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JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanmszanuu B 2021 - 2022
y4eOHOM roy Ha 3acenaHud kapeapbl MeTauTypruu ¥ XUMHUYECKHX TEXHOJIOT Ui

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzamnuu B 2022 - 2023
yueOHOM rofy Ha 3acejanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzanuu B 2023 - 2024
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKO

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTamyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor _ 20 r. Ne
3aB. kadeapoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2025 - 2026
y4eOHOM roy Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

IIporokomor 20 1. Ne

3aB. kadenpoit A.C. YapquKO




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

cBOOO/JIHOE BJA/ICHHE OCHOBHBIMH METOJAaMHU IOCTPOCHHS, YHMCICHHOTO pEIICHHUS,
peanu3anuu (MpeCTaBICHUs) U UCCIIEI0BaHUs ¢ TOMOIIbI0 OBM MaremMarnueckux Mojaenei;

OCBOCHME CYIIECTBYIOIIUX OCHOBHBIX MATEMAaTHYECKUX MOJEJEH, UCIOJIb3YEMBIX IPHU
ONMCAHUU XUMHUKO-TEXHOJIOTUYECKUX MPOLIECCOB.

2 MecTo TMCHHMIIMHBI (MO/YJIs1) B CTPYKTYpe 00pa3oBaTe/ibHO MPorpaMmMsbl

Jucuunnuaa MogenupoBaHue XHMHMKO-TEXHOJIOTMYECKHMX —IPOLIECCOB BXOAWUT B
BapHUaTUBHYIO YacTh y4eOHOT0 T1aHa 00pa3oBaTeIbHON IPOrPaMMBI.

Jis  u3ydeHus  AMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(OpMHUPOBAHHBIC B PE3YJIbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

Marematuka

HNudopmartuka

duznueckas XuMus

XHWMHYECKUE PEAKTOPBI

MaccooOMeHHBIE TPOLIECChl XUMUYECKON TEXHOJIOTUN

TexHnueckas TepMOJUHAMMKA U TETIJIOTEXHUKA

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTUU

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUHN AAHHON AMCLUHUILUIMHBI OyayT
HEOOXOAUMBI ISl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

Y4eOHo-uccaenoBaTeNbeckas padboTa CTyIeHTa

[ToaroroBka K 3aIyMTe U 3alIUTa BBITYCKHOMN KBAJIM(DUKAIIMOHHOM pabOThI

[1nanupoBaHue U opraHu3anus SKCIEPUMEHTA

3 Komnerenuun odyyarouierocs, (popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYeMbIe pPe3y/IbTaThl 00y4eHHUs

B pe3yibTare OCBOCHHUS JUCLIUIUIMHBI (Momyns) «MojenupoBaHue
XMMHKO-TEXHOJIOTHYECKUX MPOLECCOB» OOydaromuiics JObKeH o0nafarh  ClaelyroluMU

KOMIIETEHIMSIMU:
CtpyKTypHBII [Inanupyemsble pe3yabTaThl 00yUeHHS
JJIEMEHT
KOMIIETEHIINH
OIIK-5 BJIaJICHMEM OCHOBHBIMHU METOJAMH, CIIOCO0aMU U CPeICTBAMU MOJTy4EHUs,

XpaHeHUs, epepaboTKu HH(POPMaIK, HaBBIKAMU paObOThl C KOMIIBIOTEPOM KaK CPEJICTBOM
yhpaBiaeHUs] HHPopMaIen

3HaTh

uHTepdeiic 1 OCHOBHBIE BOZMOKHOCTH MPOTrpaMM OOIIEro Ha3HAYEHUS
(371eKTpOHHBIE TaOIMIIBI) U CTIEIUATN3UPOBAHHBIX TPOTPaMM ISl pELICHUs
3a-71a4, CBS3aHHBIX C MATEMATUYECKUM MOJIETUPOBAHUEM;

BO3MOKHOCTH TabaruHoro npoueccopa (TII) mpu perennu THIOBBIX 3a/1a4;

VYmMmern

co37aTh COOCTBEHHYIO (PYHKITHUIO B TAOJIUYHOM ITPOIIECCOPE;
MCIOJNIb30BaTh BO3MOokHOCTH TII Ans peanuzanuu anroputma mno 01o0k-
cxeme;

BBIMOTHUTH B TI1 BEIUMCIICHHS 110 UTEPAITMOHHBIM opMyTam;

Bnanets

MPAKTUYECKHMMHU HaBbIKaMU paboTsl B TabimynoM npoueccope (TID);
MPAaKTHYECKIMH HaBBIKAMHU paOOTHI B CIICITUATN3NPOBAHHBIX
MaTeMaTHYeCKUX MaKeTaxX MPUKIIAJHBIX IPOrpamMm;




[TK-16 ciocoOHOCTHIO TIIAHUPOBATH U MMPOBOJAUTH (PU3NUECKHE U XUMUUYECKHUE SKCTIEPUMEHTHI,
MMpOBOAUTDH O6p360TKy HX PE3YyJIbTATOB U OLICHUBATH IMOIPCIIHOCTH, BBIABUT'ATh TUIIOTC3bI U
YCTaHABIIMBATh I'PAHUIIBI UX IPUMEHEHHUS], IPUMEHITh METObl MAaTEMAaTUYECKOTO aHAIN3a U
MOACIINPOBAHUA, TCOPECTUYCCKOI'0 U SKCIICPUMCHTAJIbHOI'O UCCIICAOBAHNA

3HaTh

HOHATUS «MOJEIIbY, «MaTeMaTH4YecKas MOJIeNb», HEOOXOAUMOCTb HAJINYHS
MaTeMaTHYECKOM MOJIENHN AJIsi ONUCAHUS IPOU3BOCTBEHHOTO
XMMHUKO-TEXHOJIOTNYECKOT 0 MPOLIecca;

(U3NKO-XUMHYECKUI METOJ] MOJICTTMPOBAHHUS PABHOBECHOT'O COCTaBa
pacTBopa;

MOHATHE O IMHEHHOW 3aBUCHMOCTH/HE3aBUCUMOCTH XUMHYECKHUX PEaAKIIHIA,
OCHOBHBIE OJIOK-CXEMBI JJIs1 OUCAHUS BBIYMCIUTEIBHOIO aJITOPUTMA;
OCHOBHBIC YHCIICHHBIE METO/Ibl PEIICHUSI HETUHEWHBIX YpaBHEHUH,
II0JIy4aeMbIX B X0/1€ (GPU3UKO-XMMHUYECKOI'O MOJIETUPOBaHHSI PABHOBECHOTO
COCTaBa PacTBOPA;

OCHOBHBIE TU(PepeHIaTbHbIC YpaBHEHHS (POPMaTbHON KHHETHKHY;
OCHOBHBIE METO/Ibl YHCIIEHHOT'O peleHUs qU(pepeHnanbHbIX YpaBHEHUH;
OOIIYI0 METOJIMKY ITOCTPOEHUS (BbIBeneHMs ) A PepeHIInaTbHbIX
ypaBHEHMI Ha OCHOBE MaTEpUaIbHOTO U TEIJIOBOTO OaslaHca;
mdQepeHratbHbIe YypaBHEHHSI HENPEPHIBHOCTH IMTOTOKA JJIS
HEYCTaHOBUBIIETOCS JABUKEHHSI HEC)KUMAEMOH JKUAKOCTH,
TEIUIONPOBOAHOCTH, KOHBEKTUBHOM TETIONPOBOAHOCTH, TUPDYy3HH,
KOHBEKTUBHOM 1u(y3uH; ypaBHEHHE MaTepHaIbHOrO OanaHca s
AIIEMEHTAPHOTO 00bEMa peakTopa Jr00To TUTA.

3JIEMEHTHI TEOPUH 11010015 (IIPOUCXOXKICHUE KPUTEPUEB 000U,
KPUTEPHATFHBIX YPAaBHEHHIA, OMTUCHIBAIOIIMX MPOLIECC MEPEHOCa TeTIa,
Macchl);

ypaBHEHHE CTaHAPTHOTO HOPMAILHOTO PACIPEICIICHHSI, €T0 CBOMCTBA;

VYmMmern

BBIBECTH OCHOBHbIE YpaBHEHUS! (OpMaIbHON KHHETHKU;

yYMETb aHATUTUYECKU PEIIUTh OCHOBHBIE ypaBHEHUs (HhOpMaIbHOM
KHHCTHUKU,

BBIBECTH Ha OCHOBE MaTEPHUAIHLHOTO WU TETJIOBOTO OallaHca OCHOBHBIE
muddepeHnaIbHble YpaBHEHUS: HEMPEPHIBHOCTH MOTOKA JIJIsS
HEYCTaHOBUBIIIETOCS JIBI)KEHUSI HEC)KMMAEMO JKUIKOCTH,
TEIIONPOBOJHOCTH, KOHBEKTUBHOM TEIIONPOBOAHOCTH, Tuddy3umu,
KOHBEKTHBHOU AU dy3un; ypaBHEHHE MaTepUuaIbHOro OanaHca ams
3JIEMEHTApPHOT0 00BhEMA peakTopa JH00ro TUMA;

Bnanets

METOJIOM CTaTUCTUYECKOI0 aHAJIN3a OAHOPOJHOCTHU AUCIIEPCHL;

METOJIOM CTaTUCTHUYECKOI0 aHAJIN3a BHIOOPKU Ha HAJIMYME IPyObIX OIINOOK;
METOJIOM CTaTUCTHUYECKOI0 aHAJIN3a OJHOPOJHOCTU CPEIHUX;

MeTO0JIOM HauMeHblIuX kBaapaTos (MHK);

METOZ0M 00pabOTKH pe3yabTaTOB MMACCUBHBIX SKCIIEPUMEHTOB HA OCHOBE
MHK;
MeToioM [IDD; aHanu3 nosyyeHHOM MOJEIN Ha aIEKBaTHOCTb U
paboTOCIIOCOOHOCTH;

MetozioM [[DD;

METOJIOM MOCTPOEHHUSI MHOTOYPOBHEBOTO MHOT'O()aKTOPHOIO TIaHa,
HCIOJIb3YIOLIETO CBOKWCTBA JJIATUHCKUX KBaJIpaToB.




4. CTpyKTypa, 00bEéM H coep:KaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas pabora — 12,9 akaj. 4acos:
—aynuropHas — 10 akaj. 4acos;

— BHeayuTopHas — 2,9 akaJi. 4acoB

— caMocTosTenbHas pabora — 122,4 akan. 4acos;
— IMOATOTOBKA K 3K3aMeHy — 8,7 akajl. yaca

dopma aTTecTaluy - SK3aMEH

Paznein/ rema
JIHACLUATIIINHEL

Kypc

AynutopHast
KOHTaKTHas pabora
(B akaz. yacax)

11a0.
3aH.

Jlek.
3aH.

MIPAKT.

CamocTosITeIbHas
paboTa cTyaeHTa

Bug
CaMOCTOSITEILHON
padoThI

dopma TEKyIEro
KOHTPOJIS
yCIIEBAEMOCTHU U
MIPOMEKYTOTHOU
aTTecTaluu

Kon
KOMIIETEHIIMH

1. Pasgen
MOIeTTPOBaHIS"

"OOue  BOMPOCHI

1.1 OO6mree MTOHATHE
MOJCIIH. MHoroo6pasue
hopm MPEe/ICTaBICHHS
MOJEIH. Tlonstue 0
MaTeMaTHIEeCKOM
MO/JICITUPOBAHUH.
OCHOBHBIE ~ TIOAXOABI K
MOCTPOCHHUIO
MaTeMaTHYEeCKNX MOIEIEH.
AHaIUTHYECKUI MOAX0J K
MO/ICTUPOBAHUIO.
DKCrepuMEHTATbHBIN
MOJIXOJT K MOJICITHPOBAHUIO.
KomOuHupoBaHHbIH
MOJIXOJT K MOJICTHPOBAHUIO.
OCHOBHBIC JTaIlbl
MOCTPOCHHUS
MaTEMaTHYECKUX MOJICIICH.
TpuenuHcTBo mporecca
MOJICITUPOBAHUSA:  MOJIEIIb,

20

Bremonaenne
MPAaKTUYECKUX
pabot (bmox Nel).

Komnnoksuym.

OIIK-5, TIK-16

1.2
MaTeMaTHYECKOTO
MOJIETUPOBAHUS u3
Pa3IN4HBIX obnacrei
3HaHus ((pu3MKa, BOEHHOE
JIENI0, OMOJIOTHS).

IIpumepst

BremonaeHnne
MPaKTUIECKUX
pa6ort (biox Nel).

Komnoksuym.

OIIK-5, TIK-16

Wroro no pazneny

25

2.  Pazgen
HOIXO0/, K
XUMHKO-TEXHOJIOTHIECKUX
MpoLEeccoB”

" AHAJIMTHYECKHUI
MO/JICJINPOBAHHIO




21 Ilonsrue 0
(PUBUKO-XMMHUYECKOM
MO/JICITUPOBAHUH.
OcCHOBHbIE CBEJCHHA U3
Kypca "duznueckas
xumus".  TepmomuHammuka
XUMHYECKUX MPEBPAIICHUI.
Hampasnenne XuMmMuyecKux

peaxuuil. YpaBHeHHe
HU30TEPMBI XUMHUYECKOM
peaxuuu. Crioco0bt

ONUCaHMs  KOHUEHTPAlUU
pearupymoomux  BEIIECTB.

H3menenue SHEPTHU
I'm6Oca B XoJe peakiuu.
YpaBHeHHe H30TEPMBI

XUMHYECKON peakuuud B
CTaHJAPTHBIX  YCJIOBHSIX.
CBs3b MEXJy KOHCTaHTaMH
paBHOBECHS B 3aBUCHMOCTH
oT cmocoba  ONHCaHUS
cocTaBa PpEeaKkLUOHHOMN
CMecCH. I'ereporennoe
XMMHYECKOEe pPaBHOBECHE:
3aIuCh KOHCTaHT
paBHoBecus. OmnpeznesreHue
KOHCTaHT paBHOBECHS IPH
pa3NMYHBIX TeMIeparypax.
Ilonatne o  nUHEHHON
3aBHUCUMOCTH XUMHYECKHX
peaxiuii. Meron
Témkuna-1lIBapumana s
pacuéra KOHCTAaHT
paBHOBECHS. Pacuér
KOHCTaHTbl paBHOBECHS Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyonmx — BELIECTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpallMii Ha OCHOBE
KOHCTaHTbI paBHOBECHS.
Meronuka pacuéra
PaBHOBECHBIX
KOHILIEHTpaIMH npu
OJIHOBPEMEHHOM
MPOTEKAaHUH  HECKOJIBKUX
peakuuit (MeToauka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocraBa
pactBopa).  OrpaHmueHUs
TCPMOJANHAMNYICCKOI'O
oJxo0/1a B ciydae
MOJIeTUpOBaHus  (pacyéra)
PaBHOBECHOTO cocraBa
pearupyoumx BemecTs.

2/21

20

Brimonnenue
MPAKTHIECKUX
pa6ot (bnok Ne2).

Komnoksuym no
3agavam.

OIIK-5, TIK-16

2.2 Kunernueckue
0COOCHHOCTH  MPOTEKAHUS
XUMHYECKUX peakuuii.
Merouka COCTaBJICHUS
CUCTEM ypaBHEHU,
OITUCHIBAIOIIUX
PaBHOBECHBIC
KOHIICHTpAllMK  BEILECTB,
MPUHUMAIOIIUX YYacTHE B
XHUMHUYECKUAX PEAKIHSX.

2/21

20

BremonaeHnne
MPaKTUIECKUX
pabort (biox Ne3).

Komnnoksuym no
3a7ayam.

OIIK-5, TIK-16




2.3 JduddepenupanbHbie
YpaBHEHHSI HETPEPHIBHOCTH
MOTOKA TSt
HEYCTaHOBHBIIIETOCS
JBIDKEHUsSI ~ HECKHMaeMoi
JKHIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
qupdy3uu, KOHBEKTUBHOM
U dysnu; ypaBHEHHE
MarepuagbHOro  OanaHca
UL 3JIEMEHTApHOTO
0o0béMa peakTopa IOOOro
tuma. OOmue cBeAeHus o
Teopuu nono0us.
OcHoBHEIE KpUTEpUn
nonobust. KpurepuanabHbie

30

TToaroroBka k
CEMHHApPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

OIIK-5, TIK-16

Uroro mo pazneny

4/41

70

3. Paznen "DkcnepuMeHTaIbHbINH

noaxon"

31 CrarucTuyeckue
METOJIBI aHanm3a
AKCIEPUMEHTAIBHBIX
JTAHHBIX.
DKCIIepUMEHTAIbHBIC
OLICHKH HCTUHHOTO
3HAYCHUS u3MepseMon
CIy4aifHO! BENWYHHBI U e
mucnepcun.  OmpeneneHue
rpyObIX  OIIHOOK  cpemu
pe3yJIbTaTOB MOBTOPHOCTEHN
OTIBITA.
CpenHeB3BEeIICHHBIC
OLICHKH JACIIEPCHH.
Amnanus OJIHOPOJHOCTH
MCXOIHBIX OLICHOK
qucniepcun.  OnpezneneHue
JOBEPUTENBHON  OIIMOKH

9KCIEPUMEHTANbHOMN

OIICHKH H3MEPAEMOTo
napamerpa. Ompenenenue
qrca HOBTOPHOCTEI
OTbITa, OO0CCIIEYMBAIOIIETO
TOJTy4eHUE 3aIaHHOM
JIOBEPUTENILHOW  OLIMOKHU
OIICHKH OIIpeeNsIeEMOTO
napamerpa. IIposepka

HOPMaJIbHOCTHU 3aKOHa

Brimonnenue
MPAKTHIECKUX
pabot (biox Ned).

OIIK-5, TIK-16




3.2  IlnanupoBanue  u

o6paboTka pe3yJIbTaTOB
01HO(haKTOPHOTO
9KCHEPUMEHTOB.
dopmanmzanus
IKCTIEPUMEHTANBHBIX
JaHHBIX METOJIOM
HAWMCHBIIUX  KBAaJpaTOB.
CUMMeTpHIHBINA u
PaBHOMEPHBIi TUIaH
01HO(haKTOPHOTO

skcnepuMeHTa. IIpoBepka
aJIeKBaTHOCTH

MOJIy4YEHHOTO YpaBHEHUS U
€r0  HUCIOJb30BAHUE UL
ONTHMU3ALUKM  IIpollecca.

[omyuenune
9KCIOHEHIINATBHON
3aBHCUMOCTH o
pe3yibTaTam
OJTHO(AKTOPHBIX
9KCIIEPUMEHTOB.
JIByXypOBHEBbIE TIJTaHBI
MHOTO(paKTOPHBIX
9KCIIEPUMEHTOB. Merton
HaWMEHBIIUX  KBaJIpaToOB
pu o0pabotke
pe3yJIbTaToB
MHOT0()aKTOpHOI'0
JKCIIEPUMEHTA.
JByxypoBHeBbIil II71aH Brimonnenue
TTOJIHOTO (akropuoro 6 MPaKTUYECKUX OIIK-5, TIK-16
JKCIEPUMEHTA [oeo52n. pa6ot (binok Ne4).
VYpaBHEHHUs, MOITydaeMbIe
o pe3yibTaTam
peanu3anuu TUIAaHOB
Id32n.  Crarucruyeckuit
aHaJIN3 3HAYMMOCTH OLIEHOK
K03 GUIIIEHTOB
ypaBHEHHS, ero
a/IeKBaTHOCTH "
paboTOCIIOCOOHOCTH.
JpoOusrit (axTOpHBIH
skcriepument  [1dD2n-n'.
IInanupoBanue
IKCIIEPUMEHTA pu
U3MEHSIOIEMCS BO
BPEMEHH  BIMSHUM  HA
porecc HEYYTEHHBIX
¢axropos. Hcnoms3oBanne
miado 11d22n DI2n-n'
JUISL TIOJTYYCHUSI YPaBHEHUS
nporecca B BUJIE
9KCHOHEHIIMAIbHON
3aBUCHMOCTH.
PaccmoTpenue npumepos.
MHoroypoBHeBbIE
MHOTO(aKTOPHBIC  TUIAHBI,
UCTIOJIB3YIOIIUE ~ CBOWCTBA
JIATUHCKUX KBaJIPaTOB.
IToctpoenue TUIAHOB.
ITomyuyenune u
UCIIOJIb30BaHUE Ut
Hroro mo pazaeny 12

4. Pazpen "KoMOWMHHMpOBaHHBIH

merox"




4.1 OcobeHHocTH
KOMOWHHPOBaHHBIX
MaTEeMaTHYECKUX MOJETeH.
PaccmoTpenne
MaTEeMaTHYECKUX MOJIeIeH
u3 obnactu
npodecCHOHATEHON
KOMITCTCHITUH
(IporHO3UpOBaHUE
nokasareneit KavecTBa
Kokca M25 u M10).

154

TToaroroBka k
CEMHHAPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

OIIK-5, TIK-16

Hroro no pasgeny

15,4

5. Pasgen "Ok3amen"

5.1 Dx3amen

TToaroroBka k
SK3aMEHY

DK3aMeH

OIIK-5, TIK-16

Hroro no pasgeny

Uroro 3a cemectp

6/41

122,4

OK3aMCH

Hroro no JUCHUIIIINHE

6/411

1224

OK3aMCH

OIIK-5,ITK-16




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jnst  JAOCTOKEHWsI  IUIAHUPYEMBIX — pe3yabTaroB  OOy4YeHHs, B  JUCHUIUINHE
«MoJienupoBaHue  XMMHUKO-TEXHOJIOTMYECKHX  IPOLECCOB»  HUCIOJNB3YIOTCS  pa3iuyHbIe
00pa3oBaTeNbHbIC TEXHOJIOTUU:

1. HMuadopmannoOHHO-pa3BUBAIOIINE TEXHOJIOTUHM, HAIMPABICHHbIE HA OBJIAJCHHE
OOJIBIIUM 3allacoM 3HAHWM, 3alIOMHHAHUE W CBOOOJHOE orepupoBaHue WMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUECHUE TUTEPATYPhl, IPUMEHEHHE HOBBIX
UH(POPMALIMOHHBIX TEXHOJIOTUH JUISI CaMOCTOSITEIbHOTO TIOMOJNHECHUs 3HAHHW, BKIFOYAs
UCTIOJIb30BaHUE TEXHUUECKUX U JIEKTPOHHBIX CPEJICTB HH(POPMAIINH;

2. JlesTenbHOCTHBIE MPAKTUKO-OPHEHTHPOBAHHBIC TEXHOJOTWH, HAIPABJICHHBIC Ha
¢dopMHpoBaHHE CUCTEMBI NPOPECCHOHATBHBIX MPAKTHUYECKUX YMEHHMHA TpPU MPOBEACHUHU
AKCIEPUMEHTATIBHBIX UCCIICAOBAHHH, 00ECTICUNBAIOIINX BO3MOKHOCTh KAYECTBEHHO BBITIOIHSTh
po(heCcCHOHATTLHYIO e TEIbHOCTD;

3. Pa3BuBaromme mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOTHH, HaIPaBJICHHBIC Ha
dopmupoBaHHEe ¥ pa3BUTHE TPOOJIEMHOTO MBIIUICHUS, MBICIUTEIFHOW AKTUBHOCTH,
CIIOCOOHOCTH NMPOOJIEMHO MBICIHUTD, BUIETh U (OPMYITUPOBATH POOIEMBI, BEIOUPATH CIIOCOOBI U
cpeAcTBa i HMX pemeHus. VICmonp3yloTcs CIenyromue BHIBI MPOOJIEMHOTO OOydYeHUS:
OCBCIIICHUE OCHOBHBIX IMPOOJIEM HM3y4aeMOW IUCIMILIMHBI HA JICKIHSX, Y4eOHbIC JUCKYCCHUH,
pemieHre 3ajad TOBBIMICHHON ClOXHOCTU. llpenongaBarens Wb CO3JaeT MPOOIEMHYIO
CHUTYAIIHIO, a pa3pemaroT e€ 00yJaeMbIe B X0/ CAMOCTOSTEIILHOW ICATEIIbHOCTH;

4. JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTUHM OO0y4YeHHs, oOecrneuyuBarollie B XOJe
y4eOHOTO IMpolecca Y4eT pasiHyHbIX CHOCOOHOCTEH 00ydaeMbIX, CO37aHHE HEOOXOIMMBIX
YCIIOBHH TSl pa3BUTHUS X MHIUBHIYaJIbHBIX CIIOCOOHOCTEH, Pa3BUTHE aKTUBHOCTH JTMYHOCTH B
y4eOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIC TEXHOJOTMH OOYUYCHHS PEaU3ylOTCs B
pe3ynabpTaTe MHIUBUAYATLHOTO OOMICHUS IPEToAaBaTelisi M CTYJACHTAa Ha KOHCYJbTAIHUAX, MPH
BBIMOJIHCHUH JIOMAIIHUX WHMBHyalbHbBIX 33JJaHHI, IOJrOTOBKE WHANBUAYAILHBIX OTYETOB 110
VH/IMBUIYaJIbHBIM 33/IaHUSIM, PEIICHUH 3a]1a4.

Mertoanyeckast ~ KOHIICTIIUS  TPENoJaBaHUS  TUCHHMIUIMHBL  «MoenupoBaHue
XUMHKO-TEXHOJIOTMYECKHX IMPOLIECCOB» TMpeAaycMaTpuBaeT aKTUBHYIO (OpMy YCBOEHUs
Marepuaia, KoTopasi 00ecreuynBaeT MaKCUMAIBHYIO CaMOCTOSITEIbHOCTh CTYJCHTa B PEHICHUH
TEXHOJOTHYECKHX 3a/1a4 MTPH BHITIOTHEHUH 3aJaHHH.

Taxoke mperycMOTpPEeHBI Pa3InYHbIe BU/IbI JICKIIMOHHBIX 3aHATHI:

- JIeKIUs ¢ pa300poM KOHKPETHOH 3a7auu, U3JI0)KEHHOM B YCTHOM (opme MM B BUIE
ClIaiiia WM BUIC03AITHCH, CTYICHTHI COBMECTHO C MPETIOAaBaTeIeM 00CYKIAIOT 1 aHATU3UPYIOT
NpeJICTaBJICHHBIN MaTepHa,

- JIGKIUA ¢ pa300poM HEpEeIIeHHBIX U MPOOJIEMHBIX BOIPOCOB TUCIHMITIMHBI — aHATU3 H
00CyX/1IeHUE BO3MOXHBIX BAPUAHTOB PEILIEHHSI ATUX BOIIPOCOB.

CamocrosTenbHas padoTa CTUMYJIUPYET CTYACHTOB K CAMOCTOSITENILHON popaboTKe TeM
B TIpollecce HamucaHus pedeparoB, BBHINOJHEHUS WHIAMBUAYAIbHBIX 3a/laHUl, B TpOIEcce
MOJrOTOBKH K KOJUTIOKBHYMaM M UTOTOBOM aTTECTallNH.

HHTepakTHBHOE 00yueHHE BKIIOYAET CIIEIYIOLINE METO/IbI:

- paboTa B KOMaH]1e

- mpo0seMHOE 00yUeHne

- KOHTEKCTHOE 00y4YeHHE

- oOyueHre Ha OCHOBE OTIBITa

- MEeXIUCITUTUIMHAPHOE O0yUEeHHE

- IBpHUCTHUYECKas Oecena

- yueOHast AUCKYCCHS.

JUisi OLIEHKM 3HAaHWUN PEKOMEHAYeTCs HCIOJIb30BaTh PEHTHHTOBYIO CHCTEMY, KOTOpas
o0ecreunBaeT TUArHOCTUKY JOCTIKEHHS 00y4aeMbIM 3aJIaHHOTO YPOBHSI KOMIIETEHTHOCTH Ha
KaXJIOM 3Talle TeKyIIero, MpOMeXyTOYHOT0 U pyOeKHOT0, UTOrOBOTr0 KOHTpos. Llens



CTyeHTa — HaOpaTh MakCUMalIbHOE YncIiIo 6amnoB. [Ipu peTUHTOBOI crcTeMe pe3Ko BO3pacTaeT
POJIb TEKYIIEro KOHTPOJIsA. B KoHIIE cemecTpa, CTyneHThI, HabpaBiiue cyMmmapHbIid peidTiuHT 50%
IIOJIyYaloT JIOIYCK K 3K3aMEHY.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4arIMXcst
IIpencrasneno B npuiioxeHu 1.

7 OueHoYHbIE CPeCTBA JIs POBeIeHUs POMEKYTOYHOM aTTecTaluu
[IpencraBieHbl B IPUIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIITIHHBI (MOTYJIs1)
a) OcHoBHas TUTEpaTYypAa:

1. Edpemos, I'. 1. MonenupoBaHue XUMHKO-TEXHOJOTHYECKUX MPOIECCOB | YUeOHHK /
I''1. EppemoB. — MockBa : MHOPA-M, 2019. — 255c.+ J[lom. wMmarepuais
[DnexTponHbIii pecypc; Pexxum mocryma http://new.znanium.com]. — (Beiciee
obpaszoBanue: bakamaBpumar). —  www.dx.doi.org/10/12737/12066. - ISBN
978-5-16-103090-5. - Tekcr : AICKTPOHHBIN. - URL:

https://new.znanium.com/catalog/product/989195

2. 3arkeiim, A. 10. 3akreiim A. 0. OOmias xuMmuyeckas TEXHOJIOTHS. BBEICHHE B
MOJIETUPOBAHUE XMUMHKO-TEXHOJIOTMUYECKUX IPOLECCOB [DNEeKTpOHHBIH pecypc] :
y4e6. mocobue / A. FO. 3akreiim. - 3-e uzn., nepepad. u gor. - Mocksa : Jloroc, 2012. -
304 c. - (HoBas yauBepcurerckast oudimoteka). - ISBN 978-5-98704-497-1. - Tekcr :
anekrnonneii. - URL: httns://new.znanium.com/cataloa/oroduct/468690

0) JlonmosiHuTebHAS JIUTEPATYpA:

1. CuCTeMHBIM aHalu3 MPOIECCOB U allapaTOB XUMHUUYECKOW TEXHOJIOTHH | yueO.
nocobue / D.J[. UBanuuna, E.C. Yepuskosa, H.C. benunckas, E.H. MBamkuna ; Tomckuii
MOJIUTEXHUYECKUN YHUBEPCUTET. - ToMcK : M31-B0 TOMCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA,
2017. - 115 c.- ISBN 978-5-4387-0787-5. - Tekct : oanekrponHsii. - URL:
https://new.znanium.com/catalog/product/1043896

Kapmanos, ®@. 1. Cratuctruueckue MeTOAbl 00pabOTKH HKCIEPUMEHTAIbHBIX JAHHBIX C
ucnonp3oBanueM makera MathCad: Yuednoe nmocooue/®d.M.Kapmanos, B.A.OctpeiikoBckuii -
Mocksa . KYPC, HUL[ UH®PA-M, 2015. - 208 c. ISBN 978-5-905554-96-4. - Tekcr :
snexktpoHHbIi. - URL: https://new.znanium.com/catalog/product/508241

2. Kosznos, A. 0. Cratuctuueckuii aHanu3 gaHHsix B MS Excel : yue6. nocodue /
A.1O. Ko3nos, B.C. Mxurapsa, B.®. [llumos. — Mocksa : UH®PA-M, 2019. — 320 c. —
(Beiciiee  obpasoBanme: bakamaBpumar). —  www.dx.doi.org/10.12737/2842. - ISBN
978-5-16-101024-2. - Tekcr : AIIEKTPOHHBIM. - URL:
https://new.znanium.com/catalog/product/987337

3. l'onoueB, H.H. DOneprernka u HampaBIe€HHOCTh XWMHUYECKUX IPOLECCOB.

XuMuueckass KHHETHKA M XHMHYecKoe paBHOBecwe | yue0d. mocobue / H.H. Tonosues. -
Kpacnosipck : Cu6. denep. yu-t, 2018. - 148 c. - ISBN 978-5-7638-3783-4. - Tekcr :
anekTpoHHbIi. - URL: https://new.znanium.com/catalog/product/1031881
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https://new.znanium.com/catalog/product/1031881

27. berukoB, M. HW. OcHoBbl mnporpammupoBanuss Ha VBA mms  Microsoft
Excel/beraukoBM.U. - HoBocubupck : HI'TY, 2010. - 99 c.: ISBN 978-5-7782-1460-6. - Tekcr :
anektpoHHbIi. - URL: https://new.znanium.com/catalog/product/549331

28. Jleea, B.C. KommbroTepHoe MojiearpoBanue B He()TerazoBoM jeje : yueb. mocooue /
B.C. [eeBa ; Tomckmii monuTexHU4eckuid yHuBepcuteT. - Tomck @ M3n-Bo Tomckoro
noymTexHuueckoro yHmBepcutera, 2018. - 86 c. - ISBN 978-5-4387-0806-3. - Tekct :
anekTponHbIi. - URL: https://new.znanium.com/catalog/product/1043846

29. Hazapos, C. B. IIporpammuposanue B makerax MS Office : yue6. mocobue / C. B.
Hazapos, II. II. Menbnukos, JI. II. CmonpHukoB u ap.; nox pen. C. B. Hazaposa. - Mocksa :
®unancel u cratuctuka, 2007. - 656 c.: wi. - ISBN 978-5-279-02926-6. - TekcT : 2J1IeKTPOHHBIH.
- URL: https://new.znanium.com/catalog/product/369386

30. AngpeeB, C. M. MonenupoBanue OOBEKTOB W CHCTEM YIpaBJeHUS . ydeOHOE
nocobue / C. M. Aumpees ; MI'TVY. - Maraurtoropck : MI'TY, 2017. - 1 371eKTpOH. OMNT. JAUCK
(CD-ROM). - 3arin. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138
496/3337.pdf&view=true .

31. baxenos, H. M. MeToapl OAHOMEPHON ¥ MHOTOMEPHOW ONTUMH3AINHU | IPAKTHKYM
no mucnuiumbae "MopgenupoBanue cuctem" / H. M. baxenos, E. C. PsbuukoBa ; MI'TVY,
Kadenpa mpompIiieHHOM KHOSPHETHKHU M CHCTEM yIpaBieHus. - Marauroropek : MI'TVY, 2011.
- 1 omextpon. onr. guck (CD-ROM). - 3arn. ¢ turya. oskpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123
747/1344 pdf&view=true

32. I'aBpuiioBa, M. B. Mmurannonnoe MojenupoBaHue . yuebHoe mocooue / M. B.
IaBpusioa ; MI'TY. - Marauroropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). -
3arn. c TUTYJL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2836.pdf&show=dcatalogues/1/1133
202/2836.pdf&view=true .

33. Kyxta, 0. b. KomnbiorepHoe MoaenupoBaHHE TEXHOJIOTHUYECKHUX TMPOIECCOB !
yueOHoe mocodue / FO0. b. KyxTa. - Maruutoropck : MI'TY, 2014. - 1 3JeKTpOH. OMNT. JUCK
(CD-ROM). - 3ari. c THTYJL. DKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/11189
39/928.pdf&view=true.

34. Jlykuna, O. A. Chemical and Oil Production. [IpakTukym 10 HHOCTPaHHOMY SI3BIKY :
yuebHoe mocobue / O. A. Jlykuna, E. A. Tlukanosa. - Maruutoropck : MI'TY, 2012. - 1
sanektpoH. ont. guck (CD-ROM). -  3arm. ¢ Turyn. okpanma. -  URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/11191
22/986.pdf&view=true

Ilepuonuyeckre uU3aaHus:
Kypnan Koke u xumust. — ISSN 0023-2815. — Tekcr : HenocpeICTBEHHBIH.

B) MeToauyecKkue yKazaHus:

1. MarepuasibHbIE U TEIUIOBBIE PACUEThl XUMHKO-TEXHOJIOTHYECKHUX MPOIECCOB © yuyeOHOe
nocobue / C. A. Kpsutoa, 3. . Kocrtuna, U. B. ITonypko, A. B. T'opoxos; MI'TY, [kad.
XTHMu®X]. - Marauroropck, 2011. - 50 c. : tabn. - URL:
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https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/1119122/986.pdf&view=true

https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true

2. KpeioBa, C. A. BBenenue B aHanW3 W CUHTE3 XUMHUKO-TEXHOJOTUYSCKUX CHUCTEM !
yuebnoe nmocobue / C. A. Kpbutosa ; MI'TY. - Maruuroropck : MI'TVY, 2016. - 1 31eKTpOH. OIIT.
JICK (CD-ROM). - 3ar. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/113146
4/25.pdf&view=true

3. Kpbutosa, C. A. O6miast xumuyeckast TexHoJorus : yueonoe mocoodue / C. A. KpsLioBa,
P. H. AGapaxmanos, U. B. [lonypko ; MI'TVY. - Maraurtoropck : MI'TVY, 2017. - 1 3neKTpoH. OmT.
JICK (CD-ROM). - 3arin. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/113909
8/26.pdf&view=true.

r) [IporpamMmuoe obecnieuenue u UnTepHeT-pecypcebi:

IIporpammHoe o0ecnevyenne

Haumenosanue [10 Ne norosopa Cpoxk eficTBUS TULEH3UU
MS Windows 7
Professional (st J1-1227-18 oT 08.10.2018 11.10.2021
KJIACCOB)
FAR Manager CBOOOHO 0eccpoyHO
pacmpoctpansiemoe [10
MS Office 2007 Ne 135 ot 17.09.2007 GeccpouHo
Professional
MathCAD v.15
Education University [/1-1662-13 ot 22.11.2013 0eccpovHO
Edition
IIpodeccnonanbubie 0a3bl JAHHBIX H HH(POPMAIMOHHBIE CIIPABOYHbIC CHCTEMbI
HasBanue xypca Cchlnka
OnekTpoHHas 0a3a mepuoanveckux minanwii East|https://dlib.eastview.com/
View Information Services, OO0 «MIBUC»
HauponansHas MHQOPMAUMOHHO-AHATMTHICCKA| ) - hitns: /elibrary.ru/projectrisc.asp
cucreMa — Poccuiickuifi HMHAEKC HAay4yHOIO
nutuposanus (PUHIL)
[TouckoBas cucrema Axanemust Google (Google|URL: https://scholar.google.ru/
Scholar)
HUudopmanmonnast cucrema - Enunoe okuo|URL: http://window.edu.ru/
JIOCTYTa K MH(GOPMAIMOHHBIM pecypcam

9 MarepuajibHO-TEXHHYECKO€E 0O0ecneuyeHrue JUCIUIIMHBI (MOITYJIs1)

MaTCpI/IaJ'IBHO-TeXHI/I‘-ICCKOe obecrneucHUe JUCHUIIIIMHBI BKIIFOYACT:


https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/1131464/25.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/1131464/25.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true
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Y4eOHble ayTUTOPUU JIJIsl TPOBEICHUS 3aHATHI JEKIIMOHHOTO TUma (MynbTUMEINITHbIE
CpEICTBA XpaHEHHUsI, Iepejaur U MpeACTaBIeHUS HHPOPMAIIIH)

VYyeOHas ayauropus [ HOPOBENEHUS HpakTHueckux 3aHaTuil (IlepconanbHble
komibioTepbl ¢ maketom MS Office, BbI-x070M B MHTEpHET M € JOCTYIIOM B 3JCKTPOHHYIO
nH(}OPMAIIMOHHO-00pa30BaTENBHYIO CPETY YHUBEPCUTETA)

VY4eOHble ayqUTOPUH Ui TPYHIOBBIX W WHIUBUAYATbHBIX KOHCYJIbTAIMM, TEKYIIETro
KOHTPOJIS ¥ POMEXKYTOUHOM arrectanuu (Jlocka, yaeOHbIE CTOJIBI, CTYIIbS)

[lomemenuss nns XpaHeHHs M NPOPUIAKTUYECKOrOo OOCTYXUBAaHUS Y4eOHOTO
o0opynoBaHusl (CTEUIaXKu s XpaHEHHUsT OOOpyAOBaHHWSA, METOAUYECKAs JUTepaTypa Ui
VUeOHBIX 3aHITHI)



IMPUJIOKEHHMUE 1

6 YueOHO-MeTOoAHUYeCKOe o0ecneyeHne caMOCTOATEIbHOI padoThl 00y4aloIuXCs

[To qucunrumHe «MoAETUPOBaHHE XUMUKO-TEXHOJIOTHYECKHUX IPOLIECCOBY MPEyCMOTPEHA
ayIUTOpHAsl U BHEAyAUTOpHas paboTa 00yJarouuxcsi.

Ay,Z[I/ITopHaH pa60Ta CTYACHTOB IpEAIoIaracTt pCiCcHUE 3ajjaqd Ha IPaKTHYCCKUX 3aHATHAX.

AynurtopHsie padotbl. Biok Ne (BJI):

BJI Nel «O0mue BOpochbl MOAEJIMPOBAHUS

Nel. CocTaBuTh OJ0K-CXEMY ISl BBIYMCICHUS CYMMBI KBaApaToOB MepBbIx N unces HaTypanbHOTO
pana.

No2. CocraButh 0JI0K-cxeMy Jisi pelienus 3agaun. KakoBo Bpems najieHus Tesa, €Clid U3BeCTHBI
BBICOTA, YCKOPEHHE, HadajabHas CKOpOCTh. [IpuMeuanue: mpeaycMoTpeTh KOPPEKTHYIO
00pabOTKyY BCEX BOBMOXKHBIX CITy4aeB: peIICHHE HE UMEET KOPHEH; OJT1H, JIBa KOPHS; 3a/1a4a
HE UMeeT (PU3MYECKOTO CMBICIIA.

BJI Ne2 «Ananutnyeckuii moaxoa k moaeaunposanno XTID»

Nel. Paccuntats HOHHO-MOJEKYISApHBINA cocTaB B mpucyTcTBUU KCN, pacTBopEéHHOTO B
xomgectBe C=10" Moib / 1. 3a1aThCs 3HAYCHUSAMH pH B unTepnane 0-14 u yucieHHo
paccuuTaTh HOHHO-MOJIEKYJISIPHBIN COCTaB IaHHOM cucTeMbl. Pe3yibTaThl MpecTaBUTh
rpaduuecku B ”HGOPMATUBHOM BUI€ (MCIOIB30BATh JIOTAPU(MUYECKYIO IIKATy
BBIXOJHOTO TapameTpa). Bee pacu€rsl mpon3secTy B TaOJIMYHOM MPOLIECCOPE.

Ne2. PaccunraTs HOHHO-MOJIEKYJISIPHBIN COCTAaB PAaCTBOPA B IPUCYTCTBUU PACTBOPEHHOMN
YIJIEKUCIIOTHI BO3AyXa. 3aaaTkes 3HaueHUs MU PH B nnTepBane 0-14 1 yucieHHO
paccunuTaTh HOHHO-MOJIEKYJSIPHBINA COCTaB JaHHON CUCTEMBbI. Pe3ynbTaThl IpeIcTaBUTh
rpaduyecky B ”HGOPMAaTUBHOM BHJI€ (MCIOIb30BATh JIOTAPU(PMUUECKYIO LIKATY
BBIXOJIHOTO ITapameTpa). Bce pacu€rsl mponsBecTy B TAOIMYHOM MIPOLIECCOPE.

Ne3. 3nauenue pH pactBopa perynupyercst ©3BMEHEHHEM KOHIIEHTpaluu coibl. Paccunrarh
konmenTpamuo [CO¥] HOHOB B pacTBOpE, C YIETOM PACTBOPEHHOMN YIIIEKHCIOTH BO3IyXa.
3anatecs 3HaueHusiMu PH B uHTepBane 0-14 u yncieHHo paccunuTaTh
MOHHO-MOJIEKYJISIPHBIA COCTaB IaHHOW CHCTEMBI. Pe3ynbTaThl mpecTaBUTh rpaguuecku B
UH(POPMATUBHOM BHUJIE (MCIIOJIB30BaTh JOrapu(pMUUECKYIO IIKATY BBIXOAHOTO IMapaMeTpa).
Bce pacuérel mpou3BecTH B TaOJIMYHOM IIPOLIECCOPE.

Ne4, TTpu kakom 3HaueHuu PH nocturaercs mpakTudecku mostHoe ocaxaeaue MnS (ITPyns =
2.5*10'10), coniepkarerocs B pactsope B konuuectse 0,005 mounb, pu ynotpednenuu 50 %
u30bITKa ocaautens. Pacuér mpoussectu Ha 1 11 uccieqyeMoro pactsopa. Bee uncnenHbie
pacuéThl MPOU3BECTH B TAOIMYHOM MPOLIECCOPE, AHATTUTHUECKHE 3aMHUCH TIPEJOCTABUTH B
OyMaxxHOM Buje. M3 kakux cooOpakeHU HaXOAUTCS KOHIIEHTPAIlUs MapraHiia [Mn®*], u
MEXTy KaKUMHA XUMHYESCKUMH (DOpMaMHU OCYIIECTBIIICTCS MaTepUaAIbHBIN OalaHC 1o cepe
WU30BITOYHON KOHIICHTPAITMH OCAUTEIS?



No5. Ilpumep 5. Paccunrtarh paBHOBECHBIN COCTaB Ta30BOM (pa3bl Jisi yCTAHOBUBIIETOCS
TCP-MOAUHAMUYCCKOTI'O pABHOBCCHUA MTOJYUCHUA BOAAHOI'O Ir'a3a IO pCaKIUAM:

C+H,O0<=CO+H, (1)
CO+H,0=CO,+H, (2

B JAaHHOM 3aJaHUHN JOCTATOYHO OFpaHHqHTBCH BBIBOJIOM Ky61/1qec1<or0 ypaBHeHI/IH OTHOCHUTCIIBHO
Pco.

Ne6. OueHUTH ¢ HU3NKO-XUMHUYECKON TOUKH 3pEHHs, TPU KaKkoM 3HaueHuu PH mpoucxonut
nepexoa PbSO4 B Pb(OH),. U3menenune pH npoucxoaut 3a cuér NaOH.

B cucreme nmpeamnojgaracTcda MpoTCKaHue CICAYIOIMUX XUMUYICCKUX peaKuHﬁ:

PbSO, < Pb*,,+S0,",» (1)

41B.

Pb(OH),. < Pb*,, +20H ,, (2)
Pb(OH),. < H"pp +HPDO, 1, (3)
Pb(OH)" - < Pb*,, +OH by (4)
HSO, »» < H"pp +SO,% 1y (5)
H,0< H"+0OH™  (6)

ypaBHeHI/Ie MaTCpHuaJIbHOTO Oananca:

[Na"] < [OH 1+[Pb(OH)"] (7)

YpaBHEHHE 2IEKTPOHENTPATILHOCTH:
[Na*]+2*[Pb* ]+[Pb(OH)*]+[H"] < 2*[SO,* ]+[HSO, ]+[HPbO, ]+[OH]

[Tpumeuanue: npy pelieHu  3a1a49u HE0OXO0AUMO IO UMEIOLUMCS] YPaBHEHHUSIM COCTaBUTh
CHUCTEMY HEJIMHEVHBIX YPAaBHEHUI, U3 HEE BBIBECTH YPAaBHECHHUE:

2*K22*K4*K5*[H+]4 +K,*K *K, (2%K, + K, *K  )*[H]* -
_K4*Kw2(K1*Kw2 "'Kz*Ks*Ks)*[l'P]_2*K1*K4*Ks*Kw4 =0

N3 cipaBOYHBIX JaHHBIX HEOOXOAMMO OIMPEACIUTh KOHCTAHTHI XUMHYecKuX peakiuii K; — Kg
cooTBeTcTBYrONMX peaknuit (1)-(6).

N3 mpakTH4ecKux coOOOpaKeHN YCTAaHOBUTH, C KAKOW TOYHOCTHIO HEOOXOUMO BBIUUCTISATh
3HaueHue pH.



Henuneiinoe ypaBHeHHE HEOOXOIUMO PEIIUTh YEThIPbMS METO/IaMu: TpauyecKuM,
MOJIOBUHHOTO jenieHus, HetotoHa, xopa. CaenaTh BEIBOJ O OBICTPOTE CXOAUMOCTH KaXKI0TO
13 METOJI0B IIPH 33JaHHOM TOYHOCTH MOJTYy4aeMOTr0 pe3yJibTara, a TAaKyKe MPUTOHOCTH JIJIst
pelieHus 3a1aun (PU3NKO-XUMUIECKOTO MOICTUPOBAHUSI.

PaccmoTpeTs 3BpUCTUYECKHI METO, OCHOBAHHBIN Ha CrieU(HUKe pelaeMoin 3a1a4u, peleHHs
CHUCTEMBbI HEJIMHEWHBIX YPABHEHUM.

Bce BbumcneHUs MPOU3BECTH B TAOJIMYIHOM MPOIIECCOpE.

No7. Tlonw3ysack pe3ynbraramu 3aj1a4n Noe6 UCKIIFOUUTh U3 CUCTEMbl HEJIMHEHHBIX YPaBHEHUI
ypaBHeHue (3). PemuTs Noay4eHHYI0 CUCTEMY YPaBHEHUN IBPUCTUYECKUM METOIOM.
Crenatpb BbIBOJ O BJIMSHUU ypaBHEHUS (3) Ha MOJIETIMPYEMYIO CUCTEMY U UTOTOBOE
3HayeHue pH.

Ne8. TTonb3ysch pe3yapTaTaMu 3aaa4u Ne6 UCKIIIOUUTH U3 CUCTEMbI HEIMHEHHBIX ypaBHEHUN
ypaBHenue (3) u (5). Pemutsb nony4eHHy0 CUCTEMY YpaBHEHUH 3BPUCTUUYECKUM METO/IOM.
Crenatp BbIBOJ O BIMAHUU ypaBHEHUS (3) u (5) HA MOJEIUPYEMYIO CUCTEMY U UTOIOBOE
3Ha4yeHue pH.

Ne9. TTonw3ysich pesynbTaTamu 3a1a4u Neb UCKIIFOUUTH U3 CUCTEMbI HEIMHEUHBIX YpaBHEHUM
ypaBHenue (1), (3), (5). Pemmts nonydeHHyI0 CHCTEMY YPAaBHEHHI 3BPUCTUUECKUM
MeTtooM. Crienarh BbIBOJ O BIMSIHMM ypaBHEHUs (1) Ha MOAETUPYEMYIO CUCTEMY U
UTOroBoe 3HaueHue pH.

Nel0. Pemuts HenMHEHHOE ypaBHEHUE U3 33/1a4 (6) C IIOMOIIBI0 BCTPOCHHBIX (DYHKITUH
crieranu3npoBanHoil mporpammbl MathCad. CpaBHUTE OTyueHHOE 3HAUYCHHE C YKE
HOJTYYSHHBIMHU.

Nell. Pemnts cucreMy HEMMHEHHBIX YpaBHEHUH U3 3a1a4u (6) ¢ TOMOLIbIO BCTPOESHHBIX
GyHKIMii cieran3upoBaHHoi mporpammel MathCad. CpaBHUTE NOTydeHHOE 3HAUYCHHE C
y’Ke MOJTy4EeHHBIMHU.

Nel2. Ucxons U3 MOHSTHS JIMHEWHAS 3aBUCHMOCTH/HE3aBUCUMOCTh XUMHUUYECKHUX PEAKIIUid, C
MIOMOIIIBIO0 BCTPOCHHBIX MaTeMaTndeckux ¢pyukiuit MathCad aiis cucremsl peakiiuit

C+H,0CO+H, (1)
CO+H,0&CO, +H, (2)
2*CO<C+CO, (3)
C+2*H,0<CO,+2*H, (4)

Onpenenutb KOIMYECTBO TUHEUHO-HE3aBUCUMbBIX XUMUYECKUX peakiuil. YTo 3TO 03HAYaeT ¢
TOYKH 3PEHUSI MATEMATUYECKOIO ONKUCAHUs TaHHOW CUCTEMBI PEAKIIUH.

Neol3. lnst HEOOpaTHMOM peaKIiu MEPBOTo MOPSIKA:

A——B



CocraBuTth nuddepeHuaibHOe ypaBHEHHE CKOPOCTH U3MEHEHUs KOHIIeHTpauu A. Pemuts
nosyueHHoe nuddepeHInaTbsHOe YpaBHEHNE METOIOM Ditniepa, MOAU(DUIIMPOBAHHBIM
MeroaoM Ditniepa, Pynre-Kyrra. CrienaTh BEIBOJ O TOUHOCTH KaXKJ0TO U3 METO/IOB B
CpaBHEHHH JPYT ¢ ApyroMm. st pacuéra MpUHATH CIEIYIOIINE 3HAYCHHUS HEU3BECTHBIX
apaMeTpoB:

0
C"A= 0,7 monw/m; k1=0,001 1/c; h = 0,1 (mar uaTErpUpOBaHUS).
Nel4. JIns nocnenoBaTenbHOM cxeMbl HEOOPAaTUMBIX XUMUYECKHUX PEAKIMM MEpBOro nopsiaka: A

A——B—<-C

CocraBuTth cucreMy nuddepeHInalbHbIX YPaBHEHUHN U PEIIUTh €€ ¢ MOMOIIBI0 MeToAa Diinepa,
MoaudurpoBanHoro Dinepa, Pynre-Kyrra 4-oro nopsiaka. CaenaTs BEIBOJ O TOUHOCTH
MOJIy4aeMOr0 PEIICHUs], CPABHUBAsI METOAbI MEX 1y cO00M. J{7s pacuéra mpuHSTH
CIEIyIOIINE 3HAYEHUSI HEM3BECTHBIX MapaMeTpPOB:

Co= 0,5 momb/1; Co%= COCZO Mo/, K1=0,05 1/¢; k2=0,07 1/c; h= 0,1 (1uar “HTErpUpOBaHHS).

BJI Ne3 «OkcnepuMeHTAIbHBIH MOIXO01)

Nel5. C magéxnocthio P = 0,95 o6ecniednuTs 0JTHOPOAHOCTD MPEACTABICHHBIX B TAOIMIIE TAHHBIX,
UCKJTIOYHMB TPyObI€ OIINOKH.

K 1 2 3 4 5 6 7 8

Yk % 54 53 54 30 46 52 55 54
Ay % 4,2 3,2 4,2 -19,8 -3,8 2,2 5,2 4,2
Aykz Py 18 10 18 392 14 4,8 27 18

Penrenue naHHOM 3a/1a4M OCYIIECTBUTH HA OCHOBE JIBYX METOOB: NIPaBUiia 26 U KPUTEPHSI
MaKCHUMAaJILHOTO OTKJIOHEHHU . Pac4€THI BBIITOJIHUTE C UCIIOIL30BAHUEM Ta0INYHOTO
nporieccopa.

Nel6. C nmoMomnibio aHanu3a OAHOPOAHOCTU cpeHMX. JlaTh 3aKIIFOUEHHE O BOZMOXHOCTH
npeumymectsa (P = 0,95) ognoro anmapara nepea IpyruM 1o Mpou3BOAUTEILHOCTH.

vy \k |1 2 3 4 5 6 7 8 9 10 )y

Vit 188 192 189 193 190 191 190 188 190 |- 1711




Ve 193

192

189

194

195

192

194

198

196

195 | 1933

PacyéThl BEINOIHUTH C UCIIOJIH30BAaHUEM TaOIMYHOTO mmponeccopa.

Nel7. Jlns mpoBepKH MPaBUILHOCTH BOJIbTamMIiepoMeTpuieckoit (BA) MeTonuku onpenencHus
kagmust Cd ucmons30Bain aToOMHO-a0copOIHOHHYIO (AA) METOAMKY, HE COACPIKALIYIO
cucTemMatuyeckoi norpemHocTy. [Ipu ananuse oJIHOTO U TOTO k€ 00BEKTa MOTYYEHBI
cieayroriue pe3ynbratel (Hr / M Cd):

BA : 20,5; 22,4; 23,4; 20,8

AA: 23,5;20,1; 19,9; 19,2; 19,0; 22,8

COI[ep)KI/IT JIX BOJIbTaMIICPOMETPUUICCKAA MCTOANKA CUCTCMATUICCKYIO HOFpeL[IHOCTB?

PacuéThl BEIMOIHUTE C UCTIOIB30BAHUEM TaOINYHOTO Tpoleccopa 6e3 UCIONb30BaHUs

CIIEUAJILHON HAJCTPOMKH.

Nel8. Pemuts 3amauy Nel7 ucmomnb3yst HAACTPOUKY TaOJIMYHOTO MPOIECCopa.

Nel9. I/ICHOHLSYSI TPU PA3JINYHBIX TCHECPUPYIOLIUX COOTHOILICHHUA, COCTABUTD IJIAHBI

-2 . o o
AKCIIEPUMEHTOB I[d)325 . 3ammucathb GopMyIIbI IS pacdéTa KO3 HUIIMEHTOB TUHEHHON

MOACIIH.

Ne20. Ha ocHOBe JIaTUHCKHX KBaJApaTOB COCTABUTH HHTHypOBHeBbIﬁ IJ1aH HHTI/I(baKTopHOFO

IKCTIEPUMEHTA JIJIsl HCCIIEIOBAHUS Tpoliecca NHPPAKPACHOH CYIIKH T'PaHYTMPOBAHHBIX

MaTCpHraJIOB B BAKYYMC ITPU UMITYJIbCHOM SHEPTOIMMOABOAC. HOJ’Iy‘II/ITI) MaTE€MaTU4YCCKYIO B

BUJIE CYMMBI HETMHEWHBIX (PYHKIMNA U HATH ONTUMAaJIbHBIE 3HAUEHUS PEKUMHBIX

napaMeTpoOB Mpouecca: MIOTHOCTU TCIIJIOBOTO ITOTOKA HAa ITOBEPXHOCTU CJI0A MaTCpUalia C|

(Br/cM?), TOMIHMHA CITOs npoaykta Cy (Mm), nuamerpa rpanyia Cyy (MM), BETUUUHBI
paspsoxenust Cy (MM. pT.CT.) U ckBakHOCTH umityibea Cy (%,0THOIIEHHE BPEeMEHH PaboThI
UH(PaKpacHOH CYyIIWIKH K 001IeMy BpeMEeHH MpeObIBaHUS B CYIIMIIBHOM Kamepe).
Beixoniom mporiecca y (py6/T) ninm KpuTepreM oNnTUMalIbHOCTH NMPUHATA BETUYNHA

IPUBENEHHBIX JOXO0J0B C YUETOM MPOU3BOIUTEIBHOCTH YCTAHOBKH U MOTPeOIIIeMOit

MOIIHOCTH.
YpoBHH 1 2 3 4 5)

C, (Br/em®) 0,50 0,75 1,00 1,25 1,50
Ci (Mm) 5 10 15 20 25
Cin (Mm) 2 3 4 5 6
Civ (Mm. 0 150 300 450 600
PT.CT.)

Cv 0,2 0,4 0,6 0,8 1,0
x(0e3pasm.) -2 -1 0 1 2




u IIman y u [Tman y u ITman y u ITman y

pyo/T pyo/T pyo/T pyo/T

1 11111 | 130 8 41352 | 270 15 21543 | 320 22 12345 | 200

2 23451 | 140 9 53142 | 320 16 44444 | 320 23 24135 | 170

3 35241 | 230 10 15432 | 200 17 51234 | 390 24 31425 | 240

4 42531 | 290 11 33333 | 400 18 13524 | 240 25 432151 | 250

5 54321 | 260 12 45123 | 260 19 25314 | 220

6 22222 | 350 13 52413 | 340 20 32154 | 220

7 34512 | 260 14 14253 | 180 21 55555 | 40

BJI Ne4 «KoMOMHUPOBAHHBIN MOAX01»
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Ne 21. ITo nanubim pabotsl [Koke u xumus. 1978. Ne 8. C.12—-14] na ocrose [1D3 2" paccuutarhb
3HaYeHUS KO3(PPHUIIHEHTOB JIMHEHHOW MOAETH AJISl MPOTHO3UPOBAHUS [TOKa3aTesei
KadyecTBa Kokca Mas 1 M1p, CpaBHUTH UX C IPEAJIOKEHHBIMU B CAMOW HAYYHOU CTaThe.

VYkazaHue K BBINOJHEHUIO 3aanus: Ha nucte TII B mH(bOpMaTHBHOM BHUIE CO3AATh TAOIHUILY
4 o
IJIaHUpPOBaHUs 3KcriepumenTa [1DD 27, BBecTH cpeiHMe 3HaUEHUs TOKa3areNel KauecTBa
Kokca Mas 1 Mjp 1 paccuntaTh KO3 OUITMEHTHI TUHEHHON MOJIEIH.

Cooepircanue npakmuueckozo pazoena OuCyUnIUHb

1)  Aneopumm pewenus HeluHetno20 YPAGHEHUs MEMOOOM XOPO,

2)  Aneopumm pewienus HeluUHeuHo20 ypasHeHus memooom Heiomona,

3)  Aneopumm pewienus HeIUHEUHO20 YPABHEHUSL MEMOOOM OCNeHUsl OMPe3Ka NO-NOJAM.

4)  HUcnonvzosanue naxkema npuxiaousix npoepamm MathCad ons pewenus nenunetinvix
ypaeHeHut,

5)  Aneopumm pewrenus ougpepenyuanvupix ypasHenut memooom Jiiepa.

6) Aneopumm pewenus OughgepeHyuanvblx YpasHeHul MOOUPUYUPOSBAHHBIM MEMOOOM
Diinepa.

7)  Aneopumm pewenus ouppepenyuanrvrulx ypasuenui memooom Pynee-Kyma uemeépmoco
nopsioka.

8)  HUcnonvzoseanue  naxkema  npuxiaowvix — npoepamm  MathCad  oms  pewenus
ougpepenyuanvHulx ypasHeHutl,

9)  Pewenue cucmem oughgpepenyuanvhpix ypasHeHuil memooom Jiiepa, MoOUGUYUPOBAHHbIM
memooom Diunepa, Pynee-Kyma.

10) Hcnonvsosanue naxema npuxnaousix npocpamm MathCad ons  pewenus cucmem
ougpepenyuanbHvIX YypasHeHull.

11) Ilpaxkmuueckuii ananuz cywecmsylowux mooeneti 6 obracmu npopeccuoHaIbHOU
KoMnemeHyuu (npocHosuposanue nokaszamenell kavecmea kokca M25 u M10) 6 naxeme




MathCad.

12) Hcnonvzosanue 6cmpoeHHOlU HAOCMPOUKU MAOIUYHO20 NPoyeccopa OJisl peuleHus 3a0ay
Mamemamuyecko2o npocpammupo8ansl.

13) Hcnonvzosanue npocpammur MathCad ons  pewenus 3a0au  mamemamuuecko2o
NPOCPAMMUPOBAHUSL.

Hepeqenb BOIIPOCOB K 3K3aMEHY

OO61re BONpocsl MOJICTHUPOBAHUS:

1. OOmee mpexncraBiaeHue O MoJAeAM. MaremaTuyeckue MOJAEIU: OIpelEIeHUE,
JIOCTOMHCTBA M HEAOCTATKH, IO CPAaBHEHHUIO C JPYrMMHU (OpMaMy HPEICTABICHUS MOJEINH.
[Tonsitue «monenupoanuey». Knaccudukanus mareMaTH4eCKUX MOJIETIEH;

2. CymHOCTb AaHaJIMTUYECKOIO MOJAX0/Ja K MaTeMaTH4ecKOMY MOJEIMPOBAHUIO.
MopemupoBanne XTII npu aHanIMTHYECKOM MOIXOJIE;

3. CyuHOCTb 3KCIIEPUMEHTAIBHOI0 MOAX0/1a K MATEeMaTHYeCKOMY MOJIEJIMPOBAHUIO;

4.  CymHocTh KOMOMHMPOBAHHOIO MTOJIX0a K MAaTEMaTUYECKOMY MOJIETUPOBAHUIO;

5.  TpuenuHcTtBo mpu omnucaHuu oOBEKTa MoOJEIUpOBaHUs. TpeOoBaHMs K KaxI0M u3
COCTaBHOM YacCTH MPH ONUCAHUH OOBEKTA,

6.  OcHOBHbIE 3TaNbl MOAEIUPOBAHUS (C MOSICHAIOLMMHU IPUMEPAMHU).

AHaJIUTUYECKUN NOAXO0/ K CO3/IaHUI0 MaTEMaTHYECKUX MOJIEIICH:

7. YpaBHEHHE M30TE€PMbl XMMUYECKON PEaKLUU MPU Pa3IMYHOM CHOCOO0E€ BBIPAKEHUS
KOHLEHTpaluu. BbIpakeHue ypaBHEHMsSI H30TEPMbl XMUMHUYECKOM peakUuu B CTaHAAPTHBIX
ycnoBusax. CBs3b MEXKAY KOHCTAaHTaMH paBHOBECHUS B 3aBUCUMOCTH OT CIIOC00a ONUCaHMsI COCTaBa
peakimonHon cmecu. CooTHomeHHs s KoHCTaHT paBHOBecus Ky, Kpy, K¢ B uaeansHOM
pacTBoOpe;

8.  Meron Témkuna-l11IBapiMaHa pacuéra KOHCTAaHT paBHOBECHS XMMHUYECKOW PEAKIIHH.
IlonsATHE O IMHEHHOM 3aBUCUMOCTH U HE3aBUCHUMOCTU YPAaBHEHUM XHMMUYECKUX DPEAKIUN.
OcCHOBHBIE CIIOCOOBI OMPEICNICHUS TMHEWHO HE3aBUCUMBIX YPAaBHEHUN XUMHUYECKUX PEAKIUH;

9. Bo03MOXHOCTH MOAETMPOBAHUS MPH TEPMOJIUHAMUYECKOM IOAXOJIE K OMpPEICIICHUIO
PAaBHOBECHBIX 3HAUEHHUH Yy4YacTBYIOIIMX B XHUMHUYECKHMX peakuusx BemecTB. OCHOBHbIE
JIOCTOMHCTBA U HEJOCTAaTKU IIPA TEPMOAMHAMHUYECKOM MOIXOAE.

10. OcHOBHBIEC TIOHATHS U ONpeneneHus: HopMaTbHON KHHETHKH: CKOPOCTh XUMUYECKON
peaKkMu, CrocoObl €€ BBIPAXKEHMS, MOJEKYJISIPHOCTb PEAKIMHU, MOPSJIOK peaKluH, YacTHBIN
NOPSAJOK pPEaKIMM, IOCTYJNaT XUMHYECKOM KuHeTuku (ypaBHeHue ['ynbnbepra u Baare),
KOHCTaHTa CKOPOCTH XUMHUUYecKo# peakiuu (npasuio Bant-I'opda, ypaBHeHHe AppeHnyca);

11. CkopocTh HEOOpaTUMBIX peakluil MepBoro, BTOporo, N-oro nopsaakoB. OOparumas
peaxius NepPBOro MopsIKa;

12. OOpatumasi peaxiusi BTOpPOro Tmopsiaka (pa3o0paTh TOJBKO YACTHBIN CiTydaii:
OTCYTCTBHE B HayaJlbHbIiI MOMEHT BPEMEHHU IPOIYKTOB DPEAKIMH, HAyalbHbIE KOHLEHTPAaLUU
pearupymoimx BelecTB paBHbI Mexy co0oit). [lapannenbHble peakuuu;

13. TlocnenoBarenbHbIE PEAKIIMU MIEPBOTO MOPAIKA (U1 TPEX XUMHUECKUX COEAMHEHH).
Pazo0path pasnuyHble Cilydad COOTHOIIEHUS MEXTy COO0N KOHCTAHT XMMHUYECKUX PEaKIIHii;

14.  OO6mee ypaBHEHHE TWHAMHUKH M CKOPOCTH XMMHMYECKOW peakiiH, MPOTEKalolen B
NOTOKE B pEeXHMME HACaTbHOr0 BbITeCHEHHsA. HeoOpaTumas peakuus NEpBOrO U BTOPOTO
NOPSIKOB, IPOTEKAIONINX B IOTOKE B PEKUME U/I€aTTbHOTO BHITECHEHHUS.

15. OoOpatumas peakiusi NEpPBOro M BTOPOrO MOPSAKOB, MPOTEKAIOUIUX B IMOTOKE B
peXHMMeE UAEaIbHOrO BoITeCHEHUS. [locnenoBarenbHast peakius NepBoro nopsiika, IpoTeKaromas
B [IOTOKE B PEKMME U/I€aJTbHOTO BHITECHEHHS.



16. Kwunermka TOMOreHHBIX pEaKLUUH, NPOTEKAIOIIUX B PEKUME HUACATHHOTO
[epeMEINBaHuUs.
OKCIEpUMEHTAJIBHBIN MOAXO0J K CO3JaHUI0 MATEMATUYECKUX MOJCIICH:

17. Craructuyeckre METO/Ibl aHATN3a IKCIIEPUMEHTAIBHBIX TaHHBIX: OI[CHKA HCTUHHOTO
3HAYEHUS M3MEpAEMOIl BENUYMHBI M €€ JUCHEPCHUU; OIpeAesieHue TIpyObIX OIIHOOK;
CpeIHEB3BEIICHHBIE OLICHKHU TUCIIEPCHH; aHAIN3 OJJHOPOJHOCTH MCXOIHBIX OLEHOK JUCIIEPCHH.

18. Omnpenenenue N0BEPUTEIHHOM OIMIMOKU 3KCIEPUMEHTAIBHON OLEHKU H3MEPSIEMOTo
napamerpa. OnpeeneHne yucia MoBTOPHOCTEH ONbITa, 00ECIIEYMBAIOILIETO MOJTyYSHHE 331aHHON
JIOBEPUTENIHHON OLIMOKHU OLEHKU ompezesnsieMoro mapamerpa. [IlpoBepka HOpMaJIBHOCTH 3aKOHA
pacripeiesieHusl.

19. Merong HauMmeHbIIUX KBagpaToB. CyIIHOCTh IUTAHUPOBAHMS OJKCIEPUMEHTa B
CpPaBHEHHMH C HEMOCPEACTBEHHBIM INPUMEHEHHEM METO/a HaWMEHBIIUX  KBaJpaToOB.
CHUMMeTpHUYHBII U paBHOMEPHBIH I1J71aH 0JIHO(GaKTOPHOTO IKcniepuMenTa [IpoBepka aiekBaTHOCTH
MOJYYEHHOTO YpaBHEHHS M €ro HCIOJb30BaHUE JUIsI ONTHMM3AaLUU Tpouecca. [lomyueHue
AKCIIOHEHIINATLHOM 3aBUCIMOCTH TI0 Pe3yIbTaTaM OJAHO(AKTOPHBIX SKCIIEPUMEHTOB.

20. MeTon HaUMEHBIIMX KBAJIpPaToB MpU 00pabOTKE pe3yabTaTOB MHOTO(DAKTOPHOTO
SKCIIEpUMEHTA. JIByXypOBHEBBII I1aH HOIHOTO (haKTOpPHOTo sKkcrepumenTa [IDMD2". Vpapnenus,
T0JTy4aeMble 110 pe3yabTaTaM peanusanuy mianos [10D2". CraTucTuueckuii aHaaM3 3HAYMMOCTH
OILICHOK K03 (UIIMEHTOB YpaBHEHHUS, €r0 aIeKBaTHOCTU U pabOTOCTIOCOOHOCTH.

21. JIpoOHbIii (haKTOPHBIA AKCHIEPUMEHT 2™, [InanupoBaHue SKCIIEpUMEHTA IIpU
M3MEHSIOIIEMCS BO BPEMEHU BIUSHUM Ha Ipolecc Hey4YTEHHbIX (akTopoB. Mcmonb3oBaHue
mwragoB 11MD2" JIOA2"™" ju1st monyueHns ypaBHEHWs MPOIECCA B BHAE SKCIOHCHIHANBHOM
3aBHCUMOCTH.

22. MHuoroypoBHeBbIE MHOTO(AKTOPHBIE IJIAHBI, UCTIONB3YIOUINE CBOMCTBA JIATHHCKHUX
kBazapatoB. [locTpoenue mianoB. [lonydyeHune U MCHOIB30BAaHUE AJI ONTUMHU3ALMU YpPaBHEHUN
Pa3JIMYHOM CTPYKTYPBI.

23. IlpumeHeHHe METOJOB MPUOIMKEHHBIX BBIYMCICHUN MpH 00pabOTKE pe3ysbTaToB
OKCHepUMEeHTOB. OIEHKHM TOYHOCTH M3MEPEHHH W TPUOMMKEHHBIX BhIYMCICHUH. OleHka
TOYHOCTH OKOHYATEJIbHOI0 pe3yibpTara. [IpakTuueckoe BHIYMCIEHUE OMINOOK.

YucneHHbIe METO/IbI pellieH s 3a/1a4, BO3HUKAIOIIUX IPU MOJICIUNPOBAHHUM:

24. PeueHue HEMMHEHHOTO ypaBHEHHsI METOJIOM JIEJICHUS OTpe3Ka IOIoJaM;

25. Pemenne HeMWHEHHOTO ypaBHEHH MeTOJ0M HbIoTOHA;

26. PemieHue HeMMHEMHOTO ypaBHEHHS METOIOM XOP/I;

27. Pemenne nuddepeHanTbHOr0 ypaBHEHUST METOI0M Dieiipa. MoauuimpoBaHHbINA
meton Dinepa. Anantanus MeToaa Diiepa Ha ciaydaid cucteM JudQepeHInaIbHbIX YpaBHEHUH.
OcoOenHocTH pelieHus cucteM AuddepeHInanbHbIX ypaBHeHHUH npu moaenupoBanuu X TII;

28. Pemenue nuddepeHnmanbHOro ypaBHeHHs MetogoMm Pynre-Kyra uwerBéproro
nopsaka. Aganrauus Merona Pynre-Kyra Ha cinyuait cuctem nuddepeHuanbHbIX ypaBHEHUH.
OcobeHHoCTH pelieHus cucteM TuddepeHanbHbIX ypaBHeHUH pu MoaenupoBanuu X T11;
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Crpykry
PHBIA
JJIEMEHT
KOMIICTEC
HIIUHA

[Inanupyemsblie
pe3yJIbTaThI
oOyueHus

O1neHOYHBIC CPEACTBA

ITK-16 criocoGHOCTHIO IaHUPOBATH U MPOBOJAUTH (PUINUECKHE U XUMUUECKHE IKCIIEPUMEHTHI,
MIPOBOAMTH 00PabOTKY UX PE3yIbTATOB U OLIEHUBATH MIOTPEITHOCTH, BBIIBUTATh TUTIOTE3BI U
YCTaHaBJIMBATh IPAHULBI UX IPUMEHEHUS, TPUMEHATH METOAbl MATEMAaTUYECKOIO aHAIU3a
Y MOJICJIMPOBAHUSI, TEOPETUYECKOTO U IKCIIEPUMEHTAIILHOTO UCCIIEI0BAHMUS.

3HaTh

—  nouamus
«MOOenby,
«mamemamuyeckast
MoOenby,
HeobXo00uUMoCcmo
HAAUYUs
mamemamuyeckou
Mooenu ons
ONUCAHUS
XUMUKO-MEXHOTIOU
yecko2o npoyecca
onsl cghepoi
npou3zB00Cmaea;

—  @usuko-xumuue
cKuil Memoo
MOOenuposaHus
PABHOBECHO20
cocmasa cmecu,

—  nouamue 0
JAUHEUHoU
3a8ucumocmu/nesa
gucumocmu
XUMUYECKUX
pearyuii;

— OCHOBHbIE
O10K-cxembl
ONUCAHUS
BLIHUCTUMETIbHO20
aneopumma;

—  OCHOBHblE
YuCieHHble
Memoovl  peuleHus
ypagHeHus,
NOYYAEMO20 8 X00e
PU3UKO-XUMUYECKO
20 MOOenUupoB8aHusl
PABHOBECHO20
cocmasa cmecu,

o

IlepeyeHb BONMPOCOB K IK3aMeHY

OO61Ke BOMpOCHl MOJETHPOBAHHUS:

1.

6.

AHaTUTHYECKUH

7.

OO6miee mpeacTaBieHHE O MOJENIH. MaTeMaTuyeckue
MOJIEJIN: OIpeJieJIeHUe, AOCTOMHCTBA M HEAOCTATKH, 10
CpaBHEHHIO C APYTrUMH (HOpPMaMH MTPEICTABICHHUS MOJICIIH.
ITonsarue «MOJICIIUPOBAHUEY. Knaccudukanus
MaTeMaTHYECKNX MOJICICH;

CyIIHOCTh aHATUTUYECKOTO MOIX0a K MAaTEMaTHYECKOMY
MOJIEIIUPOBAHUIO. MopnenupoBanue XTII pu
aHAJIMTUYECKOM TOXO/JIE;

CymHocThb 9KCIIEPUMEHTAJILHOTO
MaTeMaTUYeCKOMY MOJAEIUPOBAHHUIO;
CymHocTh KOMOMHHPOBAaHHOTO
MaTeMaTH4YeCKOMY MOJAEITUPOBAHHUIO;
TpuenuHCTBO TIpHM OMHCAaHWHM OOBEKTAa MOJACITHPOBAHUS.
TpeboBanMs K KaXX101 U3 COCTAaBHOW YaCTH IPU ONTUCAHUHU
00bEKTa;

OcCHOBHBIE 3Tamnbl MOJAEIHPOBAHUSA (C TMOSCHSIOIIUMU
pUMepamu).

nmoaxoaa K

moaxoaa K

MOAXOA K CO3JaHHK MaTeMaTHYEeCKUX
MOJCTICH:

YpaBHEHHE M30TEPMBbl XUMHUYECKOW PpEAKUUH TPHU
pa3IMyHOM  Ccroco0e  BBIPAKEHHS  KOHIICHTPAIWU.
Bripaxxenue ypaBHEHUS U30TEPMBI XUMUYECKOW pEAKLINU
B CTaHJAPTHBHIX YCIOBUAX. CBSI3b MEXIAY KOHCTAaHTaAMH
paBHOBECHSI B 3aBUCHMOCTH OT CIIOC00A OMHCaHUs COCTaBa
peakuuoHHOW cMech. COOTHOIIEHUs IS KOHCTaHT
paBuoBecus Ky, Ky, K¢ B uaeansHom pacTtBope;

Meton Témkuna-1lIBapumana  pacuéra KOHCTaHT
paBHOBECHSI XUMUYECKOU peakiuu. [lonsaTre o TMHENHON
3aBUCUMOCTH ¥ HE3aBUCHUMOCTH YPAaBHEHUW XUMHUUYECKUX
peakuuii. OCHOBHBIE CIOCOOBI OMpPENETICHUs] TUHEHHO
HE3aBUCHMBIX YPABHEHNN XUMUYECKUX PEAKIUN;
Bo3MoXHOCTH MOIETUPOBAHUS NIPU TEPMOJIUHAMUYECKOM

moaxoa€ K OHNpeACICHHIO PaBHOBECHBIX 3HAYCHHI
yY4aCTBYrOIux B XHMHUUYCCKHUX  PCAKIUAX  BCHICCTB.
OcHOBHBIE JOCTOMHCTBA u HEAOCTAaTKH npu

TCPMOANHAMHWYCCKOM IMMOAXOJC.




Crpykry

PHBIA [Inanupyemsble
JJIEMEHT pe3yJbTaThl OneHouHble CpeCTBA
KOMIIETE 00y4YeHHS
HIMU

—  OCHOBHblE 10. OcHoBHbIE TOHATHS W ompeneiaeHus (HopMaabHOM
ougepernyuanvrvl KHHETUKH: CKOPOCTh XUMHUYECKOW PEaKINH, CIOCOOBI €€
e ypaeHeHus BBIPQ)KEHUS,  MOJIEKYJIAPHOCTb  pEaKkLUH,  HOPsI0K
gopmanvroil peakiuM, YacTHBIH TOPSAOK  PEaKluu, IOCTYJar
KUHEeMmuKu, XUMHUYecKol kuHeTuku (ypaBHenue ['ynpnoepra u Baare),
—  OCHOBHbIC KOHCTaHTa CKOPOCTH XUMHUYECKOH peakiuu (IIpaBUIIO
Memoobl Bant-T'odda, ypaBuenue Appenuyca);
YUCTIEHHO20 11. CkopocTh HEOOpAaTUMBIX pEaKIMii TEpPBOro, BTOPOTO,
peuenus n-oro nopsakoB. OOpaTtumast peakiys NepBoro nopsaKa;
ougpgpepenyuanvun | 12.  OOpatumas peakuus BToporo nopsjka (pa3o0parb TOJIBKO
X ypasnenutl, YacTHBIA CiIy4ail: OTCYTCTBME€ B HayaJlbHbIH MOMEHT
—  obwyio BPEMEHU MPOAYKTOB PEaKIMH, Ha4yaJIbHbIe KOHIICHTPAIUU
MEMoOUKy pearupyromux — BEIIeCTB  paBHbBI  MEXIy  COOOM).
nocmpoenusi [TapannenbHble peakuuu;
(6vi6edenuist) 13. TlocnemoBaTelbHBIC PEAKIIUU MIEPBOTO MOPsAKa (11 TPEX
Ouppepenyuansii XUMHUYECKHX cOoeAMHeHM). Pa300path pa3iuyuHble ciiydan
X ypasnenuii Ha COOTHOILIIGHUSI MEXAYy CO000il KOHCTaHT XHMHUYECKHUX
OCHOBe peaKiuii;
MAMePUAILHO20 U 14. OOmiee ypaBHEHHE AMHAMUKH W CKOPOCTH XMMHYECKOM
Menio8oeo peakiyy, NpoTEeKarolIel B MOTOKE B PeXXUME HJI€AIbHOTO
6ananca; BbITecHeHH. HeoOpaTtumasi peakuus mepBOro M BTOPOTO
—  Ougpepenyuan MOPSAKOB, MPOTEKAOLINX B IOTOKE B PEKUME UJIEATIbHOTO
bHbIE — VYPABHEHUs. BBITCCHCHMA.
HenpepbeHOCMU 15. OOpatumas peakuuss NEpPBOr0O M BTOPOTO HOPSIKOB,
nomoxa onst MPOTEKAIOINX B TOTOKE B pEXHME HJICaTBbHOTO
HEYCMaHOBUBULE20C BbITecHeHHs. [locnmenoBaTenbHast —peakuuss I[EPBOTO
P O6UICCHUS MopsiKa, MPOTEKAroIIasi B TIOTOKE B PEKUME HIEaTbHOTO
HeCHCUMACMOT BBITECHEHHS.
arcudxkocmu, 16. KunernMka TOMOTCHHBIX pEaKIMH, NPOTEKAONNX B
menionposodnocm peKUME UIeabHOTO EpEeMEIINBaHMS.
u,  xonsexmusnoti | IKCIICPAMCHTAIBHBI T0JX0J] K CO3JaHMI0O MaTeMaTHYeCKHX
MenionposoOHOCH Mojienei:
u, ouppysuu, 17.  Crartuctnyeckue METOABI aHAIM3a SKCIEPUMEHTAIbHBIX
KOHGCKIMUGHOTI JAHHBIX: OIIEHKa HCTHMHHOTO 3HAuYeHHs H3MepsieMoi
oupdysuu; BeIMYMHBI W €€ JUCHEepCHH;, OmpenesieHne TpyObIx
ypasnenue oIIMOO0K; CpeTHEB3BEIICHHBIE OIICHKH TUCIIEPCHM; aHAIH3
MAMePUATbHOZ0 OJTHOPOJHOCTH MCXO/HBIX OIEHOK AUCIIEPCHH.
baranca ons | 18- Ompenenenne JIOBEPUTEIBHON omKOKu
onemenmapnozo HKCIIEPUMEHTAIBHON OILEHKH HW3MEPSIEMOTr0o IapaMeTpa.
06véma peaxmopa Onpenenenne qucia MOBTOPHOCTEH OTIbITA,
1106020 muna. o0ecrneunBaroIIero nojiydeHue 3aJaHHON JOBEPUTEIbHOM
. snemeHnbl OoMOKM OLIEHKU ompezenseMoro mnapamerpa. IIposepka
meopuu 10d06usi HOPMaJIbHOCTHU 3aKOHA paclpeIeeHUs
(npoucxooicoenue 19. Meron HaUMEHBIINX KBAaJ[paTOB. CyurHocTb
Kpumepues IUTAHUPOBAHMUS ~ OKCIIEPUMEHTa B CpPaBHEHHH  C
n0006us, HEMOCPECTBEHHBIM MPUMEHEHHEM MEeTOJa HAaUMEHbIINX
KpUMepUaTbHbIX KkBaAparoB. CHMMETpUYHBII W PpAaBHOMEPHBIM IUIaH

YpaeHeHuUll, u3s

O,Z[HO(I)E[KTOpHOFO OKCIICPUMCHTA HpOBCpKa aJJCKBATHOCTHU




Crpykry

PHBIA [Inanupyemsble
3JI€MEHT PE3yNbTaThI OneHouyHbIE CpECTBA
KOMIIETE 00y4YeHHS
HIUU
OCHOBHbBIX MOJIYYEHHOTO YPaBHEHHMSI U €ro MCHOJIb30BAaHUE TS
oughghepenyuanvol onTuMH3anuu nporecca. [lomydeHne SKCIOHEHITMATEHOMI
X ypasHeHui, 3aBUCUMOCTH 1O  pe3yiapTaTaM  OAHO(AKTOPHBIX
ONUCHIBATOWUX JKCIIEPUMEHTOB.
npoyecc), 20. MeTon HaMMEHBIIUX  KBAApaToB TIpH  00paboTKe
ypasHenue pe3yJIbTaToB MHOT0()aKTOPHOTO IKCIIEPUMEHTA.
CMAaHoapmHo20 JIByXypOBHEBBII 1aH MOJIHOTO dakropHOrO
HOPMATbHO20 skcnepuMmenTa I1®D2". YpaBHeHus, IonydaeMble IO
pacnpeoeneHust, e2o pe3yJbTaTam peanuzanuu MJIAHOB [o22",
ceoticmea; Craructuueckuit aHaJIN3 3HAYUMOCTHU OIICHOK
K03 (ULIMEHTOB ypaBHEHHUS, €ro aJeKBaTHOCTU U
paboToCcrocoOHOCTH.
21. JlpoGmbiii  dakTopHENi  okcmepument DA™
[InanupoBaHue SKCIEPUMEHTAa MPHU H3MEHSIOIIEMCS BO
BPEMCHH BIIMSHUHM Ha TIPOIECC HEYYTEHHBIX (haKTOPOB.
Wcnonbzoanue mianos [1OD2" JIOI2"™ wis nomydenns
ypaBHEGHUs TIporecca B  BHJAC  OKCIIOHCHIIUAIBHON
3aBHUCHMOCTH.
22. MHOTOypOBHEBBIE MHOTO()aKTOpHBIE IUJIaHBbI,
WCIIONIB3YIOUIME  CBOMCTBAa  JIATMHCKUX  KBaJpaTOB.
[Toctpoenue mnanoB. [lonydyeHue W MCHOJIB30BAHUE IS
ONTUMU3AINY YPABHEHUHN PA3IUYHON CTPYKTYPHI.
23. IlpumeHeHHEe METONOB NMPHUOIMKEHHBIX BBIUMUCICHHUHA MTPU
00paboTKe  pe3ylIbTaTOB  JKCIEPUMEHTOB.  OLEHKH
TOYHOCTH W3MEPEHHH W TMPUOIMKEHHBIX BBIYUCICHUH.
OmneHka  TOYHOCTH  OKOHYATENbHOTO  pe3yibTaTa.
[TpakTveckoe BEIYHCICHHUE OMIHOOK.
VYmeTb — gbleecmu [IpakTrueckue 3aganus:
OCHOBHbIEe Nel. PaccunTtaTh HOHHO-MOJIEKYJISIPHBIN COCTaB B HJ:)I/ICYTCTBI/II/I
ypasHenus KCN, pactBopénnoro B kosmuectBe C=10" momb / .
gopmanvhoi 3anathcs 3HaueHusMu PH B uHTepBane 0-14 u yucieHHo
KUHemuKu, paccuuTath MOHHO-MOJICKYJISIDHBI ~ COCTaB  JaHHOMU
- yMmemb cuctembl. Pe3ynbpTaTel mpeAcTaBUTH TpadUUYecKd B
AHATUMUYecKu WH(POPMATUBHOM BHJI€ (MCIIOJIH30BATH JOTAPU(DMUUYECKYIO
peuiums OCHOBHbIE IIKaTy BBIXOJHOTO mapameTpa). Bce pacuérsl mpousBecT
YPasHeHUs B TaOJIMYHOM mponeccope.
opmanvroil Ne2. Paccuntath MOHHO-MOJEKYISPHBIA COCTaB pacTBOpa B
KUHEMUKIU; MPUCYTCTBUU  PACTBOPEHHON  YIVIEKHCIOTHI  BO3IyXa.
- gblGeCU HA 3anatbes 3HaueHusMu PH B unrtepsane 0-14 u uncineHHO
ocHoge paccumTaTh MOHHO-MOJIEKYJSIDHBIA  COCTaB  JaHHOM
MAMEPUATBHO20 cuctembl. Pe3ynbTaTel mpeAcTaBUTH TpadUUYecKd B
i Menio8o20 MH(GOPMATUBHOM BH/JE (MCIOJIB30BaTh JIOTapU(PMUIECKYIO
BalAHCA OCHOBHLLE IIKaTy BBIXOJHOTO mapameTpa). Bce pacuérsl mpousBecTu
Ouppepenyuansibl B TaOJIMYHOM IIPOLIECCOPE.
e ypasnenus: | Ne3. 3Hauenne PpH pactBopa perynupyercs H3MCHCHHEM
HenpepuigHoCmL KOHIIGHTpAIy cobl. Paccunrars koHuenTparmio [CO]
nomoka st HMOHOB B PacTBOpE, ¢ Y4ETOM PaCTBOPEHHON YTIIEKUCIOTHI

Heycnmanosusulecoc

Bo3ayxa. 3ajarbes 3HadeHusiMu PH B unaTepBane 0-14 u




Crpykry

PHBIA [Inanupyemsble

3JI€MEHT PE3yNbTaThI OneHouyHbIE CpECTBA

KOMIIETE 00y4YeHHS

HIUU
A 08uUdICeHUs YHUCIIEHHO paccyuTaTb HMOHHO-MOJIEKYJISIPHBIM COCTaB
HecaHcumMaemol JTaHHOM crcTeMbl. Pe3ynbTaThl peicTaBUTh TpaguecKul B
JHCUOKOCU, “H(POPMATUBHOM BHJIE€ (MCITOJIH30BATh JOTapU(DMUUYECKYIO
Menionpo8oOHOCH HIKaJTy BBIXOAHOTO napamerpa). Bee pacuérsl mpousBectu
U,  KOHBEKMUBHOL B TaOJIMYHOM IIPOILIECCOPE.
mennonpogoonocm | Ned. Ilpu kakom 3HaueHMH PH pocTuraercs HPaKTUUYECKU
u, ougppysuu, nonHoe  ocaxaeHue MnS  (IIPuyns = 2.5*10'10),
KOHBEKMUBHOU conepxaierocss B pactsope B konuuectse 0,005 moub,
oughghyzuu; npu ynorpebnenuun 50 % wus0ObiTka ocamutens. Pacuér
VypasHeHue npou3BecTH Ha | 1 wmcciemyemoro pactBopa. Bcee
MamepuaibHo20 YHUCIIEHHBIE  pacy€Thl  MPOM3BECTH B  TaOIMYHOM
bananca ol mporeccope, aHATUTHYECKHE 3aICH IPEIOCTaBUTh B
9/1eMeHMAaPHO20 OymaxkaoM Buzae. M3 kakux cooOpakeHUH HaXOIUTCS

00véma peaxmopa
06020 muna,

—  cozdampv
COOCMBEHHYIO
@yHryuio 8
mabauuHoM
npoyeccope.

KOHIEHTparst Mapranua [Mn?*], m Mexay Kakumu
XUMHAYECKUMH (POPMaMHU OCYIIECTBIISECTCS MaTepUAIbHBINA
6anaHc 1o cepe U30bITOYHOM KOHIIEHTPALUU OCanTes?
Ne5. ITpumep 5. Paccuntarh paBHOBECHBIN COCTaB Ia30BOi (ha3bl
IS yCTaHOBUBLIETOCS Tep-MOJUHAMUYECKOT O
PAaBHOBCCHUS MOJTYUYCHUA BOAAHOTO rasa 1o peaKuusamM:

C+H,0<CO+H, (1)
CO+H,0<CO,+H, (2

B nmaHHOM 3amaHMM JOCTATOYHO OTrPAHUYUTHCS BBIBOJOM
KyOW4eCcKOro ypaBHEHHUSI OTHOCHUTEIHLHO Pco.

Ne6. OuleHUTH ¢ PU3NKO-XUMUIECKOW TOUKH 3pEHUS, IPU KAaKOM
sHadennn PH mpoucxomut nepexon PbSO, B Pb(OH),.
W3menenne pH mpoucxonut 3a cuér NaOH.

CHCTEME TMpeamnojiaraeTcs MpOTEKaHHe
XMUMHUYECKHX PEaKInii:

PbSO,. < Pb*,,+S0, s (1)

B (1 (13727011170.4

Pb(OH),. < Pb*,, +20H ,, (2)
Pb(OH), < H,p +HPDO, 1y (3)
Pb(OH)*,-» < Pb*,, +OH -, (4)
HSO, »» < H" 0y +SO,” s (5)
H,0<=H" +0OH ™ (6)

YpaBHEeHHE MaTepraILHOTO OallaHca:

[Na']<[OH ]1+[Pb(OH)"] (7)

ypaBHCHI/Ie BHCKTpOHCﬁTpaHBHOCTHI

[Na*]+2*[Pb* ]+[Pb(OH)*1+[H"] < 2*[SO,* ]+[HSO, ]+
[lpumeuyanue: TmpH pemIEHHMH 337a4d  HEOOXOAMMO  TIO
UMCIONMMCSl  YPaBHEHHSM  COCTaBUTh  CHUCTEMY

[HPDbO,
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HEJIMHEWHBIX YpaBHEHUH, U3 He€ BHIBECTH YpaBHEHUE:
2*K22 *K,* K *[HT + K, * K *K, (2% K, + K, *K ) *[H]
_K4*Kw2(K1*Kw2 +K, Ky *Kg) *[H]-2* K, *K, * K  *K

W3 cnpaBoYHBIX JAaHHBIX HEOOXOAWMO ONPEIEIIUTh KOHCTAHThI
xumuueckux peakunii K — Kg COOTBETCTBYIOIINUX peakiuii
(1)-(6).

N3 mpakTthyeckux CcOOOpaKeHUH yCTaHOBHTh, C KaKOM
TOYHOCTBIO HEOOXOMMO BBIYHCIIATH 3HaYeHue pH.

Henuneiinoe ypaBHeHHE HEOOXOJUMO PELIUTh YETHIPHMS
METOAaMHU:  TpapuuecKuM, MOJOBHHHOTO  JCTICHHS,
Herotona, xopa. CaenaTth BBIBOJ O OBICTPOTE CXOAUMOCTH
KaXJOr0 W3 METOJOB MpU  3aJaHHOW  TOYHOCTHU
MOJIy4aeMOro pe3ylibTaTa, a TakKe MPUTOJHOCTU JUIs
peteHwus 3a1a91 PU3NKO-XUMHUECKOTO MOJIEIIMPOBAHHSL.

PaccMoTpeTh  IBpUCTHYECKHII  METOJA, OCHOBaHHBIM  Ha
cnenu(uke pemaeMon 3aJayd, PpEIICHUS CUCTEMBI
HEJIMHENHBIX YPABHEHUN.

Bce BbruncieHus npou3BecTd B TAOJIMYHOM MPOLIECCOPE.

Ne7. Tlonw3ysice pesynbraramu 3afgaud NeG HCKIIOUHTH U3
CUCTEMBbI HEJIMHEHHBIX ypaBHEHUH ypaBHeHue (3). Pemuts
MOJIYyYCHHYI0  CHUCTEMY YpaBHEHHH  3BPUCTUYECKUM
MeronoM. CrenaTh BBIBOJ O BJIMSIHUM ypaBHeHUs (3) Ha
MOJIETUPYEMYIO CUCTEMY U UTOTOBOE 3HaueHue pH.

Ne8. Tlomw3ysice pesynbTaTamu 3amauni Ne6 HCKIIIOYUTH U3
CUCTeMbl HEeNMHEHHBIX ypaBHeHUH ypaBHeHue (3) u (5).
Pemnts IIOJIy4YEHHYIO CUCTEMY YpaBHEHUHN
IBPUCTHUECKUM MeTooM. Chenarb BBIBOJ O BIUSHUHU
ypaBHeHusa (3) u (5) Ha MoJeNUpPyeMyl CHCTEMY H
UTOroBoe 3HaueHue pH.

Ne9. Tlonw3ysice pesynbTaTamu 3amauui Ne6 HCKIIOYUTH U3
CUCTEeMBbI HeNTMHENHBIX yYpaBHeHHH ypaBHeHue (1), (3), (5).
Pemnts MIOJIy4YEHHYIO CUCTEMY YpaBHEHUHN
IBpPUCTHUECKUM MeToAoM. Chenarb BBIBOJ O BIUSHUHU
ypaBHeHUs (1) Ha MoIEIMPYEMYIO CHCTEMY U HUTOTOBOE
3HayeHue pH.

NelO. Pemutp HenuHeWHOE ypaBHeHHWE U3 3amadu (6) ¢
MOMOIIIbI0 BCTPOCHHBIX (YHKUUH ClEeNUaIN3UPOBaHHON
nporpammbl MathCad. CpaBHUTH MoNTydeHHOE 3HAYCHHUE C
YK€ TIOJTyYEHHBIMH.

Nell. Pemuth cucteMy HETMHEWHBIX ypaBHEHUH U3 3aaa4u (6) ¢
MIOMOIIIbI0 BCTPOGHHBIX (YHKUUH CleNUalIn3upOBaHHON
nporpammbl MathCad. CpaBHUTH MoNTydeHHOE 3HAYCHHUE C
YK€ TIOJTyYEHHBIMH.

Neol2. Ucxons n3 TOHSTHS JMHEHas
3aBHCUMOCTH/HE3aBUCUMOCTh XHMHYECKHUX pPEaKIMH, ¢

MIOMOIIbI0 BCTPOCHHBIX MaTeMaTH4YecKuX (QYHKIUI




Crpykry

PHBIA [Inanupyemsble
3JI€MEHT PE3yNbTaThI OneHouyHbIE CpECTBA
KOMIIETE 00y4YeHHS
HIUU
MathCad st cucTeMbl peaxiuii
C+H,0=CO+H, (1)
CO+H,0<CO,+H, (2)
2*CO<=C+CO, (3)
C+2*H,0<CO,+2*H, (4)
Onpenenutb KOJIMYECTBO JUHEHHO-HE3aBUCUMBIX XUMHUYECKHUX
peakuuii. Yrto 3TO 0O3Ha4aeT € TOYKM  3pEHUSA
MaTEeMaTHYeCKOr0 ONMKUCAaHUs JAaHHON CUCTEMbI PEaKIIUi.
Nel3. Jlynis HeoOpaTUMOii peakiiu MePBOro MOPSIKA:
A——>B
CocraButh  muddepeHIHaTbLHOe  ypaBHEHHE  CKOPOCTH
W3MEHEHUS KOHIeHTpanuu A. PemuTts mnoiyueHHOe
muddepeHIMaTbHOe  ypaBHEHHE  METOJIOM  DiJepa,
MoauHUIMPOBaHHBIM MeToaOM Diinepa, Pynre-Kyrra.
Cnenatp BBIBOJ O TOYHOCTH KaXJIOTO M3 METOAOB B
CpaBHeHHMH Jpyr ¢ JapyroM. Jlms pacu€ra mTpHHSTH
CIIeyIOIIMEe 3HAaYCHHS] HEU3BECTHBIX MMapaMETPOB:
= 0,7 mounw/11; k1=0,001 1/c; h= 0,1 (1ar uHTErpUPOBAHU).
Neld4. Jlns  mocnenoBaTebHOM — CXEMbI  HEOOpaTHUMBIX
XUMHYECKHUX PEAKIHA IEPBOTO MOPsIKa: A
A——>B—2>C
CocraBuTth cucremy audhpepeHInaTbHBIX YPAaBHEHUH U PEITUTh
e€ c moMolIbl0 MeTofa Jiiepa, MOAU(DUIIUPOBAHHOTO
Oiinepa, Pynre-Kyrra 4-oro nopsinka. Caenate BbIBOA O
TOYHOCTH TIOTy4aeMOTrO pEILIECHUsS, CPaBHUBAs METOJbI
MeXay coboit. s pacu€ra NpUHATH CIIEIYIOLIUE
3HAYEHUS] HEM3BECTHBIX MMAPaAMETPOB:
C°s= 0,5 Moms/it; C%= C°=0 moms/m; k;=0,05 1/c; k,=0,07 1/c;
h =0,1 (mar UHTErpUPOBaHHS).
Bnangers |- npaxmuueckum |Ilpaktudeckue 3ananus u3 npodeccHoHaNbHON 00IaCTH:
u naevikamu | C  HagéxHocThio P = 0,95 obecneynTh OIHOPOIHOCTH
pabomvi 6 | IpeAcTaBNeHHBIX B TaONWIle [aHHBIX, HCKIIOYUB TpyObIe
maoIuyHOM OIITMOKH.
npoyeccope (TIl); K 1 2 3 4 5 6 7 8
) ”p““”%‘;ifl’jzzu Yk oo | 54|53 |54 | 30 | 46 | 52|55 |54
:
padomt N Ayg o, | 423242198 | 38225242
YUATUZUPOBAHH , %
oR IpOCPANNAY, 2 18 |10 | 18 | 392 | 14 | 48| 27 | 18
—  Memooom Ayy %
CMamucmuyecko2o
ananusa Pemienne maHHOM 3a7ayM  OCYIIECTBUTH Ha OCHOBE JBYX
00HOpOOHOCMU METOJIOB: MpaBWiIa 26 U KPUTEPHUS MAKCUMATbHOTO OTKJIOHEHUS
oucnepcuii, r. Pacuérhl BBINIOJHUTH C HCIOJB30BAHHEM TaOIUIHOTO
—  Memooom mnmpoieccopa.




Crpykry

PHBIA [Inanupyemsble
3JIEMEHT pe3yJbTaThl O1ieHOYHbIE CPEACTBA
KOMIIETE 00y4YeHHS
HITUU
cmamucmuyeckozo |Nel6. C momoiiplo aHaiau3a OJHOPOJHOCTU cpenHux. Jlathb
ananuza  6vl00pKU | 3AKITIOYEHHUE 0 BO3MOXKHOCTH npeumytnectsa (P = 0,95) ogroro

Ha Hanuyue 2pyovix
OUWUOOK;

- Memooom
CMamucmuyecko2o
ananuza
00HOPOOHOCMU
CpeoHUX;

—  Memooom
HAUMeHbUUX
keaopamos (MHK),
—  Memooom
obpabomku
pe3yibmamos
NnAaccuUHbix
IKCNEPUMEHMO8 HA
ocHose MHK;

- Memooom
HDD; ananu3
NOJIY4eHHOl MoOoenu
HA A0eK8amHOCHb
u
pabomocnocobHoc
mo;

—  memooom J[DI;
Memooom
nocmpoenus
MHO20YPOBHEBO2O
MHO20aAKMOPHO20
niana,
UCNObL3YIOWe20
ceoucmea
JIAMUHCKUX
K6aopamoa.

arrmapara nepea Apyrum 1o npou3BOAUTCIbHOCTH.

y |1 [2 [3 4[5 [6 [7 [8 [9 [10]=

\k

y. |18 [19 [18 [19 [19 [19 [19 [18 [19 [- [171
8 |2 |9 |3 |0 |1 |0 |8 |0 1

Y, |19 [19 |18 [19 |19 [19 [19 [19 |19 |19 |193
3 |2 |9 |4 |5 |2 |4 |8 |6 |5 [3

Pacuétrl BBIIIOJIHUTD C HUCIIOJIB30BaAHHUECM TaOJIUYHOTO

mporeccopa.

Nel7. Jlnst mpoBepKH MPaBUILHOCTH BOJBTAMIIEPOMETPHYCCKOM

(BA) wmeromuku omnpexnenenuss kaamus Cd wucnosnb3oBaiu

aTOMHO-a0copOIHOHHYI0 (AA) METOAMKY, HE COJEpKallylo

CHUCTEMAaTUYECKOW norpemHocTu. [Ipu aHanmuse oJHOro U TOro

e 00beKTa MOJyUeHbI clieayroiiue pe3yabTarsl (Hr / mu Cd):
BA :20,5;22.4; 23,4, 20,8

AA: 23,5; 20,1; 19,9; 19,2; 19,0; 22,8

Conepxut am BOJIbTaMIIEPOMETPHYECKas METOIMKA
CHUCTEMAaTUYECKYIO MOIPEUIHOCTh?
Pacuérel  BBIMONHUTH C  HUCHOJB30BAHHEM  TAOJIUYHOTO

nporieccopa 6€3 UCMOoIb30BaHUS CIICIIMATIBHON HAJCTPOUKH.
Nel8. Pemuts 3agauy Nel7 ncnomnb3ys HaaCTpOHKY TaOIUYHOTO
mporeccopa.

Nel9.  Hcnonp3ys  TpM  pasau4HBIX  T'€HEPUPYIOIIMX
COOTHOUIEHMS, COCTaBUTh ILIAHBI HKCIIEPUMEHTOB JIdI2°72,
3anucarb ¢Gopmynbl Ui pacuéra Ko3(hPUIMEHTOB TUHEHHOM

MOJICIIH.

Ne20. Ha ocHOBe JaTMHCKUX  KBaJpaTOB  COCTaBUTh
MATUYPOBHEBBIN TJIaH MATH(GAKTOPHOTO SKCIIEPUMEHTA IS
HCCIIETOBAHUS npoiiecca uH(ppakpacHon CYILIKH

IpaHyJMPOBAHHBIX MaTEpUajOB B BaKyyMe IPH HUMITYJIbCHOM
sHepronoasoje. IlomyunTe MaTeMaTHUYECKyr0 B BHJE CYMMBI
HEIMHEWHbIX (QYHKIUH W HaWTH ONTUMAalbHBIE 3HAUYEHUS
PEXKMMHBIX [1apaMETPOB MpOIEcca: IJIOTHOCTH TEIJIOBOIO
MOTOKA Ha MMOBEPXHOCTH CJiosi Marepuana C, (BT/CMZ), TOJIIIIMHA
cnost mpoaykta Cyy (Mmm), muametpa rpanyn Cyy (MM), BETUIHHBI
paspsokerust Cpy (MM. pPT.CT.) M CKBaxHOCTH umnyiabca Cy
(%,oTHOIIEHNE BpeMeHH pPabOTHl MH(MPAKPACHOW CYIIMIKH K
o0umieMy BpeMeHH TMpeObIBaHUS B CYIIMJIBHOM Kamepe).
Brixonom mporecca y (py0/T) Wi KpUTeprueM ONTUMaIbHOCTH
NpPUHATA BENUWYMHA MPUBEAEHHBIX JOXOJOB C  Y4ETOM
MIPOU3BOIUTENILHOCTH YCTAHOBKHU M MOTPEOIsIeMOI MOIIHOCTH.

| Vpopem |1 |2 '3 |4 |5 |




Crpykry

PHBIA [Inanupyemsble
AJIIEMEHT pe3yIbTaThI O1eHOYHBIE CPEJICTBA
KOMIIETE 00y4YeHHS
HINH
C, (Br/em®) | 0,50 0,75 1,00 1,25 1,50
Ci (mm) 5 10 15 20 25
C||| (MM) 2 3 4 5 6
Cwv (Mm. | O 150 300 450 600
PT.CT.)
Cv 0,2 0,4 0,6 0,8 1,0
x(06e3pa3m.) | -2 -1 0 1 2
u| Iln 9 u | In y u | In 9 u | Ina y
M py M py M py T |y
o/T o/T o/T o/T
11111 |13 |8 |413 |27 |1 215 (32 |2 |123 |20
11 |0 52 |0 5143 |0 2 |45 0
21234 |14 |9 |531 |32 |1 (444 32 |2 241 |17
51 |0 42 |0 6 (44 |0 3135 0
31352 |23 |1 (154 |20 |1 (512 |39 |2 314 |24
41 |0 0132 |0 7134 |0 4125 0
41425 |29 |1 (333 |40 |1|135 |24 |2 432 |25
31 |0 133 |0 8124 |0 51151 |0
5/543 |26 |1 |451 |26 |1 |253 |22
21 |0 2123 |0 9114 |0
6|222 |35 |1 |524 |34 |2 |321 |22
22 |0 3113 |0 05 |0
71345 126 |1 |142 |18 |2 | 555 |40
12 |0 4153 |0 1|55
Cooepotcanue npakmuueckozo pazoena OUCYUNIUHbBL
1) Aneopumm  pewileHusi HeIUHEUHO20 YPABHEHUs.
MemoooM Xopo,
2) Aneopumm  peuwiteHusi HeIUHEUHO2O0 YPAGHEHUs.
memooom Hviomona;
3) Aneopumm  pewieHusi HeIUHEUHO20 YPABHEHUs.
MemoooMm OelleHusi Ompe3Ka no-noJam.
4) Hcnonv3o6anue naxema npuxiaoHbix npocpamm
MathCad oz pewenus nenuneiinvix ypaenenui;
5) Aneopumm  pewenus oughghepenyuanvrwvix
ypasHenuii memooom Diiepa.
6) Aneopumm  pewenus oughghepenyuanvrwvix
VPABHeHUU MOOUDUYUPOBAHHBIM Memodom Diiiepa.
7) Aneopumm  pewenus oughghepenyuanvrwvix
ypasuenuii memooom Pynee-Kyma uemeépmozco nopsoxa.
8) Hcnonvzoeanue naxema npuxiaoHbix npocpamvm
MathCad oxs pewenus oughghepenyuanvuvix ypasnenuir;
9) Pewenue cucmem oughghepenyuanvrvix

ypasHerul Memooom Jiiepa, MoOUPUYUPOBAHHBIM MemOOOM
Diinepa, Pynee-Kyma.
10) Hcnonvzosanue nakema npuxkiaonblx npocpamm




Crpykry
PHBIA
3JIEMEHT
KOMIIETE
HIUHU

[Inanupyemsble
pE3yJIbTaThI
oOyueHus

O1neHOYHBIC CPEACTBA

MathCad ons  pewenus cucmem  Ougpghepenyuanvmoix
VPAGHEeHUII.

11) Ipakmuueckuii ananuz cywecmsyrouux mooenet
8 obnacmu npogheccuonanvHoll KOMnemeHyuu

(npoenosuposarnue nokazameneti kavecmaa koxca M25 u M10) 6
naxeme MathCad.

OIIK-5 BageHreM OCHOBHBIMH METOJIAMHU, CIIOCOOAMHU U CPEICTBAMH IOJTyYCHHS, XPaHCHUS,
nepepaboTku HHGOPMAIINHU, HABBIKAMH PAOOTHI C KOMITBIOTEPOM KaK CPEJICTBOM YIIPABJICHUS
nHpopmanuen

3HaTh

— wuHTepdeiic
u OCHOBHBIE
BO3MOXKHOCTH
porpaMM 0OIIero
Ha3HAYCHUS
(37IEKTPOHHBIC
TaOJIHIIBI) u
CHeIUaIN3UPOBAHH
BIX TPOTpaMM st
pelieHuss  3anad,
CBSI3aHHBIX C
MaTeMaTHYeCKUM
MOJICITUPOBAHHEM;

— BO3MOKHOC
TH TII npu
PEIICHUH THUITOBBIX
3a/1ay;

Teopetnueckre BOIPOCHI:

21)  PemieHue  HEIMHEHHOTO
JIEJICHUs OTpe3Ka MomnoJam;

22)  PeuwieHue  HEJIMHEHHOTO
HreroToHa;

23)  PerieHue HEIMHEHHOTO YpaBHEHHUS METOIOM XOP/I;

24)  Pemenue quddepeHnaIbHOTO YPaBHEHUS METOIOM
Oneiipa. MoaupuupoBaHHbld MeTO[ OJiiepa. AganTamus
MeTona OWiepa Ha ciydail cucteM AuQdepeHInanbHbIX
YpPaBHEHUU. Ocobennoctu peleHus CHUCTEM
muddepeHIMaNbHBIX ypaBHEHUH npu MojenupoBanuu X T11;

25)  Pemenue nuddepeHraabHOro ypaBHEHUS METOIOM
Pynre-Kyra uerBéproro mopsiaka. ApjanTamus — MeToJa
Pynre-Kyra Ha caywail cucrem  auddepeHuuanbHbIX
YPaBHEHHUH. OcobenHoctu peleHus CUCTEM
muddepeHMaNbHBIX ypaBHEeHUH npu MojenupoBanuu X TII;

YPaBHEHHUS  METOJOM

YPaBHEHHS  METOAOM

VYmMmern

CO3/1aTh [IpakTrueckoe 3a1anue:

COOCTBEHHYIO [To manubM pabotsl [Kokc u xumus. 1978. Ne 8. C.12—-14] nHa

(GyHKLHIO p|ocroBe TI®D 2% paccunrars 3HadeHHs KOS((HUIIEHTOB

Ta0IUIHOM JUHEWHOM MOJAENH Il MPOTHO3UPOBAHUA  IOKa3aTeneit

IPOIIECCope; KadyecTBa Kokca Mas u M1g, CpaBHUTHh X C MPEIJIOKEHHBIMU B

UCIOIBL30BATH CaMOl Hay4YHOU CTaThbe.

Bo3MmokHocTr TIT | YKazanme K BBINOJTHEHUIO 3adaHus: Ha agucte TII B

s peammzanuy | AHQOPMATHBHOM — BUJE  CO3/aTh  TaOJNMIly —[UIAHUPOBAHHUS

anropuT™Ma no |kcnepumenta [1DD 24, BBECTH CpPEJIHHE 3HAUCHUS MTOKa3aTelen

OII0K-CXeMe; KauecTBa Kokca Mys U Mjg u paccuutath KOIPQPUIUEHTHI

BBIMNOMHUTE B TII | TMHEHHON MOJIEIIH.

BBIUHCJICHHS IO

UTEPALOHHBIM Cooeprcanue npakmuuecko2o pazoena OUCYUnIUHbL

dbopmymam; Tpaxmuyeckuil ananuz cyuecmsyrouux mooeneu
6 obnacmu npogheccuoHanbHoOU KoMnemeHyuu
(npocHo3uposaHue nokazameneli Kauecmea KoKca
M25 u M10) 6 nakeme MathCad.

Brnaznets —  MpakTHyec 3aoanue u3 obracmu npogheccuonanvhoil OeamenbHocmu
KAMH  HaBBIKAMH Hcnonvsosanue 6cmpoeHHOU HAOCMPOUKU MAOIULHO2O0
paboThI B npoyeccopa Ol peuleHus 3a0ay  Mamemamuyecko2o
TaOJIMYHOM NnpocpaAmMMUupoBanus.

Hcnonvzosanue npocpammur MathCad ozns pewenus 3adau




Crpykry
PHBIA [Inanupyemsble
JJIEMEHT pe3yJbTaThl OneHouHble CpeCTBA
KOMIIETE 00y4YeHHS
HIMU
nporeccope (TII); MamemMamuyecko20 npocpammupoSanusl.
—  IpakThyec
KAMH  HaBBIKAMH
paboThI B
CHeHaTU3UPOBAHH
BIX IpOrpaMMax;

0) Ilopsiiok mpoBeeHUs] MPOMEKYTOYHOWH aTTeCTAIMU, MOKA3aTeJH W KPHUTEPHH
OlleHUBAHMS:

[TpomexxyTounas aTTecTanus o TUCUUTUINHE «MonenupoBaHue
XUMHUKO-TEXHOJOTHYECKUX TPOIIECCOB» BKIIOYAET TEOPETUYECKUE BOIPOCHI, MO3BOJISIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUYAIOMIMMUCS 3HAHUWH, U MPAKTUYECKHUE 3a/IaHUs, BBISBIISIOIINE
CTerneHb c(POPMUPOBAHHOCTH YMEHUHN U BIIaJICHUI, MPOBOIUTCS B POpMeE dK3aMeHa.

DK3aMeH 1O JaHHOM TUCHMIUIMHE MPOBOJUTCA B YCTHOW (hOpMeE MO IK3aMEHAITMOHHBIM
Ouiietam, KaKIbId M3 KOTOPBIX BKIIOYAeT 2 TEOPETHUYECKUX BOIMPOCAa U OJHO MPaKTUUECKOE
3a/laHue.

IToka3aTe/u U KPUTEPUU OLIEHHBAHUS IK3aMeHa:

— Ha OLEHKY «OTJHYHO» (5 6ayioB) — 00y4aromuiicss JEMOHCTPUPYET BBHICOKHI YpOBEHb
c(OpPMUPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CHUCTEMAaTHMYECKOe U TIy0OKoe 3HaHue
y4eOHOTO MaTepuasia, CBOOOJHO BBHINONHACT TMPAKTHUYECKUE 3aJaHHsi, CBOOOIHO ONEpUpPYET
3HAHUSAMHU, YMEHUSMHU, TPUMEHSET UX B CUTYallUAX MOBBIIIEHHON CIIOKHOCTH.

— Ha OIIEHKY «xopomo» (4 Oamia) — oOyJaroniuiics IEMOHCTPUPYET CPEIHUN YPOBEHBb
c(hOpMUPOBAHHOCTH KOMIIETEHIMI: OCHOBHBbIC 3HAHUS, YMEHHS OCBOCHBI, HO JOIMYCKAIOTCS
HE3HAYNTENbHBIC OMIMOKH, HETOYHOCTH, 3aTPYJHEHUS TIPU aHATUTHIECKUX OTIEPAIUsX, IepeHoce
3HaHWI U YMEHUW Ha HOBbIE, HECTAH/IAPTHBIE CUTYaIHH.

— Ha OIICHKY «YyIOBJIETBOPUTEJbHO» (3 Oamia) — oOydYaromIMiics IEMOHCTPUPYET
MOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHIIMI: B XO0/I€ KOHTPOJBHBIX MEPOMPUSITUN
JIOITYCKAIOTCS OIMMOKH, TPOSBISETCS OTCYTCTBHE OTACIBHBIX 3HAHWUH, YMEHHWH, HAaBBIKOB,
0oOy4aromMiicsl UCIBITHIBAET 3HAYUTENbHbIE 3aTPYAHEHUS TPU ONEPUPOBAHUU 3HAHHUSIMH U
YMEHHSIMH ITPU MX TIEPEHOCE Ha HOBBIC CUTYAIINH.

— Ha OLICHKY «HEeY/I0BJIETBOPHUTEIBLHO» (2 Oaia) — 00yJarouuiicss IEMOHCTPUPYET 3HAHUS
He Oosiee 20% TeopeTHUeCKOro maTepualia, JOMYCKAaeT CYIIECTBEHHBIC OIIMOKH, HE MOXET
MOKAa3aTh UHTEIUIEKTya IbHbIe HABBIKU PEIICHHs MPOCTHIX 3a/1a4.

— Ha OIICHKY «HEeYIOBJIETBOPUTEJAbHO» (1 0amn) — oOyuaromuiicss He MOXKET IMOKa3aTh
3HaHMSI HAa YpPOBHE BOCIPOM3BEACHHS M OOBsACHEHUS WHPOpMAIMU, HE MOXET I[0Ka3aTh
WHTEIICKTYaTbHbIC HABBIKM PEIICHUS TPOCTHIX 3a,1a4.




