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AHAJIN3 HAC HEJIMHEAHO-YIIPYT O IUIUTHI HA
JUHEWHO-YIIPYTOM OJ{HOPOJHOM IOJYITPOCTPAHCTBE

Cemenwk C./1., Kymamos P.B.

BBenenne. B yclioBUsX COBPEMEHHOI'O CTPOUTENHCTBA, OCHAIIEHHOTO BBICOKOIPOU3BOIUTEIb-
HBIMH MEXaHHU3MaMH U OCYILECTBIIIEMOTO B C)KaThle CPOKH, BAXXHO 00ECHEUNTh HEMPEPHIBHYIO U
OecriepeOOoiiHYI0 JOCTaBKY CTPOUTEIBHBIX MAaTEpUaoB M U3JIEIHH K BO3BOJUMBIM COOPYKEHUSIM.
OTO BO3MOXHO OCYIIECTBUTH MPHU YETKO OPraHM30BAaHHON paboTe aBTOMOOMIJILHOTO TPaHCIOPTA,
00€CTeYeHHOro0 OBICTPO BO3BOAMMBIMH JIOPOTAaMH, HAJISKHBIMU B DKCIUTyaTallUM MPH JTIOOBIX IMO-
TOJHBIX YCIOBHUSX.

B nacrosiiee BpeMs npu Bo3pociiieil YMCIEHHOCTH aBTOMapKa BO BCEX OTPAcisX HAPOIHOIO XO-
35MCTBAa OOBIYHBIE JOPOTU /TPYHTOBBIC, TPABUHHO-IIEOCHOYHBIE/ HE YIOBJICTBOPSIOT MOJTHOCTHIO
TpeOOBAaHUSAM TOBBILIICHUSI POU3BOAUTEIBHOCTH aBTOTpaHcnopra. [loxoe cocTosiHue aBTOI0pOT
BBI3BIBAET YAaCTble MPOCTOHM, aBapUU aBTOTPAHCIIOPTA M JAPYTUX MAIIMH U MEXaHU3MOB, MpEXe-
BPEMEHHBIN UX W3HOC, MPUBOAUT K MEPEPACcCXOy TOpPIOYe-CMa304YHbIX MaTEPHAIIOB.

3arpaunBaeMble Ha HEMPEPHIBHBIM PEMOHT JOpOr OOJbIIKME CPEICTBA M TPYIOBBIE PECYPCHI
OOBIYHO HE JAIOT JOJDKHOTO 3¢ (deKra, a MPUMEHEHHE MOHOJIUTHBIX MOKPHITUN KalUTAIBHOTO THIIA
00XOUTCSI OYEHB JTOPOTO.

[Tpumenenne cOOpPHO-pa30OPHBIX MOKPBITHI U3 KeNe300€TOHHBIX IUIMT IO3BOJISIET M30EkKaTh
Ype3MEepHOro pacxojia MaTepuaoB U CPeACTB. bynyun HaJeKHBIMHU B SKCIUTyaTallMH, 3TH JOPOTH
OTBEUAIOT TPeOOBaHMSIM, BBIIBUTAEMBIM HYXJAAMH HApOJHOTO Xo03sicTBa. Takue JOpOru MOXKHO
CTPOUTH B JIF000E BpeMsl T0/1a, Ha JTI0O0M TPYHTE U Cpa3y ke IKCILTyaTUPOBATh; CTPOUTEIBCTBO MX
MOJIIAETCS TIOJTHOM MeXaHHU3alluu, He TpeOyeTcsl CrenHnaabHoro o0opyaoBanus U MamuH. COopHbIe
IUTUTBHl MOTYT M3TOTOBJISITHCS KaK B 3aBOJICKMX, TaK U B MOJIMTOHHBIX YCJIOBUSAX 0€3 MPUMEHEHUS
CHEIUaILHOTO 000PYIOBAHUS.

Opxnako, HepaBHOMEpHBIE JePOpMallUd OCHOBAHMUS U HECUMMETPHUYHOCTH MPUIIOKEHHS Ha-
I'PY3KH MPUBOJAT K BOZHUKHOBEHHUIO B CEUCHHIX JOPOKHBIX IIUT M3THOAIOMIMX M KPYTALIMX
MOMEHTOB, YTO MaryOHO CKa3bIBAETCS HA JKCITyaTallMOHHBIX XapaKTEPUCTHUKAX JAAHHBIX IUIHT.
B o0mem ciiydae mianThl paboTarOT HA MOMEPEYHBIN U3ru0 ¢ KpydeHHEM, B YaCTHOCTH — Ha TI0-
nepeunbiit u3rud. [loaToMy Tpedyercst yUuTHIBaTh BIUSAHHE KaXKJIOTO M3 BO3JAEHCTBUI Ha HECY-
IIYI0 CITIOCOOHOCTH keJIe300€TOHHBIX TUIMTHBIX KOHCTPYKUUN MPH UX MPOEKTHUPOBAHUU U H3TO-
TOBJICHHH.

Crarnyecknii pacuer. CTaTUYECKUIN pacyeT MJIUTHI HA YIPYTOM MOJYIPOCTPAHCTBE BBIMOJIHS-
em criocoboM JKemoukuHa. JIaHHBINA MOAXOJ MO3BOJISIET PACCUUTHIBATH IJIUTHI HA MPOU3BOJIEHOM
JUHEWHO-YIIPYroM J1eOopMUPYEMOM OCHOBAHUU JIIO00H (POpPMBI B IJIaHE M 3arpy’KEHHbIE MPOH3-
BOJIbHON HOPMAJIBHOM K CPEJMHHOMN IJIOCKOCTH IUIMTHI BHELIHEHN Harpy3kon [1].

AJTOpPUTM CTaTUYECKOIO pacdera KeJe300€TOHHOM TUIUTHI Ha YIPYTOM MOIYIPOCTPaHCTBE Ipe-
JyCMaTpHUBAeT IIaroBbI METOJ MOCIEA0BATENbHBIX MPUOIMKEHUN C UCTIOIb30BaHUEM UTEPAIMOH-
HOT'O METOJa YNPYTHX PEUIeHUH JJIs BBIYMCICHUS OTHOCUTENBHBIX JehopMaluii B 3IeMEHTAPHbBIX
TUTOIIAKAX.

[Tnuta pazOuBaeTcsi HA mxn TPSIMOYTOJBHBIX y4acTKOB (pucyHok 1). B cepemmne kaxmoro
y4acTKa CTaBUTCS CBS3b, Y€PE3 KOTOPYIO OCYLIECTBISETCS KOHTAKT IUTUTHI C YIPYTUM OCHOBAHHUEM,
a B LIGHTPE IUIMTHI BBOAUTCS 3amemiieHue. [IpuHumaercs, 4To ycuinne B KaxI0i CBS3H BBI3BIBAET
PaBHOMEPHOE pacHpeesieHue PEaKTUBHBIX JABJICHUH B Mpeeax ydacTka [2].
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Pucynok 1 — IIpumep pa3OuBKH IUIMTHI HA IPSMOYTOJIBHBIE YYaCTKU

Cucrema KaHOHUYECKUX YpaBHEHHH criocoOa JKemounHa UMeeT BUI

n n
Z} kzlsikRk oY TPy X TUgtA, =0
= =
n
'_zszyk_%A[pxz(x
k=1 (1)

n
—kZ::lexk +Mpy =0;

n
—ZRk +0=0,
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e Uy, @, gooy — NIMHEHHOE U YITIOBbIE MEPEMEICHNs BBEICHHOrO 3amiemneHus Ha mmre; O, M

b

pxX

Mpy - paBHO,[[eﬁCTByIOH.[aH BHCIIHHUX CHJI, HCﬁCTByIOH.[HX Ha IUIUTY, 1 €€ MOMCHTBI OTHOCUTECJIbHO KOOpAU-

HaTHBIX OCCfI; Rk — PCAKTUBHBIC YCUJINA.

B cBoto ouepenp Kaxablil yUacTOK pacCMaTpPUBAETCSl KaK COBOKYITHOCTh AJIEMEHTapHbIX ILIONIA-
AOK, B MpCAciiaxX KOTOPBIX I[e(l)OpMaI_II/II/I CUUTAKOTCA paBHOMCPHO pacCIpCaACIICHHBIMUA, a 110 BBICOTEC
CEUYEHUS JIEMEHTA CBSI3aHHBIE TUIIOTE30M IJTIOCKUX CeYeHUH [3].
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Pucynok 2 — PacueTHoe nonepeyHoe ceYeHre IINThI U paclpeiesieHre
nedopMaruii 1 HarpsHKCHUMA

ApMHUpOBaHWE TUIMTHI 3aMEHSEM HJIEMEHTAPHOW IUIOIIAJKON SKBHUBAJICHTHOM TOJIIUHBI

A
h=5 p - Tae AS — CyMMapHasl IJIolaJb apMaTypbl BO B3aUMHO MEPIEHIUKYISAPHBIX HarpasJe-

HHAX.
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CBs3b MEX/y HanpsOKEHUSIMU U ieopManvsiMi O€TOHAa IPUHUMAaeM B BUje OMIMHEHHON ua-
IrpaMMBbI (PUCYHOK 2), B COOTBETCTBHH C KOTOPOM AMIOpa HOPMAIBHBIX HAMPSHKCHUH B O€TOHE CKa-
TO 30HBI IPEJICTABIIAETCS B BUJE NPAMOYTOJIbHOU Tpaneuuu [4]:

fed |— — —

Pucynok 3 — I'paduk 3aBUCHMOCTH «HANPsXKEHUE-OTHOCUTENbHAs AeopMarusy Uit 6eToHa

B kauectBe nuarpammsl Ae(OpMHUPOBaHUS apMaTypbl, UMEIOLIeH (U3NYEeCKUil Impeaen TeKyde-
CTH, IpUHUMaeTcs OnnnHeitHas quarpamMa [lpanarus [4].

oscu | — — —
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Pucynok 4 — I'paduk 3aBUCUMOCTH «HAIPSHKEHUE-OTHOCUTENIbHAS ehOopMaITis»
JUISl apMaTypHOU CTamu

[Ipu 3amaHHOM YCHJIMHM OT BHEUIHEW HArpy3KH 3aJaeTcsi MOJOXKEHHE IIeHTpa M3ruda ceueHHs
IUTMTHI B IPENONI0KEHUU YIPYroi paboTel 6ETOHA U apMaTypbl

n
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E . — % 1-TO¥A % :
rae L . — HavalbHEIA MOYJIb YIIPYTOCTH OeToHa WM apMaTyphl i-TOW JIEMEHTAPHOU IJIOMAIKY;
z ; —paccTosHue OT BBIOPAHHOM OCH JIEMEHTA JI0 IIEHTPA TSHKECTH 1-TOM AIIeMEHTapHOM TUTOIIA K

Ai — TUIOIIA b CEYCHHUS 1-TOU AJIEMEHTAPHOM TUTOIIA/IKH;

n — KOJIMYECTBO IEMEHTAPHBIX IIJIOIIAJ0K O€TOHA U apMaTypBhI.

[Tpu onpenenennu nporuOOB U KPUBU3HBI TUIUTHI OTPAHUUUMCS CIIETYIOIIUMU JTOMYILIEHUSIMH:

1 — TOYKM IUINTBI, JEKALUE A0 3arpy’KEHHsI HAa HOPMAJIA K HEUTpaibHON MOBEPXHOCTH, OCTAIOT-
csl B Ipoliecce u3ruda Ha HoOpMalli K ee HeHTpallbHOW OBEPXHOCTH;

2 — HOPMAJILHBIMM HAaNPsHKEHUSIMU B HAIIPABJICHUH, ITIONIEPEYHOM B HEMTPAIbHON MOBEPXHOCTH,
JOTTYCTUMO TIpeHeOperaTh.

OCHOBBIBAsICH Ha THX JOIMYILIEHUSAX MBI CMOKEM BCE KOMIIOHEHTHI HANPSOIKCHUM BBIPA3UTh 4Ye-
pe3 Mporud MIUTHI, ABJSAIOMUNACS (QYHKIMEH ABYX KOOPAMWHAT B IJIOCKOCTH IUIUTHI [5]. DTa (yHK-
U TOJDKHA YJOBIETBOPSTH U PepeHIINaTbHOMY YPAaBHEHHIO B YACTHBIX MTPOU3BOIHBIX:

0w 9 o'w  otw B
ox’ 8x26)/2 8y4

ITporu6s! HeiTpanbHONW MOBEPXHOCTU IUIUTHI OYZEM HCKaTh B BUAE OCOOOI0 PELIEHUS U COBO-
KYITHOCTH YacTHBIX pereHunit Knebma [6]:

W(x,y) = W0 (x,y)+ iAan (x,y);

0. 3)

n=1
N T
12 52 22 2 2 2 yz 2 yz
x| 1+1n b2+b2 - b2+b—2 In b—2+b—2 —(b—erb—z In b—2+b—2 ; 4)
Wl(x’y)_é_y_j’ Wz(’ ) 2i2y5
b” b b
FE N
w5 ( :y)_g b_2+b_2 ; W4(x,y)—z oty e

rne W, (x, y) — ocoboe pewenne; W, (x, y) — gactHoe pemeHre KieOmia, anpuopu yaoBIETBO-

psiIolllee YpaBHEHUSIMU PABHOBECHS IUIUTHI C 3aIEMIIEHHON HOPMAJIBIO I10J JEHCTBUEM COCPELOTO-
YEHHOM CUJIBI U KHHEMATUYECKUM I'PAaHUYHBIM YCIIOBUSIM B 3aLLEMIICHUU; [, Z — KOOPJAUHATHI TOUYKHU

MIPUJIOKEHUST COCPEILOTOUYCHHON CHUIIBL, An— HeomnpeeaEéHHbIe KOdPPUIMEHTBI; b — HEKOTOpBI

JIMHEHHBIN pa3Mep IUIUTHI.
[Tpu onpenenennu Ko3(pGUIMEHTOB KAHOHUYECKUX ypaBHEeHHUH criocoba JXXemoukuHa Juist pac-
YeTa MPSIMOYTOJIBHOH IIUTHI Ha POU3BOIIEHOM YIPYIOM OCHOBAHUYM MOKHO HAITHCATh:

(P=1)(1—V§) 0 | (le)bz x2 y2 Xy
5, = p (Fik+Fl.k)+—D Ay | 707 [42B, 75 4

; )

0 . .
rue F;'k — 0e3pa3MepHas QyHKIMS Ul ONpeAeIeHNs IepeMEIeH!I TOUKH 1 Ha IOBEPXHOCTHU YIIPY-
roro OCHOBAHUs OT JCHCTBUSA €AUHUYHON CUJIBI, PABHOMEPHO PACIPEAEIEHHOM 110 IPSIMOYIOJIbHO-
1 0
My Y4YacTKy K MOBEPXHOCTH MOJIYHPOCTPAHCTBA; Fik — KOPPEKTUPYET Fik IIPUMEHUTEIIBHO K pac-

CMaTpUBAaEMOl MOJIENI YIIPYTroro OCHOBAHMSI.
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[Tpu onpenenernn Kod3(pPUIHMEHTOB KAHOHUYECKUX YPABHEHUH IIMIIMHAPHYECKAs KECTKOCTD SIB-
JIA€TCSl HEJTMHEMHON BETMUYMHON U ONIPEJEISAETCS CICAYIOIINM BhIPAXKEHUEM

h—zo 2
p- [ FEE) 4 ©
~z, l—V(Z)

Tak KaK aHaJTUTHYECKOE BbIpaKeHHe (YHKIIUU E(Z) HEU3BECTHO, TO ISl BEIUMCIICHUS UHTETpa-

Ja Bocrosib3yeMcs (hOopMyJoi mpsIMOYTOJIbHUKOB. Torja BeIpaskeHUe JJIs HUIMHIPUYECKOH JKecT-
KOCTU NMPUHUMAET BU/

Ez.2
L, 7)

D:Z
i-11

2

1

14

ITocne penieHHs CUCTEMBI KAHOHMYECKHUX YPAaBHEHHMH IO HAWJCHHBIM 3HAYEHHUSM PEaKTUBHBIX
yeunuii R 4 HAXOJATCS PEaKTHBHOE JaBJICHHE IO/ IUIUTON U pacpe/ieNIeHHe 0CaT0K S ke

KpuBu3Ha HENTpanbHON MOBEPXHOCTH IUIMTHI B ABYX B3aMMHO MNEPIEHAMKYJSPHBIX Hampasiie-
HUSIX, @ TAKXKE OTHOCUTEIBHOE KpyueHHE MOBEPXHOCTU OYyyT paBHbI

1 o*w 1 02w 1 0w
_:——2; —:——2; —:a . (8)
r. Ox r dy -~ X0y
C y4eToM KOHEYHBIX Pa3HOCTEH MOYKHO 3aluCaTh
1 Si+1,j_2Si,j+Si—1,'_
= 2 :
r Ax
1 Si,j+1_2Si,j+Si,j—1.
= 2 :
l"y Ay
L S S S S b 9
,,__( R A P R P i—1,j—1)'4AxAy ©)
Xy
i=2.m—-1;
j=2.n—1.

OTtHOCUTENbHBIC ePOPMAIHU CII0S, OTCTOSIIIETO OT HEUTPAILHON MOBEPXHOCTH HAa PACCTOSIHUH
z,
; OynyT paBHBI

£ .:—(ZO_Zi); £ .:—(ZO_Zi)' £ .=—(ZO_Zi). (10)

Janee o quarpammam Je(OpMUPOBAHUSI C YIETOM HaNICHHBIX OTHOCUTEIBHBIX JIeopMalvii Haxo-
JIAM CEeKYIIHe MOy JepopMaliiy 1, ¢ y4eToM 3aKoHa ['yka, HarpsuKeHHsl B SJIEMEHTapHOM CIIO€.

E. E.
— i . — l . — — l
axi—l_vz(gxi+vgyi), O'yi—l_vz(gyl.+vgxi), rxyl.—ZGg S (11)

Ecnu HanpsbkeHMs pacTspKeHUsl B O€TOHE 3JIEMEHTApHOM IJIOLIAJKU MPEBBIIIAIOT Mpe/eIbHbIe
3Ha4YeHHUs, ITO CBUJIETENILCTBYET 00 00pa30BaHUM TPELUHBI B 3TOH MuIomaake. B nanpHeimux pac-
4eTax 0CeBas JKECTKOCTh OTOM 3JIEMEHTAPHOM IUIOAAKU IPUHUMAETCS PAaBHOM HYIIIO.
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Hailinennble MOJynu BBOJSTCS B pacueT B HOBOM pacueTHOM Lukie. KputepueM OKOHUaHUs
mporiecca Mocyie0BaTeNbHBIX MPUOIKEHUN SBISIETCS CpaBHEHHE OOLIMX Jae(OopMaIlMOHHBIX Ma-
paMeTpoOB Ha CMEXKHBIX dTarax.

IToce OKOHYaHUS UTEPALIMOHHOTO MPOLECCA 110 U3BECTHON KPUBU3HE IUIUTHI ONIPEIENIEM U3TH-
Oarolye U KpyTsIue MOMEHTBI, JEHCTBYIOIUE B CEYEHUE IUTUTHI OT 331aHHBIX HAarpy30K

M _ =D i+vi ; M =D L+vi ;M :D(l—v)L. (12)
* r r Y r r s r
x y y x Xy

Hecymasi criocoOHOCTHh IUIMTHI NPH JeiicTBUUM M3rudawmero MoMeHta. I[IpodyHocts HOp-
MaJIbHBIX CEYEHUW HAXOAMUTCS B 3aBUCUMOCTH OT CTEIIEHH HCIOJIb30BAHUS COMPOTUBIIEHUS CKATOTO
O0eroHa U pacTaHyTOl apMarypshl. [Ipu pabote xene300eTOHHBIX IIUT JOPOKHOTO MOKPBITUS TPSI-
MOYTOJIBHOTO CEYCHHSI, aPMUPOBAHHBIX CTAIBI0, UMEIOIIECH (PU3NUECKHil Ipeien TEKy4eCTH CUnTa-
€TCsl, YTO CONPOTUBIICHHUSI OETOHA U apMaTypPbl UCIIOJIb30BaHBI MTOJIHOCTbIO.

[IpoBepKy MpOYHOCTH HOPMaJIbHBIX CEYEHHUI TIPOU3BOINUM U3 YCIIOBuUs [6]:

M<M, =0.5fcd-b-x-[(l+/7,)-d—0.33x-(1+/1+/7,2)}+o-sc-ASC-(d—c') (13)

BBICOTY CKaTO# 30HBI «X» HAXO/ISIT U3 KBAJAPATHOTO YPABHECHHUSL:
A x4+ A x+4 =0
X Ay x+ A =
2
4, =057 -1=1")-b

f
_ yd
A =a, -Ast—(l—/’t)-—-A

2 sc

cd
A3 =-a -Asl -c (14)
E
o =—2=
m
Ecd
_ am-fcd (d—-x)

o
s (1=A)x
A=093-0.014f

Hecymasi cnocoOHOCTh NJIMTHI NMPH COBMECTHOM JeMCTBUM HM3rHOAIONIEr0 M KPYTSAUIEro
MOMEHTOB. [Ipu IeiCTBUM Ha TUIUTY KPYTSAILEro ¥ M3rHOaroIero MOMEHTOB pa3pylIeHHEe MPOHC-
XOJIUT TI0 MPOCTPAHCTBEHHOMY CEUYECHHIO, 00pPa30BaHHOMY CIUPATLHON TPEIIMHOW W 3aMBIKAFOIICH
€€ CoKaToM 30HOM, PACIIOIOKEHHOM IO/ YIJIOM 0. K TOPU30HTAJIbHOM OCH JJIEMEHTA.

[TonoxxeHue cxaToil 30HbI B MIPOCTPAHCTBE ONMPEACIIAIOTCS TapaMeTpOM C1 — NPOEKIUEN OTpe3-

Ka HEUTPaJIbHOM OCH Ha IPOJOJIBHYIO OCh leMeHTa. [Io HopManu K KOCOMY CEYEHHUIO NEUCTBYIOT

: b C
MPOCKIIUYA BHEIIHUX PACUETHBIX MOMEHTOB M y sina u T X -COS, rne SN =—; cosa = b—l;

T T
2 2
bT:,/b +C, ; C,=(2h+D)-c1gp [6].

W3 monoxeHus: OrpaHuYeHUst AeopMaIiii ¢ y4ETOM yIpyromiacTHIECKHX XapaKTepUCTHK Oe-
TOHA BBIYUCIIAKOT T'PaAHUYHYIO BBICOTY C)KaToM 30HBI:
a-f.,-d-sina

Ay ()

(15)
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6) C1=(2h+b) ctgf

e

@

o,
REl

A \/
a) CXeMa BHEIIHUX U BHYTPEHHUX YCHIJIHI; 0) pa3BepTKa rpaHell MPOCTPAHCTBEHHOTO CEUSHUS

Pucynoxk 5 — PacuérHas cxeMa IIpoCTpaHCTBEHHOI'O CEYEHUs IIPU COBMECTHOM JCHCTBUU
KPYTSILEro ¥ U3rubaromero MOMEHTOB

Tak kak apMaTypHbI€ CTEPKHH PACIIOJIOKEHbI HE B OJTHOM YPOBHE, TO IPUBEJEHUE UX K COCpe-
JIOTOYEHHOMY apMHUPOBAaHUIO AAa€T MOrpemHocTs. [lo3TomMy pacdér mpou3BOAMM TMojiaras, 4To

> . < . > -
o442 fy TS fy 5032 fy ;> TOT/la TIOJIy4aeM CIeyIOLIUe 3aBUCUMOCTH [IPH KPYYCHHH C U3

rudom:
. (d. —
o =& e @, x)-sina
sl x-(l—/l)
@Sy dy =)
o,= (=) -cosa
0'S3=fyd-cosa (16)

o4 =fyd -sina
— @ cd '(dswl _x)
swl x-(1-2)

O =fywd -sina

o -sina

S

BricoTy ckaroi 30HBI «X» ONPENETAIOT U3 YPaBHEHUS] MPOCKUHUM BCEX CHUJ, JCHCTBYIOIIMX B
paccMaTpuBaeMOM MPOCTPAHCTBEHHOM CEYEHUHU HA HOPMAJIb K INIOCKOCTHU CKaTOW 30HBI.

0.5-(1+2,)-de-bT-xzfyd'AS3-cosa+fyd-AS4~sina+

a-f  -(d,—x)
) .qi ) cd 271 .qi
+fywd ASW2 sina+4 () sino + (17)
a- -(d,—x a- -(d . —x
+4 - cd ( 2 )-cosa+A . cd ( swl )-sina
52 x-(1-1) swl x-(1-2)
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[Ineqo BHyTpeHHEN Napsl CUJI JIs KaXKI0I0 apMaTypHOTI'O psifia ONPEACIIAIOT U3 BBIPAXKCHUS:

2
, =g XA +A+]) (18)
A NI
YCJ'IOBI/IC HquHOCTI/I B pvaéTHOM Hpe,[[eJ'IBHOM COCTOAHUHN BBIBOAUTCA U3 COOTHOIICHHWSA BHCIII-
HUX ¥ BHYTPEHHUX CHJI OTHOCUTEJIBHO OCH, MPOXOJAIIEH Yepe3 LEHTP TAKECTU CKaToU 30HbI. [Ipu
3TOM, YYHTBHIBas YIPYTOIUIACTUYCCKYIO PabOTy OETOHA, SMIOPY HANPSHKCHHS B CXKATOW 30HE IMPH-

HHUMAEM B BUJIE IIPAMOYTOJIbHOM Tpaneuuu. [Ipu cuMMeTpuyHOM apMUPOBAHUH ILIIUTHI:

O-sl ' Asl s Smat O-SZ ' AsZ ) cosa _O-s3 'As3 25 cosa— (19)
4 .As4 Zgq SN + fywd ' Aswl 2o SINA _fywd ' ASW2 "Z gy SINA,
et d =)
rae O's1—0's4— sing ;
x-(1-4)
a-f-(d —)
O ,=0 ,= -COsSx

52 s3 x-(l— /1)
Pe3yabTaThl YHCIeHHBIX HccaeoBaHuil. C LENb0 MOATBEPKACHHUS METOJUKU CTATHYECKOIrO
pacdera OBLIM TIPOBEACHBI IMOJIEBBIE UCHBITaHUS kene300etonHor mautel 2I111130.18-30 cepun
b3.503.1-1 Ha pa3nuuHble BapuaHTHl 3arpyKeHus (LEHTpalbHbIE U KpacBble). MakcumalbHa Ha-
rpy3Ka Ha TUIMTY B 01HOM Touke coctaBmia 100 xH [7].

B cootBerctBum ¢ cepueit b3.503.1-1 muura 2I11130.18-30 ¢ HeHanpsraemoil apmaTypou npes-
Ha3HAuY€HA Ui MOKPBITHI BPEMEHHBIX JIOpPOr — mpsiMoyrojibHas, pazmepoM 3000x1750x170 mm,
paccuntanHas Ha Harpy3ky 300 kH. Jlns mumT BpeMEHHBIX JOPOT HCIHOJB3yeTcsi OETOH Kilacca
C18/22.5. Tlnuter apmupoBaHbl BepxHel u HivkHer cetkamu (C1, C2) u3 cranmu knacca S400. Cetku
COEIMHEHBI MEX Ty cO00M Tpu oMoy aByX [-o00pa3ubix kapkacos (K1) u3 cramu S500.

[To BbIIE W3IIOKEHHBIM METOJUKAaM OBLTHA BBITIOJHEHBI PACUeThl KEeNe300€TOHHOW TLTUTHI
2I11130.18-30 cepun b3.503.1-1 Ha Harpy3Ku U 3arpy>kKeHusl, MJCHTUYHbIE UCTIBITATEIbHBIM. JKBH-

o o 2
BaJIEHTHBIH MOZyTh fehOpMAIIMH OCHOBAHHS TUTUTHI, paBHbli £ =4,65 Mlla Pesynbrar cratmde-

CKOTO pacueTa IMPH [EHTPATHLHOM 3apYKEHUHU W 3HAYCHUS HECYIIEeH CIIOCOOHOCTH TUTHTHI TTPUBEJIC-
HEI B Ta0uie 1.

Tabnuna 1 — Pe3ynbraThl CTaTMUECKOIO M KOHCTPYKTHBHOTO PacyeToB MNpHU LEHTPaIbHOM
3arpy>KeHUH TUIATHI

Pe3ynbratel C o .
TaTUYCCKHIA pacyeT KoHCTpyKTHUBHBIN pacueT
HCIBITAHUSA
Ocanxka EY— Ocanka 3HAYCHHS Bun nanpsixeHHo- EY— Bun HanpsixenHO- Hecymas
IUINTHI IUIUTBI IO COCTOSIHUS IO COCTOSIHUS CIIOCOOHOCTD
g S v H3rud
max | 625 max | 8.92 x KHM/m 26.1 M _ kHwm 81.20
MM MM M H H3rud
, KHM/M 27.8 My cHM/M 69.40
S . S . W3rub ¢
min 4.23 min 5.79 M ! ~10 ———
MM MM xyK M/M 8.8.10 33.10
. M  xHwm/m

3aximouenue. [1o pe3ynbraTaM NpoBEECHHBIX UCCIIEI0BAHUI MOYKHO C/AENATh CIEIYIOIINE BBIBOJIBL:

1 — mpuBOIUTCS ANTOPUTM pacueTa HEIUHEUHO-YIIPYTOW TUIMTHI HA TUHEUHO-YIIPYTrOM MOJIYIIPO-
CTpaHCTBE ¢ MpUMEHEeHHeM crocoba XKemouknHa. J[aHHBIN 1MOAX0/] MO3BOJISET PACCUNUTHIBATH IIJIH-
Thl Ha MPOU3BOJIHHOM JIMHEHHO-YIIPYTroM JepOopMUPYEMOM OCHOBAaHUU JHOOOH (QOpMBI B IUIaHE U
3arpy>Ke€HHbIE IIPOU3BOJIBHOM HOPMAJIbHOM K CPEIMHHOM IJIOCKOCTH IIUTHI BHEIIIHEW HATPY3KOM;
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2 — pe3yNbTaThl CTATHYECKOTO pacyeTa MpU IEHTPATBLHOM 3arpy>KeHUH TUITUTHI XOPOIIO COOTHO-
CSATCS C pe3yJibTaTaMHU IOJIEBBIX HCHbITaHUM. PacyeT miuTel Ha yIpyrom moJympoCTPaHCTBE CIO-
coboM JKeMOouKHHA MO3BOJISET TOBOJIBHO TOYHO OTPA3UTh OOLIYIO TEHIEHIIMIO paclpeaeeHus oca-
JIOK IO/, TIJTUTOM;

3 — NPHUBOAMTCS METOAMKA ONPEAEICHUs HEeCcyllel CIIOCOOHOCTH Kele300€TOHHBIX IUIUT MpU
CJIO)KHOM JIe()OPMHUPOBAHHOM COCTOSIHHH C YYETOM YIPYTOIUIaCTUYECKON pabOTHI JKele300eToHa;

4 — KOHCTPYKTHBHBII pacueT MOKa3bIBaeT, YTO HECYIas CIOCOOHOCTh IUTUTHI IIPU COBMECTHOM
NeCTBUM M3THOAIOIIEro U KPYTALIEr0 MOMEHTOB SIBJIsieTCsl HauMeHblel. Taku oOpa3om, mpu pac-
YyeTax U NPOEKTHUPOBAHUH ILTUTHI CIEIYET MPOBEPATH O MPOYHOCTH MPOCTPAHCTBEHHBIX CEUYCHUH.

CIHCOK HCTOYHHUKOB

1. bBocakoB C.B. Craruueckue pacueTsl IuMT Ha ynpyrom ocHoBanuu/ C.B. bocakoB. — MuHck:
BHTY, 2002. - 128 c.

2. Xemoukun b.H. [IpakTuyeckue metoabl pacyera (yHIAMEHTHBIX OallOK M IUIUT HA YIPYTroM
ocHoBanuu / b.H. Xemoukun, A.I1. Cuannpia. — M.: [N'occrpoitnznar, 1962. —240 c.

3. ITocobue I11-98 x CHull 2.03.01-84* Ycunenue xene300€TOHHBIX KOHCTPYKIHUNA — MUHCK;
MuHncTtpoitapxutektypsl, 1998. — 189 c.

4. Cementok C.J[. [Ipounocts u 1eOpMATHBHOCTh M3THOAEMBIX JKEIE300€TOHHBIX AJIEMEHTOB,
YCUJIGHHBIX HapalliBaHUEM CXKaTOH 30HbI, IPH CTAaTUUYECKOM M MaJOLUKIOBOM HArpy>KEHUSX: MO-
norpadus/ C. 1. Cemenrok, FO.I'. MockanskoBa. — Morunes: benopyc.-Poc. yu-T, 2017. — 274 c.

5. Tumomenko C.I1. ITnactuaku u o6onouku/ C.I1. Tumomenko, C. BolinoBckuii-Kpurep. — M.
®dus.-mat. u3a-so, 1963. — 536 c.

6. Cementok C.JI. Hecymias u skcruryaTaiimoHHasi CHIOCOOHOCThH JKEJI€300€TOHHBIX TUIUT TTOKPHI-
tusi aBromoOmneHeIX gopor / C.JI. Cemeniok, P.B. Kymamos, D.A. Kernep // Hayka Ta
OoyniBHUIITBO N3 (9) / 2016/ Kues, 2016 —c. 11-18.

7. Cementok C./I. Xene300eToHHbIE TUIUTHI TOKPBHITUS aBTOMOOMIIBHBIX JIOPOT Ha YIPYroM Mo-
nynpoctpadcTBe / C.JI. Cementok, P.B. Kymamos. // MexayHapoaHbIi KypHa 1O pacyeTy Tpak-
JTAHCKUX U IPOMBIIUIEHHBIX KOHCTpYKUUi. — M.: M3narensctBo ACB, 2018. —c. 149-157.

365





