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MAIINMHO3HABCTBO TA OBPOBKA MATEPIAJIIB B MAINIMHOBY 1YBAHHI
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XMeJbHUIBKUI HALlIOHATBHUI YHIBEpCHUTET

BUKOPUCTAHHSA AITAPATY TEOPII INTIACTHYHOCTI JJISI OIITHKA
HAIIPY KEHO-JE®OPMOBAHOI'O CTAHY JUCKPETHOI'O CEPEJOBHUIIIA

B cmammi o06rpyHmosyemucsi ModxcAUBICMb GUKOPUCMAHHS anapamy meopii naacmu4Hocmi 0451 OYiHKU
HanpysceHo-depopmosaHo20 cmaHy OJuckpemHozo cepedosuwja 3 YpPAaxyS8aHHAM NPUHYUnosux eidMiHHocmell 3aKOHi8
degpopmysaHHs1 naacmu4Hux i duckpemHux cepedoguuy.
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USING THE APPARATUSOF THE THEORY OF PLASTICITY FOR THE
EVALUATION OF THE DEFLECTED MODE OF A DISCRETE MEDIUM

The possibility of using the theory of plasticity for the evaluation of the strained state of a discrete medium, taking into account
the fundamental differences between the laws of plastic deformation and discrete media is proved in the article.

The most promising for this seems to be using plastic flow rheological models that take into account the specific features of
discrete materials deformation such as the internal friction impact and dilatation.

There are three fundamental differences between discrete deformation of materials and plastic deformation of solids: the impact
of internal Coulomb friction on the deformation process as in the extreme, and in untillimited states; dilatation and the significant impact on
the nature of the material deformation which affects discrete type of stress-strain condition.

It was admitted that one of the possible reasons for failing the conditions of fields coaxiality characteristics can be discrepancy of
structures in stress tensors and speed deformation. This assumption proves how to satisfy the condition of coaxiality characteristics in stress
fields and speed deformation.

Keywords: discrete environment, internal Coulomb friction; dilatation.

Beryn

JluckpeTHe cepe/IoBHUIIE 3 MO3UIIIH MEXaHIKK 1eOPMIBHOTO Tijia PO3TIISIAAETHCS K 001aCTh (KOHTHHYYM),
10 3allOBHEHAa YaCTMHKAMHU TBEPAOro MaTepiajly: 3€pHHUCTOr'0, CHUIIKOIrO, T'PaHyJbOBAHOTO, IUCIIEPCHOTO i T.II.
YacTHHKM B3a€MOJIOTh MK COOOI0 uepe3 Oe3iu MOBIJIBHO OPIEHTOBAaHMX KOHTAKTIB, SIKI HE CIPUHMAIOTh
PO3TSDKHHUX 3YyCHib. Take CepeqoBHILE ONMUPAETHCS 30BHILIHIM CHJIOBUM YM KiIHEMAaTHUYHUM 30YPEHHSIM TLIBKU
3aBISIKM CHJIaM KYJIOHIBCHKOT'O TEpTs, IO BHHHUKAIOTH B MICHSX KOHTAKTy YAacTHHOK, 1 sIKI TPOIOpPILiKHI
HOPMaJIbHUM TPUTUCKHUM KOHTAKTHHM 3yCHJUISIM. [HIIMMH CJIOBaMH, OIip TaKOrO CEpeJOBHINA [ii 30BHIIIHIX
HaBaHTa)KEHb CTBOPIOETHCS TUTBKU CHJIAMH BHYTPIIIHBOTO CYXOTO TEPTI.

Ha BigmiHy BiJi CTaTHKH CHIIKOIO CEpEIOBHINA, IUCKPETHE CEPEHOBHIIE BBAXKAETHCS TaKUM, IO
nedopmyeThest. Moro neopmarii BiaGyBaloThCs TEpeBaKHO 3a PAXYHOK B3A€MHOTO MPOKOB3YBAHHS HKOPCTKHX
YaCTHHOK.

[mxeHepHI po3paxyHKH, OB’ s3aHI 3 OIIHKOIO B3a€MOIIi JTUCKPETHOTO CEPEAOBHUINA 1 KOHTAKTYIOUUMH 3
HUM KOHCTPYKIISIMH, 3BOJASATHCS JI0 aHAi3y HamnpyXeHo-1e(OpMOBAaHOIO CTaHY CEepEOBHUILNA Bia il 30BHINIHIX
CHJIOBUX YM KiHEMaTHYHUX 30ypeHb. LI po3paxyHKu MOXKyTh OyTH 3/1iHCHEHI TiIbKU 3 BUKOPUCTAHHSIM PEOJIOTTYHOL
MOJIEJI TUCKPETHOrO CEPeIOBHUINA, sIKa OIMCcyBajia O HOro cTaH Ha ycix eranax JeopMyBaHHS.

AHaJi3 BiJOMHX PEOJOTIYHMX Mojeiell MexaHiku nedopMiBHHX cepemoBuil [1] mokasas, 10 HaHOIIbII
MEPCIIEKTUBHUMHE IIOJI0 JUCKPETHOTO CEPENOBHUINA MOXKHA BBa)KATH MOZENI TEOpii IUIACTUYHOCTI 3 OCOOJIMBUMH,
XapakTepHUMH JUIS JAWCKPETHUX MarepianiB, YyMOBaMH IUIACTHYHOCTI. JIjisi BIPOBAaJDKEHHS TaKuX MoeNei
HEeOoOXiTHO BCTAHOBHUTHU XapaKTepPHI 0COOIMBOCTI 3aKOHIB Jie(hOpMYBaHHs JUCKPETHUX MaTepialiB i iX BiJIIOBIIHICTh
3aKOHaM IUIACTHYHOIO JIe()OPMYBaHHSI TBEPAUX TiJl, TIOKJIA/ICHUX B OCHOBY KJIIACHYHOI TEOPii MIACTUYHOCTI.

ITocTanoBka 3ama4i gocaifxkeHb

Merol0 onmMcaHuWX B CTaTTi JOCHTIDKEHb € OOIPYHTYBaHHS MOXKJIMBOCTI BUKOPHCTAaHHS amapary Teopii

TUTACTUYHOCTI JUISl aHANI3Y HAIPYKEHO-1eOpMOBaHOT0 CTaHY JMUCKPETHOTO CEPEOBHIIIA.
Cran npodiaeMu

Teopist MIACTUYHOCTI € BIJHOCHO HOBOIO TIIKOK MEXaHIKH JedopMiBHOro Tinia. BoHa posrismgae cran
TBEpJMX TiJI, MEPEBAXKHO METaliB, 32 MEXaMHU INPYKHOro nedopmMyBaHHs. BU3HayaibHi CHiBBIIHOIIEHHS, IO
TIOKJIaJICHI B OCHOBY TeOpii IUIACTUYHOCTI, HOCATh (DEHOMEHOJIOTIYHUI XapakTep, TOOTO MOEAHYIOTh TEOPETHYHI
TIOJIO’KEHHSI MEXaHIKH TBEpJO0ro Ae(OpMIBHOTO Tijia 3 eKCIIEPUMEHTAILHO BCTAHOBJIEHMMH 3aKOHAMH IJIACTHYHOTO
nedopMyBaHHS TBEPIUX TiJl.

Y ¢opmyiroBaHHI 3amad Teopii IUIACTHYHOCTI BUKOPUCTOBYIOTHCS TpPU TPYIH pIBHSHB. CTATHYHI
mudepeHIianbHi - pIBHSHHS, sIKi  3a0€3MeYyloTh BUKOHAHHS YMOBHM pIBHOBAard; TEOMETPHYHI PIBHSIHHS
HEPO3PUBHOCTI, IO BiIOOpakar0Th YMOBY CYIIUIBHOCTI CEpEIOBMINA; a TaKOoXK (i3MUYHI pPIBHSHHS 3aJCKHOCTI
HAINpPYXEHOro i JeOpMOBAaHOTO CTaHIB, SIKI OMHUCYIOTh EKCIEPUMEHTAIFHO BCTAHOBJICHI 3aKOHU Je(dOpMYBaHHS

6 Herald of Khmelnytskyi national university, Issue 3, 2015 (225)



TexuiuHi HayKu ISSN 2307-5732

TBEpPMX T 32 MEKaMH NPYKHOCTI.

Juis oOrpyHTYBaHHS MOXJIMBOCTI BUKOPHCTAaHHs arapaTy Teopii IUIaCTUYHOCTI HIOAO IMCKPETHHX
MaTepiajiB 3iCTaBUMO BHXIi/JHI TOJOXKEHHS TeOpii IUIACTUYHOCTI 3 OCOONMBOCTSIMU NeOpMyBaHHS TUCKPETHHX
MarepiaiB.

1. B ycix Teopisix MexaHIKH TBEpAOro Ae(OpMIBHOrO Tila MPUAMAEThCS (PyHIaMEHTAIbHE MPUITYIICHHS,
IO MaTepiajl HEe3aJeKHO BiJ HOro KPHUCTAIIYHOI YW MOJEKYSIPHOI CTPYKTYPU BBAXKAETHCS CYLUIBHHM 1
oqHOpiaHUM. ['imoTe3a npo CyIIbHICTh BAKOPUCTOBYETHCS B MOJICNISIX MEXaHIKH I'PYHTIB Ta 36pPHUCTUX MaTepiaiiB,
SKi M0 CyTi € MakKpOJUCKPETHHMH MaTepiajaMH, 3a YMOBH IO XapaKTepHHH PO3Mip YacTHHOK Marepiany Ha
MOPSIIOK MEHINMH XapaKTePHUX PO3MIPIB PO3paxyHKOBOi oOyiacTi. BkasaHa ymoBa OOIpYHTOBYE MOMKIUBICTB
MIPUHAHSATH TIMOTE3Y KBa3iCYIIIBHOCTI MO0 TUCKPETHOTO cepeaoBuIa. Lle m03BoIsIe€ TepelTH Bijl pO3IJIAAY 3YCHIIb
Ta B3aEMHHX IEPEMIIIIEHb B KOHTAKTaX CYMIXXHUX YaCTUHOK JI0 aTpPUOYTIB CYLIJIBHOTO CEPeJOBHUINA — HAIIPY)KEHb Ta
nedopmariiii B KOXHIM To4Ill po3paxyHKoBOi oOmacTi i Oe3rnocepeqHbO BUKOPUCTOBYBATH PIBHSHHS PIBHOBArd i
HEpO3pPUBHOCTI B (opMi, IO MPHUHHATA B TEOPil IUIACTUYHOCTI, MPH MOOYJOBI PEOJIOriyHOI MOZAE AUCKPETHOTO
CEepEeNOBHUINA.

2. 3icTaBUMO TIPUPOAY 3ANHIIKOBUX (IUTaCTHYHMX) nedopMaliiii MeramiB i MHUCKPETHHX MaTepiatiB.
[Tnactuune nedopMyBaHHS METaTIB BiIOYBAa€ThCS 3a paXyYHOK 3CYyBiB MakpokpucTaiiB. Omip 1M 3CyBaM YHHSATH
TpaHWYHI JOTHYHI HANPYKEHHS, 10 BUHUKAIOTH I10 ILTOMIMHKAX 3CYBY. AHAJIOTIYHO IIbOMY 3aJIMIIKOBI AedopMarii
JIUCKPETHUX MaTepiajiB BUHUKAIOTh Yy pE3yJbTaTi B3a€MHOrO IIPOKOB3YBaHHS HE 3B's3aHMX MK CO0OIO
MakpouacTHHOK. Ormip TakuM JedopMalisiM YHHATH TUTBKU CHITM BHYTPIIIHBOTO CYXOro TepTs. BoHM acoliroroTscs
3 TPAaHWYHHMHU JIOTHYHUMH HAIIPY)KEHHSMH, sIKi 3TifHO 3akoHy AMoHTOHa — KynoHa 3ajexarh BiJ HOpMaJbHHX
CTHCKYIOUHX HANPYKEHb.

Omxke, mnpupojaa IUIACTUYHUX Jedopmamid MeramiB 1 jgedopmManiii NPOKOB3YBaHHS AHCKPETHOTO
cepenoBuila aHajoriyHa. lle me pa3 CBIAYMTH NPO NPUHIMUIIOBY MOXKJIMBICTH BHKOPUCTAHHS amapary Teopii
TUIACTUYHOCTI JUIsl ONMCAHHS HANPyXXEeHO-1e()OPMOBAHOT'O CTaHY TUCKPETHOT'O CEPEAOBHIIIA.

S
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Puc. 1. liarpama neopmMyBaHHsSI MaJoOBYTI.1eleBoi cTaji

3. lnst hopMyBaHHS piBHSHB TPETHOI IPpyNnu — (i3UYHUX PIBHSAHB, B TEOPii MIIACTHYHOCTI NependadaeThes
BCTaHOBJICHHSI 3aKOHIB IUIACTHYHOrO Ae(OpMyBaHHsS KOHKPETHHX MaTepiasliB 3a pe3ylbTaTaMH CIelialbHIX
BUIIPOOYBaHb iX 3pa3KiB. BpaxoByioum HaJ3BUUaiHy CKIIaJHICTh BUIPOOYBaHb 3pa3KiB B yMOBaX JOBLIFHOTO
CKJIAJHOTO HANpPYXEHOTO0 CTaHy, 3aKOHM IUIaCTUYHOro JedopMyBaHHS HaiyacTille MAOCHIIKYIOTBCA 32
pe3yabTaTamu BUNPOOYBaHb 3pa3KiB MaTepialy B yMOBaxX MPOCTOrO JiHIHHOTO cTaHy (Ha OCHOBHH pO3TAr abo
YHUCTUH 3CYB), a pe3yJbTaTH 3rigHO TimoTte3u JIroaBira (mpo icHYBaHHS €IUHOI KPUBOi JeOpMYBaHHS Ui YCiX
BUJIIB HANPYXCHOTO CTaHy) MEPEHOCATHCS Ha Oyab-AKWH CKIAJHUNA HampyxeHuil ctaH. Takuil miaxin MoOKHA
MIPOLJIIOCTPYBATH Ha TPHKJIAJi KIACHYHOrO Marepialy — MaioByrieneBoi cram. [iarpama nedopmyBaHHS 3pa3ka
CTaNi y BUMAJAKY HOro 0ChoBOro po3Tary (puc. 1) Mae ckiaany GopMy i XapaKTepH3YEThCSI TPhOMA TapaMeTpaMu:

TPAHHUIICIO MPY)KHOCTI S, ; TPAHHUICIO TeKY4OCTi S | 1 IPAHHICIO MIlHOCTI S .

Ocob6nuBocTi  neopMyBaHHS B yMOBaX JIHIHHOTO CTaHy IEPCHOCATHCA Ha JOBUIBHHN CKJIaTHUMA
HAIPpY)KEHWHA CTaH. Y IIbOMY BHIIAJKy 3aMicTh KpuBOI AehOopMyBaHHA S = f(e) PO3TIIIAETECA  YMOBHA

rineprnoBepxHs AepopMyBaHHS B 0araTOBUMIpHOMY IPOCTOpPI KOMIIOHEHTIB TEH30pa HaIlpy>KeHb {S ij}, TOJIOBHUX

Hanpy>KeHb {S i} a0o0 0a30BHX iHBapiaHTIB {Jls } 1 BIAMOBITHUX iM edopMariii.

Ha pucynky 2 306paskeHi Tpu rimeproBepxai S;, S,, S; B yMOBHOMY IPOCTOpi TONOBHHX HATIPYXEHD —
nepopmanii. Iloepxust S; oOMmexye obmacTs NpyKHHX aedopmaniil, MoBepxHS S, BiANOBiZa€ IOYATKY
IIACTHYHOrO Je(opMyBaHHs, a MEpPexif MaTepiady y IpaHHYHH CTaH OMUCYETHCS MOBEpXHE S,. KoopauHatu

TOYOK MNEPETHHY INOBCPXOHb 3 T'OJJOBHUMH OCAMU BiI[HOBiI[aIOTL TrpaHUuLAM pr)KHOCTi S TeKy‘IOCTi S T i

np ’
MilHOCTI S oy

HpI/I HaBaHTa)KE€HHI 3pa3ka 3a I[OBiJ'H)HOIO TpaGKTOpiGIO 0A MOBEPXHA HABAHTAXXCHHSA IMOCTYIIOBO 6yz[e
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CIIBIIA/IATH 3 MTOBEPXHAMH, IKi OOMEXKYIOTh 30HH IPYKHOrO0, MPYKHO-IJIACTUYHOIO i TPAaHUYHOTO IehOpMyBaHHS.
XapakTep IUMX IMOBEPXOHb B CKIIAJHOMY HAIPY)KCHO-IC(OPMOBAHOMY CTaHi, HABiTh JUIsI METajiB, BUBYCHUI
HEIOCTaTHRO. TOMY B TeOpii IITACTUUHOCTI NIEPEBAKHO PO3TIIAAAIOTHCS BiJHOCHO MPOCTI IUIOCKI Ta BiCECMMETPUYHI
3a1adi, U SIKMX 3aKOHM IDIACTUYHOCTI MOXKYTh OyTH BCTAaHOBJICHI 3a pe3yJbTaTaMU CKCICPUMCHTIB caMe B IUX
BHJaX HANPY)KEHOI'O CTaHY.

S4(e)]

S,(€)

Puc. 2. IloBepxHi nepopMyBaHHsSI TBEPAUX TiJ

I[J'Iﬂ MPAKTUIHOI'O BUKOPUCTAHHA B iH)KeHepHI/IX PpO3paxyHKax CKCIICPUMECHTAJIbHO BCTAHOBJIEH] 3aKOHH

JnepopMyBaHH 3alMCYIOTh Y BUTJISAI 3aJISKHOCTESH MIXK iHBapiaHTaMH TEH30DPiB (JIs - Jie )

OnucaHuil MiAXix OO0 BCTAHOBJICHHS 3aKOHIB IUIACTUYHOTO JIe(OPMYBaHHSI METaliB HE MOXE OyTH
Oe3rocepeHbO 3aCTOCOBAHUM JI0 JUCKPETHHX MaTepialiB y 3B’ 3Ky 3 IPHHIMIIOBUMH BiIMIHHOCTSMHU CTPYKTYpH
IUX MaTepiaiB 1 TBEPIAMX TiJ.

Iepm 3a Bce, 3pa3ku JUCKPETHOTO MaTepialy HEMOXIIHUBO BHIIPOOYBAaTH B YMOBAax IPOCTOIO JIHIHHOTO
HANPY)XEHOr0 CTaHy Ha OChOBUH pPO3TAr abo CTHCK, SKI B Teopil IUIACTHYHOCTI BBAXKAIOTHCS ETATOHHUMH
JIOBUTLHOMY CKJIATHOMY HAIIPY)KCHOMY CTaHy. J[Js JUCKpETHHUX MaTepialiB 3a €TaJOHHI MOXKYTh OyTH MPUHHATI
cTabiioMeTpuyHi BUNPOOYBaHHS LWIIHAPUYHUX 3pa3KiB MPHU BCEOIYHOMY TiPOCTaTHYHOMY OOTHUCKYBaHHI, abo
BUNPOOYBaHHS MPU3MATHYHUX 3pa3KiB B YMOBaX IUIOCKOI Aeopmariii B 007aCTi CTUCKYIOUNX HANPYKEHb [2].

AHanoroM IuIacTHYHUX JedopMmainiii MeTaliB € 3aJuImIKoBi jAedopmarlii, BUKIUKaHI B3a€EMHUM
MPOKOB3YBAHHSAM YaCTHHOK JHUCKPETHOro Martepiany. CrienianbHi eKcriepuMeHTanbHi gocmimkerns A. Jpemepa [3]
Ha IITYYHO CTBOPEHHX 3pa3Kax IPaHyIbOBaHOTO Marepiany, a TaKOX BUIPOOYBaHHS 3pa3KiB CyXOr'o KBaplOBOTO
MiCKy Ha TEpeKOIIyBaHHS B yMOBax IuIockol gedopmarii [4], mokasyroTh, 1o aedopmariii MpOKOB3YBaHHS B
JIMCKPETHUX Marepiajiax BilIOyBarOThCS 3 CaMOro Mo4YaTKy HaBaHTaKeHHs. TOMY IOHATTS TpaHHI MPYKHOCTI Ta

QHUII TEKy4dOCTi A IIUX MaTepialliB He MaroTh 3MICTy, a HoBepxHi S, 1 S, "craryrorecs" B Touky. OTXe,
1 2

3aBJAHHAM EKCIICPHMEHTAIBHUX JOCIIKEHb € BCTAHOBJICHHS XapakKTepy IPAaHUYHOI MOBEPXHI S; AMCKPETHHX
MaTepiajiB i 3aKoHiB X jAeOopMyBaHHS y 10 TPAHUYHIH Ta TpaHUYHIN CTaxisX y MPOCTOpPi iHBAapiaHTIB HANIPYXKEHb 1
nedopmMariii.

Xapakrep TOBepXHi S, Ul IUIACTHYHUX TBEPAUX MaTepialiB BH3HAYAECTHCA B MPOCTOPI HANPYKEHb

ymoBamMu CeH-Benana ab6o Mizeca. OOumBi yMOBHM 3B’SI3yIOTh HACTaHHS TPAHUYHOIO CTaHy 3 JOCSTHEHHSM
BEIMYMHOI0 MAaKCUMallbHUX a00 OKTaeIpUYHHUX JOTUYHHUX HAINPYXKEeHb TPAHUIl TEKY4OCTi, sIKa BU3HAYAETHCS 3a
pe3ynbTaTaMy BUIPOOYBaHHS 3pa3KiB Ha OCHOBUH PO3TAT a00 YHCTHH 3CYB.

AaHUYHUH CTaH JUCKPETHOI'O Mate 1a.n IIOB A3YE€THCA HE 3 AOTUYHUMHM HaIll CHHAMU L,y a 3
r ' t

TPaHUYHUM BiJHONICHHAM MOTHYHHUX 1 1 HOpMaNbHUX S HaTpyKeHb (MPOSIB BHYTPILIHBOTO TEPTS) i OMUCYETHCS
ymoBaMu Mopa — Kynona (amamor ymoBu CeH-Benana) ab6o A. borkina (amamor ymoBu Mizeca) [5]. s
JIOBE/IEHHS MOXXJIMBOCTI BHKOPHCTAHHS 3a3HAYEHUWX YMOB SIK KPHUTEpIiB Mepexo[y IAMCKPETHOro marepiany y
TpPaHWYHUI CTaH HEOOXiHO NPOBECTH BUIPOOYBAaHHS 3pa3KiB Marepialy NpH pPI3HUX BHAAX HaNpyKeHO-
Je(pOPMOBAHOI'O CTaHYy.

AHai3 pe3ynbTaTiB TaKWX AOCHTIIKEHb IIOJ0 HE3B A3HHX IPYHTIB [6] mokas3aB, 1m0 MpH 3MiHI BUIY
HaTpyKeHO-1e()OpPMOBAHOIO CTaHY JUCKPETHOI'O MaTepialy HaWOULIBII CTaOlIbHO 3aJIUIIAETHCS TPAaHUYHA YMOBA
Mopa — Kynona. Came 111 yMOBa BUKOPHUCTOBYETHCS B OUTBIIOCTI IHXKCHEPHHUX PO3PAXYHKIB IOJ0 BU3HAUCHHS
TPaHUYHUX HaBaHTAXEHB JUIs 00JIACTI CHUIIKOTO CEpPEOBHILA.

Amnapat Teopii IUIACTUYHOCTI BHKOPHUCTOBYETHCS B 1H)KEHEPHIH MeEXaHill AJsl po3B’si3aHHS 3a7ad JIBOX
Ki1aciB [7]: BU3HAUCHHS BENUYMH TPAHMYHOIO HABAHTAXKCHHSA 1 OIiHKAa (akTHUHOro (pobOUYOro) HarmpyKeHO-
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nedopMOBaHOro CTaHy po3paxyHKOBOI 00J1acTi Ha ycixX eTamnax ii 1e)opMyBaHHSI.

3anadi 3HaXOKEHHSI TPAHUYHUX HaBAHTA)KEHb BIHOCATHCS 1O KIIACYy CTATHYHO BHU3HAYYBAHUX, OCKUIBKH
Ut (opMyIIOBaHHS 3aMKHEHOI CHCTEMH DPIBHSHb B HUX HE 3aJy4alOThCsl T€OMETPUYHI PIiBHSHHS HEPO3PUBHOCTI
nedopmariiif, a BAKOPUCTOBYIOTHCSI TIJIbKH CTaTHYHI PiBHSHHS PIBHOBAaru Ta YMOBa HACTaHHs T'PAHUYHOI'O CTaHy,
c(opMyIIbOBaHI B HAIIPY)KEHHSIX.

MoXJIHMBICTh PpO3B’'S3aHHS 3374 [0 BH3HAYEHHIO TPAaHUMYHUX HABaHTAXEHb MIOA0 JHCKPETHOTO
cepeoBHINa 3 BUKOPHCTAHHSIM I'paHHYHOi yMOBH Mopa — Kynona uynoBo npogemoHctpoBana B.B. CokonoBckkum
[8] Ha mpuKTadi CHITKOTO CEPEIOBHIIIA.

Binbm ckagHuMu € 3a/1a4i OLIHKYM (paKTHYHHUX HAIMIPYKEHOro Ta JAe(OPMOBAHOIO CTaHIB B JI0 TPAHUYHIH 1
rpaHnuHii  obnactsax. IlocTaHOBKa TakMX 3ajad BHMara€ IPOBEJCHHS CIIEIiaJbHUX EKCHEePUMEHTAIBHIX
JIOCIIJDKEHb Ul BCTaHOBJICHHS 3aKOHIB Je(OpMYBaHHs MaTepialy Ha ycCiX eramax HaBaHTaXeHHS y (opwmi
3aJICKHOCTEH MK TCH30paMHU Hampy)KeHb 1 TeH30poM jaedopMarltiii abo mBuakocTed nedopmariin. 1i 3anexHoCTI
(GhOpMYITIOIOTE TpeTio rpyy "¢di3uyHuX" PiBHSHB, SKi pPa30oM 31 CTATHYHHMHU 1| TCOMETPUYHUMH CITiBBITHOIICHHIMU
YTBOPIOIOTH 3aMKHEHY CUCTEMY PO3B’ I3yBaHUX PiBHSHb.

B ycix Teopisx MexaHIKH TBepAoro ne(OpMiBHOrO Tijia TEH30p HAIpPYKEHb {S} 1 aHaJIOTIYHUH HOMY
TEH30p MaJIUX JAedopMariii {e} MIPE/ICTABIISIIOTD SIK CyMY JJBOX YaCTHH: KYJIbOBHX TEH30DIB {S 0} , {eo} i IeBiaTopiB
{D}s , {D}e. [Tpu npoMy BBaxkaeThcs, O 00’ €MHI AedopMarii {eo} OB’ 513aHI TUIBKU 3 KYJIHOBUM TEH30POM
Hanpy>KeHb {S 0} , a aeopmartii popMo3MiHH {D}e — TIJIBKH 3 JIEBIaTOPOM {D}
e}« {soh
{of, ~ {ok.

i 3B’ s13k11 0(hOPMITIOIOTECSI Y BUTJISIIII €KCIIEPUMEHTAIFHO BCTAHOBJICHUX 3aJIKHOCTEH MiX iHBapiaHTaMu
TEH30piB HANPYKEHb 1 AeopMariiii:

S

J = fl(Jf ) —3aKO0H 00’ €MHOT0 J1ehOpPMYBAHHS; (1)

e — S :
J; =1, (J 5 ) —3aK0H ()OPMO3MiHH. 2
To6T0, 3aKoHU 00’ eMHOTO NehOPMYBAHHS i 3aKOH (POPMO3MIHHM BBAKAIOTHCS HE3ATICHKHUMU.

3B’ 130K Mix Tperimu inBapiantamu (J § - J; , III0 BiTOOparkae BIUIUB BHIY HAIPYKEHO-1e(HOPMOBAHOTO

CTaHy Ha 3aKOHOMIPHOCTI IJTACTHYHOIO Ie()OPMYBaHHSI TBEPOTrO Tijia, IIe HEOCTATHLO BUBYECHHH .

JocmimkeHHs, npoBeieHI OaraTbMa HAyKOBIPIMH 3 JHMCKPETHHMH MaTepiajlaMu, BCTAHOBWIM TpH
MPUHIUIIOB] BiAMIHHOCTI JeopMyBaHHS IIUX MaTEPiasiB Bif IUIACTUYHOrO Ae(opMyBaHHs TBepaUX Tia [9].

1. Jedopmariii popmosminu {D}e 3ajexxaTh He TUTBKH BiJl IeBiaTopa {D < » aJle i Bijl KyJIbOBOIO TEH30pa
{S 0}. s 3amexHicTs BigoOpakae mepiry NPUHIMIOBY BiAMIHHICTH IUCKPETHHX MartepialiB — BIUIUB
BHYTPIIIHBOTO KYJIOHIBCHKOTO TEPTsl Ha Mpolec iX AeOopMyBaHHsS SK Y TPAaHUYHOMY, TaK 1 B JI0 TPAaHUYHOMY

CTaHax.

2.00'emHi nmedopmanii JUCKpETHHX MaTepialliB BilOyBalOThCS HABiTh NPH CTAMX HOPMAaJBHUX
HAINPY)XEHHSX 338 PaXyHOK 3CYBiB. 3aI€XKHICTh 00’ eMHUX JAedopmaliii Bix 3cyBiB a00 BiJ JOTUYHUX HAINPYKEHb, 110
X CIpUYUHAIOTH, Brepire omucana O. PeiiHompacom [10] i Ha3BaHa juiaTaHciero. [IposB JMIaTaHCii BUpaXaEThCsA

y 3aJIe)KHOCTI 00’ eMHHX nedopmartiii {eo} HE TUIBKHU BiJl KYJIbOBOTO TEH30pa {S 0} , aJle 1 Bix geBiaTopa {D}s .

3.Ha xapakrep nmedopMmyBaHHS AWCKPETHOrO MaTepialy CYTTEBO BIUIMBA€ BHUJA HANPYKEHO-
ne(pOpMOBAHOTO CTaHy, B SKOMY BiH Ipaitoe. BpaxoByloun HaJ3BHYaiiHy CKJIaIHICTh BUBYCHHS Ii€i mMpoOiiemMHu,
MOJKHA 3alpOIOHYBATH IPOBOJWTH CKCIICPUMEHTH [UIS BCTAaHOBJICHHS 3aKOHIB Je()OpMYBaHHSA JIUCKPETHUX
MaTepiaiiB B THX CaMHX BHIaX HaNpyKeHO-Ie()OpMOBAHOIO CTaHY, B AKHX MaTepiaj MpaIloe B pealbHUX YMOBaX,
HAIPUKJIad, B yMOBax IUTOCKOI Aedopmariii. Takuid miaxiJ TO3BOJSE HE BPaxXOBYBaTH 3aJICKHICTh MK TPETIMHU

iHBapiaHTaMH, J§ =f, J;) i ¢opmynroBatu 3akoHH NeOpMYyBaHHS AWCKPETHUX MaTepialiB sK 3aJIeKHOCTI
TIIBKM MDK TEpIIMMU JBOMa iHBapiaHTamu. [lpu 1poMy 3akoHHM Ae(OpPMYBaHHS ITUCKPETHUX MartepiaiiB
BiJIOOpakaroTh BIUTMB CYXOrO TEpTsA Ta AWIaTaHcii i omucyothess He KpuBuMu (1), (2), a moBepXHAMH
nedopmyBaHHs
e — S S ’ .
J; =y 1( 1395 ) —3aKOH 00’ €MHOro Je(OpMyBaHHS; 3)
e — S S :
J; =y 2( PN Iy ) —3aK0H (HOPMO3MiHH. 4

Oco0aMBOCTI  TIPEJCTaBICHHS 3aKOHIB JIeOpMyBaHHS AWMCKPETHUX MartepialiB MOXKHA II0Ka3aTh
CXeMaTU4HO Y GopMi 3B’ SI3KIB MiXK MEPIIMMH Ta APYTUMHU iHBapiaHTAMU TEH30DIB.
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IuBapiantHi criBBiguomreHns (1), (2), m0 OMUCYIOTh 3aKOHH IUIACTHYHOrO AehOPMYBAHHS METATIB,
BUKOPHCTOBYIOTH JUIs ()OPMYIIOBaHHS (Pi3MYHUX PIBHAHB TeOpii IutacTu4HOCTI nedopmaiiiHoro tumy. Lli piBHSHHS
3amucyloTh 'y (opMi 3aJIe)KHOCTEH MiK KOMIIOHEHTAMU HAlpY)KeHb 1 JOCSATHYTHX JAeopMaliii aHaJoriyHo
NPUAHATHM B HEJIHIHHIH Teopii MpyXHOCTI.

B po6orax [9], [11] noka3aHa MOXIHBICTh BUKOPHCTAHHS OUIBII CKIAAHUX criBBimHOmIeHb (3), (4), ski
BiJJOOpa)KaroTh BIUIMB BHYTPIIIHHOTO TEPTS 1 MPOSIB AMNIATAHCIT, sl GOpMyintoBaHHs (Pi3MYHMUX PIBHSIHB IUIOCKOL
3a/1a4ui MEXaHIKM JUCKPETHOro cepenoBuiia. Lle 103Bossie BUKOPUCTOBYBATH JI0CTATHRO alipOOOBaHUI anapar Teopii
IUTACTHYHOCTI 1eOPMAIiHHOTO THITY JUIS OLIHKH HANpyXeHO-Ie(hOPMOBAHOI'0 CTaHy JUCKPETHOTO CEPEIOBHUINA Y
Jl0 TPaHUYHIH cTafii oro neopMyBaHHS 1 po3B’ I3yBaTH BaXKJIMBI JUIsl IH)KEHEPHOI MPAKTHKY 3a1a4i.

[Ticnst OCATHEHHS! TPAHUYHOTO CTAaHY CEPEOBUIIE POAOBXKYE Ae(hOPMYBATUCH BXKE 32 IHIIMMH 3aKOHAMH
— 3aKOHaMH IUIaCTUYHOrO IUIMHY. 3aKOHHW Ae(OpMyBaHHS B 3arpaHU4Hid OOJIACTI ONHMCYIOTHCS OCOOJIMBHMH

CIIBBIJIHOIICHHSIMH Teopil IUIACTHYHOrO IMHY [12], sKi TOB'A3yIOTh HANPYKEHHS {S} HE 3 JOCATHYTHMU
nedopMariisiMu {e} , & 3 IMBHUIKOCTSMH iX MPUPOCTIB {de} .
Jlnst boro BBOAMTHCS HOTeHIanbHa Qynkmis F ({S i }), 4yepe3 sIKy BHU3HAYarOTh IIBUAKOCTI HNPUPOCTY

nedopmariii
TF {s
{deij } =dl s 1 (5)
ij

Bu0ip xapakTepy noreHuiajgbHOi (YHKIIT [UIT KOHKPETHOT'O KJIaCy MaTrepialliB € MPUHIUIIOBO BaXKIHBOO
npoOJIEeMOI0, BHpIIIEHHS SKOI BUMAara€ TPOBENEHHS CIEIiajJbHUX EKCIEPUMEHTAIbHUX Ta TEOPETHUYHHUX
JIOCIIi/IKEHb.

SIKiio 3a moTeHHianbHy (QYHKINIO TPUAHATH YMOBY IPaHHYHOTO CTaHy, ofepxani 3 (5) cmiBBiAHOMICHHS
OyIyTh ONMKCYBAaTH acOLiHOBAaHWN 3aKOH IUIACTUYHOIO IUIMHY, YCI iHIII — HEacouildoBaHI 3 T'PaHUYHOIO YMOBOIO
3aKOHU IUIACTHYHOTO TUIHHY.

B kmacuuHif Teopii IUIACTUYHOCTI BUKOPHCTOBYIOTHCS IOTEHLIANbHI (YHKINI, IO acOIIIOIOTHCS 3
XapaKTepHUMH JJIsl METaNiB TpaHuyHUMU yMoBaMu CeH-Benana uu Mizeca.

JloriyHo mpUIycTUTH, 1O AJIsl OMUCaHHs nedopMaliil IIHHY y AUCKPETHOMY CEpEIOBHII, MOXYTh OyTH
BHUKOPHCTaHI XapaKTepHi JUIsl IIbOTO cepeioBHIIa rpanniHi yMmoBH Mopa — Kynona un BortkiHa.

MOoXJIMBiCTh BUKOPUCTaHHSI rpaHUYHOI yMOBH Mopa — KyJsoHa sik moreHmianbpHOi QyHKIIT ISt TTOCKOT
nedopmariii cumkoro cepejoBuiia Brepiie mnpomemoncrpoBano M. [pykepom ta V. Ilparepom [13]. OxepxaHni
HUMHU CIIIBBIJJHOLIGHHS “HAlpy)KeHHS — MIBHAKOCTI Jedopmaniii” noOpe ONHMCYIOTh BIUIMB Ha TPaHUYHE Ta
3arpaHudHe Ae(OPMYBaHHS BHYTPINIHHOTO KYJTOHIBCHKOTO TepTs (Iepiiia MPHHIIMIIOBA OCOOIHBICTh JAUCKPETHUX
MmarepianiB). 11010 HOCTOBIPHOCTI OMUCAHHS MIEF0 MOJAEIUTIO MPOSIBY AMIATAHCIi (Ipyra 0COONUBICTh AUCKPETHHUX
MarepiaiiB), y 6araTboX HayKOBIIiB BHHHKIH CyMHiBH [14)].

Iepmr 3a Bce, crniBBimHOmeHHs1 [pykepa — [Iparepa mepen0avaroTh IUIATAHCIIO TUTBKHA OIHOTO 3HAKY
(36imbiIeHHsT 00’ €My). B excriepuMeHTax ke 3 MyXKUMH ITicKaMu 3a()iKCOBaHO TAKOK 1 iX YIIiIbHEHHS.

L ) ) de .
ITo-apyre, TEOPETHYHI CHiBBiJHOMICHHS MepeA0aYaroTh, MO MIBUAKICT AuiaTaHcii | = d_to =8nj , axa

JUIA CyXMX TIiCKiB CepeIHbOI IIILHOCTI CTaHOBUTh mpuonm3Ho | » Sin 30° =0,5.
3a pe3ynmpTaTaMu CIeIiajibHO npoBeaeHux Aociimkens A.C. Ctporanos (1956) BcTaHOBUB iHTEpBaN 3MiHH

mBuakocti guwatancii Big | =0,239 ana minerux mickis go | =0,061 gna nmyxkux. B gocrmimax P. Roscoe
(1970) inreppan meuakocti gaunarancii cranous Big | =059 no | =014, B nocmigax C. ®piamana inTepsan
smian | —Big | =0,35 ol =0,1.

Bkazani po30OiKHOCTI  CBiYaTh 1NPO HEBUKOHAHHS (YHJAMEHTAJIBHOIO IIOJIOXKEHHS MeEXaHIKH
nedopMiBHOTO TiNa 11010 AKCHATBLHOCTI TEH30piB HANPYXKEHb Ta AeopMalliif. [X HaMaraauch BUNPABUTH HLIAXOM
PO3pO0KH CHeliaIbHUX HEacOIiHOBaHUX MojeNell IUIaCTHYHOI'O IUIMHY, OCHOBaHMX Ha JOBUIFHOMY BHOOpI
MoTeHIianpHOl (YHKIT. 3a pe3yiapTaTaMu aHali3y Moaenei 1poro kiacy [14], [15] MoxHa 3p0OUTH BUCHOBOK, 1110
BOHH HE JO3BOJIAIOTH aJCKBaTHO OIMHUCATH Crenu(idHi 0COOIUBOCTI AehOpMYBaHHS JUCKPETHOTO CepeloBHIIa. Y
3B'S3Ky 3 MM TNPONOHYBAJIWCH IHIII NUISIXM BHPIIMICHHS NPOOJEMU HE KOAaKCIaTbHOCTI XapaKTEPHCTHK IIOJIB
TPaHUYHUX HAIIPYXKEHb 1 MBUIKOCTEHN nedopmariiii.

Ha nam norusi, ofHi€r0 3 MOXIJIMBUX MTPUYWH HEBUKOHAHHS YMOBH KOAKCiaJIbHOCTI TOJIB XapaKTEPUCTHK
MOXe OYTH HEBIJIIOBIIHICTh CTPYKTYp TEH30pPiB HANPYKEHb 1 NIBUAKOCTEH Aedopmariil.

B kmacuuHili Teopii IUIaCTUYHOCTI Tepexil MaTepially y TpaHW4HHiA craH 3a ymoBoio CeH-Benana
OB’ A3Y€THCA 3 JOCATHEHHAM BEIMYMHH MAaKCHMAJBHOTO JOTHYHOrO HampyxeHHsa 1 . TpaHUIi TeKydocTi.

MaxkcumaibHi I[OTI/I‘IHi HaIlpY>KC€HHS BUHUKAIOTH IO IUIOHIMHKAX, HAXWJICHUX 10 I'OJIOBHUX Hi)l KyTOM i% . ]_Il

TUTOLIMHKHY YTBOPIOIOTH B3a€EMHO OPTOTOHANIBbHI XapaKTEPUCTHYHI MTOBEPXHI, HA SIKMX BUKOHYETHCSI TPAHUYHA YMOBA
Cen-Benana. Ockibku MakCHUManbHiI AedopMaliii 3cyBy BUHHKAIOTh 110 I[UX CAMHUX MOBEPXHSX, XapaKTEPUCTUKU
TOJS  HAIlPY)KEHb CIIBNAJAIOTh 3 XapaKTepUCTHKaMHU IOJsl MIBHAKOCTEH Jedopmamniii, sKi acomiloThes 3
TIOBEpXHSAMH KoB3aHH:. OTKe, B KJIAaCHYHIHM Teopil INIACTUYHOCTI XapaKTEpUCTHKH ITOJiB MIBUAKOCTEH Aedopmariit
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30iraloThCsl 3 OPTOrOHAJIBHOIO CITKOIO XapaKTEPHCTHK I'PAaHUYHOIO IOJIsl HAIpYyXeHb 3a yMoBolo CeH-BenaHa, 1o
3a0e3neuye BUKOHaHHs (DyHAaMEHTAILHOT YMOBH 1X KOaKCialbHOCTI.

B mopeni [pykepa — Ilparepa rpannuyna ymoBa CeH-BeHaHa 3amineHa Ha ymoBy Mopa — KyioHa, ska
TIOB’sI3y€ HACTaHHS TPAHUYHOI'O CTaHy CHIIKOTO CEpPEOBHINA HE 3 BEIMYMHOI MAaKCHMAIIbHOTO JOTHYHOTO

HaIllpy>XCHHA t a 3 MaKCHUMaJIbLHUM BiI[HOIJ_IeHHHM HaIlpy>XCHb % = tg] y a00 3 MakCHMaJbLHAM KyTOM h

max !
BiJIXWJICHHS] TOBHOTO HAIPY)KEHHS BiJl HOpMaJi, SIKMH y TPAaHUYHOMY CTaHi JOCATa€ BEIUYMHH KyTa BHYTPIITHHOTO
teprst N, =] . [UIOMKMHKY 3 MAKCUMAJIBHAM BiJHOLICHHSM HAIPY)XCHb, Ha3BaHi crpsbkeHumy [16], Haxwieni 10

TOJIOBHUX MiJl KyTaMu %ij 1 YTBODIOIOTH BXE€ HEOPTOrOHAJbHY CITKY XapaKTepPUCTUYHHX I1OBEPXOHBb
TPaHUYHOTO TIOJSI HAmpyXeHb. [IIOmMHKK X MaKCUMaJbHUX 3CYBIB 3TiJHO KJIACH4HOI Teopii nedopmaiiiiHoro
CTaHy HaXWieHi O TOJIOBHUX MiJ KyTaMu i% 1 MIPEACTABISIOTHCS CITKOIO OPTOTOHAIBHHX XapaKTEePUCTHYHUX

TIOBEPXOHb TOJIs mBHAKOCTEH nedopmauiid. st BUKOHaHHS (yHIaMEHTAIbHOI YMOBH KOAKCHAJIBHOCTI TEH30piB
HaINpYXeHb 1 MBUAKOCTEH nedopMallii XapaKTepUCTUYHI MOBEPXHI IUX MOJNIB NOBHHHI 30iraTucs, Mo HEMOXIHBO
JIOCSITHYTH TIPOCTO 1X YKOPCTKUM TTOBOPOTOM.

YMOBY KOakciaJbHOCTI XapaKTEpUCTHK IIONIB HAmpyXeHb 1 MIBHAKOCTEH jaedopmaniii  MoxkHa

3a/I0BOJILHUTH, SIKIIO BIJIMOBUTHCH BiJl “KIACHYHOr0" BHU3HAYeHHs JAedopmauiil 3cyBy 0, , AK 3MiHM Kyra Mix

JIBOMa OPTOTOHAJBLHUMHU HANpPSIMaMH X, ), 3aMiHUBIIN HOro MOHATTSAM 3CYBY N, MiX JOBiINBHUM HampsiMoM [ i

royoBHoIO Biccto | (mus. [17]).

Take npurmynieHHs: He CynepeuuTh (QyHIaMEHTaJIbHUM MOJOKEHHSIM MEXaHIKH TBEpAOro neopMiBHOTO
TiJa 1 32 paxyHOK IOBHOI aHAJIOTii CTPYKTYp TEH30pIB HAIpYXeHb i JedopMallii 3a0e3nedye BUKOHAHHS YMOBHU
KOAKCIaJIbHOCTI XapaKTEePUCTHK IIOJIiB HANPYXXEHb 1 IIBUIAKOCTEH nedopmaliiil y BUNaAKy iX HEOpTOrOHaJIbHOCTI.

3BHYAHO, 3p00JIeHe MPUIYIIEHHS TOTPE0Y€E JeTAIFHOr0 TEOPETUYHOTO aHANI3Y Ta EeKCIIEPUMEHTALHOT O
ITi ITBEPIPKCHHS.

BucHoBkn

[IpuBeneHi B cTaTTi pe3ylibTaTH aHAJ3y J03BOJIAIOTH 3pOOMTH BUCHOBOK IIPO MOKJIMBICTH BUKOPUCTAHHS
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