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AHOTAIIA

Tpu simnenni vimaka 3 Kowempykuyiero weudkicmo degopmy-
BAMHA T PYUHYBAHHA MAMEPIANY 8 MINLUOHU pa3ie ‘nepesuugye
WBUOKICMD 0ePOPMYBAHHA 3PASKA NPU BUSHAUEHHT MIUYHOCTE
mamepiany. Taxum wunom, KLACUUHA MeOPia MIUHOCME He
MOJICe DYMU 3ACMOCOBANG 8 UbOMY BUNAOKY. Y daniti podomi
3ANPONOHOBANL eHepeemunHT Kpumepi KpuxKozo 1 6'a3Ko0eo pyit-
HYBAHHA I30MPONHO20 MaMepiany i 3ani3obemony 6HACNIO0K
JIMKHEHHA maka 3 KoHcmpykyiero. Kpumepii epaxosyromo
mpu 8uou Kpuxro2o pytireysarn, smpany obcazy mamepiany
i SMZHy ﬁopmu mina. B axocmi xapaxmepucmux yoaproi
anacmz mamepianis 3ANPONOHOBAHO 3ACMOCO8YBAMU yoapmy
8'A3KICMD Mamepianis © numomy yoapny podomy pyirnysanms,
NPOUEOYPU BUSHAUEHHA AKUX CMAHOAPMUI08AHL.

At the collision of an aireraft with a civil structure, the rate of
material strain and destruction is million times greater than the
rate of sample deformation during the material strength test. Thus
the classical theory of strength under stresses is not applicable in
this case. In this paper the energy criteria for the brittle and ductile
[fracture of isotropic material and reinforced concrete during
airerafl collision with a structure are proposed. The criteria lake
into account three types of brittle fracture, the material volume
loss and the body shape change. It is suggested to use the impact
loughness of malerials and specific fracture energy, which are
determined by a standardized procedure, as the characteristics of
the impact strength of materials.

KJIIOYOBI CJIOBA

kpurepii pyitnysannsa, AEC, magiHas AlTaka

BCTYII

Y Bignosiguocti 3 Bumoramu 11.1.8 TTuH AD 5.6 [1]
«1.8. Koncrpyknuu 3ganuii 1 coopyxenuit 1 karero-
puH He06X0AMMO PACCIUTHIBATD C YU€TOM CAEAYIOIMIUX
ocobbIx BO3zgericrsuil: ... 1.8.6. Ilagenue camoaera».
CxeMa peakTOpPHOTO BigAIA€HHA 3a MUTD 40 3ITKHEHHA
3 AITAKOM IOKa3aHa Ha puc. 1.

Tadka L

Uﬂ.“ :-._.- '

Tousad

Puc.1. CxeMa peakTOPHOTO BIAAIACHHS 32 MUTh 4O 3ITKHCHHS 3
AlTakoM: 1 - 06AaJHAHHA PEAKTOPHOTO BIAAIACHHS, 2 - 3aXHCHA
o6oroHKa. Touku 112 — TOYKH MOKAUBOTO 3ITKHEHHS 3 AITAKOM.

Ananis Cy4aCHOTO CTaHy METOAIB pospaxyHKy crio-
pya AEC Ha il HaBaHTaK€Hb 1 BIIAUBIB IIPU IMaJiHHI
AlTaKa BUKAQ/EHO B [2].

3a3HauYuMo, IO Teopid MIIHOCTI 6yJiBEABHUX KOH-
CTPYKLIH B HAIPYKEHHAX HE MOke OyTH 3aCTOCOBAHA
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IpH MIBH/AKOCTAX NaJiHHA AlTaKa.

ITo nepme. ITpu BunpobysanHi 3pa3KkiB HAa CTATHY-
HUH po3Tsr npu KiMHaTHIN Temneparypi (TOCT 1497-
84), npu nonmxkeniii remneparypi (I'OCT 11150-84),
npu migsumeniii Temneparypi ('OCT 9651-84) Bu-
3HAYAIOTh: MEXKY TeKydocti ¢isuuny o, MIla, abo
MEKY TEKYYOCTI yMOBHY 0,,, MIla; Tumuacosuii omip
03, MIla; BigHOCHE BU/JOBXKEHHS IICAS PO3PHUBY 3pas-
Ka (Ha I'ATHKpaTHHUX 3paskax) 4 abo o5, %; BigHoCcHE
3BYKEHHS IIICAS PO3PUBY 3paska, Z, p, %. Takum 4m-
HOM XapPAKTEPHUCTHKH (07, 05) TEOPIi MIITHOCTI B HAIIPY-
JKEHHAX BU3HAYAIOTh HA MiJACTaBl CTAaTHYHUX BHIIPOOy-
BaHb 3paskiB. Ilpu craTmyHuX BHUIIPOOYBAaHHAX 3pa3-
KiB 3aXBaTH, IO YTPUMYIOTh 3Pa3KH, IEPEMIIIYIOThCA
31 mBuakicrio = 0,1...0,5 mm/c a6o 0,0001...0,0005Mm/c.
Ilpy IHIIMX MIBUAKOCTAX NEPEMIIEHHA 3aXBaTiB, IO
YTPUMYIOTb 3pa3ok, Jgiarpama gedopmysaHHsa 6Oyjge
MaTH IHIIUH BUTAAJ | 3HAYEHHA 0g, 05 OYAyTH iHIIH-
mu. [1pu nagingi AiTaka abo floro yaaMKiB Ha Ciopyay
HIBUJKICTh PYXY AlTaKa B MHTD /O 3ITKHEHHS MOKE CTa-
nosutHu 150...200 M/c. fIKImIO npHUIIyCcTUTH, 1O Bigpa3y
Yy MHTb 3ITKHEHHA II0YaAOCA PyHHyBaHHA 6y4iBEABHOI
KOHCTPYKIIi, TOAl MIBUAKICTh PYHHYBAHHA IEPEBUIYE
HIBUAKICTH BUIIPOOYBAaHHA 3pa3kiB = B 1,5 MiAbiioHa
pasie. EkcrieppMeHTaABHO, HIASIXOM PO3PHBY 3pasKa,
HEMOKAMBO BHU3HAYUTH 3HAYEHHS B SI3KOI MIIIHOCTI
MaTepiany 31 MBHAKICTIO MPHKAAJZEHHA HaBaHTAKEH-
Ha 150 m/c. Ilpu Takiit BigAMIHHOCTI IIBUAKOCTEH He-
MOKAUBO BU3HAYHTH 3HAYEHHS 07, 05 6YAIBEABHHX Ma-
TepianiB MIAAXOM €KCTPAIOAAL 3HAYEHb, IO OTPHUMa-
Hi IIPU CTAaTUYHUX BUIIPOOYBAHHAX.

ITo apyre. Y BianosigHocri 3 gaaumu [10] npu yga-
pi aBuryna Aitaka Boeing 474-400 B 3axucHy 060A0H-
Ky peakTopHOro Biggirennsa AEC iioro maca craHo-
BuTb 4300 kr, giametp 0,91 M, MBHAKICTD PyXy Ha IIO-
YaTKy yAapy craHoutTh 150 m/c. ToBmuHa 3axucHOI
oboronku PB cranosuts 1,5 M. Takum gyuHOM, Yac ¢,
mo Moke OyJe BUTpavyeHH Ha NpHOUBaHHA 3aXHUCHOI
060AOHKHN ab0 Ha PYHHYBAHHSA JBUTYHA IIiJ 4ac yja-
py, dopisuioe t, = 1,5/150 = 0,01c. Axmo mBHAKICTH
PO3IOBCIOAKEHHSA TIONEPEYHOI ceCMITHOT XBUAL B He-
TOHI AopiBHIOE TpubAn3HO 2500 M/C 1 AKIIO BBAKATH,
IO IIBHUAKICTh PO3MOBCIOAKEHHA JepopMaliiil OAN3b-
Ka 40 IIBHUAKOCTI PO3MOBCIOAKEHHSA MONEPETHOI ceii-
CMIYHOI XBHAI, TOAl BiACTaHb Bij MicIs ygapy ABHTY-
HA 0 OIOP PEAKTOPHOrO BIAJIAEHH:A (IPUOAU3HO J0-
piBHIOE 60M), gedopmalniiiHa XBHAS Ipoiije 3a dac
t, = 60/2500 = 0,024c. TakuM yuHOM pyiHiHYBaHHA 3a-
XUCHOI OOOAOHKH MO’Ke BigOyTHCA paHimlie, HLK IIO-
YHYTb IPALIOBATH PIBHAHHSA PIBHOBArU 30BHIMIHIX 3y-
CHABb Ta BHYTPINIHIX peakuiil cucremu. Imakme kaxy-
YU, TEOPiA MIITHOCTI B HAPYKEHHAX MOke 6yTH 3acTO-
COBaHA Yy BUITAAKY, KOAH ; » [,.

Koxne 3 ypakeHnb OyJiBeABHUX KOHCTPYKIIH € cy-
KYIHICTIO PI3HUX BUAIB PYHHYBaHHHA, TAKUX AK: KPUX-
Ke pyilHYBaHHA 3 YTBOPEHHAM Ta PO3BHUTKOM TPIITUH
TPBOX BHJIB, BTPATOI0 0OCATY MaTepiaAy BHACAIAOK
BIZKOAIOBAHHA 1 BHUIIAPIOBAHHA, 3MIHOIO GOPMH TiAa,
B’A3KUM PYHHYBAHHAM.

Icayloui Ha cporogeHHsA Teopii MIITHOCTI B HAIpY-
AKEHHAX PO3TAAJAIOTH TIABKH B’A3Ke PYHHYBaHHA Ma-
Teplaay B YMOBAX CTAaTHYHOI PIBHOBAr", KOAH poboTa
30BHINIHIX CHA Ha iX IEpeMilleHHAX JOPIBHIOE €HEP-
rii BHyTpimHbBOI JepopMaliii. 32 BUSHAYEHHAM: B’ A3KE
pPyHHYBAaHHS — pYHHYBaHHSA, fAKE CYHPOBOJKYETHCS
YTBOPEHHAM IAACTHYHHUX AepopMaliil i, AK IPaBHAO,
BigbyBaeTbca nosinbHO (ABH B.2.6-163:2010); xpux-
Ke pyliHyBaHHA — Bapianr 1. PyiinyBanns:, Axke BUHH-
Ka€ BHACAIZOK 3POCTaHHA TPINJMHH KPHUTHYHOIO PO3-
MIpY AAf PIBHA ICHYIOUHMX HAIIPY/KE€Hb 31 MIBUAKICTIO,
6AHM3BKOIO 4O HIBUAKOCTI PO3MOBCIOAKEHHA XBHAL B
MaTepianl. Bapianr 2. PylinyBanns 6€3 cAigiB maacTud-
HHUX gedopMamiii Ha MOBEPXHI 3AOMY Marepiany. Ba-
pianT 3. PylinyBaHHs (IK IIPaBUAO, PAITOBE), IO Cy-
IIPOBO/KYETLCA YTBOPEHHAM MaAUX JedopMaliiil, Ake
BHHHUKAE, 3a3BHYAi{, 32 HASABHOCTI KOHLIEHTPATOPiB Ha-
IpYKE€Hb, HU3BKHX TEMIIEpPATyp 1 yAapHUX BIIAHBIB
(aiit) (ABbH B.2.6-163:2010). Bapiant 4. Pyiinysan-
HA 6e3 cAigiB mAacTHYHHX gedopMariii B MaTepiaai
(ACTY 2825-94).

Icayrodi Teopii MIITHOCTI HE OIHCYIOTh KPHXKE pyH-
HyBaHHI MarepianiB; HE OIMCYIOTb pyHHyBaHHA 3
HIBUAKOCTAMHU, OAU3BKHMH [0 IIBUAKOCTI PO3IIOBCIOJA-
AKEHHA XBUAL; HE IPUAATHI ANA MOAEAIOBAaHHA IIPOIIe-
Cy Bpa/K€HHA B YMOBAaX 3MIHHU B 4Yaci yCiX BH/IB €HEpril,
IO OITHCYIOTh CTAH MaTePiaAy B KOHCTPYKIIII B IIpoIieci
3ITKHEHHS Ta I1ICASI HbOTO.

Hinv pobomu — puzHAYUTH KpUTEpii MinHOCTI 6Y-
AIBEABHHX MaTepiaAiB y BHUIIAAKY 3ITKHEHHA 3 Iajaio-
YUM AiTakoM ab0 3 Hloro yAaMKaMU HPOTATOM 1 HicAA
sitkHenH:A. Ilop’A3atu 1i KpuTepii 31 craHZApTHUMHU
MeTozaMu BHUIIPOOYBaHb 3pa3KiB HA yAapHY B A3KICTb
1 AMHAMIYHHE PO3PUB.

Y 1904 p. M. T. I'y6ep BucAoBuB npunymenns [3,4]:
«PyliHyBaHHA 32 YMOB CKAQ4HOTO HaIPyKEHHA Big0Y-
BAETHCA, KOAH IIUTOMA IIPYAKHA €HEprid 3Minu opmu
AopiBHIOBaTUME 200 IIE€PEBUIIYBATHME ITUTOMY €HEp-
rifo 3MiHH GOPMH B MHUTb PYHHYBaHHA 3pa3ka 3 TOTrO
CaMoro MarepiaAy 3a OZHOBICHOTO po3TATry abo CTHC-
Ky». lle cTBepJ:KeHHA BUKOHYETBCA B YMOBAX CHAOBOI
piBHOBAru, CyMiCHOCTI JgedopMaliiil i y BUIaJKy, KOAU
poboTa 30BHINIHIX CHA Ha iX IepeMileHHAX JOPIBHIOE
eHeprii BHYTPIIIHBOI JepopMariii.

B 3araApHOMY BHITAZKYy YMOBY €HEPIETHYHOI PiBHO-
Baru TBepJoro 4epopMOBAHOIO Tina MOKHA 3AITHCATH
y BUTAAAL [5]:

U+K+F-P-W-G=0,

Aae U - noBHa enepria gepopmariii; K - KiHeTHIHA €eHEp-
rif, IO MOTPANIASIE€ B 30HY B3a€MOJIi TiA; I - poborTa,
AKY BHKOHYIOTb CTaTHYHI CHAH, IIO PO3TAIIOBAaHI Ha
ITOBEPXHI TiAa I/ Yac B3a€MOAIl TIA IpH pyHHYBaHHI 1
Aedopmysansi; P - pobora mAacTHIHOTO AepOopMyBaH-
HA MaTepiany Tiaa; W - pobora, fika BUTpadeHa Ha pyii-
HyBaHHA MaTepiany Tiaa; G - TEAOBA €HEPTid, AKa I10-
TPAIIASE 3 30HY B3a€MOJII TiA, IO BUAYYAETHCA ITiJ 9ac
IIAAQCTUYHOTO AepOpMYBAHHA 1 i 9ac pyHHYBaHHA 1
PO3CIIOETHCA B MaTepiaAl 1 Ha MOBEPXHI TiAQ.

HAYKATA BYAIBHULTBO 2(12)2017



EHEPTETUYHI KPUTEPIi AKICHOTO
CTAHY [6]

I'puddirc nepeabauus, mo Tpimuna byse 3pocraru
AHIIE B TOMY BHIIAJKY, AKIIO BUBIABHEHA IIPU IIbOMY
eHepria npyxHoi gedopmanii gocratHa aas 3abesre-
YeHH:A BCIX 3aTpaT €Heprii, o OB  A3aHi 3 IUM Poc-
TOM. 3 OrasAgy Ha Te, mo I'puddirc nparmosas i3 CKAs-
HUMH [IAQCTHHKAMH [7, 8], KpUXKHUM MaTepiaroM 3 J0-
CHTb BHCOKHM MOJYAEM IIPY:KHOCTI, B IIbOMY BHIIAJ-
Ky IIepeBaKaAd 3aTpaTH €HEPTil Ha YTBOPEHHA HOBHUX
ITOBEPXOHb TpimuH. Kpurepiit crparypanusa TpimuHu
MIPUHHAB BUTASA:

U dw
das  dSs

JAe S — IAoIa HOBUX IOBEPXOHD TPIIMHU.

/JAd pilIeHHS 334249 MEXAHIKM KPUXKOTO pyHHYBaH-
HA NPUIHATO PO3TAAZATH TPU PI3HOBUAU KPUXKOTO
PyHHYBaHHS, III0 TOKA3aHI HA PUC. 2, a.

) (1)

1

Puc.2. PisHoBU M ypasKeHHA MaTepiaiy IpH yJapi.
a - pi3HOBHAM nepeMinieHHsa Geperis TPIMH 1 BiANOBIZHO PI3HOBUAM KPUXKOIO PyHHYBAHH I
(I - HopmaabHoOTO Bigpusy, 11 — nonepeunoro scysy, 111 — nozgossxuiii 3cysy).
6 - ypaxeHHs 3aAi306€TOHHOI KOHCTPYKINI Y BUTAAI BIAKOAIOBAHHA MaTepiany
i BTpati Horo o6’eéMy. B - pyHHYBAHHSA BHACAIZOK 3MIHH GOPMH (IIAACTHYHUX gepOopMariiii).

Toai moxua 3anucatu dW/dS,=G,, - kpurtudne 3Ha-
YeHH:A IHTEHCUBHOCTI BUKOHAHOI poOOTH 10 yTBOPEHHI
A0JaTKOBOI ITOBEPXHI TPIIIUHH HOPMAABHOTO BiJpH-
BY B YMOBaX IIAOCKOTO AepopMOBaHOro crany, /Jx/m%
dU/dS,=G, - IHTeHCUBHOCTI BUBIABHEHHSI €HEPIii IPYXK-
HOl gedopMmanii Ipu yTBOpPEHHI J404aTKOBOI IOBEPX-
Hi TPIITUHU HOPMAABHOTO BIZPUBY B YMOBAaX IAOCKO-
ro gepopmosanoro crany; dW/dS, =G, - kpurudne 3Ha-
YeHH:A IHTEHCUBHOCTI BUKOHAHOI po6OTH IO yTBOPEH-
Hi JOAATKOBOI IOBEPXHI TPIIIMHU IOIEPEIHOrO 3CY-
BY B YMOBaX IIAOCKOTO AepopMOBaHOro crany, /x/m%
dU/dS,=G, - IHTEHCUBHOCTI BHBIABHEHHSI €HEprii
HpY>KHOI gedopmarii IpH yTBOPEHHI J0J4aTKOBOI IIO-
BEPXHI TPIIIMHU IOIEPEYHOTO 3CYyBY B YMOBaX IIAOC-
Koro gepopmosanoro crany; dW/dS, =G, - xpurud-
HE 3HAYEHHA IHTEHCHBHOCTI BHKOHaHOI poboTu 1o
YTBOPEHHI J40JATKOBOI IIOBEPXHI TPIIIMHU I103]0-
B/KHBOTO 3CYBY B YMOBaX IIAOCKOTO J€(pOpPMOBAHO-
ro crany, /Jx/M% dU/AS, =G, - iHTEHCHBHOCTI BU-
BIABHEHHA €Heprii HnpyskHol Jedopmalii Ipu yTBO-
PEHHI A0JAaTKOBOI IOBEPXHI TPINIUHH I1030BKHbBO-
ro 3CyBy B yMOBaX IIAOCKOTO JepOpMOBAHOrO CTaHY.

B 3aranpHOMY BHUIIAAKy PYHHYBAaHHA MaTrepiany
B KIHIIEBOMY €AE€MEHTI B TPBOXMIPHOMY I130TPOITHO-

MY IPYKHO-IIAACTHYHOMY TIAL MOKE CYIPOBOJKYBa-
THCSI IPUPOLICHHAM IIAOLII IOBEPXOHb TpimuH (dS)
(puc.2,a), 3MIHOIO (K IIPABUAO, 3MEHIIEHHAM) 06’€My
tina (dV) (puc. 2, 6) 1 3MinoI0 popMmu Tira (dE) (puc. 2,8).
Toai, anaroriano kpurepito I'puddirca, pyitnysan-
HA Martepiany kinnesoro eaementy (KE) Biabygerncs,
AKIIO BUKOHYETbCA OJAUH 3 HACTYIIHUX KPHTEPIiB:

dUu _dw du _dw du
ds, —ds,’ ds, ds,’ds, dS,

aw

>

du _dw.  du  dw.
av —dv’ dé  dE’
5 ; . (2)
U (auY (au
d
dé ds dv

Tyt y (2) - emepria, BUTpayeHa Ha yTBOPEHHS HO-
BHUX IIOBEPXOHb TPIIIUHH, BTPATy 00CATY MaTepiany i
Ha 3MiHY GOpPMH €AEMEHTY MaTe-
piaay, mo gocAigxyersea. /ag
HECTIHKOTO  3pOCTaHHA TPilmju-
HH, obcary 1 popmu KE, 3mina xa-
paKkTepy PpyiHyBaHHA BHUHHKHE,
AKIIO BUKOHYETBCA OAHA 13 YMOB:
d’u > d’u > d’u >
ds’ dav’ dé&’

TaxkuM YHHOM B 3araabHOMY
BHIIa/JKy €HEPTeTUYHI pIBHAHHA,
IO OIIUCYIOTh AKICHY 3MIHY CTaHY
MaTepiary, € OKPpEMHMH BHIIAJ-
KaMH OZHOTO 3araAbHOTO 3aKOHY,
AKHUH € TOXIJHOIO Bij 3aKoHy 30e-
PEKEHHSA eHepril 1 AKHII 3aIIHCYEThCA Y BUTAAAL

d’(A-U+..) _ arw+..)

0;

0; 0. (3)

(4)

dy” dy?’
Ae p — cryninb noxiguoi ¢yHknii eneprii abo poboru
3a MapaMeTpoM, o po3rasagaeTncs, p= 0, 1, 2, ..., o«

W — O6yab-aKui mapaMeTp (apryMeHT), 0 BXOAUTh A0
BUPa3y q)y}IKLIﬁ €HEPreTUIHOI piBHOBarH.

KPUTEPIi PYHHYBAHHA MATEPIAAIB
ITPH 3ITKHEHHI 3 AITAKOM

ITpuiiMeMO HACTYIIHI YMOBHI IIO3HAYCHHS:

dU(t)/dV(t)=£(l) - IHNTeHCUBHOCTI BUBIABHEHHSI €HEP-
rii mpy:kHOI Aepopmarii npu BTpaTi o6CcATY MaTepiany
(puc. 2, 6), Ax/™’.

dW()/dV(t)=Q4l) - KpuTHIHE 3HAYCHHS IHTCHCUB-
HOCTI BUKOHAHOI po60TH 110 BTpati 06’eMy MaTepiaay,
x>

dU(t)/d&(t)={(t) - IHNTEHCUBHOCTI BUBIABHEHHS €HEP-
rii mpyxHoi gedopmariii npu 3mini opmu o6’emy Mma-
tepiany, JAx/&;

dW(t)/dE(t)={t) - KpuTHYHE 3HAYCHHS IHTEHCUBHOC-
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Ti BUKOHaHOI poboTH 1o 3MiHI popmu 06’emy Marepia-
Ay, Ax/€. Toal kpurepii (2) MOKHA 3aIIUCATH Y BUTAA-
Al

G, ()2GL(1);G, (1) 2 G (1); Gy (1) 2 G (0);

QO z2Q (1):; (D)=L () (5)

(G,(r)J {ij +(G,,,(t)J {Qmj {:(r)} -

GIC (t) G[[(,‘ (t) G[[IC (t) QC (t) é’C (t)
Baysaskumo, mo Gy (1); Gy (1); Gy (1); Qe (t); L(t) €

KOHCTaHTaMu JAA CTATUYHOI'O pYI/IHYBaHHH 1 € Taku-

MH, IO 3MIHIOIOTb CBOE 3HAYEHHS B 9acl AAsl KBasicTa-
TUYHOTO 1 AUHAMIYHOTO PyHHYBaHHS.

IIUTOMA YAAPHA POBOTA PYHHYBAHHA
OBCAIY METAAY

Y BignosigHocti 3 [9], 3a He0oOXiZHOCTi, BHKOHY-
I0TbCsL BUIIPOOYBAHHS OCHOBHOI'O METAAY T4 3BAPHHUX
3’€/JHAHb HA YAAPHUIl PO3PUB.

BunpoOyBanHs Ha Omip Y4apHOMY PO3PHUBY BUKOHY-
I0Tb AASL 3BAPHHUX CTHKOBUX 3’€JHAHb AHCTIB TOBILU-
HOIO J0 2 MM.

BunpoOyBaHHsI BUKOHYIOTh HA MAasITHUKOBHX KOII-
pax i3 IPUCTOCYBAHHAM JAsl 3AKPIIACHHS IIAOCKHX
3paskis. Ilutoma ygapua pobora pyiiHyBaHHA 06’€My
MaTepiary BU3HAYAETHCS 32 POPMYAOIO:

2
o, ()=, A,() i dA, (1) i, d Ayz(t) ’
V Vdt Vdt
ae A1) - pobora yaapy, 1110 BUTpadyeHa Ha B’ A3Ke pyi-
HyBaHHA 00’eMy Mmatepiany 3paska, /Jx; V - ob’em
3pyiiHOBAaHOTO MaTepiaiy 3paska, IO JOPIBHIOE JO-
6yTKy TOBIIMHH OCHOBHOTO MCTaJ\y (a) ma pospaxyH-
KOBY JOBKUHY i IHPUHY 3pa3Ka, Mk, by, ks - Koeq)i—
LE€HTH 3 BUMIPHICTIO, BiAIOBigHO: 6e3po3MipHuid, I, 1

dA, (1) : : .
———— - HNIBUJKICTh 3MIHH B 4Yaci poboTH ygapy Ha
Vdt
pyiinyBanHs 06’emy Matepiany, /Jx/(Mc);
d*4,() . .
S~ MPUCKOPEHHSA 3MiHN B Haci pobotu yaapy Ha

pyiinyBanus 06’emy marepiany, Jx/(M’c?).

kg, k;, ky— BU3HAYAIOTBCSI MIASIXOM PIIICHHS CHCTEMH
TPbOX PiBHAHD 3 TPbOMA HEBIJOMUMU 32 PE3YABTATAMHU
TpbOX abo 6inbIIEe BUIIPOOYBAHb HA pyI/IHyBaHHH 3pas-
Ka y4apoM 3 p13HI/IMI/I HIBUAKOCTSIMHU 1 PIBHUMU IIpPHU-
CKOpPEHHAMU 3MIHH €HePprii yAapy.

3azHauMMoO, 1O POo3Mipu KOHCprKuiﬁ o pyii-
HYIOThCS BHACAIJOK yAapy, BlApl3HHIOTbC5I Bl po3Mi-
piB 3pa3kiB AAfA BUIPOOYBAHHA | BU3HAYEHHA YAapHOI
poboru pyliHyBaHHA. 3 ypaxXyBaHHAM MacmITaGHOTrO
epEeKTy, CAlJ 3aIucaTH:

a,(t)=k, a,.,t),

ae a,(t) — muroma poboTa pyHHyBaHHSA KOHCTPYKIHI 3

o6’emoM pyiinysanus V,, M, k,, - Macitabuuii koedini-
€HT, 6€3pO3MIPHUH, IO BU3HAYAETHCA 32 POPMYAOIO:

Ae s, S, - Koepii€HTH, IO BU3HAYAIOTHCA E€KCIEPH-
MEHTAABHO. Y BHIIAAKY BIACYTHOCTI €KCIIEPUMEHTAAD-
HHX JAaHHX, OIpUiiMaeMo s,=1, s,=3; V., V, - BignoBig-
HO 06’éM Marepiaay, 0 pyHHYETbCA B KOHCTPYKIIII, i
06’eM MaTepiaAy, IO pyHHYETHCA B 3PA3KY.

Takum ausoM Q. (1) =a (1), [x/M.

BusiAnbHeHHA eHeprii npysKHOI gedopmariii mpu mMa-
AHX IIBHAKOCTAX AepOpPMyBAHHA IPH BTpaTi 06’€eMy
MaTepiary BU3HAYAETHCA 32 POPMYAOIO:

VP £02

Ut)= [ [o,(t)-ds(t)dv.

IHTEeHCHBHOCTI BUBIABHEHHA €HEPTili IPYKHOI Je-
¢$opmanii mpu Brpati 06’€My MaTepiany BH3HAYAIOTh-
Cs 3a POPMYAOIO:

dU(6)/dV, (1) = Q(1) »

ae Vyt) — o6’em 3pylHOBAHOrO (BTpa4eHOro) MaTepi-
any; 0;(t) — KOMIIOHEHTH TE€H30pa HaNpYKeHb; &; (1) —
KOMITOHEHTH TeH30pa AepopMarniil.

3ayBaxxuMo, mo HIpH BHIPOOYBAaHHI 3pa3KiB Ha
yAAQpHHIl PO3PUB, MIBHAKICTD MOAOTY B MOMEHT yJa-
Py 3MIHIOETbCA B HE3HAYHUX MEKAX AASA CTAHAAPTHHX
3pa3KiB i craHAapTHOrO 06AaJHAHHA AAS BUIIPOOYBaH-
Ha. B Takomy Bunagxy seamunna {d(t)=a,(t) € KoH-
CTAHTOIO MaTePiary AAd 0OMEKEHOTO JIalla30Hy HIBUA-
KOCTel pyHHYBaHHS MaTepiany JAAs KBa3iCTAaTHYHOTO
pPyYAHYBaHHSA.

YAAPHA B’A3KICTb PYPIHYBAHH}I
METAAY 3 YTBOPEHHAM HOBOI
ITOBEPXHI PYUHYBAHHA

Y BignosigHocti g0 1. b [9] yaapHy B’A3KICTb pyii-
HYBaHHIO METAAy BH3HAYAIOTh, AK pobOTy yJapy Baru
(kompa), 10 MPHU3BEAA 4O KPUXKOro abo B’sI3KOTo pyii-
HYBaHHA IOIIEPEIHOTO IIE€PEPI3y METANEBOTO 3pa3Ka 3
KOHIleHTpaTopaMu Buis U (3 TyIOW0 BUTOUYKOW), V (3
rOCTPOIO BUTOUYKOIO) 1 1" (3 TPIIIHHOIO).

Yaapua B’si3kicts KC(1) B /lx/cM* BUPaxOBYEThCs 32
dopmyroro:
oK) d*K(t)
“Su(t) * S, (1)t
ae K() — pobora yaapy, Ky HeOOXiJHO BHKOHATH
AAA YTBOPEHHS HOBHX IIOBEPXOHb PO3PUBY 3pasKa,
Ax (krc X M); ky, k;, k, - koediLienTH 3 BUMIPHICTIO,
BiATIOBIAHO: 6€3PO3MipHHI], £, £

dK(t)

k@)= VS, (1)dt

(6)

dK (1) . . .

—— - IBUAKICTb 3MIHH B 4YacCl pO6OTI/I y,aapy, HKY
S, (t)dt

HCOGXMHO BHUKOHATHU ANA yTBOpCHHH HOBUX

HAYKATA BYAIBHULTBO 2(12)2017



nosepxoHs, Jx/(Mc);

d*K (1)
2
S, ()dt
YTBOPEHHsI HOBHX HOBEPXOHb, /Ix/(M’CY). S,(1) - no-
YaTKOBA IIAOIIA IIOIIEPEYHOroO IePepi3y 3pa3Kka B Mic-
i KOHIIEHTPATOPa, CM’, SIKA BUPAXOBYETHCS 32 GOpMy-
AOKO:

- IPUCKOPEHHA 3MiHH B 4aci po6oTu yzapy Ha

So()=H{(®)-B,

Ae H', - mouaTkoBa Bucora pob04oi YaCTUHH 3pasKa,
cM; B — moYaTKOBa IIMPUHA 3pa3Ka, CM.

/JAs 3pasKiB 3 KOHLIEHTPATOPOM Yy BUTAAAL TPilju-
uu (uagy 1) sHayenna H';(1) BU3HAYA€TDbCA, AK PI3HU-
1151 MK TIOBHOIO BUCOTOIO H, BUMIpAHOIO 40 BHIIPOOY-
BAHHSA | PO3PAXyHKOBOI TAMOMHOIO KOHIIEHTPATOPA
(TpintuHm) /i, AK MOKA3aHO HA PHC. 3.

I §
A A

Qf.L&

1=z o,

Y

Puc.3. Ilepepis 3paska grs BunpoOGyBaHHs 3 KOHIIEHTPATOPOM
Bugy T. abc - ¢pont Tpimuau BTOMH; I-1 — MOAOKEHHsT BI3UPHOT
AIHIT OKYAsIpA MIKPOCKOIIA B IIOYATKOBUH MOMEHT BHMIPIOBAHHSI;

II-11 - moAokeHHs BI3UPHOI AlHIT OKyAsIpa MIKPOCKOIIA B
KiHIIeBHI MOMEHT BUMIPIOBAHHSA; 1HIII YMOBHI O3HAYEHH
Taki cami, gk B [10]

SIKIII0 BHACAIZOK BHHpoﬁyBaHHH 3pa3OK He 3pyitny-
BaBCA IOBHICTIO, TOJI TOKA3HUK AKOCTI MaTepiaAy BBa-
KAETHCA HE BCTAHOBAEHUM. B TakoMy BHUIIagKy B IIpO-
TOKOAL BUIIPOOYBaHb BKA3ylOTh, IIIO 3pa3oK IPH Mak-
CHMaAbHIH eHeprii ygapy MagTHHKa He 6YB 3pyiiHOBa-
HUMH.

/loITyCKa€eThCA 3aCTOCOBYBATH 3pa3ku 6e3 HaJpi3y 13
O/HI€I0 YH JBOMA HEOOPOOACHHMH ITOBEPXHAMH, PO3-
MipH fAKHX 32 IIHPHUHOIO BIAPI3HAIOTHCA BiJ BRKA3aHHUX
B [9].

3a3dHAYUMO, IO IAOIIA HePepidy KOHCTPYKLIH, 1o
PYHHYIOTBCA BHACAIAOK YAapY, BiAPI3HAETHCA BiA IIAO-
il mepepisy 3pas3kiB AAfA BUIPOOYBAaHHA 1 BU3BHAYEHHA
yaapHnoi B’asrocti KC(t). 3 ypaxyBaHHAM MacmTabHO-
ro epeKTy, CAlJ 3aIuCcaTH:

KC.(t)=k, -KC(t)

ae KC(t) — yaapHa B’ A3KICTb pYHHYBaHHA KOHCTPYKIIT
3 o6’emom pyiinyBanss S,(t), M°, k, - Mmacitabuuii Ko-

edinienT, 6e3po3MipHHU, IO BU3HAYAETLCA 3a POpMYy-

AOIO:
S5

Ae s;, S, - KoepilllEHTH, IO BHU3HAYAIOTLCA E€KCIIEPH-
MEHTAABHO. Y BHIIAAKY BiACYTHOCTI CKCIIEPUMEHTAND-
HUX JaHHUX, anHMaeMo s;=1, 5,=3;8,, S, - BlATIOBIAHO
IIAOIIA TIePEPI3y, IO PYHHYETHCA B KOHCTPYKIIII, 1 ITAO-
12 epepisy, Mo pyHHYEThCA B 3PA3KY.

TakuM 49MHOM, JAA KBa3iCTATUYHOTO PYHHYBaHHSA
G ()=KC (1)X10%, Ax/m>. BCTaHOBAE€HA 3aAEKHICTD
Guc()=3XGe (1), Ge(D)=2XGie (1), Ae 10" - Koeq)iHiGHT
nepexoay Big Jx/cm” 40 Jk/ M.

3ayBaxuMo, mo NpH BHIPOOYBAHHI 3pa3KiB Ha
B’A3KICTh PyHHYBaHHIO, IIBUAKICTb MOAOTY B MOMEHT
yAapy 3MIHIOETbCA B HE3HAYHHUX MEKaX AASA CTAaHAAPT-
HUX 3Pa3KiB 1 CTAaHAAPTHOTO 0OAAAHAHHA AAS BUIIPOOY-
BaHHs. B Takomy Bunagky Beanunna G, (1)=KC(t)x 10’
€ KOHCTAHTOIO MaTepiany gAd 0OMEKEHOTO Alana3oHy
HIBUAKOCTEH pYHHYBAaHHA MaTepiaAy AASl KBa3iCTaTHY-
HOTO pyHHyBaHHA.

KPUTEPII PYHHYBAHHA KOMIIO3UTHOIO
MATEPIAAY IIPH 3ITKHEHHI 3 AITAKOM

PyiiHyBaHHA KOMIIO3HUTHOIO MaTepiaAy IpH yaapi
BiAOy4€ThbCSA Y BUIIAAKY:

Q(2Qq4 O,

Ae (x(t) - IHTEHCUBHOCTI BUBIABHEHHS €HePTii npy;KHo'l'
Aedopmanii npu Brpari (pyiinyBanHi) 06’emy MaTepla-
AY KOMIIOSHTY, Jx/M; Qe (t) - KpuTHYHE 3HAYEHHS 1H-
TEHCHBHOCTI BHKOHAHOI poboTH 110 BTpaTi (pyiHYyBaH-
HI0) 06’eMy Marepiary komnoauty, s/’
Ycepeanena nuroma ygapHa pobora pyHHyBaHHS
KOMIIO3UTY @y (1) =0 (1), BUBHAYAETHLCSA 3a POPMYAOIO:

Ay (1) = (ay () x Ay +Q,, (1) x Ay,)/ Ay .

Ae ay(l) - muToma yJapHa poboTa pyHHYBAHHS BOAOK-
Ha, I1J0 APMYE MATPHUIIIO, Ax/M?; A,y - maoma roreped-
HOTO Iepepidy BOAOKHA, IO apMye Marpuijio, M’
) (t) - IHTEeHCUBHOCTI BHUBIADHEHH:A €HEpTii NMpPYyKHOI
Aedopmarnii MaTpHIll y MHTh PyHHYBaAHHS BOAOKHA, IIJO
apMYy€ MaTpPHIIo, Ax/M%; A, — TIAOIIIA €A€MEHTA OCHO-
BH, fIKA JOPIBHIOE IIAOIII YOTHPBOXKYTHHKA, BEPIIHU-
HAaMH SKOTO € BOAOKHQ, 10 apMYIOTh MaTPHILIO, M Ay
- IIAOIIA, AKa JOPIBHIOE Az+A),

KPUTEPIi PYHHYBAHHSA KIHIIEBOTO
EAEMEHTY 3AAISBOBETOHY ITPU
SITKHEHHI 3 AITAKOM

Ycepeanena nuroma ygapHa pobora pyHHyBaHHS
3aAi300€TORY @ yg(t) =) (s (1) B 06’€Mi 0JHOTO KIHIIEBOTO
eaementy (KE), BusnagaeTnbcs 3a pOpMyAOIO:

Aysp (1) =(@y () x Ag +Q (1) x Ag)/ Agp
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Ae ay(t) - tutoMa yzapHa poborta pyiiHyBaHHA CTaA€BOI
apMaTypH BU3HA4Y€HOI MapKH, IO apMy€ GETOH B Me-
xkax ogHoro KE, BusHaueHoro kaacy, Jax/m>; Ag - IAO-
Imja IOIEPEYHOTo IEepepi3y apMaTypHOIO CTPHKHA,
wo apmye Geron B Mexax oguoro KE, Mm% Q4t) - in-
TEHCHUBHOCTI BUBIABHEHHSA €Heprii npysKHoi gepopma-
uii B 6eroni y MuTh pyitnyBanus apmarypu, Jx/m’; Ay
— IIAOIIA IIOIIEPEYHOTO IEPEPI3y, AKa JOPIBHIOE IINO-
Il YOTUPBOXKYTHHKA, BEPIIMHAMHU AKOTO € AapMaTypPHI
CTPHKHI, IO apMYIOTh GETOH, Mm% Ag - IIAOIIA, KA 40-
piBHIOE Ag + Aj.

SIKIO IpHUITYCTHTH, IO YA KIHETUYHA €HEPTid IpHu
BUIIPOOYBaHHI a0COAIOTHO KOPCTKHX GETOHHHX MiIe-
HeH yzapaMU CHapAAIB BUTPAYAEThCA TIABKH Ha PYil-
HyBaHHA GETOHY, TOAI:

aYB(t) = QCB(’) = 2 m>x Vo (t)

;
zxx,(t)xd’
Je m - Maca AlTaka, Kr, V(t) - MBUAKICTh AITAKA B MUTD
3ITKHEHHs 3 MIIIEHHIO, M/C% X, (/) - TAMOMHA POHUK-
HEHHs CHapsAy B O€TOHHY MilleHb, M; d - yMOBHUH Ai-
aMETP CHAPAAY, M.

Y Bignosiguocti go [10, 11] xapakrepucradaa rAn-
6MHA TPOHUKHEHHA CHAapA4Yy B HECKIHYEHHO TOBCTY
6eTOHHY IEPENMKOAY CTAHOBUTD:

u x0 <2
d

1.8
O,OlZdVO(t )j p

x,,(t):\/17,78-Kde-(

x,(®)

1.8
x,(t)=4445- KNm - j +dnpn7>2,

[0,012V0(t )

d
4e x,(t) - rAubuHa IPOHUKHEHH:A CHApAAY (AlTaka abo
iforo yramka) B 6eTOHHY Oropoxy (6ygiBeAbHY KOH-
CTPYKIIIO), M; M - Bara cHap#AAa, Kr; V(t) - IBUAKICTD
yaapy, m/c; N - KoepillieHT, KU 3aAeKUTh Big Pop-
MH KIHIISI CHapsiga (AAsT IAOCKUX KiHIB 0,72, AAst Ty-
nux Kignie N=0,84, gra cpepuunnx kianis N=1,00,
AAA rocTpux KiHOiB N=1,144), aAg AlTaka npuiiMaeMo
N=0,72; K - KoepIIIEHT, AKUH XapaKTepU3ye MIITHICTh
6eTony, 1 AKMII BUBHAYAETHCS 32 POPMYAOIO:

20000

Ae f¢ - TUAIHAPUYIHA MILHICTH 6€TOHY IIPpH CTHCKaHHI,
I1a, (BoHa 1IOB’s13aHA 3 AMHAMIYHOIO IIPU3MEHHOIO MiII-
HicTIO BigHOIIEHHAM fi =1,07 eri). JunamMivHa pus-
MEHHA MIIHICTh 6ETOHHOI Oropo:Ki R,ff,=0,?)><108 I1a,
upAiHgpuaHa MinsicTs f¢ =1,07 R, = 0,3x10° ITa .

K =

_ 20000 _ 20000 26

Jre Joszsoriot T

e d - yMOBHHUH glaMeTp CHapsAy, M, IO BU3HAYAETh-
cs1 32 pOPMYAOIO:

K

T

A - yMOBHa 1IAOIIA nIEpepi3y AlTaka a6o Horo yaamka, ™.
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