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MOJEJTIOBAHHSA ITPOLECIB ITOB3Y4YOCTI HA OCHOBI
HEJIIHIMHOI TEOPII B’A3KONPYKHOCTI
I3 HE3AJIEJKHOIO BIJI YUACY HEJITHIMHICTIO

PosrimssHyTo  3amauy HOOYHOBHM — ONHOBHMIDHUX  BHM3HAYaNIBHUX  pIBHAHb  HeNiHiHOI  Teopii
B*SI3KOIPYKHOCTI. PO3B 130K OTpUMaHO Ha MiJCTAaBI TilOTE3N €IUHOI AlarpaMu JeopMyBaHHS BUXOISTIN
i3 MOAIGHOCTI 130XPOHHUX JiarpaM IIOB3ydOCTi Ta JiarpaMu MHUTTEBOro nedopmysanHs. IloOymoBano
y3araJibHEeHy peoJoriuny mMojenb. Ha migcrasi Mozeni mo0yaoBaHO OJHOBUMIpHI BU3HAYABHI PIBHSIHHS
TIOB3YYOCTI JUIs HEeNMiHIHO-B ‘I3KONPYKHUX MatepiamiB. Ii.: 5. bibumiorp.: 14 Ha3B.

KarouoBi ciioBa: HenmiHiiiHAa Teopis B’SA3KONMPYXKHOCTI, €iAuWHa Jiarpama aeopMyBaHHS, i30XpOHHI
JiarpaMy HOB3y4OCTi, JiarpamMa MHTTEBOTO Je(OpMyBaHHs, PEOJIOTIYHA MOJEIb, IOB3YUiCTh, HENIHIHO
— B’SI3KOIPYXHI MaTepial.

IMocranoBka mpodsemu i anamiz Jgiteparypu. Bimomo, mo moB3ydicTh
OIJIBIIOCTI KOMIO3WUTHUX 1 TOJNIMEPHHX MaTepialiB peasli3yeTbcsi B HEIHIWHIN
obmacti nedopmyBaHHsA. Ll o0macTe XapaxkTepusyeTbcs HE  CHiBIIAJaHHIM
JIOCHIJTHAX KPUBUX TOAATIMBOCTI 1 BIANOBIAHO BIACYTHICTIO €IMHOI (QyHKIiT
nioB3y4ocTi. [Ipy 11boMy B 3aJI€XKHOCTI BiJ MaTepialy i yMOB HaBaHTa)KEHHSI MOXKE
BHUKOHYBaTHCh a00 IOMIOHICTh KPHBHX IOB3Yy4ocTi ab0 MOMIOHICTH 130XpPOHHUX
nmiarpam moB3ydocti. Ha manuii yac omyOiikoBaHO Oarato poOiT, NMPUCBSYEHHX
moOY/I0BI HETIHIMHUX MOJEICH CraakoBOro Tuiry. Jeski i3 1mux Mojenei, MeTonu
BH3HAYEHHS MaTepiaJlbHUX KOHCTAHT MOJENEH, a TakoX OTpUMaHi Ha iX OCHOBI
pe3yapTati 00roBoproloThCst B [1 — 4]. OmHiero 3 HAHOULIBII OOIPYHTOBAHUX
MoJIeJiell € HemiHiiHa Mojenb B’si3KompyxHocTi PaborHoBa [5, 6], ocHOBHe
PIBHSIHHS SKOI 1MOOyqOBaHE BUXOISMYM 13 YMOBHM HOAIOHOCTI 130XpPOHHHX Jiarpam
moB3y4ocTi. B poGoti [7] ymMoBa mOmiOHOCTI i30XpPOHHHX Jiarpam ITOB3y4OCTi
pO3IIUpEHa 3a PaXyHOK BBEACHHS 10 MOMIOHMX 130XPOH JiarpaMd MHUTTEBOTO
neopmMyBaHHS, SK 130XPOHM JMJIsl HYJHOBOTO MOMEHTY 4Yacy, sSKa BH3HAYae
HemiHiHicTs Moaeni. Ha ocHoOBI 1i€l Moneni po3B’si3yeThes 3a7ava i3 pO3paxyHKy
nedopmariii  HemiHIMHOI ~ MOB3y4OCTI  JESIKMX  HEJHIHHO-B SI3KONPY)KHUX
MONIMEPHUX 1 KOMIIO3WTHHX  MaTrepiaJiB TpH  CTALliOHApHHX  PEeXHMMax
HaBaHTa)KEHHSI.

B [1 -4, 8, 10 — 12] — npuBeseHi HeNmiHIMHI MOJENi OB3YYOCTi CIIaJKOBOTO
tuny. B [5, 6, 9, 14] — posrisgaerscs HemiHiliHa Mojens PaborHoBa. B [7] —
TIPUBENICHO PO3LIMPEHY HemiHiiHy Mozaens PabGorHoBa. B [13] — BukiameHo Meron
MiHiMi3amii (pyHKIiOHATY.

Merta cTaTTi — BUpINICHHS 3aj7adi i3 MOJEIIOBAHHS HETIHIMHUX MPOIECiB
MOB3YYOCTI Ta peJnakcalii HamnpyXeHb B S3KONPY)KHHX MaTepiajiB Ha OCHOBI
HEJIHIHHOT Teopil B’A3KONPYKHOCTI 13 HE3aJIKHOIO BiJl Yacy HENHIHHICTIO.
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OcnoBni cniBBinnomennsi. [ToctanoBka 3agadvi AocaiTKeHHs. 3aJEXKHICTD
MiX JedopmamisM, HaNpyKEHHAMH 1 YacoM Uil HEeJIHIHHO-B S3KOMPYKHUX
MaTepiaiiB, BUXOASYM 13 PO3IIMPEHOI YMOBH MOJIOHOCTI i30XpOHHHX Jiarpam,
3aJ1a€ThCS B OTHOBUMIPHOMY BHUIIAJIKy PiBHSHHSIMHU:

0o (e(t)) = () + L[ K (t - )o()d;
0 )]

o(t) = g (e(t)~ 1] R(t = 1)po (e(0) M,
0

ne €(f), &(tr) — nmoBHa aedopMmallis, IO BKIIOYAE MNPYKHY CKIAmoBYy &° i
nedopmaitiio moszydocti €°(f) B Momentu wacy ¢ i 1, o(f),o(t)— niroue
HamnpyKeHHs B MOMEHTH yacy ¢ i T; ¢ (-) — QyHKIUis, 10 3a]a€ AiarpaMy MUTTEBOTO

nepopmyBanHs, K(f—1T) — sapo moB3ydocti; R(f—T) — AApo penakcarum;, A —
peosoriunuii mapamerp (A >0); ¢ — 4Yac CIOCTEPEKEHHS;, T — Yac, L0 Mepeaye

MOMEHTY CIIOCTEPCIKCHHS.
B (1) Ha BiaMiHy Bij 0a30BOi HENiIHIWHOI CITAJKOBOI MOJIEINI, 3aIIPOIIOHOBAHOT B
[8], byskuis @,(-) BUKOPUCTOBYEThCS HE TiNbKU Npu ¢ = 0, aje i 11 BCiX 3HaYEHb

t > 0. Dysk1ia @y(€) 3a1a€ThCS OJHOUIEHHOI CTENEHEBOO AMPOKCUMAIII€I0

0o (e) = %(s)" : @)

nme H, ¢ — KOHCTaHTH, IO BHU3HAYAIOTHCI II0 pE3yJbTaTaXx OOPOOKU

eKCIIEPUMEHTAJIbHUX JIaHUX BHIPOOYBaHb 3pa3KiB Martepialy Ha OJHOBICHUI
pO3TIT.
JpoOoBo-ekCOHeHIIIHE PO,  3alporioHOBaHEe B [6],  3amaeThes
CIiBBiTHOIICHHSIM
1 o [ nt_,[(l+ot)n
K(l—T)Z — Z( B) ( ) (3)
(-1 5 Tla+a)+n)]
JUISl BUMAJKY ITOB3YUYOCTI 1 CITIBBIIHOIICHHSIM
® _ (O + n, f—1 (I+a)(1+n)
= i+ a+o)d+n)]
JUTsT BUMAKy penakcamii. Jle o i f — mapameTpu apoOOBO-EKCIIOHEHIIHHOTO spa
npuaoMy —l<oa<0,apB>0.

[Mapamerpu o i B APOOOBO-EKCIIOHCHIIIHHOTO SIpa, & TAKOX PEOJOTIUHUH
mapamerp Ay piBHsaHHI (1) BU3HA4YarOTBCI MO pe3yjdbTaTax oOpoOKM
eKCIIEpUMEHTAJIbHUX JJAHUX Ha OJIHOBICHY MOB3YUICTh NpH (hiKCOBaHil TeMneparypi
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i IpH JEKITBKOX DPIBHAX MOCTIHHHX HANpyXeHHb. B 1bOMY BUMAIKy BelHYHHA
HanpyKeHHS 6(t) 3aJa€ThCS CITiBBiTHOIICHHIM

o(t) =h(t)o,; (k=1m), 5)
ne h(t) — omunnuHa Qynkuis Xeicaiina (A(t)=0npu t<0 1 A(f) =1 nput =0), a
G, =const.

B pobori B pamkax piBHIHb (1) poO3B‘si3yeTbcsi 3ajaua i3 PO3paxyHKy
nedopmariii noB3yqocti st ckinomtacTuky TC8/3-250 mpu po3TSATHEHHI ITiJ KyToM
¢ =45° o oci cumerpii i ¢pTopormacty-4. Pe3ynbratu po3paxyHKy HOPiBHIOIOTHCS 3
EKCIICPUMCHTAILHUMY JaHWUMH, 3amo3umueHuMu i3 [9, 10]. 3amava BkiroYae
mo0y/I0BY BU3HAYATBHHUX DPIBHSIHB ITOB3YYOCTi, BU3HAYCHHS OOJACTI HETiHIHHOCTI
BSI3KOMPY)KHHUX  BIIACTHBOCTEH MatepialliB, BHU3HAYEHHS MapaMeTpiB ApPoOOBO-
SKCTIOHCHITIMHUX SIIep CHaJKOBOCTI, Ta €KCICPUMECHTAIBHY arpoOaIiito Mojaen Ha
NIPUKIIaZl PO3paxyHKy peiakcalii HamnpyxkeHb Ta aedopMamiii MOB3Y4OCTI HpHU
OJIHOPA30BOMY CTATHYHOMY HABAHTAXKCHHI.

IloGynoBa  BH3HAYaNbHOrO  PIBHAHHA  MOB3Y4YOCTi  HeJiHIHUX-
B‘SI3KONPYKHUX MaTtepiadiB. Bimomo, mio xapaxrep HemiHIHHOCTI — mpolecy
TIOB3Y4YOCTI B‘S3KONPYXHHUX MarepialiB i CTPYKTypa BiJIIOBIIHHMX HEJIHIHHUX
MoJIeJIel TOB3YUOCTI 3aJISKUTh BiJl BUKOHAHHS OfHIET 13 yMOB mmofiOHocTi. B sikocTi
TAKUX YMOB HalyacTille pO3TJISNAETHCS MOAIOHICTD TEPBUHHNX KPUBHX IOB3Y4OCTI
1 O/IIOHICTH 130XPOHHUX JliarpaM MOB3y4OCTi.

HeniniiiHiCcTh B‘S3KONPY)XHUX BIIACTUBOCTEH MaTepiasliB IpPOSBISIETHCS, SIK
BiJioMoO [6], y IOpyIIeHHI yMOBHU CyHIepIro3uiii i yMoBU ofHOpiaHOCTI. B pe3ynbTati
3anexHicth "nedopmanis — yac" He Moke OyTH Tpe[cTaBieHa y BHUIVISAL DALY
CTYMiHYAaCTHX (YHKIIH, IO 3aJaloThCsl B Pi3HI MOMEHTH uYacy, a (yHKIis
TIOB3YUYOCTI BUSBIISIETHCS 3AJIEKHOIO BiJl HAIIPYXKEHb.

HeniniiiHicTe  B°S3KONPY)XKHUX  BJIACTUBOCTEH  BHOpaHMX  MaTepiajiB
OOTPYHTOBYETHCSI B pPOOOTI BUXOJSUM 13 MOPYLIEHHS YMOBU OIHOPIJAHOCTI, KOJIU B
JIOBIIBHIN  (pikcOBaHMHI MOMEHT 4Yacy BiJHOIIEHHS MDK JedopmaiisMu He
BIJIMIOBIIa€ BIJHOIIEHHIO MK HampyXeHHsSMH. B 1pomy Bumaaky ¢GyHKIii
HOB3Yy4O0CT1 J, (¢)

Ji(0) =

e(t,0,,)

g0 )¢J() 2hoa) , EPNOE
1 S Om
BUSIBISIIOTBCS. 3aJI€KHHMHU Bifl piBHA HalpyXeHb G, TaK, II0 €IWHA (QYHKILS

(6)

HOB3y4OCTi J(¢), IHBapiaHTHA IO BIJHOIIEHHIO 10 PiBHA HAIPYXEHb G , BLICYTHS.
KinpkicHa oOIiHKa HEJTIHIHHOCTI B'SI3KONPYXXHUX BJIACTHBOCTEH MaTepiajiB
MOXe OyTW OTpUMaHa i3 CIIBCTABJICHHS PO3PaXyHKOBHX [, 1 TaOIM4HMX t;,k

3Ha4eHb KBaHTWIsA cratuctuku [11]. BBaxkaerpcs, mo Marepian BoJomie
HEJIHIHHUMU B’ I3KONPY)KHUMH BIaCTHBOCTSIMH, SIKIIIO BUKOHY€ETHCS yMoBa [12]
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ak T o N oLk J=Lm,
S
Ae J(t;) — BuOIpKOBe cepejiHe 3HaueHHs (QyHKUIT noB3ydocti; S;(f;) — cepente
KBAJPATHUHE BiIXHUICHHS BeTHMUMHH J(f j); n — o0’em BHOIpKH (KiIBKICTh
(yHKuii MoB3y4yocti); 8 — MaKcHManbHa noxubka Mixk 3Ha4eHHsIMU Jy (1) 1 J(¢;) .

Benmnmunna moxuOku O B MOJAJBIIUX pPO3pPaxXyHKax 3amaeTbess =5%, a
FIMOBIDHICTb  p TONAJAHHS CKCICPUMEHTAIBHUX (QYHKUIN MOB3y4OCTiJ, (f;) B

iHTepBasl, OOMEKEHNH BEMMYMHOI & = £5%, 110 BiAHOLIEHHIO 10 BenuunHu J ()

noBuHEH Oyt He MeHIe 90%.

ExcnepuMmeHTanbHi  3HAYEHHS IIONATIMBOCTI HAaHECEHI Ha puc. 1 Juid
cknomiactuky TC8/3-250 npu posTsirHenHi mijg KyroM ¢ = 45° 10 oci cumerpii (a),
Ta (Qroportacty-4 (06). EkcnepumeHTanbHI 3HAYCHHS IONATIUBOCTI  JUIS
cxnomactuky TC8/3-250 orpumani i3 maHMX BUNPOOYBaHb Ha IOB3Y4iCTh HPHU

HanpyxkeHHsiX G, = 20,3 (0), 39,8 (@), 59,7 (®), 79,6 (©), 99,5 (@), 119,4 (o) MIIa i
st propomtacty-4 — HpH HanpykeHHsXx o, = 5 (0), 7,5 (@), 8,5 (©), 10 (e).
ExcniepumenTanbhi aani 3anosuuedi i3 [9] 1 [10]. LrpuxoBumu JiHIIMH HaHeceHi

rpaHuli iHTepBaiy o, = +5% Bix Benuunnn J(¢;) .

J-10%, MITa™ J-10%, MITa™

0 4000 8000 12000 t, TOI 0 4000 8000 12000 ¢, xB

a 0
Puc. 1.

Po3paxyHKOBi 3HAU€HHs KBAaHTWIA CTaTHCTUKU ¢,,, HAHECEHI TOHKMMHU
LITPUXOBUMHU JTiHISIMH, TAKOX HE MEPEBUIIYIOTh (pHC. 2) Ui IUX HAMNpPYXEHb iX
KPUTHYHI 3HAYCHHSL ¢, , , HAHECCH] TOBCTHMH CYLUIBHUMH JIHIAMH.

[3 pamux npuseneHux Ha puc. 1, BuaHo, wo B ixtepsanu 238, J(7;)
MONaal0Th  eKCIIEPUMEHTaJIbHI 3HaueHHS (YHKOIH IOB3y4oCTi ISl JOCHTh
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00MEKEHOr0 piBHH HaIlpY>XCHb. PO3anyHKOBi 3HA4YCHHA KBAHTCJIAA CTAaTUCTUKHU loc,k

MeHIII iX KPUTMYHOTO 3HA4eHHs [, ,, WO B IUJIOMY 3aJ0BOJILHIE YMOBAaM

HeniHiiHOCTI (6) U (7).

t(x,k l(x k
Lok ., .
a,
1,2 1,5
08 10
0,4 05
e e — —_— ] L~ _—— e ——— _—— —
0 500 1000 t, 0N 0 4000 8000 12000 t, XB
a 0
Puc. 2.

Jns moOynoBM BH3HAYAIBHOTO HEJiHIWHOrO piBHSHHS moB3ydocti (1)
BUKOPDHCTaHA KOHIEMIS €IUHOI 130XpOHHOI Jiarpamu aedOopMyBaHHS, sKa
OOTPYHTOBYETHCSI EKCIICPUMCHTATBHO BUXOJISYHU 13 YMOBH IOJIOHOCTI 130XPOHHHX
Jiiarpam rmoB3ydocTi 1 JiarpaMu MUTTEBOTO JieopMyBaHHSI.

VY3aranbHeHy YMOBY HOAIOHOCTI 130XpOHHUX Jiarpam IMoB3Y4OCTi, sIKa MiCTHTh
1 larpaMy MHUTTEBOTO Ae(OPMYBaHHsI, MPEACTaBUMO Yy BUIIsiL [12]

P (¢)) P (&)
o,le;(0).1;]1=———=>1+G(t;) =——————=const , ®)
1+G(¢)) o,le;(0),1;]
o 3a3/a€ TOXMIOHICTh B IuiommHi "@—¢€" I KOXHOro i3 (hiKCOBaHMX pIBHIB
nepopmauiii €;(¢) B intepsani i =1,/ no mapamerpy ¢;. Tyr 1+G(¢;) — pynxuis
nofibHocTi; @y(-) 1 @,[-] — 3HaYEHHs HaNpYKeHb, 110 BU3HAYAIOTHCS i3 Jiarpamu
MUTTEBOTO 1e(hOPMYBAHHS 1 ITO 130XPOHHHX Jiarpamax MOB3y4OCTi Ul KOXKHOIO i3
MOMEHTIB 4acy f;; €& — KOMIIOHeHTa aedopmallii, 0 He 3aNeKUTh Bil Yacy f;, i
BU3HAYAETHCS T10 JliarpamMi MUTTEBOro iehopMyBaHHS @ (€;) .

BBakaeTbes, 1m0 €MMHA 130XpOHHA Jiarpama JaedopMyBaHHS ¢(g) IiCHYE 3
MOXMOKOI0 O 10 BITHONICHHIO JO BHOIPKOBOTO CEpeAHBOr0 O(€), SKIIO
BHUKOHYETHCSI HEPIBHICTh

[P -0ue)] 5. o)
9o (&;)
a iHTepBa o
G(e)~50(e,) < 9e) < P(e,) +8(e,); (1=1.0) (10)
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HAKpHWBA€ iCTHHE 3HAYCHHS €IUHOI 130XpOHHOI giarpamu jgedopMyBaHHS ¢(g) i3
JIESTKOX0 UMOBIPHICTIO P .
3Ha4eHHs HMOBIPHOCTI p 3aJEKWUTh BiJl 3HAUCHHS KBAHTUJISL CTATUCTUKH [, 4

1 Bu3Ha4aeThes 13 Tabmuup [11]. 3Havenns ¢yHkuii noibHocti 1+G(;) , a Takox

3HAYECHHS BENMYMH O(E;) 1 7, ; PO3PAXOBYIOTHCSA 3a BiJIOMOIO METONMUKOM [12].
€uHI 130XpOoHHI Aiarpamu aedopMyBaHHs s ckiomactuky TC8/3-250 mpu
po3TsarHeHHI mix kyroM ¢ = 45° no oci cumerpii (a) i ¢ropomtacty-4 (0)
OOTpYHTOBaHI EKCIIEPUMEHTAJIbHO, BUXOJSYM 13 BHKOHaHHSI ymMoB (9) i (10), Ta
npuBeneHi Ha puc. 3. BuxigHi i30XpoHHI [JiarpamMM TOB3Y4OCTi 3ajaHi
KBaJpaTHKaMH, TOBCTUMH CYLUIbHUM JIHISIMH IIOKa3aHi JjiarpaMd MHTTEBOIO
nebomyBanHs @y(e). Hna cknomnactuky TC8/3-250 (a) TOukM BiJNOBiAarOTH

MOMeHTaM yacy ¢; = 54(0), 198 (md), 348 (B), 510 (H), 978 (), 1200 (M) roauw,
ans proporacty-4 (6) TOUKH BiIOBiAIOTE MOMEHTaM 4acy ¢; = 234 (o), 1849 (md
), 4362 (M), 6517 (), 8491 (), 10646(#), 13518 (M) XBUIHH.

o,MIla o,MIla
150 s
_
Pt gt
£
100 ~
74
50
0 0,015 0,03 0,045 € 0 0,08 0,16 0,24 €
a Puc. 3. 6

Judepenuitoroun piBHAHHS (1) M0 yacy, OTpUMaeMo BH3Ha4ajbHE DPIBHSHHS
Mozeni

ds(t) d 4 oty I Kt~ vyololie {M} , (11)

Jle TIOXifHA Bif  (QYyHKIIT (po(s(t)) B3sTa, SK IOXiJHA BiJ] CKIQJHOI (YHKIIIi.
PiBHsHHS HeniHIHHOT OB3y4OCTi (8) € pIBHAHHSM IIBHJKICHOTO THITY i BCTAHOBJIIOE
B HAWOUTBII 3aralbHOMY BHIJISAAI 3aJISKHICTh IIBHIKOCTI IMOB3YYOCTI BiJ
HaNpy)XeHHs, BUXIJHUX JeQOpMaTHBHUX BIIACTHBOCTEH Marepially i BpaxoBYe
CMaJIKOBI BJIACTHUBOCTI Yy (hOpMi IHTErpaIbHOTO 4acOBOI'O OIlepaTopa.

I3 BpaxyBanusaM (2) 3 mozerti (8) oTpUMyeMO CITiBBiTHOIIICHHST
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doy(e(t)) _ H
) ()™
i3 BpaxyBaHHSM SIKOTO OTPHMAa€eMO BH3HAa4ajJbHE PIBHSIHHS HeNiHIMHHOI Momerni

TIOB3YUOCTI BS3KONPY)KHUX MaTtepiaiiB (8), 0 3auIIeThCsl y BUTIISII
-1

_
e )

Busnauennsi napameTtpiB moaei. B poOori HeBizomi mapamerpu o, 1 A
BH3HAYAIOTHCSl 13 JaHUX, OTPUMAHMX i3 YMOBH ICHYBaHHS €AWHOI 130XpOHHOI
JiarpaMd  MUTTEBOTO Je(QOpMYBaHHS 1 TPEACTaBICHUMX Yy BHIIMI  QyHKIIT
nofidrocri 1+ G(¢;) .

(12)

0 _d

T o(f) + { K(t —1)o(t)dr (13)

B sxocti kpurepito Halkpamoro ysromkeHHs ¢yHKUii momioHocti (8) i3
eKCIIEpUMEHTAJIbHUMH ~ JIaHUMH  BUKOPHUCTOBYETHCSI ~ yMOBa  MiHiMi3amii
KBaJPaTHUYHOTO BIJXWIEHHS PO3PAaXyHKOBHX [aHWUX 13 EKCHEepUMEHTaIbHUMHU
JMaHUMH (QYHKIIT MOAIOHOCTI (G(tj ))exp. 3agaua 3BOJIUTHECS [0 3HAXOIKEHHS

MiHIMyMY (yHKIIIOHAITY

Flapi)=3 % G.. (1) {1+ki ()" } 2 (14)
w aal n:OF[1+(l+n)(l+a)]

Minimizanis ¢pynkiionany (14) 3aiiicHIOETBCS 13 BUKOPUCTAHHSIM iTEpaliiHOTO
Merony JliBenOepra-Mapkapara [13]. 3HaveHHS 3HAHJACHUX TaKUM YUHOM
napameTpiB o, B W A IS TOCHiIKYBaHUX MaTepiajiB MpUBE/IeH] B Ta0JI.

Excnepumentanbna  anpobamisi  momendi. Haiibinem  oOrpyHTOBaHa
EKCIICPEMEHTAIbHA IEePeBipKa JIOMIIBHOCTI 3aCTOCYBaHHsS HENIHINHOI Teopil
Bsi3komnpykHocTi (1), 3acTocyBaHHs JpoOOBO-eKCrOHeHIiHOro sapa (3) i
mapaMeTpiB sjpa, 3HAWICHWX i3 JMaHWX HAa IOB3YYICTh, 3IMCHIOETHCS HA 3amadi
PO3paxyHKy jgedopMarriii moB3y4oCTi Ta peraKkcarlii HanpyXeHb.

JudepeHuiline BU3HAaYasbHEe pIBHSIHHSA HENiHIKHOI moB3ydocti (6) i3
BpaxyBaHHSM piBHAHHSA (3) JUIs s1pa CrIaJIKOBOCTI KOHKPETH3YETHCS Y BUTIISIII

de’ (1) d () e I -1 N
L h(t)1+7vr§)1“[l+(l+a)(l+n)] co | (15)

[arerpyroun nanpme (15) i3 BpaxyBaHHSIM ITOYAaTKOBHX YMOB ISl 3aJIEXKHOCTI

nedopmariii HOB3y4OCTi € Bil HAPY)KEHHS G 1 4acy ¢ OTPUMYEM PiBHSIHHS
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1
- 0 7 4 (I+a)(1+n) ;
s(t):(_q"kj" 1y B! : (16)
H ST+ +a)1+n)]
Jie npuiinsto, mo t=0, t—t=¢,a h(0)=1.
3naveHHs nedopMartiid MoB3ydocTi €(¢) HENHIMHHO BS3KONPYKHUX MaTepiaiis

pO3paxoBaHMX IO cHiBBifHOMEHHIO (16) i3 BUKOPHCTaHHSIM 3HAa4YEeHb MapaMeTpiB
o, 1 A, mpuBEINCHUX Yy TaOJ., CIIBCTABJICHI Ha pHUC. 4 13 CKCIIEPUMEHTAIEHIUMU

JaHuMu Ut ckioractuky TC8/3-250 mpu posTsrHenHi mix kyrom ¢ = 45° no oci

cumerpii (a) i ¢proportacty-4 (6). Pesynbratu po3paxyHKy HaHECEHI IITPUXOBUMHU
JHISIMH, a eKCHepUMEHTalbHI [aHi ToKa3aHi TouykaMu. Ilo3HaueHHS piBHIB
HPHKIIAICHUX HAIPYXKEHb G, CIIBIANAIOTH 13 HPUITHATHMH Ha puC. 1.

Tabnurs
[Tapametpu
[Tapamerpu sigpa fuarpamn

' ' MHUTTEBOTO

B’si3konpyxHI MaTepiaiu nedbopMyBans
-(1+a) -(1+a) H:
a , TO1T A, TO,
B I Mt q
cxirortactuk TC8/3-250,
o -0,7 -0,12 0,11 540,46 | 0,3917
¢o=45
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3ajexHICTh HANPYXKEHHSA G, Bim yacy ¢, Buxomduu i3 (1) i3 BpaxyBaHHAM (4)
3aIUCY€EThCS y BUTIISII
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B ~ o (}\‘ + B)n t(l+0t)(l+n)
or() =01 }”,,Z:;) ek

ne, npuiiusTo, mo t=0, t—t=¢,a h(0)=1.

(17)

KpuBi penakcamii HampyxeHb, po3paxoBaHi 1o piBHsHHIO (1) i3
BUKOPDHCTaHHSIM 3HaueHb MapamerpiB o, B 1 A, 3HalAeHWX i3 JOCHimiB Ha
MOB3YyYiCTh (TaOJIUIA), CITIBCTABJICHI HA PUC. 5 i3 eKCICPUMCHTATBHUMU TAHUMH IS
cknomiactuky TC8/3-250 mpu po3TsarHenHi mifg kyrom ¢ = 45° 10 oci cumerpii i3
eKCIIEpUMEHTAJIbHUMH  JaHUMH. [louaTKoBe  3HAYEHHS  HANpPYXEHb IS
cxiomnactuka TC8/3-250 cknamae o, (0)= 59,72 (0), 79,63 (@) 1 99,5 (e)MIla.

Pe3ynpTaTi po3paxyHKiB HAHECEHI MITPUXOBUMU JIiHISIMU, a CKCTICPUMEHTAJIBHI TaHi
ToukaMu. EkcriepuMeHTabHi JaHi 3amo3udeHi [ 14].

o, MlIla

® 400 008 60
C-oeg e ew
O0- 0TOUTOOCUTO 00

125 250 375 t, TOJ,
Puc. 5.

B mimoMy, sik BUAHO i3 puc. 5, spo penakcarlii (4) pe3oJbBEHTa BUXiTHOTO
Jpo0OBO-eKCIIOHeHITIHHOrO siapa (3) 1 mapamerpu sypa o, 3 1 A, 3HaWACHI i3
JOCTI/IIB Ha TIOB3YyYiCTh, 3a0€3MEUYIOTh IIOBHICTIO 3aJ0BiTBHE Y3TOJKCHHS
Pe3yNIbTATIB PO3paXyHKy pelakcailii Hampy»KeHb i3 eKCIepUMEHTATbHUMU JTaHUMHU.

BucHoBok. SIk BUIHO i3 pe3yibTaTiB pO3paxyHKy Ha puc. 4, 5 OTpUMaHO
3aJIOBIIBHE Y3TO/KEHHSI EKCIIEpUMEHTAbHUX JaHuX 13 po3paxyHkoBumu. lllo
MATBEPKYE AOMIIBHICTh 3aCTOCYBAaHHS HENHIMHOI Moperni, mo OyayeTbes Ha
MiJICTaBl TINOTE3W €IUHOI giarpamMu  AeGOpMyBaHHS BHUXOIMYHM 13 TOAIOHOCTI
130XpOHHHX JiarpaM IIOB3YYOCTI Ta JiarpaMH MHTTEBOro jaedOpMyBaHHS, JUIs
PO3paxyHKy peliakcaiii HampyXeHb Ta jedopManiii moB3ydocti. HaiiGinerma
noxn6ka Oyna orpumana s ckiorutactTuky TC8/3-250 npu po3TsSTHEHHI il KyTOM
@ = 45° nmo oci cumerpii mpu po3paxyHKy nedopmariii MOB3ydocTi mpH
OJTHOPA30BOMY CTaTHYHOMY HaBaHTaKEHHI 1 CTaHOBUTD 15%.
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MoaenupoBanue NpouecoB MoJ3y4ecTH HA OCHOBE HeJIHMHEifHOH TeopuH BA3KOYNPYIOCTH €
He3aBHCHMOIi oT BpeMeHH HequHeiiHocTIO / [TaBmiok S1.B. // Bectauk HTY "XITN". Tematnueckuit
Bemyck: MHdopmaTuka n Mmopenuposanue. — Xappkos: HTY "XITN". —2010. — Ne 21. — C. 126 — 135.

PaccmoTpena 3aj1aua MOCTPOEHUS! OJHOMEPHBIX ONPEAEISIOLINX yPaBHEHUH HENMHEHHON Teopun
BSI3KOYIPYTOCTH. PelleHHe MONy4eHO Ha OCHOBE THMIOTE3Bl €IMHOI JmarpaMMbl JeOpMHPOBaHHUS
UCXOJsI M3 NO00US H30XPOHHBIX AUArPaMM MOJI3YyIeCTH W AUArpaMMbl MTHOBEHHOTO Je(OpMUPOBAHHS.
IToctpoeHO 00OOLIEHHYIO pPEOJOrHYecKylo Mojenb. Ha OCHOBE MOJeNH IIOTydYeHB OIHOMEPHBIE
OIpeeNsIONNe YPaBHEHUS [TOI3yIeCTH sl HIINHEIHO-BA3KOyNpYrux MaTepuanos. Wi.: 5. buGmorp.:
14 Hazs.

KiioueBble c10Ba: HelMHEIHAs TEOPHs BA3KOYIPYrOCTH, €AMHAS AuarpaMma JehopMHUPOBAHUS,
N30XPOHHBIE JHArpaMMbl MOJI3yYeCTH, JIHarpaMMa MIHOBEHHOIO Je(OpMHPOBAaHHS, pPeOJIOrHuecKast
MOJI€b, MOJI3Y4€eCTb, HUIHHEHHO-BA3KOYIIPYTrie MaTepHUasbl.

UDC 651.326

The creep processes modeling by nonlinear theory of viscoelasticity with time independent
nonlinearity / Pavluyk Y.V. // Herald of the National Technical University "KhPI". Subject issue:
Information Science and Modelling. — Kharkiv: NTU "KhPI". — 2010. — Ne 21. - P. 126 — 135.

The problem of the derivation of unidimentional constitutive equations of nonlinear viscoelastic
theory is considered. The solution is obtained based on the hypothesis of the unified deformation diagram
proceeding from the similarity of isochronous creep diagrams and a stress-strain diagram. A generalized
reological model is constructed. On the basis of the generalized model unidimentional creep constitutive
equations of nonlinear viscoelastic materilas have been constructed. Figs: 5. Refs: 14 titles.

Keywords: nonlinear theory of viscoelasticity, unified deformation diagram, isochronous creep
diagrams, stress-strain diagram, reological model, creep, nonlinear viscoelastic materilas.
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