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OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3IU»

Ceefenua o Bragensue L3N M3aKn

Bnageney Opnos K.A.
IIpenonasarenn Vaermvbmiarop R24178de8-0rlovKA-0ab64072 K.A. Opnos
(1OIKHOCTB) (moxnuce) (pacuudpoBka
TTO/ITUCH)
COI'TIACOBAHO:
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
PyKOBOI[HTeHB o CeegeHua o snagensue L3N M3K IO B
00pa3oBaTeNIbHOI T aurnx OB -D-
HpOFpaMMBI WaeHTuduraTop R6ca75b8e-ShatskikhYV-f045f12 H_IaHKI/IX
(IOJDKHOCTD, YUeHas CTEHCHb, YICHOE (mozucs) (pacuudpoBka
3BaHHE) TIO/ITUCH)
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
w CeepeHuna o snagensue U3MN M3K
3aBeHyIOH-IHH . Bnageney OpnoB K.A.
BBITYCKaOIIEH Kadeapsl Viermvbrratop R241780e8-OrlovKA-0ab64072 K.A. Opinos
(IOJDKHOCTD, YUeHas CTENeHb, YICHOe (mozrucs) (pacmudpoBka
3BaHHE) TIO/ITUCH)



OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-2 CiocoOHOCTh y4acCTBOBATh B MPOSKTUPOBAHUHU BOJOMOATOTOBUTEIBHBIX U

BOJIOOYMCTUTEIILHBIX YCTAHOBOK M CHCTEM C HCIIOIb30BAaHUEM CEPHUITHOTO 000pYI0BaHUS
NJI-1 BeiOupaet coBpeMEeHHbIE TEXHOJIOTUH MOATOTOBKHU BOJIbI U TOILTMBA JJIsI
MCIIOJIb30BAHUS B DHEPTETUUECKUX YCTAaHOBKaX

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

dopma peanuzanuu: 3anura 3a1aHus
1. 3amuTa maboparopro-nipakTHIeckux padot (IlepexpecTrblii ompoc)

Dopma peanuzanuu: KoMrnbroTepHOE 3a/1aHKE
1. IlpoekTupoBanue cucteM 0OpaTHOTO OCMOCA € UCTIOIb30BaHUEM ITPOTPAMMHOTO
komiuiekca ROSA (Dow Chemical) / Wafe (DuPont) ([Jomamnee 3aganue)

Dopma peanuzanun: [Tucemennas padora
1. Meronuka ornpeJesneHus KOJUIOMIHOTO MHeKca BoJbl ([loMariHee 3a1anHue)
2. Harpy3ouHble XapakTepUCTUKN HACOCOB JJI MEMOpaHHBIX YCTaHOBOK. [ MpoauHamuka
([lomarmnee 3a1aHue)
3. OcHOBHBIE KOHTPOJIbHO-U3MEPUTEIbHbIE TPUOOPHI MEMOpaHHBIX ycTaHOBOK (IIpoBepounas
paborta)
4. OcHOBHBIE TEPMUHBI U OIIpeieleHnst MeMOpaHHo# TexHosoruu (KonrponsHas paborta)
5. Iloka3arenu kadecTBa BoJbl. CriocoObl BEIpaXKEHUSI KOHLIEHTPAIMH PacTBOPOB
(TectupoBanue)

®opma peanuzaruu: [IpoBepka 3aganus
1. ammra pacuetHoro 3aganus 1o nporpaMmme ROSA (Dow Chemical) / Wafe (DuPont)
(ITepexpecTHblit onpoc)

BPC nucuunjiuHbI

2 cemectp
Beca kOHTpOJIBHBIX MeponpusTHil, %o
Pasnen mucouninHbl YEzexe KM- | KM- | KM- | KM- | KM- | KM- | KM- | KM-
JIeI1 IMCLL KM 1 ) 3 i : : ) :

Cpok KM: 4 6 8 9 10 12 13 15

Beenenue B MCM6paHHBIe TCXHOJIOT'HMH

Beenenue B MCM6paHHBIC TCXHOJIOT'MH +

Tunel 1 BUAB MEMOpaH st
pa3IMYHBIX MEMOPAHHBIX TEXHOJIOTUH




Tunel 1 BUAB MEMOpaH st
pa3IMYHBIX MEMOPAHHBIX TEXHOJIOTUH

DU3NKO-XMMUYECKHE OCHOBBI
MEMOpaHHBIX IPOLECCOB

DU3NKO-XUMHUUYECKHUE OCHOBEI
MEMOpaHHBIX IIPOLIECCOB

MeM6paHHBIC OJICMCHTEI U alllapaTsl

MemOpaHHbI€ 3JIEMEHTHI U alapaThl

MuxkpopunbTpanusi.
YnpTpadunbTpanus

MuxkpopunbTpanus.
YnpTpadunbTpanus

CucreMbl 00paTHOrO 0cMOCa

CucreMbl 06paTHOTO OCcMOCa

DneKTpoMeMOpaHHbIe MPOLIECCHI.
MewmOpanHas nera3anus

DneKTpoMeMOpaHHbIE MPOIIECCHI.
MewmOpanHas nera3anus

YcTaHoBKHU MeM6paHHOFO pasaciiCHus

YcTaHoBKH MeM6paHHOFO pasaciiCHus

Bec KM:

10

10

10

15

10

10

15

20

$O6m1as yacts//1s1 MPOMEKYTOUHON arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

L OL(EHOQHble cpedcmea onsa OUEHKU 3an/IAHUPOBAHHBIX pe3ylibmamoes oﬁyueﬂuﬂ no Oucuunﬂune, COOMHECECHHbIX C unduxamopamu

00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE
[1K-2 N-1nk-2 BriGupaet | 3naTh: [Tokazarenu kadecTBa BOAbl. CIIOCOOBI BRIPAKCHHS KOHIICHTPAIIHN
COBPEMEHHBIE TEXHOJIOTUU | OCHOBHbBIE TPEOOBAHUS, pactBopoB (TecTupoBanue)
MOATOTOBKU MpeabsIBIsieMble K UCXOIHON | OCHOBHBIC TEPMUHBI U ONPECICHUS MEMOPAHHOM TEXHOJIOTHHI
TOTLIINBA BOJIe, TOCTyMNAIOIIeH Ha (KontpomnpHas padora)
HCIIOJIH30BaAHUS pa3HbIe CTYNICHU OcHOBHBIE KOHTPOJIEHO-H3MEPUTETHHBIC TPHUOOPHI MEMOPAHHBIX YCTAHOBOK
SHEPreTHYECKUX WHTETPUPOBAHHOM (ITpoBepounas pabota)
yCTaHOBKAax MeMOpaHHOM YCTaHOBKH [IpoexTupoBanue cucteM 0OpaTHOTO OCMOCA C UCIIOJIH30BAHUEM

OCHOBHBIE ITPUHLIUIIBI
paboTHI HHTETPUPOBAHHBIX
MeMOpaHHBIX CHCTEM
BOJIOTIOATOTOBKU M OYHCTKHU
CTOYHBIX BOJ{

o0jacT MpUMEHEHUS
TPaJULMOHHBIX U
MeMOpPaHHBIX TEXHOJIOTHMA
OYHMCTKH BOJIBI

OCHOBHBIE ITOKA3aTelH,
XapaKTepU3yIoIue KaueCTBO
BOJIbI ¥ UX U3MEHEHHE TI0
CTyHeHsIM 00pabOTKU Ha
yCTaHOBKax
BOJIONIOATOTOBKU M OUHUCTKHU
CTOYHBIX BOJI

YMers:

BBIYHUCIISITH IO 0TOOpa

nporpamMmmHoro komriekca ROSA (Dow Chemical) / Wafe (DuPont)
(domamruee 3aanue)

Harpy3ouHble XapakTepUCTUKHA HACOCOB /I MEMOpPAHHBIX YCTaHOBOK.
I'uaponumnamuka ([lomarninee 3aganue)

MeTtoauka omnpeseneHus KOJUTOUIHOTO HHIeKca Bobl ([JJomamrHee 3aganue)
3ammTa pacyeTHoro 3aganus 1o nporpamme ROSA (Dow Chemical) / Wafe
(DuPont) (ITepekpecTHbIii ompoc)

3ammTa nabopaTtopHo-nipakTuueckux padot (IlepexpecTHslii ompoc)




¢bunbTpara, BHIXOA
¢dbunpTpaTa (recovery),
YICIbHYIO
MIPOU3BOIUTEIILHOCTD
00paTHOOCMOTHUYECKOU
YCTaHOBKH, (haKTOp
KOHIIEHTPUPOBAHUS
paccUuThIBaTh TEXHUKO-
HKOHOMHYECKHUE TTOKA3aTeIN
BOJIONIOATOTOBUTEIHHOMN
YCTaHOBKHU (OCHOBaHHOM Ha
HMHTETPUPOBAHHBIX
MEMOpaHHBIX TEXHOJIOTHSIX)
BBIOMpATH KOJIMYECTBO U THII
MeMOpaH /I CUCTEM
BOJIOTIO/ITOTOBKH, B
3aBHCUMOCTH OT
MIPOU3BOIUTENLHOCTH,
KadecTBa UCXOHOM BOMIBI,
TpeOyemMoro KauecTna
MPOIYKTA

paccuuTaTh HapaMeTphl
00paTHOOCMOTHUYECKON
CHCTEMBI C IPUMEHEHUEM

MPOTrpaMMHOTO 00eCTIeUeHUs
Rosa 9.1/Wafe




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. Iloka3aTenu kayecTBa BoAbl. CIoCO0bI BhIPasKeHUSI KOHIIEHTPALMii pacTBOPOB

®opmbl peasuzanun: [TuceMennas padora

Tun KOHTPOJIBLHOT0 MeponpusaTHs: TecTupoBaHue

Bec konTpoabHoro meponpusitusi B bPC: 10

IIpouenypa npoBeaeHnst KOHTPOJILHOro MeponpusTus: [luceMeHHas padoTa B ayIuTOPUN

Kpatkoe cogepxanue 3ajaHusi:
OTBeTHI HAa BOIIPOCHI TECTa

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3HaTh: OCHOBHBLIC ITOKa3aTEIH, 1.Ha3oBuTe BakHEMIIE IOKA3aTEIN KauecTBa
XapaKTEPU3YIOIIUE Ka4yeCTBO BOJIBI MIPUPOJIHBIX BOJI

U UX H3MCHCHHE II0 CTYICHSIM Otget: ConmeprkaHre B3BEIICHHBIX BEIICCTB
00paboTku Ha YCTaHOBKAX (mpo3paunocts); Conecoaepxanue (CyxXoil OCTaToK,
BOJIOMIOJITOTOBKH M OYUCTKHU obmras muHepam3anws ); KoHeHTpanus BoAOPOTHBIX
CTOYHBIX BOJI noHOB — pH; O611as xKecTKOCTh U €€ COCTABIIAIOIINE;

OxucnseMocTh (CoaepKaHue OPraHNYEeCKUX BEIECTB);
OO1mas menoyHoCTh U ee cocTanisitomue; Coaep:kaHue
KOpPpPO3MOHHO-aKTUBHBIX T'a30B (02 u CO2);
Copepxanue 6akTepuii U MHUKPOOPTaHU3MOB.

2.I1o creneHn AUCTIEPCTHOCTH MMPUMECH BOJIBI
KJIacCUPUIUPYIOT Ha:

A) rpyboaucnepcHbie, KOJUIOUIHBIE 1 HCTHHHO
pacTBOpEHHBIE;

B) xomnonHbIe, ICTHHHO PaCTBOPEHHBIE U Ta30BBIC;
B) rpy6oaucniepcTHbIe, KOJUIOUIHBIE, OpPraHUYECKUE U
WCTHHHO PacTBOPEHHBIE.

OtgeT: A)

3.Ilepeuncnure B Kakux GopMax MOKET HaXOJIUThCS
pacTBOpeHHasl B BOJI€ yrojbHas KuciaoTa?

A) CO2

b) CO2, CO32-

B) CO2, CO32-, HCO3-.

OtgerT: B)

4.Haz0BUTE HECKOJIBKO OCHOBHBIX CTETICHEH
MIPO3PavyHOCTH MPUPOTHON BOJIBI

A) Ilpo3paunas, ciabonpo3pavnasi, HeMpo3padHas

b) [Ipo3paunas, (cnabo) onanecuupyromas, (ciado)
MyTHasi, CHJIbHO MyTHasI

B) Ilpo3paunasi, MyTHasi, HEmpo3payHas

OrtgerT: b)

5.YT0 Takoe IMeI0YHOCTb BOJIbI U €€ €MHUIIBI
U3MEPEHHUS?

Ortger: 11]en04HOCTBIO BO/IBI HA3bIBAETCS BBIPAKEHHAS B
MT-9KB/JI CyMMapHast KOHIICHTPAIIUs COJCPIKAIIIXCS B
BOJI€ aHHMOHOB CJIA0BIX KUCIOT U THAPOKCUIIBHBIX HOHOB.
B 3aBHCHMOCTH OT THTIa aHHOHOB, 00YCIIOBIMBAIOIINX




IIEI0YHOCTD, PA3IMYaeTCs THIpaTHAsA, KapOOHATHas,
CHJIMKaTHasl, TyMaTHas ¥ (pocdarHas men04HOCThb

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenxa: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 10
Onucanue xapakmepucmuxu evlnoineHus 3Hanus: O1eHKa "0TINYHO" BBICTABIISIETCS €CJIM 3aJaHue
BBITIOJTHEHO B MTOJIHOM 00bEME WIIH BBITIOJHEHO MPEHMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapaxmepucmuxu evlnonenus 3Hanus: OLeHKa "X0opouio" BICTaBISETCS €CIu
OOJIBIITMHCTBO BOIPOCOB PACKPBITO. BRIOPAHO BEPHOE HAIIPABIICHHE ISl PEIICHUS 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1neHKa "yI0BIeTBOPUTEIHLHO" BHICTABIISETCS
€CITH 3aJIaHUE MPEUMYIIIECTBEHHO BBITIOJHEHO

KM-2. Harpy304Hble XapaKTepHCTHKH HACOCOB /sl MeMOPAHHBIX YCTAHOBOK.
I'mapoannamMuka

®opmpbl peanauzanuu: [lncemenHas padora

Tun KoHTPOIBLHOrO MeponpuaTHs: J[omamHee 3aganue

Bec konTposbHOro meponpustusi B BPC: 10

IIpouenypa mpoBeaeHMsi KOHTPOJIBHOIO MepONpHATHA: BplraeTcs B KayecTBE IOMAILHErO
3a/1aHMS, Ha CIEAYIOIIECH JIEKIIUU IIPOU3BOAMUTCS MPOBEPKA ITPABUIILHOCTH BBIIIOJHEHUS

Kpartkoe cogep:xkanue 3aaHusA:
HpaBI/IJ'IBHO OTBCTUTH Ha BOIPOCHI 3aJlaHUs, KaCaAIOMUCCA TMAPOANHAMHKNU (}IBI/I)KGHI/ISI
KHUJIKOCTH), HArPy304YHBIX XapaKTEPUCTUK HACOCOB, UCTIOIb3YEMbIX B YCTAHOBKaX
MeMOpPaHHOTO pa3/IeIeHHUs

KoHTpoJibHBbIC BONIPOCHI/3aJaHHA:

YMeTb: BBIOMpATh KOJUYECTBO U 1.HapucyiiTe XxapakTepUCTUKY Mapbl MapaljeaIbHO
THUII MeM6paH JUTA CHUCTEM BKJIIOUYEHHBIX I_ICHTPOGC)KHBIX HacoCoOB
BOOOIIOATOTOBKH, B 3aBHCHMOCTHU OTBCTI

OT NIPOU3BOAUTCIIbBHOCTH, Ka4CCTBA /B2 0iMHAKOBLIX HAaCOCA NpU NapaienbHOM pexume paboTsl
I/ICXOI[HOf/i BOJFBI, Tpe6yeM0r0 Mpasuno coBmecTHOM paboTkl HACOCOB:
Kasectsa npozyka e et g

B3ATHIX NpwM OAHQM niTom )K(§ Hanope
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2.B kakoit 001acTi XapaKTepUCTUKHN Hacoca JOJDKHA
HaXOJIUTHCS paboyasi TOUKa JIJIsl ONTUMATBHON pabOThI
Hacoca?




OtBeT:

Pabovan TOuXA MACOCI

winop b
M acr

N S E N At

Palanies s

Harotan PACIndean

AN Pl Tend mp e

sz

w/is
3.HazoBure ciocoOb! peryinupoBanus paboueit
XapaKTepUCTUKH Hacoca
Otger: Cy1iecTByeT 1Ba OCHOBHBIX €IOC00a
peryJIMpoBaHuUsl 10J1a4u [IEHTPOOEKHBIX HACOCOB —
M3MEHEHHE XapaAKTePUCTHKH CHCTEMBbI
(IpoccenupoBaHue 33ABMKKAMU Ha HAIIOPHOM UJIM Ha
BCAChIBAaIOIIEH JTUHUSX, IEPEIYCK YAaCTH )KUJIKOCTH U3
HaIOpHOI0 TpyOOIPOBO/Ia BO BCACHIBAIOIINM, BITYCK
BO3/lyXa BO BCACBIBAIOIIUI ATPYOOK Hacoca) 1
M3MEHEHHE YaCTOThl BpallleHHUs pabovero Kojeca Hacoca
4.Ha3oBuTe MpenMylIecTBa YaCTOTHO-PETYINPYEMOI
HACOCHOM CTaHIIUM Nepe]] 0ObIYHOM HACOCHON CTaHIUEH
Ortger: VMcnonbp3oBaHNe Ha HACOCHBIX CTaHIUIX
npeoOpa3oBareseil 4acTOThl, 00eCcIIeYnBaAET:

* DKOHOMHUIO 2JIEKTPOIHEPTHH, 00YCIOBIEHHYIO
YCTAHOBJICHHEM 3aBUCHUMOCTH pabOThI 3JEKTPOIIPUBOIA
OT peasibHbIX 00BEMOB MOTPEOIICHNUS;

* YMEHBIIIEHHUE PACX0/1a BOJIbI, BCIEACTBHE
MIPEIOTBPALLEHUS YTEUEK, MOSBISIOUINXCS TPU
MOBBIIIEHUH B MAarUCTPAJIM JaBJICHU MIPH
HE3HAYUTEIILHOM pealbHOM BOJIONOTPEOIECHUY;

* CHIDKEHHUE pacXo/I0B Ha KalMUTaJIbHbIM U TJIAHOBBIH
PEMOHT KOMIIOHEHTOB, COCTAaBJISIFOIIMX HHPPACTPYKTYPY
JUIsl TIOJJa4 BOJIBI, 110 MIPUYMHE MPETOTBPAILEHUS
aBapHii, BOZHUKAIOIINX MPU THIPABINYECKOM YAape,
4acTO BCTPEYaroIeMcsl IPU UCTIOIb30BaHUH
HEPETYJIUPYEMBIX AJIEKTPOIIPUBOJIOB;

* BO3MOXHOCTb YBEJIMYEHHSI HAIloOpa

5.Kak 3aBucsrt pacxon Q, Harmop H u moniHocts P
LEHTPOOEKHOI0 HAacoca OT YacTOTHI BpallleHUs Bayia n?
Otger: Pacxon (mogaya) nponopuroHaIeH YacToTe
BpallleHus paboydero Kojieca HEeHTPOOEeKHOT0 Hacoca:
Q~n
Hanop (naBnenue) nmponopuroHaieH KBaJpaTy 4acTOThI
BpaIlCHUS:

H~n2




MormHocTh, TOTpedsieMasl HACOCOM, MPOTIOPIIMOHATIBHA
KyOy 4acCTOTBI BpalllCHUS:
P~n3

Onucanue MKAJbI OICHUBaAHUSA:

Ouenxa: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku btnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHUe
BBITIOJTHEHO B MTOJIHOM 00'bEME WJIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuku btnoanenus 3nanus. OueHka "Xoponio" BbICTaBISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABIICHHE JISI PEIICHUS 3a]1a4

Oyenka: 3
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0oBIETBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHUE TIPEUMYIIECTBEHHO BHITIOJIHEHO

KM-3. OcHOBHBIE TEPMUHBI U ONIpeeIeHHs MeMOPAHHOM TeXHOJIOTHHI

®opmbl peaausanun: [lucemennas padbora

Tun koHTpoabHOro Meponpusitusi: KonrpossHas padora

Bec konTposbHOro meponpustusi B BPC: 10

IIpouenypa npoBeaeHnss KOHTPOJBLHOIO MepONIpUATHA: B ayauropun, TeCTUpOBaHUE TPYIIIIBI

KpaTKOC CoA€cpKaHMuE 3alaHUA:
BOHpOCH Ha 3HAaHUEC TCPMHUHOJIOTUH, HpHMeHHIOIHeﬁCH B C(1)epe MeM6paHHBIX TEXHOJIOTHI U Ha

YMCHHUE paCCUNTAaTb OCHOBHBIC ITOKA3aTCIIN O6p3THOOCMOTPI‘I€CKPIX CHCTEM

KoHTpoJibHBIC BONIPOCHI/3aJaHHA:

3Hath:  o0jacT  HpPUMEHEHUs 1.Hanummre Gpopmyiny 0CMOTHYECKOTO JaBIECHUS
TPAJMLMOHHBIX © MEMOpPaHHBIX OtBer: n=AC-R-T"i /M
TEXHOJIOTHI OYMCTKH BOJIBI 2.Yt0 Takoe KOHLEHTPALMOHHAs MOJIsIpru3anus?

Otget: KoHIleHTpallMOHHOM NOJIApU3aliieil Ha3bIBAETCs
(dhopmMupoBaHHE Y TOBEPXHOCTH MEMOpPaHbl TOHKOTO
MOTPaHUYHOTO CJI0s, B KOTOPOM, BCIIEJCTBUE
MPEUMYIIECTBEHHOTO TIEPEHOCa Yepe3 MEMOpaHy
MOJIEKYJI BOJIbl, KOHIIEHTPALIUsI pACTBOPEHHOT'O BEIIECTBA
OKa3bIBaeTCs OOJIBINIE, YEM B UCXOJTHOM PacTBOPE.
3.KakoBsl Haubosee 4acTo MPUMEHSEMbIE CTaHIApTHHIE
TUIIOpa3Mepbl 00PAaTHOOCMOTHYECKUX MeMOpaH?

Otser: 1812, 2540, 4040, 8040

4. J1ambTOH 3TO:

A) peareHT AJi NPOBEACHUS XUMUYECKON OUNCTKH;

b) aromnas exmHUIIA MaCCHI,

B) oGnangarens maTeHTa Ha IPOU3BOJCTBA MEMOPAHHBIX
anemeaToB DOW;

I') npubop st u3MepeHus 0Tceuku (HUIbTPAIUH.
OtgeT: b)

Onucanune MKAJbI OIICHUBAHUA:

10




Oyenxa: 5

Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 710
OnucaHnue xapakmepucmuxu 6vblnoineHus 3Hanus: OLeHKa "O0TIMYHO" BBICTABIISIETCS €CIIU 3a1aH1e
BBITIOJTHEHO B MTOJIHOM 00bEME WJIH BBITIOJHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapaxmepucmuxu evlnoneHus 3Hanus: OLeHKa "X0opouio" BEICTaBISETCS €CIU
OOJIBITMHCTBO BOIIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAIIPABIICHHE ISl PEIICHUS 33134

Oyenka: 3

Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonneHus 3uanus: O1neHka "yI0BIeTBOPUTEIHLHO" BHICTABISACTCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BHITIOJHEHO

KM-4. MeToauka onpeaejeHusi KOJJIOUIHOTO HHAEKCA BO/bI

®opmbl peaausanun: [lucemennas padbora

Tun KoHTpPOIBLHOrO MeponpuaTHs: J[omamHee 3aganue
Bec xouTposabHoro meponpusitust B bPC: 15
IIpouenypa mnpoBeneHHs] KOHTPOJIBbHOIO MepPONPHATHA: BplnaroTcs BOIPOCHI B KaudyecTBe

JOMAIIHETO 3aaHus

KpaTkoe conep:kanue 3a1aHusi:

OTBeTUTH Ha BOITPOCHI IO TEMC OIIPCACIICHUA KOJUIOMAHOTI'O HHACKCA, KaK OJJHOT'O U3 OCHOBHBIX
XApPaKTCPUCTHK IJIs1 BOAbI, HOCTYHaIOIlIeﬁ Ha YCTaHOBKY O6paTHOFO oCcMOCa

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: OCHOBHBIE TpeOOBaHHUA,
IpeIbsABIsEMble K UCXOAHON BOJE,
MOCTYIMAIOIIEH Ha pa3HblE CTYIEHU
UHTETPUPOBAHHON  MeMOpaHHOU
YCTaHOBKH

1.JaliTe onpeneneHne KOJUIOUAHOTO HHIEKCA

Ortgert: Komnouansiit unaekc — KM wimu SDI ( Silt
Density Index , nHAEKC MIOTHOCTH OCAAKa, UIOBBIN
WHJIEKC) — 9TO PACUETHBIN MOKa3aTelb, BBEICHHBIN
crangapramu ASTM kak XapakTepucTUKa CTEIEHU
3arpsi3HEHUs BOJIbl MEXaHUYECKUMHU U KOJUIOMITHBIMU
MIPUMECAMHU U €€ IPUTOTHOCTH JJIs TOAAYUHU B
00paTHOOCMOTHYECKYIO YCTAaHOBKY. Bbruuncisiercs no
pe3yJIbTaTaM TECTUPOBAHMSI CKOPOCTHU 3aCOPEHUS
MeMOpaHHOTO GuiIbTpa ¢ pedtunrom mop 0,45 MxM B
CTPOTO OIPENEICHHBIX YCIOBUAX

2.Jln1s1 onipeenieH s KOJUTOMTHOTO MH/IEKCa BOJIBI
UCHOAB3YIOT GUIBTP C Pa3MEPOM IOP:

A) 0,45 Mmkm

b) 0,5 Mxm

B) 5 Mxm

Otget: A)

3.Bnuser nm TeMiiepaTypa BOAbI HA BEIMYUHY
KOJUIOMIHOTO UHEKca?

Ortger: Jla

4.Hapucyiite cxeMy YCTaHOBKH JIs1 ONIPEACIICHUS
KOJUIOWTHOTO UHJEKCa

Ortser:
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M1

Al Op1 P1 B1

OK1

E1 .

D1

E2

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5

Huorcnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu eblnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CIIM 3aJaHue
BBIIOJIHEHO B TIOJTHOM 0O'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evinoinerus 3Hanus: OeHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBITMHCTBO BOIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANIPABIICHUE JIJISl PEIICHUS 3a/1a4

Oyenka: 3

Hudienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu evinoanenus shanus: OueHka "y10BIeTBOPUTENILHO" BHICTABIIAETCS
€CJIM 33JaHUE PEUMYIIECTBEHHO BBITIOJIHEHO

KM-5. OcHOBHBIC KOHTPOJILHO-U3MepPHTeJIbHbIe IPHOOPBI MEMOPAHHBIX YCTAHOBOK

®opmbl peanuzanuu: [luceMenHas padora

Tun kouTpoabHOro MeponpusTus: [Iposepounas padbora
Bec koHTpOBbHOrO Meponpusitusi B BPC: 10
IIpouenypa nmpoBeaeHHsi KOHTPOJBLHOr0 MeponpusaTusi: Hamucanue KOHTpoJbHOW paboTHl B

ayJUTOpUU

KpaTKOC CoA€cpiKaHuE 3alaHUA:

HpOBepKa 3HAaHUIN OCHOBHBIX KOHTPOJIBHO-U3MCPUTCIIbHBIX HpI/I60p0B, IMPUMCHSAIOMIUXCA B
MCM6paHHHX YCTaHOBKax BOJOIIOATOTOBKHA

KoHTpoJibHbIC BONIPOCHI/3aJaHUA:

3HaTh:  OCHOBHBIC  IPUHIIMITHI
paboTsI MHTETPUPOBAHHBIX
MeMOpaHHBIX CHUCTEM

BOJOINOATOTOBKH n O4YUCTKH
CTOYHBIX BO/J

1.Ha3oBrTE OCHOBHBIE THIIBI 3AIIOPHO-PETYIUPYIOIIEH
apMaTypsbl, IPUMEHSIEMON B BOJIONIOITOTOBKE

OtBet: PaznuyaroT ciieyrolye BUIbl 3alOpHON
apMaTyphl:

* peryJupyomasi — CIYXXHUT JJISI pEryJIUPOBKH MTOTOKA
YKUJKOCTHU WM ra3a (KpaHbl, 3aTBOPBI, PETYIUPYIOIINE
KJIAMaHbl); * 3aNI0PHAS — CITYXKHUT JJIS PEKPAIIECHUS
JBUKEHHUSI )KUKOCTH/Ta3a B TPyOOIPOBOE (3aCTIOHKH,
BEHTHJIN 33/IBMKKH, KPAHBI); * MPeA0XPAHUTEIbHAS —
MIpUMEHsIeTcs JUIst cOpoca M30BITOYHOTO 00beMa
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BEILIECTBA MPH MPEBBIIICHUH JIaBJIeHUs (MEeMOpaHHBIC
MpeAOXPaHUTENH, TPEAOXPAHUTENIbHBIE, IEPETYCKHBIC
KJIAITaHbl); * 3aIMTHAS — OTKJIIOYAIOIIAs Y9aCTOK
TpyOOIPOBO/Ia IPU BBIXO/IE MAPAMETPOB 32 JOIYCTUMbIC
npezaeibl (00paTHbIe, OTCEUHBIE KIIalaHbl,
IMHEBMO3aIBMXKKH ); * a3opa3aeuTeTbHAasl — CIIY>KUT
JUTSL pa3/ieNICHUsI BEIIECTB B Pa3HbIX arperaTHbIX
COCTOSIHMSIX (MaCIOOTCIUTENIN, BAHTY3IbI,
KOHJICHCAaTOOTBO/IUHKH ); * CMECUTEJIBHO-
pacnpeaeuTebHAsA — IPUMEHSIETCS JIs1 pa3ieieHus
WJTU CMEITMBAHUS TOTOKOB KHIKOCTEH/Ta30B (KpaHbI-
CMECHUTEJIH, KJalaHbl); * KOHTPOJIbHAS — UCIIOJIb3YETCS
JUTSL OTIPEICIICHHS] HAJIMYHUS U YPOBHS KUJIKOCTEH (KpaHBI
CIYCKHBIE, TATYUKU YPOBHS)

2.Kakue 1Ba OCHOBHBIX BHUA YJIEKTPOMAarHUTHOTO
KJaltaHa Bbl 3HacTe?

OrtBeT: B 3aBHCHMOCTH OT COCTOSIHHUSA KJIamaHa 10
MOoJa4M Ha HETO HANPSHKEHUS, KJIAaHbl JJISITCS Ha
HOPMAaJIBHO 3aKPBIThIE KJIANIaHbl, © HOPMAJIbHO-OTKPHITHIC
Ky1armanbl. HopManbHO-3aKpBIThIC KiTaaHbl B HEpaboueM
COCTOSIHMH 3aKPBITHI, & IPH M0J1a4e HANPSDKCHUS —
OTKpBIBatOTCs. HOpMalIbHO-OTKPBITHIE KJlallaHbI
OTKPBITHI B Pa00YEM COCTOSHUY, U 3aKPBIBAIOTCS TIPH
1ojia4e HarpsHKEHUS

3.HazoBure 0cCHOBHOE NMPEUMYIIECTBO MEMOPAHHBIX
KJIaIlaHOB

OtBeT: OCHOBHBIM JOCTOMHCTBOM TaKHX KJIaIlaHOB
SIBJISIETCS] BBICOKAsi TEPMETUYHOCTD MOJIBUYKHOTO
COCIMHEHUS U KOPPO3UOHHAsI CTOMKOCTh MaTEPHAIOB, U3
KOTOPBIX U3TOTABIUBAIOTCS MEMOPAHBI, YTO TO3BOJISET
00€ecTeunTh XOPOIIYIO 3alIUTy BHYTPEHHUX
MOBEPXHOCTEN apMaTyphl OT BO3ACHCTBUS pabovHX Cpef,
KOTOPBIE MOTYT OBITh arpeCCUBHBIMHU

OnucaHue MKaJbI OlleHUBAHUS

Oyenka: 5
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe sevinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus.; OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOMPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [T PEIICHUS 3a/1a4

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku évinonnenus snanus: OneHka "ya0BICTBOPUTEIHLHO" BBICTABIISCTCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO
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KM-6. IIpoekTHpOBaHUEe cCMCTEM 00PATHOI0 0OCMOCA € UCIOJIb30BAHNEM
nporpammHoro komiuiekca ROSA (Dow Chemical) / Wafe (DuPont)

®opmbl peasausanun: KomnbroTepHoe 3a1anue

Tun KOHTPOJILHOT0 MeponpusTus: J[omamiHee 3aganme

Bec konTpoabHoro meponpusitusi B bPC: 10

IIpouenypa mpoBeaeHHs KOHTPOJIbHOI0 MEPONMPHUSITHUSI: PACUCTHOE 3a/IaHUE BBHITIONHSETCS B
dopme nomamrHero 3ananHus. CHpOEKTUPOBTH CHUCTEMY OOPATHOTO OCMOCAa C HCHOJIb30BaHUEM
nporpammuoro kommiekca ROSA 9.1 (Dow Chemical) / Wafe (DuPont). Mcxonnbie gaHHbIe 17s
3aJ]aHUs: KaueCTBO MCXOAHOW BOJbI M MPOM3BOAMTEIHLHOCTh YCTAHOBKH OOpaTHOrO ocMoca s
pacuera BBIOMPAIOTCS U3 IIPEICTaBIICHHON TaOIUIIbI (IO BApUAHTAM),

Kpatkoe cogep:kanue 3a1aHus:
Paccuurats B mporpamme ROSA 9.1 (Dow Chemical) / Wafe (DuPont)
00paTHOOCMOTHYECKYIO YCTaHOBKY ¢ ruapasnndeckum KIIJ1 75% nns cnenyromux

IIPOU3BOJUTEIIBHOCTEN
1) 50 m3/4
2) 100 n/ua
KadecTBO MCX0/1HOM BOIBI BRIOPATH M3 TAOJIUIIBI B COOTBETCTBHU C HOMEPOM CBOETO BapHaHTa
Ok | K | XK
HC | SO N . Fe2
Meero | €2 [MO | Nar |03 [22- |© |03 |50 |03 BB |- o K
Hcto 2+, | 2+, -, 32-, (B3Be | CT M | Mr
oroopa +K+, |, , - +Al2
YHHK mr/ | mr/ Mr mr/ m.B), |b, |I- |-
npoobI I H mr/a | mr/ | mr/ | MT o3, wr/ke | e | ok | 5K
Ja a /n MI/J
KI | B/J | B/
Bap.
1 rXagap | 13 55 | g 27042 13 o |9 |68 |35 [28]98 |07
Amyp OBCK 4 7
Bap.
2 rAwrap | 16. 1,5 143 le76(7 [22]0 [0 |07 |17 |26|1t |1t
AHra | cK 5 8 1
pa
Bap.
3 r.flpoca | 34. 23. 14. 1.9
Bonr | ami 4 9.1 |22 119 1 58 (0 8.7 108 13 5 25 5
a
Bap.
4
CeBe |r.Apxan | 10 | 16. 93. 10. 6.4 | 4.3
pras | rembck 5 8 6.9 264 5 7110 5 0 0 8.5 8 4
JABun
a
Bap.
5 r.3amopo | 51. 29. | 15. 10. | 3.8 | 3.0
Ten | xbe 9 15 |86 188 7 3 24 | 4 44 |0 5 5 8
P
Bap. | r.3amonc | 53. | 29. 293. | 48. 4.8
6 lon | 9 4 19.6 5 9 5 [0 |0 0 0 58 |51 1
Bap.
! rRpacu |57 191 1o |140 |20 |32]0 |t |39 |26 |1 2633
Ennc | oapck 1 4
el
Bap. 31 14
8 r.Omck |28 |17 |36.1 | 165 7' 34 |3 57 |0 172.4 8. 2.8 | 2.7
HpT1sI
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1
Bap.
9 rbepest | gy | g5 [ pg0 [134 (90 1441y N9y 1o 155 |11 15222
SIKHA 4 4 0 8
Kama
Bap.
47. | 13. 147. | 61. | 11 34 |24
10 8 | o el @ 0 [0 o fo |75
Jlena
Bap.
11 r.MocksB 15. 13. | 25.
Mock | o 60 | g~ |0 201 |7 | g7 |0 |0 |04 |0 83 |43 ]33
Ba
Bap.
12 | TemnE fg g0 197 1262061 (390 |59 |03 |0 76 05|04
rpaj 5 3
HeBa
Bap.
13 r-Hosoc 149. /g 1 o7 174 [ I52]01 %% 01 |405 |29|32|12
O6L. nOUpCK 2 2 5 3 1

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

YMeTb: paccuuMTaTh MapaMeTPhI 1.KakoBa Tunuynas 10 0T0opa ycTaHOBOK 00paTHOTO
00paTHOOCMOTHYECKOW CUCTEMBI C ocMoca TIepBOi CTyTeHH?

IPUMEHEHUEM IPOrpaMMHOTO Otget: 65%

obecrieuenus Rosa 9.1/Wafe 2.KaxkoB runpasnuyeckuit KI1/I yctanoBok o6paTHOTO

ocMoca BTOPOU CTyIeHu?

Otget: 85-90%

3.KakoBbl Hanbosee yacTo MpUMEHsEMbIEC CTaHIapTHBIE
TUIIOpa3Mepbl MeMOpaH?

Otser: 1812, 2521, 2540, 4040, 8040

Onucanue MIKAJbI OLEeHUBAHUS

Ouenxa: 5
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBHITIOJTHEHO B MOJIHOM 00'beMe WIIHM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIio" BEICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANPABJICHUE JJIS peIIeHUs 3a/1a4

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku evinonnenus snanus: OneHka "ya0BICTBOPUTEIHLHO" BBICTABIISCTCS
€CITH 3aJIaHUE MMPEUMYIIECTBEHHO BBITIOJHEHO

KM-7. 3amura pacuerHoro 3aaanus no nporpamme ROSA (Dow Chemical) / Wafe
(DuPont)

®opmsl peasmzanuu: [Iposepka 3aganus

Tun KOHTPOILHOr0 MeponpuaTHA: IlepexpecTHBI orpoc

Bec kouTposabHoro meponpusitust B bPC: 15

IIpoueaypa npoBeieHNsI KOHTPOJIBLHOT0 MeponpuATUsi: CTYASHTHI UCCIEAYIOT PUHIIUIT PAOOTHI
00paTHOOCMOTHYECKOW YCTaHOBKU C PYJIOHHBIMH MEMOpaHHBIMHU 3JIeMEHTaMu. M3yuaioT BIusHuE
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MCXOJIHBIX TTAPaMETPOB Ha Ka4eCTBO (UIIbTPATa ¥ MPOU3BOJUTEILHOCTh YCTAHOBKU. CpaBHUTEILHO
OLICHUBAIOT JaHHBIC IIOJYYCHHBIC SKCIIEPUMEHTAIBHBIM IIYTEM C JaHHBIMH, ITOJy4CHHBIMU
TEOPETUYECKH TPH MOJACIMPOBAHUU B KOMIBIOTEpHOH mpo-rpamme Rosa (Dow Chemical).
[IprChUIAIOT BBHITOJIHEHHBIC PAcyeThl Ha IMPOBEPKY, [0 PE3yJbTATOM KOTOPOIl MPOBOAUTCS YCTHOE

cobecemoBanue

Kparkoe conep:xanue 3ajanusi:
Buvinoanume:

HccnenoBanue npuHLUNa paboTel 00PaTHOOCMOTHYECKOM YCTAaHOBKH € PYJIOHHBIMU
MeMOpaHHBIMU dJIeMeHTaMU. V3y4nTh BIMSHUE UCXOAHBIX TApAaMETPOB Ha KAUu€CTBO
¢GwibTpaTa U MIPOU3BOAUTENBLHOCTh Y CTaHOBKU. CPaBHUTENIBHO OLICHUTH JJAaHHBIE [10JTyYCHHbIE
HKCIIEPUMEHTAIBHBIM ITyTEM C JaHHBIMH, TIOJTYYCHHBIMU TEOPETUUECKU TIPU MOAETHUPOBAHNHU B
KoMITboTEepHOM nporpamme Rosa (Dow Chemical).

1) ITo nanubiM Tabmun 1 1 2 paccuuTath napaMeTpsl padoThl Y CTAHOBKHU. 3aHECTH B TaOIUILY

4.

Tabmuua 4. — [TapameTps! paboThl Y CTPAaHOBKH.

R% S% CF
Omprt 1 OrteIT 2

Ompit 1

OmnpIt 2 OreiT 2

2) Ucnonw3ys nannble Tabnuibl 1 moctpouts rpaduk 3aBucumMocta Qm (pBXx).

3) Ucnonb3ys nanHble Tabiuibl 1 mocTpouTh rpaduk 3aBUCUMOCTH &1 (PBX).

4) [Ipoananu3upoBatTh MOJy4YeHHbIE rpaduKu.

5) IIpoBecT cpaBHHUTENBHBIN aHAIN3 JAHHBIX, TOJYYSHHBIX YKCIIEPUMEHTAILHO U TIPU
MOMOIIN TEOPETUYECKOTO MOACTUPOBAHUS

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

VYMeTh: pacCUnuTbIBATb TCXHHUKO-
O9KOHOMUYECCKUC IIoKa3aTcjiin
BOI[OHOHFOTOBHTCHLHOﬁ

YCTaHOBKH (ocHOBaHHOM Ha
UHTETPUPOBAHHBIX ~ MEMOpaHHbIX
TEXHOJIOTHUSIX )

1.1n1g 3¢ hekTUBHOTO MPOBEACHUS XUMUYECKOM
nerazauuu Ha YOO 3HaueHus: pH BoJbl KOPPEKTUPYIOT
1o 3Hauenus pH:

A) 4,25

b) 6,15

B) 8,35

I') 10,00

Ortgert: B)

2. TunuyHasi NPOU3BOAUTETHHOCTH OJJHOTO MEMOPAHHOTO
anemenTa 4040 mpuOIM3UTENHHO COCTABIISIET:

A) 30 nm3/4

b) 60 mm3/4

B) 200 am3/4

I') 1000 nm3/4

OtgeT: B)

Onucanue MKaJbl OLICHUBAHUA:

Oyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu ebinonneHus snanus: OueHka "oTIMYHO" BBICTABIISAETCS €CIIU 3aJjaHKe
BBITIOJTHEHO B MOJTHOM 00BEME WIIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu ebinoneHus snanus: OueHkKa "Xopoo" BICTaBISIETCS €CIIH
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMpaBIeHUE JUIsl pEeLICHUS 3a/1a4

Oyenxka: 3
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Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapakmepucmuku evtnonanenus 3nanus. OueHka "yJ10BIETBOPUTENBHO" BBICTABISETCS

€CJIM 3aJaHUC NPCUMYIICCTBCHHO BBIIIOJIHCHO

KM-8. 3amura 1adopaTopHO-nIpaKTHYeCKUX padoT

®opMbl peaau3anmnu: 3aiiuTa 3a1aHus

Tun KOHTPOILHOr0 MeponpuaTHA: IlepexpecTHeI orpoc

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpoueaypa mpoBeeHHsi KOHTPOJIbLHOro Mepomnpusitusi: IIpoBepka pacuetoB u odopmieHus
nabopaTtopHo-ipakTUYecKux pador «MccienoBaHue MPUHIUIOB PabOTHl 0OPATHOOCMOTHUYECKOM
CUCTEMBl Ha 3KCIIEpUMEHTAJIbHO-O0yJaronie ycTraHoBKe» U «PacueTHoe MoJenupoBaHUE U
JKCIIEPUMEHTAIILHOE UCCIIeI0OBaHNe paboThl 00PATHOOCMOTHYECKOM YCTAHOBKI

KpaTtkoe conepkanue 3a1aHusi:
B x00e npaxmuueckoti pabomuol

Buvinoanume:

OnpezneneHye 3aBUCUMOCTH OCHOBHBIX XapaKTEPUCTHK 0OpPaTHOOCMOTHYECKHX MEMOpPaH OT
paboyero aBiaeHUS Ha SKCIIEPUMEHTAIbLHO-00yJaroIiel yCTaHOBKE

Il. Hcxoomnvie oannvie 0ns 3adanus.:

JlaboparopHo-nipakTHyecKas paboTa BHIIOJIHAETCS Ha BOAOIPOBOAHON BOJIE HA
00pPaTHOOCMOTHYECKOM IKCIEPUMEHTAIbHO-00y4aolIeil ycTaHOBKE

1. Texnonoeus evinoanenus saoanus:

1.Bxirounth ycTaHoOBKY B paboTy (OTKpbITHI kKpansl SV-1, B0, B1, npoccenu BP1 u BP2 —
MIOJIHOCTBIO OTKPBITHI, BHIKJIIOYATEb aBTOMATA 3alIUThl HaXoAUTCs B rosioxxeHnuu BKIT)

2. OTkpsbITh Kpad B3 nns usmepenus padouero nasieHus (Ha Harope Hacoca H1)
3.M3mepuTth pacxo] nepmeaTa U KOHUEHTparta, pH nepmeara, 3J€KTpOIIPOBOAHOCTH UCXOIHOM
BO/JIbl, IepMeaTa U KOHLEHTPaTa, a Takxke Ko UIMEHTa KOHBEPCUH, PYKOBOJICTBYAChH
tabnuuamu 2 u 3. Pe3ynbTaThl U3MEpEHUN 3aHECTU B TaOIUILY

4.Mcnonw3ys npoccenb BP1 ymensiats pabouee nasienue ¢ marom 0,05 MITa. Ilpu kaxgom
M3MEHEHNHU pabouero AaBJIeHUsI U3MEPATH pacxo/ IepMmeara U KoHleHTpara, pH nepmeara,
3JIEKTPOIPOBOTHOCTH UCXOAHOM BO/IBI, IEpMeaTa U KOHILIEHTpaTa, a Takke Ko duiuenra
KOHBEPCHH U BHECTH MOJIY4YECHHBIE IaHHbIE B TA0JINIlY

5.0TKm0uNTh Y CTaHOBKY (IIepeBECTH aBTOMAT 3allluThl B HIKHee nojoxenue BBIKII) u
3aKkpbITh Kpad BO u Bl

6.Mcnonb3ys nanHble Ta0IULBI, TOCTPOUTH Ipaduku 3aBucumocteit Quep = f(PI3pab), Qxon
= f(PI3pa0), pHnep = f(PI3pa0d), u QEnep = f(PI3pad), QExon= f(PI3pad) u CR= f(PI3pa0).
ITpoananu3upoBaTh NOJyYEHHBIE 3aBUCUMOCTH

KoHTpoJibHbIE BONIpOCHI/3aJaHUA:

YMeTh: BBIUUCTATH
JIOJTFO oTbopa
¢bunbpTpaTa, BBIXOJ
¢bunbTpaTa
(recovery),
YICTHHYIO
MIPOU3BOTUTENEHOC
Tb
00paTHOOCMOTHYEC
KOM YCTaHOBKH,

daxTop
KOHIIEHTPUPOBAHU

vk wnN e

1.IIpuBeanTe OCHOBHBIE POPMYIIBI IS BHIYUCICHUS:
pons otbopa punbTpaTa

Bbixoa, dunbTpaTa (recovery)
yAenbHas Npou3BOANTENIbHOCTb
baKTOP KOHUEHTPMPOBAHUA
OrtgeT:
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R= %- 100% = - 100%

J = Qu/Su

CF = C,/C,
|

2.HapucoBatp KauecTBEHHbIE IPa(UKH CIETYIONINX 3aBUCUMOCTEH IS
00 membpaH:

CenexkTuBHOCTb OT J1aBJICHUS

CeneKkTUBHOCTH OT TEMIIEPaTypPbl

CenexkTUBHOCTB OT cojlecoAepx aHus (IIPU MaJIbIX KOHIIEHTPALUIX )
OrtBer:
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Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 70
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CIIM 3aJaHIe
BBIIOJIHEHO B TIOJTHOM 0O'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapaxmepucmuxu evlnoinerus 3Hanus: OLeHKa "X0opoIIo" BICTaBISETCS €CITN
OOJIBITMHCTBO BOIIPOCOB PACKPBITO. BEIOPAHO BEPHOE HAIIPABIICHHUE JJISl PEIICHUS 3a/1a4

Oyenka: 3
Huosienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinonnenus snanus: OueHka "yIoBIeTBOPUTEIBHO" BBICTABIISETCS
€CITU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
2 cemecTp
@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

Buner No 5

1. MNoMATHE KOMUEHPAUKWOHHOR NOAAPMIALMK B membpanmbx
NPOWECcax

2. ¥AbTpadALTRALMA. ¥NbTPadHNETRALMOHHBIE YCTAMOBKH B
NPOMBIWAEHHOR BOAONTAIOTORKE,

IIpoueaypa npoBenenust

[TpoBoauTcs B ycTHOH opme 110 OuseraM B BUJE MOATOTOBKU M M3JI0KEHUS pa3BEpHYTOrO OTBETA.
Bpems Ha noaroTosky orBeTa — 60 MUHYT.

L Ilepeuens Komnemenyuil/uHOUKaAMOpPoO8 U KOHMPOIbHBIX 60NPOCOB NPOBGEPKU PE3YbHAN 08
0CBOCHUA OUCUUNTUHDL

1. Komnerenumnss/Muankarop: 1UJ{-1nk-2 BeiOupaer coBpeMeHHbIE TEXHOJIOTUU OJTOTOBKU BOJIbI
U TOIUIMBA JUIsl UCHIOJIb30BAHUS B SHEPreTUUECKUX YCTAaHOBKAX

Bomnpocel, 3axanus
1.IToHATHE KOHIIEHTPALIMOHHOM MOJIIpU3allii B MEMOpPaHHBIX MTpoIeccax
Hapucyiite kpuByro 3aBUCMMOCTH pacxojia GpuiibTpaTa OT BXOAHOIO JaBieHus (cxema 6e3
peuupKyssiun). Eciy Mbl poiiuM 3aBUCUMOCTB, TPORAET Jin oHa uepes 07
2.0Onektponuanus. DnekTpoaenonusanus. [puHiun paboThl 3J€KTPOAEHOHN3ALNUN
KakoBo npuMepHOE 3HaUEHHUE YAEIBbHOM 3JIEKTPOIPOBOAHOCTH BOJIBI ¢ coneconepkanuem 100
mr/nm3?
3.Bei0op Trna memOpan a1 obeccoauBaHus Bojbl. TpeOoBaHMs K KauecTBY 00pabaTbiBaeMoil
BOJIBI /111 YCTAHOBOK 0OpaTHOroO ocMoca
KakoBo tunununoe 3Hauenue SDI15 obpaTtHoocMoTHYeCcKOro nepmeara?
4.Tuns! o6patHoocMoTHueckux (OO) u HanopubTpamoHHbIX (HD) MeMOpaHHbIX
3JIEMEHTOB U UX KOHCTPYKTUBHBIE OCOOEHHOCTH
C nmomol11pI0 Yero Mbl MPO/IaBIMBaEM BOY B ycTaHOBKE u3MepeHust SDI?
5.0cHOBBI IIpo1iecca 00pPaTHOOCMOTHUYECKOTO pa3jieneHus. OCHOBHbBIE XapaKTEPUCTHKU
0o0paTHOTO OCMOCa
Kakoii xapakTepHblif pa3mMep 4yacTUILl BUAEH YEI0BEYECKUM IIa30oM?
6.ITonsiTre komonanoro uHaekca (SDI). Metonuka nusmepenus
[TpuKMHBTE TOYHOCTH U3MEPEHHI B 1a00OpaTOpHO-TIpaKTHUECKON paboTe Ne2
7.Hanopnas ynpTpadunsrpanus. Bakyymuas ynstpadunsrpanys
ITpu yBenuuenun Recovery pacTer CTeneHb OUUCTKH, ToUYeMy?
8. TynukoBble OJHOPa30BBIE JIETKO3aMEHsIEMbIE TaTPOHBI (KapTPUIKH). PylTOHHBIE 371IEMEHTHI —
CHHMpaAJIbHO HaBUTHIE MOAyNH (spiral wound membrane modules)
Korna ysennuuBanu Recovery, kauecTBo punpTpara yxXyamanoch UM yiIy4llIaaoch U mouemy?
9. TpeboBanus k MmemOpanam. Knaccugukarus meMOopan
Urto Takoe Recovery?
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10.Opranu3anus nportecca MeMOpaHHOTo paszeneHus. poHTabHOE WIIN «TYITHKOBOEY
dunsrpoBanue (dead-end filtration). Opranu3zarus mporecca MeMOPaHHOTO pa3ieICHHUS.
OunpTpoBaHKE U3 TAaHTCHIUATBLHOTO MmoToka (cross-flow filtration)

Ecnu KIIJ] yctanoBku 75%, T0 uemy OyzaeT paBeH (pakTop KOHIICHTPUPOBAHUS?
11.0OcHOBHBIE BU/IBI TEXHOJIOTHI MEMOPAHHOTO pa3AeieHUs B OUYUCTKE BOJIBI

Yro takoe hakTop KOHLEHTPUPOBAHUS?

12.I1pumecu B nipupoiHoit Boje. [loBepXHOCTHBIE U TTOI3EMHBIE HCTOYHUKH

[Toxaxkute Ha cxeme 1a00paTOPHOI YCTAaHOBKH KaKUe IMOTOKHU, U B KAKUX TOUKax Bbl
uzMepsu’?

13.Du3UKO-XUMHUECKUE [T0KA3aTeNIN KauecTBa BOAbL. TpeOoBaHUs K KaueCTBY BOJIbI JUIs
IPOMBIIIJIEHHOCTH U SHEPTETUKU

[Tokaxkute rze 10JIKEeH HaXOAUTHCS HACOC Ha CXeMe JIabopaTOpHON yCTaHOBKH ?
14.Knaccuduxanus 6apoMmeMOpaHHbIX MporieccoB. MUKpO(hMIbTpanus

HapucoBate cxemy XMMMOWKH 00paTHOOCMOTHYECKOH YCTaHOBKHU

15.1IposiosbHOE KOHLIEHTPUPOBAHUE B YCTAHOBKaX 0OpaTHOr0 ocMoca

[Touemy Ha Hameit OO ycTaHOBKE Ul U3MEPEHUSI OCMOTHYECKOTO JaBJICHUS HAM MOXET He
XBaTUTh TOYHOCTH?

Matepuanbl 1Jis1 IPOBEPKH OCTATOYHBIX 3HAHUM
1.Ilepeunciure MeMOpaHHBIC METOIBI OYMCTKH BOJIBI IO MEPE YMEHBIIICHUS «PSUTHHTA
bunpTparum (BEIOCpUTE MPABUIILHBIN OTBET):
OTBeTHI:
A) ynbpTpadunpTpanus, MUKpOQUIbTpaLns, HAHOPUIBTPALIHSL, FIEKTPOICUOHU3AIHS,
oOpatabIii ocMoc b) MukpodunbTpamus, ynbrpaduiabTpanus, HAHOQUIBTPAIUs, 00paTHBIHI
0CMOC, 3JIeKTpoAeronn3anus B) MukpouibTpalys, ynbTpapuibTpaius, 00paTHbIH 0CMOC
HaHO(WIIBTPALIUS, SJICKTPOICHOHU3AIUS
Bepupsiii otBet: b) Mukpodunbtpaus, ynsrpaduinbTpanus, HaHOUIbTPAILUs, 00OpaTHBIH
0CMOC, 3JIEKTPOJAEHOHU3ALINS
2.Kaxk Ha3bIBaeTcsi MEMOPaHHBIN METO JIJIs YAaJIEHUS Ta30B U3 BOJBI?
OTBeTHI:
A) Tepmudeckas nekapoonuzanus b) xumudeckas nekapoonuzanus B) BakyymHast
nexkapOonuzanus ') memOpanHas nerasmus
Bepusiii otBeT: ') MeMOpaHHas nerasius
3.Kakue anexTpoMeMOpaHHbIe CIIOCOOBI OUNCTKU BOAbl Bbl 3Haere?
OTBeThI:
A) obpatHbIil ocmoc, yneTpaduibTpanus b) HaHoQuibTpanus, saexkTpoaernonu3anus B)
AIIEKTPOAUATIN3, DIEKTPOJICHOHU3AIIHS
Bepwnriit otBeT: B) anexTpoauanus, 31€KTPOIeHOHU3AIIHS
4.AHanorom Kakoro TpaauIlMOHHOTO METO/a BOJAOMOATOTOBKHU SIBIISIETCSI OOpaTHBII ocMoc?
OTBeTHI:
A) MonoobmenHoro obecconuBanus b) Ymsruenus B) Mexanndeckoii punpTpanuu Ha
3aCBIMHBIX UIBTPaxX
Bepwnpsiii otBeT: A) MoHOOOMEHHOTO 00€eCCONMBAHMUS
5.Bo Bpemst mpoBeeHNs U3MEPEHHUI KOJUTOMIHOTO WHJIEKCA IaBJICHHE Ha MEeMOpaHHOM
GMIBbTpE JOIKHO:

OtBeThI:

A) ObITh OCTOSIHHBIM b) yBenuunBatbes B) ymeHbaThes
Bepublii oTBeT: A) OBITH TOCTOSSHHBIM

6.HazoBrTe HECKOIBKO OCHOBHBIX CTEIEHEN PO3PAYHOCTH MPUPOIHON BOJIBI
OtBeThI:
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A) IIpo3paunas, ciabonpo3paunas, Herpospaunas b) I[Ipo3paunas, (cnabo)onanecuupyromias,
(cmabo)myTHas, cuiabHO MyTHas B) [Ipo3paunas, MmyTHas1, Hempo3padHas
Bepnwsiii otet: b) [Ipo3paunas, (cmabo)onanecuupytromias, (c1abo)MyTHas, CHIBHO
MyTHas
7 Ilepeuncnure B Kakux (popMax MOXKET HAXOAUTHCSI paCTBOPEHHAs! B BOJIEC YroJbHAs KUCIOTA
(BpIOCpUTE TIPABUIIBHBIN OTBET)?
OTBeTHI:
A) CO2 b) CO2, C0O32- B) CO2, CO32-, HCO3-.
Bepusiit orBet: B) CO2, CO32-, HCO3-.
8.Kakue npumecu yaanstorcs npH yabTpaduibTpalii BoIbI?
OTBeTHI:
A) conu xectkocTy b) B3BeleHHbIE BEIECTBA U KOJUIOUAHBIE yacTuilbl B) CO2
Bepnblii oTBeT: b) B3BelIEHHbIE BEIIECTBA U KOJIJIOUIHBIE YaCTUILIBI
9.Kakue npumecH 13 BOJIbl YAAJISIOTCS C IIOMOIIBIO METO/1a 0OpaTHOTO ocMoca?
OTBeTHI:
A) pacTBOpeHHbIE coyid A) coH KeCTKOCTH b) B3BelIeHHbIE BEIIeCTBA M KOJIJIOUTHBIE
YaCTHUIIbI
BepHnblii 0TBEeT: A) pacTBOPEHHBIE CONH
10./1nst ompeienenust KOJUIOMIHOTO WHAEKCA BOJIBI UCHIOIB3YIOT (MIIBTP C pa3MEpOM I10p
OTtBeTsI:
A) 0,45 mxm B) 0,5 mxm B) 5 MM
Bepnsriii otBeT: A) 0,45 MKM
11.CranagapTHas AIUTENIBHOCTD SKCIIEPUMEHTA 10 OIIPEIEICHHUIO KOJIJIOUIHOIO HHAEKCa
OTtBeTsI:
A) 10 mus b) 15 mun B) 1 vac
Bepwnsriii otBeT: b) 15 Mun
12 . EquHuiel u3MepeHust yIeabHOM 3JIEKTPOIIPOBOIHOCTH U YEIBHOTO
AIIEKTPOCONPOTUBIIEHUS
OTBeTHI:
A) H/em, H/em2 B) Cm/em (06s19HO MKCM/CM), OMecM (00619HO MOMecM)
Bepnsiii otBet: b) Cm/cm (06b11HO0 MKCM/cM), OMecM (00b194HO MOMecMm)
13. JonyctuMslii auana3oH pH npu npoBeAeHMN XUMHUECKOW OYMCTKU MOJIMAMUIHBIX
00paTHOOCMOTHUYECKMX MEMOpPAH COCTaBIISIET
OTBeTsI:
A)-2...15B)1-13 B)3-10
Bepwpsrii otBeT: b)1-13
14.1anbTOH 3TO
OTBeTsI:
A)aToMHas eauHMIIa Maccel b)obnagarens naTeHTa Ha MPOM3BOACTBA MEMOPAHHBIX AIIEMEHTOB
DOW B)npu6op a1t u3MepeHust OTCEUKH QHIbTPaLuN
BepHriit oTBeT: A)aTOMHAs €TMHUIA MACCHI

II. Onucanue wikanvl ouenusanUA

Ouyenka: 5
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku evtnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIN 3aJJaHNe
BBHITIOJTHEHO B MOJIHOM 00'beME WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Hudicnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evlnoanenus 3Hanus: OEeHKa "X0opoIo" BEICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [T PEIICHUS 3a/1a4
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Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. S0
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1neHka "yI0BIeTBOPUTEIHLHO" BHICTABISACTCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

1I1. Ilpaguna évicmaegnenusn umo2o80i OyeHKu no Kypcy

Onenka ompenensiercss B cooTBeTCTBUM ¢ [losnokeHuem o OayIbHO-PEHTHMHIOBOM cHUCTEME AJIs
crtynentoB HUY «M3OW» Ha 0CHOBaHMHU CEMECTPOBOM U aTTECTALMOHHOMN COCTABIISIOIINX.
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