Y/IK. 624.073.74

BJIUSAHUE PA3ZPYIUEHUA OTAEJBHBIX SJIEMEHTOB
POCTBEPKOB INTOPTOBBIX TMIPOTEXHHUYECKUX
COOPYXEHUMU HA UX HECYIIIYIO CITOCOBHOCTbD

Masypenxo JI.B. (Odecckasn cocyoapcmeennan axkademusi cmpoumens-
cmea u apxumexmypbi)

B crarbe paccMaTrpHBaeTcs 3ajada pacuera Hecyumel cnocobnocTH
POCTBEPKA C Y4E€TOM CJIOKHOI0 HANPSIKEHHOr0 COCTOAHHS KOHCTPYK-
nin. PaccMOTpeH Taxkxke BONPOC yYeTa ABJICHHMS MOTEPH HecyuieH cno-
cOOHOCTH OTAE/IbHBLIX CBaHf B pacyerax COOPYXECHHA MO MpeaeibHbIM
COCTOSIHHSM.

HUcXonHbIM TMOJIOKEHUEM TYT SBJISETCA TO OOCTOATENLCTBO, YTO B ICH-
CTBUTEJIBHOCTH BC€ MaTepHalibl OrpaHH4eHbl no aegopmaumam, T.e. Ava-
rpaMMa O-£ COIEPKHUT TOYKY NpekpameHus KpuBoi. P PeKThl, CBA3ZaAHHbIC
C €€ HATUYHEM, OTOOPAKAIOT BIAMSHHUE pa3pylICHUS Ha KOHCTPYKLUO. Jlna-
rpamMma Tesia [Ipasaris B 3TOM ciydae UMEeT BH/I, MOKa3aHHBIN Ha pHUC. |

c |

i &H .8

Puc.1. JluarpamMmma o-€ 1Ipy orpaHu4eHun nedopmManuii.

YcioBue paspylieHus B CIIOKHOM HAmNpPsHKEHHOM COCTOSHHH &; = &

YCIIOBHE pa3pylIeHUs B OTHOMEPHOM HATIPHKEHHOM COCTOSHHH &£ = & .

Beuay orcyrcTBus QyHKUMNA CBA3M YCWIMHN U AedOpMaLMii B CII0XKHOM
HaNPSHKEHHOM COCTOSHHM HE YAAIO0Ch NOKa ONpEJesIuTh BIMAHHS 3P (PeKTOB
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prapyienn | 1], Ho ecim, KaK 910 enaercn B HaCTONIee BPpeMs NpH pac-
werax pamunix cucrem [2], (3], npenebpeus sansuneM npoaoabHbIX (Bbina-
JWET AHANKS YCTOHRUMBOCTH) M NONEPeHHbIX CWI, TO TAKON aHAIH3 MOXET
ObiTh pOBEACH 10 KOHUA [4].

U3105HM HACKO U CXEMY PeILieHuUS.

Beiseneno ypasHenue M-K nns cranuu paspymenus (ans ynpyro# u
YIPYTromiacTHuYecko craauu oHo u3BecTHO [5]). I'padmueckn 3T0- HHUCXO-
aAmas petsb rpadpuka o-g. [lpusenem 3¢pdexTuBHbIN npuMep, NOKa3biBaKO-
i Oonplioe BAMAHME pas3spylleHHUs HA HECYLIVIO CIOCOOHOCTh, HO 3TOT
NpUMEpP OKa3aica, Kak BUAHO M3 HWKECIEAYIOWEro, €AMHCTBeHHbIM. Jloka-
3aHO, YTO 30HA pa3pylICcHMs He MOXKET 00pa3oBEIBATHCSA, BO3MOXHO JIMIIb
HalMuMe CeveHHii paspymeHus. Hecymas criocoOHOCTh CHCTEMBI Onpene-
NSAETCs ¢ UCNOJIb30BAHUEM YpPaBHEHHH COBMECTHOCTH aedopmaimii (ycno-
BUS paspylIeHUs TYyT He GUrypupyroT, H00 30HA paspylIeHHs OTCYTCTBYET)
W3 IpeZieIbHOTO yenoBus 4V _

dA

ITpu 3TOM, eciv KpuBas v-A HE UMEET B TOYKE (Vyax; Ayax) MPOU3IBOIHOMN,
TO Vyax OTIPEJENSAETCA TON TOUKOM A,qy, B KOTOPOH MPON3BOOHON HE Cymie-
CTBYET.

34€Ch. V — MHOXHTEJb INPONOPUMOHANBHOCTU IS JaHHOU HArpy3ku
(paccMaTpuBaeTCsl Cly4aid MPOCTOrO HArpy)XE€HHsA, KOTAa BCE BHEIIHHE CH-
Jibl A3MEHAKOTCA NMPONOPLHOHATBEHO OJHOMY MapameTpy),

A- XapaxkTepHoe nepeMeileHue (T.€. T0 nepeMeeHue, KoTopoe OpICTpO
BO3pACTAET IPH Pa3pylICHHU CHUCTEMBI). 3aMeTHM, 4TO A s JoOoro 3Ha-
YEeHUs V HAXOAUTCA M3 YPABHEHHN COBMECTHOCTH JedopMaivii U HE 3aBH-

CUT OT ycJioBuH paspymeHus. OTCioa HEMEJIEHHO BHITEKAET M HE3aBUCH-
dv

MOCTb —— OT 3THX YCJIOBHH.

dA

YpaBHEHUS COBMECTHOCTH W MNPEAEIBHOE YCIOBHE 00pa3zyloT CHCTEMY
YpPaBHCHHUI, U3 KOTOPOH ONPEACAIOTCA U WIHILIHHUE» HEW3BECTHBIE U HECY-
as cnocoOHOCTH, HE3aBUCUMOCTh KOTOPOH OT YCIIOBMIA pa3pylleHus BbITE-
KaeT U3 HE3aBUCUMOCTH OT HMUX CaMO#l CHCTEMBI ypaBHEHMH. [lokazaHHOE
YTBEPXKJICHUE HOCUT XapaKTep BaXXKHOW TEOPEMBL.

bonbmo# uHTepec npeacrasnseT coboi aHAIU3 BIMAHMA NpoLEcca pas-
PYLISHHSA NMPU yYeTe HOPMAIbHOM CHIbl M M3rHOarommx MOMEHTOB IO Je-
(OpMHUPOBaHHOW cXeMe. 3TO MNO3BOJNUT IONYYUTh YTBEPXKACHHUA, OTpa-
KAIOMKe 3aBUCHUMOCTh WIM HE3aBUCHMOCTb HECyILei crnocoOHOCTH mNpw
OTEPE YCTOMYHMBOCTH OT paspylIeHHs BOJIOKOH 3JieMEHTOB. B 3TOM city4dae
IUIA TUIOCKOM paMmbl.
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fO")=w(M;N;y) (1)

[Ipuuem npeanonaraercs, 4ro BbipaxxkeHHe (1)Bkiogaer B ceOs 4acTh
MOBEPXHOCTH, XapaKTEPHU3YIOLIYHO MPOUCXOAALIME MPOLECCH pa3pyIICHHMS.
Ecnu cunTats He 110 A1eOpMHUPOBaHHOMN cxeMe, TO TaK Kak B pOCTBEpKax
HOpMajibHasg CWIA B KaXIOM CTEPXHE MPH NaHHO! Harpy3ke NMOCTOSHHA, TO
JUIA OKa3aTeNbCTBa HE3aBHCHUMOCTH HeCyuleil criocoOOHOCTH OT paspylue-
HHUA OyZIeT UL OCTATOYHO noka3ath (npu $pukcupoBaHHOM Bemmuube N),
4YTO HHCXOAMIas BETBb KpuBOM M-K HauuHaercs ¢ HayajioM MPOLECCOB
pa3pyineHHs BOJOKOH. Jlanbme Bce paccyXJeHus OyAyT COBEpIIEHHO aHa-
JIOTWYHEI CITy4ar0 BO3AEHCTBHSA TONBKO M3rubaroiero MmomenTa. [Ipu pacue-
Tax no AeGopMHpPOBAHHON CXeMe BhillleyKa3aHHOE HEOOXOQUMO MOKa3aTh
npH PUKCHpOBaHHLIX N 1 Y.
Yder nonepeyHon CHIbl HEH30EKHO CBA3aH ¢ OYeHb OONBIIMMM aHAH-
THYECKHMH TpyaHOCTAMHU. [lpeacrtaBnsieTcs BO3MOXXHBIM PEIIUTH BOTPOC
cnenyromuM odpasom:
1.  IlpoBoaurcs aHanu3 BIMSAHUA pa3pylleHHs IIEMEHTOB Ha Hecy-
y10 CrocoOHOCTH 1Mo eOPMUPOBAHHON CXeMe C Y4E€TOM MNpo-
JAOJIBHOM CHJIBI H W3rudaroLero MOMeHTa.

2 OKCMEPUMEHTAIBHO YCTAHABIUBACTCH HECyllas CriocoOHOCTh (Ha
METAUTHYECKHX M KENe300€TOHHBIX paMax) U, €CJIM OHA BbIIIE
WJIM paBHa TeopeTHyeckoi mo n.l, adpdexrom Bo3neicTBHA nore-
PEYHBIX CHJI MOXXHO NMpEHEOpedb; €Cu KE OHA HHKE TeOopeTHYe-
CKOM, TO CIIOXHEHUIINA aHaTHU3 3TOTO MpoLecca HeoOXOoaUM.

OcTaHOBHMCsl Ha pacyere Hecywied CrOCOOHOCTH C YY4E€TOM CJIOXHOIO
HarpsHKEHHOT0 COCTOAHUS KOHCTPYKLMH.

Hanuuue yHxuumit cBazd ycwnuii ¥ aedopmaiiMii 1aeT BO3MOXXHOCTD,
MCIIOJIB3YA YPAaBHEHUS COBMECTHOCTH AedopMauuii ¥ NpeaesabHOe YCIOBHE

o —

dA
OTPAXKEHHA TOT (PAKT, YTO B KAKHUX-TO HaCTAX KOHCTPYKLMH TIPH MOTEpeE

YCTOMYMBOCTH MOXXET NPOMCXOAWTH pa3rpy3ka. IlocnenHss uMMeeT MecTo
IpH pa3iHgHbIX BUAax aeopManud OT BHEIIHEH HAarpy3kd WU MpH MoTepe
YCTOMYMBOCTH. «ECIM BHEIIHHE HArpy3ku BbI3bIBAIOT Aedopmaliuu, OTBe-
qarouMe Beicie ¢popMe NoTepu yCTOWYUBOCTH WIM KOMOMHALIMM HECKOJIb-
KHX BBICIIMX (OPM, TO MOTEPS YCTOHUMBOCTH MPOUCXOUT pPaHee NOCTIDKE-
HHUA COCTOSIHHMA MPEAeIbHOI0 paBHOBecHs B hopMme AedopMHApPOBAHUSA, OTBE-
qaloLleH HU3IEH KpUTHYECKON Harpy3xku» U aanee [6].

tuna @Y _ j, HalTH HecyIyio cnocoGHOCTE. OIHAKO, [IPH 3TOM HE HAXOUT
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HecMmoTpsi Ha TO, 4TC NOAOOHBIC Ka4YECTBEHHBIE BHIBOJBI JHUIICHBI aHa-
JMUTHYECKON MHTEpnpeTaLyy, ONMacHOCTb NOAOOHOro SBJIEHWSA OT 3TOr0 HE
yMEHbIIaeTC. - '

Hanpumep, cummeTpuuHas cBoboAHAA paMa IpW CAMMETPHYHOH Ha-
rpy3ke HMEEeT KOCOCMMMETPHYHYI0O $opMy motepu ycroumsoctu. «Hecy-
mas cnocoOHOCTh KOHCTPYKUMH JOCTIDKMMA TOJBKO B TE€X CiyyadX, Koraa
dopma nedopMHpOBaHHA KOHCTPYKLMHM CoOBHazaeT wid Oam3ka x dopme
NOTEPH YCTOWYMBOCTH KOHCTPYKIMH IIPH HU3INEH KPHTUYECKOU HArpys3Ke»
[6]. .

OrmeueHHOE Bbile Hauboliee pealbHOE COYETAHME HArpy3oK (BepTH-
KalbHOM W MOPH3OHTANBHON) AaCHMMETPHUYHO M BBI3BIBACT KOCOCHMMETPHY-
Hyl0 nedopManmio, KaKk Opu MaibiX Harpy3kax, Tak ¥ NpH IOTepe YCTOHYH-
BOCTH. YuuTHIBasA 00JbIIYIO KECTKOCTD pHreds (85-10 pa3 Oonelyio 4eM y
CBaW) W OTHOCHTEJIBHO MaJibie MPOJIEThl €ro (5-8M), MOXXHO YBEPEHHO CYH-
TaTh, 9TO NpH AcHOPMUPOBAHMH PUTENb HE TEpPACT YCTOHMYMBOCTH, PopMa
€ MNOTEepH YCTOWYMBOCTH CBasMM MpenonpenesieHa HalWYueM TOpPH30H-
TAJIbHOM Harpy3ku. OT0 03HA4YaeT, YTO MNPH pacuyere NMOPTOBBIX POCTBEPKOB
MBI HMEEM JEJI0 C TUITMYHOMN 3ajayeil rMoTepH YCTOHYUBOCTH BTOPOro poja,
korza dopma AeOpMUPOBAHUS CTEPKHEN HE M3IMEHACTCH M Ka4yeCTBEHHO
HOBbI€ GopMbI paBHOBECHS (OudypKaLysa) HEBO3MOXHBI. :

OT1ciozia BEITEKAET, YTO HECYIas CNOCOOHOCTh KOHCTPYKLIMHM AOCTHIacT-
ci MpH HM3mMX (opMax NOTepH YCTOMYMBOCTH UM MOXKET ONPEACIATHCA
pacueToM Ha «YCTOMYMBYIO MPOYHOCTHY MO JAe(POPMUPOBAHHON CXeMe.

OnHako, BoIpoc cMeHbl GopMm nehopMHpOBaHKs NPH HATPYXKEHHH UMe-
eT 60nbmON npakTHYeCKU U TeopeTHYeckuit cMmbich Boobwme. Ham npen-
CTABJIACTCA, YTO B ITOM IUIAHE MOXHO IPEUIOKHTH CIIEAYIOIee:

# M3pecTHO, 4TO 3ala4M YCTOHYHBOCTH 3TO — MO CYTH 3a/1a4M Ha
OTHICKHBAHME COOCTBEHHBLIX 3HAYCHUNW peeHUH HEKOTOPHIX
nnddepenmManbHbIX ypasHeHHH.

5 Ypasuenus cazn ycwiud m pedopmaumit 310 — auddepenun-
AJIbHBIC YPABHEHUS ¥ MOTYT MMETh LEe/bid pAl COOCTBEHHBIX 3HaA-

YEHHHN.
3. ®opMa 1noTepu yCTOMUHMBOCTH NOJHOCTBIO Omnpenensercs codct-
BEHHBLIM 3HAYECHHE, ;
dv
4. DopMyJIUpPOBKA MPEAEIbHOrO YCIOBHS B BUAE A =( coxpans-
eTCH.
: Bce crepKHH pasgensiorcs Ha rpynnsl. B npenenax xaxaow us

HUX HOpMaJbHbIE CHJIbl OTJIMYAIOTCA OPHEHTUPOBOYHO A0 2-X pa3
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(370 CBA3aHO C T€M, YTO B MPAKTHUECKUX ClIydasX paccMaTpHBa-
forcsi GopMel HE BbIIE 4-i, a OTHOIUGHHME KBaApaToB

K}, K} K7; K] pasro 16:9:4:1:0).Kaxnoli rpynne npHOychi-

BAeTCS OJHO XapaKTEPUCTHYECKOE YHCIIO.

6. KoMOMHams XapakTepUCTHYECKMX YMCEN, NMPUBOAAIMANA K Hau-
MEHbIIEH Hecymedl cnocoOHOCTH v, ABILETCS pacueTHoH, a dop-
Ma nedopMUPOBAHHA CUCTEMbl B MOMEHT HCYEPHAHHMA Hecyulien
COCOOHOCTH OMpEeneNseTcs 3THMHU XAPAKTEPHUCTHYECKHMMU YHC-
JIaMH.

7. XapakTepUCTHYSCKUX YMCENl, OTIMYHBIX OT HYJA, AO0DKHO OBITh
CTOJILKO, YTOOBI YMCIIO JTUKBHIHPYEMBIX CBsA3€H (pU norepe yc-
TOMYUBOCTH) ObLIO HE Oosiee n+1 (NMpu moTepe yCTOWYUBOCTH OJ1-
HOT'O CTEPHKHSI JIMKBHAUPYETCs 3 CBA3M).

Yro kacaercs MOJ3Y4EeCTH TO, pacdeTbl HeCylied CrocOOHOCTH HE
NOJIKHBI MPOBONWTHECH C €€ y4eToM, MO0 NepBO€ MPEeAeNIbHOE COCTOSHHE
MOXET CYLIECTBOBATh JIMIIb KPATKOBPEMEHHO (HanOonbmas neperpyska).

ITpencraBisier MHTEPEC PAaCCMOTPEHUE BOTIPOCA Y4YeTa SBIEHUS «IOTEPH
Hecyllen cnocoOHOCTI CBall B pacyeTax 1o MpeAeibHBIM COCTOAHMAM.

[Tpy panmoHaNbHOM NMPOEKTHPOBAHHE KOHCTPYKUMA JODKHA MMETh MH-
HMMaJIbHBIA BEC, KOTOPBIH BO MHOIOM 3aBHCHT OT JUIMHBI onop. OT UIAHbI
OMOP TAKXKE 3aBHCHUT ¥ KO3PPUIMEHT ynpyroi nojatTivuBOCTH, HO C HEKO-
TOPO# JJIMHBI OH HE MEHAETCH.

[TycTp 3amavya ynpyroriaCTHYECKOro pacuera peuieHa B NPeArionioxe-
HUHM YIIPYTroW [OJATJUBOCTH ONOP, BCE YCWINS B CUCTEME ABNMIOTCS DYHK-
[MAMH NapaMeTpa v, B TOM YUCJI€ ¥ MPOAOIBHbIE CUJIbI B CBAsX:

N, =y, (VEN, =w,(v)eooveeee. N, = 7, (V)
[lpa N,=N,=...=N,=N,  0o0yqaeM v, .V, ...V, ., Hau-

MEHbIIIee U3 PAAa 3TUX V AaeT BENIWYHHY V U CBaK0, KOTOpas NEPBOI TEpAET
HECYLIYIO CIIOCOOHOCTS.

Ecii npefensHoe YCIOBHE NAET V > Vi ppen, TO MOTEPS HECYIIEH CIO-
COOHOCTH K-TOM CBaM MPOMCXOOUT PaHee paspyllieHuss KOHCTPYKIHH. Jlasb-
HeMmmit pacuer nopkeH ObITs Mpoao/ukeH mpu N=Ny,., B X-Toi cBae. Cre-
NMeHb CTaTHYECKOW HEONpPEICIUMOCTH pPaMbl NOHU3HIACH Ha E€IHHHLLY.
OnaTe ONpenenseTcs W3 MpeaesibHOro YCIOBHS IapaMeTp v, B MPENroJio-
KEHHM YIIPYrod noaaTiIMBOCTH BCEX CBAH ¥ CPaBHUBAETCA C NapaMETPOM V
mpeny MUHUMAJIBHBIM TaPaMETPOM, KOTOPOM BEIOMpAETCA U3 yCIIOBUIA:

N =Y (WEN, =y ke N, =1, (v)
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Eciiv v2 > V ey , TO TIOTEPA HECYLIEH CNIOCOOHOCTH COOPYHKEHHA MPOUC-
XOJHUT TOCHIE IOTEPH Hecyed crocoOHOCTH 1-TOM cran M 1./

[lpeanonaraemMeii npueM HUCNONB3YET MPH ONPEACNICHHH TIOJIHON HeCy-
mel CNoCOOHOCTH MACK «CTAaTHYECKOTO» METOJd NOC/HeNoBaTeNbHoro ob-
pa30BaHMA TUIACTHYECKUX NIAPHUPOB.

TpynoeMkocTs NoAOOHOIO METO/AA OYE€HD BEJTUKA.

[To3TOMY MHTEpECHO anmMpOKCUMHUPOBATh AMArpaMMy OCANOK CBaM OT
HOpMaIbHOM CHIbI OOHOM HOCcTaTOYHO MpocTof QyHkumer. 1o Boobuie
CHANO Obl BCE «IMOCNENOBATENBHBIE) INAru M clenano Obl pacuer XOTs M
Gosiee CIOKHBIM, HO OTHOKPATHBIM.

[ToxoOnbI MyTs HaM npeacTasiigeTca 0osee NpeaAnoOYTUTEbHbBIM.

Boireoowt

[lokazaHa BO3MOXXHOCTH PEIIeHMs 3aJa4yy ydeTa pa3pylieHMs OTHElNb-
HBIX DJIEMEHTOB POCTBEPKA Ha HECYHIYIO CMOCOOHOCTH BCEr0 COOPYKEHMA.
[TpuBeieHa cxeMa MOAOOHOrO pacueTra C YYETOM CIIOXKHOIO HAaTpsDKEHWS

COCTOSIHHMA KOHCTPYKLUMM M JaHa TOC/EJI0BaTEIbHOCTh pacdera C y4eToM
MOTEPH HECyLIed CrOCOOHOCTH OTACILHBIX CBaM.
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