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YOK 624.85:621.642.3.04

PexkoMeHnoBaHbl K H3AHHIO COBMECTHLIM pelleHHeM

cexuH# OTnesla NPOYHOCTH H HAUEXHOCTH COOPYXKEHHH X
Ornpena 4HCJ/IEHHbIX METOQOB H TeOpHH coopyxeHHE Hayy-
Ho-TexHuyeckoro Cosera HHMHCK um, B.A.Kyuepenko.

PexoMeHaauHH o pacyeTy CHIOCOB CHHpAIbHO-~-HA-
pupHoro tuma/ UHHUHUCK um. B.A.Kyuepenxo, HHUHUIIpom-

aepHonpoekT. - M,, 1894, - a8 c.

ConepxaTca yKkasaHHg O paCyeTy HA NPOYHOCTL H
yCTOﬁ‘IHBOCTb allloMHUHHEeBbIX CIIHPDAIILHO-HABHBHEIX TOHKO=—
JINCTOBLIX CHJ/IOCOB K&K CHelHPHIeCKHX KOHCTPyKUHHR,

npen/loxeHHbIx ¢upMok  Lipp (¢PT),
[IpenHasHa4eHRb! OIS HHXEHepHO-TEeXHHYeCKHX pabor-

HHKOB IIPDOGKTHDBIX, Hay4YHO-HCC/leJoBaTEeJIIbCKHX H CTpPpOH-

TEeNbHO=-=MOHTAQXHBIX OpraHH3alHfl,
O6ecneyHBapT NPOYHOCTH, YCTORYHBOCTL M 3KOHO -

MHYHOCTb B 3KClljlyaTalHH,
Ta6n, 26, un. 31, cnucox aut.: 30 Hass,

@ UHHHCK w«.B.A.Kyuepenxo, 1892



B BEODEHMHWE

[[pennoxer Hopblift MeTon pacyeTa CHYEpalLHO—HABHB-
HbIX CHJIOCOB, COOepXAaulHmn:

- paC4eTHYIO CXeMy KOHCTPYKLUHA CHJI0OCA KAaK CO—-
CTABRHOR CHCTeMbl H3 KOPOTKHX WUHMIHHAPUHYECKHUX 060JI04YeK
(ofeuaek), coenHMHEHHBIX ¢alblleBbIMH pebpaMH, ONS KO-
TOPBIX ONpenenailTCs KO3(pPHULUHMEeHTHl XKeCTKOCTH B pas -
JIUMHBIX HAallpaBneHHdax, IIPH 3TOM MAareMaTHYeCKH OOQOCHO-
BalHia 3aMeHa NO/iIgd pacyeTop CIHpAlbHO-(palpleBoro pebpa
CUCTeMOM IapalleslbHbIX KOJIBUEBLIX ¢alplUeBbix pebep;

- MeToA pacyeTa CTeHKH O60JIOYKH CHIoCAa Ha NpOod-
HOCTb H YCTOHYHBOCTEL B IeoMeTpH4YeCKH HeJIHHeRHOR Io-
CTAHOBKE INPU geUCTBUANX I'OPHUaAOHTANILHBIX U BepPTHK allbHbiX
Harpy3ok (oT 3epHa, TeMOepaTypbl, COGCTREHHOrO BecCa H
ap.) C yieToM HayalpHblx NoruGe# CTeHKH B Mexdpanble -
BbIX 30H&x ,

- MeTod pacyeTa NycToff OOOJIOYHKH HaA feifcTBUe He-
oC2eCHMMEeTPHYHOHA (BeTpPOBOHA) HaArpyakH, KaK KOHCTpPyK-
TUBHO HEIMHHeHHOHX CHCTeMbl H3-3a pPazl3lIM4yHO¥ NoOaAaTIKBOC-
T ¢aibleBblX pe6ep (CTbLIKOBOI'c CoenHHeHHd) p 30Hax
NPOAOJILHOIO CXAaTHf M pacTaXEeHHa OBOJIOYKH,

~ YUCJEHHBI MeToaA pacdeTa O60J/IOYKH, YyCHJIIeHHON B
HXHel# 4acTH CToOfKaMi,

- MeTOAbl pacdyeTa KOHUEeHTpPpAalHUH HAaIPAXeHHH B CTeHl-
Ke OOOJIOUKH Han CTOHAK&MH B MeCTa8X Hx ob6phiBA H B 30—
He OBEpPHOro npoema;

— CCBLIIKHM Ha paapaboTaHHble nporpaMMmbl anaa IBM

runa EC u nospongiomue pbiGpaTe THIOPAaA3MEpHbIj pan
0H0/I0OYEeK C 3 KOHOMHYHLBIM paclipeae’/leHHeM MeTasnla B
KOHCTPYKUKH,

PexoMeHpgaudu paspaboTaHbl A-~-pOM TexH.HaykKk npodg,
M. E.Munemtkosckum, xanouparamu texH.Hayk H.H.Cronbmu-
uoiM, A M.Kanuwvi6ko, B.H.Kumom, nmx, A.B.['pumatno npu
yuacTtun HixeHepos /I, Y0.3apnanoponr m M.B.Kpamaps

(HHUHUCK uMm, B.A.KyuyepeHko): xaHa.rexH.Hayk O.C,.Hry-
nicMmanoM, HHK. BJ.Kaso (UHWUHUIIpomasepHonpoekT).
PexoMeHaauuy 6bl1IM cocTapnenb no aaganuio HIIO

B1JIC,
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1. ObBIIME TTOJIOXEHW A

1.1. Hacroquue pexkoMeHpaluuu pacnpocTpaHsIOTCH Ha
nntyeT ollpeaelIeHHOW KOHCTPpYKUIH CHIOCOB, 4 MMEHHO Ha
pacieT CH/IOCOB CIHpPA/IbHO-HABUBHOrO THIIQ, HMEHyeMbIX
Takxe CcHilocaMH cuctemb Lipp , 1O HasBaHUIO QHUp--
Mpl PP, npeanoxupuwell nasHylo KOHCTPYKUMIO, HO HEe pasd-
pahoTaBUIYI0 TeopeTHYeCKH OBOCHOBAHHYK METOAHKY HX
pacuyerTa,

1.2. PexoMeHnalHHd npenHaszHauY8TCH A8 NPOEKTH -
popaHusi H MAaCCOBOI'O BHeApeHHs CHOHUpAallbHO~HABHUBHBIX CH-—
JIOCOB OTHOCIHTe/IbHO HEeOOJBbUIHX EeMKOCTEH, H3roToBJ/ISeMbX,
B OCHOBHOM, H3 &aJ/IlOMHHHS, KOTOpPhle MOT'YT BO3BOAHUTHLCH
MHOYCTPpHALHBIM CIIOCOOOM B paffoHax HelloCpencTpeHHOTo
chopa H XpaHeHHf 3eDHOBbLIX Ky/AbLTYpP.

1.3. PexoMeHpgauuu paapaboTaHbl B pa3pUTHe pasfe-
na 5 CHull 2,10.05-85 s 1 7 c yuyerom CHuall 2.,01,07-85
[ 2 7 u CHull 2,03.06-85 / 3 7.

1.4, Onpenenenne HalpsxkeHHO-AePOPMUPOBAHHOI O CO-—
CTOSITHMSS M KDHTHYECKHX HArpy30K B OTHOWNNEHHH IOoTepH yC-
TORYHUBOCTH TOHKOJIIMCTOBO# CTEHKHU CHJIOCA HaJjlaraeTcd IO
nedOpMHPOBAHHOK CXxeMe H C y4YeTOM TreoMeTpHYeCKOfl He -
JAAHeYHOCTH, HO B paMKax JIHHeHHON 3aBHCHMOCTH paboTsl
Marepualla KOHCTPyKUHH, YdeT KOHUEeHTpaUuHH HalpsXeHHH,
Hal puliep, B 30He OBEPHOro npoemMa, TaKXe pacCMaTpUBAa-
eTCcs NpH ylpyriux pegpopmManusax. dTo nos3ponser (orpaHu-
yeHHO) pACHpOCTPAHHTH H3/IOXEHHYI0O MEeTONMKy M Ha pac -
yeT CTalbHbIX CIHpalbHO-HABHUBHbIX CHJIIOCOB,

1.9. [Ilpeanonaraercq, 4To QO 3arpyXeHUdsg  CHUIIOCA
MaTepHall KOHCTPYKLIHMH HaXOoAHTC B8 €CTEeCTBEHHOM CO-
CTOSHHH, T.e, HadalLHble HalpsXeHHs OTCYTCTByloT (ydeT
HauyallbHbIX IIJJACTHYEeCKHX aedpopMauldft 1 ydeT BO3MOXHO-
ro NosgpliIeHHa HAYAllbHbIX HANDPAXeHHA B KOHCTPYKUHH OaH-
HOI'O THUII A TpetyeT AOMNOJIHHUTEeNbHbIX ClelHalZIbHbIX 3KCIle —
pIMeHTalbHO-Teope THRECKHX HCCnenoBaHui ).

1.6. MeTtoaonka nporpeaeHHs pacyeTOB lpeayCMATpPHBaAa-
eT NpHMeHeHHe NpPHOAHXEeHHbIX cnocobop pacyeta B popMe
HEKO TOPbIX PEeKOMeHOalUH} H HCNOJNbL3OBAHHA BCNOMOTrarTellb-
HpiXx Tab6ndu, Bbonlee ToudHble MeToAbl OOCTHraKwTCss C I0O-
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MOUBIO pa3paboTaHHbIX O/ 3TOH Le/IH alIrOPHTMOB H I pPO-
rpamm ang 3BM tuna EC u  J BM,

2., OIITMCAHHME KOHCTPYKTHBHOIO PEWEHUSA
M ET'O OCOBEHHOCTEH, B/IMAKOWNX HA
BbIBOP PACYETHbIX CXEM

2.1. KoHCTpykuus cnupanbHO-HABUBHOIT'O L HUAHHADH-
JeCKOro cujaoca (pHc. l,a) of6pasdyeTcsi C NOMOWBI ClE-
L AJILHOI'O OBOpPyAOBAHHA HeNpepblBHOR HABHBKOJR MO ClIH-
palld a/lloOMHAHHEeBO§ JIeHThI
mupdHoi nopsiaka 0,0 M H
TomuuHOA T = 2, 3 1 4 MM
(B 3aBHCHMOCTi{ OT €MKO-
CTH KM radtapdTop CHJIOCA)
c obpazoBaHueM ¢allsluepo-
ro pebpa 3aMKOBOI'O THIA&
(puc. 1,6) ¢ maroM BHTKA
nopsaaka !, =0,36:+0,37 M.
Benx cu/1oCca NoOKpbiBaeTcs
KAPKACHO=TUCTOBONH KOHU -
YeCKOHl OOOJ/IOYKOHN waTpo-
BOTO THIA C YoM Ha-~
KJOHAa 06pasglomeﬁ 1§ o B
paaka 25-35" (6auskuM Kk
yrly eCTeCTBEHHOI'O OTKO—
ca 3epHa), HuxHee OCHO -
paHUe oN¥paeTcd HAa XeJjle—
300 TOHHEIR PyHOaMEeHT B
0 ICKpeTHOM YyHuCJle  MEecCT,
KOHCTpYyKUHS ONUDPEHHUS [103—
BOTNS €T OrpaHH4eHHO pac-
IHUPATHLCH OBOJIOUKEe OT nen
CTBHR BHyTpeHHero naslie-
HiUg 3epHa., Bo3MOX HbI %
HHble YyCJ/IOBHS 3akpelnneHud Puc
O60/JIOYKH CHIIOCA Ha PYH - )
namMeHTe(B TOM uyHCJ/Ie 3aae/ka ¥ CBo6oaHOE onupaHuel,

2.2. Boirpy3ka aepHa ueHtpanbHasgs. CHIoCc C BOpOH-
KOA ¥ COOTBETCTBYyIOWEH MOACUNOCHOR KOHCTPpykKUUeR NpUd -

S




BOAHT K 3HAUYHTEJILHOMY YBEJIHYEHHIC pacxoga MarepHana
H& TOHHY XpaHHUMOr'o NnpoaykTa, poCTy TpyAO3&TpAaT, Cy-
I€ECTBEHHOM Y CHHXEHHIO HHAyCTpHanusauvd  BO3BeNeHHSH
3epHoxpaHuanma, Kpome Toro, IpH BeOlyCKe 3€pHa 4epea
BOPOHKY MOryT BO3pPACTH r'OpH3OHTAaA/IbHOE H MOJIHOe  Bep-
TAKalbHOe pap/leHHe Ha CTeHKy cuinoca, [loaromMy  pacuyer
allOMHHHeBblIX CHJIOCOB C BOPOHKOHN M HNOACHJIOCHOHl KOHCT -
pYKLHeA B HacTodwHx PexkoMeHoauusx He pacCcMaTpUBaeT -—
CH.

2.3. KOHCTpyKTHBHOEe peweHHe TOHKOIHCTOBOR 060-
JIOYKH CH/IOCOB CHIHDPAIIbLHO-HABHBHOI'O THI&  CyUIECTBEHHO
OTNHYAEeTCHd OT APYrHMX TPAAUHUMOHHBIX HUNHHAPUYECKHX peb-
PHCTHIX O60J/IOYEeK, pacyeT KOTOopbIx 60Jiee HIH MeHee  OC~—
BeliieH B AXMTepaTtype.

2,4. Cneungpuka ykasaHHOW KOHCTPyKUMH CH/IOCOB,BJ/IH-
golag Ha HX HallpsXeHHO-nepOopMHUpPOBAHHOE COCTOAHHE, CO-
CTOHT B CJeayloliem;

pebpa pacnojaralpTCcd IO CIIHpald, Ho C HerMa M8 -
JILIM yr'JIoOM HakKJIOHA BHTKA pebHpa, 6J/IH3KO K 1

ykasaHible pe6pa ¢anpleBoro THI A (pnc.l,s) pabo —
TAIT B YCJ/IOBHAX CJ/IOXHOI'O HAalpsXEeHHOro COCTOSHHUS, IIpH

5TOM OHM He TONBLKO HOBbIWAIT (K&K O6BIYHO) XEeCTKOCTE
KOHCTPYKUMA OBONIOYKH CHJ/IOCA Ha paCTadxXeHHe U H3r 4G B OK-

DY HOM Halpap/eHHH, HO B TO Xe BpeMs CHHXAaIT (4YTO He-
O6bIYHO } KE€CTKOCTH UHIHHOAPHIYECKOH OBONOYKH BAO/AbL 0Hpa-
aywome#t (T,e. B BepTHKAILHOM Hallpap/leHHH 3a cyeT HallH-
YyHUs 38KPYIrJIeHHHE B MecTax lepexona CTeHKH 000JIOYKH B
ceyeHUde pebep H CIOUCTOH CTPYKTyphi pe6pa (puc.1,6). Ilpn
3TOM NIPOACJ/ILHbIE YCHIIHA, BO3HHKAIONHEe B CTeHKe UHJAHHA-
puyeckKoff obosloykHd, B MeCTax pACIo/IoXKeHHa peGpa nepe-
OaITCa C BEepxHel yYacTH Ha HHXHIOIO 3KCUEHTPHYHO, BbI3 bl-
BAS OONONHHATE/IbHYIO nePopMalHi0 KaK B CTeHKe OGOJIOYKH,
TAK M Mexay ChofMH dansueporo pefpa,

B CHNY YK&38HHBIX OCOOEHHOCTeN, XEeCTKOCTb H IIO-
0aTIuROCTL GAanbLlUEeBOr0 pebpa KAaK CTHIKOBOrO 3/leMeHTa
¢a/bUeBOro THIIA CyllIeCTBEHHO pal3/IMYHa NpH CXAaTHH H
pacTaXeHuu OOOJOYKKU CUNoCa BAOML OOpadywilel, 4HTO B

paae CllydyaeBp BHEWIHHX BO3ne ACTBHA, HanpuMep, OT BeTpPO-
BOR HaArpyskH, TpeOGyeT pacCMOTpeHHg pacyeTa Of0OJIOYKH
K&K KOHCTPYKTHBHO-HE/IHHEeHHOH CHCTeMbi,
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BeCbMAa 4aCThI WIAI BHTKOB CHHpAJILHOro pebpa H
MAaJblR YroJl HX HaKJ/IOH& M[03BONAEeT pacCMaTpHBATDH ero
Kaxk CHCTeMy OJIH3KO pacCHo/IOXeHHbIX INOPU3OHTAaNbHbIX pe-
6ep, a HalpsaXeHHoe COCTOdHHe 3 AlO/THEHHOro CHIoca Kak
ocecuMMeTpHyHoe {(cMm, n, 6.8), llpu atoMm obpasyercs
yacToe paclo/loXeHHe JIHHHHA BO3MYLUIeHHST 6e3MOMEHTHOr o
HAll pAXXEeHHOI'O COCTOSSIHHA, IIO3TOMY B OT/IHYHEe OT OOBIYHO
H3araeMoro B TexHH4YeCKOji /AHTepaType pacyeTa LHHIAHO-
pHYeCKUX ODOJIOYeK Ha yCTOHYHBOCTb, KOrna QOKPHUTHYEC -
Koe COCTOsiHHe IIpHHHMaeTCs Oe3MOMEHTHbIM, B QOAaHHOH
KOHCTPYKUHH OHO OO/DKHO pPacCM&aTpHBATLCH MOM EHTHBIM
naxe NIpd BOG3OENCTBHH TOJIBKO IPOOAOJ/IBHOrO CXHUMALero
YyCHIHS H TeM BoJllee NIpH OOHUBPEMEHHOM peRCTBHM  NIpOo-—
AOJILHOI'O H BHYTpeHHEro pgapjIeHUH oCoO6eHHO N pH HAIHYUH
Hayal/lbHbIX HenpapH/IsHOCTe#, [l19 AAQHHBIX KOHCTPyKUHUR
obooyeK, o6pasdyeMplX CIHpalbHO~-HABHBHBIM crnnocoboMmM,
HaHnBbollee BEPOSTHBIMH HenpapU/bHOCTAMHU IIpDH HABHBKE HAB-
JFIOTCH MOrH6H MeX@albUeBOW¥ 30HBl B CTOPOHY BHeliHef#
NOBEPXHOCTH CHJOCA | HCKDUBJ/IEHHS CTEHKH Mexay pebtpa -
MH), G/M3KHEe K OCeCHMMeTpHYHOMY BHAY B KOJIbLEBOM Ha-
npapJjieHHn [ 6 /.

2.9. MakcumMmanbpHbie aMIJIMTyAbl MCKPHBAEHUNR CTEHKH
o6onoukn W, ( max ) Mmexny ¢anpueBbpIMH pebpaMu,
BO3HHKAKIUIHEe B NpoleCcCe HapHBKH, ClledyeT OrpaHH4YHUBATH:
nNpu QERA3OBAHHM MMOrHOH HapyXy BeJ/IHYHHA P = W (mmr)/ts

£1,5+2 B Ciyuae o6pasaopaHHss NOrHO6H BOBHYTDb OGOJOYKH —
» =’ W, (max) /t € 1=1,5.

2.6. lna obosouek CNHpalbHO-HABHBHLIX CHIOCOB IpH
HEeKO TOPbIX €MKOCTsaXx, ratapHrax H HAYAaANBbHBIX HelpaBH/b-
HOCTAX MOXeT OKAas3aTbCsdA, 4YTO HUX HHXHAH zoHa He Oyager
yaOBJ/Ie TBOPATE YyCJ/IOBHAM IIPDOYHOCTH HIIH yCTOAYHBOCTH, B
3THUX Cllydasix 3Ty HHXHIOI 4Y8CThb KOHCTDPYKUHMH NpHOeTCH
YyCHIAThL, HalpHMep, yKpeljdgs ee H3HYyTpPH CTORKaAMH C
waroMm nopaanka 0,8+1,9 M. BbicoTa HX onpepnensiercs CoO-
oTBeTCTBYyWAM pacyeToM. [loBepx CToek, nnaga CHATHA KOH-
UeHTpAal Ul HalpfaXeHHH, B 30He HX OoOpbiBa, peKOMeHOyeTCH
pacrojiaraTe AOMNOJHHTEIbHOe KOJAbUO XEeCTKOCTH BbICOTOH
nopsaanxa 1/4-1/5 ot wara ctoek. Y¥CTaHopka M KpenjeHHe
CTORK yBeJigydBaeT TPYAOEMKOCTb MOHTAXAa KOHCTPYKUHH,
NO3 TOMY AJA AaNIOMHHHEBbIX CHIIOCOB HebOo/pmoit eMKOCTH,
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3a CHEeT cHUXeHVa HavdanbHOW NOrubHH CTEHKH N0 pellyuHbl
5‘ = Wﬁ (max) /t ¢ 0,5, a Takxe 3a cyer BApPbLHPO —
BaAHMA, B pa3yMHBIX llpeanelax, COOTHOWEHUEM agHaMeTpa
OB6OJIOYKH K BBICOTE XeJlaTeJbHO AOOHUTHLCH yAOB/IETBOPEHHUS
yC/IO0BHSM IIPOYHOCTH U YCTORYHBOCTH KOHCTPYKLHH bea
yCUNIeH U ee HUXHeld 4dYacTu croikamu, [lna cunocor NO-—
BbIINEHH bIX eMKOCTEH 3TO MOXEeT OKal3aThCH HEeBbLINOJTHHMbIM,

3. IEPEYEHb OCHOBHbBIX THIIO PASMEPOB
CHJ/IOCOB B 3ABUCHMMOCTHU OT EMKOCTH
U XAPAKTEPMCTUKH MATEPHUAIJIA

3.1. OcHoBHbIE, HaMedaeMble OJiIF MaCCOBOr0 CTPOH —
rensctea B CHT CNUpalbHO-HABUBHbIE CH/10-
ca cuctembl Lipp , BBIIQ/HAEMble U3 ANIOMHHUS, X a-
paK TepHayloTCHd €MKOCTAMH, pazMepaMH H CBOUCTBaAMH MaAa-
TepHana, nNpHpeaeHHbIMH B Tao6a, 1.

OTHoCcHTE IBHOE
yA.IMHEeHHUe £ 1 pH
B, = 11,3 YF (47 nns
YKa3aHHOH MAapkKHd allio-
MIHHAA paBpHo § = 9 %,
& |2100 lHpaMepHbilt BUA puar-
paMMbl paboThl MaTe-
pHalla nNpuBeaeH Ha
puc, 2, (Ang TomuuHEbL

£o7=0.2% TS U = 4 mMm, =5 %)
3.2. EMxocTy cu~
Puc. 2 jJocoB cephiwwe 1000 T
peKoMeHayeTcCH B bl
MOJHAThL CTA/lIbHBIMH KAaK 3To, HalpuMep, IIpHBEAeHO B 10—
crnenHeit rpage Tta6hd. 1. BoaMoxHBI cHJ0OCaA U OPYTHX eM-
KocTell He npupenecHHRie B Tadtn, 1.

3.3. [IpuBenenHas B Tabtn,] TOMUHHA JIEHTH, U3 KO-
TOPOit BbIIOJHAETCH 000J/I04YKAa cHuiaoca,aB/IIeTCs HOMHUHAa/b-
Hott. JleHThl H3 aJIOMHUHHS H aIOMHHHEBBIX CIIJIapOB nast
H31"OTOBJICEHHA O AHHbLIX CH/IOCOB NPOKATLIBAIOTCHA WHPHHOHK
1,5 M c nocnegywume#t pa3dpeakoi N0 WUpPUHe HA J yacTH,
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[Ip1 aTom cornacHo Ta6ia. 1 [ 4 7 MakcuManbHble OTPH-
naTe’lbHble NONYCKH Ang JIeHT B 1,9 M yKazaHHOA MAapKU CO-
CTABJAIOT: NpH ToMmu¥He 2 MM ponyck 0,21 MM, npu TOJ-
mude 3 MM ponyck 0,34 MM ¥ TOMUMHe 4 MM QONYCK
0,36 MM. [lockollbky 2TH OONyCKM He NpepblwAalT Dopsaka
10..12 %, ABAAIOTCH ClNy4Ya&RHBIMH Be/IMYMHAMM H COBI aneHue
MAKCHM AJILHOI'O OTPHUATEe/ILHOI'O aonycka C Ko3a¢pdHULUHEeHTOM
HanexHOCTH MAaTepHalZla JeHTbl HMeeT Majlyl® BepOSITHOCTh,
a Takxe nockonabky B HopoM CHull /3 )7 Ha npoekTupo-
BaHHEe &aNIOMHHHEeBbIX KOHCTPYKUHH 06 yuyeTe OONYyCKOB IIpH
pacyeTax HHYero He CKas3aHo, TO IIpH pacyeTe QAHHOI'O TH-
na CHNIOCOB npeglaraeTcs IIpHHAMAaATh HOMHHANIbHbIE TOJILH-
Hbl JleHT, [lo cornamweHuo norpe6HTensd ¢ H3rOTOBUTEJIEM
OTpUUATE/IbHblIe AONYCKH Ha TOJIHMHY JIGHT CclleqyeT  CTpe-
MITBCH CHU3UTDb,

3.4, HUuppel B cTongue ¢ tonmuuolt L, = [ osHa-
yaloT, 4YTO TOJJMUIKHHA OGOJJOYKH CHJ/IOCA JAHHOW eMKOCTH Lo
BbICOTE MeEHfieTCHa A0 Tpex pal3. boabluiag ToOMMMHA OTHOCHUT-
cH K HHXHeli 30He 0060/I04YKHd, BbICOTaA 30H ollpenelsgeTcs

pac4yeToM,
3.5, PacueTHoe conporupienne Martepuana AMr2H]
cornacHo n, 3.1 / 3 / npuHUMAaeTCA HaHMeHbLUIMM H3 Be -
NTAYuH G, , /1,1 M G4 /1,6, Anst paHHON Mapku allioMH —
HUS HaVMeHbluee pacyeTHOe CONPOTURIEHHe NojlyyYyaeTcs
paBHbIM Ra = 21071.6 = 131,25 MITa, a nauGonbmee —
Ra = 160/1,1 = 145,45 Mlla, [laHHble COOpPYXE€HHA OTHO-
carcg Ko II K/JacCy no CTelleHH OTBETCTBEHHOCTH 1, 1.6
/1], B COOTBETCTBHH CO CTp. 34 / 2 ] koadppuuneHT Ha-
NeXHOCTHE Y pn MO HA3HAYEHHIO MOXET 6bITb MPHHAT paB-
noiM 0,85. B peaynbTaTe pacuyeTHoe CONpOTHBJ/eHHe K g4

QOLYCK8eTCa INPUHHMATL PAaBHLIM

R T - R -

R, =—1%L9%§ = 138,16 Mlla,

OkoHuaTelbHO B pacyerax npuaaro K, = 140,0 Mila.
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4. HOPMATHBHOIE HATPY3KW U BO3NAEHCTBHSA,
MPHHHUMAEMBIE (P PACYETE
CITHPAJIIbHO_HABHBHbBIX CHJIOCOB

4,1. OCHOBHBIMH HAarpydkamy H BO3ACHCTBHAMH NPU -
HUMaTCHd: 1) ropM3OHTAalLHble U BepTHK albHble (3a cCuerT
TpeHus) OT napfleHUA 3epHa C yyeTOM UEHTpanbHO#  Bbi-
CpY3KH CHoca; 2) COGCTBeHHBI BEeC KOHCTPyKuUM, 3)Ha-
rpy3Ka OT CHera Ha NOoKpbiTHe;, 4) Bo3aeiCTBHe TeMliepa-
Typbl; 5) HArpy3ka OT TepMONOABECOK, B) Oas He3amnosu -
HeHHOro CHJIoCa BO3[e j)CTBHe OT pnapileHUa perpa., llepe -
YUCJ/IeHHBIE Harpy3KH, 3a HCKJ/AK4YeHHeM COOCTBEHHOI'O BecCa,
OTHOCHATCH K BPeMeHHbIM (AJHUTeNbHbIM, KPATKOBpPEMEHHBIM),

4.2. lopuaoHTAallLHOE HOPMAaTHUBHOE pgaBi/leHHe 3epHA
Ha CTEHKM TOHKOIIMCTOBBLIX CHUJIOCOB [AJIg paccMatrpUBaeMoi
KOHCTPYKUHM C OTHOCHTENbLHO IHO6KHUM (palblleRbiM pefHpoM
nouHUMaeTcd cornacHo . 4.10 /1 / xak nnag JUCTOBRBIX
cunocoB 6e3 pebep, B BAAe CyMMbl ABYX HAr pysok.

PaBHoMepHO pacnpepnelieHHoe MO nepAMeTpy  CTeHbl
clJloCa AaB/eHHe ChIly4YHX MAaTepHaloB F jh» Ha riaybuHe
A OT Bepxa 3AacChllKH, ollpegelsgeMoe 1o ¢opMylle HfHCe-

Ha 1. 4.6 /1 7

4} .P _E. ./lf..._
ph"“"jg(’“é’?)” P ‘)

KR

- 3 ()
C yueTOM BepxHero KoHyca sepHa Z = Z, + 3 tg 29

(cM, pHc.],8)

R

Moo= >~ — ANA UMNMHAPHYECKOH OGOJIOYKM C pafHyCoM

./] = tg 2 (45 v~ '(Zf—) = 0,40958 - ko3dpUHUHEeHT GOKOBOIO
0 aBlleHHUA,

3’ = 8 KH/MS {800 KrC/Ma) - yaelbHbIA BeC 3epHa,

J = 0,4 - x03¢pPHUHEHT TpeHHT 3epHa O CTEeHKy CHI0Ca,;

Y =~ 25" - YyI"'OJ1 BHYTpeHHero TpeHud,

KonnlieBoe rOpM3aoHTaNbHOe napllenne P,°,  chiny -
YHUX MAaTepHalloBp Ha& CTEeHBl KPYroBbIX CHI/IOCOB pPABHOMEPHO
paclipeaeligeTca No nepyuMeTpy C BBICOTOH 30QHBI KOJ/lb -
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NeBoro napieHus papHofi K /2. 30Ha MOXeT 3 aHHMAaThL
mo6oe IOoJIoXeHHe MO BbICOTe O60JIOYKH cunoca. [loaroMmy,
CTporo ropopfi, 3TO A&BJE€HHe IpH pacdeTe cJleayeT pac-
cMaTpUBaTh HA pa3dHhlx ypoBHAX. B 3amac npoyHoCTH, ANd
yIpOLUIEHUS pacyeTa, MOXHO NPUHUMATEL €ro paBHOMEPHO

pacnpeneylieHHbIM O BCell BhICOTe. 3HAYEHHe  KOJbUEeBOro
M

' OPH3OHTAJIbHOI'O O aBJ/IeHHS ht onpenensaeTcs QOpMy-

ok
"

"
Pug = a, Py (2)
4.3. [lonHoe HopMaTHBHOe IOpPHU3OHTAJ/ILHOE OaB/leHHe

onpeaenseTcs CyMMHpopanueMm BripaxeHH#t (1) u (2)
yieToM pana KoagPuuHeHTOB, JHAUEHHe (@A, oOunpepenseT-
ca cornacHo n, 4,11, raén.l /1 /. Ana yno6cTra npuse -

acM H 3pneChkh ero 3HayeHud,

Tacnuua 2

B Ta6n1.2 npoMexyTouHble 3HaYeHHs A, BbIYHC I -

IOTCH IO JIHHeRHOHK HHTeploJIguHH,
4.4, HopmaTupHoe aHayYeHHe BEpPTHKAIBLHOI'O [ ap/I€HHUSA

"
cemyyero marepuana P . | nepepaomerocs Ha eqMHH-
Ly ITOBEPXHOCTH CTEHBl CH/IOCA CH/IaMH TPeHHs, COrJ&acHo

n.4.14 /1 / onpenenseTCs $pOpMyNoh
n
Pi(Z) = :}Ph"(z)_, (3)

4.5. llonHoe npopno/ibHOe HOpMATHBHOE yCH/IHe OT CHI
TpeHHA B COOTBeTCTBHH C BbipaxeHHaMH (1) #H (3) HAa
ypoBHe 1 OT BepXxa 3aChUIKH, C yYeTOM PBepxXxHero KOHy-

ca 3epHa, onpenengeTCs BbipaXKeHHEeM

z z P
b (2)=§ pgaz=§ dp(1-e ) dz ~ (4)

; -p[1Z-5 P (D)].



lipy nonHoMm zarpyxeHn# Ha ypoBHE HH3& CHJ0CA IO-
Iy48eTCA BblpaeHHe

’ n
’0/: = ﬂ[!h _::_p}, (h) 7 (5)
R-tqgl25°
20€ /7=/10+ "'—31—- (6)

4,8. Cornacso mn, 5.25 /17 B (6) npn BboicOoTe cH-

nocéa
h, < 1,5VA=15R)/F (7)

rne A = FiR® _ nnomans IoNnepeyHOr'o CeYeHHf CHJjoca,
ero CTeHKa AO/KHA 6bITh TaKXe NpoBepeHa pacyeToM Ha
COPH3OHTAJIbkHOEe paaBlieHHe KakK HGyHkepa, NpH 3TOM HOpMaAa-
THBHOE [&BJICHHE paBHO

p:z=,4y2'; 'Z=za+—§-tgz5°. (8)

Ana cunoca ¢ pasMepaMH, npMpefeHHbIMH B Ta6i, 1,
BhipaxeHte (7) npuHUMaeT aHaYeHHsa, OaHHble B Taba, 3,

Tabaunua 3
TunopaaMep- h
Hbll psaAn MM
CHJIOCOB
4 6,9
3 11
5 8
6 10
9 15

Taxum o6pasaom, 3a MCKIOYeHHeM CHioca Ne 2 nns
OCTAaJIbHbIX I'OPH3OHTAJ/ILHOE faBlieHHe NOJDKHO onpenelaThb—
Cs OJ18 Haubonee HeOJ/JarolpHATHOro cllydyad JHO6O HO CyM-

me dopmyan (1) u (2), nu6o cornacuo (8).
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4.7, HopmaTuBHOEe 3HaAYeHHE BEPTHK ANBLHOI'O A AB/C HHUS
chlllydiero mMarepuana ﬂ; , IpH pacyeTe cunoca  Kak
6yikepa,onpenenaercsa BbhipaxeHdeM (3). [lonvoe npopong-
HOoe HODMATHBHOe [aBJ/IeHHe OT CHJ TpPeHHs, B COOTBCTCTHRMU
c pbipaxenHuamu (3) u (8) Ha ypopHe Z = Z,* 3 lg25°
OT Bepxa 3acChillkH, C y4eTOM BepxHero KOHyca 3epHa, Ofl-
penelldeTCH BblpaxeHueM

M I -
pn 2 f / J/ £ ‘ (9)
= ~a " Se
Buipaxenne A, (1-¢ b2 ) Mpd pPa3/UYHbIX
anageHuax ¢, npuBeneno B [lpunoxeuuw 7 / 5 /., Ha-
pany C 2THM, naB/leHHe 3epHa Ha CTEeHKH CHI0COB, lipupe -
neHHbX B Tabll, 1, B 3aBUCHUMOCTH OT guaMerpa O _ ux

3Ha4YeHudg Ha ypoBHE HU3a KaxXpnol obedaflik¥M NpUpeneHbl B
Tab61.4 [/ 6 /. 3nadyeHds OAaBICHUH, onpepeiigembie N0 ¢op-
MyaaM (1) ® (5), [AaHb!l IIpU pAa3/IMYHONR BeliIMYUHe aHaMeT —
pa o6onouku cunoca A . B nocilenHeM cToague TaGd.4
[ 6 / NpupeneHbl 3BA&YEHUE [OAaBJIEHUR, onpepensemMbie Mo
dopmynam (8) u (8), xak nna 6yHkepa. YKasaHHbie aHa-
yeHUS QO AaBJeHUN B 2TOH TafIHue IlpdBeneHbl 6e3d3 ydyeTa OT-
CBUIKH 3epHOM BepXHero KoHyca,

4.8, Co6CcTREHHbIR BeC g: HOrOHHOI'O MeTpa no
B bICOTE CTEeHKH alllOMUHUEeBOK OOOJIOYKM WIHUPHHOHE B 1 CM
u TonmwuHo# L IPH yAelbHOM BeCe AlIOMHHUCBOrO Chijia-
Ba Ja. = @7 kH/M ¢ yyetroMm Beca ¢anpueBoro petpa

onpeneiigeTCa BbIpaxXeHUeM

n Y 0,495
— « — = 05 . ' t- -—-L—-—-: '

9o = Ko fal 7, = 105 Ja'l 5363 (10)
roe K, -= 1,05 - Kk03¢ppHUHEHT, y4HHTHIBAKOWHE QONOITHH-
TeNbHblft pacxog MeTanna (Ha necTHdAuUsl ® aAp.);, & - wu-
pUHa alIOMHHHUEBOMN NEeHTHI; [, - war cmnupanu,

O 1a cTralbHOro cHiocAa Xc = 78,5 KH/MS.

n
Hucnosbie 3nayenus ¢ B xkH/cM u (krc/cm)
npidpeneHsl B Tabti, 4.
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¢l

Marepuan

AMr2Hi

Cramp 3

TonuuHa cTeHKH CcH/IOCaA,

L,

CM

Tatonnua 4

0,5



4.8. CoBCcTBEeHHLI BeC y: KOHHYQCKOro maTpoporo
MOKpBITHH H3 aloOMHHHEeBOr'o ciljylapa Ha 1 n,cM nepuMerpa
Bepxa ODOJIOYKH CHI/IOCA B 34BHCHMOCTH OT pagHyca
(1o nauubiM HITO BHUIJIC), npuMepHO MOXHO NpPHHATH Clle—

AylIIAM
M

R =3 M, g9,~ 1,5 Hyem (0,15 krc/cm)
R = 4 M, g; ~2 Hyem (0,2 xrc/em)
K = § M, g’ =~3,6 H/em (0,36 krc/cm)
R = 6 m, g ~ 4,6 H/cm (0,46 krc/om)

2
4.10. HopmaTrnBHas CHerosass Harpyska Ha | M n/o-

manHd MOKDPBITHS cornacHo ¢opmyne (5)/ 2 7, BeiUMCIseTCH

1o ¢gopMyae
7

rope aHauYeHHs Jg A8 PA3JHYHBIX CHEroBbIX pafto HoB
CHI npuBenennt B / 27 n, 5.5, ta6n. 4 . KosadpruneHrT
SU Ha8 KOHYCHble NOKPBLITHH CcornacHo N, 4,2 /1 7

papad M = 0,4. g
B peayinTare 3HQ4YEHHA S NO CHeroBbIM pPaio -
HaM Ha NOKPLITHe CH/I0CA NPUHUMAIOT 3HAYEHHH, NPUBE -

neHHbnle B Tata. 3J.

Paftonsr CHT y
HarpyaEa OT CHera

Ha 1 M INOKDbLITHSA

CHIIOGA B o 0,20 { 0,28
kH/M" (xrc/m%) (20)} (28)

Tagnuua 5

[Ipp 3TOM HOpMAaTHBHAs CHeropasa Harpy3ka Ha |l n,.,cm
nepEMeTpa Bepxa O00ONOYKHK CHIOCA oOllpeneiseTcCsd Bhipaxe-

HHeM

(12)
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[na ocHoBHbIXx 1-1Y cCHerosbix paftoHoB (B T.4., O
Mockoscko#t 061, — p-# M) B (12) anauenuna AP/ B
H/cm (krc/cM), B 3aBHCHMOCTH OT paaMyca cujoca R ,

NnodBpeneHsl B Tablil, 6,
Taonuua 8

4.11. TemneparypHble Bo3a€HACTBUA OT CYTOYHOI'O H3-
MelIeHHS TeMlepaTypbl HApyXKHOI'o BO3dyxa coryiacHo [/ 1 7
H n.4.18 / 5 / nonyckaeTcs 3aMEeHATHL OOl OJIHHTE/NbHbIM
rOPH3OHTANIbHBEIM OAaBl/IeHHEM ChUlydYero mMarepuana Ha Ha-
pyXHble CTeHbl, CYNTasg ero parHOMEpHO paclpeneleHHbIM
no nepuMeTpy 4 BbICOTe., HopmMarusHoe aHadeHHe 3TOrO

n
napinenns F,: onpepenserca mo popmyine

ho Kt'd'T-fEm Ke Le T
e = RLlm +(1-9 )- LS Ak L | e
[ FE " tE E m
roe I, - cyrounas amniuTyaa HAPYXHOr O BO31yX4,
NnpyUHUMaeMmass papHo# 16 [/ 5 /;
E, - Moayne nepopmaumu ceinyyero maTepHana,

onupenensieTca BbipaxeHueM n, 4.18 /1 _/;

£, = 250(p:)0'83 MIla unn /586 (p;)O,SBB KPC/CM2],

r
rae p BbIMHCAAESTCH Ha ypOBHe HHXXHEeN 30HLI Cunoca

h
(Ha ypoBHe HH3a BTOpO¥ CHH3y ofevaillku);
£ - Mmoayan ynpyrocTi MarepHana cuaoca (anoOMHHHS):
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K: - koapbuuHEeHT N pPHHHEMAETCH OIS CTalbHbIX (H aJIIoM H—
HHeBblX )] CTeH paBHbIM Ko =2 npu T, = 20° Ky =
2,5 IpH T, [O 7; dt -~ KO3(QpHUHEHT JIHHe HHO N
TeMHepaTypHoﬁ uecpopmauﬂn CTEeH, a9 allOMHHHa dop ==
2,3.10-9,

VM - KO3GhHLHEHT [Iyaccona MaTepunana, aona  3epHa

V.= 0,4.

4.12, ®opmyna (13), npupenednas B CHull /17, as-
N9eTCs NpHG/IMKEeHHOR H HoapoBHO BbiBegeHa B pabore /87
Ha CTp. 29.

Bonee cTporuft pacyeTr ClUpanbHO-HABHUBHOIO CHIIOCA

HAa paBHOMepHOe TeMIepaTypHOoe BO3AeHCTBHEe OCHOBLIBA -
eTCss Ha ypaBpHeHMH, KOTOpoe NpHBOAHTCHS B pabote [ 6 7

Ha cTp. (2.
4.13. [l1apneHue OoT TepMolloapec oK /3 . Ans cHio-
cop eMkocTeio Y =250 1 (npu R = 3 =x 4 M)  Ta6uma, )

yCTaHaB/IHBaAeTCs IO OQHOHK TepMonoaBeCKe BeCOM B 1 T,
119 CHIOCOR €MKOCTBIO V =600 ru V = 1000 1 yC-—
TaHapilupaeTcs 4 TepMOIIOABECKH , Kaxaas BecoM B ] T.

B pesyianTatre Ha ] n.CM NepuMeTpa Bepxa LHAUHOAPHUYECKOH
ODOJ/IOYKH CHJ/IOCA 3HAYEHHd OT [OABJ/I€HHa TepMOoNoABECOK I[10-
nydeHbl p H/cM uaa (krc/cM) H npuBeneHbl B T&H M. 1.

Tacnuua 7

Emkoctn V |

V ~ 250

R = 4
4

4.14, BeTpomrad Harpyaxa nOllg pacyera He3anoJHeHHO-
ro (nmycrtoro) cunoca onpepenseTrcs B COOTBETCTBHHM C II, B
[ 2 7, Ipd 3TOM aJis pacCMaTpHBAeMblx TOHKOCTEHHBIX CH-
JIOCOB CNHpPA/TbHO-HABUBHOI'O THIA NONYCTHMO OI'DPAHHYHBATbL-
CH HX pacyeTOM HAaA HOPM anbHOe paapl/ieHHe W A , IIPHJIO —
MeHHOe K BHeutHef# nNoBepxHOCTH KOHCprKHHH HO ero
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cjlefpyeT oHpeaendaTh KAK CyYyMMYy cpefHell U Ny/IbCAUHOHHON

COCTAaBJIFIOUIMX .
HopMaTHBHOe 3HauyeHHe CpeaHell cocTapispolmeft BeT-

n
poBo#t Harpyaku W _ Ha BbicoTe Z Hany  [1OBEPX HO-
CTLIO 3E€MJIH ClleayeT onpeneldaTb o ¢opMyrne
n
rae W,, - HOpMATHUBHOE 3HaYeHUe BETPOBOro [A8BJEHHd,

BEJHYHHA KOTOPOI'O A/l PA3JIMYHBIX BeTPOBbIX palioHop CHT

nupupeneHa B /27, n1.6.4, ta61.9. Kosddpuunent K, yyutbi-
BAKIWHY H3MeHeNHe BeTpOBOI'O Oap/leHHd IO BLICOTE, Olipe —

aeilgerca corinacHo [ 2] n. 6.5, Tab6n1.6 B 38BHCHUMOC -
TH OT THNa MeCTHoCTH, B wacTHoOCTH, O/ MeCTHOCTH THII&
A (oTkpeiTble NoGepexbd MOpeMN, BOOOXpPAaHHIM, HMyCThbl -
H4, JlecocTend) U tuna B (ropoackue TeppUTOpHUH, JIeCHble
MACCHBBI M Opyrde MeCTHOCTH, paBHOMEpHO MOKpPbIThble lpef-
NpHATHAMH BBLICOTO} He 60ijlee 10 M), roe MOXHO OXUAA&TH
BoO3BeeHHe [ aHHbIX CHJIOCOB, KO3adppuUHeHT K npHHAMAaeT

3 HAYEeHUH
Ta6nuua 8

i

KosdpdpuuuneHT K
BricoTa cuioca b

., M
o
10
20
C — aspoaMHaM HYeCKHHI KO3 ppUII HEHT, 3HAYEHHEe KOTO-

por'o A4Ji1 COOPyXEeHHUR C KPYrOBOH HHJIHHAPHUYECKOH NOBEPXHO—
cTbhIO onpepnensiercsa coraacHo [Ipunoxenus 4, cxema 12,6 /27,
npH ducne PehHonpaca

Re = 0,88 d WO‘K'X?' 105> 4-105;

K - nNpHHUMaeTCs cCorjacHo ta6a.8 Hactosmux PekoMeHpa-

1939 §
EJ‘ = 1,4 - KO3(QPHIUHSHT HaAEeXHOCTH,
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Anga coopyxeHHi C KPyropO# UHNUHAPUYECKON MOBEDX ~
HocThio B (14)

C=Cor=K, Cpy . (15)

Kosgppuuuentnt (g u K, onpepensiorcs cornacuo Ipu-
ToxeHda 4, cxema 126 [ 2 7, raoe rpagdk plig onpepesie —
HUS C’ npeacTaBl/leH TakXe B ¢opMe Tabkd, 9 HACTOSIHX
PexoMmeHp an v,

Tatanua

oo o [oms | | o | o

HopMmaTtHuBHOe 3hnavenue NynbCallHOHHOR cocTap/dlou el
peTpoBoli Harpyaku W p Ha Beicore £  onpepensercs

no ¢opmyie n.8.7a [/ 2 7
N n
W, =W, €V | (16)

eCnM NepBas HaCTOTa COGCTBeHHbIX Kosnebauufi f@ no -
ny4yaeTcsa Oo/iblie NpeaelbHOro 3HaAY€HHS 4YAaCTOThI fE
T.e, €CJIH

]: > j{ : (17)



& - KOo2¢PULUMEeHT NynbCauuy OapleHHs BeTpa Ha YyPOB-
He Z onpeaendgeTcs cornacHo Tab6a.l [ 2 ] ;

N — KO3()QHUHEHT NpPOCTPAHCTBEHHONR KOppendauuHd Nyllb-
cauu¥ napjeH¥sg BeTpa onpepensercs cornacHo [ 27 n. 6.9
1 JlpunoxeHua 4 C y4YeTOM N pHMedyaHHH K cxeme 12,6,
[lpenensHoe 3HayeHwe yactorel Jf,; (l'u) onpeapensercs
cornacHo Ta6n.8 [/ 2 7 ~npH 3HaueHHH J10rapHUPMHYECKOTIo
nekpeMeHTa KoneGaHufi 0 = 0,15 /2, n. 6.86 /. Cymmap-
Hoe 3Ha4YeHHe CpenHel M NyJbCAllHOHHON COCTAaBJAMIOUIHX HOP-
MATHBHOH BEeTPOBOH Harpy3KH OyneT onpenel/igTbCd Bbipaxe-
HUeM

1

WB=WM+W;=W:"(1+§\))_ (18)

Ecau neppas yacTtorTa j, MeHpllie NpeaejibHOINO 3Haye -

HUKSA ft s Te€,
ff < f( » (19)

TO TpebyeTCs BbIIOJHEHHE CHelHalIbHOrO AHHAMHYECKOI O
pacyeTa CHI0CA, COrJIaCHO ClielMAa/lbHON NUTepaTypsl. Ana

a/1lOM HHHeBbIX CHNOCOB eMKocThio Y € 1000 T, npupe-
neHHbIX B Tabi., 1| TpeboBauHue fq > fﬂ KakK
NpapHO yaOBJIETBO PAETCH.

CornacHo /2] n.6.6 B ciayyasx He IpeayCMOTpeHHbIX
chazaTenbHbiM llpunoxenneM 4 |, aspoaHHaMHUyYeCKHe KO03(-
¢UUHEeHThbl AONyCKAaeTCHa NPHHHUMAaTb N0 CIpPaABOYHBIM H 3KCle-
pHNeHTaNlpHbIM AAHHBIM H/IM pe3y/bTaTaM NPOoAYBOK Mopaelieff
B a? poAHHaMHYyeCKHX Tpybax. 119 KOHUYECKOro MHOKpbITUHA
ClIHpalbLbHO-HABUBHbIX CHJIOCOB C y4Ye€TOM Hak/JaoHa ~ 307
avauenne ( py Ha KoHMyeCKyio Kpbliny B / 2 ] OTCyTCT-
ByeT.

[To naudeiM paborel /87 B pe3dyibTaTe NPOAYBKH
Moaelleff CHIOCOB CO CHHpalbHbLIM pebpoM, BBHIOJIHEHHBIX B
MacuwitTabe 1:20 nmo OTHOWEHHIO K CHJIOCY Ne 1 Ta6ia.l, noo-
JIy4HI0Ch, 4TO Ko3agppuuneHT ( ps = 1,3. [lonHoe HopMaib-
nHoe napnenne W, + W, Ha KoHHueCkoe  [OKpBITHe
MOXHO [/ pacueTa pa3jiOXHWTbL HA BepTHK ajlbHyl0O U IrOopH-
30HTAalbHYI0 COCTAaBIfAlINe, KOTOpble 3aTeM paBHOMEPHO
pacnpenengiTCsa o NepUMeTpy Bepxa HHIHHApHYeCKOH 060~
JIOYKH CHOoCa,
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CornacHo TeM Xeé 3KCIepHUMeHTaM, OJf Ipylnbl CHI0-
coBp H3 B-TH UAJIHHApPpHMEeCKHNX OO0OJIOYEeK a3poaHHaAMHYyeCKHe
Koa(pPMIHEeHThLI HAa OOOJIOYKY fe, M Ha IIOKpLITHE Cez
pexoMeHaAyeTCHa yBellA4YUBaAThbL B 30He pa3psxeHHsa, NpUMep-
Ho, B 1,8 paza 1m0 cpaBHeHHIO C OAHHOYHBEIM CH/IOCO M,

A na BuhifioHeHHS pacyeTa He3anolHeHHOro CHAoOCAa Ha
CyMMAapHyI0 BETpPOBYIO Harpyaky W; 3Ta Harpy3xa B
KO/IbUEBOM HdJdllpap/leHHH allpOoKCHMHUHpyeTCss TPUrOHOMETpH-
yeCKHM pPdAAOM INyTeM lpeaBapHTelIbHOIO NpeacCTAaB/IeHHd B
phipaxeHuax (16) u« (18) W; B BUAe

W_ =W X 4, cosnf (20)

Koadduune HT I A 4 onpeaeldloTCH /A [MPAaKTHYeCKHUX
pacyeToB No dopMyiaM NPHOGIHXKEHHOI'O rapMOHHYEeCKOro aHa-
s a. [1718 Npak THYeCKHUX pacyeTOB MOXHO OrpaHHYUTHLCH
ynepxaHineM B ¢popmyie (20) nmeppbix MaTH uneHon psna
(n =20,1, 2, 3, 4). B atom cay4yae BbopaxeHHs 078 KO-
appuuHeHTOB A, HMEIT BHA

o
= |~

™ X
J
—— ————
K
+
u""*\
-~
—~—
> Wy
N
|
.y
.b
)
L
g
o S

f (21)
2=-Zf_(y1_#2y3+y5)7
Ay = Ly, +1.409,-4) - ys) s
Ao= T (o,v 204,57 9,74,) *Ys)
1 y2!a o Y B popmynax (21) eCTp_CO-
OTBETCTBEHHO 3HAYEHHS K K, Cg B TOdkax 0,

45 , 900, 1350, 1800. dHayeHusa Cﬁ naibl B Tabta.n,
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8. PACHETHoE 3HAYHEHW A HATPY30K HA
OBOJIOYKY CHUJIOCA C YYETOM
KO3¢¢HUMEHTOB COHETAHU A
U yC/IOBHH PABOTHI

5.1. [Ipy pacuyeTe 3a&nONHEHHOI'O CHJIOCA HA NPOYHOCTH
rOpM3OHTAllLbHOe OaBileHHe Chllyyero MaTepHana P, B Co~
oTheTCTBUK ¢ ¢opMmynamu Hucena (1) u (2) onpepensercs
BhIpaX e HUeM

ph:".}/;p:(w,*ﬁ‘/’za:)ir (22)

B cCooTBeTcTeuu Cc popmyramu (7), (8), cornacHo pacuery

KOHCTPYKUHH K&K OyHKepa, IIpH ho‘-'-": 1,5 A

)
phz= Jj%"fp;,z ‘ (23)
B (22) Xf = 1,3 - KO3¢QbUUHEeHT HAOEXHOCTH IO
Harpya3ke cornacHo n. 4.2 / 1/: 901 = 0,959 - koadduuu-
eHT COYeTAaHHa ANd AJIMTeJILHbIX HAarpy3ok; ‘//2 = 0,8 -

KOoadpPHLUHEeHT codYeTaHHsa AJd KpaTKOBpeMEeHHbIX Har py3oK
cornacio n, 1.12 /2 J npu ), J/fé?,ph“ff bz

B/C = 1 npu h’-’} 1,9 V/—q:- K03¢pPHUUHEHT ;
Y, =03 npu h, <15 VA |,

yCJIOBHS paBoTbl cornacHo n.4,2 /1 /.

B (23) f4 =13 cornacko n. 4.2 /1 7; ¥, =0,85
n, 1.12 /2 /.

[opHaoHTanpHOEe napiaeHHe Chinydero martepuana R4
OT nNefCTBHA TeMliepaTypbl B COOTBeTCTBHH C ¢opMyJIOl

(13) onpenensercs BbipaxXeHUHEM

Pue=4s%, Pur (24

roe J’f = 1,1 cornacuio n.4.2 /1 7; ‘#2 = ] corinacHo
n,1.12 £ 2 /.

[lonHoe BepTHKAa/ILHOEe OAaBleHHe ChbUlydyero MaTepHana
Ha CTEeHKH CHJOoCa 3a CYeT CH/l TPeHHA, Ha ypomrde Z OT
Bepxa 3acChbllKH pn (Z ), B cooTReTCTBHH C POPMYy-
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namu HfAucena (3) u (4) onpenensercs BbipaxeHHEeM
- n —
pﬂ[z)=qu}1pn (Z), (25

rae Xf = 1,3 cornacHo n. 4.2 /1 /; ¢}, = 0,85 co-
rinacHo m, 1.12 / 2 /.

[Ipy pacyeTe KOHCTpPpYKUHMH Kak OyHKepa, B COOTBET-
cTBHH C ¢opmyno# (8) [ 20 ] npuHUMaeTcCd w, = 0,95;
J/_f = 1 (cornacso panawrim HHHHIIpomaepuonpoexTa).
YxkasaHHoe 3 Ha4yYeHHe j/f peKoMeHayeTCq NpPUHUMAaTh I[IPH
pacyeTe O6yHkepa Ha yCTOHYHBOCTL, & TAaKXe pacnpocrpa -
HATh Ha pacdeT CHHUpDAJLHO-HABHBHOI'O ODyHkepa Ha Npoy -
HOCTb, [IOCKO/JbKY 3TOT pacyeT NPpeajloXeHo BbIIO/IHATbL o
nehopMHPOBAHHOHR CxeMe C yd4yeTOM HayalbHblX HCKpPHBJIEe -
HAH,

BepTukanbHaa Harpy3ka {, OT COOBCTBEHHOro Beca
OAHOTr'0o NOrOHHOI'O MeTpa, CYUTAS O BLICOTE CTEHKH CHIIO0-
ca WHPpHHO# B 1 CM H TonmuHoOH T B COOTBeTCTBHH C

’

dopMmyno#t (10) u Tabn. 4, onpeneligeTCs BbIPAXKEHHEM

99=Xf ' 9: (26), rge 'ﬂf =1,00 no Tta6/.l [ 2 7

BepTrdk albHasg Harpyska OT BeCa IOKpPbITHS g . Ha
1 n.cMm llepuMeTpa Bepxa OGOJOYKH CHIIOCa Ha ypOBHe Z= A,
B COOTBETCTBHUH C I1.,4,9, ollpenefiseTCs BbIpaXeEHHEeM

n
g, = Xf g, (27), rne ‘x§=1,05 no ra6an.l [ 1 .

BeprukansHasa Harpy3ka OT CHera Ha | nN.CM IepH-

MeTpa Bepxa O060/IOYKH CcHUI0Ca J , B COOTBETCTBHH C
n, 4.10, onpenengeTcsa BhIpaxeHHeM
n
5 = Xf (P‘,_, pC ’ (28)

Xf = 1,6 corJyacHo 0. 8.7 [ 2 /; (/JZ = 0,6 CO-
rnacHo o, 1.12 [/ 2 7.

BepTuKk anbHass Harpya3ka OoT TepMoIoapeCOK Ha ] n,Cm
nepuMeTpa pepxa O0OOJOYKH CHIIOCA pr , B COOTBeTCTBHH
c n, 4.13, onpepengeTcsa BbipaxeHHeM

pr‘:h"“fp" (28)

r
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B’f = 1,3 cornacHo n, 4,2 /1 7; (P’ = 0,95 cornac-
Ho N, 1.12 [ 2 /.

5.2, [lpu pacuere sanmonHeHHOro CHiloca Ha yCTORYH-
BOCTh KOJIbUEBOE€ IOPpHM3OHTanlbHOE AaB/leHHe Chilyyero Ma-
TepHana M gapileHHe Chbilydero marepdana oT TeMlepaTry -
pbl He yYRTHBaeTCHd, B pe3lynbTare ropH3coHTAallbHOE [J4aB-
TeHNe Chilyyero MarepHana B CoOOTBETCTBHHM C ¢popMy/aMHu
(1) u (8) onpepensercd CoOoOTBETCTBEHHO BbIp&X CHUSIMH:

n
Pri=¥s ¥ Py ; (20

n
ph1=3/f W.,th , (31)

J/j = 1,3 cornacHo 1, 4.2 /1 7; ‘1’, = 0,95 cornac-
Ho nn, 1.12 /2 7.

BepTikanpbHoe naB/leHHe OT Chllydero marepuana o
dopMyne HHCeHa u NpH pacyeTe KaKk GyHKepa, a TakXe OT
COSCTBEHHOro peCca CTeHKH OOO/MIOYKH, IMNOKPLITHA U TEepMO-
NOARECOK OCTaHeTCH TAaKHUM Xe Kak IpH pacyeTe Ha NpPoy-
HOCTb, cornacHo BbipaxeHusam (25)-(27) u (29).

BepTukancHoe naplieHHe OT CHeroBOJ} Harpys3ku o
olpenenseTcs corjacHo Beipaxenuio (28), no c K03 hPHIH —
eHTOM ‘/)2 = 0,8 cornacko n, 1.12 /2 7 4 HaACTOSuNX
RekoMeHaalHu i,

5.3 . Hapsiny c npuBeneHHbIMM O&HHBIMH IO Harpya-
KaM Q78 pacuyeTa aanonHeHHoro cuanoca s HHHUHUCK um,

B A.KydepeHko paadpatoTaHa nporpamma ZERNO Bbl

YHCJ/IeH Hd 3Ha4YeHUH Harpy3ok, IpH pacyeTe HaA IPOYy-

HOCTh M yCTOWYHNBOCTL.
5.4. [Ipu pacueTe HezanoJIHEHHOro CHUJloca Ha IpoY-

HOCTb (IIpH OBYyX KpPATKOBPeMeHHbIX Harpyakax OT BeTpa
M CHera) cymmapHoe rOpH3OHTAaA/llbHOe 3HayeHHe CcpenHel H
ny;1bCHpyloWiefli COCTABNAIWHKX BETPOBON{ Har py3KHd WE =
wW,, + WP ., B COOTBeTCTBHH C I.4.]14 HactTosamux Peko-

MeHL auHft, onpeneseTCsl BbIpax eHHeM
n

We=Xf Y, We, ; (32)
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rae b/f = 1,4 cornaacHo n.,6.11 /2 7;: (Pz = 0,9 co-
rrnacHo o, 1,12 / 2 /.

BepTHk alibHOe [aBlleHUe OT COGCTBEHHOro BecCca CTeH~
KM CHJOCa ¥ NOKPHLITUA onpenellgeTCs BblpaxeHuamu (26) wu
(27), u,5.1.

BepTHkanwHas cocTap/gplias OT OaB/I€eHUS BeTpa Ha
KoHU4YeCKoe INOKPLITHE olpenenseTcd B COOTBETCTBHH C
n. 4.14 npH X_f = 1,4 n ¥, =0,9.

BepTHk alibHOE [aB/JIeHHe OT CHera 3  olipegeiseT-
cs BbipaxeHuneMm (28), n. 5.1, npu sTOoM J’f = 1,4, a

'#'2 = (0,9 cornacHo 1, 1.12 / 2 7.

5.5. [Ipa pacueTe yCTORYUBOCTH CTEHOK He3aloNHeH-
HOI'O CHIoCa pacyeTHble Harpy3kid NPpUONHMXeHHO MOXHG
NpHHHMM aTb cornacHo / § /, crp, 126-127.

BepTHKkalbHOEe naBlleHHe OT CO6CTBEHHOro peca, peca
[IOKPBLITHA M OT CHera Ha IOKpbITHEe INpHHHAMAaeTCs KakK H
Npy pacyeTe HAa IPOYHOCTHL COrJiaCHo I.5.4.

BbokoBoe BHellHee pap/ieHHe OT BETPOBOH  HAPy3KH
Ha BepTUKalkHble CTEHKH CHJIIOC& YCIOBHO NpPUHHUMAaeTcd COo-
I'IaCHO / 3 / paclpefielieHHbIM IO OKPYXHOCTH C y4eTOM
A OIIONHUTEJILHOIO KO3ppulMeHTa HaneXHOCTH [0 Harpyske

!f1=0:5
1
Weszf ' Wm l/f y

rne Yy =1 (57, crp. 127.

5.?. PacuyeTHple adHaueHHUss BepTHK allbHbIX HAr pyaok
H& 1 M KOHHYEeCKOro InOKpbiTHA (NpH pacque2camoro 10—
KpbITHSI) OT COODCTBEHHOro Beca ¢, Ha l M B COOT -

BETCTBHHM C II. 4.9 onpenenseTcs BblpAXEHHEM

2
g,=10°y; 25 Rg" /AR =10y, 59, , (33

! f

Harpyaka oT CHera, npd orTCyrCTB4dd BeTpa, onpeaeigseTrcd B
COOTBETCTBUM C ¢popmyno# (11) 4 Tadbn., 5, BpBhipaKeHHEeM

S =Ys5", (34)

1,06 cornachHo Ta6a. 1 [/ 2 7.
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roe ¥, = 1,6 coraacxo n. 5.7 /2 J.

o.7. B Tab5n. 11a,6,8 /6 ; NpHBene bl pe3yilp-—
THPYIOIIHEe 3HaAYeHHd paCyYeTHbLIX IOPH3OHTA/IbLHBIX A&aBJIeHHH
q ( Z ) ¥ nonHbIX BepTHKAJbHBIX yCHIUH P (f } nag
cUnocoB Tpex emkocte#t (Tagn.l, cunoca }, 3 u 4) c yye-
toM BhipaxeHufr (22)=(31).

PacueTHags Harpyska nogoCyudTaHa C y4eToM CHeropol
Ha NokpbiTHe cunoca ang [l pakona., llockonvky ynensHbIHA
BKJlad CHEeroBOHM Harpy3KH HeBeJ/IMK, TO 3HayeHUs pacyeT -
HbIX Harpy3ok B Tabn. 11 a6, [/ 6 ./ MOXHO COXPAHHTH
nig paioHop 1-1V,

6. PEKOMEHAYEMbBIE PACHETHASA CXEMA
M METOAHMKA PACHETA HA INPOYHOCTDb
CIIM PAJIbHO-HABUBHOI'O CHUJIOCA

3 anloJdHeHH bl H CMJ o C

6.1. PacuerTHas cxema CHJIOCAa U NpHBOAHMBIE  HHXe
MeTodbl ee pacyeTa pa3paboTaHbl H H3/IO0XKEHbl C y4YETOM
OCOOEHHOCTEe |l HAalpAXKEeHHO-AePpOpPMHADPOBAHHOI'O COCTOSHUS
(HAC), o6ycnopaeHHOro 0COGEHHOCTAMHU KOHCTPyKIH M H
Tex HOJlor ¥4 uarotoesneHua (cM. paspen 2) . B wyacTHOCTH,
BC/leJCTBHEe NOBLILIEHHOH TOHKOCTEHHOCTH CTEeHKH CllegyeT
y4dThIBATh BJIHgHHUE N POOONLHBIX YCH/IHH HaA ee HUITHOD B
Mexpalpuepot 3oHe (MpPOM3BOAMTH pacdeT o Tax HAa3blBa-
eMolil “nedopMHUpOBAHHOH Cxeme” ),

8.2. Baaronapas Manomy yrily HeKJIoHa BHTK& CIHpallb-
Horo pe@pa, INIpMMepHO paBHOr'o 1 , KOHCTPyYKTHBHad cCxXxeMa

06 0/I0OYKK CHJIOCA, KaKk OTMeUYalZloCh IIpH pacyere, 34MeHfgeT-
CH UMJ/IAHAPHYECKOH PeOPHUCTOR OHOJIOUKO Y C KONbUEBbIMH De6-

pamMi ¢panpueBoro THna, ¢ pacCTosHHAMHU MeXny pe6paMu pap-
HbIMHA lnary CliipaJlIbHOI'O pe6pa f‘ . %OCHOBaHHe TAKOIr O
AONylleHda H3/I0XKeHO B pabotax (/717 H [ 97 u n, 6.8.

8.3. B Hauya/lle CHJI0OC CIUpalbHO-HABHUBHOI'O THIIA 3 8-
0AaHHbIX pasMepop paccyudTrniBaetTcs 6e3 yCHneHHds ero nQo-
MOMHUTE/bHbIMH KOHCTPYKTUBHLIMH 3N1eMeHTaMH, B YACTHO-
CTH, BepTHKAaILHBIMH CTOHKaMH, B cnydae, eCad 0o pe-
3y1bTATaM TakKoro pacyeTa OKAaxeTCd, YTO B HEKOTOpOo#H
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soHe (06bLIYHO BHM3Y) He ynoBNEeTBOPAIOTCS TpebyemMbie yC-—
JIOBUS NPOYHOCTH HJIH YCTOHYHBOCTH, TO 2T& 30HA yCHI/IgET-
CHd U pacyeT NOBTOPAETCH COrJ1aCHO paCyeTHOR CxeMe yCh-

nenHoft o6onouxku (Hanpumep, coriacHo n, 8).
6.4, B kauecTpe pacueTHOH CxeMbl BCEro cujoca, He

yCUII€HHOI' 0 CTORKAaMH, [IpHHAMAaeTCH CcOCTaBHAd CHCTema U3
KODOTKHUX COCTAapanlOW¥X 00O0NI0OYeK, CoeAHMHEeHHbIX Mexny
coHf0o#i MrOPU3IOHTANLHEIMHU dalpliepbiMid pebpaMU 3aMKOBOIO
runa (puc, 1,6). KopoTkne cocrapigwouine OGON0YKH Bbl-
coToit,papdoy | , HasBanbl “obGeuaiikamu”, Panbuesble
pe6pa C BEICOTO# [, COCroiT M3 BepXHeil ¥ HIKHe# Mo-
JJOBHHOK, OTIHY&KMUXCH Apyr OT aApyra BHUAOM CBOE€H reo-
MEeTpPHH, KEeCTKOCThIO H NOAAaTIUBOCTLIO,

6.5. IlpuHaTaa pacyeTHas cxema, B CJ/yyae 3alO/IHEeH-
HOI'O Ccunoca, MoxeT ObITh pacCylTaHa Ha papJjienye azepHa
H BO3AEACTBHE ApPyrdX OCeCHMMeTpHyHbIx Harpyaok (I.nm,

5.1 1 5.2) KaKk B 60~
llee NpUOIINKEeHHOH’,

P i TaK K DoJilee CTpPOro#
= £ I>CTAHOBK aX.
cads E B onee npocTas
E E NnoCTaHopka (B CMbIC—
1 E = Jie BpOA& HCXOOHOX
e E E uHPOpMau Ny Pt
-1 ] SBM M BOo3MOXHOCTH
—— g q Io BLIIOJIHEHHS pacyeTa
e = faxe ¢ HOMOIBIO MUK-
- T poKalbKyJisTopa) CBO-
=3 E E QUTCA K pacyeTy OT-
‘ ] E ge.lbHOH obevaikH B
s E - NpPEennONOKEHAN, YTO
-~ E E [I0 BbLICOTE yd4dacTkKa
1 E =| cH/loca OOHON TOJIUM-—
AT upl { , pacueTHas
_ﬁ_-d'i’ﬁﬂa’ 'OpH3OHTA/IlbHAd Ha-
rpy3Kka ¥ nonHoe pep-
THKa/lbHOe [gapljleHHe
B CTeHKe NOCTOAHHbL
Puc. 3 M papHbl MAaKCHMalp-—
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HbIM UX 3HayeHuaM (puc. 3). Ang HIKHe# 30HB] MAKCH -
Mal/lbHble 3HaA4YeHHA NPHHATbHI HA ypOBHe Bepxa HHXHel o6e-
yankkKH,

Bonee ctporad
[IOCTAHOBKA pacyeTa
Ha NPOYHOCTHL CBO-
AIITCH K pacHeTy
BCEero CHUnoca Xakx
UHIIHHOAPHYECKOH’
OBO/MOYKH C 4YAac ThIM
0 HCK pe THbIM pac -
[IOJIOXEeHHeM KOoJlp -
Hepbix pebep danip-
HeBorro THMA Ha

ne#cTpHe IepeMeH — 1 =i

HOH IO BbLICOTE I'O- _E_] .c":‘:

PH3OHTAJBHOHA U | : ] }

BepTHKAJIBLHORK HE - r, "E"' -

rpy30K, I[pA 3TOM — E aAY

B Upenesiax X axaoH "-E =t |

obedyaik1 3TH Ha- "E § 2. S

FPY3KH NPHHAMAIOT- o *. .. : =

C IMOCTOSIHHBIMH H ? i‘i |2 ’ ..:'1

paBHbIMH: I'OPH3OH~ r *;' ﬂ 32: ; o
' = ]

TanbHag Harpyska -
MAaKkCUMallbHOMyY 3 Ha-
YeHHIO paCyeTHOH Ha-
rpy3ky Ha ypOBHe Puc, 4

HH3a8 Kaxgoh cbe-
Yaflkd, NpoaofibHOoe yCHIHe OT BepPTHKA/bLHOH HArpy3KH -

MAKCHM a/IbHOMYy 3Ha4YeHUIO yCH/IHd B OAaHHOH obeudajltke, KO-
TOpOE€ NpHKIagbiBaeTCs K €e HHXHeMy xpaw (puc. 4),

8.6. PacyeTHas cxemMa pebpa C CeyeHHUHeM B BHAOe
ABNHHOrO dainbua ANg onpenejlieHHs reoMeTpHYyeCcK Ux v
XeCTKOCTHBIX XapaKkTepHCTHK IIPDHHATaA C y4YyeTOM €ero KOH-
CTPYKTHBHBIX OCODEeHHOCTE i,
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)

B cocTap nonepedyHoro ceyeHHsg pebpa 2pr yC—
JIOBHO BKJ/KyaeTCH 4YaCThb CeyeHHus NeTiHH JIeHTbl, HaduHas
c MecT 3akpyrnenusa, Ha puc. § ceuyeHue pebpa npeapcrae-
NeHO 3alTPHUXOBAHHOH 4Ya&CThI XU COCTOHT H3 KPHBOJIHHe -
HbIx H N pAMONHHEeMHblXx y4acTKoB. KOHKpeTHhle pa3Mepbl
ceyeHHdg pebGpa, OOpa3oOBaHHOro B BHAEe CJIOMCTOro IlaKera,
ollpeaendalOTCd 3 aroTOBKOM /eHThbl, ee TOJUWHHOA H TEexHOJOo-
ruejf UI3roToB/I€HHS KOHCTPYKUHH CH/ZIoCA 3aQ4HHOr'o pHa -
mMerpa 4 . YIoll HakiOH& Ce4yeHH pefpa K I'OPH3OHTY

PP IIpHMEepPHO CoCTaBngdeT 25° .

Puc, 5

[eoMeTpHYeCKHe XA&pPAKTEPHUCTHUKH [MoNepeyHOoro Ce4yeHHd H
KO03pPHUHEHThl NMOQAaT/IHBOCTH H XECTKOCTH BBOASTCH C
KO3pPHUHKEHTOM 2 C TeM, 4TOOBI [IpH pacdeTe o0GoJ/0YeK
no ykalaHHolt cxeme (cM. n, 6.5) OHH BBOOHIMCHL B pac-
yeT HO/JOBHHHBIM 3HayeHUeM, T.e. Oea koadpHuAeHTa 2,
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Taennua 10

CraTuyeCKulf MOMEHT

MomeHT HHepuHH peb~| LnauHgpu-

TonumuHa
HCTa HHepUHH pebpa OTHO- | pa OTHOCHUTENBLHO YyeCK asg
¢ CHTE/ILHO XKECTKOCTb
s ’ 06 OJI0OYKH
t, = 0,4
t , = 0,3
L, = 0,2

(€



[TapaMe TDBbI

32

X1
X2
X3
X4
X5
X6
X7
X3
X8
X10
X1l
X12
X13
X1l4
X15
X16
Y1
ya
Y3
Y4
Yo

0,2

0,2
0,4

1,52
0,45

0,643
0303

1,013
1,028
0,07
1,45
0,2

0,361
1,007

228
2,964

071

1,622
1,845
0,072

.52
0,45
0,6
0, 688
0,324
1,084
1,028
0,07
1,45
0,3
0,407
1,211
0,258
3,118
0,6
0,76
0,321
0,191
0,45

0,0444
0,45
0,75
1,803
1,940
0,085

Tapnuuna 11




[Ipy onpenenenmi reoMeTpHieCKHX XapakTepHCTHK
panblueporo peépa, BXOAAHMIMX B KO2OPULUHEHTDB! XECTKOCTH
Ha pacTHaXeHWe U H3ru6 B KOJbBUEBOM HallpaB/leHHH, CJ/le -
ayeT y4HTbIB&Tb 3KCLUeHTpHCUTeT ceyeHus (puc. 5) orHo -
CHUTENILHO CpeAHHHON NOBEepPXHOCTH UHUIIHHAPUYECKOMN yacTH
o6osoukd, [danee no sanaHHelIM pasMepam y4acTkoB X[

n YA |, noxkasanubiM Ha puc.5,u yray fip Mo M3BeCT-
HbIM $OpM ynaM CONpOTHUBIEHHA MaTrepHana / 11 7 Bbiuuc -
MAOTCS: NONOXEeHHe LHeHTpa TAXECTH CeYeHHS PACIHOJIONKE -
HUS raaBHblx ocel uuepuuun X, u Y, | craruyeckue

momeHnTel R3pz um  2S5pr  u mMomeHTn uHepunu 2Jpz

n 2Jpp OTHOCHTeqpHblx ocet Z u t  (puc., 5).
O na tomuuHsl nentnl cunoca ¢ = 0,2 cm, 0,3 u Q4 cMm
3H&YEHHUHA YKA3AHHBIX reoMeTpHYeCKHMX XapakKTepPHCTHK M
ceyeHHe pe6pa 2Fp npupeneHsl B Ta6n1.,10., Tam xe
NpUBeaeHbl 3HAYEHHs UHMJIHHAPHYECKOR XXeCTKOCTH O6OJ/IOYKH
3
Et
12 (1-v7?)

B Ta6n. 11 npuBeneHb sHayeHm pasmepor Xi (¢ =1,2,3,
.y 18) 1 YK (K = 1,2, ... , 5) n paccrosnus €p, [,
nm Z, (puc, 5). lnA BLIYUCNEHHS HEKOTOpPHIX IE€OMETpPA-
yeCKHX XapaKTepHCTHK TaKXe COCTAaBJieHA nporpamMmMa

CEOM , KpaTkas MHCTDPYKUHA KOTODON H3/IOXKeHa B
/ 6 7 llpunoxenue 1,

KoadpuuneHTbl nonaTiAMBOCTH ¢albleBbix pebep C
OBORHBIM ¢aibueM (eAUHHYHOt WHPHHBI B KOJLUEBOM  Ha-
npasnedus ) ot npopoapHpx ycunuit N, u momenros Mg
NpUHMMAIOTCE C Koadduuuentom 2, 2§;; (5, ¢ =1, 2).
Mpu atom 20, ( 1/Mlla-cmM™ wnam 0,1/ kr) o6o-
3j:a4yaerT B3AMMHBIA yron nopopoTa KOHIUOB IIOlIepe4yYHOoI'o ce-
yeHUd pe6pa OT eadHHUYHBIX MOMeHTOB M = 1 B Mecrax
koHTaKkTa C ofonouko# (puc. 6, Touka A); 24,
(1,Mlla cm unu 0,1 CM/KI') TaKXe OT eaNHHUHBIX O
NG IbHbIX yCHNHHR N, = P =1 (1/Mlla unu 0,1 cM /xr)
B3aiMHOE CMelleHHe KOHLUOB IollepeyHOro ce4yeHHs pebpa
OT eAMHMUYHBIX ycunust P = 1. 2521 = 2612 ) [To-~
0aTIHBOCTHIO pebpa OT pefCTBHUS nomepeyHblx ycunu# §Q
nepenawixca ¢ o6o0n04Yyk Ha pebpo, MOXHO NpeHebHpeyb,
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Pebpo danpueBoro THna, Kax CleluHpHYeCKHA CTbIKO-—
BO#l 3/IeMeHT HyxX[aaeTCs B CHelNalbHOR 3KCIepHMEeHTAallb—
HO#l IpoBepkKe M HU3y4YeHHH (aKTHYeCKHX XAapaKTepHCTHK I O-
OaTIUBOCTHA M XEeCTKOCTH TakHX pebep, nonobHO ToMy, Kak
B CBO€ BpeMs] 3KCIepHMEHTA/lbHO H3y4allUCh CThIKOBbIE, 3 a-
KJenoyHble, OOJITOBLIEe, CBApHLIe H ApyrHde THIbI COegHHE -~
HH#t, [lockonbky yeTKHe 3KCIepHMeHTAalbHble [O&aHHbIE 0
xoaduurentax nopariusocth 20, ; OTCYTCTBYIQT, TO
noka nNpenjloxeHbl ABe BO3MOXHBIEe pacyeTHble CxeMbl A4
KX BbIYHCJ/IEHHs,

B xagecTne nepBo i
1pensioxeHa ycJloBHad MO —
aellb B BHOe CTepPXHeBOA CH-
CTeMbl eAHHAYHONR LWIHUDPHHBI B
KOJILUE BOM Hall paBJIeHHH, OG-
pazopaHHass U3 OABYX BeTBeHR
pebpa, KOHTAKTAPYIOIIHAXCH B
OTAeNbHbIXx Toukax. Ha puc.6,a
HaobpaxeHnHa atTa Moaenp,Kor-
na BOOJp OOOJNOYKH BO3 HHKAaA-
er cxatie HF < , a Ha
puc.B8,6 - Korga BO3HHKAET
pacTsixxedune P > (0 .

et MecTa kOHTakTa BeTBe# 060-
M= 1 ] 3Ha4YeHbl KPpyXKamu, KoHTakT
oy B Toyke L ofecneyusaetr OT-
CYTCTBHE B3AHMHOI'0O CMelle-—
HUR OABYX BeTBEW B HX MI0C-—
M« kocTH, [lonnoxeHne ocranp -
HbIX Touek KOHTakTa (ToukH

M= Bu 1) onpepensercs  H3
yCJ/IOBHSI paBHOBECHSI KaxaoH
BEeTBH IIpDH H3ruBe HX CH-
naMmi P =1 »n MoMeHTaMH
M= 1., llog ToykaMm  KOH-
Puc. 6 TaKTa NonpasyMepaeTCH TOY-
KX B3AQUMHOro HX HanapjJnpaHusi, Mexagy 3STHMH  TOYK aMu

NpAMOJIMHEeHHbIe ¥ KDHBOJIMHefiHble yyacTkH (HauuHasg  OT
Touex A) paccMmarpHpBaioTCa KaKk Harubaembie or P = 1n

5)

M= {

\
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M = 1, B peayilbTaTe 4yero M olpenensiOTCH KO3(pPHLHeH-
Thbl 25” . Pacuernas cxeMa damsueBoro pefpa,KOHTaK-
THPyKOLIAA TOJbKO B Tpex TOYKAax,OblJla NPHHATA Ha OCHO —
BAHHH NpenBapHTeJIbHbIX pacdeToB C 60JABLIIMM YHCIAOM TO-—
YeK KOHTaKT&, NpPpH 3TOM BBIABH/IOCH, YTO B AOINOJHUTEIp -
HblIX TO4YK&x [IPOHCXOAHMT He HaJaB/HBaHHE, a pacxoxgeHHue
BeTBe} H KOHTAKT B 3THX TO4YKAaX BbIKIIOYaeTCsa. YKasay —
Hasg Mogellb Ha3zpaHa "crTepxXHepo#f Moaelpio’.

B kxauyecTee BTO-
poll TNpealioxeHa "KOoM-
6 MHHpOBAHHAaa Moae/p* o)
B BHAE OABYX KOHTaK-
THPYIOIIHX CJ/IOEB
(puc., 7,a), npu aToM
y4aCTKH 3THX CJIOEB
OT MECT COolIpsXKeHUSI C
HHIHHAPHUYECKOH 060~
noyko#t B ToYKax A
0O MeCT HX KOHTakKTa
MeXAY COBOOR B Toyke
B no-npexHeMy pac- 2Pl ap
CMAaTpPHUBAIOTCH KakK Ha- H\
ru6aeMoele CTEPXHHU M, v g Y S

eqQMHUYHONW UIMDHHBI, & w ﬁ‘
panee Ino NJIOCKOCTH ia‘h"-’
KOHBTAKTAa KaKk enuHasg _

beCKOHe4YHO pAJIHHHAaA P

nonoca eqHHHYHOH
wHUpUHEbLI BbICOTOA 2T, S P
Har pyX eHHag Ha KOH-
nHe B To4dke B, BO~
neppbix, MOMEeHTa~
Ma My =1 u, po-
BTOPbIX, ABYMA B3aUMHO NPOTHBOIOJNOXKHBIMU CHIaMH P u
momeutamu Mg = P.g, rope ap= (X8 + X14) /2
(puc, 7,2) npu P = 1,

*KoMBUHHUpOBAHHAA MoOOAEeNb” MOXeT HCIONB3OBATHCSH
TONBLKO AJIg pacyeTra OOO0JAOYKH, KOorga B IMpPoAOobHOM Ha-
npapiennn (no ocu Z ) oHa cxkumaerca, t.e. N, < 0,

-

Puc. 7

35



A na uopeHTHUYHOCTH pacuyeTOB 060/04YeK, Korga B HHX
B HEKOTOPbIX 30HaXx BO3HHKAIOT IPOAOJILHbIe CXHMaouHMe

yCHIINS N,< 0, a B npyrdx 30HaX nNpopo/ibHble pAaCTa-
rUpalpmue ycHJIug N,> 0, nanpiumep, B Cllyuae pacyeTa
Ha BeTep He3alloJIHEHHOro cHiloca, peKkoMeHayeTca  (noka

plipens A0 NoNy4YyeHUS AOCTOBEPHLIX 3IKCIEepPUMEHTAalbLHbIX
JalHbIX 10 KO3pPUHUHEeHTaM nNogaTNUBOCTH OIS alIOMHUHHUEBbIX
CHJIOCOB) NONL3OBATHLCH 3HAYCHUAMH KO03(pPHLUHEeHTOR NnoaaT-
mipoctd 2 0,( , COOTBETCTBYIOWMMH YCTepXHEBOH MO-
nenu®, TOYKH KOHTaAKTA B KOTOpPOH yCTAHOBJIEHbl K&K Te-
OpeTHYEeCKH, TaK H 32KCIepHMeHTAaJIbHO,

CooTBeTCTByKOWIHEe KO3(GPUUHEHTbl XECTKOCTH ¢anple-

Boro peépa /g onpenenalOTCs obpamleHHeM MaTpPHI LI
H3 KO3pPHLIHEHTOB 555 :

68.7. KoadpHuueHTbl NONATIHBOCTH Eﬁjg dalbueporo pet-
pa, COrjlaCHo pacCyeTHOH CxeMe Kak YcTepxHeBo# Mopenu”
(n.8.6, prc. 6), onpenenswoTca no dopmMynre Mopa

f Sa Sd
28 = gz |} Mi(Sa) M, (Sa)dSa* Y Mj(54)
’ o o 5,  (35)
<Mi ($5)dSy|, J, =12 Jpst/1z
B3aNMHbLIM HHTErpHpopailieM 310D M1 U M2 BOO b

BepxHel M HHXHel BeTBell pacCMaTpHBaeMOHR CTEpPXHEeBOH
CHCTeMbl COOTBETCTBEHHO OT €OHHH4YHOro MomMeHta M = ]
M eQMHH4YHOR cuiansl P = 1, NpHNOXEHHBIX B TodYkax A CO-
npsokeius pe6pa ¢ o6onouyko#, Ha puc. 8 1 § npencraeie-
Hbl 3MI0Opbl MOMEHTOB 719 Clydas, Korna nponojnbHasg cHia
P= 1 spigercsa CXHMawUWel H COBMeCTHO C MOMEHTOM

M = ) aakpniBaeT ¢panpu, a Ha puc., 10 U 11, Korpa npo-
nolpBaa cuiaa P = 1 gpilsgercs pacTtarapamomei # cCoBMeCT-
Ho C MOMeHToOM M = 1 packpbBaeT ¢albl,

Ecnn oxoH4YaTe/lbHbie 3HAYEHHS MOMEHTOB B TOYKAaX

A nonyyarcs C o6paTHHNMH Hanpab/eHHaMmMH (3Hakamu) IO
CpaBHEHHIO C yKasaHHbIMH Ha puc. 8 M 10, TO pacuyeTHbIe
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CXxeMbl IIPpH CXKATHH
(puc. 9) U pacTa-
¥eHHHU ganpla
(puc. 11) coxpa -
e IOTCH IIPH yC-
JIOBHH COOJIOQeHUusA

HEepaBEHCTB
Pa,~M,>0, (36)
rpe dp - pac-
CTOsIHHEe OT OCH

CeyeHHUS OO OJIOYKH
no Touyky B ceye-

HiUs1 pebpa. [1pn
P < 0 ap =
(X8+X14) /2

( puc. 6,a),

1 pH P > 0,

A,=(X16+0,423 ¢ )
( puc, 8,6 ).

118 BbIyuc -
TTIeHUsa XKoadpdUuHeH-
roB 2 0 i CO-
rnacHo (35) co-
cTap/leHa INporpam-
Mma ROSST-1
Ha f3blKe $op -
Tpad, Kpartkaa HH-
CTPYKIH K Hel
npupeneHa B [IpH-
ToXeHur 2 [/ 6 Je.
Hapsiny C 3TOi Ipo--
rpaMMo#f, alld Ha-
n6oJljiee paclnpocCT -
paHeHHbIX TOJIHKH
NIeHTHI CHJIoCA 6bl-
JIX BbIYHCJ/I€HDbl NO-
JIOBHUHHble 3 HA&YEeHHS

Yacmp A

H) Yacme B

Mr{ Sy Y8 |
.s\\.!“lllllllll T[T

n

=~
)

X13 X9 X10 X i X4 X2

Puc, 8

Pt
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Tadbmuua 12

Tonmnua 2
OrD(1-9°) | 8, xD(1-V)| 6,0 D(1-¥7)

(cTepxHeBaa Mopnens)

0,20 2 1701 1,4520 1 3888
0,30 2,4483 1,8425 2,0155
0,40 2,8167 23741 2 8955
6) (cTepxHepas Moneqb IIPH pac THXeHHHU )
0,20 4.20 9.50 24 10
0,30 5,06 12,2 33,3
0.40 5,97 15,6 45,5
B) (koMBEMHEHpPOBAHHAS MoAe/b NPH CXKATHH )
0,20 2,021 1,049 0,911
0,30 2, 086 1,168 0,962
0,30 2,308 1,371 1,049
TomuHa p P P
CM , l}‘,/ﬂ(f“\) ) /',2/1)("‘9) rzg/ﬂ{’_)’ )
r) (cTepxHeBad Moae/p NPH CXATHH)
0,20 1,5337 ~1,6035 2,3965
0,30 1,3124 -1,10898 1,2858
0,40 1,1493 -0,9423 1,1180
n) (cTepxHeBas Moneslb NPH PacC TSXeHHY )
0,20 1,8342 ~0,7230 0,3265
0,30 1,69040 -0, 6206 0,2574
0,40 1,6092 -0,5517 0,2111
e) (koMOUBMPOBAHHAS Mofelb [IPH CXAaTHUH)
0,20 1,2298 -1,4162 2,7284
0,30 1,4973 -1,8179 3,24867
0,40 -2,5320 4,2630

1,9374
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KO3 dQULLHEeHTOB 20, / 2 , IpHUBeAeHHble B Ta6a. 12
npiy P < O un apu P > Q.

Kosppuuuenrs: noparausoctd Z0,;  pampueporo
pebpa, CornaCHO pac4YeTHOH CxeMe KaK “"KOMOHHHPOBAHHOMN
Mopesn " qnpene:;lmo'rc:ﬂ B BpHae CyMMbl AByX CliaraeMblx
0,( = CSJ'g + (5_,-,; B Ta6n. 12. lleproe cnaraemoe orHO-
CHUTCH K y4YacTkaM mexay TodkaMu A u B (puc, 7} u on-
penendaeTcs, HCXOoNQsa M3 paCCMOTpPEeHHs AByX HarubaeMblx
CTEepXHeH, KaK M fong cTepXHeBoif Mogelud, Bropoe caa -
raeMoe onpepeligseTcg U3 paACCMOTPEHHUA 6eCKO HeyHO [/IUH-—
HON NOJIOCHI B YCJHAOBUSX HNJOCKOroO HAIPSXEHHOr'o COCTOf -
HHUS,

y [loppo6HOe NocTpoeHUe GopMyJbl ANH ofl pepne/’ie HUSA
5',-!; uanoxeHo g 1, 6.7 /13 /. [lnsg BeluucIeHUa K03 -
PUAILHEHTOB 2(5j,,' TaK>xe CcoCcTaBl/leHa IIporpamMma Ha
dabike POPTPAH, 1na rtpex Tonmuu neyrm cunoca nop -
CYHTAHHble MOJIOBHHHbIE 3HAYEHUS KO3a(pPUUHeHTOBR MNogaT/iH-
BOCTH Zlle, /2 H XeCTKOCTH ZI‘J"; /2 COOTBETCT-
feHHO NpuBeneHbl B Tab6n. 12.

YKoOMOUHHpPOBAHH 88 Mopellb” daBi/sgeTcs 6ojlee XeCT-—
xofi (npumepHo B npa pasa), ueM “CTepxHeBas Mopenn”,
H ee HCHNONB3OBAHWe IPHUBOAHUT K OOJAbUMIEeMYy 3anacy Hnpoy —
HOCTH NpU pacueTe oGonodkd [/ 7/ ctp, 95 . [ToaTomy B
3anac Npo4YyHOCTH H nJig BEAEHTHYHOCTH pPAaCYeTHbLIX Mopaellel
NpHd OCeBOM CXAaTHH M pAaCTXXeHHH OOOJIOYKH CHJIoCa IMoKA
(kax oTMedalloChb, BOpeab A0 §oJjiee AeTAalbHbIX IKCNEepH -
MeHTa/bHbIX HCC/leqopaHHU}l) peKoMeHAyeTCs MNOJb30OBAarbCs
“cTepXHeBOR Monenpin’, pacyeTHasg reoMerpUyeckas Cxe -
MR KOTOPOH yCTAaHOB/leHA KAK TeOPeTHYECKH, TaK H 3KClIe-
pHAM eHTallbHO,

8.8. [Ilpu pacyeTre Ha NPOYHOCTHL OBeyaiikd 3all olIHeH-
HOI'O CIHpAa/lbHO-HABHBHOI'O CHJIOC& B YIDPOUEeHHOH HoCcTa -
HOBKE pPeKOMeHAyeTCH [NoNpb30BATLCSH I'NIABHBIM 06pasoM
0719 paspaboTKH TexHH4YeCKoro NpoekKkTa ¥ BblOOpa palHo -
HallpbHblX THIOpa3MepoB KOHCTpykuMit, PacuyerHas  cxeMma
oTpneNbHOK obOeyallku HpupepeHa Ha puc. 12,

[leppoHayalbRO pacyeTHble ypaABHEHHS pacCMOTpeH bl
B CIHpalbHO# CHCTeMe kKoopauHar. [lonnoxeHue TOYKU
M X ,Yy,Z) Ha NOBepxHOCTH UHIHHOAPHYECKOf# OGOJIOYKH B
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JeKapTOBbIX KOOpAHHATA&X Ol
penensieTrcs BbIpaXeHHAMH,

p
IIpUBeneHHbIMU Ha puc, 13, ‘ Ynpuzue cbasu,
B orandyue oT padoT 3 UMumupyoRUe pedpa
HayoneHon nozubs
T H H B COOTBET- z
VAR VAR N/ 1 3
cTpud C / 1 /, UeHTpAIbHbLI} g f
yr 071 O0O3HaveH ,)5 . B uu- o 0devauxa
I

NMHEOPUYECKOH cHCcTeMe KOO p—
gUHaAT Ha NOBEPXHOCTH 060-

noyku Touka M( S ,Z ) on-

peneyigeTcs OpTOoroHanbHbIMH Puc. 12
KPHBOJ/IMHEe RHbIMH KOOpOHHA -
ramu S u 2 , Illpy Ha-
TUYUHA CHUHPAIBHO-BUHTOBOTO
pebpa C IIPOH3BOJILHBIM 1]a-
roM H yI'JIOM HAaK/0HAa ero
BUTKA, ITOJIOXEHHE TOYKH
M(S,, Z,) MoxHO Takxe
onpenenyTb B HEOpPTOrOHAalb-
Ho#t ( yCIOBHO HA3BAHHOMN
“cOupanbHO” ) cucTeMe KO-
opauar §, u Z, (puc.13),
KOTOpPble B €CTeCTBEHHOR
dopMe olpenendrOT PAaclolo-
XXeHe TOYeK Ha JIMHHH C O—
[IpAXeHUsg BHHTOBOI'o pebpa C
1 OREePXHOCTBLIO ODO/OYKH,
CB43b MeXAy KoopaHHaraMH

S, , Z, » § , Z Ol -

penelifeTCs BbipaxeHHdaMH Puc. 13
S;=S8/Sinw; z=2-zgz -6'f; b=1,/25;
b/ R = ctg w,
W - Tax HasbipaeMbl# cereBo#t yrona (puc. 13); naps
[, = const, W = ronst. KpuBU3Hbl HOPMAaJ/pHbIX

ceuenust KNpy m K, u kpusuara kpyweHus K ,, no-
BEPXHOCTH 06OJIOYKH B HaNpaeJAeHHH KoopaHHaAT §, u Z,

paBHbI ’
Koy =K, =Sin " W/R; K,,=K,=0; K,=0
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Kpupuana naruca Kp u kpuBuaha kpyyeHHs Tp CHH -
panbHoro pe6bpa [/ 7 /7 paBHBEI

/(p=5t:n2w/ﬁ’i Tp=b'5£ﬂzd///?2.

Ux oTHoweHUe pAaBHO

To |/ Hp= ttgw = 056/R .

CornacHo ynpomeHHOH MeTtoaHdke, oTaelbHas (Hau6o-
lee HarpyxeHHas) ofeyaiika pacCMaTpUB&ETCSH K&K pery-
NgPHBIA OTCEK, BbiAe/lIeHHbI H3 OeCKOHe4YyHO MAJMUHHOM CllH.-
palbHO-HABHBHONW O0O/NOYKH, NIPH 3TOM BOOAb KaxXaol Cou-
pald Ha HNOBepPXHOCTH OO6OJIOYKH H BAONE CHHPAIBLHOI'O pef-
pa 110 BCeH OJIHHe COoXpaHgeTCH NOCTOAHHOEe 3HayeHHe
HalpsX eHUit 4 nepeMemeHdHdt. Takoe HanpaxeHHo-AedopMU—
POBAHHOE COCTOSIHHE II03BOJIgEeT pacCMAaTpPHBATD pacyer
K&KOOH, OoTAEeIbLHO BLEIAECJIEHHOH, obedYaiky B YCJ/JOBHSAX BUH-
TOBO I CUMMETDHH, Koraa HallpaxeHUAd H NepeMelleHHUs H3-—
MEHSIOTCH TOJBbKO NO xoopauHate [/, U He 3ABUCHT OT
KoopaHHaTel S, . B paHHOM cnydae ypaBHeHHe DaBHOBe-—
cusg 1o nedopMHpPOBAHHON CxeMe pacdeta (C yueToM pIHg--

HHg [OPONOJbHbIX yCHIMit P Ha BeJMYyHHY pOruGOoB H
MOMEHTOB ) HMeeT BHUA

Y o " Sin*w
H¢MW (2,)+P-W (Z,)+ L Ft W(Z,)=

(37)

|

+ 5‘:(*}9/0 - PW) (z,).

B >TOM ypaBHEeHHMH yuYTEeHbl HauyalbHble HCKPHUBJIEHHH CTEH.
KH CHJIOCA MeXxAy laroM BUTKa ¢aibleporo pebpa, oOllU-
cblpaeMble (QyHKIIHe} Wo ( Z, ). llpuG/maxeHHo npeanoJia-
raercs, 4To ¢opMa HCKpPHBJIEHH, BO3HHKAWIIAS NPH H3Iro-
TOBJIEHHMM KOHCTPYKIUHH, TaKXEe HMeeT CHHpAalbHYK CHAM—
METPpHIO (3TO NMOATBEPXNAETCHA HEKOTOPbIMH HATYPHBIMH H3-
MEpeHHuaMHu , CM, / 2897 ).

A na pemenus ypapHeHus (37) HyxHO cofnogaTs yC-
JJOBHS] CONPAXEHHH CTeHKH OO60/J04YKH C ¢albleBbiM pebpoMmM,
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Y4UTbEIBAd CHMMETpPHUI0 Oofedaikd OTHOCHUTE/NLHO cpenHeill BUH-
TOBO 1 JIMHUH, OOCTATOYHO 3anucarthb ABA TAaKHX yCJ/IOBHSA HM6-

IiIde BRHUN
I 0 42

OW'(0,51)+5— W(05L) ~Sin‘w Z2 P =0, (38)
11

/1

-4
D w'r5t)«py' (1/2) - ELe S W ylos)- 0.
Sin*w (39)

Illpp aToM B 3TOH yNpowWeEeHHOH MeTONHKE NPUGNHXKEHHO NpH-
HumMaercd, yto [ = { (puc.1,6). Ypasneuue ( 38)
opDeCleydBaeT PaBeHCTBO HPOAOJbHBIX H3rHOQIOUNIHX MOMEH-—
rob Mz; , a ypapHenue (39)—paBeHCTRO monepeuHbIX
CWUJl 021 OT 2T MOMEHTOB B CTellke ODOJIOYKH H
pasibliepOM pebpe ofevalkyd IO JNMHMHM UMX KOoHTakTa, llon-—
po6retit Boisor ypasHenuyt (37)-(39) npusenen B [/ 7 /.
Ana cunocos 1 M 2, NpuBedeHHbIX B Ta6d1, 1, DOIy-
yaeTCcd, YTO 3Ha4yeHUd StH W =1 , & UHMEeHHO®
1) h, =86,5M, R =4m w =89°10 Sinw=0,9999,
Stn*w = 0,006 = 1.

2) Ao = 11 M, R =3 ™, @ =-88°54]  Sinw =0,9998:
Sin*w = 0,9992 =< 1. AHajloruyHas CUTyauHd
HUMeeT MeCTO H O/ OCTAa/lbHBIX THIOB CHJIOCOB, IIpHBeeH-

HoiX B Tabn, 1y Tee. B (37)-(38) MOXHO npuHsTh

- -, & ~
Seth w = Sen "w = 1, (40)
B peayibTartre pacuyet ofedapki MOMHO CBeCTH K ee
pacyeTy B UHJIHHApPHYECKHUX KoopaMHatax § u Z B

1peAllOJIOK €HHH, 4YTO CHHpallbHOEe pPebpo 3aMeHfeTCH CHUCTe-
MOIT KONBUEBLIX ¢alibleBbix pebtep, paCCTOgHUE MeXAy KO-
TOpbIMM DPABHO lWlar'y BHTKA& CHHUpANLHOrO pebpa {4, .
Ypaptenue (37) COBMECTHO C IDAHHYHLIMHU YCIOBUHA -
mMu (38) u (39), a Takxe lLpu NpUHATHH yciaosus (40)

MOXEeT 6bITh TOYHO I POHHTErpHpoBaHo B n, 7 /7T /.
BMmecTe € TeM ero pelieHHe MOXHO BBIHIOJHUTE IO MEe—

TOOY I‘anéprHa n.8 /7 7, eci¥ 3anarbCa And QYHKIHH
nporugos W ( Z ) BblpaxeHueM p BHUAE TpPUrOHOMETpPH-
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yeCKHX ¢yHkuusn (puc.14).
Tako#t cnoco6  pelneHHs
IIO3BOJIgeT I penCTaBUTh
ero p popMe CUCTEeMb! all-
rebpadyeCKux ypaBHeHHH U
no3po/jgeT IpOCTO OIlpeje-
NAThL BEpPXHIOK KpHTHYEC-
Kylo CHny NpH oCeCHMMeT-
pU4YHON PopmMe IIOTEPH yC-
TOUYHBOCTH, & TAaK>Xe IIpH
HeoCeCHMMeTpPHYHOH dop -
Me IIoTepH YyCTOHYHBOCTH,
KoI'na 341448 OINHCHIBAEe T—
Ca AMPpepeHnHalbHbIMH
Puc. 14 yPABHEHUSMHU C NepeMeH —
ABIMH KO3(ppUUHEeHTaMH
n, ® /7 /.
B ynpomeHHO# H ewme 6oNlee NPHOIMXEHHOW HOCTA -
HOpKe MOXHO OrpPaHHYHATHLCH AJd IpeaCTAaB/JAEHHS ¢yHKUUH
nporuba W ( Z ) Bcero ueThlppMs Y/leH&MH TPHrOHOMET-

pHYEeCKOro pgna

— 0 — —0
W(Z)=W’'X,(Z)+WX,(2)+ W, X,(z) *+W,Xx,(z) , (41)

_ O PO ;.
roe .X,"f.', JI-:-cos—i: Z, X,=1005 ,LiZ, X = C0$ l, .

B pesynbrate ypaBHeHHe (37) coBMeCTHO C yCNOBH-
avid (J8) u (38) cBoasTCs K 4YeThlpeM, a 3aTeM H K
TpeM arebpad4eCKHM ypaBHEHHAM,lIpHBeneHHbIM B Tabu,13,
[Ana MoNy4eHHss KAKOr O-1u60 ypaBHeHHs KO03bPHUHEHThl OaH-—
HONt CTpOKH Ta6ha, 13 cleayeT yMHOXHTb Ha HCKOMble Ia-
paMeTpbl NepeMelleHHli BepXHeH CTPOKH, 3aTeM IpPpOCYyMM i~
poBaTh BCEe Y/€Hbl, NpHO6ABHUTH CBOOOAHLIA 4Y/leH, DPAaclojlO-
MPHHBIA B Iloc/ileAHeM CToliblie, H BCIO CyMMYy IIpHpaBHATH K
pynio (peweHHe Tpex anre6paHyecKHX YpPaBHEHHE C  TO-
MOWbIO MHKPOKAJILKY/JIATOpA CNOCOOGEH BHINOJNHATL H HecCcne-
HMAIMCT, MMeomul cpefinee oo6p§_:§%aanue). [lTocne onpepe-
neuuss napametrpos W, 6 W,, W, M3 OTNeNbHOro
ypapHeHHs Tabi. 13 ofnpenensercs napamerp W: . 3a-
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TeM BBIYUC/ISIOTCH 3Hauexus nporugos W ( Z ), MoMeH-
tos M; (Z ) u xonbuepnix ycanutt #, ( Z ) B mo6o#n
TOYKe MO BbiCOoTe ofeyalkHd, [[poryf6 sniyuciagerca coriac-
HO (41) aa BhIYETOM TeMIepATYPHBIX NepeMeIleHHH OaU
HAKOBbIX AJI9 BCeX TOYeK

We=-k; &4 T, R . (42)

3Hayenuds K, | o, T, onpepeneHbl B I, 4.11.
MOMEeHTb! BBIYHCISIOTCSH IO GopMyiie

MZ(Z)=0{ 1(25) (0s ifz W ( ) Cosf M

W(jz{) Cos%l (43)

Konpuepbie ycuiug — no GopMye

Ny (2) =ZF W (1)-WP (44)

rne P~ nonHoe pacueTHoe yCHIMe [Jid naHHO# o6eye f-

KH: vV = 0,3; 3HadyeHuq W (Z ) I pHHAMAITCH 13
pLipaxeHis (41) Ges yueta (42),
B Taca. 13 17" — Wo (50‘ 5-“ ~ MaKCHManpHas

OTHOCHTE/IbHag aMIdTyaa HadalpbHO# Norubiu. CoraacHo
HEeKOTOPbIM HaTypHbIM 3amepaM /[ 28 /., HayalnbHas [10rHu6h
MEXYy pebpaMHU MOXET ObITh HpHHHT& B BHOe BblpaxeHHUS

Wo(z) =+ 7t (1- 84 ’62{').

(45)

+ it"

B cepeause ob6euapkn npu Z=(0 , W, (0) = ?t

B MeCTe CoNpsXeHHda C pedpoM, UpH £ = 1/2 W,(03L)=
cornacHo m. 6.8 { = {, .

[ipy pacyeTe Ha NPOYHOCTHL B BLIpaxeHHd (45) ne—
pel CKOOKOH CleayeT NpUHHEMAaThL 3Hak nmoc, llpu pacuere
Ha YyCTOH4YHWBOCTL B HEJ/IMHe #HOH NOoCTaHOBKe, NPy onpepe’io-
HAH OOKPHTHYECKOT0 COoCToaHUa, B (45) nepea CKOOKOH

4108



1pHMHHM @eTcsg 3HaK MHHyC (IDorubp CTeHKH paccMarpyUBaeT-—

CHd HalpaB/ieHHON BOBHYTPE).
[To BriydcaeHHBIM coryacHo (43) u (44) zHaueHuaM

yCHJIU U MOMEHTOB BBLIYHUCIAIOTC ¢ubpoBhIE IIponoOJbHbIe
6, A KOJblieBbie 6, HanpshxeHus

CP(z)  Mg(I) t2 N (2)
G, = n + C"v—-—, W—-— , 0 (= P (48)

I[lo MakCHMa/ILHbBIM 3HAYEHUSM HaupsXeHUH npopeps -
IOTCSS MHTE@HCHUBHOCTH QUOPOBBIX HAIpSXXeHUH B COOTBeTCT -
Buu ¢ 1, 3,5

2 - 2
- V6l (2) ~6,(2) 6,(2)+6l< Ry . (4D

[Ans paccMarpuBaeMbIX BeChbMA& TOHKOCTEHHBIX KOHCT-—
PyKUMH XKejmaTellbHO, 4TOObl HHTEHCHUBHOCTL (PUOPOBLIX Ha-
npsokeHkit HUroe (aa UCKk/Mo4YeHHeM HanpskeHul B pebpe )
He NpeBOCXoAW/la YCJAOBHOI'O pPaCYeTHOro CONpPOTHURIEHUS

Ra .

Makcumanpubit Moment My u cooTBeTcTBylOmMUE

¢uCpopbie HaNpAXEHUA O ,p B danpueBoM pe6pe B TOU-
Kax B (ch pHC, 6) BBEIHUHCJ/IAXOTCH 11O (bOpMyIIaM
6Mp
Mp=F-ay,=M,(1/2); Grp = T 772 . (48)
Koslpiepoe HallpsikeHHe B TOH Xe Todke pefpa @ B bl

yuUCgeTcd No popMyne

S
6 sp = /Vsﬂ_(%i/ZJ_ - (49)

MuaTeHcuBpHOCTL GHU6EDPOBOI'O HaIpsAXxeHUd B peBGpe B TOM xe
CeYeHUH BHIYUCAdeTCd No ¢opMyle (47) c 3aMmenonr 0O,

HA O ,, ¥ 0 Ha 04, . Ecan noayuures, YTO
6ip > 6452 , TO B pebpe B 30He KOHTaKTa CJIOEB
B TOYKe B HayHyT BRO3HHKATL NacTHYeCkHUe pedpopM auly,

TOYKA KOHTAKTAa CJ/ioeB HAayYHeT InepemMemlaTbCA K UEHTPY
Oo6O0NOYKH M pasaMep «Qp CTaAHET yMeHbWATbCd, [IpUbIH -

e

KEHHO HOBOe 3HaieHHe W p MOXHO BBIYHCIHUTL IO QOPMY-
e
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— /+gf: — Go,2 - Cip

CooTeercTBeHHo no nporpamme ROSST -1 (/ 87 Npu-
foXeHHe 2) 38HOBO BBRIYHCISIOTCH KO3(QOHUUHMEHTH HOAATIH —

BOCTH 5;5 U [IOBTOPSIeTCH BeChb pacuer,
C noMomeo Ta6ld, 138 MOXHO ONpefe/MTh TaKKE BepX-—
HIOI0O KPHTHYECKYIO CHIY pa ., XapakTepua yIom yio oCe—

CAMMETpPHYHYIO pOpMy HOTEpUd yCTOHYHBOCTH OTASJILHOH
ob6euaiki, lna atoro B ta6n,13 cneayer oT6poCUTL  No-
cnegHu cronbeu Cco CBOOOAHBIMH 4YlleHAMH, BBLIYHCJIHTHL BCe
ocTaBlIHeCca KO3¢pbHUHEe HTbl C TOYHOCTLI OO0 HEH3IBECTHOr'Q
YyCHJIMSl, PDACKpPbITh ONpeaenuTenn, B peaynpTaTe NONyYMT -
cd KybHYeCKoe ypaBHeHHe OTHocUTelnHo A | peuraeMoe
C TOMOILILIO MHKPOKa/NbKynaTopa. HauMeHnbmuf 43 Tpex
KopHe# 0/ P u OyneT HCKOMOR BepxHell KPUTHURCKOHR
CANION p3 . Kax npapniio, 3TO yCHIHe NpoueHToB Ha 30-
40 npeprliaeT KJ/ACCHYEeCKOe 3Ha4dYeHUe 3 HnepoOBOr0 KpPUTH-
YeCKOro yCHIIHS p__? , OlpenenseMoro gl UHIHHAPHYECKHX

OHHHBIX O6ONOYeK No ¢popmyle
Z—Z
= 0 ms ) E N L
P, , R
B TexHudeckoi nureparype [/ 14 7 n,.126 ykasbipaeT-
ca, 4yro ypapHeHHe (37) (npu §in W = 1) OO BIYHO
clpapeAlIMBO AJ718 UHTHHAPHYECKHX O0OO0JIOYeK BpaueHHd
OJIMHHBIX ¥ cpenoHe# nadHel, [Ipepenlbl NpuMeHHMOCTH  Ta-
KOI'O ypABHEHHA NPHOIMXEHHO OUEHHBAIOTCH BbIpaXeHUeM

l,SBVt/Q <t/R < 0,57 YR/t. (51)

OxaabiBaeTcd, 4TO H OJI9 pacCMAaATpPUBAEMBbIX KO DPOT-—

Kux ofeyaex AOJMHOH [,6 =~ 36 cm ypapuenue (51)
TaK)Xe CHpaBeAIHBO H3-38 60JIbIIOHK TOHKOCTEHHOCTH, Ha-
npumep, AAs cuiroca 1} Taba. 1 4, = 6,5 M, K =4 M,

[, =0365mM, T =0,3cm.
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38,5 -
1,38)/0,3/400 <322 < 0,57}/400/03  wmn

0,038 < 0,091 < 21 .

Bbhimmens 1o eHHag MeTOAHKA IIpH ydyeTe GOJbIIero YHC-—
jla TpHroHoMeTpHuyeCkux ¢yHkuuy (4}1) sarporpamMMupoBaHa
AN pacdeToB Ha SBM, KO TODpble BKJIOYAIOT TAaKXe BbI4HC-—
JIeHHe BepXHeid KPHTHYECKOH CHJIbI ?3 . JlauHag MeTO -
AMKa K alrOpUTM pacyeTa NOApoHHO ONUCaHbl B pagoTe
[ T 7, HMHCTpykuHs K nporpamme Ha 9BM pana s / 6 7,
[lpunoxenue 3,

[opuaoHTankHag  pacuerHas Harpyska 9 o
BKIIOYaeT  TaKXe  paCyeTHyl®  Harpysky P,t OT
TeMIepaTyphbl (n. 5.1 ). Kak orMeyeHo B 14,12,

ponee CTPOIH#A pacyeTt CHIIOCa Ha ocecHMMeT -
pH4YHOE TeMIepaTypHoe BO3gencTBHe OOJ/DKeH pac-
CMarpuparoCa He3z3apHUCHMO OT OCTAIBbHOH YACTH TFOPHU3IOH —
TalbHOH Harpysk#, llpu sTom nng cnyyas orpuaunarenbpHOH
TeMlIlepaTypbl, pac4yeTHoe ypaBHeHHe NpHBeAeHo B [/ 8 /.
CTp. (2 B KadeCTBe [ONOJHHUTENLHOH HMHGOPM AU HH,

8.9. MeTonHka pacyeTa Ha NPOYHOCTb U HIHHAPHYECKOH

O0 O/IOYKH 3 allONHeHHOI'O CIIHpAa/lbHO-HABHBHOIO CHJIOCA B yIroY—
HeHHO [IoCTaHOBKEe leppoHAaA4YAaAlLHO paCCM aTpUBaeTCH B

Hi

ﬂaHHOﬁ yTOYHEHHO} MeTOOAHKO} peKOMeHAyeTCSs HOJIb-
30BATBCH A1 OKOHYAaTel/lbHBIX pacdeToB [IpH pazpaboTKe
paboyUx 4HYepTexel CcHiloca 3afgaHHON eMKOCTH, Kak n B
yIIpOMEeHHO# MeTOAHMKe chnupalbHO-HaBpHBHAg O0060/OYKa [and
pacyeTa 3aMeHseTCs OBOJOYKOH C KoabUeBbIMH ¢albleBbl—
M pebpaMH, pacCTOdgHHUe Mexay KOTOPbIMH pPAaBHO wmary
BZTKA CIHMpa/JLHOr'O pebpa {, , HO NIPU 3TOM OCECHM -
MeTpHYHaag Harpys3Ka II0 BBICOTE NPHHHUMAaeTCsHd NepeMeHHOH,
KpoMe TOro, y4duThIBAKOTCH KOHKpeTHble r'paHHyHbie yClio-
BUA 3AaKpen/jieHHs HHXHero K BepxHero cCcedyeHHl o060/0uKH,
YyuTehiBAETCH TakKXe CoNpOoTUBRIeHHe ¢alibUeBLIX petep
KPDYYEHHIO KAK KPYIrOBbIX TOHKOCTEHHBIX KOJel B YyCJ/IOBHAX
OCeCHMMETpPUYHOro 3aKpydyupaHug 38 cyeT NepeMeHHOCTH
Harpyskd 1o BbicoTe (pHC. 4).

YpaBHeHHe MNPOYHOCTH [JS OCONOYKH MNPOMEXYyTOY -
Hofi ofevaik#u, nonysaemoe u3 (37), npy  Sin @ =4
uMeeT BV¥A
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Tabnuua 14

®opMyIHpPOBK 8 F'PAHUYHbIX YCAOBHHR

B eCTeCT--
BeHHOM

Hae
BHA HWXKHHRY Kpaft oBoNnoYKH BepxHHUft KpaR OBOMOYKH

OTHOCHTENLHO HaYalbHbLIX IapaMeTpop

Kpa#
cpobopek

Kpah
3amemMre

wmt
1000 (w,,| |0
x —
0-100l |w,| |0
Zd;d
kpan
onepTt
MaPHUPHO
NoaABHXHO ‘u}'ral I 0
: d-0 W, 01xu/a{
=l = n = ,
I P
Kpag
onepr
HAPHUPHO
Helnop -
4 BHXHO
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oW (2) + PW 2 e Wz~ g+ - PW,(2,).62)

13 1aHHOM pacdyeTe HAaYallo KOOPAHHAT IIoOMeImAaeTCHd B HHX-—
Hel# TOYKe CTeHKM K - Ooff ofonoukK ofeuapixkun (puc. 4),
npy 3TOM Ha4da/lpHaa NMOrudp 3anaeTCsd ypaBHeHHEM

3 7
WO(ZK) ﬁ‘t(mz”—lzz—g-'-‘+li—4_). (53)

O6muit pac-
yeT BCel O06O0JIOYKH
BEIIOJIHAETCH METO-
IOM HaYalbHLIX Ta-
paMeTpoB, IIpH 3TOM
Kpaepasa zanaya pe-
aeTCd Kak OByX~—
TOYEYHAA - I'DAaHAY=
Hble YCIOBHA ¢OpPMy-
nNpyloTCd TOJIBLKO
NO KOHIaM BCef
06 0JIOYKH CHJIOCaA,
Ilna pspa pacnpo-
CTPAHEeHHBbIX yC-—
JIOBHH 3 aKkpellyie -
HUSA TOPUOB OO0 ~-
JIOYKH @ OPMYIH -
poBK& I'DAHUYHBIX
yCJ/IOBHHA I pUBeaeHa
B Tabtll. 14, B
MeCTax pPAacCIoiIoKe—~
HAS KOJIblLIeBbIX pe-—
bep HCIONb3yeTCsd
COOTHOUIeHHe Nepe —
Xxona ajlg e peM el o- Puc, 15
HUA H yCUIHH OT HUXHeN CTeHKHU K CMeXHO BepxHel§ CTeHKe
of6eyaek. ITH COOTHOWEHHUs, HUCXOoaf M3 pPacCCMOTPEHHUd Kap-
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THHBl QeQOPMHpPOBAHHS pebpa H yCHIIHHA, NepenalUlMxCcs Ha
Hero OT CTeHKH ofeuaek (puc. 15) uMenT BHA

W2=Wp”-5’:iﬂ; 95=6?p—'9;:, (54)

p
B 2E Spr 26 Jor
Mp=Mgo* 22— W+ = bp s

rane BepxHHe uMHAekCbl B m H coorTreTcTBEeHHO 0603HaA4YAaOT
3HayeHusq nepeMeneHuii ¥ yCuadi BHUA3Y M BBEPXYy CeyeHud
pebpa. 3Ha4yeHug 2FP , ZSpr " 2.7;,,. 1 pUBedeHEl
B Tatn. 10.

PelnieHle naHHO KpaeBoi sana4dd peali30BAaHo B
nporpammMme ROSST-3 , BKJoyaeT B cebHd MOMHUMO
METON 8 HayallbHbIX NapaMeTpoB TaKXe OPTOHOPMHPOBAH -
Hylo nporoiky l'opyHosa / 15 /. ['naBHOe QOCTOHMHCTBO aj-
ropuT™Ma M IporpaMMbl COCTOUT B TOM, 4YTO pelieHHe ypap-
HeHus C yyeToM (353) npeacraB/lIeHO B AHAJIHTHUYECKOM BH-
e M NO CpaBpHeHHUI C HU3BECTHBbBIMH YHCJICHH bBIMH CIHOCO6AaMH
MHTEer pUpOBAHHUH KpAaeBblX 3afad N0 MeTOoAy HavalbHbIX Ia-
paMeTpoOB pPe3KO coxpamaeTcsd BpeMa cHieTa (BpeMs cuyeTa
nauHol sanaun Ha OBM EC_1060 8-11 c, npu o6neMe
tpe6yeMmo#t mamaty IBM p 100 K6). MHcTpykuua x npo-
rpamme ROSST -3 ¥ allOPHTM pacyeTa CHJoCa H3-—
nokeH B [/ 6 7 Ilpunoxenune 4 ¢ y4yeToM pa6oT [/ 15 7

[ 30 7.

[l ycrTo#t cunnoc

6.10. CoxpaHaloTCa NoJIOXXeHUs N, 6.1, IpH 3TOM OC-
HOBHO!l HAr py3KOHK Ha NyCToHl cujoc 6yneT BeTpoBasg, CHe-
ropoil HarpySKoOH Ha KOHHYyeCKoOe IMNOKpPbITHEe MOXHO IIpeHe~
6peub, [lon neicTpUeM BeTpPOBON HArpy3kd B O6ONOYKE CH-
noca 6yneT BO3HHKATb CYWECTBEHHO HeoCeCHMMeTpHYHOe
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HATPAX eHHOe CO-
ctosaHne, [lonHas
cxeMa yCHIHH,
BOSHHKAIOUIUX B
CTeHKe LHIHHO-—
pU4YEeCKOMH 060~
JIOYKH B ¢dalnle-
BbIX pebpax U B
MeCTax HX Colps-
XKeHud, npeg -

ctrap/ie Hbl H&8 X! abewad

.. 18 AURUY HONOXENUS +f g0eyauxd
pHc. * chaleu

B8.11. [lpu
gefpCc TRl Ha CH- 2K Zyx _
' ':9/::::::/7
J10C BeTDOBOﬁ rt\j:?" éyjlllll 7y
HAUPy3KHs B HE-= o >&:_ K-e pedpo
._'.F'""

KOTOPbIX 3O0HaxX - ZM\‘_/ .
CTEHKHN OBOJO4YKH . / @
OyayT BO3HHKATH T f
NPOAOJBbHBIE CXH~-

Mapluie yCHINA

Ny< 0 a B

HEeKO TOPbIX — PO~ i
OONpHbI@ pACTHAr He-
Baloune yCUJIU g
Ny, >0 , no-
3TOMY KO3pPHUH -~
eHTh! 11008 TIIHRO —
CTHA pebep o’fJ'L Puc. 16

B 9THUX 30H&a&X O6y-

AyT MMeTh pasHbie 3HadeHug (Tatdn. 12) ¥ 060M04Ka CHIIO—

ca p uejnoM 6yneT gepopMUpPOBATHLCH K&K KOHCTPYKTUBHO-—
HeNdHeiHaa cuctema, [0 cpapHeHHI0O C pacyeToM 3 aloOJl-
HEHHOrO Cuoca fipouenypa ¥ TPyoOeMKOCThL pacyeTa Cy-
IECTBEHHO YyCJIOKHHTCHA., B TO Xe BpeMs n0OnNg naHHoOlli 3a-
na4¥ BO3MOXHO NPHHATL IIpHM pacuyeTe psAn OONyUeHH J,
6.12. Pacuernas cxema cunoca no-npexHeMy NpPHHH-
MaeTCd B BHOe CHCTeMbl, COCTosIEeN M3 pAaea oHeuyaek, Ko-
TOpble OOpPa3ylTCH M3 KODPOTKHX UMAHHOAPHYECKHX o6oloyex,
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OK AafMJIeHHBIX @ansueBbiIMH pebpaMH, HO C DPA3JIMYHOH M[O-
JATIHBOCTHIO B 30HAX BEepPTHKANBHbIX NPOAOABLHbIX CXHM al0—
IMAX M pacTArMpalouldx ycHIUuf, Ko3¢pPHUHUEHTH! [OofaTIHBOC-
T4 ¢anbleBblx pe6Gep onpeneldlOTCHd COrjaCHo “CTepXHeBO#
monem” (m, B6.6).

PacueT uUHIMHApPHYECKOli 060/04YKH OGE4YaRKU [AONyCTH—
MO IIPOH3BOAHUTHL IO rreoOMeTpPHYECKOl JTHHEeHHOH Teopuw 5
6e3 ydyeTa HayanbHOR norubHu, T.K, OCHOBHON fBJ/IsgeTCHd I o-
pU3OHTAaNlbHAad Harpyaka,

CymecTBeHeH yuyeT NpoaolibHblx ycuaunin A, M MO-
meHTOB M, (puc,15), KoTOopbie BO3HHUKAIOT MeXAy ¢alb-
(eBbIMH pe6paMM, KONbUEeBBIX ycHaui N H  MOMEHTB
Ms , KOTOpbie BOSHUKAIOT BCJEACTBHe AepOpMaUUM KOH-
Typa lolepe4yHoro cevyeHud. [IpHGIMXKEHHO MOXHO IIpeHe-
6peyb kpyramuMu MomeHTaMu Me, = Mz3 ¥ B CUNy
CTATHKO-reoMeTpU4YeCKOH aHanoruu / 16 / COOTBETCTBEH-
HO negopMauusMid casura, B peayiabTate B OCHOBY METO —
OHKH pacdeTa HyCTOI'O CHJIOCa Ha BETPOBYI HArpysKy Mo-
XeT ObiTb NPUHHATA HNONy6e3aMOMeHTHas TeopHs [/ 12 7 B co-
yeTaQHUU C TeopHell Kpaeporo agppekrta / 17 /.

B.13, A8 pacdyera 0OOONOYKH CHJIIOCA BBOAHUTCH OCHOB-
Has cucTteMa Mertoga NepememedHd#t (puc, 16). [Tockonbky
dasibueBpbie petpa NoAAaT/IMBbl B OTHOULIEHUH OEHCTBHS MpPO-~
nonbibix ycuauit N, u momentor M, , TO B OCHOB -
HOolfl cHCTeMe B MeCTax CONpagXeHdd HNUINAHOAPHYECKHUX 060 -
JIOTeK ofeyaek C pebpaMi BBOAMTCH WeCThb CHUCTEM "pHK-
THBHBIX CpA3ef’, HENpepbLiBHO paciipenelfieHdblx B KOlble -
BOM HamnpaplieHHH (puc, 16). [lonoxurennHoe Hal paplieHHe
H oHbo3HAYEeHHe COOTBETCTBYIOUHUX (PYHKUHOHAIBLHBIX Heua-—-
BeCTHbIX IIepeMeleHHUH Zm;( S ) (t = 1,4, ..., 6) yc -
JJopHO NnoKkasaHbl Ha puMc, 16 crpenkamu, Ha BepxHeM TOp -
HeBOM Ce4YeHHH CHJ/IoCa NpenloJaraeTcss Halddyde yIpyroro
KObl 8, HIMETHPYIOWEr O XEeCTKOCTb KOHHYEeCKOrO NOKpPbITHS,
Hu»x»Hee Topluepoe CeuYyeHHUe CH/oca CHYHTaAEeTCs 3 aKpenieH -—
HbIM Ha ¢yHoaMeHTe OT BepPTHKAIbHbIX NepeMeleHUu U yl-
pyrO 3aKpenjeHHbIM OT HOpPM a/bHbIX NepeMeleHHlt (B Ha-
NnpaB/eHHH panHyca 060/04K4 cunoca), Hucno "PUKTHBHBIX
cBR3IENY M COOTBETCTBYIOIIEEC YHC/IO HCKOMbIX (PYHKUHOHA/Ib-—

Hoix nmepememeHHt Z1; (¢ = 1,2,3) u Z,4 ¢ = 1,2,3),
H3MEeHSAKIUXCH BAOOJBb IO KoopauHaTte § , TAKXe npen-
cTapJeHO Ha pHC, 16.
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6.14. HeusmpecTHble (QyHKUHMOHA/bHbIE NepeMelleHHd
cCBa3en, MpengTCTBYIOUHUX TAHreHUHOHA/BbHbIM CMelle HHgM
v (S5, 2z ) (puc., 15) nna pemenus zanayu packianbiBa-—
IOTCH B KOJ/IbLeBOM Halpap/IeHHH B TPHTrOHOMeTpHYeCKH i
paa Mo cuHHycam, Berpopas Harpyska ¥ QyHKHUOHAabHbIE
IepeMelnleHudg O/Id cpA3ey, NpengarCTBYIIHX NPOAOJABLHBIM M
nollepeyHblIM NlepeMelleHHgM, packK/IanblBalTCHd B KOJbLEBOM
HaidpaB/leHHH B pgabl 10 KOCHHycaM, [1718 N pak THYECKHX
pacyeTOB 4YHUCJO 4YWIEHOB pAn& (4YHCJ/IO NapMOHHUK) yOepxKH -
BaeTCyg corjiacHo i, 4.14,

YpapHenuss papHOBeCHs MeTona NepeMeueHH i nas
n —Of IrapMOHHKM DA3JIOKeHHS HeHU3BEeCTHbLIX NepeMelleHHUt
MU Harpys3kH B TPHrOHOMEeTpHYEeCKHe paabl UHMeloT BHI

(n) 1 S (n) ., ®(n)
(R +R < 0, (55)
r(H)
roe Z ~BE@KTOp aMINIUTyn CMEIEeHUH HAaN0XeHHbIX

cpa3eits MaTpuua xectkocTy [ R'] u BeKTOP IPy3o -~
ALIX 4JIEHOB R L"’ BCejt cucreMnl (BCcero cujoca) ¢op-
MUPYRTCR U3 MAaTpHU XeCTKOCTH U I'pPy30BbIX BerTOpPOB O/IA
pefep 4 OTCekOB O000/0YeK Mexay pedbpaMiu,

6.15., An1s yyeTa H3MeHEHHs] XECTKOCTHBIX XapaKkTe -
PACTHK B 30Hax paCKpbITHA cpam_-.ua HCIIOJIb3yeTCd IIpolueccC
noc/enopaTelbHbIX NPUHONMMXEeHU ), OCHOBAHHLIY HA MeToae
yiipyrux pewerHdst / 11 7.

6.16. PelueHHe gaHHO# KpaecpBOi 348aa84YH pe alU30BAHO
p nporpamMme ROSST-4 , UHcTpykuua k sToi nporpamM-
Me pacyeTa LiyCTOr'o CHIIOCA H& BETPOBYK Harpyaxy H3I10-

xesa B [ B /7, lipunoxeHne 3,

7. MIPHMEPbl U PE3YJIbTATbI PACHETA
CHJIOCA HA IIPOHHOCTD

3 a4l 0oJdJ He HH bl I CHJOC

7.1. Tpe6yerca paccuuTaTh 3aNOJIHEHHBIM CHIIOC eM-
kocThlo Y = 600 T Ha anaB/eHHe 3epHa,
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McxonHble paHHbIe: CxeMa CHA0OCa H3obpaxeHa Ha
puc, 1. CHnoCc onupaeTcq HaA XKelleaOObeTOHHbIH byHEnpaMeHT,
Bricota uunuHppudeckol wacte h, = 8,03 m. Cunoc o6-
pasyeTCs M3 22 o6eyaek, BbLICOTA KaxOAOH ?4 = 36,5 cM ,
nuamerp 4 = 10 M, CreHka cHlloCa COCTOMT H3 Tpex,
NpUMepHO PaBHLIX IO BBICOTEe, yacTel TOJIUUHO X (cHusy
ppepx) [ = 4,3,2 MM, MaTepsan KOHCTPYKUHMH alOMHHUF
mapku AMr2H1., PacyerHoe conporunienue R,; =140 Mlla
(1400 kr/cm” ). Monyne ygpyrocta Marepuana E =7,1.

4 - O '
«10* Mlla (7,1.10° xr/cm ), Cunoc s3anojlHeH 3€pHOM  C
yAellbHbIM BECOM y =8 K’.H/Ma (800 KI“/MG). Yron
BH{yTpeHHero Tpenus ¢ = 25°,

7.2. PacueTHbIMH gBIgIOTCH: FOpPH3OHTANLHblIE U Bep-
TUK&JIbHbIE Harpy3KH OT O&B/leHUS 3epHa, OT TeMilepaTypsl,
COFCTBEHHOr0 Beca CTEHOK, KpPOBJld, TE€PMONOABECOK H CHe-
ra Ha KpomJie, ollpeaelseMble COrnacHo pasnenaM 4 u 9,
CyMMapHass ropHaoHTallbHas HarpyskKa Ha CTEHKy cHJioca
q # CymMMapHas No/lHag Harpyaka B CTeHke cHiaoca P
GbLIM HNPUHATHL COrflacHo [/ B8 7 Tacd. 1]1,6. 3Ha4YeHHs 3TUX
Harpysok Ha ypOBHe HH3a KaXao#y n3 obedaexk npupeneHbl
B Tabtl, 10

7.3. PacueT KOHCTpYKUHMH BBLOIOJIHEH B YTOYHEHHOHN
MOCTAHOBKE [AJId BCEro CH/oca NPH HEeOAHOPOAHOM H3MeEHe.-

HUM pacCYeTHOH HarpyakH no BbicoTe (mn. 6.9) no nporpaM-

Me ROSST-35 . Bson naHHbIX IPOM3BOAMICH B COOTBET-
CTBHMM C HHCTpyKUHMeH Kk nporpamme (cM. / 6 7, [Tpr o —-
KeHne 4).

HxHHE Topel 006ONOYKH CHNOC& B HpUMepe [MPUHU -
MAETCH WAapPHHUPHO 3akpellJIeHH biM

wi{o)=0; Mz(0)=0.

Bepxuu#i Topeu (B 3anac NPOYHOCTH M XECTKOCTH )
ApUHHMAeTCHd CBOOOAHBIM

(Jz(ha)=0; Mz(hg)“(?.

Bonee cTporro rpaHivydHoe yclophe Ha pepxHeM Topue
cunoca MOXHO CPoOpMyllMpOBAThL C y4€TOM XEeCTKOCTH KO-
HIlYeCKO ! OBOJIOUKH I OKPLITUY H KONbU& XEeCTKOCTH, B IIpe-
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Taenuua 15

bl .

[opuaoHTanvHaga | BepTHk allbHoe

Harpya3kKa ymi}mie
q
(KP/CMz)XX) (KI“/CM)KX)

- 0,223 3,42
2 0,239 3,99
2 0,254 4,77
2 0,269 5,74
2 0,283 6,00
2 0,208 8,24
2 0,311 9,77
2 0,324 11,48
2 0,337 13,35
3 0,386 15,41
3 0,399 17,64
3 0,411 20,03
3 0,423 22,97
3 0,434 25,26
3 0,446 28,11
3 0,457 31,10
4 0,403 34,26
4 0,504 37,55
4 0,514 40,97
4 0,024 44,53
q 0,534 48,22
4 0,544 52,04
4 0,553 55,98

X
Ilopanok HyMepauuu o6edaekK NPHUHAT C HH3A K BepxXy
CHJIOC& B COOTBETCTBHH C IOPHAKOM 3ANONHEeHHd 3ep-

xXE}OM-

1 KF/CM2 = (0,1 Mla:

] kr/cM & 1 kH/M.,

o7




ONOXKEHNM WAPHHPHOI'O MX ConpsxeHus, nNpu Z =H

0
(puc., 1)

Mz(hn)=05 Qz(ha)-‘:KRW{/?p) UaU -Duf(/ra)'"'ﬂ;

lell(ha)‘*pwl(ho)*ﬂx“f(ha)= 0,

rne K, - cymMmMmapHbilt KOabDHIUHEHT XECTKOCTH OB6OJIOYKH
HOKPBLITHA H KOJblla, OKakMigoumero o060JI0YKY CHJIIOCAE,

OcHOBHOM BKJ1an B BenHuHHy KoadppHuueHTa K .
BHOCHT XEeCTKOCTb OKaUMIAIHEIr'o KoJabla; XEeCTKOCTBIO
KOHHYeCKOH! OOOJOYKH, B BURE JIerkoif KOHCTPYKUHH, MOXHO
npeRe6peyn, Konwuo, cornacio panueim HIIO BHJIC, npen-
cTaB/IgeT NpABHNBHLIK WEeCTHAQUAaTHYIOJIbHUK, BIHCAHHBLIA B
okpyxHoCTh pannyca R , OkoHuyaTe/lpHOe 3HAYEeHHe KO-
a¢pHIHEeHTa OolipeneiigeTCd BhIpaXeHHeM

. ZEFK 5&!70(/2
KK“ d . y

rae [, H d,( - njaomanp DONepeyHOor'o CeYeHHs M OHa-
MeTp Konbna, o =TW/§.

PacuyeT 060J104kKH cHiIOCA NPH yKa3aQHHOM 3akpelnje —
HUHM BepXHero Topua TakxXe BbIIQJIHAETCH IO [OporpamMme
ROSST-3, OkoOHyaTenbHag 3aIUCh YC/IOBHH AJ1s
BEepX Her o Toplla CHJIOCa B ¢popMe MeTona HadalbHblx NIapa-
MeTpOB AJ7lg 3TOro cllyyad IpUBeneHA B HHCTPYKUMH K
nporpamme ROSST-5  (cm. TlpuioxeHne 4, Bhipaxe-
sne (4.16) / 6 7, roe cinenyeT HonokHTb of p = Y, = U).
dHaYeHUS UMJIHHAPHYECKOR XKEeCTKOCTH cTeskun [,
X apaKTepdCTHK ¢anplieBoro pebdpa ZFP ; Zsz 9 Zsﬂf‘g
2Jdpz , 2T pp, KO3 QUL HEHTOB NONaTIHBOCTH O, H
d ;, (cornacHo cTepxHepo# Mopgenu) nONA TeHT TOMUKHON
[ = 4, 3, 2 MM npHEHMaOTCH K3 Ta6a. 10 u 12,a), Mac-
CHB 3THX g aHHbIX MOXeT 6blThb TAaKXe€e BbIYHCJ/IEH IIO IIpPpO -
rpamvam GEOM w0 ROSS7-!  (cMm. £ 6 7, [Tpunoxe-
uusg 1 ¥ 2), PacyeT cHnoca npousaseneH NpH OCeCHMMeT -
pi4HO# ¢dopMe nmorubH CTeHOK BCex ofedHaex corJiacHo
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B hipaxeHdlo (53) npu MakCHMANBHEIX aMIlIATyfax, pap~
aex U =0, 1, 2.

7.4. PeaynbTarel pacyeTOB BBIOAIOTCH Ha pacledyaTKe
B TabJAUYHOM BHOAEe B CeMH TodYKax [0 obpasyiolel Kaxaooh
o6euattku, BrinaioTcs sHay enus nporuGos W (2 ), yrios
nosopora A ( Z ), momedtop M, ( Z ), nomepeuHnix
CHUJI 02 (Z ), konpuepbix ycunug N ( Z ) ¥ UHTEHCHB -
HOCTb (UOPOBRIX HanpsxeHul 6, (1 ) c ucnoabzosaHH-
eM ¢opmyibl (47),

Odna tpex CMexHbIX ob6eyaek pe3yabTATH pacuyeTa
CHMJIOCA npencTaBlle.ibl B BHAe MNP Ha puc, 17.

7.5, Cornacuo n. 6.8 no popmynam (48) u (49) Bbi-
YUCIFIOTCS MAaKCHM allbHble MOMEHTBl U KoJIbleBble yCHIIHH
B $anbleBblx pebpax 4 nposepsioTcs No ¢opmyne  (47)
HHTEHCHUBHOCTH OQHOPOBBLIX HaANpAXeHUH G (p » B yacT -
HOCTH, B I€pBOM pebpe CHH3Y NOJIY4YHJIOCH:

K[ eCM
cCM

M,=M,(0,51) = 15,2

Np= N (0,51) = 95,4 xr/cm;

2
G,, = -i—g” = 8.12 = +570 xr*/cmz;
P 0,4
6 on = "A“,f - 224 238 KI“/CM2-
Sp 14 0,4 ’

2
6. )

= 71,2(712) < 602 = 160 MITa (1600 kxr/cm
TakuM o6pal3oM, 30HA MIaCTHYHOCTH B yKA34HHOM
pefpe He NoJdyuHlla pa3sBUTHs, Takxe Nlpu npopepke He
mOJIy4HJId DPa3BHUTHH NJacCTHYeCKHe aepopMalMHM X B OCTAalb-
Hbix pebpax. TemM cambiM, Toyka B KoHTakTa BeTpeill dalp
neporo pe6pa (pHC. B,a) coxpaHseT CBoe NOJOXEHHUE 1
He TpebyeT NepecyeTa KOHCTpykuuu (n, 6.8) c yuerom (50)
7.6, Cornacho peayisTaram pacuera (n. 7.4), dac-
TY4YHO IIpuBegeHHbIM Ha pHC, 17,r, AJA CTEHOK paga ofbe -
yaeKk HHTeHCHBHOCTH ¢ HEPOBbIX HanpsxeHu# O 1 OJyYH-

IHCL 60Jblue BEJIHYUHbI PACYEeTHOrO COHPOTHUBIACHUa K 4 =
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= 140 MIla (1400 KP/CM2), YTO TpebyeT yCHJIEeHHS KOHCT-—
pyKI.lHﬁ-

W "W
- . .

[ 1L L . - R o w
WY N

bl X
L 1 T > 1
ba
k: 1 2 S 7
A 2 = oo A4

ol v % = 9

< | cu ' _ ‘Y foneanumens:
e e Ig HOe ycuneHue
; ¢ 1/ cmenxu cuno-
22 == h—r ca
2 (] Aononsumenvioe 9
25 4 ycunenu® cmeén- | Q 75
2% ~ 4| ku cunoca TR 74
7% & ‘s /s
2% ™~ ? /
: /
4 f‘! 4
°7 1 ‘
‘7 ‘" ‘
sy ’ ’
2 y ED G i ki

Puc, 18

Ha puc., 18,a npupeneHa 3amaHHag CXxeMa H3IMeHeHHd
TONIIHHBI CTEHKH o BhicoTe, Ha punc. 18,6,B NpHBegeHsl

CXeMbl yCH/IEHH CTEeHKH CHoCa CTORKaMH H HOBble MecTa
nepexona TOMIMH CTeHKM [0 BbICOTe CHJ/ioCa C 4 Ha 3

1 c 3 HA 2 MM DA aMIJIATygax HadalpHbIX norubeis
P =1u P =2 [lockonpky B n, 2,9 yCIAOBHUIHCH aM-
NNUTyay NOrH6M CTeHKH ofbedvaukd OorpaHddiMBaThb BEJHYHUHOHR

] 2, TO IIPOEKT yCHJIeHHg CTeHKH cHjioca cllegyeTr

BBINOJIHATEL COI'J1aCHO pEC, 18,B.
7.7. [171a conocTaB/ledUss 6blJ1 OpOH3BEAEH pacyeT OT-
aelbHOH obeyallkH TOr'o e CHllloca B ylIpOIEeHHOHR nocrta -
Hopke (m. 6.8) no nporpamme ROSST-2 [Tpu noxe—
nie 3 / 6 7. PaccuurtbiBanace propasg CHHU3y ofeuyapka
NIpU MCXOMAHbIX AAQHHEIX, NMPHHATBHIX B I, 7.1, npu 2 TOM
t = 4 MM, B aTO#f NOCTAHOBKEe IIPHUHATO, 4YTO [ ~ 1, =

38,5 cM. Pacuer orpaHuyuBaliCcs cinyyaem 6e3pasMepHO#H
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aMILJNTyA bl 1O UGH = 1. PeayiabTaTh pacyeTa pns 3dHa-
YeHU# MHTEHCHBHOCTH QUODOBBLIX HANDPSXEeHUR & 071
AaHHON oOedyalkH OKa3aHbl Ha pHC, 17, B BHAe TOYEYHOMH
kpuBo#. Ma conocrab/neHus 3To# aMIOpPbl C 3NIOPOIH, MOy-
yellHol M3 pacyeta B 60Jlee CTpPOroi NOCTAHOBKe, BHOHO,
yTOo 0fe XKpUBbIe NMPAKTHYECKHU CORIAand, TakuM o6pasaom,
ANg NpeaBapUdTe/IbHbIX pPaACyYeTOoB BIOJIHE IIpHEeMJeM Yy pO-
meHHbI# cnocob pacueta, Mcnonab3dosaHue B 3TOM crnoco6e
Ta6/n1, 13, I1pUIMEHUTENNILHO K PYYHOMY CYETY HA  MHKPO-
KalpKyl1aTOope, 1aeT HECKOJIbKO XyAliHe pe3y/bTaThl, HO
npueMiemblie OIS oleHOYHOro pacuyera, CornacHo yIIpO —
IMEeHHOH NMocTaHOBKe Obll BLIIIOJNIHEH OUEHOYHLIFE pacyeT TOH
¥e obeyallky INIpH MeHbLHX 3HAYEHUSX KO3PpPUUUEeHTOBR IO-
AATIUBOCTH 5,, " 5,2 GU6POBOIO CTBIKOBOTO pe6pa,
NpUHEThIX No Tabdid, 12,B, HCXoAs U3 KOMOHHUDPOBAHHOH MO-
o eny ¢anpleBoro CThIKOBOro pefpa, B aToM cinyuae npo-
U3 0UIN1IO HEeKOTOpOe NepepacliipeneneHrue yCWIHP H IIPOTHDOB
N0 BbICOTe ob6euaik¥, Tak MHTEHCHUBHOCTHL PHEPOBLIX HA -
NPSAXEeHUWH 6, BO3poCia B 30He pebpa H CHHU3HUIACKH B
cepeadHe ofeuafikd, OTH HU3MEHEHUd He IIpeBbluanu 5—
10 %, YTO OGYC/OBAMBAET BO3MOXHOCTL HCIIOJIL3OBAHUS
qig pacuerTa MOOOR M3 ABYX paCyYeTHhIX Mopenehi danble —
BLIX pebep.

7.8. [lo Toifi e Iporpamme ROSST D0 6 bla
ollpeneljicHa pepxHdsd KpATHYeCKAad CHJla B CTEeHKe ofOeyaiki
NpH CUMMeTpUYeCKO# ¢opMe noTepH yCTohyuoCTU, Ee 3Ha-
yeHHe nodyuydioch pasHbiM P, = 1687 xH/Mm (167 kr/cm).
[lo xinaccH4YeCKOi GopMyJsie ol penele HHsT KPUTHYECKOI O yC i~
M8 A8 UWJIAMHOAPHYECKOR OOOJIOUKM C WAaPHUPHLIM 38Kpen -

jejsiieM N0 Topuam nolydaeTrcs
2

t* 4 0.4
Py = 0,605 E % 0,605:7,14107 = kH/m
~ 37 kr/cMmM.

TakuM o6pa3oM, NpHd HAJIHYHH (allblieRbix pefep Bopx -
Hee KpPUTHUYeCKOe yCH/IMe yBe/lHuyHBaeTcs Ha 22 %.

Hapsany ¢ nporpaMmo i ROSST-3 nis pacyera
Ha NMpPOYHOCThL 3AaNOJHEeHHOro CihupalbHO-HABUBHOI'O CHJOCA,
paspaboTaHHoOii Ha OCHOBe &aHAJIHATHYeCKOI'O MeToaa Hadallb-
npix napamerpos, B HHWHWlIpomaepuonpoekTe nna  To#t xe
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sanaun paspatoraHa nporpamma ARG@O Ha ocHoBe yHc-
IeHHOro Meroga NpsaMoil MUHHMU3aUHUM sHeprvmu [/ 2) /.

[IlyctTo# cunoc (nnm.6.10+6.16)

7.9, Tpe6yerca paccyuTaTh OTAENLHOCTOAIUN He3 a-
mo/sIHeHHbI cuioc eMkocThio V = 250 T nHa BeTpomyio Ha-
rpy3Ky. McxopHble paHHble, CxeMa CHIlIoCa UaoOpaxeHa Ha
puc,l. Cuaoc onupaercs Ha xele3o6ETOHHBI# GyHOAMEHT,

BuicoTa UWIHHApUMyecko# yactu /1, = 6,5 M, Cuiloc ofpa-
ayercqa M3 18-TH obeyaex BLICOTOH Kaxkpnaa [, =36,5 cm;
nuametrp L = 8 M. CreHka cHi0CA COCTOUT U3 OB YX
paBHbIX II0 BBICOTE 4YacTelf C TOJIUMHOK CTEHKH (CHUBY
ppepx) ¢ =3 n 2 MM, MaTepHal KOHCTPYKUHH ~ &JO—
MiHu, Mapku AMr2H], yCJIOBHbij npepae TeKy4eCTH
¢pp = 140 MIla (1400 kr/cm ) Ay7s  , yUPYTOCTH

maTepdana E = 7,1.10° MIla (7,1.107 kr/cMm®), Ilanor-
HOCTBH ﬂ = 27 KH/M:-?’ (2700 KI‘/MBJ. CTpouTeLCTBO HAa-
MedeHo gig Il BeTpoBoro paioHa. Tuu MmecTHocTu A
(u. 4.14 /1 7).

7.10, o nporpamme SKAS (MHCTpDYKNHME K Ipo-
rpamme SKAS npupenena B Ilpuaoxenun 5 /6 )
olnpeneiigeM COOCTBEHHbIe HYACTOThl KonebaHHi O6O0IOYKH,
HauMmeHbinas dacTtora cocraeaser f = 23 35 [u, 4TO
6 oAble NnpenelbHoro 3Hadenus f, = 3,8 Tu, onpenense-
moro no rta6ia, 8 / 2 7. CnegoBaTe/lbHO, Npy pacyeTe MO-
XeT 6bITh HCHONBL3OBAHA MEeTOoAHMKAa, H3NOoXeHHasds B N,08.10+
8.16 ¢ yueroMm ¢opmyn (14)-(21) u (32).

7.11. Onpeneneine cpegoHel CoOCTaABAAKOUEC# BETPOBOIM
Har pyak¥ Ha LHIMHOADHYECKYl0 4acThb CHJoOCa,

HopMaTupHOe 3HayeHUe peTpoBoro paeinenus ans [

BCTPOBOIO pafioHa Ta6n., 5 [ 2 7
Wa = 0,38 xlla.

KoabpdpHUHEHT, yUYHUTLIBAIOIUH M3MEHeHHe BEe€TPOBOIO
naplieHus O BbICOTe Tab6da. 9 [ 2 )

K = 0,825,



Ay = 0,931 (ITpunoxe-que 4, cxema 126 /2 7), C
npuHUMaeM 1o Ttabn., 9, N.4.14. §

[lo popmynam (21) onpepenseM ko3dpHUHEHTH paa -
JTOXEeHUsT HOPMATHBHOrO 3HAYeHUs Harpy3kd B Padd B KO/b-
lleBOM HallpaBJ/IeHHHU:

AO -0,247 xlla; Al = +0,106 xlla; A

A3 = +0,138 xlla, A4 = -0,019 «lla.

7.12. OnpeneneHue cpenHeil COCTaBJAIIEd BETPOBONR
Harpy3KH Ha& KOHHYEeCKyl0 4YacCThb KpPbIIIH COr'jlaCHO I1.4.14,

h
Wez = 0,57 xlla.

7.13. llynecaunonHag cocTapaspomas HOpMAaTHBHO i
BEeTPOBON HADY3KH oOllpenelgercyd

no Tabn. 7 £ 2 7 'g = (0,823,

KoadppHUUeHT NpPpOCTPAHCTBEHHON KOpPpPEeAdaUHd [1ynbCa-—
HA% paB/eHHs BeTpa B COOTBeTCTBHUM CO cxemoft 126 [lpu-
ToXeHUs 4 [ 2 7 olpenenseM

& = 0,74 = 5,6 M;
h:/:l,+0,7f = 8,1 M,
CornacHo ta6n, 10 /2 7
f =b . xX=~h.
[ITo uHTepnonauuu U3 Tabn. 9 / 2 7
v = 0,86.

CorunacHo ¢opMmyanl (18) cymMma cpenHeit U I yisCalH-
OHHOH CocCTaB/IgKIle HOPMATHBHOH BETPOBOH HAaAr py3kKH
COCT @BHUT "

W,=w_ (1+¢))=1,708W".

7.14. Onpenenetye pacyeTHOHN CoCTaB/AKIEH} BeTpPO-
BOjt HAr pPy3KH coI'JlaCHO I, O.4

b/f = 1,4; Tsz = 0,8,

PacyeTHad peTpopas Harpy3Ka Ha HHMIHHAPHYECKYIO
YyacTb CHIIOCA

, = +0,456 «lla;
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4
W,, = nz--o A, Loshf.
= ~0,442 klla; A, = +0,190 kl[la; A

0 2

A
A, = +0,286 xlla; A = -0,034 xlla,

PacyeTHas BeTpoBasf Harpy3ka Ha KOHHYEeCKyl0 4aCThb
KpblIIKM CornacHo n, 5.4

W,, = 0,766 xlla.

PacyeT KOHCTpyKHLHH CHJIoOCa Ha& BO3Ae€ UCTBHE, NOO-
CYATAHHOH B NI, .14 BEeTpPOBOil HarpyakH, a Takxe COGCT-

BeHHOr'0 Beca, BbOIOJ =~
HeH IO I pOrpaMme

ROSST-4& . Boon
N AaHHbIX N pOUs’BENEeH B
COOTBETCTBUH C HH-—
CTpyKUHEeH K Ipo —
rpamme KROSST-4
([Ipunoxenue 5 /8] )
['maHU4YyHble yCJ/IOBHS B
I pUMepe NPUHUMAJHCH
B 2-x BapHaHTax:

3 = +0,817 xlla;

24,83 (8,14}

24,78(7.12)

['l: cBOo6OAHBLI# Bepx-
HUA Topeu  IpH
CBOOOAHOM OllH-
pAHHH HHXHero
Topua {(c HckI0-
YyeHHEeM NlepeMe-
IIeHUA CHCTEeMbl
K&K XeCTKOIo

30,45 (0,00

. H N, kH|m

HeJsoro);
[2: cBO6OOHBIA BepX—
HUR Topel H

LIaPHUPpHOE 3a~
KpelJieHHe HUX-—

He#l rpaHu,

Puc. 19
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[Ansa nony4yenuss pemweHuds ObINIO BbUIOJHEHO | HTepa-
I i,

[I[porpaMMa BblnaeT 3Ha4YeHHUd lepeMeleH M, yCUIUl
U MHTEHCHBHOCTH HAaNpPSDKEHHH B 9-TH ToO4YKAax N0 BbICOTe
obeyaiki 4 B Hanpap/leHHd obpasymoouei, 3II0pbl HEKOTO —~
poIX yCHJIMH [OJigd Tpex HHXHUX obedaek INpHUBeaeHbl HAa
puc, 19. Tak kak MakCuManbHag UHTEHCHBHOCTbL (GHUOGPOBbLIX
HaU PDSAXKEeHHH He NpeBbillaeT yC/HAOBHOI'O npepneijla TeKydecC-
TH, TO IO pe3yl1bTATaM pacyeTa Ha BETPOBYIO HAarpya3ky
KOHCTDpYKUHA yCHJleHHs He TpebyerT,

8. PEKOMEHAYEMbIE PACHETHbOIE CXEMbl U
METOAHNKA PACHETA HA I[IPOYHOCTB

CIHPAIIbHO-HABHMBHOI'O CHUJAOCA
HACTUYHO YCHUJIEHHOTO CTOHKAMH

Ly

3 an oJdJ H e H H bl ji C HJ o C

8.1. [ln9 NoBprllUeHHS NPOYHOCTH HIIM yCTOHYHUBOCTH
CTE€HKH CHJIOC& Ha AeUCTBHEe IOpH3O0HTANILHOMN H BepTH-
KANLbHOR Harpy3ok IlI. 4 B Tex Clyyaqax, kKkornpa aTo Tpe-
DyeTCs IO peadylipTaraM pacdyeTa I3 ano/JHEeHHOr o culioCa,

HO pacnonoxeHHbl-

z s

ero CTeHkKa B
'_—l_f_—[T—u.—rr_r_\ HIUXHE | 30He, 00
l | . ' = Tpe6yeMoit BbICO~
| ! | | bl, YCH/IHNBaeTCH
| ’ | | | CToRKaMHU  per yJsap—
' |
|

- . . / Ny _ ly: ' MHI IO ITepHMeTpPy
i L. .EEi @ A ' OOBIYHO C BHYTDE H-
T

. | ! Hell CTOpPOHBDI, C
| cmoiny |

| | waromM [,=1-1,5™M
(. 2.6) puc. 20,

| | Npd 3TOM pacyeT

/]

Cr Dy Ct S_i_D. C
: : — curioca gonycKka -
.2 2
eTcs MNPOHU3BOAHUTH
MO JIHHEeHHOR TeO-
Puc., 20

PH H,
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BeiCoTy
CToeK PpPEeKO -
MediayeTcH
aci1aTep OO4H -
Hakopoll. B
KayeCTpe Cro- 2
eK [Ns ailo — 0)

ol

e e e e e

TOCOR MOI'YT '
I1PUMEHATLCH
TOHKOCTEeH -
Hble CTepPXHH TR,
B BUOEe LITE&M- ' i
[10OBaHHbIX ;
alloOMUHHAEeBbIX |
npopuilen C
cCeyeHueM BU-
gna 1 | I .
I—1/187,
C rp. 183, 164,
1567, Kpenne-
HUe AalIloMH - £
HHEBbIX PO - .
¢pueH CO N
CTEeHKaMH

anloMUHHUEB biX

Cli,IOCOB NpoO-

H3ROAMTCH C NMOMOLbK H0OJITOBbIX coemmemiﬁX). Kaamiipo-
BaHHLle O6O0JThbl C [HOAKJIAOHBIMH waifaMlil yBell4yeH'ioro alia-
MeTpAa cleayeT pacronaraTb, N0 BO3MOXHOCTH, OJ/IXe K
dannlieBOMy pebpy (Ha MeCTe lilepexona cedyeHis daltlleBO-—
ro petpa B CeyeHue CTeHKH ofonouku), piuc.21,5, ¢~ [,
[lopepx CTOeK MOXeT pacilojlaraThCs Chielila/llbHOE KO.IBLO
XeCTh CTH, B Cnyyae OoTCyTCTBHE B NPOCKTE TAKOBOIO,Bbl-
cota cToeKk H ,  [QOMKHA NpeBbIATH PACYETHYIO BLICOT)
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Puc, 21

X N
B ¢ -a/llbHbIX CHJ/IOCAaxXx CTOHKH yCIIVICHIlg KPelldTCHa C [1Qw

MOIUBIO CBAapPKII,
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yCH/IeHHS] CTeHKM N, , [IpAHMepHO, Ha BBLICOTY Tpex ob6e-—
vaek h, ~ ht(31,+7,51,).

8.2. PacuyerHas BbicoTa #hp  onpenenseTrcsd OByMH
paKk TopaMH: yciopHeM obecneyeHUss NPOYHOCTH CTEHKH, NpH
KOTOPOM HHTEHCHBHOCTB QHODOBLIX HAIPAXEHHH CTeHKH, B
TOM 4YHCIe C y4YeTOM KOHUeHTpauun HAaIpPsXeHUR Hag CTok
KaMH, HHIrge He [OJ/DKHA [OpeBbiiliaTh pacyeTHoe COMNpPOTHUBRIJIO-
ite ( 6; (Z) < Rp ); ycnoBueM ofecneyeHdss yCTONYH-
BOCTH CTEHKH, IIpDH KOTOPOM IOJ/IHOE CxHMallee ycHlde B
CTeHKe, B TOM 4YHCJ]Ieé C y4YeTOM KOHUHeHTpauHH yCHJIHH Han
CTOHK&MH, HHrae He [AOJ/DKHO HNpeBblliaThk MHHHMAJILHOIO

kpatudeckoro ycuaua ( P € Pyp ),

8.3. Na-3a HalHyug AMCKPETHO-PAaCIOJ/IOXEHHbIX CTO-
ek, HeCMOTps Ha Halu4Yue OoCeCHMMETpPHHYHO OeHCTBYIOIWHX B
3aO/IHEHHOM CHJ/IOCEe Harpyaok, B CTeHKe CHIoCa BO3HHKAa-
eT UUKIWUYEeCKH NOBTOpAeMoe HeoCeCHMMMeTpHyHOe Hanpg -
XeHHoe CocTodHMe, B CcTporo#fi nocrasoBke pacyeT TAaKOH
KOHCTPYKUHHN Cnenopal’yio 6bl NPOU3IBOANTHL C yYETOM AUC-
KpPeTHO-PAaCNoJIOXKEeHHbIX (panbleBblx pebep H OAHCKpeTHO-pac—
HHONTOXXEeHHbIX BepPTHK&QJIBLHBIX CTOEK TOHKOCTEHHOI'O CeyYeHHUd,
CoeaqHHEeHHBIX C O60JIOYKOi} nonatT/UpbIMH CBA3ISAMH B BUae
60JTOBbIX CoenHHeHHdH. [Ip¥ 3TOM pacdyeT CymleCTBEHHO yC-
TOXHAETCH 10 CpaBHEHHI0 C pacCyeToOM CHCTeMbl 6e3 CTOeK,
B CcuHnly CIOXHOCTH H HepaspaboTAHHOCTH TAaKoro pacyerTa,
Ioxa npeanaralTCg HexKoTopas INPpHOJHXEeHHA&as YyIipolleHHada

pacyeTHas cxemMa H MeToaHKa pacueTa.
8.4, YnpomeHHaa cxeMa OOOQJIOYKH CHJIOCA CO CTOMH-

KaMHK [Ipd pacyeTe pacCMaTpydBaeTCd KakK opToTpolnHas
AByxcnofiHas, NepBbiM CJI0OEM KOTOPOH sSABJAETCH CTeHKa
0BONOYKH, a BTOPLIM — KoJibuenble (¢danbuenble) pebpa,
paccMaTpHBaemMbie 110 cxeMe ”"paamMasbiBaHdg” QO BbICOTE
CHJIOC& KX XECTKOCTHBbIX XapakTepHUCTHK Ha pacTasXEeHHe U
uarug. [lloparanBoCTe CTHIKOB ¢alsUeBbiXx pebHep CHOHCTOro
ceyeHUss He yuuTbiBaercsa ( (5‘/" = 0)., PacnonoxeHnde pep-—
THKAJIbHbIX CTOEK COXpaHaeTCs AHCKpPeTHbIM C Uelblo
y4yeTa KOHUeHTpauHud HalpAXeHH B CTEeHKe CHJoCa B 30He
Han cTtoixaMH, ®parMedT 60OKOBOH# IIOBEPXHOCTH CHIOCA,
noaKpelleHHoro cTroikaMu, npuseneH Ha puc, 20,

68



8.5. [1n1a pacyera CTo#kH, UMeilelR CeyeHHNe TOHKO-

CTEeHHOI'O CTepxXHA, 3aMeHaKITCHd CTepPXHAMH IIDAMO yI'OJIbHO-

ro Ce4yeHHsi, 2KBHBAJIEHTHBIMH MO MNaomadH H IO MOMEHTYy
HHe pU A

bf tf ____'7
t,b,=F,; 12 e U ITH

/ FC ? 1 Z-, 2

rne {, u 0,—npupenennsie TonumHb ¥ BLICOTa Ceve -
Hug npaMoyroiasHo# crosikn; fF, u  J, =~ nnomans u

MOM @HT HUHEepLHUH CTONKH 3a08HHOI'O TOHKOCTEHHOr'o npodu-—
T,

Ycnopua sakpeljieHHsad CTOeK Ha HHXHEeM Topue 060-
JIOYKH B OAHHOH 3aga4ye Te Xe, 4TO U a/id CTeHKH,

8.6, 3agaua pacyera pewaercd B reomMerpuyecks (u
bii3MYEeCKH) NUHe #HOH NOCTAaHOBKe, KOTOopas NpUrogHa Tak-
Xe [nJis pacdyeTra KOHHYeCKOoOH ob6onoykH noxkpwitug [/ 20 /.
Pewenue ynpyro##t s3apmady¥ NPOYHOCTH NMOAKPENNeHHOH 060~
TIOYKU CHJIOCA CTPOUTCH YHUCIEHHBIM MeTOOAOM NPAMOH MU—
HuMuz auud sdepruu (MIIM3), paapureim B patGore [/ 20 /.
Mpopes MeTopna cocTouT B NOCTPOEHHMH HMCXOAHOI'O KBaAApaATUY-
HOoro, nNo nepeMelleHUgM 3 HEPreTHYeCKOr'o P yHKL HOHaNAa
Jlarpanxa - & ( U ) nedopMHpoBaHHO} OGONOYKH

3/&)-?“27—(/7&'?:/)*—(!3,5)_ (57)

B (57) nepeoe ciaraemMoe BblpaxaeT NOTEHUHAILHYIO 3dep-
410 BHYTPEHHHX CHJI, a4 BTOpOe -~ pacoTy BHEUHHX CH /I,
3aTeM OCylWEeCTBAETCH OHUCKpeTH3auug ¢yHKUHOHAa Ha
HEeKOTOPOH CeTKe C NOMOWbLI0 KOHEYHO-PA3HOCTHOHR AalllpOK-
CiMauua [IPpOoU3BOANbIX, BXOAAWMX B ¢ynxkuuonan L ( a )
U KBa&APaTypHOHN alllpOoKCHMaAaUHUX HHTerpaloB MO CeTOYHORN

o6:ractn R , 3aHHM aeMon ODOJIOYKOH, B pel3yi/lbTaTe 4Ye-
ro OH NPHBOAHUTCHA K BHAY

L — ! 7 n ¥,
“Zh(uh):?ah(uh Uh)“(phun), (38)
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4 - ar ceTki.

byukunonan (58) 3aBHCHT OT KOHEWHOro HHC/IA Y3710-
pbix (CeToyHbix) nNepeMemeHdit U4 .+ OKOHYATEIBLHO 3Aa-
aada pacyeTa Npo4HOCTH NogKpenleHHOU QGOHGqKH’ B yKaaaH-
HOH INOCTaAHOBKe, peuraeTCcyd IIOUCKOM MHUHUM yM&a QyHKIIHOHANA
xh ( U}, } B KOHeYHOMEepHOM IIPOCTpaHCTRE MeTOOOM
conpsxeHHblx rpaaueHtop / 21/. Aas Nonyyenus yucneH -
MblX pe3yllbTaToB cocTtarpieHa nporpamMma PROROK (u npo-
roamma  PROCAN A8 pacyeTa KOHUYEeCKO#R OBOIOYKH
nokpblTH) Ha sabike POPTPAH pnngs 9BM tuna EC. Un-
CTpyKUHg K Mporpammam HuajnoxeHa B llpunoxenun 6 /6 /.
Pez ynbTaTbl pacuyeTa BbBIOATCH HAa pacClleyaTke B Taf-—
JIMYHOHX ¢OopMe: NNepeMelleHUd B y3J7lax CeTO4HOoi ofJacTy,
HalpRXeRBdd, yCHIUd ¥ MOMEHTHl B UeHTpe [1o/leit CeTKHU, A&
TaKXe Npoao/ibHbie NnepeMelleHus, yCHIUg U MOMEHTH! B
AUCKPEeTHOM YHC/Ie TOYEeK BAOOJIb OCH HOAKpenNgrUdAX CTO -
ex. B CTeHke culoca Ham CToikaMH B Toukax B (puc.20)
npoR ONbBEIe YCHIHUS A/z 110 CDABHEHHUK C yCHJIHUSIMHU B
TOYK X A BO3pacTtTarT, 4TO LHDPHBOOHUT K KOHUeHTpalHd Ha-—
NDAXEeHA B CTeHKe Haad CTOMHKAaMH,

8.7. Ycunue cpesa B 60/JTOBBIX COeqHHEHMSX, B I1pHU-—
HIIMKEeHHOR NNOCTAHOBKE, C lellIbi0 ABYCTOpPOHHE j OlLl€ HKH

NnpeaonaraeTcsa Ollpedel/IdTb O CldegylouraM pacyeT -
dLIM CXeMaM,

[Teppasg cxemMma pacuyeTa HUCXOOMT U3 NpPUGTMIKEHHOH
OLHeHKH pPA3HOCTH CMelleHH}l CTeHKH ODONOYKHU CcHUmOCcCa be3
CTOeK U CO CTORKaMH N0 J/HMHHHU KOHTAaKTa B MeCcTax pac-
nosoxeHHa Gonrtop. llpH aToM pgonymweHdu ycunde B

CoeaMHeHHH U3 4-x OonrtoB (puC. 21,6 U B/} onpe —
OeHTCH BblpaxeHUeM

T (2,) = =46, |u, (2, t/2)~u, (2,t/2)|(50)

rie Tb ( Z,.;) - ycuiime B 4-x Bolitax ya3JI0BOro coegu-
HoHHMA CTEHKH co cToilkolt B 3oHe K -ro ¢anbueroro pet-
paj
Uc ( ZK ’ t/2 ) - ItpoaoJibHOe ¢ubpopoe nepeMelieHne
B CTEHKe, BbIYHCJ/IEHHOe B 000JIO4YKe CO ctopkamu (m, 8.1),
B MeCTax pacnooxcHds 6onToB B 30oHe K -ro panpuepo-
o pebpa,;
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(/g (ZH \ t/Z) — TO X€e, HO BbIYUCJ/IEHHOe B O0BH0N0YKe
6e3 CTOeK.

[lpu aTtom sHawenus U, ( Z, | t/2). U, (Zg,f/.?)
Oll pene/sgioTCa Mo [1porpaMMe PROROGK ([Mpitioxe-
HHe 6 [ 6 J) kax NpH HAIU4YHU CTOEK, TaK U 6e3 HHX N pH
OTCYTCTBHH NoOQaT/MBOCTH ¢anpuenbix pebep, [Hdag yToyHe-
HUR NepeMelleHU i //o ( 24 , t/2 ) aa cuer 107 aTiii-
BOCTH peoep MOXHO HCIOJb30BaTh NPUGTHXEHHYIO GOpMyy

U(Zy,t)2)=~ U (Z,,t/2) ) n . (60

OxoHyaTel/lbHO, AN8 logcyeTa yCHJIHg Td, ( Z ) c/jlieny-
er emecto Uy ( Z4 . U/ 2 ) noncraeure B  (59)
penmuuuny  H ( Z, €/ 2 ), BHIYHCIEHHYIO COI1aCHO
(60). |IpuBenpenHaa ToJiMHHA t',,p CTeHKH BbIYUC/IsieTCH

C y4eTOM Koa3ppuuHeHTa xecTkocTH [ ,, (Ta61.12) dans
UEBOro CThlKaA NpH CxaTlHH no ¢opMyle

/.09 | P
tm%(/‘ LEY LT LT LUl e
—_— 4 —
A (,r,,
b1 - KO9PPULHEHT XECTKOCTH B COSpIHEHHH het:

OAHOr'o 60JiITa MOXET OblIThb oOllpenesjieH AH&IOr HM4YHO Ollpeae-
NeHUI0 XeCTKOCTHU 3aKIello4yHbIXx coeaudHeHu#t ctp.13 / 22 /,

no ¢opMyJe
Fd;

G,,~ L, ~2(t+t,,) ,

(682)

rnpe Eé -~ YCIOBHbBIH MOOy/lb YIPYroCTH 60/TOBOI'C CO-
e1'lHeHHd, Noalexaumidid 3KClIepHMeHTa/lbHOMY ollpeae/leHHIo,

U141 NpUHMMAaEeTCg U3 CHpAaBOYHO§ NHTepaTypb! CTp.bS [227
£, ~ £, = 100-120 Mila (1000-1200 kr/cm );

(T + Cn )/2 -~ paccTossHlle Mexay LUeHTpamH THXECTH
cedyeHUii CoeAUHAEeMbIX 3JIeMeHTOB, I'ae tn - TOJulIHA
nonkH croikit (puc. 21,B); db — HapyxHbIt gltaMeTp
cTepxHA Honra,



[Io MakcuManpHOMyYy 3HAaYEHHIO Ta max  (koropoe

cneayeT OXHoaTh B 30He Bepxa cToek npu Z = A, :

(puc. 21,a) nopnGupaercs puametp Gonra d, no ¢op-
MyﬂaM:
a) ua ycnopus cpesa 6olnra
Th
a, > 1/—-""“ (63)
o T Rps
rne K,s - pacueTHOoe CONpPOTUBIEHHE Cpeay AAf GOJITOB,

ollipegellgeMoOe COorjlacHo [/ 3 /, Ha CTalbHble HId alloMU-—

HHeBble KOHCTPYKIHH, B 3aBHCHMOCTH OT MaTepHala 60/
TOB;
6) M3 yC/IOBHA CMATHS COEOHHSEMBIX CTEHOK
"s max
dy > [ pd 1 L=t ww t,, (6a)
C oM
a
rne Kop - pacueTHoe CoONpPOTHBIEHHE CMSTHIO COEQMHH—

Te/lbHbIX CTEHOK, olpenensemoe cornackHo [ 3 7.

[ naMeTp BCcex oCTAa/NbHLIX GOJNITOB NPHUHUMAETCa IO
HauboNblieMy 3HaYEeHUID auvaMeTpa, BbiYUCIHeHHOMyY nNo $op-
myiam (63) u (64).

Bropas cxema pacuyeTa GOITOBLIX COeAHHEHH HCXO —
OiT M3 NPpUHOIH)KEeHHOH OUeHKH YCHI/IHH, [epepawumHuxcs CoO
CTEHKU Ha CTOMKy, BBbIYHUCAEHHLIX COrjlacHo n. 8.6. Ha
puc, 21,8 H300paxeHa npealnojaraeMas aniopa HOPMAalbHbIX
yCHIHR N® B croike. BepxHaa opaoHMHaTa COOTBETCTBYeT
coCpenoTOYelHHOMY YyCHJIMIO, NepenaKlleMyCs Ha Bepx CTO-
Kif OT BepTHKAJIbHbIX HaArpy3ok, A€HCTBYKUIHX B O06JACTH
BEpXHUX KOHUOB CTOeK. YpenHueHHe opauHar antopbr NC
10 BeJIMYHHDI N"c; IPOHCXOAHKUT 3a& CYeT CHUJl BIaUMoaei —
CIBHS 50 Mexy CTEeHKOH CHUJIocCa H CTOHKO OT aeHCT-
BHs1 BePTHKAJLHbIX HA'PY3OK B lpeaellax BbICOTHI CTOEK.
I—IpHEinH}KEEHHO yCH.ﬂHH 55 MOXHO OllpepeliiTh COIJTIACHO

BLID&K @HHIO C c
Nig— Ny
S = - =c0nst .
e

(65)
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Yeunua T4, = 3S5,1, co crenxm Ha cTOfixy Nepepnaior -
cqA 4yepe3 OONTOBbIe COegHWHEHHd, KOTOpble MOXHO IIPDHHATH

ONMHAKOBLIMH [J/isi BCex yalopbix coenuHeHuit, llns onpepne-
JIeHHA CxeMbl pacilipegelleHAS Mexpgy 0oJ/iTaMH CoCpegoTO-

YeHHOr 0 yCHHAY /V;:g , HCIOIb3yeTCq NOoAXOo[a, NpHMEeHse —
MbIl B TEOPHH COCTABHLIX CTEepxHef, Npd 3TOM IIpeanoya-
raercsd, B 3alacC NpPOYHOCTH GONATOBLIX COoeaHHEeHHR, YTO
cTeHKka gedopMHpyeTCs, a oceBojt nedpopM auue it CTOHKH

MOXHO IpeHebpeynb, [IpH ykasahHHbIX NpeanoChllIKax pacyeT-
Hoe paHpdepeHelHalbHOe ypaBHEeHHe ANg onpenelleHHss  yCH-
JIHE B CBA38X HMeeT BHN

EFmmt (2)-6,u(z)=0, (88)

rae é2& - CM, dopMyny (74): an = tnp ‘ tnp -
cM. popMmyaer (61) u (75).

[Ipy rpaHH4YHBIX YCJ/IOBUSAX:

ape 2Z=0 . U(0)=0 , npu Z = h, |,

p,

Ean U'(HC)'—'—'—/V,. (87)

OKOHYATENbHO BhLIpAKEHHEe MNOrOHHBIX CABMIaKIIHNX yCHANN
B CBH38X HMeeT BUA:

Go N,
AEF, ch(ah,)

A il/fi:ﬂ - (69)

dniopa CABUTAKIIAX YCHAME J; B CBA3RX H306paxeHa Ha
puc, 21,a. CyMMapHOoe NOroHHoe caBHramouee ycH/lHe Mex-
ny CTohkOo# M cCTeHko# (pHc, 21,a) pasHo S = §,*§,
[[1omanp an0pbl cABHrapoUIKMX yCH/AMK paBHA

S, (z)=6, u(z)=- ShAdZ; (es)

he ne 6‘6 /V1 N
§5,(z)a’z=- ; Jf/‘;,,ch(jh)SMZdZ //( m(ﬂh)\”‘”
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[by 3aToM B CTeHke cHloca, B 30He HAn CTOAKAMH nelCcT-
syer ycunue AN, | a B aoHne Huza cToOex neCTByeT yCH-

me N, /ch Ah, , alretpadyeckas CyMMAa KO-
TOpbIX paBHA pPe3yIbTHPYIOWEMY COBHI ALIeMY YCH JIHIO
(70). Haubonwwas BenuyuHa S max I1 pHY L = hc
papHa

Gy N, sh(jh)

Smax =" JEFch (dhe) - TV

Ycunue B BepxHeM 6OJTOBOM COeOHHEHHH, B 3&1a8C INPOYHO-
CTH, MOXHO BBIYHCJ/IHTE IO ¢dopMyle

Té;'f:Smax'['f . (72)

[lonHoe ycH/IHe B GOJITOBOM COeAHHEHHH U3 4-X 60OJTOB
pPaBHO

7—'6 = Tbo MY (73)

LNrameTrp 60/TOB B COOTBEeTCTBHHU C ycHnueM (73) onpepne-
NseTCs cornacHo pbipaxeHuil (63) u (64). AuameTp BCex
OC TallpHbIX O6O0JITOB NPHHHUMAETCH N0 HaubfOoAplLIEMYy 3HAaye -
HUIO AHaMeTpa, BBLIYHCIeHHOMy N0 o6eHMM paCyYeTHBIM Cxe-
maM (m, 8.7).

B ¢dopMynax (68)-(71) yepes 5'1, 0o603HayYeHa No-
IroHHasg XeCTKOCThb OONTOBLIX COeaHBeHHH, olipenengemMas

BhIpaXe HUEeM

”b
Gb - G . (74)
roe N, = 4 - 4HC/IO 60JATOB B OaHOM 6OJTOBOM  yaie
(puc, 21,6 ¥ B); 6"5 4 - BblYMCngeTcs coriacHo  (62):
an fﬂp tnp_ NnpupefeHHas nJjomaab Ce4YeHHss CTEHKH CH-
J0Ca, BpoanMaag p pacyer, f,,p - NpuBpeaeHH asga TOJIIHNHA
cTeHkH, BbiuMCiaseMas cornacHo (61); {pp - ycnonas
WHDHHA CTEeHKH, BBOOAHMAA B pacyerT
N N

lnp""‘p.,(': N (75)
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Xc WAQE/P ~ KO3a(p¢PHUHEHT KOHUEeHTpaluHH yCHIIHAH{ Han CTOH-
KOH, BbIYHCIISeMblA IO MeTOonHKe, H3JIoOKeHHOK B n, 8.6
(cm, puc, 20, 21),

'Nicﬁ —~ COCpeNoTOYEeHHas CHNa, NMepefaBaeMas CO CTeH-
K cHnoca Ha cTo#ky (puc, 21,a); F -~ nmorosHoe non-
Hoe IpoAOJ/IbHOe yCH/IHe B 3alOoJIHEHHOM CHJoce be3 CToek
Ha ypOBHe OTMEeTKH AeHCTBHUA CHIIbl,

[Tocne peIIOIHEeHHs pacyeTa GOJTOBbLIX COeAHHEeHHH
c;leayeT IIpOU3BECTH IOBEPOYHBbIH pacyeT CTEeHKH 3AallOJ/IHeH-
HOI'O CHJOCA B NpeanolloKeHUH OTCyTCTBHS CTOEK, HO IIpH
3TOM HHXHIOK YyCHIIEHHYIO 4YaCTh CHJAOCA [PHUOBIIHXEHHO MOX -~
HO pACCUHThLIBATb 0 HeaedpOpPMHUDPOBAHHOH CxeMe, nojaras B
ypapHeHusax (41) P = 0.

CnenyeT ewe pa3 NoA4YepPKHYThL, YTO pAaCHEeT CH H~—
pallbHO-HABHBHOI'0 aJlOMHHHEeBOI'O CHJIoCAa, yCHIIEHHOro CTOR-
KaMH C OOJITOBbBIMH COeAHHEeHUSMH, IOKa H3JNOXEeH B IIpHU-
OJMXXEHHON IMOCTAHOBKE H HyX148eTCHd KAaK B AalibHelueH
pa3paboTkKe pacuyeTta Ha OCHoBe §oJlee CTPOroi pacyeTHOH
cxeMbl (n, 8.3), Tak ¥ B 3KCHepUMEHTAILHOA Il pOBEpKe
paboThbl TAKON KOHCTPpyKUHH, BKJKOYaAg H H3ydyeHHe paboThl

6 OJITOBbLIX CO€AHMHeHHH B KOHCTPYKUHH CHJIOCA H3 &JIIOMHHHUHO-
poro cninasa AMr2Hi.

Il ycTo0O K C M J1 0o C

8.8. [locnie pbino/IHeHUd pacyeTa 3AlOJHEHHOr0  CH-
noca, yCH/IEHHOr O CTOMKaMH corjiacHo m.n.8.1-8.7, cneayer
NPOU3IBACTU MOBEPOYHbIK pacyeT TaKOoro cuinoca B Heza -
i IONHEHHOM COCTOfHIM HaA OejlCTBUe BETPOBOR HArDYy3KH C
y4eTOM COGCTBEHHOro Beca, PacuyeT KOHCTPpYKUHM yCHIIEH-
HOI'O CHiIoCa B CTPOroM INOoCTAHOBKE C y4€TOM [AWCKPEeTHO -
ro pacnol/lOXeHUs CToekK H IogaT/lHBOCTH 6OJITOBbIX CO€eaH-
HeHM , 1pH HeOCeCHMMETPHYHOH BeTpOBOA Harpyake, eue
60lee ClOXeH, YeM 3anoJIHeHHoro cujoca, [loatomy
npeaiaraeTcs yilpouleHHasa pacyeTHasg cxema, OCHOBaHHad
Ha psage agonyleHHuH,

HacTe 060/104kH B Ipeaenax BbICOTbHI CTOEK pac —
CMATPHBAETCH KaKk OpPTOTPOIHAas, [Ipd 3TOM XECTKOCTb CTO-
ex Ha cxatve (pacTaxeHHe) H UH3rHe - "pazMasbipaetrca’
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B OKPYXHOM HallpapJ/IEHHH, a XeCTKOCTH ¢alplieBbix pebep
Ha pacTs)XXeHWe U H3ru6 "paszmaanipaerca” 0O BbICOTE.
SKXCUEHTPHCHTET PAaCNOJIOXKEeHHS KaK CTOeK, TaK K KoJjble-
BhiX pefep #U3-38 CJIOXHOCTH pacuyeTa He y4YHThIBAeTCH,
Hanuyne npogoOJIbHBIX CTOEK INpelsTCTByeT NOOAT/IHBOCTH
ceyeduit danpUepriXx pebep H B yKal3aHBHON 30He 3TAa HofAar-
JIUBOCTbL He y4YHTbIBaeTCH,

HacTter o60104kH CHUOCA BbilIe Bepxa CTOEK PACCYH —

ThIBAETCH NOAO6HO pacyeTy CHJoca Be3d CToek, HO HpH
3TOM KO3pPHUHEeHThl NNoaarilHBOCTH CedeHUs ¢anbleBbix pe-
6ep §J'; NPUHAMAIOTCS OAHMHAKOBBIMH M pABHbIMH Hx
3HAYeHHI0O nNpH CcxaTuh, Takoe ponymeHde BBOAHUTCH C

Hellbl0 YIpPpOWEeHHd pacyeTa H OCHOBLIBAETCH HA N peanolio -
WeHHH O TOM, 4YTO DAaA3HHUA B 3HAYEHHAX KOS(PPHIIHEHTOB
OO &T/IHBOCTH ﬁji, B 30Hax CxAaTHd H pacTHXeHHd CH-
10ca Mo BbICOTE OT BETPOBOH HArpy3KH, B OCHOBHOM,
CKaablBaeTcs 3a cueT nejdopMalHif B ero HUXHejl 30He, KO-
TOpAs B QAHHOM Cllydae yCHJIeHa CTORKaMH,

YcnopHus 3aKpen/leHHa BEPTHK &JIbHbIX CTOEK Ha HHX-
HeM Tople, B Cly4ae HX CXATHd TaKHue Xe, Kak H ndas
34l OIHEHHoro cunoca. B cllyyae HX pacCTsaxeHHs, 4YTO HMe-
eT MeCTO NIp4d Ane#CTBHH BETPOBON Har pyskHd, yC/OBHA HX 3a-
KpelJjle i B KOHCTPYKTHBHOM OTHOWEHHH MOIyT ObITb MHBIM K,

TakuM o6pa3oM CTORKA NpensIoKEeHHOIro CHJloCa BMEC—-
Te C NOAKpPpeNNAIIAMHA CTOHKAMHA MOXeT HCNLIThiBATL pac-
THEHXKeHHEe HJIH CXAaTHe, ONHAKO pacyeTHbIM [OJIg HIDKHEeH 30-
Hbl CTEH CcUloCa fABJfeTCs Clnydai 3alolHeHHOrr O cHUnioca,
Korga agefACcTRylOT HaAHMeHbliHde IIo BeJ/HYydHe Harpy3kH, T.e,
npit pacuetTe HHXHeH 4YaCTH CH/I0OCA, K&K OPTOTPOINIHOH OQO-
JIOYKH, paHH4YHble YCJ/IOBHA NOC BCEeMY KOHTYPY HHX HET O
nonepe yHoro CeyeHHss NPHHHAMAIOTCH OAQHHAKOBBIMH, Kax AO74
3aflolHeHHoro cHjloca, a KOppekKTHpOBK& YCJOBHH 3aKkpen -
JIeHUS NpoH3BOAHTCSH INIIPpH pacyeTe GOJATOBbIX cCoendHEeHUH.

8.8. PacueT cHloca B Ue/IOM BbINOJHAETCH O CXe-
Me, H3/I0XeHHORX B N, 6.13, C Toit pasHUueil, YTO 30HA Ofe-
yaeK yCHIIeHHbIXx CTOohkaMi, "B OCHOBHOH CHCTeMe” MeToOnAa
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Tabnmuua 16

e —

Ycnos-
Hasi

[pakuyHbIE

8 Efap) | yomomma | _w FF, ],

'pauuyHbie

cxema 7 =£'!_ ye 1oBHua T x Ap4d Onpe- T“.l’ A
onHpa- b0 r pi onpe- 41 && zr pese HEY 6 %1
Hilg ae TeHHH 5
CTOAK H 8 T

K TM 61
CTCHKH

=10

J

A,
ﬁa@

" f 2=0 2=
Vol | =17 _5/7)“7;-” Efcrui‘:_
s Z=h, chih, ! Z=h,
| EF U =-A, FE UE-
o

flpumeuyanne: 1) JHak "-" oaHayvaeT, 4YTO CaBdrapuie yCHIHg T& llepe—
» r

palwTCA Ha CTOMKY CBepxy BHH3, 3HaAK "+ B OOpaATHOM Halpap/leHHH;
2) HHpexkcbl *BY 1 "H* 0603HauaiT BepxHee H HHXHee §O/ITOBLIe COeaHHeHHs,
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nepe MEUI€HHH! paccMaTrpHBaeTCd KaK onHa obeva#tika, Pac-
yeT BCeH CHCTEeMBbl BbLINOJHHAETCH IO TOHR XE€& Nporpamme
ROSST-4 (cm.n, 14.5), npu 3TOM pacyer ynpoma-
eTCs 38 CYeT ONONyleHHs yKa3aHHoro B I, 8.9.

8.10. Ycunua cpesa B 60ATOBBIX COeMHEHHEX KAk U AJig
3all0JIHeHHOr 0 CHJloca Ipeag/jaraeTcs BBITOJHHTbL IO ABYM
pac4eTHbIM CXxeMaM, H3/I0XXeHHbIM B I, 8,7, IpH 3TOM Iep~
Basg CXeMa OTHOCHTCH K pacdeTy 60JITOB Ha& ypOBHe CTO€K,
a BTOpas TAaKXe H Ha ypopHe HU3a, Y4YATbIBas CHeuHudHKy
KpenleHus, OTMe4YeHHyl B O, 8,9, B yKkazaHHYIO BTOPYIC
cXxeMy pacyeTa BHOCATCA KOppeKTUBbl, PacdeTHble 3dHaye -
Hug cpBuralomnx ycumun T, n T ,, nna pasnny -
HbIX BAPHUAHTOB HAIDPIKEHHOr'0 COCTOgHHSA B 30He CTOHKH
npupeneHbl B Tabl, 16. Moryr BO3HUKHYTH Clenylouide 4-
BAPUAHTA HAIIPAXERHOI'0 COCTOAHUA: 1) HA CTORKY CO CTeH-
KM ITepefaeTcd CXHUmMawluee yCH/IHe H CTORKA IpHXHAMAaeT-
ca k dyHaaMeHTy; 2) Ha CTOlKy IepegaeTcsd CO  CTEHKH
pacTaripapiiee ycH/He ¥ CTOHKA OTPLHIBAETCH OT QyHOA -
MeHTa; 3) HA CTOWKYy IepenaeTCs pacTArdBaloulee ycCHIHe,
HO BHHM3y OHAa NpUXUMAaeTCd K dyHnamMeHTy;, 4) Ha CTOHKY
nepenaeTcd yCHJIHe CXaTHUf, HO CTOHKa OTphbiBAeTcd OT QyH-
naMeHTa. B cooTBeTCTBHM C 3THUMHU 4-MH BapUaHTaMHU B
Tabl. 16 NpupegeHbl pacyeTHble CXeMbl U BbIpaXeHHd CABH-
ramomux yCHJIA] Tbbf H Tbe . BO3HHUKAIOUWIHE B BepX -
HeM H HHXHeM O6ONTOBbIX COEAHHEeHHUAX CTOMKU CO CTEHKO i,
M3 aTHXx aByxXx, HauGo/lbwee 110 3HAYEHHUIO NPHHUMAaeTCH B
pacuyeT ans pcex 6o/qToB nanHHoh croiikn, llpn onpepenenun
ycunuit 7 ,, B BepXHEeM GOJITOBOM COEAMHEHHH YCIOBHO
npeanoJ/araljocChb, Kak NpH pacyeTe 3alo0J/IHeHHOI'O CHoCa,
YTO CTEHKHU cHunoca nedopMHUPYIOTCA OTHOCHTEJILHO CTOMKH ,
MpH HeydyeTe ee OCeBOH aepopMaudu, NpH 3TOM B BLIpaxe-
HHAX Tadh, 106 an = tnp ' lnp - IlipMpegeHHad Nnno-
mank CeYeHHss CTeHKM pblydcnsgercs corgacHo (61) u (75)
n, 8.7, a A — coraacHo (69). [Ipn oupepenesnm ycunus

A :_, B COCdHHEHHU HHUXHEro KOHUA CTOHKHM CO CTEHKOM,
Hao6opoT, NpeanoJlaraeTcs, 4TO He3akKkpell/leHd ag CTOKa ae-—
GOPMHUPYETCH OTHOCH TEJ/IbHO 3aKPENNeHHo# B dyKAaMeHT CTeH~
K NpH Hey4deTe negopnauiiy nocnegHe |, 11 pi 3 TOM B Bbipaxe-
HUuax Tabkda.16 F., — naowmans cedYeHHA CTOJKI, a

A, =Gy JEFey .
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9, [IPUMEP PACHETA YCHUJ/IEHHOIO
CAJIOCA HA IHPOHHOCTDL

3 an ol He HH bl { C HJl O C

(.. 8.1-8.7)

9.1. ITo nporpamme PROROK (Ilpunoxeuue 6 /7 6 7)
pacCyuThiBanaCh ClupalbHO-HapHpHaA ODONOYKA CHIOCA eM-
kocthio Y = 600 T, nonkpennesHas BHYTPH CTOHRKAMH M3

apyraspoeoro npoguaa IlC 25-13 /18 J ¢ napamerpamu
( pRc, 22), npomans ceueHus

/'E- = 11,83 CM, 70
MOMEHT HMHEepHUH OTHO- . 1 -
?
CHTEeJILHO HeHTpaHb‘{lOﬁ OCH > a
J = =
X = 73,047 CM , pacC - " Iy X Q
(o g 2
CTOAHHE OT UEeHTp& THAXECTH = "

IIPOQUNIS N0 NOBEPXHOCTH KOH-
TaKkTa NOJKH C OOCIIHBKOR
(nByTaBp NpHKpeniseTCsd Ha Puc, 22

gonTax HaHGONbUWEHR IIOJIKOH K

OG W HBKE ) ZO = 2,718 cm.

MaTepHan cTeHkKH oﬁgnoqxn cninap AMr2Hl ¢ mony-
nem ynpyroctk E = 7,1.10° Mlla. 'eomeTpHyeckue napa-
MeTpbl O60OJOYKHM CHIocCa: BbicoTa A = 8 M, BbICOTa UH-
TIMHOPHYeCKOR 4aCTH 3aCbllkH, papHO# MO Oo6BEMYy ee KO-
HyCHO# 4YacCTH, hg = 0,8 M, nuamerp 4 = 10 M, TOJl-
muHa CTeHkn LU = 4 MM, lllar pacCTaHOBKH CTOEK yepea
90, T.€, N0 OKPYXHOCTH paCHONOXeHO 40 CTOeK ¢ iarom

!, = 0,785 m (puc. 20) u BrICOTOR /7,;. = 2,2 M.

CornacHo n, 8,4 B pacyerte CTOHKH y4yHTHIBAKTCH
OHCKPpEeTHO, XeCTKOCTH KoO/blUeBbiXx ¢dalvuepbiX pebep #pas3-
M a3 bIBAITCH" ¥ BKJ/IOYEIOTCH B KOJbUEBYIO XECTKOCTh OPTO~

TPOITHOA OOUWIHBKH
B 10 = B * EFP / l q »
D ﬂp — 0 + EJJ’ / t 1 9

Zs
——

g0 }

Y



rie B=Et (171~ V4) - xecTkocTs Ha pac TsxeHHe —Cx a—
THEe CODCTBEHHO 06111HBK5, Fp - IJowane nonepeyHoro ceye_
Hiug ¢anwua rkp =7,35 cM ; ’1'4 =36,5 CM —~ paccTosiHHe
mMexay danpuamu; D =E¢t3 /12 (1-7V2) - wnaru6uas
MEeCTKOCThL OOIMBKHA; MOMEHT HHepUHH , pAaIbLLAa OTHOCHTEL-
H> UEeHTPalbLHOK OCH Jp = 7,238 CM4.

PacueTHaa Harpyaka Ta Xe€, yTO ¥4 B lpumepe n, 7,
llpn. OTCYyTCTBHH CTOEK Ha OTMETKe IllpeaflojlaraeMoro Bep-
Xa CTOeK IIpH Z<he = 2,2 M cxpMamuee yCHllHe
B CTEeHKe /Vz (hy) =~ P = 34,3 kH/M™m.

9.2. 'pasuunnie (Kpaepble) ycrnopus I PpHHHM A/IECH:
Ha pepxHeM Topue Z = H, wapHMpHO NOOBHXKHOE 3AaKpel-
JIeHHe

UW+0;, v=w=_,

Ha HHxHeM Topue J = 0 wWAaApPHHPHO HeNoaBHXHOEe ONHpa -
HUE

U=y=w=0, M,=0

PaccuuTbpiBalACa UHKAHYECKH CHUMMeTPHYHbIR y4daCTOK
o60onouku Ay A, A, B8, 8,84 (puc. 20). Ha npaMbix
Ay £, A, n B, 8,8, npuiuManucr yCHOBHf CHM -
MEeTpUH, T.e,

v =0, 2 w/is = o.

dnsa pacueTa NOBePXHOCTb yKA3a4HHOI'O y4YacTka  Mo-
KphbipajiaCh HNOCIEAOBATE/IBHOCTELIO ABYX BJIOXEHHBIX CETOK C
paamepamu no £ w9 (no ocu u okpyxHocTH) Kp =
(7x3) u Rh/z = (13x5) ceTouHbx ya/OB.

HcnonpaoBpanace 3KCTpAaAloNguUMa IO BEKTOpy liepe -
memenu#t U no ¢opmyne ( A - cerouHblit mapamerp,
war CeTKH)

[7/:/2 = (4Jh/2_ &;,)/-5 3

koTOopasd I103BO/ISET MOBbLICUTH AIIIPOKCHM all HOHH yIO TOY -
HOCTb IOJIy4aeMoro peueHHd.

CeTKH CrymalJuCh B KOJblLepOM HalpaBJ€eHHH B 06—
nacTH CTO€K H B OCeBpOM-—B 06/1aCTH HHXHero topua ¢ Ho-~
MOUILIO OTO6pAax aloHX ¢GyHKuUMp € M s [IDH 3 TOM
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iapaMeTp crymeHdas @, no Z [IPHHHUMAIJIC PAaBHBIM
a, = -0,3; mo ocu § a, = 0,8.
PacyeT (nouck MHHHUMyMma (yHKUHMH 2Heprud) Belcs C
IIOMOIIBI0O HTEPAUHOHHOI'O MeToaa COIpPHXEeHHbIX I'pafHeHTOB
(cMm, llpunoxenwe O [/ 6 7)po nonydeHHS TOYHOCTH no

sHepruu (Ha AByx coceaHux utepauusx K |, A -1 ceTku)

_ -8

a N0 HOpMe BeKTOpa rpagveHTa aHepruu
-6

9.3. B pedyiabTarte pacyera 0O60J0YKHM H&A HeyaTk Bbl-
napalliCb BCE€ KOMIIOHEHTbI CeTOYHBIX ITepeMeleHHun, nedpop-
Malu, yCH/IH}, MOMEHTOB U HalpdXeHH} B OOLHBKEe H
CTOHKAaX.

[lenwio pacyeTa gpngeTcd NPOYHOCTHBIYE pacyeTrT 607-
TOBbBIX COeaMHeHUH (HpHerHHHIOLHHx CTOﬁKy K OO LI HBKE )
Ha cpeld, CMSTHe U INponaB/vpaHye,

Ona osToro ( Tabdna, 17) npupegeHbl 3HAYEHUd Ie-—
pememenuii Ye CTONKM mo ee BHICOTE, OCeBas cuna
CXK aTHS /Vf B CTOMiKe, U QOJiId pacyeTa GOJTOB Ha cpea
3HauYeHUs NepeMeleHur U, nns o60M0YKH 6e3 CTOEK.

0
Taonuua 17
Z, M x) U, mm
< 2
1,78
1,17
0,58
)
*) Hauano orcuera no ocu Z ,  CcM. puc. 20,

XX C
) /V‘ ( Z ) npupogmuTCs nans HeHTpaA THXEeCTH CeToY-

HO1'O 3/1IeMeHTa CTOHKH, Or pAHHYEHHOr'0 CoOCeaHHMH KOOp-
auwdaTramHi,
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B cTedHke 060M0YKUH HaAn CTOodKaMiyd BO3IHHKAeT KOHIUeH-
Tpau s OCEeBbIX YCH/HN., JNpa CKHMAKIMUX YCHIHK B CTEH-
ke OBGO/NOYKH Han CToikaMu H3o6paxeHa Ha pHuc.20, makcu -
Ma/IbHOE CXHMallee yCH/IHe NOJy4H/oCkh paBHbiM N, =x
-50 xH/M, Ha ato ycunne cneayeT npopepUThb yCTOHYH -
BOCTb CTeHKH o6eyamkM, pacrolloXeHHOH Han BepXxoM CTOeK.

[lynk THpHON JIHHHEH MoKasaHa 3nlopa papHOMEpPHO CXUMAaI0-

mux ycunupp B creike Ny =- P = 34,3 kH/M Ha Toi
e OTMeTKe, IpH OTCYTCTBHH CTOek. [aKidM 06pasaom, Ko-
2GPUUHEHT KOHUEHTpAUWH yCHIUH  NoNydYHiCHd pPaBHbIM
o0
= —
K ¢ 34.3 1,46.

9.4. Pacuyetr coennHedH#i 060/IOYKH CHIOCA TOMUHHOH

[ = 0,4 cMmM co cToBkaMH HoaTaMH Klacca 5,8, anaMeT-—

pom dg = 0,8 cMm.
PacyeT 60/TOB Ha Ccpe3d H cCcMgTHEe COrilaCHO IepBOH

pacyYeTHOR CXeMbl n. 8,7,
Cornacuao Tatn, 17 tepeMeuwerdg QHQIOYKH B3 CTO-

ex Ha ypoBHe Z=h,= 220 cm, U, =0,084 cM. Ilepemewe-
nae o6onouku co ctohkamu U, = 0,04 cm. Coraacuo ¢op-

mynam (58) u (60)

gy L _ 0.4 _
iU =U, E o 0,084-—"ho3 = 0,361 o,

1

?

Ty = -4-1,206-(0,00361-0,0004) = -15,49 xH.

a) [Ipopepka Ha cpe3 (no aGCOMOTHbLIM 3 HAYEHHSAM )

-
_E <R, __12.52__;77 MIla < 200 Mla,
Jd, 3,14+0,008

6) llpopepka Ha cMmsTHe

a
Ts < R — 12,49 _ .9 Mila < 196 MIla.
4ot 4-0,003-0,004

PacyeT 60/TOB Ha Ccpesa M CMsTHe COrJlaCHO BTOpPOH

pacyeTHON) cxeMbl mn, 8,7,
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o Cornacso ragn.17 ycunme B HU3y CTOMKH npu Z = Q,
A/af 29 kH. c
Ycunue B Bepxy CTOikH npu Z=Hh, Ng= 13 kH,

P= 34,3 xH/Mm,
[IpuBeneHHaa TOJIIMHA OGOJIOYKM C y4YyeTOM NOOATIHRO-

CTH CTBHIKOB OllpepesisieTcs cornacHo ¢opmynam (61), (65)-

(75)

— = 0,093 cMm,

T50= 2.2
;- M 13
P D. K, * 0,343°1,46 229 M
_ . 4 2
F,,p— l"np Z,,p 2,41-10 " ™M ;
; _ 4G 4.1,206 _ -
b {; 0,355 ~ 132 Mia,
rne Co1 = 120-3.14'0,0082/2(0,004+o,0003) =
= 1,206 Mllasm ;
__1__...____
A= V - V 22— 0,87 L,
F np 7.1.10%2,41.10
Smax = 10,3 "~ MaKkcuMalpHoe caBHrawliee yCH-
nue;
7y, = -0/365-10,3 = -3,76 xH;

o3
|

= (1,99 + 3,76) = -5,76 xH.
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a) Ilpopepka Ha cpea (no a§COMOTHbLIM 3HAYEHHAM )

T's
w-df

< Rbs; —‘_“5"16_2 = 28.8 Mila <200 MIlla.
3,140,008

6) [lpoBepka Ha CMsTHe

T o 5,76
”b db ‘C R&'M 4'0,0ml0'004 44’9 a < 196 Mna-

[lo peayabTaraMm pacuera creayeT, YTO HPHHATHIR AMAa-—
meTp Gontroe @, = 0,8 cM ofecneunpaeT yCIOBHS Npoy —
HOCTH coeaHHeHUH OBOJNOYKH CO CTOHKAMH HO BCE€H BpICOTE.

10, PEKOMEHAOYEMbBIE PACHETHGLIE CXEMH
N METOAWNKA PACYHETA OBEYAEK
CIIHPAJIbHO-HABHUBHOTO CUJIOCA
HA YCTOHYUBOCTD

3 an o He HH bl I C MO0 C

10.1. PacueTHas cxeMa cuHioca 4 INpuBeneHHaAg HHXE
MeTOAHKa ee pacdeTa HA YCTOWYHBOCTH HU3JIOKEHDBl C yye-
TOM OCOOEHHOCTeHR HanpdxeHHo-nedpopM HPOBAHHOI'O COC TOS—
HHA, O6yYC/IOB/IEHHbIX KOHCTPYKTHBHBIMH OCOOEHHOCTHMH, OT-
MedYeHHbIMH B I1.II, B.2-6.4; 6.5.

10.2. MeTtoaHnka pacuyeTa npegyCMAaTpUBAaeT Olpepedie-
HMe BeJIMYHHbl NPOAOJBLHOIrO KPHTHYECKOI'O yCHIIHS

Prp xXH/M (Kkr/cm), NIpd KOTOPOM CTEeHKA MEXAY ¢alb -
HeBbIMH peOGpaMH oTaelbHOH (nNpoH3BOJILHONR) obedajku Te-
paeT yCTOHYHBOCTBL OT A€HNCTBHA OCECHMMEeTpPHUYHbIX — CXH-—
MalolldXx Har pyakd M BHYTPEHHero naB/leHHUA, Ol peaengeMblx
cornacio n., B.1- 8,2. Ilpy Taxkof pacyeTHoOll CxeMe 3a
pacyeTHyl BbLICOTY CTEHKHM CllenyeT NpHHAMATbL pa3amep [,
(pruc. 1,6}.

10.3. Kpurdueckyio Harpy3ky 4 ¢opmMy noreps yC-—
TOAYHBOCTH, KOTOPAA MOXEeT 0KAalzaThbCHd HeoCeCHMMeTpHYHOHN
B OKPYXHOM HalpaB/eHHH, CllenyeT onpeaensiTb B I'eOMeTpH-
YyeCKH HeJIHHeRHOl NoCcTaHoBKe [/ 14 /. YOOBHO HMCNO/bL30BATH
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AJIg pacyeTa ypaBHeHHsa CMellaHHOro mMetopna Noloroi, Kpy-—
rOBOH WMJIHHOpUYeCKOHN OOOJOYKHM [ 14 /.,

10.4. [JokpuTHYECKOEe COCTOgHHe o6edYyacK CHUpalbLHO-
HABHBHOI'O CHJZIoCcAa clneayeT olpefgelldsTb 10 MOME@HTHOH TeO-
pUHl C y4e€TOM OCeCHMMETpPHUYHON HAadYallbHOi TOrH6H, C aM-
NJITyaON Wa, max < T /7,9 (cornacho n, 2.5). Ilpu
olipefe/le HUA [QOKPHTUYECKOI'O0 COCTOSHUA HAQO YYUTHLIBATH
nebopMaTHBHOCTL pebep Ha pPACTS)KEHHe, a TakKxe NoaaTid-
BOCTh HUX CeyeHUs KaK anbleBOr'0 COoeaHHEeHHs.

10.5. OnpeneneHde QOKPHTHUYECKOI'O  HAIPSAXEHHOI'O
COCTOSHHUS MOXEeT IIPOH3BOAHUTLCH HaA OCHOBe 60Jlee CTpPO-
roff pacyeTHo#t cxembl (1. B.5), a Takkxe nNo MerToay Ie-
peMemeHddr / 23 /, HO AonyCKaeTcs ero olpenelsaTb, HC-—
XOo8 ¥3 YyNPOUEeHHOK pacyelHOH cxeMbl (m, 6.5).

10.8. [1a of6ocHOBAHUS pacyeTHOR CXeMbl CHoca IIpH
pacyeTe Ha YyCTOWYHBOCTb, K&K COCTABHOH CHCTEeMbl H3 KO-
DOTKHUX 00O0/I04YyeKk, COeAHHEeHHbIX I'OPH3OHTAJIbHLIMH pebpaMH
banblleBOro Tuna, nenecoobpasHo (B gonosHeHHe K 1, 6.8)
npoalallu3upopaTh pacCyYeTHble ypaBHEHUHS YCTOHYHMBOCTH
CTEeHKH CHUpanbHO-HaABHBHOI'O CHJ/IOCA B CIHUpaNbLHOH CHUCTe-—

[Ipn npouaBONLHONK POpMe IIOTepd YyCTORYMUBOCTH Iep-
BOHAQYAJILHOI'O COCTOSHHAA OOOJIOYUKH, 0@J/1agalolero CH U~

palibHO CHMMeTpHeH, YPABHEeHHS yCTO $UuUBOCTH CMeUAHHOI'O
MeTona 6yayT umetb BHa [ T, 10 /:

I 4 4 ) RSN 4
sin * w (VEr V) WP 0z  Sihw 135§+
P29, +* 2 (76)
+:5—,'—"2" w—i— + ﬁ ?% ""0,
in“wdZ: RIZ:
_ oW 1 dtwr o @tw
RoZ} scn'w  7° 7gs?2
3 4 (77)
4 y
+&';7Td‘)(V+V1)CP=0,



rae W(S,, 4)=6w, @(S,,Z,)=0y - coor
BeTCTBEHHY BapulalMua QyHKUUUA nporuda W H PYyHKUUK
Y B MCMeHT Gudypxauuu (cmeHb neppoHadaldbHOH $Hop-
Mbl DABHOBECHSE OGOJIOYKH ),

w (1,)=1wI[Z,) + W, (Z,) - nonublit QOKPUTHYECKRH H3-
ruf o60/C4YkH, claraeMbll ua ynpyroro nporuta W (%)
M HayalbHOr o W,(Z;) , N - HopmanbHOoe po-
KpHUTHYECKOe yCHIHe B HaNnpaB/IeHHWH KoopaHMHAThl I, :
byukuun W (2, ) n N ( Z,) onpenensioTcs peweHHeM
yvpapHeHuRr (37)-(39). Onepatops! V* u \7:" B (78)
u (77) onpenensaioTCs BbIp @XEHUIMH

p J 2 72 2
v =(c?5f +ﬁzf);

9ty P2 § 2 32) (78)
— — + e gt
Cornacag n, 8.8 Npy 3HaYyeHMHd  CeTeBOI'o yT 718
Ww = 880-89 , YTO HMeeT MeCTO IIpH HAaKJIOHEe BHTKOB
leliThl H pefep NaHHBIX THIOB CHIOCOB B (76), (77)u (78),
MOXHO NPHHETH Sen W =1(n =1, 2, 4) U
;oS W = 0, [lpu aTom HCcyYe3aeT onepaTop v ;‘ . B

ne3yibpTaTe pacyeT OOOJOYKH CHIIoCAa HA YCTOHWYUBOCTHL TaK-—
e MOXHO CBECTH K ee pacyeTy B UHJIHHAPHYECKHX KOoOpAH-
1atax O u 2 B IIpeallonoxeHHUd, yTo CIIHpaj/lpHOEe
pnefpo 3aMeHgeTCd CUCTEMOR r'OpUH3OHTA/bHbIX pebep,
Qyukuuu W (5§ ,Z )u P (§5,Z ) moxHO pas -

JOXHTEL B OOHHApPHLIE TPUrrOCHOMeTpHYeCKHe pPsHaAbl 110 KOOP -

1.iHaTe ﬁ = § / R
W (s,2) = ; W.(Z2) cos nf

@(s,z)=};®n(2) cos hp .

[Moncrasngaa (79) B (76) u (77), ¢ y4eTOM HOPHUHATHIX
qouymeﬂuﬁ, MOX HO MMONYy4YUTL ANg Kaxnoro yleHa paga H
CUCTEeMy ABYX OOLIKHOBEHHLIX AUPdpepeHUHAaNlbHbIX ypaBHeHHH,

(79)
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HO C IepeMeHHbIMH Ko3hpHUHEeHTaMH, 3aBUCHLIMH OT HU3-
BeCTHbBIX GYyHKUHHA w”'{(Z ) u Ns (Z ), PyHKUUH W;( Z)
w P, (2 ), atakxe W*(Z)u Ng [ Z ) e csowo
ovepenabh MOXHO pPAa3/IOKHTHL B TPArOHOMeTpHYEeCKHe psaabl No
KkoopauHnare Z , no THny BhipaxeHuit (41), coxpaHsa on-
HOBPEMEHHO p&a3JIOXeHHe QyHKUHE H IO CHHyCaM, M O KOCH~-
HvCaM, YTO obecleyuBaeT yOAOBNEeTBOpPEHHe yC/IOBHR COIpfd -
XX eHNs CTeHKH obeyaek C pedOpaMH. HMcnoaways 3T psabl
u npouenypy l'anepkuHa / 7 /, ykazaHHble CHCTeMbl OOblK—
HOBEeHHbIX AHPPepeHUHANILHbIX ypaBHEHHH MOXHO CBeCTH K
egHMHOH OJHOPOAHOR CHCTeMe allre6paHd4eCKHX ypaBHEHHH.
U3 packpbiTHa U pemieHUs onpefeidTeNs 3TOH CHCTEMbl, U3-
BeCTHBIMH MeTooaMn [/ 24 /. onpefendeTcd HCKoOMAag BellW-
YUHa MHHUMANBLHOIO KPUTHYECKOro yCHIiKd, COOTBETCTBYIO -
mero onnreaefleHHON dopMe noTepu ycrohuueocTH (onpene -
JIEHHOMY YHCIy IOJIYBOJIH B OKPYXHOM HalpapiaeHHMH H 1O
BLICOTE ODeuaiku),

UanoxeHHag npouenypa NOCTPOEHHUS onpeae.:#Tend
041 BbIYHCNEHHA BEJIHYHHBI KPHTHYECKOI'O YCHIIHS MOXeT
6 bITh NNOJIyYeHA H3 pacCMOTpPEHHN HeKOTOPOroc CMeUaHHOro
¢ yHKLIHOHA/a, MOCTPOEHHOro nyreM aHalH3a KBAaUpATHYHOHN
¢OpMbl, [1OJIYy4EHHOH M3 BTOpPON BApHAEUHH 3TOro ¢QyHKHHOHAa-
jla, NpH HUCHONBL3OBAHHH DAa3/IOKeHHs ¢(GyHKUMAR w , P, w*
Hu Ns B TpUroHoMeTpHueckHe psanbl. Ha ocHosaHUH Ta-
KOI'O nonxopna 6bllIH pa3dpafoTaHbl alropdiT™M W nporpam -
Ma ROSST-5 pacyera yCTOWYHBOCTH Ofeyaek CHHU-
palib HO~-HaBHBHbIX CHIIOCOB, VMHCTpykuHus K 3TOH nporpamme
nanoxeHa B [lpunoxennn 7 [ 6 7.

[Ipubavxennaas MeTroaoHka pacdera yCTOHYHBOCTH C
vyeTOM OTIOPHOCTH 3 alloJIHUTeNlq, KaK yNnpyron cCpeabl, No-
KA3bIBA&ET, HTC KPHTHYECKOEe yCHIIHe MOoXeT BO3pacTH NpH-
MepHo av 30 %.

10.8. YCTOAYNBOCThL 3allOJIHEHHOI O CHJI0CA YyCHJIEHHO-
ro CToRKamMu, lipopepsaercs aJsa odedaek, paCll 010X € HHbIX
BLILIE BELXA CTOEK,HIO MeToalKe, H3JIOXKEeHHOH B Il.L. 10.1-~
1.6 u [lpunoxenun 7 /[ 6 7. llpu aTOM n.18 CTEeHKH
of>1aeK, HEeNoCpeaACTBEHHO pAacllioTOKeHHOR Han \ pPOBHEeM
B.'dXa CTOeK, KpHTHYeCKoe ycCillle K Kp conocrapifgeTrcs
C paCyeTHbIM BepTiKanbHbLIM yCH/lHeM AJI8 3TOH OOeYya”kH,
YMHOKE€HHbIM Ha KO3¢PHUUEHT KOHUeHTpAaUuHH yCH/IHs Han

87



CTORKOH, KOTOPbIH BbIYHCJ/IAETCH N0 MEeTOonHKe pacyeTa yCH-
nenHoro cunoca (n. 8.86) ¢ nomombio nporpammbel PROROK

(cm, TlpunoxeHue 6 £ 6 7).

Il ycTo # C U OC

10.9. Bokopas BHewHss pacyeTHas Harpy3ka g = W,
OT BO3AEHCTBHR BeTpa Ha OHOJIOYKY NNyCTOro Cuiaoca rnog-
CYUTBIBAETCS COI'JIAaCHO I, 9.5 M NPpHHUMAaeTCcsd paBHOMEpPHO
pacnpenge/qIeHHOR IO OKPYXHOCTH H BbICOTEe 060/J04KH, [lon-
Hoe BepTHKa/lbHoe aapieHue P B CTeHKe obeyaexk  OT
cHera Ha NOoKpbITHEe H COOBCTBEHHOr'O peCa MNoACYUThIBAETCH
cornacHo 1, 5.4.

10.10. IlpoBepka yCTOHYUBOCTH CTE@HKU o6EYACK CHIO-
ca BbLIIONHAETCSH N0 popMyJlie

s,
._..Q... + — < ! (80)
pr pﬁ'ﬂ ’
rge pxp — oNpeaeindeTCs N0 MeTOAHKe, U3JIOXKEHHOH# B

n.a, 10.1-10.6, 1 Briuucagercsa no nporpamme ROSST-J ;
4 xp Taxxe onpeae/seTCa N0 3TOH xe nporpamMma.
10.11. YcTo#4¥BOCTL NYCTOrO CHiIOCA , YCHUJAEHHOr O

CTOMKAMHU, I pOBEepseTCHd 0 MeTOonHKe, H3OXEeHHOH B
oat, 10.1-10.9 nns ofeyaek, paCno/lox eHHbIX Hal BepXOM
CTOEK.

11. IPUMEPb1 1 PE3YJ/IbTATbl PACYHETA
CUJIOCA HA YCTOHYUBOCTDL

3 amn oadJ HeHH bl § C HnoC
(nlnl 10-1—10-8J

11.1. Tpebyerca paccyuTars 3aItOJHEHHbI C UJ10C
emkocTbio V = 800 T Ha pnaBnenue a3epHa. [abapuTel H
HCexoaHble maHHble Te Xe, YTO M B NpHMepe pacyeTa CH-
10ca TOR e eMKOCTbLIO Ha npoyHocTts, (o, 7.1). B uyacrt-
HOCTH obllee uyucno obeuaek pasHo 22 M, [lo smicoTe /i,
CHNOC AEJMTCA Ha TPH paBHbie YACTH, HHXHSS BbLUIOJIHAET-
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Tadpnmra 18

2
5,2 x10
(MIla.cm)

1,824
1,864
1,803
1,713

1,622

31,8140

24 7045

18,5782

13,4341



Tabauua 19

ycHiue

XX )

P(xr/cMm)

7
6
S
4
3
2

WWWWwWwww NOMDDKNDDDN

UG G RN

0,04432
0,05780
0,07097
Q08383
Q09638

Q1086
0,1206
0,1323

0, 1437
0,1549
0,1658
0,1764
0,1868
0,1970
0,2069

0,2166
0,2260
0,2352
0,2443
0,2530
0,2616
0,2700

4,4166
5,2525
68,2231
7,3835
8,7295
10,2564
11,9606
13,8378

15,8981
18,1233
20,5113
23,0531
25,7496
28 5965
31,5897

34,7405
38,0310
41,4578
45 0179
48 7079
52,5234
56,4658

x ) [Topsinok Hymepallhd obGevaek NPHHAT OT HMU3a& K Bepxy

CHI10CAa,

xx } 1 xr/CM2 ~ 0,1 MIla; 1 kr/cM = gxH/m.,
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Ta6nuua 20

Ne OcecumMmeT~| HeocecumMm— 3,’
. Me TpHYHas
obHeyaix XX e e e — - .

60, 18 _
59,37 -
59,08 _
18,73 17,56
18,35 17,24

”Hpoqepx o3HayaeT, 4TO 6udypxaLUHH APH NAHHOM BAaApHAHTEe HAIpyXeHHS He I POHCXO-
AT H l1OoTepsa Hecylie# CNOCOGHOCTH OBGOJIOYKH MPOUCXOQRHUT MpH OCeCHMMeTpHYHON
dopme aedpopMHpOBaHNS,

XX )

w M.y, - $OpMA MoTEpH YCTORUMBOCTH,
i



CH M3 allOMHHHeBOHN 7eHTb! TonwuHo#A | = 4 MM, cpeg-
Hag-U3 7iedTel | = 3 MM M BepxHSsS - H3 JeHThl ¢ =92 mi
B MecTax nepexoaa 3THX TOJIIMH reoMeTpHdYeCKHe H XeCT-
KOCTHble Xapak TepPHCTHKH ¢albleBbix pe6ep N PpHUHUMAIOTCH
CpeAHMMH IO Be/HYHHe. HHCOBble 3HAYEHHS BBICOTbl Ce-
yeHUd ¢alblueBoro pebpa Lo , iomany 2/ , MOMeHTa
uHepuuH 2 Jpz U IKCUEHTPHCHTETA CEeYeHHS OTHOCHUTEI/b-
HO OCH ceyeHHs CTeHKH, €ga , & TaxXe KO3(PHUHEHTHl IopaT-
nuBOCTH pe6pa =24 j¢ (J ,f: = 1, 2) nns Bcex pebep
(K = 1,2, ..., 7 = 21) npupeneHs B Ta6i. 18, B CooTBeT™
cTBHH Cc Ta6a., 10-12.

11.2. PacueTHbIMH SBAKIOTCH IOpPH3OHTAJIbLHbLIE H BeEp-
THK a/IbHble Harpy3KH OT [OAaBJ/IeHHa 3epHa& COOCTBEHHOro pe-
ca, o60NOYKH H MNOKDPBITHA, TepMONoOoBECOK H CHera Ha
K pPOBJIIO, oOllpeaellgeMble corinacHo n. S.1. dag nadHoro cu-
noca, nNpH pacyerte Ha yCTOHYHBOCTb, COOTBETCTBYKOIUIHE Ha-
rpy3kd NpHHHMaloTcd M3 Ttab6n, 11,6 [/ 6 / npx pacuyeTe
ero kKaKk CHiloca, BbiDHCaHHbBIe 3HAYEHHS Harpy3OK Ha ypoB-
He kaxporo petpa npHpeneHbl B Tab6d. 18, B KOTOpPO IO~
pANOK HOMepalHuH ovedaek H pepep NpHHAT (Baonaes ocu Z )
p Hanpap/leHMM OT HH3a cHinoca kBepxy (pHC. 4).

11.3. PacyeT yCTOHYHBOCTH obedaek CHiIoca C yHe-
TOM HayalbHOff oCeCHMMEeTPDHYHONH NOrubHd BbLIUIOJHEH CO -
1rnacHo no. 10.1-10.7 ¢ nomomwio nporpammbl ROSST=S .
llpy aToM, B sanac yCTORYHBOCTH, KPHTHUYECKOE yCH/HE Ol
penensnoCh Allg ofevaeKk CH/I0Ca KaK 6bl 6e3 y4YeTa BHYT -
peHHero AAapJ/IeHHs 3epHa NpH olpenelleHHH AOKPHTHYECKOr O
Hal psXX e HH O-1eOpPMHPOBAHHOI'O COCTOAHHsA. KpoMe  ToOro,
HayalnHad NOrHH6p CTEHKH ObeyaeKk [IpHHAM alaChr Hanpap -
NeHHoO# k LeHTpy ob6onoukH, (lasecTHo, yTo BHyTpeHHee
napjieHdHe 3epHa H HalH4YHe HadallbHOHR NMOorubtH, Hanpap/leH-
HO! HapyXy, yBenH4YHB&A&eT KDHTHYECKYI0O HArpysKy O60N04y-—
KH).

11.4. PeaynbTaTbhl YHCIEHHOr0 pacyeTa, BbIIIOJIHEHHOI O
na O@BM no nporpamme ROSST-§  npueenensi B Ta61.20.
[Tocko/nbKy pacuyeTHbie 3HAYEeHHS MOJIHONO CXHMalero yCH-
nus B cTeHke (Tabn. 18), nns Bcex obeuaexk No BCefi Bbl-
COTe CHIOCa, MeHblue KpHTH4Yeckoro ycuauns (Taén. 20),T.e
P =< P yp . TO Heo6XoAMMOCTbL B pacueTe CH/JIOCa  Ha
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yCTOAYUBOCTL C yY€TOM BHyTPeHHero pgap/ieHHd 3epHa OT-
nmagaeT H KOHCTPYKUHg pacCMATpHBaAeMOI'o Cujoca yaAOBJIeT-
BOpAeT HeoOXOoAHMMOMY yCIOBHIO yCTOHYHBOCTH,

11.5. B Tta6a. 20 B nepsoM cTon6lLe npUBeaeHbl 3Ha-
YeHHA KPDHTHYEeCKHX YCHI/IH) njJa BCex obeyaek IHpH oCce-
CHMMeETpHYHO# ¢opMe mnorepH yctoiuuBoCTH (d.n.y.)e Bo
BTOpPOM CTOJ/IOlle NIpHBeeHbl 3HAYEHHa BepXHero KpHTH4YeC-
KOI'O yCHIMA IIpHM HeoCeCHMMeTpHyHOH ¢PopMe norepH yC-
TOHYHUBOCTH, NONy4H€HHBe HA OCHOBEe JIMHeapu3UpOBAHHOM
TeOpUH B 3aflepoBoit nocrtaHoBke, OcCTalbHble CTOJNOUBI CO-—
OTBETCTBYIOT 3HAYEHHSAM KpPHTHYECKHX YyCHJ/IM}f INIpH HeocCe -
CHMMETpHYHON ¢opMe NOTepH YyCTOHWYHBOCTH oOGedaek, IIO-
JIydeHHBIM Ha OCHOBE€ reoMeTpHYeCKd HeJ/IMHeHHOfl  TeopHuH
(m.n, 10.1-10.8) ¢ ucnonbaopanueM nporpammbl ROSST-5
([Ipunoxenne 7 £ 6 7 ). DTH 3HaAYEHHUHd SBIHIOTCH HaH-
MEeHpUIHMMH H3 KpPpHTHYECKHX yCHIIHUA, HAaHNEHRLIX I1pH pas -
JIMY HOM YHCJ/le IIOJIHBIX BOJIH IO NepUMEeTPy ObLOJOHKH,

11.6. Ana unn-
JIOCTPALHH, Ha pUC.23
npyipeneH rpagug 3a-
BUCHMOCTH 3HaYeHHH P,
KPATHYECKOro yCHINHA
P xp OT YHCJa N0/

HbIX BOJIH /7 10
IepUMeTpy CedYeHHsd
18-## ofeuaiixu, TIpH
3TOM HayYalbHasg IO-

r{16e IpUHHEMAanach _
Hyneaoﬁ(}5 = Q). AR
Haubonwpuee u HaU-

MeHblIee J3HayeHHd Puc, 23
KPHTHYECKOro yCH-

nug, OTHoOCHUWHEeCH, COOTBETCTBEHHO, K OCeCHMMEeTpPHYHON H
HeoCeCHMMeTpH4YHOH (npu # = 57) popMam noTepn yC-
TOHYUBOCTH Ob6eyaNkH, Ha pHC. 23 3aK/JIUYEHLI B KpyrJble
cko6kH, ['papuk Ha pHc, 23 moxasbiBaeT, 4TO MUHHMAJBLHOE
kputuueckoe ycunie P xp min peannayeTcs I1 pH
BeCbMa B60OMbLIOM YHC/Ie 06pal30BAaAHHUg NOJNHbIX BOJIH o
nepuMeTpy o6oao0o4Yku, B paccMmarpusaeMoOM npumepe 1 =
57 ¥ aJIAHA BONHLI OKaabiBaeTcH paBHOB KJi R /n = Q55 M,
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a monyposHbl 0,276 M, T.e, MEeHpWE BLICOTHl CEeYEHHS CTEH-
ki obevapks ! = 0,345 M. AHanordyHag KapTHHa HMeeT
MeCTO H JIpH HaYalbHBIX IOr4dbaAX OTJIHYHBIX OT HyJId

( 7 # 0).

I[1 ycTo # C HNoCc

11.7. B n.n. 11.1+11.6 npuBened npuMep U pe3yibTa-
Tl pacyeTa Ha yCTOHYHMBOCTB 3AlOJJHEHHOr'O CHJI0CA €MKO -
cteio ¥V = 600 T, TpebyerCs npoBepdTL yCTONYHBOCTD
cTeskd ofeyaexk aroro cumoca ( #, = 8,03 M, K =5 M)
o/lg ciAy4Yas, korga OH HezaloJIHeH 3epHoM, 3Ta IIpOBepkKa
BhIIIQOJIHAETCS B COOTBETCTBHH C IOJIOXKEHHIMH Il 10.9,
10.10 1 10.1-10.6 HacrTrosmHx PekxoMeHgau#i.

CornacHo n.Ji, 5.,4-5.5 1 ctp. 122-128 u [loco6us
[ 5 7, PpACYeTHbIMH HArpy3Ka&MH {B/IKIOTCS I'OPH3OHTAllb -
Hoe ocecHMMeTpH4YHOoe, BHewHee naenesdde W p oT BeT-
pa, MOCTOAAHHOE MO BLICOTE CHJ/IOCA U IOJIHOE BEpPTHKA/LHOe
cxuMapuee ycusue B ctTeHke F OT CoBCTBEHHOro Be -
ca M CcHera Ha KOHHYeCKoOe IOKpbiTHe,

FopHU3OHTanpLHaa Harpya3ka BbIYACASETCH O ¢popMyle

(5.5) q=uf'e=x’“x M’::A/j1 z(/"a /(61 !f____
‘0$5'0138'1,05'0,7-1,3 = 0,18] }{Ha’

rne W, = 0,38 klla nna IO Berposoro paiiona; C = 0,7
cornacHo ¢Ttp. 35 / 5 7 ana oTaelpHOCTOdIIero CHJIIOCA;
K =1 ctp. 12 £ 5 7.

BepTukanpHoe napnende KM oupepensercs pbipa-
XeHHeM

P=g, +g,* 3 ,

rage corJacHo n.n, 5.1 H 4.8, ?o-‘-h ha g’; =
1,05-8,03'15,5'10_4 = 130'-'10"'4 kH/cMm, 11 pH 3 TOM
g: = 1.:'3,,1"5«'10"-“l cornacio ta6n, 5 PekxoMenpnauuff  npwu
ronmune = 0,4 cMm, g,= yj- . g‘: =l,05-3,8-10-3=
40«»10'”4 xH/cM, npu aTom

9',” = 3,.8-10'-3 cornacHo n.4.89 PexomMmenpauHfi,



Cornacuo n.,n., 5.15, 4.10 u ta6a.7, npuy R = 5 M,

S = 3’.,6 Y, P: = 1,6-0,6-10'10_3= 96‘-10—4 x H/cwMm;
P = (130+40+96)-10 = 266-10™% xH/em = 2,7.107%

11.8. Cornacno n.u, 10.9, 10.10 o nporpaMme
ROISST-S (cMm. [lpunoxenne 7 / 6 7) 6winv onpene -

JeHbl ODNacCTH YyCTOH-
YyUBOI'O pPaBHOBECHSN

niaa odedaekKk CHUnoca
emkocThio Y =800 u

n TOJIIINH 18 1
o/1d ABYyX 1 o ™ 06nacme yemouvuboro
creHkn ¢ =0,2 CM ! pabrobecus

2
u I = 0,3 cm, npu :
3 TOM HayalbHad I10- 6
Db npﬁm‘;%tanacb 3 A Prxe xMNa
HyJleBOX = Q. 0" 7 3 3 4 5 6 7 8 @ 10 ¢t 12
CooTBETCTByKOILIUE

KpABpble, ONHCLIBaIO-
mHe o0nacTh yC -~

TOHYHBOI'O paBpHOBe- 5ol

cug CTeHKH obeyaex 40

cujlioca, NpYBeneHbl

Ha puc.24,a 0/ 20

TOJII A HBbI CTEeHKH 10 h Pixe, aNa
f'=0,2CMH Ha 6Ty 5 & 13 11 21 25 29 3
puc. 24,6 I py

I = 0,3 cm., [ng Puc. 94

tronwuHbl I =0,4 cMm :

xpn'ruqecxne 3Haye Hud (Z Kp H pgp CylieCTB€HHO yBE-—

muuupawTcs. UlTpuxnyHKTHpPpHONR nHHHel Ha puc.24 uU3o6paxe-
Hbl NpsaMble, NPHENIHXEHHO orpaHunynAaBawilie ob6nacCTh yCTOH -
YyBOI0O DABHOBECHsg, YAOBJIETBOPAIOUIME yNPOUIEHHOMY Bbipa—

»xeuuw (80).

[lonyyenible gHauernis G = (0,181 klla u P =
27 kH/M HaMHOro HHXe KpPHTHYECKHX 3HAYEHU)t pnaxe Ans
ofevaiik¥ ToawHho# L = 0,2 cM, 4TO M3obpA.LEHO Ha

pirc, 24,8 Touko} A. Ec.ail oueHuTn 3TOT 3anac ¢QopMynoH
(30), To nonyyaercs clieayiolee BblpaxeHHe
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D
£ . —5— = Q81 | 27 _ 085+0,127=0,21 < 1
9 xp 11,2 21,3

Takoit 60/bWIOK 3al1&C MOXHO OOGBACHUTBL HaJNH4YUeM y 060-
JIOYKH CHIOCA DOOJApUIOro 4YHCJIA 4ACTO PACIOJIOM @HHBIX KOJb-—
nHepblx pebep. [Ag9 riagkoro MeTalNIM4ECKOr o CHJIocCAa 6es
pebep, Kak 3TO cJ/eayeT H3 NpuMepa pacieTa H3/10XX€HHOr o
B [ 57,cTp. 126-128 , Taxo# samac no yCTOHYHBOCTH pea-
KO CHMXaeTcCcd, NpUOIUXKAACh B COOTBETCTBHH C ¢GOpPMYyJIOH
(80) x enuHHuue,

12. PEKOMEHOYEMbBIE PACYETHHBIE CXEMbi U
METOAUKA PACYETA HAC CHUJIOCA B 30HE
TEXHOJIOTHYECKOIO (ABEPHOI'O) MTPOEMA

12.1. KOHCTpykuusg cUloCa AOC/DKHA UMEThb TexXHOJOI H-
4yeCKHHl aBepHO} npoeM, NpeaCTaBlalOWHAE COOOH NPAMOYIrO/ib-
HbIR! Bbipe3d B CTeHKe LUHIHHOAPHYECKOMN OOOJIOUKH, yCHJIeHHbIH}
IO KOHTYPY NHNOOKPENJIFIOWIHM TOHKOCTEHHBIM 3aMKHYTbIM
CTepXHEeM, a8 TakKXe AOCTaATOYHO WHPOKHM I OOK/JIanHbLIM Y-
pY"'KM KONLUOM, IOBTOpSiOWAM PopMy Bhipe3da (pHc. 25).

[Ilpy 3arpy3ke 3epHOM CHJIOCA C Bhlpe3aMHd BO3HUKAET
KOHUEHTpAUHg HAaIpaXeHHH, KOoTopas MOXeT OKasaThb HebHlna-
ronpHUgTHOE BO3AEACTBHE HA NMPOYHOCTHL H/IH YCTORYHBOCTH
CTeHKH cuUnoca BOIH3H OTBEpCTHH,

O na onpepenennas HAC B aTux 30oHax Hcnonab3yercs
metoan Konocosa-Mycxenuwsunu, OnHOBpPeMEHHO pelialTCH
ABe KpakHHe 3anayy: neppaqg 3ana4a O IIJOCKOM HalpAXEeH-
HOM COCTOSIHHH, Korga OTCYTCTBYET KOHTypHOe yCH/leHHe H
BTOpAas 3aaa4Ya O INJOCKOH pejpopMallHH, xorga KOHTyp noa-
kpelnned AoCOJOTHO XEeCTKHM HenedopMHpDyeMbIM KOJBUOM,
B o6oux cnyyaax ang oueHku HOC oxono zapaHee sanaH -
HOCO KPHBOJMHHE RHOIMO KOHTypa NpaAMOYronbHOR GOpMBI He-
o6XxooMMO 3HaTb ¢yHkuHio @W ( 6 ), ocywmecTBASOWYIO
koHPOpMHOEe oToOpaxeHHe BHEWHOCTH €NHMHHYHOIO Kpyra Ha
BHEIWHOCTL NPAMOYroOJ/JIbHHKA C 38KDPYIJIeHHbIMH  yrJjiaMH IIpH
aajgaHHbIX paamepax ctopoH H X A W npu HMX OTHOWEHHH
A= H / h (puc. 26). TaMm xe naercs NpHHATAA CH-
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ctema koopaHHat XOY. PeanbHbl#f KpHUBOIHHE fHbI Y

KOHTYD

nNpaMoOoyro/JIbHAKA JOoCTaAaTOYHO OJH3KO MOXeT ObITHhL OIIHCAaH C

( 6 ), conepxame# psaag Jlopana c
KOHEYHBIM YHCIOM 4YJEHOBR M

IOMOIIbI GYyHKIHH &)

W(6)=Rw,(c) =

(k =
3nece ( x - K030}-
GUUHEeHT paaa;

G = e,ﬂi__

=c0s b + ¢ Stn 8-

KOMIIJIeKCHaa lepe-
MEHH as

{( - MHUMAaAd egUu-
HHAUA,
& — yYroJql [Hopo-

poTra paguyca-BeK-
TOpa eQHMHHYHOrI O
kpyra (puc. 26),

JTio6oe dUkCH-
poBaHHOe 3HayeHHe
yrna &  coor -
BETCTBYET Ha IMpg-
MOYrOJbLHOM KOH~-
Type TOYKe
Z=X"+yY
(cMm, m. 13.1)

R=R,e ' =
R, (cosol +¢S(nd)

rnpe R-’ H d -

MOCTOAHH bie KOHTypa,

R (o +é1 c, /6" )

1,3,5, 7, ... , 1 ).

?

Y

1250

30

3 [ 036

- r
~ _“li i'i' l'l"
50

Puc, 25

(81)
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Takoe npen-
CTaBl/iIeHHe OTobOpaxa-
el byHkunu W (@6)
1103BOJIgEeT paccMaT-
pUBaThL B OalpHel -
IteM HalpaXxXeHHoe
coCTOofRHHEe 06/1aCcTH

C OTBEepCTHEeM, NOBEepHyThbIM OTHOCHTeJ/ILbHO BLIODAHHONH CH-

CTeMbl KoOpAHMHAT Ha yroil , Te€. CllenyeT I PpHHH-
Math: yroll & = (0 nNpu pacTHdxKeHUH KOHCTPYKUHH BOOWb
ocu x U & = F /2 npu pacTsKeHHH BAOJIbL OCH vy ,

[Ipy noctpoennns & ( 6 ) HCHoOAB3YIOTCH Clenylo -
mMde COOTHOIEHHA:

G M A 1rCitls*Cs* Lot (g
ho A /]-C,*Cy ~Cs*C, .7

[Ara KoOHTypa C OOCTATOYHO 3aKpPyrJeHHbIMH erl’aMH I P —
H+n g

6 AAXKEHHO MOXHO NPHHATH R, ~ 1,07 CK

O1'pPAHNYUTL 4YeTbippMA uneHamMu (K =1, 3 ..., n = 7).
HeMm 6onpme N B popMmyne (81), Tem Gonbue Gy-

AyT KPHBH3Hbl B YIJIOBbiX TOYKAax IpaMoyrolbHHKa. Ecau

OTHOWEHHEe CTOPOH A aapaHee 3a404HO, a paqHyc 3a-
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KpyrjleHds B YTrlOopbix TOYKA&X KOHTypa AOCTATO4YHO BeJIHK,
TO BeChb KOHTYp NpaMOYyroJlbHHKA& MOXEeT O6bIThb BblYepYEH, a
gprupas (81) npH mManoM 4YHUCIe YJIEHOB psaaa MoXeT 6biThb
QoCTaTOYHO TOYHO IopofpaHa C nomoumblo ¢opmyna (82). 3a-
pada O HANpPSXEeHHOM COCTOSHHH B 30He KOHTypa OTBEpPCTHHA
CBOOHUTCS K ONpenelleHUK KOMIIIIEKCHbIx NOTEHLUHAOB 13

rpaHMyHbIX YCJIOBHH Ha KOHType, 3aunucaHHeix B / 25 . I'pa-
HU4YHOe YyCJ/IOBHe Ha KoHType [ 29 / B obmeM BuUae OJig ofe-
HX OCHOBHbIX 3ama4 IJOCKOrO HanpsXXeHHOro COCTOAHHUS MO-

»eT 6blTh NpeacTaplleHO Tak:
w (6) -
- =T ~ - 83

Eciu nepeMeliedHHss HA& KOHType paBHbl HY/MO, TO NOTEHUHa-
lp (& ) » Y (6 ) onpenensoTcs U3 (83) npmu

_J-v
] +y
rae Y - xo3dpdpuuuesHT [lyaccona,

Takum o6pasoM, paccMaTpHUBaeTCcd gagadya NJIOCKo# gedop—

mal i, ECAHM Xe yCcunusg Ha KOHType paBHbl HyllO, TO B
(83) d# = -1 ¥ zagmaya 6yaeT OTHOCHTBLCH K IILJOCKOMY

HaIIpH}KeHHOMy COCTOSSHHIO, KOI'aa IIO KOHTypy HeT [1OAKpeIl -
neyung., OxkOHYATENILHO CHCTeMa pa3dpeliamuidx anreopauyec —

KHX ypaBHeHUH IipencTtapaseTcs B Cleayluem BUae:
+Z(K J_7)€ 67 K-} - 1 Ji[zg],

P .
rae /7,:";5’"'78 npu ) = 1,

D
ﬂJ = TCJ I e J =2,3,4,5,..., n .
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Ecaun ¢ nomomplo cucTeMbl (84) oupenennTs ko03¢pdHUHEHTHI

a x IpA paCTHXEHHH 06JIaCTH OOOJNOYKH paBHOMEPHLIMH
ycuauaMi P, nejcTBylomuMu nog yraomMm oA = 0 M JTH

o = J /2 K OCH CHMMETPHH N PAMOYrOJBLbHOrQ OTBepC THS

Z , 1o dykumio ¢ (6 ) MoxHO mpeacTaBuTh B obweM
BUAE Kak

n
PR a «
V(6)= 4 (6+KZ=1 5,‘)’ (85)

K=l,3,---, n=7-

B sToM cayuyae cuctema (84) mMoxer 6biThb NpeacTap-
NeHa B BHOe MarpHubl Ta6n., 21,

Tagnuua 21

X
3HaKk + OTHOCHUTCSH K DPaCTHXEHHIO BAOJIL OCH y, 3HAK -
OTHOCHTCH K pacTHXEeHHI0O BAOJb OCH X ,

Ncnoneaya ¢yHxuuio ¢ (6 ) corinacHo HHXeNpHu-
BeneHHo# ¢-ne (90), MOXHO oONpenendTp B COOTBETCTBHH C

[ 27 7 ¢oyHkunio ¢ (& ) no dopmydae

w(1/6) —
v(6) == gy Y6 HF(1/6) . (88

3uas ¢pyuxuun ¢ (6 ) v Y (6 ) MOXHO HaWTH yCHIus
B JHIOOOR TOYKE OOONOHKH
¥'(6)

N, TNy = 4Rp w6 (87)
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Ny= N+ 2i Ny =
BT poo

Haubonpmnfi UHTEepeC npencTaBlglOT 3KCTpeMalpHble
yCHIIHg /Vg , AeNACTBYyIOIIHe Ha nJjomagkKkax HOpMAIJIBHbIX K
KOHTYypy OTBEpCTHH, T.e. YCHIHH, oO6TeKalouHe OTBepCTHA,

EciH xOHTyp CBofoaeH OT BHeWHHX yCHAHNE, koraa

Np=WNgp=0 , 10
B ¢'(6)

Ecnu xe KOHTyp OTBepCTHS IIOAKpPeNJieH aGCO/IOTHO XeCT-
KM KOJILUOM, TO B TOYKAaX KOHTypa

_ 4 £'(5)
Yr=75v Re Wiey
(89)
4 ¥ (6) _
Yor = 743 Im i) Yo W
/ __/_D£ . “ /(-a'x ]
rge ¢(5)"4 (7 ;5‘”)’
L K-Ck
! _ — 80
a)(o')—-/?(/ a"”), (80)

TakuMm o6pasoM, aHalIHUTHYECKH paCcCMOTpeHbl OBE KpaliHue
aanadyd, B G6OMBLUIMHCTBE Xe H3 paccMaTpUpaeMblX IPOMEX Y-
TOYHbIX YIPYrux samady 3¢p¢PeKTHBHbIe pelleHHMg MOryT HMeThb
MECTO TOJILKO NpPH HCnoan3osadund 3BM, B stoM cayuae
nailHasa aRaIMTHYeCKAad MEeTOAHKA MOXET CIYyXHTb KOHTPO -
neM a8 MeTOAHK, pe3aynbTaThbl KOTOPbIX MOI'yT O6bITh IIO-
Ny4yeHbl C I pHUBJIeYeHHEeM 4YHCJIeHHbIX MeToaoB Ha dBM,
npupeneHHbIX B n, 12,2.

12.2. [1o TexHonoruyeckuM TpeGoBaHHAM B HH)XHeHR
30He CTEHKH CH/l0Ca pacrnonaraeTcd NpaMOyroibHbifi BohIpes
(nsepHolt Npoem) pasmepoMm 2ax2s (puc. 27).
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X:[q]

AP
¢
tp
flonepeynbie /o
Oy

<]
@anbudl N
7 S
8

t

o

— —

R ta_ g

5 6.

Paccyumpibgemas vyacme
obonouxu

X2{Y)

Bruewnuu Kowmyp boipeia

BHympeHxuu
xonmyp Bepesa

Puc, 27

B ycnopHsIx OBYXOCHOro HalipgXeHHOro COCTOgHHA -
pac TAXX €HHS B KOJ/bUEBOM Halpam/leHWHW ¥ CXAaATHH B oOCe-
BOM - IIOTOK HaOpsXeHUfi B OH60JI0OYKEe KOHUEeHTPUHPpyeTCHd Ha
pHewHeM KoHType ABCIOEFG |, okaimiasionieM Bbipes.,

dnga CHMXeHHA KOHUEHTpALHH HaNpSKeHHH KOHTYP
Bblpe3da NoAKpenJasaeTcd NORAKJaAKOK - OKajMJeHHEeM TOJIUH-
got T p , B yriax Bbipe3da feJalOTCH 3aKpyT/eHHUS,

[IpoyHoCTHON pacyeT OHOJOYKHM C N OAK pelJteHHbLIM Bbl-
pe3OM COCTOHUT B HOOJYyYEHUH YCHUNHKH M HAIpSIKEeHUH B Hau-
6 O0/lee OIACHbIX CeYeHHAX, paCloJIOKeHHbIX IO BHELIHEMY
KOHTYpY BbIp&. a,

Janadya pacuyerta 060J/I04EeK C NogxkpenJseHHbIM Bbipe-—
30M IipeacTap/aseT 3HA4YUTe/lpHble MaTeMaTH4YeCKHe TPYAHO-
ctie B 1n.12,1 npensioxeH NpuO/MXEHHbIY noaxon aAl1s pe-
weHuda a3Toft 3agpayd, B KOTOPOM pacyeT OOONOYKH CBOAHUTCH
K pacdyeTy COoOTBeTCTByWHie#i NJaCTHHLI C BbIPEe3OM,

[TonyyeHHble B paMKax a3TOro rnoaxoma HanpsixeHHs aa-
IOT HHXXHIOIO H BeDPXHIOK OUEeHKH HaIDAXEeHU}, BOIHHKAKUIUX
B ODOJ/IOYKE C BbIpe3 oM,
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B naHHOM IIyHKTe npepJlaraeTcsg pacdyeTrHad Cx emMa
reoMeTpUYECKM H QPHU3IHYEeCKH JIMHepHo#n ( ynpyro#t) opToTpol-
HOH LUHMJIMHOAPHYECKOH OOOJIOYKH C NOpPAMOYIOJIbLHBIM Bbhipea oM,
NoaK pe MJIeHHbIM T OoAKJ/JanHbLIM KonblioM. CKpyrnesuas B yr-
nax He y4YHThIBAOTCH, 4YTO HAET B 3anac Inpoysocrtd, [Jlas
paccMaTpHBaeMbix CIIHpalpbHO-HAaBHBHbIX CHJIOCOB Holepey —
HLle ¢alplUbl paCcCMaTpHBAIOTCHd KAk KOIplUeBbie pebpa nps-
MOYI O/1bHOI'O cedYeHusi, Mx xecTkocTH “paamasblBanTCcqg” H
Bk moyaloTCad B xXectkoctd B, u Dy  o6mHBKM B
KOJbIeBOM HalnpaplleHHH, TakHM ofgpasoM, KO3(pPHIIHEHTbI
OPTOTPOIIHH HMEeT ChefylWHA BHA.

B oceBoM HanpaB/leHHH:

B,=B=Et/(1-V°); B,=B/(1-V/2;
D,=D=Ft312(1-3%);

oIy

B kxonblepoM HallpapB/IeHHH:

fe' F2
52'32
Dy = D % {1,
rne F o J 5 - COOTBETCTBEHHO 3KBHBA/NeHTHAA MJIO-

afp ollepedHoro NpAMOyrolibHOro cedyeHUd ¢allbua, MO-
MEHT HHepUHH CcedyeHHda Pallpbl@& OTHOCHTE!IbHO CpeAHMHHOR

NOBEepXxHOCTH OQUIMBBKH,
CuuTaercsd, 4TO CHJIOC HaAXxOoOMTCs MOA AEeHCTBHEM

OCECHMMETDHYHBIX pAaCYeTHbIX HArpy3okx. ONnucaHHe Harpy-

30K M HX 3HaA4YeHHqg NpHBeneHbl B NI, d.
[1na pacyeTa 060/I0YKH CH/IOCA C BbpEe3OM HCHONB3IY-

jorca,uanoxennble B llpunoxennn 6 [ 6 ) MporpamMma
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ROBSON M almOpUTM MeToaa NpPpAMOH MUHHUMHSAIHH
3repriid nepopMUpoOBaAHHUA O6OJIOYKH, A/ITOpUTM peallayeT

pacuyeTHyI0O CXxeMy CHJIOCA KaK OPTOTPONHOH OOGOJNIOYKH, TOII-
muHa kotopo#t ¢t (M) (M - TOUYka MOBEPXHOCTH OBOIOYKH)
H3IMeEeHseTCH cleayrlHdAM o6pa3oM:

t. M e S5

LiM)d et, M € I, (91)
t, M € 95p,
rne 9S4, Sga, 9p -~ 06/1aCTH OBOJIOYKH COOTBETCT-
BeHH O BHe Bblpe3a, B Bblpeae, B oxafMiexHuu (puc, 28},
£ - Madaslff na ameTp ( £ = 0), uMermHil Be/IHIHHY

nopaaka ¢ = 107%4:+10 ~,

HAna € , paBHOro Hy/0, CTAaTHYeCKHe KpaeBble yC-
nopUa Ha CBO6OAHBIX Kpadax BbIpe3a, B CHAy INPpHHATOI'O Ha-
MH BAapMAlHOHHOr'O nNoAaxona fOdg pelueHds 3apayi, OyayT
B LIIIOJIHEHBl aBTOMATHYECKH, KHHeMaTHyeCKHUe Oor paHH4YEHHUd,
BX OAflIHe B Bhipa&AXEeHHUs OJIa BTOPbIX NPOH3BOQHLIX OoT &
Ha KOHType Bbipe3a y4YHUThIBAIOTCHA yCJIOBHIMH aHTHCHMMET-~

PHHA
a)K'*f:—w#’-f 7 (92)

YTo NMO3BOJAET HCK/IOYHTHL y3liOBble NnepeMeweHus @,, €5,
NMepeMmemenuss U,y Ha XOHType Bhipe3a SABJIRIOTCSH CBO -
6OnQHbIMH, T.e. BapbupyeMmbiMu U, = (U, , Vi, &g ).

I ns & > 0 o60l0yKa CNaAOWHA", UMeeT  KyCOUHO-—
MOCTOSHHYIO TO/MUHHyYy, olpepensemyio (91), npu 3ToM OT-
nagaeT HeO6XOQUMOCTb B y4YeTe kpaeBbix ycnosuit (92) Ha

KOHType Bbipesa., B nporpamme ROBSON ([Ipuno -
eaue 6 / 8 7) pean¥aopaHbl o6a nonxona - € = 0 H
&E > 0.

Ha Topuax o060J/IOMKHM IIPHHSATHI Cllegylouide yCJl1OBHA:
- BEepXHHI Topel OnepT WAPHHUPHO NOABHXHO B OCe-

BOM HAI paB/IeHUH

(020, V=w=0, Ww#0);
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— HHXHHAR Topeu HMeeT WAaApPHUPHO HEeNMOABUXHOE OlH-
panue

U=v = w = 0 .

CeTKH OUCKpEeTH3allHH OKA3LIBAIOT BJIMAHHEe Ha&  TOY-
HOCTb NOJy4YaeMbIX pPe3y/bTaATOB H HMx noAOOp OCylleCTBIAg-
eTCH8 B pPe3y/bTaTe 4YHUCJIeHHLIX 3KCIepHMEHTOB.

B HawmeM cnydYae BbIOpaHbl CeTKH, MMeUHe Cr ylleHHe
B 0H6J1aCTH Bblpe3a, NO3BOJNAgIIIHe TIepenaTh O60OAbHINE TI'pa-
OWeHTbl HanpsxeHU, B nporpamme RPOBSON nng
3TOH Le/MH nNpegyCMOTpeHa aBTOMATHYeCKad npoueaypa pas-
OUeHHUsg OO0JaCTH, 38HATON BCeH 060/J04KOH, BK/IOYad Bbhipe3,
Ha nopnob6nacTtH, C peryrupyeMoi CTeneHplO CIrylleHHS y3-
JIOB CeTKH B 0O6JaCTH oxa#MmieHHg, B nporpaMMe B Kaye -

cTee HCXOAHBIX [JaHHBIX HA3HAYAKTCH IpaHHIbI obJjlacTen
7 o Xy C pas3nuyHbIM pal3bHeHHeM - COOTBET-
CTBEHHO BOOJb OCeH xoopauHaTHl A, M KoJlbueBOH X, .

Ha kaxnpo# H3 nopobisiacTeil HA3HadYaeTCcHa HeobXxoauMoOe 4YHUC-
J1I0 y3J/10B M, ; A{; , & TaKXe 3aaainTcd napaMeTpbl! Cry-
meHHs CETKH: Ha ¢ yuyacTke 4,/ Ha j ydactke D, .

Ha ocHoBe 3THX paHHbIX RGBS ON bopMUpyeT B
OBM kpazupaBHOMepHble CEeTKH C NOMOUBLIO 3alOXEHHBLIX B
aporpamMme ¢yHkuuy tuna € 4% , OTOOpaxalmix papHo-
MepHOe pa3dtHeHHe 06/1aCTH HA KBaA3HpapHOMepHoOe CO CTe-
IeHLIO CrylleHus 4a .

B pe3yabTaTe pacyeTa Ha [1e4aTh BbIAAKTCH NepeMe-
HeHUud B y3J/l8aX CeTKH, &8 TakKXe BCe KOMIOHeHTbl aejpopMa-
LA}, YyCHIAA, MOMEHTOB H HAIPHAXEHHR B LHEeHTpax THXEeCTH
NpPAMOYrO/IbHBIX CETOYHbIX 3/IEeMEHTOB JS(; .

Onsa o6onodykd cCcUnoca C Bbipe3oM HAUBONLIIKA HHTE-
peC NpeacTap/lfgeT pAacClpenellieHHe KoJpueBblx YCHIHK N,,
oceBblx ycHnH#i N ,;; M MHTEHCHBHOCTH HanpsXxeHui O,
HA BHelUIHeM KOHType Bhipe3da, I'je yCHJAHA U HalpAXKeHHUS
NOCTHralT HAHOONBIUINX 3 HaAYeHU,

IIpy noBepoyHOM pacuyeTe OBOJMOYKH C BbIPE3OM AOJ-
XHO cobnwanarbCs yClIOBHe NPOYHOCTH

6; < [R]. (93)
Ilpumep pacuyeTa cHioca eMkocTbhio 6800 T € noakpen-
NTeHdbIM NPAMOYTOJ/IbHbLIM BbIpe30OM NPHBOAMTCH B N,13.4,
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13. [IPUMEPHI U PE3VYJILTATbl PACYETA HIAC
CHJIOCA B 30HE ITPOEMA

13.1. [IpuMepsl nmocTpoeHHss OTO6pax AKIMHX ¢GYyHKIUR

Tak ans npaMoyronbHHKa CO cTtopoHamu N X h =
170x100 cm npu orHomenun A = H/h = 1 7 nono6pa-

Hbl TpH OTOGpax awwmue KpHUBOJHHeHHble dpyHkuun W (6)
(tabn. 221}.

Kpupasi_ |

HMeeT ¢ OpMy 37—
JIunca H onucChiBa-
Me/p oLa0 eTcd C IOMOIIBLK
ONHOrO 4JjieHa ps-
na Jlopana. [ ns

TpaHCho pMUPOB aH-
HOro NpPAMOYTOJib-
nnka (puc., 28) c
paqiyCoM 3aKpyr-
JIeHdd B yrnax

e = 35 cMm gaB-
JI9eTCH AOCTAaTOY-—
HBIM B ¢QOpMyJie
(886) Hajlhyue

TOJILKO OBYX 4YJI€—
Hop pspna JflopaHa

C8oBodmweiu xpau, o =0 I’ Pntcm:u nodrpensennmu xpay,
/V'AD N fb‘.: 'M.’ 0

*

|2 cf H cJ (KPH-
",. . Basg 2). B TpeTs-
l IE eM ciliyyae 3TOT

..E. 58 Xe NpsasMOyr O/l —

P

HHK, HO HMelUuIHuR

Ne/gR | M=M= O ﬁ"/ﬂﬁ\ Ne= VN, ! t
CSobodumiu npau, o = o Kecmuo noldspennenrwiv speu, a%Ah paﬂHyc BaKp)H"J]e—
HUu A B yrinax
I, = 7 cm Ol U~

Puc, 28 & ’

cbipaeTcd C IIO-
MOWBLIO YeThIpex 4YneHos A, , Ay, Ay n &, (xpuBas 3).

[lna BHewHero KOHTypa moagkpen/jeHHs OTBEepPC THH
(puc. 25), xorpa H x h = 125x105 cm npu F, =36 cM
H A = 1,19 nono6pana xpupas 4, HMewwas TpH YJeHa
pana (Taé6n. 22). [Qns xBagpaTHOro KoHTypa Hx h =
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Tabnuuna 22

w(s) == [ 6 +0,(259-6 '] A=H/k =1,7

T = 1+C,=1+0(259)=1,(259);

A = 1-0,(259)= 0,(740);

- A
R, = 67,5 cm; C,="‘/+)
| - . _
| g A Y X, CM Yy, c™M __
| 0° | 2,202 | O 85,0 0
150 | 1,2163 | 0,1817 82,101 12,94
| 30° | 1,0005 | 0,4457 73,61 25,0
: 37° | 1,0056 | 0,5237 87,881 30,089
45° | 0,8004 ( 0,6415 60,103 35,355
60° | 0,6296 | 0,7155 40,50 43,3
75° | 0,3258 | 0,7155 22,0 48,295
90° | o 0,7407 0 50,0
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[Tponomkenne tatn, 22

Kpupag 2 - 3anaHHbI}f IpaMo-
YyrOJILHHK C 38aKpyr-
JT€HHBIMH yrjaMHu
ro = 35 cMm

AXh =170x100 cm

S

WE)=R [6 +0,2366 "

S~

-0,0887 5-'3];

H = 1+C,+C,y = 1+0,236-0,0897 = 1,1463;
§F = 1-C +C_, = 1-.0,236-0,0897 = 0,6743:

| 1 3
| A’, = 74,151 CcM




[Iponomxkenne tatbn, 22

Kpupa® 3 - OpPSIMOYroONbHUK C 3aKpyr-
JEHHBIMH yTriaMu

ry, = 7 CM

Hx # =170x100 cMm

--7 - —~ ~
| W(6) R[6 +0,246 -0,156566 ° A=H/h=1,688
| _0,0236 "° +0,0376" ] ;
|
, H—1+q+C3+C +C.,== 1+0,24-0,15656-0,023+0,0037=1,06414:

F o

| h = 1“C1+C3“C5+C7“1 -0,24-0,15656+0,023+0,0037=0,63014;

| R, = 79,347 cMm

e

& X g X, 6 cM Y, cM
0° 1,0641 0 84,44 0
8° 1,0604 0,1814 84 854 13,376
15° 1,0798 0,3260 85,68 | 25,87
L 30° 1,0905 0,5498 86,53 43,63
35° 1,0776 0,5885 85,51 486,70
39" 1,0571 0,6155 83,8775 | 48,839
40° 1,0504 0,61988 83,34 49,186
45" 1,00638 | 0,6344 79,85 50,34
60° 0,7669 0,6350 60,85 50,39
75" 0,4058 0,6284 32,20 49,86
90° 0 0,6301 0 50,0
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[Ipoponxedue rtadn, 22

e E—

Kn4isas 4 - 3agaHHbI} [PAMO yrolb-
HHK C 3 8KpyrJeHHbIMHU
yr/1aMH

e = 36 CcM
1

W(6)=R [s +0,07756
+0,0037678 6 ° |

A

H = 14C+C+C = 1+0,0775 _ 0,0654208+0,0037878 =

1,0157472 (puc. 25) ;

~n'

h = 1-0,0775-0,0654206-0,0037678 = 0,8533116,

R, = 61,525 cm™m

v
h{.
L

~3 ~ ~
0,06542066+ | A = H / h

Hx # =125x
X105 cm

=1,{(190476)

X, CM ¥, cM

0° 1,01584 0 62,5 0

8" 1,01013 0,1525 62,15 9,39
0,9955 0,2813 61,25 17,31
0,9711 0,4088 59,75 25,15
0,8208 0,5247 57,21 32,29
0,8802 0,6165 54,15 37,93
0,8055 0,7012 49,56 43,14
0,7479 0,7429 46,02 45,71
0,6022 0,8021 37,05 49,35
0,4668 0,8300 28,73 51,06
0,3287 0,8438 20,23 51,92
0,1788 0,8508 11,01 52,35
0 0,8533 0 52,5




[Ipononxenue rta6n, 22

KpuBasd 9 - KpanpaT C 3aKpyr-
JIeHH bIMH yT'71aMH Hy # =70x70 cm

o = 5 cMm

+0,00846 6 '7]-,

= 1-*-C1+C3+CS+C7

= l--C1*-(3:_3-('.354*C7 = 1-0-0,16667+0+0,00846=0,8418:

R, = 41,577 cm

1+0_0,16667+0+0,00846=0,8418:

H
h

Y A, CM
0 35,0
0,3635 35,17
0,6709 35,70
0,8309 34,55
0,8387 27,894
0,8459 15,321
0,8418 0
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=70x70 cM A =1, [/, = 5 cM nogo6paHa kpupas

§, onucaHHag C noMowpk aByx uneHop paaa C H (371I

xoraa C1=C5=0 (Taba, 22). S

13.2. [locTpoenne koadduunenTos KOHUEHTpAUUH YCH—
T4H Ha& KOHTYype.

B kxauyecTse npumepa pacCMoOTpeH KOHTYp KpHBOH 2
(ta6n., 22, puc. 28), Qg KOTOPOro C HOMOWLIO MaTPHUUBI
(tagn., 1) onpepenessl kosppuuueHThi @, n as pns
nocrpoeHud ¢yHkuun ¢ (6 ) (85):

MpH pacCTHXEeHHH BAONb ocH X (¢ = 0)
a_£.€'+c_'c3,—2_. a __.__ﬂi-?.
"4 H+Cy 7 A S A
IDH pacTHXEeHHUH BOONbL OCH y (&« = I 72}
a_P C1+C,03 %2 0 ____’_0___[_-?.
™% %+ C, ° 0 4k x

KpoMe aToro,nojsy4yedbl yinpoueHHble QOpMylbl OJis
dogcyeTa KO3QQHUHEHTOB KOHREHTpaUHH yCHIH:
Ha CcBOOOAHOM Kpalo

- -3
A/B 6 — 316 f—3036
L — =Re .__.’ —te .__-_....... ;
P ¢~ Ce T -Fcy6 77
Ha XEeCTKO NOoAKpelleHHOM Kpalo
-1 -3
M o 1 pp 80946 —JAs6
P 1+ 6 - ¢,6 1-3c;6 3
_ -3
.4/3;- { G ~a,6 ! - Jas 6

——
L

Im ———=

p [+ V 6 -C,6 '~-3c,6 77

Ha oCcHoz8HHH 3THX ¢OpMys BbUIOJHEHbl NIOACYEThI
aHAYeHHH xoapduuneHToR kxonuenTpaunu ycunug N . Ny

H /'/3,2-8('1*&6:1.23), npenCTaB/leHHble TakXe B BHpe 3!I0p HA
puc. 28.
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Tagnuua 23

XecTko noakpeniedHulit xpajl

CrofonHpift Kpak

ey b - P e—— —— Lk ol PRl s e e gy Ly s v o way

N,/gP

+0,1845
+0,3725
+0,8915

+1,006

+0,794

+0,2700

+0,074
0

x ) HuxHue 3HaxH KO03pPHUHEHTOB OTHOCHATCH KO BTOPOR KOJIOHKE HOMEpPOB TOYeK



13.3. HAC cunoca B 3oHe npoemMa Ha KOHType
KpHBO# 2 .

B Tab/i. 24 npupeaeHbl okOoHYaTelbHble 3HAYEHUH yCH-
ma#t Ng , N u Ng, u ux unrencupioctd H;, Ha KoH-
Type KpHBOR 2

2
K= [N s W= W Wyt N

HOC Ha koHType KpHBO# 2 onpenesieHO C NOMOUbIO KO03dhH-
uiteHTOp KoHueHTpauuu (Tabn, 23) oT cxkuMaoWMX yCHIMH
P xH/M, peicTpylomidx BAOIbL O6pal3dyloOlHX TOHKOCTEHHOI O
UHTHHApHYeCKoro cHaoca eMmkocthio 800 Tt (cMm. Ta6n.11.,6
/6 J7) @& Takxe OT KO/blEBbIX pACTArHBAOWHX YCHIHE B
ero Ctedke ¢~k , kH/M, gensiomuxcd ¢yHKUMAMU paCw
yeTHOR rJ1y6HHbl 3aChblIKH 3epHa B cuioce Z (cM.Tabn.
11,6 / 6 7), 1 pagpuyca o6onoykd K = 500 cmM ¢ yuye -
ToM Teopyn HHcexa.

AHanu3 IroJlydYeHHbIX pe3y/bTaTOB lokaaall, YTO 6e3
nogKpenjeHHs OJAQHHOI'O KOHTypa NpH 3anaHHOR CHCcTeMe Ha-
rpysoKk M4 OrpaHHyeHHON TOJ/IUMHe CTeHKH OBOJIOYKH He (o-
nec 3-4 MM C pacCyeTHbIM CONPOTUBJIEHHEeM MaTepHaja
A = 140 MIlla o60#THCEL HEBO3MOXHO. B ciayyae moakpern-—
neHus HauMGonpwed HHTeHcHBHocTH N;  yCHUIMA OOCTHrIM
B MeCTax Haubojpluefi KpMBM3HbI B Toykax 5 ¥ 13 (pnc.28,
ra6n. 24).

B pasHOM cilyyae Ip¥ ToOJUHHE CTEHKH cHiloca [ =
4 MM llepeHanpsaxeHus He npepblcunn 3 % OT pacyeTHoOro
conporupieHua, Takum o6pa3oM, 3Ta He3 HAYUTe/bHAd TPy~
HOCTb Jlerdye Npeofo/iMMa, eClu ydyeCcTh TAaKxke, 4YTO pe-
a1-Hafl KPHBH3HA KOHTypaA HECKOJIbKO MeHblue 4YeM IDHHS -

Tasgs B pacyetax. KpoMe Toro, clnenoyeT NpPHHSTb BO BHHUMAa-
Hite NMogaT/IABOCTh PeallbHOr'o yllpyroro KOHTypAa.

13.4. PaccMmaTpHBaeTrcs CNUpAlbHO-~-HABHBHOR CHIIOC
eMKocThio 800 T U3 cnnasa AMr2H1 c reoMmerpuuyueckumnu

napamerpamu 4 = 10 M, h = B 03 M, paccrossHUeM
Mexay ¢annuaMu {, = 0,365 M. TonmuHa creHkn 060-
noukd ¢ = 4 MM, TOMuUHMHA okaiMieuus [p

5

miowsnn ceweduna f, = 7,83 cm .

114



Sl

Tadnuua 24

NN To- | Pacyer- CroGoOHBI Kpait MecTko noakpenneHHnl# kpaft
qyex HAf Ty~ QR
Z , CM KH/Mm xH/M MIla
1 2 s e | 7 1 8 | e | 1w | u |
1 635,71 43,567
2 638,535 87,007
3 638,608 179,754
4 647,10 433,500
S 852,848 918,517
B 660,807 27,7224+270,362 382,048
7 680,21 -680,87 14319,881 324,000
8 868,71 -69,83 |+204,275 263,778



[Iponomxkenne Tabn, 24

v ] 2 ] 3 4 »° | 8 [ 7 & | & [ [

-299,838 -20,882 | 273,070

otl

—264,849 -96,502 | 339,233
+295,234 -266,445 | 527,136
+494,9 -324,769 | 578,205
+772,549 -278,779 | 485,085
+805,488 -112,841 {203,636

+772,478 -55,336 | 114,045

+757,372 O 82,1186

X.) R - paauyc HHHHHﬂqueCKOﬁ 0DOJIOYKH CHJOCA ( P = 500 CM’-



Mopyles ynpyrocTH mMartrepHana cteH E = 7,1'-'10‘4 Ml a,
yaelLHblIk BeC aJIOMUHHeBOoro cmnnapa 27 KH/MB, pacier -
Hoe conporusiieHne [/ R 7 = 140 Mlla, ocranpHbie  #HC -
XOnHble naHHble ( HArpy3KH H np, ) COOTBETCTBYIOT IIpHBe-
ACHHBIM B pasnenax 4, S5 .

PacyeTHas cxemMa OPTOTPONHONR OGOJOYKU CHIOCA O
BLIPE3OM np¥BeneHa p n. 12.2,

Ilo npo-
rpaMme
ROBSON, |
peanuaywoieh
YHCJIEHHBI# Me-
TOON MNpPpSAMOnR
MU HUMUSG aU UK
3 He pr 1
(IpunoxeHue 6
[ 67 ), pac-
CYHTbIBAETCH
CUMMeTpHUYHas
NOJIOBHHA
(puc. 28) o6o-
no4YkH, Pas -
BpepTKka QOKO-
BOHA IIOBEPXHO-
CTH CHJ/IOCA, pazMepbl OTBEpPCTHA M NoaKpelNJieHHd NOKAa3a-
Hbl Ha pHC, 29,

IlpsaMoyronpHOe oTBepCTHe CO CKpYr/eHHbBIMH yria -
MU B HaATypa/lbHOM CHJ/I0OCe 3aMeHfeTC] B pacyeTHOR’
CxeMe I1pAMO YT O/IbHHKOM 06e3 CKpyr/IeHHbix YI'J/IOB, YTO
MOGT B 3anac NpoYHOCTH, HarpyxeHHe NMPHHATO OCECHM -
MeTpHuYHbIM (I, 5). Kpaepbie ycnoBHs Ha Topuax O6OROYKY
onucaHsl B 1n, 13.2.

CeTka nuckpeTnsaumi (¢ x J ) UMeeT 4YMCIO y3JOB
{ u § coorseTcTBeHHO M x N = 9x7.

PacnpeneneHde y3/10B CeTku QAHCKpPETHIAUHHM IT1OK a3 aHO
Ha puc. 30. Cerra crymaercs no xkoopguHaram Z H Y
( X, ¥ X, ) B OKPeCTHOCTH KOHTypa Bhbipe3a.

UC?

cunmempuy ¢

Puc. 29
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)
l

iy,

gce cummempuu
Ocs cummempuuy

Puc, 30

PeaynbTaThl pacuera: konbuessie ycunua /¥ 22 .
ocepble ANy M UHTEHCHBHOCTHL HAINDPAXKEHHHE 6 | o
BHEIIHeMYy KOHTypy Bbipe3a N pHBedeHbl Ha pHc, 31,

600

600

) cayvau omcymembus boipera

Puc, 31

PeaynsTarsl pacyera nokasblBalOT Ha/lHYHe KOHUEHT-
pakHH yYyCHJ/IAA H HanpsaxeHHi B 30He Bbipeza, llockanbky
pacuyeT cel/laH p 3alac npo4doCTH 0e3 y4dyeTa CKpyrJeHHn
nopkKkpelnileddd H phbipeaa B yriax, TO CchenyeT IOJy4dYeHH bje
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HaupsxxeHuss 6, ymeHbwdThb no ganasim HHAHWCK M,
B.A.KydepeHko Ha 30 %. Torpa pbi6paHHbijf papHaHT nop-
KpenneHud OGeCleqYydT NPOYHOCTbL CTEHKH B 30He Bhipeaa

( [ Ro] = 140 MIa).

14, ITPEAJIOXEHHU A 110 HABHAYEHHNIO KO3dPULI U
EHTA YCJ/IOBUH PABOTH [TPMU PACYETE
HEKOTOPbBIX THIIOPAIMEPOB (BOJ/IOHEK
CITMPAJ/I bHO-HABHBHbBIX CHJIOCOB I10O
BEE3IMOMEHTHOHW TEOPHUHU

14.1. [lo nporpammam ARG u GRS
npopegeHbl pacyeThbl HA MNPOYHOCTbL H yCTOHYHBOCTbL CreH TpexX
THIIOpa3MepoB CH/IOCOB AJi pa3/IMYHbIX 3HAYeHHH napaMer-

pa HajanbHO# morubu W, = Z § = 2‘]‘0 /t [317.

Harpy3kH, nefiCTBylWHEe HA CTeHbl CHIOCOB, nmpuBe-—
gcHel B Tabl., 20, PacyeTh yka3aHHbIXx 0DOJOYEK CHIOCOB
nokasalHd, YTO NPH pacyeTe HA HpPOYHOCTbL C y4YeTOM Ha-
4aNbHOH MOTHMOH HaUOO/IbWHX 3HAYEHHHR HAIpPHAXEeHHd (G,
OJOCTHraloT IIpH MAKCHMAaNnbHO OONYyCTHMOH aMlIjJHTyge I10-
rH6H, HalpaeiIeHHO} HapyxXy (OT ueHTpa KpPHBH3HbBI 06 O—
JIOYKH ),

llpn pacyete Ha YyCTOHYHMBOCTBL C y4y€TOM OAHOCTO -
POHHEr 0 peakTUBHOI'O OTOOpAa Chlllyyero mMarepudana  HaH-
MeHbpliiee 3HaYeHHe KPUTUYECKOHR Harpy3kHd yCTO HYHUBOCTH

N“P QOCTHraeTcCsd IIpH Ha4YaJlbHO NOrubH, HalpaBJIEHHOH
BHYTDb .

Ceuenue crenkn 2, ( t ) non6upaerca ( Z, (T )-
paccTodHHe OT Bepxa cuioca cededdg ¢ ) U3  ycaompds
OO0 HOBPEMEHHOr'0 BbIIOJIHEHUS KPHTepHd I POYHOCTH

ZHt):mmZ{Z | @ (z,t) = [R]}

U KpUTEepHA YCTOHYHBOCTH

Zy(t)=mmZ{Z IN'"(Z,t)ﬁ N,P},
.éa(t)=/m'/? { z,(t), Z, (t)}
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Tabnuua 25

Ty b BricoTa FODHBOHT&HbHOﬁﬂ&B- BepTukain-
cuiioca OT Bepxa nende P .10 Mlla | Hoe ycunue
CcCHuj1oca | A/fy OAS
7 AN pac-—--
, pacyeTa
yeTa Ha
M Ha yCTO#-
yCTOHY -
YUBOCTh,
BOCTh
]
(250 1)
2
(600 T)
3
(10200 1)




AHanu3 pe3aylbTaTOB pacyeTa CyWeCTBYIOUHX THIO-
pa3Mepop AalIOMHHHEBbIXx CHJIOCOB MoKasall, 4YTO
Z,(t)=Z,(1)Tie. TONMHUHY CTEHKH JNHMHUTHDPYET MPOY —
HOCTb, & IO YCTOHRYHUBOCTH (peaKTHBHbI# OTHOpP Chilyyero
mMaTepHalna DopbiliaeT KPHTHYECKYIO Harpyaky) cymecTtpyeT
HEeKOTOPDPLIA 3almnac,

Odng npensapHTeNbHbIX pacyeTOR MOXHO pPeKOMEHAO-
BaTh HNPOBOAHTEL Noabop CeyeHHUsT Ha OCHOBA&HHH IIDOYHOCT-
HOr0O pacuyeTa OOOJIOYKH CHJIOCOB B paMKax H6e3MOMEHTHOH
TEOpHM ¥ 3aTeM No/iydeHHble 3HAYeHUA HHTEeHCHBHOCTH Ha-

[NPpAXKEeHNHR

2 - 2
L~ —
610 641 5:1 522 * 522
pa3fieyIiTh Ha NpHpoadMble B Tabil, 25 zHaYeHUH KO3hPHIH-

eHTa yCJ/OoBHUH paboThi

Xc= mn (}/cwa)'

KoadppHuue HTbI XCWo pacC4YUTaHbl MO yKa3aHHbIM
pbliue nporpamMmam anas OBM c ydyerom HaualnbHOR noru6H
w, nonHo# amnauryaet 2 f,

u)g=fa ca.s,?af )

MoxHO Npd NOpOEKTHPOB&HHH BOCMOJBL3OBATLCH I'OTO—
sLIM paclpefe/leHdeM TOJIIHUHBI, IpUMBeAeHHbIM B Ta61.20,
nony4eHHbIM o nporpammam HARG( H GROS .

[Ipy aTOM, B CUNy 3HAYHTENLHOrO BJAHAHHA Ha NpPoY-
HOCTb CTEHKH CHJloca BeJNM4YHHbl HayanbHOM noru6u W, .,
B IPOEKT HeobXxOonHUMO BHECTH TpebopaHHe OO OrpaHHYeHHH
QOi1yCTUMOH BeHUYKHb! MaGKCHMAlbHOR aMIlJIATyabl AOByMs
TOJIIIMHAMHU CTEHKH, T.e.

W, = 2f,/t = 2

M 10 MakCUManbHO AOINYCTHMOMY 3HayeHHIo noruou W, =2

crnenyeT HazHa4Yarp TOJUHHY CTeHKH,
HanprMep, nng cunoca eMkocTtbio 600 T B Tabn.20
A/ paCyeTHOr'o 3Ha4YeHus napamerpa norubu W, = 2
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Ta6nuua 26




HAXOAQHM, 4TO ToO/IIUHHA 2 MM “npoxogut” ao BBLICOThI
Zn = 3 M OT Bepxa cunoca, 0O 5 M I POXOOHUT TOJIHHA

3 MM, T.e. al1ga 3 < 7 = 5 M CTeHKa CH/IoCa HMe-
eT TOJUWHHY 3 MM, TO/JIIAHE 4 MM NOpPOXOAHT 0O BbICO ThbI
8,7 M, T.e, Ha yyactke S M =< L = 6,7 M cTeHka

no/bKHa ObITh TONUWMHON 4 MM,

Ta6/. 26 MO3ROJAAET TaKXe HA3HAYHTHL CeyeHde CTeH-
K4 IO BbICOTE, HCXOoQs U3 HenocpeacTBEHHOr'0 pacyera oHo-
JTOUKH o 6e3MOMEHTHON TeOpUH,

dna atoro B ceyeHuu 4  HaxoaHTCH HanpsokeHUe
6,0 (Z )pona T =2wmm ( A, u Njrz Haxonsarcs
H3 pacyeTa No 6e3MOMEHTHOH# TeopHH )

) " 2
510 {er) = l/ /y.’f —A/ﬂ Nog * /sz

H [QeluTCa Ha koabpuuueHT ycaopuy pagoret f, (T ) =
0,67. B peaynbpTaTe nonyyaeTcs pacyeTHoe 3HAYEHUHE  HUH-
TEeHCHBHOCTH HaNpsxeHU i

G (Z,Z)=5£0(Z,I)/0,57 )

KOTOpOe CpABHHBAETCH C paCyYeTHbIM CONPOTHUBICHHEM
[R] = 140 Mlla,([Tpn aToM, nnsa Z = 3,1 M npomk-
HO BBbIIQJIHATHLCSH

6.0 (Z2,1)
—2T 2"~ < 140 Mla,

0,87
a nas L > 31 ™
0.67 > 140 Mila),

AHanOr H4HHbIM 0O6pPA30M OCYLIECTBJASETCSH pacyeT CTeH-
x# TonwuHoi ¢ = 3 mMm (no Ta61. 26 Xc = 0,54 )
mc t =4wma( J, = 0,48)
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