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Pedepar
OuyeHb BaXKHOE MECTO B MPOCKTUPOBAHUU CTPOUTEIIBHBIX KOHCTPYKIIMNA 3aHUMAET
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BOIIPOC HA3HAYCHMs KPUTEPUEB IPEAECIbHBIX COCTOSHUM. Mcnonb3yemble B HACTOS-
1€l MpaKTUKE KPUTEPUH HE MOTYT OBITh B MOJHON Mepe MPUMEHEHBI K MPOEKTUPO-
BaHHUIO Ha OCHOBE KOMIIBIOTEPHBIX UMCIEHHBIX Mojenel. Kputepun H0KHBI OBITH
OJHO3HAYHO BBIPAKEHBI B TOYHBIX TEPMHUHAX U 3HAYEHUSIX CTPOUTEIBHOU MEXAHUKU
u B (hopMe «IOHATHON» KOMIbIOTEpY. B uccnenoBanuu npeanaraercsd NpUMEHSThH
€IVHBIA KPUTEPUN JJIs1 BCEX NPEAEIBHBIX COCTOSHUM, BBIPAXKEHHBIN B BUJEC HYJIEBOTO
rpaJueHTa — «OTKJIUKa» (3aBUCUMOCTU «HArpy3ka — mnepeMernieHue»). MoxHO
YTBEPKJaTh, YTO KPUTEPUH HYJIEBOIO OTKIMKA UMEET XOPOILIYIO (PU3NYECKYIO TOCTO-
BEPHOCTb. BOJBIINM NPEUMYIIECTBOM KPUTEPUs HYJIEBOI'O OTKIHKA SBIISIETCS €r0
oOurHOCTh. OH OAMHAKOBO MOJAXOIUT JJI1 KOHCTPYKUUN U3 JIFOOBIX MaTepUaIoB U JJIs
Bcex (opm (BumoB) oTkaza. Kpurepuii HyneBoro oTkjinka paboTaeT BO BCEX ATUX
ciy4astx W u30aBisieT OT HEOOXOAMMOCTH HCKaThb KakHe-IMOO OMOJHUTEIbHBIC
dopmynupoBku. Takxke GOpMyTUpOBKa KpUTEPHS MPEAEIbHBIX COCTOSHUNA HA OCHO-
BE€ IIOHATHS «OTKJIMK» IO3BOJISIET OLICHUTH CTEINEHb UX ONACHOCTH. /{1 3TOrO AOCTa-
TOYHO OIIPEAECINUTh 3HAYECHUE «OTKJIMKA» DJIEMEHTAa KOHCTPYKLUU B COCTOSIHUSX, CII€E-
AYIOLIMX 32 [PEAIOJIaraéMbIM IPEIEIIbHBIM.

KiaroueBble ci0Ba: KpUTEpUl MPEAEIBHOTO COCTOSIHUS, OTKJIMK KOHCTPYKLHH,
KOMIIBIOTEPHOE MOJEIMPOBAHUE, YUCIICHHBIE MOJEIN CONPOTUBJIEHUS, METON IIpe-
JEIIbHBIX COCTOSIHUM, METOJI IPEACIIbHBIX ITOBEICHUN.

CRITERIA OF LIMIT STATES FOR THE DESIGN OF STEEL
STRUCTURES BASED ON COMPUTER NUMERICAL MODELS

V. Nadolski

Abstract

A very important place in the design of building structures is occupied by the is-
sue of assigning criteria for limit states. The criteria used in current practice cannot be
fully applied to design based on computer numerical models. The criteria must be un-
ambiguously expressed in precise terms and values of structural mechanics and in a
form that is "understandable™ to a computer. In the study, it is proposed to apply a
single criterion for all limit states, expressed as a zero gradient of "response™ (load—
displacement curve). It can be argued that the zero response criterion has good physi-
cal validity. The great advantage of the zero response criterion is its generality. It is
equally suitable for structures made of any materials and for all forms (types) of fail-
ure. The zero response criterion works in all these cases and eliminates the need to
look for any additional formulations. Also, the formulation of the criterion of limit
states based on the concept of "response"” allows us to assess the degree of their dan-
ger. To do this, it is enough to determine the value of the "response” of the structural
element in the states following the assumed limit.

Keywords: limit state criterion, design response, computer modeling, numerical
resistance models, limit state method, limit behavior method

BBenenue
OdeHp BaXKHOE MECTO B OCHOBHBIX MPHUHIIMIIAX TPOCKTUPOBAHUS 110 METOAY Ipe-
JIEJIbHBIX COCTOSIHMM 3aHMMAET BOMPOC O HA3HAYCHUW KPUTEPUEB MPEHACTBHBIX CO-

264



crositHuil. Kputepuu npenenbHbIX COCTOSSHUM JOJKHBI ObITh B3aUMOCBSI3aHBI C pac-
CMaTPUBAEMBbIMU PACUYETHBIMU CHUTYAIUSIMH U TMPEACIbHBIMU COCTOSIHUSMH (B TOM
YHCJIe ¢ YUYETOM YPOBHSI HAarpy30K U YaCTOThI UX MU3MEHEHHUs ISl POBEPOK MpEeIeiib-
HBIX COCTOSIHUM Hecylled CHOCOOHOCTH M HKCIUTYyaTallMOHHOW MPUTOHOCTH),
COOTBETCTBOBATh ()YHKIIMOHAIHHBIM TpeOOBaHUSIM K KOHCTpyKuusaM. CienyeT mo3a-
OOTUTHCSI O TOM, YTOOBI BCE COOTBETCTBYIOIINE PEKUMbI OTKA3a YUUTHIBAIUCH JTHUOO
HETOCPECTBEHHO C MOMOIIbIO aHAJIN3a, JIMOO C MOMOINILIO JOTMOJHUTEIBHBIX MPOBE-
pok. IlpumepamMu JOMOJHUTENIBHBIX MPOBEPOK MOTYT CIYXKUTh MPOBEPKU CBAPHOTO
1mBa, OOJITOB U T. 1. B xauecTBe HamboJiee paclpoCTPaHEHHBIX KPUTEPUEB TIPEIACIIb-
HBIX COCTOSIHUM HECYIeW CIOCOOHOCTH ISl CTATbHBIX KOHCTPYKITUN BBHICTYIAIOT:

— JIOCTIDKCHHUE TIpejiesia TeKydecTH (MCTOJIb3yeTCsl B OOJIBIIMHCTBE PACYETHBIX
MOJIEJICH COMPOTUBIICHUSI CTATBHBIX KOHCTPYKITUH );

— IOCTHXKEHHUE TPENIeNIbHOTO 3HavYeHus aedopmaiuii (HOpMaTUBHbBIE JOKYMEHTHI
JA0T MaJIo YETKUX yKa3aHUH M0 3TOMY BOIPOCY, 3a UCKJIIOYeHHEM [1], KoTopbIi pe-
TJIAMEHTUPYET MpenesibHbIe nedopManuu paBHble 5 %, OJTHAKO CTPOroro 060CHOBA-
HUS 9TOTO 3HAYCHUS HET);

— ynpyrasi moTepss yCTOWYUBOCTH CTEHKH, THOKOCTb CTEHKH, <«JIBIXaHUE CTCHKH
KaK KpPUTEpUU TPOBEPKH BBIHOCIMBOCTH WM DKCILTyaTallMOHHOW IPUTOHOCTU
(C MpaKTHYECKOM MK 3CTETHUECKOM TOukH 3penus) [2; 3];

— JIOTIOJTHUTEIbHBIE TPOBEPKH HAKOIUICHHBIX TUIACTHYECKUX JedopMariuil Win
MOBTOPHOW TEKYYECTH, KOTOPbIC Ba)KHBI B CiIyyae MEPEMEHHON WU IUKINYECKON
Harpy3KHU.

OpnHako nepeyrciaeHHble KPUTEPUU HE MOTYT OBITh MPUMEHEHBI JJIs YUCIECHHBIX
mopeneit [4, 5]. OqHa U3 IPUYHMH — 3TO TO, YTO JOCTHIKCHUE HEKOTO YPOBHS HAIps-
KEHUH (Hampumep, mpeaerna TeKydecTH) wid nedopmanuil (Harmpumep, IuiacThye-
CKHUX) OyJeT CHJIBHO 3aBHCETh OT HAJIUYUSA KOHIICHTPATOPOB M KayecTBa KOHEYHO
9JIEMEHTHOM ceTKH [6, 7]. MOXHO JOMOJHUTD 3TH KPUTEPHH Pa3MepOM O0JIACTH pa3-
BUTHUSl HaNpsDKEHUH uiau fedopmalivii, OJHaKo aBTOMAaTH3alusi TaKoro mpolecca
NPEJICTABIISICTCS OUYEeHb CIOKHOU. BTOopas mpuuuHa — 3TO TO, YTO Takue (pas3bl, Kak
«yIpyTas NoTepsi YCTOWYUBOCTU CTEHKWY, «JIbIXaHUE CTEHKW», «BBIAECPKHBATH BCE
NEUCTBHS U BO3LEHUCTBUS, KOTOPBIE MOTYT BOSHUKHYTh BO BpEMsI BBIIIOJHEHUS U UC-
NOJIb30BaHUs’, «o0ecreynBaTh paboTy», «Upe3MepHOE MepeMelleHue» U T. H., He
UMEIOT CMBICIIA C TOYKU 3PEHUSI CTPOUTEIbHOM MexaHuKu. Kpurepuu MOKHBI ObITh
OJIHO3HAYHO BBIPAYKEHBI B TOUHBIX TEPMHUHAX U 3HAUEHUSX CTPOUTEIbHOU MEXaHHKU
1, COOTBETCTBEHHO, B (DOPME «IOHATHON)» KOMITBIOTEPY, IMEHHO 3TO 00eCIeunuBaeT
SICHOCTh TP€OOBaHMUIA.

Enunblii KpuTepun npeaebHbIX COCTOSHUN I POEKTHPOBAHUSA CTAJIBHBIX
KOHCTPYKIHUIl HA OCHOBE KOMIIBIOTEPHBIX YMCJIEHHBIX MoOeJieil

JIns BceX MpenesbHbIX COCTOSIHUM €IMHBIA KPUTEPUU NPENEIBHOTO COCTOSHUSA
MOXET OBITh 3alliCaH B BHJI€ HYJEBOrO I'PajlM€HTa 3aBUCUMOCTHU «HAarpy3ka — rnepe-
MerieHue», T. . OP/6f = 0 wim AP/Af = 0. Jlanee B TekcTe UCTIOIB3YIOTCS TSPMUHBI
«OTKJIHK», «peakuus». MOXHO YTBEp)KIaTh, YTO KPUTEPUU HYJIEBOrO OTKIHMKA
UMEET XOPOIIyr0 (PU3NYECKYI0 JOCTOBEPHOCTh. JDTO OOCTOSITEIHCTBO MMEET TEPBO-
CTEMEHHOE 3HaueHHe. BoNblIMM MPEeUMYIIECTBOM KPUTEPUSI HYJIEBOIO OTKIIUKA SB-
nsieTcst ero oO0mHOCTh. OH OIMHAKOBO TOAXOUT JJIsI KOHCTPYKIIMHA U3 JTFOOBIX MaTe-
puanoB u s BceX (popM (BHIOB) oTka3a. HyneBo «OTKIMK» 3JIEeMEHTa BOSHUKAET
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IIPU XPYIKOM pa3pyLIECHUU, MPU «TeKydecTn» (yBeIHMUYEeHHH AedopMaliil u nepeme-
LIEHUI TpU MOCTOSSHHOM YPOBHE HArpy3KH), PU Pa3iuvHbIX BUJAX MOTEPU YCTOM-
giuBOCTH. HacTo ObIBAaET TPYAHO MPOBECTU pa3IuuHre MEXIy IpodieMamMu JTOKaIbHON
(ycToM4MBOCTh YacTel cedyeHHs, YCTOMYMBOCTH ()OPMBI CEHEHHs) M IJI00ANbHOU
(YCTOMYMBOCTB 3JIEMEHTA) YCTOMYMBOCTbIO TOHKOCTEHHBIX MM XOJIOAHO()OPMOBAHHBIX
AJIEMEHTOB METAJIJIMYECKUX KOHCTPYKIUH U T. A. Kputepuii Hyi1eBoro oTkianka pado-
TAeT BO BCEX ATUX CIy4yasX U U30aBIAE€T OT HEOOXOJUMOCTH MCKATh KaKue-n10o J0-
MOJIHUTEIbHBIE (POPMYIUPOBKH.

DopMyIUPOBKA KPUTEPUSI IPEIETBHBIX COCTOSTHUN HAa OCHOBE MOHATHUS «OTKIUK»
MO3BOJISIET OLEHUTHh CTeNeHb MX OMACHOCTH. /(7 3TOro OCTATOYHO OMNpPEAENIUTH
3HAUEHUE «OTKIUKA» DJIEMEHTAa KOHCTPYKIMU B COCTOSHHSX, CIEIYIOUIUX 3a Mpe-
noJjlaraéMbIM TpPEAENIbHBIM (CTaausl MOCcie paccMaTpUBaeMOW TOYKH Ha KPUBOM Jie-
dopmupoBanus). CienoBaTeabHO, HCIOIb30BAHUE MOHATHS «OTKIUK» MO3BOJSET
(GopMHUpOBaTh KPUTEPUU MPOBEPKH KUBYydeCTH. [IOMUMO BENTUYMHBI MaKCUMalbHOU
Hecylel CrocoOHOCTH (COMPOTUBICHHUS), T. €. MAKCUMAIBHOIO 3HAYEHUS] HArpy3Ku
Ha KpUBOHU JepOpMUPOBaHUS, CIOCOOHOCTh AJIEMEHTA COXPAHITh CBOIO pabOTOCIO-
COOHOCTh B cllydae Meperpy3kud CHJIbHO BIIMSAET HA PE3yJIbTUPYIONIYIO HAJIEKHOCTb.
[ToaTOMy HEOOXOAMMO YYUTHIBATH HE TOJBKO MAKCHUMAaJbHYIO BEJIMYMHY COMPOTHB-
JIEHUS, HO U CYJIUTh O TOM, KaKoBO moBeAeHue (rpaduk aedhopMUpoBaHus) sl KOH-
KPETHOTO pexXxuMa OTKa3a.

Ecimu «otknuk» < 0 3a TOUKOW MpeNenbHOro COCTOSIHUS (pUCyHOK 1, KpuBas A
touka 1, kpuBsie B u C Touka 3), TO 3TO 03HA4YaEeT, YTO HArpy3Ka, BbI3BABIIAsl TAKOE
IpelleTbHOE COCTOSTHUE, TIOCIIe €€ JOCTHXKEHHSI HE MOYKET BOCIIPUHUMATHCS (COIpO-
TUBJISITBCS) KOHCTPYKIMEH. DTOT OTKa3 SBISAETCA KaTacTpOYUUECKMM U CaMbIM
OMaCHBIM. [[JI1 Takoro COCTOSIHUS TOKa3aTeslb HaJEeKHOCTH JIOJDKEH OBITh MaKCH-
MaJbHBIM WJIM BEPOSITHOCTh OTKa3a JAOJHKHA ObITh MUHUMAaIbHOM. Kak mpaBuio, Bo3-
HUKHOBEHHUE TUX MPEEIbHBIX COCTOSHUM BCETJ]a yrpokKaeT O€30MacHOCTH JIOEH.

Ecmu «otkmuk» = 0 unn = 0 Ha HEKOTOPOM MPOMEKYTKE MOCIE TOYKH MPEAeIIb-
HOTO cocTosiHuA (pucyHOK 1, kpuBbie B u C, Mexay Toukamu 1 u 2), To KOHCTPYKIIUS
COXpPAHSIET CIMOCOOHOCTh BOCIPUHUMATH (CONMPOTUBISATHCA) MPEACIbHYIO HArpy3Ky.
Takoe mpenenbHOE COCTOSTHUE MEHEE OMAaCHO, TaK KaK €ro JOCTUKEHUE MOXKET ObITh
0OHapy»XEHO 10 TOSIBUBIIMMCS OOJBIIUM Je(opManusaM WiId MepeMeleHUsIM. DTOT
BUJ] OTKa3a XapaKTepeH [JIsl PACTAHYTHIX M HM30THYTHIX SJIEMEHTOB M3 IUIACTUYHBIX
MaTEpHUAJIOB C TOPU3OHTAIBHONW 00JIacThIO TEKydYecTH U T. 1. Kak mpaBuio, BO3HUK-
HOBEHHUE 3TUX MPEACNIBHBIX COCTOSHHMM 3aTPyIHSET 3KCIUIyaTallMI0 KOHCTPYKLUU
(3HAYHUTENbHBIE TUTACTHYECKHE TePopMaIii, IEPEKOCH U T. 1I.).

Bo3MoxeH cinydall, KOraa OTKIIMK MOJIOKHUTENbHBIMA 32 TOUKOM NMPENEIBHOTO CO-
cTOsIHUA «OTKINK» > 0 (pucyHok 1, kpusle B u C, Touka 1). Takoe npenenbHoe co-
CTOSIHUE CJIEyeT Ha3BaTh «yCIOBHBIM», IOTOMY YTO HE HaOJIIOJaeTCs pe3Koro pas-
pPYLIEHUS 3JIEMEHTA UJIM CUCTEMBI, OJIHAKO JAJIbHEWIEe YBEIUYEHUE HArPy3KH HEZ0-
MyCTHMO TIO TeM WJIU WHBIM TPeOOBaHMSIM (MOSBICHUE 3HAYUTEIBHBIX JAehopMaIiuii,
CTPYKTYPHBIX U3MEHEHHI B MaTepuaie u T. 1.). HeoOXoauMo CTpeMHUTBCS K MPOEK-
TUPOBAHUIO TAKUX KOHCTPYKIMH, MPOSBIISIIOLIIMX TaK Ha3bIBAEMOE IJIACTUYHOE MOBE-
JI€HUE TpU NpeAenbHol Harpyske. CienyeT OTMETHTh, YTO YCTOSIBIIASICA IMPAKTHKA
IIPOEKTHUPOBAHHUSI CTAIBHBIX KOHCTPYKIMI OCHOBaHA HAa TAKOM MOBEJIEHUH, U OHO BBI-
TOJHO KaK C TOYKU 3pEHMS YIPOLIEHUs IMPOLECcca MPOSKTUPOBAHMS, TaK U C TOUYKHU
3pEHUs MOBBIIIECHHS HAIE)KHOCTH KOHCTPYKLUMH. /{15 TUIacTUYHON KOHCTPYKLMH I1e-
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pen pa3pylieHueM MOTYT MPOU30WTH 3HAYMTEIbHBIE MPOTHOBI, KOTOPHIE TPeayIpe-
KIAIOT O paspyuieHud. [lnacTUyHble KOHCTPYKIMU TakXke o001aaaroT OoJblien
CIIOCOOHOCTBIO TTOTJIONIATh SHEPTHIO MPHU YAAPHBIX HArpy3kax, BO3MOKHOCTBIO Tepe-
pacmpeeneHusl yCUIWN TpU OTKa3e 4YacTH CEUSHHUsS DJJIEMEHTa WM JJIEMEHTa
KOHCTPYKITHH.

F A FA 3 —,
a 6 T~
.) 3 ) 1 2 “’p \\l C
'.\:‘--..- \ L:’— -—— = ‘
12 -~ e 4 3 ‘B
Nt e == \ N A
B
A 3
f fo

Pucynok 1 — Ob06uennsvie uoeanuzuposannvle Kpugble 0eqpopmMuposanus CMmaibHo20 IieMeHma

Kak BuaHOo, 3Ta Kiaccudukamuss MOXKET OBITh HCIOJIB30BaHA IS Pa3IUYHBIX
ypoBHe# HanexxHoctd. B EN 1990 Hanrcano, 94T0 KOHCTPYKIIMH, TTOABEPKEHHBIE 00-
pylIeHUIo 0e3 mpeaynpexacHus (Xpyrnkoe paspylieHue), J0JKHBI UMETh 00Jiee BbI-
COKHUH ypOBEHb HAJEKHOCTHU WU Takue (OpPMBI OTKa3a JOJKHBI OBITh YCTPAHEHBI C
MOMOIIBI0 MTPOEKTHBIX M CTPOUTEIBHBIX MEp, HO MPU HOPMUPOBAHUU BEPOSITHOCTU
0TKa3a 3To TpebOBaHUE HE OTPAKEHO.

Kpurepnii oTkivka no3BoiigeT 00yiee KOPPEKTHO CPABHUBATH DJIEMEHTHI C TOUKH
3peHusl HAJECKHOCTU WIM KUBYYeCTH. B psie ciiydaeB MOMBITKA CPaBHUTH HANEK-
HOCTb (PKUBYYECTh) MPH CYHIECTBYIOUIUX MOAX0aX (3TO MPUMEHUMO KaK B JIETEPMHU-
HUPOBAHHOW (popMe, TaK U B BEPOSATHOCTHOU (hopMe) MOTYT MPUBECTU K HETIPABUII b-
HBIM HHTEpIpeTanusM. Hampumep, paccMOTpuM ABE OalKU ABYTaBPOBOTO CEUCHUS:
nepBas 0anka «A» uMeeT ceueHue 1-2 Kiacc B COOTBETCTBHH C [8], COOTBETCTBEHHO
IpU TPOBEPKAX HCIOJIB3YETCS IJIACTUYSCKUA MOMEHT COINPOTHBIICHHS, a BTOpas
Oanka «b» uMmeer ceueHue 3 Kiacca B COOTBETCTBHH C [8], COOTBETCTBEHHO MPH MPO-
BEpKax MCIOJIb3YETCs YIPYTUil MOMEHT conpoTuBieHus. Ha pucynke 2 nokasana 3a-
BUCHUMOCTH MEPEMEIIEHUIN OT MPHUIIOKEHHOW HATPy3KH JJI ABYX PACCMOTPEHHBIX Oa-
J0K, rae Fs s — ypoBeHb Harpy3ku, COOTBETCTBYIOIIUN TPOBEPKE IKCILTyaTallHOHHON
npurognoctu (SLS), a Fyls — ypoBeHb Harpy3ku, COOTBETCTBYIOLIUN MPOBEPKE HeE-
cymeit ciocoonoctu (ULS).
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Pucynox 2 — Kpuevie deghopmuposanus 6 3aeucumocmu om Kiacca cedeHus

[Tpu Harpyske, paBHOW Fsis, BUAHO, YTO mepemelineHne B nepBoi Oanke fasis
Oyzaer Oosbliie, 4eM BO BTOpOH fgsis (M3-32 TOrO, YTO MOMEHT MHEPIMH IS TIEPBOTO
ceueHuss OyaeT MEHbINE, YeM I BTOporo) u aonoidHutebHo fesis < fasis < fiim
(T. €. IpeiebHOE COCTOSTHUE HE TMPEBBIIIICHO HU IS OJHOU U3 0aliok). AHAIU3Upys
3TO BBIPAKEHHUE B paMKaX CYHIECTBYIOIIMX IMOJXOJO0B, MOXKEM CJieaaTh BBIBOJI, YTO
Oanka «B» mMeer Oosbinmii 3amac, Tak Kak fgsis < fasis, U, cooTBeTCTBEHHO, OOJIEE
IpeArnouTuTeNIbHa (B 3TOM KOHTEKCTE €€ HWHOTJa WHTEPHPETUPYIOT Kak Oolee
HAJICKHYI0, HAIpUMep, 3TO OOIIMIA BBIBOJ MPH OICHKE CYIIECTBYIOIMMX KOHCTPYK-
Ui Ha OCHOBAaHHMH 3aMEPOB MEPEMEIICHUN ).

IIpu wmarpyske, paBHOW Fuyis, 00e Oadku JOCTUTAIOT MaKCUMAaJIbHOW HeCyIen
CIIOCOOHOCTH, Ha OCHOBAaHHMHM YE€ro MOKHO CHIeNIaTh BBIBOJ, YTO OHHU OIMHAKOBO
HAJCHKHBI.

Ho, ananu3upys 6osiee moapoOHO MOBEACHUE ITHX JIBYX OaJIOK, BBIBOJBI, IMOJTY-
YEHHBIE paHee, CTaBITCS MOJ COMHEHUE, U MOYKHO YTBEPXKIATh, YTO C TOUKU 3PEHUS
HaJeKHOCTH (PKUBYUYeCTH) Oanka «A» sBiseTcs 060Jiee MpeanoYTUTEIbHOMN, MTOCKOI b-
Ky IOBEJICHUE MOCIIE JOCTHKEHUS MPOEKTHOTO «IIPEAEIBHOT0» COCTOSHHS TO3BOJISET
n30exaTh BHE3AIMHOTO OTKa3a.

Kak BUOHO W3 MpENCTAaBICHHBIX PACCYXKICHHUM, y4EeT MOBEJICHHS DSJIEMEHTA B
ONpeIeICHHbIA MOMEHT HE Bcerga KoppekTeH. [Ipu 3ToM 3Ta mpakThka MHPOKO pac-
IpocTpaHeHa. B penkux ciyyasix aHaau3upyeTcs MOBEAECHUE A0 JTOCTUKEHUS Mpe-
JEIIBHOTO COCTOSIHUSA W MOCJIE €r0 HACTYIUJICHHS, IIOTOMY YTO B HOPMax pacyeTHBIE
(bOopMyIIBI OIIEHUBAIOT TOJIHKO YCIOBHO MaKCUMAIbHOE 3HAYEHHUE COMPOTHUBIICHUS.

Takoii moaxoa onpaBiad B OOJIBIIMHCTBE CIIy4aeB, OJTHAKO CJeAYIOLIUEe acleK-
ThI 3aCTABJISIOT MEPETH OT AHAJIU3A MpeJebHbIX COCTOSIHMH K aHAJIM3Y Mpe-
AeJIbHBIX IOBEACHHUH.

1) OnHUM K3 BaXXKHBIX OIPAHUYEHUN MPUMEHEHHS CYIIECTBYIOIIMX METOIO0B pac-
YyeTa SIBISIETCS TO, YTO BO3JIEUCTBUSA, OCOOCHHO KIMMATHYECKUE, ONPEENAIOT U HOP-
MUPYIOT Ha OCHOBE mpenbiaymmx HaOmtoneHuit [9]. Xors B psnae ucciieoOBaHHMA
MPEANPUHUMAIOTCS TIOMBITKU MPEJCKa3aTh peakue (0coObIe) BO3IEUCTBHUS HA OCHOBE
TEHJICHUMW MOCIEAHUX AECATUIETHN, OJTHAKO, KaK MPABHUJIO, 3TH IMPOTHO3bI PaCIpoO-
CTpaHSAIOTCS Ha Omkaiimue 5—10 et u TpeOyIT MOCTOSHHOTO MepecMoTpa 3Hade-
Huit Harpy3ok [10]. B To xe Bpems 31aHus paccuuThiBaroTcs Ha 50 u GoJiee Jiet, 94To
B 1[E€JIOM CTAaBUT MOJI COMHEHHE MPUHIIUI 00ECIeUeHUs Hale)KHOCTH (1IeJIeBOM Bepo-
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SATHOCTU OTKa3a) MpHU 3aBEIOMO HEM3BECTHOM Bo3jaehcTBUM. [lonmbITKM CIIPOEKTUPO-
BaTh 3/1aHME ISl OyAYLIEro CBOASTCS K MOATBEPKIACHUIO UX HAJIEKHOCTH 3a IPO-
meaAmuid nepuoa BpemeHu. OnucaHHas CUTyalus B 3HAYMTEIbHON CTENEHU MOCHy-
KHJIa CTUMYJIOM JUTSl BBICTICHHSI 0COOBIX 3HAUEHMI cHeroBod Harpys3ku [11] u mpu-
MEHEHHUs TPHUHIUIIOB OTPaHWYCHUs OTKa3a TNpu ocoObix Harpyskax [12, 13].
Jliist BocipusATHsI 0COOBIX BO3JIEUCTBUI OCOOEHHO BaXKHBIM CTAHOBHUTCS aHAJIU3 MOBE-
JI€HUSI KOHCTPYKUUHU B COCTOSIHUSIX TIOCJIE€ BBIXO/A U3 CTPOSI OAHOTO UJIM HECKOJBKUX
AJIIEMEHTOB.

2) Bcee yaiiie o0cyxaaeTcst BOIPOC O TOM, YTO CUCTEMA YaCTHBIX KOI(PHUIIMEHTOB
oIpeJieNieHa sl OTACNIBHOIO CTPYKTYPHOTO (KOHCTPYKTUBHOI'O) JIEMEHTA, U TOTbIT-
KU MPOaHAIM3UPOBAaTh U CTAaHJAPTU3UPOBATh HAJEKHOCTb JJIi CUCTEMBbI 3JIEMEHTOB
[OKa HE MPHUHECIH SICHOCTH. DTO OMNATh Xe TpeOyeT pa3pabOTKW HOBBIX METOJOB
aHanM3a HaJIeKHOCTH (KMUBYYECTH) CHUCTEM JJIEMEHTOB, B TOM YHCJIE MO YHCIIOBBIM
nokazarensiM. [IpumepoM MOXKeT CIy>KUTh CpaBHEHHE MPOCTPAHCTBEHHOW CTaJIbHOU
KOHCTPYKIMH C (epMEHHOM KOHCTpyKuuen. M3BecTHO, 4TO NpPOCTPaHCTBEHHbBIE
CTaJIbHbIE KOHCTPYKLUU 00JaJat0oT 00jiee BHICOKMM YPOBHEM UBYYECTH (COOTBET-
CTBEHHO HAJICKHOCTH) Oyiarojiapsi CioCOOHOCTH TepepacipeaesiaTh Harpy3Ku Mmocie
BBIXO/Ia U3 CTPOSI Psijia DIIEMEHTOB, OJIHAKO, C TOYKU 3PEHUSI MATEPHUATIOEMKOCTH, OHU
0OBIYHO MEHEe SKOHOMHUYHBI (TPEOYIOT OOJIBIIIETO pacxo/ia MaTepualia), YeM II0CKHUE
depmbl. U Toraa, eciiv cocpeloTOYUTRCS Ha CYIIECTBYIOIIMX METOJIaX pacuyera, HET
HUKAaKOr0 MaTeMaTHYeCKOro crnocoda pasyMHO BbIOpaTh U 0OOCHOBATH MCIIOJIH30BA-
HUE NMPOCTPAHCTBEHHOU CTPYKTYpbl. Kputepuii oTKIIMKa MOXET UCIIOIb30BAThCS Kak
IUIsl aHAJIM3a TIOBEAECHUS OTHAEJIBHOIO AJIEMEHTA, TaK W JJIA aHajiu3a MOBEICHUS CHU-
CTEMBI, B 3TOM Clly4ae OH MOXXET OBITh JIOMOJHEH KPUTEPUEM TPEICIbHBIX MepeMe-
menuit [14], xorma mpenenbHas CHJIa HE MOXET OBITh JOCTHTHYTa B PE3YJIbTaTe
OOJBIINX MTEPEMEIICHHH .

ITogBoAs UTOT pacCyXAEHUN, MOXKHO CHENATh BBIBOJ, YTO YHHUBEPCAJIbHBIM KpU-
TEPUEM TPEIEIbHOIO0 COCTOSHUS JOJDKHA BBICTYNATh KpuBas nehOpMHUpPOBAHUSA U
aHaJIu3 U3MEHEHUS MOBEJICHHS B TOYKE YCIOBHOI'O HA3HAYAaeMOro OTKa3a U MocJe A0-
CTMIKECHUS 3TOU TOUYKH.

3akirouenune

B03MOXHOCTh TONTyd4eHHsSI KPUBBIX Ne(HOPMUPOBAHUS CTAIBHBIX 3JEMEHTOB I1O-
CPEIICTBOM UHWCJICHHBIX MOJIEICH, B OTIUYUU OT OOBIYHBIX PACUETOB MO HOPMATHUB-
HBIM 3aBUCHUMOCTSIM, cama Mo cebe MpeACTaBiIsieT OYeHb OOJIBIION HHTEpEC B TEope-
TUYECKOM U MPAKTUYECKOM IUJIaHE, U OTKPHIBAET HOBbIE BO3ZMOKHOCTH JJII IOHUMa-
HUS TTOBEJCHUS 3JIEMEHTOB U JAJIbHENIIETO yuyeTa 3TUX OCOOCHHOCTEH /ISl MOBBIIIe-
HUS HAJACKHOCTH M HKOHOMUYHOCTU. MHbopmamms, KOTOpY0 MOXHO HM3BIEYh W3
ATUX TpadUKOB, UMEET YPE3BHIUAHHO BaKHOE 3HAUeHHE. HeCKOIbKO XapaKTepuCTHK,
3aCIy’KMBAIONIUX 0COOOTO BHUMAaHUS, HAPUMEp, 00JACTh JIMHEWHON cTaauu pado-
TBI, TOYKA TIOTEPU YCTONYMBOCTH (OM(ypKaIum), N3BMEHEHHE W TMOTePs KECTKOCTH,
npefenbHas (MakCUMallbHasi) Harpy3ka, 3aKpuTUyeckas (CTaaus Ioclie MOTepH
YCTOMYMBOCTHU CTEHKH) U 3ampeiesibHast (CTaaus mocjie npeaesbHOl (MaKkCuMalbHOMN )
Harpy3k) craauu palboThl 3yeMeHTa (aedopMannoHHasE CHOCOOHOCTB), CTaIUs
TparcpopManuend paboTsl OTCeKa (TOPU30HTANBHBIA YUYACTOK HA KPUBOW WIIW JIMHEH-
HbI HAKJIOHHBIN).

JIns BceX MpenesbHbIX COCTOSIHUM €IWHBIA KPUTEPUUA NPENEIBHOTO COCTOSIHUSA
MOXET OBbITh 3amucaH B BHUJE HYJIEBOTO TPAJUEHTa «OTKJIMKA» (3aBUCUMOCTH
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«Harpy3ka — nepemenieHuey), T.e. OP/3f = 0 mmu AP/Af = 0. OH oMHAKOBO MOAXO-
IUT JJ1 KOHCTPYKUMN M3 JIIOOBIX MaTepuasloB U 1 BceX (opMm (BUIOB) OTKasa.
Kpurepuii Hy/1€BOro oTkinka paboTaeT BO BCeX ITHX CIIydasx U U30aBisieT OT HEOO-
XOJAMMOCTH UCKATh KaKue-TH00 JOMOJHUTENbHbIE (OpMYITHPOBKHU. Takxke hopMyu-
pPOBKa KpUTEpHs MPEACIbHBIX COCTOSHUN HAa OCHOBE MOHSTHS «OTKIHK» MO3BOJSET
OLIGHUTH CTEMEHb MX OMACHOCTHU. [IJIsT 3TOro IOCTAaTOYHO OMPENEIUTh 3HAUYCHHE «OT-
KIIMKa» DJIEMEHTa KOHCTPYKIMU B COCTOSIHHSIX, CIEAYIOIIUX 3a MPeaIojiaraeMbIM
npenenbHbpM. Clie0BaTeIbHO, UCIOIb30BAHNE TOHATHS «OTKIUK» MO3BOJSIET (op-
MUPOBaTh KPUTEPHH MPOBEPKH KUBYYECTH U HAJEKHOCTH C TIO3HMIHUH TOBEICHUS
AIIEMEHTA.
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