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AHoTauis. Y cTarTi HaBelIeH1 pe3yibTaTH ONTHMI3allii 32 BUTpAaTaMH CTaji OJHOMPOJITHOT
HIapHIpHO-001epToi OAJIKU MPU PIBHOMIPHO-PO3NOAUIEHOMY HABAaHTAXKEHHI 32 PaXyHOK 3MEHIICHHS
il BucoTu Oing omop. BuzHauaBcs HaliMEHIINI HaXWJ HMKHBOTO TOSICY BUXOJSIYM 3 TOTO, 100 y
Oyap sKOMy Micli 3a JOBXHMHOIO Oanku Oyna 3a0e3neueHa MILHICTD 33 HOPMaJbHUMU
HaNpyKEeHHSIMH. 3alpoIOHOBaHA METOIMKA BU3HAUEHHS BUCOTH Ol Ha OMOPI, sIKa 33J0BOJIBHSIE
YMOBI MIITHOCTI Ha 3pi3 Ta BiANOBiJae MIHIMAJIbHUM BHTpaTtaMm cTaji Ha Oanky. EdexTuBHicTh
3MEHIICHHS BUCOTHU OalIki Ha JUISHKAX OIS Omop OIiHIOBaJach KOe(Ili€EHTOM, SIKU ABIISIE COOOIO
BITHOIIIEHHS MIHIMaIbHOT BUCOTH OAJKK 3 YMOBHU MIIIHOCTI Ha 3pi3 0 BUCOTH OaJKu MOCEpennHi
IpOJbOTY. 3MEHIICHHS BUCOTH OalKM Ha JUISHKAaX OUI OMOp PEKOMEHAYETHCS MpPHU BIJHOCHO
MaJIMX HaBaHTKEHHIX Ta THYYKOCTSX CTIHKHU 1 BITHOCHO BEJIUKUX MPOJIHOTAX.

KuarouoBi cjoBa: omrumizailis, 3ruH, BHCOTa Oallkd, THYYKICTh CTIHKH, HAXWJI HUKHBOTO
nosicy, MIIHICTb Ha 3pi3.

Beryn. B ymMoBax pHHKOBOI €KOHOMIKH JOCTAaTHbO AKTYyaJbHHM CTAa€ 3MEHILICHHS BUTpAT
MaTepiany Ha OyaiBenbHI KOHCTpYKIiil. [Ipu iX MacoBOoMy cepiifHOMY BUTOTOBJIEHHI €KOHOMIYHUN
edeKT, OTpUMaHMil 32 paXyHOK €KOHOMIi MaTepiaily, MOXKe 3irpaTu BaKJIUBY pojb. TOMY AOILIBHO
PO3IIISIHYTH MOXKJIMBICTH MTPOEKTYBAHHS CTAJICBUX 3BAPHUX 0OAJIOK BUXOJSYM 3 MIHIMAIBHUX BUTpAT
cTai.

AHaJi3 oCcTaHHIX IKepes AocaifxkeHb i myOJikaniil. 3agaui paioHaIbHOTO MPOEKTYBAHHS
CTaJeBUX 0aJOK, IO MPALOI0Th HA 3TUH BUPIMIYIOTHCS Y PSJIi Mpallb NPOBIAHUX BITYM3HAHUX Ta
3aKOpIOHHUX BYeHUX [1-4]. 3okpema, g eKOHOMIii Marepiajdy NpPOMOHYETbCS 3MEHIIYBAaTH
PO3MIpH TMOTEPEUHOT0 Mepepisy Oalku y MiCcIsSX 3MEHIIEHHS 3TMHAIbHUX MOMEHTIB. Yacrime
BUKOHYETHCS 3MEHILIEHHS IIMPUHUA a00 TOBIIMHHU MOSICIB, OCKUIbKM TaKWi BapiaHT € HaOLIbII
npoctuid. [lpu piBHOMIpHOMY pO3MOJAUICEHHI HABAHTA)KEHHS HAHOUIBII BHTiAHE MiCHE 3MiHU
pPO3MIpiB TOSACIB 3HAXOOUTHhCA Ha BiAcTaHi mpubauszHo 1/6 mponboTy Oanku Bing omopu [5-7].
3MeHIIeHHs BUCOTH OalKd MOKE TMPUBECTU O HEOOXITHOCTI 30UTBIIICHHS TOBUIMHH CTIHKH OIS
OTIOp VIS CIIPUMHATTS NOTUYHHMX HAMpPYT, IO Y JCSIKHX BUIAJKaX € TEXHOJOTIYHO HEIOULUIbHUM.
[5-7].

BuninenHss He po3B’si3aHMX paHille YacTHH 3arajJbHOI NpPo0JjeMH. AKTyaJbHUM €
JOCII/DKEHHST MOYKIIMBOCTI MiA0OpY MapamMeTpiB 3MEHILIEHHS BUCOTU Oaliky OUIS OMOp BUXOASYH 13
3a0e3MeYeHHs] TEXHOJIOTTYHIX Ta EKOHOMIYHUX BUMOT MPH HE3MIHHIM TOBIIMHI CTIHKHU. J[OILTBEHO
TaK0>K BU3HAYUTHU MICIIE Y MPOJIbOTI, /1€ BUTITHO MMOYATH 3MEHIICHHS BUCOTH OaJIKH.

ITocTanoBKa 3aBAaHHA PO3rIIsIHEMO OJHOIIPOJITHY HIAPHIPHO-00TIEpTYy OaKy, 3aBaHTAXKEHY
PIBHOMIPHO-PO3NOIIICHUM JIHIHHUM HaBaHTa)XeHHsAM (puc. ).
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Puc. 1. Cxema 0anku

[Tpunyctumo, mo ii CKIageHWid JBOTABPOBHUM TMOMEPEYHHMM mepepi3 miniOpanuil 1mo
MaKCUMAaJIbHOMY 3THHAJIBbHOMY MOMEHTY MocepeauHi NpoiboTy (Mmax) 13 YMOBH MIIIHOCTI 3a
HOPMaJIbHUMH HampykeHHs MU [8]. 3 BigmaleHHSM BiJ CEpeMHU MIPOJILOTY JI0 ONOp 3THHAIbHI
MomeHTH (M) 3MeHIyroThCs. OTKe 3MEHITYEThCS MOTPIOHUH MOMEHT OTIOPY

M
W;wmp = R , (D
Y7/c

ne Ry — po3paxyHKoBUii Omip CTalll CTUCKY, PO3TSTY Ta 3THHY 332 MEXKEIO TeKy4OCTi;

Yc — KOEIIIEHT YMOB pOOOTH.

Tomy, 3 MeTor0 eKOHOMIi cTani MOKHA 3MEHIIYBAaTH PO3MIpU MOIMEPEYHOro nepepizy Oanku
Ha MpUONOpHUX AinsHKax [5]. Lle mocsraerbes, 30kpema, 3a paxyHOK 3MeHeHHs ii Bucotu (h).
Jlns pileHHs 3ajadi, CKiIageMo (QyHKIII0 BUTpAT cTali Ta BU3HAYMMO i1 MiHiMyM. Lle m03BoiuTh
nifidpaTu ONTUMaIbHY BUCOTY OAJIKM Y OMOP 1 YXWJI HIPKHBOTO TOSICY TP MIiHIMAJIBHUX BUTpaTax
MmaTtepiany.

OcHoBHUIT MaTepian i pe3yjbTaTH. Buxoaguu 3 yMOBU MIIIHOCTI Ha 3pi3, IpUIHATa BUCOTA
0anKy Ha OMOPi MOBUHHA 33JJ0BOJBHITH YMOBI [5]

ng
2 max h )
h Ry o )

ne Ry — po3paxyHKoBuUi o11ip cTaji Ha 3pi3;
hs min — MiHIMaJIBHA BHCOTa OAJIKH 13 YMOBH MIIHOCT1 Ha 3pi3.
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SIkmo po3pizHa Oanka OOMHMPAETHCS HAa HUXKYE PO3TAIIOBAHY KOHCTPYKIIIIO 32 JOMOMOTOIO
OTOpHOTO pedpa, MPUBAPEHOrO JO0 TOPLSA, TO B OMNOPHOMY IMOIEPEUYHOMY Iepepi3i JOTHUHI
HaNpy>KEHHs CIIpUiiMae TUIbKK CTiHKA 1 n=1,5.

SIkimo omopHe peOpo 3aBeEHO MDK MOJIKAMHU Ha JAESAKINA BifACTaHI BiJ TOPIA, TO B OTIOPHOMY
MOTIEpeYHOMY Iepepi3i TOTUYHI HaPYKEHHS CIIpUiiMae sIK CTiHKa, Tak 1 monumi. Toai n=1,5.

3 puc.1 BumHO, 110 BUCOTA OaJIKK HA BiJICTaH1 Z BiJ OMIOpH

h =h+VZ, (3)

ne V=tgo HaXuJl HIKHBOTO MOSCY OATKU Ha MPU OMOPHUX AUISTHKAX.
Hecyua 3patHicTh Oankum (MakCMMajdbHUN 3TMHAIBHUN MOMEHT, SKHUH MOXE CIPHIHITH
MOTIEPEYHUI nepepi3) Ha BiACTaH1 Z Bif OTIOpH

M, =WRy., )
ne W, —MOMEHT OIOpY MOIMEPEYHOTO Mepepi3y Ha BiJICTaHi Z Bill ONOpH;
= ]Z
©0.5h, )
I, — BiTnoBigHMIT MOMEHT 1HEPIII;
3 2
t h h
— 0"z hie2
®opmyna s [, € HAGMMKEHOIO TaK K y Hill MpUiHATO, Mo h,= h.
Toni
2
M, =Ry | p i
uz y?/c 6 + ftf z (7
3 ypaxyBaHHsM popmymu (3)
2
t (h,+VZ)

[Tpu ¢ikcoBanomy h; Ta 3MEHIIEHHI HaXWJy HIKHBOTO MOSACY V, BUTPATH CTali Ha Oalky
3HWXKYIOThCS. TOMy ciif 3HalTH HailMeHIIe 3HauyeHHs V, NMpH KoMy B Oyab sSKOMY Miculi 3a
JOBXHHOIO Oanku Oyna O 3abe3meyeHa MIIHICTh 32 HOPMaJbHUMH HANpYXEHHSMH, TOOTO
BUKOHAaHA yMOBA

WZ <Ry, )
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abo
M. <WRy =M, (10)

ne M, - 3ruHaJIbHUIl MOMEHT BiJl PO3paxyHKOBOTO HaBaHTa)KEHHS Ha BiICTaH1 Z Bijl OTIOPH;

1
Mz=§qZ(L—Z). (11)

3’sicyemo sk Burisaae rpagik ¢pynkuii My, s nporo 3Haxoanmo i mepiry ta Apyry noxiaHi

M, t (b +VZWV
— SRy bV, (12
d’M, tV?
ol Ry, 3 (13)
d’M

ITpu 6ynp sxomy Z>0 npyra moxiaHa 47> >0 . Tomy rpagik ¢pyukuii My, € Brayruit

[0 BIJHOIIEHHIO J0 BEPTUKAJIBHOI OCi OpaMHAT, sKa HampasieHa BHU3 (auB. puc.l). I'padik
2
d*M.

¢bynkuii M, € BUyK/IMiA 10 BIAHOIIEHHIO JI0 Ti€l e oci ToMy IO d7> -

SIKOMY Z.

3 dbopmynu (8) BuruMBaEe, Mo npu (ikcoBaHoMy Z Ta 3MeHIIeHHI V, My, 3MeHmyerbes. Lle
o3Hauae, mo rpadik ¢GyHkiii My, HaOIIMKAETHCSA 1O TOPU3OHTAIBHOI 0Ci abCHIUC MO Mipi 3HUIKEHHS
V.

IIpy upoMy MOXHA 3HAaWTH Take 3HaueHHA V=V, npu skomy rpadix ¢yskuii M,,
IoTOpKHEThCs rpadika Gynkmii M, y neskiid Touri A Ha BiacTani Z Bif omopu. Y il Todii Oyme
BHUKOHYBAaTHCh PIBHICTb

My ~=M.. (14)

3 rpadikiB GyHkuii My, Ta M, (nepumuii — BrHyTHH, a IpYTUil — BUITYKJIUI) BUITUIMBAE, IO Y
pemTi TOYOK MO JOBXHMHI Oanku Oylne BHKOHYBATHCh YMOBAa MIIIHOCTI 3a HOPMAaJbHUMH
HaNpyKEeHHIMH

M. <M, . (15)

Sxmo nami 3meHmyBata V (To0To mpuitmatu V<Vj), T0 y Touni A M,, cTaHe MeHIIe HiK My,
TOOTO MIlIHICTh 3a0e3neueHa He Oyae. Tomy, 3HaueHHs V=V, npu skomy y Toulli A M ~=M,, €
MIHIMaJIbHO JAOMYCTUMUM Ta BIANOBIAAa€ MIHIMyMY BUTpAT CTaji MpH (ikcoBaHii BUCOTI Oanku Ha
omopi h;.

Komu obunsa rpagika JOTOPKAIOTHCS OAMH JI0 1HIIOTO Yy TOYIi A, iX mepIui MmoxigHi y Imii
TOYIII OJTHAKOBI:
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dM, dM,,

- . 16

iz~ dzZ (10

Po3p’s3aBmu ciinbHO piBHsAHHA (14) 1 (16) MOXHA 3HANTH MIHIMAJIBHO JTOMYCTUME 3HAUCHHS
V=V, ta Benuuuny Z=Z7o.BignosinHa cuctema ABOX PIiBHSHB 3 ABOMAa HeBimoMuMu Vi Ta Zj Mae
BUTJIA:

-

1
Lonli-z)=ry,

2
ZLa)(hl + VOZO) +bftf(hl + VOZO)

1 t\h+V,Z,)V, .17
5q(L—2ZO)=Ry7/{ w( 1+30 O) - +bfthOi|

[Ticnst ii po3B’sI3aHHS OTPUMAEMO:

__ 4L _
VO o 2Ry7/cbftf [(1+ p) \/(2 + p)(p + Ql)]’ (18)

0.5qgL—R yVyb,t,(1+ p)
=
1

2 ) (19)
3Ry70ta)V0 + q
pi(S]
b= ht, 4Ry hbt,
B, 2 g @0

Po3B’s3anHs cuctemu piBHSAHB (17) y 3araqibHOMY BUIJIAL SIBJISIE COOOIO JOCTAaTHBO CKIIAJHY
anreOpaiuny 3agady. CipocTUTH HOro MoskHa 3a JOMOMOTro10 KoM totepHoi nporpamu MathCAD.
Jnis uporo ciif 3actocyBatu komanau Given ta Find.

[Tpu nesikomy 3HaueHHi Z=X (auB.puc.l) Bucora Oanku h, Oyne mopiBHIOBATH BeMWYHHI h,
sgKa OTPUMaHa NpHU MiAOOPiI MOMEPEYHOro IMepepizy MocepenuHi MPOJIbOTY MO MaKCUMalbHOMY
3ruHaIbHOMY MOMeHTy. Toni (auB. popmymy (3))

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

X = . (22)

ITpu Z>X BucoTa GalKy 3aJIMIIAETHCS MOCTIHHOIO Ta nopiBHIOE h. ToMy 1 Hecyda 31aTHICTb
Oanku Mk Toukamu B ta B y cepenniit yacTuHI Ipoab0Ty Oy/ie TOCTIMHOIO Ta PIBHOIO
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M. =Ry |%"h
uz,max y?/c 6 + flf . (23)

I{s BenmmumHa Hebarato OuTbIIA 32 Mp,y, TOMY IO MAOIP PO3MIPIB MOMEPEUHOTO TEpepizy
BUKOHYETHCSA 3 JICSIKUM 3aI1acOM MIITHOCTI.

Bucora Ganku Ha omopi h;, sika 3a10BOJIBHSIE YMOBI MIHOCTI Ha 3pi3 (muB. Gopmyny (2)),
MOJKe IpuiiMaTu pi3Hi 3HaYeHHsA. ToMy MOXHa cripoOyBaTH 3HAUTH Take 3 HUX, IIPU SIKOMY BUTpaTH
craji Ha Oanky OynyTb MiHIMaJbHUMH. [ 1BOTO CHi 3afaTuCs PAIOM 3HA4YeHb h; 3 JEsIKUM
KPOKOM, 1 MPH KOXXHOMY 3 HHUX 3HAWTH CBOi 3HaueHHS V( Ta X, sKi BiANOBIIAIOTh JOTOPKAHHIO
rpa¢ikiB ¢pyHKIiH My, Ta M.

@OyHKIIis BUTpAT CTaJli HA MTOJIOBUHY OallKi MA€ BUTIISA;

m;=p, 3t, (h—2tf %—X +X %—25 +

+bftf|:L—X+\/X2+(h_h1)2:|}, (24)

1€ Per — MATOMA Bara CTai.

3amaua Oynma po3B’si3aHa 3a JIOMOMOrol0 Komi 'torepHoi mporpamu  MathCAD  mpu
KOHTPOJBHUX BUXITHUX AaHuX. [loOymoBaHuii rpadik 3aJeKHOCTI Mg Bim h, SKUH Mae 4iTKO
BUpaXKeHuit MiniMyM. Floro 3aranbHuii BUTIIs HaBeIEHHIT HA puC.2.

|
L

h1, onr hs. min h-|

Puc. 2. 3aranbHuit BUrisia rpadiky 3aiexHocTi mg Bix h

SIkmo 3HavyeHHs h;, mo Binnosimae nboMy MiHIMyMY (hi o) MEHIIE 32 MiHIMaIbHY BHUCOTY
OaJKH 3 YMOBH MIIIHOCTI Ha 3pi3 (auB. Gpopmymy (2)),

n
hs min = QmaX
Ry,
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TO, SK BUAHO 3 Tpadika, MIHIMATLHUM BHUTpatam cTami BiamoBimae hy=hg i, (mpuitmaTu
h;<hsmin He MOXHA). Y MPOTHICKHOMY BHUMAAKY MIHIMATbHUM BHTpaTaMm CTalli BimmoBimae h;=
hlonT-

EdexTuBHICTS 3MEHIIICHHS BUCOTH OQJIKM Ha TUISHKAX OUIS OMOp TUM OUTbINa, YUM MEHIIE
hs min TOPiBHSHO 3 h, TOOTO UMM MEHIIIE BITHOIICHHS

hs,min
k = T (26)

VY upomy Bumaaky rpadixk ¢yHkmii Hecywoi 3matHocTi O6anmku M, Oyne po3TamoBaHuit
OMIKYe 10 eMIOpu 3rHHAJIBHUX MOMEHTIB BiJl pO3paxyHKOBOTO HaBaHTaXeHHs M, (1uB. puc 1), mo
BIJINIOBIIa€ MEHIIIMM BUTpPATaM CTaJli.

3’sicyeMo, TpH AKHX MapaMmerpax Oanku koedimieHT “K” € BiZHOCHO HeBenuKuil. Y
BIJIOBIAHOCTI 3 TPATUIIITHIM M1IX0I0M BUCOTY OaJIKi MOCEPEANHI MPOIBOTY 3HAXOIATh BUXOITIH
3 MIHIMYMY BUTpAT CcTaji 1o ¢popmyii [7]

3
h=3=AW
2o (27)

nomp

1€ A, - 3aJ1aHa MOCTiifHA THYYKICTh CTIHKHU;
Wiorp — HOTPIOHUI MOMEHT OIOPY 3 YMOBH MILIHOCTI 32 HOPMaJIbHUMU HAIPYKEHHIMU;

M L
Woomp =7 == 8; , (28)
yj/c yj/c
_al’
M, .= ry (29)
3 popmyn (27) Ta (28) orpumaemo
3 L
= h ey, o
WV e
3 ypaxyBaHHSM TOTO, 1110
g, _ M
Qmax :7 Ta © i 31)

3 popmynu (25) maemo

[0

s, min = 2RS7/C h . (32)
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[TincraBisieMo hg min Ta h 'y popmymy (26)

h
smn _ gL A, 5

h 2Ry, I

(33)

BucnoBku. 3 ¢popmynu (33) BUIHO, IO YUM MEHIIE JIiHIHHE HAaBAaHTAXXCHHS ( Ta THYYKICTh
CTIHKH A, Ta yuM Oinbie npouit L, Tum K menme. Tomy, 3MeHIIIEHHS BUCOTH Oallku Ha AUISHKaX
OUIsT OMOp PEKOMEHAYETHCS MPH BIJHOCHO MAajJMX HAaBAHTAXKEHHSAX Ta THYYKOCTAX CTIHKH Ta
BIZTHOCHO BEJIMKHX IPOJIHOTAX.

BcranoBneno, mo uuM MeHme n, TuM MeHme K. Tomy, omopHuii By3onm Oanku
PEKOMEH/YEThCS KOHCTPYIOBATH TaKHMM YMHOM, 1100 OMOpHE pedpo HEe MPUBApPIOBAJIOCh J0 TOPIIL
(xomu n=1.5), a Oyno 3aBe/ieHe MIX TOJUIIMU Ha JISSKii BiIcTaHi Bif Topis (Ko n=1.2).
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AHHoTaumsa. B crathbe mnpuBeAEHBI pe3yNbTaThl ONTUMHU3AIMM [0 PACXOAy CTalIH
OJTHOTIPOJIETHOW  IIAPHUPHO-ONEPTOM  Oanku, 3arpykKeHHOH  paBHOMEpPHO-pacIpeaeeHHON
JMHEWHOU Harpyskoil. IIpenmonaramoce, 4To €€ COCTaBHOE ABYTaBPOBOE IIONIEPEUYHOE CEUYEHUE
noso0paHo MO0 MAaKCHMAJbHOMY HW3THOAIONIEeMY MOMEHTY IIOCepeIMHE TMpOJieTa U3 YCIOBUS
MPOYHOCTU MO HOPMAIBHBIM HANPSHKECHUAM. YUYTEHO, YTO MPH YIAJIEHUU OT CEPEIAMHBI MpojeTa K
oropaM, HM3rudarIMe MOMEHThl yMeHbIIatoTcsa. COOTBETCTBEHHO YMEHBIIAETCS HEOOXOIUMBIN
MOMEHT COIPOTHBIICHHS.

HccnenoBanue onupanock Ha TO, YTO B LENAX SKOHOMHH CTAJIH MOXXHO YMEHBIIATh pa3Mephbl
MOTIEPEYHOT0 CEYeHMs OAJIKM HA Yy4acTKax BO3JE OMOpP. DTO JOCTUTAJIOCh 332 CYET YMEHBIICHUS €
BBICOTHI.

bbun ydTreHsl orpaHHMueHHs Ha BBHICOTY Oalki Ha OIMOpE, UCXOAS U3 YCIOBHS MPOYHOCTH HA
cpes.

Onpenensiyicss MUHUMAJIBHBIA YKJIIOH HHXKHETO T0sICa UCXO/s U3 TOTO, 4TOOBI B JIIOOOM MecCTe
1o JuiHe O6ajKu Obuta oOecrieyeHa MPOYHOCTh 110 HOPMAaJIbHBIM HANPSDKEHUSM. DTO CBSI3aHO C TEM,
YTO NpU (PUKCUPOBAHHON BHICOTE OAJIKU HA OMOPE U YMEHBIICHUU YKJIOHA HIXKHETO T0sCa, Pacxo/
cTaju Ha Oanky cHibkaercs. Jlis pemeHus Takoi 3a1a4yu, MoJydeHa aHaIuTH4eckas Gpopmyna amis
Hecylel crocoOHOCTH Oalky B BHJE MaKCUMAJIBHOTO M3TMOAIOIIEro MOMEHTa, KOTOPBIA MOXKET
BOCIIPUHSTH MOTIEPEYHOE CEUCHHE Ha ONPEICTICHHOM PAaCCTOSHUU OT OTOPBIL.

VKIOH HIKHEro mosica MoAOupajncs TakuM o00pa3oM, YTOObI HM3rHOaromMii MOMEHT OT
Harpy3Kd B K20 TOUKE MpoJieTa He MPEBBIIIAN HECYIIEH CIIOCOOHOCTH OalIKH.

[IpenyioskeHa MeTOAMKa OMpEAETCHUs BBICOTHI OAlKH Ha OMOpe, KOTOpas YIOBIIETBOPSET
YCJIOBHIO TPOYHOCTH Ha CPe3 U COOTBETCTBYET MHUHUMAJILHOMY pacxoay craiu Ha Oanky. s
3TOTO COCTaBJeHAa (PYHKIMS PacxoJa CTAIM Ha TOJOBUHY Okl M OIpEnesuics €€ MUHUMYM.
IIpuBeneHbl peKOMEHJAUUU K PELICHHUIO 3TOW 33Jaud C IMOMOIIBIO KOMIIBIOTEPHON INPOTPaMMBI.
IToctpoen rpaduk 3aBUCHMOCTH (PYHKIIMHM pacxoja CTald OT BBICOTHI Oallki, KOTOPBIA HMEET
MUHUMYM.

D¢ (eKTUBHOCTh YMEHBIICHUS BBICOTHl OaJKM Ha y4yacTKax BOJU3M ONOpP OLEHHBAJIACH
KO3 (UIIMEHTOM, KOTOPBIM MPEACTaBISET COO0OW OTHOIICHHE MUHUMAIBHON BBICOTHI OallkKu W3
yCIOBHUS TIPOYHOCTH Ha Cpe3 K BBICOTE Oallku IMocepenuHe ImpoJieTa. YUeM MeHbIIe STOT
KO3 uureHT, TeM OJKe K 3IMIope H3rHOAoNIMX MOMEHTOB OT PAcueTHON Harpy3ku Oyzaer
pacmnonioxkeH Tpaduk (QYHKIMU Hecyled crmocoOHocTH. B Takom cimydae pacxoj cranu Oyaer
MEHBIIIE.

Y CTaHOBJIEHO, YTO NMPHU YMEHBIICHUU JTHMHEWHOW HAarpy3Kd Ha Oaliky W TMOKOCTH CTEHKH, a
TaKkKe IPH YBEIMYECHUHU TPOJIETa, YKA3aHHBIM KOA(PQHUIMEHT cTaHOBHUTCA MeHblIe. [losTtomy,
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YMEHBIIIEHUE BBICOTHI OaNKW HA YYacTKaxX BOJNM3H OMOpP PEKOMEHAYETCS BBIMONHATH MPH
OTHOCHUTEIILHO MAaJIbIX Harpy3Kax U THOKOCTH CTEHKH U OTHOCUTEIILHO OOJIBIIUX MPOJIETaX.

KiroueBble cjioBa: oNTUMH3AIMS, U3THO, BEICOTA OAlIKU, THOKOCTh CTCHKH, YKIOH HUKHETO
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.
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