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Ha ocnose mooughuyuposannozo eapuanma HeiuHetiHol 0eoOpMAYULOHHOT MO0l CUI08020 CONPO-
MUGIeHUs JHCene300emoHa paspabomand Memoouxd Onil onpeoeieHus Npocubos u3cubaeMvix 21eMeHmoe
mpaneyueuoHo2o cevenus. Ilpueedenvl ananumuyeckue 3a6UCUMOCHIL, UCNOTb3YeMble OJid GbIYUCTEHUs
KPUBU3H CeYEeHUTl 8 306UCUMOCMU OM OCTCMEYIOWUX HA HUX U3LUOAOWUX MOMeHmOo8. J[na yoobemea npak-
MUYECKO20 NPUMEHEHIL NPeOaasde MOl MemoOuKy paciema npueeden sl aicebpauyeckue gulpacenus, obec-
newugaiouyue onpeoeneHue UHMeSPAIbHbIX 2eOMEMPUECKUX XAPAKMEPUCUK SN0 HANPANCEHUT 8 CHCAMOT
U pacmaHymou 30Hax 6emOHd pACCMAMPUBAEMO20 MPANEYUeGUOHO20 CeHeHUs. Yuumuieas, 4mo YacmHuim
cyuaem mpaneyuesuoOH020 ceveHus A6i1emces NPIMOY2OIbHUK, MO MeMOOUKA PACHemd MOHCEM UCNOIb30-
6ambCs OJisl MEOPEMmUYecKo20 onpedeneHus Npoeudos useudaeMvix JHceae300emOHHBIX DIeMEHMO8 KaK Npsi-
MOY2ONbHOU, MAK U MPaneyuesuoHotl Qopmol. Jlia conocmaeieHus pacuémmoix eeluyuH npocubos iiceie3o-
DeMOHHBIX 71eMeHMO8 COCMABIEH AICOPUMM, PeaIU308AHHBII 6 NPOSPAMMe PACYéma O NepPCOHANbHO0
xkomnviomepa. C eé noMowbI0 Obiil 6bINOIHEHbI YUCIEHHbIE UCCIeO008AHUS, HEKOMOPbIe Pe3yIbmambl KOMOo-

PbIX NPeOCmagneHvl 8 Cmamae.

Knrouesvie crnosa: npoeud 6anixu, KpueusHa cedenus, mpeujuHOCmOUKOCcHb, 0eqOpMAYUOHHAL pacC-
YemHas MoOeb, OUAZPAMMbL COCHOAHUA OeMOHA U APMAMYPbI, U32UOAeMbIIl 3/IeMEH, MPANeyuesuoHoe
ceyeHue, 3a6UCUMOCTb MOMEHM-KPUGUSHA, YUCICHHBITl SIKCNEPUMEH.

[IpoBeacHHBIC B MOCICAHNE TOABI HCCICAOBA-
HUS KEeNe300CTOHHBIX KOHCTPYKLUHH IMO3BOJHIN
BkmounTe B HOBeIC HOpMel (CIT 63.13330.2012
«CHull 52-01-2003 beToHHBIE U KEIC300CTOHHBIC
KOHCTPYKIUH. OCHOBHBIC MONOKCHHUA») H, COOT-
BETCTBCHHO, B MPAaKTHKY NpPOCKTHpoBaHHA Achop-
MALMOHHVIO PACUYCTHYIO MOJENb HOPMAIBHBIX CC-
YCHHH, KOTOpas XOPOLIO OTPaxKacT (akTHICCKUN
Xapaxktep paboThl KEIC300€TOHA HA BCEX ITarax
BIUTOTH A0 ¢ro paspyvmenus [1, 3, 4, 3, 6, 14, 13].
JTO TO3BOMCT € CAWHBIX MMO3ULMN BBITIOTHAT
pacueThl JKeIe3006 TOHHBIX KOHCTPYKIHN MO MPOY-
HOCTH, TPEIIUHOCTORKOCTH U 1O AchOpMAaLHIM.

Pance aBropamu [12, 13] Ha ocHoBe aedopma-
LUOHHOH pacueTHOH MoJenu ObLTH pa3paboTaHbl
COOTBETCTBYIOIIME METOAMKU U ATOPHUTMBI pacue-
T4 TPOYHOCTH M TPCLIMHOCTOMKOCTH MPUMECHH-
TEJABHO K JKEIC300CTOHHBIM OaJOYHBIM KOHCTPYK-
LUSM TPAMECLHCBUAHOTO CCUCHHS.

Hmxe npuseneHbl 0COOCHHOCTH MOCTPOCHUS
METOAMKH PAcUucTa MPOrudoB H3rudacMBIX IJICMCH-
TOB PaccMaTPUBACMOTO BUIA.

IMporu6d xe1e300¢TOHHBIX OAMOYHBIX KOH-
CTPYKLMH MOXKHO ONPEACTATE, HAmpuMmep, no ¢op-
myie [4]:

fo =M A1r),dx, (1)

rae M. — w3rubaromuii MOMEHT B CEUCHHH X OT
JEUCTBUA €IWHUYHON CWIBI, NPUIOKEHHON IO
HaMpaBJICHUIO HCKOMOTO NEPEMEIICHUS IIEMEHTA B
CEUCHUHU MO JJIMHE OpoJjeTa L, Al KOTOPOro onpe-

aensror mporud; (1/7), — KpuBu3HA OAIKU B cedUe-
HHH X OT HArpy3Kd, NPH KOTOPOH OmNpenenseTcs
mporud.

B o0mem cnyuae BRIYHCICHHE TPOruba Npou3-
BOJAT TyTeM pasOueHHs mpoiéra Oalku Ha Pl
VYACTKOB, ONPEACICHHUS KPUBH3HBI HAa TPaHULAX
3THUX YYACTKOB (C YUETOM OTCYTCTBHS WIIH HATHYHSI
TPCIIMH W 3HAaKa KPUBU3HBI) W MCPEMHOKCHUS
amop MOMEHTOB M . u xpusu3Hbl (1/7), no AnuHe
0anKy IpH TMHCHHOM pPaclpeacICHHH KPUBH3HBI B
mpeJenax KakIoro yuacTtka. Takum obpasoM, mis
XapaKTePHBIX CCUCHHH H3rHOAcMON KOHCTPYKLIUH
HCOOXOJUMO TMOJIYIUTh 3aBHCUMOCTH ‘MOMCHT-
kpupuzHa” [9].

Jns onpenciacHUs KPUBU3HBI HA YYACTKaX JKe-
7e300€TOHHON Oanku ¢ TPELIMHAMH B PACTAHYTOH
30HE HCIONB3YETCA THIOTE3a IUIOCKUX CCUCHUH B
Bapuante B.M. Mypamesa — .M. Hemuposckoro
[7, 8] anma HEKOTOPOTrO PacUETHOTO CEUCHHS, B KO-
TopoM aedopmanui OETOHA U apMaTypsl COOTBET-
CTBVIOT YCPCAHEHHOMY COCTOSIHHIO OJIOKa MEXKIY
HOPMaJIbHBIMHM TpEIMUHAMH. 1Oraa BEIYHCICHHE
KPHBH3HBI JJ151 VIACTKA C TPCIIMHAMH HPOU3BOINT-
€4 ¢ TIOMOINBIO U3BCCTHOH 3aBUCUMOCTH [5]

1 _ WiBp W E 2)
r h, ’

Tac Y, — KO3()QHULNCHT, YIUTHBAIOMIMA HEPABHO-
MEPHOCTh pacmlpeaciacHus achopManuil CKaroro
OeToHA MEKAY TPCIMUHAMH M NPHHHUMACMBIA paB-
HeM 0,9; y, — k03 ULHCHT, VINTHIBAIOIIUN HE-
PaBHOMEPHOCTD pacrpeaciteHus aedopMamuii pac-
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TSAHYTOU apMaTypel MEXKIY TPEIIUHAMH; €, U & —
OTHOCHTENBHBIE AeOpMalUU CKATOrO OETOHA H
KpaiHEro PacTSAHYTOTO CTCPXKHS B CCUCHHUH BIIC-
MEHTa C TPELTUHOHN; /i) — PacCTOSHHME MEKIY Kpai-
HUM CXKAaTBIM BOJOKHOM OCTOHA M PacTSHYTHIM ap-
MaTYPHBIM CTCPIKHEM.

3uavycHue ko3 drireHTa Y, BBIMUCIACTCS MO

dopmyne [2]

€
e, 3)
s
TI€ €. — OTHOCHTENBHAS AchopMaLys PacTIHYTOH
apMaTypbl B JKEJIC300CTOHHOM 3JIEMEHTE paccMart-
pHBACMOro CeUeHHs cpaldy TNocie oOpa3oBaHUA
TpemuHel, [ — ko3dPUUUCHT, 00cCICUUBAIOIINN
HEPa3pBIBHOCTh Tpaduka «MOMCHT-KPUBH3HA» B
TOYKE, COOTBETCTBYIOLIECH MOMEHTY TpPEILIHMHOOOpa-
30BaHMS CCUCHHUS BJEMEHTA (MO0 PEKOMCHIALMIM
2] B=0,8).
OnxHako MPaKTHYECKOE NPUMEHEHHE (HOPMYITBL
(3) ¢ MOCTOSIHHBIM 3HAYCHHEM [3 A1 HAXOXKIACHUS
KPHBH3H KEIC300CTOHHBIX 3JICMEHTOB € TPCIIHHA-
MH B PACTSHYTOH 30HC BO MHOTHX CIyYasx He
00eCreYnBacT HEPA3PHIBHOCTH rpadka «MOMEHT —
kpuBuzHa». B pabote [9] mpeanmoxkeHa MeTOIUKA
JUTSL BBIYUCIICHUS (DAKTHYCCKHUX 3HAYCHUN K03 u-
LUCHTA [3 IPUMCHUTEIBHO K OAOYHBIM BIICMEHTAM
MPSMOYTOJIBHOTO HomepedHoro ceueHus. Mcexoas
M3 Ha3HAUCHUS 3TOro mapamerpa B dopmyne (3),
JUTsL €TO HaxXOoKAcHUs B padote [9] ObLio mpeaso-
JKEHO CTICAYIOLICE BEIPKCHHC

Wy, =1-

hyjr..—
le_ O/FULS thh,uc ZO, (4)

s,cre

TAE Fere — PAOAYC KPHUBHU3HBI 3JIEMEHTA B paccMar-
PHBACMOM CCUCHMH HETOCPESACTBCHHO Tepea odpa-
30BaHUECM B HEM TPEIIUHBL, €. — OTHOCHUTEIBHAS
aedopmariust cxkaroro GeToHa cpasy mociae odpaso-
BaHUA TPCUIUHBI.

I’ITO6I>I HalTH KOJIUYCCTBCHHBIC 3HAUCHUS KO-
spdunmenra P A TPANCHUCBUAHOIO CCUCHHUS,
HEOOXOIUMO TIPSABAPUTEIIHHO ONPEICIIUTh HATIPS-
skeHHO-Aehopmuposannoe cocrosiaue (HIC) usru-
6aecMoro KeIe300CTOHHOIO 3MEMEHTa YKA3aHHOTO
BHJIa HETIOCPEACTBCHHO TEpe/] 00pasOBaHHEM B HEM
MCPBOM TPEIUHBI ¥ CPA3y MOCIE €& TOSBICHHUI.

Metoauka ompeaencuus HIIC paccmarpusae-
MBIX OalIOYHBIX KOHCTPYKIHMHA Ha 3Tare, HeMmocpea-
CTBCHHO MNPCAMCCTBYIOIICM HA4Yaly HUX TPCUIUHO-
oOpaszoBanus, Oblj1a MOAPOOHO MPEACTABICHA B pa-
oore [12]. B momonHeHHE K WMCKOMOH BCIIMHMHHE
MOMEHTA TpeiuHooOpasoBanus (M,,.) HEOOXOIUMO
TaKKe HAHTH pPaguyc KPHUBU3HBL CEUCHUS (7)
HETIOCPEACTBCHHO Tepe 00pa3oBaHUEM B HEM TICp-
BOM TPCIMHEI ¢ TIOMOIIBIO CICAYIOMICH 3aBUCHMO-
CTH:

1 g,_.+&

I— c St’ 5
S )

[OE €, U & — OTHOCHUTE/BbHBIC Acopmanmu Hub-
POBOrO BOJIOKHA CKATOr0 OSTOHA M KpaiHEro pac-
TAHYTOTO apMaTYPHOTO CTCPIKHS B CCUCHHH W3IH-
0acMoro 3JICMCHTA HETOCPSICTBCHHO mepea obpa-
30BAHHCM B HEM TICPBOM TPCIIMHEL,

Jlis perneHuns BTOPOi 3a1a4u PaCCMOTPHM TOT
JKE JKENIC300C TOHHBIH 3JICMEHT Ccpa3y mocie odpaso-
BaHH: B HEM NEPBOH TpeIuHbI (puc. 1).
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Puc. 1. Cxema pacupesenenus fedopManuit, HapsHKEHUH 1 yCHnnit B CEUCHAH XKeIe300eTOHHOTO
DIIEMEHTA TPaleIUEBIAHOM POPMEI cpazy mocie 00pazoBaHisI B HEM IIEPBOM TPETTHHLL

AHATUTHICCKOS OTOOPAKCHUE CXCMBI pacmpe-
aenacHus aehopMallii, HANMPSDKCHUH W YCHJIUHA B
CCUCHHUH KC/IC300CTOHHOTO 3JICMCHTA paccMarpu-

BacMoOU (hOPMBI MPUBOIUT K CICAYIOIUM TPYIINAM
VpaBHEHUH.

VYpaBHCHHS PABHOBECHSI B TPAAULIMOHHON (op-
M€ UX 3aIIUCH UMEIOT BUJ!

035(b2 + bx )xcmccbc + G.)'UA.)'U - O’S(bt + bx )xtmtRbt - G.ytA.yt = O H (6)

Mcrc = 035(b2 + bx )xfmﬁ’yccbc + G.)'UA.)'U (xc - ac)+ O’s(bt + bx )xtzmt’thbt + G.ytA.yt (h - xc - at )’ (7)
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rae M. — u3rubaroiui MOMEHT, COOTBETCTBYIO-
IUH HA4Ya Iy dTarna TPSUIMHOOOPA30BaHUS CCUCHHUS
JKEME300CTOHHOIO 3JCMEHTA, Op, — BEAHYHHA (Pubd-
POBOTO HANPSIKCHUS OSTOHA B C:KATOM 30HE CCUCHHUS,
@y O Ve, V¢ — UHTETPATIBHBIE TEOMETPUUECKHUE Xa-
PAKTEPHUCTUKU BIIOP HANPsDKEHUM B CKATOM U pac-
TSAHYTOH 30HaX OCTOHA, X, X; — BBICOTBI CIKATOU H
pacTsIHyTON 30H OCTOHA, Oy, Oy — HANPSKCHHUS B
CKaTOH W pacTAHyTOW apmarype; b, b, — mmpuHa,
COOTBETCTBCHHO, HIDKHEH U BEPXHEM rpaHH Tpare-
LUCBUIHOTO CCUCHUS DJICMCHTA, /I — BBICOTA CCUC-
HHUSA IJIEMCHTA,; A, Ay, — TUIOIMAIH CKATON U PacTs-
HYTOH apMartypsl; d., 4, — PacCCTOsIHUA OT BEPXHEH U
HIDKHEH IpaHeil ceueHus J0 LEHTPOB TAKECTH CxKa-
TOH M PacTAHYTOH apMaTypsl; b, — MUPHHA CEUCHUA
Ha VPOBHC HCUTPATLHOHN OCH; b, — IIHPHUHA CCUCHUS
Ha T'PAaHULE PAcIpPOCTPAHEHUS NEPBOU TPELIUHBI B
PacTIHYTOM 30HE OCTOHA.

Hna onpenenenus mupuHs (b,) TpanenueBUI-
HOTO CCHUCHHS 3JIEMCHTA HA YPOBHE €ro HEHTpalib-
HOU OCH HCHOJb3YETCS BRIPAKCHHC!

bx:bl"'(bz_bl)'[l_%j- )

Iupuna cecucHUS HA TPaHHULC PACIPOCTPAHC-
HHS TIEPBOM TPEIIHMHBEI B PAcTAHYTOU 30HE OCTOHA
(b;) HAXOAUTCSA TIO AHATOTUYIHOMY BBIPAJKCHHIO:

X+,

b,=b1+(b2—b1)-[ ; j ©)

KoaddummeHTs MOTHOTHL 3MIOP HANPSKCHUH
B CXKATOH W pacTAHYTOM 30Hax OctoHa (0., ®,) U
OTHOCUTEJIbHBIE PACCTOSHUS OT HEUTPAIBHOU OcCu
J0 LICHTPOB TsDKCCTH COOTBETCTBYIOIIMX 3MIOP (Y.,
Y:) ONPECHCTAIOTCS € MOMOINBIO CICAVIOIIUX 3aBH-
CHUMOCTEH, MOJNYYCHHBIX MPHUMCHHUTEIBHO K Tpare-
OUCBUIHOMY MOMNEPEUYHOMY CEUYCHHIO H3rHOAcMOro
JKEIIC300CTOHHOTO 3JICMECHTA C BEPXHEH IOHPOKOH
rpasbio (cMm. puc. 1):

bh b, -b X,
thchz{;_ 2 B ! j "
- Lnll+C
% bz bl + 1_ n( b28h,uc) > M_(bz_bl) 1+ 1 , (10)
2 ChBi e Xe 528 cre
y = D&, . M_ b, —b, e D,, y M_ b, — b, l_ 1 3 1 y
‘ 3 Xe 4 Gy, 2x, 2 3 Gty ChBh ore
Ln(l+C o D . —
1=+ Corad) | [ Doy [y ] 25 [”2’1_ Pl j+
CbZSb,crc xc b28b,crc 2 xc 3
— Lnll+C .
+[1—D”2j>{b2 b, [y Lol G, bl by 11 |||l (11)
Cp 2 ChoBiy e ¢ ChoBiy e
o = Ey, D, ,E4,, {bthcrc i b, —b, 1= Dy, v
t _ 2 3 C
t
1— Ln(1 + Cbt28btu) bthcrc 4 (b2 _bt) 1+ 1 _ b2 _bt , (12)
ConEhu X, b28bu 2
Y, = Dbt28btu bthcrc + b2 _bt +l1- Dbt2 l _ 1 1— Ln(l + Cbt28btu)
t
3 X, 4 Cyp 2 Cypey, Chntpu,
% bthcrc + (b -b ) 1+ 1 _ b2 _bt Dbt28btu bthcrc + b2 _bt
X, o Cyntpu 3 2 X, 3
D L
1= b2 % 1— n(1+Cbt28btu) bthcrc +(b2 _bt)' 1+ 1 , (13)
b2 Cyntpu, X, b2Cbum

TIOC €pcre, Sy — OTHOCHTEIBHBIE (QUOpOBEIC Aedop-
MAallMH, COOTBETCTBCHHO, B CXATOM U PacTsHYTOM

30HAX CEYEHHsI W3rudacMoro Kene300€TOHHOIO

3JCMEHTA Cpa3y MoCae OO0pa30BaHUS B HEM ICPBOM
TPCIOUHEL, /1., — BBICOTA HCTPCCHYBIICH YaCTH CCUC-
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HUA DJICMCHTA, KOTOpPad ONpCAC/IACTCA € IMOMOLIBIO
BBIPAXKCHUA!

h,.=x, +x,. (14)
C YUCTOM THUNOTC3bI ILUIOCKUX CCUCHHUI AJIA

paccMaTpuBacMOro  KEIe300CTOHHOTO — BICMEHTA
3aIMUCHIBAIOTCA CICAVIOIUE YCIOBHS AchopManii:

8},[ 8b cre
_biu — —, 15
- (15)
Zee o Le (16)
e X,

€ cre h—
Ssere N4, , (17)

8bu X

TOC €, €50c — OTHOCHTENBHBIC AcOpPMALUH CKa-
TOH W PacTIHYTON apMaryphl cpasy mocje obpaso-
BaHUsI B HEM MEPBOU TPEIUHEL.

Benmuuny ¢ubpoBoro HampspkeHHS OETOHA
O e TIONYYACM C HCIONB30BAHHEM 3aBHCHMOCTH
[11], omucekiBaromedi auarpammy AehOPMHPOBAHUS
OCTOHA MPU HEOTHOPOIHOM CHKATHH:

ke, (0+ Dy, )
1+Cp 8y,

; (18)

bc

rac Ky, Dy, Cyp — HAYATBHBIN MOAYIE YIIPYTOCTH U
napameTpsl HenuHeHHOCTH AedopMUpoBaHus OCTO-
Ha IIpX HEOAHOPOXHOM cxkatud [11].

HewnseecTHble HaNps/KEHUS B CXKATOH M pacTs-
HYTOH apMarype Gy, Gy HAXOAATCS C IOMOINBIO
VHHUBEPCATBHOH KYCOUHON (YHKIIUH, NPEACTABICH-
HOHM B pabote [10] ams omumcaHus guarpamm Jec-
(hopMHUPOBaHU JTIOOBIX apMATYPHBIX CTAlICH. 3AECh
ke 0003HAYMM HCKOMBIC JBA BBIPAKCHHS CICIYEO-
MHUMH (YHKIHOHATBHBIMH 3aBUCHMOCTSIMU:

o, = file,.), (19)
o, = file, ). (20)

Takum 00pa3zoM, MOJIyYCHA 3aMKHYTAsh CHCTC-
Ma pas3peluaoIIUX YPaBHCHHUM, B PE3YJIBTATC Pelic-
HHUSI KOTOPOW HAaXOMSTCS BCC HCOOXOAMMBIC Mapa-
meTpel HAC u3rubacMoro »xene300eTOHHOrO 3iie-
MCHTA TPANCUHCBUAHOTO CCUCHHS Cpa3y mocie 00-
pa3oBaHUs B HEM NCPBOW TPCLIMHBI, B TOM YHCIIC
HCKOMBIC BCIUYHHBI OTHOCHTEIBHBIX Achopmarmii
€p,cres Es,cree

Teneps ¢ MOMOIIBIO 3aBUCHUMOCTH (4) MOKET
ObITh BHIYHCICHO (pakTHieckoe 3HaUcHHE K03(hdu-
nueHTa 3, 00CCIeUNBAIOIICTO HEPA3PBIBHOCTh T'Pa-
¢uka “MOMCHT-KpUBH3HA B TOYKE, COOTBETCTBY-
IOIICH MOMCHTY TPCLIMHOOOPA30BAHHS TparcLye-
BHAHOTO CCUCHHS H3THOACMOro Kee300€ TOHHOTO
sneMeHTa. Jlanee 3ToT k03 PHULHEeHT HenoB3yeTes

JUTS pacyeTa KPUBHU3H OT JCHCTBYIOLIMX B CCUCHHSIX
JKEJIC300CTOHHBIX 3JIEMEHTOB H3rHOAOIUX MOMCH-
TOB € IOMOIIBEO CHCTEMBI YPaBHCHUH, MPAKTHICCKU
COBHAJAIOLIEN ¢ PAaCCMOTPEHHOM BBILIE BTOPOU 3a-
Jaueil. B HEKOTOPHIX YpaBHEHHSAX TPOHM3BOIMTCS
TOIBKO 3aMEHA OTACTBHBEIX MEPEMEHHBIX. BMECTO
M,,. noacTaBIACTCA 3a4aBacMas B PacueTe BETHUH-
Ha H3rudaromero MOMEHTa M, a HampspKCHUS U
OTHOCHUTEIIbHBIC AehopMalny B OCTOHE U apMarype
PacCUHTHIBAIOTCS B KAUCCTBE TCKYIIUX MApaMETPOB
(Cbe» Ost» Ebes Eg). 1IpH DTOM pPACUCTHBIC 3HAUCHUS
KPHBH3H JOJDKHBI ONPEICIATHCH MO 3aBHCHMOCTH
(2) ¢ yuetoM BBHUHCICHUS KO3(dUUUCHTA Y, 1O
dopmyne (3).

Hna npoBeaeHHS KadeCTBEHHOH M KOJHYC-
CTBCHHOHW OIICHKH pPE3YJbTAaTOB, MOJIYYACMBIX B
paMKax mpeanaracMod METOAWKH pacuera MpOrH-
00B paccMaTpPUBACMBIX 3JICMEHTOB, OBLT COCTABJICH
COOTBETCTBYIOIINH alrOpUTM U pazpadoTaHa mpo-
rpamma «Balka 1T» aas nepcoHATBHOTO KOMITBIO-
TEpa, ¢ IOMOIIBIO KOTOPOH MPOBEICHBI YHCICHHBIC
HCCICIOBAHUSL.

B xavecTBe mccneayeMoro STanoHHOTO 00pas-
na ObLT MPUHAT H3rHOACMBIN  KEIC300C TOHHBIH
3MEMEHT ¢ pasMepaMH MOMEPEYHOrO CCUCHUSA Mpsi-
MoyrojipHOH dopmbr bxh =300x450 mm. CpaBHu-
BacMbIH JKENC300CTOHHBIN BIEMEHT TPAICLUCBH -
HOTO CCUCHUS MMEET TaKyI K¢ BbICOTY (A =450
MM) U IIMPUHY BepxHeH rpanu (b, =300 mm). [lpu
3TOM IIHMPHHA HIKHEH rpanu (b)) mpuaara 150 mm.
B rtakux obpasumax skoHOMHS OCTOHA MO CpaBHE-
HHIO C OJTAJTOHHBIM MPSIMOYTOJBHBIM SICMCHTOM
cocrasseT 25 %. B xome WHCIEHHOTO OJKCIIEpH-
MEHTA BAapPBUPOBATHM CICAVIOIIUMH HCXOJHBIMH
JaHHBIMH: Kimaccamu 6etona (B15, B30, B50, B70);
MPOLICHTHBIM COJICPYKAHHUEM PACTSAHYTOH apMaTyPh
kimacca A400 (0,5 %, 1,0 %, 3,0 %, 5,0 %). B cxka-
TOW 30HE I BCEX OOpasLOB MpPHUHATA apMarypa
kimacca A240 ¢ nmocrostaHOH mwiomansio (0,5 %). B
pacyeTax HCIOJb30BATUCh HOPMATHBHBIC XapakTe-
PHCTHKH OCTOHA M apMaTypHI C YIETOM KPaTKOBpPE-
MEHHOTO HArPYKEHHUS JKeIC300C€TOHHBIX 3IICMCHTOB
CTAaTUYCCKOW Harpy3kod. B wurore oOmmit oOGbem
paccUYUTHIBACMBIX 00PA3LOB COCTABII 32.

BeimonHenHBIe  pacueThl MOATBEPAMIN HPEa-
MOJIOKECHUE O TOM, 4TO KO3((UIMCHT [3 HE ABIACT-
€5l KOHCTAaHTOW HE TOJBKO AJIS TPANCIIHUCBUIHBIX, HO
JOKe AT OPAMOYTOIBHBIX CCUCHHH H3rHOACMBIX
JKEIIC300CTOHHBIX BJICMCHTOB, M BBUIBHIIN BIIHSHUC
OTACTBHBIX (JAKTOPOB HA €0 BEIHYHHY:

— AN BCEX UCCICAYEMBIX KIaccOB OCTOHOB U
MPOLICHTOB apPMHUPOBAHUS BBISBICHA OJHO3HAYHAS
TCHACHIMS MO CYIICCTBCHHOMY YMECHBIICHHIO KO-
3¢ punreHTOB B AMsM TPANCIMEBUIHBIX CCUCHHH MO
CPaBHEHHIO C MPSIMOYTOIBHBIMHU;

— yBenuueHHE Kiaacca 6erona or B15 xo B70
MPY OJHOM U TOM ke apmuposanmu (i = 1 %) mpu-
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BOAUT IS TPSIMOYTONBHOTO CEUCHHUS K POCTY KO-
s¢pdunmenTa B ot 0,583 xo 0,824, a nna Tpanenue-
puaHoro ceueHus — ot 0 go 0,447,

— TMOBBIIIEHHE KOJIMYECTBA MPOJOIBHOM ap-
MaTyphl B PACTSIHYTOH 30HE BIEMECHTA MPIMOYTOJIb-
svoro ceucHus ¢ 0,5 % mo 5 % g1 omHOTO M TOTO
ke knacca 6erona (B30) moHmkaer 3HaUCHHE KO-
3pdunuenta P or 0,897 mo 0, a s TpaneuueBUI-
Horo ceucHus — ot 0,677 no 0;

— 1 o0eux paccMartpuBaeMbiX (opMm cede-
HUH H3rudacMbIX JKeIe300CTOHHBIX 3IEMECHTOB KO-
3G OULMEHTH Y, VIATHIBAIOIINC HEPABHOMEPHOCTh
pacnpenencHus AcopMamil pacTIHYTOH apMary-
PBl MEXAY TPEIIMHAMM, TOBBILMIAIOTCA C YBEIHYIC-
HUEM JACUCTBYIOIIMX W3rubaromux MoMeHToB. Mc-
KIIOUYCHHEM SIBJISIFOTCS TECPCapMHUPOBAHHBIC Ceve-
HUSL, J71s KOTOPBIX YKAa3aHHBIC KO3 QHULNUCHTH paB-
Hbl 1,0 B, COOTBETCTBEHHO, OCTAKOTCd HCH3MCHHBI-
MH NpH A¢POPMUPOBAHHUHN BILIOTh A0 3Tala pazpy-
LICHUA;

— TMPHUMECHHUTENBHO K HPSMOYTOIBHBIM CEYUe-
HUSIM HIDKHHE TPEACTBl COOTBETCTBYIOIIMX aUara-
30HOB U3MEHEHNA KO3 (QHUIMEHTOB Y, YMCHBIIAIOT-
€S C POCTOM MPOYHOCTH OETOHOB MPH HECH3MEHHOM
apMupoBanud. Tak, mng ciydas COACPKaHHS pac-
TsHyTOU apMmarypel | % 3HadueHns K03 UIHECHTOB
y, ymespmatorcs ot 0.417 mo 0,176. Ilpu stom
BEPXHHE MPEACTBl PACCMATPUBACMBIX JHAMA30HOB
oucHb Omu3ku MexIy codoit (0,978...0,984);

— aHAIOTHYHAs TCHACHLUS TPOCICKUBACTCS
JUTS M3rubacMBIX JKEIe300€TOHHBIX 3JICMCHTOB TPa-
MELUCBUAHOTO CCUYCHHUA. TOMBKO HIDKHUE HPEIEbl
JUANa30HOB  M3MCHCHMS  KO3)PUUUEHTOB
YMCHBIIAKTCS C POCTOM MPOYHOCTH OeTOHOB OT 1,0
1o 0,553, a ux BCPXHHEC MPCACTBI JOCTUTAIOT CBOUX
MaKCUMAJIbHO BO3MOKHbIX 3HaucHuMIA (1,0).

B sakmroueHue yMeCTHO OTMETHTB, YTO IIO-
CKOJIBKY TpeAnaracMas METOJHKa MOCTpocHa 6e3
MPHUBICUYCHHS 3MITUPUYCCKUX 3aBHCHMOCTCH, TO
MOKHO TOBOPHTE O BO3MOXKHOCTH €¢ MPUMCHCHUS
JUTS oTnpeaencHus Ko3¢hGHUUEHTOB 3 U Y, TIpH J¥o-
ObIx (popmax ceuCHHH KENe300CTOHHBIX 3ICMCH-
TOB, JUISl PA3IUYHBIX KIAacCOB OETOHA U apMaTypHlL.
B cBoI0 ouepear 3TO MO3BONUT PACUCTHBIM ITYyTEM
HAHTH YTOYHCHHBIC MApaMETPbl 3aBUCUMOCTH ‘“MO-
MEHT — KPHBH3HA ¥ 3aTEM C IOMOIIBIO BEIPAKCHHS
(1) ompenenute mporu® wu3rudacMoro kenezode-
TOHHOTO BIIEMCHTA € YYeTOM 00pa3oBaHUs TPCLIVH
B PaCTSAHYTOH 30HE GeTOHA.
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Nikulin A.IL., Obernihin D.V.
THE DEFORMABILITY OF BENDING REINFORCED CONCRETE TRAPEZOIDAL

ELEMENTS WITH CRACKS IN THE TENSION ZONE

Based on a modified version of the nonlinear deformation model of the power of reinforced concrete re-
sistance a method for determining the deflection bent trapezoidal elements was developed. Analytical de-
pendences, used to calculate the curvature of sections depending on acting on them bending moments, are
shown. For the convenience of the practical application of the proposed method of calculation the algebraic
expressions, ensuring the definition of integrated geometric characteristics diagrams of stresses in the com-
pressed and stretched zones of the considered trapezoidal concrete, are given. Given that the special case of
trapezoidal cross-section is a rectangle, the method of calculation may be used to determine the theoretical
deflections of flexural reinforced concrete elements such as rectangular and trapezoidal form. For compari-
son the calculated values of the deflections of reinforced concrete elements an algorithm, implemented in the
calculation program for PC, was compiled. With its help the numerical studies, some results of which are
presented in the article, were performed.

Key words: deflection of the beam, sectional curvature, crack resistance, deformation calculation model, the
state diagram of concrete and reinforcement, bent element, a trapezoidal cross-section, the dependence of
the moment-curvature, numerical experiment.
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