METOAMNYECKUE PEKOMEHOAL MU
MO OPTAHM3ALMM YPOYHOW N BHEYPOYHOM
NEATENBHOCTW B PAMKAX MOAYNA

ABTOP YPOKA:
E.B. 30/10TYXUHA

[.X.H. T/1.H.C.

Ana Bo3pacra

9-11 knacc

TpynoemKocTb

2 yaca
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BeBepeHue B TeXHONOrULO

Mepexod Ha 3KO/IOTMYEecKMe WU pecypcocbeperarowme TEXHONOTMM NPOU3BOACTB
Hayasnca B KoHue 90-x roaoB nNpowsioro Beka. B Hayane XX| Beka Ha4vascs HOBbIN
3Hepronepexon - YeTBEpPTbIA, CBA3AHHbIA C UCMO/b30BAHMEM B Ka4yecTBe TOM/INBA
BogopoAa (McTopuyecku: yronb-HedpTb-ra3-Boaopos). TEeXHONOrMM MNONYyYEeHUA W
MCNO/Ib30BaHMA BOAOPOAA B KAa4YeCTBE HAKOMUTENA SHEPIUM M TONINBA ABNAAOTCA B
HacToAwee BpemAa Hambonee BocTpeboBaHHbIMU. Haunbonee "sKkonormyecku
4ynuctbiM", Kak roBoputcA, "3eneHbiM" C 3TOM TOYKM 3peEHMA ABNAETCA BOAOPOA,
NnoJiydaemMbl  3N1EKTPOIM3HbIM CNOCObOM B XO04e WCNO/Ab30BaHWUA U3ObITOYHOM
SHEprum OT BETPO- M COJIHEYHbIX INEKTPOCTAHUMIN B Nepuod nepenpounsBoACTBa
aNeKTposHeprun. Bopgopos, npomM3BOgMMbIA  Takum cnocobom, aKTUYecKw,
BbICTYNnaeT B PO/IM HAaKOMUTENA 3HEpPrMnm B XMMWUYECKU CBSA3AHHOM BUAE, KOTOPYIO
MOMHO Aanee W3BJeYb, UCNOb3yA ero Kak TOM/JMBO B CMeuuasnbHbIX YCTPOMCTBAX
npeobpasoBaHUA 3Hepruu - TONAMBHbIX  3/71emMeHTax  (HuU3Ko- nnn
BbICOKOTEMMNEPATYPHbIX). baTapen TONAMBHbLIX 3/1EMEHTOB YCTAaHOB/IEHbl W Ha
COBPEMEHHbIX BbICOKOIKO/IOTMYHbIX TPAHCMNOPTHbIX CPeACcTBax (camoe u3BecTHoe —
TonoTta Mupai, Bogopobychl).

Eule pas noguvepkHem, 4yTo npeumyllectsa cnocoba nosyyeHusa BoAopoAa MyTem
3/1eKTPOAM3a BOAbl (MPAKTUYECKM HeucHepnaemoro 3emHOro pecypca) U ero
nocneaylowero MCNonb30oBaHWA B KadecTBe TonivMBa B 6atapesax TOMAMBHbIX
3/1EMEHTOB AB/IAETCA CAMOM 3KONOMMUYHOMN U3 U3BECTHbIX TEXHONOTNIM, MOCKO/IbKY Npw
3/1EKTPOAN3E BOAbl BbIAENAIOTCA BOAOPOA M KUCAOPOA, a NMPW MUCMOAb30BaHUM
BOAOPO/Aa B KayecTse TOMN/IMBA C KAC/IOPOAOM B KadecTBe okucautens, obpasyercs
eAVHCTBEHHbIN NPOAYKT - YUCTaA BOAA.

PeKomedeeM noyumame HOBOCMHbIE CHOXemeol U TnocMmompems OnucaHuA
rnpoeKkmaos, Komopeoie 8bl/iIOXEeHbI HO catime www.npenergy.ru

B Mupe n3BeCTHbI TPU TUNA 3/IEKTPOJIN3HbIX YCTAaHOBOK A/19 NOAYYEeHUA BOAOPOAa U3
BOAbI: LLUE/SIOYHbIE 3NEeKTPONM3EPbl, 3NEeKTPOAM3EepPbl Ha MPOTOHOOBMEHHbIX
MembpaHax (HM3KOTemnepaTypHble 3NEKTPOAU3EepPbl) W 3NEKTPO/M3EpPbl  Ha
TBEPAOOKCUAHbIX SNEKTPOAUTaX (BbICOKOTEMMEPATYPHbIE 3N1eKTpoaun3epsbl). B Poccun
noA, 3ruAoin rockoprnopaumMm PocaTom MNPOMbILIEHHO BbIMYCKAOTCA Camble
HE3KONOTrNYHbIE U3 NepPeYNCIEHHbIX TUNOB 31EKTPO/IN3EPOB — LLE/I0YHbIE, MOCKO/bKY
OHW UCMONb3YIOT BbICOKOKOHLEHTPMPOBAHHbIE efIkMe pacTBopbI Wenodei. Ho yxke B
TeyeHue aByx net B KomnaHmn 000 "Monmkom" (r. YepHorosnoBKa) U3rotaBanBatoOTCA
noA 3aKas nepBble POCCUIACKUE 3NEKTPOan3epbl ANA NPou3BoACTBa BOAOPOAA Ha
OCHOBE MNPOTOHOOOMEHHbIX MeMbpaH, KOTOpble MCMO/b3YIT YUCTYIO BOoAYy ANSA

HassaHue mogyna htweek.ru
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NpPoOM3BOACTBA M HE COAEP!KAT eAKUX INEeKTPONUTOB, pPaboTaloT NPU  HUBKUX
TemnepaTtypax. ECTb peweHna U oNa BbICOKOTEMNEPATYPHbIX 3/IEKTPOAN3EPOB, HO
3aTpatbl 3HeprMm Ha ux paboTy ropasgo Bbille, Tak KaK TaM 3NE€KTPOAU3Y
noaBepraeTcs neperpeTtbin BoasHoh nap (600-1000 °C). Ans wncnonb3oBaHMA
BOAOPOAA B KayecTBe TOM/AMBA Ha4vya/nM MNPoM3BOAUTLCA bOaTapen TONAMBHbLIX
anemeHTOB (Komnannen OO0 WMHIHepaKM), a ANA 3NEeKTPOTPaHCNOpPTa WMX FOTOB
npumeHAaTb NAO KAMAS3 u yxe npumeHaet OO0 3Bokapro.

TexHonormnm npou3BOACTBAa BOAOPOAA HOBbIMM TUMAMKU  3/1IEKTPO/SIN3EPOB MU
NPOM3BOACTBA TOM/IMBHbIX 31€MEHTOB A/1A MCMO/Ib30BaHWA BOAOPOAA B KayecTse
Tonnmea anAa Poccum HoBadA, TOIbKO pa3BMBaETCA, HO pa3BMBaAeTCA OHa ObiCTPbIMM
TeMnamu, 1 BCKope MOXKHO byaeT cyamtb 06 ob6beme pbiHKa, KOTOPbIN OHa OXBATUT.
B HacToswee Bpems 3/1EKTPO/IM3HbIA BOAOPOA WMCMNONb3YETCs AN OXNaXKAeHUA
poTtopos Ha 2C.

OcHoBHble pa3paboTku Beaytca B PUL, MXD u MX PAH, r. YepHOronoBsKa, a TakxKe B
OpraHu3aumax, BXo4awmx B KoHcopumym LieHTpa komneteHumn HTU no TexHonoruam
HOBbIX U MOBUABbHbBIX NCTOYHUKOB 3Heprum npu gaHHom ®UL,. PNOMN yyacTtBoBan B
KauecTBe 3aKa3unKa 0bpa3oBaTesIbHOM NPOrpaMmmbl No LMPPOBOMY MOAENTNPOBAHUIO
OYHKUMOHANbHbBIX 3/IEMEHTOB 3/1EKTPO/IN3EPOB NPOM3BOACTBA BOAOPOAA U3 BOAbI C
LEeNbio NOAroTOBKM KagpoB M YCKOPeHUA pa3paboTok B 4aHHOM obnacTu.

Ypok 1

MoTuBauMOHHAA YacTb (5 MUHYT)

[laBaiiTe NOCMOTPUM BUAEO

Budeo npo nony4yeHue anekmposHepauu:
https://www.youtube.com/watch?v=ETRLS4pON7E

1) Kakue Buabl aHeprnm npeobpasytotca apyr B apyra? Kakue euwe cnocobbl
npeobpa3oBaHMA U MOJYYEHUSA SNEKTPOIHEPIUM ceryac Mcnonb3yoT? Kakue ectb
HeAOoCTaTKN Y TPAANLMOHHbIX CNOCOBOB NONYUYEHWUS SNEKTPOIHEPTUN? 3a4EM HYKHbI
aNbTePHATUBHbIE CMNOCO6bI MONYYEHUN 3S/1eKTpuyecTBa? Kakue anbTepHaTUBHblE
cnocobbl BaM U3BECTHbI?

ObcyxcoeHue 7-10 muH

HassaHue mogyna htweek.ru
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LemoHcmpupyromca cxemol, 8 Komopeix ompaxceHa paboma T3C, a makxe
ucrnons3yemoe monaueo 018 TIC u 8bidenAemblie 8 OKPYHAOWYH cpedy npooyKmel.

2) Yto MOXHO Aenatb ¢ "nUWHeR" aNeKTposHepruei, Kotopan BbipabaTbiBaeTca B
nepuoabl Manoro notpebnenms?

B npeseHnmayuu rnokasvieaemcsa 2paguk nompebaeHus 371eKmpoaHepauu,
MoKa3blearomcs nepuodsl, Ko20a mnompebraeHue HU3KOe U, CO0MmeemcmaeeHHO,
3Hepaus "nepenpouzsooumca”

ObcyroeHue

lMpumeyaHue: 8 xo0e obcyrOeHUs hopmupyemca NOHUMAHUe haKkma, Ymo 3Hep2uro
Ha00 KaKUM-mo o0b6pa3om 3anacams U XpAaHUMb, WKOAbHUKU MO2ym 8bICKA3b18aMb
Cy#0eHuA Ha cHem 803MOMCHOCMeli HAKOMAeHUA, 3arnacaHusa U XPaHeHUs sHepauu - 5
MUH

[aBaliTe NOCMOTPMM BMAEO NPO OAMH U3 COBPEMEHHbIX CNOCcob0B NpeobpasoBaHus,
3anacaHma 1 XpaHeHUs 3NeKTPOIHepPrnm

Budeo https://youtu.be/ofLXw3qvAco

3) Kakyto ponb urpaet Bogopoa? Kakue Buabl sHeprum 3gecb npeobpas3oBbiBaNnCh
Apyr B apyra? Kakoit cnocob nosyyeHma BoAopoaa NPUMeHANCA B BUAe0? MoXHO n
BO4OPOA HENOCPEACTBEHHO MCNO/Ib30BaTb KaK TON/IMBO? Kakme Bbl moKeTe Ha3BaTb
npMMepbl MICNOAb30BaHUA BOAOPOAA KaK TonamBa?

Ob6cycoeHue 7-10 muH
MocTtaHoBKa no3HaBaTenbHOM Nnpobnemobl 10 MUH
PasgenuTtecb Ha 2 rpynnbl.

Mcnonb3ays &auvn-yapTbl MAM  anbbOMHble  /INCTbl, COCTaBbTe  BNOK-CXemy
npeobpasoBaHMA IHEPrUKU, NPOAEMOHCTPUPOBAHHYIO B BUAe0. Kakue elle cnocobbl
nosly4eHus Bogopoaa AN TONJIMBHOIO 31eMEHTa Bbl MOXKETe NPea/oKNUTb?

CocmaeneHue cxembl C MpedsioHeHUeM aabmepHaAmMuUBHbIX crnocobos nosayYyeHus
godopooda

dukcayua pe3yabmamos ¢ cornocmassneHuem co cxemoli U3 npeseHmauyuu (cxema u3
npe3eHMmayuu OmMKpbIBAEmMCA MOsIbKO NOC/e 8bIMN0AHEHUA 3a0aHUA YYeHUKAMU)

HassaHue mogyna htweek.ru
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Kakve M3 npeanoXeHHbIX BaMW BapWMaHTOB MOJIyYEHMA BOAOPOLAA MOMKHO
OCYLLECTBMTb B KOMHATHbIX YCNOBMAX 6€3 3aTpaTbl 3/1€KTPO3HEPTUN?

Omeemel y4YeHUKOo8

Kakve meTannbl CnocobHbl BbITECHATb BOAOPOA W3 BOAbl NMPU XUMUYECKOM
B3aUMOAENCTBUN?

Omeemeol yYeHUKo8

MpoBepbTe CBOM 3aKAOYEHMA NO MeTannam no  pagy  OKUCAUTENbHO-
BOCCTAaHOBUTE/IbHbIX MOTEHLMAN0B METAN/IMYECKMX INEKTPOAOB B BOAOPOAHOM
WKane (pag HanpsaXeHUn meTannos)

Bmecme ¢ yyawyumucs gpopmynupyem 8o1800 0 803MOHCHOCMU MOyYeHUs 8000p0da
XUMUYECKUM crnocobom u 31eKmpoxumuyeckum u3 800sl. Obcyrcdaromca npoodyKkmel
peakyuu, Kpome 8000p00a.

O6paTtHasa cBA3b (5 MUHYT)

Tekcm 078 y4yumendA: Boaopos ABNAETCA BELECTBOM, CMOCOBHbIM K XpPaHEHWUHo
3HEepPrMM B XMMWYECKM CBA3AHHOM BMAE, OH e CNocobeH BblAaBaTb IHEPruio B
npouecce ero OKUCNEeHUA Kak Tonamea. [axe B OTCYyTCTBUU I/IEKTPOSHEPTUM MOXKHO
NONy4YMTb BOAOPOA U3 BOAbI, UCMOJIb3YS XMMMYECKNE CBOMCTBA BELLLECTB, HO BOAA NpWU
3Tom OyaeT MeHATb CBOM CBOWCTBA WU3-3a oO06pasylowmxca npoayktos. K
INEKTPOXMMUYECKMM  Ccnocobam MoslydeHUs BOoAOpoAa OTHOCUTCA  crnocob
9NEKTPOoAM3a BOAbl M BOAHbLIX PACTBOPOB 3NEKTPOSIUTOB, HO €CTb WM WHaA
BO3MOXHOCTb MONy4YeHUs BOAOPOAa, 6e3 NPUIONKEHMA BHELIHEero WMCTOYHWMKA
SNEKTPO3HEPINUN, @ MMEHHO, MyTEeM COCTaB/IEHUA KOHTAKTHOW Mapbl W3 ABYX
METaNN0B: aKTUBHOIO, WMEIOLEero noTeHunan oTpuuaTesbHee BOAOPOAHOrO
9NEKTPoAa M MeHee aKTUBHOMo, MMelLWero noTeHunan 6onee NONOKUTENbHBIN.
Takaa KOHTaKTHasA napa Ha3blBaeTCs ra/ibBaHO-Mapoi.

[TocmaHosKa 3a0a4u: NOCMOTPUTE Ha BUAEO NpMmep 0H6pa3oBaHMA TaKOW napbl U3
NAaTUHbI U aIIOMUHUA.

Budeo https://youtu.be/c7TryzEAgdM

Kakune npoueccbl nNpu aTom I'IpOMCXO,CI,FIT? 3anuwnTe ux. |_|O‘-IEN\y Ha aJIlOMUHNN U
nnaTtuHe 6e3 NX KOHTaKTa He nponcxoauT BblaeneHme Bo,u,opo,u,a?

HassaHue mogyna htweek.ru
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Omeemeol y4eHUKOo8.

MocmoTpuTe Ha NpoLecchl, MOKa3aHHble B npe3eHTaumn. OueHuTe, NpaBUIbHO /M Bbl
3anucanm ceom?

LemoHcmpupyemcs cnalid npeseHmMayuu ¢ npoueccamu HA Memannax nmnpu
06pa308aHUU 20/1b8GHO-NAPLI.

Ha cnegytowem ypoke Bbl nonpobyete npoBecTM pasHble 3KCMEPMMEHTbl MO
NONYYEHUIO BOAOPOAA XMMNYECKMM U INEKTPOXUMMUYECKMMUM cnocobamm 1 CpaBHUTD
3TM cnocobbl mexay cobon.

Ypok 2
MoTtuBaymoHHasa 4Yactb (10 MuHYT)

Ha npownom ypoKe Mbl NO3HAaKOMUAUCb C PasHbIMM BapWaHTaMKU MOJyYeHUA
BOAOPOAA U3 BOAbl - XMMUYECKMM U 3/TEKTPOXMMUYECKMM - B XO4€ 3/1IEKTPO/IM3a U
nyTem o6pasoBaHuA rasibBaHOMapbl U3 ABYX METAN/IOB C Pa3HbIMKU MNOTEHLMANAMM.

[aBaliTe ewe pa3 NOCMOTPUM BMAEO BblAeNeHMA BoAopoAa Npu 06pasoBaHUM
rasbBaHonapbl.

Budeo https://youtu.be/c7TryzEAgdM

Moyemy B BMAEO MCMOJIb3YeTCA PacTBOP KUCNOTbl, @ He 4yuctas Boaa? lMoyemy
aNlOMUHWI He BbITECHAET BOAOPOA, U3 BOAHOIO pacTBoOpa KUC/OTbl 6e3 obpa3oBaHusA
ranbBaHoMapbI?

ObcyrdeHue (yyeHUKU OO0/ HbI UCMOMAb308aMb 3HAHUA O €B80UCMBAX AKMUBHbIX
mMemansnos - 83aumoodelicmaue ¢ KUc1opodom 8030yxXa UAU pacmeopeHHbIM 8 800e, 8
pe3ysnbmame Komopoz2o aAtoMUHUU MoKpbieaemca naomHol OKCUOHOU rneHKol,
3qwuwaroweli om s3aumodelicmseuss C KOMIMIOHEHMamMu OKpyxcarouweli cpedbl U
8030yxa. Yyumenb mMoxem MoOCKA3ames, Ymo KUCA0MA HYXHa 0718 ysesu4vyeHus
KOHUeHmpauyuu rnpomoHos 8 800e, 0715 YCKOPEHUSA peaKyuu eblideneHus 8o0opooa)

Yem 3TOT cnocob oTanyaeTca oT xumuyeckoro? A ot 3J'IeKTpOIWI3HOI'O?

Omeemsl y4yeHUKO8 (y4yeHUKU OO/ HbI cO0enams 6b1800, YMoO Mpu XUMUYECKOM
g3aumodelicmeuu mMemassn cam 8bimecHaem 6000p00 U3 800bl UAU BOOHbIX
pacmeopos Kucaom uau wesaoyedl, a npu 371eKMpPoaUu3HOM HAM HYyHEH UCMOYHUK
B8HeWHe20 MoKa, Ymobbl 8000pP0O0 HAYAs B8bIOEAAMbLCA U3 800bl HQ 31eKmpoode).

HassaHue mogyna htweek.ru
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Ceiyac Bbl nonpobyeTe caMoOCTOATE/NbHO NPUAYMaTb U COCTaBUTb CUCTEMbI ANA
nosy4yeHus Boaopoaa u3 Boabl. s 3TOro pasgenvmca Ha 3 rpynnbl.

Pasgenenune ydyawmxca Ha rpynnbl. "Xumukun", "TanbBaHnKkn", "Inektpoxmummkn"
MNocTtaHoBKa No3HaBaTeNbHOM NPob6aembl

Y Karkaoh rpynnbl eCTb BCE peareHTbl, YTobbl NONYYUTb BOAOPOA, U3 BOAbl. Kaxabil
13 Bac A0/I)KeH A06MTbCA BblaeNeHns Boaopoaa, nogobpartb M onncaTb YCA0BUS, NpU
KOTOPbIX OHO MNPOUCXOAUT, 3anucaTb HabAAeHMA U NPEeANoKUTb 0bbACHEHUe
noao6paHHbIM YCNOBUAM.

Kaxcool epynne sbidaemcsa oOuH u mom xe Habop peazeHmos u Mmamepuaros.
lpynnesl 00aXHLI camocmoamesibHO nModobpame yca08usa Mnoay4YeHUs 8000pooa
crnocobom, coomeemcmaeyrowUM HA38AHUIO 2Py bl

Habop peazeHmos u mamepuanos:

HaumeHosaHue Buo

Meob CmepMHu unu raacmuHsl, o4YuweHHeble
om oKcuoos u conell

AntomuHul IpaHynbel u ponvea (Unu cmepiceHs)
LuHk [paHynbl, cmepycHU
MaezHuli CmpyxcKa

Boda ducmunnuposaHHas

CmaKaH xumuyeckuli mepmocmoUlKul 50 mn, 3-4 wm

Xnopuod Hampusa unu Kaaus Conb, NopowoKk 8 baHKe, MOXHO cpaszy
pacmeop cosu 8 8o0e.

HassaHue mogyna htweek.ru
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Pacmeop consaHol Kucnomel Pa3zbasneHHbIli  pacmeop  consaHoU
Kucsmomel

Pacmeop 2udpokcuda Hampus PazbasneHHbIl pacmeop 2udpoKcuoa
Hampus

NecmoyHUK numaHua 4,58

[lpososioyHbIE KOHMaxkmeol c|2wm.

KPOKoOusnamu Ha oboux KoOHYax

Lepxcamens 3n1eKmpooos | BcneHeHHbIl noausmuseH unu
(pazoenumens) neHonzaacm 8 Kayecmee [pobKu 8
CMAaKaH 0n4 npedomepauwjeHus

3adMbIKAQHUA 3neKmpodoe

YuebHoe 3agaHue "MonyyeHue sBogopoaa u3 soabl" 10-12 muHyT
lposedeHue 3KcrnepumeHmMos
lpynna 1. Xumuku (nocmaHoeka 3ada4u)

L ONXKHbI I'IOLI,O6paTb PacTBOpPbI U METANJ1bl, KOTOPbIE BbITECHAIOT BOAOPOA N3 BOAHbIX
PacTBOpPOB COJZIN, KNCNOTbl N WENOYN, ONUCATb Ha6mop,ae:v\b|e ABNEHNA U 6ypHOCTb
peakunn eblgeneHnAa U 3afoJIHATb KapTOYKY SIKCNEePUMEHTA.

M3 8bl0aHHO20 Habopa ucnonbL3yemcs:

Habop memannos (Medb, YUHK, antoMuHuli, Ma2Huli), 00a OUCMUAAUPOBAHHAS,
X/10pUG HAMPUA, PACMB0P COAAHOU KUCA0MbI, pACMBOopP 2UOPOKCUOa HaAMpPUSA unau
Kanus

[oacHeHue xo0a sKcrepumeHmMa: yYeHUKU memoodom npob u owuboK Haxooam
ycnosus, Mpu Komopbix 8000p00 8bidendemca U3 800bl HA YUHKe, Maz2Huu u
QAOMUHUU.  Yyumelgas, 4mo  3mu  mMemansabl  MOKPbIMbl  OKCUOGMU,
HernocpedcmeeHHO C 80000 HU OOUH U3 8bIOGHHbLIX Memansno8 3amMemHOo
peazuposams He bydem. Koz0a memarnsnsl nomewarom 8 pacmeopsl coau (xaopuo
Kaaua uau Hampus), Kucaomel (COAAHAA) unu weno4vu (2uGpoKcud Hampus uau

HassaHue mogyna htweek.ru
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Kanus) 4Yepe3 pasHoe epemMs (3asucum oOm [A0MHOCMU OKCUOHO20 €704 U
aKmusHocmu memasnna, ocobeHHocmel Xumu4yecKo2o 83aumodelicmaus) HaYuHaem
8bl0enIAMbca 8000p00. Yuyumenb mMoxem NoOCKazames, 4mo UOHbI Xa0pa (u
2uOpoKcuda 8 cay4yae Maz2HUSA) oKa3bisarom paspbixadroujee delicmaue HA OKCUObI,
OHU CMQAHOBAMCA MOPUCMbIMU, YMO [1038075em MOseKynam 800bl U MPOMOHAM
Kucsomoel MPOHUKHYMb K "4yucmol nosepxHocmu" memanna u HA4YamMe € HUM
e3aumoolelicmsue. MazHuli akmusHo 83aumoodelicmeyem ¢ 8000l 8 Cose8bixX
pacmeopax. OcmasnbHbIM Memanaam 8 cusay amgomepHOCMU Usau OCHOBHOCMU UX
OKCUOO0B8 HYXHHA KUC/0MQA UAU wesno4eb (ocobeHHOCmb Xumu4vecKux e3aumodelicmauli
- ceolicme okcudos). Medb HU 8 KAKOM pacmeope 8000p00 He 8biImecHAem - Memars

c bosiee noaoxcumMesibHbIM OKUC/AUMENbHO-80CCMAHOBUMETbHbIM nomexHyuasiom
(0BI).

3anonHeHUe  KApmMoOYKU  3KCMepumeHma: 3anucaTb  YpPaBHEHMA  peakuui,
NPeAnoNoKNTb, NOYEMYy HYKHO MCNONb30BaTb COJb, KUCAOTY UM LWWEN0Yb, a He
YMCTYIO BOAY.

lMpumep KapMOYKU 3KCnepumMeHma:

MeTtann 3anucameo
PacTtsop 3anucamso
YpaBHeHue peaKkumun HabniogeHun ObbacHeHue

L8 Ka#0020 Memanna-pacmeopa Hy#HA C80S KAPMOYKA, UAU MOMCHO cOeanamo
O00HY KaPMOUYKY HO 8Ce BO3MOXCHbIE NApPbI.

lpynna 2. FaneeaHuKu (nocmaHoeKa 3ada4u)

[oKHbI NoA06paTh Napy METaNN0B U PAaCcTBOP, B KOTOPOM Ha MHEPTHOM MeTanne c
6onee NoNoXKMTEIbHbIM NOTEHLMANOM BblAENAETCA BOAOPOA NPU KOHTaKTe ¢ bonee
aKTMBHbIM META/IIOM, OLLEHUTb DYPHOCTb PeakuMu BblaeNeHMA B 3aBUCMMOCTU OT
cpeabl NPOBEAEHUA PeaKkUMU U UCNONb3yeMOro METasNa M 3anoNHUTb KapTOYKy
3KCMepumeHTa.

N3 8bi0aHHO20 Habopa ucrnons3dyemca:

HassaHue mogyna htweek.ru
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AntoMUHUl, YUHK, mMeOb, 800a OUCMUAAUPOBAHHASA, X/0PUO HAMPUSA, PACMBeop
conAHol Kucsaomel

lMoscHeHue xo0a aKcnepumeHma. Memann ¢ 6onee ompuuyamenoHoim OBI1, yem
rnomeHyuasn 8000po0HOU peakyuu (cm. pad HanpareHul Memass08 oOmHocUMesIbHoO
godopoda unu mabauuyy OBIll), KOHMAKMupya ¢ mMemansnom, umerouum 6onee
nonoxumersnoHsili OB, 0bpaszyrom 371eKMpPOXUMUYECKYO cucmemy, 8 Komopoli
memansn ¢ bonee ompuyamensHsoim OBl HayuHaem pacmeopsamescs (OKUCAaImecs), a
Ha memanne ¢ 6onee nonoxcumenoHoim OBl nocmynarouwue 371eKmMpoHsl (rpu
KOHMaKkme 08yX 3mMux Memasnsnos) O00AXHbI B80CCMAHABAUBAMb KaAKue-mo
coeduHeHusA. B pacmeopax Kucsiomel 3mo UoHsl 8000p00d, Mo4YHee, 2UOPOKCOHUA
H30*. U3 e8bli0aHHO20 Habopa K memasnam ¢ ompuuyamensHeim OB omHocamcs
aMtoOMUHUU, UUHK, MaeHUl, a K memannam ¢ rnosoxcumesnsHoim OBl - meos. T.0., 8
pacmeope conAaHoU Kucsomel npu npusedeHuu 8 KOHMAKmM MeOHO020 CMEPHHA U
2PAaHys, WApPUKo8 (hosbau, Mpos8osaoKU U m.n. Memassano8 ¢ ompuyamesnsHeim OB,
Ha mMeodu Ha4YHemcsa cHa4asna medsneHHoe, nomom bosee sHepeauyHoe B8bloesneHue
godopoda, a memann ¢ ompuyamensHoeim OBl 6ydem pacmeopamecs C
0bpa3osaHUemM UOHO8 Memasnna u 31eKmpoHos. B pacmeope conu unu 6 yucmoli
800€e 00/ HbI MPOXoOUMb Me Mce A87eHUsA, HO MAaM, 80-1epP8biX, OKCUOHAA /1eHKa
HO GKMUBHOM Memarsisne MOXem Mewames KOHMAKmy (Kak 8 XumMu4YecKkux onbimax),
a 80-8mopbix, Meldb MOMem B80CCMAHABAUBAMb MOAEKYAAPHLIU KUC/0pOO,
pacmeopeHHbili 8 800e, 00 rnepokcuda, moaoa sbideseHuUs 2030 He 8UOHO.

3anosHeHue Kapmo4YKu 3KcrepumeHma: Halnncatb ypaBHEHUA peaKLl,M|71, O6bﬂCHI/1Tb,
no4vyemy MCnosab3yroTCA PpacTBoOpbIl, a HE YNCTAA BOAaA.

lMpumep KAPMOYKU 3KCnepumeHma:

MeTtann 1 3anucame
MeTann 2 (B KOHTaKTe) 3anucameo
PactBop 3anucameo
YpaBHeEHUA peakumi HabntogeHus ObbacHeHMEe

Lna Kawcool napel memananos 8 KAHOOM pacmeope HyHHa C80A KAPMOYKA, Usu
MOXCHO cO0esiamb 00HY KAPMOUYKY Ha 8Ce B03MOM(HbIe napebl.

HassaHue mogyna htweek.ru
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lpynna 3. 3neKmpoxumuku (NnocmaHoeKa 3ada4u)

[lonHbl cCObpaTb YCTAaHOBKY A1 NPOBEAEHUA 3/1EKTPO/IN3a BOAHOMO pacTBOpa COMM
C }KEPTBEHHbIM aHOA0M W 3aMNOIHUTb KAPTOUYKY SKCMEPUMEHTA.

M3 8bl0aHHO20 Habopa ucnosabL3yemcs:

Anekmponaum (xnopud Kanus), pacmseopumsili aHOO (YUHK/anoMuHuli), uHepmMHbIl
Kamoo (Medb), ucmo4YHUK moKa 4.5 B, coeOuHuUmesbHsble npoeooda ¢ KPoKoouaamu

lMoscHeHue xo00a skcnepumeHma: OaHHbIU 3KcnepumeHm aHaso2 npedvidyu,ezo. Ho
mym Mbl MOOKAOYaeM BHEWHUU UCMOYHUK MOKQA, Mo3momy CamMu UHUYUUPYEM
npouyecc pasnoxceHus 8o0bl. Pacmeopumelli aHOO, a He UHepmMHbIl, Ucnoab3yemcs
015 npedomepauwieHuUs 8vi0esneHUA 2a3a (X/0p 8 C/y4Yae X/A0PUOHbIX pacmeopos,
KUC10po0 U3 800bl 8 CAy4Yde CynbamHbsix, HUMPAMHbIX U Op. pacmeopos). Ha
Kamoode udem 8bidesieHuUe 8000p00a U3 800bl, @ HA AHOOe - pacmeopeHue memanna
0o uoHo8. [lepeHoC anekmpu4ecmsa om KaAmood K aHOOYy 8 pacmeope
obecrneyusaemcs UOHAMU (371eKMpu4ecKasa uerb 00AXCHA bbimb 3AMKHYymMa - MoK
YUpKynupyem rno 3aMKHymomy KOHmMypy), M03momy HyH#CHO UCMO0a1b3080Mb pACME0p
371eKMpoauMa, a He Yucmyto 800y, KOmopas A6s9emcs o pakmy Ou3/1eKMpPUKOM.

3anonHeHUe KApPMOYKU 3KCriepumeHma: 3anucaTb YpPaBHEHUA pPeakuuit Ha
3NeKTpoaax, 0bocHOBaTb BbIGOP 3/1EKTPOAOB, OOBACHUTL, MOYEMY HYXKHO MNpuU
3/1eKTPONIM3E MCMOJIb30BaTb PacTBOP COMM, @ HE YUCTYIO BOAY, 3anucaTtb, Kakue
peakuuu byayt npoucxoamuTb, ecan oba anektpoaa byayT MHePTHbIMUK (M KaToA, w
aHopn).

lMpumep KAPMOYKU 3KCepumeHma:

MeTann 1 (KaTtopa) 3anucame
MeTann 2 (aHop) 3anucameo
PacTBop 3anucame
YpaBHeEHUA peakymm HabntogeHus ObbacHeHUEe

OmuemHble sbicmynaeHus KoMaHo (10 MuHym)

HassaHue mogyna htweek.ru
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Kakune npoueccbl npoucxoaat? YpaBHeHMA peakumin. loCTOMHCTBA M He40CTaTKK
MeToaa. Yem Xmmunyeckme cnocobbl OTIMYAIOTCA OT INEKTPOXUMUYECKUX?

3adaHue 0na scex epynn:
TBopuecKoe yuebHoe 3agaHue " XUT c BbigeneHnem Boaopoaa” 8 MUHYT

OCHOBbIBAACb Ha MPOAENaHHbIX ONbITax NPUAyMailTe, KaK MoJiydyuMTb BOAOpPOA U3
BO/bl, €CIN HET BHELIHEero UCTOYHMKA 3NEeKTPO3HepPrnn? MOXKHO M UCNOJIb30BaTb
pe3yNbTaTbl FPYNMbl ra1bBaHNUKOB?

ObcyxcoeHue (0emu 00aMCHbI 8bITMU HA MbIC/1b, YMO MOXHO CO30aMb XUMUYECKUL
UCMOYHUK MOKd, 8 KOMOPOM 00HUM U3 npodyKkmos bydem 8000pod)

MpoBepbTe CBOWM pacCcyXAeHWA Ha nNpaKkTuKke. Bocnonb3ynTecb BblAAHHbLIM
3KCNepMMeEHTaNbHbIM Habopom U CO34aNTe XMMWYECKUM UCTOYHMK TOKA C
BblAenieHnem Bo40poaa.

M3 8bl0aHHO20 Habopa ucnoabL3yemcs:

Snekmpoaum (xnopud Kanus), pacmeop coasHol KUucaomel, YUHK/antomuHud,
me0b, coeduHUMes1bHble MPo8ood C 3aXUMamu

lMoscHeHue xo00a meopyeckoli pabomel. ObbeOUHUB MOsyYEHHbIE 3HAHUA O
KOHMAKMHbIX NMapax u 371eKmposau3HOM crnocobe, yYeHUKU 00aXHblI 002a0ambcH,
Umo KOHMAaKmMHyr napy (memann ¢ ompuyamesnsbHbIiM U noaoxcumensHsim OBI)
MOMCHO pa3desnums 8 NMPOCMPAHCMBe U npusecmu 8 KOHMAKmM He 8 pacmeope, a
30MKHYMb  HOKOPOMKO poB8OOHUKOM Mexdy cobol. Toeda noay4yumcs
20/168aHUYECKUl 3n1emeHm, 8 Komopom 3a cyem pazHocmu OBl anekmpodos
HepmeeHHbIl aHoO (YUHK) b6ydem pacmeopamecs, 0a8as UOHbI Memanaa (YWUHKa) u
3/16KMpPOHbI, nepexooawue K meou (Kamod) no e6HewHemy MposoOHUKY, U
pacxo008amesca Ha MeOHOM Kamooe Ha 80CCmMaHossieHue 800bl 00 8o0opoda. Ecau
YYEHUKU UC0sb3yom pacmaeop Kucsaomel, mo bydem 80ccmaHasnu8ameca npomoH
u3 pacmeopa (UoH 2UOPOKCOHUS).

Kakne npouecchbl npoTeKatoT B cucteme? Noyemy npouecc BblaeneHms Bogopoaa
NAeT CaMmonpoun3BOIbHO? YTO ABNAETCA UCTOYHMKOM SHEPrun?

CamMoOLEeHKa yuYyalWMMUCA JAOCTUFHYTbIX Y4ebHbIX pe3ynbTaToB
(KOHTPONbHO-U3MEpUTENbHbIE MaTepuranbl)

HassaHue mogyna htweek.ru
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3aBeplialowan 4YaCcTb YpPOKa — CaMOOUEHKA YyYalumuUcs AOCTUTHYTbIX
pe3ynbTaToB. B KayecTBe npoueaypbl CAMOOLEHKWU LIKOJIbHUKAM npegsaraerca
Tabnnua, No KOoTopon HeobxoamMmo oueHUTb ceba no 4x-6bannbHoh WKane no 7
no3numnAm.

CamooueHKa pe3ynbTtaTtoB 06pa3oBaHus

Moanyncrta, oTBeTbTe Ha Bonpocbl. ONMpascb Ha CUCTEMY OLLEHWBAHMUA,
noacyuTanTe obuiee Konnyectso 6annos.

OtBeT «ga» — 5 6annos

OTBeT «cKkopee ga» —3 6banna

OTBeT «cKkopee HeT» — 1 B6ann

OTBeT «HeT» - 0 6annos

Yemy A Hayuunca Mosa camooueHKa

1. CoctaBnaTb cxemMbl NyTen nepegaum n | Ja

HaKomnaeHnAa sHeprum Ckopee ga
Ckopee HeT
Het

2. PazanyaTtb Xumuyeckme um [a

3IEKTPOXMMUYECKME MeTOoabl Ckopee ga

noayyYyeHUA Bogopoaa Ckopee HeT
Het

3. CTpouTb NpeanoNO0KEHUA, B KAKUX [a

CUCTeMax BO3MOXKHO NoayyYyeHue Ckopee ga

BOAOPOAA, @ B KAKUX HeT Ckopee HeT
HeTt

4. AprymeHTUpPOBaATb BbICKa3aHHble [a

BepCuU, BbICTYNaTb OT UMEHMU FPynribl Ckopee ga
Ckopee HeT
HeTt

5. O6bACHATb CBOKO TOYKY 3pEHUA U [a

33[,aBaTb BOMPOCHI APYrUM Ckopee ga
Ckopee HeT
Het

HassaHue mogyna htweek.ru
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6. MonyyaTb BOAOPOA U3 BOAbI [a

XMMUYECKMM COCOboMm CKopee ga
Ckopee HeT
HeTt

7. Nony4atb BOAOPOA 13 BOADI [a

31EKTPOXMMUYECKMM cnocobom CKopee ga
Ckopee HeT
Het

Ypok nogrotoBneH no 3akady doHaa MHAPPACTPYKTYPHbIX M obpasoBaTenbHbIX
nporpaMmm

O ®oHae MHPPACTPYKTYPHbIX N 06pa3oBaTeIbHbIX MPOrpamm

®oHA MHOPACTPYKTYPHbIX M 06pa3oBaTeNbHbIX MPOrpamMm — oauH M3 depepanbHbix
MHCTUTYTOB pa3sutmA. PoHA nepBbiMm B Poccum Havan pabotatb B deeptech cekTtope no
BEHYYPOCTPOUTENIbHOW Mogenu u cos3gan ¢ Hyna 900 craptanos. PoHA npuaeprkmBaeTca
9KOCUCTEMHOr0 NOoAX04a NPU BbIXOAE B HOBbIe TEXHONOTMWU U PbIHKM. OH O4HOBPEMEHHO co3aaeT
HOBble KOMMAHWW, MPOEKTUPYET OMNepeXKalowy cepTUPUKaLmio, HOPMATUBHO-TEXHUYECKYHO
noAAep:KKy, obpasoBaTesibHble NPOrpamMMbl U NONYAAPU3ALMOHHbIE UHCTPYMEHTSI.

C 2022 roga PoHA BXOAMT B UMCNO ONEPATOPOB ABYX peaepanbHbIX NPOEKTOB. B nepsom
npoekte  «lnatdopma  YHUBEPCUTETCKOrO  TEXHONOTMYECKOro  npeanpuHUMaTEeNbCTBa»,
HaLLe/NIeHHOM Ha CTUMY/NMPOBAHME TEXHONOTMYECKOrO NpeAnpPUHMMATENbCTBA B YHUBEPCUTETCKOM
cpepe, PoHp passepHeT ceTb M3 15 YHMBEPCUTETCKUX CTapTan-CTyguMh M 3anycTUT HOBYHO
MHBECTULMOHHYIO NPOrpammy B CTyZIEHYECKME CTapTanbl «pyccknit SBIC». Bo BTopom peaepanbHOM
npoekte «B3net — oT crtaptana o IPO» ®oHa obecneunBaeT MHBECTULMAMMU TEXHOJIOFUYECKME
KOMMNaHWW Ha PAHHUX CTaAMAX BO3BPATHbIMU MHCTPYMEHTAMM (KanuTan, 3amm).

HassaHue mogyna htweek.ru



