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AHoTauis. Y cTaTTi HaBeACHI pe3ybTaTH ONTHUMI3allii 3a BUTpaTaMu CTalli OAHOMPOITHOL
mapHipHo-00mepToi  Oanku,  sKa  3aBaHTa)X€Ha  PIBHOMIPHO-PO3MOAUICHHM  JIHIHHUM
HaBaHTaXCHHsM. J[OCII/DKEHHS CIIMPAJIOCh Ha Te, 10 3 METOK €KOHOMIi CTalli MO’KHA 3MEHIITYBAaTH
pPO3MIipH TMOMEPEYHOrO Tepepidy OalKu HAa MPHOMOPHUX IUIsTHKaX. Lle mocsramochk 3a paxyHOK
3MEHIICHHS i1 BUCOTH. byiu BpaxoBaHi OOMEKEHHs Ha BUCOTY OaJKH Ha OMOPi BUXOMSYH 3 YMOBHU
MIITHOCTI Ha 3pi3. Bu3HauaBcs HAMMEHINUN HAXWI HIDKHBOTO IMOSICY BUXOJSYH 3 TOTO, 00 y Oyab
SKOMY MICIIl 3a JOBXHUHOIO Oanku Oyna 3a0e3reyeHa MIIHICTh 32 HOPMaJbHUMHU HANpPYKCHHSIMH.
3anpornoHoBaHa METOAMKA BU3HAYCHHS BUCOTH OAJIKM Ha OTOPi, SKa 33J0BOJBHIE YMOBI MIIIHOCTI
Ha 3pi3 Ta BIAMOBIJa€ MiHIMAILHUM BUTpaTaM cTaii Ha 6anky. EQekTHUBHICTh 3MEHIIIEHHS BUCOTH
0anKku Ha JUISHKAX OUIS Omop OIiHIOBaJach KOE(IiEHTOM, SKHH SBisi€ COOOIO BiJHOIICHHS
MiHIMaJIbHOT BUCOTH Oajku 3 YMOBH MIITHOCTI Ha 3pi3 JI0 BHCOTH OaJIKu MOCEpEaNHI MPOJIBOTY.
3’scoBaHO, IO MPU 3MEHIICHHI JIHIMHOTO HAaBaHTAKEHHS Ha Oallky Ta THYYKOCTI CTIHKH 1
30UIBIICHH] MTPOJIBOTY, BKa3aHUH KOEQIIiEHT cTae MeHine. ToMy, 3MEHIICHHS BHUCOTH OalKu Ha
TUISTHKAX OIS OTIOp PEKOMEHIYETHCS TIPU BITHOCHO MaJIMX HABAaHTAKCHHSX Ta THYYKOCTSX CTIHKH 1
BiJTHOCHO BEJIMKHX MPOJIHOTAX.

KurouoBi cjioBa: onrtumisaiisi, 3ruH, BHUCOTa OalKM, THYYKICTh CTIHKH, HAXWUJI HUKHBOTO
MosICY, MIIHICTh Ha 3pi3.

Beryn. B ymoBax pHHKOBOI €KOHOMIKM JOCTaTHbO aKTyalbHUM CTa€ 3MEHILIEHHS BUTpAT
Marepiany Ha OyaiBenbHI KOHCTpyKIli. [Ipu ix MacoBoMy cepiiHOMY BHUTOTOBJIEHHI €KOHOMIYHHMA
eeKT, OTpPUMaHH 3a PaXyHOK €KOHOMII MaTepially, MOXKe 31rpaTu BaXKJIUBY poJib. TOMY JOIUIBHO
PO3IJIIHYTH MOKJIMBICTh ITPOEKTYBAaHHS CTAJIEBUX 3BapHUX OAJOK BUXOJSYM 3 MIHIMAJIbHUX BUTPAT
cTai.

AHaJii3 OCTaHHIX JKepes JociaizKeHb I myOuaikauniil. 3agaul palioHaJIBHOTO MPOEKTYBAHHS
CTaJeBUX OaJloK, IO MPALOIOTh HA 3TMH BUPIIMIYIOTHCSA Y Al Hpalb NPOBIIHUX BITUYM3HSIHHUX Ta
3akOpAOHHMX BueHHX [1-4]. 3okpema, aisi eKOHOMIi MaTepiajdy MpPOMOHYEThCS 3MEHIIYBATH
pO3MipH TMOMEPEeYHOro mepepizy Oamku y MICISIX 3MEHIIEHHS 3THHATbHUX MOMEHTIB. Yacrie
BUKOHYETbCS 3MEHIIEHHSI HMIMPUHU a00 TOBIIMHU IOSCIB, OCKUIBKM TAaKUI BapiaHT € HalOUIbII
npoctuid. [Ipu piBHOMIpHOMY pO3IOJIICHHI HaBaHTaKEHHs HaAMOLIbII BHTiAHE MiCLE 3MiHU
PO3MIpIB MOSCIB 3HAXOJUTHCS HA BiAcTaHi NMpuOIM3HO 1/6 TponbOTy Oanku Big omopu [5-7].
3MeHIIIeHHsI BUCOTH OaaKyd MOXE MPUBECTH M0 HEOOXITHOCTI 30UIbIICHHS TOBIIMHU CTIHKU O1s
OTIOp JUTS CIIPUUAHSATTS TOTUYHHUX HAIMpPYT, IO Y JESKUX BHIAJKAX € TEXHOJOTIYHO HEIOUITHHHM.
[5-7].

Buninennsi He po3B’A3aHUX paHille YacTHH 3arajbHoi Npo0JjeMHu. AKTYalbHUM €
JOCIIJKEHHSI MOXKIIMBOCTI Mi00py mapaMeTpiB 3MEHILIECHHS] BUCOTH Oasiky Oi1sl O1op BUXOASYH 13
3a0e3MeYeHHs] TEXHOJOTIYHUX Ta €KOHOMIYHUX BUMOT TIPH HE3MIiHHIN TOBIIMHI CTIHKHU. JlOIUIBHO
TaKOX BU3HAYUTH MicClle Y IPOJIBOTI, /1€ BUTITHO MIOYATH 3MEHILIEHHSI BUCOTU OaJIKH.

ITocTanoBka 3aBaanHs Po3riasiHeMo OJHONPOJITHY MApHIPHO-00MepTy 0aKy, 3aBaHTaXKEHY
PIBHOMIPHO-PO3MOIiIEHUM JiHIMHUM HaBaHTaXeHHSM (puc.l).
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Pucynox 1. Cxema 6anxu

[Mpumyctumo, mo 1 CKIageHW JBOTABPOBUH TIONMEPEYHHH Tmepepi3 MimiOpaHuii 1o
MaKCUMaJbHOMY 3THHAIBHOMY MOMEHTY MocepeArHi MpoiboTy (Mmax) 13 YMOBH MIITHOCTI 3a
HOPMAJIbHUMH HampyxeHHsMH [8]. 3 BimgaleHHSM BiJl CEpeAMHU NPOJHOTY 10 ONOpP 3THHANIBHI
MoMeHTH (M) 3MeHIIyroThCsl. OTKe 3MEHIY€EThCS TOTPIOHUI MOMEHT OIOpPY

M
W, = o o
v/c

ne Ry — po3paxyHKoBHIi OIIp CTaNl CTHCKY, PO3TATY Ta 3THHY 33 MEXKEIO0 TEKY4OCTI;

Yc — KOedilieHT yMOB poOOTH.

Tomy, 3 METOI0 €KOHOMIT CTajl MOKHA 3MEHIIIYBATH PO3MIPH TOMEPEYHOTO TMepepi3zy Oaliku
Ha mpuonopHux minsHkax [5]. Lle mocsiraethbes, 30kpemMa, 3a paxyHOK 3MeHiieHHs i BucotH (h).
Jlnisa pimeHHs 3aaa4i, ckiaaaeMo (QYHKIII0 BUTpPAT CTall Ta BU3HAYUMO ii MiHIMyM. Lle no3BonuTh
niaidpaTu oNTUMabHY BUCOTY OAJIKM Y OMOP 1 YXWJI HUXKHBOTO MOSICY IPU MIHIMAIbHUX BUTpaTax
Marepiany.

OcHoBHUIi MaTepiaJ i pe3yabTaTi. Buxoasun 3 yMOBH MIIIHOCTI Ha 3pi3, NPUIHATA BUCOTA
OaJIKu Ha OIOPi MOBMHHA 3aI0BOJIBHITH YMOBI [5]

= Ryt = s min (2
57/C @
ne Rs — po3paxyHkoBuii oOIlip cTali Ha 3pi3;
hs,min — MiHIMaJTbHa BUCOTa OAJIKH 13 YMOBH MII[HOCTI Ha 3pi3.



Skmo po3pizHa Oanka OOMUPAEThCA HA HMXKYE PO3TAIIOBAHY KOHCTPYKIIO 32 JOIOMOTOIO
OTIOpHOTO pebpa, TPHUBAPEHOTO 10 TOPIS,, TO B OMNOPHOMY IIONEPEYHOMY Iepepi3i TOTHYHI
HaNpy>KeHHsI CIPUUMAE TUTBKH CTiHKa 1 n=1,5.

Slkmo omopHe pedpo 3aBeeHO MK MOJKaMH Ha JISAKiH BIJIICTaHI Bil TOPIS,, TO B OTIOPHOMY
MOTIepEeYHOMY Tepepi3i JOTUYHI HAPYKEHHS CIIPUIMae sIK CTiHKa, Tak 1 moiuii. Toxi n=1,5.

3 puc.1 BuHO, 1110 BUCOTA OAIKM HA BiJICTaHi Z BiJl OTIOpH

h,=h+VZ 3)

ne V=tgo HaXWJ HIXKHBOTO TosCy OajKy Ha MPU OMOPHUX JIISTHKAX.
Hecyua 3nathicTh Oanku (MakCMMaldbHHM 3THHAIBHUN MOMEHT, SKHH MOXKE CHPHUHSITH
MONIEPEYHH Tepepi3) Ha BiJICTaH1 Z BiJl OIOPH

M., =W,R,7., 4)

ne W; —MOMEHT omnopy MOIEPEYHOTo Iepepi3y Ha BijcTaHi Z Bij Omopu;

W =———-.
"7 05h, ©)
I, — BiAMOBIAHUI MOMEHT 1HEPIIiT;
t,h’ h,\
| =22 yopt |z
z 12 fof 2 ] (6)
®opmyna g [; € HaOIMKEHOIO TaK K y Hild IPUHHATO, Mo hy~ h.
Toni
ta) hZ i
I\/qu:Ryyc T+bftfhz (7
3 ypaxyBanusam dopmyiu (3)
t (h+VzZ)
My, =R,z (hla ) +bt, (h,+VZ)| -

[Tpu ¢ixcoBanomy h; Ta 3MeHIIEHHI HaXWJIy HMKHBOTO MOSICy V, BUTpaTH cTall Ha Oajiky
3HWXKYIOThCS. ToMy crniji 3HalTH HailMeHIle 3HaueHHs V, MpH sSKOMYy B OyIb sSKOMY Micli 3a
JOBXKMHOIO Oanku Oyna © 3ale3meueHa MINHICT 32 HOPMAJIbHMMM HAIPYXEHHSIMH, TOOTO
BUKOHAHa yMOBa

M
W

E<Ryy. )

z



abo

M, <W,Ryy. =M,,, (10)

ne M; - 3ruHabHUN MOMEHT BiJl pO3paxyHKOBOTO HaBaHTAXKEHHS HA BijcTaHi Z Bij OOpPH;

1
M, =>az(L-2) (11)
3’sicyeMo sik Burisigae rpadik GpyHkiii My;. [l nporo 3Haxoaumo ii mepury ta Apyry moxiaHi

dz yVe ; (12)
d’M,, o LV’
d72 v/ 3 (13)
d 2|\/qu

[Tpu Oynp ssikomy Z>0 apyra moxiaHa d7 2 >0 . Tomy rpadik ¢pyHkuii My; € BruyTuit

[0 BIHOIIEHHIO 10 BEPTUKAJIBHOI OCI OpJAMHAT, sKa HampaBieHa BHU3 (muB. puc.l). I'padik
2
d’M,

byHKIiT M; € BUMyKJIMiA 110 BiTHOIIEHHIO /10 Ti€i k€ OCi TOMY IO 47?2

=—(0< 0 npu Oyb
AKOMY Z.

3 gopmynu (8) BumInBae, 1o npu ¢ikcoBaHoMy Z Ta 3MeHIeHHI V, My, 3meHmryetbes. Le
o3Hauae, 1o rpadik Gyakuii My, HaOIMKAETHCSA JO TOPU3OHTAIBHOIT OC1 abCIKC 1O Mipi 3HIKEHHS
V.

[Ipy mpoMy MoOKHA 3HaAMTH Take 3HaueHHsS V=V, npu skoMmy rpapik QyHKUii My,
NOTOpKHEThes rpadika yHkuii M; y neskiil Touni A Ha BiAcTaHi Z BiJ onopu. Y 1ii Touui Oyxae
BUKOHYBAaTHCh PIBHICTb

My=M. (14)

3 rpadikiB GpyHKUiNH My, Ta M, (nepumuii — BTHyTUH, a Ipyruil — BUITYKJIMI) BUIUIMBAE, 110 Y
pelmTi TOYOK IO JOBXHMHI Oanku OyAe BHUKOHYBaTHCh YMOBA MIIIHOCTI 3a HOpPMaJbHUMH
Hanpy>KeHHIMHU

M, <M,. (15)

z uz

Sxmo gam 3menmyBatu V (To6to npuiiMatu V<Vj), To y Touri A My, cTane MeHIie Hixk My,
TOOTO MillHICTh 3a0e3nedeHa He Oyzae. Tomy, 3HaueHHsT V=V, npu skomy y Touri A M,=M; €
MIHIMaJIbHO JOMYCTHMHUM Ta BIANOBIJA€ MIHIMyMY BUTpAT CTalli Ipu (iKCOBaHIA BUCOTI Oaliku Ha
oropi h;.

Konu obuasa rpacdika TOTOPKAKOTHCSA OJWH IO 1HIIOTO y Toulll A, iX mepini moxigHl y ik
TOYIIl OJHAKOBI:



dM, dM

z uz

iz  dz - (16)

Po3B’s3aBmm ciiiibHO piBHAHHS (14) 1 (16) MOKHA 3HAWTH MIHIMAQJIBHO JIONYCTHME 3HAYCHHS
V=V, ta Benmuunny Z=Zy.BianoBinHa cuctema ABOX PIBHSHB 3 JIBOMa HEBIIOMUMH Vo Ta Zy Mae
BUTJISI:

-

1 t V.Z, )
quo(L_Zo):Ry?/c a)(hl+60 O) +bftf(h1+vozo)

7

b2z MY

\

ITicns 11 po3B’si3aHHSA OTPUMAEMO:

__ gL
R PTG A CRY) B

- 0,50L—R 7 Vobst, (1+ p)

0
1 , 19
§ Ryy/cta)VO2 + q (49)

e

ht, Q = 4Ry7chlbftf

Pt T T 2 @)

Po3p’a3anns cucrtemu piBHAHB (17) y 3aranbHOMY BUIJISIAL SBJIsIE COOOI0 JOCTaTHHO CKIIAIHY
anredpaiuny 3aaaqy. CopoCTUTH HOro MOXHA 3a J0MOMOToi0 KoMt torepHoi nmporpamu MathCAD.
Jlnst poro ciijg 3actocyBaru komanau Given ta Find.

Ilpu neskomy 3HaueHHi Z=X (auB.puc.l) Bucorta 6anku h, Oymae mopiBHroBaTH BenuumHi h,
sgKa OTpUMaHa IpU MiAOOpPI MOMEPEYHOro Mepepidy MOCepeluHl MPOIbOTY MO MaKCUMalbHOMY
sruHanmbHOMY MoMeHTy. Toni (auB. popmyny (3))

h,=h +V,X =h. 1)

X = | 22)

[Tpu Z>X BucoTra OaNKM 3aIMIIAETHCS MOCTIHHOIO Ta jJopiBHIOE h. Tomy 1 Hecyda 371aTHICTH
Oanku Mk Toukamu B Ta B y cepenHiii yacTuHi poaboTy Oy/ie MOCTIHHOIO Ta PIBHOIO



t_h?

I\/qu,max = Ry7/c + bftf h . (23)

[{s BenmuumHa HeOaraTo OuUTbmIA 32 Mmay, TOMY 10O MiAOIp PO3MIpiB MOMEPEYHOTO MEpepizy
BUKOHYETHCS 3 JCSKHM 3a11aCOM MIITHOCTI.

Bucora Oanku Ha omopi hj, sika 3a0BOJIbHSIE YMOBI MIilTHOCTI Ha 3pi3 (muB. Gopmyny (2)),
MOJKe MPUIMATH Pi3Hi 3Ha4eHHs. ToMy MOXHA ClIpoOyBaTH 3HAUTH TaKe 3 HUX, IPH SKOMY BUTPATH
ctaii Ha Oanky OyayTh MiHIManbHUMHU. IS 1LOTO CIMiJl 3a7aTHUCSA PSIOM 3Ha4eHb hp 3 JesKuM
KPOKOM, 1 MpHU KOXXHOMY 3 HHUX 3HaWTHU CBOI 3HaueHHS Vo Ta X, Kl BIANOBIAAIOTH JOTOPKAHHIO
rpadikiB pyHkmii My, Ta M.

DyHKIIIS BUTPAT CTaJIi Ha TIOJIOBUHY OAJTKK Ma€ BUTJISL;

m, = p,,1t,| (-2, %—x + X %—th n

+bftf[L—X+\/X2+(h—h1)2}}, (24)

JI€ Per — MTUTOMA Bara CTaIi.

3agaya Oyna po3B’si3aHa 3a JIOMOMOrow Kowmm torepHoi mporpamu  MathCAD  mpu
KOHTPOJIbHUX BHXIZHUX aaHux. [loOymoBanmii rpadik 3aiexHocTi Mg Bix h, skuil Mae 4iTKO
BUpaXKeHMH MiHiMyM. Mloro 3aranpHuii BUIIIS HaBeICHMI Ha puc.2.

Mg

|
L

h1: onT hs: min h1

Pucynok 2. 3acanvhuil euenso epagixy sanexcnocmi Mg 6i0 h

Skuio 3HavyeHHs hj, mo Bimmosinae oMy MiHIMyMY (N oqr) MEHIIE 3a MiHIMaIbHY BHCOTY
0aJKM 3 YMOBH MIIIHOCTI Ha 3pi3 (IuB. popmyny (2)),

h — anax

s,min — RS]/Ct , (25)



TO, K BUAHO 3 rpadika, MiHIMAILHHM BHTpaTaM cTaii BimmoBimae Nhi=hgmin (TpuitmMatn
hi1<hsmin He MOXHA). Y TPOTWIICKHOMY BHIAJKy MiHIMAJbHHM BUTpaTaM CTali BigmoBimae hi=
hlonT-

EdexTHBHICTh 3MEHIICHHSI BUCOTH Oallki Ha JUISHKAX Ol Oomop TUM Oiblla, YUM MEHIIEe
hs,min TIOPiBHSHO 3 h, TOOTO YMM MEHIIIE BiTHOIIECHHS

h (26)

Y mpomy Bumangky rpadik ¢yHKIIT Hecydoi 3matHocTi Oankum M, Oyae po3TamioBaHHiA
OJIM>KYE 710 eMIOPU 3THHAIBLHUX MOMEHTIB BiJl pO3paxyHKOBOI'O HaBaHTaXeHHs M, (auB. puc 1), mo
BiJIMTOBIJa€ MEHIIIMM BUTpATaM CTai.

3’sicyeMo, TpH SKUX MmapaMmerpax Oanku koedimieHT “K” € BIZHOCHO HEBENIHMKUU. Y
BiJIMTOBIAHOCTI 3 TPATUIIHHUM TT1IX0JIOM BHCOTY OQJIKU TIOCEPEIMHI TPOIBOTY 3HAXOAATH BHXOITIU
3 MiHIMyMy BHTpaT ctaji o Gopmyi [7]

3

nomp ,

Ie A, - 3aJ1aHa MOCTiifHA THYYKICTh CTIHKH;
Wiorp — IOTPiIOHUI MOMEHT OIIOPY 3 YMOBHU MIITHOCTI 32 HOPMaJIbHUMU HAIPYKEHHAMHU;

My, _ ol
nomp ~ - , (28)
TRy B8Ry
_av
M = e 29)
3 ¢popmyi (27) Ta (28) oTpumaemo
2
"= 2’1‘” 8gL - (30)
y/e
3 ypaxyBaHHSM TOTO, 110
a , N
Qmax = ? Ta ta’ o ) (31)

3 popmynu (25) maemo

s,min - 2R57/C h ) (32)



[Tizcraistemo hs min Ta h'y hopmyny (26)

hs,min _

h

(33)

BucnoBku. 3 dhopmynu (33) BUgHO, 10 UMM MEHIIE JIiHIHHE HaBaHTaXXCHHS ( Ta THYYKICTh
CTIHKH A, Ta yuM Oinbiie npoiit L, Tum K menmie. Tomy, 3MeHIIEHHST BUCOTH OajKU Ha JTUISTHKAX
OlI1 OMOp PEKOMEHIYEThCS NPU BIJHOCHO MajMX HABAaHTAKEHHSAX Ta THYYKOCTSX CTIHKA Ta
BiJIHOCHO BEJIMKHUX MPOJIHOTAX.

BcranoBneno, mo uyuM wMeHme N, TuM MeHme K. Tomy, omopHuii By3osn Oanku
PEKOMEHAYETbCS KOHCTPYIOBATH TaKMM YMHOM, 1100 OMoOpHE pedpo HE MPHBAPIOBAIOCH 10 TOPLS
(xomm n=1.5), a Oys10 3aBeIeHe MiK HOJIMISIMU Ha JEsIKii BigcTani Bix Topus (koau n=1.2).
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AHHOTanusi. B craTthe mpHUBEAECHBI pe3yNbTaThl ONTUMHU3ALMU [0 PAcCXOAy CTalH
OJIHOTIPOJICTHOM  IIAPHUPHO-ONEPTOM  Oajku, 3arpy’KeHHOH paBHOMEPHO-pACIIpENEICHHON
nuHeitHoW Harpyskoil. Ilpeamosaranock, 4To €€ COCTaBHOE JBYTaBPOBOE IOMEPEYHOE CEUYCHHE
0100paHO 10 MaKCUMaJbHOMY H3TrHOAloONIeMy MOMEHTY IIOCEpPEIMHE IIpOoJIeTa W3 YCIOBUSA
MPOYHOCTH MO HOPMAJILHBIM HAIPSKEHHUSIM. YUYTEHO, YTO MPH YAAJIECHUU OT CEepelMHBI MpoJieTa K
oropaMm, M3THOAIIe MOMEHTHl yMEHbIIAOTCA. COOTBETCTBEHHO YMEHBIIACTCS HEOOXOAUMBIN
MOMEHT COMPOTHUBIICHHUS.

HccnenoBanue onupanock Ha TO, YTO B LEJSIX 3KOHOMUU CTaJIM MOKHO YMEHbILATh pa3Mephbl
MOTIEPEYHOr0 CeueHus: 0K Ha y4acTKaxX BO3JIE OMOp. DTO JOCTUTaJIOCh 3a CUET YMEHBIICHUS €€
BBICOTBHI.

bbuin yuTeHBl OrpaHMYEHUs Ha BHICOTY OalKU Ha OMOpe, UCXOAS M3 YCIOBHS MPOYHOCTH Ha
cpes.

Onpenensics MUHUMAQJIBHBIA YKJIOH HUYKHETO IMOsica UCXOMAS U3 TOT0, YTOOBI B JIIOOOM MecTe
1o nuHe 0anku Opl1a odecrieyeHa NPOYHOCTh 0 HOPMAJIbHBIM HaNpsKEHUSIM. DTO CBSI3aHO C TEM,
4TO NpU (PUKCHPOBAHHOM BbICOTE OANKM Ha ONOPE M YMEHBIIEHUH YKJIOHA HUYKHETO I0sica, pacxo.
cTanu Ha Oanky cHWkaercs. [{ns pemieHus Takoi 3agauu, MOJdydeHa aHadUuTHYecKas (opMyiia ajs
Hecylell crnocoOHOCTH OalKku B BUJE MAaKCUMaJIbHOTO HM3THOArOIIEro MOMEHTA, KOTOPBIH MOKET
BOCIIPHHSTB MONIEPEYHOE CEYEHHE Ha ONPEIETICHHOM PacCTOSHUU OT OIOPBHI.

VKJIOH HIKHETO Tosica TMOAOHMpaCs TaKuM 00pa3oM, 4YTOOBI HM3TMOAIONIMM MOMEHT OT
Harpy3kH B KaX/10i TOUKe IpoJieTa He MpeBblIal Hecylel cliocOOHOCTH OaKu.

[IpennoxeHa MeTOAMKA OMPEIENIEHUsI BBICOTHI OaJKW Ha OMOpe, KOTOpas YAOBIETBOPSET
YCJIOBHIO TPOYHOCTH Ha CpPe3 U COOTBETCTBYET MUHUMAIbHOMY pPacXoay cTanu Ha Oanky. s
ATOr0 CcOoCTaBjieHa (YHKIHUS pacxoja CTaJM Ha MOJOBUHY OalKu U ONpPENEeNsUICs €€ MUHHUMYM.
[TpuBeneHbl peKOMEHJAIMKM K PEIIeHUI0 3TOM 3a/laud ¢ MOMOIIbI0 KOMIBbIOTEPHOH MPOTrPaMMBI.
[TocTpoen rpaduk 3aBUCUMOCTH (DYHKIIMH pacxoja CTJIM OT BBICOTHI OaJIKU, KOTOPHIA HUMeEEeT
MUHUMYM.

D¢ GhEeKTUBHOCT, YMEHBIIIEHUS BBICOTHI OajlKW Ha ydacTKax BOJW3HM OIMOp OIEHWBAJIACh
KO3 PHUIIMEHTOM, KOTOPBIH MpeAcTaBiseT cOOON OTHOIIEHWE MHUHUMAIbHOW BBICOTHI Oallku M3
YCIIOBUSL TPOYHOCTH Ha Cpe3 K BBICOTE OaJKu IMocepeAuHe Iposiera. YeM MeHbIIE 3TOT
KOdQPUIMEHT, TeM ONMKe K dIIope H3rHOalolMX MOMEHTOB OT pacueTHOM Harpys3ku Oynaer
pacrniosioxeH Tpaduk (GyHKIMM Hecymeld crmocoOHocTH. B TakoMm ciydae pacxon ctamm OyaeT
MEHBbIIIE.

VYcTaHOBIIEHO, YTO MPH YMEHbIIEHUU JIMHEHHOW Harpy3ku Ha Oajnky W TMOKOCTH CTEHKH, a
TaKXke IpH YBEJIMYEHUU TPOJIETa, YKAa3aHHBIM KOA(pQHUIMEHT CTaHOBHTCS MeHblie. [loatomy,



YMEHBIIIEHUE BBICOTHI OalKW HA YYacTKax BOJM3M OMOpP PEKOMEHIYETCS BBINONHSITH IIPH
OTHOCHUTEIIbHO MaJIBIX Harpy3kax W THOKOCTH CTEHKH W OTHOCHTEIILHO OOJIBIIHMX MPOJICTaX.

KiroueBble ¢jioBa: onTUMH3AINS, U3TUO, BEICOTA OaIKu, TMOKOCTh CTEHKH, YKJIOH HI)KHETO
mosica, MPOYHOCTh Ha Cpe3.
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Abstract. The article presents the results of optimization of the consumption of steel of a
single-span articulated beam loaded with a uniformly distributed linear load. It was assumed that its
composite I-beam cross section was selected according to the maximum bending moment in the
middle of the span from the condition of strength at normal stresses. It is taken into account that
when moving away from the middle of the span to the supports, bending moments decrease.
Accordingly, the necessary moment of resistance decreases.

The study relied on the fact that in order to save steel, it is possible to reduce the cross-
sectional dimensions of the beam in areas near the supports. This was achieved by reducing its
height.

The restrictions on the height of the beam on the support were taken into account, based on
the condition of shear strength.

The minimum slope of the lower belt was determined based on the fact that in any place along
the length of the beam strength at normal stresses was ensured. This is due to the fact that with a
fixed height of the beam on the support and a decrease in the slope of the lower belt, the
consumption of steel on the beam decreases. To solve this problem, an analytical formula is
obtained for the bearing capacity of the beam in the form of a maximum bending moment, which
can perceive a cross section at a certain distance from the support.

The slope of the lower belt was selected so that the bending moment from the load at each
point of span did not exceed the load-bearing capacity of the beam.

A technique is proposed for determining the height of the beam on the support, which satisfies
the condition of shear strength and corresponds to the minimum consumption of steel on the beam.
For this, the function of steel consumption for half the beam was compiled and its minimum was
determined. Recommendations are given for solving this problem using a computer program. The
graph of the dependence of the function of steel consumption from the beam height was
constructed. This graph has a minimum.

The effectiveness of reducing the height of the beam in areas near the supports was estimated
by a coefficient that is the ratio of the minimum height of the beam from the condition of shear
strength to the height of the beam in the middle of the span. The smaller this coefficient, the closer
to the plot of bending moments from the calculated load will be a graph of the bearing capacity
function. In this case, the steel consumption will be less.

It was found that with a decrease in the linear load on the beam and the flexibility of the wall,
as well as with an increase in span, this coefficient becomes smaller. Therefore, it is recommended
to reduce the height of the beam in areas near the supports at relatively small loads and wall
flexibility and relatively large spans.

Key words: optimization, bending, beam height, wall flexibility, lower belt slope, shear
strength.



