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TEXHIYHUX PIllIEHb 11010 3HWKCHHS TEXHOJIOTTYHOI 00pi3i Ha MUIIrpIMOBOMY CTaHi, MOJICpPHI3allis a arounux
amaparis.

Karwouosi ciaoBa: TpyOa, craH, miirpiMoBa MpokaTKa, MaJaroudii amapaT, 3aTpaBKa, MUIrpiMoBa
TOJIOBKA, MPsIMa TPOLIHUBKA.

Considered are the peculiarities of the process of production of tubes for tube-rolling aggregates with
pilger mill and prospects of its development. Among the priorities for the modernization and reconstruction
of the unit 5-12» PJSC «INTERPIPE NTRP» are the following: transition to direct firmware shells from a
round of concast billet in piercing mill, implementation of new technical solutions to reduce technological
crops on pilger mill, modernization of the feeding apparatus.
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VIIK 621.771: 669.01(07)

E. H. COCEHYIIIKHH, nokT. TexH. HayK, npod., PI'bOY BIIO MI'TY
«CTAHKWH», Mocksa, Poccus

TEXHOJIOTUN KOHCTPYKIHMOHHBIX HAHOMATEPHUAJIOB

C MO3NI CUHEPTETUYECKOI' O TIOAXOJA
B cratbe paccMoTpeHo (GOpMHpOBaHHE YIbTPAMENKO3EPHUCTHIX W HAHOCTPYKTYPHBIX KOHCTPYKITMOHHBIX
MaTepuajoB C IOMOIIbI0 CIIOCOOOB HMHTEHCHBHOW IUIACTHYECKOW nedopMaIiii, CO3JAIONINX YCIOBHUS
CaMOYTIOPAIOUEHHS] XAOTHYHO OpPTaHM30BAaHHON II€PBOHAYAILHOW 3€pPEeHHOW CTPYKTyphl. CHCTEeMHO ¢

TTO3UIINI CHHEPTETHUKH MPEJICTABIEHBI YPOBHU (POPMHUPOBAHUS CTPYKTYP KOHCTPYKIITMOHHBIX MaTEPHAIIOB.
KnawueBble cioBa: WHTEHCHMBHAs IUIacTHUYecKas jaedopMmaius, Makpo-, Me30- U MHKPOYPOBHU

(hopMUpOBaHUS CTPYKTYP.

BBenenne. CoBpeMEHHBIN YPOBEHb Pa3BUTHSI MAIMHOCTPOCHHUS MPEABSIBIIACT
NOBBILIEHHBIE TPEOOBaHMS K TMPUMEHSIEMBbIM B KOHCTPYKIUSX MarepuaiaMm, B
0COOEHHOCTH, K JISTKMM M MPOYHBIM ciiaBaM Ha ocHOBe Al u Ti, KOHCTPYKIIMOHHBIM
CTaJIAM, a TaKXke TpyAHoJehopMuUpyeMbIM cIlaBaM. XapakTepHa MOTPeOHOCTH B
MeTaylax M CIUIaBaX C BBICOKUM KOMIUIEKCOM (PU3MKO-MEXaHHUUECKHX CBOWCTB,
KOTOpbIE€ MO3BOJSAT ONTUMH3UPOBATh M YCOBEPIIEHCTBOBATh KOHCTPYKIMU MAIIIMH,
MEXaHU3MOB U YCTPOICTB, MOBBICUTH IMPOU3BOJUTEIBHOCTh arperaTtoB, CPOKH HUX
CIIyKOBbI, a TaK’K€ YMEHBIIIUTh MACCy U3JICNUN U y3JI0B, COKPATUTD 3aTpaThl YHEPTUU
Ha MX MNPUBOJ, M, COOTBETCTBEHHO, CHU3UTh 3arpsA3HEHUE OKPYKAIOLIEH CpEIbl.
BricokuM TpeOoBaHusAM, Onarofaps HaJU4YMIO CUIBHO W3MEIBbYCHHOM CTPYKTYPHI,
YTO, B CBOIO OY€pelb, IOAPa3yMEBAET IOBHIIICHHBIE MEXaHUYECKHE CBOMCTBA,
otBeuaroT cyomukpokpucraummueckue (CMK), a taxke Hanokpuctamumueckue (HK)
Marepuanbl WiM HaHoMmarepuaibl. [log 3TUMHM MarepuanamMu MNPUHATO MOHUMATH
Marepualbl, pa3Mep KpUCTALIMYECKUX 3€pEeH KOTOphIX He mpeBbimaroT 100 HM, 1o
KpaiiHell Mepe, B OJHOM HampabiieHuu. Krnaccudukamus mMaTepuanoB MO pasMepy
yacTull npuBeaeHa Ha puc. [1]. Beigenstor kpynHo3zepuucteie Matepuaibl, CMK —
Marepuainbl Win yibTpamenkozepuucteie, HK — marepuansl, a Takxke maTepuasl,
pa3Mep 3€peH CTPYKTYpbl KOTOpbIX, MeHblie 1 HM. HM3yueHune marepuasos,
o0NaaronMxX HAHOCTPYKTYpOH, TO3BOJIIET OIICHMBATh HMX CBOMCTBA, a TakKke
AKCIUTYyaTallUOHHbIE XapAKTEPUCTUKH, KOTOPHIE MMEIOT CYIIECTBEHHOE OTJIMYHME OT
KPYITHO3EPHHUCTBIX aHAJIOTOB.
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O BaxHOCTM TIpoOJieM, CBSI3aHHBIX C HCCIEJOBAaHUSIMU B 00JIACTH
HAHOTEXHOJIOTHM, TOBOPUT TOT (PAaKT, YTO B CTpaHe KpOME TPYMIbl KOMITAHHH,
Bxomsmux B OAO Pocuano, 100% axuuii KOTOPOro HaXOAUTCS B COOCTBEHHOCTH
rocyJapcTBau LEIbIO KOTOPOTO SABJISIETCS KOMMEPIHATN3aLNs
HAaHOTEXHOJIOTMYECKUX  pPa3paboOTOK, coO3/[aHa BCEpOCCHiicKas  OOIIecTBEHHAs
opranuzauusa Hanomexnuueckoe obujecmeo Poccuu, 0O0BEAUHSIONIAS BUIHBIX
YUEHBIX U OOIIECTBEHHBIX Jedrenedl. Bune-npesuaentom obimiectBa siBnsiercs A.Q.-
M.H., mnpodeccop I'.I'. Manunenkuii, HEYCTaHHO NPOMATAHIAUPYIOIMINA HOBEHIE,
MPOPBIBHBIE WU W TEXHOJIOTMH B Hayke U 0Opa3oBaHHMM, OJHOBPEMEHHO SIBIISIACDH
MpeAceNaTe’IeM pPEeIaKIUOHHON KOJUIETUM cepud u3faHui «CuHepreTuka: oT
mpouuioro kK Oyaymemy». B moanepkkKy akTyalbHOCTH NpOOJIEM, CBSI3aHHBIX C
HAaHOWHYKEHEPHUEH, BHICTYIIAIOT U PEUICHUS MPABUTEIHCTBA, B TOM YKCIIE BBIIIEAIINI
B cBeT 07.07.2011 r. Yka3 [Ipesunenta PO No§99 «O6 yTBepKaeHNN MPUOPUTETHBIX
HalpaBJICHUN pa3BUTUA HAyKHW U TexXHUKU B Poccuiickonn Penepanuy U NepedHs
Kputuueckux texnonoruii Poccuiickoit @enepaunn». B 3Tom n1okymeHTe 6 MyHKTOB
KPUTUYECKUX TEXHOJIOTUW M3 27 coaepKaT YNOMHHAHUE O HAHOTEXHOJOTUSX WIIH
HaHOMaTepuajax B  pa3IWYHBIX cdepax HaydyHOW ©  TPOU3BOJICTBEHHOU
nesrenbHocTd. OIHUM U3 MMYHKTOB YKaza saBisiercs n.16 «Texnonoruu noiyyeHus u
00pabOTKH KOHCTPYKIIMOHHBIX HAHOMATE€pPUAIOBY», HAa Hall B3IV, BIPSMYIO
OTHOCSIIIIMIICS K MAIIMHOCTPOCHUIO. DTO CTajl0 BO3MOXHBIM Ojarojapsi yCUIUsIM
MHOTUX Hay4YHbIX HIKOJ, B TOM YHCJI€ U TEXHOJOTHMYECKUX, B30pPbl KOTOPBIX YXKE
MHOTHE TOJIbI OOpaImieHbl K MpobiieMe CO37aHusl KOHCTPYKIIMOHHBIX MaTepHalIOB C
VHUKQJIBHBIMU ~CBOMCTBAMHM 32 CYET peaju3allid M3BECTHBIX MEXaHH3MOB
dbopMupoBaHUsl B HUX HAHOCTPYKTYP.
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Ha rna3zax y HbIHENIHETO MOKOJIEHUS YYEHBIX TPOU30IIIIA 3aKOHOMEPHAs! BEIllb,
B XOJE€ HAy4YHO-TEXHMYECKOTO Nporpecca B PyKaxX HCCIEAOBATENCH MOSBUINCH
HOBEMIIasg peruCTPUPYIOIIAs anaparypa, YHUKAIbHBIE TEXHOJIOTMYECKUE MAIIIUHBI U
0o00OpyZOBaHWE, HHTEJUIEKTyaJIbHbIE CpPEJICTBA HMCHBITAHWM, BBIYUCICHUN U
W3MEpPEHUH, PACHIMPUBIINE BO3MOXHOCTA HCCIENOBAaHUM Makpo-, MHKpPO- H
HaHomupa. T.e. B X0/iIe CMEHBI CTAHAAPTOB HAYYHBIX MCCIIEIOBAHUI BO3HUK HOBBIM
YPOBEHB MOHUMAHUSI TEXHOJIOTUYECKUX U METANIOBETYECKUX MPOOIEM, CBI3AHHBIX C
BO3MOKHOCTSIMU YIIPaBIICHHUsS] CTPYKTYpPOOOpa3OBaHUEM MaTEpHAIIOB, U MPEKHUE
3a7a4u MPEJICTABISAIOTCS B HOBOM CBETE M JUJISI HUX MPEMJIAratoTCsl HOBBIE PEIICHUS
[2]. CnoBamu ¢QuiocodoB COBpEMEHHOE HaydyHOE OOIIECTBO  SIBISETCS
KaTaJn3aTOPOM CMEHBI MapaJurMbl, KOTOpas 00ECHEYUT TEMATUKOUW s OYyIyIIux
UCCIICIOBAaHUN YYEHBIX W HWHXXEHEPOB, B TOM YHUCJIE 3aHUMAIOIIMXCS PEUICHUEM
MPUKJIATHBIX MPOOJIEM, TAKUX KaK HAHOUH)KCHEPHS B MAIIMHOCTPOCHUU.

B 3TOM CcMbICiIE€ POPHIBHBIMU TEXHOJIOTUSIMU MOJYYEHUS KOHCTPYKIIMOHHBIX
HAHOMATEpPUAJIOB  SIBISIOTCS  THUKCOIITAMIIOBKA M  CMOCOOBI  MHTCHCUBHOMU
miactudeckor  nedopmaruu  [3-8]. TlocmMoTpuM Ha TPOIECCH  TIIACTUUYECKOM
nedbopManuu ¢ TMO3UIUA OYpHO pa3BUBAIOIICHCS B TMOCIEIHUE JICCATUIICTHUS
HEJIMHEMHON HayKM O CaMOOpPraHM3alluy CJOXKHBIX CHUCTEM TI0J] Ha3BaHUEM
cunepretuka [9]. Cunepreruka (0T rped. synergetike — coapy»KecTBo, KOJUIEKTUBHOE
MOBEJICHWE) — HayKa, M3ydarllass CHUCTEMbI, COCTOSIINE W3 MHOTHX IOJCUCTEM
CaMOM pa3IM4YHOM TPUPOABI; HAyKa O CAMOOPraHU3alMy TMPOCTHIX CUCTEM U
npeBpamieHuss xaoca B nopsanok. [log camoopraHuzamnueil MOHUMAETCS MOSIBJIECHUE
ONpENEICHHOr0  MOpsSAKa B OJHOPOJHOW  Macce U MOCHEAYIOIIETO
COBEPIIEHCTBOBAHUS M YCJIOXHEHHUS BO3HUKAIOIIEH CTPYKTYphI, T.e. 00pa3oBaHHE
CTPYKTYpbl TPOUCXOAUT KakK 3a CYET BHEIIHErO BO3JCHCTBHS, TaK M 3a CUET
BHYTpEHHEW mnepecTporku. CaMoopraHuszanus, IO OIPEAEICHUI0 aBTOpa HAYKH,
Hemenkoro  ¢u3mka I'epmana  XakeHa, —  «CIOHTaHHOE  OOpa30BaHUE
BBICOKOYTIOPSAIOYEHHBIX CTPYKTYpP M3 3apOJbIIIEH WIM AK€ U3 Xaoca, CIIOHTaHHBIM
Iepexo]] OT HEYNOPSAJOYEHHOTO COCTOSHUSL K YHOPSAOYEHHOMY 32 CUET
COBMECTHOI'0, KOOIEPATUBHOTO (CHHXPOHHOIO) JAEHCTBUS MHOTHUX TOJICHCTEM).
CunepreTtrka pooM u3 GU3HUECKUX TUCHUILIUH — TEPMOAMHAMUKH, PATUOPUUKH.
Ho ee wmaem HOCAT MEXIMCUMIUIMHAPHBIN Xapaktep. OHU TOABOIAT 0a3zy moa
COBEPIIAIOIIUINCS B €CTECTBO3HAHUM TJIO0ATBHBIA IBONIOIMOHHBIA cUHTE3. [loaTOMY
YYEHBIE B CHHEPIeTUKE BHJST OJHY W3 BAXXKHEWIIMX COCTABIAIOIIMX COBPEMEHHOU
HAay4YHOU KapTuHBI Mupa. [IpenHasHaueHne CHHEPTeTHKY, KaK HayKd, U 00 3TOM SIBHO
TOBOPHUT €€ aBTOP, 3aKIIOYAETCS B TOM, YTOOBI OIMpPEAEIUTh OCHOBHBIC MPUHITUIIBI,
Kak M3 Xaoca BBIPACTAIOT BBICOKOOPraHW30BaHHbIE cHUCTEMBI. Tak, 1.XakeH B
NpEeauciIoBUU K cBoell kHure «CuHepreTuka», nuiieT: «f Ha3Bajdl HOBYIO
JUCHUIUIMHY CUHEPIreTHKOW HE TOJBKO IMOTOMY, YTO B HEW HCCIIENYETCS COBMECTHOE
JNEUCTBHE MHOTUX 3JIEMEHTOB CHUCTEM, HO U MOTOMY, YTO JIJIi HAXOXKJIECHUS OOILIMX
MPUHIIMIIOB, YOPAaBISAIOMIMX CaMOOpPraHu3alued, HeoOXOAMMO KOOIEPUPOBAHUE
MHOTHUX Pa3JIUYHbIX JUCIUTLIIAH.

Onnako BepHEMCS K BOIpOCaM IMPUKIAIHBIM, CBSI3aHHBIM C TEXHOJOTHSIMHU
MOJy4YEeHUsI KOHCTPYKIIMOHHBIX HaHOMaTtepuanoB. Co3naBas ycioBus JJisl Iepexona
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MeTajljla B IUIACTUYECKOE COCTOSHUE, YMENO UCIOJIb3Ysl COYETaHUs TPACKTOPUd
nedopMUpoBaHUs, yIpaBIIsis pa3Mepamu O4aroB nedopmanuu u
TEPMOMEXAaHUYECKUMU PEKUMaMH, HCCIIENI0BATENIb CO3/a€T HEOOXOAUMBIE YCIOBUS
Kak (pa30oBbIX MPEBpaIIEHUM, TaK U HAITPABJICHHON YIOPSIAOUYCHHOCTH B XaOTUYECKOM
PaCIlONIOKEHUH 3€peH B Xojie (parMeHTanuu CTPYKTyp. T.e. OCHOBBIBasCh Ha
3aKOHAaX MEXAaHUKHU CIUIOIHBIX cpen [10] u BKIIOYAass pa3iauyHblE MEXaHU3MBI
rmactTuyeckou nedopmaiuu [11], ynaercs BbI3BaTh B MeTajlIe HEOOXOAUMBIN OTKIUK
B BUJIE CAMOYIOPSJOUYCHHOCTH CTPYKTYP Ha pa3HbIX 3Tanax AedopMUpPOBaHUSI, UYTO
HEPa3pbIBHO CBSI3aHO C CHHEPTETUYECKUM IMOX0I0M.

HoBu3na cuHepreTHueckoro moaxoja 3akiodaeTcs B cienymomem [9, 12].
Xaoc, B OCHOBHOM BBICTYTAasi KaK pa3pylinTelb, B HaIleM ciaydae co3uaaet. [lonsarue
«Xaoc» 0Kaszalioch ropaszo OoJsiee rIyOOKUM, YeM MpeacTaBiisioch panee. [loatomy
Hapsily C TOHATHEM «Xaoc» TMOSBUJIOCH OIpe/elieHne «OecropsaoK», Kak
HapylIeHHBbIH  MOPSAOK.  XAOTHYECKOE  COCTOSTHUE  COIEpXKUT B cebe
HEONPEICIICHHOCTh — BEPOSITHOCTh W CIIYyYalHOCTh, KOTOPBIE OIMKCHIBAIOTCS MPHU
MOMOIIM TIOHATUH WHpOpMaIuu U SHTponuu. OTHON W3 MPUYMH, O0YCIOBHBIIUX
UCITOJIb30BaHUE CUHEPTEeTUUYECKOrO MOAX0/1a, — HEOOXOAUMOCTh TIPU PEIISHUU psJia
3a/1a4 HAYKW M TEXHUKU aHAJIU3UPOBATH CIIOXKHBIE MPOIECCHI PA3IMUHON MPHUPOIHI,
UCIIOJIB3YS MIPU ATOM HOBBIE MATEMAaTHYECKUE METOIBI.

CoBpemeHHasi HayKka, Kak YTBEp)KIaloT aBTOphl [12], Bce yaiie Gopmynupyet
CBOM 3aKOHOMEPHOCTH, oOpamiasick K Oosiee 0OoraromMy W CIOXKHOMY MHPY
HEJIMHEHWHBIX MaTeMaTU4YeCKUX Mojeneil. HOBBIM HMHCTPYMEHTOM H3y4YEeHUs
HEJIMHEMHBIX MOJEJEH CTall BBIUUCIMUTENbHBIA dKcrepuMeHT [12-15]. VYuensle
HOJIYYWJIM BO3MOYKHOCTH «IIPOUTPATh)» MOJIENb M3y4aeMOro mpoliecca BO MHOTHX
BapHaHTaX, UCMONb3ys MolHble OBM. M uT0 0COOEHHO Ba)KHO — BBIYMCIUTEIHHBIN
AKCHEPUMEHT MOKET MPUBECTHU K OTKPBITUIO HOBBIX SIBICHHUM. JIJIs1 3TOr0 HYXHBI
MOHATHSA, TOJAXOAbI, O0OOIICHUS, KOTOPHIE OTPAKAIOT BaKHEHITHE OOIIUE YePTHI
UCCJIEAYEMBbIX SIBIICHHI M MOMOTaloT MOCTPOUTh MX aJE€KBATHBIE MAaTEMAaTHYECKHE
moaemu [9, 12, 15-18]. Bce 3TO0 Takke cTajqo MOIIMHBIM CTUMYJIOM Ppa3BUTHS
CUHEPIeTUKHU.

B cuHepreTuke MUPOKO HCHOJB3YIOT YPAaBHEHUS B YACTHBIX MPOU3BOIHBIX.
OTH ypaBHEHUSI — HWHCTPYMEHT HCCIIEIOBAHUS HECTAllMOHAPHBIX IIPOLIECCOB, B
KOTOPBIX M3Yy4aeMbl€ BEJIIMUMHBI MOTYT U3MEHSTHCS HE TOJIKO BO BPEMEHH, HO U B
mpocTtpaHcTBe. Pa3pabatpiBaThcsi OH Hawyan JBa BEKa Ha3alg B CB3H  C
HEOOXOIUMOCTHIO PEIICHUS 3a7a4 THAPOJAMHAMUKA M MEXAaHHKH CIUIOIIHBIX CPE.
Haubonee mpocThiMu U I€TaTbHO W3YUYEHHBIMU SIBISIIOTCA JTUHEHHBIC YpaBHEHUS B
YaCTHBIX MPOU3BOIHBIX [12].

O6patumca Kk MexaHuKe CIUomHoW cpeasl [10], B HEKOTOpBIX pazaenax
KOTOPOW  OCHOBOMOJIATAIONIUMHU  SABJISAIOTCS  AuddepeHnnanbuble  ypaBHEHUS
paBHOBECUSI B  YAaCTHBIX MPOM3BOJHBIX. 3/€Ch TaKXKe  MPOCIECKUBACTCA
CUHEPreTHYECKUM MOAXOI.

Heab uccaenoBanuii, nocTaHoBKa nmpoodJiemMbl. [laTh HaydHOE 000CHOBaHHE
C TO3ULMNA CHUHEPreTUKU M BBISIBUTH OCOOEHHOCTH (POPMHUPOBAHUSI CTPYKTYp Ha
Pa3IMYHBIX MacCHITAOHBIX YPOBHSX IUIACTUYECKON AedopMaiini.
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Marepuajibl  HMCCJACI0BAHMH MACIITAOHBIX YPOBHEH INIACTHYECKOM
aepopManuu. Maxkpockonuyeckuu MacIlTaOHbIN YPOBEHb TUTS
MOJINKPUCTAJUTMYECKUX ~ MAaTepUalIOB  pacCMATPUBAIOT B OTHOIIEHWH  BCETO
nehopMHEpyeMOro  Tella WM €ro  BBIJACICHHOTO 00bemMa. MUHHMAaJIbHBIE
MaKpOCKOMUYeCKUe pasMepbl limin UII 00BEMHOrO Tejla OOBIYHO MPUHUMAIOT HE
menee 10d;, rme d. — cpemnuit pasmep 3epeH [2]. DTo 03HAYaeT, YTO CPEIAHHE
CBOMCTBa Marepuaja B JIIOOOM BBIOpaHHOM O0BEME Tella, OrpaHUYECHHOM PaguyCcoM
He MeHee S50; OyAyT MpUMEPHO OJUHAKOBBIMH U XapaKTEPHBIMH JUIS BCEro Tella B
nenoM. OcpegHeHHWE CBOMCTB Ha MaKpOypOBHE TIO3BOJISIET paccMaTpUBATh
KPUCTAJTMYECKOE TEJIO0 KaK CIUVIOIIHYK Cpelay C TIOCTOSHHOM IUIOTHOCTEIO,
COCTOSIIIYF0 W3 MaTepUAIIbHBIX TOYEK ¢ OCCKOHEYHO MajbIMH pa3MEpaMH, a €ro
ne(OPMHUPOBAHHOE COCTOSIHUE — KaK pe3yJbTaT OTHOCHUTEIBHBIX IepEeMEIIeHUN
TaKUX TOYEK, OMPEIeIIeMbIii METOIaMH MEXaHUKH CILTOIIHBIX cpen [10].

[Ipn aHaimze AeHOPMHUPOBAHHOTO COCTOSHHS MaTCPHUATBHYIO TOYKY C
OKPECTHOCTSMHU TPEJCTABISAIOT B BHJC KyOa ¢ peOpoM paBHbIM dXj, T/Ie MHICKC I—
NPUHUMACT 3HadeHus 1, 2, 3 I TIaBHOM TPEXMEPHOM MPOCTPAHCTBEHHON CHCTEMBI
koopauHat [19]. Ha momankax ky0Ga JeHCTBYIOT HAmNpsDKEHUsS, TPUBOJAIINE K
U3MCHCHHIO ero pasmepoB u ¢dopmbel. Jlepopmarnus B OECKOHEYHO Mayion
OKPECTHOCTH MAaTCPHAIIbHOW TOYKH OIHMCHIBACTCS CUMMETPUYHBIM OTHOCHTEIIBHO
IJIABHOW  JHWaroHaJii  TEH30poM  jaedopmanmii.  KOMIOHEHTHI  TEH30pa,
PacIoIOKCHHBIC Ha TJIABHOW JUArOHaIH, XapaKTePU3YIOT OTHOCUTEIBHYIO CTCIICHb
paCTsHKEHUS /WU CKAaTHsl JIMHEHHBIX pa3MepoB MaTepuanbHOU Touku. O0a nHaeKca
y OCEBBIX KOMIIOHEHT JAepopMaldyd NPUHUMAIOT OJWHAKOBHIMU W W3 3HAYEHUS
ompeaensiorT kKak & = A(AX;)/dxj, roe A — mpupalieHre WId YMEHBIICHUE JTHHBI
pebpa dx; kyba npu nepopmarmn. OcTaabHble 6 KOMIIOHCHT UMEIOT HEOJMHAKOBBIC
MHCKCHI M XapaKTEePU3YIOT U3MEHEHHUE YIJIOB MpHU AeOpMalMKi U3HAYATBHO TPSIMBIX
YIJIOB MEXIYy CMEXKHBIMH TpaHSIMU KyOHMYECKOTO »DJIEMEHTa W UX Ha3bIBAIOT
nedopmarmsamu casura [2, 5, 10, 11, 19, 20].

C yueToM CHMMETPUYHOCTH TEH30pa U YCIOBUS  HEC)KMMAEMOCTHU
nedhopMHpyeMOro  Tela,  YHCJIO  HE3aBUCUMBIX  KOMIIOHEHT,  IOJHOCTBHIO
OTpeNeNsoNuX 1e(GopMUPOBAHHOE COCTOSIHUE B MaTEpHAIbHOW TOYKE, PaBHO 3.
Ecnum B kaxxmoit MaTeprabHOM TOYKE TeJla TEH30phI AedopManiy paBHBI, T.€. PaBHBI
COOTBETCTBYIOIIE KOMIIOHEHTHI TEH30POB, TO Nehpopmartus SBIIE€TCS OTHOPOTHOM.
Kakx mpaBuno, Oonbmme pgedopMmanuu, HMEIONIAE MECTO TPU HHTEHCHUBHOU
IIacTHYECKOM aedopmaruu, HeogHOpoaHkI [3, 4, 11, 19].

Ha nmpaktuke pacdyer TEH30pHBIX Toed jgedopManuu, TpeOyrOIIUi
MPUMEHEHUS CIENUATBHBIX KOMITBIOTEPHBIX MPOTPAMM, CIOXKEH W HEyIOoOeH s
anammsa. [loatomy nedopmMupoBaHHOE COCTOSHHME MaTepuaia yA0OHO OIICHHBATh
CKaJsipHOW BEIWYMHOW WCTUHHOW CTenmeHu aedopManuud — C TOYHOCTBIO IO
MOCTOSIHHOM, pPaBHOW KOPHIO KBAaJpaTHOMY W3 BTOPOTO WHBApHAaHTA TEH30pa
nedopMarmm.

JIyist u3MenbueHUs CTPYKTYPBI OOJBIIIOE 3HAUYCHUE UMEET MPUMEHsSIeMas cxema
nepopmupoBanuss  [11, 19, 20], 3aBucsmas oOT CXeMbl HarpyXcHHS,
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npeaonpeesatonieil TpaekTopuio negopmaruu mMarepuaia. [lo nnuHe TpaekTopuu
OLICHUBAIOT CTEICHB JIehopMaInH, 10 KpUBH3HE — XapakTep mporiecca [2, 3, 10, 20].

TpaekTopust ¢ MaJOM KPUBU3HOM CBOMCTBEHHAa MOHOTOHHBIM IpoleccaM, B
KOTOpBIX IJIaBHas OCb TEeH30pa AedopMaiuu (ciaea TEeH30pa) HE MOBOPAYMBAETCS
OTHOCHUTEJIbHO KOOPJAMHATHBIX OCEH, CBsi3aHHBIX C AedopmupyembiM obpasimom. C
yBEJIUYEHUEM KPUBU3HBI WJIM U3JIOMOB TPA€KTOPUU HEMOHOTOHHOCTH BO3pacTaeT. B
Teopur O0OpaOOTKM METAJUIOB JaBJIEHHMEM K HEMOHOTOHHBIM U CYIIECTBEHHO
HEMOHOTOHHBIM OTHOCSIT TaKHUE€ MPOIECCH], B KOTOPBIX YTOJ MEXAY HAMpPaBICHUSIMU
nedopMUpPOBaHUS B JIBYX MOCIEIOBATEIbHBIX MPOXOJaX MEHSIETCS COOTBETCTBEHHO
Ha 90° u 180° [2, 10, 20].

Ctporo roBopsi, K MOHOTOHHBIM OTHOCSIT TOJIbKO TOJIOHOMHBIEC IPOIIECCHI,
OTJIMYAIOIINECS. TeM, UYTO B HHUX HaIpPsDKCHUE TEUEHUs] MaTepualia He 3aBUCUT OT
ckopocTH aedopmupoBanus. [InacTnueckoe TeueHHEe KPUCTATUTMUYECKUX MATEpUATIOB
JaKe TPH MPOCTEHINNX cxemaX Ae(pOPMHUPOBAHUS — MPOIIECC HErOJOHOMHBIH [2, 3].
Hamnpumep, ecnu mpoliecc pacTsKEHHS METaUIMYeCKOoro oOpasila OCTaHOBHUTH, a
3aTeéM BHOBb MPOJOKHUTH, T.€. CHU3UTh CKOPOCTbH JIO HYJISI, a 3aT€M BOCCTAHOBHTH
MPEXKHIOK, TO 3aBUCUMOCTh HAMpPsDKEHUST TEUCHHS OT AcedopMallii MpU MOBTOPHOM
HaIpsDKEHUHU OyAeT UMETh UHYI0 (OPMY KPUBOH 1O CPABHEHMIO C TIEPBOHAYAIHHOM.
I[To »TOi1 mnpuumHE BCe MHOromepexoanble mporeccsl B OMJ[  sBisitoTcs
HEMOHOTOHHBIMU. OJiHaKo, B OOBIUHBIX TMporeccax AeHOpPMUPOBAHUS, TAKHX Kak
npsMOe TPECCOBAaHUE, MPOKATKA M BOJOYCHUE 3arOTOBKA BBITSTHBACTCS B OJIHOM
HaIlpaBJI€HUH — BJOJIb MPOJOJIBLHON OCH, U B 3TOM CIly4ae MOBOPOTHI IJIABHOM OCH
TeH30pa JedopMalud OTHOCUTEIBHO JTOTO HAMPABICHUS HE3HAYUTENbHBI, YTO
NO3BOJISIET OTHECTH 3TH IMPOLECCHl K KBa3UMOHOTOHHBIM. BcenencTBrue mocTOsTHCTBA
HaNpaBJICHUs yIJWHEHUs oOpas3lla B KBAa3MMOHOTOHHBIX IMpoOIleccax Yrojl MExXIy
HaNpsDKEHUEM M HANpaBlIEHWEM CJBUTa CTAHOBUTCS MaibiM, a Qakrop IlImuara —
KOCHUHYC 3TOrO yriia — 0onpiuM. B MeTannax mpu KBa3MMOHOTOHHOM Jedopmariuu
oOpa3yeTcsi SpKO BBIpaXEHHas aKCHalbHas TEKCTypa U, MPEUMYIIECTBEHHO,
bopMupyroTcs MeIKHe cy03epHa, a He 3epHa [2, 3, 21].

CriocoObl MHTEHCUBHOM IJIACTUYECKOH AedopMaliu, TaKue Kak KpyuyeHue Mmoj
BBICOKMM KBa3UTHUIPOCTATUYECKUM JaBieHHEM [4], paBHOKaHAIBHOE YTIJIOBOE
npeccoBanue (PKVII) [5], BcectoponHsis koBka [11], BuHTOBast skcTpy3us [7, 22] u
JIpyrHe — 3TO MPUMEPhl HEMOHOTOHHBIX MPOIECCOB aedopMupoBaHusi. B atux
croco0ax WHCTPYMEHTOM AaKTHBHO 3aJaeTcsi TepeMEHHash 10 BeIWYMHE U
HAIMPaBJICHUIO  CKOPOCTh  J€(POPMUPOBAHUS, COOTBETCTBEHHO,  HM3MEHSAETCA
HampaBieHne JeOpMHUpPOBAHUS MaTepHalia M TOJOXKEHUE cliefja TeH30pa
nedopMaliii M0 OTHONICHUIO K CHCTEME KOOPIWHAT, CBSI3AHHOW C 3arOTOBKOM.
Teuenne Marepuajia B 3THX YCJIOBHSAX MPUOOPETACT POTAIMOHHBIA («BUXPEBOI)
XapaxkTep. W3vmenenne  HampaBieHUss — neopMuUpOBaHHMS ~— TPUBOAUT K
MPEUMYIIECTBEHHOMY 1O CpPaBHEHUIO C KBAa3WMMOHOTOHHBIMH  MPOIECCAMHU
dopmMupoBaHUIO 3epeH, a He cy03epeH [2, 3, 21, 23].

CymiecTBeHHOE  BIUSIHUE HA  WU3MEJIBYEHUE  CTPYKTYpPbl  OKa3bIBAIOT
O0COOCHHOCTH pealln3yeMoil MexXaHH4IeCcKol cxeMbl nedopmanuu [11, 19, 20].
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Jlist Toro 4toObl 3epHa 1e(OPMUPOBAIUCH TaK K€, KaKk U 00paszel B LIEJIOM,
HEOOXOAMMO HAIMYWE B KaXJAOM W3 HUX TISTH HE3aBHUCHMBIX CHCTEM CKOJBKCHUS
mucnokanni [10]. OgHako B MONMKpUCTAIAX KPUCTAIUINYECKUE PEIIETKN COCETHUX
3epeH pa3BEpPHYTHl Ha OOJIbIIKE YIJIbl OTHOCUTEIBHO JAPYT Jpyra. BenencTtsue 3Toro
B MOJABJISIONIEM OOJIBIIMHCTBE CIIy4aeB OJHOBPEMEHHO pabOTalOT OJHA WJIU JBE,
peXe TpU WIM YEThIPE CUCTEMbl CKOJIBKEHMS JIUCIOKAUUW. OTO NPUBOJIUT K
BO3HUKHOBEHHUIO CKOIUIEHUH JUCIOKAMI B NPUTPAaHUYHBIX OO0JacCTSIX 3€peH U
MOBBILIEHNUIO BHYTPEHHUX HanpsbKeHuil B nedopmupyemom metaie. HeoOxonumoe
IUIsL TPOAODKEHUST Ae(pOopMallid HU3MEHEHUE CTPYKTYPbl OCYIIECTBISETCS IyTEM
MEPECTPORKH CKOIJICHHH UCIOKAMKA B MAaJIOYTJIOBBIE TPAHMIIBI, MPHUBOIAIINX K
oOpa3oBaHuI0 00JlacTel pa3opUEHTAIUU, HA3bIBAEMBIX (PparMEeHTaMH U BCIIEJICTBUE
BO3HMKHOBEHHUS MeEXAy (parMeHTaMu I[OBOPOTOB, CBHJETEIBCTBOM KOTOPBIX
SBIISIIOTCS. M3MEHEHUSl TEKCTYpHBIX TIuIOTHOcTed [2]. C TOYKM 3peHUs pa3BUTHS
iacTuyeckor nedopmanuu pparMeHTalus — 3To MPOLECC, B pe3yjbTaTe KOTOPOIro
HAa MECTe MCXOAHBIX 3epeH oOpaszyercss OOJIbIIOE KOJIWYECTBO HEOONBIINX 10
pa3zMepaM MaJlOyTJIOBbIX oOisactei pazopueHTaruu. [lpu pparmentanum npoucxoaur
3aMeHa  MHOXecTBa  (IPOTSIKEHHOCTH)  OONBIIEYTJIOBBIX  TPAaHMIl  3€pPEH,
HENPEOJOIMMBIX JJIS AUCIOKAIMMA, OOJBIIUM MHOXXECTBOM MAaJIOYTJIOBBIX T'PAHMIL,
yepe3 KOTOpbIe TUCIOKALUA MOTYT MPOXOJAUTh. SIBieHNE (pparMeHTaluu CTPYKTYpPbI
U oOpa3oBaHME  MEJKUX 3epeH  OOyCIOBIEHbI  3BOJIOLMEH  J1epeKToB
KPUCTAILTUYECKON CTPYKTYPhI pacCCMaTPUBAEMbIX HA MUKPO M ME30ypOBHSX [3].

Muxkpockonuyeckuii ypoBeHb. MUKPOCTPYKTYpa METALIUYECKUX MaTepUaoB
XapaKTepu3yeTcs paclpeesieHueM Mo 00beMY 3€peH — KPUCTAJUIMTOB MUKPOIe(DEKTOB.
K Takum nedexram, mpexiae BCEro, OTHOCIT JUHEHHBbIE AePEKThl — IUCIOKAIMH, a
TaKKe TUIaHapHble nedexThl — nedeKThl ymakoBKH, TpaHHIbl 3epeH U (a3. B nByx
MOTEPEYHBIX HAMpPaBICHUSIX pa3Mepbl JTUCIOKAIIMOHHOW JIMHUM COU3MEPHUMBI C
NEPUOJIOM KPUCTAIUTMYECKON PEIIeTKH, a €€ JUIMHA Ha TOPSAIKH TPEBOCXOIUT MEPUO U
MOJKET JIOCTHTaTh pa3smepa 3epHa. [IpoTsKEeHHOCTh TpaHUI] B JABYX HANpaBICHUAX B
HECKOJIbKO pa3 0oJIbIlle pa3MepoB 000COOIIEMBIX UMHU 3€peH U (a3, Ipu ATOM TOJIIIHUHA
TpaHuIl COCTABISAET BCero 1+3 MeKaTOMHBIX paccTosHus [3].

KonudecTBeHHble OICHKM MaciTaboB MHUKPOYpPOBHS B Ppa3HBIX paboTax
ommyarorcs. Hampumep, B [21] MHKpOYpOBEHBb XapaKTEpHU3YIOT JAUANa30HOM
\/E & 1<d, rue p — ckansgpHas IUIOTHOCTh TUCIIOKanui, d- pa3Mep 3epHa, \/_ —
100b — 1078 wm), a B pabore [23] STOT ypOBEHb OrPAHMYHMBAIOT JUANA30HOM
pasmepos (1+30) b u o6bemom (100+1000)V,, rae Va — b® 06bem atoma.

OueBHUHO, YTO B 3aBUCMMOCTH OT pa3Mepa 3epeH B METalax, KOTOpBIH B
o01ieM ciay4yae MOXKET ObITh B Mpefesiax OT HECKOJIbKUX JECATKOB MHJUIUMETPOB 10
HECKOJIbKMX HAHOMETPOB, BEpPXHSS TPaHUIA MHUKPOYPOBHS OyAET CYIIECTBEHHO
pa3Tu4aThCs.

Tak kak guciokamuu  SBISIOTCS  HamOoJiee  BaXKHBIMU  JedeKTamu
MUKPOCTPYKTYpPBI, C DSBOJIOIHEH KOTOPBIX, CBSI3aHO W3MEJIbYECHHE 3€peH IpHu
aepopmany, TO CBOOOAHBIN mpoOer MJHUCIOKAlMii — TMyTh OT MecTa HX
BO3HUKHOBEHHUS JI0 OCTAaHOBKM Ha TMPEMSATCTBUAX, MOXHO WCIOJIb30BaTh IS
XapaKTEPUCTUKU MacilTada MUKpOYpoBHs. CBOOOAHBIN MPOOEr AUCIOKAIUNA 3aBUCUT
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OT XUMHYECKOTO U (ha30BOTO COCTaBa, MCXOAHBIX pPa3MEPOB 3€pPEH, HSHEPIUHU
ne(deKTOB ynakoBKH, cTeneHu aedopmaliiuu. B mpenenbHOM ciiydae MakCUMAaJIbHBIN
npoOer AuCIOKalui, Kak YXe OTMEUYEHO, OTPAHUYEH PACCTOSTHUEM MEXKIY
OOJIBIIICYTJIOBBIMHM TPAaHUIIAMHU, T.€. Pa3MEpOM 3€peH, a MUHUMAIIbHBIA MOpoder —
pPacCTOSIHUEM OT MECTa BO3HUKHOBEHHS J0 HEMOJBUKHOTO CKOIUICHHUS JAUCIOKAIAN
[2]. XoTd B TOM W JpyroM Cciydae MEPEMEIICHUs AUCIOKAIMN Ha MOPSAIKU
MIPEBOCXOISIT MEXKATOMHBIE PACCTOSIHUSA, TEM HE MEHEE, B CHJIBHO JIepOPMUPOBAHHOM
COCTOSIHUM MeTajula, TJ¢ BO3HUKAeT MHOTO MAaJOMOJBIKHBIX CKOIUICHUN
JUCIIOKAIIUM, X CBOOOIHBIN MPOOEr CTAHOBUTCS HAMHOTO MEHBIIIE, YeM B UCXOJHOM
MaJo aeopMUPOBAaHHOM COCTOSTHUM. COOTBETCTBEHHO, C YMEHBIIICHHUEM PACCTOSHUS
CBOOOJHOrO Mpodera AUCIOKALMKA cyX)aeTcs U MaciTad MUKpoypoBHA. bosee toro,
pu OOJBIIUX TUIOTHOCTSX TUCIOKAIMKM MX MOBEJACHUE MPUOOpeTaeT KOJICKTUBHBIN
XapakTep, U B ATOM CJIydyae pacCMaTPUBAIOT YXKE MOBEICHHE HE WHAMBUIYATbHBIX
JTUCTIOKAlU, a WX CWIBHO B3aUMOJICUCTBYIOIIUX aHCcaMOJel, YTO U3MEHSET
MexaHu3M jaedopmaiu. MacitaOHbI ypOBEHb MEPEMEIIECHUs TaKUX CKOIJICHUN
JUCITIOKAIUA pacCMaTPUBAIOT YK€ B MPOMEKYTOUHOM MEXKIY MAKPOCKOIUYECKUM H
MUKPOCKOITMYECKUM YPOBHE — ME€30YpOBHE [3].

Ha wmukpoypoBHe paccMaTpuBalOT OTHOCHTENBHBIE CIBUTU 3€pPEH TIO
pa3IeNIoNUM WX TpaHUIlaM, T.€. CABUT B IJIOCKOCTH TPAHUIIBI — 3€PHOTPAHUYHOC
pocKaab3biBaHUE. Takue CABUTM CYIICCTBEHHBI MO CPABHEHUIO C MEKATOMHBIMHU
PACCTOSIHUSIMU M MOTYT TIepeMeIaTh UX JAPYTr OTHOCHUTENIBHO Jpyra Ha pacCTOSHUS,
COM3MEpPHUMBIE C pa3MepaMH 3€pHa, T.€. IPUBOAAT K cMeHe coceneil. J[yig onucaHus
TaKUX CABUIOB HCMOJB3YIOT B OCHOBHOM JiBa MoaxoAa. B mepBoM HCHOJB3YIOT Tak
Ha3bpIBaeMble 3epHOrpaHuuHbie auciokanuu (3I°/]) [2]. Bo BTOpoM — BakaHcuW,
KOHIIEHTpALMsl KOTOPHIX B TpaHUIlaX 3€peH, OCOOEHHO OOJBIICYTJIOBBIX C
HEYMOPSAOYEHHON  CTPYKTYpO#l,  CyllecTBeHHO  Oojbine, dYeM  oObemax
KpUCTAJUIMYECKOM pelIeTKu. B mpenene u3MenbueHHE 3€peH MPUBOJIUT K
amopduzanuu  MetaiwioB. B aMOppu3MpOBAaHHOM COCTOSSHUM  OTCTYTCTBYET
YHOPAIOYEHHOE KPUCTAJUIMYECKOE PACIHOJIOKEHUE aTOMOB U IO3TOMY TEpAETCS
CMBICJI OIHMCHIBaTh €ro0 TAaKMMHU HapyIICHUsIMH, Kak Auciokauuu. [IpencraBinenwue
CABWra IO TPaHMIAM 3€peH, Kak nepemenieHus 31'/l, onpaBaaHo i1 OTHOCUTEIBHO
OOJBIINX Pa3MEPOB 3€pEH, B rpaHUIAX KOTOPHIX MJIOTHOCTh TAKUX JUCIOKAIUH e1le
He JOCTHIIIA IPE/IeIIbHOI, OlleHHBaeMol 3HauerHneM mopsiaka 10°m™ [3, 6].

Ha MukpoypoBHE B COOTBETCTBUM C [2, 3] mpW HHTEHCHUBHOM XOJIOJIHOMU
nedopManvii BBIACISIIOTCA TPU CTAaIUU CTPYKTYPHBIX W3MEHEHUH, B pe3yibTaTe
KOTOPBIX 00pa3yroTcs 3épHa C BRICOKOYTIIOBBIMU TPAaHUIIAMU OOIIIETO TUTIA:

- Ha Ha4aJIbHOM JTamne jaedopManuu GopMupyercs suenucras CTpyKTypa;

- ¢ yBenuueHueM aedopmarui MPOUCXOIUT YMEHBIEHHWE TOJIIUHBI CTEHOK
A4E€eK M IUIOTHOCTh JUCJIOKAIMM B HUX CTAHOBUTCA BBIINIE KPUTHYECKOU. ITO
NPUBOAUT K pa3BUTHIO BO3Bpara. B  pe3ynapTare CHMsHUA ~ AUCIOKALUM
MPOTUBOMOJIOKHBIX 3HAKOB B CTEHKAaX S4YEEK OCTaIOTCS M30BITOUYHBIE BHECEHHBIE
JUCJIOKAIUU JIBYX 3HAKOB;

- Tpu anpHEdTeM 1eOpPMUPOBAHNUN TOBBINIEHUE TJIOTHOCTH JTUCIOKAIUN C
BeKTOpoM broprepca, mneprneHANKYISIPHBIX TpaHUIle, BEAET K YBEJIMYECHUIO HUX
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Pa3OpPUEHTUPOBOK U IPEBPALCHUIO s4eeK B 3€pHA. B TO Ke Bpems yBelIUYECHUE
CKOJIB3AIIMX  JUCIOKALMi  IIOBBIIAET JAJbHONCUCTBYIOIUME IOJIS  YIPYIUX
HaIPSKECHUMN.

CdopmupoBaHHble TakUM 00pa3oM TIpaHMIbl 3EPEH SABIAIOTCS CUJIBHO
HEpPaBHOBECHBIMU. BOKpYr HUX CyIIECTBYIOT OO0JACTH 3HAUMTENIbHBIX HCKaKEHUU
KPUCTAJUIMYECKON PELIETKY, BBI3BAHHBIE IOJAMU YIPYIUMX JaJIbHOIECUCTBYIOLINX
HalpsDKEHUM, BHECEHHBIX 3€PHOTPAHUYHBIX  JHMCIIOKALMM, YacTb  KOTOPBIX
(cxonp3simme 31°J1) mpu  CBOEM JBMKEHUM NPHUBOAAT K 3€pHOTPAHUYHOMY
[IPOCKAJIb3bIBAHUIO U OTHOCUTEIIBHOMY CMELIEHUIO 3EPEH.

Me3ockonuyeckuii  ypoBeHb. Ilpu nedopmammsx &>0,2+0,3 Ha
BO3HUKHOBEHUE U MEPEMEIIECHUE OTIAECIBbHOM IHUCIIOKALUMU CYLIECTBEHHOE BIIUSHUE
OKa3bIBalOT BHYTPEHHUE HAIIPSHKEHUs, CO34aBacMble CKOIUICHUSMU JIUCIOKALUH,
KOTOpBIE MpHU Takux AePopMalusax OpeoOpa3yroTcss B HOBble (OPMbI — TpaHUIIbI
c1ab0 OpUEHTUPOBAHHBIX 00JACTEN U Pa3IUYHbIE KOJUIEKTUBHBIE aHCAMOIM CHIIBHO
B3aMMOJICMCTBYIOIIMX M B3aWUMOCBS3aHHBIX JHCJIOKALMM, pPacCMaTpUBAEMBIX Kak
me3onedekThl.  XapakTep — mepeMemeHus — Me30Je(eKTOB  OTJIMYaeTcss  OT
NepeMEeIleHUI TUCTOKAIIMN TeM, YTO UX JIBMYKEHHE HOCUT HEKpHUCTAIIIOrpaduiyecKuii
XapakTep M OCTaBIsE€T B KPUCTAUIMYECKOM MaTepuajie Cciel B  BHUIE
HOBOOOPA30BaHHOM BHYTPEHHEH MOBEPXHOCTH — IMOJIOCOBOM IpaHullbl [3].

Ha Me3oypoBHE TMpuM HWHTEHCHUBHOM HEMOHOTOHHOM JAe(OpMHUPOBAHUU
KOJIMYECTBO IEPECEYCHHUI MOJIOCOBBIX CTPYKTYp HapacTaeT B OoJbllield Mepe, 4eMm
Opy MOHOTOHHOM JedopmupoBaHuu. CylIeCTBEHHOE pa3iuuue B  YIJIOBBIX
OpPUEHTUPOBKAX MPOIOJIBHBIX U MONEPEUHBIX IPAHUL] PPArMEHTOB PACIIONOKEHHBIX B
HHUX, OYEBUJHO, CIIOCOOCTBYET YCKOPEHHOMY IE€pPEXOAY MaTepuaja OT IOJIOCOBBIX
CTPYKTYp K (PparMEHTUPOBAHHBIM C HAPACTAIOLUIUMH YIJIaMU pa30pUEHTUPOBKU [2].

XapakTepHasi ISl ME30CKOIMYECKOI0 YpPOBHSI O0JAacTh B KPYHNHO3EPHUCTBIX
Marepuanax mnpocTtupaercs oT pasmepa nopsanka 0,1 mxm go 1000 mkm. Ctoub
IIMPOKUN ME30CKONMYECKUN [UAalla30H HEpPEAKO pas3JeiIAl0T Ha JBa HHTEpBala C
IPAaHULEH MEXIy HUMH IIOpPSAAKA HECKOJIBKUX JECATKOB MHUKPOMETPOB, YTO
COOTBETCTBYET pa3MepaM TaKMX CTPYKTYpPHBIX D3JEMEHTOB Kak sdeiika, OJoK,
Cy03epHO U Jpyrux obsacTteil pa3opuUeHTAlMM, BO3HHUKAIOLIUX B Mpejenax
ne(pOopMUPYEMBIX HCXOJHBIX 3€peH. MaKcUMalbHBId pa3Mep BTOPOrOo HHTEpBaja
COOTBETCTBYET pasMepaM 3€pHa WM TPyHIbl 3€peH, B IpelellaXx KOTOPBIX
o0pa3yroTcs nedhopMaliOHHbIE MOJIOCH U MOJIOCH! CABUIa — ME30TIOJIOCH.

Macmtabsl Me30ypOBHSI MOYKHO OIpPEAETUTh MO pa3MepaMm oOpa3yroIuXcs
pu nepopmauu OIMCAHHBIX Me30/1€(PEeKTOB u BEJINYMHE 150,
HEKpHUCTAUIOTpaQUUECKUX  MEpPEeMELIEHUH, KOTOpble B  KOHKYpPEHIMH  C
JUCIIOKAIIMOHHBIM CIBUTOM CTaHOBSITCSI OCHOBHBIM MEXaHU3MOM Je(OpPMUPOBAHUSI.

[Ipu wHTEHCHUBHBIX JedopMalUAX pa3IUuue B pa3Mepax MEXIy TaKuMU
CTPYKTYPHBIMHU 3JIEMEHTAMHU KaK JHMCIOKAllMOHHBIE SYEHKH, OJIOKH, MUKPOIIOJIOCHI (B
MOTNIEPEYHOM HAIIPABJIEHUN) U 3€pHA HUBEIUPYIOTCS BCIEACTBUE YMEHBILIECHHS WX
pasmepoB Ao 3HaueHuit ~0, 1 MkM u meHee. B koHeuHoMm cuerte, (opmupyetcs
IIPaKTUYECKN OJMHAKOBBIE B pa3Mepax 3epHa M cyO3epHa ¢ mpeodsajaHueM J0JId
OOJBIIEYTIOBBIX TpaHMll. T.e. HMMEBIIHE MECTO B CTPYKType Me301e(eKTh
(pparMEeHTUPYIOTCS U NEPEXOASAT Ha MUKPO- U CYOMUKpPOKPUCTEININYECKHE YPOBHHU.
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[looaToMy onenka wmacmraba MeE30ypOBHS B CYOMUKPOKPUCTAUIMYECKUX U
HAHOKPHUCTAJUIMYECKUX MATEpHallax MO pa3MepaM CTPYKTYPHBIX 3JIEMEHTOB,
XapaKTEPHBIM JJIsI KPYITHO3EPHUCTBIX COCTOSIHUM TEpsieT cMbIc [21].

Tabnuua. Knaccudukanus KOHCOJIUIMPOBAHHBIX HAHOMATEPUAJIOB MO COCTaBY,
pacnpeiesieHuIo U (hopMe CTPYKTYPHBIX COCTABIISIOMINUX

MmuorodasHslii cocTaB
OnnodasHblit CraTtuueckoe pacipeneacHue
dopma ¢ Dactp MatpuuHoe
COCTaB Wnenatuuneie Heunentuanrie
pacrpeeneHue
TPaHUIIBI TPaHUIIBI
Frr ‘,""f
ITnactuHyaTa =) 7+ B
A Yoy g oA
_‘..‘_"— ‘—“—"_f“""':{-r""'"m
CrosOuaras
PasHOOCHAs

CTpyKTypHbIEe YPOBHM METAIMYECKHX MAaTepHaioB. B cooTBeTCTBUM C
[23] mpuBeneHa kiaccudukanus HaHoMmaTepuanoB (Tabi.). B 3aBucuMoCTH OT
XUMHUYECKOTO COCTaBa, a TakKe pacmpeaesieHus ¢a3 MOKHO BBIICIUTHh OJHO(A3HbBIC,
CTaTHYCCKUC MHOFO(l)EBHI)Ie (C NACHTUYHBIMU WJIN HCUACHTUYHBIMH ITOBCPXHOCTAMU
paszena), a Tak)ke MaTpUIHbIe MHOTO(a3HBbIE.

B 3aBucumMoctu oT (popMBI HaHOMATEpHANIbl Pa3/CIAIOT Ha IUIACTHHYATHIC,
CTOJIOUATHIC M PABHOOCHBIE.

BoiBoabI: 1. Hano 000CHOBaHHUE (bopMHPOBAHUIO CTPYKTYP
KOHCTPYKIITMOHHBIX ~MaTEpHAIOB C TMO3WIMA CHUHEPreTHKH, KakK Ipolecca
CaMOYIIOPAAOYCHHOCTH B PC3YJIbTATC HAIIPABJICHHOI'O ﬂeﬁCTBHﬂ IMPUMCHACMBIX
CrIocOOOB MHTEHCHUBHOW IUIacTHYecko nedopmaruu. 2. B 3aBUCcHMMOCTH OT
paccMaTpUBaeMOro MacIITaOHOTO YPOBHS IUIACTUYECKOUN AedopManuu M, HECMOTPS
Ha WJICHTUYHBIC MEXaHU3MbI JedhopMariuu, KOHEUYHBIM pe3ylbTaT (GOPMUPOBAHUS
CTPYKTYpP Ha KaXJIOM W3 YPOBHEH OyAeT pa3HbIM, OMpEAesionuM (aKkTopoM
KOTOPOTO SIBIIICTCS YPOBEHb HAKOTUICHHBIX JIe()OpMaIinii B MaTepuae.
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Haoitiuwna oo peoxonezii 29.10.2013
V]IK 621.771: 669.01(07)

TexHONMOrMH KOHCTPYKIMOHHBIX HAHOMATEPHAJIOB ¢ TWO3MIMI CHHepreTH4eckoro moaxoxa //
Cocenymkut E. H. // Bicauk HTY «XIIl». Cepisi: HoBi pileHHst y cydyacHHX TexHOJIOrisx. — Xapkis: HTY
«XTII». — 2013. — Ne 42 (1015). — C. 156-167. bubmiorp.: 23 Ha3Bu.

VY crarTi po3rIsHyTO (HOPMYBaHHS YIBTPaApiOHO3EPHUCTUX 1 HAHOCTPYKTYPHMX KOHCTPYKLIHHHX
MaTepiaixiB 3a JOMOMOTOK CIIOCO0IB IHTEHCHBHOI IUIACTHYHOI Jedopmarlii, IO CTBOPIOIOTH yMOBH
CaMOBIIOPSJKYBAaHHSl XaOTHYHO OPIaHi30BaHOIO IEpBiCHOI 3epeHHOH CTpyKTypu. CHCTEMHO 3 MO3MLIH
CHHEPreTUKU NpEACTaBIIeH] piBHI pOpMYyBaHHS CTPYKTYp KOHCTPYKIIHHHUX MaTepialiB.
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KarouoBi cioBa: iHTeHCHBHa IUIacTHYHa Jedopmarlis, Makpo-, Me30-i MIKpopiBHI (opmyBaHHS
CTPYKTYD.

In article formation of ultrafine-grained and nanostructural constructional materials by means of the
ways of the intensive plastic deformation creating conditions of self-streamlining of chaotically organized
initial zerenny structure is considered. Systemically from positions of synergetrics levels of formation of
structures of constructional materials are presented.

Keywords: intensive plastic deformation, macro — meso — and microlevels of formation of
structures.
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M. B. CAJITABEI]bD, inxenep, XHTYCI im.I1.Bacunenka, Xapkis.

HNIABUIIEHHSA TOYHOCTI OUIHKU 3YCHJIb HA BAJIKH

HITABHU, IO MIPOKATYETHCHA
BuxiiajieHi pe3ynbTaTd JOCHIPKEHb IIOJ0 IIBUIICHHS TOYHOCTI BHU3HAUEHHS 3yCHJIb HA BaJlKax IpH
MPOKATINI MTA0K MPU BUKOPUCTAHHI MaTepialliB MaTeMaTHYHOT MOJIEN] TIPOKATKU YISl YTOUHEHHS PO3IIOJILTY
TEeMIlepaTypu 1o rmepepidy mradu. [IpoBeneHO TOPIBHAHHS OTPUMAaHHUX pe3ylbTaTIB 3 JaHUMU
EKCIIEPUMEHTAIIbHUX JIOCTI/DKEHb NPOKaTKM mTadn Ha cradi 2250 AJ4YeBCBKOro MeETanypriiHoro
KOMOIHaTY.

KarouoBi cioBa: rapsiua mnpokaTka, mTada, MaTeMaTH4HA MOJEIb, TEIUIOBHH CTaH, PO3MOILI
(bakTUYHOT TEeMITepaTypH, 3yCUIUIA TPOKATKH.

Bcryn. [Totpedu puHKY 3MYyCHIN BUPOOHHKIB METAIOMPOIYKIIil CKOpEryBaTH
COpPTaMEHT MTa0, IO MPOKATYIOTHCS, B HANIPSIMKY 3MEHIIICHHS iX TOBIIWH. [HKOIH 11€
NPUBOAMIIO IO aBapii Ha TPOKATHUX cTaHaxX (TIOJIOMOK BaJKiB) 3 CYTTEBUMH
30uTkamu. [looMKM BajKiB Malld MiClle 1 Ha JIMCTOBHX CTaHaX AJYEeBCHKOTO
MetanypriiHoro koM0iHaty (AMK) npu cipo0Oi mpokaTaTH mTadu MEHIIO1 TOBITUHU
1 OUTBIIIOT ITUPUHHU.

AHaJi3 ocTaHHIX AocCaigkeHb Ta JiTepaTypH. Bimomo, mo mig dac mycky
CTaHIB 1 OCBOEHHSI COPTAMEHTY BUPOOHUKHM MalOTh aHAJOTIYHI Mpobiiemu. B neBHIN
MIpi IIe € HACNIJIKOM TOro, IO Ha ChOTOJHI HEMAa€ JOCTaTHBO TOYHOI Ta HaAIHHOI
METOJMKH BU3HAYCHHS CHJIOBHUX TapaMEeTpPiB MPOIECY rapsdoi MPOKATKH, MOBHICTIO
BPAaXOBYIOUYOiI yCi acmeKkTH mporecy. ToMy NpH MPOCKTYyBaHHI PEKUMY MPOKATKH,
SAKUW TOBWHEH 3BECTH 10 MIHIMYMY IIOJIOMKH OOJIaJlHaHHS, HEOOXITHO BIPHO
OI[IHIOBATH 3YCHJIIS HA BAJIKH.

3BUYAtHO CHITy, IO Ji€ Ha BaJKH, BU3HAYAIOTh 3a hopmyiioro [1]:

P=F><pcp, (1)

Jie P — 3aralbHUM THCK ITAa0M HA BaJIKU,
F = BX Lyq — muoia KOHTaKTy;
B — mmpuna mradu;
Ly — noBxuHa 30HU nedopmariii;
Pep =N, N, 04— KOHTAKTHUM TUCK INTA0W HA BAJIKU;
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