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MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 cTp. 2 IlepBblii 3x3eMILIAD KOITHA Ne

Conep:xanne
1. [Tacopt hoHA OTICHOYHBIX CPEICTB
2. [lepeueHb popMHUPyEMbIX KOMIIETEHIIUI
2.1. KoMnereHInH, 3aKpETUIEHHBIE 33 JUCHUIUTMHON
3. ConeprxaHre OLIEHOYHBIX CPEJICTB M0 AUCLUILINHE
3.1. Buabl OlIEHOYHBIX CPEACTB
3.2. ConeprxaHue OLIEHOYHBIX CPEACTB
4. ITopsinok IpOBENECHUS U KPUTEPUH OLICHUBAHMS IPOMEKYTOUHON aTTECTAIIUN
4.1. Ilopsanok npoBeaeHNs] IPOMEKYTOUHOM aTTECTALIUU
4.2. Kpurepun OLIEHUBAHUS MPOMEKYTOYHOM arTecTalMy MO BUJIAM OLIEHOYHBIX
CPENCTB
4.3. Pe3ynbraThl NPOMEXYTOYHOH arrecTalid W YpPOBHU CHOPMUPOBAHHOCTH
KOMITETEHIAN
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MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 crp. 3 IlepBblii 3x3eMILIAD KOITHA Ne

1. HACITIOPT ®OHJA OIIEHOYHbIX CPEACTB

Hanpasnenue noarorosku: 22.03.01 MarepuanoBeeHrne U TEXHOJIOTHH MaTepHraioB
Hanpasnennocts (poduis): - GU3NKO-XUMHSI POIIECCOB U MaTepHAalIOB

HMuctunnuna: Beenenne B GU3NKy TBEpIOTO TEa

Tox: 5

dopma NPOMEKYTOUHOM aTTeCTALMM: 3a4ET.

Cucrema OLICHUBAHMA: OICHUBAHUC PE3YJILTATOB OCYHICCTBIIACTCA B paMKax 3a4CT / HE3a4cCT.

2. IEPEYEHb ®OPMHUPYEMbBIX KOMITIETEHIIMIA U DTAIIbI NX
O®OPMUPOBAHMUA

2.1. KomneTreHuMHu, 3aKpenyiéHHbIE 32 TUCIUTIHHOM

Wzyuenne paucrumuinHbel «BBegeHune B (U3MKY TBEpAOrO Tela» HAMNpaBICHO Ha
(opMHpOBaHHE CIETYIOIMX KOMIETEHIIHIM:

Kongsr
KOMIIETE
Conepxanue
HIIUU . WNuankaTopsl JOCTHXKEHUS [lepeuens mIaHUpyeMbIX
KOMITETEHITNI COTJIACHO
COTJIacH KOMTIETEHIINH COTJIACHO PE3yNIBTATOB O0YUYEHUS TIO
OrocC
o0 OI'oC (OTIOII BO) OIIOII NUCIIAIIIINHE
(OITOIT
BO)
1 2 3 4
VK-1 Cnocoben VK-1.1. Bemonnaser mouck | s moctmxkenus YK-1.1:
OCYIIIECTBISTh TIOUCK, uH(pOpPMAIINH, OTIPeIeTsieT | 3HATh OCHOBHBIC TIOHSITHS U
KPUTHYECKHI aHaJIN3 U | KPUTEPHUU CUCTEMHOIO pazaensl QUMK
CUHTE3 MH(pOpMAIH, aHaJIM3a MMOCTaBJICHHBIX KOHICHCHPOBAaHHOTO
MPUMEHSTh CUCTEMHBINH | 3a/1a4; COCTOSIHUSI BEIIIECTBA;
MIOAXOJ, ISl PEILICHUS VYK-1.2. Ucnons3yer Jna noctnxenus YK-1.2:
MOCTaBJICHHBIX 3a7a4 KPUTHUECKUI aHaJIN3, YMETb OCYLIECTBIISAThH MOUCK,
CUCTEMAaTHU3AIHIO U KPUTHUYECKHUI aHATN3 U CUHTE3
00606meHre nHGOPMAITIH nH(pOopMauu, TPUMEHSITh
JUTS pETICHUS CUCTEMHBINI
MOCTaBJIEHHBIX MOJXOJ JAJIsl peIeHUs
3ama4y MOCTaBIICHHBIX 337124 B
obsactu mpodeccuoHaIbHON
NESITEIIbHOCTH,
Jns moctmxkenuns YK-1.2:
BJIQ/ICTh METOJJaMU TOUCKA U
aHanau3a nHpopManuu
IIK-1 Cnocoben IIK-1.1: 3HaeT OCHOBHEIC Hma  moctmxenus  IIK-1.1:
aHAJIU3UPOBATH OIBIT TpeOOBaHUS K JOCTUKEHUIO | 3HaThb OCHOBHBIE TPUHIIUIIBI
BEyIIIUX OpPraHU3alli, | TEXHHYECKOTO YPOBHSI MOCTPOCHHUS buznIecKux
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MUWHOBPHAYKH POCCHUN

U

DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)

DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenta - 1 crp. 4 [TepBsiit sx3eMILISIP KOIIMA Ne
OpraHu30BbIBATH U3JeIui U3 HCCIICIOBAHUM,
nposeaenue HUP no HAaHOCTPYKTYPUPOBAHHBIX KJIaccu(pUKaLUIO
MPOEKTUPOBAHUIO U KOMIIO3UIIMOHHEIX COBPEMEHHBIX
pa3paboTke MaTepHayioB C YYETOM METO/IOB 00paboTKu
HAHOCTPYKTYPUPOBAHH | OMBITA BEAYIIHNX pe3yJIbTaToOB
BIX KOMIIO3UIIMOHHBIX Opra"u3anui Hma  moctmxenus  IIK-1.2:
MaTepHaioB U ITK-1.2: Ymeer yMeTh (HOpMHUPOBATH 3a7a4yu

BHEJPATH PE3YJIbTATEL
HUCCJIEJOBAHUN B HOBEIE
TCXHOJIOI'in

aHAJIM3UPOBATH UMEIOIIHECS
JIUTepaTypHbIE JaHHbIE TI0
B3aUMOCBSI3H JAUCTIEPCHOTO
COCTaBa U CBOMCTB
HAaHOCTPYKTYPUPOBAHHBIX
MaTepHayioB; 00ECIICYNBATh
coOumoieHre TpeOoBaHuit
CTaH/IapTOB, TEXHUYECKUX
YCJIOBUM 1 HOPMATUBHOU
JTOKYMEHTAIlUU Ha BCeX
CTaJUsX MPOECKTUPOBAHUS
U3Jenni U3
HAaHOCTPYKTYPUPOBAHHBIX
KOMITO3UIIMOHHBIX
MaTepHuaoB

I1K-1.3: Biageet HaBBIKaMU
dbopmupoBaHus
TEXHUYECKUX 3aIaHUN Ha
npuoOpeTeHne ChIpbs U
BCIIOMOTaTEeIbHBIX
MaTepHayioB s
IIPOU3BOJICTBA
HAaHOCTPYKTYPUPOBAHHBIX
KOMITO3UIIMOHHBIX
MaTepuasoB

HCCJICAOBAaHUS, NPUMCHATH Ha

MIPAKTUKE COBPEMECHHBIC
METO/IBI 00paboTku
pe3yJIbTaToOB

Hma  moctmxenus  IIK-1.3:
BJIAJIETh METOJaMH u
WHCTPYMEHTAMH aHaJW3a |
MOJICJIMPOBAHUS, OCHOBHBIMHU

MIOHATHIMH, 3aKOHAMU U
MOACIAMH (PUBHKH
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MUMHOBPHAYKH POCCHUN
DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs

Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1

cTp. 5 IlepBblii 3x3eMILIAD

KOITHA Ne

3. COOEP’ KAHUE OHEHOYHbBIX CPEACTB ITIO AMCHUTIJIMHE

3.1 Buabl OLIEeHOYHBIX CPEICTB

Kon xommerenmmmn/

Kontpomupyembie Tembl/

Hanmenosanue

OIICHOYHOI'O CPEACTBA

HanmenoBanue
OIICHOYHOTO CpECTBa

Ne /i IUTAHUPYEMBIE PE3YIIBTATHI o
obyacHns pasnensl JUIA TEKYLIETO Ha POMEKYTOUHON
KOHTPOJIS arrectaruu/Ne 3aaHvsI
Jns noctmxkenus YK-1.1:
3HaTh OCHOBHBIC MOHATUS | OCHOBBI
. paszenbl GusnKu KpHCTaiorpaduu
KOHJICHCUPOBAHHOTO
COCTOSIHHSI BEIIIECTBA;
Jns moctmxkenns YK-1.2:
YMETh OCYUIECTBIISATh MeTtoabt
MOUCK, KPUTUYECKU I OIpeneIICHUs
aHaJIn3 U CUHTE3 KPHUCTAJUTMYECKON
nH(pOopMauu, TPUMEHSITh CTPYKTYPBI TBEPAOTO
CHUCTEMHBII Tena
MOJXOJT JIJIsl PEIICHUS
MOCTaBJICHHBIX 3aJ1a4 B
obmactu
npodeccHoHaTbHOM Hpupona
JIEATEILHOCTH,; MCXKAaTOMHOT'O
Hms mocrmxenus YK-1.2: B3aUMOJICHCTBHS
BJIAJICTh METOJIaMH MOMCKA
KonTtposnbHbIe
1. U aHanm3a uHpopManuu TectupoBanue
paboThI

Jns noctmxkenus [1K-1.1:
3HATh OCHOBHBIC
MPUHIIUATIBI TTOCTPOCHHUS
(bU3IIECKUX
HCCIIeIOBaHUM,
KJ1accu(puKaImo
COBpPEMEHHBIX

METO/I0B 00pabOTKH
pe3yNbTaToB

Jns moctmxkenus 11K-1.2:
yMeThb (OPMHPOBATH
3aJa41 UCCICI0BAHNS,
MIPUMEHSATH Ha MPAKTHKE
COBPEMEHHBIE METO/IbI
00paboTKH Pe3ysIbTaTOB
Jns noctmxkenus 11K-1.3:
BJIAZETH METOJAMU U

JlnHamuKa TBEpAOTrO
Tela

JleeKThl B TBEPIBIX
Tenax

Ynpyrue u
MCEXAaHUYCCKUEC
CBOMCTBA TBEPBIX
TCII
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MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 cTp. 6 IlepBblii 3x3eMILIAD KOITHA Ne

WHCTPYMCHTAMH aHAJIH3a
MOJICTIMPOBAHUS,
OCHOBHBIMH IOHSATHSIMHU,
3aKOHAMH U

MOACIISIMH (DUBHKH

3.2 Conep:kaHue OLIEHOYHBIX CPEACTB

IIpumep TecTa HTOTOBOIrO ATTECTALIUH

Ne n/mt ‘ DopMynupOBKa BOIPOCa ‘ BapuaHTb! 0TBETOB
Pasznesa 1 OcHoBBI KpUcTaJJIOrpaduu
l. CKoJIBKO POCTPaHCTBEHHBIX Tpymn cummerpun | 1) 230
BO3MOYKHO TTOJTYYUTh U3 BCeTo Habopa ToUueyHbIX | 2) 7
JJIEMEHTOB CUMMETPUH, TPAHCIIALUN U 3)32
JIOTIOJTHUTEIBHBIX 3JIEMEHTOB CUMMETPUU 4) 180
2. TouedHBIX KJIACCOB B KpUcTaiIorpadun 1) 230
CYILIECTBYET: 2)7
3) 32
4) 180
3. B kpucramiax BO3MOXXHBI OCU CHMMETPUH: 1) 100BIX MTOPSAKOB

2)1,2,3,4, 6 nopsiakos
3) 2,3.,4,5,6 mopsiakoB
4) 6,7, 1 T.1. IOPSKOB

4. CKOJIBKO KPUCTALTNYECKUX cucTeM (cuHroHui) | 1) 14
CYIIECTBYET B FTEOMETPUUYECKOU 2)3
KpucTamiorpapuu? 3)7
4) 6
5. Kakas 3 yka3aHHBIX IJIOCKOCTEH MmapasuiesibHa 1) (111)
OJIHOW M3 KOOPJMHATHBIX OCEN 2) (121)
3) (100)
4) (110)
6. [Tmockocth ¢ nHAeKcamu Musepa [111] 1) Ha KaXK70¥ OCH OTMHAKOBOE
OTCEKaeT: YHCIIO OCEBBIX CTUHUIL

2) Ha KaXKI0i OCH eTUHUYHbIE
OTpe3KH, BbIPA’KeHHbIE B
0CeBbIX eJUHUIIAX

3) Ha IByX OCSIX II0 pAaBHOMY
YHCIIy OCEBBIX CIUHUI] U
napajuiejbHa TPETbEH OCU

4) onHY OCh W TIapajieabHa

JIBYM IPYTUM
7. JI1s1 Kakoil CHHIOHUM COOTHOILIEHHS MEXKY 1) TPUKIMHHOM
napaMeTpamMu 3JIEMEHTAPHOU PEIIETKU 2) poMOuIecKoit

© OOy BO «YenlY»
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MUJHOBPHAYKHU POCCUN
DenepanabHOE FOCYIapCTBEHHOE OIOKETHOE 00pa30BaTeNbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs

«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)

DaxynsTeT 3209HOTO U JUCTAaHLIMOHHOTO 00y4eHHs

Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1

crp. 7

IlepBblii 3x3eMILIAD

KOITHA Ne

COCTaBJISIIOT: azb#c u aAP#y#90°

3) poMOo3IpHUeCcKOn
4) MOHOKJIMHHOM

8. JI71s1 Kakoi CHHTOHUHM COOTHOIIICHUS MEXKTY 1) kybudeckou
rapamMeTpamu 3JIEMEHTAPHOU PEIIETKU 2) pomOn4eckoi
COCTaBJISIOT: a=b=c u a=P=y#90° 3) poMOo3ApHYeCKOH
4) TeTparoHaabHOU
9. Nunexcel Muminepa miocKOCTH ONPEAEIISIIOT 1) cemMeiicTBO SKBUBAJICHTHBIX
10 CUMMETPHUH IUIOCKOCTEH
2) CeMEMCTBO MapajuIeIbHBIX
IJIOCKOCTEH
3) KOHKPETHYIO IUI0CKOCTh
10. | s 3agaHust TPaHCISIIMOHHOM IPyIIIbI HA/10 1) xonmuuecTBO OCcei

yKa3aTh

CUMMETpUU
2) IIIOCKOCTH CUMMETPHUH
3) 6a3ucHbIE BEKTOPa
TPaHCJIAUMH

11.

Kakwne u3 YKa3aHHBIX 3JICMCHTOB OTHOCATCA K

TOYEYHOU IPyIIE CUMMETPUU

1) ocu cummeTpun

2) HeHTp MHBEPCUH

3) BeKTOpa TpaHCIALHMA
4) NJI0CKOCTU CUMMETPUU

Pa3ges 2. Meroabl onpeeneHus KPUCTANIHYECKON CTPYKTYPbI TBEPAOI0 TeJia

1.

B kakoM MeTo/ie peHTT€HOCTPYKTYPHOTO aHaINU3a
UCIIOJIb3YETCS HEMOHOXPOMAaTUUECKUHN My40K

PEHTTEHOBCKOTO U3Ty4eHHUs ?

1) MeTon Bpamiaromnerocs
KpUCTaia

2) meron le6as —Illeppepa
3) meton Jlay>

4) metox DBanpaa

Kak Biusier Temneparypa Ha KapTUHY
TU(GPaKIIMOHHOTO CIIEKTpa TBEPIOro Tea

1) He BnusieT

2) NpUBOAUT K YIIHPEHUIO
I pakuMOHHBIX
MaKCUMYMOB U NOSIBJIEHUIO
TemI0Boro ¢pona

3) IPUBOIUT K CY>KCHHIO

TG PAKIIMOHHBIX MAKCUMYMOB
U TIOSIBJICHUIO TEIIOBOTO (hOoHA
4) NpUBOAUT K MOSIBJICHUIO
TerI0Boro oHa

UTO npeuMyIecTBEHHO pacCenBaeT

PEHTTeHOBCKOE U3Ty4yeHUE

1) spgpa aromoB
2) sipa v SIEKTPOHBI
3) 31eKTPOHBI

HpI/I IMOMOIIHU KAaKOI'O U3JIYYCHHS BO3SMOXHO
HCCICAOBAHNC MAarHUTHBIX CBOICTB TBCPABIX TCII

1) peHTreHOBCKOE
2) HEUTPOHHOE

3) DIIeKTpOHHOE
4) ontuyeckoe

[Ipu moMonu Kakoro MeToaa

PEHTIEHOCTPYKTYPHOIO aHAJIN3a BO3MOXKHO

1) MeTon BpamieHus
2) meron Jlay»s

© OOy BO «YenlY»




MUMHOBPHAYKH POCCHUN

DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs

«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs

Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

O

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 cTp. 8 IlepBblii 3x3eMILIAD KOITHA Ne

HCCICOOBAaHUEC HOJ'II/IKpI/ICTaJ'IJ'IOB?

3) meton [dedas —Llleppepa
4) MeToJ1 KauaHHs

Pasnes 3. Ilpupoaa Me:kaToMHOT0 B3aUMOIEHCTBHS

OHepreTu4ecKuil CeKTp ANEKTPOHOB B
KpHCTaJlaX UMEeT BUJ:

1) HenpepbIBHBIN
2) nuHeHJaThIi
3) 30HHBII
4)cMenTaHHbINA

VYpoBenb @epmul B OTYNIPOBOTHUKAX BOIH3H
a0COJIIOTHOTO HYJIS PaCIIONIOKEH:

1) B BasieHTHOI1 30He
2) B 30HE MPOBOJIMMOCTH
3) B 3anpelieHHoN 30He

Kakoiil cTaTucTke NOTUMHSIETCA AIEKTPOHHBIN
ra3 B Metayiax?:

1) Bonbpimana;

2) MakcBeina;

3) bo3e - DitHmreiina;
4)Pepmu- lupaka.

[Touemy cBOOOIHBIE AIEKTPOHBI B METAJIIaX HE
BHOCSIT BKJIa/l B TEIJIOEMKOCTb IIPU KOMHATHBIX
Temmeparypax?

1) T.x. oHU OCTaroTCA
«BBIPOXKJIEHHBIMI BILJIOTH JI0
TEMIIEPATYp IJIABICHMUS;

2) T.K. «<DKPAaHUPYIOTCS
KPUCTAJTINYECKOU PELIETKOM;
3) T.K. IOAYUHSIOTCS PUHLIUAITY
[Taynu;

4) T.K. NOBbIIIIEHHE
TeMIleparypbl OKa3bIBaeT
BJIMSIHHE TOJIbKO HA
3JIEKTPOHbI, HAXOAS LM eCS
BOJM3M ypoBHs Pepmu.

YacTuisl B MOJIEKYIAPHBIX KpUCTAILIaX
YACPKUBAIOTCS:

1) KylOHOBCKUM
B3aUMOJEHCTBUEM

2) cunamu Ban-nep- Baanabca;
3) DIIEKTPUYECKUM JUTIOIb-
JIUIOILHBIM B3aUMOJICHCTBUEM;
4) MarHUTHBIMU
B3aMMOJICHICTBUSIMU.

Kaxkoit o0CHOBHOM THII CBSI3H, KaK IPaBUJIO,
OCYUIECTBIIIETCA B IIOJYPOBOJHUKAX?

1) nOHHBIN;

2) KOBAJICHTHBI;
3) MeTaJUTMYECKUH;
4) BOJOpOJIHBII.

Pasznea S. lepekThbl B TBEPABIX TeJIaX

Kakue u3 ykazanHbIX 1€()€KTOB OTHOCSTCS K
TOYEYHBIM

1) ne¢exr lloTTKH

2) KpaeBasi TUCIOKAIIUS
JBOMHUK

3) aToM B MeKAYY3J1UHN

Hedext Openkens 3To

1) yacTua B MexXIAyy3/1UM U
BaKaHCHSA
2) yacTuIa B MEXKIYY3JIUU
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3) BakaHCHs

3. Hedexr loTTku 310 1) yacTuia B MeXIyy3JIUuu U
BaKaHCHs

2) yacTuua B MEXKIyy3JIUU
3) BakaHCHUA

4. Kak HanpaBieH BEKTOp cBUTa OTHOCUTEIBHO 1) napannensHoO
JIMHUY JUCJIOKALIMM B CIIydae KpaeBOU 2) neprneH uKYJIsIPHO
JUcIoKanuu? 3) ozt OCTPBIM YIJIOM

4) Mo TynbIM YIJIOM

5. Kak HanpaBieH BEKTOp cBUTa OTHOCUTEIBHO 1) napassenbHo
JIMHHUM TUCIIOKALlMU B CIIydyae BUHTOBOM 2) neprneHIuKyIsIpHO
JUcIoKanuu? 3) ozt OCTPBIM YIJIOM

4) Mo TynbIM YIJIOM

IIprmep KOHTPOJILHOI PadOTHI

Paznen 1. OcHoBbI KpucTaIOrpadpuu
[IpakTnueckoe 3ansatue 1. Onpenesenne kpucrania. Tpancasuuu

1. Onpenenuth KOOPAWMHAIIMOHHBIC YHCIA W PAANYChl TMEPBOM KOOPAMHAIIMOHHOW chephl s
pemierok: mpoctoit kyomueckoi, OLIK, I'IK, I'TTY, tuna anmaza. (OtBet: IIK 6, R=a; OIIK 8,
R=(3)"3a/2; TLIK 12, R=a/(2)"?, TTIY 12, R=a; Tuna anmaza 4, R=(3)"3a/4).

2. OnpeaenuTh 4YUCIO aTOMOB B DJJIEMEHTAPHOW SYEUKE Kejle3a, KPHUCTAJUIM3YIOIIErocs B
kyouueckoit cucreme (OtBet: OI[K 2).

3. Tloka3aTh, YTO KPHUCTA/UTUYECKAas pEIICTKA MOXXET HMETh OCH IOBOPOTA JIHINb IEPBOIO,
BTOPOTO, TPETHETO, YETBEPTOTO U IIECTOTO IMOPSIKOB.

4. CrpykTtypa anMasa.

a) CKOJIBKO aTOMOB COZIEP>)KUTCS B IPUMHUTHUBHOM siUelike anmasza’?

6) KakoBa aimna (B A) BekTOpa NPUMHUTHBHOM TPAaHCIAINH?

B) CKOJIBKO aTOMOB COAEPIKUTCS B TPAHEIICHTPUPOBAHHOM KyOUYECKOH 3JIEMEHTapHOU stueiike?

5. Belpa3utb 00bEeMBI 3JIEMEHTapHBIX SYEEeK depe3 paguychl R paBHOBENMKUX IIapoB (aTOMOB),
obpasyromux tiotHbie yrmakoBku isi: OLIK, T'LIK u rekcaronansHOM pemietok (OTBeT: Vork
=63 R*/(3(3)"?); Vrux=16R>*(2)"2, Vrny=24R>3(2)"?).

6. OnpenenuTs MIOTHOCTh KPUCTaJJIa CTPOHLIUS, €CJIM U3BECTHO, YTO KPHCTANIMYECKas pereTKa
I'paHEIIEHTPUPOBAHHONW KyOMYecKkol CHHTOHMH, a mepuox pemeTku paseH 0,43 um (OtBer:

p=2,6%10° xr/m>).

7. TInotHOCTs Kprctamia NaCl papra p=2,18*10° kr/m>. AToMHBIH Bec HaTpus paseH 23, a xjopa
- 35,46. Onpenenuts HocTosHAEYIO pemterku (OTBet: a=2,81 A).
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8. Ilycth snemeHTapHast sdeiika MPOCTOM KyOMUYECKOW PEIIeTKH TMOCTPOEHA M3 OIMHAKOBBIX
aTOMOB, INPEJCTABIAIONINX CO00M XKecTkue chepsl ¢ paanycoM r. PeOpo snemMeHTapHO# sueiiku
a=2 r (aToMbI KacatoTcs Apyr apyra). [lokaszarb, 4To yacTh oObeMa 3aHATasl aTOMaMH MIPH TaKOM
pacronoxxenuu, pasHa m/6 = 0,523.

[IpakTyeckue 3ansatus 2, 3. ¥3eqa. Kpucramiorpadpuyeckue HanpapJjieHUue U MJI0CKOCTb.
HNupexcsl Musuiepa

1. Haiitn uHnexkcsl Muuiepa IUIOCKOCTH, MPOXOIALIEH Uepe3 y3JI0BblE€ TOUKH KPUCTAIMUECKOMN
pelIeTKH M OTCeKalomiedl Ha OcAX KpucTamna oTpesku ammuoi 22 A, 28 A u 19 A, ecim
napameTpbl PeIIeTKU COCTABISIIOT: a = 2,75 A, b=280A, c=4,75A (OtBer: 5 4 10).

2. loka3zaTh, 4TO B KyOHMYECKOM KpHCTaJjIe JI000e HampaBieHue [hkl] mepneHauKyaspHO K
MJIOCKOCTH ¢ UHIekcamu Muutepa (hkl).

3. I[TocTpouTh KPUCTAUIMYECKYIO IUIOCKOCTh MPOCTOM KyOWYEeCKOW pemieTKe ¢ MOCTOSHHOW a,
KOTOPOW COOTBETCTBYIOT MHAEKCH Musiepa (310), u HalWTH pacCcTOSIHUE MEXAY IJIOCKOCTSIMU
storo Tuma (OtBer: a/10'2).

4. JInst TPMKJIMHHOM PEelIeTKH ¢ MapaMeTpaMu dJIeMeHTapHoH sueitku a = 7,09 A, b=772 A, ¢ =
5,56 A u yrmamu TpuxiuaHOCTH 00 = 90°557, B=101°20", v = 105°44 " onpejenuTh paccTOsAHME
Mexay miockoctamu (102) (Otet: d102=2,23 A).

5. Beruucnute  yronm wMexnay HampasieHusmu [101] u [012] pomOuueckoir pemeTrkd ¢

mapamerpamu: a = 488 A, b = 6,66 A ¢ = 832 A (Orser
] 3 a3
Ny winsa- + vivab” + wowse R
COS Y = ——— : : é , : ., = 36
= V(uZa? + o282 + wie?)(ula? + vIh? + wie?) T )

6. Harmucare nHIekcsl Muiepa aJist INIOCKOCTEH, COAEPIKaITUX Y3JIbl C KpUCTAIIOrpadudeCKUMHU
unnexcamu [[111]], [[1-12]], [[10-10]]. Haiftu Takxe oTpe3KH, OTCEKaeMbl€ ITUMH ILIOCKOCTSIMU
Ha ocsix koopauHat (OtBeT: (-124); orpe3ku Ha ocax: 4a; 2b; 1¢).

7. Nansl rparu (320) u (110). Haittu cumBoiel pedpa ux nepecedenus (Otset: [001]).

8. lansl aBa pedpa [-130] u [201]. Halitu cumBOMI rpaHH, B KOTOPOW OHU JIEKAT OJHOBPEMEHHO
(Otsert: (31-6)).

9. Ilono)keHne IUIOCKOCTEN B TI'EKCAarOHAJBHON CHUCTEME OIPENEISIETCSl C MOMOULIBI YETBIPEX
nHaekcoB. Haiitn nnameke i B iockoctsax (100), (010), (110) u (211) rekcaroHaJIbHOW CHCTEMBI
(Otsert: (10-10); (01-10); (11-20); (21-31)).

10. HaiiTu cUMBOJIBI TUIOCKOCTH, OTCEKAIOIIEH Ha OCsiX KoopauHaT otpesku 4a, 3 b, 2¢ (OtBerT:
(hkl)=(346)).
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11. HaiiTu cMMBOJ MJIOCKOCTH, MapajuieIbHON ocsiM X U Z M OTCEeKarolel 3 eInHuLbl Ha ocHu Y
(OtBet: hkl=(010)).

12. Onpenenuth yron mexay miockoctsmu (201) u (310) B pomOuueckoit cepe ¢ mapameTpamu
pemerku a=10,437 A, b=12,845 A, c=24, 369 A (Otger: ¢=17).

13. Iloka3zarh B rekcaroHaJlbHOW siU€MKe pacrnojiokeHue cieayromux riockocreit: (0001), (11-
20).

14. OnpenenuTh WHICKCHI CIEAYIOIMIMX HANpaBICHWH B KyOWYecKoil pemieTke: a) pebep; 0)
JaroHayiel TpaHeil; B) IPOCTPAHCTBEHHBIX MAroHaJIEH.

15. [Toka3arh B sueiike KyOM4EeCKOi CUMMETPUHU PACIIONIOKEHUE CIEeNAIUX ockocTei: a) [112];
0) [231]; B) [114]; 1) [0-11].

Paznen 2. MeTonsl onpeaejieHusi KPUCTAIHYECKON CTPYKTYPbI TBEPAOIo TeJia.

[IpakTnueckue 3ansaTus 4, 5. YpaBHenue Jlays 1j1s1 aMIUINTYAbI paccestHHOM BOJIHBI.
OoOparHas pemrerka. {uppakiuus B KpUCTaALIAX

1. Onpenenuth, Kakodl BHA UMEET oOpaTHas pemeTka s TPOCTOH  KyOW4YecKoOu,
TpaHEIICHTPUPOBAHHON, OOBEMHO IIEHTPUPOBAHHOM, TeKCaroHAJIBHOM PEIIETOK W PEUISTKA THITA
anmasa.

2. C momoupbl0 HEMOCPEACTBEHHOI'O IOCTPOCHUS yOeauThesi, 4uTo pemierka, obpartHas [IK,
apisiercst OLK pemieTkon.

3. BeIpa3uth yriael MeXIy BEeKTOpaMu OOpaTHOM pPEIIeTKH Yepe3 yriiel mpsmoit peretku (OTBeT:
cosa*=(cosP cosy-cosy)/sinp siny, cosP*=(cosa cosy-cosP)/sina. siny, cosy*=(cosa cof-
cosy)/sina sinf, cos i=(c*,a*)/c*a*) .

4. Haiftu BeKTOpBI 0OPATHOH pelIeTKU Iy POMOOIIPUYECKOro KPUCTaia, eciu a = 6,36 A, o=
46°6" (OtBeT: a*=a’® sin(a/V)=A"!, a*=114°5").

5. Ilokasate Ui ciy4ast IpOCTO KyOudeckoil pemetku, uto Gopmyna Bynbda-bparra ssnsercs
CIEACTBHEM ycioBui Jlays.

6. [Ipu cremke nebaerpammbl cepebpa npu Temmeparypax 18 u 630°C audpakuuoHHAs JTHHUS
HaOmomaercss mpu  yrmax 80°9° um  76°54" cooTBeTcTBEHHO. BpuucnuTh K03 (UIMEHT
TepMUYEcKOro pacmmpenus cepedpa (Otset: a=1,89*10 rpax™).

7. OLlEHUTh SHEPTrUI0 HEUTPOHOB, C MOMOIIBIO KOTOPHIX MOYKHO HCCIEI0BATh MarHUTHYIO

CTPYKTYpY TBepAbIXx Tei. Kakum crnocoOoM MOKHO TOTYyYUTh MOHOXPOMATHYECKUH My4OK
HEHUTPOHOB TAKOW HEPTHH M3 UCCIIEI0BaTEIbLCKOr0 aToMHOT0 peakropa? (E<0.08 »B)
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8. MetonoM audpakuuu U3Ty4eHHs HEOOXOIMMO OINPEAEIUTh KPUCTAUIMYECKYIO CTPYKTYpY
ToHKOH (okoyio 300°A) mMIEeHKH BeIIeCTBa, HANBUICHHOTO HA KPUCTAJUTMYECKYIO TIOJJIOXKKY.
Kaxoil my4ok npeano4YTUTenbHEN HCIOJIb30BATh ISl 3TOM LENHU: PEHTT€HOBCKHUM, HENTPOHHBIN
WM DJIEKTPOHHBIN? OOOCHOBATH ClIEJIaHHBIN BHIBO/I.

9. Kakoe MakCUMaJIbHOE YHUCJIO JIMHUWA MOKET TMOSBUThCA Ha PEHTITEHOTPpaMME MPOCTOM
KyOHMUuecKoil pereTku ¢ MOCTOsIHHOM a = 2,86 A, ecnu nccienoBanue BejeTcss Ha KOOATLTOBOM
M3JTy4eHUH ¢ AIMHOH BomHbI A= 1,789*10® cm? (oTBeT: 7).

10. Haiitn atoMHbIii GopMdakTop A8 OTHOPOAHOTO pacmpeneieHus Z SJICKTPOHOB BHYTPH

> 1 /‘“ U(r)sinur e
5 pur

chepsl paguycom R (OTBeT: ).

11. OnpenenuTh TMOCTOSHHYIO peIIETKH Kpuctaya LiJ, eciu W3BECTHO, YTO 3€pKallbHOE
OTpakeHHe MEePBOro MOPsAAKA PEHTIEeHOBCKMX Iydeil ¢ aumHOM Bomubl 2,10A oT ecTecTBeHHOI
IPaHU 3TOTO KPHUCTAJIIA MPOMCXOIHUT MpH yriie ckombxenns 10°5" (OTset: a=6 A).

12. U3BecTHO, 4YTO JJIMHA BOJHBI  XapaKTEPUCTHUYECKOTO PEHTTEHOBCKOTO  HW3JIYYEHUS,
MOJIYYEHHOTO € MEIHOro aHoja, cocrtasiser 1,537 A. Dtu Jy4d, TIOMAAas Ha KPUCTAILI
QTIOMUHUSI, BBI3BIBAIOT audpakmuio ot miockocted (111) moxm Oparrockum yrom 19°2°.
ATIOMHHHIT MMeeT CTPYKTYpy TI'paHELEHTPHPOBAHHOTO Ky0a, IUIOTHOCTH ero 2699 kr/m?,
MoJsipHas macca - 26,98 r/monb. Paccuutars uncino ABOragpo mo 3TUM 3KCIEPUMEHTAIBHBIM
narHeM (OtBeT: Na=6*10% Mons™!).

13. TTokazare, 9TO0 WMHTEPHEPEHIIMOHHBIE MAKCUMYMBI OT IMPOCTOM KYOWYECKOW pEeHIeTKH TpH
3aIaHHOM HaAITPaBJICHUU TMaJaroIInX nyqeﬁ BO3MOKHBI HE HJIA J'IIO6I:IX JJIMH BOJIH, a4 TOJIBKO AJIA

(ky cosag + ko cos Sy + k3 cosyo).)
(2 + 42 +43)

BIIOJIHE onpeneneHHbIX (OTBeT: A =—2a

14. CHATa peHTreHorpaMMa BpaIllEHUS C TETPArOHAIBHOTO MOHOKpUCTaUIa. JlMHA BOJIHBI
PEHTreHOBCKOro u3iydenus 1,542 A. PeHTreHoBckuil My4ok MepHEHAUKYISAPEH OCH KPUCTAsIa.
Pamnyc kamepst 3 cM, anuHa 10 cMm. Ha HynneBoil cii0eBoil JIMHUM BUJIHBI MIATHA HA PACCTOSHUSX
0,54; 0,75; 1,08; 1,19; 1,52; 1,63; 1,71 u 1,97 cM OT neHTpa IUIEHKU (MECTO BBIXOJA MPSMOIO
nydka). PaccrosHue mepBOl CIIOEBOM JIMHMM OT HYJIEBOM JmHHH cocTaBusger 0,66 cwm.
[IpoungunupoBars HabIOMAaEMbIe MATHA HA HYJIEBOU JIMHUH, BBIYUCIUTEH MapaMeTphbl SYCHKH U
paccTosHNE KaXI0i HaOM0naeMoil CIoeBoi TMHUN OT HyneBoil munaun (OTBeT: a=8,64 A; c=7,18
A. BynyT Bunnbl Tonbko 1, 2 u 3-g cnoeBble JuHUM Ha paccrosiHuax 0,66; 1,43 u 2,53 cm Han
HYJIEBOU CJIO€BOM JTMHUEH).

15. Cucrema TMIIOCKOCTEH NTPUMUTHUBHOM KyOMYECKOW peEmIeTKH 3amaHa uHiaekcamu (111).
OHpeI[e.HI/ITB PACCTOAHUC MCKAY COCCAHUMH INJIOCKOCTAMH, CCIIM MapaMCTp PCHICTKH a=3 A

(OtBet: d=1,73 A).

© OOy BO «YenlY»




MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 crp. 13 IlepBblii 3x3eMILIAD KOITHA Ne

Paznen 3. [Ipupoaa Mme:kaTOMHOIo B3aUMOeHCTBHS

[IpakTnueckoe 3ansATHE 6. DJIEKTPOHBI B MeTas1ax. CBOOOIHBI 2JIEeKTPOHHBIN ras ®@epmu.

1. KonnenTpanusi cBOGOMHBIX 3/1eKTpoHOB Hatpus 2,5%10% m7>. Onpenenuts Temmeparypy
depMu U CKOPOCTh A1EKTPOHOB Ha ypoBHe Pepmu (OtseT: Tr=3,6%10% K; vi=10° m/c).

2. OnpenenuTh YUCIO IEKTPOHHBIX COCTOSHUN B eAuHUIIE oO0beMa MeTauia ¢ sHepruei 0,3-0,4
5B (OtBer: 2,88%10%° m™).

3. KakoBbl COOTBETCTBEHHO BEPOATHOCTH TOTO, YTO MPHU KOMHATHOM TEMIEpaType 3JIEKTPOH
3aiimMeT cocrtostHMs, Jexanme Ha 0,1 5B Beime uw Ha 0,1 3B Huxke ypoHs depmu? (OTBerT:
1,79%107%; 0,98).

4. ITpu abcomoTHOM Hyse ypoBeHb @epmu 1yt Meau 7 3B. Onpenenuts 3HaueHue ypoBHs Depmu
mpu 20 K (OtBet: 7 3B).

5. KakoBa BEpOATHOCTH 3allOJHEHUS SJIEKTPOHAMH B METaIe HYHEPreTHYECKOTO YPOBHS,
pacnonoxenHoro Ha 0,01 3B Huxke ypoHa @epmu, npu temneparype 18°C (Otsert: 0,6).

6. Kak u BO CKOJIBKO pa3 U3MEHUTCS BEPOSITHOCTH 3aMOJIHEHUSI 3JIEKTPOHAMH YHEPTEeTUUECKOTO
YPOBHS B METAJIJIE, €ClIM ypoBeHb pacnoioxkeH Ha 0,01 3B Huxke ypoBHa @epmu u Temieparypa
n3mensiercs ot 200 mo 300K? (Oteet: ymenpimtes B 1,1 paza).

7. OnpenenuTh YUCI0 CBOOOIHBIX IEKTPOHOB, KOTOPOE MPUXOJUTCS HA OIMH aTOM HaTpUs IpU
abcomoTHOM Hyre. Yposenb ®epmu ans narpus 3,12 5B. Inotnocts Hatpus 970 kr/m?,
MoJIsIpHast Macca Hatpus paBHa 22,99 r/monb (OtBeT: 0,98 1/aTom).

8. Bo CkoJIbKO pa3 4nciio CBOOOMHBIX 3JIEKTPOHOB, MPUXOISIIMXCS HA OJJUH aToM MeTasuia rmpu ()
K, GomnbImie B aTtOMUHUM, YeM B MEHU, eclii ypoBHU DepMu COOTBETCTBEHHO paBHBI 11,7 3B u 7
3B? ITnotHOCTH Meau 8900 kr/m>, mmoTHOCTH amomuHus — 2690 xr/m> (Otset: B 3 pasa).

9. OnpenenuTs KOHIEHTPALMIO CBOOOJHBIX MIEKTPOHOB B METAJLIE IIPU aOCOIIOTHOM HYIIE.
Duepruto Gepmu npuHATH paHoii 1 3B (OtBer: 4,58*%10%7 M).

10. OnpenenuTh OTHOIIEHNE KOHIICHTPAIM CBOOOIHBIX 371eKTpOHOB npu 7=0K B 1uTHHN U 11e3UH,
€CJIM U3BECTHO, YTO YpOBEHb DEpMHU B ITUX METaJlJIaX COOTBETCTBEHHO paBeH: 4,72 3B u 1,53 3B
(OtBer: 5,47).

11. BBIYMCINTH CYMMapHYIO KHHETHUECKYIO YHEPTHIO HIeKTPOHOB IPOBOANMOCTH B 1 cM’ 1e3us
npu 0 K (OtBert: 2,26 3B).

12. Beluncnuth cpenHee 3HAYEHWE KUHETHUUYECKOW SHEpPruu OJIIEKTPOHOB B MeETajule IpU
abcooTHOM HyIe, eciii ypoBeHb depmu pasen 11,7 3B (Otset: 7,02 3B).
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13. MeTamt HaxoguTcs ipu aOCOIFOTHOM HyJle Temneparypbl. OnpeneauTh BO CKOJIBKO pa3 Yrciio
AIIEKTPOHOB C KHHETUUECKOM sHeprueit ot £r/2 10 Er 0ombllie Yncia 3IeKTPOHOB C SHEprHen oT
Hys 10 Er/2 (Otser: B 1,83 paza).

14. KoHneHTpanuss CBOOOMHBIX AMEKTPOHOB amoMuHMs  18,06¥10%2 cm™. Omnpenenuts
Temneparypy ®epMu U CKOPOCTh MEKTPOHOB Ha yposHe ®epmu (Otser: 13,5%10* K; 2,02*10°
M/CEK).

Paznen 4. IlmnaMuka TBepaoro TeJjaa
[IpakTnyeckoe 3ansATue 7. AMHAMHMKA KPUCTAJNINYECKOH pelieTKH

1. Onpenenuth BEIMYMHY KBa3UUMITYJIbca (POHOHA COOTBETCTBYIOMmET0 dYactore ®=0,1®max.
yCpeIHEeHHOE 3HaueHHe CKOPOCTH 3ByKa B kpuctaiie v=1380 m/c, xapakTeprcTuKa TeMIeparypsl
Je6as ®n=100 K. lucnepcueii 3ByKoBBIX BOJH B KpHcTamie npenedpeus (Oteer: P=10"% H-c).

2. Onpenenuth BEIMYMHY KBa3WHUMITYJIbca (POHOHA COOTBETCTBYHOMIETO dYacToTe M=0,4®max.
yCpeIHEHHOE 3HaueHHe CKOPOCTH 3ByKa B kpuctaiie v=2000 m/c, XapakTeprcTUKa TeMIeparypbl
Je6as ®n=150 K. Jlucnepcueii 3ByKoBBIX BONH B KpHcTamie npenedpeus (Oteer: P=4,14*%102°
H-c).

3. OnpenenuTh CKOPOCTh 3ByKa B KPHCTaJlle TMOBApEHHOW CONM, 3Has, uTo Temmeparypa Jebas
paBHa 1670 K u a=1,04 A (Otset: v=7,24*10° m/c).

4. Onpenenure MakCHUMajJbHYIO SHEPruio0 ()OHOHOB, PACIPOCTPAHSIOMIUXCA BAOJH IIETIOYKU
aTOMOB ¢ TMepuoaoM pemeTkd a=2,84 A co ckopoctsio 3Byka B kpuctamie 3000 m/c. (Emax =
3,5%10°! Ix)

5. lnuna BonHBI (poHOHA, cooTBeTCTBYIONIEro Yactore w=0,01mma, paBHa 52 uMm. IIpeneOperas
JMCIIepcUel 3BYKOBBIX BOJIE, OIPEIEIUTh XapaKTepUCTHUECKyro Temmeparypy Jlebas, ecnu
yCpeIHEeHHOE 3HaYeHnEe CKOPOCTH 3ByKa B KpucTaiuie paBHo 4,8 m/c. (OtBet: On=443 K)

6. Haiitu sHepruio (OHOHA, COOTBETCTBYIOLIET0 TrpaHUYHOW wyactore [lebas, ecnu
XapakTepucTuueckas Temneparypa Jlebas pasra 250 K (Otser: £=3,45%102! JIx).

7. KakoBa MakcumanbHast SHeprus (OHOHOB B KPHCTAJUIE CBUHIIA, €CIIH €r0 XapaKTepHCTHICCKasI
Temneparypa pasaa 94 K? (OtBet: Ena=8.1%¥107 5B).

8. Xapakrepuctuueckas tremneparypa [lebas mis Bonbdpama pasna 310 K, a mapamerp pemietku
3,16 A. Onpenenuts qaKHY BOTHBI (POHOHOB, COOTBETCTBYIOIHX YacTOTe 0=0,1 Umax. BBHIYHCINTE

YCpEOHEHHOE 3HaueHHWE CKOPOCTH 3ByKa B BOJb(ppame, IUCTEPCHEH BOJIH B KpHUCTaJUIe
npeHeOpeyb.

Paznen 5. leeKThl B TBEpABIX Teaax
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[Ipaktueckoe 3anstue 8. dedekTbl KpucTasanyeckoi pemerku. Audgdys3us B TBepabIX
TeJax

1. Tuddy3uoHHbIE KOHCTAHTHI JIMTHS B KpeMHHH paBHbI Do=2,3*107 m%/cex u Q=0,65 5B.
Paccuutate TemmepaTypy, TpH KOTOpPOH aTOM JIMTHS, PACTBOPEHHBIH B KPEMHHH, OyIeT
COBeEpIIaTh OJMH MPBDKOK 32 oHY cekyHay (OtBeT: 260 K).

2. IlycTs sHeprus, Tpedyemas Ui IepeMeIleHus] aToMa HaTpUs U3 BHYTPEHHEH yacTu KpucTasia
Ha MOBEPXHOCThb, paBHa 13B. BBIYMCINTH TEMIOEMKOCTH OJHOIO METaula MpU KOMHATHOM
Temmeparype, OOYCIOBJEHHYI0 HaauuueM B HeM aedektoB Illortku (Otser: 3,7*10°1°
JIx/(kxMomb-Tpan)).

3. lnst oOpa3oBaHus BaKaHCHUW B allOMHHHH TpeOyercs sHeprus npumepro 0,75 sB. Ckonbko
CYHICCTBYCT BaKaHCHUU Ha OIWH aTOM KpUCTAJJIa B COCTOAHUU TCPMOANHAMHNYCCKOT'O PABHOBCCHA
npu KoMHaTHO# Temnepatype? IIpu 600°C? (Otset: 24,9*10714; 5*107).

4. Tlokazatp, uTo uncio aedektoB OpeHkenst B TBEPOM Telie pU TeMrieparype 1 onpeaenseTcs
CJIEIyIOIIUM COOTHOILIEHUEM:
(N —-n)(N'—n)

2 b
n

rae E — sHeprusi, HeoOXoAuMast JIJIsl TOTO, YTOOBI MEPEMECTHTH aTOM M3 HOPMAJILHOTO TIOJIOKEHUS
B y3Jie B Mexa0y3iue; N — 4uClio y3JI0B B KpucTaie, N'- 4iCiI0 BOSMOKHBIX MEXKIOY3JIUil B
COCTOSTHUU pPaBHOBECHSI.

E=kTIn

5. BblUMCIUTD HAaCKOJBKO IOJDKEH PAa3IBUHYTH aTOM CBOMX COCE/IEH NMpH IOMENICHHH €ro B
MEXI0Y3/IMe TPaHEeLEHTPUPOBAaHHOM KyOonueckoii pemetku (OTBet: Ha 93 %).

6. Ouenuth BenuuuHy Kodpduuuenta aud@y3sun paguoakTUBHOTO HATPUS B OOBIYHOM HATPUHU
Ipyu KOMHATHOM TeMIeparype, €cCiM BbICOTAa NOTEHLHUAJIbHOrOo Oapbepa, KOTOpHIM Hamo
MPEO0JIeTh aTOMy, YTOOBI TMEPEHTH B HOBOE MOJIOKEHHE paBHOBecus, paBHa 0,5 »B. Yactora
kone6anuii aroma 10! 'y (Otset: 107°M%/cex).

7. BBIUMCAUTD HACKOJBKO JTOJKEH Pa3IBUHYTh aTOM CBOMX cOceled IpH MEepeMElICHHH €ro B
okTasapudeckoe mexaoysnue OLK- pemerku, ecnu nuHa pedbpa kyda paBHa a (OTBeT: Ha 99,46
%).

8. OmpenenuTh TONIIMHY C€J0s, 00pa3oBaBIIErocs B pe3yiabTare AU(QYy3un aTromMoB IMHKA B
repmanuii 3a 1 cex mpu temnepatype ormxkura 600 K, ecnu BbicoTa moTeHIMAIbHOTO Oapbepa,
KOTOPBII HEOOXOIUMO MPEOJOJIETh aTOMYy, YTOOBI NEPEUTH B HOBOE MOJIOXKEHHWE PAaBHOBECHUS
pasHa 3,8 3B. D¢=5,7*10°m%/c (OtBeT: 3,8*10°!% m).

Paznen 6. Ynpyrue u MexaHn4eckue CBOMCTBA TBEPAbIX TeJl
[Ipaktnueckoe 3ansatue 9. 3akon I'yka. MarpuyHas 3anuch TeH30pOB. MexaHuW4ueckue
CBOMCTBA TBEPIbIX TeJl
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1. KyOuueckuii KpucTaul MOABEPrHYT pacTsokeHuto B Hampasienuu [100]. Haiitu Beipaxkenue
s kodddunuenrta Ilyaccona (v) yepe3 ynpyrue moCTOSHHBbIC Wi Moayiau ynpyroctu (OTBer:
V=-512/511).

2. KyOuueckuii KpucTall MOABEPTHYT THAPOCTATHYECKOMY cCkaruio. [lokazaTh, 4TO BEIMYMHA,
obparHast cxxumaemoctu B=-V(dP/dV), cBs3aHa ¢ YNpPYyrdMH TIOCTOSHHBIMH COOTHOIIECHHUEM
B=(C111t2C12)/3 (OtBet: B=(C11+C12)/3).

3. IToka3arb, 4TO CKOPOCTb V BOJIHBI C/IBHIa, PaclpOCTpaHsAIOLIEHCs BAoab HampasieHus [110],
KOT/Ia YacTHIBl KoseOmoTrcss B HampabieHuu [1-10] B kyOmdeckom kpucrtamie, paBHa (Cii-
C12/2p)"?, tne p — mnotnocts kpuctamma (Otser: Cii=(S11+S12)/(S11-S12)(S11+2S812); Cra=(-
S12)/(S11-S12)(S11+2512)).

4. IIpoBosioka niauMHOW 5,4 M 1MOA NEUCTBMEM HArpy3ku yMeHbIIWJIach Ha 2,7 MMm. Omnpenenutb
abCONIOTHOE U OTHOCUTENBLHOE YITMHEHKE TIPOBOIOKH B 060ux cirydasx (OTser: 5*107).

5. Ha npoBosioke anuHo# / Bucut rpy3 P. IIpoBooKy ClIoKuin BABOE M MOABECHIH TOT K€ IPy3.
CpaBHUTH a0COJIIOTHOE M OTHOCHUTENIBHOE YUIMHEHHE IPOBOJOKM B oboux ciydasx (Otser:
AL/AL=1/4).

6. Haiitu cooTHOLIEHHME MEXAY MOAYISAMH YOPYFOCTH W YIOPYTUMH  TOJATIHMBOCTSIMHU
Si1+512 . Cpy= —Sh :
(S11=512)(S11 +2512) (S, —S,)(S,, +28,,)

Kybuueckoro kpucramia (Orser: C1=

1
C44 :—).
Sa4

7. Ynpyrue nocrtosanbie 6epumus Cii, Cs3, Cu, Cr2, Ci3 cooTBeTcTBeHHO paBHBI: 30,8%10'°,
35,7%10'° 11,0%10'°, -5,8*%10'° u 8,7*10'° H/m?. Bepummuii uMeeT reKcaroHanbHYIO DEIIETKY,
JUTSE KOTOPOI HA0OP MOCTOSIHHBIX YIIPYTOM )KEeCTKOCTH CBOAMUTCS K MaTPHIIE:

Cp Cpp C3 0 0
Cp ¢y Gz 0 0
C3 C3 Cx3 0 0
Ci=l 0 0 0 Cy O
0 0 0 0 Cy

0 0 0 0 0 %(Cll_Clz)

S O O O O

Beruncnuth ko3¢ dunuentsr nomarnuBocteid. (OTBeT: S1=0,37-10"" M?/H; S1220,11-10""" M*/H;

S137-0,11-10""" M?/H; S$3370,34-10"! M*/H; S14~0,9-10"'! m*/H).

8.4.5. Onpenenuty Momynu ynpyroctd C, Ca, Ce¢ 1 Cs6 MOHOKIMHHOTO KpHUCTAJUIA IO
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CKOPOCTSIM paclpOCTPaHEHUs YIBTPA3BYKOBBIX BOJIH, NPHBEACHHBIX B Tabmume. [ImoTHOCTH
kpucTamia 1160 kr/m’.

Hampasnenue Hampasnenue cmenienus B CkopocTh 3ByKa, M/cek
pacIpoCTpaHEHUS BOJIHE
BOJIHBI
010 010 2890
100 010 1450
001 010 1680
010 100 1400
010 001 1510

(OtBet: Caz = 9,7%10° H/M?; C44=3,3*10° H/M%; Co6=2,4*10° H/M?; Ca6=1,39%10° H/M?.)

Tunosbie BONMPOCHI 1JI51 MOATOTOBKHU K IIPOMEKYTOUYHOM aTTecTAllNH
[TonsiTue o kpucraiuie. OnMcaHue KPUCTALIUYECKUX CTPYKTYP.
TpaHcassMoOHHAs UHBAPUAHTHOCTD.
Pemérka, 6a3uc, anemMeHTapHast si9eKa.
Jpyrue onepanuu CHMMETPHH.
Knaccudukanus kpuctammmyeckux pemeéTok u peméTku bpase. J[BymepHbIi ciiydait.
Pemérku bpase. TpéxmepHsbIi citydai.
Kpucrannorpapuueckue rpynnsl CHMMETPHH
OnucaHue MOJOXKEHUST aTOMOB B DJIEMEHTAPHOM SYCHKe, KPUCTAIIOTpaduIeCKUX
HaIpaBJICHUH U TIJIOCKOCTEH.

01NN B WN—

9 IIprMepbl KPUCTATUIMYECKUX CTPYKTYD.

10 Judpakuus Ha KpUCTaUIe. XapaKTEPUCTHUKH U3ITYICHUH.
11 3axoH (popmyna) Bynasda-bparra.

12 Judpakuronnsie Metoasl. Meton Jlaya.

13 Judpaximonssie MeTopl. MeTon BpaleHui.

14 JudpakuronHbie METOIbI. MeTOo/T TOpOIIIKa.
15 CrpykTypHblii aHanu3. CTpyKTypHBIN akTop 6a3uca.

16 O6parnas. pemérka. CBoricTBa 00paTHOit pemieTku. [locTpoeHne oOpaTHOi pEemETKH
17 Sueiika Burnepa —3eiitua. [Ipumep noctpoeHus.

18 3onsl bpumttosna. [Ipumepsl mocTpoeHus.

19 VYpaBHeHus Jlays.

20 DKcnepuMeHTaNbHbIC TU(PAKIIMOHHBIC METO/IbI ONIPEACIICHUS KPUCTAITAYECKOM
CTPYKTYpBI TBEPZIOTO TEA

21 Knaccudukanus kpuctamios.

22 MoutekyisipHbIE KPUCTAILIBI.

23 HNoHHbIe KpUCTAILITBI.

24 KoBaJsieHTHBIE KpUCTAILIBI

25 Merannsl.

26 Kpucranisl ¢ BOHOpoaHOH CBA3bIO

27 Knaccudukanmst TBEpABIX TE C TOUKU 3PEHUS YHEPTETUUECKHUX 30H.

28 IToBepxnocts Depmu.

29 [Ipupona npoucxoKaIeHHUs SHEPTETUUECKUX 30H. 30HHBIE CXEMBI.
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30 [IpoucxoxaeHrne SHEPreTUYECKUX 30H.

31 CriexTp cBOOOJHOTO 3JIEKTPOHA B KpUCTAILIE.

32 Oneprus Oepmu.

33 DddexTrBHAS Macca AIEKTPOHOB.

34 [MapmonMYeckoe mpuOImKEeHUE.

35 KonebaHnust B OTHOPOAHOM 1IENOYKE aTOMOB

36 Konebanus B nenmovke ¢ IByMsi COpTaMU aTOMOB

37 Kosnebanus B ienovke ¢ OHUM COPTOM aTOMOB

38 Konebanus aToMOB B TpEXMEPHOM pPEIICTKE.

39 Yucno pa3pellieHHbIX 3HaUE€HUH JJIMH BOJH. TpaHu4Hble yciaoBus bopHa-Kapmana.
40 AHanu3 TUCIEPCUOHHON KPUBOU JJ1s1 IMHEHHOM LEMOYKH OIMHAKOBBIX aTOMOB.
41 3aBucuMOCTh (ha30BOM U IPYIIIOBOM CKOPOCTEH OT BOJIHOBOTO YHCIIA.
42 AKycTHYeCcKas M ONITHYECKasi BETBU KOJICOAHUA.

43 DKCHepUMEHTAIBHBIE METOIbI MCCIIeIOBAHUS (POHOHHOTO CIEKTpA.
44 DOHOHHAS TEIUNIOEMKOCTb TBEPJIBIX TEJ

45 Knaccudukanus nedexros.

46 TermoBbie TOUeUHBIEC TEPEKTHI.

47 TepmoarHaMUKa TETUIOBBIX TOYSUHBIX 1€(PEKTOB.

48 Toueunsie nedeKTH B MOHHBIX KpUCTAJIIaX

49 [ToBepxHOCTHBIE U OObEMHBIE 1€(HEKTHI.

50 Pannanmronssie nedeKTol.

51 HedexTs ynakoBku. [luciokanumn

52 Hedextsl mo @penkento u no LlorTku.

53 @dakTOpbI, BBI3BIBAIOIINE MTOSIBIICHUE T€(PEKTOB.

54 Oo6pazoBanue nuciokanuii. Cxema @panka-Puna.

55 [TpubnmkeHne CIIOMIHON CPEeIbI.

56 MexaHnuecKkoe HallpsKEHUE.

57 Hedopmartusi.

58 Tenzops! HanpskeHUH 1 AepopMaruii.

59 Juarpamma nedopmaruu. 3akon ['yka.

60 MarpuuHast 3a11uCh TEH30POB.

61 [InacTuyeckue cBOMCTBA TBEPABIX TEIL.

62 VYIpyrue BOJIHBI B TBEPABIX TEJIAX.

63 CootHouenust Komm. YCTOHYHMBOCTh KPUCTATUIMYECKUX PEIIETOK

64 YpaBHEHUE IBUKEHUS CIUIOLIHON CPEBI.

65 DHeprus 1ehOpMHPYEMOTO TBEPOTO TEa.

66 VYrpyrue BoJIHBI B TBEPABIX TeJaX.

4. NMMOPAJOK ITPOBEAEHUA U KPUTEPUMU OLEHMBAHUA
MPOMEXYTOYHOM ATTECTALIUU

4.1. Ilopsinok mpoBeaeHUs MPOMEKYTOYHOM aTTeCTALUA
[TpomexyTouyHas aTTecTalys NpoBoIUTCs B (hopme 3adera (TeCTUPOBAHHE).
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4.2. Kpurepum oueHUBAHUA TNPOMEKYTOYHOH ATTECTAIUM IO BUAAM
OIIEHOYHBIX CPEACTB

[Ipy mnoaBeneHWHM UWTOTOB  YUMTBHIBAIOTCS  PE3yNbTaTbl TEKyIIeH  yCIeBaeMOCTH
(BBIMIOJIHEHUE KOHTPOJIBHBIX paboOT) M UTOroBoro TtectupoBaHus. OIEHKa HUTOTOBOTO
tectupoBanus (HaOpannas cymma 6anoB (% BBINONIHEHHBIX 3a1aHuil) (Max - 100)):

MeHnee 60 % - He 3aUTeHO;
60-100 % - 3aureHoO.

Oco0eHHOCTH MPOBEACHUH MPOIIETyphl OLIEHUBAHUS PE3YJIbTaTOB 00yUYEHUSI HHBAJIUIOB U
JUIl C OTpPaHMYEHHBIMA BO3MOXKHOCTSIMH 370pOBBsi 0003HadueHbl B paboueil mporpamMme

JTUCIUATITAHBI (MOTYJIIA).

4.3. Pe3ynbraTbl IPOMEKYTOYHOM ATTECTALMH U YPOBHU COPMHPOBAHHOCTH
KOMIIeTeHLM I

YpoBHH cHOPMUPOBAHHOCTH KOMIETEHIIHH ONPEENIeTCs CIeIYIOIUM 00pa3oMm:

1. Bbicokuii ypoBeHb C(QOPMUPOBAHHOCTH KOMIIETEHIIMH COOTBETCTBYeT HaOpaHHOMY
nuanasony 6amios 91-100:
npeanonaraeT (GOpMHPOBAHUE KOMIIETEHIIMA Ha BBICOKOM YpPOBHE: CTYIEHT CBOOOIHO
BJIaJICET OCHOBHOM TEPMHUHOJIOTMEH W TOHATHIHBIM amnmapaTtoM pasliella TeOPETUUYECKOU
¢u3uku «BBeneHue B (U3MKY TBEPAOTO Tela», YTO MO3BOJSET (OPMYIUPOBATH BBHIBOJBI U
y4acTBOBaTb B JHUCKYCCHMM IO Y4E€OHBIM BONpOCAM JAaHHOW JIUCLUIUIMHBI; IOJHOCTBIO
c(OpMHPOBAHO YMEHHE NPUMEHITH IOJYYCHHYIO TEOPETHUYECKyI0 0a3zy Uil peleHHs
KOHKDPETHBIX IIPAKTHYECKUX 3a7jad U YBEPEHHO BJIAJICTh HABBIKOM UX PEIICHNUS;

2. CpenHuit ypoBE€Hb COOTBETCTBYET HAOpaHHOMY Juarna3zoHy 6amios §1-90:
npearnonaraeT GOpMUPOBAHHE KOMIIETEHLMI Ha CPEHEM YPOBHE: CTYIEHT XOPOIIO BIIaJeeT
OCHOBHOW TEPMMHOJIOTHEH WM TMOHATUHHBIM almaparoM pasjesia TeOPETHUECKOH (PU3UKH
«BBEJICHHE B (U3MKY TBEPIOro Tenay; CHOPMHPOBAHO YMEHHE NPUMEHSTH MOIYYEHHYIO
TEOPETUYECKYIO 0a3y JUIsl peleHUs KOHKPETHBIX MPAKTUUECKUX 3a/1ad M BIAJeTh HaBBIKAMHU
pereHust 6a30BbIX 33/]1a4 10 AUCLUILINHE;

3. ba3oBslii ypoBeHb COOTBETCTBYET HaOpaHHOMY JIuana3oHy 6amioB 70-80:
npeanonaraerT (HOpMUPOBAHME KOMIIETEHLMH Ha Ha4aJbHOM YpPOBHE: CTYAEHT 3HaeT
«TEOPETUYECKUI MUHUMYM» M HEIOCTATOYHO BJaJICET METOJAaMH pelieHHs 0a30BbIX 3a/ady
10 JUCLUIUINHE;

4. Hwuskuil ypoBeHb COOTBETCTBYET HaOpaHHOMY Auamna3zony 6amios 0-69:
CTYAEHT HE€ BJIaJICET OCHOBHOW TEPMHHOJIOTHEH W TIOHATUMHBIM amnmapaTtoM pasjena
«BBenenue B (u3MKy TBEPIOTO TeNay; HE BIa/leeT HaBbIKAMU PELIeHUs 0a30BbIX 3a7ad.
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MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «Uenl V)
DaxyabTeT 3204HOTO U IUCTAHIIMOHHOTO 00y4eHUs
Kagenpa coBpeMeHHBIX 00pa30BaTEIbHBIX TEXHOIOT U

DOoHJ] OLIEHOYHBIX CPEJCTB M0 AUCLUIIINHE «BBeneHue B pu3nKy TBEpAOTO TEIa»
1o HanpasneHuto noarorosku 22.03.01 «MarepuanoseneHue U TexHonoruu Marepuanosy ®I'bOY BO «Henl Vy

Bepcus noxymenra - 1 ctp. 20 IlepBblii 3x3eMILIAD KOITHA Ne

DOoH/1 OLIEHOYHBIX CPEACTB AMCUUIJIMHBI (MO1YJIs1) 0I00PEH U PEKOMEH/I0BaH:
[Tpopekrop mo yuebHO paboTe yTBepxkaeHo 27.02.26  A.A. CanamaroB

YyeHbIM cOBETOM (aKyiIbTeTa 3204HOTO U TUCTAHITMOHHOTO OOyUYEHHS

IIporokoin 3aceqanust Ne 01 ot 12.02.2026

[Ipencenarens YaeHoro coBeta hakyabTeTa

32049HOTO U TUCTAHIIMOHHOTO OOYUYEeHHS COIJIACOBaHO IIL.I11. SAracdapos
3acenanuem Kadeapbl COBpeMEeHHbIX 00pa30BaTe/IbHbIX TEXHOJIOT U

ITporokon 3acenanus Ne 01 ot 12.02.2026

W.o.3aBenyromiero kadeapoi COIIaCOBAHO H.A. bepr

ABTOp (COCTaBUTEIB) M.B. MattoHnHa

Crpykrypa ¢oHI0B OLIEHOYHBIX CPEICTB COOTBeTCTBYeT NpuKasy pekropa ®I'bOY BO «Heal 'Y»
ot 27 cenTsiops 2022 Ne573-1
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