmEpenHs IpyuTa pasex p=0,40. HopmaruBuas
KOMNpPECCHOHHAsT KpuBas jasa B TaGa. 28.
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Ta6auma 28

Harpyska,
k[ Jem? 0,0 | 0,5 | 1,0 1,5 [ 2,0 { 2,5 | 3,0 | 3,5 | 4,0

Koa¢dnun-
eHTHI NOPH-

CTOCTH NpH
ynaorsennn | 0,905 | 0,842 |0,813 10,792 |0,777 | 0,766 | 0,758 0,752 | 0,747

INpupanienne

KosdpuuHer-

Ta& IOPHCTO-
CTH TpH

pasfbyXaHun
Ae 15 6 3 1 1 0 0 0

[pupamenue KoadbuunenTa HopHCTOCTH NPH pasCyXaHHH, NMPHBe-
JeHHoe B Ta6u. 28, nmpexcTas/sieT ThICSTUHbIE DOAM €NHHHILL.

Pacuer ocapkn (yHgamMeHTa MeTOfOM SKBHBAJEHTHOLO CJIOS HauH-
HalOT C OMNpejeJIeHHs! MOIHOCTH SKBHBAJEHTHOro cjos no Tabm. 27
C MOMpPaBOYHBIM Ko3(ihHIMEHTOM Ais miacTHUHoH rimHbl p=0,40,

paBueM K,=1,47.
OtHocuTenwHasl IaMHa (yHJAaMeHTd paBHa:

m=’1—29=5,0;

MOHJ,HOCTI: 9KBHBAJICHTHOT'O CJIosl DaBHA:
hy=A-b-K,=2,95.2,00-1,47 = 6,60 x.

PacuerHas Harpyska Ha oCHOBaHHe C y4eToM GLICTpoil 3aMeHH! Beca
BLIHYTOTO H3 KOIJIOBaHZ TpyHTa BecoM (DyHIaMeHTa paBHa:

p=20-20.19.0,1=1,62 xI'/cm?.

3pecy o6beMHEIR Bec IrpyHTa, Haxojsulerocs! BEIlE yPOBHS TPyHTO-

BbiX Boj, paBeH 1,90 m/m3.
WuTepBanel HanmpsiKeHHH B TDyHTe OCHOBaHHsI AJsi pacdeTa Kosg-

(uuueHTa ymioTHeHus GyayT caepylomue (puc. 78):
p,=0,8-6,60.0,9.0,1+42,0-1,9.0,1 =0,48 10,38 =0,86 xI'/cm>.
py=10,86+40,6+1,62= 1,83 «I'/cu?

MckoMbili pacueTHbidl Ko3h(dHMUHEHT YITOTHEHHs AJs HOJYyYEHHOTO
HHTEpBaNa HampsKeHHH oNpefensieTcss 0 CpenHell KOMIPECCHOHHOH
KDHBOH, NpHBeieHHOH B Tabn. 28.

Hnst HavanmbHO# Harpysku p,;=0,86 k[/cm? HauadbHHIEA Koahdu-
IIMEHT HOPHCTOCTH TIpyHTa GyHeT paBeH:

& = 0,842_‘%0-’@(0,86— 0,50) = 0,821.
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Jns KkoHeuno#t Harpy3ru p,=1,83 «I'/cm®, KOHeUHBIH KOS(uH-
[IHEeHT MOPHCTOCTH TPYHTa OYAeT paBen:

e, = 0,777 + L2 =017 (9,00 — 1,83) = 0,782.

PacuerTHoii KO3((HUHEHT YIJIOTHEHHA OyJAeT CJeLYIOMHMHA:

_ &—ey,  0,821—-0,782 2
a= o py = 1.830.86 = 0,04 cm?/kl.

Koneunaa cpennsia ocaixa (yHIaMeHTa GyneT paBHa:

ap . 0,04:1,62 ~nn
l—{—eh T 821 -660 = 23,4 cu.
Pacuer uamenenHs 0CafKH BO BPCMEHM BHIIOJIHSETCH YKasaHHBLIM
paHee METOJOM.

33. HeopHopoanoe cjoxkeHHe MaccHBa TpPYHTa

Pacuer ocanku coopy:KeHHs NpH HEONHOPOLHOM CJONKEHHH MaCCHBa
rpyHTa H €ro TpeX- HJIH JBYXPA3MEPHOM CKATHH NIPOHUBBOAAT CyMMHpO-
BaHHEM IIOCJOHHBIX OCANOK C yueToM GOKOBOTo paclIMpeHHs TpPyHTa:
u 6e3 yueta ero.

HeopnopoanocTh MaccuBa rpyHTa MoXKeT GHThL OGyCJOBIEHA pas-
JHYHBIM JIMTOJOTHUECKHM COCTABOM TPYHTa, CJIaraloll¥M OCHOBaHHE
CoOpyKEHHs, H U3MEeHEeHueM o6hEMHOTO BeCa IPyHTa N0 NIybHHe, Jaxe
B Cilydyae OJHOOGPA3HOTO JIMTOJNIOHYECKOro ero cocraBa. Ilociennee
HMeeT MecTo NIpH 6oJblIoH mMHUpHHE MOJOMIBE COOPYKEHHS, Koraa Io-
rayGuHe aKTHBHOH 30HBI yiKe HeJb3s NpeHefperaTs yBeJHueHUeM obneM-
HOTO BecCa CKeJeTa TIpPYHTa.

B aToM ciydae JelfT OCHOBaHME COOPY:KEHHsl Ha pacueTHBle CJIOH,
KOTOpble 110 BO3MOXXHOCTH JIOJIKHBEI COBIAJAThL CO CJAOSIMH I'eHETHUECKHX
pasHocTell TPYHTOB, & TaK¥Ke Co CTpaTHrpadMyeCKHMH TpaHHIlaMH,
BhIJICISIEMEIME Ha TEOJIOTHYCKMX Daspe3ax, NPH HHKEHEPHO-Te0JOrH-
UeCKHX MCCJIEJ0BaHMAX ILIOMAAKH, HaMeUeHHOH MOJ CTPOUTENLCTBO.
B npesenax pacueTHEIX ClOeB OGBLEMHBIH BeC CKesleTa TPYHTa H ero CHKH-
MaeMOCTb JOJIKHEI ObITh BEIEpXKAHHBIMH B COOTBETCTBHH € Tpefopa-
HUSMH, H3JIOXK€HHBIMH BO BBEICHHH. 3areM HpOPISBO)IﬂT pacuer oCanku
Kaxjoro pacquﬂoro cJjoga nJs HaIpAXKEHUA OT BHeEITHEeH HarpyskKu K CyM-
MHpOBaHHE MOCTOHHBIX OCAjJOK IO TIyGHHE.

Jlnst pacyera KOHeYHOH oCajKH CJIOSl TPyHTa IIPH €ro TpexpasMmep-
HOM CKATHH H C yUeToM er o8oKoBoro pacIIMpeHHus OT BHeuHel Harpys-
KH BBIATEM B MAaCCHBE IDYHTa SJICMCHTApHYIO BEPTHKAILHYIO NPH3MY
C pasMepaMH KaX1o# paHu paBHEIM epunuue. O6beM 5Tod mpuaMbl
Takxe OyneT paseH eaunune. lloy nefictBueM sHemue# HArpy3ku o6beM
NpuU3Mbl yMEHBIIUTCSA. BenHuMHa yMeHbuieHHus ee o6beMa, HIH OTHOCH-
TelbHOE H3MeHeHHe o0beMa, OKOJIO NIaHHOH TOUKH B MacCCHBE TpyHTa
6yner paBHO:

’6=l—(l—ex)(l—ey)(l-—ez))
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rue e, e,, e,— MUHeHAHbE COCTaBIIsIOMHE 1epOPMALIHH TIPHSMBI, Iapa-
JenvHble” TpeM 0CSIM KOODJMHAT.

Ecin nuHeRHbIE COCTABIISIOUINE €y, e,, e, MAJIEl [10 CPABHEMHIO C eflH-
auuedl, To, OTGpachiBas MaJjble cjlaraeMble BTOPOrO H TPeThero INOpsaj-
KOB, IOJYYMM BHIpaXKeHHE JJIf OTHOCHTEJILHOTO H3MeHeHHA ofbeMa
(pH3ME TPYHTa B CJIEAYIOMEM BHJE:

V=e,+te,+e,.

3aBHCHMOCTb COCTABJISIOMHX OTHOCHTE/ILHOTO TPEeXpasMepHOTO CxKa-
THA OPH3MBl, BEHJIEJeHHOH B yIpYro# CIJIOIIHOH H30TpOIHOH H OHO-
pOIHOH cpeie TeOPHH YNPYTOCTH, OT HOPMAJbHBIX COCTABJSIONIMX Ha-
apsukenu (7), (8) u (9) 6ulia nonyyeHa panee.

Tlocae cyMMHpOBaHHMSL OTHOCHTeNbHHIX gaedopMarué npu hA=1,
fI0JIlyYUM OTHOCHTEJLHOE H3MEeHeHHe ofbeMa NIPH3MBI TPyHTa:

x+e'u+éz"'l:‘_-2}j(x+y+z)

C apyroit CTOPOHE, [/ OTHOCHTE/ILHOTO H3MeHeHHs o6beMa TPyHTa,
IO OTHOIIEHHIO K €T0 HauyaJbHOMY ofbeMy, GbLIO MOJyYeHO Cliefylolee
BhIpaxkeHHe (75):

e t+e, +e—1+8

TIpupaBHHBasl MpaBble YaCTH NOJyYEHHHIX PABEHCTB, MOXHO BeJH-
YUHY Mofy.nsa JedopMauMH, [IpH BO3MOKHOCTH GOKOBOTO paCIIHpPEHHS,
B OTJIHUHE OT MOAy.s AebopMaumH, NONYyYEHHOTO H3 MOJEBOH OMBIT-
HOH HATPY3KH, [Jie OH IPHHHUMARTCA MOCTOSHHBIM A9 JaHHOH PasHOCTH
rpyHTa, BBIDa3HTb B BHJE IlepeMEHHOTO IIOKa3aTessl CIKHMaeMOCTH
TpyHTa, B COOTBETCTBHH C KPHBOJHHEHHLIM OYepTaHHEM KOMIIPECCHOH-
HOH KpHBOH, B 3aBHCHMOCTH OT HaIpsXKEHHOTO COCTOSIHUA B TOUKE Mac-
CHBa TPYHTa:

E=(l—2w) (X +Y+2);1% . (127)

Ecau npueATe, YTO MOPHCTOCTH TPYHTAa 3aBHCHT OT CYMMBHl Tpex
HOPMaJBbHEIX cocTaBAsomHux Hanpsikenu#t (Fepcesanos, 1937),
NpH HCIOJB30BAHHH KOMIIDECCHOHHOH KPHBOH ANA pacueTa KOHEUHOH
OCAJKH CJIOSl TPYHTa MPH TPEXpPasMEepHOM CaTHH, HMest B BHJy, UTO

p u et
CyMMa TpeX HOPMaJbHBIX COCTABJSIONIMX HANpPSUKeHHs OyneT paBHa:
X4Y4+Z= ‘+”p (128)

CaenosarenbHo, NPHpAleHHe HarPy3KH HA KOMIPECCHOHHOH KpH-
BOH, COOTBETCTBylOiee TpeXpa3MepPHOMY CXKaTHlO, OYleT paBHO:

p=(X+Y+2)h, (129)
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a4 OTHOCHUTEJ/LHOE CyKaTHe MOMXKET OHITh JaHo B CJAeayIOoWEM BHAE!

E1—8& _ _ap =__‘1(X+Y—|—Z)(1—“P«) (130)
I+e 148 (IT+e)(1+p) '

[Mocne nopcranosku (130) B Buipaxkenue (127) moayuuM M3BECTHYIO
B3aHMOCBSI3b MOAyJa NedhopManuu H NepeMeHHOro Mo ruyGHHe Kodd-
¢uuMenTa yIJIOTHEHHSA TPYHT4, TakK Kak NOCJAENHHH U3MEHSercs C M3-
MeHeHHeM HHTepBajia Harpyskd Io riyGuHe B MaccHBe rpynrta (119):

_ (=2 (4w Ide g1t
== e =P

[Mozcrasnsst Teneps sripaxenue (127) B popmyay (9) aa1s1 BepTHKAD-
HOH oTHOCHTeNbHOH jedopMaruy, MOJYUHM pacueTHYIO 3aBHCHMOCTDb
IJ1s pacyeTa KOHeUHOH 0CaAKY CI0 A I'PYHTA IPH €ro TpeXpas3MepHoOM CiKa-
THH B crenyomeM Buge (Qaopun, 1948):

§ = 1 . Z—p(X4Y) el_ezh
1—2p X+Y+Z  14-¢

3pech &,— KO3(hGHIMEHT MNOPHUCTOCTH TI'PyHTa, COOTBETCTRYIOHIHI
IaBJEHHIO p; B CepeguHe CJOS I'PYHTa MOIHOCTLIO A, OT COGCTRBEHHOIO
Beca I'PyHTa, KOIjja OH HE HMeeT BO3MOMKHOCTH GOKOBOIO pacCIMpeHHs,

£,— KO3(PHUHEHT MOPHCTOCTH I'PyHTa, 3aBHUCAIMH NpH Tpexpas-
MepHOM CXKAaTHH OT CyMMbl TpeX HOPMAJbHBIX COCTaBJAAIOMIMX HAMpf-
XKeHUs, NeHCTBYIOIEro B JaHHOH Touke.

Kostddbunuent nopucroctu €, Gepercs U3 KOMIPECCHOHHOH KPHBOI,
cornacuo (129), ana p,, ¢ yueTom, 4TO B eCTeCTBEHHOM 3a/I€raHHH I'PYyH-
TA H TPH TOPHU3OHTANLHOH MOBEPXHOCTH 3eMJH, HOPMaJbHBIE COCTa-
BASIIOMIME HANPSIKEHHH B TOYKAaX MaCcCHBA I'PYHTA PaBHEL

Z =yt + 3y0z, X=Y=T%E&

(131)

Torjaa
pr=(X+Y +2) 7 = v+ vz (132)

Koneunnifi ko3(pduIHeHT NOPHCTOCTH IPYHTa &,, NpU Tpexpasmep-
HOM CXKATHH, MoXeT OBIThb olpejejeH TaKxKe NpPHM MOMOMM KOMIpec-
CHOHHOH KPHMBOH ]/ Harpyskd p,, PaBHOH cyMMe HanpsikeHMH oT
COOCTBEHHOYO Beca TPyHTa B cepeiuHe cjoa p, = yi 4 2y°2 ¥ nody-
UeHHOIO HANPSKEHHS IO Q)opMy.ne (129):

rae X, Y, Z — HopMaJIbHEIE COCTaBJAIONIHE HATNpsKeHHH OT BHemHeH
HarpysKH.

Bennunna kosddunuenta GOKOBOro pacmmpeHHs IPpyHTa ZO/MIKHA
OLiTh  ompexeNieHa u3 Ja6OpPAaTOPHBIX  SKCHEPUMEHTOB WJIH  JJIS
OpHEHTHPOBOUHLIX  mefedi mo Tabn. 20. Tpm  HopMaabHBIX
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€0CTARJSIONMX HANpPSKEHHs1 B TOuKaX MAacCHBA TPYHTA OT BHeEIIHe#
HATPY3KHM HAXOAAT pelneHueM oGbeMHOH 3afauu pacmpejeseHds Hamps-
JKEHHI OT MECTHOI HArpy3KH.

YuuTbiBasi, YTO TpebyeMblH nJd pacyeTa KOHeYyHoH OC3JKH cJjod
rpyHTa IPH ero TpexpasMepHOM CKATHH C yYeToM GOKOBOrO paciuimpe-
HUS FPyHTa Ko3(hpuLHeHT OOKOBOro pacimypeHHs He MOXKET OLITh IOJY-
HeH JIOCTATOYHO TOYHO COBpEMEHHEIMH MeTOJAMH HCCJEIO0BAHHH eCTe-
CTBEHHBIX OCHOBaHHH COODyKeHHH, a TaKKe [Js YIPOLEeHHs! pacuera,
OOHYHO HCXOAAT M3 CJEAYIOIHX INPEATNOJOMEHHH: 1) cKaTHe CJI0s
TPYHTa B OCHOBaHWH COOPYKEHHA Ollpe/eineTCs IIaBHEIM o0pas3oM BeJTH-
Y4HOH BEPTHKAJBLHOH HOpPMasJbHOH COCTaBJAIOMECH HalpsKeHHs, 2)
CXaTHe CJIOS] IPYHTa B OCHOBAHHMH COOPYXEeHUS! OuYeHb 6J43KO K CXKa-
tuio Ge3 ero GOKOBOro paciiMpeHHsl. B 3ToM CJydyae pacueT OCagkH
COOpYKeHus TpOHM3BOAAT NOCAOHHO, HO Oe3 yueTa GOKOBOro pacmupe-
HHA IPYHTa MeTOAOM NOCJOHHOro CyMMHPOBaHHS.

Pacuer pacnpeneneHus HanpsKeHuli B MacciBe IpPyHTa oT BHelIHeH
Harpysku IpPOM3BORST IO OoObeMHON HJM IUIOCKOH 3ajaye AJsT BepTH-
KaJbHOH HOpMasJbHOH COCTaBJSIOIEH HaNpsXeHHH, a CBsI3h MeEXKny
H3MeHeHWeM HaIpsKeHHH H CKaTHeM I'pyHTa IpHHHAMAIOT II0 KOMIIpec-
CHOHHOH KPHBOH, NOJYYEHHOH SKCIepHMeHTaJbHO Ge3 GOKoBOro pac-
mupenns rpyuta. CxxaTHe Kaxkioro cJosl TpyHTa B ocHOBaHuM (dyHJa-
MEHT4 NIPHHHMAIOT OfHOpasMepHLIM, T. €. paclpefeseHue HanpsLKeHHH
no ray6uHe sl KaMJOTO PACUETHOTO CJOsI NIPHHHMAIOT pAaBHOMEPHEHIM
H PaBHLIM HalpsKeHHI0, NOJYYeHHOMY TIpH peilleHHH obbeMHOH 3a1aun
JJist CpefiHero ceueHHus B pacyeTHoM cjoe. KoHeuHbie ocagxu Ha 3ajaH-
HOH BEPTHKAJHM JJsI BCEX BHIE/JeHHEIX B OCHOBAHHH COOPYIKEHH S pacyer-
HEIX CJIOEB TPYyHTa CYMMHPYIOT.

JleACTBYIONIMMH HOPMaMH H TeXHHUYECKHMH YCJOBHSMH NPOEKTHPO-
BaHHMS €CTECTBeHHLIX OCHOBAHMH [Jsi pacueTa OCAJKH COOPYIKeHHH
peKoMeHfioBaHa Chaenylomast gopmyJa:

sk—}_p,,h 2 (134)

KOTopasi, HCIOJb3ys 3aBucHMocTb (119), MoxeT GHTh IpeoGpasoBana
B CJeAyIOILYI0, TIE pacueT KOHeYHOH OCAJKH COOpyKeHHs IIPOH3SBOJHUT-
cs no gopmyaaMm (78) nss ofHOpasMepHOrO CKATHs CJIOA TPYHTA:

n

n~ onq h- m m—
sk=28_l+—';_1_h, HITH shmza (Fl’—{—ep J (135)
1

rre Pin.i— HAIpSIKEHHe OT COOCTBEHHOrO BeCa TPYHTa B CpelHeM
CeUeHHH KaXKJ0r0 pacyeTHOTO CJOS;

Pn — CYMMapHO® HalpsiKeHHEe OT COGCTREHHOTO Beca IPyHTa

H HaOpsKEeHUs B CepeuHe CJ10s, IoJyYeHHOro IpH peuie-

HHM o0bEMHOH 3afaun AJs 33 aHHOH BHelnHeH HarpysKH;
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{Pp— Pm-1) — TpHpAIIEHHE HANPSUKEHHH B CPeRHEM CeUeHHH KaXKJoro
pacyeTHOTO CJIOSl, HJIM PacueTHbI HHTEePBaJ Harpysok;
8, — HavuaJbHEIH KO3(DGHIHEHT NOPHCTOCTH KaXAOTO CNos

TPYHTA IPH MOIHOCTH PaCYeTHOYO CJIOS, PABHOM h,;
¢,,,— KOHEUHBIH KOS(pUIMEHT MOPHCTOCTH TPyHTa, IOCJE €ro
C:KaTHS B HHTEPBaje HArPY30K, paBHOTO (P, —Pm.1):
@ ~— KO3QpHUIUEHT YINOTHeHHs IPYyHTa, A/ HHTepBa/ja Ha-

TPY3KH, PaBHOﬁ (pm_pm—l)'
Moxno pacuer Npou3BOIHTH Takke IO opMy.e:

sp = Zeh, (136)

TIIE ¢ — OTHOCHTe/bHAA ocafka cios (puc. 60), HonyueHHas AJ15 HHTEP-
BaNa Harpysku (p,—p, ,)- KoMmpeccuoHHas KpuBas e=f(p) MoxeT
GLITE TOCTPOeHA AJ1 HAYa/JbHOTO KO3th(HMIMEHTA MOPHUCTOCTH &, HJH
KOMIPeCCHOHHAs KpHBAsi CTPOMTCH /ISl &, NOJyuyeHHoTo B ofpasue,
IpH eTo 3apsajke B NpHOOP, a OTHOCHTENLHYIO OCAAKY CJOS NOJTYYaioT
Mo Pa3HOCTH ME€XAy OTHOCHTEJBHBHIMH OCajKaMH i Harpysok p,,
H pm-l'

AnanornuHo npoH3BOAMTCA pacyeT OCAJKH C/0s NMPH €ro AByXpas-
MEpHOM CXKATHH.

34. Meron nocaoitHOro CyMMHpOBAHHA

Pacuer ocanku coopyKeHHs MeToLoM NOCJOHHOTO CyMMUPOBaHHS
ABJISIETCA OGIIUM MeTofIoM pacueTa ocafku. OH MpHUMeHseTCs /s pacuera
OCalKM COODYIKEHHsl, HMeloulero Jmofble pasMepbl H Harpysku, pasHo-
ofpa3Hoe reo/JJorHYECKoe CTPOCHHE OCHOBAHMA, PASJIMUHYIO NPONOIKH-
TEJBHOCTE OTKPHITOTO KOTJIOBAHA K IIPOM3BOJCTBA BOJOOTJIHBA M3 Hero,
pasjuuyHOoe BJAHSHHE COCEIHHX HArPy30K, OJIOXKUTEAbHBIX M OTpHuA-
TEJBHBEIX, C yYeTOM BO3MOXKHOCTH DOKOBOIO pacCIIMpeHHs IPyHTa B oc-
HOBaHKU H Ge3 BO3MOXKHOCTH GOKOBOIO pacHIUpeHHsl. DTOT METOX O3B0~
JIsieT YUUTHIBATH JIOOLIe CHJIOBEIE BO3JCHCTBHS Ha OCHOBAHHH COOpPYIKe-
HHA, BKIOUasa (GHALTPANHOHHOE faB/IEHHe Y THAPOTEXHHYECKHX COOpY-
wenuit. [lpm 2ToM npencraBisieTcsi BO3MOXKHOCTH KOPPEKTHPOBATE
NOJyueHHbIe paCYeTOM KOHEUHBIC OCAJKH Mo HAG/IONEHHSIM 32 0CagKaMu
BO BPEMEHH Mo XoAy crpouTenbera (Posa, 1959).

[as pacuera oCajKH COOpPYXKEHHA HeoOXOJHMO HMETh C/IefyIoiHe
JaHHBIE:

1) o pacmo/io:KeHHH Ha reHepaJbHOM ILIaHe CTPOMTEJNBCTBA KOH-
TYpOB TNpPOEKTHPYEMoro (yHjaMeHTa JNsi BBLIACHEHHS! DPACNOJIOMKEHUS
COCeIHHX COOpYKeHHH, o ¢opMe M CTemeHH KeCTKOCTH IPOEKTHpye-
MOTO COOPYKEHHSI, HAPY3KaX Ha HEro H Ha I'PyHT OT COCEIHHX COOpY-
JKEeHHH;

2) 0 reoJIOTHUECKOM CTPOCHHMH H IHIPOTE0JOTHYECKHX YCJOBHAX AJS
OCHOBaHHS IPOEKTHPYEMOTO H COCeHHMX C HHM COODYKEHHH, a Takxe
NOKa3aTeJli CTPOMTENLHBIX CBOHCTB I'PYHTOB, CJIATAlOUHX OCHOBAHHE:
©0GBbeMHBIf BeC IPYHTA, €To B/IAXKHOCTb H NI0Ka3aTesb ero CXXHMaeMOCTH;
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3) o mepepacrnpefie/leHHH 3eMJIIHBIX MacC MO COCEICTBY C IpPOEKTH-
PyeMbIM COOPYXKEHHeM, JJisi KOTOpOTO TPOM3BOJHTCA PACueT OCAJKH.

Onpese/ienne NOCJOMHBIX 0CAJI0OK ¥ HX CyMMHPOBaHMe MO TayGusxe
MPOU3BOAAT JUIA OTHEJbHHIX BepTHKasell B Maccupe TpynTa. Ha nnaune
GdyHIAMEHTa HAMEUaloT PACNOJIOKeHHe NMOMepedHEIX PA3PesoB U pacuer-
HBIX BepTHKaJel. [lonepeunble paspeskl HaMeyaloT NoNepeK AJIKHLL QyH-
JaMeHTa, B ee cepefuHe ¥ Ha Kpasx (puc. 80). Ha kamppléi paspes
HAHOCAT TeoJIOTHYeCKOe CTpOEHHe OCHOBAaHHS, YPOBHH TPYHTOBHIX BOJ
M HANOpHl TIOf3eMHBIX BOAOHOCHEIX IO~
prsonToB. [locie mocTpoenus reosors-

! {

'L’i 2 M_IC :K YeCKOro paspesa ero yIpPOWIAOT IyTeM
: Y, CIVIAKUBAHAS [PAHHI CJIOEB M OGbenu-
™~ HeHHst CJIoeB TpyuTa, OIH3KHX [0 HX
! CBOMCTBAM ¥ yCJOBHSM Te€OJIOTHYECKOTO
10m t! dopMEpOBaHHs, OJHAKO HPH 00A3aTelb-
3 “ HOM COXPaHEHHH BCEX IECYAHKIX PO~
= CJIOBKOB, CIYKAUMX JApPEHAMH Ajsl OT-
I | | BoJa BLIKUMaeMoH M3 TJIMHHCTHIX CJIOEB
Iy I ! x  BOmHL Brigesiennsie o JODKHE ORITDH

! 1" opmopomsEMu.
Puc. 80. Pacnonomxenne pacuer- Pacuer ocafku npoOH3BOEUTCA [
HHX BepTHKaneh wa mnane dyH- cpefHero paspesa ¢, NSl TpEX BEpTH-
AAMEHTHOH MINTH Kaneit, IPOXONAMHUX Uepes LEHTP ILTH-

TH H yepe3 CepenuHbl JABYX ee JJIHH-
HBIX CTOPOH H Jas Kpafiiux paspesoB Kk—4k, Kak NOKa3ano Ha
puc. 80. Eciu dynnamentnas niauta uMeeT Sosbiyio JIHHY, 8 YCAOBHA
SaJieranus TPYHTOB B ee OCHOBaHWH HEOAHOPOJHEI, TO HaMeYaioT JoIoJ-
HUTeNbHEle [IONMEPeUHkie paspesbl, pacCHoJIOXKeHHble MEeXAY CpefHHM
H KpaeBbIM paspesamu. UacToTa pacloJoXKeHMs [ONepedHbiXx paspe-
30B 3aBHCHT TaKKe OT OUePTaHMs B ILVIaHE (DYHJAAMEHT2 M BCEro coopy-
KeHHst, a TaKke XapakTepa Harpy3oK Ha HEro U paCloJIOKeHHs cocejl-
HHX coopyxennH. Pacuernble BepTHKadd Ha Kaxk[oM pa3pese nomoJ-
HHTEJIBHO K TPEM, YKasaHHLIM BhImle, eCIH OHH NoTpeSyloTcs NpH Heox-
HOpDOIHOM FeOJIOTHUECKOM CTPOGHHMH MM NPH HECHMMeTPUUYHOH HAarpys-
Ke 0T COOPYIKeHH S, B JJisl paCyeTa BIHAHHSA COCEIHEro COOPYKEHus,
pACMONAraioT MEXNy cpeliied U KpaepOH BEPTHKAJISMU.

IMocsie BulgcHeHus xapakTepa Harpy3cK Ha (YHIAMEBRTHYIO [VIUTY
HAXONAT BeJHUMHY M NOJIOXKeHHe paBHOAeflcTBYwmeR. 3aTeM onpefe-
JSEOT e€ BepTUKANBHYIO W TOPH30HTAJMBHYIO COCTABJSIOLIME, BeJIUUHHY
9KCUEHTPUCHTETa MPHJIOKEHUsT PaBHOAEHCTBYIONUIEH B MJOCKOCTH IOJO-
BB yHJaMEHTa COOPYKeHHs H Aaflee paclpelieIeHHe HANpPsKeHul 10
nojoUBe,

Haa cnydas, korjga pasHoJeHcTByIONIaA HalpaBJieHa BEPTHKAJLHO
M [OpRJIOXKeHa K (yHJIAMeHTY SKCIUeHTPHUHO, PACUET DACIpejeseHus
HanpspKeHH# Ha TPYHT [0 [OJOUIBe COOPYXKeHHs NPOHSBOAAT IO (Hop-
MyJie BHELIEHTPEHHOTO CXKaTUs, ThAe MCNOJb30BaHbl iBa YpaBHEHHS paB-
HOBeCHs: PABEHCTBO HYJIIO CyMMbl NMpoeKuuf BceX CHJ Ha BEPTUKAJbLHOE
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HanpasJ/eHHe (HOpDMaJb K MOJCIIBE COOPYIKEHHs) H CyMMbl MOMEHTCB
NPHJOKEHHbIX CHJI OTHOCHTEJLHO HeHTpa TNOJOWBL (yHIaMeHTa.
TpeTpuM ypaBHeHHeM CTaTHKH, IPeICTABJASMIOMHM pPABeHCTBO HYJIO
CyMMbI IIDOEKIHH NMPHJIOKEHHBIX CHJl HA TOpPHSOHTAJbHOE HANpaBJEHHe
(mockocTb MOROWIBH (PyHIAMEHTa), MOJL3YIOTCS [Js Cjaydas, KOrAa
pPaBHOAEHCTBYIOINAS HMEET HAKJIOHHOEe HAaNpaB/eHHe K BepTHKAJH,
¥ HeOOXOZMMO MPOMSBOJMTL NMPOBEPKY YCTOHUHBOCTH COOPYKEHHs.
KpaeBble HanmpshKeHHS B IJIOCKOH 3ajaue, OMpefeJisiomke OUepTa-
HHe SMIOPbl pacnpenesieHyst BEPTUKAILHLIX HOPMAaJbHEIX HANDSXKEHHH
Ha TPyHT NHo nojouise ¢yHaamenrta (Kpaesble HANPSKEHHA, KOTOPhE
JJIsS. MOJIyYEHHMsT 3MIOpbl pacnpefiesieHusi HANMPSKEHHH COeUHAIOTCS
NpAMOil), NMONYUAIOTCA  CJeAYIOMMMU:
N Y e
Gﬁﬁf 7 <1~|— W)m/m,
rie N — BeJIHUHHA HOPMAJLHO HANpassennofi paBHOEHCTBYIOWEH CHIL,
NPUJIOKEHHBX K (QYHNAMEeHTy, minm;
€ — SKCHEHTPUCHTET NMPHJIMKEHHS paBHOJCHCTBYIOWEH Ha ypoBHE
NOJCLIBL QyHAAMEHTA, M;
F — mnomagb NofowiBul (yHIaMeHTa HA | M ero mJMubl, #%;
W — MOMEHT CONpOTHBJIEHHS MJIsi CeueHHs NO nofomBse dyHua-
MenTa, #°.
[Tpusenennas pacuetnas dopMmyna MoxeT OWTb npeofpasoBana
B CJefyIomHue:

c,,tm=pc(l +%€ kI'/cm?, 1

Ouun = D¢ (l ——%) kI jcm?, l

rae p, — CpesHee HanpsxenHe No MojouBe ¢yujaamenta, kIl /cm?;
¢ — SKCHEHTPHUCHTeT NPUJIOKEHHA PaBHOJEHCTByIOmeH CHJI, MpuU-
JOXKEHHLIX K DYHIAMEHTY, M,
b — mupuna dyHjaMenTa, B CM.

Tocste aToro HaMeyaloT pacuernble CJOH B OCHOBAHHU COOP yKeHHs.
Hx nameuaioT B COOTBETCTBHH C XapakTepoM 3MOpH pacnpeneseHust
HANpPSIKEHHI B MAaCCHBe TPYyHTA MO BePTHKANM M T'DAHHNAMH B OCHOBA-
HMH MEXLY TVIEHHCTHIMH M IMeCUaHbIMH pasHoCTAMH rpyHToB (pHc. 81).
TpeboBanue © COOTBETCTBHM MOLIHCCTH DACUETHBIX CJIOEB OUEPTAHHIO
SMOpPH pachpesiefieHust HanpsixKeHuH 1o BepTHKa/H BhblTeKaeT U3 KpH-
BOJIHHEHHOTO OuepTaHusa nociefneii H HeOOXOAUMOCTH, YTOGH! CpellHee
HaNpsKeHHe Ui KaXAOrC PacyeTHOro CJCs OTJMYANOCh OH, NG BO3-
MOMKHOCTH MEHee, OT BEJIMUMHEI HANDSKEHU S B CepelliHe KaxAOoroe clos.
Kpossist mepBOro pacueTHOrO CJIOS COBNAJAET C NOJOMIBOH COOPYKEHHUSI.
Ero MomuocTh, Kak H BTOPOTO DACUETHOIO CJIOS, NMPHUHMMAIOT paBHOH
1/, WMpHHB! (pyHAaMeHTHOH MIMTHL. TperTufi, yeTsepTHlil B MATHIL cJioM
HAMeualoT PaBHbIME no 1/, WMpHEbl maTH. ecToit u npyrne pacuer-
HEIE CJICH HaMeyYaioT no OfHOH mHpuHe dyHAaMenTHOM mAWTHl. MHHH-
MaJbHas MODIHOCTL PacueTHOro CJIOs KeJaTesbHa He MeHee | m.

(137)
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[lpu ofHOpasMEPHOM CXKATHH KaJOrC DPacueTHOrO CJOs TPYHTA
NPOU3BORST pacueT TOJIbKO AJIS BepTHKAJILHOH HOPMAJBHOR COCTaBJIsAIO-
el Hanpspkenus Z, 6e3 yuera JKecT-
KOCTH (pyH/laMeHTa.

[~ 10M

van Hai Ky vt g Buinsirue 3ary6enus byHsiaMen-
e gg: Ta Ha pacHpefe/eHHe HaNpsKeHU
57 o B OCHOBAHHH COODYMKEHHSI YUHTHIBA-
d 10T 11Q IBYM pacyeTHEIM cxeMam: 1) mis
" g;"z‘ 50m OricTpoft 3amensl Beca I'DyHTa BECOM
dynnamenTa; u 2) ¢ yueToM pa3byxa-
E - SN HHSI TPYHTa, 3aJleraiollero Huxe IHa

- M KOTJIOBaHa.
& 5 B nepeofl  pacueTHOH cxeMe
s 5 {7 (puc.53) HadanbHble HANpSIKEHHS B
8 3§ § cJIoe MaccuBa TDYHTa Ha TIJyGHHe
HHXKe OTMeTKH 3aJIoKeHHA ¢yHxaa-

z MeHTa OyayT:

Puc. 81. Cxema pasGuBKH OCHOBa- p1 = [yt +v°2] (138)

HUSA COOPYIKEHHS B MeTOAe HOCHoi- .
HOTO CyMMHpDOBAHHA Ha ceMb pac- H COOTBETCTBYIOUIHA KO3D(DUILHEHT
uetneix  cjoes rpyHra lllupMHa [MOPHUCTOCTH [PyHTa  Onpepnensercs

AenTounoro yHIaMeHTa DaBHA g perpy yMIOTHEHHS KOMIPECCHOH-
10 &, p, — cpezHee HasJeHHe 0O NO-

gomse ¢yHaaMenTa, z — ray6usa HOH KDHBOH.
OT nozoHiBL (PyHAaMeHTa X0 Cpef- Koneunbie HaAnpAdXeHHd B oCHO-

HEro cevueHHs JJd TNATH [OepBBIX  BAHUU @yHnaMEHTa 6leyT:
pacueTHelX ClOeR TpPYHTa
p. = [yt +v%2] +(p,—vyt) @, (139)

rie o — KoaphULIHEHT, XapakTepusylouwu#i yMeHblIeHHe HANpsKeHHR
¢ ray6unoi Ha JaHHOH BePTHKAJIH OT BHEUIHEH HarPY3KH, MOJOKHTENb-
HON WJIM OTPHUATEeJLHOH, KOTOPHL npu z=0 GyneT pasen l.

Bo Bropo#ll pacuetrofi cxeme (puc. 54) HAuaspHHle HaNpPSKEHMA
B CJI0e MaccHBa TpyHTa Ha riyOHHe HHXKe OTMeTKH 3aJjioXeHus (yHpa-
MeHTa ONpENeNsIOTCs C yueToM DasrpysKu:

pr=[yt +v°2 —(vf) er], (140)

rie o — ToT, 9Ke koshpuunenT. CooTercTByOmMHUHA KO3DDHUHEHT TOpPH-
CTOCTH I'PYHTa ONpe/essiOT MO BeTBH Pa30yXaHHs KOMIPECCHOHHON KpH-
BoH Ha uHTepBase oT yi-+y°z2 mo y*{(l—a)+vyoz.

Koneunble HampsikeHHsi B ocHOBaHMH ¢yujaMenrta OynyT:

ps = [yt +v%2 — (yt) @] + p 2. (141)

Brlpaenus /151 KOHEUHBIX HANPSDKeHUH B 00eMX pacueTHLIX CXxeMax
TOXIECTBEHHE!, C/IeIOBATE/IBHO H BETHYMHLI KOHEUHBIX HANDSKeHHH ofu-
HakOBH. OpHako BCJENCTBHe pasnHYHOA KPUBH3HBI BeTBeH KOMIIpecC-
CHOHHOH KPHBOR JJIs FpyHTa NPH erc yIJOTHEHHH (NMOJOXKHTENbHas
Harpyska) H pasfyXaHun (oTpHUaTesbHas HArPy3Ka) BLIUHCJIEHHBIE
OCafKH CJIOst TPYHTa Mo 0OeuM pacueTHLIM cXxeMaM OyIyT pasHYHbIMH.
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\glcm{ BeTBp PasOyxaHHs NPAMOJKHenas 1 TOPH3OHTAJbLHAS, TO OCANKM
VIO IPYHTa, BHIUHC/ICHHBIE MO 06eyM pacueTHHM cxemaM, OyayT OXH-
HAaKOBbIMH. HawuGoJsipiiee pasjiuke B BHIYKC/IEHHBIX oOcCajKkax Oyaer
HMeTb MeCTO, €C/IH BETBb PasOyXaHus COBNAAAeT C BETBbIO yNJIOTHEHHS.

B caepyromux ABYX NDAMEPAX NPHBOZUTCA pacueT OCaaKH CoOpyHe-
HH5L METOAOM MNCCJIOMHOTO CyMMUDOBaHHA.

35. bbicTpas samena Beca rpyHTa Becom (yHaaMeHTa

Coopy:xenue uMeeT xecTKylo ¢yHAaMeHTHYK miury. [liuna byH-
AaMeHTHOH MUIKTE! pasHa 20 # u wupuHa 10 x. Harpyska na dpynnament
NpUJIOKeHa UeHTpasbHO. CpeflHee mampsiKeHWe MO mojoLiBe MUIMTH
paBuo 3 xI'/cm?. I'nybuna sanoxenns paBHa b5 m. Cocennue 31aHus
pacnoJyiokensl B paccrosnku 10 » u Gosee OT 3ampoexkTHPOBAHHOTO.
Pasmepnt kaxnoro us ux ¢yHnamentos mMenee 10 #. Onu ne 6yayT BaH-
AATb Ha Hanmpsi:KeHUs B PacCUMTHIBAeMOM CCHOBAHHH.

Tlocne ynpouienus recsoruueckoro CTPOEHKS B pa3pese BLIACIEHB
ABa CJIOSI IVIMHHCTHIX TPYHTOB, 8aJleralolluX napaJjJie/bHe MOofeLlLBe COo-
pyKeHusi, pasfe/leHHEIE CJI0eM lecka: BepXHUH CNIOH [IpecTaBasieT YeT-
BePTHUHblE O3€PHEIE CYTVIKHKH, MOUIHOCTb KOTODHIX BMecTe C HeGOJMb-
UIHM PacTUTeNLHBIM CJIoeM coctaBasgeT 24 . OHu NMOACTHIAOTCA CNoeM
mecka MOWHOCTHIO 2 M. 1lox meckamu 3aneraoT KOpeHHbIe [JIKHb, MOIIL-
HOCTb KOTOpHIX He 6bl/ia BCKpPHTa GypoBoit passenxoil. OTMeTka ypoBHs
TPYHTOBBIX BOJ COBMNANAET C OTMETKO 3a/0KeHH sl pyHAaMenTa (puc. 81).
CyrJmsKy ¢ PaCTHTE/IbHLIM CJIOEM, paclosoKennble Bhlle ypoBHs IPyH-
TOBHIX BOJI, HMEIOT cpejHHil oObeMublil Bec y=1,9 m/s®. I'pynTul Bolue
YPOBHSI TPYHTOBLIX BCJL HMEIOT CTeNeHb HACHLIEHHSA, DABHYI0 efUHHUIIE.
OObeMuble Beca C yueTOM BIBRIIMBAHMS PaBHB AAS CyrjuHKA Y)=
=0,9 m/s® u qna rouuer y3=1,0 m/»*. HopMaTuBHas KoMmnpeccHOHHas
KpuBasi jd CY[JIHHKOB, BblpaxeHuad B KO3(OhHUUHEHTAX MNOPUCTOCTH
TPyHTa B 3aBUCHMOCTH OT HarpPy3ku Ha Hero, Gbula NMpHBeleHA paHee
B NIPUMEpE pacyeTa OCAAKK MO MeToNy SKBHBAJNEHTHOro cyost B Taba. 28,
a JJs TIHEE 1aHa B Taba. 29. .

TaGnuuna 29

Harpy3ka,
&I Jcu 0,0 | 0,5 | 1,0 |1,5]20]25 1301723540

Kosdduuu-
eHTHl MODH-
CTOCTH OpPH
ynaornenuy | 0,710 | 0,690 | 0,669 | 0,664 [ 0,661 | 0,659 | 0,657 | 0,656 {0,655

TTpupamenne
KO3(pHIIHeH-
TA OOPHCTO-

CTH HpH
pasGyXauuu
Ae 10 3 1 1 0 0 0 0
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Ilnst dynamentHoi numtel pasmepoM 10X 20 u pacueTHble Ciion

B mpeflesiaX TOJUM CYTVIHHKOB HHKe MVIYOHHB 82/I0XKeHHs (yHJaMeHTa
nagsr B Taén. 30 (puc. 81).

Pasmep TPEThEro CJIos oNpele/IHiICH 3aJaHHbIM PACNIONOKEHHEM ClIos

necka. ITo3TOMY MOJOUIBa MATOrO PaCUeTHOTO CJIOSA COBNAjaeT C 3afaH-

HOH rpaHuied cios necka. B KOpeHHHIX

Tagauna 30 ppygax BLesneno ABa pacueTHHIX CJIof,

MowHocThI0 1o 10 & kaxpetil (puc. 81).

Homep ME;;“(?:TH Hoﬂi’,”;ac. _Pacuer mpoussofutcs asist BepTHKa-
chnosl cnoen 4eTHOT O JieH, pAaCHOJIOXKeHHBIX Ha CpeJHeM pas-
ciof, &  pese. TaKUX BepTHKaJjedl HAMEUEHC TPU:

LeHTpaNbHas H JBe kpaiigue (puc. 80).

! ‘lﬁiig 2.8 Pacuer fnsi BepTHKaneil, PaclosoXKeH-

3 _ 40 HeIX HAQ KpaeBulX paspesax, IPOH3BO-

4 1/2X10 5,0 AMTCA aHajorHyHo. IyGHHBL pacmoso-
5 1/2x10 5,0 JKeHHs CPeJIHUX CeueHHH B KaXAOM pac-
YeTHOM CJIOE OT MOJIOUIBLL HyHJaMeHTa 2

naHnl Ha pHc. 81.

CHauyasna OmpefleNIslIOT 3MOPYy HANpPSXKeHHH OT CoOCTBEeHHOrO BeCa
rpyuta (138), mpuuuMas mopepxXHOCTh 3€MJIH rOpHSOHTaNbHOM, NO Ha-
NpAXKEHUsIM B TOUKAX MepeceyeHHH BepTHKaseH H cpefHerc CedyeHH
B KaXJOM CJIoe. 3aTeM onpenesisiioT NPHpPalieHusl Hanp sikeHU i OT BHelll-
Hell Harpy3KH B TeX e TOuKax, AJISl paBHOMEPHO pacnpenesneHHoH Ha-
TPYSKH, pAaBHOM:

p=p.—yt=3,00-1,90-50-0,1=2,05kl'/cus.

OrxocuTenbHast AyuHa (yHjaMeHTHOH NuHTHL pasha 20 : 10=2,0.
Oua MeHblle TpexX, NMOSTOMY NpPHUPAINEHHs HaNpsKeHUH OT BHelIHeH
HATpYSKH HAXONAT peleHHeM OGbeMHOH 3aJjauyH MeTONOM YTJIOBBIX
Touek mo TalJHue [/isi PABHOMEDHO DaCNpeleNieHHOH HATPY3KH B
1 &I /cm®. 3aTem, fast NonydeHHsi HCKOMBIX HaNPsiKeHHH YMHOXKaOT
noJiyyeHHble 3HadeHHs: Ha 2,05.

OnpepenuB HawaJbHEIE H KOHeUHble HanpsikenHs (139) B Toukax Ha
sajlaHHbBIX BEPTHKA/NAX, HAXOAAT N0 HOPMAaTHBHLIM KOMIIPECCHOHHBIM
KPHBLIM, PHBEJleHHEIM B TaG1. 28 u 29, HCKoMble KO3GhhDUIMEHTEl TIOPH-
CTOCTH TPyHTa, AJIs pacyeTa MOCHOHHLIX 0CafoK 0e3 yyera pas3fyxaHus
rpyHTa M 0e3 yyeTa BOSMOXKHOCTH ero GokoBoro paciumpenusi. Pacuer
OCafIKH KaXJAOTO CJI0si TPYHTA MO HAMeYeHHRIM BepTHKAasMAM MPOU3BOAAT
B Tabnuuno#t dopMe no dopmyse (78):

— En—Ens1 '
Sn= T, i,

Ocagxu CJoeB, MoJydeHHBle HAa KaXAOH BepTHKAJM, CyMMHDYIOT.
Pacuer ocajkH Ha HeHTpaJbHOH BePTHKANH NpHBeneH B Tabm. 31.

s cpaBHeHHst HaTpsKeHHH oT BHewHeH HArpy3ku W oT coOcTBeH-
Hore Beca TIPYHTa BHJHO, 4TC IJyOHHAa AKTHBHOH B0HRI COCTaBJseT
17,0 m, Takum o6pasom MOXHO ObIO Obl OrpaHHUMTHCS paCUYETOM
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TaG6nuua 31
Beprukaap 1 (uenTpanbnas). lupuna dysnameura b=10 x

iy N
: >

g o g - :'L_
: se TS 1R | %
- [ N Wy L] .
= - n aN |an | & | &= & & | sl “
1 2,5 1,25]0,125} 0,99} 2,04 | 1,06 | 3,10 [0,811|0,757]0,030| 7,5
2 2,5! 3,75|0,375|0,88( 1,80 (1,29 3,09 |0,802}0,757|0,025( 6,3
3 4,0 7,00]0,700(0,66 | 1,351,581 2,93|0,790{0,759|0,017| 6,8
4 5,011,50{1,150| 0,41 | 0,84 | 1,98 2,82 |0,778(0,760|0,010| 5,0
g 38 16,50 (1,650 | 0,26 | 0,53 | 2,43 | 2,96 0,768 |0,759|0,005] 2,5
7 |10,0]26,0 |2,600|0,12]0,25 3:54 3,59 0,—6—56 0,656/0,00 | 0,0
8 |10,0(36,0 |3,600(0,07|0,14|4,34(4,480,655|0,655|0,00 | 0,0

CyMmMapHas ocajka Bcex cnoeB 28,1 cam

nocsofHoH ocajku B nsitoM cnoe. IIpousBeleHHLI pacueT [OKasHBaeT,
YTQ JJISt CEJbMOTC M BOCLMOTO CJIOEB OCafKu HyJeBble. OGBIUHO IV1yGOKO
saJieralolfe €104 BCerja MeHee CXXMMaeMbl, 4eM paCHOJIOKeHHEe BOJIH-
3H OT NMOBEPXHOCTH 3eMJIH.

W3 tabn. 31 panee BupHA BaKHOCThL ONMpEEJEHHs BeJHYHHE KO3(D-
(hHIHEHTa MOPUCTOCTH, AJs1 pacueTa OCajKH, ¢ TOYHOCTHIO Tpex SHa-
KOB, & s CJIoeB MomHocThio Gostee 10 # KOJMMueCTBO TpeOyeMBIX SHa-
KOB JIOMXKHO ObITh JOBEJEHO [0 YeTHpex, YToOH TOYHOCTL pacdyeTa Ha-
CJOHHOM oCagKH cocTasasiia Om 1 ca.

Pacuyer nocsioiiHoii ocajiku No BepTHKa/H, Npoxofsmied uepes cepe-
JUHY GOJbIIOH CTOPOHL! 3arpy:XKeHHOTO MpsMOYroJbHUKa, MPHBOJIUTCS
B Tabn. 32.

Ta6nuua 32
Bepruxaan 2 (xkpaenast). llupuna dynnamenra b=10 x

N
b o o 8 R :‘L_
3 w : Y > > & &
(& (2]
" [ N O ol I AR R B o
= = ~ ® aN | aN >8] & & & &
1 2,6| 1,25|0,125/0,501,03|1,06]|2,09|0,811/0,775[0,020] 5,0
2 2,5| 3,75(0,375|0,48{0,99|1,29 (2,28 10,802(0,771{0,017| 4,3
3 4,0 7,00(0,700( 0,42 (0,86 1,58 |2,440,790|0,767}0,013| 5,2
4 5,0|11,50(1,150|0,31|0,64|1,982,62|0,778/0,764|0,008| 4,0
5 5,0{16,50(1,65010,22 (0,45 2,43 | 2,88|0,768(0,760|0,004| 2,0
6 2,01 — — — — — | — — — — | —
7 10,0126,0 {2,600(0,11|0,23|3,34|3,57|0,656|0,656(0,000| 0,0
8 10,0 (36,0 {3,600(0,06{0,12|4,34|4,46|0,655|0,655|0,000{ 0,0

CyMMapHast ocagka scex cnoes 20,6 cum



CyMMapuas ocajzika Ha TpeTbell BeDTHKAJNH, BBHAY CHMMeTpHUYHOCTH
pewenusi, 6yneT Takoil e, KaK U Ha BTOPOH, MpHBEAeHHOH B Tabu. 32.
W3 tabmn, 31 u 32 BUIHO, UTO KOHEUHOe JiaBJeHHE B TPYHTE p, B Mpe-
Jesiax aKTHBHOH 30HBI IS J@aHHOro pasMepa ¢yHJameHTa cnabo HaMe-
HsleTcsl C yBeJHUeHHeM TIyOHHR pPacrc-
T JIOXkeHHus] CpefHerc CeYeHHS B paCUETHOM
croe.
3 “ l l ‘ l I ‘ H [To mo/MydYeHHRIM CYMMapHBIM OCaAKaM
! CTpPOSAT 3MIOPY OCAOK IJIst KAaXKAOTO Mome-
peuHoro paspesa (QyHIAMEHTHOH M-
24,9cm 785 THL (prc. 82). OpaMHATH 3MIOPH! OCAMIOK,
paccudTaHHble Ge3  ydeTa  KeCTKOCTH
=5 (byHIaMeHTHOH INATEL, HNpHBEREHD!
B taba. 33.
Puc. 82. dmiopa cyMMapHHX [Nonyuennrie ocajgky NPHBOZAT K yCJIO-
©CaloK s 3ajamHOTO No- BHAM JKECTKOTO (yHJAMeHTa, HCXO[sS U3
nepeyHoro paspesa ¢ynia- TpeGoBaHHS, YTOOHW IVIOMIANb 3MIOPH OCa-
MenTa JOK, ToJyuenHass 0Oe3 yueTa KeCTKOCTH,
paBHs/IACH Obl MUIOMIAJAK 3MOPHL IR ¥KeCT-
Koro pyHaaMenTta. [Tonyuennyio smopy ocalok npeo6pas3oBLIBAIOT TaK,
4TOOH BLICOTA HOBOH NPAMOYTOJBLHON 3MIOPbI, YMHOXKEHHAS Ha LIMPHHY
$yHniaMenta, Obaa Obl paBHa NII0MAAH RAYAJBHOH 3MIOpH. Beicota
HOBOH MPsIMOYTONbLHOR 3MmopHl ocafok OyneT pasHa:

285cn
281c

20,5-1-28,1

5 =24,3 cu,

Sp =

TaxuMm o6pasoM, pacyeTHasi ocafika KeCTKOH (pyHIaMEHTHOH IUIHTHL,
HarpyXeHHoi cpefuell Harpyskofi, pasHoit 3,0 « [ /cu®, ecnu mpene6-
peub pasbyxaHueM IPYHTOB, 3aJe-

raioluX HuxKe [Ha KOT/IOBaHa, Ta6auna 33
cocraBnsger 24,3 cm.

Ilpu BuenentpenHoll uarpys- Homep Beprukani 2 1 3
Ke Ha (yHIaMeHT, BbI3LIBAIOmEH
€r0 HAaKJOW, OCafKM Ha ABYX (o0 on .. 20,598,120 5
KpalHHX BepTHKanaX He OyAyT ! ’

paBHBIMH. [1peofpasoBanne sIIOpHI
0canoK, mnojydueHHoll 0es yuyeTa KeCTKOCTH (yHAAMEHTHOH IVIMTHI, B
3MOpPy OCaNoK KeCTKoro QJyH;[ameHTa NPpOU3BOAUTCH B 3ToM CJydae
TaKxe C yCJIOBHeM COXPaHeHMsi paBeHCTBa Iiomtanell obeux smop. Ha-
KJIOH Xe (ynpaMeHTa MNoJydaeTcsi MO HAKJIOHY MPAMOM, COenMH A0l
pacueTHhle OCAZKM HA ABYX KpaHHMX BepTHKaNsX.

3nasi KOHeUHYI OC3jAKy (yHJaMeHTa, NPOM3BOAST OPHEHTHPOBOU-
HBIH pacyeT u3MeHeHHs OCaaKH BO BPEMeHH JJI9 TAKOT'O CJIOS TIHHUCTOrO
TPyHTA B OCHOBAHMH IIDOEKTHPYEMOrO COODYIKEHHS, KOTODHIH HMeeT
HAHMeHbIIYI0 BOJONPOHHIAEMOCTh H HaHOOJLIIYIO MOI{HOCTb.
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36. Yuer pasOyxanma rpyHra

Pacuer ocagkm ¢ysnaMesTa, HO C yueToM pasGyXaHHs TDYHTOB,
3aMeraloux HMKE AHA KOT/0OBaHa, IAsl Caydas AAHTENbHOTO NepHofa
OTKPBITOTO KOTJIOBaHA H MEVICHHOH 3aMEHBI BeCa BbIEMKM [PyHTa BECOM
tyHaMenTa, NpPOHIBOAHUT-
CA NC TeM e BepTHKaasaM
(puc. 80). 3nece npuxo-
JHUTCS MpeiBapUTENbHO pac-
CUHTATb BJAHMAHHE PA3Tpys-
KH T'DYHTA OT BBIEMKH KOT-
JIOBana W TNPHHATH 8a Ha-
Ya/lbHble HANDSKEHHS pe-
3yJbTaThl, MOJIyYEHHbIE OT
yueTa pasrpysku (140), a
KOHeuHble HalpsKeHn
(141) B Toukax Ha pacuet-

g

8
o«

Koapguyuenms: ngguemocmy €
S
<

HBIX BEpTHKAJSX, paBHbIe &

CyMMe HAYAJIBHOIO Hanps- 2

KeHus W Hanpsokenus of & 475

BHemHeH Harpysku. Pac- 2

yeT npuseged B Tabm. 34 L} 2s

H 35. B HuX npuBeneHn 470 : 3 y
TPH 3HAYEHHS HOPMAJIBHBIX DR Pe

BEPTHKANBHBIX COCTABJISMIO- - 2

UX HaOpsiXXKeHuH O Hagpyg/(y §, kl70?

TpeX HanpPAXEeHHBIX Co-
cTosHuil rpysra ocHoea- Puc. 83. Pacyetnas cxeMa xas onpejiefenns
HUA (}10 ero pa3rpy3KI/I, OCaJKH C yUeTOM pasdyxaﬂnﬂ TpyHTa
TI0CJIe ero PasrpysKH M Noc-
Jie IOCTPOHKH BCErO COOPYKEHHS), a TAKKE COOTBETCTBYIOLIHE TPH KO-
¢duunenTa nopuctocTd rpynTa. Mamenenne kosuilhenTa NOPHCTOCTH
TPyHTa TIpH Pasrpy3ke PaCCUMTHIBAETCH MO KPHBLIM Pasrpysku, Moay-
YeHHHM MPH KOMIIPECCHOHHBIX HCIBITAaHHAX, PACUETHHIE 3HAUGHHA KOTO-
prix mpusefent B Ta6u. 28 u 29. OTHOCHTENbHAS OCAlKa A5 KaxkIero
PACUETHOTO CJIOA TPYHTA OTpeReseTcs no GopmyJe (76), B sHaMeHaTeJe
KOTODOfi TPHUBOJATCH KOMpQUUMEHT MOPHCTOCTH IpyHTa [Jis ero Ha-
YaJIBHBIX YCJI0BUH, CRIBIIMX JO €r0 PASTPY3KH H COOTBETCTBYIOUIHX HA-
4aJIbHOW BEICOTE CNO% TPyHTA, MPUBENEHHOH Bo BTOpOH rpacde Taln. 34,
3aMepeHHOH NpH 3TOH MOPHCTOCTH TPYyHTA.

PacueT ocagkd ANa LEHTPANbHOH BepTHKAaNM JaeTcs B Taba. 34.
B meil npuaatel caenyoulHe oCOsHAuUeHHMA JJIA BHEUIHHX HArpysox:
p, — HATIpsKeHHs OT COGCTBEHHOTO BeCa IPyHTA JO YCTPOHCTBA KOTJO-
BaHa /s (GYHIaMEHTA; P, — HANPSKEHHS OT COGCTBEHHOrO Beca rPyHTa
C YYeTOM DPa3rpysKkH; py — CYMMApHbIe HAMPSKEHHA OT COGCTBEHHOTO
BeCa rpyHTa C y4eToM pasTpy3KH MacCHBa TpyHTa M HANpSKEHHH OT
dyunamenta (puc. 83).
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Beprakaan 1 (ueHTpaasyas)

TaGuauua 34

CJJ?‘OQR A "7 1'0’ p=23,0’ p=Z_p0’95’ y°§~1{'—yt Pz P3 €1 €2 g3 af_{tzf Sn
1 2,5 0,99 2,97 —0,94 1,06 0,12 3,09 0,811 0,829 0,757 0,039 | 9,7
2 2,5 0,88 2,64 —0,84 1,29 0,45 3,09 0,802 0,810 0,757 0,029 | 7,2
3 4,0 0,66 1,98 —-0,63 1,68 0,95 2,93 0,790 0,794 0,759 0,020 | 8,0
4 5,0 0,41 1,23 —0,39 1,98 1,59 2,82 0,778 0,780 0,761 0,011 | 5,5
5 5,0 0,26 0,78 ~0,25 2,43 2,18 2,96 0,768 0,769 0,758 0,006 | 3,0
6 | 2,0 — — — 2,74 — — — — — — —
7 |10,0 0,12 0,36 —0,11 3,34 3,23 3,59 0,656 0,656 0,656 0,000 | 0,0
8 | 10,0 0,07 0,21 —0,07 4,34 4,27 4,49 0,654 0,654 0,654 0,000 | 0,0

CymMapHasi ocajka BeeX cloeB 33,4 cu



Bepruxaas 2 (kpaesas)

Ta6anuna 35

CJJ?;)H k pzZi 0, p=23’0’ p=2p0’95’ yt—;{)}'}"z P2 Ps 31 € €3 8_12__‘——_:% Sn
1 2,5 | 0,50 1,50 —0,47 1,06 | 0,59 | 2,09 | o811 | 0,86 | 0,775 | 0,023 | 5,8
2 2,5 0,48 1,44 —0,46 1,29 0,83 2,27 0,802 0,810 0,771 0,021 | 5,3
3 4,0 0,42 1,26 —0,40 1,58 1,18 2,44 0,790 0,793 0,767 0,014 | 5,6
4 5,0 0,31 0,93 —0,29 1,98 1,69 2,62 0,778 0,779 0,764 0,008 | 4,0
5 5,0 0,22 0,66 —0,21 2,43 2,22 2,88 0,768 0,768 0,760 0,005 | 2,5
6 2.0 — — — — — — — — — - | -
7 | 10,0 | 0,11 0,33 0,10 3,34 | 3,24 | 3,57 | 0,656 | 0,656 | 0,636 | 0,000 | 0,0
8 10,0 0,06 0,18 —0,06 4,34 4,28 4,46 0,655 0,655 0,655 0,000 | 0,0

Cywmmapras ocajpka Bcex cuoes 23,2 eam



B TabaHue py ¥ py PABHBI COOTBETCTBEHHO (v +-Y°2—Z,) H (vi+-y°2—
—Z,+7).

Pacuer ocaxkm Ha BEPTHKAIH, NpoXonsuell uepes Cepenuny 6o.b-
mell cTopoHb (PyHIaMeHTa, NMPUBOAWTCA B Taba. 35.

M3 tabn. 34 m 35 BUIHO, YTO faB/eHHe p, OT COOCTBEHHOIO Beca
FPYHTa C YUETOM €r0 pasrpy3KH B ToYKaX Ha KpaeBOoH BepTHKaIH 6oJb-
me, YeM B ToUKax Ha lEHTpaJbHOH BepTHKaJH. VHTepBassl Harpy3ox
Ma PaCuyeTHOH KOMIIpeCCHOHHOH KPHBOH a5 pacyeToB KOSPGHIHEHTOB
MOPHCTOCTH TpPyHTA NMOKAa3aHH Ha puc. 83. M3 mocsenuero BHAaHO, YTO
B Clyya€ OTCYTCTBHs pasfyXaHHs TPYHTa IpPH €ro pasrpy3Ke, Korja
KpHBas pasrpy3KH TOpPH3OHTA/IbHA, &,—e,=0, W pacueT OCafKH CBO-
JHMTCA K pacyeTy mo tabJ. 31 u 32, Kak npu GHCTpolt 3aMeHe Beca rpyH-
Ta BecoM ¢yslaMedra. ClIefyeT oTMeTuTh, 4TO p, U &, B Tabn. 31 u 32
paBHEl COOTBETCTBEHHO P H &5, NPHUBEJEHHHIMHE B Tabi. 34 u 35.

OpauHatel s3mopsl oCaKH QyHAaMeHTa C yuetoM pa3yXaHus rpyHTa
npusefedstl B Taba. 36.

J1s npuseieHus nNoAyYeHHOH 3MOPHl OCAKH K YCIOBHAM KECTKOCTH
(yHlaMeHTa ONpefesiAOT BHICOTY PABHOBEJIMKOH 3MMIOPHl NPSIMOYTOJib-
HOTO OuepTaHu:

BELHA_ 98,3 o

TaruMm o6pasoM, pacueTHafl 0CajlKa KeCTKOI0 hYHAaMEHTa C YUETOM
pas6yXaHnusi FPYHTOR, 3a/eralOllHX HHXKE MOROWBH (hYHIAMEHTA, CO-
crasasier 28,3 cM, YTO HECKoJIbKO GoJbilie, YeM NP pacueTe oCajik{

Ges yyera pasByxaHHs TpyHTa,

Sy =

Ta6awua 36 npu GeCTpol 3aMeHe Beca rPyHTa

BecoM yHamenTa. Takue pe3ynn-

Hovepa Bepruxamm | 1 ‘ 2 3 TaTel OBLIH TOJyYeHB!, HECMOTPA
Ha TO, YTO HayaJbHbIA Kodbdu-

LIHEHT TOPHCTOCTH & B 00OHX pac-
YeTHEIX CNy4asax OblJl ONHHM H TeM
xe. Y Be/THueHHe OCalKH IoJyYH-
JIOCh BCJIENICTBHE yBeJ/HUEHHS] KO-
o¢xpyLlEeHTa NOPUCTOCTH €, AJ1sT COBCTBEHHOTO BeCa IPYHTa C Y4YeToM
ero pasrpyskH nepej NpHJIOKEHHEM HArpy3KH oT ¢yHIAMEHTa.

W3 npupenenHBIX pacueToB OCAIKH BHAHLI BpEIHBIE TOCJEICTBHS
NPOJIOIKUTENLHOTO TepPHONA OTKPBITOTO KOTJoBaHA H HEOGXOJHMOCTDb
YCKOpEHH A NPOU3EOACTBA paboT B OTKPHITOM KOTJIOBaHe, AJIs YMeHb-
eHH s O’KHIaeMOH OCajlKH.

Ecan ucxonnsMu xapaKkTepuCTHKaMK CXKaTHS TPYHTa CJYKHT KOM-
NpeCCHOHHAas KpHBas B BUJE 3aBHCHMOCTH OTHOCHTE/JNLHOTO CXATHH OT
Harpy3kH, TO NOCNENOBATENLHOCTH pacyeTa H ¢hopMa pacCueTHRIX Ta6-
JIMIL OCTAIOTCSA Te Ke, 4TO M B C/lyyae, KOTHA HeOGXOIMMast XapakTepH-
CTHKA C)KHMaeMOCTH IPYHTa JlaHa B BHAE 3aBHCHMOCTH KO3(dHuueHTa
NOPHCTOCTH OT HATPy3KH.

Ynpaxknenue Ne 15. Tpexpasmepnas sapaua. PaccuuraTs cpegsiowo
KOHEYHYIO OC3aAKy CJEAYIONIHX (yHIaMeHTOB:
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a) pa3mep mauTH 2 X 4 m. MurtencuHocTs Harpysku 2 «[/cm®.
3arnybaenne — 3 s. OCHOBaHHE CJOXKEHO OJHOPOJAHLIM IIJACTHUHBIM
CYTJIHHKOM ¢ oObeMHBIM BecoM 1,9 m/m® u xosdduuuentoM GoKoBoro
pacmupenus pasueiM 0,40. Pacuer mpoussecTn MeTogoM 3KBHBaJeHT-
HoTo cjlos. HopmaTHBHAs KOMIpecCHoHHas KpuBas jaHa B Tabm. 28;

6) pasmep mauTH 3 X 6 m. Vurtencusnocts Harpysku 3 [l /cm®.
3araybnenune — 3 #. OCHOBaHHE CJOKEHO CJIOEM CYIJIHHKA MOI{HOCTHBIO
2 M M ca0eM [JIHHBL MOWHOCTBIO 2 M, pa3fiefeHHBIX CJI0eM TeCKa TOXKe
MomHocTelo 2 M. llog cnoem THHBL 3aneraloT meckH, MOIHOCTb
KOTOpHIX BelHKa M He Oblna BCKphITa passefkoit. KpoBns cyrinHKoB
CoBMajideT ¢ MoAOWROH MJIHTHL. ¥YpOBEHb IDYHTOBHIX BOJ 3aJeraeT Ha
rnybude 3 u# oT mMoBepXHOCTH 3eMuaH. HanpsKeHus, BKMoYas Hauasb-
Hble, 6epyTcs 3 ynpakHeHHs 12 a) ana ycnoBuil GEICTpoli 3aMeHb] Beca
TpyHTa BecoM dyHaaMeHTa ¢ Harpyskoi. HopMaTuBHble KoMIIPeCCHOH-
Hble KpUBble fauk B Tabn. 28 u 29. CkaTuem necka npenebperaior. Pac-
TMOJMOXKEHHE pa3pe3a HA IaHe NJHTH INPHHATH ColylaCHo puc. 41,
gepe3 Touku O—1 u O—2, a 3a pacyeTHbIe C/IOH — 11BA C10S [VIHHHCTOTO
rpyHTa, VKa3aHHBIe B ynpa)kHeHHH. PacueT npoHsBecTH No IByM Bep-
THKanaM, o6o3naueHHbiM Ha puc. 41 Toukamu O—I1 u O—2 B neBoit
YacTH MVIHTHL, H APYTHM JBYM, PacClOJOXKEHHEIM CHMMETPHUYHO B NpaBoit
YacTH TUIHTHL,



Pasdea II1
PACYET YCTOMYHUBOCTH COOPY)KEHHH
37. Medopmanus casura

HedpopMaunu caBura Maccua TpyHTa, CJIYXKamero OCHOBaHHEM
COOpYKeHHs, BO3HHKAIOT NOJ AeHCTBMeM KacaTeJqbHOH COCTaBJISIOLLEH
Hanpsokeusi, OHM BO3HHKAIOT OT COGCTBEHHOIO Beca MPYHTA H OT BHem-

HHX HarpysoK.

B npupoze oGe nebopMaumm, CxkaThe Mo JeHCTBHEM HOPMasbHOH
COCTaBJIAOMIeH HANPSKEHUS ¥ CABUT NOJ JeficTBHEM KacaTeJbRO# cocTa-
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Puc. 84. Pasnoxenne nosamoro Ha-
npsKeHWs Ha KacaTelbHYX U HOD-
MaJbHYI COCTABJASIOUIHE

BJSAOWEH HanpsDKeHHs, MPOUCXORAT
opuospeMeso. OHn NOABAMIOTCH OT
MPUIOKEHHSA K NOBEPXHOCTH MacCH-
Ba IpYHTa Harpy3ku B BHJE Beca CO-
OpYKeHHS WM B BHJe Dasrpy3Ku
OT BbleMKH IpyHTa. [IJ1s pacueTHsIX
neseil ypoGHO obe Aedopmanun pac-
CMaTpusaTh pasaensHo. Ilpu aToM
CKaTHe TPYHTa PAacCMaTpHBAIOT KAk
o0beMBYIO JehOpMallHI0, TMPOUCXOAS-
Ilyil0 33 CyeT yMeHbileHMs 00beMa
nop B rpyHTe, HO 0Ge3 CKaumIMBaHHS,
a nepopManmio caBura — xak jaedop-
MAalHIo CKalluBaHus, HO Oe3 mu3MeHe-
Hus ofbeMa mop TpyHTa.
KacatesqnLuaa CcocTaBgsiomas Ha-
NpsKeHUs NpejCTaB/seT IPOeKUHIO
NOJIHOTO HaNpsKeHHs, AedcTByome-
ro s Touke O; B JaHBO#l NJomajKe
a—a (puc. 84), na ee HampaBJ/eHHe.
[Tpu Hak/nOHe MJIOWIAAKH K TOpH30H-

Ty Toj yIJIoM @, KacaTeJbHasi COCTAaBJSION(As MOJIHOTO HAaMp sKeHHs
0 0003HaYaeTCst uepes Ty, a HOPMAJbHAS COCTABJAIOMAS — Yepes Og.
B dactabix cilyuasx, Korga njomajka B Touke O, HalpaB/eHa TOpH-
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30HTaJ/IbHO, a MJIomajxa B ToUke O HanpaBJ/eHa BePTHKAJLHO (pHC. 84),
TO KacaTeJbHeE COCTaBAfIOMHE B IJIGCKOH 3ajaye HMelOT YCJIORB-
Hue o6o3Hayenus ZY u YZ, nu ofe HopMmajbHble coCTaBaSIOMHE —
ZnvY.

Bennunna gacaTeqpHOH COCTaBAsiOmEH HANPsKeHHS 3aBHCHT OT
pacnonoxkenus TOYKH O B MacCuBe TIDyHTa, BHeWHell Harpyskd
Ha Hero W HamnpapjeHHd IJICHAJKH.

Tlpy BO3SHHKHOBEHHH KacaTe/bHOTO HANDSDKeHHs B TpYHTE MNOS-
BJISIETCSL COTPOTHBJIEHHE® CABHTY, KOTOpPOE BO3pacCTaeT C yBeJNHUeHHEM
KacaTeJILHOTO HaTpsKEeHHS, A0 NPelenbHOTO (MaKCHMaJIbHOTO) COMpOo-
TuBJIesHs CABHTY. CoNpoTHB/IeHHe CABHTY B IPYHTe pacTeT C yBeJHue-
HHEM TaKxXe HOPMaJIbHOTO

HATIPSKEHHS. M HMeeT pas- p

JIHYHOE 3HAueHHe JJs pas- g

JIHYHHX TPYHTOBBIX pa3HOC-

Tefl. N Nacamensree wanpame- 72
JlehopmMalus capura HMe- X W Z

€T HeCKOJIbKC BHAOB. OHa -

MOKeT TPEACTaB/ATL I[epe- Conpomudnenue epynma cifuey

KallliBaHHEe MacCHBa TpyHTa,

Kax ynpyroe, TaKk H oCTaTo4- Puc. 85. CMmemenHe uyacTd OCHOBamus IO
Hoe, 6e3 oOpAascBAHHS IO- NOBEPXHOCTH  CKOJBXKEHHS
BepXHOCTeH  CKOJIb:KEHHS.

OHa MOXeT NpeAcTaB/ATh MefyIeHHOe TeUeHHe, WK o3y yio AedopMa-
IIHIO, B TPYHTe, TOTa ero CMeuieHHe NMPH HEH3MEeHHOH Harpy3Ke He 3a-
TyXxaeT. IIpn 3TOM NOBEPXHOCTh CKOJILXKEHHS YeTKo He BEIpaxKeHa.
Haxkoneln, oHa npeacTaB/isieT CpaBHHTENBHO ORICTpoe CMelleHHE GOHOM
YyacTH TpyHTa N0 [pyrod, ¢ obpasoBaHueM ONpefe/ieHHOH MNOBepX-
HOCTH CKOJIbXKEHHS.

Tocaepuuit BuA CABHUTOBOR JAeQOpMAlMH HacTynaeT TOrKa, KOTAa
CyMMa BCeX KacCaTeslbHHIX HaNpsuKeHHH H/s BCEX MJIOmAfoK, pacnoJo-
AEHHBIX 110 TIOBEPXHOCTH CKOJILXKEHH sI, KK M0Ka3aHo Ha pHc. 85, cTana
GoJblite TIPefeLHONO (MaKCHMAJILHOTG) CONPOTHBJIEHHS! CIBHTY B TPYH-
Te N0 TOH e MOBePXHOCTH CKOJIbXKEHHS.

Ecnn ocanxa npexcraBasieT siB/IeHHe, K KOTOPOMy COOpyKEeHHE MO-
XKeT OHITH NPHCNOCOGJEHO, TO pAepopMmainuH casura ¢ obpasoBaHHEM
NOBEPXHOCTH CKOJIbKEHHA B OCHOBAHHH COOPYKEHHSI HE JOMYCTHMEL.
OcHoBaHHe COOpPVIKEHHS OO/KHO OulTh TaK pacCuHTaHo, YTOGH 3Ta
nepopManust OTCyTCTBOBaJa M Obla Owl oGecrmeyena ycToHYHBOCTH OC-
HOBauus M Gesapapuiinasi paGoTa NOCTPOEHHOTO Coopy:KeHus. IlepBblfi
e W BTOpoH BHAb JedopManuii CBHTA HOMYCTHMEI, €C/IH KOHCTPYKIHK A
COODYKEeHHsST K HHM TMpHCnocob/ena.

U3z puc. 85 BugHO, UTO KPHBAS CKOJILXKEHHS NPeCTaBJIsieT LEenouKy
NJIOMAACK CKOJpKeHus. IloC/lefHHe pacro/ioxKeHsl 1O Pas/HuHBIMH
yrlaMd K Fopu3oHTy. B HHX GyayT HefcTBOBAaThb pasjiHUHEIE HOPMAJIb-
Hele H KacaTeNpHele HanpsikeHHs. Hanpsokewus B miomagkax, mpo-
BETEHHBIX Yepe3 Toyky MO JOObIM yIVIOM K FOPH30HTY, MGXKHO TOJY-
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YUTh, €CJIH H3BECTHH HamnpsKeHHs, JeHCTBYIOIIHE B TOpH30HTaJbHOH

H BEPTHKAJBHHIX IIJIOHAKax B TOH e TOYKE B MacCHBe TPyHTa.
HccsienoBanus H3MeHeHHs HOPMaJbHOH M KacaTesbHOH COCTaBJIAIO-
[H{MX HaTpsKeHHH B COOTBETCTBHH ¢ H3MEHEHHEM HanpaBJeHHa NIOuazn-
KH B JaHHOH TOUKe NPOH3BOAATCA HCXOAS H3 OOIIEro NOJNOKEHHS O paB-
HOBECHH CHJI, AeHCTBYIOWMX HA TOYKy e3 OrpaHHYeHHH OTHOCHTEJILHO
cBodcTB MarepHasa. OHH NPOH3BOLATCH HA OCHOBE eOMETPHUYECKHX 3a-
BHCHMOCTEH CTPOHTEJNBHOH MEXaHHKH, KOTOpHe ABJSIOTCA ClpaBeJIH-
BRIMH Kak paaa Jobwlx Mare-
p pHAJIOB, T4K H JJIs TPYHTOB B

J1oBOM HX COCTOSIHHH.
BelgenuM B rpyHTe Ans
al” JIOCKOH 3ajaum DecKOHeuHO
majasi# ofbeM B BHAe NpAMo-
yd yroJIbHOH NpHSMH y ToykH O,
0 dy - : IJIHHOH, paBHOH egUHHLE, C Oec-
d § KOHEYHO MaJBIMH TpaHAMH dy,
gV dz, u dl 86). O

2 2, u dl (puc. 86). OgHa rpasb
9 0 Oy HAK/JOHEHa K TOpPH3OHTY IOf

2y

v yrJaoM @, a N0 ABYM APYTHM,
._y.f Ty TOPH3OHTA/JILHOH H BEPTHKAJb-
/<a;, HOH, HeflcTByIOT 3ajaHHEe Ha-
npskenusi Z, Y, u ZY. Iocaen-
Puc. 86. DuevenTapuas NpusMa rpyura HHe OBLIH TIOJIyueHEH NIpH peile-
L EeRLIey  robusontaa i oy, WL SEUK O pacnpeRcirk
HHMHP; D) gL rpageﬁ, 2) H*;‘;}‘L;}gg_ HANpsUKeHHHl B MaccHBe IPyHTa
HHs, JefcTBylomue 0o rpausM, B) yroa A% 3aJ@HHOM BHEIUHCH HATpy3-
oTkaoneHuss 0O moaxoro HanpsKeHHA KH, II0 TEOpHH ylpyTOCTH. Ecin
B miromaike BhIfieJIeHHAs! IPH3Ma HAXOJHTCH
B PAaBHOBECUM 1107 AelcTBHEM
BCEX NPHJIOKeHHHX CHl dy-1-Z; dy-1-ZY;dz-1-Y u 1. #., To Tpoek-

UMK 3THX CHJ Ha Jio6Goe HaNpaBJ/eHHe JOJKHE GBITh PABHEL HYJIO.
OnpesleruM U3 yc/10BUii paBHOBECHS NPH3MEI COCTABJIAIOMHME HATID SI-
KeHHS, AeHCTByIOMIETO B MJIOWIAjKe, HAKJOHEHHOH K TOPH3OHTY IOL
yriioM o. [IJ1s 3T0T0 CpoeKTHpyeM Bce AeficTBYIOIHE CUJBL HA Halpa-
BJIEHHH HCKOMBIX COCTABJ/IAIOMHX HANpsSKEHHS, HOpPMAJBHYIO Og

H KacareqbHylo Tq. llocsie mpocthix mpeoGpasosanuil mosyumm:

O =Zcos>a+Ysin?a + ZY sin 2a, (142)

To= z 3 Y sin2a— Z¥ cos 2a. (143)

llonmoe HanpsKeHHe Ha HAKJIOHHOH TpaHH NPH3MBI GyleT paBHO
reOMeTPHYECKOH CyMMe Hamp sxKeHHI:

o=V I (144)
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Yron MexJy HanpapJeHHEM I[OJHOTO HanpsiKeHHs H BEPTHKAJIbIO
K NJoLIajiIke HasLIBAGTCA YIJIOM OTK/OHEHHA H oGo3payaercs uyepes 0
(puc. 86, 6).

M3 nonyueHHBIX 3aBHCHMOCTEH BHJAHO, KaK C H3MeHEHHeM YIV&
HAKJOHA O, AJ19 VICWAAKH AJIHHOH d/, H3MEeHAIOTCS BeJIHUHHEl HOpMaJlb-
HOH M KacaTe/lbHOH COCTaBJAIOMHX HANpPDKEHHH B JaHHOH TOuke.

OnpepesuM yribl HaK/IOHA IJIOIMIANOK, B KOTOPHIX AefiCTBYIOT HaH-
GoJblllee M HaHMeHblliee HOpMaJ/lbHoe Hamp mkeHHe. Bepem nmepsylo npo-
H3BOJIHYIO OT Bhlpaxenus (142) no o u npupaBnuBaeM ee Hymo. OTKyZa
NOJyYHM:

tg 2, = 20, (145)
TA€ @, — yroJ HaKJOHa MJIOmAAKH C HaHGOJIbIIHM HOPMAJILHEIM HaNps-
JKeHHeM K TOpH30HTY.

[Monyuennoli BesqMyHHE TaHreHca HCKOMOroO yrJa HakaoHa (145)
GyfyT OTBEYaThb ABa yIJla, oTHuaiomuecs Ha 180° ogun ot pgpyroro.
[lpu onsoM 3xaueHHH yrjia HopMaJbHOe HaNpsBKeHHe 6yLeT MaKCHMAJTL -
HEIM, NIpH APyroM — MHHHMAJILHBIM, YTO ONpeje/sercs 3HaKOM y BTO-
pofi mpousBoaHOH BulpameHHs (142).

CrnepoBatesbHo, B KaxkjioH TOUKe MacCHBa IPYHTa MOJKHO HafTH JBe
B3aHMHO NEepIeHJHKyJ/IApHble MJIOUWAAKH, B KOTOPHIX AeHCTBYIOT Mak-
CHMaJIbHO® H MHHHMaJIbHOE HOpMaJjibHble HallpsKeHHH.

[nisl BEIICHEHH Sl 3HaueHHs KacaTelbHOTO HaNpsKeHHS B 3THX IVIO-
uagKkax npeobpasyeM suipaxkenue (145) B ciepyiomuit BHA:

Z—Y  ZY.cos 2ay

2 7 sinZ2a,
Ecau sty 3aBucumocts BectH B (143), To nmosnyuum:
cos 2o, .
Ta = Y m Sin Qan — ZY cos Qa,n = O,

OTKyJa BHJIHO, UTO 3TH IVIOM{AKH HE HMEIOT KacaTeJbHBIX HaNpsKeHHH.
CirenoBatensHO, HampasJieHue MOJHOTO HANpSKEHHs COBNAjaeT C HOp-
MaJIblo K TaKOH MJlomajke.

lonyuesnele HanpaB/eHHs NUIOWA0OK HA3HBAOT TJaBHBEIMY, a jAefi-
CTBYIOUIHE B HHX IIOJIHLIE HANpSKEHHA — IJIABHEIMH HalpKEeHHAMU
B gaHHoH Touke. OHH 0603HAYAIOTCA Uepes Oy H O,.

Haa Bcex ApyruX HaNlpaBieHHH IWIOmWANoOK B JaHHOH Touke Hampa-
BJIEHHE MOJIHOTO HaMNpsKeHHs OTKJIOHAeTCHA OT HOPMAaJH K IJIOWALKe
H TNOSBJISAIOTCS KacaTesbHble COCTABJAIONHE HanpskesHA. UeM GoJblle
KacaTeJlbHOe HallpsiXKeHHe, TeM 6oJbllie BepOATHOCTE NOSABJIEHHS CABHTA
H paspylleHHs IPyHTa B JaHHOH TOUKe.

OnpenenuM HamnpasJ/ieHHe IVIOWAAKH, AJf KOTOPOTo KacaTejbHoe
Hanpspkenue GyaeT HaubodpmuMm. s sToro GepeM mepByio MPOH3BOA-
HyIO N0 yrily o oT BelpaxeHus (143) u npupabruBaem ee Hymo. Torga
NOJYYHM:

Z—Y
tg 2oy = — =5, (146)
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rIe @, — YToJ HakJOHAa INIOWAJKH M1 HauOOJILIETo KacaTeJqbHOTO
HATIP STKEHHS.

CpaBuuBas BeIpaxkenue (146) ¢ BupaxenueM (145), BHIHM, 4TO YIJIH
%a,, ¥ 20, OTVIMYAIOTCA OfHH OT Apyroro Ha 90°, a c/efoBaTe/IbHO, YIVIHI
@, ¥ G; OTJHMYAIOTCS OHH OT Apyroro Ha 45°,

Takum o6pasoM, HauGoJLIIas H HAMMEHhmAA KACATeJbHHE COCTa-
BJSIOIHEe HaNpsKEHHA JeHcTBYIOT 1o TIOmAfKaM, HalpaBJ/esHs
KOTOPHIX COCTaBJISIOT yTo/l paBHHH 45° K HanpasJ/ieHHio TIaBHOH ILIO-
IMARKH,

BennuusH r/1aBHBIX HanpsiKeHHH, a TakKe HauOoJblell 1 HaUMeHb-
mefl KacaTeJbHEIX COCTABJAIOMMX HaNpsKeHHs,, MoryT OHITh onpepe-
JIEHHl 1S 3aJaHHOH BHeIIHeH Harpy3kH H KOOpAMHAT TOUKH B MaccHBe
FPYHTa 10 COCTABJAIOMAM HOJHHX HaNpsrKeHHH, NeMCTBYIOUMM B FO-
PH30HTAJLHOA H BepTHKaJLHOH Muomagkax B 3tofl Touke: Z, Y, H
ZY. Jins 31010 HeOOXOOMMO HCKJIOUMTh M3 BEpaxesui (142) u (143)
¢ HoMompio ypaBHerHit (145) u (146) yros HakJIOHAa NJIOWAAKH K TOpH-
30HTYy «. VickoMble 3aBHCHMOCTH OyAyT CJIeNYIOLMIHE:

o, =25 1+ Ly T (147)

Tuamo =+  V{Z— VR 4ZV7%. (148)

MUH

BaxubiM BblBofioM H3 opmyssl (147) sBasercs CleAyrOmUi:
0, +0,=2+Y,

yKaspiBaiomiufi Ha TO, YTo CyMMa TJIaBHBIX HanpsbKeHHH# paBHA cyMme
HOPMA&JILHBIX COCTABJISIOMHX HalpsKeHHH /15 TOpH3OHTaJbHOH H Bep-
TUKAJIBHOH IJIOMAN0K.

Tlonyuensnie 3aBHCHMOCTH TO3BOJIMIOT YCTAHOBHTE KPHUTepHH npH-
MEHMMOCTH TEODHH YHPYTOCTH K pacCueTy ecTeCTBEHHOTO OCHOBaHUSA
COOpyHXeHHH, 110 yIJIy OTKJIOHEHHS NOJHOTC HANpSIKEeHHS.

Ynpamnenne Ne 16. Buuuciauts BerHUHHE TNOJHEIX HANpsDKeHUMH
Jsa ycnoBui ynpaxkuesus Ne 6, A5 Todek, pacloJIO;KeHHHX Ha Kpae-
Bof W HEHTpPaNbHOM BePTHKAMAX, H YIVIbl HAKJIOHA 3THX HANpsKeHHH
K ropusonty. Hanectu BekTophl HanpsKeHHH Ha uepTexke ¢ H3oGapaMu
H3 ynpaxHenusa Ne 6.

38. Yroa oTKIOHEHHS

Ecim panpas/iiende IOMHOTO HanpsuKeHds B JaHHOH TIomanke
a—a (puc. 84), npoenennol uepe3 Touky O,, He COBNAfALT ¢ HOPMAJILIO
K Hell, a OTKJIOHSAETCS OT HOPMaJH Ha yroJ B, To 3TOT yroJ Ha3blBaercs
yraoM orkaonennsi. OH 8aBHCHT, KaK TNoKa3ago Ha pHc. 84, or BeJHuH-
HBI KacaTeNpHOR M HOPMaJIbHON COCTAaBJSIOUWHX HANMpPSKEHHS B TOUKE
MacCHBa TpyHTa:

=t
tgo=—=, (149)

o
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T. €. OT Be/IMYHHE! M XapaKTePa BHelHel Harpysky H KOOPOMHAT TOYKH
O u H3MeHsIeTCs ¢ H3MEHeHHEeM YIJ1a HAKJOHA ¢ IVICILANKH K TOpPH3CHTY.
Kacarensnas cocTasisiomas B miomanke, 115 KOTOpoi NoJHoe HANps-
JKeHpe OTKJIOHAETCS HA yrog 6 oT HopMaJam K Hell, paBHO:

To = 0 tg 6. (150)

Ecln HanpsokeHve sBAsiercsl [VIaBHBIM, To YToJl OTK/JIoHenus O
pasen Hymo. C yBenuuenueM yrJla OTKJOHeHHS PacTeT KacaTe/lbHoE
HanpsuKeHHe Tq B JAHHOH Touke. B Kaxjmodl Touke B MacCHBe I'DYHTa
MoxKeT OHTL HaliieHo Takoe MoJloxKeHHe TJIOMALKH, AJ1% KOTOPO# yroJ
OTKJ/IOHeHHS! Oy/eT HauboJBIIHM [J5 AaHHOH BHEIUHeH HArpyskH.

Puc. 87. Dnemenrapuas NpuaMa PyuTa C rPaHAMH,

COBNAJAIOIHMH € IVIaBHWMMH IJIOMIafKaMH b—b

H b—a. o — yroi HAaKJIOHA 34AaHHON MJIOWIAAKH

K TOpH3OHTY, O, — YI0J HaKJIOHA TJapuof MiIo-

MALKH K TOPH3OHTY, ®— YTOJ MEXKAY HalpPaBJIeHH-

AMH 3ajaHHOH H IVaBHOH mJOWAfOK, 0 — yrod
OTKJOHEHHS

Beauunna HaubOJBUIEro yIJa OTKJACHEHHS Ouaxe ONpenensiercs
pacueToM B 3aBHCHMOCTH OT BHEIIHEHl Harpy3km Ha MacCHB TPYHTA
H MECTONOJIGKEHHS TOUKH B 3TOM MaccuBe. EC/IH CONOCTABUTL BETHUHHY
KAacaTeJIbHOH COCTaB/IA0MEH, COOTBETCTBYIOMER Oyane, H COMPOTHBJIEHHE
rpyHTa CIBHTY, 3IKCIEDEMEHTa/JbHO YCTAaHOBJIEHHOTO B Jlafopatopum
KM B IOJeBHIX VCJIOBHSX [J/I NaHHOM HATPY3KH HA TPYHT, TO MOKHO
BHIJE/IHTH 30HEL B OCHOBAHHH COOPYKEHHS, Iie KacaTe/IbHas COCTaRJA0-
mas (150) a5 Oyaxe OyHeT MeHbIIe, paBHa MK GOJbLIE MAKCHMAJIBLHOTQ
CONPOTHBJIEHHS TPYHTA caABury. B nocjiefHell 30He paBHOBECHE B TPYH-
Te GymeT HapyileHo.

QopmyJnl (142) u (143), KOTOpHIMH NOJL3YIOTCA AJs pacuera Hau-
Gonpierc yria OTKJIOHeHHs, MOTyT OHTh 3HAYMTE/IBHO YIPOIIEHHL.
JIns 3T0r0 yroJ & HeoOXOJHMO OTCUMTHIBATL He OT TOPH3QHTA, a QT
HanpaBJeHHs IaBHOA Tomaxku b—>b, T. e. sjeMeHTapHas NpH3Ma,
noKa3anHas Ha puc. 87, jomkHa OHTL PACcIO/O}KEHA TAK, YTOGH JBe
ee IpaHy COBNAJIH C IVIABHBIMH HANPAaBJEHHSMH K HA 3TH IPAHH NefcTBO-
paJiH OBl TJIaBHBIE HANPS:KEHHS O, H 0, B 3ToM cayuyae ciegyer moJjo-
xuTh B popmynaax (142) u (143) KacaTesbHble HanpsXKeHHS PABHBIMH
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Hymo. Torna mosyduM Ciledylollife BHPaXKeHHA:
0q =0, c0s?® + g, sin*® (151)

ra=61;2%sin 2w, (152)

re ® — yron MeXLy 3afjaHHHM HanpaB/JeHHeM IJIOMAJKH H TJaBHEIM
HAnpaBJ/eHHEM.
YuuTHiBasi, 4TO HaHOOJBIIEE KacaTeJbHOe HanpsxeHHe neHCTBYeT
B IIOMAfKe, HaNpaB/JeHHOH MO yrJoM 45° K rJlaBHOMy HalPaBJeHHIO,
dopmyna (152) ans sToro Cilyuas NMpHMET C/IeNyIOmHH BHL:

Tanne = "U‘l‘:‘;‘ui' ’ (153)

T. €. MaKCHMa/JbHOe KacaTeJbHOe HanpsKeHHe PpaBHO NoJypas-
HOCTH IJVIaBHBIX HAMNpSKEHHH.

Ecan ucnonpiosats 3aBucuMoctd (151) u (152) st onpefenenus yr-
J1a OTKJOHEHHS, TO MOJYYHM CJefylouiee BHIpaxKeHHe:

(0, —04) sin 20 — (o1—0,) tgw (154)
20y cost o-+20,sinw~  oy-o,tg20

tgp=

Teneppr MoxHO OymeT HAHTH HANpAaBJIEHHS IJIOMEAACK C HaHOGJb-
UIHMHA 3HAYeHHSIMH yIJla OTKJIOHEHHs. B3dB nmepByl0 NMPOH3BORHYIO OT
npaBoil yacTi Bhpakenus (154) N0 @ H NMPHpPaBHSAB €e HYJIO, MOJyYHM
3Hauenue tgw, coorBeTCTBYyIONIEE HAHOOMBIIEMY VIVly OTKJIOHEHHS:

tgo=+ ]/g_i (155)

Hanee moxHo gopMyay (154) nmpeacTaBuHTh B CJELYIOmEM BHIE:

(1— )tgm

tgo= =
142 tHgo
3aMeHHB B Hell {g © 10 BHIpAKEHHIO (155), noc.ie npecbpasoBaHuil, NOTY-
YHM C/IELYIOILYIO 3aBHCHMOCTE, COREPXKalYyIo HAHGOMLIWUHE yroa OTKJo-
HEHHS:

0'_2 . (liSiHeManc)z
oy cos?

: (156)

Maxe

Ecin 0, u 0, NpencTaB/sioT r/aBHbe HANPSDKEHHS B TOYKE MacCHBA
TPYHTa OT ero COOCTBEHHOTG Beca, NPH TOPH30HTaJbLHOH NMOBEPXHOCTH
3eMJIM, H OfHa TJaBHas IVIOWAZKa C HANpSKEHHeM O, HalpasjeHa ro-
PH3CHTAJbHO, a APYTasa C HANPSKEHHEM O, — BEDPTHKA/JIbHO, TO OTHO-

Oy
lenHe - MPeSCTaBJSeT Ko3(xpHUIMeHT DOKOBOIQ AaB/eHHS rpyHTa §.
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OTHOlIEHHE TJIABHLIX HaHpH}KEHHﬁ MOXHO NpeACTaBUTh TaKXKe B CJie-
AylomeM BHIE:

%t (450 F 2w, (157)

M3 370l 3aBUCHMOCTH BHJIHO, YTO HaHOOJIbLIEE 3HAYEHHE YTJIa OTKJIO=
HEHHS B TOYKAaX MaCCHBA TPyHTa NOJyYaeTcs A/ ABYX HalpaBJeHHH
IJIOIA/IOK B 3THX TOUKaX. Ec/M B3ATb 3HAK MHHYC, TO OTHOIWUEHHE IJ1aB-
HbIX HaNpsKXeHHH MOXKHO NPEefCTABHTb B CJIELYIOUIEM BHIE:

oy _ (l—sin8, )2 I—sinf, ..

oy (1fsinf, y(1—sinb, 5 14+sing,, .

OTKyJa BeJHYHHA HAHOOJBLIEro yIja OTKJIOHEeHHA GyfeT paBHa:

. . 0'1'—-0'2

SIM fane = 5 5> - (158)
Eciu Xe 3aMeHuTb [V1aBHble HaNpPsKEHHS Yepes COCTABJSIONUE

Hanpsukenus Z, Y u ZY no ¢opmyae (147), To nonyuum:

Z—Y)2 L 4ZY?
‘_-(Tzriﬁ—. (159)

Haun6onpmuiil yron oTK/IOHEHHS /151 pasHbIX TOUEK B MAacCHBE TPYHTA
3aBHCHT OT HANpPSDKEHHOTO COCTOSIHHS, XapaKTepH3yeMOTQ TJIABHEIMH
HaNpPSDKeHUSIMH UJIH COCTABJAIOMMMH HAanpsKeHHs B 3THX TOUKaXx.

sin? Qgme =

39. Kpyr manpsikenuét Mopa

OnpegesieHue HauGoJIBILETO YIJIA OTKJIOHEHHS AJt JAHHOH TOUKH
B MacCHBE TPYHTAa H JaHHOH HArDY3KH Ha Hero, a TakKe HCCJeOBaHHe
3aBHCHMOCTH YIJIa OTKJOHEHHSI OT YIJla HAaK/JOHA [JIOWALKH, MOXKeT
GBITH BREITIOHEHO TEOMETPHYECKHM NOCTpOEHHEM.

Ecsn HanpaBJieHHe ropH30HTaJbHOH OCH B NPAMOYTOJBHOH cHCcTeMe
KOOpAHHAT COBMECTHTH C TJIaBHBIM HAIpaBJeHHeM JJIs IJIOCKOH 3afauH,
KaK NO0KasaHo Ha puc. 88, H Ha 3ToH OCH OTJIOKHTb 3afaHHble HOpMaJlb-
HbIE COCTABJSIOHE HAMpSDKeHHss Z H Y B TOPH3OHTAJbHOM M BepTH-
KaJsHOH mnyomankax B supe orpeskos O'D u O'C, a gKacaTesbHble
cocTapasomHe ZY OTJIGKHTbH NapaJsileNbHG BepTHKAJNLHGH OCH KRepXY
oT TOUKH C H KHH3y 0T ToUkH D B BHfe oTpe3koB AC u BD u coefHHHTb
Toukd A u B, TO B MecTe nepeceueHHs 3Toll NpaMOfl ¢ TOPH3OHTAIbHOH
ocei0 nostyuuM Touky O, KoTopas sBJseTcd LEHTPOM Kpyra Hanps-
xenu#i Mopa. Paguyc xpyra pasen OA uan OB.

Eciu nposectu mpsMyio AE, To yros, ofpasoBaHHBIH €10 C ropu-
30HTaJNbHOA OCHIO, 0603HAYeHHHA Ha pHc. 88 uyepes o, Oyjer yrJjoM
HAK/JOHA BEPTHKAJbHOH IICAZKH C HOpMAJIbHBIM HamnpsKeHHeM Y
K [VIaBHOMy HanpagJeHHIO. aMeHss HanpaB/ieHHe IVIOIMANKH, MOXHO
YMEHBILIUTh KAcaTeJbHyI0 COCTap/asomyo ZY 10 HyJs H TOTja OTpe-
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30k O'F craHeT MaKCHMAJbHEIM TVIaBHbIM HaNPSMEHHEM C,, 2 OTPe3oK
O'E MUHHMAJBHBIM TJJABHBIM HANPSXKCHHEM O,

T
S |
2
G
2y
W 0 »_\r
0 L -
7
8
z

0

n

I

Py

Puc. 88, Kpyr nanpaxennit Mopa

HokaxeM, 4To A/l MUIOMIAJKH, HAK/JIOHEHHOH K r/laBHOMY HalpaB-
JISHHIO ToJ, YI/IOM ®, KOOpAUHATH TOUKH M, nonyuenno#t nepeceveHeM
HallpaBJ/IeHHsI IIOWAKHK 1 Kpyra HallpsukeHHH, PeACTaBAAI0T HOpMaJb-

Ou

Puc. 89, OcyoBHHe B3aHMO3aBHCHMOCTH Ha Kpyre
Mopa mex iy HanpsaxeHHAMH B TOUKe MaCCHBA rpyHTA

HYI0 H KacaTeNLHYIO0 COCTaBJIsoNIAe B 5Tol muomanke. Hauecem Hanpa-
BieHne niowanku MC, cocrasisiowell ¢ IVIaBHBIM HarpasieHHEM yroda
©, Ha puc. 89, M coenuuuM Toury M ¢ LEeHTPOM Kpyra HamnpsukeHHi O.
Torna yron MOB 6yner paBen 20, Kak BHemHUR yron. OpauHATA TOYKH
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M, paBHas M B, moxeT GniTh BHpaXkeHad Uepe3 pajguyc Kpyra, paBHHl

r=oM=L;_Ez

u sin / MOB = sin 20,
OTKyja BeJqHuHHA oTpeska MB 6yjeT paBHa:

MB = OM sin 20 = 11_:23_ sin 2o,

UTO COBNajaeT ¢ BHpaxkeHHeM (152) nas KacaTesbHOro HaMp s:KeHHA Tg,
MOJYYEHHOrO paHee aHAJHTHYECKHM IyTeM.

A6cuucca ToukH M, pasHas orpesky O'B, MoXeT GuTb NOJydeHa
H3 CJIeMYIOILErO BBIpAMEHHU:

OB=00+ t]ngBm = outo

cos 2m
sin 2w

G;1—0O .
42 5 % sin 20 ,
OTKYyAa

0'B =g, cos?w+ag,sin? o,

4To CoBMagaeT C BHpameHueM (151) ans HopMaJbHOM COCTaBASIOLIER
Halp IeHU A Oq, TOJNYYEHHOTO paHee aHAJIUTHUECKHM IyTeM.

Ianee, ecau yron MCD (puc. 89) paBen 90°, kak yros, BeplIHHA
KOTOpOTro JIEXKHT Ha OKPYMHOCTH, a CTOPOHH KOTOpOT0 ONHPAIOTCH HA
Iuamerp Kpyra, To miomankd MC u CD pacnosoxeHB! MOJ Mp AMBIM
yIJIoM OfiHa K ApYToH, a C/eIoBaTeNIbHO, I/ Og—1 H Og—HOPMAJIbHEIX
COCTaBJAIOIHUX HaNpsxeHHH B JIOOHIX B3aHMHO INepIeHAHKYAAPHRIX
IIOmaAKax, MPOBEJEHHbIX Yepe3 3aJaHHyI0 TOUKY B MacCHBe TpyHTa,
GyleT ChpaBelMBLIM CJELYIOUEe DPaBEHCTBO:

Oy_1+0s O'A+0'B __ 06,40, (160)
2 - 2 - 2 )
IMonyuennoe e paHee pasescTBo Z-Y =0,+1-0, NpeicTaBiseT 4acT-
HBifl caydaft or (160).

Taxkum ofpasoM, cyMMa HOPMaJbHHX HamnpsxeHuH, nelcTBylOmUX
B [1ByX B3aHMHO IepNeHJUKYJSAPHBIX IUIOMIafKaX B JaHHOH TouKe,
IJIS AaHHOW BHEIIHEH HATPY3KH fABAAETCH BEIUYHHOH NOCTOSHHOH.

Hauee, ecu Touka M OyJeT CKOJMB3UTH IO OKPYXKHOCTH Kpyra Harm-
pAxeHud K Touke K, TO yros HakAoHA NJAOMIAfKH © GymeT BHAuasge
BO3pacTaTh oT HyJs 10 45° u gaaee 10 90°. T1pu sTOM KacaTebHasn cocTa-
BASIONIast B 9ToH Iiowajgke GyZeT BHAYasle BO3pacTaTb OT HyJf O ee
MaKCHMAJIEHOTO 3HAUeHHs, @ 3aTEM YMeHbIIaTLCH 10 Hyas. MakcuMans-
Ho€ 3HaueHMe KacaTesIbHOMH cocrapJsiouied, Kak 3To BHAHO H3 puc. 89,
paBHo (153):

0;—0
Tiare = ’%‘
TNonHoe nampseHHe O paBHO oTpe3ky O'M H yron OTKIOHeHHS
TNOJIHOTO HAMpSKEHHs OT HOPMAJH K IVIOWIAZIKe paBeH:
T,
tgo=-". (161)
G'(1)
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Hau6osabmit yrosa OTKJ/IOHCHUA O xare MOAYUUTCH L/ TJIOMAJKH,
npoxogsmieii uepes Touky K, NMpeicTaBifomed TOUKY KaCaHHA HJISA
KacaTeJbHOH K KPyry HalpsKEeRHH, NMPOBEIEHHOH YEpe3 HAuyaJJo Koop-
nunar 0’, Kak nokasaHo Ha puc. 89.

ITnomaakd CK 1 CK' fABJAI0TCA IIOMIAJKAME ¢ HAHOOJIBIIIEM YIVIOM
OTKJIOHERHA. JIJIs BceX APYTHX MIOmAAoK, He NPOXONAIIUX YePes TOUKH
K u K’', yrin OTKJIOHEHUS OYLYT MEHBIIE Duqic.

BaxHo OTMETHTH, UTO KacaTe/IbHOE RANPSKEHHE L4 IIIOIIafKH
¢ HaHOGONBIIHM YIJIOM OTK/JIOHEHHS MEHbBIIE MAKCHMAJIbHOrO, a yrod
OTKJIOHEHHS A4 IUIomaiKd C MakCHMAJIbHEM KacaTeJbHBEIM HanpsKe-
HHEEM MEHBIE §ugxc.

U3 npamoyronbroro Tpeyroasauka OKO' Bugno, uro

OK=23% n 0/0=3%

a CJefOBaTENbHO,

$in Gugre = ——— . 162
MAKC Gri‘ffz ( )

Jlns naomanky ¢ HauboJIbIIAM YIVIOM OTKJIOHEHHS, Kak TO BHIHO
n3 puc. 89, B Tpeyroanuke OKO', yroJ Hak/IoHa ® CBSI3aH CJe/yi0-
el 3aBHCHMOCTBIO C YIVIOM Byaxc:

eMa;;c '+‘ (1800 - 2(0) = 900,
oTKYyJa

]
0=45° 42, (163)

JLst pemenust BONpoCcOB yCTOHUMBOCTH MaCCHBA FPYHTa MOJ 3a7aH-
HOH HArpysko#l meo6XoauMO CPaBHUTb KacaTeJbHble HalPsXKEHHA B OT-
AeJbHBIX TOUKaX JJs IJOMAJ0K € HAHOOJBIIEM YIVIOM OTK/JIOHEHHA
C COMPOTHB/IEHHEM CABHrY JJs HOPMaJbHOH COCTaBJAIOMEH Hampske-
HHS B TOH xe TJIOMAfKe.

40. JkcnepumMeHTaNbHOe ONpeiejeHHe COMPOTHBJAEHHS TPYHTA CABHTY

JKCnepUMEHTAJbROE ONpPEeeHHE CONMPOTHBJAEHHS TPyHTA CABHrY
NPOU3BOAAT B MoJeBbix H JaGopaTophbX ycaoBuaX. ConpoTHBienHe
CABHTy B Jla6opaTOpHLIX YCIAOBHSX ONPENENfIOT MNMpH cpese ofpasla
TPYHTa B OfirOCp€3HOM NPUOOPE, B pe3y/bTaTe HEMOCPEACTBEHHOrO NPH-
JIOKERHA K FPYHTY CABHTAIONIETO yCHJIHS, HJHM TPH €ro paspyileHHH
TNPH/IOKERUEM IJIABHHIX HANpsixKenHid B Npubope AJs TPEXOCHOTO CxKa-
THA o0pasiia rpyHTa.

B Go/BmIHECTBE MPOH3BOACTBEHHBIX Ja6opaTOPHH COMPOTHBJIERHE
rPYHTa CABHTY ONpejesOT HA OfHOCPE3HBIX MPHOOPAxX ¢ ABYMS pam-
KAMH, U3 KOTODHIX BEpXHAA fABJACTCS MOJBHIKHOK, & pyrasi — HENoj-
BIJKHOH HJIH BepXHssl — HENMOABIKHAS, a HUKHIA — MOABHKHAS
ITpennoyTuTenbHbIM SIBAACTCS MPHOOP C HHXKHEH NMOABHXKHOH PaMKOH,
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y KOTOPOTO BEPTHKAJIbHAS HATPY3KA HE YYaCTBYET B CMeIEHHH FPyHTa
npu ero capure. CMenleHUE NPOUCXOIUT B TOPH30HTAMLHOM HANPABJICHUH,

Conporus/ieRye TPYHTA CABUTY ONPEAENSIOT MO BeJIHUYHHE HAHOO/b-
IIEero CABHTAIOMEro YCHJ/HUS, NPH KOTOPOM 0fpasel eme He CpPe3aercs
HIM CKOPOCTH CMeIEHHA NOJBHXKHOH PAMKM C 4acThbio o6pasiia eme
3aTyxaer, T. €. He CTATa DABHOMEDHOH.

PesynsTarTel onpejie/ieHnsi MAKCHMAILHOTO COMPOTHBACHHS TPYHTA
CHBHI'Y TOJ HArpy3KO# p=1,0 &I'/cu* noxasaus ma puc. 90. 3pech
Ha I'OpH3OHTAJbHOU OCH OTJIONKEHbI

3aMEpEHHHIE CMEWICHHsS § MM W HA §

BEPTHKANBHOM OCH — CABHTAOmME &

yeunuda. Yepes T, o603paueHO pas- & 2= 1K(7em?
pywialoniee yCHIHE H UYEPe3 Tyaxe — § -~ — —_
MaKCHMAJIbHO® CONpOTHBJEHHE CABH- o

ry. [locnensee HacTOMLKO Malo OT- S _—r
JIFYARTCST OT PASPYMAIOWIErO YCHIHS, §{ / il e
YTO NMPAKTHYECKH €ro IPUHUMAIT 38 I

MAKCHMAJIEHO® COIPOTHBAEHHE TPYH- Tremenie 3

Ta CJBHIY.

Ha6mopennsaMu 6vL10 yCTaHOBJE- Puc. 90. DkcnepuMmenTanbHas 3aBH-
HO, YTO MaKCHMalbHOE CONPOTHBJE- CHMOCTB CMEIleHH: rPyHTa OT Be/lH-
HHEe CABHr'y y TPYHTOB 3aBHCHT OT GHHAL  CABHIAOMER CHIH
NpPU3HAKOB  YCJOBHOTO 3aTyXaHHS
cMenienys o6pasita. MakcuMasbHOe CONPOTHBJIEHHE TPYHTA CABHTY TeM
MEHbIIIe, YeM MeHbe CKOPOCTh CMEUICHHS, MPHHATAS 332 NMPH3HAK e
saryxanusa. CMemenne MOXXHO HAGMIOAATh 10 €ro MOJHOTO 3aTyXaHus,
MOKa IPHJIOKEHHOE K IOABHKHOH paMke npubopa cABUraiouniee yCujiue
Menbize 50% — 80% OT MAKCHMAILHOrO CONPOTUBIEHHS TPYHTA CABUTY.
ATO COMpPOTHBJEHHE COOTBETCTBYET AJMMTeNbHON mpounoctd. Ilpu 6omb-
WOH MPORO/IKUTENLHOCTH BLIIGDXKHBAHHSA CTYNERH CABHIAIOLIErO yCH-
Just, ONMH3KOTO K MAaKCHMAJbHOMY CONDOTHBJIEHHIO TPYHTA CHBHTY,
cMeuieHue He GyAeT 3aTyXaTb ¥ MOXKHO NOJIyUMTh paspymieHue o6pasna
TPH YCWINM, KOTOPOE MEHLIIE «MAKCHMAJbHOTO».

Y GoJbmHMHCTBA TPYHTOB C TeYeHHEM BPEMEHH NPOMCXOIHT HX
yIpoueHHEe H OUYeHb Me[JIeHHOE CMeuleHHe TpYHTA B OCHOBAHHH COOpY-
JKEHHs He BHI3blBaeT Hx aBapHH. CoopykeHHS CymecTBylotT 6saromo-
JyYHO, XOTS MPHHSATOe NMPH paCUeTe HX YCTOHUHBOCTY CONPOTUBJIEHHE
cABury Ooubile, UeM IHTeNbHAS NPOYHOCTh TPYHTA, ONPEENEHHAS B Ja-
Goparopuu. TOMBKO B pefiKHX CJAy4asX IPHXOAMTCA CUMTATLCA C BJe-
HHEM HEe3aTyXaOUero CMeIICHHUS, WJIH MOJA3yueCThl0 IPyHTa, A JaH-
HOTO CABUrAIOIEr0 YCHJHS H TOT/Ja CIEUHANLHO H3YYaloT 3TO ABJEHUE,
ATs €ro yueTa IpH pacueTe YCTOHUHBOCTH OCHOBAHHS COOpyIKe-
HHA.

Beanuynza HaH60/LUIETO CABHTAIOMErO YCHINS 3aBUCHT OT HAFPY3KH
Ha rpyut. [losToMy CONMpOTHBJEHHE TPyHTA CIBUTY ONPENEISIOT IS
Pa3HbIX HATPY30K HA HETO, MKeJATEJbHO HE MEHee TPEX, C HHTepBasa-
My, GIM3KHMH K MHTEpBAJaM HArpy30K B OCHOBAHUH COODYMKEeHH.
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TMonyyeHHasi 3aBUCHMOCTb COMPOTUBJIEHHS TPYHTa CABUIY OT Har-
DY3KH Ha HEro cj1abo OTKJIOHSETCA OT JHHEHHOH 3aBHCHMOCTH U Ha
HEGOJILIIOM HHTEPBAaNE HArpysox Mo-
JKeT OHTbh 3aMeHEHa NpsAMo#l, KaK Mo-
KasaHo ga puc. 91. Ixcreprnonauua
SKCMIEPUMEHTANBHO MOMYYEHHOH Ipsi-
Mo1l, T. €. ee MPOROIKERHE A0 NIepecede-
HUA C BEpPTUKAJbHOM OCBIO T IOKA3aHa

T

N\ (duzarwee yousve TAlfim?

2 P : NyHKTHpOM. JTO hopMasbHOE MOCTPOE-

. HUE JaeT  BOSMOMHOCTb [OJYYHTB

4 FEOMETPHYECKHE MAPaMETPhl 3KCIEPH-

o 11E P ) MEHTA/NbAOH MPSAMOil a—a A/ AAHHO-

_EE%QJ” Hazpyaxa p, ;f/tn' i ro HHTEpBaJia HATPy3Ku OT p; A0 Ps-

INapamerpamu mnpsiMOl SBJIAIOTCA:

Puc. 91. Dkcnepumentaibuas 3a-  ee yriiosol Kosddunument tgeu oT-

BHCHMOCTD C;’”P:FT“";;;“ZB FHK?;;*' pe30K, OTCeKaeMHll Ha BEepTHKAJIbHOH

Mpononmerne mpasofi mymery. HJIH TODHSOHTabHOK ocax (puc. 91),

poM oTceKaeT OTPE30K HAa OCH KOTOpHIH, KaK U BEJIHUYHHE!, OTKJI3JbI-

abeumee BaeMble Ha 3THX OCSIX, HMEET pasMep-

HOCTb K1 /em®. Ecau s3KNepUMeHTaNb-

HO TOJyUeHHas NpsMasi OTCEKAeT OTPE30K HA BEPTUKAJbHOH ocH, €ro

oGo3naualor uepes ¢ kI /cm* W HA3BIBAIOT CHEMVIEHHEM, MPEICTABJIO~
UM YacThb COMPOTHBJEHHA TPYHTA CABULY:

Tuane = plge+c, (164)

TA€ Tyaxc — MAKCHMAJIbHOE CONPOTUBJIEHHE TPyHTa CABHTY,
p — BepTHKanbHAasi HAarpyska, MpUIOKEHHAad K ofpasiy
rpyHTa,
tg ¢— yrioBoli kKoaddunHeHT TNpsMOli, HasHBaeMHH Koaddu-
ITUEHTOM TPEHHS.
Ecuu oTpesok orcexaeTcsl Ha rOpU3OHTaNbHOH OcH, OH o6o3HAYaeT-
4
tg@
AaBJeHMe cxkarusd B rpyHTe. Ero cyMMHUpyIOT ¢ HaNp:XKeHUEM OT BHel-
Heit Harpysku. B mocaenHeM caydae AJsi yAoGcTBa NEPEHOCAT HAUAJO
kKoopAuHAT B Touky O’ M ypaBHEHHE JAJIs1 ONPEJEICHHS CONPOTHBICHHA
CABUTY TIPUHHUMAET CJAEAYIOWHE BHA:

TMam=(P+ﬁ>fg(p. (165)

csl uepe3 H paccMaTpHBaeTCs KAk BHyTpPeHHee (MOJIEKYJISPHOE)

YriaoBol Kos(ppUIHEHT 3KCIIEPUMEHTAJILHOH TNpPAMOH XapakTepH-
3yeT HHTCHCHBHOCThL HApacTaHus CONPOTHBJCHHA CABHTY C yBejHue-
HHEM HODMa/JbHOTO JaBjeHHs Ha rpyuT. O6a mapamerpa ige u ¢
XapaxTepHusyloT oflilee cONpoTUBAeHHUE cABHrY. KoadduiueHT Tperus He
TOJIbKO XapaKTePHU3yeT TPEHHE B PYHTE, a COAEPKHT TaK¥ke CONPOTHB-
JEHHE CHENJIeHHS, TaK Kax MOcJAefHee pacTeT ¢ yBeAHUEHHEM HArpysKH
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Ha rpyHT. CilelUieHHE XK€, ONpe/leJieHHOe KaK OTPE30K Ha OlHOH H3 KOOp-
JHHATHBIX oCel, COJMEPKHT TAKXKe CONpOTHBJICHHE TpeHHIO. Makcu-
MaJjIbHOE CONPOTHBJICHHE C/BHTY onpelensieTcd Mo Hauyaay HENpephiB-
HOTO cMenreHna 06pa3ua rpyHTa 10 NOBEPXHOCTH CABHTa, KOTHA CUEIIe-
HHE MO MJOMA/IKe CIBHIa 3HAYUTENLHO paspyineHo. [TosToMy MOMYyYeH-
HHI HAa KOODAMHATHOH OCH OTPe30K (DH3HUECKOrO cMbIC/Ia HE HMEET.
T BeJJ4HMHE 000UX Tiad-
pameTpoB JIHHEHHOH
_ 33BHCHMOCTH COIpO-
021 ~ THBJIEHH A rpyHTa
7., Breanc * § CIBHT'Y OT HOPMAJb-
L o HOTQ  HANp KEHHS

R = T ONMHAKOBO  JOCTO-
_ . , BepHBl H HeJNb3d OT-
L‘::EC?/ g w ¢ + Opacusarh OHO M3
- \ cJaraeMeX ypaBHe-
g p uus (164), paccmar-
puBasi ApPYroe Kax

6ostee JOCTOBEPHOE.

Puc. 92. Ilonoxenue KacaTelpHOH K JABYM Kpyram B pacuerax caepyer
HanpsixeHu#i Gy_; H G, y — [JaBHHE HANDP’AXKEHHS HA [oOJbL30OBATLCHA IMOJ-

MOMeHT paspylleHHs IepBOro 06pasua rpyHTa, 01y gy cONpPOTHBJCHH-
H Op_p — IJIABHEe HANIPAXKEHUS HA MOMEHT PaspylleHns FDOVHTA
BTOPOTO 06pasia IpyHTa eM éﬂngzbmgl}{ICTBe.

HayYHO-HCCJ/IE0BaTe/IbCKUX Jj1aGopatoplil COMPOTUBNEHHe CJABHLY H3y-
Hal0T Ha HpHOOPAX € TpPeXOCHHIM cxaTHeM. K HHJIHHJpHYECKOMY
o6pa3ily rpyHTa, 3AKMOYECHHOMY B PE3HHOBYIO 0GOJOUKY, HpPHUKJIA/bI-
BAIOT THAPOCTATHYECKOE BCECTOPOHHEE JaBlieHHe, a pa3pylleHHEe Mpo-
H3BOJAT YBeIHUYEHMEM BEPTHUKANbHOH HArpyskH TMpH IIOCTOSIHHOM
FOPH3OHTANLHOM JIaBjeHHH HA ofpasell HAW yMeHbIUEHWEM TOPH3OH-
TAJbHOTO JABJEHHSI TNpPH TNOCTOSIHHON BEPTHKAJbHOH HAarpyske. B
oboux cJayuadx obpasell TIJIHHHCTOTO WMIH MeCYaHOTO IPYHTA HMeEET
BO3MOXHOCTb 60KOBOrO pacliupeHus.

INapameTpbi CONPOTHBJEHHS CABUTY ONPEACIAIOT AJNA COCTOSTHHS
NpEAENLHOTO PABHOBECHA II0 MOJONKEHHI0 KAaCaTeNbHbIX (IIPEAEb-
HbIX) NPSMBIX K Kpyram Hanpskenud Mopa, NOCTpoeHHHX AJd AByX
WM Tpex JaBJEHHH Ha CKeadeT TIJHHHCTOIO TPYHTa H AJdA OXHOTO
JaBJEHHS Ha necuaHH# rpynT (puc. 89), mpH KoToprix ofpasell pas-
pywnacs. Ilonyurs n3 oneita manboiibiiee BepTHKANbHOE TJIABHOE
HaNnpsuKeHHEe TpH 33/JaHHOM TOPU3OHTAJLHOM MM HCKOMOE TOPH30H-
TajbHOE TIJIAaBHOE HaNpSKEHHE IpU 34JlaHHOM BEPTHKAJIbHOM, C yue-
TOM AaBjieHus BOABl B NMopax rpyuTta (puc. 92), cTposT Kpyru Hanps-
XKeHUH H ompefensioT tge u ¢, mosToMy Harpyske p COOTBETCTBYET
CONPOTHBJIEHHE IPYHTA CABUTY Taaxc. JLJI5 ONpEAE/EHH HCKOMBIX Mapa-
MeTpPOB MOXKHO NOJIb30BAThCH TAKKe AHATHTHUECKHUMU 3aBHCHMOCTAMHU
MEXNY MAaKCHMaJbHHIM YIJIOM OTK/JOHEHHS M TIJIABHBEIMH Hampsixe-
ausamu (158).
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[TapameTpht 2KCIIEPHMEHTANBLHOM 3aBUCUMOCTH COIIPOTUBJICHUS FPYH-
Ta CJBMT'Y OT HATPY3KH HA HEro 3aBHUCAT HE TOJNLKO OT BUAA TPyHTa,
HO M MeToJa ONpeIe/JEHUS CONpPOTHBJEHus caBury. IIpH HArpyske Ha
obpasel] BOIOHACHIIEHHOHN TJIMHH B €€ MOpax BO3HHMKACT H3OLITOUHHIH
Hanop BoAul. B 3TOM c/yuae HArpyska HE IEpPENAETCH IIOJHOCTHIO Ha
cKeJeT TpyHTA. JIaBJeHHE HA CKEJIET TPyHTA MOXKET OBbITb ONpeIeseHo
1O PAasHOCTH MEXJY HAarpyskoH Ha rpyHT B IpubOpe U BeJHUMHON H3-
MepeHHOTO MOpoBoro gasjicHus. Uewm Gosbire 370 jaBJeHue, TeM MeHb-
mag J0Js HArpy3KH Ha oOpasel rpyHTa IepejaeTcs Ha ero ckeJser,
TEM MEHBIIE CONPOTHBJIEHHE T'PYHTA CHBHTY.

[Tpu BriGOpe MeTona MCIEITAaHUH 06GpaslOB IPYHTOB HEOGXOIUMO py-
KOBOJCTBOBATbCH YCJAOBUAMH, B KOTOPHIX IPH J1aB0paTOPHEIX HCCIENo-
BaHUAX FPYHT OyeT pafoTaTh TaK Ke, KaK U B OCHOBAHUH COOPYIKEHHUST,
H KoTophe OyAyT COOTBETCTBOBaTh NIPHUHATOH NpH ONpPENENeHUH erc
YCTOHYHBOCTH PacueTHOH CXeMe.

Pasnuuaior caepyromue Metoqsl uCnbiTaH##A: 1) MCHOBEHHBIH CHABHT,
KOrja HArpysky H CcjBHramollee yculne NIPUKIAALIBAIOT K TPYHTY
OJHOBpPEMeHHO, CKOPOCTb HAPACTAHUS CBUTAMONIEro ycuaus Oofbiiad
H CIBHMT TNPOUCXOXHUT OBICTPO, B TeueHne 2—3 mux; 2) cupuraioliee
ycuJIMe IpHKJIAAbBaloT 0e3 InpeaBapuTes]bHOro OOXKaTHS TPyHTR
noj TOH Ke HArpyaKoH, IIPH KOTOPOH OH MCIHITHIBACTCS, HO MEIJIEHHO,
NPOJO/IKUTEILHOCTS CABHIA cocTasiser okomo 20 mun; 3) cusura-
Iomee ycuaue TMPHKJIAALIBAIOT MenJeHHO, IMocje MpeABaApPUTEIbHOTO
ofbkaTusl TPYHTA ToH Ke HArpy3KOH, IIpu KOTOPOH NPOM3BOASAT HCIIHITA-
HUs. B JBYyX mepBRIX MeToJaX HCIHTAHHS CONPOBOXKJAIOT H3MEPEHHEM
JlaBJeHHSl B Boje, 3aANMOJHAIOWEH IOpPH rpyHTa.

Peaynbrarthl NpHMeHeHUs PAs3IHUHBIX METONOB ONpejeeHHs COMpo-
TUBJICHHS] CABUTY IOJYYAIOTCS pasAMUHbIMH, KPOME pe3yJabTATOB
Jid MOAOTHHIX TIJIMHUCTHIX FPYHTOB, Y KOTOPHX [OPOBOE [ABJeHHE
NpPaKTHYECKH OTCYTCTBYeT M pasiuuud wmaJel. [lpu paGote ¢ mpubo-
paMu, y KOTOpHIX CABMramollee YCHJIHE NpHUKJaiblBaeTcd K TPYHTY
HEMOCPEJCTBEHHO, paclnpocTpaHeH TPeTHH MeTod, KOrja INPoJoJKu-
TEMLHOCTh NPeBAPHTEILHOr0 o6XKaTHA o0pasna olpeleNseTcs YMeHb-
[IEHHeM TOPOBOTrO gaBjeHus 10 5% oT obXuMaromell Harpyskd,
I yclIoBHH, KOTAA COOPYXKeHHe BOCHpPHHHMAeT  CABHrarolfee
ycuue nocle TOr0 KAk OHO IOCTPOEHO M €ro ocajka crabH-
RH3upoBasach.

Jlanee, eciM HeoOXOZMMO NOJyYUTL IapaMeTphbl CONPOTHBJEHHUS
TPyHTAa CaBUTY [IpH TOCTOSHHOH TIOTHOCTH o0pasiia, HaNpUMep,
JJI9 pacyera yCTOMUMBOCTH OTKOCA, TO oOGpa3ell TJHHHCTOTO FPYHTA
npeaBapuTe/bHO VILUIOTHAIOT HArpyskoH, kortopas OONeile HAarpysox,
NIpH KOTOPBIX ©O6Gpasel] CABHIrAIOT.

Pasnuuaror conpoTuBJeHHEe CIBUry MO 3apaHee 3ajaHHOH u 0e3
33/laHHOl TIOBEPXHOCTH CBHra.

XapaxTep paspyiueHHs CKejleTa IPYHTA MO0jJ AEHCTBUEM CIBUrailo-
IEero ycuius Haumbosiee HAMJIAHO BHpAXKEH NpH HCNHTaHHM 00pasia
rpyata B mpuGope, B KOTOPOM CABHraloliee YCHjHe MPHJIOKEHO
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K 06pasuy uyepes AHHAMOMETP, ONpPEAEISIOMIME BEIHYHHY STOTO YCHJIHS,
a TMepeMejjeHHe OJHOH W3 ONOp JHHAMOMETpPA MPOM3BOAST C PABHO-
MEPHO# CKOpOCTbIO M 00pasell MpHHYAUTEIBHO Cpe3aercsi. 3aBHCHMOCTb
CMEIleHHsl TPYHTA OT BEJMYMHBI CJBMTAIOMIErO YCMJIMS MMEET TOTrja
BHJ, TOKA3aHHBIT Ha pHc. 93.

MoxHO BBIAENHTL [BA OCHOBHBLIX THIA PAspYLIEHHs rpyHTA: XpyI-
Koe M macTHyHoe. XpYIKOe paspyllieHHe MOKA3aHO Ha pHC. 93,
a 1iactH4Hoe — Ha puc. 90. Xpyn-
KOe paspyIleHHe XapaKTepHO mJis
TPYHTOB C KPHCTATJHYeCKHMH CBSi-
3SIMH H 2KECTKHM CKeJIeTOM, a 11J1aC-
THYHOe — /1 TPYHTOB ¢ KOJJIOHJ-
HEIMH CBfI3AMH H 'HOKHM CKeJIeTOM.

[Tpu xpynxom paspylueHHH no-
Clle[lHeE HacTyllaet GBICTPO H BHe-
3allHO NpH JOCTHIKEHWH CJ[BHIAIO-
MM YCHJIMEM MAKCHMAJBHOTO CO-
NPOTHBJIEHHS IPYHTA CABHTY. 37eCh TREGenE 5
COCTOSIHHE INpPEAeJbHOTO pPaBHO-

BeCHl BHIPAXKEHO JOCTAaTOUHO der- Puc. 93. Xpynkoe paspymenue rpynta
k0. Ono mactynaer, xoOrga mpu

MaJleHIleM NPEBBIUEHHH CABHTAIOMKEM YCHJIHeM MAaKCHMAJIbHOrO COIl-
POTHBJ/IEHHS] TDYHTa CIBHIY TpYHT paspyluaerce.

[Tpyu mnacTHYHOM paspylleHHH NMOA ACHCTBUHEM MPHJIOXKEHHOrO CIBH-
FaioIEro yCHJMs COCTOSTHHE IpPelesibHOTO PaBHOBECHS B TPYHTE HOCHT
YCJIOBHHIH XapakTep, TAK KaK paspyileHue o6paslia MoxeT NMPOUSOHTH
IpH AJHTeJbHOM NPHJIOKEHHH YCHJIHS, KOTOPOE MeHbIIe «MAKCHMAJb-
HOTO CONPOTHBJIEHHS TpYHTA CHBUTIY>.

K

Tranc

CiByemowee yeuave, T KI17cH?

41. 3oHa DpeleNLHOTO paBHOBECHS

3oHO# nNpefeJbHOTO PABHOBECHSI B OCHOBAHHMH COODYKEHHS Hasbl-
BAIOT YaCTh MACCHBA I'PYHTA, OTPAHHYEHHYIO KPUBOH, B TOYKAX KOTOpPOH
HAHOGOJTLILMH YIOJI OTKJIOHEHHS §yor, PABeH yIIy ¢. Taxde 30HBI pac-
IOJIOXKEHbI T0Jl KpasMH (yHJAMEHTa H IOX0KH Ha 06JacTH, OrpaHHyeH-
Hble H30JHHHMAMH PaBHBIX KacaTeslbHbBIX HanpsukeHui. [lo pasmepam
5THX 30H MOXKHO CYAHTb 06 YCTOHYHBOCTH IPYHTA B OCHOBAHHMH H O NpH-
MEHHMOCTH TEODHH YIPYroCTH AJIsi pacdyeTa OCHOBAHHMA IpOEKTHpye-
MOTO COOPYKEHHS.

EciH cpaBHHTb BeAWYHHY YI/a, COOTBETCTBYIOMEro KO3(UUHEHTY
TpeHHsl TPYHTA Ha pHC. 91, NOJyYeHHOMY 3KCIepHMEHTaIbHO, C BEJH-
YHHOH yriia HAHGOJIbIIEr0 OTKJOHEHH HA pHC. 92, MOJyYeHHOMY AJIs
HANPSKEHHOTO COCTOSIHHS 110 TEODHH YNPYTOCTH B TOYKE MACCHBA IPYH-
Ta, a TaKkxe Bblpaxenus (165) u (150), To MOxHO yCTAHOBHTH, YTO Kaca-

TeJb HOE HATIP SKEHHUE Tq IS Oy, PABHOIO (p + @%J , €CITH tg Opaxc PaB-
Ho tg ¢, GyeT paBHO MAKCHUMAJLHOMY CONPOTHBJICHHIO TPYHTA CHBHIY.
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Takoe cocTOsiHUME B rpyHTE Ha3LIBAIOT MPECILHEIM paBHOBecHeM. TakuM
o6pa3oM, IPU3HAKOM NPEETbHOIO PABHOBECHSA B TOYKE B MACCHBE TPYHTA
SIBNSIETCS] HAUGOABbIIMA YroJl OTKJIOHEHU S, PABHBIH YIay, COOTBETCTBYIO-
meMy Kos(pQUIHEHTY TPEHHUS STOrO rPyHTa, €CJHU BCECTOPOHHEE JaBJe-

HUE @C—cé CyMMHpPOBATb C Harpy3KoH Ha ckeser rpyuTa. I1pu tg Ouaee >tg @

TPYHT GyJIET CMEIATLCA B HANpABJICHHH INIOMAKH C HAHGOIBIIUM YIJIOM
OTKJIOHEHHUA, a eCdU 1g Oy < tg@, TO B JaHHOMK TOUKE HE BO3HUKHET
CABHrA.

Ecau naubonbvmuit yron oTK/IOHeHHs HA pHC. 89 paBeH yray, cooT-
BETCTBYIOINEMY KO3(p(HULUHMEHTY TpEHHA TpPYHT4, TO TOUYKM, pPACIOJO-
xKeHHble Ha puc. 89 Buime npamoit O'K unu Huxe npsamoit O'K’, 6yayT
TOYKaMH, B KOTOPBIX HOTEHIHAJLHO BO3MOMXKHBI CABHIU' B TPYHTE,
a TOUKH, pacrofoxeHHble BHYTpH yria KO'K', 6yayt ycrofuuBbIMH.
IosTomy mpsMble, HaK/JIOHEHHbIE HA Kpyre Mopa Mo yrioM @ K ocHO,
Ha3bIBAIOT MpeJlesbHBIME NpSIMbIMH, & ypaBHeHHE 5TOH mMpsaMoH Ha3H-
BaeTcsl TUNOTe30l nmpouHocTH Mopa. AGCiuCCH O M OPAMHATH T TOUEK
KacaHHU 3ToH NpsIMOH ¢ KpyraMH HanpsiKeHUH NPEACTaB/IgI0T HOPMAlb-
HblE ¥ KacaTejbHbIE COCTABJSIOU[HE HaNpSLKEeHUH B IIOWAAKaxX C Tpe-
JenbHbIM paBHoBecueMm. Ilpu sToM paccMarpuBaeTcsi TOMBKO Mepexof
TPYHTA U3 YCJIOBUH PABHOBECHS (CPEJa TEOPHU YNPYIoCTH) B COCTOSIHHE
XPYNKOro WJM IJACTHuYHOTO paspyumieHusa. CocTosiHUe MpENeTHHOTO
PABHOBECUSI B TOYKAX C Ouaee=@ COOTBETCTBYET XPYMKOMY CABUIY
(puc. 93) nwan niacruyeckoit geGopManu B TOUKAX C 0 44,=@ MpPHU IIAC
tTuuHoM cpsure (puc. 90). Ilnactuueckass pegopmaniis MOKET HUMEThb
XapakTep IJIaCTHYHOTO TEUEHHS TIPYHT4, BO3HUKAIOUIErO MpH CHABH-
FaloUIeM YCUJIEHHMH, KOTOpOE HECKOJbKO MEHbINE MaxCHMAaJbHOTrO COIl-
POTHBJEHUS TPYHTA CABUTY, C MEHbLIEH CKOPOCTBIO, UeM NpH MaKcH-
MaJIbHOM COTIPOTHBJIEHHH TIpPyHTa casury. [TosToMy ycioBhe OTCyTCT-
BHSl CABWUra FPYHTA B TOUKE, Y KOTOPOH Ouarc < @, NMPH IJIACTHUECKOM
XapakTepe €ro paspyleHUs, HE HUMEET CTPOroro cMeicja H MpH3HAK
OTCYTCTBHSl CJIBUra TPYHTA SIBJSETCS 371€Ch YCJIOBHBIM, 3aBUCSIIUM OT
TOTO, HACKOJNbKO HAHUGOJBIIHN YroJ OTKJIOHEHHS Ouqxc MEHBIIE YIJa @.

YuuTbiBasi OTMEUEHHBIH YC/IOBHBIA XapakTep OTCYTCTBUS IUIACTH-
4ecKUX aedopManuil y IpyHTOB C IUIACTHYECKUM DPaspyuUIEHUEM, B OT-
JIHYME OT TPYHTOB C XPYNKHM paspyinenueM, 6yaeM B JanbuedineM mpu-
HUMaTh, 4TO YCJAOBHE OTCYTCTBHSI BO3MOMKHOCTH TMOSBJEHHS CABHra
B JIOGOM T'PYHTE MOXET GbIThb BLIDAXKEHO UePe3 IVIABHHIE HAMpPSKEHHS
caenyomeit 3apucuMocthio  (158):

. 0, —0. .
sin cp>—6—i—_—l:3-:—=sm Bmanc (166)

Ecnu skcnepumenTasbHasi npsAMast He POXOAUT Yepes HAuaJo KOop-
AHHAT, TO YCJIOBHE OTCYTCTBHA 30H NPEJeNbHOTO PaBHOBECHS, BHpakKeH-
HOE Uepes IJIABHbIE HANpKEHUd, OyaAeT UMETb CHEAYIOmHH BHI:

sing>» —2—% (167)

4
0'1+62+2'{E6
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HIH
- i o140y , ¢
0,0, < 2sing( 2HT 4L (168)
[Tocnennee MOXKHO TIPEJACTABHTb TaKXKe B CJAEAYIONEM BlHje, BCTpe-
qaomuMcd B JHTEpaType IO IMpeeJbHOMY PaBHOBECHIO!

il 0,—0C 0,40
cos g 12 t—tg IJE t<Le. (169)

EcnH HanpsKeHHs B TPYHTe H3MeHATCS TaKHM o6pas3oM, 4TO CO-
CTOSIHHE MPEAeIbHOTO paBHOBecHS OyIeT He B OHOM TOUKE, a4 PaclpocT-
paHHTCA Ha coceHHe, To 06pasyeTcsd o6aacTh NPEAETLHOIO PABHOBECH,
XapaKTepHas TeM, 4To BO BCEX TOYKaxX 3Tod o6JacTH KacaTesbHble Hall-
pSIKEHHs JIOCTHTal0T MaKCHMaJIbHOTO COMPOTHBJICHU S CABUTY.

30HBl OCHOBAHHS COOPYMKEHHS, B KOTOPHIX IPyHT HAXOJHTCA B CO-
CTOSIHHH MPENETbHOTO PABHOBECH I, PACCMATPUBAIOTCS, KAK 30HBI, B KOTO-
pEIX TpH MaJlefleM HAPYUIEHHH DABHOBETHSI MEXKLYy HAamlpAHeHHeM
H CONpOTHBJEGHHEM TIpYHTa
CABHUTY  CJELyeT  OXHAATH
CABHTOBHIX jedopManuil, IJTH

30HBI HA3LIBAIOTCS TAKHKE B80- = =

waMu IUIacTHUECKHX pmedop- [ Q\\ ! .

ManHi. .. Sowa o pacuemy . Y,
Hanpsixenua B Todkax ~ --

= Pakmuveckan 3010
BHYTpH TAKOH 30HBI, MOJTyHeH-

uole MO TEOpUH YNPYTOCTH, Puc. 94. 30HH NpefeqbHOTO PaBHOBeCHA
nepepacnpefie/iqioTcd Ha CO- B OCHOBAHHH COODYyIKeHHs
CeJiHHE TOUKH, B KOTOPHIX Buaxc

Mo pacyeTy MEHBIIE YIyia ¢ H YBEIHUHBAIOT €ro JO 3HAUCHHS Ouaxc="-
Pasmepbl 30HH TIACTHYECKHX nedopmanuii NpH 3TOM yBeJHYATCH U B
JeHCTBHTENLHOCTH By iy T Bobllle, YeM MO pacyeTy, KaK MOKA3aHO MyHK-
THPOM HA pHC. 94. I10 pasmuime OyzeT Tem Goabllle, YeM 3SHAUHTEbHES
pasMephl 30HHI, B KOTOPOH HAMpSIKEHHOE COCTOSIHUE, NOJYUEHHOE o
TeOpHH YNPYroCTH, XapaKkTepHsyercs HAHGOMLIIHM YIJIOM OTKJIOHEHH
GOMBIIUM YIJIOM .

CiepoBaTenbHO, ONpEJETEHHE PasMepOB 30H MNPEIETbHOr0 PaBHO-
BeCHsI B OCHOBHOM COOPYKEHHUH, NOJb3YsCh paclpeneseHHeM Hamp sdxe-
WM MO TEOpHM YMPYTOCTH, MOMHO MPOHSBOAHTH TOJNBKO IMOKA 3TH
20HbI HeGOIbIIIHE H IEPEPACTIPEIENEHHE HATIP SIKEHHH 3aXBATHIIO HEGOIb-
iHe oGJACTH BOKPYT 30H, KOTJIA MOXHO enie MpeHeOperaTth pacxox-
JEHHSIMH MeXAy pacnpeiclCHueM HaNpAXKeHUH M0 TEOpHH YNPYyToCTH
H NefCTBUTEJbHEM paclpe/eeHueM, 06yCJIOBJIEHHBIM CONPOTHBIEHHEM
rpyHTa CABHrY.

Tlpu Goubiikx pasMepax SOH MPEMIebHOTO PaBHOBECHs B OCHOBA-
HEH COOPYKEHHs OHH HE MOTYT ONPEJIENATh CTeNeHH ero yCTOHIHBOCTH,
TaK KaK NOJyuYeHbl HA OCHOBE PEUICHUi TeOPUH YNPYroCTH, IAie MaCTH-
yeckue AedopMalii OTCyTCTBYIOT. [Tpr manbix pasMepax 30H Hpefeib-
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HOTO paBHOBECHSI YCTOHYHBOCTb I'DYHTa COXpaHsieTCs M ecau TpeGoBa-
HHS O pasMépe H XapakKTepe OXKHJAeMOH OCaJKH 10 YCJAOBHAM CXKATHA
rpyHTa GyAyT yHOBJETBOpPEHHl, TO YCJOBHS HODMAaJbHOH 3KCIAyaTa-
I[HH COOPY:KEHHs He OyJyT HapyUIeHHI.

Ecan 30HB paBHOBeCHS MOJYYAlOTCS GOJBIIHMH, TO HEOGXOAHMO
U3MEHHTb paclpefiefieHHe HATPY30K B COOPYXKEHHH H YMEHBUIHTH Ha-
TPY3Ky Ha JaHHLIH (yHJaMEHT, H3MEHHTh Pa3Mephl HJH KOHCTPYKIHIO
dyHaamenTa, 3aray6uTh (QyHJAMEHT HJAH YCTPOMTb €r0 Ha CBAaHHOM
OCHOBAHHH, HJIH 3aMEHUTh CJAGHL TPYHT MeCKOM B 30HAX NPEASTbHOTO
paBHoBecusi. IlocnesHee pellleHHe mPUMEHSIOT 4YacTo, €CJH MPHXO-
JUTCS CTPOHTH 3JaHHs Ha caabbix TpyHTax. Takas 3aMena caaboro
TPYHTA B OCHOBAHHH HA3LIBAETCsl YCTPOHCTBOM MOAYIIKM H3 IecKa MOJ
dyHunaMenToMm. Pasmepbl NOAYIIKH yCTPAHBAIOT BCEMAAd HECKOJLKO
GoJsibllle, YeM MOJYUeHHBIE MO pacyeTy pasMephl 30H NPeeaLbHOro pas-
HOBECHSI.

B cayuae xe cs1a60o c:kMMaeMbIX IPYHTOB H MAJIOH O3KHIA€MOM OCaJIKH -
COOPY2KeHHs!, MJIacTHYecKue JehopMalnuH B 30HAX NpeJeNLHOTO paBHO-
BECHS He MOI'yT INpOSBHTLCS, M3-32 HEBO3MOXKHOCTH BEIIOPA TPYHTA
y KpaeB (yHjJaMeHTa, BCJAEACTBHe HeGOABILION C:KUMAeMOCTH TIpyHTa
1oJi cpefHell YacTei0 MOAOWBEL ¢yHjamenTa. [IpH 3TOM IPOHCXONHT
nepepacnpesie/ieHne HANpskeHUH Ha nojomBe (yngamenta. Kpas
JKECTKOTO (pyHJaMeHTa PasTPy»KalOTCH 33 CUET YBEeJHUSHHs! HAMp sXKeHHH
B cpefHelt YacTH mofiolBEl. HeM Gosnlie HpHHA TOJOUIBH GYyHAAMEHTa,
TeM MeHee ONACHBl 30HBL NPeJeJLHOTO PABHOBECHS, TAK KaK PasMepEHl
3THX 30H MO OTHOLIEHUIO K pa3MepaM Bceii BepxHeH 4acTH OCHOBAHHSA
B 5TOM CJyuyae HeBeJHKH.

ITo nopmam npoekrupoBanust HuTY 127—55 /151 ecTecTBEHHEIX OCHO-
BaHHH COOPYKEHHH JIOMyCTHMBIE pa3Mephl 30H NPEJEJbHOrO paBHOBe-
CHsl 3aBHCAT OT WHPHHBI PyHAamenta. Mx ray6mna pacnpocTpaneHns
IO QyHJAaMeHTOM He JOJIKHA MpEBHIIATh YeTBePTH UIHPHHH ¢yHja-
MeHTa. B 3TOoM cayvae ]/ pacdeTa OCHOBAHHSI MOXHO IOJb30BaThCS
Teopuelt ynpyroctH. ®@yHaaMeHT cjiefiyeT TakiKe IepelpOeKTHPOBATh,
€C/IH 30HA MpPEJIeIbHOTO pPAaBHOBECHS OTCYTCTBYEeT M HE HCIOJb30-
BaHa Hecyllas CNOCOGHOCTh TPYHTAa B OCHOBAHHH COODPYKEHHS.

Ompejienedne ray6uHbL PacIpoOCTpaHEHUsi 30HBI IIpPeEaLHOTO pas-
HOBecHs! B ILIOCKOH 3ajade COTIaCHO HOPM NPOEKTHPOBAHHSI €CTECTBEH-
Heix ochoBaHuii HaTY 127—55 nmpouseoast no ypasHeHuio (mosiyyeH-
HOMY IO YTPOUIeHHOH pacyeTHOH cxeMe) PpaHWUHOM KpuBOH, KOTOpas
orn6aer 30Hy INpefebHOrC PAaBHOBECHS.

JIlnia BulsCHEHHS XapaKTepa 3THX YIPOUMIEHHH HHKe NMPUBOAHTCS
COTIOCTaBJIeHHE TJIyGHHEL 30HBI TIpe/iejibHOTO PAaBHOBECHS, TOAYYEHHOH 110
pacuery yria OTKAOHEHHSI Ouuc JJIST TOYEK HA YIVIOBOH BepPTHKAJH,
H CPaBHEHHIO €ro BEJHYHHHI ¢ 3KCNEePUMEHTAJbHO TOTyUeHHHIM yIJIOM
¢ Aas TPYHTA, CAarapllero OCHOBaHHE, C AHAJMTHYECKHM pEllleHHEM.
YTon OTKNOHEeHUs1 Oyqr; PaCCUMTHIBAETCA TO HOPMAJBHOH U Kacarelb-
HO¥M COCTABJIAIOIIAM CYMMapHOTO HANpSKEHHS OT BHelIHell HArpyskH
¥ cOOCTBEHHOIO Beca TPYHTa, a TAKKe C yYeTOM CBOHCTB IPyHTa 10 ¢op-
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myJae (159):

(0 —0y)? {47

$in? Guuane = W < sin? P, (170)

rje
0. =Z ¥+ Y2+ g

_ n ¢
UU*Y‘}‘T:IT(W‘}"YOZ)-}‘@
1=2Y

Z, Y, ZY — HOpMaJIbHEIE U KacaTeJbHbEle COCTABJIAOMMe A Hal-
PSKEHHH B BEPTHKAJIbHOH M TOPU30HTAIBHON IJIOmIAKaX B 3afaHHON
TOYKE MacCHBa OT BHelIHEH HArpysKH, pAacCUHTAHHBIE MO TEOPHH YHPy-
roCTH;

Y H y° — o6beMHbIe Beca TPYHTa C YUETOM IOJIOXKEHHS YPOBHS IPyH-
TOBbIX BOj;

t — BesIuYMHA  3aray6ieHus (yHZaMeHTa HUXKe 3eMHOH
NOBEPXHOCTH;

z — rjay6uHa pAacNoJOXKEHHs1 ToYeK Ha KpaeBOoH BepTHKAJIH
HHXe OTMeTKH 3asoxeHus (pyHIaMeHTa;

i — KOo3hbhuIEEeHT OOKOBOTO pAaCIIHpPeHHS TPyHTA.

Hs copmymer (170) BmpHo, utO pa3Mepbl OXKHIAEMOH 30HBI
NPeJIeIbHOTO DABHOBECHA B OCHOBAHHH COODYKEHHS YMEHBIIAIOTCs
C BO3pacTaHHeM NPOYHOCTH TPyHTa, XapaxkTepusyemoH tg¢ unm sing
u ¢ «l /em.

Y paBHeHHe INHHUH, OT'DaHHUHBAIOLIEH 30HbI TIPe|eJIbHOTO PABHOBECHS,
B OGIlleM BHJe MOJydaeTcs CJOXKHBIM K HeyJOGHBIM AJIA NPAKTHYECKOTO
HCIOJIb30BAHAS.

Huxke npuBopuTcs uUHCJeHHOe pelileHne 3ajaud 00 ONpeJe/eHHH
IJyOHEBL 30HBL NIPENEIbHOTO PaBHOBecHs B OCHOBAHHH (DyHJAMeHTa,
JJIs1 TIPOBEPKH MPaBHJLHOCTH MPHHSATOrO pasMepa GyHIaMeHTa, HCXONA
M3 BO3MOMKHOCTH IIpeHe0perKeHUs IIACTHUECKHMH JedopMalusMi B ero
OCHOBaHHH.

TpebGyeTcss npoBepHTh MPHMEHUMOCTb pellleHH TeOpHUH yNPYTOCTH
JUIs1 pacdeTa nedopManuil OCHOBaHHS MOWIHOTO JIEHTOYHOTO (GyHIaMeHTa
UIHPHHOK 8 &, 3aTyTy6J/IeHHOTO HA 2 M HHUKE 3eMHOM IOBEPXHOCTH, IEHT-
PaJpHO HArpyKeHHOTO, CO CPeJHUM HANpsIKeHHeM IO €ro INOoJOlIBe
paBubM 2,5 kI /cm®. OcHOBaHHE CJIOKEHO NECKOM, OGbEMHEBIA BeC KOTO-
pOTo Bblllle YPOBHS IPYHTOBHIX Boj paBeH 2,0 m/M3, a Huxe — 1,0 m/m®,
koadduuueHT GokoBoro pacmupenus p=0,30 u kosddumuent Tpenus
tg 9=0,60 (sin p=0,51). ¥ poBeHs rpyHTOBHX BOJ COBNAjaeT ¢ MOJOWIBOH
dyunamenra (puc. 95).

Ilpn pacyeTe HampsKeHHH B MacCHBe TpyHTa OT BHeIIHeH Har-
Py3KH TIPHHAMAIOT, UTO 3TH HANDSKEHHS BO3HUKAIOT OT MPHJOXKEHHS
K TpYHTY, Ha IMIyGuHe 3ajoxKeHHs QyHJaMeHTa, Harpy3Ku oT ero Beca,
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33 BLIUETOM BeCa I'DYHTA, 3a/IeTAONIEro OT IMOBEPXHOCTH 0 3TOH IVIy--
GUHLL. DTH HANpPSIKEHHS HAXOAAT Mo Tabna. 3—b5 Ja MIOCKOl 3ajaun
W 10 MeToLy YIVIOBHIX ToueK AJisi OObeMHOH 3a1aun.

HM

Tpoles ppynmg
t=2r1l @x doﬁ?
e I\ ———

I ;08M N
’ f/eme
] oM pe &,5nlfem

Puc. 95. PacuetHas ¢xema Aad ONpefielleHHd pHMe-
HHMOCTH TEOPHH YUPYTOCTH B pacuere OCHOBAHHS
HEeHTPATbHO 3arpy:eHHoro ¢yujpaMenra

Pacuer uckoMelx Hanpstkenuit st p=2,56—2.2.0,1=2,1 «I /cm?
npHBejeH B taba. 37.

Taéanuna 37

I kI [em® ( el [cn? 2 E

p=1 «kl[cm p=(pc—yt)xl[cr > =

No 2 ¢ . -i— 8
ot | 7 E -
KH z | v jzv|z|v]zv] %+ 1,? “lz
o — ~—

1 10,1 |0,50,45|0,32(1,05/0,95|0,67]| 0,48 | 0,20 —
2 1025|050 |035(030{1.05/078/063] 060 | 025 —
3 (050048023026 |0.00{0,48|0,55] 0,80 | 033 —
4 |100]0/41]009]0716[0,8]0.19/03¢] 1,20 | 0,50 —
512.,00]0,28)002}006|059]0,04(0,12| 200 { 0,84 —

[Tonyuus pacnpeenenne HanpsKeHui 10 KPaeBoH BEPTHKAJIH, MPO-
U3BOAAT pacueT Sin? fuq, Mo Tabm. 38.

[Mpu BesnunHe 3KCHepHMEHTANBHO MHoaydeHHOro sin?¢=0,26 BHe
30HHl IpefieJIbHOTO DABHOBECHS DACHONOMEHH TOUKH, Yy KOTOPHIX

s$in? Guane < sin®¢@=0,26.
M3 cpaBHenus sToro 3HaueHus ¢ JAHHBIME moc/IelHel rpadsl Taba. 38
MO¥KHOQ YyCTAaHOBHTBL, UTO I‘JIy6PIHa PaciuoJIoKeHHl TOUKH NepecCedHeHHs

IPAHMYHOH JIMHHH [JI1 30HBl HpEJEJLHOTO PABHOBECHSI M KpPaeBOH
BepTukanu pasHa 13,7 # u coctaBnser 171% ot wmpuns dyHaaMenTa.
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Ta6éauuma 38

[ o1 :j— ax\ g
= b;: bam ba’ CDE
§ A IN [ |N<‘: —t N:

z 2 IPJ’ s 5 " ) & 81 | 8 | £
1 ~ 1,53 | 1,15 | 0,67 | 0,14 | 1,80 | 1,94 | 7,20 0,27
2 — | 1,65 | 1,03 | 0,63 | 0,62 | 1,60 | 2'22 | 7,10/ 0.31
3 — | 1,8 | 0,8 | 05 | 09 | 1,24 | 223 | 680|033
4 — 2,06 0,69 0,34 1,88 0,48 2,36 7,60| 0,31
5 | — ] 259 |08 | 012 |29 | 004 |29 |12.00] 024

Cronp GosbiliHe pasMmepsl 30HBL IPeJIEJbHOTO PABHOBECHS B OCHOBaHHH
dyHaMeHTa YKa3hiBalOT HA HEJIONYCTHMOCTh PHMEHEHH S TEOPHH YIpY-
rocTH s pacuera jpedopMaluil TakOTO .OCHOBAaHHS, BC/IENCTBHE IIpey-
BeJIHYeHHOR Harpy3ku Ha QyHAAMeHT HJ/IH HeJOCTATOYHOCTH €ro pasme-
pOB.

IlpuBenenHpift MeTOJ pacyeTa, H3-3a OTCYTCTBHSI OOOCHOBAaHHS AJIS
YCTAHOBJIeHHS BeJIHYHHH KOsbduIHeHTa OOKOBOTO pacHiHpeHHs IPyHTa
B YCJIOBHSIX €r0 eCTeCTBEHHOTO 3aJieraHusi NPHBONHT K 3HAUHTETLHOMY
3aBHIIIEHHIO pa3MEpOB 30HHI INpejedbHOrO paBHOBecus. Iopaspo Jayd-
Iee COBNAJieHHe pa3MepoB 30H NpeJieNIbHOTO DaBHOBecHs C JeHCTBH-
TeJIbHOCTBIO, CYA 4 N0 Hecymled crocOGHOCTH TPYHTA, CJIaraolero ecrecr-
BeHHHe OCHOBAHHS IOCTPOGHHBIX COOpYKEHHH, NoJyuaercs, eclH MpH-
HATb KO3(WDHIHEeHT ero GOKOBOTO pacUlHpeHHs paBHBIM p=0,5 miu
K03(xpuHeHT GOKOBOTO JIaB/IeHHSI TPYHTA PABHKEIM €JUHHIE, UTO COOTBET-
CTBYeT THJPOCTATHYECKOMY paclpe/ie/ieHui0 HANpPSKeHHH B ecTecTBeH-
HOM MacCuBe TPYHTa OT ero co0CTBeHHOTO Beca, 3aBHCANIEMY OT (hOpMH-
pOBaBIIHX €ro re0JIOTHYECKHX HArpPy30K. Takas THIOTe3a 3HAUHTENBHO
ynpomiger pacderbl.

Ecnn nopMa/buble HaNpsKeHHsS! 3aBHCAT TOJbKO OT IyOmHH pac-
MOJIOJKEHHSI TOUKH M He 3aBHCAT OT HANpaB/leHHs TJIOmAaAKH B 3TOH
TOUKe, TO B JoGOH Miomajke AeHCTBYIOT HOpMaJbHble HANpSZKEHHsT OT
cOGCTBEHHOTO Beca, paBHblE IVIABHOMY HallpSDKEHHIO:

0y = 0y = (Yl +Y%).

YroJl OTK/JIOHEHH 1 PacCYHTHBaIOT 1o ¢opmye (158), a rnaBunle Han-
Dsxenus, BO3HHKAOIMHE B TOYKax MacCHBa IpyHTaA OT BHeIIHeR paBHO-
MepHO pacmpefeeHHOR HAarpyskm no TuOKoH OeckoHewHOH nosoce
ONpeReNsIoT MO yriy BuauMoctH 2 B, mokasanHOMy Ha puc. 96:

0, -_-=l’n£(2[5+sm 2B) (171)

0, = L% (28— sin B). (172)
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Torpa pna ycnosuit 3aiaun cyMMapHbie 1J1aBHble HanpaxKeHHa OyayT
PaBHLIMH:

o, = L=V (9B 4 sin 2B) + v¢ + 1%z (173)
oy =LY (9B —sin 2B) 4 vt + 102, (174)

rae 2f — yroa saBHcuMoCTH.
Jlfa ycnoBHA NpenesibHOro paBHOBECHS, KOTJa CuenIeHHe B IpyHTe
He PAaBHO HyJIO, BHpameHHe (158) umeer ciexyomui BHL:

B=”%  —sing. (175)
61+02+2tg<p

[Toncrasus B (175) sHadeHns raaBHBIX HanpsKeHud cornacho (173)
u (174) ¥ pemiHB €ro OTHOCHTENBHO 2, NOJYYUM HCKOMOE BBIpa)kKeHHe
IJig TPaHHUHOM JIMHHH 3OHEI Tipe-
JieIbHOTO paBHOBecHs:

SN Hane =

-
-

]
petbbii b

‘ L re Pe—Nt ( sin2@ ﬁ)"—
/ e Yo sing
/’/ v
[4
g BT —t ok (176)
Makcumanbuyio TVIyGHHY SOHH

NPEfeLHOTO  PABHOBECHST MOMKHO
TOTYuHTb H3 ypaBHeHHud (176), npn-
Puc. 96, Pacucruas cxows A% 0% papHAB nyio NepByI0 TRONIBOTHYO
Tnockoft 3ajase, NPH pasHoMepuo OF HEMO IO NEDEMEHHOH p. Tomy-
pacnpepelteqyoit Harpysge no ruG- JCHHBIM BbIpAXKEHHEM A1 YIVia BH-
Koll moJtoce JHMOCTH 3aMeHHM ero ofo3HadeHHe

B ypaBHenun (176). Torna wmaxcu-

MaJibHast TJyGHHA 30HBI MPENENLHOTO PABHOBECHS 6y}leT caeyrouteli:
_ Pe—¥! ( ] Y
Zuare = P [ etgo—(5—0 ) |~ e — 1o+ (17D)

M3 (177) BupgHO, 4To pasMepsl 30HBL MPEASALHOIO PABHOBECHA 33ABH-
CAT OT 3aMaHHOH BHeUIgEH Harpyskd H CBOHCTB IpYHTA.

MokHO MONMYYHTh mpefeasrHOe CpPeHee JaBleHne Ha TPYHT oT ¢yH-
AaMeHTa, COOTBETCTBYIOlLee INIyGHHE 30HBI IMpeleSbHOr0 PABHOBECHS,

paBHOH dYeTBepTH IHPUHB! NOJOLIBH (GyHIAMEHTA, PEIHB ypaBHEHHUE
b

(177) otuocureasro p,, Ags Zuane =7 - Ono pasHo:
ay (0,256 et
po= ( L L. (178)
ctgq:—~§-+q2

U3 sripaweuna (177) Moxuo monyunTsh npefelbHoe KpaeBoe HaB-
JIeHHE Ha TPYHT, IPH KOTOPOM 30HH! NIpele]JLHOTO PABHOBECHA B OCHOBA-
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HHE OyHzaMeHTa GYAYT OTCYTCTBOBATb, €CJAH NPHHATb Zuanc=0:

n 'yt—{—t-c—
pnp=—<—f~“’—>—+vt. (179)
ctgp— 5 Te

®opmyna (179) Bmepsple Gblna noaydena H. H. IlyseipeBckuM
{1930). B Heit OTCYTCTBYET 3aBHCHMOCTD JaBJCHHS HA IPYHT OT [UHPHHEL
¢ynaamMenTa, Tak Kak Bhipaxende (179) mosyyeHo 1Jist TOUKH Ha Kpae-
BOi BePTHKANH H TAYCHHBI, paBHOH HYJMO, T. €. JAfA Kpas GyHIaMeHTa.
Hanps:xenns B 3TOH TOuKe He 3aBHCAT OT pasMepa (yHAaMeHTa.

Hns sapgaum, pemensolt B taGn. 37 1 38, MakcHMajbHas TayOHHA
30HBI TpefleibHOrO paBHOBecus npH tg ¢=0,60 Gyner paBHa

2,1 3,14.310 2,0
ZMaKc=m(l,67—1,57+—1800—>—200T:—6=36 cM,
YTO MeHee YeTBEPTH IIMPHHLI MONOLIBE QYHAAMEHTa H MO HOpMam Ipo-
eKTHPOBAHHSl ECTECTBEHHbIX OCHOBaHHH SABJIAETCA NONYCTHMOH st
NpHMEeHeHHsI TEOPHH YIPYTOCTH NMpPH pacyeTax jedOpMauuid OCHOBAaHHSA,

KOIjJla MOXKHO mpeHneGperaTh IIJTACTHYECKHMH JedOpMamusMA.

[NTonyyennoe uncaeHHoe pelleHHe, B KOTOPOM KO3(xpHIHEHT GOKOBOTO
paciuMpenHs Obla MpHHAT paBHEIM p=0,50, OTAHYAaeTCs OT pelneHHs
¢ Ko3b¢punueHToM BOKOBOrO pacllHpeHHs 1J1S IIeCKa, B3ATHIM H3 crpa-
BOUYHHKa paBHbM p=0,30. [Ias 3apaHHOrO B IpHMeEpe QyHIaMeHTa
H Harpy3KH Ha HETO He TOJNBbKO IIPHUMEHHME! (OPMyJEl TEOPHH YIpY-
rOCTH, HO NPHHSATH! 3aBbIIEHHBE €r0 pasMephl H HEJOCTATOUHO HCIOJb-
30BaHBl Hecyuue cpoicTBa rpyHra. CpejHee paBieHHe Ha TPYHT OT
¢yHaMeHTa MOKeT ObITh ITOBHILIEHO Mo gopmy.re (178) no p,=3,35 k! /cm?.

¥ BesmueHne cpepHell HarpysKH Ha TPYHT H COOTBETCTBYIOLIEE YMEHb-
LIEHHe UIHPHHBI (QYHAAMEeHTa IpH OJIHOPOAHOM OCHOBAaHHH HE H3MEHHT
ocajki (yHIaMeHTa, KOTOpas M0 TeOpHH YIPYTOCTH 3aBHCHT OT MPOH3-
BelleHHs Harpy3KH M LIMPUHE! (pyHaamenTa (122).

KpaeBoe paBsienne j/1s1 Toro ke ¢yenaMedta no dgopmyde (179),
KOIjJ]a 30HBI TIpEJeJLHOTO PABHOBECHS B €O OCHOBAHHH OTCYTCTBYIOT,
paBHO

_ 3,14-0,40
Prp = T 67_1,577-0,54

OHo HeckOJbKO GoJjbile, YeM 3ajaHHOe B NpHMEpe JaB/eHHEe Ha
rpyHT, cocTaBastomee 2,1 kI'/cm?.

M3 npuBejeHHBIX pacueToB BUJHO, YTO MOXHO YMEHBIIHTL Da3Mephl
¢yHnaMeHTa H IIOJHEE HCIOJNb30BaTh HECYIIHE CBOHCTBA TPYHTa, yBe-
JIHUHB CpejHee JiaB/JeHHe Ha TPYHT ot ¢yHpamenta o 3,0 k! /cu®.

Beujy npocToTsl (hopMyJIsl 1S KpaeBoro jaslenus (179) e gacto
NOMb3YIOTCH [l MPEJBAapHTENbHBIX pacuyeToB NPH pelIeHHH BOMpoca
0 BHIOOpe JABJIeHHS HA TPYHT OT IMPOEKTHPYEMOro (yHJaMeHTa.

VYupaxsenne Ne 17. OmpenesnTs NpelesibHYI0 HATPY3Ky Ha TPYHT
JJisl TOJMOPHOH CTeHKU IMHPHHOH 4 M, C FAyOHHON 3aji0kKeHHS 3 M.
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HuTencuBHOCTb HATPY3KK 3 kI /cm®. Y poBeHb MPYHTOBBIX BOJ, 3aJjieraerT
Ha ray6uHe 3 u. O6beMHBIH Bec MeCKa, 3aJETAONIEr0 Bollle YPOBHS
rpYHTOBHIX Boj, pased 1,9 m/#® u ke — 1,0 m/s3. Cnenyer paceun-
TaTh:

a) YIVIBl OTKJIOHEHHs B TOYKAX, pacloJoKeHHBIX Ha Kpaepofi Bep-
THKAJIH, Ha MIy6HHAX HuzKe ToxouBs muts 0,5 x, 1,0 #, 2,0 &, 4,0 &
u 6,0 #. HadecTu rpaHunsl 30HBI IIpe/leILHOTO PaBHOBECHS /IS Tlecka,
y koToporo KoahduunueHT Gokosoro pacmupeHus pased 0,30 U K03h-
¢unueHT TpeHus paseH 0,60, H AJaa MNHHBL, ¥ KOTOPOH KO3(pPHIHEHT
GOKOBOTO pacinupeHus H KoadduuueHT TpeHns pasHul 0,40, a cuenieHue
pasto 0,10 «l/cm?;

6) KpaeBoe JaBJeHHe HA TPYHT OT CTEHKH, [IPH KOTOPO# epie oTCyTCT-
BYIOT 30HBl TIpEJeLHOTO PABHOBECHSI B €r0 OCHOBAHHH, 1St [PYHTOB,
NpHBeJeHHHX B 1. a);

B) HaHOOJILIIYIO HATPY3KY Ha TPYHT OT NOATIOPHO CTEHKH, A9 yclIo-
BHH NpPHMEHHMOCTH TeOpHH yIPyroCcTH.

42, Tnnoresa IVIOCKOH IOBEPXHOCTH CKOJbMXEHHS

[lpaBusbHOe perieHne 3ajaunm 00 YCTOHYHBOCTH OCHOBAaHHSI COO-
pyXKeHHST HMeeT GoJblloe NMpakTHueckoe 3HaueHne. HeoGxonmmele pac-
yeTHble CXEMBl pa3paGaThlBaJKCh HA OCHOBE HAO/MIONEHHH 3a SBJECHHSMH

B npupoze. OHH YyTOUHSIHCh MHO-

FOYHCJACHHBIMH  3KCIIepHMEHTalb-
lp HbHIMH TIPOBEpKaMH H HCCJAE0Ba-

HHAMH B J1a60paTopHsX M B NoJe-
BOH OGCTaHOBKE.

ATH HCCAenoBaHHA TIOKasajH,
YyTo GOJMBUIHHCTBO MOCTPOEHHBIX

— / (yHaMEHTOB He HMeeT TOUHO I[eHT-
M / pasIbHO NPUJIOKEHHOH HATPY3KM U

- e HalpaBieHHe paBHOeACTBYIOMmeH

” - BHEIIHHX CHJ He sBJsieTcs BepTH-

== KajgbaeiM. Korjga BHemdsigm Ha-

Puc. 97. Cxemaruueckoe H3oGpaxenue TPysKa B STHX yCJIOBHAX BO3pac-

BbiNopa TpyHTa, HabMojasilerocs npy 14T H BHI3bIBAeT paspylleHue oc-
nocTpofike psiKa HOBaHHUsl, TO NPOHCXOAHT GOKOBOE

nepeMereHne (yHIaMeHTa BMeCTe
C YaCThi0 TPYHTA, C OJHOCTOPOHHHM BHIIIOPOM TPyHTa H3-TOA ByHIa-
MeHTa, 0 KPUBONHHEHHOH MOBEPXHOCTH.

[pr ucnbTanuy Godsuioro psizka (['epceaHoB, 1948), KoTopHI GHLI
Harpy»keH BeCOM HaJCTPOMKH, OH TMOrpysuicst B cjaGble TPYHTH, cJja-
faBlIMe JHO 3ajtiBa IIPH THXOH TOrojie W CIABHHYJCS B CTOPOHY Ha
2,4 m. Ilpu 3TOM IPYHT Ha JHEe 3a/MBA CO CTOPOHBI CMENIEHHS CHABLHO
nopHasuca (puc. 97). AnanoruyHble siBieHHs HaGMORANUCh W B sabopa-
topun (Kypmromos, 1891) mpu mposenenunm MojeabHEIX HccaeOBaHHM
MEeCTHOH Harpysku Ha ITecuaHHlii rpyst. Ilpu BHNOpe rpyHTa H3-TIOA
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$yHzaMeHTa NPOUCXOJMIIO CMelmeHHe GYHAaMeHTa B CTOPOHY, MpUYeM
£O CTOPOHEI MPOTHBOIO/IOKHOH BHIIOPY 06pa3soBaliock yIMyOJIeHHE.

Ananoruynble paspylleHHs] OCHOBAHHH BMeCTe C COOPYKeHMSIMH
HEOZHOKPATHO HAaOMOJAMHCh B CTPOMTEILHOH NDPAKTHKE, OCOGEHHO
NpH NOCTpoHKe K 3KCIyaTalMn HaGepeXKHBIX M BOJHOJIOMOB, Ha c/a-
6bIX TpUOPEKHBIX TPYHTAX.

[TpenoTBpaTuTh TaKOi BBLINOp TpyHTa H3-TIOA (yHJaMeHTa COOpy-
JKEHH 51 MOXKHO TOJILKO COGMOEHHEM OMPe/leleHHBIX COOTHOIEH Ul MEXKAY
pasMepaMu (yHJaMeHTa, IyGHHOH ero 3a/0XKeHHs, BeJHUYHHOH Ha-
TPY3KH HA HeTO K CBOKCTBAMH I'PYHTOB, C/IaTAIONIHX €0 OCHOBaHKE., DTH
COOTHOUIEHHSI MOTYT GLITh OTIpe/iesIeHbl M3 yCJIOBHI MpejeJbHOr0 paBHO-
BecHs [IPH3MBI CMenIaloIerocs: IpyHTa, ecjin ee ouepTaHus 6ynyT GaH3-
KHMH K (opMe NPHU3MBL CKOJIbIKEHHS B HAType.

Bompoc 06 onpeneneHnn Ko3bpHIHEHTa YCTOHUHBOCTH OCHOBAaHHS
COOpY2KeHHs1 OTHOCHTCS K CTaTHKe COOpYXeHHH. 3Jiech ke HeOGXOIHMO
OTMETHTb, YTO pacueT OCHOBaHH{ 1O IIpefiesbHOMy cocTostHuIO (Tokaps,
1955) cBonuTCA K YIOBIETBOPEHHIO C/IEAYIONIETO HepaBeHCTBA:

N < N’npy
rie N — narpyska, JeHCTBYIOIAS Ha COOPY2KEHHE;
N,, — TpejesbHasi HArpysKa, KOTOpas TIPHBOAHT OCHOBaHHE

B COCTOSIHHE IIPeJIe/IbHOTO PABHOBECHS.

IMpenesnpHas HAarpyska uMeeT 3/eCbhb Ty Ke JHHHIO AEHCTBHs, 4YTO
H HAarpyska, JefCTByIomas Ha COOpY:KeHHe, H OT/IHYAeTCsl OT IIepBOro
TOJIbKO 10 BesnunHe. Ilpn 5TOM KOs(pHIMeHTOM YCTORYHBOCTH OCHOBAa-
HUS1 Ha3biBaeTCs OTHOLIEHHE KPHTHYECKOrO YCHJIHS, CIHOCOGHOrO MpH-
BeCTH OCHOBAHHE B COCTOSIHHE IpPENe]bHOTO DABHOBeCHd, K YCHJHIO,
JeHCTBYIOmMEMY HA COOpYy2KeHHe.

OG6LIYHO [IpH OXHOBpEeMeHHOM HArpy2KeHHH COOPYKeHHS BEPTHKAJIb-
HOH H TOpH3OHTAJbLHOU CH/IAMH H3MeHeHHe 3THX CHJ He MPOHCXOXHT
Tak, 4YTOOB HalpaB/leHne WX paBHOJeHCTByIomieH ocraBajoch Obl TMO-
CTOSIHHBIM. B 3TOM cjly4ae Be/IHYHHA KPHTHUECKOTO YCHJMSA, TOJyUYeH-
Hasl YKasaHHBIM MeTOAOM, He MOKeT OHThb peanausoBana. Ilostomy ass
OLEHKH YCTOHYHBOCTH OCHOBAHHS IIOJL3YIOTCS YacTHBIMH KOa(dH-
IIHEHTaMH YCTOMYHBOCTH, OIpEJe/IAeMEIMA N0 KaXJOMy H3 (hakTOpOB,
KOTOphle MOTYT HApVIIHTL paBHOBECHE OCHOBAHHS.

Ecun ycToiunBOCT: OCHOBaHHS OTIpefie/IsieTe s TOP H30HTAIbHOM CHIIOH,
TO KO3((pHUIHEHT YCTOHUHBOCTH /ISt BEDTHKAJILHONH HATrpy3KH, IPHHATOM
B HpoexTe, TMOJYYATCS H3 OTHOIIEHHS NPEAeNbHOH TOPH30HTAILHON
cuibl Q,,, Onperenen ol u3 yC/IOBHH TIpeeIbHOTO DABHOBECHs OCHO-
BaHMsl, K BEJIHYHHE TOPH3OHTANBHOH CH/IBl Q, TMPHHATOH B IpOEKTe
COOpY2KeHHS:

K@=, (180)

Ecsn ke ycTOHYMBOCTb OCHOBaHHSI ONpeJe/sieTcsl BepTHKAJbHOM
Harpy3koH, TO KO3(pHUHEHT yCTOHYHBOCTH OCHOBaHHs IO/ydaeTcs
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JUISt [aHHOM B NPOEKTe rOPH30HTANILHON CHJIbL U3 OTHOEHH S P efle IbHOM
BepTHKANbHON HArpysku P, nOle‘{eHHOﬁ H3 ycsoBHE mpeJleIbHOTO
paBHOBECHS1 OCHOBAHHS, K NPHHATOH B Npoekre BePTHKAJbHOH Harpys-
ke P:
P
K (P) =%’° . (181)

KpurtepueM npuGamxKeHnst NOJYYEHHOrO KOS(pHIMEHTa YCTOA4YH-
BOCTH K JIeHCTBHTE/JbHOMY SIBJSIETCS " TOJBKO OIBIT, IIPOM3BeJIeHHBLH
B JIAHHBIX HHKEHEPHO-reOJIOrHUECKHX M THIPOTEOJIOIHUECKHX YCJOBHSIX.
OH 33aBHCHAT OT HEOJHOPOJHOCTH CJIOKeHHS OCHOBaHHsI, BO3MOXKHOCTH
TpeBbillieHus1 JEHCTBUTENbHBIX HArPy30K HAJ HPHHATHIMH B pacdere,
NpHO/IMKEHHOCTBIO pacueTHOR cxeMpbl. Ko3(hbHIHEHTOM yCTOHYHBOCTH
YIOGHO TIOJIb30BATbCs TNIPH CPABHEHHH pacueToB YCTOHUHBOCTH OCHO-
BaHmil, NPOH3BEJECHHBIX DA3/IMUHLIMH MeTOJaMH.

B pacuerax ycTOHYMBOCTH COOPY:KEHHH paccMOTpeHbl BCe OCHOB-
fble 3aJaYd O MpefeJbHOM PABHOBECHH: JaBJeHHe TrPYHTA HA MOJAMOP-
HbI€ CTEHKH, YCTOHYHBOCTH OCHOBAHHUH cOOpYXKeHHI H YCTOHUHBOCTH
OTKOCOB M CKJOHOB. DTH pacueThl IPOH3BOJAAT TPeMs MeTOJaMH, B IBYX
M3 HHX 33ja10TCs1 (GOPMO¥ MOBEPXHOCTH CKOJIbKEeHHs, OJH3KOH K Ha-
6/0/leHHOi B NPHPOJHBIX HJAH JA60paTOPHBIX YCJIOBHAX, & B TPETbEM
MeTojie TMPOU3BOJNMTCA paACUeT MO TEOPHH INpeleJibHOTO DAaBHOBECHSA, FJie
TaKxKe PacCMOTpeHbl YKa3aHHble TPH OCHOBHbIE 3a7auH.

B mepBrIX 1BYX MeTonax pacdera ¢opMy NOBEPXHOCTH CKOJbXKe-
Hua npuHEMaioT: 1) muocko# u 2) kpyraoumansxpuueckoii. Coorser-
CTBEHHO pacyeT YCTOHYMBOCTH OCHOBAHHS1 NPOH3BOJAAT MO THIOTe3e
IJIOCKHX TOBEPXHOCTEH CKOJIbKEeHHMS M II0 rHnoTede KpyNIo-IHIHHApH-
4eCKOM MOBEPXHOCTH CKOJIbKeHHs. BCe Tpu MeTo/ia pacyera pacCMOTPEHBI
HHXKe TIPMMEHHUTENIbHO K IUVIOCKO!l 33jaue, TaK Kak 3TOT CaAy4YaH BCTpe-
HaeTcs Haubosee yacTo, ABJsieTcs Gosiee MPOCTHIM M HATAANHBIM H ofec-
MeUuBaeT MO CPaBHEHMIO CO CaydaeM o0beMHOH 3ajlayd 3amac ycroi-
4gBOCTH. B oGneMHoR 3anade HeOGXOMHMO JOMOJHHTENbHO YHHTHIBATH
CONpOTHBJIEHHE TPYHTA CABHIY MO GOKOBOH NMOBEPXHOCTH CMellaeMoi
yacTH MAcCHBa TPyHTA.

Meronpl pacuera ycTOHUHBOCTH NO THIOTe3e IWIOCKHX TOBEPXHO-
CTell CKOJbXKEHHS H MO TEOPHH HPENeNHHOr0 PAaBHOBECHS NMPHMEHHMb
ISl OHOPONHOro rpyHTa, a MeTof pacuera HO THIOTe3e KPYyrJIONHIINH-
JpHUYECKOH IMOBEPXHOCTH CKOJbXKeHHS — JJ/I JII0GOro CTpOeHHs Mac-
CHBa TpYHTa.

A. laBnenue rpyHTAa HAa NOANOpPHYI CTEHKY.

HanGonee panneil pemendoit 3agadeil B o0sacTu pacuera IpexesbHORO
paBHOBeCHS fIB/ISIETCST 3ajaua O pacueTe BEJMUHHBI JABJEHHS OJHODPOX-
HOTO HeCBSI3HOro rpyHTa Ha MOANOPHYIO CTeHKY MO FHIOTe3e MJAOCKHX
TIOBEPXHOCTEH CKOJbXKEHHH, NMPeNCTaBASIOnEero (B 4acTé ero ropH3oH-
TA/IbHOA COCTaBJIslONeH) FPOPH3OHTA/IbHYI0 HArpysKy Ha COOpYIKEHHE.

HecMoTpa Ha To, 4TO Haj pellleHHeM 3Toi 3ajauH pabOTAOT Yke
Gonee 180 ner, ee Toynoro pemenns eume He noaydeHo. PazpaGorannoe
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KyJioHoM pemtenne 3ajaun JOCTaTOYHO XOPOLIO COBMAjaeT ¢ pe3yJibTa-
TOM 3KCIIEDHUMEHTA/IbHBIX HCC/IEMIOBAHMA H IOITOMY OHO IIHPOKO
HCIIOJIb3YeTCSt M B HACTOsIIee BpeMs.

ITpu pemrennn 3aaa4n o GOKOBOM JaB/IeHHH IPYHTAa Ha CTeHKY pas-
JHYAl0T ABa caydyas. B TepBoM ciyyae CTeHKa Mojjep:KuBaeT I'PYHT
M HCIBITHIBAET €ro JIaB/eHHe HA CBOIO BHYTPeHHIOI0 I'paHb. JlaBjeHne
TPyHTa MOXeT CIABHHYTb CTEHKY B HATIPABJIEHHH 3TOTO JABJIEHHS.
Takoe nap/jeHue NpeACTaBJ/sieT AKTHBHOE AABJIEHHE IPYHTA MM BeJH-
4uHy pacrnopa rpyura. Ono o6osnadeHo Ha puc. 98 uepes E,.

SN !

=
=)

Puc. 98. AxruBHoe H NaccHBHoe JaBJeHHe TPYHTA

Bo BTOpoM c/1yuae cTeHKa ynupaercst B IPYHT H MOKET BbI3BaTh e€ro
BBITIOD, Toj AeHCTBHEM BHEINHHX CHJ. 3/leCh CTeHKa JdBHT Ha TPYHT.
Ona MoxeT mepeMecTHTbCSl B CTOPOHY IDYHTA, B HalpaBJIeHHH NPOTH-
BOTIOJIOXKHOM HANpaBJ/IeHHIO ero JaBJeHHs, H IPYHT OyjeT COIpPOTHB-
JAThCA 3ToMy JBHKeHu0. Takoe naBJjieHne IpyHTa mIpejcTaB/seT nac-
CHBHOE JaBjeHHe, HWJH BeJIHUMHY oTnopa rpyHTa. OHO o0603HaueHO
Ha puc. 98 yepes E,,.

Taxkum oGpasoM maccuBHOe JlaB/leHHE FPYHTA Ha CTEHKY INpefiCTaB-
JISIeT TaK e, KaK M CW/Ia TPeHHs IO MOJiollBe CTEHKH, CONPOTHBJICHHE
CMElIeHHI0 CTEHKH.

K coopy:keHHsIM, KOTopble HCIIBITHIBAIOT GOKOBOe jaBJieHHe IPYHTa,
OTHOCAT CJ/IEAYIONIHE: TIOANOPHEIE CTEHKH H HX GyHJaMeHTH, GyHAaMEHTh]
OIOp, YCTOM MOCTOB, MIMYHTOBble H AHKEDHble CTEHKH H JpyrHe.

Pemlenne m/ockod 3ajadu O JaBJ€HHH OXHOPOINHOTO HECBSI3HOTO
TPYHTa Ha MOANOPHYIO CTeHKy Oblio mosydeHo Kysonom, mcxons Hs3
yCJIOBHSI TIpefe/IbHOrO PABHOBECHs KJHHA TPYHTa 3a CTeHKo#. B pac-
YeTHO# cXeMe OBLJIO IPHHATO, YTO CHITYYRi IPYHT B ofbeMe KJIHHA [Ipeji-
CTaB/IseT TBEPIOE TeJo, KOTOpGe HAXOJMTCs B PABHOBECHH IIOA Jek-
cTBHeM COOCTBEHHOTO Beca IpyHTa B o6beMe K/IHHA, PEAKIHH CTEHKH
H DEeaKIHH MacCHBA, PACTo/IOKEHHOrO 33 K/HHOM TpyHTa.

AT0 peileHne OTVIHYA/IOCH OT TOJyYeHHOTO TpH Ja/pHelileM pas-
BHTHH TEOPHH JIaBJIEHHs TPYHTA PeHKHHBIM, KOTOPHIH MONYYHI B O61IEM
Bujle BeJHUHHY 3TOrO JABJIEHHS, HCXOJA H3 YCJIOBHS NpeJebHOro
paBHOBECHsI TPYHTa B TOUKe BHYTPH IPYHTOBOTO MacchBa B mpeHeGpe-
rast TpeHHeM IpYHTa O CTeHKY.
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B pacuerHoii cxeme Ky/oHa GblIO NPHHATO, YTO TBEDHBIA K/IHH,
npejCTaBMOIMA IPUsMy O6pYIIeHNs, pasMepsl KOTOPO#l ONPeNesioT-
csl TIOJIOXKeHHEM BHYTpeHHeH NOBEPXHOCTH CTEHKH, HAPYKHOH NoBepx-
HOCTBIO TPYHTa 33 CTeHKOH H IUIOCKOH MOBEPXHOCTBIO CKOJIbKEHHUS
rpyHTa Mo TPYHTY, TNOA jeHcTBueM COOCTBEHHOrO BeCa BHeApseTcs
MeX1y I'PYHTOBBIM MaCCHBOM 3a NMPH3MOH ofpyleHHs H CTeHKOH H pac-
nHpaer nocsaepHwoio (puc. 99). Ilpm BHenpeHuH TIpyHTOBOTO KIHMHA

Piuc. 99. Pacuernas cxeMa JJisi ONpejeNeHHst 1o
KyJony aKTHBHOTO J#aBJIEHHS TPyHTA HA CTEHKY

BO3HHKHET COMpPOTHB/eHHe TPEHHS] MO MJIOCKOCTSM CKOJbKeHHA (o
IJIOCKOH BHYTpeHHel IpaHH CTEHKH M M0 IJIOCKOH HOBEPXHOCTH CKOJb-
JKeHHA TPYyHTa [0 TPYHTY), KOTOpOe HANpaBjeHO CHH3y BBEpX B CTO-
POHY, NPOTHBONOJOMXKHYIO NBUKEHHIO KJHHA,

Jlns onpeneneHns BeJIHUHHLL aKTHBHOTO NaBJieHHs I'PYHTA Ha CTEH-
Ky OTceueM 4HaCTh TPYHTa 3a CTeHKOH miIockocrhio BC, mpoXogsief
Yeres MOJOLIBY CTeHKH B M HaKJOHHOH K TOpPHU3OHTY MOJ YIJIOM .

I'pynrtosbiit knun ABC, Kak TBepAo® Teflo, 6yneT HaXONUTbCH B PaB-
HOBECUH U0 AeHCTBHEM CHeAVIOIUX CHJI:

G — cofcTBeHHOTO Beca KJHHA,

E, — peaklMH CTeHKH,

R — peakuuu HemonBUKHOHA YACTH T'PYHTA.

Yro Hak/7I0HA BHYTpeHHeH I'DaHH CTEHKH K BepTHKAIH 0GO3HAYHM
depe3 €, YIVIBI OTKJOHEHHA CH/IBI £, OT HOPMadH K MJIOCKOCTH CTE€HKH
AB — 8 u cunsl R or wopManu x miockocrd BC — 0.

Yron & NpUHHMAaeTcs MOJIOKHTEIbHBIM, €C/H CTeHKAa HakJIOHEeHa
BneBo (puc. 99) u orpuuaTenbHBIM, eCJId — BHpaBo.

Bennunna akTHBHOrO JHaBJIeHHsT TPYHTA HA CTeHKY MoxeT OBITh
noJiydeHa U3 TPeyroJbHHKA CHJ, mokasaHHoro Ha puc. 99, pis xoTo-
poro, Kak H B /1000M TpeyroJdbHHKe, OTHOIIEHHE CTOPOH PAaBHO OTHOLLe-
HHIO CHHYCOB NPOTHBOMOJOXKHBIX YIJIOB:

_ sin{fo—8,)) sin{a—H6,)
E,=G sin(a—0,+B) — Gsm (a—0;,+900—e—f) * (182)
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Bxopsmue B ypaBuende (182) yrau a, 6, 0, — neuspecTHee. [
YMEHbIIEHHs KOJMMYeCTBA HeM3BeCTHHIX KyJIoH paccMOTpen ycloBHA
Ipefe-HOr0 PABHOBECHS JIJIA BCero I'PYHTOBOIO KJHHA, KOTAA CTeHKA
IOJ, pacropoM KJHHA ellé He CABHHYJIACh.

Vs mpeppiflymero USBECTHO, YTO HPH 3TOM yrod OTKJOHeHHs 0,
JJiA peaKuun R OT HODMANH K IIIOWIATKe CKOJMbKeHusa Oyner paBeH
yriy ¢, AAA CABUTa IPYHTa IO IPYHTY, @ Yroa oTKjoHeHda 0, nis
peakuuu E, — yray O, A/Is cABHra I'pPyHTA IO CTEHKE.

Torpa BeNHYHHA AKTHBHOIO IaBJIeHHy! TPYHTA AJiA JaHHBIX ¢ H O
OYNeT 3aBHCETh TOJBLKO OT NOVIOKEHHsi [UIOCKOCTH CKOJIbXKEHHS, OIpe-
JeNiseMoro yIJIOM €€ HAK/JAOHA K IOPH30HTY o

_ sin (a—q)
Fa=0 et (183)
rpe
ﬁ=900—(8—{~6).

Ins pacuera yCTOHYMBOCTH CT@HKH HEOOXOJMMO OIpene/NuTb HaH-
GoJibliiee aKTHBHOE AaBJeHHe 3eMJId. DTOMY yCIoBUIO0 OyneT ynoBJeTBO-
pATH IJIOCKOCTb, 1/ KOTOpOH yrosl HAKJOHA Ompenessercst U3 ypas-
HeHHS:

JE 4 _ sin(a—g) ] 0.
da ~ Oa sin (a—q--p)
Bennunny wauGosbliero aKTHBHOIO JaBIEHHS Ha CTEHKY MOXKHO

nosiyuurs rpadoananuTHYecKUM MeronoM B chedyiomeM Bupe (IIpoko-
¢peB, 1940):

E, =5 VHaxm, (184)
rie Agxm— KO3(pHIUeHT pacnopa, KOTOpPHIH DaBeH:
A __ cos?(9p—¢g) 1
T Tcostesinp (L ay
rae 169

__ sin (p+4-6) sin(¢—ao)
~ sin Bsin(90°—ef-ay)

3nech MpUHATH clIefylomye yc/IoBHble 0003HAYeHHS:

H — BHICOTa CTEHKH,

¢ — YroJl HAaK/JIOHA BHYTPeHHeHd MOBEPXHOCTH CTEHKH,

@, — yroJl HAaK/JOHa K FOPH30HTY MJOCKOH NMOBEDPXHOCTH TPYHTA 3a
CTEHKOH,

Y — ofbeMHbIH BeC IPYHTA C yYETOM TOJIOKEHHS YPOBHSA I'DyHTOBBIX
BOA,

@ — yrojl, XapakKTepH3YIOmHHA COMNpOTHB/EHHE CHOBHI'Y TpyHTa IO
TPyHTY,

8 — yroji, XapakTepH3yIOUIHA CONMpOTHB/EHHE CJBHUTY TPyHTa MO
CTeHKE,
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B — yroJ Mejay HamnpaBJeHHeM pacrnopa E, H HanpaBjieHHEM CHJIbI
TsakecTH G, paBHHE (90° — & — §).

Ecnu npuasite =0, 4TC NpHUBeAeT K YBeIHUEHHIO PAaCUeTHOI'O HAB-
JIeHHsi I'PYHTA Ha CTeHKY H 3amacy B YCTOHUMBOCTH CTeHKH (cM. puc. 99),
a,=0 ¥ BepTHKaJbHOCTb BHYTpeHHeH Ipanu cTeHKH, €=0, To yroi
HaKJOHA NJOCKOCTH CKOJIbXKeHHA K TOPH30HTY GyneT paBeH:

o = 450 Jr%.

Yros Hak/OHa IJIOCKOCTH CKOJb#EHHsi K TOPH3OHTY, MpH yueTe
TPEHHs TPYHTa IO BHYTpeHHeH I'DaHH CTeHKH, GyNeT yBelHUHBaTLCS
¢ BospacraHueM yrja 0.

Ecan npu =0 u =0 yron HaKJOHA MJIOCKOH NMOBEPXHOCTH TPYHTa
3a CTeHKOH paBeH YIJYy ecTeCTBeHHOIro OTKoca Gy=@, To n=0, Agmm=
=cos? ¢ u BeJIHYHHA AKTHBHOTO JaBJeHHS TPYHTa Ha CTeHKy OyneT
paBHa:

E, =5 vHcos?g. (185)
Ecnu noBepxHOCTH IpyHTa 3a CTeHKol TopH3OHTajbHa o, =0, T@
n=sin® ¢ u Koxpdunment pacnopa, npu P=90°, Gyner pasen:

[ cos’p _ 1—sing
M (1 d-sing)® — 1d-sing ’

OTKYyJa
hawm = tg? (450 —3) . (186)

Torna akrTuBHOe JaBJEeHHE I'PYHTA Ha BepTHKaJbHYIO CTeHKY Oyzer
paBHO:

1
E,= 5 yH? tg2<45o—§>. (187)

Bripaxenue (186) co sHakoM MHHYC y yIJia @ yKe BCTpeuaioch paHee.
Ono npencrasiser coGofi OTHOIEHHe TJVIABHHIX HANpsKEeHHH B TOUKE
B MaccHBe TPYHTa 4Ji YCIOBHH ee mNpenenbHOro paBHoBecus (157):

(o2 Dmcmc
St (45°:F—T—>=tg2<450¢%>7

Takum o6pasoM B ¢opMy.ie (157) 3HAK MHHYC COOTBETCTBYET AKTHB-
HOMY JaBJeHWO TPyHTA.

Hcxoxa u3 npeneipHOro paBHOBecHsi B TOUKE B MaccHBe TPYHTa,
Penkun noayuma To ke BhipameHue (187) nsis aKTHBHOTO 4aBJEHHS
rPYHTa, KOTNa MOBEPXHOCTh I'DYHTA 3a CTEHKOH Gbla rop H30HTaIbHOH
@, =0, BHYTpeHHsis I'DAHb CTEHKH BepTHKajJbHOH =0 H TpeHHe TIpyH-
Ta MO CTeHKe OTCYTCTBOBado §=0.

B sTOM ciiyuae noJiHOe HAMpsKEHHE OT COOCTBEHHOI'O Beca TPyHTa
B TOYKE, DACTOJOKEHHOH HHKe ero moBepXHOCTH, 1Jisi TOPH30HTAJb-
HOH TJIOINANKH HaNpaB/eHo BEPTHKAaNbHO. KacaTeabHble HampsuKeHHs
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B TOPH30HTANBHHIX MJIOMAAKAX OTCYTCTBYIOT M HANpsKEHHs oT cob-
CTBEHHOTO BéCa B 3THX MJoankax 6yayT IMaBHEIMH, OHH OyAyT PaBHHI:

o =Yz, (188

rie z — IJy6MHAa DPAacnojIoKeHHs TOUKH HHXKe MOBEPXHOCTH TIDYHTa.

Hanp sixkenue B IpyHTe B Beopmxanbuoﬁ IJIOMAiKe, PACnooKEeHHOH
Ha BepTHKaNbHOH BHyTpeHHeH I'paHH CTeHKH, H3 YCJIOBHi, UTO JJISF
JI060T0 HANPSKEHHOTo COCTOSHHUS CYMECTBYIOT jBE B3AHMHO [epHeHH-
KyJSIpHBIe TJIOMAJKH, Mo KOTODHIM KacaTeNbHble HAMpS:KeHHsi OTCYT-
CTBYIOT H HOpMaJibHble HampsKeHH:s ABJAITCH I'VIABHBIMH, MOXKET OBITh
onpegneJesp u3 dopmyael (157), korma o,=vyz:

0y = vz tg? (450 ~-23. (189)

Hs sToro BelpasKenus MoXKeT GHITh MOJYUEHA 3MOpa pacnpeneneH s
GOKOBBIX HampsiKeHHH Mo BHICOTE CTEHKH.
BokoBoe paBnenne Ha rnybune z=H Oyper:

0, =vH tg2<45o—i;l . (190)

[Tnomank smopkl GokoBbiX HanpskeHHH B IpyHTe GyneT paBHA BeHUH-
He aKTHBHoTO pnaBjenHs (187):

E,=gyH* (45— ).

PaccMoTpuM Teneph ciyuai, Korja CTeHKa Moj jefiCTBHeM BHEIIHHX
cusl OyneT mepeMemaTscsl B CTOPOHY I'DYHTa H Korja oHa Gyner BhiSh-
BaThb MACCHBHOE JaBjleHHe TIPyHTa, HJIH OTHOP TPYHTA.

B pacueTHo# cxeMe NpPHHHMAeTCS, YTO KJHH HECBSI3HOTO IPYHTa 32
CTeHKOH Tak e, KaK W IpH pacCMOTpeHHH aKTUBHOTO NaBjeHHf, Mpef-
cTaBjisieT TBepjioe TeNlo, HO TMepeMelaeTcs OHO He KHHSy, a KBepXy
H npoHCXopuT Beimop rpyHTa. CompoTHB/EHHe TPEHHIO 3jieChb Hampas-
JIEHO CBEPXY BHHU3, B CTOPOHY NMPOTUBONOIOKHYIO IBHIKEHHIO I'PYHTOBO-
ro KJIMHA, M OTK/IOHEHHE peakKIMH oT HOPMajW K IUIOmiafiKe HMX jed-
CTBMSl TIPOHMCXOZHT B JPYIYIO CTOPOHY, YeM mpH aKTHBHOM HaBJEHHH
rpynra (puc. 100).

®opMyna n/s MACCHBHOTO HABJIEHHsi I'PYHTA HA NOANOPHYK CTEHKY
noJiyyaeTca aHajnoruuno gopMyse (183), nast akruBHoro Rasienus. Hs
CHJIOBOTO TpeyroJibHHKa MOJyYHM, UTO MAaCCHBHOE JaBJEHHE DaBHO:

sSin(a
E,=G E(T% : (191)
rne
By =900 — (g — 8).
Echn p/is akTUBHOrO JaBJeHHMA Hayjexalo HaHTH ToJoXKeHHe

IJIOCKOCTH CKOJIb2KEHH A /A HaHOOJBIIErO JaBJieHHd I'PyHTA HaA CTeHKY,
TO A5 TaCCHBHOTO JaBjieHHS TPYHTa cjiefyeT onpeleNuTh MNOJOKECHHE
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TMJA0CKOCTH CKOJIBYKEHHsi C HAHMeHBILIHM ColpOTHBJAeHHeM E, . Pemenne
3afayM TpPOMSBOJAMTCH AHAJOTHYHO 3ajnade onpeneqeHHsi HaHGOJBIIETO
AKTHBHOTO JaBJeHHA.

aep ]

Puc. 100. PacuerHas cXemMa xIA oNpeleleHHs IO
KyJlloHy mnaccHBHOTO JaBJeHHS TPyHTA Ha CTEHKY

[TpuBeseM KOHeUHEIE DeSyJbTATHl, MOAYUEHHBlE 1/ JOGOTO yria
HAKJIOHA € BHyTpeHHedl IDaHM CTeHKHM M Jnoforo yrja HaKJoHa «,
IJIOCKOH ToBepXHOCTH rpyHTa 3a creHko#t ([Ipokodpres, 1940):

E,= % YHAnacs » (192)

rje Apacc—Ko3pPHIHEHT OTIOPa, paBHEL:
Y cos? (p+-¢) 1

naee " coste-sinf (1 -y m)®

rje
_ sin(g-0) sin (—ay)
T sin By sin (09— et ay)
Ecnu BHYTpeHHSA TDaHb CTEHKH BepTHKaJbHA £=0 M MOBepXHOCTDH

TPYHTA 3a CTeHKOi FOPH30HTANBHA ay=0, a TaKxKe OTCYyTCTBYeT TpeHHe
MexKy CTeHKOH H rpyHtoM 8=0, TO momydum:

m == sin ¢.
Torna kosdpunment ormopa, mpu B,;=90°, Gyger paBHBIM:
_ cos>p _ 14tsing o)
Mnace = (I—sing)* = l—sing — tg® <450 + -5) (193)

1
;\'ﬂacc = ),_

arm

[TaccuBHOe naB/ieHHe TPYHTAa HAa BepTHKAJBHYIO CTEHKY, NIPH TOpH-
30HTAJBHO¥ MOBEPXHOCTH I'PYHTA 3a CTEHKOH H NpH OTCYTCTBHH Tpe-
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HHs TPyHTAa O BHyTpeHHeH IrpaHM cTeHKH, OyleT paBHO:

1
E, =4 yHtg (450+§>, (194)

a yToJl HaKJIOHa IUIOCKOCTH CKOJIbXKeHHs K FopH3oHTY, npH 6=0 Gyzaer
paBeH:

a=45°——%.

On MeHblIe, YeM JJIs AKTHBHOTO JaBJeHHs TPYHTA, T. €. MIOCKOCTh
CKOJIbXKeHHsi NI HaHMeHbIIero MACCHBHOIO JaBJieHHs TPpyHTa Ha
BePTHKANBHYIO CTEHKY pacrofioxeHa Gosee moJloro, ueM /s HAHGOJb-
nlero aKTHBHOTO JIaBIEHHSA.

Eciu yuurblBarh BIHMsIHHE TpEeHHMsi TPYHTa 1O BHYTpPEHHEH TIpaHH
BePTHKAJbHOH CTEHKH HA BEJMUHHY ero IIaCCHBHOTO AABJEHHd, TO
yrol HaK/JoHA IUIOCKOCTH CKOJbiKeHHsi OyneT oTJHuaTeCsa OT yIja
HakiMoHa 1 8=0. On Oyjer ymeHmInaTbcs C Bo3pacTaHHeM yIJa,
a NacCHBHOE naBjeHMe ITIpH 3ToM Gyzer pactu (puc. 100).

Hs Boipaxkenus (193) BHHO, 4TO KO3(XDHIMEHT OTTOPA Apace PABEH
OTHOIIEHHMIO TVIaBHBIX Hanps:keHHME (157) co 3HakKoM mwmoc y yria ¢
LIS COCTOSIHHS NpeneJbHOr0 PaBHOBECHS B TOUKE:

Og BM xnC
2 g (44— ) =t 40+ L),
OTKy/la BHIpa:KeHHe jjIsi GOKOBOTO HATpsi:KeHHs NPH HAcCHBHOM HaB-
JIEHHH!
cz=sltg2<450+%>, (195)
HO 169
0, =Yz,

rge z — rAy0MHA MOTPYXKEeHHA TOUKH HIDKe TOpH30HTaJbHOH TMoBepx-
HOCTH TpYHTa.
Torma pacnpesenedne OOKOBBIX HampsKeHMH 1O BhHICOTE CTEHKH
OyHer CaefylomHM:

Gzzyztg2<450+%)s (196)

Ono #BJIsieTCA, KaK H B CJyYae aKTHBHOIO JaBJIeHHsi, JHHeHHOH
¢byHkuyel or TIyOuHel 2 ¥ A1sa z=H ero BelHYHHA paBHA:

0 =vH tg2(450+%>s (197)

JIns omnpejesieHHs IOHOrO NAacCHBHONO JABJIEHHsI TPYHTa onpeje-
JUM TUIOmAnb 3mopH AasienHs. Ona Gyxer paBHa (194)

il ¢
E'ﬂ =—2"YH2tg2<450+’§> 3
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Taxum ofpasoM, Be/IHYMHA NACCHBHOrO NaBJEHHA TPYHTA HA CTEHKY
JJad TIpefebHOr0 paBHOBeCHS B TOYKe MacCHBA TpyHTa, NOJyYeHHAst
PenkuneM, coBana ¢ BHIpaXKeHUEM JJIsi TIACCHMBHOIO JABJEHHs, HOIY-
ueHHoro KysonoM, mpu o, =0, e=0 u $=0.

V3 comocTapjenna BbIpaxKeHHH NIJs aKTHBHOIO NABJeHHA TpyHIA
(187) u maecusHoro gasnenus (194) BUAHO, YTO NpH OXMHAKOBOH BhIiCOTE
CTeHKM BeJIHUHHA NACCHBHOTO NaBJeHHs 60Jbiie akTHBHOLO.

Eciu #a ropusoHTa/lbHOH NOBEDXHOCTH TPyHTa 3a CTEHKOH pac-
nojioxeHa paBHOMEPHO paclpefeJeHHAas HArpyska p, TO JJs pacuera

JlaBJICHUS TPYHTA HaA CTeHKY
T MOXHO HCIMOJB30BATH MOTyYeH-
) 4 nole pemenus (187) u (194).
} HH}HHH{HL B pacuerHoil cxeMe 3aMensieM
i DPABHOMEPHO paclpejeieHHYI0
HArpy3Ky p CJoeM TpyHTa:

h:%, (198)

H IJIe p — PaBHOMEPHO pacrpe-
—— IeJI€HHaA Harpyska 33 CTeH-

KOH,
] Y — OGbeMHEIA Bec IpyHTA
B ofbeMe NpH3MEl OOpyilleHHA.
Jlns pemieHHs 3afaun IMpo-
JIOMKHM BHYTPEHHIOO Tpadb
Puc. 101. Pacuetnas cxeMa jjis onpesesne CTEHKH KBEpXY Ha BRICOTY C/I0A
Hll;lﬂl aaénerml; HHECB;(SEHOTD I‘py}?'l‘f na [PYHTa, PaBHYIO h, xak noxa-
CTEHKY Npu paBHOMepHO pacnpejelenmofi ~3aHO Ha PHC. 101. Hanuqng
Harpyske Ha TOPUSOHTAILHOH nosepxX- PABHOMEPHO  paclpene/eHHOH
HOCTH TPyHTa 34 CTEHKOH HATPY3KH  HA  TOBepPXHOCTH
TPyHTa 33 CTeHKOH He MenseT

NOJOKeHH TJIOCKOCTH CKOJpkeHHa. ONpefeuM 3MI0pY [TaBjeHUA
IPyHTa HA BEPTHKANbHYK CTeHKY BhicoTOH (H-+h), mpu oTcyTcTBHH
TpPeHHA TPYHTa IO BHYTPeHHeH rpanu cTeHKH 0=0. HMHTeHCHBHOCTD
GOKOBOTO [aBJCHHA FPYHTa HA NIy6HHe A U Ha TiyGune (H--h) GyneT
cJaenyloniei:

'’ / P
o' =vyh tg3\450____2 ,
" P

[losyuyeHHan »niopa NaBJeHHs TPyHTa Ha CTeHKY IOKasaHa Ha
puc. 101. Benmunua cpenHero napJeHdst OyleT paBHa:

o' o HA-2h P
LT v (40— 3 ).
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[Tonoxenne nAOCKON MOBEPXHOCTH CKOJBKEHHSI OMpPefensercs

yIJoM « ::( 45°+ %) C TOPH30OHTOM H aKTHBHOe JaBJeHHe TPYHTa Ha
CTeHKy Oygmer paBHBIM:

H [
E,=Y"(H+2h) tgi<450~£§«>=_2.yH“ tg2<450_%>+
+thtg2<450—%>. (199)

,H,Jlﬂ NaCCUBHOIO JaBJIeHHS aHAJOTHUHOe peuieHune NpHBEIET K cJle-
llleIILEMy BbIPAXKCHHIO:
1 ° o
En=gyH g (45°+ 5 ) +ymhtg(45°+5) . (200)

Peiienue safaus 06 aKTHBHOM J@B/eHHH CBASHOrO FPYHTA Ha Bep-
THKaJLHYI0 CTEHKY MOxeT OHIThb I0JyueHo MPHMEHHTENBHO K hopMyIam

h C
Qw HHHMMW
iy he

|

}—s
b ——
—

. i n
e 6
-

5% pr2

Puc. 102. Pacuernasi cxema misi onpefiefleHust
JABJIEHHs CBSI3HOIO IPYHTa Ha BePTHKAIbHYIO
CTEHKY

(199) u (200), ecsm cuenJende B TPyHTe pacCMaTpHBaTh KaK pe3yJ/bTar

o o C o

BCECTODOHHETO A3B/CHHS HA TPYHT CHIOH, PABHOM p o . B pacuerHoit
[

cXeme NPHHHMAIOT, YTO BCEeCTOPOHHEE JaBJicHHE, paBHOE EE’ » OPHIO-

HeHO K MPH3ME CKOJILIKEHHS 10 TOPH30HTa/NbHON MOBEPXHOCTH I'PYHTA

33 cTeHKOH M 10 BEPTHKANLHOH BHyTpeHHeHl I'DAHH CTEHKH, KaK ToKa-

saHo Ha pHc. 102. JleiictBHe DaBHOMEPHO pacrpeje/leHHOr0 AABJCHHSA
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1Mo TOPHSOHTAJNBHOH TNOBEPXHOCTH TPYHTA 3aMeHseM 35KBHBAJEHTHOM
BLICOTOH ciod rpyuTa (198), paBHOI:

h=vt;¢ . (201)

[Nosio:xeHHe MOBEPXHOCTH CKOJIbKEHHsi B 3TOM Clydae OCTaeTCs TeM
e, KaK H 6e3 yuera cuemnseHus. VInTencHBHOCTD NaB/enHsi 'PyHTa HA
CTeHKy Ha raytuse (H-+h) 6yner, cornacuo puc. 102, pasna:

°”=Y<H+ vig cp) te? (450 CP> tgcp (202)

Ero moxuo npencrasuts (IIpokodses, 1940), cocrosmuM us caeny-
IOIMHX JBYX CJIaraeMhbix:

0" = yH tg? <45° ——%)—ZC- tg(45°— £ ). (203)

[lepBoe ciaraemoe mpejCTaB/sieT WHTEHCHBHOCTb jaBJEHHs IpyHTa
Ges yueTa CLeIJIeHH s, a BTOPOe — BJIHAHHE CUEIVICHHs, YMEHBIIAMOmEero
JaBJICHHE I'PYHTa HA CTEHKY.

Ha puc. 102 BuHO, 9To BepxHAd 4YACThb CTEHKH, BBHICOTOH A, HE
BOCIIpDHHHMaeT JiaBJjeHHd TPyHTa. BeaunudHa h, Moxer OLITb MOJy-
yena u3 BeIpaxeHus (203}, eca moroxuTh 6"=0 u H=~h,:

. 2
"= vtg(45°_%> ' =09

[Tosoe akTHBHOE [aB/IeHHE CBA3HOrO IPYHTA Ha CTEHKY ONpeesHTCs
H3 CJEAYIOMIETO BHIpaXKEHHS:

E

__ 0" (H—h)
a 2 ]

KOTOpOe NOC/e IIPOCTHIX MNpeoGpa3soBaHUA NPHMET Caenylomui BHA:

Ey=gvirtge(45°— 1) —2er tg(45°— ) + %;— . (205)

s soipaxenua (205) BHIAHO, UTO CHeNJIeHHe B IPYHTe yMeHbINAeT
BeJHYMHY pacrnopa TIDyHTa Ha CTeHKy.

Beujy Goapuioro sHaueHus NPaBUJ/IBLHOTO PellleHHs BONPOCa O JaB-
JIeHHMH TpyHTa Ha COOPyKEHHMs pasBHTHe TEOPHH COMPOBOXKANOCH
MHOTOYHCJ/ICHHHIMH 35KCHepHMEHTAJbHEIMH WCC/IENOBAHUAMH JJI TPO-
BepPKH TOJTYy4YeHHOH pacuyeroM BeJHUMHEI JABJEHHs IPYHTA HAa CTEHKY.
O6cTosATeNbHBE HCCJAENOBaHHsA OBUIM NpOH3BeneHH B JalbopaTOpHH
JIeHUHrpagcKoro HHCTHTYTa MmyTell coolmenus npod. KypaiomoBbiM,
a sareM IlpunexkaeBbM, B JjabopaTopHH MOCKOBCKOrO TI'HEpOMENHO-
patHBHOrO HHCTHTYTA [IpoKOdEEeBEIM B ApPYrHMH. AHajorHunbie sKCre-
puMenTaJbHEle PaGOThl NPOH3BOJHINCHL 3a rpanHued.
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B pesyabraTe HCCiefoBaHHUD OHJIO YCTAHOBJIEHO, UYTO JaBjieHHe
TPYHT4 HA CTEHKY HAXOAHTCS B 3aBHCHMOCTH OT €€ IepeMelleHHA.
Hannupe cMemenusa B 0095 MUJJIMMETPa yMeHbIaeT GoKOBoe JiaBJieHHe
rpyaTa Ha cTenky. Ha puc. 103 nokasaHo M3MeHeHHE JABAEHHs PBIXJIO-
ro (@) u naoTHoro (6) mecyaHoro rpyHTa Ha CTeHKy BbicoTo#l 1,7 wa,
usMepennoe K. Tepuaru npr ee nocrynaTedbHOM CMEmEHHH BO BpeMs
onnta (TIpokodnes, 1940). Tlo ocu opaunaT a puc. 103 nanbl sHaYeHHS'
OTHOCHTEJIBHOrO  JaBJICHHS
TPYHTA Ha CTEHKY, IO OTHO-
INEHHIO K MHAPOCTATHYECKOMY

NaBJeHHe Ha HeNmogBHKHYIO
cTeHKy OoJble, ueM NpH ee
JBH2KEHUH, IpHUYeM pe3Koe i
yMeHbuleHHe JaBaenHa Mpo- 45 10 55 40
MCXOAMT B Tepuox, Koraa Cewsetiue 5, mo
cMemeHHne  HapactaeT g
0,5 Mm. ¥YMeHbleHHe naB- Prc. 103. VsMeHenne A4BJEHHS NecyaHoro
JGHHSI DHIXJOTO mecuamoro | PYHTa Ha CTeHKy n;;:;;:;:) cvemennn (K. Tep-
IPYHTa MeHblile, YeM Y IUIOT-
HO cJoxeHHOro. OCTAaHOBKA
CMEMEHU CTEHKH VYBelHUYMBaja OYeHb He3HAUUTENbHO BETHUMHY
AaBjienHst. HanbHefllee cMemenne CTEHKH He BJAHAJIO HA BETHUHAY
nasaenns. Ilpu sToM macTynano cnossaHue I'PyHTA B CTOPOHY CTEHKH
MO TNOBEPXHOCTH CKOJIbXEHHd, KoTopas HMena OdeHb MaJjylo KpH-
BH3HY, UTO NOSBOJIAJIO IPUHATH €e 32 MJIOCKyl0. Benuuuna paBrenus
rpyHT2 Ha CT€HKyY, IpH €€ CzBure napajiiensHo caMoH cefe, 6aH3-
Ka K BeJUYHHE aKTHBHOTO Jamfenud rpyura no Kynony. Benuwuuna
OTKJ/IOHEHHA HaNpaBJeHHA JaBaeHHs IPYHTA OT HOPMAJH K BHYTpeH-
Hell rpaHy CTeHKH He fBJseTCS JOCTOSHHOA. B HauaJbHOM CoCTOSHHH
NOKOsS CTEHKH OHa MEHbINE, yeM npH NOCAEAYIOUIHX CMEMEHHIX H Js
IJIOTHO CJIOXKEHHOro IleCKa OTKJoHeHHE OGogblne, 4eM AJA pHIXJOro
necka. TouKa NpHNOkEHHA JaBjeHHs TPYHTA TaKKe He ABJAETCH
NOCTOSIHHOH H 34aBHCUT OT IVIOTHOCTH NieCYaHoro rpysTa. OHa pacmoso-
JKeHa B pacCCTOAHMH OT NOJOWBHE CTeHKH JAJS DHIXJOTO IecKa OKO/Io
0,33 BRICOTH! CTEHKH H I/ MJOTHO CJOMKEHHOTO IecKa — oKoJo 0,40.
BennudHa OTKJIOHEHHS M TOYKA NPUJIOKEHHS 3aBHCAT TAKXKe OT HAKJIO-
Ha MOBEPXHOCTH IPYHTA 3a CTeHKOH.

CaenoBaTenbro, GOMBUIOE JAB/AEHHE [PYHTA HA CTEHKY NPH ee Hemoj-
BIDKHOCTH HE fIBJIACTCA DElalomuM. ¥3K? OpH Majofl MofBHKKe CTel KH
JaBJieHHe yMeHbInaeTcs /0 BeJHYMHBl aKTHBHOrO JaBJjeHHd, H ec/H
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cTeHKa OyneT ycTofuuMBof moj jeficTBHEM 3TOrO JABJEHHMH, TO OHA HE
GyneT paspylieHa.

[TaccuBHOe faBJEHUE IPYHTA, B OTVIHYHE OT aKTHUBHOIO, Pa3BUBAETCS
MOCTeNeHHo, MO Mepe cMelleHHst cTeHKH. Cpoero HauGoJbIIEro 3Haue-
HHUS NACCUBHOE JaBJeHHe AOCTUTaeT MPU OTHOCHTENbHO GOJIBIIOM CMe-
weHu ['MnoTesa TBepjoro KJMHa I'PyHTa, PABHOTO MO IUUPHHE [IPU3-
Me OTIOpa M CMelaolerocs noj JeficTBueM AaBJEHHS CTEHKH, He MOJ-
TBEpXK/JaeTcs B HKCNepUMeHTax u B HaType. IlaccuBHoe jaBjeHue TpyH-
Ta MoJydaeTcsl MeHbllie, 4eM [0 pacyeTy, H €ro pacXxoXjeHHe ¢ pacyeT-
HBIM HAGJIOfaeTCsl Pas3MMUHbIM, AJS PA3JIMYHEIX TPYHTOB M pasiHyHOH
HX TUIOTHOCTH yKJaakH. CyuiecTBeHHOE 3HaUYeHHe HMeeT TAKXKe NpaBuJib-
Hblfl BHIOOp MapaMeTpoB CONPOTHBJEHHS T'pyHTa CIABHTY.

HaGmopenns 3a cymecTBYIONUMH TOANOPHBIMH CTeHKaMu y Habe-
PEKHBIX M MOCTOBHIMHM YCTOSIMH YKa3blBaeT Ha MeJJIeHHOe cMelleHHe
HEKOTOPHIX U3 3THX COOPYMKEHHH 10 OTHOLICHHIO K X I1€PBOHAYaJbHOMY
NOJIOKEHUIO DTH CMeleHHsl Hedb3st 0ObACHUTH TOJALKO HapacTaHHeM
JaBJICHUs] TPYHTa M €ro NpeBHIIeHHeM Hajl aKTHBHbIM jaBjeHueM. OHH
MOT'yT BO3HHKATL BCJEACTBHe mnoJayuefl AedopMalli¥ rpyHTa B OCHO-
BAaHMH CTEHKHM H JPDYTrHX NpHYUH.

b. YecrofiuuBocTsr oOCHOBaHHHA CoOOpyXeHHIH.

W13 paspaGoTanHbIX MeTOJOB pacueTa yCTOHUMBOCTH OCHOBaHMH COOpPY-
JKEHHH 10 THroTe3e IVIOCKHX MOBEPXHOCTeH CKOJbXKEHHS, KOrja 30Ha
BO3MOXHOTO BHIIIOpa I'PYHTa U3-NOA QYHAAMEHTa CJI0XKEHA OJHOPOAHBIM
necyaHHIM I'PYHTOM, pacCMOTPHM JBa MeToJa: NIpH JedcTBUM Ha dyHAa-
MeHT LEeHTPaJ/JbHO NPUIOKEHHOH BEPTHKANbHOHA HATpy3KH M IpH OfHO-
BPeMEHHOM JeHCTBUHM BePTHKaJbHOH H TODHM30HTaJbHOH HAarpysox.
YcnoBHBlE pacueTHble CXeMBl A/t SKCHEHTPUUYHO MPHJIOKeHHOH K QyH-
JlaMeHTy paBHOJAEHCTBYOHEH HArpy30K 3jech He pacCMaTpPHBAIOTCH, TakK
KaK 39TH CXeMH OCTalOTC? AHAJMOTMYHBIMH CXeMaM [EeHTPafbHO INPHJIO-
JKEHHOH HarpyskH.

Ilpu pacuere ycToHUMBOCTH OCHOBaHMH Coopy:KEHMH MO THMIOTe3e
MJIOCKUX NOBEpXHOCTEH CKOJILKEHHUS TMOJB3YIOTCS BHIPAXKEHHSAMH JJIst
AKTUBHOT'O 4 MACCHBHOTO JaBJeHHs TPYHTAa Ha CTeHKy.

B pacueTHofi cxeMe MPHHUMAIOT, YTO OCHOBZHHE CJOKEHO OXHOPOA-
HBIM nNecyaHLM CPYHTOM, y KOTOPOTO ¢ paBHO Hywmo. [as ycuaoBu
npefe/]bHOro paBHOBecH I OCHOBAHUS JIEBHTOYHOTO (DyHAAMeHTa LIHPHHOH
b, 3arayGaennoro Ha f, Kak noxasaso Ha puc. 104, ¢ paBHoMepHO pacnpe-
AeMeHHOH Harpyskol no nopomiBe ¢yHJIaMeHTa HHTEHCHBHOCTEIO
p=(p.+Vf), NAOCKOCTb CKOJBXKEHH TNOX (GYHJAMEHTOM I[IPOXOAMT
yepe3s ero kpaft A mopx yrJoM K ropHsoHTy, paBHEIM

(l=45°+g8;

[anee npuHUMaOT HaJHuMe B OCHOBAHWHM (yHIAAMeHTa MNOA ero
ApyruMm KpaeM B TouxoH ctenku BC, KoTopas HCHBITHIBAET aKTHBHOE
HaBjieHMe TIPyHTa M BBI3BIBAET OTNOp T[PYHTA.
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Bricota crenxu BC paeHa:

-0 (206)

tg (45°—- %

AKTHBHOE NaBJIeHHE IDYHTa Ha Hee, C yUeTOM PaBHOMEpHO pacrpe-
JeJIeHHOH HarpyskM [0 TropU30HTaJbHOH mnoBepXHocTw A B, Oymer
paBHO:

E,= (;;H ++ yH2> tg? (45° — %} . (207)

3To axTuBHOE JaBJE€HUE CTpEeMUTCH CABHHYTL [peArodaraeMylo
TOHKYIO CTe€HKy BIpaBO W BbI3BIBAET [pPU 3TOM I[IaCCUBHOE [aBJEHUE

.___t:[ —

Puc. 104 PacuerHas cxeMa Afis onpefeleHHsl YCTOHYHBOCTH OCHO-
BAHHA COOPYXEHHA NPH BEPTHKAJABHON HArpPy3Ke Ha Hero IO THMO-
Tese MVIOCKHX MOBEPXHOCTEN CKOMbXKEHHS

IpyHTa, BeJMYHHA KOTOPOIO paBHa:

1 °
E, = (ytH 5 vH? ) tg (45 + %} . (208)
Hpe;erIbHoe paBHOBeCI/Ie OCHOBAHHA HACTYMNHT, €CJAH
E,=E. (209)

3amenum B paBencTBe (209) £, u E, ux Bolpaxkenusmu (207) u (208)
H mocJe CoKpaleHusl obeHX dacTeH, nmpaso#l M JeBoH, HA H, nopesus

X 3aTeM Ha ig (45°—%> H pEINB MOJyYeHHOE paBeHCTBO OTHOCH-
TEJLHO p, MOJYUHM C yYeToM, uTO

tge (45° _%)=m (210)
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cJejylolee BhlpaxKeHUue:

p=vytigt(45°+%)+gvi [t (45 +E)—1], (1)
OTKyJa:
(o)

o P )
2tg< 45 2)

Buipaxenne (212) npencraBisieT NpeAe’bHyI0 Harpy3ky Ha IpyHT
oT ¢yHJaMeHTa, NOJMYUCHHYIO HHKeHepoM DessenknmM, ads 1mecka.

W3 Buipaxenus (212) BuaHoO, uTo MOJy4YeHHast MpeaeTbHas Harpy3Kka
Ha PYHT 3aBHCHT OT IUMPHEB! QPYHJAMEHTA, BEJHUUHBL €ro 3aray0/aeHus
H 00bEMHOI0 Beca TPYHTa, ONPeNeeHHOro ¢ yueToM MOJIOKEeHHs YPOBHS
TPYHTOBHIX BOJ.

AHanorudHoe BHpa)KeHHe MOXKeT GHTh NOJMY4EHO C y4eTOM Crenie-
HMS B IpyHTe, NOJL3YACh INpHBEAEHHBLIMH Bbillle (HOpMyJaaMH, A
GOKOBOIG aKTHBHOTO M NACCHBHOIO JABJEHUS IpYHTa.

Ecau B ¢opmyse (212) mpunsats b=0, To

p=yttg4<45°+-°2’i). (213)

®opmyna (213) Gbia nonydega B mpoulioM Beke llaykepom us
YC/I0BMA paBHOBECHS TpYHTa B TOUKe Ha Kpalo QyHJaMeHTa, 3arayGJeH-
HOro Ha {. BhlcoTa ¢s0d rpyHTa, SKBUBaJIeHTHasl cpefHell Harpyske

p=vttg (45°+ L )+

oT pyHnaMeHTa, paBHa h=% . Ha BepTukanbrylo niomanxy B aT0#l ToUke

€O CTOpOHK! (pyHZAMeHTa JeHCTBYeT aKTUBHOe [aBJeHHe, a CO CTOPGHEL
3achlliky — naccupHoe. [ls m3bexaHusi BHIIOpa I'pyHTa H3-foj GQyH-
JaMeHTa NAacCHBHOE JaBJeHHMe AOMKHO GHTb OOJblle aKTHBHOIO!

) 2 o P 2 o __ 2
vetgr(45°+-2 ) > yhtg (-5 ),
OTKyZa BeJIMYHHA 3aray0saeHHsi QyHiaMeHTa AO/IKHA ObITh Godblle, YeM:

t > higt ('45°—%). (214)

Ilpunsitast B pacueTHoH cxeme pis dopMyasl (212) Benuunna mac-
CHBHOrO JaBJIeHMs SIBJSIETCSH 3aBLILIEHHOH, W paclo/IOKeHHe IMJIOCKOCTH
CKOJIbIKEHHs] NpHHSTO rayGxke, deM B Harype. IlostoMy nosydenHoe
npefiesibHOE JaBjieHHe Ha IPyHT 3aBHILEHO, a IMyOHHa 3aJ0oKeHus
3aHguxeHa. TpeGyembldi Koadduuuedr ycTOHYHBOCTH OCHOBAHUS IpH-
HUMaETCH 3/ieCh Goslee Tpex. ¥ dyHAaMeHTa, AJs KOTOpOro Gblla COCTaB-
JleHa TadJa. 38, Harpy3Ka Ha TPYHT, AJs yCJOBMH NpefeJbHOr0 paBHO-
Becus no popMyste (212) nosmyuaercsi paBHOH Pnpes = 9,9 KI'/cu® 1 KO3G-
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($UUMeHT yCTOHYMBOCTH €ro OCHOBAHMA, JAJs pacyeTHOH HarpyskH
B 2,1 kl'tcm®, OyAeT paBeH:
Pnpeg 9,9
K(p)=——=57=47,
4TO Tak Xe, K&K u pacuer no ¢opmyne (178), yKaspiBaeT Ha 3aBH-
HIeHHbIe pa3Meph! 3aIPOeKTHPOBaHHOrO (yHIaMenTa.

Ecau coopyKeHHe HMeeT, KPOMe BEepPTHKaJbHOH Harpyskd, TakKe
FOpH30HTANbHYIO, KaK NOKa3aHo Ha puc. 105,@, To BepTHKaJbHOe AaB-
JeHHe Ha rpyHT, ofyc/ioBieH-

HOe npEJe/bHBIM DABHOBECHEM ) f)
OCHOBaHH#, oOnpegensercs ¢ ; Orarc
yUeTOM OIHOBPEMEHHOro jefi- T T 7
cTBHsi o0enx Harpyaok. Ilpu == !
BO3MOKHOCTH BHIIIOpA TPYHTa B I
OCHOBAHHHM CTeHKH BJHAHHE @
FOpH3OHTANLHOR HArPY3KH Ha ) bofm——— 1
BeJIHUMHY ee BeDTHKAIBHOH HA-  ——rdl R S
TpY3KH JJs YCJIOBHH npejelb-
HOro paBHOBECHSI €e OCHOBaHHUS
nokasano Ha puc. 105,6. 3xech
BLIGAICHEL TPW BepTWKAjbHbIE
Harpysku P,, P, u P, xapak-
TepHble [Jsi CABHra NpH BO3-
MOKHOCTH  BbIIOp2  IPYHTa [
U3-noji coopyxenus. Ilnsg yeno-
Bull npegenbHOTO PABHOBECHS p
JHHeAHas 3aBHCHUMOCTBL [OpH-
30HTAJBHOH HArpyskH OT B€D-  Puc, 105. Mamenenue npejenbHoll sepTu-
TI/IKaJ'[bHOﬁ Haéﬂ}OAaeTCﬂ TQJAb~ KaJnbHOK Harpysxku P, €C/IH NPDHJIOXKHTE K
HAaMeHT HTaJNAbHOE YCHJI .
Ko B mperciax 0<PLP,. ?)y rilon:me};{pfgpgsgﬂoneﬁcmyEtlmmiﬂﬁc?pg-
Hpn AaJbHEHIIEM YBEIHYCHHH  aouranpubix n BepTHKANBHBIX CHJI, IPHJIO-
BEPTUKAJLHOH HArPY3KH B IIPE-  xeHHHX K CoopyxeHHIO, 6) I'pabuk uame-
menax P,<P<P, pasmepb HeHus P B 3aBHCHMOCTH OT Q
30HBl MJIACTHYeCKHX JAedopMa-
uuil B OCHOBAHNHM CTeHKHM VYBEJHUHBAIOTCS, a HeCyllasl CrnocOOHOCTh
OCHOBAaHUSl yMeHbIlaeTcst. 1103TOMy MHTEHCHBHOCTL POCTa MNPEAeNbHOH
ropu30HTaIbHOH CHJBl cHuxKaeTcsi. OHa jpocruraer Quawe MPH Ompeje-
JIeHHOH BepTHKalbHOH Harpyvske Ha CTeHKy P,, a NpU jajpHeieM
yBennuennd P> P, OHa nocTeneHHO najaeT W CTaHOBHTCS paBHOH
Hymo npu P=P,, Korjga Majelilias FOpU30HTANbHAS CHJA, NPUIOKEH-
Hasl K CTEHKe, BLI30BET € CMEINeHHE.

TMpu wmanoli BepTHKaJbHOM Harpyske, noka O<P<P;, cpeur
COOPYXKEHHS] MPOHCXOIMT MO ero nopomee. Takofl CABUr HasblBaeTcs
MJIGCKHM, B OTJIHUHE OT riy0okoro, korga P> P,, H CMellleHue coopy-
JKEHHS TIPOHCXOUT BMeCTe C 4YacTbl0 MaccHBa FPyHTa 1O MOBEPXHOCTH
CKOJIbKEHUS, PacnoOKeHHoN HHKE NOJOMIBH (yHAAMeHTa.
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TIpubnuKeHHOe pellieHMe 34kaud O pacyeTe YCTOHUHBOCTH OCHOBA-
HUSI COOPYIKEHMS, JJS IVIOCKOro pacnpejeseHHs HANpPSXKEHUH B OCHO-
BaHMH, NpH IMYOGOKOM CJBHre B OJHOPORHOM IpYHTe 6bl10 paspabo-
tano TepceranombiM (1948). PacuerHas cxema 6blia npuHATa CJe-
Ayromas.

Tox neficTBHEM ONHOBpEMEHHO NPHJIOKEHHHX K KaXKJOMY CaHTHMET-
py AJIMHEL CTeHKHM BepTHKa/bHOHl Harpysku P=p,b u ropH30HTAJILHOM
Q=g, b NPOMCXONHUT BHIABIHBAHHE I'PYHTA B ee OCHOBauuu, puc. 106.

4 . -

R
G
(';:\a) ’
g-£n

Puc. 106. Pacuetnas cxeMa IS onpejefeHus yCTOAYHBOCTH

OCHOBaHHS NPH OJHOBPEMEHHOM JAefCTBHH BEPTHKAJNLHOM H TOPH-

B0HTANbHOfi HATPY30K 0[O THNOTe3e [UIOCKHX NOBepXHOCTel
CKOJIbKEHH

JIUHUA CKO/MbKeHMS, MPOXOASAas B MaCCHBe [PYHTa, NpeACTaBJSIET
JoMaHylo abd ¢ Touko#l mepesoMa b, Jexaulell Ha KpaeBoH BepTHKaJu
cb. YacTb JMHUM CKONLXKEHUS ab HMeeT HACTOJBKO MaJylo KpHBH3HY,
4YTO €e MOXKHO NpHHATHL 33 NPAMYIO.

Heo6xonumo onpefefuTh CABHramoulyld culy Q, NpHXOASAmLYIOCS
Ha KaxasH 1 cm AAHEB CTeHKH, noj AeficTBueM KOTopoH OCHOBaHHe
CTEHKHM HaxojiMJoch Obl B MpefeJbHOM paBHOBecuHd. [ns storo cuna Q
Jo/DKHa OHITb paBHA COMPOTHBJEHHWIO CABHTY OOeHX TpHU3M TIpYHTa
abc u cbd, BBieNIeHHBIX B OCHOBaHMM CTeHKU Ha puc. 106.

ConpoTHBJeHHe CABUTY NPU3Mbl ¢bd paBHO NACCHBHOMY JABJEHHIO
IpYHTa NJs MHUMOH CTHeKM BhicoToff cb. [locnenHssa 3aBUCUT OT yraa
HAaKJOHA K FOPH30OHTY AJS NMOBepXHOCTH CKOJIbXKeHMsi ab, paBHoro O
M 3aBUCALIEr0 OT BepTUKANbHOH Harpyskd Ha CTeHKY. llpu Masnod
HarpysKe yroJ § paBeH HyJIO M CABHT GyJeT IUIOCKHM. B 3ToM Cayuae

186



CONPOTHBJIeHHe CIBHTY GyAeT NPONOPUHOHAILHEIM HATPY3Ke:
Q=Ptigo.

Ilpn Goawineit Harpyaxe Ha CTeHKy yros 8 Oyfier Gosiee Hysst M CABUT
Oyger ray6oknm. ConpOTHBJIeHMe CABHra B 3TOM Cilyuae GyjeT 3aBH-
CeTb He TOJBKO OT Harpysku (pasmepa M Beca CTeHKH), HO TakxKe
M OT Beca rpyHTa B o0beMe 00eMX IIpH3M, CABUIraeMbIX B OCHOBAHMH
CTEHKH.

TaxkuM 06pa3oM 3afaua CBOAUTCH K HAXOMKAEHUIO yrJia §, npH KOTO-
pOM TrOpH30HTaJIbHas cuia @ AJs YCJIOBHH NpefeJbHOrO paBHOBeCHS
OCHOBaHMsl COOpy:eHHs Gymer HauboJbrlell. ¥Yroa O sBasieTcs mnepe-
MEeHHEIM H MOJIOXKeHUEe TOUKH NepesoMa b y JHMHHH CKOJbKeHUS OypmeT
Bblllle, yeM B peleHHH (212).

Cuna, Koropyio HeoOXOZHMO NpPUJIOKMTb K mpudme abc, npu § > 0
A5 ee cMewenns, ofo3Havaercs uepe3 £ U 115 cABUra npusmsl cbd
yepe3 E, . Ilpu atoMm cuna E npelcraB/sgeT CONpOTHBIEHHE CIBHTY [IpH3-
MH abc nop jeficTBueM cuJbl (), a He akTHBHOe AaBJeHHe rpyHTa Ha
MHUMYIO cTeHKy cb. Cuna Q paBHa (E+E)).

BennuuHa cuabl E, TpelcTaB/sieT MacCHBHOe AaBJeHHe TpYHTA HA
MHHMYIO cTeHKY. [lpu rayGuHe 3a/soXKeHHS COOpY:eHHS, paBHOH Z,
ona Gyner paBHa (200):

Ep=y 280 g (45°+-5) +tvtgs tgr (45°+3- ).

BesnnunHa cusel E onpefensiercs: 6oJee c1okHO. Pacemorpum yeio-
BHS NpeleIbHOTO paBHOBecHd mpuaMbl abe. Ha aty npuamy neficTByioT
C/IeAYIONHe CHJIBL

a) BeC TPU3MBL I'PYHTA abC ¢ MpUJOKeHHOH K Hefl paBHOMEpHO pac-
npeneseHHOH Harpy3ko#i p, o6o3HaueHHoli Ha puc. 106 uepes G;

6) peakuusi R OT HellOABHKHOH 4aCTH MacCHBA IpyHTa, HanpageJeH-
Hast 0L yIVIOM ¢ K HOPMaJaH IJIs MJIOCKOCTH ab. ¥YTrosl MeXIy CuiaMu
G u R Gypmer pasen (9p—9);

B) peakius E, or npusMH cbd, HanpapJennas ropH30OHTa/bHO;

r) ropumaoHTradbHas cuaa Q=gq.b, npuiaoKeHHas K CODPYKEHHIO
H nepejamoiasics uepe3 TPeHHe MO [OJOIIBE COOPYZKEHHS Ha ero OCHO-
BaHHe WJIH Ha npusMy abc.

Yenoeus npeesbHOTO paBHOBeCHS AJIS NPH3MBL abc HAXOQUM N3
TpeyrodbHuKa cua (puc. 106), rne Benmnunna Tperbeli CTOPOHH paBHA
pasuocty Qq—ZE,=E. 3 31010 Tpeyro/ibHHKa OnpeXe/HM BeJIHYUHY E,
KoTopas OyleT paBHa:

E=Gtg (p—9).
Bec npusMel abc ¢ Harpy3kofi OT COOpy*KeHMS PaBeH:
b-btgd

G=pb+—5—y
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Torza BeIpaxkeHMe /st CuJbl £ GyneT CJenyiomum:
1
E=(pb+5vb'igd )te(p—8)=
— 1 2 tgp—igd
—(pb+7yb tga)————“‘_tg@tgé : (215)
Eciu 8<C@, To £>0. B 3ToM cayyae CONpPOTHBJIEHHE CABUTY MPH3MBI
abc ysenqnuuBaeT ofuiee CONPOTHBJEHHE CABHTY OCHOBAHHS CTEHKH.

Cymma cun E+4L, pns yoaoBuil npenesbHOTO paBHOBeCHS OCHOBA-
HMS JOJIKHA paBHAThCS cuie Q:

N 1 tg p—tgd
Q—(PbJerbztgé) 1+tgcptg6 +
1
+<§yb2tg26~{-ytbtg6>tg (45°+%)§ (216)

M3 nosyueHHOTO BHIpaxKeHHs (216) MOKHO ONpeNesIUTh TAKYIO BeJsH-
YMHY yria 0, npH KOTOpoH 3HaueHHe CABUralouiell CHJIbLI CTaHeT HAHGOb-
LIMM.

[as ynpoueHHs pacueToB BBOAATCS CJ/epyioliMe 06G03HAuYeHHMs

tgd=2 tgo=f, tg2<45°+—c2p—>=|3.

[Mocne npeoGpasoBaHuii BelpaweHust (216) u yuuThiBasi, 4TO BECh
pacueT OTHeCeH K 1 cM OJUHBL CTEHKH H I.IIPIpPIHEl CTeéHKU JaHa TaKiKe
B CAHTHUMETPaX, NOJYYMM CJenylomiee:

1

b
Q=~§~m(Az3+Bzz+Cz+D), (217)

rae Muoxutesu A, B, C u D umetor pasmepHocts s/ /cm?, siBasIOTCS
IOCTOSIHHLIMHA M PABHBLIMH:

A=vyBbf; B=0by(B—1)+2vytfB; C=byf—2p-+2vtp; D=2/p.

Jns HaxoxpeHust mMakcumyMa ¢yHkuud Q Oepercss npou3BopHas
oT BHIpaxkeHus (217) no z. [lpupaBHsB ee HyJIO, MONYUHM CJEAYIOLIEE
KyOHueCKoe ypaBHeHHe:

2Blurtuvitw=0, (218)

Iie MHOXKHTENH 4, U M W ABJAAIOTCA Ge3apa3MepHBIMH Ko3(pHIMEHTaMK
U PaBHBIMHU:

_ =1, ¢ _B—1 _bvf—=2p (147 | ¢
= Ty v=g bap o= P g
HeficTBuTeNbHBI KOpeHb KyGHuecKoro ypaBHeHus (218) MoxHO
HaliTu noaGopOM M ONpene/HTh HCKOMoe 2. 3Hasi LIMPHHY COOPYMKEeHHS,
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HaxoxAt no ¢opmyJie (217) HanGosbllee 3SHAUCHHE TOPH3OHTANLHOM CHIIHE
Qnps AN 33JJaHHOH BEPTHKANBLHOH HArpysku Ha rpydT. Ecau ropu-
30HTaJIbHasi CHJIa PEACTABJIAET JaBJeHUe BOAH, TO Mpexe/bHBIH HANOD
BOAbl Ha I'MAPOTEXHMUYECKOE COOpYMXKeHHe Onpepessercs no (opMyde:

H - 2an %
Ae

3HAaueHHsl NpenenbHOH TOpUSOHTATbHOH CHabl Q,, AIS pasHbIX
BEPTHKANBHLIX HArpy30K P OT COOpyeHHl, AJs MpefesbHOTO PaBHO-
BeCHS] OCHOBaHHs, AaHEl Ha puc. 1056.

Ananoruunble pelleHusi MOTYT OBITH MOJYYeHbl ¢ yYeTOM clLelJIeHU st
B IpyHTe, a TaKXEe TPeHUs N0 BepTHUKAaJLHOM paspenbHOH I/10CKOCTH
M (QUILTPAIlMOHHOrO JABJEHMSI B OCHOBAaHMHM COOpYXKEHHS.

Pacuer npepe/nbHO# Harpysku Ha OCHOBaHMe, B Caydae KOraa yroa §
GoJsee HyJs1, o Gopmyde (217), N0 CpaBHEHUIO C 3KCIepUMEHTANBHBIMH
N4HHBIMH, JiaeT 3aHHMKeHHble peayJsTaTe. [losToMy peficTBuTeNbHEL
KOS(PUIMEHT YCTOHUMBOCTH OCHOBAHMSI COOpYXeHus OyneT OoJblile,
uyeM mnoJdydeHHul no dopmyaam (180) uau (181).

Ecan e yros § paBeH HYJIIO U BO3MOXHAS IJIOCKOCTb CKOJIBKEHMS
COBMAanaeT C MOJOIIBOH COOpYy)KeHHs, TO COOTBeTCTBUE pacuyera aeil-
CTBHTE/IBHOCTH 3&BHCHT TOJBKO OT NPABHJAbHOCTH MapaMeTPOB COIMpO-
THBJCHUS] TPYHTa CABHIY.

M3 uncna MeTonoB pacuera ycTOHUMBOCTH OCHOBAHHS N0 THIOTE3e
IVIOCKKX [OBEpXHOCTell CKOJBKEHHMS XOpOLIO OTBeyaroT eficTBHTENDL-
HOCTH pacyeT aKTUBHOTO JaBJIEHHMsl I'DYHTa Ha CTEHKy M pacueT ycTOH-
YHUBOCTH COOPYKEHHS MpPH IVIOCKOM CJBUre, KOTJA cMeleHde BO3MOXHO
TOJLKO B ero nogouise. [1pyu 5ToM BaxKHO OTMETHTDH CymieCTBEHHYIO POJIb
MpaBHJIBHOTO BHIOOpa nNapaMeTpOB CONPOTHBJEHHS TPyHTa CABHIY,
CBfI3aHHOIO ¢ NpaBHJILHBIM yueTOM HHXKEHePHO-Ie0/IOrH4ecKo U ruppo-
reoJIOTHUECKOH OOGCTaHOBKH COOpYyXKeHHsl. PacueTn! ke naccHMBHOro
JlaBJeHHsl IpyHTa H Ko3pUIMeHTa YCTOHUMBOCTM OCHOBaHHS, KOrja
§ > 0, HocAT Gonee MpUONHKEHHBIA Xapakrep.

Ynpaxuenne Ne 18, Onpepesurs HauGoAbIWIKMA NOANOP BOABL, KOTO-
pblii MOXKeT BHILepKATb GeTOHHAsI IVIOTHHA, M3 YCJAOBHH MpenesbHOr0
paBHOBecHs ee OcHoBaHusfl. IlnoTuHa uMeeT mupHuy nogomssl 10 a.
OcnoBaHue NVIOTHHEL CJI0KEHO NMecKOM. B HHMHeM Gpede ray6uHA BOAH
paBHa HYJIO U YpPOBeHb IPYHTOBLIX BOJ COBHAjfiaeT C MOBEPXHOCTHIO
rpynta. OGbeMHbIi Bec Mecka € yuyeTOM €ro B3BellIMBAHHMS paBeH
1,0 m/#®. KosthduiueHT Tpenus necka paBen 0,60, a cuemnJeHue oTCyT-
CTBYeT.

3arsay6sneRMeM IWIOTHHBL H (PUJBTPALMOHHLIM JaBJIEHHEM Ha IpYHT
B OCHOBAaHMM IUIOTHHBI npeHeOperator. Pacder npouseectu pisi AByX
BapHaHTOB [IOTUHbL:

a) AaBJeHHe Ha I'PYHT M0 NOACLIBE MJIOTHHH, € yueTOM B3BellluBaHUSA
paBHOMepHO pacrnpefeJeHHOe U paBHO 2 k! /cm?,

6) 1o xe, HO paBHO 4 kI /cm?,
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43. TunoTe3a KPYrJAOUHJHHAPHYECKOH MOBEPXHOCTU CKOJbKEHUS

3agaua 0 npefeslbHOM PABHOBECHH MPHU3MBI I'PYHTA, OrpaHUUYEHHOM
KPYTVIOIH/IHHPUUECKOH MOBEpXHOCTEIO CKOJILKEHUS M HeCylieH BHeII-
HICIO HarpysKy, He HMeeT OOGIEro CTPOroro pelleHHS.

Opnaxo pacyeT yCTOHUMBOCTH OCHOBAHHH COOPYKeHHH [O rHNOTe3e
KPYTVIOLWIHHAPHUCCKOH NOBEPXHOCTH CKOJIBAKEHHS LIMPOKO HCIOJIb-
3yeTcs B IIPAKTHKe CTPOHTEJECTBA, TAK KAK B GOJIBUINHCTRE CyyadeB OH
Y/IOBJIETBOPHTEJNLHO COoIvIacyeTcss ¢ J1aG0PAaTOPHBIMH 3KCIepHMeHTaMH,
a8 TAKXe HATYPHHIMH HaCnKOJeHHSIMH.

HauGosee pacnpocTpaHeHHBIM METOIOM PaCUeTa [0 rHIoTe3e KPyIvio-
LMJIHHIPHYeCKHX MOBepXHOCTell ABsseTcs MeToA Tepuaru, paspaGoraH-
HuI U1 pacyeTa yCTOHUHBOCTH OTKOCOB H CKJIOHOB, a TaKkKe Haleperx-
HeIX. OH pacnpocTpaHeH BCJ/eJCTBHE €ro INPOCTOTBl H HATVIJHOCTH,
a TakXKe MOTOMY, YTO JaeT BO3MOXKHOCTb yuYecTb HeOJHOPOAHOCTH Mac-
CHBA IPYHTA, /00ble BHeIIHHe H (UILTPALMOHHBIE HATPY3KH U J00ble
reQJIOTAUECKHE YCJIOBHSA, HECMOTPS Ha TO, YTO OH IPeJCTaB/AAET YCJIOB-
HBi pacueTHBIH NpHeM.

IunoTesa xpyT/IONUIHEAPHUECKOH NOBEPXHOCTH CKOMIBXEHHS B I1J10C-
Koil 3amade /11 OJHOPOAHOrO OCHOBAHHS Obla HCMOJNL3OBAHA A/
pacueTa yCTOHYHBOCTH (PYHNAMEHTOB MPOMBIIJIEHHBIX H KHJBIX 34a-
Huii — B Metoze ['opGyHoBa-Tlocanora (TopGynos-Ilocagos M. H., 1951)
H [PU pacueTe YCTOHUHUBOCTH IHIPOTeXHHUECKHX COOpPYKeHHH ¢ npH-
JIOXKEeHHBIM TOPH30HTA/IbHEIM JaBJeHHeM BOAb B MeToze ['puiinna
(Tpummn, 1936), rae GbLINM COGMOEHBI BCe TPH YCJOBHS PABHOBECHS.

B Tpex yKasaHHHX MeTojaX NPHHHUMAIOT, YTO NpU3Ma IpyHTa cMe-
IIAETCSl B OKAMEHEJIOM COETOSIHHH H TpeGyeTcs ONpeleHTh MONOKEHUE
IeHTpa BpalieHUs U pajuyc AJaf AyrH oOpylleHHs, no KOTOPOH mnpH
HapylleHMd PAaBHOBeCHfl CJBHHETCH 4YacTb MAcCHBA TPYHTa BMecTe
¢ coopyxeHueM. Bo BTOpoM M TpeTbeM MeTOAaX, KPOMe TOIG, MPHHH-
MalOT, 4TO Ayra, [0 KOTOPOH MPOHCXOIHUT CKOJIBXKEeHHe, IPOXOIHUT Yepes
Kpail (yHnameHTa.

A.YecTolYMBOCTL OTKOCOB H CKJOHOB. B Merone

Tepuaru Heo6xoAMMO HANTH H3 BO3MOMXKHBIX Jyr o0pylleHHs Takylo,
Kotopass OTjesseT OT MaccHBa TIPyHTa, NPUMHIKAOIEro K OTKOCY,
00beM, OrpaHHYeHHbIH KPYIVIONH/IHHADHYECKOH NOBEPXHOCTHIO U HMelo-
7 HAUMEHBLIYIO YeTOHUHBOCTh. KoathpHuHeHT yeToHUHBOCTH B MeTOAE
Tepuaru paccuuTthiBaOT N0 opmy.e:

tg g
K@) =1t (219)
rae 0 — yroJ, XapakTepH3yIOUHil CONPOTHBJEHHE CIABUTY TUNOTETH-
YECKOro I'PyHTa, IPH KOTOPOM BHIeJIeHHbIH 00beM HaXOAUTCS B pefieb-
HOM paBHOBecHH. Eciu =g, To OTKOC HaxOJMTCH B Npesie/IbHOM PaBHO-
BecuM. TakuM o0pa3oM pellfeHHe 3ajaud CBOAMTCH K MOHCKaM AYra
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OOpyllleHHsi ¢ HaUMeHbLUNM 3HaueHMeM KoshdunueHnta ycrofiuuBo-
ctu K (¢).

st 3T0T0 BHAEMAIOT B YCJIOBHAX IJIOCKOH 3afauH 1yrofi npONW3BoJb-
HOTO pajfuyca R ¢ NPOM3BOJILHEIM LEHTPOM BpauleHusi O 4acTh MaccHBa
TPYHTa BMeCTe C COOPYXeHMeM. DTa 4YacTb MacCUBA TIpyHTa [pej-
CTaB/seT NPHU3My, AJIMHA KOTOpOH B HANpPaBJeHHU [OTIEPeK depTerxa
paBHa eAunuue AJubpl (puc. 107). Bogenenunii  o6bem rpyHra
pa3buBalOT B IJIOCKOCTH YepTexka Ha OTACJbHbIE 3JEMEHTHI — BEpTH-

0

b

\
A
leg
‘f\\

Puc. 107. PacuerHasi cXeMa RISl onpelefeHHs
ycrofiunoct oTkoca no K. Tepuaru

KaJIbHble MOJIOCKH PAaBHOH IIMPUHBI H PAcCMATPUBAIOT YCJIOBUS PaBHO-
BeCUsl KaxK/JOH [MOJIOCKH.

Ecsin Ha NOBePXHOCTH OTKOCA UMEETCS BHENIHAS Harpyska, a Takke
€CJIM TPYHTH B BbifieIeHHOM o0beMe HMeIOT Pas3J/iM4Hble 00beMHLe Beca,
TO IMpUBEAEHHAS BHICOTA [MOJOCKH NpHHUMAaeTcs Takoll, 4To6bl OHa
HMeJsa ellMHBIE 0OBbeMHLIi BeC rpyHTa M MMesa Owl oOwUl Bec, paBHLI
JeflCTBUTENBHOMY BECY IpYHTa B NOJIOCKE, CJOXKEHHOMY C MpHUXOAsmel-
cfl Ha NOJIOCKY BHelllHe#d Harpyskoii. PacueTHasi cXema mpuBeleHa Ha
puc. 107.

Ha kamxnywo nosocky jeHcTBYIOT co0CTBeHHBIH Bec TpyHTa G, peak-
s HeNOABMKHOM YaCTH MacCHBa rpyHTa H HaKJOHHBIE CUJB B3aHMO-
JeficTBUSL ¢ cocegHuMH nosockamu L, u E,. TlostoMy BepTHKasbHasi
COCTABJISIOIIAS PEAKI U, NPUI0XKeHHOH K fyre o6pylleHUs B OCHOBAHHH
37eMeHTa, B o0meM ciydae He paBHa Becy 3JeMmeHTa. OfHaKo, He 3Has
pacnpefe/eHHs] HalpsKeHUH no G0KOBOH MOBeDXHOCTH pasjena Kaxk-
A0 MOJNOCKHU, MPUHUMAIOT, 4T0 CUJIHL £, 1 E,, felicTBYIONIHE 10 GOKOBLIM
rpaHsiM, MOXKHO paccMaTpHBaTh, KaK BHYTpPeHHHe, B3aMMHO YpaBHO-
BEIIUBAOIINE CUJIBI, KOTODble He ompeleasior obuell ycToiYHBOCTH
BLIACJeHHOf 4acTH MaccuBa rpyHra. IlosToMy peakuust HenopBHMKHOM
4acTH MacCHBa TpyHTa B IIpelefax KaxJioro sJeMeHTa HanpablieHa
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BEPTHKAJBbHO, PaBHA BeCy BEPTHKAJIbHOI'O 3JEMeHTa H IIPHJOMKeHA
B OCHOBAHHH Ka)KJOTO 3JIeMeHTa.

Pasjio:kHM peakiHio OCHOBaHHS, NMPHXOAANLYIOCA Ha KaX/bli BepTH-
KaJIbHEIH 3J1eMeHT, Ha COCTaBJSIONIHE HOpMAaJbHYI0 N H KacaTejbHYIO
T K KpyTOBOI NOBEPXHOCTH, YUYHTHIBAS, UTO JHHHA JeHCTBHS HOpMaJlb-
HOM CHJB! OJIKHA NMPOHTH uepes 1eHTp O:

N,=G,cosa, (220)
T,=G;sina, (221)

rae N, — HOpMasbHAad COCTABJAIONIAS Beca BBIJQJIEHHOTO BepTHKAJb-
HOTO 3JIEMEHTa;
T, — KacaTesibHasi COCTaBJISIOIAs Beca TOIO JKe 3JIeMEHTa;
0, — yroJI MeX1y BeDTHKaJIbIO H HallpaBJIeHHeM Np sMOH, COeHHs-
fouied nenTp Bpauienua O ¢ TOUKoH NepeceueHHd JHHHH Jel-
CTBHMSl PEAaKIHH H LyrH oOpyIIeHHA.

CnpaBa ot BepTHKasH, npoxojsmel uepes Touky O, xacaTeJibHble
CHJIBL TIPHHHMAIOTCH IOJIOKHTENbHBIMH, a CjeBa — OTpHIATEJbHBIMH.
[TonoxuTesIbHBIE KacaTejbHBEIE CHJBI OyAyT CTPEMHTBCST CHBHHYTH
3JIeMEeHT 1o KpuBOH oOpyuleHHs cnpaBa HaJjeso (puc. 107). Ecum
y TPyHTa ClellJIeH’e PaBHO HYJIO, TO AeHCTBHIO KacaTeJbHBIX CHJI OyieT
COUPOTHBJATLCS CHJIA TPEHH MO fyre oOpyIIeHNs, paBHAasi HOPMaJbHOH
CH/Ie, YMHOYKeHHOH Ha koa(¢dulmeHT Tpehus tgo:

T,=N, tgd =G, cosa, tgé. (222)

Ec1u B rpyHTe HMeeTcq clenJieHue, TO JeHCTBHIO KacaTeabHBIX CHJI
6yaeT AONOJHHTEJIbHO CONPOTHBIATBCS CHJIA CLEIJIEHHSI TI0 OCHOBAHHIO
KaKJI0TO 3JIeMeHTa.

YcJioBHe TNpefeJbHOTO PAaBHOBECHS [ BCeH cjBHraeMod uyacTH
MaccHBa TpyHTa NMPHHMMAIOT B BHJE PaBEHCTBA HY/I0 MOMEHTOB BCeX
AeACTBYIOIIMX CHJI AJs HAMEUEHHOTO MEeHTpa BpaUieHU:

IM=RZG;sina,—-R1tgd 2 G, cosa, —ReL =0,

rie R — pajguyc BpameHHsi AyrTH OGpYyIIeHHS,;
(, — Beca OTJEJNbHBIX BePTHKAJ/bHBIX 3JIEMEHTOB;

L — pmuna Beeft pyru obpyiueHus;
tg 6 — Ko3(hDHUMEHT TpeHHS THIOTETHYECKOTO TPYHTA;

¢ — CIeNJIeHHe TpyHTA, CJaraiomero OTKoc.

KosdpuiuenT TpenHs rHNOTeTHUECKOTO I'PYHTA, NPH KOTOPOM BbIJe-
JIeHHbIA O6LEM TpYHTa HaXONHTCS B NpEJeJIbHOM PaBHOBeCHH, OyJeT
paBeH:

tg 6= 2G,sina, —cL (223)

XG, cos a,

H Koa(pulHeHT ycToHuuBOCTH OyIeT paBeH:

K ()= tg 92G, cos a, (224)

2G,sina, —clL °
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Ecai MacCHB TPyHTa COCTOMT H3 HECKOJIbKHX CJIOEB C pPasHEIMH
tg ¢y, t€ @,..., TO y IJOILAZIOK B OCHOBAHHH KAXJOrO BepTHKAJbHOTO
3neMenTa OynyT pasube tgo.

Pacuer nayuHaOT ¢ AyrH, MPOBefeHHON yepes HofOLIBY OTKOCa, H3
LIeHTpa BpaileHHs!, PACIOJIOXKEHHOTO HECKOJBKO Bbile GPOBKH OTKOCA
H CMepIeHHOTO HecKOJIbKO B CTOPOHyY oTkoca. JJist KaKiol BblIeseHHOM
3JIEMEHTApPHOH IUIOCKOCTH B MPEAENax MPH3MbI OOPYUIEHHS! OpEeessioT
ee Bec (,. Ecau oTKOC ciioXKeH NEeCKOM, y KOTOPOIo CLeIJieHHEe pPaBHO
HYJIIO, TO IIOCJIE NPHBEJIeHU 1 KaXKI0H 3JeMeHTapHOH IIJIOCKOCTH K eAHHO-
My OOBEMHOMY Becy H CYMMHPOBAHHs ee BHICOTbI C NpHBEIECHHOH BBICO-
TOH [Ji1 pPaBHOMEDHO paclpejle/leHHOH HarpyskH 3a OTKOCOM, IMpH
OIMHAKOBOH [IMPHUHE KaXXJOH MOJIOCKH, MOXHO Bec (, 3aMEeHHTH IOJIy-
YEHHOH cyMMapHOH ee BbicoTod H,. 3aTeM BBIUHCJASIOT AAs KaXKaOH
NOJOCKH CHHYC M KOCHHYC LEHTPa/IbHOIO yrJja MO H3MEpeHHHM Ha
ueprexke (puc. 107) cToponaM NpsAMOyrossHOro Tpeyrosbhuka AOB,
[l CHHyca — IO JJiHHe CTOpoHbl A B, [as1 KOCHHyca — IO JIJHHE
croponsl O B. llocsie 310ro oIpefensioT HOPpMaJsbHEE H KacaTejbHble
cocraBiswomue. C yueToM 3HaxKa NPOH3BOAAT asre6panyecKoe ¢yMMHpo-
BaHHE CJIBUTAIONIMX H YAEpPIKHBAIOLIMX CHJ H OIPENEeAIOT HCKOMBIH
Ko3(hhHIHeHT YCTORYHBOCTH J/I1a JAHHOH nyru OOpyIIeHHS IO CJenyro-
mel Qopme.

Ne aJne-
mentapumx | G, wan H, sin a cos a +Gsina Gceos a
TIOIOCOK

[oBTOpsAst TpHBepeHHBIH pacueT Kos(xbHuHeHTa ycToHuMBOCTH AJid
pasHbIX [IEHTPOB BpALIEHHS, NMepeMellaioT Noc/efHHe BHAYase IO Bep-
THEaJH H HaXONAT LEHTP C MHHHMAJbHBIM Ko3(h(MHIHEHTOM yCTOHYHBO-
CTH. 3aTeM NepeMellaloT LEeHTphl BpalieHHS Ha BHICOTE 3TOTO NEHTpa
10 FOPH30HTAJH, HAXOLAT AYyTy oOpylleHHns, NPOXOAALIYI Yepes MOJO-
By OTKOCa M HMEIONYI0 MHHHMAJbHbIH KO(DHIMEHT yCTOHYHBOCTH.
Tloce 3TOTO, COXpaHAs [EHTP BpalUeHHs, MEHAT JJHHY pajHyca,
npoBoAs AyTy OOpyIIeHHs 3a MOJOMIBOR OTKOCA H BBIYHC/AT KO-
(unHenTH yCTORYHBOCTH /IS PasHbIX PafiHyCoB AYT OOpYIUEHHS H HAXO-
AAT [J1s JAHHOTO [EHTpa AyTy ¢ MHHHMaJjbHOH ycTolumBoctbio. Hako-
Hell, IPOUSBOAAT KOHTPOJIbHOE BHIUMCJ/IEHHE /ISl JIOOOro HOBOTO LeHTpa,
rae [0J/uKeH MOJyuHTbes Ooabui KoXDOHUHEHT yCTOAYHBOCTH.

B MeTome HMeeTcs pSI INPOTHBOpEYHH: YCJIOBHE MpefesbHOTO
paBHOBecHsI, XapaKTepH3yeMoe B TOUKAaX Ha Jyre CKOJbKEHHs YIJIOM
OTKJ/IOHEHHS PABHOM YIJIy @, He BBIUIOJHEHO HH JJIs TOJIOCOK, HH JJIsl
Bcefl ¢/IBUraeMOd yacTH MaccHBa TPYHTA; PABEHCTBO KacaTesJbHEIX CHJI
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H COTNpPOTHBJ/IEHHSA TPEHH S, BHITEKAIOMEE H3 YCJIOBHS NMPEIeJbHOTO PAaBHO-
BecHsl, y Kax/10ro saeMenTacorsacho (220) u (221) G; sin a; = G; cos ;tg @
NPHBOJUT K PABEHCTBY €; =@, TOT/i@ KaK yroJ ¢ AJs AaHHOrO TPyHTa
ABJSETCA BeJHUHHOH INOCTOSHHOH, a Yroa ¢;, NMPejcTaBJMIOMHA yros
OTKJIOHEHHS MOJIHOTO HaNpsiXKeHHs OT HOPMAJIH K IJIOWA/(Ke, H3MEHSeT-
csl OT NOJIOCKH K IOJIOCKE; TPH YCJIOBHsS PABHOBecHA JyiAd ILIOCKOH

safjaud 2Z=0; XY =0, ZM=0,

gL He coOJiofieHbl COBMECTHO, TaK Kak
NPOEKIHST BCEX CHJ HA BEPTHKAJbL-

0 4 R Hyi0 OCb He paBHa HYJ/IO; Hampas-

5 = JIEHHE y KacaTeJbHLIX COCTaBJIAI-

t} = IHX CJEBA OT BEPTHKAJH, NMPOXoad-

o med uyepes LIEHTp BpalieHHd, COBMA-
JlaeT C HanpapJeHHEM CONPOTHBJE-
HHS1 TPEHHS.
s Y“qmbmaﬂ, uTo MpH  pacuere
G YCTOMUMBOCTH COOPY2KEHHH BaXXHO
CUHTATHCA ¢ (PH3HUECKOH CYLHOCTBIO

Puc. 108. Pacuetnast cxema ans SIBJICHHS, CJeAyeT OTMETHTH, HTO
ompefieNenus ycToiuuBocTy ocuosa- B (opMyJse  (224)  cOmMpOTHBJ/IEHHE
H¥sl DY BEPTHKAJbHOH HATpy3Ke Ha FpyHTa CABHTY, pa3fel€HHOE HA Tpe-
HrO MO PUTOTESe KDYMMOUKIMHIDE.  yyo ¥ creMIeHHe, MOTAJAeT H B UH-
1eCKOH TMOBEPXHOCTH CKOJIbKEHHUs

C/AUTENb H B 3HaMeHaTenb. Ilo cMEI-

CJy YAEpKUBAOIWIKHX CHJI, 00e 4acTH
CONPOTHBJIEHHS TPYHTA CABHTY XKeJsaTeIbHO HUMeTb B uHc/uTese. 1103-
TOMy pAaclpOCTPAHEHO BbipaKeHHe AIA KOI(phHIHEHTa YCTOHUHBOCTH
OTKOCA B BHJI€ OTHOIICHHMS MOMeHTAa CHJ YAEpKHBAOMIHX K MOMEHTY
CHJI cABHraioliux:

K (M)=. tg ZG; cos a;-FelL ) (225)

EGi sin a;
HpHBeﬂ,eHHbII:I MeTOA, NDUMEHAIOT AJid pacuera ycTOﬁ'—IHBOCTH OTKO-
COB H Ha6epe}KHbIX. ﬂﬂﬂ OAHOPOJHOrO MacCHBa prHTa MHOTHMH

aBTOpaMH pa3paboTaHbl yIPOIIAIONIHe pacyer IMPHeMbl, BCIOMOTATeNb-
Hble TabauLIsl H rpaQHKH, YCKOpSIOULINE pacyer.

B.YcrohiunBoeTr OCHOBAaHHH CoopyXkeHHH

B mertone 'op6ynosa-TlocazoBa, ¢ ucrnosnb3oBandeM rumoresbl KpyrJio-
IMJHHAPHYECKOH MOBEPXHOCTH CKOJIbXKEHHS BeJHUYHHY Npefe/bHOM’
HarpysKkH Ha TPYHT ONpEJeNOT AHATHTHYECKH, 3a/aBasch KOHpULH-
eHTOM YCTOHUHBOCTH, DABHbIM eJHHHILE.

B pacuernoii cxeme NPUHMMAIOT, YTO HA TBepAylO MPHU3MY CKOIbHKe-
Husl (puc. 108) neficTBYIOT CHJIBI: cOGCTBEHHBIH Bec TpyHTa B ofbeMe
npuaMbl G; Harpyska Ha pyHaaMeHT P, sarsyGJeHHOro Ha BeJHUHHY f;
peakTHBHAs cHJa S CO CTOPDOHBI HEMOABMXKHON YacTH MaccHBA IpyHTa,
NpHUJOKEHHAS B TOUKe HA Ayre oOpPyIIEHHsI, KOTOPAs cOCTABJISET C HOD-
MaJsIblo K Jyre, AJIsl YeJOBHE Npefle/lbHOTO PaBHOBecHsl, yrol . Bek-
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TOPBL 3THX CHJI Mapa/lIe/bHEL. Jas yenosu#i paBHOBecHs1 cyMMa Npoex-
IHA BceX AeHCTBYIOIMX CHJ HA BePTHKAJBHYIO H TOPH3OHTANbLHYIO
OCH paBHa Hymo. J{J11 MOMEHTa BCEX CHJI OTHOCHTeNILHO IleHTpa Bpa-
meHds (), paBHOTO HYJIO, MOJYYHM:

Pl=(P+ G)Rsina,
rie

G =Y (p—sinp),

[=R l/ 1 —(ws%+%>2~~;.

Hasa yenoBull npefeabHOro paBHOBECHS o=, NpelejbHasg Harpys-
Ka Ha ¢yHgaMeHT OyjeT paBHa:

_ GRsing
Prp= T Reing - (226)

Hns peutenus 3agaud no ¢opMyde (226) HeoOXOZHMO NONYYHTH
3HaYeHHe pajuyca HCKOMOH Iyrd R H COOTBeTCTBYIOUIHH efl meHTpaJb-
HBIH yrou B, HIH pasMepbl MPHAMBl CKOJILXKeHHS, A1 MHHAMasbHOTO P.
Hckomoe periieHHe MOKHO MOTyYHTb NMpHOMH:KeHHO. {14 yckoperus
NPHOIHKEHHBIX pACyeTOB COCTABJIeHB! TabJHIH, MNO3BOJSIONHE JJIs
LIEHTPAJbHO MPHJIOKEHHOH BepTHKaNbHOH HAarpyskd Ha (yHIaMeHT
H NeCYaHoro OJHOPOJHOTO IPyHTAa MNOJYUHTb BEJHUHHY INpefeJbHOR
HarpysKH Ha pyHT oT (pyHAaMeHTa Ho (opMyJe:

Prp =AY, (227)

rie y — oObeMHbIH Bec TpyHTa, m/m?,
b — mupHHA NomouIBH (pyHIAMEHTa, M,
A — GespaaMepubiil Koa(uiueHT, ompemensieMulfi no Ttaba. 39.
B T1aba. 39 npuBesenn! 3HaueHus Koagpuuumenta A 1as pasHofi

, 4
OTHOCHTEIbHOH TV1yOHHDI 3a/10:KeHU ST PYHIaMeHTa — U Pas/uHBIX Ko3-
(HUHEHTOB TpeHHA TpyHTa tgo.

TaGanna 39
¢
b 0,00 0,25 0,50 1,0 1,5 2,0
tg @

0,37 2 3 4 5 8 12
0,47 5 6 8 11 15 21
0,58 9 11 13 19 25 34
0,70 18 21 25 33 41 55
0,84 33 39 45 57 72 95
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¢
TpeGyemble i/19 BLIUCPYHBAHU A LYTH CKOJbKEHHS MPH + <1, papuyc

UCKOMOH 1yrH, paBHbifi (pHc. 108) R=B - b uoppunary z, paBuyw 2=C»,
HaxomAT N0 3HaYeHHaM Kos(pbHIHeHToB B 1 C, npuBefeHHbIM B Tabi. 40.
OtpunarejbHble OpAMHATHl OTKJAABIBAIOT KHH3y OT MOBEePXHOCTH
aeM/d. Jlyry ofpylIeHHs NpOBOAAT uepe3 kpail PyHAaMeHTa.
Has mpumepa, pemieHHoro B Ta6a. 38, MPH OTHOCHTEIBHOH TIJy-

OuHe 3a/I0KeHu T PyHAAMEeHTa LA . 0,25, xoadppunuent A ua Taba. 39

b8
Tabauma 40
B C
tg @

4
b 0,37 0,58 0,84 0,37 0,58 0,84
0,0 1,3 1,7 2,2 1,0 0,9 0,8
0,5 1,3 1,7 2,3 —0,2 —0,2 -0,2
1,0 1,5 1,9 2,6 -0,5 —0,5 -0,5
1,5 1,8 2,2 2,9 -0,7 -0,7 —0,7
2,0 2,1 2,5 3,2 -1,0 -1,0 -1,0

pasen 12,6. CoorBeTcTBYyIOMAs Npefie/ibHast Harpy3ka Ha FpyHT Gyner
paBHa (227).

Pnp=12,6-8-1.0,1=10,2 I /cu?

H 4YacTHBIA KO(HIHEHT yCTOHYHBOCTH OCHOBAaHHSA AJs NPHHATOMH
B IIPOEKTE cpefHedl HATPY3KH HA IPyHT, 3a BHIUETOM Beca IPYHTa JJs
JaHnol riyGHHH 3ajjoxKeHHs, paBHol 2,1 kl'/cm?®, Gyger:

K(Py="22=48,

Paawep npusmbl Bhimopa ompepennTcs  pagmycoM  ofpymienns,
paBueM R=1,7 X 8=13,6 » u oppunaroift — z=0,1 x 8=0,8" u, nag
MOBEPXHOCTBIO 3€MJIH.

B merose I'puminna Bee cuitbl, NefcTBYIONME HA HANIOPHOE THIPOTEX-
HHYEeCKO® COOPYIKeHHe, HANpUMED MJIOTHHY, NPHBORATCS K ABYM CHJaM
(puc. 109): BepturaibHoil P u ropusontanbuoil Q. B pacueTHolt cxeme
NPUHHUMAIOT, YTO IUIOTHHA BMECTE C IPYHTOM OCHOBAaHHS CKOJB3HT L0
AyT€ OKPYXKHOCTH, IPOBEJICHHOH H3 IIPOH3BOJILHOIO IIEHTPa Bpamenus O,
yepes Kpaii pyHnamenta A paguycom R. IlonoBuna uentpaibhoro yria
o0o3HayaeTca yepes d.

Cuny P nepeHOCAT IO .JTHHHY e feficTBUS 0 MepecedeHns ¢ yroi
CKOMbXEHHsl H PacK1afblBaloT Ha COCTABJSIOUIHE:

Ny=PcosP u T,=Psinp.
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Cuiy Q mepenocAT 1O JIHHUH e AeHCTBH S B TOUKY B H pacK/iajbIBaloT
Ha CJefylomye CocTaBJ/IAIONIHe:

Ny=Qsina u T,=Qcosa.
Bce mpusMeI cKoJIb3sed IpH3Mb! IpyHTa G OmNpesensioT no Qop-
My.Jie:
G=vy(a—sinacosa)R%

Cusnbl Tpenust B TPyHTe, AelCTByIOmHe MO KacaTelbHOH K Jyre
oOpyIleHns, ecad KodpHIHeHT TpenHs, paBeH tg@, COOTBETCTBEHHO

= = ey

Puc. 109. Pacyernan cxeMa st onpefelieHus ycTolt-
YHBOCTH OCHOBAHHS NPH OJHOBPEMEHHOM JeiiCTBHH
BePTHKANBHOH H FOPH3OHTANLHONH HATPY30K No rumo-
Te3e KPYrIoLuNHHIPHYECKON OBEP XHOCTH CKOJ bXEHHS

OYAYT CJERYIOUIUMH:
S,=PcosPtge;, S,=Qsinotge; S;=GCGtge.

KoaunueHT yeToOAUHBOCTH ONPEfeaioT HCXOAA U3 YCJOBHS Mpe-
JeIbHOTO DAaBHOBeCHs JAeHCTBYIOIUMX CHJI, IPH paBeHCTBe HYJ/IO HX
MOMEHTAa OTHOCHTEJNbHO LeHTpa BpamieHus O

(PsinB+ Qcosa) R—(PcosB+ Qsina--G)Rige=0 (228)

V3 Beipaxenus (228) MOKHO MOJYUHTD NPeASNbHOE 3HAUSHHE OJ(HOTO
U3 (paKTOpOB (B 3aBHCHMOCTH OT APYTHX (aKTOpPOB), MIPH KOTOPOM OCHO-
BaHHE MJOTHHBl OyAeT HMeTb NpefiesbHOe pPaBHOBecHe. LC/H pendTh
ypaBuenHe (228) oTHOCHTEBHO Q M ONpPEAGHTH BeJHUHHY CHJbl Q.
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TO 4acCTHHIH Ko3(ppHUHEHT ycToHuHBOCTH Mo (akTopy Q GyAeT paBen:
_ Qnp _ (PcosB+4-G)tg g—P sinp
K@= g Q (cos a—sin a) ’ (229)

TMoayueHHbId uyacTHBIA KO3h(pHIHEHT yCTOHUHBOCTH IOKA3LIBaeT,
BO CKOJIbKO Pa3 Haj0 yBEJHUHThb 3afaHHyl0 cHa1y Q, 4ToOBl HapyIIHThL
YCTOHYHBOCTE COODYXKEHHA.

UenTp Bpamienus A8 AyrH ¢ MEHHMAJ/BHEIM YaCTHEIM KO(HIHeH-
TOM YCTOHUMBOCTH HAXOAAT MOCTENEHHHM NpHOMMKeHHeM. Brauase
CTPOAT KpUBBIE 3aBHCHMOCTH YaCTHOTO KO3(ppHIHMEHTa YCTOHYMBOCTH
OT Pas/IHUHBIX IEHTPAJbHBIX yIJI0B K=f(a), 3anaBasCh MNOCTOSHHEIM

b
OTHOIIEHHEM r ~=4mu HaxXo[ AT 3HAUYeHHe o A/ Ayrd ¢ MUHUMAJbHBIM

. b
YaCTHBIM KO3(pHIIHEHTOM YCTORUHBOCTH. 3aTeM CTPOAT KPUBEIE K= f(;)

JJ HaHJeHHOTO 3HAuyeHHs G H CHOBA HAXOAAT AYTY € MHHHMAJbHHM
YacTHHM KoadpunuenToM ycrodunBoctd. Havambnoe 3nauenne paguyca
AYyrd NPHHHMAOT paBHBM R~1,0 b.

B CJI03KHBIX M OTBETCTBEHHHX CJYYaaX aHAIH3HPYIOT KOS(DHIHEHTHE
YCTOHYHBOCTH MO BCeM (axTopaM. 3a OKOHYATeJbHBIH KO(D(HUIHEHT
YCTOHYHBOCTH OCHOBaHHMSl NPHHHMAOT Tako#l uaCTHHH KoadpHIHEHT
YCTOHYHBOCTH, KOTOPHIA ONpEfesieH MO HaHMEHee HajeXKHO BBIUHCJIEH-
HoMy dakropy. Ilpu onpenenenun KoaduuHenTa yCTORUMBOCTH OCHOBA-
HHS MeTofioM ['pHIIMHA MOXKHO YUHTHIBATH TaKXKe CLENJEHHE B CBA3HBIX
rpyHTax, feficTBHe (QHU/IBTPAIHOHHOTO fJaBJEHHS H APYTHX CHJ, NpH-
JOXEHHHX K OCHOBAHHIO.

W3 npouspenennux maBopaTopHeIX HecJefoBaHui (X pycTaJes,
1939) MoxHO yCTaHOBHTB, UTO HaHGOJee ONACHBIE NOBEPXHOCTH CKOJIb-
JKeHHd B ORHODOJHOM OCHOBAaHHHM HE HaUHHAIOTCA y BepXHEro kpas
dyHngaMenTa, KaK 5To 6ELI0 IPHHATO B MeTohe I punnHa, a B TOUKe, pac-
MOJIOXKeHHOH GauxKe K ero ueHtpy. llojoxkenne nyru ofpyineHus 33BH-
CHT OT MeCTa NepecedeHHs paBHOAEHCTByIOnieH CHJ ¢ nogomBoi pyHma-
MenTa. Yem Gamxe K Kpaio paBHOEHCTByomas NepeceKaeT NONOLIBY
(dyHnaMenTa, TeM OJIHXKE K 3TOMY KpAaiOo pacHoJOKeHO HauaJo KpHBOH
cKonbKenusi. UeM OoJibille BepTHKaJMbHAst HArpyska Ha (yHAaMeHT,
TeM Tray6:ke OT ero MONOIIBEL PacNoJoyKeHa KpHBad CKOJAbkeHHd. [lpu
MaJIofl Harpyske Ha OCHOBaHHE M MaJIOM 3KCIEHTPHCHTETe paBHOfEH-
CTByIOmiell CBHT TpPOHCXOAHT MO MOfOlIBe (yHAAMEHTA.

Hs usnokennoro BuiHO, YTO METOZ pacueTa NpefiesbHOR HArpysKH
Ha TPYHT oT (yHAaMeHTa IO KPYIVIOIHJAHHAPHYECKOH MOBEPXHOCTH
CKOJIbXKEHHS! JaeT pasfiMunblil  Kos(uuMeHT yCTOAUHBOCTH OCHO-
BaHHA. 37iech TakxKe BaXXHO OTMETHTb, OCOGEHHO JiJ/19 MeToia Tepraru
¥ Merona I'pHuIHHA, CymeCTBeHHOE BJHsSHHE Ha pe3yJbTaThl pacueTa
Ko3h(hHIMeHTa YCTORUHBOCTH OTKOCA HJIH OCHOBAaHHS, NpPaBHJBHOTO
y4era HH¥KeHeDHO-TeOJIOTHUECKOH H THAPOrec/JOTHUeCKOH o6CTaHOBKH
coopy:KeHHs (YCJIOBHH 3a/leranus ¥ MOMHOCTH CJIOEB, HaJIMuHe CJAAGHX
IpoCJoAKOB, OGBOJIHEHHOCTD, BHIXOJ(BI TPYHTOBBIX BOJ M HX HANOPHOCTH
B T. A.) H BeifOpa NapaMeTPOB COMPOTHBJ/IEHHS [PYHTA CABHTY.
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44. Teopus npefeabHOrc panHOBeCHS

B paccmoTpennblx MeTopax pacueTa yCTOHYMBOCTH OCHOBaHHH COOPY-
JKeHHH, KOrja B PacUeTHbIX MOJE/IAX BO3MOXKHAS OBEPXHOCTb CKOJIb-
KeHHs TPyHTa noz (yHAaMeHTOM NMPHHUMAJach ILVIOCKOH HJIH KPYTJIO-
LHJTHHPUUECKOH, IpH3Ma BEIIOpa TPYHTa pacCMaTpUBasach Kak TBEPIOE
TEJIO, CHJLI CONPOTHBJIEHHS CKOJbXKEHHIO B TPYHTe ObLIH IIPHJOKEHB!
Mo MOBEPXHOCTH CKOJIbXKEHHs H TPENebHOE PABHOBECHE pacCMaTpHBa-
Joch JiJIsl BCeHl 3aTBepjeBlleft NPHSMBI TPYHTA B [IEJIOM.

B TeopHH npepeibHOTO paBHOBECHS HCXOUAT H3 Apyrofl pacueTHoH
Mojiesi. Y 3TOH MojesH BO BCeX ToUKax MPH3MBL BELIOpA Y 3a ee Ipe-
JeJlaMH B MacCHBe TPYHTa UMeeT MeCTo COCTOSIHHE TpefebHOro paBHo-
Becud. Takasg Mopenb OT/IHUAETCS OT MOfe/H JHHERHO HehopMUpyeMoH
Cpenbl.

INosToMy 3peck GyaeM Ha3BBaThb, B OTJIHYHE OT MJIOCKOH 3ajauu pac-
npefeJieHHs HaNPsi:KeHH B cpejie TEOPHH yIIPYTOCTH, paBHOBECHE B Mac-
CHBe FPDYHTAa, K MOBEPXHOCTH KOTOPOTo IIpHJIOKEHA [10/10COBas HATPy3Ka,
NJGCKEM pPaBHOBECHEM,

Ecnu B npaMoyroqbHo# cucTeMe KOOpAHHAT OCb 2 HalpaBHTb Bep-
THKAJIbHO KHH3Y, a OCH X H Y PacIONOXKHTb B FOPH30HTAJBHOH MJIOCKO-
CTH, TO TIOBEPXHOCTH CKOJbXKEHHS B MAacCHBE 'PyHTa, IIPH €ro IJIOCKOM
npefesbHOM DABHOBECHH, OyAyT IMJIMHAPHYCCKHMH, ¢ o6pasymomyMH
NapayIeJbHBIME OcH x. JIHHHH TlepeceueHHs 3THX MOBEPXHOCTEH CKOJIb-
HKEHHA € IUIOCKOCTBI0 Y2 OYAYT JHHHH CKOJbKEHHS.

B TeopuH npenesbHOTO PABHOBECHS PACCMOTpPEHBI Te XKe TPH 3ajiauH:
YCTOHUHBOCTb OCHOBAHH S COOPYKEHH s, JABJICHHE IPYHTA Ha MOATIOPHYIO
CTEHKY H YCTOHUHBOCTb CKJIOHA HJH OTKOCA.

Tlpu pemenun 5THX 3a7au B TEOPHH NPEEIbHOTO pABHOBECHS JIHHHS
CKOJIbKEHHSl B IPYHTE SBJISA€TCS HCKOMOH. B pacueTe yCTOHUMBOCTH
NPHHHMAIOT, 4TO CKOJIbJKEHHE YacTH MacCHBa IPyHTa BMeCTe C COOpY-
XeHHeM MPOUCXOJHT 10 IUHHH CKOJMbXKEHH, TPOXOAseil uepes kpail B
nofoliBbl (hyHJaMeHTa €O CTOPOHBl NMPOTHBOMOJIOKHOH HarpaBJIeHHIO
Bunopa (puc. 110).

CocTosinie NyocKoro npesiesbHOro paBHoBecHs B Touke M (puc. 110),
pacro/ioKeHHOH B MAaccHBe TPyHTa, BO3HHKAWOINEE MO ASHCTBHEM
BHemHeH HArpy3kd, HarJsiHO H306paxkaercst KDPyroM HampsoxeHHi
(puc. 111). Touku xacanua B u C Ha Kpyre jjist KacaTe/bHbIX, TPOBe-
JACHHBIX uepes Touky 0" W HasplBaeMbIX MNpeJieJbHBIMH TpSAMBIMH, OlIpe-
JeNIAI0T TOJAOKEHHE NIOMA/I0K, MPOXOAAMHX Yepes Touky M B MaccuBe
TPYHTa, B KOTOpBIX YIo/ OTKJIOHEHHs § siBjsieTcst HauGosbliuM. Ecau
HaubosbIIHA yron oTK/JoHeHHs 0 paBeH yray @, Kak MoKasaHO Ha
puc. 111, To B Touke M HMeeT MecTo mpejejbHOE DPaBHOBECHE H TaKHe
JIOMAZKH Ha3biBalOTCA TJIOMIAJKaMH CKOJb:KeHHsA. Yepes mobyio
TOUKy M B MaccuBe IPyHTA MOXKHO NPOBECTH JBe TJIOMAAKH CKOJIbXKe-
uust AB u AC.

s HaXoXKNeHHs JHHHH CKOJbXKEHHS BBeJeM HOBHIH yroad | Mexay
HanpaB/iIeHUEM NJOWAJKH CKOJBKEHHST M HAmpaBJjeHHEM TIJIABHOTO
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Hanpsokenus B touke. Ha pue. 112 nokasano Hampassienne 60JbLIOrO
[VIABHOTO HampsiKeHHs1 B Touke M, o6Gosnauennoro ¢,. Hanpasnenue
rJ1aBHOH NJIOMAAKH o603HaueHo m—m. s Hee yroJ OTKJOHeHHd O

' i b

i

1 p N
e ti_a L

A 8 Yy
=454/ M 45% /2

2p
/]
¢
]

Puc. 110. Pacyetnas cXemMa NJs onpefefieNHs yCTOHYHBOCTH OCHOBAHHSA
IO TeoPUH NPeLesbHOTC PaBHOBECHS

paBed Hy/o. Hallpapjenne nomaiky CKoJMbxKeHHs 0G03HAUEHO uepes
n—n. JIns Hee yroa OTKJIOHEHHSI HMeeT HaWOoJbllee 3HAUEHHE Oypyuc
¥ paBeH YIJIy @. Yros MeXIy NJolafKoH CKOJbKeHHs M IJaBHOM

-~

Puc. 111. TlpepensHeie npaAMEle Ha Kpyre HanpshKeHdfl
opa

momankod ofosHaueH 4deped ®. OH paBeH yIJIy MeXAy HanpasJe-
HHSIMH HOpDMaJbHOH coCTaBJ/stiomed HalpSDKeHUS O, Vi1 TVIOLATKH
CKOJIbXKEeHHS U HANpaBjieHHeM [VIaBHOTO HamnpsikeHus ¢,. CymMMa yrIJIoB
(1 -+ @) =90°. ¥roap 3aBHCHT OT yrJa ¢. B NpsMOYro/LHOM TpeyroJb-
nuke BO"0, noxkasanHoMm Ha puc. 111, yron AOB==2 p, Tak KaK cMex-
HBIE ¢ HUM yroa BOD=2 . CnenoBaTenpHO, HMeeM:

(2u+¢) =90°, oTkyma 2u=(90°—¢) n p=45°—-F . (230)
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\TlponomxuB Ha puc. 111 Hanpas/enne ofHOR H3 IUIOMIAJOK CKOJIb-
MEHUs TYHKTHPOM, MOXKHO YCTaHOBHTb, UTO YIoOJ Mexay o6eHMH MJIO-
A KaMH CKOJbKeHH paBeH 2 (. TakuM o6pa3oM uepe3 Kaxayio TOUKY

nnm

0n m

Pre. 112. Oruocuresibnoe pacnofoxenue DIOMANOK
CKOAbXEeHHA K IJIaBHBIM MJIOWAAKAM

B MaccdBe TPyHTa IPOXOAAT JBe JIHHHH CKOJbXKeHHd, KacaTeslhbHble
K KOTOPBIM DacloJIOXKeHbl Mmoj yraoM 2 W onHa K gpyro#, a Bes 30Ha
IpelebHOr0 PaBHOBECHS B MaccHBe I'DYHTa TIOKpbiTa CEeTKOH JHMHHH
CKOJIbKeHH .

Jns ompenesieHus paclpelesieHHsl HaNpsKEHHE B Cpele TeOPHH
NpenenbHOTO PABHOBECHS H HAXOXIGHHS JUHUHHA CKOJLKeHHs B OCHOBa-
HHH COOPYXKEHHS 3a ucXonHblie AuddepeHHa/bHbLIE ypaBHeHHA HpH-
HHMAjOT YpaBHEHHsT PAaBHOBECHA TaKHE XKe, KaK H B TEOpHH YNPYTOCTH
(14), HO HOMOJHSOT HX He 3aKoHoM ['yka, a yc/0BHEM Npese/HHOrO
paBHOBeCHS.

Haa nyockoro paBHOBeCHSI OfHOPOZHOTO OCHOBAHHS, KOTJA O0bEM-
Hofl cuJIoN gBJSeTCs CHJla TAXECTH HJIM COOCTBEHHEIH Bec TPYHTa, ypaB-
HEeHHd paBHOBECHS B NPAMOYrOJNbHOH cHCTeMe KOOpAHHAT MMEIOT cJe-

AYIOMUHA BHAI:

oo, T

3% +7y— =y (231)
doy, 9t
SALLY (232)
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TAe O, O,, T— TPH MCKOMBIE COCTABJIAIONIME HANPSKEHHS B TOUYKe
MaccHBa TPYHTa noj dyHIaMeHTOM, [/ TOPH30HTA/IBbHOH H BEPTHKAJb-
HOH TJomMAnoK, Y — OOBeMHBI BeC TPYHTA.

i
A

G,

Puc. 113. Kpyr Hanmpsxenu#f 14 onpejesleHus YCJIOBHR
npejelbHOr0 DaBHOBECHA B TPYHTE

TperbuM ypaBHEHHEM, CB#3bIBAIONIMM TPH HEH3BECTHHIE COCTaBJAIO-
1LHe HATPSKEHUS, CIYKHT YCJIOBHE TPEeJbHOTO PABHOBECHS, KOTOpOe
B 061eM ciyiae, Koraa tg o0 u ¢+0, MoxeT 6HTb NPEACTABIIEHO B CJle-
AylomeM BHIE:

(0;—0y)2 412
2 \?2°
(o tovti

OTUMH TpeMs yPaBHEHHAMH C TpeMs HEM3BeCTHHIMH, KOTOphble
JIOJKHBL TaK:Ke Y/OBJIETBOPHATH 3aJaHHBIM yCJOBHSM Ha KOHType,
pelaeTcs 3ajaya IMJIOCKOTO MPEAebHOTO paBHOBECHS, BO3HHKAIOMIETO
B MacCHBe TPYHTa OT BHelllHei NOJIOCOBOH HAarpyskKH.

Ipu peuwrennn 3ajaun pacrosiararoT Hayano KOOpAHHAT Ha Kpawo O
nojowBe ¢yHaamenTa (puc. 110) co cTopoHH BepOSTHOrO BHIIOpA
TPYHTA.

Hns ynpomenus peleHus nuddepeHUHaNbHBX ypaBHEHHH 3aMe-
HHM HCKOMBHIE TPH COCTaBJIIOIHE HANPsKEHHS JBYMS HOBBIMU Mepe-
mennbMy (CokosioBekuit, 1954). BBeseM HOBYI0 NepeMeHHYIO BeJIHUHAY O,
paBHylo oTpesky OO" Ha Kpyre Hanpsixkenui, NOKasaHHYWO Ha puc. 113:
_ 0140, c 0,0, ¢
——2‘—‘{‘@, —2“=0"“@- (234)

Bropot#i NepeMeHHO CAYKHT YIoJl MEXK/y [VIaBHEIM HANDSKEHHEM Oy
H BepTHKaJbHOH OChIO Z, paBHHH yIyly HaKJOHA IJIaBHOTO HanpaBJe-
HHS Mm—m K ropusontTy (145) u oGosHauenuwlil uepes o, (puc. 114).

OGe n/omaaKu CKOJIbKEHHSI —N PacNO/IOKEeHH NOJ YIJIaMH &, + [
K OCH 2.
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Manee saxonuM BHIPaXKeHH [/ TPeX COCTABJSAIONIUX HATD SKeHHK
B TOPH30HTA/ILHOM H BePTHKAJBHOH NJIOMAKAX Yepe3 IJIaBHHIE HanpA-
wenns. Hanpskenuss B oTHX mWiom@ajgxax MokasaHe Ha puc. 115
oTpeskamu: 0'C=0,, KOTOPHI{ MpejCTaBAAET HOPMATbHOE HAIp sKe-
HHe B BepTHKaJpHOH momanke AB; O'E=0,, npeicTapnsomul HOp-
MaJibHOE HaNpsiKeHHe B TOPH3OHTANBHOK milomanke AD, u BC=DE=
=7. ¥T0oJ MexX]y rOpH30HTaJbHOH MIOMAAKOH AD H riaBHHM Hanpa-

\
;;)\ H

Lo p
N

~

Puc. 114. OGosnauyeHHf ans HaOpaBJeHHH JOMAZOK
CKOJIbIKeHHSI [0 OTHOUICHHIO K OCAM OpPSIMOYTOJbHOMH
CHCTeMbl KOOpAHHAT

BJIEHHEM ecTb yroa a,=(90°—w), rae yroa @ — yroJ Mexny BepTH-
kanbHOH muomankod AB u raaBeeM Hanpaeienuem O'0. CrepoBa-
tensHo, yron BOE paser 2 o, a yron AOB=DOE=2a,,. Torpa cocta-
BIMIONME HANps:KeHHH, Kak 5T0 BupHo M3 puc. 115, MoxHO Gyper
BBIPA3HTL Yepe3 IVIaBHHE HANpSDKEHHS CJEAYIOMHMH 3aBHCHMOCTAMM!

o, = “ﬁ;"ur D% cos 20, (235)
6, = 1L _"’1‘2"2 cos 2a.,, (236)
t=6—’_;—6—2-sin 2a,, (237)

[MoycyMma TJIaBHBIX HaNpsiKeHHil MOMeT ObTL 3aMeHeHa HOBOH
nepemennoil no gopmyne (234). IlonypasnocTs MOKET GBITH NONyueHa
H3 YCJOBHH Npene/bHOTO PABHOBECHS B IUIOMIAJKE CKOJIBXKEHHS, KOTO-
pasi HMeeT CJeAyIoWHi BHJ:

T=(ontps)tew (238)
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rie 7 — HauGosipllee CONpPOTHBJIEHHE TPYHTa CABHTy, DPAaBHOE Jsi
NpefeNpHOr0 PABHOBECHS KacaTelbHOMY HATIPSDKEHHW T,

Y3 puc. 113 BuaHO, YTO KacaTesqbHasa COCTAB/ASIOMAS T B MJOMAIKE
ckosibkeHuss A B mpenctaBasier coGoit xater BE npaMoyroibHHKa

v g
()
b z
/A d
P
7

Puc. 115 Onpepefenne Hanpsaxenus s rOPH3OH-
TaqpHOH H BEPTHKaJbHOR IMIoMWAZKaX HA Kpyre
Mopa

BOE, xoToph#i MojeT GHTb Bblpamen 4epes rJaBHBE HAlpsKeHHs
c/leqyromiedl 3aBHCHMOCTBIO!
T= 6—1;—62 cos @, OTKyna ﬂ;ﬁ sing=Ttge. (239)
HopmasibHas cocraBisiomlast HanpsyKeHHH B TJoumiagke CKOJbKe-
HHS O6yner paBHa:
’ 01— .
0,=00—0E="1L0 00 gig g (240)

[locne mopcTaHoBKHM TONyYeHHBIX BhHpakeHUR B ycaoHe (238)
OHO MpPHMET cJAegylowuil BHA:

01—2—02 =<61—;62 - tg_ip}gigq;:qSinq)_ (241)

3aMeHHB MOJIyCyMMY H NONypasHOCTH IVIABHHIX HANPsyKeHWH depes
HOBY10 NePeMeHHYI0 O, coraacHo dopmyaam (234) u (241), moayuum
caepylolHe GopMyJbi 119 3aMeHbl TpeX KOMIOHEHT Hamp s:keHHH jByMsa
HOBHIMH TiepeMeHHBIMH O H ¢, (CoxkosioBckuil, 1952):

g, . ¢
o, J:a(l =+ sin g cos Qaﬂ)—?ﬁ . (242)
T=0sinqgsin 20,,. (243)

HecmoTpa Ha TH yIpoweHHs, pellenre HCXONHHX AubdepeHiHalb-
HBIX ypaBHeHMH ps onpeleeHust YCTOHYHBOCTH OCHOBaHHS COOPYKe-
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HHSI B OO/IbLIHHCTBE CJYYacB HE MOXKET ObITh MOJYUEHO B 3aMKHYTOH
¢opMe. B STHX ciyyasix ypaBHEHHS DeIIAOTCH IyTeM UYHCJIEHHOTO
UHTErPHPOBAHHSA IJ:,.IIH 3aJaHHbIX TPAHHUHBIX YCJOBHH. B pesyJbTaTte
noJyvaoT AJs BCell IMPH3MEL BHIIOPA CETKY JHHHIA CKOJNbXKEHHs OGeHX
CHCTeM, KOTOpasi H [aeT BO3MOXKHOCTb pemuTb 3a7auy IJIOCKOTO mpe-
JleIbHOrO PaBHOBECHS,

Cetka JIHHHH CKOJbKeHHSt B OOWeEM Clydae COCTOMT M3 KPHBO-
JuHeinpX uEHA. OJIHAKO B HEKOTOPHIX YaCTHBIX C/IyYasiX B OIpeneseH-
HBIX YaCTAX TMPH3MBL CKOJIbKCHHS JIHHHH

MOTYT OBITH IIpPAMBIMH. ) P
Cymectso 3ajayd MOMKHO HAlJISHO
NpejCTaBUTL Ha MOJENM OCHOBAHHS, Npef- L I

CTaBJstoN el PhIYaKHEE BEChl, KOTOPBIE HMe-

10T Gospuioe Tperue. Ecim Ha OfiHy YaWIKY  pue 116 Cxema Becos,

BECOB IIOJIOKHTb HeGOJBIIYI0 THPIO P, TO umelomux Golblloe TpeHie

OHH OCTAaHYTCS B DAaBHOBeCHH H3-3a CHJI Tpe- B uangax

nug (puc. 116). Ecnn xe rups P joctaTouso

BeJIHKA, TO J/Isi PaBHOBECHSI NOTPeGyeICs MOJIOKHTL APYrylo Tupio R

H Ha BTOPYIO Yamiky BecoB. IlpenesibHEIM paBHOBeCHEM BeCOB OyjeT Ta-

Koe HX COCTOSIHHE, IpH KOTOPDOM CKOJIb YTrOJHO MaJioe yBeJHYeHHE

TPy3a Ha OlHOH M3 UallleK BBIBOJUT.BEChl H3 COCTOSHHS IMOKOS.
Jlerkue, no cpaBHEHHIO C THPSIMH, BeCHl COOTBETCTBYIOT HEBECOMOMY

TPYHTY, a TsKesble BeChl OTBEYAlOT IPYHTOBOMY MacCHBY C COOCTBeH-

HBIM BECOM.

A.YcToHYHBOCT, OCHOBAHHH COOpYIKeHHH.

3ajaya o6 yCTOHYHBOCTH OCHOBAHUS COOPY:KEHHS aHaJOTHYHA CJenylo-
mell sanade ¢ BecamH. Ha mnpaByrmo wamky BecoB mosioxkeHa rups P,
OnpeneauTh rpys R, KOTOpHIH HAA0 MOJOXKHTH HA JIEBYIO YalIKy AJIs
TOTO, YTOGH! Bech! HAXOAHJIHCh B COCTOSHHH MNPeJeJLHOrO DABHOBECHSA.
Sr1a 3ajgaya HMeeT JBa peUleHHS, OJHO H3 KOTOPHIX YCTAHAaBJIHBAET
BejHYHHY Ipy3a R, KOTOPHifl MeHblle NOJIOKEHHOTO Ha NpaBylo YalIKy
BecoB P, a jgpyroe — GoJbllle 3Toro Beca . Bo3MoxHoe HapylleHHe
paBHOBecHs B 000HX ciyuasx Oy/eT NIPOHCXOAMTL B Pa3/IHYHBLIX HAnpa-
BJIEHHSX, B NepPBOM cJlydae JeBas damka OyjeT nopHuMaTbes (COOT-
BeTCTBYeT BLINOPY TpyHTa), a BO BTOPOM -—— OHa OyaeT OMyCKATLCS
(u3-3a OCaJKH, BBHI3BAHHOH BHINOPOM TPYHTA).

PemnM nepByro 3ajayy NJoCKOTO PaBHOBECHS O HAXOMK/IEHHH MHHH-
MaJLHOH NPHTPY3KH NPH3Mbl BHIIOpA JJIS JAaHHOH HArpy3KH Ha TPYHT
OT JIEHTOYHOTO ()yHJAMeHTa Oe3 ydyeTa ero :KecTKOCTH. 31ech NMpPHIPy3Ka
NpencTaBJsieT BHEUIHION CHJIY, COOTBETCTBYIOULYI0 BelHUHHE 3ar/aybie-
HHs 9TOr0 QyHIaMEHTa, JJif BeCOMOH HJ/IHM HEeBeCOMOH MpPH3MBI BHIIOpA.
3aTeM — BTOpYIO 33744y, O MaKCHMaJbHOH paBHOMEepHO PacClpeseseH-
HOH Harpyske Ha PPYHT OT JIeHTOYHOTO (yHjaMeHTa, /15 NaHHOH IpH-
FPy3KH ero NPHU3MBl BHIOpA.

Ofe 3apauu pemraloTCs B 3aMKHYTOH opMe 1/ HEBECOMOH MPU3MBL
Bhinopa. [Is JeHTouHoro gyHAaMeHTa WHPHHOHR b co cpenHed paBHO-
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MepHO pacrpejleleHHOH Mo TMOJOLIBe (yHIaMeHTa HArpy3Kod paBHOM
P, TPHIOKeHHOH BJO/b TMOJOXKHTENILHOTO HanpaBJeHHS OCH Y, Kax
10Ka3aHO Ha puc. 117, rpanHYHBME YCJIOBHAMH Ha KOHType OA 6ynyT;

b

A
0 T Ay

o
5 isepe Y

i

e, 4
457D
z '

Puc. 117. Pacuernas cxeMa AIS OnpejeleHus BeJH-
YHHK NPHTPY3KH THOKOro QyHiaMmMenTa, NpH HeBe-
COMOM TpPyHTe B €r0 OCHOBAHHH MO TeODHH NPEACIh-
HOTO paBHOBECHSNH
BepTHKAJbHHE HOPMaJbHLIE HANpPSDKEHUs O, = p, U KacaTeJibHble v=0.
J1i1s HOBHIX MepeMeHHHIX COTJIACHO ypaBHeHHsM (242) u (243) ouu GynyT
CJIEAYIOI HMHU |

c
pc+tg S
T Ifsme
B pesyJapTaTe pemeHus npHBeeHHHIX AHGD(epeHUHANBHEX ypaBHe-
HHH TJTOCKOTO paBHOBeCHsI NMPH 3aaHHBIX TPAHHYHHIX YCJIOBHAX JJIS
HATPY3KH 0,=p,, KOTOpas NPH/IOKEHA cllpaBa OT HaYaJ/a koopaHHAT 0,
TNOJIYYEHO cJeAyIollee ypaBHeHHe 1/ MHHHMAJBHOH NPHTPY3KH O,=Yf,

TpefcTaB/IsgoNiel BHEIIHIOID HAarpysky B To# xe Touke O, HO mpuio-
JKEHHyI0 cJeBa OT Hee:

o= a,=0.

= € N1=sing qigg
v=( Petige ) Tsing © BTN (249)
IlpuamMa BHmopa orpanuyeHa JHHHeH CKOJbKEHHS, NpoXoAsiiiet
Yepes npaBHil kpait dyHpaMenTa A. Ilnomwagxa ckosb:KeHHS, NPHMBI-

Karomas K MojoliBe (pyHpaMeHTa B Touke A, npu «,=0, OyneT cocra-
BJIATh C OCBIO Z YTOJI [4, KOTOPHIH paBeH ( 45° — %) , coryacHo (puc. 114).

Cerka B npepenax nNpH3Mel BEIIOPA COCTOHT H3 TpeX obJiacTell, nokasaH-
HHX Ha puc. 110. B o6nacrax OBD u OCA ceTxka JHHHHA CKOIbKEHHS
COCTOHMT H3 NpPAMBIX, HAKJIOHeHHHX B obnacta OBD x ocu y Ha yroin

(45" + %) 1 B 06nacTu OCA Ha yroa ( 45°—%) . B o6nactu ke ODC

ceTKa COCTOMT M3 Ny4ka NpSAMHIX, NPOXOoxsIHX Yepe3 Touky O U ceMeli-
CTBa JIOTADHQMHYECKHX CNHpaself, HMeIHX cJefyiollee ypPaBHEHHe
B CHCTeMe MNOJAPHHIX KoopjauHaT (puc. 117):

a=Ce 0% (245)
rae C — nocTostHHAsi, OfpenesseMas H3 TpaHHUHBIX YCJIOBHH;
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a, 0 — mossipuble KOOpAHHATH, Yy KOTOPHIX JJIA pajgHyca @ Haya-
JIOM CTyXKHT Touka O, a NOJAPHHIA yron @ orTcyHThIBaeTcs
OT OCH Z.

BesxysHa MakCHMAJLHOH HArpysk# Ha TPYHT OT JIEHTOYHOrO (yH-
JaMeHTa Ges yyeTa €ro XEeCTKOCTH, NPHJIOKEeHHAd crpaBa OT Touku O,
MOKeT GLITh IOJYYEHA H3 ypaBHeHus (244) /19 3ajanHOH TPHIPY3KH
O,=y{ Ha HEBeCOMOH MpH3Me BHMOpa:

_ _¢ N Id-sine gqu.L;( e Ngq__ ¢
PV—<W+-Q¢ l—sing tg g thmw>A tge

(246)

Suadenns koxppuumenta A, 3aBHcAmEro oT xKo3bdHIHEHTA TPEHHH
rpyHTa, Ass hopMysl (246) mpusesens! B Tabu. 41 (Cokonoscknit, 1954):

TaGauia 41

tg o ! 0,0 !0,09 ’0,18 l 0,27 § 0,3 | 0,47 | 0,58 | 0,70 { 0,84

1,57 l 2,47 | 3,94 | 6,40 | 10,7 | 18,4 | 33,3 | 64,2

A 1 0,00

Ionyuyennsie pemtenns (244) u (246) He 3aBHCAT OT WIHPHHH GyHJa-
ME€HTa, NOTOMY 4YTO OIIpefessioT YCJAOBHS NpENeJbHOr0 PABHOBECHS
B Touke 0.

3aBHCHMOCTL MeXKJy IUHPHHOH GyHAaMeHTAa b M mIMPHHOH NPH3MHL
BhIMoOpa [, MCXOAf H3 O4ePTAHHS JMHHH CKOJIbXKEHHS, NpPOXOopxsmel
yepes mpaBblit kpail Qympgamenta (puc. 110), Oyger cienyrome#:

fa s
! b o2 (247)

g (57— %) '

Takum 06pasoM NPHHUMAETCSH, YTO JIHHHH CKOJIbIKEHHs BOSHHKAIOT
TOJBKO B TIpefesax NPHaMbl BHIIOPA, XOTH COCTOSHHE Npefe/]bHOro
paBHOBecHs Kak /I 06beMa NpH3MH BBIMOPA, TaK H /I HENOABHKHOH
YacTH MaccuBa TPYHTA ONHMHAKOBO OMHCHLIBAIOTCS HCXONHBIMH AHbe-
peHHuaJbHEIMA ypaBHeHHAMH. OMBITHAS NPOBEPKA MOJyYEHHBIX pelle-
HHM, H3-33 CJIOKHOCTH CO3JAHHSA YCJIOBHH TpEIeJbHOTO DABHOBECHS
BO BCeX TOUKAX MACCHBA IPYHTA, ele HIKPOKO He 0B6CyKAalach.

[lns npumepa, pellleHHoro B Tabs. 38, jud ycaoBHHA NPEfENLHOTO
paBHOBecHsi ~ OCHOBAHHS, mnpurpyska 1o d¢opmyne (244), pas
p.=2,5 s 'Jem?, tgp=0,60 u c=0, pasua y/=0,13 «I'/cu®, a npegenn-
HOE cpejHee JaBJjeHHe MO mojolise ¢gyHAamenta ais yi=0,4 &l /cM?,
tgp=0,60 u ¢=0, nomyyaercs pasupiM p,=8,3 I /cm?. Takum
o6pasoM, KOS(HIHUEHT yCTOHYMBOCTH 3aNpOEKTHPOBAHHOIO QyH-
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JaMeHTa ITIpH HEBECOMOM FPYHTE B TIpu3Me BI:IHOpa paBeH:
8,3
K(P)=54=3,3.

CpaBHPIM TpebyeMyto IMyOHHY 3aJI0KeHNd, TNMOJYYeHHYIO AJsi yCio-
BHil NpeJesbHOTO PABHOBECHS OCHOBAHH$ H3 BHIDAXKEHHS (244) c roy-
6uHO#, nonydenno# no gopmyae Ilaykepa (213). TpebyeMas riay6una
34JI0KeHH S 6y11eT

= [< +tng> :;:ﬁ _ntgm-@%]" (248)

Ecin skchepuMeHTa/bHAs NpsAMas AJs 3aBHCHMOCTH CONPOTHBIIe-
HHS PPYHTA CJABUIY OT HATPY3KH HA HEro NPOXONHUT Yepe3 HAYAJIO KOOp-
JAMHAT, T. €. COMPOTHBJ/IEHHE CABUIY PABHO Tyaxc=p L€ ¢, TO BHIpaXKenne
Ans TpebyeMol TJIyGHHBI 3a/oxkeHHs OypeT:

t=rﬂ.—l—_—s—§n—¢-e*“tg‘p=$k1' (249)

rie A; — KosbGhHIHeHT, 3HaUeHHe KOTOPOro OBLIO MOJyYeHO HO TeOpHH
npeleJbHOFO PABHOBECHS.
Iny6una sanoxenus no dopMyine [laykepa npuBogutcs K ciegyio-
eMy BHLY:

P l—sing™N2_p
t_'_'<§1+sintp =gk (250)

rie A, — Koa(pHIHeHT, 3HaYeHHe KOTOPOro OblLIO HOJMYYEHO AJIs YCJIO-
BHH NpellesbHOTO PABHOBECHS B TOYKE, PACINOJOXKEHHOH IOX
KpaeM dyHaMeHTa.
Besnnunnsl A, v A, 1a5 pasHbIX KO3(hbHIHMeHTOB TpeHU s tg ¢ npuBe-
Jennl B Tagn. 42 (Coxonosckuii, 1954).

Tabnuua 42
tg @ 0,0 0,18 0,36 0,58 0,84
Ao 1,00 0,50 0,24 0,11 0,05
M 1,00 0,41 0,13 0,05 0,02
As
—= 1,0 1,2 1,8 2,2 2,5
M

B mnocnennell ctpouke Tabn. 42 AaHbl Kos(hbHUIHEHTH 3aBblIeHHS
TpebyeMoro 3ariyGieHns ¢yHaMenTa npu pacdere no dopmyae Ilay-
Kepa 10 CPaBHEHHIO C PeHleHHeM o TEOpHH TpeJesibHOrO PABHOBECHS.
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Jlnsi BecoMoro rpyHTa B NMpH3Me BHINOPA I'DAHHYHBIME YCJIOBHIMH
SBJIAIOTCS  CJIeJyIOILHe:

c
Yz+pc+t'é“6
B E T

Obmee pemenue 3ajauyd He NPeACTABJACTCH BO3MOMXKHBIM TIOJTY4HTh,
KpoMe BHIpAKeHHsl NJIs NPUrpyskd B8 Touke O, KoTopas paBHa npu-
rpyske B TOH e TouKe JJisi HEBECOMOTO IpYHTa, COMMacHo (opmyie
(244). Tlpurpyska Ha OCTAaJLHOM TPOTSKEHHH BJOJL OTPHUATEIBHOTO
HanpasJienus ocu y Oyfer yGuiBawomefi. CeTka CKoJbXeHHsS B 06JacTH
OBD (puc. 110) Gyzer Takoil e, KaK /s CIy4as HEBECOMOIrO TPyHTa
B OCHOBaHHH (yHjaMeHTa. B apyrux e o0JacTaxX JHHHH CKOJbXKEHHS
OyRyT KpHBOJHHeAHBIMH M 3afaya DeIIAeTcs UHCJeHHbIM HHTerpHpo-
BaHHEM.

Takoe pemwerne 6e10 nosiyyeno BepesannesuM (1958) nasa pasauu-
HO# mmpuHE QyHnaMenTta (0) u pasnuuHo#l rIyCuHHL 3aoxkeHud (f):

Prp = Dby. (251)

o= ; a,=0,

3naveHns xosduuuenta D pauel B Taba. 43.

Ta6aunma 43
tgo

t 0,49 0,53 { 0,58 | 0,63 | 0,67 { 0,72 | 0,78

b
0 6,8 8,0 11 14 20 26 37
0,5 14,0 17,5 22 29 42 53 72
1,0 21,3 29,4 35 45 59 80 105
2,0 27.3 32,9 43 55 74 95 —
3,0 34,4 41,6 53 69 92 118 -

[penenvHas sniopa jaBJeHHH MO0 NOJOUIBE JIEHTOYHOTO (PyHIaMEeHTa
IJIS YCJOBHE TNpejie/IbHOTO paBHOBeCHS, Ge8 yueTa »KeCTKOCTH (yHIa-
MeHTa, AJIS BECOMOI'O IPYHTa B pu3Me BHIIOPA NMOJTYYaeTCsi NPakTHIeCKH
TpaleleBuAHON C BO3pacTalOMM AABJIEHHEM BJOJIb ,N0JOXKHTEILHOTO
HanpasJenus ocH y (puc. 118). TlpuGnukenHoe ypaBHeHHe npeneabHOM
smophl AaBJends A5 tg @40 n c5=0 MOXKHO NpHBeCTH B CJAETYOUIEM
Bune (CoxosnoBckuil, 1952):

p=nta-+cB+y°y8. (252)
KoapuuneHTs! o, § 1 0 Aa pasnanuHbiX KodddHIMEHTOB TpeHus

noMenieHsl B Taba. 44.
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M3 Ta6s. 44 BuaHO, uTO ¢ yBesiHYeHueM KOS(DHIHEHTA TPEHHS TPYHTA
pe3sKo Bo3pacTaeT KpaeBoe mpejelbHOe faBJeHHe y Ttouku O, a TakKe
HHTEHCHBHOCTb POCTA IIPEJeJBHOTO NABJeHHS BIOJb MMOJIOXHTE]LHOTO
HaNpaBJeHHus OCH Y.

TaGauupa 44

tgeg | 0,06 { 0,09 0,18 0,27 | 0,36| 0,47 | 0,58 0,70 0,84
a 1,00 1,57 2,47 | 3,94 6,40 10,7 | 18,4 | 33,3 | 64,2
p 5,14 6,49 8,34 | 11,0 | 14,8 | 20,7 | 30,1 | 46,1 | 75,3
) 0,00 | 0,11 | 0,46 1,26 2,94| 6,7 | 16,2 | 36,7 | 76,4

I xeeTKoro ¢hyHzaMeHTa rpH yuyeTe COGCTBeHHOTO Beca TPYHTa
B €r0 OCHOBAaHHH CpeJiHee JaBJeHHe 110 TeOPHH NPefelbHOTO PAaBHOBE-
CUS JIO/DKHO TIpeBHINAThb TO-
JyUeHHBle pesyJspTaThl pacHe-
Ta MNpefeabHOH 3mOPH JaB-
JIeHHST sl THOKoH mOJIOCH!
8arpysKeHHs.

Bonee mpocroe pemenne
JJIS TIpefienbHON 2ATOPH AaB-
JeHHA TpH yueTe CoOCTBeH-
HOTO Beca TPyHTA IOJYYEHO
JJIsl TIPE/IeJIHOTO PaBHOBECHS
? OCHOBAHHS OTKOCA 3eMJISHOH
nackimu (puc. 119). B srtom

It P

IEXEEREN ,

Puc. 118. [Tpezenbuan smopa marpyskd ka

TPYHT, NpPH HAIHYHH MPHIPY3KH (3aray-
Grends GyHAaMEHTa) C yueTOM COGCTBEHHO-
ro seca TPyHTA B OCHOBAHHH

ciydae 3miopa INpPefeEHOTO
JaBJEHHS TOJydYaeTCss DPABHO-
MepHO BoO3pacTaiomed BJOJb

NoJOXHMTEeNbHOH ocu y. Ona

BBIGHCAAETCS Mo caeaylomel gopmyste (CoxonoBckuit, 1954):
Pap ="Yys (1 4 sin @) = yyB, (253)
rie s — QyHKUus yria @. 3uadeHHe BeJqHUHHE B panel B Tabn. 45

B 3aBHCHMOCTH OT Ko3(dHIHeHTa Tpenus {ge MecuaHoro rpysra, cjaa-
raiuiero OCHOBaHHe OTKOCA,

Ta6nuua 45
tg @ l 0,18 0,27 l 0,36 l 0,47 ‘ 0,58 l 0,70 0,84
B ’ 0,46 ‘ 1,26 l 2,94 6,70 ’ 16,2 ’ 36,7 ‘ 76,4
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U3 T1aba. 45 BujHO, YTO € yBesNHYeHHEM Koadhduumenta TpeHns tg @
Y UECKa B OCHOBAHHH OTKOCA 3HAYMTEBHO BO3PACTAET €ro NpeAe/bHas
KPYTH3HA AJS yCJIOBHH NPENEJLHOTO pAaBHOBECHS OCHOBAHHSA. TaKHM
o6pa3oM, ec/IH OTKOC CJIOMKEH H3 TOTO Ke [1eCKa, UTo W ero oCHOBAHHE,
TO TIpefeibHOE DABHOBECHE B OCHOBAHHH OTKOCA HHKOTJa He Gyner
JOCTHTHYTO H OGPYILIEHHE OTKOCA MOKET HACTYNHTL TOMBLKO B Npefe/ax
€r0 BBHICOTHL.

Pap

2

Puc. 119. Pacyetnas cXxeMa AJS onpeieleHHS 3aJ0xe-

HHS OTKOCA MpPH YCIOBHH NPERedbHOIC PABHOBeCHS ero

OCHOBAHHA C yueTOM cOGCTBEHHOTO BeCa rpyHta B
OCHOBAHHU

Ecau B rpyHTe OCHOBaHHS HMEETCA CLEIIEHHE, TO MOXHO 10J1b30-
BaTbCs MpHOMKeHHOH opMyJoit (252), mpHHEMAas B Hell MPHTPY3KY
yt paBHOH HYJ/IO.

Ha puc. 119 gana nuEHS CKOMbXeHHS AN KosdbHuMeHTa TpeHH:
tgp=0,58 npu y=>b. V3 Hero BuaHO, 410 IyOHHA NMpPH3MH CKOJbKE-
HHA npu KoadbuuuenTe Tpenns tgp=>0,58 coctaBaser 75% oT wHpHHb b.

3a Ko3(ppUIHEHT YCTOHYMBOCTH OCHOBAHHS OTKOCA MOXKHO HPHHSThH
OTHOLIIEHHE MpEJie/IbHOl HATPY3KH p,,, K NPHHATO B TpoOeKTe pt

Pnp
K(p)=~—-.

[lpu onHOBpeMeHHOM TNpPHJOKEHHH K OCHOBAHHIO BepPTHKAJBHOM
H TOpH3OHTAJILHOH HArpy3oK, KOTja KacaTeJbHEE HANpSXKEHHS MO
nogouiBe GyHAaMeHTa PABHOMEDHO BO3pACTAlOT B MOJOMKHTEALHOM
HanpaBJeHHH' OCH y M paBHH ¢=p,,1g ¢ npellenbHoe HOpManbHOE
HanpsKEeHHe 1o mnojowBe (QyHJaMeHTa MOXKET OblTh OIpefeseHo
no npubAHXeHHo#t dopmyae (252) cornacHo pamHbim Taba. 46 (Coko-
nosckuit, 1952).

W3 cpaBrenns nanebIX Tabn. 46 u 44 BHAHO, YTO npH pPaBHOMEPHO
pacnpeneseHHoH Tpurpyske yf Ha TNpH3Me BHINOpa H OJ{HOBPEMEHHO
JeHCTBYIOINX BEPTHKAJBHOH H TOPH3OHTA/BHOH Harpyskax Ha CPYHT
3mopa NPefie/IbHOr0 BepTHKAJBHOTO JiaBJEHHS 3HAYMTENBHO YMEHb-
11aeTcsl 0 CPABHEHHIO C aHAJIOTHYHOH 3MMOPOl /1A ¢1yyasi, KOTAa TOpH-
SOHTa/JIbHAA HATPy3Ka Ha IPYHT OTCYTCTBYeT.
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Tab6auna 46

tgp | 0,0 | 0,09] 0,18 | 0,27 | 0,36 | 0,47 | 0,58 | 0,70 | 0,84
a 1,00 | 1,24 1,50 | 1,79 | 2,09 | 2,41 | 2,75 | 3,08 | 3,42
B 2,57 | 2,72 | 2,84 | 2,94 | 3,00 } 3,03 | 3,02 | 2,97 | 2,88
3 0,49
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Pre. 120. MsMenenne NpefeapHol BepTHKANbHOA HAarpysky p
B 8aBHCHMOCTH OT B&IHUHHHE ORHOBPEMEHHO NPUJACKEHHOTD
TOPUSOHTANBHOIO YCHJAGHHAL ¢, RO TEOPUHM MPeieJbHOrO
PABHOBECHA, M8 pasHMX KodQduuuenToB TPeHHS B rpyuTte




Ha puc. 120 noxasana 3aBucHMOCTL TpejleNbHOH TI'OPU3OHTANbLHOH
HarpyaKH Ha OCHOBAHME OT BelMUMHEl BEepTHKANbHOH HArpy3KH NpH
OTCYTCTBHM NPHIPY3KH, JJIs TeCYaHoro rpyHTa ¢ PasiuyHbIME Koapdu-
HyeHTaMu Tpenus. Ms DHCYHKa BWAHO, KaK pe3KO NajiaeT Hecynlas
CHOCOGHOCTb TIECYAHOTO TPYHTA C yMEHBUIEHHEM ero KOd(puluenta
TPEHHUs TpH pacyeTe YCTOHYHBOCTH OCHOBAHHS 110 TEOPHH IPEAENbHOTO
paenoBecHd. IlyHKTUpHAA JuHuA a—a Ha puc. 120 pauwa pas cayyas,
KOT/la NIOBEPXHOCTb CKOJBKEHHsl COBNANaeT C NOAOMIBOMA COOpYMKEHHH.
Ipyro# Kpaiuuit cayyalt cooTBETCTBYeT TOYKaM &, ¢ ¥ d, Korja JuHHA
CKOJIbXKeHUsI uMeeT Hanbosee riy6OKOe PAacroONOKEHHe N Hedb3si MpH-
JIOKHTb HHMKAKOH TOPH3OHTAJBbHOM HArpysknm Oe3 napylleHusl paBHO-
BeCH$! TPyHTa B OCHOBaHHH.

B.laBaneune rpyHTa Ha NOANOPHYI CTeHKY.

HUccnenoBasne nasfieHnst TpyHTa Ha MOATIOPHYIO CTEHKY B TEOPHH Ipe-
JeJIbHOTO pABHOBECHS, AJS CJydaeB HAKJ/IOHA BHYTPEHHER IpaHd CTeHKH
M HAKJOHa BaCHIIKH 32 CTEHKOH NP HAJMYHM TPEHHS TPYHTa IO 3TOHA
TPaHu, TPOHSBOLUTCA NpPHOANKEHHBIM HHTerpnpoBanneM auddpepesn-
UHa/NbHBIX YpaBHEeHHMH MeTOJOM KOHeuHBIX pasnocTtefl.

Ecnn BHyTpeHHSiss IpaHb CTeHKH BepTHKallbHA, a TOBEPXHOCTb
TPyHTa 3a CTeHKOH TOpH30HTANBHA, TO AKTHBHOE [asjeHHe TpPyHTa
onpefesisieTcd MO 3MiOPpe pacnpefie/leHHs HOPMAJbHBIX JaB/leHHH Ha
3T0# rpasm mo dopmyse:

0, =Yyz-5-cos § (cos 8 —}/ sin?¢p —sin%d ) =vzB,, (254)

rie s — GyHKuUS yIIa @ ¥ yrjia TpeHds O rpynTa IO CcTeHke.

Jas cpaBHeHHS MONYYEHHOTO pacrpejefeHns HOPMAJbHBIX AABJe-
HRH NO TEOpHH TNpefeNbHOrO paBHOBecHs ¢ pemenneM 'Kynosa npuso-
antcs Taba. 47 (CokomoBcknit, 1953). B Helt naHel 3naueHus Kosgdpu-
nuedTa B; AMA penleHus o TeODUM NPEAeJbHOTO PaBHOBECHS H KO3b-
¢uupenta B. mo Kynony. Ilpu atom HopMaJsbHOE JaBjeHne HA CTEHKY
no Kynony GHo onpefeneno mo caepywumedi popmyae:

2
0y =¥z (14 = V2Bu, (255)

R*— sin @ sin (p-4-9)

TAe cos d

Hs ta6n. 47 BHAHO, 4TO PAaCXOKAEHHUA B BHAYEHHAX AKTHBHOIO
JaBJeHHA, TOJNYYeHHEIX OOOMMHM MeTolaMu, ouYeHb Majio. IT0 o6bAc-
HAETCHA TeM, YTO MOBEPXHOCTH CKOJIbKEHH S, OTPaHNUHBAIOIAS B [PYHTe
MPU3MY CKOJIbXKeHHsd, B OGOMX MeTojax NouTH ofuuaxosas (puc. 121).

Ecna rpyHT rHHHCTHIE H HMeeT CUEIVIEHHE, a TOpH30HTAaJbHAA
MOBEPXHOCTb FPYHTA 33 CTEHKOH NMPUrpYMeHa PaBHOMepHO pacrpese-
JIEHHOU HarpPy3KoH HHTEHCHBHOCTHIO #, NPH BEPTHKAJbLHOH BHYTPEH-
Hedl TpanH CTEHKH, TO pacnpe[eNeHHE HOPMAJbHBIX TOPH3OHTAJBHBIX
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Ta6nuna 47

tg @ 0,18 0,36 0,58 0,84

tg O 0,09 0,18 | 0,18 | 0,36 | 0,27 0,68 | 0,36 0,84
By 0,66 | 0,64 | 0,44 | 0,41 0,29 | 0,27 | 0,19 | 0,17
By 0,66 | 0,63 | 0,44 | 0,40 [ 0,29 | 0,26 | 0,19 | 0,16

HanpsoKeHH#A 1o BBICOTe 3TOH CTEHKH NpPHOJHXKEHHO MOXKET GbiTh AaHO
B CJGAYIOUIEM BRHfe:

rie koadduiment K, 3aBHCHT oT Koa(duiHeHTa TpeHus rpyuta ig ¢
¥ Kos(xpUILHEHTa TPeHHA IPYyHTa Mo cTeHKe tgd.

(256)

o 7

N\ (A7
7

\

Puc. 121. TlpusMel CKOABXEHHS B IPYute 32
BePTHKANLHOR CTeHKoil, 10 TEOPHH HPENeNbLHOrD
paBHOBECHSA

3nauenns xoaddunuenta K; paust B taba. 48,

Ta6aunpa 48
tg @ 0,18 0,36 0,58 0,84
tg o 0,09 ) 0,18 | 4,18 ‘ 0,36 | 0,27 | 0,58 | 0,36 0,8;_
K, 0,65 | 0,64 0,44 0,42 0,30 0,27 0,18 0,18

[lpu pacuere nacCHBHOIO JaBJeHHs TPYHTAa Ha BEPTHKAJLHYIO
BHYTPEHHIOK IPaHb CTEHKH C FOPH3OHTAJLHON MOBEPXHOCTHIO 3aCHINKH,
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HODMaJIbHas COCTABJAKWIAA JABNEHHA TPYHTA HA 3Ty rpaHb CTEHKH
N0 TEOPHH NPefeJbHOTO DABHOBECHsS! BHIYHCASETCS 110 cAenyoilel

dopmyae:
0, =1vz-5-€0s0 (cos & +V/ sin? @ — sin® 8) = yzF,, (257)
TMe s — QYHKIMST yraa ¢ H yraa TpeHHs 8 I'PYyuTta no CTreHKe.
B ta6a. 49 npHMBORHTCSI CpaBHEHHE pe3yJbTaroR pacdeta Ko3(H-
uHeHTa F) JJI HOPMAnbHOH COCTaBASIOUIEH NABNEHHS MO TEODHH Mpe-

IenbHOro paBuoBecHst B 0 Kynony — F,. B atom cnay4ae pacdeTHBIMH
¢opMynaMu AJ1st maccuBHOTO jasJienusi Mo Kynony 6ninu crnepyoige:

cos? @

GU ==Yz (1——'—R«)i = 'YZFQ, (258)
rme
R = sin @sin (p &)

cos 8

¥Yron HaknoOHA NOBepPXHOCTH CKOJbMEHMS K TOPH3oHTy mnpn O > 0
onpenesiacs no ¢opMmyne:

te¢=tgo (g —1)

Ta6auuns 49

tg o 0,18 0,36 0,58 0,84

tg & 0,00 | 0,18 [ 0,18 | 0,36 | 0,27 | 0,58 | 0,36 | 0,84
Fy 1,52 1,62 2,50 2,87 4,46 5,82 9,3 14,1
F 156 | 1,70 | 2,60 | 3,31 | 4,81 | 874 | 111 | 708

£_= 1,03 | 1,06 | 1,00 | 1,15 | 1,00 | 1,50 | 1.09] 5,01
1

tgd 0,65 | 0,54 | 0,51 | 0,39 | 0,38 [ 0,24 | 0,25 0,08

B tperneit ctpouke Tabu. 49 ganbl OTHOLIEHHS MacCHBHOTO faBJICHMS
no KyJony K MacCHBHOMY JaBJeHHIO [0 TEODHH NpeJeNLHOr0 PaBHOBe-
cusi. CpaBHeHne 0GOHX MeTOJOB pacyeTa YKa3HBART Ha CyHIECTBEHHOE
pacxox/ieHHe pe3ynbTaToB pacdera, KOTOpOe PaCreT ¢ yBelHUCHHEM
K03hhHIHeRTOR Tperus tgg # tgd. Ono OGBACHRAeTCH 3HAUHTENLHBIM
OTK/IOHEHHEM TIONOMXKEHMsl TOBEPXHOCTH CKONLXeHHs no KyJOHY
H 710 TEOpPHH NPENELHOro paBHOBeCH:. JIHHHY CKOALKeHHs 1O TEOpPHH
npenelibHOr0 PaBHOBeCHs B mNpejenax NpH3Mbl CKOnLKeHHS HMEIOT JBE
o6nactu (pac. 121). B BepxHeil o6nacTd OHH NPAMOnHHeHHH H HAKIO-

HEHBI K TOPH3OHTY NOJ YIJIOM i = <45°— %) - B wmxneit o6nactd oun
KpHBONUHEHHH. B ta6n. 49 B nocsiefuedl CTPOUKE npuBEAEHH YIiIOBHE
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KoapuumenTsl tgd nakIoHA BepxHEH YACTH MOBEPXHOCTH CKOJIBIKEHMS
K TOPHSOHTY 1O KyJiony. Bce OHH MeHbIIE, YeM 110 TeOpHH TPeIeibHOro
PaBHOBeCHSI, T/ie OHH He 3aBHCHT OT TPEHHS I'PYHTA N0 CTeHKe M PaBHbI
coorsercTBenHo: (0,84; 0,70; 0,58 u 0,47.

TlaccupHOe paBjieHHe TJIMHHCTOTO TPYHTA, HMEIOWIErO CLEMJeHHe,
HA CTeHKY C B€PTHKA/ILHOH BHYTpeHHeH TPaHbIO, NPH PABHOMEPHO pac-
npejiesIeHHOM HArpysKe, HHTEHCHBHOCTBIO 0 IO TOPU3OHTAILHOMN NOBEPX -
HOCTH TPYHTAa 3a CTeHKOH, MOXkeT ObiThb UDHOIMXKEHHO NOJyHeHO [0

¢dopmyae:
[+ c
UU=<p+t_g‘q';> Kz‘@“f‘YZFu (259)
rie xosdpunment K, sapucuT oT Kosdpunuenta Tpemdst rpynta tge

H Koxpduuuenta tpennst TpyHTa no creHke tgd.
3uauenne Kosdpuuuenta K, namu B Tadn. 50.

Ta6auuna 50
tg @ 0,18 0,36 ‘ 0,58 0,84
tg & 0,09 l 0,18 | 0,18 |0,36 ‘0,27 0,58 | 0,36 | 0,84
K, ’ 0,12 i 1,34 I 1,29 [ 2,01 [ 1,58 [ 3,35 | 2,25 l 6,75

B. YecTofiquBocTs OTKOCOB H CKJOHO B.

3anaua 06 YCTOHYHBOCTH OTKOCA PEUIAETCS MeTOAOM UHCJIEHHOTO
MHTErpHPOBAHHS, KOTOPHH H3JIOXKeH B CrelmalbHblx TpyAax (Corosnos-

cguii, 1954).
Korza Ha ropusonTasbHOH NOBEDXHOCTH 33 OTKOCOM, CJIOMKEHHHM

OJHOPOAHBIM TIVIHHHCTHIM TPYHTOM, OTCYTCTBYyeT NpPHTpy3Ka, TO €ro
BEPXHSAA 4acTb nMeeT BepTHKAJLHHE ydacTOk. Beicora storo y4acTka,

NIPeCTaBJAMONAs KPUTHUECKYIO BHICOTYy OTKOCAa, paBHA
2ccos @
=— 260
b= —sme (260)
rie ¢ — cleieyye rpyHTa.

Ecin B 2asave mapecTHH 0GbheMHblH BeC OXHOPOAHOTO TIJIHHHCTOTO
TPYHTa H €ro ClemIenye, H NPH CAENYIONHX NPHBENEHHBIX NpAMOY FO/b-
HBIX KOOpAHMHATAX

2= %.z My':%—y (261)
pacrooJIOKNTL HayaJio KOOPAMHAT Nof GPOBKOH OTROCA Ha pacCTOSIHHH
h, ock 2z’ HanpasuTh KHH3Y, a 0Cb § TODH3OHTAJILHO BIIPABO, TO OTKOC
HHMXKE er0 KpHTHYeCKOW BHICOTH, AN KOI(PPUIHEHTOB TPEHUS TVIHHH-
€TOro rpyHTa papuunx 0,36, 0,58 u 0,84 GyneT HMeTs ouepranme, HOKa-

3aHHOE Ha pHc. 129.
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TaGuuma 51

0 3,1 6,5 | 10,5 | 15,4 | 25,2

tgg
0,36 © 1,60 | 0,86 | 0,67 | 0,57 | 0,51
0,58 o 2,60 { 1,19 { 0,97 | 0,84 | 0.74
0,84 0 3,27 | 2,36 | 1,73 | 1,48 | 1,24

YroBole KO3(UIMeHTh KacaTebHEIX K KPHUBOK MOBEPXHOCTH
OTKOCa, NPOBEJEHHBIX B TOUKaX, PACIONOKEHHbIX HA PA3THUYHHX pac-
CTOSIHMSIX OT Hadasla Koop-

JMHAT, TaHH B Ta6a. 5l. I
3anoxenHe oTKOCa, IO 020 S0 4 S
Mepe yBeJHYEeHHS €ro BH- Y
COTH, NpHOIMKAETCS Y IO- ”
JOWIBH K 3HAYEHHSM KO- \
¢dnvenTa TpeHHst TPYHTa, 0 \\ N Lp 436
a Bblllle NMOZOINBHL AT CO- \\ \r\g.
CTOSIHHSI Npefe/bHOrO paB- \(
HOBECHS OgTaﬂe’l‘CH 60J£=me 5 \ {2 B
3HaYeHns Ko3(hpHLHEeHT \( ™~
TpeHusi rpyHTa. Takum 06- 40 L0 I
pasoM, KpuBas, OIDaHHYH-
BaIOIasl OTKOC, HMEET ac- 50 AN
CHMITOTY, KOTOpast HaKJo- 3
HEeHa K OCH j Ha yroa @. Puc. 122. Ouepranue npesefbHEX OTKOCOB H3
Aans Pa3JHYHOHU ITOCTOAH-  necyadoro rpyHTa B 3aBHCHEMOCTH OT BeJXH-
HOH NPUTPYSKH PaBHOMEPHO YHHB ero KoshhuUHeHTa TPeHnd

pacupefenenHoil Mo Tropnu-

30HTAJbHOH TOBEPXHOCTH 338 OTKOCOM, CJIOXKEHHHM OZHOPOZHBIM T'pPYH-
TOM, OUEpTaHHe OTKoca pasindxoe. [IoBepxXHOCTH OTKOCA NpeBpallaer
cd B INIOCKOCTb, ec/lH PAaBHOMEDHO pacilpefejeHHast IPHIpy3Ka AOCTH-
raeT BeJIMUAHHL:

~cclgo (H-SH"P (n~20) 18 ¢ _ 1) \ (262)

ITprn panbHefimieM yBeMW4YeHHH HATPY3KH IIOBEPXHOCTh OTKOCA
MpHHAMAaeT BEINYKAYIO ¢opMy. 17 Haeal bHOrO CHITy4ero OAHOPOXHOIO
IPYHTa OTKOC MOJydYaeTcss NPSMOJHHERHBIM.

Pacuer odepraHnsi 0TKoCa C 3aJaHHBIM KO3(hGhHIHEHTOM 3amaca ero
YCTONYNBOCTH B TEOPHH INPeJe/IbHOTO PABHOBECHS MPOUSBOAAT MO 3HA-
HJeHN AM KOS(I)(I}PIHPIGHT& TpeHUst H ClellJleHWd, YMeHbHIeHHbIM Ha 3TOT
Ko3(puIlHeHT 3alaca.
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45, Teoperuueckoe 060CHOBAHHEe HCIILITAHHMH TPYHTOB
MOJIeBbIMH OTLITHBIMH HAarpy3KaMH

Hayuenue cBOHCTB 'PYHTOB NPH HH)KeHePHO-TEOJOTHUECKHX HCCIe-
JIOBaHUAX CTPOMTENLHOH TIOMAJKH TNpPOH3BOAAT B JjaGopaTopuu Ha
o6pa3nax, AOGHTHX M3 CKBRXKHH, IypdoB M APYTHX TOpHBIX BeIpato-
TOK, 2 TaK:Ke NOJEBBIMH ONbITHBIMH HArpy3KaMy B YCJIOBHSAX eCTeCTBEH-
HOro 3ajierafusi TPYHTOB, HATPyKeHHeM CBal ¢ KOHHUeCKHM HaKOHeu-
HHUKOM, WM KpHUIbYATKOH. J[Ba moc/efHHX MeTOAA M NOJeBble ONLITHHIE
C/IBUTHM, KaK He MMeIoiue INHPOKOTO pacnpocTpaHeHus, 3jleck He pac-
CMATPHBAIOTCA.

Tpn n3yuesny cBOficTB TPYHTOB NO KX 00pasuam BO3HHKaeT BONpOC,
3HAYNTENBHO JIM H3MeHAIOTcs npH oTéope 06pas3noB, NOcje pasrpy3KH
CKeJieTa TDYHTa H TIafieHHs TIOPOBOTO J(aBJeHHs, CBOHCTBA T'PYHTOB,
KOTOpHle HMMEJHNChb B YCJAOBHAX HX eCTeCTBEHHOTO 3ajerapus.

Tlpn BrleMKe IpyHTa B moGOH FOpHOK BHpabOTKe, B TOUKAX HA CTeH-
Kax H Ha 3a6oe, HanpsfKeHHs NajalOT OT BeJHUYHH, NOKA3aHHBIX Ha
3MOpax pacnpefesieHHs HanpsaikeHHH oT cO6CTBeHHOro Beca No riyGuHe
(puc. 44, puc. 45 u puc. 46), no Hyas. Ilo Mepe ynanenns ot GoxoBoi
MOBEPXHOCTH TOpHOH BHIPAGOTKH, B CTOPOHE! OT BePTHKAJIbHBIX CTEHOK
M KHH3y OT 32602 B IyOMHY MacCHBa TPyHTa, NajieHHe HanpsxeHui
NIOCTENIeHHO 3al1yXaer.

C BospacTaineM IiyGHHEL TOpHON BHIpaGOTKHM BO3pactaeT HHTepBasl
M3MeHEeHH s HanpsKeHHH (OTpHUATENbHElE HANPSKEHN), YTO BH3HIBAET
paciinpeHHe IpYHTa M CABHIH B TOUKax BOn3n GOKOBOH NOBePXHOCTH
BEIpaGOTKH, T. €. YaCTHUHOEe paspyllenHe CBsA3ell B I'PYHTE M yMeHbIlle-
Hue ero npoynoctd. [lpu Gosbmoli riyGHHe BHpPaGOTKH yC/IOBHe Npe-
JieTbHOTO paBHOBECHSI Hapyllaercss B OOJILINION 30HE M IPOHCXOMMT
IJlacTHYeCKOe TeueHHe TPYHTAa K LieHTpy BblpaGotkn. Ecam mpruATh
A IWJIOTHOTO TVIMHHCTOrO TpyHTAa napaMeTphl IpelieibHOH npsMOH
tg ¢==0,50 u c=4,5m/m?, a o6beMHbIll BEC rpyHTa, HUXKe YPOBHSA PYH-
TOBBIX BOJ, paBubIM 1,2 m/m®, TO mnactuueckue aedopmanpy B IpyHTE
OKOJIO CTeHKH CKBaXKHHBI TEOPeTHUECKH JO/DKHBL HAUaThCs yKe Ha INTy-
6uxe oxoso 20 m. OGpasup! >Xe TPYHTa s Aa6OpaTOPHBEIX HCC/Ie0Ba-
Hufi OTGHpAIOTCA TOMBLKO M3 NPHUCTEHHOH 30HB! TOPHBIX BHPaGOTOK,
M3 30HBl, B KOTOpO# yMeHbINaeTCH NPOYHOCTL T'PYHTA, NO CPABHEHHIO
C MeCTaMH B MacCHBe I'DyHTa, yJaleHHBIMH OT BbIPaGOTKH.

PacmnpenHe rpyHTa NPOHCXOAHT He TOJNbLKO BCJEJCTBHE €ro pas-
rpysku. Ilpn OTkayke BOZBI H3 TOPHON BbIpaGOTKH HJINM NpH NOZBEME
o6paspa ¢ ray6uuel /{ HuKe YpOBHS IPYHTOBBIX BOA, MAJalOT HAIOpHL
BOZLI B II0pax FPyHTA. YUNTHBAs, YTO [PYHTOBbIE BOJH! ra30HACHIIEHE!
B COOTBETCTBHH C HX JaBJIeHHeM M UTO NPH NAJeHHH JABIEHHS MPOUCXO-
AMT TasoBhJIe/ieHHe B BOJe B NOPAaX TPyHTa, NOPHCTOCTb TPYHTA yBe-
JINYHBAETCSI TIPH HeH3MEHHOH ero BJIAa)KHOCTH.

Ecnn B na6opatopun Ou/IM OnpefesieHEl KO3GXDHIMEHT NOPHCTOCTH
&, U CTeneHb HacHienns G, 06pasua rpyHTa, T0 B yCJIOBHAX ecTecTBEH-
HOrO 3ajeraHud, /0 NPOXOJKH TOpHOH BEIpaGOTKH, 3TOT TPYHT HUMell
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(Posa, 1959):

Gy (1--HA,+-m)
G, = 1—{2—m—{—0,9802HA8 (263)
"
G
=%, (264}

rfie m — BeJIMYMHA, 3aBHCALIAA OT TOBEPXHOCTHOTO HATSKEHHS BOAMI,
paauyca BO3HHKNIErO My3hipbKa rasa B NopaXx FpyHTa H ynpy-
roctd BoAAHMux mapoB. OHa fana B Tabua. H2.

Ta6bnuuma 52

Hau6onee wacro BeTpeuao- :
muicd B TIPYHTE pasmep 0,0005 0,0010 0,0050 0,010
TPYHTOBEIX YaCTHL, M

Moo v e v e e 3,07 1,63 0,30 1,14

Pentenue ypaBHenus (263) naHo Ha puc. 123 gis m=0,30 cuiomwnofi
Jqunnedt u gia m=0,10 nyskrapuo# Jsunueit. Ws puc. 123 Bugno, uro
HeTOYHOCTL B ONpe/iefieHHH BeJMYHHBI /1 He HMeeT NMPakKTHUECKOro 3Ha-
ueHus. Ecin o6pasery Obl1 MOAHAT ¢ rayGuHbl /=40 u HHXe ypoBHS
rpyHTOBHIX BOj H B JaGopaTopuu AJfis ofpasua npy H=0 6puiu ompe-
nesienbl G,=0,90 u &,=1,00, T0 B yCJIOBHSAX eCTECTBEHHOrO 3aJleTaHH,
10 TIPOXOKH FOPHO# BHPAGOTKH, ITOT 'PYHT NPAKTHUECKH He Cofep:kall
My3BIPLKOB rasa, Tak Kak u3 puc. 123 nosyuaercs G;=0,99. Ilpa stom
coriiacHo (264):

_0,90-1,00
£17770,99

CitefoBaTesbHO, OTHOCHTE/IbHOE pacllipeHHe NMpH NojkeMe obpasna
COCTaBUT

= 0,90.

_gy—g;  1,00—0,90
€= 1%, =~ T140,90

[Mosyuennoe pacimiMpeHHe TPYHTA 3a cueT NajieHHA Hamopa BOJXBR
B ero nopax secbMa GoJikimoe. Ilpu ydere e npoucxopsiget pasrpy3xknu
TPyHTa OHO BO3pacrer eme GoJblue.

CnenoBaTellbHO, AaxKe npu GesynpednoMm ot6ope ofpasila ero noka-
3aTe/lM TPOYHOCTH, NOJyueHHble B Ma60paTOPHH, OyAyT 3aHHKEHHbIMH.
Ora norpemnoctd OyAyT TeM MeHblle, deM MeHbine OyfaerT rilyCuua
orGopa obpasua. IIpu orGope ¢ roy6uns: Menee 20 &, T. e. LA uenei
NPOMBIIIVIEHHOTO U JKHJONO CTPORTENBCTBA, H3MeHeHHA B obpasue
He HMeIOT mpakTHYeckoro sHauenus. IIpu orGope ke c rayGuH Gosee
20 # TpoMCXOAsAUIee YMEHbIIeHHe NPOYHOCTH 06pa3LoB, TVIaBHEM 06pa-
30M HX CXKHMaeMOCTH (KoTopasi MOJydYaeTcs 3aBbIIEHHOH), CJeLyeT
YUHTHBATL TPH aHaJH3e pesy/bTaToB JabOpaTOPHLIX OIpeJeJeHu.
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Hasi yMenbluenus MOTPEUIHOCTH B OLEHKE CXKHMAeMOCTH T'DYHTOB
AJiA CTPOHTEJbHHIX lieJiel NPOW3BOAAT TNOJEBHe ONLITHEE HAarpysKu
TPYHTOB, XOTSl ToOcJeffHe 3HAYATENBHO CJOXKHee, GoJiee TPOMO3JKHe
H Jloporue, deMm JaGopaATOPHBle HMCMBITaHHA. B 3ome ucnblTanuii, mpu
NOATOTOBKE OIBITHRIX HATPY30K, TAKKe IPOHCXOMHT MajieHHe TPOUHOCTH
TPyHTa, KaKk ¥ B oGpasne, HO MeHbille, BCJIEJACTBHE 3aTPYAHEHHOCTH

B TropHO¥ BhipaGoTke GOKOBOTO pac-

- C’”“’%;”““"”Z’;ﬁ””””' ” WIMPEHHA TPYHTa B MeCTe, MOLTOTO-

: -6  BJIGHHOM JJIfl OILITA.
) [ ucnuiTaHug Ha rayGuue
TPYWTOBHX CRORBR, Rotopoie OyayT
BXOUTb B COCT4B OCHOBaHHS HPoex-
THDYeMBIX COOpYKeHMH, ImoJeBLIe
Y ONLITHLIE HATPY3KH [PYHTOR MPOH3-
\ BOAAT HUXKe JIOBEDXHOCTH 3eMJIH.
ITH HCNLITAHHS OTJIMYAIOTCA OT Ja-
\ GopaTopHbIX, MAJS ONpeleIeHHs COl-
POTUBJIEHHS TPYHTA CKATHIO, Xapak-
TEPOM pacHpefiejienuss HallpsmkenHH
B TPyHTE H pa3MepaMH HCILITHIBAe-
( MO} 4aCTH MaCCHBa TPyHTA. Pacrpo-
CTpaHeHHE De3yJIbTaToB HCMBITAHHUM
v Ha Becpb CJIOH IPyHTa IPOH3BOAAT KaK
(I U [IpH KOMNPECCHOHHBIX HCHBITAHHUAX.
PesyssraTel MoMeBHX  HCmulTagHH
rpyHTa, KaK H peayaspTarhl jabopa-
TOPHBIX HCIOEITAHHH MOHOJHTOB I'PYH-
T4, He MOT'YT TOUHO OTpaxKaTh CBOHCTB
W4 L T'PYHTa B €r0 YC/IOBHAX eCTeCTBEHHO-
Puc. 123. Teoperiueckoe Hamese- 1O SAJNETAHAA, JAKe Npu Gesympey-
Hue cTeMenH Hacmmenys OOpasua HOM BHIIOJHeHHH HMcnmitadmil. Kak
IPYHTa B 3aBHCHMOCTH oT [MIyOHHH  yiKe OBIJIO OTMeHeHO, 37eCh TaKKe
ero QTGOPaHHmKe Y?OB““HOEPY“' CK23LIBAOTCA P23TpPy3Ka TpyuTa B
:g‘;g;‘xf;’“ﬁaﬂaamg;‘:gg::”Zaciu‘zgf MeCTe WCTHTAHUA NPH MPOHBEOXCTRE
HHS, NodyueHHas B JaGopaTopus BBIEMKH T'DYHTa M3 TopHOd BeIpaGort-
IS ofpasna rpyuTa KH H pasOyXaHHe IpydTa NPH OTKAY-
Ke Boas! H3 Hee. Kpome Toro, aju-
TeJIbHBIH NPUTOK BOAH B BHIPAGOTKY AJIA ONBITHOW HArPysKH B Ipo-
ecce HMCNBLITAHMA TakkKe HECKOJbKO HCKamaeT MX peayJsTarhl. Mcrw-
TaHHA 3Xe TPYHTA B CKBaXKHHE HHXKE YPOBHA I'DYHTOBHIX BOJ He oGecrie-
YHBAIOT TWATEJLHOH MOATOTOBKM 3a60d A5 YCTAHOBKH Ha HEro mramiia.

JIAS HEKOTOpHIX rpyHTOBHX PasHocTeil NoJeBble ONEITHRIE HATDY3KH
ABJIFOTCA TpepliodTHTebHEe 1a00PATOPHBIX HCIHITAHUE, Hampumep,
MpPH MEJNKOC/IONCTHX MMIHHUCTHIX TPYHTaX WIH NMDH HAJTHYMM KDYTIHBIX
BKJIOYEHHH B TPyHTaX H APYTHX CAydasX, KOTAa HEGOMBLWOH MOHOMHT
TPYHTA He MOXKeT XapaKTepH30BaTh ero CTPOCHHS B YCNOBUAX eCcTecT-
BEHHOTO 3aJeranuga. ECIH Ke COOPyiKeHHe HMeeT GOJbIIyi0 ILHPUHY
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NOAOIIBKI, TO INPEeANOYTATE/IbHEe J1a6opaTOPHEIe HCNBITAHUS, KOTOpHIE
OCBemaloT MacCHB TPyHTa B GOJBIIOM KOJIHYECTBE TOYEK.

TloneBble  oMuiTHRIE HAarpy3kd IMPOH3BOAAT B IIypdax, lIaxrax
#ToNbHAX . CeueH e 3THX TOPHBIX BEIP aG0TOK JieNat0T 3HAUNTENBHO 60/Tb-
1e nomay wramna. PacCTosinue mraMna ot CTeHKH BHIPaGOTKH JOJKHO
6BITH He MeHee BeHYHHB ABOHHONH LIMPHHBI WITAMHA, YTo6L HCKIOYHThL
BJIHsIHHE JABJEHHS OT CTEHOK HA ocHOBaHue wTamna. Ilocnenunit o6piuno
uMeeT KBaipaTHyo (dopMy H miaomans pasnyio 0,7-0,7=0,5 m2. Ecan
ONBITHASI HArPy3Ka MpOHU3BOJUTCH B CKBaXHHE, TO €e ceyeHne GepyT
paBHEIM [JIOMaaM wTaMna. B atoM ciydae rocnegHu#l umeer Kpyriayioo
bopMy ¥ mnomans pasuyio 600 cu?, a BAUAHWE CTEHOK Ha OCHOBaHue
IITaMNa YYHTHIBAIOT COOTBETCTBYIOMMME KO3(HIHEHTAMI B pacu4eTHOH
(popmye.

IloneBbiME OMBITHHIMH Harpy3kaMi pelialoT C/efylolie fBe 3afaun:

1. Omnpepenenne Mopy/s aedhopMainu AJAA JaHHOH TPyHTOBOH pas-
HOCTH B yCJOBHSIX ee eCTeCTBEHHOTO 3aJieraHusl.

2. Beisicenne pagis AanHoro (yHJIaMeHTa YCJIOBHA I[PeNedbHOrO
paBHOBecHsI B €0 OCHOBAHHMH WJIH MNPeAeJbHOd HAarPy3KH Ha QyHAaMeHT
(o BeJMUMHE OCanKu), [TPH KOTOPOI COOpYXEeHHe ele BO3MOXHO HOp-
MaJIbHO 3KCIVIYaTHPOBATh.

Ecnn pasMepsl nmumThl OINBITHOTO INTaMIa paBHbl pasmepaM ¢yHua-
MEHTa ¥ YCJIOBHS 3ajleraHHsi TPYHTOB H €ro cBOACTBA AJIs ONbITAa H IS
COOPY:KEHH S OHU H Te K€, TO 0Cajika OBITHOTO ITAMIa, ONpeeseHHas
IpH TOJEBLIX HCIBITAHASAX, MOXKeT CAYKHTb IJ/Is1 [POrHO32 OCAJKH
MPOEKTHPYEMOro COOpYXKEHH.

Ecnu 3xe pasMeps! olbITHOH IJIHTH Y WITaMpna MeHbille pa3MepoB Ilo-
JOLIBH! PYHAAMEHTa UM COOTHOIIeHHe JJIMHb] U LIMPUHEL y IITAMITa OTJIH-
4aercsl oT COOTHOIIEHUs Pa3Mepos PyuJaMeHTa, jake NPH OfMHAKOBOH
IIMpHHe ITaMMa B ¢yunjaMenTa, TO TPYHTOBble yCJOBHs AJis LITaMIia
u dyupamenta OynyT pasnauuHbiMH. B Taba. 53 maubl riyOuHH B M,

Ta6nuuwa 53

Keapparnas JlerTounan
HanpsixeHus B rpyHTe TUTHTA IMTa
(B npoueHTax OT BHeWl-

- " _
Hell HarpyskH) 0,70x0,70 Hoﬁ”gp;[o .
10 1,4 4,0
5 2,2 6,5
1 3,5 20,0

HA KOTOPHIX HAlpsIKeHHs B TOUKAX Ha LEHTPaJbHOU BEpTHKAIM COCTa-
-BJISIIOT OIpe/eiennble A0 CPefHero NaBJeHHsi Ha TPyHT OT IuTaMna
paamepoM 0,70-0,70 # B OT HarPyKEHHOTO JIEHTOYHOro (PyHAAMEHTa,
HMEIOIero Ty JXe IIMpHHY, UTO H INTaMIIL.
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U3 Ta6x. 53 BuaHO, YTO TOJIILA [PYHTOBR, a CJAEJOBATENbHO, U CJIOH
TPYHTOB, CJIaralolide OCHOBAaHHsS 00€HX IVIMT, KOTOPBIE OMNPENEJIAIOT
HX ocaiky, GyAyT paaauuHbiMH. Ilo3ToMy O6yayT pasiHuHEIMH U HX
ocaaku. B paccMoTpeHHOM caydae He 6blJIO NOJOGHS B yCJOBHSAX 3aJe-
raHusi TPYHTOB H HX CBOMNCTB.

PaccmotpuM Bompoc 06 ycJIOBHSIX NopoGHsi AedopMalMil TPyHTOB
TIOJ], ITAMIIOM, IIPH €r'0 ONKTHOU Harpy3ke, H B ocHopaHHH (yHIaMeHTa
MPH  OJHOOGPA3HBIX TPYHTaX. TIpaxTuueckoe 3HaueHue COOTIOAEHHUS
yCJIoBHH no;106m{ MM MOJCJHPOBAHUS 32K/MOYAETCH B BHIACHEHMH
TaKHX yCJIOBHH NPH NOCTAHOBKE OIBLITHOH HArpy3KH Ha MaJIbIX MOJeJAX,
KOTOpLIE MO3BOJISIT HCIOJL30BATH MOJYUEHHblE JaHHBlEe B JaJjbHelleM
IS coopyxkeHHuil GosbulnX pasmepor. Cob/mojeHHe 3THX yCJIOBHH Moje-
JUpoBaHHsi o6ecneudT TPH OAHOPOJHOM TPYHTE B OCHOBAHHH LITaMIa
# ¢yHaaMeHTa nojobHe HANpPSKEHHOTO COCTOSIHHS, a CJIENO0BaTe/IbHO,
# JledpopManMH T'PYHTOB, CJIAralOM{UX OCHOBaHHE Y MOJE/H H Y HaTypHI.

YcnoBus MOeTMPOBAaHHS TIPH OAHHAKOBOM COOTHOLIEHHH pasMepoB
HarpyKeHHbIX MIHT H HAJTHYHH 30H IPEe/bHOTO PABHOBECH I B JIHHEHHO-
ngg)g)pmnpyemom TPyHTOBOM Maccue, OyayT ciipyiomue (Paopun,

= O = 0 Oy, (265)
rJe a, — MacliTal Hanps:KeHHH,
C
@, — MaciTab CBS3HOCTH (}.um Té?p) ,

@; — MacliTab JJUH,
@y — MaciTal o0beMHBIX CHJI (COGCTEBEHHOTO Beca),

[Ipu BeIMOMHEHHH 3THX YCJAOBHH pacnpenesieHHe HATIPAKEHHH | pas-
MepoB obJacTell npenesibHOTO PABHOBECHA B ABYX CPaBHHBAEMEIX CJIY-
yasgx 6y)_1y'r noAcGHLIMH. MaciTab HanpsiKeHHd 1Jis JHHEHHO Aegop-
MupyeMoH cpepd OyAeT paBeH Macurtaby JuHefinelx pedopmanni,
ecqd MopyJb nedopManuu W KoddduuueHT GOKOBOTO pacuUIMpeHHsI MO
riyGHHE B MaccHBe TpPYHTa OyAyT MNOCTOSHHBIMA.

s TPYHTOB, Y KOTOpBIX HET CHENVIEHHS H CONPOTHBJIEHHE CABHTY
APONOPHHOHA/NLHO HArpyske, YC/AOBHsI MOJAC/JHPOBaHHS CBOISTCS
K CJICAYIONHM:

@y = ;- Uy (266)

Ho, yuuTblBasi, uTo H3MeHeHHeM OOBEMHOrO BeCa B OJHOPOJLHOM

TPyHTe MOXKHO npeHefpeub, YCJOBHE MOAEJAHPOBAHHS JIJs MECYaHOTO
TpyHTa OyAeT:

Q= Q. (267)

Takum ofpasoM, NMpH yBeJIMUEHHH WIMPHHBL HArpyKeHHOH MOJOCH!
H OJHOBPEMEHHOM VYBEJIMUEHHH HHTEHCHBHOCTH HarpyskH B 1 pas,
ycloBue MOACOHsT OyleT BHINOJHEHO, T. €. HaNnpsiKeHHOe COCTOSIHHE
4 fledhopMallid rPyHTa B 3TOM cyuae GyAyT NOAOGHBI MPH pa3qHuHOH
IIHPHHE HArpyXKEHHBIX IUIUT.
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[lomoxxenne o NMPOMOPHUOHAILHOCTH BEJAMUMHBI HecCymiell CrMocoG-
HOCTH MeCKa IUHPHHE HArpy:KEHHOH IOJOCHl H3BECTHO M3 OIBITA.

CaepoBatesbHO, €CJH NpelerbHAsE HATPY3KA Ha WITAMI PasMepoM
20-20 cu, npu KOTOPOH ee He NPOHCXOJHT BHINOpa I'PYHT4, PaBHA
3 kl'/cm?, To anast pyHAameHTa C pasMepoMm nojouree 200-200 cm
oHa Gyaer pasHa 30 k//cm®. OpHaKO HeHCTBHTeNbHAS Harpyska Bceraa
NPUHEMAETCsl 3HAYHTE/BHO MEHblIe. DTO MOJOXKEHHE [0 CYIHECTBY
JIMaeT NPaKTHYECKOH IEHHOCTH Pe3yJIbTaThl ONMBITHEIX HATPYS0K MecKa
IITaMIaMH MajiblX PasMepoB /IS OfPEeAeTeHHs NpeneTbHOH Harpysku
Ha TPYHT OT COOPYKEHHS, HMEIOmero GOJbIIYI0 LIHPHHY.

To xe MoxHO yCTaHOBHTH M [JIs paclpejeteHHsi HanpsiKeHuH
[0 NOJoLIBE KECTKoro uiramna pasMepom 20-20 cu, KoTopoe GyaeT
NOAOGHLIM PachpefeieHno HanpsbKeHHH 10 MOJOUIBE IUIHTH COOpYyKe-
Husg 200-200 cx TOMBKO B CJyYae, eC/ii HHTEHCHBHOCTbL Harpysku
y wramna cocrapisieT 0,1 x/cu?®, a y ero coopyxenus 1 & /cu?.
[Tpu Gosellleir BenuMHE HarpysKH Ha LITAMII YCJIOBHSI MOJEJIHPOBAHHS
He OyAyT BHINOJJHEHH.

[st TPYHTOB Ke, MMeomHuX CIeVIeHHe, MacliTa JJis CBSISHOCTH
JoJKeH DaBHAThCS MacliTay HanpsiKeHHH, YTO HEBOSMOXKHO obecle-
UHTh TOABKO BeJHUHHAMH HAarpysoK, 3aBHCSIIHMH OT 3KCIEpHMeH-
tatopa. [TosToMy B ciIyyae IVIAHHCTBIX IPYHTOB pe3yJbTaThl, NOJTYyYeH-
Hble NpPH HCOBITAHHH IVIHHUCTHIX TPYHTOB-ONLITHBIMH HArpysKaMu Ha
WITaMIIB, HE MOTYT GbITh MepeHeceHBl HA MPOEKTHPYeMble COOPYKeHHs
GOJIBLIIHX pasMepoB, BCJIEACTBHE HECOGMONEHHS YCJIOBHH NOAOGHS.

Ecuai pasMepnl WTaMNa u GpyHAaMEHTa HEBEIMKH H MaJsIo OTJIHYAIOTCS
OJHH OT APYToro, To YCJOBHE MOJGNHPOBAHHS AJS [VIHHHCTHX I'DYHTOB
6yner BHINOJHEHO MpH a,=0,=l.

CobcTBeHHbli BeC IVIHHHCTOTO TPYHTA He 6yaeT CymecTBeHHO BT
Ha NepeHeCeHHe Pe3yJbTaTOB OMBITHHX HArpy3oK LITaMIoM Ha dyHAa-
MEHTHI, €CJIH BeJIMUMHA MX UIMPHHB He GypeT mpeBbliath 50 cu (PJo-
puH, 1948). B sToM ciayuae npu pasiHuHON WIMpHHE HATPYyKEHHEX ILIHT
HOJIYYHTCS oflo6ue B AehopManusX, IPH paBHOH HHTeHCUBHOCTH HArpPY-
30K. 3aech ocagka pyHAamMenTa 6yaeT NponopuHOHAJLHON ero pasMepy.

[Ipu Goabmux xe pasmepaXx NojouBe (GyHAAMEHTA yKe HeMb3s
npeHe6peratb COOCTBEHHHIM BECOM TpPYHTA H YBEJIHYEHHE UIHPHHEI
MmofloulBE (GyHAaMeHTa GyaeT CKashBaTLCSI HA POCTe Hecyuied crocob-
HOCTH IVIMHHCTOTO TIPYHTa TO CPABHEHHIO C pesy/ibTaTaMH, HOMyueH-
HbIMH TIPH €ro ONBITHOH Harpyske wramnoM. Ha oanoM #3 KpynHEIX
CTPOHTE/ILCTB B Pe3yJ/ILTaTe ONBLITHLIX HArpy30K LITAMIIOM Ha AEBOHCKYIO
IVIOTHYI0 INIMHYy ObUIZ [OJMyueHa IpejeibHasd Harpyska, paBHast
3 kl'/cm®. Tpu wmpuHe »xe mojolIBHEI CoopyxxeHus B 50 pas Gosplie
pasMepa mTamna, Gblia NPHHATA HATPY3Ka Ha IPYHT, paBHas 7 &l /cm®.
CoopyxeHne G1arofoJyIHO SKCIIYaTHPyeTCA A0 HACTOSIETO BPEMEHH.

M3 H3moxkeHHOro BHAHO, UTO ONBITHHEIE HATPY3KH IPYHTE WITaMIaMu
HEJIb351 HCIIO/Ib30BATh JJ1s1 ONpPEAE/ICHH ST IPEAeTLHON Harpy3Ku Ha IPYyHT
ot coopy:xKenus. [TlostoMy B HacTosAmee BpeMsi HMH He MOJL3YIOTCS AJA
onpefeeHHsT TpefeJbHEIX Harpy3oK Ha rpyHT. OnuiTHHE Harpyskd
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HaXOAAT IPUMeHeHHE JHIL KAK MeTOJ HCIHITaHUH [J1s oJIyUeHH s IoKa-
3aTeslell C;KMMaeMOCTH TPYHTOBHIX PasHoCTed AJis HarpysoK, NpH KOTO-
PHX elle He HacTymaeT siBJIeHHe BHIIOPA TPYHTA H OCajKH LITAMIA H3Me-
HSIIOTCSI C POCTOM HArpys3KH B JIMHEHHOH 3aBHCHMOCTH OT ee BeJIMUMHEL.

Jst peitenns TakoH 3ajaud BHIGHPAiOT MeCTOPACTIOJNOKEHHS OTLIT-
HBEIX Harpysok ¢ TAKHM pacyeToM, UYTOGhl YCIOBHS 3ajieraHHsl IPYHTOB
H HX CBOHCTBA OBUIH THIHYHBIMH JJIsl [€OIOTHUECKOro CTpOEeHH I OCHOBA-
HHsI TIPOEKTHPYEMbIX COOPYKEHUH H MO BO3MOXKHOCTH OJHOOGPA3HBIMU
no TviyGHHEe AJsi KaxJOro TaMna. 3aBHCHMOCTD CTaGHﬂHBHpoBaHHbIX
OCajOK lUTaMNa OT Harpy3KH Ha Hero AJs ee JuHeHHOro yvacTka
(puc. 73), ucxomst M3 pelueHust Teopud ynpyroctu (115) umu (122),
noJyueHHoro Ges yyera coOCTBEHHOTO Beca I'PYyHTa, MoxKeT GHiTh jaHa
B CJEAYIOMmEM BHIE:

b
s=A4%2, (268)

TAE p — Harpys3Ka Ha LITaMn H b — ero wupuHa.
Besnunna uckoMoro MoAydas AedopManuH MOXeT ObITh ONpeaeseHa
H3 CJIEYIOWEro BhIparkeHHs:

_ 4Pt
E=A4%2, (269)

rae A — upcaeHnb KOPHHUUNENT, KOTODEA IPH noJeBod ONHTHOH
Harpyske B wypde, 1axTe WA WToJMbHe paeeH 0,7, a npu
Harpyske B ckBaxuue — 1,0.
YunrbiBasi, uro B mypdax H IIaxTaX TNpPHMEHSIOT KBajgpaTHbie
H KPYIVIble WTaMOB, CPABHUM HANPsiKeHHs] B TOUKax Ha LeHTpaJbHOH
BepTHKAJH [Jis STHX LITAMIOB. BepTHKa/bHHE HanpsukeHHsT B TOUKaX
Ha IeHTpaJbHOH BePTHKa/lH JaHH B Taba. 54, Korpa pasMep CTOpOHBE
KB4JpaTHOTO INTAMNIA PaBeH JAHAMeTPy KPYIJIOTO MITaMIa.

Ta6auma 54
OTHOcHTE/BHAA TJ1yGHHA - .
PacnoNOKEHHs] TOUYKH Kpyrawtii urravn Keapparauit wranm
0,35 0,82 0,85
0,41 0,74 0,78
0,48 0,66 0,71
0,55 0,59 0,66

U3 Taba. 54 BHAHO, YTO PACXOXKNEHHS B HANPSKEHHSX TPH KPYIVIOM
H KBaJPaTHOM IITaMIle CYUIECTBEHHOTO 3Ha4eHHs He HMeloT. [loaTomy
pacueTHble (OPMYJILI OCTalOTCs AJst OOOHX LITAMIIOB OfHH H TE KE.

O6blyHO Moay.b AedopMalHH paccunTHBAOT MO rpadHKy, Ha KOTo-
pHlil HaHECEHB! pe3y/IbTAThl ONLITHOH HArpPysKH, Nocae OTGpacHBaHHS
HAuaMbHOTO OTpeska KpHBOH, TI€ CKa3a/uCh H3MEHEHHs B IPYHTE NpH
NO/TOTOBKE ONBITHOM HArpy3KH, a TakKKe KOHEUHOro oTpeska, rje Ha
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ocajke ITaMlla CKasaJHCh IJIacTHYecKHe JedopMalHH T'pPYHTa B €ro
ocHoBaHuH. PacuetnHoll dopMyJoH sBJseTCs chepyiomas:

E= A (Pz—‘Pl) b

89— 8y,

, (270)

Tae p, H s;— Harpyska H ocajka JJs Hayasa DIpsIMOJHHEHHOTo
oTpe3ka rpaduka,

P, U S;,— TO e AJsl KOHLA INpAMOJIHHEHHOIO OTpeska.

[lokasaTenn cxkuMaeMoCTH JJisi OTAEJbHHX TDYHTOBHIX pasHocTel
TJIHHHCTHIX TPYHTOB YCTAHABJIMBAIOT IOC/Je KDPHTHYECKOTO aHa/iu3a
KpPHBHIX OC3J0K HECKOJbKHX ONBITHLIX IUTaMIIOB METOAaMH MeXaHHKH
TPYHTOB, C YUeTOM BCeX H3MeHeHHHl B T'pyHTe, KOTOpHE IPOHCXOAAT
IpH MOATOTOBKE FOpHOH BHIpaGOTKH JJIS1 UCNLITAHHH, a TaKXKe B Npo-
Llecce INPOHM3BOJACTBA IOJIEBHIX ONLITOB.
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