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1. MOSACHUTEJBHAS 3AIIUCKA

JlononuuTeneHas 00me00pa3oBaTeNbHas 00ILepa3BUBarolias MporpaMMa
«HanotexHomoruuy» (manee - nporpamMma) paspaborana coemectno ¢ ®I'AOY BO
«HauvonaneHelii  uccnemoBarensckuii  yHuBepcuter HWTMO» (r.  CaHkT-
[Metepbypr), MMEET e€CTECTBEHHO-HAYYHYIO HANpaBIEHHOCTh, 0a30BbIii ypOBEHb
CJIOHOCTH, OPHEHTHPOBaHA Ha oOyuaromuxcs 14-17 net. IIporpamMma paccunTaHa

Ha OIMH roji B ooseMe 144 vaca U3 pacuera 4 yaca B HEJIEITIO.

1.1. HOBU3HA

Hosu3Ha mporpamMmsl 3aKIr04aeTcs:

° B cniocofGe (pOPMHUPOBAaHUS KIIFOUEBBIX KOMIIETEHLHM, CPEACTBOM JKe
CILY’KUT TIPOEKTHAS AESTeNbHOCTh 00yJaroIIUXCsl 10 PyKOBOJCTBOM HACTaBHUKA,

° W3yuyeHHe  XUMHM M (QHU3MKM B paMKax  IpOrpaMMbl
«HanoTtexHojoruw» fgaer Oojlee  IIHPOKHME  BO3MOMKHOCTH, TIPEIbSBISA
JOTIOJIHUTENbHBIE  TpeOoBaHus K  peajlu3alud  BHYTPUIIPEIMETHBIX W
MEXTPEIMETHBIX CBSI3€H;

° nporpaMma  IOMyCKAaeT  BO3MOXHOCTb  KOPPEKTHPOBKH M
BHIOM3MEHEHHsST TEMAaTHYECKOTrO COJEpXKaHHMs B Ipouecce OOyYeHMs, 4YTO
00yCJIOBIEHO JIMYHBIME LIEIIMH 00y4aromerocs, JMYHOCTHBIM COAEPXKaHUEM €ro
o0pasoBanus, pedpiekcrell 00yJalolerocs, BbIBOSIICH ero Ha CaMOKOHTPONbL U
CaMOOILICHKY;

° Hapsijly C TPagMIMOHHBIMM TEXHOJOIHMSAMH, TIPH Ppealu3aluu
[POrPaMMBI IIUPOKO TIPMMEHSIOTCS HCCIEN0BATENBCKIE METOBI 00yIeHH A, TPU3
1 KoMaHgHas pabora.

KpoMe TOro, HOBH3HA IPOrpamMMBbl OINpPEAENseTCsl HalpaBJICHHOCTHIO Ha
BOCTIOJIHEHHE CIIEIYIOIINX Ae(ULIUTOB:

° HEJIOCTATOYHBIH YPOBEHb MOArOTOBKY IIKOJBHBIX yuuTenel K pabore
¢ OoOyyaromuMucsi B paMKaX [EPCIEeKTHBHBIX KOMILIEKCHBIX —HalpaBleHUH

TeXHUYECKO! U eCTeCTBEHHO-HAayIHOM HaIllpaBJIEHHOCTH,



® OTCYTCTBHE COBPEMEHHOW MarepHalbHO-TeXHUYEeCKOH 0asbl B

001eo6pa3oBaTeNbHOM IIKOJIE.

1.2. AKTYAJIBHOCTDH

HaHOTEXHONOTUH YK€ CTAld HEOThEMJIEMOM YacThlO Hallel >xusHu. B
CB3M C OypHBIM pa3BUTHEM HAHOTEXHOJOTHYECKOH HAYKH CYIIECTBEHHO
paciumpsieTcs 061acTb IPUMEHEHHs Hay4HbIX JIOCTWKEHHMH B pasnu4HbIX cdepax
gesitebHOCTH. OpnHONM M3 BaxHeHIIWX MpobieM COBPEMEHHOro oOIecTBa
siBysieTcsl (OPMHUpPOBaHUE OOIIMX MPEACTABIEHUH O HAHOTEXHOJIOTHAX, KOTOPBIE B
JydlIeM  cilyyae —OKasblBAalOTCS  IPOTHBOPEYMBBIMH, 4 B  XYyAWIeM —
HeJOCTOBEPHBIMH. TakuM oOpa3oM, Haszpena HEOOXOIUMOCTb IMPOCBELICHUS B
cdepe HAaHOTEXHOJIOTHH.

HasHnauenue nporpaMmel — MpPUBJIEYb IIKOJIBHUKOB K HCCIIENOBATENBCKOM,
1300peTaTeNbCKOM, HAYYHOH U HHIKEHEPHOM JIESITENbHOCTH.

3azaya mejarora — pasBUTh y OOYyJarOIIMXCs HABBIKH, KOTOpPBIE HM
NOTPeGYIOTCS B CAMOCTOSTENBHON 3KCIIEPUMEHTANBHON H TEOPETHYECKO# paboTe
1 B JaJIbHENIIIEM OCBOEHUH ITPOrPaMMBl YIITyOIE€HHOrO YPOBHS.

M3ydyenre mporpaMMmbl IOCTPOCHO Ha  MPaKTHKO-OPHEHTHUPOBAHHBIX
MH)KEHEPHBIX U MCCIEN0BATENCKUX Kelicax (MHIMBHAYaNbHBIX WA IPYNNOBbIX),
HAMpaBJICHHBIX HA PEIIeHHe 3a1a4 IPUKIaIHOro U (yHIaMEHTaIBHOTO XapakTepa,
TO3BOJISIET LieJIeHANPABIEHHO PAa3BUBATH TBOPYECKUE CIOCOOHOCTH 00yYarOIIMXCA,

UX CaMOCTOATEJILHOCTD, COBEPIICHCTBOBATh JIMYHOCTHBIC KaduecTBa.

1.3. IEJATOTMYECKAS LIEJIECOOBPA3SHOCTD
B CBSi3d C aKTHBHBIM BHEJIPEHHEM HAHOTEXHOJOTHI B JKH3HBL 00IlecTBa
[IOCTOSIHHO ~ YBENMYMBAeTCS MOTPeGHOCTh B BBICOKOKBAIM(ULIMPOBAHHAIX
crienManucTax. B psaje By30B Poccuy IpHCYTCTBYIOT CIIELUATIBHOCTH, CBSI3aHHBIE C
HAHOTEXHONOIMSIMH, HO B  OOJBIIHHCTBE  CIy4aeB  HE  MPOUCXOAMUT
IpeBApUTENBHOM OpHEHTAlMH OOYYalolMXCsl Ha BO3MOXKHOCTH INPOAOJIKCHHS

o0y4eHus1 B JaHHOM HalpaBJICHHH.



JlanHas oOpazoBaTelbHas MPOrpaMMa MOMOraeT B PELIEHUH CIELYIOLIHX
aKTYaJbHBIX MeAaroruuecKux 3a1ad, TakuX Kak:

o mokasaTb MeCTO M pOJb HAay4YHOH [eATENbHOCTH B CTPYKTYype
COBPEMEHHBIX BEICOKOTEXHOIOTHYHBIX MPOodeccuii;

© c(pOpMHpPOBATH HaBBIKH paboThI HA COBPEMEHHOM

BEICOKOTEXHOJIOTMYHOM 000Dy IOBaHUH;

® OBJIaJIeTh HABBIKAMU IPAKTHYECKOrO IPUMEHEHHS] TEeXHOJOrui
HAHOTEXHOJIOTHI;
° 3aMHTEPECOBATh  YYAIIMXCA [MPOEKTHPOBAHHWEM  JKH3HEHHBIX H

podeccHOHANBHBIX TaHOB, 0COOEHHOCTAMYU OyayIel npodeccuu, BO3MOXKHBIMH
MyTSAMH JOCTHXKEHUS BBICOKOH NMpodecCHOHATBHON KBa(pUKayy.
[Tpu COCTaBJICHUU IIPOrpaMMBI YYUTHIBAIHCD ClIeIyromue
NCHX0(hU3U0IOrHIECKHEe OCOOSHHOCTH NOTEHIMATIBHAIX 00yYarOLIMXCs:
e noTpebHOCTE B SKM3HEHHOM CaMOOIpejeleHud M  OOpalleHHOCTh
IUIaHOB B Oyayliee, OCMBICIIEHUE € ATHX MO3ULMI HACTOSIIETO,
® CTaHOBIIEHHE COLIMAJIEHBIX MOTUBOB IPa)KAAHCKOIO J10JIra,
® TEHJEHIHUS K OCO3HAHHUIO IIKOJILHIUKOM CBOETO MUPOBO33DEHHMS;
e 110TPeGHOCTE B OCO3HAHUU ce0s KaK LIENOCTHOM IMYHOCTH,
e OIIEHKE CBOMX BO3MOXHOCTEH B BEIOOpe mpodeccuu, B OCO3HAHUH CBOEH
YKHU3HEHHOM MO3HUILIHH;
® CTaHOBJICHUE lIeNenoylaraHus;
e upHTEpec Ko BceM hopMam caMooOpa3oBaHus;
e H30MpaTeNbHOCTh I[IO3HABATENBHBIX MOTHBOB, JUKTyeMas BBIOOpOM
npodeccuu;
® YCTOWYHUBOCTh MHTEPECOB, HX OTHOCHTENIbHAS HE3aBUCUMOCTh OT MHEHUS
OKPYXKAIOLIUX.
B pamkax peanusanii OporpaMMsl y o0ydaromuxcs GOpMHUPYIOTCs 3HAHUS

o MeETOmax 51 TECXHOJIOTHAX MOoJTY4YCHHUA HaHOIIOPOIIKOB, HaHOCJIOEB,



HAHOTETEPOCTPYKTYP M HAHOCTPYKTYPHUPOBAHHBIX MaTepUasIOB, B OCHOBE KOTOPBIX
nexar pasnuuHbie Gpusndeckue U GUIMKO-XUMUYECKHE IPOLIECChI.

[IpumeHenne MeToga y4eOHBIX KeHCOB, OpraHM3alus MPOEKTHOU
JESTENIBHOCTU OOYYArOIIMXCS SIBJISIETCST BAXKHBIM U () PEeKTHBHBEIM MeXaHU3MOM
(hOpMHUPOBaHUS CIIOCOOHOCTH CaMOCTOSITEIBHO MBICIHUTB, NOOBIBATh U IIPUMEHSTh
3HaHMA, TINATeILHO OOIYMBIBATH MPHHUMAEMBbIE PELICHMS, YE€TKO IUIaHUPOBATh
neiictBus, 3pPEeKTUBHO COTPYAHUYATh B pa3HO0Opa3HbIX rpynnax. CoBpeMeHHbIE
NeJaroriyecKie HCCIeIoBaHus TOKA3bIBalOT, YTO IIPOEKTHas JeATEbHOCTb
pa3BHUBaET MHCCIIENOBATENbCKHE K TBOPYECKHE CIIOCOOHOCTH O0ydaroluxcs,
MOBBIIIAET UX MOTHBAIMIO K IMOJYUYSHHMIO HOMOJHUTEIBHBIX 3HAHMM W pa3BUBAET
HUX CaMOCTOSTENIbHYI0 aKTHBHOCTb, AaKTHBHU3HPYET IIPOLECC  BKIIIOYEHMS
IIKOJIHUKOB B IIO3HABATENbHYIO EATEIBHOCTb.

B nporecce 00yueHus MPUMEHSIOTCS CIEIyIONINe TEXHOJOTUH:

- IPOEKTHAs IeATEIbHOCTD;

- mpobyemMHoe oOyueHue;

- HCclieloBaTeNbCKre MeTo bl 00yuenus u TPU3;

- oOy4yenue B COTpyAHHYeCTBE (KOMaHHasl, TPpYyIIIoBas paboTa).

1.4. KOHLIEITLIAA OBPA3OBATEJIbHOM ITPOI'PAMMEI
Konnenmuss mnporpammel «HanoTrexHonoruu» OCHOBaHa Ha JHYHOCTHO-
JIeATENBHOCTHOM M COLIMOKYJIETYPHOM IOJX0/AaX B 00pa30BaHMU.
JlononHUTENLHOE 00pa3oBaHKe JODKHO HOCHUTH OIEpEeKArOIUi XapakTep 1
ObITh HALENeHHBIM Ha BOCINHTaHWe TnpodeccuoHanoB 21 Beka, JroAeH
HPaBCTBEHHbIX, OOMaJaloIlMX  BBICOKOHM  DKOJIOTHYECKOW  KYJNBTYpOH U
COBPEMEHHBIM  MHPOBO33pEHHEM,  JKOHOMHYECKH,  TEXHOJOTHYECKH  H

(byHKIIMOHAIBHO TPaMOTHBIX.



1.5. OTJIMYUTEJIbHBIE OCOBEHHOCTU ITPOI' PAMMBI

OcBoeHre [IaHHOM MporpaMMbl (QOpMHpPYeT IUIATPOPMY IS U3YUEHHS
IIPUMEHEHHS HAaHOTEXHOJIOTUH B BEICOKOTEXHOJOTHYHBIX OTPACAX MPOU3BOACTBA
U peanu3aluio KeiicoB B JaHHOM HalpaBlIeHUH.

OcobeHHOCTBIO TIpOrpaMMBbl  OOYYEHHS TI0 HAHOTEXHOJIOTHSAM SBJSETCS
3aJI0)KEHHAsi B Hee HJes OMNepexaroniero o0y4yeHHs, MO3BOJISIONIAs Ha CaMBbIX
pPaHHUX 3Tamax Co3JaTh NMPEANOCHUIKH Ui YITYOJIEHHOTO H3y4eHHsl XHMUHU U
(bu3MKM, a TaKkKe HaJlM4YHhe «CKBO3HOIO» IIOBTOPEHHUS Y3JIOBBIX BOIIPOCOB
IIKOJIBHOTO Kypca M0 3TUM MpeaMeTaM Ha pa3jinyHbIX dTanax oO0ydyeHwus, npuieM
Ka)K70€ TIOBTOPEHKE MMPOBOIUTCS Ha Oosiee BBICOKOM, KaK KOJMYECTBEHHOM, TaK U
KauyeCTBEHHOM YypoBHsiX. Kpome TOro, JaHHas IporpaMma I103BOJISIET
c(hopMHUPOBaTH BO3MOXKHOCTb CaMOCTOSITENBHOW pabOThl M pPElleHMs Hay4HBIX
3ajad Ha BBICOKOTEXHOJOTHYHOM OOOpYIOBaHWH, COOTBETCTBYIOIIUM MHPOBBIM
CTaHJapTaM.

Jannas Ilporpamma paspaboraHa B COOTBETCTBUM € HOPMaTHBHBIMU
[PaBOBLIMU aKTaMHU:

denepanbHOro 3akoHa or 29.12.2012 Ne 273-03 «OO6 o0pa3oBaHHH B
Poccuiickoil denepanum»;

Vkaza [lpesupenta Poccuiickoit ®@enepanyu «O HaLMOHAIBHBIX LENAX
pa3BuTH Poccuiickoii ®enepanuu Ha nepuon 1o 2030 ropay;

Konuenuuy pasBuTus AonojJHUTeNbHOro obpasosanuss no 2030 ropa
(yrBepyxaeHa pacnopsokenueM [IpaButenscTBa PO ot 31.03.2022 Ne 678-p);

Crpareruu pa3BuTUs BocniuTanus B Poccuiickoil Denepaliiy Ha IEPHON 10
2025 rona (yTBepkaena pacropsbkenueM IIpaBurensctBa Poceuiickoil ®enepanyu
ot 29.05.2015 Ne 996-p);

ITnana mepompuatuii mo peamusauuu B 2021 - 2025 romax Crpareruu
pasButusi BocnutaHus B Poccuiickoii ®enepanuu Ha nepuon mo 2025 roga
(yrBepkmeH pacropsbkeHreM IlpaButensctBa Poccuiickoii ®enepauuu 0T

12.11.2020 Ne 2945-p);



Ilpukaza MunucrepcTBa o0pazoBaHus U Hayku Poccuiickoii ®enepaluu or
23.08.2017 Ne 816 «O6 yrtepxnaeHun llopsuka mpuMeHeHHsS OpraHH3aLUSMH,
OCYUIECTBIIAIOIMMY 00pa3oBaTeNbHYI0 AEATENLHOCTB, JJIEKTPOHHOIO 00ydeHHs,
JUCTAHIIMOHHBIX 00pazoBaTeNbHBIX TeXHOJOT it npu peaiiuzaluu
00pa3oBaTeNbHBIX IPOTPAMMY;

Ilpuxaza MunucrepcrBa npoceemenust Poccun ot 09.11.2018 Ne 196 «O6
yrBepokaeHun llopsinka opraHuzanuu W OCyINecTBIeHHS oOpa3oBaTeNbHOM
JEATENIbHOCTH I10 JOMOJIHUTENBHBIM 0011e00pa3oBaTeNbHBIM IIPOrpaMMam;

IIpukaza Munucrepctea mpocemeHus P® ot 03.09.2019 Ne 467 «O6
yrBepxaeHuu  LleneBoil  Momenu  pa3BUTHUA  PETHOHANBHBIX  CHCTEM
JOMOJIHUTEIIBHOI0 00pa30BaHus AeTeil»;

[Ipuxaza MunucrepctBa IlpocBemenust Poccuiickoii ®enepanuu OT
30.09.2020 Ne 533 «O BHeceHMHM W3MEHEHHII B TMOPSJOK OpraHu3amué U
OCYLIECTBIIEHHA  00pa3oBaTelNbHONW  JEATENIBHOCTH 10  JONOJHHUTEbHBIM
obmeobpa3oBaTenbHBIM IPOrpaMMaM, yTBEPXKIEHHBIA NpukasoM MUHHCTEPCTBA
IIpocsewenus Poccuiickoit @enepanum ot 09.11.2018 Ne 196»;

[locranoBnenus: ['aBHOro rocyaapcTBEHHOrO CaHUTApHOro Bpaya P® or
28.09.2020 Ne 28 «O6 yteBepxnmenuu CII 2.4.3648-20 «CanurapHo-
SMUAEMUONIOTHYECKHEe TpeOOBaHMS K OpraHuM3alMsAM BOCMUTaHUS M 0OydeHws,
OTJIbIXa M O3I0POBJICHUS JIeTel 1 MOJIOJEKIDY;

[Iucema MuHnuncrepecTBa oOpa3zoBanus U Hayku P® ot 18.11.2015 Ne 09-
3242 «O nanpaBneHuu uHpopMauum» (¢ «MeToauuecKUMU peKOMeHJAlUsIMU I10
NPOEKTUPOBAHUIO JOMOJHUTEIBHBIX OOLIepa3BUBAIOIIMX MporpamMMm (BKJIKOUast
Pa3HOYPOBHEBBIE IIPOTPaMMBI )».

[Mporpamma pa3paboraHa Ha OCHOBE METOIMYECKHX MaTepHasioB
«HaHOKBaHTYM TYIKHUT», mpenctaBieHHbIM @OOHIOM HOBbIX (OpPM pa3BUTHA
obpazoBanus, r. MockBa, 2019 r., uMeeT MeXIUCUHMIUIMHAPHLINA XapakTep, 4YTO
NOJIHOCTBID ~ OTpPaKaeT  COBpPEMEHHble  TeHJEHUUH  I[OCTPOeHHsl  Kak
AOMOJHUTENBHBIX 00Ie00pa3oBaTelbHbIX 001epa3BUBAIOIIMX NPOrpaMM, TaK H

00pa3oBaHHs B IIETIOM.



1.6. LIEJIb
Llensto  nporpamMmsl — sABHsieTcss  (OPMHUpPOBAHHE  NPEACTABICHHS O
HaHOMAaTepHalaXx U HAHOCUCTEMAX, CIIOCOOHOCTH peali30BLIBATE UAECU Ha IMPAKTHKE

1 IMyOJIUYHO TIPEACTABIATh Pe3yJIbTaThl HAYYHO-UCCIIEN0BATEILCKOM IEATENHHOCTH.

1.7. 3BAJAYU

o CdopmupoBats y oOyuaromuxcs npeAcTaBlIeHne O COBPEMEHHBIX
JNOCTHIKEHUAX B o0nacTu Hayk ((pusuka, MH(pOpMaTHKa, XUMKUS, MATEMATUKA) U UX
CTBIKOBBEIX YacTsX, SBJIAIOLIUXCS OCHOBOW HAHOTEXHOJOTHI, PACIIUPHUTE HAYYHBIH
Kpyrosop;

° MMO3HAKOMHTE obydJaroIuXCs c TEXHOJOTUSIMHU Hay4YHO-
VCCIIEIOBATE/IbCKOM JIeATEIbHOCTH;

e c(hopMUpOBaThH HABBIKH PaOOThI Ha TabopaToOpHOM 000PYI0BAHKIH;

° c(OpMUPOBATh HABBIKM TEOPETHYUECKHX U OKCIEPHUMEHTAIBHBIX
UCCIIE0BaHUH (OT MOCTAHOBKH 3a/Iady JI0 €€ peaslu3alyn);

o OCBOMTH  OCHOBHBIE  METOJABI  IIOJly4eHHsi HaHOMAaTepHAJIOB
1 HAaHOCTPYKTYD;

° chopMUpOBaTh HABBEIKM KOMAHIHOM paboTel M MyOJHYHBIX
BBICTYIUICHUH, JOKJIAN0B, B T.4. HAaBBIKM apryMEHTAllMH M TEepeAavyd Hay4HOTro

Marepuaia.

1.8. TPEBOBAHIM K OBYHAIOIIMMCA
HabGop Ha mporpammy ocyliecTBisieTcss B COOTBeTCTBHH ¢ [IpaBunamu
npueMa M OTYMC/IeHHA  O0yd4arouxcsd  aBTOHOMHOM  HEKOMMepYeCcKOM
opranusanuu «KpacHosipckuii nerckuii Texnonapk « KBantopuym.
ITporpamma «HanotexHonorum» paccuudtaHa Ha oOydaroutuxcs 14-17 ner.
B cBs3u ¢ OpUEHTHPOBAHHOCTHIO MPOrPaMMBbl Ha pa3pabOTKy MHIHBHIYaJTbHBIX
(TpynmoBbIX) MPOEKTOB MAaKCHMAJIBHOE KOJHYECTBO OOYYAIOIIUXCS HE JOJIKHO

IpeBbIIATh 12 uenoexk.



1.9. ®OPMBI 1 PEXXUM 3AHSTUM
Mecro  peanmsammum  mporpammbi:  AHO T  «KpacHogpckuit
«KBantopuym»». Agpec: yn. Jy6posunckoro, 1M (Ianepes «EHuceii»),
r. KpacHosipck, Kpacuosipckuii kpaif, 660049.
Cpok peanmmzauun nporpammsel: | roa. O6bsem yueGHo#M Harpysku - 144
y4eOHBIX Jaca.
®opMBbl B pe:kHM 3aHATHIE
IIporpamMma paccuntana Ha 144 ydeOGHBIX 4Yaca. 3aHATHS TPOBOIATCS —
2 pasa B HeJlelo N0 2 aKaJeMHYeCKHUX Jaca ¢ AeCATHMUHYTHBIM [EePEPHIBOM, YTO
OMpENIENIAETCS CaHUTAPHO-3MUAEMHONIOTMYECKUMH TPaBUIaMH H HOpPMAaTHBAMH
CI1 2.4.3648-20.
Ilpy npoBeneHuM 3aHATUH TPAIWULMOHHO HMCIONB3YIOTCS TPH (DOPMBL
paboThI:
e (poHTanbHasd1, Korjia o0ydJarouecs CHHXPOHHO paboTaroT MOJ yIpaBIeHHEM
nenarora;
® caMoCTosATeNbHasdA, Koraa oOydaroluecs BBHIMOJHSIOT —HHAWBUIYAJILHEIE
3aJlaH¥sl B TEUEHUE YaCTH 3aHATHUS WIH HECKOJBKUX 3aHATHII;
® JIEMOHCTpallMOHHAs, Korja oOyd4arolMecs CIYyIIAloT OOBSCHEHHs Iefarora
1 HaOJIIOJAIOT 32 JEeMOHCTPALMOHHBIM SKPaHOM MJIM 3KpaHAMH KOMITBIOTEPOB
Ha yYeHHYeCKHX pabouyrx MecTax.
OO6yyenue npoBoAuTcsi B (opMaTe JEKLHH, OObCHEHHH W AeMOHCTpaLMii
IUI. YCBOEHHsI TEOpPETHYEcCKOro Marepuana. [locie JeKIMOHHOro MaTepuasa
NPOBOMATCA NpakTHYecKue 3aHATHs (nabopaTopHble paboTel) s A(PQeKTHBHOTO
3aKperieHus MOMYYEHHBIX TEOPeTHYeCKHX 3HAHWH, a Takke JUis (GOpMHPOBAHHS
0a30BBIX HABBIKOB PabOTHI ¢ 000PYIOBAaHHEM.
Jlns MpoBepKH IMOJIyYeHHBIX 3HAHWH HCHONB3YIOTCS TYONUYHBIE 3alUTHL
Pe3yJIbTATOB, MOJNyUYEHHBIX HA MPAKTUKAX, a TAKKe BBICTYIUICHHs Iepel IpyIMnoi
LIKOJIIBHUKOB Ha 3apaHee NOATr0TOBIEHHbBIE TEMEI.

PexoMeHryembie (popMbI



o Ha dTare U3y4eHHsi HOBOro Marepuaa — JIeKLus, o0bsICHeHHe, paccKas,
JEeMOHCTpaIu;

° Ha STane 3aKperjieHHs] W3y4YeHHOro Martepuana - Oecena, THUCKyCCHS,
npakTr4eckas pabota, naboparopHas pabora;

° Ha HTare MOBTOPEHHUs U3YYEHHOI'0 Marepuana — HabmoaeHue, YCTHBIN
KOHTPOJIb (0IpOoC), IKCIIepuMeHTalIbHasg paboTa;

° Ha JTame TPOBEPKM TMONyYeHHBIX 3HAaHWA —  BBLIMIOJMHEHUE
JOTIOJIHUTENBHBIX 3aaHMi, KeicoB, MyOJHYHOE BBICTYIUIEHHE C JIEMOHCTpalueit

pe3ynbTaToB paboThl Hax 00pa30BaTENLHBIM MOIYJIEM, MPAaKTHUECKAas 3a1a4a.

1.10. OO)KMJAEMBIE PE3VJIbTATHI Y CITOCOBBI X ITPOBEPK
Pesynbrarom o0ydeHus no nporpamMme « HaHOTEXHOIOTHI» JOKHO OBITH:
e COXpaHeHHEe M YCHIICHHE MOTHBAIMH K JaJbHEHIIeMy NMpOGHUILHOMY
obpasoBaHuio (xumus, ¢u3uKa) U chepam TpyAa, TpPearoNiararoIyuM

npodeccruoHalbHOE NPUMEHEHE HAaHOTEXHOJIOTHIA,

° BIaJileHUe CHUCTEeMHBIMH 3HAaHMAMH B 00JacTH XuMHH, (PU3UKH H
HaHOTEXHOJIOTU;
@ pa3BUTHE UHTE/UIEKTYaJIbHBIX CIIOCOOHOCTEM, MpeXKIae BCEro, YMEHUs

PeuiaTe HOBBIE, HEOOBIYHBIE 3aaa4yM, B YaCTHOCTH, OJJTUMITHaIHEIC,
® YMCHHEC  CaMOCTOATCJIBHO paﬁOTa’I‘b C BBICOKOTCXHOJIOTrHYHbIM

o0opy1oBaHMEM U YCIIEIIHO PellaTh Ha HEM IOCTAaBIIEHHBIE 3aa4H;

o BIaJleHHe OCHOBHBIMH METOJaMH CHHTe3a HaHOMaTepHaloOB U
HAHOCTPYKTYP;
° Pa3BUTHE IEMEHTOB TBOPUYECKOH NesSITEIbHOCTH, TAKUX KAaK: BHAECHUE U

¢opmynupoBaHue NpoOIeMBl, BEIBH)KEHNE THITOTE3, UX IPOBEPKa U T.1I.;

® cOpMHUpPOBaHHbIM HaBBIK MOHCKa HeoOXoauMoil HHpOpManuu B
Hay4YHOM JIUTEpaType;

o cOpPMUpPOBaHHBI HaBBIK KOMaHAHOW paboTBl M MyOJHYHBIX

BBICTYIUIEHUH.
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1.11. ®OPMBI ITOJAIBEAEHM S UTOI'"OB OB YUYEHIS

Texymuii KOHTPONL OCBOEHHUS LIPOrPaMMBbI POBOAUTCS BO BPEMS 3aHATHIA
Npy TOMOIM  HAOMIOJEHWl, ONpOCOB, 3aIlUTEl  JaGopaTopHBIX  paboT.
(Ilpunoxenwe 1-16) [ns nNpoBepkd MONYYEHHBIX 3HAHME HCIOJB3YIOTCA
nyGiUYHble 3aLMTHI  PE3yJbTATOB, MONYyYEHHBIX HA NPAaKTHKAX, a TaKKe
BBICTYIUICHHS Ha KOH()EPEHLMAX M HHBIX HAYYHO-TEXHHYECKHX MEPONPHSITHAX
Pa3IM4HOrO YPOBHS.

B KkoHUe nepBoro momyrogus MPOBOJHUTCS IPOMEXKYTOUHEBIA KOHTPONb (2
yaca) B (opMe KOHTPOIBHOM MNpakTHUeCKoil paGoThl. ATTecTali IO HTOraM
OCBOCHMsI Iporpammbl (2 4aca) B (popMe HUTOTOBOH 3aIlUTHI PaGOTEI MO Keicy
(ocylecTBIsIeTCS IIOCPENCTBOM PEIMEHHMs KOHTPOJILHOIO HTOTOBOTO Keiica
paboyumu rpynnamu, npejcTaBieH s H 3aiuTel pe3yasraros) ([Ipunoxenue 17).
Hist oneHKH (UHANBHBIX pe3yNbTATOB pPaboOThl KaXaoil KOMaHAbl Iexaror
paccMaTpHBaeT peleHHe UTOrOBOIo Kekca 10 CIEAYIOIUM AEBSTH KPHTEPHUIM:

® CIOCODHOCTE K IIOMCKOBOH AEATENBHOCTH 110 MHOTOS3BIYHBIM
pecypcaM UHTEpHETA I aHaI|3a UMEIOLEeCs HHGOPMALIMHK 10 TEME
3a71a4M;

® CrIOCOGHOCTB K CMBICIIOBOMY YTEHHIO TEKCTOB 3a1a4 C OIpejelieHUeM
Kpyra peluaeMbIX BOIPOCOB U yCIIOBHIA;

e cobmo/ieHne TeXHUKK 0€30MacHOCTH B 1abOpaTopuu;

® CMOCOOHOCTE K CAMOCTOSITENIFHOMY OTPEIEIEHHI0 HeO0XO0IUMBIX

e 000pYNOBaHUS M MaTepHalIOB JUlsl IIPOBEACHHS YKCIIEPUMEHTA;

® CcrnocoOHOCTE K CAMOCTOSITEIFHOMY IPOBEICHUIO OKCIIEPUMEHTA;

® yMEHHE [IeHEpHUpOBaTb HECTaHJAPTHbIE  pPEIEHHS  METOJaMH
TEXHMYECKOIO TBOPUECTBA;

® yMeHHE aHAJIM3UPOBATh MOMYYEHHBIH pe3ybTaT;

® yMEHHE JIeaTh BBIBO/bI U IIPE3€HTOBATh PE3YJIBTATHI PabOTHI;

® CIIOCOOHOCTH paboTaTh B TPYIIIIE.
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st oueHKku (UHANBHBIX pe3yJbTaTOB PalOTHl KaXKJOH KOMAHJBI II€Jaror
paccMaTpHUBaeT pelleHHe UTOroBOi paboThI MO CIEAYIOIIHM KPUTEPHSIM:

° CIIOCOOHOCTh K IIOMCKOBOM [ESITEIBHOCTA II0 MHOTOS3BIYHBIM
pecypcaM HHTepHeTa JJIsl aHaIKM3a UMEIOLIelcss HH()OPMALMHU 110 TEME 3aa4H;

® CIIOCOOHOCTb K CMBICIIOBOMY YTE€HHIO TEKCTOB 3a[1a4 C ONpeneIeHueM
Kpyra pemaeMblX BOIIPOCOB U YCJIOBUIA;

° co0JIr0/IeHHe TEXHUKH 0e30MacHOCTH B JJabopaTopuu;

° CHOCOOHOCTE K CaMOCTOSTEIBHOMY OIpPeAeIeHHI0 HEOOXOIMMBIX
000pyIOBaHMS U MaTePUANIOB JIS IIPOBEACHHUS SKCIIEPUMEHTA;

o CIIOCOOHOCTB K CaMOCTOSITETbHOMY MPOBEIESHHIO IKCIIEPUMEHTA;

° YMEHHE TIeHepUpOBaTh HECTAHAAPTHBIE  pEIICHHsS  MeTOJaMHU

TEXHUYCCKOI'0 TBOPUYECTBA,

o YMEHUE aHAIU3UPOBATh MONYYEHHBIH pe3yJIbTaT;
° YMEHHE JeNaTh BHIBOJBI U IPE3EHTOBATh Pe3YJIbTaThl pabOThI;
° CrIocoOHOCTh paboTaTh B rpymIe.

Jid ycnemHo# aTTecTalMM 10 UTOTaM OCBOEHHS MPOrpaMMbl HEOOXOIUMO

HaOpath He MeHee 50 OaoB (npuoxeHue 18)
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2. YYEBHO-TEMATUYECKHWH ILIAH

Ne HamMmeHoBaHme pa3ienos U TeM O01uee B ToM uuncne:
/11 KOJIHYECTBO
"acos TEOpETHU- | NpaKTU-

YECKHX YECKHUX

Cobnronenue npaBui TEXHUKH
0€30I1aCHOCTH W CAaHUTAPHO-
1 TMIHEHHYECKUX HOPM nipu pabore ¢ 2 2 0
3JIEKTPO00OpYIOBaHUEM U YueOHO-
METOUYECKUMH MaTepHaAIaMHU

OcHOBBI (pU3MYECKHUX 3aKOHOB MaKpO- U

2 22 10 12
MHKPOMHpa
3 BBeneHue B HAHOTEXHOJIOI UK 24 6 18
4 Marepuansi ¢ naMaThi0 GOPMEI U OIBITEL 6 5 4
C HUMH
5 ITpoMexxyTOUHBIH KOHTPOJIb 2 0 2
6 TepmoxpomusMm. XuMuveckuit 3 5 6
TePMOXPOMHU3M.
7 Tepmoxpommszm. @uznueckuii 6 5 4
TEPMOXPOMHU3M.
3 [TpuHLMIIBI, METOIBI 31 METOIUKH 26 ] 18
U3MEpeHH.
9 | BeinonHeHue y4eOHbIX -KEHCOBBIX 3a/1a4 46 6 40
10 KoHTpoub 1o uToram oCBOEHHS ) 0 5

nporpaMMel. Pedrexcus.

HUTOI'O uacos: 144 38 106




3. COAEP)KXAHHUE MPOT'PAMMBI

Ilporpamma  dopmupyer HaGop 0a30BeIX 3HagMii B obnacTu
HAaHOTEXHOJIOTHi, HEOOXOAMMBIX A7l 3((EKTHBHOTO penieHus MPOoQHILHBIX 33134
U peanu3allii NPOEKTOB, I03BOJISASA NPOBOAUTH J1a0OpaTOpHBIE SKCIEPHMEHTHI U
50(EeKTHBHO  HUCIONB30BaTH  HMMeowleecs  o0OpyaoBaHME B HpoLecce
HCCIIE0BATENBCKON paboTHI.

1. Cobmonenne mpaBUl  TEXHHKH O€30MACHOCTH W CAHUTAPHO
TUTHEHUYECKUX HOPM TIpH pabore ¢ 3aeKkTpoobopyroBaHHEM u  yueGHO-
METOIMYESCKMMHU MaTepHalaMH.

Obuve mpaBuna 6e30macHOCTH B 00Pa30BaTEIbLHOM YUpeKIeHUH. OCHOBBI
TEXHUKM 0e30macHOCTH NpH paboTe C DNIEKTPHYECKUMH npubopamu. TexHHKa
OesomacHocTH TpH pabore B Jaboparopuu. OOIIHE TIONOKEHUS TEXHUKH
Ge3omacHOCTH NpU paboTe ¢ XHMHYECKUMH peakTuBaMu. TexHUKa 6e30MacHOCTH
npu pabote ¢ 1a0OPATOPHBIMU YCTaHOBKAMH.

2. OcHOBBI (hU3MYECKUX 3aKOHOB MaKpO- ¥ MUKPOMUPA.

ATOMHOE CTpOcHHE BelllecTBa. DB3aMMOIECTBHE 4YacTHLl BelLECTBA.
CBoiicTBa ra3os, »HIKOCTEH U TBEPIBIX TeEIL.

Momnsipnast, HopMmanbHas KoHUeHTpanus. [loHsTue skBuBaieHTa. Maccosas
nons BewiecTsa. IIpuroroBnenre pacTBOPOB ¢ 3aJaHHOM KOHIEHTpalyei. Meron
OCIIeI0BAaTENbHOrO pazbasienus. OnpeneneHue IIOTHOCTH PACTBOPOB.

Beenenue B anextpoxumuio J{ucconuanys, teopus Appenuyca. OkuciaeHue
U BOCCTaHOBJIeHUe. ['anbBaHmueckuit snemeHT. DiekTpoiusHas sdeiika. Karog,
anoj. 3axoH Qapanes. C60p HIEKTPONUZHON SYEHKU ¢ MEJHBIMM KaToAaMH U
a”HonamH. [IpoBeienue npouecca 3neKTpoau3a.

3. BeeneHue B HAHOTEXHOJIOTHH.

Hano xax Munnumapinas nonst oT MeTpa. HaHOCTPYKTYphl — OOBEKTEI,
IPOMEXYTOYHEIE MEKIY MOJIEKYJIaMH M MaKPOCKOTHYECKHUMH  TeJaMH.
ITonoxeHne HAHOCTPYKTYp Ha MIKale pa3sMepoB. I[IpUMephl [IPUPOJHBIX

M CHHTE€3MPOBaHHBIX HaHOCTPyKTYp ([AHK, dacTuupsl nDpUpOOHBEIX TIUIHH,
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(ynnepensl, MarHUTHEIE KiacTepbl u Ap.). [loueMy ocBoeHHEe HaHOMHpPAa MOMKET
OBITh TaK MOJIE3HO IS YeJIOBEUECTBA?

Hanococrosiaue. [IpuuuHbl BOSHUKHOBEHUS. POl OBEpXHOCTH, PasMEpPOB
¥ KOIIMYECTBA aTOMOB B (POPMHUPOBAHMM HAaHOCOCTOSIHHS. OCHOBHbIE >((EKTHI,
MPOABJIAIOIIMECS IIPH IIEpeXOofe MAaTepHaJOB B HAHOCOCTOSAHHE (HM3MEHEHUE
napaMeTpoB BHYTPEHHEH CTPYKTYphl, TEIUIOBBIX, AJIEKTPUYECKUX, MAarHHTHBIX,
ONTHYECKUX, XUMHYECKHX cBoMcTB). Knaccudukanmus  HaHOMaTepHanoB.
Crpykrypa M cBOMCTBA KOMIAKTHPOBaHHBIX HAHOMAaTepHANOB. IIpuMeph
HaHOMATEepUaJIOB M uX IpuMeHeHHs. CTpyKTypa W CBOICTBa HAHOCHCTEM.
IIpuMeps! HAaHOCHCTEM U UX PUMEHEHHS.

JlabopaTtopHbie paboThl: «XHMHYECKHH CHHTE3 H (QU3HKO-XMMHYECKHIA
aHaJIM3 BOJHOM JMCIIEPCUM HAHOYACTHIL 3070Ta»; «OnpenesneHue pacupeaesieHus
HAHOYACTHIl N0 pa3MepaM»; «XUMUYECKAH CHHTE3 M CHEKTPOPOTOMETPUUECKUIA
aHaJIM3 BOJHOM JucCHepcHr HAaHOYACTHUI] cepedpay.

4. OCHOBBI HaITUCAHUsl HAY4YHOH paboThI (TIpoeKTa).

Buper Hayuneix pabGor. OnTumanbHble MeETOIBI TOMCKA WH(pOPMALUK.
PaGora c nuTepaTypHbIMH HCTOUHHKaMu. PaGora ¢ Hay4yHOW nHMTEpaTypoOii.
IIpaBuna moAroTOBKY U 3alIUTHI paboT.

5. [IpoMexyTOUYHEIH KOHTPOJIb.

Ilpenszamuta npoeKkTHON HIeH pabOUYUMH IPyIIIaMHU.

6. IIpuHUMIIBI, METOBI U METOJAUKU U3MEpPEHUH.

Teopus crekrpodoromMeTpuyeckoro Meronaa aHanusa. KoluyecTBEHHBIH U
Ka4eCTBEHHBIH aHaJlM3 METOJOM CHEeKTPO(QOTOMETPHH. THTPUMETPHUUECKUI
aHaJIn3.

7. BrinonHeHHe y4eOHBIX KeCOBBIX 3a/1a4.

- CuHTe3 TIOMHHO(GOPOB Pa3IMYHOrO COCTaBA.

- CuHTEe3 HAHOYACTHI] Pa3IUYHOTO COCTABA.

- Cozpanue ruapodobHoro Marepuaa.

- Co3ianue MarHuTHOM YKUIOKOCTH
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- COB,I[aHPIe TECT-CUCTEM I ONPEACJICHHS] UOHOB TSKEJIBIX METAJIJIOB B

BOJE.

8. HTOroBbiii KOHTpONb. 3allUTa HAYyYHO-MCCIENOBATENLCKOIO IPOEKTa

paboueii rpynmno.
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4. CnMcok JIuTepaTyphbI

JIutepatypa anst 00y4aromuxcst:

1. BeeneHue B HaHoTexHonoruu. Moaynp «®@uU3MKa»: METOIUYECKOE
nocobue Mo nporpaMMe dJIEKTUBHOTO Kypca jyuist yuuteneid 10-11 knaccor / B.B.
Ceryxun u gap.; mox pen. b.M. Koctumko, B.H. T'onoBaHoBa. — YbsSHOBCK:
yar'y, 2008.

2. 3y6koB }O.H., Kagouxun A.C. [u ap.] BBeneHre B HAHOTEXHOIOTHH.
Mopnynp «@u3uka». YuebHoe mocobue mis yqamuxcs 10-11 xi. / nox pen. B.B.

CsetyxuHa u ap.: C.- Ilerepbypr, 2012.

3. CrnoBaph HaHOTEXHOJIOTHUYECKUX U CBSA3aHHBIX C HAHOTEXHOJIOTHSIMH
TepMuHOB, noa pexa. C.B. Kamoxuoro, Mocksa, PU3MATIINUT, 2010.
4, Tpetnsakos 0. HanotexHnomorun. A36yka mis Bcex / COOpHUK cTaTei

nof penaxuueit 0. TperpsikoBa. — M.: ®usmatnur, 2007. — 368 c.

3. borarctBo Hanomupa. @oTopenopTax U3 riryOuH Bemiectsa. [y AuIuH
E.A. u np., nox pen. FO.Jl. TperssaxoBa. - M.BUHOM. JlabopaTopus 3HaHUA,
2010.

6. Hopora mnuHHOIO B Bek: M3 HMCTOpPUHM OTKPBITUSI M HCCIIEIOBaHUS
xunkux kpuctaywios / Conun A C. - M.: Hayka, 1988.

7. VY nusurenbHble HaHOCTPYKTYpHI, K. Heddeiic, C. Hdeddeiic; nox pen.
JL.H. I'Narpuxeesa - M.: BUHOM. JlaGoparopus 3nanuid, 2011.

8. Mup ¢usuku u texHuku. B.JL.MupoHoB. OCHOBEI CKaHHpPYIOLIEH
30H0BOI MuKpockonuu. Mocksa: TexHno, 2009.

9. Xumust snemeHToB: B 2 Tomax / H. I'punByxn, A. DpHmo; -M.:
BUHOM. JlaGopatopus 3Hanuid, 2010.

10. IIlepbaxor A. b., MiBanoB B. K. IlpakTukym no HanomarepuanaM H

HaHoTexHojorusaM //M.: M3natensctBo MockoBckoro YHusepcurera. —2019.

Jns nemarora:
1. CnoBaps HAHOTEXHOJIOTMYECKMX M CBS3aHHBIX C HAHOTEXHOJIOTUSIMU

tepMuHOB, o pea. C.B. Kamoxxnoro, Mocksa, DUZMATIINT, 2010.
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% borarcteo Hanomupa. @oTtopenoprax u3 riiy6un BemecTsa. ['yaunua
E.A. u np., noxn pen. 10.]I. TperbskoBa. - M.BUHOM. JlaGopatopus 3HaHMiA,
2010.

3. Hanoxumus. Ceprees I'.b. - M.: U3n-Bo MI'Y, 2007.

4. Mup marepuanos u TexHonoruil. Hanorexsonoruu. Y. Ilyn - mi., @
Oyanc, Mocksa: Texnocdepa, 2006.

5. Hopora MIHHHOIO B BeK. M3 HCTOpPHM OTKDBITHS W HCCIIEHOBaHHUS
Muakux kpuctaios. / Conun A C. - M.: Hayxka, 1988.

6. XKypnan «Kanm». U3garensctBo «Hayka», MIITHMO, 1970 — 2007.

7 PaGouas rpans anmasa. I'. Mumkeesuu. JIEHU3JIAT, 1982.

8. Ceeryxun B.B., PasymoBckas W.B. wu jap. Bsemenue B
Ha”HoTexHojsoruu. Moayne @usuka. 1011 xnaccel. YueGHoe nmocobue. — ITog pen.
b.M. Kocrtumixo, B.H. 'onoBanosa. — Ynesnosck: Yal'V, 2008. — 160 c.

g, YuebHO-MeToAMYecKui Kommieke mox pen. O.®. Kabapmuna -
«Apxumen». UznarensctBo «IIpocBernenuey, 2016.

DJIEKTPOHHBIE PECYPCHI:

1. http://www.nanonewsnet.ru/ - calT o HaHOTexHOjorusx Nel B
Poccun.
2, http://www.ntmdt.ru — caiiT Beaylero poccuiiCKoro MpoOU3BOAKUTENS

HpH60p0B JJI UCCIeOOBaHUS B 00/1aCTH HAHOTEXHOJIOTHHA.

3. http://www.nanometer.ru/ - HQHOTEXHOJIOTUYECKOE COODIIECTBO




S.AHdpopmManHOHHO-MeTOAHYECKOE ofecTIedeHHE H MAaTePHATbHO-TEXHHYECKOe ocHamenne IIporpammbr

Ton
Ne H3IaHH Bup
e e Hassanue ABTOp | (3J1eKTpOHHBIIA,
(cozma Me4YaTHbIH)
HHS)
MeTtoanuyeckne nocoGust

1 BBenenne B HAaHOTEXHOIOI MM, XHUMHUS. AxmeToB M.A —

CIo: ., | 2012 | DnekTpoOHHLIH

O6pazoBarenbHbIi

LEHTpP «YYacTHE»
2 | Beenenue B HaHOTeXHOMOTHE. Momyns «@usika»: Metomuueckoe nocodbue | CeeTyxun B.B. — 2008 | Drexrponmbiii

0 MPOTpaMMeE IEKTHBHOIO Kypca ans yaurteneit 10-11 kiaccos Yiesgnosek: Yal'y
MeTtoauyeckue pa3paboTku

3 | «Marepuaisl ¢ TaMsTEIO0 GOPMED) «Ilomoc-HT» 2016 | IleuatHbie
4 | «ObPeKTs B HEHBPIOTOHOBCKHX JKHIKOCTSIX) «Iomoc-HT» 2016 | ITegyarHbie
5 | «llltopMraacc: 3KCIIEPUMEHTEI M THITOTE3ED) «Iomnroc-HT» 2016 | ITevyatHsie
6 | «“AncopOLUOHHEIE SIBICHU» «ITomroc-HT» 2016 | IleyarHbie
7 | «IIpaktrka: AICOpOIMOHHBIE SIBICHUI «Ilonroc-HT» 2016 | IlevatHnie
8 | «CTpyKTypHas OKpacKka B IPHPOJE H TEXHUKEN «ITomroc-HT» 2016 | IleuaTtHsie
9 | «IIpaktrka: CTpyKTypHasi OKpacka B IIPHPOJIE U TEXHHKE «I[lomoc-HT» 2016 | IleuatHsre
10 | «KonyiouaHbIE CHCTEMBI H HX OCOOEHHOCTH» «[omoc-HT» 2016 | IlevatHbie
11 | «IIpaktrka: MHOroo6pasme KOIOHIHBIX CHCTEM» «ITomroc-HT» 2016 | ITeuatHnle
12 | «ITonuMepHBIe THAPOTENH U WX CBOWCTBAY «omoc-HT» 2016 | IeyarHsie
13 | «IIpakruka: IJomMMepHBIe THAPOTeNd H HX COPOIMOHHEIE CBOMCTBAY «Ilomoc-HT» 2016 | IlevatHBle
14 | «3axoHBI OCMOCa» «Ilomoc-HT» 2016 | ITeuatHble
15 | «/lnamMarHeTu3M B MHpE MaTEPUAIIOB «Ilomoc-HT» 2016 | IlegarHble
16 | «TepMoXpoMH3M» «Ilomroc-HT» 2016 | ITegatHbie




17 | «@OTOXpOMHBIE MAaTEPUAIIBD) «Ilomroc-HT» 2016 | IleuartHble
18 | «DnekTponpoBosiye cBOHCTBA rpadUTOBEIX rpudeeiin» «ITomroc-HT» 2016 | IlegatHsie
19 | «I'aMMa IIBETOB paCTHTENILHBIX THTMEHTOBY «ITomroc-HT» 2016 | IleuatHble
20 | «MruoBeHHas! KPUCTAILTH3AIIHD «ITomoc-HT» 2016 ITeuatHsie
21 | «lleonuTel-KUISIHe KaMHH» «ITonroc-HT» 2016 | IlegaTtHbie
22 | «IlonuaTHIIEHBI BEICOKOTO H HU3KOTO AaBJICHHDY «ITosroc-HT» 2016 | IlewatHble
23 | «MzyueHne H30MOP(HBIX 3aMENEHHID) «ITomoc-HT» 2016 | IleuyatHbie
24 | «IIpaktuka: Mzyuenue n3oMophHEBIX 3aMENICHHIA «I[Tonroc-HT» 2016 | ITegaTHbie
25 | «/lononHUTENBHBIE MATEPHATIBDY «Iomoc-HT» 2016 | IlewyartHbie
Hucrpykuun
26 | «IIpaBuiia TeXHHKH 6E30IACHOCTH B 1abopaTopun» | Imutpymkos M.C. | 2017 | TleuarnpIii
Harasnbie mocobus
27 | Komtekuust MUHEPaJIOB «Pycckue 2016 | xommexuus
MHUHEPAJIBD)
28 | KoHCTpyKTOp IIapO-CTEPIKHEBBIX MOJIEJIE MOJIEKYIT 2016 | xOHCTPYKTOp
MaTtepHaJILHO — TEXHHYECKOe ofecmeyeHHe

29 | ®oroanmapar 2 mrT. 2016

30 | Kommerotep 3 . 2016

31 | JlJabopaTopHbie BECHI 2 . 2016

32 | Metannorpadguyeckuii MUKPOCKOIT HCCIIENOBATENLCKOrO Kiiacca 1 mT. 2016

33 | CnektpodoTomeTp 1 . 2016

34 | Muctwuistop 1abopaTopHblii 2 mT. 2016

35 | MaruuTHas Melaika ¢ [oiorpeBoM 3 mr. 2016

36 | HarpeBarenbHas IimMTKa 1 mr. 2016

37 | CymunpHbii mkad 1 miT. 2016

38 | Uctounuk nutanus 5 mr. 2016

39 | Kommuiekt «JlabopatopHast mocyna» 1 mr. 2016

40 | Ph-meTp kapMaHHBIi 6 mir. 2016
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41 | CoupToBKH 9 . 2016
42 | IMuponutuyeckuii ra3oBbIi peakTop 1 mr. 2016
43 | TeneBusop 1 wr. 2016
44 | KoHnykromeTp 6 1. 2016
45 | 30HO0BBIH MUKPOCKOIT 1 . 2016
46 | ABTOMaTH3HpOBaHHAs 1a00PATOPHAs yCTAHOBKA 1 mT. 2016
47 | IlopTaTHBHBEIHA TepMOMETP 5 mrT. 2016
48 | ITuneTku aBTOMaTHUECKHE 14 . 2016
49 | OxcukaTopsl 4 wr. 2016
50 | Cocyn Jlproapa 3 mr. 2016
51 | BerrspxHOM mikad 2 wmr. 2016
52 | AHaIHWTHYECKHE BECHI 1 mT. 2016
33 | MyneTHMETp 5 mr. 2016
54 | MucnepraTop 1 mr. 2016
55 | Ocumyutorpad 1 mT. 2016
56 | HoytOyk 7 WT. 2016
57 | Ctombl, CTybs, KadBI U CTEIUIAXKH TSI XPAHEHUS HHCTPYMEHTOB, 2016
MaTepHaJIoB, JIAOOPaTOPHOH OCY b
58 | YibTpa3ByKoBOii anmapar ]l mr 2019
59 | BakyymHBIH Hacoc 1 mT 2022
60 | Ilentpudyra 1 mt 2023
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[Ipunoxxenue 1
Tect «Texuuxa Ge3omacHocTd 11py paGoTe ¢ 1aGOPATOPHBIMH
YCTaHOBKaMU.
Bormpoc Ne 1
Bribepu BepHOE MpaBHIIO TeXHUKU GE30MACHOCTH B KaGHHETE XMUMUM:
A) 3anpemaercs yGupaTh co cTOJNA HEOGXOAUMBIE PEIMETHI
b) sanpemaercs MBITh pyKu mocie S5KCrepUMeHTa
B) sanpelaercs nuTh, ecTh, IpoGOBATH BEINECTBA HA BKYC

I') 3anpemiaercs HIOXaTh 3HAKOMBIE BELLECTBA

Bompoc Ne 2

Ha nannoii potorpaduu HE usobpaxkeno xumuueckoe 060pynoBaHue

s e SRR g o ot -

A) MJIOCKOIOHHAS ¥ KOHUYECKasi KOJIObI
B) mepHBIH uuHAp
B) npoGupku

I') xuMuyeckwmii crakan

Bomnpoc Ne 3
Ecnu yyanuiicst moiyyaet TepMUYECKHH 0XKOT, OH JOKEH
A) cpa3y cooOIIUTH MpenoaaBaTeaio

B) coobmuTh npenoxaBaresito Mocjie OKOHYAHUS ypoKa



B) monute MecTo oxora XoloaHOi BOIOMA

I') 3aKpBITh MECTO 0KOTA JIaIOHBIO

Bormpoc Ne 4

K enxum (omacHBIM) BeIIECTBAM OTHOCSTCS
A) xucnora v meénoyb

B) wénoys u yrnekucnslii ras

B) cosib B KHCI0TA

I') Boga u kucnopon

Bomnpoc Ne 5
Hudpamu 1 u 3 0603HaUEHBI HACTH CIIUPTOBKH
@

ot —
-~ _ earion,
=
|

A) Konmavok u pe3epByap
b) xonnmauox ¥ GUTHIE
B) xonnavox u TpyOKa ¢ quckom

I') TpyOKa ¢ nuckom u GUTHIB

Bonpoc Ne 6

IlepBoe neiicTBHe Npu NOMAJAHUH €IKOH XKUIKOCTH Ha KOKY
A) HHYEro He JIeNaTh

b) npoMBITE KOKYy BOIOH

B) 3akpuuats

I') BeITEpETH 3TO MecTO
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Bomnpoc Ne 7

Jlnst punbTpOBaHUS BEIIECTB UCTIONB3YETCS
A) xumuueckas mpobupka

b) razooTBoaHas TpyOKa

B) xoHycoobpa3Has BOpoHKa

') MmepHBIii TUIHHAD

Bonpoc Ne §

CrnupTOBKY HeNb3sl 3aKUraTh OT APYTOi CIUPTOBKH, TaK KaK
A) MOXHO pa30UTh CITUPTOBKY

b) cnupToBka MOXeT MOracHyTh

B) MOXeT pa3nuThCsl CIUPT U BOSHUKHET MOXKap

I') ato HeymoOHO

Bomnpoc Ne 9

Ilepen HarpeBaHHuEeM NMPOOUPKY HAMOIHAIOT JKUIKOCTBIO
A) HaronoBuHY

b) Ha oHY TpeThb

B) Ha Tpu uerBepTH

I') Ha ofHYy TATYIO

Bonpoc Ne 10

Ecnu B xone sxcniepuMeHTa pa3bunach MpobHUpKa ¢ KUIAKOCTHIO, HEOOXOMUMO
A) coobumTh IpenoaBaTesio

b) cobpath ockosiku cTekna

B) nponomxars sKCriepuMeHT

I') yOpatb XHIKOCTB

Bompoc Ne 11

HpH paﬁoTe C XUMHUYCCKHUMH BEIIIECTBAMH HEIB3S
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A) MeHATE IPOOKH OT CKIISIHOK C PeaKTUBaMH
b) ucrnone3oBaTk rpsi3Hble NPOGUPKH
B) ocTaBnATh OTKPBITBIMH CKIISTHKY ¢ PEAKTUBAMH

I') Bcé BepHO

Bomnpoc Ne 12

BepxHss 30Ha mameHu

A) HesipKasi, He ropsyas

b) camas sipkas, camas ropsiyast
B) menee sipkas, camas ropsyast

I') camas sipkasi, He ropsiuas

Bompoc Ne 13

Tséproe BemecTBO U3 CKISIHKU MOXHO GpaTh
A) TONBKO CyX0ii MpoOUpKoii

B) Tonbko crnenuanbHoi JT0XKeUKoi

B) pyxamu

I') cnienuanbHO# 10XKEYKO#H WITH CYXO0it TIPOOUpPKOL
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IIpunosxenue 2
JlaboparopHas pabota: CriektpohoToMeTpruUecKoe onpeaeeHue
riepMaHraHaT-uoOHa

Iens paboTel: omnpenenuTs KoHHeHTpauuio MnOs B aHAIH3HPYyeMOM
pacTBope CHeKTpOQOTOMETPUYECKUM METOIOM [0 BeJIWYMHE Kod(duiyenTa
MOJISIPHOTO MOTJIONIECHHSI.

Cymmnocrb paGorbl. Tak Kak s CrieKTpO()OTOMETPHUECKHX HU3MEPEHMi
HCHOJB3YETCs] CBET BLICOKOH CTENEHH MOHOXPOMATUYHOCTH, TO OIpeAelicHHE
KOHIIEHTpallHi BEIIECTBa MOXXHO BBHINIOJHMUTH IO 3aKoHYy byrepa — JlambGepra —
bepa. Ilpu sToM Heo6XOOMMO 3HATh BeNMYHMHY KOI(PDHIHMEHTA MOJAPHOIO
MOTJIOIEHH € NPU AJUHE BOJHBI MaKCUMAJILHOTO mornoineHus. g pacuera
K03(UUHEeHTa MOJSPHOTO TIOIJIOUIEHHsT B J1abopaTOpHOUl paboTe W3MEpSIOT
ONTHYECKYIO IUIOTHOCTH CTaHAapTHOro pactBopa KMnOQj.

PeakTHBbBI, NOCy1a U 000pPyAOBaHHE:

1. Crannmaptasiii 0,01 M pactBop KMnOs.

2. 2H pactBop H2S0O4.

1. MepHnbie kon0s1 BMecTuMocThi0 100,0 M.

2. IluneTku rpaxyupoBaHHBIE BMECTHMOCTEIO 5,0 MIL.

3. MepHBIH WIMHIP BMECTHMOCTBIO 5 ML

4. CnexrpodoToMeTp.

5. KroBetn! gimunoit 1,0 cM.

Brimonnenne paGotei: Ilepen BbimonHeHHeM aHanu3a HeEOOXOIUMO
BKJIIOYUTH CIIEKTPO(OTOMETP B CETh U MporpeTh B TeueHue 30 MuH.

1. IlpuroroBnenue pa3daBIeHHOrO cTaHaapTHOro pactBopa KMnOis B
MepHyI0 Kon0y BMecTUMOCThIO 100,0 Mt nuneTkoit BHOcAT 5,0 Mn ucxoauoro 0,01
M pacTBOopa nepMaHraHaTa Kaius U ¢ IOMOIIbE) MEPHOTO LIUIUHAPA JOOABIISIOT 5
MJI pacTBopa cepHOM Kkucnotel. OO0beM pacTBopa HOBOIAT [0 METKH
JUCTHUIUTMPOBAHHOM BOAOW U TINATENBHO MTEPEMEIINBAIOT.

2. PaccuuTBIBAIOT MOJAPHYIO KOHLEHTPALMIO TMPUTOTOBIEHHOTO PacTBOpa

nepmanrasara kainust C(MnQy ), MoJIb/11,
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3. Jlna TpUroTOBIEHHS pacTBOpa CpaBHEHHS B MEpPHYIO Koy
BmecTuMOocThiO 100,0 M mobasnsror 5 M pactBopa HoSOs, noBopsaT ob6vemM 1o
METKH JUCTUIJIMPOBAHHOW BOJOHW U TILATEJIBHO MEPEeMELINBAOT.

4. Ilonyuenue crekTpoB noriomieHus. ['oTosT KoBeThl K pabote. [anee
3alIOJIHAIOT OJHY KIOBETY DPAacTBOPOM CPaBHEHHMS, BTOPYIO — IPHTOTOBIEHHBIM
cTaHgapTHeIM pactBopoM KMnOy. KroBeThl momemaioT B KIOBETHOE OTHAEJCHHE
npudopa, KpBIIIKY IUIOTHO 3aKpBIBAIOT. IIpOBOAAT W3MEpPEHHS OINTHYECKOM
IUIOTHOCTH B AuanasoHe JuH BoaH 400 — 600 umM.

5. Pacuer koadduieHTa MONSIPHOTO TOTJIOMIEHHS TPH Amax. 110
MOJyYEeHHBIM [JaHHBIM CTposAT rpaguk B koopauHatax A = f(A). Ilo rpaduky
OIPENENSIOT JUIMHY BOJHBI, COOTBETCTBYIOIIYID MAaKCHMAaJLHOMY MOTIOIMIEHHIO
Amax M pacCUMTHIBAIOT 3HAYCHHE KOIPPHULHUEHTA OTIOLIEHUS € 110 popMyJIe:

e=A/(C]),

rae A — onTuyeckasi INIOTHOCTD MPH JUIMHE BOJTHBI Amax; C— KOHIIeHTpaLus
ctagaapTHoro pactopa KMnQy (Moib 11); 1 — AnuHA KIOBETHI (CM).

6. IIposenenue ananuza. [lomydaroT aHanusupyemsbiii pacteop KMnQOs B
MepHoii koi6e (100,0 mur). K nonydyeHHOMY pacTBOpy HOGABNSIOT 5 M pacTBOpa
H,SO4 u noBomaT [0 MeTKM AMCTHIIIMPOBAaHHOM BOJOH. 3alOJIHSIOT KIOBETY
aHAJIM3UPYEMBIM DPAacCTBOPOM H H3MEPSIOT €ro ONTHYECKYI0 IUIOTHOCTh Ay TIpH
BbIOpaHHOI MMHE BOJHBI Amax OTHOCHTENIBHO PacTBOpa cpaBHeHus. Mcmonbsys
MU3MEPEHHYIO BEJIHYHMHY OITHYECKOM IUIOTHOCTHM H pacCUUTAHHOE 3HA4YeHUE
Ko pHULHEeHTa NOIJIOMEHHs, HAXOMIT KOHIEHTPALUIO IepMAHraHAT-HOHA B
aHanusupyemoM pactBope Cx(MnQy~), Monb 11 o Gopmyie:

C= Ax/(e’]),

rae Ax — ONTHYECKas IUIOTHOCTb aHAJIM3MPYEMOro pacTBopa NpH JIHHE
BOJIHBI Amax; € — MOJApPHEIM Koa¢duipent mornomenus KMnOs mpu miuxHe
BOMHBI Amax; | — miMHa KroBeThl (cM). M3MepeHHs ONTHYECKOW IUIOTHOCTH
aHAIM3UPYEMOTO PACTBOPA U PACUET KOHLIEHTPALMH [IPOBOJAT 3 pasa.

KoHTponbHbIE BONPOCHI:
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. Cdopmynupylite OCHOBHOI 3aKOH CBETOIOIVIOUIEHHs (3aKoH bByrepa-
Jlambepra-bepa).

. OxapakrepusyiiTe BeIHYHHBI ¥ €JHHHLBI H3MEPEHHs, BXOIALIME B ATO
ypaBHeHHe. ['paHuLbl IPUMEHEHHUS TaHHOTO 3aK0HA.

. Kako#i mMeron HasbiBaetcs oTokonopumerpueit? O6bACHHUTe Ha3BaHUeE
JAHHOr'0 MeToAa.

. Kako#l nuamasoH IMMH BONH OXBATBIBAaeT (HOTOKOJIO-PUMETPHHUECKHIL

meTon?
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[Ipunoxenue 3
Jlabopatopuas paGora: CrekrpodoroMerpuueckoe onpeaenenue xenesa(lll) s
CHETrOBBIX NIPO0Ax U MOYBEHHBIX BRITKKAX B BUE KOMILIEKCA C TAHPOHOM

Lens paborsl: ompenenuth comepkaHHe jKejieza B PacTBOpPE METOAOM

MOJIEKYJISIPHOU abcopOIHOHHOM CIIEKTPOCKOIINH ¢ HCIIOIB30BaHUEM
rpaslyMpOBOYHOTO Ipaduka.

Keneso(III) obpasyer ¢ CyabhocanMIUIOBON KACIOTOH B 3aBUCHMOCTH OT

KUCIOTHOCTH pacTBOpa psA OKpalleHHBIX KommiekcoB. Ilpu pH 1,8 - 2,5

oOpasyercs KpacHO-()MOJNIETOBEIH KATHOHHBIA KOM-TUIEKC, HMMEIOLIHiA II00CY

TIOTJIOLUEHHS C Amgx = 510 HM B €y = 1,8 10°.

OH
S OH
o ™ Fe(OH),
: o~ /
SO, ]c’ SOy -0
|
! Q u lc': 2

IIpu ysemuyennn pH 1o 4- 8 pactsop npro6peraer kpacHo-Gypyro okpacky,
KOTOPYHO MPUIUACHIBAIOT aHMOHHOMY Ouc-kommiekey (II).

B menounsix cpenax (9 < pH < 11,5) o6pasyeTrcs KOMIIEKC HKeJI-TOro LBETA
C IMONOCOW Toriomenus Amax = 416 HM u € max = 5,8:10° Ilpu pH > 12
TIPOHUCXO/IUT €r0 pa3yioKeHUe ¢ BIIAJCHHEM B OCAJI0K THAPOK-CHIA xene3a. Panee
npeamnosarajaoch, YTo oOpa3yloIUiics B LIETOYHBIX CPeNaX KOMIUIEKC SBIISETCS
tpucynbpocammuunatrom Fe(Ill). Omnako B Gonee MO3NHUX HCCIEIOBAHMAX
BBICKA3bIBAETCS Jpyrasd TOYKA 3PEHHST OTHOCUTENBHO MPUPOJIEI 3TOr0 KOMILIEKCA.
[Ipeanonararor, 4To ero oOpa3oBaHHE CBS3aHO HE C MPHUCOEIUHEHHMEM TpeTheil
MOJIEKYJIBI peareHTa, a ¢ AeNpOTOHUPOBaHUEM OHC-KOMILIEKCA:

B pesynbrate ynpouHeHHs CBS3H aToMa jKeje3a ¢ ()eHONBHBIM KHCIOPOAOM

NMPOHCXOOUT CIOBUI ITIOJOCHI IOTJIOIIEHUA OMC-KOMILIEKCa B KOPOTKOBOJIHOBYIO

P 2H O—_
Fe(OH)y — o Fe(OH),
N O/ v
80, -~ SOy, -0

001acTh CIeKTpa.

[X]
o
2
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B npaxtuke MosieKyIpHOro abcopOIIOHHOT0 aHaIM3a IPUMEHSIIOTCS JTHIIb
KOMIUIEKCHI, obpasyroniyecs B KHUCJIOW U LIEJIOYHOHN cpenax.
MoHocynpdocanuiunIaTHEI KOMILIEKC UCIONbB3YIoT mis onperencaus Fe(Ill) B
npucyrcteun Fe(Il), mMaruus, MapraHua, Meau, aJlOMUHHUS, peIKO-3eMebHbIX
sseMeHTOoB. @ropuan! MematoT onpenenenuio Fe(IIl).

B menouynoii cpene BenenctBue yerkoit oxucnsemoctu Fe(Il) B Fe(IIl) ¢
MIOMOILBIO CYIb(QOCATHIMIOBOM KUCIOTHI MOXHO omnpenenuts cymmy Fe(Il) u
Fe(Ill). ®Topua-noHEl He MEMIAIOT ONpPENCICHHUIO Kee3a CYNb(OCATHIHAIOBOM
KHMCIIOTOH B LLETIOYHOM cpejie.

Pearentni:

Cranpaptasblit pactsop xenesa (I11), 0,1 Mr/mu.

Cynedocanumunopas kucnora, 10%-Hbiii pacTBoOp.

Cepnas kuciota, | M pacTBop.

Ammuak, 10%-HbIi pacTBop.

BoinosHeHue onpeneieHUs.

1. Kucnas cpena. B nmate mMepHbIx ko6 BMecTHMOCTHIO 50,0 MJT BBOIAT
CTaHIApPTHBIN pacTBOp KeJesza ¢ copepxkanuem (mr): 0,05; 0,10; 0,15; 0,20 u 0,30
Co0TBETCTBEHHO, 10 M1 BOZABI, | MII pacTBOpa CepHOI KHUCIOTBI, 5 MJI pacTBopa
cynbhocanuiuiaoBol kuciaoTel. ConepikuMoe KOG pa30aBisioT BOAOM [0 METKH.
PacTtBOopbl ()OTOMETPUPYIOT OTHOCHTENBHO BOIOBI M CTPOSAT I'PAXyHPOBOYHBIN
rpaduxk.

Jns onmpeneneHus jkeneza B aHANM3UPYEMOM pAacTBOPE AlIMKBOTY 3TOr0
pacTBOpa NOMEIaloT B MepHyro Koindy BmectuMocThio 50,0 Mn. C pactBopom
IOPOBOAAT T€ JKE OMNEpalMd M B TOH e IOCIef0BaTeNbHOCTH, YTO M IpH
IIPUTOTOBIIEHUM PacTBOPOB, MCMOJNB3YEMBIX JJIsl TPagyMpPOBKH, a 3aTeM
(hOTOMETPUPYIOT OTHOCUTENEHO BOJIBI.

ConmepxaHue Kele3a ONPeNENsIOT IO TPagyHpPOBOYHOMY TIpadHKy,
NOCTPOEHHOMY IO pe3yJibTaTaM (POTOMETPHPOBAHHS PACTBOPOB CPABHEHHS.

2. Illenounas cpena. B nsaTh MepHBIX KOG BMecTUMOCTBIO 50,0 MJI BBOJAT

CTaHJapTHBIA pacTBOp *keiesa ¢ cogepxkanuem (mr): 0,05; 0,10; 0,15; 0,20 u 0,30
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COOTBETCTBEHHO, 10 M1 BOABI, 5 MII pacTBopa CyIb(GOCATUIIMIOBON KUCIOTEL, 5 MII
pactBopa amMuaka. ConepkuMoe Kojb pa30aBisIOT BOHOH 10 METKH. PacTBOpEI
(pOTOMETPUPYIOT OTHOCUTENIFHO BOJBI M CTPOAT IPayHpPOBOYHBIN rpaduK.

Jns onpeneneHust jkenesa B aHAIM3UPYEMOM PACTBOPE AalMKBOTY STOTO
pacTBopa IMOMEINAT B MepHYr koydy BMmectuMmocThio 50,0 mMn. C pacTtBopom
OPOBOJAT TE€ € ONepalMd M B TOH K€ IOCIeNOBATENbHOCTH, YTO M TIPHU
NPUIOTOBJICHHH pPAcTBOPOB, MCIOJB3YEMBIX Ui TpPagyHMpOBKH, a 3aTeM

GoToMeTpUpyIOT OTHOCHUTENBHO BoJbL. Colep)KaHHE jKele3a ONpPEAENIIOT II0

I'pajyupOBOYHOMY IpaduKy.

KoHnTponpHbie BONPOCHI:

1. Kakue MeToasl Ha3bIBAIOTCS CIIEKTPOCKOIMMYECKHUMU?

2. Yem onpenensieTcs MONOKEHHE CIEKTPATLHON JIMHUH?

3. Kakue BuJbl aTOMHOM CIEKTPOCKONMH CyIIecTByIoT? Ha Kakux mepexomax
3JIEKTPOHOB B aTOMAaX OHH OCHOBaHBI?

4, KakoBbl 0COOEHHOCTH aTOMU3aLKH NTPOOb! B aOCOPOLIMOHHOI U B SMUCCHOHHOMN
CMIEKTPOCKOIHUU?

5. Kakue sHepretuueckue nepexoabl MOTYT IPOUCXOIUTh B aTOMaX U MOJIeKyJax?

6. 13 yero cknajpiBaeTcsi BHYTPEHHSISI YHEPTHUS MOJIEKY1?
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IIpunoxenue 4
JlabopatopHas pa6ota: XumMuueckuit CHHTE3 U (PU3HKO-XUMHUYECKHUIl aHAU3
JUCTIEPCUH HAHOYACTHI] 30J10Ta

Lensto naGoparopHolt paGoThl SBISETCS W3y4eHHE BIMSHHUS Pa3THIHBIX
(akTopoB Ha CHHTe3 aHM3OTPONHEIX HAHOYACTHL[ 30JI0T4, 4 TAKXKE TMOMCK
ONTUMAJIBHBIX YCIOBUM UX CUHTE3A.

XoJ1 BBINOJHEHUS pabOThI:

CuHTe3 HaHOYACTHI] 30/10Ta OMIHPAMUIATBHONW (QOPMBI OCYIIECTBHTH IO
AByXcrajuiinoin Meromuke. Ileppas cragus: x 4,7 mn pactBopa Gpommna
netuntpumeruiiaMmonust (LITAB) mo6aeute 0,025 mun HAuCly (C=0,05 M),
nepeMeNMBaTh Ha MArHUTHOM MEILAJIKe B TeYeHHEe HECKOJIbKUX MUHYT U BBOIUTH
Npyd WHTEHCHBHOM nepememuBanu 0,3 mn NaBHi, octaBuTh Ipu KOMHATHOM
TEMIIEpaType B TEUEHHE 3aJaHHOr0 BpeMeHH. PacTBOp NOMKEH OKpacHThCA B
CBETJIO-KOPHYHEBBIN 1IBET — pacTBOp «3apojsiiieit». Ha Bropoit cragum k 10 Mn
pactBopa L{TAB nocnenoBarensHo no6asuth 0,19 mx 1M HCI, 0,1 mn HAuCl4
(C=0,05 M), 3anannbie 06bemMbl pacTBopoB AgNO; (C=0,01 M), ackopbuHOBOI
kucioTel (C=0,1 M) n «3aponpimeit». Ilpu BBeneHUM acKOPOMHOBOH KHCIOTHI
pacTBOp JOMKEH 0OeclBEYMBATLCA, Nocie A00ABIEHHA 3apOJbILICH OMDKHO
HabIIOJATECS Pa3BUTHE OKPAcKH (IIepexo KpacHbI — (HOETOBbI), KoTopas ¢
TeYCHUEM BPEMEHM JOJDKHA CTaTh Gonee MHTeHCUBHOW. CHHTE3 OCYILLECTBIATH B
TeueHune 1,5 4. CuHTe3 HaHOCTep)XKHeM  30510Ta  OCYNIECTBUTH  TIO
MoauduuuposadHoii Metonuke: k 5 it 0,001M HAuCly (mpu Temnepatype 25 °C)
n00aBuTh 3alaHHble 00beMbl pactBopoB L[TAB (0,1 M) u AgNO; (0,004 M),
[IOCJIe 4Yero pacTBOp TIIATENbHO IepeMmewats. Jlanee pobGaBute 0,07 M
ackopOuHoBoi kucnoTel (0,1 M) u mpomoskaTh NepemMemIMBATL PACTBOP O
IOJIHOro obecLBeunBaHMA, 3aTeM HememieHHo BBBectd 0,015 ma 0,01 M
cBexcenpuroToBieHHoro NaBHy, oxnaxxnennoro no 0 °C, u octaBuTh pactBop 6e3
nepemMemBaduss Ha 6 4. [lng BeIeNeHHMs HAHOYACTHL, 30]I0Ta 30U
npoueHTpudyruposars B Teuenue 30 mumH npu 10 000 o6/MHH, OcamoK

pemycneprupoBarh B BOJAE M elle pa3 MpPOLUEHTPUPYTHPOBATH INPH TeX IKe
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YCIOBHUAX IS JONOJHUTENbHOW ouncTKH dactul oT LITAB, 3arem BHOBB
pEeIMCIIEPTUPOBATh OCAaJOK B AMCTH/UIMpOBaHHOW Boje. (OpazoBaBiinecs
rupo3onu, coaepxanme HY 30m0Ta, H3yYUTH CHEKTPOPOTOMETPUUECKHUM
MeTonoM. OnThuecKue CIeKTPHI MOTJIOLICHHS OBLIN 3amucaTh B IHUAMa30HE IJIHH

BoJH oT 400 1o 1000 HM B CAaHTUMEPTOBOH CTEKJIIHHOH KIOBETE.

KonTposnbHbie BOPOCHL:
1. Kakue BeluecTBa B KauecTBE BOCCTAaHOBHUTENS MOXKHO HCIONL30BaTh IIPH
MOJIyYeHHUH HAaHOYACTHUII 30J10Ta?

2. Yro Takoe CeHCHOMIU3ATOPHI?

3. Kakue BemecTBa MOryT cTabMJIM3UpOBaThL HaHOYACTHULILI 30J10Ta? s yero
9TO HYXKHO? 3a CUeT Yero MpOUCXOIHUT MPOLECC CeHCUOMITH3aIN

4. Tpu pacTBopa HaHOYACTHI] 30JI0Ta HMMEIOT Pa3HYI0 OKpPAacKy: KpacHYIO,
cHHIOIO, (uoneroByro. Kakoif pacTBOp COAEp)KUT HAHOYACTHUIIBI OONBIIEro

pazmepa?
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[Tpunoxenwue 5
Jlaboparoprast paboTa: XuMudeckuii CHHTE3 H CIEKTPODOTOMETPHYECKUI aHATH3
OUCTIEPCUM HAHOYACTHL] cepebpa

Llens paGoter: OnpeneneHue yciaoBuii 06pa3zoBaHKs HAHOYACTHI cepedpa
NPH BOCCTAHOBJIEHHH B BOAHBIX pacTBOpax

XoJ, BBINONIHEHHS PabOTHI:

Lumpamnoe eoccmanoenenue cepebpa. Bnusnue monspnozo omuowienus
yumpama nampus u cepebpa na onmuueckue ceoiicmea H4 cepebpa

Mertozuka (omeiter 1-6): 10 mn 0,0005 M pactBopa HuTpaTta cepebpa
AOBECTH pacTBOpoM ammuaka 1o pH 9 (no pH-metpy), no6asuth Takoii sxe 06beM
pacTBOpa LUTpaTa HATpUs pas3auyHbIX KoHueHtpauui (0,0005; 0,001; 0,005; 0,01;
0,05 M). ITony4eHHBIe pacTBOpEI HArPeBaTh B TeueHHe 10 MUH. Ha BOAsSHON GaHe
(0bbem Bozbr 300mn) B CBY meun (npm mommoctn 700 Bt). MukpoBonHOBoe
H3ydyeHre obecrieynBaeT OBICTPOE W PaBHOMEPHOE HAarpeBaHHME BCETO 0OBeMa
PEaKIHOHHOIO pacTBOpPA, YTO MPUBOAUT K OJHOPOJHOCTH B YCIOBHAX HYKIEALUH
M pocTa 3apoAbIllleli M, B KOHEYHOM HTOre, K TMIONYYEHHMIO HAHOYACTHI
HaVMEHBIEro pasMepa M  OJMHAaKOBOH ¢opMbl. BuH3yaabHO  OLEHHTH
CEIMMEHTALMOHHYIO YCTOWYHMBOCTh 30N€H, OTMETHTh HX OKpAacKy. 3ammcarh
ONTHYECKHE CIEKTPLI MOIMIOMIEHHs rHapo3osieii cepebpa (Imociie Ux OXIaKICHUS
J0 KOMHATHO# TeMmIepaTypsl M JoBefieHHS oObeMa pactBopa 10 20 Mi
AMCTHJUTMPOBaHHOW BOJO#) B obOnacty 300-700 HM Ha cmexTpodoromerpe B
KBapLIeBOW KIOBETE, JIMHA ONTHYECKOro ciosi — 1 cm. PaccuuTarh pasmep
HaHOYaCTHIl cepedpa B MOJIyYEHHBIX THAPO30JX (10 ypaBHeHUAM 27-29).

Crenatp BBIBOABI O BIMSIHUM OTHOLIEHHS KOHLIEHTPALMi pEareéHTOB Ha
pasmep, ONTUYECKHE CBOWCTBA M YCTOWIMBOCTD HY cepebpa.

3aoanue 2. Lumpammoe eoccmanosnenue cepebpa. Bnusnue ycnosuii
CuHmesa Ha
onmuueckie ceolicmea Hu cepebpa
Meropuka (omertel 1-3 — Bimsaue pH): 10 mu 0,0005 M pactsopa HuTpara

cepebpa nosecTu pacTBopoM ammuaka 10 pH=8; 9; 11 (mo pH-metpy), n06aBuTH
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Takor xe o6bem 0,005 M pactBopa muTpata HaTpus. [loiyueHHBIE PacTBOPEI
HarpeBaTh B TeueHHe 10 MuH. Ha BoAsHOI Oane (06bem Boxbl 300 M) B CBY neun
(npu MomHocTH 700 BT).

Metonuka (onbiTel 4,5 — BIUSHHME KOHLEHTPAlUM PACTBOPOB M IOPLHOHHOTO
noGasnenns): 50 ma 0,0001 M pactBopa HuTpara cepebpa MOBECTH PacTBOPOM
ammuaka 10 pH=9 (no pH-metpy), 106aButh Taxoii sxe o6sem 0,001 M pactBopa
nuTpara Hatpus (10 KamisM WM cpa3sy). IlomydeHHBIE pacTBOpEI HAarpeBaTh B
TedeHne 10 MuH. Ha BojsgHOM Oane (0O0veM Boabl 300 mi) B CBY meun (npu
mouiHoctu 700 BT).

MeToauka (OnbIT 6 - BIMAHUE Nopsaka fodasnenus): Kk 10 M 0,005 M pactsopa
LMTpaTa HaTpus o KamjsaM go6asuts 10 mu 0,0005 M pacteopa muTpara cepebpa
¢ pH=9 (o pH-meTpy, pacTBop ammuaka). ITo okoH4aHuu KoOaBIeHNs HATPEBAThH
B TedeHde 10 MuH. Ha BoxsHOH Gane (06veM Bomsl 300 mu) B CBY neun (npu
MouHocTd 700 BTt). BusyansHO OIeHUTh CEJUMEHTALIMOHHYIO YCTOMUHBOCTE BCEX
IIOJIy4YE€HHBIX 30JIEH,

OTMETHTBh HX OKpacKy. 3anucaTh ONTHYECKHE CTIEKTPHI NMOTJIOUIEHHS THAPO30Jei
cepebpa (mocne HMX OXJAKIEHHS OO KOMHATHON TeMIEpaTyphl U JOBeIeHUs
obbeMapacTBopa 10 20 M JUCTHUILTMPOBAHHOMN BOMOH) B 06macty 300-700 HM Ha
cnekrpodoromerpe Specol 1300 B kBapieBOii KIOBETE, [UIHHA ONITHYECKOrO CIIOS —
1 cM. Paccuurars pa3Mep HaHOYacTul cepebpa B MOJYYEHHBIX THUAPO30JIIX

(cornacHo Teopun Mua-Ipye).

KoHTponbsHbIe BOIIPOCHI:
1.  Kakue ¢usuueckue u XHUMHYECKHE SBICHHS MOIYT MPOUCXOOUTH C
MOJIEKYJIaMH BEILECTB, aJCOPOUPOBAHHBIX Ha MOBEPXHOCTH HAHOYACTHI]

cepebpa 1o JeicTBIeM MOBEPXHOCTHOIO IJIa3MOHHOTO pe30HaHca?

2. Yem 0ObscHseTCs MOBBILIEHHAs GaKTepHLUAHAS AKTUBHOCTh HAHOYACTHIL
cepebpa?
3x ITo xakomMy MexaHM3My NPOMCXOAUT BOCCTaHOBJIEHUE HAHOYACTHI cepeGpa

C TIOMOIIBIO IUTPAT-aHHOHA?
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4.

5,

Kakoif mpomecc mnpuBOgMT K poCTy HaHOYACTHIl cepebpa IpH
BOCCTaHOBJIEHUM UOHOB cepebpa TeTparuapuiodbopaTom HATpUs?

Kakue ciocob6s! nmonydueHuss HaHo4acTull cepedpa Bel ente 3HaeTe?
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Ilpunoxenue 6
JIaboparopnast pabota: [TonydueHue yriepogHbix HAHOTPYOOK
Ha Ni-karanuszarope

Ilene paboTel: CHHTE3 YIIepOJHBIX HAHOTPYOOK C HCIOIB30BAHUEM
NHPOJUTHYECKOTO razoBoro peakropa CVDomna II1+

O6opynoBaHHe U peaKTHBBI:
1. IImponurtudeckuii razossiii pekrop CVD Domna III +;
2. MarnuTHas Memmaika ¢ moJorpeBoM;
3. AHaIMTHYEeCKHE BECHI;
4. Yamxa Iletpu;
5. Ilurger;
6. IlnHueT;
7. ABroMaTtuueckuii no3atop «Jlennuner» 1-10 mi;
8. JlaBoparopHslii cTakaH;
9. KpeMHueBas MoANoKKa;
10. PacTBOp amMMHaka BOAHBI X4;
11. Juxnopun HUKeNs X4;
12. NUzonpomnanor;
13. Dranon 95%;
14. Iopo1ox aqroMUHUS X4
15. lucnieprarop
16. Kepamuueckue TUriu
17. CepHas kuciota x4, 98%
18. AzotHas kuciaoTa, X4 96%
Xon BeIMOJHEHUS pabOTHI:

IIpuzomoenenue pacmeopos Kamaruzamopos:

1. IlpuroroBneHue pacTBopa IUXJIOPHAA HHUKENs OCYLIECTBUTH MO CIEAYIOLIEH
Metoauke: HaBecky 0.2 r© 6-BOOHOrO IHXJIOpPHAA HHKENs, B3ATYHD Ha

aHAJIATUYECKUX Becax, pacTBOPUTH B 20 MJI 3THJIOBOIO CIIHUPTA.
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2. TlpuroToBneHWe pacTBOpa NHXJIOPUIATEKCAMHHHHKENS OCYILECTBHUTb IO
cnefyromlel Metonuke: Hasecky (0.2) r 6-BOJHOIO AMXJIOPUIA HEKENsl PACTBOPHTD
B 20 MJT 9THJIOBOTrO CTIMPTA, TIOCIIE Yero MOMECTHTH Ha MATHUTHYIO MeInaky Ha 20
MuH 1ipu 60 °C. 3atem, B 10 My HACBIIIEHHOTO pacTBOpa aMMHAKa 106aBUTE 20 M
IPUTOTOBJICHHOTO PACTBOPA JUXJIOPHIA HUKENS B CITUPTE M CHOBA MEPEMEIaTh C
HOMOLIBIO MArHUTHON Melasku B Tedennn 20 mun npu 60 °C.

[Toozomosxa kpemHuesoii noonoANCcK:

IlonroroBka KpeMHHEBOH MOIIOXKH K CHHTE3y OCYIIECTBHTH IO
Cliefyloled MeTOJMKe: IPUrOTOBHTH pAacTBOpP aMMuaka, cMemaB 10 wi
HaCBIIEHHOIO0 pacTBopa ammuaka ¥ 20 MJI JUCTUILIMPOBAHHON BOMBI, 3aTeM,
aKKypaTHO INPOMOKTE IOIOXKKY B BOJAE, IIOCHE YEro MOMECTUTE IMOJIONKKY B
pacTBOp aMMHuaKa Ha 2 MHHYTHL [locrnie BeIMaunBaHKS IPOTPHUTE HACYXO.

Cunmes yanepoonvix HaHompyboK 6 NUPONUMUYECKOM 2A3080M peaxmope

CHHTe3 yriiepomHBIX HAaHOTPYOOK B IHPOJUTHYECKOM Ta30BOM PEaKTOpe
OCYIIECTBUTh TO JAHHOW METOAMKE: 3allyCTUTh Ta30BBIil PEaKTOp U OTKPHITh
IPUIOXKEHHE Ul  [POrpaMMHPOBAHHMS  TEXMPOILECCa,  3aloJHUTh  II0Jie
[pOrpaMMHUPOBAaHUs TEXMpOLEecca. 3aTeM MOMECTUTh TMOJUIOKKY B KaMmepy
peaKkTopa 1 Ha MOJJIOKKY HaHECTH 1 MJI TOTOBOTO KaTalu3atopa. 3areM 3allyCTHTh
PeaKTop, AOXKAATHCS OKOHYaHMs Texmpouecca. [locne 3aBepiuieHus Texmpouecca

OTKPBITH KaMepy U yOpaTh MOIOXKKY U3 KAMEPHI.

KoHTpobHbIe BOIPOCH:
1. B xakoM rofly u kem GbLIH OTKPBITHI YIJI€POIHEIE HAHOTPYOKH?
2. Ilepeuncnure MeToaB! HAOJIIOAEHNS HAHOTPYOOK.
3. JlaiiTe ompeneneHne 0HOCTONHONR HAHOTPYOKU?
4. KaxoBel XapaKkTepHble pa3Mepbl OJHOCIOHHBIX HAHOTPYGOK?
5. Yro Takoe XUpanbHOCTE?
6

. Kaxumu napamerpamu xapakTepu3yeTcst XUpaabHOCTh HAHOTPY6OK?
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ITpunoxxenue 7

JlaboparopHast pabora: OmnpezneneHue TeMnepaTypbl aKTHBALIMH «ITAMITH

HHUTHHOJIA

ObopynoBaHue u MaTepHAITB:

1.
2.
3
4.
3.
6.

2.

3.

4,

Hutnnonosas nposoioka.
HuTuHOIOBEIE NIPYXKUHEI C Pa3HON TeMIIepaTypoii BOCCTAHOBJICHHUS.
HarpesarensHas nnuTka.
XVMHYECKUH CTaKaH.
ITunner.
DNEeKTPOHHBIH TEPMOMETP.

Xox paGoTsl:
Bo3bMuTe HUTHHOJIOBYIO POBOJIOKY M CKPYTHUTE KaKylo-T1u00 Gurypy.
Hanelite B XxuMu4eckuil crakaH BOAY M TIOCTaBbTE Ha HArpeBaTENBHYIO
IOBEpXHOCTh. OmycTHTE B BOTy HUTHHON U TEPMOMETD.
DKCIIEPHMEHTAJIBHO OIpeAeNHuTe TeMIlepaTypy TpPH KOTOPOH MPOMCXOIUT
BOCCTAHOBJIEHHE UCXOIHOM (POPMBI.
IToBTOpUTE DKCIIEPUMEHT MO ONPEACTICHUIO TEeMIIEPAaTyPhl BOCCTAHOBIECHHA

U1 IBYX MPYXKHUH U3 HUTHHOJIA.

KoHTponbHBIE BONPOCHI:

L.
2

3,

UYro Takoe «namsTh» HUTHHOJA?
B xakux cdepax Haied XU3HUM HUTHHOJ yXe npumeHsercs. [Ipusenute 5
IIPUMEPOB.

Uro Takoe >3pdpexT mamsatr?
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INpunoxenue 8

JlaboparopHas paboTa: 3akaika HUTHHOJIOBOH MPOBOJIOKH.

ObopyoBaHHe U MaTEPHAJIBL:

1.

HcTounuk nutaHus.
Hurtnnonosas nposonoka.
Jlocka, MOTIOTOK 1 HECKOJIBKO TBO3JIEA.

Xon paboThr:

. Hamoraiite npoBosOKy Ha 3aroTOBKY, IPOBOJIOKA JOKHA GBITH XOPOLIO

HaTsIHyTa (HaxoOWTbCA TOA HAarpy3skod) M Hag&KHO 3aKperieHa
(pucynok 1).

Hanee HeoOXOAMMO MOAKTIOUUTH K KOHIIAM TPOBOJIOKM KOHTAKTHEI OT
HUCTOYHHMKA IIUTAHUS U BBHICTaBUTh HanpspkeHue (2-3B).

Cnenyet npoxanuBath €€ 10 MOKPACHEHHUS 110 BCEl JIMHE, TOTIA MOXKHO
BBIKJIIOYUTh MCTOYHHK MHTAHHUS M OCTABUTH M3JENIUE OXJIAXIAThCS M0
KOMHATHOW TEMIEPATYPHI.

CHumuTe u3nenue u gedopmupyiite ero. bpockTe B BOMYy, Harperyro
YyTh BBHIIIE TEMIEPAaTypbl BOCCTAHOBICHUS HAHHOTO Marepuana
(xotopylo BBl ompenmensuid B 3amade 1) u yGemurech, uto (opma

BOCCTaHaBJIMBACTCS.

o |

/ N o // "
e //
// ) /
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£

4

R AR IR

Pucynox 1 — IIpumep maxeTa 1is popMUPOBaHUS HUTHHOJIOBOM MPOBOJIOKH
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KoHTposibHBIE BOTIPOCHT:
1. OxapaxTepusyiiTe npolecc 3aKajiku.
2. Bemonnute pacuet KI1/] HUTHHONIOBBIX IIPYKHH.
3. Cas3aHbl I TeMIepaTypa BOCCTAHOBJIEHHS B CKOPOCTh BOCCTAHOBIICHHS

HUTHHOIA?

41



IIpunoxenue 9
IIpomexyTounslii koHTpoJb. KoHTponbHas pabota «KauecTBeHHEIN aHain3
o0pasiia HeM3BECTHOI'O COCTaBa

Xumuyeckuiti  auanuz — STO  YCTAHOBJIEHHE  KAYECTBEHHOIO U
KOJIMYECTBEHHOI'0 COCTaBa M3y4YaeMOM XHMMHYECKOHW cucremsbl. Kauecmeenmwiii
XMMHYECKUH aHalli3 oTBeuyaeT Ha Bompoc: «Kakue BelecTBa MPHCYTCTBYIOT B
aHAIM3UPYEeMOH  XHMMHYecKoH  cucreme?».  Konuuecmeenwwiti  aHallu3
YCTaHABIUBAET, CKOJIBKO KaXKJI0r0 M3 BEIIECTB UMEETCS B CHCTEME.

Llenvio panHON pabOTHI SABNSETCS BHINIOJHEHHE KA4Y€CTBEHHOI'O aHaM3a
IPOCTEHIIEeH CUCTEMBI, COAepIKallieil TOJBKO OAHO HEW3BECTHOE BeIecTBO. TaKoii
aHaJIM3 HasbIBaeTCs uoenmughuxayueli Bemectsa. [Ipu uaeHTH(UKAIMH BEIECTBA
TpebyeTcs oTBeTUTH Ha Bonpoc: «Kakoe BemiecTBo Beimano Bam s ananmza?y.
Jis oOHapy»eHus! BellecTBa MPUMEHSIOT peaklHH, COMPOBOXKIAIOUIMECS JIETKO
HaOmofaeMbIMU SIBJICHHSMH, TAKMMH KaK BBINAJEHHE OCaJKa, OKpPAIIMBAHHE
pacTBOpa, BbIIEJIEHHE rasa H JOp. B KkadecTBeHHOM aHajH3e pPa3IHYAIOT
IPYIINOBLIE, XapaKTepHble U crienuduueckue peakiuuu. I pynnogvie peakiiud — 3TO
peakiy HECKOJbKMX MOHOB C OINpeAeNeHHbIM PeareHTOM, KOTOPBIM Ha3bIBaeTCs
2PYNNOBbIM — peaKkmueéom, OHU COIPOBOXKIAIOTCS OJMHAKOBBEIM  3(deKToM,
HaIpHMep, BBINAJIEHHEM OCafKa. Xapakmeprovie — PeaKIH, CBOHCTBEHHBIE TOJIBKO
JaHHOMY BeleCTBY WM HOHY. Chneyuguueckue — peakliH, KOTOPbIE HAIOT
BO3MOXXHOCTb B OIPENENECHHBIX YCIOBUSAX OOHAPYKUTh OJHU HOHBI B IPUCYTCTBHH
JAPYTHX M0 crenudpriecKoMy U3MEHEHHUIO LIBeTa, 00pPa30BaHMIO 0CaIKa U T.I1.

OTKpBITHE HOHOB C TOMOILBIO CIIEIU(MUUECKHX PEAKI|ii, POU3BOAUMBIX B
OTJENbHBIX MOPIUAX HCCIIeyEMOr0 pactBoOpa B NPOU3BOJIBHON
MIOCIEeNOBATENBHOCTH, Ha3bIBACTCS OpobHbiM ananuzom. MeTox 1aeT BO3MOXKHOCTH
ObICTpO 0OHapyKHMBaTh OrpaHWYEHHOE 4YHCJIO (OT OJHOrO [0 IMATH) HOHOB,
coepKallMXCsl B CMECH, COCTaB KOTOPOH NpelBapUTENIbHO H3BEeCTeH. B 3ToM
cilydae HeT HeoOXOAMMOCTH B TIPOBEJEHHWH TOJHOTO KayeCTBEHHOIO aHajiu3a
uccienyemoro oopasna, TpedyeTcs JHIIb YCTAHOBUTh HATMYHE UIH OTCYTCTBHE B
HEM HEKOTOPhIX KOMIIOHEHTOB. Eciu uHcCHois3yeMble B aHAH3€ peakuuu
HeClIeUM(MUYHBI, a Mellalolnee BIMAHUE TMOCTOPOHHHX HOHOB YCTPaHHTh
HEBO3MOJXKHO, TO IMPOBONAT cucmemamuyeckuil anaiu3. IIpH BEIIIOJIHEHHH
CHUCTEMATHYECKOrO aHalnu3a COOIIONAIOT OMPEENICHHBIN TOPSI0K pasaeicHus U
MOCJEAYIOIIEr0 OTKPBITUSA HCKOMBIX HOHOB. PasjeneHue HOHOB Ha TPYIIIBI
NPOBOAAT B OIPEJEICHHOM IOCIeAOBaTeNbHOCTH. Il 5TOr0 HCIONB3YHOT
CXOJICTBA WJIM pa3iid4Msi NelCTBUA TI'PYINOBBIX peareHToB. Hambonee n3BecTHO
JEeHCTBUE KHCIOT H OCHOBaHHUM Ha HOHBL. COrNacHO KUCIOMHO-OCHOBHOMY METONY

Pa3sAcICHHUsl BCE KaTHOHBI HEJIATCA Ha INECTh, 4 GHHOHBI HA TPpH aHAJTIUTHYECKHE
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IPYTIIEL.

B Tabmume 1 wuw 2

IMpHUBEACHA

KIaccuuKaIus

Haubolee

PacIrpoCTPaHCHHBIX KATHOHOB H AaHHOHOB IO KHCJIOTHO-OCHOBHOMY THILY.

AHanu3 conM HEW3BECTHOTO COCTaBa MpOBOAAT B JBa asrama. CHauyana
OIIPENENISIOT TPYINIbI, B KOTOPBIX HAXOAATCA KATHOH W aHWOH MaHHOM COJIU
(rabmuua 1,2). Ha BropoM 5Tame paGoTEI NPOBOAT KaueCTBEHHBLIE pEaKIMH,
XapaKTepHbIe 7151 KATHOHA U aHUOHA OIIpEeAeNIeHHON TpynIibl (Tabmuis! 3-9).

Tabmuua 1- Knaccudukaiys KaTHOHOB MO KHCIOTHO-OCHOBHOMY IPH3HAKY

Ne Katuon | I'pynmnoBoit IIpomyxThl Ilpusnaku peakuuu
IPYIIIbI peareHT peaKIuu
[ Agt: Pb*; 2M HCl AgCl; PbCly; Brinanenue ocaaka
Hg,?* Hg,Cl» Benoro 1BeTa
11 Ca%*; Sr**; | 1M H,SO, CaSOyq; Brinasenue ocanka
Ba®* SrSOy; Hemnoro BeTa
BaSO,
I | Zn?*"; AP, | U36bITOK Me(OH), Britajenue ocajka,
Cr¥*; 4M NaOH | [Me(OH)n]™ | KOTOpBI pacTBOPSIETCS B
Sn**; Sn* 30bITKe NaOH
Brinajenue ocasikos,
v Mg ;Mn?**; | 25% NH; Me(OH), HEPaCTBOPUMEBIX B
Fe?": Fe’'; WK Me ™" U30BITKE IIETOUH, HO
Bi**; Sb** | 4M NaOH PACTBOPSIOIINXCS B
kucaorax (HCl, H>SO4 u
Ap-)
V | Co*; Cu?*"; | U36sITOK Me(OH), BrlnazieHue 0caKkoBs
Ni?*;Cd**; | 25% NH; | [Me(NH;),]* Pa3IMYHOrO LIBETA,
Hg?* KOTOpBIE Jjajiee
PacTBOPAIOTCA B U30BITKE
aMMMaKa ¢ 00pa3oBaHHEM
OKpaIlIeHHEIX U
6ecupeTHbIX (U1 Cd*")
pacTBOpPOB.
VI Na'; K"; | 'pynmosoro OtcyTcTBHE MPU3HAKOB C
NH," peakTuBa IPyINIIOBBIMU PEaKTUBAMMU
HET TIEPBBIX MSTH TPYIIL.
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ITonyuenne ycToiiuMBOro npu3HaKa peakidi CBHAETENLCTBYET O HAIMYHH B
COCTaBe AHAM3UPYEMON COJIM OJIHOrO0 M3 KATHOHOB M OJHOIO U3 AHHUOHOB B
U3y4aeMbIX pylrax.

Xon paGoThI:

1. ITonyuuTe y mperoaBaTesist BELIECTBO /I aHANN3A.

2. Pasmenure BelleCTBO MpPUMEPHO Ha [[BE YaCTH, OJHY M3 KOTODPBIX
pacTteopuTe B Bofie (eciu HEOOXOAMMO, TO TIOOTPelTe PacTBop), a APYIYIO YacTh
OCTaBbTE Ha Clly4ail HeyJauHOT0 UCX0/1a MEPBOM MOMBITKH aHAIH3A.

3. Otbepute 5-6 kanenab aHATU3UPYEMOTO PacTBOpa U npubaBbTe 3-4 Kariu
rpynnosoro peaktuBa 2M HCI pns 1 aHanmtuyeckoi rpynmbel KatHoHoB. Ecnu
BBINIAJIaeT OCafoK Oenoro LBeTa, TO B pacTBOPE MPUCYTCTBYET KATHOH W3 3TOM
Ipynnsl. 3aMuUIUTe Pe3yabTaT ONbITA:

uccienyemolii pactop + 2M HCl = ocanok 6Genoro mnsera.

Eciu ke ocagok He Habmogaercs, TO KaTHOHA 3TOM TIpPYMILEI HET B
aHaIM3UPYEMOM pacTBOpe. 3aulIUTe Pe3yJIbTAT OIbITA:
uccuenyemolit pactsop + 2M HCI = net ocanka

4. Ilepexonurte K HCCIENOBAaHUIO CBEXEil MOPIMH aHAIM3HPYEMOIO PacTBOpa
Ha copep)kaHre KaTHoHOB Il aHanuTHYeCKON IrpyNIbI ¢ TPYNIIOBLIM pearentoM 1M
H>SO4. Kaxnplii pa3 3anuceiBaiite pe3ynsTar onsita. Eciii HET npH3HaKa peakiyy
s katwoHoB II rpynmel, To mepexoguTe K HCCIEIOBAHHIO CBEXeH MNOpLUH
pacTBOpa Ha coaepxaHue KaTHoHoB 111 rpynmnel u 1.1,

5. Ilocne ompeneneHus: HoMepa IPyMIbl KATHOHOB IPOBEPBTE pPE3yNbTaT Y
npernojaBatelis W NEPEXOIUTe Jajee K OIpeleseHHI0 KOHKPETHOTO KAaTHOHA B
rpynmne. Jljist 3TOro BOCHoNb3yHTech KAUECTBEHHBIMU PeaKLMsIMH.

6. AHaJIOTUYHO BBIIOJHHUTE [OCTENOBATENLHO OMNBITHI MO ONpPEAeICHHIO
HOMepa TpyInbl aHHOHOB. PesynsraT mpoBepbTe y npenojasareiisi. Hexotopkle
AQHHOHBI HE BXOIAT B TPH AHAJIUTHYECKUE TIPYIINLl MO AHUOHAM, HampUMeEp,
CH3;007, CNS. Hx npucyTcTBHE YCTAHABJIMBAIOT TPOBEJIEHHUEM TONBKO
XapaKkTepHbIX WIM crneuupuyueckux peakiuii. Ecnu BepHO ompeneneH HOMep
IpyNnbl aHHOHOB, TO IIOCIIELOBATENbHO IMPOBOAMTE OMBITHI, XapaKTEPHBIE Jis
AHHUOHOB I'PYIIIBL.

7. Ecnu Bel onpenenunu, Hanmpumep, | rpynmy KaTHOHOB, TO MPOBOIMTE
MIOC/IEIOBATE/IbHO BCE KAYECTBEHHBIE PEaKlMM, XapaKTepHbIe ISl KATHOHOB STOM
rpynmbl. Kaxkxaelii pas MCIONb3ylTe CBEXYIO MOPLUIO HCCIEIyeMOro PacTBOpa.
Hampumep, k 5-6 karuisM aHanusupyeMoro pactBopa no6aBbte peakTus K,CrQs,
KoTopslil 06pazyet ¢ Ag” (I rpymnna KaTHOHOB) KMPIIMYHO-KpacHbIi ocamok. Eciu
OCaZiok Habiofaercs, TO B aHAJIM3UPYEeMOM pacTBOpe IIPUCYTCTBYeT Ag'
3anuimTe pe3ysbTaT ONBITa:
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uccnenyemsi pactBop + K,CrOs = ocagok KUpIUYHO-KPACHOTO I[BETA.

Jl71st cpaBHEHUsI MPOBEAUTE MapaJUTENBHYI0 PEaKIIMIo ¢ pacTBopoM comu Ag’
U CpaBHUTE OCAJIKH.

Ecnu ocanka He Habmomaid, TO K CBeXell MOPLUUH aHATH3UPYEMOro
pacTBopa n00aBbTe, Hanpumep, KI, KOTOpsIit faeT ApKo HKEeNToe OKpallMBaHUE B
pacTBope, cojepxaiieM Pb?". Ecnm ocamok HabGmomaercs, TO B pacTtBope
npucytcTByer Pb?". 3anummTe pe3ynbTaT onbITa:

uccienyemold pactsop + Kl = sipko-xenThiit ocanoxk.
Ecnu ocanok He Habar0#any, TO BEINIOIHUTE XapaKTEPHYIO PEAKIMIO Ha KATHOH
Hg2*. Pe3ynbTaT ombiTa sBISETCSs OCHOBAaHWUEM JUIS BbIBOJA O IMPHUCYTCTBHH B
COCTaBe aHANM3UPYEMOM COM OJHOTO U3 KaTHOHOB | rpymisbl.

8. Eciu Bel ompenenunu, HampuMmep, YTO aHHUOH conu oTHocutcs K III
aHAJTUTHYECKOH I'pyIIe, TO MPOBEAUTE MOCIEeI0BATENbHO KaueCTBEHHbIE PEaKIHH,
XapaKkTepHble Ul aHHWOHOB 3TOM rpynmnbl. Kakablii pa3 HCIONB3YHTE CBEXYIO
HOPLHUIO HCCIeAyeMOoro pacteopa. Yurturte, uro NO2' 1 NO; aHHOHBI MOXHO
pasnuuuTh 10 orHoweHuro K KMnQOi. 3anumure pesyiabTaThl onbiToB. Ha
OCHOBaHHMH MPOBEJEHHBIX KA4Ye€CTBEHHbIX peaklUil YCTAaHOBHTE, KakKOil aHHOH
BXOJIAT B COCTAB aHAIU3UPYEMOH COJIN.

9.Cnenaiite OKOHYATEJBHBIM BBIBOL O COCTABE COJM, BBIJAHHON s
aHajin3a, 3anMIIUTEe €€ XUMHUYECKyI0 (OpMylIy H TPeaoCTaBbTe pe3yJbTaT
IPEeroaaBaTeio.

KoHTposnbHbIEe BONTPOCHI:
1. B ueM 3akiroyaercs CyThb CUCTEMATHYECKOTO aHAH3a?
2. Kakumu coBpeMeHHBIMU (DU3UKO-XUMHUYECKHUMH METOAAMH MOKHO

OIpENENINTh CoepIKaHle Kaaus B pobe?
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[Ipunoxenue 10
JlaGoparopnas pabota: Tepmudeckas neruapaTanus XJopuaa Koo6aaspTa
O6opynoBaHue, MaTepualbl U PeaKTHBbI:
. JluctunnupoBaHHas BoJa
TurensHble LUTILBI
IITaTUB ¢ KONBLIOM Ta00PATOPHBIH
[TuneTKy noNMUNpONHIEHOBEIE
CnuproBka
Cnuuku
BrinapurensHas yaleyka

Yamka [letpu

.

¥ om o oo o B R

I'ekcorugpoxnopun kobansra (CoCly x 6H,0)

10.Xumnuaeckuit crakan 100 mi - 1 .

Xox paboTsI:

1. Ha nabopaTopHOM IITaTHBE YCTAHOBHUTE CITHPTOBKY.

2. Hap cnupToBKOM yCTaHOBUTE KOJIBIO HA PACCTOSIHUU 2-3 CM OT (PUTHIIA
CIIUPTOBKH.

3. B BeImapuTenbHyIO YalleyKy HacBIIBTE HEMHOTO KpHCTAIIOTHAPATa,
YCTAaHOBUTE YallleyKy Ha KOJBIO LITATHBA.

4. Ilocne ycTaHOBKM YallleYKH, BBIHBTE U3~ M0 KOJbIa CTUPTOBKY H
TIocTaBbTe nieper coboil, OTKpoiiTe e€ B momoxrure. Ilocie 3Toro mocrassTe
CHUPTOBKY 0OpaTHO MO/ KOJIBLIO U OCTOPOXKHO Harpesaiite (pucyHOK 1).

5. Tlocne HECKONBKUX MUHYT HarpeBaHUs Bbl CMOXKETe HaOIOIaTh
XapaKTepHble U3MEHEHHUS LIBeTa MPHU JeruapaTaliy XJIopuaa kobansra.

6. CHuMHTE Yameyky ¢ KOJbl[a TUTeIbHBIMU IIUILIAMU U TIOCTaBbhTE Ha YalKY
[letpu mns oxnaxkx AEHUSI.

7. TloTyluuTe CIUPTOBKY, HAKPBIB €€ KOJIIIAYKOM.

8. B oxnaxkaeHHY!O YallKy ¢ CONbio 100aBbTe 2-3 Kalid BOAbI, IPOCIEIUTE 3a

TEM, KaK MEHSETCsI LIBET. 3aTeM 00aBbTE €LIE CTONBKO YK€ BOJIBL.

HabmomaliTe 3a Mociie10BaTEILHOCTEIO BOCCTAHOBJIEHUS L[BETA.
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PucyHnok 1 — CxeMa ycTaHOBKH LITATHBA

KoHTponbsHbIE BOMPOCHI:
1. Kakue eme TepMOXpOMHEIE MaTepUabl BAM H3BECTHEI?
2. B ueM 3akimo4aeTrcs CyTh SIBICHUS TEPMOXPOMH3IMA?
3. Ilouemy G6e3BoAHBIA XJIOpHA KOOajnbTa MMEET CHHHH IBET, a ero
IIECTUBOAHBIA KPUCTAIIOTHAPAT — PO3OBBIH?

4. Yrto Takoe gerunparanus?

47



IIpunoxenne 11
JlaboparopHas pabora: MzyueHne HHINKATOPHBIX CBOMCTB aHTOLMAHOB
O6opynoBaHue, MaTepUasbl U PEaKTHBBI
1. JlabopaTopHble BECHI.
pH-meTp.
[Mpobupku - 20 .
IlITaTtuBEI AJisi NPOGHPOK.

Crtynka ¢ IeCTHKOM.

Konbsr 100 mn - 21mmr.

S b B B R

7. @uneTpoBalibHas Oymara.

8. Boponxka.

9. KBapueBslii ecox.

10.ITunerku ITactepa.

11.T1lepuaTkn.

12.MianukaropHas Oymara.

13.Consnas xucnora (HCI)

14.T'unpoxcun vatpus (NaOH).

15. JuctunnuposanHas Boga (H,O).

16.I1noae! yepHONIOAHOMH PAOKHEL, KPACHOKOUAHHOM KaIlyCThl, CMOPOJIUHBI,
BUILIHH, MaJIMHbI, CBEKIIbI (HE MEHee JIBYX BHJIOB).

Xon paboThi:

1. JInsa onbiTa He0OXOAMMO CHaYaNa MOJAYYHTh BOJHYIO BBITSHKKY aHTOIL[HAHOB.
Juist 3Toro 1-2 r pacTUTENBHOTO BEILlECTBA IOMECTUTE B CTYIIKY U pa3oTpuTe
¢ HeOOJIBIIIUM KOJIMYECTBOM XOPOIIO MPOMBITOTO MECKa A0 OJHOPOJHOM
Maccehl, rnocie 106aBeTe 0K00 20 M BOABI U OTOUIBTPYHTE
HOJyYUBILHUHCS PacTBOP B MPOOUPKY.

2. B uucTtylo npobupky HaneiTe 2 Ml BRITSDKKH ITUTMEHTOB, 100aBbTe 1B
xamiu 0,1 H consnoli kuciorsi1 5.

3. 2 MII IpUTOTOBJIEHHOH BBITSDKKU HaJjleliTe BO BTOPYIO MPOOHPKY U 1o0aBbTe

HECKOJIBKO Karelb pacTBopa 1énounlo.
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[Iponabnronaiite 3a U3MEHEHUEM OKPACKH PACTBOPA [0 MEPE U3MEHEHHUS
pH. C nomomsto pH-MeTpa onpeenuTe TOYHOE 3HAYEHUE BOAOPOLHOTO

ImoKasaTeJs.

. IloBTOpUTE HE MeHee TPEX pa3 LUK U3MEHEHHUS [BETA, MEHSISI CPEAY C

IETOYHOM Ha KUCITYIO ¥ Ha000POT.

[Tosyurre raMmy L[BETOB U3yuyaeMOT'0 BaMu nMUrMeHTa. [lis sToro
IIPUTOTOBBTE BOAHYIO BBITSKKY aHTOL[MAHOB H HAJIEHTE TI0 HECKOJBKO
karnesb B 10 nmpobupok. B kaxnyro u3 npoGHpok 106aBETE MPHTOTOBIEHHbIE

3apaHee NpernojaBaTeneM pacTBOPHI ¢ Pa3IMYHBIMU 3HaYeHusIMHU PH

. HOBTOpHTe 3aJaHus 4Jisi BTOpOro BUaa mjioJ0B.

KOHTpOHBHBIe BOIIPOCHL:

1.

Yro takoe pH? Paccuwuraiite 3nauenwme pH 0,01 M pactBopa cepHoii

KHCJIOTEL

. Uro Taxkoe anToumanel? Ilouemy aHTOLMaHbl H3MEHSIOT OKpacKy Ipu

pa3u4YHbIX 3HaYeHusx pH?

. Kakue BCIIECTBA, MPUCYTCTBYIOIIHE B BOJIE, 06y0HaBJII/IBaIOT KHCIIOTHOCTb

BOJbI?
Ha3zoBuTe BUIBI KUCIOTHOCTH U UX 3HAYEHHUE JJIS OLIEHKH KA4eCTBa BOJEL.
Kakue BelnectBa, mpUCYTCTBYIOLLME B BoJe, 00yCIaBIIMBAIOT IIETOYHOCTD

BOJBI?
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Ilpunoxenue 12

JIabopartopHas pabota: M3yueHre cBETOOTPaXaIOIKX TOPOLIKOB ¢ TIOMOLIBEO

ONTHYECKOM ¥ 30H/0BOI MUKPOCKOIUH

1. ObopynoBanue, MaTepHalibl U PEAKTUBBI:

2. CxaHUPYIOLIMH 30HAOBBIH MUKPOCKOIL.

3. OnTudeckuit MUKPOCKOII.

4. CpeTtooTpaxalollye MOPOLIKH Pa3HbIX BHIOB.

5. LenTtpudyxusie npobupku 15 mi - 2 mir.

6. Coupt STUNOBBIH.

7. OpHOpa3oBbIe MUIETKH MOJUIIPONHIEHOBEIE.

8. JIByXCTOpPOHHHH CKOTHY.

9. Ilpospaunsiii nak.

10.@onapuk.

Xox paboThI:

1. Haneiite B 1Be wueHTpudyKHbBlE @pobHpkH (UMM JMOOYIO JpPYyryro
HOAXOAALIYIO ITOCY/Y) 110 25 MJI 3THJIOBOTO CIIUpTa U H00aBbTE MOPOLIKA Ha
KOHYHKE CKajbllelll WM Lumatens. PaccMoTpuTe LBEeT pacTBOpPOB Ha
IPOCBET U B OTPaXKEHHOM cBeTe. UeM OHUM OTIHYaroTCs?

2. IlpurotoBeTe 06paslbl AN HCCIEAOBAHUSA B ONTHYECKOM MHKDPOCKOIIE:
KarHUTe IO Kamje pacTBOPOB Ha IpeJMETHOE CTekIo. PaccMoTpute ¢
pasHbeiM yBenuueHueM. Onpenenute GOpMBI U pa3Mephbl YACTHII.

3. Bo3bMHTE TOPOLIOK, CONEpXKAINMN YaCTHIBI CIIOALL YUTHTE, 4YTO
CTEKJISIHHBIE MUKpOC(HEPBI CIMILIKOM BEJIUKH i u3ydenus mog C3M.,

4. Bospmure nomnoxkky mnsi C3M W HaHeCcTH Ha Heé INpo3payHblil Jak.

(3apanee Hy»XHO KaITHYTb KaIlTIO Jlaka Ha TIOBEPXHOCTh U OLIEHHTH BPEMSI, 32
KOTOpOE JIaK IOJIHOCTBIO 3aTBepAeBaet). 3a 1,5-2 MHUHYTHI JI0 3aCThIBAHMS
JaKa HeoOXoOUMO C IIOMOILNBI0 MHKDPOIMIIETKH HAaHECTH pacTBOp Ha
IIOBEPXHOCTH JIaKa ¥ OCTaBUTh 00pa3el 0 UCIapeHus CIIUPTA U 3aCThIBAHUS

JaKa.
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5. IlpockanupyliTe pa3iM4Hble YacTH IOBEPXHOCTH ofpasna ¢ MOMOLIBIO

30H/10BOro MUKpockona. Onpenenure pazMeps! 1 GOPMbI YACTHUL CITIOJBL.

$pKoHTponsHBIE BOIPOCHT:

1. Yro Ttaxkoe ckaHupymomas 3oHAoBas Mukpockonusi? Kakoii mpuniun
JIE)KUT B €€ OCHOBE.

2. HazoBute ocHOBHBIE KOMITOHEHTBI C3M M MX Ha3HAYEHHE.

3. Ilpeanmonoxure mnosnesHble 00JaCTH TPHUMEHEHUS CBETOOTPAKAIOLIUX

IMOPOLIKOB
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ITpunoxenue 13
JlaGopatophas pabota: Onpenenenue GopMbI H pa3MePOB YaCTHL TEPMOXPOMHOTO
IUIMEHTA C IOMOUIBIO ONITUYECKOI0 MUKPOCKOIIA
ObopynoBaHue, MaTEpHAITBI M PEAKTUBEI:

1. IlnmuaTka Wiy MarHUTHas1 MellajKa ¢ MoJOrPEBOM.

2. JluctunnupoBaHHas BoJA.

3. IlonunponuiieHOBbIE MUIETKH.

4. TepMOXpOMHBIH MUTMEHT (ITOPOILIOK).

5. IlpenmMerHsie cTéKa.

6. IlokpoBHEIe cTEKIA.

7. Xumudeckuii ctakad 06sEMom 50/100 mit.

8. DOTunoBELI COUPT.

Xon paboTsl:
IIpenBapuTenbHEIC TPUTOTOBICHHMS:
i IpUroToBNEeHNs CIUPTOBOIO PacTBOpa TEPMOXPOMHOTO ITUIMeHTa Hajeiite 10
MJ1 3THJIOBOTO CIHMpTa B XMMHMYECKHMH cTakaH U JoOaBbTe MOPOILIKOOOPa3HOro
TEPMOXPOMHOI0 MUIMEHTa Ha KOHYMKe 1irares. TiaTebHo nepeMeniaire.

1. TlocTaBpTe pacTBOp Ha IUIMTKY MM MAarHUTHYIO MELIAIKY C MOJOTPEBOM H
nojorpeiite pactTBop 10 00ecLBeYBaHUS.

2. IlpuroToBbTe 4YMCTOE MpEIMETHOE CTEKJIO W KalHUTE IUIETKOH KaIllio
TEMJIOro pacTBOpA.

3. IlomecTuTe CTEK/I0O Ha TPEIMETHBIM CTOJNMK MHKPOCKOTA M Ioa0epHuTe
OKyJIsip, Jaroumii Haubonee pe3koe M 4YETKOE M300pa)keHHE YACTHIL.
Habmonalite nepeMerieHie U I[BETOBBbIC IMPEeBPALLEHUS MHUKPOKAICYJ NPU
OXJTQXKICHUH.

4. JInsi OLEHKM pa3MepoB HYaCTHI[ THUTMEHTOB HYXXHO TIOJYYHUTh TaKoe
n300paxkeHre, 4ToOBl B mpenefiax oOJacTH HaONIOACHHUS HaXOIUIIOCh
npuMepHo 15-50 xopolo pa3nuYMMBIX OTAENBHBIX 4YacTHll. J[ns 3Toro

nobaBbTe HEOOXOAMMOE KOJMHYECTBO CIHpPTa K HCXOJHOMY pacTBOPY H
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[IOCTaBbTe MpuUMEpHO Ha 10 MHMHYT Ha MAarHUTHYIO MeIIANKy JUid
WHTEHCHUBHOIO IepeMEeILUBaHMS.

. Hanecutre kammio pacTBopa Ha IpeJMETHOE CTEK/IO, HakKpoiTe cBepxy
TIOKPOBHEIM cTekioM. OneHute cpefnHee 3HayeHHe U pazbpoc pazMepoB
MHUKPOKATCyNl € XKUIKUMHM KpHUCTAJNIaMH (10 METOMMKE CTAaTHCTHYECKOM

00paboTKH).

KoHTpoIbHEIE BOIIPOCHI:

1. Kakue »>ddextsi, KpomMe IBETOBBIX BaM YyAaJOCh YBHAETh O]
MHKPOCKOTIOM?

2. Kak cebs Begyr w™wukpocdhepsl Ha TrpaHMLIAX C BO3AYLIHBIMU
Iy3BIPBKaMH?

3. Ilpennoxxute moJie3Hble 00NACTA MIPUMEHEHHS TAKUX ITUTMEHTOB

53



Ilpunoxxenue 14
JlabopatopHast pabota: O6pabotka 1 npeacrapaenue C3M — 1aHHBIX

Llene pabomer: MOMY4YUTb MpaKTHYECKHEe HAaBHIKH B obiacth 00paboTku u

Konu4yecTBeHHOro aHanu3za C3M-u300pakeHHid.

Xop paboThl:

M BeIonHeHWs saboparopHod paloThl N0  aHANHM3Y H300pasKeHHs
ucnonb3yercs mdt-gaiin, comepkamuii GppelmMbl s JeMOHCTpanuu paboThI
Pa3/IMYHBIX METOJOB 00paboTKU M300paXKeHul, peali30BaHHBIX B MPOrpaMMe
Scan Viewer.

Ortkpoiite B nporpamme Scan Viewer mdt-haiin ¢ npuMepamMy CKaHMPOBAHHBIX
uzobpaxxenuii (Examples.mdt).

3ananue 1. laanapuzaums H300paKeHHs

1. Orxkpoiite ¢peiim 1_plane (pucynox 1). ®peiim npexacrapiaser coboii
CKaHUPOBaHHOE U300paXkeHrne moBepxHocTH DVD-nucka.

2. Ompenenure, Kakoro BHIa HCKaKEHHS, CBA3aHHBIE C HEHIEANHLHOCTHIO
CKaHepa, NPUCYTCTBYIOT Ha H300pakeHUH (HAKJIOH, HaJHYHe ITOCTOSHHOM
COCTABJISIONIEH, HCKAXXEHWS BTOPOI'O TOPSIKA).

3. Ilposenure ceuenue uzobpaxkeHus mo ocaMm X, Y. Coxpauure ¢peiiMsl
CEYEHUH.

CeueHuel

x10°

|

| ]

114 116 11.8 120 12.2 124 126
i :

| | | | | | |
42 44 46 48 50 52 54 2 B 6 8 10 12

Pucynok 1 - Ceuenne ucxognoro uzobpaxenus no ocu X
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4. Ilposenute HeoOxoAUMyI0 00pabOTKY M300paXkeHHs! C TIOMOIIBI0 METOMOB,
JOCTynHeIX B mnporpamme. JloOeiitece MaKCHUMajbHOM ILIOCKOCTHOCTH
U300pasKkeHus.

5. Coxpanure nonyueHHsld QpeiiM. [IpoBenure ceueHne M300pakeHHs MOCIE
00paboTKu KM CpaBHHUTE C CeYeHHEM HCXONHOTO H300paxkeHus. Y6eaurech B
TOM, 4TO MCKaykeHus ycTpaHeHbl. Coxpanute (peiiM cedenusl.

CeueHuel

x103

[N L N EE I (N N O A S
42 44 46 48 50 52 54 1 2 3 4 516 7 £ 9 10 11

Pucynok 2 - U3obpaxenue nosepxuoctu DVD-nucka nocie o0paborku

3aganmue 2. [lpumenenne pujibTpPoB
1. Orkpoiite dpeiim 2_filter (pucynox 3).

2. W3 nabGopa ¢uUIBTPOB, NOCTYIHBIX B MporpaMMme, MoAOEpUTE OMUH WIIH
HECKOJBKO (pUIBTPOB TakuM o6pa3oM, 4ToObl Ha MOMYYEHHOM H300pakKeHHH
OTJIeNbHBIE AeTalli ObUIH BBIAENIEHB HaHOoJIee YeTKO.

[MpumepHBIi BUI n300pakeHus mocie o6pabOTKH MPUBENEH HA PUCYHKE 4.

3. CoxpaHute nomy4yeHHbIH (peiim.
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x10*

10 12 14 16 18 20 22 24

e 8
8

4

y 2 1 1 i ; 1 i
2 4 6 8 10 12 14 16 18 20 22 24 x10° 2 4 6 8 10 12 14 16 18 20 22 24 x10°

Pucynok 3. Mcxonuoe uzobpaxkeHue Pucynoxk 4. Mzo6paxcenne mociue
nipuMeHeHus GunbTpa

3aganue 3. llpeoGpaszoBanue Pypbe

1. Orxkpoiite dpeiim 3-1_Fourier (ckanuposannoe uzobpaxenue (GparMeHTa
KanubpoBouHoii pemwerku TGZ).

2. Onpenenure Nepuo ] PELIETKH C MOMOIIBIO0 MeToaa AHaNU3 ceveHun. s
nonyuyeHus OoJiee JOCTOBEPHBIX pE3yJIbTATOB PEKOMEHAYETCS YCPEOHHUTH
nannbie ceuenuss no 20-50 crpokam. MUsmepsats neprosa ynoOHO TpH MOMOILLIA
IBOITHOrO Mapkepa (ycTaHaBIMBaeTCs ¢ HaxaTeiMu kiaBuiamu <Ctrl+Shift>).

3. Brmmonnure npeobpazoBanue Oypse.

4. W3 criucka B JIeBOM HH)KHEM YTy BeIOepHTe 0TOOpakaeMyto (PYHKLIHUIO, PH
KOTOpOH pedeKkchl BUIHEI HanbOoIee YeTKo.

x10°

x10®mkm ™!

100
40 60 80 100 120

20

-300 -200 -100 0

I | | I
-300 -200 -100 O 100 %10 ®mkm ! 20 40 60 80 100 120 x10°

Pucynoxk 5. ®ypre-criekTp (ciesa) H HCXOAHOE U300paxeHue (cnpasa)
OZJTHOMEPHOH NMEPHOANYECKOH CTPYKTYPHI
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5. Onpezenute Mo XapakTepy CIEKTpa, Kakue INEPUOJMYECKHE CTPYKTYPHI
UMEIOTCS Ha u300parkeHMU. V3MephTe BETMYMHBI MPOCTPAHCTBEHHBIX YaCTOT
COOTBETCTBYIOIIMX MakcuMyMaM. I3 mnonydeHHBIX JaHHBIX paccuHTaiite
NIEPUOJ PELIETKH.

6. CpaBHUTE [EPUOAMYHOCTh H300pAKEHHH, HIMEPEHHYHO IPH IMOMOLIM
CCUCHHUA I HCXOOHOI'O H306pameﬂm, C pe3yabTaTaMi, IIOIYYCHHBIMH C
noMoipio Oypre-o6pasa.

7. Orxkpoiite ¢peiim 3-2_Fourier (cxanuposanHoe n300paxkeHue (GparmenTa
kanubpoBouHoil pemerku TGQ). AHaJOTHUHBIM 00pa3oM OMpEHENIUTE
nepuoasl pemerkd B HanpasineHusx ocedl OX u OY. CpaBHuTe HnaHHEIE,
TOJIyYEHHBIE HETIOCPEICTBEHHBIM U3MEpeHHeM | TpH oMoy @ypre-o0pasa.

8. MaMepbTe BeNMYMHBI YIVIOB MEXAY HAaNpaBICHUSIMH MEPHOAUYHOCTH
(uHCTpyMeHT ) mno wu300paxenuto @ypre-obpaza W CpaBHHTE C

COOTBETCTBYIOIMMH BCIIUMYHHAMHU YITIOB HCXOOHOTO H306pa)KeHI'I$[.

x10°

x10 *mkm™!
290
S R R RERE R
S R R ERER SRR
BEEEEREREDN

150

o A R R R BB B
5 EEEEEEEN
o
N EEEEEEER

-100

-200 -100 0 X10 ®mKm ! 50 100 150 200 x10*

50

-200

PucyHoxk 6. ®ypne-crekTp (cnesa) U UCXOAHOe U300paxkeHue (crpana)
JBYMEpHOH NMEepHOANYECKOH CTPYKTYPhI

3aganue 4. Dypbe-puanTpanus

1. Orkpoiite  dpeitm  4_Fourier-filter.  dauueiii  ¢pefim  sBisercs
300pakeHHeM  ITOBEPXHOCTH  rpaduTa ¢ HAJNOXEHHBIM  BHEIIHUM
NEPHOIMYECKUM CHTHAJIOM

2. Ortkpoiite okHO MeToza Dypbe AHANU3.

3. V3 cnucka B JIeBOM HHMJKHEM YIJy mnoadepure oToOpakaeMyrd (DYHKLMIO
TaKUM 00pazoM, 4ToOb! pediiexcsl ObUTH BUAHBI HANOOJIEe XOPOLIO.

4., C moOMOIIBI0 HMHCTPYMEHTa BBIPE3aHHs YacTOT yaoanure dypbe-

KOMIIOHEHTHI, COOTBETCTBYIOLIHE TMapa3sUTHBIM MEePHUOANYECKHM CHTHajlaM
TaKUM 00pa3oM, 4TOObI Ha U300paKeHUH OCTAJIach MePUOMYECKast CTPYKTYpa
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5. CoxpaHHTe NMONyYeHHbIH (peiim.

HicxonHoe u3obpakeHne N3obpaxenue nociie npuMeHEHHUs
Dypbe-punsrpannu

KoHTpoiibHbIE BOIIPOCE!:

1. HazoBute ocHOBHBIE KOMNIOHeHTHI C3M ¥ MX Ha3HAYEHHE.

2. HazoBuTe BUIIBI CEHCOPOB M MPUHIIUIIBI HX T€HCTBHUS.

3. OOBsicHUTE MOHSTHE INHE30AIEKTPUUECKOr0 AP deKTa W NPUHIMI JeHCTBU
NBE30NIEKTpUYIecKoro aApurarens. OnUILUTE pasNuvHble KOHCTPYKIIMH CKaHEpOB.
4. Onummre o010 KOHCTpYKImio pudopa NanoEducator.

5. O6bscHUTE KOHCTPYKLMIO 30HIOBOTO JaT4MKa TYHHEJIBHOTO TOKA/ CHJIIOBOIO

B3aumogelicTeus npubopa NanoEducator u npuHIun ero aeiictBus
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[Mpunoxenue 15

Jlabopartopnas pabota: uccnenoBarue crpykrypsl Tana CD-R unu CD-RW

e W B

O6opynoBaHue, MaTepuabl U PeaKTHBEL:

. CxaHupyrommii 30HI0BBIH MUKPOCKOII.

Ckanbnens.
ITunuer.
JIByXCTOPOHHMH CKOTH.
Hucku tunos CD-R, CD-RW.
Xon paboTsl

. 3anMII¥Te Ha [OUCK [aHHble, KOTOpBle OYyIOyT 3aHHMATh HE BeCh €ro

JOCTYIIHBIH 00BEM.

. Bo3pMuTe ero u pacmoisioxKuTe MaTOBOM CTOPOHOII K cebe.

. PaspexxpTe nuck Ha [Be 4YacTH, a NOTOM OT OJHOW W3 HHUX OTPEKBTE

HeOOJNBIIOH CceKTOop, YTOOBl MONYyYWINCh MeCTa, TIe CIOH CTajld
PacXxouThCs.

C nomolpio cKanbnens akKypaTHO, IIOYTH B MapaljieJIbHOM HallpaBlieHUH,
HOJJICHbTE KyCO4YeK OUCKa TakuM o0pa3oM, 4TOOBI ¢ 0OpaTHON CTOPOHBI
Kycouka Oblna oTpa)karoias MOBEPXHOCTh, U OH HE OTAEJHIICS OT OCHOBHOM
4acTH. 3aTeM C IIOMOLIbIO NTUHIETA aKKYPAaTHO OTOPBUTE YacTh CJIOS, YTOOBI
CHAJIOCH Gosibliie, ueM Bbl noaaend. [IpuuéM cienate 3T0 HEOOXOAUMO TaM,
rZle HaxOJUTCs IpaHMLa 3alMCaHHOM uvactu jaucka. Eciu 3Toro He
TIOJTy4aeTcst CieNlaTh, TO MPOCTO NPUIOTOBBTE JIBa 00paslla C 3aIUCaHHON U
YKMCTOW YaCTIMH.

AKKypaTHO OCTpbIM MHUHLIETOM MOJLENNUTE 3TOT KYCOUYEK U IIOMECTHUTE €ro
OTpaKalolllell MOBEPXHOCTBIO BBEPX Ha 3apaHee [MMOJTOTOBIEHHYIO
MOVIOKKY ¢ HaHECEHHBIM Ha Hee ABYCTOPOHHHM cKoTuyeM. Paborarhb
MHAHLETOM HY>KHO C TOM 4YacThl0 KyCO4YKa, KOTOpPYIO BBl He Oynere

CKaHUPOBATb.

. Ilomectute  oOpaseny B  CKaHMPYIOIIMH  30HOOBBIH  MHKPOCKOII.

IIpockanupyiiTe MOBEPXHOCTh B PEKHMME aTOMHO-CHJIOBOM MUKPOCKOIIMH.
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Pasmep obnacTu ckaHMpOBaHUS HEOOXOIUMO BEIOMpPaTh OT Maoro (10 MM
x 10 mxm) mo 6onemoro (100 mxm x 10 mxm). B Tor MomenT, korna Ha
TIOJTy4aeMOM H300payKeHUH CTaHeT BUIHA CTPYKTYpa, MOXKHO OCTAHOBHTHCSH
1 paboTaTh B JAHHOM JMana3oHe objacTeil CKaHUPOBAHHUSL.

7. CpaBHUTE TOJyYCHHBIE CKaHBI IS YHCTOW OONAcTH aMcKa MW JUIs

3allUCAHHOMN.

KoHTposibHBEIE BOTIPOCHI:

1. Onummre MexaHW3M MOABOJA 30HAa K o0pasiy B mpuGope NanoEducator.
IlosicHuTe MapaMeTpsl, ONpENENsIOUIHe CUTY B3aHMOIECHCTBHS 30HIA C
obpaziom.

2. OObsAcCHUTE MPUHIMI CKAaHUPOBAaHMS U PaGOThl CHCTEMBI OOpPATHON CBS3H.

Pacckaxknte o KpuTepusix BbIOOpa mapaMeTpoB CKAHUPOBAHMS.
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[punoxenue 16
JlabopatopHnas pabora: MccienoBanue nosepxHoctd habpuyHOro AUCKa TUNA
DVD-ROM
O6opynoBanue, MaTepuaibl U peakTHBEL:
. CxaHupyromuii 30HI0BBIH MHKPOCKOIL.
Ckanpnens.

ITunuer.

-

JABYXCTOPOHHMIT CKOTH.
Jucku tunos CD-R, CD-RW.
Xon paboTsl:

T SR

1. Bo3pMuTE IMCK U PACHIOJIOKUTE €To pedpoM K cebe.

2. C noMo1pio cKanbnens MoAIeHbTe MOJUKapOOHATHBIN CIOK U OTCIIOUTE €ro
OT OTpaXKaIoLIEH MOBEPXHOCTH NMPHUMEPHO TocepeauHe pebpa.

3. OTpexbTe ¢ NOMOIIBIO HOXKHHIL N0 KYCOUKY OT IOJIMKAPOOHATHOTO CJIOS M
OT OTpaXkarolleH 4YacTH. 3aKpenuTe KaXIblii M3 HUX Ha MeTaUIH4ecKOi
MOMJIOKKE C IOMOIUBIO JBYCTOPOHHEro ckorda. QOpaTHTe BHHUMAaHHE, YTO
CTOPOHY MOJHMKAapOOHaTa HYXKHO BRIOMpPATh Ty, KOTOpasi Oblila pacrooxeHa
JUIOM K OTpaxawoleMmy cioro. Kpome Toro, HeoOXoaumo cheiaTh 3TH
AeHcTBUS Tak, YTOOBI HE IPUTPOHYTHCA PyKaMHU K paboueil MOBEPXHOCTH.

4. TlpockaHupyiiTe MOBEPXHOCTH IBYX 0OpaslOB B PeXWME aTOMHO-CHJIOBOM
MuKpockonuu. Pa3zmep obnactu ckaHUpOBaHHS HEOOXOAMMO BLIOHpAaTH OT
Majoro (10 ma 10 mxMm) mo Gonsmoro (100 mHa 100 mxm). Korma Ha
IOJy4aeMOM  H300pa)k€eHHMM CTAHOBHUTCA BHIOHA CTIPYKTypa, MOJXKHO
OCTaHOBUTHCS M paboTaTh B JaHHOM JHUara3oHe 00JacTeil CKaHUPOBaHUSL.

5. CpaBHHTe MOIy4YeHHBIE CKaHBI JIsl PA3HbBIX CI0EB JUCKA.

KoHTponbHEIE BONPOCHL:
1. HazoBute ocHoBHEBIE KOMITOHEHTEI C3M U MX Ha3HAYECHHE.

2. HazoBuTe BHBI CEHCOPOB U MPUHIIUIIBI UX JIEHCTBHA.
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3. O0BsACHHUTE NOHATHE TTbE30MICKTPUIECKOT0 3P (eKTa M IMPUHIIMI AeHACTBHS
TbE303JIEKTPHYECKOro Apuratens. ONUIINTe pa3iuvHble KOHCTPYKIMK CKaHEPOB.
4. Omuiuute o01yro KOHCTpYyKIHIO npubopa NanoEducator.

5. O6BsICHUTE KOHCTPYKIIMIO 30HI0BOTO JIaTUMKA TYHHEJIBHOIO TOKa/ CHIIOBOTO
B3aumojericTeus mpubopa NanoEducator u npuHLIUN ero aeicTBusl.

6. OnuuuTe MeXaH|3M NOJIBOJIA 30Ha K 00pasuy B npubope NanoEducator.

ToscHuTe MapaMeTphl, ONpeeIoNnye CHITY B3aUMOIEHCTBHS 30HIa ¢ 00Pa3IIoM.

7. O0bsACHUTE NPUHIUI CKAHUPOBAHUS U pabOThI CHCTEMBI OOPATHOM CBA3H.

Pacckaxure o kpurepusx BeiOopa napaMeTpoB CKAaHUPOBAHHUSL.
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[Ipunoxenue 17
IIpriMepHBIe TeMBI KeiCOB
1. Cunres marautHbix HaHovactull (Fe;O4, CoFey04, CuFe;0y)

2. IlomyueHne KOMIIO3UTHBIX MaTePUANIOB, 00IaA2I0MKX (POTOKATATUTHYECKOMH

akTuBHOCTHIO (NiFe;04/Zn0, CuFe,04/TiO5)

3. CuHTe3 aHM30TpONHBIX HaHOYacTUL cepebpa W HM3yUeHHE HX CEHCOPHBIX
CBOICTB

4, CuHTe3 anrOMUHATHBIX JIOMHHO(OPOB, aKTUBUPOBAaHHLIX HOHAMH P3M

5. Ontumuzanysa noxydeHus kBaHToBbix Touek CdSe, PbSe

6 HccnenoBanue CBOHCTB MOBEPXHOCTH KPEMHHMS

7. MarauTHble CBOKCTBA MOBEPXHOCTH DJIEKTPOTEXHUYECKUX CTaJICH

8 HccnenoBanie MpOBOAMMOCTH YTIIEPOIHBIX HAHOTPYOOK

9 [lony4yenue npoBOsLINX MJIEHOK HA OCHOBE CEPeOPSHBIX HAHOIIPOBOJIOK

10.  HccrnenoBaHue CTPOEHUS IOBEPXHOCTEH OMOIOrMYECKUX TKaHeH
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[Tpunoxenue 18

Kputepuu oueHky BbIIOJTHEHHOTO Keiica(lipoeKkTa)

HaumenoBanue keiica (npoexra)

Ne | Kpurepuii MakcumanbHbil | BeicTaBaeHHBIM
Oa Oamn

1. | crtocoOHOCTE K MOHMCKOBOM eATEILHOCTU 15
110 MHOTOS3BIYHBIM pecypcaM HHTEpPHETA
JUIS aHaJT3a UMeroLeiicss THGpOopMaluH 110
TeMe 3aJ1a4H;

2. | cIocCOOHOCTP K CMBICIIOBOMY YTEHHIO 15
TEKCTOB 33[ad C OMpeielieHueM Kpyra
peLIaeMbIX BOIPOCOB U YCIOBUH;

3. | cobnmroneHre TEeXHWKH Oe30MacHOCTH B 10
naboparopuy;

4. | cnocoGHOCTE K CaMOCTOSATEIEHOMY 12
OTIpeNeNIeHHIO HEOOXOIUMBIX

ofopynoBaHMd M MaTepualioB s
IIPOBEJEHHS YKCIIEPUMEHTA;

5. | cmocobHOCTH K CaMOCTOSITEIIEBHOMY 12
NPOBEJEHUIO DKCIIEPHMEHTA;

6. | yMEHHE TeHEpPHpOBaTh HeCTaHAApPTHBIE 12
peLeHus MeToHaMu TEXHHUYECKOTO
TBOPYECTBA;

7. | yMEHHEe  aHaJIM3UPOBaTh  IOJY4YEHHBIH 9
pe3ynbTarT;

8. | ycmemHasa 3ammTa BCeX J1abopaTOpHBIX 15
paboT 3a yueOHbIi rox

9. | Uroro: 100
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