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JlaGoparopuas paGora Ne 1
BJAVAHWE XMMWYECKOI'O COCTABA HA CTPYKTYPY U CBOMCTBA
YYT'YHA

L.IIEJIb PABOTSI

O3HaKoMHTL CTYJIEHTOB C TeopHeil W NpaKTHKOH CTpYKTYpoobpazoBaus
4yryHa, ¢ BJIHMAHHEM pa3iM4HBIX TEXHONOIHYECKMX (hakTOpOB Ha Xapakrep
SBTEKTHYECKOI0 M 9BTEKTOMAHOro npespaiieHus. OCBOUTH MeTOAB! ONpeleNeHus
CTPYKTYPbl H OLEHHBATH U ONUCHIBATH CTPYKTYPhI Pa3/IMYHbIX THIIOB  YYTYHOB.

2. OBUIUE CBEJIEHUS ' :

OCHOBHBIM NPOLECCOM, ONMPEAEISIOUIUM CTPYKTYPY YYrYHa, CIeA0BATENBHO,
MEXaHM4YeCKHe ¢  ciayxkeOHble CBOMCTBA YYIYHHBIX  OTJIMBOK, SBJSETCA
(opmupoBanne Bricokoyrepoanctoii  ¢assl. B 3aBUCHMOCTH OT KONHYecTBa
CBAI3AHHOI'O Yryiepojia YyryHs! nojpasjiesisiorcs Ha Gesnbie, NOJOBHHYATHIE U Cephie
(C mapoOBHAHLIM, BEDMHUKYIAPHEIM WM IUIACTUHYATEIM rpadurtom). I'padurusanus
ONpPeeNnseT He TONBLKO (GopMy, pasMep, KOJHYECTBO, pacnpeieierue rpadgura, HO U
BUJ{ MCTAJUIMYIECKON OCHOBBI ( MATPHLBI) YyTyHa.

Knaccnpukanus 9yryHa ocyuiecTBiaserTcs no cieayioiyM NpH3HaKam

1) mo cocrosuuio yrnepona (cBoOONHBIA MM CBA3aHHBIA) - Cepblii,
nojgoBuHYaThi (0TOeneHHbIi) 1 Genbli YyryH;

2) no dopme Brmovenui rpadura - cephiii ¢ mactuRyateiM rpagurom (CH),
MYTYH C BepMUKYNSpPHEIM (4YepBeobpasueiv) rpadpurom (UBIT), BeICOKONPOYHbI
HYryH ¢ waposuissiM rpadurom (BYIIIDY), koBKHiI 4YyryH ¢ XJIONBEBHIAHBIM
rpagurom; :

3) nmo TUMy CTPYKTYphl METAINIHYeCKOH OCHOBBI: (DeppPUTHBIH, NMEpIHTHLIH,
6e0uTHBIN, MApTEHCUTHbIN W AYCTEHWTHBIM YyTyHBI; HMEIOTCS TaKKe 9YTyHBI CO
CMEIUaHHOMH CTPYKTYpOii: (GeppUTO-NIepIUTHEIE, IIePAHTO-KapOH IHbIE;

4) o XUMHIECKOMY COCTaBY - HeJIerHpPOBaHHBbIE YyryHb! (0611ero HasHaYeHHs)
¥ JierupoBaiHbie  (CrenManbHOro HasHaveHus). B uyrywax wucnonesyercs
NPHONH3UTENBEHO TOT K€ KOMILIEKC JIETHPYIOIMX IEMEHTOB, YTO U B CTaNH (XpOM,
HUKENb, MapraHen, MoiubieH, BaHagui M T.J.), KJIacCH(HUKAUMS CTPYKTYPHBIX
cocrapisiomux 4yryna npoussopurcs no I'OCT 3443-87. dopma BrmoueHui
rpadguTa ABIJETCH ORHOA H3 BAKHEWINMX XapaKTEPUCTHUK, ONPENESIOUMX THII
qyryHa, Kotopas COAepXXHuT TpuHaauath 6auios: ot 'l u I'p13.

Hanpumep, rpadputr T'dl u I'd2 xapakrepen ans ceporo 4yryHa
JOIBTEKTHYECKOr0 K 3BTEKTHYECKOro cocrama; I'97 - I'd9 ans xoBkoro wyyryHa;
I'10 -I'h13 - nns BEICOKOMPOYHOIO 4yryHa.

Pazmep BKIOYeHH rpaduTa OLEHUBAIOT 10 MX JUIMHE MK AHAMETPY (B MKM)
1 obosnavaror ['panlS..I'panl000. Pacnpenenenue BKIKOYEHHH IUIACTHHYATOrO
rpauta onenusalor aesateio Gamnamu ot I'pl ao I'p9. OcHosHBIMH SIBJIAIOTCH
CIEAYIOIIHE BH/IBI pPaclpe/ic/ieHUsi: paBHOMEPHOE, HEPaBHOMEPHOE, BETOYHOE,
CETOYHOE, PO3EeTOYHOE H MEX/ICHAPUTHOE.



Pacnpenenenne Tunos I'pl u I'p2 xapakTepHO Ui CPEAHHX W KPYNHBIX
qyryHHBEIX OTJHBOK. B TOJICTOCTEHHBIX OT/IMBKaX Oonee XapaxTepHO pacnpe/ieeHne
I'p5, a B GpicTpoOXaXKAEHHbIX oTauBKax ['p6, ['p7.

KonuvecTBo BKJIIOYEHUH rpaduTa ONpeeNsioT BU3yanbHO Ha MUKPOULTH(pAX
MyTeM CPAaBHEHHS C ITAJOHHBIMK CTPYKTYPAMH HJIM MHCTPYMEHTANBHBIMH METO/AMH
u obosnauator I'2, I'4, I'6, I'10, I'12, rae uudps! ykassiBalo conepxanue rpapura B
%. | '

TUn CTPYKTYpPHl METAITHYECKOH OCHOBBI (MATPHUBI) HYryHA OLECHHBAIOT
wectbto Gannamu (Tunamn): deppur (Pe), nepaut ractunyareiii (Trl), nepaut
sepuucthiit  (ITr2), Tpooctur (T), Geiinur (B) m wmaprencur (M). Haubonee
pacnpocrpanenuoﬁ SABJSETCH TIEPIMTHO-(EpPHTHAS MaTpUla TP  pasinuyHOM
" KOJMYECTBEHHOM COYETAHHM ITHX CTPYKTYPHBIX cocTaBasiommx. ITpouenTthas nons
KaKJI0lt M3 HUX MOXeT OpITh OnpejeneHa BU3yallbHO [0 3TANOHHBIM CTPYKTYpaM H
o6o3nauena yucnom nocne coorsercreyromeii Oyxser: IT 85 (®els), 11120 (De80) u
T.1. A g |

JIMCTIepCHOCTh NEPIMTA OLEHHBAIOT MATHIO DajuiaMu 1Mo MEXTIACTUHYATOMY
PacCTOSHUIO, B MUKPOMETpax (o1 I10,3 no IT1,6).

Ouenka cboccim,unou SBTEKTHKH NPOU3BOAUTCS MO XaPaKTEPUCTHKE CTPOCHMS:
pacTipe/ie/ieHHIo, JMaMeTpy sueeK H MOy BKIOYEeHMH Ha mukpounmide. D1y
napameTpsl 0603Hal1a101‘ca 6yksoit @ ¢ coorae‘rcmylonmmu uHaekcamu ®p; Opas,
Dn U YHCIIOM.

KonuuecTBO LEMEHTHTA B OTOENCHHBIX 4yryHax onenuBaercs 1o obuiei
OTHOCHTENBHOM Mnomaay Bimodyenuil (B nmpouentax) or L2 no 1140 ¥ nnomany
oTHeNbHBIX Haunbonee KpyNHBIX BKMIOYeHHH (B KBaJpaTHBIX MHKPOMETpax) OT
L2000 xo L 25000.

Pa3Mmep 5BTEKTHYECKOTO 3epHA OMpE/ENACTCs MO pacnonoxeHuio pochuaHoH
IBTEKTHKHA HIIH JUKBaNMU KpeMmHus. JUii ero OHEHKH NpeaycMOTPEHO BOCEMb
Gamnos.

Onucanue CTPYKTYPHl 9yryHa MOXET MpOM3BOAMTHCS Cle/lylonuM obpasom:
qyryn ['d1, I'$2, I'pan90, ITrl, I120 (©e80), 11,0, O3, ®p, $r6000.

Ouenka CTPYKTyphl YyryHa TpOH3BOIMTCS BU3YANBHBIM CONOCTABICHHEM
CTPYKTYpHI mukpountida ¢ coorercrayiomeit mxaroi I'OCTa. Ilpu uecnepopaHny
rpaduta ouenuBaercs ero ¢opma, pacnpefieieHHe M TUIOLa/h, 3aHHMaeMas
rpagUTOBBIMU  BKJIIOYEHHSIMH Ha HeTpaBieHoM uUMde npu  CTONPOLEHTHOM
yBENHYEHHH. I'Ioaepxnocn nuuda nomknaa ObITh 3epKanbHoi, 6e3 pucok. M3yyenune
METAIHYECKONW OCHOBBI TPOM3BOAMTCA Ha numMdax nocsie TpasieHus 4%-HbiM
PacTBOPOM a30THOH KHMCHOTHl B criupre. Ouenke nouiexar q)opma ¥ KONHYECTBO
OTAENbHBIX cocrasnaromux (nepnma u ¢eppuTa), IMCNIEPCHOCTL NEPIKTA.

KonugecTso nepiura i ¢eppuTa onpeAenseTcs HE MEHEe YeM B TPeX MOMSX
3pEHHA W OlEHMBACTCS MPOLEHTOM [UIOIAH, 3AHATOW OTUMHM CTPYKTYPHBIMM

COCTAaBJISIOIIMMH Ha mutude.



HM3MeHeHne MUKPOTBEpAOCTH NO3BOJISET:

I. Pasnuuats (paspi, ctpoeHue M okxpacka KOTOPBIX Ha UUIH(E OAUHAKOBBI
(Gnu3xm), Tak Kak xaxmas dasa KENE30YTIEPOJUCTOrO CIUlaBa XapaKTepH3yeTcs
ONpPENCICHHBIM 3HAYEHHEM MHKPOTBEPIOCTH.

2. IlonyyaTs jaHHBle O CTENEHM JIErMPOBAHHOCTH JAHHOI dasel TemMu MM
HHBIMH 3IEMEHTaMH, 00 MX pacnpesieNieii BHYTPH 3epHa (JTHKBALHHK)

3.ITPUBOPDI, OBOPYJIOBAHUE, MATEPHUAJIbI, HEOBXOAUMBIE JUBA
ITPOBEJIEHUS PABOTHI :

Muxpockon MHWM-7, wmukporsepnomep ITTM-3, obopynoBauue s
NPHIOTOBJICHM MeTaJuiorpapuyeckux uupos. O6pasusl s NPHrOTOBJCHHS
 1uHQOB, COMPT, TPABHTEIH.

4. IIOPSIOK ITPOBEAEHU S PABOTBI

I. Kontpons noaroroBku xaxmoro crymesra W paspeuienue o JOMmycKe K
BHINONHEHHIO. [Toyyenue HEAMBUAYANBEHOTO 3aaHKs JUISL KAXKO#H 6pHragsl.

2. llpurotopnenne uumdos, wusyueHue QGOpMsI, pa3mepoB, Xapakrepa
pacnpesieNieHys rpaUTOBBIX BKIOUEHHH (Ha HeTpaBiensIx numudax) x 100.

3. Msyuenme MHKPOCTPYKTYPH! METANIMYCCKOH OCHOBEI MOCHE TpaBACHUS,
Onpenenenne konuyectsa nepaura u deppura, JHCIIEPCHOCTH NMEPIIHTA U ONHCAHUE
CTPYKTYPbl METAJLITHYSCKON OCHOBBI.

4. Iony4enusie JaHHBIE KOKABIHA CTYACHT 3aHOCHT B Tabauwy (cTp. 6).

O6cyxnenne pesynpraros.

5. OBPABOTKA PE3VJIbTATOB HABJIIO IEHUA
Pesynbratamu paGoTsl sBnsiorcs uMQpOBbIE 3HAYECHUS MHKDPOTBEPAOCTH
CTPYKTYPEI COCTABISIOIIMX YYTYHA, 4 TAKXKE€ PE3yNbTaThl ONpPEAeNeHHUs CTPYKTYPEI

qyryHa. |

6. TPEGOBAHWA K OTYETY

Kpatkoe BBesienue ¢ popmymMpoBkoil Leii H 3a1a4, MOCTABNEHHBIX B pabore.
HicxonHele nauusie anst mposefenus paGotsl. IlocnesoBaTensHOCTS [pOBEACHUS
OTAENBHBIX OllepallHii. !

Ilposectn kmaccubukaumio rpapura u MHUKPOCTPYKTYPB! METAIUIHYECKOM
Matpuubl. Onvcarh MUKPOCTPYKTYPY MONY4YeHHBIX 06pa3uoB. B 3ak/roumMTeNsHOM
4acTH NPUBECTH BBIBOALI 1o pabore. .
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CITUCOK JIMTEPATYPBbI

1. TOCT 3443-87. OtnuBku U3 4yryHa ¢ pasauuHoit ¢opmoii rpadgura - M
W3-Bo cranpaptos, 1987.

2. Bosaswxencknit B.M JlureiiHbie cnaaBbl M TEXHONOrHA HX MIABKU B
mainnnoctpoenun. B.M. Bozaswxenckui, B.A. ['paueB, B.B.Cnacckuii, M.:
Mauumsoctpoenne, 1984,

3. Ueanos B.B. CnoBapb-cnpaBosHHK 1o nuTeiiHomy npoussonctsy. M. / B.B.
Ueanos , M.: MamuHoctpoenue, 1990, 384 c.

8. KOHTPOJILHLIE BOITPOCHI

|. Ilpu KaKux yBelH4YEHHAX U3yyaeTcs (opma, KONMUECTBO, pacnpeaesienne u
pa3mep rpadura?

2. Kak onpesensiercss MUKPOTBEPAOCTh CTPYKTYPHbIX COCTABASIOLLMX?

3. Kak ¢opma, pasmep ¥ KOMMYECTBO TFPaQUTOBLIX BKIIOYCHHMH BAMAET HA
MeXaHHYECKHUe CBONCTBA YyryHa?

4. Kakass CTpyKTypa YyryHa [ONy4aeTcs, eC/li IBTEKTHHECKOe [ipeBpalleHne
NPOUCXOMMT MO CTAbUALHON MK MeTacTabuneHoi anarpamme Fe-C?

5. Yro Takoe (eppuT, MEpinT, UeMEHTHT, rpaduT? YKazaTh HX MEXaHHYECKHE
XapaKTEPHCTHKH.

6. B kakoM BHE U hopMax MOXKET npucyrcraosan, yrnepo.u B 4yryHe?

9. BOITPOCHI 151 HOITYCKA K PABOTE

1. Llens paboThl.

2. Knaccuduxauus 4yryHoB U UX CTPYKTYPHBIX COCTAB/AIOLINX.

3. Kak dopma, pasmep, KOJIHHECTBO rpapUTOBBLIX BKIIOYEHHH M CKOPOCThH
OXJIKAEHUs BIHAIOT HA MEXaHWYecKue cBoiicTsa yyryHa?

4, [TocneaoBateibHOCTh BbINOJHEHHA PaboTh!.



JlaGoparopuas pabora Ne 2
MOJIUOULIMPOBAHUE YYI'YHA FPAQWITMBMPVIOIHPIMI/I
JOBABKAMU

1. LIEJIb PABOTDBI

3aKkpenuTh 3HAHKS CTYAEHTOB O BJAMSHHM COCTaBa CIUIaBa, BHJa W KONHYECTBA
MOAM(UKATOPOB, TEMIIEPATyphl IMeperpesa, BPEMEHH BBUICPKKH Ha 2¢dexrt
MOMM(UIMPOBANKMS YYTYHOB C IUIACTHHYATHIM rpadurom. 3akpernuTh 3HaHHSA O
BHIIABKE YYryHa B MHAYKIMOHHBIX Ne4ax M MOAM(HLUMPOBAHMH CIUIABOB
rpaduTHsupyiomum  no6apkami.  O3HaKOMHMTh  CTYI@HTOB C  TIPAKTHKOH
onpeleicHus BeNMYMHBI oTOeNa M YINIEPOJHOro JKBMBANCHTA WYyryHa, Bbibopa
ONTHMANBHOIO COCTaBa U KOJIMYECTBa MOAU(DHUKATOPA H OLIEHKH CTPYKTYPh! HYI'YHOB,
a TAKKe OLIEHMBATHL CTPYKTYPY HYryHa B 3aBUCHMMOCTH OT COCTaBa Ciulasa, BHJA H

KOJHYCCTBA MO}IHQ)HKaTOPa.

2. OBUIME CBEJIEHHA :

YyryH ABNAETCSH pacnpoCTPaHEHHbBIM U3 JIUTEHHBIX CHJIaBOB
KOHCTPYKIMOHHLIM ~MaTepuanoM B MamuHocTpoenuu. llupokoe npumesenne
yyryHa o0ycioBIeHO MHOTHMH €ro LEHHBIMH Ka4eCTBaMMU: XOPOIIMMU JIMTEHHBIMH,
aHTH(PPHKIMOHHBIMI M ITPOYHOCTHBIMH CBOMCTBAMM, U3HOCOCTOMKOCTBIO, XOpOLIeH
o6pabaTeIBaeMOCTLIO, BBICOKOH YCTaJOCTHOH NPOYHOCTHIO, HHM3KOH CTOMMOCTBIO.
TpeboBanus K Ka4uecTBy HyI'yHa, €ro NPOYHOCTHBIM M CIIYKEOHbIM XapaKTepUCTHKaM
¢ KaX/IBIM roioM nosnimiaercs. Pasnoobpasue tpeGoBanmii K YyryHy B 3aBUCHMOCTH'
OT Ha3HAaYeHHs OTAMBOK OOYCHOBHIO CO3/laHMEe M NpUMEHeHue Oonsuioro
KONHUYIECTBAa TUITOB H MapoOK YyryHa.

MexanH4yecKne CBOMCTBAa 4YyryHa B 3HAYMTENBHOW CTENEHH 3aBHCAT OT
xonu4ectsa, hopmsl ¥ pazmepos rpadura. B o6sryHOM cepoM dyryHe rpagur HMeeT
dopmy pozeTok ¢  KpPYNHBIMH  JIENECTKAMH,  OKa3bIBAIOUIMMH  CUJIBHOE
HaJipesbIBaloiliee NEHCTBUE Ha MeTaiMdecKyio martpuuy. Ilosromy Takod 4yryH
obnajaer CpaBHMTENHHO HEBHICOKHMHM MEXaHMYecKMMH cBoictBamu. [losbruexue
MEXAHMYECKHX CBOMCTB YyryHa JIOCTHraeTcs raBHeIM o0pa3’oM 3a cyeT M3MEHEeHHs
gopMel, paimMepoB M XapakTepa pacnpefeNieHMs TIpadHUTOBBIX  BKIIOYECHHH.
CymiecTBeHHOE BIHsSHWE Ha Npolecchl rpaguTH3alMKM YyryHOB OKasbplBaeT
mMoauuUUpoBaHHe paciulaBoB. MoauduUMpoBaHWEM Ha3BIBAIOT TAaKOM Mpolecc:
BHeneyHoil 06paboTkH JIMTEHHOro cruiaBa, Korja BBoAMMEIE N00aBKH (B KOIHYECTBE
COTBIX MJIM JIECATHIX JI0oJieli MPOLEHTa) BhI3bIBAIOT H3MEHEHHE BHYTPEHHEr o CTPOCHUs
(cTpykTypsl), TPOHCXOHMINEE BCIEJACTBHE YBEJIHYCHHS KONWYECTBA UEHTPOB
KPHCTAIM3aUMK  WIM  YMCHBIUCHHA  JIATEHHOH  CKOpPOCTH  HX  pocTa.
MonuduuupoBanie OTINYAETCA OT MUKPOJEMHpOBaHMS TeM, YTO He oOpasyercs
HoBeix (a3. Dddexr MoauPUIUPOBaHUS B OTJIHYHE OT JIETHPOBAHMSA COXPAHACTCH,
orpannyennoe Bpems (10-15 mun).



Moauduuuposanne ceporo uyryHa rpaduTH3Mpyloummu  aobaskamy
YMEHBIIAeT CKJOHHOCTh €ro K orleiy, yCTpaHseT MEXACHAPUTHBIK rpadwur,
yMEHBLIAET pa3Mepsl JIeNIeCTKOB rpadura.

Momuduuuposanne Haubonee >PQeKTUBHO s YYryHOB JAOIBTEKTHUECKMX
COCTaBOB IIPH BBLICOKOM INEperpeBe paciuiaBa, HCIonb3oBaHuKu 60NBIIOro KoNuvecTsa
CTaJIbHOTO JIOMAa B IMXTE W TNPH MOBBILEHHSHIX CKOPOCTAX OXJIAXICHUA OTIHBKH.
IlpakTuyecky  MOAMPHUMPOBAHHIO MOXHO  TOJABEpPraTh  uyryHsl  Jio6oro
XHMHYECKOro  CocTasa. Yyryus:,  nojasepraemple rpauTH3UPYIOLLEMY
MOAM(QUIMPOBAHUIO B 3aBUCHUMOCTH OT TOMIMHBI CTEHKH OTJIMBKH,  MMEIOT
cneayiomui xumuueckuii cocras, % : C= 2,8-3,4; Mn= 0,6-1,5; Si= 2,0-2,5; P<0,3;
S< 0,1. [Jinsa  9yryHoB ¢ HH3KOH cTenenbio sBrekTHuHoctH (S,=0,65-0,85)
rpadpuTH3HpYIOIee MOAU(DHIHPOBaHKE SBISETCH 00A3aTENbHON TEXHONOrHYECKOoi
onepanyei, B IPOTMBHOM Cilydae MOXeT BBIIENUTHCA JErHPOBAHHBIH rpaduT, 4To He
NO3BOJNAET MONYYaTh BHICOKHE JHTEHHBIC H MeXaHH4yeckue cBoiicTBa. Yyrymsi,
O6nu3kHe Mo XHMHYECKOMY cocTtaBy K 3BrekTHueckomy (S,=0,85-0,98), cnemyer
MOAMGUUMPOBATH NPH NPOU3BOJCTBE TOHKOCTEHHBLIX OTIIMBOK B YCHOBUAX GICTpOro
oxnaxjaenuss. MoauduUMpoBaHHbIH. YYIYH MMEeT IpPaKTHYECKH OJRHAKOBbIE
nuteiiHpie cBojictBa ¢ HemoauduuuporanueiM. Ha pesynsratel Mmoauduumporanus
OKa3bIBACT BJIMSHHE NPUPOAA HCIONB3YEMBIX IUMXTOBBIX MATEPUATIOB, XMMHYECKIi
COCTaB MCXOJIHOIO CIIaBa, Temreparypa Neperpesa, rpeasapuresibHas obpaborka
MHUJKOrO 9yryHa, THN M KOJMYECTBO BBOAUMOro MOMU(MUKATOPA, PEXKHMBI 3aNHBKH
qyryHa nocjie BBojia B Hero Mojudukaropa, Buj uTeiiHoii GopMel 1 MHOTUE Jpyrue
¢akropst. Tak, Hanpumep, 3QdexT MOAMOMUMPOBAHMA TIPH NPOYMX PaBHBIX
YCNOBUAX MPOABIAETCS TEM CHIIbHEE, YeM HWXKE CTeIEeHb BTCKTUYHOCTH HyryHa.
CHIDKEHHE CONEpPXaHHsA YIAepoia MIH KpPeMHHsS B 9YYIYHE  [OBBILAET
apPexTrBHOCTE MOAHDUIIMPOBaHKA FPadHTHIAPYIOLLMMHK J106aBKaMHK.

I'pagurusnpyiomme MOAUPUKATOPSI YCIOBHO, B 3aBUCHMOCTH OT COACPKaHHs
KpeMHHA, MOXCHO paslieNldTh Ha JBa knacca: Kpemuuctole (Si>15%) nu
6eckpemuucTrie (Si OTCYTCTBYET MIMA COHEPXHUTCH B KonuyecTtBe Mmenee 15%).
Haubonee pacnpocTpaHeHHBIMH MOJUPHUKATOPAMH CEPOTO YYI'yHa C IJIaCTHHYATHIM
rpapurom sBnsercs Qeppocwnuuuit OC 75 (Si=75%, Al=1,5%, Ca=0,8%) wu
cumukokanbuuit (Si= 60%, Ca=30%). Taxke NpUMEHAIOTCS MOAMPHKATOPH, B
COCTaB KOTOPBIX HApsAAy C KPEeMHHEM M KalbLMeM BXoJsT Oapwuii, UMpKOHWMIA,
CTPOHLMM M Jpyrve sjieMeHTh.. Moaudukaropsl BBOAST B KUAKMUI 4yryH NpH
BEITyCKE M3 Me4yd, B KoBule, aBroknase, B ¢opme. Ilepen BBOJOM B uyryH
moaudukarops! npodsrcs 0 pasmepoB KyckoB 2-15 mm. Kommuectso seoaumoro
MofM(UKaTOpa 3aBHCHT OT XMMHYECKOr0 COCTaBa HyryHa, €ro Ha3zHaudeHus,
TOJNIIMHBEI CTEHKH OTIMBKH, Martepuana ¢opmel. O6pruno Bsomst 0,1-1,0%
moaudukaTopa OT Maccel 4YyryHa. MoauduuupoBanse npou3BOAAT  NpH
temrneparype He Hwke 1350-1420°C. bonee BBICOKHE MPOYHOCTHBIE CBOICTBA
YYIyHOB JIOCTHTAIOTCS NPH CHUXEHUM YIJICPOMHOIO IKBUBAJIEHTA U TOBBILUCHUH

neperpesa 4YyryHa.



Kancpiit u3 oTux $akTopoB crioco6CTBYET YMEHBILECHHIO KOJIMYECTBa rpaduTa,
€ro pasMeNbUCHHIO, YBCJIUYCHHIO KONMYECTBA M MOBBILICHHIO JUCIEPCHOCTH
nepnuta. OAHAKO NpH 3TOM YBEMUMBACTCH M CKIOHHOCTH YyryHa K otbeny,
MEXICHAPHTHON KpucTamummsanmu rpadura. I'padurusupysomee MmoaupuuupoBanue
NO3BOJISIET B ONPEACNECHHBIX NpeAeNax NPeAOTBPATHTE 3TH OTPHLIATENIbHBIE ABJICHHA.
Ilpn BBeAeHHH MOAMPHUMPYIOUIErO MOJH(DHKATOPA BO3HMKAIOT HOBBIE LEHTPBI
KPUCTAIM3ALAH, YMEHBIIAETCS MEPEOXNAKACHHE M YBEJIHYMBACTCA CTENECHb
rpadurusanmu. CTpykTypa ceporo 4YyryHa MOJYYaeTcs MENKO3EpHHCTOH C
PaBHOMEPHO pacrpe/eNeHHbiM rpaguToM. BBICOKHHA neperpes uyryHa HeoGXomum
AN JIyqimiero ycsoenus moaudukaropa, AEHCTBHE KOTOPOrO COXPaHAETCS JHLIb
OrpaHHYEHHOE BpeMd. | '

C yyerom HeoOXOIHMMOro BpPEMEHH BBIEPXKKH, 3aTpaT TeIUla Ha Harpes H
pacTBopenuHe monudukartopa, NOTeps TeIUia TIPH IEpPeNHBaX PpasHHLA MEXIY
TEMTIEPATYPOii BLIMYCKA YyTyHa U3 NeYd U TeMIepaTypoii 3anusku cocrasiset 80°C.

3. TIPUBOPLI, OOPY HOBAHUE, MATEPUAJIbI, HEOBXOJIMMBIE JUJ15

ITPOBEAEHUA PABOT |
Jlns BeinonHeHns paboThl UCHONB3YIOTCH: MHAYKUMOHHAS MEYb, MOJAEITHHO-

OnoyHas ocHacTka ¥ Habop (GOPMOBOYHBEIX MHCTPYMEHTOB, MuKpockon MHWM-7,
mukporsepaomep [IMT-3, npecc bpunenns, ImuXToBhle MaTepHansl ANs BHIILIABKA
4yryHa, MOJH()HUKATOPEI.

4. TIOPAIOK TTPOBEJIIEHWA PABOTBI U YKA3AHUS IO TEXHUKE
BE3OINACHOCTH

1. KonTpons noAroTOBKY KaXXI0r0 CTYAEHTA.

2. Osnakomiienue ¢ obopynoBanueM, npubopamu, ocHacTkoi. M3yuenue
WHCTPYKLMH 110 SKCIIIyaTalliH # TeXHUKE 6€301acHOCTH. ‘ |

3. Usroropnensne dopm misn obpa3nioB, MOArOTOBKAa M YCTAHOBKA MX IIOX
3aJIUBKY. '

4. Beimuiaska MCXOAHOINO YyTyHa, MEpPErpeB ero o 3aJJaHHON TeMIepaTyphl,
3aniBKa B QOPMBI [IEPBOH MOPLHH HEMOAU(PHIIMPOBAHHOIO YyTyHa.

5. MoauduimpoBaHue CIuUlaBa U 3aJMBKa ero B GopMal.

6. OxnaxxaeHue 0TIIMBOK B (hopmax, BIOMBKA UX H OYUCTKA.

7. Paspymenue npobel ua otbesn, HaMepeHHe 30HBI 4HcTOro orbena Ay,
nepexoaHon 30HeI /1; 1 onpenenenne obuero orbena A.

8. Usrorosnenue nugoB KaKAbIM CTYACHTOM.

9.Usyyenue HeTpasieHslXx IwiMdoB Ha  Mukpockone. Omnpezpenenue
konuuecTsa rpadura, (QOpMBl, pasMEpOB €ro BKIMIOYEHHH M Xapakrepa
pacrpeneIeHus.



10.Tpasnenne uumgpos B 4%-HOM CNHPTOBOM pacTBOpe a30THOH KHUCIIOTHI.
Onpenenesne KOJHYECTBA H AMCNEPCHOCTH NEPINTA; WIMEPEHHUE TBEPIOCTH YYryHa
no bpuHemno; 3apucoBarh U ONKUCaTh CTPYKTYPbI.

11.0606meHne  NOAYHMEHHBIX  JIKCHNEPHMEHTANLHLIX  AaHHbIX.  [lpu
MCIO/Ib30BaHKWK MOAM(UKATOPA OAHONO COCTaBa, HO B PA3IMYHLIX KOAUYECTBAX /s
KXol Opurans! CTposTCs rpaduYeckue 3aBHCHUMOCTH  BIIMAHMA KONH4YECTBA
BBOAWMOro MoauuKaTopa Ha rnybuHy otbena u pazmepbl rpagUTOBLIX BKIIO4EHHH

5. TEXHUKA BE30OITACHOCTH

1. BoinnaBka uyryHa yuebHubIM MacTepom, umerowum aonyck. CTyaenTtsl K
CaMOCTOSATEIbHOMY BEACHHIO TUIABKH HE JIOMYCKaIOTCH.

2.Beinyck uyryHa M3 ne4H M €ro pasfiMBKY DNPOM3BOAUTL  TONLKO B
COOTBETCTBYIOLLEH CNELOAKAE U 3aLUNTHBIX OYKaX.

3.Kareropuuecku 3anpeiiaercs yCKOPEHHOE OXAa)caeHue BLIOWThIX OTIMBOK

BOJIOM.

6. OSPABOTKA PE3VJIbTATOB DKCIEPUMEHTOR

HABJIIOJIEHUI

PeszynsTaTtoM paboThl ABAKOTCH UM(PPOBLIE 3HAYEHHS TBEPAOCTH HYryHa;
YyraepoAHOro 3KBUBANIEHTA, rnyOuHbl OTOENA, a TAKXKE pesy/ibTaThl OrnpeaeaeHue
cTpykTypbt yyryHa no I'OCTy. [lepsuunas 06pabotka pe3yibTaToB IKCIEPUMEHTOB
COCTOMT B OMpeAeeHHH CPeAHNX 3HAUeHU riyOunbl 0TOENa ¥ TBEPIOCTH YyryHa, -

7. TPEBOBAHUS K OTYETY

. Kparkoe BBepenue ¢ (opMynupoBKOA uUeNd W 3a4aul, NOCTABJIEHHON B
pabore.

2.Pacyer WMXThI, XapakTepPUCTHKA LUMXTOBLIX MATEPHANIOB U MOAK(DHUKATOPOB.
XpOHOMETPaX H MOCNEA0BATENLHOCTh POBEACHUS ONEPALIMI.

3. Onucanue onpeaeneHns yriepoaHoro 3KBHBaNeHTA.

4. O6ob1u1eHHe Mony4YeHHbIX Pe3ysbTaTOB, BbIBOAbI 110 pabore.

CITMCOK JINTEPATYPbI

1. CnipaBoynuk no uyryusomy nuthio / nop pea. H.IT [upwoBuua - M.:
MawmuHoctpoenue, 1978.

2, Tpyxos A.I1., Jluteiinsie cnnasbl u naaska / A. I. Tpyxos, A. Y. Mansipos-
M.: 2004r, 335 c.
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9. KOHTPOJILHBIE BOITPOCHI

1. KakoBet uenn moauduuuposanus?

2. B 4yeMm 3aimouaercs Mexanusm aeiicteus moxudukaropos I u 1l pona?

3. Kakne moan@ukatopsl OTHOCATCS K rpadpuTH3Hpyommum?

4. Kax onpezensieTcst yriepoaubiit 3KBHBAIEHT YyryHa?

5. Kakue MOAM(UKATOPH! NPHUMEHSIOTCS B NPOMBIIUIEHHOCTH - Juist
MOJH(HIUHPOBAHHSA CEPBIX YYT'YHOB C TUIACTHHYATHIM rpaduToM?

6. Hazosnre onTHManbHEle YPOBHH TEMNEPATYp YyryHa JUlsl OCYLIECTBJICHHS
MO DUIUPOBAHHS.

7. Kax ouennsaercs adext MoauduuupoBanus?

8. B Teuenne xakoro Bpemeny coxpansercs s¢pdext Moaudumposanna?

9. Kakue 1pobsl HCONB3yIOTCS IS ONPEAENEeHUs B uyryHe otbena?

10. Yem oTIMYAIOTCH TEXHONOIHYECKME BAPHAHTHL MOMM(HIMPOBAHUS
qyyryna? _ ik

11. B kakom Buzie BBOJSAT B paciuiaB MOAuQUKaTopsl?
12. Yo HasbIBaeTCs YriepoHbiM KBUBAIEHTOM M CTENEHbIO 3BTEKTHYHOCTH
qyyryna? : '

11



Jla6oparopuas paGora Ne 3
TUIABKA YU MOJIUOUILTUPOBAHHUE BEJIOTO, CEPOI'O
U BBICOKOIMTPOYHOI'O YYT'YHOB

1. LIEJIb PABOTbI

1.1.Bpifop XMMHYECKOro COCTaBa uYyryHa Jyis TOJyHeHHs 3alaHHBIX
MEXAHHYECKHX CBOMCTB KOHKPETHOH OTJIHBKH.

1.2.M3y4enue miaBky 4yryHa B HHAYKUHOHHOM Me4H.

1.3.03HaKoM/IeHHe C OCOBGCHHOCTAMM UIaBKH ¥ Moaubuuuposanus 6enoro,
Ceporo ¥ BEICOKONPOYHOTO YYI'yHOB.

2. KPATKHME CBEJIEHWUA

2.1. Beibop XMMHYECKOr0 COCTaBa 4yryHa

MexaHuyecKkue CBOJCTBa OTIMBOK M3 ceporo 4yryna (CH) c niactHHYaThiM
rpadurom (TTT7) onpezensnotes no FOCT 1412-89, u3 Beicokorpounoro 4yryHa (BY)
¢ maposuaHbM rpadurom (L) onpeaenstores I OCTom.

MexaHugyeckie CBOMCTBA B OTIIMBKAX ONPeJeNsIOTCS B OCHOBHOM CTPYKTYPOH.
@opMHpOBaHHEC  3aJIAHHOM  CTPYKTYphl  IpH NEepBUYHOH M BTOPUYHOM
KPUCTA/NM3ALMK B 3HAYMTENBHOH CTENEHH 3aBUCAT OT XHMHUCCKOrO cocTaBa
KUIKoro vyryna. [loaToMy Juist MoONydeHMs 3aflaHHOW MapKy IIEpBBIM IIAroM
ABNAETCS BHIOOP XMMMYECKONO COCTaBa 3aJMBaeMoro 4yryHa, sbibop u pacuer
KOMITOHEHTOB HIMXThl. BEIOOp XMMHYECKOro coctaBa 4dyryHa juisi obecriedeHus
3a/laHHBIX MEXAHHYECKHMX CBOMCTB MOXeT OBITh NpPOU3BEACH pPa3MYHBIMH
cnocobamu: 1o Tabnuuam, rpadudecKuM 3aBHCHMOCTSAM, [0 SMIMPUYCCKUM
ypaBHenusM. OIHAKO BCe OHH HOCAT OPMEHTHPOBOWHBIN XapakTep, TaK Kax
CTPYKTYpa 4YyryHa 3aBHCHT HE TOJBKO OT XHMHYECKOrO COCTaBa, HO W OT LENOro
paga Apyrux (aKkTopoB: OT CKOPOCTH OXN@XKACHHS OTIHMBKH, THINA IIaBUILHOIO
arperara, Moguduuuposanus u T.A. [ToaToMy cojepiaHHC OCHOBHBIX 3JEMEHTOB
(yrmepon, xpemuuii, maprasen), npusogumoe B I'OCTax amsi coorsercTByromiei
MapKy 4yTyHa, HOCHT PeKOMEHJATeNbHBIH xapakrep. OKOHYATENBHO XMMHYECKWUii
COCTAB JUIS 33JaHHOM MapKH CIUIaBa YCTAHABIUBACTCH 3aBOJIOM-U3TOTOBUTENEM C
y4eroM KOHKDETHBIX ycioBuil mpoussonctsa. B jawnoli pabore BEIOOp OCHOBHEIX
37leMEHTOB 4YyryHa JUls 3alaHHOM Mapku moxuno B3ate no I'OCTy wmim B
CIIPaBOYHHUKE.

2.2. Pacuer IHXTHI
3ajiaqa pacyera IIMXTHl 3aKIIOYAETCA B ONPEUENICHUH TAKOr0 COOTHOIICHMS

MEXIY MCXOJHBIMH MaTepuanami, IpU KOTOPOM MONyHeHHe XHJIKOro Meraa
3aJJaHHOr0 XUM.COCTaBa M CBOMCTB ofecrieyuBaeTcs NpH HAUMEHLIIMX 3aTpaTax.
PacyeTsl IUMXThl PEKOMEHAyercs BHIMONHATE Ha OBM ¢ HCHoNBE30BaHHEM
cranjapTHbix nporpamm. Ilpu pacdere MMXTHI HEOGXOAMMO [OCHENOBATENBHO

pemarh CIeAyIolHte 3a1a4u:
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a) YCTAHOBUTL COJIEPIKAHHE B HYTYHE OCHOBHBIX JJIEMEHTOB (C, Si, Mn), npu
KOTOpOM 0GecreunBaeTcst BEIONHEHNUE CTPYKTYPBI H CBOHCTB:

6) ycTaHOBUTH BENIMMMHY yrapa KaxJaoro 3J€MEHTa, ‘BbIOpaTts crnocob yyera
ero JUisi KOHKPETHBIX MUIABMILHBIX YCTAHOBOK M M3 3TOIO OMPEJCIHTE COACPKAHHE
JIAHHBIX 2JIEMEHTOB B LIKXTE; ,

B) paccYMTaTh COOTHOUICHUE MEXY COCTABISIOIIHMHA MEeTAJUINYeCKOH HIHXThY,
ofecrieynparoniee NMpU JAHHOM crnocobe NIaBKy 3a/laHHbIH XHMMHYECKHH cocTaB npu
MHHHMAIBHOH CTOUMOCTH.

ITepsas 3azaya BEIOOpa XHMHYECKOT'O COCTaBa paccMoTpena B 1.2.1.

BenuyuHa yrapa 3M€MEHTOB Ha OcHOBe 00OOMmIEHHA NPOU3IBOACTBEHHBIX
JAHHBIX TIPUBOAMTCS B CHPABOYHOM JHMTEpaType; HaNpHMEp, NpH IUIaBKe B
" nabopaTopHOi HMHIYKUMOHHON Me4YM BeNu4YMHA yrapa COCTaBisucT: YIICpoda 10%,
kpemuus 6%, mapranua 10%. Ecnun HameuaeTcs onepauus MOAU(PHUMPOBAHUS, TO
MCXOJIHBIM KUAKKHN YYTYH JIOJDKEH MMETH IMOHMIKCHHOE COACPIKAHHE 3ICMCHTOB Ha
BeJIHUKHY, KOTOpas BHOCHTCS NMPH onepalu Mo pUunpOBaHHs.

2.3. [To/roToBKa MaTEpHANOB K YNoTpebieHuio.

Pazmep KyCKOB METaJUIMYECKOW IMXTHl HE JO/DKEH NMpEBLILIaTh 1/2 nuameTtpa
HHAYKIMOHHON mneuyn. @Deppocniasbl NPUMEHATh B U3METBYCHHOM  COCTOAHMHA.
Bosspar cOOCTBEHHOTO NPOX3BOACTBA NMPHMCHATH OYHILCHHBIM OT (pOpMOBOYHOH
3eMiIM, Npurapa ¥ crepikHel. YyryHHYIO W CTallbHYIO CIPYZKKY, NPHMCHAEMYIO B
IOAXTE POCCHINEIO, OMMINAIOT OT Macel, 3MyibcHil. JUIst BCeX KOMMOHEHTOB
[OJIrOTOBHTE HEOOXOMbIE HABECKH.

[IPENVIIPEXIEHUE. Bce MaTepuaibl, BBOAMMBIE B OKHIKMH UyryH,
JOMKHBE OBITH CyXMMH. YBIaKHEHHBIE MATCpHaNbl NPOCYUIHTDL NpPH TEMIEpaType
120-200°C.

2.4. [TnaBka B MHAYKIIHOHHOM NeYH

B macrosinee BpeMs IUaBka B HMHAYKIMOHHOH NEYH NOMy4Mia MHMPOKOe
pacnpoCTpaHeHHe B MPOM3BOACTBE OTIHBOK H3 HyryHa. 310 OOBICHAETCS TEM, YTO B
VHAYKUMOHHOM JIeun GraronpHATHO COYETAIOTCA SKONOrHYECKHe H TEXHHKO-
3KOHOMHYECKHE CBOMCTBA, KOTOPhIE YAOBIECTBOPAIOT pazHOOOPasHbIM TpeOOBAHHIM
NPaKTHKY JTUTHS. :

3. OBOPYJIOBAHME, ITPUBOPBI, MTHCTPYMEHTDI

1. UaayxunonHas 1neyb.

2. Tepmonapsl.

3. [Tupomerp ONTUYECKHIA.

4. MojienbHBIe TUIATBI C OMOKAMM: a) CTymeHyaras mpoba, 6) crnupank
KHAKOTEKYYECTH; B) KIMH € XONOAMJILHHKOM; T) obpasubt auamerpoMm 30 MM,
JumHo#i 340 mMm. :

5. 3anuBOYHEIE KOBIIM- 2 WIT.

6. [ToreniromeTp BHICTPOICHCTBYFOLIHH.

7. CTynbl ¢ TONKYLIKaMHu IS ApobieHus (peppociiaBos.
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8. IlluxToBbie MaTepuaibi, heppociiassl, MOAUPHKATOPEI.
9. Bech! 115t B3BEUIMBAHUSA LIMXTHL.

10.@opmoBoYHBIi HHCTPYMEHT.

11.Cnenonexna Juis 3anuBIIHKOB, (OPMOBLIHKOB.

4. OXPAHA TPYJIA _

4.1. CrynenT npousBOMMT TONEKO Te ONEpaLMH, KOTOpPbie HEOGXOMMME! JUIS
BBIMOJIHEHHs JiaHHOH nabopatoproii paGoTel ¥ npu ycioBuu, uro 6GesonmacHsie
crioco6bl ee BRIMONHEHNUS €My XOPOIIO H3BECTHb,

4.2. TloAroTOBKY IIHXTHI M 3arpy3Ky €e B Nedb MPOM3BOIUTE TONBLKO IIOCHE
paspelueHns ¥ noj Habmoennem yueGHOro Macrepa.

4.3. Bsoa serupyiommx n006aBOX, MOAU(PHKATOPOB B KHAKMIA pacnias
IPOM3BOJHTE TONBKO IIOCHE Pa3peICHUs TIPenogaBates uin y4ebHoro mMacrepa.

4.4. PasnvBKy MeTaula BEAYT TONLKO [BA BBINENEHHBIX AN OTOH Lenu
crynenta. Ilpu pazimBke MeTanna HaleTh HCNPABHYIO CHEMHMANBHYIO ONEKAY M
o0ysb. Bpioku Hazerk nosepx ofyBM, KypTKy - nosepx Opiok. Haners mmany c
nonsamMu. Jiis 3aMTEL I71a3 W JIHIA WCIIONB30BATh 3AUUTHBIE OYKH C LBETHHIMM
CTEKJIAMM, NPO3PAYHBIH UHTOK. MICHosin308aTh IIOTHBIE GPE3EHTOBRIE PYKABULIL.

4.6. Ilpu npobaeHuH MOAMQPUKATOPOB IJaza 3amMINATH Oukamu. Buicora
cTynbl xomkHa Obith He menee 200 mm. JIpoGienme NpoW3BOAMT OMH CTYJICHT,
OCTaJIbHbIC HAXOUATCs He OJIHKe YeThIpex METPOB OT Hero,

4.7.Jlorpy3Ky IMXTHl, CKauyMBaHWE LUIAKA | BBlI@Yy MeTaina M3
HHIYKIMOHHOM 3JIEKTPONEYH NPONU3BOAKTE IIPH CHATOM C IEYH HaTIPHKEHUH.

4.8. Merann, ymemmii u3 GOpM NpH 3aNMBKe, 3aCHINATH CYXHUM ITeCKOM HIIH
dopmosoyHoii cmecsio. Ilocne 3aTsepresanms metamn yGuparts KPIOYKOM HJIH
JonaTkoi B 6e3onacHoe MecTo.

4.9. MeraiuyecKue IUTHTbI, TIPHMEHSEMbIE B KaYeCTBE XOJNOAUIBHUKOB npu
3aIMBKe NP6, AOKHEI GbITH OUHILEHHBLIME OT PIKABYHHEI U CYXHMU.

4.10. Tlpu pa3buske oOpasuOB CTYIEHTOM, OCTANbHLIE JOMKHB! OLITH Ha
GezonacHoM pacCTOSHHM

4.11. ITpaButs WK paspemaercs TONBKO JabopanTy.

4.12. \ns nabusky (GOpM HCNONB30BaTh HCIIPABHYIO OCHACTKY, (opMOBOYHas
CMECh MO-CBIPOMY He JIoJkHAa ObiThb mepeysnaxHensoil. He jomyckars
NEepeyBIaXKHEHUs CMECH H MECTHBIX CJIabuH npu GopMoBKe. DOopMBI JIOIDKHBI OBITH
TIIATENBHO COOpaHbl, YCTAHOBJEHH B PAA AN KaXKIAOro BHAA qyryna. ®opmsl
HAJICXKHO CKPENHTE WIH 3arpy3dTh CHELHANBHBIM IPY30M BO M3bexaHue yreyku
MeTaia. PopMBI ZODKHBI OBITE paccTaBieHbl ¢ NPOX0AaMH, YIOGHBIMHK st paboTh
3aJIMBIUUKOB.

4.13. BeibuBky ¢opm npou3BoauTs B apTyKe, pyKaBHIAX M 3ALUTHBIX 04KaXx.
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5. 3AIIAHME U EI'O BBITIOJIHEHUE, MOJIUGULIUPOBAHUE YYT'YHA
U 3AJIMBKA ®OPM

3anaHue BBJIAETCS KAXKAOMY CTYACHTY.

Hns uccnenoBaHus NUTEHHBIX W MEXaHMYECKHX CBOJCTB w4yryHa B
COOTBETCTBHH C 3ajJlaHMeM HeOOXOAMMO M3rOTOBUTH JjMTelHble QopMBl Ans
TexHoNornyecknx npo6 wu obpasuos. B paGore pomkHo ObIT NONy4YeHO M
HCCJICIOBAHO HECKONbKO BHIOB 4yryHa: 6enoro, ceporo M BLICOKONPOYHOIO.
Iloaromy obinee konuuecTeo GopM onpeAenseTcs HCXOAS U3 3a/la4K MCCIeIOBAHMS.
Jist BBINONHEHUA paboTH! M3TOTOBHTH CleAyioume (OpMbL: a) Ul 3anuBKK npob Ha
XKHAKOTEKY4ecTh - 3 1uT.; 6) juist kimHoBo# npobsl Ha otben - 3 1UT.; B) CTyneHyaras
npo6a -3 wr.; r) 06pasikl Ha MEXaHHYECKHE UCITBITAHMS - 3 LIT.

Ilpu wsrorosnenuu ¢opM coGMOAATs TEXHONOTMIO ¥ NPAaBHMIA TEXHUKH
GesonacHoctr. Temmeparypy 3aiMBKH 4YyryHa B MCXOHHOM KOHKDETHOM Clydae
HeoOXoaMMO BHIGHMpATh B COOTBETCTBMM C BWJOM 4YTyHa, MAaccoil M TONIHHOMK
CTE€HOK OTJIMBKH, & TAK)KE Marepuana JuTeiHoi Gopmsl. '

Heobxomumo yuureiBath, 4To BBeAeHHe B uyyryH 1% pasnuuneix no6aBok
chwkaer ero temneparypy Ha 10 — 40 °C, npu BbiepxKe B TedeHHe 1 MUHYTHI
Temnepatypa nanaet Ha 2 — 40°C. Bonbiee 3HayeHue OTHOCHTCH K KOBIIAM MaJOM
emkocTu. [Toatomy metamn s MOAMGMIMPOBaHHA JOIDKEH HMETh TEMIEPaTypy
1500 °C, a xoBul npeABapuTENsHO mNojOrper. Moauuumposanue gyryna
NPOU3BECTH B KOBIIE IPH BBITYCKE METAUIA M3 IUIABHJILHOIO arperata. Jlns atoro
MOATOTOBJNICHHYIO HaBECKy MOAM(MMKATOpa yNakoBaTh B OYMaXCHBINM KHMCET M BBECTH
€c B KOBII IIpH €ro HamoNHEeHHWH cloeM 4YyryHa npumepHo 20-10 mm. Ecnm
NpUMEHACTCA  OJHOBPEMEHHO  HECKONBKO  Mojaudukaropos  (Hanpumep,
rpaguTH3HPYIOUMIi ¥ CTaGHINM3UPYIOLIMIL IEPIMT), OHK JOJDKHBI GHITH YIIAKOBAHEI B
OJIMH [MaKeT.

PaznuBky obpaboranHoro dyryna mo jureiiHeiM GopMamM HaYMHATL He paHee
YeM yepes 2-3 MHHYTBI MOCNE Jauyn MOAM(HKATOpa B KOBII M 3aKaHYMBATH He
nosaxee 10-20 mutyT (B 3aBUCHMOCTH OT BHJA YyryHa, BHAa MozudukaTopa u ip.)
nocne onepauny Moxuduuuponanus. Kaxapii BUA MONy4EeHHOro 4yryHa 3aiurh B
COOTBETCTBYIOIIHE (OPMBI.

6. COOEPKAHUE OTYETA

1. BBIOOp XHMHYECKOIO COCTaBa YyryHa /Uil OTJIHBOK.

2. [ToaroroBka MaTepHaIoB K fUIaBKe.

3. Beenenue 1uiaBKky B MHAYKIIMOHHOM 1e4YM U TEXHHKa 6e30MacHOCTH.
4. TemniepaTypHBIH peXxuM 3aNuBKH GOpM.

5. MoauduumpoBanue 4yrysa.

6. CTpyKTYpbl, THTEHHbBIE U MEXaHHYECKHE CBOCTBA YyryHa.
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7. KOHTPOJILHLIE BOITPOCHI

I. BausHue XHMHYECKOro cocTasa vyryHa Ha ero CTPYKTYpy W MeXaHuueckme
CBOHCTBA.

2. Kakue QakTopbi KpOME XHM.COCTABA OKA3LIBAIOT BIHAHHE HA MEXaHHYECKHE
CBOMCTBA UyIyHHBIX OTAUBOK?

3. Llens Monuqmuuposanux

4 Buasi MOAHDHKATOPA M MOAMDULIMPOBAHHSL.

5. Ocobennocty Genoro, CEpOro 1 BLICOKOIPOYHOIO 4YTyHOB.

6. Mexanusm Bo3neicTsus MOAM(HUKATOPOB Ha TpoLiece
CTPYKTYpooGpazoBanus.

CITMCOK JIMTEPATYPbI

I. CnpaBounnk no wuyrywnomy nuteio/mos pen. H.IW. T upwosuua. M-JI.:
Maiuunoctpoenue, 1978. - 758 ¢ '

2. HI I'vpwosny Kpuctannusaums u csolictea uyryna B otnuskax / H.I.
I'upwosny - M. JL.: Mawunoctpoenne, 1966. - 562 ¢.

3. Cyxapuyk 10.C. Tlnaska uyryna B Barpankax / }0.C. Cyxapuyk , A.K.
10anu - M.: Mawmnoctpoenwue, 1981. - 143c.

4. Bosnsuxenckuit E.M. Jluteiinbie cnnasbl ¥ TEXHONOrHS MX MIABKH B
mauHHocTpoenun / EM. Bosasuxenckuit, B.A. Ipaues, B.B.Cnacckuii - M.:
MawmnHnoctpoenue, 1984. -431c.
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JlaGoparopuan paGora Ne 4
M3YYEHUE MPOLIECCA MOJIMOULIMPOBAHUS B ®OPME JUIs
NOJIYHEHUS YYT'YHA C IHAPOBU/IHBIM FPAGUTOM

1. LIEJIb PABOTHI
OsnakomuTh CTYIEHTOB ¢ Teopueii n IPaKTHKOWH npotecca MOAMPUUHPOBAHHS
B QopMe npy nosnyueHHu BBICOKOMPOYHOro 4yryHa ¢ IapoBUHbIM rpadHTOM.

2. OBUIWE CBEJAEHUSA

MomnduumpoBanuem HasniBaeTCs  Takoe BO3AEHCTBHE Manbix nodasox
ONPEACNEHHLIX  BeliecTB  (Ha3blBaeMbIX  MOAM(UKATOPAMK)  Ha NEPBUYHYIO
KPHCTALIM3ALMIO, KOTOpOe BeieT K GNaronpuATHOMY H3MEHEHHIO CTPYKTYpBI -
HIMENLYCHUIO  3epHa B CTAansX M UBETHBIX CI/IABAX, YBENUYEHMIO CTeNeHH
rPaQUTH3ALN MAM H3MEHEHMIO ¢opmbr rpadura B uyryiie. B 3aBucumoctH or
MPHPOAbI MOM(MKATOPA ITOT NPOUECC MOKET MPOTEKATH NOA BAMSHUEM BBE/ICHHbIX
B MCTall NOBEPXHOCTHO-aKTUBHLIX 100aBOK, 06BONAKHBAIOLINX KpUCTanbi U
MPENSTCTBYIOIMX HX POCTY B KHMAKOCTH (Moandukaropsl 1-ro ponma), miu
BCJICACTBHE JICHCTBHS  BBEACHHBIX B MCETAN]  JOMOMHUTENBHbIX 3apojibiuieii
Kpucramnusatmn (moauduxaropst I popa). K nocneanum otHocsTes, npexie Beero,
Tyronnaskue onementel. Moaudukatopamu 1-ro popma moryr 6biTh  TonbKO
MOBEPXHOCTHO-AKTHBHbLIC BELIECTBA, MMEIOME HU3KYIO TEMAEpaTypy MUiaBleHus u
MAIBIE CHIIBL CLCNNIEHUS B XHUIKOM COCTOAHHMH, JIErKO ancopbupyiowmecs Ha rpaHsix
PAaCTYWHX KpucTannos. JleHCTBHE MOBEPXHOCTHO-AKTHBHBLIX BELECTB, KpoMme
pasoblleHns NOBepXHOCTEH pacTyiux KPUCTAJIOB OT OKPYXAIOWEH KUAKOCTH,
CMOCOOCTBYET TaKKe 3apOI/ACHHMIO HOBBIX UEHTPOB KPHCTANIIN3ALUN.

B npoussoncree ornusok u3 dyryna ¢ wapoBuaHbiM rpaputom (YLLT)
UCTIONB3YETCst BONBIUIOE KONMYECTBO CnocoboR chepounuzaumuu rpadura. Bee onu
NPEAYCMATPHBAIOT BBOA B JKHAKHI 4yTyH IMGO TOALKO MarHus, imbo maruus u P3IM
WIIH B BHIE CILIABA MarHus ¢ 3/1eMEHTaMH-HOTHTENIAMH XUMHYECKHX COeAMHEHMIT.

[Tpouecc  BHyTpHdoOpMenHOii obpaboTku  (MHMOAA-npouece) cuuTaercs
KPYITHEALIMM JOCTHIKEHHEM B 061aCTH TEXHONOMMMU npoussoacTsa YLLT. [Npouece
MPCAYCMATPHBACT - pasMellleHne ceponau3aTopa BHYTPH JMTEHHOI dopMel B
CreuHanbHOH peakMOHHON Kamepe.

WUnmoni-npouecc  umeer  creayiowme MPEUMYyHIECTBA:  OTCYTCTBHE
ABIMOBBIZICNICHHA 1 CBEYCHMS, TaK KaK BCe MPOAYKTHI peakuuy ancopbupyrores
MaTepHanoM JNHTeHHOH (opMbl; BbicOKas cTeneun ycBoeHus maruusa (80-90% no
cpauennio ¢ 30-50% mans obpabortku B OTKPBITBIX KOBIUAX), 4TO COKpaiuaer
Pacxoibl Ha MOAM(DUKATOPHI, MaKCHMAIbHbII ekt 3apoasieobpasopanns, yro
HCKIIOYaeT HeoOXxoaumocTh nocnechepon AM3uPYIOIEro HHOKYIMPOBaKHUs: Golee
BBICOKHME M cTabuibHble GU3MKO-Mexanuyeckue caoiictea YLLT 3a cyer NOBbiLIEHUS
KOJIMUECTB BKNIOYeHHH rpaduTa npaBuibHOMN GopMbi.
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K HepoctarkaM mnpouecca MOXKHO OTHECAH Clejyloliee: HeoOXOMMMOCTS
HU3KOCEPHAHOTO MCXOMHONO HyryHa, HEOOXOAMMOCTH YCHJIEHHOIO  KOHTPOJIS
KauecTsa  KaXAOW  OTAWBKM,  HeOOXOAMMOCTL  CneuuanbHbIX  CHJABOB-
chepouau3aTopoB.

Cxema Moauduumuposanus uyryHa B popMme npuBeseHa Ha PUCYHKE.

3. METOJIMKA PACHYETOB
YCTaHOBJIEHO, YTO MEXJY CKOPOCTAMH PacTBOPEHHS MOAM(MKATOPA, 3aMMBKH W
pasMepaMd  peakUMOHHOH KaMmephl CywecTByeT ¢H3M4eckH 0BOCHOBaHHASA
B3AHMOCBA3L. JTO MO3BOJSET BapbHPOBATL CKOPOCTHIO PACTBOPEHHS AAHHONO
CeponnusaTopa B 3aBHCHMOCTH OT YCJHOBMI MPH NOCTOSHHON, IS 3aJaHHOI
OTIHBKH,
TEMIEPATYPe  3IUBKH,

Puc. 1. Cxema moanuuuposatus 8 sinreitnoi gopme:
! — peakumonnas xamepa, 2 — ueHTpoSeKHbIf UIAKOYNOBHTENE,
3 — nonoctb Gopmel, 4 — GpUALTPOBANLHAA ceTKa

Konebanus Temneparyps! 3a1MBku B npeaenax +30°C ot cpeaneil onTHMAaNbHOMN He
BIIMACT Ha yKasaHHYIO B3aWMOCBA3b. B npocreiinieii gopme 210 B3aumooTHOmEHHE
UMEET BUJ

gl Fy = @,
FA€ g — MaccoBas CKOpPOCTh 3aJIMBKH, KI/c; :
Fy — onpeaensioumii pasmep peakunoHHO Kamepel, CM’;
@, — ¢akrop pacTBopeHus, Kr/c-cm’ . A
Pacreopenue cepouanszaTopa B UyryHe MNpOTEKAeT BHE KOHTAKTA © BO3JlyXOM,
MO3TOMY MNPU ONTHMANBHBIX YCIOBHAX, PEryNMPYeMbIX C NOMOLUbIO YKa3aHHOTo
COOTHOLUEHHSA, HHMOJII-TIPOLIECC ODECNICUNBACT YCBOCHHE MArHUs MHHHMYM Ha 80%.

18



Kpome Toro, kaxpas ornuBka MOAWQUUMDYETCS B OJMHAKOBBIX YCHOBHSAX, 4TO
oﬁecneqnnaer NOCTOSHCTBO CTPYKTYPHI W cBoiicts YIIIT .

HAns wHMoOnz-mpouecca cieflyer HCHONB30BaTh CYKAIOUIYIOCA JTHTHHKOBYIO
CHCTEMY, COCTOAUILYIO M3 OAHOrO MOJABOAAIICIO KaHala K peakLUOHHOH Kamepe M
HECKONIBKMX OTBOAAIIMX JIUTHUKOB H3 HEe. '

Pexomenyemoe COOTHOIIEHHE CeYeHHMH 3/IEMEHTOB JIMTHUKOBOH CHCTEME:

Fowt Py VP P = 121,151,128 1,.3:1.3,
rae HHACKCHL ", "uy", "s", "o O3HAYAXOT COOTBETCTBEHHO NMTATENb, IUIAKOBHK,
BBIXOJUIIIHH ¥ BXOAAUIMI KaHANEI PeaKLUOHHOMK KaMephl, CTOSK.

IIpn KoHCTpyMpoBaHHM M pacyeTe pa3MepoB PEaKLHOHHON KAMEPHl MCXOST
U3 MAacCOBOH CKOPOCTH 3alMBKH (KT/C), IUIOWIAZH TOBEPXHOCTH Kamephi (cM)
MOCTOAHCTBA  IPAHYJIOMETPHYECKOr0 COCTaBa  C{EpOMAM3aTOpPa, TEeMIEpaTyphl
3QJIUBKH.

Ilpumensiorcs CNeAYIOlHe  METORMKH H NOCNeN0BATENHHOCTE
OPHEHTHPOBOYHOIO pacyeTa peakUHOHHON KaMephl: '

1) ycranosnenne obuieii MeTamoeMKocT (JOPMBI C YYETOM MAaCChl JIUTHUKOB
¥ npuObLIEH, BBIXOJ FOAHOIO NPHHUMAIOT paBHbIM 40-60%:;

2) onpejenenue BpeMeHH (¢ 2 M MacCOBOM CKOPOCTH 3aJIMBKH q(Kr/c);

3) pacuyer nnomamd Fi(cm®) peakumonHoN Kamephbl, HCXous u3 dakropa
pactsopenus @, (kr/c-cm); F k=q/@,. (Paxrop PacTBOPEHHA ABAETCA KOHCTaHTOM U
06brH0 npuMensiercs passM 0,04...0,06 xr/c-cm?);

4) onpenenennie Macchl (xr) u obwsema V. (cm’) crinasa-cepounusaropa,
nnomoc*rb nuratypsl Mg-Si-Fe 3aBucumoctsio 1-4 MM npuHHMMAIOT paBHOl 2-10
Kr/cM™;

5) pacuer Tommmubl 1 (cM) cnos cdeponamuzaTopa no orHomenuio H=V/Fy
¥ BEICOTBI PEAKLMOHHON KaMeps! Noj cnoeM chepouausatopa (Muaumym 1,5 cm) u
TOJIHHEI MOJABOASALIEIO JINTHAKOBOIO KaHa/la peakiMOHHON KaMephl.

4. TTOPAJ1IOK ITPOBEJIEHUS PABOTBI

L. IIpou3BecTy pacyer JHTHHKOBOH CHCTEMB!, PEaKIHOHHOM KaMephl, MacCh!
HCIIONB3YeMOro MoJaupuKaTopa JUIA W3rOTOBNCHHsS OOpa3sloB JUIS MEXaHHYECKHX
HCIIBITAHHH.

2. M3roToBUTE GOpMY JUtd OTIIMBKM 06pa3ioB s MEXaHUYECKHX MCHBITAHUI
MHMOJI/I-TPOLIECCOM.

3. BeInnasuth B MHAYKIHOHHOM NEYH YyTyH 3aaHHOIO COCTAaBA H NPOM3BECTH
3aMBKY (JOPMBI TIDH 3a/IaHHOM TeMIepaType.

4. Ilocne oxnaXAeHHs OTIMBKY OYHCTHTB OT MPHTOpeBIe cMecH.

5. IlpoBecTH MexaHH4YecKue HCNbITaHus 00pa3LOB Ha IPOYHOCTD.

6. IIpHroToBUTL LLTHG H ONHCATH CTPYKTYPY NMOMYHYEHHOrO YyryHa.

7. CocTaBUTh OTHET.
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5. COAEPXXAHUE OTYETA
1. Xapakrepuctuka HHMOJIA-NIpoLecca.
2. Onucanue ONbITHLIX OOPa3LOB, METONOB H3TOTOBNEHHS (JOPMBbI, YCIOBHH

NpoBeACHMUs IKCINEPUMEHTA.

3. Dcku3 Gopmbl.
4. Tabnuua ucXoaHbiX AaHHbIX. [pHBeaeHHe pacueTa NUTHUKOBON CHCTEMDI.

5. Pe3ynbTarsl ONbITOB.
6. Beisoabl

CITUCOK JIMTEPATYPbI
i. Jlureiinoe npoussomcto/moa pea.  AM.  Muxaiinosa. M.

MaiuunocTtpoenue, 1987
2. Morunes B.K., CnpaBounuk nureiiuuxa / B.K. Morunes, O.U. Jles - M.:

Mauunoctpoenue, 1988. :
3. llgetHoe nuThe: cnpagounuk/nox pen. HM. Tanauna. M.

Maiunoctpoenne, 1989.
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JlaGoparopnas pabora NeS
WM3YUEHUE JIATEMHOIO BPAKA HA OTJIMBKAX

1. LIEJIb PABOTBI -
O3HAKOMHTH CTY/ICHTOB C TEOpHeH U NPAKTHKO# OCHOBHBIX BUJIOB Gpaxa
OTNUBOK M3 YYI'yHa U CTaJH. |

2. OBUIME CBEJAEHNMA

IlepBOCTENEHHBIMU 3a/ladaMu NIUTEHIMKOB ABJSIOTCA NOBBIIIEHNE Ka4yecTBa
OTIHBOK M CHIDKEHHE MOTeph OT Opaka, CyIIECTBEHHO Y0POXAIOMIHMX IMPOAYKIHIO.
Bo MHOrMX OTpacisxX MalMHOCTPOCHHS yaenbHbiH Bec Opaka AUTEHHBIX 1IEXOB B
obmeii croumocTH 3aBozickoro 6paka coctapiseT 40 — 45 % w BBILLE.

KauecTBO OTJHMBOK 3aBHCHT OT MHOKECTBa daxTopoB, CBSI3aHHBIX CO
CHOKHBIME  (PU3HKO-XMMHYECKMMHU  ABJICHUAMH, CONpPOBOXKAAIOUMME  [POLECC
nonyuenust omiuBku. OramBKa dopMupyeTcs 1104 KOMIUICKCHBIM  BJIMSAHHEM
FHIPABIMYECKUX, - KPUCTA/UIM3AIHOHHBIX, — TCTUIOBBIX, YCAIOYHBIX = M JIPYruX
HpPOLIECCOB. A

Venopust s obpazosaHus JedeKkToB MOTryT MOABHTBCA HA BCEX sTanax
NPOM3BOACTBA, HAYMHAsK C NMPOCKTHPOBAHHA OTIHBKH. OcobeHso OTBETCTBEHHBIM
ABJISETCA JTAl NPOCKTHPOBAHMS TEXHONOIHMECKOro MNpouecca. Ot npaBUJIBHOIO
PACTIONOKEHMS OTNUBKA B POPME, KOHCTPYKUHH! JIMTHAKOBOM CHCTEMBI, HAIWUUA
PACHONOKCHUS XONOAMIEHHKOB, npuGEUIEH U OT ApYruX (akTOPOB 3ABUCHT yCIOBHA
ISl HATIPABJICHHON KPHUCTALIM3AUMK M NONYYCHUA NJIOTHOTO MeTajjla OTJIHBOK.
CymecTseHHOE 3HAYEHHE MMEIOT TNpaBHIBHEIC napaMeTphl - TEXHOJIOrHYECKOro
mpolecca: TeMIepaTypa ¥ CKOpOCTh 3aJIMBacMOro MeTamia, cocTaBbl GOPMOBOUHAIX
M CTePXHEBBIX CMeceH, PeXHMBI TepMoobpaboTku ¥ T.Ji. BiMAeT Ha Ka4CCTBO
OTIMBKH  YDOBEHb  TEXHOJIOMMYECKOH  JIMCUMIUIMHEL  H npodeccuonanism
[IPOM3BOJICTBEHHUKOB (MacTepoB, (OpMOBIIMKOB, CTEPXKEHIIMKOB, MIaBHIBIIHKOB,
sanuBIKoB). B 3HAYMTENBHON CTENEeHY KaYecTBO OTJIMBOK 3aBUCHT H OT KayecTBa
HCXOMHEIX MaTepHaIoB (IMXTOBBIX, GOPMOBOYHEIX U Ip.).

MuorooGpasue BHIOB JIePEKTOB M NPHYMH, HX BbISHIBAIOIIHX, cO31aeT
clioXHOpaspeuMble  NpoGieMsl  Jlaxke JUis  ONBLITHOTO CrielHaNNCTA-THTEHILHKA.
PasnooGpasubie fedekTsl MOryT ObITh BBI3BAHBI O/IHOM ' TOM e TIPHIHHOH H,
1a060poT, pasHele NPHYHUHBI NPABOAAT K o6pa30BaHHIO TOr0 HJIH HHOTO nedexra.
[Ipu paspaboTke Mep MO IMPEAOTBPALICHHIO NOABICHHA nedeKToB HEOOXOAMMO
YUUTHIBATE, YTO H3MEHEHHE YCIIOBMUIt (opMHpOBaHMs OTJIMBKH C UENBIO YCTPAHCHH
oanoro nedeKra MOXKET NPUBECTH K 06pa3oBaHmio Apyroro Aedexra, nosromy Uil
yenemHoit 6ops0rI ¢ jiedexTamMu HeoOXOMMO 3HATh MEXaHH3Mbl X 00pasoBanMs,
NPUYUHE! BOSHHKHOBEHHUS M MEPhI HX TPEAYPEHACHIA.
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3.0B0PYJIOBAHME U MATEPHUAJIbI, HEOBXO/JIUMBIE

JULA [MPOBEJEHUS PABOTBl -

O6pa3upl OTIHMBOK C XapaKTepHbIMM BHAAMH Gpaxa, obopyaoBaHue JUI
3aMepOB K H3YUCHNUA nedexToB OTIAHBOK
4. TIOPSIIOK TTPOBEJIEHMA PABOTbI

1. Ionyuenne HHAMBUAYATLHOTO sanauust JUISA KXo Opuraisl.

2. Usyuenue ormueki. Onpesenenne BUAa CIUIaBa, onpesieieHHe MecTa H
knaccupuKaums nedexra.

3. AHaIM3 NPUYHH BO3HUKHOBEHM nedexra U Mep npejoTBpallenns ero
obpa3zoBanu.

4, O6cyxaeHue pesynbTaToB.

5. TPEBOBAHMSA K OTUETY

KpaTtkoe BBEJICHHE C dopMyMHPOBKOIT LEH M 38131, nocraBlneHHLIX B pabore.
VcxolHbie AaHHBIE JUIs [POBEACHHA paborst. [IposecTH BHElIHEE W3YHeHUE OTIHBKH
u xnaccupukammio jedekTa. Onucath NPHYHHBI BO3HUKHOBEHHS nedexra M
H370KHTh MEPONpPHUATHA 1O NMPEAOTBPALICHHIO o6pazoBains Mof00HOr0 nedexra B
OTJIABKE.

CITMCOK JIMTEPATYPBI
1.TOCT 15467 — 79 u TOCT 19200 —~ 80
7. B.A Kopoenn, 1.O Mexanu3smel obpa3zoBaHust ¥ MEpHI NPEeAOTBPALICHUS
fe(exToB UyryHHBIX H CTAIBHBIX ornusox/ B.A Koposun, 1.O JleymmH, HuxHui
Hogropox, HI'TY, 2006 — 84 c.
- 3.T.I1 TonopoB. JlepexTrl B OTIHBKAX H3 yepupix crasos / I'.T1 Tonopos. M.
MangHOCTPOCHHUE, 1984. — 184 c.

7. KOHTPOJIbHBIE BOITPOCHI

1. Bo CKONBKO rpyHIT O CBOMM BHEIIHHM npu3HaKaM o0beIMHEHE nedexts?

2. HazoBuTe rpynnbl, B KOTOPHIC ofBeauHEHb! AePEKThl N0 CBOUM BHEITHHM
npu3HaKam?

3. CkonsKo BHAOB JIeHeKTOB BKIHOYEHO B knaccupuKaluio o TOCTy?

4. Yro Takoe MakpoCTpyKTypa H MHKpOCTpPYKTYpa?

5 Ponb HBETA M3/IOMA OTIMBKH JUIA OTIPC/CHICHHA Tina cnnasa u Jiedexra
otmBKa? ~
6. B xaxoM Buae M (opmax MOXET MPHCYTCTBOBATH YIJIEPOA B 'yryHe H
cTanu?

7 Posb METAILIa B MHOro00pa3uH BUOB nedexToB ¥ NPHYHH UX BbLI3BIBAIO
wnx?



