MuHHCTEPCTBO 00pa30BaHUS U HAYKH Y KPAUHbI

I[onﬁaccxaﬂ rocyrapCrBeHHasg MallIMHOCTPOUTEC/IbHaAA aKaJlCMUsl

METOJUYECKE YKA3ZAHUASA

K CAMOCTOATEJIbHOM padoTe Mo JUCIHUILINHE
“CoBpeMeHHbIe MaTePUAJIbI U TEXHOJIOTHYECKHE MPOLecChl
YIPOYHEHUS U BOCCTAHOBJICHUS”

JJISl CTYJIEHTOB crienuajabHocTu 7.092301
«TexHosorusi u 000py10BaHHE CBAPKID)

AHeBHOM (POpMBI 00yUeHMSI

Y TBEpKICHO:

Ha 3acellaHuu Kadeapbl
CBapOYHOI'0 IPOU3BOJICTBA
[TpoTtokon Nel ot 03.09.2001r.

Kpamartopcxk II'MA 2002



VJIK 621.791

Metoauueckue ykKazaHHUs K CaMOCTOSITEILHON paboTe IO JAUCITUII-
auHe «CoBpeMeHHBbIE MaTepHaldbl W TEXHOJIOTHYECKHE MPOIECCHl yII-
POYHEHMSI Y BOCCTAHOBJICHUS» JIJIA CTYIEHTOB crienuaibHOCTH 7.092301
«Texnonmorust u ob6opynoBanue cBapku» / Coct. A.I'.I'puns. — Kpama-
topck: II'MA, 2002. - 16 c.

Conepxatr pabodyro mporpaMMmy y4eOHOUW TUCIUTUTAHBI, WH]TU-
BUJIyaJIbHbIC 3a/IaHUS, METOANYECKUE PEKOMEHAIIUU 1O MOJTOTOBKE,
CIIUCOK PEKOMEHYEMOM JINTEPATYPHI.

CocraBurenb A.I' T'punsb, no.

OTB. 32 BBIYCK B.M.Kapnienko, goi.



BBenenue

[IpumeHeHne HamIaBKH, a TaKKe JAPYTUX CIOCOOOB HAHECEHMs MOKPBHITUN Ha
MOBEPXHOCTh  CHOCOOCTBYET  CYLIECTBEHHOM HKOHOMHHM  METaJlla, CHIKEHHIO
TPYJOEMKOCTH M  COKpAIEHWIO [HMKJIa H3TOTOBJIEHUS, T[O3BOJIAET IOBBICUTh
JIOJITOBEYHOCTh JIeTale W Y3JI0OB MallMH. OTH MPEeuMYIIecTBa OJIaronpusTCTBYIOT
YBEJIUMYCHUIO 00BEMOB PabOT MO BOCCTAHOBJICHUIO U TMOBBIIICHUIO W3HOCOCTOHMKOCTH
MAIllMH U KOHCTPYKLHUH.

[Toucku HM3HOCOCTOMKMX METAJIOB M CIUIABOB - BeCbMa crielM(puuHas 001acThb
WHXCHEPHOU  JesATeNbHOCTH, TpeOyromas OOIMMPHBIX 3HAHMM O TIpoleccax,
MPOUCXOMSIIUX MPHU IKCIUTyaTallud B paboueld MOBEPXHOCTH M3HAIIMBAEMBIX JeTaliei
noa  BO3JEHCTBMEM  HW3HammBaroumx  cpea.  OObEKTUBHBbIE — JaHHBIE O
paboTOCIIOCOOHOCTH MATEpUAIOB IPU H3HAIIMBAHUM MOTYT OBITh MOJIY4YEHBI INPHU
KOMIIJIEKCHOM MCCJIEIOBAHUN XHUMHUYECKOTO U CTPYKTYPHOI'O COCTAaBa U CBOMCTB CTallH,
a TakK€ BHEIIHUX YCJIOBHUH, TEeMIEPATyphl, AaBJICHUS Ha paOOUyl0 MOBEPXHOCTb H
Xapakrepa padouei cpebl.

N3yuenue kypca Oa3upyeTcsi Ha 3HAHUAX, MOJYYEHHBIX B IPOLIECCE YCBOEHUS
XUMUH, (PU3UKH, METALJIOBEACHUS, TEOPUN CBAPOUYHBIX MPOIECCOB, TEXHOJIOTUU CBAPKHU
IIJIABJICHUEM.

Kypc “CoBpeMeHHbIE MaTEpHaIbl U TEXHOJOTUYECKHAE MPOLECCHl YIPOUYHEHUS U
BocctaHoByieHus:” (CMuTIIYB) nmaer Oyaymum crnenuanucTaMm 3HaAHUS O CIOcoOax
yIOpaBJICHUS CBOICTBAaMM IIOBEPXHOCTH, METOJaxX BbhIOOpa W pacuera cocTaBa
HAHOCUMOT'O IOKPBITHS, YTO IO3BOJIUT B MPOLECCE NajJbHEHIIEH NMPOU3BOIACTBEHHON
JeSITEIbBHOCTH Peaju30BaTh HOBBIM MOAXOJ K BBIOOPY MaTepHalioB M TEXHOJOTHH,
00ecreurBaOIIMX MOBBIIIEHNE J0JATOBEYHOCTH JIETaNIEH.

N3yyeHne AUCHUIUIMHBI COCTOWUT W3 H3YYEHHUS TEOPETHYECKOro Marepualia,
BBITIOJIHEHUS JTAOOPATOPHBIX PA0OT U CAMOCTOSATENLHON paOOThI HAJT KYPCOM.

CamocrosiTenbHas paboTa CTYAEHTOB COCTOMT B M3YyYEHHUH TEOPETUYECKOIO
Kypca, 3HaHHE KOTOPOIO OTPa)aeTcsl MPHU BBINOJIHEHUH U 3alIUTE JAOOPATOPHBIX U
KOHTPOJIbHBIX pa0O0T, MHAWBUAYAIbHBIX 3aJaHuil. [Ipu UX BBHIMOTHEHUH ONMpEAENsIeTCs
YMEHUE CTYJIEHTOB MNPUMEHSITh HAa MPAKTHKE TEOPETUUECKUE 3HAHMS, A TAK)KE YMEHUE
MCIIOJIb30BaTh MEPUOANYECKYIO U CIIPABOYHYIO JIUTEPATYPY.

Coaep:kanue nporpamMmsbl Kypca
Tema 1. Pazpyuwenue oemaneu Mmawur u uHCmpymenma

1.1 CoctosiHME U EPCIEKTUBBI Pa3BUTHUSI UHKEHEPHUH YIIPOYHEHUS MOBEPXHOCTHU
CHELUATbHBIX TOKPBITUI A€TaJIed MAIIMH U HUHCTPYMEHTA.

1.2 Knaccudukanus v XapakTepuCTHKa BUIOB pa3pyllIeHUs M H3HOCA JeTajeit
MalIyH.

1.3 BnusiHue pa3iavyHbIX TEXHOJIOTMYECKUX (PAKTOpOB Ha CilyKeOHbIe CBOMCTBA
JIeTajed U UHCTPYMEHTA.

Jluteparypa [3,11].



Tema 2. Cnocobwsl Hanecenuss NOKPbIMULL HANIABKOU Memaid

2.1 JlyroBas HamuiaBKka OTKpPBITOM Jyroil. TexHOJOrus HaIUIABKH, CXEMBI,
0COOEHHOCTH TpoIiecca.

2.2 JlyroBas HaruiaBka moj cioeM ¢uiroca. TexHosnorus HamiaBku. OcoOeHHOCTH
cnoco6a. Mcnonp3oBaHue npoBoIOK U JeHT. [IpenmyIiecTBa U HEIOCTATKH.

2.3 DraexTpolIakoBas U mia3MeHHas HamiaBka. OCOOEHHOCTH BOCCTAHOBJICHUS U
yOnpouHeHus Aetaneil. TemnoBble XapaKTEPUCTUKH IUIa3MEHHOTO MOTOKA.

Jluteparypa {1,7,3,12,13}.

Tema 3. Teopemuueckue ocnogvl Han1axu

3.1 Ananu3 cocTaBa OCHOBHOTO ME€Tajljla M BBIOOp HEOOXOIMMOTO JJIsl HAIJIaBKH.
Br160op crioco0a ernpoBaHus IPH HATIABKE.

3.2 BinstHuE DHEPTETUYECKUX NapaMETPOB HA COCTaB M CBOMCTBA HAIUIABJIEHHOIO
metaia. O6pa3oBaHKe HAIUIABIEHHOTO BajlnKa. Pacnpenenenue Termia npyu HariaBKe.

3.3 TpewrHbl B HAIIaBIEHHOM METaNIE W WX NPEIOTBpAIICHUE. Y CIOBUSA
oOpaszoBaHus TpelinH. Kpucramii3aloHHbIe U 3aKaJIOUHBIE TPEIUHBI.

Jlureparypa [1,13,14,12].

Tema 4. Mamepuanwt 0nsa Haniagxku

4.1 IIpumeHeHue IEKTPOIOB ¢ 0OMa3KOW U MPOBOJIOKU B 3aBUCUMOCTH OT COCTaBa
OCHOBHOI'0 Marepuana. MapkupoBKa dJIEKTPOIOB U IIPOBOJIOKHU.

4.2 DnEeKTpOAHBIE TOJIOCHI, MOPOIIKOBBIE IPOBOJIOKM, HX NPUMEHEHHE MpPH
HaIJIaBOYHbIX paboTax. OCOOEHHOCTH KOHCTPYKUMHU IUIaBieHUs. Mapku NpOBOJIOK U
JICHT.

4.3 @mrockl, UCNOJIb3yeMble TIPU HarmjaBke. Tumbl (urocoB, UX cocTaB. BriOop
(roca B 3aBUCMMOCTH OT COCTaBa OCHOBHOI'O U 3JIEKTPOJHOTO METaLIA.

Jluteparypa [12,13,14,15,16].

Tema 5. Texnonozcus nannaexu oemanei Mawiun U UHCMPYMEHmMA

5.1 AnroputM pa3pabOTKH TEXHOJOTHYECKOrO IpOIlecca BOCCTAHOBICHUS U
YIPOYHEHUS.

5.2 TlomrotoBka TOBEpPXHOCTH K HarulaBke. BpIOOp pexuMa HalIaBKH.
TexHOa0rrs HaIIaBKU LWJINHIPUYECKUX, KOHUYECKUX J€Talei, NHCTPYMEHTA.

5.3 TexHonornyeckue OCOOCHHOCTH HAIMJIABKM WHCTPYMEHTAJIBHBIX CTaJICH.
[IpumMeHeHne TepMUYEeCKON 1 MEXaHUYECKON 00paboTKK MeTasa.

Jluteparypa [14,15,12,3,10].

Tema 6. Hnowcenepus ynpounenusi nogepxHocmu oemanei MawiuH HaHeceHuem
NOKPbIMUt

6.1 TeopeTtnueckre OCHOBBI HamblIeHUS. VICTOUHMKM IUIaBJICHUS METajjia MpU
HanbUIeHHH. CIIocOObI HAHECCHHS TTOKPBITHIA.



6.2 DIEeKTPOKOHTAKTHOE HAIlEKAHWE MOKPBITUA Ha MOBEPXHOCTh METaJIA.
CriocoObl  HalekaHus MOPOLIKOBBIX MaTepualoB U MPOBOJNOK. (OcoOeHHOCTH
TEXHOJIOrMueckoro npouecca. Craguu o0pa3oBaHHsl HAHECEHHOTO CIIOS.

6.3 Marepuainsl, IpUMEHsIEMbIE Ul HalbUICHUs] U HAalEKaHUS Ha MOBEPXHOCTD.
Wx Bb100Op 1 npuMeHeHne. OO00pyJ0BaHKE JUIsl HAIIEKAHUS U HAIIbIJICHUS.

Jluteparypa [2,7,14,5,6,7,9,11].

KOHTpOJIl)HbIe BOIIPOCHI JIA MOATOTOBKH K 3a4Y€Ty

1 TlepcriekTHBBI pa3BUTHS IMPOLIECCOB YNPOUYHEHUS M BOCCTAHOBJIEHUS JeTajei

MalIuH.
2 TloHsiTue HSKCIUTyaTAallUOHHOW HAJEKHOCTH, (PAKTOPHI, BIMSIOIIME HA 3STOT
ITOKA3aTeIlb.
3 XapakTepuCTUKN BUJIOB U3HOCA JETATEH MAIIUH.
4 Tlonstue n3Hoca. TexHonornueckue GakTopbl, BIUAIOIIUE HA U3HOC AETAJH.
5 [lousaTue HaIIaBKH, €€ Ki1accupuKarus.
6 JlyroBasi HariaBKa MOKPBITBIMU 3JIEKTPOJAMHU.
7 HartaBka B cpejie 3allUTHBIX Ia30B.
8 JlyroBas HamjaBKa IOJ CJIOeM (itoca MPOBOJOKOW, JIGHTaMHU CIUIOIIHOTO
CEYECHUs.
9 HannaBka nopoOIIKOBBIMU JIEHTaMU, TPOBOJIOKOM.
10 DnexTpoayroBas, MHOTOAYTOBasi © MHOTORJIEKTPOAHAS HAILIABKA.
11 Ilonstue DIIH. DnekTponutakoBasi HaIUIaBKa B BEPTUKAIIBHOM MOJIOKEHUU.
12 DIIH B HWKHEM MOJIO)KEHUU. BapruaHThl BO3AEHCTBUA HA KPUCTAILTA3YIOIIUICA
METaJLI.
13 TIna3MeHHas HATUTaBKa AYTOM MPSMOTO JICHUCTBUS.
14 TlnasMeHHas HaIIaBKa HE3aBUCHUMOM JTyTOM.
15 TlnazMeHHas CTpys U €€ XapaKTEPUCTUKH.
16 YcioBust oOpa3zoBaHMsl U OCHOBHBIE XapaKTEPUCTUKU HAIUIaBJIEHHOTO BAJIMKA.
17 ITapameTpsl, XapaKTepU3yIOLIME CBAPOUYHYIO BaHHY.
18 TloHsiTHE TEMITEpAaTyPHOTO MOJIS IPH HATUIABKE.
19 Onpenenenre CKOPOCTH OXJIAXKICHUS MPU HAIJIaBKeE.
20 YcnoBus KpUCTAINIM3allMy HAIIABIIEHHOTO METalia.
21 Kpucraniam3zauroHHbIE TPELIMHBI TPU HAIJIaBKeE.
22 ®aKTophl, BAUSAIONINE HA 00pa30BaHUe TPEUIUH.
23 3akasiouHbl€ TPELIMHBI, IPUPOJIa UX 00pPa30BaAHUS.
24 PerynupoBaHUE JOJIM OCHOBHOI'O METalIA.
25 BpI00Op HaIIaBiIeHHOrO MeTajuia Jjsl JeTaieil, N3HAIIMBAIOIIMUXCA OT TPEHUS 10
MeTalTy (Ocei, BaJIoB, CTYIHUIL KOJIEC).
26 Bp16op HamiaBiIE€HHOTO METajuia JJIsl IITAaMIIOB XOJOJHOW IITaMIIOBKH, HOXEH
rpeliepoB, OyIJIbI03€POB.
27 BpiOOp HaIIaBICHHOTO MeTaula i W3S, padOTAOIMMX B YCIOBUIX
abpa3MBHOIO U3HOCA C YJapHBIMU HArpy3Kamu.
28 Oco0eHHOCTH HAIUTABKU XPOMOHUKEJIEBBIX ayCTEHUTHBIX CTaJei.
29 Br10op 1 HaIIaBKa XPOMHCTHIX CTaJIEH.



30 Haznauenne XxpoMOBOIL(GPAMOBBIX CTaIei, 0COOCHHOCTH MX HAIIABKH.
31 DnexkTpoaHble MaTepHalibl, HMCIOJIb3yeMble [UJI HalJIaBOYHBIX pabdor. Ux
0003HayYeHUeE.
32 [lopourkoBbie MPOBOJIOKH, KX TPUMEHEHHE.
33 JleHTbl, UX MPUMEHEHHE, OCOOCHHOCTH HAIUIABKHU.
34 AnropuTM pa3pabOTKHU TEXHOJIOTHUYECKOTo MpoIiecca HarlJIaBKU.
35 CymHocth TepMOoAU(P(GY3UOHHOTO HameKaHus. TeXHOJIOTMYECKHE CXEMBbI.
[IpenmymiecTBa U HEAOCTATKHU.
36 DNEeKTPOKOHTAKTHOE HAIEKaHWE MPOBOJIOKON CIUIOIIHOTO CEYEHHSs, OCOOEH-
HOCTHU HarpeBa, MPEeuMYIIECTBA U HETOCTATKH.
37 DneKTpOKOHTAKTHOE HalleKaHWE MOPOIIKOBOIO MaTepuaia, TEXHOJOTHYECKHE
CXEMBI.
38 DNEeKTPOKOHTAKTHOE HANEKaHWE IMOPOIIKOB B METaUIMYECKOW OO0OJIOUKE.
Oco0eHHOCTH HalleKaHUSI.
39 Tlonarue metamu3anuu. VICTOUHUKHM TETUIOBOM SHEPTUM, UCTOIb3YEMBbIE TPH
MeTaJUTU3aIuu.
40 OcHoBHbIe (ha3bl Mpoliecca MeTaUIM3anuu. JlaTh UX XapaKTepPUCTUKH.

NuauBuayaabHble 3a1aHUsI

Pa3zpadbomka mexnonocuueckozo npoyecca ynpouHeHus U 60CCMaH06/1eHUA
HANIae8Kou

3anmanue:

a) JUIl  BBIJJAHHOTO BapuUaHTa WHIWMBHUAYaJbHOIO 3aJlaHUsl  pa3padoTaTh
TEXHOJIOTUYECKHUI MPOLIECC BOCCTAHOBJICHUS HATIABKOM M3HOIIEHHOW JI€TaIH;

0) I8 BBAAHHOTO BapWaHTa HWHIUBUAYAJBHOTO 3aJlaHMsl pa3padoTaTh
TEXHOJIOTUYECKUU MPOLIECC YIPOUHEHHUS HAIUIABKOM U3TOTOBIISIEMON JIETANIH.

3ananue He0OXOAMMO BBITIONHATH B COOTBETCTBUM C MPUBEICHHON TpaduyuecKon
MOJIEJIBEO0 TEXHOJIOIMYECKOTO MPOLIECCAa BOCCTAHOBIICHUS WIIA YIIPOUYHEHMUS.

Bxoanas wunH(opManus mnpeaycMaTpuBaeT HaJIUYUME CBEJACHUN O Trabaputax
U3JIeTUs, MaTepHualie JeTalu, YCIOBHUSIX dKCIUTyaTallid, aHaIu3e u3Hoca (pa3pylieHus)
U TIpeo0I1a1aloIIeM BUIe U3HOCA, TPEOOBAHMSIX TT0 MEXAHMUECKUM CBOMCTBAM U T.1I.

Kputepuii BbIOOpa JaHHBIX HAKJIAJbIBA€T OrpPaHUYEHUS HA  BXOJHYIO
MH(OPMAIUIO C LEIbIO BBISBIIEHUS HAUOO0JIEE CYIIECTBEHHBIX JaHHBIX.

Pa3paboTKy TEXHOJOTHYECKOro Ipolecca HEOOXOJUMO BECTH, YUHUTHIBAS
HKCIUTyaTAllMOHHbIE XApAaKTEPUCTUKU AETalld, MEXaHUYECKHE CBOMCTBA, rabaputbl U
KOH(UTypanuio u3aenus, SJKOHOMUYECKHE MOKa3aTeIn U T.11.

OnpenenuB npeoOafaomuid BUJ U3HOCA, HA OCHOBAHUU JIUTEPATYPHBIX JAHHBIX
BBHIOpAaTh HECKOJBKO COCTaBOB MeETalula, PEKOMEHAYEeMbIX [JIi pabdoThl B
paccMaTpUBaeMbIX YyCIOBUSX paboThl. [IpoBecTn aHanm3 BBIOpAHHBIX PEIICHUHA C
MO3UIIMNA COOTBETCTBUS DKCIUTYyaTallMOHHBIM TPEOOBAHUSAM, MEXaHUYECKUM CBOWCTBAM,
MaTepHuaty JAeTalid, dKOHOMUYECKUM TPEOOBaHUSIM.



['padmyeckas MoJeIb MPOSKTUPOBAHUS TEXHOJIOTHYECKOTO Mpoliecca
YIIPOYHEHUS IOBEPXHOCTH

Bxoanas undopmarius Kpurepuu BbiOOpa naHHbIX

[IpoekTupoBaHKHE TEXHOJIOTHYECKOTO MPOIECCa M0:
- OKCIUTyaTallMOHHBIM XapakTepucTHKaM (J);

- MEXaHUYECKUM cBoicTBaM (M);

- DKOHOMUYECKUM ToKa3zatessiM (Or);

- reometpun netanu (I'p);

- reomerpun HaruiaBku (['y)

Bri0op MmeTona 06paboTKH M3HOIIEHHOU (pa3pylIeHHON) TOBEPXHOCTH JACTAIH
(coBmectumoro ¢ M, T'y, I'y, On)

Br160p 000pynoBanus 1Mo 0TpabOTKE U3HOIIEHHON OBEPXHOCTH
coBMeCTHMBIX ¢ 'y, I'y, Op)

BbI00p HECKOJIBKUX BAPHAHTOB XMMHUYECKOIO COCTaBa HAIIaBku (X;...Xj...Xp)
(coBMecTUMBIX ¢ M, Op)

Bri0op xumuyeckoro cocrara HariaBku (X)

Omnpenenenue cnoco0a U TEXHOJIOTHYECKUX PEKUMOB Tpoliecca HariaBku (P)
(coBmectumbIx ¢ X, [, I'y)

Bb100p 000py/10BaHuUs IO HAHECEHUIO HAIUIABKU (coBMectuMoro ¢ P, Op, ')

Be10op MeTona oTpabOTKH HAIUTABKH U PeXUMOB 00padoTku (Py)
(coBmectumbIx ¢ 'y, 'y, 9)

Br160op 060pynoBanus 1o oTpabOTKe HATUIaBKU
(coBmectumoro ¢ Py, I'y, 'y, Op)

Bri0op cpencTB MexaHu3aluy 1 aBTOMaTU3aIuU

Pa3paboTky TEXHOJIOTHYECKOTO TpOIlecca BOCCTAHOBUTEIBHOW  HAIUIABKH
BBHITIOJIHATH IO BBINICTIPUBEICHHON MOJIETTH, HO JOMOJHUTEIBHO MPOU3BECTH BHIOOD
MeTOo/1a 00pa0OTKM U3HOMIEHHOMW MOBEPXHOCTH U 000PYIOBAHUS TSl ITUX TIEJICH.




Tabmuia 1 - BapradaTsl HHAMBUYyAJIBHBIX 3aaHUIN

Bapu-
Cxema aHT Yci0Bus IKCILTyaTALMHA HanuaBasiemble getajim
1 KBapuesiii necok, apoosienas | Jleranmm 0OJIMIIOBKH
nopoza. J[aBneHue HU3Koe OyHKepoB, Tpecc—(hopMBI
JUISL KUpIi4a
2 ['panynupoBaHHBIN nuiak, | TpyObompoBoab! npobe-
cTayibHas npoob. [laBneHue CTPYUHBIX 51 IECKO-
HU3KOE CTPYUHBIX YCTPONCTB
3 ®opmoBoyHas 3emiis, ecok. | [leckomeTsl, JeTanu
JlaBieHue HU3KOE (hOopMOBOYHBIX MallvH,
JONATKU JPpOoOEeMETOB
4 KBapuesiit mecok, npobaenas | Kibiku POTOPHOTO
1opo/ia, cyxasi Ui BiIayKHas JKCKaBaTopa,  pexyliue
o e T 5 3yObsi, paboume pgeTamu
. |
o i "} OpUKETHBIX IIPECCOB
I.I. a - L .I
Wl ":I;" ) IIpu oTKpBIBaHUM 3aTBOPA — bonpmoil koHyc M yama
it " ariioMepar, IUXTa, KOJOIIHU- | 3aCBITHOTO ammapara Jo-
KOBas MNbUIb. Temmeparypa | MEHHOM IleYn
I-F_11i-"; raza no 800°C
i —y
1 = ¥ 6 [Tnactmaccer ¢ HanoauuTens- | LIIHEKH ¥ TUIb3bl DKCTPY-
e un MU, cmpof/i CUHTETUYECKUU ACPOB, OT’)KUMHBIX MAalllMH
Kayudyk. Temneparypa 10
400°C;arpeccuBHBIE PaCTBOPHI
iE;.l rip & 7 [TouBa pa3IMYHBIX THIIOB Jlemexu  1uryros, Jiarbl
TN e (uepHO3€M, CYTTIMHOK U JIp.) KYJIbTUBATOPOB, JAUCKH
00poH
o k a L} LI )
=
'!l e e 8 Kamenucras mouna JlemMexu TUIYroB, JUCKH
Pl ke T OOpOH, nambl KyJIbTHBATO-
poB
)
-
9 Iecok, 3amep3mmii TpyHT, Ba- | 3YObs u KOBILIH
et JIyHBI, CKaJIbHbIE IIOPOMBL. 9KCKaBaToOpPOB, AeTaln
. . Jasnenue 10 50 MIla JPOOHIIOK




Bapu-

YcaoBus dKCIIyaTanuu

HamnuiaBjaseMble 1eTajan

aHT
10 CranpHast 1po0Ob, nanektpo- | Jlomatku
KOPYHJ IpoOeMeToB,0TOOIHHBIE
JUCTBI, JIOMACTU  JIBIMO-
COCOB U 3KCTayCTepoB
11 VYT05b, U3BECTHSK U APYTUe buia MOIOTKOBBIX 1poOH-
HIOPOJIbI JOK W  MENbHHI[ IS
pa3mMona yris
12 W3BecTHSK, KaONuH U apyrue | Banku JIpOOUIIOK c
TIOPOJIBI IIUTIAMH
13 Yromib, U3BECTHSIK U IPYyTHE KonocHukn  MOJIOTKOBBIX

14

15

16

17

MOPObI

Pyna u ropnsle nopoJiel cpen-
HEH U BBICOKOM KPEMOCTH

>KI/II[I(3.5{ cpcaa u TBEpAbIC
B3BCIHICHHBIC 3CPHA (HCCOK n

7p.)

ITecok u rpaBuii, MOJIOThIE
MUHEpabl

ITecok, rpaBuii 1 KaMHH

IpOOUIIOK, JAeTalid Iapo-
BBIX MEJIBHUI], MOJIOTKO-
BBIX JIPOOMIIOK

[exu qpobuIoK, OaHTaKU
BAJIKOBBIX JAPOOMIIOK

3aluUTHBIE BTYJIKH BaJlOB,
JeTanu HAacoCoB U
TUAPOTYpOUH

Memanku U JIpyrue
JIeTalIn
CMECHTEIEH, 3eMCHapSA 0B

Heranu MOPCKHUX
3eMieyepnainox, rpeu-
JIEpOB




Bapu;

HanaasasieMble aerajiu

Cxema AR Y Ca0BHS IKCITYaTAIIHH
e | ] L | I = ... I- J 18 K
o L s g oy g e o OHCTPYKIIMOHHAS CTaJIb U Heramu TYCEHIIHBIX
a I ! abpasuB MAaIllMH, Iemed  DKCKa-
gt el BaTOPOB, JBE3JI0YKH KOB-
LIOBBIX 3JIEBATOPOB
T EEE ¢
19 KoHcTpyKIIMoHHas cTajb. Hamnpasnsrommue,
i Tpenue 6€3 CMa3Ku WK C M3MEPUTEIBHBIA
TpaHUYHON CMAa3KOM MHCTPYMEHT
an - . ..
|
-
- 1 r T -I 20 Msirkas cranb, Hep)kaBeromas | ['mbounbie IITaMIIBI,
u ~
- = CTajib, ATIOMUHUN. /[aBIeHUE | BBITSDKHBIC HITAMIIBI
| | 6onee 50 Mlla, yaapsl, CKOIb- | XOJOJHON ITAMIIOBKH
AR Ew am II- .: )KeHHe
| }
- - 21 Cranb PaGoune komeca KpaHOB,
iy ey e | KOJICCHBIC napsl u
i EHEE § EEE ¥ [ | o | -. 6aHIIa)i<H
| }
n 22 Pe3nna vim cuHTETHYECKAS Pomuku TPAHCIIOPTHBIX
: | TKaHb JICHT
u [ ] T - ....
I. !
| |— 23 Crans. CunbHble ynapsl, Bbl- | JKene3HOmOpOXKHbBIE
'|_. g 3BIBAIOIIHE CMSTHE, a TAKKE KPECTOBUHBI, 3BEHbS
|}
I. T e abpazuBHOE U3HAIINBAHHE T'YCEHHUI]
] | |
- [ ] A
L ;"
24 Konctpykuuonnas crans. ['pa- | 3yObs mecrepeH
HHUYHAS CMa3Ka, KOHTAKTHBIE
” HATPSDKECHUS
T
gl e,
25 Koncrpykunonnas crans. ['pa- | YIUIOTHEHUS BAJIOB, Y3JIbI

K |
II "

HUYHAas CMa3Ka, HaJIM4ue IIpo-
JYKTOB U3HOCA

TPCHUS CKOJIbXKCHHU A
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Bapu;

CxeMma aRT Yci10BUS IKCILTyaTANIMU HanuiaBisieMble AeTaan
. - 26 bponsa, aHTUPUKIMOHHBIH Baunbl, ocu B y31nax TpeHus
1 cmiaB. Ilnenka cMa3ku CO CMa3KoH
i
o
.I " [ ] [ | ..
R R EEEEEEEERE
 o— 27 Cranb, XKUAKOCTh, TOHKHM | KOHIIEBbIE Bajibl CyIOB,
. - . CJIOH CMa3KH MOIIHITHAKNA CKOJIBKEHUS
— L e =]
[ 8 rHHpaBHquCKI/IX HpI/IBO'
i JI0B
R s g
n g
I a 28 Boma Jlommactu TUJIPOTYpOUH,
W JIOTIACTH CYJOBBIX BHHTOB
I | |
I I 29 Cranb, OpoH3a, )KUIKOCTh [Tmymxepsr
vt THAPABIMYCCKHUX
L peccoB
L |
- . ||_ 30 Cranb, Kpy4eHue, AaBleHuUE, ITocamounbie MecTa
d
| »
I' TR R 31 Cranp, 1BeTHble MeTaUIbl. | HOXM HOXKHMIL XOJIOIHOM
! Hasnenue 6omee 50 Ml1a, pe3KH, 00pe3HbIe MITaMIIbI
i yIapbl, CKOJIbKEHUE XOJIOJTHOW IITAMIIOBKH
| ]
i
| 32 Cranb, Harperas 10 1100°C. Hoxu HOXHUIT TOpsuei

HaBnenue 6onee 50 Mlla,
yJIaphl, CKOJIbKEHUE, OKHUCITH-
TenbHast aTMocdepa, pe3koe
OXJIAKICHUE

PE3KHU, HITAMIIBI I opﬁqef/i
IITAaMIIOBKHU

11




| YciaoBusi IyaTamun MJiaBJisieMble 1eTaJu
xeMa Ba Yciao IKC aTa Hanua eMble 1eTa
aHT
- ]
i |
| B} v
il 'I 33 ["opstumit Mmetasn (cransb, cria- | Jletanmm KOBOYHBIX
=1 Bbl HHKEIS, MEIM MW Jp.). | MOJOTOB ¥ IIPECCOB,
_;H_ OxkwucnutenbHas atMocdepa, KOBOYHBIC IITAMIIBI
: | N y1apbl ropsiYei MTaMIIOBKU
| - "
£ i 34 lopstunii  metann  (oucr  u | Banku ropsyeil mpokaTku
_"- - e iy coprt). [luknnueckuii HarpeB U | JUCTa u COpPTOBOTO
[P o pE3KOe OXJIAKICHHE mpokara
1
w
o u
35 ["opstuunii MmeTana — TpyOBbl.
HarpeB u oxnaxueHnue Banku [MAJIBI€PCTATOB,
KOBOYHBIX MaIII¥H,
LITaMIIbI ropsiuen
IITAMITOBKH
36 I'opstune rasel. Okucinurtens- | JleTanu oONMHMIIOBKY IEYEH,
K el Has atMocdepa, BRICOKast JepKaTenu
EEEEE NS IR TeMHepaTypa
I I I ] I I i I 37 Kunkue w  razooOpasubie | JIHuIIa KOTJIOB, CTEHKHU
i I arpecCUBHBIC CPENbI, BBI3BI- | PE3EPBYaPOB, TPYyOBI
. BaloIe KOPPO3UIO (BHYTpeHHHE MOBEPX-
n | |
| — - B e e HOCTI/I)
i
| |
|
..I a II.
n | - I. | " |
a
E ] 38 3oma, mecok, yroib. Temme- | [lapo3onbHBIE  BEHTWIIH,
| | | |
e —igld paTtypa a0 500°C ceia MPOTYBOYHBIX
KJIanaHoB
[
e
-[ .I
maEm = | B |
L B 1 .I
| | | |
g ' 39 I[Tap BBICOKHMX TmapaMeTpoB, | TpyOOIpOBOIHEIC
| |
e ..I. o w BoJia. Temneparypa 110 585° C, | BeHTHIH, MapOBbIE
hli‘ _.__

nasieHue go 1200 MIla

KJIaltaHbIl v Jp.
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Cxema Bapu| YciaoBus 3xcmiyaTanuu HanuaBiasiemble 1eTajan
aHT

40 Kapoctoiikuii  4yyryH wiu | BeixmomHbie KJIaItaHbl
CIUIaB, BBIXJIONHBIE Ta3bl. TeMm- | nBurareneld BHYTPEHHETO
neparypa o 850°C, yaapbl CrOpaHus

41 PacnnaBnenHoe crexiso. | Gopmbl A IPECCOBaHUS
Tewmreparypa 600 — 800°C CTEKJIa

42 [Topona, cyxas u BiaxHas. | 3yOpsi Hapoiek OypOBBIX

VY nape1

JI0JIOT, 3aMKH U MY THI OY-
PHIBHBIX TPYO, TOPHBIA U
MOYBO0OPaOATHIBAIOTIIHIA

UHCTPYMEHT
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