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PE®EPAT,

Brimycknas kBanudukanuonHas paodora 138c., 34 puc., 10 Tabm., 42
HWCTOYHHUKOB.

KiroueBsie ciioBa: OCTaTOYHBIE HAMIPSDKEHUS, TepMUUecKast 00paboTKa, n3MepeHue
nporu0a, nedopmanus aTIOMUHUEBOTO CIIJIaBa.

LIGJIB pa6OTBI — CHATHEC OCTAaTOYHBIX HaprDKCHI/Iﬁ B ITOJIOCKAaX aJIIOMHUHHCBOI'O

CILIaBBI TIOCJIE TEPMOOOPAOOTKH.

3agaun:

1. WccnenoBanue OCTaTOUYHBIX HAMPSHKEHUN B KOPITYCHBIX JETaNISIX.
2. Ucnpasnenue aedopmanuii kopmyca TepMoo0OpadbOTKOiA.
3. Pa3paboTka TEXHOJIOTMM HW3TOTOBJIICHHS AJIOMHUHHUEBOTO KOPIYCOB C Y4&TOM

TCPMO CTa6I/IJII/I3aIlI/II/I.

B pesynbrate uccnenoBaHHs NPU METOAE NOJIOCKH CHSUJIM OCTAaTOYHBIX
HaIpsHKCHUM.

OcHOBHBIC KOHCTPYKTHBHBIC, TEXHOJIOTHYECKHE u TEXHUKO-
AKCILTyaTallMOHHBIE XaPAKTEPUCTUKU: 3arOTOBKA U3 allfoMUHUEBOro criasa (16T,
KOTOpasi MPOU3BOIUT OINEepanuio TepMooopadoTku. M3meputs nporuda 3aroTOBKU.

CrerneHb BHEIPEHM: UCIIONB3YIOTCS B yueOHOM mpoiiecce Ha kad. TMCIIP
UK.

OO61acTh IPUMEHEHUS: SIMHUYHOE U MEJIKOCEPUITHOE IPOU3BOICTRO.

DKOHOMUYECKAs 3¢ (HEKTUBHOCTH/3HAYUMOCTD paboThI: CHUYKEHHE
ce0EeCTOMMOCTb JCTANIU 32 CUET CHATHS OCTATOUHBIX HAIIPSKEHUH.

B Oynymem muiaHupyeTcsi pe3yiabTaThbl BBITIOJTHEHHOTO HUCCIICIOBAHUS
MPEJICTABUTH B BUAE PEKOMEHALINI 1J1s1 UHKEHEPOB-TEXHOJIOTOB.



BBE/JIEHHUE

KopnycHble geTanu U3 antOMUHUEBBIX CIIAB TPOUCXOAUT JAehOopMaIIrio MOCIie
TEpMOOOPAOOTKH HU3-3a IPUCYTCTBUS OCTATOYHBIX HANpsDKeHUH. OCTaTOYHbBIE
HANPSHKEHUS BCET/IA SIBIIAKOTCS BHYTPEHHUMM, TOCKOJIBKY OHU CaMO
YPaBHOBEILIUBAIOTCS BHYTPU TBEPAOTO TEJIa WIIH KECTKOI'O arperara

(HampsKEHHBIN JKelle300€TOH, 3aMKHYTasi CBapHasi KOHCTPYKITHS ).

Jleopmupyembie aTFOMUHUEBBIC CIUIaBBI TIOJIBEPTAIOT BUIaM TEPMUYECKOM
00pabOTKH, KaK OTXKUT, 3aKaJIKa, CTapeHUue. A STUMH ACTAISIMUA BO3MOYKHBI
nedekTsl (HeYy1I0BIETBOPUTEIbHBIE MEXaHUUECKIE CBOMCTBA, HEpAaBHOMEpHAs
3aKajika, KopoOseHue) u Opak (TpemuHsbl U my3bipu). [loaTOMy HEOOXOAMMO CHSITH

OCTAaTOYHBIX HaHpH)KeHI/Iﬁ JACTalIn.

Hccnenoanue 3aKar04aeTcs B TOM, UTO CHATh OCTATOYHBIX HANPSDKEHUHN TIPU

METOAC IIOJIOCKH.

LIGJ'IB HCCJICA0OBAaHUS — CHATHUEC OCTATOYHBIX HaHpH)KeHI/Iﬁ B ITOJIOCKax

QIFOMUHHUEBOIO CILJIABbI MIOCIIE TEPMOOOPAOOTKH.

[TocraBnenHas B paboTe 11e1b 00yCI0BUIa HEOOXOUMOCTh PEIICHUS

CIICAYIOIINX 3a/1a4:
1. MccemoBaHue OCTaTOYHBIX HANIPSHKCHUN B KOPITYCHBIX JICTaJISIX.
2. UcnipaBnenue aedopmaiuii Kopiryca TepMOOOpabOTKOM.

3. Pa3paboTka TeXHOIOTUN U3TOTOBJICHUS ATFOMUHUEBOTO KOPITYCOB C yUETOM

TEPMOCTAOUITU3AITIH.
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1. JIuteparypHblii 0030p

1.1 3apaum uccjenoBaHmsi
1. WccnenoBaHue OCTaTOYHBIX HAMPSXKEHUN B KOPITYCHBIX JIETAJIAX.
2. Hcnpasnenne nedopmaruii Kopmyca TepMooOpabOTKOM.

3. Pa3paboTka TEXHOJIOTHH U3TOTOBJICHHS aFOMUHHAEBOTO KOPITYCOB C yUETOM

TEPMOCTAOUITU3ALINH.
1.2 lepopmanust metasia

Hedopmarus (anria. deformation) - 3To u3mMeHeHue GOPMBI U pa3MEPOB Tela
(WJIM 9acTH Tela) oI ACHCTBUEM BHEIIHUX CHJI, TPU U3MEHEHUU TEMITepaTyphl,
BJIQYKHOCTH, (Da30BBIX MIPEBPAIICHUSIX U APYTHX BO3ICHCTBUIX, BRI3BIBAIOIITIX
W3MEHEHHE MOJI0KeHUs yacTull Tena. [Ipu yBennuenuu HanpspkeHus aegopManus
MOKET 3aKOHYUTHCS pazpylieHueM. CriocoOHOCTh MaTepUaIOB CONPOTUBIIATHCS
nedopMaIui 1 pa3pyuieHUIO 0] BO3CHCTUBEM PA3IMYHOTO BHJ1a HATPY30K
XapaKTepUu3yeTcs MEXaHUYECKUMH CBOMCTBAMU ITHX MAaTEPUATIOB.

Ha mosiBnenue Toro wiv MHOTO BUja AedopManuu 00JIbIIOE BIUSHUE
OKa3bIBAET XapaKTEP MPUIOKEHHBIX K TNy HanpsikeHuil. OTHU MpoLecchl
nedopMaiiu cB3aHbl C IPeoOIaJaloIIMM ISHCTBUEM KacaTeIbHOU
COCTaBJISIFOIIEH HANPSIKEHUS, APYTUE - C IEUCTBUEM €TI0 HOPMAJIBHOMN

COCTAaBJIAIOLICH.
Hedopmarus cxarus, nepopmanus pacTsHKeHUs, KpydeHue, cpes, U3rud

Buasl nepopmariiu



ITo xapakTepy NpUIOKEHHOU K TEILY

Harpy3Kd BUIBI JeOpMaIuy MOApa3iesstoT Cmamue

CJIETYIOITUM 00pa3oM:

p
Pacmamenyte—[

Jledopmariust pacTsoKeHHS ﬁ
pyvenue

Jledopmarus cxxaTus; P
Jledopmariust casura (M cpesa);
Jledopmarus npu KpydeHHH;

Hedopmarus npu usruode.

K npocteitimmm Bugam nedopmaiiuy oTHOCATCS: AeopMaiins pacTsKeHus,
nedopmarus cxatus, 1edopmarus caBura. BeIIensioT Takke CIeayomnue BHIbI
nedopmariiu: negopMalirs BCECTOPOHHETO CHKATUSL, KpYUSHUs, M3r1uda, KOTOpbhIe
MPEACTABIISIOT COOO0M pa3IMuHble KOMOMHAIIMY MPOCTEHIIINX BUIOB AehOopMaIiK
(cmBur, CXKATHE, PACTSHKEHUE), TAaK KaK CHJIA TIPHIIOKEHHAS K TEITy,
nojBepraeMomy nedopmaruu, OOBIYHO HE MEPIICHIUKYIISIPHA €r0 TTOBEPXHOCTH, a
HaIpaBJjIeHa Mo/ YIJIOM, YTO BBI3BIBAECT KaK HOPMAaJIbHbBIE, TAaK U KacaTelIbHbIE
HarnpspkeHus. M3ydennem BuoB nedopMaliuy 3aHIMarOTCs TaKue HayKH, KakK
dbu3uka TBEPAOTO TeNa, MaTepUanoBeCHUE, KpUCTAIIorpadus.

B 1BEpBIX Tenax, B 4aCTHOCTH - METaJIaX, BBIICISIOT 1B OCHOBHBIX BUJA

nedopMaiuii - ynpyryro U miacTU4eckyro aedopmaiiuto, pusndeckas CyluiHOCTb

KOTOPLIX pa3jin4dHa.
Havano nnacmuveckux deghopmayui
* 8 omaoensLHbLIX 3epHax

Havyano maccoabix ninacmuyecKux
deghopmayui

Hagano paspywenus

B_ &

© acmt 3oy, C
S o-NMN Nl o od
= 2 uu 8.3,
= 3012 V"%wopw W ttor g \
wecKu® Kownew paspywerus

3oma ynpyaux
deghopmayull

Hdecghopmayusn

Cxema npouecca aeopManiy MeTasia.



1.4 Tepmu4eckasi 00pad0TKa aJTIOMHUHHEBBIX CILIABOB.

Tepmudeckast 00paboTKa aTFOMUHUEBBIX CIIJIABOB SIBIISICTCS OTBETCTBEHHOU
orepanyend TeXHOJIOTUYECKOro mpoiiecca. Llens ee - UBMEHUTDh CTPYKTYpY U
(bU3UKO-XMMHUYECKHE CBOMCTBA CIUIaBOB. PexxuM TepMuyeckoit o0paboTku
BBIOMPAIOT B 3aBUCMMOCTHU OT CIIJIABOB M METO]1a U3TOTOBJICHHS U3 HUX 3aTOTOBOK

U eTaJieh.

Tepmuueckas 00paboTka JieTaneii, U3roTOBJIECHHBIX U3 aTFOMUHHEBBIX
CIUUIAaBOB, OCHOBAaHA HA TOM, YTO C IOHMKEHUEM TeMIIEpaTypbl PACTBOPUMOCTh
MHOTHX 3JIEMEHTOB B TBEPJIOM aJIIOMUHUU yMeHbIaercs. [Ipu Harpese moj
3aKaJIKy aJIFOMUHHUEBBIE CIUIABBI HEMTOJIHOCTBIO KpUCTAIIM3YIOTCA. Ecim cruias
IIEPETPET, B PE3YyJIbTATE YETO CTPYKTYpPa MOJYUUIIACh C KPYITHBIM 36pHOM, TO
Takou criaB Opakyercs. [103ToMy TEPMUCT 10KEH ObITh BHUMATENEH K HATPEBY

ﬂeTaﬂeﬁ N3 aJJIOMHMHHUCBBIX CIIJIaBOB.

Tepmuueckas 00paboTka 1eopMUpPyEeMbIX AIFOMUHUEBBIX CILJIABOB.
Jedbopmupyemble aTFOMUHUEBBIE CIUIaBBI MTOJABEPTAIOT TAKUM BUIAM TEPMUUECKON

00paboTKH, KaK OTXKUT, 3aKajKa, CTapEHUE.

OTXUT TPUMEHSIOT ISl 3aTOTOBOK € LEJIBIO IPUAAHUSA MATEPUAITY
IUTACTUYECKUX CBOMCTB, HEOOXOAUMBIX JUIsl BHIIIOJHEHUS OIepaluii, KOTOpbIe
CBSI3aHbI C 00paOOTKOM 1aBJIEHUEM B XOJIOJAHOM COCTOSIHMU. B 3aBucuMocTu oT
CIUIaBa M Ha3HAYEHUS N0J1y(haOpUKaTOB MPUMEHSIOT BHICOKANA, HU3KUHN U TIOJIHBIN

OTXKUT'.

Bricokuit omxur (310-350°C) npenna3zHadaercst AJis MOJTHOTO Pa3ylpOYHEHUS
(cHATHS HaKJIena) MaTepuana, MPOUCXOIAIIETO MOCIE XOJIOHON MIaCTHYECKOM

nedopmarnu criaBoB Al, AJl, AMI™ u ap.

Huskuii omxur (150-300°C) takke npumenstoT s cruiaBoB Al, AJl, AMI,
HO C LIEJIBIO IMOBBIIIEHUS TUIACTUHYHOCTH MPU COXPAaHEHUN

JIOCTaTOYHOU MPOYHOCTH, IIOJIYYEHHON HAarapTOBKOM.

[Tomnsrit oTxur (380-450°C) mpumeHstoT 115 oy pabpuKaToB,
M3TOTOBJIEHHBIX U3 TEPMUYECKHU yrnpouHsaembIx cruiaBoB (1, /116, AK6 u . 1.,
YTOOBI MOJYUYUTh BBICOKYIO IUIACTUYHOCTD U CHTH YIPOUYHEHUE, TTOJYYEHHOE B

PE3YJIbTATC 3aKaJIKM U CTapCHHUA.



Jlnst casitust 3(HEKTUBHOCTH €CTECTBEHHOTO CTAPESHUS U BO3BPAIIICHUS
MaTepHuaia K CBEeXKe3aKaJIeHHOMY COCTOSIHUIO MPUMEHSIIOT HAarpeB B TEUCHUE
HECKOJBKUX CeKyHJ uianu MUHYT nipu Temneparype 200-250°C. Takoi Buj

OIcpanuru Ha3bIBArOT OTKUI'OM Ha BO3BpPAT.

3akanka neopMUpyeMbIX aTIOMHHHUEBBIX CIIABOB, B OCHOBHOM
mropamtomunus 1, J116 u J[18, cOCTOUT TOJIBKO U3 OJHOM OINEpalvu - HarpeBa ¢
oxJIakJieHueM B Bojie pu temmnepatype 30- 40°C. Temneparypa 3akaiku ais 1
6epercs paBHoit 495-505°C, ms J[16 - 490-500°C, mst /{18 - 495-510°C.
Briiepka npu HarpeBe yCTaHABIMBAETCS B 3aBUCUMOCTH OT Pa3MEPOB JIETAJIEH,

Oco0eHHOCTh JHOPATFOMUHHUS 3aKJIF0YAETCs B TOM, YTO OH IIPOSBIISET
IIOBBIICHHYIO BOCIPUMMYHUBOCTD K CTAPEHUIO IIPU KOMHATHOM TEMIIEpaType.
Crabunu3zanus CBOWCTB MPOUCXOIUT MPUMEPHO YEPE3 YETBEPO CYTOK.
HckyccTBeHHOE CTapeHue AI0paTlOMUHUS HEOJAronpUsATHO CKa3bIBAeTCs Ha

MEXaHHUYECKUX CBOMCTBAX U KOPPO3UMHON CTOUKOCTH.

TepMI/ILIeCKaH o6pa60TI<a JIMTEHHBIX AIFOMUHUEBHIX CIUIaBOB. B oTinume ot
):[eq)opMpreme JINTCHHBIC aJIIOMUHHUEBBIC CIIJIaBhI ITOUTH BCE MMOABCPTar0TCA

TepMUYECKO 00paboTKe.

I[J'Iﬂ OTJIMBOK M3 CIIIaBOB IIPUMCHAIOT HCCKOJIBKO BH10B TepMH‘{eCKOﬁ

00paboTKH.



Bunsl Tepmudeckoit 00paOOTKH JIMTEHHBIX alIFOMUHUEBBIX CILIABOB

Bun repmudeckoit o00paboTku

HckyccTBeHHOE cTapeHue 6e3

MPEBAPUTEIIBHOMN 3aKaJIKH

Omxur

3akanka

3aKaika U eCTECTBEHHOE

CTapCHUC

3aKajika 1 KpaTKOBPEMEHHOE

CTapeHue

3akajka ¥ MOJIHOE

HCKYCCTBCHHOC CTAapCHUC

3akanka ¥ cTaOUIM3UPYIOIUI

OTIIyCK

3aKanka v CMAr4aronui OTIyCK

[{uknnueckast 06paboTka
(X0J10/10M ¥ TIOCTEAYIOIIHM

HarpeBoM)

YcnoBHoe Ha3nauenue
0003Ha4YeHHE
TEPMHYECKON
00paboTku
T1 Jlnst ynydimenus 00padaThIBa€MOCTH

pE€3aHUEM JINTBIX JeTajeh U

MTOBBIIICHNST MEXaHUIECKOM MMPOYHOCTHU

T2 JI1s CHATUS TUTENHBIX U TEPMUYECKUX
HaNPsUKEHUH, HaKJIeNa U ITOBBIIIECHUS

IJIACTUYHOCTHU

T3 JIns npuMeHeHus AeTajlen B

CBCKC3aKaJICHHOM COCTOSAHHNU

T4 J1J1s NOBBIIIIEHUSI HPOYHOCTHBIX CBOMCTB

TS5 J1s mosydeHus 1OCTaTOYHO BBICOKOU
IIPOYHOCTH U TOBBILLICHHE

MMIACTUYHOCTHU

T6 JI1s monmy4eHnst MaKCHUMAIIbHBIX

IMPOYHOCTHBIX CBOICTB

T7 J1s mosrydeHust 10CTaTOYHON

MIPOYHOCTHU U CTaOMIIBHOM CTPYKTYpPBI

T8 JI1st mosmy4deHust MOBBIIEHHON
IJIACTUYHOCTH 32 CYET CHUKECHHUS

MIPOYHOCTHBIX CBOICTB

T9 Jlns moydeHust geranei ¢ 6osee
yCTOfI‘II/IBI)IM COCTOSHHUEM II0

reOMETPUH
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Haubonee THnu4HbIE peXUMBI TEPMUYECKON 00paOOTKH OTIMBOK U3

AJIIOMHMHHCBLIX CIIJIaBOB:

Pexxumebl TGpMH‘-IGCKOﬁ 06pa6OTKI/I JINTEHHBIX AJIFIOMHUHUEBBIX CIIJIABOB

Map O6o3Haue 3akanka OTtmyck
e T B C T B C
S — emmepaty Bpemss  Cpena emriepat Bpemst Cpena
s loif pa BBIJICPK (OXJTKACHUS ypa BBIJIEPK OXJIAKIE
oBpaboTki HarpeBa, © KW, 4yac U ee HarpeBa, ° Ku HUS
temneparypa C
, °C
AJI1 T5 51545 2-5 Bonma 20-100 17540 [3-5 Boznyx
AJIl T7 51545 2-5 Bona 20-100 2200 2-4
WJTU BO3yX
An4 Tl - - - 17545 o-7
AJl4 T6 53515 2-6 Bona 20-100 17535 10-15
AJI9 T4 53545 2-6 Bona 20-100 - - -
AJIl T2 - - - 2900 3 Bo3ayx
2
B300 T2 - - - 30045 3-10
B300 T7 Crynenyar 2-5 Boma 20-100 30045 3-10
bIll HarpeB WJIA MacJIo
50045
52515

TemnepaTypy 3akaavBaroleil BOJIbI MTOBBIIAOT JIJI MPEIOTBPAIICHUS
3aKaJIOYHBIX TPEIIUH B OTJIMBKAX, IPUYEM, YeM CIIOKHEEe (popMa OTIIMBOK, TEM

0oJiee BBICOKO OepeTcst TeMrneparypa BOIbI.

Tepmuueckas 00paboTKa MarHueBbIX CIUIABOB. Jledopmupyemble u TuTelHbIE

MarduMeBbIC CIIIaBbl B OCHOBHOM IIOJABEPIrarOT TpEM BUaM TepMHQCCKOﬁ
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obOpabotku: omxury (T2), 3akanke (T4) u 3akanke ¢ MOCIEAYIOMAM
UCKycCTBeHHBIM cTapeHueM (T6). JlehopmMupyembie MarHUeBbIC CILUTABBI OOBIYHO
OTXKHTAOTCS JUIS PEKPUCTAIUTM3AINHN M TOBBIIICHUS TUIACTHYHOCTH, & OTJIMBKY M3
HUX - JIUIS CHATHS HANPSOKCHUA. PeXKUMBI TEpMUYECKON 00pa0OTKH MarHUEBBIX
CILIaBOB MPHBEICHBI B Ta0I. 33. Bhiiepikka Mpu 3aKalike U CTapCHUU JIaeTCsI
BBIIIIC, YEM [T ATFOMUHUEBBIX CIJIABOB, TaK Kak (ha30BbIC MPEBPAICHUS

MMpOUCXOAAT OYCHb MCIJICHHO.

MarHnueBbi€ CIUIaBbl CKJIIOHHBI K OKUCIICHHIO, TOATOMY UX HAarpeBaroT MO
3aKaJKy B BAKyyMHBIX Ml€4axX WJIU B TIe4ax ¢ 3alUTHON atMocdepoii, cocTosieit
n3 cMecu Bozayxa ¢ 0,7-1,0% cepaucroro rasa.

PexxuM Tepmudeckoil 00pabOTKH HEKOTOPBIX MAarHUEBBIX CILJIABOB

Mapk O6Go3HaueH 3akanka Otnyck

a ue
TEMIIepaTypa, BBIACPIKK OXJIAXKIACH TEMIIEpaTypa, BBIIECPK
CIUIaB TEPMHYECK

. °C a,Jac. He °C Ka 4ac.
a on
00paboTKH

MA5 T2 ~ ~ ~ 350-380 3-6

MIIS T2 ; ; ; 170-250 3-5

MAS T4 410-420 4-12 lopsiuas - -

MJIS  T6 410-420 12-16 oM@ ; ;
B

MA5  T6 410-420 4 X 170-180 16-24
lNopsiuas

MJIS  T6 410-420 12-16 170-180 16
BOJIA

M4 T6 375-385 10-16 160-190 16
BO3/IyX

JledexThl u Opak mpu TEPMUISCKON 00pabOTKEe aTFOMHHUEBBIX M MarHUEBBIX
criaBoB. [Ipu TepMuueckoit 00paboTKe 3arOTOBOK M JIETAJIEH U3 aTFOMUHUEBBIX U
MarHUeBbIX CIIJIABOB BO3MOXKHBI Ie(DEKThI (HEYAOBIETBOPUTEIHHBIC
MEXaHUYEeCKHEe CBOMCTBA, HEPABHOMEPHAS 3aKajka, KopoOjeHue) u Opak

(TpeIUHBI U My3bIPH).
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HGYI[OBHGTBOPI/ITGHBHBIe MEXaHMYECKHE CBOMCTBA MOSBJISIOTCS B pe3yibTaTrc
3aBBINICHUA ITIPOYHOCTH 3daI'OTOBOK B OTOZKXKCHHOM COCTOAHWH U 3aHHUKCHUA UX
IMPOYHOCTH U TNIACTUYIHOCTHU B 3dKAJICHHOM COCTOSHUNMU. HpHLII/IHaMI/I
BO3HHMKHOBCHUSA TaKOI'O I[eCI)CKTa MOT'YyT OBITh 3aHM)KEHHAS TEMIICPATYpa,

HeOOoJIbIIas BBIZACPIKKA U IMOBBIICHHAA CKOPOCTb OXJIAKICHUA.

HepaBHoMepHas 3akaiika aetaieil CII0KHOW (OPMBI CLIOCOOCTBYET
00pa30BaHMIO B HUX Pa3HBIX YIACTKOB C PA3IMIHBIMUA MEXaHUYECKUMHU
CBOMCTBaMH. DTOT Je()EKT UCIIPABIIAIOT MOBTOPHOM 3aKAJIKOW B CHIEITHATBHBIX
PUCIIOCOOJICHUSIX.

KopoGenne BoO3HUKAET B TEX CIIydasiX, KOTJa B MPOLIECCE 3aKaJIKU U
CTapEHUs B IETAAX MPOUCXOIAT 3HAYNTEIbHBIE BHYTPU-KPUCTAIUINYECKUE
U3MEHEHUs, UTO CIIOCOOCTBYET U3MEHEHHUIO pa3MepoB JeTaieil. Kopobnenue yacto
Ha0JII0JaeTCsl U IIPU MEXaHU4EeCKol 00paboTKe AeTaleil, YTO BbI3bIBACTCS
IepepacpeeeHueM OCTaTOYHBIX HANPsKEHUH. J[J11 yCTpaHeHus TaKoro
nedexra HeoOXOAMMO IPABUIIBHO BBIOMPATh TEMIIEPATypy HarpeBa U MPABUIIbHO
BECTH OXJIAXKICHUE.

TpetuHb! pu 3aKanake 00pa3yroTcs MpU CI0KHON KOH(GUTYpaIlUU JeTaleH,
WX Pa3HOCTEHHOCTH U 3aBBIIIIEHHBIX CKOPOCTAX HarpeBa v oxJjaxaeHus. Jleramu c
TpPEIIMHAMY CUUTAIOTCSI OKOHYATEILHBIM OpakoM. J[J1s Toro 4To0BI HE TOSIBUITUCH
TPEIIMHBI, HEOOXO0IMMO HE TOJIBKO MPABUIHLHO HarpeBaTh JACTANU, HO U
M30JIMPOBATh MECTA JeTale C TOHKUMH CTEHKaMH acOeCTOM, 9TOOBI 00€CTICUNTh
PAaBHOMEPHBIN MPOTPEB BCEU ETAIIN.

[Ty3b1pu 00pa3yrOTCs P HarpeBe JUCTOBOI'O METaJlla B pe3yJIbTaTe
MOSIBJIEHUS] HETUIOTHOCTH MEXK/y TIJIAKUPOBAHHBIM CIIOEM U CEPALIEBUHOM JIUCTA,
Ky/la IPOHUKAIOT BO31YX U Mapsl BOJAbL. Kpome Toro, my3sipu MOryT BOSHUKATh W3-
3a OCTATKOB I'PSI3U, CMA3KH U T. I1. {15 mpe1oTBpamieHrsi BOSHUKHOBEHUS ITy3bIpei
HEO0OXOIMMO THIATEILHO OUUIIATh TOBEPXHOCTh IJIAKUPOBAHHBIX JINCTOB U
YIIy4IlIaTh UX Ka4ECTBO.

1.6 IIpou3BOACTBO METALJIMYECKUX KOPILYCOB

[Ipu npon3BOACTBE KOPIIYCOB U3 METAJIA IPUMEHSIFOTCS TEXHOJIOTUU:

. npoOuBKa, pe3ka, BbIpyOKa, (GopMoOBKa, THOKa JHCTOBOTO MeTauia |
MapKHUPOBKa;
. TOKapHbI€ U (ppe3epHbIe padOThI;

. IIIOBHASI U TOYCYHAs JICKTPOCBApKa,
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° OKpacCKa IIOpOIIKOBasdA, HUTPOSMAJLIMU,
° HaHCCCHHUC HElI[HI/ICCﬁ, PHUCYHKOB M TII TaMIIOIICYAaTbIO U memcorpacbneﬁ.
HpOI/IBBO,Z[CTBO MCTAJUNIMYCCKHUX KOPITYCOB OCYIICCTBIIACTCSA HA COBPECMCHHOM

BBICOKOTOYHOM 000pY/I0BaHUE:

. OnexTpoMexannyeckuit nucrorun6oouynsii npecc ¢ YUITY Finn-Power E65-
2550 HS (rip-Bo OuHISHINS)
o DNEKTPOMEXaHUYECKUN KOOPAMHATHO-PEBOJIBBEPHBIM BBIPYOHOH IHpecc ¢

YITY Finn-Power ES EVO (ip-Bo ®unnsHMS)
1.7 IlpaBKka He:KeCTKHUX JieTajledl NPpU TepMUYecKOi 00padoTKe

OnpeneneHbl MNPUYMHBL M MEXAaHU3M OOpa30BaHMS TEXHOJOTUYECKHUX
OCTAaTOYHBIX JehopMalvii U HANpPsHKEHUH B MPOIECCE TEPMHUYECKON 00paboTKH
HEXECTKHUX JneTraneil. PaccMoTpeHsl ocoOeHHOCTH (HOPMHPOBAHUS OCTATOYHOTO
HaIpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUA JeTanu. [IpuBegeHa MaremaTrueckas
MOJIeJIb METO/1a TIPaBKH € IPEABAPUTEITHLHBIM O0OPATHBIM NIEPETHOOM 3aTOTOBKH IIPU
TepMuueckoil  o0Opabotke. IlpencraBieHsl  AKCIEpUMEHTAIbHBIE  JIAHHBIE,

IMOATBCPIKAAOIINC 3(1)(1)6KTI/IBHOCTB PaCCMOTPCHHOI'O MCTOAA.

W3roToBieHre HEXKECTKUX JeTajeil B OOJBIITMHCTBE CIIYy4aeB COMPOBOMKIACTCS
o0pa30BaHUEM TEXHOJOTHYECKUX OCTATOYHBIX Jedopmaiiuii, KOTOpble CHIKAIOT
TEOMETPUYECKYI0O TOYHOCTh M3AENHA. ITO OOCTOSITENBCTBO OTPHUIATEIHHO
CKa3bIBaeTCsl Ha PabOTOCTIOCOOHOCTH M JOJITOBEYHOCTH BBICOKOTOYHBIX JI€TaJCH,
paboTaOMIMX B YCIOBUIX OOJBIINX CKOPOCTEN M 3HAKOIIEPEMEHHBIX HArPY30K.

B cymecTtByronmx TEXHOJOTHUECKUX MpoLeccax ISl CHUXKEHUSI OCTaTOYHBIX
nedopMaiuii, Kak MpaBWIO, MPEAyCMaTPUBAETCS HECKOJIBKO OTmeparuil MpaBKu
YOPYTOIUIACTUYECKUM HW3TMOOM W TEPMUYECKOW CTAaOWIIM3AIlMU  OCTATOYHBIX
HanpspkeHui. OgHAKO ATH METOJIbI 00JaAat0T OOJIBIIION TPYAOEMKOCTHIO U HU3KOMH
3 PEeKTUBHOCTHIO B 0OECIIEUEHUN 3aIaHHOM TOYHOCTH. B 9TO# CBs3M akTyasibHa
pa3paboTKa HOBBIX METOJIOB CHWIKEHHUS TEXHOJOTUYECKHX  OCTATOYHBIX
nedopmariiii, OCHOBAaHHBIX HAa 3HAHUM TPUYMH W MEXaHW3Ma O0pa3oBaHUs
TEXHOJIOTUYECKUX OCTATOYHBIX Aedopmaluii. Heo6Xo1uMo OTMETUTH, UTO MPOIECC
uX 00pa3oBaHuUs B TMPHUHIUIIE HENb3sS paccMaTpUBaTh OTIAEIBHO OT MpoIecca

(GhopMUPOBaHUS OCTATOYHBIX HAMPSHKEHUHN B JIETaNH.
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OObpa3zoBanue OCTaTOYHBIX JAePOopMaliii U HaMpsHDKEHUW MPU TEPMHUECKOMN
00pabOTKEe 3aBUCUT OT MHOTHX (aKTOPOB: Pa3MEpPOB IONEPEUYHOTO CEUCHHS
3aroTOBKH, Tpejesia TeKydecTH MaTepuana, Kod(pQUIHmeHTa TerIonpoBOTHOCTH,
CXeMbl 0a3MpOBAaHUS 3arOTOBKH, CKOPOCTH HAarpeBa W OXJIAXICHUS € Jp.
B3anmocBsi3u Bcex (aKkTOpOB MPEACTABISIOT CIOXKHYIO JUHAMUYECKYIO CHCTEMY,
KOTOPYIO B OIPEICJICHHBIE MOMEHT BPEMEHH CJICIyeT pacCMaTpUBaTh B COCTOSTHUU
KBa3UCTATUYECKOTO paBHOBecus. Hecmorps Ha MHOTOoOOpasue (HakToOpoB,
o0pa3oBaHWE TEXHOJOTHMYECKUX OCTATOYHBIX JaedopManuii W HampsHKECHUH

00yCJIOBJIEHO IBYMSI OCHOBHBIMHU TIPUYNHAMH:

1. HGCI/IMMeTpI/I‘-IHBIM pacnpcaciCcHucM OTHOCHUTCIIBHO OCH  ACTAJIHU
TCXHOJIOTHYCCKUX Ha4YaJbHBIX Haﬂpﬂ)KeHHﬁ, nmoa KOTOPbIMHU ITOHHUMAKOTCA

HCYPABHOBCIHICHHLIC HAIIPSKCHHUA B JOCTAIIM IIOCJIC 06pa6OTKI/I, HO 10 ¢€C

nedopmanuu [1];

2. N3meHeHnueM B miporiecce oOpaOOTKH 3aroTOBKH YIIPYro-HAMPSKEHHOTO
COCTOSIHUSI, KOTOPO€ BO3HHUKAaeT mepea o0paboTkoil (Hampumep, B pe3yJbTare
MPOBUCAHUS JETaIM OT COOCTBEHHOTO Beca) WJIM BO BpeMsi 00paOOTKU MO

BO3AE€HCTBUEM TEXHOJIOTHYECKON OCHACTKHU.

B ocHoBe QopMupoBaHus HECUMMETPUYHBIX OTHOCUTEIHHO OCH JETajH
HAYaJIbHBIX HANIPSKEHUHN TAKXKe JIEkKAT JIBE MPUUMHbL. OHU 3aBUCST, IPEXKE BCETO,
OT peXuMa U BHUJA TEPMHUYECKOM OOpabOTKH, ONPENCISIONUX TPATUCHT
HaNpsHKEHUU 10 MONEPEYHOMY CEYEHHIO 3arOTOBKU. B ciydae, korga cymMapHbIe
HanpspKeHUsl  (HACTEJCTBEHHBIE OCTATOYHBIE W BO3HUKAIOIIME B PE3yJbTare
TEPMUUYECKOTO BO3JCHCTBHUS) MPEBBIIAIOT TEKYIIEE 3HAUYECHUE MPEeJea TEKYUECTH
Marepuasna, IPUIMHON BOSHUKHOBEHUSI HECUMMETPUYHBIX HAYaAJIbHBIX HAIIPSKEHUN
SBJISIETCS HEpaBHOMEpHas IuiactTuueckas naedopmarusa. Ecnu  cymmapHbie
HanpsDKEHHWST  MEHbIIEe  TEKYIIETO  3HA4YEeHUs  NOpefena  TEeKy4eCcTH, TO
HECUMMETPUYHBIE  HAYaJbHBIC  HANPSOKCHUS  TOSBISIIOTCA  BCIICICTBUE
HEPAaBHOMEPHOM pENAKCallMd HANPSIKEHUM, MO KOTOPOU NMOHUMAETCS CHUKCHUE
OCTaTOYHBIX HANPSKEHUN C Pa3JIMYHOW MHTEHCUBHOCTBIO, U3MEHSIOIIEE XapaKTep

HX pacClpeaACICHUA 110 MMONMCPECUHOMY CCUCHUIO.

JIro0oit BUII TepMUYECKOM 0OpaOOTKM HEKECTKHX ACTalcH, HaXOIAIIUXCS B
CBOOOJHOM COCTOSIHUM, MOYKHO IIPEICTaBUTh COBOKYITHOCTHIO TIEPEXO0JIOB U3

HEYPaBHOBEIICHHOTO HAIPSHKEHHO-1€()OPMHUPOBAHHOTO COCTOSIHUSI B PABHOBECHOE.
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DT mepexoibl COMPOBOXKIAOTCS O00pa3oBaHUEM OCTATOUYHBIX Jaedopmaruii.
CnenoBatenbHo, JedopMmainuio 3aroTOBKM TOJI BO3JEHCTBUEM HaYalbHBIX
HaANPSOKEHUH CIIeAyeT paccMaTpyBaTh Kak HEMPEPBIBHBIN MPOIIECC, COCTOSIIINN U3
MHOKECTBA YEPEOYIOIIMXCS OSTaloOB HarpyXeHuss u pasrpy3ku. OmHako mpu
TEPMHUECKON 00paboTKe B (PMKCHPOBAHHOM TOJIOKEHUU AePOopMaIisi 3arOTOBKH
MPOUCXOANT TOJBKO TOCIE OCBOOOXKICHHS JETald OT BCEX BHEIIHHMX CBS3CH U
Harpy30K. DTOMY TPEAMIECTBYET ATal HATrPyKCHHs JETalld, KOTOPBIM BKIIOYACT
TEPMHUYECKOE BO3JICHCTBUE M CBsI3aHHBIC C HUM O0BEMHBIC M3MEHEHUSI MaTepHaia
OT CTPYKTYypHO-()a30BBIX TMpPEBpAIICHUH BO BpEeMs HArpeBa, BBIICPKKHA |

OXJIAXKACHU .

MexanusMm o00Opa30BaHHsS TEXHOJOTMYECKUX OCTAaTOYHBIX JAepopMauuid H
HAOpsOKEHUH, B OCHOBE KOTOPOTO JIEKUT (POPMUPOBAHUE HECUMMETPUUYHBIX
HAYaJbHBIX HANpSOKEHUM B IPOLECCe TEPMUYECKOM OOpabOTKH 3aroTOBKU
HEXECTKOI0 BaJjla, HAXOJAUIEHCS B CBOOOJHOM COCTOSIHHMHM, MOXHO IPEICTaBUThH

CJICTYIOIIUM 00pa3oM.

BricTphIil HarpeB 3aroTOBKM MNPHUBOAUT K CHIXKEHHUIO MCXOJIHOTO 3HAYECHUS
npenena TekydecTh wmarepuana ol  (mpelncTaBistoniero cobod  pesynbrar
YOPOYHEHUSI MPEIIIECTBYIONIEH 00pabOTKOW MaTepuana B COCTOSHHM MOCTaBKH)
Ipy  OJHOBPEMEHHOM OOpa30BaHMM 3HAYUTEIBHOTO TPaJUeHTa TEPMUUYECKUX
HanpsbkeHuit otH o nmonepeunomy ceuenuto (puc. 1, a). [lpu HarpeBe npoucxoaut
BBITATMBAHUE TMPOJOJbHBIX BOJOKOH M (OPMUPOBAHHE B HHUX TEPMHUYECKUX
HayaJbHbIX HanpsbkeHuid otH, cxkatuss (3HaK HayaldbHBIX  HANPSHKEHUN
MPOTUBOIIOJNIOKEH HAaMpaBleHUI0 JAedopMaliui, B pe3yibTaTe KOTOPOH OHU
Bo3HUKIH [2]). Hanpsoxkenust 6tH, ckinaapiBasich anredpandecku (C yueToM 3HakKa) ¢
HACJICJICTBEHHBIMU OCTAaTOYHBIMU HanpsokeHUsIMH 6O, TMPEBBIIAIOT TEKYIEe
3HaueHue mpenena tekydectu ol (t) (puc. 1, 6). B pesymbrare mpoucxoauT
IJIACTUYECKOE TE€YEHUE MaTepHaia.

NHTEeHCUBHOCTh TJIAaCTHMYECKOW AedopMalvi  3aBUCUT OT YPOBHS H
TOXIAECCTBEHHOCTH 3HAKOB aKTUBHOW YaCTH SIIOPHI HACIEACTBEHHBIX OCTATOYHBIX U
TEPMHUUYECKUX HAIPSDKEHWHW, a TakXke OT IIpelesa TEeKy4yeCcTH Marepuana
IIOBEPXHOCTHOIO cyosl. O4eBUIHO, YE€M BBIIIE HCXOJHOE 3HAYEHUE IIpenena
TEKy4eCTH, TEM MEHBIIIE BEPOSATHOCTh BOSHUKHOBEHUS IIIACTUYECKOM neopmaiuu.

[Tnactuyeckas nedopmanusi, oOyCIOBICHHAs CyMMapHBIMU HAaIpsDKEHUSAMU GX
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(puc. 1, ©), mpoTekaeT C pa3TUYHON HMHTEHCHUBHOCTBIO, Kak [0 TIyOuHE
MOBEPXHOCTHOT'O CJIOS, TAK U MO KOHTYPY MONEPEYHOI0 CEYEHHs. DTO CBSI3aHO C
neiicTBrueM psiaa (paKkTOpoB: aCUMMETPHEN TeMIlepaTypHBIX moieil (cMm. puc. 1, a),
CTPYKTYpPHOU HEOJHOPOAHOCTHIO MaTepuaja, HECHMMETPUYHBIM paclpeeIeHuEM

OTHOCHUTCIIBHO OCH 3arOTOBKH HACJICACTBCHHBIX OCTATOYHBIX HaHpHX(GHI/Iﬁ " Ip.

HepaBHoMmepHass rmiactudeckas Jedopmaiusi HapyliaeT paBHOBECHE
HaIpsHKEHHO-e(hOPMUPOBAHHOTO COCTOSIHUS 3aroToBKU. [locie s3Toro HaunHaeTcs
pas3rpyska, KoTopasi CTpEMHUTCS IPUBECTH JIETalb B HOBOE PAaBHOBECHOE COCTOSIHHE.
[lepepacnpenenenre HayalbHBIX HaNpsHKEHUH GX B MpoOIEcce pa3rpy3Ku
COMPOBOXKIa€TCA B O0IIEM ciiydae mpoAoiasHOM Al n u3ruOHol f1 neopmanusamu
(puc. 1, B) 1 3akpyuynBaHHeM 3aroToBKH. [Ipy 3TOM 4acTh HaYaIbHBIX HAIPSHKEHUM
oM U op (cM. puc. 1, 0) penakcupyrT B pe3yjbTaTe ACHCTBUS H3THOAIOLIETO

MOMEHTA U MPOJOJIBHON CHJIBI.

JlanbHeiiee oOpa3oBaHUE HECUMMETPUYHBIX HAdaJbHBIX HanpsbkeHuid otH
Py HArpeBe NPUBOIUT K JOMOJHHUTEIBHBIM AchopManmsiM. OYeBHUIHO, YTO C
HanOOJIbIIIEH HHTEHCUBHOCTBIO MpoIece AehOPMUPOBAHUS 3aTOTOBKH MIPOUCXOJIAT
B HayaJbHBIM TMEpPUOJ HArpeBa W 3aMEIACTCI K €ro 3aBepIICHHI0, TaK Kak
CHW)KACTCS TPATUEHT TEPMHUYCCKUX HANPSDKCHWH. YMEHBIICHUE PAa3HOCTH
TEMIIEpaTyp MEXIy TOBEPXHOCTHIO M CEPJIEBUHON JI€Tall TPHU BBIICPKKE
COIMPOBOXK/1A€TCS BEIPABHUBAHUEM Y/UTHHEHUS BOJIOKOH IO MTOTIEPEYHOMY CEUCHHIO,
YTO MPUBOIUT K (POPMHUPOBAHUIO HAyYaJIbHBIX HaNpsDKeHUH otB, Xapaktep
pacnpeneneHus: KOTOpbIX HanboJliee 6JIM30K K paBHOMEpHOMY (puc. 1, T). DTOMY XKe
CIIOCOOCTBYET peNlakcarisi HaCJICACTBEHHBIX OCTAaTOYHBIX HampspbkeHuid. B

pesyabTare aedopmaiius n3ruda NpakTUIECKHU MPEeKpaIiacTcs.

Ecnu mocne BBIAEPKKH OXJaXJEHUE MPOBOJUTH C MaJIOM CKOPOCTHIO, TO
CHSITUE YMPYTOTrO YIJIMHEHHsI BOJIOKOH HE OyJeT HapyliaTh PaBHOBECHE DIIOPHI
HAYaJIbHBIX HAMNpsDKeHWH otB W He mpuBeAeT K W3rudy 3aroToBKH, a Oyner
COTMPOBOXKJIAThCS TOJBKO MPOJ0JbHON nedopmarueit. IlpemnoxkeHHas cxema
MOATBEPKIACT U3BECTHBIN (hakT [3] 0 TOM, YTO YMEHBIIIEHHE CKOPOCTH OXJIAKICHUS
MPAKTUYECKU BCET/Ia MPUBOJUT K YMEHBIICHHIO OCTATOYHBIX Aedopmarnuii n3ruda
Y YPOBHS OCTaTOYHBIX HanpsbkeHui. Jlepopmanus nzruba Oyaetr mpoucXoauTh Mpu
HEPABHOMEPHOM OXJIAXKJIEHUH 3arOTOBKH, T. €. KOT/1a BOBHUKAET HECUMMETPUYHAs

OTHOCHUTEJIBHO OCH 3II0Pa TEPMUYECKUX HAYaIbHBIX HANpsDKEHUH ctox (puc. 1, 1).
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[IpyyeM YCKOpEHHOE OXJIAXACHUE NPHUBOJUT K PE3KOMY CXKATHUIO HapyKHBIX
BOJIOKOH U CO3/IaHUIO OOJIBIINX HAaYaJIbHBIX HANPSYKEHUN pacTsbkeHus otox. B aTom
cillydae CyMMapHble HarpsbkeHusi ox (otox + otB) Moryr mpeBbicUTh Tekyliee
3HaYeHHe Tmpezena Tekydectd (puc. 1, €), uTo mpuBeAeT K (HOPMHUPOBAHHIO

BBICOKOI'O YPOBHA OCTATOYHBIX HaprDKGHI/Iﬁ PaCTAXKCHUS B IIOBCPXHOCTHOM CJIOC.

IIpyn nmanpHeHIEM OXJaXXICHWH IIPOUCXOJHUT YMEHBUICHHUE HHTEHCUBHOCTH
neopManuy  3arOTOBKM  BCJIEJICTBUE CHW)KEHHUS TpaJueHTa TEPMHUYECKHUX
HalpspKeHU. B urore getans NPUHUMAET PABHOBECHOE  HAIPSHKEHHO-
ne(OPMUPOBAHHOE COCTOSIHME, KOTOPOE XapaKTEpU3YETCs pe3yJbTUPYIOIUMU
U3rMOHOM fopu TPOAOIBHOM AOp OCTaTOUYHBIMH JedOopMalUsIMH, a TaKKe
PE3YNBTUPYIOLIEH 3ITIOPOI OCTATOYHBIX HaNpsiKeHUH cop (puc. 1, k). U3BectHo [4],
4TO TepMHueckas oOpaboTka JeTasied, HaXOJSAIIMUXCS B CBOOOJHOM COCTOSIHUM,

IMPAaKTHYCCKHN BCCTAa YBCININUBACT UCXOJHBIC OCTATOYHLBIC I[e(l)OpMaHI/II/I.
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Puc. 1. ITpunmanuaasusie cxembl 06pasosanns 0CTATONHMX A¢GOPMANHA B HANDPSKEHHA NPH
Tepmudeckoit obpaborke:

a — (opMHpPOBAHHE HANPAKECHHOIO COCTOSIHMA NpH GhICTPOM Harpese; 6 — nepepac-
NpeeICHHE CYMMAPHALIX HANPSXCHHI B ITPOLIECCE PAIrPY3KH, CONPOBOXIAIOLICSCH pe-
NAKCALUMEH YacTH HAYAIbHBIX HANPSXKCHHA B pe3yabTare ACHCTBHS M3rnbaouero Mo-
MeHTa M M nponoasHoit sl P, € — o0pa3oBaHHBIC BO BPEMA HAIPEBa OCTATOUHBIC /-
dopMauMK H HANpAKCHUA (O, — TEKYLIMC OCEBBIC HANPAKCHUA); ¢ — (hopMUpOBaHHE

OCTATOMHOIO HANPHKEHHO-/ICHOPMHUPOBAHHOIO COCTOAHHA JACTANM NPH MCUICHHOM OX-
NAKACHUH;  — 00pazOBAHME HANPSIKCHHOIO COCTOSHMSA NPH YCKOPEHHOM OXJIAAICHMM;
€ — Tepepacnpenc/ieHHe CyMMapHBIX HANPAKCHUH, BOZHHKAOWMX NPH YCKOPCHHOM OX-
AAKMACHHH; X — DPE3YILTHPYIOIIME OCTATOMHBIC AeHOPMALIHM M HANPSKEHHR ACTAIH

1.8 IlpuyuHBI BO3HMKHOBEHHS] OCTATOYHBLIX BHYTPEHHHMX HANPSKEHUH B

Mmpouecce u3roToBJaCHUA u31eJIui MAaIIUuHOCTPOCHMUA.

OcTaToYHBIMU HaIIpAKCHUAMU  TIPUHATO HA3BIBATH TAKUC HAIIPSKCHUS,

KOTOpBIE CYIIECTBYIOT M YPAaBHOBELIMBAIOTCS BHYTPH TBEPAOIrO Te€ja IOCIE
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YCTPpAHCHUWA IIPUYIWH, BbI3BABIINX HX ITOABJICHHUC. OcTaTouyHbIe HaIIps’KCHUSA BCCTJ1d
ABJAOTCA BHYTPCHHHUMH, IIOCKOJIBKY OHH CaMO YpPAaBHOBCHIMBAIOTCA BHYTPU
TBCPAOro TCjia HUJIN KCCTKOT'O arpcerarta (HaHpH}KeHHHﬁ }KCJI6306CTOH, 3dMKHYTasa

CBapHasi KOHCTPYKIH).

OOpa3oBaHue OCTATOYHBIX HAIPSIKEHUW BCET/a CBSI3aHO C HEOIHOPOIHBIMU
JMHEHHBIMH WM 00bEMHBIMU JlehopMalusiMU B CMEKHBIX 00beMax Marepuana. B
camMmoM o0miemM Buje naeopmanus OmpeleseTcs Kak MIpolecc, Mpu KOTOPOM
WU3MCHSETCS PACCTOSHUE MEXKAYy KaKUMHU-THOO TOYKaMu Tena. Hapymenus
MCXOJTHOTO B3aMMHOTO PACIOJIOKEHHS TOUEK Tea, pa3MepoB U (POPMBI MOT'YT OBITH
oOpaTUMBIMM ¥ HeoOpaTuMbIMU. B mepBoM ciydae OHH COIPOBOXKIAIOTCS

BPCMCHHBIMH HAIIPSAKCHUAMU, & BO BTOPOM — OCTaTOYHBIMM.

1.9 MeTO)II)I H3MEPEHUA OCTATOYHBLIX HAIIPIKCHUSA

OnpeneneHue  OCTATOYHBIX — HAINPSDKEHWM: MEXAaHWUYECKHA  METOA |

PEHTT€HOBCKUU METOJ.

PenTreHoBCcKkuil METOI SIBIISIETCS HEPA3PYIIAIOIINN OH OCHOBAH HA U3MEPEHUU
MapaMeTpbl K KPUCTAINYECKOW PEIIETKH MaTEPUAIIOB. DTOT MapaMeTp CPaBHSIETCS
C TapamMeTpaMH peleTKH HEXOJO0BOM MaTepuaiie. B wutore o0pa3oBaHus

nedopmariis KpUCTAITMYECKON PEIISTKH U TT0 METOJOM OTPE/IEICHUS HAMIPSKEHUS.

MexaHnuecKkuii METOJ SIBJIAETCS Pa3pyLIAOIIMMHA OT OCEOBAaH Ha yAAJICHUEM
IUIOCKOCTH CJIOEB, U TOJIIMHA U U3MEPEHUHN JedopManusl.
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BonblIMHCTBO AeTaneil MaluH MOCje YNPOYHEHUS OKa3bIBAETCS B YCIOBHUAX
CJIIOHOTO HANPSDKEHHOTO cocTosiHUS. HaumOonplmii npakTUYecKui HHTEpec
MPEACTABISIOT HANPSKEHUS B MOBEPXHOCTHBIX CIIOSIX. DTU HANPSKEHUS UMEIOT,
KaK TpaBWjIO0, HAUOOJBIINE 3HAYCHHUS W OKAa3bIBAIOT CYIIECTBEHHOE BJIMSHUE Ha
pabotocnocoOHOCTh jAetanieid. OOBIYHO OMNPEACNSIIOT OCTATOYHbIC HAIPSKEHUS B
HaIpaBJeHUM TJIaBHBIX oceil. Eciu nerans sBISETCS OCECUMMETPUYHOM, TO B
MOBEPXHOCTHBIX CJOAX B OOILIEM CIy4yae HUMEETCS JBYXOCHOE HANPSKEHHOE
cocrosinue (puc. 2.1.1): 09 — TaHTEHIMAIbHOE HANpSKEHUE; 0, — OCEBOE
HanpsbkeHue. PajnansHoe HanpsbKeHre 0, Ha MOBEPXHOCTH JETaIM PaBHO HyIi0. B
CJOsIX, OJM3KUX K MOBEPXHOCTH, 3HAYCHHUE O, HEBEJIMKO, U ATON COCTaBJISIIOLIEH

OOBIYHO IIpEeHEeOperaroT.

O A

ar NS oA
% 2w
Jﬂ ffz
-
ag
% [/
Z

Puc. 2.1.1 Cxema Hanpsi>KEHHOTO COCTOSHUS LIMITMHIPUYECKOTO 3JIEMEHTA

OceBble U TaHTCHLIHAIbHBIC HAMPSHKEHUS B TOBEPXHOCTHBIX CIOSIX JeTalien
ONPEAEISAIOT MEXAaHUYECKUMHU METOJaMH, B OCHOBHOM ITyTEM MOCJIEA0BATEIIHLHOTO
CTpPaBJIMBAHUSI TMOBEPXHOCTHBIX CJIOEB C MPU3MATUYECKUX CTEPKHEH U KOJEIl
TONIIUHON 5—6 MM, BBIPE3a€MbIX U3 JACTAIH AJIEKTPOUCKPOBBIM WM JIPYTUM

MCTOOOM.
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Puc. 2.1.2 CeueHue /is BBIBIECHHUS OCTATOUHBIX HANPSDKEHUN

JUist  oueHkW S(PQPEKTUBHOCTH PEKUMOB YIPOUHEHHUSA JEeTaledl 4acTto
OTPAaHUYMBAIOTCS CPAaBHUTCIIBHBIMU  MCCIICIOBAHUSAMU  OCEBBIX  OCTAaTOYHBIX
HANpsDKEHUHM, OKa3blBalOIIMX B OOJILIIMHCTBE CIIydyaeB Haubojiee CYyIIECTBEHHOE

BIIUSIHUE HA PabOTOCTIOCOOHOCTD JIeTaleH.

PaCCMOTpI/IM OIIPCACIICHUC OCCBBIX OCTaTO4YHBbIX HaHpH}KGHHﬁ B
IMPpU3MAaTHYCCKOM CTCPIKHEC. HpeI[HOJ'IO)KI/IM, 49TO, 3a HCKIIOYCHUHECM HEOOIBIITNX

obiacTen Y KOHOOB CTCPIKHA, OCTATOYHBIC HAIIPSAKCHUA ITIOCTOAHHEI 110 €T0 JIJIMHC.

Jlns  ompenesieHHsi OCTAaTOYHBIX HAMNpPsDKEHWM OyJieM MOCIeI0BaTeIbHO
ynanath ciou matepuana ABCD (puc. 2.1.2), Haxoasmuecss B 30HE MOCTOSHHBIX
(mo mnuHe) HanpsokeHud. KoHIEBbIE ceueHuss MpU ATOM HE YIAISIOTCA, OHH

pa3MeIaroTcs B 3aXBaTax npuoopa.

HeusBecTHble HanpsyKEHUS CUYUTAEM MOJIOKUTEIBHBIMU (PacTATHBAIOIIMMH).
Onm geiictBytot no rpadsm AB u CD, nmoatomy ynanenne o01acTi SKBUBAJICHTHO
NPWIOKEHUIO K 3THM TIPAHSIM PaBHBIX, HO IPOTUBOIIOJIONKHO HaIPaBICHHBIX
HanpspkeHnl. [Ipeamonaraem, 4YTO OCTaTOYHBIE HAINPSDHKEHUS JIEMCTBYIOT B
IUIOIIAAKAX, TMEPIEHIUKYISPHBIX K ocu crepxHs. [loaTomy moBepxHocts BC He

JOJIDKHa OBITH 3arpy’x€Ha OCTaTOYHbIMU HAIIPSAKCHUAMMU.

OmnpenenuM ocTaTOYHbIE HANpsOKEHUs 0(a), NCUCTBYIONIME B CTEPXKHE Ha
paccTosTHUM a OT BepXHell rpanu ctepkus (puc. 2.1.3).
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A &

Puc. 2.1.3 K pacdeTy 0CTaTOYHBIX HAMPSHKECHUI

B pesynbrate ynaneHus ciios mMaTepHuajia TOJIIMHOM a OCTaBIIasCs 4YacTb
CTEPKHS Ie(hOpMHUPYETCS IO SHCTBUEM HanpspKeHUH 1o mtockocTsiMm AB u DC

Ha pacCcTOsIHUA '3 OT BEpXHEU rpaHu NENUCTBYIOT
HanpspkeHust  ¢(&) . M3rubarommii  MOMEHT ~ OT  HamnpsDKeHW — Ha

rpadb AB OTHOCHUTEIIBHO CepeIMHbI BEICOTHI CTepKHS (Touku O)
ro1
M= [ (O (h + @ - 1bag
0

rnae b - mupuHa crepxHs.

Ecnu crepxeHb u3rubaercs COCpeIOTOUYEHHBIMM MOMEHTaMM M Ha KOHIIE, TO

nporud
Mi?
f =% 1)
riae | — nnuHa cTepikHs; J — MOMEHT MHEPIIHH ITOIIEPEYHOr0 CCUCHMS,
__ b(h—a)?
J=—7 (2)

12

BrnusHuem oceBbIX cui Ha W3THO TpeHeOperaem, 4To HE BHOCHUT CYIIECTBEHHOMN
MOTPEIIHOCTU. YUuThIBas paBeHcTBa (1) u (2), Haliiem

f@) =25 (4o (®) [2(h + a) — €] bag 3)

2E(h—a)3
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[lepenocas  Benmumny (h—a)® B neByro  dWacTh  paBeHCTBA W
npoauddepeHpoBaB UHTETPa 110 BEPXHEMY IIPEJEITy, a MOITyYuM

df 312 1 1
(h—a)*==(a) =3(h— a)*f(a) = L5 [, 0 (©)d¢ + - a(a)(h — @)] (4)
U3 ypaBuenust (4) mpu a=0 momyuum Qopmynay s ONpeAeNeHUS OCTaTOYHBIX
HaNpsUKEHUN B HAPYKHOM CIIO€

a(0) = 24 (0) (5)

[Tocne nuddepeniupoBanus 1o a paBeHcTna (4) umeem

df af 312df
(h = a)zﬁ(a) —6(h—a)——(a) + 6f(a) = =--(0)

[IpounTerprpoBaB 006€ YaCTH 3TOTO PABEHCTBA, MOTYYUM

d ; d 312
(h - 02 @~ 40— @f (@ + 2 [ O -1 5L ©) = T 0@ ~ 00)
0

C ydyeTom cooTHOLIEHHUS (5) HAlIeM, YTO OCTATOYHBIE HANIPSIYKEHUS HA PACCTOSIHUU
a OT BEpXHEU I'paHu

o) = 2 [(h - a)*L(a) - 4(h— O)f (@) + 2 [ f()dE]  (6)

N3 cooTHomieHus (6) cieayeT, 4To ISl ONPEACICHUS] OCTATOYHBIX HaIpPSHKEHUN
HEO0OXOJMMO 3HATh HE TOJBKO MPOTHO B JaHHBIH MOMEHT, HO M TIPOCJICIUTH 3a
W3MEHEHHEM Mporuda 1Mo Mepe YBEIWYEHHUsS TOJIIMHBI CHATOTO ciosi. Ecmum
TOJIIMHA  CTPAaBIMBAEMOTrO CJIOS Maja B CPaBHGHMM C  TOJIIUHOU
obpasia (h/a<l15), To B cooTHOIICHHH (6) MOKHO IIPEHEOPEYb MOCICTHUM YICHOM

Y ONPEJICIIATh OCTATOYHBIC HAPSKCHUS 110 PABCHCTBY
AE af

o(a) = ;[(h—a)? x——(a) — 4(h — a)f (a)] (7)

[Tpu h/a>50 MOkHO COXPaHUTH TOJBKO MEPBBIN YJICH:

o(a) = 32 (h— )22 (a) (8)

e
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®opmyiibl (7) u (8) 4acTO KCHONB3YIOT MPU PACUETaX OCTATOYHBIX HAIPSHKEHHIM
(06brgHO h=4...6MM, a=0.1...0.3MMm).

[Tpu BeUMCICHHUSX 110 hopmyram (6)-(8) HeoOX0UMO YIUTHIBATH MPABHUIIO 3HAKOB.
Ecnmu 3nHadenne o(a) oka3pIBacTCS TMOJOKUTEIBHBIM, TO B CIO€ ACHCTBYIOT
pacTArUBAIOIINE OCTATOYHbIC HamNpspKeHHs. [Iporu6 f cunuTaroT MOJIOKUTEIBHBIM,
€CJIM OH HalpaBJIeH B CTOPOHY CHATOTO cjos (puc. 2.1.4).

CHFMAIE  CA00
y -

:’7: ;//’/’// SIS IS ST,
a)

Puc. 2.1.4 Cxema nporuda CTep>kHs IPU CHATUHM BEPXHETO CJIOS: a - PACTATUBAIOIUE HANPsDKEHUs; 6 —

CIKUMArOIME HAIPSYKCHUA

Ha npakTuke ocTaToYHBIC HAPSHKEHUS OMPEAETSIOT C ITOMOIIBIO CIICIIUATbHBIX
npudopos. Ha puc, 2.1.5 nokazana cxema rnpudopa, KOTOPBIi MO3BOJIAET
WHIYKITMOHHBIM MTpeoOpa3oBarenieM u camomnuciiem 2 turna bB-662 nHenpepbiBHO
3anmuchIBaTh MPorud f oT BpeMeHu npu CTpaBIMBAHUY MIOBEPXHOCTHBIX CIIOEB

obOpasma 3.
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[
o N

Joragans L and

Puc. 2.1.5 Cxema ycTaHOBKH 7151 ONIPEJENIEHUs] OCTAaTOUHBIX HAIPSDKEHUI

[ToBepxHOCTH, HE MOABEprarouIvecs TPaBICHUIO, MOKPbIBAIOT BockoM. OOpaser
3aKpeIIAIOT B Aepkaresne 4 ¢ MOMONIbI0 TOHKUX (YNPYTUX) IUIACTUHOK 7, KOTOPbIE
HE TMPENATCTBYIOT TMOBOPOTY €ro KOHIEBBIX ceueHyna. [Ipormd obOpasma dyepes
HAaKOHEYHHUKa U pblyar 6 nepenaercs Ha npeodpazoBaTeib 1.

Jlnst  obecniedeHusi PaBHOMEPHOTO  TPABJICHUS DJIEKTPOJIU3  MEPEMEITUBAIOT.
CKopocTh TpaBlieHUs1 00pa3lia ONpeaesIFoT C TOMOIIbIO B3BEIIMBAHUS 00pa3iia J10
W TOclie OKOH4YaHMs TpaBiieHus. OOBIYHO CKOPOCTH TpPABJICHUS COCTaBJSAIOT 1-

SMKM/MUH

B 3aBucumocTH oT cocTaBa QJICKTPOJIMTA HAIIPAKCHUEC HA SJICKTPOdax KoJIeOJIETCS B

npegenax 20—30 B, mnotHocts Toka 10-13A/gqm? Temneparypa anexrposanta 20-
60°C
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DJEKTPONNT Ui TPaBJICHUS OOpa3loB M3 YIVIEPOIUCTHIX cTanell BkiItoyaeT 80%
dochopnoii kuciotel (H3P0,), 15% cepHoit kuciotsl (H,S0,) u 5% XpoMOBOTO

aHTUApHIA.

JInst >KapompoyYHbIX CIUIABOB HA HUKEJIEBOM OCHOBE HCIOJIB3YIOT 3JEKTPOJIUT,
conepxxammuii 45% HzPO,, 45% H,S0, u 10% Boabl. /[ TUTAaHOBBIX CIUIABOB
UCITOJIB3YIOT AJIEKTPOJUT, BKimrodaronmii 50% azotHoi kuciotel (HNO3), 10%

raBuKoBoi kuciothl (HF) u 40% Bompbl.

Oco0oe BHUMaHUE HEOOXOIUMO YAETSATh BBIPE3aHUIO 00pasiia, 4ToObI H30ekaTh
HaBEJCHMs JIOTIOJIHUTEIBHBIX OCTATOYHBIX HampsbkeHuid. Jlig »3Toro 4acro
OPUMEHSIOT AJIEKTPOMCKPOBOM METOJ, a TaKXkKe PE3Ky Y3KUM HUIM(OBAIbHBIM
KPYroMm ¢ Majoi nojadyeil 1 oOMIbHBIM OXJIAKICHUEM SMYJIbCUEH.

OTMeTuM HEKOTOphle OCOOCHHOCTH O0O0paboTKH pe3ynbTatoB. Bo MHOrHX
MPAKTUYCCKUX 3aJadax OCTATOYHBIC HAIMPSDKEHUS 3HAYUTEIBHO H3MCHSIOTCS B
npenesiax MOBEepXHOCTHBIX ciioeB (rpu ToimuHe A0 0,3 mM). B atoM cioyuae s
MOJIYYeHUS Ha/lJIeXkKaIIell TOUHOCTH TpeOyeTCs MOCIe0BaTEeNIbHOE YIaIeHUE OUYeHb
TOHKHX CJIOCB (TpaBJICHUE C MaJOW CKOPOCTHIO). BaKHBIM SBIISETCS JOCTATOYHO

TOYHOE BBIYKMCIICHUE BEIMYUH, BXOamuX B hopmyisl (6)-(8).

HemnocpencTBeHHO u3 IKCIIEPUMEHTA MOJTyYaroT rpaguyuecKyIo
3aBucuMocCTs f(t), KoTOpas B yCJIOBHSX PaBHOMEPHOTO TPaBJICHHs SKBHBAJICHTHA
3aBucumoctH f(a). TpeOyercs onpenenuTs 3HAUCHUS POU3BOHOM 3TOM (HYHKIMH
U UHTEpBala B PAacyYETHHIX cedeHhsX. C MaTeMaTWYeCKOHW TOYKH 3PEHHUS 3TO

M3BECTHAs 33aJa4a TEOPUU NPUOTUKEHHBIX BEIYMCICHUM.

Jlnst Gosiee TOYHOTO BBIYHCIICHUS TPOU3BOJHON KPHUBYIO 3aMEHSIOT Mapaboiou,

POBOJSALIEH yepes TpU 3aJlaHHbIE TOYKH (puc. 2.1.6) C
KOOpJIMHATAMH @;_q fi—1; Qi, fi; Qiv1, fiv1 YPaBHEHHE IMapaboJibl B 3TOM Cllydae
UMEET BU]I
fla) - f, (a—a)(a—apq) (a—a;i1)(a—apq)
—fi4 .
T (am —a)(ai —ager) (e = aim) (@ — aigg)
(a—a;i—1)(a—a;)
+ ﬁ_ -1 l

1
(@41 — a;—1)(aj41 — a;)

27


http://edu.sernam.ru/book_act_chem1.php?id=170
http://alnam.ru/book_e_chem.php?id=101
http://alnam.ru/book_chem.php?id=143
http://stu.sernam.ru/book_msh.php?id=117
http://sernam.ru/book_e_math.php?id=108
http://scask.ru/book_agm.php?id=36

YpaBHEHNE IPOU3BOAHOU

df(a) _ f, 2a-a;—ajt1 - 2a-0i1—0Qiy4 +f 2a-ai—1-a;
da =1 (a;_1-ap)(ai_1-ai+1) Y (ai—ai-1)(ai-ait1) 1 (aiy1-aio1)(@is1—ai)
(9)
a

fi‘f .'F; '-Fd:*-f

a iy a; a iy a

Puc. 2.1.6 TI'paduk npuOIMKEHHOTO BBIYUCICHUS TPOU3BOIHOM

"t /ii arcty ﬁ—:fﬁi
/ S~
/ |
[ fy |72
i
| |
j a; a, 2

Puc. 2.1.7 I'paduk npubIMKEHHOTO BBIYUCICHUS IPOU3BOIHON B HaUaie KOOpAUHAT

Ecmm B cootHomennn (9) monoxum i =1, a1 =ay=0,fi_1 =f, =0, 10

noJiy4uM (popmyIty JJIsl BBIYMCIEHUS POM3BOIHOM B Hayase koopauHart (puc. 2.1.7)
d 2a—a 2a—a

f(a)zfl( 2) , Jal 1)

da a;(a; —az) ax(a; —a;)

CooTHo1IeHNE ML OIIPCACIICHUA HAIIPsKCHHUA B IMOBCPXHOCTHOM CJIIOC MOZKHO

MOJIYYHTh U3 paBeHcTBa (6) mpu a=0:

AER? df

a(0) = W%(O)
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I[J'IH MOBBIICHWA TOYHOCTHU U3MCPCHUA OCTATOYHBIX HaHp}DKeHI/Iﬁ PCKOMCHIAYCTCA

IPUMEHATH OoJbiue 3HadeHus I/h (oobrano 1/h>10).

Bbonee moapo6HO Bompoc 00 ompeieieHny OCTATOYHBIX HAMPSHKEHUI B dJIeMEHTaxX
KOHCTPYKIUH pacCMOTPEH B MOHOTpapuu .

1.10 U3MepeHue 0CTATOYHBIX HANPSIXKEHU A METOIOM IOJIOCOK.

Kak u3BecTHO, METO/ 3aKJIIOYaeTcs B TOM, YTO HCCIeAyeMas HampsbKeHHas
o0nacTh pa3MeyaeTcss Ha psAJ NapajUIeNIbHBIX Y3KHX IOJOCOK HX JIaHHBIE B
UCXOAHOM COCTOSIHUM W Toclie pa3pe3ku. g u3MepeHus HampspDKeHud Obuin
BBIPE3aHBI TEMILIETHI pazmMepoM 25*160*%160 mm3 u 16¥160%160 mm> (Bepiumna
mBa yjamsuiack). Ha BHemHell HeoOpaOOTaHHOM MOBEPXHOCTU y OOOMX TOPLOB
MEPIIEHIUKYJIIPHO K IIBY pasMedanuch nojiocku mupuHon 160 mm. Ilo cpennei
JVHUM KaXXJI0M MOJOCKM Ha 000MX KOHLAX, OTcTynas mo 16 wiu 25 MM OT Kpas.
Haiinennasa nedopmanust CIy UT XapaKTEpPUCTUKON OCTaTOUYHOM HAIPSKEHHOCTH

COOTB@TCTBYIOHICﬁ 30HbI UJIN ITJIACTHUHBI.

Paznuuue temmepatyp A0 U mocine paspe3ku Ha | °C SKBHUBAJIEHTHO
Hanpsbkeruto 0,2 KF/MMZ' [Io meTony pa3pe3ku MOJIOCOK NPUHATO YYHUTHIBATH
TOJIbKO JIMHEMHO HAIPSXKEHHOW COCTOsSIHME. MeXay TeM B 30HE€ CBapHOIO IIBa
BO3HUKAIOT MPOJOJIbHBIE W TONEPEYHBIE HANPSHKEHUS, XOTS BTOPHIE MEHBIIE
NEPBBIX U BIUSAIOT OHU Ha Jie(popMaInio IpOoJ0JIbHBIX IOJIOCOK Yepe3 KO3PPUIUEHT
[lyaccoHa, HO ATO BHOCUT HEKOTOPYIO MOTPENIHOCTh B MU3MEPEHHE MPOIOJIBHBIX
OCTaTOYHBIX HAMPSKEHUH.

[Ipu ompeneneHny OCTaTOYHBIX HAIPSIKEHUN HCTIOIB3YETCS OOBIYHASI TEOPHUS
TOHKHMX IJACTUHOK. OHA OCHOBAaHA HA TUIOTE3€ O MPSIMOJIMHEITHOCTH HOpMAJIel B

npoiiecce aedopMarium.
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[Tpu n3ru6e muactuuku (puc. 1) ee
CpeIuHHas TOBEPXHOCTh
uckpusisiercs. Eciu pagnycel
KPUBH3HBI CEPEIUHHON MMOBEPXHOCTH
Ry u R, (puc. 2), TO OTHOCUTENBHBIE

nedopmarii Ha pacCTOSTHUU Z OT

CCpGI[PIHHOﬁ IMOBCPXHOCTHU, KaK U IIPpU

OOBIYHOM U3TUOE CTEPIKHEH,

Ex = R_x (1)
&y = Riy (2)

Oty nedopmalu CBSI3aHbI C
HanpsbkeHusMu(puc.3),
JIEVCTBYIOIIMMH B CIIO€ Z,

COOTHOIIECHUSIMU YIIPYTOCTH

& = %(Ux - ‘LlO'y) (3)

&y = %(Uy - ‘LlO'x) (4)

VYuutsiBas paBeHcTBa (1) u (2), Haitnem

E 1
O = 10 G+ )7 (5)

E 1 u
Oy = 1-p2 (E + E)Z (6)

Puc. 2 VickpuBneHue cpequHHOM

MOBCPXHOCTH IIJIACTUHKH ITOCJIC ,I[e(i)OpMaLII/II/I
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M3 5THX 3aBUCUMOCTEN BBITEKACT, UTO
HANPsHKEHHS OT BHEITHUX HArPy30K
pacnpenenstoTCs MO TOJIIMHE MIACTUHKY 10
JUHEHHOMY 3aKoHyY. M3rubaromye MOMEHTHI Ha
€IVHHUILY JJIMHBI CEYEHUSI

Puc. 3 HanpspkeHnus B 3jeMeHTE

h
— 2 — —_ -
M, = f—% o,zdz = 12(1 MZ)( (7)

h

M, = [* 0yzdz = (— Rix) (8)

2
> 12(1 u?)

HOCJIGI[HHC PaBCHCTBA IIO3BOJIAIOT BBIPA3HUTH PAANYChl KPHUBHU3HBI YCPC3

U3TUOAOINE MOMEHTBI
L= 22 (M, - uMy) (©)

= =22 (My — uM,) (10)

Ecnu nnactunka 3arpykeHa pacnpeieIeHbIMH MOMEHTAMH 110 KpasiM (YHUCTHIH
M3rud IIACTHHKM, CM. puc. 1), To BenmnmumHbl My ¥ My TIOCTOSHHBI U
COOTBETCTBEHHO PAaBHBI MPUIJIOKEHHBIM MOMEHTaM. B 3TOM cityyae, Kak ClieayeT u3

dbopmyi (9) u (10), paarychl KpUBU3HBI OJIMHAKOBBI BO BCEX TOUYKAX IJIACTUHKH.
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[Iporu6 niaacTUHKH B pe3ysbTaTe

KPUBU3HBI B CCUCHUH, ITAPATIIICIIBHOM OCHU

X, Oyznet paseH (puc. 4) % /, "'-l
&l

[, =& (11) Wﬁ'“g‘“‘“‘

X8Ry Al ".all\@,,"“f

BennuvHa f, mpeamonaraercs Manoin
otHocuTenbHO R,. Ilporu6 B pesymnbrare
KPUBHU3HBI B CEUCHHH, TTAPAIIICIIEHOM OCH

y

£, =0 (12)
Y s8Ry

OO6mmit HanOoNBIINIA TPOTUO

IIaCTUHKU (HpeBBIHIeHI/Ie Puc. 4 IIporu6 cpeauHHON TOBEPXHOCTH

IIaCTUHKHU

HaJl TJI0OCKOCTHIO 7z=0)

w = f, +f, (13)

IlepeiineM K XapakTEpPUCTUKE OCTATOYHOIO HANPSIKEHHOIO COCTOSHUSA.
OcraroyHble HANpsUKCHHWsS B IUIACTHHKE O, W 0, TapalIeJbHbl CPEIMHHOM
IUDIOCKOCTH IUIACTUHKU. Hamnpsbkenue o0, , OTCYTCTBYIOIIEE HA BHELIHUX
MTOBEPXHOCTAX IUIACTUHKH, CYUTAETCS MaJbIM I BCEX BHYTPEHHUX TOYEK.
[Ipeamnonaraercsi, 4TO OCTATOYHBIC HATIPSKEHUSI B TJAHHOM CJI0€ MaTepuana (z=const)

OAMHAKOBBI AJIs1 BCCX

TOYEK IIJTACTUHKH. 3TO JIOMYILICHUE,
OYEBUIHO, HAPYLIAETCA BO3JIE KPACB
IJIACTUHKH, HO B COOTBETCTBUU C
npuHuunoMm CeH-BenaHna kpaeBbie 30HbI

HUMCIOT HG60.HBH_IYIO MMPOTSXKCHHOCTD.

HO)IO6HOC AOIMYHICHHEC Puc. 5 OcratoyHble HANPSDKEHHS B IUIACTHHKE

HCIIOJB30BaAJIOCh M IIPHU OMNPCACICHHHU OCTATOYHBIX HaHpH)KeHI/Iﬁ B CTCPXKHIAX.

HpI/IHI/IMaeTCﬂ, 4TO TJIaBHBIC HAITPABJICHWA COOTBCTCTBYIOT HAIIPABJIICHUSAM X U Y, U
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MOTOMY Ha TPaHSX BBIJICICHHOTO 3JeMeHTa (pUC. 5) KacaTelabHbIE HANpPsHKEHUs
OTCYTCTBYIOT. llepeliieM K W3I0KEHUIO METOIOB ONPEIACICHUS OCTATOYHBIX

HaIpsHKEHUN
B IUTACTUHKAX.

B cooTBeTCTBHM C 3TUM METOAOM U3 IJIACTUHKU BBIPE3aI0TCS MOJIOCKH BIOJb
TJIaBHBIX HampasieHui (puc. 6). [llupuna nmonocku b momxHa O6ITH HAOOBIIOHN, C

TEM, YTOOBI HAIPSHKCHHOE COCTOSIHHUE B TIOJIOCKE MTOCJIEC BRIPE3KH OBIJIO OJTHOOCHBIM.
b, b,
3MM 5mm

Jlanee mpoBOIUTHCS MOCIEAOBATEIBHOE CHSTUE CJIOEB IO BBICOTE CEUYCHUS
nosiocku h=25 u 16 MM u omnpenensiorcs H3JI0KEHHBIMU paHee crocodamMu

OCTAaTOYHBIC HAIIPS’KCHUSA B ITOJIOCKE.

PesynbraTel m3MepeHus B JABYX ITOJOCKAax IIO3BOJISIIOT IPOBECTH PpPacyeT
OCTaTOYHbBIX HAMPSHKCHUI B IUTACTHHKAX Oy M Oy. IIpeanonaraeTcs, 4To pa3peska
MOJIOCOK OCYIIECTBISIETCS TaKUM OOpa3oM, 4YTO JOTMOJHUTEIbHBIE OCTATOYHBIC

HaIpsKEHUS He BHOCATCS. [lepelineM K M3110KEHUIO TEOPUH METOIA.

Puc. 6 Meroa nonocok Puc. 7 Ilpunoxenue oOpaTHBIX OCTATOYHBIX

HaHpH)KeHI/Iﬁ 110 OOKOBBIM TpansM IMOJIOCKH

PaccmoTpum cHavasa nojaocKy, 0OCb KOTOPOM MapajsieibHa ocu X. Beipe3anue
MOJIOCKH OKBUBAJICHTHO TPHJIOKEHUIO Ha OOKOBBIX TPaHSIX OCTAaTOYHBIX

HanpsHKeHUH 0y, ¢ 0OpaTHBIM 3HAKOM (pHC. 7)

B PE3YJIbTATC ITPUITOKCHUA 3TOM Harpy3kKu B IIOIICPCHYHBIX CCUYCHUAX ITOJIOCKHU

BO3HUKHYT OOINOJHHUTCIIbHBIC HAIIPSKCHUA UXA' HepBaﬂ 9aCTb 3agadu COCTOHT
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TakuM 00pa3oM B OMpeNeJeHUH HampsbKeHUH U nedopmanuil B y3KOH MOJIOCKE,

Bany}KeHHOﬁ 1Mo OOKOBBIM rpansM, paclpCacCIICHHbBIM OAaBJICHUCM - O'y

Jledopmariuisi B 0CEBOM HampaBlICHUN

1
€xn = E (O-xg - #O-y,q) (14)
b
Tak kak muprHa IMIACTUHKYU Malia, TO
Gyd
Oyp & —0), (15)
I
_55-" N l 15 5!.!"
[TomoGHOE momyIIeHNEe UCTIONB3YETCs B TUIOCKOU 3a/1aue 1 ‘
|
TeOpuH ynpyroctu. B nByx OMU3KUX TOUKAaX paBEHCTBO
(15) sBsetcst TouHbIM (pHC. 8).
e S SN
BcnencrBue manoctu paccToaHuA b Puc.8 ObocHoBaHNE
N HCIPCPHIBHOCTH U3MCHCHUA (1)YHKHI/II/I MpUOIMKEHHOTO paBeHCcTBa(15)
cooTHoleHue (15) criemyer npu3HaTh
CITPaBEJIMBBIM U JJIs1 BCEX BHYTPEHHUX TOYEK.
N3 ypaBHenus (14) nonydaem
1
€xn = E (O-x;g + .uo-y)
3anuimM 3TO paBEHCTBO B Takou popme
=2 16
Exg = 5 Oxp T at (16)
r7ie YCJIOBHAs TeMIiepaTypHas aedhopmanus
_ K
at = oy (17)

CootHomienue (16) sBHsieTCs OCHOBHBIM MpPU pacueTe TEeMIEPATyPHBIX
HaNpsDKEHUHN B cTepkHAX. MTak, JOMONHUTENbHbBIE HAMPSHKEHUS U AepopMaliu B
MOJIOCKE TakKHWe >Ke, Kak Mpu TeMIeparypHod nedopMmanuu, OrpeneasieMon
paBenctBoM (17).
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Ty Tz T3 Ty Ts Te T;
24°C 100°C ~ 200°C  300°C ~ 400°C  450°C  500°C

Ha ocHoBaHuM HM3BECTHBIX PE3YJIbTATOB TCOPHUH CTCp)KHCfI MOXXHO HaIItMCaTb

CICAYIOIIYIO 3aBUCUMOCTD

d d
O'xﬂ=E(fF Eat F+ZfF Ezat F—(Xt) (18)
Jo EdF Jo Ez2dF

IJIe UHTErpaJIbl PACIPOCTPAHSIIOTCS HA BCIO TUIOIIA/Ib MTOMIEPEYHOTO CEUCHUS.
C yuerom 3aBucumoct (17)

J¢ noydF Jg znoydfF
Oyy = E +z — =0 19
XA ( Jo EdF J; Ez2dF y) (19)

N3 ycnoBuii paBHOBECHS] YacTH IUIACTUHKHU (TP CEYEHUU IUIOCKOCTBIO

y=const ) cieayeT

p, OydF1 =0 fFl zo,dF; =0 (20)

rne F; = hl — nyowasb 60KOBOM NOBEPXHOCTH CTEPKHS.
h Smm 10Mm 15Mm 20Mm 25Mm

hl 1000mm? 2000mMMm? 3000mMM? 4000MM? 5000MM?2

Ecinu nanpsbkenuss 0, OJMHAKOBBI 10 BCEH JuMHe [, TO
l
fFl o,dF, = ZfF o,dF =0
!
fFl zoydF, =+ [, zoydF =0 (21)

IIpu nmocrossHHOM 3HaueHuun kKodpduimenta [lyaccoHa pu B pa3IMyHBIX
TOYKaX CEYEHMs, KaK ATO MpUHHMAETCs 00bIYHO, U3 cooTHoueHud (19) u (21)

BBITCKACT

Oxp = —HOy (22)
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Crnenyer OTMETUTD, YTO MOJIYYEHHBIA PE3ylbTaT IPUMEHUM Ha HEKOTOPOM

yAAJIEHUU OT TOPILOB CTEPXkHS, Tak Kak Qopmyna (18) He yduThIBaeT KpaeBou

ahdexr.

OcratoyHble HAMIPSYKEHUSI, CYIIECTBYIOIIUE B MOJOCKE MOCIE BHIPE3KU

Oxn = Ox T Oxy = Ox — U0y (23)

Hanpsixenue o, omnpenensiercs c

ITIOMOIIIMIO ITOCIICAOBATCIBHOI'O CHATHUA

cioeB (puc. 5.9). Hampumep, npu

N

.b\\\\\\\\\iii\\ii\ _

Puc. 5.9 IlocaenoBarenbHOE

U3MEepeHuu nporuda, OyaemM uMeTh

Oen(@) = 12 [(h = )2 L (@) — 4(h -
Qf (@) +2 [ f()dé] (24)

CHATHUEC CIIOEB ITOJIOCKHU
31ech b onpeneneHsl
a, a, as a, as

SmMMm 10MMm 15MMm 20MM 25Mm
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2. MeToauKa 3KCIepUMEHTAIbLHBIX HCCJIe10BaHUI

[Ipu TepmooOpaboTKe anmromMuHuEBOro criaBa AMI'6 Bo3HMKaeT oCcTaTOYHOE

HaIpsHKeHUE, KOTOPOe MPOU3BOAUT K M3ru0y Marepuana.
2.1 DTanbl IKCIEPUMEHTA:

1. lnst mpoBefeHust 3KCIepuMEHTOB U3 jucta AMI'6 Obutn BbIpe3aHbl 00pa3libl

IIPECTaBIICHHBIC HA puC. |

P
ek
-

£l

~

i,
Loy

=

3aroToBka 1

il

.'l: St

pJotls
L0250

&m
1

w0

3aroroBka 2

Puc. 1
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2. Jlanee u3 3aroToBOK (ppe3epoBanu kBaapat pazmepom 160*160 mm  (puc. 2)

iy
|
i,

N

AL - %
]

Puc. 2
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® I3MepeHue MI0CKOCTHOCTH
OTKJIOHEHHE OT IUIOCKOCTHOCTH KOHTPOJIMPOBAIM C IOMOUIBIO JIEKATbHOMN
JIMHENKOM Ha puc. 3

Puc. 3 nunelika nexkanpHas tumna JIY

PesynbTar m3mepeHus mokasaH Ha Tabnuie 1 ¥ moaydms1 Ciaeayronui
BBIBO/JI.

1. JIse croponsl aetanu 1-1 He n3rubarorcs.
2. IlepBas mIoCcKOCTh HE M3rHOAETCs, a BTOpas MIIOCKOCTh U3rubaeTcsl.
3. [IBe MI0CKOCTH M3rHOArOTCs.

4. JIBe TJII0OCKOCTH U3THOAKOTCHI.

39



Tab6mure 1

Herann II;mockocTh | 1
1-1
[TapameTtp 0 0
IImockocTh 2 2'
[TapameTp
Jerais 0 \
1-2 ~_ | 004
II;mockocTh I' 1
[TapameTp .
- I
003 ‘/"/I‘ ‘\‘-\
Jlerann 0.07\\”\
9.1 £ 4 ﬂ
ITnockocTh 2 2'
ITapametp / 7
004> . 00k 004~ 00k
Jletannb (S{ i i
2.2 *b —®
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4. V3 miacThH Ha 3JEKTPO3pO3HOHHOM cTaHke DK7725 BeIpe3anu NOJOCKU

TOJMHONW 1 MM Ha puc. 4.

Puc. 4

JIJIss cclieZIOBaHUs OCTATOYHBIX HAIMPSHKCHWH M3 MOATOTOBICHHBIX IJIACTHH
BBIPE3aJIM Ha JIEKTpodpo3uoHHOM cTtanke DK 7725 monocku pazmepom 160%25%25

MM.

C Ka)KI[OI\/JI ITOJIOCKH CHUMAJIHU C IIOMOIIBIO 3JICKTPOIPO3HMOHHOI'O CTaAHKaA cliou

1 Mmm

[Tocne BbIpE3anu, 4TO OAHY M3 IUIACTUHOK IOJBEPTAJIM BAKYYMHUPOBAHHBIM
omxury 440°C, ¢ npyroii miacTUHKUA Gppe3epoBaju Cjaou riyoruHou 3 MM (CKOPOCTh

(peseposarns 8000 ©0/y 1 u mogaua 100 MM/ )
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2.2U3mepenue nporuda
N3mepenue mporuOoB IJIACTUHOK IOCJIE CHATHUS CJIOEB OCYLIECTBISUIM Ha

CIICIaJIbBHOM HpI/ICHOCO6JIeHI/II/I.

Cxema npucnocoOeHust oKa3aHa Ha puc. 5

ABNMUECKWA NPWBOL,
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IToroM MbI BeIpe3aeM 4 nonocok (puc.2) u3 aeranu (puc.l). Kak ciaegyronuit

YEPTEXK.
5
[
[
D S
0 S,
B)
)
160
Puc.1
- [ [
A
- 1. LA
[ [ 5
Y|
5
) o
k2 ™
| i ot
J ;
Va) Vy)
! /

Puc.2
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HSMepeHI/Ie OCTAaTOYHBIX HAIIPSKCHUH BBITTOJIHAJIN 10 CJ'IGI[YIOIHI/Iﬁ MCAOOTHUKMU.

(mopoH 2
/ ' Ly
AL l
(mapoH T
[Tnactunka 1
1 2 3 Cpenuss Hanpasnenue
BEJIMYMHA nporuba
Cropon 1 19 20 20 19,7
Cropon 2 7 7 8 7,3
Tporu6 12 13 12 12,3 i
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PaCCMOTpI/IM BApUAHT MCXAHHUYCCKOI'0 MCETOAa OINPCACICHHUA OCTAaTOYHBIX

HaIps’KCHUAX.

HpI/I CHUMaHMHU cJIosS Aa BO3HHKaeT HpOFH6 IIJTIOCKOCTH. HOI[ ﬂeﬁCTBHGM

OCTaTOUYHBIX HANPSIKEHUSX IUIOCKOCTh OyJIeT MOA U3ruoy.

[Ipu uncrom usrude:

MI?

f =85

B AMI?
~ 8ET

Bh3

=13

h
AM:O—OCT*B*Aa*E

YuuThiBas paBEHCTBA, HAUJAEM

Toer ¥ Aa * B x h x [2 x 123
2+8%E xBx*h3

Af =
[Tomyyaem

4 ER? Af
3 12 Aa

O-OCT -

I'ne E —wmonxymu ynpyrocru
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| —pnuna
h —BBICOTA

Af —mporu6d

Mopyau ynpyroctu (E) 17151 HEKOTOPBIX BEILIECTB:

Marepuan E, MIla E, krc/cm?

AJTFOMUHUN 70000

Bona 2030
JlepeBo 10000
Koctp 30000
Mens 100000
Pe3una 5
Cranp 200000
Crexio 70000

E =70000 MIla

[ =160wMm
h =25 MM
Af =12.3 MKkM
Aa = 5 MM
4 Eh?

Oger = 5 % —5—
oCT 3 12

713 800
20300
102 000
305 900

1 020 000
50

2039 000

713 800

4 ER Af
%o =3 " ad

Af 4 70000 %25% 1231073
= *

* —— = — %

Aa 3 1602

5

= 5,605 MIla
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(mopoH 2

e
T |
” |
(maopoy 1
[ImacTuHka 2
1 2 3 Cpennsis | HanpaBnenue
BEJIMYMHA nporuda
Cropon 1 28 30 27 28,3
CropoHn 2 8 9 7 8
[Tporud 20 21 20 20,3 t

_ 4 ER? Af 4 70000252 20.3+1073

OcrarouHoe HAIIPSAKCHUC IINIACTHUHKH 2

= = = 15,419 MII
Tor =3 2 "Ag T3 1602 3 >419 Mila
Lmapor 2
’ Loy
|
1
CLmopoH 7
[Inactunka 3
1 2 3 | Cpenusas | HampaBienue
BEJIMYMHA nporuba
Cropon 1 1 -3 -1 -1
Cropon 2 12 8 11 10,3
[Tporu6 11 11 12 11,3 '
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OcTaTto4yHOe HanpsHKEHUE MIIACTHHKY 3

4 Eh? Af 4 70000 * 252 11.3%1073

G =3 T *pT3 T 152z 0T 5 »70eMia
(mopoH 2
! ™
(mapos T
[Imactunka 4
1 2 3 Cpennsis | HanpaBnenue
BEJIMYMHA nporuba
Cropon 1 26 29 30
Cropon 2 8 9 9
[Tporu6 18 20 21 19,7 t

OcTraTtoyHO€ HaNpsIKEHUE TUIACTUHKA 4

4 Eh* Af 4 70000 * 252 19.7%1073

UOCng*l—Z*A—a—g* 1552 3 = 16,579 MIla
Pe3ynbpTaThl HccieIOBaHUS OCTATOYHOTO HAMPSIKEHUS
Cpennsis Harmpasnenue Oocr
BEJIMYMHA nporuda
Iliactunka 1 12,3 t 5.605MIIa
[TnactuHka 2 20,3 t 15.419MTla
[Imactunka 3 11,3 ‘ 5.706MlI1a
[Inactuuka 4 19,7 f 16.579MI1Ia
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B HOCJ'I@I[HI/Iﬁ MBI ITOJTYIHIINA TaKoOH YCPTEIK, UTO 3aKIHOYACTCA 3arOTOBKA

nporuda.

5

i - g —
C— — TN
e ™~

-
J

60

25

Puc. 3 O0muii BU HarpaBIeHUs! TPOTrHOOB IJIACTUHKH MOCIIE BBIPE3KU

faozud 173

L

B0

%)

foozud 113

60

%)

Ly
[
2 K
7
[gzug 197
— —
—
7 K
4

Puc. 4 O6muii pazMep TUIACTUHKY TIOCIIE BHIPE3KH
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Bripesanu kaxapie MIaCTUHKA U U3MEPUITU U3THO.
ITnacturaka 1

J1o BBIpE3KHM

;t IR

CropoHa o BbIpe3aTh Cpennee
1 10 10 8 9,3
2 -8 -6 -8 -7,3

[Tocne BbIpe3ats 1Mm

7

Z

[Tocne BrIpe3aTh Cpennee A
10 12,5 14,5 12,3 3
-13 -11 -9 -11 -3,7

E =70000 MIla

[l =167 Mmm
h =16 mm
Af; = 3 MKM
Af, = —3,7 MKM
Aa =1 MM
4 EhR®> Af 4 70000x16% 31073
O-OCT1:§*I_2*A_a:§* 1602 * 1 = 2,17 MIla
4 Eh?> Af 4 70000*16% 3,7x1073
Opepy = = * * —— = — % * = 2,57 MIla

3 12 Aa 3 1602 1



ITnacturaka 2

J1o BBIpE3KHM

7
Z
CropoHa o BeIpe3ath Cpennee
1 10 8 10 9,3
2 -8 -10 -7 -8,4

dbpesepoBaTth 3IMM

[\

Bripesars IMM

@ %

Hocne ¢pe3epoBath [Tocne BIpe3aTh Cpennee
2 6 7 9 6,3 4
2 -6 -7 -5 -6 -3,4

E = 70000 Mlla

[ =199 mm
Af; = 3 MKM
Af, = 2,4 MKkM
Aa =1 MM
4 Eh? Af 4 70000 %*16% 4x1073 41 M
= — kX — _ = — % ES =
Qo1 =3 2" " Aq T 3 1992 1 ’ 4
4 Eh? Af 4 70000 16> 3,4%1073
Ogcr2 = 5 ¥ 7, * 7 - =5 * * = 2,05 Mna

3° 12 "Aa 3 1992 1
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ITnmactuaka 3

J1o BBIpE3KHM

;E B

Cropona o BbIpe3ath Cpennee
1 4 6 2 4
2 -8 -6 -12 -8,6
[Tocne BbIpe3ats 1Mm
7
= Tlocsie BHIpE3aTh Cpentee A
8 9 6 7,7 3,7
-11 -12 -14 -12 -3,4
E =70000 Mlla
[ =199 mm
h =16 mm
Af; = 3,7 MKM
Af, = —3,4 MKM
Aa =1 MM
4 Eh®> Af 4 70000x16% 3,7+1073
G =3* T ‘g =3 199z ¢ 1 »* M
4 Eh®> Af 4 70000*16% 3,4x1073
Corz =3 T *Rg T3 1992 0T 1 20°Mia
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ITnacturaka 4

J1o BBIpE3KHM

7
Z
Cropona o BbIpe3athb Cpennee
1 7 8 7 7,3
2 -7 -7 -8 -7,3

[Tocrne BeIpe3ats MM

7

Z

[Tocne BbIpe3aTh Cpennee A
4 3 3 3,3 4
-4 -3 -4 -3,7 -3,6

E = 70000 Mlla

[ =147 mm

h =16 mm

Af, = 4 MKM
Af, = —3,6 MKM
Aa =1 MM

4 Eh? Af 4 70000 * 16> 4 %1073

Oocr1 — § * 2 * Aa_ 3 * 1472 * 1 = 4,42 MIla
4 Eh* Af 4 70000%16> 3,6+1073
O-OCT2=§*I_2*E=§* 1472 * 1 = 4,01 Mna

P€3y.HI>TaTI>I HCCIICAOBAHUA OCTAaTOYHOI'O HAIIPAKCHUSA



2.3 BeiBoOA:

1. B Hauvane Mbl U3MEPUJIU MIOCKOCTHOCTH BCETO 3arOTOBKH M Y3HAJIM, YTO BCE
MJIOCKOCTh 3aTOTOBKM U3THOaeTCs.
2. IloTrom mbl BbIpe3aiu 4 TUIACTUHKHU, KOTOPBIE TONIIMHA 3 U 5 MM. MBI U3MepuiIu

UX MPOrud u nodyymiu tadbnuua 1.

Tabmuma 1
Cpenusis | HanpaBnenue Oocr
BEJIMUMHA | Iporuda
Iltactunka 1 | 12,3 t 5.605MlIIa
[Tnactunka 2 | 20,3 f 15.419MIla
[Tnactuuka 3 | 11,3 ‘ 5.706MI1a
IInactuuka 4 | 19,7 t 16.579MI1a

Onu Bce n3rudaeTcs U 3HaJIM IUIACTUHKA 2 U 4 00JibIliee MpOorud YeM 1iacTUHKa

1 u3.

MBI OAYYUIIH YTO B IEPBOM YEM OOJIbIIIE TONIIMHA, TEM MEHBIIIE OCTATOYHOE
HaIpspKeHUe W MeHble nporud. Bo BTopoM udem Oosbllie BOJIM3M LIEHTA, TEM

OOJIBIIIE OCTATOYHOE HaIpsKCHUC U 0O0JIBIIIE OCTATOYHOE HaITpsA>KCHUC.
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3. Mnr BbIPE3ajin 4 MOJIOCKU U HU3MCPHUJIIN UX U3ru0 M IIOTOM BbIPC3aJId IIJIACTUHKHU

(1 MM) U3 KaXIbIX MOJOCKH W U3MEPWIN UX U3rub. B KOHIE, MBI MOTYyYUIIU

Tabnuma 2.
Tabnuma 2
ITonmocka o ®pezepoBath | A(MKM) | g,.(MIla) | Ilocne A(MxM) | 0,.p(MIla)
BBIPE3KU BBIPE3KH
1 11,65 - - - 8,3 3,35 2,37
2 8,85 2 6,85 9,57 6,15 2,7 2,23
3 9,45 - - - 6,3 3,15 2,34
4 7 - - - 4 3 1,12

1) Ilocne BBIPC3aHUA INIACTHUHKH, OCTATOYHOC HAIIPSIKCHHUC ITIOJIOCKHU 6yz:eT MCHBIIIC.

2) U3 PE3YJIbTATOB HCCIICAOBAHUA BHIAHO YTO IIPCACTABJICHHLIX PC3YyJibTaTa HC

JOCTAaTOYHO YTOOBI Oo0Jiee MOJHO MPOAHAIM3UPOBATH KAPTUHY OCTATOUYHBIX

HaIpsDKEHUSIX B IUIACTUHKKA W3 ciiaBa AMI'6 mocne pas3inyHbIX METO/IOB

00paboTKH.

3) Pe3ynbTaThl SKCIIEPUMEHTOB MMOKA3aJH, YTO TPpU (Ppe3epOBaHUU C YKa3aHHBIMU

peKMMaMU OCTaTOYHHBIE HAMPSHKEHUS B MOJOCKaX B 4 pa3a OoJibllie 4YeM B HE

00paboTaHHBIX (pe3epOBAHUEM TTOJIOCKAX.

4) Pe3ynbTaThl KCIIEPUMEHTOB MOKA3aJld, YTO MOCJIC BAKyYMHPOBAHHOTO OT)KUTA

CHU3HUJIM OCTATOYHBIC HAITPSAXKCHUA.
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3.9KOHOMMYECKHH pa3ae
Onucanne padoThbI.

B uccnenyemoii pabote MHOIO ObLIT pACCMOTPEH METOJ CHATHUS OCTaTOYHBIX
HalpsDKeHUWM B moJsiockax. [lpm  ompeneneHMM OCTATOYHBIX — HANPSDKEHUU
UCIIOJIb3YETCSl OObIYHAsA TEOPHUSI TOHKUX IIACTUHOK. OHAa OCHOBaHA Ha TUIIOTE3E O
MPSMOJIMHEMHOCTH HOpMalied B mporiecce aeopmanuu. MHOIO HCCIEIOBAHBI
JUTEPATYPHBIE HCTOYHUKH, KOTOPBIE PpACKPBIBAIOT TaKHWE BOIPOCHl  Kak:
nedopManusi aJllOMMHHMEBOIO CIUIaBa, W3MEPEHHUS OCTAaTOYHBIX HAINPSKEHUH,

TCPMHUUCCKAA 06pa60TI<a, d TAKXKC pacdCT MCTOJZIa B IIOJIOCKAX.

OnHuUM 13 TIaBHBIX IOCTOMHCTB MPOEKTUPYEMOIO MHOIO METOJA SIBISETCA
€ro mpoctaThl W TOYHOCTb. Ha Mol  B3rsig 1 TOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH TPOEKTHUPYEMOTO METOJIa HEOOXOJMMO TMOBBIIIAThH
MPOU3BOJIUTEIIBHOCTh, UMEHHO MCIOJIb3YETCS aBTOMATHYECKHE H3MEPUTEIIbHbBIC
MexaHu3Mbl. [lociie 3TOro MOKHO TyMaTh O BBIIBUKEHUH ITPOEKTUPYEMOTO METO1a
HAa PBHIHOK KaK YHUBEPCAIHHOTO B TOJHOM Mepe KOHKYPEHTOCIOCOOHOTO

CYIIECTBYIOIIUM METOJIaM.

1. AHaJIM3 KOHKYPEHTHBIX TeXHHYECKHX peleHHil ¢ NO3HIUN

pecypco3¢deKTUBHOCTH U pecypcocOepexeHust

JIs1 OIIEHKH MPOJYKTAa ¢ KOHKYPUPYIOUIUMH pa3paboTKaMu HEOOXOIUMO
MPOBECTU CUCTEMATHMUECKUN aHaIu3, TaK KaK PBIHKA TOCTOSIHHO H3MEHSIOTCH.
JlaHHBIN aHATU3 TOMOTAET KOPPEKTUPOBATH MCCIEIOBAHUE )i 00JIee YCIIEITHOTO
MPOTUBOCTOSTHUS CO CBOUMH KOHKYPEHTaMHU, a TAKXKE ONPEISTUTh HapaBIeHUE JJIs

Oyay1iero nosbliieHust 3PHEKTUBHOCTH HAYYHOT'O HCCIICI0OBaHUS.

I[J'IS{ JaHHOI'O aHaJIn3a B Ka4YCCTBC CPABHCHUSA MOI'YyT OBITh HMCITOJIb30BAHBI

BCC I/IH(l)OpMaI_[I/IOHHBIC JaHHBIC O KOHKYPCHTAax.

[TpoBenem aHHbBIM aHAIU3 C TOMOIIBIO OLIEHOYHOM KapThl (Tadi. 1).
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Tabmuna 1.

b MPO/YKTa

Kpurtepun onenku Bec Banabl KonkypenTHoCHO-
KpuTepus COOHOCTH

B<b b« | be2 qu K1 Ki
1 2 3 |4 |5 6 7 8
TexHUYeCKHE KPUTEPUU OLIEHKH pecypcodPPeKTUHBHOCTH
1. YHuBeEpCanbHOCTb 8|01 5 |3 |3 0,5 0,3 10,3
aKcnayataymm
2. TouHocTb npumeHeHus | 0,1 3 |4 |4 03 |04 |04
3. [Mpoctota npumeHenus | 0,05 5 |3 |2 0,25 [0,15|0,1
4. BO3MOXHOCTb 0,05 5 4 |1 0,25 |0,2 |0,05
NOAK/IOYEHUS B ceTb IBM
5. KauectBO 0,05 2 |4 |5 0,1 |02 |0,25
NHTENEKTYaIbHOTO
nHTEpdenca
6. HaydHas HOBM3Ha 0,05 4 |5 |1 0,2 0,25 | 0,05
7.  ToTtpebHocTb B | 0,05 2 |2 |4 01 |01 |02
pecypcax namsti
1. KoHkypeHTocnocobHoct | 0,1 2 |4 |4 0,2 |04 |04
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.  YpOBeHb 0,1 1 |4 |3 0,1 04 10,3

MPOHNKHOBEHNA Ha PbIHOK

3. LeHa 0,1 3 |3 |3 03 |03 (03
4. Tpegnonaraemblin cpok | 0,05 4 14 |4 0,2 0,2 10,2
aKcnyaTaumm
5. [locnenpogaxkHoe 0,05 3 (3 |4 0,15 |0,15|0,2
obcnykmBaHve
6. ®uHaHCKMpOBaHVe 0,05 5 |5 |5 0,25 [0,25|0,25

Hay4yHOM pa3paboTku

7.  Cpok Bbixofa Ha pbiHOK | 0,05 5 |5 |5 0,25 [0,25|0,25

8. Hanunuue 0,05 2 |4 |4 0,1 0,2 (0,2

ceptTuduKaLmm pa3paboTky

HToro 1 38 |47 |43 3,25 |3,75|3,45

OcCHOBBIBasICb Ha TIPOBEICHHOM aHAJU3¢ CIeAyeT OTMETHTh TO, 4YTO
HamoOoJee 3¢ HEeKTUBHBIM HaIlpaBIICHHUEM JUISt MOBBIIIECHUS
KOHKYPEHTOCTIOCOOHOCTH ~ WMCCIICJIOBAHUSI  SBJISICTCS  TOBBIIICHHE  KadecTBa
WCIIOJIb30BAHUSI TIAMSITH B HCCICJOBAaHWUHU, a TaKXKE TOBBIIICHUE KavyecTBa
WHTEJUICKTyalnbHOTO  HMHTEep(deiica. KoOHKypeHTHbIE METOIBI  HCCIEIOBaHUS
pazpabarsiBasiCch 6€3 mpuMeHeHus coBpeMeHHbIXx OBM. Crnenyer ckazaTh, 4TO 3TO
HE MEIIAeT UM MOJICPHU3UPOBATHCS, OJTHAKO PHIHOK BEPOATHEE BCETO PACCMOTPHUT
YK€ CYIIECTBYIOIINE COBPEMEHHBIC METOJIBI, HEXEIH OYyACT TPAaTUTh PEeCypchl Ha

PCOpPraHru3anIo CTapblxX METOAOB UCCIICIOBAHUS.

O,ZIHI/IM N3 TJIAaBHBIX MNPCUMYIICCTB HCCICAYEMOI'0 MCTOJA SABIIACTCA €TI0

YHUBEPCAITBHOCTb, YTO TTO3BOJISIET PACIIIUPUTH BRIOOP PHIHKA PEATH3AIINH TPOTYKTA.
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OI[H&KO, KaK IIOKa3bIBACT IIPAKTHKA, HOTpe6I/ITeJIB OTAACT MPCAINOYTCHHUA TOMY

MPOJYKTY, 32 KOTOPHIM 3aKPEIUICHbl pa3linyHble HayuHble cepTudukaTel U T.1. Ho

B JJaHHOM IIpUMepe HAIMYUIO MOJ00HBIX CEepTUPHUKATOB yI€JICH MEHbBIIINN BEC, TaK

KaK 110 CYTH MCTOAMWKA YHHUKAJIbHA.

2. ITlnan mpoekTa

Ha CTan IINIAHUPOBAHUA IIPOCKTA y,Z[O6HO IIOCTPOUTD KaneHnaprIﬁ

rpaukyd Hay4dHOro uccieaoBaHus. /JaHHple rpaduku MOMOTAalOT KOHTPOJIMPOBATH

IOTOBHOCTDL INNIIAHHUPYCMBIX pa60T, a4 TaKKC II0 MCpPC HGO6XOI[I/IMOCTI/I BBOIUTH

KOPPEKTUBBI.

JIuneiHplil rpaguk padoT MpeACTaBUM B TAOJIHLIE 2.

Tabmuma 2.

Kona Ha3zBanue JdnuteabHocThb, | JlaTa Jara Cocras

padoThI JTHH. HAYajJa | OKOHYAH | yYaCTHHKOB

(n3 pador usi pador

NCP)

1 CocraBiieHue 30 01.09.15 [ 01.10.15 | Yo=p
TEXHHYECKOTO CUHBbXaHb,
3aJIaHUs OxoTHH

2 JIutepaTypHbIi 30 01.10.15 | 01.11.15 | Y»Hb cUHBXAHB
0030p

3 [TatenTtHb mouck | 30 01.11.15 | 01.12.16 | Y»Hb cCUHbXAHb
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4 Uccnenosanue 30 01.02.16 |01.03.16 | UYosn»b
nedopmanuu CHUHbXaHb,
Marepuasa OxoTuH

5 UccnenoBanue 30 01.03.16 | 01.04.16 | Y»ub
OCTAaTOYHBIX CUHBXaHb,
HANPSIKECHUN OxoTtuH

6 Uccnenosanue 60 01.04.16 |01.06.16 | Ysnb
MeTOo/1a CHSITHUS CUHBbXaHb,
HAIPSKECHUS OxoTuH

7 Hayunas npaktuka | 15 15.08.16 | 30.08.16 | YUsHb

CUHBbXaHb,

8 [TpoextupoBanue | 90 01.09.16 | 01.12.16 | YU»Hb CHUHBXAHb
MeTOoJa CHSTHS
OCTAaTOYHBIX
HaIpsLKEHUN B
MOJIOCKAxX

9 ITepBruunas 15 01.12.16 |15.12.16 | YUsHb CHUHBXAHb
anpoOarus
IPOCKTHUPYEMOTO
MeToja

10 Hayunas npaktuka | 15 01.02.17 |15.02.17 | YnHb cUHBXAHB

11 N3mepenue 45 15.02.17 | 01.04.17 | YsHb CUHbXAHb
nedopmarnuu u
OCTATOYHBIX

HANPSKECHUN
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12 Tepmuueckas 15 01.04.17 |15.04.17 |Youb
o0OpaboTka CUHBbXaHb,
OxoTuH
13 Otpesathb 15 15.04.17 | 01.05.17 | YsHb CHUHBXAHb
TTACTUHBI
14 Pacuer 15 01.05.17 |15.05.17 | YUsHb cUHBXAHB
OCTaTOYHBIX
HaIpsKCHUN
15 CpaBHeHHE 15 15.05.17 | 01.06.17 | Yon=p
IIPOCKTUPYEMOTO CHHbXaHb,
MeETOoa Oxotux
HCCIICIOBAHUS  C
JIPYTHUM METOJIOM
16 [TonBenenne utoro | 7 01.06.17 |08.06.17 | UYonb
o pabore CUHbXaHb,
OxoTuH

B nuneiinom Tpaduke HE YYUTBHIBAIOTCA TMEPHOJbI 3UMHUX M BECEHHUX
kaHukysl. Crenyer Takke ydecTb, 4YTO JaHHbIA TIpaduk cocTaBisieTcs
WHIMBHUyaJIbHO, HEKOTOpbIE MEpPUOJIbl BPEMEHU PabOT MOTYT HE COBMAJaTh C

KaJICHAAPHLIM I1IJIaHOM y‘IC6HOFO 3aBCACHUA.

3. PeecTp pucKOB HMccJIe/IOBAHMS

Bo3MoxxHbIC PUCKH TIIPOCKTAa BKIOYAKOT B cels HEMIPCABHUICHHLIC
O6CTO$ITCJ'IBCTB8., KOTOPbIC MOT'YT BOBHUKHYTH B JAHHOM IIPOCKTC U BBI3BATH UCPCAY

MOCIIEACTBUI, KOTOPBIE MPUBEAYT K HETaTUBHBIM 3¢ dexTtam. [ aHanuza prucKoB
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HEOOXOJMMO TPUBECTU OOBEKTUBHYIO OIEHKY HMEIIIecss HHpOpMaIuu 10

JaHHBIM PUCKaM.

JlaHHbBIE IO pUCKaM MpUBEAEM B Tabnuiie 3.

Ta0mumna 3.

No | Puck [Torenmmansuo | Beposarnocts | Bausinu | YpoBeHb Croco0bl YcnoBust

€ BO3/ICHiCTBUE | HACTYIUIEHUS | € pUcKa | pucka®* CMSITYEHUS HACTYIIJICHUS
(1-5)
(1-5)

1 | HenuneitHocTh Ommbka B|5 5 Bricokuit | Koppektupos | Omubka npu
MOTPAaBOYHBIX BBIYHCIICHUSX Ka MPOEKTUPOBAH
KO3 PHUIIHEHTOB ko3 dunreH | UM MeToaa

TOB

2 | Ommbxka Ommbka B|1 ) Boicokuit | Oxcnepumen | Ommbka  win
XapaKTePUCTHK BBIYHCIICHUSX TajabHOE HETOYHOCTh
Mmarepuana Olpe/ieNIeHue | JaHHBIX o

TpeOyeMbIX Marepuanam
XapaKTEPUCT
UK

3 | OmubouHoe Ommbka B|3 4 Cpennuii | YTouHneHue Hesephnoe
IPEIOI0KEHNE BBIUUCIICHUX ypaBHEHHH HCCIIeIOBaHHE
npu negopManuii | BOZHUKAIOIINX
ONpeIeIeHUN nedopmanuit
nedopmaruit

4 | HeBepubiii  BbIOOp | OmmOka B|2 2 Beicokuit | Beibop Ommubka mpu
OCHOBOIIOJIATaIOIe | BBIYMCICHUAX aHAJIOTMYHOU | MPOEKTUPOBAH
i MeTOIMKH METOUKH uu

5 | Omubka Ommbka B |4 5 Cpennuii | [ToBTOpHOE Omubka
pacueTHO BBIUUCIICHUSIX pOTpaMMHUpP | IPOTPAMMHUCTA
nporpamMmme OBaHUE
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llpumeuanue: YpoBEeHb pUCKa MOXKET OBbITh: BEICOKWN, CPEAHUHN WIIM HU3KHM
B 3aBUCHUMOCTH OT BEPOSTHOCTH HACTYIUICHUS U CTEIICHU BIIUSIHUS pUCKa. Pucku c
HanOOJIBIIIEH BEPOSTHOCTHIO HACTYIUICHUS M BBICOKON CTETICHBIO BIUSHHS OyIyT
MMETh BBICOKUI YPOBEHb, PUCKH K€ C HAMMEHBIIEH BEPOATHOCTHIO HACTYIUICHHS U

HHU3KOW CTECICHBIO BIMSIHUS COOTBETCTBEHHO HU3KHUU YPOBCHBL.

Ucxons u3 Tabmuubl 3, Hauboyiee XapakTEPHBIMH PUCKAMH SBISIOTCS
omuOKku pu 00paboTke ¢ JaHHBIMH. Bce mepednciieHHple PUCKH BO3EHCTBYIOT Ha
OIIMOKHA B BBIYUCICHUAX, APYTUMH CIIOBAMHU TNPHU MOJTYYCHUU KOHEUYHBIX JAHHBIX.
OCHOBHBIM YCJIIOBUEM BO3HMKHOBEHHS [IaHHBIX PUCKOB SIBIISIETCSl YEJIOBEUECKUU
dakTop, TaK Kak MPOCKTUPOBAHHE METOJUKU MPOU3BOJUTCA HUCKIIOYUTEIHHO
BpYyuHYI0. EMUHCTBEHHBIM HaJIeKHBIM U 3(P(HEKTUBHBIM HAMIPABICHUEM CMATYCHUS
JTAHHBIX PHUCKOB SIBIIETCA MEPUOAMYECKAs MEPEMPOBEPKA PACUETOB, COXPAHEHUE
CTapbIX BBIYHUCICHUA M HX CPaBHEHUE C aKTyalbHbIMU. lHaue HCKIIOYUTH

YyeJI0BeYECKHI (PaKTOp HEBO3MOXKHO.
4. Tlpeanoi0KUTEJIbHBIH OI01KeT HAYYHOI0 UCCJIe0BAHUSA

Crnenyromuii pa3fen npeajiaraeT Ha pacCMOTPEHUE OJHY U3 BO3MOMXHBIX
CUTYallMi TOCTAaHOBKH OIOJDKETa JJisi HAyYHOTro uccienoBanus. CilienyeT OTMETUTh
TO, YTO B PEaJIbHOM MPOEKTE HE OBLIO MOTPAYEHO CPEACTB (HE cuMTas 3apruiaTy
PYKOBOJUTENS U T.I1.) HA CaMO MCClieIoBaHKe. ENMHCTBEHHBIM PECYPCOM SIBIISLIIOCH
BpeMmsa. [loaToMy s oneHku OroJpKeTa TPENNoNokKUM KapTUHY, KOrja
TEOPETUUYECKOE MPOEKTUPOBAHKE ObLIT y>KE MPOBEACHO, M MCCIEA0BAHKE MOOILIO K
ATamy MPAKTHUYECKOW ampoOamuu C HCIOJIb30BaHHEM OOOpPYIOBaHUS, KOTOPOE

paccMaTpuBajIoCh B MPEIbIIYIINX pa3aenax.

[Ipu HEemocpeCTBEHHOM IJIAaHUPOBAHUU OIOKETa JJOJHKHO OBITh B MOJTHOU
Mepe OTpPaKEeHbl T€ WM UHBIEC MJIAHUPYEMBIE PACXOJIbl, KOTOPBIX TPEOYET MPOEKT.

O603HaYMM OCHOBHBIE TPYTIITHI TUTAHUPYEMBIX PACXOJIOB KaK:
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e Pacxon Ha o0opynoBaHue (ucnpITaTEIBHBIE CTEH/IBI,
IPOU3BOJCTBCHHBIE CTAHKH);

e Pacxon Ha paboumii mepcoHal (3apadoTHas 1jiata, 00yuyeHHe H T.11.);

e Pacxonq Ha BBINIOJHEHHE CTOPOHHHUX HAYYHBIX HCCIICIOBAHUM
(uccnenoBaHue MeTOIA 3apyOEKHBIMH YUEHBIMH U T.11.);

e [Ipoume pacxonupl.

Pacuet ctouMocT MaTepHalibHBIX 3aTPAT MPOU3BOAUTCS MO JIEUCTBYIOIIUM
MpENCKYypaHTaM WM JIOTOBOPHBIM ILIEHaM. B CTOMMOCTh MaTepualbHBIX 3aTpar
BKJIIOYAIOT TPAHCIIOPTHO-3arOTOBUTENBHBIE pacxoibl (3 — 5 % ot 1ieHsl). B oty ke
CTaThlO0 BKJIIOUAIOTCS 3aTpaThl Ha OQPOpPMIICHUE MOKYMEHTAlMU (KaHUEISIPCKUE

NPUHAIIIEKHOCTH, TUPAKUPOBAHUE MATEPUATIOB).

Takum o0pazom 0003HAUYMM TUTAHUPYEMbIE 3aTpaThl B Ta0HIIE 4.
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Tabmua 4.

Bun pabot CelIpbe, CneunanbHoe OcHoB- | Homonnu- | Otuunc- Hayunpie u | Omnata  pabot
MaTepualbl, | 000pylOBaHUE | Hasl 3a- | TeIbHAS JCHUS Ha | IPOU3BOJ- | BBITIOJIHSIEMBIX
NOKYNHBIE | JUII  Hay4dHBIX | paboT- | 3apaboOTHA- | cOlMalb- | CTBEHHBIE | CTOPOHHHMU
u3nenuss u | (KCIIEpUMEHTa | Has s TIaTa HBIC KOMaHJIUp- | OpraHU3alusIMH
nonygaOpu | JIBHBIX) paboT | TUIaTa HYKIbI OBKH u TIPEANPHST
KaThbI TUSIMH

Kounctpyuposanue | 50 0 20 10 8 20 0

MeXaHu3Ma

U3MEpEHUs

Pa3pabotka 20 0 20 10 8 20 0

TepMOOOpabOTKH

ABTO-pacyer 0 0 20 10 8 20 0

Marepuasibt 100 50 15 10 8 20 0

HcnbiTanue 30 60 15 10 8 20 50

*3HaueHus B sTUEHKaX yKa3aHbl B ThICsIYax pyOIeil.



Cnmcok HCIOJIb30BAHHOM JIMTEpPaTyphl.

1. Bunses U. I'., Cepukona I'. H., I'aBpukoBa H. A. ®uHaHCOBBIN MEHE)KMEHT,
pecypcoddHEeKTUBHOCTE U pecypcocOepekeHre:  yuyeOHO-METOIUYECKOe
nocobue //UI" Bunses, I'H CepuxoBa, HA I'aBpukoBa, HB IllanoBanosa, JIP
Tyxsarynuna 3B Kpununeina. — 2014.
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4. CONUAJIBHAA OTBETCTBEHHOCTD

Onucanue padouero mecra

B sTom pa3aciic 06CY)KI[8,I-OTC$I OpraHn3allMOHHBIC BOIIPOCHI, CBA3AHHBIC C

paboyrM MECTOM B COOTBETCTBUU C MPOMBIIUICHHON THTHMEHBI, MPOMBIIIICHHON
0€30MacHOCTH U MPABUJI TEXHOJIOTUH 3alIUTHI OKPYKAIOIIEH CPEIbL.

B I[aHHOI\(JI pa60Te, Ha OCHOBC KauiCHHUA H HpOMG)KYTO‘IHOﬁ IIIIOCKOCTH

paANaIbHOIO NMEPEAATOYHOTO MEXAHU3Ma, KOTOPBII Peo0pa3yeT KpyTALIMHA MOMEHT,
K KOTOPOMY OHa MPUHAJICKUT. MEXaHU3M SIBISIETCS MPOU3BOACTBO MPOIYKTA.

['opu3oHTaIbHBIE W BEPTUKAIbHBIE IIJIOCKOCTH KOHCTPYKLIMHM CTaHIIMHU
MMOHUMAaTh, YTO NOAXOJAIIEE YCTPOMCTBO A TOJy4eHHs (DYHKIIMOHAJIBHO
B3aMMOCBSI3aHHOTO TMPOCTpaHCTBA (00OpyAOBaHUS, HHCTPYMEHTOB U OOBEKTHI
YeJI0BEYECKOr0 TPya) AOJKHBI ObITh PACIIOIOKEHBI B pabodyeM Ipoliecce.

Cnegyer y4MTHIBaTH MPU MPOCKTUPOBAHHHM pPabOTHl CBET, TeMIIepaTypa,
BJIQXKHOCTb, JABJICHHE, IIyM, BUOpaIMs, 3arpsi3HEHHE, JJIEKTPOMAarHUTHOE ToJie, a
TaK)Ke HaJIMYMe IPYyTruxX CaHUTApHBIX TPeOOBaHUH 1Jis1 pabOThl OpraHU3alUu.

[Tpu npoexkTHpoBaHUM MPOU3BOJICTBA CJIEIYET HE TOJIBLKO 0OpaIiaTh BHUMaHUE
Ha OXpaHy OKPY>KarolIeil cpe/ibl, B YACTHOCTH, B 0€30TXOTHOTO MTPOU3BOACTBA.

DTO Takke BO3MOXXHOCTh SKCTPEHHON HEOOXOJUMOCTH paccMaTpuBaTh.
ITockonpKy NpOU3BOACTBEHHAS TUIOIIAAb HAXOAUTCS B ropoae TOMCK, BO3MOKHOM U3
UC aBnsiercst HaBogHEHUE. Tak Ke, B CBSI3U C HECIOKOMHOW CUTYyallMe B MUPE, OJTHOU

13 BO3MOKHBIX UC MOXKET OBITh TUBEPCHSL.

1 AHaJyiu3 BbISIBJICHHBIX BPEAHBIX (DAKTOPOB NPOEKTHPYEMOI POU3BOACTBEHHOM
cpeasl
Ha npousBoacTBe, rae HAXOASITCs pa3inyHOe 000pyI0BaHKE (TaKUe KaK CTAaHKU U
T.I1.), @ TAK)KE UCIIOJIB3YIOTCS BCIIOMOTaTEIbHbIE BEIIECTBA AJI yIaJIEHUSI OCTaTOYHBIX
HaMpPSHKECHUSX TPU TEPMOOOPaOOTKE, MOTYT OBITH CIEAYIONINE BpEAHbIC (DAKTOPHI:
e He KOM(pOPTHBIX METEOYCIIOBHIA;

® JIPOU3BOACTBCHHOI'O IIIyMa,
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1.1 MeTeoyc/ioBust

MI/IKpOKJII/IMaT B IIPONU3BOJACTBCHHBIX YCIOBUAX OIPCACIIACTCA CICAYIOIINMU

napaMeTpamu:

1) TemmiepaTypa BO31yXa;

2) OTHOCUTENbHAS BIAXHOCTh BO3/1yXa;

3) CKOpOCTb IBHKEHHSI BO3AYXa.

Tabnuna 1 - TpeOGoBaHUs K MUKPOKJIUMATY

[lepnon Kareropusa | Temneparypa, | OTHOcHTENbHas CxopocTb
roaa paboThI °C BJIAXKHOCTB, %0 JIBUKCHUS
BO3/lyXa, M/C
X 0JIOHBIH JIerKas 19 -24 15-75 <0.1
Terubiii JerKas 20 - 28 15-75 <0.2

1.2. IIpou3BOACTBEHHBIH LIYM

[IpenenbHo pomyctumeiit ypoBenb (ITJ1Y) mryma - sto

ypoBeHb (akKTopa,

KOTOPBI MpU €XKETHEBHOU (Kpome BBIXOJHBIX aHEH) padorte. CobOmogenue T1JY

IryMa HE MCKIIIOYACT HAPYHICHHA 3A0POBbA Y CBEPXUYBCTBUTCIBHBIX JIMII.

B ClIy4dac OTpC3aTb aAJIIOMHHH HA TOKAPHBIM CTAHKC, 3TOT IIAPpaMCTp MOXKCT

n3MeHAThbes oT 78 n1bA no 85aBA.

B takoMm cinydae HeoOxoaumo npeaycmotpets CK3 u CU3.

CK3

* YCTPAHCHUC IPUYMUH IIyMa WJIN CYHICCTBCHHOC €ro ocja0JjieHue B MCTOYHHKE

o0Opa3oBaHus;

*  H30JISMs UCTOYHMKOB IIyMa OT OKPYXAOIIEH Cpeabl CPEACTBAMHU 3BYKO- U

BUOPOU3OJISAIINN, 3BYKO- ¥ BUOPOTIOTJIOIICHHUS;

* IMPUMEHEHUE CPEJCTB,

pacrpocTpaHeHus,

cus

CHWJKAaroIux I1MmyM H BI/I6paHI/IIO Ha IIYTH HX

¢ [IPUMCHCHUC CIICHOJACIK/bI, CHGHO6YBI/I " 3alIUTHBIX CPCACTB OPraHoOB CliyXa:

HAyIIHUKH, OepyIII, aHTU(OHBI.
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Ha MMPpOU3BOACTBE OCHOBHBIM METOJAOM I10 CHHKCHHUIO IITyMa SABJIAIOTCA HAYIIIHUKA
C HIYMOPIBOHHHPleﬁ, KOTOPKBIC CIIOCOOHEBI ITOHU3UTH IyMm, HOCTYHaIOIHI/Iﬁ B OpraHbIl

cinyxa yenoBeka Ha 30-50 nBA.

1.3 OcBeleHHOCTD

Cornacro CHull 23-05-95 na pabounx mecTax, IZie MPOUCXOIUT OCHOBHAs
paboTa MPOM3BOJCTBEHHOIO IMpollecca MPH TMOCTOSHHOM HAaxOXJEHUU JOJeH B
MTOMEIICHUH OCBEIICHHOCTh MPU CUCTEME OOIIEro OCBEIIEHUS HE TOJDKHA OBITh HIDKE
400 JIx ipu yCJIOBHUH BBIMOJIHEHUS! paOOT BRICOKOW TOYHOCTH.

[IpaBUIBHO CIPOEKTUPOBAHHOE M BBINOJIHEHHOE OCBEIIEHHUE O0EeCreynBaeT
BBICOKHI YPOBEHb paboTOCTIOCOOHOCTH, OKa3bIBaCT MOJIOKUTEIIHLHOE
MICUXOJIOTUYECKOE JICWCTBHME Ha YeJIOBEeKa M  CIOCOOCTBYET  IOBBIIICHUIO
MIPOU3BOJIUTEIIBHOCTH TPY/Ia.

Ha pabGoueli mOBEpXHOCTH JOJDKHBI OTCYTCTBOBAThb PE3KUE TEHH, KOTOPHIC
CO3/IaI0T HEPABHOMEPHOE PACHPEACIICHUE MOBEPXHOCTEN C pa3IMYHOU SPKOCTBHIO B
MoJie 3pEHUs, HCKaXkaeT pa3Mepbl U (OpMbl OOBEKTOB pa3iuuus, B pe3yJbTare
MOBBIIAETCA YTOMIISIEMOCTh M CHUKAETCS MPOU3BOAUTENBHOCTh TPY/A.

JInst 3auThl OT ciensield SpKOCTH BUJIMMOTro u3inydeHus ((aken mia3Mmbl B
KaMepe C KaTajau3aTopoM) MPUMEHSIOT 3al[UTHbIE OYKH, IIUTKH, miieMbl. O4Kky Ha
JIOJKHBI OTPAaHUYMBATH TOJI€ 3PEHUS, TOJDKHBI OBITh JISTKUMH, HE pa3/ipakaTh KOXY,
XOPOIIO MPUJIETATh K JIUITY U HE TIOKPHIBATHCS BJIArOMH.

Pacuét ob1iero paBHOMEPHOTO UCKYCCTBEHHOTO OCBEIIEHUS TOPU30HTAIILHOMN
paboueil MOBEPXHOCTH BBITIOJNHSIETCSI METOAOM Kod(hduIlmeHTa CBETOBOrO MOTOKA,
YUYUTBIBAIOIIUM CBETOBOM MOTOK, OTPAKEHHBIN OT MOTOJIKA U CTEH. J[JTMHA MOMEIIEHUS
A =10 m, mupuna B = 6 M, BeicoTa = 4 M. BricoTa paboueit moBepXHOCTH HAJ] TIOJIOM
h, = 1,0 m. Cornacno CHull 23-05-95 Heo6xonnmo co31aTh OCBEICHHOCTh HE HUKE
150 1K, B COOTBETCTBUU C Pa3psIOM 3pUTEIIBHON paOOTHI.

[1;momaap nomeneHus:

S =AxB,
rae A — nnuHa, M;
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B — mupuna, m.
S=10x6 = 60 m?

Koadduiuent oTpakeHus CBEXKENOOETCHHBIX CTEH C OKHAMH, 0e3 IITOp
pc=50%, cBexernobeneHHoro mnotojka mnotoika op=7/0%. Kosaddunuent 3amaca,
YUUTHIBAIONINI 3arpsi3HEHUE CBETUJILHUKA, VISl IOMEIICHUN C MaJlbIM BBIICIICHUEM
neun paBeH K3 =1,5. Koo duurenT HepaBHOMEPHOCTH AJIs JIIOMUHECIIEHTHBIX JIaMIT
Z=11.

Boi6upaem nammy JIXB125, cBeToBoit moTok koTopoit paseH @ 7 = 8000 JIm.

BriOupaem CBETHJIBHHKH C JIOMHHECIEHTHBIMU Jlammnamu Tuna OJ[OP-2-125.
DTOT CBETUIIBHUK UMEET JIBE JIAMITbl MOITHOCTHIO 125 BT Kaxnas, AjruHa CBETUIIbHHUKA
paBHa 1528 mmM, mupuna —446 Mm.

WNHTerpaibHbIM KPUTEPUEM ONTUMAIBHOCTH PACIONOXKEHUS CBETHUJIHHUKOB
ABJISIETCSl BEJIMUMHA A, KOTOpasi JJisi JIIOMUHECIEHTHBIX CBETUJILHUKOB C 3aIllUTHOM
pemétkoid nexxut B auanazone 1,1-1,3. Ilpunumaem A=1,3, paccrosiHue
CBETHJILHUKOB OT nepekpritus (cBec) h, = 0,5 m.

BricoTa cBeTHIIbHIKA HAJ paboyeii MOBEPXHOCTHIO ONpeAeseTcs o Gopmysie:
h =h, —h,,
rie N, —BBICOTa CBETHMJIBHHUKA HaJI TTOJIOM, BBICOTA T0JIBECA,
hp_ BbICOTa paboUeli MOBEPXHOCTH HAJI TIOJIOM.

Haumenbias gomyctumasi BbICOTa TMOJBECa HaJa TOJOM JUISL  JIBYXJaMITOBBIX
ceetriibHUKOB OJIOP: hy =4 M.
BricoTa cBeTHIIbHUKA HAJl paboueil MOBEPXHOCTHIO ONpeAesIeTcs o hopmyre:
h=H-h,—h,=4—-1-05=25m

PaccTostHue Mex1y COCeTHUMH CBETHIIbHUKAMU WJIU PSAJAMU ONPEEISETCs 10
dhopmyiie:

L=A-h=13-25=325m

Hucno psa/ioB CBETUIILHUKOB B IOMEIIICHUH:

Nb—B— 6 =184~ 2
T L 325 7

Ywucio CBETUIILHUKOB B pany:
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OO011ee YnciIo CBETWILHUKOB:
N=Na-Nb=3:-2=6
PaccrosiHue OT KpaitHMX CBETHJILHUKOB WIJIH PSJIOB JO CTEHBI ONIPEICIISACTCS 110

dhopmyiie:

[ = —3’25—108
—3- 3 oM

Pasmemniaem cBeTwibHMKM B JBa psaa. Ha pucynke 1 wuzoOpaxkeH IiaH

IMOMCIICHUSA U pa3MCIICHUSA CBECTHJIIbBHUKOB C IIOMUHCCICHTHBIMU JIAMITaMU.

10000mm
J J
] —
> 3250mM 3250mM
§ —— — |- -
s |SL : :
S
S ) ) )
\Q
o 1080mm
Pucynok 1 — IlmaH mnomemeHuss H pa3sMELICHHUS CBETWIBHUKOB C

JIJIOMUHCCIUCHTHBIMU JIaMIIaMH.

WNHunekc momenieHus onpeaenseTcs no Gopmyie:
. A-B 106
"ThA+B) T 25-(10+6)

1,5

KoaddunmeHT nemoap30BaHrs CBETOBOTO ITOTOKA, MOKA3BIBAIOIINMA KaKast 9acTh
CBETOBOTO ITOTOKA JIAMIT TIOTTaIaeT Ha Pab09yI0 MMOBEPXHOCTb, /IS CBETHIIBHHUKOB THIIA
OJIOP ¢ momuHecneHTHBIMU Jammnamu npu pg = 70 %, pc = 50% u uHzekce
nomereHus | = 1,5 pasen 17 = 0,47.

[ToTpeOHBIIT CBETOBOW MOTOK TPYIIBI JIFOMHHECIICHTHBIX JIaMI CBETHJILHUKA

ompenensiercs no Gopmyre:
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_E-A-B-K3-Z 400-10-6-15-1,1

0 N7 12047 = 7021,2 1M
Jlemaem mpoBEpKY BBHITIOTHEHUS YCIIOBHUS:
—10% < 227 P05 0006 < 20%;
.
Pan = P 50, = 300070212 000 = 12,2306,
O 8000

Taxkum obpazom: —10% <12,23% < 20% , HEOOXOUMBIN CBETOBOW MOTOK
CBETWJIbHHKA HE BBIXOAUT 32 IpeJieibl TpeOyeMOoro Auana3oHa.

1.4 DaekTpoMarHuTHbIE OIS

Ha npousBoicTBE UCHOIB3YIOTCS 3JEKTPOYCTaHOBKH, KOTOPBIE B CBOIO OUEPEIb

I'CHCPUPYIOT 3JICKTPOMAIrHUTHOC II0JIC.

2 AHAJIHM3 BBISIBJCHHBIX ONACHBIX (PAKTOPOB MPOEKTHPYEMOil IPOU3BOACTBECHHOM
cpeasbl
2.1 ®akTOopbI VIEKTPUIECKON PUPOABI

OnekTpoOe30MacHOCTh MPEACTABISIET COO0OM CHCTEMY OpTaHU3AIMOHHBIX U
TEXHUYECKUX MEPONPUITHI U CPEACTB, OOECNEUYMBAIOIIMUX 3alIUTy JIIOAEH OT
BPEJHOIO M ONACHOIO BO3JEHCTBUSA 3JIEKTPUUYECKOIO TOKA, IJIEKTPUYECKOW IyTIH,
ANIEKTPOMATHUTHOTO TOJIL M CTATUCTUYECKOTO AJIEKTPUUECTBA.

31aHue JOJKHO COOTBETCTBOBATH TPEOOBAHMS TMOKApHOM O€30MacHOCTH, a
MMEHHO, HAJIW4YHW€ OXPAaHHO-NIOKAPHOM  CUTHAIM3AllMM, I[UIaHAa 3BaKyalluH,
MOPOIIKOBBIX WJIM YIJIEKUCIOTHBIX OTHETYIIUTENEH C MOBEPEHHBIM KJIEHMOM,
TaOJIMYeK C yKa3aHMEM HalpaBieHHs K 3alacHOMy (PBaKyallHOHHOMY) BBIXOAY

(pUCyHOK 2).
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Puc 2. HYTI/I 9BAKyalluu U3 IIPOU3BOACTBCHHOI'O IIOMCIICHU .

2.3. llopaxenue MexaHM3MPOBAHHBLIM 000PYA0BaHHEM.

OcHOBHass OMacHOCTh JJisi pabouyero nepcoHajlla Ha MPOTSHKEHUU BCEro
paboyero BpEMEHU SBIIAETCS  ONACHOCTh TMOPAXEHUS  MEXaHU3UPOBAHHBIM
UHCTpyMEHTOM.  OCHOBHBIE ~ HOPMBI ~ O€30MACHOCTH  JAJs  KOHCTPYKLHH
TexHoJiornueckoro obopyaoBanusi mpeacrasiensl B ['OCT 12.2.003-91 “CCBT.
O6opynoBaHue nmpous3BoAcTBeHHOE. OO01IHe TpeboBaHus 0€30MacCHOCTH .

[TpousBoacTBeHHast TwiomaAL obopyaoBana UIIY crankamu, KOTOphIE s
0€30MacHOCTH ONepaTopa UCHOJb3YIOT ClIELMANIbHBIE ABEPH, KOTOPbIE OTPAaHUYHBAIOT
orneparopa oT paboyeil 30Hbl CTaHKa BO BpeMs padOyero M XoJIOCTOro XoaoB. Eciu
000py1I0BaHUE NMEET 30HbI TIOBBIIIEHHON OMACHOCTH MEXaHUYECKOTO MOBPEXKACHHUS,
KOTOpbIE HE MOTYT OBITh 3alUIIEHbl B CHIy KOHCTPYKTHUBHOM OCOOEHHOCTH
o0OpyZI0BaHuUsA, TO JaHHBIE MECTa MOMEYAIOTCA MPEAYNPEKIAONTUMU 3HAKAMU U
OrpakIarTCs OT ONeEpaTopa.

Kpome coBpemMeHHOTO 000pynOBaHHMS Ha MPOU3BOACTBE  HMEIOTCS
YHUBEpPCAIbHBIE CTAHKW, KOTOpPbIE HE MPEIyCMOTPEHBI CpPEICTBAMHU 3allUTHI
onepatopa. Ilpu pabGore Ha maHHOM OOOpPYJOBAaHUM HEOOXOIUMO CIIEIOBATH

OCHOBHBIM ITpaBUJIaAM:
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e 3anpemaercs HabmoeHne u paboTa 3a 060pyIoBaHreM 6e3 YHU(DOPMBI
U CPEACTB 3alllUThl OTKPBITHIX YYaCTKOB Tena (XajiaThl, MaCKHU, OYKH,
CHelHalIbHbIC TEPYATKU U JAP.)
® 3anpellaercs Aep:KaThbes 3a JBUXKYIIMECS YacTU CTaHKa M JIeTajed mpu
paboTe Ha 000pYyI0BAaHUHU
® 3anpellaeTcs OCTaBIATh 000pyAOBaHUE O€3 MpUcMoTpa
e 3amnpemaercs paboTaTh Ha HEUCIIPABHOM 00OpYA0BAHUU
bonee noapoOHas TexHUKa 0€30MaCHOCTH B 00SA3aTEIBHOM MOPSIAKE UAET C
TEXHUUYECKON JOKyMeHTalueil obopynoBaHus. Ha ocHOBe COOTBETCTBYIOLIUX
JOKYMEHTOB COCTABIISIETCA TEXHHUKA 0€30MacHOCTH JyTsl Becero nmpeanpustus. K padote
JIOIYCKAIOTCSL TOJIBKO TOT MIEPCOHAJ, KOTOPBIM MPOIIEN HHCTPYKTAX Il pabOThI Ha
oOopynoBaHuu. MHCTpyKTaXX NpPOBOAUTCA C ONPEACICHHOW MpeanpUsTueM
MEPUOINIHOCTHIO.
3 OxpaHa oKpy:Kamoleii cpeabl

OxpaHa OKpyXXarouieil cpenbl - 3TO KOMIUIEKCHasl mpoOiiema U HauboJsiee
akTUBHAs popMa e€ perIeHHs - ITO COKPAIIEHUE BPEAHBIX BBIOPOCOB IPOMBIIIICHHBIX
NPEANPUATAA 4Yepe3 TOJHBIA TMepexoll K O€30TXOMHBIM WIW MaJOOTXOIHBIM
TEXHOJIOTHSIM TIPOU3BO/ICTBA.

Jns mepexoga K O€30TXOAHBIM IPOU3BOJCTBAM B IPOU3BOJICTBEHHOM
MOMEIIEHUH 000PYAOBaHbl EMKOCTSIMU JIJII COOpa CTPYKKU METALTAYECKUN IS €€
nocjeayroniei nepepadoTKu.

Tax xe HeoOX0AMMO MM03a00TUTHCS O pa3lebHBIX KOHTEHHEpax Uil OTXO0B
OBITOBOTO  XapakTepa: OTACNIbHbIE MYCOpHble Oakm st Oymaru, CTeKia,
METaJUTMYECKNX YacTel, miactuka. Heobxoammo 3aKItouuTh JOTOBOP C KOMIIaHUEH,
BBIBO3SIEH Mycop, uTOObl OHa oOecrmeudrBajia JOCTaBKY pa3/eiCHHBIX OTXOJOB
bupmam, 3aHUMAIOIIIUMCS TIepepaboTKOM OTXOI0B.

4 3amurta B YC

[IpousBoAcTBO HaxoAWTCs B Tropoae ToMCKe C KOHTHHEHTaJIbHO-
UKJIOHMYECKUM KiuMatoMm. [lpuponnbie siBneHus (3eMieTpsiCeHUs, HaBOJHEHMS,
3aCyXH, yparassl u T. 11.), B JAHHOM TFOPOJIE PEIKH.
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Bo3moxubiMu YC Ha 00BEKTE B JTAHHOM Ciy4ae, MOTYT ObIThb JUBEPCHUS U
HaBOJIHEHHUE.

B nepuon BecHsl pexka Tomb M Talible BOJBI MOT'YT MPUBECTH K HABOJAHEHHIO
Bcero ropoja. Takum o0pa3oM B yCIIOBUSIX HABOJHEHHUS] HEOOXOAMMO IIPEIOTBPATUTh
MOMNaJaHNe BOJbI B MPOM3BOJCTBEHHOE NOMeIlleHHe. [ 3Toro mo BHEHIHEMY U
BHYTPEHHEMY NEPUMETPY 3JAaHUS U MOMELIECHUS JOJLKHBI OBITh MPETyCMOTPEHBI
MEIIKHU C MECKOM JJISl CO3/1aHHUs JOKAJIBHBIX TUIOTHH (B YaCTHOCTH B MECTax claboi
repMeTH3alMu — OKOHHBIE TIPOEMBI, IBEPH U T.I.). B cilydae eciu ke Boia BCe-Taku
nomnaja B IOMEIIEHHE, HEOOXOJUMO MOAHATH O0OpYyIOBaHHE Ha JOCTATOYHOE
paccTosiHue ot noja. /{1 3Toro npeaycMoTpeHbl JOMKpPAThI U JEPEBSIHHBIN Opyc.

Tak kak MpPOU3BOJICTBEHHOE MOMEIIECHHUE ONEPUPYET C OOJBIIMM MOTOKOM
uHpOpMallMY, 3a4acTyl0 YHUKAJIbHON (KOHCTPYKTOPCKHE YEpTeXKU M T.II.)
HEOOXO0AMMO  OOECIeYuTh JKECTKHMM  KOHTpPOJb  Haa  uHbopMmamued s
MPEIOTBpPALICHUSI €€ YTEUKH, WM €€ MOAMEHBL. J[Ji1 3TOro B IpPOU3BOACTBEHHOM
MOMEILEHUN pabOoTalOT JTIOBEPEHHBIE JIMLA CO CTaKeM pPAaOOThI, MPOIIEAIINE MEepes
ATUM pa3iuyHble MPOBEPKU (BIUIOTH IO TNCUXOJIOTMYECKHUX TECTOB W IMPOBEPKE Ha
JIETEKTOpE JDKU), OCYIIECTBIISIETCS KpPYIJIOCYTOUYHOE BHICOHAONIO/IEHUE, BCE
OMepaluu € FMEKTPOHHBIMUA HOCUTESIMU KOHTPOJIUPYIOTCS HAa OyMaXKHBIX HOCUTEISIX
Y JIONOJIHUTEIBHO CIYX)00i 0€30MacHOCTH NpeanpusaTus. JJocTyn NOCTOPOHHUX JIUIL

Ha TpeanpusiTue 6e3 yBaXUTEIbHOU MPUINHBI 3aPEIIEH.
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5. Pa3ies1 HAa MHOCTPAHHOM fI3bIKE

1.1 Research objectives

a) Investigation of residual stresses in hull details.

b) Correction of body deformation by heat treatment.

c) Development of the technology for manufacturing aluminum casings with

regard to thermostabilization.
1.2 Heat treatment of aluminum alloys.
Heat treatment of aluminum alloys is a responsible operation of @ technological

process. Its purpose is to change the structure and physico-chemical properties of alloys.
The mode of heat treatment is chosen depending on the alloys and the method of

manufacturing blanks and parts from them.

Thermal treatment of parts made of aluminum alloys is based on the fact that as the
temperature is lowered, the solubility of many elements in solid aluminum decreases.
When heated for quenching, aluminum alloys are incompletely crystallized. If the alloy
is overheated, as a result of which the structure is obtained with a large grain, then such
an alloy is rejected. Therefore, the thermist must be attentive to the heating of

aluminum alloy parts.

Thermal treatment of deformable aluminum alloys. Deformable aluminum alloys

subject to such types of heat treatment as annealing, quenching, aging.

Annealing is used for blanks in order to give the material the plastic properties
necessary to perform operations that are associated with cold pressure treatment.
Depending on the alloy and the appointment of semi-finished products, high, low and

complete annealing is used.

Annealing at high temperature (310-350 <C) is intended for the complete softening
(removal of cold work) of the material that occurs after cold plastic deformation of the
alloys A1, AD, AMG, etc. Annealing at low temperature (150-300 <C) is also used for
alloys A1, AD, AMG, but with the aim of increasing ductility while maintaining

sufficient strength obtained by cold work.
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Full annealing (380-450 <C) is used for semi-finished products made of heat-
strengthened alloys D1, D16, AK®, etc., to obtain high plasticity and to remove the

hardening resulting from quenching and aging.

To remove the effectiveness of natural aging and return the material to a freshly-
guenched state, heat is applied for a few seconds or minutes at a temperature of 200-

250 =C. This type of operation is called annealing for a return.

Hardening of deformable aluminum alloys, mainly duraluminium D1, D16 and
D18, consists of only one operation - heating with cooling in water at a temperature of
30-40 <C. The quenching temperature for D1 is taken to be 495-505 <C, for D16 -
490-500 < C, for D18 - 495-510 < C. The heat-up time is set depending on the

dimensions of the parts.

A feature of duralumin is that it exhibits increased susceptibility to aging at room
temperature. Stabilization of properties occurs in about four days. Artificial aging of

duralumin adversely affects mechanical properties and corrosion resistance.

Heat treatment of foundry aluminum alloys. In contrast to deformable cast

aluminum alloys are almost all subjected to heat treatment.
For castings from alloys, several types of heat treatment are used.

Types of heat treatment of foundry aluminum alloys.
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Type of heat treatment

Artificial aging without
preliminary hardening

Annealing

Hardening

Hardening and natural aging

Hardening and short-term aging

Hardening and full artificial aging

Tempering and stabilizing

tempering

Hardening and softening holidays

Cyclic treatment (by cold and

subsequent heating)

Thermal
processing
symbol

T1

T2

T3

T4

TS

T6

T7

T8

T9

Purpose

To improve machinability cutting of cast

parts and improve mechanical strength

For removal of casting and thermal
stresses, cold work and increase of

plasticity

To wuse parts in a freshly-burned

condition
To improve the strength properties

To obtain a sufficiently high strength and

an increase in ductility

To obtain the maximum strength

properties

To obtain sufficient strength and stable

structure

To obtain an increased plasticity by

reducing the strength properties

To obtain details with a more stable state

in geometry

The

most
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typical modes of heat treatment of castings from aluminum alloys:

Modes of heat treatment of foundry aluminum alloys:

Alloy The Hardening Tempering

Bran (designatio _ _ _ : : :
Heating Holdin |Cooling Heating Holdin |Cooling

d n of heat _ _ ) )
temperature, |g time,medium andtemperature, gtime Mediu

treatment _
hour its °C m
temperature,
°C
AJIl T5 51545 2-5 Water 20-100175H0 3-5 Gas
AJIl T7 51545 2-5 Water 20-100220+0 2-4
or air
An4d Tl - - - 175345 5-7
AJl4 T6 53545 2-6 Water 20-10017545 10-15
AJI9 T4 53545 2-6 Water 20-100- - -
AJT12T2 - - - 290+0 3 Gas
B300 T2 - - - 30045 3-10
B300 T7 Step heating2-5 Water 20-10030045 3-10
500 +5 525 + or oil

5

The temperature of the quenching water is increased to prevent hardening cracks in the
castings, and the more complex the shape of the castings, the higher the water

temperature is taken.
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Heat treatment of magnesium alloys. Deformable and cast magnesium alloys are

mainly subjected to three types of heat treatment: annealing (T2), quenching (T4) and

guenching followed by artificial aging (T6). Deformable magnesium alloys are usually

annealed for recrystallization and increased plasticity, and castings from them - to

relieve stresses. The modes of heat treatment of magnesium alloys are given in Table.

33. The aging and quenching time is given higher than for aluminum alloys, since phase

transformations occur very slowly.

Magnesium alloys are prone to oxidation, so they are heated for quenching in

vacuum furnaces or in furnaces with a protective atmosphere consisting of a mixture

of air with 0.7-1.0% sulfur dioxide gas.

The mode of heat treatment of some magnesium alloys:

Alloy
Brand

MAS
MUJIS
MAS
MUJIS
MAS
MIJIS

MJI4

The
designation
of heat

treatment
T2
T2
T4
T6
T6
T6

T6

Hardening

Tempering

Temperature, Exposure,cooling Temperatur Endurance

°C

410-420

410-420

410-420

410-420

375-385

hour.

4-12

12-16

12-16

10-16

e, °C

350-380
- 170-250
Hot water -
Air -
Hot water170-180
Air 170-180

160-190

hour.

3-6

3-5

16-24

16

16
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Defects and defective products during thermal processing of aluminum and
magnesium alloys. When heat treatment of workpieces and parts from aluminum and
magnesium alloys, defects (unsatisfactory mechanical properties, uneven hardening,

warping) and defective products (with the cracks and bubbles) are possible.

Unsatisfactory mechanical properties appear as a result of overstating the strength
of blanks in the annealed state and undermining their strength and plasticity in the
quenched state. The cause of such a defect can be a low temperature, a slight exposure

and an increased cooling rate.

Uneven hardening of parts of complex shape promotes the formation of different
areas in them with different mechanical properties. This defect is corrected by repeated

quenching in special devices.

Fragmentation occurs when in the process of hardening and aging in detail there
are significant intra-crystalline changes, which contributes to the change in the
dimensions of the parts. The crushing is often observed in the machining of parts,
which is caused by the redistribution of residual stresses. To eliminate such a defect, it

Is necessary to choose the correct heating temperature and to properly cool.

Cracks in quenching are formed with complex configuration of parts, their
differences and overestimated heating and cooling rates. Details with cracks are
considered the final marriage. In order to avoid cracks, it is necessary not only to
properly heat the parts, but also to isolate the parts of the parts with thin walls with

asbestos, in order to ensure a uniform heating of the entire part.

Bubbles are formed when the sheet metal is heated as a result of leakage between
the clad layer and the core of the sheet, where air and water vapor enter. In addition,
bubbles can occur due to residues of dirt, grease, etc. To prevent the occurrence of
bubbles, it is necessary to thoroughly clean the surface of clad sheets and improve their

quality.
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1.3 Technology of thermal processing of sheets of thermally hardened
aluminum alloys

Sheets of thermally hardened aluminum alloys are subjected to complete or reduced
annealing. Alloys of grades D1, D16, D19, VADL1 can also be heated to remove the
technological work hardening. A complete annealing is called annealing, in which a
sufficiently complete course of the decomposition of the solid solution and coagulation
of the evolved phases is ensured; In the cold-worked metal, recrystallization also takes
place here. Usually it is carried out at temperatures of 350-430 <C. With complete
annealing, the material, regardless of the initial state, softens completely, since the
annealing temperature is higher than the recrystallization start temperature. When
annealing the clad semi-finished products, the alloying elements proceed, most often
copper and magnesium, into the cladding layer. The corrosion resistance of the sheets
Is significantly reduced, especially if copper diffuses throughout the entire depth of the
cladding layer. At the same time, the corrosion resistance of the sheets is significantly
reduced, especially if copper diffuses into the entire depth of the cladding layer. When
cooling from the temperature of complete annealing in air or in water, material is
pumped up. Therefore, the cooling rates after complete annealing are regulated, first
slowly cooling with the furnace (at a rate of no more than 30 <C / h) to sufficiently
low temperatures (150-260 < C depending on the alloy), and then cooling in air.
Reduced annealing is carried out at temperatures of 290-320 <C for alloy B92c and
350-370 < C for the remaining alloys. Annealing is carried out after preliminary
machining of the semi-finished products in order to reduce leashes and warpage after
final machining. Annealing is carried out after preliminary machining of the semi-
finished products in order to reduce leashes and warpage after final machining. In order
to remove the technological hardening for alloys D1, D16, D19, VAD1, AK4-1,
heating at temperatures of 250 - 280 <C is recommended for 1-4 hours, followed by
cooling in air or water. The plasticity after such heating is somewhat lower than after
the reduced annealing. To remove the technological hardening in semi-finished
products from alloys D1, D16, D19, VAD1, short-term heating (1-2 min) can also be

used in a nitrate bath with a temperature of 350-380 <C, followed by cooling in water.
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The sheets of thermally hardened alloys are also quenched and aged. In the process
of quenching of unannealed sheets, as well as in parts made of them with the use of
plastic deformation, recrystallization processes also occur along with the dissolution
processes during heating. To obtain fine grains, it is necessary to conduct heating at the
highest possible rate and to avoid critical deformation rates in the treatment before
guenching. Particular attention is paid to the choice of holding time for hardening of
clad sheets and parts. Due to the diffusion of copper into the cladding layer, it is
possible to reduce the corrosion and deterioration of the appearance of the sheets. The
aluminum alloy sheets for quenching are usually heated either in air-circulating air
furnaces or in nylon baths. Because of the danger of overheating, the air temperature
in the air furnaces and the saltpeter in the nitrate baths are maintained equal to the
heating temperature for quenching. The regimes of quenching and aging of semi-

finished products from aluminum alloys are given in Table. 3.4.

The temperature of the cistern is controlled from the side of the incoming and
outgoing air. In addition, monitor the temperature of the air.The holding time is fixed
by the thermocouple readings from the outlet of the air flow from the working space of
the furnace, i.e., at the minimum temperature of the charge. The temperature of the
sheets and parts heated in the nitrate baths is assumed to be equal to the temperature of
the saltpetre. The duration of aging during heating for quenching of aluminum alloys

is given in Table. 3.5.

Since aluminum alloys at a temperature of about 500 °C have low strength and are
easily deformed, it is necessary to take measures to prevent it deformation under the
action of it own weight when assembling the cage. After soaking at the heating
temperature for quenching, the product is transferred to the quenching medium. The
time of transfer of sheets from the furnace to the quenching medium significantly
influences the mechanical and especially corrosive properties of the sheets after aging.
The quench cooling rate ensures fixation of the supersaturated solid solution, but it
should not be very high in order to avoid strong warpage and a high level of residual
thermal stresses. Depending on the magnitude of the critical cooling rate, all aluminum
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alloys can be divided into the following three groups; 1) with low critical cooling rates
- self-hardening alloys cooled by quenching in air; These include the alloys of the
systems Al-Zn-Mg, Al-Mg-Si, Al-Mg-Li; 2) with high critical cooling rates; These are
the alloys of the systems Al-Cu-Mg, Al-Mg-Si-Cu, Al-Zn-Mg-Cu; 3) insensitive to
changes in cooling rates; It is the heat-resistant alloys of the Al-Cu-Mn system with
addition and without the addition of titanium and the AK.4-1 alloy of the Al-Cu-Mg-
Fe-Ni system. As a medium, during quenching of sheets of aluminum alloys, flowing
water is usually used. For sufficiently sharp cooling of sheets, its temperature is
maintained within 10-40 <C. When the sheeting of the sheets is heated in a nylon bath,
it is kept for 2-3 seconds Above the wash trough to drain the saltpeter, and then quickly
transferred to the quench tank. After complete cooling in the quench tank, the sheet is
washed in a wash tank with running water at a temperature of 40-60 °C for complete
removal of the saltpeter from the surface. The residence time in the scrubbing tank of
sheets of naturally aging aging alloys should not exceed 1-2 minutes in order to prevent
the plasticity drop associated with aging at these temperatures. After quenching,
aluminum alloys hardened by thermal treatment are aged. In the process of aging, the
dimensions of semifinished products and articles vary due to volumetric changes in the
isolation of strengthening phases. Therefore, it is necessary to provide for the
possibility of free movement of the articles of the cage, and the mechanical treatment
should be carried out after aging. A break between quenching and artificial aging leads
to a decrease in the time resistance of the breakdown of semi-finished products in the
artificially aged state by 15-20 MPa for a number of aluminum alloys, and an even
greater decrease is observed for some alloys. Therefore, the size of such a break is
regulated. The permissible break between hardening and artificial aging, which
provides high mechanical properties, is different for different alloys. It is not limited
for alloys AK8, AK4, D16, D19, VAD23 and B92ts. For the alloys AD31, ADZZ,
AD35 and AB, the break should not exceed 1 hour. For alloys AK6, AK4-1, D1, the

permissible break is 6-24 hours.

Aluminum alloys in a freshly-quenched state have a high plasticity, comparable with

their ductility in the annealed state. Therefore, it is possible to carry out various
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technological operations associated with plastic deformation of the material. The time
period after quenching, in which the alloy retains ductility, depends on the nature of
the alloy. If the holding time is long, the plasticity deteriorates due to aging. For the
alloys AD31, ADZZ, AD35, AB, D20 and VAD?23, the plasticity after quenching is
practically independent of the time of curing after quenching. The rate of natural aging
strongly depends on the temperature, even in the range from -10 to + 25 °C. Reducing
the temperature by 5 <C reduces the aging rate by about half. Therefore, to maintain
high plasticity, it is expedient to keep the alloys before deformation at temperatures

below room temperature, for example, in refrigerators.

1.4 Manufacture of metal cabinet

In the manufacture of metal casings, the following technologies are used:

punching, cutting, cutting, shaping, sheet metal bending and marking;

Turning and milling;

Suture and spot welding;

Powder painting, nitro-enamels;

printing of inscriptions, drawings, etc. with tampon printing and silkscreen printing.

Manufacture of metal cabinet is carried out on modern high-precision equipment:

e  Electromechanical bending press with CNC Finn-Power E65-2550 HS

(manufactured in Finland)

 Electromechanical coordinate-revolving CNC punching press Finn-Power E5 EVO

(produced in Finland)
1.5. Editing of non-rigid parts during heat treatment

The causes and mechanism of formation of technological residual strains and

stresses in the process of heat treatment of nonrigid details are determined. The features

87



of the formation of the residual stress-strain state of a part are considered. A
mathematical model of the straightening method with a preliminary reverse bending of
the billet under heat treatment is given. Experimental data confirming the effectiveness

of the method considered are presented.

The production of non-rigid parts in most cases is accompanied by the formation of
technological residual deformations, which reduce the geometric accuracy of the
products. This circumstance negatively affects the operability and durability of high-

precision parts, operating under conditions of high speeds and alternating loads.

In the existing technological processes, in order to reduce residual deformations, as
a rule, several corrective operations are provided for by elastoplastic bending and
thermal stabilization of residual stresses. However, these methods have a great deal of
labor and low efficiency in ensuring a given accuracy. In this regard, the development
of new methods to reduce technological residual deformations based on knowledge of
the causes and the mechanism of formation of technological residual deformations is
relevant. It should be noted that the process of their formation in principle can not be

considered separately from the process of formation of residual stresses in the part.

The formation of residual deformations and stresses during heat treatment depends
on many factors: the dimensions of the cross-section of the workpiece, the yield
strength of the material, the coefficient of thermal conductivity, the basis of the
workpiece, the rate of heating and cooling. The interconnections of all factors represent
a complex dynamic system, which at a certain moment of time should be considered
in a state of quasistatic equilibrium. Despite the variety of factors, the formation of

technological residual deformations and stresses is due to two main reasons:

1. An asymmetric distribution of the technological initial stresses relative to the axis
of a part, which refers to unbalanced stresses in a part after machining, but before
its deformation [1];

2. The change in the processing of the workpiece elasto-stress state that occurs before

the treatment (for example, as a result of sagging of the part from its own weight)
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or during processing under the influence of technological equipment.

Two reasons also lie at the basis of the formation of initial stresses that are
asymmetrical relative to the axis of the part. They depend, first of all, on the mode
and type of heat treatment, which determine the stress gradient along the cross
section of the workpiece. In the case when the total stresses (hereditary residuals
and resulting from thermal effects) exceed the current value of the yield strength of
the material, the cause of the appearance of asymmetrical initial stresses is uneven
plastic deformation. If the total stresses are less than the current value of the yield
stress, asymmetrical initial stresses appear as a result of uneven stress relaxation,
which is understood as the reduction of residual stresses with different intensities,
which changes the nature of their distribution along the cross section.

Any kind of heat treatment of non-rigid parts that are in a free state can be
represented as a set of transitions from an unbalanced stress-strain state to an
equilibrium state. These transitions are accompanied by the formation of residual
deformations. Therefore, the deformation of the workpiece under the influence of
initial stresses should be considered as a continuous process consisting of a set of
alternating loading and unloading stages. However, when heat treatment in a fixed
position, the deformation of the workpiece occurs only after the part has been freed
from all external bonds and loads. This is preceded by the loading phase of the part,
which includes the thermal action and the associated volumetric material changes
from the structural-phase transformations during heating, soaking and cooling.

The mechanism of formation of technological residual deformations and
stresses, which is based on the formation of asymmetric initial stresses during the
heat treatment of a blank of a non-rigid shaft that is in a free state, can be represented
as follows.

Rapid heating of the workpiece leads to a decrease in the initial value of the
yield stress 6T (which is the result of hardening by the previous treatment of the
material in the delivered state), while simultaneously creating a significant thermal
stress gradient otH across the cross section (Fig. 1, a). When heated, stretching of

longitudinal fibers occurs and the formation of thermal initial stresses otH,
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compression in them (the sign of the initial stresses is opposite to the direction of
deformation, as a result of which they arose [2]). The stresses otH, forming
algebraically (taking into account the sign) with hereditary residual stress cO,
exceed the current value of the yield stress o T (t) (Fig. 1, b). As a result, plastic flow
of material occurs.

The intensity of plastic deformation depends on the level and identity of the
signs of the active part of the diagram of hereditary residual and thermal stresses,
and also on the yield strength of the material of the surface layer. Obviously, the
higher the initial value of the yield point, the lower the probability of plastic
deformation. The plastic deformation caused by the total stresses oX (Fig.1, b)
proceeds with different intensity both in the depth of the surface layer and along the
contour of the cross section. This is due to the effect of a number of factors: the
asymmetry of the temperature fields (see Fig. 1a), the structural heterogeneity of
the material, the asymmetric distribution of the hereditary residual stresses relative
to the axis of the blank.

Uneven plastic deformation disrupts the equilibrium of the stress-strain state of
the billet. After this, the unloading starts, which tends to bring the part into a new
equilibrium state. Redistribution of initial stresses 6X in the process of unloading is
accompanied in the general case by longitudinal Ai and flexural fi deformations
(Fig. 1, ¢) and twisting of the workpiece. In this case, part of the initial stresses cm
and op (see Fig. 1, b) are relaxed as a result of the action of the bending moment
and the longitudinal force.

JlanpHeiinee 00pa3oBaHre HECUMMETPUYHBIX HAYAJIbHBIX HapsikeHui otH mpu
HarpeBe MPHUBOJUT K JOMOJHUTENBHBIM aedhopMmarusam. Obviously, with the
greatest intensity, the process of deformation of the preform occurs in the initial
heating period and slows down to its completion, since the gradient of thermal
stresses decreases. The decrease in the temperature difference between the surface
and the core of the part during exposure is accompanied by an equalization of the
elongation of the fibers along the cross section, which leads to the formation of

initial stresses oig, the distribution pattern of which is closest to the uniform one
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(Fig.1) Dromy ke CIOCOOCTBYET pelaKcallus HaCJIEeACTBEHHBIX OCTATOYHBIX
HanpspbkeHuil. B pesynbrare nedopmarius nu3ruda npakTUYECKH MpeKpaIaeTcs.

If after cooling the cooling is carried out at a low speed, then the removal of the
elastic elongation of the fibers will not disturb the equilibrium of the initial stresses
o and will not lead to the bending of the workpiece, but will be accompanied only
by longitudinal deformation. The proposed scheme confirms the well-known fact
[3] that a decrease in the cooling rate almost always leads to a decrease in the
residual deformation of the bend and the level of residual stresses. The deformation
of the bending will occur with an uneven cooling of the workpiece, i.e. when there
arises an asymmetric thermal stress ctox with respect to the axis of the diagram (Fig.
1, d). Moreover, accelerated cooling leads to a sharp contraction of the outer fibers
and the creation of large initial tensile stresses oiwx. In this case, the total stress cX
(owx + o) Can exceed the current value of the yield strength (Fig. 1, ), which will
lead to the formation of a high level of residual tensile stresses in the surface layer.

With further cooling, the deformation intensity of the workpiece decreases due
to a decrease in the thermal stress gradient. As a result, the part takes an equilibrium
stress-strain state, which is characterized by the resultant flexural Bore longitudinal
Aor residual deformations, as well as the resulting residual stress diagram oo (Fig.
1, g). It is known [4] that the thermal treatment of parts in the free state almost

always increases the initial residual deformations.

91



References

1. Engineering Technology Laboratory E. I. du Pont de Nemours G Company (Inc.)
Wilmington, Delaware 19898

2. White J L 1990 Twin Screw Extrusion: Technology and Principles (Munich:
Hanser)

3. Amash A, Bogun M, Schuster R-H, G" U and Schmitt M 2001 New concepts for
continuous mixing of powder orl rubber Plast, Rubber and Compos. 30 401-5

4. Fan Z, Bevis M Jand Ji S 1999 Process and apparatus for manufacturing casting
from immiscible metallic liquids PCT/WO 01/23124 Al

5. Fan Z, Bevis M J and Ji S 1999 Method and apparatus for producing semisolid
metal slurries and shaped components PCT/WO 01/21343 Al

6. Fan Z, Ji S and Bevis M J 2000 UK Patent Application 0 019 855.6

7. Fan Z, Ji S and Bevis M J 2000 Process and apparatus for making alloys casting
PCT/GB01/03596

8. Agassant J F and Poitou A 1994 A kinematic approach to distributive mixing
Mixing and Compounding of

9. Polymer ed | Manas-Zloczower and Z Tadmor (New York: Hanser) p 52

10.Holmes M 2002 Twin screw extruder simulation programs—what can they offer?
Plastics Additives Compound.

11.Vergnes B, Della Valle G and Delamare L 1998 A global computer software for
polymer flows on corotating twin screw extruders Polym. Eng. Sci. 38 1781-92

12.Potente H and Flecke J 1997 Analysis and modelling of the residence time
distribution in intermeshing co-rotating twin screw extruders based on finite
element simulation Proc. ANTEC'97 Brookfield CT, | 110 (Toronto: Society of
Plastics Engineers)Fluid flow aspects of TSE process 789 Lai-Fook R A, Li
Y and Smith A C 1991 A 2-D numerical study of intermeshing self-wiping
screws in biopolymer extruder Polym. Eng. Sci. 31 1157.

13.Lawal A, Railkar S and Kaylon D M 1999 3-D analysis of fully flighted screws
of co-rotating twin screw extruder Proc. Soc. Plastic Eng. ANTEC'99 (New
York, USA)

92



14.Yao C H and Manas-Zloczower | 1997 Influence of design on mixing efficiency
in a variable intermeshing clearance mixer Int. Polym. Process. X1l 92 (Germany:
Hanser)

15.Wilson M P, Al-Malaika S, Generalis S C and Bruce D P 1996 Flow field
analysis of some mixing element regions within a closely intermeshing, co-
rotating twin-screw extruder Proc. 1996 5th World Congress of Chemical
Engineers (San Digo) vol 4, pp 509-14

16.Rios A C, Gramman P J, Stanfield E and Osswald T A 1998 Comparative study
of rhomboidal distributive mixing section using computer modelling Proc.
ANTEC'98 Brookfield CT I 222 (Atlanta: Society of Plastics Engineers)

17. Rubin Y and Avalosse T 2000 Analysis of mixing in corotating twin screw
extruder through numerical simulation, Intern. Polym. Process. XV 2 (Munich)

18.Sebastian D H and Rakos R 1992 Simulation of transport phenomena for
kneading elements in twin-screw extruders Food Extrusion Science and
Technology ed J L Kokini et al (New York: Marcel Dekker) pp 105-20

19.Gramman P J, Rios A C, Stanfield E and Osswald T A 2001 Comparative study
of mixing in twin screw extruder using the boundary element method Proc.

Boundary Elements XVII (Southampton: CM Publications)

93



