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Pabouasi nporpamMmMa y4eOHO# AMCIUTIIAHBI
«JIEeKTPOHHASI MUKPOCKONIHMS HEOPTaHNYECKUX
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JJISl CTYJIeHTOB (paKyJIbTeTa XUMHUHN U BHLICOKMX TE€XHOJIOT UM

HanpasJjeHue moarorosku 04.03.01 — Xumus

1. Ilesiu m 321249 OCBOEHHUSA IUCIHUILIMHBI

1.1. Ileanb JUCHUINJINHBI.

OOy4uTh CTYyICHTOB BJIAJCHUIO COBPEMEHHBIMU METOIAMU BU3YyaAJIU3ALIUU
Y XMMHYECKOTO aHAJIN3a MOBEPXHOCTH PA3JIUYHBIX TBEPJIBIX TEJ C IIOMOIIBIO
METOJIOB JICKTPOHHOW MUKPOCKOITMH BBICOKOTO pa3peIieHuUsl.

1.2. 3agaya JTUCHHUILIMHLBI:
— 3HAKOMCTBO CTYZEHTOB C OCHOBHBIMU METOJIaMH U BO3MOYKHOCTSIMU CKa-
HUPYIOLIEH PaCTPOBOM M 30HIOBOM IEKTPOHHON MUKPOCKOIIHUH;
— (opMupOBaHKE HABBIKOB MOJYyYEHHUSI U 00pabOTKK MH(OPMAIUU C TOMO-
IO AIEKTPOHHOI'O MUKPOCKOIIA.

1.3. MecTo mucumInHbI (MOAYJIsl) B CTPYKType 00pa3oBaTe/ibHOM
NMPOrpaMmbl

Kypc «9nekTpoHHass MUKPOCKOIIHSI HEOPTAHUYECKUX U KOMITIO3UTHBIX Ma-
TEpUAJIOB» OTHOCHUTCS K BapuaTuBHOM yactu bioka bl «/lucuumnuuel (Moay-
m)» (b1.B.[1B.07.01). ns ero wu3ydeHHs] MCIOIB3YIOTCS 3HAHUS KYypCOB
b1.b.10 «®u3udeckne meroasl ananuza» u b1.b6.07 «®uszukay. 3HaHUSA U HABBI-
KU, TIOJIyYEHHBIE B PE3YyJbTaTe OCBOCHUS JAHHOTO Kypca, MOTYT OBITh HCIOJIb-
30BaHbl MPU W3YUYECHHH CHEIUATBHBIX MNPO(WIBHBIX IUCIMIUIMH, TaKUX Kak
«Xumust TBepAoro tenay, «llepcrnekTUBHbIE HEOPTAaHMYECKUE MaTepHasbl CO
crienuaIbHBIMU PyHKIMSIMIY, «Heoprannyeckue KOMIIO3UTHBIE MaTepUAIIb», a
TaKXe B HayYHO-KMCCIIEI0BATEILCKON paboTe CTY/ICHTOB.

1.4 IlepeveHb MIIAHUPYEMBIX Pe3yJbTATOB 00y4eHMS 0 IMCHHUIINHE
(MOayJI10), COOTHECEHHBIX € IVIAHUPYEMbIMH Pe3yJIbTATAMHU OCBOCHHA
0o0pa3oBaTeIbHOM MPOrPaMMbI

N3yuyenue nanHoOM y4eOHON TUCIUTIIIMHBI HAMPaBIeHO Ha (hOPMHUPOBAHHE
y 00ydaromuxcs CIeAYIOMUX OOMIEKYJIbTYPHBIX, O0MenpohecCHOHATBHBIX |
npo(hecCHOHANTBHBIX KOMIIETCHIINM]:

- CIIOCOOHOCTBIO UCIOJIb30BaTh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCIMILIMH B TipodeccronanbHoi aesrensHoctu (OITK-3);

- CIIOCOOHOCTBIO BBITIOJHATH CTAHIAPTHBIC OTICPAIIMH T10 TIPE/IjIaracMbIM
metoaukam (ITK-1);



BJIaZicHUEM 0a30BBIMH HABBIKAMU UCIIOJIb30BAHUSI COBPEMEHHOM armapa-
TYpBI IIPU TIPOBEICHUM Hay4YHBIX uccnenoBanuii (ITK-2);
BJIaJICHUEM CUCTEMOU (DyHIaMeHTATbHBIX XuMHUYeckux nousaTuid (ITK-3);

No HNunexc | Comepxanue KoMm- B pesynbpTate nzydeHus: yueOHON AUCIUIUIMHBI
ILI. | KOMIE- | MeTeHHuu (uim eé o0yyaromuecs: JOJDKHBI
TEHIUU | YacTH) 3HATH yMeTh BJIA/IETh

1 | OIIK-3 | cnocobHocThiO uC- | OCHOBHBIE TpUH- | Mcronb30BaTh OcHOBHBIMU
M0JIb30BAaTh OCHOB- | LIUIIBI 3JIEKTPOH- | 3HAHHUS O TMpHU- | IpUEMaMu Ha-
HbIE 3aKOHBI €CTe- | HOH ONTHUKUM U | pojie U OCOOEH- | CTpOHKU H300pa-
CTBEHHOHAYYHBIX dbopMupoBaHus HOCTAX  DJIEK- | )KEHHUS B COOTBET-
JUCLUUIUIMH B TMPO- | U300payKeHUs B | TPOHHBIX  Iy4- | CTBUM CO CBOMCT-
beccruoHanbHOM POM KOB, BBIOMpATh | BAMH HM3y4aeMBbIX
JeSATETbHOCTH ONTUMAJIbHBIC MaTepuaioB

napaMeTphl
MIPOBEICHUS
JKCIIEPUMEHTA

2 |IIK-1 CITOCOOHOCTHIO OcHoBHble MeTO- | [IpoBOIUTH Meronukoi mnon-
BBIMIOJHATh ~ CTaH- | IMKH MOJATOTOBKU | MOATOTOBKY 00- | TOTOBKM  0Opas-
JapTHBIC OIlepanuu | o0pa3lioB M TPO- | pa3llOB U BbI- | IOB U BBINOJIHE-
M0 TMpejiaraeMbIM | BEICHUS aHAIM3a. | MOJHITh AHAIW3 | HUS aHalu3a JUIs
METOMKaM Uit 00pasioB | 00pasioB pasz-

pa3IMYHOr0 TH- | JUYHOTO THIIA.
mna.

3 [1K-2 BrnaseHueM 0a30- | OcHoBHble 4YacTu | [IpoBoguTh oOc- | 6a30BEIMH  HaBHI-
BHIMH  HaBBIKAMHU | COBPEMEHHOTO HOBHBIE OIlepa- | KAMH  HCIIOJb30-
HCIIOJIb30BaHUS AIEKTPOHHOTO MW U TEXHUYE- | BAHUSI COBPEMEH-
COBPEMEHHOM am- | MUKpOCKONla U | cKoe 0oOCHyXu- | HOH anmapaTypsl
naparypsl IpH | IPUHIUN UX Jei- | BaHWe Mpubopa | Mpu TPOBEICHHUH
MPOBEJICHUHN Hay4- | CTBHS Hay4HBIX HCCIIe-
HBIX HCCJICIOBAaHUM JIOBaHUH

4 | TIK-3 BinageHueM cucte- | [Ipunnun  rene- | Beibupare  He- | OCHOBHBIMH  ITO-
MOW  (QyHIaMEH- | palluu  PEHTre- | 0OXOAUMBIE Ta- | HATHSAMH O TMpH-
TaTbHBIX XHMHYE- | HOBCKOTO  H3Jy- | paMeTphl M YC- | pPOJie M CBOMCTBAX
CKHX MOHSATUHN YeHUs MpU B3au- | JIOBUS IS TO- | U3y4aeMbIX HEOp-

MOJICHCTBUH Jy4eHUS  HaW- | TAHUYECKUX u
AIEKTPOHHOTO JYYIIETro pe- | KOMITIO3UIIMOHBIX

MydKa C BEIIEeCT-
BOM

3yJibTaTa aHaJIu-
3a.

¥ MaTepHaioB

2. CTpyKTYypa M coepKaHue TUCHUILTUHBI

2.1 PacnipenesieHue TPyA0EMKOCTH TUCUMILUIMHBI 110 BUAaM padoT

OOmas Tpy10EMKOCTh TUCIUILIMHEI cocTaBsger 5 3a4d. ef. (180 gacos),
UX pacrpezesieHue 1o BUaaM padoT NpeaCTaBiIeHO B TaOIuIIe.




Bua yuebnol paboThl Bcero CemecTtphbl
4acoB (gacer)
5 6

KonTakTHasi paboTa, B TOM 4ncJie:
AyAUTOpPHBIE 3aHATHS (BCEr0): 112 54 58
3aHATHUA JIEKIMOHHOI'O TUIIA 36 18 18 - -
JlaboparopHbIe 3aHATH 76 36 40 - -
3aHATUS CEMUHAPCKOTO TUMA (CEMUHAPBI, TPAKTHYC-
CKHUE 3aHSTHSA) ] ] ] ] ]
HNuasi koHTaKTHasi padora:
KoHnTtpoib camocTositenbHOM padoThl (KCP) 22 2 20
[Tpomexyrounas arrectanus (MKP) 0,4 0,2 | 0,2
CamocroniTejibHasi paboTa, B TOM YHCJIe:
Kypcosas paboma 14 - 14 - -
Ilpopabomka yuebnoco (meopemuuecxkoeo) mamepuana 16 8 8 - -
Buvinoanenue unousuoyanvrulx 3a0anuii (n0020mosKa 8 4 4 i i
coobujenull, npeseHmayuii)
Pegepam - - - - -
[ToaroToBka K TeKynieMmy KOHTPOJIO 7,6 38 | 3,8 - -
KouTtpoJs:
IToaroroBka K 3K3aMeHy - - -
O0mas Tpya10eMKOCTh qac. 180 72 | 108 - -

B TOM YHCJI€ KOHTAKTHAsA 1344 | 562 | 782

padora

3a4. ef 5 2 3

2.2 CTpyKTypa AMCUMILIUHBI.

Pacnipenenenue BU10B ydeOHOM paOOThI U UX TPYAOEMKOCTH IO pa3zesiaM
TV CUUTUIUHBI.

Paznensl nucuumuineel, udydaemsie B 5 cemectpe (st cryaentoB ODO)

KonmuecTBo yacoB

AynutopHas Breayau-
Ne HamMmenosanune pa3nenos (Tem) Beero paGota TOpHas
pabora
J | 113 | JIP | CPC
1 2 3 4 5 6 7
1. |Teopernueckrie OCHOBBI DJIEKTPOHHON MHKpockonuu | 19 6 8 5
2. |YCcTpOHCTBO DJIEKTPOHHOTO MHKPOCKOTIA 27 8 14 5
3 dopmupoBaHue N300paKEHUS B CKAHUPYIOIIEM JJICK- 238 4 14 5.8
TPOHHOM MHKPOCKOTIE
Hmozo no oucyunaune: 18 - 36 15,8




Paznensl nuctuminHbl, u3ydaemsie BO 6 cemectpe (s cryaeHToB ODO)

KonuuecTBo yacoB
AynuropHas Breayau-
Ne Hamvenosanne paznenos (Tem) Beero paGota TOpHAas
pabota
J . |13 | JIP | CPC
1 2 3 4 5) 6 7
1 Pa3sHOBUIHOCTH CKaHUPYIOIIEH 3JIEKTPOHHON MUKPO- 44 9 ) 20 15
CKOIUH
2.  |PeHTreHOBCKHII MUKpOAHAIIU3. 438 9 - 20 14,8
Hmozo no oucyunnune: 18 - 40 29,8
2.3 Coaep:xkanue pa3aesioB JUCUUILIMHBI
2.3.1 3aHaTHA JEeKIMOHHOIO THIIA
1 cemectp.
®opma
Ne Hanveronane Copnep:xanue paszaena TEKYIIETo
paznena
KOHTPOJIS
1 2 3 4
1. | Teoperuueckue | B3anmmoneiicTBie 3J€KTPOHOB BBICOKOM dHEpruu ¢ Be- | Koanoxkeuym
OCHOBBI AJIEK- | IIeCTBOM. Paccesinue aJ1eKTpoHOB. XapaKkTepucTuye-
TPOHHOM MHMKPO- | CKO€ PEHTT€HOBCKOE n3iayueHue. Oxe- anekrpoHsl. Ka-
CKOITUU TOJOTFOMUHECIICHITHSI.
2. YcrpoiictBo  [KonoHHa a5eKTpoHHOTO MUKpOcKona. Bakyymuas cuc- | Pegepam.
AJIEKTPOHHOTO |TeMa. THUIBI SJIEKTPOHHBIX TymIeK. JleTekTopsl usnyde- | /loxnao na
MUKpOcKomna. |Hui. [IpucTaBku A1 CKaHUPYIOLIETO SJIEKTPOHHOTO memy.
MHUKPOCKOTIA.
3. | ®opmupoBanue |CkaHUPOBAHUE AICKTPOHHBIM JiydoM. CkanupoBanue | Konnokeuym
M300pakeHus B |BJIOJIb JTMHUH. MeXaHu3Mbl U pupoaa GopMUpoBaHUS
CKaHHpyIoleM |KoHTpacTa. [ myOuna dokyca. UckaxxeHus uzoopaxke-
3JEKTPOHHOM  |HHIA.
MHUKPOCKOTIE
2 cemecTp.
®dopma
No Hauvenosarue Coneprxanue paszena TEKYILEro KOH-
pazzena
TPOJIA
1 2 3 4
1. | PasHoBugHOCTH |Jl€TEKTOPHI CUTHAJIOB, UX XapaKTEPUCTUKU U Bius- | Peghepam. [[ok-
CKaHUpYIOIeH |Hue Ha popMUpOBaHUE KOHTpacToB. HU3KOBakyyM- | J1ad Ha memy.
3JIEKTPOHHOW  |Hasl CKAaHUPYIOILIAs AJIEKTPOHHAS MUKPOCKOIUSI.
MUKPOCKOIIUH
2. | PenrrenoBckwuii (['eHepanmsi peHTTeHOBCKOTO M3my4deHus. CreKTpo- Ilposepka pa-
MUKpPOAHANIU3 |[METpHUS C dHepreThuueckoil nucnepcueii. Criektpo-  |6om. Omuemul o
METPUsI C BOJHOBOUN AUCIIEPCUEH. BbINOJIHEHUU.




2.3.2 3aHATHA CEMHUHAPCKOI0 THIIA

(Y4eOHBIM IJIAHOM 3aHSATHS CEMUHAPCKOIO TUIIA HE MTPEAYCMOTPEHBDI)

2.3.3 JlaGopaTopHble 3aHATHS

1 cemectp.
Ne HaumenoBanue 1abopaTopHbIX paboT Popwma Teky1uero
KOHTPOJIS
1 3 4

1. |A3yuyeHue ycTpoOHCTBA JIEKTPOHHOTO PACTPOBOTO MUKPOCKOTIA. Yemuwvui onpoc
ITonroroBka 0Opasios.

2. |HccnenoBaHue MOBEPXHOCTH TECTOBBIX 00PA3IIOB. Omuyem no nab.

pabome

3. |MccnenoBanue OMOIOTHYECKHX OOBEKTOB. Pewenue 3a0au

4. |HUccrnenoBanue penbeda u cocTaBa MOBEPXHOCTH C TIOMOIIbIO CKaHu- |  Omuem no 1ao.
PYIOLIETO AJIEKTPOHHOTO MUKPOCKOTIIA pabome

5. |KontposbHas padota Nel. KP

2 cemecTp.
No HanmenoBanue nabopatopHbix paboT Popwma Teky1uero
KOHTPOJIS
1 3 4

6. |MccnemoBanue coctaBa HAHOCTPYKTYPUPOBAHHOTO 0Opa3iia metojgoM| Omuem no aao.
PEHTTeHOCTPYKTYPHOTO aHAIIN3a. pabome

7. |OnpeneneHre XapaKTEPUCTUK ONTUIECKUX TUCKOB METOJJAMH TyH- Omuem no nabd.
HEJTbHOW M aTOMHO-CHUJIOBON MUKPOCKOITUU pabome

8. |MccnemoBanue TUAICKTPHUSCKUX M AJICKTPOIPOBOJISIIUX CBOHCTB Omuem no nao.
TOHKHUX MOJMMEPHBIX TIIEHOK. MaTteMaTuueckasi 00paboTka pe3yiib- pabome
TaTOB.

9. |[MaremaTHnueckas 00paboTKa H300paKeHUH. Pewenue 3a0au

10. [KontpomnbHas pabota Nel. KP

2.3.4 IlpumepHasi TeMAaTHKAa KypPCOBBIX padoT

1.

2.

CHHTE3 ¥ U3yYEHHE CTPOCHHS U CBOMCTB KOOPAMHAIMOHHBIX coenuHenuii d- u f-
AIIEMEHTOB COBPEMEHHBIMU (PU3MUECKUMU METOJJaMH HCCIIETOBaHUSI.

Hcnonp3oBaHne METO0B KBAHTOBOW XUMUU ISl pacdyeTa CBOMCTB KOOPIMHAIIMOHHBIX CO-
€IMHEHUI U MaTepUAJIOB Ha UX OCHOBE.

CunTe3 1 GU3UKO-XUMHYECKOE U3yUYeHUE KOOPAMHAIIMOHHBIX COCTMHEHUN BKITIOUEHUS, B
TOM YHUCJIE TOTCHIIUATBHBIX (apM. TpernapaTos.

CuHTE3, CTPOCHHUE U CBOMCTBA KOOPAMHAIMOHHBIX COEAMHEHUI U COCTMHEHNI BKITIOYE-
HUsl 110 1aHHBIM SAMP criekTpockonuu.

[MonyueHre HOBBIX MaTEPHUAIIOB ¢ BKIIFOUCHUEM HaHoYacTull d- u f-3eMeHToB, u3yueHue
UX ONTUYECKUX U MarHUTHBIX CBOMCTB.

CuHTE3, CTPOEHUE U CIIEKTPaIbHbIE CBOMCTBA KOMIUIEKCHBIX COCJUHEHUH JIAHTAHOUIOB C
(GYHKIIMOHATN3UPOBAHHBIMH OPTaHUYECKUMHU JTUTaHJaMHU.




10.

11.

HOJIyquI/Ie " U3Yy4YCHUC CBOMCTB TOHKOILICHOYHBIX MaT€purajioB HA OCHOBE KOMIIJICKCOB

JJaHTaHOUJOB.

Hcnonp30BaHne METOI0B MOJISKYJISIPHOM CIIEKTPOCKOIIHY TP UCCIIEOBAaHUN CBONCTB
KOMITO3UITMOHHBIX MaTEPUAJIOB.

BnusiHuE CTPpYKTYpHI M COCTaBa THOPUIHBIX OPraHO-HEOPTaHUYECKUX TBEP 10 a3HBIX CHC-
TeM Ha UX (yHKIIMOHAIHHBIC CBOMCTBA.

AHOIHBIN CUHTE3 JIIOMUHECIIUPYIOIIMX KOOPAMHAIIMOHHBIX coeuHeHnit P32 B koopau-
HUPYIOIIMX PACTBOPUTEIISX.

DIIEKTPOXUMUYECKUN CHHTE3 KOOPAMHAIMOHHBIX COSTMHEHUM JTAHTAHOUIOB - 3 (PEeKTHB-

HBIX JIIOMHHO(OPOB.

2.4 IlepeyeHb y4eOHO-METOAUYECKOT0 00ecIeYeHUus 1JIsl CAMOCTOSI-
TeJIbHO PadoThI 00y4alOUIUXCH M0 TUCHUIINHE (MOAYJIIO)

No Bux CPC [lepeuenp yueOHO-METOUUECKOTO 06CCHCII?HI/I$[ JUCLUIIIIMHEI 110
BBINOJIHEHUIO CAMOCTOSITEIbHOM paboThI
1 2 3
1 | Teopernueckas ca- MeTtoanyeckre peKOMEHIAINH K OPTaHU3alMK ayAUTOPHON H
MOIIOJIFOTOBKA  |BHEAYTUTOPHOI (caMOCTOSATENbHOI) paboThl CTYAEHTOB: METOIU-
2 | Hoxroroska k JIP [deckue ykazanus / coct. T.I1. Cropoxenko, T.b. I[Tounnok, A.B.
3 Pedepar becnanos, H.B. Jlo3a. — Kpacnonap: Ky6anckuii roc. yu-t, 2018.
4 | Jloknampl, npesen- (89 c.
TaI|H WHTepHeT pecypchl 0 AUCLUILIMHE, B TOM YUCIIE YKa3aHHbIE B
1.6.

Y4yeOHo-MeTOANYECKUE MaTepHUabl JJIsl CAMOCTOSITEIbHOM paboThl 00Y-
YAIOMINXCS U3 YHCIIa MHBAIUIOB U JIUI] C OTPAaHUYEHHBIMH BO3MOKHOCTSIMHU
3n0poBbst (OB3) npegocrasistoTcs B hopmax, aJanTUPOBAHHBIX K OTPAaHUYECHU-
SIM UX 3JTOPOBbsI 1 BOCTIPUATHS WH(POPMAITHH:

Jis u11 ¢ HapyIICHUSIMH 3PEHUS:

— B IIeYaTHOU (hopMe YBEITMUYEHHBIM MIPUDTOM,

— B (popMe 3JIEKTPOHHOTO JIOKYMEHTA.

Jist Ut ¢ HApYIIICHUSIMU CITyXa:

— B IeyaTHou (opme,

— B (popMe JIEKTPOHHOTO IOKYMEHTA.

JIist vt ¢ HApyIIIEHUSIMA OTIOPHO-/IBUTATEIBLHOTO amnmapara:

— B IeyaTHo (opme,

— B (popMe JIEKTPOHHOTO JTOKYMEHTA.

JlaHHBIN TIepeYeHb MOKET OBITh KOHKPETH3UPOBAH B 3aBUCUMOCTH OT
KOHTHHT€HTa 00y4aroIuXcs.

3. O0pa3oBare/ibHbIE TEXHOJIOTHH

st popmupoBaHusi mpodeccHoHaNbHBIX KOMIIETEHIIMI B Mpolrecce oc-
BOCHHSI Kypca HCIONb3YEeTCd TEXHOJIOTHS MNPOQECCHOHATBHO-Pa3BUBAOIIEIO
oOyueHus, mpeaycMaTpuBaroias He TOJbKO Mepeaadyy TeOpeTHUEeCKOro MaTe-
puana, HO U CTUMYJIMPOBAHHE M Pa3BUTUE MPOAYKTHBHBIX ITO3HABATEJIbHBIX




JICCTBUN CTYJICHTOB (Ha OCHOBE TCHXOJIOTO-TIEAArOTHUECKON TEOPUU TMO3Tall-
HOro (hOPMUPOBAHMS YMCTBEHHBIX JICHCTBHIA).

AXTUBHU3AIIUN ¥ MHTCHCU(DHUKAIIMH TO3HABATEIBLHOTO MPOIEcca CIIoco0CT-
BYIOT MOJICITUPOBAHKE MPOOJIEMHBIX CUTYaIlUi, MYJIbTHMEIUHHbIC TPE3CHTAIINN
B JICKIIMOHHOM Kypce. B pamkax 1a00paTOpHBIX 3aHATHI PUMEHSIOTCS METO/IbI
IIPOEKTHOTO OOYYEHHs, HCCIICIOBATEIILCKIE METOIbI, TPCHHHTOBBIC (POPMBI, Me-
TOJT KOHKPETHBIX CHTYyaluid. B mporecce caMOCTOSATEIIBHON TeATEeIbHOCTH CTY-
JICHTHl OCBAaWBAIOT M aHAIM3HPYIOT MEPEIOBOM OIBIT, UCTIOIL3YS MMCIOIIYIOCS
JUTEpaTypy W UH(POPMAITMOHHBIC TEXHOJOTHH, BBICTYIIAIOT C MPE3CHTAIUIMH,
HaKaIIMBaroT MOPTHOINO pa3paboTOK.

JIJIsE JTMIT ¢ OrpaHUYCHHBIMH BO3MOXKHOCTSMHU 37I0POBBS MPEAYCMOTpPEHA
OpraHM3aIysi KOHCYJIbTAIlU C HCIIOIH30BAHUEM AJICKTPOHHON TTOYTHI.

Komnu-
Bun 3ansaTus Hcnonb3yemble HHTEpaKTUBHBIE 00pa3oBa- 4ecT-
Cemectp
(JI, ITP, JIP) TEJbHBIE TEXHOJIOTUN BO
4acoB
56 JIP becenpl, pa3bop cutyanuii, paboTa B Majibx 20
rpymmax
JIP Mpe3eHTanus pa3padboToK B (hopMaTe MHHH- 30
KOH(EpEeHIINHI
Hmoeo: 50

4. OeHOYHBIE CPEACTBA JJIA TEKYILIEro KOHTPOJIA yCIEeBAeMOCTH U
NMPOMEKYTOYHOM aTTeCTANNH

Texymmii KOHTPOJIb OCYIIECTBIISIETCS B YCTHOW U 3JIEKTPOHHOU (hopme B
MIPOIIECCE BBIMOJHEHUS J1Ta0OpaTOpHBIX padboT. [IpoMexxyTOUHBIN KOHTPOIbL MPO-
BOJIUTCS B BUJIE TECTOB U KOHTPOJBHBIX pab0T. ITOrOBBIN KOHTPOJIb OCYIIECTB-
JIseTCsl IPUEMOM 3aueTa B 5 ceMecTpe U 3aueTa B 6 ceMecTpe.

4.1 ®oH/ OLIEHOYHBIX CPEACTB JJIS MPOBeIeHNUS TeKYIel aTTecTaAlu

4.2 ®oHJ OLIEHOYHBIX CPEACTB ISl IPOBEACHNUSI IPOMEKYTOYHOM aTTecTa-
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4.2.1 Bonipochl I MOATOTOBKH K 3a4eTy

Bonpocs! Ajst moaroroBku K 3auery (1 cemecrp)

1. BzaumopeicTBHE 2JIEKTPOHOB C BermecTBoM. O0IacTh B3aMMOICHCTBHS
AJIEKTPOHOB: BJIMSIHUE aTOMHOTO HOMEPA, 3aBUCUMOCTh OT YHEPIUU IyU-
Ka, 3aBUCUMOCTbB OT yIJja HakJioHa. [[imHa mpolera 3JeKTpOHOB.

2. OTpakeHHBIE JICKTPOHBI: BIUSHUE aTOMHOI'O HOMEPa, 3aBUCUMOCTh OT



HHEPrUM IyYKa, 3aBUCUMOCTb OT YIJIa HaKJIOHA, YIJI0BOE pacipeiesicHue,

pacrpeiesieHre 1o SHEPIrusiM, MPOCTPAHCTBEHHOE pacipeiesieHue, Tiy-

OWHa BBIXO]IA.

BropuuHblie 251eKTpOHBI: BIUSHUE TApaMEeTPOB ITyuKa 1 00pasia.

PentrenoBckoe uznyuenue. HermpepblBHOE peHTT€HOBCKOE U3ITyUYECHHE.

XapaKkTeprucTUIECKOE PEHTTEHOBCKOE U3ITyUYCHHE.

Oske-37eKTPOHBI U KaTOOTFOMUHECIICHITHSI.

TepmoaneKTpoOHHAS ¥ aBTOSJIEKTPOHHAS IMHUCCHSI.

Y CTpOUCTBO CKAaHUPYIOUIETO JIEKTPOHHOTO MUKPOCKOIIA.

DneKTpOMarHUTHBIE JIMH3BI. XpoMmaTuaeckue abepparuu. Chepudeckue

abeppanuu. ACTUTMaTU3M.

9. Mexanusmsl u ipupoza popmupoBanus kourpactoB B COM. MnTteprpe-
Talus U300paKEHUM.

10.M306pakenust B COM. Biusinue yckopsitoiiero HanpspkeHus. Bivsaue
pasmepa anepTyphl.

11.Bnusnue pabouero pacctosHus. BiusiHue HakioHa oOpasia.

12.JlerexTopsl curaainoB B COM. XapakTepuCTUKHU U UX BIUSIHKUE HA Dop-
MHUPOBaHUE N300paKEHUH.

13.TpamunnuoHHass CKAaHUPYIOMIAs AIEKTPOHHAS MHUKPOCKOTIHS.

14 HuskoBakyyMHasi CKaHHPYFOIIas JJICKTPOHHAS MHKPOCKOTIHSL.

15.Ckanupyromiast 3JIeKTpOHHAsT MUKPOCKOIIHUS B PEXKHME €CTECTBEHHOM Ccpe-
TTBI.

16.Ckanupyromiast 3JIeKTpOHHAsT MUKPOCKOTIHUS B PEXKUME HABEAEHHOTO TOKA.

17.BpicOKOBaKyyMHasl CKAaHUPYIOIIAs AJICKTPOHHAST MHKPOCKOTIIHSI.

18.0xe-311eKTpOHHAs CTIEKTPOCKOIHSI.

19.Cxkanupyroiasi npoCBEYMBAIOIIAs dJICKTPOHHAS MUKPOCKOTIHSI.

B~ w

0o N oo

Bomnpocs! AJ1s1 NOATOTOBKY K 3a4eTy (2 cemecTp)

CnexTpomMeTpusi ¢ BOJTHOBOM JUCIIEPCUEH.
CrexkTpoMeTpusi ¢ SHEPreTUYECKON JUCTIEPCUEH.
3. Hudpakmms oOpaTHO pacCesHHBIX AIEKTPOHOB, ((OPMUPOBAHNE KAPTUHBI
nudpaxum.
AHanu3 TudpakIMOHHBIX KAPTHUH OOPATHO PACCESTHHBIX JEKTPOHOB.
CdokycupoBaHHbII HOHHBIN Ty4OK U ero GpyHkuuu. Muxektopsl. Manu-
MyJATOPBI BHICOKON TOYHOCTH MO3UIIMOHUPOBAHUS.
6. IlocnoliHoe TpaBiieHUE JIJIsE PEKOHCTPYKIIMU 3X MEpHOM CTPYKTYphI (3D).
OcHoBHbIE NpenmyIecTBa U HegocTaTku COM.
8. B03MOXXHOCTH CKaHMPYIOITEH MPOCBEUNBAIOIICH JIEKTPOHHOM MHUKPO-

CKOITUHU.
9. Bosmoxuoctu COM a1 mosrydeHust HAHOCTPYKTYDP.
10.Ucnonp3oBanne COM miisa vcciaeaoBaHus CTPYKTYPhl MaTEPHAJIOB.
11.Bo3moxuocTu COM 17151 McciieIoBaHUsI KHHETUKH MPOLIECCOB.
12 .T1lpenmymectBa COM BBUAY 00761110 TTyOHHBI (HOKYCA.

A
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13.Bo3MoxHOCTH (ppakTorpadyecKkoro aHaimsa.
14.TTonydenune oObEMHBIX MPEACTABICHUN 00 0OBEKTE.
15.2nexkTpoHHas AuTOrpadus.

KpuTtepun onieHKH 110 MPOMEKYTOYHON aTTeCTANNH

OneHkn «3a4yeT» 3acily’>KMBaeT CTYACHT, OOHApyKUBIINK cHOpMHUpPOBaAH-
HOCTb KOMIIETECHIIMH, MPEIyCMOTPEHHBIX MPOTPaMMON TUCIUILUIUHBI, HE00XO-
JTUMBIX JIJISl JabHEHIIer ya€onl U MPeCTOSsIIeH paboThl MO MPOQEeCCuu, CIipaB-
JISFOIIMMICS C BBIIIOJHEHNUEM 3aJaHNN, TPEyCMOTPEHHBIX MPOTPAMMOM.

OueHka «He3aueT» BBICTABIAETCS CTYACHTY, OOHapy>KHUBIIEMY 3Ha4yU-
TeJbHBIE MPOOEThl B 3HAHUSX OCHOBHOTO MPOrPaMMHOrO Marepuania, JOIycC-
TUBILIEMY MPUHIUIUAIBHBIE OINIMOKK B BBIMOJIHEHUH MPEIYCMOTPEHHBIX MPO-
rpamMoil 3aganuii. Kak mpaBuiio, OlleHKa «HE3a4eT» CTaBUTCS CTYIEHTaM, KO-
TOpPbIE HE OCBOWIM B JOJKHONM Mepe (PYHKIIMH MpernoaBaTesss XUMUU U HE CMO-
IYyT TPUCTYNUTh K NMPOo(EeCcCCUOHATHLHON IeATebHOCTH M0 OKOHYaHUHU By3a 0e3
JIOTIOJIHUTENIBHBIX 3aHATUN 110 COOTBETCTBYIOIINM JUCHUTLIAHAM.

Kpurepuu onenku chOpMHUPOBAHHBIX KOMIIETEHIIMNA OMpPEACNIIIOTCS
YPOBHEM YCBOCHUS U3y4aeMOro Marepuaia u orpaxensl B POC qucuUIInHbI

OueHouHbIE CPeCTBA JI1 MHBAJIUAOB U JIMLl C OTPAHUYEHHBIMH BO3MOX-
HOCTSIMH 37I0POBbsI BRIOUPAIOTCS C YUYETOM UX UHJIUBUIYATbHBIX TICUXO(pU3NYE-
CKHUX OCOOEHHOCTEM.

— IpHU HEOOXOAUMOCTH MHBAJIUJAM U JIMIIAM C OIPAaHUYEHHBIMH BO3MOXK-
HOCTSIMHU 3/I0POBBSI MIPEAOCTABIIAECTCS JAOMOJIHUTEILHOE BpEeMs IJIsl MOArOTOBKH
OTBETA;

— TMPHU MPOBEACHUH TIPOLIETYPHI OIICHUBAHUS PE3yJbTaTOB O0yUeHUS HH-
BAJIWJIOB U JIMIl C OTPAaHUYEHHBIMU BO3MOKHOCTSIMU 3JI0POBBS MpEycMaTpUBa-
€TCS UCTIOJIb30BAHNE TEXHUYECKUX CPEICTB, HEOOXOIUMBIX UM B CBSI3U C UX HH-
JTUBUTyJIbBHBIMA OCOOCHHOCTSIMU;

— IIpU HEOOXOAUMOCTH JIs1 O0YYaIOIINXCs C OTPaHUYCHHBIMU BO3MOYKHO-
CTSIMU 3JI0POBBSI 1 MHBAJIUJIOB TMPOIIEIypa OIEHUBAHUS PE3yJbTaTOB 00yUYEHUS
MO IUCUUIIMHE MOXKET MPOBOJIUTHCS B HECKOJIBKO 3TAIOB.

[Ipouienypa oleHUBaHUS Pe3yJIbTATOB O0OYUYEHUs MHBAIMIIOB U JIUI[ C OT-
PaHUYEHHBIMH BO3MOKHOCTSIMU 3[I0pPOBbS IO JUCUUILIUHE (MOIYJO) Mpeny-
CMaTpHBaeT NpefocTaBiieHne uHpopmalu B popmax, aJanTUPOBAHHBIX K OT-
PaHUYCHHSM UX 3/I0POBBS U BOCTIPUSITHUSI HUHPOPMAITUH:

JUist TaL ¢ HapyIIEHUSIMU 3pEHUS:

— B TIeYaTHOU (hopMe YBEITMUYEHHBIM MPUDTOM,

— B (popMe 3JIEKTPOHHOTO JIOKYMEHTA.

JI1st U1 ¢ HapYIIEHUSIMU CITyXa:

— B IeyaTHoOu (hopme,

— B (popMe 3JIEKTPOHHOTO JIOKYMEHTA.

JUtst Tun ¢ HapyIEeHUsIMUA OTIOPHO-/IBUTATEIBHOTO anmnapara:
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— B IeyaTtHou opme,

— B popMe IIEKTPOHHOTO JTOKYMEHTA.

JlaHHBIN TIepeYeHh MOXET OBITh KOHKPETH3MPOBAH B 3aBUCHMOCTH OT
KOHTHHTE€HTa 00yYaroIIXCs.

S. IlepeyeHb OCHOBHOM U JONOJHHUTEILHON Y4eOHOH JIMTEepaTyphl, HE00X0-
AUMOM NJISt OCBOCHUS TUCUMILIMHBI (MOIYJIS)

5.1 OcHoBHas JuTEpaTypa

1. Kpumran M.M., fAcuukoB U.C. Ckanupyromniasi 3JIeKTpOHHAsE MUKPOCKOIUS
U PEHTTEHOCTIEKTpaIbHBIA MUKpoaHaus. - M.: Texunocdepa, 2009. - 208 c.

2. Bosunecenckuii, 3.®. MeToapl CTPYKTYpHBIX HCCIIEIOBAHUI MaTepUasoB.
MeTtoabl MUKPOCKOTIMU [DJIEKTPOHHBIN pecypc] : yueOHoe mnocodue / O.D.
Boznecenckuii, ®©.C. apudymnun, .1, A6xymun; M.-Bo oOpa3s. u Hay-
ku Poccum, KazaH. Haw. uccnen. texHon. yH-T. — Kazanb: M3n-so KHUTY,
2014. — 184 c¢. — ISBN 978-5-7882-1545-7. — Pexum goctymna:
https://biblioclub.ru/index.php?page=book view red&book_id=428294

5.2 /lonmosiHUTEIbLHAS JIUTEpPaTypa

1. PactpoBasi 3J€KTpOHHAsT MUKPOCKOIHUSA JJIi HAHOTEXHOJIOTWi. MeTtonbl u
npuMeHeHue [DIIeKTPOHHBIA pecypc] : ¢0. Hayd. Tp. - 3-¢ u3a. - Mockga :
Jlaboparopus 3uanuii, 2017. - 607 c. - https://e.lanbook.com/book/94144

6. [lepeuenb pecypcoB HH(OPMALMOHHO-TEJIEKOMMYHUKAIMOHHOM CeTH
«/HTepHeT», He0OXOAUMBIX [IJISI OCBOCHMS TUCIHUIINHBI (MOLYJIs1)

http://www.msa.microscopy.com

http://www.oup.co.uk/jmicro/scope/

http://www.microrgc.demon.co.uk

http://www.msa.microscopy.com/MSA/MscopyManalysis.html
http://www.edpsciences.com/docinfos/MMM/OnlineMMM.html
Micron (http://www.elsevier.nl/inca/publications/store/4/7/5/)

Ultramicroscopy (http://www.elsevier.nl)
SCANNING (http://www.scanning-fams.org/)

o N o Ok~ WD
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https://biblioclub.ru/index.php?page=book_view_red&book_id=428294
https://e.lanbook.com/book/94144
http://www.msa.microscopy.com/
http://www.oup.co.uk/jmicro/scope/
http://www.microrgc.demon.co.uk/
http://www.msa.microscopy.com/MSA/MscopyManalysis.html
http://www.edpsciences.com/docinfos/MMM/OnlineMMM.html

7. MerToanuyeckue YKa3zaHusi JJIA OO0OyYAKIIMXCH 10 OCBOCHHIO
AUCHHUILIAHBI (MOIYJIs1)

MeToauyecKkue peKOMeHIAIUN NMPenoaBaTe/isiM 1o MeToAukKe MPoBeIeHUs
OCHOBHBIX BHI0B Y4e0OHBIX 3aHATHI

Jleknuu

Memoouxa umenus nekyui
Jlek1uu SBJISIFOTCS. OJJTHUM M3 OCHOBHBIX METOJIOB OOY4EeHUS 10 AUCHUILIMHE,
KOTOpPBIE JOJKHBI PEMIaTh CICAYIONIUE 3aa4u:
— H3JI0)KUTh BAXXHEHIIMK MaTepHUasl IMPOrpaMMbl Kypca, OCBEIIAIOIINN OC-
HOBHBIC MOMEHTHI;
— Ppa3BUTh y CTYACHTOB MOTPEOHOCTh K CAMOCTOSTEIBHON paboTe HaT
y4eOHOM ¥ HAYYHOU JTUTEPATypPOH.
['maBHOM 3a1auel KaXXA0U JIEKIIUU SIBJISIETCS PACKPBITUE CYIITHOCTH TEMBI M aHa-
T3 €€ TJIaBHBIX MOJIOKEHN. PEKOMEHIyeTCsl Ha MEPBOM JIEKIIMH JIOBECTHU JI0
BHUMAHUS CTYJICHTOB CTPYKTYPY Kypca U €ro pas3Jeibl, a B JAJbHEUIIIEM YKa3bl-
BAaTh HAYAJIO KaXJOTO pas3zena, CyTh U €ro 3aJa4u, a, 3aKOHUYHUB U3JI0KECHUE,
MOABOAUTE UTOT 110 TOMY pa3jeiy, YTOOBI CBSA3aTh €TI0 CO CJICAYIOIINM.

Cooepoicanue nexyuil

Copeprkanue JeKIuid onpenensercs padboyeit nporpamMmmont kypca. Kpaitne xe-
JaTeNbHO, YTOOBI KaXk/1ast ISKIIHMS OXBaThIBaja M MCUEPIBIBAJIA OMIPEICICHHYIO
TEMy Kypca U MpeACTaBIsia COO0M TOTUYECKH BIOJTHE 3aKOHUEHHYIO PaboTy.
Jlydie cOkpaTuTh TEMyY, HO HE JOIYCKATh IIEPEPHIBA €€ B TAKOM MECTE, KOraa
OCHOBHasI UJIesl €11 MOJTHOCThIO HE PACKPHITA.

JlaGopaTopHble 3aHATUA

Memoouka nposederust 1a60pamopHbIX 3aHAMUU
[ensmu npoBeaeHUs 1a00paTOPHBIX PaOOT SIBISIOTCS:
— YCTaHOBJICHHE CBSI3€M TEOPWUU C MPAKTUKOW B (OpME IKCIICPUMEH-
TaJIHLHOTO TIOJITBEPKACHUS TIOJIOKCHHUIN TEOPHH;
— oO0yueHue CTYJCHTOB YMEHHUIO aHAIM3UPOBATH MOJTYUYEHHBIE PE3yJib-
TaThI;
— KOHTPOJIb CAMOCTOATEIHHON PabOTHI CTYJACHTOB IO OCBOCHUIO KYpPCa;
— o0yuyeHre HaBbIKaM MPOdeCCHOHATBHON JeATSIbHOCTH
[{enm 1abopaTopHOTO MPAKTUKyMa JTOCTUTAIOTCS HAWITYUIIIM 00pa3oM B TOM
ciIydae, €I BBITIOJIHEHUIO SKCIIEPUMEHTA TPEIIIIECTBYET ONpeAeSICHHAS 110/
TOTOBUTEIbHAS BHeayAuTOpHas padora. [loaroMmy npemnogaBatens 00s3aH 10Be-
CTH JI0 BCEX CTYJEHTOB IpadUK BHIMOJHEHUS J1a00paTOPHBIX PabOT C TEM, UTO-
OBl OHM MOTJIM 3aHMUMATbHCS 1I€JICHANPABICHHON JTOMAIITHEH MOATOTOBKOM.
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Hepezx HavaJIOM O4YCPCAHOTO 3aHATHA IIPCIIOAABATCIIb JOJIKCH YAOCTOBCPUTLCA

B I'OTOBHOCTH CTYACHTOB K BLIIIOJIHCHHUIO ﬂa6opaTopH0ﬁ pa6OTI>I IIYyTEM KOPOT-

KOT0O CO6€C€I[OB&HI/I51 " IIPOBCPKU HAJIUYIHA Y CTYACHTOB 3alOTOBJICHHBIX IIPOTO-
KOJIOB IIPOBCACHUA pa6OTI>I.

Yka3zaHus o caMmoCTOATEIbHOI padoTe.

CamocrosTensHas padota cocraBisger He MeHee 50% OT BpeMeHH, OTBO-
JMMOr0 Ha W3y4YeHHE MUCHUIUIMHBL. [Ipu camocrositenbHON paboTe CTYAECHT
JIOJDKEH O3HAKOMUTBHCSI ¢ OCHOBHBIMM YYEOHUMKAMHU U Y4E€OHBIMU MOCOOHUSIMH,
JOTIOJTHUTENHPHON JIUTEPATYPON M WHBIMHU JTOCTYITHBIMHU JINTEPATYPHBIMU HCTOY-
Hukamu. [Ipu paboTte ¢ nuTeparypoi 1o KOHKPETHBIM TeéMaM Kypca, B TOM YHC-
JIe YKa3aHHBIM JJISI CAaMOCTOSITEILHOM MPOpabOTKH. OCHOBHOE BHUMaHHUE CJICTY-
€T YIeISATh BAXKHEHIIIMM MOHATUSAM, TEPMUHAM, ONIPEACICHUSAM, ISl CKOpEHIIIe-
r'0 YCBOCHHS KOTOPBIX 11€71eC000pa3HO BECTH KPATKUH KOHCIICKT.

8. Ilepeyenb HMHGPOPMANMOHHBIX TEXHOJOTMH, HMCIOJb3yeMbIX NPH
OCYILIECTBJIEHMH 00pPa30BaTEeJILHOrO0 IMpolecca Mo ANCHUILIMHE (MOXYJIIO)
(mpu HEOOXOTUMOCTH)

8.1 Ilepevyenb nHpOPMALMOHHBIX TEXHOJIOTHH
Hcnonp30BaHne 2IEKTPOHHBIX NPE3EHTALMN IPU NPOBEACHUM 3aHATUN.

8.2 IlepeuyeHb HEOOXOAMMOTO TPOTPAMMHOTO 00ecTeYeHust

B kypce naboparophsix padoT ucnoin3yercs Microsoft Windows, ImageJ
1.45 (freeware), a Tarxke CTaHIAPTHOE POrPaMMHOE 00ECIICUEHHE, TTOCTaBIIsIC-
moe ¢ obopynoBanuem (JEOL SEM JSM-7500F, JEOL JSPM-5400, Oxford In-
struments INCA Energy).

8.3 IlepeueHb He0OX0AMMBIX MHPOPMALHMOHHBIX CIPABOYHBIX CHCTEM
1. DnexTponnas 6ubnuoreuynas cuctema eLIBRARY.RU
(http://www.elibrary.ru)/

9. MaTepuajbHO-TeXHHYECKas 0a3a, He00OX0AUMAs AJIs1 OCYLIECTBJICHUSA
00pa30BaTeJbHOIO MPOLECCa MO0 AUCHHUILINHE (MOLYJII0)

MarepuajJbHO-TeXHHYECKOE o0ecnevyeHne JUCHUIIUHbI

Ne Bun pador
(MoayJisl) M OCHAIIEHHOCTh

1. JlekuonHnble 3aHATUA | JIeKIIMOHHAs ayTUTOPUS, OCHAIIEHHas: yueOHOl MeOerblo,
MEPEHOCHBIM IIPOEKTOPOM, HOYTOYKOM, TOCKOM-3KpaHOM
YHHUBEPCAIBbHBIM M COOTBETCTBYIOIIMM IIPOTrPAMMHBIM 00ec-
neuenneMm (ayn. 435C).

2. JlaGopartopHsbie 3aHs- | JlaGopaTopHsi ¢ yCTaHOBJICHHBIM 000pyI0BaHHEM: DJICKTPOH-
THS HbII pacTpoBbiid MuKpockorn JEOL JSM-7500F, 30H10BbIM
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http://www.elibrary.ru)/

Bua pabdor

MaTepuajibHO-TeXHUYECKOe o0ecneyeHue TUCHMIJINHbI
(MOyJis1) M OCHAIIIEHHOCTh

ckanupyromnmii Mukpockon JEOL JSPM-5400. (ayx. A020).

I'pynnoseie (MHANUBU-
NyajabHblE) KOHCYJIbTa-
02078

VYdeOHas ayUTOpUs JJIsl IPOBEICHUS TPYIIIOBBIX U HHMBU-
IyadbHBIX KOHCYJIbTAIlUi, OCHAIlEHHAs! y4eOHOH MeOerblio,
uHTepakTUBHON H0cKoit SMART Board, kopoTkookycHbIM
WHTEPAKTHBHBIM IIPOCKTOPOM, HOYTOYKOM, MEIIOBOW JOCKOH
1 COOTBETCTBYIOIIUM IporpaMMHbIM obecnieuenuem (422C)

Tekymuii KOHTPOIIb,
MPOMEXYTOUHAs aTTe-
cTanus

YyebHas ayquTopus sl IPOBEICHUS TEKYILIETO KOHTPOJIS U
MPOMEXYTOUYHOM aTTeCTallMy, OCHAIIeHHas y4yeOHol Mebe-
Nb10, nHTEepakTUBHOU nockoid SMART Board, kopotkodo-
KYCHBIM HHTEPAKTHBHBIM IIPOEKTOPOM, HOYTOYKOM, METTOBOH
JIOCKOM M COOTBETCTBYIOIIUM MPOrPaMMHBIM OOecTieueHueM
(422C)

CamocTosiTenbHas pa-
oora

[Tomemienue it caMOCTOSITENbHOM PabOTHI CTYACHTOB, OC-
HaIICHHOE Y4eOHOU MeOebIo, KOMITBIOTEPHOW TEXHUKOU C
BO3MOKHOCTBIO MTOAKITIOUCHUS K ceTn «MHTepHET» U 0bectie-
YEHHOE JIOCTYIIOM B AJICKTPOHHYIO HHPOPMAIMOHHO-
o0pasoBaTenbHyI0 cpeay yHuBepcutera. (ayn. 428c, 431c)
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