MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpagienne noaroroBku/cnenuaibHocTh: 14.03.01 SinepHas 3HepreTuka u Temjiopusnka
HaumeHnoBanue oOpa3zoBare/ibHOM nporpaMmMbl: HaHOTEXHOJIOIMH U HAHOMATEPHAJIBI B JHEPreTuKe
YpoBeHb 00pa3oBaHus: BbiciIee 00pa3oBaHue - faKkajaBpuaT

®opma o0yuenusi: Ounas

OHCHO‘IHLIB MaTepuajabl
o TMCIOMIIJIMHE
MeTPOJ'IOFI/Iﬂ HaHOMATEPHUAJIOB U HﬂHO)’CTpOﬁCTB

MockBa
2024



OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MNopnucaHo 3NeKTPOHHO| noanuckio $TEOY BO «HHUY «M3U»

CeeneHuna o enagensue L3N M3KU B'H.
Bnageney, AcpaHacees B.I1.
Pa3zpaboTunk Vaermaomarop |R662399b-Afanasyevvp-e2347ce Adanacnes
COI'JTACOBAHO:
PyKOBOI[I/ITeJIB MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»

o Ceeaenun o Bnagensue L3N M3K H F
00pa3oBaTeIbHOI I Bperen MaKapos 1T -
HpOI‘paMMBI K M WaentnuraTtop R9a51899a-MakarovPG-4f257daf MaKapOB

MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»
w CeesieHun o Bnagensue U3N M3aK IO IO
3aBeHyIOH-IHH L LLLLE 5 Bnageney, Iy3uHa H0.10. ' '
BBIHYCKaIOH_IeI;'I Kad)e[[poﬁ * Mau - UpeHTudMKaTop ReB86e9a56-Puzina-4d2acadl HY?,I/IHa




OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-2 'oTOB K pacyeTHO-3KCIEPUMEHTATHPHOMY aHAIM3y OCOOCHHOCTEH MPOIECCOB B
HAaHOPA3MEPHBIX CUCTEMAaX
NJ1-2 3naeT 0cOOEHHOCTH METPOJOTHUYECKUX CUCTEM U CUCTEM TMAarHOCTUKU HAaHOPA3MEPHBIX
MaTepHaJIOB U YCTPONCTB

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

DPopma peanuszanuu: IIposepka 3ananus
1. JInarHocTrKa U M3MEPEHHS TETUIOBBIX CBOMCTB HaHoMatepHaioB (KoHTponbHas pabora)
2. JInarHocTUKa U U3MEPEHMsI AEKTPO(YU3NIECKUX CBOMCTB HaHOMaTepuaioB (KoHTponbpHast
pabora)
3. JluarnHoctuka u TecTupoBaHus HaHomarepuaios (KomiokBuym)
4. MeTo/ibl TMarHOCTUKU U TECTUPOBaHUs HaHOMaTepuaioB (KosiokBuym)
5. Meto/ibl ucce10BaHMsI HAHOCTPYKTYPHBIX oBepXHOCTel U MokpbIThil (KoHTposbHas
pabora)
6. MeTo/1bl KOHTPOJISI HAHOMATEPUANOB U UX (yHKIMOHAIBHBIX cBOMCTB (KosokBuym)
7. Metoipl cepTUhHUKAIIA HAHOMATEPHAIOB U MX (YHKIMOHAIBHBIX CBOUCTB (KommokBuym)
8. CriocoObl AMArHOCTUKH U METPOJIOTMH HAaHOPAa3MEPHBIX MaTepPHAJIOB U YCTPOICTB
(KontponpHas pabota)

BPC aucuunjavHbl

7 cemecTp

Hepeqeﬂb KOHTPOJIBHBIX MeponpuﬂTnﬁ TEKYyHIEro KOHTPOJIsA ycneBaeMoCT mo
AUCHHUIIJIMHE:

KM-1 Crnoco6bl JMarHoCTUKU U METPOJIOTMH HAHOPAa3MEpPHBIX MaTepuaioB U ycrpoicTB (KoHTponbHas

paborta)

KM-2 Mertoapl HccineoBaHusl HAHOCTPYKTYPHBIX MMOBEPXHOCTEH U MOKpbITHIA (KoHTpobHas paboTa)

KM-3 Mertoabl TMarHoCTUKU M TeCTUpOBaHus HaHoMaTepuaioB (Kosmoksuym)
KM-4 JluarHoctuka u TecTupoBaHust HaHomarepuanoB (Komioksuym)

Buja npoMexyToOUHOM aTTecTANMU — DK3aMEH.

Beca KOHTpOIBHBIX MeponpHsITHiL, Y0
Nunexc KM-1 | KM-2 | KM-3 | KM-4
Pa3nen nucnuIninHbl
KM:
Cpok KM: 6 9 12 16




OcCHOBHBIE NOHATHUS HAHOTEXHOJIOTHI

IToHgaTHE HAHOTEXHOJIOTHUI

HanoKkOMIIOHEHTHI U HaHOMAaTCpUuaJibl, METOAbI UX
JUAarHOCTUKHU

3OH,I[OBa$I MHUKPOCKOIIHA

CnekTpockonus

MeTOI[BI JUAarHOCTUKU U TECTUPOBAHUA HAHOMATCPHUAIOB

MexaHnveckue CBOMCTBA HAHOMATEPHUAIIOB

Orntuueckue cBOMCTBa HAHOMATEPUATIOB

MeTtoabl uccien0BaHNs HAHOCTPYKTYPHBIX TOBEPXHOCTEN U
MMOKPBITUA

OO0mmas kmaccupuKaius METOI0B

Bec KM:

25

25

25

25

8 cemecTp

Hepeqeﬂb KOHTPOJIBHBIX MCPOHPHHTHﬁ TEKYHIEro KOHTPOJIsA

JAUCHHUILIHHE:

ycneBaeMoCTH

mo

KM-5 JlmarHocTuka v u3MepeHust MeKTpou3ndecknx CBOUCTB HaHoMaTepuanoB (KonTponsHas

pabora)

KM-6 JImarHocTuka v M3MEpEeHHsI TEIIOBBIX CBOMCTB HaHOMaTepuasioB (KoHTponbHas padoTa)
KM-7 Meroasl cepTuduKaluyu HAaHOMaTepUaIoB U UX QyHKIIMOHAIBHBIX cBOICTB (KonokBuym)
KM-8 Metomabl KOHTPOJISI HAHOMATEPHAIOB ¥ UX (PYHKIIMOHATBHBIX CBOHCTB (KommokBuym)

Bujx npome:xyTo4HOI aTTecTanMu — JK3aMeH.

Beca KOHTpOJIBHBIX MEepONIpUATHIL, %
Paznen aucuumninHb Annexe KM- | KM- | KM- | KM-
KM: 5 6 7 8
Cpox KM: 6 9 12 16
JlnarHocTrka 1 U3MepeHus JIEKTPOPU3NUECKUX U TEIUIOBBIX
CBOICTB HAHOMATEPUAJIOB
OnexTpodu3nuecKue CBOMCTBa HAHOMATEPHUAJIOB U METOJIbI UX + +
M3MEepeHUil
Tennodusnyeckue cBocTBa HAHOMATEPHUATIOB U METOJIBI UX + +
JTMarHOCTHKHU
Mertoab! cepTu(UKaLUU U KOHTPOJIST HAHOMATEPUAJIOB U
JIMarHOCTUKHU MX (YHKITMOHATBHBIX CBOWCTB
ITopomerpus + +
OnTuyeckuii KOHTPOJIb + +
Kontponb pusnueckux cBOHCTB + +




BbuocoBmecTuMoCTh

Bec KM:

25

25

25

25




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

L OL(EHOQHble cpedcmea onsa OUEHKU 3an/IAHUPOBAHHBIX pe3ylibmamoes oﬁyueﬂuﬂ no Oucuunﬂune, COOMHECECHHbIX C unduxamopamu

00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCLIUILINHE
I1K-2 N-2nk-2 3Haet | 3HaTh: KM-1 Crioco6b1 TMarHoCTUKU U METPOJIOTUN HAHOPA3MEPHBIX MaTEpPUAJIOB
0COOEHHOCTH METO/IbI OIIPEIEICHHUS u yctpoiictB (KonTposibHas pabota)
METPOJIOTHYECKUX CUCTEM U | OCHOBHBIX I1aPAMETPOB KM-2 Meroapb! uccnenoBanrs HAaHOCTPYKTYPHBIX IOBEPXHOCTEN U
CUCTEM JUArHOCTHKHU | HAHOPa3MEPHBIX CUCTEM U nokpeiTuii (KontponbsHas padora)
HaHOPa3MEPHBIX HaHOMAaTepHaJloB KM-3 Meroabl 1MarHOCTUKU U TECTUPOBAHMSI HAHOMATEPUAJIOB
MaTEpUaOB U yCTPONCTB CHOCOObl AMATHOCTUKH U (KomnokBuym)
METPOJIOTHH KM-4 Jlnarnoctuka u TectupoBanus Hanomarepuanos (Kosoksuym)
HaHOPa3MEPHBIX KM-5 Jluarnoctuka u u3MepeHust 31eKTpoPU3NIECKUX CBOUCTB

MaTepHuaioB U YCTPOWCTB
YMers:

MIPOBOJUTH HayYHbIE
9KCIIEPUMEHTHI U TECTHI C
HaHOTEXHOJOTUYECKUM
000opyI0BaHUEM

MIPOBOJUTH U 00pabaThIBaTh
U3MEpEHUS B
HaHOPA3MEPHBIX MaTepuaiax
U HAHOYCTPOMCTBAX

HanoMatepuanoB (Konrposbnas paboTa)

KM-6 Jlnarnoctuka u u3MepeHHsl TeIUIOBBIX CBOICTB HAHOMAaTEPHAJIOB
(KontposnbHas pabota)

KM-7 Metonpl cepTuuKaui HAHOMaTepUaJIOB U UX (DYHKIIMOHAJIBHBIX
cBoiicTB (KomnokBuym)

KM-8 MeToibl KOHTPOJISi HAHOMATEPHUAIOB U UX (PYHKIIMOHAIBHBIX
cBoiicTB (KomnokBuym)




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
7 cemecTp

KM-1. Cnioco0bl IMATHOCTUKHM U METPOJIOTHH HAHOPA3MEPHBIX MATEPUAJIOB U
YCTPOMCTB

®opmbl peaausanuu: [IpoBepka 3amanus

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 25

IIpouenypa npoBeeHHs1 KOHTPOJIbHOTO MeponpusaTusa: Kaxablii CTyJIeHT MOJIydaeT 3a/lady u
WHAMBUAyalIbHbIC 3HaUeHUs NapaMeTpoB. HeoOxoaumMo npeaocTaBuTh OTBET C OMUCAHUEM X0J1a €r0
MOJTyYeHUs/ .

Kpartkoe cogep:xxanue 3aganus:
Pemte cnenyromue 3agaum.
JlaHHBIE 110 BEJIMYUHAM T, U, q lo;, €KaXKIOMY CTYI€HTy OIpeeIIseT IPenoJjaBaTeb

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3anyaHupOBaHHbIE Bomnpocel/3aganus s mpoBepKu
pe3ysbTaThl  O0y4eHHs
10 JUCUIUTUINHE

3HaTh: CHOCOOBI 1.IToctpouts ¢ momombio Mathcad yriosoe pacrpenenenue ynpyro
JUArHOCTHUKHN u PaCCCAHHBIX aTOMHBIX YaCTUII ITPU UX ABUKCHUH B MUIIICHU Ha
METPOJIOTHU ocHoBe pemenus I'ayncmura Caynaepcena (1):

HaHOPa3MEPHBIX N(rp) E)T ! {ﬂxp (1=g ‘¢<_| - e;,,):—[l - H;T”‘[ 1;:;;\—~.;.»|—c| —.\>f|.: (4 —1,)

MaTcpHraJioB u

[Tocnennee, cUHTYNIsSIpHOE caraeMoe B popMyJie HE y4acTBYET B
BBIUNCJICHUSIX, ONIPEAEIAETCS TONBKO MOTOK PACCESHHBIX YacTHll,
T€X, KOTOpPbIE UCIIBITATIN XOTsI Obl OAHO yIpyroe paccesHus. B
dopmyie, koTopast OyAeT UCIOJIb30BaThCsl B KOHKPETHBIX pacueTax,
WCII0JIb30BaHO HOPMUPOBAHHOE Ha eMUHUILY Aud PepeHnranibHoe
YIPYTO€ CEUEHUE BU/IA, HOCAILEE Ha3BAaHUE: «MHINKATPUCA XEHbU —
I'puHCTEliHAY:

7, (1) = - al's — =y 2ELp ()
(14+¢ —2qu)” =0 2 Y

2.IlocTpouTh Ha OCHOBE NEPBOTO 3a/1aHUS pacIpeieIeHUE 110
npoberaM aTOMHBIX YaCTHULI, IBUXKYIIHUXCS B MUILIEHH 101 YTIIOM,
KOCHHYC KOTOPOTO PaBeH U .

3.Haiitu B npuOImkeHu HempepbIBHOTO 3aMeaieHust (2)
AHEPreTUUECKUN CIIEKTP YaCTHIL, IBUKYIIUXCS O] YTIIOM, KOCHHYC
KOTOPOT'O paBeH [
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4 TlonsaTne HaHOTEXHOJOTNH. PU3NYeCcKre OCHOBBI HAHOTEXHOJIOT U
5.Mertpounorus HanocucteM. [IpuMepsl npuMeHeHus
HAHOTEXHOJIOTUI

6.30H10Basi MUKPOCKOIIHS




3anjgaHUupOBAHHBIE Bomnpocsi/3aganus 11t mpoBepKU
pe3ynbTaThl  O00ydYeHUs
10 TUCIUIUINHE

7.ATOMHO-CHJIOBasi MUKPOCKOIIUS
8.2eKTpOHHAsT MUKPOCKOTIUS
9.CnexkTpockonust

Onucanne MKAJbI OIleHUBaAHUS:

Oyenka: 5 («OTIAUYHO)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 10
Onucanue xapakmepucmuxu evlnoineHus 3Hanus: O1eHKa "0TINYHO" BBICTABIISIETCS €CJIM 3aJaHue
BBITIOJTHEHO B MTOJIHOM 00bEME WIIH BBITIOJHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («XOpoII0»)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 60
Onucanue xapakmepucmuxu evinoinerus 3Hanus: O1eHKa "Xopoio" BEICTABISAETCS €CIU
OOJIBITMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANIPABIICHHE JIJISl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEIHLHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHKa "yI0BIeTBOPUTEIHLHO" BHICTABIISACTCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHOY)
Onucanue xapaxmepucmuxu 6blnoanenus 3nanus: OLeHKa "HeyJOBIETBOPUTEIBHO" BHICTABIISACTCA
€CJIM 3aJIaHUE BBIIIOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIIOJIHEHO

KM-2. MeToab! uccjief0BaHNs HAHOCTPYKTYPHBIX IOBEPXHOCTe M MOKPBLITHI

®opmsl peasmzanuu: IIposepka 3aganus

Tun kouTpoabHoro Mmeponpusitusi: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 25

IIpouenypa nposeaeHHsi KOHTPOJIBHOrO MeponpusThsa: KaxIplil CTyJeHT MmosydaeT 3ajady u
VHAMBHUyalIbHbIE 3HaU€HUs apaMmeTpoB. HeoOxoaumMo npenocTaBuTh OTBET C OMUMCAHUEM X0/1a €r0
HOJy4YeHuUs/.

Kpartkoe cogep:xxanue 3aganus:
Pemmre 3amauy.
JlaHHBIE 110 BEIMUMHAM T, O, €, 04 KAKIOMY CTYIECHTY OINpPEIEIAET IPEno1aBaTeb.

KoHTpoJibHBIC BONIPOCHI/3aJaHHA:

3angaHupOBaHHbIE Bonpocei/3aganus 1uist mpoBepKU
pe3yibTaThl  00y4YeHHUs
10 TUCHUIUINHE

3HaTh: CHOCOOBI 1.Boruncnuth B iporpamme Mathcad, B cooTBeTCTBUY C pelieHneM
JUArHOCTHKHU " Jlannay, sHepreTUYecKHi CekTp yacTuil (3), MPoIIeIINX B
v X
METPOJIOTHH MUILEHH ITyTh ONpeAesieMblil 0e3pa3MepHBIM MapaMeTpoM T = o
HaHOPa3MEPHBIX . m
JIPYTMMHU CIOBAMU: ITyTh U3MEPSEMbIN CPEAHUMHU UTUHAMHU
MaTepuasoB U Sera |
. HE oro npooera ;
YCTPOMCTB yupyr ‘ p m .
T T ( = 1|7
N 'T.A}:e_\:p —— U(A)—F—J’_.r A]-FZ—[— J{‘ﬂk A)
( K :u"( Tk (&

I'ne x;, (A) HOpMUpPOBaHHBIC HA eMUHUILY MU depeHIMATLHBIC




3anjgaHUupOBAHHBIE Bomnpocsi/3aganus 11t mpoBepKU
pe3ynbTaThl  O00ydYeHUs
10 TUCIUIUINHE

CEUYECHUS HEYNPYTOro paccesiHusl, KOTOphIE, KaK B JaHHOW 3a7a4e Tak
U TIOCTIEAYIOINX, anmnpoKcuMupyrorcs ¢pynkueit [aycca:
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[Tockonbky mporecc U3MEPEHHs CIEKTPOB 3aBUCUT OT arlapaTHOMN
GyHKIIMY SHEpProaHaln3aTopa, AUCIIEPCHUH UCTOYHHUKA aTOMHBIX
YacTHI], TONIIJIEPOCKOT0 YIIUPEHUs CUTHAJIA, TO HEOOXOIUMO YUECTh
yKa3aHHbIE (PAKTOPHI MIPU aHATN3E CIEKTPA OTPAKEHHBIX
AeKTpoHOB. Eciy ydecTs cymMmmapHOe BIUSIHUE OTMEYSHHBIX
(baKkTOpPOB HOPMAIBHBIM PACIPEICTICHUEM:

A2
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2.MexaHnuecKre CBOICTBA HAHOMATEPHUATIOB

3.Metozpl aHaTM3a MEXaHUYECKUX CBOWCTB HAHOMATEPHAJIOB
4.Pa3pymaroniuii KOHTPOJIb MOBEPXHOCTH
5.Hepa3pymaromnii KOHTPOJIb TOBEPXHOCTH

Onucanue MIKAJbI OLlEHUBAHUS

Oyenka: 5 («OTIUIHO)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku vtnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIN 3aJJaHNE
BBHITIOJTHEHO B MOJIHOM 00'beME WIJIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe evinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus. OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [T PEIICHUS 3a/1a4

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyernmax.: 50




Onucanue xapakxmepucmuxu evinoaneHus snanus: OueHKa "y10BIETBOPUTENIBHO" BHICTABIIAETCS

€CJIM 3aJaHNEC IPEUMYIICCTBCHHO BBIITIOJIHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)

Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHUE BBITIOJIHEHO HEBEPHO WJIM MPEUMYILECTBEHHO HE BBITTOJIHEHO

KM-3. MeToabl AMATHOCTUKH U TECTUPOBAHUS HAHOMATEPUAJTIOB

®opmbl peaausanuu: [IpoBepka 3amanus

Tun KOHTPOIBLHOr0 MeponpusTus: KomiokBuym

Bec konTpoabHoro meponpusitusi B bPC: 25

IIpouenypa mnpoBedeHHsi KOHTPOJIBbHOIO MeEPONPUATHUS: YCTHBIA ONpPOC  CTYIEHTOB.
OmnpaiuBanue BeAETCS MO CIHUCKY 0 TeX IMOp, MOKa KaKIbld CTYIACHT HE MOJYYUT XOTsS Obl OJMH

BOIIPOC.

Kparkoe cogepxanue 3agaHus:
Pemnre pacuerHoe 3a1aHue.
OTBeThTE HA JONOIHUTEIBHBIE TEOPETUUECKHUE BOIIPOCHI

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3annaHupoOBaHHbIE
pe3ynbTaTtel  O0y4CHHS
10 JIMCIUTUINHE

Bompocsi/3aganust 17151 IpOBEPKH

YMers: 1OpoBOAUTH U

o0OpabaTbIBaTh
U3MEPCHHUS B
HAHOPa3MEPHBIX
MaTepuaiax u
HAHOYCTpOICTBaxX

1.Pacuer yrioBbIX pacnpeesieHui, Onpeaesonmx
WHTEHCUBHOCTB CIIEKTPOB YIpyro OTpaXeHHbIX DJIEKTPOHOB.
B sTOM ciyyae Hac HHTEpecyeT BeIu4nHa

C) =— Ho (1 g
RS

B KOHKpeTHBIX pacdyeTax Mbl OTPAHUYUMCS CIIy4aeM HOPMaJIbHOIO
naJieHust Ha MULIeHb ( g = 1), 4TO MPUBOAUT K a3UMYTaIbHON
CUMMETPUH, B KaYECTBE UHIUKATPHUCHI YIIPYTOro paccestHus
BbIOepeM QyHKkuus XeHbu — ['puHcTeiina. 3HaueHus anpoeno u
BEJIMUMHBI g ONPENENSAEeT NPEnoiaBaTeb.

VYrioBoe pacnpeneneHue ynpyro oTpakKeHHbIX aTOMHBIX YaCTHIL

onpenenut popmyra
0 21 +1

R(W) = Z C ] ( 1)
2.0nTHyYecKre CBOMCTBA HAHOMATEPUAIOB

I'ne P, (1) - nomuaOMEI JIexanapa.

3.0nTHueckasi CHeKTPOCKOMUS

4.CrnextpodoromeTpsl. Y CTpONUCTBO, TPUHIIUI ACHCTBUS
5.PamMaHOBCKasi CHEKTPOCKOIMSI HAHOMATEPHAJIOB

h’

Onucanue MKaJbl OLICHUBAHUA:

Oyenxa: 5 («OTIMYHO)

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10

10




Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. OI_[CHKa "OTINYHO" BBICTABISACTCS €CIIN 3aJaHuc
BBIIOJIHEHO B ITOJTHOM 00BbEME MJIHM BEITIOJHEHO NpEUMYIICCTBEHHO BEPHO

Oyenxa: 4 («XOpoILO»)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapaxmepucmuxu evlnonenus 3Hanus: OLeHKa "Xopouio" BEICTaBISETCS €CIu
OOJIBITMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HAIIPABIICHHE JIJISl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBJIETBOPUTEIILHOY)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: OueHka "y10BIeTBOPUTEIHHO" BHICTABIISCTCA
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHue BBIMIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBITTOJIHEHO

KM-4. luarHocTHKA ¥ TECTUPOBAHUS HAHOMATEPUAJIOB

®opmbl peanu3anuu: [[poepka 3aganust

Tun KoHTpPoJIBLHOr0 MeponpusTusi: Komioksuym

Bec kouTposabHoro meponpusitusi B BPC: 25

IIpouenypa mnpoBeaeHHsi KOHTPOJIbHOIO MeEPONPUATHUS: YCTHBIA ONPOC  CTYIEHTOB.
OmnpaiuBanue BeAETCSA MO CIUCKY 0 TeX MOp, MOKa KKl CTYACHT HE MOJYYUT XOTS Obl OJIMH
BOIIPOC.

Kparkoe coaep:kanue 3a1aHus:

OTBETHhTE HA TEOPETHUUYECKUE BOITPOCHI.

Pemmte pacdyeTHoe 3aaHueE:

VYpaBuenue (6)

L) ( )*‘rl ( )*F’ 7)“( [ 7\ (/ ~dHJ
5 On (Tho: uQ'" (T oo 1) = B (16, 1) ] D (Tob0. 0 o (1 -u)?

-1
OMHCHIBAET (POTODIEKTPOHBI, KOTOPBIE BHIILIN B BaKyyM 0€3 MOTeph dJHEPTUU U CHOPMHUPOBATTU
xapakTepHbiii muk B PODC cniektpe (no loss peak).

3n1ech
Fl o) hl - ?chf 60— L)I , cosf = pp ++1—p*f1— pf cos(y —y, )
Pemenue (6) Ha ocHoBe Metona Chepuueckux ['apmonuk gaet pesynbtat (7):
n El | =Xzt
(:_2{ (T) — ul —exp SEN——
" 1 — N\

[TomHst 0 TOM, uTO (7) ONHUCHIBAET T€ (POTOINEKTPOHBI, KOTOPHIE BBIIIIN U3 CJIOS UCTIBITAB XOTS
OBI OZTHO paccesiHue, TO VISl OTMCAHUS BCETO MOTOKA (POTOIIEKTPOHOB HAM HEOOXOUMO
100aBUTH (DOTOIIEKTPOHBI, BBILIEAIINE U3 CIIOS, HE UCIIBITAB HUKAKUX paccesHuid (8):

(‘gr{:r,sm (T) — K Fr:zg I — exXp _I |
L

B urore, 1jd mJIOTHOCTH ITOTOKa (1)0T03J'I€KTpOHOB, BBIICIIINX U3 CJI0A ITOJIydacM:

20+1 1 [\ ( \ [ r
Attt 9y = 9) = 3 =2 [Q, (1) + &, ()| B, (W) B, (i Jexp [=im( = )] =

9

2041

2

L

>

L o
= Q. (v} B, (W) B, (1,) exp[—imi, — )| +

-F'm:‘ [TREEE. ‘_\’I —exp

KoHTpoJibHbIe BONIpOChI/3aJaHUA:
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3anmaHupOBaHHBIE pe3ynbTaThl | Bompockl/3ananus 11 mpoBEepKU

06yquH;1 10 AUCLHUIIIINHE

YMeTb: POBOANTH "
oOpabarbIBaTh HM3MEpEHHUS B
HAHOPa3MEPHBIX MaTepHaIax u
HaHOYCTPOMCTBAX

1.IToctpouTs pacnpeneneHue 1o AIuHaMm npodera B MUILICHU
111 POTODIIEKTPOHOB, BBIICAIINX U3 00pa3iia B BAKyyM B
3aJlaHHOM IpernojaBaTesieM TeOMETPUH MO yriam
30HUPOBAHUS PEHTI€HOBCKUM HU3JIyY€HHUEM U YIJlaM
30HIUPOBaHUS (OTOAIEKTPOHOB.
2.ITocTpouTh yriaoBoe pacrpeneneHue poTo3IeKTPOHOB.
o

JlarHble O BennunHaM —<=%— 3, 1 ¥ TeOMETPHIO

Oelt0in
AKCIIEPUMEHTA Ka)KJJOMY CTYACHTY OIpeessieT
IIpenojaBaTellb.
3.Knaccudukanus MeTo10B UCCIEA0BAHUS
HAHOCTPYKTYPHBIX TOBEPXHOCTEU U IMOKPBITHIA
4 NK-Dypbe CEKTPOCKOIHUS
5.PamaHOBCKas cieKTpOCKOIKS HAaHOMATEPHAJIOB
6.JlazepHast CIEKTPOCKOIHS
7.DeMTO- 1 HAHOCEKYHIHAsI CIIEKTPOCKOIMS

Onucanne MKAJbI OIIEHUBAHUS

Oyenxa: 5 («OTIINYHOY)

Huorcnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1neHKa "OTINYHO" BBICTABIISIETCS €CIIM 3aJaHIe
BBIIOJIHEHO B TIOJTHOM 00'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Oyenxa: 4 («XOpoI1LI0»)

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: OeHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEIHLHOY)
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoaneHus snanus: OueHKa "yIoBIeTBOPUTEIBHO" BBICTABIISETCS
€CIIU 3a/1aHue NMPEUMYILIECTBEHHO BBITIOJIHEHO

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapaxmepucmuku 6vinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

8 cemecTp

KM-S. luarnocTuka 1 u3MepeHus 3J1eKTPOQU3NIeCKNX CBOHCTB HAHOMATEPHAJIOB

®opmbl peamzanuu: [Iposepka 3aganus

Tun koHTpoabHOro MeponpustTus: KourponsHas pabota

Bec koHTpObHOrO Meponpusitusi B BPC: 25

IIpoueaypa npoBeeHHs1 KOHTPOJIBHOI0O MeponpusTHsa: Kaxaslli CTyJIeHT NOJIy4aeT 3a1ady U
WH/IMBUyalIbHbIE 3HaUeHUs apameTpoB. Heo6Xxo1uMo mpejocTaBUTh OTBET C OMMCAHUEM X0/Ia €r0

MOJTy4eHust/.

Kpatkoe cogep:xxanue 3aganus:
Pemmre 3amauy.

KoHnTpoJibHbIE BONIPOCHI/3a1aHUA:
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3anjgaHUupOBAHHBIE Bormpocsl/3aganus A MpoBEPKU
pe3ynbTaThl OO0y4YeHHS IO

JUCITUILINHE

3HaTh: METOJIbI ONPEICICHUS 1.DHepreruueckue ciekTpsel PezepdopaoBckoro o6paTHOTO
OCHOBHBIX MapaMeTpoB paccestaust (RBS), mocnolinbiii ananu3 Ha ocHoBe RBS.
HAaHOPA3MEPHBIX CUCTEM U [Moctpouts RBS cniektp mis aByxcnoiiHoro odpasia.
HaHOMAaTEePHUaIoB 3onaupoBanue 2 MaB anbda vyactumamu. {uddepennmanbroe

CEUEHHE YIPYTroro paccesiHusI ONPeAesTh HopMyIon
Peszepdopna. Ilorepu sneprum anbda yactuil onpeaensTs Ha
ocHOBe GopMyIibl bete — bioxa co cpeHUM MOTEHITHAIOM
nonmzauuu — 13.5 Z 53B. CriekTpbl CTPOSITCS ¢ y4ETOM
3aBHCHUMOCTH CEYECHUH OT SHEPTUH, HO CTAPTYIOT C pacueTa 6e3
y4deTa SHepreTUYECKO 3aBUCUMOCTH CEUECHUH.

1. 200 HM 30J10Ta HA KPEMHHH.

2.100 um W na C.

3. 150 am Cu Ha Si.

4. 100 um W Ha Be.

5. 150 um C Ha Be.

2.OnekTpodusznyeckue CBOWCTBa HAHOMAaTEPHATIOB
3.MeTo/1bl U3MEPEHUS IEKTPOPUINIECKUX CBONCTB
HaHOMAaTepHalloB

4. TOHKOCTIOMHBIX TJICHOK

5.Y genpHOE 3IEKTPOCONPOTUBIIEHHE HAHOKOMITO3UTOB

OnucaHue MKAJbI OlleHUBAHUS:

Oyenka: 5 (KOTITUIHOY)
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTABISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BhEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinoaneHus snanua: OueHkKa "XopoIo" BbICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHHE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3 («yI0OBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu evinoaneHus snanua: OueHka "y10BIETBOPUTENIBHO" BBICTABIISETCA
€CIIU 3a/l1aHU€E TPEUMYIECTBEHHO BBITIOJIHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku binonnenus snanus: OneHKa "Hey10BIeTBOPUTEIHHO" BHICTABIACTCS
€CJIM 33/1aHUE BBHITIOJIHEHO HEBEPHO MJIM NMPEUMYILECTBEHHO HE BBHIITOJHEHO

KM-6. luarHocTHKA 1 U3MepPEeHNsl TEIJIOBBIX CBOICTB HAHOMATEPHAJIOB

®opmbl peamzanuu: [Iposepka 3aganus

Tun koHTpobHOro MeponpustTus: KourponsHas paborta

Bec koHTpObHOrO Meponpusitusi B BPC: 25

IIpoueaypa npoBeeHHsi KOHTPOJIBHOI0 MeponpusaTHsa: Kaxaslli CTyJIEeHT NOJIy4aeT 3a1ady U
WH/IMBUyaJIbHBIE 3HaUeHUs TapameTpoB. HeoOXo1uMo peocTaBUTh OTBET C OMMMCAHUEM XOa €ro
MOJTyueHust/.

KpaTkoe cogep:xkanue 3a1aHus:
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Pemre 3anauy. OTBEThTE Ha TEOPETUUECKHE BOIIPOCHI

KoHTposibHbIe BONPOCHI/3aJaHUA:

3arTaHupOBaHHbBIE
pe3ynbTaThl  O0y4YCHUS
10 JIMCIUTUINHE

Bompocsi/3aganust 17151 IpoBepKH

3HaTh: METOIBI
OIpeIe/ICHUs] OCHOBHBIX
napaMeTpoB

HAHOPA3MEPHBIX CUCTEM
Y HaHOMAaTEPHUAJIOB

1.0npenenuTs CeKTp AIEKTPOHOB, IPOCTPEIUBLINX IUIEHKY,
TOJIIIMHA KOTOPOW MHOI'O MEHbIIIE TPAHCIOPTHOI'O Npodera. Y4ecTb
pa3ianyre B 3aKOHAX IOTEPh SHEPTUU B IPUIIOBEPXHOCTHOM CJIOE U
OJIHOPOJAHOM MaCCHBE IIJICHKU

B 01HOCKOPOCTHOM PUOIMIKEHUN UCKOMBIN CIIEKTP OMPEEIIUTCS
CBEPTKOM:

E,

Nty +75A) = [de- Ny A=2)N,(7,.)
0
C yueroMm Toro, 4to 7y < 1 mocTpouM pacuyeTHyro Gopmyiy.
®Oynxmun Ng(ts, A) u Ng(tp,A) onpenenstorcs: GopMyInoii, HO ¢
Y4eTOM TOrO0, uTo T; K 1, B popmyne ans Ng(Tg, A) nocraTouHo
OTPaHUYUTHCS MEPBBIMU TpeMsl cinaraeMbIMH. C y4yeToM BIUSHUS
anmapaTtHO# QpyHKIMH mporexypsl u3MepeHus (cM. (43)) npuxoaum
K BeIpakeHuto (1):

N (7 _LET

repss(Tg + Tp A) = exp

B i'd; . .r_h(.-\— —.cr,]—‘-—".r',“(.\—— £.0, 0,
[F4r A A 9 4

I

o

5 0p) = exp

k
'rinB (:" f
o, 2k

Heo0xoa1uMo MOMHUTB, YTO B KAYECTBE CEUEHUSI HEYTPYTOTO
paccesiHMsI Mbl MCIIOJIb3YEM pacnpesenenue ['aycca, kotopoe
OIpeZeNIEHO Ha nHTepBaie —oo0 < A < 400, cie10BaTeNbHO
npezensl UHTerpupoBanus B popmyie (1) HyKHO pacIIupUTh A0
3HaueHU —0 < & < +00 , YTO MO3BOJMT BHIIOJHUTH

. - . Tp
Nipeys(Ts + 75 A) = exp

T Tp > 1
" HJ‘PLJ.J“—;MI

s (A= ,.“.*J.V]*Z‘L T2 |,
]

B

(A—c,—ke,) |

5)

= eXp 2 2 )
b 2 2 2 ko -0~ )|
\/37[1\.0.3 Fol+at] | Akoy + 0, a,)|

£..0 +o,)=
595 T4 t-t)

€,€p,

2.ITocTpouTh SHEPreTUIECKHE CIIEKTPHI AaTOMHBIX YaCTHIIL,
OTPaKCHHBIX OT IMOTYOCCKOHEUHBIX MHUIIICHEH B CITydae
30HAMPOBAHUS TI0 HOPMAIH K MIOBEPXHOCTH. B 3TOM citydae Ham
HEO0OXOMMO BBIYUCTUTE psif (3):
21+1
RA) =Y B ()] C78(A) + Clx, (M) + .+ Cixh(A) + .
In

2 1 *%in

I'ne x;, (A) HOpMUpPOBaHHBIC HA eIUHUILY TU(DDEepeHIIHATBLHBIC
CEUeHHsI HeYTIPYTOr0 PaCCEesTHUSI, KOTOPBIE alllIPOKCUMHPYIOTCS
¢ynkuueii [aycca:
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3anjgaHUupOBAHHBIE
pe3ynbTaThl  O0y4YEHUS
10 JMCIUTUINHE

Bonpocei/3aganus 1iist mpoBepKU

1 A—g)
ImG(A-.- €, G) = —exp _#
O 2]‘[ i 20__
rac
' [ N2
X6 (A.2.0) :¥exp —w
oN2km | 2ko”

[TockonpKy npoliecc U3MepeHus CIIEKTPOB 3aBUCUT OT aIlllapaTHON
GyHKIIMHM 3HEpProaHalIn3aTopa, AUCIIEPCUH UCTOYHNKA aTOMHBIX
4acTHUL, JONIUIEPOCKOr0 YIIUPEHUS CUTHAJIA, TO HE00X0IUMO
y4ecTh yKa3zaHHbIE (DaKTOPBI IPU aHAIM3E CIIEKTPa OTPAKEHHBIX
AIIEKTPOHOB. Eciy yuecTs BIUsSHIE OTMEUYEHHBIX (PAKTOPOB
HOPMAaJIbHBIM pacIipe/ie]ICHUEM:

1 A?
(A,G,)=——F=¢xp ——
o 27 20,
C y4yeToM BIMSHUS SKCIIEPUMEHTAIBHBIX MOTPEIIHOCTEN hopMyIia
(3) mpeobpasyercs k Buny (4):

21+1
R(uA) =3 5
Im

ldp

P(1)[ CPx (A6, + Clygu (A) 4+ Clxfg (M) + .|
rac

1 (A—ke)

- exXp| -~ 5 .7
2((fr0)’+0i)rr 3[(""0) +0f4}

2
X (A.E,0) =

Jns onpenenenus napuraibHbIX BKIAI0B C l" OTpaHUYNMCS
CIy4yaeM HOPMAaJIbHOTO MaJIeHUs Ha MUIIIEHb, YTO TPUBOAUT K
a3UMYTaIIbHOM CUMMETPHH, U B Ka4eCTBE MHIUKATPHUCHI BRIOEpEM
¢Gynxuuro Xenpu-I'puHcreiina, Toraa:

up, (1-2)° 1
wede ko (1-ag')

Cf = -1, ecrmk>0.

dynknus CP onpenensercs GpopMyIIoii:
0 HL - ]
C"=—"20 In(1-2g
MM,

3HaueHus anb0e10 U BEJIUYHH ¢, T, Oy, €, L ONPEIEINseT
IpenoaaBaTeb.

3.MeTobl TUAarHOCTUKHU (PYHKIIMOHATHHBIX CBOWCTB
HaHOMAaTepHaJioB

4.M3mepeHne TepMOIMHAMUYECKUX TapaMETPOB HAHOMATEPHAJIOB
5.M3Mmepenue TernonepeHoca B HaHoMaTepuagax

Onucanue MKaJbl OLICHUBAHUA:

Oyenxa: 5 («OTIIMYHOY)

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
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Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. OI_[CHKa "OTINYHO" BBICTABISACTCS €CIIN 3aJaHuc
BBIIOJIHEHO B ITOJTHOM 00BbEME MJIHM BEITIOJHEHO NpEUMYIICCTBEHHO BEPHO

Oyenxa: 4 («XOpoILO»)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax: 60
OnucaHnue xapakmepucmuxu evlnoineHus 3Hanus: OLeHKa "X0opouio" BICTaBISETCS €CIU
OOJIBITMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HAIIPABIICHHE JIJISl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBJIETBOPUTEIILHOY)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1neHka "yI0BIeTBOPUTENIHLHO" BHICTABISACTCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHue BBITIOJIHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBHITTOJIHEHO

KM-7. Metoasl cepTu(prKalii HAHOMATEPHAJIOB M UX (PYHKIHMOHAJIBHBIX CBOMCTB

®opmbl peanu3anuu: [[poepka 3aganust

Tun KoHTpPoJIBLHOr0 MeponpusTusi: Komioksuym

Bec kouTposabHoro meponpusitusi B BPC: 25

IIpouenypa mnpoBeaeHHsi KOHTPOJBLHOIO MeEPONPUATHUA: YCTHBIA ONPOC  CTYIEHTOB.
OmnpaimuBanue BeAETCSA MO CIHUCKY 0 TeX IMOp, MOKa KKl CTYIACHT HE MOJYYUT XOTS Obl OJIMH
BOIIPOC.

Kparkoe cogepxxanue 3aganus:
Pemnre pacuerHoe 3a1anue.
OTBeThTE HA JONOIHUTEIBHBIE TEOPETHUECKNE BOIIPOCHI

KoHTpoJibHbIE BONIpOCHI/3aJaHUA:

3artaHupoBaH | Bompockl/3aganus 11st mpoBepKH

HBIC
pe3ynbTaThl
o0ydeHus:t 10
JUCITUTINHE
YMers: 1.PentrenoBckast poTO3IEKTPOHHASL CHEKTPOCKOMUS, OIIPeIeTIeHUE TOIINH
MIPOBOUTH MOKPBITUI
Hay4HbIE P®SC curnan kpemuus onpenensiercs Gopmynoit (5):
HKCIIEPUMEHT ;_d
) — R wl,,
EIaHP(I)T:)fIif)IJ)IIOFC Q?(HU' M) = Ih-v'nze(u‘ o P ngc "
WYECKUM e In,n, Fy (1, o, ) lin, THTEHCUBHOCTH CHTHANA TTOTYOECKOHEYHOTO CIIOS
d
1\0/{6op yAoBarme Si. e “lin1 ocabIIeHNE CHTHATA B CI0€ 30710TA TOJIIHHOM d .

HNHTeHCcuBHOCTH cI1ost 30510Ta (6):
—d

Qd g 1. 9) = T, nF (g, o)l (1 — ™)

B (5) u (6) A cBoOO1HOTO TIpodera l;;,; B 30J10T€ IPAKTHICCKH
COBMAJIAIOT MTOCKOJIbKY dHEprus nuka 3o50ta. Au4f7/2 u sneprus nuka Si2p
paznuyarorcs Ha 16 3B.

TonmuHy HabUIEHHOTO cJos 30510Ta d OyeM ompeaensTh Ha OCHOBE
OTHOCUTENIbHBIX HHTeHcUBHOCTEHN nrkoB Audf7/2 u Si2p (7):
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3anjgaHupOBaH
HBIC
pe3ybTaThl
o0y4yeHus:t 10
JICITUIUINHE

Bonpocsl/3aganus 1uist mpoBepKu

d
Q1 (d-HO-H- ?) _ E(MO’M"‘Q)I@m% (CW—"] _
QQ (MO s H ‘rj) F‘Q (HO s Hs H:)Zi'nQInQ

re UCKoMas BeJIruyrHa - d ABJIIeTCS €AUHCTBEHHON HEW3BECTHOM BEJIMUYUHOM.
N3 (7) monydaeM OKOHYATEIBHYIO (GOPMYITY JUISl OTIPEACTICHUS TOJIIUHBI
HanbUIEHHOT'O CJIOS

Q1 (d, Ho» B ?) . nZFQ("LO‘ H “P)E'-iﬂ

d = In( +1)-pul
QQ(MO Hs ﬁ:) ﬂ-w ‘F-} (MO H, “T:)ng 1
250
200
150 | 3

WK TEHCUBHOCTD, OTH.EA.

110 165 100 95
SHeprna ceszn, 3B

Figure 1 P®3C cnekTp obpasua Au/Si npu 0° 0OTHOCMTENbHO OCK aHanu3aTopa, 1 — nuk Audf7/2; 2 —
nuk Au4f5/2; 3 — nuk Si2p3/2; 4 — nuK Si2pl/2.

Konkpernsiii POOC criektp 1 Ha0Op AaHHBIX 110 T€OMETPUH IKCIIEpUMEHTA
BBIIAIOTCS KAKJOMY CTYJEHTY. JlaHHBIE IO

Gynkmam Fyy, s; (1o, 1, @) CTYAEHTBI ONIPEAEIAIOT B COOTBETCTBUU ¢ KM—4 7
cemecrpa.

2.MeTtoas! oripeiesieHns] HKCTHHHOM MOBEPXHOCTH MOBEPXHOCTEH

3.MeTopl ONTHYECKOTO KOHTPOJI TOBEPXHOCTHU

4.MeTtoapl M yCTPOKCTBA AIUIMIICOMETPUHA

S.ITopomerpusi. YCTpoiCTBA, METOIUKH

Onucanue MKAaJbI OLICHUBAHUA:

Oyenxa: 5 («OTIIMYHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10

Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. OHCHKa "OTINYHO" BBICTABISACTCS €CIIN 3aJaHucC
BBIIIOJTHEHO B ITOJTHOM 00BEME MJIH BEITIOJTHEHO MNpEMMYIICCTBECHHO BEPHO

Oyenxa: 4 («XOpOIIIOY»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
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OnucaHnue xapakmepucmuxu evlnoinenus 3Hanus: OLeHKa "Xopouio" BICTaBISETCS €CIU
OOJIBITMHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HANIPABIICHHE JIJISl PEIICHUS 3a/1a9

Oyenka: 3 («yIOBJIETBOPUTEILHOY)
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHka "yI0BIeTBOPUTEIHLHO" BBICTABIISACTCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHUE BBIMIOJHEHO HEBEPHO WJIM MTPEUMYILIECTBEHHO HE BBIITOJIHEHO

KM-8. MeToabl KOHTPOJISI HAHOMATEPHAJIOB M UX (YHKIIHOHAJIBbHBIX CBOICTB

®opmbl peaausanuu: [IpoBepka 3amanus

Tun KoHTPOIBLHOT0 MeponpusTus: KomiokBuym

Bec koutposabHoro meponpusitusi B BPC: 25

IIpouenypa mnpoBeaeHHsi KOHTPOJIBbHOIO MeEPONPUATHUS: YCTHBIA ONPOC  CTYIEHTOB.
OmnpaimuBanue BeAETCS MO CHUCKY 0 TeX IMOp, MOKa KKl CTYIACHT HE MOJYYUT XOTsS Obl OJIMH
BOIIPOC.

Kpatkoe conepxanue 3agaHus:
Pemnre pacuerHoe 3a1aHue.
OTtBeThTE HA JONOIHUTEIBHBIE TEOPETHUECKNE BOIIPOCHI

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3annanupoBa | Bompocel/3aganus amis npoBepKu

HHBIE

pe3yibTaThl

00y4eHus: 10

JMCLUTUINHE

YmeTh: 1.CrieKTpoCKONH s MUKOB YIPYTO-OTPAKEHHBIX YJIEKTPOHOB, UCCIICIOBAHUE
POBOJIUTH HAHOIOKPBITUI ¥ CyOMOHOCIOMHBIX YIJIEBOJOPOIHBIX MOKPHITUH

HayYHbIE OcHoBHast 11e1b paboThI — ONpeIeNICHHE MOTPEITHOCTH B ONIPEIEIICHUH
HKCHIEPUMEHT CTEXHMOMETPUU COETMHEHUS, JOIYCKaeMON B MOEIN OJHOTO OTKIOHEHHUS.
Bl U TECTHl C VYder nmpoieccoB MHOTOKPATHOTO YIIPYTOTO PAcCesTHUS BBITIOIHIETCS Ha
HaHOTEXHOJIO OCHOBE PELIeHNs I'PaHUYHON 3a7]aull METOJIOM MHBApUAHTHOTO MOTPYKEHUSI.
TUYECKUM Jl711 KOHKpEeTHBIX pacuyeToB ucnoiabszyercs Meron Cdepudeckux ["apMoHUK,
000pyI0BaHU TpeOyroumii 3HaHus o ko3 duuuenTax paznoxenus auddepeHInaIbHOro
eM CEUEeHMsI YIIPYyroro paccessHus B psiji o noauHomam Jlexannapa - x; .

910 nepsasa 4acCTb pa6OTBII
S, =2n [‘dufl = Flp,(p)=1-1
1

r=1-5

, Q)

SH=1-(1-1t) t=1+2
! dt !

2 —
Q(J"\ = A=l

Hus t>1 (9):

) -1
QL (0= —=Q (), (8)

%) = %1111;.?1 Q,(t) =tQ,(t)—1
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3anjgaHupoBa
HHBIC
pe3ybTaThl
00y4eHus: 10
JICITUIUINHE

Bonpocsi/3aganus 1uist IpoBepKH

S =1 S :l+:(1—2n)(nln%—l) :
20 — 1 [—1 .

(gg(f) — EL'QE_1 (f) - T Qg_g(t)g

C yaerom (9):

Q,(t) = é]nii_l ;

ADB\2
)

Q) =tQ,(t)—1; t=2n+1
n =/ - TMapaMmeTp dKpaHUpoBaHUs B ceueHun Pezepdopaa,
ONpeAeISIEMbIN KBaPaTOM OTHOIIEHUS JIMHBI BOJHBI HAJIETAOIIEH aTOMHON
YacCTHUIBI K pa3Mepy aroMa Ha KOTOPOM IIPOUCXOAUT paccesiHue. Onpeaenurhb
JTAaHHBIC BEJIMYUHBI CIICIYET B COOTBETCTBUU ¢ mocobueM «B.I1. Adanackes,
C.[.®Penopouu CeyeHus ynpyroro U HEynpyroro paccestHusi 3JIeKTpOHOB U
JIETKUX MOHOB KUJIOAJIEKTPOHBOJIbTHBIX SHEPTHI B TBEPABIX TEIIAX».

Pacyer nHTEHCUBHOCTEW TUKOB YIIPYTO-OTPAXKEHHBIX OT MHOTOKOMITOHEHTHOM
MHUILIEHHU 3JIEKTPOHOB BBITIOJIHAETCS HAa ocHOBE (popmyi (10):

= 21+1 —a-hE o 2
RL (s, = 3 P @) BB, | (6 -De v s
L, +uim 2

u

L
RSLA, (5.1, 1) = 05 B - (11, 1)
o TH

JlanHBIE 110 BeNMYMHAM f3;, KOHKPETHOE IE€TEKTHPYEMOE COEIMHEHHE,
TEOMETPHIO SKCIIEPUMEHTA, YHEPTUIO 30HIUPYIOIIETrO MyYKa 3a/1aeT
IpernoaaBaTesb

2.Metozap! KOHTPOIISI (PU3MYECKHX CBOWCTB HAHOMATEPUAIOB
3.Pe3ucromeTpust HaHOMAaTEPHAIOB

4. VI3MepeHne MarHUTHBIX CBOMCTB HAaHOMAaTEpUaJIOB

5.KoHTposas u TecTupoBaHue OMOCOBMECTUMOCTH U OE30MACHOCTH
HaHOMaTepHaJIOB

Onucanue MKaJbl OLICHUBAHUA:

Oyenxa: 5 («OTIUYHO)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10

Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. OI.[CHKa "OTINYHO" BBICTABISACTCS €CIIN 3aJaHucC
BBIIIOJIHEHO B ITOJTHOM 00bEME MJIH BEITIOJHEHO MpEMMYIICCTBEHHO BEPHO

Oyenxa: 4 («XOpOIIIO»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60

Onucanue xapaxmepucmuxu ebinoneHus snanus: OLueHKa "Xopouo" BhICTaBISIETCS €CIIH
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHHE JUIsl pEIIeHUs 3a/1a4
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Oyenka: 3 («yIOBIETBOPUTEILHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. S0
Onucanue xapakmepucmuxu evinonnenus 3uanus: OueHka "y10BIeTBOPUTENHHO" BHICTABIISCTCA
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHue BBIMIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBITTOJIHEHO
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COJIEPKAHUE OLIEHOYHBIX CPEJICTB ITIPOMEXXYTOUYHOM ATTECTAIIUA
7 cemecTp
@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. ¥Ynpyroe paccesiHne 3N1eKTPOHOB U JIETKUX MOHOB B TBEPAbIX TeNax, CeYeHne pacceaHua
2. OcobeHHOCTM Npouecca AnNdpaKkLMm B KpUcTannax

IIpouenypa npoBeaenust

CTYI[CHTBI mo o4Yepcan BbITATUBAIOT 6I/IJIGTBI, PacCIioJIO’KCHHBIC Ha CTOJIE TCKCTOM BHHUS.
3anuceIBaeTCA HOMCp ouiera u BpCM: Hadalla IOATOTOBKH OTBCTA. qepe3 OIIPCACIICHHOC BpCMs (HO
YMOJTYaHUIO qac) CTYACHTHI C paClIMCaHHBIMH OTBCTAMHU MOAXOMIAT K IIPEIOAaBaTC/Ii0O 1 HAYUMHAKOT
pacCKa3bIBaTb OMJIET CBOMMH CJIOBAMM

L. Ilepeuenv Komnemenyuit/uHOUKAMOPO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenuus/Muauxarop: N/1-2nk-» 3HaeT 0COOCHHOCTH METPOJIOTNIECKUX CHCTEM U CUCTEM
JIMarHOCTUKU HAHOPa3MEPHBIX MaTEPUAIOB U YCTPOUCTB

Bomnpocel, 3axanus
1.Ympyroe paccesiHue 3JIeKTPOHOB U JIETKUX HOHOB B TBEPABIX TeJaX, CEUCHUE PacCesHUs
2.0cobenHocTH mporiecca TupaKkuy B KPECTAIIIax
3.IlonHoe U TpaHCTIOPTHOE ceueHus paccesiHus. PacueT Ha mpumepe pesepdoproBcKoro
CeueHus
4.9neproananu3aTop. THUIIBI 27IEKTPOCTATHYECKUX YHEPrOAHAIN3aTOPOB
5.Pe3epdopioBckoe ceueHre paccesiHus — BBIBOJI
6.ITpuniun paboThl 371EKTPOCTATUYECKHUX, SJIEKTPOMAarHUTHBIX U MarHUTHBIX
HHEProaHaIn3aTOPOB
7.Heynpyrue norepu 3HEpruu 3JIEKTPOHOB B TBEPJIOM TEJIE
8.27eKTpOHHas MyIIKa, PA3IMYHbIE BUBI JIEKTPOHHBIX MYIIEK
9. TOMCOHOBCKO€E CE€4EHHE HEYNIPYTOro pacCcesiHUs, BbIBO
10.MonHas nmyika, pa3inyHble BUbl HOHHBIX MYIIEK
11.TopmoxkeHne aTOMHBIX YaCTHL] B TBEP/BIX TeJaX, CPEIHUE IIOTEPU SHEPTUU HA CIUHUILIE
JUTMHBI
12.PeHTreHOBCKHI NCTOYHUK, BUBI PEHTT€HOBCKMX UCTOYHUKOB
13.0OcHOBHBIE TapaMETPbl HEYIPYTOro pacCcesHus: CpelHss JUIMHAa CBOOOAHOTO Impobera,
CpeZHMEe IOTEPU PHEPTUHU HA €AMHUIIE [UIMHBI, OCTATOYHBIN poder
14.Pemenue 'ayncmuta — CayHuepcena
15.KonnexkTuBHbIe HEYNIPYTUe NOTEPU SHEPTUH, BUJ CEUEHMS], CIAEAYIOLIMMN U3 TUCIEPCUOHHON
Teopuun
16.BakyyMHbIE CHCTEMBI AHATUTUYECKUX YCTAHOBOK
17 I1lna3zmenHbIe KOJIEOaHUSI CBOOOTHBIX JIEKTPOHOB, JIEHTMIOPOBCKAS YaCTOTA
18.OnexTpocTaTHUECKHE IHEPrOaHATN3ATOPBL: MIJIOCKOE 3€PKao, WINHAPUYIECKOE U
chepuyeckoe 3epKajio
19.Pacuer cpeHUX MOTEPh SHEPTHU HA €JMHUILIE JUTHHBI JUISI TOMCOHOBCKOT'O CE€UEHUS
20.Cxema yCTaHOBKH JIJIsl PEHTI€HOBCKON (DOTOIIEKTPOHHON CIIEKTPOCKOITUHI
21.YrnoBble pacnpeneneHus yupyrooTpaxxeHHbIX dJIEKTPOHOB
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22.Cxema yctaHoBKH 17151 OKe-CIEKTPOCKOIINU

MarepuaJbl 1Jisl IPOBEPKH OCTATOYHBIX 3HAHU I
1.KaxoB, corimacHO KJ1aCCMUYECKOMY OIPEJENIECHHUIO, ITPEIEIbHBIA MaKCUMaIbHBIA XapaKTepHbIN
pasmep HaHoYacTuIl?
OtBeThI:
10 aMm
100 um
1 MKM
Bepusiii orBet: 100 HM
2.KakoB akTyaJbHBIH MacITad COBPEMEHHOTO TEXIIPOIIECCa U3TOTOBICHHS
MHUKpPOIIPOLIECCOPOB?
OTBeTHI:
€JIMHUIIbI HAHOMETPOB
COTHU HAHOMETPOB
JIECSATHIC 10T MUKPOH
BepHbiii oTBET: €IUHUIIEI HAHOMETPOB
3.B 1ueM coCcTOHUT OTHO U3 TPEUMYIIECTB 30HI0BOM MUKPOCKOITUU HaJ[ JIEKTPOHHOM?
OTBeTHI:
BO3MOXXHOCTB TOJTy9aTh TPEXMEPHBIC U300paKCHHSI HETTPOBOSIINX TTOBEPXHOCTEH
CKOPOCTb CKaHUPOBaHUS
MIPOYHOCTH YYBCTBUTEJILHOTO 3JIEMEHTA
BepHblii 0TBET: BO3MOXHOCTB MOJy4aTh TPEXMEPHBIE N300paKEHUS HETIPOBOISIIINX
MMOBEPXHOCTEN
4.YT0 ABASETCS UCTOUHUKOM 3JIEKTPOHOB B AJIEKTPOHHOM MyIIKE?
OTBeThI:
KaToJ
aHoJ
BepHelit otBeT: KaToxq
5.HazoBuTe 351€eMeHT, HE SBIISIONINICS KOMIIOHEHTOM MPOCBEYUBAIOIIETO YJIEKTPOHHOTO
MHUKPOCKOIA:
OTBeThI:
BaKyyMHas CUCTEMa
AJIIEKTPOHHAS MYIITKa
KaHTHUJIEBEP
(boKycupyroIue anepTypbl
BepHelil oTBET: KaHTHIIEBED
6.KoHCTpYyKIIMOHHO TpadUT MOXKHO MPEJCTABUTH B BUJIE€ MHOKECTBA HAJIOKEHHBIX JAPYT Ha
npyra rpadeHOBBIX JTHUCTOB, COSIMHEHHBIX CUIIAMH:
OTBeThI:
HOHHBIMHA
BaH-1ep-Baansca
KOBaJICHTHBIMU
Bepnpriit otBeT: BaH-Aep-Baansca
7.Y npTpacduoneroBas 00JIaCTh CIEKTPAa OTHOCUTENLHOTO BUANMOTO AHAMa30Ha JIKUT B
obnacrtu:
OtBeThI:
MEHBIINX IJIMH BOJIH
OOJIBIIMX JJIMH BOJIH
BHYTPH BHAMMOTO JHana3oHa
BepHblii OTBET: MEHBIINX JIUH BOJIH
8.PamMaHOBCKas CIIEKTPOCKOIHS MAaTEPHUATIOB U3MEPSIET:
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OtBeThI:
paccessHHOE U3ITy4CHHE
NOTJIOUIEHHOE U31y4eHHE
U3IIy4EHHUE, OTPAKEHHOE IO IPSMBIM YIJIOM
BepHbli1 OTBET: paccestHHOE U3IyYeHue
9.MoHOXpOMaTop B COCTaBE CIIEKTPOMETPOB I103BOJISET:
OTtBeThI:
UMUTHUPOBATh BO3ACHCTBHE ONMHOYHOIO JJIEKTPOHA
BBIIETIUTH 00JIaCTh U3IYYEHHS C MaJIbIM pa30pOCOM 4acTOT
BBIJICJIUTH YaCTOTHI, COOTBETCTBYIOIINE U3IIyUYEHUIO XpoMa
BepHblil 0TBET: BBIIEIUTH 00JIACT U3ITYYSHHS C MaJIBIM pa30pOCOM YacTOT
10.demTOCEKYHIHBIE JIa3€Pbl CIIOCOOHBI TEHEPUPOBATH UMITYJIbChI U3ITyYEHUS, TIOPSII0K
KOTOPBIX COCTaBJISIET:
OTtBeTsI:
107(-12) cexynn
107(-15) cexynn
107(-10) cexynn
Bepunpiii otBet: 10°(-15) cexynn

II. Onucanue wkanvl ouenusanus

Oyenka: 5 (KOTITUIHOY)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax: 0
Onucanue xapakxmepucmuxu 8vinoiHeHus sHanus: PaboTa BbIIIONIHEHA B paMKaX "MPOJABHUHYTOrO"
ypoBHsi. OTBETHI JJaHbI BEPHO, YETKO CHOPMYITUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUMA

Oyenka: 4 («XOpoIIo»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku 6blnonenus 3uanus: PaboTa BelloIHEHa B paMKax "0a30Boro"
ypOBHS. BOJBIIMHCTBO OTBETOB J]aHbl BEPHO. B yacTu mMaTtepuana ecTh He3HAUUTEIbHbIE
HEJ0CTaTKU

Oyenka: 3 («yIOBJICTBOPUTEIHLHO)
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
OnucaHnue xapaxmepucmuxu evlnoineHus 3Hanus: PaboTa BeIMOIHEHA B paMKax "moporosoro”
ypoBHs. OCHOBHasl YacTb 3aJJaHHs BBINOJIHEHA BEPHO. HAa BONIPOCHI YIIIYOJIEHHOTO YPOBHS

Oyenka: 2 («HEYJTOBJIETBOPUTEITHEHOY)
Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. Pa60Ta HE BBIITIOJIHEHA HNJIN BBIIIOJIHCHA
MNpEUMYIICCTBECHHO HEIIPABUIIBLHO

II1. IIpaguna évicmaenenusn umo2o60i OUEeHKU no Kypcy

HtoroBas oneHka Mo Kypcy BBICTaBJISIETCS HA OCHOBE OLIEHKH 3a MPOMEXYTOUHYIO aTTECTaIHIo.
Bo3moxeH ciydaii, korga B CUIy 3HAYMTEIHHO OTIHYAIONIEHCS TEKyIIeHd OIEHKU MOXKET OBITh
MPUMEHEH MOBBILIAIOIINNA WM MOHMKAIOIMNN KOAPPUIIUEHT.

8 cemecTp

®DopMa NPOMEKYTOUYHOM aTTecTaluu: JK3aMEH

IIpumep Ounnera
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1. PeweHue rpaHNYHOM 33434 /1A OTPAXKEHMA 3/IEKTPOHOB OT OAHOPOAHbIX OAHOKOMMOHEHTHbIX
TBEPAbIX TeN

2. DKCnepuMmeHTasibHOe onpeaesieHne TONLWWH NOKPLITUA METOAAMMU PEHTIEHOBCKOM GOTO3/IEKTPOHHOM
CNEKTPOCKOMNUU

IIpouenypa npoBeaenust

CryneHTbl 1O OuYepequ BBITATMBAIOT OWJIETHI, PACIOJOKEHHBIE Ha CTOJIE TEKCTOM BHU3.
3anmceIBaeTCa HOMEp Oniera U BpeMsl Hauasla IOJr0TOBKH OTBeTa. UYepes onpeneneHHoe BpeMs (110
YMOJIYAHHUIO Yac) CTYJEHThI C PACIIMCAHHBIMU OTBETAMHU MOJXOIAT K IPENOJaBaTENI0 U HAUWHAIOT
pacckasbiBaTh OMIJIET CBOUMH CIOBaMHU

I Ilepeuens Kkomnemenyuil/uHOUKAMOPO8 U KOHMPOIbHBIX 60NPOCOE NPOGEPKU PE3YTbM AN 08
0C60CHUA OUCUUNIUHDL

1. Komnerenuus/Muauxarop: N/1-2nk-» 3HaeT 0COOCHHOCTH METPOJIOTNIECKUX CHCTEM U CUCTEM
JIMarHOCTUKU HAHOPa3MEPHBIX MaTEPUAIOB U YCTPOUCTB

Bonpocsl, 3aganus
|.Pemienrie rpaHUYHOM 3a/1a4 AJ11 OTPAKEHUSI IEKTPOHOB OT OJHOPOIHBIX
OJIHOKOMIIOHEHTHBIX TBEP/BIX TeEIl
2.DKCrepUMEHTAIbHOE ONPEEICHUE TOJIIINH NOKPBITUI METOAAMH PEHTTEHOBCKOM
(OTOAEKTPOHHOM CTIEKTPOCKOIIUH
3.Peuienne rpaHU4YHOM 3a/1a4 JJI1 OTPAKEHUSI JIEKTPOHOB OT OJJHOPOIHBIX
MHOTOKOMIIOHEHTHBIX TBEPAbIX TeJl, CHEKTPOCKONUS TMKOB YIIPYTOOTPaXKEHHBIX 3JIEKTPOHOB
4 Ilpouenypsl BeiunTanus Gpona B PentrenoBckoit ®oTosnexTpoHHoM CeKTPOCKOHH
5.3anava onpenenenus PacrpeneneHus mIOTHOCTH MOTOKA OTPA’KEHHBIX 3JIEKTPOHOB T10
JUTMHAM TTpo0era B 0JIHOPOIHON OJJHOKOMIIOHEHTHON MHILIEHU
6.IIpuHumn paboTel METOAUKH cKaHupyrolel Oxe - CIEeKTPOCKOITUHI
7.Pemiennie rpaHUYHON 3aa4 JUIsl OTPAXEHUS JIETKUX HOHOB OT OJJHOPOJIHBIX
OJIHOKOMIIOHEHTHBIX TBEPJBIX Tell, CieKTpocKkonus Pe3edop0BCKkoro oOpaTHOro paccestHust
8.0co0eHHOCTH 3KCIIEPUMEHTAILHOTO ONPEIEIEHUs CPEIHUX TOJIINH OCTPOBKOBBIX
MTOKPBITHI
9.Pemennie rpaHUYHON 3a7a4 Ul OTPAXKEHMS JIESTKUX HOHOB OT CJIOMCTO HEOAHOPOIHBIX
OJIHOKOMIIOHEHTHBIX TBEPJBIX Tell, cieKTpockonus PezedopoBckoro oOpaTHOro paccestHust
10.Cnexrpockonusa Xapakrepuctudeckux [loteps OHepruu, onpeneneHue auIoTPOIHBIX
Pa3HOBHIHOCTEN yriepoaa
11.0mnpenenenue pacnpeaenaeHuit GoTOIEKTPOHOB M0 JUTMHE Ipolera B UcciaeyeMoM
oOpa3sie. Pemienne rpaHnuHO 331a4u ¢ BHYTPEHHUMH HUCTOYHUKAMU
12.Moau¢ukanus moBepxXHOCTH METOJJaMU HOHHOM MMIUIAHTALMU U HOHHOTO MepeMeIINBaHUS
13.0cob6eHHOCTH OTpaKEHHS DJIEKTPOHOB U JIETKUX MOHOB OT CJIOUCTO-HEOTHOPOIHBIX
TBEPABIX TEI
14 Moaudukamus TOBEPXHOCTH METOJIAMHU SJIEKTPOHHOTO M JIA3€PHOTO 30HIUPOBAHUS
15.®opmupoBanue poHa HEYIPYTUX MOTEPh SHEPTHU B PeHTreHoBCcKOi DOTORIEKTPOHHOM
Cnektpockonuu, napajgokc Tyrapaa
16.Biiusinue HOHHOM J103bI HA MIPOIecC MOJU(PHUKAIIMY TOBEPXHOCTEH KOHCTPYKIIMOHHBIX
MaTepHaloB
17.01paxenue 31€KTPOHOB OT CIIOMCTO-HEOJHOPOIHBIX ITOBEPXHOCTEMN, METOIUKH
pacinpoBKU IHEPTETUYECKUX CIIEKTPOB JJISl ONpeIeTICHUs TOCIOWHOTO COCTaBa
18.PacmbiieHre moBepXHOCTEH TBEPABIX Tel, pOopMUPOBaHNE H3MEHEHHOT'O COCTaBa
MTOBEPXHOCTH
19.5IBneHNE «XUMUYECKOTO CIBUTa» B CHEKTPaX PEHTI€HOBCKOM (HOTORIEKTPOHHOM
CHEKTPOCKOIUH, IPUMEPDI
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20.M3mepenune nocinoiHbIX poduiel BoJopoaa MeTogaMu IIeKTpoHHOM CIIeKTpOCKOHUN

MarepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI

1.Kax ¢ poctom TemnepaTypbl MEHSETCS YAEIBbHOE 3JIEKTPOCOIPOTUBIICHUE B
MOJIyIPOBOJHUKAX ?
OTBeTHI:
BO3pacTaer
YMEHBILIAETCS
HE MEHAETCS
BepHblil oTBET: yMEHbIIACTCS
2.KakoBa mupuHa 3anpenieHHou 30HbI rpadeHa?
OTBeTHI:
0
1,56 »B
1,11 5B
80 m3B
Bepnwsiit oret: 0
3.B kaxoMm HallpaBJIEHUHU YIJIEPOJIHbIE HAHOTPYOKH IOKa3bIBAIOT BBIAAIOIINECS 3HAYCHUS
Kod(uUIIMeHTa TEeIIONPOBOJHOCTH?
OTBeTHI:
BJIOJIb OCU TPYOKHU
HorepeK OCU TpyoKu
BepHblii 0TBET: BIOJIb OCH TPYOKH
4.Kakoe coOTHOLIEHHE JJI1 METAJIJIOB ONUCHIBAET 3akoH Bunemana-®dpanna?
OTtBeTsI:
OTHOIIEHHE KOd(PPHUIIMEHTA TETIONPOBOAHOCTHU K YACTHHON dJIEKTPUIECKON MPOBOAMMOCTH
MIPONOPLUUOHAIBHO TEMIIEpaType
OTHOIIEHHE KOA(PPHUIMEHTA TETTONPOBOAHOCTHU K YJEIbHOM JIEKTPHYECKON TPOBOJUMOCTH
00paTHO MPONOPLHOHATIBHO TEMIIEPAType
KOA((UILIMEHT TEMJIONPOBOAHOCTH MPSIMO MPONOPIIMOHATEH YIETbHON ANEKTPUUYECKOM
IIPOBOANMOCTH

BepHnblii 0TBeT: oTHOIIEHUE KO3 PHUIHEHTa TETIONPOBOIHOCTH K YASTBHOM
BJIEKTPUYECKON MPOBOJUMOCTH MPOMOPIMOHATIBHO TEMIIEPATYPE
5.Kak Ha3piBaeTC MHOTOKOMIIOHEHTHBIM MaTepua, COAEP KAl YaCTUIIbI, XOTS OBl OJTUH
pa3mep kotopsix MeHbIe 100 Hm?
OTBeTHI:
HaHOMaTepHuan
HAHOKOMITO3UT
HAHOOOBEKT
BepHblil 0TBET: HAHOKOMITO3UT
6.Kakoe BemecTBo NpuMeEHSETCs ISl aHaJIu3a MOPUCTOCTH ME30CKOMTMYECKUX MAaTepUaIOB?
OtBeThI:
BOJa
pPTYTh
aprod
BepHblil OTBET: pTYTH
7.29nnuncoMeTpus - 3710 ...
OtBeThI:
METOJIMKA ONPEACIICHUS AJUTMITHYECKUX TPACKTOPUI
MOJISIPU3AIMOHHO-ONTUYECKUI METO/ UCCIIEIOBAaHUS TIOBEPXHOCTEN U TPaHHUIl pa3jiena
Pa3JIMYHBIX CpeL
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HKCIIEPUMEHTAIBHBIM METOJ aHAJIN3a AJIEKTPOHHBIX OpOHUTanen
BepHblil 0TBET: MOJISAPU3AIMOHHO-ONTUYECKUN METOT UCCIIEIOBAHUS TOBEPXHOCTEH U
TpaHMI] pa3jiesia pa3IudHbIX CPe.l
8.Kaxkoe siBjieHHE TI0JI0KEHO B OCHOBY METO/1a ONTHYECKOH TpodusioMmeTpun?
OtBeThI:
uHTephepeHIUs
JTUCTIEpCUs
MIOTJIOIICHHE
BepHnblii oTBeT: HHTEphEPEHIINS HIEKTPOMATHUTHBIX BOJTH
9.Kakoit KOMITOHEHT HEOOXO0 MM ISl Co37aHus (PYHKIIMOHUPYIOIIMX MarHUTHBIX KUIKOCTEH?
OtBeThI:
ITAB
IIBA
PVP
Bepuriit otet: [TAB
10.C kakoi¥i 11eJ1b10 MAarHUTHBIC TUAarHOCTHYECKUE HAHOYACTHUIIBI TIEPE]T BBEJICHHEM B OPTaHU3M
MOMEIIAIOT B OMOMHEPTHYIO 000JI0UKY?
OTBeTHI:
YIIYYIIEHUE MAarHUTHBIX XapaKTEPUCTUK
CHI)KEHUE TOKCUYHOTO BO3/ICMCTBUS HAHOYACTHUI HA OPraHUu3M
IIPOBEpKa BO3/CHCTBYS OMOMHEPTHOW 000I0UKM Ha OPraHU3M
BepHblil 0oTBET: CHM)KEHNE TOKCUYHOTO BO3ACHCTBUS HA OPTaHU3M

II. Onucanue wkKanvl oueHueanus

Oyenka: 5 (KOTITUIHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 0
Onucanue xapakxmepucmuku 8vinoiHeHus sHanus: PaboTa BbIIIONIHEHA B paMKaX "MPOJABUHYTOrO"
ypoBHsi. OTBETHI JJaHbI BEPHO, YETKO CHOPMYITUPOBAHHBIE OCOOCHHOCTH MTPAKTUYECKUX PEIICHUMA

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku 6blnoneHus 3uanus: PaboTa BeIloIHEHa B paMKax "6a30Boro"
YpOBHS. BOJIBIIMHCTBO OTBETOB J]aHbl BEPHO. B yacTu MaTtepuana ecTh He3HAUUTEIbHbIE
HEJ0CTaTKU

Oyenka: 3 («yIOBJICTBOPUTEILHOY)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu evlnoinerus 3Hanus: PaboTa BeIMOIHEHA B paMKax "moporosoro"”
ypoBHs. OCHOBHasl YacTb 3aJJaHHs BBINOJIHEHA BEPHO. HAa BONIPOCH! YIIIYOJIECHHOTIO YPOBHS

Oyenka: 2 («HEYJOBJIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku 6blnoHeHus 3uanus: PaboTa He BHIIOIHEHA WM BBIIOJTHEHA
MNPpEMMYIICCTBEHHO HEIIPABUIBHO

1I1. Ilpaguna évicmaenenusn umo2060i OYEeHKU no Kypcy
HtoroBas oneHka MO Kypcy BBICTaBJISIETCS HA OCHOBE OLIEHKH 3a MPOMEXYTOUHYIO aTTeCTaIHIo.

Bo3moxeH ciydaii, korga B CUIy 3HAYMTEIHHO OTIMYAIOLIEHCS TEKyIIeld OIEHKH MOXKET OBITh
MPUMEHEH TTOBBIIIAOIINHN HIIA TOHUKAIOMUN KO QUITEHT.
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