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Pabouas mporpamma cocraBiena Ha ocHose Tpebosarnii ®I'OC BO 1o HampasneHuo
noarotoBkH 22.03.02 Metamnyprus, yrBepikacHHoro npakazoM MOuH PO ot 04.12.2015 r.
Nel427.

Pa6owas mporpamma paccMoTpeHa # 0100peHa Ha 3acexanun kadeapsr Texnonornu
MeTaIypruy | JIMTEHHBIX rpouecco «04» centsdps 2018 r. (mpotokos Ne 1)

3as. kadenpoit

Pa6ouas nporpamma 0100peHa METOIHUECKOM KOMUCCHEH HHCTHTYTA METAJITy pri,
MaUIMHOCTPOEHHUs U MaTepuanoobpaborku «02» oxtsabpst 2018 r. (mporokon Ne 2)
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JIucr perucTpauuu H3MeHEHHH U JONOJIHEeHHH

aTa.
A TToamuce
No Paspnen Kparkoe conepxanue Ne mporokona S4B
n/m | mporpamMmsl M3MEHEeHHsI/ JOTIOTHEH S 3acenaHus - d)ell‘ oif
kadenpel P
AxTyanuzauus yueOHO-MEeTOANYECKOro 06.09.2019
1 8 1 MHPOPMALIMOHHOIO 00ecreueHust T .
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TUCLIUIIIIAHBI ——
AxTyanusaiusi MaTepHaJIbHO-
palrnan P 06.09.2019,
2 9 TEXHUUECKOro obecrneueHust -5
nporokoa Ne 1 [~ 7
IACLATUIUHBI
Axrtyanuzanust y4eOHO-METOUYECKOro ,
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yanmsal P 01.09.2020, .
4 9 TEXHUYECKOTr0 0becreyeHust Y
npotokon Ne 1 ¢ /7%=

JUCLHITIIUHBI




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOYJI51)

Lenpto yue6HON qucuuruinibl "OCHOBBI CHHTE3a CIUIABOB" SIBIISICTCS OBJIaJIeHUE 00ydYa-
IOLIMMUCS 3HAaHUSMH 110 BOIpocaM (pOpMUPOBaHUs CTPYKTYPbI U CBOWCTB JUTEHHBIX CILIABOB U
OCHOBaM BbIOOpa HOBBIX COCTABOB CILJIABOB C ONTHMU3UPOBAHHBIMU (3apaHee 3aJJaHHBIMU) CBOM-
CTBaMHU.

2 MecTo THCHHIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMal

Juctumuimaa OCHOBBI CHHTE32a CIIJIAaBOB BXOJUT B BapMATHBHYIO YacTh Y4eOHOTO IUIaHa
00pa3oBaTeNbHOI MPOrPaMMBI.

Jlnist u3ydeHus: AUCUMIUIMHBI HEOOXOIMMBI 3HaHHS (YMEHHsI, BIaaeHHs), cpopMUpOBaH-
HBIE B PE3yJIbTAaTE U3YUCHUS AUCLIUILINH/ TPAKTHK:

duznueckas XuMus;

Maremarnueckasi CTaTUCTUKA B METAJULYPIUH;

AHanus 4yucioBoil uHpopMauy;

OCHOBBI METAJUTYPrUU€CKOr0 MPOU3BO/ICTBA;

BBenenue B HanpaBieHUE;

3HaHus (YMEHHUs, BIAJACHUS), TIOJYYCHHBIC P M3YYCHUH JAQHHOW JUCHUILIMHBI OYIyT
HEOOXOUMBI 17151 U3YUECHUS] JUCIUILITIH/TIPAKTHK:

Teopus TUTENHBIX NIPOLIECCOB;

KomnprorepHoe MoaenupoBaHue JTUTEHHBIX TPOLECCOB;

TexHOoI0rus TUTEHHOr0 MPOU3BOCTBA;

[Ipon3BOACTBO OTIIMBOK U3 CTAJIA U YYI'YHA;

KypcoBas HayyHO-HUCClIe[0BaTeNbCKas padoTa.

3 Komnerenuuu odyuaromerocsi, popmMupyemsbie B pe3yJibTaTe 0CBOEHHUS

AUCUMILTUHBI (MOYJISl) ¥ IVIAHMPYEMBbIe pe3yJIbTaThl 00y4eHus

B pesynbrare ocBoeHust AMCUMILINHBL (MoyJisi) «OCHOBBI CHHTE3a CILIaBOB) 00ydaro-
IIMHCS JOIDKEH 001a1aTh CIEAYIOIIUMU KOMIETEHIUSMMU:

CTpyKTypHBIi
JJ1eMEeHT IInanupyemsle pe3yabTaThl 00yUeHHS

KOMIICTCHIIMU

IIK-1 cnoco0HOCTHIO K AHAJIN3Y H CHHTE3Y

OCHOBHBIE OIPEEIECHNS B CHHTE3€ CIIJIABOB
3HaTh Knaccudukanmo XuMrH4ecKux 3J1IEMEHTOB
B3anmocCBA3M XUMHUYECKHUX 3JIEMEHTOB CO CBOMCTBAMU CILIABOB

YMeTb codeTaTh TEOPHUIO U MPAKTUKY ISl PEILIEHUS UHKEHEPHBIX 3a/1a4
pH pa3paboTKe CIUIaBa HOBOTO XUMHUYECKOTO COCTaBa

Ymetp
Bri6upath 0CHOBY cIiiaBa
BriOupaTh OCHOBHOM JIETUPYIOITUI JIEMEHT
MeTtonamu pa3paOOTKH HOBBIX CIUIABOB Ha 3aJaHHBIE CBOWCTBA
Bnanets

CrniocoGamu ynpaBiieHUs IEPBUYHOM JIUTON CTPYKTYpPOIl OTJIMBOK

IIK-12 cnioco0HOCTBIO OCYIIECTBJIATH BHIOOP MATEPHUAJIOB AJIA U3/1eJMil PA3JIUYHOTO0
HA3HAYEHUS C YYETOM IKCIIYaTAIMOHHBIX TPeOOBAHUI M OXPaHbI OKPY KalolIel cpebl

KoMnoHeHTHI cItaBoB
3HaTh Kpurepuun quarpamMmm cocTostHus
Bnugaue KOMIOOHEHTOB CIUIaBa Ha €ro TEXHOJIOTHYECKUE CBOMCTBA




BBIIIGJII/ITB BPCAHBIC IPUMCCHU B COCTABC CIIaBa U OTPaHUYUTh UX COLCP-
JKaHue

Ymethb
Br16paTth MouUIUPYIONUE 3IEMEHTHI
BriOpath pexxuM TepMudecKoi 00pabOTKH CIutaBa
CrocoOHOCTSIMH /IJ1s1 apTyMEHTHPOBAHHOTO 00OCHOBAHHUS CBOUX PEIICHHIA
CnocobamMu oNTUMHU3ALUA XUMHUYECKOTO COCTaBa CIJIABOB Ha 3a/IaHHBIC
Bnanets CBOMCTBa

MeTroaukoy IUIaHUPOBAHUS SKCIIEPUMEHTA

4. CTpyKTypa, 00b€éM U colepkaHue TUCHUIINHBI (MOLYJIs)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABIsIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas pabora — 54,15 akan. 4acos:
—ayauTopHas — 51 akaJ. 4acos;

— BHeayauTopHas — 3,15 akan. yacos

— caMocTosTenbHast padbora — 54,15 akan. gacos;
— MOATOTOBKA K 2K3aMeHy — 35,7 akaj. yaca
dopma aTTeCTalU - DK3aMEH.

AynutopHas s s
o | xomraxrHas pabora E Z ®dopma TeKyLero
=
5 B aKaJl. yacax o Bn KOHTpOJISI yCIieBae-
Pazzen/ Tema 3 (B axaz. acax) £ A . Tpomi y Kon
S 3 © | camocToATeNbHON MOCTH U
JUCLIATUINHBI b [~ . | KomnereHuUK
O g £ paboThl MPOMEXYTOYHOH
nab. | mpakt. | 5 &
TIex. =g aTTeCTaluu
3aH. 3aH. | O &
1. OOmas  xapakTepuCTHKa
CILIABOB
1.1 OcHoBHbIE ompenene- Wzyuenue Hay4HO-
HUs. Bo3HHMKHOBeHHE U TEXHUYECKOU JIN-
uctopusi cmaBoB. CoBpe- - Tepatypsbl U3 oc- o
P P 1 2 2 patyp VYerHblii onpoc TIK-1, TIK-12
MEHHBIC TEHJICHIIMU Pa3BH- HOBHOTO CITHCKa,
T cminaBoB. [lonarue o YTEHUE KOHCIIEKTa
CHHTE3€ CILIaBOB. JeKuui
Wzyuenne Hay4Ho-
1.2 Knaccudukanus sie- TEXHUYECKOH JIH-
MeHTOB. Kiaccuduxanus - TepaTypbl U3 Oc- YcrHBIi omnpoc.
. 5 1 2 2 IK-1, ITK-12
OCHOBHBIX CBOWCTB CIljIa- HOBHOTO cniucka, | biok Bompocos 1.
BOB M 3JIEMEHTOB. YTEHUE KOHCIIEKTa
JIeKIui
Wzyuenne Hay4HO-
TEXHUYECKOU JIH-
1.3 B3auMoOCBS3b CBOWCTB - TepaTyphl U3 OC- YcTHBI ompoc.
1 2 2 IK-1, [IK-12
CILIaBOB HOBHOTO criucka, | biok Bompocos 2.
YTEHUE KOHCIIEKTa
JIeKIui




Wzyuenue Hay4HO-
TEXHUYECKOM JIH-

14 CTOMMOCTHEIC .
- - TepaTypbl U3 Oc- YeTHblit onpoc.
XapaKTePUCTHKHU
HOBHOTO criiicka, | Biok Bonpocos 3.
2JICMEHTOB
YTEHHE KOHCIIEKTa
JICKITHI
HToro mo pazaeny 6 6
2.  BbIOOpBI  KOMIIOHEHTOB
CIIJIaBa
W3ydenne HayuHo-
TEXHUYECKOM JIU-
TepaTyphl U3 OC- VYcrHBIH ompoc.
2.1 PaBHOBecHE B cIIaBax 2 2 patyp P TIK-1, TIK-12
HOBHOTO cniiicka, | Biok Bonpocos 4.
YTEHHE KOHCITEKTa
JICKIIMH
H3yuenne HayIHO-
2.2 Kpurepnu pamarpamm i ok
TEXHUYCCKOM JIH-
coctosnus.  B3anmocsssh TepaTyphl U3 OC VYcTHEI onpoc
COCTaBa, TEXHOJIOTHH, 1 2 patyp poc. TIK-1, TIK-12
N HOBHOTO criucka, | biok Bompocos 5.
CTPYKTYpl ¥ CBOWCTB
YTEeHHE KOHCITEKTa
CIIJIaBOB. o
JIEKITHI
Wzyuenne Hay4Ho-
TEXHUYECKOH JIH-
2.3 Br16op OCHOBBI TepaTypsbl U3 oc- VYerHbIl onpoc.
2 2 TIK-1, TIK-12
CIIJIaBOB HOBHOTO criicka, | Biok Bompocos 6.
YTCHHE KOHCIICKTA
JIEKIIUH
Nzyuenue Hay4HO-
2.4 BeiOOp psIOB JETHPY- TEeXHUYICCKOH JIH-
IOLUX 3JEMEHTOB U OIpe- 2 2 TepaTypsbl U3 oc- VYerHbIl onpoc. MK-1. TIK-12
NIelIeHne BPETHBIX TPHMe- HOBHOTO criicka, |biok Bompocos 1-2. '
cen YTEHHE KOHCIICKTa
JIEKIINH
Nzyuenue Hay4HO-
TEXHUYECKOM JIU-
2.5 Bmaume neTHpORAHHS TEpaTyphl U3 OC VcTHBIN omnpoc
Ha TEXHOJIOTHYECKUE CBOM- 221 2 patyp poc. TIK-1, TIK-12
HOBHOTO cnmcka, |biok Bompocos 2-3.
CTBa CIJIABOB
YTEHNE KOHCIIEKTa
JIEKIUH
HToro no pazney 9/21 10
3. Br16op cocTaBoB cILIaBOB
N3yueHue Hay4HO-
TEXHUYECKOM JIH-
3.1  MoHoernupoBaHHEIE TEpaTypHhI U3 OC- YcTHBIN onpoc.
P 221 |10,15| "°PATIP p TTK-1, TIK-12

CILIaBbI

HOBHOT'O CITHCKa,
YTCHHE KOHCIIEKTa
JIEKIIUIH

Bnok Bonpocos 2-3.




W3zyuenue Hay4HO-
TEXHUYECKOH JIH-
3.2 KomruiekcHo- - TEpaTypHhI U3 OC- YcTHBIN ompoc.
1 2211 | 10 patyp p TTK-1, TIK-12
JICTUPOBAHHBIC CILIABBI HOBHOTO criiicka, |bnok Bormpocos 3-4.
YTEHHE KOHCIIEKTa
JICKITHI
Wzyuenue Hay4HO-
TEXHUYECKOH JIH-
3.3 OKOHYATEIbHBIH - TEpaTypHhI U3 OC- YcTHBIN ompoc.
1 2211 | 10 patyp p TIK-1, TIK-12
BBIOOp COCTaBa CIlIaBa HOBHOTO criicka, |binok Bompocos 4-5
YTEHHE KOHCIIEKTa
JICKITHI
HTroro no pazueny 3 - 6/6M |30,15
4. CrutaBbl Ha OCHOBE JKeJe3a
Nzyuenne nayaHo-
4.1 BsauMoJelcTBHE XKe- TEXHUYECKOH - Ny
jie3a ¢ JIPYruMH 3JeMeHTa- 1 ) 221 2 TEpaTyphl U3 0C- Y CTHEL onpoc. TIK-1, ITK-12
brox Bonpocos 2-4
MU HOBHOTO CITHCKa,
YTEHHE KOHCIIEKTA
Uzyuenue Hay4HO-
TEXHUYCCKOH JIH-
4.2 Jlerupyromye 3JeMeH- - TepaTypsbl U3 oc- YerHbIl onpoc.
1 4,21 2 TIK-1, TIK-12
ThI ¥ IPUMECH B CTAJIN 5 HOBHOTO criicka, |bnok Bormpocos 1-3.
YTEHHE KOHCIIEKTa
JIEKIINH
N3zyuenue Hay4Ho-
TEXHUYECKOM JIU-
4.3 TIlpumepsl  BbIOOpaA - TepaTyphl U3 OC- VYcrHbIN ompoc.
pHMep P 2 7211 | 4 paTyp p TK-1, TIK-12
COCTaBOB CILIABOB HOBHOTO criiicka, |bnok Bompocos 1-6.
YTCHUE KOHCIICKTA
JIEKIIUH
Hroro no pazuesy 4 - 13/6 | 8
HToro 3a cemecTp 17 - 34/141 | 54,15 IK3aMeH
HToro mo aucuunInHe 17 B 34/14M1 | 54,15 IK3aMeH

5 Oopa3oBaTesibHbIE TEXHOJOTHH

Jlnst peanu3anuy MpeIyCMOTPEHHBIX BHJIOB yueOHOI paboThl B KauecTBe 00pa3oBaTellb-
HBIX TEXHOJOTMH B MpernojaBaHUM JUCHMILTUHBI «OCHOBBI CHHTE3a CILJIABOBY» HCIIOIb3YHOTCS
TpaJMLINOHHASI U MOAYJIBHO - KOMIIETEHTHOCTHAS TEXHOJIOTHH.

Jlexuuu NpoxXoAsT B TpaJIULIMOHHON dopMe, B popMe JIEKIINH-KOHCYIbTAINN U Mpo0seM-
HBIX JIeKIMi. TeopeTnyeckuil MaTeprai Ha MPOOJIEMHBIX JIEKIUAX SBJISETCS pe3yIbTaToOM yCBOE-
HUS MOJYyYeHHOH MH(POpPMAIMH ITOCPEICTBOM MTOCTAHOBKH MPOOJIEMHOI0 BOIPOCA U MOUCKA My-
Tel ero pemeHus. Ha neknusax — KOHCYIbTalMsIX U3JI0KEHHE HOBOI'O MaTepHalla COIPOBOXKIAETCs
MOCTaHOBKOM BOIIPOCOB U IUCKYCCHEN B MOMCKaX OTBETOB HA 3TU BOIIPOCHI.

Ha npakTtrueckux 3aHATHSIX BBIIAETCS PUMEDP PELIEHUS 3aJaHUs, 3aT€M BBIJAIOTCS MH-
JTUBUyalbHbIE paOOThI, KOTOPbHIE BBHIIOIHAIOTCS B ayIMTOPUH, C KOHCYJIbTALlUU MPENOIaBaTENs.



Bosbiast 4acTh JIGKIMOHHOTO MaTepHaia oopMieHa B BHJIE IPE3CHTAIMI C HCII0JIB30-

BaHHeM mporpammbl PowerPoint, sxoasiieii B maker MsOffice. s neMoHCTpaliuu JaHHOTO Ha-
[JISIHO-MIDTFOCTPUPOBAHHOTO MaTepralia JIEKIMH HCIONb3yeTCsl HeoOX0oauMoe 000pyI0BaHUE
(HOYTOYK, IPOEKTOD).

6 YueOHO-MeTOAuYecKOe 00ecreueHHe caMOCTOSITeIbHOI padoThI 00y4Yalomuxcst

AyIuTOpHas caMOCTOsITeNbHast paboTa CTY/IEHTOB Ha MPAKTUYECKUX 3aHATUSX OCYIIECTB-
JSieTCsl MOJ KOHTPOJIEM IPENoJiaBaTeisi B BHUJIE BBINOIHEHUsS MpakTUdeckux pabot. Bueayau-
TOpHasl CaMOCTOATENbHAsI paboTa CTYJCHTOB OCYHIECTBISICTCS B BUJAE YTEHHUS C NMPOPabOTKON
MaTepuaia, 0opopMICHHS MPAKTUYECKUX paboT B B peepaToB U MOATOTOBKE K UX 3aIIUTE.

Bonpocs!l At OIIEHKH CaMOCTOSITEIbHOM paboThl CTyeHTOB Oepyrcs u3 (oHAA OIEHOY-
HBIX CPEJCTB JJIsl IK3aMEHa.

9.

10.
11.
12.
13.
14.

Temamuxka npakmuu4ecKux 3aHAmMUIL nO Oucuunﬂune:

Onpenenenne TpeOOBAHUN K MEXaHUYCCKUM M CHCIIHATLHBIM CBOMCTBAM CILIABA HCXOJIS
U3 YCIOBUH pabOThI OTJIMBKHU.

AHaIM3 TEXHOJOTHH M3TOTOBJICHUS MOAOOHBIX OTIMBOK M BBHIOOP ONTHMATBHOW TEXHO-
JIOTHH.

Ompenenenue TpeOOBaHUM, K JIUTEHHBIM CBOMCTBAM CIUIaBa MCXOJs U3 TEXHOJOTHUU U3-
TOTOBJICHUS OTJIMBKH.

AHaIM3 UCIOIB3yEeMBIX CIUIABOB ISl U3TOTOBJICHHUS OTJIMBOK PabOTAIOMIMX B MOJOOHBIX
YCIIOBHSIX.

BrisiBiIeHHE OCHOBHBIX JIETUPYIOIIMX 3JIEMEHTOB B CIUIABAX, MCIIOJB3YEMbBIX ISl M3rO-
TOBJICHUS MTOI00HBIX OTIUBOK.

Ornipezenienne BIUSHUS BBISIBICHHBIX OCHOBHBIX JIETHPYIOLIUX AJIEMEHTOB Ha TEXHOJIOT -
YECKHE CBOMCTBA CILJIABOB

OrnpezenieHne BIUSHUS BBISIBJICHHBIX OCHOBHBIX JIETUPYIOIIUX 3JIEMEHTOB U UX COEIUHE-
HUW Ha CBOMCTBA OTJIMBKH.

Pa3paboTka npennoxeHuil o coaepKaHUI0 WM 3aMEHE JIETUPYIOIIEro(Uux) KOMIOHEH-
Ta(OB) U3 YCIOBUI SKOHOMUYECKOH I€I1€CO00Pa3HOCTH.

Pa3paboTka HOBOT'O cocTaBa CIjiaBa.

PacueTr muXThl CHHTE3UPOBAHHOTO CILJIaBa.

BrimutaBka 06pa3ioB v MpoBepKa UX CBOMCTB.

BrimmaBka o0pa31ioB U3BECTHOTO CIUIaBa-aHAIOra.

CpaBHEHUE MOJYYEHHBIX PE3yJIbTAaTOB.

CocraBrieHue oT4eTa.

Hepeqeﬂb KOHTPOJIBHBIX BOIIPOCOB IJIfl MOJATOTOBKH K 3K3aMEHY M0 TUCHHUIIJIMHE

LCoNoORWDNE

10

11.
12.
13.

«OCHOBBI CHHTE3a CIIJIABOB) .

OO0mias XxapakTepuUCTHUKa CTUIABOB: OCHOBHBIE OTPE/ICIICHUSI.
Bo3HuKHOBEHME M UCTOPUS PA3BUTHUSI CILIIABOB.
XapakTepucTuka KOMIIOHEHTOB CIIABOB.

Knaccudukanmst XaMUIecKuX 3J€MEHTOB.

Hexkoropsie cBOMCTBA 3JIEMEHTOB.

CTOMMOCTB 2JIEMEHTOB.

JuarpaMMbl COCTOSIHUS.

DJIeMEHTHI M KJacCU(UKAIUS JBOMHBIX JUArpaMM COCTOSTHHS.
PaBHOBecHast M KBa3UPAaBHOBECHASI KPUCTAILTM3AIIMS CILUIABOB.
XuMuyeckass MUKPO-HEOJHOPOJHOCTh CILIaBOB.
HepaBHoOBeCHBIE MPOIIECCH CTPYKTYPOOOpA30OBaHUS.
Tpoiinbie u 60Jee CII0KHBIE TUArPAMMBbI COCTOSTHUSI.
DaKTOpBbl, BIUSIOLINE HA CBOMCTBA JINTEMHBIX CILUIABOB.



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44,
45.
46.
47.
48.
49.
50.
51.
52.

53.
54.
55.
56.

OcCHOBHbIE CBOICTBA CILJIaBOB.

®u3nyecKue CBOMCTBA CIUIABOB.

MexaHuueckre CBOMCTBA CILIABOB.

TexHonornyeckrue CBOMCTBA CILJIABOB.

CrniennanbHble CBOMCTBA CILIABOB.

TeXHUKO-?PKOHOMUYECKUE CBONCTBA CILIABOB.

Knaccugukaius TUTEHHBIX CIIJIABOB.

Br160p ocHOBBI cruIaBa.

Cocras cmiaBa - [uarpaMMa COCTOSIHUSI — CBOMCTBO.

Br160p psaoB gerupyomux, MOAUPUIHPYIOMINX JIEMEHTOB.

OripezesieHre BpeIHbIX PUMECEH.

KoMmoHeHT#HI cI11aBOoB.

CoBpeMeHHbIE TEHIEHIIUN PAa3BUTHSI CIIJIaBOB.

OcHoBHbIe (aKTOPbI, IPUHUMAEMbIE BO BHUIMAHHE MTPU CUHTE3€ HOBBIX CILIABOB.
ANTOpUTM pellleHus 3a]]aui [0 CUHTE3y HOBOT'O COCTaBa CIJIABOB.

CnnaBbl [TUHKA.

CnnaBbl LIMHKA aTIOMUHUS.

CruiaBbl LMHKA MEH.

CnnaBbl LIMHKA U XKele3a.

Knaccudukanust XaMHUIECKHX 3J1€MEHTOB (0011ast).

Knaccugukarus 37eMEeHTOB MO TPOYHOCTH.

Knaccudukanus 31eMeHTOB 10 TIACTUYHOCTH.

Knaccugukarus 37eMEHTOB MO TUIOTHOCTH.

Knaccudukanus 31eMeHTOB 110 TeMIiepaType MIaBiIeHHs.

Knaccugukaius 371eMEHTOB 0 JIEKTPOIIPOBOTHOCTH.

Knaccudukanus 31eMeHTOB 110 YCTOMYHUBOCTH MPOTUB KOPPO3HUHU.
Krnaccudukaims 31eMeHTOB 1O paclipoOCTPAaHEHHOCTH B 36MHOM KOpe.
CyluiHoCcTh paBHOBECHOW U KBa3MPABHOBECHOM KPUCTAJIIIM3ALMH CILIABOB.

CBs13b OCHOBHBIX CBOICTB € AHarpaMMOi COCTOSTHUS CILJIaBOB.

CyIlHOCTh KpUTEPUEB PACTBOPUMOCTH B TBEPJOH U KUAKOHN (ha3e OCHOBBHI CIUIABA, U
pacnpeneseHusl.

CyIHOCTh KpUTEPUEB TEPMHUUECKON 00paOOTKH, MOPUCTOCTH, KUIKOTEKYUECTH.
Hepapxus CTpyKTypHBIX YPOBHEH CIUIABA.

YnpouHeHHe CIUIaBOB IyTEM PACTBOPEHMS JIETUPYIOMIUX T00AaBOK B OCHOBE CIIJIaBa.
Bo3nelicTBue Ha MIaCTUYHOCTH CIUIABOB IYTEM PACTBOPEHUS JIETHPYIOMIMX J00aBOK.
Bo3zelicTBue Ha CBONCTBA CIIABOB MOAM(PHUIIMPOBAHUEM.

Bo3nelicTBue Ha MPOYHOCTH CIUIABOB ITyTEM TEPMHUECKON 00pabOTKH.
Bo3aeiicTBue nerupyromux 100aBOK Ha TPEIIMHOYCTOHYHNBOCTD CIUIABOB.
BozneiicTBue nerupyromux 100aBoK Ha yCaJ0uHbIe MyCTOTHI CIIJIABOB
Knaccugukarus 1erupyrommx 3JeMEeHTOB M0 KPUTEPHUSIM PaCTBOPUMOCTH U pacipe/e-
JICHHUSL.

CymiHocTh BbIOOpa 100aBOK JJIsi MOHOJIETMPOBAHHBIX CILJIABOB.

[TpuuunHBl, onpeensone KOMIIEKCHOE JIESTUPOBAaHUE CIIJIAaBOB.

CymHoCTh BBIOOpA PSIIOB JIETUPYIOIINX JI€MEHTOB.

BozneiicTBue nerupyromux 100aBoK Ha KUAKOTEKYUYECTh CILIaBOB

IIpumepHBIe BONPOCHI 1JIs1 YCTHOT'O ONPOCA (YepTeku OTJIMBOK BbIIAeT NpenoaaBa-

TeJb):

Baok 1

1. Ilpeanoxute u 000CHYHTE OCHOBY CIIaBa JUIsl OTJIMBOK, paOOTAIONINX B YCIOBUSX:
|. MOBBIICHHBIX TEMIIEPATYD;
2. IOHW)KEHHBIX TEMIIEPATYp.



2 Ilpemnoxute 1 000CHYHTE OCHOBY CIUIaBa ISl OTIIMBOK, pa0OTAIOMINX B YCIOBHUSX:
1. aGpa3uBHOTO M3HOCA;

2. ruipoadpa3suBHOrO U KABUTALIMOHHOI'O N3HOCA.

Baok 2

3. [Ipemyioxute 1 0OOCHYHTE OCHOBY CILJIaBa JUIsl OTJIMBOK, paOOTAIOIINX B YCIOBUSIX:
1. moBbImEHHBIX Temmneparyp 10 500 °C;

2. IOHMKEHHBIX TemrepaTyp 0 — 60 °C

4 Ilpennoxxute U 00OCHYHTE JIETUPYIOIINI KOMIUICKC, AJISI OTJIMBKH paOOTAIOIINI B YCIOBUSX:
1. OBBIIIICHHBIX TEMITEPATYP.;

. IOHIKEHHBIX TeMIepaTyp.;

. abOpa3uBHOrO U3HOCA;

. TUIp0a0Pa3UBHOTO U KaBUTALIMOHHOTO U3HOCa4

. IOBBIIIEHHEIX Temmepatyp 10 500 °C;

. IOHIKEHHBIX Temmneparyp a0 — 60 °C.

Baoxk 3

5. llpennoxute u 000CHYHTE OCHOBY CIUIaBa Uil OTJIMBOK PabOTAIONIMX B YCIOBHSIX:
1. moBbImeHHBIX Temneparyp npu 800 °C;

2. IOHMKXEHHBIX Temmepatyp 1o — 60 °C.

6.IIpennoxure u 000CHYWUTE JIETUPYIONTHI KOMILIEKC JJI OTJIIMBOK PAaOOTAOIINUX B YCIOBUSX:
. IOBBILICHHBIX TEMIIEPATyD;

. TIOHMKEHHBIX TEMIICpPaTyp;

. abpa3uBHOI0 U3HOCA;

. THIpoaOpa3suBHOTO M KABUTAITMOHHOTO U3HOCa4

. IOBBIIEHHBIX Temneparyp a0 1000 0C;

. IOHIKEHHBIX Temmeparyp 10 — 50 °C.

Baok 4

7.11pemnoxurte 1 000CHYUTE JIETUPYIONINNA KOMILUIEKC, JIJIsl OTJIMBOK pa0OTAIONIUX B YCIOBHSX:
. TIOBBILIIEHHBIX TEMIIEPaTyp;

. IOHMKEHHBIX TeMIIepaTyp;

. abpa3uBHOIO U3HOCA;

. THIpoaOpa3suBHOTO ¥ KABUTAIMOHHOTO U3HOCA;

. HOBBIIIEHHBIX TemnepaTyp a0 500 °C;

. IOHIKEHHBIX Temmneparyp 10 — 60 °C.

. [Ipennoxxute 1 060CHYHTE OCHOBY CIUIaBa JJIsl OTJIMBOK paOOTAIONIUX B YCIOBUSX:
paboTaroUINil B YCIOBUSAX:

1. moBbIIeRHBIX Temnepatyp 10 800 °C;

2. TIOHMWKEHHBIX TemrepaTyp 10 — 60 °C.

baok 5

9.IlpemnoxuTte u 000CHYUTE JIETUPYIOMINNA KOMIUICKC JJIsi OTJIMBOK PaOOTAIONIUX B YCIOBUSX:
1. MOBBIIIIEHHBIX TEMIIEPATYD;

. TIOHMKEHHBIX TeMIIepaTyp;

. abpa3uBHOTO U3HOCA;

. THIpoaOpa3MBHOTO ¥ KABUTAI[HOHHOTO U3HOCA;

. OBBIIEHHBIX TeMnepaTyp 1pu 1000 °C;

. IOHIKEHHBIX Temmepatyp 10 — 50 °C.

10.IIpennoxure u 060CHYiTE MOIUDUIMPYIOLUINI KOMIUIEKC IS OTJIMBOK pabOTAIONIIUX B yCIIO-
BHUSIX:

. TIOBBILIIEHHBIX TEMIIEPATyp;

. TIOHMKEHHBIX TeMIIepaTyp;

. abpa3uBHOTO U3HOCA;

. TUIp0a0pa3sUBHOTO U KABUTALIMOHHOTO M3HOCA;

. HOBBIIIEHHKIX Temrepatyp mpu 1000 °C;

. IOHIKEHHBIX Temmeparyp 10 — 50 °C.

AN AW
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Biok 6

11. IIpennoxxute 1 000CHYHTE KOMILIEKC BHEITHUX BO3JICHCTBUI Ha pacIliaB, /sl OTJIUBOK pa-
0OTaroLMX B YCIOBUSAX:

AN DN B~ WN—

. IOBBILIECHHBIX TEMIIEPATYD;
. TIOHIKEHHBIX TEMIIepaTyp;
. abpa3uBHOI0 U3HOCA;

. TUAPOAOPa3UBHOIO U KABUTAIMOHHOTO U3HOCA;
. IOBBINIIEHHBIX Temmepatyp mpu 1100 °C;
. IOHIKEHHBIX Temmneparyp 10 — 50 °C.

7 OIIeHO‘lHLIe cpeacrea AJisl MIPpOBEICHUA HpOMe)KyTOqHOﬁ aTrreCcTralnumn
OIIeHO‘lHLIe cpeacrea Jid MpoOBEACHUSA l'[pOMQ)KyTO‘lHOﬁ aTTeCTallun

a) HnannpyeMLIe pe3yJbTaThbl oﬁyqe}mﬂ H OIICHOYHBIC CpeACTBA NJId IPOBEACHUSA IMTPOMeE-
)KyTO‘IHOﬁ arTrecranum:

Crpyxrypubtii ILlnanupyemble
3JIEMEHT OuneHoYHBIE CpPeICTBA
pe3yabTaThbl 00y4eHust
KOMIIETCHIIUH
IK-1 cioco0HOCTHIO K AHAJIN3Y H CHHTE3Y
OcHoBHBIE  ompenene- Bonpocsl, Bxoasimue B nepevyeHb IS CAA4YU
HUS B CUHTE3€E CILIaBOB JK3aMeHa!
Knaccupukanuro  xu-| 1. OOwias xapakTeprucTUKa CIUIABOB: OCHOBHbIE
MUYECKHUX JIEMEHTOB | ONIPEAEICHUS.
B3anmocBsizu  xumude- | 2. BO3HUKHOBEHHE M UCTOPHS Pa3BUTHS CILUIABOB.
CKUX 93JIEeMEHTOB co 3. XapaKTepuCTHKa KOMIOHEHTOB CIIABOB.
CBOMCTBaMH CIIJIaBOB 4. Knaccudukanus XUMUYECKUX JIEMEHTOB.
5. HexkoTtopsle cBOicTBa 3JIEMEHTOB.
6. CTOMMOCTb 3JIEMEHTOB.
7. JluarpaMMbl COCTOSIHUSI.
8. DnemMeHTHI U KiaccupUKaIKs TBOWHBIX Jra-
rpaMM COCTOSIHUSI.
9. PaBHOBecHas M KBa3UPaBHOBECHAs! KPHCTAILIH3a-
L[1s1 CIUIaBOB.
10. Xummueckasi MUKPO-HEOJHOPOIHOCTH CIUIABOB.
3HaThb 11. HepaBHOBECHBIE IPOLIECCHI

CTPYKTYpOOOpa30BaHUs.

12. Tpoiinble u Gosee CIOXKHBIE TUArPaMMBbI COCTOS-
HUS.

13. ®akTopsl, BIUAIOIINE HAa CBOWCTBA JIMTEHHBIX
CIIJIABOB.

14. OcHOBHBIE CBOICTBA CILIABOB.

15. dusnueckre CBOMCTBA CIIABOB.

16. MexaHu4eckue CBOMCTBA CIUIABOB.

17. TexHOMOTrHYECKHE CBOMCTBA CIIIABOB.

18. CrierinansHbIe CBOMCTBA CILIABOB.

19. TeXHUKO-3KOHOMUYECKHE CBOMCTBA CIIJIABOB.
20. Knaccuduxarus TMTEHHBIX CILIABOB.

21. Be160p OCHOBBHI CITJIaBa.

22. CocTaB cIuIaBa - TuarpaMMa COCTOSIHUSL — CBOM-
CTBO.




CTpyKTYypHBIii

ILnanupyembie
3JIeMEeHT OueHo4HbIe CpeAcTBa
pe3yJabTaThl 00y4eHust
KOMIIeTeHIIUH
23. Bo160p psI0B JETUPYIOMINX, MOIUPHUITUPYIOIITUX
HJIEMEHTOB.
24. OnpeneneHye BpeIHbIX PUMeceH.
25. KOMIIOHEHTHI CIIaBOB.
26. CoBpeMeHHbIE TEH/ICHIIUU PAa3BUTHS CIIJIABOB.
YMers coyeraTh Te€o- IIpuMep NpaKkTHYECKOro 3aiaHUs HA
pUIO U TPAKTUKY IS IK3aMeH:
pemieHust MHKeHepHbIX | 1. OmnpenenuTs palyoHalbHble MEXaHUUYECKUE U
3ajad mpu pa3paboTKe | crieruanbHble CBOWCTBA OTIUBKHU, KOTOpasi paboTaeT
CIaBa HOBOTO XuMH- | mipu Temmepatype 700 °C B ycrnosusx abpasuBHOro
Ymerpb YECKOr'0 cOCTaBa U3HOCA.
BeiOupats ocHOBY | 2. IIpemiokuTh OCHOBY CIUIaBa AJIsl U3TOTOBJICHUS
CILJIaBa JTAHHOM OTJIMBKH.
BeiOupate  ocHoBHOI | 3. IIpemioxxuTs Jerupyromue 1 MoAupUIUpYyromue
JIETUPYIOIINHN 3JIEMEHT | KOMIIOHEHTHI CIUIaBa.
4. PaccuMTaTh IIUXTY.
Metonamu pa3paboTKu IIpuMep npakTH4YecKoro 3ajaHus Ha
HOBBIX CIUIAaBOB Ha 3a- IK3aMeH:
JlaHHbIE CBOMCTBA 1. Onpenenuth panvoHAJIbHbIE MEXAHUYECKHUE U
Crocobamu  ympasiie- | crielagbHbIE CBOHCTBA OTIMBKH, KOTOpas padoTaer
HHUS TepBHYHOM uTOiH | ipu Temmepatype -50 °C B ycnoBusX ynapHbIX
Bianers CTPYKTYPOU OTIMBOK Harpy3ok (4/1x).

2. TlpensioxuTh OCHOBY CILIaBa AJIsl U3TOTOB-JICHUS
JTAHHOM OTJIMBKHU.

3. TlpemnoxuTh Ierupyomue u MogupuIu-
pyIOIIHEe KOMIIOHEHTHI CIIABA.

4. PaccuuTaTh HIUXTY.

IMK-12 cnoco0HOCTHIO 0CYIIECTBIATH BLIOOP MAaTEPUAJIOB /ISl U3/e/IUil pa3JIHIHOr0
Y4eTOM IKCIIYATAIMOHHBIX TPeOOBAHUI U 0XPAHbI OKPYsKaIoLIeil cpeabl

Ha3HAYCHUA C

3HaTh

KommioHeHTHI cIIaBoB
Kpurepun  auarpamm
COCTOSIHUS

Bmmsane KOMIIOHEHTOB
CILIaBa Ha €ro TEXHOJIO-
THYecKie CBOMCTBA

Bonpocel, BXxoasimme B NepevyeHb I C1a9u
IK3aMeHa:
1. CoBpemMeHHbIE TEHACHLIUU PA3BUTHS CIIJIABOB.
2. OcHOBHBIE (aKTOpHI, MPUHUMAEMble BO BHUMa-
HUE MPU CUHTE3€ HOBBIX CIUIABOB.
3. AJTOpUTM pemieHHs 3a7addl 10 CHHTE3y HOBOTO
COCTaBa CIUIABOB.

4., CnnaBbl IIMHKA.

5. CmiaBbl HIMHKA aTIOMHAHUA.

6. CruiaBbel [MHKA MEU.

7. CmiaBbl IMHKA U JKeJIe3a.

8. Kmaccuduxarms XAUMHUYECKHUX DIIEMEHTOB
(oOmmas).

9. Knaccudukarys 3JIeMEHTOB 110 POYHOCTH.

10. Knaccudukanus 371eMEHTOB TIO TJIaCTUYHOCTH.
11. Knaccugukanus 37€MEHTOB 1O MJIOTHOCTH.

12. Knaccudukanust d5JI€MEHTOB IO TeMIIeparype
TUJTaBJICHUS.

13. Knaccuduxarnms

9JICMCHTOB 10




CTpyKTYypHBIii
JJ1eMEeHT
KOMIIeTeHIIUH

ILnanupyembie
pe3yJabTaThl 00y4eHust

OuneHo4HBIE CpPeICTBA

AIIEKTPOIPOBOTHOCTH.
14. Knaccudukanus d5JIEMEHTOB 10 YCTOHYHMBOCTH
IPOTHB KOPPO3HH.

15. Knaccudukamus 3J€MEHTOB IO pacinpoCTpaHEeH-
HOCTHU B 3€MHOM KOPE.

16. CymHOCTh pPaBHOBECHOW M KBa3WPaBHOBECHOM
KPHUCTAJTU3AIMH CIUIABOB.

17. CBs13b OCHOBHBIX CBOMCTB C JHMArpaMMOM COCTOSI-
HUS CIIJIABOB.

18. CyurHocTh KpUTEPUEB PACTBOPUMOCTHU B TBEPIOM
Y JKUIKOU (ha3e OCHOBEHI CILIaBa, M paclpe/IeICHHUS.
19. CyurHocTh KpUTEpUEB TEPMUUYECKON 00pabOTKH,
MOPHUCTOCTH, KUAKOTEKYUECTH.

20. Mlepapxus CTpYKTYpHBIX YPOBHEH CIIaBa.

21. YopouHeHHe CIUTaBOB IYTEM PACTBOPEHUS JIETH-
pyHOIIUX 100aBOK B OCHOBE CILIaBA.

22.Bo3zeciicTBHE Ha IJIACTHYHOCTH CIUIABOB ITyTEM
pacTBOPEHUS JIETHPYIOMINX J00aBOK.

23. BozneiicTBue Ha CBOWMCTBa CIJIaBOB MOAU(DUIHU-
POBaHHEM.

24.BoszneiictBue Ha TMPOYHOCTh  CIUIABOB ITYTEM
TePMHUYECKON 00pabOTKH.

25. Bo3zeiicTBHE JIETHPYIOMMX JOOABOK HAa TPEIIU-
HOYCTOMYMBOCTH CILUIABOB.

26. BozneiicTBue nerupyromux Jo0aBOK Ha ycaaod-
HBIE TTYCTOTHI CIIABOB

27.Knaccudukanus Jerupyromux 3JIE€MEHTOB IO
KPUTEPHSIM PACTBOPUMOCTH H PACIIPEICIICHUSI.

28. CymHocTh BbIOOpa J00aBOK /A1 MOHOJIETHPO-
BaHHBIX CIUIABOB.

29. [IpyuuHbl, ONpeNeNsoNne KOMIIJIEKCHOE JIerH-
pOBaHUE CILJIABOB.

30. CymHocTh BbIOOpa pAIOB JIETHPYIOLIUX JIEMEH-
TOB.

31. Bo3neiicTBue jerupyroomux 100aBOK Ha XKHJIKO-
TEKY4YECTh CIUIaBOB

YmMmern

Breiaenuts BpenHbie
MIPUMECH B COCTaBE
CIUIaBa U OTPAHUYUTH
WX COZCpKAHHE
Bri6pats Mmoguduiu-
PYIOIIHE JIEMEHTBI
Bri6path pexum tep-
MUYecKoi 00paboTKu
cILIaBa

IIpuMep npakTHYeCKOro 3agaHus

HA JK3aMeH:
1. Onpenenuth palnMoOHaIbHBIE MEXaHUUYECKUE U
CrenHaibHBIE CBOMCTBA OTJIMBKH, KOTOpas padoTaeTr
npu Temmeparype -50 °C B ycmoBHAX yaapHBIX
Harpy3ok (41x).
2. Ilpennoxutb OCHOBY CIUIaBa Uil U3TO-TOBJICHUS
JTAHHOM OTJINBKH.
3. Ilpemnoxutrps  jerupyrmomume U Moaudu-
LUPYIOIME KOMIIOHEHTHI CIIJIaBa.
4. PaccuuTaTh IIUXTY.




CTpyKTYypHBIii

ILnanupyembie

JJ1eMEeHT OueHo4HbIe CpeAcTBa

pe3yJabTaThl 00y4eHust
KOMIIeTeHIIUH

CnocobHoctaMu  miisi | IIpuMep mpakTHYeCcKOro 3aJaHUsI HA IK3aMeH:
apryMEHTHPOBAHHOTO
000CHOBaHUS cBoux | 1. Onpenenutp panyoOHalIbHbBIE MEXAHUYECKHE W
peleHui crieliManbHble CBOMCTBA OTJIMBKH, KOTOpas padoTraer
Crnocobamu onrtumusa- [ npu temneparype 700 0C B ycioBusix abpa3uBHOIO

Bnaners UM XUMHUYECKOro CO- | M3HOCca.

CTaBa CILUIaBOB Ha 3a-
JTaHHBIC CBOMCTBA
MeTtoankoi
IJIAaHUPOBAHUS
SKCIIEPUMEHTA

2. llpeanoXuTh OCHOBY CIUIaBa JJISi M3TOTOBJICHHS
NAHHOU OTJIMBKHU.

3. TlpeanoxuTh JIETHPYIOUIHe U MOIU(PHUIIHPYIOLIHIE
KOMITOHEHTHI CIIJIaBa.

4. PaccuuTaTh HIMUXTY.

HOpﬂ)IOK NMPpOBCACHUSA l'[pOMe)KyTO‘IHOﬁ aTTeCTalui, MmoKa3aTe/ii U KPUTEPUUA OLCHUBA-
HUA:

DOK3aMeH M0 JaHHOM JUCLMILIMHE POBOAUTCS B MUCBMEHHOM dopMe 1Mo OumiieTam, Kax-
JbIA U3 KOTOPBIX BKJIIOYAET 3 TEOPETUUYECKUX BOIIPOCA U OJIHO MpaKkTUyeckoe 3ajanue. OHM Mo3-
BOJISIFOIIIME OLIEHUTh YPOBEHb YCBOCHMsI OOyUarOIIMMUCS 3HAHUM, a IPAaKTUUECKHUE 3aJaHusl, BbI-
SBIISITH CTENIEHb C(OPMHUPOBAHHOCTH YMEHHI U BIIAJCHUH.

IToxa3zatenn u KPUTEPHUHU OLICHUBAHUA JK3aMeHa:

— Ha OLEHKY «OTJHYHO» (5 6a/yIoB) — 00yYaronuiicss AeMOHCTPUPYET BBICOKUN YpOBEHBb cop-
MHUPOBAHHOCTH KOMIIETEHIIUN, BCECTOPOHHEE, CHCTeMaTHYeckoe M TTyO0OKOoe 3HaHHE Y4eOHOro
MaTepuaia, CBOOOTHO BBIMOJHSET MPAKTHYCCKHE 3aJIaHus, CBOOOJHO ONEpPUPYET 3HAHUSIMHU,
YMEHHSIMH, TPUMCHSICT X B CHTYAIIHSIX MOBBIIICHHON CIOKHOCTH.

— Ha OLIEHKY «X0pouio» (4 6aiia) — o0yJarouuiicst 1eMOHCTPUPYET CpeAHUN YpOBEHb chopMu-
POBAaHHOCTH KOMIIETEHIIMIA: OCHOBHBIC 3HAHUS, YMEHHS OCBOCHBI, HO JIOIYCKAIOTCS HE3HAYH-
TEJIbHBIC OITUOKH, HETOYHOCTH, 3aTPyTHEHHS MTPH aHATUTHYECKUX OTEepaIHsX, IEPEHOCE 3HAHUI
¥ YMEHHI Ha HOBBIC, HECTaHJAPTHBIE CHUTYaIlNH.

— Ha OLIEHKY «yI0BJIETBOPHUTEJBLHO» (3 Oayia) — oOyyarolmuiicss 1€MOHCTPUPYET MOPOTOBBII
YPOBEHb C(HOPMHUPOBAHHOCTH KOMITETEHIIMH: B X0JI€ KOHTPOJIBHBIX MEPOIPUATHI JOMYyCKAIOTCS
OIIMOKH, TPOSBISIETCS OTCYTCTBHE OTACIBHBIX 3HAHUH, YMEHHA, HaBBIKOB, OOYJAIOUIHICS HC-
IBITBIBACT 3HAYUTEIBHBIE 3aTPYAHECHUS TIPU ONIEPUPOBAHUH 3HAHHUSIMHA M YMEHUSIMH TIPH UX T1e-
peHoce Ha HOBBIE CUTYAaIlHH.

— Ha OLIEHKY «HeYy/0BJIeTBOPUTEJIbHO» (2 Oamia) — oOydaromuiicss JeMOHCTPUPYET 3HAHUS HE
6omnee 20% TeopeTUUYECKOTO MaTepuana, AOMYCKAeT CYIIECTBEHHbIC OMIMOKH, HE MOMKET MOKa-
3aTh UHTEJUIEKTYyaJIbHbIE HABBIKU PEIICHUS IPOCTHIX 3a/1a4.

— Ha OIICHKY «HeYy0BJIETBOPUTEJAbHO» (1 Oamn) — oOyJaromuiicss He MOXKET MOKa3aTh 3HAHMS
Ha YPOBHE BOCIPOM3BENCHUS U 00BsICHEHHS WH(OPMAIIUU, HE MOXKET MOKa3aTh MHTEIJUICKTYalb-
HbIC HABBIKU PEIICHHS MPOCTHIX 3a/1a4.



8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIITIHHbBI (MOTYJIs1)

a) OcHoBHasl TUTEpaTYypa:

1. JleBamoB, E.A. IlepcriekTUBHbBIE MaTepHallbl U TEXHOJIOTUU CAMOPACIIPOCTPAHSIIOIIE-
rocsi BBICOKOTEMIIEpaTypHOro cuHTe3a : yueonoe nmocodue / E.A. Jlepamos, A.C. Poraues, B.B.
Kypb6arkuna. — Mocksa : MUCUC, 2011. — 379 c. — ISBN 978-5-87623-463-6. — Tekcr :
anekTpoHHbsli /[ Jlawb  :  DJeKTpOHHO-OMOmMoTeynas  cuctema. —  URL:
https://e.lanbook.com/book/47446 (mata obparenus: 01.09.2020). — Pexxum gocryma: ist aB-
TOPU3. I10JIb30BATEIIEH.

2. bynrakoBa, A.11. OCHOBBI MOTy4Y€HHUsT OTIUBOK U3 CIUIABOB HA OCHOBE JKeje3a [ Iiek-
TpOHHBIN pecypc] : yueb.mocodue / A. U. Bynrakosa, T. P. 'mnbmanmmna, B. H. Bapanos, T. H.
CrenanoBa. - Kpacnosipck :Cu0. denep. yu-t, 2014. - 220 c. - ISBN 978-5-7638-2926-6 - Pexxum
JIOCTYyTIA: http://new.znanium.com/catalog.php?bookinfo=507978 (mata oOpaleHus:
01.09.2020). — PeskuM oCTyIa: Uit aBTOPHU3. IOJIb30BATEIICH.

0) JlomostHMTEIbHAS JIATEPATYpa:

OCHOBBI META/UTypruuecKoro mpousBojacTsa . yueObuuk / B.A. burees, K.H. BnoBuH,
B.M. Konokomnb1es [u ap.] ; moa obmieit penakuuei B.M. KonokonbiieBa. — 2-¢ u3., crep. —
Cankr-IlerepOypr : Jlanb, 2020. — 616 c. — ISBN 978-5-8114-4960-6. — Tekct : 27eKTpOH-
Hblii // Jlanb : anexkTponHo-OnbIHoTeuHas cuctema. — URL: https://e.lanbook.com/book/129223
(mara obparenust: 01.09.2020). — PexuM q0CTyma: st aBTOPH3. MOJIb30BATEIICH.

B) MeToanyeckue yKazaHus:
Meroandeckue yka3aHus IPEICTaBICHbI B IPWIOKEHUN 1

r) [Iporpammuoe o6ecneuenue u UnTepHer-pecypceni:

IIporpammHoe o0ecnieuenne

Haumenosanue [10 Ne norosopa CpoKk JIeHCTBYS JIUTICH3UH

II\)/rISowildr?:;/(s J7m J1-1227 o1 08.10.2018 11.10.2021
otessionalizt T-757-17 ot 27.06.2017 27.07.2018

KJIacCOB)

MS Off_lce 2007 Ne 135 o1 17.09.2007 0eccpouHo

Professional

FAR Manager cB0OOTHO pacmpocTpansemoe [10 OeccpovYHO

7Zip cB00OO0HO pacipoctpansiemoe [10 0eccpouHo



https://e.lanbook.com/book/47446
http://new.znanium.com/catalog.php?bookinfo=507978
https://e.lanbook.com/book/129223

1. DnekrponHas 0a3a nepuoamyeckux u3naanuii East View Information Services, OOO «MBUCy:
https://dlib.eastview.com/

2. HammonanpHas nH(GOPMAlMOHHO-aHAIUTHYECKas cucTeMa — POCCHICKHMN HMHIEKC HAy4HOTO
mutupoBanus (PMHLY): URL: https://elibrary.ru/project risc.asp

3. Ilouckosas cucrema Axaaemust Google (Google Scholar): URL: https://scholar.google.ru/

4. NadopmanronHas cucrema - EamHoe okHO moctyrna K mHGOpManuoHHBIM pecypcam: URL:
http://window.edu.ru/

5. @epgepanbHOE rocyAapcTBEHHOE Or0KeTHOE yupexkaenue «DenepanbHblii HHCTUTYT MPOMBILI-
seHHoi codcrsennoctuy: URL: http://wwwl.fips.ru/

6. Poccuiickas I'ocynapcTBeHHas OuoOIIMoTeKA. Karanoru:
https://www.rsl.ru/ru/4readers/catalogues/
7. DJIEKTPOHHBIE pecypchl OnOIMOTEKH MI'TY HM. I'.A. Hocoga:

http://magtu.ru:8085/marcweb2/Default.asp

8. YuuBepcurerckas unpopmarmontas cuctema POCCH: https://uisrussia.msu.ru

9. MexnyHapo Has HAyKOMETpUYecKasi pe)epaTiBHAS M TIOJTHOTEKCTOBAs 0a3a JAHHBIX HAYYHBIX
usnanuii «Web of sciencex:_http://webofscience.com

10. Mexnynapoanasi pedeparuBHasi U IOJTHOTEKCTOBAs CIipaBoYHasi 0a3a JaHHBIX HAYYHBIX U3]1a-
HUH «SCopusy: http://scopus.com

11. MexayHapoHas 0aza MTOJTHOTEKCTOBBIX KYpPHAIIOB Springer Journals:
http://link.springer.com/

12. MexyHapoaHasi KOJUICKIMS HayYHBIX MPOTOKOJIOB TI0 Pa3IMYHBIM OTpacisiM 3HaHU# Spring-
er Protocols: http://www.springerprotocols.com/

13. MexayHapoHas 0a3a CIpaBOYHBIX M3JAHHMU 110 BCEM OTpaciisiM 3HaHuit SpringerReference:
http://www.springer.com/references

14. ApxuB Hay4HbIX XypHaJIoB «HalnoHaJIbHBIN 371€KTPOHHO-UHPOPMAIIMOHHBIM KOHIIOPLILYM
(HIT HOUKOH): https://archive.neicon.ru/xmlui/

9 MaTepuaJibHO-TeXHHYeCKOe 00ecredeHue TUCIIUMNIHHBI (MOTYJIs1)

Tun u Ha3BaHue OcHaleHue ayIuTOpuu
ayAUTOPUH

VYyeOnas aymutopus uis | TexHuueckue cpeacTaa oOy4eHus, ciyXamue JUIs

IIPOBEICHUS 3aHATHH | pencTaBieHuss y4eOHOW HH(popManuu OOJBIION ayAUuTOpPHUU:

JIEKIIMOHHOI'O TUIIA MyJIbTUMEAUNHBIE  CPEACTBA  XPAaHEHMs,  IepeJadn H|
npeacTaBiaeHus ydyeOHol uHopmanuu. Crenuann3upoBaHHas
Me0enb

VYuebHast ayautopus Ui | TexHu4eckue cpeactBa  00ydeHus, ciayxamue U

MIPOBEJICHUS] MPAKTUYECKUX | MpEeACTaBleHuss yueOHOM uHpopManuu OONbIION ayAUTOPUHU:

3aHATUN MyJIbTUMEAUNHBIE  CPEACTBA  XPAaHEHMs,  IepeJadud U

MpeACTaBiIeHUsT  ydeOHON  mHOOpMaAruu(IIpoeKTop, dKpaH).
Crenmanu3upoBaHHas MeOeb

O6opynoBanue:

. [InaBuiibHBIE IEUN.

. Tepmuueckue neyw.

. JJaboparopust KOHTpOJI KayecTBa (POPMOBOUHOI CMECH.

. TBepaomepsl.

. ITpuGops! 1111 ucnbITaHUsE 00Pa310B HA H3HOCOCTOMKOCTb.

. Mukpockor.

. HInudoBanbHbie MaITUHBI.

. @pe3epHBbIil CTaHOK C YUCJIOBBIM MPOTPAMMHBIM OOE€CIIeUeHHU-
eM.

9.IpoOumnku.

10. IlerTpoOexHasi MaITUHA JIUTHS.

01N N B~ W=



https://dlib.eastview.com/
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
http://window.edu.ru/
http://www1.fips.ru/
https://www.rsl.ru/ru/4readers/catalogues/
http://magtu.ru:8085/marcweb2/Default.asp
https://uisrussia.msu.ru/
http://webofscience.com/
http://scopus.com/
http://link.springer.com/
http://www.springerprotocols.com/
http://www.springer.com/references
https://archive.neicon.ru/xmlui/

11. BakyyMHas 1uTeliHas yCTaHOBKA.

YyeOnas aymutopus s | KommbrorepHas TexHuka ¢ maketom  MS  Office, ¢

TPYIIOBBIX M HWHAMBUAY- | MOJKIOUeHUeM K cetu «WHTepHeT» W C JOCTYIIOM B

QIbHBIX KOHCYJbTALUN, Te- | SJIEKTPOHHYIO nH(OPMaLIOHHO-00pa30BaTEIIbHYIO cpeny

KYIIErOo KOHTPOJS U Npo- | yHuBepcuteTa. Criennanau3upoBaHHas MeOelb

ME)KYTOUHOM aTTecTaliu

ITomemenue s | Kommprotepnass TexHuka ¢ makerom  MS  Office, ¢

CaMOCTOSITENIbHOM pa0doOThl | MOAKIIOYeHUeM K ceTu «VHTepHeT» u C JOCTyIIOM B
3JIEKTPOHHYIO nH(OPMAIIMOHHO-00pa30BATEIIEHYIO cpeny

YHUBCPCUTCTA. CHeI_II/IaJ'II/IBI/IPOBaHHaH Me0enn

Ilomenienue Ui XpaHeHUs
u pOopUIAKTUIECKOTO
o0cayXUBaHUS  y4eOHOTO
o0opyoBaHus

Crennaxwu, ceii¢ a1 XpaHeHUs] yueOHOT0 000pyAOBaHUSL.
WucTpymeHThl U1 peMoOHTa J1ab0opaTOpHOTO 00OpYyIOBaHUS
(HaOOpBI ra€YHBIX KITFOUEH, FIIEKTPOUHCTPYMEHT H JIp.)




Ipuioxenne 1
MeTtoauueckue yKa3aHus K MPAaKTUYECKUM 3aHSATUSIM

HpI/I pPEIICHUA HpaKTquCKOﬁ 3aa4u O CHUHTE3€ HOBOI'O CIlJIaBa uenecoo6pa3Ho IIpUHU-
MaTb BO BHUMAaHHE CIICAYIOIIUEC (baKTopBI:

1. HaznayeHue neTanu WM OTIMBKH, KOTOPYIO OYIyT M3TOTOBJIATH W3 JAHHOTO CIUIABA;
9TO JACT BO3MOXKHOCTH OIPENCIUTh TpeOyeMble CBOWCTBA (HAMpHUMEp, MOPIICHb BUTATEIS
BHYTPEHHETO CropaHus, 3y0 KOBIIIA YKCKaBaTOpa, CTAaHWHA CTAHKA U T.II.)

2. JlerkocThb M3rOTOBJIEHUS U OTHAEIKH TOTOBOH MM YaCTHYHO TOTOBOH IETAIH, YTO TaK-
K€ JaCT BO3MOXXHOCTh OIPEICIUTh HEOOXOIMMBIE CBOMCTBA CILJIaBa W NMPOBECTH APKOHOMHUYE-
CKYIO OLIEHKY MPOAYKIIHH.

3. BHemHuii BUJ TOTOBOM JETaIH, ONPEALSISIEMOM OTIEIKON MMOBEPXHOCTH, 3CTETUUECKON
MPUBJIEKATEILHOCTBIO | T.[I.; P TOM HEOOXOJAMMO YUUTHIBATh, YTO HAPY>KHBIN BUJI U3JEIHS, a
Takke GU3NYECKUE U MEXaHMYECKHE CBOMCTBA CILJIaBa MOTYT U3MEHUTHCS U JIaXe YXYAIIUTHCS
pu pabouyuX yCIOBUSX (HAPUMED, XYI0KECTBEHHOE JIUTHE, IOBEJIUPHOE JINThE, KOPPO3ZUOHHO-,
JKapo-, K3HOCOCTOMKOE JINTHE U JIP.).

B o0miem Buze 3a1a4a 0 BEIOOpE HOBOT'O COCTaBa CIIJIaBa BBIMISIUT CIECIYIOIIMM 00pazoMm.

Z!aHOZ HepI/IO,I[I/ILICCKaSI CHUCTEMaA 3JICMCHTOB [[I/I Menpgeneena u Bce HeO6XOI[I/IMBIe JaH-
HbIE O CBOMCTBaX QJICMCHTOB, B T.4. H UX TCXHUKO-OKOHOMHNYCCKHEC XaPaKTCPUCTUKHU.

Ycnous: HoBblil CIjlaB TOJKEH UMEThH OINPEAECICHHbIA KOMIUIEKC CBOWCTB, KOTOPBIE Je-
JIATCSI HA TP KaTETOPHUU:

- IJIABHOE CBOMCTBO- JIOJDKHO MMETHh ONTHUMAJIbHOE 3HAa4eHHE (IIPOYHOCTH, BS3-
KOCTb, )KapOCTOMKOCTD, IIeHa, TEXHOJIOTMYHOCTb U T.1I.)

- OrpaHUYEHHbIE CBOMCTBA, KOTOpPbIE JOJKHBI ObITh HE MEHbIIE WIM He OoJblile
oIpezeNIeHHbIX 3HaYeHUH (TBEPAOCTb, MIIACTUYHOCTD U T.I1.)

- «HATypHbIE CBOWCTBa», OOBIYHO CBOMCTBA JIBYX MEPBBIX KaTErOpUI ONpenensoT-
Csl Ha CIelMaJbHBIX 00pa3lax U TEXHOJIOIMUECKUX MpoOax, OJHAKO COBPEMEHHON TEXHUKE Ta-
KHX UCHBITAHUN 4acTo ObIBaeT HEJAOCTATOYHO, MIOATOMY TpeOyeTcs: MpoBEepKa TEXHOIOTUYHOCTH
CIUIaBa B peaJIbHbIX pabOUMX YCIOBUSIX.

TpeOyeTcsi: HANTH COCTAB CIJIaBa U PEXUM TEPMUUYECKOU 00paboTKM (eciu oHa HeoOXO-
JMa), 00eCTIeYMBAIOIINE BHIMOTHEHUE BCEX ITHX YCIIOBHM.

EnuMHCTBEHHBIM IyT€M OKOHYATENBHOIO BHIOOpa COCTaBa CIIaBa B HACTOSIIEE BpeMs U
nanee sBisgercs onbIT. OHAKO, pEHIMTh 3Ty 337a4y MyTeM MepedopoB BCeX BOZMOKHBIX KOMOU-
HaIUil 2JIEMEHTOB MPaKTUYECKH HEBO3MOXKHO. B Takux cilydasx cUCTEMHBIH aHaIU3 TPEIIUCHI-
BAeT PENYyKIHIO, T.€. pa30MeHue BCcel 3aJ1aun Ha 4acTH, KOTOpble NoJaaroTcs pemenuto. [lyrem
UX MOCJIEI0BATENBHOIO PEIIEHHS PEIAOT BCIO 3a/1ady.

3amady o0 CHHTE3€ CIUIaBa MOKHO Pa30UTh Ha CIIEAYIONIME T013a/1auH.

1. ®opMynupoBaHue 3a7aHusl Ha cruiaB. OCYyIECTBISAETCS COBMECTHO C 3aKa3UYUKOM U
pa3paboTUMKOM CIIIaBa, IPU 3TOM OTOBapUBAIOTCS BCE CTOPOHBI pabOTHI U BO3MOKHOCTH 00€nX
CTOPOH.



2. Bb100op OCHOBBI crutaBa. DTO 4acTO MPENONpPENEICHO U YK€ BXOAUT B 33aJjaHHE Ha
cruaB. OHaKo, 0O00CHOBaHHBIA OTBET Ha ATOT BOMPOC, OCOOEHHO B HOBBIX OOJIACTAX TEXHUKU,
TpeOyeT creuaibHOr0 TEXHUYECKOTO0 U SKOHOMHUYECKOT0 aHAIN3a

3. Br160op psi0B JIerHpyOUIMX 3JIEMEHTOB U ONpe/eleHre BpeIHbIX Hpumeceil. Psn
JICTUPYIOIIUX 3JEMEHTOB IPEJICTABISET COOOI MOCIIEI0BATENIBHOCTh XUMUYECKHX AJIEMEHTOB,
KOTOpBIE€ B MOHMKAIOIIEH WM B MOBBIIIAIONIEH CTEIEHH MOTYT YBEJIWYUBATh WJIM MOHMKATh TO
WJIM MHOE CBOMCTBO JAHHOM OCHOBBI CIuIaBa. IIpu 3TOM y4uTBIBacTCS M DKOHOMHMYECKAs LEJIECO-
oOpaznoctb. [Ipumep: psa JErHpyrOMIKUX 3JIEMEHTOB MO BIUSHUIO Ha U3HOCOCTOMKOCTH jKeJie3a
npu coaepxkanuu 1%: Ni-Mn—Cr—V—Nb—Mo—Co—Cu—-W—AIl-Ti—Si—C. Bpeansie
MPUMECH TaK)XK€ MOTYT O00pa30BbIBATh PSAIbl IO CTENEHU OTPULIATEIHHOIO BIMUSHUS HA TO WIU
MHOE CBOWCTBO (pabodee, TexHoJormueckoe).PemeHre 3Tol moa3agaydl CBS3aHO C (PHU3UKO-
XUMHUYECKUM aHAJIM30M JUarpamMm COCTOSIHUS (ABOMHBIX, TPOHHBIX, YETBEPHBIX) OCHOBBI CILJIaBa
C JICTHPYIOIIUMH 3JIEMEHTaMH Ha OCHOBE KPUTEPUEB TUAarpaMM COCTOsiHHA. JlaHHBIE OepyT u3
CIIPABOYHHUKOB, OMPEIEISIIOT C MOMOIIBIO TPOTHO3a, WIH SKCIIEPUMEHTAIBHBIM ITyTEM.

4. Bb16op nerupyroomux KOMIUIEKCOB. JTO IpyIlla COBMECTHO BBOJUMBIX JIETHPYIO-
Mx 3JeMeHTOB. OHU TOJKHBI BO3/ICHCTBOBATh HA PAa3IMYHBIE CBOWCTBA U3 YHCIIA YKAa3aHHBIX B
3aJJaHAM Ha CIUIaB WJIM B3aWUMHO ycHJHMBath 3((eKkTuBHOCTH Apyr Apyra. [Ipumep nmpuBeneH B
Tabimue 1.

S. Bri6op coctaBa cmiaBa. 31ech onpenenseTcss KOHKPETHOE COJIEpKaHUE KaXKIOTO
JICTUPYIOIIETo AJIEMEHTa CIlIaBa, KOTOPbIH oOecrednsi Obl HAUBBICIIUK BO3MOXHBIA YPOBEHB OC-
HOBHOT0 cBoMcTBa. [loa3anayua pemiaercs nyTeM IIaHUPYEMOIO SKCIIEPUMEHTA, TIOCTPOSHUS Ma-
TEMaTHYECKON MOJICIH CIIJIaBa M €€ ONMTUMHU3AIIHIH.

Tabmauua 1
Brnustaue JlerupoBaHus Ha MPOYHOCTH (G3) CTAIN
Mapka cranu Bapuant nerupoBanust oz, MIla
Cr. 35]1 1,0% Cr 530
0,5 % Mo 510
0,7 % Cr +0,4 % Mo 600
Cr 20J1 1,0% Cr 450
0,5 % Mo 440
0,25% V 480
0,7 % Cr +0,4 % Mo + 0,20 % V 515

OKoOHYATEILHOE pCHICHUC O BHCAPCHUU CIlJIaBa IIPUHUMACTCS TOJIBKO ITOCIIC 0Hp06OBaHI/I}I B pe-
AJIBHBIX pa6oq1/1x YCJIOBUAX U3JIETUN U3 HEero.

PaCCMOTpI/IM HCCKOJIBKO THITIOBBIX IPUMEPOB BBI60pa OCHOB HCKOTOPBIX CIIJIAaBOB.

Ilpumep 1

Bb100p OCHOBBI KOHCTPYKIIMOHHOTO CIUIaBa, pabOTAIOMIEr0 B CTAIMOHAPHBIX YCIOBHSX,
npu OOBIYHBIX CcIIOcOo0ax HAarpy3KH, MPU HOPMAIbHBIX TEMIEpaTypax, B 0ObIYHOM cpene. ['nmaB-




HBIMH pabouuMMHU CBOWCTBaMU sIBISAIOTCS Gz > 10 MIla u oTHOocuTensHOe yinHeHue o > 5%.
I[OHO.HHI/ITQJIBHBIG YCJIOBUA: TNIOTHOCTH 6€3pa3anHa, YOPOUYHCHHUC JICTUPOBAHUCM U TCPMHYC-
CKOI 00pa0OTKOM MPOMOPIIMOHAIEHO CBOWCTBAM CaMOW OCHOBEI.

I'maBHOE TpeOoBaHME - MUHUMAJIbHAS [IEHA.

Pemenue 3amauun npeacraBieHo B Ta0I.2.

Ha IMOJIHYKO COBOKYITHOCTB 3JICMCHTOB IMOCJICAOBATCIIPHO HAKIAAbIBAOTCA YKA3aHHBIC TPC-
ooBanus. Pemenue IIOKAa3bIBACT, YTO ITOCTAaBJICHHBIM Tpe60BaHI/I$[M IMOJIHOCTBIO YAOBJICTBOPSCT
KEJIC30, XOTA I10 MEXaHUYCCKUM CBOMCTBaM IoAXO0 AT 50 »nemeHTOB.

Tabmauua 2
Yucno 31eMeHTOB,
Kareropun
. DJeMeHT yIIOBJIETBOPSIOIINX
TpeOoBaHMt
TpeOOBaHUIO
Ho Ku 104
oz >10 MIla Lio Ku 80
d>5% 5 U 50
Lena, pyo/kr
> 1000 or Sc 10 Au 18
100-1000 Be, Ga, Y, Ag, Pr, Nd, Dy, Ta, Th 9
10-100 Li, V, Sr, Zr, Nb, Mo, Cd, Sn, Ba, La, W, Bi, U, 14
Ce
1-10 Ca, Ti, N 3
0,2-1,0 Mg, Al, Cu, Zn, Pb 5
<0,2 Fe 1

[IpumeHeHne B KauecTBE OCHOB JIIOOBIX JPYTHUX 3JIEMEHTOB, KPOME >KeJie3a, BO3MOXKHO
TOJILKO NPH YCIIOBHH, YTO CILJIAB JIOJKEH YIOBIETBOPATH CIIEIHATBHBIM U OCOOBIM TPEOOBAHHSIM
(J1Ierkui, 31eKTPONPOBOAHBIN, KOPPO3UOHHOCTOMKMI U T.1.). Hanpumep, eciu BBecTH yciaoBue
IO MJIOTHOCTH Y < 5 r/cM® , TO MOJKHO B KauecTBE OCHOBHI HcIonb3oBath Mg, Al, Ti, Be.



Ipuwep 2

TpeGyetcs BbIOpaTh HanboIEE pallMOHATIBHYIO OCHOBY IIPOBOIHUKOBOIO CIIIABA.

TpeboBanus:

e BBICOKAs 3JIEKTPOIMPOBOIHOCTH p > 0,2%1080M/M*MMm?

e JIONOJHUTEIBHBIE YCIOBUSA: IIPHUEMIIEMasl MPOYHOCTb; XOPOIIME KOHTAaKTHBIE CBOMCTBA;
MOBBIIIIEHHAS] YCTOMUMBOCTH POTUB aTMOC(HEPHOM KOPPO3HH;

® MMHHHMAJIbHasA LICHA.

CHGI[yeT HMCTh BBUAY, YTO I€HA OCHOBLI CIIJIaBa OTHOCUTCA K MAacCC€, a COIPOTUBJICHUC - K
CCUCHHMIO TMPOBOJAHMKA. [lodTOMY JUIS MHUHUMH3AIMKU 3aTparT Hajao Oparh Kputepuit (ple
)*1—min, rje p - MIOTHOCTh, € — IEKTPOIPOBOIHOCTD, IT - IIEHA dJIeMeHTa, pyo/Om.

[TepBoMy TpeOOBaHHIO OTBEYAIOT TOJBKO 6 DIIEMEHTOB:
OcHoBa Na Al Mg Cu Ag Au
(p/e )*1u, py6/Om 43 45 52 123 58 43700

3os0TO Henpuemiemo 1o mneHe. CepeOpo MOKHO MPUMEHSTH TOJIBKO B MPUOOpPAX, UCKITIO-
YUTEIBHO TPEOOBATEIbHBIX B OTHOIICHUH KOHTAKTHBIX CBOMCTB. Melb - TpaJMIIMOHHBINA MPO-
BOI[HHKOBBIﬁ MaTcpHrall, BIIOJHC IMPUEMJIIEMA 11O CTOMMOCTHU, UMECT XOPOIIUC KOHTAKTHLIC CBOMU-
CTBa. AJIFOMHHUHN CYIIECTBEHHO JIEIIEBJIE MEIH, HE HAMHOTO YCTYIAET € MO 3JIEKTPOIPOBOIHO-
CTH, JIETKO YIPOYHSETCS, HO 00JIa/laeT XyAIIMMHA KOHTAaKTHBIMA CBOMCTBaMU. MarHuii yctymnaer
anmoMuHUI0. O4eHb UHTEPECHBIM U NEPCIIEKTUBHBIM MaTepUajioM sBiisgeTcs HaTpuil. OH 10BOJIb-
HO JIelIeB, XOpolIo oOpabaTeiBaeTcs, HO TpeOyeT BecbMa HaJe)KHOW H3OJISIHNH, TaK KaK OYEeHb
arpeccuBeH M BO3TOPAETCs MPU COMPUKOCHOBEHUU C BOJIOM.

Ilpumep3
Br160p 0CHOBBI JKapOMPOYHBIX CIUTABOB /I paboThl mpu Temmeparypax 800-1750°C.

Pabouyto Temneparypy OpHEHTUPOBOYHO MOKHO OLIEHUTh Kak lpas= 0,6t::. Temmeparypa
IUIABJIEHUS, COOTBETCTBYIOIMAA tpas = 800°C, paBHa 1330°C. Brlmie 3TON TeMneparypbl UMEKOT
TOYKU TUTaBleHUs 39 snemeHTOB. PazoObeM uX Mo TemmeparypaMm IUIaBIE€HUS Ha S5 Tpymil
(Tabm.3).

W3 TyromnaBkux 3JeMeHTOB MMeIOT 1eHy < 100 py6/Kr 1 HepaauoaKkTUBHBI TOJIbKO 15. M3
Hux xpynku C, B, Si u CKIOHHBI K OKHCJIEHUIO TPH BBICOKHMX Temmeparypax 11 u Fe. Urak,
OCTAaeTCs TOJIBKO 8 DIIEMEHTOB.



Bb160p 0CHOB KapOnpOYHBIX CILJIABOB

Tabmanma 3

['pynimsl 110 toy,
°C

> 3000

2500-3000

2000-2500

1600-2000

1330-1600

OpueHTupo-
BOYHbBIE MUHH-
MaJibHbIE pa-
Ooune Temrie-
paTypbl I'pyII-
TIBI

1750

1500

1200

1000

800

DJIEMEHTHI,
HMEIOIIIHE
JAHHYIO toy

C,W, Re

Ta, Os, Mo,
Ru

Nb, Ir, B,
Hf, Tc

Rh, V, Cr, Zr, Pt,
Th, Ti, Lu

Pd, Tm, Pa, Fe,
Er, Es, Co, Ho,
Pm, Ni, Dy, Md,
Sc, Tb, No, Y,
Lr, Si, Ku

Hemiesme
100py6/kr n
HepaauoaK-

TUBHBIE

C,W

Mo

Nb, B

V, Cr, Zr, Ti

Fe, Co, Ni, Si

IInmacTuunble U
YCTOMYUBBIE
MIPOTUB OKHUC-
JICHUS TIPU BbI-
COKHX TeMIIe-

parypax

Mo

Nb

V, Cr, Zr

Co, Ni

CamMgrle nene-

BBIE B IAaHHOH
TeMneparyp-
HOU TpymIe

Mo

Nb

Cr

Ni

Ecnu B34Th caMble jeleBble B KaKJO0W TeMIlepaTypHOU IpyIme, To ocTaHyTes 5 anementoB: W,
Mo, Nb, Cr, Ni. Onu mupoko IpUMEHSIOTCS B TPOU3BOACTBE. Takxke B psijie CydaeB MOTYT HC-
none3oBareest C, Ta, B, Zr, Pt, Co.

Illpumep 4




Br16op Hanboree aemeBoii OCHOBHI CIIaBa JUIsl AeTaJIe, padOTAIOIINX B A30THOM KHCIIOTE
(50-60%) mpu HOpMaJILHOU TeMIIeparype.

Omnpeanenum, 4To IeTaiab 00beMOM V MOKET IKCILTyaTUPOBAThCs 10 TEX IOp, IOKa OOIIuii
KOPPO3HOHHBIM M3HOC C €IUHHIIBI €¢ pabouell TOBEPXHOCTH TOCTUTHET BeIHMUMHBI A. Bpems, B
TEYEHUE KOTOPOr0 JETaIb MOKET HKCILNTYaTUPOBATHCS

T= A/UHzHoca, (1)
A€ v - CKOpPOCTh U3HOCA.

[Ipu nnoTHOCTH MeTaIa p U LUEHE 3a €AMHUIY Macchl L] 3aTpaTel 3a Bpems SKCIUTyaTaluu
JIeTaIu 10 JOCTUKEHHUS U3HOCA A COCTaBAT:

3= VV* p*I[* v/A. )

OI.[GHI/IM HU3MCHCHHUS 3aTpaT IIPpH 3aMCHC MaTCpualia - 3TaJIOHA MCTAJUIOM - 3aMCHHUTCIICM
4Cpe3 COOTHOLICHUC!

F= poxllo* v/ p*I* v, (3)

PaccMoTpuM 3KOHOMUYHOCTH 3aMeHbI F€, BHIOpaHHOTO B KauecTBe 3TajioHa, Ha Pb, Ti, Ta.

Fe Pb Ti Ta
p, rlem® 7,86 11,3 4,5 16,6
V xop MI/M*CM? 1,5%101 1,2%10°2 3*10°3 1*10*
L1, pyO/kr 0,2 0,67 2,15 370
F 1 0,4 0,13 2,7

[lepexon Ha CBUHEI 1aeT 3aMETHYIO dKoHOMHUIO. [lepexoa Ha TUTaH OKa3bIBaeTCs elle 00-
nee 3¢ dexkTuBHbIM. TaHTal HE 1eTeco00pa3eH ISl TaHHBIX YCIOBHM, XOTs I 00jee KeCTKUX
YCJ'[OBI/II\/II OH MOT OBITH DKOHOMUYECKH OoIrpaBaaH.

Ilpumep 5

Br16op ocHOBBI crutaBa uist AeTaieid TPaHCIOPTHOTO ycTporcTBa. CTOMMOCTh 00pabOTKH
MaTepuaia U BBEJEHUE JIETUPYIONMUX He paccMaTpuBaroTcs. [Ipu 3ToM cyiecTBEeHHOE 3HAUYCHUE
nproOpeTaeT MIOTHOCTh MaTepuana, T.K. IPH €€ CHUKCHUH MAallliHA CTAHOBUTCS JIETYEe U OKa-
3BIBAETCSI BO3MOKHBIM YBEITMYUTH MACCy MEPEBO3UMOTrO MOJIE3HOTO TPy3a.

CTOMMOCTB AeTaan
h=SLpll, 4)
rae h - croumocTs;

S - mIomanb CeUCHU,



L - nmmHa Harpy>KeHHOTO AJIEMEHTA JIeTajH;
p - yIenbHas IJIOTHOCTD;

]_[ - ICHa OCHOBBEI CIlJIaBa.

3aMeHMB S YacTHBIM OT JICJICHUSI Harpy3KH Ha JieTaib P Ha npo4HocTh OCHOBHI (S= P/G,)
HOJTY4UM

h=PLpll/ o, . 5)
PaccmorpuM aBa BapuaHra:

1. CpaBHUM CTOMMOCTb U3IOTOBJICHUS A€TAJIM U3 MaTepUaia - 3TaJOHA U €ro 3aMEHUTENS
OoJiee JIErKoro UM MPOYHOro, HO OoJsiee opororo. B nepBoM cityyae KO BCeM XapaKTEpUCTUKAM
Martepuaa 100aBUIN HHIIEKC 3, BO BTOPOM - 0€3 HH/IEKCa.

[Tpu 3amMeHe MaTepuaa CTOMMOCTD JICTaId OBBICUTCS Ha A h

Ah=PL[(pL/0) - (p> LI +/ 5 5)]. (6)

[lycTh cTOMMOCTH EPEBO3KU OJTHOTO KMJIOIPaMMa IOJIE3HOTO Ipy3a 3a BECh MEPHOJ] dKC-
IUlyaTaluy 10 MOJIHOM amopTu3auuu MamuHbl paBHa C. Ee MOXXHO Takke NMpeacTaBUTh Kak
IPOM3BEACHUE CTOMMOCTH NEpPeBO3KH | KI rpy3a Ha | KM U Ha BECh IyTb, IPOXOJUMBIN Mallu-
HOM 3a BpeMs 3kciuryaTanuu. B Bennunny C BXOAST CTOMMOCTh CaMOM MAlllMHBI U 3aTpaThl Ha
HKCIUTyaTaIMIo, BKIKOYAIOIINe 00CTyKUBaHUE, TOIJIMBO, PEMOHT M T.JI. 3aMeHa 3TaJOHHOIO Ma-
TepHasa MO3BOJIUT MIEPEBECTU JTOTIOTHUTENbHBIN IPY3, YTO COKPATUT CTOMMOCTD IEPEBO3KH Ha A

d
Ad=PL[ps/p) -(p/c)]C, (7)
HalijeM OTHOIIEHHE

Ah/Ad =o,pl] - 0,p,1],)l(0p, - po,)]C  (8)

F

Torma ycnoBueM SKOHOMMYHOCTH 3aMEHBI MaTepHala - dTalloHa MaTepUaIoM - 3aMEHHUTe-
nem Oyner

F/IC<1. 9)
Benuuuna F 3aBuCHT OT CBOMCTB MaTepHara.

Benuunna C- ot Tuma TPAHCIIOPTHOT'O yCTpOﬁCTBa.

2. BeiOepem B KauecTBe MaTepHaia - 3TAIOHA XKEJe30 U BBISICHUM IeNIECO00Pa3HOCTh €ro
3amenbl Al, Ti u Be as TpaHCIOPTHBIX YCTPOUCTB.

Fe Al Ti Be

p, kr/am® 7,86 2,7 4,5 1,85



0 s, MIla 200 80
L1, py6/kr 0,2 0,63
F 1 2,4

F/C (C=5) - 0,48
F/C (C=10) - 0,24
F/C (C=100) - 0,24

300
2,15
1,1
0,22
0,11

0,11

500
210
24,5
4,9
2,45

0,24

Otnomrenuto F / C = 1 cOOTBETCTBYET CTAllMOHAPHOMY YCTPOMCTBY, Ui KOTOPOTO 3aMe-

HATH )KeJIe30 Apyroi ocHoBou HeT cMmbicia. Benuunna C = 5; 10; 100 cooTBETCTBYET OPUEHTH-
POBOYHO HA3€MHOMY TPAHCIIOPTY, aBUALMM U KOCMUYECKHM YCTPOWCTBaM. 3aMEHa KEJIE3HbIX

CIJIAaBOB JTIOMUHHEBHIMH YKOHOMHYECKH BIIOJHE OIMpaBlaaHa Jijisi aBToMooOmie. OcoOeHHO ak-

Tyaanoﬁ OHa CTAHOBHUTCA B HACTOALICC BPEMA B CBA3U C YAOPOKAHHUEM TOILJIMBA. HpI/IMCHCHI/Ie

TUTAHOBBIX JIETaJICH 11e7ec000pa3HO B CaMOJIETaX, 0COOCHHO B CKOPOCTHBIX, a OEPHILIUS - B pa-

kerax. M3BecTHO, 4yTO MepBas kabuHa s mosnera Ha JIyHy Obuta M3roTOBIIEHA M3 CIUIABOB Oe-

pwutns. [IpuHsATas cxema pacuera He YYUTHIBACT 3aTPaThl HA M3TOTOBJICHUE NIETAJICH, KOTOPHIC
s Ti u Be cymectBeHHo Bbiiie, yeM it Fe.Iloaromy Bennunnbl F / C ¢ yueToM TeXHOJIOTUH

6y,I[YT 3aMCTHO BBIIIC, YEM IIOKa3aHHBIC.



