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YK 624.04
Bopucesny A.A.

PACUYET 1 ONTUMUSALINA HEJTMHEW HO-YTPYT X N3rMBAEMbIX
CUCTEM C NCIMNOJIbSOBAHMEM CTEP>XHEBOW AMNMPOKCUMALNW

PacyeT 1 onTUMU3ALIMS N3rMBaeMbIX PU3NUECKU HENMHEHBIX
CTEXKHEBBIX CUCTEM, AaXKe MPU WCTOMb30BAHWM YNPOLLAKOLLMX
rUnoTes, Mo MHOTVM MPUYMHAM NPEACTaBASIOT COBOM CHIOKHYIO
3agady. B HacTosileli paboTe MccieaytoTCs MOAENN HeNMHEHO
YMNpYrx CUCTEM, KOTOPble MOFYT MCMO/b30BAaTbC B KauyecTBe
06pa3oB MPUK/IaZHbLIX MHXEHEPHBIX KOHCTPYKLWIA U CUCTEM MpK
UX MEPBUYHOM Har PY>KEHUN.

SKCMepUMEHTa/IbHbIE  MarpaMmbl - AehOPMMPOBaHUS  MaTe-
pUasioB MOXHO, KaK M3BECTHO, anmpoOKCUMMUPOBATb aHaIUTUue-
CKUMU BbIpaXeHVsiMU. Ecnn, cornacHo runotese maockux ceue-
HWIA, YASVHEHVE BOIOKHA, OTCTOSILLErO HA PACcCTOSHWM z OT Held-
TPa/ILHOrO CNIOSi, PaBHO &=« -Z, e x =1/ p — KPUBM3HA OCK
CTEpXKHS, TO MPK U3BECTHOM 3aBUCUMOCTH o = f (¢) okasbiBaeTCs
OMPEZENEHHbIM 1 3aKOH M3MEHEHWSI HaNpPsKEHWIA MO BbICOTE Ce-
uyeHUs anemeHTa o = f(x - 2). Mexay KpUBM3HON Ocy anieMeHTa

U M3rvbaloLLMM MOMEHTOM CYLLECTBYET B3aWMOCBSi3b. [103TOMY
O/ CTATUYECKU OMNpeaevMbIX CUCTEM 3afjaua OMpefesieHuns Ha-
MPSKEHUI B CEUYEHWM OKa3blBAETCS PA3PELUMMOIA: MO U3BECTHbIM
3HaueHnAaM M 13 BoipaxkeHnst M = 77(x ) HaxoguTest & , a 3aTem

BbIYNC/IAKOTCA HaMPSHKEHNA B CeYeHUW. lMepemMeLLieHns xXapakTep-
HbIX CEYEHUI WK, NpWU HEOBXOAMMOCTU, YPaBHEHWE W30rHYTON
0CK Takke MOryT ObITb OnpegeneHsl. [pobnema pacyeta cTaru-
YEeCKV HeonpeseMMbIX M3r1baeMbIX HEMIMHENHO YNPYrux CTepx-
HEBbLIX CMCTEM “3aBsi3blBaeTCA” Ha HEOOX0AMMOCTY OAHOBPEMEH-
HOrO yuyeTa B X04e BbIYMC/UTENIbHOrO NpoLecca HenMHeHoCTH
pacnpefeneHns HanpsXKeHWd Mo BbICOTE CEYEHWS 3/leMeHTa Y
C/IOXKHOTO, MHOTfa $IBHO He OMMCbIBAEMOrO, 3aKOHa W3MeHEeHUs
KPVBM3HBbI OCW CTEPXHSA. Mexay 13rnbarolyim MOMEHTOM B Ce-
YEHUN W KPUBM3HOW k CYLLECTBYET HeMMHeHas CBsA3b. [N Ta-
KVMX CUCTEM He NPUMEHUM NPUHLMM Cynepno3vumn. Mpun nonbIT-
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Ke M1Cno/ib30BaHMA SIMHEeapM30BaHHOM CXeMbl pacyeTa nocpescT-
BOM MOCNeAO0BaTENbHLIX [OTPY)KEHWA OKa3bIBAeTCH HESCHbIM
BOMPOC O BbIGOPE CeueHKsi, Mo KOTOPOMY ClefyeT OnpenensTb
YKECTKOCTHbIE XapaKTepPUCTUKM W, K TOMY Xe, HET OCHOBaHWi
pacnpocTpaHATb 3TOT MOKasaTe/lb Ha BCHO ANHY cTepxHs. OTo-
YOECTB/IEHME YKECTKOCTHBIX XapaKTepPUCTUK CTEPXKHS MO HEKOTO-
poii onpefenstoLLeid, Hanpumep, AN 6onee HaMpPSHKEHHOTO ceve-
HUS, NpWBEAET K HErpeAcKasyeMOMY OTK/IOHEHWI0 KOHEYHOro
pe3ynbTaTa OT WCTMHHOTO nokasatens. OTcofa BO3HUKAKT ©
HEACHOCTW B PacKPbITUN CTaTUYECKOW HeonpeaenmocTy B Kac-
CMYECKOM MOHKMMaHUM 3TOr0 BOMpoca.

B cBSi3W C 3TVM NpefCcTaBnseTCca LienecoobpasHbIM paccmat-
pUBaTb M3rMbaemblii 31EMEHT KaK CNOXHbIV 1 MOAENMPOBATL ero
paboTy Nnog, HarpysKoii CBA3AMI NEPBOro BUAR, T. €. CTEPXKHAMM, B
KOTOpPbIX BO3HUKAET TOMLKO OfIVIH BUA YCUANS - NPOAO/bHAsA Cuna.
CoueTaHve (KOMOUHALMA) YCUIUIA B 3TUX CBA3AX NPU YAaUHOM WX
pacronoXXeHWU No3BOAMO Obl ONPeAeNUTL B MOMEPEYHOM Cceye-
HUM 3MeMeHTa M3rnGatoLLMiA MOMEHT, MOMEPEeYHY0 1 MPOAO/b-
Hyto cunbl. COOTBETCTBYHOLLEN KOHCTPYKLMENR, 3ameHstoLLel
(mopenvpytoweid) nsrmbaemblii anemMeHT, sBnseTcs epma. Mo
YCUNMAM B CTEPXKHSX (DepM MOXHO CyAnTb 0 paboTe Mogenupye-
MOro, Hampumep, 6allo4HOro 3neMeHTa. 3adada, TakuM 06pasom,
CBOAMTCA K MOWCKY PacyeTHOW CXeMbl, 3KBUBA/IEHTHON B OTHO-
LLIEHUM pacnpeseneHns YCUInia 1 nepemeLLeHnin (SHepreTuyeckas
CTOpOHa Bonpoca) Ganke. IMocne pelleHns 3TOW 3afavn Heobxo-
VMO pa3paboTaTb METOAMKY ONMTMMabHOTO MPOEKTMPOBaHWA
LLIAPHUPHO-CTEPXKHEBOM CUCTEMbI, MaTepuan KOTOpOl MOAYMHS-
eTCA TOMY JXe 3aKOHY (M3UYEeCKOl HeNMHEeMHOCTU, 4To W NS
3a[laHHON CUCTEMbI, 1 YCTaHOBWTb COOTBETCTBME OMTMMAa/bHbIX
MPOEKTOB 3a/JaHHOIN 1 3aMEHSIIOLLEN CUCTEM.

Y [auHbIM BapuaHTOM 3aMEeHSIHOLLEN CxeMbl SBNSETCA depma ¢
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Bopucesny ApceHuidi AnekcaHaposud. Mpodeccop, JOKTOP TEXHUYECKUX HayK, 3aB. Kadefpoii CTPOUTENbHO MexaHunku benopyc-
CKOWA rocyiapCTBEHHOI nonnTexHuyeckoin akagemum (BITA), Benapych, r. MuHck, np. ®. CkapuHbl, 65.
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NEPEKPECTHOM PELLETKOM. PaccMOTPUM HEKOTOPbIE CXEMbl KOH-
COMbHbIX 6anok (puc. 1), matepuan KOTopbIX 061afaeT 0AVMHAKO-
BbIM 3aKOHOM (DM3NYECKON HEMMHEMHOCTU, U YCTaHOBUM Heobxo-
[VMble ANs AaNbHEMLINX PacCYXKAEHWIA COOTHOLLIEHNS.

CTeneHHoi 3aKoH I. B. BronbnHrepa 3an1cbIBaeTca B BUAE:

oc=C-&“,

rae C — KOHCTaHTa, MMELAs Pa3MEepPHOCTb HanpskeHwid; k —
nokasatens crenendn, 0< k <1.

B panbHelilleM paccmMaTpuBaeTCs CUMMETPUYHas (OTHOCK-
Te/IbHO PaCcTSHKEHUA-CKATUSA) 3aBUCUMOCTb & — & .

[ns 6a7Ku, NCNbITbIBaOLLEN U3rnb, KPUBU3HA OCK B FEOMET-
PUYECKM NIMHEHOM NOCTaHOBKe 3a/jaum OnpefenseTcs Tak:

1 M *

p - C ! Ik+l
roe I, = J. 7' .dA — MOMeHT uHepLUK (K+1)-ro nopsaka.
A
[ns depmbl, MogenvpytoLLein paboTy 6ankn B YCIOBUAX UKC-

TOro M3ruba, CTEPXHU PELUETKM SIBASOTCS HepaGoTatoLLuUMMU.
OTHocuTeNbHble  e)OpMaLiMM  CTEPXKHEN MOSICOB paBHbl & =
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+—" 1, cnefoBaTenbHo,
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N, i’
p h (C-A
rae N; — ycunve B NOSCHOM CTepxHe (hepMbl; A; — NoLaab ce-
YEHUA MOACHOIr 0 CTEPXKHA, hf — BbICOTa q)eprL

Tak kak M = Ny h¢, TO 13 3aMMCaHHbIX BbIPOXXEHWIA Cneayer,
yTo
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TpeboBaHVS 0 COBMAZEHWM KPMBW3HLI Gankv U (hepmbl Bre-
YeT, eCTECTBEHHO, PaBEHCTBO  (NPUOAVDKEHHOE) 1 MepeMeLLEHWIA
1 UMEET, TaKMM 06pa3oM, SHEPreTUYECKYIO OCHOBY. [pu MCnonb-
30BaHUM JIMHENHOr 0 (PU3MYECKOr0 3aKOHa MOMYHUM:
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B cnyvae nonepeyHoro usrmba paboTy COOTBETCTBYHOLLEN
MOZENVPYIOLLEA pacUETHON CXeMbl (hepMbl HEOOXOAMMO OLEHU-
BaTb C YY4ETOM YCUNIA B CTEPXKHAX PELLETKM. MYCTb HanpsKeHus

B CTEPXKHSAX PELUETKM 0, W HanpsmHKeHUs B CTEPXKHAX MOACOB oy
(epMbl B Mpefenax OAHOW NaHEeNM CBA3aHbI COOTHOLLEHMEM
|loa|=7+|o,|. KoathmumeHT y ycTaHaBnmBaeTcst B Xofe BbluMC-

NeHuiA, npu 3aTom ¥ < 1. HanpsbkeHns B CTOMKax epmbl o, << ;.
"opr3oHTaNbHas NPOEKLMS Ha NOSICHbIE CTEPXXHW YCUNIA OfiHOT O

3HakKa OyfeT paBHo N = N1(1+O.5 ~;/). Torga gnsa 6anku
1 [N, (@+057)h, T
p C ! Ik+l .

CnepoBatenbHo,
N, (1+05-7)h, 7% NP
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[ns BapuaHTa MHEAHOro pacyeTa MMeem
2 |
A1 =< .2 .
h, (1+0.5-7)h,
Mpn » = 0 Nony4nm 3aBUCMMOCTU A1 A; B Clydae YMCTOro
n3rmoa.
Mpw UCNoNb3oBaHUM 3aBUCMMOCTU o — & B BUE KYBUYECKOI
napaborsbl
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3aech &, — AedhopmaLys, COOTBETCTBYIOLAs MPeAeny Npoy-
HOCTU MaTepuaia Opp-
YpaBHeHVIe MOMEHTOB OTHOCUTEJIbHO rOle3OHTaﬂbHOV| ocu
CEYEHNA 3arnncblBaeTCA B BUAE:
E-1, H-I
- 3
P P
Mpy M3BECTHOM 3HaueHMN M 3TO KyBUYeCKOoe ypaBHeHM e pas-
PELLMMO OTHOCUTENBHO p, NPUYEM, YYNTbIBAA q)Vl3V|‘-|eCKV|V| CMbICN
3a/jaum, OHO MUMEET OfH [eliCTBUTENbHBIA KopeHb. [lns onpeje-

neHns M =N ~hf MOXXHO BOCIMO/1b30BaTbCA B CTapTOBOVI cuTya-
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umn npeaenbHbiM 3HA4EHNEM opp W TOTAA NMpU OTCYTCTBUN HUCXO-

[ALlein BeTBU 1.2 |_E .
p hg V3-H

Lns 6ankv, MMetoLLeln ceveHvie B BUAE MAabHOTO ABYTaBpa,
MOXHO, Hanpumep, NONY4UTb BblpaKEHWE

h ?]
A, -hg- E~K~28—H~K3~[th

A (1+05y)-h, -0, ’
rae A, — nnowase nonku; hg — BeicoTa 6aku; oi — HaNpskeHne B
MOSICHOM CTEPXKHE (PEPMBbI.

B onTMMM3aLMOHHOI 3afjaye B Hauane utepaumy cnefyeT Ka-
XAbllA pa3 onpeaensTb HOBOE 3HaueHMe A;. Mpu 13BECTHOM 3Ha-
YeHnn HaI'IpFI)KeHVIVI B KpaVIHeM BO/IOKHE x HaxoAuUTCA U3 3aBU-
CMOCTU

BbipaxeHust ans onpefeneHuns Ay, B OMpefeneHHol Mepe
MPUGIVKEHHOE, MOXHO MOAYUMTb U 1S APYTUX TUMOB CEYeHNs
6a/10K 11 3aKOHOB (DU3NYECKOIA HENIMHEAHOCTY.

B Tabmvuax 1, 2 npvBefeHbl CPaBHUTENbHbIE PE3yNbTaTbl
pacyeToB NPOCTbIX 610K 1 (hepM B HENMHENHOW 1 NUHERHON
MOCTaHOBKax 3ajau.

[ns 6anok nNpsmMOoyrosbHOro CeYyeHWs W3 YCnoBWiA OpTOTPO-
MM pacrpefeneHns MaTepuana B pacyeTHOM Cxeme Nowadb
CeyeHVs MoscoB U hepM MpUHUManach paBHOW A, NowWadb ce-

ueHunsa packocos — A, = A,/ ﬁ . HavanbHoe 3HayeHve moayns

yNpyrocTyi Npy MUCNosb30BaHUN 3aBUCUMOCTU o — & NO Bionb-
(UHrepy npuHUManock pasHbIM 102 (MCTUHHOE CTpeMuTCs K
6ECKOHEUHOCTHN).
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Tabnuua 1
PacyeTHas HenuHelHbIi BapuaHT pacdeta: o = 10° - £%°
cxema rnowage ceyermns, M BepTMKa’l%i?&”; pslmem,eHme HanpsxeHue B CTEPXHAX (epMbl, KH/M?
Puc. 1,a 0.220.5 0,405 maxo = 15000 (£= 2.25-1079)
Puc. 1,6 | A; = 4.3033107%; A, = 2.043-107% 0,395 013 = 0pq = 0.11610°%; 014 = 033 = —0.8-107°
Puc. 1,8 A; =5.657107%; A, = 4.01072 0,395 013 = 0p4 = 0.106-10°%; 014 = 033 =—0.121073
Puc. 1,r 0.2-0.5 0,2025 maxo = 15000 (s= 2.25-1079)
Puc. 1,4 | A; = 4.0984107; A, = 2.898-1072 0,217 013 = 0ps = 0.116-10°%; 014 = o33 = 0.122-10*
Puc. 1,e A; =5.387107%; A, = 3.811072 0,217 013 = 0p_s = 0.107-10°%; 614 = 053 = 0.928-10°
Tabnuua 2
JInHeliHbI BapuaHT pacyeta: o =10° - ¢
PacueTHas Mnowaab B HanpsbkeHune
cxema EPTUKA/IbHOE NEPEMELLEHNE
ceyeHus, B CTEPXXHAX (hepMbl
2 TOYKe B, M 2
M KH/m

Puc. 1,a 0.2-0.5 0,324 18000
Puc. 1,6 A, =4.63107% A, =3.2731072 0,324 013 = 0p_4 = 0.108-10°%; 014 = 033 = —0.79107%°
Puc. 1B | A;=6.667-102; A, = 4.7141072 0,324 01.3= 054 = 0.910% 014 = 055 = -0.303-107
Puc. 1,r 0.2-0.5 0,216 18000
Puc. 1,0 | A;=4.409107; A, = 3.118-1072 0,233 013 = 0p_s = 0.108-10°%; 614 = 053 = 0.113-10*
Puc. 1,e A; = 6.349107%; A, = 4.491072 0,231 013 = 0p_s = 0.906-10%; 614 = 033 = 0.787-10°

MpefcTaBnisieTcss UHTEPECHOI KakK C HAYYHOM, Tak 1 ¢ NpaKTu-
UECKO TOYEK 3PEHUst Maes UCMO/b30BaHUS HENMHEHO fedop-
MUpPYEMbIX MPOCTPAHCTBEHHBIX LLIAPHUPHO-CTEPXKHEBLIX CUCTEM
[N MOLENMPOBaHs OCHOBAHMUIA KOHCTPYKLWIA, 30aHUiA 1 coopy-
YKEHWIA. XapaKTepucTUKU Aed)opMMPYeMOro NpOCTPaHCTBa MOryT
ObITb 3a/aHbl SIHOGBIM (PU3NUECKIM 3aKOHOM, [OCTATOYHO XOPOLLO
anmpoKCUMUPYIOLLMM  MEXaHUYECKME XapaKTEPUCTUKA TPYHTA.
Mo Hanepep 3adaHHbIM rpynnaM CTepXXHel (gonycTuma nto6ast
MPOCTPAHCTBEHHAS OPUEHTALS) BO3MOXHO MPUHSATUE 3aKOHOB C
pa3NYHbIM MaTeMaTUYeCKUM OMUCAHMEM, B T. Y. 3aKOHOB, OMU-
CbIBAIOLLMX TEKYYECTb MaTepuana. [ns peanmsaumy 3Toro nogxo-
[a HeoBXOAMMO NpopaboTaTh BOMPOCHI MOAE/IMPOBAHNS XapaKTe-
PUCTMK CM/IOWHOA cpeabl MOCPEACTBOM  MPOCTPAHCTBEHHOM
CTepXXHeBON Mogenu. Mpremnema Npy 3afaHni 3TUX 3aKOHOB He
TO/IbKO (DYHKLMOHa/IbHAs 3an1cb MX, B TOM UMC/IE C BPEMEHHBIM
MapamMeTpoM, HO 1 NPeACTaB/IEHNE CMIMCOUHBIM HAGOPOM MPOYHO-
CTHBbIX U [1e(hOPMALMOHHBIX XapaKTepUCTUK TPyHTa. PesynbTaThl
pacueTa CUCTEMbl «OCHOBAaHWE — KOHCTPYKUMS (34aHue)» npu
TaKoOM MoAxofe Croco6CTBOBA/IN Bbl PELLEHNIO BOMPOCOB A0CTO-
BEPHOCTU 11 HAZIeXHOCTN PaCUETOB.

PaHee 0TMeYa/Ioch, YTO M3rMBAIOLLMIA MOMEHT B CEUEHUM Gasl-
KM 1N KpUBM3HA €6 OCW B3aWMOCBSi3aHbl. [le/CTBUTENBHO, ecnn

MCMONb3YeTCH 3aKOH O'ZC'(K'Z)k, TO MOXHO MOKas3aTb, 4TO
MONOXeHNe PaBHOAEHCTBYIOLLE HaNpPsKeHnii » o Ha CKaToii

(MM pacTsHYTOI) YacTU MOMEepPeYHOro CeYeHUs B BUAE, Hanpu-
Mep, NPSIMOYTO/IbHMKA OMNpeaensieTcs KOOpAUHaTOl

A
.[z«kzkdz
7 =0 _k+l.hB
74 k+2 2
J./ckzkdz
0

V13rn6atoLLmin MOMEHT B CeHeHnMn ByaeT paBeH

k+1 h h, )% 1
M = 2. 2T—."B _92.C.p & . gk
(Zo-) (ZJ k2 ©

k+2 2
wm M =B-x¥,

h k+2
roe B=2-C-b-| =| - ! .
2 k+2

MOXHO NOKa3aTb, YTO HaMpsKEHWE o B KpaliHEM BOJIOKHE
Ga/IKv 1 HanpsiXeHWe B MOSICHOM CTepkHe (epMbl 6YayT CBSi3aHbI

3aBUCMMOCTbHO
k

o=|—| ‘o0;.

AHa0rMYHbIMU pacCyXXaeHnAMn MOXHO MOYyYUTb 3aBUCU-
MOCTM M —x 1 Ana apyrux Turnos CEYEHWUI N 3aKOHOB o — &

B O6UJ|eM Cnydae npu HEN3MEHHOCTWU pa3MepoB NO A/INHE
3NIEMEHTA MONIOXKEHNE LEHTPA TAXKECTU paBHO,D'eVICTBy}OU.l'eVI Ha-
I'IpFI)KeHVIVI M0 BbICOTE CeYeHUA MeEHAETCA. Hanpmmep, ana npamo-
YrObHOrO ceveHns Mpn o = E-s—H-&* z. onpegensetcs no
BbIPXEHNIO

10-E-h, —12-H -x? -(hg / 2)°
° 30-E-15-H-x2-(h, / 2)

3anncaHHble BbIpaXKEHNA ANA Al, VI3FVI6a}OUJ|VIX MOMEHTOB U
HaI'IpFI)KeHVIVI NPUMEHUMbI ANA N3rnbaemMblx CTaTUYECKU onpeae-
NUMBIX U HeonmpeaennMbIX cuctem. Mogo6HbIe pacCyXaeHus c
LieNbo MOMTyYeHVs 3aBUCUMOCTeR Ans Ay, M 1 o MOXHO NPOBECTM
N 41 oKaTo (pacTAHYTO)-M30MHYTHIX 3/1EMEHTOB, KOTOPbIMU fB-
NAKOTCA CTEPXKHN paM.

Pa3pa60TKa METOANKN ONTUMa/IbHOrO0 MPOEKTUPOBAHNA He-
JIMHENHbIX LUAPHNPHO-CTEPXKHEBbLIX CUCTEM UMEET CaMOCTOATE/1b-
HOe 3HayeHue, TaK KakK, B KOHEYHOM UTOre, CI'IOC06CTByeT co3aa-
HUAKO 3KOHOMWYHbIX U HafeXHbIX CUCTEM, U, C ,qpyroﬁ CTOPOHbI,
No3BONAET HalTu peweHne I'IpO6ﬂeMbI pacyeTa n onTuMnsalnmn
CTaTUYECKMN HeonpeaeInmbIX HeNMHenHo ynpyrux N3rndaemMbIx
cuctem. CTeneHb KuHeMaTUYecKol HeonpeaeMMocTu WapHup-
HO-CTEPXXHEBbIX CUCTEM, KaK npaswn/o, 60/bLLE CTEMNeHW cTaTnye-
CKOW HeonpeaenMoCTy, MO3TOMY C LieNIbH0 YMEHbLLEHWS pa3Mep-
HOCTW 3afayn 6onee npUEMIEMbIM ONA X ONTUMU3aUnnN ABNAETCA
MCNO/1Ib30BaHNE B KayeCTBE MEPEMEHHbIX COCTOAHWUA yCI/IﬂVIVI B
CTEPXHAX (hepM. PacueT u ONTMMM3aUWS HENMHENHO YMpyrmx
LLIAPHUPHO-CTEPXKHEBbLIX CUCTEM NpU AE/CTBUM OAHOMapaMeTpu-
YECKOI Harpyskv MoryT 6bITb MPOM3BEAEHbI C MOMOLLBIO MeTOAa
NocneaoBaTeNbHbIX [OTPY)KEHU Ha OCHOBE COOTBETCTBYHOLLEN
Teopun A4N1s NMHENHbIX cucteM. OBLMIA anropuTM ONTUMU3ALMN
6a3|/|pyeTC$| Ha METOAE NOKa/IbHbIX NIMHEAPU30BaHHbLIX obnacTel.
CraTtunyeckuia pacyeT CUCTEMbI BbIMNOMHAETCA B q)opme MeTOoAa
cun. HenuHeliHast 3aBUCUMOCTb ¢ — & NPUHNMaETCA WN3BECTHOM.
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OCHOBHble BbIYUCAUTENbHBIE OMepaLuy NPOBOAATCA B CNefyto-
LLield NocneaoBaTe/lbHOCTL:

1. PopmMMpoBaHUE UCXOAHBIX MATPUL, ANS 33aHHOW CUCTEMBI.

1.1. dopmMMpoBaHME MaTPULbl PaBHOBECUSA CUCTEMBI A.

1.2. YUneHeHne maTpuubl A Ha nogmatpuubl Ay n A, (BbIGOP
OCHOBHOW cucTeMbl). Mposepka ycnosms det Ay =0 .

1.3. dopmrpoBaHue BeKTOpa Harpysku F.
1.4. BbluncneHne BCrioMoraTe/ibHbIX MaTpuL,
Lo=-A"A, St =A"4F.

2. OnucaHwve 3aBUCUMOCTN o — & [/ KaXAO0ro 3/1eMeHTa cuc-
TeMbl.

3. ®opmumpoBaHve MaTpuy, nogatnmeoctu By 1 By. Havanb-
Hble 3HaYeHWs MepeMeHHbIX MPOEKTUPOBaHNUA NMPUHKUMAIOTCA OT-
HOCWTENbHO NPOMU3BO/ILHO, C [OCTATOYHbLIM 3anacoM A5 YAoB/e-
TBOPEHMWS OFPaHUYeHNI ONTUMM3ALMOHHON 3aaun.

4. CTaTM4eCcKnin pacyeT (M3NYECKN HEMHEWHOW CUCTEMBI.
PellieHne BbIMOMHAETCA METOAOM MOCNeA0BaTe/bHbIX A0rpyXe-
HWiA. CucTema NIMHENHbIX anrebpanyecknx ypaBHEHWA 3anunchIBa-
eTcA B BUAE:

Fl-ax+4f =0,
rae Afp =L!-B, A" -4AF —BeKTOp Trpy3oBbIX (CBOGOAHLIX)
UNEHOB, COOTBETCTBYHOLLMIA MPUPALLEHMI0 NapamMeTpa Harpysku
AF; A% — npupaLLleH/e 0CHOBHbIX HEN3BECTHbIX,
prodt
ox
Pe3ynbTaToM pacueTta ABAIOTCA 3HaYeHUa N, o U & ANs Kax-
[0ro CTEPXHS CUCTEMbI.
5. OnpefeneHve npefenbHbIX UHTEPBAIOB U3MEHEHUS Mepe-

MEHHbIX MPOEKTMPOBaHYS [A] 38 OAMH LUIAr ONTUMMU3ALMN.
6. dopMUpOBaHME OrpaHNYeHUIn 3afaum 4s Nean3NpoBaH-

-[Lr-B,-L +8B,].

HOW CUCTEMBI.

7. OnpefienieHne KOMMOHEHTOB BEKTOpA 3amacoB Ay Mo Ka-

YA0MY Or paHUYEHNIO 3aJauM.

8. dopMupoBaHMe MaTpuL, 4% , 4% ﬁ

X OA JA

9. ®opmMupoBaHMe MaTpULbl KOI(PULMEHTOB YYBCTBUTESb-
HOCTMW.

10. PelLieHe 3aa4m NMHEAHOTO NPOrpamMMMPOBaHMSA 1 onpe-
[eneHre No BCEM 3arpy)KeHusiM BEKTOpa NpupaLLeHnii nepemeH-
HbIX MPOEKTMPOBaHWS AA B J/IOKaIbHOW 0611acTW runepnpo-
CTpaHCTBa.

11. MpoBepKa ycnoBuiA OKOHYaHWs UTePaLMOHHOr0 NpoLiecca.

12. BblYMCNEHME HOBbIX 3HAYeHWI NepeMeHHbIX MPOeKTUPO-
BaHWsA U Mepexos K n. 3.

MartemaTnyeckas Mogenb 3afa4m ONTMMK3aLMK MOCTPOEHa Ha
KO3(hprLMeHTax YyBCTBUTE/IBHOCTU OFPaHUYUTENbHBIX (PYHKLWIA
C UCMONb30BaHNEM MeTofa Cii. ANropuTM peLUeHus 3afaun siB-
NSETCA UTepaLMOHHBbIM. Ha KaX0M Luare B Ka4ecTBe BNIOXKEHHOM

NpoLesypbl  BbIMOMHANOCH PELLEHWe MOA3aJaun CTaTuyecKoro
pacyeTa He/IMHeHOM CUCTeMbI NPW CTYMNeHYaTo HapacTatoLLei [0
KOHEYHOr 0 3Ha4eHWs Harpyske.

[ns pacyeTHON cxembl pambl (pUC. 2) 3aMeHsIoLLas cucTema B
BUAE (hepMbl MoKasaHa Ha puc. 3. 3aBUCUMOCTb o — & KakK /s
maTepuana pambl, Tak 1 AN MaTepuana gepmbl NPUHATa B BUae
o =10° -£%° . Mepexoq OT 3afjaHHOI PacUeTHON CXembl K 3ame-
HAKOLLEl NpesyCMOTPEH B KOMIMbIOTEPHOW NporpammMe Bbluuche-
HWiA. Yncno naHeneid aKBMBANEHTHOW (hepMbl Ha y4acTne 0aHOro
CTEPXHA paMbl BINSET, ECTECTBEHHO, HA TOYHOCTb BbIYMCIEHNI 1,
B TO XK€ BPpeMsl, NP1 YBE/IMYEHUN X YMCNa CYLLLECTBEHHO BO3pac-
TaeT pa3MepHOCTb 3a4a4n. BbicoTa hepMbl 1 AMHA NaHenn obpa-
3yI0T KBapaTHYI0 Aueliky. Y3/0Bble CONPSXEHUS CTepXHeNR pa-
Mbl MOAENVMPOB/INCb BBEAEHNEM abCOMOTHO XECTKMX CTEPXKHEN
19-20, 19-21, 20-21 B y3ne B n 45-46, 44-46, 44-45 B y3ne C. B
YMCMIEHHbIX pacyeTax A8 3TUX CTePXKHel NPUHUManach IMHeR-
Has cxema paboTbl MaTepuana ¢ Mogynem ympyroctn E = 10%°
KH/M®. C MOMOLLBIO 3TUX CTEPXKHE MOXHO MOAENMpOBaTb U
HENVHENHO YNpyryw MOAAT/IMBOCTb Y3/10BbIX COEAUHEHWA, Npw
3TOM 3aKOH (hM3NYECKOW HEIMHEHOCTU MOXET ObITb MPUHAT U

C, &

J1+c,-&’
HbIM NPUBIVKEHEM MOAENMPOBATb U TEKYHYeCTb MaTepuana: npu
o — o, Habnwogaetcs &> (¢; = E-—HayanbHbIli MOgynb

APYrMm, Hanpumep, o = YTO NO3BONAET C U3BECT-

ynpyrocti maTepuana; c, = (E / o,, )°). Harpyska Ha cuctemy

MPUHMManack OfHonapameTpuyeckoid. KoHeYHoe 3HaueHue ee
MoKasaHo Ha puc. 3.

HauanbHoe cOCTOsHME 3aMeHSIOLLEH CUCTEMbI ONpeensnoch
cnefytoLwMMN AaHHbIMU. BbicoTa hy BepTMKanbHbIX epM NpuHs-
Ta paBHoii 0,61 m, ropnsoHTanbHoOM — 0,95 M. Tnowaan ceyeHwmin
MOACHBLIX CTEPXHEN (hepM W MepreHAVKYNAPHBIX K HUM NpUHU-
Manuch PaBHbIMK (N0 BEPTUKANLHBIM depmam — A;®, Mo ropuson-
TanbHbIM — A,"), MAOLWAAM CeyeHWii packocoB MO KaKAOW 3

(hepm onpefiensnnc, COOTHOLIEHMEM A, = A, /\/E . MpuHATbIe

HauyanbHble 3HaueHus A;® = 0,088 M2, A," = 0,154 M? cOOTBETCT-
BYIOT M3rnbaembIM 3/1EMEHTaM, UMEIOLLMM MPSMOYTO/bHbIE ceve-
HUs 0,29x0,58 M?> 1 0,65x1,31 M2 PacueTHoe COMpoTUBeHKe
MaTepuana NpUHATO paBHbIM 11500 kH/M?. Heob6xoaumo 6bino
HalTX ONTMMa/bHBIA NPOEKT, B KOTOPOM 06€ CTOMKM MEKT 0au-
HaKOBble XapaKTepucTuKKM. MNMoka3aTenb KayectBa — 00bEM KOH-
CTPYKLMOHHOr 0 MaTepuana Ha U3roToB/IEHNE CUCTEMbI.

Ecnu B xofe BblumcanTeNbHOro npouecca hg 1 hy He MeHsOT-
s, TO MO M3BECTHOMY PacUETHOMY HampsHKEHWIO B CeYeHun Gan-
KV MOXXHO YCTaHOBUTb PacyeTHOE HanpshKeHue B CTEPXKHSX (ep-
Mbl, KOTOPOE ¥ UCMOMb3YeTCA B pacyeTe Kak 3afaHHoe.

B ONTMMMW3aUMOHHON 3afjave Ha O4YepedHON UTepauum Kax-
[IOMY HOBOMY 3HAYEHWIO M/OLIafeli CeveHUid CTepXKHel (epmbl
COOTBETCTBYET HOBast M/oLWab CEYEHNs U3rnbaeMoro 3/1eMeHTa,
KOTOpas OnpefenisieTcs Mo BbIPOKEHUIO Ans Aj, a HanpsHKeHUsM
o1 — HaNpsHKeHUs B KpaiHEM BOJIOKHE CeveHuns G6anku.

[ns nocTtpoeHWs Mo ONTUMa/IbHOMY NaHy (epMbl OMTW-
Ma/IbHOFO MNJlaHa HefIMHEMHO YNpyroi u3rnbaemoi cucTembl cne-
[LlyeT BOCMO/b30BaTbCS COOTHOLLEHMAMU MEXAY reOMeTpUYecKm-
MV XapaKTepPUCTUKaMN CEYEHWIn CTEPXKHEN pambl U (epmbl, a
TaKke COOTBETCTBYIOLUMMMW VMM COOTHOLLEHUAMW MEXAY Hanps-
XKEHNAMM B Hanbosee HanpsXKEHHOM CTePXXHe mosica Pepmbl 1 B
CEYEHVWN CTEPXKHA pambl.

PesynbTaTbl  ONTMMM3ALMOHHOIO  pacyeTa  LUAPHUPHO-
CTEPXXHEBON CUCTEMbl MOXHO OLIEHWTb CNeAyHOLUMN MOKasare-
namu. O6beM mMaTepuana CUCTEMbI B Ha4ae UTePaLMOHHOM0 Npo-
Lecca coctasnan 13,039 M3, Ha onMTUManbHOM nnaHe -2,112 Mm°.
[ns BbIpaboTKM HanpaBfieHUs ABWKEHWS MPUBMEKAINCh OrpaHu-
YEHMS Ha o MO0 BCEM CTEXXHSM, & BbIOOp MpupaLLeHnst KOMMOHEHT
BEKTOpA LieNeBOI (hyHKLUMI ONpeaensinica no Hanbonee Hanps
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BecTHUK BpecTCcKOro noMTexXHNYeckoro tHCTuTyTa. 2000 1. Ne 1

11x15kH
i24 26 Lo lsz l34 lss l _ L
0,95 m
—3 45 ‘-
— 47
— 33 49
N
_33 X< 51
9x2,5kH ]] ’X‘
< S >3 5,49 M
S = €55 ’
< e
51X <] 5o
’V N
3 <] 61
» 63
777 1
0,61m O,61MM
12,0 m
\ \
Puc. 3.
Tabnvua 3
HenuHeliHbIl BapnaHT pacueta: o= 10°-8"°
Homepa rnowage cevenmns, M | HampsokeHue B CTepgK- [NepemelLieHns y31oB
CTepKHeii HAX hepMbl, KH/M HOMep y3na Z™P, Z5%PT,
M M
30-32 0.242107" -0.7618-10" 30 0.382610! -0.1403
31-33 0.242107" -0.7338-10" 31 0.282-107" -0.1403
31-32 0.171-107" -0.1155-10" 32 0.328810! -0.1453
30-33 0.171-107" -0.6590-10° 33 0.3319107 -0.1453
46-48 0.141-107" -0.113110° 45 0.4510" -0.8868-10°°
47-45 0.141-107" 0.839710" 46 0.4510" -0.1803-10t
46-47 0.994 1072 -0.494710° 47 0.5504 107t -0.5081-1072
48-45 0.994 1072 -0.8565-10° 48 0.546210°t -0.104210t
Tabnuua 4
HenuHeliHbil BapnaHT pacueta: o= 0.7-10°.¢— 3.6510° &
Howmepa ’ [NepemelLieHns y3108
CTeDKHEI 2 anpsHKeHVE B CTEPXK- rop -

P fnouiage ceueris, m HAX (hepMbl, KH/M? HOMep y3na ZM ’ z u
43-46 0.400-107* -0.36210’ 32 0.264-107" -0.709
42-44 0.400-107* 0.291-10" 33 0.273-107" -0.801
42-46 0.2810™* -0.17310’ 34 -0.148107" -0.760
43-44 0.28107* 0.118-10° 35 0.551-107" -0.761
45-47 0.871-10°° 0.250-10° 45 -0.171072 0.37-1072
46-48 0.871-10°° -0.32910° 46 -0.171072 -0.10110"
45-48 0.615-10°° 0.34310° 47 0.879-1072 0.157-1072
46-47 0.615-107 —0.66410° 48 0.866-10 —0.722107
CTpouTensCcTBO U apxXuTekTypa 11



BecTHUK BpecTCKOro NoMTexXHNYeckoro tHeTuTyTa. 2000 1. Ne 1

XXEHHbIM CTEPXKHSAM, YTO MO3BONSANO COXPaHATb Ha Kaxaol ute-
pauun paBHbIMW M/IOWAAN CEYEHWIA MOSACHBLIX CTEPXKHENR (hepMm.
30ecb He MpefCcTaBnsieTcs BO3MOXHbIM MOKa3aTb PaCLUMPEHHbIN
TEKCT, XapaKTepusyloLWmin HanpsKeHHO-AepOPMUPOBAHHOE CO-
CTOSIHWE MCCrefyeMOi cuCTeMbl. BblGOPOUHbIE XapaKTepuCTUKu
ONTUMaLHOro NpoekTa Ana o = 10°-£° npuseaeHsbl B Tabn. 3. B
Heli 3anucaHbl 3HaUYeHUs o B Hanbosee HanPSXXEHHbIX CTEPKHAX
(hepMbl M0 BEPTUKa/IbHBIM 1 FTOPU3OHT/IbHOMY 6/10KaM, a Takke B
CTEPXHAX, NPUHALMIEXALLMX TEM NaHeNaM, K KOTOPbIM OTHOCATCS
Havbonee HanpsbkeHHbIE CTEPXHU, U XapaKTepHble NepeMeLLeHNs
Y3108 MO Kaxaomy 610Ky. B Tabnuue 3anmcaHbl 3Ha4eHWs napa-
MEeTPOB AN1A 3afiayu, B KOTOPOI NWLLb OrPaHNYeHNs Ha MPOYHOCTb
3N1EMEHTOB U Ha MUHVMa/IbHbIE 3HAYEHUs MOW@ajei ceveHnin (B
pacueTe OHW MPUHUMaNMCh paBHbIMM 0.4-10°* m?). CooTBeTcT-
BYIOLLVE pa3Mepbl MPAMOYrO/bHbIX CEYEHWIA 3/1EMEHTOB paMbl
6yayT TakUMU: M0 BEPTUKANbHBIM CTEpKHAM — 0,0854%0,17 M2,
MO rOPU3OHTANILHOMY CTepXkHIO — 0,19%0,38 M. 3TU pasmeps
onpefensnncs ans NpPsMoYrofbHOro CeYeHns Kak ofHonapamer-
puueckoro (oTHoweHue h/b paBHO 3apaHHOMY). Mpwn yueTe, Kpo-
Me TOro, W OrpaHUYeHWid Mo XEeCTKOCTW, M/OWaan CeveHui
CTepXHeli AN ONTUMASIbHOTO MPOEKTa MOMyYaroTCH YBeSMYeH-
HbIMW. Hanpumep, eciv orpaHnymTb BEPTUKAIbHOE NepeMeLLieHe
33-ro y3na 3HaueHvem 0,2 M, To nonyunm A,® = 0,0141 m*, A" =
0,0242 m?, 06bem MaTepuana paseH 2,112 m>.

[ns vccnegyemoli pacyeTHOR cxembl (puc. 3) BbIMOHEH MO-
MCK ONMTUMALHOTO MpoeKTa npu ycnosin, uto o = 0.710%.¢ —
3.6510°-¢, R = 3.63-10° kH/M2. [ns 3a84n C OFpaHNueHNAMN
TONbKO Ha HamnpsHkeHNs U Ha MUHUMa/IbHbIE 3HAYEHWS NepeMeH-
HbIX MpoekTupoBaHus (Min A; = 0.410™ m?) BbIGOPOUHbIE pe-
3ynbTaTbl NPeACTaB/eHbI B Tab. 4.

OC06eHHOCTb MoMCKa ONTUMAIbHOrO MPOeKTa COCToANa B TOM,

h
uTo Manmuaé)—A npeo6pasoBbiBa/iacb K BUZY, COOTBETCTBYHO-

LLeMy IBYM NepeMeHHbIM NPOEKTUPOBaHNS (OfHA U3 HUX OMpese-
nsna komnoHeHTy A%, apyraa — A", B pesynbTaTe uero cokpa-

YK 624.012
Bopucesny A. A, Tapyy B.B., Typ B.B.

10 20 30 40 50 60 70

TUnacb ee pasMepHOCTb (33%2) U, ecTeCTBEHHO, BO3pOCNa CKO-
pOCTb BblUMCNEHMIA. Ha puc. 4 nokasaH rpaduk xofa UTepaLmoH-
Horo npouecca (V — o6bem matepuana, N — KONMYeCTBO MTepa-
Lmid). KoahnUMeHT ¢, Onpedenstownii AivHy Wwara u SBAsko-
LMIACS MHOXWTENEM 15 BEKTOPa 3anacoB Ay MO HanpshHKeHUAM

B CTEPXKHSAX, HAXOAW/CA Ha KaXKA0M nTepauymn no onpefenstoLLe-
oy
MYCOOTHOLLIEHWIO AV//E' Co0TBeTCTBYIOLLME pa3Mepbl ceve-

HWIA 3NIEMEHTOB paMbl B BU/E MAEa/IbHbIX BYTaBPOB MO FOPU30H-
Ta/IbHOMY CTEKHIO OKa3a/MCh CEAYHOLLMMI: NMPU BbICOTe Gasiku

h = 0.38 m nnowage ceueHns nonkn A, pasHa 1.021107 m 2 .
BepTuKabHbIE CTEPXKHM MPU BbICOTE CEUEHMA NIEANLHOrO fBY-
Taspa pasHOi 0.17 M umetoT A, = 5.06-10™ M% [inq 3amaum ¢
OFPaHMUYEHNAMM 11 Ha NEPEMELLLEHNA Y3108 (HanpumMep, 4 Bapi-
aHTa C MaKCMa/bHbIM BEPTUKAbHBIM NepemeleHreM ana 33
y3nia pasHbIM 0,2 M) MOXHO NO/Ty4nTb MPOEKT (hepMbI C pasMepa-
Mn A% =0,00097 Mm% A," = 0,000097 M?, 06beM MaTepuana pa-
BeH 0,0574 m°.

OLUEHKA OPEKTUBHOCTU NMPUMEHEHNA HAMPAIAKOLWEIO BETOHA
B CBOPHO-MOHOJTIMTHBIX )XEJIEBOBETOHHbIX KOHCTPYKLUNAX

B cylLecTBytOLLEA OTEUECTBEHHON 1 3apyOeXHOI CTPOUTESb-
HO/ MpaKTVKe 3HauMTeNbHOe PacrpoCTpaHeHWe MOMyYWIn pas-
NNYHbIE BUAbI COOPHO-MOHO/MTHBIX XKeNe3006eTOHHBIX KOHCTPYK-
LIMiA, 4TO 0BYCNOBNEHO 06BbEANHEHVEM B OHOM KOHCTPYKTVBHOM
PELLEHWN MOMOXMUTENbHBIX CBOWCTB MOHOMMTHOrO U COOPHOrO
Xene3obeToHa. Cpean NPeMMyLLECTB COH0PHO-MOHOIMTHBIX KOH-
CTPYKUMIA cneflyeT 0cob0 BbIAENNTb TEXHOMOrMYHOCTL BO3BEE-
HUSI, CHUXEHWe TPYLOEMKOCTW CTPOWUTENbCTBA, YMEHbLUEHME Ha
30..40 % konnu4ecTBa apMaTypHbIX paboT, CHWKeHWe cebecTou-
MOCTV U 3HEProEMKOCTY BO3BEAEHUS, 3HAUNTE/bHOE COKpaLLieHme
06bEMOB OMasTy604HbIX PaboT.

MpeacTaBneHHble B paboTax [1, 2, 3] pe3ynbTaTbl UcCnefoBa-
HWA CBMAETENbCTBYIOT 00 3KOHOMMYECKON LienecoobpasHocTu
MPUMEHEHNS1 COOPHO-MOHOMUTHBIX HKE/Ie3066TOHHbIX KOHCTPYK-

UWiA [1s YCTPOINCTBa MEPEKPbITUIA PEKOHCTPYVPYEMBIX 3AaHW,
BO3BEJEHUN COOPHO-MOHO/IMTHBIX KapKacoB Ans 3faHWiA pasnnd-
HOr0 Ha3HaYeHWs, MHOT03TaXHbIX rapaXei-CTOSIHOK.

OfHaKo OMbIT 3KCMAyaTauyn CHOPHO-MOHOMMUTHBIX YKene3o-
GETOHHbBIX KOHCTPYKLMIA NMOKa3bIBaET, YTO B TEUEHWM CPOKA 3KC-
nayaTauum oHW B BO/bLUE CTeneHn, YeM COOpPHbIe, MOABEPKEHDI
BAVSIHNIO HE6NaronpuATHbIX 3((EKTOB, BbI3bIBAEMbIX ANUTENb-
HbIMU Mpoueccamn (ycafkn M MOM3Y4ecTu), YTO BbIpaXaeTcs B
CHVDKEHUW TPELLMHOCTOMKOCT HOPMasbHbIX CeYeHMid 1 BO3pac-
TaHWM NPorn6oB. OTMEYEHO, YTO A/MTe/bHbIE MPOLIECChI, OKasbl-
Basi MeHee 3HauMTeNbHOE BAMAHME HA MPOYHOCTb COCTABHOM KOH-
CTPYKLMW, MOTYT CYLLECTBEHHO CHU3UTb €€ 3KCMayaTalWOHHble
XapaKTepUCTUKA U LOArOBEYHOCTb. OfWH M3 NyTell NMKBUAALNN
3TOro HefjoCTaTKa — NPUMEHEHME B Ka4ecTBe 6eTOHa MOHO/MTHO

Bopuceny ApceHunii AnekcaHaposuy. Mpodeccop, JOKTOP TeXHUYECKVX HayK, 3aB. Kadeapoi CTPoUTENbHON MexaHuku benopyc-
CKOWA rocyiapCcTBEHHOI nonnTexHuyeckoin akagemum (BITA), Benapych, r. MuHck, np. ®. CkapuHbl, 65.

Tapyu, Banepuin Bnagumunposuy. VH>KeHep, accucTeHT kadedpbl FOPOLACKOro CTPONTENLCTBA M apXMTeKTypbl bpecTckoro noav-
TexHuueckoro nHcTuTyTa (BMNW), Benapyce, r. bpecT, yn. Mockosckas, 267.

Typ Bukt op Bnagnmuposumy. JJOKTOP TeXHWYECKWX Hayk, 3aB. Kadepoil TexHonoru 6eToHa u CTPOUTeENbHbIX MaTepuanos bpe-
CTCKOro nonmTexHuyeckoro niecTuTyTa (BrA), Benapyce, r. bpecT, yn. MockoBckas, 267.
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