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CYIIHOCTh OCHOBHBIX BHJOB M TpeOOBaHUS K BBHIIIOJHEHUIO 3aJaHUN Ha

IMPAKTUYCCKUX 3aHATHUAX.

YK 66.08.087
BBK 24.57

0p06peHo peaakLMOHHO-U34aTeIbCKUM COBETOM

3T (dunnan) CITY nmenn FarapuHa H.A.

BpoLwtopa nsgaeTcsa B aBTOPCKOW pesakuum



Beenenue

Ilemsro  ocpoemms  mucmmumHel  «MoJenupoBaHue  XHMHKO-
TEXHOJNOTMYECKAX IIPOLECCOB» ABIAETCA H3ydeHHe OaxajaBpamMu Meroa
MOJICIIUPOBAHUS I PEINeHHd BOIPOCOB COBEPINEHCTBOBAHHA XHMHKO-
TEXHOJIOIHIECKHAX POLECCOB.

3a/1auy H3y9eHus JUCUMILUIMHEL COCTOST:

- B OCBOCHHMM [OAXOAOB M METOJHK, HO3BOIMIONMX NPOBOLHTE
MO/ISJIAPOBAHKE TEXHONOTHYECKHX NPOLECCOR;

- B OCBOCHHH METOJAMKA MAaTEMAaTHYECKOTO aHAM3a W MONENMPOBAHUS
IIPUMEHHTENBHO K 9KCIIEPUMEHTATIEHBIM HCCIIEI0BAHMIM.

TlpoBeficnne IpaKTHIECKHX 3aHATHH [IPefyCMATPHBAET OCBOCHHE
CTaTHCTHIECKOH 00paGOTKH SKCHEPHMEHTAIBHBIX Pe3y/IbTATOB, OCTPOCHHE Ha
X OCHOBE MOJENEH JNEKTPOXMMMYECKMX NPONECCOB, H3yYEHME STAaIoB

MOJACNAPOBAHIA XHMHKO-TEXHOJIIOTHIECKOH CHCTEMEI Ha npuMepe




IIpaxTHueckoe 3aunTue 1

Onenka BOCIIPOU3BOANMOCTH SKCITCPUMEHTAIBHBIX  PE3VJIBTATOB ¢

noMomplo kpureprus Koxpena.,

OKCIiepHMEHTATBHEE  JaHHEBIe XMMHYeCKHX, 3IeKTPOXHUMHYECKHX H
U3HIECKHMX H3MEpEeHHH BKIIOYAIOT HEKOTOphIe OLIMOKH MM IIOTPEHIHOCTH.
Ouenuts BoCTPOH3BOZEMOCTS SKCHEPUMEHTANbHBIX PE3YJIBTATOB MOXKHO,
Benone3ys kpurepuit Koxpena.

Meronuka  pacuera BOCTIDOM3BOJMMOCTH  3KCHEPHMEHTANLHEIX
PE3YIBTATOR:

Hcnome3yiorcs cepud oOmsitos (N). B xaxpoii cepuu mpoBoauTcs k
TiapanenbHbIX oubiTa. JUis Kakzol Cepur napamIesHEX ONBITOR BBIYHCIIACTCS
CpenHee apudMETHIECKOe 3HaeRue (hyHKIMHE OTKIHKE Y.

1 k
V=2 O
L=,

/i€ ] ~ HOMEP CEPHH OIIBITOB;

K~ HHCJI0 OAPaIUIeNBHEIX OBITOB,

3ateM Juis Kaxno# cepru HapallienbHbIX ONEITOB ONPENeNsIeTcs OeHKa

mucrepenn — S7 ;:
1 & ~
Slﬂ:k—~l21<yﬁ—yj)2 (2)

Cpenu Bcex onenok MUCLIEPCHI HAXOAAT BaubOIBIIyIo — max Szyj

Pacuernoe 3mauenue kpurepus Koxpena G, ompenmensercs mo

YPaBHEHIO:
=
maxs;,
B/
Gy =772 2’ - 3)
e



Onerthl  CYMTAIOTCS  BOCIPOM3BOAMMBIMH,  €CIM  BBIIOJNHACTCA
COOTHOIEHAE

G ;- <G a5 ; “)

raie G — MNpeAensHO [JOIOyCTHMbIE 3HAYEHHWS KPHTEPHH Koxpena,
[pHBE/IEHAbBIC B CIPABOYHBIX AaHHbX [1].

Jlna vaxoxaernsi G, HeoOX0IHMO 3HATH YHCIIO cTeneHel cBobous! f,
omnpefeseMoe Io popMyJIe:

f=k-I )

Ecnm ODBITEI HEBOCHPOH3BOAMMEL, TO MOXHO IONBITATECH JOCTHTHYTH
BOCIIPOU3BOIAMOCTH IOyTeM BHUIBICHMS M YCTPAGHEHHMS HCTOYHHKOB

HecTaOUuNBHOCTA 3KCIIEPAMEHTA, 8 TAKXe 33 CUET HACIOIB30BanMs Goee TOUHBIX

H3MEPHTENEHBIX IpUOOpPOB.

IIpakTu9eckoe 3ansgTHe 2

PacueTr 1oBEpHTENHHOIO HHTEPBAIA DK 00paboTke SKCHePHIMEHTAILHEEIX

PE3YIBTaTOB.

JloBepuTensHBIN HETEPBA (Xcp - AX, Xcp+ AX) — 3TO TpaHHIB IPOrHO34,
B paMKax KOTOPBIX C 38@HHOR BEPOATHOCTHEO NONAAYT (aKTHIECKHE SHAYCHUS.

Jins pacdeTa [OBEPHTENBHOIO MBTEPBAa HEOOXOAUMO:

1. paccauraTh CpejHee BHIOOPOYHOE 3HAYCHHE OKCICPHMEHTANBHOIO
apaMeTpa — Xep;

2. PaccumraTh BeJIMYHHY CTAHAAPTHOIO OTKIOHEHHA — S

s n(n-1) : @

\’i(-"; _xq,)z
S:

3 OmnpenennTs JOBEPUTEIbHEIA HHTEPBAT IPH

Ax=8§-1t 2)



rae t — 3HaueHme pacopejenenns CrplofeHTa Ui PasiMYHBIX
JIOBEPHUTENBHEIX BEPOATHOCTEH.

Kosthdrmuent t ucnonssyercs, KOI/a YHCIO H3MEPEHUH HEBENHKO (n <
30).

Jlna 95 % noeeputensHOro ypoBHS (Hauboiee 9acTO KCHOIB3YEMOTO IPH
3NEKTPOXAMUIECKHX, XUMHIHECKIX HCCIIEI0BAHMASX) IIOIIPaBOUHEIH

Kk0odduIMenT t IPUMET ClleLyIoIIAe 3Ha9SHHS:

% p > 3 4 5
OIIBITOB
t 12,7 43 3,18 2,78

IIpumep. Viamepena SIeKTPONpPOBORHOCTE PacTBOpa (X), COAEPKAILETO
NiSO; ‘7TH,O — 140 r/n, H;BO; ~ 20 r/n, NiCL, ' 6H,0 — x r/n, mpm
TeMuepatype 25 oC. Konnenrpamus NiCl, © 6H,0 usmensinacs ot 0 mo 120 r/m.
Ilposepeno 3 mapamnenbubix onsa (n=3). PesynbTaThl H3MepeHmiA

npescraBiess! B Tabnune 1.

Tabnuna 1.

Kornentpanns X (110 Cmeem)
NiCl,'6H,0,
/1 (C) ! : 4

0 19,34 19,25 19,30

40 23,97 23,54 o BB

60 375 31,10 31,25

80 35,59 35,20 - 35,70

100 39,14 39,40 39,86

120 43,49 43,68 43,73

3aoanue:
1. Ilepesectr koruenrpanuio NiCl, * 6H,0 B Mons/I1;
2. Paccumrarh cpefHee 3HaYEHME ) IO 3-M [ApallelbHbIM OUBITaM H

Pe3yJIbTaThl 38HECTH B TabIHAIY 2 KaK Xcp;




4.

Tabummy 2.

5.

IMoctporTs rpaduk 3aBHCHMOCTH Yeps Cnicz - 6120

Nepes, Crrcm’!

JloBepuTensHEI HETEDBAT

=5 <{ :{4_____ OKCITepEMEHTAIEHBIE
1

0.6+ 3HAYEHHUS
0,4
0,2
C nictz - 620, Mons/n
0 T —
0 0,5 1 1,5

Paccumrars S,

Prcynox — 1

Ax no ypaememmaM 1, 2. Pesynsrarel 3amect: B

OTmeTHTE /IOBEHTEBHBLA HHTEPBAN IS SKCIEPHMEHTATEHEIX

TOYEK Ha PHCYHKe 1.

Tabnuna 2

Chicizeir0,
MOJIB/JT

Xepen (Xepen,)

5 S Ax




Hpaxraueckne sausatus 3, 4

IlocTpoenve MaTeMaTHYecKod  Moaenn AT SKCHEPUMEHTAILHO

HONYYCHBbBIX PE3YILTATOB (annpoxcmagg; ).

3adanue. IIpoBecTH amIPOKCAMALIIO TIONY9YeHHEIX SKCIEPUMEHTAbHBIX
Pe3yasTaToB. MICOOAE3YI0TCS YpaBHEHNS: :

a) y=a+Bx { 1?

6) y=a+Bx+ cx’ )

a) Jlns ompenenesrs kodbdmimenton aNIpPOKCHMHUPYIOIEH mpaMO
y = a + BX Hcooissyercs . HOpMallbHast CHCTeMa YPaBHEHHH Metoma
HAMMEHBIIMX KBaJPaToOB, UMEIOMAS BHL:

nat(Ex)B=}y

Cx)ya+ (X)) B=Yxy,

TJie N — YHCITO OTIBITOB.

Paccaurars KoadduumenTs: ypasaenns «a» 1 «By.

Henons3sys momydensoe ypasrense (1) ¢ PacYeTHEIMU KO3 duuuesTaMu
€@» M «B» ONpENENUTh BEIMYMHY Y H CONOCTABHTE €€ ¢ SKCIIePHUMEHTAIEHEIME
JAHHBIMY.

6) HopmanpHas cucTema YPaBHEHWH, CIyXaas i1 OTHICKAHWs
KO3 QHINEHTOB aIIpOKCHMEpYIOMmE napaGoiisl y = a + BX + cx” AMeeT BHIL:

na+(Xx) s+ (Ix’)c=Yy

Ex)ra+(@x) B+ QEx)c=Yxy

Exya+ () B+ (IxY)e=Yxly

TlpuemMsl, Henob3yemble Ipy PEHICHAX CHCTEMBI YPaBHEHUN:

1. xaxmyro crpouky ypasrenuit Pa3AeNuTh Ha KOSQQUIUEEHT OpH «ax;

2. 3 2-0F U 3-effl CTpOdYeK BEIUECTH TIEPBYIO CTPOYKY YpaBHEHHS,

TEPBYIO CTPOYKY OCTABHTEH (€3 H3MEHEHN,
3. 2-y10 ® 3-10 CTPOUKY ypaBHeHmI pasnennts Ha Ko3dduuuenT npu

«BY;



4. BbYecTs U3 3-eif CIPO4KH 2-10 CTPOHKY ypaBHEHHIH.

Ornpenemnts xosddrmmenTs::
«@»- U3 1IepBOH CTPOYKH;
«B»- ¥3 BTOPO# CTPOYKY;

«C»~ M3 TPEThEH CTpoyUKH.

Hoxcrasute maiinennsie KO3QQUIMERTE  «a», «B», «c» B YpaBHeHHe
y=a+Bx+cxlu PAaCCHHTATh BeJMYHuHy — y, CpaBruts pacuernnie 3HAYEHUA y
C SKCHEPHMEHTAIBHO NIOJTydeHHEIMH,

Ipumep.

Hcnomssys  sxcmepmventanpusze AGHHBIE 10 3IEKTPOIPOBOIHOCTH
Bom{oro pacreopa NiSO, 7H,0, NiCL6H,0, H;BO;, onpenenuts, xaxas u3
4IUPOKCHMAUMOBHEX  GOPMyN Jydle OMECEIBAET pesym;raTm Pesynsrarsr
OKCHOCPUMEHTA NIPABE/CHE! B TaGiume 1.

Hucro omsrtos — N g TPHBEIEHHOM IIPUMepe PaBHo 6.

Tabuuna 1.
0 0,19 ( 0,29 0,39 0,48

CniClz6H:0,
MOB/TI, X

39,14-107

325 49,95-10” 71,01-10"

58,48-107 ’ 62,88 10°

Ilposectn npenBaprTennase PAaCHETH, 3a0MHATE Tabumry 2.

Tabmnumna 2.

CN:‘CIMH:O,




Paccuurars xosdduunents: YPaBHEHUSX:
y=atsx 1)
y=a+BxX+ cx’ )
IIposectr cpaBrenme pacuernsx SKCIICPUMEHTANBHEIX NaHHBIX y().
Crenars BBIBOA O HpEMeHEMOCTH ypaBHenuit (1) u (2), ncxous us CpaBHEHHS

PacUeTHRIX ¥ SKCOCPHMEHTATBHEIX HAAHHBIX.

Annpoxcnmamm SKCIEPUMEHTAJIbHBIX PE€3YJALTATOB C

HCIO0Nb30BAHMEM HporpaMmMel Excel

1. BBOZ SKCIIepHMEHTANBHEIX JaHHELX;
_ 2. Konmpoanme 9KCIEPUMEHTANBHEIX JIAHHBIX; '

3. BeraBxa: «ToUeqHas AHarpaMma» (TOYKH coemmeﬁm JIHHASIME);

4. Iomywennsii rpadux CKONHPOBATb CTONLKO Pa3, CKOIGKO YpaBHEHHH
XOTHM IHOJ[y4HTE;

5. Kypcop na auewmo rpaduka u IpAaBOH KHOIKOM JMHU BEIGpATS MHHMIO
TpeH.a;

6. 13 gopmaTs! nrmmu Tperia BBIOpATS:

- TOCTpOMTh JHMHMM TpeHja (JHHeiiHbe, 9KCIIOHEHIHALHEIE,
[IOJMHOMHUAIIbHBIE 3aBHCHMOCTH);

~ BBIJIGITHTE:

- YPaBHEHHE Ha IHarpamme;

- [IOMECTUTD Ha JMAarpaMMy BeNHYHHY AOCTOBEPHOCTH ANIPOKCHMAIIUH
(R"2); ' !

7. 3axpeite

Ho penmumne pocroseprocTH AIlNIPOKCHMALMK  CAENaTth BBIBOA O

TPHMEHMMOCTH HCTIONB3YEMbIX YPABHEHHUI,

10



Hpaxruaeckoe sansTe 5
Oupenenenre mexanmama 38POABINE06DA3OBANNS TANTEBAHOCTATHYECK M
MeToOM.

3aoanue, Onpeneneune MeXarusMa  3aponpieo6pasoBans u3
TaIbBAHOCTATHIECKAX KPHBEIX IIpH 37aeKTpoocaxzenan Ni mu3 3MEKTPOJIHTE
COCTaBa myTeM IoCTpoeHus B%HCHMOCTég?i =1nee 1 — e ' 1 amammsa
TIOTY9E€HHEBIX YpaBHEeHMIA:
a) NiSO47H,0 — 140 1/x
NiCl,*6H,0 — 70 1/
H;BO; - 25 1/n
6) NiSO47H,0 — 140 r/x
NiCl;*6H,0 — 70 1/
H3;BO; — 25 o/
PAIO -2 M

Cocran
NEKTPOIATA




50
SRS T .

60
35 0,002
40

== = -
6) 45

e e e e ]

50

e
60 0,007

Mﬂgyﬂb 2. TexnoJgorgHecKas cHcTEMa € MeMﬁQaHﬂbIM HepPeHocoM
! 3.1'[8!(1‘%1’15.11]!33’1’02 )

IIpakTAYecKne 3ABATHR 6,7

Pa3D8.60’I‘aTB TOHONOIMIECKYI0O H CTEXHOMETPHIECKYIO MOIeHH
3JIC] aau3aTOpa (Ha IPHAMS e obecconaBaHus BOJBL

DNeKTPOAHATHA3ATOpP IPENCTaBIACT coGoif MBOTOCEKIIHOHHbIM aNlapar, B
KOTOpOM ~ OT[ENBHBIE  CeKIHU paseneHsl  MeMOpaHaMH. 3eKTpOAB
PacIONCKeHbI B KpaHHEX CEKLMAX, TOK [IPOXOAUT qepes Bce MEMOpaHBL. Bomac
IpHMecMY JIEKTPOIIMTOB NOAACTCH Ha BXOJl€ [ApalUIeNbHO BO BCE CEKIHH
(xameph1)  ammaparta, a Ha BBIXOAC TOTOK pasjensiercd Ha IBE YaCTH:
OUUIIEHHBIM ¥ KouueHTpupoBanHsi. Cexiud, 1epes KOTOpbIE IIPOXOAAT 062
pAacTBOpa, PACIIONIOKEHBI HOOUCPEAHD (pucyHok 1). Kaxnas 13 HUX orpaHd4eHa
aBymMs MemOpaHamH: C OnHON CTOPOHB IPOHMNEMOX JuA KaTHOHOB
(xaTHOHOOGMEHHOH), C pyro# — OpOHUHAEMOH il AHHOHOB. KouCTpyKTHBHO

12
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0o0a TUna KaMep WAeHTHIHEL a wx yHKUMORANEHblE PA3THYNS BOSHHKAIOT 13-

3a& TOTO, MTO NIpPH YEePEAYIOMEMCs PACIONONEHHH MeMOpan (A-K-A-K-A-K)

LIOOUEPENHO MEHACTCA NOPANOK HX OPHEHTAL|H OTHOCHTEILHO HalpaB/IeHus
Toka (K-A mm  A-K). PactBop xoHueHTpEpYyeTcs B Tex Kamepax, rje
MeMOpaHsl  060MX THIOB [POLyCKAIOT HOHBI, MHIPHDYIONAE BHYTPS, H
OHHINAeTCS B cocennmx. Takum obpaszom, SIEKTPOIUAU3ATOP BEITONHAET [BE

YHKIMH — KOHUEHTPUPOBarHe 1 O9HCTKY.

]
; i
‘ H
H x 8- H
- @5 o g' 4
R YRR
N, 00 i@
1
54’ 82 e bt
H i
T e =

Pucynok 1 — Ilpusnumuansaas cxema paboTs SJIEKTpOJHaIM3aTOpa; | —
BXOJAMMA HOTOK BOAEI C OPHMECEHIO 3IeKTponETa; 2', 2", 4', 4" — noToxu BOJEI
Locxe pasnenenus; 3, 5 — NOTOKH QUUMEHHOH BOIBI K KOHIIEHTPHPOBAHHOTO

SMEKTponnTa Ha BExoze; O, K — ounmaromye u KOHUEHTPUPYIOIIHE KAMEPEL.

Ocobernoctrio S/ICKTPOAHAIA3aTOPE KaK /1eKTPOXMMEHECKOTO alIapaTa
ABIIACTCA. OTCYTCTBHE MHPOLECCOB NPeBPANCHAT (38 HCKIIOGEHHEM Kpaiaux
KaMep, B XOTOPBIX PaCIONONEHB! 31eKTpozbl). M3MeHerye cocTapa pacTBopa B

Kamepax HpOMCXOJHT TONBKO 3a CYET H3GHpATENBHOIo HepeHoca  yepes

MeMGpaHsL.

13
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3adanue 1: Paspabortars TOIONOTHYECKYIO  (CTPYKTYPHYIO) CXemy

SUEKTPOAMAIN3ATOPA, IPENCTABICHHOIO HA PUCYHKE 1.

3a0anue  2: Paspaborate  crexmoMerpuuecky:o cxemy

SJICKTPOAHANIN3aTOPA, IIPEACTABICHHOIC Ha puCyHKe s

Ipaktu4eckue 3ausTus 8,9

3adanue: IMoctpounts MaTeMaTHIeCKyIo Mozeb paboTsI

SICKTPOAUATH3ATOPE B BUE CHCTEME! yPaBHEHMH MacconiepeHoca (Ha Ipumepe

obecconmBanmst BOAEL) (pucyHok 1).

14
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