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NPEAHCIOBHE

YBenuuenne 06beMOB TPAHCIOPTHOrO CTPOHTETLCTBA H B TOM
ypeJe COOpYyiKeHHe TOPHbIX TOHHeJeidl /s OCBOEHHR HOBBIX MPO-
MBILIJIEHHBIX Pa{OHOB B 30HAaX BBHICOKOH ceficMMyHOCTH Tpebyer
NPOEKTHPOBAHUSI HaJeXHBIX KOHCTPYKUMH, paGoraiomux Ge3
notepu Hecyumieidi cnocoGHOCTH B YCJOBMSIX BO3MOXHHX 3eMJe-
TPSACEHHH.

B coortBercTBHH ¢ npHkKasamMu MHUHTpaHCCTpOSt M Nporpam-
Moit pabor ['ockomHaykn Ha 1976—1980 rr. mo peuieHHio Hayd-
HO-TexHHYecKoii mnpobuaemn 0.54.10, cBs3auHoil ¢ pa3paboTkoH
HOBBLIX NIPOrPECCHBHBIX KOHCTPYKHMH, 00ecneuydBalomuX BHICO-
KOe KaueCTBO CTPOUTeNbcTBa DAM B CHOXKHBIX MHIKEHEPHO-reo-
saorudeckux yciaoBusax, IIHWHMCom coBmecTHo ¢ psgoM opraHu-
3auuil BnepBhle paspaboraHa Hactoswas HHcTpykuusa mo yuery
ceCMHYeCKHX BO3JefCTBHH NMPH NMPOEKTHPOBAHHH FOPHBIX TPaHC-
HOPTHDbIX TOHHEJIEH.

B Hdcrpykuun persiaMeHTHPYIOTCS BONPOCH OGOCHOBAHHS
6aJIbHOCTH CTPOUTENbHBIX IUIOLLALOK TOHHEJEH, ydyera OTBeT-
CTBEHHOCTH TOHHEJDbHBIX COODYKEHHMH, paccMaTpHUBAIOTCH 0CO-
GeHHOCTH HMHXKEHEPHBIX U3BICKAaHUH AJA CEeHCMOCTOMRKOrO CTPOH-
TeJbCTBA TOHHENEH, MAIOTC PEeKOMEHJAaUUH MO KOHCTPYKTHBHBIM
pewleHHsIM H MeTOAHKAaM pacyeTa TOHHeJeH Ha celcMuyecKHe
BO3JeHCTBHSI H JPYyTrHe BONPOCH.

Wnerpykuuio cocraBuau kauia. texsH. vayk M. 9. Jdopman
(UHUHMC) —pykoBoaurens pabotbl, paspeas 1, 2, 3, 9, 10,
npusnoxkenuss 1, 4, 5; mokrop TexH. Hayk H. H. Qoruesa
(TyallW)—pa3zaen 4, npunoxenus 3, 5, 6, 7; JOKTOp TeXH. HayK,
npo¢. H. C. Byawwues (Tyalll)—pasgen 5, npuioxenue §;
nnxenepsl A. B. Uepunimen ([saBrpancupoexkt) u B. M. Me-
nefiko  (JIeHMeTpOrumpoTpaHCc)—ONbITHOE NPOEKTHPOBAHHE,
BHeJpeHHe nojoxKeHuil WHCTPYKIuMM B NPaKTHKY NPOEKTHPOBA-
Hus touHeneit BAM; unen-xopp. AH Y3CCP T. P. Pawnnos,
KaHaujaTel TexH. Hayk A. A. Mmaunxonxkaes, 1. H. My6apaxos,
T. K. A6agyanaeB, I'. M. Oranecor, unxkenep III. IOsnawesn
(MMuCC AH ¥Y3CCP)—pazgea 7, nn. 10.1; 2.7, npunoxenue 9;
uten-kopp. AH I'CCP Ill. I'. Hanersapunge, nuxk. I'. B. Xome-
puky (MCMuC AH T'CCP)—npusioxenue 2; kanauniaThl TeXH.
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nayk B. E. Mepkuy, 1. H. Koanr (LUHUUC)—pasgen 6;
unk. B. T. Co6oaes (JleHMerporunporpaHc)—paszgena 8; Kauu.
7exd. Hayk A. K. Kasumom, wux. B. B. Ceurun (JIMUXXT),
npo¢.|I. H. KapunBaznze|, xaug. texn. nayk JK. B. Merpesenu
(T'TIM um. B. W. JleHuna)—npoBefenne MOAENLHBIX HCCHEL0-
BaHUH i 0GOCHOBAHMsl pAlla NMOJIOXKeHuil pasjgenos 8, 9.

Hayuynoe penakrupoBanne  HHCTPYRLuM  OCyLIECTBJIEHO
H. C. Byabtyesnim, H. . Jopmanom u H. H. ®oTresoil.

3aMeyaHns M NPeNNOKEHHs IPOCHM HaMpaB/aTh MO ajpecy:
129329, Mockga, ya. Koanbckas, a. 1, THUNC.

Sam. dupextopa uncturyra . A XACXAYHX

3as. ordesenuem Tonnesed u merponoautenos JI. C. AGEHIHKORB



BenoMcrBeHHblEe CTpOlTENbHLIE BCH 193381
HOPMBI MunTpanceTpolt

Munucrepcreo

tpancnoptroro | HHCTPYKUHS 1o yueTy ceficMHue-

CTPOUTENBCTBA | CKUX BO3JeACTBHII NPH NPOEKTII-

pPOBAHHH TODPHBIX TPAHCTIOPTHHIX
ToHHeael

BHosb

1. OCHOBHBIE NOJIO)KEHHA

1.1. Hacrosmas Wucrpykuusi paspaborana B pasButHe
rimaB CHull no crpoutenbcTBy B celicMHUeCKHX paioOHaxX ¥ Mpo-
€KTHPOBAHHIO JKEJIE3HONOPOXKHBIX H AaBTOJOPOKHBIX TOHHENeH.

1.2. VncTpyKuusi npeaHasHaueHa IJs NPOGKTHPOBAHHA TOH-
HEJIbHBIX KOHCTPYKUMH ¥ YCTaHABJIMBAeT ClelHaJjbHble Tpebo-
BaHHS K TNPOEKTHPOBaHMIO, ofecneunBawolliyde CceficMOCTOHKOCTh
3JIEMEHTOB O00JesOK, MOPTAJOB, MOANOPHBIX CTEHOK H APYIHX
KOHCTPYKIUHH NPH 3eMJETPSICEHUsAX pPacyeTHOH OaJJIbHOCTH.

1.3. TIpoeKTH TOHHEJBHBIX COOpYXeHUNl cjeayer paspaba-
THIBATh HCXOAS H3 PACUETHOH CEHCMHUHOCTH TOHHEJILHBIX KOH-
CTPYKUHH, ycTaHaBAHBaeMoif o ta6J. 1.

1.4. CeiicMuuHOCTb pafioHa MJM MYHKTa CTPOHTENLCTBA Clie-
nyeT onpefensitb no ykasaHusm raasbl CHuIl no crpourtens-
CTBY B CeHCMHUECKHX palloHax.

1.5. YrouHenHe CEHCMUYHOCTH IJIOIMAAKH CTPOHUTENLCTBA
B 3aBHCHMOCTH OT MECTHBIX HHIKEHEepPHO-TeO0JIOTHYeCKHX YCJOBHil
IIPOBOJANTCS HA OCHOBAHUH KapT CeHCMHYECKOro MHKPOpaloHM-
pPOBAHMA WJIM MHKDPOPAHOHHUPOBAHHS, NPOBOAHMOTO € NOMOLIBIO
MHCTPYMEHTaJbHBIX HaGjwoJeHudi. Pesyabrathl cefcMHYeCKOTO
MHKPOPAHOHHPOBAHMS JAOJIKHBI SIBJASITbCSI COCTAaBHOH YacTblO
3a/laHUA HA NMPOEKTUPOBAHHUE.

1.6. Ilna  MUKpPOpPAHdOHHPOBAHHUST 3ariay6/JeHHBIX yYacCTKOB
TOHHEJIBHOTO TepexoJa B HHKeHepHO-Te0JIOTHYeCKOH XapaKTepH-
CTHKe TPYHTOB IO Tpacce TOHHeJs:, ONpelessieMOd B Ipolecce
H3BICKaHHH, NOMOJHUTENbHO K TpeGOBaHUAM NeHCTBYIOIIHX HH-
CTPYKLUMH MO HHXeHePHO-TEOJIOTHYECKUM HU3BICKaHUAM [OJIXKHb
ObITh OTpaKeHHl CledyloliHe JaHHble:

J M
Buecenn: Bcecoosnuinm Yreepaaens Traphbin

TexuuueckuM ynpasjenneM | Cpok BBCIeHHA
Hay4HO-HCC - 7 .
ZKE; ";Hﬁ:ﬁ?,?g:fb MHUHHCTEpPCTBA TPaHCHOPT- B neficTBHe—
T y Horo crpoutenbcrsa CCCP 15 auBapsa
PAHCTIOPTHOTG CTPOH-
reabcrsa (LLHHHC) 1 okratps 1981 r. 1982 r.
ITprkas Ne 54




a) MOUIHOCTb HAIJaCTOBAaHUH TPYHTOB, OKPYXKAKOLIHX TOH-
HeJlb, H KOPEHHBIX TI'DYHTOB, a4 TakKXe HX CeHCMHYecKas »KecT-
KOCTb (mpou3BefieHHe CKOPOCTH pPaclpOCTPaHEHHUsT CeHCMHUECKHX
BOJIH Ha NJIOTHOCTbD) ;

6) craTHCTHYeCKHE XapaKTePHCTHKH KoJjeOaHHH MaccuBa
(cKopocTh pacnpocTpaHeHHsl CEHCMHUYECKMX BOJH, Ipeobjajaio-
IMHA Nepuo, OXXuaaemMasi aMIJIMTyla);

B) Ha/HYHe M XapaKTepPUCTHKA TEKTOHMUECKHX HapyUIeHHH
B paHOHEe CTPOMTEIbLCTBA;

I) aKTHMBHOCT, M HAaNpPaBJEHHOCTb TEKTOHWYECKHX [BH-
JKeHHM,

J) KPyTH3HZ H YCTOHUMBOCTb CKJOHOB, KOCOrOPOB M BO3-
MOXHOCTb BO3HHKHOBEHMSI B HHX OIOJI3HEBBIX SIBJEHHH.

Taoauuwa 1

PacyetHas cedCMHUHOCTH TOHHEJBLHBIX KOH-
CTPYKIHIT npu celicMHUNOCTH NJOCIIAAKH
KOHCTPYRIHH CTPOHTENbLCTBA, Oananas!

6 7 | 8 | o

1. Touneau nanHoll ceeiie 500 M
Ha KeJde3nmX joporax I-ft u
II-ft kateropufi, a Takxke ocobo OT-
BETCTBEHHblE TOHHEJIH II TOHHEJb-
Hble COOpYXKeHUd . Ce e .

2. Tounenn aauuoi 500 M 1 Me-
Hee Ha XeJde3HbX goporax I-it M
II-i xateropuit u cepime 500 M Ha
OCTaJAbHBIX JOPOrax, a Tak#ke OT-
BETCTBEHHbIE TOHHENbHbIE COOPY-
KeHHS (CTBOJBL LIAXT, HOJXOTHBLIE
BHIDAOOTKH,  HCTOJb3yeMbie IS
TOHHeJell 1 TOHHEIbHBIX COOPY-
KeHHIT) e e

3. NopranpHbie NoANOPHbIE
CTEeHbl II TOHHEJIbHble COOPYIKEHHS,
pacnoaoxeHHble BHE Tpacchl
(IITOIBHH W T. IL), paspylleHue
KOTOPHIX NpH NOBbLiLIeNHOA ©$anib-
HOCTHl 1¢ OTPAa3HTCH Ha IeJOCTHO-
CTH coopyeHHii mo nu. 1 u 2 pan-
Hoil Tadba., . . . . . . . . . —_ —_

=3
oo

ITpusmeuanuga 1 TlouaTie «njouwlagka CTPOHTEABCTBA» O3HA-
yaer: AJA NPHNOPTANbHLIX YYaCTKOB-—MECTOMOJIOXKEeHIle NMOPTaaon, 143
TOHHeJNA—NOPONHBIL MacCHB IO TpacCe TOHHEIbHOIO nepexona,

2. Pacuerdyio cellCMHYHOCTD KOHCTPYKUMHIT TOHHETell [0NMycKaeTcst
VTOUYHSTh HO COIVIACOBAHHK ¢ YTBepkKaaloliell INPOCKT HHCTAHIHeN Ha
OCHOBAHHI CIlellMaJbHBIX HCCAEAOBaHHIT H CDaBHEHHN CTOMMOCTH Ba-
PHAHTOB € Y4YeTCM BO3MOKHBIX NOCJEACTBHIT 3eMmjeTpsiceniil.



1.7. Tlopsizok nposedeHHs CeHCMHYECKOro MHKPOPaHOHHPO-
BaHUsI ONpeJessieTcss B COOTBETCTBHH CO CNELHa/]bHOH HHCTPYK-
nuei no celicMOMHKPOPaHOHUPOBAHHIO.

1.8. Ilpu mnpoekTHpOBaHWH TOHHesefl npoTskeHHOCTHIO 500
u Gosee MeTpPOB, DAaCHOJOXKEHHBIX B palHoHaxX, CeHCMUYHOCTh
KOTODHIX NpeBHIIaer 9 6aJnoB, ciedyeT paspabaTeiBaTh AONOJ-
HHTEJIbHBIE aHTHCEHCMHUYECKHe MeDONpPHATHS, AJis Yero leseco-
o6pasHO TpHBJEKAaTh CHENUaJH3UDOBAHHBIE NPOEKTHblE W Ha-
YYHO-HCCe0BATEIbCKYE OPTaHH3alUH.

1.9. B npoekrax ToHHeJe#l nng pafiOHOB ceiiCMHUHOCTBIO
8 G6ansoB u Gosee ciefyeT NMpeAycMaTPHBATH VCTAHOBKY ceficMo-
MEeTPHYECKOH anmaparypbl, a TakKe yCTPOHCTBO NOMELIEHHI HH-
JKeHepHO-CefiCMOMeTPHYECKUX CTAHLUHA M CMOTPOBBIX TPHCIO-
cobJsieHUll O/ perucTpauyu Ko/aeOGaHHE 3J7eMEHTOB 001eaKd H
OKDYXKaloll[ero MaccuBa.

2. PASMEILEHHE TOHHEJIEN
H KOHCTPYKTHBHBIE AHTHCEACMWYECKHE MEPONPHATHSA

2.1. Ilpu BoIGOpe TpacCH TOHHEJALHOTO IMepexojia ciaenyer
OTA4BaThb INpeAINOUTeHHe BapHaHTaM, HpeAyCMaTPHBAICLIMM 3a-
JIOXKEHHE TOHHEJeH B OJHOPOJHLIX IO CEHCMHYECKOH KECTKOCTH
rpyHTax, u30eraTh YyacTKOB MNOBHILIEHHOH# TPeLIHHOBATOCTH,
C pPe3KHM H3MeHeHHeM Tomorpaduu Hajx TOHHEJNEeM, 30H TEKTOHH-
YeCKHX PAasJiOMOB, YacTO NPHYPOUYEHHHLIX K NMePeBasIbHBIM CeJIo-
BHHAM, a TaKie CKJOHOB, OCOOEHHO CJIOXKEeHHBIX CJHabbIMH H
HeClleMeHTHPOBAHHBIMH TPYHTAMH.

2.2. Ilpy TpPOYHX PaBHBIX YCJAOBHAX cjelyeT OTAaBaTb
NpeArnouTeHHe BapuaHTaM ¢ GoJsiee TJAyGOKHMM  3aj0XKeHHeM
TOHHeJeH.

2.3. Ilpy nNpOEKTHPOBAHHH TOHHEJBHBIX KOHCTPYKUHi cie-
JIyeT npefycMaTPHBaTb KOHCTPYKTHBHbIE aHTHCEHCMHUECKHe
MEpOIpHATHS B COOTBETCTBMM C OOLIMMH NpUHIMNAaxMu obecre-
YyeHHs] CeHCMOCTOHKOCTH, H3/I0XKE€HHBIMH B CTPOMTEJBHBIX HOPDMaXx
M TpaBHJAaX MO TPOEKTHPOBAHHIO COOPYKEHHMil sl ceficMuye-
CKHX pafoHOB.

2.4. IlepeceyeHre TOHHeJeM [eHCTBYIOLIMX TEKTOHHYECKHX
JUCJNOKaUul CleyeT OCYLIECTBJASATb BKPECT HX MPOCTHPAHHIO
C NpHMEHEeHHeM COOTBeTCTBYIOIIMX KOHCTPYKTHBHBIX peLIeHHH.

2.5. B ceificMuueckd aKTHBHBIX palioHaX NpH pacyeTHo# ceii-
cMHYHOCTH 7 M Gojee 6a/IoB o6si3aTeslbHO NpHMeHeHHe o6jel-
ku. [Ipn pacuetrHoll ceHCMHUHOCTH TOHHeself 8 u Gojee 6ansioB
o6si3aTeIbHO TNpHMeHeHHe 3aMKHYTO#i o6aenkd. KoHCTpykuus

7



o6esIKH  J0JKHAa BBHIOMpAThCS B COOTBETCTBHH C HHXKEHEpPHO-
re0JOTHYECKHMH  YCJAOBHSIMH MECTHOCTH H  OOOCHOBLIBAeTCA
pacyeToM.

2.6. I'lpu pacuerHOil ceHCMHYHOCTH TOHHEas 7 6ansoB B Ka-
YyecTBe IOCTOSSHHOW 00[e/]KH B NPOUHBIX IPYHTax AONYCKAercs
npuMeHeHue HaOppI3r6eTOHA B COUETAHMH C aHKepamu. KoHCT-
PYKUHS aHKepOB [O/KHa obecneyuBaTth HX ClelJieHHe ¢ TpyH-
TOM MO BCell JJINHE H HMeTb PaBHYIO JOJTOBEYHOCTb ¢ GETOHOM
obaenky.

2.7. s xoMmeHcaluuy NPOAOJbHHIX neopManuii o6GHenKH
10 OJMHE TOHHENs CJaedyeT YCTPaHBaTh aHTHCeHCMHUYECKHe WIBHI,
paccTosiHve MexXay KOTOpPBIMH [, M, onpepeisiercs no gopmyde

_ 3617'0
I= 424’ ()

re ¢;—CKOPOCTb IPOIOJIbHBIX CeHCMHYECKHX BOJIH B TPYHTe,
M/c (npusioxkenune 1);
To—npeobaamamwiiyi  TMepHOx  CeHCMHYECKHX  KOJaeGaHui
MaccuBa, OnpejessieMblii B Npolecce H3biCKaHus, C;
A—B0o3MOXKHAA MakCHMa/jbHAs  aMIIUTYAa  KoJeGaHHi
MaccHBa, CM, oOnpejendeMas B TNpoUECCe H3bICKaHHM
HAW AJS TpeIBAapUTENBHBIX pacueToB 1O rpadHky
puc. 1;

d~—nonyckaeMoe KOHCTPYKIHeHl LBa NpoA0JibHOE CMelle-
HHE CMeXHBIX yYaCTKOB TOHHEJs OTHOCHTEJBHO HPYT
apyra, cM.

[Ipumeuvannsa 1. JIpy OTCYTCTBHH KOJMYECTBEHHBIX XapakTe-
PHCTHK PacCTosiiHe MeXIY aHTHCeHCMHYECKHMH WIBAMH B clabux rpys-
Tax caeiyer MpHHUMATh papHbiM 20 M, B CKaJbHBIX—30 M.

2. MakcuMasbpble PacCTOSHHA MeXAY aHTHCEeHCMHUeCKHMM LIBAMH
He NOMKHBH npeBbimaTh 40 M aast GeTOHHBIX M 3KeJe300eTOHHHIX MOHO-
JIUTHHIX OG€J0K, NPH 3TOM C/lefyeT COBMeWlaTb aHTHCeHCMHUECKHIl OB
¢ aedopmMalHOHHBIM,

2.8. KoHCTpyKIMS aHTHCECMHUECKOro IMIBa M0JKHA J0RYyC-
KaTb B3aHMHBIE TIPOAOJbHBIE CMELIEHHS! CMEMKHBIX Y4aCTKOB 00-
nejku npu jJedopmauusx 6e3 CHJIOBOrO BO3AEHCTBHS 3JEMEHTOB
o6menKH Apyr Ha apyra. B cayuae neoGxoaumocTtu cielyer npe-
JAyCMaTpHBATh MePONPHATHS IO TUAPOU3IOJSUUH HIU OCYLIEHUIO
o61enKH TOHHEed.

2.9. B mecrax nepeceueHHs TOHHeJeM TeKTOHHYECKHX Tpe-
IIHH cJeyeT YCTpamBaTh [AONOJHHUTE]IbHBIE AHTHCEHCMHUECKHE
LIBBHI.

2.10. B mecTax npuMBIKaHWSI K TOHHeJIO KaMep M JAPYruX



TI0(3eMHBIX BLIPAGOTOK ([IPEHa)KHble M BEHTH/SLHOHHbIE LITOJIb-
HH H DIp.) MEeXIY OSTHMH COODYKEHHSIMH H TOHHeJNeM MOJIKHbI
fIpelycMaTPUBATbCSi AHTHCEHCMHYECKHe INBH, KOTOPHE MOTYT
OBITh COBMEIIeHH ¢ Ae(OpPMauHOHHO-0CAAOYHBIMU WIBAMH.

2.11. YyacTKH TOHHeJI B 30HE TEKTOHHUECKHX TPEeIHH,
Ipyuneraroliue K aHTHCeHCMHYe-
CKHM (ZePOpPManHOHHBIM) LIBAM, A,mwy T
clleflyeT YCHJIHBaTb KOHCTPYK- 840 f
'THBHbIM apMHpoBannem. O6uyio 60
IRy YYaCTKOB YCHJIEHHSI 06- V1
JeNKH OPHEHTHPOBOYHO Onpeje- 400 4

yeji (pacyerHoii) apMaTypsl cie- %
JyeT TPHMEHSITb CTEPXKHEBYIO
apMatypy M3 craaH Kjacca

Ac-II mapku 10I'T nnamerpom

10—32 mm no I'OCT 5781—75. / / /
/%

JISI0T Ha 'OCHOBE aHaJHN3a JaH- { 4V
HBIX HMHIKEHEPHO-FeOJIOTHYECKHX, s / d
THIPOreo/10THYECKHX H celcMo- //
TEKTOHHUECKHX  H3bICKAHHH H /{ /A y
YTOUHSIIOT JONOJIHHTEJNBHO B Te- M0 7/ p
PHOJ CTPOHTE/ILCTBA. §0 ,’ -
2.12. B #e1e300eTOHHbIX £ / / Ve
KOHCTPYKUKAX B KauecTse paGo- /// /1/
/ 6
/[/;

Jonyckaercss mpHMeHeHHe ap- o
maTypro#t cramu knacca A-IIl g4
MapKH 25T2C AuaMeTpoM .
6—40 mm no T'OCT 5781—75. /
B kauecre HepacyerHofi apMa- 04—

TYpbl paspeiaeTcss IPHMEHSThH /

craab A-1 u A-II mo TOCT
5781—75 u TOCT 380—71* 48724
smapok  BCr3ecn2, BCr3nc2,
BCr3lnc2, BCr5en2 n BCrdnc2.
Mapku crane#t 1as sakaan- g g7 gs g5 g6 48 10 fe
HBIX 3JEMEHTOB XKe/1e300eTOHHBIX
KOHCTDYKUHA  CJCAYET TNPHHI-  Pye. 1. CooTHOWeHHe aMIJIMTY.
MaTtb IO HOpPMaM TIPOEKTHPO- cmemenwit A wu mnepuopos To mpH
Bayhsa 7KeJNe306€TOHHBIX KOHCT-  KOJMEOaHMAX  TPYHTA, BHISBAHHLIX
- 3 3eMJISTPACEHHIMA HHTEHCHBHOCTHIO
PYKILHH. 6—9 6aanos
2.13. TlonepeuHoe ceuyenue
©06feJOK  Ha  INpHJeraiouux
¢ 06eHX CTOPOH K TEKTOHMYECKHM TpelUlMHaM Y4YacTKax cJeayer
yBeauyusaTh B cpenHeM Ha 10%. Jmna Takux y4acTKoB HOMXK-
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Ha ObiTb B npejenax b HauGoJbIIMX MONEPEUYHBIX pa3MepoB
BBIPABOTKH.

B TexmwuecKoM MpOekTe MpPeABApHTENLHOE KOJMYECTBO yua-
CTKOB HA3HAYalOT N0 JaHHBIM HHKEHEePHO-TeOJIOTHYECKUX H3bI-
CKaHHUA H YTOYHAKT 10 HX' (HAaKTHYECKOMY MECTOMNOJOKEHHIO:
B Mpouecce TNPOXOOKH OMNepexalouniuX pa3BeJOYHbIX IITOJEH;
CKBAXHH U T, II.

2.14. Tlpu ycrpoiicTee 06HEM0K HE3aMKHYTOTO INONEPEYHOrs
CeyeHHA cJedyeT OOECMeYHTh KOHCTPYKTHBHYIO 3afle/IKy HUXK-
Helt 4aCTH CTeH.

2.15. B paiionax ceiicMM4HOCTbIO 8 W 9 GaJjijioB Ha NpPUNOP-
TaNpHBIX y4yaCTKaX TOHHeJel, rIe Hasjeralmollas TOJNL[a TPYyHTa
MeHee Tpex HaHOOJbIIMX pPa3MepOB NONEPEYHOTO CEYeHHS BHI-
paboTKH, cledyeT NPUMEHSTh Kese3o6eToHHble 06aenku. B oco-
60 CJ0XKHBIX HHIKEHEPHO-TEOJOTHUECKHX H THAPOreOJOrHUECKHX
yCJOBHAIX TPH COOTBETCTBYIOUEM OGOCHOBAHUH JONYyCKaeTcs
npuMeHeHne O6NeJIOK M3 YYryHa.

2.16. demenTh COOPHHIX 067€J0K HEOGXOAMMO COELHHSTH.
MexJly co0oii CBSI3SMH DAacTsXKeHUs] B IJIOCKOCTH TONEPEYHOro
CeyeHHss TOHHeJd (4PDMHPOBaHHWE CTHIKOB, CBAaPKa 3aK/JIaldHbI%
JyacTeil B pafiuajbHbIX CTHIKaX XKene300eToOHHOH 6n04YHO# o6men-
KM, YCTaHOBKA GOJITOBBIX COeMHEHHUH U T. 1.).

3. OCHOBHBIE NOJO)XEHHSA NO PACYETY.
HATPY3KH U BO3JEACTBHS

3.1. Pacuer ToHHeNbHBIX 00XENOK Ha ceficMHyecKue Bo3jeii-
CTBHSI CJeAyeT NPOBONUTb IO NEepPBOH Trpylne NpeAes]bHHIX CO-
CTOSHMH.

3.2. PacueThl MpoBOAATCS HA OCHOBHBIE COYETAaHHUS HATPY30K,
ocofrie ‘cOYeTaHHsi HATPY30K, COCTOSIUIHE W3 MOCTOSIHHBIX, MAJH-
TeJbHBIX, BO3MOXHBIX KPaTKOBPEMEHHBIX W OAHOH M3 0COOLIX
(xpoMe celiCMHYECKHX) HArpy30K; ocofoe coueTaHMe, COCTOsIIee
H3 IOCTOSIHHBIX, JJHUTEeNbHBIX HArpy3oK H CeHCMHYECKOro BO3-
JeHCTBHUSA.

3.3. PaccuuthiBaTh KOHCTPYKLHMH TOHHeNeH Ha ceHCMuyecKue
BO3JEHCTBUSA CJeAyeT C ydeTOM CBOHCTB OKPYyXawollHX O6LEJKY
TPYHTOB M KOHCTPYKUMH OOHENKH METOLaMH TEODHH YHPYrocTH
UJIM CTPOUTENBHOH MeXaHHKH.

3.4. Tlopsimok pacyeroB ¢ yyeTOM ceficMHYeCKUX Bo3JeficTBuit
CIeAYIOIHH:

YTOUHSIOT CECMHUYHOCTL MJIOIIAJKH CTPOHTENbCTBA TOHHEJH;

BHIGMPAIOT PaCYETHYI0 CeHCMHYHOCTb KOHCTPYKUHMII TOHHEJs
corJiacHo taba. 1;
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TOHHEJIb Pa3GUBAalOT Ha OTHeJbHBE YYAaCTKH B 3aBHCHMOCTH
OT MHXEHEepPHO-TeOJIOTHYECKHX U T'MJPOreoJIOrHYecKHX YC/IOBHIl
H THNOB NpHMeHsAeMOH O0O6JeNKH IJIsi KaXAOro H3 YYacTKOB;

BHIGHPAIOT METOJNHKY pacyera KaXXJOoro yyacrka Ha cefcMH-
uyecKoe BO3JeHCTBHE B cOOTBeTCTBUH ¢ M. 3.15 Hacrosimedr HMnucr-
PYKIHH;

ONnpeessloT pacyeTHhie YCHJIHS B 3JeMeHTax o6he/iKH, 1nop-
TajlaX OT CTAaTHYECKHX M CeHCMHYECKHX BO3JEHCTBHI;

NPOBepSIIOT HEeCYMIYIo CMOCOGHOCTb (NPOYHOCTh) KOHCTPYK-
UHA 06JeJKH M NPOYHOCTb KOHCTPYKIUH MO MAKCHMAaJbHBIM YCH-
JIHSIM, ONpefeliieMbiM B pe3y/ibTaTe CPaBHEHHSI PacyeToB, BHIIOJ-
si€HHBIX COrVIaCHO M. 3.2.

3.5. O6nenky ToHHesell rAyGOKOro 3ajIoMeHHd (3ajoXKeHHue
HIeABITH CBOJA He MeHee TpPeX MaKCHMAaJbHBIX NONEPEYHbIX Pas-
MepOB BbIpaGOTKH) pPACCUMTHIBAIOT Ha AeHCTBHE CeHCMHYECKHX
BOJIH CXATHA-PACTAMKEHHS H CABHTA C YYETOM BCEX BO3MOMKHBIX
HanpaBJeHHH UX JeHCTBHsI B IJOCKOCTH IIONEpPEYHOro ceyeHus
TOHHESI.

3.6. Pacuer wapuupHbIX 006J€10K y4aCTKOB TOHHENeH TIJy-
60oKOro 3aj0XkKeHHsl AONYyCKaeTcss NPOH3BOAMTh Ha AefiCTBHE KOH-
‘TAKTHBIX HaNPSIKEHUH, ONpelensieMblX MeTONaMH TEOPHH YIpy-
rOCTH KakK /151 MOHOJIMTHHIX OOJAEJOK, a ollpelejeHHe yCHJHil
TIPOM3BOJUTh METOJAMH CTPOHTEJBHOH MeXaHHKH C Y4eTOM liap-
HHPOB M T. IL

3.7. B cayuae, ecan pacuer o06esiOK Ha CTaTHYECKHE HATPY3-
KH BEeJeTC MeTOLaMH CTPOHTEJbHOHl MeXaHWKH, Harpys3ky oOT
CeilCMUYeCKOro BO3NEHCTBHSI ONPEeAE/ISIOT METOJOM TECPHH YNpy-
FOCTH H CYMMHPYIOT ee CO CTaTHYeCKOH Harpyskoii.

B caydae, ecnun pacuer o6esioK Belercss METOLAMH TEOPHH
VOPYTOCTH, HanpsXeHHOe COCTOSIHHE OT CTATHYECKHX M OT cefi-
CMHYECKHUX BO3AEHCTBUH ONpefensioT OTAENbHO H CyMMH-
PYIOT HX.

3.8. Pacuer 006ne/0K Yy4acTKOB TOHHeJell MEJKOro 3ajoxe-
HHSI NPOBOJMTCS Ha AeHCTBHE HHEPHMOHHBLIX CHJ OT Macc rpyHTa
M COOCTBEHHOrO Beca KOHCTPYKUHI IpPH BEPTHKAJTBLHOM H rO-
PH30HTAJIbHOM HaNpaBJeHHAX CefiCMHYECKOTO BO3JEiCTBUS.

3.9. Pacuer mnoprajbHHIX NOAMOPHBIX CTEH NPOBORHTCS Ha
JeACTBHMEe TOPH3OHTANbHOH COCTABJASIIONIEH HWHEPUHOHHBIX CHJ
OT Macchl TPYHTa H cOGCTBEHHOrO Beca KOHCTPYKUHi.

3.10. I'lpu pacuere TOHHeJleili Ha 0co60e CoueTaHue ¢ yueroM
CEHCMHYECKHX BO3NeHCTBUH KO3 (HUIHEHT COUYeTAHHs Ng NPHHH-
MaeTcs paBHLIM l.

3.11. PacyeTnHble 3HayeHHsi HHEPIHOHHBIX HATpPy30K OT CO0-
CTBEHHOro Beca KOHCTPYKIHH H OT MAacchl TPyHTa cjellyeT onpe-
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nensitb B coorBerctBHM ¢ ryasoit CHull mo crpoutenscry
B cefiCMHUYeCKHX paHoHax.

3.12. HTeHCHBHOCTh TOPH30HTAJBHOIO HHEPLHOHHOTO AaB.le-
HH TPYHTa Ha INIPUTIOPTAJIbHBIE MOANODHbIE CTEHBl NOMYCKAeTCS
onpenetaTb no Gopmynam

Peyy=2k.Y'y npu 0<y<06H; )

Peey=2key' (H—y) npu 05<y<H, | (2)
roe k. —xosapdunuent ceiicMuynoctH, pasublii 0,025, 0,05 u 0,1

ApH pacueTHOH ceficMuunoctd 7, 8 u 9 6annoB cooTBeT-
CTBEHHO;

y'—pacueTHoe 3HayeHHe OGBEMHOH MAcChl TPYHTA 3acChINKH,
T/M3;

H-—TtomuHHa pacueTHOro cj1os rpyHTa, IPHHEMaemasi paB-
HOH pPaCCTOSIHHIO OT IONOWIBHLL (hyHAAMEHTa NOAMOPHOMH
CTEHBI JIO paCYeTHOH NOBEPXHOCTH TPYHTA.

3.13. Ilpu pacyere TomHesefi Ha MEHCTBHSI CeHCMHUYECKHX
BOJIH CXATHS-PACTSKCIUS H CABHra CeHCMIIYecKHe HOpMa.lbHbie
(6571 6477) u kacateabHbie (ti7y/) HampsKEHHS, BO3HHKAIOUHE
B MaccHBe Ha GECKOHEYJOCTH IO MPOM3BOJbHBIM B3aHMHO-NEPMEH-
JUKYJASDHBIM Hanpas/deHHsM x' 11 y’, ciaefyer onpefensiTb MHO

dopMmyam

o 1
0(x/)=:‘: ‘Q‘;delTo: (3)
o Yo ©
ag,,) = 1=y, GSC,); (4)
oo 1
’5.(\"33/= :’:akc“{cz Ty, (5)

rje ¢;—CKOPOCTb pacnpoCTpaHeHHs INPOAOJbHBIX (CXKaTHf-pac-
TSI2KEHHsi) BOJH, M/C;
C2—CKODPOCTb PACMpPOCTPAHEHHsI MONepeuHblX (CABUTH) BOJH,
M/c;
To—npeobnagarolinii nepuol KoseGaHuil YaCTHH NOPOAHI, C;
vo—Ko3(puuuenr Ilyaccona rpynura.

INpumewanns, 1. Jdaa npenBapuTeJbHBIX DacueTos B caydae
OTCYTCTBHSl JAHHBIX O XapaKTepPHCTHKAX TPYHTOB, DEKOMEHAYeTcs IHc-
N0JIb30BaTh NaHHble TaGJMHUB NPHJIOKeHHs 1.

2. Tlpx pacnoJOXKeHHH TOHHeJAs IJyOOKOro 3a/oMeHHs B OJHOPOI-~
HbIX TI0 CeficCMHYeCKOM JKEeCTKOCTH CKaJbHHX TPYHTAX WPH HAMHYHH
IKCIIEPUMEHTAJIbHBX JaHHBIX BO3MOMXHO YMeHbleHHe KodpduuneHTa
cefiemuyaacTd a0 0,5k; npu riayGuue 3ag0:eHns ToHHeds B 100 m n
Gounee.
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3. Jlomyckaercsi onpenesisitb pacyeTHbie CefiCMHYeCKMe HampsiKeHus
B MacCCHBe 110 MaCCOBOM CKOPOCTH KoJeGaHMA YacTHIL IpyHTa, B COOT-
BETCTBHH C NPHUJOKEHHEM 2.

3.14. Tpu pacuyere Ha MPOYHOCTh 3/1E€MEHTOB KOHCTPYKLHI H
OCHOBaHHIi TOHHEJEeH MOMHMO K03()(HUHEHTOB YCJIOBHH paboThHl,
NPHHUMAEMBIX IJIsSi KOHCTPYKUHH, SKCIIyaTHPYEMBIX B HeceidcMo-
OTacHHIX paioHax, BBHIY KPaTKOBPEMEHHOCTH AEHCTBHS CEHCMH-
YeCKOH HATPY3KH H B 3aBHCHMOCTH OT MarepHaja KOHCTPYKUHH
H COeIHHEHHH M THHA OCHOBAHHH BBOJAHTCS AOIOJIHHTENbHBIA KO-
sbduIHeHT YCI0BHE PalbOTHl Myp, ONpeNesisseMblii B COOTBETCT-
i ¢ raaBofi CHulIl mno cTpOHTeNhCcTBY B CEHCMHYECKHX
paioHax.

3.15. PaccuuTBIBAIOT 3aMKHYTbleé MOHOJIHTHBIE OGAENKH MpPO-
H3BOJIBHOTO OUEPTAaHHUSI TOHHejel TIJyOOKOTO 3aJi0XKeHHss B COOT-
BETCTBHU C pas3jesoM 4, MHOroc/olibie 00AeJKH TOHHeNeHd Kpy-
rOBOr0 OUYepTaHHA—C pa3fesoM 5, HaOpLI3rGeTOHHbIE OO0MCNKH
c aHKepaMH—c pasjenoMm 6, KpyroBbie 00JeNKH TOHHej e Med-
KOr'O 3aJI0XKEHHsI—C pasjesnoM 7, 00JejiKH HEKPYroBOTo ouepTa-
HHsl TOHHeJIEH MEJKOTO 3aJloXeHHsi—C pasnenoM 8 HacTosel
Hnerpykuun.

3.16. Ilpn maauyuu BOKPYr OGAEIKH OCJHAGJEHHOTO HJIH
yKpelJieHHOro (HampuMmep, ueMenrtanueil, cMOJH3aLHed, GHTYMHU-
3auiieli) cjos rpyHta c MoaysieMm Jedopmanud, OTIHYHBIM OT
MoAayJst AedopMauMHd OCHOBHOTO MaCCHBA, a TaKXe CJIOsi TPYHTa,
3aKpeIVIEHHOr0 aHKepaMHM, pacueT KPYroBbIX 0GAeNOK MPOBOAHT-
cs mo pasjeny 5, a IJs pacueTa HeKpyroBbix 00JeJIOK ompene-
JsieTCsT TpHBEJEHHBIH MOAYJb AedopManud MHOPOX (HmpHIOXKe-
HHe 3), a caM pacueT IPOBOAMTCH B COOTBETCTBHH € pasiesoM 4.

3.17. Ilepeuenn anroputMoB H NpOrpaMM XJs pacueTa TOH-
HeJel Ha CeficMHYecKHe BO3LEeHCTBIS NPUBEJEH B NPHJIOKEHHH 4.

4. PACYET 3AMKHYTbIX MOHOJIHTHBIX OBIEJIOK
NPOU3BOJIBHOIO OYEPTAHHUA TOHHEJIER
rAYBOKOTO 3AJIOXEHHA

4.1. O61acth nNpHMeHEeHHs] MOJIOXKEHHH HacTosIllero pasiena
XapaKTepH3yeTcsl CJAeAYIOUHMH YCIOBHIMH:

a) JJMHA NPOEKTHPYEMOTO COOPYXKEHHSI IIPEBOCXOAHT ero
nonepeyHble pa3Mephbl He MeHee ueM B 5 pas;

6) ray6uHa 3aJI0XKeHHs TOHHENsT NMPEeBOCXOAHT HAaHOGOJbLIHA
pa3Mep ero nomnepeyHoro ceyeHHuss He MeHee yeM B 3 pasa;

B) IJHMHA YNPYrHX BOJH CABHra ¢ npeoGJajaloiliiM MepHo-
JA0M KosieGaHHi YacTHL TPyHTa MPEBOCXOXMUT HAHGOJbIUM{l mOMNe-
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pequ[ﬁ pa3Mep 'BbIPaGOTKH He MeHee yeM B 3 pasa, T. €. lleq)op-
MaluUOHHBbIE XAPAKTEePHCTHKH MacCcCuBa TpPYHTA TAKOBbLI, YTO Bbl-
NOJHAETCH YCJTOBHE
Eong
207 (1 + )

D?, (6)

rae Eq—wmoayap regopmaunu rpynra (rc/m?);
y—o0beMHas Macca TpyHTa, 1/M5%;
To—npeobaanaominii Nepuof KoJaeGaHMll uyacTHy, TPYHTa, C;
g—YCKOpeHHe CHIBI TSAXKEeCTH, M/c?;
D—nauGosblunii nonepeunsiii pasmep BHPaGOTKH, M.
r) He MMeeTCst O6JIM3KO DacHOJIOXKECHHBIX COOpyKeHu#l Ha pac-
crosinun meHee 2D,

4.2. TlojoxeHHs1 HACTOSLIETO pasjena BO3MOXHO HMCIOJNbB30-
BaTh MJsi NMpPUOG/IHMKEHHOrO pacuera HaGpb3rOeTOHHbIX O0AENOK,
B TOM YHCJe—B COYETaHHH HX C aHKepaMH, NpH BbLINOJHEHHH
ycaoBuit 1. 4.1, a Takke 00 pa3pabOTKH ClElHaJbHOH METOAHKHU
JJsi pacyeTa cOOPHBIX 00J€JIOK TOHHE/JEH rayGOKOro 3a/A0:KeHHs.

4.3. MaccuB rpyHTa MOJeJHpyeTcs JHHeHHO-IedopMHpye-
MOH, OAHOPOXHON, H30TPONHON Cpenoll, MexaHHYEcKHe CBOHCTBa
KOTOPO#l XapakTepuayloTCs CpPeJlHUMH BednuHHaMu MOAyAs Je-
(opmanuu Ey u koapdumuenra Ilyaccona vp.

44. O0neaxy pacCMaTpPHBAIOT KaK 3d4MKHYTYIO KOHCTPYKUHIO
3a4allHOH TOJILHHBI M KOHGHUrypauux, paGoTalOMLYIO B YIPYroi
CTaZHH B YCJOBHSIX TIOJHOTO KOHTaKTa C MaccABOM IO BCemy
NepUMeTpy.

4.5. O0Oneaxy pacCUHMTHIBAIOT B YCJOBHSIX NJOCKOH Aedopma-
LMY, T. €. paccMaTpuBaercs AeHCTBHe CelicMHUeCKHX BOJIH, pac-
MPOCTPaHAIOWHXCS] B IIJIOCKOCTH IONEPEYHOro CeYeHHs Co0py-
KeHHs.

4.6. Pacyer o6ae ku HMPOBOAMTCA 1a OCHOBAHHHM OLEHKH Hau-
0os1ee HeOMAroNpUATHOrO HANpPSXKEHHOTO COCTOSHHS B KaXKAOM
1HOpMaNbHOM (PanuajbHOM) CeYeHHH OOGREJKH H3 BO3MOXKHBIX
npu JI00BIX COYETAaHHAX OLHOBPEMEHHO AeHCTBYWOLIHX HAa 00Aes-
Ky BOJH CXKaTHS-PACTSKEHHs M BOJH CABHTa H JIOOBIX HUX Ha-
npaBJieHusiX B NJOCKOCTH TONEPEYHOro CceuyeHHs] COOPYKEeHHsi.

4.7. Ouenra Hau0o/1ee HeOGMArONPHATHOrO HaNpsXKEHHOTo CO-
CTOSIHHSI B Ka»KAOM HOpPMaabHOM (pajHaJbHOM) CEUEHHH IPOBO-
JXHTCST TTyTEM OTBICKAHHSI 9KCTpPeMaJ/lbHbIX 3HAUEHHH HOPMAaJIbHLIX
TalUreHUHAJbHbIX HalPSXKEHHH 0y B JAHHOM CeYeHHH H COOTBeT-
CTBYIOLIMX MM HAMpaBJeHUH PaclipoCTPaHeHHst M COUYETAHHN eil-
CTBHSI BOJIH CXATHUSI-DACTSIXKEHHUS] U CABHTa.
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4.8. Hanpsixenuoe cocrosiHue 00JeNKH OT [eiCTBHSl MJIHH-
HOW, MPOU3BOJILHO HaNpaBJieHHOH (B IJIOCKOCTH HONEpPeyHOro
CeUeHHs TOHHEJsS) BOJHBI CXKaThsA (HPOAOJBHOH BOJHBI) Ocy
ONpeneNsioT Ha OCHOBAHHMH DELICHHA IIOCKOH KBa3HCTATHUYECKOH
KOHTAaKTHOil 3aJa4H TEOPHH YHPYTOCTH AJS KOJblla NPOH3BOJIb-
HOH (DOPMBI C OIHOH OCbI0O CHMMETpPHH, MOAKPENISIOLIEr0 Bhipes
B JIHHeliHO-1eOpMHDyeMOH cpelle ¢ JNPYrUMH jxedhOpManHOHHbI-
MH XapaKTEepHCTHKaMH, pabOTalollero COBMECTHO C OKpyKalo-
uieH cpefoif B COOTBETCTBMM C pacueTHOi cxeMoill (puc. 2).

-P x iz

Puc. 2. PacuerHasi cxema K onpexene-
HHIO HAMPSXKEHHOro COCTORHHUA o6Aen-
KH OT DPOJNOJIbHBIX CelCMHYECKHX BOJH

HanpsixkenHoe cocrosiHHe Ha GeCKOHEUHOCTH IPHHHMAIOT CO-
raacso 1. 3.13 B Bue

p=——keyeiTo, §= —2-, (7)
2= 1—v
roe k.—KO03(pPHINEHT CeHCMHUHOCTH;
€;—CKODOCTb DacHpPOCTPAHEHHUS YIPYruX BOJH CHKATHA
(pacTsizKeHHs1), ONpPEAENAIOIAsCA HenocpeICTBEHHBIMHU
H3MepenHsIMH WM BblaucasieMas o dopmyse

- Eog l—Vo
ey v X T =2 (8)

IMMpumevanne. J[aa npelBapHTeNBHBIX DAacyeTOB J10NYCKEeTCH
HCIOJ/Ib30BATh AaHHbIEe TPHJAOKeHus 1.
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4.9. Hanpsizkennoe cOCTOsiHHe OONEJKH OT AEHCTBHA MJIHH-
HO¥, HanpaBJ€eHHOH IOJ HPOU3BOJIBHBIM YIJIOM ¢ K BEPTHKAJb-
HOH OCH CHMMeTPHU BBHIPAGOTKH BOJIHBI CABHIa (TONepeuHoH BOJI-
HBI) Gcyp OTPENENSIIOT HA OCHOBAHHH pEUIeHHS KBa3HCTaTHUECKOH
KOHTaKTHO#l 3ajayu, pacueTHas cXeMa KOTOPOil NpuBelJeHa Ha
puc. 3.

/ N
N
/ PN \

N\ A /
N /

Puc. 3. PacueTHasi cxema K onpelene-
HHIO HanpsiKeHHoro cocrofinug oOges-
KH OT nonepevyHsix cellcMHYECKHX BOJH

Kacarteabupie HanpspkeHHst Ha GECKOHEYHOCTH B COOTBeT-
CTBHH € I 3.13 HMelT BeJHYHHE

Q= 5= kevesTo (9)

e Co—CKOPOCTb pACTIPOCTPAHEHHs  YOPYTHX BOJH  CHBHra,
onpeneasieMas no dopmyJe

ST E
. Eog 10
27F 2y(T+w)’ (10)
1I.TH 110 JaHHBbIM HpI/IJIO}KeHYIH 1.

4.10. DkcrpeManpHble 3HAYEHHsT HANpPSXKeHHH oy OmMpeae-

JSI0T Ha OCHOBAHHH pelleHHs CJAeAyIOHIHX YPaBHEHHH A Kax-
ZIOTO HOPMAJBHOTO (palMa/JBHOrO) CEYEHHS OGAeIKH

=0, (11)

c

0.agy
da

9 5y,
da

—0,
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TAe

%1 = % (cx) + sﬂ(cxa) ’

_ (12)
Ogg = a@(cm) — 3 {cas) *

O ) * 08(6,!8) ~——COOTBETCTBEHHO HOpMAJbHblE TAaHIeHLHAJbHBIE

HaNpsKeHHs B JAHHOM CeYeHHH OOGNENKH OT AEHCTBHS BOJIHBI
CXKaTHsl U BOJIHBI CABHMra, HANMpaBJEHHbIX MOJA YIVIOM ¢ K BepTH-
KaJbHO{l OCH CHMMeTpPHH BHIPaGOTKH.

B pesyibTaTe pelieHHsi YKa3aHHBHIX ypaBHeHHi (B KauecTse
Oy TpPHHAMAIOT HX BBIPAaXKEeHHsi Ha BHEWIHEM W Ha BHYTPeHHeM

KOHTYp€ IONEepPeyHOro ceyeHHst o6GHe/KH) NMONYy4yaloT YeThipe 3Ha-
yeHHs HANpPsXKeHHH ¢ B KaXIOM CeyeHHH. 3aTeM JJISi KaXJOro
CeueHHs] KOHCTDYKLHH ONpeledsiioT Te COYeTaHus AeHCTBHS BOJH
Oy MJH G H Te YIJbl HX NafeHHs oy, 2, KOTOpPble COOTBETCTBYIOT
HANOOJBIIMM CXKHMaOUMM (OTpHUATENbHBIM) H HauOOJbIINM
PACTSITHBAIOLIMM ([OJOKHTENbHEIM) HANPSIKEHHAM 0y .

4.11. HanGonpmne cxKuMapuiie H pacTSTHBAlOLIHE HAMps-
JKEHHSl 0y B KaXXIOM CeYeHHH NPHHHMAIOTCS 3a pacuerHbie. YcH-
aus M u N, cOOTBEeTCTBYIOIINE ITHM HaNpPSKEHHAM, BLIYHCAAIOT
A KaX[IOr0 CEueHHs HMMEHHO NIpH TeX COYeTaHHsX AeHCTBUS
BOJIH PA3HOTO XapakTepa W TOM HX HanpaBJeHHH, NIPH KOTOPHIX
TOJIyueHbl SKCTPEMaJsIbHble 3HAUYeHHS] HamNpsiXeHwit oy.

4.12. Ecan o6fenxa He NPHAHKepPEHAa K TPYHTY M NPOEKTH-
pyeTcs ¢ JonylueHHem o0pasoBaHHsi TPEUIMH, TO 3a PAaCUETHBIE
npHHEMalT o6e amopbl ycuauii M n N, cooTBercTBylOliNe HaH-
OO/IbIIEM CKHMAIOIHM H PACTATHBAIOIIHM HaNpsXKEHUAM 0y.

4.13. Ecan ob6aenky npoekTHpyior 6e3 JONyIEHHS TPEIHH
¥ eCJH OHA JIpHaHKepeHa K IPYHTY HJH BbINOJHeHa H3 HaGphbiar-
0€eToHa, TO 32 pacyeTHble Ha CxKaTHe Il pacTskeHHe NPHHHMAIOT
smopbl veuan# M n N, COOTBETCTBYIOLIME HANPSXKEHHSAM Oy,
MaKCHMaJIbHBIM 1o aGCOJIOTHOH BeJsIMUMHe, B3sThle CO 3HAKaMH
«ITIOC» M «MHHYC»,

4.14. PacueTHble 3miopbl yeuanit M n N cyMMupyioT ¢ ycH-
JHSMH OT APYTHMX BHAOB MAEHCTBYIOLUHX HArpy3OK H HCHOJb-
3yloT AJs NPOBeDKH NMPOYHOCTH CeueHHit Ha CXKAaTHe H Ha pac-
TSXKEHHe.

4.15. Pacyer KpyrosblX O0JeJOK TNPOBOAAT IO - aJATOPHTMY,
TIPUBEJICHHOMY B IIPHJIOXKeHHH D, pacuer OGHeJOK HEKPyroBOro
onepeyHoro CeyeHHs TPOBOAAT MO aArOPHTMY, NpHBEAEHHOMY
B IPHIOXKEHHH 6.
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5. PACHET MHOTOCJ/IOHHBIX OBAEJOK TOHHEJIEH
KPYroBoro O4YEPTAHHS

5.1. TTonoxkenus HAcCTOsILEr0 pasfena CjAeAyeT HCIO0Ab30-
BaTh AJIl pacyera MHOTOCJHOHHBIX OGNEJOK TPAaHCHOPTHHIX TOH-
HeJIel KPYIJoro MolepeyHoro ce-
g YeHHs TIJ1yOOKOTO 3aJI0KEHHS H
CTBOJIOB B YCJOBHSIX, YKa3aHHBIX
B 1L 4.1.
\N 5.2. Meronuka pacuera
OCHOBLIBAETCA  HA  HCXOIHBIX.
\\ MPEANOCHIIKAX, YKa3aHHBIX B
. 4.3—4,6, 48 u 4.9.
\ PacuerHas cxema mnokasaHa
Ha puc. 4 u npeacrasasner coboi
MHOI'OCJIOHHOe KPYroBOe KOJVIBLLO,
R HapyXKHBIH CJI0H KOTOPOro Mo-
¥ 8 JAenupyer MaccHB rpyHdra. Pa-
IMyC TPYHTOBOTO cjosi R, mpH-
R, HHMaeTcsi paBHBIM TyyOHHE 3a-
Rot J03KeHHs! BbipaGOTKH.
Pacuernbie HaNpsKeHus,
R — IIPHJIOKEHHbIE K BHELIHEMY KOH-
TYpY CeuyeHHsi TPYHTOBOTO CJIOS,
Puc. 4. Pacyersast cxema K onpe- onpeaeasaoT 10 d)OP'MleaM
JIeJIGHHIO HalpSAXKEHHOro COCTOSf-
HHUST MHOTOCJOfHOM 06 MeIKH p=po-+pscos 206,

g=g.5sin 20,

P

—
-—
-

x

(13}
31ecn

I 4 YV B—=4y) (1 —2v%)
Po= " g 2= P 50— (14)

82=—Pa.

BennunHa p onpejeasieTcs coraaco n. 4.8.

5.3. DKcTpeMasibHble 3HAYEHHSi HANpPSXKEHHH Oy HA BHEUIHEM
H BHYTPEHHEM KOHTYpax KakJOro CJosi OOJeJKH HMEIOT Mecro
npu 3Hauewnsx O=0, ©=90°. HauGosnbuue CXUMaOIHE H
pacTATHBAIOUIHE HAMPSAMKEHUs ¢y B YKA3aHHBIX CEYEHHAX MPHHH-
MaloT 32 pacyeTHbe.

[TpoBepka MPOYHOCTH CJIOEB TPOH3BOAUTCS B YNPYrOH CTafuH.

PacueTHble paCTATHBAIOIIAEC HANPSKEHHUS HEMNOCPEACTBEHHO
CPaBHHBAIOT C pAaCYeTHHIM CONPOTHBJEHHEM MaTepHaaa o0-
JeJKH.
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IlpoBepka mpouHocTH MaTepHasJa OOIeJKH Ha cXKaTHe Npo-
U3BOAUTCS C yuyeTOM OGBEMHOTO HANPSMKEHHOTO COCTOAHHA IO
HopmyJe

I—sing
———0,| <Rup, 15
% I+sine o Rnp (15)

Tle 0,—pacueTHble paJHajbHble CXKHMAIOUIHE HaNpsiKeHHs
B paccMaTpH3aeMOM CeYeHHH (TIpH pacCTAPHBAIOLIHUX
paZMaJbHBIX HANpsiXKeHUsXx B (GOpMyJay NPENCTaBJSAETCs
g,=0), cm;

(@—YTOJ BHYTPEHHEro TpeHHs MaTepHaja oOJeNKH, rpaj;

Rn,—pacueTHOe COMPOTHBJEHHE MaTepHana o0aenku (MpH3-
MeHHasi IPOYHOCTh), Kre/cm2,

5.4. Ecm npoekrupyemas MHoOrocjofiHas oOfenka nipuanke-

PeHa K TPYHTY, TO 3a pacyeTHOe NMPHHHUMAIOT MaKCHMaJjbHble MO

a6CoII0THOH BeJIMUMHE HANpSXKEHHS Oy, B3AThie CO 3HaKaMH

KITIOC» U «MHHYCY.

5.5. PacyeTHble HanmpsiKEHHst 0, CYMMHDYIOT C HanpsiKeHHsA-
MH OF APYFHX BHAOB AeHCTBYIOIUHX Harpy3oK H HCIOJb3YIOT
IS TPOBEpKH MPOYHOCTH MartepHana OGHENKH HpPH Pa3NHUHbIX
COYETAHHX Harpy3ox.

5.6. Pacuer MHOroc/OHHBIX O6JENOK HPOH3BOLHTCS HO aJro-
PHTMY, IPHBEIEHHOMY B NIPHJIOKEHHHU 8.

6. PACYET HABPBISFBETOHHbIX OBAEJIOK C AHKEPAMH

6.1. TIpenBaputebHblil BHIOOP KOHCTPYKUHH H Ha3HauyeHHe
TlapaMeTpoB HaOpLI3r6eTOHHOH OONeJKH € aHKepaMH (LJHHBL
aHKepOB, pPAacCCTOSIHHA MEXAYy HHMH, TOJIUHHB HAOpBI3r6eTOH-
HOTO NMOKPBLITHS M T. II.) IPOH3BOAAT Ha OocHOBaHHH MHCTpykuuu
10 NPHMEHEHHIO aHKePOB H HaOphi3r6eToHa B KayecTBe BpeMeH-
HOH KpenH BhIpaGOTOK TpaHCHOPTHbIX ToHHene#t (BCH 126—78
MunrpaHnccTpoit).

IIpounocTh 06GaeaKH NMPOBEPSIOT PACUETOM C YUeToM CeHCMH-
YeCKUX BO3IEHCTBHIl B COOTBETCTBHHM ¢ Il 6.2 u 6.3.

6.2. HabGprisar6eToHHyl0 KpPyroBywo 06JedKy ¢ aHKepaMu
paccMaTpHBalOT NpH pacyeTe KaK MHOTOCJOHHYIO KOHCTPYKIIHIO,
B KOTODPOi BBIIEJSIOT CJeAYIOLIHe CJOH:

C10H TpYHTa, 3aKPEIVICHHBIH aHKepaMH, TO/UHHA KOTOPOro
npuHuMaercs pasnoit 0,8 [, rae [—anHHA aHKepOB, M;

c10# HaOpHI3rOeTOHA, AapMHPOBAaHHBIH CETKOH, CTepXHAMH
M T. M., IPUHUMAaEMbili PAaBHBIM TOJILHHE apMaTyphl;

¢10if cOGCTBEHHOTO HAOPLI3rGeToHa.
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Pacqu Oﬁﬂe.ﬂKH HpOHSBOlIHTCﬂ B COOTBETCTBUH C pa3;1€~
JIOM 5.

Dpumeuvanne. Moayns Hedbopmauun cios rpyHta ¢ aHKepaMm
npunuMaloT paBubiM 1,2Eq, rae Eq—Monyis AedopMaUHu rpyHTa.

6.3. HaGpbI3ar6eTOHHYI0O HEKPYroBylo OOAEJKYy C aHKepaMu
pacCYHTHIBAIOT B COOTBETCTBHH C pa3fesioM 4 KaK MOHOJHTHYIO
3aMKHYTYIO KOHCTPYKUHIO (C TOJIIHHOH HaOpBI3TGETOHHOIO IO-
KpDBHITHSI), NpHYeM JJIsg MaccyBa NPHHHMAIOT 3HaueHHe NpHUBe-
JeHHOro MoayJs Aedopmauuu Eonp, ompefedaseMoe 10 NPHIO-
JKEeHHIO 3.

7. PACHET KPYIrOBbIX OBAEJIOK TOHHEJEHA
MEJIKOTO 3AJIO)KEHHA

7.1. Pacuer npou3BOJMTCSl Ha OCHOBAHHH peLIEHUs JHHAMH-
4YeCKOH 3aJayu O MOMEpPEeUYHLIX KOJeOaHHIX CTepXKHeBOH CHCTEMBI,
COCTOAIEH M3 YNPYrocOeIHHEHHBIX MexAy cofoit 3/eMeHTOB,
B JHHEHHO-1e(opMUpYyeMOlt cpene (puc. 5).

Puc. 5. PacuerHas cxXeMa K ONpeIeJEHHIO

HaNpPSXKEHHOTO COCTOSHHSL OGZeNKH TOX

neﬁcmuem nonepeyHoro AHMHAMHUYECKOrOo
BO3JeACTBHUS

7.2. B kayecTBe BHSIUHEH HArpy3KH NPHHHUMACTCS BO3JEHCT-
BHe, HallpaBjeHHOe NEePNeHAUKYJISIPHO NPOAOIbHOH OCH TOHHEs,
ABJasdoLieecs CJACICTBHEM TODH30HTAJIBHOTO nepeMellcHUs rpyu-
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Ta BO BpeMeHH (MMIy.JbCHBHAS HArpy3Ka, CHHYCOHJaJbHas Ha-
rpy3Ka, akcexeporpamMma u T. 1.), uo(f).

7.3. JKeCTKOCTb Y3JI0B COEJHHEHHIH 3.1eMeHTOB (6JOKOB) 006-
HeJIKH MexXAy co00i xapakTepusyercsi KO3((HIHEHTOM A, KOTO-
pBift SIBASETCS OTHOIIEHHEM JKECTKOCTefl IIONepeyHoro CeyeHHs
y3.Ja ¥ Marepua.a 06JeqJKH.

3nauenne koadduunenta A ciaeayer NpHHUMATL AJs LIap-
uupHoO# obaenku 0,3, nas cO6OpHOR 0DJAeNKH C MEepPeBA3KOH IIBOB
M NPU HaJ uuuM OGOJTOBBIX coenuueHHl 0,5, m/ist MOHOJHTHOH OG-
jgeqaxu 1.

7.4. Hopmaashuele (W) u ranresuuaspusie (V) nepemelenus
TOYEK CpefHell JHHUH TONEePeYHOro ceueHHs] OGHENKH H COOTBET-
CTBYIOIIHEe HM H3THOAIOIHE MOMeHTH M M TIPOJOJbHBE YCH-
aust N onpepesiiorcst 10 ajJrOpUTMy, MPHUBEJEHHOMY B HPHIO-
XKeHHI 9.

8. PACYET OBAEJIOK HEKPYIOBOI0 OYEPTAHHSI TOHHEJIEH
MEJIKOTO 3AJIO)KEHUSA

8.1. TpeGoBanusi HacTOSIMEr0 pas3fena paclpoCTPAHSIOTCS
Ha pacyeT 00Je/0K TOHHeJeli HeKpPyroBOro O4YepTaHMs1 MEJKOTro
3a/I0KeHHsl HJH UX YYacTKOB IPU PACCTOSIHUH OT ILIGJBITH CBOAA
JI0 TIOBEPXHOCTH He GoJee Tpex HaHOOJBIINX NONMEPeuHLIX pa3Me-
POB TOHHeJS.

8.2. Ilopagok  pacuera omnpefejsieTci B COOTBETCTBHHU
cmn. 3.3 u 34.

8.3. Harpysku Ha 00/Je/Ky ONPEAC/ISIOT PasAenbHO AJs Bep-
THK4JbHOTO M TOPHM30HTAJbHOTO HaNpaBJ/eHHH CceACMHYeCKHX
BO3JeHCTBHI:

a) FOPH30OHTAJbHYI0 U BEepPTHKAJbHYIO COCTaBJISIIONIHE ceii-
CMHUECKOH Harpy3KH OT cOOCTBEHHOTO Beca 00JeJIKM BbIUHCJSIOT
1o gopmy.e

Sﬁzkacs (16)

raie Q—Bec aneMeHTa 0071€/]1KH, OTHECEHHBIH K TOUKe &,

6) HMHTEHCHBHOCTb TOPH3OHTA/JbHOTO HHEPLHOHHOTO 1aBJe-
HHA TpyHTa Ha 00JeJKy B mpejenax BbICOTHl CTEHbI O0DJE/KH
OnpeensoT no Gopmyne

Petyy == Pyketg (45°+ —;') ’

/

e p,—aKTHBHOe JaBJeHHEe IPYHTA, Kre/cm?;
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B) TOPH30HTAJbHYK COCTABJSIOUIYIO HIEPUHOHHOH Macchl
IPYHTa 32CHIIKH HaJ TOHHEeNeM B Npelejax mpoJera BbhpaboTkH,
NIPHJIOKEHHYIO K BepxHell yacTu o6ae’kH, omnpeaeasior no ¢op-
MyJae

Pe=yHI],

rie [—muprsa BEIpaGOTKH, M;
H—paccrosinye OT AHEBHOIf TIOBEPXHOCTH, M;
f—Ko3(ppHUKEHT TpeHHs rpyHTa 1o obaenKe.
T) HHTEHCHBHOCTb BePTHKAJbHOH cOCTaBjasiomed g2 ompe-

AeJSIIOT N0 GhopMyam

geer =yHR, (ot Beca mosiHoro ct06a Hpyura

HaJ TOHHEJEeM)
HJH

qP" =yhk. (npH BO3MOXKHOCTH CBOZOOGPa30BAHHSA,
rae h;—BbICOTa CBOJQ).

8.4. ITpousBoauTcs  pasjenbHOe CyMMHDOBaHHE TOPU30H-
TaJIbHBIX CHJ OT COOCTBEHHOrO Beca M HHEPIHMOHHBIX MacC I'PYyH-
Ta (nmeppoe coueTaHHe) M BEPTHKAJIbHbIX Harpy3oxk ot coOcrBeH-
HOTO B€Ca M HMHEPUHOHHBIX Macc rpyHta (BTOpOe coueraHue),
BBIIIOJTHAETCS] BA CTAaTHYECKHX pacyera IO MEPBOMY H BTOPOMY
COYeTaHHIO M NPOBEPSETCS NPOYHOCTh CeUYeHHH OGAeIKH.

9. NPOEKTHPOBAHHE NOPTAJIOB
U NPHNOPTAJIbHBIX NOAIIOPHBIX CTEH

9.1. KoucrpynpoBaTb H pacCuuTBIBATE IIOPTaJbl  Cledyer
B cooTBeTcTBHM ¢ TpeGoBanusiMd raasbl CHuIl nmo mpoekrupo-
BAHHIO JKEJe3HOLOPOKHBIX M AaBTOAOPOXKHBIX TOHHeseH, mop-
TaJbHBIX IOANOPHBIX CTEH B COOTBETCTBHH € TPe6OBAHHSAMH
HOPM TIO NPOEKTHPOBAHMIO NOANOPHBIX CTeH AJs TPAHCHOPTHOTO
CTPOMUTEJIbCTBA, YKa3aHUSIMU pasjlesla 3 U JAaHHOTO pasjiena Ha-
crosimied MucTpykunn.

9.2. Tlopraab ToHHerell B ceHCMHUGCKHX paiioHax B 3aBHCH-
MOCTH OT KPYTH3HBl OTKOCOB, TPELIMHOBATOCTH, KPEmoCTH H
YCTOHUHBOCTH TIPYHTOB CKJIOHA TODHONO MacCHBa, a TaKXe CO-
CTOSIHMAL TIOIXOJ0B K TOHHEII0 DPeKOMeHAyeTcsl NPOEKTHPOBATH
BPE3HBIMH, HaK/JOHHBIMH ¢ JOGOBOfi  IOANOPHOH  CTEeHOM
(puc. 6,a, 6) HIM BBLIHOCHBIMH € HCKYCCTBEHHOH 3acCBINKOH A/
yno.iaxuBaHusg 1060Boro orkoca (puc. 6,6) B Cilydyae HEYCTOIi-
YHBOCTH CKJOHOB.
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9.3. Tlopranbl TOHHeJENH CaelyeT NPOeKTHPOBAaThb, Kak Ipa-
BHJIO, Kes1e300eTOHHBIMH, [lonycKaercsi NpHMeHeHHe OGETOHHBIX
NOPTaJOB HA NJOMIAJKaX CeACMHUYHOCTBIO He Gojee 7 GaJiioB
NpH YCTOHYHBBIX CKaJbHBIX I'PYHTaX. /I060OBLIE MOAMOPHBIE CTEHB

He <Im
S8

a \

Ldirzze

He <1M

Pyuc. 6. KoHcTpykuiu moprasoB ToHHEdZeH B ceilcMHye-
CKHX palioHax:

a~—Bpe3Hoil; 6—C HAKJOHHON JOGOBOi NOANOPHO CTEHOM;
8-—BBIHOCHOI1

clelyeT KOHCTPYMpPOBATH M3 KejeszoberoHa ¢ YCTPOHCTBOM
OrpakAaloulero irapanera, BO3BBLILIAKOLIErocsi HaJ MOBEPXHOCTBIO
OTKOCa He MeHee 4eM Ha | M.

9.4. IlpunopranbHble NOANOpPHBIE CTEHbHl MOTYT BBHIIOJHATHCSH
KaK M3 XKeJje306eToHa, Tak H H3 6eToHa.

9.5. IIpn Ha3HAYEHHH pACNOJIOKEHHS! TIOPTAJIOB BLICOTY MOJA-
NOPHBIX CT€H Yy OTKOCO3 NPHNOPTAJbHBIX BBIEMOK CJedyeT TIpH-
HMMaTb MO JAaHHBIM Taba. 2. TIpH HeBO3MOXHOCTH BLINOJHEHHS
TaKuX TpeOOBaHHii HeOOXOAMMO YNOJIaXKHBaTh OTKOCH HJIH BHI-
HOCHTh NOpTaJ.

9.6. lna noAnepXaHHA OTKOCOB IPHNOPTAJbHBIX BBIEMOK
B 3aBHCHMOCTH OT HCHOJb3yeMOTO MaTepHasta H Xapakrepa Ha-
KJOHA TOBEPXHOCTH, @ TAKXKe BLICOThI CTEH CJIEAYyeT TIPUMEHSATH
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MaccuBHble OeTOHHBIE H OOJerueHHble XKe1e306eTOHHble KOHCT-
PYKILKMH TOAMOPHBIX CTE€H. THII NMPOEKTHPYEMON CTEHbI, ¢e¢ KOHCT-
PYKIHIO H pasMepnl CJIeAyeT Ha3HayaTh Ha OCHOBAHHH TEXHHKO-
SKOHOMHUYECKOI'O aHajJd3a BADHAHTOB, COCTABJASEMBIX C YUETOM
MECTHBIX MHKEHEePHO-T€O0JIOTHYeCKHX, MepP3;10THO-TPYHTOBLIX, ceii-
CMHYECKHX W APYTHX YCJIOBHH.

TaGanuwa 2
Marepuan PacyetrHast ceficMuyu-
HOANOPHBIX HOCTb  ILIOLLAaZKH, Bricora nonnopusix
CTeH Ganasl cTeH, M
7KenesoberoH 8 12
9 10
Derox 8 12
9 8

9.7. IlpunopranbHbple NOJANOPHBIC CTEHBI CJIeJyeT pasiAensitb
Ha JJMHEe CKBO3HBIMH BE€pPTHKAJbHBIMH IUBaMH (BKJIOYast (yH-
NaMeHT) Ha CeKUuH pa3mepoM He OGojiee 15 M, a B paiioHax cei-
cMHYHOCTBIO 8 M 9 OannoB—iamo 10 M.

Il cnexyer pacmoJsaraTb Tak, uToOBl MONOLIBA KaxKIOH
CeXIHH OMipasjach HA OAHOPONHBIH (MO CTENEHH CKHMAEMOCTH)
IPYHT.

9.8. Ilpu pacuere NOPTANOB W NPHNOPTAJbHBIX IOANOPHBIX
CTeH HA YCTOHYHBOCTb IIPOTHB OHNPOKHABIBAHHS C Y4YeTOM Ccefi-
CMHYECKOTO BO3JeHCTBHA KO3(QQPULUHEHT YCAOBHIl pabOThl NpHU-
HUMA0T JAJd CceueHHH: a) OSTOHHBIX KOHCTPyKuui—~0,75;
6) mo mojoliBe (PYyHIaMEHTOB MEJKOIO 3aJ0KeHHs [Jisi TPYHTOB,
CBsI3aHHBIX ¢ Ko3bduuuentoMm KoHcucTeHnuun B<0,25—0,75;
0,25<B<0,50—0,55; B>0,60—0,40; ckaapneix—0,75, HecBA3-
HBIX C Pa3HOH CTeleHbIO BJaKHOCTH—O,55, HeCBA3HBIX, cpeaHel
miotnoctu—0,40.

9.9. B paitonax ceiicMuYHOCTRIO 9 6a/710B A1 nmpeforBpatie-
HUsi He6/aronpUsITHOIO BJMSIHUA TMOJATJAHBOCTH OCHOBAHHSA HA
ceficMOCTORKOCTb MNPHUNOPTANbHOK IIOANOPHOR CTEHKH CJjefyeT
(¢yHIaMEHT CTeHKH JOBOJHTb A0 CKaJbHOTO HJH IOJYCKaJbHOI'O
I'PYHTA HJIK HCKYCCTBEHHO YIJOTHATH OCHOBaHHe.

9.10. BHyTpeHHei rpaHy NPUNOPTAJbHOH CTEHBl C/AEAYET IPH-
JaBaTh HaKJOH B CTOPOHY OTKOCA BBHIEMKH.

9.11. Jlpenaxknpie yCTPOMCTBa I OTBOJAA BOJBl H3-33a INIpH-
TOpTaJbHBIX IOANMOPHBEIX CTEH CJedyeT IPOEKTHPOBATb B COOT-
BETCTBHU C TpeGOBAHHUAMHI HOPM IO MPOEKTHPOBAHMIO MOXMOPHBIX
CTeH AJs TPaHCHOPTHOTO CTPOUTEJBLCTBA,
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9.12. THn HHXKHEro CTPOEHHs NMYyTH, IPHMeHAEMLIH B TOHHeNe,
caefyeT TPeayCMaTpHBATE U 3a NPENe/]OM IOpTana Ha DAaccTos-
HuK He MeHee 10 M.

10. OPTAHHM3ALHA HH)XEHEPHO-CEACMOMETPHYECKOH
CJ1Y)XBbl HA TORHEJAX

10.1. OCHOBHBIM Ha3HaueHHeM CO3JaHUSl WHIKEHEPHO-CelcMO-
METPHUYECKOH C1y>KObl Ha TOHHEJAX SABJSETCS MOJyYeHHe KOJH-
YeCTBEHHBIX MAHHBIX O napaMerpax KoJeGaHHH KOHCTPYKUMit
TOHHEJIell H OKPY’Kalollero IPyHTOBOrO MacCHBa IJIS HCMOJb30-
BaHMS 3THX MNAaHHBIX IIpH IPOEKTHPOBAHHH AHAJOTHYHBIX KOH-
CTPYKIHH.

10.2. TlpoTsixKeHHbIE TOHHENIM B paloHax CeHCMUYHOCTBIO
8 6anyi0B H Gosee 0BOPYAYIOTCS HHXKEHEPHO-CeCMOMETPHYECKH-
MH CTaHIMSAMH JJs 3allUCH CMEILleHHH, CKOpoCTell MW YCKOpPEHHi
2/IEMEHTOB OGMe/KH M OKPY2Kalollero MaccuBa BO BPeMs 3eMJe-
TPACEHHH.

10.3. TTpoekT uHIKEHEPHO-CEHCMOMETPHUUECKOH CTaHUMH XOJ-
JKeH HMeTh OOIIYI0 CXeMY pa3MeIleHMs H3MEepUTeJbHHIX NYyHKTOB
Y PErHCTPHPYIOLIEro KOMIIeKCa, TNOJHBEIA nepeueHb 060pyAOBa-
HUA U TpUOOPOB, CTPOHTENBHYIO YacTh, BKJIOUAIONYIO paboune
4epTeKH pa3MeIleHHs] H KpellsieHHs mpuGOpoB, BCIOMOrarelb-
HOTO 060pyZOBaHHUs, KabeJbHBIX JHHMH, a TaKkXKe YepTexH
OCHOBHBIX H BCIIOMOTATeNbHbIX NOMEIIEHH.

10.4. O6mmit MOPANOK NPOEKTHPOBAHHS M YCTAHOBKH ceficMo-
MEeTPHUYECKHX NMPUGOpPOB H 00OPYAOBAHHS Ha HHKEHEpHO-ceficMo-
MeTPHYECKHX CTaHLUMUAX pErJaMeHTHPYIOTCS HHCTPYKLIUSIMH TIO
OpraHM3alMH CTaHUHH HHXKEHepHO-CeHCMOMeTpPHUECKO! CayKObl
IJis PEFHCTPaLUM KojieGanHuil 3faHuil H COOPYKEHHI NP 3eMJe-
TPSICEHHSX.

10.5. TlpoekTHpoBaTo HHIKEHEPHO-CEHCMOMETPUYECKYIO CTaH-
LU0 CIeAyeT MO TeXHHYeCKOMY 3aJaHHI0, ¢ 00A3aTeNbHBIM CO-
rJlacOBaHWEM OpTaHH3alluel, Ha KOTOPYIO BO3/1araercs 5KCIIya-
TauHs CTAHLHH.

10.6. Kaxxkpass HHKeHepHO-celicMOMeTpHYecKas CTaHLMS Ha
TOHHE/SAX JOJKHA HMETb, KaK MMUHHMYM, TPH H3MEPHTEJIbHBIX
NyHKTa—Yy NopTaja, B TOHHeJe M HaJ TOHHeJEeM B MecTe HaH-
BobIeil TyOHHB 3a/102K€HUS TOHHE/S.

Boakloe Ko/HYecTBO KOMIJIEKTOB CeHCMOMETDHUECKOH arn-
TlapaTypbl MOXeT ObITb 3alIPOKTHPOBAHO H YCTAHOBJEHO B TOH-
HeJAX, NepeceKaloluX HAaIIacTOBaHHsI TPYHTOB Pa3JHYHOH ceii-
CMHYECKOH KEeCTKOCTH, NPH HAJHYHH OeHCTBYIOIIHX TEKTOHHYe-
CKHX NMOABHXKEK H B JIPYIHX CNyYasiX Ha OCHOBAHWH CIEIHAJBbHOrO
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TEXHHKO-5KOHOMHUYECKOI0 M  CeHcMOo/0rHyeckoro o00CHOBaKHS
TIPOBeJeHHOr0 Ha CTaJAHH TEXHHUECKOTIO IPOEKTa.

10.7. B usaMepuTenpbHOM NYHKTE B TOHHEJE OJHOBPEMCHHO
JOMKHH  (DHKCHPOBATBCST KOJIeOAaHUs 371€MEHTOB OGJeIKH I
OKPY»KaloUlero Maccusa.

10.8. Ecmir TOHHEJb MMeeT HECKOJIBKO THIIOB KOHCTPYKUHIL
06/e/I0K, 11eeco06pa3H0 YCTPAHBATh U3MEPHTENbHBEIE NTVHKTHL Ha
KaXXJOM THIle 001eJ0K.

10.9. CeficMOnpHeMHHKH YCTaHaBJAMBAKT Ha pabouix mnJo-
majnKaX, NpeJCTaBJSIOMUX CO60H TrOpH3OHTaJAbHBIE GETOHHBIE
[IOCTAMEHTHI, XKEeCTKO NPHKpemaseMble K oOfenke (A4 ¢HKca-
1M KoseGaHuH o0nenku), u 3araybasemble Ha 0,5—1,0 ™
B IPYHT (1718 QuKcauuy KoneGaHUi rpyHTa).

10.10. KoHcrpyktHBHOE OG(OpMAEHHE H3MEpPHTENBHBIX MYHK-
TOB J0JXKHO obecrieyuBaTh HalexXHOE COUJEHeHHe ceficMOonpHeM-
HHKOB C OGAEJKOH H TPYHTOM, CBOGOJAHBIH AOCTYNn K npubopam
A MX MOHTaxKa H HaJaiKH, HaXeXKHVIO 3alldTy anmnaparypbl
OoT GUJIbTpalMH BOJAbl M INaJEHHsi KYCKOB IPYHTAa H OGJIeJKH, a
TaKXke COOTBETCTBYIOUIMH TeMmepaTypHHIl H BJIaXKHOCTHBII pe-
JKHUM JUJISI HOpPMAaJIbHOH paboThl anmaparypsl.

10.11. Anmnmapartypa AJf H3MEPHTEJbHOTO 1I PErHCTPHpYIOlLe-
TO KOMIJIEKCA COCTOMT M3 MATHHTHO-3/J€KTPHUECKHX U Nbe30-
JIEKTPHYECKHX CEHCMONPHEMHHKOB (JaTUHKOB) H OCHHIJIOrpa-
($OB ¢ raJbBaHOMETPHYECKOH PerHcTpaunuei.

10.12. Pacxoaer Ha nmpuoOpereHHe CeifcCMOMeTpHYECKO# amma-
paTypsl M Ha BHIMOJIHEHHE CTPOUTENbHO-MOHTaXKHHIX PaboT, cBS-
3aHHBIX C ee YCTAHOBKOH, JOJDKHBI NIPeNycMaTPHBATLCS B CMETax
Ha CTPOHTENbCTBO COOPYKEHHI.

10.13. Dkcnayarauuio CeHCMOMETPHYECKOH annapartypst
B TOHHeJIe CJeyeT OCYIEeCTB/IATh NOJ HaA30poM DPabOTHHKOB pe-
THOHAJ/bHOH CefICMOJOIHYECKOH ClTyKObI.




IMTPHUJIOXKEHMUNSI



CKOPOCTH cefiCMHUECKHX BOJIH, HOPMaJLHbE H KAcaTelbHble

Kare-

Koad-
TOpHA Crenens dunu- OS::M'
TDYH- KDenocTH I'pynTsl enr Macca
TOB NO TPYHTOB Kpe- /M3
CHull nocTH A
I B Bmcuted Haubosee kpenkhe, NJOTHhE H Bs3KHe 20 {2,8—3,0
cTeneHH KBApuuTH H  GaszaabTel. VCckalOYHTENbHbIE
KpenKye N0 KPeNOCTH APYrHe FPYHTH
11 Ouenb OueHb KpenkHe TPaHHTOBLiE, KBapLEBHH 15 |2,6—2,7
Kpenkie nopgup. Ouenbp xpenkuil rpanur. KpeMuu-
CTHIH c/laHel, Cample KpenKHe NECIAHHKU M
H3BECTHAKH
11 Kpenxkile Tlnordele rpaHHT H TPaHHTOBBLIE TPYHTEHL 10 |2,5—206
OdeHp KpeNKHe [eCYaHUKH M H3BECTHAKH.
Kpenkupit konrqomepar. Ouenb Kpenkde xe-
Je€3Hble PYAnl
Illa » Kpenxre uspectusiki. Hekpenkufi rpanuwr, 8 2,5
Kpenkue necuaHnkd. Kpemkuii mpamop. [o-
aomur., Konuepadnl
IV | HdosoasHo OOGnIKHOBEHHBIl NecuaHHK, XKe/le3Hble PYIul 6 2,4
Kpenkie
\Y Cpenxeil Kpenkiift ramunctuifi  cnanen. Hexpenxwit 4 28
KPemnocTH | mecyauwHMK M H3peCTHAK. MsArkuii KoHrjomepar
Va To xe Paspoo0pasubie Hekpenkue cianns. ILior- 3 2,5
HBIR Meprenib
Vi Honoastio Msarguit caadert, Markuit ussecruax. Mesg, 2 24
MIITKHE KaMeHHas COMb, THNC, Mep3iamii TpyHT, aH-
TpaunT, OOHKHOBEHHHEI Mepresb, paspyien-
HBIl [IeCYAHHK, CUEMEHTHPOBAHHAS TIajbKa,
KaMeHHCTBIH TPYHT
Vlia To ke Ile6enucTuiit rpyHT. Paszpywenusit cna- 15 11,820
den. Crexaswasics raabka H webedp. Or-
BepAeswian ranHa. Kpenkui xameHuulfi yroab
VII Msrkne Fanpa  maotnas.  Cpeawuiit  KaMeHHBIR 1.0 1,8
yroab. Kpenkmit uawoc. [aupuCTHA rpyHT
VI » Jlerkas necuaHad rAmMHA, jecc, rpaBuiL 0,8 1,6
Msrku#t yroas f=0,6 — 1,0
X—X| Cunyune u Iecok-ochine. Meaxku#t rpasuit. Hacwinuas (0,1—0,5 1,7
nauiByHfbe | gemass, Jo6utnifi yroas. IlnniByHsl. Bosio-

28

THCTHE TPyHT. Paskukeunofi Jecc U apy-
THE DasmHKEHHble TPYHTH




I puroxcernue 1

HanpsaXXeHUud B HeHAPYIIEHHOM MAcCCHBE JUifl pa3jHUYHbIX TPYHTOB

Hopmaapume u KacaTeibHble HANpsiXKendss B rpyhre {Te/m?)

CKoDOCTE CKOpOCTh OpH YTO4YHeHHOH ceficMugHOCTH B Ganakax
NpoAQIIb- nomnepey-
HOH BOJ- HOI BOJI- 7 8 9

HH C), HEl Cy,

KM/ Km/c c,xf 1_\#/}: ! fo ‘t:x,y . c‘_,\‘l 'nx'_\- 1
5,6 3,3 107—115 ] 64—69 | 133—142 | 67—85 176—188 | 105--112
5,6 3,3 99—103 | 59—61 123—128 | 73—76 | 163—169 | 97102

35—45 | 2,1—2,7 60-—80 36—49 73—99 44-—59 96—131 57—78
2,4—3,0 1,4--1,8 41—-50 24-—-30 51--62 30—37 67—382 40—49
20—26 | 1,2—15 32—42 19—25 4052 2431 5368 32—41
1,56~2,3 |0,9—14 28—43 17—26 35—-55 21-33 46—73 27—44
1,4—19 {0,8—1,1 2432 14—19 3040 18—24 39—53 23—32
1,3—2,1 { 0,8—1,2 21—34 1220 26—43 16—26 35—56 21—33
1,219 i 0,7—1,1 15—26 9—15 18—32 11—19 24—43 13—90
1,1—1,7 1 06—10 14—21 8—12 1727 10—16 2234 13—90
ILi—16 | 0,7—1,0 — — — — — _
0,3—0,5 | 0,2—0,3 — _ — _ _ _
4:}: 29



Il pusroscenue 2

Onpegenenne pacueTHLIX CEACMHYECKHX HANDSAKEHHiH
8 MacCHBE N0 CKOPOCTH KojeGaHHsi yacTHU rpyHTa

Ipu pacuere ToHHene# Ha JefiCTBHe CEACMHYECKHX BOJH CXATHA-PACTAXe-

CEefiCMHYECKHE HaNpSXKEHHS, BO3HUKAWIIHE B MACCHBE Ha
GECKOHEYHOCTH 10 NPOH3BOJNBLHHIM  B3aHMHO-MEPNEHAMKYIAPHHIM  Hanpasie-
ans X! u ¥!, Bo3MOXHO onpeleaatp no dopmyaam (3, 4, 5) uacroauen

HHSA H CHABHrA,

Hucrpykunm.

o T v,
0’&, )::icl_g- V)

() . 0 (w).
c = e———C s
y’ ] o Xy

o 1
Tfrr)),, ‘—::"_'Cg—g—— V,

FAC g—YCKOPEHHe CHAbI TsKecTH, M/c?;

—CKOpPOCTh KoJieGaHHs uacTHI, TPYHTa npHu

AHTeHCHBHOCTH 7, 8 1

9 OannoB, onpeneiseMass B NMPOLECCe H3bICKAHHE HIH OPHEHTHPOBOYHO
10 JaHHBIM TaOJHLBL.

KateropMs rpys-
TOB [0 CROACTBAM

XapaKTepUCTHKA TPYHTa

CxopocTh KoJsiebGaHus

yacTHIl rpyHra B 34-
BHCHMOCTH OT YTO4-
HeHHOR celicMHY-

ceflCMHYHOCTH HOCTH, M/C
7 | s | s
1 CkaJjipiple TPYHTH, TpellunoBarthie, | 0,04 | 0,08 | 0,12
Kopenurie H3BepIKEHHBlE, MeTaMop(HuecKHe H
0CajgoyYHbIe; T'PAHHUTLI, THEHChi, H3BECT-
HSIKH, necuaHHKH, KOHIIOMepaTHl
H T, I
ITonyckanpHble TPYHTBI:  Mepred,
OKAMEHEBIIHe IVIMHB, TJIHHUCThHIE hec-
YaHHKH, Ty®, PAaKyImIedHHKH, FHICH
H 1. 11, KpymHooOsoMouHble NIOTHBE
I'DYHTH
I Canue, cyraudke, cynecH, rneckd, | 0,08 | 0,16 { 0,24
Aanosuade- KPYNHOOG/JI0MOUHbBle TPYHTHI
HEBle
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ITpuaoscenue 3

OnpejeneHue NPHUBELEHHOro MOAYJsl AedopMalidi TPYHTA
AJS pacueTa HEeKPYroBbIX OGHENoK

1. Tlocie  HaxoxpeHHRA  KosbhduuHeHTOB, oTobpaxcaouiux  QyHKUH
(g, ..., O JAOMHX npeoBpasoBaHHe BHEUIHOCTH €QMHHYHON OKPYMKHOCTI Ha
NHELIHOCTh BHYTPEHHEro KOHTYpA lonepeuHoro ceveHus o67cixu (cM. npui. 6),

. %
pelaeTcs ypaBHeHHe B-i cTereH# OTHOCHTENbHO Ry
%5 %4 %3 *9 i
@R+ (@1 — h) R™ 4+ ayR” + a3R " + a R + a5 = 0. (1)

£ »
B xauectBe R; OGepeTcs KOpeHb 3TOr0 ypaBHehHsi, GOJbIIMA eJHHHIBL
2. Onpenensercs NPHUBeAEHHBI pajnyc BHPaGOTKH

R=a,R] .

3. Pemaercs ypasuenne (1), rae BMecto h;, Geperca hp—paccTosnme OT
Layana KOOPAMHAT /0 BepXHeil TOUKH 30HH ¢ XapaktepucTHkamu E’, v/ (cM.
pHcyHOK). B xauecrse R, Oepercsi geficTBHTeNBbHBI Kopenb ypaBsenns (1),
Gonpiuii efmuuupl. Onpefiensiercss NPHBEASHHBIH pajuyc 30HH C XapaKTepH-
ctukamu E/, v

R'=a,R;.

CxeMa K OHpeReNeHHIO
NPHBELEHHOTO MOAYJs
nedopMaluMH  TPYHTOB

4. TlponsBoasTcs BuuHCIeHHs Koadduiuentos 6, B n A

b= R _El4w ., 20=v)®
R " T E(1+v)’ T 1 —2v82+B(1 — %)

5. 3uaueHHe NpPHBEJEHHOTo Moay.1s jAedopmauuu onpefensercs mo ¢Hop-
MyJie

E() =E, l__..dﬁ
np T4+ (1 —2v/) 82— 24(1 —v')
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[Ipunonenue 4

llepeuens anropHTMOB H MPOrpaMM no pacuery oGAelNOK TOHHejeil Ha ceAcMMYECKMe BO3NeHACTBHSA

N!| H A A a Oprannsanny,

un aana-:{en:;cna)grmo}‘x‘)muon anrggggl?[ros npgggg;lm nporg:’n}:ubt Tun 3BM nggﬁﬁlﬁ:’i‘

1 Pacuer kpyrosmix oG- Hopwman H. {1, Tynukos B. H. ANTON MUP HWUC,
JeNoK TAyGOROro 3allo- (LIHHUHC) (HUHOCIT) HHUMOCIT
KeHus Pornesa H. H.

(TyalTH)

2 Pacuer o6penox me- | dorwepa H. H. Kununes B. JI. | ®OPTPAH EC JleHmeTpo-
KPYroBoro mnoNepeyHoro Jauga A, A THIPOTPaHC
CeHeHHs (JIMIT)

3 To xe [apafiuyk B. I. | B konax Haupn HHHOCI

(HUHOCIT) Haupn-2

4 Pacuer  mHorocioft- | Byamues H. C. Jlesun Y. E. DOPTPAH EC Jlenmerpo-
HBIX KOMOuHHpoBaHHHIX | Onossinnbil A. T. Jlauna A. A, FHAPOTPAHC
061en0K KDPYTOROTO (JIrn) (JIMI'T)
ouepraHus

5 Pacuer obGnenok kpy- Viuanxop- My6apakos . H.| AJITOJ M-222 HUMuCC
TOBOrO OUEPTAHHH Mell- xaes A. A (HMuCC)

KOTO 3aJI0XKeHHs My6Gapaxos 4. H.
(MMuCCj)
6 To xe Jlepnn W. E. ®OPTPAH EC Jlerimerpo-
(JIMI'T) FHIPOTPaHC




I puroxenue 5

AJroputM ¥ npHMep pacyera o6AeNO0K TOoHHe’eR
KpYroBoTO OYePTaHHA Ha ceHCMHYECKHe BO3NeRCTBHs

I. WUcXoAHbIMH JaHHBIMH AJS pacyerta sBJIAIOTCS:
i, To—BHYTPEHHHII M BHEIIHHH pafgHyCH NONEPeuYHOro ceueHHs 06IeJKH, CM;
£, vo—Monyap gedopMmaunn u xoad¢uurent [lyaccona rpynra;
E,, vi—monyae aedopmaunus u kosdpdunnent Ilyacconma marepnana obpeixu;
y—O06beMHan Macca IpyHTa, Kr/cm?;
kc—K03pOHINEHT CeACMHUHOCTH;
To—npeobGnafaomnii nepuos KojeGaHMi yacTHL TPyHTa, C.

2. Onpeneasior OTHOCHTENBHYIO TOJINEHY OGIENKH ¥ KomMOupauun gedop-
MAHIHOHHBLIX XAaPAKTeDHCTHK MaTepHajsa obJeJkn H nopoist no dgopMmyaaM

R1=L; . y p= Ei(1+vy) s Ho=3 — 4vy; 1=3 —4v,
rs I —o Eo(]+\’1)

~ 1—E _I~fs' I-Hcoﬁ. 3 o

Q—V G e = l+%1't‘1+m i l=1—a; s=1—1.

3. BuiuucaA0T BCIOMOTATENbHEE BEAHYHHLI 1O (bopmy.nam

1=

t—d b d(t—d)R}(R} —1) ,
| —2d(1—R2)’ °  (t+ SRINARS + )+ 3tdR}(RI — 1y*

— (dR§ + D(d + IR3) + 3d?R}(R3I — 1)? |
(t+ SRI)(AR$ + 1) + 3tdR}(RT — 11

a

3¢ '3

B=1—a
1+ 4

i F=d—ta;+3cy; A=(d—ta;)R}+3¢3R}%.

4, OnpefensiloT 3HAYEHHS 3SKCTPEMAJbHLIX HOPMAaJbHBIX TaHTCHIXHAILHLIX
Hanpsixeuuit B 064e/NKe OT eAMHHYHON HArpysku no Qopmynam

S9puyrp — (1+8&eF 4CAV T+ Q%

LAY (@d— Do —d

o1 —
fpHem 4 d

T uF-BOVITE.

5. M3 ueThipex 3naueHHH HanpsKeHHuil, NOJYYeHHHX H3 COOTHOUICHHI 1. 4,

ppi6HpaloT HaHOOJBLIEE OTPHHATETbHOE (CIKMMAlOIlee} H ONpeReNsioT KOH-
TaKTHbIE HaTnpsKeHus

°p=_— 1+§ % f]“’[i“'d ?Bal/wl'f‘qg
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H 663p83Meprle BCJIHUHHA] )"CH./'IH}“‘I

(R —1)’

M= 12 [GGBI{yTp ~ %pgew ] 5

RT1T—1
9 [GBBHYTP— cﬂsﬂem] ’

<

N ="

npuueM B QopMyse n. 5 Aig ompeneienus o, # B Qopmyaax m. 4 pas onpe-
AeJEeHUS HanpsixKeHWH, MOJCTABJSEMBIX B BBIDaXeHHd JMJs ycuamii, Oepercst
TOT 3HAK Nepel BTOPLIMH CJaraeMbpIMH, NPH KOTOPOM IOJyYeHO Haubosbliee
OTpHLIATEIbHOE 3HAYEHHE O .

6. AHamoruyHO NOJMYYAIOT KOHTAKTHLIE HaTpsiKeHus O, H ycuaug Mu N,
COOTBETCTBYOIUHEe HanOOJMBUIEMY I[OJMOKHTEABHOMY 3HauyeHmio oy (pacTarnsa-
0WEMY HaNPAKEHHIO),

7. B pesyjnTaTe IOJYYalOT N0 JBE pacyeTHLle PaBHOMePHLIE 3MIOPHI yCH-
Jin#i, COOTBETCTBYIOlle HAaMOONBIIMM CXHMAIOUWIHM I PacTACHBAIOMMM Hanps-
XeHUsM Og B Kam/AOM CeueHUH QbJeJKi.

8. Ecnn o6uenka He nmpHaHKepeHa K TPYHTY M NpPOEKTHPYEIcs ¢ JAOMylie-
HueM o0pa30BaHHA TpelUMH, TO NoJyueHHble 002 BapHAHTa PacuYeTHHX YCHJHIE
HCTIOJB3YIOT [l NPOBEPKH IIPOYHOCTH CedYeHHA NPH CXaTHA H DpH DaCTH-
JKEHHH.

9. BesnuuHn KOHTAKTHBIX HANDSXKEHHH O, ONPEAeAIOT YMHOXeHHEM NO-
JyyeHHBIX no (opMysaM n. 5 3HaueHu#l Ha BEJHYHHY p, H3rHOAIOWIMX MOMEH-
TOB—Ha prib, NpOAONLHBIX CHI—HA prib

1 Eog 1—v
P =gz kvl "":V v X (I +v)(1—2v) *

rie b—eluHuna IJIHHL B NPOO/IBPHOM HANPABJEHHH CUOPYXKEHHS.

ITonyuenHrle 3HAUeHHS] YCHJAMH OT CEHCMHYECKHX BO3NEHCTBHE CymMMH-
PYIOT € YCHJIMAMH OT JAPYrHX BHAOB HATPY30K M IPOBOAST NPOBEPKY NPOYHO-
CTeH CeyeHHH.

10. Ecin o6mesKky npoekTHpyloT 6e3 NOMYLieHHs OGpa30BAHHA TPEUIHH.
HAH DPHAHKEeDEHHOH X TPYHTY, TO B KauecTBe PAacYeTHHX NPHHHMAOT 3naue-
HHsi YCHAHH, COOTBETCTBYIOLIHEe HAMNPSIKEHHSM ¢ , MaKCUMaJbHHM 1o a6co-
JIOTHOR BeNHYHHe, OTH YCHAHS NPHHHMAIOT CO 3HAKAMM CILIIOC» H «MHHYC» H
CYMMHDYIOT C YCHIHAMH OT APYTHX BHAOB Harpysok.

11. B 1aba. 1 ¥ 2 HacTOsero NPHJOXKEHHs IAaHbl NPHMEpHl oOlpejgese-
nua Ge3pa3MepHLIX BeJHUKK Hanpsxesuft u yeuauht (B Roasx oT p) AnA pafa
KPYIOBHIX OBJENOK Pa3jHYHOIO JHAMETPA H TOJILHHLI (n=rp/r1), a TakXe Ma-
repuata (E1v)), pacnosoxeHHLX B IPYHTAX C Pa3JHUHbIMH 3HayeHHAMH Fp w
vo. TIpH 3TOM B Taba. 1 MaHbl MakCHMAMbLHBIE CXXHMAIOUHE HATIPSKEHHA H YCH-
aug, a B Taba. 2—MaKcuManpHbie PACTATHBAIOUINE HATNIPAKEHHA W YCHIHA.

IMpuMep. Beronnas MoHoHTHas obaeaka (E;=3150000 1/m2; v;=0,15)
HapyXHEM JHametrpom 9 M u tonmuuo#t 0,40 M (n=1,1), pacnonoxexnas

B rpanonuoputax (y=2,7 1/M% vo=0,23; E;=400000 T/MZ —ég=0,l2) AAs Ae-
1
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psiTuGanaphoro semaerpsicenns (npu To=05 c): ¢, =1290 Mmfc; p=275 1/M%
Toraa no taba. 1
2
M= — M =—202 Tv;
108

N=—127prib=— 144 1,
no taba. 2
3,53prib

103

N=0,15prb=17 .

M= =1,64 1™;



OTHOICHHE Ornotienne Moayas JAedopMamuu
Pacuetnnie Bl;i:lxllll:;'%;o
HanpaxKeuns oGnenku

b yenmus K BHYTDEH: 0.04 0.08 0.12 0,16 0.2 0.4
HEMY A= —-r—l—

1,05 —1,22 —0,94 { —0,77 { —0,66 | —0,57 { —0,35

S 1,10 —1,36 —1,17 { —1,02 | —0,90 } —0,81 | —0,54

P 1,20 —1,26 —121 | —1,12 | —1,04 | —0,97 |—0,72

1,30 —1,01 —107 | —105} —1,00 | —0,96 | —0,76

1,05 —23,1 —189 | —158 | —136 | —11,9 | ~—7,35

TGgment 1,10 -—10,1 —10,8 | —10,1 | —9,27 | —8,52 | —5,96

p 1,20 —0,31 —3,98 | —4,88 | —5,09 | —5,07 | —4,28

1,30 +2,76 —1,17 { —2,51 | —3,08 } —3,34 [—3,32

1,05 —31,2 —232 | —188 | —15,9 | —13,8 | —8,32

humyrp 1,10 —245 —184 | —153 | —133 | —11,8 } —7,69

p 1,20 —224 —16,1 | —133 | —11,6 | —10,4 | —7,14

1,30 —21,3 —154 | —12,7 | —1I1,1 | —9,94 | —6,91

1,05 —1,79 —0,90 [ —0,62 | —0,48 | —0,39 1 —0,20

M 103 110 —12,0 —6,33 | —4,37 { —3,36 [ —2,74 | —1,45

Py 1,20 —738 | —404 | —282 | —21,8 [ —17,8 | —0,52

1,30 —180,8 | —106,7 | —76,5 | —50,0 | —49,6 | —26,9

1,06 —1,36 —1,06 | —0,87 | —0,74 | —0,64 | —0,39

N L10 —1,73 —146 | —1,27 | —1,13 | —1,02 { —0,68

Pro 1,20 —2,27 —201 | —182 | —167 | —1565|—1,14

1,30 —2,79 —249 | —2928 | —2,12 | —1,99 | —1,53




TaGauwa 1

TPYHTa K Momymio hedopmauHr MarepHana oGaenxku E,/E,

0.6 0,8 1.0 1,2 1.4 1.6 1.8 2,0
—0,25 —0,20 —0,16 —0,14 } —0,12 | —0,10 —0,094 | —0,085
—0,41 —0,33 —0,27 —024 { —0,21 —0,18 —0,16 —0,15
—0,57 -—0,47 —0,41 —0,35 { —0,31 —0,28 —0,26 —0,24
—0,62 —0,63 —0,46 —0,41 —0,36 —0,33 —0,30 —0,28
—b,32 —4,17 —3,43 —291 | —253 | —224 —2,01 —1,82
—4,56 —3,70 —3,11 —2,68 | —2,35 —2,10 —1,90 —1,73
—3,56 —3,03 —2,63 —232 | —2,08 | —1,88 —1,72 —1,58
—2,94 —2,60 —231 —2,08 | —1,88 —1,72 —1,59 —1,47
—5,98 —4,67 —3,83 —3,25 | —2,82 —2,49 —2,23 —2,02
—5,75 —4,60 —3,84 —329 | —2,88 —2,56 —2,31 —2,10
—b,63 —4,54 —3,85 —335 | -—2,97 —2,66 —2,42 —2,21
—5,44 —4,51 —3,87 —3,39 | —3,02 —2,73 -—~2,49 ~—2,28
—0,14 —0,10 ~—0,084! —0,07 { —0,06 —0,053} —0,047 | —0,042
—0,99 —0,756 —0,61 —0,51 —0,44 —0,39 —0,34 —0,31
—6,55 | —5,01 —4,07 —3,42 1 —2,95 —2,60 —2,32 —2,10
—18,7 —14,4 —11,7 —988 | —8,55 —7.54 —6,74 —6,10
—0,28 —0,22 —0,18 —0,156 | —0,13 —0,12 —0,11 —0,096
—0,62 —0,41 —0,35 —0,30 | —0,26 —0,23 —0,21 ~0,19
—0,91 —0,76 —0,65 —0,57 | —0,50 | —0,45 —0,41 —0,38
—1,26 —107 | —0,92 —0,82 | —0,74 —0,67 —0,61 —0,56
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OTHomenHe OtygouieHHe moayas pedopmanui
PacyeTHbie BDH:;::){F?:;O
HATIDSKEeHH o6nenku
i yCHAHA © pHyTReR 0,04 0.08 0.12 0,16 0.2 0.4
HeMy fi= -—r—l-
1,05 —0,005| 0,064 | 0,087 | 0,094 | 0,09 0,077
5, 1,10 0,14 | —0,048| 0,001 { 0,030 | 0,046| 0,070
» 1,20 —0,45 | —029 | —021| —0,16 | —0,12| —0,028
1,30 —0,78 | —055 | —043| —0,36| —0,31] —0,16
1,05 —2,01 0,86 17t | 201 | 208 1,77
Sfanent 1,10 —577 | —1,96 | —058| 0,10 | 048] 099
2 1,20 —919 | —432 | —249| —154] —096 0,14
1,30 —975 | —515 | —3,26| —2,23| —1,50] —0,28
1,05 4,92 4,30 401 | 373 | 346 247
%haryp 1,10 7,09 4,43 365 | 327 | 301 225
T p 1,20 11,2 6,32 apd | 381 | 3311 225
1,30 12,6 7,46 545 | 440 | 375 | 239
1,05 1,44 0,72 048 | 036 | 029 0,15
Mo 1,10 107 | 532 | 353 | 264 | 200| 105
J 1,20 68,1 354 | 238 | 178 | 142 7,03
1,30 167 4 94,6 654 | 497 | 400 | 200
1,05 0,073 0,13 014 | 014 | 014 o011
N 1,10 0,066 0,12 015 | 017 | 017 016
Pr.s 1,20 0,20 0,20 021 | 023 ] 023 024
1,30 0,42 035 | 033 032 032| 032
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Tatnuua 2

TPYHTa K MOAyailo pedopmaun MarepHana o6aenxu EoE,

0,6 0,8 1.0 1,2 1.4 1,6 1.8 2,0
0,062 | 0051 0043 | 0037 | 0033 | 0029 | 0027 | 0024
0,067 | 0061 0054 | 0049 | 0045 | 0041 | 0037 | 0035
0,002 | 0015 0021 | 0023 | 0024 | 0024 | 0024 | 002
~—0,10 { —0,071 | —0,051 | —0,038 | —0,029 | —0,023 [ —0,018 | —0,015

143 1,18 1,00 | 0,87 0,76 0,69 0,62 0,57
0,97 0,88 0,79 0,71 0,65 0,59 0,54 0,50
0,41 0,49 0,50 0,49 0,47 0,44 0,42 0,40
0,10 0,25 0,32 0,34 0,35 0,34 0,34 0,33
1,90 1,53 1,20 1,11 0,97 0,87 0,78 0,71
181 1,51 1,30 1,14 1,01 0,91 0,83 0,76
1,81 1,53 1,33 1,18 1,06 0,97 0,89 0,82
1,87 1,57 1,37 1,21 1,09 1,00 0,91 0,85
0,008 | 0073 | 0059 | 0049 | 0042 | 0037 | 0033 | 0030
0,70 0,53 0,42 0,35 0,30 0,27 0,24 0,21
4,66 3,48 2.78 9,32 1,99 1,74 1,54 1,39
13,2 0,88 7,87 6,54 5,60 4,89 4,34 3,90
0083 | 0068 | 0057 | 0040 | 0043 | 003 | 0035 | 0032
0,14 0,12 0,10 0093 | 0083 | 0075 | 0069 0,063
0,22 0,20 0,18 0,17 0,15 0,14 0,13 0,12
0,30 0,27 0,25 0,23 0,22 0,20 0,19 0,18
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N pusroxnenue 6

O6Gumuit aaropuT™ H npHMEPH! pacyera 0GHENOK HEXPYrOBOTO MOMEPEUHOro
CeyeHHR Ha celicMHuecKMe BO3JeHCTBMR

. McXopHuMH HAHHBIMH [ pacyeTa SBJIAIOTCA 3afaHHble dopma H
pasMepsl NONEePeYHoro ceueHHA OOAENKH U BeJHYHHBI

Eo¢—wmopnyas nedopmanun rpynara, Krefcm?;

vo—Koa(ppunuent ITyaccona rpysra;

E\—wmonyabs nedopmanyu Matepuasia o6pesiku, Krefcu?;

vi—koadduunent [Tyaccona Marepuana obnenku;

y—ofbeMHast Macca TPyHTa, Kre/cus,

k¢—X03(phUIHEHT cefCMHYHOCTH;

To—npeobaafaioKi MepHOA KoseGauuii 4acTHIl rpyHTA.

2. PacyeT COCTOUT H3 TPEX 3TalNOB:

nocTpoerHie KOHGOPMHOro OTOOpAKEHHUS;

onpejiesielHe KOPHEH OCHOBHBIX CHCTEM ypaBHERMil;

onpeReneHue PacueTHhIX HaNpsKERUA H ycHauit B 0GxeKe.

3. IlepBnift  3Tan—NOCTPOEHME  KOHGOPMHOTO  OTOGpaXKeHHI—COCTOHT
B ONPEAENEHHH KO3GOHIHEHTOB ¢y, ..., §s GYHKUHH BHAA

. 4
z=w(f)=R(E+ E‘lqvﬁ”“ '

peasnHayomed KoHpopMHoe npeoGpa3oBaHHe BHEIIHOCTH OKPYXXHOCTH DafiHyca
Ri<1 B nuockoctd [ B ofaactb, 3aHUMAeMYIO KOJBIOM 3aAaHnOf GopMbl H
CpefloRl B MJIOCKOCTH 2, TaKHM 00paszoM, 4robbl eAHHHUHAT OKPYKHOCTH Hepe-
1Ja B JIHHHIO KOHTAKTa.

4. IMoctpoesre KoHdopmuoro oro6paxkedns OCYMIECTBJSeTcs B ABa NPH-
€Ma: CHA4a1a OTBICKHBaeTCs DYHKUMA BHA2

5
z=w(f)= zoav i,

peasHsyomas oToOpaxkeHHe BHEWHOCTH €IMHHYHON OKPYMHOCTH (B WIOCKO-
cru §1) Ha BHemHOCTL BHyTpeHHerc KOHTYpa mHONEPEYHOIO ceweHMd (B MOC-

* .
KOCTH 2Z), MPH 3TOM OKPYKHOCTh pajHyca R;>>1 nepeXoldT BO BHEWHHH KOH-
TYp: Aajee npousrs*onm npeofpasoBanne, COCTOALIECE B TOM, UTOOBI OKPYXK-
HocTb paguyca R;>1 B IIocKocTH §, Nepeuuia B €XHRHYHYIO OKPYXHOCTD

B maockoctH L. FIpH 3ToM BHelinufi KOHTYp nONEepedyHOrQ CeueHHs mepefifer
B MHHYHYI0 OKPyXHOCTb, a BHYTpeHHufi—B OKDYXHOCTb  pajinyca

5. Orofpaxesne BHEIMHOCTH €MHHHYHON OKPYXHOCTH HA BHEIUHOCTH BHYT-
PeHHEro KOHTYpa TONEPeYHOTO CeueHHs OGLeNKH MOXKEeT ObTb BBINOJHEHO JIO-
GpiM M3 H3BECTHHIX COCOGOB. B npmioxennsd 7 faeTcs onucarHe rpadoaHaH-
THUecKoro crnoco6a I1. B. MenentoeBa. B pesyaprate nojayyaioT 3HaUEHHS KO-
s¢prunentos ay, ay, ..., as
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*
6. Ilns onpesesenns pajimyca OxpyxHocT# Ry, KOTOpas npH OTOOPaKeHHH

NEePexOAHT BO BHEIUHHH KOHTYP IONEPEUYHOro ceueHust o6e/KH, pelaroT ypas-
HeuHe nATOH cTENeHH BHIA

rae hi—paccrosHHe OT HadajJa KOODAMHAT, SBJISIOUICrOCS HEHTPOM OMHCAHHOR
OKOJIO BHYTPEHHET0 KOHTYPA OKDYXKHOCTH, A0 TOYKH Tepeceyenus
BHENIHEr0 KOHTYPa ¢ BEPTHKAJLHOH OChIO OX.
* . . .
B xauecrBe R; Gepercs NeHCTBHUTEJbHBII KOPeHb YPaBHEHHS NATOR CcTeme-
HH, 0OAbIIMA eAHHHIILL.
7. Kospobuunestsr QyHKUNHE, peanu3ymmed Nociefyioliee OTOOparkerne,
OnpelesIfIoT N0 GopMyIaM '

R=ao/Ri; gi=a; (R ag (i=1,..., 4),
I

rae Rl= &
Ry

8. Bropoit 3Tan—onpejeNeHne KOpHe#l OCHOBHBIX CHCTEM YpaBHEHHil-—co-
CTOHT U3 CJEAYIOIHX onepaunmii:
a) Onpene/soT BeJHYHHbI

— E](l'l‘V()) .

s %o=3—4vg; ®1=3 — 4V,
B Eo(l4v)

H HAXoAAT BXOJASILIHE B pacyeTHbIE COOTHOIIEHHs KOMOHHALMH YHpYTHX TO-
C1058HEbIX MaTepHaja OOAeIKH H OKpyXaiome# BHpabOTKY rpyHra no ¢op-
MyJaaM

f= I+%B ,d=I~B ,l=1-d s=1—¢
1+ 1+

G) onpeesiOT BCHOMOraTe/bHble BEIHYHHE 10 (opMy/iaMm

1—R? npu i=1
w;= { Onpui=2
gi_o(1— R npu i=3,...,6

wh = igi=1,...,4), w; =0(i=1,..., 5), w; =0 (I=6),

4
Wits = 2 w}'wi_j+4 (i=2...,12)
J=1
Onpuii=12
wW. = (?‘._. R
T Yww,, gnpr i=3,..., 14
=1
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4
=Y 8w ;5 (1=01,..., 4%
J=1

1«) COCTaBJAIOT MaTPHUY CHCTEMBl JecaTH JMHEHHbIX ypaBHeHM{ (cHCTe-
Ma 1) Buaa

4
L 1vv+)_,am,vaa‘"dm(m—}w--y4);

e

4
Vemsts + La,,.va:—d (m=1,..., 6).
vl
Koa(ppuuuenTel NPH HEH3BECTHHX ¢, B NEPBLIX YETHPEX YPABHEHHSX
-onpelesior no popmynam

1
YV Wmpot6-E R —  npu m =
a

Cmy =
— VW, .46 DPH mky

Kosdduunentst npH HeHsBeCTHHX a,(v=1, 2,..., 6) nepBumx uernipex

YpaBHEHH ONpe/eNsIoT H3 COOTHOMIEHHI
ay | =tws— d (hsws+2hws) ; ay | =tw; — d(hgws+2hews);

ag ;= fwg — d(hatﬂ)g+2h4tl)7) ’ a»,’ 1 =wa — d(h3w9+2h4wg);
a1’2 -"—“2(’(0)5-— dh4(0)5); 02’2 =2(tw6——dhﬂ¢)7);
ag o =2(twr — dhsws); @, o =2(fws — dhgwy);

al,jzjtw("-—j'{“s (i:}’,'.’4; f=3"."6)_

KosuunenTet NPH HEM3BECTHHIX ¢, (v=1,..., 4) B ocTaNbHLIX HIECTH

VpaBHEHHSAX BHIYHC/SIOT 10 PopMmyne

’
Cm, s = VW6

Kos¢pduuuentsl npH HeHssecTHLX a,(v=1,... 6) nocnegnux urectH ypas-

nenuli onpeaensior no GopMyaam
aj  =tRT 45 — d(hswy+2hsw,) +tw, — ha(14+dRT) ;

a) o =2 [tw; — dhgw, — hy(L+dR7?)] ;
»,1 ~1ws — dhgw — hy(I+dR;)
ay o =tRT* +s — 2dhyw,;
@ g =a1 =0 5=0a; (=0
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’ ’ ’ ,
09,3 = (g4 =0y 5 =ay ¢=0;

. { tRT®™ +s npu m=rk

Ay p= (m=3,..., 6):
" 0 npum+#k )i

r) cucteMy ypaBHenu# ! pemaioT ABaxaH co CBOOOAHBIMI  WIEIaMH
rpynn la u 16, BHUHCAAEMBIME IO GOpMYyIaM:
I'pynna cBofonnsix umeHos la

4 4
d—— t Y \Y
"= d(T * ,-L{’“”’H) = Yy (m =2, 3, 4
= J=

dy =Ml +dRT?) +d (hyw,+2howy)
dy=ho(I+dRT*) +dhyws; dy=hy (1+dRTS) ;
dy=h(I+dRT®), df = df = 0.
I'pynna ceoSoaubx uneHos 16
dpy=—dwy 5 dy = — (14 dRT?) — du;
dy = — dws; dy=dy= dy=d=0.

B pesysbTare N0JYyYal0T COOTBETCTBEHHO ABE Tpynnnl Kopsed la u 16;

) COCTABASIOT CHCTEMY ypaBHeHHi 2, KO3()QHIHEHTH MATPHIL KOTOPOH
MOJMYY2I0TCH H3 COOTBETCTBYIOUIHX KO3((HUHEHTOB MaTpHIBI cucteMbl | 1o
¢opmyaam:

o
Cppyy = Cms—2(L+dRI™)/d npu m=~(m=1,..., 4)
all. — a4 1 2w, all, — 4tws;:
1,1= 817 & 1,2 = — @y o + 4tWs;
al. = ¢ 2tw-; all, = 4fw,;
2,1 = 2,1 T 7 2,0 = — @y o + dHWs;
all. = —a + 2twg: all, = 4twy;
3,1 = 431 8 3,2 = @3 9+ HWy
all! = —a,  + 2w, al, = Atw
41 = 4,1 S 4,0 = — @y o HWs.

all=—a,  +2fiw,—m(I+dR7?)| ; ail} =—af, +4 [fws— h(1+dRTP)] 5
ayl| =—ay 1 +2|tws+h(l+dRT)] ;
offl = —af s @}l = 0y alll = —af
as=—ag5; agly=—ag ;.
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Octanpube KO3(QOHUHEHTH MaTpHOB 2 OCTAIOTCS TEMH e, 4YT0 B CHC-

TeMe 1
e) cHCTeMY YpaBHeHMA 2 pemlaloT ¢O CBOGOAHBIMH uJeHaMH rpynnul 16,
’

32 HCKJIOYEHHEM usieHa d;, KOTOPbIH NO/IKeH GBHITH BBIYHCIEH M0 (opMyJe
4 _9
dy=1+dRy " — dw..

B pesyabTate pelleHHsi CHCTeMbl 2 NOJYYalOT TPETh0 FPYNNy KOpHEH—
c1(2),..., ca(2), ai1(2),..., as(2).

[Tonyuennnvie TpH rpynnol Kophed la, 16 M 2 aBJslOTCI OCHOBOH s
onpejelieHHsl HaNpsiKeHHH H YCHJIMA B obfelike.

9. Tperuii stan pacyeTa—oInpefesieHue HaNpsiKeHHWH H ycuanit B objed-
Ke—BKJIOUaer Cjelyiollie ONepanyH, BBHIOAHSIONNeCS cHauaja npH =07,
4 3aTeM ¢ H3MeHeHHeM yraa © c 3agannuiM miaroM 1o 180°

a) BBIYHCJASAIOT 3HAYEHHS

A, (la) =ai (la)hg—i-?ag(la) hy, Ag (‘la) =@ (la)h4,
A, (16) = a1 (16) hat2a5(16) by, A3(16) =a, (16) ks,
Al (2) =a (2) h3+ 202(2) h4, A2(2) =aq; (2) h4',

6) omnpenensiioT BeJHYHHBI

L
d

N

2
“ve,(la)cos (v—1) 6+ NvA(la)cos (v+ 1) 8 —
ve=1

v=1

Aj(la) =

6 4
— Y va, (1) cos (¢ 4+ 1) @+ ¥ vhcos (++1) 8+ t_dd,

ye=1 v=1]1

) o

2
B)(la) z-:i_ ‘lvcv(la) sin (v—1) @— ¥ vA, (1a) sin (v+1) O+
Y= ve=l
; ‘
+ ¥ va, (1a) sin (v+1) @ — Y vh,cin (v+1) 8;
v=]

v=1

4 2
; 1 ~
A(16) = — Y Ve, (16) cos (v—1) @+ Y v A, (16) cos (v+1) © —
va=1 vzl
- 8
— >_| va,(16) cos (v+1) — cos 20;

ve=]

| : >
B(16) = = Y1ve,(16) sin (v—~1) @— Y]vA,(16) sin (v+1) O+

v=1 y=1

6
+ Y, va,(16) sin (v+1) O+sin 20;

v=1
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4 2
A;(Q)—_—-"}f 2"%(2) sin (v—1) 0 — XVAV(Z) sin (v+
1

v=

)
+

V=

6
+ Y va,(2)sin (v+1) ©—sin26;
va=]
1 :
B2 =— Yve, (2) cos (v—1) @— X vA,(2) cos (v 1) 6F
vea]

Y=

6
+ E va, (2) cos (v+1) ©—cos 26;

vl

B) NpH 3HAUCHHSX p=1 y p=Ri BLIUMCARIOT BEJIHUHHLI

4 4
f=1— Nvg,r " leos (v+1) O, di+ X ve ¢ sin (v+1) 6,
£

vyl
‘ :
axia) = ¥ ve,(la) p=leos (v—1) @—1 3, v, (12) ¢ leos (v+1) O+
V=1 y=1

2 4

i+ d Y VA (la) ¢ leos (vH1) @+d I, pT T eos (v+1) 6
ya=1 y=1
4 6

py(1a) = Y ve,(1a) " Tsin (v — 1) 6+ le a,(1a) p~™sin (v+1) @ —

v

9 4
—d YA (1a) o ein (v+1) —d Y v A e T sin (v+1) 6,
ye=1

vl
¢ 6,
a16) = X610 ¢ eos (v — 1) O — Yve,(16)p™" eos (v+1) 0+
V= ye=

-2

2
+d x v A, (16) o~ " Lcos (v+1) ©—dpT"cos 20,

vl

——1

4 6
by(16) = ¥ ve,(16) "~ Vsin (v+1) O+7 ¥ ¥, (16) p™ Tlsin (v41) € —
y=1 vl

—2

2
—a Yy A 16y ¢~ Isin (v+1) 8+dpT sin 26,
y=l

4 6
ag(2) =— «21\1 ¢,2) " Lsin (v—1) © ~t-XIV 2,2 ¢ lsin (v+1) @ —
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2
—d Y vAQ2) 0" Lsin (v+1) 8 — d p ™ %sin 26,
v=1

4 6
by(@) = 3 ve.2)p cos (v~ 1) B—1 Viva,2) p™" cos (v+1) O —
V] v=1

2
—d XI vA,2) p leos (v+1) @ — dp~2cos 20;

vul

T) OnpeleNsfioT COCTaB/MIOIIHE HANpAKeHHOro cocrosfuua o(la), o(16),
d(2) no dopmyaam

! ’ ! ! l ’ I3 7 14
P 012_}_‘1-12"?:1 P P d2 o= 1,

4c;a; + d;bé I

e = "3 73 9
1 + dl =
7 s ')
. cay + db,
Opuyrp = *° T g 9
91 + dl p= R1

!’ ’ 4 ?
C TMOACTAHOBKOA BXoAsluXx BeawynH A,, Bj, 4y, by COOTBETCTBYIOLHX.
rpynn la, 16 u 2;
J) BBIYHCASIOT BEJHUYHHbL
1_—2 ‘10
2(1——'J0)

H ONPefessiIOT 3HAUeHHA 3SKCTPEMaJbHBIX HOPMAJNbHbIX TAHTEHUHAJBHLIX Ha-
ApSAXKEHHH Ha BHYTDEHHeM H BHEUIHEM XOHTypax NOMSPeYyHOro ceueHHst 06-
JeJKH TI0 ¢opmyaam:

(1) 1+
A= %6suyrp = 4 GGBHYTD(la) " Q V(] + Qa) [GB BllyTp(]O) + 9% BHyTp(Q)]

) 1+€ o ) — )
B=5umyrp = 7= oy (10 = QO (1 + O[5 3yr516) + uyrp@]

S 1+§
€ = Shamem = —— 0 aneu(10) + QP (1 + 0 [oFpuen(16) + Tunen®] *

@ 1+€ 3
D = og ey = 1 — % anew(13) — Q V(l + Q )[“B prem(10) = g Bl{em(g)l

e) u3 3Havenuit A, B, C, D BuOHpaior HauGosbliiee OTPHIATEIbHOE M HaH-
0oJIblliee NOJIOXKHUTENbHOE,
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Ecan HauGOJBIIAM TOrO HJM HHOrO 3HaKa OKaxKercd 4YHCI0 A, TO omnpene-
JISII0T COOTEETCTBYIOLIMA eMy YroJs najeHHsl BOJIH @ no dopmyse

_L arctg E) S Bnyrp(2) I Bnyrp( 16)
2 -
Qay Bﬂyrp( 16) + o4 BHyTp(2)

a, =

T HAXOMAT HAIPTIKEHHSL Oy, Tog, O) gueyy B AOISX BENHIHHBI P H3 COOTHOIEHHI]

+ 38
4

g=

a(la) +QG(16)(Q cos 2a; — sin 2a;) +

+Q 0(2) (@ sin 2a;+cos 2a,).

Ecan panbonpmiuM okaxkercd uyucao C, T0 Aas onpeflesIeHds HanpsKeHHH
ofs Tog Ygnuyrp B TOCHENHION (GOPMYNy cleAyeT NMOACTABHTh 3HAYEHHe yIia i,
BHIYHC/IEHHOE 1O (OPMYJie NYHKT «e», B KOTOPOHi BMECTO BEJHUHH Ofguyrp
HCIIOb3OBAHB BETHUHHBL O o0, .

Ecan nanGoabluMM TOro HAH HHOrO 3HaKa OKaxkeTcsl uucito B, To onpe-
JeJSI0T COOTBETCTBYIOLIHA Yro.a

T
r12=a1+72—,

3 HANPRKEHUS Sy, Tyfs O yepy ONPCACIAIOT H3 COOTHOINCHHIH

4“ g —~
0= : ) : a(la) +Q a(16) (Q cos 2az — sin 2az) +

+Q g (2) (@ sin 2ag+4-cos 2ag).

Ecaun xe nanbGoabluuM OKaxKerca uuciao D, TO npu onpeieseHuH op uc-
TIONB3YIOT 3HAUEHHE O, BBIYHCJICHHOE C NOACTAHOBKOH BMECTO Ofyyyy, BeJH-
WHH  Ogy ey HanpsiKeHus O, Tog Ogpuyrp ONPEACNSIOT HO FOCHCIHEH ¢op-
MyJe,

B pesyiprate nOAyyaloT N0 ABE IMIOPE HANPSKEHHA 9, T,g Tgpyep
O pyrpr COOTBETCTBYIOUIHX HanGOJBIUINM  CXHMalOWHUM  (OTpHUATENbHBIM) U

HauOOMBIINM  PACTATHBAIOUMM (MOJOXKHTENLHBIM) HOPMAaJbHHEIM TaHTEHIIHAJb-
HBLIM HanpsiXeHHeM B 00je/]Ke, KOTOpbie MOTYT BO3HHKHYTh IPH COBOKYIIHOM
ZeHCTBHH BOJIH CXKATHSI H C/IBHra.

K) onpeiensitor Oe3pas3MepHbleé KOOPAHHATHL TOYEK BHYTPEHHEro M BHEIU-
HET0 KOHTVPOB IIOHEPEYHOro ceyeHHs 06/esKH 1o ¢opMmynam

a,R, ‘}1
1,27 a, ?C058+Lg\,9""c°5"9 p=Ry |;

vl

4
Yy 2=|esin®— Y g o—vsinv@| [p=Ry 1

Vo]
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H OTHOCHTEJDHYIO TOJIIHHY o6aenKH

8=V (x2— %)%+ (42— 41)?

3) Aas oBOHX MOJMYYEHHBIX BAPHAHTOB HANPHAMEHHOIO COCTOAHUS 00XeTKH
onpejensior Ge3pasMeprbie Besqnundsl M u N no dopmynam

03 5
:E [c@ suyrp ™ %8 Buem] » N= E [Go BUYTD + < nﬂem] :

u) yron O mamepsior or 0° 1o 180° ¢ 3aganHbIM aroM, HanpUMep depes
15° u NOBTOPSIOT TPETHH 3Tan pacuera.

10. Tlonyuensble YCHJHS COOTBETCTBYIOT HAHOOJNBIIMM CHKHMAIOIHM It
PacTATHBAIOMINM HalpsiXKeHHAM Og B O0JenKe B NPEJNOJOXEHHH, YTO PacTd-

rHBaIAsl HOPMaJbHasl Harpy3Ka Ha KOHCTPYKWHIO He nepejaercs. Mcnosn3o-
BaHHe 3THX /[BYX BapHAHTOB YCHWJHII PEKOMeHAYeTcs AJs NPOBEDKH IPOYHOCTH
CCUCHHH NPH CXKATHUH M PACTAKEHUH, ecal 00Je1Ka NPOSKTHPYETCH ¢ AOMVie-
HHeM 00pa3oBaHHSI TPEMLIMH.

Ecau npeanosaraercs, uto oGaenka pafoTaet COBMECTHO C OKPYXAlONIHUM
MACCHBOM TPYHTA M IDH HAJAWYUH HOPMAJbHOTO DPACTSAXKEHHS Ha KOHTAKTe (Ha-
npuMmep, o6jenKa NpHAaHKEpeHA K HOPOJE, BHIMOJHEHA H3 HAaGpHI3rGeToHd WJn
nipoeKkTHpyeTcs Ge3 JonyuleHuss o6pasoBaHHS TPELiMH ¢ MAKCHMAaJbHBIM 3ama-
COM MNpPOYHOCTH), TO M3 MOAYUEHHBIX [ABYX AJS KaxJIOTO BHAA HaNpSIKeHHA
B ycuanit smiop BEIOHPAIOT T€, KOTOPble COOTBETCTBYIOT HANpPSXKEHHSM Oy B 06-
Ienake, HanGoOJLIINM MO a6COMIOTHOM BenuuHe. 3a pacueTHble NMPUHUMAIOT Kak
IJI7 NPOBEPKH IIPOMHOCTH CEUEHHH NPH CKATHH, TAK M NPH PACTSIKeHHH, yKa-
3aHHBIE 3MIOPbl YCHJMI, B3STHE CO 3HAKAMH KIJIIOC» H «KMHHYCY»

11. PacyerHnie 3HaueHHs1 HaNpPsKEHHH YMHOXKAKOT Ha BCJIHUHHY

1
=——rFket1 01T,
P By ¢ Cily

L€ C;~—CKOPOCTb PACHpPOCTPaHEHHsT YOPYTHX BOJH CXKaTHS (pacTaeHHs), Xa-
paxTepusylonias COOTHOIICHHEM

Ewg 1—v
1 ==
V T N0 F (1 —2%

au6o ompefesdsieMas HENOCPEICTBEHHBIMH H3MEPeHUsIMH B MacCHBe;

g—YCKODEHHE CHJIBI TAXKECTH.

PacyeTHble 3HageHHs M3ru6aiolHX MOMEHTOB M YMHOXKAIOT HA BEJHYHHY
pPR2b, a npogoapubix cu1 N—Ha pRb, rie b—equnuia JJIHHBL B OPOAOJBLHOM
HamnpaBJeHHA COOPYXKEHHS.

12. Ecou Tpebyercsi IpOBECTH pacueT pas/esibHO Ha JefCTBHE BOJHBI CXKa-
THA HWJIM .BOJHHI CABWra, NaJaiouiefi moj 3aflaHHBIM YIJIOM ¢ K BEePTHKAJLHOM
OCH CHMMEeTPHH BHIPAabOTKH, TO CJELYeT BOCIOJIb30BATHCA (popmynaMmu

1
Sew = _: a(la)+ [c(lo)c032a+ (2) sin 2 4],

Oc_'xn:é [6(2) cos 2a — ¢(16) sin 2al,
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T/le CHMBOJIOM ¢ 00O3HaueHb! BCE HANPSMKEHHS OT €AMHHYHON HArpy3sKi. YcH-
JHHSL ONpejefIoT yepe3 HanpsyKeHHA no ¢opMysam n. 9,3 AAHHOrO HPHJIO-
JKeHNs, '

13. Mpumepsnt

13:1. Ornanousstd BapuanT pacuyera.
VicxonHsle gannbie:

Eq=176-10* 1c/m2, E(=220-10% 1c/M2?, =025, ~=0,16, k.=0,1,
To=05 ¢, y=25 1/M% h;=9,25 m.

Dopva H pa3MepH NONepeynoro cevenns obenkn Zaubl Ha puc, 1.

X =

—

-

14,85 m

- Y,

Puc. 1. CxeMa o0aenkH AJIs1 OTAANOY-
HOTO BapHaHTa pacuera

Kosddunrents: orobpaxamomied ¢yHKuH# (IOAyUeHBl COIVIACHO AaHHOMY
TIPWIOMKEHHIO) HMEIOT BEJHUHHBL

a,=6,900833, a,=0,149705, a,=1,171667,
a3=0,221667, a,=-— 0,688333, a5=0,253628.

Pacuernsle 3miopbl ycuJIHH npuBefeHnl Ha pHC. 2 (@—usrubaioLiye MOMEH-
TH B TM, 6—IpoRoabHbie cHapt B T). COVIOWIHBIMH JHHHSMH MOKAa3aHH YCHIHA,
KOTOpbie, OYAy4H B3ATBIMH CO 3HAKAMH <«MOC» H «MHHYC», COOTBETCTBYIOT
MaKCHMaJIbHBIM CKAMAIOWHUM ¥ DACTAIMBAIONIMM HanpsXKeHHSM O B o6nenke
B IPEANOJOKEHHN MOJHOrO0 KOHTAaKTAa ee ¢ MaCCHBOM TIPYHTa H NpPH HAJHYHH
DACTATHBAIOIHX HOPMaJbHbIX KOHTAKTHBHIX HanpamxeHnsil. [IlynkTHpom -moka-
3aHBl YCHJIHf, COOTBETCTRYIOUIHE MAKCHMAJILHBIM PaCTATHBAIOWUM Hanpsxe-
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HHAM Oy B ofjenke, B NPEANOJIONKEHHH, YTO HOPMaJbHAs pacIATHBIOWafd
Harpyska -Ha KOHCTPYKLHIO He nepenaercsi (YCHJIHS, COOTBETCTBYIOLIHE MaK-
CHMAJIBHBIM CXHMAKIINM HANpAXeHHdaM, B 3TOM cJaydae Te, KOTOphie noka-
3aHbl CIVIOIIHBIMH JIHHHAMHE),

6)
-294 N11)
-321
-307
i 285
I tr——t-279
-23y
-289
364

=28 -
B2 Ty
Puc. 2. Pacuernbie sniopn ycuauit (marudarouisx Mo-
MEHTOB 1l NPOJOJIBHBIX CHJ) AJst OTJaJ0YHOrO BapHaH-
Ta pacucTa (3HaUeHHS OpJHHAT NYHKTHPHOH H chjoil-
HOH JIHHHAIMH CM. B TEKCTE)

Beauunibl HOPMAJbHBIX AdB/eHH Ha OOAEIKY 0,/p U KacaTeJbHHIX Ha-
TpsKeHult T,g/p Ha KOHTaKTe OGNeNKH ¢ TFPYHTOM B TOYKAX, HAXOAALIMXCHA
Ha nepeceyeHky, NOKa3aHHBIX HA pHC. 2, ceyeHHit ¢ BHEWHHM XOHTYPOM, a

TakKe BEJIHYHHBl TIOMEPEYHHIX cHJI Qfp B ceueHMsX, PACHONOMEHHHX Mocpe-
AHHE  MEXAY TOKasaHHHMH mHa puc. 2 (Ha ocu cumvmerpun Q=0), NaHu

B Tabauue.
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EnuHHgHBle KONTAKTHble HANDAMEHHSA H IONepeuHbie CHMBI
cotonn Mpu noaow KowTakre O ACTATHBAOMER  HATDYSKGE
%P 0P Qp %P “pt/? Qi
]

1 —0,56 0 —0,15 0

2 —0,54 —0,05 0,01 —0,02 —0,07 0

3 —0,52 —0,05 0 —0,05 —0,15 0

4 —0,50 0,04 —0,02 0,06 0,23 0,0t

5 —0,42 0,12 0,01 0,11 —0,23 0,02

6 —0,31 0,08 0,04 0,09 —0,11 0.0!

7 —0,25 —0,02 0,03 0,03 0,04 0

8 | —022 —0,13 0,01 —0,05 0,17 —0,0t

9 —0,29 —0,27 —0,01 —0,11 0,27 —0,02
10 —0,61 —0.21 —0,14 0,03 0,25 —0,02
11 —0,55 0,26 0,06 —0,01 —0,11 0
12 —{0,31 0,19 0,10 —0,15 —0,08 0,01
13 —0,27 0 0,01 —0,16 0 0

3HaK «MHHYC» y KOHTAaKTHBIX Haﬂpﬂ}KEHHﬁ, NPpOAOABLHLIX H IONEPEYHBIX
CHJI Q3HAYAET ckKaTue, Yy H3rudawiuHX MOMEHTOB—OTHOCUTENbHOC pacTtaKeHue
BHECUWIHECTO BOJIOKHA.

TakuM o0pa3om, B JaHHOM cJjydae, YUHTBHIBAs, YTO Harpy3ka p=>57,3 tc/m?
KOHTAKTHbBIE HANpPSKEHHT O, COCTAaBJAIOT BEIWYHHBl KO 3,5 Krc/cM? H, ecan

CUHTaTh, UTO S5TH BEJHYHHbl He TPEBBLILAT CLENJIeHHs 00JeJKH ¢ TPYHTOM
(1IpH OTCYTCTBHHM ADYTHX BHJAOB Harpy3ok) H objesJka npoekTHpyercss 0e3 JHo-
riynienusi oOpa3soBaHHs TPEHIMH W/IH [PHAHKEDEHHOH K TPYHTY, TO B Kaue-
CTBE pacyeTHHIX HYXKHO npuauMatb ycuauss M u N, nanHble Ha puc. 2 crjou-
HBIMH JIHHASIMH, CO 3HAKaMH «ILIIOC» U «MHHYC». DTH YCHIHA OTPaxaioT Kak
MaKCHMaJIbHbIE CXKHMAIOIHe, TaK M MAaKCHMaJbHBIE PACTSTHBAIOLUHE Hampsixe-
HHg Og B o0xenke oT ceficMuueckux BozjaefictBuit. Ilpn 3ToM pacueTHbie AaB-

JeHHs Ha oO0JeJKy, KacaTe/bHble HanpsMKeHHs Ha KOHTAKTe W IONepeyHble
CHJIBl B ceueHMaX o0jaeqkH OyAayT Te, 4YTO AaHbl B TnepBoff uyactH Tabauubr,
TAKXKC €O 3HAKAMH <«ILTIOC» M «MHHYC» Ecau ke ofoenka He npHaHKepeHa
K TPYHTY H INPOCKTHpYeTCs ¢ JONylleHneM oOpa30BaHMSI TPeLIMH, TO pacyer-
I'BIMH /51 NPOBEDKH NMPOYHOCTH 0OJIe1KH HA CXKaThe SBJISAIoTC smiopHl M u N
u3 pHc. 2 (cnJOWIHbIE JIHHHMM) H Q H3 nepBo#l yacTH TalJHNBL, a HA pacTaKe-
nue—smiopsl M u N u3 puc. 2 (uyHkTHp) U Q—u3 BTOpOH yacTu TabAMILL.
B 3TOM cayyae TakxKe BO3MOMKHO NOSIBJIEHHE PaCTSIHBAIOIHX HOPMAJbHLIX
KOHTAKTHBIX HaNpPsXeHHH, HO He MO BCCMY MNEepHMETPy NONEPEYHOTO CeueHHS.
a JHIlb HAa ero 4YacTH, npHyeM He mnpeBbimamowHx 0,7 kre/cM? (KOHTaKTHBIE
HZNPAXKEHHS O, [p M KacaTe/lbHbIe HANPSKeHHs T,q/P, COOTBETCTBYIOUME MAK-

CHMAaJIbHBIM pPACTATHBAIONIHM HANpPSKEHWSM Op, JAaHBL BO BTOPOil  vactl
Tabanubl).
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o8

Puc. 4. Onmiope yeuaufl (cnjouHas JHHHA 4 NYHKTHD)
B ob1enke

8723

Puc. 3. miopH ycunui (CIVIOWIHAA JAHUA H NYHK-

THp) B o0HesKe NP4 HeHCTBHH BOJIHEl CXKaTHH, Na-

patomedt mox yraom 120° k¥ manpasaeHnofi Bgepx ocH
CHMMETPHH



Ha puc. 3 npuBeJeHb B KauyecTBe W/LIIOCTpaUMH 3SMIOPH  ycuauii N
{cuiomHas JuHHg) ¥ M (nyHKTHP) B 00je’Ke npH AeHCTBHH BOJHD CXKAaTHL,
ntajaroiell nox yraoM a=120° K HanpasieHHOR BBepx ocd cHMMeTpus (yroa o
OTCYUTHIBAETCS NPOTHB 4acoBofl crpeqxH). Ha pHe. 4 jaubl smiopwm npopods-
HelX cHA N (cyioiHas AHHHA) H H3ruGaiomux MomenroB M (nyHKTHD) oT

najgawomeli nox yraom «=120° Bo/iHbl cABUra.
Kak Buano w3 puc. 3 n 4, 3niopH ycu1ufi He HMeloT occii cHMMerpuu,
TaK kak HanpapJeHHe PacnpoCTPaHEHHs BOJIH HE COBNAjdeT HH C BEPTHKAJLIO,

#U C OPH3OHTABIO.
13.2. O6penka xe.1e3H0A0POKHOIO TOHHENS.
Hexopsble RaHHBIE:
Ei;=315-10¢ 1c/M% v, =0,15, Ey=7-10* T1c/M2, v=0,3, y=2,63 1/™%

=01, T4=05 ¢, 6=0,5 M,

~884 955 o

Puc. 5. PacueTHble 3miopul YCHAHIL B 00AeJKe Ke-
JIe3HOJIOPOXKHOTO TOHHeast. Pacmudpoeky opaH-
HAT CM. B TeKCTe

Pacyernne 3m0pbl YCHJAH{A NpHBeleHB Ha PHC. 5 (CH/OIIHbIE JHHHH—YCH-
JHf, COOTBETCTBYIOLUHE MAKCHMAJbHLIM CHHMAIOIHM, NYHKTHP—~-MaKCHMAb-
EBIM PAacTATHBAIOWIMM HATDSIKEHHSAM O B obaenke).
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Hpuromenue 7

ITocTpoenre KOoH(POPMHOTO OTOOpAKEHHSA
rpado-aHaauTHYecKHM cnocodom II. B. MenertheBa

Crposit KoH(DOPMHOe OTOGPaXKeHHe ISl ONpelesieHHs KO3(QHUHEHTOB OT-

obpaxalolieli GYHKUHH do, Qi,..., 05 XapaKTEPH3YIOLIHX (OPMY MONEPEHHOTO

ceyeHHS OGJEJKH H HCNOJb3yeMHIX B Kaue-

X CTBE HCXOAHBIX JAHHBIX JJIfi MAUIHHHOIO
0" 0 pacueta Ha IBM Mmanofi MomHOCTH.

JI1 HaxOoXKJeHHs yKa3aHHBIX KO3(pou-

I LUHEHTOB  BHINOJHAIOT CJIEAYIOIHE Olle-

: pauuu:

&V 1. BoiuepunBaior B Macwrabe (1 :100,

S B ciyyae HeOOMBIIHX pasMepoB BopadoT-

I % \ kn—I : 50)  nosoBHHY  CHMMETPHYHOTO

5\

BHYTPEHHEro KOHTYpa mONepeyHoro ceve-
.,  Hust ofgenxkd. Hadanmo xoopammay pacno-
} JIararoT BHYTPH KOHTYpa Ha BEPTHKAIBHOMH
Uz V1 OCH CHMMETpHH, BAOJb KOTODOH Hamnpas-
asiercst ock O—X (puc. 1) u cosnagaer
¢ UEHTPOM OKPYXKHOCTH, ONHCAHHOH BO-
1t KPYT KOHTYpa.
2. TTo;10BHHY CHMMETPHUHOTO KOHTYpa
N pasbusator Jayuamu 0, I,..., VI, ucxons-
¥i4 & HIMMH H3 Hayajla KOOpAHHAT HA 6 vacteit
(1yun mpoBofsT mox yriaoMm 30° apyr
K APYTY).
7 i 3. I3 rtoro ke ULEHTPa NPOBOAST
OKPY2KHOCTH, KacaiolIHecs KOHTypa H3HYT-
A — p¥ (¥X MOXeT OBITh HECKOJbKO), H, eC/H
£ OOUH JIy4 1epeceKaer JABe oxpymﬂocgn,
) TO JIS  CAeAYIOUIeTO [OCTPOEHUS BblOH-
}I;i[; IK o%%iué{agggcﬁ- ParT OKPYIKHOCTL 0OsbIere pajguyca.

£}y

. 4. Ha orpeskax ayuwe#i I,..., V, 3a-
ofpaxalouien (pyHKUHH : ARG
lr)p aQ):fgluanwml{%}é KHI:{ K/TIOYEHHBIX MEXKAY ONHUCAHHON OKOJIO KOH-
‘ . s
cnocobom I B, Me- Typa H KacaoILUMHCT KOHTYPa H3HYTDH

OKDYXKHOCTAMH, KaK Ha JHaMeTpax, CTPOsAT
BCIIOMOTATeNbHBIE  OKPYKHOCTH, HNEpece-
KalouHue KOHTYD B IBYX TOUKaX.

5. M3 aByx ToOuek nepeceueHHss BbIGHpalOT HaHOoJee ylaJdeHHYIO OT Ha-
1yana KOOPAHMHAT, U H3 Hee Ha COOTBETCTBYIOILHE Jyu ONYCKAIOT fAEPHeHAHKY-
asp. Paccrosnne 3T0H TOYKM A0 Jyya o6o03HAvalOT Up, a AJIHMHY Jyda OT Ha-
yaJda KOOPAHHAT A0 TepeceueHHs ¢ MepPHeHAHKYIsIpOM O0GO3HAYAIOT Uy,

6. 3nauenus u}{’) YATAIOT Ha MIKaJe MNPO3padyHo# naJetkH (puc. 2), BHI-

yepuyeHHO® Ha KaJjbke B MacuiTaGe OAHO Aeienme—I| M, ec/lH KOHTYP Bbidep-
yen B MacmirtaGe 1 : 100, u oauo jgenenme—2 oM, ecin KOHTYp AaH B Mmaciuitabe
] :50. IMTajserky HakJaAHBAaIOT Ha 4YepTeX TaKHM 00pascM, 4TOOH IUKaJka 4
coBUajaga ¢ A-HBIM JYyYOM, a IIKaJka U—C MNepNeHIHKYJISPOM, OnyIeHHBIM
H4 JyY H3 TOYKH MEpPECeueHHst BCIOMOTATEJNbHOH OKPYMXKHOCTH C KOHTYPOM.

JeHTbeBa

ITpumeuwarnua. 1. Bennuunn v(()o) H véo) pPaBHBI HY.II0, NOITOMY

B kavectse ul”) ¥ 4 NPHHHMAIOT ANTHHEL COOTBETCTBYIOM(HX Aydeli OT
Hagana KOOPAMHAT A0 NepeceueHHs] ¢ KOHTYPOM.
2. Bee HeoGxofHMbie IpadMueckue NMOCTPOEHHS NOKa3aHbl HAa pue. 1,
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7. PenaloT CHCTEMY CeMH YPABHEHHHl OTHOCHTENHHO HEH3BECTHBIX a;,o).

v KOTOpoit B KauecTBe cBOGOAHBIX WIEHOB 0epyT H3MEpeHHHE BeJHYHHBI uS,U).

MarTpnua cHCTEeMBl VpaBHEHHH JJS OnpeAesneHHs a,(,o) jJaHa B Tabauue.

8. Kopuu cHcreMbr ypaBHerufi n. 7 nawoT nepBoe npubiumenue kod3ddH-
{iMeAToB oToOpaxaloiel GyHKuHH.

] [ - | | T |
L HELBELE I

|
H

L ] 1
L

|
i

£ 7££ZZZ/ZEL36:191[I L/ A
) i

8242 92
=t

u

Puwe. 2. Tlanetka pJs  onpenetenns 3ua-
uenuit uj

9. Halisednble H3 pelleHHss CHCTEMB! M. 7 BeJHWHHBI af,‘u)/fz=0, ..., 06) noxn-

<TaBAsloT B GOPMYJNY s OnpeAe/IeHHs vg)), HMELYI0 BUA

ven.m

6
U;U) = — X ago) sin
y=(



KosdppuuuenTs oTobpaxaiomeit oyHKIHK Cro6ox-

a? o{® a{0 a0 al «{? af® waons
1 1 1 1 1 1 1 u»
1 0,866 0,5 0 —0,5 | —0866 | —1 ui®
1 0,5 —05 | —I1 —0,5 0,5 1 u§”
1 0 —1 0 1 0 -1 ul
1 —05 | —05 1 —05 | —05 1 uf®
1 | —086 | 05 0 —05 | 0866 | —I1 ul?

1 —1 1 —1 1 —1 —1 uf)

10. Jast HaXOXAEHHA CJAEAYIOHEro NPHOMTHXeHHS uﬁtl)npo:spaqﬂy}o nasner-

Ky €O IIKalamu 40 (pHc. 2) HAKJaAbIBAIOT Ha COOTBETCTBYIOMIHH Jyd, nocie
uero mnepefiBHXKEHHEM INKaJbl ¢ B1OJAb Jyua HOGHBAKTCA TOro, 4YTOOH mOMY-

UECHHOE 3HauYeHHe U, " 0Ka3aljloCp Ha NepeceUeHHd KOHTYypa €O WKa 0t v. Hp}i
TAaKOM TOJIOXKEHHH MNaJeTKH Ha MIKaJe 4 UYUTAIOT 3HAUCHHA llf:).

IIpumevanue Beanunnn uf,l) H u%l) OCTaIOTCA TIPEKHHMH.

11. BHOBp NpPOH3BOAAT onepauuy nm. 7, 9, HO B KauecTBe CBOGOJWBIX U.le-
HOB CHCTEMBI 1. 7 GepyT 3HAUeHHA Uy 'y U s ..., ug)

12, YxasanaeiM 06pa3oM ONMPEAENdIOT BTOpoe npuOaHKenie Kodddunzen-
TOB OoTOoOpaxaiollei GyHKUHH U T. [.

13. Onepanud NpOAOIKAT J0 TeX 7NOD, NMOKA NOCTPOCHHE CAGAYIOHIEro
LPHOJHXKeRus He OyJeT BHOCHTh CYIIECTBEHHOH MONPaBKH B BEJIHYHHBL Up.

NMpumevanne Kak mpaBuio, Ajs peaibHbX ouepraHuit obne-
JIOK JOCTaTOYHO TpeX NpHOAHKeHHH.

14. TlpoBepky COOTBETCTBHA NOJYYEHHOrO KOHTYPA HCXOJHOMY OCYILECTB-
JA10T 110 popMynaM A KOODAHHAT TOYEK

6 6
x= X ancos (1 —n) 8, y= E agsin (1 —n) ©.
n=0 n=0

15. Pemaror cHcTeMy ypaBHEHHH I 7 OTHOCHTEJNBHO KO3(p(UUIUEHTOB Q.
ONPeAeIA0T BEJHYHHBI U, H KOODAHHATHl TOYEK, OTOGPaXKEHHOTO KOHTYpa MO
nporpamme Ha DBM!,

1T, B. Meaneurtben. [IpuGamxeHusie BbuncaeHuda., M., Dusmar-
rns, 1962,
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ITpusroxcenue 8

AJNropuMTM M mpHMepsl pacyera
MHOTOCNOMHBIX KPYroBbiX 001e0K TOHHejeil

O6aeaxy paccmatpuBaloT Kak (n—1) caofinoe Kogabmo; n-it ciofi—0ec-
KOHEYHO TOJCTBIE MaccHs.

3ajaBaeMbie pacyeTHHE HArPY3KH HEPABHOMEPHHI N0 YI1y ©, orcunTtnizae--
MOMY OT OCH, mpoxojsulefl uepes MakCHMYM paiNaldbHON HAarpy3KH

Or = po+ pe cos 20;

7,5 =Q2sin 20,

rage ¢, 1 T,p—pajnajibHast H KacaTejbHasi COCTABJAIOI{HE HArpy3o0xk;

Po, P2 B Q?—mapaMeTpnl Harpy3ok (3afaiTcsl HIM BHUYHCASIOTCH [o IpHBe-
JeHHBIM (hopMyTam).

[Tpu pacucte OOZENOK, CAOH KOTOPLIX HEOMHODPOMHH MO MEXaHIYECKHM
CBOMCTBAM, HAMpUMep, GeToHHBIE ¢ apMaTypol THOKOM MM HKeCTKOH WM CJIOH
¢ pefpucTHIMH TIOOHHFaMH, YUHTBIBAIOT HEPABHOMEDHOCTb paCHpefe’IeHHs Ha-
npsixKeHUA 10 ceueHH:0. HeoAHOPOAHOCTL MATEPHAIOB B KamJIOM CJI0C Xxapak-
TepHayercs KO3QQHIHEHNTOM (CTENeHRIO) apMHPOBAHHUSA, KOTOpasi ONPeAeTsIeTcs
OTHOILIEHHEM [JIOW@AH CEYEHMS apMaTypbl XK IJIOLIAXM CCueHHS cjaod. Ecan
BHYTPEHHUM cJ10eM o0jenkH fABJIAOTCH peGpucThie TIOCHHTH 63 3anoJHeHHst
TpocTpaHeTBA MeXKAY pelpaMH, To CTeneHp APMHPOBAHUS BEIGJIEHHOTO CJOS
pefep ompeAesiAlOT OTHOIIEHHEM IVIOIIAJH ceveHHns pebep K IJAOWIANN MEIy-
pebepHOro npoCTPaHCTBA H pelep.

Hcexodnoie dannete 0an pacuera
1. CpoficTRa TPyHTa B Macclse:
Eo—Monyiib Aedopmanus, Kre/em?,
vo—KkOospdunuent IyaccoHa;
y—o0beMHast Macca rpyHTa, Krefcm3;
k. —x03hHUUHEHT CeCMHYHOCTH;
To—npeod/iafalomuil NepHOR, KoJeDaHHi YacTHL TPYHTA;
C1—CKOPOCTb  PACHPOCTPAHEHHs] YNPYTHX BOJH CIRATHI—)ACTAKEHHS,
cM/c, onpeaensiioT o dopmy.ie

_ 980F ,(1 — v,)
”‘”Vx(l +v:>(1—2v,,)'

2. Hannsie no o0xenxe:

n—1—KOJHIECTBO CJIOEB;
R;—paauycs xoutypoB choes (i=0, 1,...,n-—1);
Aj—ctenens apmupoBasus caoes (i=1,2,...,n—1);

E', Ei”-—monynn Kedopmanyu marepHanos cioes (krc/em?);
EE- —OCHOBHOTO MaTepHana;
E}l —apMaTypH,
v;—Kkoapdunuents Tlyaccona Matepuasos cioes.
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3. CeficMHueckne BO3JCHCTBHS:

1
Po, = ——————— - keyeiTo;

4n (1 —vo)

Pre="r5 )/ (1—2B —4) .
4. Hopanor pacuera:

E;j=Ej(1 -~ A + E}4;

; i=1,2...,n—1,
X;=3—4v; Gg::_______Li
201+ )
: ? 2 _1y3
o= p= %71 l:Hi=————('c‘ Y
Ri—1 X+ 1 X+ 1

i=1,2...,n— 1.
{ar), {Bur)s {7mr)s (S} —xBanpaTHBe MaTpun (3X3).

i=1,2...,n—1L

R 1 ' 5
8 = o; a§2=[_1_ (¢f - 9c; + 3¢} +3) + 2
i

o 1 p
o= L (¢ 8 —3) +2

i
i

. -1
8L — O ¥ e - GN,, . 4— 2 — — 4
O3y =05 By = i, (3¢ —3c; —-3) — %

- 1
b= (60 436 49)
i

_ i i

“wa G, ki By = G Bizj; ?fej:%iﬁeﬁ Bfej:_(;i'gij'
Ui A-TO OECKOHEYHOTO ¢10s1 KO(PhHIHEHTh! a, ﬁ—
afy =~ 2 ah =0 afy=0;
al = 0; ay = —3(x, + 1) + 2 aly=3(x, + 1) — 4;
@y = 0; oy = 3(x, + 1) — 4t 2y = —3(x,+ 1) 2;
tr_‘ﬁ =X, + l;igfz =0; S?g =0;

=0 55'2 = 6(x, + 1) By =0;



ﬁ§1=0; ngz—ﬁ(xn + 1); ‘5§3=0:
* iV. g i ) -

A= o b BI =B} i=1,2,....n
—, 1

i A S Y S
= pm 4w =0 ay=0;

i

- — 1,

= L (06, ok a2
- — 1 —.
agl—-:(); 0152:-}——1-;-(30?+30f—_30?—*])#4:a§3;

— 1
aby = — T (Sc? + 3¢} —3¢; + 1) -+ 2

02
ni i . Y . —i ——— -
Bil"-:"_", 312:0, 313——0,
i

- - 2 = 2
oy =05 Bip = o= i(3c] + 26 +3); By =g a(e/ 4 3);
H; H;

- | = 2 470 2 Py 4 4
B =0 Blo=— (3 + 1) B =g el

- 1 —~, -
i f i
M =——: 1 = () 'rt:_—-.();
11 D[ 2 13

_ . 2 S22 (3
= 0; ni,éQ;-___H-(Sci?—l-Qc?—i-?)); 153:7{'63 (307‘"‘ 1);

- - 2 ;
=0 =7 (G 43)1

2
=i Ci Si 5
{

Fi={ql), D=l i=12..., n—1L

000
=000
000
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ki=[~Ai+l+ Di+FiKi—1]~lBi+1’

1he 1<i<n — l--npu pacuere 0GHeJKH COBMECTHO C MAacCCHBOM;

p’.:kipi-H
P
=1 P2
Q;
? ‘
d = 2 . S (e +1)e 4
JP " - — _——

0?““] ’ 12— — (C? . 1)2 ’ Sl3 (0;3__1)2 ’

Do ood o .
So; == S S99 = — Sja1 Soy = — Sy3
2 P) 4 2
o ¢+ 1 o ¢t +6c2 + 1 N 2(c; — 2 —1)
31 = ; =—7"3 3= ;
¢t —1 32 (c?——l)z ' (c?-——l)‘3
| SN S S i, o i,
Sqp == 8315 Sy = — Sz2i Sg3 = — S33;

4 2
S R S S 2 (e + 2 1)
N="85 Lo=8y Ig=———75 g

p) T
("i—l)

[ S St SN I I

by =1t; tp=—tig lyg=—13;

i i

St Si9

Lo R SN
5 lp=—7; ta3 = Si3:
Cl- Ci

I
Iy =—

| SR ST S TR B i.
t41“t31s 42 7 T 48w t43—'_t33’

5. Hanpsaxenns B snementax 061eJKH

3HauUKH «BC», «BO», «HC», «HO» YKA3blBAIOT CeueHHS, B KOTOPHIX Onpeje-
JiIOT HaNPAXKCHHUS: «B»~—Ha BHYTPEHHEM KOHTYpPE CJOS; «H»—HA HapyXKHOM
KOHType CJI0d; «C»—B cBoie (MO OCH HEHCTBHA MaKCHMaJbHOH Harpysku),;
«6»—B 60KaX (O ocH, mepneHAHKYASPHOH HANPaBJEHHIO ACHCTBHI MaKCH-
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xanbRON narpyskn). Bepxuu#l HHAeKC <«j» yKa3HBaeT Ha MaTepHaJ, B KOTOPOM
ONPEfensloT HanpSNKEHHS: HanpuMep j=1-—O6eroH, j=2—apmarypa; {—Ho-
Mep cI04.

. FE
24-——?‘ [(ser) « Pi+ {tar) Py
i

(I<k<4
(1<i<3)

54 § 21

Puc. 1. KoHCTpyKIHs MHOrOCJHOHHON
KOJbIeBOH O6eNKH:

1—chaoit 6e3 3aNONHEHHS; 2, 5—CJOH CIIMHKH

UYTYHHBIX TIOGHHros; J3—caofi GeToHa; 4—

eJoit  KOMOHHHpOBaHHLIA (pefpa TIOGHHTOR
n 6GeToHHOe 3amoJiHeHHe)

6. Ilpamep pacuera OOAEJIKH, COCTOSALIEH W3 ABYX C/0EB YYyTYHHHIX TIOOWH-
TOB C 3an0JHeHHHM GETOHOM MeXIy HHMH, pHC. 1.

CBoiicTBa rpyHTa B MaccHBe:

MORYJb JepopMannn—7000 kre/em?;

Koabduuuent INyaccona—0,30;

ofinemMuas Macca 0,00262 krc/em3,;

koatduunent ceficmuusocti—a0,l1;

npeobaanawliuii nepHox kogebaunit To—0,5 c.

ITapamerpst 06/e/KH npuBenexs B Taba. 1.

[MapaMeTpH H4arpy3OK Ha cjoH 00Je/XH MpHBeLeHHl B Tabiu, 2.

Oniopbl HANPSXKEHHA B IIeMbre CBOJAA M HA TODPH3OHTAJBHOM JHaMmerpe
E ceueHMsX no pebpam ¥ MexpeSepHOMY 3amMOJHEHMIO B Kr/cM? NOKa3aHsl
Ha pHc, 2.
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Tabtaunma 1

62

Ne Paxuyc z?gé{ Oféi}é'f)eeq}%?omﬁé- Mopnyau nedopmaunn, kre/em?

ca0s ow | |eitn DeGen (avma- R anT
cioto FafFy Ey E,

5 474 0 1000000 1000000 0,25

4 471 0,1 240000 1000000 0,15

3 447 0 240000 240000 0,25

2 377 0 1000000 1000000 0,25

1 374 0,1 0 1000000 0,15

0 350

-2i,8

Puc. 2. 2ntopsl HaNpsKeHHA NO CEYEHHSIM MHOro-
cJo#HOH 00ReNKH:

a—cedeHye B lIeJhTe cBoma No pe6pam; 6—To Xe 10

MeXpeGepHOMY 3ANOJHEHHIO; 6—CeUeHHe Ha TOPH3OH-

TaJdbHOM JHaAMeETpe IIo DEGDaM; &—10 e IO MeXpe-

GepHoMY B3aNOAHEHHIO (<«IJIOCY» —CHKATHE, EMHHYC»—
pacTsiKeHHe)




TaGauua 2

N2 caos

TTapameTpnl 1Aarpysok, Krc/cMm?

TprMeuaHnHe

Po P2 Q2
5 1,1656 0,1663 —1,5841 Buemsist
4 1,0722 —0,0789 —2,0519 Harpyska
3 0,8873 —0,7343 —3,0466
2 0,2691 —0,9499 —2,0446
1 0,1208 —0,4559 —-1,0206



I puarosceriue 9

AJTOPHTM W npHMep pacyera
KPYroBbiX OORE/IOK TOHHE el MeNKOro 3a0KeHus

1. Hcxonubie RaHHbIE:
1
p1= -E —IIJIOTHOCTb MaTepHada 00AenKH, T - c2/M4;

h—toanyHa o6eaKH, M;

R—paauyc cpelHefl JMHMHM NONEPEYHOTO cevyeHUS OGACHKH, M;
vi—ko3tpuunent [Tyaccona Marepuana o6pednxn;
E\—wmoayns nedopmannu matepuana obmenku, Tc/mZ;
D—suemnuit 1uamerp oGAesKH, M;

H—ray6nna 3aJOXeHHS TOHHENS, M;

A—k03¢}HIMEHT, onpelenseMblii coracHO pasjeny 7;

@, P-—Ko3dPuLHeHTH, TPHHUMaeMbIEe 110 TabJuLe;

y—obBbeMRas Macca IpyHra, T/m3;

f—xkoaddumuenT Kpenocts rpysta no [1poTOABLIKOHOBY;
n—yHcI0 GJIOKOB B KOJblle 0OJXENKH;

m-—3afaBaeMoe YHCJO YYACTKOB JejieHH 6Joka o6Gaesku;
U—CKOPOCTh YaCTHI[ [PYHTA, M/C, ONpeAessieMast N0 OPHAOKeHHI 2

Hacrosiuelt UHcTpykuuy,

Koadhduuuenrs
I'pynret
a l B, xrfcm?
CynecH, I'THHECTHIA TPYHT, Jecc, rpaBm{ cymmﬂm
TBepAble H TAHHHCTBIE . . . . . .. 3,04 3,35
CpepHue prIIHOSGpHPICTble Necky, MeJkuil mecok
¢ npecsonr . . . e 3,13 0,50
IMunepatsie cymecu, TJIACTHUHBLE, cyrmmxu Hony-
TBEpAHE . . . . e coe 1,13 0,50

2. BHUHCISIOT BCIOMOTraTesbibie KOIQ@HUUEHTH no dopmyiam:

E . ,_h £
= — = 0T e
P1 R p1€3(1 —v)
b ’ __o.sﬂ)
D
kTp—MO,SH 1—e ;
Gy
Gp=2f 1 H3hyp; kx=u0 +8&
k
b () by o —n
plac7
g 2wy

h )
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_ R . _ Ehy .
k*V Ay + 23 ' X1 — )V g+ ay ,

3. Buuncasior ynkuun f(f) no gopmyie

t l/
6 :jvﬁo(t) sin [i—ua—?(t—-t)] dr;
R

A

3
0

3mech o(f)—yckopeHne rpyHTa, 3aBHCSIEE OT BUAA BHELIHEro BO3Aek-
CTBHs (CM. IpHMep pacuera);
T—NapaMeTp HHTErPHPOBAHHS.

g cus Y M) [m]

~047 8
/
!
, i
“ X
\i
0485 %
-017
y N(8t) [1]
9 S~<-985
~N

OUpH MOMEHTOB (4) H NPOROJb-
HHX cHa (6) B KpyrIoH cGopHOf
obeKe



2%
4. BruHCAI0T €08 8 =c0s — (i — 1)
nm

. 2z
u sin O=sin — (i—1), rge i=1,...,ma+1,
nm

5. OnpenensioT 3HAYEHMA nePeMEIEHHA M CHJIOBHX (axTOpoB No (op-
MyaaMm

W(0,t)=A-B(f) cos 8;
V(8,1)=A.B(?) sin 6;

Bh
M8, z)=__.ﬁfR_ - B(t) cos ©;

N(B,5)=B-p() - cos 8.

6. TlpuMep pacuera.

Mponssenem pacuer cOopHOi OGAe/KH TOHHENS KPYroBOFO OuepTafiHi H3
3Ke1e300eTOHHBIX 3JeMEHTOB.
Hicxonnnle nanHple:

p1=0,25 1 c}/m%; h=04M; R=4,3M; vi=0,15; v;=0,3; E;=3,15 106 1/m%;
A=05; B=3350 1/m% [=08; y=18 1/mM% H=30 m; ¢=3,04; D=9.0 m;

2%
A= -’Zl—(i~1); i=1,...,mn4+1; m=7, n=7 3a BHEWIHIO® Harpy3Ky NpH-

HHMAEM TIPSMOYTOJbHLI HMIYJILC B BHAE

U
~— qnpu 0<I<t
Bty={ T 7 ’

0 npu t>t,

176 v=0,16 M/c—CKODOCTL Xojdebaudil YacTHL, TNOPOJH, COOTBETCTBYIOUIAN
BeMJIeTpACceRHIo 8 6anioB  (cM. TaGimily nphiaoxenns 2);
t=0,1 c—npOLOIKHTENLHOCTE MMNYJILCA.

Maxkcumasbible SHAYCHHS IepeMenleHMH M YCUJIHE NpH yKasagHBX AaH-
Hbix nodyuaiot npu 7=0,06 c. Smopu M ¥ N noxasanbl Ha PHCYHKE, OTKyla
DHHO, 4YTO

Mmax =049 1, Npoy=— 157,02 .
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