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1. NOSACHUTEJBHAS 3AIIMCKA

HononuurensHas o6uieoOpazoBarenbHas 00lIEpa3BUBaOLIas MpOrpamMMa
«Hanorexnonorum» (mamee - mnporpaMma) HMeeT €CTECTBEHHO-HAy4HYIO
HalpaBIIEeHHOCTh,  0a30BBIi  ypOBEHb  CIOXXHOCTA W  OpPHEHTHPOBaHA
Ha oOyyaromuxcs 14-17 ner. [Iporpamma paccuuTana Ha OJuH rof B obbeme 144
yaca M3 pacyera 4 yaca B HEJIEIIO.

1.1. AKTYAJIbBHOCTb

B cBsi3u ¢ GypHBIM pa3BHUTHEM HAHOTEXHOJIOTMYECKOW HAYKH CYLIECTBEHHO
pacimmpseTcst o6JacTh NPUMEHEHHs HaydHbIX NOCTHXKEHHI B pa3iMYHBIX cdepax
AEATENBHOCTH. MeXIy TeM, HAaHOTEXHOJIOTUH yXKe CTaIX HEOThEMJIEMOH YacThIO
Hamed d>xku3Hu. ORHOM W3 BaXHEHIIMX MpoblieM COBPEMEHHOro OOLIEeCTBa
sBJIsieTCsl GOPMUpPOBaHUE OOIIMX NMPEICTABICHUN O HAHOTEXHOJIOTHUAX, KOTOPEIE B
Jy4lleM Cioy4ae OKa3blBalOTCS IPOTHBOPEYMBHIMH, a B XyAWIEM —
HEIOCTOBEpHBIMH. TakuM oOpa3oM, Ha3pena HEOOXOOMMOCTh IPOCBEINEHUS B
chepe HaHOTEXHOJIOTHH.

Ha3suayeHue mporpaMmbl — MpUBIEYb IIKOJIBHUKOB K HCCIEAOBATENbCKOIM,
U300peTaTeNbCKOM, HayUHOH U HHKEHEPHOH NesTeNbHOCTH.

3amaya negarora — pasBUTh y OOY4YaroIUXCs HABBIKH, KOTOPhIE UM
noTpebyIoTCs B CaMOCTOATENILHON SKCTIEPHMEHTATBHOM U TEOPETHIECKOH paboTe
U B JajibHEMIEM OCBOEHUU NPOrpaMMbl YIiIyOJIeHHOrO YPOBHSL.

M3y4yeHne TMpOrpaMMbl IOCTPOEGHO Ha  INPaKTHKO-OPHMEHTUPOBAHHBIX
HH)KEHEPHBIX ¥ MCCIIeIOBATENbCKUX Kelcax (MHAMBHMAYATBHBIX MIIM TPYTIOBBIX),
HanpaBJIeHHBIX Ha pelieHUE 32124 IPUKIIAJHOTO ¥ (QYH/[AMEHTAILHOTO XapaKkTepa,
I03BOJISET LI€JIEHANPABIEHHO pa3BUBaTh TBOPUECKUE CIIOCOOHOCTH 00yYaromuxcs,

HX CaMOCTOSTEIbHOCTH, COBEPILICHCTBOBATDH JIMYHOCTHBIC Ka4€CTBA.
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1.2. OTJIMYUTEJIbHBIE OCOBEHHOCTH

OcBoeHue naHHOM mnporpamMmbl ¢opmupyeT mIaTGopMy s H3YHeHHUS
NPUMEHEHHUS] HAHOTEXHOJIOTHH B BBICOKOTEXHOJIOTMYHBIX OTPAC/siX NMPOU3BOACTBA
Y peai3alMIo KeHCOB B JaHHOM HaIlpaBJIeHUH.

Oco6eHHOCTBIO POrpaMMBI 10 HAHOTEXHOJIOTHSAM SIBIAETCS 3a0KEHHas B
Hee uies onepexaromero oOydeHus, MO3BOJIOINAs HAa CaMbIX DaHHUX 3Tamnax
CO3aTh NPEANOCHUIKHA ISl YIIIyOJIEHHOrO M3ydeHHS XUMHUU U (QU3UKH, a TakkKe
HaJIM4Ke «CKBO3HOIO» MOBTOPEHHMS Y3JIOBBIX BOIIPOCOB LIKOJIBHOIO Kypca II0 3TUM
npeaMeTaM Ha pa3Iu4YHBIX JTanmax oOOydeHHs, HpudYeM Kaxaoe II0BTOPEHHE
NpOBOAUTCS Ha Ooyiee BBICOKOM, KaK KOJMYECTBEHHOM, TaK M KauyeCTBEHHOM
ypoBHsX. Kpome Toro, maHHas mporpaMma MoO3BOJsieT C(OPMHPOBATH
BO3MOXKHOCTb CaMOCTOATENIbHON paboThl U pelleHHs HaAy4HbIX 3agad Ha
BBICOKOTEXHOJIOTUYHOM obopynoBaHuY, COOTBETCTBYIOLIUM MUPOBBIM
CTaHJapTaM.

Hannas Ilporpamma paspaGoTaHa B COOTBETCTBUM C HOPMATHBHBIMU
NPaBOBBIMH aKTaMH:

®DepepanbHOro 3akona or 29.12.2012 Ne 273-®3 «0O6 o6pa3oBaHHH B
Poccuiickoii ®enepanuny;

Ykaza Ilpesunenta Poccuiickoit ®enepauuu «O HaIMOHAIBHEIX UEJIX
pa3Butus Poccuiickoit Penepanuu Ha nepron 10 2030 ronax;

Konuenuuu pa3sutus pononHuTensHoro o6pasosanus no 2030 rona
(yrBepxneHa pacrnopsbkennem Ilpasurenscrsa PO ot 31.03.2022 Ne 678-p);

Crpareruu pasutus Bocrutanus B Poccniickoit ®denepanuu Ha NEPHOI 10
2025 ropa (yTBepikaeHa pacnopsbkeruem [IpasutensctBa Poccuiickoii Denepauyn
ot 29.05.2015 Ne 996-p);

IInana mepomnpusaruii mo peamuszamuu B 2021 - 2025 romax Crpareruu
pasBUTHs BOCTIMTaHMA B Poccuiickoit ®enepamuu Ha nepuonx no 2025 roma
(yrBepxnen pacmopspkerrem IlpaBuTensctBa  Poccuiickoii @enepaupu  oT
12.11.2020 Ne 2945-p);
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ITprkaza MunuctepcTBa obpa3oBanus U Hayku Poccuiickoii denepaunn OT
23.08.2017 Ne 816 «O6 yrBepxnaenuu [lopsinka NMpUMEHEHHs OpraHHU3ALHUSIMH,
OCYLIECTBIISIOLIMMU 00pa30BaTENbHYIO HEATENBHOCTD, NEKTPOHHOro o0y4YeHus,
JUCTAaHLIUOHHBIX 06pa3088TeJIBHI>IX TEXHOJIOTUH pu peanuzaun
06pa3oBaTeNbHBIX IPOrPaMM»;

ITpuxasa Munucrepcra npocseinenus Poccun ot 09.11.2018 Ne 196 «O6
yrBepxaenuu Ilopsnka opraHuzauMu W OCYIIECTBIEHUS 00pa30BaTeIbHOM
ACATENBHOCTH 110 NONOTHUTENBHBIM 001e00pa3oBaTeIbHBIM [IPOrpaMMam;

ITpuxasa MunucrepcrBa npocsemenuss P@® or 03.09.2019 Ne 467 «O6
yrBepxaenuu  lLleneBoii  Momenu — pa3BUTHSIT ~— pPETHOHAIBHBIX  CHCTEM
JOTOJTHUTEIHOTO 00pa30BaHus AETe»;

Ilpukasa MunucrepcrBa IlIpocBemenust Poccuiickoit ®enepauuu OT
30.09.2020 Ne 533 «O BHeCeHWH H3MEHEHHI B MOPSNOK OPraHW3aLUH H
OCYLIECTBIICHUS  0Opa30oBaTEeNbHONH  JAEATENBPHOCTH 10  JOMOJHUTEIBHBIM
o0meobpa3oBaTebHBIM NPOrpaMMaM, YTBEPXKIEHHBIN Npruka3oM MUHHCTEpPCTBA
IIpocemenus Poccuiickoii @enepanuu ot 09.11.2018 Ne 196y;

IMTocranosnenus ['71aBHOTO rocyfapCTBEHHOrO CaHWUTApHOIO Bpaya P® or
28.09.2020 Ne 28 «O6 yrBepxaenuun CIT 2.4.3648-20 «CanutapHo-
3MUAEMUOJIOTHYECKHEe TPeOOBaHHMA K OpPraHM3alMsM BOCIHTAHUS ¥ OOY4YeHHs,
OT/bIXa U 03[J0POBJIEHHS JAETEH U MOJIOJAEIKH;

ITucema MunncrepcTBa o6pa3zoBanus U Haykd P® or 18.11.2015 Ne 09-
3242 «O nanpasienud uHpopMauum» (¢ «MeTOAMIECKMMH PEKOMEHIAUSAMHE 110
NPOEKTUPOBAHUIO JIOTIONHUTENBHBIX OOIIEPa3BUBAIOIIMX MpOrpaMM (BKIHOYas
Pa3HOYpPOBHEBBIE ITPOTPAMMBI ).

IlporpamMma  paspaGoTaHa Ha OCHOBE METOJMHYECKMX MaTEpHANIOB
«HaHOKBaHTYM TyNKHUT», NpEACTaBNeHHBIM DOHIOM HOBBIX (GOpPM pa3BHTHS
obpasoBanus, r. Mocksa, 2019 r., HMeeT MeXXAUCUMITHHAPHBIA XapakTep, 4YTo
MONHOCTBIO ~ OTPaXAeT  COBPEMEHHBIE  TEHJCHIMH  [OCTPOEHHS  KaK
AOTIONHHUTENBHEIX 00LIe06pa30BaTebHBIX OOLIEPAa3BUBAIONIMX NPOrPAMM, TaK H

00pa3oBaHus B LIEJIOM.



1.3. AJIPECAT ITPOI'PAMMbBI, TPEBFOBAHNMS K OBYYAIOILIMMCSI

Habop Ha mnporpammy ocymiectBisiercsi B cooTBeTcTBUM C IIpaBuiamu
npueMa ¥ oturcaenus obyqaronmxes AHO «KpacHosipckuii I€TCKHI TE€XHOMapK
«KBantopuym». OOy4yaromuecs, MOCTyMalUIME Ha NPOrpaMMy, IPOXOAAT
cobeceloBaHHe, HANpPaBJI€HHOE Ha BbIIBIEHHE WX HHIUBUIYaJbHOCTH U
CKJIOHHOCTH K BBIOpaHHOM JIeITEbHOCTH.

ITporpamma «HaHOTeXHONOTMU» paccukTaHa Ha obydaromquxcs 14-17 ner.
B CBA3M ¢ OpHEHTHPOBAHHOCTHIO NPOrpaMMbl HA WHAMBHIYaIbHYIO paboTy WM
paboTy B MaibIX rpymnmax (KeHCOBBIM ITOAXOA) MaKCHMabHOE KOJHUYECTBO

00y4alomuxcs He JOJDKHO MPEeBHIATh 12 YeoBex.

1.4. TIENAT O MYECKAS LIEJJECOOBPA3HOCTD

B CBs3M ¢ aKTMBHBIM BHEAPEHHEM HAHOTEXHOJIOTHI B JKM3Hb OOLIECTBa
NOCTOSHHO ~ YBENUYHMBaeTCs IOTPEOHOCTH B BBICOKOKBaNM(HIMPOBAHHBIX
cnenuanycrax. B psge By30B Poccuu npuCyTCTBYIOT ClIELMaIbHOCTH, CBSI3aHHBIE C
HAHOTEXHOJOTUSAMHU, HO B  OONBIIMHCTBE  CIy4aeB HE  IPOMCXOOMT
NpeBapUTEIbHOM OpPHUEHTALMM IIKOJBHUKOB HAa BO3MOXHOCTH IPOJAOIDKEHHMS
y4eObl B JaHHOM HalpaBJICHAH.

JlanHas oOpa3oBaTenpHasi INpOrpaMMma MOMOTaeT B PELICHMH CIEAYFOLIUX
aKTyaJIbHBIX Mearornyeckux 3a1ay, Takux Kak:

o MOKa3aTh MECTO ¥ pOJIb HaydyHOH MEATENbHOCTH B CTPYKTYpe
COBpEMEHHBIX BBICOKOTEXHOJIOTMYHBIX MPOdeccui;

o copMUpOBaTh HaBbIKU paboTsl Ha COBPEMEHHOM

BBICOKOTEXHOJIOTHYHOM 060py1103aﬂun na6opaTopnﬂ;

o OBJIJIETh HABbIKAMU IPAKTHYECKOTO IPUMEHEHUS TEeXHOIOIrHi
HaHOXHMMHUU;
° 3auHTEPeCcOBaTh O0YYAIOMIUXCS TPOEKTUPOBAHUEM IKM3HEHHBIX MU

NpodeCCHOHATBHBIX IUIAaHOB, 0COGEHHOCTAMH Oy myllel Mpodeccry, BO3MOXHBIMU

ITYTAMH JOCTHOKECHMS BBICOKOM npoq)eccnonanbnoﬁ KBaJIPI(i)I/IKaHl/IH.
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HpH COCTaBJICHHUU TIIporpaMmMal YYUTBIBAIIUCH CJIEOYIOLIHE

ncnxo@mnonom%cme 0COOEHHOCTH TNIOTCHLHAJIbHBIX o6yqaiomprxc;1 .

° IIOTpeGHOCTB B JKH3HCHHOM CaMOOIIpElENeHUUd | O6paH.IeHHOCTI>
IIJIAaHOB B 6y,uyu1ee, OCMBICJIEHHUE C 3TUX IO3ULUHI HaCTOsLIEI O,
CTAaHOBJICHUE COLUAJIbHEIX MOTHBOB rpaXXJaHCKOr'o OoJira,

TCHACHLMA K OCO3HAHUIO IIKOJIBHUKOM CBOETO MUPOBO33PECHHSA;
l'IOTpe6HOCTI> B OCO3HAHUWU Ce0s KaK LIeJOCTHOMN JIMYHOCTH,

OLICHKe CBOMX BO3MOXKHOCTEH B BBIOOpe mpodeccur, B OCO3HAHHUU CBOEH

YKU3HEHHOW MO3ULINH;
® CTaHOBJICHUE LeJIeNOoIaraHus;
HUHTEPEC KO BceM hopMaM caMoo0pa3oBaHus;

U30MpaTeNbHOCTh IIO3HABATENBHEIX MOTHBOB, MAUKTyeMas BbIGOpOM
npodeccum;

YCTOHYMBOCTh UHTEPECOB, UX OTHOCHTENbHAS HE3aBUCUMOCTh OT MHEHMS
OKPY KAIOIIUX.

B pamkax peanuzanuu nporpaMmsl y oOydarommxcst GOpMHUPYIOTCS 3HAHUS
O MeTOJaX M TeXHOJIOTHSX IOJyYEHHUS HAaHOCTPYKTYpUPOBAHHBIX MAaTepHAJIOB, B
OCHOBE KOTOpBIX JIe)XKaT pasinu4yHble Quznyeckue © (GU3NKO-XUMUYECKHUE
IIPOLIECCHI.

[MpumeHeHue MeToa Yy4eOHBIX KEHCOB SIBISETCS OYEHb BAXKHBIM H
3(p(PeKTHBHBIM MeXaHU3MOM (OPMHPOBaHHS CIOCOOHOCTH CaMOCTOSTENBEHO
MBICIUTb, JO0OBIBaTh M TNPUMEHATh 3HAHMS, TLIATENbHO OOXYMBIBATH
MpUHAMAeMble  pPEelIeHHs, 4YeTKO IUIaHWpOBaTh  AeWcTBHs, 3(pheKTUBHO
COTpyAHMYATh B pa3HoOOpasHbiXx rpynnax. CoBpeMeHHbIE NeIaroruyecKue
WCCJIEIOBAHMS TOKA3bIBAIOT, YTO METOJ KEeWCOB pa3BUBAET UCCIENOBATENbCKUE U
TBOpYECKHE CIIOCOOHOCTH 00yYaromuxcsl, MOBBIIACT MOTHBALMIO K TONYYECHHIO
JOTMOMHUTENbHBIX 3HAHMM ¥  pa3BUBAET CaMOCTOSITENIbHYIO  aKTHBHOCTb,
aKTUBM3MpYeT [POLECC  BKIIOYEHHS  IUKOJBHUKOB B  IO3HABATENbHYIO

OEATCIBbHOCTD.



B nmponecce o6yqemm NPUMEHSIOTCS CIEAYIOIME TEXHOJIOTHUH:

° npobyiieMHoe 00y4deHue;

° uccaenoBaTenbckue MeTobl 00ydenus u TPU3;

° TEXHOJIOTHS OTIEPEXKAIOILEro 00yIeHH S,

e o6yueHue B cOTpyAHHYECTBE (KOMaHIHas, TPYMIoBas paboTa).

[IpriMeHsieMble TEXHOJIOTHH CIHOCOOCTBYIOT TBOPYECKOMY OBJIa[ICHHIO
3HAHUSMH, HaBbIKaMH, YMEHHSIMU U Pa3BUTHIO MBICIIUTEJIBHBIX CIIOCOOHOCTEM.
1.5. OB EM/CPOK OCBOEHMSI [TPOI' PAMMBI
Iporpamma paccuuTtaHa Ha 144 y4eOHbIX Yaca. Cpox OCBO€HUsI IPOrPaMMBI

— y4e6HBIi TOJI, C CeHTAOPS N0 Maii.
1.6. LIEJI U1 3AJAYU ITPOI'PAMMBbI

LlenssMd  TpOrpamMMbl  SBIAIOTCS — GOPMHpPOBAaHME Y 00y4aroLMXCs
COBpPEMEHHBIX  IpeICTaBIeHHA O  HaHoMaTepHanax, BO3MOXKHOCTAX  HX
MCHONB30BaHUsS NPU CO3NAHMM HAyKOEMKOH IpPOIYKLWH, a TakoKe pa3BUTHE
CIOCOGHOCTH Y OBGYYarOIUXCs peau30BbIBaTh MICH Ha MNPAKTHKE H IyOIU4HO
TpeACTaBIATh Pe3yIbTaTh] HayJHO-MCCIIEJOBATENBCKOH ACATENBHOCTH.

3aauamMy [IPOTrPaMMBbl SBIISIOTCS:

° copmupoBaTh y 0Oy4arOIMXCs NPEACTABICHAE O COBpPEMEHHBIX
JOCTHIKEHHX B obnacTh Hayk (pusuka, uHpOpMATHKa, XHUMHI, MaTeMaTHKa) U uX
CTBIKOBBIX YACTSIX, ABJISIOLIAXCS OCHOBOM HAHOTEXHOJIOTHH, pacIIUPHUTh HAy4HBIH

Kpyrosop;
o [103HaKOMHTh  OOydalomMxcs €  TEXHOJOTWIMH  HAyIHO-

I’ICCJ’IG}IOB&TCHBCKOFI JesTebHOCTH,

° OCBOMTh OCHOBHBIE ~ METOABI  TOJNYHYEHHs  HAHOMATEpHalob
¥ HAaHOCTPYKTYD;
° cpopmupoBaTh  HaBbIKH MpOBEIEHHs.  TEOPETHYECKHX M

SKCHepHMeHTaJIbHBIX HCCJIeIIOBaHHf;I OT NTIOCTAHOBKH 3aJ1a4uH 10 €€ peanu3annu;



° copMHpOBaTh HABBIKM KOMaHJHOK paboTel ¥  ITyOIMYIHBIX
BBICTYIUIEHHH, NOKIAJOB, B TOM YHCIE HaBBIKM apryMeHTalMd U Mepenayu

Hay4YHOr'0 MaTtepuana.

1.7. POPMA OBYYEHMSI, BUJIbI 3AHSATUN U PEXXHM 3AHATUN
Mecto peanmsaumm mporpammei: AHO AT  «KpacHospckuii
«KBantopuym». Agppec: yin. Jy6posunckoro, 1M (Tamepes «EHucei»),
r. Kpacnosipck, Kpacnosipckuit kpaii, 660049.
Cpox peanmzanuu nporpammbi: 1 rox. O6bem y4eGHo# Harpysku — 144
y4eOHBIX Jaca.
®opMbl M PeKUM 3aHATHI
®opma 00y4eHus — OYHasl.
Pexum 3amaTuii: 2 pasa B Hememo mo 2 akaJgeMHYeCKHX dYaca ¢
JECATUMHUHY THBIM IIepepbIBOM, 4TO omnpenenseTcs CaHUTapHO-
SMUAEMHUOJIOTMYECKUMH IpaBriiaMu 1 HopMmatuBamu CIT 2.4.3648-20.
[Ipy npoBeneHWM 3aHATHH TPAJULMOHHO KCIONB3YIOTCS TPH (OPMEI
paboThI:
® (poHTanbHas, KOrAa o0ydyaloLuecss CHHXPOHHO pabOTAOT MOJ YIpaBIeHHUEM
TnieJiarora;

® caMOCToATeNbHasA, Korga oOydJaloliyecs BBINONHSIOT HHAWBHIYAIbHbIE
3a/laHus B TEYCHUE YACTH 3aHATHS UM HECKOJIBKUX 3aHATHIA,

® JEMOHCTpPAlMOHHAs, Korja oOydJaloluecsi CIyIIaloT OOBSCHEHUs Ieaarora
¥ HabJIIOAI0T 32 AEMOHCTPALMOHHBIM 3KPAaHOM HJIM 3KPaHAMH KOMIIBIOTEPOB
Ha yYeHHYECKUX pabouux MecTax.

OGyuenue npoBoAWTCS B (opmate JeKUui, OOBACHEHUH W NEeMOHCTpALHit
IJiA  YCBOEHHsl TeopeThyeckoro marepuaina. I[locrme nekuMOHHOro Matepuana
NPOBOJATCS NpPaKTHYECKHe 3aHsATHs (J1abopaTopHble paboTsl) uisi 3hdeKTHBHOrO
3aKpEeIUIEHHs MOJyYEHHBIX TEOPETHUYECKUX 3HAaHMM, a Talke i (OpMHUPOBAHHMS

6a30BBIX HaBBIKOB pabOThI C 000PYJOBAaHHUEM.



Jns mpoBepKM TONYYEHHBIX 3HAHMM HCIONB3YIOTCS ITyOJIMYHBIE 3aLIUTHI
pe3yJbTaToB, MOJYYEHHBIX HA NMpaKTHKaX, a TAKkKe BBICTYIUIEHHs Mepej rpymnrou
IIKOJIbHMUKOB Ha 3apaHee MOATrOTOBJIEHHBIE TEMBI.

Pexomennyemsie Gpopmbl

o Ha JTare U3y4YeHHs HOBOro MaTepuaia — JIeKLHs, 00bACHEHHE, paccKas,
JAEMOHCTpaLus;
° Ha 3Tane 3aKperUleHHs] U3yYeHHOro marepuana - Oeceza, IUCKycCud,

npakTuyeckas pabora, naboparopHas pabora;

° Ha JTare NOBTOPEHUs M3YYEHHOro MaTepuana — HabMoJeHue, yYCTHEIH
KOHTpOJIB (0IIpOC), IKCIIEpUMEHTaNIbHAs paboTa;

° Ha DJTane TIpOBEepKHM IMOJMYyYeHHBIX 3HAHHUH —  BBINOJHEHHE
JOTIOIHUTENIBHBIX 3aJaHui, KEHCOB, IMyOJMYHOE BBICTYIUIEHHE C AEMOHCTpaLUei
pe3ysbTaToB paboThl HaJ 00pa3oBaTeNbHBIM MOIYJIEM, TPaKTUYECKas 3a/1a4a.

1.8. INTAHUPYEMbBIE PE3VJIbTATBI

PesynsraToM 00ydeHus o nporpamme «HaHOTEXHONOTUW» NOJDKHO OBIT:

° COXpaHeHHe M YCHJICHHEe MOTHBALMM K JajbHEHIeMy NpodHIbHOMY
obpazoBanuio  (xumus, ¢usuka) U chepam Tpyda, NPEANoJararolUM

npogeccCHoHaNbHOEe NPUMEHEHHE HAaHOTEXHOIOT 1,

° BIaJIcHHE€ CHUCTEMHBIMH 3HaHMSAMU B OONacTd XuMHUM, OGU3UKU U
HAHOTEXHOJIOTUI;
° pa3sBUTHE HHTEIUIEKTYalbHBIX CIIOCOOHOCTEH, yMEHMs pellaTh

HECTaHJapTHbIE 3aJa4U ITOBBILIEHHOI'0 YPOBH CJIOXXHOCTH;
° YMEHHE CaMOCTOSATEIIbHO pa601"aTb C  BBICOKOTECXHOJIOTHYHBIM

OGOPyHOBaHHeM U YCIICIIHO peliaTh Ha HEM IIOCTaBJIICHHBIC 3a1a4H;

® BJIaJ€HHE OCHOBHBIMM METOJAAaMH CHHTE€3a HaHOMATepUaJlOB H
HAHOCTPYKTYP;
° passmne DJIEMEHTOB TBOpquKOﬁ NesATeIbHOCTHU, TaKUX KaK: BUACHUE U

dopmMypoBaHue NpobieMbl, BEIABUKEHHUE THIIOTE3, X MPOBEPKa;




° chOopMHpOBaHHBIH HABBIK TOKCKa Heobxomumoi HH(poOpManUu B
Hay4HOH IUTEepaType;

° chOpMHUPOBaHHBIH HABbIK ~ KOMaHIHOM paboTbl M MyOIMYHBIX
BBICTYIUICHHUH.

1.9. ®OPMBI ITIOJABEAEHM UTOI'OB

Texyuuii KOHTPOJIb OCBOSHHS IIPOrPaMMBbI IPOBOAUTCS BO BPEMA 3aHATHUIH
npd TOMOIM HAONIOJEHMH, ONPOCOB,  3AIHUTHI nabopaTopHBIX ~ PadorT.
(TIpunoxenue 1-16) JIna npoBepkH MONy4IEHHBIX 3HaHMM HCIOJB3YHOTCA
NyGIUYHBIE 3aIIUTHl pe3y/NbTAaToOB, TNOJYYECHHBIX Ha MpaKTHKax, 2 TaKoKe
BBICTYIUIEHMS] Ha KOHGEpPEHLMAX ¥ HHBIX HayqHO-TEXHHIECKHX MEPOTIPHATHIX
Pa3IMYHOrO YPOBHSI.

B KOHILE NEpBOro IOIYyroAusl NPOBOAUTCS IIPOMEXYTOYHBIH KOHTPOIb (2
yaca) B hopMe KOHTPOJIbHOM MPaKTHYECKOH paboTEI.

ATTecTanys 110 HTOTaM OCBOEHHMs MporpaMMsl (2 daca) B popme UTOroBOM
sammTel  paGoTel MO  Keficy (OCYLIECTBISETCS — MOCPEACTBOM  PEIICHHA
KOHTPOJILHOTO MTOTOBOrO Kefica pabOYMMHU IpyIaMy, NPEACTaBICHA H 3aLIUTBI
pe3yibTaToB) (MPHIIOXKEHHE 17). inst oueHKH (UHAIBHBIX PE3yJbTAaTOB paboThl
KAKIOW KOMaHAbl IMeJaror pacCMaTpvBaeT pelIeHHe HTOroBOro Keiica no
CHIeLYIOIUUM KPUTEPHUSIM:

o CIIOCOGHOCTh K IOMCKOBOM [ESTENHHOCTH IO MHOTOS3BIYHBIM
pecypcaM MHTEpHeTa /Ui aHau3a uMeroleiica MHPOpMaLHY 110 TEME 3aa4Ht;

o CIIOCOBHOCTh K CMbICJIOBOMY UTEHHMIO TEKCTOB 3a/1a4 C ONpPEACICHUEM
KpyTa peliaeMblX BOIPOCOB 1 YCIIOBUIA;

° COBITIO/IEHIE TEXHUKU GE30MacHOCTY B 1a00paTOpuy;

o CIIOCOGHOCTh K CaMOCTOSITENBHOMY OIpEJENEHHIO HEOOXOMMMBIX
0GOpyHOBaHKs H MATEPHAIOB i NIPOBE/ICHHS IKCIICPUMEHTA,

° CIIOCOBHOCTH K CAaMOCTOSTEIEHOMY IIPOBECHHUIO OKCIICPUMEHTA;

° yMeHMe TeHEepUpOBaTh  HECTAHJApTHbIE — PeLICHMs — METOAaMH

TEXHUYECKOI'0 TBOPUECTBA,
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° YMEHH€E aHaJIM3UpOBaTh NONYUEHHBIN pe3yJIbTaT;
° YMEHHe€ NeaTh BbIBOJbI M NIPE3EHTOBATh Pe3ybTaThl paboTh;
® CIOcOOHOCTH paboTaTh B IPYIIIE.

IIJ'I}I YCHCHIHOfI aTTECTAllMM II0 UTOramM OCBOCHHS MPOrpamMMbl HeoOXOAMMO

Habpats He MeHee 50 Gauios (mpuoxenue 18).



2.YYEBHO-TEMATUYECKHUH ILJIAH

Ne O6ee B Tom unce:
n/n KOJINYECTBO
HauMeHoBaHKe pa3enoB U TeM
4acoB TEOpEeTH- | IPaKTH-
YeCKHX | 4eCKHX
1. CobmoneHne npaBuil TEXHUKH
6e30macHOCTH U CAaHUTAPHO-
THTMEHUYECKMX HOPM IpU paboTe ¢ 2 2 0
9JIEKTPOOOOPYIOBaHUEM U yueOHO-
METOUYECKMMH MaTepraiaMu
2 | OcHOBBI (HU3UYECKHUX 3aKOHOB MaKpoO- U
22 10 12
MHUKpOMUpa
3 BBenenue B HAHOTEXHONIOTUH 24 6 18
4 | MartepuaJbl ¢ TaMATBIO ()OPMBI U OIIBITEI 6 2 4
C HUMH
o ITpomexyTOYHBIN KOHTPOIB 2 0 2
6 TepmoxpomusM. XUMHUYECKUI ] 2 6
TEPMOXPOMHU3M.
7 Tepmoxpomusm. Ou3nyecKunt 6 5 4
TEPMOXPOMHU3M.
8 [TpUHIMITBI, METO/BI ¥ METOUKH 26 3 18
U3MEPEHUH.
9 | BrinonHeHue y4yeOHBIX KEHCOBBIX 3a1a4 46 6 40
10 KoHTposb 110 UTOraM OCBOEHUS 5 0 5
nporpaMMsl. Pedrexcus.
NUTOI'O yacos: 144 38 106




3. COJEP)KAHUE IMPOT'PAMMBI

Ilporpamma  opmupyer Habop  0a3oBBIX 3gaHu# B oOnacTH
HAHOTEXHONOTMH, HEOOXONUMBIX /s S(hPEKTHBHOTO peleHus: MNPOPUIBHBIX
3ajay.

1. Cobmopese npaBuil TeXHHKH 0e30MacHOCTH M CaHUTAPHO
THTHEHHYECKMX HOpPM Tipu paboTe ¢ 2/eKTpoOoOOpyNOBaHHEM U yue6HO-
METOAMYECKMMHU MaTepUalaMHu.

O6ume npaBuiia 6e30MacHOCTH B 00pa30BaTeIbHOM yUIPEHKACHUH. OcHOBEI
TEXHMKH GE€30MACHOCTH NpH paboTe ¢ JNEKTPHYECKMMH NPUOOpaMHy. TexHuka
GesomacHocTd mpu pabore B JaGopaTopuu. OOLike IONOXEHHS TEXHUKH
6e30MacHOCTH TIpH paboTe ¢ XMMUYECKMMH peakThBaMu. TeXHuka 6e30macHOCTH
npu pabote ¢ 1a6OpaTOPHEIMU YCTaHOBKAMH. Tect «TexHuka 6€30MaCHOCTH NPHU

pabore ¢ 1aGOpPaTOPHBIMH YCTAHOBKAMID).

2. OcHOBBI (pU3UUECKUX 3aKOHOB MAaKpO- H MUKPOMHPA.

Mexannyeckoe  mBwkenue.  CkxopocT.  Meromsl — HCCIE€NOBaHHA
MEXaHHYEeCKOTo JBIKeHus. SIBnenue uHepuuu. Macca. IIIOTHOCTE BeIIECTBA.
Cuna. Cuna Tsxectd. Bec. Cuna ynpyroctd. Croxenue CAIL PaBHOBecHE TEI.
LlenTp TsDKecTH Tena. JlaBieHHe. 3akoH Apxumesna. ATMoc(epHOe IaBIEHHE.
Cuna Tpenus. Oeprus. Pabora ¥ MOIIHOCTb. [IpocTele MEXaHU3MBI.

MexaHu4eckue KojeOaHus. MexaHU4eCcKHe BOJIHBL.

ATOMHOE CTpOEHHE BeLIECTBa. B3auMozeiicTBHe YacTHI] BellecTBa.

CBOICTBA ra30B, XKUAKOCTEH U TBEPABIX TEJI.
Temneparypa. BHyTpeHHss OHEPrsl. KonuyecTBo TEIUIOTHI. Y IeNbHas

TerI0eMKOCTh. BUIbI TeIIonepeiain. [TnaBneHue U Kpuctauiyzauus. Mcnapenune

1 xonpeHcanys. Temnsiora CropaHus.
DnexTpudeckuii 3apsn. BsamMopieHCTBHE  3apANOB. 3aKOH COXpaHEHHS

3JIEKTPUYIECCKOI'0 3apsja. ﬂeﬁCTBHC 3JIEKTPUYECKOro I0JIA Ha DJIJIEKTPHUYECKHE

3apafBl. DHEprus JJEKTPUIECKOro IOl [TOCTOSIHHBIN 2JIEKTPUYECKHH TOK.

Vicrounuks Toka. Cmia Toxa. 3akoH Oma jud ydacTka LCIH. H3mepeHue

HOe M IapajliejibHOe COCIUHCHHUE

3JIEKTPUYCCKHUX BEJIMYHH. ITocnenoBaTtelib
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NPOBOJHKMKOB. Pa6oTa M MOLIHOCTH 3JeKkTpHyeckoro Toka. Ilpupona Toxa.
[TonynpoBOAHUKOBBIE IPHUOOPEI.

B3aumoelicTBe TOCTOSHHBIX ~MarHMUTOB. MarHuTHoe Ioje  TOKa.
OnexkrpomarHut. JleficTBUE MAarHUTHOrO IIOJSl Ha IPOBOJHUK C TOKOM.
DneKkTponBHraTenb.  DJeKTpOMarHuTHas  MHOykuus. Ilpasunmo  Jledna.
Camounnykuusi. DnekTporeHeparop.

Ilepemennbrii  Tok. [Ipou3BoacTBO U  Iepefada  3JIEKTPOIHEPIHUH.
ONeKTpOMarHUTHbIE KoNeOaHus. DJIEeKTPOMAarHUTHBIE BOJHBI M HX CBOHCTBA.
IIpUHLUNBI PaAUOCBSI3U ¥ TEEBHICHNS.

CoiictBa cBeta. Ortpaxenne cBera. IIpenomienue cBera. JIMH3BL
Ontuyeckue npubopsl. Jlucrnepcus cBera.

JlabopatopHele  paboTh:  «CrnekTpoOTOMETpPUYECKOE  ONpEAesIEHHE
nepMaHraHat-uoHa «Cnektpodoromerpudeckoe ompenenerue xenesa(lll) ¢
UCIIONB30BaHUEM CYNIb(acCaTUIIUIIOBON KUCIOTEIY.

3. BBeieHre B HAHOTEXHOJIOTHH.

Hano kak MmnnuapaHas nois oT MeTpa. HaHOCTpYKTypsl — OOBEKTEI,
NPOMEXYTOYHBIE MEXAYy MOJEKYJIaMH ¥  MaKpOCKONHWYECKUMH TeJaMH.
[TonoykeHne HAHOCTPYKTYp Ha IOKaje pa3MepoB. IIpuMepsl NPHUPOIHBIX
U CHHTe3UpOoBaHHBIX HaHOCTPYKTyp (JAHK, 4acTuusl mnpHpOAHBIX IUIMH,
¢yutepeHbl, MarHUTHBIE KJIacTepbl ¥ Ap.). [loueMy oCBOeHHEe HaHOMUpPA MOXET
OBITH TaK MOJIE3HO /s yenoBedecTBa? Puyapn defiman.

Hanococrosunue. [Ipu4nnel Bo3HUKHOBeHHUs. Ponb moBepxHOCTH, pasMepos
M KOJMYECTBA aTOMOB B (DOPMHUPOBaHUM HAHOCOCTOsIHMSA. OCHOBHBIE 3()(heKTE,
NPOSBIISIOIIMECS TIPY IEPEXOJIE MAaTepHalioB B HAHOCOCTOSHUE (M3MEHEHHE
NapaMeTpoB BHYTPEHHEH CTPYKTYpbI, TEMJIOBBIX, DJIEKTPHYECKHUX, MArHUTHBIX,
ONTHYECKMX, XMMHYECKMX CBOHCTB). Knaccuduxauus HaHOMatepuanos.
CrpykTypa M CBOWCTBA KOMMNAaKTUPOBAHHBIX HaHOMAaTepHanoB. Ilpumepl
HaHOMaTepuasioB W uX InpumeHeHus. CTpyKTypa U CBOMCTBA HAHOCHCTEM.

HpHMepBI HaHOCHCTEM U UX NIPUMEHEHUSL.



Jlabopartopuble pabotei: «Xumuueckuil cHHTE3 M (DUBHKO-XUMHUYECKHIt
aHaNM3 BOJHOM MJMCIEPCHMM HAHOYACTHIl 30JI0Ta»; «XUMMYECKHHl CHHTE3 U
CNIEKTPOYOTOMETPUUYECKHH  aHANM3  JMCTIEPCMM  HAHOYAacTHL  cepeGpaw;
«ITonmyuyenue yrnepoausix HaHoTpy60K Ha Ni-kaTanuzaTopey.

4. Matepuais! ¢ maMATbIO (OPMBI ¥ ONBITHI ¢ HUMH.

3HaKOMCTBO C YHHKIbHBIMM MaTepualaMi, OONaJaloOmUMH MaMsThIO
dopmel. Dddexr mamstn popmer (II1D). Mexanusm peanusauuu >pdekta
namatu Gpopmel. BoccTaHoBIeHHE epBOHAYAIBHON CTPYKTYpHI B CIUIaBE HHUKENA
M TUTaHa (HuTHHONE). SIBneHus, cesizanubie ¢ JIID. O6paTumas namaTh GOPMBIL.
Obnacts npuMeHeHus.

JlaGopaTopHsie pabotsl: «Omnpesenenne TeMnepaTyphl aKTHBALMU «ITAMSITH»
HUTHHOJIa»; «3aKaJKa HUTHHOJIOBOM IPOBOJIOKI.

5. Tlpomexyrounsiii koHTponb. KonrtpomsHast pabora «KauecTBeHHBIH
aHanu3 obpaslia HEM3BECTHOIO COCTaBa»

6. Tepmoxpomusm. XUMHYECKUH TEPMOXPOMHU3M.

Tepmoxpomusm,  ofmee  ompemeneHde.  TepMOXpPOMH3M  XHUMHYECKHX
W OpraHudeckux  coeauHeHui. TepmoxpomusM B ra3oBod  ¢aze.

TepMOXpoMU3M B pacTBOpax ¥ COEAUHEHHSX. TepMOXpOMHU3M B NOJIUMEpaXx.
CpaBHeHHE KJIaCCOB TEPMOXPOMHBIX coequHeHui. O6macTe NpUMEHEHHs.
HMcronb30BaHie TEPMOXPOMHBIX COEJUHEHUH.

Jla6opatopHbie pabotsl: « Tepmudeckas aeruapaTaius XJIopuaa KobanbTa»;
«/3y4eHre MHANKATOPHBIX CBOMCTB aHTOLHMAaHOB «M3ydeHue CBETOOTpaKaOLIMX
TIOPOILKOB C MOMOIIBIO ONITHYECKOM U 30H0BOH MUKPOCKOIUI.

7. TepmoxpomusM. PU3HYECKUN TEPMOXPOMHU3M.

duznyeckuit TEPMOXPOMHU3M. Kunkue KPHUCTAJLTBIL.
Smartorintelligentmaterials - «ymHbie Marepuaib». OOpaTHMble TEPMOXPOMHBIE
MaTepuansl. [IpUMEHEHHE  TEPMOXPOMHBIX — MaTepHaJoB B  Pa3lMYHBIX
yCTpONCTBaX.

Jla6opaTopHsie pabotel: «OmnpeneneHue (GOpMbl M PasMEpOB HaCTHIL

TEPMOXPOMHOI'0 ITMI'MEHTA C MOMOLIBIO OIITHYECKOIO MUKPOCKOIIa».



8. IIpuHLMIIBI, METOMBI ¥ METOANKH U3MEPEHMIA.

Ocnosnas unes C3M. Ipoctpancteennoe paspeinenue C3M. ITbe30ckaHnep.
Crabunuzanus HAaHOKOHTAKTa 30H/a ¢ 0GPA3IOM C IIOMOILIBIO CIESIIEN CHCTEMBI
(CC). AmnanoroBas u wuudpposas CC. PexuMm NOCTOSHHOrO B3aMMOIEHCTBUA
U TOCTOSIHHOM BBICOTHI. KOMIpoMHCC MeXIy TOYHOCTBIO M YCTOHYHBOCTBIO
cnexxeHus. [IpyHIMI 3a1UTEl HAHOKOHTAKTA OT BUOpalHii, aKyCTHYECKUX IIyMOB
1 TeroBeIX ApeldoB. OcHoBHble THIBI C3M, OCHOBHBIE W3MEPHTEILHBIE MOJIEI.
AnnapaTHO-NporpaMMHBIE CpPEJCTBa yIpaBiieHus, cOopa u obpabotku C3M-

JMaHHbIX. OnbiT BHenpeHus: uHHoBauuit B EC. OcHOBHBIE (D)MPMBI-IPOU3BOAUTENH
C3M.

3HaKOMCTBO C ONTHYECKMM MHKDOCKOIIOM H €ro BO3MOXXHOCTSIMH.
3HaKOMCTBO ¢ MeTajiorpaduiecKkum MHKPOCKOIIOM. 3HaKOMCTBO
CO CrneKkTpohOTOMETPOM. 3HAKOMCTBO C KOHIYKTOMETPOM M PEe(PPaKTOMETPOM.
3HAaKOMCTBO CO CKAaHHUpPYIOLIMM 30HJOBBIM  MHKDOCKONOM. 3HAaKOMCTBO
C MUPOJIUTHIECKUM [a30BBIM PEAKTOPOM.

CocTosiHME el B COBPEMEHHOW ONTHYECKOW MHMKpPOCKONMH. ba3oBkie
TNPUHIMUIB  KOH(POKAIBHOH M  ONMKHENONEBOH ONTHYECKOH MHKPOCKOIMH.
VIHTEHCUBHOCTD 3JIEKTPOMArHMTHOTO U3ITy4eHHs B 9BaHECLIEHTHOM 30He (OmibkHee
none) U B 30He paibHero mons. 3oHa mis OMBIL. Konerpykiws ontudeckoro
mukpockorna Gmmwknero mnons (OMBII) wu KOH(OKANBHOTO  ONTHYECKOTO
MHUKpOCKOMa. YCTPOXCTBO U paboTa JIa3epHOro NUHLETA.

VianeHue HaKJIOHa IUIOCKOCTH, YJal€HHe IOBEPXHOCTH 2-TO TOPSIKa,
CIIaXKMBaHUE METOAOM CKOJb3SIIEro OKHa, MeiuaHHas unbrpanus, @ypbe-
qunbTpauus, IoONepeYHoe  CEeueHHe C3M-u300pakeHuid,  TUCTOrPaMMBbI
pacrpeieNieHusl [0 pa3MepaMm, CiocoObl Pe/ICTaBIeHUs 3D-u300parkeHUH.

dopMUpOBaHHe H300paXeHHs B DPAaCTPOBOM OJIEKTPOHHOM MMKPOCKOIE.
JleTeKTOpsl B PAacTpoBOH  JNEKTPOHHOM — MHKDOCKOIMH. Bo3MoxxHOCTH
¥ OrpaHMuYeHds B HaONIONEHHH M aHalU3€ TOBEPXHOCTH, MOpP(OIIOrHYECKHX
M TeOMEeTPUYECKHX IapaMeTpoB OOBEKTOB HCCIEIOBAHU. AHaTHTHYECKHE

BO3MOXXHOCTH  PACTPOBOTO  3JEKTPOHHOrO  MHKPOCKOIA. PeHTreHOBCKHH
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MUKpPOaHAJIN3 QJIEMEHTHOI'O cocTaBa MHUKPO- Hu HaHOO6’BeKTPOB.

OneKTpoHHOMy4eBass JnuTorpadus Ha pe3ucTe U Jpyrue METOIbl CO3/aHHs
HAHOCTPYKTYp C TIOMOIIBIO 3JIEKTPOHHOTO my4ka. OCHOBHBIE (HUPMBI —
IIPOMU3BOUTENHU 000pYIOBAHUSL.

JlaGopatopusie paGoter: «O6paborka u mnpexacraBienne C3M — HaHHBIX»;
«MccnenoBanue crpyktypsl tama CD-R wnu  CD-RWx;

nosepxHocTH hadpuunoro aucka tTuna DVD-ROM»;

«HccnenoBanue

9. BrinonHeHue yueOHBIX KEWCOBBIX 3a1au.

- Cunre3 MOMUHO(OPOB PA3IHYHOIO COCTABA;
- CHHTe3 HaHOYACTHUI] Pa3IUUYHOrO COCTaBa;

- CuHTe3 yriiepoiHBIX HAaHOTPYOOK;

- CHHTe3 HAaHOYaCTHUI] Pa3IMUHOIO COCTaBa;

- Co3pmanue ruapodobHOro MaTepuana.

10. UWTOroBblli KOHTpONb. PelneHre KOHTPONBHOIO MTOrOBOrO Keiica
paboueii rpynnoi. Pednexcus.



4. Cniucok IuTePaTypPhI

Jlnteparypa i o0yyarommxcs:

i’ Beenenne B HaHoTexHonoruu. Monyis «®DH3MKa»: METOIUYECKOE
nocobue no mporpaMMe 3NEKTHBHOTO Kypca mns ydureneit 10-11 xiaccos / B.B.
Ceeryxun u np.; mox pen. .M. Koctumxo, B.H. TonoBaHoBa. — YIbsSHOBCK:
yaI'y, 2008.

2. 3y6xos FO.H., Kagoukun A.C. [u np.] BeeneHue B HAaHOTEXHOJIOTHH.
Monyne «@usuka». YyebHoe mocobue mis ydammxcs 10-11 x1. / mox pen. B.B.
Ceetyxuna u np.: C.- [etep6ypr, 2012.

3 CnoBapb HaHOTEXHOJOTMYECKMX W CBA3aHHBIX C HAHOTEXHOJOTHMSAMH
TepMHUHOB, oA pea. C.B. Kamoxuoro, Mocksa, PU3SMATJIUT, 2010.

4. Tpetesxos 0. HanorexHonorun. A36yka mis Bcex / COOpHUK cTaTei
nox penakuuei F0. Tperpsikosa. — M.: @usmartiut, 2007. — 368 c.

5. Borarcteo Hanomupa. ®@otopenoprax u3 riy6uH Bewectsa. 'y quius
E.A. u np., nox pexn. }0.Jl. TperbsixoBa. - M.BUHOM. JlaGopatopus 3HaHHi,
2010.

6. Jopora anuHHOIO B Bek: M3 UCTOpHM OTKPHITHS M HCCIIENOBaHMA
wuakux kpuctaiuio / Conun A C. - M.: Hayka, 1988.

7, Y nusurenbHble HaHOCTPYKTYpHL, K. lleddeiic, C. deddeiic; nox pex.
JL.H. Iarpukeesa - M.: BUHOM. JlaGopartopus 3Haunuii, 2011.

8. Mup ¢usuku u Texuuku. B.JL.MupoHoB. OCHOBBI CKaHHpyOMIEH
30H10BO# Mukpockonuu. Mocksa: Texno, 2009.

9. Xumusa snementoB: B 2 tomax / H. I'punByn, A. Dpumo; -M.:
BUHOM. Jla6oparopus 3Hanuii, 2010.

10. XuMusA HOBBIX MAaTepUaJlOB U HAHOTEXHONOTWi. YyeOGHOe mocobue.
Ilep. c anrn.: Hayunoe uspnanue / b. ®exneman - Jonronpyausiii: M3natensckuii
JoM «HuTemnekt», 2011. - 464 c.: uB. BKIL.

11.  Yepueno I'.T. Hanorexnonoruu. Hacrosiee u 6ynaymee. [lkonsHbIi

nmyTeBoguTeNb. banTuiickas kHwxHas komnanus, 2015, - 80 c.
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Jnsa nenarora:

1. CrioBaps HaHOTEXHOJIOTMYECKUX M CBA3aHHBIX C HAHOTEXHOIOTHUAMH
TepMUHOB, noj pea. C.B. Kamoxunoro, Mocksa, PU3MATJIUT, 2010.

2 Borarcteo Hanomupa. ®@otopenoprax u3 riy6un Bemectsa. I'yqunun
E.A. u mp., non pen. 0.[l. TperssixoBa. - M.BUHOM. JlaGopatopusi 3HaHui,
2010.

3 Hanoxumus. Ceprees I'.B. - M..: U3a-Bo MI'Y, 2007.

4, Mup matepuanos u texsosnoruii. Hanorexuonoruu. Y. ITyx - mi., ©
Oysanuc, Mocksa: Texuochepa, 2006.

5. Hopora anuHHOIO B BeK. M3 WCTOpHMH OTKPHITHS M HCCIEIOBaHHS
XUIKUX KpucTamnos. / Conun A C. - M.: Hayka, 1988.

6. XKypnan «Kpanrt». Uznarensctso «Hayka», MITHMO, 1970 — 2007.

& PabGouas rpans anmasa. I'. Mumxkeesuu. JIEHU3JIAT, 1982.

8. Ceseryxun B.B., PasymoBckas W.B. u n1p. Bsenenue B
HaHoTexHoJoruu. Monyns ®usuka. 1011 xraccel. Yue6Hoe nocobue. — IMox pex.
b.M. Koctuiuko, B.H. IN'onoBanosa. — Ynesuosck: Yul'Y, 2008. — 160 c.

9. YyebHo-meTonuyeckuii kommiekc non pex. O.0. KabGapmuna —
«Apxumeny. M3natensctBo «IIpocsemenue», 2016.

DJeKTPOHHbIE PECypCHI:

1.  http://www.nanonewsnet.ru/ - calT o HaHOTexHOjJOrusix Nel B
Poccun.
2. http://www.ntmdt.ru — caiiT BeAyIIero poccUiickoro mpou3BOAUTENS

HpH60p0B JJ11 UCCIIEAOBAHUS B 00JIaCTH HAHOTEXHOJIOTHIA.

3. http://www.nanometer.ru/ - callT HaHOTE€XHOJIOTUYECKOTrO OOLIeCTBa
«Hanometp».
4.  http://nauka.name/category/nano/ - Hay4HO-NONYJSAPHBIM TOPTAT O

HAHOTEXHOJIOTHSX, OMOTeHETHKE U MOJYIIPOBOJIHHUKAX.
5.  http://www.nanorf.ru/ - xypHan «PocCHNCKHE HAHOTEXHOIOTHI.

6.  http://www.nanojournal.ru/ - Poccuiickui 3€KTPOHHBIH HAHOXYPHAI.
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7.  http://www.nanoware.ru/ - o¢uUMaNbHBIA caliT noTpebuTenel
HaHOTOBApOB.
8.  http:/kbogdanovl.narod.ru/ - «Yro MOryT HaHOTEXHOIOTHHU?»,

Hay4HO- MOILYJISIPHBIN CAaliT O HAHOTEXHOJIOTUSX.
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S.AndopmannonHo-MeTOAHYECKOE OGecneueHHe H MaTepHaIbLHO-TeXHHYecKkoe ocHamenne IIporpaMmbl

I'on
Ne H31aH Bun
n/ Ha3ssanmne ABToOp U | (3J1eKTPOHHBI
n (co3pa | i, neyaTHbIH)
HHS)
MeToanyeckne nocoous
1 | BBeneHue B HAHOTEXHOJIOTHH. XUMMSL. AxmeroB M.A .~
CII6: -
OO6pa3oBaTebHbIiH 2052, . |eRpORiHE
LIEHTP «Y4acTHe»
2 | BBenenue B HaHOTeXHONOTHU. Monynb «Pu3ukay: METOJUTIECKOe Cremmi BB, -
nocoGue o mporpamMme 3IeKTUBHOro Kypca i yuutened 10-11 VirsHoncie ViV 2008 | DneKTpOHHBIN
KJIaCCOB
MeToanuyeckue pa3paboTku
3 | «MaTepuasl ¢ MaMAThIO GOPMBI» «ITomoc-HT» 2016 | ITeyaTHbIe
4 | «DddexTsl B HEHBIOTOHOBCKHMX JXHAKOCTSIX» «[Tomoc-HT» 2016 | IleuyaTHsle
5 | «llItopmriacc: 3KCIIEPUMEHTBI M THIIOTE3b» «[Tomoc-HT» 2016 | ITeyaTHble
6 | «AncopOIMIOHHBIE SIBICHUS) «ITomoc-HT» 2016 | ITeyaTtHsle
7 | «IIpakTuka: AfCOpOLMOHHEIE SIBICHUS «ITomoc-HT» 2016 | ITeyatHsle
8 | «CTpyKTypHas OKpacKa B IPUPOJE U TEXHUKE» «ITomoc-HT» 2016 | TleuyaTHsle
9 | «IIpaktuka: CTpyKTypHas OKpacka B IPHPOJE ¥ TEXHUKE) «[Tomoc-HT» 2016 | ITeyatHsle
10 | «KosutougHble CUCTEMBI H HX 0COOEHHOCTH «ITomoc-HT» 2016 |IleyatHsle
11 | «ITpakTuka: MHOroobpasue KOJUIOUIHBIX CHCTEM» «IJomoc-HT» 2016 | IleuartHsle
12 | «ITonxmepHbIe THAPOTENH U HX CBOHWCTBAY «ITomoc-HT» 2016 | IlegyarHsie
13 | «IIpaxTuka: [TonuMepHbIe THOPOre/H U MX COPOLIMOHHbBIE CBOACTBAY «[lomoc-HT» 2016 | IleyartHsle
14 | «3akoHBI OCMOCa» «[Tomoc-HT» 2016 | IleuatHsble




15 | «/lnamMarHeTusM B MHpe MaTepHaJIoB» «[Tomoc-HT» 2016 | IleuaTtHsie
16 | «Tepmoxpomu3sm» «ITomoc-HT» 2016 | IleuaTHsle
17 | «P0TOXpOMHbIE MaTepHATIB «[Tomoc-HT» 2016 | ITeuaTHble
18 | «OnekTponpoBossiKe CBOHCTBA IPaQUTOBBIX IpUenei» «ITomoc-HT» 2016 | IleuaTHble
19 | «"amMMa 1BETOB PaCTUTENLHBIX IMTMEHTOBY «ITomoc-HT» 2016 |ITeuatHsie
20 | «MrHoBeHHasl KpUCTAJTM3aLHsD) «[Tomoc-HT» 2016 | IleuaTHele
21 | «lleonuTBI-KUIISIIHE KaMHH» «ITomoc-HT» 2016 |IleuaTHble
22 | «ITomuaTHIIEHBI BBICOKOIO X HU3KOI'O JaBJIECHH» «ITomoc-HT» 2016 |IleuaTHnle
23 | «M3yueHue u30MOpGhHBIX 3aMELICHUNY «[Tomoc-HT» 2016 | IleuyaTHble
24 | «IIpaxtuxa: M3ydyeHune H30MOp(dHBIX 3aMELICHUN» «ITomoc-HT» 2016 | IleuaTHsle
25 | «J1oTIOJIHUTENBHBIE MaTEPHAJIBL «[Tomoc-HT» 2016 | IleyatHsble
NucTpyknuu
26 _ «ITpaBuia TeXHUKH O€30TaCHOCTH B J1a00paTOpHN» | Imutpymkos M.C. [ 2017 _ IleyaTHbIi
Harasiaabie mocoousi
27 | Konneknust MUHEPAJIOB «Pycckue 2016 | xonnexuus
MHHEepaJIbD»
28 | KOHCTPYKTOp IUapO-CTEPKHEBBIX MOJENIeH MOJIEKY T 2016 | KOHCTPYKTOp
MaTepHajbHO — TeXHHYECKOe ofecneyeHHe

29 | ®doroanmnapar 2 WT. 2016

30 | KomnsroTep 3 10T 2016

31 | JlabopaTopHbIe BEChI 2 wiT. 2016

32 | Meramnorpaguyeckuii MUKPOCKOI HCCIIEIOBATENBCKOrO Kiacca 1 wr. 2016

33 | CnextpodoTOMETP 1 . 2016

34 | Muctunnstop 1abopaTOpHbIH 2 WT. 2016

35 | MaruuTHas Mellajka ¢ IoA0rpeBoM 3 wr. 2016

36 | HarpeBarenpHas IUIMTKA 1 . 2016

37 | CymwmibHbI# miKad 1 wr. 2016
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38 | UCTOYHHK MUTaHHUs 5 . 2016
39 | KomnnexT «JlabopaTtopHas nocyua» 1 . 2016
40 | pH-mMeTp kapMaHHBIi 6 1T. 2016
41 | CnuproBKH 9 . 2016
42 | ITMponuTHYECKHI Ia30BbIi peakTop 1 woT. 2016
43 | TeneBusop 1 wr. 2016
44 | Konmykromerp 6 . 2016
45 | 30H10BBII MUKPOCKOII 1 wr. 2016
46 | ABTOMaTH3UpOBaHHas J1abopaTOpHas yCTaHOBKa 1 . 2016
47 | IlopTaTUBHBIN TEPMOMETP S.mT. 2016
48 | IluneTku aBTOMaTHYECKHE 14 mr. 2016
49 | DKCHKaTOpBI 4 mr. 2016
50 | Cocyn JIpro0apa 3 mr. 2016
51 | BeitskHoM mKad 2 1T. 2016
52 | AHaJIMTHYECKHE BECHI 1 mT. 2016
53 | MynsTUMETP 5 wrT. 2016
54 | Iucriepratop 1 wr. 2016
55 | Ocuwwtorpad 1 wr. 2016
56 | Hoyt6yk 7 wT. 2016
57 | Cronpl, cTynbs, IKa(bl U CTEIIAXH VI XPaHEHNA HHCTPYMEHTOB, 2016
MaTepHalIoB, JIAGOpaTOPHOH MOCY b
58 | YupTpa3ByKkoBo# annapar 1 2019
59 | BakyyMHBIi HacocC 1 wt 2022
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[Mpunoxenue 1
Tect «TexHuka 6e3omacHoCTH pH paboTe ¢ 1a60paTOPHBIMU
yCTaHOBKaMM».
Bompoc Ne 1
Bribepu BepHOe npaBuio TexHUKK 6e30MacHOCTH B KaOUHETe XUMMUK:
A) 3anpeaeTcs youparh co CTosia HEOOXOAMMbIE IPEMETHI
b) 3anpemaercs MbITh pyKH MOCTIE SKCIIEPHMEHTA
B) 3anpemyaercs nuth, ecth, Mpo6OBATH BEIECTBA HA BKYC

F) 3alpeuIacTCs HI0XaTh 3HAaKOMBIE€ BEIIECTBA

Bomnpoc Ne 2

Ha nanHoit portorpaduu HE nzobpakeHo xummdeckoe o6opyioBaHHE

A) IIOCKOJJOHHAs ¥ KOHUYECKast KOOk
B) MepHBIii LAIHHID
B) npo6bupku

I') xummuyeckuii crakasn

Bompoc Ne 3
Ecnu yuammiicst mory4aeT TepMUYECKHH 0XKOT, OH IOJDKSH
A) cpa3y cooOImuTh MpenojaBaTelio

B) coobumTh npenoaaBaTeio nocie OKOHYaHus ypoKa



[Tpunoxenue 1
Tect «Texnuka Ge30macHOCTH pU paboTe ¢ 7a6OpaTOPHBIMH
yCTaHOBKaMM».
Bonpoc Ne 1
Bribepu BepHOe mpaBWiIo TEXHUKHM O€30MaCHOCTH B KaOMHETE XMMMUHK:
A) 3anpemaercs youpars co cTosa HeoOX0aUMBbIe IPeIMEThI
b) 3anpemiaercst MbITh pyK# TOC/IE SKCTIEPUMEHTA
B) 3anpemaercs nuth, ecTh, poOOBaTh BEIIECTBA HA BKYC

I") 3aNpemacTcs HIXaTh 3HaKOMBIE BEILIECTBA

Bomnpoc Ne 2

Ha nanno#t potorpadun HE nzobpakeHo xumudeckoe 060py1oBaHue

A) IIOCKO/IOHHAs: U KOHUYECKasi KOJObI
B) MepHBIi UUAVHAP
B) npo6upku

I') xuMuueckuit craka

Bompoc Ne 3
Ecnu yvaumiics noigy4aeT TepMUYECKHUHA 0XKOT, OH JIOJDKEH
A) cpaszy cOOOIIUTE MPENOAABATEIIO

B) COOOIIUTH IpenoaaBaTeiro NOCI€ OKOHYaHUS YpOKa



B) nonutek MecTo 0xkora XoJoHOK BOJION

') 3aKkpBITh MECTO 0XOTra JIaZ0HBIO

Bonpoc Ne 4

K enxum (onacHeIM) BemiecTBaM OTHOCSATCS
A) Kucnora u ménoys

b) wénous u yriekucneiii ras

B) conb u xucnora

I') Bona u kucnopon

Bomnpoc Ne 5

Ludpamu 1 u 3 0603HaYEHBI YACTH CIIUPTOBKH

A) xonna4ok u pezepByap
b) xonnauox u ¢puTHIb
B) konma4ok u TpyOka ¢ JUCKOM

I') Tpy6ka ¢ quckom u putHib

Bonpoc Ne 6

IlepBoe AeiicTByE NPy MONAJaHUM €KOH KUAKOCTH HA KOXKY
A) HUYero He enaaTh

b) npoMsITh KOXXy BOJIOM

B) 3akpuyats

I') BeiTEpeTH 3TO MecTO

ro
wn



Bonpoe N 7

Jlns GranTpOBAHKS BEWRCTR HCNONIB3YeTCS
A) Xumieckas npodupka

b) rasoorsoanas tpyGka

B) xonycoolGpasias sBopoxka

') Mepruti unamsap

Bonpoce Ne R

CanproBKy Hellh3s 3WKHNATH OT APYTOIl CIMPTORKH, TAK KaK
A) MOXHO pastuTh CIMPTOBRKY

B) CIUPTOBKA MOXET NOracHy Th

B) MOXRT PRIANTHCH CIHPT 1 BOSHIKHET NOXaP

") a1o neyaobuo

Bonpoc N 9

[Nepen narpesanneM NPOGHPKY HANOIHAOT XUAKOCTHIO
A) HANOIOBHRY

B) Ha oany tpers

B) Ha Tpn wersepTH

") na oany naryo

Bonpoc Ne 10

Ecan B XQJ© IKCIEPHMeNTa pastunach npoSupka ¢ XaRoCTso, ReodxoaumMo
A) cooBmMTh NPenoABATNO

B) coGparh OCKOAKH CTERIA

B) npoaounkats SKCIRPHMERT

) yOpars XuaxkocTs

Bonpoc N 11

Ilpn paGoTe ¢ XUMUURCKIMH BEUIRCTEAMI HONASS



A) MeHATb MPOOKH OT CKIISTHOK C PeaKTHBaMU
b) ucnonb3oBath rpsi3Hbie NPOOUPKH

B) ocTaBasITh OTKPHITHIMU CKIISTHKH C pEaKTHBAMHM

I') Bc€ BepHO

Bonpoc Ne 12

BepxHsis 30Ha ruiameHu

A) HesipKasi, He ropsyas

b) camas sipkasi, camast ropsiyast
B) menee sipkasi, camast ropsraast

I') camas sipkasi, He ropsiaas

Bomnpoc Ne 13

TBépmoe BeIECTBO U3 CKISTHKM MOXHO OpaTh
A) TOonpKO CyX0l npobupkon

b) TonbKo creuuanbHOM JI0KEIKOH

B) pykamu

I') cienpanibHOM JI0)KEUKON WM CyXOl MpoOupKoit



Ipunoxenue 2
Jla6opatopHas pa6ora: CnextpodoTomerpryeckoe onpeaenexue
NepMaHraHaT-uoHa

Ieab paGorui: onpenenuts KOHIeHTpauuio MnOy B aHaIW3upyeMoM
PacTBOpe CrneKTPOHOTOMETPUYECKHM METOJOM [0 BEJMYHHE Koddduimenta
MOJISIPHOT'O MOTJIOMIEHUSI.

CywHoerb paGorbl. Tak kak s CIIEKTPO(OTOMETPUYECKUX H3MEPEHHI
HCIIONB3YeTCsl CBET BBICOKOH CTENMEHH MOHOXPOMATHYHOCTH, TO OMNpeleIeHHe
KOHLCHTPAaLK BEIIECTBA MOXKHO BBHINOJHHUTH 1O 3aKoHy Byrepa — JlamGepra —
Bepa. Ilpu stom HeoGxomumo 3HaTh BEJIMYMHY KO3(dUIHEeHTa MOJSPHOro
TIOTTIOMICHUS. € TNPU JUIMHE BOJIHBI MaKCHMAalbHOTO mornomenus. J{ns pacdera
KO3 QULIEHTa MOJSIPHOTO MOIJIOIIEHUS B nabopaTopHOl paboTe H3MEPSIOT
ONTHYECKYIO MIIOTHOCTh CTaHAapTHOro pactBopa KMnO,.

PeakTuBbl, nocyaa u oGopynoBanue:

1. Cranpaprasiit 0,01 M pacteop KMnOs,.

2. 21 pactBop H2SO4.

1. MepHsie kon6s1 BMecTuMOcTEIO 100,0 M.

2. [TuneTky rpaxydpoBaHHbIE BMECTUMOCTHIO 5,0 ML

3. MepHblii LUITHHAP BMECTUMOCTBIO 5 MIL.

4. CnextpodoromeTp.

5. KrwoBets! mimHoi 1,0 cm.

Beinosnenne paGorbl: Ilepen BhIMONHEHWEM aHaMM3a HEOGXOMMMO
BKJIIOYHTH CIIEKTPO(OTOMETP B CETh U MPOrPETh B TeueHue 30 MuH.

1. Tlpurorosinenue pasbaBieHHOro CTaHIapTHOrO pacTBopa KMnQ,. B
MepHYI0 K00y BMecTUMOCTBIO 100,0 MiT TUIeTKOM BHOCAT 5,0 MJT HCXOMHOTO 0,01
M pacrBopa nepMaHraHara Kaius 4 ¢ IOMOIIBIO MEPHOTO LMJIMHAPA A0OABISIOT 5
MJI pacTBOpa cCepHOM KuCiIOoThl. OObeM pacTBOpa MHOBOAAT [0 METKH
JUCTHUIMPOBAHHOM BOZOH U TLIATEIBHO NEPEMEIIHBAOT.

2. PacCYMTBIBAaIOT MOJISPHYIO KOHIEHTPALMIO NPUIOTOBIEHHONO pacTBOpa

nepmanranata kaiuus C(MnQOy ), Mons/1,
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3. Jlna TpUrOTOBNEHHS pacTBOpa CpPaBHEHHs B MepHylo Koiby
BMecTMMOcThi0 100,0 Mi po6asnsior 5 mia pactBopa H,SOs, moBoaar o6beM 4o
METKH JIUCTUIIMPOBAHHOM BOJOM U TIIATEIBHO NMEPEMELLINBAIOT.

4. Tlomy4eHue creKTpoB morioieHus. [0TOBIT KioBeThl K pabote. [lanee
3aMOJHAIOT OJHY KIOBETY PacTBOPOM CpaBHEHHs, BTOPYIO — IPHUIOTOBJICHHBIM
cTa”gapTHeIM pacTBopoM KMnQ,. KioBeTsl moMeiaroT B KIOBETHOE OTAEICHHE
npuGopa, KpbILIKY IUIOTHO 3aKphIBAOT. IIPOBOAAT HM3MEpPEHHs ONTHYECKOH
IUTOTHOCTH B Auana3oHe JinuH BosH 400 — 600 HM.

5. Pacyer k0d>(pdHUIMEHTa MONAPHOrO MOIVIOMEHHS TPH Amax. ITo
TOJy4eHHBIM JaHHBIM CTposT rpadpuk B koopaumHarax A = f(A). Ilo rpaduKy
ONpEENSIOT [UIMHY BOJIHBI, COOTBETCTBYIOLIYIO MaKCHMAaJbHOMY MOTTOMICHAIO
AMax M pacCUYHTHIBAIOT 3HAYEHUE KOO(QHLHEHTa IOTIOIEHH S € IO popMyIe:

e=A/(C),

rie A — ONTHYecKast IVIOTHOCTB NIPU JUTHHE BOJHBI Amax; C— KOHLEHTpauus
cranaapTHoro pactBopa KMnOy (Mo 11); | — nnuHa KOBETHI (CM).

6. Ilposenenue ananu3a. Ilomydaror aHanmu3upyemblii pactBop KMnOs B
mepHoii kon6e (100,0 mu). K momyyeHHOMY pacTBopy n00aBIAIOT 5 MJI pacTBOpa
H,SO; ¥ [0BOAAT 1O METKH JMCTHIUIMPOBAHHOH BOJIOH. 3anoHSAIOT KIOBETY
AHANM3UPYEMBIM PACTBOPOM M M3MEpSIOT €ro ONTHYECKYIo IIIOTHOCTH Ax npu

Bbl6paHH0171 JJITAHE BOJIHBI Amax OTHOCHUTEJIBHO pacTBOpa CpaBHEHMA. I/ICI'IOJIBSyﬂ

U3MEPEHHYIO BEJIUYHHY OINTHYECKONM IUIOTHOCTU H pPACCYHUTAHHOE 3HAYCHHUEC

ko3¢ duLHeHTa MOIOLICHNS, HAXOMAT KOHILIEHTpALMIO TepMaHraHaT-HoHa B
aHaJIM3UPYEMOM pacTBOpe Cx(MnOy"), MOJIB J1 IO hopmyIe:
C= Ax/(g’]),
rme AX — ONTHYECKas IIIOTHOCTh aHATM3MPyEMOro pacTBopa HpH IJIHHE
BOJIHBI Amax; € — MOJISPHBIHA K03((pULUEHT TOrIOLICHHUS KMnQO; npu IHHE

BOJIHBI Amax; | — JauHa KIOBETHI (cM). M3MepeHus ONTHYECKOH MIOTHOCTH

AHAMM3MPYEMOTO pacTBOpa ¥ pacteT KOHICHTPALH IpOBOAAT 3 pasa.



KonTponsHsie Bonpock:

I

CoopmynupyiTe OCHOBHOW 3aKOH CBETONOINIOMIECHHS (3aKOH Byrepa-

Jlam6epra-bepa).
OxapakTepusyiiTe BeTMYMHBI U €IUHHUIBI U3MEPEHHS, BXOAIIME B 3TO
ypaBHeHue. ['paHuLbI IPUMEHEHUS JAHHOTO 3aKOHA.

Kaxkoli meron Hasbiaercs (oroxonopumerpueit? OOBICHUTE Ha3BaHUe

AaHHOI'O MeToia.

Kako¥i nuama3zon [UIMH BOJH OXBATBHIBAET (boToKoN0-pUMeETpUIECKUH
Meton?
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[Npunoxenue 3
JlaGopatopnas pa6ora: Cnexrpootromerpuyeckoe onpenesnenue xenesa(lll) B
CHETOBBIX [IPO0ax 1 MOYBEHHBIX BBITSHKKAX B BUIIE KOMILIEKCA C TaHPOHOM

Lens pabotsl: onpesenuts cojepkaHue skene3a B PAacTBOPE METOIOM
MOJICKYNAPHOM  abCOpOLMOHHOM  CIEKTPOCKONMM ¢ MCHOJb30BaHHUEM

TPafyupOBOYHOro rpaduxa.
JKeneso(IIl) obpasyer ¢ cynb(hOCATUIMIOBON KHCIOTONH B 3aBHCHMOCTH OT
KUCIOTHOCTH pacTBOpa psii OKpalleHHbIX KomiuiekcoB. ITpu pH 1,8 - 2,5

obpasyercs KpPacHO-(HONETOBbIH KATHOHHBIA KOM-TIIEKC, MMEIOMMi I0JI0CY

TNOTJIOIIEHHS € Amax = 510 HM M Emay = 1,8-10°.

OH\ OH\
_Fe Fe(OH),
SOy -0 : o~
3 (If SO, G~
k. o I |c|) 2

Ipu yBennuenuu pH 10 4- 8 pactBop npuobpetaeT KpacHO-6ypyio OKpacky,
KOTOPYIO NPUNKCHIBAIOT aHMOHHOMY Guc-komiuiekcy (I).
B menounsix cpenax (9 < pH < 11,5) o6pa3yercs KOMIUIEKC JKeJ-TOrO LBETA
C TmoNocol moriomenus Amax = 416 HM u & max = 5,8:10°. ITpu pH > 12
MPOMCXOJUT ero pa3jioXKeHHe C BbIIaIeHUEM B 0CaTIOK THAPOK-CH/Ia XKene3a. Panee
TIPEANoaragock, 4To 00pa3ylomuics B IIENOYHBIX CpelaX KOMIUIEKC SBISETCS
tpucynbdocanuuunatoM Fe(Ill). Onnako B Gonee NO3MHMX HCCIENOBAHMAX
BBICKa3bIBAETCs Apyras TOYKa 3pEHHs] OTHOCUTENBHO MPUPOJIBI 3TOr0 KOMILIEKCA.
IIpeanonarator, 410 ero obpazoBaHue CBA3aHO HE C NPUCOEAUHEHHEM TpPEThbeil
MOJIEKYJIbl peareHTa, a ¢ JenpoTOHMPOBaHHEM OHUC-KOMILIeKca:
B pesyinbraTe ynpouHEeHHs CBSI3M aTOMA Kele3a ¢ (JEeHONBHBIM KHCIOPOTOM

IIPOUCXOAUT CABUI ITOJIOCHI IIOIJIOLIECHUA Ouc-KoMILIeKca B KOPOTKOBOJIHOBYIO

obmacTs criekTpa.
OH\ 2H O\
e Fe(OH), —— Fe(OH),
7~
SOy lCI/o SOy c°
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B npaxrtuke MonexkynspHoro abcopOLHOHHOrO aHaIM3a MPUMEHSIOTCS JIULIb
KOMIUIEKChI,  oOpasylomuecs B KUCIOM M LIEJNOYHOM  Cpefiax.
MomnocynbhocanuimiaTHelil KOMIIeKe ucnonb3ylor s onpenenenus Fe(Ill) B
npucyrctBuu Fe(Il), marHus, mapradiua, Meau, ajlOMUHMA, PEIKO-3€MEBHBIX
asieMeHTOB. DTopuasl Memarot onpeaenenuto Fe(Ill).

B uienounoii cpene Bcnenctsue nerkoii okucisiemoctu Fe(II) B Fe(Ill) ¢
MOMOILBIO CyJb()OCATHUIMIOBOR KMCIOTE MOXHO onpexnenuts cymmy Fe(ll) u
Fe(IIl). ®Topua-MoHBl He MEIIAIOT ONpENENEeHHIO XKeye3a CyIb(pOoCaTuLUIOBON
KHCJIOTOH B LLENIOYHON Cpefe.

PeareHTsi:

CrannapTHsit pactBop xenesa (I1I), 0,1 mr/mi.

Cynpbocanuiunoas kucioTa, 10%-Heli pacTBOp.

Cepnas xucnora, 1M pacrtsop.

Awmmuax, 10%-Hbli pacTBOD.

BoinosiHeHHe onpee/ieHusl.

1. Kucnas cpema. B msath MepHbIX kon6 BMecTHMOCTbIO 50,0 MiI BBOAAT
CTaH/IapTHBIN PacTBOp JKejie3a C COAepXKaHueM (mr): 0,05; 0,105 0,15; 0,20 u 0,30
COOTBeTCTBEHHO, 10 My Bozbl, 1 MJI pacTBOpa CEpHOM KHCIOTHL, 5 MJI pacTBOpa
cyabdocanuuunosoi kucnotsl. Conepxumoe K0JI6 pa30aBIsIOT BOAOW 0 METKH.
PacTBOpEl (OTOMETPUPYIOT OTHOCHTEJNBHO BOABI H CTPOAT rpaayHpOBOYHEIH
rpadux.

Jlns ompesiesieHus JKeie3a B aHAIM3UPYeMOM pacTBOpe ATHKBOTY 3TOTO
pacTBOpa IOMELIAI0T B MEPHYIO kon6y Bmectumocthio 50,0 min. C pacTBOpoM
NIpOBOAAT TE€ K€ onepauud H B TOW K€ IOCJIE0BATENBHOCTH, YTO Y TpH
[IPUrOTOBJIEHUH PAaCTBOPOB, HCIMONB3YEMBIX A rpagydipoBKH, a 3aTeM

hOTOMETPHUPYIOT OTHOCHTEJIHHO BOJBL.
Cozepxanue JKkelle3a ONPEJENIOT 1O  IPajynpOBOTHOMY rpaduky,

IIOCTPOEHHOMY 10 pe3ylbTaTaM (oTOMeTpUpOBaHHUs PACTBOPOB CPABHEHHUS.
2. lllenounas cpena. B msiTh MEPHBIX k016 BMecTUMOCTBIO 50,0 M1 BBOJAT

¢ copepxaHueM (Mr): 0,05; 0,10; 0,15; 0,20 1 0,30

CTaHJapTHBIN pacTBOP XKele3a
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COOTBETCTBEHHO, 10 MII BOJIBI, 5 M pacTBOpa CyMb()OCATHLMIOBOM KACIOTEI, 5 M
pacTBopa ammuaka. Conepxkumoe koG pas6aBisioT BOaOH M0 MeTKu. PacTBOpEI
(hOTOMETPUPYIOT OTHOCHTENBHO BOMBI U CTPOST rpaZlyMpOBOYHBIN rpaHK.

Jnst onpenenenus xenesa B aHATM3UPYEMOM pACTBOPE ANHKBOTY 3TOO
PacTBOpa INOMEIIAIOT B MepHylo konby Bmectumoctsio 50,0 ma. C pacTBopoM
TNIPOBOIAT TE JK€ ONepalMd ¥ B TOH JKE IOCIeNOBATEIBHOCTH, YTO M MpH
[IPHTOTOBJICHHWH  pPAaCTBOPOB, HCIOJb3YeMBIX [JIs TIPagyMpOBKH, a 3aTeM

Q)orome'rpnpylor OTHOCHUTEJIBHO BOJIBI. Co,uepxcarme Xejiea OonpeneinsarT IIo

TPayupOBOYHOMY rpaduKy.

KoHTposbHbIe Bonmpock!:

1. Kakue MeToIBI Ha3BIBAIOTCS CEKTPOCKOMHYIECKIME?

2. Yem onpenensercst OJOXKeHUe CIeKTPATBHOM JTHHAN?

3. Kakue Bumbl aTOMHON crekTpockonuM cymecTBylor? Ha kakux nepexonax
9JIEKTPOHOB B aTOMaxX OHM OCHOBaHbI?

4. KakoBbl 0COGEHHOCTH aTOMH3aLUU NPOGHI B a6COPOIMOHHOM U B 3MHUCCHOHHOMN
CIEKTPOCKONMU?

5. Kaxue sHepreTuyeckue nepexobl MOTyT MPOMCXOAUTH B aTOMaX U MOJIEKYJIax?

6. Y3 4ero ckiaapIBaeTCsl BHYTPEHHSISI SHEPIHSA MOJIEKYT?



[Tpunoxenue 4
JlabopatopHas pabora: XUMHUYECKHil CUHTE3 U GU3NKO-XUMUYECKHUI aHATU3
JUCTIEPCUM HAaHOYACTHI] 30J10Ta

Llensto nabopaTopHOil pabGoOThl ABISETCS M3yd4EHHE BIUSHUS Pa3NIHYHBIX
(axTOpOB Ha CHHTE3 aHM3OTPOINHBIX HAHOYACTHI[ 30JI0Ta, @ TaKXe IOMCK
ONTHMAJIbHBIX YCIIOBUM UX CHHTE3A.

XoJ BBIOJHEHUS paboTHI:

CuHTe3 HaHOYAcTHIl 30JI0Ta OMNHMpaMUOATbHOM (QOPMBI OCYLUECTBUTEH IO
AOByXcTamuitHo# Mertomuke. IlepBas cramusa: x 4,7 Mn pactBopa Opomuia
uetwitpuMetuiammonns (LITAB) mo6asuts 0,025 mn HAuCly (C=0,05 M),
nepeMeInBaTh Ha MarHUTHOM MeIlalKe B Te4eHHe HECKOJIBKMX MHHYT U BBOAUTH
npy HMHTeHCHBHOM nepememmuBanuu 0,3 mn NaBHj, ocTaBUTH IpH KOMHATHOM
TeMIepaType B TeueHHe 3aJaHHOTO BpeMeHH. PacTBOp NODKEH OKpacHThCA B
CBETJIO-KOPHYHEBEIM 1IBET — pacTBOp «3apozpiiueit». Ha Bropo# cragum x 10 mi
pactBopa LITAB mocnexoBatensHo nobasuts 0,19 man 1M HCI, 0,1 mn HAuCl4
(C=0,05 M), 3anannsie o6sembl pactBopoB AgNO; (C=0,01 M), ackop6uHOBO#H
xucnothl (C=0,1 M) u «3apozsimeii». IIpy BBeleHMH aCKOPOHHOBOW KHCIOTBI
pacTBOp MOJDKEH OOecCIBEeYMBATBCS, ITOCHe HOOABIEHUs 3apOABINICH JOMKHO
Ha6IFOZaThCS Pa3BUTHE OKpacku (Tepexoj KpacHbIH — (HOJIETOBBII), KOTOpas ¢
TeyeHHeM BpEMEHH [OJKHaA CTaTh Oonee UHTEHCUBHOH. CHHTE3 OCYIIECTBIATE B
teueme 1,5 4. CuHTe3 HAaHOCTEPXHEA 30JI0Ta  OCYLIECTBUTH IO
MomubuumposanHoi Metozuke: k 5 i 0,001M HAuCls (mpu temnepatype 25 °C)
no6aBuTh 3azaHHele 06bembl pactBopos LITAB (0,1 M) u AgNOs (0,004 M),
focie Yero pacTBOp TIATeNbHO Tnepemewars. [lanee no6asuts 0,07 M
ackopbusopoii xucinotkl (0,1 M) u mpoAOIKaTh MNEPEMELIMBATBL PacTBOp N0
mOJIHOro obeclBeYMBaHUs, 3aTEM HEMEIJICHHO BBBECTH 0,015 ma 0,01 M
CBEXETPHUTOTOBJIEHHOTO NaBHj, oxnaxaersoro 1o 0 °C, u ocTaBUTh pacTBOP oe3
mepevemmBaHus Ha 6 4. i BBIIGNCHMSA HAHOYACTUL 30710Ta  30MH
npouenTpudyruposath B Tedenne 30 MHH IIpU 10 000 o6/muH, ocaxox

peaucriepripoBaTh B BOJAE K elle pa3 MPOLEHTPU(YTHPOBaTh TPH TeX Xe€
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YCIOBUSAX Uil JOTOJHUTENbHOM OYMCTKH YacTHIl OT I[ITAB, 3areM BHOBb
PEAMCEprupoBaTh OCAaOK B JUCTUIUIMPOBAHHOH BOJIe. O6pazoBasiiuecs
Tuipososy, conepxaumme HY 3omota, wu3yunts crnekTpodoTOMETpUYECKUM
MeTonoM. OnTHyeckue CreKTphl MOMVIOMIEHHUS ObUIM 3alUcaTh B AUANa30He [UTHH

BOJH 0T 400 10 1000 HM B CAaHTMMEPTOBOH CTEKIISIHHOM KIOBETE.

KoHTponbHEIE BOIPOCH:

1. Kakue BemectBa B KayecTBe BOCCTAHOBHTENS MOXHO HCIOIb30BaTh IPH
NOJIyYEeHUH HaHOYACTHII 30J10Ta?

2. Yro Takoe CeHCHOMIU3aTOPHI?

3. Kaxkue BemecTBa MOryT CTaGHIM3UPOBATh HAHOYACTULBI 30710Ta? [l 9ero 31o
HyHO? 3a CYeT 4ero NMPOUCXOJHT IPOLECC CEHCUOMITU3ALUH

4. Tpu pacTBOpa HaHOYACTHII 30JI0TAa UMEIOT Pa3HYI0 OKPacKy: KpaCHYI0, CHHIOIO,

dbuoneroByio. Kakoli pacTBOp COIEP)KUT HAHOYACTUIIBI GONIBIIEro pa3mepa?

35



ITpunoxenue 5
JlaGoparopHast pa6ota: XuMuueckuii cuuTes u CMEeKTpO(OTOMETPUYECKH aHATU3

JMCTIEPCHH HAHOYACTHUII cepebpa

Ienb paboter: Onpenenenye ycnosuii o6pasopanus HaHOYaCTHI cepebpa
NPU BOCCTAHOBJIEHHHM B BOJHBIX pacTBOpAx

XoJ BBITIONTHEHHS] paBOThI:

Lumpamnoe eoccmanoenenue cepebpa. Brusnue monapnozo ommouwenus
yumpama Hampus u cepebpa Ha onmuueckue ceoticmea H4 cepebpa

Metoauka (oneiTsr 1-6): 10 mm 0,0005 M pactBopa HMTpaTa cepebpa
AOBECTH pacTBOpoM aMMuaka 10 pH 9 (no pH-metpy), 106aBUTh Takoii ke 00BeM
PacTBOpa LUTpaTa HaTpys pa3u4HbIX KoHueHTpauui (0,0005; 0,001; 0,005; 0,01;
0,05 M). IMomy4eHHsle pacTBOphI HarpeBaTh B TedeHHe 10 MHH. Ha BOASHOI OaHe
(o6vem Boxer 300ma) B CBY neun (mpu mommocta 700 BT). MukpoBonHOBOE
u3y4eHue obecreyuBaeT ObICTpOE M paBHOMEPHOE HarpeBaHHE BCETO 0OBbeMa
PEaKLMOHHOI0 pacTBOpa, YTO MPUBOAUT K OJHOPOJHOCTH B YCJIIOBHSAX HYKJICALHU
¥ pocTa 3apofplliedi W, B KOHEYHOM WHTOre, K IIOJTYyYEHHIO HAHOYACTHII
HauMEHBIIEr0 pa3Mepa M  OJUHAKOBOH ¢opmbl. BusyanbHO  OLEHHTH
CEeIMMEHTAIIMOHHYIO0 YCTOMYMBOCTb 30JIeH, OTMETHTh HX OKpacKy. 3ammcarh
ONTHYECKHE CIIEKTPhI MOTIOLIEHHs THApo3oiel cepebpa (mocie MX OXJIaXACHHsS
JI0 KOMHATHOW TeMmIepaTypbl M JoBedeHHus obbeMa pactBopa no 20 mMn
JUCTWLIMpOBaHHOM Bonoi) B obmactu 300-700 HM Ha cnexTpodoTOMETpe B
KBaplIEBOH KIOBETe, JUIMHA ONTHYECKoro cinog — 1 cm. Paccumtats pasmep
HaHOYacTHII cepebpa B IOTyYEHHBIX THAPO30JX (110 ypaBHEHHAM 27-29).

CrenaTh BBIBOZIBI O BIHMSHMUM OTHOLIEHMS KOHLEHTpAalUMii peareHTOB Ha
pasMep, ONITHYECKHEe CBOHCTBA M yCTOMYMBOCT HY Cepebpa.

3adanue 2. ILumpamuoe e6occmanoénenue cepebpa. Bnusnue ycnosuil

CUHme3a Ha

onmuueckue ceolicmsa Hy cepebpa



Mertoauka (onbiTel 1-3 — Bnusaue pH): 10 mn 0,0005 M pactsopa HuTpaTta
cepebpa noBecTd pacTBopoM ammuaka n0 pH=8; 9; 11 (no pH-merpy), n06aBUTH
Takoi xe oobem 0,005 M pactBopa uutpara Hatpus. IlomyyeHHbIe pacTBOpHI
HarpeBath B TeueHue 10 MuH. Ha BojsiHOM Gane (06bem Boze! 300 M) B CBY neyn
(npu momuocTu 700 Br).

Metonuka (ombiTel 4,5 — BIMSHHE KOHLUEHTPAllMM pacTBOpPOB U
nopuxoHHoro no6asneHus): S0 ma 0,0001 M pactBopa HuTpaTa cepebpa JI0BECTH
pacTBOpoM aMmuaka g0 pH=9 (o pH-MeTpy), 10GaBuTh TaKoii xe o6sem 0,001 M
pacTBopa uuTpara Harpus (Mo KamwisM unu cpasy). [lomydeHHbI€ pacTBOPBI
HarpeBath B TeueHue 10 MuH. Ha BozsHOM Gane (06beM Boakl 300 mi1) B CBUY neuu
(npu momHocTH 700 BT).

Merozuka (omsiT 6 - BIMsAHHE mopsaka nobasienns): k 10 ma 0,005 M
pacTBopa
LUTpaTa HaTpus 1o KarwisiM go6asuts 10 ma 0,0005 M pacTBOpa HUTpara cepebpa
¢ pH=9 (o pH-meTpy, pactBop amMuaka). ITo okoH4aHUH 100aBNEHH HArPEBATH
B Teuenue 10 MuH. Ha BoAsHOM Gane (06Bem Boxsl 300 M) B CBY meun (mpu
momroctr 700 BT). BusyanbHO OLIEHHTH CEMMEHTAIIMOHHYIO YCTOHYHBOCTE BCEX
MOJyYEeHHBIX 30Jed, OTMETHTh MX OKpacKy. 3amucaTh ONTHYECKHE CIICKTPEI
[OrJIOImeH s THApo3oieil cepebpa (Iocne MX OXJNaXAeHWs 10 KOMHATHOH
TeMIlepaTyphl U f0BeIleHHs 06bemMapacTBopa 110 20 M OVCTHIMPOBAHHON BOZOH)
B o6nacty 300-700 uM Ha crnektpodoromerpe Specol 1300 B KBapLEBOH KIOBETE,
JUIMHA omnTudeckoro cios — 1 cM. PaccuntaTh pa3sMep HaHOYAaCTHIL cepebpa B

IOJIyYEHHbIX THAPO30JIsX (COracHo TEOpUH Mua-/Ipyne).

KoHTposbHbEIE BOIIPOCHI:
1. Kakue (u3nueckue H XMMUYECKHE ABICHUS MOTYT MPOHCXOMUTE C

MOJTeKyJlaMH BELIECTB, aJCOPOMPOBAHHBIX Ha MOBEPXHOCTH HAHOHACTHL
cepeGpa Mo/ AEACTBHEM TIOBEPXHOCTHOTO ILIa3MOHHOTO pe3oHaHca?

2 Uem 0OBACHAETCS MOBBILEHHAsS GaKkTepULMAHAA AaKTUBHOCTH HAHOHYACTHIL

cepebpa?



ITo KaKoMy MeXaHHW3My IPOMCXOAUT BOCCTAHOBJICHUE HAHOYACTHUIL cepebpa
C MOMOIIIBIO LIUTPaT-aHUOHA?

Kakoii mpoLecc NpUBOAMT K pOCTy HAHOYACTWI cepebpa MpH
BOCCTAHOBIIEHUU HOHOB cepebpa TeTparuapua06opaToM HaTpys?

Kakue crioco6sl MoydeHns HanodacTul cepebpa Brl eme 3Haere?

38



[Mpunoxenue 6
Jla6oparopuas pa6ota: ITosyueHune yriepoaHbIX HAHOTPYOOK
Ha Ni-karanuzarope

Llens paboThl: CHHTE3 YIIEPOAHBIX HAHOTPYOOK C HCIOIB30BaHUEM
NUPONUTHYECKOTO ra3zoBoro peakropa CVDomna 11+
O6opynoBanue 1 peakTUBBI:
1. ITuponuruyeckuii razossiit pekrop CVD Domna III +;
2. MarxuTHas Meliajika ¢ noJ0rpeBoM;
3. AHaIMTHYECKHE BECH];
4. Yamxka [letpu;
5. Iumuer;
6. I[TuHueT;
7. ABromaTnueckwuii no3arop «Jlennumner» 1-10 mi;
8. JlaGopaTopHbIii cTakaH;
9. KpemHueBasl MOIUIOXKKA,
10. PacTBOp aMMuaKa BOJHBIN X4;
11. Jluxnopu HUKEINS X4,
12. 3onpormnaHo,
13. Dranon 95%;
14. TTopoIOK amfOMUHHS X4
15. lucnepratop
16. Kepamuueckue TUIIIH
17. Cepnas kucnora x4, 98%
18. A3oTHas KucioTa, X4 96%
X o1 BBITIOJHEHUS pabOThI:

[Ipuzomosnenue pacmeopos Kamanu3amopos:

1. [TpuroToBieHHe PacTBOpa IMXJIOpHAA HHKEIS OCYIIECTBUTL [0 CIeIyIOLeH
meroquke: HaBecky 0.2 T 6-BOJHOrO JAMXJIOpHAA  HUKEI, B3ATYI0 Ha

aHAJIUTUYECKHX BecaX, paCTBOPHUTH B 20 M1 3THWJIOBOIO CIIUPTA.



2. TlpurotoBnenue pacTBopa AMXJIOpUJAreKCaMMHHUKENS OCYIIECTBUT O
cnenyrowmen metoauke: Haecky (0.2) r 6-BogHOrO AMXJIOpU/Ia HUKENS PacCTBOPUTH
B 20 MJI 3THJIOBOTO CIIMPTA, MOCHIE YEro MOMECTHTh Ha MardHuTHYIO Meranky Ha 20
MHH nipu 60 °C. 3artem, B 10 M HachllEHHOrO pacTBopa aMMHaka J06aBuTh 20 M1
TIPMTOTOBNCHHOIO PAacTBOpa AMXJOPHA HUKENs B COHPTE M CHOBA MEpeMeNaTh ¢
TIOMOIIBIO MarHUTHOW Mewanky B TeueHnu 20 mus npu 60 °C.
Ilodzomoska kpemnuesoti noonoicki.:

IloarotoBka KpeMHMEBOH MOMIOKKH K CUHTE3y OCYIUECTBHUTh IO CIIEXYIOLIEH
MCTOIMKE: TPUTOTOBUTH pAacTBOp aMMHaka, cmemaB 10 M HaCHILEHHOrO
pactBopa ammuaka ¥ 20 M JUCTHIUIMPOBAHHOW BOIBI, 3aTe€M, AKKYPAaTHO
MPOMOWTE NOMIOXKKY B BOZE, IOCE YEro MOMECTHTE MOIONKKY B PacTBOP
aMMHaKa Ha 2 MUHyTHI. ITocie BEIMAaYUBaHUs IPOTPUTE HACYXO.

Cunmes yenepoonuix nanompy6ok 6 nuponumuueckom 2a3080m peaxmope
CunTe3 yrnepomHbIX HAHOTPYGOK B NMPONMTHYECKOM TIa30BOM peaKTope
OCYIIECTBUTh IO JAaHHOW METOIMKE: 3allyCTHTh a30BBIM PEAaKTOp M OTKPBITh
NPWIOKEHUWE Uil  OPOrpaMMHUpPOBAHHUS — TEXINpOLeCca,  3alOJHUTh  IOJIE
NpOrpaMMMpOBaHMsl TeXIpolecca. 3aTeM IOMECTHTh TOMIOXKY B Kamepy
peakTopa U Ha MOJUI0XKKY HaHECTH 1 MJI TOTOBOTO KaTajlu3aTopa. 3aTeM 3aIlyCTHUTh
peakTop, JOXIaThCs OKOHYaHHs Texmpouecca. Ilocie 3aBepiueHus Texmpouecca

OTKPBITH KaMepy ¥ YOpaTh NMO/NOXKKY U3 KaMephl.

KoHTpObHBIE BOIIPOCHL:
1. B xakoM rojy 4 keM GbUIH OTKPBITHI YIJIEPOJHbIE HAHOTPYOKH?
2. INepeuncinure MeTOAb! HaGMOAEHHS HAHOTPYOOK.
3. JlaiiTe onpe/eieH:e OXHOCIONHOM HAHOTPYOKHU?
4. KakoBbl XapaKTepHbIe pa3Mephbl OHOCIONHBIX HAHOTPYOOK?
5. Yro TaKoe XUpaJbHOCTh?
6

. KaxuMmu napameTpamy XapaKTepHu3yeTcsi XMpalbHOCTh HAHOTPYOOK?
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[Tpunoxenue 7

Jlabopatopnas pabora: OnpeneneHue TeMneparypbl aKTUBALUU 1AM TH

HUTHHOJIA

O6opynoBanue U MaTepUabl:

| ¥

N WL s W

-

HuTtnnonosas npososoka.
HutuHonoBkle pyXUHBI ¢ pa3HO# TeMIEPATypOil BOCCTAHOBIEHHSL.
HarpeBaTensHas miurTka.
XUMHYECKHUI CTaKaH.
[Munner.
ONEeKTPOHHBIM TEPMOMETD.
Xon paboThl:
Bo3pMuTE HUTHHONOBYIO IPOBOJIOKY M CKPYTHTE KaKy0-Tu60 QUrypy.
Hanelite B XMMMYecKuil CTakaH BOLY M IIOCTABbTE Ha HAIPEBATENBHYIO
HOBEPXHOCTh. OMyCTUTE B BOAY HUTHHOJ U TEPMOMETP.
OKCIEpYMEHTATbHO OMNpEeNIUTe TEMIEPaTypy MpHU KOTOPOM MPOUCXOIHUT

BOCCTaHOBJICHUE UCXOQHOM (i)OpMI:-I.

IToBTOpUTE KCIIEPUMEHT IO ONpPEENEHHIO TEMIIEPATYPhl BOCCTAHOBJICHHUS

A1 ABYX IIPY>KUH U3 HUTHHOJIA.

KoHTponbHbIE BONPOCEL:

YTo Takoe «naMaTh» HUTUHOJA?

2. B xakux cdepax Haule# KU3HM HUTHHON y)Xe NpuMeHsetcs. Ilpusequte 5

NIPUMEPOB.

3. Yro Takoe addekt namsatu?
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[Tpunoxenue 8

JlabopaTopHas pa6oTa: 3akanka HUTHHOJIOBOMH MPOBOJIOKH.

O6opynoBaHue 1 MaTepHab:

L.

HcTouHuk nuranus.

2. HutuHonoas npoBojoka.
3. Jlocka, MOJIOTOK U HECKOJIBKO I'BO3ZIEH.
Xon paboTsl:

1. HamoraiiTe nmpoBoJIOKy Ha 3aroTOBKY, IPOBOJIOKA JAOJDKHA GBITH XOPOLIO
HaTsAHyTa (HaXOOUTHCS TMOA HArpy3kod) M HaIEXHO 3aKperUieHa
(pucyHok 1).

2. Jlanee HeOOXOOMMO TMOAKIIOYHUTH K KOHI[AM IIPOBOJIOKH KOHTaKThI OT
MCTOYHHMKA [TUTAHKS U BBICTaBUTH HanpshkeHue (2-3B).

3. Cnenyet npokanuBath €€ N0 IOKPAaCHEHHUs 110 BCEW IJIMHE, TOTAa MOXHO
BBIKJIIOYUTh MCTOYHUK MUTAHHUS U OCTaBUTh M3JENIHE OXJIAXIAThCA 10
KOMHATHOMW TeMIepaTyphl.

4, Cuumute uzjende u aedopmupyite ero. bpockte B BOMY, HarpeTyro
YyTh BBILIE TEMIEPaTypsl BOCCTAHOBJICHHS JAHHOTO MaTepuaina
(koTOpyIO BBl ONpeAeNsId B 3adade 1) u yGemurec, 4TO dopma
BOCCTaHaBJIMBAETCH.

BN
A
I
Pucynox 1 — Ilpumep makeTa AJisi (hopMHUpPOBaHNS HUTHHOJIOBOH NPOBOJIOKH



KonTponbsHbie BOMPOCH:
1. OxapakrepusyiiTe npouecc 3aKajiku.
2. Brmonnute pacyet KITJ] HUTHHONIOBBIX MPYKHUH.

3. Cps3aHBI 1M TeMIlepaTypa BOCCTAHOBJICHHUS U CKOPOCTh BOCCTaHOBJIEHUA

HUTHUHOMNA?



[Tpunoxenue 9
[IpomexyTouHblit KOHTpOJb. KoHTponbHas paboTa «KauecTBeHHBIH aHATN3
o0pasia HeM3BECTHOIO COCTaBay

Xumuveckuii  ananuz — 3TO  YCTAHOBJEHHE  KAyeCTBEHHOTO |
KOJIMYECTBEHHOTO COCTaBa HM3y4yaeMOil XUMHMYECKOM cHucTeMbl. KauecmeeHHubiil
XMMHUYECKHd aHajiM3 oTBedaeT Ha Bompoc: «Kakue Bemiectsa NPUCYTCTBYIOT B
QHANM3UPYEeMONM  XHUMHUYECKOM cucreMe?».  Konuvecmeennwviii  aHaiu3
YCTaHaBJIMBAET, CKOJIBKO KaXXZIOTO M3 BEIIECTB UMEETCS B CUCTEME.

Llenvio naHHOW paGoOTHI SABJSETCS BBHINOJHEHHE KAueCTBEHHOrO aHAIM3a
NPOCTEHIEH CHCTEMBI, COAEpIKalIeil TONBKO OJJHO HEW3BECTHOE BEeIecTBO. TaKoi
AHANIM3 Ha3bIBaeTCs udeHmugukayuei Beuectsa. [lpy nuaeHTHGUKALMY BEIIECTBA
TpebyeTcss OTBeTUTh Ha Bompoc: «Kakoe BemecTBo BblIaHO Bam s aHamuza?y.
Jlnsi OGHapyXKeHMs BelecTBa NPHMEHSIOT PEaKLHH, CONPOBOXIAIONIMECS JErko
HaOMIONAEMBIMY  SIBJICHUAMH, TAKMUMH KaK BBIMAfieHUE OCAJKa, OKPAIIHBAHHE
pacTBOpa, BBIIENIEHHMEe Trasa M Jp. B KaueCcTBEHHOM aHaiu3e pa3NHYaioT
TPYIIIOBBIE, XapaKTepHbIe U CrieLUpHUIecKie peakuu. [ pynnogvie peakiiy — 3TO
P€aKkMK HECKOJIBKUX MOHOB C ONpEJENIEHHBIM pEareHTOM, KOTOPBIM Ha3bIBAeTCs
2PYNNo6biM  peakmueom, OHH CONPOBOXJAIOTCS OAMHAKOBBIM 3(dheKToM,
HalnpuMep, BBINIAZICHUEM OCa/iKa. XapakmepHvle — peaKlMH, CBOMCTBEHHEIE TOJIBKO
AaHHOMY BelleCTBY WM HOHY. Creyuguueckue — peakuud, KOTOpBIE JAIOT
BO3MOXHOCTb B OIPEJEIEHHBIX YCIOBUAX OOHAPYKUTh OXHU HOHBI B IPUCYTCTBHH
APYTHX MO crenr(puyeckoMy H3MEHEHHIO 1iBeTa, 00pa30BaHMIO 0CaaKa U T.II.

OTKphITHE HOHOB C IOMOMIBIO CHEUU(DUIECKUX peaKiui, MPOM3BOAUMEIX B
OTAENbHBIX MOPLIUSX UCCIIEAyEeMOT0 pacTBopa B IIPOU3BOJIBHOM
M10CJIeI0BATENBHOCTH, Ha3bIBAETCA OpobHbIM aHanuzom. MeTos 1aeT BO3MOXHOCTD
GbicTpO OOHApy)XMBaTh OrPaHHYEHHOE YMCIO (OT OIHOrO JAO MATH) HOHOB,
COIEPXKALIMXCsl B CMECH, COCTaB KOTOPOW IpeBapUTENbHO W3BECTeH. B 3ToM
cllyyae HEeT HeoOXOAMMOCTH B IPOBEINEHUH IOJHOrO Ka4eCTBEHHOrO aHAIM3a
ucciexyemMoro obpasua, TpeGyercs Juilb yCTAHOBUTh HAMYKME WM OTCYTCTBHE B
HeM HEKOTOpBIX KOMIIOHEHTOB. Eciu wucnosne3dyemble B aHanuse peakLyH
HeClleUMdUYHbl, a Melallee BIUJHME IIOCTOPOHHHX HOHOB YCTPAaHHTh
HEBO3MOXHO, TO MpPOBOIAT cucmemamuyeckui ananu3. Tlpy BBIONHEHUH
CHCTEeMaTHYeCKOro aHau3a COOMIONAIOT ONpeeNIeHHbIN NOPALOK pa3fieNeHus U
MOCEyIOLIero OTKPBITHS MCKOMBIX HOHOB. PasneneHne HOHOB Ha rpymmbl
NpOBOAAT B ONpEIENCHHOM MOCIEAOBATENbHOCTH. JINsl 3TOr0 HCHONB3YIOT
CXONCTBA WJIM pa3Nuyus NEHCTBUS IPYIMIOBBIX peareHToB. Hanbonee usBecTHO
JEWCTBHE KUCIIOT U OCHOBaHMM Ha HOHBI. COrylacHO KUCIOMHO-0CHOBHOM) METOLY
PasfieNneHus BCE KaTHOHBI NEJATCS HA IIECTh, @ aHHOHBI HA TPH aHAJTHTHYECKHE
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rpynnel. B tabmume 1 u 2

npuBefieHa  KiaccuduKauys
PacrnpoCTpaHEHHBIX KATHOHOB ¥ AHMOHOB I10 KUCJIOTHO-OCHOBHOMY THITY.
AHanu3 COMM HEU3BECTHOrO COCTaBa MPOBOAAT B jBa drama. CHavana
ONPEACNSIOT TPYNIbl, B KOTOPBIX HAXOAATCS KATHOH M aHMOH [AaHHOH COIM
(tabmuua 1,2). Ha Bropom sTame paGoTBI MPOBOASAT KayeCTBEHHBIE PEAKLHH,

XapaKTepHbIe JIsl KATHOHA U aHMOHA OTpe/ie/leHHON rpynnsl (Tabnuisl 3-9).

HaubOosee

Tabnuua 1- Knaccudukaiys KaTHOHOB 10 KACIOTHO-OCHOBHOMY MPHU3HAKY

Ne Katuon | I'pynnosoii | IIpomayxTer [Ipu3Haky peakuuu
YIIBI peareHT peaKiuu
I Ag'; Pb?*; 2M HCI AgCl; PbCly; Brimanenue ocagka
Hgy?* Hg,Cl, 6eoro 1BeTa
I Ca?"; Sr?*; | 1M H,SO4 CaSOy; BeinageHue ocagka
Ba?* SrSOq; 6enoro nBera
BaSO4
I | Zn?; AI¥*; | U36BITOK Me(OH), BeinaseHue ocajka,
cr 4M NaOH | [Me(OH)n,]™" | KOTOpBIii pacTBOpsieTCs B
Sn?t: . Snt* u36p1TKe NaOH
Brinasenue ocagkos,
IV | Mg*;Mn*;| 25% NH; Me(OH), HEpPaCTBOPUMEIX B
Fe?'; Fe*'; 70’ Me ™ U36BITKE LIETO0YH, HO
Bi**; Sb** | 4M NaOH PacTBOPSIOMIMXCS B
kucnotax (HCl, HoSO4 u
Ap.)
V | Co*"; Cu?*; | H36wITOK Me(OH), Brinazienue ocagkoB
Ni2*:Cd*; | 25%NH; | [Me(NH3)m]* Pa3UYHOTO IIBETA,
Heg* KOTOpBIE 1ajee
PacTBOPSIOTCS B H30OBITKE
aMMHaka ¢ 00pa3oBaHHEM
OKpaIeHHBIX U
6ecupeTHbIX (s Cd*)
PacTBOPOB.
VI Na*; K*; | I'pynnosoro OTCyTCTBHE NPH3HAKOB C
NH,* peakTHBa TPYNIOBEIMH PEaKTHBAMH
HET TEPBbIX MATH TPYTIL.
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ITony4enue ycToi4MBOroO Npu3Haka peakuyy CBUAETEIbCTBYET O HATHUMH B
COCTaBe aHAIU3UPYEMOM COJIM OQHOrO M3 KaTHOHOB M OJHOIO W3 AHHMOHOB B
U3y4aeMBbIX Ipyrnnax.

Xon paboTsl:

1. Ilonyuure y npenonasatesis BEIECTBO IS aHAIH3A.

2. Pasjenurte BewecTBO NpHMEPHO Ha OBE YacTH, OAHY M3 KOTOPBIX
PacTBOpHUTE B BOJE (€cIM HEOOXOAMMO, TO MOAOTPENTE PacTBOp), a APYIYIO 4acTh
OCTaBbTE Ha Clly4ail HEyJa4HOI'O UCXOJa MEPBOM MONBITKH aHAIH3A.

3. Or6epure 5-6 Kamens aHATM3MPYEMOTO pacTBOpa M MpHbGaBETe 3-4 Ky
rpynnoBoro peaktuBa 2M HCIl ans I ananutuueckoi rpymmel kaTHOHOB. Eciu
BBIMTAIaeT OCaJOK Oenoro IBeTa, TO B pPacTBOpE MPHCYTCTBYET KaTHOH W3 ITOM
rpynsl. 3alHIINTE Pe3yJbTAT ONbITA:

uccnenyemslii pactop + 2M HCI = ocagok 6enoro msera.

Ecnu xe ocamok He HaGmogaercs, TO KaTHOHAa OTOH TIpyNmbl HET B
aHaJIM3UPYEMOM PAacTBOpE. 3alUIIUTE Pe3yIbTaT ONbITA:
uccnenyemsli pactBop + 2M HCI = Het ocanka

4. TlepexomuTe K HCCIENOBAaHHUIO CBEXeil IOPLUH aAHATH3UPYEMOIO
pacTBOpa Ha coAep)kaHHe KaTHOHOB Il aHamUTHYeCKOW IpYINBl C TPYIIIOBEIM
pearentoM 1M H,SO,. Kaxaplii pa3 3anuceiBaiite pe3ynbTaT ombita. Eciu Her
NpU3HaKa peakuuu A1 kaTHoHOB II rpymmel, TO mepexomuTe K HCCIIENOBaHMIO
CBeXKeli TIOPLIMHU pacTBoOpa Ha cojepkaHue katuoHoB 111 rpynms! u T.1.

5. Ilocne ompeneneHuss HOMepa Ipynnbl KATHOHOB IPOBEPHTE PE3YNIBTAT Y
npenojaBatens M INEpexXoauTe Jajee K ONpeleeHHIO KOHKPETHOrO KaTHOHA B
rpynme. JIjist 3TOro BOCNob3yHTeCh KaueCTBEHHBIMU PEaKIUsIMH.

6. AHAJOrMYHO BBINOJHUTE IOCJIEJOBATENBHO OINBITHI IO ONpPENETIECHHIO
HOMepa IpyNIsl aHHOHOB. Pe3ynbTar mpoBepeTe y mpenopaBaTens. HexoTtopbie
AQHHMOHBI HE BXOJAT B TPU aHAIUTUYECKWE TIPYNNBI [0 aHMOHAM, HampHMep,
CH;00, CNS. Hx nmnpucyTCTBHE YCTaHaBIMBAIOT IPOBEIEHHEM TOJBKO
XapaKkTepHbIX WM creuupuyeckux peakuuii. Ecnu BepHO onpeneneH Homep
rpyMNIbl aHUOHOB, TO IOCJENOBATENLHO IPOBOAUTE OIBITHI, XapaKTEPHBIE s
AQHHOHOB IPYTIIEL.

7. Ecnmu Bel onpenenunu, Hanpumep, [ rpynmy KaTHMOHOB, TO IPOBOIMTE
[0CJIE0OBATEILHO BCe KaYeCTBEHHbBIE peaKLMH, XapaKTepHble Uil KaTHOHOB 3TOMH
rpynnsl. Kaxaslit pa3 MCIONB3YHTE CBEXYIO IOPLMIO HCCIELyeMOro pacTBOpa.
Hanpumep, k 5-6 kamisM aHanusupyemoro pactBopa no6asbre peakTus KoCrOy,
KOTOpBIi o6pasyer ¢ Ag* (I rpynmna KaTHOHOB) KMPIUYHO-KpacHbI# ocanok. Eciu
ocafoK Habmojaercs, TO B aHAJIHW3UPYEMOM pacTBOpE MpPHCYTCTBYeT Ag'.
3anummuTe pe3yabTaT ONbITa:
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uccnenyemsiid pactBop + K,CrOs = ocafok KUpIUYHO-KPaCHOro LiBETa.
JIns1 cpaBHEHUs IPOBEHTE NapaIeNbHYIO PEAKLMIO C paCTBOPOM conu Ag”
U CpPaBHHUTE OCAJKH.

Ecnu ocagxa He Habmomanu, TO K CBEXEH IOPLUUH aHAIU3HPYEMOTO
pactBopa nobasbre, Hanpumep, KI, KOTOphIi AaeT SApKO JKENTOe OKpalllMBaHHE B
pactBope, cozepxameM Pb**. Eciu ocafok Habmomaercss, TO B pacTBOpe
npucytctByet Pb?*. 3anummure pe3ysibTaT OnbITa:

rccienyemslit pactBop + K1 = sipko-KenThii 0CaIoK.

Ecnu ocanox He Habmromanu, TO BBIMOJIHUTE XapaKTEPHYHO peakIHio Ha
KaTHOH HgZ* Pe3yibTaT ombiTa SABJISETCS OCHOBAHMEM VIS BBIBOJIA O NIPUCYTCTBHH
B COCTaBE aHAJIU3UPYEMOM COJIM OHOTO M3 KaTUOHOB I rpynmsl.

8. Ecnu Brl ompenenunu, HalpuMep, YTO aHHOH conu oTHocuTcs K LI
aHAJIMTUYECKOW IpYIINe, TO MPOBEIUTE IOCIeI0BATENbHO Ka4ECTBEHHBIE PEaKLIH,
XapaKTepHbIe Ul aHHOHOB 3TOM rpymmel. Kaxaplli pa3 HCHONB3yHWTE CBEXYIO
NOpLMIO uccnexyemoro pactBopa. Yutute, yto NO;” 1 NO3;™ aHMOHBI MOXHO
pasnuuuTh Mo oTHoumeHW0 K KMnQO,. 3anummre pe3ynbTaThl onbiToB. Ha
OCHOBaHMM MPOBEJEHHBIX KAaYECTBEHHBIX pPEAaKLHH yCTaHOBHUTE, KaKOW aHUOH
BXOJUT B COCTaB aHAIU3UPYEMOM COJIH.

9.CpuenaiiTe OKOHYATENbHBIM BBIBOA O COCTaBe COJHM, BBIOAHHOM A
aHanM3a, 3alMIIMTE €€ XHUMHUYECKylo (GopMyly M MpeJoCTaBbTe€ pe3yJbTar
IpernoaBaTeo.

KOHTpOIBHBIE BOIIPOCHI:
1. B ueM 3aKJII04aeTCs CYTh CHCTEMATHYECKOrO aHanu3a?
2. Kakumu coBpeMeHHbIMU (PU3UKO-XUMHYECKMMH METOAaMH MOXHO

OTpeeNuTh COiepKaHue Kajlus B Ipobe?
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ITpunoxxenue 10

Jlabopatopnas paGora: Tepmuueckas nernmparauus XJiopuzia KobanbTa

O6opynoBanue, maTepuanst u PEaKTUBBI:

L
2
3.
4.
3.

6.
1:
8.
9.
1

HucTunnuposannas Bona
Turensusie mumnupr

IlITaTiB ¢ KONBLIOM Na6OPaTOPHBIIA
[Tunerku nonunponunieHoBsle
Cnuproska

Cromuku

BrinapurensHas yameuka

Yamka [Tetpu

I'excoruapoxnopun ko6ansta (CoCl, x 6H,0)

0.Xumugeckuii crakad 100 mi - 1 1.

Xonx paboTsl:

. Ha naGopaTopHOM mTaTHBE YCTAaHOBUTE CIIUPTOBKY.

Hapn cniupToBKO# yCTaHOBHTE KOJNBLO Ha PACCTOSHUU 2-3 CM OT QUTHIA
CIIUPTOBKH.

B BeIMapuTeIbHYIO YalleyKy HachlIbTe HEMHOTO KPUCTAIIOTHAPATA,
YCTaHOBHTE YalleyKy Ha KOJIbIIO IITATHBA.

ITocie ycTaHOBKHM YallleuKy, BBIHBTE U3- NOJ KOJIbLIAa CITUPTOBKY U
1ocTaBbTe nepes coboii, oTkpoiite e€ u nopoxrure. Ilocne 3Toro nocraBsTe
CMUPTOBKY 06paTHO MOZ KOJIBLIO ¥ OCTOPOXXHO Harpepaiite (pucyHok 1).
[Tocne HECKONBKMX MUHYT HarpeBaHUs Bbl CMOXKETe HaOMOAaTh
XapaKTepHble U3MEHEHHs L{BETa NPU JIeTHAPaTalliy XJIopyaa KobanbTa.
CHuUMMUTE YaleyKy ¢ KOJIbLia TUreIbHBIMU LIMITIAMH U ITOCTaBbTE HA YALIKY
[leTpu a5 OXJIaXKIAECHHS.

INoTyiuTe CIUPTOBKY, HAKPBIB €€ KOJIITaYKOM.

B oxJ1a)IeHHYIO YallKy C COJbIO 100aBbTe 2-3 KaIlli BOMBL, IPOCIEAUTE 32
TeM, KaK MEHsEeTCs LIBET. 3aTeM 100aBbTe eIE CTOJIBKO XKe BOJBL.

Ha6mopaiitTe 3a mocjie10BaTeIbHOCThIO BOCCTAHOBICHUSA [IBETA.
48



Pucynox 1 — CxeMa ycTaHOBKH IITaTHUBA

KOHTpOJ'[BHI:IC BOIIPOCHI:

1. Kakue eliie TepMOXPOMHBIE MAaTEPHAJIbl BAM M3BECTHBI?

2. B ueMm 3aKIH0YaeTcs CyTh SBIEHUS TepPMOXpOMH3Ma?

3. [Touemy 6e3BOIHBIA XJIOpHA KOOambTa HMEET CHUHMH LBET, a €ro
[IeCTHUBO/IHBIH KPUCTAUIOTHAPAT — PO30OBbI?

4. Yro TaKoe JerupaTanys’?
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[Tpunoxenue 11
Jla6opatopHas pa6ota: V3yuenue HHAMKATOPHBIX CBOMCTB aHTOLIMAHOB

OGopynoBanye, MaTepyassl 1 PeakTUBBI
1. JlaGopartopHsie Bechl.
2. pH-metp.

ITpoGupku - 20 mr.

[lItaTuBbI 1715 TPOGUPOK.

- S oo

Crynka ¢ mecTikoMm.

6. Kon6sr 100 mu - 2.

7. @unpTpoBaibHas GyMmara.

8. Boposka.

9. KBapueBslii nmecok.

10.ITunerku [Tacrepa.

11.IlepuaTku.

12.MlunuxaTopHas Oymara.

13.Consnas kucnora (HCI)

14.T'unpoxcun Hatpus (NaOH).

15. JuctumupoBanHas Boja (HyO).

16.I110151 Y€PHOIUIOAHON PAOMHBI, KPACHOKOYaHHOM KaIlyCThl, CMOPOIMHEI,
BUILIHY, MAJIMHBI, CBEKIIBI (HE MEHee JBYX BHJOB).

Xon paboTsl:

1. Jlns onbiTa HEOOXOAUMO CHAYasIa MOJYy4YHTh BOAHYIO BBITSDKKY aHTOLIHAHOB.
Jlns 3T0ro 1-2 r pacTUTENHHOrO BELIECTBA IIOMECTHUTE B CTYIIKY ¥ Pa30TPHUTE
¢ He6GOIBIINM KOJMYECTBOM XOPOLIO MPOMBITOrO NECKa 10 OJHOPOJHON
Maccsl, mocie 106aBsTe 0K0s0 20 M BOJBI ¥ OTQUIBTPYHTE
TIOJTYYMBLIMHCS PACTBOP B POOHPKY.

2. B umcTyro npo6upKy HaJelTe 2 Ml BBITSKKH TUTMEHTOB, 100aBbTe [Be
xarmu 0,1 H comnstHo# KuCnoThI1S.
3. 2 MJI IPUTOTOBIIEHHO# BBITSDKKH HajleliTe BO BTOPYIO IPOOUPKY U 100aBbTe

HECKOJIBKO Karesb pacTBopa menouulo.
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4. Tlponabmonaiite 3a M3MeHeHHEM OKPAcKH pacTBOpa [0 Mepe H3MEHEHHs
pH. C nomomsio pH-meTpa onpesenuTe To4HOE 3HaUYEHHE BOJOPOJHOIO
TIOKa3aTeis.

5. Tloropute He MeHee TPEX pa3 LMK U3MEHEHHUS LIBETa, MEHSS CPELY C
ILEJIOYHOM! Ha KMCITYI0 XU Ha00O0pOT.

6. IlomyuuTe raMmy LBETOB M3y4aeMOro BaMu MUrMeHTa. Jiis 3T0ro
NPUTOTOBBTE BOAHYIO BBITSDKKY aHTOLIMAHOB M HaJIEHTe MO HECKOJIBKO
Karess B 10 npo6bupok. B xaxayro 13 npo6upok 100aBsTe IPUTOTOBIECHHBIE
3apaHee MpenoaBaTesieM pacTBOPHI C pa3TMYHBIMU 3HaUeHUAMHU pH

7. I'Iosropm*e 3aJlaHus 4151 BTOPOro BHJa IIOO0B.

KoHTpobHBIE BOMPOCHL:

1. Yro Ttakoe pH? Paccuuraiite 3nauenme pH 0,01 M pactBopa cepHOif
KUCJIOTHI

2. Yro Takoe aHTouuaHel? IloyeMy aHTOIMaHBl H3MEHSIOT OKpAacKy IIpU
pa3nuuHbIX 3HadeHusx pH?

3. Kakwue BemecTsa, NpUCYTCTBYIOLKE B BOZAE, 00yCIaBIUBAIOT KUCIOTHOCTH
BOJIbI?

4. HazoBuTe BU/IbI KUCIOTHOCTY U UX 3HaYEHHUE IS OLCHKH KayecTBa BOIEI.

5. Kakue BelecTsa, MpUCYTCTBYIOLIME B BOJE, 00YCIaBIUBAIOT IIETOYHOCTh

BOJBI?
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IIpunoxenue 12

JlaGoparopHas paGota: U3yueHne CBETOOTpaKAOLIMX MOPOLUKOB C MOMOIIBIO

OTNITHYECKOW M 30H/I0BOH MUKPOCKOTIHH

1. ObopynoBanue, MaTepuaisl U peaKTHBBL:

2. CxaHUpYIOMWHUH 30HA0BBI MHKPOCKOTL.

3. Onruyeckuit MUKPOCKOII.

4. CaeTooTpaxarolIie MOPOIIKH Pa3HbIX BHIOB.

5. Lentpudyxusie npobupku 15 mi - 2 mr.

6. CrnupT 3TUIOBBII.

7. OnmHOpa3oBbIe MHANETKH OJUNPONHICHOBBIE.

8. JIBYXCTOpOHHHI CKOTY.

9. Ilpo3paunslii nax.

10.®onapux.

Xox paboThI:

1. Haneiite B 1Be mneHTpudyxHble mnpobupku (wiud mobyio Opyryro
MIOXOISLIYIO TOCYAY) IO 25 MJI 3THJIOBOTO CIIUpPTa U 06aBbTE MOPOILKA Ha
KOHYMKE CKajJblleJs WIM Ilumarens. PaccMOTpuTe LBET pacTBOPOB Ha
TIPOCBET U B OTPKEHHOM CBeTe. UeM OHM OTJIMYAOTCS?

2. IMpuroToBsTe OOpaslpl AN HCCIEAOBAHUS B ONTHYECKOM MHKDOCKOIIE:
KallHUTe II0 Kallle PacTBOPOB Ha MNpeAMeTHoe cTekno. PaccMorpute ¢
pasHbIM yBenuyeHneM. Onpesenute pOpMbI ¥ Pa3Mephl YaCTHIL.

3. Bo3pMuTe TOPOIIOK, COJAEPXKAIUMA YaCTHUBI CIIOABL. YYTHUTE, HTO
CTeK/ISHHBIE MUKPOC(hEpbI CIIULIKOM BeTMKH s u3ydenus moxn C3M.

4. Bospmure nomioxky mmsi C3M u HaHecTd Ha He€ MpO3payHbIA JNak.

(3apaHee Hy)XHO KaIlHyTh KaIUTO JIaka Ha TIOBEPXHOCTE U OLIEHUTE BPEM, 33
KOTOpO€ JaK IOJIHOCTBIO 3aTBepaeBaeT). 3a 1,5-2 MHHYTBI 0 3aCThIBaHHS
Maka Heo6XOOMMO C IIOMOILIBIO MMKPONHMIETKH HAHECTH pacTBOp Ha

[IOBEPXHOCTH JIaKa 1 OCTaBHUThH O6p83€l.1 J0 UCTIapeHHus CITupTa U 3aCThIBaHHA

J1aKa.



5. TlpockaHupyiiTe pa3nMyHblE YacTH [OBEPXHOCTH oOpasia ¢ MOMOLIBIO

30HAO0BOI'o0 MUKpPOCKOIIa. Onpe,uenme pasMeEphl U Q)OpMBI HacTHL CJIFOIbI.

KoHTponbHBIE BOTPOCHL:

1. Yro Takoe ckaHupyromas 30HAOBas Mmukpockomus? Kakod MpHHIMI
JIEXKUT B €€ OCHOBE.

2. Ha3zoBure ocHOBHBIE KOMITOHEHTHI C3M M HX Ha3HAYEHHE.

3. Ilpeamonoxwure TmMoJe3Hble OOJACTH TNPHMEHEHHS CBETOOTPAKAIOLIHX

MTOPOLIKOB.
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[Tpunoxenue 13
JlabopaTopHast pa6oTa: Onpenenenuie GopMbI U pa3MEPOB YaCTHI TEPMOXPOMHOTO
MIUTMEHTA C IOMOILBIO ONITUYECKOT0 MUKPOCKOIIa
OGopynoBaHue, MaTepuasbl ¥ peaKTHBBIL:

1. IlnuTka UMK MardWTHas MeMIAJIKa ¢ MOJIOrPEBOM.

2. JlucTUIIMpOBaHHAs BOJA.

3. TlonunponuieHoBbIE MUMETKH.

4. TepMOXPOMHBI! MUIMEHT (MOPOILOK).

5. IlpenmeTtHsle cTékia.

6. IlokpoBHBIe cTEKIA.

7. Xumudeckuit crakad 06sémMom 50/100 M.

8. DOTUnOBEIA CIMPT.

Xon paboTsl:
[IpenBapuTenbHbIe IPUTOTOBIECHHUS:
JUisi IpUrOTOBNIEHUS CIIUPTOBOTO pacTBOpa TEPMOXPOMHOIO IIMTMEHTA HaJIeHTe
10 M 3THIIOBOrO CIMPTAa B XMMHYECKHHA CTakaH ¥ J00aBbTE MOPOIIKOOOPa3HOIo
TEPMOXPOMHOTO ITUTMEHTa Ha KOHYMKe ImaTens. TIaTenbHo nepeMenanTe.

1. IlocTaBbTe pacTBOp Ha IUIMTKY MJIM MAarHUTHYIO MEIIAIKy C MOJOTPEBOM H
noJorpeiTe pacTBOp 40 00eClBEYNBaAHMUS.

2. IIpuroToBbTe YHCTOE IPEAMETHOE CTEKJIO M KallHUTE IMIETKOH Karulio
TEIIOro pacTBOpa.

3. ITomecTuTe CTEKJIO Ha MpEAMETHBIM CTOJIMK MHUKPOCKONA M Ioxdepute
OKyJIsp, Jalomui Haubosee pe3koe M YETKOE HM300paKeHHE YaCTHII.
HabmoaiiTe nepeMeleHde U LBETOBbIE NPEBPAILEHHUS MUKPOKANCYIN NpH
OXJIAXACHHH.

4. JInsa OLEHKA pa3MEpOB 4YacTHl[ IHMIMEHTOB HY)XHO IIOJNYYUTh TaKOe
n3obpaxxeHue, 4ToObl B Ipefenax o0jacTH HalONIONEHHMs HaXOAUIOCh
npuMepHo 15-50 XOpomo pasIMyYMMBIX OTAENBHBIX YacTull. [lns 3TOro

n06aBpTe HEOOXOAUMOE KOJMYECTBO CIUPTAa K HCXOJHOMY pPacTBOpPY H
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NOCTaBbTE TNpHMEPHO Ha 10 MHHYT Ha MArHUTHYIO MeIIANKy JUis
MHTEHCHBHOT'O NTepeMeIBaHMsI.

Hanecure Kammo pacTBopa Ha NpeIMETHOE CTEKJIO, HaKpOHWTe CBEpXY
MOKPOBHBIM CcTekioM. OneHuTe cpefHee 3HaueHHWE M pazbpoc pa3MepoB
MUKPOKAICYJ C >XUAKAMH KpUCTaUlaMu ([0 METOAUKE CTATHCTUYECKOH

06paboTkH).

KonTponsHble BOpock!:

1. Kakue »¢dexts], Kpome IBETOBBIX BaM yAaloCh YBHUIETh IO
MHKPOCKOIIOM?

2. Kax cebs Bemyr Mukpocdepsl Ha TIpaHHMIAX € BO3LYLIHBIMH
ITy3bIpbKaMu?

3. Hpe,unoxcnre oJIe3HbIe 00J1aCTH TNIPUMEHEHHUS TaKUX ITUTMEHTOB.
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[Tpunoxenue 14
JlabopatopHas pabora: O6paborka u npeacrasierHne C3M — qaHHbIX

Llenv pabomobr: NONyYnTh NPAaKTHYECKHE HABBIKM B 00JacTH 00paGoOTKH H
Konu4yecTBeHHOro aHanusa C3M-u3obpaxeHuit.

Xox paboThl:

s BeImonHeHHs saGopaTopHOM paboThl MO aHAIM3y M300paKEHHUs
ucrnonsdyercs mdt-daiin, comepxaiunii GppeiimMbl 1y AEMOHCTPALMH pabOThI

Pa3UYHBIX METONOB 00pabOTKM W300paXkeHHH, peaTn30BaHHBIX B MPOrpaMMe
Scan Viewer.

Ortxpoiite B nporpamme Scan Viewer mdt-¢aiin ¢ mpuMepaMu CKaHHPOBaHHBIX
n3o6paxenuit (Examples.mdt).

3aganume 1. Ilnanapu3auus u306paeHns

1. Orkpoiire ¢peiiv 1_plane (pucysok 1). ®peiim mnpenctapnser coboit
CKaHMPOBaHHOE U300paXkeHue moBepxHocTu DVD-nucka.

2. Onpenenute, Kakoro BHIa HCKaXXEHMS, CBS3aHHbIE C HEHUIEATBHOCTHIO

CKaHepa, MPUCYTCTBYIOT Ha H300paKeHHM (HAKJIOH, HAJIWYHE ITOCTOSHHOM
COCTABJIAIOIIEH, HCKAKEHUSI BTOPOT'O MOPSAKA).

3. TlpoBenute ceuenue uzobpaxeHus mo ocsmM X, Y. Coxpanute (peiimbl
CEYEHHUH.
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Pucynok 1 - Cedenne ucxoqHoro uzobpaxenus 1o ocu X
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4. TlpoBeaure HeoOXoaUMYyI0 00pabOTKY M300paKeHHUs ¢ OMOLIBIO METOJIOB,

NOCTYyIHBIX B mporpamme. JlobelTecb MakCUMaIbHOM IIOCKOCTHOCTH
M300paXkeHusI.

5. Coxpanure nonyuyeHnsiit ¢ppeiim. [IpoBenute ceuenue n3obpaxeHus mociae
00paboTK¥ ¥ CpPaBHMTE C CEYEHHEM MCXOIHOro H3o0pakeHus. YOemurech B
TOM, 4TO MCKaXkeHus ycTpaHeHbl. CoxpaHute Qppeiim ceueHusl.

Cevenuel

x10°

I ) A5
42 44 46 48 50 52 54 1L 2e=R ¢ 4l 870657 809 1010

Pucynok 2 - Vzo6paxenue nosepxaoctd DVD-nucka nocie 06paboTkH

3ananue 2. [Ipuvenenue buapTpOB
1. Orxpoiite dpeiim 2_filter (pucyHok 3).

2. V3 nabopa (uIbTPOB, HOCTYNHBIX B IPOrpaMMe, nona0epuTe OAWH HIIH
HECKOIBKO (PUIBTPOB TaKUM 00pa3’oM, 4TOOB! HA MOJTYy4EHHOM H300paKeHHH
oT/e/bHBIE AeTaH ObUIH BEIIETEHb! HanboIee YETKO.

ITpumepHBlil BUJ H300paKeHus roce 06paGoTKU MPUBE/IEH Ha PUCYHKE 4.

3. CoxpaHuTe MONyYeHHbIH pperm.
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Pucynoxk 3. VMicxonHoe nzobpaxeHue Pucynok 4. M3o6paxeHue nocie
npyuMeHeHHs QUIBTpa

3ananue 3. Ilpeo6pazopanue Pypbe

1. Orxpoiite ¢peiim 3-1_Fourier (ckaHnpoBaHHOE u300pakeHHe (parMeHTa
kanubposouHoi pemerku TGZ).

2. OmnpezenuTe MepHoO PELIETKH C IIOMOLIBIO METOAA AHanu3 cedenuii. Jlns
nonydeHusi Goljiee IOCTOBEPHBIX pe3yJIBTaTOB PEKOMEHAYETCs yCpEINHHTD

naHHble cedeHus no 20-50 crpokam. VsmepsTh nepuon yIOOHO MpH MOMOIIH
JIBOHOro Mapkepa (yCTaHaBJIMBAETCsl C HAXKAThIMU KJIaBHIIAMU <Ctrl+Shift>).

3. BoimosiHuTe npeobpasoBanue Oypbe.

4. W3 criucka B JIEBOM HIKHEM YIily BeibepuTe 0ToOpakaeMyro GyHKIHIO, PH
KOTOpO# pedieKchl BUIHBI Hanboee YeTKo.
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Pucynok 5. @ypbe-CIEKTp (cneBa) U UCXOIHOE N300paXKEHHE (cripaBa)
OJHOMEPHO#i IEPHOAUYECKOH CTPYKTYPBI



7 Onpe,ueJmTe 110 XapakTepy CIEeKTpa, KakKue NepUOaANYECKHE CTPYKTYPBI
HMEIOTCS Ha H306pa)KeHHI/l. I/IaMepre BEJIMYMHBI NMPOCTPAHCTBEHHBIX 4acToT
COOTBETCTBYIOIIMX MaKCHMyMaM. %] IIONY4YEHHBIX JaHHBIX paccqmaﬁ're
NNepruoJ pEeIIETKHU.

6. CpaBHHTE NEPUOAMYHOCTh MH300paKEHUH, HM3MEPEHHYI0 IpH TOMOLIA
CeyeHHUs] IS MCXOMHOro HM300pakeHus, C pe3yjbTaTraMH, MOTy4CHHBIMH C
nomolsio ®ypre-obpasa.

7. Orkpoiire dpeitv 3-2_Fourier (ckaHMpoBaHHOE H300paXKeHHE (bparmenTa
KanubpoBousoi pemrerkn TGQ). AHanOrMuHBIM 00pa3oM  ONPENLIATE
NIEPUOB PELIETKH B HANpaBIEHMAX OCeH OX u OY. CpaBHute OaHHBIE,
T0JIyY€HHBIE HETIOCPENCTBEHHBIM U3MEPEHHEM H TIPU MIOMOLLH ®ypre-obpasa.

8. M3MepbTe BENMUMHBI YIJOB MEXJIy HANpaBleHHAMH [EPHONMTHOCTH
(uHCTpyMeHT | -/[) mo wm3obpaxenmio @ypbe-obpaza U CpaBHUTE €

COOTBETCTBYIOIIMMH BEJIMYUHAMHU YTJIOB UCXOOHOI'O H306pa>1<eﬁpm.
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PucyHok 6. @ypbe-CIeKTp (creBa) U UCXOHOE U300paXkeHHe (cripaBa)
JByMEPHOI [IEPUOIMYECKOH CTPYKTYPBI

3aganue 4. Pypbe-huabTpaunus

1. Orkpoiite  dpeiM 4_Fourier-filter.  JlaHHBIH bpeiim  sABISETCA
y300pakeHHeM — TIOBEPXHOCTH rpapura C  HAIOXKECHHBIM  BHEIIHHM
[epUOAMIECKUM CHTHATIOM

2. Orkpoiite okHO MeToza Pypbe AHaJu3.

3. W3 crmucka B JIEBOM HIKHEM YTy noaGepute OTOOpaXkaeMyro (yHKIHIO
TaKuM 06pa30M, 4TOOBI peDIEKChI OBITM BUIHBI HanboJIee XOpOoLIo.

4. C [OMOLIBIO HHCTPYMEHTAa BBIpE3aHMs 4YacToT - - YyAAIMTE dypbe-
KOMIIOHEHTHI, COOTBETCTBYIOLIME TapasUTHBIM IEPHOMHHECKHM cUrHanam
TaKuM 06pa30M, YTOGbI Ha H300pAKEHHH OCTAIACh TnepuouYecKast CTPyKTypa
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5. Coxpanure nomyyennsiit Gpeiim.

HcxonHoe uzobpaxenue H3o6paxeHue nocie NpuMEeHEHHs
®Oypre-¢dunsrpanuu

KoHTponbHBIE BOIPOCH:

1. Ha3zoBute ocHOBHBIe KOMIIOHEHTH C3M M X Ha3Ha4YEHHE.

2. HazoBuTe BU/IBI CEHCOPOB ¥ MPUHLMIIBI UX AEHCTBHS.

3. OOGBACHHUTE MOHATHE IBE303JIEKTPUUECKOro d(pdeKTa M NPHHLIKUN JeHCTBHUS
NbEe303JIEKTpUYecKoro apurarens. ONUIIMTE pasiudHble KOHCTPYKIHH CKaHEPOB.
4. OnummmTte o6LIyr0 KOHCTpyKLwio npubopa NanoEducator.

5. O6bACHATE KOHCTPYKIHMIO 30HIOBOIO AAaTYHKA TYHHENBHOTO TOKa/ CHJIOBOIO

B3aumoeiictus npu6opa NanoEducator i MPUHIAI €ro JeHCTBHA.
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[Mpunoxenue 15

Jla6oparopHas pa6ota: uccnemosanue crpykrypsl THna CD-R i CD-RW

1
2
3.
4.
S

ObopynoBaHue, MaTepHalbl U PEaKTUBBIL:
CxaHupyromui 30H10BBI MUKPOCKOITL.
Ckanbnens.

[Tunuer.

JIByXCTOPOHHHUH CKOTY.

Hucku tunoB CD-R, CD-RW.

Xon paboTsl

. 3anmummMTe Ha JOUCK [JaHHEIE, KOTOPBIE 6}’JIyT 3aHUMaTh HE BECh €Tro

JOCTYITHBIN 00BEM.

Bo3bMHTE €ro U pacroiokuTe MATOBOM CTOPOHOM K cebe.

5 PaSPB)KI:Te JUCK Ha JB€ 4YacTH, a IOTOM OT OIHOM M3 HUX OTPEXKBTE

He6GOoNbIION CeKTop, YTOOBI MOMYyYWIHCh MecCTa, TA€ CJIOU CTalH
pacxoiuThCs.

C IOMOIIBIO CKaNbIIENsd aKKypaTHO, IIOYTH B TapajlieJbHOM HalpaBlICHUH,
MOJIeHbTE KyCOYeK OUCKa TaKuM oOpasoM, 4TOOBI ¢ OOpaTHOM CTOPOHBI
KycouKa 6bUIa OTpajKarolas IOBEPXHOCTh, U OH HE OTACIHICA OT OCHOBHOM
yacTU. 3aTeM C TIOMOLIBIO MUHIIETa aKKYypaTHO OTOPBUTE 4acTh CIIOs, YTOOBI
cHsUTOCh 607bIIe, yeM Bbl noanenu. IIpudém caenath 3T0 HEOOXOIMMO TaM,
rae HaxOAMTCS TIpaHuLa 3aMCcaHHOM vacTd aucka. Ecinu 3TOrO He
ToJIydaeTcs CAenaTh, TO IPOCTO MPUTOTOBBTE /Ba o0pasia ¢ 3anucaHHON H
YUCTOM YacTsAMHU.

AXKypaTHO OCTPBIM IHMHIETOM IOALCIHTE 3TOT KyCOYeK U MOMECTHTE €ro
oTpaalolllelfl MOBEPXHOCTHIO ~ BBEPX Ha 3apaHee TOATOTOBJIECHHYIO
MOVIOXKY C HAaHECEHHBIM Ha Hee JIBYCTOPOHHHM CKOTHEM. PaGorarb
[MHLETOM HY)XHO C TOH YacThl0 KyCO4YKa, KOTOpYIO Bbl HE Oynere

CKaHHMPOBATh.

. Tlomectute oOpasely B  CKaHMPYHOLIMH 30HIOBBIH ~ MHKPOCKOIL

Hpocxcaﬂnpyiflre MNOBEPXHOCTh B peXUMEe ATOMHO-CHJIOBOM MUKPOCKOITHH.
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Pa3mep o6nacTu cKaHMPOBAHKs HEOOXOAMMO BHIOMPATh OT Majoro (10 mxm
x 10 mxM) mo 6onpmoro (100 mxm X 10 Mkm). B TOT MOMEHT, KOria Ha
MOJTy4aeMOM M300paXKeHHH CTAaHeT BUAHA CTPYKTYpa, MOXHO OCTaHOBHTHC
1 paboTaTh B JAHHOM JHana3oHe 0bacTell CKaHUPOBaHHS.

7. CpaBHHTE TOJY4YeHHble CKaHbl IS YMCTOH oOnacTd JIuCka H 1A

3alIMCaHHOM.

KoHTpobHbIE BOIIPOCHL:

1. OnummTe MeXaHW3M I0BOJA 30HAA K 0o0pa3siy B mpubope NanoEducator.
ITosiCHUTE TapaMeTpsl, ONpeeNIOIUe CHLy B3aUMOJCHCTBHS 30HIA C
obpa3zuom.

2. O6bSCHUTE NPUHIMN CKAHUPOBAHMS M PaGOTHI CHCTEMBI OOpAaTHOH CBS3H.

Pacckaxute 0 KpUTepHsX BeIOOpa napaMeTpoB CKaHUPOBAHMS.



[Tpunoxenue 16

Jla6oparopHas pa6ora: HccienoBanre noBepxHocTH (habpuyHOro aucka THra
DVD-ROM
O6opynoBanue, MaTepraibl U peakTHBBI:
1. CxaHupyromuii 30H10BbIif MUKPOCKOIL.
2. Cxanbnens.
3. Ilunuer.
4. JIByXCTOpOHHHMI CKOTH.
5. HMucku tunos CD-R, CD-RW.
Xon paboTsr:

1. Bo3sMHuTE OUCK M PACIONIOKHTE ero pebpoM K cebe.

2. C moMouIpio CKabIes NoANeHbTe NONUKapOOHATHBIH CJIOM U OTCJIOUTE €ro
OT OTpaXkaroIlel MOBEPXHOCTH PUMEPHO MocepeiuHe pedpa.

3. OTpexsTe C MOMOIIBIO HOXHHUI[ [0 KYCOYKY OT IOJUKapOOHATHOrO CIIOS U
OT OTpakaromledl YacTH. 3aKpemuTe KaXIblii M3 HUX Ha METaTIMYECKOH
MO/JIOXKE C IMOMOIIBIO JBYCTOPOHHEro ckotya. OOpaTuTe BHHMAaHHUE, YTO
CTOpPOHY MOJIMKapOOHaTa HYXHO BBIOMpATh Ty, KOTOpas ObliIa pacroioxXeHa
JMLOM K oTpaxawueMmy cior. Kpome Toro, Heo6XxoauMo cpenars 3TU

JIEHCTBHS TaK, YTOOBI He MPUTPOHYTHCS pyKaMH K paboyeilt MOBEpXHOCTH.

B

[TpockaHupyiiTe MOBEPXHOCTH ABYX 0OpasloB B peXHME aTOMHO-CHJIOBOH
MHKpOCKONMH. Pa3Mep obnacTi ckaHMpOBaHUsS HEOOXOOUMO BHIOHpATH OT
Maoro (10 Ha 10 mxMm) mo Gonbmoro (100 ma 100 mxMm). Korma Ha
[I0ly4aeMOM H300paXKeHHMHM CTAHOBUTCS BUJIHA CTPYKTYpa, MOXHO
OCTaHOBUTHCSA U pabOTaTh B JaHHOM JHana3oHe obnacTeii CkaHUPOBaHUS.

5. CpaBHHTC TNOJIYYE€HHBIC CKaHBbl JIs1 pa3HbIX CJIOEB AHCKa.

KoHTpoJIbHBIE BOIIPOCHI:

1. HazoBute ocHoBHBIE KOMIOHEHTH! C3M M MX Ha3HaueHUE.

2. HazoBuTe BUABI CEHCOPOB U MPUHLUMIIBI X NEHCTBHS.



3. O6BsACHUTE MOHATHE TbE30NEKTPHIECKOr0 FQPEKTA U PUHLIUI JeHCTBUS
NbE303JIEKTpHYECKOro aBuraresis. OmUIIKTe pa3IuyHble KOHCTPYKLUMHU CKaHEPOB.
4. OnuuuTe o61IyI0 KOHCTPYKIKIO npr6opa NanoEducator.

5. O6bsACHUTE KOHCTPYKIMIO 30HI0OBOTO JIaTYHMKa TYHHEIBHOTO TOKa/ CHIOBOIO
B3auMozencTBus npudopa NanoEducator ¥ mpuHLUUN €ro AeHCTBHUS.

6. OnuiunTe MeXaHu3M MMOABO/A 30HIa K 06pasiry B mprbope NanoEducator.
[TosicHuTe MapameTpsl, ONpeeNsIoLIUe CUILy B3aUMOJEHCTBHS 30Ha C 00pa3IioM.
7. O0bsACHUTE PUHIIUI CKAHUPOBAHUS ¥ pabOTHI CHCTEMBI OOpaTHOM CBA3H.

Pacckaxure o KpuTepusx BEIOOpa MapaMeTpoB CKaHUPOBAHHS.
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[Ipunoxenue 17
IIpumepHbIe TeMbI KEHCOB
I Cunre3 marHuTHBIX HaHowacTull (Fe;O4, CoFe 04, CuFe;04)
2. I[Toy4yeHHe KOMIIO3UTHBIX MaTEPHAIIOB, 00J1aJal0IHX (HOTOKATAIUTHYECKOH

axtuBHOCTBIO (NiFe;04/Zn0, CuFe,04/Ti0,)

3 CuHTe3 aHM30TPOIHBIX HAHOYACTHL cepebpa M H3y4Ye€HHE HX CEHCOPHBIX
CBOMCTB

4. CuHTe3 aTIOMUHATHBIX JIIOMHHO(OPOB, aKTUBUPOBAHHBIX HOHaMK P3M

5. OnruMu3anys nonydedus kautoseix Toyek CdSe, PbSe

6 HccrnenoBanue CBONCTB MOBEPXHOCTH KPEMHHUS

7 MarHuTHBIE CBOMCTBA OBEPXHOCTH JIEKTPOTEXHUYECKHUX CTANEH

8.  HccrnenoBaHue NpOBOAMMOCTH YITIEPOJHBIX HAHOTPYOOK

9 I[TonyueHne POBOSIINX IUIEHOK Ha OCHOBE CEPEeOPSHBIX HAHOIIPOBOJIOK

10. WccnenosaHue CTPOEHHUS TOBEPXHOCTEH OHOIOrMYECKUX TKaHEH
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[Tpunoxenne 18
Kputepru olleHKH BBINOJHEHHOTO Keiica

HaumeHoBaHue Kelica

Ne | Kpurepui MakcumainbHbli | BbicTaBieHHBII
oamn oann

1. | cHOCOOHOCTE K MOMCKOBO# AeSATEIEHOCTH 15

10 MHOT'OSA3BIYHBIM pecypcam UHTEPHETA

AJISl aHAJIM3a UMeIoLLelcss HHPOpMaLUK 110
TeMe 3aJa4u;

2. | CIOCOGHOCTH K CMBICIOBOMY WYTEHHIO 15
TEKCTOB 3a7ady C OIpeAeleHUueM Kpyra
pelaeMbIX BOIPOCOB M YCIIOBHI;

3. | cobnroneHne TeXHUKH O€30acHOCTH B 10
naboparTopuu;

4. | cnocoOHOCTH K CaMOCTOSATEBHOMY 12
OnpeesIeHUIO HEOOXOJUMBIX

o0OpyIOBaHHS UM  MaTepualoB s
IPOBEJICHHUS SKCIIEPUMEHTa;

5. | cmocoGHOCTh K CaMOCTOSITEIbHOMY 12
NIPOBEACHHIO IKCIIEPUMEHTA,

6. | yMeHue reHepupoBaTh HECTaHIAPTHBIE 12
peuieHus METOJaMHU TEXHUYECKOTO
TBOPYECTBA;

7. | yMeHHe  aHaMM3MpPOBaTh  TOJYYEHHBIH 9
pe3yJibTarT,

8. | ycmemnas 3amuTa BCEX JIabOpaTOPHBIX 15
paboT 3a yueOHbIH roj

9. | Uroro: 100
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