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MUMHOBPHAYKH POCCHUN

@” DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «UenlYy)
duznueckuil paKyasTeT
Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHUS

DOH/I OLICHOYHBIX CPEJICTB 0 JUCLHUIUINHE «BBenenue B pu3KMKy TBEPAOTO Tenay Mo
HarnpasyieHnto noarotoBku 03.03.03 «Pagnogmsukay ®PI'BOY BO «Henl'Y»

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

Conep:xxkanme
1. [Tacnopt (hoH1a OIIEHOYHBIX CPEACTB
2. Ilepeuenb popMHUPYyEMBIX KOMITETCHITUN
2.1. KomnereHiuu, 3aKkperi€HHbIC 3a JUCHUILUIMHON
3. CoaepkaHu€ OLICHOYHBIX CPEJICTB MO AUCLIUILIMHE
3.1. Buabl OlIEHOYHBIX CPEACTB
3.2. ConepkaHue OLIEHOYHBIX CPEACTB
4. ITopsiioK IpOBENCHUS U KPUTEPUH OLICHUBAHUSI IPOMEKYTOUYHOM aTTeCTalNU
4.1. Ilopsinok npoBeneHMsI MPOMEKYTOYHOM aTTeCTALU
4.2. Kputepuu OIIEHUBAHUS MPOMEKYTOYHOM aTTecTallid MO BUJIAaM OI[EHOYHBIX
CpENCTB
4.3. Pe3ymbraThl MPOMEXKYTOYHON aTrTecTaluud W ypOBHH CGHOPMHUPOBAHHOCTH
KOMIIETEHITNN
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MMWHOBPHAYKH POCCHUU

DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
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duznueckuil paKyasTeT
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DOH/I OLICHOYHBIX CPEJICTB 0 JUCLHUIUINHE «BBenenue B pu3KMKy TBEPAOTO Tenay Mo
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Bepcus noxymenra - 1

crp. 3 IlepBblii 3x3eMILIAD

KOITHA Ne

1. MACIIOPT ®OHJIA OHEHOYHbIX CPEACTB

Hanpasnenue noaroroku: 03.03.03 Pagnoduzuka
Hampasnennocts (mpoduns): - TerekoMMyHUKAIIMOHHBIE CUCTEMBI M HTH(GOPMaIIMOHHBIE
TEXHOJIOTHH
HMucnunnuna: Beeaenue B GU3MKy TBEPAOTO TeIa
Cemectp: 5
dopma IPOMEKYTOUHOM aTTeCTALMU: 3a4eT.
CucreMa OLIEHUBAHUS: OIICHUBAHHUE PE3YJIBTATOB OCYIIIECTBISICTCS B paMKax 3aueT / He3a4eT.

2. IEPEYEHb ®OPMHUPYEMbBIX KOMITETEHIIMIA U DTAIIbI NX

O®OPMUPOBAHMUA

2.1. KomnereHuMHu, 3aKpenyiéHHbIE 32 TUCHUTIIHHOM

dbopMUpOBaHUE CIEIYIOMNX KOMIETSHIIUH]:

N3ydenune qucuuiuiniel «BBeaeHne B pU3NKY TBEPOTO Teay HApaBIeHO HA

Kongsr
KOMIIETCHIIU Conepxanue
" B — WNnaukaTopsl JOCTHKEHUS [lepeuens mIaHUpyEMBIX
COLIACHO comacho GIOC KOMTIETEHITHH COTJIACHO PE3yNIbTaTOB O0YYEHUS TI0
DLOC (OTIOTI BO) OIIOIT JUCLHUTIIINHE
(OITOIT BO)
1 2 3 4
OIIK-1 Cnocoben npumensats | OIIK-1.1. O6nanaet Jnst noctuxenust OINK-1.1:

0a30BbIC 3HAHUS B
o0acTi PU3UKHU U
pamnodu3NKU 1
UCTIOJIb30BaTh UX B
npodeccuoHaIbHON
NESITEIIbHOCTH, B TOM
qyucie B chepe
Me1arorn4ecKon
NEeSITeNIbHOCTH;

0a30BLIMH 3HAHUSIMH,
MOJTy4YEHHBIMH B 00JIACTH
bu3uky 1 pagroPu3uKu
OIIK-1.2. JlemoHCcTpUpYET
YMEHHE peliaTh 3aauu,
dopmynupyeMbie B paMKax
bu3uKY 1 paarnopU3uKH.
OIIK-1.3. ImeeT HaBbIKK
HCIOJIb30BaHUsI OCHOBHBIX
IIOHATUH, TEOPEM, 3aKOHOB
bu3uKY 1 paarnoPpu3uKK IS
pereHust

3a/1a4 mpodeccuoHaIbHOM
NESITEIbHOCTH, B TOM YHUCIIC B
chepe megarorunuecKou
JESTEIIbHOCTH.

OCHOBHBIE MTOHATHS U3 00J1aCTH
(bU3MKN KOHJICHCUPOBAHHOTO
COCTOSIHUSI BEIIIECTBA;

Hnsa noctmxenus OIIK-1.2:
aHAJIM3UPOBATH BO3MOXKHOCTHU
NpUMEHEHHs (PU3NYECKUX
METOJIOB TUarHOCTUKH
MaTepuasoB, IPUMEHSTh
KOHTPOJIbHO-U3MEPUTETHHYIO
anmapaTtypy U METOJIbI
00pabOTKH MOJYICHHBIX TaHHBIX
TUISL OTIPEIeIICHUS
TEXHUUYECKUX XapaKTEePUCTUK
00BEKTOB;

Hns noctmxenns OINIK-1.3:
TEPMHUHOJIOTUEN 1 0a30BBIMU
3HaHUSMU B 00J1acTU (PU3UKHU U
XUMHH TBEPAOTO TeNa
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MMWHOBPHAYKH POCCHUU

DenepanabHOE FOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE

YUPEXAEHUE BBICIIETO 00pa30BaHuUs
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duznueckuil paKyasTeT
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®DoHJ| OLIEHOYHBIX CPE/ICTB IO AUCHUILTHHE «BBeneHue B GU3KMKy TBEPIOTro Teaay Mo

HarnpasyieHnto noarotoBku 03.03.03 «Pagnogmsukay ®PI'BOY BO «Henl'Y»

Bepcus noxymenra - 1

cTp. 4

IlepBblii 3x3eMILIAD

KOITHA Ne

3. COOEP’ KAHME OHEHOYHbBIX CPEACTB IO AUCHUTIJIMHE

3.1 Buabl OLIEeHOYHBIX CPEICTB

Kon xommerenmumn/

Kontpomupyembie TemMbl/

Hanmenosanue
OIICHOYHOTO CpeCTBa

HanmenoBanue
OIICHOYHOTO CpeCTBa

Ne i/m IUTAHUPYEMBIE PE3YIIBTATHI o
pas3nensl JUIA TEKYLIETO Ha IPOMEKYTOUHON
o0yueHus
KOHTPOJIS arrectarmu/Ne 3aaHvsI
Tect (Pazgen 1);
3a/1a49M K 3a1a49M K
OcHOBBI MPaKTUYECKUM MPaKTUYECKUM
Kpuctayorpapuu 3aHATHSM; TECT; 3aHATHSIM 1-3;
BOIPOCHI K 3aU€Ty | BOMPOCHI K
sk3ameny Nel-9.
Jnst noctuxenust OITK- Tect (Pazpgen 2);
MeToab! 3a7a44 K
1.1: oCHOBHBIE MOHATHUA U3 3a7a4u K
onpeneaeHus MPaKTUYECKUM
o0nacti PU3UKU . . MPAKTUYECKUM
KPUCTAIINYECKOU 3aHATHUSAM; i
KOHJICHCUPOBAHHOTO . 3aHATHAM 4-5;
CTPYKTYpPBI TBEPAOTO | TECT;
COCTOSIHHSI BEIIIECTBA; BOIIPOCHI K 3aU€Ty
Tena BOITPOCHI K 3a4€Ty
Jns moctmxkenuns OITK- Ne10-20.
1.2: ananu3upoBath S Tect (Paznmen 3);
BO3MOKHOCTH MTPUMEHEHUS 3a1a49M K
[Ipupona MPaKTUYECKUM
(UBUYECKUX METO/IOB MPaKTUYECKOMY
MEXKaTOMHOT'O 3aHATHUSAM;
JIMarHOCTUKY MaTepHUaoB, . 3aHATUIO 6;
B3aUMOJICHCTBUS TECT;

MPUMEHSTh KOHTPOJIHHO-
U3MEPUTENIbHYIO
anmaparypy ¥ METO/IbI
00pabOTKH MOTYYCHHBIX
JAHHBIX JIJIS1 OTIPEACTICHUS
TEXHUUYECKUX
XapaKTePUCTUK OOBHEKTOB;
Hns  moctmwkenust  OINK-
1.3: TtepMmuHONOTHEH U
0a30BbIMH  3HAHUSIMU B
o0nacT (U3UKU ¥ XUMHU
TBEPJOro Telna

BOMPOCHI K 3a4ETy

BOIIPOCHI K 3a4eTy
Ne21-33.

JlnHamuKa TBEpAOTrO
Tena

3a/1a4u K
MIPAKTUYECKUM
3aHATHUSM;
BOITPOCHI K 3a4€Ty

3aa4u K
MPAKTHYECKOMY
3aHATHIO 7;
Bomnpocsl k 3auety
No34-45

HedexTsl B TBEpIBbIX
Tenax

3a/1a4u K
MPAKTHYECKIM
3aHATHSM;

TECT;

BOIPOCHI K 3a4ETy

Tect (Paznen 5);
3aa4u K
MPAKTHYECKOMY
3aHATHIO §;
Bomnpocs! k 3auety
Ned6-54

Ynpyrue u
MCEXAaHUYCCKUEC
CBOICTBA TBEPIBIX
TCII

3a7a491 K
MPAKTHYECKIM
3aHSATHSIM;
BOITPOCHI K 3aU€Ty

3a/1a4u K
[IPaKTUYECKOMY
3aHATHIO 9;
Bormpocsl k 3auery
Ne55-66
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MIJHOBPHAYKHI POCCUN
DenepanabHOE FOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs

«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «UenlYy)

duznueckuil paKyasTeT

Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHUS

DOH/I OLICHOYHBIX CPEJICTB 0 JUCLHUIUINHE «BBenenue B pu3KMKy TBEPAOTO Tenay Mo
HarnpasyieHnto noarotoBku 03.03.03 «Pagnogmsukay ®PI'BOY BO «Henl'Y»

Bepcus noxymenra - 1

crp. 5

IlepBblii 3x3eMILIAD

KOITHA Ne

3.2 Conep:xxaHue OLICHOYHBIX CPEICTB

ba3a TecToBbIX BOIIPOCOB

No /it \ DopMynMpOBKa BOMpoca \ BapuanTsl oTBETOB
Pa3ges 1 OcHoBBI KpucTaLIOrpadguu
1. CKOJIBKO MPOCTPAHCTBEHHBIX rpynn cummerpun | 1) 230
BO3MOJKHO TOJIYYUTh U3 BCEro Habopa TOYeuHbIX | 2) 7
3JIEMEHTOB CUMMETPUHM, TPAHCIISIUN 1 3)32
JIOTIOJIHUTEIBHBIX 3JIEMEHTOB CUMMETPUU 4) 180
2. TouedHBIX KJIACCOB B KpUcTaiIorpadun 1) 230
CYILIECTBYET: 2)7
3)32
4) 180
3. B kpucTamiax BO3MOXXHBI OCH CUMMETPUU: 1) moOBIX MOPAIKOB
2)1,2,3,4, 6 nopsiakos
3) 2,3.,4,5,6 nopsiakoB
4) 6, 7, v T.1. IOPSZIKOB
4. CKOJBKO KPUCTATMYECKUX CUCTEM (CUHTOHUM) 1) 14
CYIIIECTBYET B TEOMETPUIECKOM 2)3
KpucTauorpagun? 37
4)6
3. Kaxkast u3 yka3zaHHBIX IIJIOCKOCTEH mapasuiesibHa 1) (111)
OJTHOM M3 KOOPAMHATHBIX OCEH 2) (121)
3) (100)
4) (110)
6. [Tnockocts ¢ unaexcamu Musuiepa [111] 1) Ha KaXX70¥ OCcH OIMHAKOBOE
OTCEKaeT: YHCJIO OCEBBIX ETUHUI]
2) Ha KaKA0H OCH eIUHUYHbIE
0Tpe3KH, BbIpa:KeHHbIE B
0CEBBIX eTUHUIIAX
3) Ha ABYX OCSIX 1O PAaBHOMY
YHUCITy OCEBBIX CIUHUIL U
napa’juieibHa TPeTbel OCH
4) onHy ocb U mapasuieiabHa
ABYM JApyTrUM
7. JInst Kakoli CUHTOHMM COOTHOLUEHUSI MEXKIY 1) TpUKIMHHOI
napamMeTpamMu JIEMEHTAPHON PEIIeTKH 2) pomOnuecKoin
COCTAaBIIAIOT: aZb#c u aAP#y#90° 3) pombGosIpHIYECKO
4) MOHOKJIMHHOM
8. JI71s1 KaKO¥ CUHIOHUU COOTHOILECHUS MEXIY 1) xyouueckoi
napameTpamu 3JIEMEHTAPHOM PEIIeTKH 2) pomOHuYecKo
COCTaBIAIOT: a=b=c u a=P=y#90° 3) pombGosIpHIYECKOi
4) TeTparoHaJbHON
9. HNupexcsl Musnepa miioCKOCTH ONPEAEIISIIOT 1) cemeiicTBO SKBUBAJIEHTHBIX
110 CHMMETPHUH TIIOCKOCTEMN
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MUMHOBPHAYKH POCCHUN

@” DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
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DOH/I OLICHOYHBIX CPEJICTB 0 JUCLHUIUINHE «BBenenue B pu3KMKy TBEPAOTO Tenay Mo
HarnpasyieHnto noarotoBku 03.03.03 «Pagnogmsukay ®PI'BOY BO «Henl'Y»

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

2) CeMEMCTBO MapajuIeIbHBIX

IIJIOCKOCTEH
3) KOHKPETHYIO IUI0CKOCTh
10. | s 3agaHust TPaHCISIIMOHHOM IpyIIbl HAl0 1) xonmuuecTBO OCei
yKas3arb CUMMETPUHU

2) IIIOCKOCTH CUMMETPUH
3) 6a3ucHbIE BEKTOPa

TPaHCJIAUMH
11. | Kakue u3 yKa3aHHBIX JIEMEHTOB OTHOCATCS K 1) ocu cummeTpun
TOYEYHOU IPYIIE CUMMETPUU 2) HeHTp MHBEPCUH

3) BeKTOpa TpaHCIALHMA
4) NI0CKOCTU CUMMETPUU

Pasznes 2. MeTojbl onpeeieHus KPUCTALIMYECKOH CTPYKTYPbI TBEPAOI0 TeJia

1.

B xakom MeToie peHTI€HOCTPYKTYPHOTO aHaiau3a | 1) MeToJ Bpalaronierocs
UCIIOJIb3YETCsl HEMOHOXPOMAaTHYECKHH My4OK KpHcTasia
PEHTIEHOBCKOI'O U3J1y4EeHHUsI? 2) merop [le6as —Illeppepa
3) meTon Jlays

4) meton DBaiba

2. Kak Biusier Temneparypa Ha KapTUHY 1) He BiusieT
TU(GPaKIIMOHHOTO CIIEKTpa TBEPIOro Tea 2) NIpUBOAUT K YIIMPEHUIO
I pakuMOHHBIX
MaKCUMYMOB U NOSIBJIEHUIO
TeI10Boro ¢pona
3) IpUBOIUT K CYKEHUIO
TG PaKIMOHHBIX MAKCUMYMOB
U TIOSIBIICHUIO TEIIOBOTO (hOoHA
4) NpUBOAUT K MOSBJICHUIO
TEIIOBOTO (poHA
3. YT0 NpeuMyIIECTBEHHO PACCEUBAET 1) sppa aromoB
PEHTTEHOBCKOE U3TyuyeHUe 2) sapa ¥ SIEKTPOHBI
3) 31eKTPOHBI
4. [1py moMonm Kakoro U3ay4eHUs BO3MOKHO 1) peHTreHOBCKOE
MCCJIEJOBAHNE MAarHUTHBIX CBOMCTB TBEPABIX TEN | 2) HEUTPOHHOE
3) DIIeKTpOHHOE
4) onTuyeckoe
5. [Ipu moMonm Kakoro MeToaa 1) MeTon BpamieHus
PEHTIE€HOCTPYKTYPHOI'O aHAJIU3a BO3MOXKHO 2) meton Jlays
MCCJIEIOBAHUE MTOJMKPUCTAIIOB? 3) meton [dedast —Llleppepa
4) MeToJ1 KauaHHs
Pasnes 3. Ilpupoaa Me:kaToMHOT0 B3auUMOIeCTBHS
l. OHepreTu4ecKuil CeKTp AEKTPOHOB B 1) HenpepbIBHBIN
KpHCTaJlaX UMEET BUJ: 2) nuHeHvaThIid
3) 30HHBII
4)cMenTaHHbINA
2. YpoBenbp Pepmu B OTYNPOBOJTHUKAX BOIH3H 1) B BaJICHTHOI 30He
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MMWHOBPHAYKH POCCHUU

O

YUPEXAEHUE BBICIIETO 00pa30BaHuUs
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Bepcus noxymenra - 1 ctp. 7

IlepBblii 3x3eMILIAD

KOITHA Ne

a0COITIOTHOTO HYJISI PACIIOJIOKEH:

2) B 30HE MPOBOJIMMOCTHU
3) B 3ampelieHHoN 30He

Kakoi1l cTaTucTrke NOIUMHSIETCA AIEKTPOHHBIM
ra3 B Metajiax?:

1) Bonbsimana;

2) MakcBeinna;

3) boze - Ditamreiina;
4)®epmu- lupaka.

[Touemy cBOOOIHBIE TEKTPOHBI B METaJJIaX HE
BHOCAT BKJIaJ] B TCTINIOCMKOCTDb TP KOMHATHBIX
Temneparypax?

1) T.K. OHU OCTarOTCA
«BBIPOXKIACHHBIMUY BILIOTH J10
TeMIIeparyp MJIaBICHUS;

2) T.K. «OKpaHUPYIOTCS»
KPHUCTAJUTMYECKON PEIIETKOM;
3) T.K. NOAUMHSAIOTCS IPUHLIAITY
[Taymnu;

4) T.K. IOBBbILLIEHUE
TeMIepaTyphbl 0Ka3bIBaeT
BJIUSIHHE TOJIbKO HA
3J1eKTPOHbI, HAXOASA I eCS
BOJM3M ypoBHs Pepmu.

YacTuisl B MOJIEKYIISIPHBIX KpHCTAJLIax
YAEPKUBAIOTCS:

1) KyTTOHOBCKHM
B3aHUMOICHICTBUEM

2) cwiaamu Ban-nep- Baaabca;
3) BIIEKTPpUUYECKUM JUOIb-
JMITOJIBHBIM B3aMMOJICHCTBHEM;
4) MarHUTHBIMHU
B3aMMOIEHCTBUSIMHU.

Kaxolt ocHOBHOM THUII CBSI3U, KaK IIPaBuUIIo,
OCYULIECTBIIAECTCA B ITOJIYNPOBOJHUKAX ?

1) nOHHBI;

2) KOBaJIECHTHBIH;
3) MeTaJUIMYECKHii;
4) BOJOPOJTHBII.

Pasnea S. /ledeKThbl B TBEpABIX Tejlax

Kakune u3 ykazaHHbIX 1€()€KTOB OTHOCSTCS K
TOYEYHBIM

1) ne¢exr lloTTKH

2) KpaeBasi TUCIOKAIIUS
JBOMHUK

3) aToM B MeKIYY3J1UH

Hedext Openkens 3To

1) yacTra B MeXIAYy3/1UM U
BaKaHCHUA

2) yacTuua B MEXKIyy3JIUU

3) BakaHCHs

Hedexr loTTku 310

1) yacTuia B MeXIyy3JIUu U
BaKaHCHUS

2) yacTuua B MEXKIyy3JIUU
3) BakaHCHUA

Kax HampaBiieH BEKTOp CIBUTa OTHOCHUTEILHO
JUHUYW JUCJIOKAIIMH B CIIydae KpaeBOu
IUCIOoKauu?

1) napannensHO
2) nepreHauKYJIsIpHO
3) nox OCTpBIM YIIIOM

© OOy BO «Yenl'Y»
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Bepcus noxymenra - 1 cTp. 8 IlepBblii 3x3eMILIAD KOITHA Ne

4) mox TynbIM YIJIOM

5. Kak HanpaBieH BEKTOp cBUTa OTHOCUTEIBHO 1) napassienbHo
JVHUU JAUCIIOKAIMY B CIIy4yae BUHTOBOM 2) nepneHIuKYIIpHO
JUcIoKanuu? 3) ozt OCTPBIM YIJIOM

4) moa TynbIM YIJIOM

3agauu K MNPAKTHYC€CKUM 3aHATHAM

Paznen 1. OcHoBbI KpucTanOrpadpuu
[IpakTueckoe 3anstue 1. Onpenesenne kpucrania. Tpancasunu

1. Onpenenuth KOOPAWMHAIIMOHHBIC YHCIIA W PAJAMYChl MEPBOM KOOPAMHAIIMOHHOW ChEephl s
pemerok: mpoctoit kyomueckoit, 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. OnpenenuTh 4YUCIO aTOMOB B DJJIEMEHTApHOW SYEHKE >Kejle3a, KPHUCTAJUIM3YIOIIErocs B
kyouueckoit cucreme (OtBet: OI[K 2).

3. Tloka3aTh, YTO KPHUCTA/UTUYECKas pEIICTKA MOXXET HMETh OCH IOBOPOTA JIHINL IEPBOTO,
BTOPOTO, TPETHETO, YETBEPTOTO U IIECTOTO IMOPSIKOB.

4. CrpykTtypa anMasa.

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

6) KakoBa qimna (B A) BekTOpa NPUMHUTHBHOM TPaHCIAINH?

B) CKOJIBKO aTOMOB COAEPIKUTCS B TPAHEIICHTPUPOBAHHOM KyOUYECKOM 3JIeMEHTapHOU siueiike?

5. Belpa3utb 00bEeMBI 3JIEMEHTapHBIX SYEEK Yepe3 paguychl R paBHOBENMKUX IIapoB (aTOMOB),
obpasyromux tiotHbie yrnakoBku isi: OLIK, T'LIK u rekcaronansHOM permetok (OTBeT: Vork
=63 R*/(3(3)"?); Vrux=16R>(2)"2, Vrny=24R>3(2)"?).

6. OnpenenuTs IIOTHOCTh KPUCTAJJIa CTPOHLIUS, €CJIM U3BECTHO, YTO KpHCTANIMYECKas peleTKa
I'paHEIIeHTPUPOBAHHONW KyOMYecKkol CHHTOHMH, a mepuox pemeTkd paBeH 0,43 um (OtBer:
p=2,6%10° xr/m>).

7. InotHOCTs Kprctamia NaCl papua p=2,18*10° kr/m>. AToMHBIH Bec HaTpus paseH 23, a xjopa
- 35,46. Onpenenuts nocTosiHAEYIO pemterku (OTBet: a=2,81 A).

8. Ilycth snemeHTapHast sdeiika MPOCTOM KyOMUYECKOW PEIIeTKH TMOCTPOEHA M3 OIMHAKOBBIX
aTOMOB, NPENCTABIAIONINX CO00M KecTkue chepsl ¢ paanycoMm r. PeOpo snmemMeHTapHO# sueiiku
a=2 r (aToMbI KacatoTcs Apyr apyra). [Tokaszare, 4To yacTh 0ObeMa 3aHATasi aTOMaMH TIPH TaKOM
pacronoxxenuu, paBHa m/6 = 0,523.
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[IpakTueckue 3ansatus 2, 3. ¥3eqa. Kpucramiorpadpuyeckue HanpapJjieHUe U MJI0CKOCTb.
HNupexcsl Musuiepa

1. Haitn unnexkcsl Muuiepa IUIOCKOCTH, MPOXOIALIEH uepe3 y3JI0Bble TOUKH KPUCTAIUIMUECKOMN
pelIeTKH M OTCeKalomieil Ha ocaX KpucTamna oTpesku ammuoit 22 A, 28 A u 19 A, ecrm
napameTpbl PeIIeTKU COCTABISIOT: a = 2,75 A, b=280A, c=4,75A (OtBer: 5 4 10).

2. loka3zaTh, 4TO B KyOHMYECKOM KpHCTaJjIe JIt000e HampaBieHue [hkl] mepneHauKyIspHO K
MJIOCKOCTH ¢ UHIekcamu Muutepa (hkl).

3. I[TocTpouTh KPUCTAUITMYECKYIO IUIOCKOCTh MPOCTON KyOWYECKOW peImIeTKe ¢ MOCTOSHHOW a,
KOTOPOW COOTBETCTBYIOT MHAEKCH Musiepa (310), 1 HalWTH paccTOsSIHUE MEXAY IMIOCKOCTSIMU
storo Tuma (OtBer: a/10'2).

4. JInst TPMKITMHHOM PEeLIeTKH ¢ MapaMeTpaMu dJieMeHTapHoi sueiiku a = 7,09 A, b=772 A, ¢ =
5,56 A u yrmamu TpuxiuaHOCTH 00 = 90°557, B=101°20", vy = 105°44 " onpejenuTh paccTOSHME
Mexay miockoctamu (102) (Otset: d102=2,23 A).

5. Beruucnute  yronm wMexay HampaBieHusmu [101] w [012] pomOuueckoir pemeTrkd ¢

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

6. Harmucars nHmekcsl Muiepa aJis IiIOCKOCTEH, COAEpIKaIuX y3JIbl C KpUCTAIOrpadudeCKUMHU
ungexcamu [[111]], [[1-12]], [[10-10]]. Haiftu Takxe oTpe3KH, OTCEKaeMbl€ ITUMH ILIOCKOCTIMU
Ha ocsix koopauHat (OtBeT: (-124); orpe3ku Ha ocsax: 4a; 2b; 1¢).

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

8. llansl aBa pedpa [-130] u [201]. Halitu cumMBOJ TpaHH, B KOTOPOM OHU JIEKAT OJHOBPEMEHHO
(Otsert: (31-6)).

9. IlonokeHne IUIOCKOCTEN B TI'EKCAaroOHAJBbHON CHUCTEME OIPENEISIETCSl C MOMOUIBI YETBIPEX
nHaekcoB. Haiitn nameke i B uiockoctsax (100), (010), (110) u (211) rekcaroHaJlbHOW CHCTEMBI

(Otger: (10-10); (01-10); (11-20); (21-31)).

10. HaiiTu cUMBOJIBI TUIOCKOCTH, OTCEKAIOIIEH Ha OCsiX KoopauHaT otpesku 4a, 3 b, 2¢ (OtBerT:
(hkl)=(346)).

11. HaliTu CUMBOJI TJIOCKOCTH, MapaJIEIbHON OCcAM X M Z U OTCEKarolieil 3 eIUHUIBI Ha OCH Y
(OtBeT: hkl=(010)).

12. Onpenenuts yron mexnay miockoctsmu (201) u (310) B pomOudeckoit cepe ¢ mapameTpamu
pemtetku a=10,437 A, b=12,845 A, c=24, 369 A (OtBet: ¢=17).
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13. Iloka3zare B rekcaroHaJIbHOW siuedKe pacrnojiokeHue cieayromux riockocreit: (0001), (11-
20).

14. OnpenenuTh WHACKCHI CIEAYIOIMIMX HaNpaBICHWH B KyOWYecKoil pemieTke: a) pebep; 0)
JaroHajiell TpaHeil; B) IPOCTPAHCTBEHHBIX IUArOHAJIEH.

15. [Toka3arh B sueiike KyOU4eCKO CHMMETPUHU PACIIONOKEHUE CIEeIAIUX ockocTei: a) [112];
0) [231]; B) [114]; 1) [0-11].

Pa3nen 2. MeToabl onpeneeHus KPUCTALIMYECKON CTPYKTYPBI TBEpAOro TeJia.

[IpakTnueckue 3ansatus 4, 5. YpapHenue Jlays 1j1s aMIUINTYAbI paccestHHOM BOJIHBI.
OoOparTHas pemrerka. lupakuus B KpucTasjiax

1. Onpenenuth, Kakod BuA UWMEET oOpaTHas pemeTka s TPOCTON  KyOW4ecKou,
I'paHEelIeHTPUPOBAHHON, 00BEMHO LIEHTPUPOBAHHOM, IeKCaroHaJbHON PEIIETOK M PEIIeTKU THIIa
anmMasa.

2. C moMoOIIpI0 HEMOCPEICTBEHHOTO IOCTPOSHUs yOemuThes, 4To pemeTka, obpatHas ['TIK,
sBisiercst OLIK pereTkoit.

3. BIpa3uthb yriel MeXIy BEKTOpaMu O0OpaTHOM pelieTku uepes yriibl npsaMoil pemtetku (OTBeT:
cosa*=(cosP cosy-cosy)/sinp siny, cosP*=(cosa cosy-cosP)/sina. siny, cosy*=(cosa cof-
cosy)/sina sinP, cos i=(c*,a*)/c*a*) .

4. HaiiTn BeKTOpHI 0OpPATHOH PEmeTKH il pOMOOdAPUUECKOTo KpHCTala, ecin a = 6,36 A, a=
46°6" (OtBeT: a*=a’® sin(a/V)~A"!, a*=114°5").

5. IlokazaTe mjis citydast IpocTol KyOMueckou pemeTku, uto dhopmyrna Bynbda-bparra ssisercs
CIEACTBHEM ycioBui Jlays.

6. [Ipu cremke nebaerpammel cepebpa npu Temmeparypax 18 u 630°C audpakuuoHHAs JTHHUS
HaOmromaercss mpu  yrmax 80°9° um  76°54” cooTBeTcTBEHHO. BpuucnuTh KO3 GUIMEHT
TepMUYEcKOro pacmmpenus cepedpa (Otset: a=1,89*10 rpax™').

7. OLIeHUTh SHEPTrUI0 HEUTPOHOB, C MOMOIIBIO KOTOPHIX MOYKHO HCCIEI0BATh MAarHUTHYIO
CTPYKTYpY TBepAbIx Tei. Kakum crnocoOOM MOKHO TOTYyYUTh MOHOXPOMATHYECKUH MYy4OK
HEHWTPOHOB TAKOW SHEPTHH M3 UCCIIeI0BaTEILCKOro atToMHOr0 peakropa? (E<0.08 »B)

8. MetogoM nupakuuu H3JIy4eHHUS HEOOXOAMMO ONPENEIUTh KPUCTAIUIMUECKYIO CTPYKTYpY
ToHKOW (okos0 300°A) TIJICHKW BEIIECTBA, HAMBUICHHOTO HAa KPUCTAUTMYECKYIO IOIJIOXKKY.
Kakoli my4ok mpeAanouTUTENbHEW WCMOJIb30BaTh ISl 3TOW IIEJIM: PEHTT€HOBCKHUM, HEUTPOHHBIN
WIN 3JIEKTPOHHBIN? OOOCHOBATH C/IETAHHBINA BBIBOJ.
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9. Kakoe MakCUMaJIbHOE YHUCJIO JIMHUHA MOXET TOSBUThCA Ha PEHTIEHOTpaMMeE MPOCTOM
KyOHMUecKoil pereTKu ¢ MOCTOsHHOM a = 2,86 A, ecnu uccienoBanue BeneTcss Ha KOOATLTOBOM
M3JTydeHUH ¢ AIMHOH BomHbI A= 1,789*10® cm? (oTBeT: 7).

10. Haiitn atoMHubIii GopMdakTop A8 OTHOPOAHOTO pacmpeneieHus Z SICKTPOHOB BHYTPH

> 1 /‘“ U(r)sinur e
5 pur

chepsl paguycom R (OTBeT: ).

11. OnpenenuTh TMOCTOSHHYIO peIIeTKH Kpuctayma LiJ, eciu W3BECTHO, YTO 3€pKalibHOE
OTpakeHHe MEePBOro MOPsAAKA PEHTIEHOBCKMX Jydeill ¢ aumHOM Bomubl 2,10A oT ecTecTBeHHOI
IPaHU 3TOTO KPHUCTAJIIA MPOMCXOIHUT MpH yriie ckombxenns 10°5" (OTset: a=6 A).

12. U3BecTHO, 4YTO JJIMHA BOJHBI  XapaKTEPUCTHYECKOTO PEHTTCHOBCKOTO  HU3JIYYEHUS,
MOJIY4EHHOTO C MEIHOro aHopja, cocrtapiser 1,537 A. Dtu Jy4d, TIOMaaass Ha KPUCTAILI
AJIOMUHHUS, BBI3BIBAIOT Audpaknuio oT 1iockoctedl (111) mom OpsrroBckum yriaom 19°2°.
ANIOMUHUI MMeeT CTPYKTYpYy TIpPaHEHEHTPHPOBAHHOTO Kyba, MIOTHOCTh ero 2699 kr/m’,
MoJIsipHast Macca - 26,98 r/monb. Paccuntare uncio ABOTampo MO 3TUM SKCIEPHUMEHTATBHBIM
nanaeM (OtBeT: NA=6*10% Mons™).

13. INoka3zare, 4yTO MHTEP(EPEHLINOHHbIE MAaKCUMyMbI OT MPOCTONH KYOMUYECKOM PpEIIeTKH NpH
3aJJaHHOM HaIPaBJICHUU IMAJAIOIUX Jy4ei BO3MOXKHBI HE JJIs JIIOOBIX JUIMH BOJH, @ TOJIBKO JUIS

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

BIIOJIHE ompeneneHHbIX (OTBeT: A =—2a

14. CHATa peHTreHorpaMma BpaIllEHUS C TETPArOHAIBHOTO MOHOKpUCTaUIA. J[MHA BOJIHBI
PEHTreHOBCKOro u3iydenus 1,542 A. PeHrtreHoBCkuil Mydok MepHEHAUKYISPEH OCH KPHCTAIa.
Pamnyc kamepst 3 cM, anuHa 10 cMm. Ha HynneBoit ciioeBoil IMHUM BUJIHBI MIAITHA HA PACCTOSTHUSX
0,54; 0,75; 1,08; 1,19; 1,52; 1,63; 1,71 u 1,97 cM OT HeHTpa IJIEHKU (MECTO BBIXOJA MPSMOIO
nydka). PaccrosHue mepBOl CIIOEBOM JIMHMM OT HYJIEBOM JmHHH cocTaBisger 0,66 cwm.
[IpounguupoBars HabOIIOMAEMbIE MATHA HA HYJIEBOU JIMHUH, BBIYUCIUTEH MapaMeTphl SYCHKH U
paccTosHNE KaX 10l HaOMonaeMoil CIoeBoi TMHUHN OT HyneBoit nuaun (OTBeT: a=8,64 A; c=7,18
A. Bynyt Bunnbl Tonbko 1, 2 u 3-g cnoeBble TuHUM Ha paccrosHuax 0,66; 1,43 u 2,53 cm Han
HYJIEBOU CJIO€BOM JTMHUEH).

15. Cuctema TMIOCKOCTEH TPUMUTUBHOM KyOMYEeCKOW pemieTKn 3amaHa uHaekcamu (111).

OHpe,Z[eJII/ITL PACCTOAHUC MCKAY COCCAHUMH INJIOCKOCTAMH, CCIIM MapaMCTp PCHICTKH a=3 A
(OtBet: d=1,73 A).

Pazpnen 3. Ilpupona Me:kaTOMHOT0 B3aMMO/1eliCTBUSA
[IpakTyeckoe 3ansATHe 6. IJIEKTPOHBI B MeTaIaX. CBOOOXHBIN J1eKTPOHHBbIN ra3 @epmmu.

1. KoHneHTpanus cBOOOHBIX HIEKTpoHOB Harpusa 2,5*%10% M. Omnpenenuts Temmeparypy
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depMu U CKOPOCTH AIEKTPOHOB Ha ypoBHe Depmu (OtseT: Tr=3,6%10% K; vi=10° m/c).

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

3. KakoBbl COOTBETCTBEHHO BEPOATHOCTH TOTO, YTO MPU KOMHATHOM TEMIIEpaType 3JEKTPOH
3aiimeT cocrtostHMs, Jexanme Ha 0,1 5B Beime uw Ha 0,1 3B Huxe ypoHs depmu? (OTBerT:
1,79%107%; 0,98).

4. Ilpu abcomoTHOM HyJe ypoBeHb Depmu s mean 7 3B. Onpenenuts 3HadeHHe ypoBHS DepMu
mpu 20 K (OtBet: 7 3B).

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

6. Kak 1 BO CKOJIBKO pa3 U3MEHUTCSI BEPOSITHOCTD 3aMIOJIHEHUS 3JIEKTPOHAMH HEPTeTHUECKOTO
YPOBHS B METAJLJIE, €Clii ypoBeHb pacnoioxkeH Ha 0,01 3B Huke ypoBHa Depmu u Temiieparypa
u3mensiercs ot 200 1o 300K? (OtBet: ymenbiures B 1,1 paza).

7. OnpenenuTh YUCI0 CBOOOIHBIX 3IEKTPOHOB, KOTOPOE MPUXOJUTCS HA OMH aTOM HaTpHUs IpU
abcomoTHOM Hyte. YposeHs ®epmu anst Hatpus 3,12 5B. ITnotHoCTs Hatpus 970 kr/m?,
MoJIsipHas Macca HaTpus paBHa 22,99 r/monb (OtBet: 0,98 1/aTom).

8. Bo CkoJIbKO pa3 unciio CBOOOIHBIX 3JIEKTPOHOB, MPUXOISIIMXCS HA OJJUH aToM MeTasuia rpu 0
K, GomnbInie B aTtOMUHUM, YEM B MEH, €clii ypoBHU DepMu COOTBETCTBEHHO paBHBI 11,7 3B u 7
3B? I[TnotHOCTH Meau 8900 kr/m>, mIoTHOCTH amomuHus — 2690 xr/m> (Otset: B 3 pasa).

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

10. OnpenenuTh OTHOIIIEHHE KOHIICHTPAIM CBOOOMHBIX 37eKTpOoHOB npu 7=0K B 1uTHHN U 11e3UH,
€CJIM U3BECTHO, YTO YPOBEHb DEpMHU B ITUX METaJJIaX COOTBETCTBEHHO paBeH: 4,72 3B u 1,53 3B
(OtBer: 5,47).

11. BBIYMCIUTH CYMMapHYIO KHHETHUECKYIO YHEPTHIO IeKTPOHOB IPOBOANMOCTH B 1 cM’ 1e3us
npu 0 K (OtBer: 2,26 3B).

12. Beluncnuth cpenHee 3HAYEHWE KHUHETUYECKOW OSHEpPruu OJIEKTPOHOB B MeETaule IpU
abcomoTHOM HyIe, eciii ypoBeHb depmu pasen 11,7 3B (Otset: 7,02 3B).

13. MeTamt HaxoguTcs ipu aOCOIFOTHOM HyJie Temneparypbl. OnpeneauTh BO CKOJIBKO pa3 Yrciio
AIIEKTPOHOB C KHHETUUECKOM sHeprueit ot £r/2 1o Er 0ombllie Ynciia 3JIeKTPOHOB C SHEprHel OT

Hyns 10 Er/2 (Otser: B 1,83 paza).

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

Paznen 4. IlmnaMuka TBepaoro TeJjaa
[IpakTueckoe 3ansATue 7. {MHAMHMKA KPUCTAJNIMYECKOH peleTKH

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

2. Onpenenuth BEIMYMHY KBa3WHUMITYJIbca (POHOHA COOTBETCTBYIOMIETO dYacToTe M=0,4®/max.
yCpeIHEeHHOE 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 TMOBApEHHON CONM, 3Has, uTo Temmeparypa Jebas
paBHa 1670 K u a=1,04 A (Otset: v=7,24*10° m/c).

4. Onpenenure MaKCHMaJbHYIO JHEPrHI0O (DOHOHOB, PACHPOCTPAHSIOMINXCSA BIOND IIETIOYKH
aTOMOB C TIepUOIOM pemeTku a=2,84 A co ckopocthio 3Byka B kpuctamie 3000 m/c. (Epar =

3,5%102! JTx)

5. lnnHa BoaHbI (h)OHOHA, cOOTBETCTBYIOMIEr0 YacToTe ®=0,01wmar, paBHa 52 M. IIpeneOperas
b

JTUCTiepcrell 3BYKOBBIX BOJIE, ONPENENIUTh XapaKTepUCTHUecKylo Temmeparypy Jebas, eciu

YCpeIHEHHOE 3HaueHHEe CKOPOCTH 3ByKa B KpucTaiie paBHo 4,8 M/c. (OtBer: ®n=443 K)

6. Haiitu »Hepruio (OHOHA, COOTBETCTBYIOLIETO0 TIpaHUYHOW wyactore [lebas, ecnu
XxapakTepucTuueckas Temneparypa Jlebas pasra 250 K (Otser: £=3,45%102! JIx).

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

8. Xapakrepuctuueckas remneparypa /lebas misa Bonbdpama pasna 310 K, a mapamerp pemierku
3,16 A. OnpenennTs AaKHY BOTHBI (POHOHOB, COOTBETCTBYIOIIHX YacTOTe 0=0,1 Umax. BBHIYHCINTE
yCpeIHEHHOE 3Ha4YeHHWE CKOPOCTH 3ByKa B BojJb(pame, AuCIEpCHEl BOIH B KpHUCTaUIe
npeHeOpeyb.

Paznen 5. leeKThl B TBEPABIX Teaax
[IpakTueckoe 3anstue 8. dedekTbl KpucTaNInUeckoi pemerku. Audgdys3us B TBepabIX
TeJax

1. JIuddy3HoHHBIE KOHCTAHTBI JUTHA B KpeMHHH paBHbl D¢=2,3*107 m?*/cex u Q=0,65 5B.
PaccunTath Temmeparypy, MpH KOTOPOH aToM JIUTHs, PACTBOPEHHbI B KpEeMHHMH, OynaeT
COBEpIIATh OJWH NMPBDKOK 32 oAHY cekyHay (OtBeT: 260 K).
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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 nedektoB Illortku (Otser: 3,7*10°1°
JIx/(kMomb-Tpan)).

3. lnst oOpa3oBaHus BaKaHCHUW B allOMHHHMH TpeOyercs sHeprus npumepHo 0,75 sB. Ckonbko
CYHICCTBYCT BaKaHCHUU Ha OIWH aTOM KpUCTAJlJIa B COCTOAHUHU TCPMOANHAMHNYCCKOT'O PABHOBCCHUA
npu KoMHaTHO# Temnepatype? Ilpu 600°C? (Otget: 24,9*10714; 5*107).

4. Tlokazartp, uTo uncio aedektoB OpeHkenst B TBEPOM Telle pU TeMrieparype 1 onpeaenseTcs
CJIEIYIOIIUM COOTHOILIEHUEM:
(N —-n)(N'-n)

2 b
n

rae E — sHeprusi, HeoOXoauMas Ajsl TOro, YTOObI IEPEMECTUTh aTOM U3 HOPMAJIBHOTO HOJI0KEHUS
B y3jie B MeXa0y3iue; N — 4iCiI0 Y3/I0B B KpHCTaLie, N' - 4HCIO BO3MOXKHBIX MEKIOY3IHA B
COCTOSIHUM PaBHOBECHS.

E=kTIn

5. BBIYUCIUTh HAaCKOJIBKO JOJDKEH PAa3JBHHYTh aTOM CBOMX COCENEH MpPU NOMELIEHHH €ro B
MEXI0y3JIMe TpaHEeleHTPUPOBAaHHOM KyOuueckoii pemerku (OTBeT: Ha 93 %).

6. Ouennth BenmuuuHy Kodddurmenta nuddy3un pagnoakTUBHOTO HATPHUS B OOBIYHOM HATPUU
npu KOMHATHOM TeMIeparype, €ClIH BBICOTAa MOTCHIUATIHHOTO Oapbhepa, KOTOPHIA HAIO
MIPEOJIOJIETh aTOMY, YTOOBI TIEPEHTH B HOBOE TOJIOKEeHHE paBHOBecus, paBHa 0,5 »B. Yacrora
konebanuii aroma 10'2 I'ry (Otset: 10 Mm%/cexk).

7. BBIUMCIUTh HACKOJBKO JOJDKEH PA3JBUHYTh aTOM CBOHUX COCEIEH INPHU MEPEMEUIEHUH €T0 B
okTasapuueckoe Mexaoy3nue OLK- pemerku, ecnu qymaa pedpa kyda paBHa a (OtBet: Ha 99,46
%).

8. OmpenenuTh TONIIMHY C€J0s, 0Opa3oBaBIIErocs B pe3ynbTare AU(Qy3uun aTroMoB IIMHKA B
repmanuii 3a 1 cek mpu Temneparype orxura 600 K, ecnu BeicoTa moTeHIIMaNBHOTO Oaphepa,
KOTOPBII HEOOXOIMMO TPEOJOJETh aToOMy, YTOOBI MEPEUTH B HOBOE MOJOXKEHHE PAaBHOBECHUS
paBHa 3,8 5B. D¢=5,7*10%m*/c (OtBer: 3,8*%10°!° m).

Paznen 6. Ynpyrue n MexaHu4yeckue CBOMCTBA TBEPAbIX TeJl
[Ipaktnueckoe 3anstie 9. 3akon I['yka. MarpuyHasi 3anuchb TeH30poB. MexaHuvecKue
CBONCTBA TBEePAbIX TeJI

1. KyOuueckuii KpucTayul MOABEPrHYT pacTspkeHuio B HampasieHud [100]. Haiitu BbipaxeHue
s kodddunuenrta Ilyaccona (v) yepe3 ynpyrue mOCTOSHHBbIC Wi Moayiau ymnpyroctu (OTBeT:
V=-512/511).

2. KyOudeckuii KpucTayul MOJABEPrHYT THAPOCTAaTHUECKOMY CkaTuio. [lokas3ark, 4TO BENIWYHHA,
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obparHast cxxumaemoctu B=-V(dP/dV), cBs3aHa ¢ YNpPYyrdMU TOCTOSSHHBIMH COOTHOIIICHHUEM
B=(C111t2C12)/3 (OtBet: B=(C11+C12)/3).

3. IToka3arh, 4TO CKOPOCTH V BOJIHBI C/IBHIra, PaclpOCTpaHsIoLIEHCs BAoab HampasieHus [110],
KOT/Ia YacTHIBl KoieOmoTcss B HampabiaeHuu [1-10] B kyOmdeckom kpucrtamie, paBHa (Cii-
C12/2p)"?, tne p — mnornocts kpuctamma (Otser: Cii=(S11+S12)/(S11-S12)(S11+2S812); Cra=(-
S12)/(S11-S12)(S11+2512)).

4. IIpoBosioka nivMHOW 5,4 M TOA NEUCTBMEM HArpy3ku yMeHbIIWIach Ha 2,7 MMm. OmnpenenuTb
abCONIOTHOE U OTHOCUTENBLHOE YITMHEHHE TIPOBOIOKU B 060ux cirydasx (OTser: 5*¥107).

5. Ha npoBosioke anuHo# / Bucut rpy3 P. IIpoBoi0OKy ClIOKWIINM BABOE U TIOABECUIIM TOT K€ IPY3.
CpaBHMTH a0COJIIOTHOE M OTHOCHUTENIBHOE YUIMHEHHE IPOBOJIOKM B oboux ciydasx (Otser:
AL/AL=1/4).

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

Kybuueckoro kpucramia (Otser: C1=

1
C44 :—).
Sa4

7. Ynpyrue nocrtosanbie 6epumus Cii, Cs3, Cu, Ci2, Ci3 cooTBeTcTBeHHO paBHBI: 30,8%10'°,
35,7%10'° 11,0%10'°, -5,8*%10'° u 8,7*10'° H/m?. Bepummuil uMeeT reKcaroHaabHYIO DEIIETKY,
JUTSE KOTOPOM HA0OP MOCTOSTHHBIX YIIPYTOM )KEeCTKOCTH CBOAUTCS K MAaTPHIIE:

Cp Cpp C3 0 0
Cp ¢y Gz 0 0
C3 C3 Gz 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¢ duninentsr nomarnuBocteid. (OTBeT: S1=0,37-10"" M%/H; S1220,11-10°"" M*/H;

S137-0,11-10""" M?/H; $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
CKOPOCTAM paclnpoCTpaHCHUSA YIBTPA3BYKOBLIX BOJIH, IMPUBCIACHHBIX B Ta6n1/1ue. IInmoTHOCTH
kpuctamia 1160 xr/m>.

Hanpasnenue Hanpasnenue cmenienus B CxopocTh 3ByKa, M/CeK
pacrpocTpaHeHus BOJIHE
BOJIHBI
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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?.)

01NN B W~

Bomnpocsl k 3a4ery
[TonsiTue o kpucraiuie. OnucaHue KPUCTAUIMYECKUX CTPYKTYP.
TpaHcasMOHHAs UHBAPUAHTHOCTD.
Pemérka, 6a3uc, anemMeHTapHas si9eKa.
Jpyrue onepanuu CUMMETPHH.
Knaccudukanus kpuctammmaeckux pemeéTok u peméTku bpase. J[BymMepHbIi ciiydaii.
Pemérku bpase. TpéxmepHsbIl citydai.
Kpucrannorpapuueckue rpynmnsl CHMMETPUH
OnucaHue MOJOXKEHUST aTOMOB B AJIEMEHTAPHOM SYEHKe, KPUCTATIOTpadUIeCKUX

HaIlpaBJICHUH U TIJIOCKOCTEH.

9

10
11
12
13
14
15
16
17
18
19
20

IIpuMephl KPUCTATUIMYECKUX CTPYKTYD.

Judpakuus Ha KpUCTaIe. XapaKTEPUCTHKH U3ITYyICHUH.

3axoH (¢popmyna) Bynasda-bparra.

Judpakuronnsie Metoasl. Meton Jlaya.

Judpaximonssie MeTopl. MeTon BpaleHui.

JudpakuronHbie MEeTOIbI. METO/T TOpOoIIIKa.

CrpyxTypHblii aHanu3. CTpyKTypHBIN dakTop 6a3uca.

O6parnas. pemérka. CBoiicTBa 00paTHO# penieTku. [locTpoeHne oOpaTHOM pemETKH
Sueiika Burnepa —3eiitua. [Ipumep noctpoeHus.

3onsl bpumttosna. [Ipumepsl mocTpoeHus.

VYpaBHeHus Jlays.

DKcnepuMeHTallbHbIe UG PaKIIMOHHBIE METO/IbI ONPEIEIICHUST KPUCTAIITUNIECKON

CTPYKTYpPBI TBEPIOTO TEJA

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Knaccudukanmst kpucTamios.

MouteKyisspHbIE KPUCTAJLIBI.

HNoHHbIE KpUCTAILITBI.

KoBaJsieHTHBIE KpUCTAILIBI

Merannsl.

Kpucranisl ¢ BOHOpoaHOH CBA3bIO

Knaccudukanus TBEpIbIX Te C TOUKH 3PEHUS YHEPreTUYECKUX 30H.
IToBepxnocTh Depmu.

[Ipupona NpoucxoxaeHNs YHEPreTUYECKUX 30H. 30HHBIE CXEMBI.
IIponcxokaeHne SHEPreTHUECKUX 30H.

CriekTp cBOOOHOTO AJIEKTPOHA B KpUCTAILIE.

Oneprus PepMmu.

DddexTuBHAT Macca IEKTPOHOB.

I'apMoHnUecKoe MPUOIIKEHHE.

KonebGanus B OoqHOPOIHOM IETIOYKE aTOMOB
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36 KonebGanus B emovke ¢ IByMsi COpTaMU aTOMOB

37 Konebanust B ienovke ¢ OHUM COPTOM aTOMOB

38 KonebGanus aToMOB B TpeXMEPHOM pPEIICTKE.

39 Yucno pa3pellieHHbIX 3HaU€HUH JJIMH BOJIH. TpaHn4Hble yciaoBus bopHa-Kapmana.
40 AHanu3 TUCEPCUOHHON KPUBOU J1s IMHEIHOM LEMOYKH OIMHAKOBBIX aTOMOB.
41 3aBucuMOCTh (ha30BOM U IPYIIIOBOM CKOPOCTEN OT BOJIHOBOTO YHCIIA.
42 AKycTHYeCcKasi M OTITUYECKasi BETBU KOJICOAHUH.

43 OKCIepUMEHTAIBHBIE METOIBI MCCIIeIOBAHUS (POHOHHOTO CIEKTpA.
44 DOHOHHAsI TETUIOEMKOCTh TBEPJIBIX TEJ

45 Knaccudukanus nedexros.

46 TermoBbie TOUeUHBIEC TEPEKTHI.

47 TepmoarHaMUKa TETUIOBBIX TOYSUHBIX 1e(PEKTOB.

48 Toueunsie AedeKTH B MOHHBIX KpUCTAJIIaX

49 [ToBepXxHOCTHBIE U OObEMHBIE 1e(DEKTHI.

50 Pannanmronnsie nedeKTol.

51 HedexTs ynakoBku. [luciokanumn

52 Hedextsl mo @penkento u mo HloTTku.

53 @akTophl, BBI3BIBAIOIINE MOSBICHUE NE(PEKTOB.

54 O6pazoBanue auciokanuii. Cxema @panka-Puna.

55 [TpubnmxeHue CIIONIHOM Cpebl.

56 MexaHnuecKoe HanpsiKEHUE.

57 Hedopmartus.

58 Tenszopsl HanpspKEHUH U AeopMaruii.

59 Huarpamma nedopmaruu. 3akon ['yka.

60 MarpuuHast 3a11UCh TEH30POB.

61 [InacTuyeckue cBOMCTBA TBEPABIX TEIL.

62 VYIpyrue BOJIHBI B TBEPABIX TEJIAX.

63 CootHomenust Komm. YeTOHYHMBOCTh KPUCTATUIMYECKUX PEIIETOK

64 YpaBHEHUE IBUKEHUS CIUIOLIHON CPEBI.

65 DHeprus 1ehOpMHUPYEMOTO TBEPAOTO TEa.

66 VYrpyrue BoJIHBI B TBEPABIX TeJaX.

4. NMMOPAJOK ITPOBEJAEHUSA U KPUTEPUMU OLEHMBAHUA

MPOMEXYTOYHOM ATTECTALIUU

4.1. Ilopsiaok nmpoBeAeHUS MPOMEKYTOYHOM ATTECTALUM

[IpomexxyTouHast arTecTanusi IpoBOIUTCS B popMe 3ayeTa.

Ha 3a4ere cTyaeHT OTBeUaeT Ha J1Ba TEOPETHUECKUX BOIPOCA.

Bpemsi moarotoBku k orBeTy Ha Bompochkl Omiera — 20 mMuHyT. Bo BpeMs moaroToBKu

MOKXHO HCIIOJIB30BATh CIIPABOYHBIC MaTCPUAJIbI.
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4.2. Kpurepum ouneHUBAHUSA TNPOMEKYTOYHOHM aTTECTAIUM IO BUAAM
OIIEHOYHBIX CPEACTB

MaxcuMaJIbHBINA 0ajl 3a MoceleHne JeKIMOHHbBIX 3aHATHI — 6 0a/IoB, 3a MoceleHne
NPaKTHYECKUX 3aHATHI — 4 Oaa.

3ajaHus K NPAKTUYECKUM 3aHATHSAM CTYIEHTBHI BBINOJHSIOT B TEUEHUE CEMECTpa Ha
NPAaKTUYECKUX 3aHATHSAX U B (OpME CaMOCTOSTENbHON paboThl. 3aAaud CrpyHNIHpPOBAaHbI 110
TeMaM IIPAKTUYECKHUX 3aHATHN. B TeueHue cemecTpa CTYIEHT JOJDKEH CAATh OTYET II0 Ka)XIou
Teme. OTUeT IO TeMe CUYMTAETCSA CHAHHBIM BOBPEMs, €CIIM OH CIaH B TEUYEHUE Mecsla Iocie
W3y4EHUsT TEMbl Ha MPAKTUYECKOM 3aHATHM. OT4eT mojapa3yMeBaeT pELIEHUE 3adad U3
NPEAJIOKEHHOTO CIHMCKAa 3a7ad M yMEHUE OOBSICHUTh XOI pemleHus 1-2 3amad U3 TeMsbl.
MaxkcumMasbHbIH 0am 3a caady Bcex TeM — 42 6asios.

Kpurepun orieHuBaHMsI 0TUETA 10 TEMAM NIPAKTUUECKUX 3aHITHI:

Ouenka OtanyHo Xopo1io VnosnerBopute | HeymosnerBopuren
JIBHO bHO
Xapakrepuctuk | Pemeno > 80% Pemeno >80% Pemeno <80% | 3amaun He perieHsl
1 OTBETa 3a/1a4, OTYET 3a/1a4, OTYET ClIaH 3a/1a4, OTYET
CIlaH BOBpEMS HE BOBpEMS CIaH He
BOBpEMs
basnbr 6-7 GanoB 3-5 6amnoB 1-2 Oamna 0 6aynoB
YpoBeHb BBICOKHM CpeIHUuU 6a30BbIii HEJOCTaTOYHbIN
OCBOEHUSA
MIPOBEPSIEMBIX
KOMITETEHIINH

Taxxe B TeueHHME ceMecTpa MPOBOAMTCS 4YeTbipe TecTta 1o pasgenaMm  «OCHOBBI
Kpuctamuorpagumny», «MeToabl ONpefeneHuss KpUCTAUIMYECKOH CTPYKTYphl TBEPIOIrO Teiay,
«[Ipupoga mexaromHOro B3aumoneicTBus» u «Jledekrsl B TBepablx Tenax». B TecroBom
3aJIaHUM CTYICHTY MpEIaraeTcs OTBETHTh Ha 5 BOMPOCOB. MaKCUMalbHBIA Oallil 32 TECTOBYIO
paboty — 2 Gana.

Kputepun orieHrBaHUs TECTOBBIX padoOT:

XapakTepuCTUKU OTBETA bannbl YpoBeHb OCBOEHUS
MIPOBEPSIEMBIX
KOMITETEHIINH
[IpaBWIIBHO peIIECHBI YETHIPE TECTA 8 BBICOKHIA
PerieHsl yeTblpe T€CTa, HO €CTh OIIMOKH 7-6 CpEeHUM
Pemiensl Bce TECTHI, HO €CTh HE MEHEE JABYX OIMHUOOK 5-4 0a30BBbIit
YacTUYHO penIEHbI TECTHI 3-1 HEJIOCTATOYHBIN
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Takum 006pa3oM, 3a paboTy B CEMECTpe CTYACHT MOXKET MOTYy4UTh MakcuMyM 60 0asioB.

Ecnu cTynent 3a Bpemsi paboThI B cemecTpe HaOpaia MeHee 25 6aioB, I HETo 3a4€eT MPOXOIUT
B JIBa dTamna: | aTam — penieHue 3aaa4e, 2 stan — oTBeT Ha Oounet. Ecnu ctynent Habpan 35 GamioB
1 0oJiee — TOJILKO OTBET I10 OWJIETY.

MaxkcuMaibHBIN 0ajiI 32 OTBETHI HA 3a4E€THOM 3aHATHH — 40 0ayuIoB.

Kputepuu onieHHBaHUS TEOPETHUECKUX BOIPOCOB!

XapaKTepUCTUKU OTBETA bauer YpoBeHb
OCBOCHUS
MIPOBEPSIEMBIX
KOMITCTCHITAHN
OtBerun Ha  ob0a  Bompoca  Oujera,  BOCIPOU3BEIS
COOTBETCTBYIOIIME MareMaTU4eCKUE BBIKIAJKH U JIOTUYECKHUE 35-40 BBICOKHI

paccyxeHusi. Bo3MO)KHBI HECYIIECTBEHHbIE OIIHOKH.

CryneHT TBepAO 3HAET MaTepual, I'PaMOTHO M, IO CYIIECTBY,
U3Jaraer ero, Ho MpH TOM JONYCKAIOTCS HEerpyOble ommoku mpu | 25-35 CpeIHUU
BbIBOZI€ (POPMYJI MJIU OTCYTCTBHU HEKOTOPBIX 3JIEMEHTOB BBIBOJA.

3HAaeT «TCOPETHUYECKU MHHHMYM», T.€. OTBEUaeT Ha BOIPOC
06a30BOTO YPOBHS M 3HACT OCHOBHBIC TIOHSTHS, COOTHOIIEHUS (0e3

. 10-20 0a30BbIi
BBIBO/Ia), Ha3BaHHE M (U3NUYECKUN CMBICT BEJIWYHMH IO APYTHM
BOIIPOCOB 3a4eTa.
He MoxeT OTBeTUTH Ha BOIPOC 0a30BOT0 YPOBHS 0-9 HEJIOCTaTOYHbIN

[lpu moaBenCHHM WTOTOB YYHMTBHIBAIOTCS PE3yJbTaThl TEKylleWd arTectanuu. [lomydeHHBIE 3a
TEKYIIYI0 aTTECTAIMIO Oalibl CYMMHUPYIOTCS C OajulaMH, MOJYYCHHBIMH 3a KaXKIbli 3Tarl Hpu
NPOXOXKJICHUU TIPOMEKYTOUHOU aTTeCTAIIUH:
Kpureprn oreHuBaHus 3a4eTa:

0-69 6amIoB - HE3aUTEHO,

70-100 6amIoB - 3a4TEHO.

Oco0eHHOCTH MPOBEACHUH MPOLIETyphl OLIEHUBAHUS PE3YJIbTaTOB 00yUYEHUS! UHBAIUIOB U
JUI] C OrPaHMYEHHBIMA BO3MOXKHOCTSIMH 370pOBBsi 0003HaueHbl B paboueil mporpamMme

JTUCIUTITAHBI (MOTYJIIS).

4.3. Pe3ynbraTbl IPOMEKYTOYHOM ATTECTALIMH U YPOBHU COPMHPOBAHHOCTH
KOMIIeTeHIM I

YpoBHU chHhOPMUPOBAHHOCTH KOMIIETCHIIMH ONPEACIISICTCS CISAYIOIIIM 00pa3oM:

1. Bbicokuii ypoBeHb CHOPMUPOBAHHOCTH KOMIIETEHIIMHA COOTBETCTBYET HaOpaHHOMY
nmuana3ony 6amioB 91-100:
npeanonaraer (GopMupoBaHHE KOMIIETEHLUMH Ha BBICOKOM YPOBHE: CTYIEHT CBOOOIHO
BIAJCET OCHOBHOM TEPMUHOJIOTMEN W IOHATUHMHBIM amlaparoM paszesia TEeOPEeTUYeCKON
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MUMHOBPHAYKH POCCHUN

@” DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreennslii yausepcurer» (PI'BOY BO «UenlYy)
duznueckuil paKyasTeT
Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHUS

DOH/I OLICHOYHBIX CPEJICTB 0 JUCLHUIUINHE «BBenenue B pu3KMKy TBEPAOTO Tenay Mo
HarnpasyieHnto noarotoBku 03.03.03 «Pagnogmsukay ®PI'BOY BO «Henl'Y»

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

¢u3ukn  «®duzuka  KOHJIEHCHUPOBAHHOTO  COCTOSIHMSA — BEILIECTBAa», UYTO  IO3BOJSET
¢dopMyaHpoBaTh BBIBOABI M Y4YacTBOBAaTh B AMCKYCCHM IO Y4e€OHBIM BOIpOCAM JaHHOU
JUCLUIUIMHBL, TIOJHOCTBIO CPOPMUPOBAHO YMEHHE TPUMEHATh MOIYYEHHYIO TEOPETUUECKYIO
0a3y Ui pelIeHUs KOHKPETHBIX MPAKTUYECKHX 3a/ad U YBEPEHHO BJIAJACTh HABBIKOM HX
pelieHus;

Cpenuuii ypoBeHb COOTBETCTBYET HAOpaHHOMY JAnana3ony 6ayios 81-90:

npeanonaraeT GOpMUPOBAHHE KOMIIETEHLMI Ha CPEIHEM YPOBHE: CTYIEHT XOPOIIO BIIaJeeT
OCHOBHOW TEPMMHOJIOTHEH WM TMOHATUHHBIM almaparoM pasjelia TEOPETHUECKOH (PU3MKH
«Pu3nka KOHJEHCUPOBAHHOIO COCTOSTHMS BELECTBa»; COPMHPOBAHO YMEHHE NMPHUMEHSThH
NOJYYEHHYIO TEOPeTHUYECKyI0 0a3y A pEeLIeHHs KOHKPETHBIX MPaKTUYeCKUX 3anad |
BJIaJICTh HAaBbIKAMU pelIeHUs 0a30BbIX 3a/1a4 10 AUCLUILINHE;

Ba3oBeIii ypoBeHb COOTBETCTBYET HaOpaHHOMY nuana3ony 6amios 70-80:

npeanonaraerT (GOpMUPOBAHME KOMIIETEHLMH Ha Ha4aJbHOM YpPOBHE: CTYAEHT 3HAaeT
«TEOPETUYECKUI MUHUMYM» M HEIOCTATOYHO BJaJCeT METOJAaMH peuieHHs 0a30BBbIX 3alady
110 JUCLUIUIAHE;

Hu3kuii ypoBeHb COOTBETCTBYET HaOpaHHOMY Juana3ony 6amioB 0-69:

CTYAEHT HE€ BJIaJIC€T OCHOBHOW TEPMHHOJIOTHEH W TOHATUMHBIM amnmapaTtoM pasjena
TeopeTndeckoil pusnku «Pu3nka KOHACHCUPOBAHHOTO COCTOSIHHS BEIECTBA»; HE BIa/eeT
HaBBbIKaMU peleHus 0a30BbIX 3a/1au.
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MHMNHOBPHAYKHN POCCHUN

@” DenepanbHOE rocy1apcTBEHHOE OIOKETHOE 00pa30BaTe/IbHOE
yUpexkCHHE BBICLIETO 0Opa3oBaHusI

«YensOunckuii rocynapctBenHbli yausepcuret» (PI'BOY BO «Uenl V)

Ouznueckuit GpakynsreT
Kadenpa ¢pu3nku KOHIEHCHPOBAHHOTO COCTOSTHHUS

®DOoHJ] OLICHOYHBIX CPE/CTB 10 JUCIUILTHHE «BBenenue B GU3HUKy TBEpIOTO Tela» Mo
Hampasiennio noarotoBku 03.03.03 «Pagnodpusukay ®PI'BOY BO «Henl'Y»

Bepcus noxymenta - 1

cTp. 21

[lepBsiit 3x3eMILIAP

KOIIHUS Ne

DoH/I OLIEHOYHBIX CPECTB TUCHHUILIMHBI (MO1YJI51) 0100pPEeH M PEeKOMEH/10BaH:
yTBepxkaeHo 27.02.26

IIpopexTop o yueOHOI padoTe

VYdeHbIM COBETOM PU3UUIECKOro (PaKyIbTeTa

IIporokoin 3aceqanust Ne 05 ot 26.02.2026

IIpencenarens YuyeHoro cosera
(dbusndeckoro dakyapTeTa

CcorjaaCoBaHO

3acenannem kadeapobl GU3MKN KOHIEHCUPOBAHHOIO COCTOSIHUSA

IIporokoin 3aceqanust Ne 05 ot 17.02.2026

3aBenyrommii kadempoi

ABTODp (COCTaBUTEIIb)

corjiJaCoBaHO

A.A. CamamaroB

M.A. 3arpebun

B./I. BydenbHuKOB

B./I. BydenbHuKOB
M.B. MarttonuHa

Crtpykrypa GoHI0B OLIEHOUYHBIX CPeCTB c00TBeTCTBYeT nNpuka3y pekropa ®I'bOY BO «Yeal'V»

ot 27 cenTsiops 2022 Ne573-1
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