264

Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

REFERENCES

1. Brezis, H., Coron, J.M. and Nirenberg, L. (1980), “Free vibrations for a nonlinear wave equations and
a theorem of P. Rabinowitz”, Comm. Pure Appl. Math., vol. 33, pp. 667-689.

2. Rabinowitz, P. (1967), “Periodic solutions of hyperbolic partial differential equations”, Comm. Pure
Appl. Math., 20, no. 1, pp. 145-205.

3. Rudakov, I.A. (1984), “Nonlinear vibration of a string”, Vestnik Mosk. un-ta, Ser. 1. Matematika i
mekhanika, no. 2, pp. 9-13.

4, Veyvoda, O. and Shtedry, M. (1984), “The existence of periodic solutions of the classical wave
equation. Contact number-theoretic nature of the period and the geometric properties of solutions”,
Differentsialnyye uravneniya, XX, no. 10, pp. 1733-1739.

5. Ptashnik, B.l. (1984), Nekorrektnyye granichnyye zadachi dlya differentsialnykh uravneniy z
chastnymi proizvodnymi [lllI-posed boundary value problems for differential equations with partial
derivatives], Naukova dumka, Kiev.

6. Ptashnyk, B.Y., llkiv, V.S., Kmit, I.Ya. and Polishchuk, V.M. (2002), Nelokalni kraiovi zadachi dlia
rivnian iz chastynnymy pokhidnymy [Nonlocal boundary value problems for partial differential
equations], Naukova dumka, Kiyv.

7. Mitropolskiy, Yu.A., Khoma, G.P. and Gromyak, M.l. (1991), Asimptoticheskiye metody
issledovaniya kvazivolnovykh uravneniy giperbolicheskogo tipa [Asymptotic methods of investigation
of quasi-wave equations of hyperbolic type], Nauk. dumka, Kiev.

8. Khokhlova, L.H., Khoma, N.H. and Petrivskyi, Ya.B. (1995), “Trivial solutions homogeneous
boundary periodic problem”, Volynskyi matem. visnyk, issue 2, pp. 179-182.

9. Samoilenko, A.M., Khoma, N.H. and Khoma-Mohylska, S.H. (2010), “Properties 2m-periodic
solutions of the boundary problem”, Dopovidi NAN Ukrainy, no. 10, pp. 27-32.

10.  Mytropolskyi, Yu.O. and Khoma-Mohylska, S.H. (2005), “Existence conditions of boundary periodic
problem for linear inhomogeneous hyperbolic equations of second order. I, Ukr. Mat. zhurn., 57,
no. 7, pp. 912-921.

11. Khartman, F. (1970), Obyknovennyye differentsyalnyye uravneniya [Ordinary Differential Equations],
Mir, Moskow.

VJIK 539.374

JOKAJIM3ALUSA IJACTUUYECKOM JE®@OPMAIIUU HA TIOIIAJIKE

TEKYUYECTHU B YCJIOBHUSAX IIVIOCKOI'O HAITPSKEHHOI'O
COCTOAHUA

UYepnskos 1O. A., 1. ¢.-M. H., mpodeccop, [lleBuenko A. I'., acnupanT
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Hccrnenyercs BOmpoc O JIOKaTU3aIMK MIacTH4eckoil pedopmarmu B ¢opme 00pa3oBaHMS MISHKH IS
MaTepHaJioB C IUIOMIAAKON TEKY4YECTH B YCIOBHSAX IUIOCKOTO HAIPSKEHHOTO COCTOSIHUS. Y CTaHOBIICHO,
YTO JUIMHA HMIEHKH MOXKET OBITh KOHEYHOH M OINpEeAessieTcsl B 3aBUCHMOCTH OT JICHCTBYIOIIErO B Tele
MaKCUMAallbHOTO HANpsDOKEHMs, a TaKXKe, BEPXHEr0 U HUIKHETO IPENENoB TEKyYeCTH, KOTOpbIE
XapakTepHbl JUId JuUarpaMM OJHOOCHOIO HArpyXeHHs MaTepuana ¢ IUIOMIAJKOM TeKyd4ecTH Npu
KECTKOM HarpyXeHHU.

Kniouegvie cnosa: nokamuzayus naacmuyeckon Oeopmayuu, NIOCKOe HANPAICEHHOe COCMOsHUE,
welikoobpasosanue, paspwie nepemewenuti, oucrokayuu, norocel Jlrooepca-epnosa.
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JOKAJIBAIIA INMIACTUYHOI JE®OPMAIIIL HA IUIOIIA I TEKYYOCTI
B YMOBAX IIVIOCKOI'O HAIIPYKEHOT'O CTAHY

Uepnsikos 1O. A., 1. ¢.-m. H., mpodecop, LlleBuenko A. I'., actiipant

J[Hinponemposcovkuii Hayionanvruil yHigepcumem im. Onecs 'onuapa,
npocn. 'acapina, 72, m. /[Hinponemposcwvk, 49000, YVrpaina

artur_shev9l@mail.ru, yu.chernyakov@gmail.com

JocniKyeTbCcsl TUTAHHS MPO JIOKaNi3allio TUIACTUYHOI nedopmariii y GpopMi YyTBOpEHHS LIMHKH JUIs
MaTepialiB 3 IUIOMIAJKOI TEKYYOCTi B YMOBax IUIOCKOTO HANpPYXXEHOTO CTaHy. BcTaHOBIEHO, IO
JIOB)KMHA IIMAKKA MOKEe OYTH KIiHIIEBOIO 1 BU3HAYAETHCS 3aJICKHO BiJl AII0OYOTO B TiJli MaKCUMAaJILHOTO
HaTIpy>KEHHS, a TAKOX, BEPXHBOI 1 HIDKHBOI MEX TEKYdYOCTi, SIKi XapaKTepHi UL JiarpaM OJHOOCHOTO
HaBaHTAKECHHS MaTepiaiy 3 IUIOMIA KO0 TEKY4OCTI ITPH )KOPCTKOMY HaBaHTa)KeHHI.
Kniouosi cnosa: noxanizayia niacmuunoi Oeghopmayii, NAOCKUU HANPYHCEHUL CMAH, WUUKOYMEOPEHHS,
pO3pu8 nepemiwgens, oucioxkayii, cuyeu Jlrooepca-Yeprosa.

LOCALIZATION OF PLASTIC DEFORMATION ON YIELD PLATFORM IN PLANE
STRESS CONDITIONS

Chernyakov Y. A., D.Sc. in Physics and Maths, Professor, Shevchenko A. G., Graduate Student

Oles Honchar Dnepropetrovsk national university,
Gagarina av., 72, Dnepropetrovsk, 49000, Ukraine

artur_shev9l@mail.ru, yu.chernyakov@gmail.com

The problem of localization of plastic deformation in the form of a shear band has been well studied for
plane strain cases and for plane stress. In [1] was shown that the localization band can have a limited
length. In [2] is noted that angle-Chernoff Liiders lines is significantly different from the angle that can
be observed in "compact”" form samples for tensile test specimens of wide flat metal having a well-
defined yield point. Such localization associated with formation of a neck, which leads to thinning of the
plate in a direction parallel to the smallest dimension of the cross section
In this article investigates the possibility localization limited length neck in the infinite plate under
tensile load. It is differs from the case of plane strain described previously in [1]. With the plane stress
should be allowed the opportunity to jump not only in shear, but also in the normal displacement
component.
Plate material during hard loading (with deformation control) will be characterized by a diagram with a
"peak-tooth" (OABCE curve) as shown in Fig.1. The stresses corresponding to points A and B will be
called the upper and lower yield points, respectively.
The occurrence of the initial localization region, in the interpretation adopted here, is considered as a
loss of stability "in the large" of the body under homogeneous strain conditions in the form of the
formation localized plastic yielding band (like clap effect in the shell). When the lower yield stress plate
can be in two states of equilibrium - in homogeneous elastic or elastic strip with localized plastic
deformation, as shown in Fig. 1.
The occurrence of the initial localization is considered as a loss of stability "in the large" of
homogeneous deformation of the body in the form of the localized plastic yield neck. When it has
reached the lower yield stress the plate can be in two states of equilibrium - in homogeneous elastic or in
elastic with localized plastic deformation, as shown in Fig. 2.
To solve this problem one can use the method of discontinuous gaps according to which localization of
the neck can be represented as a set of dislocations with the corresponding Burgers vector [5]. The
problem is reduced to two singular equations with the Cauchy kernel on a limited interval. Their
solution exists under the condition of limited integrand. For the formulation an additional condition that
will determine the length of localization area, notice that the deformation in the band should be limited
to the value related to the length of yield area BC, since the above solution is valid only before the strain
hardening reached area at point C.
These results demonstrates that for plates with clearly defined peak-tooth on the material diagram under
uniaxial tensile conditions localized necking region has a finite length. Introducing the conditional band
thickness which has the order of the grain size of the polycrystalline material, one can found the
dependence of the neck length from the upper and lower yield point and current load.

Keywords: localization of plastic deformation, necking, dislocations, Luders-Chernof's bands.

BBEJAEHUE

Bompoc o mokanmm3anuu miacTH4eckoi aedopmaruu B (HopMe CABUTA XOPOIINO M3y4YeH Kak s
CITy4aeB IJIOCKOH aedopManum, Tak v IJIs TIIOCKOTO HANPsHKEHHOTO cocTosiHus. B padote [1] O6p110
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MOKa3aHo, 4YTO TII0JI0Ca JIOKATU3alM MOXET HMETh OrpaHHueHHYIO UinHy. B pabote [2]
OTMEYaeTCsl, YTO NPHU UCHBITAHUAX HAa PACTSHKEHUE HIMPOKMX IUIOCKUX 00pasloB U3 METaJUIOB,
MMEIOIIMX XOPOLIO BBIPAKECHHBIA IpEeNl TEKy4eCTH, yroyl HakioHa jauHui Jlropepca-UYepHosa
3HAYUTENbHO OTJIMYAETCA OT YIUla, KOTOPbII MOXHO HaOm0JaTh Ha 00pasliax «KOMIIAKTHOM»
¢dopmbl. Takyro JOKaTU3alMIO CBSA3BIBAIOT C OOpa3OBaHHEM IIEHKH, TO €CThb C YTOHBIICHHUEM
IUTACTUHKY B HAIIPABJIEHUH, N1apajuIeIbHOM HaUMEHbILEMY pa3Mepy CEUCHHUSL.

B HacTosimieii pabote aHATH3UPYETCs] BO3MOXXHOCTH 00pa30BaHUs MICHKH OIPAaHUYCHHOHN JIMHBI B
OCCKOHEYHOU PaCTIHYTOU IJIACTUHE.

1. IOCTAHOBKA 3AJIAYHN

PaccmMoTpuM OecKOHEUHYIO IUIACTUHKY, HAaXOMAILIYIOCS B YCIOBUSX OJHOPOJHOTO IUIOCKOTO
HaIpsHKEHHOTO cocTosiHuA. [lnacTuHKa moaBEepKEHAa OJHOOCHOMY pacTshKeHHI0. Marepuan
IUTACTUHKHM TPH JKECTKOM HarpyXeHuH (C KOHTposieM AedopMmaiuu) OyaeM XapakTepus3oBaTh

auarpammon o, ~ &, ¢ «nukom-3yoom» (kpuBas OABCE), noka3anHoil Ha puc. 1. Hanpsxenus,
oTBewarolue ToukaM A u B, OygeM Ha3biBaTh BEPXHMM O.° M HIKHAM O, Tpefenamu

TEKY4YCCTH, COOTBETCTBCHHO.

o

;7
/
O'SOW

Puc. 1. Auarpamma Matepuana

Bo3nukHOBeHHE  HayaibHOM  OOJACTH  JIOKAJIM3allMM, B TPUHATOM  37€Ch  TPAKTOBKE,
paccMaTpuBaeTCs Kak MOTeps YCTOHYMBOCTH «B OOJBLIOW» OAHOPOAHOW nedopmanuu Tena B
(dhopMe o0pa3zoBaHU JIOKATM30BAHHON MOJIOCHI IIJIACTUYECKOT0 TeueHus (1mogo0Ho 3 dexTy xyionka
B 000JIOUKE).

low

HpI/I HOCTHIKCHHUHN HWKHCTO TIIpeAciia TCKYUCCTH O,

IJIAaCTUHKAa MOXCET HaXOAUTHCA B [BYX

COCTOSIHMSIX PaBHOBECHUSI — B YIIPYrOM OJHOPOJAHOM HWJIM B YIPYIOM C JIOKAJU30BAHHOW MOJIOCOM
MJIACTUYECKOM JeopMalny, KaK MoKa3aHo Ha puc. 1.

CBsxeM IJIAaCTUHKY C ,I[CI(&pTOBOfI CHCTEeMOH KOOpAuHAaT Oxy n 6y,Z[CM CUnTaTtbh M3BCCTHBIMH

KOMIIOHEHTBI TCH30pa HAIIPSIP)KCHUU O, , O'y n Txy .

PaccmoTpuM HEKOTOpYyHO JIMHMIO paspbiBa mnepeMenieHunid L. B ornnume or ciydas Iiiockoit
neopmanuu, paccCMOTPEHHOro paHee B pabore [1], mpH IUIOCKOM HANpPsXKEHHOM COCTOSIHUU
CleqyeT JOMYCTHUTh BO3MOJKHOCTh CKauyka HE TOJBKO B CIBUIOBOM, HO M B HOPMAaJbHOU
cocrapistonieil nepememenuid. [1o100HBIN ckauOK MPUBOIUT K PE3KOMY YTOHBIICHUIO («ILIEHKa»)
WIM YTONIIEHUIO («BaJMK») IIJJACTUHKU BJOJIb JIMHUM paspbiBa. Takas JMHUS SBISETCS
MaTeMaTHYECKOH uieann3aueil Ha0IraaeMOoro B OMbITaX JOKATLHOTO 00pa30BaHUs IIICHKH.
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Puc. 2. Jluans oOpazoBaHUS MICHKHU B IIACTHHKE

OpI/IeHTaHI/Iﬂ JIMHHUH, BAOJIb KOTOpOfI HMECT MECTO CKAa4YOK HepeMeHIGHI/Iﬁ, CBA3aHa ONpCACICHHBIMU
YCIOBUSAMU C HAIPSAKCHHBIM COCTOSIHUEM H B COOTBETCTBUHU C [2] MOXEM 3aIllucaTtb: O, = 0 )

1
y =arcsin 5 =1928",a y =54°44".
B npeaciax IoJ0ChI pa3pbiBa nepeMemeHI/Iﬁ ﬂeﬁCTBy}OT KaCaTCJIbHbIC 1 HOPMAJIbHBIC HAIIPSKCHU .

VYuuteiBasg quarpamMmy o, ~ &, (puc. 1), MOKHO JOIMYCTHTb, UTO Ha Oeperax IOJIOCHI JOKaIU3aluu

Ha Yy4YacCTKe |X|S| HeﬁCTBYIOT HOPpMaJIbHBIC N KaCaTCJIbHBIC HAIIPSLKCHUS O, ZO, O'y =01 H

low
s

up

S n

|
T, =Ty, @ Ha yuactkax |<|X|<b suauenus o, 7" Moryr msmemsthes 10 ©)°, T

Hanpsokenuss o, =0, o, =0, u 7, =7,, YIOBIETBOPAIOIME yCIOBUAM TeKydectn ['ybGepa-

up

2 2 _ __low 2 2 _ __up
O +370, =0, JO'Up+3rup =0, .

Museca:

B nanpneimem npumem

up
Ow _Tw _ O

low
Glow z-Iow O-s

=x.

PaccMoTpuM KyCOYHO-TIOCTOSIHHYIO CXE€MY HarpyxeHus OeperoB mosiockl (puc. 3). Takas cxema
HarpyeHus 6eperoB Mmoyockl HanmoMuHaeT Mozaenb JleonoBa-Ilanactoka [3] u Haraeitna [4], HO ¢
TEM CYLIECTBEHHBIM OTIUYHMEM, YTO HANPSIKEHUS B MpeesiaX MoJI0Chl HE PaBHbI HYJIIO.

Y

U,
-0’

low max s

2b

Puc. 3
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TpeOyercs onpenenuts AauHbI | 1 b, onpepensronye pa3mMepsl MOJIOCH pa3phiBa.
2. PEHIEHUE 3ATAYA

Jns  pemieHuss 3aJadyd  BOCIOJIB3YEMCSl METOJOM Pa3pbhIBHBIX CMEIIEHUM, IO KOTOPOMY
JIOKAJIM3AlMI0 B BUJE IIEHKH NPEICTaBUM B BHUJE HEKOTOPOH COBOKYIHOCTH IHCIIOKalUi, C

COOTBETCTBYIOIMM BEKTOpoM Broprepca b .

N3BectHO [5], 4TO pa3pbIB cMElLIEHUI B Hayalle KOOpJAUHAT, B Ipeaenax mainoro orpeska dé B
TOYKE (f, O), BBI3BIBAET HAIPSKEHUS B YIPYrOW IJJACTUHKE B TOUKE (X, O), KOTOpbIE MOTYT OBITh

MPEJCTABIICHBI CICIYIOIUM 00pa3oM:

_AL(S) _ AR (é’)
do, = —57de, dr, = 22de,

rane A=3ub, /(47), 1 — ynpyruii Mozyns caura.

Ha ocHoBaHuu >THX (I)OPMYJ'I MOXKEM 3aIIMCaTh.

1“(f) G(X) f(é) _z(x)
j dé = j rat (1)
rac:
-, =72 -1, | b, -0, =07 — , | b,
(%)= ;1=Zg—iup oz:i:il (%)= leai_zup oji:ﬁ.
0~ “xy low? ! 0~ Yy low? '

VpaBuenusi(l) SBISIOTCS CHHTYISAPHBIMH YpaBHEHHSMH MepBOro poaa ¢ sapom Komwm Ha
OrpaHUYCHHOM OTpe3Ke. PelleHue ux CymecTByeT npH yCIoBHK orpanndeHHocTd ¢yHkuun f (&):

_7(¢) 4 _a($) 4
| === I\/W 0 )

W3BectHO [5], uTo hyHKIMSA pacnipeneneH s pa3pblBOB CMEIIEHUM UMEET BU:

Jﬁj 7(£)

5.(x) = d,

R TN o
s (X):\/bZ-xzi o (&)

Y A 4 (E—x)b? - 52

[Tocne moacraHoBkM B ypaBHEHMs (2) pacmnpeiielieHud HanpsKeHUH G(X), T(X), oJIy4aem

ypaBHEHHUS JUIS ONIPEENIEHHs ¢, 3 TIPU 3aJ]aHHOM OTHOCUTELHOM pa3Mepe O = b/ l:
1
7(B—a)+2(a—1)arccos ik 0,
rac 0003HAYEHO:

_ >© up __ [e'e} up
ﬂ—rxy/rs =0, /GS

3anuileM yciIoOBUsI MHTEHCUBHOCTH HAPSIKEHUMN
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low __ low low up __ up up
oM =o' +3r™, o =[o +3cP.

[Ipu sTOM:
oy =%(1+ cos2f), t, :%sin 2p.

C y4eToMm NpUHATHIX 0003HAYCHUH TTOTYdaeM:

7r(,Bcos(ﬂ)\/cos2 (B)+3sin*(B) —a)
2(1-a)

— =CO0S

Jiis  GopMyIUPOBKH JOIMOJHUTEIBHOTO YCJIOBUSA, KOTOpPOE TMO3BOJIUT ONPEACIUTh JJIHHY
JIOKAJIM30BaHHON 00JacTd, 3aMeTuM, 4TOo Jedopmaliss B IMOJIOCE JODKHA OBITh OrpaHUYEHA
3HAYCHUEM, CBS3aHHBIM C JJIMHOHN Iiomiagku Tekydectd BC, T.K. mpuBeneHHOE BBIIIE pEIICHHE
JOITyCTUMO TOJBKO JI0 JOCTHXEeHHS AeopmMariueid yuactka ynpouyHenus B Touke C.

MaxkcuManbHBIA pa3pbiB MEepeMelieHnil OyIeT JOoCTUraThCsl B CpeqHEl TOYKe JMHUU pa3pblBa U
ornpeaenuTcs o hopmyie:

S=5T o, 5.=h[5.(5)d, 5, =b,]o, (£)de. (4)

Ecnu ydyectbh noctpoeHHble Bbllle pemieHus (3) aig GyHKIUMM pacrpenesieHus AUCIOKalul, TO JUIs

6e3pa3MepHOro pasphiBa nepeMeenuit 6 = /b momydmnm:

In(9+\/¢92_—1)

_ 87/
5 =1 ,
=319 0
g In(6’+\/6’2 —1)
5, =—(1-a) :
4 0
TaKI/IM O6p330M MOXHO 3aI1ucarthb.
o 16(1-a) In(¢9+\/6’2 —1)
5 = 51_ +§O_ = 7/5'
3T o

3n1ech Y, — mpeaen TeKy4ecTd o aehopMarusm.

Ha puc. 4 IIpe/IcTaBIeHbI 3aBHCUMOCTH BETHUMHEI G€3pa3MepHOTo pa3phiBa MepeMellenui J /y, ot
mapameTpa Harpy3sku [ JUId  HEKOTOpbIX (UKCHUPOBAHHBIX 3HAUEHWM mapamerpa o,

XapaKTEPHU3YIOIIETO pa3Inuue BEPXHEro M HIDKHETO TMpeesioB TeKydecTd. M3 mpuBeneHHBIX
rpaduKoOB CIEAYET, YTO JUIS KAXKJOTr0 (¢ CYIIECTBYET JIBa Pa3IMUHBIX 3HAUEHUs [ AJi OJHOTO U

TOTO K€ OTHONIICHUS O / 7. - KpoMe Toro, kpuBbie, oTBedarone (pUKCUPOBAHHOMY 3HAYEHUIO O ,

HUMCIOT SBHO BBIpa)KeHHLIﬁ MaKCUMYM. 9T0 03HAa4acT, 4YTO JIA KaXaoro <« MOKHO HaWTH
MaKCHMaJIbHOE OTHOIIEHUE O / Vs KOTOpPOC OIPEACIUT MUHUMAIBbHYIO UJIMHY IIOJIOCHI

JIOKAJTU3alnH.
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08— — |—

0.6 l— i —
Oy

04— =i

02 '— —

Puc. 4. I'padyiku 3aBUCUMOCTH & / ¥, OT mapameTpa [ s pa3lUYHBIX 3HAUYEHHH ( JUIS HEC)KMMAEeMOro MaTepuana

JlanuM KOJIMYECTBEHHYIO OLEHKY MHWHHUMAJIbHOM JUIMHBI TIOJOCHI JOKanu3zauuu. st 3Toro
MPEJCTaBUM O B CIEAYIOIIEM BHUJIE:

5=he,, ()

rac h - yCJIOBHas TOJIIWHA I10JIOCHI, 50 :)/C/\/§ - z[e(bopMauI/m CABUI'a HA IJIOIIAJAKE TCKYUCCTU

(mepopmanust Jlromepca). B Takom cnydae aiiMHA JIMHUM pa3pbiBa OyJEeT OMPENENSThCS IO
bopmyre:

r.h
V37,5 (B)

o mammeM ans cramu 1045, mpuseneHHEIM B pabote [6], mmeem y, =1.5x107%, y, =2.5x107°.

Cnoxxuee o0CTOMT neno ¢ BeawuuHOM h. Jlns ee ompenencHus OyaeM HCXOAWTH U3 TOTO, YTO
XapakTepHas MIMPUHA MOJIOCHI JTOKAIHU3AIMH MaTepuaia ONpeaesseTcsl CpeIHUM pa3MepoM 3epHa
MOJIMKPUCTAIITMYECKOTO MaTepuala, MOCKOIbKY pa3Mep 3epHa OKa3bIBaeT OOJNIBIIOE BIMSHUE Ha
nedopmariuio Jlromepca 1 Mop(dOIOTHIO MTOJI0C, 0COOCHHO TSI MAJIOYTIAEPOIUCTHIX cTaje [7] u [8].
B cooTBercTBHM C MaHHBIMHU, TIPUBEIEHHBIMU B CTaThe [6], cpeaHuii pazmep 3epHa ctamu 1045

nopsiaka 10 mxm. Mcxomst u3 uznoxkenHoro, npuaumaeM h~10 mxm. Torma oTHOIIEHHE & / Vs, K

npumepy, it a =0, Oyzaer nopsiaka 1.125 u monydaem aauHy monocs! b mopsiaka 53 MxM.
3AK/IIOYEHHUE

[IpencraBieHHbIE PE3yNbTAThl MOKA3BIBAIOT, YTO JJIS IUIACTHH C SIBHO BBIPAKEHHBIM MUK-3yOOM Ha
auarpaMme MaTepuana IpH OJHOOCHOM pACTSHKEHHH 00JacTh JIOKaJM3aluu MUKW HMeeT
KoHeyHylo JUinHy. C BBeJEHHEM YCIOBHOW TOJIIUHBI TOJOCHI, MOpsiAKa pasMmepa 3epHa

Dizuxko-mamemamuuni HayKu ISSN 2413-6549



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 271

MOJINKPUCTAJZIMYECKOIO0 MaTepHualla, MOJydYeHa 3aBHUCUMOCTb JUIMHBI LIEMKH OT COOTHOILEHUS
BEPXHET0 U HUKHETO IIpe/iella TEKYYECTH U IEUCTBYIOIIEH HArPy3KH.
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