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O dheKTUBHOCTD HCCIETOBAHUE MEXAHUUECKUX HAIPIKCHUH B METAIIAX MOKHO TIOBBICUTD IIy-
TeM W3YYCHUS U yUeTa IoJel TpaeKTOPHH IVIABHBIX HAUPIKEHWH (M30CTar), KaueCTBCHHO Xa-
PaKTepU3YIONUIAX HATIPIKEHHOe cocTosauue. Llens paboThl — onpeneneHne BOSMOKHOCTH BBIAB-
JIeHU n30cTaT B 06pastie us cranu Cr3 mocie ero IIacTAIeckoro aedopMuposanns. g uecme-
JOBaHUH UCIOIB30BAIN MATHUTOYIIPYTHH METO/, OCHOBAHHBIHA Ha 3aBUCHMOCTH MATHUTHOH IIPO-
HUIIAeMOCTH (pepPOMATHUTHEIX MATEPHATIOB OT ACHCTBYIOIIUX B HUX MEXAHWICCKAX HATIPIKE-
uuti. Meron peann3oBaH ¢ IIOMOIIBI0 MOHO(A3HOTO MATHUTOYIIPYTOTO M3MEPUTEIA MEeXaHUIe-
crux Hanpsuxeranit UMH-4M ¢ 6azoii gaTunia 5 MM U TOTPEIIHOCTEI0 yraoMepa +2 rpamayca. O6-
pasen; — mractuHa pasMepoM 150 X 150 X 4 mm. Ha ee nunieByio U THLITHHYIO IIOBEPXHOCTH Ha-
HOCHIU KOOPAUHATHEIE ceTKU ¢ sueiikavu 10 X 10 mm. [Tpubopom UMH-4M B yanax ceTok us-
MepAIn 3HAYeHU YIVIOB HAKIOHA KAacaTeIbHBIX K TPAeKTOPHUAM IVIABHBIX HAIIPSKEHUH, 3aTeM
CTPOMIN U30CTATHI CIIOCOBOM ITOCIETOBATENHHOM KOPPEKTUPOBKY HATIPABICHUI U PAUyca Kpu-
BU3HLI HapalmeaeMod KpuBoH. [lnacTuas mnactTuaecku nedOpMUPOBATH BBICTPEIOM MEIKOH
CBUHIIOBOH Ap00bI0 ¢ KuHeTHUecKoH sHepruei 1916 J[:x. MakcuManbHbiil BRITHG ITACTHHEL B
30HE BO3/IEHCTBHU OCHOBHOU YacTu 3apaaa cocTaBui 7 MM. [locte BBICTpena B Tex ke yanax Ko-
OPAUHATHBIX CETOK ITOBTOPHIN U3MEPEHN U BHOBD ITOCTPOMIN U30CTATEHI. JKCIEPHAMEHT IIOKA-
3aJI: MATHATOYIIPYTHIA METO]] II03BOJAET OIPENEIUTh H30IHHIN U [TOCHE IIACTHIeCKOTo Tedop-
MUPOBAHUS; TPACKTOPUY IIPUCYTCTBYIOT HA JUEBOH U THUIHHOM ITOBEPXHOCTAX 1e(hOpMUPOBAH-
HOU ITACTUHLL; B TIOJIAX, ChOPMUPOBAHHBIX BBICTPEIOM, NMEIOTCI H30TPOIIHEIC TOYKH U Tapa-
nenbHbIe nzonuaun. Ha mureBoil u TEUIBHOH cTOPOHAX (JOPMUPYIOTCS H30TPOIIHEIE 30HEL, B KO-
TOPBIX U3-32 XA0TUYECKOH OPHUEHTAIINN KAacaTe/IbHBIX HENb3s IOCTPOUTE H30CTaThl. BHIABICHbI
«BO3MYIICHUA» TIONEH CO CPBIBOM YIIOPATOUEHHLIX IIOTOKOB TpaeKTopuil. PeaynnTaTer paboTs
MOTYT OBITH IOIE3HEI UCCIEIOBATENIM U HHKCHEPHO-TEXHIISCKIM PabOTHAKAM, 3aHIMAIOIIIAM-
¢S U3YUeHUeM YIIPYTHX U IIACTHIECKUX NethopMaltuii.

KmogeBslie ciroBa: IwiacTuieckoe AehOpMUPOBAHNE; BHICTPEN CBHHITOBON APOOLIO; MarHUTO-
VIPYTUHA METOX; TPACKTOPUHN HATIPSKEHUH; U30TPOIIHBIE 30HEI.
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Improving research efficiency of mechanical stresses in metals can be achieved by studying and taking
into account the fields of the trajectories of the main stresses (isostats), which qualitatively characterize
the stress state. The purpose of the work was to determine the possibility of detecting the isostates in a St3
steel sample, following its plastic deformation. The methodology is based on the magnetoelastic method,
manifested by the dependence of magnetic permeability of ferromagnetic materials upon mechanical
stresses, acting in them. The method is implemented using the IMN-4M monophase magnetoelastic meter
of mechanical stress: the base of the device gage is 5 mm, the angle meter error is =£2°. The sample is a
plate with dimensions of 150 X 150 X 4 mm. Coordinate grids with 10 X 10 mm cells were applied to its
front and back surfaces. Using the IMN-4M device, we measured the values of tilt angles for tangents to
principal stress trajectories in all nodes, then we created isostates by consecutive adjustment of the direc-
tion and radius of curvature for a raised curve. The plastic deformation of a plate was performed by shoot-
ing small lead pellets with kinetic energy of 1916 J. The maximum plate curvature in the impact zone of
main charge equaled 7 mm. After a shot, the measurements were repeated in the same nodes of coordi-
nate grids, and the isostates were plotted again. The experiment has shown that: the magnetoelastic
method makes it possible to detect the isostates even after plastic deformation; the trajectories are present
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both on front and back surfaces of the deformed plate; isotropic points and parallel isostates are available
in fields, formed by the shot. Izotropic zones were formed on front and back surfaces, in which isostates
can not be plotted due to random orientation of tangents. The “disturbances” of fields with disruption of
regular trajectory flows were detected. The results of the work may be useful for researchers and technical
engineers, engaged in the study of elastic and plastic deformations.

Keywords: plastic deformation; lead pellet shot; magnetoelastic method; trajectories of stresses; isotropic

zones.

Beenenne

SHAYUTEIBHLIM pe3epBoM IoBbImeHud 3ddex-
THBHOCTH HCCIEIOBAHUN MEXAHWYECKUX HAIIPIKE-
HHUU B METAJUIAX ABIHAETCH yIeT UX TeOMEeTPUIECKOU
XAPAKTEPUCTUKU — IOJIEH M30CcTaT (JPyruMu Cio-
BAMU, JVHWUHU THKEHUA, TPAEKTOPHUU IJIABHBIX HA-
npsxenuit). Msocrarsl — 5TO KPHBBIE, KacATENb-
HBIE K KOTOPBIM COBIIAJAI0T C HAIIPABICHUEM OJHOTO
U3 TIABHBIX HANPIKEHUN, AJeUCTBYIOIIUX B TOYKAX
KacaHwus.

K macroamemy BpemeHr HAKOIUIEHBI 3HAHUA
0 RKuHEeTHKe (POPMHUPOBAHWA H30CTAT, TEMIEPATYPE
ux crabwimsanuu («3acTeiBaHMA») B cramu [1,
c. 129; 2, ¢. 82; 3, ¢. 91; 4, c. 143]. C nomomno cre-
OHMAIBHBIX TEXHOJOTHH MOJKHO YHPABIATL KOH(U-
Typanmed mojed HANPSKEeHWH BIJIOTH A0 IIOIHOM
OECTPYKLIHMHU H30CTaT, a eciu Heobxomwmo, TO BOC-
CTAHABIVMBATH WX, ¥CTAHOBJIEHO, YTO TPAEKTOPUU
MOTYT OBITH yIpyruMu (HAIPSIKOHHBIMA) U U3BUIIU-
creiMu (BosHOOGpasubIMu, paccinabienasivu). B pe-
3yJIbTATE AECTPYKIIMHU TPACKTOpHH myTeMm o6pabor-
KU CTJIBHBIX 06Pa3lOoB BBICTPEIAMU CBHHI[OBOU
IpOOBI0 ITOJIydeHbl OJATONpPHUATHBIE 30HBI 0e3 u30-
CTAT, HA3BAaHHBIE H30TPOUHBIMK., HaupsxeHus B
9THX 30HAX MHUHHUMAIBLHBI [5, c¢. 25]. Kimaccudura-
oW [0Jed HAUPIKeHHN KAk CTPYKTYD, COLep:xa-
UX YIOpPyTHWe H30CTATHI, W3BHJIKNCTHIE KM30CTATEHI,
HM30TPOLHEIE 30HBI M H30TPOIHBIE TOYKU, [IPOLYK-
THBHA B [IEPBYIO 04€PEAL Ul KAY€CTBEHHOU OLIEHKU
0CTATOYHBIX CBAPOYHBIX HALPIKEHUN 1 paspaborku
spdexTuBHBIX cr1oco6oB ux camkenus. OMHAKO WH-
dopmarusa moxydeHa TONBKO A HAINPIKEHHUU B
npepenax yupyrocru [6, c. 50; 7, c. 47].

B nwureparyprbix mcrounnkax aBropamMu He 006-
HAPYIKEHO NAHHBIX O JUHUAX TSIKEHWS [I0CIe ILIa-
cTUdecKod AedpOpMALMY MEeTAUIMIeCKUX [JeTalIeH U
mMerogax ux mocrpoenusd. llens paborsr — ompene-
JIGHUE HAJIUYHUA U BO3MOXKHOCTU BBIABIEHUS TPACK-
TOPHHY I7IaBHBIX HANPSKEHUHN B CTAJIBHOU IIIaCTHHE
[I0CJIE €€ IIACTUIECKOTo 1e()OpMUPOBAHUS.

Marepnanbl B MeTOABI HCCAETOBAHUSI

Hccreporanua nposopmiu MarHUTOYIPYTUM
merogom (MYM), =xopolno 3apexoOMeHOBABIIHAM
cebd B OSKCHEPUMEHTAX I10 M3YYEHUID TeOMeTpH-
YEeCKHUX XAPAKTEPUCTHUE OCTATOYHBIX HAMPIKEHUH
[8, c. 493; 9, c. 807; 10, c. 18; 11, c. 680; 12, c. 39;
13, c. 25]. Merox ocHOBaH HA 3aBUCHUMOCTH MATHHT-

HOU IPOHUIAEMOCTH (PEPPOMATHHUTHBIX MATEpHA-
JIOB OT BEJIWYUHBI AEHCTBYIOUIUX B HUX MEXAHU-
YECKUX HALPSHKeHWHA. VCoabp30Bain MarHuToyIpy-
Uil MOHO(A3HBIM H3MEPUTENbh MEXaHHYECKUX
Hanpssxennd UMH-4M crucreMbl pagiHoOKOHCTPYKTO-
pa A. H. IOpmuna. Xapagkrepucruku mpubopa: pa-
6ogasa gacrora 1000 I'; 6a3a msmepeHui maTIUEKA
5 MM; npesien WaMepeHwuit +0,; MOrPEIIHOCTh YIJI0-
mepa =2 rpagyca; rabapursr 220 X 210 X 170
macca 3,25 xr. OH 7maeT BO3MOMKHOCTE OIPENETHUTh
3HAYEHUA PA3HOCTH IJVIABHBIX HanpsreHunn Ao =
=0;— Oy W YIJIOB HAKJIOHA IJIABHBIX ILIOIIALOK
B JOOBIX TOYAX IIOBEPXHOCTEU ILIACTHHBI, KpPOMeE
Haxoxdamuxca Ommke 5 MM K ee KOHTYpPY (Kparo).
Pesynprarer usmepenuii Boszie cBOGOZHOTO KOHTY-
pa wmCcERazkaerT KpaeBod 5(QQerT, KOTOpPHIA MOKHO
KOMIIEHCHPOBATH CII0COO0M, ONKCAHHBIM, HAIIPH-
mep, B marente RU 2445591, [Tputop MMH-4M ra-
PHPOBAJIH C IIOMOIILI0 YCTPOUCTBA, IPEIJIOKEHHOr0
B [14, c. 66].

B radecrse 06pasna ucoas30BaNIH IIACTHHY U3
cranu Ct3 pasmepom 150 X 150 X 4 mm, BbIpesan-
HYI0 THJILOTHHHBIMH HOKHuIamu. Ha nunesyio u
TBUIBHYIO I[OBEPXHOCTH 06pasna HAHOCHIH KOOp-
JUHATHYIO ceTRy ¢ sdevikamu 10 X 10 mm. Ha rax-
JIOA W3 CTOPOH ILIACTHHBI OKa3anoch 110 196 y3ios
CEeTOK — TOYEeK Ui u3MepeHuu. BepTurainHbIe
IuHUU ceToK oboszmaumau A-A, B-B, ..., 0O-0
s aunesou moeepxmoctu, O'-0', H' -H', ..,
A'— A’ — nns THUILHOW, TOPH3OHTAJIBHBIE JIAHUHI
obeux cropon — 1-1,2-2, ..., 14 - 14,

Hanee wepes Raable IIOIMUHYTHI U3MEPLIN
3HAYEHUS YIVIOB HAKJIOHA KACATEIBHBIX K TPAEKTO-
puAM HAUOOJILIINX IJIABHBIX HANPIKEHUU BO BCEX
y3lax JUIEBOM W THUIBHOM KOOPAMHATHBIX CETOK.
Ilomy4yennpii MaccuB JAHHBIX O3BOIWI IIOCTPOUTE
HM30CTATHI CHOCOOOM IIOCIENOBATENBHOU KOPPEKTH-
POBKY HAIIPABJICHUS U PASUyCa KPUBU3HLI HAPAIIH-
Baemoii msosmuun'. Ha puc. 1 Tpaekropum Hawm-
OOJIBINMX TJIAABHBIX HANPSEEHUU S, 0603HAYEHBI
CIUIOLIHBIMY JUHUAMY, & TPAEKTOPUN HANMEHBIINX
Syg — MmTpuxoBbIMuy auHuAME, [loe uzocrar iuige-
BOU [OBEPXHOCTH ILIACTHHLI IIPEACTABIEHO HA
puc. 1, @, TBLIBHOM cTOPOHBI — Ha puc. 1, 6. Ha obe-
KX [OBEPXHOCTAX IPeobaafaoT [IOYTH IPIMbIe TPa-

1 Cembpixkun B. H. Passurue MarHuToynpyroro Meroga u
CO3[IaHue CPEACTB ONpeleNle NI HAIPAKEeHHOTO COCTOTHI
KOHCTPYKIUH TAKEIOT0 MAIINMHOCTPOEHUd: AUC. ... KAHT.
TexH, HAyK, — M., 1992, — 124 c.
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Pnc. 1. TpaexTopun HaubonbuIux S,; (CIIOMIHbIE IVHAN) U HAUMEHBIINX S 5 (IITPUXOBbIE TUHNY) TTABHLIX HATIPS/KEHHI Ha
JHUIEBOH (@) U THUTBHOM (6) CTOPOHAX CTANBHOMN mwIacTuHbl 150 X 150 X 4 MM 70 ee medopMupoBaHIa

Fig. 1. Trajectories of the largest S, (continuous lines) and the least S, (dashed lines) principal stresses on the front side (a),
back side (b) of the steel plate with dimensions of 150 x 150 X 4 mm before its deformation
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Puc. 2. Tpaexropuu Hanbonpuux S, (CIUTONIHBIE INHUN) U HAUMEHBIINX S, , (IITPUXOBbIE IMHNHN) TTABHBIX HATIPAKEHIH Ha
nIuIeBoi (@) u TEUIBHOHM (6) CTOPOHAX CTANBHOH IacTuHE 150 X 150 X 4 MM mocne ee nedopMIPOBAHIA BLICTPEIAME CBHHIIO-

BOM APOOBIO

Fig. 2. Trajectories of the largest S;; (continuous lines) and the least S, (dashed lines) principal stresses on the front side (a)
and back side (b) of the steel plate with dimensions of 150 X 150 X 4 mm after its deformation by lead pellet shots

eKTOpHH, COXpaHupBLIneci or upokara. Hebosupuiue
OTKJIOHEHHA OT TAKOTO BUJA TPAEKTOPUU BHI3BAHDI,
MO-BUAUMOMY, IIOC/IELOBATEILHOCTHI0 BBLIPE3AHUSA
obpasua. O6a mons coxepkar U30TPOIHbIE (CHHTY-
JIAPHBIE) TOYKW 3aMEHYTOIO W ACHUMIITOTHYECKOTO
THIOB. B M30TPOLHBIX TOYKAX IJIABHBIE HALPIKE-
HHA PaBHEI 0 BenwdwHe. T'OYRY 3aMKHYTOIO THIIA
OXBATBIBAIOT B3aWMHO OPTOTOHAIBHBIE TPAEKTOPHH,
M OHA OKPy’KeHa 3aMKHYTBbIMHU KPHUBBLIMH OBAJIBHOU
topmsl. Ha puc. 1, @ Tagas TOYKA HAXOMUTCH MEHILY
Bepruraisavu M-M u H-H, ma ropusonranu
12 - 12. AcuMnToTHIECKYIO TOYKY BETBU ABYX II€pe-
CERAIOIIMXCA N30CTAT He 0XBATHIBAIOT (CM. puc. 1, a,
To4Ka BOIM3u Beprukanu B — B, memny ropusonTa-
gavm 12 - 12w 13 - 13).

Ilnacrury nmmacrumdecku ne)OpPMUPOBAIN BbI-
CTPeIOM METKOH CBHHI[OBOM ApPOOBIO, TAK KAK B
9TOM CJIy4ae JOCTATOYHO IIPOCTO SMITUPUYIECKH II0-
zobparb HeOOXOOUMY) KHHETUYECKYI) DHEPTHI0
BO3[IEUCTBUA ¥ TOYHO OLEHUTH ee BeawduHy [15].
O6crpen Heckonbkux maacrud us cramu Cr3 ¢ ra-
fapuraMu HccieayeMoro ofpasma I[oKasaj, dTo
s(ppext obecniednBaeT OgUH PY:KEMHBLIM BLICTPE B
JIMIEBYK CTOPOHY ILIACTHHLI C IIPUMEHEHHWEM IIa-
tpoHa «I'naBmarpon Competition» (TY 7272-001-
14365998-04), cuaps:xennoro nopoxom G2/28B u
CBHHIIOBOH ApPOOBI0 amamerpom 2,4 MM obuied mac-
coii 28 r. Cropocrs apobu Ha aucrannmu 12 M co-
crasuna 370 m/c, kuneruyeckas sueprua 1916 Jux.
HcnonezoBamu oredecrBennoe pyxbe T103-120
12-ro ranubpa B ycioBusax 060pyAOBAHHOIO I[IOJIH-
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roHa ¢ COOJIIOJEHWeM BCEX HPABHI (e30MACHOCTH.
OcHoBHAasA yacrh 3apAfga OPHUILIACE HA ILIOIIANKY,
o Gopme 6IUZKYIO0 K KPYTY € IEHTPOM BO3Jie y3Ja
K8 u pagumycom 25 — 28 mm. MakcumansHBIN garie-
06pasHpIf BHITHG IUIACTHHBI B 5TOU 30HE COCTABHIL
7 M.

ITocne BrIcTpeNa B TEX e y371aX KOOPAUHATHBIX
CETOK BHOBb OIPENeIW/IN YIJbl HAKJIOHA TJIABHBIX
IUIOINAOK ¥ IOCTPOMIN TPAEKTOPHUH. JTU TPAEKTO-
pHH C JHIEBOM BOTHYTOM CTOPOHBI IIOKa3aHbI HA
puc. 2, a (MecTo BO3IEHCTBUA OCHOBHOM 9ACTH 3aps-
4 apobu BBIEIEHO CEPHIM MATHOM), € BBILYKION
TBUILHOU — Ha pHC. 2, 6.

O6cy:keHne pe3yabTaToB

OKCIIEDUMEHT IIOKA3aJl, YTO MATHUTOYIIPYTHH
MeTO[ [I03BOJIAET OLPEAEIUTD U30IUHUY II0CTIe [L1a-
CTHUYECKOTO Ae(POPMUPOBAHUS [LIACTHHBI U3 HHU3KO-
YIJIEPOJUCTON CTANIH, 8 TPAEKTOPUN UMEITCA Ha ee
JIMIIEBOM U THUILHOW NHOBepxHOCTAX. Ha nwuieroi
cropoHe (cM. puc. 2, @) mojle «BO3MYIIEHO» B DIIH-
IeHTpe AEUCTBUA 3apanaa, a YIOPAAOIEHHBIN IIOTOK
JIMHWAH «CpBIBaeTCsa» HaA mwiomanu ~6 cvm?. Chopmu-
pOBANNCL JABE UB0TPOIHBIE 30HBI  ILIOIIANBIO
~4 cm?, B KOTOPBIX M3-32 XA0THIECKOU OPUEHTAIAN
KacaTeJIbHbIX HET BO3MOKHOCTH IIOCTPOUTH H30CTAa-
o1, 30Ha B3 — K3 u E13 - E14.

C TeuIBpHOU cTOpOHBI (cM. puC. 2, 6) chopmupo-
BAJIMCH TPU U30TPOIIHBIE 30HBI — BO3ie To4eK K'6,
0’9 u B'7. IIpoeknus nuneBol HA TEUIBHYI) CTOPOHY
SIHIEHTPA BO3jedcrBuA Apobu MOKazaHa HA
puc. 2, 6 B Buie ceporo maTHA.

W3 cpaBuenus puc. 1 u 2 BugHO, 4TO II0CIIE ILIA-
CTUYECKOTO fe(pOpPMUPOBAHUSA «HACIELYIOTCH» JIUIIb
HEe3HAYUTENbHbIE (PPATMEHTHI T€OMETPHU YIIPYTHX
OJIeM, OBIBIHX 10 00PaGOTKH BBICTPEIOM.

JarIoYeHne

Pa6ora nmoareepmamia serTuBHOCTE HCITOH-
30BAHHBIX METOAWK U allapaTryphl AJIS HCCIefoBa-
HUS HANPIKEHHOTO COCTOSHHA B cranax. Ananus
[OJIy9eHHBIX SKCIEPUMEHTANBHBIX JAHHBIX I103BO-
JIWJL CHEeJAaTh CIeLYIOIIre BEIBOIBI.

1. CuioBbIE IIOTOKHM B IIACTHYECKH AeOPME-
POBAHHEBIX CTAJIBHBIX JETAIAX MOKHO OIIEPATHBHO
BBIABHUTDH MATHUTOYIIPDYTUM METOAOM.

2. Bueminwe pasnuuud 10yl TpaekTopud Ha-
NPAKEHUN B [IPEesax YIPYTrOCTH U IIOJIed TPaeKTo-
pu¥l Iociie IIACTHYECKOU med)OpMAIlud He HOCHT
NPUHIOUIIMAIFHOIO XapakTepa, TAK KaK COJEepiKar
OIHOTHIIHBIE COCTABJIAIOIINE: YIPYIHE H30CTATHI,
HM30TPOIHLIE 30HBI U U30TPOIIHEBIE TOYKH.

3. B monsax rpaerropui miactudecku gedopmu-
POBAHHOTO 06Pa3a NMEITCA YIACTRY € HAPAIIIehb-
HBIMY HU30JIHHUAMY. B TAKUX y4acTKaX OTCYTCTBYIOT
TrpajiueHThl HAIPSKEH U,

Ilonmygyennas undopmanua moxer 6BITH HOIE3-
HA HUCCIEROBATENAM U I[PAKTUYECKUM HH}KEHepaM,
3aHUMAIOIIUMCH H3yYeHWeM YIPYTHMX W ILIACTAYe-
ckux pedpopmanuii B (DEPPOMATHUTHBIX MATEpHA-
JIax.
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