MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
®enepalibHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEKIECHUE
BBICITIIETO 00pa3oBaHUs
«HauuoHaIBHBIN UCCAEN0BATENbCKUN sIepHbId YHUBEpcUTeT «MUDI»

MHCTUTYT HAHOTEXHOJIOT'UI B DJIEKTPOHUKE, CIIMHTPOHUKE U ®OTOHUKE

KA®EJPA ®N3UKN MUKPO- U HAHOCUCTEM

OAOBPEHO HTC UHT3JI
[IpoTokoin Ne 4

ot 23.07.2024 1.

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

COBPEMEHHBIE METO/1bI ®U3NYECKOI'O SKCITEPUMEHTAJIBHOI'O AHAJIN3A

Hamnpasnenue noaroroBku [1] 11.04.04 DnexTpoHUKa U HAHOAJIEKTPOHHUKA
(cerManbHOCTD)
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AHHOTANIUA

B kypce wusydarorcs
3KCIEPUMEHTAIBHOMN

¢usznyeckue MeETOAbl, NpUMEHseMble Tpu pabore B obiacTu

GU3UKM MHUKpPO- ¥ HAHOCHCTEM, HAHOMIEKTPOHUKM U HAHO(POTOHUKH.
PaccmarpuBarorcst pusnueckre NPUHIMITBEI paObOTHl M XapaKTEPUCTHKH O0a30BBIX M COBPEMEHHBIX
cpeactB u3MepeHuil. OTnenbHOE BHUMAHHE YACNSACTCS KOPPEKTHOM MOCTAHOBKE HKCHEPUMEHTA U
aHAIN3Y AKCIIEPUMEHTAIBHBIX JTAHHBIX, a TAaK)KE OrPaHWYCHHSIM, BOSHHMKAIOIMIMM IIpu paboTe Ha
IKCIIEPUMEHTAIEHOM 000py10BaHUH. PaccMaTpuBaOTCs MPUHIMITEI TOCTAHOBKH SKCIIEPHMEHTAIBHBIX

I/ICCJ'ICIIOBaHI/Iﬁ Ha IpUMEPE XpOMATO-MaCC-CIICKTPOMETPUHN U CIIEKTPOMETPHUUN HOHHOM INOABHKHOCTH.

1. IEJIA U 3AJAYA OCBOEHUS YYEBHOM JTAUCIHUILIAHBI

I[aTB OCHOBHBIC NPCACTABJICHUA 00 OCHOBHBLIX (I)I/ISI/I‘-IGCKI/IX 3aKOHOMCPHOCTAX, JIC)KAIIUX B
OCHOBC 3KCIICPUMCHTAJIbHBIX MCTOJI0B aHa/In3a (1)I/ISI/I‘~I€CKI/IX CUTHaJIOB, O MMapaMeTpax H3M€pHTeHBHOﬁ
afnmaparypbl 1 OrpaHM4YCHUAX, BOZHUKAIOUINX IIPU pa60Te C Heﬁ, IIO3HAKOMHUTH C aHAJIMTHYCCKHMU
MCTOJaMHM Ha OCHOBC XpOMATO-MACC-CIICKTPOMETPUHN U CIICKTPOMCTPHUU HOHHOM IIOABUXKHOCTHU.

2. MECTO YYEBHOM JUCIUILIAHBI B CTPYKTYPE OOII BO

[TpodheccnonanbHbIi MOAYIb, JUCIHUILIMHA IO BEIOOPY

3. ®OPMUPYEMBIE KOMIIETEHIIUU U IIVTAHUPYEMBIE PE3YJIbTATDBI
OBYYEHUA

YHuBepcanbHbie U(1in) o0menpopecCHoHAIbHbIE KOMITETCHITHH

Koa u HauMeHOBaHHEe
KOMIICTCHIIUU

Koa u HauMeHOBaHMe HHIAUKATOPA JOCTUKCHUSA
KOMIICTCHI MU

[IpodeccuonanbHble KOMIIETEHIIMM B COOTBETCTBHHM C 3aJadaMH U OObeKTaMu (00JacTsiMu
3HaHUN) PO ECCUOHATBLHON eI TebHOCTH

3agaua O0BexT mn Kox m naumenoBanne = Koa m HamMeHoBaHHne

npodgeccHOHATbHOM 00J1aCcTh 3HAHHSA npodgeccHOHATbHOM HHAUKATOPA 10CTHKEHUSI

nesiteabHoctu (3I1]1) KOMIIETEHIINH; npogeccuoHaIbLHOU
OcHoBaHue KOMIIeTEeHIIUH
(mpogeccHoHAIBHBII

cranaapr-IIC, ananus
onbITa)

HAay4YHO-MCCIIEN0BATEIbCKUAMN

pa3paboTka pabounx MaTepHalbl, I1K-2.2 [1] - CriocobGen  3-I1K-2.2[1] - 3Harts:
IUIAHOB M ITPOTPaMM KOMITOHEHTHI, Y TOTOB K HAYYHBIM COBPEMEHHBIC

NPOBEJCHUS HAYYHBIX | DIJIEKTPOHHBIC UCCIICIOBAaHHSIM B TEOPETHYECKHE
HCCIEA0BAHUHN 1 puoopHI, oOnactu pusmku MIPEACTABJICHUS TIPH
TEXHUYECKHX YCTpPOWCTBA, HAHOCTPYKTYp, PU3UKH | ONHCAHWUU B3aHMMOJICHCTBHIA
pa3paboToK, YCTaHOBKH, MHUKpPO- ¥ HAHOCHCTEM, | aTOMOB M JJICKTPOHHBIX
MOJIrOTOBKA METOJIbI UX HAHODJICKTPOHHUKH U 000JI09eK B KpUCTaILIE,
OT/ICJIbHBIX 3aJJaHUI UCCIICIOBAHMS, HAHO(OTOHHKH, K TEPMOJAMHAMHUYECKHUE,




JUUTSI ICTIOJTHUTEIICH,
cbop, obpaboTka,
aHaJu3 U
crcTeMaTHU3anus
HAyYHO-TEXHUYECKOH
uH(pOpMAIUU TIO TEME
UCCIIeIOBaHMs, BIOOD
METOAMK U CPEJCTB
pellIeHus 3a/1auH;
pa3paboTKa METOIUKH,
MpOBEICHUE
HCCIEA0BAHUN U
HU3MEpPEHUI
napamMeTpoB U
XapaKTePUCTHK
W3/1eJIUI YIIEKTPOHHON
TEXHHUKH, aHaJIN3 UX
pe3yIbTaTOB;
UCIIOJIb30BaHUE
¢buznveckux 3¢ hexkron
pH pazpaboTKe HOBBIX
METOIOB
HUCCIIEIOBAHUN U
M3TOTOBIICHUH
MaKeTOB
M3MEPUTEITBHBIX
cucteMm; pazpaboTka
(bu3NYECKUX U
MaTeMaTHYECKUX
MOJIeNeH,
KOMITbIOTEPHOE
MO/JICIIUPOBAHHE
HCCIIeTyeMbIX
¢buznyecKux
IPOIIECCOB, TPUOOPOB,
CXEM M YCTPOWCTB,
OTHOCSIINXCS K
npo¢ecCuOHAIBHON
cdepe; MOArOTOBKA
HAYYHO-TEXHHYECKIX
OTYETOB, 0030pOB,
pedepatos,
nyOJMKanui mo
pe3yabTatam
BBITOJIHEHHBIX
HCCIICIOBAHHIA,
MOJITOTOBKA U
Mpe/ICTaBICHIE
JIOKJIa/IOB Ha HaY4HbIE
KOH(pEepeHIINH U
CeMUHaphbI; pukcanus
7 3a1muTa 00BEKTOB

MaAaTEMAaTHYCCKUC
MOACIHN

CaMOCTOSITCIIEHOMY
PCIICHHIO
[TOCTaBJIECHHOM 3a7a4H C
BBEIOOPOM HEOOXOTUMBIX
Cpe/CTB

Ocnosanue:
[IpodeccronanbHbIit
crannaprt: 40.011

ONITUYECKHE, MATHUTHBIC U
aNeKTpohu3nIecKre
CBOWCTBA TBEPJIBIX TET,
HaHOCTPYKTYD,
BO3MOXHOCTH U
OTpaHUYCHUS
IKCIEPUMEHTATBHBIX
METOOB JJISl CO3JIaHHS U
WCCIICIOBaHHS
HAaHOCTPYKTYPHBIX,
THOPHTHBIX MAaTEPUAIIOB U
HAHOCHUCTEM ;
V-TIK-2.2[1] - Y™meTs:
MIPUMEHSITH MTOJTy9CHHBIC
3HaHUS MPH OIICHKE
MOJTy4aeMbIX Pe3yJIbTaTOB
pu paboTe Ha
CTaH/IaPTHOM
MPOMBIIIICHHOM,
CHEIHATN3HPOBAHHOM
HAy4YHOM, B T.Y.
pa3zpabaThiBaEMOM
o0opynoBaHuy,
OCYIIECTBIISTh
MPEJCTABICHHUE
MOJIYYCHHBIX PE3yIhbTaTOB
Y MX aHAJIW3 ;
B-TIK-2.2[1] - Bnanets:
MIPEJICTABICHUEM O
croco0ax MoJyYeHHs
HaHOCTPYKTYPHUPOBAHHBIX
Y HAaHOTHOPHUTHBIX
MaTepUaIoB U METOJaX
aHaJIM3a UX CBOMCTB Ha
OCHOBE UHTEP(HEPOMETPHH,
MUKPOCKOTIHH, PACCESTHHUS




MHTEJUICKTYyaJIbHOMN

COOCTBEHHOCTH

pa3paboTka pabounx MaTepHallbl, ITIK-4 [1] - ciocoben k| 3-TIK-4[1] - 3uarsb:
IUIAHOB ¥ [TPOTPaMM KOMITOHEHTBI, OpraHM3alH U COBPEMCHHBIC

NPOBEJCHUS HAYYHBIX | DJICKTPOHHBIC MIPOBEICHUIO 9KCTIEPUMEHTAIBHBIC
UCCIIEIOBaHUI U pudopHI, 9KCIIEPUMEHTAIIBHBIX METOABI B 00J1aCT! (PU3HUKU
TEXHUYECKHX yCTpOIicTBa, UCCIIEJOBAaHUH C KOHJICHCUPOBAHHOTO
pa3paboToK, YCTaHOBKH, NPUMEHEHHEM COCTOSIHHMS, SJICKTPOHHUKH U
MOJIrOTOBKA METOJIbI UX COBPEMEHHBIX CPEJICTB 1 HAHOZJIEKTPOHHKH
OTIENBHBIX 3a/IaHHH HCCIICIOBAHMS, METOIOB V-IIK-4[1] - YmeTb:

11 ICTIOJTHUTEICH; MaTeMaTH4ecKue MIPOBONTH

cbop, 0bpaboTka, MOJIeTTH Ocnosanue: IKCIIEPUMEHTAIILHBIC
aHaIN3 U [TpodeccronanbHbIH UCCIIEIOBAaHHS B
CUCTEMAaTU3aLUs cranaapt: 40.008 JNEKTPOHUKE U

Hay4YHO-TEXHUUYECKON
nHOpMAINY TIO TEME
HCClIeI0BaHMsl, BEIOOP
METOAMK U CPEJCTB
pelLeHus 3a/1a4H;
pa3paboTKa METOIUKH,
IIpOBE/ICHUE
HCCIIEA0BAHUN U
HU3MEpEHUI
apaMeTpoB U
XapaKTePUCTHK
W3/1eJIUI JIIEKTPOHHON
TEXHUKH, aHAIHU3 UX
pe3yIbTaTOB;
UCIOJIb30BaHUE
¢buznueckux 3ppexTon
pU pa3paboTKe HOBBIX
METOIOB
UCCIIEA0BAHUN U
W3TOTOBIICHUH
MaKeTOB
M3MEPHUTEITBHBIX
cucreM; pazpaboTka
(bu3NYECKUX U
MaTeMaTHYECKUX
MOJIeNeH,
KOMITBIOTEPHOE
MO/JICIIUPOBAHHE
HCCIIETyeMbIX
buznuecKux
MPOIIECCOB, TPUOOPOB,
CXEM M YCTPOWCTB,
OTHOCSIINXCS K
npo¢eCcCuOHATBHON
cdepe; MoAr0TOBKA
HAYYHO-TEXHHUECKUX
0TYETOB, 0030pOB,
pedepatos,

HAHODJIEKTPOHHUKE C
IPUMEHEHHEM
COBPEMEHHBIX CPEJICTB U
METOJIOB.;

B-T1K-4[1] - BaangeTs:
KOMITBIOTEPHBIMH
TEXHOJIOTHAMH B
IPUMEHEHHH K
OKCIIEPUMEHTAIBLHBIM
HCCIIEIOBAHUSIM B
DIICKTPOHHKE M
HAHOBJIEKTPOHHKE




myOJUKaIui 1o
pe3ynbraTam
BBIITOJIHEHHBIX
HCCIICIOBAHUIA,
MMOATOTOBKA H
MIPE/ICTABICHHE
JIOKJIAJIOB Ha HAy4YHBIC
KOH(epeHINH U
CEeMHHApBI; (pUKcaIUs
1 3aIIUTa 00BEKTOB
HMHTEJUICKTYaJTbHOM
COOCTBCHHOCTH

paszpaboTka pabodmnx
TUTAHOB U IIPOTPaMM
MIPOBEICHUS HAYYHbBIX
HCCIIEA0BAHUN U
TEXHUUYECKUX
pa3paboToK,
MOATOTOBKA
OT/CJIbHBIX 3aJaHUI
JUIS UCTIOJTHUTEIICH;
cbop, 0bpaboTKa,
aHalu3 U
crcTeMaTHU3anus
HAyYHO-TEXHUYECKON
nHbOpMAINY TIO TEME
UCCIIeIOBaHMs, BBIOOD
METOAMK U CPEJCTB
peleHus 3a/1auu;
pa3paboTKa METOIMKH,
IIpOBE/ICHUE
HCCIEA0BAHUHN U
U3MEPEHUIN
apaMeTpoB U
XapaKTePUCTHK
W3/1eNINI JIIEKTPOHHON
TEeXHHUKH, aHaJIN3 UX
pE3yJIbTaTOB;
HCMOJIb30BaHUE
¢busnueckux 3ppexTon
pU pa3paboTKe HOBBIX
METOIOB
HCCIIEA0BAHUHN U
W3TOTOBIICHUH
MaKeTOB
M3MEPUTEITBHBIX
cucreM; pazpaboTka
bu3nuecKux u
MaTeMaTHYECKUX
MOJETIEH,
KOMITbIOTEPHOE
MOJIETTUPOBaHUE

MaTepuallsl,
KOMIIOHEHTHI,
3JIEKTPOHHbBIE
npudopHI,
YCTPOMCTBA,
YCTaHOBKH,
METObI MX
UCCIIEI0BaHMS,
MaTeMaTHYeCKue
MOJIeNIN

ITK-5 [1] - ciocoben
JienaTh Hay4YHO-
000CHOBaHHBIE BHIBOJIbI
0 pe3ysbTaTam
TEOPETUYECKUX U
AKCIIEPUMEHTAITLHBIX
WCCIIeIOBaHMi, TaBaTh
PEKOMEH/TAlUH TI0
COBEpIICHCTBOBAHUIO
YCTPOMCTB U CUCTEM,
TOTOBUTH HAYYHbIE
MyOTMKAIIUY U 3asIBKH
Ha n300peTeHus

OcHosanue:
[TpodeccuonanbHbIM
cranzaapt: 40.011

3-I1K-5[1] - 3uarts:
COBPEMEHHBIE
TEOPETUYECKUE U
9KCIIEPUMEHTAJIbHBIE
JOCTHKEHUS B 00J1acTH
JNEKTPOHUKHU U
HAHOJIEKTPOHUKH ;
V-TIK-5[1] - Y™MeTs: nenars
Hay4YHO-00OCHOBaHHbIE
BBIBO/IBI [10 pe3yJIbTaTaM
TEOPETUYECKUX U
IKCIIEPUMEHTAIIBHBIX
HCCIIEI0BaHU, 1aBaTh
PEKOMEHIALINH 110
COBEPLICHCTBOBAHUIO
YCTPOMCTB U CUCTEM.;
B-TIK-5[1] - Biagets:
HaBbIKaMU MOJTOTOBKU
Hay4YHbIX yOJIMKaLUH 1
3asiBOK Ha N300peTeHus




HCCIIETYEMbIX
buznUeCcCKuX
MPOIIECCOB, TPHOOPOB,
CXEM U YCTPOMCTB,
OTHOCSIITNXCS K
npodeccnoHaTBLHOMI
cdepe; mOATOTOBKA
HAyYHO-TEXHUYECKHX
0T4ETOB, 0030pOB,
pedeparos,
myOJMKaIui 1o
pe3yabTatamMm
BBITTOJIHEHHBIX
HCCIICIOBAHUIA,
MOJITOTOBKA U
MpeCTaBICHNE
JIOKJIAJIOB HAa HAYYHBIC
KOH(EepeHINH U
CeMUHAapbI; pukcanus
U 3al1UuTa 00ObEKTOB
MHTEIUICKTYaJIbHOU
COOCTBEHHOCTH

4. CTPYKTYPA U COJAEPKAHUE YUESHON JUCIATLINHBI

Paznenbl yueOHOH TUCIMITINHEL, UX 00BEM, CPOKU M3YYEeHUS U (POPMBI KOHTPOJIS:
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1 Cemecmp
1 [TepBhiii pazmen 1-8 4/16/0 25 KH-8 3-T1K-2.2,
V-IIK-2.2,
B-TIK-2.2
2 | Bropoii paznien 9-16 | 4/16/0 25 KHN-16 | 3-I1K-4,
V-IIK-4,
B-I1K-4,
3-T1IK-5,
V-IIK-5,
B-TIK-5
HUmoezo 3a 1 Cemecmp 8/32/0 50
KoHTpoJibHbIe 50 2 3-I1K-2.2,
Meponpusitusi 3a 1 V-TIK-2.2,
CemecTtp B-TIK-2.2,
3-T1K-4,
V-IIK-4,
B-TIK-4,

3-T11K-5,




V-1IK-5,
B-TIK-5

* — COKpaIICHHOE HAUMEHOBaHHUE (POPMBI KOHTPOJIS
** — cymMmmMa MakcHMaJbHBIX OamioB JojbkHA ObITh paBHa 100 3a cemecTp, BKIIIOYas 3auyeT U

(nn) sK3ameH

CokparieHne HauMEeHOBaHUH (POPM TEKYIIero KOHTPOJIS M aTTECTAI[H Pa3/IeioB:

O0o3uauenue | [To1HOE HAMMEHOBAHHE

KN KoHTpoJIb 110 uTOram

] DK3aMeH

KAJIEHIAPHBIN IUIAH

Henean | Tembl 3ansTuii / Conepxxanue Jlek., | IIp./cem., | JIao.,
qac. qac. qac.

1 Cemecmp 8 32 0

1-8 IlepBbiii pa3nen 4 16 0

Tema 1 Bcero ayiuTopHbIX 4acoB

KocBeHHBIN XapaKTep KCIEPUMEHTAIBHBIX JaHHBIX. 1 | 4 [0

O6paTHBIe 3aJa4du. CTOXaCTUYHOCTh OKpYZKaromero Mmupa. OnJj1ain

[110THOCTH BEpOATHOCTH U (HYHKIHS pacIpeesIeHUs 0 0 0
BEPOSATHOCTH. MaTeMaTu4ecKoe 0XKUAAHUE U TUCIIEPCUS
reHepaibHON COBOKYIHOCTU. BbiOOpouHOE cTangapTHOE
oTkJoHeHue. CTaHAapTHOE OTKJIIOHEHUE BHIOOPOYHOTO
cpennero. [Ipumeps! pacnipenenenuii BepostHocTeld. CBoMCTBa
I'ayccoBa pacnipenenenus. JloBEpUTEIbHBINA HHTEPBAI U
JIOBEpUTENIbHAS BEPOSTHOCTD JUIs pacupenenennii CTproieHTa
u ['aycca. [Topsnok 00paboTKH U pecTaBIeHUsS
JKCIEPUMEHTAIBHBIX TaHHBIX. METObI HCCIe0BaHUN:
TEOPETUYECKUE, DMIUPHUUIECKUE. MeTOabl U3MEPEHUN:
OTKJIOHEHHH, pa3HOCTHBIN, HyJ1eBol. OCHOBHBIE CBOICTBA
JIMHEUHBIX U3MEPUTEIIBHO-PETUCTPUPYIOIIUX CUCTEM:

K03 (HULMEHT nepeaayu, YyBCTBUTENbHOCTb, JTUHAMUYECKUN
nuanasoH. IonsaTue o paspenieHuu, CEIIEeKTUBHOCTH, BPEMEHU
aHaJIn3a, BpEMEHH KCIO3UIINH, Tpe/iesie OOHapYyKEeHUs s
Pa3NUYHbIX 337ja4 PU3UIECKOr0 IKCIEPUMEHTAIBHOTO
aHaJu3a.

Tema 2 Bcero ayiuTopHbIX 4acoB

JIlnHamMu4eckre CBOMCTBA JTMHEWHBIX U3MEPUTEIBHO- 1 ‘ 4 ‘ 0

PETHCTPUPYIOINX cUCTEM. AnnapaTHasi (pyHKIus. Ownaiin

[lepexonnas ¢pyukuus. Marerpan roamens u ypaBHEeHHE 0 0 0
CBEpPTKU. YaCTOTHBIN METOJI UCCIIENOBAHNS CBOMCTB
nuHeiHbIX cucteM. Koadduuuent nepenaun, aMImTyaHo-
4acToTHas U (Pa30BO-4aCTOTHAsI XapaKTEPUCTUKHU, CBSI3b
BXOJHOTO M BBIXOJTHOT'O CUTHAJIOB B Dyppe-IPOCTPAHCTBE.

Tema 3 Bcero ayuTopHbIX 4acoB

[lepenaTounble XapaKTEpUCTUKH SJIEKTPUYECKUX JTMHUM. 1 ‘ 4 ‘ 0

Tenerpaduoe ypaBuenue. Craruueckuil koaddunueHt Onutaitn

nepenaun. JJMHaMUYECKHe IEPEIATOUHBIE CBOMCTBA 0 ] 0 ] 0




NacaJIbHOI'O HpOBO,Z[HI/IKa. BOJIHOBOG COHpOTI/IBHeHI/Ie.
CoracoBagHas ¥ HecoriiacoBaHHas JIMHUS. CocoObI
corjaCoBaHus JIJUHUU U Hany3KI/I. PeaJIBHaSI JIMHUA C

MOTEPSIMHU.
Tema 4 Bcero ayuTopHbIX 4acoB
[IIymbl ¥ MOMEXH KaK UCTOYHHUK IMOTPEITHOCTH U3MEPEHU. 1 | 4 | 0
[ToMexu pe3ucTUBHOTO, EMKOCTHOT'O U MHYKTUBHOT'O Ownnaiin
XapakTepa U MeTo bl 00pbObI ¢ HUMU. Knaccudukarus 0 0 0
urymoB. TeroBoit mym. @opmyna HaiikBucra. J{po6oBoii
myMm. ['eHepanmoHHO-pEeKOMOMHAITMOHHBIN 1TyM. DIUKKep-
11yM. 3aBUCUMOCTb aMILUTUTY/IbI IITYMOB OT YaCTOTBI

9-16 BTopoii paznen 4 16 0
Tema S Bcero ayuTopHBIX 4acoB
XapakTepUCTUKH TEIUIOBBIX PUEMHHUKOB U3JIyUYEHHUS U 1 | 4 | 0
0COOCHHOCTH X MCTOTHeHHA. Tepmonapel. boimoMeTper. Owunaiin
Suetika ['ones. [Tuposnexktpudeckue nerexktopsl. [Ipumepsl 0 0 0

IMPUMCHCHUA 6OJIOMeTpI/I‘IeCKI/IX Marpun 41
BBICOKOYYBCTBUTCJIILHOT'O dHAJIM34 B UK u TFI_I Juaria3oHe

Tema 6

Bakyymusie ¢poTtosnementsl: BAX, nuneitHOCTS,
CIIEKTpaJibHas 4YyBCTBUTEIbHOCTh. IHTErpanbHas
CBETOUYBCTBUTEIBHOCTb. CpaBHEHUE C TJIA30M YEJIOBEKA.
[Tostoca yacToT BakyyMHBIX (O0TO3IEeMEHTOB. [IpoO0BOii,
TEIJIOBOM ¥ TEMHOBOM IITyM BaKyyMHBIX (DOTO3JIEMEHTOB.

CootHomenne curai/uryMm. @OToANEKTPOHHBIA YMHOKHUTEI.

JInHeNHHOCTh, KOAPGHUIMEHT YCUIICHHs, CIEKTpabHas
YyBCTBUTEIbHOCTb, YACTOTHASI XapaKTEPUCTHKA U LLIYMbI
®3Y. Buas! ucnonerus @OY. @oToconpoTUBICHUS.
[TonynipoBoAHUKOBBIE POTOITEMEHTHI U (POTOAMOIBI.
[Tpubopsl ¢ 3apsa0Boii cBsi3bro. KMOII-cTpyKTyphl

Bcero ay1uTopHbIX 4acoB

1 | 4 [0
Onnaiiy
0 0 0

Tema 7

CrniekTpoMeTpHsi HOHHOM MMOABUKHOCTH U CIIEKTPOMETPHUS
MIpHUpAIIEHIsI HOHHOW MOJBMYKHOCTH KaK METO/IbI aHAJIN3a B
peanbHOM BpeMeHH. CBsI3b MOABMKHOCTH U K03 duimenra
muddy3uu. CamodokrycupoBka. ICTOUHHKN MOHU3ALINH,
MeXaHU3Mbl HOHU3ALIUH [TPH aTMOC(HEPHOM JJaBJICHUH.
CenextuBHocTh noHuzauu. Meron SALDI. [Ipumenenue
CIIEKTPOMETPUHU ISl BHICOKOUYBCTBUTEIBHOTO aHAIN3a
OpPraHMYECKUX COESANHEHUH B BO3yXe

Bcero ay1uTopHbIX 4acoB

1 | 4 [0
Oumntaiin
0 0 0

Tema 8

Macc-cnekTpoMeTpHs KaK aHATUTHYECKU METOJT COCTaBa U
CTPYKTYpBI BelecTBa. IOHU3aTOpBI ¥ aHAJIN3aTOPBI B Macc-
CHEKTpoMeTpHuH. XpoMaTo-macc-criekrpomerpus. [Ipumepsr
peanu3ay KOMIUIEKCHBIX METOIOB UCCIIEI0OBAaHHH B (pU3HKe
MHUKpO- U HAHOCHUCTEM, HAHO(OTOHUKE C MPUMEHEHUEM
XPOMAaTO-MacCC-CIEKTPOMETPUHU

Bcero AYJAUTOPHBIX YaCOB

1 | 4 |0
Oniaa
0 0 0

CokpalieHHbIe HAUMEHOBAHUS OHJIANH OMIUM:

Oo6o3nauenue | IloiHOe HaMMeHOBaHKE
OK DJNIEKTPOHHBIN KypC
IIM I1oIHOTEKCTOBBINM MaTepuail




I1I1 ITOTHOTEKCTOBBIE JIEKLIMU

BM Bupneo-maTtepuanbl

AM Aynuo-marepuaisl

I1p3 IIpe3enTannun

T TecTbl

OCM DJIEKTPOHHBIE CITPABOYHBIE MaTEPUAIIbI
4(® NHTepakTUBHBIN CalT

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

B mpomecce oOydeHHsT HCHOJB3YIOTCS COBPEMEHHBIC IMPEIMETHO-OPUCHTHPOBAHHBIE U
JTUYHOCTHO-OPUEHTUPOBAHHBIC  00pa3oBaTeNbHBIE TEXHONOTMH. [IpW MpOBENEHUU  JIEKIUi(C
BU3yalH3alueil) HCIONB3YIOTCA HArIAIHBI (OPMBI JEMOHCTpallMK Y4eOHOTO MaTepuana B BHJE
Mpe3eHTAlNi, a TaKkKe BBICTYIUICHHWE MPUTIANICHHBIX COTPYAHHKOB Kadenpbl (U3UKU MHUKPO- H
HaHOCHUCTEM U Jpyrux nojpazaenenuit HUAY MUOU, 3anumaromuxcs uccaeaoBaHusIMU B 001acTu
CHEKTPaJIbHBIX MCCIIEJOBAaHUN KOHJIEHCUPOBAHHBIX Cpel MU HAHOCTPYKTYyp. IIpoBeneHue cemuHapoB
MPEyCMaTPUBAET MPOBEACHUE JUCKYCCUM W BBICTYIUIEHUS CTYJIECHTOB C JOKJIaJaMyd IO TEMam
3aHATHM.

6. ®OHJI OHEHOYHbIX CPEJACTB

@OHJT OLIEHOYHBIX CPEACTB 10 TUCLUIUIMHE 00ECIIeUnBaET MPOBEPKY OCBOEHUS IUIAHUPYEMBIX
pe3ynbTaToB oOyueHus: (KOMIETEHIMH M MX WHIMKATOPOB) MOCPEICTBOM MEPONPUATHUN TEKYIIETO,
PYOEKHOTO U IPOMEKYTOUYHOTO KOHTPOJIS O JUCLMUILTUHE.

Cesi3p Mexay (OopMHUPYEMBIMH KOMIIETEHIMAMH M (opMaMu KOHTPOJIS HX OCBOEHUS
Ipe/CcTaBiIeHa B cleAyromel Tadnuue:

KOMHeTeHHI/IH I/IHI[I/IKaTopr OCBOCHUA ATTeCTaHI/IOHﬂoe MeponpmlTne
(KII 1)
TK-2.2 3-1TK-2.2 D, KU-8
V-TIK-2.2 9, KU-8
B-TIK-2.2 D, KU-8
TK-4 3-1TK-4 D, KU-16
V-TIK-4 D, KU-16
B-TIK-4 D, KI-16
TK-5 3-1TK-5 D, KU-16
V-TIK-5 D, KN-16
B-TIK-5 D, KU-16

Ikaabl oeHKH 00pa30BaTeIbHBIX JOCTHKEHH

[Mkana KaXA0ro KOHTPOJBHOI'O MEPOIPHUATHS JISKHUT B mpeaenax oT 0 10 yCTaHOBJIEHHOIO
MaKCHUMaJIbHOTO 0aJula BKIIOYMTENIbHO. MIToroBast arrectanus no AMCUUIUIMHE oleHuBaercs no 100-
OayUIbHOM IIKase W MpeACTaBiIseT co0oil cyMMy 0aiioB, 3apabOTaHHbBIX CTYJEHTOM IPU BBHIIIOJHEHUU
3aJlaHul B paMKax TEKYILEro ¥ MpoMeKyTOYHOTO KOHTPOJIS.

Ntorosas onieHKa BBICTABISAETCS B COOTBETCTBUHU CO CIAEAYIOLIEH IIKATIOM:




Cymma OneHnka no 4-x 0a/VILHOH IIKaJIe OT1MeTKa 0 3a4eTe Onenka
0aJ1J10B ECTS
90-100 5 — «omauuno» A
85-89 B
75-84 4 — «xopouioy C
70-74 «3a4TeHo»
D
65-69 3 — «yooenemeo
60-64 y PUMETBHOY E
Hwxe 60 | 2 — «neyoosremsopumenvroy «He 3aureHo» F

OrneHka «OTJIIMYHO» COOTBETCTBYET INIyOOKOMY M ITPOYHOMY OCBOCHMIO MaTepualla IporpaMMsl
00y4aroImumMcsi, KOTOPbI MOCIEI0BATENIbHO, YeTKO M JIOTHYECKH CTPOMHO H3JIaraeT CBOU OTBETHI,
YMEET TECHO YBSA3BIBATh TEOPHIO C MPAKTHUKOW, HCIOIB3YET B OTBETAX MaTepHalibl MOHOTpaduyecKon
JIUTEPaTypHl.

OneHka «XOpolIo» COOTBETCTBYET TBEPAbIM 3HAHHUSAM MarepHuaja O0y4arolMMcsl, KOTOPBIN
I'PaMOTHO U, 110 CYIIECTBY, U3J1aracT CBOU OTBETHI, HE JONYCKas CYLIECTBEHHBIX HETOYHOCTEM.

OneHka «yJIOBJIETBOPUTEIBHO» COOTBETCTBYET 0a30BOMY YPOBHIO OCBOEHHUS MaTepuaa
o0yJaromuMmcsi, Tpu KOTOPOM OCBOEH OCHOBHOW MarepHaj, HO HE YCBOEHBI €ro JETald, B OTBETAX
MPUCYTCTBYIOT HETOYHOCTH, HEIOCTaTOYHO NpPaBWIbHBIE (DOPMYTHUPOBKH, HAPYIICHHUS JIOTUYECKON
MIOCJIE/I0BATEIbHOCTH.

OTMeTKa «3a4T€HO» COOTBETCTBYET, KAK MUHHMYM, 0a30BOMY YPOBHIO OCBOCHHS MaTepHalia
IpOrpaMMbl, TpPU KOTOPOM OOyYarOMMKCS BIIAAEET HEOOXOJUMBIMH 3HAHUSAMH, YMEHHSIMH U
HAaBBIKAMM, YMEET NPUMEHATh TEOPETHUYECKUE ITOJIOKEHUS JUIS PEIICHUS TUIIOBBIX NPAKTHYECKUX
3a7ad4.

OlLIeHKY «HEYIOBJIETBOPUTEIHHO» / OTMETKY «HE 3aUTE€HO» MOJy4aeT O0YyJarOIIHIICs, KOTOPBIi
He 3HaeT 3HAYUTEILHON YacTH Marcpuraia nporpaMmabl, JOITYCKACT B OTBECTAX CYIICCTBCHHLIC OHII/I6KI/I,
HE BBIMOJHUI BCE O0s3aTeNbHbIE 3aJaHMs], MPEIyCMOTPEeHHbIe mporpamMmoir. Kak mpaBuiio, Takue
oOydJaroruecs: He MOTYT IIPOJIOJDKUTE 00ydeHHe 0€3 TOTOTHUTEIBHBIX 3aHATHM.

7. YYEBHO-METOJIMYECKOE M TH®OPMAIIMOHHOE OBECIIEYEHUE
YYEBHOM JUCHUTIIAHBI

OCHOBHAZ JIMTEPATYPA:

JOITOJIHUTEJIBHASA JIMTEPATYPA:
I[TPOI'PAMMHOE OBECIIEYEHUE:

CrenuanbHOe porpaMMHoe obecrieueHue He TpedyeTcs
LMS U UHTEPHET-PECYPCBI:

https://online.mephi.ru/



http://library.mephi.ru/

8.  MATEPHAJIbHO-TEXHWYECKOE OBECHEYEHHME YUEBHOW
JUCLUIINHDBI

CHGHI/IaHBHOC MaT€pruaIbHO-TEXHUYECKOC obecreyeHue He TpC6yeTCH

9. YYEBHO-METOJUYECKHUE PEKOMEHJALIHNU JUISA CTYAEHTOB

B cuny Gonbiioro oobeMa M3ydyaeMoro MaTepuasa U OrpaHMYEHHOTO KOJIMYECTBA 3aHATUH C
LEJIBI0 YIITYOJICHUsI 3HAHUH 10 JUCLUIUIMHE MPeayCMOTpeHa CaMOCTOsITelbHas paboTa CTyJeHTa C
HCIOJIb30BAHUEM OCHOBHOM U JIOTIOJIHUTEIBHOMN JINTEPATYPBI.

* OCHOBHas JIUTEpaTypa:

1. ®uznueckrue OCHOBBI METOOB UCCIIEI0BAHUS HAHOCTPYKTYP U IOBEPXHOCTH TBEPJIOIO TEJa:
yaeOHoe mocobue s By3oB, Mocka: HUSY MU®U, 2014

2. ®u3nyecKre OCHOBBI METOJIOB MCCIIE0BAaHUs HAHOCTPYKTYP M IIOBEPXHOCTH TBEPJIOTO Tea:
yuebHoe nocobue aist By3oB, B. U. TposH [u ap.], Mocka: MU®DU, 2008

3. Metoapbl Hcciae10BaHU B SKCIIEPUMEHTANBHOM (pu3uKe: yueOHoe mocodue /i By30B, M. U.
[leprament, Jonronpyausiii: Matemnekr, 2010

+ JlononHUTENbHAS IUTEPATYpA:

1. Beicokoa(dexTuBHas KoMILIeKkcooOpa3oBaTenbHas Xpomarorpadus HOHOB METaJIOB,
Mocksa: Texnocdepa, 2013

2. PykoBOJICTBO 11O ONITUYECKOM KOrepeHTHOM Tomorpaduu, Mocksa: @uszmatiur, 2007

3. ®usnuyeckue NPUHLUIBI 3JEKTPOHHOM MMKPOCKONMHM. BBeieHHe B NpPOCBEUMBAIOILYIO,
PacTpOBYIO M aHATTMTUYECKYIO AJIEKTPOHHYIO MUKpocKonuto, Mocka: Texnocdepa, 2010

4. ®u3nyecKkue METOJbl UCCIENOBaHMs CTPYKTYpbl TBepabiX Tes Y.1: Meroasl 21€KTpOHHON
Mukpockonuu, M.: MU®U, 2005

5. KommyectBeHHble MeTonbl B Macc-criekrpomerpuu, WM. JlaBawpunu [u 1p.], Mocksa:
Texnocgepa, 2008

6. MuxkpogaroniHele CUCTEMbI I XUMHMYeckoro aHamusa, pexa.. 0. A. 3omoros, B. E.
Kypoukun, Mocksa: ®uszmariut, 2011

Cnenyer Taxke npu paboTe ¢ MaTepuaioM MOJIb30BATbCA WHTEPHET-PECYpPCaMHU, YacThb W3
KOTOPBIX IPUBOJUTCS HUXKE:

http://www.nanometer.ru/

http://www.nanoworld.org/russian/library.html

http://www.ntmdt.ru

http://www.nanoobr.ru/

http://www.rusnanoforum.ru/

http://nano-info.ru/

http://www.portalnano.ru/

http://www.nanonewsnet.ru/

http://www.rosnano.ru/

http://e-learning.nanoobr.ru/

[TnanupoBaHue BpeMEHH Ha CaMOCTOSATENIbHYIO PalbOTy JIydllle BCEro OCYIIECTBIATH Ha BECh
CeMecTp, MpelycMaTpUBasi IPH 3TOM peryJsipHOe MOBTOpEHHE MpoiiieHHoro Marepuana. Onobpsercs
o0paIarecs K MpenoJjaBaTeio 3a KOHCYIbTalUsIMH.



KoHTposib ycrnieBaeMOCTH, NPEIyCMOTPEHHBIN NPOrpaMMON AUCHUIUIMHBIL, OCYLIECTBISAETCS
IIyTeM TECTHPOBAHMs, KOTOpOE IpoBoAMUTCA 2 pa3a B ceMecTp. OTBETHl Ha BONPOCH AJIsl TEKYILIErO
KOHTPOJISI IOJIKHBI [TOKa3bIBaTh YBEPEHHOE BJIa/ICHUE MAaTEPUAIOM U3 COOTBETCTBYIOIEH TEMBI.

10. YYEBHO-METOJIUYECKHWE PEKOMEHJIAIIUA JIJIS TPENIOJABATEJIEA

B kxypce m3ydarorcsi OCHOBHbIE (PU3HUYECKHE METObI, IPUMEHSEMbIC TP paboTe B 00JIACTH
AKCIEPUMEHTATBHON (U3UKH MHKPO- W HAHOCHUCTEM, (DU3MKH HAHOCTPYKTYp W HAHO(OTOHHKH.
PaccmarpuBarorcst pusmueckre NPUHIMITBI PAOOTHl U XapPaKTEPUCTHKH O0A30BBIX M COBPEMEHHBIX
cpeactB uaMepeHuil. OTneNbHOC BHUMAHHUE YACNSACTCS KOPPEKTHOHM MOCTAHOBKE IKCIEPUMEHTA W
AHAJIN3Y OSKCIICPHUMCHTAJIBHBIX JAHHBIX, a4 TAKKC OI'PaAHUYCHUAM, BO3HHUKAOMIUM IIPpU pa60Te Ha
AKCIIEPUMEHTAILHOM 000PYI0BaHUU.

[lenb Kypca — JaTh OCHOBHBIC MPEACTABICHUS 00 OCHOBHBIX (DM3MYECKHX 3aKOHOMEPHOCTSIX,
JCKaAIMX B OCHOBC COBPCMCHHBIX JSKCIICPUMCHTAJIBHBIX MCTOJO0B aHalIW3a (I)I/I?;I/IKI/I KHHETHYCCKUX
SIBJICHHM, (PU3UKA MUKPO- M HAHOCUCTEM, TapaMeTpax M3MEPHUTEIbHOH anmapatypbl U OrpaHUYCHUSX,
BO3HUKAIOIINX MPH paboTe C HEell.

JlomyckaeTcsi MCIOJb30BaHHE CTYACHTAMH CIPaBOYHBIX MAaTEPUATOB, HEOOXOIMMBIX JIJIs
MIPOBE/ICHUSI YUCIICHHBIX pacdyeToB. DOPMYIHMPOBKY NPAKTHYCCKUX 3aJaHHN CIIEAYET BBIMOJIHATh
oJIpOOHO, a TAKXKE JOIMYCKATh MCIIOJIb30BaHUE HHTEPHET-PECYPCOB IPU padOTe HAJ| 3aIaHUSMH.

OTHOmIeHNE TpenojaBareiss K CTyIEHTaM [OJDKHO HOCHTH XapakTep J00poKenaTelnbHOM
TpeboBaTenbHOCTH. [l Oonee 3(P(PEKTHBHOTO YCBOCHHS MaTepualia HEOOXOAMMO IOOIIPSTH
CaMOCTOSITENTbHYIO Pa0OTy CTYJIEHTOB, B TOM YHCIIE C MHTEPHET-PECypCamMu

ABTOP(BI):

KotkoBckuii 'ennanuit EBrenbeBuy, K.¢.-M.H.



