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PO IJISIXH MIABUIIEHHS 3AXUIIEHOCTI CIIELIAJILHUX CIIOPY /I BLJL
YIAPHUX I

Pospobreno memoouky O0ocniodicennss OUHAMIYHUX NPOYECi6 eleMeHmi6 [HICEHePHUX CNOpYyO CNeyiaibHO20
npusHayeHHs 6i0 8ubYx06oi Oii cHapsadie. 3a (hizuuny MoOenb elemMeHmis IHIHCeHePHUX CROpPYO BUOPAHO NPYIHCHO
nioKpinieni OanKu i3 WapHIpHO 3aKpinieHumu Kinyamu. Ipuiivaemscs, wo NpydsCcHI 61acmMusocmi OCMAaHHbOI
3A0080IbHAIOMb HELIHIUHOMY 3aKOHY npyxcrocmi. [lobydosarno mamemamuyny mooeisb npoyecy cepii yoapHux Oiti
CHapAdi8 y pI3HUX MOYKAX eleMeHm)y 3axucHoi cnopyou. Ilokazano, wo Haubirbw Hebe3neyHuMu UNAOKamMu 3
0271510y Ha 3aXULeHICMb CROPYOU, € Mi, KOAU YOapHa Ois NOBMOPIOEMbCA Yepe3 0OHAK08I NPOMINCKU Hacy, 00 mo2o
2iC MOUKU YOApPie 3HAX00AMbCsL OIUMNCUE 00 CePEeOUHU 3AXUCHO20 eTleMeNm) .

Knrouosi cnosa: indcenepna cnopyoa, mamemamuuHa Mmooeab Oii cucmemu uOYXie, OYIHKA 3AXUCHOI

CNPOMOIICHOCHIL.

ITocTanoBka npoodJiemMu

IS TBUILEHHS
3aXHCHOI CIIPOMOKHOCTI 0COOOBOTO CKIIay Ta BiHCHKOBOT

B ocraHHROMY IECATHIITTI

TEXHIKH BiJ] YIapHUX BUOYXOBHX Iii Ta Jiil CTPIICIBKOT
30poi  3aCTOCOBYIOTBCS 0araTomIapoBi YH MPY)KHO
nigxpinneni koncrpykmii [1-4]. Ix 3axumcHa crpomox-
HICTh y MOPIBHSHHI 13 MOHOJIITHUMH aHAJIOTAMHU TaKHX
K€ OCHOBHHMX XapaKTepHCTHK  (TOBIIMHA,

cobiBapricTh 1 T.n.) € Habarato Bumoro. lle mosic-

Bara,

HIOETBCS THM, II[0 YaCTHUHA €Hepril ymapHol mil Ky uu
BUOYXy BTPa4yaeThCsl HA BHYTPILIHIO B3aEMOIII0 MIX
mapaMy KOHCTPYKIIi 4YM €JIEMEHTOM 3aXHCTy Ta
MPY)KHUM MIKpimieHAsM [5, 6]. OmHak Hale)KHOTO
oOrpyHTYyBaHHsI BUOOpY (i3MKO-MEXaHIYHUX Xapakre-
PHCTHK €JIEMEHTIB TaKHX CKJIaJHUX KOHCTPYKIIH He
icHye dYepe3 mpoOieMHu, IOB’s3aHi i3 MOOYIOBOKO Ta
JOCHIJUKEHHSIM aHANITUYHOTO PO3B’SA3KY BiANOBIAHUX
MaTeMaTHYHUX Mojened. ToMy oOIpyHTYyBaHHS BHKO-
PHUCTaHHS CUCTEMH HPYXXHOTO MiJKPIIUICHHS €JIEMEHTIB
3aXUCHHUX CIIOPYZA i3 BHUOOpPOM iX XapakTepHCTHK €
aKTyalbHUM JOCHIDKEHHSIM 1 TpPEAMETOM pPO3TIALY
naHoi pobotn. Y HIH TPYXKHI €IeMEHTH 3aXHUCHOTO

MOKPUTTS ~ MOJICTIOIOTBCS ~ MPYXKHO  MiAKPITIICHUMH
OankamMu, a JWHAMi4HAa JdiS  KyJdb — TOYKOBO
MPUKJIaIEHUMU  cilaMd. Ha OCHOBI  aHAIITUYHOTO

PO3B’SA3Ky 3aJadi MOKa3aHO, IO HAHOUIBII HeOe3med-
HUMH BHIIQJIKAMH 3 OIJISIIy HA 3aXMIIEHICTh CIIOPYAHU €
Ti, B AKMX yJapHa [ig Ma€ MEepioOgUYHUI Xapakrtep, a
TOYKH yJapiB 3HAXOAATHCS ONFKYE 10 HOTO CEPeHHU.

AHaJTi3 OCHOBHHUX JO0CJIi/IKeHb 1 myOJrikamniin

HesBaxaroun Ha Te, MO Ais BUOYXOBOI XBHIJI 4
CHapsiJa Ha 3axXHCHY CHOpYyAy XapaKTepHU3yeThCs
KOPOTKOIO TPUBAIICTIO, BEIUYMHA YAAPHOTO IMITYJIbCY
MOJKE CATaTH 3HauyHWX BeqmduH. Lle, y cBoro uepry, y
KpamoMy BHUIAIKy NMPHU3BOAUTH IO 3HAYHUX Jedopma-
uii 1 enementiB [7,8]. 3MEHIIUTH IX MOXHA HIISIXOM
BUKOPHUCTAHHs Ui HMX MaTepialiB i3 MOKpalleHUMHU
(i3UKO-MEXaHIYHAMH BJIACTHBOCTSAMH, YHA IIIIXOM
BHECEHHs] KOHCTPYKTHUBHUX 3MIiH Y 3aXHCHY CIIOpYIY
[2]. Olo *x crocyeThCst 3aXHCHOI CIIPOMOXHOCTI, TO 1T
MOJKHA OI[IHUTH Ha 0a3i CIiBBiTHOIICHB, SKi OMHCYIOTH
OUHAMIYHHHA TIPOTHH 3axucHOi cmopymu [9, 10].
MaTeMaTHYHO BiH OINHUCYETHCA KpailoBUMH 3aadaMu
UL TUQepeHIiadbHAX PiBHAHB 200 CHUCTEM PIBHAHB i3
YaCTHHHUMH MOXITHUMHU.

o crocyeThest PO3POOOK, OB’ I3aHUX 13 PEAKIIIEID
cucreMu Ha wmuTTreBy nito [8, 10-13], To Taki
JOCITIKEHHS! pO3TIISAJINCH JIMIIE B OKPEMHX BHIIAJIKaX
(muB., Hampukian, [14] 3a oOMexeHb, sKi € HaITO
JKOPCTKMMHU  JJIsl  aHali3y BIUIMBY Jii  yAapHOTO
IMITYJIBCY).

Tomy y poborti 3pobieHo cnpoOy BKasaHy Ipora-
JMHY Y JOCHI/DKCHHI BaXXIMBUX IPaKTUUHHUX 33134
PO3B’S3aTH IIJISIXOM IIOIIMPEHHS OCHOBHHX i€l MeTo-
niB 30ypeHb Ha HOBI KJlacH KpalHOBHX 3a/1a4 — 3ajad i3
JIMCKPETHUMHU TIpaBUMH yacTrHamu. Came BOHH OIHCYIOTh
JMUHAMIKY 3aXHCHUX €JIEMEHTIB 1H)XXKCHEPHUX CIOPYI
BHACJIIJIOK Cepii yIapHUX Iiif CHapsIiB.
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BuxkJiiag ocHOBHOro Mmartepiany

VY [9] nokasaHo, 1110 BJacHI 3TMHAIbHI KOJHMBaHHS
MPSMOJIIHIMHUX ~ €JIEMEHTIB MIPYXHO MiAKPIIUICHUX
3aXMCHHUX IHKeHEPHHUX CIIOPYII OIMCYIOTHCS, 32 BiTIOBIA-
HHX KpalOBUX YMOB, TU(EpeHIiaIbHUM PIBHAHHAM

L(u(x,1)) = eBu, (x, ) (1)

Y ¢dopmymri (1) gepes u(x,t) MO3HAYCHO MEPEMIIICHHS
nepepizy 3 KOOPIUHATOIO X B JIOBUIBHUII MOMEHT 4acy
t, yepes L(z) — JNiHIHUE TudepeHnianbHuil onepaTrop

BUTIIALY
2 4
L(z)= pa—zz+EJa—j+cz,
ot ox

B SIKOMY p — II€ Maca OJMHHII TOBXHHHU, E — MOAYJb
MPY’KHOCTI MaTepiaimy, J — MOMEHT iHepuii momeped-
HOTO Tepepidy, ¢ — JKOPCTKICTh IPYKHOTO MiJKpin-
nenHs. KoediuieHT ¢f, npucyTHid y mpaBiii yacTuHi
¢dopmymu (1), XxapakTepu3ye CHIH B’SI3KOTO TePTs, SKi
MIPOTIOPIIiHHI IBUAKOCTI AedopMalil BepXHbOT YaCTHHH
MPY>KHOTO E€JIEMEHTY. 3ayBaKMMO, 110 MaKCHMaJlbHE
3HAYCHHS BKa3aHO! CWJIM € MaJOK0 BEIMYHHOIO Y
MOPIBHSAHHI 13 MAaKCHMAaJbHUM 3HAUCHHSIM JPYTOTO
JIOAaHKY JiBoi 4yacTHHU piBHAHHS (1).

Skumo k ypaxyBaTH cepii ynapHHUX JIiii cHapsuiB
Ha 3aXUCHUH EJNEMEHT y TOYKaX 3 KOOpAWHATAMH
x;,i=Ln, (0<x; </), 1o piBusauust (1) Ttpanchop-

MYETBCA 010 BUTTIALY

L(u(x0) = e, (v 0)+ 3 F 0B (x—x), (2)

i=1

Fi(t), saxwo telt;,t;];

B sxomy F;(t)= — 3aKOH
0, SAKWO t & (tj’tj+1)'

3MIHH y#apHOi cumM cHapsiga, f; <t<t;,; — 4ac mii

1
8(...)—
BiAmoBigHOTO aprymenty [15].
PiBHAHHS (2) pO3rIAIaTHMEMO 332 KpalOBHUX yMOB
BUIJISLY

YAapHOTO  IMIIYJBCY, JenbTa-QyHKITSA

2
u(xﬁthx=0;l = a ”(;C:t) =0. 3
X" |x=0
BoHm BignoBimarOTh BHIAAKY IIAPHIPHO 3aKpPIIUICHUX
KIiHI[IB IPY>KHOTO €JIEMEHTY.
3amada momnsArae y BU3HAYEHI NMPOTHHY 3aXHCHOTO
€JIEMEHTY Ta MOTO 3aJIeXKHOCTI Bi (Di3MKO-MeXaHIYHUX
BJIACTHBOCTEH IPY)KHOTO €JEMEHTY, IiKPIIJIeHHS,
ynapHoi nii cHapsga. [lns po3B’si3aHHS MOCTaBJIEHOT
3ama4i y poboTi 3pobieHo crnpoly mepeHecTH 3arajbHi
imei MeromiB 30ypeHb Ha JWUHAMIYHI CHUCTEeMH i3
JMCKPETHOIO €10 30BHIIIHBOTO 30ypeHHS.
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[Tepmre HaOMMKEHHS PO3B’s3KY KparoBoi 3amadi
(2), (3) Oymemo mrykaTH y BUTIISAIL

ulx, 1) = g (x, 1)+ g1y (x,2) (4)

ae u (x,t) — pO3B 30K PIBHAHHA

n
Liug(x.t) = Y F(08(x = x;), (5)
i=l1
SIKMI 3aJI0BOJIBHSIE OJHOPIAHI yMoBH BHIIIALy (3), a
ul(x,t) — BIJINOBITHO PO3B’SI3KOM PIiBHAHHS

Ly (x,2)) = eBuy, (x,7), (6)

IO 3a/I0BOJILHSAE OJHOPINHI KpalloBi YMOBM TakKoro x
THITY.

P03B’5130K HEOHOPIAHOTO JiHiMHOTO piBHAHHS (5)
i3 JIMCKPETHOIO MPABOIO YACTHHOK MOXKHA MPEICTABUTH
y BHUIJISAII

ug(x,2) =ty (x, ) + 11y (x, )
ne Ug(x,t) — po3s’s30k He30ypeHOI KpaifoBoi, TO6TO
PO3B’SI30K PiBHSHHS
L(itg(x,1) =0

3a OJHOPIOTHMX KpailoBUX yMOB. BiH onmcye BiacHi

3TUHAJIBHI KOJNMBAHHS 3aXMCHOI KOHCTPYKIii 0e3
ypaxyBaHHS CHJI B’SI3KO-TIPYXHOTO TEPTS.
DyHKITiA ﬁo(x,t) — YaCTHHHHMHA PO3B’S30K

HEOTHOPITHOTO PiBHIHHS
n
Lo (x.1) = 3 Fy(0)3(x —x,).
i=1
Od4eBHIHO, MO QYHKIIISA ﬁo(x, t) , K1 1 (x,t), Mae
3aJI0BOJIBHATH OJJHOPIIHI KpailoBi YMOBH.
3HaiTH (YHKIIi0 L?O(x,t) HE CTaHOBUTH 3HAYHUX

MaT€MaTUYHUX prHHOH.[iB

tip(x, )= X" ay Xy (x)cos eyt + gy ).
x

ne  {X;(x),keN - cucrema BuacHux QyHKuii

()=
aj, Qo 3HAXOIATHCS i3 MOYATKOBHX YMOB 30ypEeHOT0

pyxy.
o > cTocyeThCs BIUIMBY CHCTEMH yIapHOI il
CHapsJIiB Ha 3aXUCHY CHOPY.Y, TOOTO QyHKIL (x,t),

a cram

TO Tl aHANITHYHE 3HAXO/KEHHS IOB’s3aHe i3 NMEBHUMH
mpoOJieMaMu, aJ)Ke OCTAHHs Ma€ TUCKPETHUH XapakTep.
OxpiMm TOTO, TOTPiIOHO 3abe3meunTH, MO0 BKazaHa
(yHKITIS 3a10BOJTBHSATIA OHOPIIHUM KPaOBIM YMOBaM.
e HamTOBXYyE Ha TpPEACTaBICHHS (YHKII z}o(x,t) y

BUTJIS1

tig x,1)= 2 X ()73 o),
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a, Binrak, dymkuis T,(t) moBuHHa GyTH po3B’s3KOM
3BUYA{HOTO JIiHIHHOTO HEOJHOPIIHOTO DPIBHSHHA, SIKE
BPAxXOBY€ 30BHIIHIO [0 HA 3aXHUCHUI €IEMEHT CHCTEMH
cHapsmiB. BpaxoByroun BIacTHBOCTI JenmbTa- (pyHKIiH
[15], anst sHaxomwkenns T, (t) maemo

T () + 02T, (c) = ,keN. (7)

n
EZF,-(t)Zsink—nx,
li:]. k l

MHOHMHA OJJHOYACTOTHUX PO3B’S3KIB HEOIHOPII-
Horo piBustHES (7) Mae Bursin [16]

T ( IZF (r)sm(wk(t—r)+6k)251n—x dr. (8)

lo) k oil

ne 6, — Binoma crana.

BHrJI;m ¢GyHKIIT, sKa XapakTeph3ye 30BHIIIHIO
0 Ha eJIEMEHT 3aXUCHOI CIIOPY.IH, A03BOJISIE CITiBBIIHO-
mreHHs (8) TpaHCcOpPMYBaTH 0 BUTIISILY

= —J.ZF (t)sin(oy (1 — r)+6k)2s1n—x di=

kOll

jZZsm T ~(1:)sin(wk(t—r)+6k)dr, npu 1€t ]

ko k i=1
0, npu t&(1;,14)
Mo crocyersest pyHKIIT ul(x,t), TO MOmiOHO 10

BUKJIaJ€HOI'0 BUIIIC, 3HAXOANUMO.

(&p)?

uy(x,1)=Y by sin%xexp o’ e it (10)

k

1t

U(Xlt)zz{ak COS(‘”k"“Pok) loog 0k i=1
k

IZZS'nkTX.F (v)sin(oy (t— 1) + 6y )dr,

©)

[TincymoByrouH HaBeICHE, OTPUMYEMO 3aATICKHICTD
JUIL BU3HAYCHHS JMHAMIYHOTO TIPOTHHY EJIEMEHTY
3aXHCHOI CIIOPYAN Y BHIIISAIL

npu teltj,tj ] .

0, npu te(tj,tj.q).

2
+eby exp wﬁ—% it |r X (X).

SIkmio BpaxyBaTH, HIO Y MEXaHIYHHUX CHCTEMaXx i3
OaratbMa CTYIEHSIMH BIJIBHOCTI Ta PO3MNOJIUICHUMH

napamMeTpamu, SIK IpaBuJIo, BCTAaHOBJIFOETHCA

u(x,t) =

2
+ eby exp ]wf—% it sin%x.

Hwxue y Ttabawmmi |1

ay cos(ant + 9o1)+ 4 looy g%ésm_x

O, npu te(t,t;,1)

MPECTAaBICHO pEaKIiio

(1) sin(oy (1 — 1) + 64 )dr,

OTHOYACTOTHUH IUHaMiYHHH mpouec [16], To misa
NpaKTHYHOI peajizauii BUKIAJAEHOI METOIUKH MOXKHA
BHKOPHCTATH 3aJIC)KHICTB,

npu te[t]3 ]+1] +

Tt
: : Ficos—, npu t<r,
BE.IXI/ICHOFO €JIeMEHTY Ha MOOJUHOKI yuapn CHapsi/iiB 3a F(t) = 1 2 p
pI3HMX TOYOK IX NPHKIAJAaHHA Xx;, PI3HHX 3HAaYEHb 0, nput>1.
KOPCTKOCTI C 3a YMOBH, IO yZapHa CHJIa 3MiHIOETHCS ] )
BIATIOBIIHO 70 3aKOHY Je T — TpUBAJICTH Aii yAapiB.
Tabauys 1
3HaYeHHsA MAKCHMAJIBLHOI0 MPOruHy 3aXHCHOI'0 €JIEMEHTY
[Tapamerpu
N 3/m
EJ,H-MZ [, m X1, M [4 7,C F, Ku A, M
1 9.86-10° 5 2.50 0 1073 12,710 |2.73-1072

© A.L. Aanpyxis, A.B. Bapanos, H.M. I'y3uk, b.1. Cokin, M.B. Coxkin



24 /2021 Po3pobnenns ta moaepHizamis OBT 55
2 9.86-108 5 1,75 0 1073 12,7-10° 1.23-1072
3 9.86-108 5 05 0 1073 12,7-10° 3.47-107°
4 9.86-10° 5 05 5.00-10° 107 12,7-10° 1.07-107°
5 9.86-10° 5 05 6.50-10° 1073 12,7-10°  10.97-107
6 9.86-10° 5 05 8.60-10° 1073 12,7-10° 0.83-107
7 9.86-10° 5 2,5 8.60-10° 1073 12,7-10° 1.93-107°
8 9.86-10° 10 5 1.87-10° 1073 12,7-10° 1.23-1072
9 9.86-10° 10 7.5 1.87-10° 1073 12,7-10° 2.02:1073
I3 pesymprariB Tabmumi 1 BUIDIMBaE, mo A ene-  Big cepil ymapHHX [diff CHapsAniB Ta MoJajblle

MEHTIB 3aXHCHHX CIOPY/ Biji cepii yaapHUX Jili cHapsIiB
HEOoOXiTHO BUKOPHUCTOBYBATH MPYKHI i JKPITUICHHS.

BucHoBku

AHami3 OTpUMaHHX TEOPETHYHHX pPE3YIbTaTiB
oKazye, 1mio:

- BHUKOPHUCTAHHS JOJAaTKOBOTO “MiANPYXUHCHHS
CYTTEBO 3MCHIIYE IWHAMIUHY Mif0 cepii ymapHHX Iiit
CHApsI/IIB HA CIIEMCHTHU 3aXHUCHHUX CIIOPYI;

- i OMHAKOBHX YJAPHUX IMITYJIbCIB Ha CIEMCHTH
3aXHCHUX CIOPYA € OUTBIIOI0 Yy BUMAAKY, KON TOYKH
yIapy 3HaXOIAThCS OJIMKYE O CEPeIUHH 3aXHCHOTO
CJIEMEHTY;

- 3a TpyXHE MIOKPIIUICHHS  MPOTOHYETHCA
BHKOPHUCTOBYBATH TyMY, Iap IPYHTY, THYYKi HACTHJIH
JICPCBUHH.

[IpakTu4Hi pexoMeHnamii MOoAO0 MOKpaNICHHS
3aXMCHOI 3/IaTHOCTI E€JIEMEHTIB IHXCHEPHUX CIOPY.
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(0] IMYTH NOBBIIICHHUSA 3AIIUIIEHHOCTH CIIeHNHAJbHBIX coopymeHni’l OT YIapHBIX BOS}IeﬁCTB“ﬁ

A.W. Aunpyxus, A.B. bapanos, H.M. I'y3sik, b.1. Coxun, M.b. Coxun

Paspabomana memoouxa ucciedosanus OUHAMULECKUX NPOYECCO8 INEMEHMO8 UHHCEHEPHBIX COOPYHCEHUT CReYUATIbHOO
Ha3HayeHus Om B3pbleHO20 O0elicmeusl CHApA008. 3a DUUYECKYIO MOOeNb DNEMEHMO8 UHIHCEHEPHBIX COOPYICEHULl 8blOPANO
YNpyeo nooKkpenieHHvle 6aiKU C WAPHUPHO 3aKpenieHHbIMU Kowyamu. IIpunumaemcs, umo ynpyeue ce0ucmed nocieoHell
VOOBNIEMBOPSAIONT HENUHEUHOMY MEXHUYeCKOMy 3aKoHy ynpyeocmu. ITocmpoena mamemamuueckas mMooeib npoyecca cepuu
VOapHuIX Oeticmeuil CHaps008 8 PA3IUYHBIX MOUKAX SNIEMEHMA 3auumHo2o coopyacenus. Tlocieouss aensemcs Kpaesou 3adayell
01 ouggepenyuanvHo2o ypasHeHus 8 YaCmHbIX npoussoonslx. Ocobennocmoio ee A61Aemcs Mo, Ymo GHeulHee OUHAMUYECKOoe
Oeticmeue 5615emcsi OUCKPemHOU  (QyHKyuel JTUHeUHOU U 6peMeHHOU nepemenHvix. J{is onpeodenenus OUHAMUYECKO20
6030elicmeus cepui y0apoe 6 Ucciedyembvlii 00veKm, a 3amem YPOosHs 3auumbl COOPYICEHUs. paAcnpOCmMpanervl 0CHO6HbIE udel
Memooo8 meopuu B03MYWeEHUl Ha HOBble KIACCHL cuUcmeMm. MO NO360AUNO NOIYYUMb AHATUMUYECKYIO 3A8UCUMOCTIb
Odeghopmayuu ynpyeo noOKpEenIeHHO20 INeMEHMA OM OCHOBHBIX QUIUKO-MEXAHUYECKUX XAPAKMEPUCMUK MAMePUAna 3auumnozo
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oNleMenma, e20 NOOKPenjieHus U XAPaKmepucmuKk eHewHe20 6030eicmeus chapsoos. Ilokazano, umo naubonee onacHvMu
CAYUAAMU, YHUMbBLEASL 3AUWUWEHHOCHTb COOPYICEHUS, AGISIIOMCSL me, K020a YOapHoe Oelicmeue NO8Mopsemcst 4epe3 00UHAKOBbLe
NPOMENCYMKU BPEMEHU, K MOMY Jice MOYKU YOapo8 HAxo0smcsi Onudice K cepedune sawumuozo snemenma. Ilonyuennoie
meopemuyeckue pe3yibmamvl mMo2ym Ovimb 0a301 014 vlOopa ewje HA CMAOUU NPOEKMUPOBAHUA OCHOBHLIX QUIUKO-
MEXAHUYECKUX XAPAKMEPUCUK DNEMEHMO8 UHIICEHEPHBIX COOPYICEHUT U UX NOOKPENIeHUsl C Yelbl0 HAOENHCHOU 3aujumol
JIUYHO20 COCMABA U MEXHUKU MAKCUMATbHO BO3MOJICHO20 B030€UCmBUsi HA Hee YOApHOU cepuu cHApsoos. JJocmoeepHoCHb
NOTYYEHHBIX Pe3YIbMAmos noomeepicoaemcsi: a) 00600ueHuem wupoko anpooOUpPOBAHHBIX MEMOOUK HA HO8ble KAACChl
OUHAMU4ecKux cucmem, 0) NoJAyueHueM 8 NPeOesibHOM CIyYae U36ECHHbIX 8 HAYYHBIX UCTOYHUKAX NOCIeOCMEUL, KACAIOWUXCS
JIUHEUHO YApYeUX Xapakmepucmuk 21eMeHmMO8 3AWUMHbIX COOPYICEHUl, 6) UX HenpomugopeyugoCmsplo Cymu camoeo
@usuueckomy npoyeccy, KOmopulii paccmampusaemcst 8 pabome.

Knrouesvle cnosa: umdicenepHoe coopydcenue, MameMamuyeckdas Mooelb Oelcmeus CUcmembvl 63Dblé0s, OYECHKA
3AUUMHOL CNOCOOHOCMU.

ON WAYS TO INCREASE PROTECTION OF SPECIAL STRUCTURES FROM IMPACT ACTION
A. Andrukhiv, A. Baranov, N. Huzyk, B. Sokil, M. Sokil

The technique of research of dynamic processes of elements of engineering constructions of special purpose from explosive
action of projectiles is developed. Elastically reinforced beams with hinged ends were chosen for the physical model of elements
of engineering structures. It is assumed that the elastic properties of the latter satisfy the nonlinear technical law of elasticity. A
mathematical model of the process of a series of impact actions of projectiles at different points of the element of the protective
structure is constructed. The latter is a boundary value problem for a partial differential equation. Its peculiarity is that the
external dynamic action is a discrete function of linear and time variables. To determine the dynamic effect of a series of impacts
on the object under study, and thus the level of protection of the structure, the basic ideas of perturbation theory methods are
extended to new classes of systems. This allowed to obtain an analytical dependence of the deformation of the elastically
reinforced element on the basic physical and mechanical characteristics of the material of the protective element, its
reinforcement and the characteristics of the external action of the projectiles. It is shown that the most dangerous cases, given
the security of the structure, are those when the impact is repeated at equal intervals, in addition, the point of impact is closer to
the middle of the protective element. The obtained theoretical results can be the basis for selection at the stage of designing the
main physical and mechanical characteristics of the elements of engineering structures and their reinforcement in order to
reliably protect personnel and equipment from the maximum possible impact on it of the shock series of projectiles. The
reliability of the obtained results is confirmed by: a) generalization of widely tested methods to new classes of dynamical
systems; b) obtaining in the limit case the consequences known in scientific sources concerning the linearly elastic
characteristics of the elements of protective structures; c) their consistency with the essence of the physical process itself, which
is considered in the work.

Keywords: engineering structure, mathematical model of action of the system of explosions, protection capability assessment.
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NANOMODIFIED RAPID HARDENING CONCRETES REINFORCED WITH
DISPERSED BASALTIC FIBERS

The article considers modern perspectives and directions of using fast — hardening high — strength concretes
for protection against striking factors of action of different types of weapons. It is shown that the use of concrete
materials in weapons and military equipment is one of the important components of defense structures and
protective fortifications during hostilities as platoons and bases, and structures for the protection of civilians. The
possibility of obtaining such concretes for the creation of special purpose fortifications is shown. Developed
concrete structures have increased strength and impact resistance to high-speed impact. Due to the reinforcement of
the concrete structure with mineral and chemical additives and ultrafine fibers, high rates of early strength,
viscosity, crack resistance and impact resistance are achieved. The paper presents the main indicators of water
consumption, strength and impact resistance of high-strength concrete. The results of the experimental study of
samples of the destroyed concrete elements are presented and the corresponding conclusions concerning the use of
various types of fibers for reinforcement of such concretes and increase of their crack resistance by basalt fibers are
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