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Kkypc 1 cemectp 2

JIeKIuH 4 Jac.

npaktuaeckne 3ausTus 00 gac.

nmabopatopHsie padots! 30 gac.

B TOM YHCJIE C HCTIOJIh30BAHUEM

BCET0 YacOB ayJUTOPHON HAarpy3ku 34 gac.
camocrosTenbHas padora 74 vac.

B TOM YHCJIE Ha MOJITOTOBKY K 9K3aMeHy 454ac.
KOHTPOJIbHBIE pa0bOThI (KOJTHMYECTBO) HE MPEYCMOTPEHBI
KypcoBast paboTa / KypcoBOii POCKT HE MPEAYCMOTPEHbI
3auet 0 cemecTp

9K3aMeH 2 CeMeCTp
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Pabouvas mporpamMma o0cyx/eHa Ha 3aceaHuy Kadenpsl OOmieil, HeOPraHMYECKOH U AIEMEHTOOPTaHUYECKON XUMHUH

poTOKOI No 2 or« 21l » OKTSIOpA 2021 r.

3aBenyrontuii kadeapon Kanyctuna A.A.

CocTaBUTEINH: I.X.H., nouieHT BacunseBa M.C., k.X.H., goueHnt lllutosckas E.B.
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O0opoTHas cTopoHa TUTYJABHOrO Jucta PIIJI

I. PaGouasi mporpaMMa nepecMoTpeHAa HA 3aceJaHMH Kaheopol.

IIpoTokomn oT « » 20 1. Ne

3aBenyrommii kageopoii

(moamce) (1.0. damumms)

11. PaGouasi nporpaMma nepecMOTpeHa HA 3aCeAaHUH Kadeopol.

IIpotokomn oT « » 20 1. Ne

3aBepyromuii kageopoii

(monnuce) (.0. dammnus)

111. PaGouyasi mporpamMma nepecMoTpeHa Ha 3aceAaHMU Kageopul.

[IpoTokoi oT « » 20 1. Ne

3aBenyrommii kageopoii

(oamcp) (1.0. damumus)

V. PaGoyast mporpaMmMa nepecMoTpeHa Ha 3aceJaHUM Kagheopul.

[IpoToxkoi oT « » 20 1. Ne

3aBenyrouuii kageopoii

(oamch) (1.0. damumus)



l. [lenu n 3a1a4l OCBOCHUS AUCUUILIINHBI:

[lens: mpuobpeTeHre 3HAHUK O MPHUHIMMNAX (POTOKATATUTUYECKOTO JICUCTBUS
MMOJYIPOBOAHUKOB, METOJIaX CHHTE3a W UCCIEIOBAaHUS IUICHOYHBIX W
JUCTIEPCHBIX TETEPOTEHHBIX (POTOKATATU3aTOPOB.

3agauu:

- 0o0yunTh  ydYamUXCs  MarucTpaTypbl  TEOPETUYECKHMM  OCHOBaM
dboTokaranusa;

- copMUpOBaTH TOHUMAHUE CYIIHOCTH (HOTOKATATMUTHYECKOTO JIEHCTBHS B
npoiieccax 00pabOTKH BOJIBI;

- J1IaTh MPEJCTABICHUE O CTIOCO0aX CHHTE3a W MCCIEAOBAHUS TJICHOYHBIX H
JUCTIEPCHBIX TETEPOTEHHBIX (POTOKATAIN3ATOPAX.

ycta"oBieHHbIMU B OITOII nnaukaTopaMu JOCTHKEHUS] KOMIIETSHITUH.

COBOKYITHOCTh 3aIlJIAHUPOBAHHBIX PE3YyJIHTATOB OOyUEHHUS IO JUCIUILINHE
(Momyno) goibKHAa —oOecriedyuBaTh  (OPMUPOBAHHME Y  BBIMYCKHHKA BCEX
KoMmneTeHuu, ycranoBieHHbIx OITOIL.

[IpodeccnonanbHble KOMIETCHIIMM BBITYCKHUKOB W HWHIAKATOPBI HX
TOCTYOKCHUS

Tun 3agau Kon 1 HaumeHoBaHMe
npodeccuoHanbHOM Kon 1 HanMeHOBaHME MHAUKATOpA
KOMITCTEHIINU JOCTH)KEHHSI KOMIIETCHITHN
(pe3ynbTaT OCBOCHHSI)
Hay4yHO- I1IK 1 Cnocoben
HCCIIEI0BATENIbCKHUI MJIAHUPOBATh PaboTy U

BBIOMpATh a/IeKBaTHbHIE
METO/Ibl PEIIECHUS HAyYHO-
HCCIIEIOBATENbCKUX 3aj1a4

B BBIOpaHHOMU 00sacTH

XUMHH, XUMAYECKON
TEXHOJIOTMH UM CMEKHBIX
C XMMHEN HayKax

IIK 1.1 CocraBnsger oOmii miiag
HCCIIEIOBAHUS U JeTAIbLHEIE MIaHbI
OTJENbHBIX CTagud

I1IK 1 Cnocoben
IUIaHUPOBaTh paboTy U
BBIOMpATh a/IeKBaTHbHIE

METO/Ibl PEIIEHUS] HAyYHO-
HCCIIEeIOBATeNbCKUX 3a/1a4
B BBIOpaHHOW 001acTH
XHMHH, XUMAYECKON
TEXHOJIOTMH UM CMEKHBIX
C XMMHEN HayKax

[1K 1.2 Beibupaet sKcriepuMeHTaIbHbIE
U PaCUYETHO-TEOPETUYECKUE METOIbI
peLIeHUs TOCTABICHHON 3a/1a41 UCXOs
U3 UMEIOIUXCS MATEPUAIIBHBIX U
BPEMEHHBIX PECYPCOB




Twum 3amau Kox 1 HammMenoBanue
PO eCCHOHATTEHOM Kon u HaumeHOBaHME UHAUKATOPA
KOMITETeHITUN TIOCTHKEHUS KOMIIETEHITUN
(pe3ynbTaT OCBOCHMSI)
HayYHO-
HCCIIEIOBATEIIbCKHI

[1K-3 CriocobeH Ha OcHOBe
KPUTHYECKOTO aHAJIN3a
pesyiabratoB HUP u

IIPUMEHEHUS U
IIPOAOIDKEHUS paboT B
BbIOpaHHOM 00nacTu
XUMHH, XUMUYECKON
TEXHOJIOTMH UJIU CMEKHBIX
C XMMHUEH HayKax

HHUOKP ouenuBaTh [1K-3.1 CucremMaTu3upyer
TIEPCIIEKTUBBI UX uH(popMaIrio, morydeHHyo B xoae HUP
NIPAKTUYECKOro u HUOKP, ananusupyer ee u

COIIOCTABJISIET C JINTEPATYPHBIMU
JTAaHHBIMU

[1K-3 CriocobeH Ha oCHOBE
KPUTHYECKOTO aHalIu3a
pesysbratoB HUP u
HUOKP onenuBars
MEePCIEKTUBBI UX
MIPAKTUYECKOTO
MIPUMEHEHUS U
MPOJIOIIKEHHS paboT B
BbIOpaHHOM 00yacTu
XUMHH, XUMHYECKON
TEXHOJIOTHH WJIA CMEKHBIX
C XMMHEHN HayKax

I1K-3.2 OnpenenseT BO3MOKHbIE
HaIPaBIICHUS PA3BUTHS padOT U
MEPCIIEKTHBBI MTPAKTUUYECKOTO
MIPUMEHEHHUS TTOJTy9ICHHBIX Pe3yIbTaTOB

KOIL 1 HAMMCHOBAHMEC MHAMUKATOpa
JOCTHXKCHUS KOMIICTCHIIN

HanmeHoBaHue mmokazarest OlleHUBaHUS
(pe3ynbTaTa 00y4YeHHs 1O JVCIUILINHE)

IIK 1.1 Cocrasisger oOumii miag
HCCIIEOBAHUS U J€TAILHBIE MIaHbI
OTJENbHBIX CTagui

3HaeT HOBBIC COBpPCMCHHBIC TCHACHII MU B o0actu
HCCIICOOBAHUA IT'€TCPOrCHHBIX q)OTOKaTaJ'II/I?;aTOpOB

YMeer cocTaBiaTh OOIINH TUIAaH UCCIICOBAHUS U
JICTaIbHbIC IJIAHBI OTACIBHBIX CTaHI TeTEePOreHHOTO
doTokaranmza

Braneer HaBbIKaMu cocTaBiIeHHs OOIIETO MIaHa
UCCIIE/IOBaHMS U JIeTAJIbHBIC TUIAHBI OTAENIBHBIX CTaui
reTepOreHHOro oToKaTainsa

1K 1.2 Beibupaer
AKCIIEPUMEHTAJIbHBIE U PACUETHO-
TEOPETHUUECKUE METO/IbI PEILICHUS
MMOCTaBJIICHHOH 3aJauM NCXOIs U3
MMEIOIINXCS MaTepUAIbHBIX U
BPEMEHHBIX PECypCOB

3HaeT OKCIICPUMCHTAJIBHBIC U paCYHCTHO-TCOPCTUUCCKHUC
MCTOJBI UCCIICAOBAHUA I'€TCPOrCHHBIX Q)OTOKaTaJ'H/I?)aTOpOB
HUCXO0Jd U3 UMCHOIUXCS MATCPUATIBHBIX U BPEMCHHBIX

pecypcoB

YmMmeer IPpOBOAUTH SKCIICPUMCHTAJIBHBIC U pACYCTHO-
TCOPCTUUCCKHUEC UCCIICAOBAHUSA I'CTCPOTCHHBIX




KO)_I 1 HAMMCHOBAHHUC MHAUKATOpA
JOCTHXKCHUA KOMIICTCHIIUHN

HanMmeHoBaHMe TIOKa3aTens OleHUBAHMS
(pe3ynpraTa 00yUeHHUS 10 TUCIATIINHE)

¢boTOoKaTaIN3aTOPOB UCXO/IS U3 UMEIOLIUXCS
MAaTEPUAIbHBIX U BPEMEHHBIX PECYPCOB

Biiageer HaBbIKaMM POBEJEHUS SKCIIEPUMEHTAIBHBIX U
PaCYETHO-TEOPETUYECKUX UCCIEA0BAHUI I€TEPOrE€HHBIX
¢boTOoKaTaIN3aTOPOB UCXO/IS U3 UMEIOLIUXCS
MAaTEpHAIbHBIX U BPEMEHHBIX PECYPCOB

I1K-3.1 Cucrematusupyer
uH(pOpPMAIIHIO, TTOTYUYECHHYIO B
xoxe HUP u HUOKP,
aQHAJM3UPYET €€ U COMOCTABIISIET C
JIUTEePATypPHBIMU JAaHHBIMU

3HaeT coBpeMeHHbIe TPeOOBaHUS K CUCTEMaTH3alUU
uHpOpPMAaLKH, TTOYyYeHHOH B X0JI€ POBEICHUS
HKCIEPUMEHTANIBHBIX Pa0OT B 00JaCTH I'€TEPOreHHOI0
¢doTokaTanusa, aHATU3UPYET €€ U COMOCTABIISET C
JUTEPATYPHBIMU JAHHBIMU

YMmeer cucteMaTH3upoBaTh HHPOPMAILIHIO, TOTYUYCHHYIO B
XO07/1€ IPOBE/ICHUS 3KCIIEPUMEHTANIbHBIX paboT B 001aCcTH
reTeporeHHoro (POTOKaTaIn3a, aHaJIn3UPOBATh €€ U
COIOCTABJIATH C JINTEPATYPHBIMU JAHHBIMU

Brnazneer HaBbIKaMu cHCTEMAaTU3UPOBAaTh UH(DOPMALINIO,
MOJIYYCHHYIO B XO/JI€ MPOBEJCHUS IKCIICPUMEHTABHBIX
paboT B 00J1aCTH TETEPOreHHOTO (hOTOKATAIHN3A,
AHAJIM3UPOBATh €€ M COMOCTABIIATH C JINTEPATYPHBIMH
JaHHBIMHA

I1K-3.2 OnpenensieT BO3MOXKHbBIE
HaIlpaBJICHUs Pa3BUTH paboOT U
MEePCHEKTUBBI MPAKTHUYECKOTO
MIPUMEHEHUS MTOTYYEHHBIX
pe3yIbTaTOB

3HaeT BO3MOKHbIE HAIPaBJICHUsI pa3BUTHS paboT B
00J1aCTH reTeporeHHoro (poTokaranusa u NepcreKTUBbI
IIPAKTHYECKOr0 IPUMEHEHHsI IOJYYECHHBIX PE3YyJIbTaTOB

YMeeT orpeelisiTh BO3MOXKHBIC HANIPABJICHUS PA3BUTHUS
paboT B 00y1acTu TeTeporeHHoro (hoToKaranmsa u
MEPCTIEKTUBBI TPAKTHUECKOTO MPUMEHEHUS TTOTyYeHHBIX
pe3yIbTATOB

Brnaneet HaBbIkaMM OnpenensTh BO3MOXKHBIE HAITPABICHUS
pa3BuUTHA paboT B 00JIaCTH reTepPOreHHOro GoToKaTaIn3a
U TIEPCIIEKTUBBI MPAKTUYECKOT'0 IPUMEHEHHUS TOTYYEHHBIX
PE3yJIbTaTOB

2. Tpyno€MKOCTh TUCHUIUTMHBI U BUOB YUCOHBIX 3aHITUH IO JUCITUTIIINHE

OO6mast TpyA0€MKOCTh JTUCIUIUIMHBI cocTaBisieT 3 3a4€THhIX eauHuibl 108

AKaJCMHNYCCKHUX Jaca.

Bugamu yueOHBIX 3aHSATUM W paOOThl OOydYarolErocss Mo JAUCIUILIINHE

SABJIAXOTCA:
O6o3Ha4enue Bunpl yueOHBIX 3aHATHI 1 pabOTHI 00yUaromerocs
Jlex Jlexuu
JIab JlaGopaTopHble paboTHI
CP CamocrosiTenbHas paboTa 00ydaromerocs: B eproi TEOPETHIECKOro 00ydeHHs

CrpykTypa AUCUUILIHBIL:

dopma 00ydyeHust — OuHasl.




KommgecTBo 9acoB 1mo BuaM y4eOHBIX
o 3aHATHUI U pabOTHl 00YYArOIIETOCs
3] DopMBbI
HanmenoBanue pasaena 3 =) o
Ne JE— > o © o o . é MIPOMEKYTOUHOU
@) lq:% g = o @) E aTrTecTalyu
<
doTokaTanus M €ro YO-1; ITP-6, ITP-9
1 MIPUMEHECHHE B IPOIIECCax 2 2 15 19 20
00pabOTKH BOJIBI
CrocoOrI cHTE3a U YO-1; ITP-6, ITP-9
o | HCCIeNOBAHMUS TETEPOTeHHBIX 2 2 15 ) 20 o5
IUICHOYHBIX U TUCTIEPCHBIX
(OoTOKaTAIM3aTOPOB
HWroro: 4 30 - - 29 45

3. CTPYKTYPA M COJEP)KAHUE TEOPETUYECKOH YACTH
KYPCA

Jlexumonnsie 3aHATH (4 Jac.)

Cooeporcanue meopemuueckou 4acmu Kypca pazousaemcs Ha membi.

Tema 1. doTokaTaju3 U ero NpuMeHeHHe B Mpoieccax o0padoTku BoabI (2
qac).

OmnpenencHue MepeaoBbIX OKUCIUTENBHBIX mporieccoB (advanced oxidation
processes, AOPs). Ilonstue o dorokaranuze. Mexanusm (HOTOKATATUTHIECKOTO
nerctBus nuokcuaa tutana. OcoOeHHOCTH (HOTOKATATMTHUYECKUX IMPOIECCOB B
xugakon (daze. Tumbl mporeccoB: (HOTOKATATUTHUECKOE PA3JIOKEHUE BOJIBI,
doTokaTanuTUUECKas Aerpafalus OpraHnyecKux BelecTB. DOTOKATATUTUUECKOE
Pa3JIoKEHUE BOJBI ISl BBIACICHUSI BOAOPOJA U MOTYUYECHUS IJIEKTPUUECKOrO TOKA.
doToKaTanu3aTopsl Pa3NoKEHUS BOJIbI, 0COOEHHOCTH CUHTE3a
(dhoTOKaTAIN3aTOPOB, YyBCTBUTEIBHBIX K U3TyYCHUIO BUIUMOIO JHara3oHa.

Tema 2 Cnoco0bl CMHTE3a M MCCJIEIOBAHUS TeTEPOTeHHBIX ILUIEHOYHBIX W
AUCIEPCHBIX (poToKaTAIN3ATOPOB (2 Yac).

MeToapl CHHTE3a TUCTIEPCHBIX U MJIEHOYHBIX (PoTOKaTaIn3aTopoB. CrocoObI

UCCIIEIOBAHUS (dboToKaTATUTUYECKON aAKTUBHOCTH CHUHTE3UPOBAHHBIX

reTepoCTPYKTYp B mporeccax oOpaboTku BoAbl B ycioBuUsX Y® U BUIUMOTO

CBCTa.



4. CTPYKTYPA U COJAEP)KAHHUE MPAKTUYECKOMN YACTH
KYPCA
IHPAKTUYECKUE 3AHATUSA
JlabopaTtopnass padora Nel. DIeKTpOXMMHUYECKUN CHHTE3 ILICHOYHBIX

MOJTyTPOBOTHUKOBBIX (hOTOKATATN3aTOPOB (4 Yac.)

JlaGoparopnasi pa6ora Ne 2. XWUMHUYECKUM CHHTE3 IUCHEPCHBIX YACTHIL
dboTokaranuzaTopa (4 4ac.)

Jlabopatopuasi pabdora Ne 3. UccremoBanne (oTOKATATUTHIECKOM
AKTUBHOCTH TIOKPBITUH B PEAKIMU JIerpajialliil OpraHWYeCKUX 3arpssuutencii (4
4ac.)

JlaGopaTtopuasi pa6ora Ne 4. IUccienoBanue QoTokaTaTMTHICCKON
AKTUBHOCTU JIUCHEPCHBIX YACTHUI[ B pPEaKUUH Jerpajalil  OpPraHUYECKHUX
3arpsisauTenei (4 vac.)

JlaGopaTopnasi padora Ne 5. HccnemoBanune (HOTORICKTPOXUMHUIECKHUX
CBOMCTB OKCHJIHBIX MOKPBITUM Ha TUTaHE (4 4Jac.).

Jlabopatopuas padora Ne 6. Omnpenenenue (HOTOAKTUBHOCTH JUCTIEPCHBIX
YaCTHI] MOJYNPOBOJHUKOBBIX (DOTOKATAIM3ATOPOB B PEAKIIMU PA3IOKEHUS BObI
(4 gac.).

JlaGopaTopnass pabGora Ne7. lccienoBaHue MexXxaHW3Ma PasJIOKEHUSA
Kpacutene B ycioBusix Y@ oO0iydeHHs Ha pa3auyHbIX ¢oTokaranuzaTopax (4
yac).

JlaGopaTropuass paGora Ne8. IlcciemoBaHue  MOJIYNPOBOJIHUKOBBIX

dboTokaTanmm3aTopoB B DEeHTOH-TIOJOOHBIX peaknusx (3,5 Jac)

5. CTPYKTYPA, COAEP KAHUE, YYEBHO-METOJNYECKOE
OBECHEYEHUE CAMOCTOSTEJBbHOM PABOTHI OBYYAIOIIIUXCA
(u Onnaiin kypca npu nanuquu)

PexkomeHnaanuu mo caMmocTosATeIbHOM padoTe CTYACHTOB

Inan-rpaduk BbINOJIHEHUS CAMOCTOSATEILHON PadOThI 0 TUCHUILIHHE



Ne JlaTta/cpoxn Bua camocrosrenbHoi | IlpumepHbie | @opMa KOHTPOJIA
BBINOJTHEHHS, | paGOThI HOPMBI
n/n Hemest BpeMEHH Ha
BBINOJIHEHNE,
qac

OT4er o VO-1; [TP-6, ITP-9
L 1 nabopatopHoit pabore 9

Ne 1

OTuer 1o 9 YO-1; IIP-6, ITP-9
2. 2 nabopaTopHoi paboTe

No 2

Ortyer no 9 VO-1; ITP-6, ITP-9
3. 3 nabopatopHoit pabore

Ne 3

Oruer no 9 VO-1; ITP-6, ITP-9
4. 4 nabopaTopHoi pabote

Neo 4
>. 5 nabopaTopHoi paboTe

Ne'5

Ortuer no 9 VO-1; ITP-6, ITP-9
6. 6 naboparopHo# pabore

Ne 6

Ortuer 1o 9 VO-1; ITP-6, ITP-9
7. 7 nabopaTopHoii pabote

No 7

Oruer o 9 YO-1; ITP-6, TTP-9
8. 8 nabopaTtopHO# pabore

Ne 8

Hroro 72

N3yuuB rpaduk BBITIOJHEHHUS CaMOCTOSATEIBHBIX padoT, CIeTyeT PaBUILHO
e€ opraHu3oBaTh. PEKOMEHIyeTCs W3Y4YUTh CTPYKTYpy KaXKIOTO 3aJaHus,
oOpaTUTh BHMMaHHUE Ha TPa(UK BHIMOJHEHUS PA0OOT, OTUETHOCTH MO KaXKIOMY
3aJIaHUI0 TIPEIOCTABISIETCS B TIOCIEIHIO HEEN0 corjaacHo rpaduxy. Oopatuth
BHUMAaHHE, YTO UTOTU CAMOCTOSITEIbHON palOOThl BIUSIOT HAa OKOHYATEIHHYIO
OIICHKY 0 UTOTaM OCBOEHUS yUeOHOMN NUCIMIUINHEI.

Paboma ¢ numepamypoii.

[Ipu BbIMONHEHUW psifa 3adaHuil TpeOyercss paboTaTh C JUTEPaATypOMH.
PexoMmeHmyeTcsi MCMOJIb30BaTh PA3IMYHbIE BOZMOXXHOCTH PA0OTHI C JINTEPATYPOil:
douasl HayuHoi OubOmmorekn JAB®DY (http://www.dvfu.ru/library/) u apyrux
BEIyIINX BY30B CTPaHbl, a TaKXe JOCTYHHBIX JJIi WCIOJIL30BAHUS HAy4IHO-
OMOTMOTEUHBIX CUCTEM.

B  mporecce  BBITONHEHHWS ~ CaMOCTOSATENBHOH  pabOTh, B TOM



Yyclie TIPU HAMKMCAaHUM 3CCE PEKOMEHIYeTcs paboTarh CO CIEAYIONIMMH BUAAMU
W3JaHUIM:

a) Hayunele wu3manus, mnpeaHAa3HAYCHHBIE MU HAYYHOW pabOThl U
COJIEpIKaIle TEOPETUUECKUE, IKCIICPUMEHTAIbHBIE CBEACHHUS 00 MCCIIEOBAHUSIX.
OnHu MoryT my0JIMKoBaThCsl B popMe: MOHOTpaduid, HAYYHBIX CTaTel B )KypHaiIax
WIM B HAYYHBIX COOPHUKAX;

0) Yuebnas nurepaTypa nojapasesnsercs Ha:

- y4yeOHbIe H3MaHUs (Yy4yeOHUKH, y4eOHBbIE IMOCOOMS, TEKCTHI JICKIU), B
KOTOPBIX COJIEPXKUTCS HanboJiee MOJTHOE CUCTEMHOE U3JI0KEHUE AUCIUILITNHBI UITH
KaKoro-TO €€ pa3iena;

- CTIPAaBOYHUKH, CIIOBAPU U SHITUKIIOTICANH — U3JIaHUSI, COACPIKAIINE KPaTKUe
CBEJICHUS HAYYHOTO WJIM TMPUKIAJHOTO XapakTepa, HE MpelIHa3HAYCHHbIC IS
CIUTOUTHOTO uTeHUs. VX 11e7b — BO3MOKHOCTD OBICTPOTO MOJYYEHUSI CaMbIX OOIIHMX
MPEICTABICHU O TIpeIMETE.

Cy1iecTByIOT JBa MeTOJ1a pabOThI HAJl UCTOUHUKAMMU:

— CIUIOIIHOE YTEHHE O00sA3aTeNIbHO MNpU M3YYEHHH Yy4deOHHKa, TJIaB
MOHOrpaguu WIH CTaTbM, TO €CTh TOr0, 4YTO MMeeT ydeOHoe 3HadueHue. Kax
MpaBujIo, 37eCh TpeOyeTcs TIMOBTOPHOE YTEHHE, JUISI TOTO YTOOBI TIOHSTH
HanucanHoe. CrapalTech MpU CIUIONIHOM YTEHUH HE MPOIyCKaTh KOMMEHTapUH,
CHOCKH, CIIPAaBOYHBIE MaTepHUalbl, TAK KaK OHU MPEHAa3HAYEHbI IJIs OSICHEHUN U
MOMOIIM. AHaTU3UPyHTE PUCYHKH (KapThl, AMArpamMMmbl, rpaduku), cTapaiTech
MOHSTH, KaKHe TeHJICHIIMY U 3aKOHOMEPHOCTH OHU OTPAXKAIOT;

— METOJ BBIOOPOYHOTO YTCHHS JOMOJHSET CIUIONIHOE YTCHHE, OH
NPUMEHSIETCS IS TIOMCKOB JOTIOJTHUTENBHBIX, YTOYHSIONIMX HEOOXOIMMBIX
CBEJICHUH B CIIOBAPSX, SHIIUKIIONEANSIX, HHBIX CIPABOYHBIX U3IaHHIX. DTOT METOJ
KpaiiHe Ba)KEH NJIsS TIOBTOPEHUS W3YUYCHHOTO W €ro 3aKpEIUICHUs, OCOOCHHO TP
MOJTOTOBKE K 3a4€Ty.

JI1st Toro 9yToOBI KaXKABIM METOI MPUHEC HAanOOIbIIHM 3hEeKT, HEOOX0UMO
(buKCHpOBaTh BCE BaXKHBIE MOMEHTHI, CBSI3aHHBIE C MHTEepecytoliei Bac TeMoii.

Te3nucel — 3TO OCHOBHBIE TIOJIOKECHHSI HAYYHOTO TPY/a, CTaThbH WU IPYTOTO
MPOU3BEICHUSA, a BO3MOXKHO, M YCTHOTO BBICTYIUICHHMS; OHHM HECyT B cele
Ooonpmmii 00beM MHOpMAIK, HEXENMH IUiaH. [IpocThie TE3WCHl JTAKOHWUYHBI 110
dbopMme; CIOXKHBIE — MOMHMO TJIABHOM aBTOPCKOW MBICIH CONIEPIKAT KpPaTKOE ee
00OCHOBaHME U JIOKA3aTENIbCTBA, MPHUAAIONINE Te3rcamM OoJjiee BECOMBIA W
yOenuTeNnbHbIN XapakTep. Te3UChl MPOYUTAHHOTO TO3BOJISIIOT TIIYO)KE PACKPHITH
ero cojaepxkaHue; o0yJasiCh M3Jarath CyTh MPOYUTAHHOTO B TE3UCHOU (popme, BB
CyMEeTe BBIICIATh M3 MHOXKECTBA MBICIICH aBTOPOB CaMble TJIaBHBIC M IICHHBIC U
neaaTh 000O0IIEHUS.

KoHcnekT — 370 cnoco® caMOCTOSATENBHO U3TIOKUTh COJIEpPKaHNuEe KHUTH HITH



CTaTbl B JIOTMYECKOW TIOCIIeOBATEIbHOCTH. KOHCHEKTHpYS  KaKoh-I100
WCTOYHUK, HAJ0 CTPEMHTHCS K TOMY, YTOOBl HEMHOTMMH CIIOBAMH CKa3aTh O
MHOIOM. B TeKCTe KOHCIIEKTa >KeJIaTEJIbHO IIOMECTUTH HE TOJBKO BBIBOIBI WIIU
MOJIOKEHHUSI, HO W WX apryMEHTHPOBAHHBIC JOKa3aTelabCTBa ((aKTh, MHQPHI,
IUTATHI).

[TrcaTth KOHCIIEKT MOXKHO M IO MEPE M3YUYCHHUs TPOU3BEACHHS, HAIPUMED,
CCJIH MPpOopadaThIBACTCsI MOHOTpadus WIN HECKOJIBKO JKYPHAIBHBIX CTaTCH.

CocraBiisiss Te3UChl WM KOHCIICKT, BCET/Ia JCIIalTe CCHUIKM HAa CTPAHUIIBI, C
KOTOPBIX BBl B3I KOHCIIEKTUPYEMOE IMOJIO0KEHHUE WK (PAKT, — 3TO MTOMOXKET BaM
COKPATHTh BPEMs Ha MIOMCK HY»KHOTO MECTa B KHUTE, €CJIM BOSHUKAET TOTPEOHOCTH
nIy0oke pa3o0paThCs C UW3JAraéMbIM BOMPOCOM WJIM YTO-TO YTOYHHUTH TIPH
HaIMCaHUU MTMChbMEHHBIX padoT.

IToaroroBka Kk JiaboparopHoii padore

TeopeTnueckas moAroToBKa

TeopeTnueckas moAroToBKa HEOOXOAMMA IS TPOBEICHUSI KOMITBIOTEPHOTO
OKCMIEPUMEHTa,  JOJKHA  TPOBOAMUTHCA  OOydJalONUMHUCS B TIOpSIKE
caMOCTOATENbHON paboTel. Ee cienyer HauMHATHL BHUMATEIBHBIM Pa3zdopom
PYKOBOJICTBA K JAHHOH JlabopaTopHOi padoTe.

Oco0oe BHHMaHuE B XOJI€ TEOPETHUECKOH MOATOTOBKH JOJIKHO OBITh
oOpallleH0 Ha MOHUMaHHWE CYIIHOCTH mpouecca. Jljis caMOKOHTPOJS B KaXJOu
paboTe MpuBeIEeHbI KOHTPOJBHBIE BOMPOCHI, HA KOTOpbIE OOydYaronuiics o0si3aH
JaTh YETKHE, TMpaBWIbHBIE OTBETHI. eopeTHueckas IMOATOTOBKA 3aBEpIIaeTCs
peIBapUTEIbHBIM COCTABICHUEM OTUETA CO CIICAYIOIINM MOPSIKOM 3aIHCEH:

1. Ha3Banue paboThI.

2. llens paboThI.

3. TeopeTuueckoe BBEJCHHUE.

4. Xon paboThl (BKJIIOYAET PUCYHKH, CXEMbI, TAOIHUIIbI, OCHOBHBIE (DOPMYJIBI
JUISL OIIPEJICIICHNS BETUYHH).

5. PacueTsl — OKOHYATENbHAS 3alUCh PE3YJbTATOB PaOOTHI.

6. BeiBon.

[Ipu BBIMOTHEHUHU JTAOOPATOPHBIX PabOT M3MEpPEHUE (PUIUYECKUX BEIUUYHUH
HE00XO0AMMO IIPOBOJUTH B CTPOTOH, 3apaHee IIPEyCMOTPEHHOMN
NOCJIEIOBATEIBHOCTH.

Oco60 crnemyer oOpaTWTh BHUMAHWE HA TOYHOCTh U CBOECBPEMEHHOCTH
OTCUETOB TPU M3MEPECHHH HYXHBIX (U3MUECKUX BEIMYMH. Hampumep, TOUHOCTH
U3MEpPCHUST BPEMEHHM C TIOMOIIBI0 CEKyHJOMEpa 3aBHCHT HE TOJBKO OT YETKOTO
OTIPECIICHHUS TIOJIOKCHUSI CTPEIKHA, HO W B 3HAYMTEIBHOH CTENEHH — OT
CBOCBPEMEHHOCTH BKJIIOUCHUS W BBIKIIIOUEHHUS YaCOBOTO MEXaHHU3Ma.



JlaGopatopHble pabOTHI BBIMOJHSAIOTCS IO MUCHMEHHBIM WHCTPYKIIHSM.
Kaxxnmass MHCTPYKITHS COACPKUT KPATKUE TEOPETHUCCKUE CBEIACHUS, OTHOCSIITUECS
K JaHHOU paboTe, MepeueHb He0OXOAUMOro o0OpyHOBaHUs, MOCY/bl, PEAKTUBOB,
TIOPSITOK BBHITTOJTHEHHSI pa0OThI, KOHTPOJILHBIE BOIIPOCHI.

BHuMartenpHOE W3yYeHHE METOIWYCCKUX yKa3aHHWA IMMOMOJKET BBIOJHUTH
paborty.

HebOpexHoe odopMieHne oTYeTa, UCHpPABICHUE YXKE HAIMHCAHHOTO
HEIOIMYCTUMO.

Meroandueckne yKa3aHUST K BBIMOJHEHUIO JIA0OPATOPHBIX paboT Jyis
CTYJICHTOB

1. K BpImonHeHHI0 1a0OpaTOpHBIX padOT HEOOXOJUMO MPUTOTOBUTHCS 10
Havana 3aHATHA B JalOoparopuu. Kpome omnmcanuss pabOThl, HCIONIB3YHTE
PEKOMEH/IOBaHHYIO JIUTEPATYpy M KOHCHEKT JjeKiuil. K BbIIOJHEHUIO0 padoThl
JIOITY CKaOTCS TOJIBKO IMOJArOTOBJIEHHBIE CTYACHTBHI.

2. Ilpm mpoBeneHUM SKCHEPUMEHTA PE3YNbTaThbl M3MEPEHUN M PACUYETOB
3aMKMCBIBANTE YETKO M KPATKO B 3apaHee MOJATOTOBJICHHbIE TAaOIUIIbI.

3. Ilpu 06paboTKe pe3ynbTaTOB U3MEPEHUM:

A) NOMHHTE, YTO TOYHOCTb PACUETOB HE MOKET MPEBBIIIATH TOYHOCTH
MPSIMBIX U3MEPEHUIA;

b) pesynbrartel M3MepeHM Jydlle 3aluCchiBaThb B BHJIE JOBEPUTEIBHOIO
WHTEpBaJA.

4. OtueTbl 1O Ja0OPATOPHBIM paboTaM JOJDKHBI BKIKOYaTh B CeOd
CJIETyIOLIUE TTYHKThI:

* Ha3BaHUE JaOOPaTOPHOI pabOTHI U €€ 11eJTb;

* KpaTKO€ TEOPETUUECKOE 0OOCHOBAHME;

* MMOPSZIOK BBIMIOJTHEHUS J1a00paTOPHOM padbOTHI;

* nanee mumercs «Xoa paOoThl» U BBIMOJIHIIOTCS 3Tanbl J1a00paTOPHOM
paboThl, COIJIACHO BBIIE MPUBEIECHHOMY MOPSAAKY 3alUCBIBAlOTCS TpeOyemble
TEOPETUUYECKHE TOJIOKEHUS, PEe3yJbTaThl M3MEpPEHUM, 00padoTKa pe3yJbTaToB
W3MEpPEHU, 3aN0JIHEHHE TPEOyeMbIX TabJIuIl U rPaUKOB, M0 3aBEPIICHUH paOOTHI
JieaeTcsl BBIBO/I.

5. Ilpu moAroToBke K caaye jgabopaTopHOM pabOThl, HEOOXOIUMO OTBETUTH
Ha NPEIJI0KEHHBIE KOHTPOJIbHBIE BOIPOCHI.

MeToan4yeckue peKOMEHJAAluM MO0 BbINOJHEHUIO 3a[aHUl  JIA
CaMOCTOSITEJIbHOM PadoThl U KPUTEPHUHU OLEHKH.
CryaeHTy cieayeT TIIATENbHO IUIAHUPOBAaTh M OPraHU30BBIBaTh BpeMs,

HeO6XOI[I/IMOC A1 U3ydCHUA  AUCHUIIIMHBL. HCI[OHyCTI/IMO OTKJIaAbIBaTb



O3HAKOMJIEHUE C TEOPETHYECKOW YacThlO, MOJTOTOBKY OTYETOB K MPaKTUYECKUM
paboTaM ¥ BBINOJHEHUE JOMAIHUX 3a/IaHUi, TOCKOJbKY 3TO HEMHUHYEMO
MPUBEACT K CHIDKCHHIO Ka4eCTBAa OCBOCHHS MaTepuaia, o(OpPMIICHHS OTYETOB U
JIOMAIIHUX 33JIaHUH.

B pamkax 1aHHOM NTHCHMIUIMHBI MPEAYCMOTPEHO 98 4acOB CaMOCTOSTEIbHON
paboThI, KOTOpas HEOOXOUMA TP MPOPAOOTKE MaTepHaa JICKIIUH; MMOATOTOBKE K
Ja00paTOPHBIM paboTaMm, 3a4eTy.

B camocTosiTenpHyI0 paboTy

BKJIFOUEHBI CJIEIYIONIUE BUBI IEATEIbHOCTH:

1. U3Yy4YECHUE JINTEPATYPHBIX HCTOYHUKOB,;

2. BBITIOJITHCHUE WHAWBUIAYAJTbHBIX 3aJlaHWN, HANpPABJICHHBIX Ha
pPa3BUTHE Y CTYJICHTOB CAMOCTOSITEIbHOCTU U MHUITUATHUBBI.

3. MOATOTOBKA K TEKYIIEMY U TIPOMEKYTOYHOMY KOHTPOJTIO.

Pemenue 3aga4 mpoOBOIUTCS CTYJAEHTAMU WHAWNBUAYAIHLHO U OLICHUBACTCS I10
NATUOAIIBHON CUCTEME.

['oTOBBIC pacueTHBIC 3a7addl TPEACTABIAIOTCS B SJICKTPOHHOW Gopme,
MIOJITOTOBJICHHBIE KaK TEKCTOBBIE TOKYMEHTHI B peaakTope MSWord.

Pemenne M0KHO BKITIOYATh BCIO MH(POPMAITHIO IO BBITTOTHCHUIO 3aJIaHUS, B
TOM YHCJIC, YPAaBHCHHSI peaKIuii, rpaduKu, pacyeTsl U T. II.

CTpyKTypHO pelIeHHe 3a7a4, Kak TeKCTOBBIN JOKYMEHT, KOMIUIEKTYETCS 10
CIEYIOIIEH CXEME:

TuTynbHBI JTUCT — 00s3aTeNbHAs KOMITIOHEHTa (TUTYJBHBIA JUCT OTYETa
JOJDKEH pa3MenaThesi B 001eM (aiisie, T/ie mpeICcTaBlIeH TEKCT OTYETa).

VcxonHble MaHHBIC K BBITTOJIHCHHIO 3aJaHUl — oOs3aTeIbHAs KOMIIOHCHTA
OTYeTa, C HOBOW CTPAHMIIBI, COICPKAT YKa3aHWE BapUaHTa, TEMBI U T.1.).

OcHOBHasi 4acTh — MNOJAPOOHOE pelIeHUe 3aJauu, MPU HEOOXOAUMOCTH C
YpaBHEHUSMHU PEakluid, TpapukaMu 1 T.1I.

Oghopmnenue peurennblx 3a0ay.
HeoOxonumo o00paTuTh BHUMaHWE HaA CJCAYIOIMIME acleKThl B OQOpMIICHUHU

OTYeTOB PadOT:
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Ha0Op TEKCTA;

CTPYKTYypHUpPOBaHUE PaOOTHI,

oopmiieHHE 3aroJOBKOB BCE€X BHIOB (PyOpHK-TOAPYOPUK-ITyHKTOB-
MOJITYHKTOB, PUCYHKOB, TaOJHII, IPUIIOKCHUN );

odopMIIeHUE TIEPEUNCICHUH (CITUCKOB ¢ HyMEpaIue Wiiu MapKUPOBKOH );
oopmiienue TaduII;

odopmiieHHe WLTIOCTpaluii (rpaduku, pucyHkH, GoTorpaduu, CXeMbl);
HaOop U opopMIICHHE MAaTEMAaTHIECKUX BhIpaKeHUH (hopmymn);
oopMJICHHUE CHHUCKOB JHTEpaTypbl (OubIMorpaduyecKux OINUCAHUM) U

CCBLIJIOK Ha NICTOYHHUKH, HIUTUPOBAHUA.

Habop TekcTa ocyliecTBIsIETCS HA KOMITBIOTEPE, B COOTBETCTBUU CO CIIETYIOIIUMU

TpeOOBAHUSIMU:

1. neyaThb — Ha OJHOM cTopoHe iucTa Oenoit Oymaru popmata A4 (pazmep 210
Ha 297 MMm);

2. WHTEPBAJ MEKCTPOUHBIN — IMOJTYTOPHBIN;

3. mpudt — Times New Roman;

4, pasmep mpudrta - 14 nT, B TOM uHCIe B 3arojioBkax (B TaOmIuIax
nomyckaercst 10-12 nr);

5. BBIPABHUBAHHUE TEKCTA — «TI0 MTUPHHEY;

6. MOJISI CTPAHMIIBI - JieBoe — 25-30 mMm, npaBoe — 10 MM, BepXHee U HUKHEE —
20 MM,

7. HyMepalusi CTPaHUI] — B MPABOM HMIKHEM YTIIy CTPAHHIIBI (711 CTPAHUIL C
KHIDKHOW OpHUEHTAIMel), CKBO3HAs, OT TUTYJBHOTO JIUCTA JO TOCIeTHEH
CTpaHHUIIbl, apaObCckuMu Ludpamu (MepBON CTpaHULIEH CUUTACTCS TUTYJIbHBIN
JUCT, HAa KOTOPOM HOMEpP HE CTaBUTHCSA, Ha CIEAYIONICH CTpaHUIe
npocTasisiercs mudpa «2» u T. 1.).

8. pPEXKHM aBTOMAaTHYECKOTO TIEpEeHOCAa CIJIOB, 3a HCKJIIOYCHHEM THTYJIHHOTO

JIMUCTa W 3ar0JIOBKOB BCEX YpOBHEHU (IEPEHOC CJIOB JIJIsi OTAEIHLHOTO ad3aiia
onmokupyetcs cpeacteamu MSWord ¢ momomnipio komauabl «®Dopmary —

a03a1] mpu BHIOOPE OMITUH «3aMPETUTH ABTOMATHYECKUI TIEPEHOC CIIOBY).



Ecnu pucyHok win tabnuiia pa3MeiieHnsl Ha Jucte ¢popmara Oosbiie A4, ux
CIIelyeT YYUThIBaTh Kak OAHY cTpaHully. HoMep cTpaHuLBl B 3THX Cly4asx
JIOITYCKAETCsl HE MPOCTABJIATh.

Kpumepuu ouenxu.

Ounenka

TpedoBanusi

«3aumeHo»

CryneHT BlajeeT HaBBIKAMH CaMOCTOATENbHOH paboTel MO Teme
UCCIIeIOBaHMs, pedepupoBaTh JHMTEPATypHBIC WMCTOYHHKH, METOIAAMU
aHamM3a TEOPETHYECKHX W/WIM TPAKTUYECKUX AacleKTOB H3ydaeMon
obmactu. CryaeHT ymeeT 0000marh (aKkTHYECKU MaTepuan, IeiaTh
CaMOCTOSITENIbHBIE BBIBOZABI. PaboTa COOTBETCTBYeT TpeOOBaHHMAM U
BBINOJIHEHA B YCTAHOBJICHHBIE CPOKH.

«Heé 3a4YmeHo)»

He packpsiTa cTpykTypa U TeopeTrueckasi cocrapistonias TemMbl. CTyaeHT
He yMmeeT 0000maTh (hakTHUECKU Marepuall, J1elaTh CaMOCTOSITEIbHBIC
BBIBOJIBI, HE BIIAJICET HABBIKOM pedeprupoBaTh JTUTEPATYPHBIC UCTOUHUKH.
JlaboparopHas paboTa He BBINOJIHEHA, OTYET HE MOATOTOBJICH. .




6. KOHTPOJIb JOCTHXKEHUSI IIEJIEM KYPCA

Ne | KonTponupyem |Kox maamkaropa
n/n ble MOayJIH/ JAOCTHIKEHUS PesyabTaThl 00y4enus Oueno4nbie cpecTBa — HAUMEHOBaHHE
pasaeisl / KOMIIeTeHIIN U
TeMbI . NPOMEKYTOUHAS
1 dorokaTanus u 3HaeT HOBBIC COBPEMEHHBIC TCHICHIIMH B 00J1aCTH YO-1; I1P-6, ITP-9
Cro MpUMCHCHHE [K 1.1 HICCIIeIOBAHMUS TeTEPOreHHBIX (DOTOKATATH3ATOPOB
B Iponeccax CocraBmusier

00pabOTKK BOIBI

001Mii IU1aH
HUCCIEIOBAHUS U
JETAJIBHBIE TTAHBI

VYMeer coCcTaBiIsaTh OOIINHA JIaH UCCIEI0BAHNS U JIETAIbHBIE
TIJIaHBI OTACIIBHBIX CTAIMA IeTEPOreHHOTO (hOTOKATAIN3a

YO-1; ITP-6, ITP-9

Bmageer HaBeIKaMu COCTaBICHUS O6HICFO IJiaHa

YO-1; ITP-6, ITP-9

DK3aM€eHaLHOHHBIE
Bompockl Ne 1-16, 36-
39 (VO-1)

OTIICJIBHBIX 5
cTaumit WCCJICIOBAHMSI U JE€TANIbHBIC [IJIaHbl OTJEIbHBIX CTAIHMA
reTepOreHHoro hoToKaTaimsa
K 1.2 3HaeT 3KCIEPUMEHTAIbHBIE U PACUETHO-TEOPETUUECKUE
Bri6upaer METO/Ibl CCIIEIOBAaHUS TETEPOreHHBIX (POTOKATAIN3aTOPOB VO-1; TIP-6, TIP-9
SKCIIEPUMEHTAJ | UCXOJS U3 UMEIOIIMXCS MaTEpUAJIbHBIX U BPEMEHHBIX
bHBIC U pecypcos
pacueTHo- YMeeT npoBOIUTh IKCIEPUMEHTAIbHBIE U PACUETHO- YO-1; I1P-6, I1P-9
TEOPETUYECKHUE | TEOPETUUECKHUE UCCIIEJOBAHUS I€TEPOr€HHbIX K3AMCHALHOHHBIC
METO/IBI (boTOKaTaIN3aTOPOB UCXO/IS U3 UMEIOLIUXCS MaTEPUATIbHBIX Borpocer Ne 1-16, 36-
peueHns _ | M BPEMEHHBIX pecypcoB 39 (VO-1)
IIOCTaBJICHHOU YO-1; ITP-6, ITP-9
3ama4n UCXolisl | BiiageeT HaBbIKaMU IPOBEAEHUS SKCIIEPUMEHTANIBHBIX 1
13 UMEIOIUXCS | paC4eTHO-TEOPETUYECKUX UCCIIET0OBAaHUI I€TEPOT€HHBIX
MaTepHAIBHBIX | (hOTOKATAIN3aTOPOB UCXO/Is U3 UMEIOLIUXCS MaTepHaTIbHBIX
U BPEMEHHEBIX | U BPEMEHHBIX PECYPCOB
pecypcoB
K-3.1 3HaeT COBpEMEHHBIC Tpe6(zBaHm K CHCTEMAaTH3aIlN1 YO-1; I1P-6, I1P-9 KIAMCHAIHOHKBIC
Cucremarusupyer | HHQOpMaLUU, OJYy4YEHHON B XOJI€ MPOBEICHUS Bompoce! Ne 1-16, 36-
MH(OpMAIMIO, | SKCIIEPUMEHTAIBHBIX Pa0OT B 00JIACTH TeTEPOTEHHOTO 39 (VO-1)

MIOJIy4YEHHYIO B

(1)OTOKaTaJ'II/I?>a, AHATIM3UPYET €€ U COITOCTABIISCT C




xoae HUP u
HHNOKP,
AaHAJIU3UPYET €€ U
COMOCTABIISICT C

JIMTCPATYPHBIMU JaHHBIMU

YMmeer cucteMaTH3upoBaTh HHPOPMAIIHIO, TOTYUYECHHYIO B
XOJIe IPOBEACHNUS IKCIIEPUMEHTANIBHBIX paboT B 001acTH

YO-1; ITP-6, ITP-9

JUTEepaTypHBIMHU
JAHHBIMH reTeporeHHoro oToKaTaIN3a, aHATH3UPOBATh €€ U
COTIOCTABJISITH C JIUTEPATYPHBIMU JAHHBIMU
Brageet HaBbIKaMH CHCTEMATH3UPOBATh HH(OPMAITHIO, YO-1; ITP-6, I1P-9
MOJTyYEHHYIO B XOJI€ TPOBEICHUS KCIICPUMEHTAIBHBIX
paboT B 00JIaCTH reTEPOreHHOTO (hOTOKATAIN3A,
AQHAIM3UPOBATH €€ U COMOCTABJIATH C JINTEPATYPHBIMU
JAHHBIMU
[K-3.2 3HaeT BO3MOXKHBIC HAMPABJICHHS pa3BUTHS PabOT B 00JIaCTH YO-1; IIP-6, I1P-9
' reTeporeHHoro poToKaTalIn3a U MePCIeKTUBBI
Onpenenser
MPAKTUYECKOT0 TPUMEHEHHS MOJyYCHHBIX PE3YJIbTaTOB
BO3MOYKHBIE :
YMeeT omnpenensTh BO3SMOXKHBIE HAIIPABICHUS PA3BUTHS YO-1; ITP-6, ITP-9
HaIpaBJICHUs

pa3BuTUs padboT
U TIEPCTIEKTHUBbI

pabot B 00acTu reTeporeHHoro (hoToKaTaan3a u
MEPCIIEKTUBBI TPAKTHUECKOTO MPUMEHEHUS TTOTyYEeHHBIX

DK3aM€eHaLHOHHLIE
Borpockl Ne 1-16, 36-

pe3yabTaToOB 39 (YO-1)
MPAKTHYECKOTO
——— Bitageer HaBBIKaMM OIIPEAECIIATH BO3MOKHBIE HAIIPaBICHUS YO-1; IP-6, ITP-9
pa3BuTHs paboT B 00JIaCTH T€TEPOreHHOr0 (hoTOKaTaIn3a u
MOJIyYE€HHBIX
NIEPCIIEKTUBBI IPAKTUUECKOTO IIPUMEHEHUS TIOJyUYEHHBIX
pe3ynbTaToB
pe3yJIbTaToOB
3HaeT HOBbIE COBPEMEHHbBIE TEHJICHIIUU B 00JIaCTH YO-1; ITP-6, I1P-9
MK 1.1 VICCIIe/IOBAHMUS TeTEPOTeHHBIX (JOTOKATATH3ATOPOB
Cocragisier B YO-1; I1P-6, ITP-9
HccnemoBaHust 00mTHii TUTaH VYMeeT coCTaBIIATh OOIIHIA IJIaH NCCIIEAOBAHUS U JETaJIbHBIE OK3aMEHaMOHHbIE
TETEPOTeHHBIX HCCNIEZIOBAHNA ¥ | IIJIAHBI OTAENBHBIX CTaUH FeTepOreHHOro (OoTOKaTaIN3a Bonpocer Ne 17-35
IJICHOYHBIX M JIETAJIbHBIC TLJIAHBI (YO-1)
JICTIEPCHEIX OTHETBHEIX Brazneer HaBbIkaMK COCTaBIIEHUS OOIIETO TUIaHa YO-1; ITP-6, ITP-9
thoTokaranmu3aTOp craamii HCCIICJIOBAHUS U JIeTAILHLIC MIaHbI OTASIBHBIX CTaaul
oB reTepOreHHOro (hOTOKATAIN3A
[IK 1.2 3HaeT HKCIEepUMEHTaIbHbIE U paCYeTHO-TEOPETUUECKHE VO-1: [IP-6. TTP-9 OK3aMeHALMOHHBIC
Bribupaer METO/IbI UCCIIEIOBAHUS T€TEPOreHHBIX (DOTOKATAIN3aTOPOB ’ | Borpocs! Ne 17-35




3KCIEPUMEHTAI
BbHBIC U
pacyeTHo-
TEOPETUYECKHUE
MCETOAbI
peleHus
MOCTaBJICHHOMN
3aJIa4u UCXOMIs
N3 UMCHOIIIUXCS

UCXOJI U3 UMEIOLIUXCS MAaTEPUATIbHBIX U BPEMEHHBIX
pecypcoB

YMeeT npoBOAUTH IKCIEPUMEHTAIBHBIE U PACUETHO-
TEOPETHUYECKHUE UCCIIEIOBAHUS I€TEPOTrE€HHBIX

(b oTOKaTATN3aTOPOB UCXOIS U3 UMEIONIUXCS MaTEPHAITLHBIX
Y BPEMEHHBIX PECYpPCOB

YO-1; ITP-6, ITP-9

Brnazneer HaBbIKaMu MPOBEACHUS SKCIIEPUMEHTAIBHBIX U
pacYeTHO-TEOPETUUECKUX HCCIECTOBAHUN T€TEPOTCHHBIX

YO-1; ITP-6, ITP-9

(YO-1)

MaTCPUATIBHBIX | )oTOKATAIM3ATOPOB UCXOMS U3 UMEIOIIUXCS MaTEpUAIIbHBIX
1 BPCMCHHBIX | 11 BpeMEHHBIX PECYPCOB
pecypcoB
3HaeT COBpEMEHHbIE TPEOOBAHMS K CUCTEMATHU3aluN YO-1; I11P-6, I1P-9
uH(pOpMaLKH, TOJIy4eHHOH B X0/I€ IPOBEICHHUS
K-3.1 AKCIIEPUMEHTANILHBIX pa00T B 00JIaCTU FETEPOrEHHOTO
CrcTemaTHzHpyeT ¢doTrokaTanmnza, aHAIN3UPYET €€ U COMOCTABIISET C
unbopMato, | TATCPATYPHEIMH JaHHBIMH
YO-1; ITP-6, ITP-9
noJydeHHyi0 B | Y MEET CHCTEMaTH3UPOBaTh HH()OPMALIUIO, TTOJYYECHHYIO B DK3aMeHALHOHHbIE
xone HUP u X0JI€ TIPOBEACHUS IKCIIEPUMEHTAIIBHBIX pa0doT B 00J1acTh
Borpockl Ne 17-35
HUOKP, TeTepOreHHOro (POTOKATANIN3a, AaHATTM3UPOBATH €€ U
(YO-1)
AHAIMSUPYCT €C U | cOMOCTABIATH C IUTEPATYPHBIMH JaHHBIMU
COMOCTABIACT € | ByjaneeT HABBIKAMH CHCTEMATH3MPOBATh HH(POPMAIIHIO, YO-1; ITP-6, ITP-9
UTCPATYPHNIMI | 6 ryuenHy10 B X0/€ MPOBEIEHHs YKCIEPUMEHTATBHBIX
AHHBIMU
s paboT B 00J1aCTH reTepOreHHOro (poToKaTaNn3a,
AQHAJTM3UPOBATH €€ M COTIOCTABIIATH C JINTEPATYPHBIMH
JTAHHBIMH
I1K-3.2 3HaeT BO3MOXKHbIE HAlpaBJICHUs pa3BUTUS pabOT B 00JacTu YO-1; TIP-6, ITP-9
Onpenenser reTepPOreHHOTo (POTOKATAIN3a U IEPCTIEKTUBBI
BO3MOKHBIE PAaKTUYECKOT0 MPUMEHEHUS MOJIyUYEeHHBIX Pe3yJIbTaTOB OK3aMCHALIMOHHBIC
HAINlpaBJICHUS | YMeEET ONpeeNsaTh BO3MOKHbBIE HAIPABICHUS Pa3BUTHS YO-1; ITP-6, ITP-9 Bornpockl Ne 17-35

pa3BuTHs paboT
U TIEPCTIEKTUBbI
PaKTUIECKOTO

paboT B 00JIaCTH reTepOreHHOro (poToKaranusa u
MEPCIEKTUBBI MPAKTHUECKOTO PUMEHEHUS OTYyYEeHHBIX
pE3YJIBTAaTOB

(YO-1)




npuMeHeHust | Brmajgeet HaBbIKaMu onpeiesiiTh BO3MOXKHbBIE HAIIPaBICHUS
MOJIyYEHHBIX | pa3BUTHs paboOT B 001aCTH TeTepOreHHOro (hoToKaraan3a u
pEe3yIAbTAaTOB | MEPCIEKTUBBI MPAKTUYECKOTO MPUMEHEHUS MOTYYSCHHBIX
pe3yJIbTaTOB

YO-1; ITP-6, ITP-9

TumnoBble KOHTPOJBHBIEC 3aJaHUsl, METOJIMYECKUE MATepHalbl, OMPEACIISIIOIIME MPOLEAYypbl OLCHUBAHUS 3HAHUN, YMEHUU H
HaBBIKOB U (HMJIM) OIIBITA JICSITSIHHOCTH, a TAK)KE KPUTEPUH U TTOKa3aTelId, HEOOXOUMbIC JJIs OIICHKHM 3HAHUH, YMEHUM, HAaBBIKOB
1 XapaKTepU3yIoIIue pe3yabTaThl 00yUueHuUs, MpeIcTaBiIeHbI B [IprnoxxeHun



7. CHUCOK YYEBHOU JIUTEPATYPbI U UHOOPMAIIMOHHO-
METOANYECKOE OBECIHHEYEHHUE JUCIUIIJIMHbI
OcHoBHas auTEpaTypa

1. TexHONOTUSI OYUCTKU CTOYHBIX BOJI [DJIEKTPOHHBIN pecypc] : yueOHoe mocodue
/ A.Bb. SpomeBckuil [M Ap.]. — DJEKTPOH. TEKCTOBbIe AaHHbIe. — Ka3zaHs:
KazaHcknii HalMOHANBHBIN UCCIENOBATEIBCKUN TEXHOJIOTHYECKUM YHUBEPCUTET,
2016 — 84 c¢. — 978-5-7882-1892-2. — Pexum jocryna:
http://www.iprbookshop.ru/63500.html

2. Anrynuna, JI. K. Karanmuruueckue, copOIMOHHBIE, MUKPOOUOJIOTUYECKUE U
WHTETPUPOBAHHBIE METOJbI [JISl 3allUThl U pEMEAUALMUA OKPYKAOUIEH CpEJIbI:
Momnorpadus / JI.K. Anrynuna, O. Tapan, B.H. [Tapmon; [Tox pen. Tapan O. -
HoBocu6.:CO PAH, 2013. - 298 C. ISBN 978-5-7692-1311-3 - Pexum nocrymna:
http://znanium.com/catalog/product/925167

3. YabTpaduoneroBsie TexHOJOruu B coBpemeHHoM mupe / B. JI. bapanos, A. N.
Bacunbes, JI. M. Bacunsk u ap. ; nox pea. ®. B. Kapmasunosa, C. B.
Koctrouenko, H. H. Kyapsenesa u ap. lonronpynnsii : uaTemekT, 2012 - 391 c.
- Pexxum noctyma: http://lib.dvfu.ru:8080/lib/item?id=chamo:779671&theme=fefu

JlonoiHUTEIbHAS JIUTEepaTypa
1. Tlanuyenkos, I'. M. XumMuueckass KUHETUKA U KaTajiu3 . yueOHOe mocolue s
By30B / I'. M. [1lanuenkos, B. I1. Jlebene. — M.: Xumus, 1974. — 592 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:58437&theme=FEFU \

2. I'ereporennsiii hoTokaranm3 B mporeccax oopadorku Bojbl / H.M. Coboiena,
A.A. Hoconosuu, B.B. I'onuapyk // Xumusa u texrosnorus Boasl. — 2007. — T.
29, No 2. — C. 125-159

3. Ponuonos, U. A. TepMoauHaMHUYE€CKUE€ OCHOBBI F€TEPOTeHHOr0 (hOTOKATaIN3a!
yueb. mocooue / U. A. Poguonon.— CII0. : JIrob6asuy, 2017. — 120 c.

4. Kodman, B. 5. HoBble OKHCIUTEIbHBIC TEXHOJIOTHHA OYMCTKHA BOJIBI M CTOYHBIX

BoJ (Yacte 1) (O630p 3apyOexHbix u3nanuii) / BopocHaOxxkeHue U caHUTapHas

texunka. 2013. Ne 10. C. 68-78.


http://www.iprbookshop.ru/63500.html
http://znanium.com/catalog/product/925167
http://lib.dvfu.ru:8080/lib/item?id=chamo:779671&theme=fefu
http://lib.dvfu.ru:8080/lib/item?id=chamo:58437&theme=FEFU

5. IlomyyeHrne OKCHUIHBIX MOKPBITUN HA TUTAHE IUIA3MEHHO-3JIEKTPOJIN-TUYECKUM
OKCUJMPOBAHUEM M HUCCJEAOBaHHE MX (OTOKATAIUTUYECKUX CBOMCTB : Yy4eOHO-
metoauy. mnocobue / M.C. BacunbeBa, B.C. Pymues, H.b. Konmpukos ;
JlanpHeBoCTOUHBIN (enepalbHbIi YHUBEpCUTET. — BiaguBocTok : JlambHEBOCT.
denepain. yu-1, 2016. -30 c.

Ilepedyens pecypcoB HHPOPMALMOHHO-TEJICEKOMMYHHUKALIMOHHOM CeTH

«HHTEepHET»

2 Ba3a manHbIX 0 BemecTBax U ux ceoiictrax: http://www.chemspider.com/

- baza JaHHBIX 0 BCIICCTBAX )51 Hux CBOMCTBAX:

http://pubchem.ncbi.nlm.nih.gov/

8.METOIUYECKHUE YKA3AHUA 110 OCBOEHUIO INCHUIIJINHBI
IlnanMpoBaHue M OpPraHu3anus BpPeMeHH, OTBEJEHHOI0 HAa HM3y4YeHHe
AUCHMILTAHBI. [[pUCTYNINTh K OCBOEHUIO JUCHUILIMHBI CIENYET HE3aMEMIUTEIIBHO
B CaMOM Hayayie y4eOHOro ceMmectpa. PekoMeHIyeTcsi M3y4HUTh CTPYKTYypy U
OCHOBHBIE MOJI0XKeHUs1 PabGouelt nmporpamMmbl quciuIuinabl. OOpaTUTh BHUMaHUE,
YTO KPOME ayJUTOPHOU paboThl (JIEKIMH, JTaOOPATOPHBIC 3aHATHS) TJIAHUPYETCS
camocToATeNbHasg paboTa, UTOIM KOTOPOW BIMSIOT HA OKOHYATEIbHYIO OLIEHKY IO
UTOraM OCBOEHHUS y4yeOHOW nmuciuIUMHbl. Bcee 3aganus (ayauTopHble U
CaMOCTOSITEJIbHBIE) HEOOXOJUMO BBITIONHATh U MPEIOCTABIATH Ha OIEHKY B
COOTBETCTBHH C IPaPUKOM.

B mnpouecce wu3ydeHuss maTepHalioB Y4YeOHOro Kypca MpejiararoTcs
cienytone GopMbl paboT: YTEHUE JICKIUH, Ta00paTOPHBIC 3aHATHS, 3aJaHUsT JIS
CaMOCTOSATEIbHON paOOTHI.

Jlexyuonmnvie 3anamus OPUEHTUPOBAHBI HA OCBEIIECHHWE BBOJHBIX TEM B
KKIBIM pa3fen Kypca U MpU3BaHbl OPUEHTUPOBATh CTYAEHTOB B IMpEAJiaraeMoM
MaTepuaie, 3aJI0KUTh HAYyYHbIE M METOJIOJIOTMYECKUE OCHOBBI JUIsl JallbHEUIIEH
CaMOCTOSITENIbHOM pabOThI CTYIEHTOB.

Jlabopamopnvie 3auamus aKIICHTUPOBAHBI HAa HanboJiee MPUHIMITHATIBHBIX
U TpoOJEMHBIX BOMpPOCaX Kypca W TMPHU3BaHBI CTUMYJUPOBATh BBIPAOOTKY
IIPAKTUYECKUX YMEHUHN.

Oco60 3Haunmo st  TMPOGEeCCHOHAIBHOM TOATOTOBKH  CTYJEHTOB
ABIIIETCSl camocmosamenvHas paboma no Kypcy. B xone 3Toit paboThl CTyAEHTHI
OTOMpaIOT HEOOXOAMMBIN MaTEepHall IO U3YyYaEMOMY BOMPOCY U aHAIU3UPYIOT €ro.
CryaeHTam HEOOXOIMMO O3HAKOMHUTHCSI C OCHOBHBIMHU HCTOYHUKAMH, 0€3 KOTOPBIX
HEBO3MOYKHO TOJTHOIICHHOE MTOHUMaHUe MPOOIeMaTHKU Kypca.


http://www.chemspider.com/
http://pubchem.ncbi.nlm.nih.gov/

OcBoeHHE Kypca CHOCOOCTBYET pa3BUTHIO HAaBBHIKOB OOOCHOBAHHBIX H
CaMOCTOATEIBLHBIX OIICHOK (akToB W KoHienuuid. [loatoMy Bo Bcex (opmax
KOHTPOJISI 3HAaHWHA, OCOOEHHO TPHU clIade 3adeTa, BHUMAHHE oOpamaercs Ha
MOHMMaHWE TPOOJIEMaTHKN Kypca, HA YMEHHE NIPAKTHYCCKH TPUMCHSTh 3HAHUS U
JIeNaTh BBIBOIBI.

Pabdora c¢ JauTepaTrypoii. PexomeHIyeTCs HWCIONB30BaTh pa3IuYHBIC
BO3MOXKHOCTH palOThl ¢ JuTeparypoil: ¢oHabsl Hay4yHoul Oubnunoreku JIBOY
u anekrponnbie oubanorexku (http://www.dvfu.ru/library/), a taxke mOCTyIHBIC
JUTSI ICTIONTb30BAHMS IPYTHE HAYYHO-OMOINOTEYHBIC CUCTEMBI.

IMoaroroBka k 3k3amMeny. K crade sx3aMeHa I0MyCKarOTCs 00yJarommecs,
BBITIOJIHUBIINE BCE 3aJJaHUS (J1abopaTopHble, CaMOCTOSITETILHEIE),
MPETyCMOTPEHHbIE YYEOHOUW MpPOrpaMMON JHMCIMIUIUHBI, MMOCETUBIINE HE MEHEe
85% ayIUTOpPHBIX 3aHATHIA.

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUIIJINHBI

Y4eOHBIC 3aHATHUS 1O JUCITUIUIMHE MOTYT IPOBOJIUTHCS B CIEIYIOIINX
MTOMEIICHHIX, OCHAIEHHBIX COOTBETCTBYIOIIMM OOOPYIOBAHUEM W TPOTPAMMHBIM
oOecrieueHueM, pacnoiaokeHHbIx 1o ajapecy 690022, r. Bragusoctok, o.Pycckuid,
1. Asxkc, 10:

[lepeyeHr MaTepUATBHO-TEXHUYECKOTO M MPOTrPAMMHOTO 00ECTIeUeHUS
JTUCIUTIINHBI IPUBEJICH B TaOJIHIIE.

HanmeHnoBanue

CIICIIMAJIbHBIX o HepequL JIMIICH3UOHHOTI'O
v OCHaHleHHOCTB CIICIMAJIbHBIX ITIOMCHICHUHN U
MIOMEIIEeHU U . HIPOTPaMMHOTO 00eCTIedeHuSI.
TMOMECIICHUH 1A IPOBECACHUA y‘le6HI)IX

MOMEIIEHUH JIJIs N > PexBU3UTHI OATBEPAKAAIOLIETO
. 3aHATHH, JJI1 CAMOCTOSITEILHON pabOThI
CaMOCTOSITEIIbHOM JIOKYMEHTa
pabothr*

Y4eOHble ayAUTOPHH ISl IPOBEICHHS yUSOHBIX 3aHITHI:

690922, IIpumopckuit kpai, T. BnaanBocTox,
octpoB Pycckuii, momyoctpos CanepHsIH,
nocenok Asike, 10, kopmyc L, ayn. L 656.

VYueOHast ay JUTOpHS sl POBEJCHUS
JTabopatopHbIX 3aHATHI. OGOpynOBaHUE: )
Tupucropnsrii arperatr TEP4-63/460P—2—2—
Y XJI4 ¢ ogaononsipHO# opmoit Toka (L770);
2) Crektpodoromerp «UV-mini 1240»

(Shimadzu, Snonus);3) Y® nammna (SB-100P)
(Yexwus);4) Cnexrpoporomerp (FOHHUKO-
1200/1201) (CHIA); 5) Bertspknoi mxad

6) TuTaHOBBIE MJIACTHHBI
7) Habop nabopaTtopHoii OCyabl.
8) HeoOxomiMbIe peaKTUBEL.

L656, L770

HOMGHICHI/IH JIIA CaMOCTOSTEIIbHOMI pa6OTI)IZ

A1042 ayaurtopus s | Mono6ok Lenovo C360G-i34164G500UDK — Microsoft Windows 7 Pro MAGic

1B coorserctBuu ¢ n.4.3. ®IOC



http://www.dvfu.ru/library/

CaMOCTOSITEIbHOH
paboTHI CTYICHTOB

115 mrt.; UHTErpUpOBaHHBIN CEHCOPHBIH
muctuieit Polymedia FlipBox; Komup-npunrep-
[BETHOM ckaHep B e-Mail ¢ 4 motkamu Xerox
WorkCentre 5330 (WC5330C; ITonHoUBETHBIH
Konup-npuHTep-ckaHep Xerox WorkCentre
7530 (WC7530CPS O6opynosanue s
WHBAJIHUJOB | JIUI] C OTPAaHNYECHHBIMHU
BO3MOXHOCTSIMU 370poBbsi: Jucnent bpains
Focus-40 Blue — 3 wrr.; Tucmeit bpaitns
Focus-80 Blue; Pabouas ctanuusa Lenovo
ThinkCentre E73z — 3 tur.; Buneo yBenmuuurenb
ONYX Swing-Arm PC edition; Mapkep-
qukrodon Touch Memo nudposoii;
YCTpOUCTBO MOPTAaTUBHOE I YTCHHUS
IJI0CKOIMeYaTHBIX TekcToB PEarl;
CkaHMpPYIOIIAs ¥ YUTAIOIIAs MaIlIuHA IS
HE3PSYUX U CIa00BUIINX [10JIb30BaTEICH
SARA; Ilpuntep bpaiins Emprint SpotDot - 2
wrt.; [Ipuntep bpaitnsa Everest - D V4; Buneo
yBennuutesis ONYX Swing-Arm PC edition;
Buneo ysenmuurens Topaz 24” XL
CTallMOHAPHBIN AIIEKTPOHHEII; O0yJaromas
cHCTeMa JUIA IeTel TaKTHIbHO-pedeBas, 100
JUISL JIFo/Ie# ¢ OrpaHUueHHBIMU BO3MOXKHOCTSIMU
310pOBbs; ¥YBeIuuuTenb pyuHoil Buieo RUBY
MOPTAaTUBHBIN — 2 WIT.; DKpaH Samsung
S23C200B; Mapxkep-nukrodon Touch Memo
UPPOBOH.

12.0 Pro, Jaws for Windows 15.0
Pro, Open book 9.0, Duxbury
BrailleTranslator, Dolphin Guide
(konTpakt Ne A238-14/2);
HewnckirounrensHele TnpaBa Ha
ucnone3oBanue [10 Microsoft
paboumnx CTaHIUII TOIB30BaTEICH
(xouTpakT DA-261-18 ot
02.08.2018): - nuieH3Ms Ha
KIIMEHTCKYIO ONEPALIOHHYIO
CHCTEMY; - JULEH3HS Ha IaKeT
O(QHCHBIX IPOIYKTOB U PaOOTHI €
JOKYMEHTaMH BKITFOYast
¢dopmar.docx , xIsx , .vsd, .ptt.; -
JIMLEH3MS T1a TIPaBO MOIKITIOYCHUS
TIOJIb30BATEINs K CEPBEPHBIM
OIEPAllMOHHBIM CHCTEMaM ,
ucnoib3yemMbiM B JIBOY : Microsoft
Windows Server 2008/2012; -
JIMLEH3MS Ha MIPaBO IOJKITIOUCHHUS K
cepBepy Microsoft Exchange Server
Enterprise; - nuueHsus na npaso
MOAKIIFOYEHHS K BHYTPEHHEH
uH(OPMaLMOHHOI crcTeMe
JIOKyMEHTO000pOTa U MOPTAILY C
BO3MOXKHOCTBIO TIOMCKa
nH(opManu BO MHOXKECTBE
YAQJICHHBIX U JIOKAJIbHBIX
XpaHWIUILAX, pEcypcax,
OoubnroTexkax WHPOPMAIIHH,
BKJIIOYAs! IOPTaJbHBIC XPaHUIHIIA,
ncnonp3yemoit B JIBOY: Microsoft
SharePoint; - nuueH3us Ha paBo
HOJKJIIOYEHHS K CHCTEME
LEHTPaJIM30BaHHOTO YIIPABICHHUS
paboYnMK CTaHIUSIMH,
ucrnoib3yemoii B JIBOY: Microsoft
System Center.

X. ®OHAbI OHEHOYHBIX CPEACTB
@OH/IBI OLIEHOYHBIX CPEACTB MPEICTABIECHBI B IPUIOKEHHH.




MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUICKOM ®EJIEPAIIN

CDezLepanLHoe TrocyaapCTBEHHOC aBTOHOMHOE 06p330BaTeJ'II)HOG YUPECIKACHUE BBICHICTO 06pa30BaHI/IH
«/{aabHeBOCTOUYHBIN (eepabHbI YHUBEPCUTET»
(ABDY)

HIKOJIA ECTECTBEHHBIX HAYK

®OH/I OHEHOYHbLIX CPEJICTB
no aucumiuvinie «l'ereporennslii porokaraaus B npoueccax 00padoTku
BOJAbD)

Hanpagiyienue noaroroBku 04.04.01 dynnamentanbHast XUMUs (COBMECTHO C
NX IBO PAH u TUBOX /IBO PAH)

dopmMa NOATOTOBKHU OYHAS

BaaauBocTok
2021



HepequL (l)OpM OLCHUBAaHMS, IPUMEHACMBIX Ha PA3JIUYIHBIX 3Tanax (l)OpMI/IpOBaHI/IH KOMHeTeHHl/Iﬁ B X0/J1¢ 0CBOCHMUSA
ANCIHUIIJINHBI «MeTOIlO.]'IOI‘l/Iﬂ HAYYHBIX I/ICCJIeIlOBaHI/Iﬁ B XUMHUN»

Ne | KonTponupyem |Kox maamkaropa
n/n ble MOayJIH/ JAOCTHIKEHUS PesyabTaThl 00y4enus Oueno4nbie cpecTBa — HAUMEHOBaHHE
pasaeinl / KOMIIeTeHIIN U
TeMBbI . NPOMEKYTOUHAS
MUCHHILIHHDBI TEeKYIIHii KOHTPOJIb ATTeCTALSI
1 doTokaTanms u MK 1.1 3HaeT HOBbIE COBPEMEHHBIE TEHACHIIMH B 00JIaCTH HCCIIEOBAHUS YO-1; I1P-6, ITP-9
€ro NpUMEHEHHUE CocTaBiser TeTepOreHHBIX (POTOKATAIU3ATOPOB
B IipoLieccax 00K TIIaH VMeeT coCTaBIATh OONINH TIJIaH MCCIIEI0BAHHUS 1 JIeTAbHBIE YO-1; ITP-6, TIP-9 OK3aMeHaIOHHbIE
obpaborku WCCIIEIOBAHMS M | IIaHBI OTJAENBHBIX CTA[MI reTeporeHHoro (JOToKaTanmu3a Bonpocel Ne 1-16,
BOAH ACTAJIPHBIC IUTAHBL | Braneer HaBBIKAMM COCTABICHMS OOLIETO IUIAHA UCCIICIOBAHUS U YO-1; ITP-6, TIP-9 36-39 (VO-1)
OTACIBHBIX JleTalbHbIE TUTAHBI OTAENBHBIX CTA/MI F€TEPOreHHOr0
CTalin doTokaranusa
[1K 1.2 Beibupaet | 3HaeT SKCrIepUMEHTANILHBIE H PACYETHO-TEOPETHYECKHE METOIBI
IKCTIEPUMEHTAJIBH | MCCIICIOBAHHS TETEPOreHHBIX (POTOKATATIM3aTOPOB UCXOS U3 YO-1; I1P-6, ITP-9
BIE M PaCUETHO- | MMEIOIIMXCSI MaTepPUATIbHBIX U BPEMEHHBIX PECYPCOB
TCOPCTHHCCKHC | yy oot IIPOBOJUTH YKCIIEPUMEHTAIIBHBIE U PACUETHO- YO-1; IIP-6, TIP-9 )
METO/IbI PEeIICHHUS K3aMEHAIIMOHHbIE
. | TeopeTryeckue Mcciae0BaHMs TeTEPOTEHHBIX (POTOKATAIN3aTOPOB
THOCTABJICHHOM | oy o151 M3 MMEIOIITHXCS MATEPHANBHBIX H BPEMEHHBIX PECYPCOB sonpockt Ne 1-16,
3a/1a9d UCXOM U3 36-39 (YO-1)
HUMEIOIIAXCS Brageer HaBbIKaMU IPOBENICHUS SKCIIEPHUMEHTAIIBHBIX U YO-1; I1P-6, ITP-9
MaTepUalbHbIX U | PACYETHO-TEOPETHYECKUX MCCIIE0BAHUN T€TEPOreHHBIX
BPEMEHHBIX (l)OTOKaTaJII/BaTOpOB HUCXOOA U3 UMCIOINUXCA MAaTCPUAJIbHBIX U
pecypcos BpPEMEHHBIX PECYPCOB
IK-3.1 3HaeT coBpeMEHHBIE TPEOOBAHUS K CUCTEMAaTH3AINN YO-1; I1P-6, I1P-9
CucremaTu3upyeT | MHGOPMALUH, TIOTY4YEHHOH B X0/1€ POBEACHHUS
uHpOPMAIIHIO, | SKCHEPUMEHTAIBHBIX PA0OT B 00IaCTH TeTEPOreHHOro
MOJyYeHHY0 B | (poToKaTanmsa, aHaIM3UPYeT €€ U COMOCTABIIIET C OK3aMeHaI[HOHHBIC
xone HUP u JIUTEPATYPHBIMU JTAHHBIMU Bonpock! Ne 1-16,
HHOKP, YMeer cucteMaTU3UpoBaTh HHGOPMAIIKIO, TOJIyUYEHHYIO B X0 YO-1; I1P-6, TTP-9 36-39 (YO-1)

AHAIN3HPYET €€ U
COIOCTABJISET C
JUTEepaTyPHBIMHU

MMPOBCACHUA SKCIICPUMCHTAJIbHBIX pa60T B o0nacTu
TCTEPOrCHHOTO Q)OTOKaTaHI/Ba, AHAJIIM3UPOBATH €€ U COITIOCTAaBJIATH
C JIUTCPATYPHBIMU JAHHBIMU




JaHHBIMU Bnageer HaBbIKaMH CUCTEMATU3UPOBATH HHPOPMAIIHIO, YO-1; I1P-6, T1P-9
MOJTyYEHHYIO B XOJI€ IPOBEEHIS SKCIIEPIMEHTAIBHBIX PadoT B
00J1acTH TeTeporeHHoro (GOoTOKaTaNIN3a, aHATU3UPOBATH €€ U
COIOCTABJIATH C JINTEPATYPHBIMU JIAHHBIMHU
IIK-3.2 3HaeT BO3MOKHBIC HAPABJICHUS Pa3BUTHsI pabOT B 00JIaCTH YO-1; ITP-6, ITP-9
Onpesienser reTeporeHHoro (OTOKATAIN3a U MEPCIEKTHUBBI IPAKTUIECKOTO
BO3MOIKHDIC MIPUMEHEHUS! TIOJTYYCHHBIX PE3yIbTaTOB
HaIlpaBJICHUS YMeer omnpenensiTh BO3MOKHBIEC HAPaBICHUS Pa3BUTHUS paboT B YO-1; I1P-6, TIP-9 DK3aMEeHAIHOHHBIE
pa3BuUTHS padOT U | OOIACTH TETEPOTEHHOTO (POTOKATAIIN3A U TIEPCIEKTHUBBI Bonpocs: Ne 1-16,
MIEPCIIEKTUBEI MPAKTHYECKOTO MPUMEHEHHS TIOTYICHHBIX PEe3yIbTaTOB 36-39 (YO-1)
TPAKTHHCCKOTO | Byyaneer HABBIKAME ONPENEIIATh BO3MOKHbBIEC HAIPABICHUS YO-1; I1P-6, ITP-9
TIPHMCHCHHA pa3BuTHS padOT B 00JIACTH reTeporeHHoro (hoToKaTanusa u
MOy CHHBIX MIEPCIIEKTUBEI MPAKTUIECKOTO IPUMEHEHHS ITOTyIeHHBIX
Pe3yIIbTaToB pe3yIbTaTOB
MK 1.1 3HaeT HOBBIC COBPEMEHHBIC TCHICHIIUU B 00JIaCTH UCCIICIOBAHUS YO-1; ITP-6, ITP-9
CocTaBisier TeTepOTeHHBIX (DOTOKATAIH3ATOPOB
o01IMit TTaH YMeeT coCTaBIATh OO IIaH UCCIENOBAHNS U I€TAIbLHEBIE YO-1; ITP-6, ITP-9 OK3aMEHALOHHBIC

HCCICIOBAHUA U
JCTAJIBHBIC I1JIAHBI

IJIaHbI OTACIIBbHBIX CTaI[I/Iﬁ T'CTCPOIrCHHOI'O (I)OTOKaTaHI/ISa

Bnaz[eeT HaBbIKaMM COCTABJICHUA O6H.ICFO IJIaHa UCCICAOBAaHMA U

YO-1; TIP-6, TTP-9

Borpockl Ne 17-35
(YO-1)

OTACJIbHBIX JIETAJIbHBIC [JIAHBI OTAEJbHBIX CTaJUN T€TEPOr€HHOTO
NccnenoBanus cTanui dboTokaranuza
rereporeHHbiX | [IK 1.2 Beibupaer | 3HaeT skcnepuMeHTalbHbIE U PACYETHO-TEOPETHUECKUE METOIbI
IVICHOYHBIX U | 3KCHEPUMEHTAIBH | HCCIeOBAHMS TeTePOTeHHBIX (POTOKATATN3ATOPOB UCXOMIS U3 YO-1; I1P-6, T1P-9
AUCIICPCHBIX bIC M PACYCTHO- | MMCIOIIMXCS MAaTCPHUAIbHBIX M BPEMCHHBIX PECYPCOB
OTOKAaTaJIN3aTo 1- T1P- _
¢ TCOPCTHHCCKUC | yyreer MIPOBOIUTE IKCIIEPUMEHTAIBHBIE U PaCUETHO- YO-1; TIP-6, ITP-9
POB METO/IbI PEIICHUS DK3aMeHaIMOHHbBIC
N TEOpPETHIECKHE UCCIIEIOBAHMS TeTEPOTEHHBIX (POTOKATAIN3ATOPOB
MOCTaBJICHHOU Bonpockl Ne 17-35
HCXOJISI U3 UMEIOIINXCS MaTEPUATBHBIX U BPEMEHHBIX PECYPCOB
33791 UCXOJIS U3 (YO-1)
HAMEIOLINXCA Bnaneer HaBbIKaMU MTPOBEICHUS SKCTIEPUMEHTAIBHBIX U YO-1; I1P-6, ITP-9
MaTepHUaJIbHBIX U PaCcYC€THO-TCOPETHICCKUX HCCIICTIOBAHUM TCTCPOrCHHBIX
BPEMEHHBIX (hOTOKATANU3aTOPOB UCXOIS U3 UMCIOIIUXCS MaTEPHATILHBIX U
pecypcoB BPEMEHHBIX PECYPCOB
IK-3.1 3HaeT COBPEMEHHBIE Tpe6(3BaHI/I$[ K CUCTeMAaTH3aluu YO-1; I1P-6, ITP-9 DK3aMEHAIHOHHEIE
Cucremaruzupyet | nHGOpPMAIUK, TTOJYYSHHON B X0J1€ TIPOBEICHUS

nH(pOpMaIHIO,

IKCIIEPUMEHTAILHBIX PA0OT B 00JIaCTH reTepOreHHOro

Borpockl Ne 17-35




MONYYCHHYIO B | (hoTOKaTanm3a, aHaJIH3UPYET €€ U COTMOCTAaBIACT C (YO-1)
xoxne HUP n JIUTEPATYPHBIMUA JAHHBIMU
HUOKP,
AHATH3EDYET ce 1 YMeeT cucteMaTH3UpoBaTh HHGOPMAITUIO, TOIYYCHHYIO B X0JIE YO-1; ITP-6, ITP-9
MPOBEJICHHS SKCIIEPUMEHTAILHBIX Pa0oT B 001acTH
COIIOCTABJISICT C POBCI p P
reTeporeHHoro (hOToKaTaIM3a, aHATU3UPOBATh €€ U COITOCTABIISTh
JTUTEepaTypPHBIMHI
TAHHBIMH C JINTEPAaTypHBIMA JAHHBIMH
Bnageer HaBbIKaMK CUCTEMAaTU3UPOBATH HHPOPMAIIHIO, YO-1; I1P-6, T1P-9
IMMOJIY4YCHHYIO B X0/J1€ IPOBEACHHA SKCIICPUMCHTAJIbHBIX pa6OT B
00JacTH TeTeporeHHoro (poToKaTanm3a, aHaTH3UPOBaTh €€ U
COTIOCTABJIATH C TUTEPATYPHBIMH TaHHBIMHU
TIK-3.2 3HaeT BO3MOKHBIC HAIPABJICHUS Pa3BUTHsI pabOT B 00JaCTH YO-1; I1P-6, ITP-9
Onpenensier reTePOreHHOT0 (JOTOKATAIN3a U MEePCIICKTHBBI IIPAKTHYECKOTO
BO3MOIKHDIC MIPUMEHEHUS! TIOJTYUCHHBIX PE3YIhTATOB SO T
HanpaBnei?ﬂ SE?GGTOHPGHCHHTLBOSMOXGHJCHﬁHpaBHeHHHpaSBHTHﬂpa6OTB ’ ’ IK3aMEHALHOHHBIE
a3BUTHUS pabOT U | 00JIACTH FeTEPOTreHHOTO (hOTOKATANIN3A U MEPCIICKTUBBI
p P P b P Bompocskl Ne 17-35
MIEPCIIEKTUBEI MPAKTHYECKOTO MPUMEHEHUS TIOTYICHHBIX PEe3yIbTaTOB (YO-1)
TIpakTHHECKOro BnaneeT HaBBbIKaMU OIIPEACTIATL BO3MOKHBIC HAIIPABJICHUSA
IIPUMCHCHUA
PHUMEHE pa3BuTHUs pabOT B 00JIACTH reTepOreHHoro (PoToKaTanu3a u VO-1: TTP-6. TIP-9
TOJTyHCHHBIX MIEPCIIEKTUBEI MPAKTUIECKOTO IPUMEHEHHS ITOTyIEHHBIX ’ ’
PE3yIIbTaTOB

pe3yIbTaTOB

OueHo4vHbIE CPeACTBA IS TEKYILIEro KOHTPOJIS

YcrHbii onpoc

1. CobecenoBanue (YO-1) (CpencTtBo KOHTPOJIS, OPTaHM30BAHHOE KaK CIIeHaIbHAs Oecesia MmperojaBarelisi ¢ 00y4JaroIuMucs

Ha TCMBI, CBA3aHHBIC C HsyqaeMoﬁ I[PICI.[PIHJ'IHHOﬁ, " PaCCYUTAHHOC HA BBIACHCHHC oObeMa 3HaHHH 110 OIPCACICHHOMY pas3Jciy,

TeMme, mpobseme u T.11.). Bompockl k sx3ameny.

ITucbMmeHHbIE PA0OTHI

1. JlabopatopHast padota (ITP-6) CpenctBo ais 3aKperyieHHs W MPAKTHUYECKOTO OCBOCHHUS MaTepHaga IO ONpeacCHHOMY

pasaeny.




2. Ipoekt (otduer mo sadoparopHoii padote) (I1P-9) (Konewnsblii mpoayKT, MOITy4aeMblid B pe3ysIbTaTe IUTAHUPOBAHUS U

BBITIOJTHEHHSI KOMILJIEKCA YUYE€OHBIX U MCCIIEIOBATEIbCKUX 3aJaHMiA.
[To3BoJISIET OIICHUTH YMEHUS 00YUYaIOIUXCS CAMOCTOATEILHO KOHCTPYHUPOBATh CBOM 3HAHUS B MPOLIECCE PEIICHUS TPAKTHUECKUX

3alay U TpoOsieM, OPUEHTHUPOBATHCS B HMH(POPMALMOHHOM IPOCTPAHCTBE M YPOBEHb CHOPMUPOBAHHOCTH AHAJIUTHYECKUX,

HCCIICAOBATCIIbCKUX HABBIKOB, HABBIKOB IMPAKTHYCCKOI'O M TBOPYCCKOT'O MBIINIJICHUA. MOKET BBINOJIHATHCS B HHAWBUIYAJIbHOM

MOPSJIKE WM IPYIIOH oOydaronuxcs). Tembl JJabopaTopHbIX padoT.

O1neHovHbIe cpeacrea aJjas HpOMe)l(yTO‘IHOﬁ arTrecranmmmu

Koa n HanmMeHoBaHHue

HHAUKATOPA
JOCTHIKEHHS
KOMIIETEHI[U U

Pe3yabTarbl 00y4yeHust

Ikana oueHUBaAHUS NPOMEKYTOYHON aTTEeCTALMHU

HeynosjieTBopurtesbH
0

YaoBiaersopureabH
0

Xopowmo

OT1an4HoO

IIK 1.1 CocraBnser
001Mii IU1aH
HCCIIEOBAHUS U
JIeTaIbHBIC TIAHbI
OTEIBHBIX CTaINAM

3HaeT HOBBIE COBPEMEHHBIE
TEHJECHIUU B 001aCTH
HCCIIEIOBAHMSI TETEPOTECHHBIX
(hoTOKaTANN3aTOPOB

HE 3HAeT OTBETHI Ha
BOIIPOCHI K 9K3aMEHY
(YO-1)

UMeET 3HAHHS
TOJBKO OCHOBHOIO
MaTepuaia BOIpOCOB
K 9K3aMEHY, HE
YCBOMII I€TaJIEH,
JIOTTYCKaeT
HETOYHOCTH,
HEIOCTATOYHO
MIPaBUJILHBIC
(hopMyHpoBKH,
HapyLICHHS
JIOTUYECKON
IIOCJIEI0OBATEIbHOCTH
B M3JIOKEHUU
MIPOrPaMMHOTO
Matepuana (YO-1)

TBEPJO 3HACT
MaTepual BOIIPOCOB K
9K3aMeHy, TPaMOTHO U
0 CYIIECTBY M3JIaraeT
€ro, He JI0IycKas
CYIIECTBEHHBIX
HETOYHOCTEH B OTBETE

Ha Borpoc (YO-1)

rITyOOKO ¥ IPOYHO
YCBOWII
IPOrpaMMHBII
MaTepHai BOIPOCOB
K DK3aMeHY,
WCYEPITBIBAIONIE,
MOCJIeI0BATENLHO,
YEeTKO M JIOTUYCCKU
CTPOMHO €ro
nsnaraet (YO-1)

VYMeeT cocTaBiATh OOIINI TUIaH
HUCCJIEIOBAHUS U JE€TAIbHLIE IIaHbI

He ymeeT BbINOIHATH
nabopaTopHbIe PabOTHI

JIOITYCKaeT
HETOYHOCTH,

JIOTTYCKaeT
HETOYHOCTH, HO MIPHU

yMEET TECHO
YBS3BIBATh TEOPHUIO C




OTZAENBHBIX CTAJNI reTepOreHHOTO
¢dorokaranuza

1 TOTOBUTH oTUeTHI (I1P-
6, TTP-9)

HEJIOCTATOYHO
MPaBUIIbHBIC
(hopMyIIMpOBKH TIpH
BBITTOJIHCHHN
nabopaTOpHBIX paboT
Y TIOATOTOBKH
orueros (I1P-6, ITP-

3TOM MPaBHIBHO
MIPUMECHSICT
TEOPETUYCCKHUE
MOJIOKEHHUS TIPU
BBITIOJTHCHUH
mabopaTOPHBIX PaboT
Y TIOJITOTOBKHU OTYETOB

MPaKTUKOMU,
CcBO0OOHO paboTaTh
HaJ yroyOleHneM 1
crucTeMaTu3aluen
3HaHWUM NpU
BBITTOJTHEHUN
J1a00PaTOPHBIX padoOT

9) (TTP-6, TIP-9) M TIOATOTOBKH

otueroB (I1P-6, I1P-
9

He Bnaneet HaBbIkaMu HCIIBITBIBAET BIIaJIEET CBoOoIHO B1ageer

BBITIOJTHEHMS 3aTpyIHEHUS IPU HEOO0XOIUMBIMH HaBBIKaMHU

nabopaTopHBIX paboT U | BBITIOJTHEHUH HABBIKAMU U BBITIOJTHEHUS

MTOATOTOBKU OTYETOB 71a00paToOpHBIX PadbOT | MpUEMaMHU 3a1aHui

Bitaneer HaBbIKaMU COCTaBIICHHUS (I1P-6, TTP-9) U IIOATOTOBKU BBIIIOJTHCHUS nabopaTopHBIX paboT

00I111ero IIJIaHa UCCIIEIOBAHUS U
JeTaJabHbIE IUTAHBI OTAEIBHBIX
CTaJIUil T€TEPOreHHOr0
¢doTokaTanmza

oruetos (I1P-6, I1P-
9

1a00paTOPHBIX padoT
Y TIOATOTOBKH
OTYETOB, HO
HCTIBITHIBACT
HE3HAYUTEITBHBIE
3aTPyAHEHHS TP UX
BeimostHeHnH (I1P-6,
I1P-9)

Y TIOJITOTOBKHU
otuerosB (ITP-6, I1P-
9)

IIK 1.2 Beibupaet
SKCIEpUMEHTAIbHBIE U
pacYeTHO-TEOPETUIECKUE
METOJbI PEIICHHUS
MMOCTaBJICHHOM 3a4a4u
HNUCXO0Od N3 UMCHOIIIUXCA
MaTepUalbHBIX U
BPEMEHHBIX PECYPCOB

3HaeT 3KCIepUMEHTAILHbIC U
pacYETHO-TEOPETUIECKUE METOIBI
UCCIIEZIOBAHUS I'€TEPOTSHHBIX
(oToKaTaANN3aTOPOB UCXOS U3
HNMCIOIINXCA MaTCPpUAIBHBIX U
BPEMEHHBIX PECYPCOB

HE 3HAEeT OTBETHI Ha
BOIIPOCHI K IK3aMEHY
(YO-1)

UMECT 3HaAHUA
TOJIbKO OCHOBHOTO
MaTepuasa BOIPOCOB
K 9K3aMEHY, HE
YCBOMWJI JIETaJIEH,
JIOTTYCKaeT
HETOYHOCTH,
HEJ0CTaTOYHO

TBEPO 3HAeT
MartepHai BOIPOCOB K
9K3aMeHY, TPaMOTHO U
0 CYLIECTBY M3JIaraet
ero, He JOITyCKast
CYUIIECTBEHHBIX
HETOYHOCTEH B OTBETE
Ha Borpoc (YO-1)

rITyOOKO ¥ MIPOYHO
YCBOMII
pOrpaMMHBII
MaTepural BOIIPOCOB
K 9K3aMEHY,
MCYEpIBIBAIOIIIE,
MIOCJIEZI0BATENBHO,
YEeTKO W JIOTUYECKH




MPaBHIbHBIC
(hopMyIHPOBKH,
HapyIICHHS
JIOTUYECKOI
MOCJICIOBATEILHOCTH
B M3JIOKCHUH
MPOrPaMMHOTO
marepuaia (YO-1)

CTpPOMHO €ero
nznaraet (YO-1)

YMeer npoBOIUTh
9KCHEPUMEHTAIbHBIE U PACUETHO-
TEOPEeTUYECKUE UCCIIEIOBAHUS
reTepOreHHbBIX JOTOKATATN3ATOPOB
UCXOJIS U3 UMEIOIINXCS
MaTC€pUuaibHbIX U BPEMCHHBIX

pecypcos

He ymeeT BbINOIHATH
nabopaTopHbie pabOTHI
1 TOTOBUTH oTueTHI (I1P-
6, TTP-9)

JIOTTyCKaeT
HETOYHOCTH,
HEJOCTATOYHO
MPaBUJIbHBIC
(hopMyIHPOBKU TIPU
BBIMTOJTHCHUN
1a00paTOPHBIX padoOT
U TTOATOTOBKH
otueroB (I1P-6, ITP-

JIOITyCKaeT
HETOYHOCTH, HO IIPpU
3TOM MPABHIBHO
MPUMEHSET
TEOPETUYCCKHE
MOJIOXKEHHS TIPH
BBIIIOJITHCHU U
1a00paTOPHBIX padoT
U MOJITOTOBKH OTYETOB

yMEeT TECHO
YBSI3BIBATH TEOPHIO C
MIPaKTUKOU,
cBOOOAHO paboTaTh
HaJ yriayOJieHueM U
CUCTEMAaTH3annen
3HAHWUM NpU
BBITTOJTHEHUT
1abopaTOPHBIX paboT

9) (TTP-6, TIP-9) ¥ TIOAATOTOBKH
otueroB (I1P-6, ITP-
9
He Bnaneet HaBbIkamMu WCTIBITHIBAET BJIa/ieeT CBo6oxHO BiageeT
BBINOJIHEHHS 3aTpyAHEHHS IpU HEOO0XOIUMBIMH HaBBIKAMHU
Brnaneer HaBbIKaMy IpOBEACHUS nabopaTopHBIX paboT U | BBITIOJTHEHUH HaBBIKAMH U BBITIOJTHEHUS
SKCTIEPUMEHTANbHBIX U PaCU€THO- | MOATOTOBKH OTYETOB 71abopaTopHBIX PadOT | MpHEMaMH 3aJlaHui
TEOPETUYECKUX HCCIIETOBaHUN (I1P-6, ITP-9) U MOATOTOBKU BBIIIOJIHEHHUS nabopaTopHBIX padoT

reTeporeHHbIX (POTOKATAIN3aTOPOB
MCXOJISl U3 UMEIOIINXCS
MaT€puaibHbIX U BPEMCHHBIX
pecypcos

oruetos (I1P-6, ITP-
9)

nmabopaTopHBIX paboT
Y TIOJITOTOBKH
OTYETOB, HO
HUCIIBITBIBACT
HE3HAYUTEIbHbIC
3aTPYAHECHUS IIPU UX

Y TIOJITOTOBKHU
otuetos (I1P-6, I1P-
9)




BoinoaHeHun (I1P-6,
ITP-9)

[K-3.1
Cucremaruszupyer
nH(pOpMAITHIO,
nony4yeHHytwo B xoae H1P
u HUOKP, ananusupyet
€€ 1 COINOCTABIISIET €
JTUTEepaTypPHBIMHU
JTAHHBIMH

3HaeT cCOBpeMEHHBIE TPEOOBAHMS K
cUCTEeMaTH3alui HHPOPMAIUH,
HOJYYSHHOU B XO/1€ TPOBECHUS
JKCIIEPUMEHTAIBHBIX Pa0OT B
00JacTH TeTepOreHHOTO
¢oTokaTanuza, aHATM3UPYET €€ U
COIIOCTABIISCT C JIUTEPATYPHBIMU
JAaHHBIMA

HE 3HAeT OTBETHI HA
BOIIPOCHI K IK3aMEHY
(YO-1)

MMEeT 3HAHUS
TOJIEKO OCHOBHOTO
MaTepHaia BOIpOCOB
K DK3aMeHy, He
YCBOMII I€TaNIEH,
JOTTyCKaeT
HETOYHOCTH,
HEIOCTATOYHO
NIpaBHJIbHEIC
(hopMymHpoBKH,
HapylICHUS
JIOTHYECKON
M0CJIeI0BATEILHOCTH
B M3JIOKEHUH
POTrPaMMHOTO
marepuaia (YO-1)

TBEPJO 3HACT
MaTepHuas BOIIPOCOB K
9K3aMEeHY, TPaMOTHO U
I10 CYIIECTBY M3JIaraeT
€ro, He J0IycKas
CYILIECTBEHHBIX
HETOYHOCTEH B OTBETE
Ha Bonpoc (YO-1)

rITyOOKO ¥ MPOYHO
YCBOMII
IPOrpaMMHBII
MaTepHran BOIIPOCOB
K DK3aMEHY,
HCYEpIBIBAIOLIIE,
MTOCIIEI0BATENBHO,
YEeTKO U JIOTUYECKHU
CTPOMHO €ro
mznaraer (YO-1)

YMeer cucteMaTu3upoBaThb
WHQOPMAITUIO, TTOTYYESHHYIO B X0JI€
NPOBE/ICHHS JJAaHHBIMHU
JKCIIEPUMEHTAITLHBIX Pa0OT B
001aCTH T€TEPOreHHOTO
¢doTokaranuza, aHaNU3UPOBATh €€ U
COITOCTABJIATH C JINTEPATYPHBIMU

He ymeer BeImonHsTH
nabopaTopHbIe PabOTHI
1 ToTOoBUTH O0T4eTHI (I1P-

6, ITP-9)

JOIyCKaeT
HETOYHOCTH,
HEJIOCTATOYHO
NpaBHJIbHEIC
(hopMyIHPOBKH TIPU
BBITTOJTHEHUT
71a0opaTopHBIX padoT
Y TIOATOTOBKH
oruetos (I1P-6, T1P-
9

JIOTyCKaeT
HETOYHOCTH, HO MPHU
OTOM IIPABUJIIBHO
MPUMEHSIET
TEOPETUYECKHUE
TMIOJIOXKEHUS TIPU
BBITIOJTHEHUH
nmabopaTopHBIX paboT
Y TIOJITOTOBKHU OTYETOB
(TTP-6, TIP-9)

yMEeT TECHO
YBSI3bIBATH TEOPHIO C
IPaKTUKOH,
cBOOOIHO paboTaTh
HaJ yrTyOJIeHHEeM U
crucTeMaru3anyen
3HaHUU TpU
BBITTOJTHEHUH
nabopaTopHBIX padoT
Y TIO/IFOTOBKH
otuetos (ITP-6, I1P-
9)




Brnaneet HaBbIKaMu
CHCTEeMaTH3UPOBATh HH(POPMALIHIO,
MOJYYECHHYIO B XOJI€ POBEACHUS
9KCIIEPUMEHTAIBHBIX Pa0OT B
00JacTH TeTePOreHHOTO
doTokaTanuza, aHaIU3UPOBATH €€ U
CONOCTABIIATH C IUTEPATYPHBIMU
JaHHBIMA

He BmageeT HaBbIKaMu
BBITTOJIHCHHS
71ab0paTOPHEBIX paboT U
IMOJTOTOBKH OTYETOB
(T1P-6, TIP-9)

WCTIBITHIBACT
3aTpyIHEHUS IPU
BBITTOJIHCHHN
mabopaTOpPHBIX PaboT
Y TIOJITOTOBKH
otueroB (I1P-6, ITP-
9)

BIIaJI€ET
HEOOXOIUMBIMHA
HaBBIKAMH H
preMaMu
BBITTOJIHEHHS
mabopaTOPHBIX PaboT
1 IOJArOTOBKH
OTYETOB, HO
HCIIBITHIBAET
HE3HAYHMTEIBHEIC
3aTpyAHCHUSI TPU UX
BhinoHenuu (I1P-6,
I1P-9)

CBobomHO BnageeT
HaBBIKAMHU
BBITTOJTHCHHUS
3a1aHuN
J1a0OPaTOPHBIX paboOT
Y TIOITOTOBKH
oryeros (I1P-6, ITP-
9)

[IK-3.2 Onpegnensier
BO3MOXKHBIE HAIPABIICHUS
pa3BuTHUs padboT 1
TIEPCIIEKTUBEI
MPaKTUYECKOTO
MIPUMEHEHUS
TTOJTYIEHHBIX PE3yJIbTAaTOB

3HaeT BO3MOXKHBIC HAaIPaBJICHUS
pasBuTHs paboT B 00J1aCTH
reTeporeHHoro GoTokaTaiusa u
HEePCIIEKTHBEI TPAKTHYECKOTO
IMPUMCHCHUA MTOJIYUYCHHBIX
pEe3yJIbTaToB

HE 3HaeT OTBETHI Ha
BOIIPOCHI K 3K3aMEHY
(YO-1)

AMeeT 3HAHHS
TOJILKO OCHOBHOTO
MarepHaia BOIPOCOB
K 9K3aMeHY, He
YCBOMWJI JIE€TaJIEH,
JIOTTyCKaeT
HETOYHOCTH,
HEJIOCTATOYHO
MPABUJIbHBIC
(hopMyITHPOBKH,
HapyIICHHS
JIOTUYECKOM
MOCTIeIOBATEILHOCTH
B M3JIOKCHUH
POTrPaMMHOTO
Mmarepuana (YO-1)

TBEPIO 3HAECT
Martepuall BOIPOCOB K
3K3aMEHY, TPaMOTHO U
10 CYLLIECTBY U3Jaraer
€ro, He JIonycKas
CYILIECTBEHHBIX
HETOYHOCTEH B OTBETE
Ha Borpoc (YO-1)

TIIyOOKO U MTPOYHO
YCBOMII
IPOrpaMMHBII
MaTepHaj BOIPOCOB
K DK3aMEHY,
WCYEPIIBIBAIOLIE,
[10CJIE10BATEIIBHO,
YEeTKO U JIOTUYECKH
CTPOMHO €ro
nznaraer (YO-1)

YMmeeT onpeaensaTe BO3MOXKHBIE
HarpaBJICHUsI Pa3BUTHUS paboT B

He ymeer BbINONHATH
nabopaTopHEIE pabOTHI

JIOITyCKAET
HETOYHOCTH,

JOIyCKaeT
HETOYHOCTH, HO TIPH

yMeEeT TECHO
YBA3BIBATh TCOPUIO C




00J1aCTH TeTepOreHHOTO
(hoToKaTaNM3a U IEPCIICKTUBBI
MPaKTUIECKOTO TPUMCHEHHUS
MOJTYYCHHBIX PE3YJIbTATOB

1 TOTOBUTH oTUeTHI (I1P-
6, TTP-9)

HEJIOCTATOYHO
MPaBUIIbHBIC
(hopMyIIMpOBKH TIpH
BBITTOJIHCHHN
1ab0paTOPHBIX padoT
Y TIOATOTOBKH
orueros (I1P-6, ITP-

3TOM MPaBHIBHO
MIPUMECHSICT
TEOPETUUCCKHUE
MOJIOKEHHUS TIPU
BBITIOJTHCHUH
mabopaTOPHBIX PaboT
Y TIOJITOTOBKHU OTYETOB

MPaKTUKOMU,
CcBO0OOHO paboTaTh
HaJ yroyOleHneM 1
crucTeMaTu3aluen
3HaHWUM NpU
BBITTOJTHEHUN
J1a00PaTOPHBIX padoOT

9) (TTP-6, TIP-9) M TIOATOTOBKH
otueroB (I1P-6, I1P-
9
He Bnageer HaBbIKAMU | MCIIBITHIBACT BIIaJIeeT CBo0OosHO BiaieeT
BBITIOJTHEHHS 3aTpyJHEHUS IPU HEOOXOANMBIMA HaBBIKAMHU
nabopaTopHBIX paboT U | BBITIOJTHEHUH HaBBIKAMU U BBITIOJTHEHHUS
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otuerosB (ITP-6, I1P-
9)

IIpusoosimcs sonpocwi, 3a0anusi K IK3AMeH)y (3auemy), munvl 3a0a4, NPAKMUYECKUX 3A0aHUL 051 NPOBEPKU YMEHUI, G1A0eHUll,
obpaszey IK3AMEHAYUOHHO20 DULEeMA ¢ NOSICHEHUEM NPUHYUNA €20 COCMABIEHUs (eCiu N0 OUCYUNTUHE NPedyCMOMPEH IK3AMEH),
Kpumepuu oyeHKu K dK3ameny (3awemy). [oaxcno coomeemcemesosams madauye sviuie u n.6 PIIJ cmonoyy «Ilpomescymounas
ammecmayusiy
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BBenenue

3arpsi3HEHHE BOAHBIX OOBEKTOB CTOYHBIMU BOJIAMH, COJEPKALIUMU
BBICOKOTOKCHUYHBIE U YCTOWYUBBIE OpPraHMYECKUE 3arpsS3HUTENCH, — aKTyallbHas
npobiemMa B HamM JHU. B CBA3M ¢ 3TUM OOJNBIION NPaKTUYECKUA HHTEpPEC
npeacTaBiIsieT pa3paboTka >PQPEKTUBHBIX HAJEKHBIX METOIOB HX pa3pylICHUS.
Haubonee mnepcrneKTUBHBIMU TEXHOJOTHSIMH pa3pylIeHUs IIMPOKOTO CIIEKTpa
TOKCUYHBIX XUMHUYECKHUX BEIIECTB SBIISIIOTCS TEXHOJIOTHHU O€3peareHTHON OYUCTKU
BOJIBI Ha OCHOBe 3¢ (dekTuBHBIX mporeccoB okucieHus (“Advanced Oxidation
Processes” AOPS), B 4acTHOCTH reTeporeHHbIi ¢oTtokaranus. bobioil HayYHbIN
U TMPAKTUYECKUH HMHTEpPEC K TeTepOreHHOMY (OTOKATaIM3y B HKOJIOTMUECKOM
acmekTe OO0YCJIOBIIEH BO3MOXKHOCTBHIO OKHCIICHUS OPTaHUYECKUX BEIIECTB C
BBICOKOM CTENEHbIO MHUHEPATU3allMU IpPU CPABHUTEIBHO HU3KOM TeMIeparype,
OCOOCHHO B TMPHUCYTCTBUU KHCIOpOAA, O30Ha M TMEPOKCHIA BOJIOPOMAA, H
CYILIECTBEHHBIM CHIKEHHEM HHEPrOEMKOCTH BOJOOYHCTKH TMPHU HMCIOIH30BAHUH
COJIHEYHOTO CBETA.

B mnactosimiee  Bpemss  HaumOosiee  M3y4YeHHBIM U 3(()EKTUBHBIM
doToKaTanM3aTOPOM JJIsi  PaA3NIOKEHUs I[IMPOKOrOo Kpyra OpraHM4ecKHX M
HEOPraHWYECKUX TOKCHYHBIX BEIIECTB SBISETCS TUOKCHJ THUTaHA, B TOM YHCIIE
MO (DUIIMPOBAHHBIN PA3TUYHBIMU MEPEXOTHBIMU METAIITIAMH.

Kax mpaBuio, doTokaTanuzaTopbl Ha OCHOBE OKCHAA TUTaHA TMOJYy4aloT B
BUJIC TIOPOIIKOB, YTO 3aTPyAHSET IIUPOKOE MPAKTHYECKOE MPUMEHEHHE 3TOTO
KJlacca MAaTepHalioB B TEXHOJIOTUU CBS3M C OINpEAENIEHHbIMU MpoOsieMaMu, B
YACTHOCTH C HEOOXOAMMOCTBIO OTEJIEHHUS €r0 B KOHLE TEXHOJIOTMYECKOIo 1IMKIIA.
JanHyto mpoOieMy MOKHO PEIIMTh HaHeCEHHWEM (OTOAKTHBHOTO MaTepuaia Ha
TBEPABIE TMOMJIOXKKH, MOITOMY HMMOOWIM3anMs (oToKaTramu3zaTtopa sBIsSIETCS
BAKHOU M aKTyaJIbHOM 3aJ1aucil.

OmarM ¥3 METOAOB, TMO3BOJIIONMIMX  TEXHOJIOTUYHO  (HOPMHPOBATH
MHOTOKOMITOHEHTHBIE OKCHUIHBIC TOKPHITHUS Ha METAJUIMUYECKUX TOJIOKKAX,
SABJISIETCS  TUIA3MEHHO-3JIEKTPOJUTUYECKOE  OKCHUIUPOBAHUE I120) -

QJICKTPOXUMHUUYCCKOC OKHCJICHHUC IMOBCPXHOCTU MCTAIJIa WJIM CIUIaBa B YCIIOBUAX



NeHCTBUS AIEKTPUUECKUX HCKPOBBIX M AYTOBBIX paspsnoB. B uactHocTH, 1120
MO3BOJISIET TOJIyYaTh Ha TIOBEPXHOCTU TUTAHA TOKPBITHUS, COJEpKAIINE KaK OKCHU]L
TUTaHa OMNpEJEICHHON MOAuUKalMKd, B TOM UHKCJIE JOMUPOBAHHBIA WU
MOJU(HUIMPOBAHHBINA PA3IMYHBIMU MIEPEXOTHBIMU METAJIIAMU WM B KOMOMHAIIUN
C X OKCHJIaMHU.

B nanHoM y4eOHO-METOJMUYECKOM IOCOOMM paccMaTpHUBAETCsl CIOCO0
NoJay4yeHHus (POTOKATANM3aTOpPOB C  HCIOJNB30BAaHMEM METOJa  IJIa3MEHHO-
AIIEKTPOJIMTUYECKOTO OKCHAMPOBAHMS, a TakKe€ METOAbl HCCIEAOBaHUSA HX
(OTOKATaIMTUYECKON AaKTUBHOCTH B  pa3IMYHbIX peakuusax. B 3axaun
npeIaraéMoro yueOHo-MeTOUYECKOro MocoOrs BXOAUT 3HAKOMCTBO CTYACHTOB
C HaBBIKAMHM CHHTE3a OKCHIHBIX MOKPBITHA MJIa3MEHHO-3JEKTPOIUTHUECKUM
METOJIOM, U3yUEHUE BIUSHUS COCTaBA JEKTPOIUTA U YCIOBUNA OKCUIUPOBAHUS Ha
coctaB, Mopdonoruto U (HOTOKATAIUTHYECKHE CBOMCTBA  (POPMUPYEMBIX
komno3uToB. [lpuBenena oOmupHas TeopeTuyeckas ©0a3a s OCBOCHHSA

MMPCACTABJICHHOI'O IIPAKTHYCCKOT'O MaTCpHaIa.



1 Kparkas Teopusi
1.1 doTokaTa U3 U €ro NpUMeHEeHHE B Mpoleccax 3amuThl

OKpY:Kamomei cpeabl

B nacrosiee BpeMs BOJOEMbI MMOABEPTalOTCSI UHTEHCUBHOMY 3arpsi3HEHUIO
OpraHMYEeCKUMHU  BEIECTBAMM,  COJECpPXKAHUE  KOTOPBIX  XapaKTEpHU3yeTCs
KOHLIEHTPAaLUsAMU, 3a4aCTyI0 HPEBBIIAIOIIMMHI MPEAEIbHO TONYyCTUMbIE HOPMBIL. B
CBS3M C OTUM OOJBIIOW NPAKTUYECKUNW HUHTEpEC MPEeACTaBIsIET pa3paboTka
G ()EKTUBHBIX W HAJEKHBIX METOJOB WX paspylieHus. B HacTosmee Bpems
CYILIECTBYET pAJl METOJIOB, MO3BOJIAIONIMX Pa3pylIaTh OPraHMYECKHUE BEIIECTBA 10
CO2 u HxO. K HuM oTHOCSATCA 030HUpOBaHuE (CoBMecTHO ¢ Y@ obnyueHuem) [1],
KaTaIUTHYECKOE U (POTOKaTaTUTHYECKOE OKUCIIeHue [2, 3] u nip.

Haunbonee mepCreKTUBHBIMU TEXHOJOTHUSMH  Pa3pyLICHUS IIUPOKOTrO
CIIEKTpa TOKCUYHBIX XMMUYECKUX BEIIECTB SIBJSIOTCS TEXHOJIOMU Oe3peareHTHOM
OYMCTKH BOABI Ha OCHOBE 3(P(EeKTUBHBIX MpoleccoB okuciaeHus (“Advanced
Oxidation Processes” AOPS), a uMeHHO MeTO/IbI TeTepOreHHoro oToKaTanusa [4].

doToKaTau3 — 3TO U3MEHEHUE CKOPOCTU MM BO30YXKIECHUE XMMHUYECKUX
peakuuii ol eWCTBUEM CBETa B MPHUCYTCTBUM BEIIECTB ((POTOKATAIU3ATOPOB),
KOTOpBIE MOTJIONIAIOT KBAHThI CBETAa M YYACTBYIOT B XMMUYECKUX MPEBPALICHUIX
YYaCTHUKOB pEaKIMM, MHOTOKPAaTHO BCTyMass C HUMH B MPOMEKYTOUHbIC
B3aUMOJECUCTBUS U PETEHEPUPYS CBOM XUMUYECKUNA COCTAB MOCJE KaXJI0r0 LIUKJIA
Takux B3aumojehcTtBuil [5]. Oddext Porokaranmuza — MHUHEpaIM3aLUA
ra3o00pa3HbIX 3arpsi3HEHU Ha MOBEPXHOCTU KaTajau3aropa O] JACUCTBUEM
MSATKOTO YJIbTPaduOJIETOBOTO M3TYyUYEeHUS — OTKPHIT emie B 20-¢ TOJbI MPOILIOro
Beka. OpHako HamOoJblIeMy UWHTEpeCY K (DOTOKaTaau3y CIoCOOCTBOBAIU
nuoHepckue padotsl A. Oymkumrma B 1970 rogy, KOTOpble OTKPBUIM MYTh JJIs
IIUPOKOTO TPUMEHEHMS THUOKCHAA TUTAHA MPU KOHBEPCHHM COJHEYHON SHEPrUu
[6]. C »sTOoro momeHTa pa3pabOTaHO OOJIBIIOE KOJMYSCTBO Pa3HOOOpA3HBIX

(dboTOKaTaNU3aTOPOB.



B ocnHoBHOM mnpu ¢dorokaranuse (HOTOKATANM3ATOp U Ppearupyromme
BEIIIECTBA HAXOJATCA B pa3HbIX (Da3zax W OTIEJEHBI TpaHUIICH pazjierna, MOAITOMY
JAHHBIA MPOIIECC MOXHO OTHECTH K TeTepOoreHHOMY KaTtaim3y. JIMOKCH7 TUTaHa
OTIIMYAETCS BBICOKOM (DOTOUYBCTBUTEIBHOCTHIO M 00JIAaeT MpPUEMIIEMOM
mupuHOi 3anpemieHHor 30Hbl (EQ = 3,2 5B). Ilockonabky OH Takke SIBISETCS
XUMUYECKA W OWOJOTHYECKH WHEPTHHIM W HUMEET HHU3KYI CTOMMOCTh, OH
NPUHAJISKUAT K YUCIY HanOOJee YacTo HMCIOJb3YeMbIX (OTOKATAIU3aTOpPOB [7].
Tem He MeHee, m3-3a OBICTPON PEKOMOWHAITMM HOCHUTENEH 3apsaa, KBAaHTOBBIN
Bbixos TiO; doTokatannza, Kak MpaBWIO, O4YeHb HU3KUNA. OJHAKO TaKou
dboTokaTanuzaTOp MOXKET paboTarh JuIIb Moj jeWcTBueM Y D-uznyueHus c
JUIMHOM BOJIHBI MEHbIIIE 386 HM, UTO COM3MEPUMO C IIUPUHOMN 3aIIPENIEHHON 30HbI
anataza (3,2 5B cootBercTBYyeT 387 HM) [8], mO3TOMY 3PHEKTUBHOCTH €TI0 PaOOTHI
IO/ IEMCTBUEM COJTHEYHOTO U3IIy4eHHUs cocTaBisieT meHee 10%.

[Tpumenenue apyrux momynpoBoaHukoB (WOs, Fe;Os, Zn0O, ZnS, SnO; u
JIp.) OCJIOKHEHO PACTBOPUMOCTBIO UX B BOJIE MJIM TOKCUYHOCTBIO, BCIICJICTBUE YETO
OHH CYIIECTBEHHO YCTYIAIOT B TEXHOJOTHYCCKOM OTHOIICHHWH AUOKCUAY THUTaHa
[9].

Mexanusm pomoxkamanumuuecko2o oelucmausi OUOKCUOa mumaua.

TiO, — momynpoBOAHUKOBOE coeArHeHue. DOTOKATATUTHYECKIE CBOWCTBA
TiO, 00ycCIIOBICHBI OCOOCHHOCTSIMH €r0 JJICKTPOHHON CTpyKTyphl [9—-13], a
WMEHHO CYIIIECTBOBAHUEM B HEM BAJICHTHOMN 30HBI M 30HBI TIPOBOIUMOCTH.

B BasieHTHOM 30H€ AIEKTPOHBI HAXOASITCS B CBSI3AHHOM COCTOSIHUHM, T.€. OHU
CBS3aHbl C KaKUM-JTHMOO HOHOM KPHUCTANIMYECKOW PEIIETKH U YYacTBYIOT B
oOpa30BaHUM XMMHYECKOH CBsI3U. B 30HE MPOBOIUMOCTH 3JICKTPOHBI HAXOATCS B
CBOOOJTHOM COCTOSTHUHM, T.€. OHU CBOOOJHO JIBIDKYTCS IO KPHUCTAJUIMYECKON
pemeTke, 06pa3oBaHHoIl kKaTnoHaMu Ti** n anmonamu xuciopona O,

JlJist mepeBoia 3JIEKTPOHA U3 CBA3AHHOTO COCTOSIHUS (M3 BaJCHTHOW 30HBI) B
cB0OOSHOE (B 30HY MPOBOJMMOCTH) HEOOXOIUMO COOOIIUTH DHEPTHUIO, PABHYIO

HIMpUHE 3anpeleHHon 30Hbl Eg, koTopas aisa TiO; coctaBisier He MeHee 3,2 3B.



DTa 3HEPTrUsi MOXKET OBITh JOCTaBJICHA KBAaHTaMU CBeTa ¢ JauHHOM BosiHbl 320-400

HM.

JlaHHBIN (aKT cleayeT U3 MPOCTHIX PacUeTOB, MPEACTABICHHBIX HIDKE.

DHeprusi KBaHTa paBHa

E=h-v,

1)

rae h =4-107'° 5B ¢ — nocrosnuas Ilnanka, v — yacrora uznydenus, ['u=1/c.

JlnHa

BOJIHBI

obpaTHO

IMpOIIoOpoUOHaJIbHA

qaCTOTC, TakK qTo

AJIEKTPOMArHUTHBIE BOJIHBI ¢ 0oJjiee BBICOKOM 4YacTOTON MMeeT 0ojiee KOPOTKYIO

JUIMHY BOJHBI, 1 HA000pOT. B BakyyMe JyIMHA BOJIHBI

A=e¢lv,

rae ¢ = 3-108 m/c— ckopocTh cBeTa B BaKyyMe.

(2)

Takum 06pa30M, AL pa3HbIX OJHUAIIA30HOB IJIMH BOJIH KOJIMYCCTBO SHCPIHUHU

Ha ()OTOH 3HAUYMUTENBHO OTIUYaeTcs, Tad. 1.

Tabnuya 1

XapaKTepl/ICTI/IKI/I H HCTOYHUKHU BUIUMOI'O U yJILTpa(l)I/IOJIeTOBOFO NU3JTYYCHUA

KonunuectBo
JImHbI
HasBanue nuamnazoHa u3imydeHus SHEPTUU Ha HcTouHnkm
BOJIH, A
¢dotoH, 5B
Buaumoe 780-380 CounHie, 1ammna
LBeT duosIeTOBBIA 380—440 2,82-3,26 HaKaJInBaHWs, OTOHb
Cunnit 440-485 2,56-2,82
["omy6oii 485-00 2,48-2,56
3enéHblii 500-565 2,19-2,48
JKénTerit 565-590 2,10-2,19
OpanxeBbIi 590-625 1,98-2,10
KpacHupiit 625-740 1,68-1,98
VYnbrpaduoneroBoe 400-10 Bxomdr B cocTas
Hanmeno banxHuit 400-300 3,10-4,13 | COJHETHOIO CBETA
Bamme Cpenunii 300-200 | 4,13-6,20 | !asopaspammsic
JlambHuit 200122 6,20-10,2 Ei‘“gg‘ C;py&“’“
DKCTpeMabHbIii 121-10 10,2-124 | pHa.
— 3]Ty4ar0TCs BCEMU
BakyymHblii 200-10 6,20-124 TBEpIBIMH TeaMH,
Viberpaduoner A, Y KOTOPBIX
)IHHHHOB(.).HHOBPIZ 400-315 3,10-3,94 TeMIepaTypa
auanas3oH, YE€pHelii ceT Gonbie 1000 C,
VHBTP%(I)HOHGT B 315-280 3.94-4.43 CBCTALINCCS (KpOMe
(cpennuii nuanas3oH) ’ ’



https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%84%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5

VYavsrpaduoner C, PTYTH)
KOPOTKOBOJIHOBOM, 280-100 4,43-12,4
TePMUITUIHBIN THama3oH

Takum oOpa3om, MpH MOTJIONICHUN KBaHTa CBETa C DHEprueil He MeHee 3,2
5B B 00béMe gacTuisl TiO2 00pa3yroTcst CBOOOTHBIN MEKTPOH (&) U AJIEKTPOHHAS
BakaHcuss — jpipka (h'). DnexkTpoH W JpIpka — JOCTATOYHO TIOJBHIKHBIC
oOpa3oBaHuMs W, JBUTAsICh B YaCTHIE TOJYNPOBOAHMKA, YacTh W3 HUX
PEKOMOMHHpPYET, a YacTh BBIXOJUT Ha TMOBEPXHOCTh M 3axXBaThIBaeTcs €ro. Ha

pucyHke 1 cxeMarndecku n300pakeHbl MpoIiecchl, mpoucxoasiue Ha Ti0x.
E_- mmprma E, 5B

3aMPEIIEHHON 30HBI +
(band gap) O, axe

E=E-E
g

OHa IIPOBOAHMOCTH

F 3
E - BepxHa TpaHHIA
BalleHTHOT 30HBI

(valance band) Eg I 3anp eneHHas 30Ha

E_ - HIDKHSIA TPaHHIa
30HEI TPOBOAMMOCTH
(conduction band) E,

0000000

BaneHTHas1 30Ha

@ snexTpoH (B)
O mwipxa (i)

Pucynok 1 — CxemaTudeckoe nu3zo0pakxeHue mpoieccos,
poucxoaamux Ha noepxuoct TiO2

OOIIenpuHATO, YTO OCHOBHOM BKJIaJl B ME€XaHU3M (DOTOOKHCIICHHUSI BHOCST
dororenepupoBannbie nbipku (') u pamukaneiOH®, oOjamaronue BBICOKOM
OKHCJIMTEILHON CIIOCOOHOCTBHIO. B  4YacTHOCTH, OKHUCIUTENLHBINA ITOTEHIIAAI
(hOTOTEHEPUPOBAHHON  JBIPKM  OTHOCUTEIBHO  HOPMAJIbHOTO  BOJOPOJHOTO

anektpoaa coctapiser +3,00 B [14] u mpeBblIaeT OKUCIUTENbHBIN MOTEHIIHAAI

0 —
MOJIEKYJISIPHOTO (pTOpa EF2/2F— =+2,8/B [15].




Mo>xHO BbIICIIUTL  CJICAYIOIIHEC 06H1€HpI/IH$ITBIe ctTagunu MCXaHHU3Ma

00pa3oBaHMs TUX BICOKOPEAKITMOHHBIX yacTuil [ 16—18]:

TiO, + hv = h* + & (1)
H,04,c — OH + HY (2)
OH- + h* - OH 3)
0, +e—0; (4)

20; +2H,0,, —20H" +20H" +0, )

C

Jpipku (h*), oOpa3oBaBiiuecst B pe3yibrare oonyueHust 110, YD-cBeToM ¢
JUIMHOW BOJHBI A< 400 HM, MOTyT B3aUMOJEHCTBOBaTh C aJACOPOMPOBAHHBIMU
MOJIEKyJlaMd BOJBl C oOOpa3oBaHueM pagukaioB OH®, B TO BpeMms Kak
npeBpauieHue  (OTOr€HEPUPOBAHHOTO  BJIEKTPOHA  IMPOXOAUT  4epe3  JBe
NOCJIEIOBATEIbHBIE CTAIUU: 1) epexo ] JIEKTPOHA U3 00BbEMA WU C TIOBEPXHOCTH
TiO; Ha w™monekyny ancopOupoBanHOro Kuciopoga Oorane (cTamus (4)); 2)
B3auMojielicTBiue O, ¢ afcOpOMpOBAHHON BOJONM ¢ 0Opa3oBaHUEM paaukanoBOH'
(cramus (5)). Ha moBepxuoctr TiO; 3apsn He HaKaIlIMBaeTCs, CISA0BATEIBHO, BCE
YKa3aHHbIC PEAKIIMU TPOTEKAIOT OJTHOBPEMEHHO [19].

Cxopocth  (OTOKATAIUTUUECKOTO TMpoIlecca 3aBUCUT OT  YJEJIbHOU
MOBEPXHOCTH KaTajau3aTopa, MNPUPOALI TMOBEPXHOCTHBIX AaKTHUBHBIX IIEHTPOB,
CTENECHU JIOKAIU3aIuu (OTOTEHEPUPYEMBIX 3apsiioB W JPYTUX IMapaMeTpoB
CUCTEMBI, KOTOPBIE ONPEAEISAIOTCS KPUCTAUIMYECKOH CTPYKTYpPOM, METOIOM
CHUHTE3a W Tocienyomieit oopadotkoit Ti0,. U3-3a amdorepubix coiictB TiO;
CKOPOCTh (POTOPEAKIIMY 3aBUCUT TAKXKE€ M OT KHUCJIOTHO-OCHOBHOTO PAaBHOBECHUS B
CUCTEME.

[ToBbIienre  (HOTOKATATUTHUECKUX CBOWCTB W PACHIMPEHHE JHarna3oHa
CHEKTPaIbHOW YYBCTBUTEIBHOCTH (DOTOKATaNM3aTOpa B JJIMHHOBOJIHOBYIO
00JacTh TOCTUTAIOTCS MyTEéM AonupoBanus T102 MOHaMH MEPEXOIHBIX METAILIOB,

KOMOMHHpOBaHHEM ero ¢ coeauHeHusmu 3d- u p-snementoB [20-26]. B



YaCTHOCTH, JONMPOBAHUE — 3TO BBEJACHUE IIPUMECHBIX aTOMOB B IOJYIPOBOAHUK
(HEOpraHMYECKOM, OPraHUYECKOM WM MOJMMEPHOM MNPUPOJbI), MPUBOIALIEE K
HOSIBJICHUIO B HEM CTPYKTYPHBIX JAE(PEKTOB U KaK, CIEJICTBUE, K U3MEHEHHUIO €ro

ANIEKTPOPU3NIECKUX CBOUCTB [26].

1.2 MeToa mJ1a3MeHHO-3JIEKTPOJIUTHYECKOT0 OKCHIMPOBAHUS U €ro

npuMeHeHue 1Js1 GopMHUPOBAHUSA OKCHIHBIX (POTOKATATIU3ATOPOB

OnuuM u3 A(PPEKTUBHBIX M TEXHOJOTHYHBIX CIOCOO0B (OopMHUpOBaHMS
OKCUIHBIX TIOKPBITUM HA TUTAHOBBIX IIOJJIOKKAX SBJISETCA IUIA3MEHHO-
AIEKTPONIUTHYECKOE OKcuanpoBanue. [190 mo3BonseT noryyaTs Ha MOBEPXHOCTU
TUTAaHAa IOKPBITHSA, COJAEPIKAIIME OKCHJ TUTAaHA C Pa3JIMYHBIM COOTHOILLIEHUEM
aHaTa3HOM W PYTWIbHOW MOIM(HUKANKAX, B TOM YHUCIE JONUPOBAHHBIA WIH
MOAU(PUIMPOBAHHBINA PA3TMYHBIMU MEPEXOIHBIMU METAITIAMU WJIM B KOMOMHAIIUU
¢ ux okcuaamu [27-56].

CyTh MeTOAa — 3JIEKTPOXUMHYECKOE aHOJIHOE (POPMHPOBAHME OKCHUIHBIX
CJIOEB HAa METaJlIaX B YCJIOBUSX JICUCTBHS Ha TPAHULIE Pa3/Iesia METAIL/ANEKTPOIUT
VCKPOBBIX UJIM MUKPOJYTOBBIX JJIEKTPUUECKHUX Pa3psa0B.

AHOAHOE OKHCIEHHE MOXKHO MNPOBOAUTH IPU PA3HBIX PEXKHUMAX:
raJibBAHOCTATUYECKUM  peXuM  (MpU  TOCTOSHHOM  IUIOTHOCTH  TOKa),
NOTEHUMOCTATUYECKUN pEeXUM (IpU MOCTOSHHOM Ppa3HOCTH MOTEHIUAJIOB,
IIPWIOKEHHBIX K 3JIEKTPOY). TaKkKe UCIONb3YIOT U CMELIAHHBIE PEKUMBI.

B Hacrosimee BpeMs IIMPOKO MCCIEAYIOT BO3MOXHOCTH METOAa IS
NOJIyYEHUs] HAa MeTajulaX IOKPBITHHA, INMEPCHEKTUBHBIX I HCIHOJIb30BaHUS B
KauecTBe  (hOTOKATANM3aTOpPOB B Mpoleccax  JAerpajaluud  pas3JIMyHbIX
OpraHUYeCKUX 3arpsi3HuTese [34-56].

OCHOBHBIMU HAaNpaBICHUSIMH TaKUX pabOT SBISIETCS TMOJyYeHUE W
UCCJIEIOBAHUE TMOKPBITHM, COCTOSIIMX TOJBKO U3 aHara3Hou (HambOomee
dboToakTBHOI (ha3wl) okcuma TutaHa [34-39], ¢ pa3NUUHBIM COOTHOIICHHUEM
aHataza u pyrtaina [40-43], mnongydyeHWE TIOKPBITUA M3 OKCHJAa THUTaHa,

AOIMMPOBAHHOTO PAa3JIMYHBIMU IIEPEXOJHBIMU WM PCAKO3CMCIBbHBIMHU MCTAJlJIaMHU,



takumu Kak Fe [44], V [45, 46], Ag [47, 48], Eu [49, 50], La [51], CeO2 [52], a
TaKKe TOJIYyYCHHE CMEIIAHHBIX JIBOMHBIX W TPOMHBIX METAJUIOKCHIHBIX CHUCTEM,

Hanpumep V205—Ti0; [53], SnO,- TiO; [54], WOs- TiO; [55, 56] u np.

2. JKCcnepUMEHTAJbHASI HAYYHO-HCCIe0BaTeIbCKasi padoTa

['maBa mocBsmeHa (HOPMUPOBAHUIO M KOMIUIEKCHOMY HCCIIEOBAHHUIO
IJIa3MEHHO-JJIEKTPOJIUTUYECKUX ~ TMOKPBITMM  HA  TUTaHe, BKIIOYas  HX
($OTOKATATUTUYECKYI0 AaKTUBHOCTh B PEAKUHUAX PA3JIOKEHUS OPTaHHMUYECKUX
3arpsi3HUTENIEH B YCIOBUSIX YJIbTPA(PHOIETOBOTO U BUIUMOTO O0JIy4YEHHUS.
[TproOpereHne HaBBIKOB HAYYHO-UCCIIEI0BATENLCKON pabOThl JOCTUTAETCS MTyTEM
BBITIOJIHEHUSA
— KOMIUIEKCAa TEXHOJOTHYECKHX omepanuil npu (GOpMUpPOBaHUU 00pa3LOB
(doTOKaTaIN3aTOPOB;
— KOMILJIEKCA UCCIIeI0BaHUI CBOMCTB 00pa3LoB HA pa3IMYHbIX CTaIUsAX CUHTE3a U
C HCIIOJIB30BAaHUEM PA3IMYHBIX METOAMK OLIEHKH XapakTepUCTUK — pH-u3zMepenus
(371eKTposIUThI), (Da30BBIA M AJIEMEHTHBIA COCTaBbl, MOPGOOTUs (OKCHUIHBIE
MOKPBITHSA ), (POTOKATATUTHYECKON aKTUBHOCTH;
— 00001IEHHS TOTYYEHHBIX SKCIIEPUMEHTAIIBHBIX PE3YJIbTaTOB;
— (OpMYJIMPOBKM BBIBOJIOB O B3aUMOCBSI3U YCIIOBUI (POPMUPOBAHUS U CBOICTB

MTOKPBITHH.

2.1 leab padoTsI
Ilensto paboT sBISETCS M3ydeHHUE Tpoiiecca (GopMUpPOBaHUS TUIA3MEHHO-
ANEKTPOJIMTUYECKUM  METOAOM  OKCHIHBIX TOKPBITMM Ha METaUTMYECKUX
HOCUTEJISIX U MCCJIEAOBAaHME HMX COCTaBa, CTPOEHUS M (POTOKATATMTHUYECKUX

CBOMCTB.

2.2 3aga4u UCCJIeI0BAHUSA

1) Onpenenuth XapakKTEPUCTUKH JIEKTpoauTa pH, 1IBET, TUCTIEPCHOCTD;



2) OnpenenuTtb 3aBUCUMOCTH HaNPsDKEHUS OT BpeMeHU (hOpMUPOBAHMS;

3) [losy4uTh NOKPBHITUS 3aIaHHOTO COCTaBa Ha THTAHOBOM CyOCTparte;

4) OmpenenuTh CTPYKTYpHBIE IapaMeTphl W COCTaB 0OpasloB METOJaMU
pentreHodazoBoro  ananmuza  (PDA), penrrenocnektpaibHoro  (PCA),
CKaHUpYIOIIEH SIeKTpoHHOM Mukpockonueil (COM), peHTTreHO’NEKTPOHHOMN
cnektpockonuu (POC);

5) Hcnoertath o0O0pa3ibl KaTaau3aTOpOB B peakuusX (HOTOKATATUTHUECKOTO
Pa3NOKEeHUS KpacUTENeH 1 ()EHOJIOB B YCIIOBUSX YJIBTPA()HOIECTOBOTO M BUTUMOTO
o0JTydeHUS;

6) O600IUTh OJIyYEHHBIE PE3YJIHTATH U OPOPMUTH OTUET.

2.3 MeToauku, HCIOJb3yeMble IIPH BbINIOJHEHUH PadoThI
2.3.1 [TosryyeHue NOKPHITHH HA METAJUIMYECKHX MOBEPXHOCTAX C
HCI0JIb30BAHMEM METO/1A MJIA3MEHHO-3JIEKTPOJUTHYECKOT0 OKCHIUPOBAHUA
IIpucomoenenue snexkmporumos. Jjisi TPUTOTOBJIICHUS JJIEKTPOJIUTA 3aJaHHOTO
cocTaBa 0epyT HEOOXOAMMYIO HABECKY BEIIECTBA, MACCy KOTOPOU OMpEAEsIOT MO0

H3BeCTHOU (popmyiie:
m=C,-M-V (3)

rje M — macca BemecTna, I, C, — MOJIsipHasi KOHIIEHTpaIMs pacTBopa, MojIb/J1, M —
MOJISIpHAsi Macca BelecTBa, r/Mojib, V — 00beM pacTBopa, J.

B yucrelii ctakan HanmnBaroT ~200 M1 AUCTHUIUIMPOBAHHOW BObI, BBICHITIAIOT
B CTaKaH C BOJOW HABECKY, THIATEIHLHO MEPEMEIIUBAIOT C TTOMOIIBIO CTEKIISHHON
MaJ0YKH WJIM MAarHUTHOW MEIIAJKH, MPU HEOOXOJUMOCTH PACTBOP MOJOTPEBAIOT
1o temrepatypbl 40-50 °C. Tlomy4deHHBIH pacTBOp MEPEIUBAIOT B MEPHYIO KOJOY
Ha | J1, TOBOASAT A0 METKU JUCTWIJIMPOBAHHOM BOJIOM M OCTaBJISIOT pacTBOp Ha 1
yac.

B ciiyuae MHOTOKOMIIOHEHTHOT'O pacTBOpa KaXKJ0€ BEMIECTBO OTHAEIbHO

pacTBOPSIOT B  JWCTWUIMPOBAHHOM BOJIE KaK yKa3aHO BbIIIE, 3aTeM



MOCJIEIOBATEIbHO BBUIMBAIOT IMOJYYEHHBIE PACTBOPHI B MEpHYIO K0i0y Ha 1 1,
JOBOAAT JO METKH TUCTUIJIMPOBAHHOW BOJIOM M OCTaBJISIOT pacTBOp Ha | yac.
Onpeodenenue pH snekmpoauma — IpOBOAAT C UCNOJIb30BaHHEM pH-MeTpa.
Iloocomosxa 06pazyos 011 NIAZMEHHO-IIeKMPOIUMUYECKOU 00pabOmKU.
DNeKTpOoabl AJIA IJIa3MEHHO-3JIEKTPOJIUTUIECKOTO OKCUIUPOBAHMS U3rOTABIUBAIOT
u3 nucrtoBoro tutaHa mapku BT1-0 B Buge mimactuHok pasmepom 2,0x2,0 cm.
OOpa3ipl  MOJABEpPraloT MEXaHUYecKo 00paboTKe, MpPU KOTOPOW YyIaJsIOTCS
3ayceHIlbl W Je(eKThl, 00pa3oBaBIIMECS MPU PE3KE MeTaula, U XUMHYECCKU
MOJIUPYIOT B cMecu KoHIeHTpupoBaHHbIX kuciaoT HF:HNO;z; = 1:3 mpu 60-80 °C B
TeueHue 2—3 ¢. 3aTeM OTMBIBAIOT JUCTUJUIMPOBAHHOW BOJOM M CylIaT Ha BO3YyXeE.
Kaxxnplil BBICYLIEHHBI 00pasel] B3BEUIMBAIOT HAa AHAJIUTHYECKUX Becax C

To4HOCTHIO 710 0,0001 T, mosydeHHbIE JaHHBIC 3aHOCAT B TaOJI. 2.

Tabnuna 2 — YciaoBus MOIyYeHUs] M Macca OKCHAMPOBAHHBIX 00pa3IloB

YcnoBus nosydeHus

O6paszer,

No . Mo, T | My, T | AM, T

= Dnekrponur | i, A/em? | t, MuH Uy, B

1-1

1-2
[Ipumeuanus
1) my — Macca UCXOTHOTO METAJUTMYECKOTO CyOCcTpara, T;
2) My, — Macca OKCUAMPOBAHHOTO 00pasiia, T;
3) AM — pa3HOCTh MAcC OKCHINPOBAHHOTO M HCXOJHOTO 00pa3moB (Mg - M), T

Cxema ycmano8xku OJisl NiaA3MeHHO-91eKMPOIUMULECKO20 OKCUOUPOBAHUSL.
DNeKTpOXHUMHYECKass SYeiKa, B KOTOPOM TIPOBOIAT TPOIECC AaHOIUPOBAHHS
o0Opa3IoB, mpeAcTaBisieT co0oi cTrakaH U3 TepMmocToikoro crekia (1) ooremom
1,0 1 (puc. 2).

ITepen paboToii cTakaH TIIATEIHPHO MOKOT M 3aIOJHSIOT MPUTOTOBICHHBIM

paCcTBOPOM JJICKTPOJIHTA. BHYTpL CTaKaHa C paCTBOpPOM IIOMCIIAIOT MOJIBIN KaToA



U3 Hep)KaBeromiel cranu (2), BBIOJHEHHBIA B BHUAEC 3MEEBUKA, CIYXKAIIUN
OJTHOBPEMEHHO XOJIOAUIBHUKOM. [lepemeninBanne 3JIEKTPOIUTA OCYIIECTBISIOT
P TIOMOIITM MarHUuTHON Memanky (3). Hampsikenue Ha oOpasiie ¥ TOK 4epe3 HETo
KOHTPOJMPYIOT, COOTBETCTBEHHO, BOJbTMETpoM (4) m ammepmerpom (5). s
noJiIepKaHusi TpeOyeMoil TeMrepaTypbl pacTBOpa S3JCKTPOJIMTAa uepe3 MOJbIN
KaTojJl TPOITYCKAIOT BOJOIPOBOJHYIO BOIYy, TEMIEPATypy KOHTPOJIHUPYIOT
TepMoMeTpoM (6), TTOMEIIEHHBIM B pacTBOp. B KadecTBe HWCTOYHHMKA THUTAHUS

UCTIONB3YIOT TUPUCTOPHBIN arperaT ¢ OJHOMOJISIPHONW MMITYJIbCHON (hopmoi Toka

(7).

1 — crakan, 2 — xaToj, 3 — MAarHUTHAs MeIIaIKa,
4 — BOIBTMETP, 5 — aMriepmeTp, 6 — TepMoMeTp,
7 — THpUCTOPHBIN arperar, 8 — JIEKTPOIIUT,

9 — o6pabaTeiBaeMbIii 0Opa3ell.

PucyHnok 2 — CxeMa yCTaHOBKHM aHOJMPOBaHUS 00pa3lioB
OO6paboTKy OCYHIECTBISIIOT B TajJbBaHOCTATUYECKUX YCJIOBHUAX IIPHU

MOCTOSHHOM moTHocTH TokKa | = 0,05-0,2 A/cm?. O6myro cumy Toka |

onpenesstoT o hopmyJie:



1=i-S. @)

rae i — 570 mWI0THOCTB TOKa, A/cM?, S — IIOImaab DIEKTPOAA, CM2.
Bpewms oxcunupoBanus cocrasiser ot 3 10 30 muH. B X01€e skcnepumenTa
yepe3 KKy MUHYTY OTMEYAlOT 3HAUCHMS HAlPsHKEHUS Ha DIIEKTPOJax, JaHHBIE

3aHOCAT B Ta0JI. 3.

Tabnuya 3
3aBHCHMOCTH HANPSIZKEHUS HA JIEKTPOAAX OT BpeMeHH OKCHIHPOBAHUS
t, Muu 1 2 3 4 5 6 7 8 9 10

U, B

[Tocne aHomHOM 00pabOTKKM OOpa3lbl MPOMBIBAIOT MPOTOYHOM, 3aTEM
JTACTUJUIMPOBAHHOW BOJIOW M CYIIAT HA BO3AYyX€ IMPU KOMHATHOW TEMIEpaType.

O6pa3m>1 B3BCHINBAIOT, ITOJIYYCHHBIC JAHHBIC 3aHOCAT B Tabn. 2.

2.3.2. MeTonnka onpeejieHus: PoToKaATAINTHYECKONH AKTUBHOCTH 00pPa3L0B
2.3.2.1 Onpenesienne GOTOAKTHBHOCTH OKCHAHBIX MOKPHITHI HA TUTAHE

B peakiuu Aerpajauum Kpacuresen

DOTOKATAIUTUYECKYIO  aKTUBHOCTh  COPMHUPOBAHHBIX  TMOKPBITUN
OLICHMBAIOT M3MEPEHHEM CTENEHH JAETpajalli OKPAIIEHHOTO BOAHOTO pacTBOpa
KpacuTessi (METHJIEHOBOTO Toiy0oro, METHWJIOBOrOo opamkeBoro, Pomamuna B,
Pogamuna C wu ap.) npu KOMHATHOM Temmeparype. Jns omnpeneneHus
KOHIICHTPAIIUM OKPAIICHHBIX BEIIECTB MPUMEHSIOT CHEKTPOYOTOMEPUI0 B
BuauMon obsactu criektpa ot 400 mo 700 HM. B ocHoBe ompeneneHHs JCKHUT
o0beMHEHHBIN 3akoH byrepa-JlambOepra-bepa:

A = gxIxC, ©)
rae A — onTuyeckas INOTHOCTh; € — MOJIAPHBIN KO3 (ULIMEHT MOTJIONICHMUS,
a/mons-cm; | — mouHa kroBeTbl, cM; u C — KOHIIEHTpAmMs pPacTBOpPa, MOJIb/I.
[Tockonbky | m &€ —3T0 mMOCTOsIHHBIE, mMapamerp C JUHEHHO MPOMOPLIHUOHATICH

ONTUYECKOMN MJIOTHOCTH, M MOKET OBITh ONPE/ICIICH U3MEPEHUEM TTapameTpa A.



JTanbl NPOBeAeHUs IKCIIEPUMEHTA

1. Ilepen HauanoM 3KCHIEpUMEHTA CHUMAIOT B BUIUMOM 00JIACTU CIIEKTpa OT
400 no 700 HM CIIEKTp MOTJIOMICHHS BOJHOIO PACTBOPA KPACUTENSI KOHLIEHTPALMEH
5 wim 10 Mr/n u onpeAenstoT JUIMHY BOJHBI, KOTOPOM COOTBETCTBYET MAaKCUMYyM
MOTJIOIIECHHUS.

2. [Ipomepstor BeIMonHeHne 3akoHa byrepa-JlamGepTa-bepa. C 3Toii menbto
TOTOBST CEPHUI0 PAcCTBOPOB KOHIEeHTpammewn 1; 2,5; 5; 7,5; 10; 12,5 mr/a u
ONPENENSIOT ONTHYECKYI0 IUIOTHOCTh PAaCTBOPOB MPHU JUIMHE BOJIHBI, KOTOpas
COOTBETCTBYET  MaKCMMyMy mnorjomieHus. llonydeHHas  mnpsMOJIuHEWHAas
3aBUCHUMOCTh  ONTHUYECKOW IIJIOTHOCTM OT KOHUEHTPAaUUM yKa3blBaeT Ha
BBINIOJIHUMOCTh OCHOBHOTO 3aKOHA CBETONOTJIOIIECHHS.

3. B kBapueBslii peaktop noMmemaroT 50 wim 100 mn pactBopa Kpacurens
3aIaHHOM KOHIIEHTpalKe 1 o0pasel], KOTOPhIH pacroiaratoT HeMOCPECTBEHHO 3a
CTEHKOH peakTopa. PaccTosiHue Mexy JIaMIION U MMOBEPXHOCTHIO 00pa3la JOJIKHO
OBITH CTPOTO (PUKCUPOBAHO M COCTABIATH OT 3 10 40 cM. CxemMa yCTaHOBKH IS
pOBeNEeHUs POTOKATATUTUYECKUX UCCIIEI0BAHUN MTPUBEJEHA Ha pUC. 3.

4. TlpenBaputenbHO  00pa3ilbl  BBIACPKUBAIOT B pacTBope  MpH
nepeMeNMBaHd B TEMHOTE B TeueHue 60 MUH g JOCTHXKEHHUS PAaBHOBECHS
aacopOuusi/aecopOuust kpacutens. [lo ucTedeHMM 3TOro BPEMEHH H3MEPSIOT
ONTUYECKYIO IJIOTHOCTh PACTBOPA Ha CIIEKTPOPOTOMETPE U Jajiee UCIONb3YIOT €€
Kak 0a30By10 TouKy Ag. JlaHHbIE 3aHOCAT B Ta0II. 4.

5. BxmrouaroT uctouHuk Y@-cBeTa, HallpaBHB €r0 TaK, YTOObI OCHOBHAs
YacTh CBETa IMOMNajajla Ha IMOBEPXHOCTh Hccaeayemoro obOpasma. B xone
HKCIIEPUMEHTa Yepe3 paBHblE MPOMEXYyTKH BpeMeHu (30 MwuH) oTOMparoT
(uKCHPOBAaHHOE KOJMYECTBO PACTBOpA U HU3MEPSIOT €ro ONTUYECKYIO MJIOTHOCTD
IpU JIJIMHE BOJIHBI, KOTOpas COOTBETCTBYET MakcuMymy mnoruounieHus. Ilocme
U3MepeHus MpoOy BO3BpallaloT B suelKy. [lomyueHHble naHHbBIE 3aHOCAT B TaOJI.
4. Obmee Bpems 00ydenust cocrapiser 120 mMuH.

[Ipeanonarasi KHHETUKY TICEBIO-MIEPBOrO MOPSIIKA, BBIYUCISIOT KOHCTAHTY

CKOPOCTH pCaKUIuu ACTrpajaiun COrjiaCHO YpaBHCHHIO



In(Al 4,)
t 1

k (6)

rae K — KOHCTaHTa CKOpOCTH, MHH™Y; Ag — ONTHYECKas IUIOTHOCTh PacTBOPA,
BBIJICPKAHHOTO BMECTE C 00pa3lioM B TEMHOM MecTe B TedeHue 60 MuH; A; —
ONTUYECKasl INIOTHOCTh PACTBOpa MOCJE OOTy4YeHUS! B TEUCHHUE BpeMeHHU 1.

Jlamee cTposT rpadUUecKyr0 3aBUCHMOCTh B KoopauHaTax IN(A/A,) or
BpeMeHH t. [lonmyueHHbIe TMHENHbBIE 3aBUCUMOCTH YKa3bIBalOT HA TO, YTO B IAHHBIX
YCJIOBUSX HKCIIEPUMEHTA PEAKIIUS JErPalallii COOTBETCTBYET IEPBOMY MOPSIAKY .

Bcenencteue Toro, uYro cornacHo 3akoHy  byrepa-JlamOGepta-bepa
ONTUYECKAas] TJIOTHOCTh JIMHEHHO 3aBUCHUT OT KOHILIEHTPALIMM PAcTBOpPa, CTEICHb

Pa3NOoKEHHs KPAaCUTEII MOXKET ObITh BEIUHMCIIEHA COTTIACHO opMmyiie:

AO
7 ="2"-100% 7)

0

HOHY‘IGHHLIG 3Ha4YCHUA CTCIICHHU Pa3JI10KCHUA, COOTBCTCTBYIOIIIHC

OIIpEIEIIEHHOMY BPEMEHHN O0JIyUYEeHUs, TAK)KE 3aHOCAT B Ta0I. 4.
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1- IcToyHMK M3ITy4eHus;
2 — MarHATHasI MEIIaIKa;



3 — potop;
4 — XBapIIEBbIN CTaKaH C UCCIIEAYEMbBIM PaCTBOPOM;
5 — uccieayemslil 00paserr;
6 — nep>karens oOpasia

Pucynok 3 — Cxema uccienoBanus porokaraauTuieckoi akrusHoctu [190-
ITOKPBITUN HA TUTaHE

Tabnuya 4

3HaYeHHA ONTHYECKOH MJIOTHOCTH PACTBOPA B 3ABUCHMMOCTH OT BpeMeHH
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2.3.2.2 UccnenoBanue (pOTOKATATUTHYECKOH AKTUBHOCTH MOKPBHITHII B

peakuuu gerpaganuu peHosia

Jlnisa onpesienieHus cojiep:kanue GeHOJ0B B paCTBOPE MPUMEHSIOT:
a) KOJJOPUMETPUUECKUI METOJl ¢ mpuMeHeHueM peareHToB donuHa u KapOoHaT-
TapTpara;

0) cnektpodoTomeTpuio B Y@ 00acTu CrieKTpa.

a) Kogopumerpuyeckuid merog ¢ npuMeHeHUeM peareHToB PDosinHA U

KapOoHaT-TapTpara

1. Ilepen wawanmom skcmepuMeHTa K 50 mi1 BojgHOro pactBopa ¢eHosa

KOHIIeHTparen 5 mr/n po6asmnstor 1 M peaktuBa ®ommna, 10 M katpOoHaT-



taptparta. [lomyyeHHslil pacTBOp octaBisitoT Ha 30 MUH JJIsi pa3BUTHUSI OKPACKHU
IpU MepEMENIMBAHNN U Jlajiee CHUMAIOT CIIEKTP MOTJIOLIEHUS B BUAMMOM 00J1acTH
cunektpa oT 400 7o 700 HM ¥ ONpPEAENSIOT AJIUHY BOJHBI, KOTOPOl COOTBETCTBYET
MakcuMyM roromeHus (~700 HMm).

2. [Ipomepstor BeIMonmHeHne 3akoHa byrepa-JlamGepTa-bepa. C 3Toii mensto
TOTOBST CEpUI0 pacTBOpoB oObeMoM S0 mut u koHreHTparuei 0,2; 0,4; 0,6; 0,8; 1;
1,2 mr/n. Jlanee x 50 M1 Ka)Xg0ro MpUTOTOBIEHHOTO pacTBoOpa GeHoa J00aBIISIOT
1 mn peaktuBa ®donuna, 10 mu karpOonar-taptpara. IlomydeHHbIE PacTBOPHI
ocTaBIsAIOT Ha 30 MUH i1 pa3BUTHS OKPACKU MPU TMEPEMEIIMBAHUM U Jajee
OMPENENAT ONTUYECKYI0 IUIOTHOCTh KaXJO0TO pacTBOpa MNpH (PUKCUPOBAHHOM
JUIMHE BOJIHBI, KOTOPOM COOTBETCTBYET MakcuMyM rmoriomenus (~700 Hm).
CTposiT 3aBUCMMOCTh ONTHUYECKOW IUJIOTHOCTH OT KOHUEHTpauuu. llomyueHHas
NpSIMOJIMHEWHAsT 3aBUCHUMOCTh ONTHYECKON IUIOTHOCTH OT KOHIIEHTpaluu
YKa3bIBA€T HA BBHIMOJHUMOCTh OCHOBHOTO 3aKOHA CBETOIOTJIONIEHUS.

3. 50 mn pactBopa (eHona koHIeHTpamuer S50 Mr/a1 moMemaroT B
KBapIEBbIA PEAKTOpP M TMOTPYXKAOT B HETO HCCIEIyeMblid oOpasel], KOTOpbIH
pacrnoJiaratoT HEMOCPEACTBEHHO 3a CTEHKOM peakTopa, Kak IMOKa3aHO Ha puc.3.
PeakTtop ycTaHaBIMBalOT HAa MAarHUTHYIO MEIIAJKY, PAacHOJIOKEHHYIO Tepen
ucTouHukoM Y D o0ryueHus.

4. OOGpasell BbIICPKUBAIOT B PAaCTBOPE MpPH MEPEMEIIMBAHUA B TEMHOTE B
teueHue 60 MUH ISl JOCTIKEHHMS paBHOBecus ajacopOuus/aecopouus. Ilo
HUCTEUCHUM JTOTO BPEMEHU W3 peakTopa OoTOMparoT 5 M pacTBopa (eHona,
MOMENIAIOT €ro B MepHylo Kondy Ha 50 MO W JOBOAAT JO METKH
JTUCTWLIUPOBAHHOM BOJOW. [lomydeHHBIM pacTBOp MEPENMBAKOT B CTaKaH, KyJa
Takke no6asmustor 1 mi peaktuBa @onmna, 10 M karpOonar-taptpara. PactBop
OCTaBJsAIOT Ha 30 MMH JUIsl Pa3BUTHUS OKPACKH MPHU MEPEMEIINBAHUU, MOCIIE YETro
U3MEPSIOT OINTUYECKYI0 IIJIOTHOCTh pacTBOpa Ha CHEKTPOPOTOMETpE TMpHU
A=700 HM 1 faee UCHOIB3YIOT €€ Kak 0a30ByI0 TOUKY Ag.

5. Bxmowator wucrounuk Y®-usnydeHus, HANpaBUB €ro TakK, YTOOBI

OCHOBHAas 4YacCTb CBCTaA IIOMaJd]la Ha TIIOBCPXHOCTH HCCIICAYyCMOTIO 06];)331.[3.



Paccrosinue mexay JlaMrod M MOBEPXHOCTHIO 00paslia JOJKHO OBbITh CTPOTro
¢dbukcuposano (ot 3 g0 40 cm). Ob1ee Bpemst o0ayuenus coctaisier 120 mun. [lo
UCTEUYCHUU OTOTO0 BpPEMEHHM HCTOYHUK YD-u3mydeHUs BBIKIIOYAIOT, PaCTBOP
pa30aBIAIOT B IECATh pa3 U aHAIU3UPYIOT, KaK OMKUCAHO B MyHKTE 4. M3MepeHHyto
ONTUYECKYIO MIIOTHOCTh pacTBOpa 0003HavyatoT Ai. CteneHb pasnoxkeHus ¢peHosna
BBEIYHCIIIOT coriacHo popmye (7).

Pearent ®os1mHa

Pearent ®onmnHa comepkut GhochopHO-BOTHGPAMOBBIE KHCIOTHI, KOTOPHIC
BOCCTAHABIIMBAIOTCS  TMPU  B3aUMOJEHCTBUU C  JIETKO  OKHUCISIOIMIMMUCS
THIPOKCUIIBHBIME TpyminaMu ¢denouna. [Ipu aTom oOpasyetcst BoiabdpaMoBas CUHB,
oOsafaroniasl XapakTepHOM IMOJocoi moryomieHus ¢ MakcumymoM 700 HM,
MpUIAIONIAs KCCIIEyEeMOMY PacTBOPY CUHUI IIBET.

st mpurotoBienus peaktuBa ®Poymmua 50,0 T NaoWO,2H,O u 12,5 1
Na;Mo00QO4-2H,0 pactBopsitor B 350 M1 BoabI B KPYTiIOAOHHOM Koi6e Ha 500 M,
CHaOXXEHHON TpUILUTM(OBAHHBIM XoJoauIbHUKOM JlubOuxa. K mnomydeHHOMY
pactBopy noGamisitor 25 wmia 85%-Hoi  ¢ocdopHO kucaoTEl U 50 i
KOHIIEHTPUPOBAHHOM COJITHOM KHCJIOTHI.

B kon0y momemarT HECKOJIbKO KanuuigpoB. CMech KUIATAT B KOJOE C
oOpaTHBIM XOJOAUIBHUKOM B TeueHue 10 yacos. 3aTteM q00aBisAoT 75 1 cynbdara
JUTHS, 25 MJT BOJIBI U HECKOJIBKO Karellb Opoma. He monb3ytock 6omee oOpaTHbIM
XOJIOWJIBHUKOM, KHUIIATAT COJEPKMUMOE KOJIOBI B TeueHWEe 15 MUH IS yaajneHus
n30bITKa OpoMa. Jlajiee pacTBOP OXJIAXKIAK0T, JOBOIAT BOJIOM 10 00BéMa 500 M u
GUIBTPYIOT Yepe3 CTEKIISTHHBIN (QUITBTP.

KapOonaT-TapTpar peareHr

st mpurotoBnenus kapOoHaT-TaptpaT pearenta 200 T Na,COz m 12 1

Na,C4H406-2H,0 pactBopsitor B 750 M1 ropsiueit TuCTUITUPOBAHHOMN BOJIbI, 3aTEM

oxyiaxkaarot 110 20 °C u goBogAT 110 | 1 AMCTUIITMPOBAHHOMN BOJIOM.

0) Cnexrpodoromerpus B Y D-00,1acTH



1. Ilepen HayanoOM 3KCIEPUMEHTA CHUMAIOT CHEKTP MOTJIOLIEHUS BOJAHOIO
pactBopa (eHosIa KOHIEHTpale 5 Mr/a B Y® 0061acTu ¥ ONpenesioT JIHHY
BOJIHBI, KOTOPOM COOTBETCTBYET MAKCHMyM TorJyiouieHus. Eciam onrtuueckas
IJIOTHOCTH MPEBBINIACT 1, creayer pa30aBUTh pacTBOP.

2. [Ipowepstor BeIMonmHeHne 3akoHa byrepa-JlamGepTa-bepa. C 3Toii menbto
TOTOBAT CEPHUI0 PACTBOPOB KOHIleHTpamueit 1; 2; 3; 4; 5, 6 Mr/nm u onpeaenstor
ONTUYECKYIO TJIOTHOCTH PACTBOPOB MpPH JUIMHE BOJHBI, KOTOpasi COOTBETCTBYET
MakcUMyMy  norjiomeHusi.  [lomyuyeHHass — mpsMoOJMHEWHass ~ 3aBUCUMOCTH
ONTUYECKOW TUIOTHOCTHM OT KOHIICHTPAllUM YKa3blBA€T HA BBINOJIHUMOCTD
OCHOBHOTO 3aKOHA CBETOMNOTJIOIICHHUS.

3. B «xBapueByw sueiiky mnomemaror 50 wmia  pactBopa (¢eHoia
KoHIeHTparuerr 5-50 wMr/m u  obpazer; pasmepoMm 2 cMmx2 cMm. OOpasen
pacrnoJiaraloT HENOCPEACTBEHHO 3a CTEHKOM peakTopa. PaccTosiHue Mexay
UCTOYHUKOM Y D-001yyeHUs M MOBEPXHOCThIO 00Opasla AOHKHO OBITH CTPOTO
(bUKCUPOBAHO U COCTABIATH OT 3 110 40 cMm.

4. IlpenBaputenbHO  00pa3lbl  BBIACPKUMBAIOT B pAacTBOpE  IpH
NepeMEeIIMBaHUA B TEMHOTE€ B TeueHue 60 MUH g JOCTHKEHHUS PAaBHOBECHS
aacopouus/aecopouus. I1lo ucTteyeHHn 3TOr0 BPEMEHH HM3MEPSIOT ONTHUYECKYIO
IJIOTHOCTh PacTBOpPa Ha CHEKTPO(OTOMETPE U Aaliee UCIOJIB3YIOT €€ Kak 0a30BYyIO
Touky Ao. JlaHHbBIE 3aHOCAT B Ta01. 4.

5. BxmrouaroT uctouHuk YdD-cBeTa, HAlpaBUB €ro TaK, YTOObI OCHOBHAas
yacTh CBETa TIOMajiaja Ha IOBEPXHOCTh HCcieayeMoro ooOpasma. B xonme
DKCIIEPUMEHTa Yepe3 paBHbIE MpPOMEXyTkH BpemMeHu (30 MwuH) oTOUparoT
(UKCHUPOBAHHOE KOJIMYECTBO PACTBOPA U M3MEPSIOT €r0 ONTUYECKYIO TUIOTHOCTb
NpU JUIMHE BOJHBI, KOTOpas COOTBETCTBYET MakcMMyMy moriomeHus. I[locie
U3MepeHus Mpo0y BO3BpalIatoT B suelky. [loydeHHbIe JaHHBIE 3aHOCST B TaOJI.
4. O6miee BpeMs 00yueHust coctapisieT 120 MuH.

[Ipeanonaras KWHETUKY TICEBIO-TIEPBOTO TMOPSIIKA, BBIYUCISIOT KOHCTAHTY
CKOPOCTH peaKkIuu Jierpagaluy corjacHo ypaBHeHHIO (6). CTposT rpaduyeckyro

3aBUCUMOCTh B KoopauHaTax IN(A/A,) ot BpemeHu t, MOJydYCHHbIC JTHUHECHHBIC



3aBUCUMOCTH YKa3bIBalOT HA TO, YTO B JAHHBIX YCIOBHUSAX DKCIEPUMEHTA PEAKIIUS
Jierpajaliii COOTBETCTBYET nepBoMy mnopsaky. Ilo ypaBuenuto (7) ompenenstor
CTETICHb pa3JoXeHUs (eHoja Y TMpHU OINPEeAeTCHHOM BpEMEHH OOIydeHus,

3HAYCHUS Y TAKXKE 3aHOCST B Ta0I. 4.
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