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NCCJIEJOBAHUE TEOMETPUYECKU
" ®NBNYECKU HEJUHENHBIX [IPOBJIEM
MEXAHUKI TBEPJIOT'O TEJIA METO/JIOM
HEJIMHENMHOM ®OTOYIIPYIOCTU

I'H. Aabaym, M.X. Azmemsanos, H.B. Xapurosa

AnHoTanus

Meronom HenmHENHHON (HOTOYIPYTOCTH MUCCIETOBAHBI TEOMETPUIECKH U (DU3UIECKU HEJIN-
HelHbIe 33729 MEXaHWKW pa3pylieHus B obmactu Gombmux medopmaruit. [lomywaens: mosts
HampsiyKeHnit n aedopMarmii Tpu pacTSIKEHNN PE3NHOBBIX JIACTHH WJIN IT0JIOC ¢ BHYTPEHHEH
TpenuHoN. 3a/1a9u MJIaCTUYIeCKOro JepOpMUPOBAHNS B METAJIIaX PEIIeHbl MeTOA0M (hOTOYIIPY-
rux nOKpbiThil. [IpuBeseHbl IpUMEpPbl UCCIEI0BAHNS IIOPATIOMUHUEBON MMOJIOCH ¢ TIEHTPAJIb-
HOl TPENNHOE-Pa3pe30M U MIEeHKH IMIJI0OCKOr0 CTaJbHOro obpasmna. OTmeden psig ocobeHHOCTE
B paclpejie/IeHuy HalpsaKeHui u aedopMaruii B reOMeTpUYeckr U (PU3NIECKN HEJTHHEHHBIX
3a/1a9ax.

KuroueBble ciioBa: MeXaHNKa Pa3pyIIeHns, TPenuHa, HeanHelras hoToympyrocTsb, 601b-
e edopMariim, MOJIE/b PACKPBITUST TPEIIWH, CUHTYJIpHasi YyIPYTOCTh, HEJIMHEHHAs MeXa-
HHUKA TBEPJIOTO TeJia.

BBenenue

N3yuenne cragmm mpeapasyllieHns 3JIEMEHTOB KOHCTPYKIMW [PU HAJUYIUU OOJIb-
MUX MIaCTHIecKux edopMaIuii uin TPemuH M03BoJsgeT Dosiee OObEKTUBHO OIEHUTH
X HECYIIYIO CIIOCOOHOCTD, TPOYHOCTh U HAIEKHOCTL. KoMImekcHoe perrenue mpodaem
MPOYHOCTH W PA3PYIIEHNST HEMUHYEMO TTPUBOIUT K HEOOXOIUMOCTH TOJTHOTO U KOPPEKT-
HOTO WCCJIEIOBAHNS HEJTUHEHHBIX 3(h(HEKTOB, CBA3aHHBIX KAK C 3aMETHBIM U3MEHEHUEM
koudurypanuu rejaa (reoMeTpruieckas HEJIMHERHOCTD), TaK U C MPOSABJICHUEM IJIaCTHY-
nocru (busudeckas nesuneitnocts). HecMorpst Ha ycnexu B CO31aHUM HOBBIX MOIIHBIX
BBIYHUCJIATEIHHBIX MAIUH, 33/1a90 HEJUHEHHON MEXaHWKW Pa3PYIIeHus MPeICTABIAI0T
0COOBI KJIAacC 3a/ad, pereHne KOTOPhIX BCTPeYaeT cepbe3Hble MaTeMaTHIeCcKue TPYI-
HOCTH TPW MPUMEHEHUN KAaK aHAJIUTHIECKUX, TAK W YUCJIEHHBIX METOIOB.

B macrosmeii pabore mpuBEIEHBI PE3YJIBTATHI PEIIEHUS 3379 C MeOMETPHIECKO
u GU3UIeCKOl HeMMHEHHOCTBIO, [0y YeHHbIE METOAOM HesuHeliHoii dhoroynpyrocru [1,
2]. B kauecrBe npuMepa reoMeTpUYECKU HEJMHEHHBIX 331249 U3YYEHO HALIPIKEHHOE CO-
CTOsIHWE TIPHU JABYXOCHOM DACTSKEHWW IJIACTAH C IEHTPAJBHONU TPEIMHON-Pa3pe3oM,
MOJIOC TIPW OCEBOM PACTSIKEHWH C BHYTPEHHEH TPEImuHON mian OOKOBBIMHU HAIPE3aMHu.
[Tnactunbl ObLINM W3TOTOBJIEHBI W3 TOJUYypeTanoBoro kayuyka mapku CKY-6. Perre-
Hue (BU3MIECKN HEJIVMHEWHBIX 33739, BO3HUKAIOIINX TPU UCCIETOBAHUU HATPSIKEHUN
peapa3pyIienns, MOJydeH0 MeToa0M (DOTOYyIPYTUX MOKPBHITUN B IIOPATIOMUHUEBOI
OJI0CE C TIEHTPATBHON TPEIUHOM-pa3pe30oM U B IIeHKe MITOCKOr0 00pa3iia.

1. TeopernmuecKue acreKTbl MeTo/Ia HeJUHENHOM (poTOyImpyroctu
JJIs MCCJIeTIOBAaHUA YIPYTHUX 33Ja4 B obJiacTu 60JbHInx gedopMaliuii

Maremarnieckasi 00paboTKa SKCIEPUMEHTAIBHBIX JAHHBIX MPOBOIUIACH B CHCTE-
Max koopauHar Jitrepa u Jlarpan:ka. Hanpsixkenus B cucreme KoopauHat —iiiepa
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MPEJICTABJIEHBl TEH30POM WMCTHHHBIX HAMPSKEHUH, OTHECEHHBIX K 1e(hOPMUDOBAHHON
wiomaau (o1 ¥ 0o — IJIABHBIE KOMIIOHEHTBI B ILJIOCKOCTH 00PA31I0B, 03 — B NEPIEHUKY-
JIAPHOM HanpasJjieruu, o3 = 0, TO €CTh UCCIIELYETCs II0CKOE HALIPIAKEHHOE COCTOSTHUE ),
a B cucTemMe KOOpAWHAT Jlarpanxka — CAMMETPUYHBIM T€H30POM YCIOBHBIX HATPSKEHUH
Buo, orrecennnix K HemedOpMUPOBAHHON TIIOIIAIN (o{“, Ué: ,a§ =0). Jedbopmannn B
06enx crcTeMax KOODIMHAT MPEICTaBIeHbl B BUe KpaTHocreil yumnuennst (N = 1;/lo,
t = 1,2,3 — rjIaBHble KPATHOCTHU YJJUHEHUS, A\] U A2 — B IJIOCKOCTH MOJEJH, & A3 —
[0 TOJILIUHE).

[Mpu uccrenoBaHuy MIOCKUX MOJENIell HANPAKEHHO-1ehOPMUPOBAHHOE COCTOSTHHE
npu 00bIHX 1ebOPMAIUAX OMPEIEISETCS MAThI0 HEU3BECTHBIMU: 01, 02, A1, A2, A3.
PacmudpoBka 3KCIEPpUMEHTANIBHBIX JTAHHBIX C PA3IEIbHBIM ONPEIECTIEHUEM BCEX HEW3-
BECTHBIX HA3BIBAETCS pas3desieHueM HANDSKeHUH u aedopMarmii.

B pesysibraTe noaspu3anmoOHHO-ONTHIECKOTO SKCIIEPUMEHTA MBI [TOJTy 9aeM Kap TUHY
moJtoc uHTEPMEPEHIINT € MOPSIIKAMEU TIOJIOC, PABHBIMEU 7., KOTOPBIE CBA3AaHBI C PA3HO-
CThIO TJIABHBIX MOTOHHBIX YCUINil A3 (01 — 02) CJIeAyomel 3aBUCHMOCTHIO

1,0
oy n

ho

A3 (01 —02) = ; (1)
" 1I10JIe UM30KJIUH C yF.HaMI/I HaKJIOHa T'JIaBHBIX HaHpH)KeHI/If/'I @ I/ICHOHBByH SKCHepI/I—
MEHTaJIbHbIE ﬂaHHbIe " 3aBUCUMOCTHU

A3(oy —0y) = A3(01 — 02) €020,  A3Tyy = A3(01 — 02) sin 20, (2)

MOZKHO HOJIYIUTH BBIPAYKEHUS 11 A3 (0 — 0y) U A3Tyy B IJIOCKOCTH 06PA3Na B TIOOLIX
TpeOdyeMBIX TOUKAX MOJIEIH:

B macrosgmeit pabote a1 paciindpoBKN IKCIEPUMEHTATbLHBIX JAHHBIX HCIOIH30Ba-
sck auddepeHIuaibable yPABHEHU PABHOBECHSI JIJTs IIJIOCKOH 33/1a91 B CHCTEME KOOP-
quHAT Diliepa mpu OTCYTCTBUH 00HeMHBIX cul B hopme (3), KOTIa y9eT TOJIIUHDBL OCY-
IIIECTBJISAJICS MyTEM BBEJIEHWS KPATHOCTH YIJUHEHUS A3 B MOMEPEYHOM HANPABJICHUN:

ox oy =0 @)
3

Ox Oy '
M Ao dg = 1. (4)

[Tocrme amceHHOrO WHTErpUPOBAHUS OJHOTO M3 AudepeHnnaaTbHbIX YpaBHEHUH
paBHOBecus (3) OLPeNeNsioT [JIABHbIE OTOHHbIE YCUIHd A307 U A302, JODABUB K KO-
TOPBIM ycsioBue HecxkumaemocTu B (opme (4) u aBa ypaBHEHMs CBA3U HALDPIKEHU u
nedbopMaruii, moJIyIuM TATH YCAOBHUIA I ONpPEIeJIeHUs MATH HEU3BECTHBIX (01, 02,
A1, A2, Ag).

Ocnosnoti pusuneckutl 3axon ynpyzocmu. OTHON U3 OCHOBHBIX MPOOGJIEM B HEJTUHETH-
HO¥ TEOPUU yIPYTOCTHU SABJISIETCS BOMPOC OIPee/IeHns yPABHEHNUH CBA3M MEYK /Ty KOMIIO-
HEHTAMU TE€H30Pa HANpsKeHnuil u gedopmanmii. [[nsa pemennsi 3T0ro BOIPOCca MPpUMeHeH
dhEeHOMEHOJIOTMYECKUI MTOIXO0/T C WCIMOIb30BAHNEM DPA3JIMIHBIX YIPYTUX MOTEHIHAJIOB.
Huxke mpeicraBiieHbl HEKOTOPBIE HANDOJIEE U3BECTHBIE YIIPYTUE MOTEHITHAIIBI:

1. Baprenesa— Xazanosuua

U:C()\l-i-)\g—f—)\g—g); (5)

2. Myun - PuBnnna
U=Ci(l = 3) + Co(l2 = 3); (6)
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3. Yepnbrxa

_ L Ca Ca Ca —C> —C> —Ca2 _ .
U= & [cl (Al + AT 4 XS 3) +Cs ()\1 FA 0 3)} (7)
4. Bugepmana
U= 01(11 — 3) + CQ(IQ — 3) + 03(11 — 3)2 + 04(11 — 3)3. (8)

3nech C; — KOHCTAHTHI, MOJIeXkKaImue onpeaenennto, I, Is, I3, — naapuanTs! nedop-
MAITAH.

C nomonpo yupyrux noreHiuasios (5)—(8) mosydenbl COOTBETCTBYIOIUE YPABHEHUS
CBSI3W HANpPsKeHU# u aedopMannii 1id MI0CKOH 3a a4n:

1. Baprenesa— Xazanosuua

o; =C (N — A3); (9)
2. Myun — PuBnuna
o; = 2C1(AF — A3) +2C2 A3 (A — A3); (10)
3. YUepnnbixa
oi = Oy (A =82 ) = Gy (A% = )5 (11)
4. Bugepmana
0; = [2C1 + 20202 +4C5(1; — 3) +6C4 (L — 3)%] (A2 — A2). (12)

TecTOBBIE UCIBITAHUSA MOKa3a/u, 9T0 norernuasst (5), (6) u (8) onucsiBaior moBe-
nerne n3ygaemoii pesuabsl CKY-6 npu nedpopmanusax 1o 200% OTHOCUTENBHBIX Y/ IHHE-
Huil, a norerdnuan (7) — roabko 10 50%. s 06paboTKu 3KCIEPUMEHTAIbHBIX JAHHBIX
BbiOpan noreniman Baprenesa—Xazanosuua (5), kak naubosiee npocroit. OH X0poIno
onmcwiBaeT croiicTBa pesuabl CKVY-6, onnako, Kak 9KCIepUMEHTAILHO YCTAHOBJIEHO, He
MOJIXONT 7S HEKOTOPBIX JAPYTUX pe3uH [3].

Onmuueckue 3asucumocmu. Ha ocrHoBe ananu3a myOauKanmuilt u MpOBEIEHHBIX IKC-
nepuMeHToB [1, 2] SMIUpUYecKH yCTAHOBJIEHO, YTO Jjisd GOJIBIIMHCTBA YIPYTUX IbE300-
NTUYECKUX MATEPUATOB OCHOBHO 3aKOH (DOTOYIPYTOCTH UMEET B/

0= Cgho)\g (0’1 — 0'2) . (13)

3nech § — onTUyeckas pa3sHocTh Xona, C, — ONTHYEcKas KOHCTAHTA MO HAMPSIKEHUSIM,
ho — monumHa HegedopMUPOBAHHOrO 06pasia, (01 — 02) — PA3HOCTh TJIABHBIX HAIDS-
KEHUH B IJIOCKOCTH MOe . B 9ToOM 3aKoHe M3MeHeHne TOMIIHB 00pa3ia Tak e, Kak
U B ypaBHeHusX paBHoBecus (1), yUUTHIBAETCS IIyTEM BBEIEHUS BEJUYUHBL A3 .

Onruko-1edOpMAITUOHHBIE 3AaBUCHMOCTH ONPEIEIAIOTCS OCHOBHBIM 3aKOHOM (hOTO-
YOpyrocTtu, IpuHATHIM YOPYTUAM TOTEHIIUAJIOM U COOTBETCTBYIOIIMUMU €My YPaBHEHUAMU
ceazu. [locenoBaTeIbHON MOICTAHOBKOM Bhipaskenuii (6)—(8) B (9) moayuum geTsipe co-
OTBETCTBYIOUINX OHTI/IKO—,He(bOpMaLH/IOHHBIX 3aBUCUMOCTH:

6 = CydshoCy (A — Az,) (
§ = CyAzho (201 +2Co03) (M — A2), (15
5= Codsho [ (X2 = X52) = €5 (A7 = 02 (
§ = Cosho [2C1 4+ 2CoA3 + 4C5(1 — 3) + 6C4 (I — 3)%] (AT — A3). (17

B macrosiem uccie0BaHuy UCTIOIH30BAIACH 3aBUCUMOCTD (14), COOTBETCTBYIOMAsT
yupyromy norennuany Baprenesa—Xazanosuua (5).
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Puc. 1. Cxema HarpyxeHus

Puc. 2. Kaprunbl mosoc uarepdepenuu B 6€J10M CBETE MOJAPUCKOIIA U SMIOPhl UCTUHHBIX 071 ,
02 W YCIOBHBIX 07, 0¥ mampskeHmit mpm: ) ABYXOCHOM (£max = 100%) u 6) 0ZHOOCHOM
(emax = 220%) pacrskeHnn TIACTHH

2. JIByxocHOe pacTs>KeHHe PEe3WHOBBIX IJIACTUH
C IEHTPAJBbHOI TPENINHOI-pa3pe3om

[Monywensr mosisa HANpsiyKeHnit u Aedopmanmii B cucreMax KoopauwHar Jiiiepa u Jla-
IPaHKa MMPU OCEBOM U JIBYXOCHOM DPACTSI?)KEHHAX PE3MHOBBIX IJIACTAH U3 3JIACTOMEpPA
CKYVY-6 ¢ ropusonTasbHOii TpenHoii-paspe3oM B 1entpe, puc. 1 (pazmep pabodeii ua-
ctu 40 x 40 mm, gyuaa TpemuHabl 12 MM). KOHIBI HCIBITAHHOrO KPecToobpa3Horo 06-
pasiia pa3pe3aHbl HA HECKOJIHKO MOJIOC B HAMPABJICHUHN PACTSIYKEHWsT, 9TOOBI 00ECTIeUNTh
bostee papHOMepHOe ToJie nedopMaruii B cpenneil vactu. Makcumasbabie nedopMalun
y Bepmun tpemunbl goctarann 220%. [Ipu 3ToM TpemmHb NPeBpamanuch B 3JLTAIC
W KPYT B 3aBUCHUMOCTH OT YPOBHS /edopMariuii.

Ha ocnoBe 1mosisipu3anuoHHO-ONTHYECKUX KCIEPUMEHTANbHBIX JAHHBIX (KAPTUHBI
10710¢ UHTEPGhEPEHIINT U TI0JIsi U30KJIUH) [0 METOIMKE, ONUCAHHON BBIIIE, C MOMOIIbIO
METO/Ia YUCJICHHOTO WHTErPUPOBAHKS [IEPBOrO U3 ypaBHEHUH (3) 1O HAHECEHHO! ceTKe
BBITIOJIHEHO TIOJIHOE PA3/IE/IeHNEe HATIPSKEHUN u 1edOpMaIyii Mo MO0 MIACTHHBI.
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Puc. 3. PackpbiTre TpemmwHbl ¥ KapTUHBI TIOJI0C WHTEP(hEPEHINN TTPU PACTIKEHUN PE3NHOBOM
TIOJIOCHI C MEHTPAJIBHON TOPU30HTAIHLHON TPEMUHON-pa3pe30M

Puc. 4. PackpsiTre TpemuHbl ¢ poctoM aedopMaruii

Ha puc. 2, a mpuBe1eHbI pe3yabTATHI ABYXOCHOTO PACTIKEHNS IIACTHHBI TOITNHON
3 MM TIp¥W COOTHOINEHWH pacTaruBammumx cua Fb @ F} =1 : 2, a Ha puc. 2, 6 — npu
Fy, : F1 =0 : 1 c rommunoit 1.2 mMm. B oTMedeHHBIX CEYEHUAX MOCTPOEHBI SMIOPHI
HCTHHHBIX 0] U 03 U YCJAOBHBIX 0F W oF mampsoxenmii.

Ha puc. 2, 6 (ognoocHOe pacTszKeHue) MOKHO OTMETUTH (DAKT CABUKKU MAKCUMY-
Ma Ha 3M0pe o (HANpsSYKeHUe B HANPABJIECHUU OCHOBHOTO DACTAYKEHUS) OT BEPIIUHBI
TpenuHbl BryIyOb 00pasiia mo ropu3oHTa u, cedenne 2—2. MakcnmaabHOe 3HAYEeHNE 07
Ha 3TOit 3mope cocrasiasger 5.16 MIla, a 6auke k Bepruue pasuo 4.12 MIla, To ecth
3HAYUTEIBHO MeHbIIe (/i YCJIOBHBIX HALPAYKEHUH COOTBETCTBYIOIIUE 3HAYCHUS PDABHbBI

2.309 u 2.011 MIIa).

3. Pactga>keHue 1moJiochl ¢ BHyTPEeHHEN TpeIuHOo

Pesunornie nonocet w3 nopuyperana CKY-6 ¢ monepeunsim ceuernnem 40 x 1.5 mm
MO/IBEPTAJINCH OCEBOMY pacTsizkeHuio. Cxema HArpyKeHus MpEeICTAaBIeHA HA PHUC. 3.
Tpemmuna-paspe3 mpobuBaiach B cepeanHe oOpasmna OCTPBIM MPOOOWHUKOM ITAHOI
12 mM, w3roroBeHHBIM U3 Jie3Bus Opurebl. OceBoe pacTszKeHHe MOJ0C C TPerniuHa-
MU BBITOJTHAIOCH B 15-20 3TamoB ¢ perucrpanueii KapTuH M0JI0C WHTEPdEPEHINH HA
Kaxk/IoM w3 HuxX. Ha puc. 3 nmpuBemeHsl KapTUHBI HWHTEP(MEPEHIIMOHHBIX MOJIOC, TTOJY-
YEHHBIX B CBETJIOM ITOJIE MOJIIPUCKOIA, TPU PA3IUIHBIX YPOBHAX HAIPYKEHUsT 00pa3Ia.

Ha pwuc. 4 npencrasien ananu3 PacKpbITHsI TPEIUHBI MPHU PACTAKeHUHU 00Opasiia.
B nportecce nedopmupoBanus Tpeninna mOCTENEHHO PACKPBIBAIACH, IIPEBPAIIALCH B 3JI-
JIWTIC, U TPOUCXOIMIIO 3aTYIIJIEHIE €€ OCTPHIX KOHIOB. BUIHO TakKe, UYTO C yBeJIndIeHueM
BEPTUKAJILHON OCH TPENIUHBI TTPOUCXOJIUT YMEHBIIEHNE €€ JIJINHBI.
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Puc. 5. Kapruns! osoc uaTepdepeHun B mosocax ¢ 60koBbiMu Haapesamn | = 10 MM B cBeT-
JIOM TIOJIe IIOJISIPUCKOIIA

Puc. 6. KapTuna mosjoc n mosie n30KJIHH

4, PacrgaxkeHune 1moJjioc ¢ 60KOBBIMUI HaJape3aMu

Pacrsaxkennio momBepranch moaoChl U3 pe3uHbl mupuHOoit 40 MM u TOMIUHON 1.5 MM
C CUMMETPUIHBIMU OOKOBBIMU HAIPE3AaMU, KOTOPBIE PA3Pe3aJIUCh OCTPBIM CKAJIBIIEIEM.
Cxema HaArpys:kenwsi 00pasioB npupejgeHna Ha puc. 5. [nybuna ABYCTOPOHHHX HAJIpe-
30B coctapisana [ = 10 mum. Jlo HAYama pacTsKeHUs HAAPE3bl CIUTAINCH 3AKPBHITHIMHU.
OceBoe pacTsizKeHne ToJI0C ¢ HaJAPe3aMu NPOBOIUIOCH CTYTEHIMHU B HECKOJBKO ITATIOB.

C moMOMIBIO TOJISIPU3ANMOHHO-ONITHYECKOTO IKCIEPUMEHTA MOIydeHbl (hoTorpadun
KapTHH M0JI0C HHTEP(EPEHIINN Ha, PA3HBIX CTYMEHSIX HATDYKEHWsS MOJEe B TEeMHOM U
CBETJIOM MOJIe TOJIpucKona. @parMeHThl HEKOTOPBIX U3 HUX [ PA3JIUYHOTO YPOBHS
Harpyzkenus u rayounsl Boipesa | = 10 mMm npusemenst Ha puc. 5. [Ipu oceBom pacts-
KEeHUH 0OPA3IOB HAIPE3bl, MOCTEMEHHO PACKPbIBAsAChH, Mprodperaan popmy, OIU3KYIO
K mapabosie. BumHo, 9TO MpuW yBEIWYEHUN HATPY3KW MPOUCXOJUT PACKPBHITHE TPEITUH
u 3arymienne ux Bepiiud. [Ipu 3Tom dem GoJibinie TiiyOWHA HAIPE3a, TEeM CHJIHLHEE ero
PACKPBITHE TIPHU OIHOH U TOit ke Harpy3ke. Ha dororpadusax takke OTIETINBO BUIHO,
9TO TOYKH HAa KOHTYPE PA3pPe30B, B KOTOPHIX BO3ZHUKAIOT MAaKCHMAJbHBIE KOHTYPHBIE
HANPSAXKEHWS, CABUHYTHI OT BEPIINHBI TPEIUHBI-KOHIIEHTPATOPA B 00€ CTOPOHBI BIOJD
CBOOOTHOTO KOHTYPA, TO €CTh y BEPIIWHBI TPEIUHBI HE HADJIIOIAETCSA He TOJBKO OeCKO-
HEYHO OOJIBINTAX HATPAXKEHUN, HO /Tayke X MAKCUMAJIbHBIX 3HAYCHUH.

5. Pacnpenesienne Hanpsi>keHuii mpeapaspynieHUs
B JIIOPAJIFIOMUHMEBOI MOJIOCE C TPEITUHON-pa3pe3oM

Hanpsizkenust onpenesensl Npu PACTSKEHUH TIOPATIOMAHAEBONH MOIOCHI IUPAHON
60 MM, TOMMWHON 2 MM C IEHTPATbHOU TpemuHON-pa3pe3oM 30 MM Ha TOCTeTHEM
sTare HArpysKeHusi MerozoM GoToynpyrux NokpbiTHit (cMm. puc. 6) [1, 2]. Poroymnpy-
roe nokpoitre u3 noauyperana CKY-6 nakiensasoch Ha METAINIECKYIO TOBEPXHOCTE
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Puc. 7. Dmiopsl HANpsIXKEHUN 01 M 02 ¥ IOJI€ 02 B TIOPATIOMUHNEBO MOJIOCE C TPEIINHOMN-
paspesom

340 345 |

Kapruna nonoc TTone m3oxIuH

Puc. 8. lanable moAgpU3aMOHHO-ONTHIECKOTO SKCIIEPUMEHTA

MOJIeJIM W B MPOIECCe HATPYKEHNWs MMOBTOPAJIO YIPYTO-TIACTHIECKIE 1ehOpMAaIun Me-
Taja, Mph ITOM camMo 1edhOpMUPOBAIOCH YyIpyro. B pe3ynbrare mOIspu3annoHHO-0T-
THYIECKOTO MCCIEI0BAHNAS METATINIECKAX JETAIeH MOMydeHa KAaPTHHA T10J10C HHTEpde-
PEHINH B TOKPBITHN, (PAKTUIECKH MPEICTABIIIONAA cOO0ii mosie pasHocTu aedopmariuii
B HEKOTOPOM HEJMHEHHOM MacmTabe, a TakyKe Mojie W30KJINH, TOPA3OHTAIN KOTOPHIX CO-
eIMHSIOT TOYKW C OIWHAKOBBIMA yTIaMW HAKJIOHA TJIABHBIX HANMpsyKenawii. B pesymbrare
pasjesennst HaNpsiKerniit u nedopMarmit [2] mosyveHsr mose rIaBHBIX HATPSYKEHUH 09
U 3LIOPbI 01 U 02 B HECKOJIbKHUX cedeHusx (cMm. puc. 7). B 3apyGeKHbIX IKCIEpUMEH-
TanbHbIX paborax (cM., Hanpumep, [4]) BOBHUKAET 10JIeMHUKA O 3HAKE BTOPOIO [JIABHOIO
HANPAKEHUS BOJM3U BEPIIMHBI TPEITUHBI IPH OZHOOCHOM PACTAYKEHUN METALINIECKIX
06pasmoB. DKCIEPUMEHTATILHBIE JAHABIE HACTOAIIETO WCCICIOBAHNS TTOKA3BIBAIOT, ITO
HAMPAYKEHWUS 02 TI0 MOJII0 00pa3Ia MEHSAIOT 3HAKHU, UX SMIOPHI B BEPTUKAIBHBIX CETEHUTX
JIBY3HAYHBI ¥ BOJTHOOOPA3HBI, KAK W B IPEJBLIYIEM IIPAMEDPE ¢ PE3UHOBOMN MIACTHHOM,
YTO TIO3BOJIAET 00ECHEYNTh CaMOYyPABHOBEIEHHOCTh BHYTPEHHUX YCUIHHA B BEPTUKAIb-
HBIX CEYEHHUAX MO CyMMe MPOEKINA BCEX CHI HA TOPU30HTATBHYIO OCh.

6. Omnpenenenne HanpgaXKeHuit u jgedopmaruii
B IIeliKe CTaJbHOrO MJIOCKOro obpasiia

Bamada 0 HAMPSXKEHUAX U AedopMaIusax B Meiike perneHa MeToaoM (GhOTOYIpPYyrux
MOKPBITHII. B MOKPBITHN MOTy9YeHbl KAPTUHBI MIOJI0C HHTEP(EPEHITUN TPU CTYIEHIATOM



84 I"H. AJIBAYT 11 1IP.

Puc. 9. Pe3yabraThl 9KCIEPUMEHTAIBHOTO MCC/IeIOBAHNUs MEHKN MI0CKOT0 CTAJILHOTO 00pasIia;
a) nedopManmu B IPOJAOJTBHOM U MHOMEPEYHOM CEYEeHHAX MEHKU; 6) SIIOPBl 01 W 02 B IIOIIe-
PEYHOM CedYeHUN MEHKH, OMPEIeIEHHbIE IATHIO CIIOCODAMMU; 6) SMIOPHI HANPAXKEHUN 02 B Tpex
OTMEYEeHHBIX BepTI/IKaIIbeIX ceueHmudax

marpyzxkenunu. Ha puc. 8, a npusemenst derbipe dororpadun KapTuH MOJOC B IIeHKe
Pa3HBIX 00PA3IOB IPU PA3JIUYHBIX YPOBHAX HArpy3kwu. Pa3mesenue manpsrkenuii u je-
dopmarmii BBIIMOJIHEHO C MOMOIIBI0 KAPTUHBI [TOJ0C UHTEPGEPEHIINA U MO W30KJIUH,
MOKA3aHHBIX HA puC. 8, 6. [Ipw 5TOM 101 U3OKIMH COCTOUT U3 IBYX YaCTe: BBEPXY — MO-
J1e n30KJInH nedopmariuii, BHU3Y — moJie ckopocTeit medopmanmii. Pazmepst nomepednoro
cedennst moaockl n3 crann I cocrasaaor 100 x 10 MmM.

Hedopmanuu B cevenunsx meitku (cM. puc. 9, a), OnpesesieHbl METOIOM 3aMepa 110-
nepednbix gedbopMaluii 1 MeToJ0M paspes3ku nokpeituit [1, 2]. Hanpsikenus onpee-
JISJIACH JIUOO IO M3BECTHBIM AedopMaliusiM, Jud0 IMyTeM YUCIEHHOT'O WHTEIPUPOBAHUSA
nuddepennuaabHbIX ypapaenuii pasuosecus (3). Ha puc. 9, 6 B nonepeyHom cedenun
MEefKW MMOCTPOEHBI 5 ITMIOP HAMPSKEHUN, TIOJYIEHHBIX PA3HBIMU MeTOogaMu. Vcmoan30-
BaHBI METONbI pacimudpPoBKH, 0OO3HAUEHHBIE ITHdpaMu Ha dMOpax: 1 — HANpsKeHns
OIIPE/IeJIEHBI C MOMOIIBIO 1e(POPMAIMOHHON TEOPUH TJIACTUYIHOCTH; 2 — C IOMOIIBIO TEO-
puu TeveHus; 3 — YUCJIEHHBIM MHTErPUPOBAHUEM ypaBHeHuil (3) ¢ UCHOoIb30BAHUEM M-
MOTE3hI O COOCHOCTU HANpsiKeHuil u aedopmanmii; 4 — 9uCIeHHBIM WHTETPUPOBAHUEM
ypasHenuii (3) ¢ rHNIOTE3bI O COOCHOCTH HANpPsKEHUil u ckopocreii mpedopmanuii; 5 —
HE3ABUCHMBIM METOIOM YHCJIEHHOTO WHTEIPUPOBAHUS OJHOBPEMEHHO IBYX auddepen-
[MATBHBIX ypaBHEHNiT (3).

3akJiroueHue

DKCIEePUMEHTAILHO YCTAHOBJIEHA, MOJIEIb PACKPBITHS TPEINUH: ¢ pocToM medopMa-
Ui TPOMCXOIUT 3aTYTJIEHHE OCTPHIX BEPINMH TPEIIUH U OOKOBLIX HAIPE30B; TPEIUHBI
MPEBPAIAIOTCS B 3JIIAINCHI, a8 OOKOBBIE HAAPE3bl TPUOOpeTanT hopMy mapadoIbL.

OrMedeHbl HEKOTOpbBIE OOIIHEe 3aKOHOMEPHOCTH B PACHpeIeTeHUN HANPIKEeHU i
npejpa3pyieHns Kak B FeOMETPUIECKH, TaK U B (PU3NIECKU HEJTUHEHHDBIX 33/1a49aX:

— MaKCHMAJIbHBIE 3HAYEHHS TEPBOrO TJIABHOIO HATIPSIPKEHUsI 01 CMEIIeHbI OT BEPIITHH
TPENuHbI BrUIyOb 00Pa3IIoB;

— 3MIOPBI BTOPOTO TJIABHOTO HATIPSIYKEHUST 0o B BEPTUKAJIBHBIX CEYCHUIX IBY3HAUHBI
U CaMOYPABHOBEIIEHbBI 110 yCUTUSM;

— MAKCUMAJbHbIE 3HAYEHUS] KOHTYPHBIX HAMPSKEHUI CMEIEHbl OT BEPIIUH TPEIUH
B 00€ CTOPOHBI BIOJb KOHTYDaA pazpesa;

— Y BEPIIWH TPEINWH He HAOJII0IaeTCs He TOJIBKO DECKOHETHO OOIBINTNX HATIPAKEHNUA,
HO JasKe WX MaKCUMaJIbHBIX 3HAUCHUA.
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Summary

G.N. Albaut, M.Kh. Akhmetzyanov, N.V. Kharinova. Investigation of Geometrically and
Physically Nonlinear Problems of Solid Mechanics by Nonlinear Photoelasticity Method.

Geometrically and physically nonlinear problems of fracture mechanics at the large strains
were investigated by nonlinear photoelasticity method. Stress and strain fields occurring under
tensioning of rubber plates and strips with internal crack were obtained. The problems of plastic
deformation in metals were solved by the photoelastic coating method. The examples of study
of a dural strip with central crack-cut and the neck of a plane steel sample were considered.
Some features of the stress and strain distribution in the geometrically and physically nonlinear
problems were revealed.

Key words: fracture mechanics, crack, nonlinear photoelasticity, large strains, model of
crack opening, singular elasticity, nonlinear solid mechanics.
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