OINJ1.®.02.02 CONPOTHUBJIIEHUE MATEPHUAJIOB
YCTOMYNUBOCTDH HETPAJIBHO-CKATHIX
CTEP)XKHEU
Mertoanyeckue yka3aHus U 331aHUs K pacueTHO-Tpaduyeckoit pabore
JUISL CTYIEHTOB OUHOM (hOpMBbI O0YUEHUSI CTPOUTEIBHBIX CIIEHUAIBHOCTEH

[lpeanaraeMbie METOOMYECKME YKA3aHWS CONEPXKAT HAOOP THMOBBIX 3a-
Jad, BXOJSIIMX B COCTaB pacueTHo-rpaduueckoil pabotel mo kypey “Conpotus-
NEHUE MaTepUanoB”, MOCBALUEHHOH PacCMOTPEHUID BOMPOCY MOTEPH YCTOHUU-
BOCTH LEHTPANIBHO CHKATHIX cTepsKHEN. [IpeanasHavensl 11 CTYIEHTOB 2-T0 Kyp-
Ca BCEX CTPOMTENIbHBIX CHelHaNIbHOCTEH 0UHOH hopMbl 00yUeHUs.



1. OCHOBHBIE TTIOHATHS OB YCTOHUMBOCTU
MEXAHUYECKHUX CUCTEM

[ToHATHE YCTOMYHMBOCTH MIMPOKO UCTIONB3YETCH I XapaKTepPUCTUKH pa3-
JAMUHBIX CUCTEM — OMOJIOTMUYECKOH, XUMUUSCKOH unu MexaHuueckoil. [IpumeHu-
TENBHO K MEXAHWYECKOW CUCTEME TIOHATHE YCTOWHHBOCTH MOXKHO TPAKTOBATH,
Kak crnocoOHOCTh cUCTeMbI MPeObiBaTh B COCTOSHUAX, JUI KOTOPBIX OMpeaessto-
LIME NapaMeTpbl (KOOPAMHATBI TOUEK CUCTEMbl, X CKOPOCTH U YCKOPEHHWA) Tpu
JCHCTBUH HA CHCTEMY 3aJAaHHOTO BO3MYIIAKOILIErO BO3ACHCTBUA OCTAOTCS B 3a-
AaHHbIX nipeaenax. JIio0oe ycToiuuBOE COCTOSIHUE MEXaHUYEeCKO CHCTEMBbl 0j1-
HOBPEMEHHO ABIACTCS W PABHOBECHBIM, N KOTOPOTO BBIMONHAIOTCS YPAaBHEHHSA
paBHOBecHs cTaTuku. OJHAKO PABHOBECHbIE COCTOSHHA MEXaHUUECKOH CUCTEMbI
MOTYT ObITb KAUE€CTBEHHO Pa3HUHbI.

Ecnu mpw 10CTaTOYHO ManblX BHEIIHWX BO3MYLUEHHAX OTKIIOHEHHS CHC-
TEMbI B MOCJEAYIOIIEM €€ JBH)KEHUHW MaJl0 OTJIMYAeTCA OT HeBO3MYILEHHOIO CO-
CTOSIHUS, TO 3TO HEBO3MYILCHHOE COCTOAHUE YCTOHUUBO. [1pH 3TOM YCTOHUMBLIM
COCTOSTHUAM PABHOBECHA, KAK W3BECTHO M3 KYPCa TEOPETHUECKOH MEXAHHWKH, CO-
OTBETCTBYET MUHHMMAIbHOE 3HAUEHHE NMOTeHUHAIBHON 3Hepruu cuctemsl. Korga
NOTEHUMANbHAS HEPrUs B COCTOAHUU PABHOBECUS TaKOBa, UTC MPU ManblX OT-
KJIOHEHHAX CHCTEMBI OT TIOJIOKEHHS PABHOBECHSA €€ BETHYMHA HE N3MEHACTCS, TO
TaKoe COCTOAHHE CHCTEeMbI Ha3biBaeTca Oe3pa3nuuHbiM. B ciayuae, koraa moTeH-
LMaAbHAA 3HEPrus NPUHAMAECT MAKCUMAIbHOE 3HAYEHUE B MOJOKEHMU PABHOBE-
CHsl, TO TAKOE COCTOSIHUE CUCTEMbl HEYCTOWYHMBO. [[s1 HArAHOCTH 3TH COCTOS-
HUA PAaBHOBECHUA MEXAHMUECKOM CUCTEMbl MOKHO NPOMITKOCTPUPOBATH PAaBHO-
BECHBIMH COCTOSSHHAMH LIAPA, KaK MOKa3aHo Ha puc. 1.1.
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Puc. 1.1. Knaccugukauus paBHOBECHbIX COCTOSHUH MEXaHUUECKOH CHCTEMbI
a) Oe3pasnuyHoe COCTOAHUE,
) yCTOHUNBOE COCTOAHHUE,
6) HEYCTONUMBOE COCTOAHUE,



2 MOTEPA YCTOMUMBOCTH LUIEHTPAJILHO CXXATbBIX CTEPKHEHN
2.1 ®OPMVIJIA DHUJEPA JJI BEIMUCIEHUSA KPUTUUECKOU CUJIbI

b - ) § PaccmoTpum  mpAMONMHEHHBIH  ynpy-
i M CTEPKEHb C LIAPHUPHO OMEPTbIMH KOH-
UaMK HaxoAAWUACA noa ACHCTBUEM Npo-
JOJIBHOW CiKUMarowmer cunel /7 (puc.2.1).
ANna MHOKECTBA 3HAYEHMHA CKUMAKOLIEH Cu-
bl [* <[ (roel’ — HekoTopoe KpHUTHue-

CKOE 3HAUCHME) CTePKEHb OyAeT COXpaHAThb
CBOIO TIPAMOJIMHEHHYIO (OpMYy KakK PaBHO-
BECHYIO. ECIM K 3TOMY CTEPXKHIO MPUIIOKUTh
MAalo€ BHEWIHEE BO3MYILICHHE, HAMPHMED B
BU/E monepeuHod cuibl (J, TO CTEpPHEHb UC-
KPUBHTCA (OTKIIOHHTCA OT CBOEro pPaBHOBEC-
HOTO COCTOSIHHA). H NPUMET KPUBOJIUMHEHHYIO
dopmy. [locne CHATHA BHEITHETO BO3MYIIIE-
HUA () CTEPKEHb BHOBb BEPHETCA K CBOEMY
NMPAMOJIMHEHHOMY pPaBHOBECHOMY  COCTOS-
HU0. B 9TOM cayuae npsamonuHelinaa gopma
PABHOBECHS ABJISIETCA YCTOMUYHWBOH MO OTHO-
LIEHUIO K 3aAaHHOMY BO3MYLUEHUIO,

Ecnn cxxnmarowias cuna ymoBIETBOPAET YCIOBUKO [ 2 [ | TO NpAMOIH-
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Puc. 2.1. YCTORYHBOCTE CKATOTO
CTEPIKHS

HeliHaa (opMa PaBHOBECUA mepecTaeT ObITh €IUHCTBEHHO BO3MOMKHBIM PABHO-
BECHBIM COCTOSIHMEM CTEP)KHS. Hapsamy ¢ Hel CylmecTBYrOT W APYTHue HCKPHBIIEH-
Hble opMbl paBHOBecud. [Ipu kpuTHUECKOH HArpyske CTep:KeHb MEPEXOHT K
HOBOH KPUBOJIIMHEHHOH (hOopME PABHOBECUA, UTO CBA3AHO C MOSBACHHEM KauyecT-
BEHHO HOBBIX aeopmannii. CKUMaKOWAs CHTA BBI3BIBAET AOTIONTHUTEIBHO H3TH-
Oaro1e MOMEHTHI, JIMHEHHAsA 3aBUCUMOCTb MEXK/IYy Harpy3kaMmu u JedopMarius-
MU HapylUaeTcs; HadNMAAeTCA CHAbHOE HapacTaHue nNporudoB Opu MAJoOM YBe-
JVYEHUH CKUMAKOWEH CHITBI. 3TO SABJICHHUE HA3BIBACTCA TIPOAOIBHBIM M3THOOM.
IMepexon B kpuTHUECKOE COCTOSIHUE, KaK MPABUJIO, COMTPOBOXKIAETCS MOTEPEH He-
CyLIeHd cnocOOHOCTU CTEPkKHA U HA3blBAETCs MoTepel yeToAuuBocTU. [ obec-
neyeHys yCTOMUHMBOCTH 3aJaHHOTO AeGOPMUPOBAHHOTO COCTOSIHUA B KOHCTPYK-
LUAX, U COOPYXKEHUAX AOMYCKAKTCA HArPy3KH, COCTABAOLIME JIULIL YaCTh KpU-
THueckuX. OTHOWIEHWE KPHTHYECKOH HArpy3KH K €€ HOMYyCKaeMol BEMHIHHE Ha-
3biBaeTcAa kodpuumeHToM 3anaca

Bnepsbie 3aaaua onpeagneHus KpUTUUECKOH CUMbl A/ USHTPANbHO CxkKa-
TOTO CTep:KHS Obina pewrena J1. Diimepom (1774 r.). Kputuaeckoii cunoit mo Di-
Jepy HazbiBaeTcsl HAHMEHbIlEe 3HAUYeHHE COKUMAIOIIEH CHIIbl, MPHIIOKEHHON K



MPAMOJIMHEHTHOMY CTEPIKHIO, TIPH KOTOpOoM HabuoaaeTcs pa3aBoeHue ¢opM pas-
HOBECHUA.
[TpeanonosxuM, YTO MPHU HEKOTOPOM 3HAueHWHu [ =/ (puc. 2.2) Hapaay c

OpAMOJIMHEHHOH POopMOIl paBHOBECUSA NHHEAHO-YOPYroro CTEP:KHA CYLIECTBYET
W UCKpHUBIIEHHAsA (OopMa PaBHOBECHS, KOTOpas MOXKET ObITh ONMAcaHa (YHKIIHEH
MEPEMELIEHUH TOYEK, MPHHAMIEIKALIAX M0 OCH V = v(:).
- HM3rnbarommiit  MOMEHT, BO3HHUKAKIIWA B
| NPOU3BOJILHOM  MMOMEPEYHOM CEYEHHH TIpU  MOTepe
YCTOHUMBOCTU NOPAMOJMHEHHOH (HOpMbI PaBHOBECUS
CXKATOTO CTEPIKHA PaBEH

M =F-v.

Bocnons3yemca npuOnuskeHHbIM — AuddepeHLu-
abHbIM YpaBHEHMEM H30THYTOM OCH CTEPKHSI B BUIE
d’v M FORRY dv .,
=—-—Y=—"——um  +kv=0,
dz” I, I, dz’

rae kK - ko>phUUMEHT, paBHbId k= ./ [/ L] .

Pewenne 3amucannoro oaHoponnoro audipepen-
LMANbHOrO YPABHEHUA BTOPOro MOPAAKA UMEET BUA

v=A-Coslkz)+ B-Sin(kz).

Hns onpeaeneHus MPOU3BOIBHBIX MOCTOAHHBIX A
Puc. 2.2 3anaua  u B ucnonbsyem rpaHuuHble ycnoBus (YCIOBUS 3aKpen-
Ditnepa NIEHWS KOHUOB CTEPIKHA).
[TepBbiM rpaHMuHbIM ycnoBueM apnsercs: npu z =0 npornd v=0 u, cne-
JOOBATE/IbHO, NPoU3BONbHasA moctosHHas A =(0. Takum 00pa3om, ypaBHeHHE U30-
THYTOH OCH CTEP)KHA MPUHUMAET BHI

v=RB-Sin(kz)

CrnenoBaresibHO, MPH NMOTEPE YCTOHYHBOCTH OCh JIHHEHHO-YITPYTOro CTEPKHS H3-
rudAETCA MO CHHYCOUIE.

BTOpbIM rpaHnyHBIM YCIOBHEM siBAdeTCA: TpH = =/ nporud v=0 u, crne-
JOBaTebHO, B-Sm(k/)z (. B3T0 yciioBUE BBINOJIHASTCS B JIBYX Cayvasx

1 B=0; 2) Sin(kl)=0.

[lepBbiii cnyvaii COOTBETCTBYET MPAMOJMHEHHOH (popMe paBHOBECHS CTEPIKHS.
BTopoe ycrmoBue COOTBETCTBYET MHOXKECTBY 3Havenwil &kl =rx,2x,3x,....nrx,
YTO COOTBETCTBYET CIACAYIOLUM 3HAUYCHUAM KPUTUUECCKONH CUBL;

' 3HAK «MHHYC» BIAT MOTOMY. YTO B BRIGPAHHO CHCTCMC KOOPIWHAT KPHBH3HA A¢(JOPMHPOBAHHOIO COCTOAHHS
CTCP<HA OTPHULATCIBHA, a H3THOAK I MOMCHT TTOJIOKHTCITbHBIH.
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Ter IE 2er [3 ner /3
Kaxxaomy n3 HalASHHBIX 3HAYEHUH KPUTUYECKONU CUIIbI COOTBETCTBYET OI-
peneneHras ¢hopma paBHOBeCHS crepxHs. [ToACTaRIIAsS HAWIEHHOE 3HAYEHWE k B
YPaBHCHHUE U30TCHYTON ocu Opyca, 3aMe4acM, YTO IPH NEPBOH KPUTHUCCKOH CHIIC
CTepKeHb U3rHOaeTcA Mo OAHOM MOMYBOJIHE CHHYCOHIBI, a TIPH MPOYHUX 3HAUeHH-
X YHUCIIO TIOJTYBOJTH PAaBHO MHOKHTEIMO npw unciie 7 (puc. 2.3).

SRV

Puc. 2.3. ®opMbl mOTEPU YCTOHYUBOCTH CKATOTO CTCPIKHA

Cneayer otMeTuTh, UTO (POPMaA PABHOBECHS CTEP3KHA, COOTBCTCTBYIOIAS
TIepBOil KpUTHUECKOH CHIIe, ABNACTCA YCTOHUHMBOM, a BCe OCTaNbHBIE (POPMBI paB-
HOBECHS — HEYCTOHYHUBBIMH.

Jns MHJKEHEPHBIX PACUETOB HA YCTOMYUBOCTHL MPEACTABIACT HHTEPEC
TOJIBKO MUHMMAJIBHOE 3HAUEHHE CHKMMAKOIIEH CHIIBI, TIPH KOTOPOH HadII01aeTes
U3rud OCHU CTEPIKHA. ITO 3HAUCHUE COOTBETCTBYET NEPBOi KPUTHUUCCKOH CUIE

[4

TToymyueHHOE BHIpaXKEHWE NMPHHSTO HA3BIBATh (POPMYITOH isiepa Juis on-
peneneHus KPpUTHUYECKOH cHIBL. [lpH 3TOM BBIACHAETCA pe3koe pasjinuMe B Xa-
paktepe paldoThl CTEPKHSA HA OJIHOOCHOE CkKarTve W pacrskeHue. [lpenenvHas
pacTaruBaroas cuna f, = 4-¢, 3aBUCHT OT TpeAena MPOYHOCTH MaTepHana Ha

PacTKECHUE O, , HO HE 3aBUCHT OT JUIMHbI CTepKuA. Benuuuna KpUTUYECKOH CcU-

w2

JIBI HE 3aBUCHT OT MPOYHOCTHBIX XapaKTepPUCTHK MaTepUaia, HO 3aBUCHT OT IUTH-
HBI CTEPKHS.



Npwn BeBONE hopmynsr Hiepa ObUTO YCTAHOBIIEHO, YTO CTEPKEHB W3TrHOa-
€TCs1 0 CMHYCOMW/IE, A YMCJICHHbIE 3HAYEHHS MPOrMOOB HAWTH HE Y/ANIOCh (4MC-
JIECHHOE 3HAYEHUE MPOU3BONbLHON NMOCTOAHHOH B He HallaeHO). 3TO CBA3AHO C
TEM, UYTO OBIJIO UCTIOTE30BAHO NTPHOJTHKEHHOE YPABHEHHE H30THYTOW OCH CTEPIK-
HA

d]

-
ya

Ecnu npuMeHHTs TouHoe qudepeHIHaTEHOE YpaBHEHHE
dv

dz" . HEY=0,

(dVJz -
1+
d=

TO NpU 2 F_ MOYHO HAaWTW YHUCIICHHBIE 3HAYCHHS MPOTHOOB CTEPIKHA NTPH 110-

f+k2v=0.

Tepe YCTOHYUBOCTU. MHTErpupoOBaHUE 3TOrO yPaBHEHWA BBLLIONHACTCA € MOMO-
IIBFO CITOJKHBIX CIIEMHANBHEBIX (PYHKIIHHA.

2.2 BJIUAHUE CIIOCOBOB 3AKPEIUIEHKWA KOHIIOB CTEPXKHA
HA BEJIMUUHY KPUTUYECKON CUJIbI

PaccMoTpuM  moTepro  YCTOHYHMBOCTH TEHTPANBHO CXKATOTO NMHHEHHO-
YIPYTOTO CTEPHKHSA JUTHHOW /| HA OJHOM KOHIIE KOTOPOT'O UMEETCS 3alleMIIEHHE,
a JApyrod cro koHeu ocractea cBodoaubiM. JledopMmupoBaHHoe COCTOSAHME
CTepIKHA MOKa3aHo Ha puc. 2.4. JlomonuuM nehopMHPOBAHHOE COCTOAHHE IO TIO-
JTYBOJTHBI CHHYCOHWJIBI MYTEM 3EPKANIBHOTO OTPAXEHHS CTEPNHS B OTPUIATEIIb-
Hyio obnacts no ocu . B aTom cayuae nedopMUpOBAHHOE COCTOAHUE COOTBET-
CTBYeT MOTepe YCTOHUHMBOCTH IIAPHHPHO 3aKPETUIEHHOTO CTEPIKHA, HMEIOIIETo
jumny 21 . Torpa, noacrasnsis juminy 2/ 8 popmyny Diinepa, nojgydaem

T -FEJ,

AHAJIOTHUYHBIM 00pa3oM MOYKHO PacCMOTPETh TOTEPI0 YCTOHYHBOCTH CHKATHIX
CTEP/KHEH W TIPU APYTHX crnocodax 3akpernjieHus KoHmos (puc. 2.4). Benwuuny
KPUTHUYCCKOH CUIIbI MOJKHO 3aIUCaTh B 00IICM BUAC

o 7 BT :71'2 EJ
) ()

e 4 - KOY(MPHITHEHT NPHBEIEHHON JUTHHBI,

[, = gd - npupenennas (cpodoaHasn) AIMHA CTEPIKHA.



Kos¢hduunenT npuBeaeHHON ITHHBI 4 TIOKA3BIBACT, CKOJIBKO Pa3 YKITaabl-
BAgTCsA AJIMHA 3aJaHHOTO CTEPKHA B AJIUHE LUAPHUPHO ONEPTOr0 CTEPIKHSA, UMEHO-
IETO TAKYIO K& KPHTHUECKYIO CHITY, KaK W 3aJaHHBIN CTEPIKEHb.

[Tpu npumeHeHun Gopmynbl Dilyiepa IS ONpeaeaeHHs] KPUTHUECKUX CHJI
CKATBIX CTEPIKHE, CIIEAYET CYMTATHCS C BOZMOIKHOCTD PA3THYHBIX JOPM MOTEPH

YCTOHYMBOCTH B TJIABHBIX IJIOCKOCTAX MHepuuu. B 3TOM cimyuyae Heodxoaumo
ONPEACATb ABE KPUTUUECKUE CUIIbL

R AN

SRR 177) A )

W3 ABYX HalAEHHBIX KPUTHYCCKHUX CHUJ1 AJIA JanbHEHN1lIero pacucTta NpUHUMACTCA
HAUMCHBIIECC 3HAYCHHC.

1

T

ly— 0,51

ly 21

ly= 10,31

Puc. 2.4. KosphuumeHTh NpUBEACHUSA AJIMHbI



B ¢BA3u ¢ 3TUM BO3HHMKAET BONPOC O PALMOHAIBHBIX TUNAX MMONEPEYHOTrO
CeueHUs CxKaTbiX crep:kHel. [IoHATHO, uTo Haubosiee palMOHaANIbHBIM OyJET Ta-
KOM CIKaThld CTEPIKEHb, I KoTtoporo [, =1[, . Tako# CTepKeHb Ha3bIBAETCS

PaBHOYCTOMYMBBIM.

PaccMmoTpum npumep onpeneneHus KpUTUUECKONW CUIIbL 1A CTEPKHSA Mpsi-
MOYTOJIBHOT'O MONEPEYHOr0 CEYEHUs, MOKA3aHHOIo Ha pHcC. 2.5. 3anuiueM Bbipa-
JKEHUA JUIA TJIaBHBIX MOMEHTOB MHEPLIMH 3aJaHHOTO CEYEHHS

Qi V. ¢ §
b T 12

[Tpu moTepe ycroiiunmBOCTH B TWIOCKOCTH z(J)y W3rHO CTEPIKHA MPOUCXOIUT

OTHOCHUTENTEHO OCH X . B yKa3zaHHO#M MIIOCKOCTH CTEPIKEHb MMEET 3alleMyIeHHe Ha
HHKHEM KOHLIE, @ BEPXHUIA KOHELl 3aKperieH [apHUPHO, CIIE0BATENIbHO, KO3 (-
duument npusenaeHusa ummHel 4 =0,7. B 3TOM ciyuae uMeeM CleAyroliee Bbl-

J

PaKCHUC JIA KpHTH'-ICCKOFI CHIJIBI

F L 2. B - BB
o oTEL B R0 B b
x o (wdy  12-071) (/)
I P Ty [Ipu moTepe yCTORYMBOCTH B MIOCKOCTH ()X
/| U3rud CTEPIKHA MPOUCXOAMT OTHOCHTEIBHO OCH ) .

B yka3zaHHOH NMJIOCKOCTU CTEPKEHD UMEET 3alLEMJIe-
HUE Ha HWKHEM KOHILIE, 4 BEpXHHUH KoHel cBoOoeH
OT 3aKpeMJIeHUsA, ClIeI0BATENIbHO, KO3(PUIIUEHT
NpUBEACHUS JMHbl £ =2 . B 3TOM Cciiyuae umeem

CIIeAYIOIEE BHIPAKEHHE 17151 KPUTHUECKOM CHITBI
= ) Tt EJ, W E-h-b W E-W b
F‘m'y = » 2 # 5 = 0,02] d Lz—
Wiy~ 12:) 0

Haubonee pauuoHanbHBIM CEYEHUEM 33JAHHOTO
CHKATOro CTEp:kHsA OYyAET Takoe, Uil KOTOPOro Kpu-
THYECKHE CHJIBI B 00CHX TJIABHBIX MIIOCKOCTAX WHEP-
MU pasHel. Toraa umeem

v / @;7 0170.M=0021.M TH
h s 2 > 2
V4 Q (’) (1)

] l ) 0.170-b° = 0,021-h* |
2

Orcioga COOTHOIIEHUE MEKIY CTOPOHAMH MPSAMO-
YTOJIBHOTO TMOMEPEYHOTO CEUCHHUA JOKHO ObITh
PaBHO

Puc. 2.5. K pacuery
CKATOTO CTEPIKHS
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[Tpu cootHOweHnn pasmepos /i /b <2845 kputnueckan cuna I > u,
ClieI0BaTeNbHO, TOTEPA YCTOHYMBOCTH NMPOHM30HIAET B TuockocTH z(Ox (u3rn®
CTEP/KHA MPOMCXOAMT OTHOCHTENbHO ocH V). B npotusHoM cnywae, korjaa
hib=>2845 xkputHueckad cuna /< F W, ClefoBaTeNbHO, NOTEPA YCTOHYHBO-

CTH MPOM30HACT B MIOCKOCTH Z()y (M3rud CTEpiKHA MPOMCXOANT OTHOCHTENBHO
OCH X ).

Crenyer 3aMeTHTh, 4TO B HHIKEHEPHOH MPaKTHKE NMPH HA3HAYEHHH pa3Me-
POB CIKATHIX CTEPIKHEH MPUHHMAETCH BO BHHMAHME Ue/blii paa coodpameHui
KOHCTPYKTHBHOTO XapakTepa, NO3TOMY VC/IOBHE PAaBHOYCTOHYHBOCTH CTEPIKHA B
JABYX MJIOCKOCTAX HHEPLHH YUHTHIBASTCA 110 MEPE BO3IMOMKHOCTH,

2.3 TIPEJIEJIbI IPUMEHHMOCTH ®@OPMY JIbl DMJIEPA.
GOPMYIJIA ACHHCKOI'O

ITpu BeiBoae dopmysbl Diljiepa WUCHONB30BANACE THIIOTE3A O JIHHEHHO-
yOopyrom xapaktepe pabotkl MaTepuana crepikua. [looTomy ectecTBenno, uTo ee
HEeNb3A TIPHMEHATH B CIIyYasx, KOTJa KPHTHUECKHe HANPSKEHHWSA TNPeBbIIIaloT
npejen NponopUHOHANBHOCTH 0, >0 . 114 yCTaHOBIEHHA Mpeaena npHMeHH-

mocTH Gopmyiel Dinepa naiaem
F, =n'BlI z'E

o

%= 4 T (u) 4

ol

rae i=-/J/ A - paguyc HHEPLMHE MOMEPEYHOrO CCUCHHA CTEPIKHA.

Obo3znaunm A=". Bennunna A HaseiBaeTcs ruOKOCTBIO CTEPIKHA, CIENOBa-
i

TE/bHO, KPHTUUECKHE HATIPS/KEHHS PABHBI
Tk
o= _
(1_

[ IpupaBuMBas KPUTHYECKME HANPAKECHHUA MPEAETY MPONOPUHOHAIIBHOCTH,
MOAVYaeM BhIPAXKEHHE U1A NPeaelbHOro 3Ha4eHHA THOKOCTH

[ 3 s
g E
1

o

A=

mr

Jlna crepsnued, o0nagaomux rudKocTei0 A > A', BENHYHHA KPHTHYECKOH CHITBI
JOJKHA onpeenaTecs mo dopmyne Ditnepa. Ecnm e A < A, To dopmynoii Jii-



niepa Nnoyb30BaThCsA Henb3d. Jlns HuskoyriepoaucTeix craned o, =200Mlla u
£=2,0-10MIla
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Ecau crepienb padoTaeT 3a npeaenamu AMHEHHO ynpyrux aedopmauuid
KPUTHUECKYIO CHTY HEOOX0aMMO BBIYUCIATE N0 (opmyie ScuHckoro. Ha ocHoBe
annmpoKcUMali GONbILIOTrO UMC/a IKCIEPUMEHTATbHbIX JaHHbIX ®.C. AcuHCKUH
OPEASTIOAKUI CNSAYIOYIO SMIUPUUECKYIO GOopMyay 414 OMpPeaeneHUs KpUTHYE-
CKHX HAMPAKEHNN!

c,=ua-bA,

rae @ u b — ko3ppuIMeHThI, 3aBUCAILIME OT MaTepuaia CTepskHs. [ HU3KOYT-
aepoaucTsix cranei o = 310MTIla, » =114 MIla;
A — pacueTHas THOKOCTb CTEPIKHA,
0, — KPUTHHECKHE HAMPAKEHNA.
Heobx0oaMMo oTMETHTH, UTO NMPHU MaJiOi THOKOCTH CTEpPs;KHSA BMECTO MOTe-
PH YCTOHUMBOCTU AOCTUTaETCA ONACHOE COCTOAHUE Marepuana, U3 KOTOPOro Ms-
TOTOBIIEH CTEPKEHb, M POPMYIIOH FCHHCKOTO MONB30BATHCA HENb3A. B HU3KOYT-
NEePOANCTBIX CTAJIAX OMACHOE COCTOAHHWE MaTepuasa COOTBETCTBYET MOSABJIECHHIO
niactuueckux aedopmaunii. CnenosatensbHo, hopmyna SICMHCKOro npuMeHuMa,
€CNIM  BHIMOJIHAETCS  cleayiollee yciloBue o, <o,. Toraa, nNpuHUMasA

o, =240 MITa, onpenenum npeaenbHOE 3Ha4EHHE THOKOCTH
a—o, 310-240

A= -614.
b 1,14
Our
Hpsivas Hoeunerozo

=
For

o f'unepboaa Fiepa

[ \® o -

7] 614 99.3

Puc. 2.6. ['padik 3aBHCHMOCTH KPHTAYECKHX HATIPKEHWH OT THOKOCTH
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[Tonuer# Tpak 3aBHCHMOCTH KPHUTHYECKMX HAMPMKEHWI OT THOKOCTH
CTEP’KHA, U3rOTOBIIEHHOIO U3 HU3KOYTJIEPOJAMCTON cTajlk, MoKa3aH Ha puc. 2.6

2.4 TIPAKTUYECKHNA PACUET CXATBIX CTEPXKHEM

IIpn HazHauyeHWH Pa3MEPOB CXKATHIX CTEPHHEH HEOOXOAUMO NpeaoTBpa-
THTb MOTEPHY WMH YCTOWYHBOCTH TPH ACHCTBHW CKHMAMOIIHX CHIT B TEYEHHE
BCEro 3KCIUTyaTallMOHHOTO nepuoja. [1o3ToMy HOpManeHble HANpsAXKEHHUS B MO-
NEPEUHOM CEUECHHU CIKATOTO CTEPHHA 00A3aTENbHO AO/MKHBI ObITh MEHbBILE KPU-
TUYECKHX HaIPSIKEHUH O,

_N _

A A cF

by b

-4

rae N — pacyeTHad C:KUMaoLlaa cuia (IKCIIyaTalMOHHAA HArPy3Ka);
A, — nuowaab NONepPeuHOro ceueHua OpyTTo.

Hns odecneueHnsa HaaeKHOH padOTHI CKATOTO CTEPIKHA HEOOX0aUMO 0beC-
MEeUnuTh OMpeJeNeHHbIH 3arMac YCTOWUHBOCTH, MOATOMY HANPSHKEHUS B CTEPIKHE
AOMKHbl ObITb MEHBLIE PACUETHOIrO COMPOTHBACHMSA, KOTOPOE B CBOK QUEPEIb
AOTKHO COCTABIISITE HEKOTOPYIO YacTh OT KPUTHYECKOTO HAMPSKEHHA:

N o,
< 9,
A k
rae k& — ko3ddunmeHT 3amaca ycroiiuuoctu, & >1,0.

CpaBHUM TIONTyuyeHHYK (OpMyNy ¢ YCJIOBHEM TMPOYHOCTH KOPOTKOrO

CTEPIKHA OPH OJHOOCHOM CXKaTHU

g =

br

rae R — pacdyeTHOE COMPOTHBIACHHUE MaTEprana.
Beenewm cnenyrouee obo3zHaueHne

= OTKyAa % R
P LR y i @I

Bemwunaa ¢ <1,0 npeacraensier coboli k03(pPUIIHEHT YMEHBIIEHHS OC-
HOBHOTO PAacueTHOrO COMPOTHUBICHUA MPU MNPOAOAbHOM WU3rU0e (KOA(PPULUSHT
npoaoasHoro yarnba). KosdduuueHt npoaoasHoro u3ruda ¢ 3aBUCUT OT KpH-

THYECKMX HanpsHKeHWH, W, clenoBaTelbHO, ABISAeTCS (YHKUHEH T'HOKOCTH
CTEP3KHA

o, .
p= =1
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3uayenue koxpduumenrta ¢ kKak HeKOTOpo# (PYyHKUHMM OT THOKOCTH IA
Pa3/MUYHbBIX MATEPHANIOB YCTAHOBJCHBI COOTBETCTBYIOIIUMHU «CTPOUTENbHBIMU
HopMamu ¥ npasunamu» (CHull) u oOpiuHO npusoasaTca B Buae tadbnuu. Tadbnu-
12 KO3PPUUUEHTOB @ Julsl CTanei, 001aJal0IMX PA3JIMUHBIMH PACYETHLIMU CO-
MNPOTHBJICHUAMH O NPEACLY TEKYUSCTH NPUBEACHb B Tadn. 2.1,

Takum 00pa3zoM, YCIOBHE YCTOMUHUBOCTH CKATOTO CTEPIKHA MOXKHO 3aru-
CaTh CIECAYIOIIAM 00pa3zoM

O'ZES([)-R HIH O = <R.
Abr P Abr
ITondop cedeHus CKATHIX CTEPIKHEH MPEACTABJIAET COO0H Bosee CNOKHYIO
3a1auy, YeM PACTAHYTHIX. DTO 00BACHACTCA TEM, UTO KO(MDUIIMEHT NPOaOLHO-
ro H3ruda ¢ 3aBUCHT OT pasMepoB W (GOPMBI TIOTIEPEUHOTO CEUCHHS U TTOITOMY
HEe MOXET OBITH Ha3HAYEeH 3apaHee. BBUY 3TOTO pacdeT Ha YCTOWYHWBOCTH BbI-

MOJIHACTCA METOAOM MOCNCAOBATCAbHBIX NPUOIHKCHUI (METOI0M HTCPALIUIA).
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TABJIMLIA KODODOULIHUETOB AJIA PACUETOB C XKATEIX CTEPKHEU HA YCTOUUYUBOCTbD
Tadnwma 2.1

3uaueHue koadduunento ¢ u (' 1S NEMEHTOR M3 CTANM ¢ PACYETHBIM conpoTueneHuem K, MIla

200 240 280 320 360 400

A % C ® C @ (’ @ C » C @ (’

0 1,000 0 1,000 0 1,000 0 1,000 0 1,000 0 1,000 0

10 | 0,988 | 1,012:10* | 0,987 | 1,013-10° | 0,985 | 1.015-10* | 0,984 | 1.016.10° | 0983 | 1,017-10* | 0,982 | 1,018-10
20 | 0,967 | 4.137-10* | 0,962 | 4,158-10% | 0,959 | 4.171-10* | 0,955 | 4.188-10° | 0952 | 420210 | 0,949 | 4215-10°
3 0,939 | 9.585-10% | 0,931 | 9.667-10* | 0,924 | 9.740-10* | 0917 | 9815107 | 0911 | 9.879-10* | 0,905 | 9,945-10°
40 | 0,906 | 1,766-10° | 0894 | 1,790-10° | 0833 | 1.921-10° | 0,873 | 1,833.10° | 0863 | 1,854-10° | 0,854 | 1,874-10°
50 | 0,869 | 2.877.10° | 0,852 | 2,934-10° | 0,836 | 2.990-10° | 0,822 | 3.,041.10° | 0,809 | 3,090-10° | 0,796 | 3,141-10°
60 | 0,827 | 4353-10° | 0,805 | 4.472.10° | 0,785 | 4.586-10° | 0,766 | 4,700-10" | 0,749 | 4.806-10° | 0,721 | 4,993-10°
70 | 0,782 | 6266:10° | 0,754 | 6.499.10° | 0,724 | 6,768-10° | 0,687 | 7,132.10° | 0,654 | 7.492.10° | 0,623 | 7,865-10°
80 | 0,734 | 8,71910" | 0,686 | 9.329-10" | 0,641 | 9984-10° | 0,602 | 1,063.10° | 0,566 | 1.131-10" | 0,532 | 1.203-10*
90 | 0,665 | 1,21810* | 0612 | 1,32410* | 0,565 | 1434-10° | 0,522 | 1,552.10* | 0483 | 1,677.10* | 0447 | 181210
100 | 0,599 | 1,669-10* | 0,542 | 1.845-10% | 0,493 | 2.02810* | 0,448 | 2.232-10* | 0,408 | 2.451-10* | 0,369 | 2,710-10%
110 | 0,537 | 225310 | 0,478 | 2.531-10% | 0,427 | 2.834-10* | 0,381 | 3.176-10* | 0,338 | 3,580-10* | 0,306 | 3,954-10%
120 | 0.479 | 3.006-10" | 0419 | 3.437-10* | 0366 | 3.934-10" | 0,321 | 448610 | 0287 | 5.017-10° | 0260 | 5.538-10*
130 | 0425 | 3,976-10° | 0,364 | 4,643-10° | 0313 | 5399-10* | 0276 | 6,123.10° | 0,247 | 6,842-10° | 0,223 | 7,578-10"
140 | 0376 | 5,213-10° | 0,315 | 6,222-10* | 0,272 | 7.206-10* | 0240 | 8,167-10° | 0215 | 9,116-:10* | 0,195 | 1,005-10°
150 | 0,328 | 6,860-10* | 0276 | 8.152-10% | 0,239 | 9.414-10* | 0211 | 1.066-10° | 0,189 | 1,190-10° | 0,171 | 1316-10°
160 | 0,290 | 8.82810* | 0,244 | 1.049-10° | 0,212 | 1,208-10° | 0,187 | 1.369-10° | 0,167 | 1,533-10° | 0,152 | 1,684-10°
170 | 0259 | 1.116-10° | 0218 | 1.326-10° | 0,189 | 1,529-10° | 0,167 | 1,731-10° | 0,150 | 1,927-10° | 0,136 | 2,125-10°
180 | 0.233 | 1.391-10° | 0,196 | 1.653-10° | 0,170 | 1,906-10° | 0,150 | 2.160-10° | 0,135 | 2.400-10° | 0,123 | 2.634-10°
190 | 0210 | 1,71910° | 0,177 | 2,040-10° | 0,154 | 2.344-10° | 0,136 | 2.654.10° | 0,122 | 2.959-10° | 0,111 | 3252.10°
200 | 0,191 | 2,094-10° | 0,161 | 2.484-10° | 0,140 | 2.857-10° | 0,124 | 3.226:10° | 0,111 | 3,604-10° | 0,101 | 3.960-10°
210 | 0,174 | 2,534-10° | 0,147 | 3.000-10° | 0,128 | 3.445-10° | 0,113 | 3.903-10° | 0,102 | 4,324-10° | 0,093 | 4,742-10°
220 | 0,160 | 3,025-10° | 0,135 | 3.585-10° | 0.118 | 4,102-10° | 0,104 | 4,654.10° | 0,094 | 5,149-10° | 0,086 | 5,628-10°
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C HAYATIO )
BBOA
F.lLuR

A=fla);

Fain :f (a) i
Taiw= fa):

\ i
SAOAEMCH
@ 0,5

F
R

Anec:

a=f{Ane);

A min:_f ( Am:c) v
Toin= A0

P s - g.L;@

o (A

(OKOHHAHVIE |RTcr ' -

Puc. 2.7. bnok-cxema pacdeTa C)KaToro CTep)KHA Ha YCTOHYHBOCTh METOIOM TO-
CJIeI0BATEIbHBIX MPUOJIMIKEHUH
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Bhauane 3apatorcs 3HaueHueMm @ =0,5-0,6 u onpeaenaoT TpeOyeMyto
nJouajb NonepeuyHoro ceueHus
N
Anc'c 2 )
<=0 R

HAna 3TOro CEUEHHUS HAXOAAT MOMEHT MHEPUMH J ., MUHMMAJbHBIH paauyc UHep-

mn 2

UKW /11 THOKOCTb CTEPIKHS

n

a=H

{

min

Hcnone3ya nalineHHoe 3HadeHne rudkoctH, mo tadn. 2.1 onpenensaroTr Ho-
BYIO BEAMUHHY KOXPPULHEHTA ¢? H BBIUUCIAIOT PACUCTHBIC HAMPAKSHU S

o= N <R.

@A,

[Ipouecc noOCA€AOBATEAbHLIX OPUOIMMKEHUR (MTEPALUOHHBIA NPOLIECC)
MpoAoKaeTes A0 TeX MOp, MOoKa PasHULA MEXAY BEJIMUHMHON pacueTHbIX Hamps-
MEHUH W PAacUETHBLIM COMPOTHBICHUEM MaTepuana He OyAeT MEHbIUE BEMMUMHBI,
ycraHoeleHHOH CHullom. OObruHo Tpedyerca, utodbl pa3HHULA MEKIY ABYMSA
YKa3aHHbIMU BEIMUMHAMU HE npebiliana 3 — 5%.

Pacuer cikaTbIX CTEp:KHEH Ha YCTOWYMBOCTB METOAOM MOCIEA0BATENBHBIX
NpuOIMIKEHUA HArA4AHO MOKET ObITh MPEACTaBiEH B BUAE CleAyrolled OJok-
cxembl (puc, 2.7).

2.5 BE3BITEPAIIMOHHBIN METOJ] PACUETA CKATBIX CTEPXKHEH
HA YCTOMYHBOCTD

[Ipeanaraemblii cnocolG o0aeryaeT M YCKOPSAET MPOSKTUPOBOUHbIN
pacyHeT Ha YCTOWYHWBOCTD NP LEHTPANbHOM C)KAaTHH, €CITH 3aJa4ei NMPOeKTH-
POBaHUS SBNAETCSA ONpe/ie/ieHHe pPa3MepoB CeueHHs, TeOMeTPUYECKH Mo100-
HOTO MCXOAHOMY (BCE Pa3sMEpbl TAKOIO CEUEHUA OMPEACAIOTCS Yepe3 HEKOTO-
PBIA mapameTp « ).

[lo u3BecTHOH MeToauke pacuera [1,2], 3aaaBluMCh BHAYane MPOM3-
BOJIBHBIM 3HA4YeHHEM KOY(PPHLIHEHTA YMEHBLICHHUA OCHOBHOTO JOMYCKAaeMOTro Ha-
OPAXKEHHA @, HAXOAAT HEOOXOAUMOE 3HAUEHHE TOro kordduuueHTa ¢, no-
cliefl0BaTeNlbHbIMM MpUOIMKeHUAMH. OHAKO 3HAueHHE @, MOXKHO Onpeje-
nuTh 0€3 uTepauuri. Jns 3Toro paccMOTpUM BHAUaNle YKa3aHHbIH METOA pac-
yeta. B HeM WCNONB3YIOT 3aBHCHUMOCTh KoddduuMeHTa @ OT rudKOCTH

cTepkHA A, 00brdHO B BHAE TaOanum Wiw rpad)MKoB:

p=op(d) (1)
O'—IGBH,I[HO., QKOHYATECIIbHOC 3HAUCHHE (/JA_ TAKKE AOJTKHO TMOOAYHHATHCA
3T0171 Ke BaBl/lCl/IMOCT[/I, T.€. ACJIAKHO BBINMOJIHATHCA COOTHOLLICHHS
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go}’ﬂ.’(.' = m(iﬂé’b') (2)
rie A, — HeodXoaAuMas rudKOCTh CTEPHKHS.

Kak H3BCCTHO, 3aJ4BIIUCE HCKOTOPBEIM 3HAYCHHCM KOB(I)(I)I’IHHGHTEI (7., BHA-

qajie onpeacnaiT TpedyeMyo MIOMAaAh NONePSYHOro CEUCHH CTEPXKHA
I
Anec = (3)
@R
rae F — opoaonbHoe YCHIHE,
R — pacueTHOEC COMPOTHBICHUE MaTepHAalla CTCPSKHA.

Haiee, BBITTOJIHASA HECIIOKHBIE alireOpandeckne nmpeobpa3oBaHHs, BbIpa-
aeM TPEOYEMYIO TrMOKOCTD CTEP3KHS CIENYIOLIMM 00pa3om:
i =‘£l.l=AﬂBG.‘Ll'l= Al?c‘c"ll'l —_ Aﬂec'll.l :AHL’C.ﬂ'l.

2

" lmm Anec lmm “ '] min ‘ Anec ) ‘j min “‘ 1—{‘ ’ '] min
" "“4‘ nee “‘4‘ ([) : R
| Q) R L —
A=Al PR o 4
nec neo ﬂ "““‘ F . Jmm : CD ( )

rac / — AuHa CTePkKHA,
1 — Ko (PUIIHCHT MPUBEACHUSA THHEI,
J .. —MHHAMAJIbHbIA OCEBOH MOMEHT UHEPLIUH CEUEHNUS,

mi

i —MUHUMAaNbHBIA PAANYC MHEPIUH NONCPEYHOrO CCUCHMS,

(' — HEKOTOPBIH MapaMeTp CKATOrO CTEPKHS, KOTOPbIH MOKHO NPEJACTABHTE B
CICAYIOLICM BUAC!
("’:(Awec)- (/Ll[)—R (5)
Q_] F

min

Cnenyer MoauepKHYTh, UYTO BeNmUunHA ( ABIAeTCA HEKOTOPOH KOHCTaHTOM
B Mpollecce pPelleHns JaHHOH 3ajadl, Tak kKak otHomrerwe (4 ) /.J  ects 6es-

pasMCpHaA MOCTOsIHHAA, HC 3aBHCALLNAA OT XAPAKTCPHOTO pasMepa o ONpPSHCITAK)-
mero pasmcepbl noncpeHHoro CCHCHUA CTCPKHA CCUCHUA, YkazanHo¢ COOTHOLLC-

HHUC (Am ) I J
OcTanbHpIe BeTHIHHBI PHKCHPOBAHEI TT0 YCIOBHIO 3aJaUH.
3aBucuMOoCThb (4) 11e51eCo000Pa3HO NMPEACTABHTEL B BH/IE

COKpawacTcAa, CCJIM BbIYHCIICHHUA NPOU3BOAUTCA B o01eM BUAC.

min

o

A _
=l 6
q)nec Cj ( )

O4eBWHO, YTO PELICHHEM JIAHHOUN 3a/1a4M SBJSIOTCA TAaKWE YHCHa @ W

e

A, KOTOpHIE OAHOBPEMEHHO YIOBIETBOPSAIOT YPaBHEHHIO (0) H 3aBHCHMOCTH (2),

e ?

XapakTepPHOH Julsl JaHHOTO Matepuana. M3BecTHBIN Crioco0 ABJISIETCS, 110 CYIIECT-
BY, HTEPALIHOHHBIM CTTOCOO0OM pEIIeHHS CHCTEMBI ABYX HENTWHEHWHBIX YpaBHeHHH —
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(2) n (6). Jlerko nonyuuTh rpaduuecKoe pelEHUE TOH CUCTEMbl MEPECEUSHUEM
COOTBETCTBYIOIIHUX KPHUBBIX.

OAHAKO 3TY CUCTEMY MOKHO pewuuth Ypdexrupnee. Jns 31oro 1ocratouHo
rabmuny (A1) marepuana gononunts konoukoii C =@ /A, | B KOTOPOIi 3HAUE-
Husa (' BRIYMCIAIOT MO TAOJIMYHBIM 3HAYCHUAM @ U A COOTBETCTBYIOLICH CTPO-
ku. [ locne sToro mpeanaraemelii cnocod pacuera 3aKI0YACTCA B CIEAYIOLICM:

1. Jna 3amaHHOW pacueTHOM CXEMBI CTEPXKHA W HArpy3kHW onpenensor

no gopmyne (5) .

2. [Ilo Tabmuue A —¢@—C , ncnoas3ysa KOJOHKY () Kak BXOJHYIO, OTpejie-
JIAOT OKOHYATENILHOE 3HAYEHUE ¢, (NPH HEOOXOAMMOCTH MPUMEHSIOT,
Kak OOBIYHO, JIHHEWHYIO HHTEPNONAUNIO). HalinenHoe 3Hauenne ¢, sB-
JIgeTCs OKOHUYATENIbHBIM, TaK KaK OHO, COBMECTHO C COOTBETCTBYIOIIEH
BEJINUWMHOH A, ¥ yIOBIIETBOPAET 000MM YPABHEHUAM CHCTEMBI (2) 1 (5).
Ha npakruke npeanoyTHTE/IbHEE NOJb30BaThea rpadukom ¢ —lgC, ko-
TOPbIA HETPYJHO NOCTPOMUTH I JAAHHOTO MATEpPUaNia, MCMOJb3Yysa M3-
pecthbie Tadmuib (4).

3, Ilo HalineHHOMY 3HAUEHUIO ), ONMPEACTAIOT pa3Mephl CIPOCKTUPOBAHHO-
T0 CEUEHHA OOBIYHBIM CHOCOOOM W TPOM3BOOAT, NMPH HEOOXOINMOCTH,
[IPOBEPKY.

Takum 00pazoM, npeanaraemplii crnocod, HE U3MEHAS CYIIHOCTH M OKOHYa-
TEITBHBIX PE3YJIbTaTOB M3BECTHOTO CMoco0a MPOSKTUPOBOYHOTO pacueTa Ha YCTOMH-
UMBOCTH MPH NEHTPAILHOM C3KATHH, OJIHAKO CYIIECTBEHHO COKPALIACT 3aTpaThl
BPEMCHHU Ha MPOBCACHHUC BHIYUCICHHIA.

3. IPUMEPBI PACUETA CXATbIX CTEPXKHEH HA YCTOWYUBOCTb

3.1 PACYET CEYEHMA, COCTABJIEHHOI'O U3 DNEMEHTAPHBIX
['EOMETPUYECKHUX ®UT'YP

3.1.1 TCXOJHBIE NAHHLIE U YCJIOBHUE 3ATAUYH

Cransnas croiika jymHoH [ =330 merpa cxxumaercs cunoit F = 1000kH (cm.
puc. 1). Marepuan croiiku — nucroBas crayib Mapkn BCt3kn2. Pacuernoe conpo-
tuBnenue c¢rand BCT3kn2 npupare pasubiM R =200 Mlla, npeaen TekyuyectH
o, =210Mlla, npeaen nponopuuonanshoctu o, = 200MIla. Tpedyeres:

a) HWCTIOJIB3YS METOJ MOCIIeA0OBATEIIbHBIX TIPHOIHKEHHAN, HAWTH pa3Mepsl T10-
NEPEUHOIrO CEUYCHMS 3QJIAHHOTO CTEPKHs (MEPBOHAYAILHOE 3HAUEHUE KO-
yppunmenTa npoaoasHOro uaruda ¢ =0,5);

0) BBLIYMCIUTH 3HAYEHHE KPUTHUECKOH cuibl M Kox(ppuLnenT 3amaca ycToi-
UHBOCTH JUTS HAHICHHBIX PA3MEPOB MOMEPEUHOrO CEUEHUS,

17



B) HCMONB3YA OE3bITEPAUMOHHBIA METOA pacyeTa, nogodpaTe pa3Mepsl Morne-

PEUYHOro CeueHusd 3aJaHHOTO CTEPXKHA W HAUTH BEIMUUHY KPUTHUECKOH
CHUJIbL;

T) ONPEeNenuTb, KAaK U3MEHUTCS TUIOLIALb MTOTIEPEYHOTO CEUEHUA W KpHTHYE-
CKas CHJia paccMaTpUBAEMON CTOMKH NPU YBEJIIMYEHUHU €€ JJIMHbI B MOJITO-
pa pa3a (pacueT BbIOOJHATL OE3bITEPALMOHHBIM METOI0M ).

[TyHKTBI B) ¥ I') BHIMOJIHAKOTCS CTYAEHTAMHU MO KeJlaHWk B pamkax YHUPC.

1 Ceyenue I-1
iﬁh )

Puc. 3.1. PacueTHasa cxeMa CKaToi CTOMKH

3.1.2 TIOJIBOP CEYEHWA METOIOM ITOCJIEJOBATEJIBHBIX MTPHUBJIMKEHHH

BolukcigeM TreOMETPUUECKHE XapaKTEPUCTUKU 33AaHHOrNQ MOMNEPEUHOro
ceyeHusa cxaroro crepxHsa. CedeHne pa3duBacM Ha ABa 37EMEHTA. NEPBbIH
SJIEMEHT — MPSAMOYTOJILHUK € pazMepamMu 2¢ X o ; BTOPOM 3JIeMEHT — BbIPEe3aHHbI i
MIPAMOYHTOJIBHUK ¢ pasmepamu 1,6a x 0,64 .

CyMMapHas Naolaab COCTABHONO CEYEHHMS PaBHa:
A=A -A, =2a-a-0,6a-1,6a=104a".

HaxoauM MUHUMANbHBIA OCEBOH MOMEHT UHEPUMH 3aAaHHOTO NONEPSUHOro
CEYESHHS CTEPIKHA:

~a'2a _(06a) -1,6a

J o=J.=J, -J, 0,1379a".
SRR ) 12
OnpenensieM BENHYHHY MHHUMABHOTO PaIHyCca HHEPUHH CCUECHHS!
l | 9
i =i = T (O30T 34,
TN A 1,044

Haxogum pasmepsl MONEPEYHOr0 CEYEeHHS CKAaTOH  CTOMKH METOAOM
nocnea0BaTeNbHbIX NPUOINKEHHN,

[TepBoe npudAMKeHUE. 3anuIIEM YCAOBUE YCTORUUBOCTU LEHTPANLHO CikKa-
TOTO CTEPIKHA:
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a
o=—=<¢@ R,
A
e ¢ — k03pPUIMEHT NPOAOALHOrO U3rkoda.
Ilpunumaem ¢, =0,5. Toraa TpebyeMas mioman, NONEPSYHOTO CCUCHUS
CTOWKH PaBHA

a =B 1000106 0 = 100 o
@-R 05-200-10°

YuuTbIBas paHee NMOJIYUCHHBIE BBIPAXKEHHS [UTA BENTWIUH A4 W i, . AMEEM:

nim >

A ‘100

a= " = U _98lem; i =0,364-981=357cm.
1,04 1,04

min

Broruncngem rudkocTh crepikus no ¢hopmyre:
. a-l07-330
i 3,57

min >

= 64.71

rae 4 =0,7— ko3pPpunueHT NpUBEJICHHON JUIMHBI, BHIOUPAEMbIii B 3aBUCUMOCTH
OT YCIIOBHI 3aKPeTICHNS KOHIIOB CTEPKHA.
TabtnuuHoe 3HaueHWe KO3(PPUIIMEHTA NPOAOJIBHONO U3ruda Juisi CTOMKU U3
crand Mapku BCt3kn2 npu R =200 MIlla u rudkoctu crepxua A4 =64,71 Haxo-
JIUTCA JINHEHHOIN nHTepnoJAumed no tadon. 2.1

0,827-0,782

@ =0,827 -(64,71-60)=0,806.

Tak kak momyueHHoe 3HaueHHe @) =(,806 3HAUUTENFHO OTIHYAETCA OT pa-
Hee OpuHATOro ¢, =05, T0 HEOOXOAUMO BBHIIONHUTE PACUCT HA YCTOHYMBOCTD

IpH HOBOM 3HAUSHHH KO>(HIIeHTa MPOAOILHOTO H3rHOa.
Bropoe npubnvxenne. 3anaeMcs HOBBIM 3HaueHHEM KO pdummenTa npo-
+¢  0,5+0806
JOALHOrO u3ruda: ¢, = A > P2 > —— =0,653.
o 1000-10°

A, = = ,
" @-R 0,653-200-10°

LA 7657
V1,04 1,04

S a1 _07-330
j 3,12

2

=76,57-10" M* = 76,57 cM”.

=8,58cm; i =0364-858=312cwm.

=74,04.

min

0,782 — 0,734
10

@ =0,782 - (74,04 -70)=0,763.
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g+, 0,653+0,763

Tperbe npudnuxenue: @, = 5 N =0,708.
4, =1 _ 100010 - =70,62-10"M" = 70,62 cm”,
“ @-R 0,708-200-10
a= A2 7002 _goom, i =0364-824=300cm.
11,04 Y 1,04
Jo el 07330 o0
imin 3700
0,782 0,734
@, =0,782—= = (77,01-70)=0,748.

HaxoauM BeTWUMHY pacyeTHBHIX HAMPAKECHUH B MOMNEPEYHOM CEUCHHHU CHKa-
TOH CTOWKU:

g = K = 1000-10 - =18931MIla < R =200 MIla.
p-A 0,748-7062-10
Henorpys3ka ceueHMs COCTaBIIACT: 200;6139’31-100%:5,35%> 5%, cnemosa-

TECIBHO, H606XOI[I/IMO BBIMMOJTHHTE €IIC OOHO ﬂpﬂﬁHHH(CHHe.

c+o;  0,708+0,748
Yerseproe npubiunxenue: ¢, = e 5 P 25 ’

=68,68-10"m* = 68,68 cm”.

=0,728.

4 -k _ 1000-10°
“ @R 0,728-200-10°

A (68,68

= = =813cm, /. =0364-813=296cm.
VL0404
P ;.1-1 _ 0,7-330 _78.06.
i
o =0,782- 27827073 (96 06 _70)=0,743.

HaxomuM BeTMUuHY PAcUETHBRIX HANPSKEHWH B TIOTIEPEUHOM CEUSHWH CKa-
TOHA CTOUKU;

o= I - 100010 - =19597Mlla < R =200 MlIa.
p-4 0,743.6868-10™
200-195,97

Henorpyska cocTaBiseT: -100% = 2,02% < 5%, uTo nomycTumo.

OKOHYATENLHO OPUHMMACM CACAYIOUIME Pa3MEPbl MONCPEUHOrO CCUCHMS
3a7iaHHoTO CTEepkAst a =8, 13¢cmm A = 68,68 oM’
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3.1.3 ONPEJEJIEHHUE BEJIMUMHbI KPUTUUECKOMN CHJIbI

BeiumcsisieM 3HaueHHE KPUTHYECKOH CHithl, OnipejiesisieM rpaHuyHOe 3Haue-
HUEC FMOKOCTU CTEPIKHA, NMPH KOTOPOM MOXKHO MCHONB30BaTh ¢hopMmyy Dinepa.
YkazanHas ¢opmyna OblIa BeIBEAEHA, HCXOAA M3 MPEANOIOKEHHA O TUHEHHO-
ynpyrom xapakrepe padoTbl MaTepuana CKaToro CTCPIKHA, U 3aMUChIBACTCA B Clg-
AYIOIIEM BHIE
)
o, =—
- T
CrnemoBaTeNnbHO, MAKCHMANBHBIE CKUMAIOIITHE HAPAKEHUS He JOJKHEBI TIPEBHI-
HIATH TIPEJIEITa MPOTOPIHOHAIIBHOCTH MaTepraia. HaxomM rpaHudHOEe 3HAYEHHE
rubKOCTH pu yeniosun, uto o =200MITau /£ =2,0-10"MTla

AE _ 3147:20-10" _ oo

>

/’l(: = - o 4 6

Lo, o 200-10

PacuerHast ruOkocTe crepius A =78,06< 4 =993, 10 npu onpenencHun
KPUTHYCCKON CUJibl HEOOXO0IMMO NOJB30BATbhC (hopMynoi SAcHHCKOro:

o,=a—bi,
rae a u b — xoadpuuuenTsl, 3apucAIIAE OT MaTepuana crepxkua. i Huskoyr-
nepoancTeix crayied « =310MITa, H =114 MI1a;

A — pacueTnas rubOKOCTL CTEPHKHSA;
O, — KPUTHUECKUC HAMPSKCHUSL,

CrnenyeT MOMHHTE, 9TO (opMyly SICHHCKOTO MOXHO TPHMEHATH B TOM cCiydae,
€CJIN BEMUYMHA KPUTUUECKUX HAMPSKEHUN O, HE OPEBbILIACT MPEAc TeKyYeCTH

MatepHana o, . Torna
o, =(310-1,14-78,06)-10° = 221,01 MIIa< o, =240 Mlla.
F =0, -A=22101-10°-7806-10" =1725,22-10°'H= 172522 kH.
KoaddmnuenT 3anaca ycToiiuMBOCTH PaBeH:

LK 172522

=1,725.
F 1000

3.1.4 [HOABOP CEYEHMA BE3BITEPAIIMOHHBIM METOJI0M

Jns 3amaHHON pacueTHOM CXEMBI CTEPIKHSA W HArpy3KH OmNpeaeliaeM Tapa-
meTp C' 1o dopmyiie
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2

oo A (e df R _ (1L.04°) (0,7-3,30) -200-10° _
' A 0,13794* 1000-10°

=7.843-1067,22 =8370,2 =8370-10°.

[To Tabmuue A — ¢ — (', UcMoONB3ys KOMOHKY (|, KaK BXOAHYIO, ONpeaensieM
Tpedyemble 3HaueHus kodpduumenta npogonbHoro miruda @, W rudKocTH
cTep:kHA A . BpluMcneHue yka3aHHBIX BETHUMH BBITIOTHSAEM ¢ IOMOIIBIO JIH-

HEWHOU HHTEPTIONALAMN,

0. =0,782— g’i ?8 - 2-’322;: :8 (0,782-0.734)=0,741
(8,370-6,266)-10°

(8,719-6,266)-10°

A, =70+

1e

-(80-70)=7858.

Haiimennpie 3HaueHHA @ H /Lm ABIAKOTCH OKOHUYATCIBHBIM, TdK KdK

nac
YJTIOBJIETBOPSIFOT YCITOBUI YCTOWUWBOCTH CTePKHA. Jlajiee BEIIHCITsIeM
-l 07-330 L 2,94

i = =29 cm, a= " =
) 78,58 0,364 0,364

A=1,04a" = 1,04-8,08 = 67,90 cm’.

=8.08 cM.

I[lo CPaBHCHHIC C PACUCTOM MCTOAOM MMOCIICOOBATCIIBHBIX HpH6J'II/I}KCHI/Iﬁ Imaomanb

68,68 —-67,90
MOMEPEUHOTQ CCUCHUS CTCPIKHSA YMEHBIIMIACh HA — 5790 —-100% =1,15%.

OnpeﬂenﬂeM BCJIHUYHUHY PacCyUCTHLIX Haﬂpﬂ}i{eﬂl{fl B MOINCPCYHOM CCUCHHH
3aJaHHOT O CRATOT'O CTCPIKHA.

o= I 2 1_000'10 =198,75MIla < R =200 Mlla.
p-A 0,741-67,90-10™
200-198,75

Hemorpy3ka cocTtaBnser: -100% =0,62% < 5%, d9ro 3HaUM-

200
TE€TBHO MEHBIIE, YeM TIPH pacdyeTe METOAOM TMOCIEIOBATENBHBIX MPHOIHKeHHI.
Takum oOpa3zoM, OC3bITCPALMOHHBIA METOJ, HEC W3MCHSAS CYLIHOCTH M OKOHYa-
TETBHBIX Pe3yJIbTaTOB H3BECTHOTO METOAAa MPOEKTHPOBOUHOTO PacdeTa Ha yCTOU-
YUBOCTh, HO CYIIIECTBEHHO YMEHBIAST TPY/A0EMKOCThE BBIYHCIIEHHH.
Haxonum 3HaueHue KPUTHMYECKOM CUNLI OPU 3aJaHHOH AJIMHE CTCPIKHSL.
PacuerHast rudkocts ¢roiiku A = 78,06 < 4] =99,30, cieosaresisHO, Py OTpeie-

JCHUH KPUTHYECKOM Cuiibl HEOOX0AMMO UCIOAL30BATEL (hopMyay AcuHCKOro:
o =a-bhAi=(310-114- 78,58)- 10° =220,42Mlla< o, =240 MlIa.

I' =c,-A=22042-10°-78,58-10 * =1732,05-10°H= 173205 xH.

O
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OnpeacnsacM TpeOyeMble pasMepbl NONCPSYHONO CCUCHUA CTOMKH MpU YBe-
anueHun ee auHbl B 1,5 pasa; [=3,30-1,5=4,95m. Haxonum napamerp C no
topmyie

oo A (el R _ (L0da*) (0,7-4.95)"-200-10° _
A F 0,13794* 1000-10°
=7.843-240125=18832,96=18,833-10".
Haxonum tpedyembie 3HaueHus kOXppuunMeHTa npoaoabHOro u3ruda @, u

THOKOCTH CTepXKHSA A

nec

18.833-16,690)-10°
((22 530-16 690))-103 (0,599-0,537)=0,576:

(18,833-16,690)-10°

@, =0,599—

A =100+ -(110-100)=103,67.
(22,530-16,690)- 10’
Jlanee BbiuncsieM
oMl 0795 gy g e 2 Y g o
™A 103,67 0,364 0,364

A=104¢° =1,04-9,18° = 87,64 cm’.

OnpenenseM BENUUYHUHY PACUETHBIX HANPAKEHUH B CEYEHHUN CTEPIKHA:

o= b= 1000100 6e 00 MITa < R =200 Mila.
p-A 0,576-87,64-107"
Henorpy3ska cocraBnder: 200 5338’09 -100% = 0,96% < 5%, uto 3HAUM-

TEJIbHO MEHBITNIE, YeM B PaHEe BHITIOJIHEHHOM HWHKEHEPHOM pPacueTe Ha yCTOHYH-
BOCTb 3a4aHHOTO CTEPIKHA.

Haxonum 3HaucHHUE KPUTUUCCKOH cuiibl. PacueTHas ruOKOCTH CTEPIKHA
A=103,67> 4, =99,30, cnenoBarenbHO, NpPU ONPEACICHUA KPUTHUCCKOM CHMJIbL
He0oOXOaNMO TOJTb30BaTheA (hopMynol Diinepa:

5

2 2 11
7L 314720410

' =0 -A=— ~—.87.64-107 =1608,0-10° H= 1608 xI.
oo A 103,67°
Koa¢pummenT 3anaca ycToiMUHBOCTH PaBeH:
= Ie = 16080 =1,608.
F 1000

3.2 PACHET CEUYEHUS, COCTABJIEHHOT O U3 TTPOKATHBIX
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[TPOOUIIEH
3.2.1 UCXOJHBIE JAHHBIE U YCJIOBUE 3AJIAUH

CranbHas croiika anuHoi /=90 meTtpop cikumaetcs cunoit [ =2000kH
(cm. purc. 1). Martepwnan ctolikn — ¢raconnas ctanb Mapku 18mc. Pacuerroe conpo-
TuBneHue cranu 18nc npuATh paBHbiM R =240 MIlla, npeaen tekyuectu mare-
puana o, = 245MIlla, npenen nponopumoHansbHoctn — o, = 200 MIla

Tpebyeres:

a) HCNOJIb3ys METOJ MOCAeA0BATENbHBIX NPUOJINKEHUH, HAWTH pa3Mepsl Mo-
OEPEUHOrQ CEUEHMA 3aJaHHOTO CTEP)KHA (MEPBOHAUAILHOE 3HAUCHUE KO-
sdbuenTa npoaocasHoro u3rnda @ =0,5);

0) BBIUMCIWTH 3HAUEHME KPUTHUECKOH Cuilbl M KodhduiMeHT 3amaca ycToii-
UMBOCTU A/ HAHACHHBIX PA3MEPOR NONEPEUHOrO CCUCHUS;

B) TIOCTPOWTH TpapvKh W3MEHEHHA KPHTHUECKOW CHUITBI W AOMYCKAaeMOH Ha-
rPY3KHW AJ1s1 CTOMKM 3aJJaHHOTO MOMEPEUHOro CeUeHUs, NPU U3MEHEHUH €€
JJIUHBIL,

r') MOCTPOUTH rpaduk M3MeHeHns KodhduureHTa 3amnaca yCTOHUHBOCTH TNPH
M3MEHEHUH €€ JUIMHbI CTOMKHU.

[IyHKTbI B) M [') BEIIOJHAKTCA CTYACHTAMU N0 xKenaHuio B pamkax YUPC,

]4,

—H

~ |y I Y

Cevenue [ -1

———

Puc. 3.2. PacueTHasa cxeMa CTOHKHA

3.2.2 TIOABOP CEYEHUA METOJIOM IMTOCIEJOBATEJILHBIX ITPUBJIMKEHUA

YeaoBue yCTOHUMBOCTH CKATOIO CTEPKHA:
I
o, =——=<R=240MIla.
oA
3ajaeMcs HauaabHbIM NPUONMKEHHEM KO3 pULMEHTA NPOAOALHOrO H3rnda
@, =05, Toraa u3 ycioBus ycTOHYHBOCTH onpeaesieM Tpedyemyro olaib no-

NepeyHoOro CCUCHHUA CTCPAKHA.
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>t 20010 _46667.10 = 166,67 e’

A > =
““p.R 05-240-10°

(h+d)/2

(h+d) 2

Puc. 3.3. CocraBHOE ceueHHE CTEPKHS

TpebyemMas ruiomaas ceueHUs OTHOTO BYTaBpa paBHa:

A 166,67 2
oe — T 2 —
A" = 3 =3 =55,56 cm”.

ITo copramenty npokatHod cramu (I'OCT 8239-72) BeiOupaem ABYTaBp
No33, MMEIOLTHIi ClIe/yIONIHEe TeOMETPHUECKHe XapakTepucTukm: A” = 53,8 cm’;
h=330mm; b=140mm; r=112mm; d =7,0mm; J_=9840cm™; J =419cm’

3a/laHHOE CEYEHHUE CIKATOW CTOWKM MMEET JBE OCH CUMMETpUH X u Y | cre-
JIOBATENIbHO, IIEHTP TAKECTH COCTABHOTO CEUCHMS HAXOJUTCS B TOUKE Mepecede-
HUA yKazaHHbIX oced. Ocu X u ¥ ABIAIOTCA IVIABHBIMU LEHTPAIbHBIMU OCIMU
WHEPIMU COCTABHOTO CEYEHHUs CHKATOro crepiHA. Haxomum reomerpuueckue xa-
PAKTEPUCTUKH 33JaHHOTO MOMEPEYHOTO CEUEHUS:

— Iaomaiab COCTABHOTO CCUCHHUA.
A=34,=3-538=161,4 cm’;

— MOMCHTbLI HHCPIHH CCUCHMA!
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J,=J, +2-J, = 419429840 = 20099 cm*;

-~

J,=J. +2{A-[h;dJ +J1,] = 9840+2-{53,8-(w] +419} = 41228 1om™;

i, = ‘j% - \]4'2285' ~15980w; i, = \j% - \/M ~11160m

161.4 161.4

MUHUMANBHBIH paguyc MHEPUHH TMOMEPEUHOro CEUeHHS CIKATOTO CTEPIKHSA
paBeH /=i, =11L16cm. JlansHeimmii pacuer OyaeM BBITIONHATE TOIBKO OTHOCH-

min

TETBHO OCH Y | TaK Kak He3aBHCHMO OT M3MEHEHHA pa3MepOB MPOKATHBIX JBYTAB-
POB MUHWUMAJIEHBIH Pa/INYC HHEPIIMH COCTABHOTO CEUEHUS BO3HUKAET OTHOCHTEIIh-
HO paHee YKazaHHO# OCH.

BoiunciisieM rudKOCTh CTEPKHS:

LAl _0.7-900
1,16

min 2

- =56,45.

i

ITo Tabsmie @ ~ A ¢ MOMOIIBIO JINHEWHOH WHTEPTIOJISIHNA HAXOAUM 3HAYe-

HHE KOrPHIIEeHTa TPOAOILHOTO H3TH0a COOTBETCTBYIONIEE BEITHCIICHHOMY 3HAa-
YeHUIO THOKOCTH

0,852 —0.805
10

@ =0852- -(56,45-50)=0,822 .

IlonyucHnoe 3HaucHue ko3HULMCHTA ¢ 3HAYUTCIBHO OTIMYACTCA OT pa-
HCC MPUHATOTO, CACAOBATEILHO, HCOOX0AUMO BHIMOJHUTD CACAYIONICE NPUdIKe-
HHE.

Bropoe npubnuxenne. 3agaemcsa HOBbIM 3HadcHueM Kodxhduiuenra ¢ :

. = P rY 0,5+0,822 ~0.661.
: 2 2
A > Fo_ 2000107 126,07-10 *m* = 126,07 cm’.
¢-R 0,661-240-10°
v = A;@C _12607_ 42,02 cm’.

TTo copramenty npokarroi cramu (ITOCT 8239-72) seiOupaem JByTaBp

Ne27. UMeIOWHii CIEAyIOIHe reoMeTpHUYECKHe XapakTepucTukm: A% =402 oM’
h=270mm; b=125mm; (=98 mMM; d =60mM; J, = 5010¢m™; J, = 260cm’.

A=3A4%=3.402=1206 cm’,

J,=J +2-0.=260+2-5010=10280cm™ i =i, = [T = 10280 g0y
: - A V1206
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Briuuciisiem ruOKOCTb CTEPAKHS;
P ‘le-l _ 0,7-900
i

= 68,20

min 2

[To Tadnuie @ ~A ¢ NOMOIIBIO JIMHEHHOW MHTEPNOAIMH HAXO/AUM 3HAYE-
HUE KOdpdUIMEHTA NPOAOALHOTO M3rnda COOTBETCTBYIONIEE BhIYMCICHHOMY 3Ha-
YCHHIO THOKOCTU

0.805-0,754

@ =0,805— (68,26 —60)=0,763.

Tpetbe npubnusKeHne. 3amacMca HOBBIM 3HaUCHUEM Kod(dHIHEHTa ¢ :
@, +p.  0,661+0,763

.= =0,712.
o, 5
4.2 F__ 200010 - =117,04-107 m* = 117,04 cm>.
@R 0.712-240-10°
e s

ITo copramenty mpokarHoi cramm (['OCT 8239-72) BeiOupaem aByTaBp

No24, umeroumii cneayrolmue reomMerpuueckue xapaxrepucruku: A™ =34 8cm’;
h=240mm; h=115mm; 1=95mm; d =56mm; ./, =3460cm”; J, =198cm”.

A=34% =3.348=1044 cm°,

Jp=J, +2-J, =198+2.3460=7118cm*; i =i, = \/ﬁ L
: : A V1044

Bolurcngaem rudKoCTb CTECPIKHA;
a1 a-l0,7-900

=76,27.
i 8,26
¢! =0,754 - 0,754 - 0,686 (76,27-70)=0,711.
HaxonuM 3HaUCHUE PACUCTHBIX HANPSHKCHUIA B CCUCHUU CKATOTQ CTCPIKHA:
o =t 200009 566 14MMTas R =240 MTTa.
o4 0,711-104,4-10
Ileperpy3ka cedeHHA COCTABJIAET: 269’218 240 -100% =12,27% > 5%, cnengoBa-

TEMBHO, HEOOXOANMO YBETHIHTD Pa3MepPhl MOTEPEUHOTO CEUSHHUA.
3anacmca 3HaucHuem kodgpduuuenra @, = 0,712 . [lo copramenty npokar-

Ho#t cramm ([TOCT 8239-72) BpibmpaeMm ayTaBp Ne24a, WMEIOIMHH CiIeAyIOIMAE
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reoMeTpuueckne  xapakrepucrakn:  A“ =37 S5cem’;  h=240mm; b =125mwm;
(=9.8mm; d =5.6mm; J_ =3800cm"; J, =260cm".

A=34"=3-375=1125 cM’.

J,=J +2-J =2060+2-5010= 7860 e’ io=1I = \j]—f g 8,36¢cMm.
! ' A 112.5

Boruucisiem ruOKOCTh CTEPKHS
P u-L07-900
] 8,36

=75,37.
i

min

[To Tabnutie @~ A ¢ TOMOMIBIO JINHEHWHOH WHTEPTIOJISAIHA HAX0AUM 3HAUYEHHUE KO-
YppunHeHTa MPoOIBHOTO W3THOA COOTBETCTBYIOINIEE BRIYHCIICHHOMY 3HAYEHHFO
rHOKOCTU

0,754 - 0,686

@ =0,754 - (75,37-70)=0,717.

HaXOﬂl/IM 3HAQUCHUC paC‘leTHbIX HaHpH}KGHl’lﬁ B CCYCHHHU CKATOI'O CTep}KHﬂ:
o __F __ 200010

™ .4 0,717-112,5-10

247.95-240

=24795MITa> R =240 MI]Ia.

Tleperpyska ce4eHusi COCTABJISIET:

-100% = 3,31% < 5%, uro jonyc-

TAMO. OKOHYATEIThHO TPHHUMAEM TIOTIEPEYHOE CEUEHHE CTEPKHS COCTABIIEHHOE W3
Tpex AByTaBpos Ne24a.

Criestyer 3aMETHTH, YTO BO MHOTHX CIIYUasiX YPOBEHB PACUETHBIX HaIPsiKe-
HHUH B CEUEHHWH, COCTABJICHHOM W3 NPOKATHBIX NPOQHIIEH, JUISI JIBYX CMEXKHBIX
CTPOK COPTAMCHTA MOMKET OTJIMYATHCA OT PACYCTHOrO COMPOTHURJICHUS MaTepuana
oonee uem Ha 5 %. Toraa, BBHAY JIMCKPETHOCTH U3MEHEHUSI TEOMETPHYECKUX Xa-
PAKTCPUCTHK NPOKATHBLIX npodunci, nanbHeimas OnTUMU3ALMNA CCUCHUS HEBO3-
MOkHa. OKOHUATENHHO TPHHHMAIOT TaKoe CeUeHHe, B KOTOPOM YPOBEHB HOp-
MaJIbHBIX HATNPSKEHUH HANMEHEE OTKIIOHSETCS OT BEJIMUHHBI PACYETHOTO COIIPO-
TUBJICHUA MaTCpUana.

3.2.3 OTMPEJENEHUE BEJIMUMHLI KPUTUUECKOW CHUJTBI

Haxoum rpaHnuHoe 3HaueHHe THOKOCTH Tipy yeitosun, uto ¢, =200 MITa
u [£=2,0-10"Mlla

P 7L _ 314 -2,0-10 ~993.
e . 200-10°

: P
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PacuerHas rubkocts croiiku A =7537 < A =99,30, cienoparesibHO, npu onpeae-
JCHUH KPUTHYCCKOHM CUIIbI HCOOX0IUMO UCIONb30BaTh (JOpMYIY SCHHCKOrO:

o, =a—bi=(310-114-7537)-10° = 224,08 Mlla< &, = 240 Mlla.
F =c_-A=224,0810°-112,5-10* =2520,88 kH.

KosthdumuenT 3amaca ycToHIUBOCTH paBeH:
_ I, 252088 _

(¥

a 2000

1,26

>

3.2.4 IOCTPOEHUE I'PAGUKOB KPUTUYECKOUW CHUJIBI, JOTTYCKAEMOM
HAI'PY3KU U KOBOOUIUEHTA 3AIIACA YCTOMUYUMBOCTU

JUist cToek 0OoJIblIIOH THOKOCTH KPUTHUECKUE HANPSHKEHMS ONPEASAAIOTCS 110
thopmyte Ditnepa
)
Co =7

oF /1“
OrnpenensemM TpeaeIbHYIO THOKOCTh TIPH CIIEAYIOIINX HMCXOIHBIX JAaHHBIX!
o, =200Mlla; £ = 2.06-10°MIla

A= \/’TZE - JS’ME 20107 _ 9939,
' o, 200-10°

[TonyueHHOMY 3HAUEHHIO TIPEIETBHON THOKOCTH COOTBETCTBYET JUTMHA CTOWKH

A 9930-836

07

BenuuuHa KpUTHYECKOHN CUIIbL paBHA

Fo=o. -A=200-10°-112,5-10" = 2250 k.

{ =1186 cMm=11,86 ™.

[Ipu rEOKOCTH CTOMKH, MPEBBIIAIOIICH MpeaeabHoe 3HaueHue A = 99,30,

3amaeMcs TaOJIMYHBIMA 3HAUeHUAMU A (Tabn. 2.1) w BRIYMCIAEM BETHUMHY KPH-
THUYECKUX HANPsuKEHMI no gopmyne Dinepa. /lasee HaxX0AMM COOTBETCTBYIONIME
3HAYEHUC KPUTHYECKOH CHJBI M AMHHBI CTOHKHU. Bee BBIUMCICHUA yOoOHEE BbI-
MOJTHATE B TA0IMYHOM BUJe (Tadm. 3.1).

JUts CTOEK CPEeNHEH rMOKOCTH KPUTHUUECKUE HANPSHKEHUS ONMPEACIAIOTCSA N0
(hopmyne HAcunckoro:

o,=a—-bA.

OmnpenenaeM npeaeapbHy 0 rHOKOCTE CTORKH ITpH o, = 245 MIla

_a—-o,.  310-245

A=

k =57,02.
b 1,14
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PACUYETHBIE XAPAKTEPUCTUKUH C)KATOU CTOUKHU

Tadnuua 3.1

A @ F .[P L L k
(xH) (xH) (m)
0 1,000 275625 2700 0.00 1,021
10 0,987 275625 2664.9 1,19 1,034
20 0,962 275625 2597.4 2.39 1,061
30 0,931 2756.25 2513,7 3,58 1,096
40 0,894 2756,25 24138 4,78 1,142
50 0,852 275625 2300.4 5.97 1,198
57,02 0,819 2756,22 2211,3 6,81 1,246
60 0,805 2718.00 2173.5 7.17 1,251
70 0,754 2589.75 2035,8 8,36 1,272
80 0,686 2461,50 18522 9,55 1,329
90 0,612 233325 1652.4 10,75 1.412
99,30 0,547 2213,98 1476.,9 11,86 1,499
110 0,478 1833.40 1290,6 13,14 1,421
120 0,419 1540,56 11313 14,33 1,362
130 0,364 1312.67 982.8 15,53 1,336
140 0,315 1131,84 850,5 16,72 1,331
150 0,276 985,96 7452 17.91 1,323
160 0,244 866,57 658.8 19,11 1,315
170 0218 767,62 588.6 20,30 1,304
180 0,196 684,69 5292 21,50 1,294
190 0,177 614,52 477.9 22,69 1,286
200 0,161 554,60 4347 23.89 1,276
210 0,147 503,04 396.9 25,08 1,267
220 0,135 458,35 364,5 26,27 1,257
HOJ‘[yquHOMy 3HAYCHHKD Hpe,I[eHBHOﬁ THOKOCTH COOTBCTCTBYCT AJTHHA CTOHKH
[ = Al 5702:836 _ oo cm = 6,81 M.
Y7, 0,7
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BenwuuHa kpuTHUECKON CUIIBI paBHA
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1 CHJIBI H ,HOHyCKaCMOfT CIKMMAOIMEH CHITBL

[

Puc. 3.4. I'padmk KpATHYECKO

IJIA CTCPIKHA 3aJaHHOr0 norncpeyHoro CCUCHUA

L]

HUKH, HaxOdIIeHCs B OUaIa30oHe NpcacabHBIX 3HAYCHHH

[

[Ipu rubkocTH €TO
57,02< A <A =99,30, 3agaemcsa TabnuuHbIMU 3HaueHUAMA A (Tabn. 2.1) u

y —

”

i

A

(v

dopmyne AcwHCcKorOo. [lanee

BBIYTHUCIIAEM BEIIHYHMHY KPUTHYCCKHUX HAIIPAKEHHH I10

(v

w

HaxoJuM COOTBCTCTBYHOLIHUE 3HAYCHHUC KPUTHYCCKOHW CHJIbL U AJIMHbI CTOHUKH,

H CHUJIBI I1O-

(v

57,02 BenWuMHA KPUTHYECKO

"
0

I[Jlﬂ CTep)KHeﬁ Mayoil rHOKOCTH pacucT Ha yCTOﬁ‘lHBOCTb 3aMCHACTCA pacyCcTOM

HA MPOYHOCTH. [Ipu 3HaueHnn A <A

CTOAHHA U paBHA

245-10°-112,5-10™" =2756,25kH.

- O-J,-

or

F
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Janee 3ajaemcst TabnuuHbiMKu 3HaueHusiMH A (1ads. 3.1) 1 HAXOJMM COOTBETCT-

v

BYHOIIHUC 3HAYCHHUC OJTAHbI CTOHMKH.

s aeltemate: i

e

kA

1,15 1
Lo 4
1,05 -

Puc. 3.5. I'padwmk namenenns kod3dgdunuenTa 3amnaca yCcToMuuBOCTH

Jls Bcero mmamazoHa M3MEHEeHHs TMOKOCTH cToMku (Tadn. 3.1) BenuumHa

JONYCKaeMOW Harpys3ku

[F] onpeaenseTcs mo gpopmyie

@p-R-A.

7]

HCHOJ’IbSyH IIOJAYYCHHBIC 3HAYUCHHA, CTPOUM rpacl)m{[d H3MCHCHHUA KPHUTHYC-

[

CKOH CHITBI U JOIMyCKAacMOH Harpy3kKud A1 CEKATOro CTEPXKHA C 3addHHBIM ITIOTIC-

peuHbIM ceueHuem (puc. 3.4).

KoaddgumenT 3anaca ycToMUMBOCTH ONPEACHACTCA KaK OTHOILICHUE KPUTH-

s

YECKOHN CHITBI K JOITYy CKaeMoil Harpy3ke

cr] _

F
Ia

3naueHust k03(puiMenHTa 3anaca yCTOWYMBOCTH K , BBIYMCIIGHHBIE 110 TTPUBE/ICH-

k

HO#l popmyne, npeactasncHbl B Tadmuue (tadbn. 3.1). Ilo mony4eHHBIM 3HAYCHUAM
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cTponM Tpaduk W3MEeHEeHHd Kod(pHIIHeHTa 3amaca yCTOWYHBOCTH A CXKATOTO
CTEPsKHS C 33/IaHHBIM TMOTEepeUHbIM ceueHueM (puc. 3.5).
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