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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUPORONIOAO00HBIX, IJIA3MEHHBIX H
siiepHbIX TexHoJoruii um. N.B.
KypuaroBa

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: JIaGopaTopHBIN MPAKTUKYM TI0 TIPHPOAOTIONOOHBIM TEXHOIOTUSIM

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 3

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 6 (BeceHHul) - nuddepeHunpoBaHHbIi 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 0 gac.
cemuHapsl: 0 yac.
nabopaTopHble 3aHATHUS: 45 yac.

CamocrositensHas padora: 45 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2
KonmnuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 2
[IporpamMmy cocraBunu:

A.B. EMenbsHOB, KaHI. (U3.-MaT. HAyK, CTapIIKil IPernoaaBaTeib
H.B. MapuenkoB, kau/. ¢pu3.-Mart. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl HaHO-, OMO-, THPOPMALMOHHBIX ¥ KOTHUTHBHBIX TEXHOJIOTUH
29.03.2024



AHHOTANMA

Lenpio AMCLMIUIMHBL SIBISIETCS BOBJCUCHHWE CTYACHTOB B HAay4YHYIO pa0OTy IO OCHOBHBIM HalpaBICHUSM
nesitenbHocTd  KypuaroBckoro  komiuiekca ~ HBUKC-rexnomoruit.  KypuatoBckuit  HBUKC-nientp,
OPUEHTHPOBAHHBIA Ha MEXAUCUUIUIMHAPHBIC HWCCICAOBAaHHUS M pPa3pabdOTKU, MPOBOAUT HCCICIOBAHUSA B
obnmacté HaHO-, OWO-, MH(MOPMAIIMOHHBIX, KOTHUTUBHBIX, COIMOI'YMAaHHTApHBIX HAyK W TEXHOJIOTHH, C
HCIOJIb30BaHUEM PEHTTCHOBCKOI0, CHHXPOTPOHHOTO U HEUTPOHHOTO U3Ty4YCHUH.

1. leau u 3apauu

Meap AUCUMNIMHBI

- O3HAaKOMHUTBH CTYAEHTOB C SKCIEPUMEHTAIBHBIMU METOJAaMH HMCCIIEJOBAHMS CTPYKTYpBI, COCTaBa H
CBOMCTB CIIOXKHBIX (PU3MYECKMX M OHOJOTMYECKUX CHCTEM ITyTeM IIPOBEICHUS H3MEpPEHUH Ha
coBpeMeHHOM o0opynoBanuu Pecypcubix nentpoB KypuaroBckoro xommiekca HBUKC-texnomnoruii
HanunonanbHoro uccienoBareinbekoro neHrpa «KypyaroBckuii HHCTUTYT».

3agaun AUCHMIIHHBI
- OCBOCHUE TEXHUKH IIPOBEACHUS U3MEPEHU];

- 00paboTKH pe3yabTaToOB W aHalIM3a IOJyYCHHBIX JaHHBIX B CIEAYIOIIMX AKCIEPUMEHTAIbHBIX
METO/IaX: PEHTTEeHOBCKas AU(paKus, PEHTIeHO-(IyOpeCEHTHBIN aHaIH3;

- I[IpOCBEYMBAIOLIas  JJIEKTPOHHAs MMKPOCKOIMs, pacTpoBas DJIEKTPOHHAas  MHUKPOCKOIHS,
mudQepeHranbHas CKaHUPYIOLIasi KaJIOpUMETPus, OnpeneeHne TuaApomIbHOCTH U THAPO(GoOHOCTH
[IOBEPXHOCTH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIIUHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIUMCIIUTENBHYIO TEXHHKY M CEpPBUCHI ceTH MHTepHeT B
OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHble |0071acTh (cdepe) npodecCHOHANBHOM NETENbHOCTH
MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeT W yMeeT MPUMEHATb YHCICHHBIC
IPOrpaMMHBIE CPEACTBA [IPU PEIICHUHN 331a4  |MaTeMaTHYeCKHe METOAbl M NPHUKIAIHOE IPOrpaMMHOE
npodeccuoHaIbHON IeTeNbHOCTH, coOmoast  |o0ecrieueHre  Juisi  PElIeHWs  HAay4yHbIX  33Ja4 B
TpeboBanusa HHPOPMALMOHHOHN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e301acHOCTH

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNTbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAyYHO-TEXHUYECKOI
n (wiM) TexHoJOrHuYeckod wuHpopManmud B OOJACTH

OIIK-4 CriocobeH ocymecTBIsITh cOop U N
npo(heCCHOHANTBHOM IESTENbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepedHr u 0030pbl WHPOpPMALIUU B
o0nacTu cBoei mpoeccuoHaIbHOM e TebHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pPabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMannun

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHAana3oHbl paboumx
apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb INMPUOIMIDKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM IS PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA




M30PaHHON IPEIMETHON 061acTH [1K-3.3 YMeeT NpoM3BOJUTH OLIEHKY TOUYHOCTH YMCJIEHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  HCIIONB3yeMbIX  alrOpUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 110 JUCHHUIINHE (MOXY.JII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
- OCHOBHBIC TIOJIOKEHHS Pa3fesioB oOmiei (U3MKM — KIIACCHYECKOW MEXaHUKH, TEPMOAUHAMHUKH H
MOJIEKYJISIPHON (PU3UKH;
- KJIACCHYECKOHN 3JIEKTPOJUHAMUKH, OTITUKU, aTOMHOU U SJIEPHOH (PH3HKH;
- 6a30BbIE IPUHLUIIBI KBAHTOBONW MEXaHUKH;
- OCHOBBI HEOPTaHUYECKON 1 OMOOPTaHNYECKON XUMHH.
YMETB:
- IPOBOIUTH U3MEPEHUS U 00pabaThIBaTh UX PE3yIbTaThI;
- YCTaHaBIHMBAaTh CBS3M MEXAY HAOMIONAEMbIMU SIBICHUSIMH U MaTeMaTUYeCKUMH MOJEIISIMH,
OIMCBIBAIOLIUMHU ITH SIBICHHUS.
BJIaJIETh:
- MaTeMaTHYECKUMHU METOAaMHU 00pabOTKH Pe3yabTaToOB N3MEPEHUH.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB U BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| PentreHocTpyKkTypHBII aHauu3 5 5
MOJIMKPUCTAIITUIECKUX 00pa3LoB.
2 Pentreno-¢myopecueHTHbIN aHaN3. 5 5
3 [IpocBeunBaromias ANEKTPOHHAS 5 5
MHKPOCKOTIHSI.
4 PactpoBast 3neKTpoHHass MEKPOCKOIHUS. 5 5
HuddepennmanpHas CKaHUPYIOIIast
5 KaJIOPUMETPHS: UCCIICIOBAaHHE TEIUIOBBIX 5 5
3¢ dEeKTOB, COMPOBOKAAMUX (Pa3oBbie U
pellakcalOHHbIC TIEPEXOABI.
6 W3y4yenne mapameTpoB TuApo(UIBEHOCTH 3 3

U TUAPOPOOHOCTH MTOBEPXHOCTH.

7 CKBU/I-marautometp. 1 1

Cucrema U3MEpeHHS  XapaKTEPHCTHK

8 nonytpoBogHukoB Keithley 4200. > >

9 HH@)(bepeHuHanbgblﬁ CKAHUPYIOLINMA 1 1
kanopumetp Perkin Elmer DSC 8500.

10  |UK-®ypre criekrpomerp Nicolet iS5. 5 5

11 SAMP cnexTpomeTp. 5 5

Nroro gacos 45 45

[loaroroska k sK3aMeHy 0 gac.

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




4.2.

Coneprxanue JUCIUIUIAHBL (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 6 (Becennuit)

1. PEHTreHOCTPYKTYPHBIH aHAJIH3 MOJUKPUCTATITNYECKUX 00pa3IoB.

Hudpaknus peHTreHOBCKHX nyueil. @opmyna bparra. MuHuManbHasi JUIMHA aTOMHOW PEIIETKH,
KOTOpasi MOXET OBbITh paspelieHa MeToAoM JIudpakuud Opu (UKCUPOBAHHOM [JIMHE BOJHBI
PEHTTEHOBCKOTO H3yueHus. Peduiekchl, mopsaok pedrexca. THITBI KPUCTALIHUYECKUX peIIeToK. Poib
TOJNIIIMHBI KPUCTAJUla B ONPEICICHHH IapaMeTpa pEMIeTKH. YCTPOHCTBO PEHTIEHOBCKOTO
nudpakromeTpa Bruker 8 Advance.

2. PentreHo-¢myopeciieHTHBIN aHaIH3.

[IpuHLMTIBL peHTTeHO-(QIIyopecueHTHOro ananu3a. CrnekTpbl U3Iy4YeHUs] U3BECTHBIX dneMeHToB (Mg,
Al, Cu, W, Pb, Bi) u amarpammbel Mo3nu. OmnpeneneHrne HEW3BECTHBIX JJIEMEHTOB B 00pasnax
(xa4ecTBEHHBIN aHaln3). YCTPOWCTBO PEHTIEHOBCKOTO (uIyopecueHTHOro crekrpomerpa S4 Pioneer
¢upmbr Bruker AXS, npeaHasHaueHHOTO JUIS ONpPENENCHUS 3JIEMEHTHOTO COCTaBa pa3IMYHbBIX
MarepuanoB. KauecTBEHHBIN M KOJIMYECTBEHHBIN 3JIEMEHTHBIM aHAJIN3 BCEX AJIEMEHTOB OT yIiiepona
710 ypaHa B po0ax, HaXOASIIUXCS B IIOPOLIKOOOPA3HOM, TBEPIOM M KHIKOM COCTOSHHSIX.

3. IIpocBeunBaromiast MEKTPOHHAST MUKPOCKOIHS.

Hudpakumonnslii npenen. Judpakuus 31eKTpOHOB Ha KPUCTAJUIMYECKOH pemieTke. TeopeTnieckue
OCHOBBl  IIPOCBEUMBAIOLIEH  3JIEKTPOHHONM MHKpockonuy. KOMIIOHEHTBI IPOCBEUMBAIOIIEIO
anekTpoHHOro Mukpockona (IIOM). Metompl moaroToBku 00pasmoB st m3MmepeHuidd Ha [IOM.
WNudopmanns o6 obpasie, n3BiekaemMas n3 MOITYYEHHBIX IKCIIEPUMEHTANBHBIX JaHHBIX. PexXuMbl
paborer  [IOM, ¢dopmupoBaHue  KOHTpacTa.  MeTonbl  BU3yaJH3allHH. YeTpoicTBo
AIIEKTPOHHO-UOHHOTO MUKpockoma Helios.

4. PacTpoBast 3IEKTPOHHAsI MUKPOCKOTIHS.

Haznauenune pactpoBoro snekrponHoro mukpockona (POM). IIpoctpaHcTBeHHOE pa3pelieHue,
nuanazoH yeenndenudd POM. [lpunnmuner pabotet u cxema POM. Buabl B3aumopelicTBuit
3JIEKTPOHOB C BEIIECTBOM, TCHEPUPYIOIIME pPAa3IMYHbIE CUTHANIBI, COAEp)Kallue HH(pOpManuio o
tororpadur U Marepuane oOpasma. Pexxumbl paboThl M peructpanus u3o0paxkeHuidi B POM.
[logroroBka o0paszuoB mns pabotel ¢ POM. VYcTpoHCTBO M XapaKTEpUCTHKH COBPEMEHHOIO
MHUKPOCKOIIa TIPOCBEUMBAIOIIETO pacTpoBoro 3nekTporHoro Titan 80-300.

5. JluddepennunanbHas CKaHUPYOMAS KAJIOPUMETPHUS: HCCIECIOBAHUE TEIJIOBBIX JI(PQEKTOB,
CONPOBOXKAAIONINX (Da30BBIC U peIaKCAIIMOHHBIC TIEPEXOIbI.

Buner TepMuyeckoro ananuza BemiectBa: JIuddepeHIUaNbHBI TepMudeckuii anamu3 ([ TA),
muddepennuanbHas ckanupyromas kanopumerpus (ICK), repmorpaBumerpuueckuii ananus (TTA),
TepMomexanndeckuii aHanmusz (TMA). XapakTepuCTHKH BEIIECTBA, KOTOPHIE MOXXHO H3MEPSTh C
MOMOIIBIO PA3IMYHBIX BHJOB TEPMHUUYECKOTO aHAJIHM3a. YCIOBHUS, MPU KOTOPBIX PEATU3YIOTCS BUJIBI
TEPMUYECKOTO aHalu3a. YcTpoicTBo auddepeHnnaibHOro ckaHupymomero katopumerpa Perkin
Elmer DSC 8500.

6. N3yuenne napameTpoB ruipoPpuiabHOCTH U THAPOGOOHOCTH TOBEPXHOCTH.

[Ipoueccsl, mpoucxonsfike Ha MOBEPXHOCTH TBepAbIX Tein. [mapodunbHbie U ruapodoOHbIE
Marepuaiisl. IMMEpCHOHHOE M KOHTAaKTHOE CMadMBaHHE MOBEPXHOCTH. [I0BEpXHOCTHOE HATSKEHUE.
KpaeBoii yron cMauuBaHHs MMOBEPXHOCTH, METOABI €ro m3MepeHus. OmnpeneneHue KpaeBbIX YIIOB
CMa4yMBaHUsl C MOMOIIBIO cuctembl aHainm3a Qopmbel kammm KRUSS DSA30E. Mertonsl oneHkH
(hopMBI KaruIu.

7. CKBU/-marautomerp.



3HAKOMCTBO € YCTPOHCTBOM | mipuHIMTIOM padoTsl CKBU/[-Marauromerpa

8. CucreMa u3mMepeHus xapakTepucTrK moynpooanukoB Keithley 4200.
M3y4yeHne cTaTH4ecKnuX XapaKTepUCTUK OUIIOISPHOTO TPaH3UCTOpa

9. Muddepennmanbubiii ckanupyromui kanopumetp Perkin Elmer DSC 8500.

Huddepennmanbias CKaHUpyOMAs KaJOPUMETPHs: HUCCICAOBAaHHE TEIUIOBBIX A (EKTOB,
CONPOBOXKAAIONINX (Da30BBIC U peIaKCAIIMOHHBIC TIEPEXOBI

10. UK-®ypre criekrpometp Nicolet iS5.

W3ydyeHune coctaBa u CTPYKTYpPBI MOJMMEPHBIX MarepuaioB MetonoM MK-cnekrpockommu
11. AMP cnexTpomeTp.

OmnpeneneHne TMHAMUYECKON CTPYKTYphI Oenka Metogom SIMP criekrpockonuu

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

pecypcHbie nenTprl Kypaarosckoro kommuiekca HBUKC-rexnonoruit HanmonansHOTO
HCCIIeI0BATENbCKOTO LeHTpa «KypuaTroBCKuili HHCTUTYT», OCHAIIEHHBIE CIEAYIOIINM CIICIMaTbHBIM
000pyZIOBaHKEM JJIsl IPOBEACHUS UCCIIEIOBAaHUN B 00J1aCTH (PU3UYECKOTO MaTepUaIOBEICHHS:
peHtreHoBckuit nugpakromerp Bruker 8 Advance, peHTreHOBCKHI (ITyopeclieHTHBIN criekTpoMeTp S4
Pioneer, o6opynoBanue [u1st MpoOOMOATOTOBKH, AJIEKTPOHHO-UOHHBIA MUKpockor Helios, Mukpockor
MPOCBEUMBAIONINI PACTPOBBI deKTpoHHbBIH Titan 80-300, nuddepeHIanbHbIi CKAHUPYIOLTHIA
kajopumetp Perkin Elmer DSC 8500, cucrema ananuza ¢popmer karum KRUSS DSA30E.
CKBU/I-marautometp. CrcreMa U3MEPEeHHUs XapaKTeprCcTUK noinynpoBogHukoB Keithley 4200.
Huddepenumansasiii ckanupytommid kanopumerp Perkin Elmer DSC 8500. UK-®ypre criekTpomerp
Nicolet iS5. AMP cniektpomerp.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPhI

OcHoBHas 1uTeparypa

1. OcunoBbl 6noxumuu Jlennnmkepa [Tekct] : B 3 T. = Leninger Principles of Biochemistry : [yue®.
nocobue s By3oB] / [I. Hemscon, M. Kokce ; iep. ¢ anmt. T. I1. Moconosoii [u ap.] ; mox pen. A. A.
Bornanoga, C. H. KouerkoBa .— M. : BUHOM. Jla6. 3nanwmii, 2012 .— (Jly4muii 3apyOeskHbIi
yuebHuk) .— T.2 : buosneprerrka u meradonusm. - 2012. - 636 c.

2. OcuoBbl Onoxumun Jlennnmkepa [Tekct] : B 3 . = Leninger Principles of Biochemistry : [yueO0.
noco6wue st By3oB] / [I. Henbcon, M. Koke ; niep. ¢ anri. T. 1. MoconoBoii [u ap.] ; mox pen. A. A.
Borpanoga, C. H. KouerkoBa .— M. : BUHOM. Jla6. 3nannii, 2012 .— (Jlyumuii 3apyGesxHbIi
yueOHuK) .— T.1 : OcHOBBI Omoxumun. Ctpoenue u karanus. - 2012. - 694 c.

3. buoxumus yenoseka [Tekcrt] : B 2 T. T.2 = Harper's Biochemistry : yue6nuk nys By3os / P. Mappu
[u ap.] ; mep. ¢ anri. M. JI. I'poznoBoit [u np.] mox pex. JI. M. 'mnogmana .— M. : Mup, 1993 .— 415
C.

®onp nuTeparypsl Kadeaps

4. Dmuort B., Dot JI. buoxumus u monekyssipHast ononorus, — M.: MznarenscTBo buoMeauimHckoit
xumuu PAMH, 1999.

5. Kunoppe F0.I',, Mb3una C./]. buonornyeckas xumus. — M.: Bricias mxona, 2003.

6. bemnamu JI. MadpakpacHble criekTpsl MOeKya. — M.:  U3narenbcTBO MHOCTPaHHOM JINTEPaTyPhI,
1963. - 444 c.

7. CunbepcreiiH P., Beberep @., Kumn 1. CiekrpomeTpudeckast HACHTU(UKALUS OPraHUUECKUX
coenuHeHui. — M.: bunowm. Jlaboparopus 3Hanmit, 2012. —557 c.

8. Kanamnukos C.I'. DnexrpuuectBo. M.: @usmarnut, 2003.

9. Uponos U. E. Dnexrpomaraetnsm. OcHoBHbIE 3aKoHBI. 2006 T.



JomnonHurensHas aureparypa
®onp auTeparypsl Kadeaps

1. Ilons P.B. Onruka u atomuas ¢usuka. — M.: Hayka, 1966.
2. Yaumnauar Y. Tepmudeckue MeToabl aHanuza. — M.: Mup, 1978.
3. Moppucon C. Xumuueckas (pu3rnka NOBEPXHOCTH TBepAoro teia. — M.: Mup, 1980.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.Sci-lib.com — bosibmas Hayynast 6ubnuorexa.

2. http://physics.nglib.ru/catalog.jsp?rubric=14 — nureparypa no ¢usmuke B 31eKTpoHHON bubnnoTeke
Texanueckoit JIuteparypsl «Hed1s u ['azy.

3. http://arXiv.org — CornellUniversityLibrary— bubnnoreka Koprenbckoro YHuBepcurera,

ANIEKTPOHHBIN pecypc arXiv.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MATLAB, Mathcad, Scilab, WolframMathematica.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JInst yCHeImHOTO OCBOEHHUS Kypca, IOMHMO BBINOJIHEHHsS Ja0OpaTOpHBIX paloT, OT CTYICHTOB
TpeOyeTcsi caMmocTosATeNIbHAs paboTa B 00beMe He MEHEe, YeM T€ Yachl, KOTOPBIE yKa3aHbl AJIsl KaXKI0TO

paszerna nporpaMMsl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 3

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 6 (BeceHHul) - nuddhepeHunpoBaHHbIil 3a4eT
PazpaGoTunkm:
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1 Cnocoben IIPUMEHSTh COBpPEMEHHbIE
BBIUMCIIUTENBHYI0 TEXHHKY M CEpPBUCHI ceTH MHTepHeT B
OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) NpodecCHOHANBHOM NEITENbHOCTH
MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MPOrpaMMHBIE CPEJICTBA MIPH PEILICHUH 3aJa4  |MaTeMaTHYeCKHe METOlbl W TPHUKIQJIHOE MPOrpaMMHOE
npodeccuoHaIbHON IeTeNbHOCTH, coOmoast  |o0ecrieueHre  Juisi  PEHIeHWs  HAay4yHbIX  33aJa4 B
TpeboBanua HHPOPMALMOHHOMN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO IIOMCKA H
MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJACTH

OIIK-4 CriocobeH ocymecTBIsITh cOop U N
npo(heCCHOHANBHOM ESTENbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33/1a4

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepeyHr u 0030pbl WHPOPMALIUU B
o0sacTu cBoei mpoeccuoHaIbHOM e TebHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pPabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopManun

[IK-3.1 3naer npuHUMIIEI PabOTHI M JHAana3oHbl paboumx
[apaMeTpoOB MCIOIb3YEMOT0 HaAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoGeH BbIOMpATh U MPUMEHATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI 1 |OLIEHMBAaTh TOYHOCTb  MPUOIMIKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM I PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA

M30paHHOM NpeMEeTHOI o0nacTu [IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0ObeMa
TpeOyeMBIX BHIUHUCIUTEIBHBIX PECYPCOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrate u3yueHHs TUCHMIUTUHBI «JIabOpaTOpHBIA MPAKTHKYM IO MPUPOIONOIOOHBIM TEXHOIOTHUSIM
00yJarouics JTOIDKEH:

3HATh:
- OCHOBHBIC TOJIOKCHHS pa3/esioB OOIIeH (U3MKM — KIACCHYECKOW MEXaHWKH, TEPMOAWHAMUKU WU
MOJIEKYJISIPHOH (PU3UKH;
- KJIACCUYECKOH IEKTPOJMHAMUKH, ONTHKH, aTOMHOM U SIIEPHON (PH3HUKH;
- 6a30BbIe MPUHIIMITBI KBAHTOBOH MEXaHHKH;
- OCHOBBI HEOPTaHMUYECKOH U OMOOPTaHNYECKON XHUMUH.

yMeThb:
- IPOBOAUTH U3MEPEHHsI U 00pabaThIBaTh UX PE3YIIbTATHI;
- YCTaHaBIMBaTh CBS3M MEXKAYy HAONIONAEMbIMH SIBICHUSMH M MAaTEeMaTHYeCKHMMH MOJCIISIMH,
OIKCBIBAIOLMMH ITHU SIBJICHHSL.

BJIaJIeTh:
- MaTeMaTHYeCKUMH METOIaMH 00pabOTKH Pe3yJIbTaTOB H3MEPEHHUI.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0



B mensix Tekymiero KOHTpOJS yCHEeBAaeMOCTH MPEAYCMOTPEH KPATKHUM OMPOC MO TeMaM MPEeabIIyIInX
3aHATHH.



11. ®oH OLIEHOYHBIX CPEACTB

11.1. IlepeyeHb THUNOBBIX KOHTPOJbHBIX 33JaHUI, HMCHOJb3yeMbIX [JIsi OLEHKH 3HAHWIA,
yMeHHii, HABBIKOB

[IpomexxyTouHast arrectanus 1o aucuuiuimae «Jlaboparopueni mnpaktukym 1o HBUK-
TEXHOJIOTHSIMY OCYIIECTBIIICTCS B (hopMe A PepeHIIUPOBAHHOTO 3a4ETa.

Jns nomydenus: audQepeHurpoBaHHOrO 3a4éTa CTYIEHTY HEOOXOOMMO BBINOJIHUTH 3alaHHOE
KOJIMYECTBO J1abOpaTOpHbIX paboT. [ BBIMONHEHHs KaxIoW J1abopaTtopHOW pabOThI CTYICHT
JOJIDKEH ITOATOTOBUTHCA K BBIIIOJIHCHUIO pa6OTBI, CAaTb IOAIOTOBKY IIPCIOAaBaTC/II0, BBLIIIOJIHUTDH
IKCIIEPUMEHTAIBHYIO YacTh PaOOThI, BBITOJHUTH HEOOXOAMMbIC pacdéThl U O(GOPMHUTH PadOTY,
cnath paboTy npernonasarento. [ monydenus quddepeHIPOBAHHOTO 3a4eTa 0 Kaxa0h padoTe
PEyCMOTPEHBI KOHTPOJIBbHBIE BOIPOCHI.

PaGora 1. PeHTreHoCTpyKTYpHBIH aHAIN3 TOIUKPUCTAIUIMYECKUX 00Pa3IOB.
KonTtponsHbie BOIPOCHI:

1. BeiBectu dopmyny bparra.

2. Yemy paBHa MUHUMaJIbHAsI IJIMHA aTOMHOM PELIETKH, KOTOpasi MOXKET OBITh pa3pelleHa METOA0M
audpakuuy npu GUKCUPOBAHHOM UIMHE PEHTTEHOBCKOTO U3ITy4eHUs?

3. Ilouemy, eciu pedriekc IepBOro MOpsiIKa SBISIETCS 3aPEIICHHBIM, TO pedIeKC BTOPOTO MOPSAKa,
Kak IpaBuilo, pa3peuieH?

4. B mpumutuBHOH KyOmueckon pemerke pediexcel [221] u [300] cCOOTBETCTBYIOT OIHOMY
Oparroeckomy yriny. Halinure apyrue Hakia pIBaroLirecs napsl.

5. Kakyto ponb urpaer TojimrHa KpucTajia B ONPEJeIEHUN TapaMeTpa peleTKu?

PaGora 2. PenTreno-giyopeciieHTHbIN aHAIH3.
KoHnTponbpHbIE BONIPOCHI:

1. [Touemy y Bogopoaa HET peHTI€HOBCKOTO CIIeKTpa?

2. [loueMy HET PEHTIE€HOBCKUX CIIEKTPOB NOMIOIEHUS?

3. [IpyHIMIIBI pEHTIeHO-(PIYOPECLIEHTHOTO aHaIN3a.

4. Yro takoe nuarpaMmel Mo3znu?

5. YcTpoHCTBO PEHTTEHOBCKOTO (MIYOPECIIEHTHOTO CIIEKTPOMETPA.

Pab6ora 3. [IpocBeunBatoniast 371€KTpOHHAS MUKPOCKOIIHS.
KoHnTponbpHBIE BONIPOCHI:

1. KakoBO ycTpOHCTBO BaKyyMHOM CHCTEMBI ITPOCBEYMBAIONIETO 3JIEKTPOHHOTO MUKPOCKOTIA?

2. IlpuHiun paGoTel AIEKTPOHHOTO MUKPOCKOIIA B peXXUMe N300paXXeHUs U AJIeKTpoHorpada.

3. Kakme mnpucTaBKM IS aHATUTHYECKOH IMPOCBEUMBAIONMICH OSJIEKTPOHHOW MHKPOCKOIHH Bam
M3BECTHBI?

4. Ot gero 3aBucHT pasperrenue B [IOM u kak MoxHO ero ymyuruth (Ha npumepe FEI Titan 80-
300)?

5. Kaxkoe paccestHre BHOCUT OCHOBHOM BKJIaJl B H300pakKeHUs C Z-KOHTPACTOM?

6. KakoBa 3aBUCMMOCTbh HHTEHCUBHOCTH U300pa’keHHs aToMa OT Homepa Z?

Pabota 4. PacTpoBast 21eKTpOHHAsT MUKPOCKOTIHSL.



KoHTponbHbIE BOTPOCHI:

1. ITpuniuns! paboTs! 1 cxema POM.
2. Kak nmoaroraBnuBaroTcst 00pasimbl 11t paboTsl ¢ POM?

3. KakoBsI pesxumbl paboTsl POM?

4. Kak ocymiecTBisieTcsl perucrpaius n3oopaxenuii B POM?
5. Kakyro nngopmanuio o Tornorpaduu u Marepuaie oopasia MOXKHO MOJTYYHUTh C TOMOIIbI0 POM?

Pabora 5. [luddepennmanbaas CKaHUPYOIIAs KAIOPUMETPHS: UCCIIEIOBAHUE TEIIOBBIX 3(pPeKTOB,

COIIPOBOXAAOIINX (baSOBI)Ie " pEIIaKCalMOHHBIC IIEPEXOBI.

KOHTpOJ'IBHBIe BOIIPOCHI:

1. Kaxkwue BUJbl TEPMHUYCCKOI'O aHa/IM3a BCIICCTBA Bam wu3BecTHBI M KakHe XapaKTCPUCTUKHU

BCIICCTBA MOXKXHO U3MCPATH C TIOMOIIBIO PA3JIMYHBIX BUAOB TCPMUUYCCKOI'O aHanuza?

2. Onummre ycTpoicTBo auddepeHInaaIsHoro ckanupyromero kaitopumerpa Perkin Elmer DSC

8500.

3. KakoBsl ocobennoctu [[TA monumepoB?

Pa6ora 6. N3ydenue napamMeTpoB ruipoPHIbHOCTH U TUAPOGHOOHOCTH TOBEPXHOCTH.

KOHTpOJ'ILHLIe BOIIPOCHI:

1. Maiite nBa onpeneneHus: IOBEPXHOCTHOTO HATSKEHHUS.

2. [IpuBeaure npuMepsl rTUAPOGUIBHBIX U THAPO(HOOHBIX MaTepHUasIoB.

3. Pacckakute 0 coco6ax U3MEHEHUSI CMauuBa€MOCTH ITIOBEPXHOCTH MaTE€PUAIIOB.
4. PacckaxuTe 0 METOJIaX ONpeIeIeHUsl KPaeBOro yria u3 (GopMsl Karim.

4. Kpurepuu oueHUBaHUS

Orenka

bann
BI

Kpurepun

OTJIIMYHO
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BeicTaBnsieTcs CTyneHTy, OKa3aBLIEMY
BCECTOPOHHHE, CUCTEMATU3UPOBaHHbIE, INTyOOKHE
3HaHUS Y4eOHON MpOrpaMMbl JUCHUIUIMHBL,
MIPOSIBIISIONIEMY UHTEPEC K JaHHOW ITPEIMETHON
00J1aCTH, IPOJEMOHCTPUPOBABILIEMY YMEHHE
YBEPEHHO U TBOPYECKU IPUMEHATH UX HA IPAKTHUKE
IIPH pelIeHUN KOHKPETHBIX 3aj1a4y, CBOOOAHOE U
MIPaBUIIbHOE 00OOCHOBAHUE MPUHSTHIX PELICHUH.

BeicTaBnsieTcs CTyneHTy, OKa3aBLIEMY
BCECTOPOHHHE, CUCTEMATU3UPOBaHHbIE, INTyOOKHE
3HaHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBI U
YMEHHE YBEPEHHO MPUMEHSATh UX Ha MPAKTHUKE MIPU
pelIeHNH KOHKPETHBIX 3aj1a4, CBOOOIHOE U
MpaBIWJIbHOE 00OCHOBAHUE MPUHSATHIX PEIIECHUI.

BeicTaBisieTcs CTyAEHTY, TOKa3aBLIEMY
BCECTOPOHHHE, CUCTEMATU3UPOBaHHbIE, INTyOOKHE
3HaHUS Y4eOHOH MPOrpaMMBbl AUCHUIUIMHBI U
YMEHHUE YBEPEHHO NMPUMEHATh UX HA IPAKTUKE MTPU
pELIEHNN KOHKPETHBIX 3a7a4, IPaBUJIbHOE
000CHOBaHNE MPUHSTHIX PELIEHUH, C HEKOTOPBIMU
HEJI0YETaMU.




XOPOILO

BericTaBnsiercs CTyneHTy, €Ciy OH TBEPAO
3HAET Marepuai, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT IPUMEHSTh I10JIyYeHHbIE
3HaHUS Ha IPAKTUKE, HO HETOCTAaTOYHO IPAMOTHO
00OCHOBBIBACT MOJYYCHHBIE PE3YNIbTATHI.

BricTaBnsercs CTYOACHTY, €CJIM OH TBEPOO
3HACT MaTrcpuall, rpaMOTHO U 110 CYHICCTBY
usjaract €ro, yMeCT IpuMCHATD IIOJIYYCHHBIC
3HAHUA Ha ITPAKTHUKC, HO JOITYCKACT B OTBCTC UJIK B
PEIICHNHN 3aJa49 HCKOTOPBIC HCTOYHOCTH.

BricTaBisieTcst CTyIEHTY, €CJIU OH B
OCHOBHOM 3HAaeT MaTepUall, F(paMOTHO U 110
CYILIECTBY M3JIAraeT €ro, yMeeT NpUMEHSTh
IIOJIy4YECHHBIE 3HAHUS Ha IIPAKTUKE, HO JOIYCKAET B
OTBETE WJIM B PELICHUH 33/]1a4 10CTaTOYHO
00JIbI1I0€ KOJTMYECTBO HETOUHOCTEH.

YAOBJIETBOPUTEIILHO

Bricrasnsercsa CTYACHTY, [IOKa3aBIIECMY
(bparmeHTapHbIi, pa3pO3HEHHBIN XapaKTep 3HaHUM,
HEIOCTATOYHO MPABHIBHBIE (POPMYIHPOBKU
0a30BbIX MMOHATUHN, HAPYIICHHS JIOTUYECKON
MOCJIEI0BATEILHOCTH B U3JIOKEHUU ITPOTPAMMHOTO
Marepuasa, HO IPU 3TOM OH OCBOWJI OCHOBHBIE
paznesnsl yaeOHOM TporpamMMbl, HEOOXOAUMBIE IS
JaNbHENIEero o0yueHus, 1 MOXKeT IPUMEHSATh
IIOJIy4YEHHBIE 3HAHUS 10 00pa3ily B CTaHIapTHOMN
CUTYAaIIHH.

BeicTaBnsieTcs CTyneHTy, OKa3aBLIEMY
(bparMeHTapHBIA, pa3pO3HEHHBINA XapaKTep 3HAHUM,
JIOMyCKAaIoLIeMy OIIMOKU B (POPMYIHPOBKaxX
0a30BbIX MOHATUI, HAPYLIECHUS IOTHYECKON
MIOCJIEJOBATENBHOCTU B U3JI0KEHUH ITPOTPAMMHOTIO
Marepuaa, ciado BIajeeT OCHOBHBIMU pa3fieaMu
y4eOHOI porpamMmbl, HEOOXOAUMBIMU /TS
JalbHENIEro 0OyuyeHus U ¢ TPYIOM NPUMEHSIET
IIOJIy4YEHHBIE 3HAHUS JaKe B CTAaHIAPTHON
CUTYallUH.

HCYIOBJICTBOPUTCIILHO

BeicTaBnsieTcs CTyneHTy, KOTOPBI HE 3HAET
00JIbIlIel YaCTH OCHOBHOTO COJIEpKaHusl yueOHOU
IIPOrpaMMbl TUCIMITIIMHBL, JONYCKaeT rpyOble
omnOKU B (OPMYIHPOBKAX OCHOBHBIX MPUHIIUIIOB
U HE YMEET UCII0JIb30BaTh IOJIY4YEHHBIE 3HAHUS
MIPH pEeIIeHUH TUIOBBIX 3a/1au.

BeIcTaBnsercs cTyaeHTy, KOTOPBIA HE 3HAET
OCHOBHOTO COJIepKaHHs y4eOHOM MporpamMmbl
JUCIUIUIMHBL, JOMyCcKaeT rpyOeiiire ommuoKy B
(bopMynupoBKax 0a30BbIX NOHATHH JUCIUIUIMHBL U
BOOOIIIE HE UMEET HAaBBIKOB PEIICHUS TUITOBBIX
IIPaKTUYECKHX 3a/]au.




11.3. MeTonuyeckue MarepuaJibl, ONpedeJsiOlIMe MPOUEIYPbl OIEHWBAHUSA 3HAHMH,
YMEHHUIi, HABBIKOB U (WIN) ONbITA 1eATEJIbHOCTH.

JuddepeHnnpoBaHHbIil 3a4eT MPOBOAUTCS O UTOTAaM TEKyIIEeH ycreBaeMOoCTH (110 pe3ylibTaram
ciaun 1ab0paTOPHBIX padoT).



