degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: DU3NKO-XUMUYCCKHUE MCTOABI I/ICCJ'IC,I[OBaHI/Iﬁ M UCIIbITAaHUI MaTcpuaioB U YCTpOfICTB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa HAaHOMETPOJIOTUHN U HAHOMATEPHAJIOB

Kypc: 2
KBaJIMpUKALS: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTaunu: 3 (ocennuil) - JuddepenuupoBannslii 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBuiIu:

T.K. 3axapueHko, KaHl. XUM. HayK
C.M. Mopo3oBa, KaHJ. X1UM. HayK
I1.LE. bonTsimos

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapsl HAHOMETPOJIOTHH U HaHoMaTepuaiioB 12.02.2024



AHHOTANMA

OcBoeHue aucHUIUIMHBL «DPU3UKO-XUMUYECKHE METOJbl MHCCIENOBAHUM M UCHBITAHUW MaTepuajoB U
YCTPOMCTB» HANpaBICHO Ha pPa3BUTHE NPOPHUILHBIX KOMIETEHUMH W MpeACTaBICHH OO0 OCHOBHBIX
MPHHIMTIAX (UIUKO-XUMHUYECKHX MeTofax HccieqoBaHuii n ucnbitannii XUT mocpencTBoM yriyOleHus u
CHUCTEMaTH3allii 3HAHUH O KIAacCH(HUKALIUM METOAOB HCCICIOBAHUNA W HCIBITaHWH, 00 YCTpoicTBe
UCTIONIb3YEMBIX MHCTPYMEHTOB M 00OPYJOBaHMS M O NMPHHIUIAX BEIOOPa METOANK MPOBEACHUS UCTIBITAHHUMH C
LENbI0 OCYIICCTBICHUS IUIAHUPOBAHUS M NPOBEICHHUS MPOOOMOATOTOBKM  OOpa3lioB, WX HCHBITAHUNA H
aHaiu3a

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- (1)OpMI/Ip0BaHI/Ie y 06yqa10m1/1x051 CIICHHUAJIN3UPOBAHHBIX HpCI[CTaBHeHI/Iﬁ () (I)I/I3I/IKO—XI/IMI/I"ICCKI/IX
METOAaX HCCISA0BAHUM W UCIIBITAHUI MarepuajioB U YCTpOI\/'ICTB, B TOM 4HHCJIC UCHOJIB3YIOIINXCA NJIS
CO3aaHusA XUMHUYCCKHNX UCTOYHHUKOB TOKaA.

33]13‘[1/[ JAUCHUIIINHBI

*  (dopmupoBaHue 0a30BbIX 3HAHUI O (UIMKO-XMMHUYECKMX NPUHIUIIAX, Ha KOTOPBIX OCHOBaHBI
COBPEMEHHBIE METO/Ibl HHCTPYMEHTAIbHOMN TUarHOCTUKY MaTepUaloB U yCTPOMNCTB;

. (dbopMHUpoBaHHWE HaBbIKa MOAOOpPa HEOOXOAMMOW WHCTPYMEHTAIBHOM METOJAMKH aHaln3a B
3aBUCHMOCTHU OT HHTEPECYIOIETO Pe3yiibTaTa 1 THIIA aHAIM3UPYyEMOro 00pasia;

* oBiajieHue 0a30BBIMHM HAaBBIKAMH MHTEPIPETALUH PE3yIbTaTOB (PU3NKO-XUMUYECKUX HCCIIEA0BaHUI
U WCHBITAaHUH, B TOM YHUCIE C HCIOJB30BaHHWEM CIEHHAIM3UPOBAHHON M NEPHOAWYECKON Hay4dHOH
JIUTEpaTyphl.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYAINIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier TMOWCK BapUaHTOB  PELICHUSA
. |mocraBmeHHOW — HpPOONEMHOM  CHUTyalluM Ha  OCHOBE
YK-1 CriocoGeH ocymecTBIsTh KpUTHIECKUN
. JOCTYTHBIX UICTOYHUKOB HH(pOpMaLH
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh

CTpATernio HeﬁCTBHﬁ IOCTABJICHHOMW IHCJIM KaK II0CJICAO0BAaTCIIbHOCTL IIIAros,

MpenBUIA pe3ylbTaT KakIOT0 M3 HHUX W OILEHHWBas HX

BIIMAHHUC Ha BHCIIHCC OKPYKCHUC HHaHpreMOﬁ
ACATCIIbHOCTU M Ha B3aMMOOTHOLICHHUA Y4YadCTHHUKOB 3TOM
JACATCIIbHOCTHU

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

JACATCIIbHOCTHU

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA




KOJUICKTUBA OPraHU30BbIBATH U POBOJIUTh I1K-2.2 CnocobeH mNpoBOAWUTH ampoOaluio pe3ylbTaToB
Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTel nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOIKHEI

3HAThb:

YMETB:

- OCHOBHBIE BHUIBI HCIOJB3YyEMBIX CErOfHA METOABI HMCCICAOBAHWN M HCIBITAHWM MaTepuajoB W
YCTPOMCTB, B 0COOEHHOCTH OTHOCSIIMXCSI K XUMHUECKAM HUcTouHHKaM Toka (XUT);

- YCTPOMCTBO Y NPUHIUI PabOThl OCHOBHBIX NPUOOPOB M MHCTPYMEHTOB ISl IPOBEICHHS aHAIN3a,

- IPUHIIMIIBI BBIOOPA METOANK NPOBEACHUS (PU3NKO-XUMHUYECKHX MCCIICIOBAHUM U UCIIBITAHUH.

- OOBSCHITH (DPUBUKO-XMMUYECKUE TMPHUHIUILI PabOThl OCHOBHBIX NMPUOOPOB W HHCTPYMEHTOB JUIS
MPOBEICHNUS aHAJIN3A;

- IIPOBOJIUTH IIPOOONOATOTOBKY 00pa3oB (B yacTHOCTH, siBisitoruMucst XUT nim ux KOMIIOHEHTaMH)
IS TIPOBENICHHSI MHCTPYMEHTAIILHOTO aHAJIH3a;

- QHAJIM3UPOBATh PE3YJIBTAThl (PUBUKO-XUMHYECKUX HCCIICOBAHUI U UCTIBITAaHUH;

- aHAJIM3UPOBATH HAYYHYIO JIUTEPATYPY C LENbI0 BEIOOpa HHPOPMAIMK O IIPUMEHEHUH TOTO WJIA WHOTO
MeTO/la K aHaJM3y KOHKPETHOTO OOBEKTAa M HWHTEPIPETAIUH COOCTBEHHBIX AKCHEPHMEHTAIBHBIX
JaHHBIX.

BJIAJIETh:

- OCHOBHBIMH TPHHIMIIAMH, JISKAIIMMH B OCHOBE (M3MKO-XMMHUYECKHX METOJOB HCCICIOBAHUS H
ucnbitanust XUT (kak Ha ypoBHE YCTpOHCTBa B COOpE, TaK M OTACIBHBIX MaTepUaJIOB);

- HaBBIKAMH K TOI0OpPY METOAMKH HCCIIEHOBAHHS/UCIBITAHUS B 3aBUCHMOCTH OT THUIAa OOBEKTa M
MHTEPECYIONINX XapaKTePUCTHK;

- CBEJCHUSMH 00 OCHOBHBIX TpeOOBaHUSX K MPOOONOATOTOBKE oOpas3ma i OIpeaesieHHON
METOJJMKH/HUCCIICIOBAHMS U COOTBETCTBYIOIINX OTPAaHHMYCHUSIX TOM WIIM HHOW METOIMKH;

- HaBbIKAMM K MHTEPIPETallMM M OOCYXJICHUIO pPE3yJIbTaTOB MPOBEACHHOIO HCCICAOBAHUS,
OCHOBBIBAsICh Ha COBPEMEHHOM JINTeparype.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bgenenne. O6mrast  kimaccudukanus 1 )
METO/I0B
) Beenenue B (bU3HKO-XUMHUYECKHE | )
METO/IbI aHAJIM3a MaTePHaoB
3 JudpakumnoHHbIE METOIBI aHAIN3A 2 4
4 PactpoBas anexkTpoHHas MUKPOCKOIIUS 1 2
5 [IpocBeunBaromias 3IIEKTPOHHAS 1 )
MUKPOCKOIHUS
6 KonebarenpHast crieKTpoCKOMus 1 2
7 BropuuHnas nonHast Macc-CieKTpoOMeTpHs 1 2
8 Pe3onancHble MeTO/BI aHAIM3A 1 2




9 HetlitpoHHble MeTonbI aHATN3a 1 2
Hcnonb3oBanue CUHXPOTPOHHOTO

10 |u3myueHus JU1s JIUAarHOCTUKU 2 6
MaTepuasoB
DneKTpoHHas CIIEKTPOCKOITHSI.
Pentrenosckas (boToreKTpOHHAS

11 1 2
CHEKTPOCKOIHS (PDIC).
O>xe-31eKTpOHHAsE MUKPOCKOIIUS
Pentrenosckas CIIEKTPOCKOIIHSL.

12 PenTreHocnexkrpanbHblii  MUKpOaHAIHU3. 1 2
PentrenoBckuit duryopecieHTHBIT
aHanu3

13 | Xpomarorpaduyeckue METOIBI aHATU3A 3 2
Benenne B 3MEKTPOXMMHYECKUE METOBI

14 |aHaMH3a. Knaccuduxamust ~ MeTonoB. | )
OcobeHHOCTH AJIi MHTEPKAISUOHHBIX
MaTepuasoB
ITorennnonnHaMuyEeCKHe u

15 rajbBaHOCTATUYECKUE METO/IbI. 1 2
ONeKTPOXUMHUYECKOE TUTPOBAHUE

16 CriekTpockonusi  3JEKTPOXUMHUYECKOTO ) )
umMmIenaHca

17 Mertonpl 3IEKTPOXUMHUUECKOTO aHaIu3a | 4
Ha YpOBHE aKKyMYyJIsITopa B cbope

18 MeTtoast OTIPEEIICHUS MEXaHUKHU ) 4
MaTepuasoB

19 Peonoruueckue XapaKTEPUCTUKH ) 4
MaTepHajoB

20 Turer u Kjaccu(uKauus HUCHBITAaHUHA 1 )
YCTpOMCTB

71 Knumaruueckue, BaKyyMHbIE u | )
TEPMO-BaKyyMHBIC UCTIBITAHUS

22 |BubpoucnsiTaHus 1 2

23 HOpMaTI/IBI:IO—HpaBOBaSI 0a3a mpoBeacHHUS 1 4
UCIBITAaHUH

Nroro yacos 30 60

ITonroToBka k 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 3 (Ocennwii)
1. Beeaenune. O0nias knaccudukaius METo10B

Beenenne B kypce. OOmas kimaccupukanus METONOB W HCHbITaHUN. O030p YaCTO HCIIONB3YEMbIX
METOIOB U wuchbeiTaHuil. [lpepcraBineHne 00 aHaTUTHUYECKUX XapaKTEPUCTUKAX METOJOB U
pe3yabpTrarax HCIBITaHUH.

2. BBC,I[GHI/IC B (I)I/I3I/IKO—XI/IMI/ILICCKI/IG MCTO/bI aHaJIn3a MaTCpuajioB




Obmas kinaccupukanun (PU3NKO-XUMHUUYECKHX METONOB MCCIICAOBaHMS: AU(PAKIHOHHBIE METOBI,
MHUKpPOCKONHS U CIEKTPOCKONHUSA. MeTOonbl HMCCIENOBAHUS IMOBEPXHOCTH M O0BbEMa MaTepHasoB.
Paspymaromuye u Hepa3pymaromue MeToAbl THarHOCTUKU. BHUIBI 30HANPYIOIIETO U IETEKTHPYEMOTO
n3nydyeHus. BsaumoneiicTBue u3dydeHHs C BEIIECTBOM: IIOIIOLIEHME, YIPYIO€ M HEYIpyroe
paccesaue. Krnaccudukanmuss MeETOmHOB 1O 30HAUPYIOIIEMY HM3IIyYEHHIO. OHEPreTUYecKHue
XapaKTEPUCTUKH 30HAUPYIOLIETO U3ITyUECHHUS.

3. ludpakoHHbIE METO/IBI aHAIIN3A

Hudpakuus Ha KpucTauueckoi pemerke. OOmye NpeACTaBICHUS O NEPUOAMUYECKOM CTPOCHHUU
KPUCTAJUIMYECKUX BEILECTB. OJeMEHThl cuMmMeTpuuu. Ilepuonuueckas TpexMepHas pelIeTKa.
Pemierkn bBpas. [lonsatue 006 oOpaTHON pemeTke W WHAECKCH Muiuiepa. ONeMEHTHl TEOpUH
mudpakuuu. Judpaknus peHTreHOBCKOTO wu3nydeHus. Cxema IUQPaKIMOHHOTO SKCICPUMEHTA.
Ananu3 Qopmbl TUGPAKIMOHHBIX MHUKOB. VHTEHCHMBHOCTP M TOJOXEHHE AU(PPAKIMOHHBIX
MakCUMyMoOB. WHAMBUIyanbHBIH XxapakTep AU(PaKIUOHHOW KapTUHBL. ba3el MOPOMIKOBHIX
TU(PPaKLIUOHHBIX JaHHBIX. PEHTTeHOCTPYKTYpHBIN aHaJH3.

4. PaCTpOBaSI QJICKTPOHHAA MUKPOCKOITUSA

PactpoBas snexrponnas mukpockonus (POM). IIpoctpaHcTBeHHOE pa3pelieHHe B MHKPOCKOIHH.
OJNEeKTPOHHAsl OITHKA: 3JEKTPOCTAaTU4YECKHME W MarHuTHble JinH3bL. [lpuHnUnUManbHas cxema
3IIEKTPOHHOTO MHUKPOCKOIA, YCTPOWCTBO U NPUHIMI ero padoTsl. OCHOBHBIE HCTOYHUKH CHUTHAJIOB,
ucnons3dyemMbix B POM s dpopmupoBanust nzobpaxenus. Meroasl (GpopMHUpPOBaHHS 3IEMEHTHOTO
KoHTpacta. OrpaHu4eHus: MeToa

5. HpOCBC‘lI/IBaIOH_Iaﬁ QJICKTPOHHAA MUKPOCKOITUSA

[IpocBeunBatomiast snexkrpoHHas Mukpockonus (II9M). @opmupoBanre KOHTpacTa H300paKeHUS B
[IOM. VYerpolcTBO M mpuHIMI pabOTBl MUKPOCKOMA. DJEMEHTHBIH KoHTpacT. [I9M BBICOKOTO
paspewenns. ~ PopmupoBaHuMe  H300paKeHHA ~ aTOMHOro  paspemeHus.  Ompenenenue
KPHCTAIIIMYECKOH CTPYKTYpbl. OCOOEHHOCTH U IPUMEPHI NCCIIeI0BAaHHS HAHOMATEPHAaIOB

6. KonebarenbHast CIEKTPOCKOTIHSI

KonebarenpHast criekrpockonusi TBepAbix Teil. DoHonwl. [lpuamuner MK- u KP-cnekrpockonmm.
[IpaBuna otbopa. MK-cmexrpockomus. Cxembl crneKTpoMeTpoB. CHEKTPOCKONMS TOTIIOIIEHHS.
Cnexrpockonust auddysHoro orpaxeHus. CIEKTPOCKONHS HApPYLUIEHHOTO IOJHOTO BHYTPEHHETO
orpaxkeHust. KonmuectBennsiit anamms. KP-cnexrpockomnusi. CTOKCOBBI M aHTHCTOKCOBBI TIOJIOCHI

7. BTOpI/ILIHaH HOHHAas MaCC-CIICKTPOMCTPUA

OcoOCHHOCTH  B3aMMOJCHCTBHS HMOHOB C BELICCTBOM. VICTOYHMKHM W JETEKTOPHI HOHOB.
AHaIMTHYECKHE XapaKTEPUCTUKA HOHHOHM CIeKTpocKonuu. KoHyc 3aTeHeHHs W KaHaJHMpOBaHHE
MOHOB. lMccnenoBaHue CTPYKTypbl HpPH IOMOIIM HOHHBIX Iy4koB. OOnmacTe NpPUMEHEHHS |
OTpAaHMYCHUS METOJHMK pAaccesHUs HMOHHBIX MYYKOB. [Ipomeccbl HMOHHOTO — pacHbUICHUS.
[MpodunupoBanue cocraBa 1o miyOmHe. Paspemienne mo miyOmHe. Bropuunas woHHas
Macc-CIIEKTPOMETPUSI HM  JPYrHe METOIbl PACHbUIMTEIBHOTO TNPO(WIMPOBAHUS COCTaBa, WX
AQHAINTUYECKUE XapAKTEPUCTUKU U OTPaHHUYCHUS

8. Pe3onancHbie METOALI aHAIN3A

Pe3onancuele Metonbl aHainn3a. Pusnueckre ocHOBBI SIMP u OIIP: cniMH M MarHUTHBIH MOMEHT
siipa, TUPOMArHUTHOE OTHOUIECHUE, KBAJPYMOJbHBIM MOMEHT siapa. Snapa, ucnonb3dyemsie B SIMP
tBeproro Tena. OcHoBHbie ¢Gopmynsl AMP/JIP. Umnynbe u penakcamus, CIUHOBOE 3XO, THIIBI
penakcaIoHHbIX TporeccoB. KBagpynonbabie 3 (heKTh

9. HeilTpoHHBIE METO/IBI aHAIU3A



B3auMmoneucTBue HEWTPOHOB C BemEeCTBOM. HelTpoHHble MeTOABl aHanmu3a. VICTOYHUKH
HEUTPOHHOTO W3JIy4YeHHs. TemioBble W XOJOAHBIE HEWTpPOHBL. HeWTpoHHas Tudpakius.
ManoymioBoe paccesinue. UnBapuant [lopona. [Ipubnmxenue ['unbe. HelirponHas peduiekromeTpus

10. Mcnons3oBanue CUHXPOTPOHHOI'O U3JTYYCHU I JUATHOCTUKH MATCPHUAJTIOB

CBoiicTBa U XapaKTEPUCTUKU CUHXPOTpoHHOTO M3nyueHus (CU). IlpuHIune! norydeHus, HCTOUHUKN
CU: HakomuTENbHBIE KOJBIIA U JIa3ep Ha CBOOOHBIX IEKTPOHAX. XapaKTEpPUCTHKU ncTounnkoB CU
U uX nporpecc (yBeTUYEHHUE SIPKOCTH HMCTOYHHKOB, CTENEHH MOHOXPOMAaTM3alluH, YIpPaBICHUE
noJisgpu3anuei, BpeMenHoe paspemienue). O630p MHPOBBIX LEHTPOB CHUHXPOTPOHHOTO H3ITy4EHHUS.
Knaccuduranuss peHTreHOBCKMX METOAOB AMArHOCTUKH, Hcnonbdyromux CH. OcobenHoctu u
[IpEeUMYyILECTBa UCIIOJIb30BaHUS CUHXPOTPOHHBIX HUCTOYHUKOB. JuppakunoHHsle,
MHKPOCKOITMYECKHE U CIEKTPOCKONNYECKHE METOJbI, MCIOJIB3YIOUINE CHHXPOTPOHHOE H3Iy4YEHHE.
EXAFS-cnekrpockonusi. OCHOBHbIE TPUHIIMITEI 1 HHPOPMATUBHOCTh

11. DOnekrpoHHas crekTpockonusi. PeHTreHoBckas QortodnekrpoHHas crekrpockonus (POIC).
Oxke-3IeKTPOHHAs MUKPOCKOIIUS

DNEeKTpOHHAsi  CIEKTpOocKomus. PeHTreHoBckas (oTosnekTpoHHast —crnekTpockonust (POIC).
OmnpezneneHne cocTaBa MOBEPXHOCTH M 3apsIOBBIX COCTOSHHM aromMoB. COBpPEMEHHOE pa3BUTHE
0XKe-2JIEKTPOHHOM ~ criekTpockonuu. OrmpeneneHne CcocTaBa IOBEPXHOCTH — aHAJIUTHYECKHE
napaMeTpbl. Ojke-3JeKTpOHHAsT MHUKpOcKonus. IIpumeprsl wHcciaeqoBaHUST HAHOMAaTEpPHAJIOB.
CHeKTpOCKOIUsL XapaKTePUCTHUYECKHX IOTEPb JHEPruH 3IeKTpoHOB. CoOIOCTaBIEHHE METO0B
HCCIICAOBAaHMS IOBEPXHOCTH

12. PeHTreHOBCKas CHEKTPOCKONUS. PEHTreHOCHEKTpalbHBIA MHKPOAHAIN3. PEHTreHOBCKUIA
(uryopeciieHTHBIN aHaIn3

Pentrenosckas cnekrpockonus. Hepaspyuiaromue MeToIbl ONpPEAENeHHs] cOCTaBa TBEPABIX TEI.
PentrenocniexkrpaneHplii  MuKpoaHanu3. Meronsl  peructpaumu  crnektpoB  (EDX, WDX).
IIpocrpancTBeHHoe  paspemienue. OnpezneneHue  cocTaBa.  AHaJIUTUYECKUE — IApaMETPHI.
OCOOCHHOCTH U METOIMKH MCCIIEOBaHMS IJIaHAPHBIX CTPYKTYyp. PeHTreHoBCckuil (uryopecueHTHBIN
aHaJIu3 U €T0 aHAJIUTUUYECKUE TIapaMeTphl.

13. Xpomarorpaduueckue MEeTOIbl aHATTH3a

OcHoBHBIE TIONIOKEHUST Xpomarorpaduu. Hemonsmxuas u moasmwxkHas ¢asza. HeynepxkuBaemble
KOMIIOHEHTBl. MeprBoe Bpems. Bpems ynepxuBanus. Teopernueckue Tapenku. [a3zoBas
Xxpomarorpadus. Xpomaro-Macc-CreKTPOMETPHSL. BricokoadhdhexruBHas JKUJIKOCTHAS
xpomarorpadus. O6pamienno-dpazosas BOKX (OD BIXKX). Monnas xpomarorpadus. [nanapras
(Tonkocnonnas) xpomarorpadus. OCOOEHHOCTH MPAKTHYECKON pealn3aluyd XpoMaTorpaguuecKux
METO/IOB

14. Benenue B 2JIeKTpOXUMHUYECKHEe MeTObl aHanmn3a. Knaccudukamnus metonoB. OcoOeHHOCTH ISt
WHTEPKASILIMOHHBIX MaTepHaioB

BBenenne B anekTpoxuMudeckue MetoAsl aHanuza. Knaccupukanus meronoB. OcoOEHHOCTH st
UHTEPKASILIMOHHBIX MaTepHualloB. Kuneruka nepeHoca 3apsja. Onpenenenue
CKOpPOCTB-OIpeNEIAIONIEN CTaJuM. Juddy3nonnbriii KOHTPOJIb. Kontpoins yepes
3apozbilIeooOpa3oBaHue. DHEPrus aKTUBAIMK TIEpEeHOCca 3apsaa depe3 rpaHully pasaena. BuusHue
wienku SEI/CEI Ha pe3ynbrarsl 3IeKTPOXUMHYECKOTO SKCTIEPUMEHTA

15. HOTCHI_II/IO,E[I/IHaMI/I‘IeCKI/IC U TaJIbBAHOCTATHYCCKUC MCTOIBI. 3J'ICKTpOXHMH‘I€CKO€ TUTPOBAHUC

Bonbramnepomerus. ['anbBaHocTaTHYecKoe HUKIMPOBAHUE. 3aBUCUMOCTD YACIBHBIX XapaKTEPUCTUK
OT IUIOTHOCTM TOKa paspsana. JByX W TpexuekTpoAHble suekiku. IloTeHmumocrarmyeckoe u
raJlbBaHOCTaTHUECKOE NpepbiBUCTOe TUTpoBaHWe. Onpeznenenue kodpdunuentos mudpdysun B
HUHTEPKAJSILIMOHHBIX MaTepuajax



16. CrieKTpOCKOIIHA AIEKTPOXUMUYECKOTO UMIIEaHCa

CrieKTpOCKOIUs 3JEKTpOXUMHUYecKoro uMiienanca. CriocoOwl ipesicTapieHus umnenanca. Crnocoobl
OIUCAHUSl  DJIEKTPOXUMHYECCKHX 1erneidl. OCHOBHbIE KOMIIOHCHTBI OKBUBAJICHTHBIX  CXEM.
Conporusnenne. Emxocts. MuaykruBHOCTh. Juddy3uonnsii umnenanc (3nemeHt BapOypra).
DneMeHT TMOCTOSHHOM (pa3bl. HekoTopble CTPYKTYpHBIE MOJENU IJIEKTPOXHMUYECKHX CHCTEM.
Oco0eHHOCTH TPOBEACHUS FKCIIEPUMEHTA 110 PETUCTPALUU UMIIEJaHCa

17. MeTozbl 2MEeKTPOXUMHUUECKOTO aHaIN3a Ha YPOBHE aKKyMYJsTopa B cOope

MeTozbl 21€KTPOXUMHUYECKOTO aHaJIi3a Ha ypOBHE akKyMynaTopa B cOope. Crenens 3apsaa (state of
charge) u crenenp coxpaHHocTH emkoctu (state of health) akkymynstopa, W cnocodbl ux
ompeneneHusi. AHanm3 npupocta eMkoctd (incremental capacity analysis). AHanmm3 KpuBOH
npousBogHOW Emkoctu mo HamnpsbkeHuio (differential voltage analysis). Ananu3 nomaroBo
M3MEPEHHOTO HaNpsHKEHUs] pa30MKHYTOH 11emnu (incremental open-circuit voltage analysis)

18. Metozibl onpeieieHnsI MEXaHUKH MaTepHalioB

Mertozbl omnpenesneHns MEXaHWKHM MarepuanoB. Buabl nedopmarmmu: cxarue, pacTshkeHHE, M3THO,
Kpyuyenue, caBur. Moayne FOnra. [Ipounocts mpu paspbiBe, yUIMHEHHE NpH paspbie. lIpuHimm
paboThl pa3phIBHOH MamiuHbL. JlMHamMo-mexaHWdeckuil aHanm3a. PenakcalliOHHBIE TIPOIIECCHI.
B3auMoCBsA3b MEXaHNUECKUX U TEPMUYECKHUX CBOMCTB. TepMOMEXaHUUECKHUI aHATIN3

19. Peonornueckne XxapakTEpUCTUKN MaTEPHATIOB

Peonoruueckue xapaxkrepuctuku marepuainon. Onpenenenue peonoruu. Buasl reuenus. Capurosas
U KOMIUIEKCHAsT BSA3KOCTb. BS3KOCTh IMOJIMMEPHBIX PacTBOPOB. PenmakcallMoOHHBIE NPOLECCH B
pacTBOpax U paciuiaBax

20. Tunsl ¥ KIIacCUPUKAINS UCTIBITAHUH YCTPOUCTB

Tunbl u knaccudukanus UCTBITAaHUNA ycTpOWCTB. OCHOBHBIE THITBI HCHBITAaHUH. OCOOCHHOCTH
MIPOBEICHUS UCIIBITAHUIN JJI yCTPOMCTB pa3InYHOrO THUIA

21. KnumaTtnueckue, BaKyyMHBIE U TEPMO-BaKyyMHBIE UCIIBITAHUS

Knumarundeckue, BakyyMHbIE W TEpPMO-BaKyyMHble HCHbITaHHs. Llenn mnpoBeneHHs HCHBITAHHMA.
Hcnons3yemoe o6opynosanust. OcCOOEHHOCTH MPOBEACHUS UCTIBITAHUS

22. BubpoucnbiTanus

Bubpoucnbiranus. [lenn npoBenenus ucnbitanuid. Mcmonesyemoe oGopymoBanus. OcoOEHHOCTH
MIPOBEICHUS UCTIBITAHUS

23. HopmaTtuBHO-TIpaBoBasi 6a3a MpOBEACHUS UCTIBITAHUN

HopmaruBHbie TpeOoBaHMsSI K UCIBITAHUIO HAPOJHOXO3SHCTBEHHOW NPOAYKIMU. McmbITaHus
3NIEKTPOTPAHCIOPTA M €r0 COCTAaBHBIX yacTed. TpeboBaHUS K O(QOPMIICHHIO MPOrpaMM M METOIUK
ucnblTaHui. [lnanupoBanue U opraHu3alys IPOBEACHUS Pa3IMUHbIX BUIOB UCIIBITAHUI

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas aAyAUTOpHA, OCHALICHHAA MYJIbTUMCUA ITPOCKTOPOM, MEJIOBOM HJIN MapKepHoﬁ I[OCKOI7L

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa
Jluteparypa BolaeTcs Ha 6a30BoOH Kadenpe:

1. A. Bect. Xumus tBEpaoro tena. Teopus u npunoxenusd. Yacts 1. Mocksa "Mup", 1988, 558 c.

2. Oypa K., JIupmmnu B.I"., Capanun A.A., 3otoB A.B., Karasma M. Beenenue B pU3NKy NOBEPXHOCTH
M, Hayxa, 2006, 490c.

3. JL.H. Mazanos. Pentrenosckue cnextpbl. HoBocubupck: UHX CO PAH, 2003.

4. 10.A. Ilentun, JI.B. BunkoB @uznueckue MeTo/Ibl uccaenoBanus B xumuun M Mup 2006 683c

JlononHuTEIbHAS TUTEPATypa
Jluteparypa Boiaercst Ha 6a30BoOH Kadenpe:

1. Linden's Handbook of Batteries, 4th Edition. Edited by T.B.Reddy. McGraw-Hill, 2010

2. A.l. Bard, L.R. Faulkner. Electrochemical methods: Fundamentals and Applications. John Wiley &
Sons, 2000.

3. F.Watts, J.Wolstenholme An introduction to surface analysis by XPS and AES, Wiley 183 ¢

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npenycmorpeHnbl

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIIINHBI,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA Pa3IMYHbIX 3a/a4d.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICNBHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH MpoMeXyTOUHBINH KOHTPOJIb 3HAHWUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadeapa HAHOMETPOJIOTUHN U HAHOMATepHAaJIOB

Kypc: 2

KBau(pukanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 3 (oceHHuil) - JuddepenuupoBannslii 3a4eT
PazpaGoTunkm:

T.K. 3axapueHko, KaHJI. XUM. HayK
C.M. Mopo3oBa, KaHJl. XMM. HayK
IL.E. bonTeimos



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAUECTBO pa3padoTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBe uiieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MK-2.2 CnocobeH mNpoBOIUTH ampoOanuio pe3yabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUuK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare wu3yueHus IUCHUIUIMHBI «DH3MKO-XMMHYECKHE METOABI HCCIEIOBAaHUM M WCHBITAaHUN
MarepHralioB U yCTPOUCTB» 00yYarOIIUICs JOKEH:

3HATb:

- OCHOBHBIE BHIbl HCIIOJIB3YEMBIX CETOJHS METOAbl HCCIEJOBAaHMH W HCHBITAHUI MarepuagoB H
YCTPOMCTB, B 0COOEHHOCTH OTHOCSALIMXCS K XUMHUECKUM McTouHHKaM Toka (XUT);

- YCTPOMCTBO M MPHUHIMI PaOOTH OCHOBHBIX IPHOOPOB M MHCTPYMEHTOB JJIs TPOBEICHUS aHAJIN3A;

- IPUHLIUIIBI BEIOOpA METOAMK NPOBEACHHS (HPU3UKO-XUMHUYECKUX UCCIICAOBAHUNA U UCIIBITAHUH.

yMeThb:

- OOBICHATH (1)I/I3I/IKO—XI/IMI/I‘-IGCKI/I€ IMPUHIUIIBI pa6OTI>I OCHOBHBIX HpI/I60pOB U HUHCTPYMCHTOB JIA

IIPOBCACHUA aHAJIN3a,

- IPOBOAMTH MPOOOIIOATOTOBKY 00pa3uoB (B 4aCTHOCTH, siBisttomuMuca XU T unm ux KOMIOHEeHTaMn)
IUIsl IPOBEIEHUS] MHCTPYMEHTAIbHOIO aHAJIN3A;

- aHAJIM3UPOBATH PE3YIBTAThl PUIUKO-XUMHUUECKUX UCCIEJOBAHUI U UCTIBITAHHIA;

- aHAJIM3UPOBATh HAYYHYIO JIUTEPATYPY C LENbI0 BEIOOpa MH(GOPMAIMK O IPUMEHEHNH TOTO WJIM HHOTO
METO/Ia K aHajiM3y KOHKPETHOro OOBbEKTa W HHTEepPIpPEeTaludd COOCTBEHHBIX HKCIIEPHUMEHTAIbHBIX

MaHHBIX.

BJA€Th:




- OCHOBHBIMU TNPHUHLHIIAMH, JIEKAIUMH B OCHOBE (IM3MKO-XMMHUYECKHUX METOJOB HCCIECIOBAHUSA H
ucnbitanust XUT (kak Ha ypoBHE YCTpOHCTBA B cOOpE, TaK M OTJCIBHBIX MaTCPUAIIOB);

- HaBBIKAMH K TOAOOPY METOOUKH HCCIIECIOBAHUS/UCIBITAHNUS B 3aBUCHMOCTH OT THIa OOBEKTa H
HUHTEPECYIOLIUX XapaKTePUCTHUK;

- CBEACHUSAMH 00 OCHOBHBIX TpeOOBaHUSIX K MPOOONOATOTOBKE oOpa3ma i OIpeacsieHHON
METOJMKH/HUCCIIEIOBAHMUS U COOTBETCTBYIOIINX OIPAaHUYECHUSAX TOM MIIM MHOM METOIMKH;

- HaBBIKAMM K HHTEpIpETalMd U OOCYXKIEHHIO pPEe3yJbTaTOB MPOBEAEHHOIO HCCIECIOBAHMUA,
OCHOBBIBasACh Ha COBPEMEHHOH JINTEPATypE.

3. IlepeyeHb THNOBBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0
B Havase ka)xJ0ro 3aHATHS HPOBOIUTCSA KPATKUH ONPOC 10 TeME NPEAbIIYIIEro 3aHATHS.

4. llepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! k auddepenurpoBaHHOMY 3a4eTy

1. OO6mas knaccuduranuss MeToAOB ¥ UcHbITaHud. O030p YacCTO HUCIONB3YEeMBIX METOIOB U
ucnbiTanui. [lpencraBneHne 00 aHANTUTHYECKUX XapaKTEPUCTUKAaX METONOB U  pe3yjbrarax
HCTIBITAHUMN.

2. O6mas xiaccupukanuu (U3NKO-XUMHUYECKHX METOJOB MCCIIEAOBAHUSA. METOIbl MCCIIEA0BaHUS
MOBEPXHOCTH U 00beMa MaTepuanoB. Pa3pymatomue u Hepa3pymwaronme MeToIbl JUarHOCTUKH.

3. Buzbl 30HIUPYIOLIETO U AETEKTUPYEMOIO M3yueHUs. B3auMoneiictBue u3inydeHus ¢ BELECTBOM:
MOMIOLICHNE, YIpPYyroe M Heymnpyroe paccesnue. Kiaccupukanuss MeTOAOB MO 30HAMPYIOLIEMY
U3JIYyYEHUIO. DHEPreTUYECKUE XapaKTePUCTUKU 30HIUPYIOIIEr0 U3TyUeHHUs.

4. Judpakiusi peHTTeHOBCKOTO u3inydeHus. Cxema nUGpaKIMOHHOTO SKCIIepuMenTa. AHanu3 (HopMbl
TU(PPaKLIUOHHBIX TUKOB. PEHTIreHOCTPYKTYpHBIN aHATU3.

5. TlpoceeuunBaromias anekTponHas Mukpockonus (I19M). @opMupoBanue KOHTpacTa H300pakeHHs B
[IOM. YcrpoiictBo U mpuHUMI padoTbl Mukpockoma. [I9M Beicokoro pasperienus. OmnpeneneHue
KPHUCTAJUINYECKON CTPYKTYPHI.

6. Konebarenpuas criekrpockonusi TBepAbix Ten. [Ipunmunser UK- u KP-cniekrpockonuu. [IpaBuna
or6opa. CxeMsbl criekTpoMeTpoB. KonnuecTBeHHBIH aHAIN3.

7. OcoOEHHOCTH B3aUMOJICHCTBHS MOHOB C BENMIECTBOM. VICTOUHUKH M JIETEKTOPHI HOHOB. BTOpnuHas
HWOHHAs Macc-CHEKTPOMETPHS W JAPYTHE€ METOAbl PacHbUIMTEIBHOTO NPOQMIMPOBAaHUS COCTaBa, UX
aHAJIMTUYECKUE XapaKTEPUCTUKU U OIPaHUUYCHMUSL.

8. Pe3onancHble MeTO/IbI aHAMH3a. DU3NYECKHe OCHOBBI U OCHOBHBIE opmynbl AMP u DOITP.

9. HeiitponHble MeTo/bl aHaM3a. MICTOUHMKN HEWTpOHHOTO HM3nyueHUs. Helitponnas audpakius.
ManoymioBoe paccesinue. Heiitponnas pedriexromerpus.

10. CpoiictBa M XapakTepUCTUKU CUHXpOTpoHHOro wusnydenus (CH). IlpuHuunsl momyueHwus,
ucrounukn CH. Krnaccudukamust peHTTEHOBCKMX METOAOB AMAarHOCTUKH, wucmoib3yromux CH.
OCOOCHHOCTH W TPEUMYIIECTBA MHCIOJIB30BAHUS CHUHXPOTPOHHBIX HCTOYHHUKOB. JlndpakinuoHHbBIE,
MUKPOCKOIIMYECKUE U CIIEKTPOCKOIINYECKHE METO/Ibl, UCIIOJIb3YIOIINE CUHXPOTPOHHOE U3JIyUeHHE.

11. EXAFS-cnekrpockomnusi. OCHOBHbIE MPUHIIMITEI 1 HHPOPMATHBHOCTH

12. DOnekrpoHHas crekTpockonus. PeHtreHoBckas (orosnekTponHas cnekrpockonus (POIC).
O>xe-31eKTpOHHAsE CHETKTPOMUKpOCKONHUsA. CHEKTPOCKONUS XapaKTepPUCTUUECKUX II0TEPh 3HEPruu
3JIEKTPOHOB.

13. PeHTreHOBCKass CHEKTPOCKONHA. PEHTTeHOCHEKTpaJbHBII MHKpOaHalIH3. PeHTreHOBCKH
(uryopeciieHTHBIN aHau3.

14. OcHoBHBIE MTONOXKEHUS XpoMaTorpadun. ['azoBas xpomaTtorpadus. XpoMaro-Macc-CleKTPOMETPHSL.
15. BricokoaddekruBHas xuakocTHas xpomarorpadus. Obpamenno-dazopas BIXX (0D BIXKX).
Wonnas xpomarorpadus.

16. Beenenue B 3MeKTpOXUMHUYECKHE MeTObI aHanu3a. Knaccudukarus meronoB. OcoOeHHOCTH st
WHTEPKASIIMOHHBIX MaTepuanoB. Bnusuue mnenkun SEI/CEl Ha pe3ynbTarhl 31€KTPOXHMUYECKOTO
JKCIIEpUMEHTA.



17. BonbramnepomeTusi. 3aBUCUMOCTb YAEIBHBIX XapaKTEPUCTUK OT IUIOTHOCTH TOKa paspsija.
[lorennuocraruueckoe M TajlbBaHOCTAaTUYECKOE IIpepelBUCTOe  TUTpoBaHue. OnpexneneHue
k03 punmenToB nudy3un B UHTEPKAIALMOHHBIX MaTepraiax.

18. CrmekTpockomnusi 3MeKTpoXHUMUYecKoro ummenanca. CrocoObl OMUCAHUS DIEKTPOXUMHUECKUX
ueneil. OCHOBHBIE KOMIIOHEHTHI JKBHMBAJCHTHBIX cXeM. HekoTopesle CTPYKTypHBIE MOAEIH
IEKTPOXUMHUUECKUX CUCTEM.

19. MeTonbl 37IEKTPOXUMHYECKOTO aHAIN3a Ha YPOBHE akKyMynsaTopa B coope. Cremnens 3apsija (state
of charge) m crenennp coxpanHocTH emkocTH (state of health) akkymymaropa, m cmocoObl ux
ompejienieHus. AHanu3 Tmpupocta eMmkocTH (incremental capacity analysis). AHanu3 KpuBOH
npousBogHOW Emkoctu mo HanpsbkeHuto (differential voltage analysis).  AHaiu3 momaroBo
W3MEPEHHOTO HaNpsHKEHUsS] pa30MKHYTOH 11emnu (incremental open-circuit voltage analysis).

20. Bunpet gedopmanmu. OCHOBHBIE MeEXaHWYECKHE XapaKTePUCTUKHA MarepuaioB. MeToabl
OTIpeJIeJICHUs] POYHOCTH Ha Pa3PHIB.

21. Monyne FOnra: onpenenenne u Mmetoas! m3mepennid. Kosgpuuuent Ilyaccona.

22. JlnHaMHYECKII MEXaHNYECKUI aHAIIN3: PUHITUIIBI U 00JIaCTh TPUMEHECHHIA.

23. TepMOMEXaHHUYECKHE CBOMCTBA MarepraioB. MeToIbl U3MEPEHNS TEPMOMEXAHNYECKUX CBOWCTB.

24. Peonorusi: onpenesiieHHe M OCHOBHBIE PEOJIOTHUSCKUE XAPAKTEPUCTUKU. BSI3KOCTH KHIKOCTEH H
pacTBOPOB MOJIMMEPOB.

25. PenakcaliioHHbI€ MPoIIECChl B MaTepraiax. MeTonbl u3MepeHu.

26. Tunbl u kiaaccu(UKAUs HUCIBITAHUN ycTpolicTB. OCHOBHBIE THUIMBI HCIBITaHUH. OCOOCHHOCTH
MIPOBEICHUS UCTIBITAHUHN 17151 YCTPOMCTB PAa3InYHOTO TUIIA.

27. Knumarnueckue, BaKyyMHBIE U TEPMO-BaKyyMHBIE UCTIBITAHUSI.
28. BubpoucnbiTaHusl.

29. HopmaruBHble TpeOOBaHMS K HCHBITAHWIO HApOJHOXO3SMCTBEHHOW NpoAyKuuu. McmbeiTaHus
3JIEKTPOTPAHCIIOPTA U €0 COCTABHBIX YacTEH.

30. [InanupoBaHue U OpraHu3anus NPOBEICHUS Pa3INYHbIX BUIOB UCTIBITAHUM.

HOHOJ’IHI/ITQHLHLIC BOIIPOCHI:

1. Kak onpenenuTh KOJIMYECTBO KUCIOPOAA M THI (YHKIMOHAJIBHBIX TIPYII, 00pa30BaBLIMXCS B
pesynbrare okucienus rpagpura KMnO4+H2S04?

2. Kak ompenenuts U3MEHEHHE COCTaBa M CTENECHHM OKHCICHUS METalIOB B KAaTOTHOM MaTepuaie
LiCo1/3Nil1/3Mn1/3A10.102, mnpowusomienmee mocjie €ro UUKIAPOBAaHUS B  JUTHH-UOHHOM
aKKyMyJsiTope?

3.  Kak onpemenutp 4YHMCTOTY, HajJMuuMe MPUMECHBIX (a3 M OXapaKTepu30BaTh 3arpsi3HECHHUE
MOBEPXHOCTH, pPa3Mep KPHUCTALIMTOB M HX B3aMMHYIO OPHEHTAIMIO Ul MOJIMKPHCTALIMYECKOM
¢donbru Menu.

4. Kak ompenenuTs COCTaB AIEKTPOIHUTA B OTPAOOTAHHOM JUTHH-MOHHOM akkymyisitope? Kakue
3TaIbl MPOOOMOATOTOBKH HA/I0 IIPOBECTH?

5. KakuMm crnocoGoM MOXKHO SKCIEPUMEHTAIbHO ONPEAETUTh HMPOJOLKUTEIBHOCTD IKCILTyaTalllud U
OILICHUTHh OCTABIIMHCS IUKIMYECKUH pecypc akKyMyJISITOPHOW Oaraped W3 DIIEKTPOMOOWIIS eCiu
M3BECTHA TOJIBKO HAadaJIbHAst EMKOCTb STYCHKHU?

Kputepun oniennBanus

Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka oOmM4YHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTEIBHO 1 0ayl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[To pe3ymbraram ocBOeHHS Kypca MpelycMOTPEH YCTHHIM AuddepeHInpoBaHHbIN 3a4eT, TPOBOAMMEIIA
o Bonpocam. 3agaercs 2-3 Bonpoca. Onpoc He JopkeH npeBbimars 40 MUHYT, BpeMsi Ha TIOATOTOBKY
y otBety 40 MUHYT.



