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KomMmnuiekT 0lieHOYHBIX MAaTCPHUAJIO0B M0 TUCHUIIJIUHE
«MeToabl HCCJIeT0OBAHUS] H UCIIBITAHUS Marepua’jaoB»

3ananus 3aKpBITOro TUNA HA BHIOOP MPABWJIBHOIO OTBETA
Buvi@epume 0O0un npasuibHwiii omaen.

1. Knaccudukaums HCOBITAHWNA MO YCIOBUSAM W MECTY MPOBEACHUS
MPEyCMaTPUBAET J1BA OCHOBHBIX BUJA UCTIBITAHUIA:

A) 3KCIUTyaTalMOHHBIE U JJA0OPATOPHBIE

B) akcrtyaraiiuoHHbIE U HATYPHBIE

B) skcrtyaraiuoHHbIE U TPOU3BOJCTBEHHBIE

[') mpoM3BOACTBEHHBIE U JTAOOPATOPHBIE

[IpaBunbHbIA OTBET: A

Komnerenumu (maaukaropst): [1K-1 (TIK-1.1)

2. Hasoeure npaBunbHOo ['OCT «Meramiel. MeToabl HMCHOBITAHUN Ha
PaCTSDKEHUEY»  MPOBOJATCS HA  CTAaHJAPTHBIX  oOpas3uax  Kpyrjioro Wiu
OPSMOYTOJIBHOTO CEYEHMS.

A)T'OCT 1497-2024

b) 'OCT 1497-2023

B)I'OCT 1497-1984

[ T'OCT 1497-2025

[TpaBusibHBIN OTBET: b

Komnerenumn (maaukaropst): I1K-1 (TTIK-1.1)

3. MakpoaHaJlu3 3aKJIFOYaETCsl B OMPEACIEHUM CTPOEHUS METaIA MyTEM
OpOCMOTpa €ro M3JoMa WIM CHEHMAIBHO TMOArOTOBJIEHHOW MOBEPXHOCTH
HEBOOPYKEHHBIM TJIa30M WJIM YEPE3 JYMY NPU HEOONBIINX YBETUYCHHUSX J10

A) 1o 30 pa3

B) 10 100 pa3

B) 10 500 pa3

[IpaBunbHbIN OTBET: A

Komnerenumu (maaukaropst): [1K-1 (TIK-1.1)

4. MUKPOCKOIMMYECKUI aHaIM3 METAJIJIOB 3aKJIFOYAETCsl B UCCIEI0OBAHUN UX
CTPYKTYPBI C TOMOLIBI)

A) nynsl

b) onTryeCcKoro v 3MEKTPOHHOr0 MUKPOCKONa

B) 351EKTPOHHOTrO0 MUKPOCKOIIA

[IpaBusnbHEIA OTBET: b

Komnerenuun (maaukaropst): I1IK-1 (TTIK-1.1)



Buvi@epume 6ce npasuivHvie omsaenvi.

5. Tlpy npsMOM HCCIECOOBAHMM CTPYKTYPbl METAUIOB B 3JEKTPOHHOM
MHUKPOCKOIE MOKHO PaCCMaTpUBATh:

A) Tonkue (~ 0,1 MKM) METAJUTMYECKUE U OKUCJIEHHBIE TJICHKU

b) wacTuiibl ocaakoB, BBIACIEHHBIX )i (Pa30BOro aHAIM3a

B) Mmetasnypruveckue abIMbl

") yacTULbl MOPOILKOB [UIsl MOPOLIKOBOW METaLTy Priuut

J1) NIEHKU-NIOAKIAAKH, CETOUKH

[TpaBwibHblid 0TBET: A, b, B, I’

Komnerenuuu (unamkaropsl): [1IK-1 (TTK-1.1)

6.dopma U pa3Mep 3€PEH B OTJIMBKE 3aBUCAT OT YCJIOBUM KPUCTAJUIA3ALMH:
A) TemMnepatypsl KUIKOTO METaia

b) ckopocTu 1 HampaBJeHHUs OTBOIA TETIA

B) ckopoctu 3anuBku

') mpumeceii B meTaie

[IpaBwibHbIi OTBET: A, B, I’

Komnerenuuu (unamkaropsl): [IK-1 (TIK-1.1)

7. KpuBble, KOTOpbIE  ABJSAKOTCA  PE3YJIBTATOM  3KCIEPUMEHTA
TEPMOMEXAHMYECKOTO AaHAIM3a W MPEACTABJSIIOT T'PAPUUECKYHD 3aBUCHMMOCTh
KaKuX-JTM00 PyHKLUMIA OT TEMIIEPATyPbl WIM BPEMEHH HA3BIBAOTCA:

A) TEpMUYECKUMU KPUBBIMHU

b) Tepmorpammoii

B) mapaGonoii

I') runepGonoii

[IpaBwibHBIN OTBET: A, b

Komnerenuuu (unamkaropsl): [1IK-1 (TIK-1.1)

3anaHust 3aKPBITOro THIA HA YCTAHOBJICHHE COOTBETCTBHUSA

Yemanosume npasunvioe coomgemcemeue.

Keaoxcoomy onemenmy 1€6020 CMoi@y@ COOMEEmMcmeyem moavko OOUH
JEMEHIN NPAGO20 CIONOYM.

1. VYcraHoBUTE COOTBETCTBME OMPEACICHUS MEXAaHUUECKUX CBOMNCTB
METAJUIOB:

1) Cratuctuueckue A) Harpy3ka BO3pacTaeT MEUIEHHO M  TUIaBHO
(MCTbITAHUSL HA PACTSKEHUE, CHKAaTUE, U3TM0, KPyUYEHHUE,
TBEPAOCTD)

2) luHaMu4eCKUe b) mHarpy3ka Bo3pacTtaeT ¢ OOJBLIOH CKOPOCTHIO
(MCTIBITaHUS HA Y IAPHBIA U3rK0)

3) Lluknuueckue B) nmns oueHku mnoBeneHus MeTajuia npud oOpaboTke

JaBjieHHEM  (MCObITAaHMST HA  M3ruO,  meperuo,
BbI/JIaBJIMBAHUE)



4) TEeXHOJIOrMYECKNE [') Harpy3ka MHOTOKPaTHO M3MEHAETCS (MCIBITAHUE HA
yCTAIOCTh)
[TpaBunbHbIi OoTBET: 1A, 2B, 31", 4B.
Komnerenmu (uaaukaropsr): [1K-1 (TTK-1.1)

2. YcTaHOBHATE COOTBETCTBHE HA3BAHWIA B JIEBOM M OINPEIAECICHWA MPABOM
cTONIONAx:

1) Mukporuutud A)  MOBEPXHOCT, oOpasyromascs  BCJICICTBHE
pa3pyLIEHUs] METAJUIOB
2) Temmuier b) oOpasen, BbIpe3aHHbIi M3 KPYNHBIX 3arOTOBOK

(CIUTKOB,  MOpokara),  Jetanei  (pa3pe3aroT B
OMPEIEIEHHOM MECTE M B ONPEEIEHHOM MIIOCKOCTH)

3) Uznom B) noBepxHocTh 00Opa3iia (AeTanu), NOArOTOBJICHHYIO
JJ1s UCCIIEA0BAHUSI MAKPOCTPYKTY PhI
4) Makpouumg ') oOGpazew ¢ mnoCcKkoi HUTM(POBAHHON U MPOTPABJIEHHON

NOBEPXHOCTHIO, BBIPE3AHHBIN U3 UCCIAEAYEMOIO YYacTKa
JETATA UJIA 3arOTOBKH

[IpaBwibHbIi OoTBET: 1B, 26, 3A, 4T

Komnerenumu (uaaukatopsr): [1K-1 (TTK-1.1)

3. YcTaHOBHUTE COOTBETCTBUE METOJOB U3MEPEHUS TEMIIEPATYP
1) Ipsmbie A) OECKOHTAKTHBIE, ONTHYECKHE
2) KocBeHHBIE b) KOHTakTHBIE, OCYIIECTBISEMBIE C  MOMOLIBIO
TEPMOMETPOB, TEPMOIIEKTPUUYECKUX TMMHUPOMETPOB U
TEPMOMETPOB COMPOTUBIICHHUS
[IpaBwibHbIA OTBET: 16, 2A
Komnerenumu (uaaukaropsr): [1K-1 (ITK-1.1)

3agaHns  3aKpBITOr0 THNA HA  YCTAHOBJICHHE  NPAaBWIbHO#
10CJIe10BATEeIbHOCTH

Ycemeanosume npasunviyio nocreoosemenvHocme.

Senuuiume NpAGUILHYIO NOCAEOOGAMENLHOCHIL @VKG CleGH HANDAGO.

1. Tlpu HEOOXOAMMOCTH MOJHOrO MAaKPOCKOMMUYECKOr0 MCCIECIOBAHUS M
OMpEENICHUs] KaK HapyUICHUI CIUIOIIHOCTH METaJUIa, TaK M Ae(PEKTOB CTPOCHUS,
LEJIECO00Pa3HO MPUACPKUBATHCS CAEAYIOLIEN MOCIEI0BATEIBHOCTH:

A) pe3yJIbTaThl 3apUCOBBLIBAIOT UK (poTOrpaupyroT

B) BBISBASIOT CTPOEHHE METAIA

B) oOpazen mmmdyroT, MpoU3BOAAT TPABICHUE PEAKTUBOM cocTaBa (85 T
CuClyu 53 r NH4CI (Ha 1000 mut Bozsl))

[') oOpasen cHoBa HUTM(QYIOT W OMNPEIAECISAIOT PACHPENCIICHUE CEPbI MO
oTneyarky Ha poroOymare

JI) mpou3BOAAT MIyOOKOE TPABIEHUE [UIsl OMNPEACIICHUs HapyLICHUH
CIUIOILHOCTH U (PJTIOKEHOB

[IpaBunehelii otBeT: B, b, A, I, /]



Komnerenumu (maaukaropsr): [TK-1 (TTK-1.1)

2. OcHoBHbIE TpeOoBaHMs K oOpasiam, MNPEJHA3HAYEHHBIM IS
UCCJICIOBAHMIA B CKAHUPYIOIIEM 3JIEKTPOHHOM MUKpockore (COM)

A) o0pa3iibl B KaMePe TOJIKHBI ObITh 3aKPETUICHbI

b) oOpa3ipl, KOTOpBIE TEPMAT BAKYYMUPOBAHHUE, T.€. C TBEPIBIC TEA

B) ¢opma u rabaputel o0pa3na orpaHMuYEHbl pa3MepaMu KaMepsl (2 TOYHEE,
pa3mepamu JIBEpIbl KaMepbl 00pasLioB)

I') o6pasubl ansgs COM HYKHO PacKpeITh BILIOTH IO TOrO CJOS, KOTOPBIH
TpeOyeTcs u3yyarb

J1) oOpa3siibl, TPOBOJSLINE 3NEKTPUUYECCKUI TOK (UM HAMbIJIEHUE HA 00pasell
TOHKOTO CJI0s MPOBOJAIIETO Marepraa)

E) mnposectn cneumangpHble MaHMIYJISLKAKA (JEKANCyJIMpOBaTh, pPeE3arh,
NOJUPOBATh 0OPA3LbI)

[TpaBunensbiii oteeT: b, A, B, I', ]I, E

Komnerenumu (maaukarops): T[TK-1 (TTK-1.1)

3ananus OTKPHITOrO THNA

3amaHus OTKPBITOrO THIA HA AOMOJIHEHUE
Henuwume nponywennoe ciogo (cirogocouemeanue).

1. C noMoI1bI0 MakpoaHanu3a, B OTVIMYME OT XUMUYECKOTO aHannu3a, HENb3s
OMpPENEIUTh KOJMYECTBEHHOE COJEP)KAHME NPUMECEH, HO MOXKHO YCTAHOBHTH
UX B METAJLIE.
[TpaBuIbHBIN OTBET: HEOTHOPOJHOCTh PACMIPEACTEHHUS
Komnerenumu (maamkaropst): [1K-1 (TTK-1.1)

2. Omuust METONOB PAacIM(PPOBKH 3JIEKTPOHHOTO HM300paKEHUs OT
BUJIMMOrO B OOBIYHOM ONTHYECKOM MHKPOCKOINE CBSA3AHBI C
3JIEKTPOHHOTO M300paKeHUs M OONbIION TIyOMHONW PE3KOCTH 3JIEKTPOHHOM
ONTUKH, KOTOPas MO3BOJSET MOMYYaTh CTEPEOCKOMMYECKHE M300PAKEHUSA U C UX
NOMOUIBIO ONMPEACTATh U U3MEPATH BBICTYIIBI M BIIAJAWHBI peibeda.

[TpaBusibHBII OTBET: OECLIBETHOCTHIO

Komnerenumu (maamkaropst): [K-1 (ITK-1.1)

3. KanopumeTprueckne u3MepeEHHs O3BOJIAIOT MOJIHEE U3YUYHUTh CYIIHOCTb
MHOTMX TMPOLECCOB, MPOTEKAIIMX B METAUIMYECKUX CIUIAaBaX MpPH  HX
oOpaboTke
IIpaBuiibHBI OTBET: TEPMHAYECKOM
Komnerenumu (maamkaropst): [K-1 (ITK-1.1)

3ajaHus OTKPBITOrO THMNA ¢ KPATKHM CBOOOIHBIM OTBETOM
Henuwiume nponyugennoe ciogo (ciogocouemeanue).



1. JlunmaromeTpueil  Ha3bIBAOT METOJABI  MCCIEAOBAHMNA  TEIJIOBOTO
pacIIMPEHUS BELLIECTB U U3MEHEHUI UX 00BEMA MPU

[TpaBuibHBIA OTBET: (PA30BBIX MPEBPALIEHHIX

Komnerenmmu (uaqukaropst): [TK-1 (TTK-1.1)

2. CkaHupyrOUMid MHKPOCKON — 3TO MPUOOpP, KOTOPBIA HMCHOJB3YIOT B
Pa3HBIX OTPACIAX C LENBK U3YyUEHUS] OOBEKTOB MO OOJIBIIMM YBEIUYECHUEM, TJIE
MPUMEHSIOT SHEPTETUUECKUIA

I IpaBWIIBHBIN OTBET: JNIEKTPOHHBIH Ty YOK

Komnerenumu (unaukatopsl): [TK-1 (ITK-1.1)

3. — COBOKYNHOCTb METOJOB OIpPEACICHUS
TEMIEPATYP, MPH KOTOPBIX MPOMCXOAAT MPOLECCHI, COMPOBOXAAKIIKECS JTMOO
BBIJICJICHAEM TeIjia (HanmpuMmep, KpUCTAIM3alMs W3 JKUJIKOCTH), JIMOO €ro
NOMIOMICHUEM (HAapUMED, MJIABICHHAE, TEPMUAYECKAs AUCCOLIMALINS ).

[IpaBUiIBHBIN OTBET: TEPMUYECKUI aHAIN3

Komnerenmmu (uaqukaropst): [TK-1 (ITK-1.1)

/]@time omeem na gonpoc.

4. @DOTOMETPUYECKUII METOA aHaliM3a OCHOBAaH HA CHOCOOHOCTH
OMPEAETSEMOrO BELIECTBA MOMIOLIATH KAKOE U3JTyYEHUE ONTUYECKOrO AMana3oHa’?

[IpaBUIbHBIN OTBET: 3JIEKTPOMArHUTHOE U3JTyUYEHUE

Komnerenmmu (uaqukaropst): [TK-1 (ITK-1.1)

5. UYem oTauM4aeTcs OCYUIECTBICHUE UCHBITAHUN OT TEXHUYECKOIO
KOHTPOJIs?

[IpaBUfbHBIT OTBET: MUCHBITAHUS OCYUIECTBISIOTCS TPUA BO3JACHCTBUU
BHEIIHUX PEATBHBIX M MOJCIUPYEMbIX (DaKTOPOB, & TEXHUYECKUH KOHTPOJIb
OCYIIECTBIISIETCS TPA HOPMAJIBHBIX KJIMMATUUYECKHUX YCIIOBUSIX.

Komnerenmmu (unaukarops): T[TK-1 (TTK-1.1)

6. Kakue BMIBI 3HEPruM, KOTOPBIE HAMOOJEE YacTO BO3JCHCTBYIOT Ha
uznenue’?

[lpaBunbHBI  OTBET: TeIUIOBasA, JJIEKTPUYECKas, JJIEKTPOMAarHUTHasd,
MeXaHu4YecKas, XuMuyecKas

Komnerenmmu (uaaukarops): [TK-1 (TTK-1.1)

7. Ha xakue rpynnbl, Ha3blBa€MbIE BUJIAMHU, OOBEIMHEHHBIE OOIIHOCTHIO
(PU3MYECKUX MPU3HAKOB PA3ACISIOT METO/IbI HEPA3PYIAKOLIETO KOHTPOJIsA?

[IpaBUsibHBIA ~ OTBET:  MArHUTHBINA, OJJIEKTPUYECKUN, BUXPETOKOBBINH,
PaIMOBOJIHOBBIA, TEIUIOBOW, OINTHYECKHH, paJUallMOHHBIA, aKyCTHYECKHIA,
MPOHUKAIOIIUMHUA BELIECTBAMU

Komnerenmmu (maaukatops): [TK-1 (TTK-1.1)



3amanus OTKPBITOrO THNA € PAa3BEPHYTHIM OTBETOM

1. CocraButh OOHIMII aJIrOpUTM peEHICHUS 3aJayd Mo pa3padoTKe
(MPOEKTUPOBAHHMID ) XUMHUYECKOTO COCTaBa CILIABA.

Bpems BeinonHenus — 20 MUH.

OxuIaeMblid pe3ysbTar:

— (OopMyJIMPOBKA 3aJaHUS HA CILIAB,

— BbIOOP 0a30BOI0 371€MEHTA (OCHOBHI) CILIABA;

— BBIOOp PSIOB JIETUPYIOLIMX 3JIEMEHTOB W ONPEIEJICHUE BPEIHBIX
npUMeceid ¢ MOMOIIBIO PU3UKO-XUMUYECKOTO aHATU3A,

— BBIOOP JIETUPYIOLIMX KOMILIEKCOB;

— BBIOOp cocTaBa cruiaBa (PearTcs NyTeM IUIAHUPYEMOI0 SKCIIEPUMEHTA,
NOCTPOCHUST MAaTEMATUYECKOW MOJETM CIUIaBa WM ONTUMM3ALUM XHUMHYECKOIO
COCTaBa).

Kputepun ouneHuBaHMSA: HAJIMYME B OTBETE COAECPYKATENIbHBIX €IUHUIL
«3aJaHuE Ha CIUIaB», «0a30BbIi 3JIEMEHT / OCHOBA», «JIETMPYIOUIUX 3JIEMEHTOB /
KOMIUIEKCOBY, « BPEAHBIE MPUMECHY, «COCTAB CILIABAY.

Komnerenuun (maaukaropsr): [1IK-1 (TTK-1.1)

2. IlpuBectn OOWMII AITOPUTM MOCTPOEHUS AMATPAMMBI COCTOSIHMS MO
KPUBBIM OXJIQXK/ICHHUS CIUIABOB METOJI0M TEPMUYECKOTO aHAIM3A.

Bpewms BoinonHenus — 20 MHH.

OxumaeMblid pe3ysbTar:

— YEPTUTCS CETKa B KOOPIMHATAX TEMIIEpPATypa — COCTaB, OCb abcuuce
JEJINTCS. HA JECITh PAaBHBIX 4YAacTeid M COOTBETCTBEHHO O003HAYAKOTCS COCTABBI
CIUIABOB;

— OCh OPAMHAT JEJIMTCS Ha MAThb-CEMb PABHBIX YaCTEl B 3aBUCUMOCTH OT
3HAQUEHUI TEMOEparyp KpUCTAUIM3ALMKA YHUCTBIX KOMIIOHEHTOB H3Yy4YaeMoi
CHCTEMBI,

— Ha ocH abCcuHMCC OTMEYAIOTCS TOYKHM, COOTBETCTBYIOIIME COCTABaM
UCCJIEyEMBIX CIUIABOB, U M3 KaXKIOi TOYKM BOCCTAHABJIMBACTCS BEPTHKAJIb, HA
KOTOPO OTMEUAKTCS TEMIEPATYPbl HAYaAIA U KOHIA KPUCTATU3ALINY

— TOYKM Hauaja KPUCTAUIM3ALMM BCEX CIUIABOB COCOUHSIKOTCS OTHOM
JMHHEH, & TOYKK KOHLIA KPUCTAIIM3ALMAN — IPYTOiA.

Kputepun  OLEHMBaHMA:  TOJHOE  COACPXKATEIBHOE  COOTBETCTBUE
NPUBEACHHOMY BBILIE MOSCHEHUIO.

Komnerenuun (maaukaropst): [TK-1 (TIK-1.1)



IKCNEPTHOE 3aKIYCHUE

[Ipeacrapnennslii  GoHa omeHOuHbIX cpeactB  (mamee — DOC) no
JUCLUATIIIMHE «METOABI MCCIEIOBAHNS M MCIIBITAHUSI MAaTEPUAJIOBY» COOTBETCTBYET
TpeboBanusim OI'OC BO.

[Ipennaraemblie GOpPMBI U CPEACTBA TEKYLIETO U MPOMEXYTOUYHOTO KOHTPOJIS
aJEKBaTHBI LENSIM M 3aJayaM peaju3alld  OCHOBHOW MPO(eccHoHaIbHOM
00pa3oBaTeNIbHOM MPOrpaMMBbl MO HATPABJICHUIO MOATOTOBKH «MeTamiyprus.

OueHouyHble  cpeacTBa Uil TEKYIIEr0  KOHTPOJNS — YCHEBAEMOCTH,
MPOMEKYTOYHOM aTTeECTAlMKM N0 UTOraM OCBOEHMS TMCUMUIUIMHBI PEACTABIEHBI B
MOJIHOM 00BbEME.

Buapl OLEHOYHBIX CPEACTB, BKIIOUEHHBIE B MPEACTABJICHHBIN (HOHI,
OTBEYAKOT OCHOBHBIM MpUHIMNaM GopmupoBanus POC.

Pa3paloranHblii W MpeACTaBICHHBIA [Uisl 3KCNEPTU3bl (DOHJA OLIEHOYHBIX
CPEACTB  PEKOMEHIYETCS K  MCIOJB30BAHMKD B MPOLECCE  MOArOTOBKH
00y 4YaroIIMXCA MO0 YKA3aHHOMY HAMPABJIEHUIO / CIEHUATILHOCTH.

[Ipencenarens y4ebHO-METOANYECKOH KOMHCCHH
MHCTUTYTa TEXHOJIOTHM U HH)KEHEPHOH MEXaHHKH %7/»’—"\ Acynuk C.H.
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MPOTOKOJIA 3aCEAAHUS
kadeapsl (kadenp), Ha

KOTOPOM ObLIT!

PacCMOTPEHBI U
0100pEHBI UIBMEHEHUS 1
JONOJTHEHUSI

[Moanuce
(¢ pacmppoBKOiA )
3aBEYIOLIETO
kadenpoii
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