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MUMNHOBPHAYKH POCCHUN

@” DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreenuslii yausepcurer» (PI'BOY BO «Uenl V)
Duznueckuil paKyasTeT
Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIN3)» 10 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'V»

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

Conep:xanne
1. [Tacopt poHa OTICHOYHBIX CPEICTB
2. [lepeueHb GopMHUPYEMBIX KOMIIETEHIIUI
2.1. KoMnereHInH, 3aKpeTUIEHHBIE 33 JUCHUIUTMHON
3. ConeprxaHre OLIEHOYHBIX CPEJICTB [0 JUCLUILINHE
3.1. Buabl OlIEHOYHBIX CPEACTB
3.2. ConeprxaHue OLIEHOYHBIX CPEACTB
4. ITopsinok IpOBENECHUS U KPUTEPUH OLICHUBAHUS IPOMEKYTOUHON aTTECTALIUN
4.1. Ilopsanok npoBeaeHNs] IPOMEKYTOUHOM aTTECTALIUN
4.2. Kputepuu olleHUBaHHS IPOMEKYTOUYHOW aTTECTAIMU IO BUAAM OLIEHOYHBIX
CpENCTB
4.3. Pe3ynbTaThl IPOMEKYTOUHON aTTECTALUU U YPOBHU CPOPMUPOBAHHOCTH
KOMITETCHIAN
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MMWHOBPHAYKH POCCHUU

DenepanabHOE FOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

YUPEXAEHUE BBICIIETO 00pa30BaHuUs

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

Duznueckuil paKyasTeT
Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIN3)» 10 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'V»

Bepcus noxymenra - 1

crp. 3 IlepBblii 3x3eMILIAD

KOITHA Ne

1. HACITIOPT ®OHJA OIIEHOYHbBIX CPEACTB

Hanpasnenue noarorosku: 28.03.02 «HanounxeHepusi»

Hanpasnennocts (nmpoduis): HaHoTexHONMOrMN B MaTepuanoBeleHUH
HMucnunnuna: PertreHorpadus 1 peHTTeHOCTPYKTYPHBIN aHAIN3

Cemectp: 6
dopma IPOMEKYTOUHOM aTTeCTalMK: SK3aMEH
Cucrema OIICHMBAHUS: OLEHHBAHUE pE3YIbTaTOB OCYIIECTBIAETCS B paMKax S-OamnpHOU

CHCTCMBI.

2. IEPEYEHb ®OPMHPYEMBIX KOMIIETEHITAM

2.1. KomnereHuMHU, 3aKpenyiéHHbIE 32 TUCIUTIIHHOM

Ha (OPMHUPOBAHHUE CIAEAYIOUINX KOMITETEHIHII:

Wzyuenne aucuumunbel «PeHTreHorpadus 1 peHTTeHOCTPYKTYPHBIA aHAIN3)» HAIPaBICHO

Konrr
KOMIIETEHLIN Conepxanue
" P — WHankaTopel JOCTHKEHUS [lepeuenb ruIaHUpPyEMbIX
KOMIIETEHIIH COTJIACHO pe3yabTaToOB 00yUEHUS 110
COIJIaCHO cornacio ®I'OC OIOII MCLUTLIHHe
oroc (OIIOII BO)
(OIIOII BO)
1 2 3 4
OIIK-1 Criocoben OIIK-1.1. ucnons3yer Jna noctmxenus OIIK-1.1: 3HaThH
pelaTh 3a1a4u MaTeMaTHYeCKUH annapar OCHOBHBIE IIPE/ICTaBJICHUS TEOPUU
npodecCuoHaIbH | JJIS ONMCAHUS, aHAJIHN3a, paccesHusl peHTT€HOBCKOTO
Ol JEATENBHOCTH | TEOPETUYECKOTO U U3JTY4EHUS Ha COBEPILIEHHOM U
Ha OCHOBE HKCIIEPUMEHTAIBHOTO neeKTHOM KpUcTallie, Taze u
IPUMEHEHUS UCCIICIOBaHMS U AKHUJIKOCTH; OCHOBHBIE NPE/ICTABIICHHS
€CTeCTBEHHOHAYY | MOJEIMPOBAaHUS PU3HUECKUX | (POPMHUPOBAHUSA KOHTpACTa Ha
HBIX U XUMHUYECKUX CUCTEM, N300paKeHNH,
U SIBIICHUI 1 TIPOLIECCOB; bopMHEpyeMOM METOAOM
obmenmxkenepusl | OIIK-1.2. ucronp3yer PEHTIeHOBCKOM Tomorpaduu;
X 3HAaHUH, ¢du3nuecKkre 3aKOHbI U Jna noctmxenus OIIK-1.2: ymets
METO/I0B IPUHIMIBI B CBOEH OLIEHUBATh BO3MOKHOCTH 1 00BEM
MaTeMaTHYECKOro | MpodecCuOHaIbLHON NoJy4aeMoi nHpopMaIy npu
aHanu3a u NESITeIbHOCTH; IPUMEHEHUN PEHTI€HOBCKHUX
monenupoBanus | OIIK-1.3. ucnons3zyer METOJI0B UCCIICAOBAHUS [ PELLICHUS
OCHOBHBIE KOHKPETHBIX 3a/1a4 COBPEMEHHOTO
HKCIIEPUMEHTAIbHbIE METOBI | MaTepPUATIOBEACHUS, (PU3UKU
olpeieNeHus] PU3NKO- KOHJIEHCUPOBAHHOTO
XUMHUYECKHX CBOHUCTB COCTOSIHUSI M1 XUMHHU TBEPJOTO TeNa;
MaTepHaIoB U H0JIb30BaThCsl COBPEMEHHBIMU
U3JIEIUNA U3 HUX METO1aMu 00pabOTKH M aHAJIN3a U
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MUWHOBPHAYKH POCCHUN

DenepanabHOE FOCYIapCTBEHHOE OIOKETHOE 00pa30BaTeNbHOE

YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
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duznueckuii paKyasTeT
Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIM3» [0 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'Y»

Bepcus noxymenra - 1

cTp. 4 IlepBblii 3x3eMILIAD

KOITHA Ne

buzngecKoit

UH(OpMaLINH, TTOJTy4aeMOH B X0J1€
IKCHEPUMEHTA;

Jns noctmxkenus OIIK-1.3: BnageTsb
COBPEMEHHBIMH METOAAMHU
PEHTTEHOCTPYKTYPHBIX
UCCIICIOBAaHUM, a TAKXKe METOJaMU
00pabOTKH MOTYYEHHBIX
9KCHEPUMEHTAIIBHBIX PE3Y/IbTATOB

I1K-2 Crocoben TIK-2.1: 3HaeT OCHOBHBIE
OPraHU30BBIBaTh | B3aMMOJOMOJIHSIOIINE
MIPOBEJICHUE METOJIBI © METOJINKH
KOMIIIEKCHBIX HCCIIEIOBAHUS CTPYKTYPBI U
HCCIICIOBaHUI CBOMCTB
CTPYKTYPHI U HaHOCTPYKTYPUPOBAHHBIX
CBOMCTB KOMMOO3HUIIMOHHBIX
HAaHOCTPYKTYPUPO | MaTEPHAJIOB;

BaHHBIX TIK-2.2: YMeer
KOMIIO3UIIMOHHBI | AaHAIM3UPOBATH UMEIOIITUECS

X MaTepuanoB

JTUTEpaTypHbIC TaHHBIE IO
HOBBIM MOJIX0JIaM K
UCCJIEIOBAHUIO CTPYKTYPHI U
CBOICTB MaT€pHUAJIOB;
obecrneunBaTh COOIIOICHIE
TEXHUYECKUX YCIOBUN Ha
BCEX CTaJAUSIX MPOBEICHUS
KOMIUTIEKCHBIX
UCCJIEIOBAHUN CTPYKTYPBI U
CBOICTB
HAaHOCTPYKTYPUPOBAHHBIX
KOMIO3UIIMOHHBIX
MaTepHuaos;

I1K-2.3: Biageet HaBBIKaMU
paboThI C OCHOBHO
puOOpHOI 6a30i st
UCCJIE0OBAHUS CTPYKTYPHI U
CBOICTB
HAaHOCTPYKTYPUPOBAHHBIX
KOMITO3UIIMOHHBIX
MaTepHajoB

Jmsa noctmxkenus [1K-2.1: 3uaTh
OCHOBHEBIE€ METOJbI
PEHTIE€HOCTPYKTYPHBIX
WCCJIECIOBAHMM, TEXHUKY MTPOBEACHUS
HKCIIEPUMEHTA U

00pabOTKH MOTYYCHHBIX
pe3yabTaTOB; IPUPOTY
PEHTIE€HOBCKHX Jy4YeH, UX CIIEKTPHI,
COBPEMEHHBIE HICTOYHUKH
PEHTIE€HOBCKOTO M3JTYYCHUS IS
CTPYKTYPHOTO aHaJIN3a, AEeTEKTOPbI
PEHTIE€HOBCKOTO U3TyUCHUS,

Hns noctuxenus [1K-2.2: ymetsb
peniaTh OCHOBHBIC MTPAKTUUECKHE
3a/1a4u MO UCCIIEIOBAHUIO CTPYKTYPbI
MaTepHaoB METOAaMHU
PEHTIEHOCTPYKTYPHOI'O aHAJN3a;
Hns noctmxkenus 11K-2.3: Bnaners
COBPEMEHHBIMU METOJIAMU
PEHTIE€HOCTPYKTYPHBIX
HCCIICIOBAHUM, a TaK)KEe METOJaMH
00paboTKu

MOJIYYEHHBIX IKCIIEPUMEHTAIbHBIX
pe3yabTaTOB.
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MUWHOBPHAYKH POCCHUN

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

duznueckuii paKyasTeT

Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIM3» [0 HAIPABICHHIO MOATOTOBKH

28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'Y»

Bepcus noxymenra - 1

crp. 5

IlepBblii 3x3eMILIAD

KOITHA Ne

3. COOEP’ KAHUE OHEHOYHbBIX CPEACTB ITIO AMCHUTIJIMHE

3.1 Buabl OLIEeHOYHBIX CPEICTB

KO,H KOMHGTCHHI/II/I/

KoHtponupyemsie Tembl/

Hanmenosanue

Hanmenosanue
OLICHOYHOT'O CpeACTBa

Ne o/t IJIJAHUPYEMBIE PE3YJIbTaThI OLIEHOYHOT'O CPEICTBA Ha IPOMEXYTOUHOM
00y4eHus pasaciet JUISL TEKYILETO KOHTPOJIA arrectauun/Ne
3aJJaHus
Jns moctmxkenuns OITK- Bce paznensi [TuceMmennsiit onpoc | TecTtoBbie
1.1: 3HaTH OCHOBHBIE o coliep>KaHuIo | 3afaHus 1-6;
MPEJICTaBICHUS TEOPUN OCHOBHBIX MOHATHI | Teopernuyeckue
paccesHUs BOIIPOCHI K
PEHTT€HOBCKOTO sk3ameny Ne 1-7;

U3JIy4CHUS Ha

TecTtoBble

3amanus 1-10;
Teopernueckue
BOIIPOCHI K
sk3ameny Ne 1-7;

COBEPILEHHOM U Paccesnus uznyuenus | 1. ITnceMeHHBIM
ne(eKTHOM KpHUcTasie, BELIECTBOM; OIIpocC o
rasze v XUJKOCTH; Paccesnue uznydeHus | copepaHuio
OCHOBHBIE KpHUCTAJJIOM OCHOBHBIX MOHSATUN
MPEICTaBICHUS 2. IlpezeHTamuu mo
dbopmupoBaHus TeMaM
KOHTpAacTa Ha OcHoBHBIE MeTOABI U | 1. [TruceMeHHbI
U300pakeHNH, TEeXHHUKA OIIpocC o
(opMHPYEMOM METONOM | PEHTTEHOCTPYKTYPHBI | COAEPIKAHHIO
PEHTTEHOBCKOM X UCCIENOBAaHUN OCHOBHBIX MMOHATHI
tonorpaduu; 2. KontponsHas
. Jna noctmxenus OIIK- pabora

MOJTy4aeMoi

IMPUMCHCHUHA
PCHTICHOBCKUX

JUISL peUIeHUs
COBPEMEHHOTO
bu3uKu

TBCPAOTO TCJIa,
ITOJIB30BAaTHCA

1.2: yMeTh o1leHUBaTh
BO3MOXKHOCTH B 00BeM

uH(pOpMAaLUU TIPU

METOH0B UCCICA0BAHUS
KOHKPETHBIX 3a71a4
MaTepHaIOBEICHNUS,
KOHJICHCUPOBAHHOTO

COCTOSIHHUA U XUMHUU

COBpeMeHHBIMI/I
METOaMH 00pabOTKH U

TecTtoBble

3amanus 11-20;
Teopetnueckue
BOIIPOCHI K
sk3ameny Ne 8-14;
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MUMHOBPHAYKH POCCHUN

@” DernepanbHOE roCy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
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Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIM3» [0 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'Y»

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

aHann3a u GU3NIECKOM
uHpopManuy,
MOJIy4aeMoi B X0J1e
HKCIIEPUMEHTA;

Jns moctmxenuns OITK-
1.3: BnageTn
COBPEMEHHBIMHU
METOAaMH
PEHTIE€HOCTPYKTYPHBIX
HCCJIeIOBAaHUM, a TaKXKe
METOaMH 00paboTKH
MOJTyYEHHBIX
AKCTICPUMEHTAITBHBIX
pe3yIbTaTOB;

Hus moctmxenus T1K-
2.1: 3HATh OCHOBHBIE
METOIbI
PEHTTEHOCTPYKTYPHBIX
HCCIIEIOBAHUM, TEXHUKY
MIPOBEICHUS
AKCTICPUMEHTA U
00pabOTKH MOTYYEHHBIX
pe3yabTaTOB; IPUPOTY
PEHTI€HOBCKHUX JIy4€eH,
WX CTIEKTPHI,
COBPEMEHHBIE HICTOUYHUKHI
PEHTTE€HOBCKOTO
U3ITyYeHUS IS
CTPYKTYPHOTO aHAJIHN3a,
J€TEKTOPBI
PEHTTE€HOBCKOTO
U3ITy4eHUS;

Hus moctmxenus T1K-
2.2: yMeTh pelaTh
OCHOBHBIE MMPAKTHYECKUE
3aJIa4M 110
HCCIIEOBAHUIO
CTPYKTYphI MaT€pPHAIIOB
METOdAMH
PEHTIE€HOCTPYKTYPHOTO
aHaNIu3a;

Hus moctmxenus T1K-
2.3: BIaJeTh
COBPEMEHHBIMHU
METOAAaMH
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MMWHOBPHAYKH POCCHUU

@” DenepanabHOE FOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

YUPEXAEHUE BBICIIETO 00pa30BaHuUs

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

Duznueckuil paKyasTeT

Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIN3)» 10 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'V»

Bepcus noxymenra - 1 ctp. 7 IlepBblii 3x3eMILIAD KOITHA Ne

PEHTTEHOCTPYKTYPHBIX
HCCJIeIOBaHUM, a TaKXKe
METOaMH 00paboTKH
MOJIYYeHHBIX
AKCIEPUMEHTATBHBIX
pe3yabTaTOB.

3.2 Conep:xxaHue OLICHOYHBIX CPEICTB

3.2.1 ba3a TeCTOBBIX BONPOCOB /ISl PyOeKHOI0 KOHTPOJIS

No Coneprxanue Borpoca BapuanTsl oTBETOB
/1
1 AMIUIUTYa paccessHHOW BOJHBI 0O0beMoM | A. BekTop paccesinus
dv Ha paccrosiHuu R paBHa b. Bekrop Tpanciasauuu
dA = Ao[p(r)dv/R]exp-2ni(H1"). 3necs H: | B. BexTtop, omnmchBarONMii MOJOKECHHE
aTOMOB B KPUCTAJLJIE
2 VIHTEeHCUBHOCTD PACCESTHHOTO U3JIydeHus | A. Yroa Mex1y BEKTOpOM MEepBUYHON Ko H
MOJIIPU30BAaHHOM ~ BOJHBI ~ CBOOOJHBIM | pACCETHHOU K~ BOJIHBI
AJIEKTPOHOM Ha PacCTOsIHUU R paBHa b. Yron wmexay Bektopom Eo wu
Jpace = Jo(e*/mc?)?sin’p/R? paccesiHHOii K BOJIHBI
31ech yron ¢ : B. Yron mexny BektopoM H o u paccesHHoM
k™ BOJIHBI
3 DddexTuBHOE ceueHue paccesHus | A. du = Jpaceds
PEHTT€HOBCKHX JIyueil 37IeKTPOHOM 3TO B. U = 8/3nJo(e’/mc?)?
B. 6 = U/Jo = 8/3n(e*/mc?)?
4 B dbopmyre aTOMHOM aMIUTATYAbI | A. GYHKIUSA JIEKTPOHHON MJIOTHOCTH
paccessHUsI peHTTEHOBCKUX JIyden b. Dnexrpuueckuil moreHIMA
_ ©o B. dynkmus miotHoCTH
OH)=XZ4n 6)(r ) [sin(2nHr) / 2nHr] dr
p(1r") aTO:
5 B  dopmyne ammmutynel  paccesHus | A. Umcsio aToMoB
PEHTT€HOBCKOTO  M3JydeHHs  rpynmnoi | b. Uucio 31ekTpoHOB B TpymIie aTOMOB
aTOMOB B. Uwucno 5370eKTpOHOB U siAep B TpyIIie
M aTOMOB
OH) ZmZzlfa(H') x exp-2mi(H 1 m)
M »st0:
6 |B dQopmyne amrmmurynsl  paccesHus | A. CTpyKTypHas aMIUTUTYJa pacCesHUs

PEHTTEHOBCKOTO  U3JIyYEHUS! HUJCaIbHBIM
KPUCTAJIJIOM ®H") = F(H) x
DH"), rae:

N

b. AMmutyna paccestHus aroMoM
B. UnTepdepenniuonnas pynkuus (cymma
Jlay3)
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MUJHOBPHAYKHU POCCUN
@” DenepanabHOE FOCYIapCTBEHHOE OIOKETHOE 00pa30BaTeNbHOE

YUPEXKAEHUE BBICIIETO 00pa30BaHuUs
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28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'Y»

Bepcus noxymenra - 1

cTp. 8 IlepBblii 3x3eMILIAD KOITHA Ne

M
FH) = T f(H) x

exp-2mi(H170),

D(H) = Zexp-2mi(H ¥ m),

m=1

D(H") »ro:

VYenosue moracanus peduekcos ans OLIK

PEIIETKH:

A.FH) =2 fa(H") npu h+k+l — yeTHoM u
F(H") = 0 npu h+k+l — HeueTHOM

b. FH) =2 fu(H") npwm h)k,] — yethHom wm
F(H") = 0 mpu h,k,] — HeueTHOM

B. F(H") =2 fu(H") mnpwu h,k,] -mu6o yeTHOM
00 HEYETHOM

nu FMH) = 0 npu hkl — moboii npyroit
KOMOWHAIINU

YcnoBue moracanus peduexcoB mius [TIK

pELIEeTKH:

A. F(H) =4 fu(H) npu h+k+] — yetHoM nu
F(H") = 0 nmpu h+k+1 — HeueTrHOM

b. F(H) =4 fu(H") npu hk] — yetHoM ®
F(H") =0 mpwu h,k,1 — HeueTHOM

B. FH) = 4 fa(H) npm hkl —nubo
4yeTHOM J100 HedetHoM 1 F(H™) = 0 npu
h,k,1 — 11000 Apyroii kKoMOUHALIMYT

Cdepa DBanbaa Mo3BOJISCT:

A. Haiitu mnyrem reoMeTpU4YeCKOro
NMOCTPOEHMsl I KaKUX Y3J10B OOPaTHOro
NMPOCTPAHCTBA, npu 3aJlaHHOM
OPHEHTHPOBKE KPHCTALJIA OTHOCUTEJIbHO
My4YKa PEHTreHOBCKMX Jyu4eil, Oymer
BBINOJIHATBLCA yca10Bue Byiabga — bparra
b. Onpenenuthb 00BeM KpHCTaJINA,
dbopmupytomiero TuppakimoOHHYI0 KapTUHY
B. Onpenenuthb JUTUHY BOJIHEI
PEHTI€HOBCKOTO U3JTY4YECHUS

10

B ¢opmyne Censxosa-Lleppepa D =
kA/[B(20) xcos 0] BemmumHa

B(20) ato:

A. WnTterpanbHas mupuHa AU(PaKIImOHHOTO
MaKCHMMYMa, BBIPA)KEHHAsI B Tpajycax

b. HNurerpajabHasn IIMPUHA
Au(ppPaKIMOHHOTO MaKCHUMYMa,
BbIpa:KeHHas1 B PagHaHax

B. lllupunra nudpakimmoHHOro MakCuMyMa

11

3HakonepeMeHHas aedopma
(OTHOBPEMEHHOE CXKATHE

11l KpUcTamia
OIHOW YacTH U

pacTspKEeHUE Ipyroi) NpUuBeAyT K:

A. CmenieHuto 1uppakiuoOHHOTO MaKCUMyMa
B CTOPOHY OOJIBIIINX yTIJIOB

b. Cmemenuto aupakiMoOHHOTO MakCUMyMa
B CTOPOHY MEHBIINX YITIOB

B. YBeiM4YeHHI0 MHTErpajibHON IIMPHUHBI
AU(PPaAKIMOHHOI0 MAKCMMYyMA
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MUWHOBPHAYKH POCCHUN

O

YUPEXKAEHUE BBICIIETO 00pa30BaHuUs

DenepanabHOE FOCYIapCTBEHHOE OIOKETHOE 00pa30BaTeNbHOE

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

duznueckuii paKyasTeT

Kadenpa ¢pu3nku KOHISHCHPOBAHHOTO COCTOSHHUS

DoHJ OLIEHOYHBIX CPEJCTB M0 AUCHUIIINHE «PeHTreHorpadust u peHTTeHOCTPYKTYPHBIH aHAIM3» [0 HAIPABICHHIO MOATOTOBKH
28.03.02 «Hanoumxenepus» ®I'bOY BO «Henl'Y»

Bepcus noxymenra - 1 cTp. 9 IlepBblii 3x3eMILIAD KOIIMANe
12 | TeroBble KojeOaHUA aTOMOB KpucTauia | A. N3menenue UHTEHCUBHOCTH
00yCIIaBIMBaIOT AU(PPAKIMOHHBIX MAKCHMYMOB
b. HW3vmeHeHue HMHTErpaJibHOM  IIMPUHBI
TP PAKITMOHHBIX MAKCUMYMOB
B. Cmemenne nudpakiimOHHBIX MAaKCHMYMOB
Ha PpEHTIEHOIpaMME B 3aBUCHUMOCTH OT
TEMIIEpaTypel B CTOPOHY OOJNBIIUX WU
MEHBIIUX YTIIOB
13 | Meton Jlay» [IPUMEHSIOT npu | A. [lonmukpucraminyeckux o0pasoB
HCCIIEIOBAHUM CTPYKTYPBHI: Bb.ITonukpucrammnueckux
TEKCTYPUPOBAHHBIX 00pa3IoB
B. MoHoOKpucTaJLII0B
14 | Meton [le6Gas-Llleppepa npumenstor mnpu | A. [oJuKpuCTANIMYECKUX 00pa3LoB
HCCIIEIOBAHHM: b. CpocTkoB KpuCTaIOB
B. MoHOKpHUCTaJIIOB
15 | Meron peHTreHOBCKOW mudpakromeTpun | A.  ATOMHYIO  aMIUIUTYQy  pPacCesHHS
II03BOJISIET ONPENETIATH: PEHTTEHOBCKUX JTyuei
b. ®a3oBblii cocTaB HcCIeAyeMOro odopasua
B. IIpocTpaHCTBEHHOE  paclIpeneIcHue
ne(EeKTOB B KPUCTAJLIE
16 | Meton PEHTI€HOBCKOM tororpaduu | A. PacnpeneneHne TO4YeyHBIX IE(PEKTOB B
ITO3BOJISIET ONPENEISTh: KpUCTAJLIE
b. ®a3oBbIii cocTaB nccneayemMoro oopasia
B. IIpocTpancTBeHHOe pacnpeaejleHue W
IUIOTHOCTh AUCTOKAIM T B
KpHCTaJLIe
17 | Ans xadecTBEHHOTO M KoinuecTBeHHOro | A.Jlays
¢dazoBoro amnanmmza  npexnoututenbHee | b. Jlebas-Illeppepa
HCI0JIB30BATh METOL: B. PeHTreHoBCKOI 11 ppaKTOMETPUH
18 | Hdus perucrpanuu paccesHHoro | A. Cueruuk I'eiirepa
PEHTITEHOBCKOIO H3JIy4yeHHUs C IOMOLIbI0 | b. CUMHTH/LUISIIIUOHHBIN 1eTeKTOP
mudpakTomeTpa (peructpanuu | B. PEeHTreHOBCKYIO MIIEHKY
nudpaKkTorpaMmbl) MIPEATIOYTHTEIIbHEE
HCII0JIb30BaTh
19 | UcTOYHHUK pEHTreHOBCKOro H3aydeHus | A. PeHTreHoBckasi Tpyoka
TUTSt CTPYKTYPHOTO aHanu3za, | b. Cuxporpon
HCTIOJIb3YEMBII B pentreHoBckoM | B. Onnynstop
I pakToMeTpe
20 | B metone pentreHoBckoi nudpakromerpun | A.  «bemoe» (TOpMO3HOE) PEHTTEHOBCKOE

IUISL IOJTy4eHUsT MH(OPMAIIUHU O CTPYKTYpe
o0pasIiia UCTIOIb3YIOT:

H3IIyYCHHE
b. Xapakrepucruyeckoe PpeHTIeHOBCKOe
U3JIyYeHue
B. U1 To, 1 pyroe peHTreHOBCKOE U3Ty4YECHHUE
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@” DernepanpHOE rocy1apcTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE
YUPEXAEHUE BBICIIETO 00pa30BaHuUs
«Yenabunckuii rocynapcreenuslii yausepcurer» (PI'BOY BO «Uenl V)
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Bepcus noxymenra - 1 ctp. 10 IlepBblii 3x3eMILIAD KOITHA Ne

3.2.2. Ilepevenb 32124 K NPAKTHYECKHAM 3aAHATHAM

3amaya 1.

CryaeHTaM TMpemjiaraloTcs HECKOJbKO PEHTTEHOTPaMM  HCCIIEAYEMOro
obpa3ia, MOJIBEPTHYTOTO TepMOOOpPabOTKH (TMO). Heobxonumo
POAHAIM3UPOBATh KUHETUKY W3MEHEHMsSI CTPYKTYPHBIX IMapaMeTpoB oOpasia B
npouecce TMO:

- ONpeNeNuTh MEXKIUIOCKOCTHBIE paccTosiHusl U cpeanue pasmepsl  OKP,
XapaKTepHBIX Ul UCCIIEyeMOro oopa3ia (KpUcTauIndecKasi COCTaBIAOLIAs);

- W3MEHEHHE TapaMeTpoB CTPYKTypbl B mporecce TMO (peHTreHorpammbl
IPUJIAraroTCs).

t, MHH 1 2
267 rpaﬂ d7 A La HM 26, l"paI[ d, A L, HM

Hcx
10
20
40
60

3anava 2.

[IpoBecTr TEKCTypHBIE HCCIENOBAHUS YIIEPOMHOTO BOJIOKHA. Jlisi 3TOTO
HEOOXOJMMO TOCTPOUTH TPAPHUKU 3aBUCHMOCTH HM3MEHEHHS MEXKIIJIOCKOCTHOTO
PaACCTOSTHUS ¥ CPEAHHUX Pa3MEPOB OT yIlla OPUEHTAIIMN OTHOCUTEIFHO OCH BOJIOKHA.
Kaxmass peHTreHOrpaMMa CHsTa TMPU TOBOPOTE OCHM TOHHOMETpa Ha +1 rpamyc
(peHTTreHOrpaMMBbI ITPUITATAOTCS).

3amaya 3.
[IpoBectn  (Ha30BbIi  aHAIM3  HCCIEIYEMBbIX 00pa3loB  (PEHTTEHOIPAMMEBI
IPUJIArarTCs).

Temvl npezenmayuil

PentrenoBckas audpakuus. OTKpeITHE PEHTTEHOBCKHM Ty4eil.
[IpuMeHeHne PEHTIEHOBCKOTO U3IIy4EeHUS

PentrenoBckue AuQPpakTOMETPHI.

VYuensie Bynbd u bparr. ®opmyna Byneda-bparra

VYuensie CensikoB u llleppep. Popmyna Censaxoa-Illeppepa

b
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Bepcus noxymenra - 1 crp. 11 IlepBblii 3x3eMILIAD KOITM Ne

3.2.3. [lepevyeHb BONPOCOB K IK3aMEHAIIMOHHBIM OWJIeTaM

. AMIUTATYA pacCestHusl.

. CTpyKTypHBIil aHamu3 Kak npeoOpazoBanne Dypre.

. ®ypbe-TpaHchopmMaHTa MHOTOKOMIIOHEHTHOTO OOBEKTA.

. Paccesitnue cBOOOAHBIM AIIEKTPOHOM.

. D deKTUBHOE CEUECHUE PACCESTHUS ANEKTPOHOM.

. ATOMHasl aMIUIUTYJIa PACCESIHUSL PEHTTEHOBCKUX JIy4€eil.

. Paccesnue rpynnoit atoMoB. CTpyKTypHasi aMILUIUTYIa PACCESTHUSL.

. O6parnas pemerka. CBolicTBa BekTopa oOpaTHoi pemeTku. Cdepa DBanbia.

. Uatepdepentinonnas GpyHKIus.

10.YcnoBue noracanus peduexcon 1t OLK u 'K pemerku.

11.®akrop hopmsi.

12.Ynpyrue uckaxeHus.

13.THTEHCUBHOCTh PACCESIHUS HCKAKEHHBIM KPUCTAIIIIOM.

14 .BnusiHue TEIUIOBOTO JBUXKEHUS HA PACCESIHUE PEHTTEHOBCKUX JTyUEH.

15.®axrop Jlebas-Bamnepa. TemmmoBoe nuddy3Hoe paccesHue.

16.THTEHCUBHOCTH paccessHUsI OTHOATOMHBIM Ta30M.

17.Paccesinue no MajabIMU yIJIaMH.

18.IIpupona peHTTeHOBCKUX Jy4el, nX cneKTpbl. COBPEMEHHBIE UCTOYHUKHU
PEHTTE€HOBCKOTO U3JIyUYE€HUS U1 CTPYKTYPHOIO aHaJIN3a.

19./leTekTopbl PEHTT€HOBCKOTO U3JTyYEHHUS.

20.0OCcHOBBI pEHTTEHOCTPYKTYPHOTO aHanu3a. Merop Jlays, Metoz BpaiieHus,
meton Jlebas-1lleppepa, peHTreHoBCcKas AUPPAKTOMETPHSL.

21.KauecTBeHHBIN (Pa30BBIi aHAU3.

22.PeHTreHOBCKHUI aHaIu3 TEKCTYP.

23.PentrenoBckas Tonorpadus.

24.3anaun, peraeMble ¢ MOMOIIBI0 CTPYKTYPHOTO aHaIu3a.

O 001NN bW

4. ITops0K NpoOBeleHUsI M KPUTEPUH OLIeHMBAHUSA MTPOMEKYTOUHOI
arrecTaluu

4.1. Tlopsimoxk mpoBeaeHMsi MPOMEKYTOUHOM aTTECTALMH

Texymmii KOHTPOJIb TEOPETHYSCKUX 3HAHUHN M MPAKTUYCCKUX HABBIKOB MPOM3BOIUTCS HA
NPAaKTUYECKHUX 3aHATUSX B BUJE OTBETOB HAa KOHTPOJBHBIE BOIPOCHI, a TAK)KE B BUJE OTUYETOB 110
TeMaM TMPaKTUYECKUX 3aHATUH (J1a00paTopHBIX PabOT), KOTOpBIE CIAeT CTYICHT B TEUCHHUE
cemectpa. OTder moapazymeBaeT o0pabOTKy SKCIEPUMEHTAIBHBIX JAHHBIX C HCIIOJIb30BaHHEM
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COBPEMEHHOI0 OOOpYIOBaHHUS, a TaKXKe pEUIeHHs NpOPEeCCHOHANBHBIX 3aJady C IOMOIIbIO
IPOTrPaMMHOT0 00€CTIeYeHHS B X0JI€ MTPOBOJUMBIX (PU3NKO-XUMUYECKHX HCCIEIOBaHUI.

4.2. Kpurtepum ouneHUBaAHHUSI TNPOMEKYTOUHOM aTTeCTAMM IO BHIAM
OII€HOYHBIX CPEJCTB

CryneHT momyckaeTcsl K clade dSK3aMeHa B KOHIIE CEMecCTpa IMpH HAIMCaHUH OTYETOB O
pe3yiIbTaTax MPOBCACHHLIX 3KCIICPTU3 U OTBCTOB HA KOHTPOJIBHBIC BOIIPOCHI IT0 OCHOBHBLIM TCMaM
JCKIIMOHHBIX 3aHATHA. DK3aMEHAIIMOHHAs OICHKA CTaBUTCS HA OCHOBAaHMHM MHCHMEHHOTO H
YCTHOI'O OTBCTOB IO 3K3aMCHAITUOHHOMY 6HHeTy.

O1eHKa «OTIUYHO» — CTYACHT OOHApY)KWJI BCECTOPOHHEE, CUCTEMaTHYECKOe U TIIyOOKOe
3HAHUC y‘-IeGHO-HpOI‘paMMHOFO Marepuala. I/IC‘-IepHBIBaIOH_[e, MMOCJICA0BATCIIBHO, I'PaMOTHO H
JIOTHYECKU CTPOWHO €ro M3JIaraeT, HE 3aTPYMHSETCS C OTBETOM IPH BHOW3MCHEHHH 3aJ[aHWS.
[IpaBuabHO OOOCHOBBIBAECT NPUHATHIC PEILICHUS, BIAJCET Pa3HOCTOPOHHUMH HAaBBIKAMH U
NpUEMaMH BBITIOJIHEHUS TPAKTHUECKUX paboT. MOXKET caMOCTOSATENIbHO 0000IIaTh M H3jarath
Marcepual, HC HOITyCKas OH_II/I6OK, YACHUII B3aUMOCBA3b OCHOBHBIX MOHATHUHU AJUCHUIINIMHBI U UX
3HAYEHUE I MPUOOpETeHUs MPODECCHH.

OrneHka «XOpomIo» — CTYACHT TBEPAO 3HAET y4eOHO-TPOTpaMMHBIA Marepua, TPaMOTHO
U TI0 CyIIECTBY HM3JIaraeT €ro, He JOMyCKaeT CYIIeCTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC.
Moxet MMpaBUJIbHO IIPUMCHHUTDH TCOPCTUICCKUC TTOJIOKCHUSA U BIIAACCT HGOGXOI[I/IMBIMI/I HaBbIKaMH
NIPY BBITTOJTHEHUN TIPAKTUYECKUX 3/ IaHUH.

OHeHKa «YHOBJICTBOPUTCIIBHO» — CTYACHT OCBOWJI TOJIBKO OCHOBHOH marepuaja, HO HC
3HAET OTACIBHBIX JCTAaJCH, TOMyCKaeT HETOYHOCTH, HEIOCTaTOYHO MPaBUIIbHBIE (HOPMYITNPOBKH,
HapymacT MOCJICAOBATCIIbHOCTL HU3JIOKCHHA TIMPOrpaMMHOr0 Marcpuaja W  HUCHBbITHIBACT
3aTpyIHEHUS B BBITIOJTHEHUH MTPAKTUYECKUX 3aJaHUH.

Oco0OeHHOCTH MPOBEACHUH MPOLIETypPhl OIICHUBAHUS PE3yIbTaTOB 0OyUYEHUs WHBAJIUIOB U JIULL C
OTPaHUYECHHBIMH BO3MO)KHOCTSMHU 3[0POBbS 00O3HAueHbI B pabodeil mporpamme AUCIUIUIMHBI

(Momyst).

4.3. Pe3yabrarbl IPOMEKYTOYHOM ATTECTALIMH U YPOBHU COPMHPOBAHHOCTH
KOMIIeTeHLM I

YpoBHH c(HOPMHUPOBAHHOCTH KOMIIETCHIIUI OMPEACTSAETCS CISAYIONUM 00pa3oM:

l. Bricokuii ypoBeHb cPOPMUPOBAHHOCTH KOMIIETEHIIUN COOTBETCTBYET OLIEHKE OTIMYHO:
npeanonaraer GOpMUPOBaHUE KOMIIETEHIIMH Ha BBICOKOM YPOBHE: CTYAEHT CBOOOJHO BIIAAEET
OCHOBHOM TEPMHUHOJOTMEH W TMOHATUHHBIM amnmaparoM TUCHMIUIMHBI «PeHTreHorpadus u
PEHTTEHOCTPYKTYPHBIH aHaIM3», YTO MO3BOJISET (OPMYIMPOBATH BBIBOJBl M Y4acTBOBaTb B
JMCKYCCHH TI0 y4eOHBIM BONPOCAM JAHHOW AMCUUIUIMHBL, MOJTHOCTHIO C(POPMUPOBAHO YMEHHE
IPUMEHSATH NOJYYEHHYI0 TEOPETUYECKYI0 0a3y AJIs pelIeHUs] KOHKPETHBIX MPAaKTUUECKUX 33134 U
YBEPEHHO BJIAJIETh HABBIKOM UX PELICHHUS;
2. Cpennuii ypoBeHb COOTBETCTBYET OLIEHKE XOPOIIIO:
npearnonaraeT GopMUPOBAHHE KOMIIETCHIIMI Ha CPEHEM YPOBHE: CTYIEHT XOPOIIO BIaJIeeT
OCHOBHOUM TEPMHUHOJIOTHEH W TOHATUWHBIM amnmaparoM IUCHUILIMHBI «PeHtreHorpadus u
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PEHTTEHOCTPYKTYPHBI ~ aHalmu3», C(HOPMUPOBAHO YMEHHE TMPUMEHSATh MOTYyYEHHYIO
TEOPETUIECKYIO 0a3y JIs pelICHHs] KOHKPETHBIX MPAKTHYECKUX 3a]1a4;

3. bBa3oBblil ypOBEHb COOTBETCTBYET OLICHKE YIOBJIETBOPUTEIIBHO:
npeanonaraeT (HOpMHUPOBAaHHWE KOMIICTCHLMH Ha HaYaJbHOM YpPOBHE: CTYACHT 3HAaeT
«T€OPETUYECKUH MHHHMYM» M HEIOCTaTOYHO BIAJ€eT METOAAMM pEUIeHHs] KOHKPETHBIX
MPaKTUYECKUX 3a/1a4;

4. Hwuzkuil ypOBEHb COOTBETCTBYET OIIEHKE HEYIOBIECTBOPUTEIIBHO:
CTYACHT HC BJIAACCT OCHOBHOH TCpMHHOJIOI‘PIGﬁ U OOHATUHMHBIM arnmaparomM JUCHUIIINHBI
«Pentrenorpaduss M pPEHTTEHOCTPYKTYPHBIN aHalM3»; HE BJaJ€eT HaBBIKAMHU pPEIICHUs
KOHKPETHBIX MPAKTUYECKHUX 3a/1a4.
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28.03.02 Hanounxenepusi, Hanorexnosornu B Mmatepuajiopenennu, ®OC no gucounjinHe
"PenTreHorpausi M peHTTeHOCTPYKTYPHBI aHaau3" , 2026 r.H., ouHasi popma 00ydeHHs

@DoH/1 OLIEHOYHBIX CPEACTB JUCHUNIUHBI (MO1YJIs1) 0100PEeH U PEKOMEHI0BAH:

[Ipopekrop no yueGHO# padoTte yTBepxkAeHo 27.02.26 A.A. CanamatoB

Y4eHbIM COBETOM (PU3MUECKOTO (PaKyIbTeTa

IIporoxon 3aceganus Ne 05 ot 26.02.2026

IIpencenarens YueHoro cosera
(husmuueckoro dakynpreTa COTJIACOBAHO M.A. 3arpebun

3acenanueM kadeapbl pU3NKH KOHIEHCHPOBAHHOTO COCTOSTHUSI
IIpotoxon 3acemanus Ne 05 ot 17.02.2026

3apenyromumii kadempoi COIIACOBAHO B.J. ByuelbHnKoB

ABTOpBI (COCTaBUTEINN) B.A. TromeH1eB

A.T. ®a3znurauaoBa

CTpyKTypa (pOHI0B OLIEHOYHBIX CPEICTB COOTBETCTBYeT Npuka3y pekropa ®I'bOY BO «Ueal'V»
ot 27 cenTadpsa 2022 Ne573-1
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