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PABOYAS ITIPOI'PAMMA JUCIHUIIJIMHBI (MOYJISI)

INNTAHHPOBAHMWE 5KCIIEPUMEHTA U MOJAEJIHPOBAHHE
XHUMHKO-TEXHOJIOTHYECKHX ITPOIJECCOB

Hanpasiienye noAroToBKH (CreHaaIbHOCTD)
18.03.01 Xumuueckast TEXHOIOTHS

HanpasnerHocTs (Ipoduiib/criennann3angs) mporpaMMsl
XuMudeckast TEXHOJIOTHS! TIPHPOJTHBIX SHEPTOHOCUTEIICH U YIIIEPOIHBIX MATEPHAIIOB

Vposens BeIcIIero ob6pazoBanus - GakanaBpuat

®Dopma 06yueHHs
OYHast

Wnctutyt/ dpakynsrer MHCTHTYT METALTYPrUH, MATMHOCTPOECHUS M MAaTepUanoodpaboTku

Kadenpa | Merannypriay 1 XHMUYECKHX TEXHOJIOTH
Kype -+
Cemectp 8

MarnuTtoropck

2021 rog



Ilporpamma npaktukuw/HUP cocrasnena ma ocuose ®I'OC BO - 6akanaBpuaT 10
Hanpasienuio noaroropkn 18.03.01 Xumnyeckas Texnonorus (npukas MunoGpaayku Poccun
0t 07.08.2020 r. Ne 922)

Ilporpamma  npaktukuw/HUP paccMoTpena u omoGpeHa Ha 3aceiaHum Kadeps
Meramtyprius 1 XAMHYECKHX TEXHOIOTHI

10.02.2021 nporokos Ne5 4}/

A

3aB. kadenpoit .C. XapueHko

IIporpamma npakruku/HUP ono6pena meronuyeckoit komuccueit UMMuM
03.03.2021 r. ITporokon Ne 4 L ——
Ipencemarens—~ < A.C. CaBunOB

IIporpamma cocraBieHa: / A

npodeccop kabeaper MuXT, 1-p dus.-mar. Hayk 5 ,a/ A.H. CmupHOB

/

ciempamer  HTIT TAMOIT IIAO "MMK" , xasjg TexH. HayK
E.H. Cremanos

Cettopts
Ry




MUHHACTEPCTBO HAYKH 1 BBICHIET'O OBPA3OBAHNS
POCCUICKOI ®EJEPALIIU

" ®enepalibHOE TOCYAAPCTBEHHOE 0I0/PKETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIET0 00pa30BaHUs
«MarsuToropckui rocy1apCTBEHHbIA TeXHUUEeCKU yHuBepcuteT um. I'.11. HocoBa»

VYTBEPXJIAIO
Hupexrop UMMuM
A.C. CaBuHOB

03.03.2021 r.

PABOYASA TIPOTPAMMA JUCHUIIJIMHBI (MO YJIS)

IUVIAHUPOBAHHUE SKCIHEPUMEHTA U MO/IEJIHPOBAHHE
XUMHUKO-TEXHOJIOT'HYECKUX ITPOLIECCOB

HarmnpaBnenue noaroToBku (CrenuaibHOCTh)
18.03.01 XumMuyeckast TEXHOJIOTUS

Hanpasnennocts (mpoduiib/crieniuani3anys) nporpaMmbl

XuMudecKas TeXHOJIOTHS IIPHUPOAHBIX 3H€pFOHOCHTGJ’IGI71 " YIJICPOAHBIX MAaTCPpHAJIOB

YpoBeHs BrIcIIEro o0pa3oBaHus - 0aKajiaBpuat

®opma oOyueHus
OuHas

Uuctutyt/ pakynprer MHCTUTYT METaUTypruu, MalllMHOCTPOEHUS U MaTepuanoo0paboTKu
Kadenpa Meramtypruu 1 XMUMHYECKUX TEXHOJIOTUI

Kypc 4

Cemectp 8
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Pabouas mporpamma cocraiena Ha ocHoBe @I'OC BO - GakanaBpuat 1o HarpaBiIeHHIO
noarotoBku 18.03.01 Xumudeckas Texnomnorus (mpukaz Munoopuayku Poccun ot 07.08.2020 .
Ne 922)

Pabouas mporpamma paccMoTpeHa u o100peHa Ha 3acenanuu Kadeapsl Merautypruu u
XUMHYECKHX TEXHOJIOTHIA
10.02.2021, nmpotokomn Ne 5
3aB. kadenpoit A.C. XapueHko

PaGouas nporpamma ogoOpena metoauueckoi komuccueir UMMuM
03.03.2021 r. mpotokoma Ne 4

[Ipeacenarens A.C. CaBuHOB
Pabouas mporpamma cocraBieHa:
npodeccop kadenpst MuXT, n-p ¢us.-mar. Hayk A.H.
CmupHOB
Penensenr:

Benymmii crneunanucr HTL[ TAHAII [TAO MMK MuXT, kaHn. TexH. Hayk
E.H. Crenanos




JIner akryaauszanuu padoueil mporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzanuu B 2022 - 2023
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

PaGouast mporpamMma repecMoTpeHa, 00CcykaeHa u o100pena s peanusamnuu B 2023 - 2024
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadempoii A.C. iapquKo

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanmu3zanuu B 2024 - 2025
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl MeTauryprud 1 XUAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u omodpena s peanm3anuu B 2025 - 2026
y4eOHOM roy Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

CBOOOJHOE BJAJ€HHME OCHOBHBIMH METOJAMM IIOCTPOEHUS, YUCIEHHOI'O pELICHMS,
peanu3anuu (MpeAcTaBiIeHUs ) U CCIEI0BaHus ¢ noMolpo OBM maremarnueckux Moienei;

OCBOEHHE CYHIECTBYIOIIHUX OCHOBHBIX MAaTEMaTHYECKHUX MOJEJECH, HCIIOJIb3YEMBIX IIPH
OIMCaHUU XUMUKO-TEXHOJIOTMYECKHUX ITPOLIECCOB.

2 MecTo TMCUHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa30oBaTe/bHOil IPOrpaMMbl

Jucnunnmna [InanupoBanue AKCIIEPUMEHTA n MOJICTTUPOBAHKE
XUMHUKO-TEXHOJIOTHYECKUX IMPOIECCOB BXOAWT B 00s3aTENbyI0 4YacTh Y4eOHOro IIaHa
00pa3zoBaTebHON MPOTPAMMBI.

JUis  w3ydeHus ~ JAWCHMIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHS,  BJAJICHUSA),
c(hopMHEpOBaHHEIC B PE3YyJIbTATE H3YUCHUS AUCIUTLIINH/ TPAKTHK:

Marematuka

dusnyeckas XUMHs

XHAMHYECKUE PEAKTOPBI

MaccooOMeHHbIE TPOLIECCHl XUMHUECKON TEXHOJIOTUU

TexHnyeckas TepMOJUHAMUKA U TEIIJIOTEXHUKA

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTHUU

3HaHus (YMEHHUs, BIaJIeHHs), IOJIYYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI ISl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

[TonroToBka K MpoIeaype 3aliThl U 3alI1Ta BHITYCKHOW KBaTH()PUKAIMOHHOW paOOTHI

VY4ebHo-Hccne0BaTeNIbCKas paboTa CTyIeHTa

[Ipon3BoACTBEHHAS - NIPEAAUILNIOMHAS IIPAKTUKA

3 Komnerenuun odyyarouierocs, popMupyembie B pe3y/ibTaTe 0CBOEHUS
AUCHHUILIMHBI (MOYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4eHH s
B pesynbrare ocBoeHMs IUCHMIUIMHBI (Monynst) «llmaHupoBaHue >KCEpUMEHTa U
MOJICJIUPOBAHME XUMHKO-TEXHOJOTMUECKUX IIPOLECCOB» OOydaroluiica TOJDKEeH 0071a1aTh
CJIEYIOIIMMHU KOMIIETEHIUSIMU:
Kox unaukaropa WNHaukaTop 1OCTUXKEHUSI KOMITETEHIIUI

OIIK-2 CmocobeH WUCHOIB30BaTh MaTeMaTHueckue, (u3udeckne, (QU3MKO-XUMUIECKHE,
XHMHYECKHE METOJIBI JIJIs PeIIeHUs 33124 TPOGeCCHOHATBHOM NeITeIbHOCTH

OIlK-2.1 Ucnone3yer  maremarmyeckue,  (usmueckue,  (U3NKO-XMMHUECKUE,
XUMHUYECKHE  METOABl Ul  pelleHus 3agad  IpogecCHOHaIbHON
JESITeIbHOCTH

OIIK-2.2 BreiOupaer ~ MaTemaTHueckue, ¢buznueckue, (bU3UKO-XUMHUYECKUE,
XUMHAYECKHE  METOABl Ul  pelleHus 3agad  IpogecCHOHaTbHON
JeSITeJIbHOCTH

OIIK-5 CnocobeH OCYIIECTBIATh JKCIEPUMEHTAIbHBIE WCCICIOBAHUA W HCIBITAaHUS TI0
3a/IaHHOM METOJMKE, MPOBOANTH HAOTIOJACHHS M U3MEPEHHsI C y4eTOM TPeOOBaHUN TEXHHUKHU
0€30IIaCHOCTH, 00padaTHIBAThL M MHTEPIPETUPOBATEL IKCIIEPUMEHTAIbHEBIC JaHHBIE

OIIK-5.1 Bri6upaeT v npuMeHsieT METO/IbI U CPEJCTBA U3MEPEHUS ISl ONpe/esIeHUs
CBOMCTB MaTEpUAJIOB M TOTOBOW MPOAYKLIUU

OIIK-5.2 [IpoBOAMT 3KCHEpUMEHTAIBHBIE MCCIEAOBAHUS U HCIOJB3YET OCHOBHBIE
puEéMbI 00pabOTKH M IPEICTABICHUS OTYYEHHBIX JaHHBIX




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM
qyuce:
— KOHTaKkTHas padora — 39,2 akaj. 4acoB:
— aynutopHas — 36 akaJ. 4acoB;
— BHEAyIUTOpHas — 3,2 aKkaJl. 4acoB;
— caMocTosTeNbHas padora — 69,1 aka. yacos;
— B (hopMe NMPaKTUYECKOM OATOTOBKY — 4 aKaJl. Jyac;,
— IMOATOTOBKA K 3K3aMeHy — 35,7 akaj. gac

dDopMa aTTecTaiuu - 3K3aMCH

AynuropHas
KOHTaKTHas pabora
(B akaj. yacax)

®dopma TeKyIero
Bug KOHTPOJISI
CaMOCTOSITETILHOM | yCIIeBaeMOCTH U
padoThI TIPOMEKYTOYHOM
aTTecTaluu

Kon
KOMIIETEHIIMH

Pasznen/ tema
JCIUATIIUHEI

Cemectp

nab. | mpaxr.
3aH. 3aH.

Jlek.

CamocTosTenbHast
paboTta cTymeHTa

1. Pazgen "OOume BONpPOCHI
MOIeTTPOBaHIS"

1.1 O6miee MTOHATHE
MOJCIIH. MHoroo6pasue
hopm MIPeICTABICHUS
MOJEIH. Tlonsitue 0
MaTeMaTHYeCKOM
MO/ICITUPOBAHUH.
OCHOBHBIE  TIOIXOHBI K
MOCTPOCHHUIO
MaTEMAaTHYECKUX MOIEIEH. OIIK-2.1,
AHaIUTHYECKUH TMOAXOHd K Brmonnenne OIIK-2.2
2 1021 | 7 MPAaKTUIECKUX Kosmnoksuym. '
MOJIETIPOBAHHIO. OIIK-5.1,
OKCIepUMEHTaNIbHBIN pador (brox Nel). OIIK-5.2
MOJIXOJT K MOJICITUPOBAHHMIO.
KomOuHupoBaHHbIH
MOJIXOJT K MOJICTTUPOBAHHMIO.
OCHOBHBIC JTaIlbI
MOCTPOCHHUS
MaTEeMaTHYECKUX MOJICIICH.
TpuenuHcTBo mporecca
MO/JICITUPOBAHUSA:  MOJICIb,

12 IIpumepst
e e

AICITHP N 1 1 MIPaKTUYECKUX Konnoksuym. o
Pa3IN4HBIX obnacrei pator (Biok Nel) OIIK-5.1,
3HaHus (pu3uKa, BOEHHOE e OIIK-5.2

JIENI0, OMOJIOTHS).

Wroro no pazneny 3 /021 | 8

2. Pasgen "AHanuTHyecKuit
MOAX0I K  MOJCITHPOBAHUIO
XHMHKO-TEXHOJOTHUYECKHX
MpoLEeccoB”




2.1 ITousrue 0
(U3HKO-XMMUUECKOM

MOJIETNPOBAHHH.
OCHOBHBIE CBEJIEHHSA U3
Kypca "®duznyeckas

xumus".  TepmoanHamMuKa
XUMHUYECKUX

IIPEBPALCHU.
Hanpasnenne xumudeckux
peaxuui. YpaBHeHHe
HU30TEPMBI XUMHYECKOMN
peaxuuu. CriocoOsl
ONHUCaHUA  KOHIIEHTpAIUU
pearupymoomux  BEIIECTB.

U3menenne SHEPTUHI
I'm6bca B Xozme peakiuH.
VpaBHenue HU30TEPMBI

XHUMUAYECKOM peakiud B
CTaHIAPTHBIX  YCIIOBHSX.
CBs13b MEXJy KOHCTaHTaMH
paBHOBECHS B 3aBUCUMOCTH
oT cmocoba  OMHCAHUA
cocTaBa PpeaKkLUuOHHOMN
CMecCH. I'ereporennoe
XMMHYECKOE paBHOBECHE:
3aIiCh KOHCTaHT
paBHOBecus. OmnpeneneHue
KOHCTaHT paBHOBECHA IPH
Pa3NMYHBIX TeMIIEpaTypax.
Ilonatue o  JMHEHHON
3aBUCUMOCTH XMMHYECKUX
peaxiuii. Merton
Témkuna-llIBapumana aus
pacuéra KOHCTaHT
paBHOBeECHS. Pacuér
KOHCTaHTbl PAaBHOBECUS Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyoummx — BeIIeCTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpallMii Ha OCHOBE
KOHCTaHTbl ~ pPaBHOBECHSL.
Meronuka pacuéra
PaBHOBECHBIX
KOHLIEHTpaLui npu
OJIHOBPEMEHHOM
MPOTEKAHUH  HECKOJBbKUX
peaxuuit (MeTouka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocraBa
pactBopa). OrpaHuueHHs
TEPMOIMHAMHUYECKOTO
oJxo0/1a B ciydae
MOJICTUpOBaHusl  (pacuéra)
PaBHOBECHOTO cocraBa

5/11

14

Brimonnenue
MPAKTHIECKUX
pa6ot (bnok Ne2).

Komnoksuym no
3ajavam.

OIIK-2.1,
OIIK-2.2,
OIIK-5.1,
OIIK-5.2

2.2 Kunernueckue
0COOCHHOCTH  TPOTEKAHUS
XUMHYECKUX peaxiuii.
Merouka COCTaBJICHUS
CUCTEM ypaBHEHHUI,
OITUCHIBAIOIIUX
PaBHOBECHBIC
KOHIICHTPAIlM  BEILECTB,
NPUHUMAIOIINX Yy4acTHE B
XUMHUYECKHUX PEaKIHsiX.

321

10

BremonaeHnne
MPaKTUIECKUX
pabort (biox Ne3).

Komnoksuym no
3a7ayam.

OIIK-2.1,
OIIK-2.2,
OIIK-5.1,
OIIK-5.2




2.3 JIuddepenumaibpHbie
YpaBHEHHSI HEIPEPHIBHOCTH
MOTOKA UL
HEYCTaHOBHBIIIETOCS
JIBIDKEHUsI ~ HEC)KUMaeMOU
JKHIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
mup¢dy3uu, KOHBEKTHBHOMN
U dysnu; ypaBHCHHE
MarepuaibHOro  OanaHca
UL 3JIEMEHTApHOTO
00béMa peakTopa IH000r0
tuma. OOmue cBeaeHHs O
Teopuu nono0us.
OcHoBHEIE KpUTEpUn
nonobust. KpurepuanbHbie

3,35

TToaroroBka k
CEMHHAPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

OIIK-2.1,
OIIK-2.2,
OIIK-5.1,
OIIK-5.2

Hroro no pazneny

8/31

27,35

3. Pazgen "DkcnepuMeHTaNbHBII

noaxon"

31 CraTucTHYECKHe
METOJIBI aHaJm3a
IKCIIEPUMEHTANTBHBIX
JTAHHBIX.
DKCrnepuMeHTaIbHbIE
OLICHKH WCTUHHOTO
3HAYCHUS u3MepsieMoi
CITy4aifHO! BENMYWHBI U €&
mucnepcun.  OnpeneneHue
rpyObIX  OMIMOOK  Ccpeau
pe3yJbTaTOB IOBTOPHOCTEH
OIIBITA.
CpenHeB3BEeILICHHBIC
OLICHKH TACTICPCHH.
Amnanus OJIHOPOJHOCTH
MCXOIHBIX OLICHOK
mucnepcun.  OnpeneneHue
JOBEPUTENBHON  OIIMOKH

9KCIEPUMEHTANbHOMN

OIICHKH HN3MEepAEMOro
napamerpa. Omnpenenenue
qrca HOBTOPHOCTEI
OTbITa, O00ECIEUYNBAIOIIETO
TOJTy4eHUE 3a/1laHHOM
JIOBEPHUTEIILHOW  OIIMOKH
OIICHKH OIIpeeIIEMOTO
napamerpa. IIposepka

HOPMaJIbHOCTHU 3aKOHa

10

Brimonnenue
MPAaKTUYECKUX
pabot (biox Ned).

OIIK-2.1,
OIIK-2.2,
OIIK-5.1,
OIIK-5.2




3.2  IlnanupoBaHue
o6paboTka pe3yIbTaToB
01HO(haKTOPHOTO
9KCHEPUMEHTOB.
dopmanmzanus
IKCTIEPUMEHTANBHBIX
JaHHBIX METOJIOM
HAMMCHBIIUX  KBAJIPaTOB.
CUMMeTpHIHBINA u
PaBHOMEPHBIi TUIaH
01HO(haKTOPHOTO
skcnepuMenTa. IIpoBepka
a/IeKBaTHOCTH
MOJIYYCHHOTO YpaBHEHHS H
€ro  HCIOJNb30BaHHE IS
ONTHMHU3ALUK  IIpoLecca.

[omyuenune

9KCIOHEHIINATBHON

3aBHCUMOCTH o

pe3yibTaTam

OJTHO(AKTOPHBIX

9KCIIEPUMEHTOB.

JIByXypOBHEBbIE TUTaHBI

MHOTO(paKTOPHBIX

9KCIIEPUMEHTOB. Meron

HanMEHBIINX  KBaJpaToB

pu o0paboTke

pe3yJIbTaToB

MHOT0()aKTOpHOI'0

JKCIIEPUMEHTA.

JByxypoBHeBbIit I1aH Brimonnenne OIK-2.1,
ITOJIHOTO (axropuoro 5121 3 MPaKTUIECKUX 8g§_éi'
JKCIIEPUMEHTA [oes2n. pa6ot (binok Ne4). OHK- 5‘ 2'
VpaBHEHHs, TIOJydaeMbIe -
o pe3ynpTaTtam

peanu3anuu TUIAaHOB

IIdB2n.  CraTucTuuecKuii

aHanm3 3HAYUMOCTH

OLEHOK  KOod3(duineHros

ypaBHEHHS, ero

a/IeKBaTHOCTH "

paboTOCIIOCOOHOCTH.

JpoOusrit (baxTopHbIH

skcriepument  J{DI2n-n'.

IInanupoBanue

IKCIIEPUMEHTA npu

U3MEHSIOIEMCS BO

BPEMEHH  BIHMSHHH  Ha

rpouecc HEYYTEHHBIX

(hakTopoB. Hcrnonb3oBaHue

mwianoB [1OI2n JD32n-n'

JUIS TIOJYYCHUS] YpaBHEHHS

nporecca B BUJIE

9KCHOHEHIIMAIbHON

3aBHCHUMOCTH.

PaccmoTpenue npumepos.

MHoroypoBHeBbIE

MHOTO(aKTOPHBIC  ILIaHBI,

UCTIOJIB3YIOIIME  CBOMCTBa

JIATUHCKUX KBaJIPaTOB.

IToctpoenue TUTAHOB.

ITomyuyenune u

UCIIOJIb30BaHUE Ut

HWroro no pazaery 7/21 13

4. Paznmen "KomMOMHHpOBaHHBIN

meton"




4.1 Ocobennoctu

KOMOWHHPOBaHHBIX
MaTEMAaTHUYECKUX MOJICIICH.
iiiiﬁziﬁzzginx MOJENen Tloaroroska k OIIK-2.1,
u3 obnactu 3 2/21 |20,75| ceMuHHApCcCKOMY Cemmnnapcioe OTK-2.2,
" 3aHSATHE. OIIK-5.1,
npodecCHOHATEHON 3aHATHIO. OTIK-5.2
KOMIICTCHI[AH ’
(IporHO3UpOBaHUE
[MOKa3aTelen KayecTBa
Kokca M25 u M10).
Hroro no paszuerny 3 2/21 20,75
5. Pasznmen "Dk3amen"
OIlK-2.1,
TToaroroBka k OIIK-2.2,
5.1 Dx3amen SK3aMeHy DK3aMeH OIK-5.1
OIIK-5.2
Hroro no pazneny
Hroro 3a cemectp 18 18/7,21| 69,1 DK3aMeH
Hroro no aucnumnuze 18 18/7.2 69,1 DK3aMeH

)44




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jnsi  JAOCTIOKEHWsI  IUIAHUPYEMBIX — pe3yabTaroB  OOy4YeHHs, B  JUCHUIUIMHE
«MoJienupoBaHue  XMMHUKO-TEXHOJIOTMYECKHX  IPOLECCOB»  HUCIOJNB3YIOTCS  pa3iuyHbIe
00pa3oBaTeNbHbIC TEXHOJIOTUU:

1. HMuadopmannOHHO-pa3BUBAIOIINE TEXHOJIOTUH, HAIMPABICHHbIE HA OBJIAJCHHE
OOJIBIIUM 3allacoM 3HAHWM, 3allOMHHAHUE W CBOOOJHOE orepupoBaHWe MMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUECHUE TUTEPATYpPhl, IPUMEHEHHE HOBBIX
UH(POPMALIMOHHBIX TEXHOJIOTUH JUISI CaMOCTOSITEIbHOTO TIOMOJNHEHUs 3HAHWM, BKIFOYAs
UCTIOJIb30BaHUE TEXHUUECKUX U JIEKTPOHHBIX CPEJICTB HH(POPMAIINH;

2. JlesTenbHOCTHBIE MPAKTUKO-OPHEHTHPOBAHHBIC TEXHOJOIWH, HAIpPABJICHHBIC Ha
¢dopMHpoBaHHE CHUCTEMBI NPOPECCHOHATBHBIX MPAKTHUYECKUX YMEHHMHA TIpU MPOBEACHUHU
AKCIEPUMEHTAIBHBIX UCCIICAOBAHMH, 00ECTICUNBAIOIINX BO3MOKHOCTh KAYECTBEHHO BBITIOIHSTh
po(heCcCHOHATTLHYIO e TEIbHOCTD;

3. Pa3BuBaromue mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOIHH, HAIPaBJICHHBIC Ha
dopmupoBaHHEe W pa3BUTHE TPOOJIEMHOTO MBINUICHUS, MBICIUTEIFHOW AKTUBHOCTH,
CIIOCOOHOCTH NMPOOJIEMHO MBICIHUTD, BUIETHh U (OPMYITUPOBATH POOIEMBI, BEIOUPATH CIIOCOOBI U
cpeAcTBa ans HMX pemeHus. VICmonp3yloTcs CIeayromue BHIBI MPOOJEMHOTO OOydYeHUS:
OCBCIIICHUE OCHOBHBIX IMPOOJIEM HM3y4aeMOW IUCIMILIMHBI HA JICKIHSX, Y4eOHbIC JUCKYCCHUH,
pemieHre 3ajad TOBBIMICHHOM CioXHOCTU. llpenomaBarens Wb CO3MaeT MPOOIEMHYIO
CHUTYAIIHIO, a pa3pemaroT e€ 00yJaeMbIe B X0/ CAMOCTOSTEIILHOW ICATEIIbHOCTH;

4. JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTMHM OO0y4YeHHs, oOecrneuuBarollie B XOJe
y4eOHOTO IMpolecca Y4eT pas3iMyHbIX CHOCOOHOCTEH 00ydaeMbIX, CO3JaHHE HEOOXOIMMBIX
YCIIOBHH TSl pa3BUTHUS UX MHIUBHIYaJIbHBIX CIIOCOOHOCTEH, Pa3BUTHE aKTUBHOCTH JTMYHOCTH B
y4eOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIC TEXHOJOTMH OOYUYCHHS PEaM3yloTCs B
pe3ynabTaTe MHIUBUAYATLHOTO OOMICHUS IMPEToAaBaTelisi M CTYJACHTAa Ha KOHCYJbTAIHX, MPH
BBIMOJIHCHUH JIOMAIIHUX WHMBHyalbHbBIX 33JJaHHI, IOJrOTOBKE WHANBUAYAILHBIX OTYETOB 110
VH/IMBUIYaJIbHBIM 33/IaHUSIM, PEIICHUH 3a]1a4.

Mertoanyeckasi ~ KOHIICTIUS  TPETOAaBaHUS  TUCHHMIUIMHBI  «MoxenupoBaHue
XUMHKO-TEXHOJIOTMYECKHX IMPOLIECCOB» TMpeAycMaTpUBaeT aKTUBHYIO (OpMy YCBOEHUs
Marepuaia, KoTopasi 00ecreuynBaeT MaKCUMAIBHYIO CaMOCTOSITEIbHOCTh CTYJCHTa B PEIICHUH
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 MPETOAaBaTeIeM 00CYKIAIOT 1 aHATU3UPYIOT
NpeJICTaBJICHHBIN MaTepHa,

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

CamocrosTenbHas padoTa CTUMYJIUPYET CTYACHTOB K CAMOCTOSITEILHON popaboTKe TeM
B TIpOLIeCCe HAmHMcaHus pedepaToB, BBHINOIHEHUS WHIANBUAYAIBHBIX 3a/laHUl, B TpOIEcce
MOJITOTOBKH K KOJUTOKBIYMaM M UTOTOBOM aTTeCTaIlNH.

HHTepakTHBHOE 00yueHHE BKIIOYAET CIIEIYIOLINE METO/IbI:

- paboTa B KOMaH]1e

- npo0seMHOe 00y4YeHne

- KOHTEKCTHOE 00y4YeHHNE

- oOyueHre Ha OCHOBE OTIBITa

- MEeXIUCITUTUIMHAPHOE O0yUEeHHE

- IBpHUCTHUYECKas Oecena

- yueOHast AUCKYCCHS.

Jlisi OLIEHKM 3HaHMN PEKOMEHAYeTCs HCIOJb30BaTh PEHTHHIOBYIO CHCTEMY, KOTOpas
o0ecreunBaeT TUarHOCTUKY JOCTIKEHHS 00y4aeMbIM 3aJIaHHOTO YPOBHSI KOMIIETEHTHOCTH Ha
KaXJIOM 3TaIle TeKYyLIero, MpOMEXYTOYHOT0 U pyOeKHOT0, UTOTOBOTO KOHTpos. Llenb



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 00y4yaroIMXCcst
IIpencrasneno B npuiioxeHu 1.

7 OueHOYHBIE CPeACTBA AJisl IPOBeeHHs POMEKYTOUHOI aTTecTAlMI
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIITIHHBI (MOTYJIs1)

a) OcHoBHas TUTEpaTypa:

1. Edpemos, I'. 1. MoaenupoBaHre XHMHKO-TEXHOJIOIMYECKHUX IPOLIECCOB : yueOHHUK /
[""U. EppemoB. — Mocksa : UH®PA-M, 2019. — 255 c. + Jlon. maTepuanbsl [DIEeKTPOHHBIH
pecypc; Peskum mocryma http://new.znanium.com]. — (Beicmiee obpa3oBanue: bakanaBpuar). —
www.dx.doi.org/10/12737/12066. - ISBN 978-5-16-103090-5. - Tekcr : anektponnsbiid. - URL:
https://new.znanium.com/catalog/product/989195 (nara o6pamenus: 05.03.2020)

2. 3arkeiim, A. 10. 3akreiim A. 0. OOmias XxuMHuYeckass TEXHOJIOTHSA: BBEICHHE B
MOJICJTUPOBAHUE XUMHUKO-TEXHOJIOTUYECKUX MPOILIECCOB [ DNEKTPOHHBIN pecypc] : yueb. mocodue
| A. 10O. 3akreiim. - 3-¢ u3a., nepepad. u mgom. - Mocksa : Jloroc, 2012. - 304 c. - (HoBas
yHuBepcuTeTckas oubmuoreka). - ISBN 978-5-98704-497-1. - Tekcr : snextponHsid. - URL:
https://new.znanium.com/catalog/product/468690 (nara oopamenus: 05.03.2020)

0) JlonmosiHuTebHAS JIUTEPATYpA:

1. CuctemHbIii aHamM3 MPOIECCOB M aIMapaToB XUMUYECKON TEXHOJOTUU : yueo.
nocobue / D.J[. UBanuuna, E.C. Yepuskosa, H.C. benunckas, E.H. MBamkuna ; Tomckuii
MOJUTEXHUYECKUN YHUBEPCUTET. - ToMcK : 31-B0 TOMCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA,
2017. - 115 c.- ISBN 978-5-4387-0787-5. - Tekct : oanekrponHsii. - URL:
https://new.znanium.com/catalog/product/1043896 (aara oopamienwus: 05.03.2020)

2. Kapmanos, @. 1. Cratuctuueckrue MeToAbl 00paboTKU SKCTIEPUMEHTAIBHBIX TaHHBIX
¢ ucnonb3oBanreM nakera MathCad: Yuednoe nocooue/d..Kapmanos, B.A.OctpeiikoBckuii -
Mocksa . KYPC, HUL] UH®PA-M, 2015. - 208 c. ISBN 978-5-905554-96-4. - Tekcr :
snexktponHbii. - URL: https://new.znanium.com/catalog/product/508241 (mata oOpaieHus:
05.03.2020)

3. Kozsos, A. 0. Cratuctuyeckuii ananu3 qaHabix B MS Excel : yue6. mocooue / A.1O.
Koznos, B.C. Mxurapsu, B.®. IlIumos. — Mocksa : UHOPA-M, 2019. — 320 c. — (Bsiciee
obpasoBanue: bakanaBpuat). — www.dXx.doi.org/10.12737/2842. - ISBN 978-5-16-101024-2. -
Texkcr : onektponnsiit. - URL: https://new.znanium.com/catalog/product/987337 (mata
obparenus: 05.03.2020)

4. TonoueB, H.H. Duepreruka u HampaBIE€HHOCTh XHMHYECKUX IPOIIECCOB.
Xumudeckass KMHETHKa M XUMHYecKoe paBHoBecwe : y4eO. mocoowe / H.H. TonoBues. -
Kpacnosipck : Cub. ¢enep. yn-t, 2018. - 148 c. - ISBN 978-5-7638-3783-4. - Tekcr :
snexktponHsii. - URL: https://new.znanium.com/catalog/product/1031881 (mata oOpareHwus:
05.03.2020)

5. Makcumenko U. U., Haropusiit 1O. C., I'mymenxo U. M., UBanuenko B. A. Biu-suue
TEXHOJIOTUYECKUX (PaKTOPOB KOKCOBAaHUS Ha IMOKa3aTelu MpovyHOCTH Kokca // Kokc u xumwsl.
1978. Ne 8. C. 12-14.

6. Muxuo B. I, Cxmap M. I'., Jlyppe M. B. u ap. HccienoBanue 3aBUCUMOCTH
(bHU-31-KO-MEXaHUYECKMX CBOWMCTB M BBIXOJa KOKCa OT pexkuMa KokcoBanus // Kokc u xumusi.
1975. Ne 2. C. 8-12.

7. CrankeBud A. C. O mporao3e KOKCyeMOCTH yTJIel Ha OCHOBE X IeTporpaduye-cKux
ocobennocreii // Koke u xumust. 1964. Ne 8. C. 5-7.



8. CrankeBuu A. C. ®U3HKO-XUMHUYECKUE METO/bI CHUKCHHS BJIQXKHOCTH KOKCOBOU IUXTHI //
Koke u xumust. 1967. Ne 4. C. 1-7.

9. CrankeBud A. C., MpikonsHHKOB M. A. CocTaBiieHHE YrOJbHBIX IIUXT U MPOTHO3 UX
KOKCYEMOCTH Ha OCHOBE XMMHKO-TIeTporpadudeckux mapameTpos yrieii // Kokce u xumus. 1973.
Ne 4. C.3-7.

10. CrankeBuu A. C., 3omoryxun lO. A., IlpockypskoB A. E., IlesaxoBa M. C.
3aBU-CH-MOCTh BHEIIIHEH CTPYKTYpBI U CBOMCTB KOKCa OT METpOrpauieckoil XapakTepuCTUKU
yroib-HbIx cMeceit // Koke u xumust. 1980. Ne 10. C. 13-17.

11. CrankeBuu A. C., 3onotyxuH 0. A., Kanununa I'. W. u np. B3aumocss3p Mexay
MEXaHUYECKOM MPOYHOCTBhIO KOKCA, XUMHUKO-NETpOrpaQuuecKUMH IapamMeTpamMu IIHUXT W3
Ky3-HELKHX yIiied U pekuMoM ux kokcoBauus // Kokc u xumus. 1981. Ne 2. C. 27-31.

12. CrankeBuu A. C., Mwmrep W. II., Jlenpuyk B. W. Pacnpenenenue yrieir u
CO-CTaB-JICHWE YTOJBHBIX MIMXT JJIsI KOKCOBAaHHMS C MPOTHO30M KayecTBa KOKCAa HAa OCHOBE
auHelHoro nporpammupoBanus // Kokc u xumus. 1981.Ne 11. C. 4-8.

13. CrankeBuu A. C. Pacyer mMXT W MPOTHO3 KayecTBAa KOKCAa M3 YIJ€H BOCTOYHBIX
Oac-ceifHOB Ha OCHOBe HX meTporpaduueckux napamerpoB // Koke u xumus. 1983. Ne 9. C.
11-16.

14. CrankeBuu A. C., Tpery6 B. B., Anemun B. U. u np. [IporHo3 kadecTBa Kokca Ha
OCHOBE mMapameTpoB EfuHOI MpoMbINUIEHHO-TeHeTHYeCKON Kiaccudukaruu yried // Koke u
xumus. 1990. Ne 12. C. 36-39.

15. CrankeBuu A. C., Yeromaesa H. A., Benc B. A., Uepemuckuna A. H. Ontumuza-uus
COCTaBa HIMXTHI JIsl KOKCOBAHUS W MPOTHO3 KayecTBa KOKCa MO XUMHUKO-TIETPOrpaduiyecKum
napamerpam // Koke u xumust. 1998. Ne 9. C. 11-17.

16. CrankeBuu A. C., KpyrnoB B. H., Bopcuna JI. B., 3onoryxun 0. A. Mogenb
ONTU-MH3ALMM TIOKa3aTeleld MPOYHOCTH KOKCa HAa OCHOBE XHUMHKO-TIETPOrpaduvecKux
napaMeTpoB yriiel u HeimHeHoro nporpammupoanust // Koke u xumus. 2000. Ne 5. C. 21-29.

17. CrankeBuu A. C., S6mouxun H. B., Kortes 1O. I1. u np. CocraBnenue mmxT st
KOKCOBaHMS HAa  OCHOBE  ONTUMH3AIMM W  TPOrHO3a  INPOYHOCTH  KOKca IO
XUMHUKO-TIeTporpadudeckum nokasatensm yriei // Koke u xumusn.2002. Ne 3. C. 9-15.

18. CrankeBuu A. C., Cmensnckuii A. 3., bepkyroB H. A. u ap. PanuonansHoe
pac-tipe-JieJIiCHHE yrileld W ONTUMH3AIMs cocTaBa MIMXT s kokcoBauus // Kokc u xumus. 2003.
Ne 9. C. 8-16.

19. CrankeBuu A. C., CremanoB 0. B., I'mmsizernunaos P. P., [Tonosa H. K. Ilporaos
MPOYHOCTH KOKCA HA OCHOBE XHMMHKO-TIETPOrpadUUYecKUX IMapaMEeTPOB YrOJMbHBIX MIMXT C
y4€-ToM uX mHeBMoMexanudeckoii cenaparmu // Koke n xumus. 2005. Ne 12. C.14-21.

20. CrankeBuu A. C., I'mnszernunos P. P., Tlonosa H. K., Komkapos JI. A. Monaenb
nporroza mokasareneir CSR m CRI Ha ocHOBe XHMHKO-TIETpOrpadUUYecKuX IMapameTpoB
YrOJIb-HBIX IIUXT U ycioBuid nx kokcoBanust // Kokc u xumust. 2008. Ne 9. C. 3744,

21. CrankeBnd A. C., CrankeBuu B. C. OmpeneneHue TEXHOJOTHYCCKOW I[CHHOCTH
yr-JIel, NCTIONIb3YEeMBIX sl ipon3BoicTBa Kokca // Koke n xumust. 2011, Ne 6. C. 2-10.

22. CrankeBnu A. C., CrankeBnd B. C. Meroauka ompeneneHusi KOKCYyeMOCTH H
TEXHO-JIOTHYECKOI [IEeHHOCTH YTiei miacToB u ux cmecei // Koke n xumust. 2012.Ne 1. C. 4-12.

23. CrankeBuu A. C., Bazercknii A. E. Ontumusanus kagectBa kokca OAO «EBPA3
3CMK» ¢ yderoMm ocobeHHOCTel yroybHOM chipheBoii 0a3bl // Koke u xumus. 2013. Ne 10. C.
14-21.

24. AmmocoB U. U., Epémun U. B., Cyxenko C. U., Omrypkosa JI. C. Pacuet muxt st
KOKCOBaHHUS Ha OCHOBE meTporpaduueckux ocooennocreit yrieit // Koke n xummus. 1957. Ne 12.
C.9-12.

25. Epémun W. B., Tarapun C. I'. Pacder mmXT i1 KOKCOBaHUSI HAa OCHOBE
nerporpa-pudeckoit Mmoaenu // Kokc u xumust. 1992. No 12. C. 9-15.

26. T'arapun C. I'. Onenka nerporpadudeckoil MOAeIN MPOrHO3a MPOYHOCTH KOKCa



Ha npumepe yrieit Monronuu // Koke u xumust. 2011. Ne 4. C. 21-26.

27. berukoB, M. UW. OcuHoBbl mnporpammupoBanus Ha VBA mma  Microsoft
Excel/BboraukoBM.U. - HoBocubupck : HI'TY, 2010. - 99 c.: ISBN 978-5-7782-1460-6. - Tekcr :
anektponnsii. - URL: https://new.znanium.com/catalog/product/549331 (mata oOpamicHus:
06.03.2020)

28. Jleea, B.C. KommbroTepHoe MojiearpoBanue B He()TerazoBoM jee : yueb. mocooue /
B.C. [eeBa ; Tomckmii monuTexHU4eckuid yHuBepcuteT. - Tomck @ M3n-Bo Tomckoro
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29. Hazapos, C. B. IIporpammupoBanue B nakerax MS Office : yue6. mocooue / C. B.
Hazapos, II. II. Menbnukos, JI. I1. CmonsHuKkoB U 1p.; nox pea. C. B. Hazaposa. - Mocksa :
O®unancel u ctatuctuka, 2007. - 656 c.: . - ISBN 978-5-279-02926-6. - Tekct : 3neKTPOHHBIA. -
URL.: https://new.znanium.com/catalog/product/369386 (nata o6parenus: 06.03.2020)

30. Aunpees, C. M. MoaenupoBaHre 00bEKTOB U CUCTEM YIIPaBIICHUS | yueOHOe mocodue
/ C. M. Auapees ; MI'TY. - Maraurtoropck : MI'TY, 2017. - 1 sanektpon. ont. auck (CD-ROM). -
3arn. c TUTYJL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337. pdf&show—dcatalogues/1/1138
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anekTpoHHBIN. - ISBN 978-5-9967-1028-7. - CBenenus noctynusl Takke Ha CD-ROM.

31. baxenos, H. M. MeToapl OAHOMEPHON 1 MHOTOMEPHOW ONTUMH3AIMHU | MPAKTHKYM
no aucuuminae "Moaenuposanue cucreM" / H. M. Bakenos, E. C. Psounkosa ; MI'TVY, Kadenpa
NPOMBIIIICHHONH KUOSpHETHKH M CHUCTEM ympasieHus. - Maruurtoropck : MITY, 2011. - 1
anektpon. ont. jguck (CD-ROM). - 3Barm. ¢ turya. 9kpanma. -  URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123
747/1344 pdf&view=true (mara oOpamenus: 04.10.2019). - Makpoobbekr. - Tekcr
AIIEKTPOHHBIN. - CBefeHus noctynHel Takke Ha CD-ROM.

32. TappuioBa, M. B. UmurannonHoe mojenupoBanue : ydeOHoe mocobue / M. B.
['aBpuiioBa ; MI'TVY. - Maraurtoropck : MI'TV, 2016. - 1 snektpon. onr. auck (CD-ROM). - 3ar.
c TUTYIL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2836. pdf&show—dcatalogues/l/1133
202/2836.pdf&view=true (mara o6pamenus: 04.10.2019). - Makpoobbekr. - Tekct
AIIEKTPOH-HEIH. - CBeeHus AocTynHbl Takxke Ha CD-ROM.

33. Kyxra, 10. b. KomnbroTrepHoe MOAenMpoOBaHHE TEXHOJIOIMYECKHX IPOLIECCOB !
yueOHoe mocodue / F0. b. KyxTa. - Maruutoropck : MI'TY, 2014. - 1 3JeKTpOH. OMNT. JUCK
(CD-ROM). - 3ard. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/11189
39/928.pdf&view=true (mara oopamienus: 04.10.2019). - MakpooObeKT. - TEKCT : AIEKTPOHHBI. -
Ceenenus noctynHbl Takke Ha CD-ROM.

34. JIykuna, O. A. Chemical and Oil Production. IIpakTukym 1o HHOCTpaHHOMY SI3BIKY :
yueoHoe mocobue / O. A. Jlykuna, E. A. [Tukanosa. - Marautoropck : MI'TVY, 2012. - 1 s5ekTpoH.
OIIT. JIMCK (CD-ROM). - 3arin. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/11191
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Ceenenus noctynHbl Takke Ha CD-ROM.

[lepuonnueckue u3gaHus:
Kypnan Koke n xummst. — ISSN 0023-2815. — TekcT : HEemOCpeICTBEHHBIH.

B) MeTonuyeckue ykazaHus:

1. MarepualibHbIE 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]. - Marautoropck, 2011. - 50 c. : Ta6un. - URL:



https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true (mara oopamenus: 04.10.2019). - MakpooObeKT. - TEKCT : 3ICKTPOHHBIMH. -
Nmeercs neyaTHbIN aHAJIOT.

2. KpeutoBa, C. A. BBeneHre B aHAIM3 U CHHTE3 XMMHKO-TEXHOJIOTMYECKHX CHUCTEM !
yueOHoe niocodue / C. A. Kpbuioa ; MI'TVY. - Maraurtoropek : MI'TY, 2016. - 1 s5ekTpoH. onT.
JICK (CD-ROM). - 3arin. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/113146
4/25.pdf&view=true (mara obparuenus: 04.10.2019). - MakpooObeKT. - TeKCT | 3IEKTPOHHBIH. -
Ceenenus noctynsl Takoke Ha CD-ROM.

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 (mara oopamenus: 04.10.2019). - MakpooObeKT. - TEKCT : 3JICKTPOHHBIMH. -
Crenenns nocrvirakl Takxe va CD-ROM.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnieueHue

Haumenoanue [10 Ne norosopa Cpox aeicTBus JTULIEH3UN

MS Windows 7
Professional (st J1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)

MS Windows 7
Professional (st J-757-17 ot 27.06.2017 27.07.2018
KJIaCCOB)

MS Office 2007
Professional
MathCAD v.15
Education University |/1-1662-13 ot 22.11.2013 0eccpovHO
Edition

Ne 135 o1 17.09.2007 6eccpouHo

IIpodeccnonanbubie 0a3bl JaHHBIX M MH(POPMAIMOHHBIEC CIPABOYHbIE CHCTEMbI
HasBanue xypca CchlIKa

Nudopmanrontas cucrema - EnuHoe 0KHO 1ocTymna URL: http://window.edu.ru/
K MH(GOPMAIMOHHBIM Pecypcam
ITouckoBas cucrema Axanemusi Google (Google

URL.: https://scholar.google.ru/

Scholar)

HaI_II/IOHaJ'ILHa}I I/IH(I)OpMaI_II/IOHHO-aHaJ'II/ITI/IHCCKaH

cucteMa — Poccuiickuii  magexc  mayunoro|URL: https://elibrary.ru/project_risc.asp
uutuposanus (PUHIL)

OnexkTpoHHas 0a3a NepuoanvecKux u3gaHui East
View Information Services, OO0 «IBUC»

9 MaTepuaJIbHO-TeXHHYECKOe 00ecredeHue TUCIUIITIHHBI (MOTYJIs1)

https://dlib.eastview.com/

MaTepI/IaJ'IBHO-TeXHI/I'-IeCKOe oOecrieueHue JUCIHHUIIIIMHBI BKJIIFOYACT:



Y4eOHble ayTUTOPUU JIJIsl TPOBECHUS 3aHATHI JTEKITMOHHOTO TuTa (MyabTUMEIHITHbIE
CpeICTBA XpaHEHUs, Iepeiaynl U NpeACcTaBIeHUs HH(OpMAaLIUN)

VYyeOHas ayauropus [ HOPOBENEHUS NpakTHueckux 3aHaTuil (IlepconasbHble
komibioTepbl ¢ maketom MS Office, BbI-x070M B MHTEpHET M C JOCTYIIOM B 3JCKTPOHHYIO
UH(OPMAIIMOHHO-00Pa30BaATEIBHYIO CPEly YHUBEPCUTETA)

VY4eOHble ayqUTOPUH Ui TPYHIOBBIX W UHIUBUAYATbHBIX KOHCYJIbTAIMM, TEKYIIETro
KOHTPOJIS U TPOMEKYTOUHOM artecTannu (ocka, yaeGHbIE CTOJIBI, CTYIIbS)

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



Ipuioxenne 1

6 YueOHO-MeTOqHYEeCKOE 0OOecTIedeHHe CAMOCTOATEIBbHOM padoThl 00y4Yarommxcst

ITo JTUCLIUIUIHHE «[InanupoBanue IKCIIEPUMEHTA u MOJICTTUPOBAHUE
XUMHUKO-TEXHOJOTHYECKHX MPOIIECCOBY» MPEIyCMOTPEHA ayAUTOPHAs M BHEAyIuTOpHas paboTa
oOydJaronuxcs.

AynuropHas paboTa CTYJEHTOB IIPEIOJIaracT PelieHUe 3a/1a4 Ha MPAKTHYSCKUX 3aHATHSIX.

AynurtopHsie padotbl. Biok Ne (BJI):
BJI Nel «O0mme BOpochl MOIeJTMPOBAHUSD)

Nel. CocTtaBuTh OJ0K-CXEMY Uil BBIYMCICHHUS CYMMBI KBaApaToB MepBbIx N uncesn HaTypanabHOTO
psna.

Ne2. CocraButh O110K-cXeMy AJis pelieHus 3aaauu. KakoBo BpeMs maieHust Tena, eClId H3BECTHBI
BBICOTA, YCKOpPEHHME, HaudajbHasg CKOpoCTh. llpumeuanue: mnpeaycMOTpeTb KOPPEKTHYIO
00paboTKy BCceX BO3MOXKHBIX CIy4aeB: pelleHHe He MMEET KOPHEH; O/IMH, Ba KOPHS; 3ajada He
uMeeT PU3NYECKOro CMBICTA.

BJI Ne2 «AHanmuTn4yeckuii moaxoxa Kk moaeauposanuo XTID»

Nel. PaccuutaTh HMOHHO-MOJEKYISpHBIA cocTaB B npucyrctBuM KCN, pacTBOpEéHHOro B
kommuectBe C=10" Momb / 1. 3agaThCsi 3HAYCHHAMU pH B unrtepBane 0-14 u yuciaeHHO
paccuMTaTh HMOHHO-MOJIEKYJISIPHBIA COCTaB JIaHHOW CHCTeMbl. Pe3ynbTarbl MNpeAcTaBUTh
rpa¢puveckd B MHOOPMATHBHOM BHJE (MCIIOJIB30BaTh JOTAPU(PMHUECKYIO MIKAy BBIXOIHOTO
napametpa). Bce pacu€rsl mpousBecTy B TAOIUYHOM MPOIIECCOPE.

Ne2. Paccuutarb HMOHHO-MOJEKYJSPHBIH COCTaB pacTBOpa B MPUCYTCTBUU PAcCTBOPEHHOM
VIJIEKUCIIOTHL BO3MyXa. 3afarbcs 3HaueHussiMu PH B uHTepBanie 0-14 u 4MCIEHHO paccUUTATh
MOHHO-MOJIEKYJIIPHBIA COCTaB JaHHOM cHCTeMbl. Pe3ynbTaThl HpelncTaBUTh Trpaduuecku B
UHPOPMATUBHOM BHUJe (MCIOIb30BaTh JIOrapu(MUUECKYIO IIKaTy BBIXOJHOTO mapamerpa). Bee
pacyéThl MPOU3BECTH B TAOIMYHOM IIPOLIECCOPE.

Ne3. 3nauenne pH g)aCTBopa peryiaupyercs MU3MEHEHHEM KOHILIEHTpaluuu coabl. PaccuuraTh
koHieHtpanuo [CO™] MOHOB B pacTBOpe, C y4€TOM pPaCTBOPEHHOW YTJIEKHUCIOTHI BO3IyXa.
3anatecs 3HaueHusMH PH B unHTepBane 0-14 u 4KMCIEHHO paccuuTaTh MOHHO-MOJEKYISPHBIN
COCTaB JaHHOW cucTeMbl. Pe3ynbraThl mpeacTaBuUTh rpapuueckd B HHPOPMATUBHOM BHJIE
(Mcnosb30BaTh JIOTapU(PMUYECKYIO IIKaTy BBIXOJHOTO mapamerpa). Bee pacuérsl mpousBecTu B
TaOJIMYHOM TIPOIIECCOPE.

Ned. Tlpu xakom 3HaueHuu pH nmocturaercs mpaktudecku monHoe ocaxaenne MnS (ITPwps =
2.5*10™°), conepsxamerocs B pactBope B kommuectBe 0,005 Monb, mpH yrorpeGnennn 50 %
u30bITKa ocaaurtensd. Pacuér mpousBectw Ha 1 11 umccienyemoro pactBopa. Bce uumcieHHble
pacuéTel MPOM3BECTH B TAaOJIMYHOM MPOLECCOpPE, AHATUTUYECKHE 3allUCH MPEelIOoCTaBUTh B
OymakHoM Buze. M3 kakux cooOpakeHUI HaXOIUTCS KOHIIEHTpallusl MapraHia [Mn2+], U MEXIY
KaKUMH XMMHUYECKUMHU (OopMaMH OCYIIECTBIISETCS MaTepHalIbHbIN OaaHC 1Mo cepe N30BITOUHOM
KOHLIEHTPALUU OCaTUTeNsA?

No5. Tlpumep 5. Paccuurtarh paBHOBECHBIM COCTaB ra3oBOW (a3bl IS yCTaHOBHMBIIETOCS
TE€P-MOAMHAMHUYECKOTO PABHOBECHS TIOJIYyUYEHHS BOJISHOIO Ira3a M0 peakLysiIM:

C+H,0=CO+H, (1)
CO+H,0<=CO,+H, (2
B JaHHOM 3aJIaHUU JOCTATOYHO OI'PAHUYUTBHCA BBIBOAOM KYGI/I‘-ICCKOPO YpaBHCHHA OTHOCHUTCIIBHO

Pco.

Ne6. Onenuts ¢ PU3MKO-XMMHUYECKOH TOYKHM 3peHHUs, MpU KakoM 3HaueHMH pH mpoucxoaur
nepexon PbSO, B Pb(OH),. U3menenune pH npoucxoaut 3a cuét NaOH.

B cucreme npenmnonaraercsa NpoOTeKaHUE CAEAYIOIUX XUMUYECKUX PEAKIUN:

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



Pb(OH),. <> Pb*,,+20H ,, (2)
Pb(OH),.. < H"pp +HPBO, oy (3)
Pb(OH) ") < Pb?,, +OH oy (4)
HSO, »p» < H'p +50,% 1 (5)
H,0< H +OH™ (6)

VYpaBHeHHE MaTepUaIbHOrO OanaHca:
[Na"] < [OH ]+[Pb(OH)"] (7)

YpaBHEHHE dIEKTPOHEUTPATILHOCTH:

[Na*]+2*[Pb* ]+[Pb(OH) ]+[H'] < 2*[80427] +[HSO, ]+[HPbO, ]+[OH]
[IpuMedanue: npu peleHUH 3a7ayd HEOOXOJUMMO [0 HMEIOIIMMCS YPaBHEHHUSM COCTAaBUTh
CUCTEMY HEJIMHEUWHBIX YpaBHEHUH, U3 HEE BHIBECTH YPaBHEHHE:

2*K22 * K4 *Ks *[H+]4 + Kz * K5 *Kw(Z*Kz + K4 *Kw)*[H+]3 -
— K, *K 2 (K %K+ K, * K * K ) *[H ] -2% K, *K, *K  *K,* =0
W3 cnpaBOYHBIX AAHHBIX HEOOXOAMMO OIpPENEIUTh KOHCTAHThI XuMHuueckux peakuuil Ki; — Ks
cootBeTcTBYMOIMX peaknuii (1)-(6).
W3 npakTudyeckux COOOpa)KEHUH YCTAaHOBHUTb, C KAKOW TOYHOCTbIO HEOOXOJUMO BBIYUCIATH
3Hauenue pH.
HenuneitHoe ypaBHeHHe HEOOXOAMMO pEHIMTH YETHIPbMS METOJaMH: TpaduyecKuM,
HOJIOBUHHOTO AeneHus, HptoToHa, xopa. Crenars BbIBOA O OBICTPOTE CXOIMMOCTH KaXKIOro U3
METO/IOB IIPH 331aHHON TOYHOCTH I10JIy4aeMOro pe3yJibTaTa, a TAKXKe MPUTOAHOCTH JUIsl peILICHUs
3a1a4u PU3UKO-XMMHYECKOT'O MOJICTUPOBAHMSL.
PaccmoTtpeTs 3BpuCcTHYECKUIT METOJl, OCHOBaHHBIN Ha celM(UKEe peraeMon 3aJ1auu, pelieHus
CUCTEMBI HEJIMHENHBIX YPaBHEHUI.
Bce BbruncneHus npon3BecTy B TAOJIMYHOM MPOIIECCOPE.
Ne7. Ilonp3ysice pesynpTaTamu 3aaadd Ne6 MCKIIOYHMTH W3 CHCTEMBl HEIMHEWHBIX YpaBHEHUN
ypaBHeHue (3). PemuTh NmogydyeHHYI0 CUCTEMY ypaBHEHUMN 3BpUCTHUYECKUM MeTonoM. Crenarthb
BBIBOJ O BIIMSTHUM ypaBHEHMsI (3) Ha MOJIEIMPYEMYIO CUCTEMY U UTOroBoe 3HaueHue pH.
No8. Tlonw3ysich pesynpTaTaMu 3amaud Ne6 HCKIIOYUTH U3 CHCTEMbl HEJTMHEHWHBIX ypaBHEHUU
ypaBHeHue (3) u (5). PemuTe monydeHHYIO CHUCTEMY YpPaBHEHHMH IBPUCTHUECKUM METOJOM.
Crnenatp BbIBOA O BIMSIHMM ypaBHeHUs (3) u (5) Ha MOAENUPYEMYIO CHCTEMY M HMTOrOBOE
3HaueHue pH.
Ne9. Tlonw3ysich pesynapTaTaMu 3amaud Ne6 HCKIIOYUTH U3 CHCTEMbl HEJTMHEHWHBIX ypaBHEHUU
ypaBHenue (1), (3), (5). Pemnte mosydeHHyI0 CUCTEMY ypaBHEHHUH 3BPHUCTUYECKUM METOJIOM.
Crnenatb BbIBOJI O BIMSIHMM ypaBHeHUs (1) Ha MOJeIMpyeMyro CUCTEMY U UTOroBoe 3HaueHue pH.
Nel0. Peumth HenmuHelHOe ypaBHEHHE W3 33ha4yd (6) C MOMOINBIO BCTPOEHHBIX (DYHKIIMH
crieruanu3npoBanHoit  mporpammbl  MathCad. CpaBHUTH TONyYeHHOE 3HAYCHHE C  YXKe
MIOJIyYE€HHBIMH.
Nell. PemmuTh cucremy HeNMHEWHBIX YypaBHEHHMH W3 3agaud (6) ¢ MOMOIIBIO BCTPOECHHBIX
GyHkmii crierranuzupoBanHoi nmporpamMel MathCad. CpaBHuTE monydeHHOE 3HAUYEHHE C yKe
MOJTy4YE€HHBIMH.
Nel2. Hcxons U3 MOHATHA JMHEHHAs 3aBUCUMOCTH/HE3aBHCHMOCTh XUMHUYECKUX PEaKIUH, ¢
MIOMOIIIBbIO BCTPOEHHBIX MaTeMaTHueckux Gpynkiuii MathCad mis cuctemsr peakiuii
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)

Ornpenenutb KOJIMYECTBO JTUHEHHO-HE3aBUCUMBIX XMMHUUYECKHX peakiuil. YTo 3T0 03Haudaer ¢
TOYKH 3PEHUS MAaTEMaTHYECKOT0 OMKUCAHUs JAaHHON CHCTEMbI peakLui.
Nel3. Jlns HeoOpaTUMOi peakiy MepBOro MopsiaKa:
A——>B
CocraButh muddepeHIraTbHOe YpaBHEHHE CKOPOCTH HM3MEHEHHS KOHICHTpanuu A. PemuTh
nosiyueHHoe AuddepeHnaIbHoe ypaBHEHHE METOA0M Dijiepa, MOIU(GUIUPOBAHHBIM METOJI0M
Oiinepa, Pynre-Kyrra. CaenaTh BbIBOJ O TOYHOCTH Ka)KIOIO M3 METOJIOB B CPaBHEHHUM JAPYT C
apyrom. s pacuéra npuHATH CleAyIonre 3HaUeHNsl HEM3BECTHBIX TapaMeTPOB:
C°4= 0,7 moms/m; K1=0,001 1/c; h= 0,1 (uar uuTErpHpOBaHHS).
Neol4. Jlns mociaenoBaTebHON CXeMbl HEOOPATUMBIX XMMHYECKUX PEAKIIMK MEpBOro mopsaka: A
A——>B—<>C
CocraBuTth cuctemy auddepeHunaibHbIX YpaBHEHUI U pelInTh €€ ¢ MOMOILbI0 MeToa Jilepa,
MoauduurpoBannoro Oiiepa, Pynre-Kyrra 4-oro mopsnaka. CnenaTh BBIBOJ O TOYHOCTH
MOJIy4aeMOTr0 PELICHUs, CPaBHUBAs METOAbI MexAy coboil. J{ns pacuéra mpHHATH CleIyroIne
3HAYCHHS] HEU3BECTHBIX MapaMeTPOB:
Co\= 0,5 momb/11; Co%= COCZO moaw/it; K1=0,05 1/¢; k2=0,07 1/¢c; h= 0,1 (1mar “HTErpUpOBaHHS).

BJI Ne3 «IkcnepuMeHTAIbHBIA MOXX01»

Nel5. C nagé&xnocthio P = 0,95 oGecrieunTs 0THOPOAHOCTD MPEACTABICHHBIX B TAOIUIIE TaHHBIX,
VCKJIIOYMB TpyObI€ OIINOKH.

K 1 2 3 4 5 6 7 8

Yk % 54 53 54 30 46 52 55 54
MYk g 42 | 32 | 42 19,8 38 | 22 | 52 | 42
18 10 18 392 14 4,8 27 18

Pemenne naHHOW 3a1ayM OCYIIECTBUTh Ha OCHOBE JIBYX METOJOB: NpaBWiIa 26 U KpUTEpUs
MaKCHUMAaJILHOTO OTKJIOHEHUsS [. PacyéTbl BBINOJHHATL C HCIOJIB30BAHHEM TaOIMYHOIO
IpoLeccopa.

Nel6. C momomipio aHanmu3a OJHOPOJHOCTH CpeaHuXx. [laTh 3akitoueHHe O BO3MOXKHOCTH
npeumytiectsa (P = 0,95) ognoro anmnapara nepen APyruM 1Mo MPOU3BOIUTEILHOCTH.

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

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

Yio 193 192 189 194 195 192 194 198 196 195 | 1933

Pacyérpl BBIMOIHUTH ¢ UCTIOIB30BAaHUEM TAOJIMYHOTO IPOIIEccopa.
Nel7. Jlns mpoBepku MpaBUIIBHOCTH BoJibTammepomerpudeckoi (BA) Meronuku ompeseneHus
kagmuss Cd wucmonb3oBaii  aTOMHO-aO0copOIMOHHYI0 (AA) METOIMKY, HE COJAEpIKAIIYIO
CHUCTEMaTHYECKOW TMOrpemHocTH. [lpm aHamm3e OJHOTO W TOrO JK€ OOBEKTa TONYyYeHBI
cienytomue pe3ynbratsl (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

ConepXuT 11 BOJIbTaMIIEPOMETPUYECKAs METOANKA CUCTEMATUYECKYIO IOIPEIIHOCTD?

Pacy€Tbl BBIMONHUTH C WCIOJB30BAaHHEM TaOJMYHOTO TMporeccopa 0e3 HUCHOIb30BaHUS
CIIELUAIILHON HAJCTPONKH.

Nel8. Pemuts 3amauy Nel7 ucmomnb3yst HAACTPOUKY TaOIMYHOTO MPOIEccopa.




Nel9. Hcnons3ys TPY DASIMYHBIX TEHEPUYIONMX COOTHONICHMA, COCTABMTL IINAHAL
skcnepuMeHToB JIDD2 2 3anmcars dbopmyIsl 11 pacuéra KodHPUITMEHTOB THHEHHON MOJIEITH.
Ne20. Ha ocHOBe JaTMHCKUX KBaJpaTOB COCTABHTH MATHYPOBHEBBIA IUIAH MATH()AKTOPHOTO
OKCIEPUMEHTa JUIS HCCIENOBaHUS Tpoliecca WHQPPAKPAaCHOH CYIIKH TPaHyJIUPOBAaHHBIX
MaTepHajoB B BaKyyMe IPU UMITyJIbCHOM 3HEpromnoasoje. [lonyunTs MaTeMaTu4ecKkyro B BHJIE
CYMMBI HEJIHMHEHHBIX (YHKIMH M HaWTH ONTHMAIbHBIC 3HAYCHHS PEKUMHBIX I1apaMeTpOB
mporecca: MIOTHOCTH TEIIOBOrO OTOKA Ha IOBEPXHOCTH ci1osi Matepuana Cy (Br/cm?), Tommmna
cios poaykra Cy (Mm), nuametpa rpanyn Cyy (Mm), BeauduHbl pa3pspkeHust Cn, (MM. pT.CT.) U
ckBakHoctH umityibea Cy (%,0THOIICHHE BpeMeHU padoThl HHPPAKPACHOH CYIIHIKH K 00IIEMY
BpeMEHHU TpeObIBaHMSA B CYIIMJIBLHON Kamepe). Beixogom mporiecca y (py0/T) Wi Kputepuem
ONTUMAJILHOCTH TIPUHSATA BEIMYMHA TMPUBEAEHHBIX JIOXOJOB C YYETOM IPOU3BOAUTEIBHOCTH
YCTAHOBKH U TIOTPEOJISIEMOI MOIITHOCTH.

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

C||| (MM) 2 3 4 5 6

Ciwv (mm. | O 150 300 450 600

pT.CT.)

Cy 0,2 0,4 0,6 0,8 1,0

x(0e3pasm.) -2 -1 0 1 2

u [Tnan 9 u [Tnan 9 u [Tnan 9 u [Tnan 9
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 Ned4 «KomMOMHUPOBAHHBIN MOAX01»

No 21. 1o nanabiM paboTsl [Koke u xumus. 1978. Ne 8. C.12—14] Ha ocnose [1DD 24 paccuurarb
3HaYeHUs K03((PUIMEHTOB JTMHEWHOW MOJENnu [Uis MPOTHO3MPOBAHUS IOKa3zaTellell KayecTBa
Kokca Mjs 1 Mg, CpaBHHUTB UX C IPEAJIOKEHHBIMU B CAMOW HAYYHOM CTaThe.

VYka3zaHue K BBINOJHEHUIO 3ahaHus: Ha jucte TII B MHpOpMaTUBHOM BHUAE CO3/aTh TAOIUILY
IUTAaHUPOBaHUs dKcnepuMenTa [1DD 2%, BBecTH CpeHME 3HAYEHHUs IOKa3aTeel KayecTBa KOKca
Mas 1 Mo 1 paccuutath KO3QPHUIUEHTH! JIUHEHHON MOAETH.

Cooeporcanue npakmuyueckozo pazoena OUCUUNIUHDL

1) Aneopumm peuwienust HeTUHeHO20 YPAGHEHUSL MEMOOOM XOPO,

2) Aneopumm pewienus HeluHetiHo2o ypasreHus memooom Hetomona;

3) Aneopumm  pewieHuss HENUHENHO20 YPAGHEHUs MemoOoM OelleHus OmpesKa
nO-NnoaaM.

4) Ucnonvzosanue naxema npuxiaonvix npoepamm MathCad ona  pewenus
HeNUHEUHbIX YDAGHEHULL,

5) Aneopumm pewternusi OughghepeHyuanbHuIX ypasHeHut memooom Jinepa.

6) Aneopumm  pewenus OughghepeHyuanvHbiX  YpasHeHul  MOOUPDUYUPOBAHHBIM
Memoodom Dunepa.

7) Aneopumm pewenus oughghepenyuanvuvix ypasHenuii memooom Pynee-Kyma
uemeépmozo nopsaoKa.

8) Ucnonvsoseanue naxkema npukiaouwsvix npoepamm MathCad ons  pewenus

ougpepernyuanvHulX YypasHeHutl,




9) Pewenue cucmem  ougppepenyuanrvuvix  ypasnenuti  memodom  Dilriepa,
MooughuyuposarnHvim memooom Jinepa, Pynee-Kyma.

10)  Hcnonvzosanue naxema npukiaouwvix npoepamm MathCad ons pewenus cucmem
ougpepernyuanbHvIX YypasHeHull.

11)  Ilpaxmuueckuil ananuz cywecmsyrowux mooenel 8 001acmu npogpheccuoHaIbHol
KoMnemenyuu (npocHosuposanue noxkaszameneu kawecmea kokca M25 u MI0) 6 naxeme
MathCad.

12)  HUcnonvzosanue cmpoennoll HAOCMpPOUKU MabauuHo20 npoyeccopa OJisk PeueHUs.
3a0ay Mamemamuiecko2o npocpamMmupO8aHusl.

13)  Hcnonvszosanue npocpammor MathCad Ons pewenus 3a0ay mamemamuyecko2o
NPOSPaAMMUPOBAHUSL.

Hepeqenb BOIIPOCOB K 3K3aMEHY

OO61re BOonpocsl MOJIEIUPOBAHUS:
1. OOmee nmpexncraBieHue O  MoJend. MareMaTHUecKUe  MOJENu:
OTpeneNieHne, JIOCTOMHCTBA M HEIOCTaTKH, I0 CPaBHEHHIO C JPYrUMHU (dopMamu
npezacTaBineHus Moaenu. [lonstue «moaenupoBanuey. Kiaccudukarms MareMaTn4ecKux

MOJICIICH;

2. CyuHocTtb aHAIIMTUYECKOI'O noaxona K MaTeMaTUu4eCcKOMy
MozennpoBanuto. Monenmuposanne XTII npu aHanUTUYECKOM IMOAXOE;

3. CymHOCTh ~ 3KCHEPUMEHTAIBHOIO  MOJXO0Ja K  MaTeMaTH4eCKOMY
MOJEIUPOBAHHUIO;

4, CymHOCT,  KOMOMHHUPOBAHHOTO  MOJAXOAa K  MaTeMaTHYECKOMY
MOJEIUPOBAHHUIO;

5. TpuenMHCTBO TpHU ONMUCAHUM OOBEKTA MOACIUPOBAHHUA. 1peOOBaHUS K
KaXXJI0OM M3 COCTaBHOM YacTH MPHU OMUCAaHUU O0BHEKTA;

6. OcHOBHBIE 3TaIbl MOJEIUPOBAHUS (C TOACHSIOIIMMU TIPUMEPAMH).
Apanutnyeckui MOAX0 K CO3JaHUI0 MAaTEMAaTHIECKUX MOJICIIEN

7. VYpaBHEHHE H30TEPMbl XMMHUYECKOW peaklud MpH Pa3IudHOM crocobe

BBIpQXEHUS KOHIIEHTpaluK. BolpakeHnue ypaBHEHUS U30TEPMbl XUMUYECKOW peakluu B
CTaHJApTHBIX YCIOBUSAX. CBsI3b MEXIy KOHCTAaHTaMH PABHOBECHS B 3aBHCHUMOCTH OT
crioco0a OMHCaHUS COCTaBa peaknMOHHOW cmecu. COOTHOIICHHUS It KOHCTaHT
paBHoBecust Ky, Ky, K¢ B uaeansHoM pacTtBope;

8. Meron Témkuna-11IBapriMana pac4éTa KOHCTAHT PAaBHOBECHSI XUMHUYECKOU
peakuuu. [loHATHE O TMHENHON 3aBUCUMOCTH M HE3aBUCUMOCTU YPABHEHUN XMMHUECKUX
peakiuii. OCHOBHBIE CIOCOOBI OMpENEICHUsT JMHEHHO HE3aBUCUMBIX YpPaBHEHUM
XUMUYECKUX PEaKIUid;

9. Bo3MOXXHOCTH MOAENTUPOBaHUS TMPU TEPMOJUHAMHYECKOM IOAXOAE K
OIIPEEIICHUIO PABHOBECHBIX 3HAUEHUH YYaCTBYIOIMX B XUMHUYECKUX PEAKIUAX BEILLECTB.
OcHOBHBIE TOCTOMHCTBA U HEIOCTATKH MPU TEPMOIMHAMUYECKOM MOJIXO/IE.

10. OCHOBHBIE TIOHATHS M OIpeneneHus: (popManbHON KHHETHKH: CKOPOCTh
XUMHYECKON peaklUu, CcrocoObl €€ BBIPAKEHHUS, MOJEKYJISIPHOCTb PEaKIUH, MOPSJIOK
pEaKIuu, YaCTHBIM TMOPSIOK PEaKluu, MOCTYIaT XMMHUYECKON KWHETUKU (ypaBHEHHUE
['ynea6epra u Baare), koHCTaHTa CKOPOCTH XUMUYECKOU peakiuu (mpasmiio Baat-I'odda,
ypaBHEHHE AppeHunyca);

11. CxopocTh HeoOpaTHMBIX peaklUuid MepBOro, BTOPOT0, N-0ro MOPSAKOB.
OO6patumas peakius IepBoro Nopsiika;
12. OOpatumasi peakuusi BTOpPOro mnopsaka (pa3oOpaTh TOJBKO YaCTHBIN

CIIy4aii: OTCYTCTBHME B HayallbHbII MOMEHT BPEMEHH MPOAYKTOB pPEaKIMH, HadallbHbIE
KOHIICHTPAIIMH PEarupyrolinuX BeIIeCTB PaBHBI MEX Iy co00ii). [TapamienbHble peakiuu;

13. ITocnenoBarenbHble peakLUU MEPBOTO MOpAAKA (IUIsI TPEX XUMHYECKHX
coenuHeHWi). Pa3o0paTth pasnudHbIe Cllydaw COOTHOUIECHUS MEXIy COO0OM KOHCTaHT



XUMHYECKUX PEAKIUM;

14. OO0miee ypaBHGHHME JWHAMHKH W CKOPOCTH XWUMHYECKOH pEaKInu,
NPOTEKAIOIIEH B MOTOKE B PEKUME HICAITBHOTO BhITeCHeHMs. HeoOparumas peaxius
MEPBOr0 M BTOPOTO MOPSAIKOB, IPOTEKAIOIIMX B IOTOKE B PEXUME HACAIHLHOTO
BBITECHEHHS.

15. OOpatumasi peakuys HEPBOrO M BTOPOrO MOPSAKOB, HMPOTEKAIOUIUX B
NOTOKE B PEeXHUME HJCaTbHOrO BbITeCHEHHs. llociemoBaTenpHas peakmus IMEPBOTO
MOpsIKa, IPOTEKaIoLIas B IOTOKE B PEKUME UJI€ATbHOTO BHITECHEHUS.

16. KuneTrka roMOTreHHBIX PEaKLUi, MPOTEKAIOIIUX B PEKUME HACATHHOTO
nepeMenInBaHusl.

OKCHepUMEHTAJIbHBIN MOAXO0/ K CO3JaHUI0 MaTEMAaTHYECKUX MOJEIEH:

17. CrarucTuyeckrie METO/Ibl aHallu3a HKCIIEPUMEHTAIbHBIX JAHHBIX: OIICHKA
UCTUHHOTO 3HAYCHHS M3MEpsSEeMON BEIMYMHBI U €€ JUCIEPCUH; OIpelesieHue TPyObIX
OIIMOOK; CpEeIHEB3BEIICHHbIC OICHKU IUCIEPCUU; aHaU3 OJHOPOJHOCTH HUCXOIHBIX
OLICHOK JTUCTIEPCHH.

18. Onpenenenne TOBEPUTEIbHOW OIIMOKUA SKCIEPUMEHTAIbHOM OIEHKU
u3MepseMoro napamerpa. OrnpeerneHue yrcia MoBTOPHOCTEH OIbITa, 00eCIIeYHBAOIIETO
MOJyuYeHUE 3aJaHHOW JIOBEpUTENHHONW OIIMOKM OIICHKH OMpEIeNseMOro mMapaMmerpa.
[TpoBepka HOPMATLHOCTH 3aKOHA PACTIPEICTICHHS.

19. MeTtoa HauMeHbIINX KBaapaToB. CyITHOCTh TUIAHUPOBAHUS IKCIIEPUMEHTA
B CPaBHEHUHM C HEMOCPEICTBEHHBIM IPUMEHEHHEM METO/la HAaMMEHBIIUX KBaJPaToB.
CUMMETpUYHBIII W paBHOMEpPHBIN MaH OAHO(MAKTOpHOro sKcnepumeHTta I[IpoBepka
aJICKBaTHOCTH TIOJYYCHHOTO YpPaBHEHUS M €ro HCIHOJb30BAHWE MJISi ONTHUMH3AIHNU
npouecca.  [lomydeHwe  SKCIOHEHIMAIBHOM  3aBUCMMOCTH IO  pe3yjbTaTaMm
0JTHO(haKTOPHBIX IKCIIEPUMEHTOB.

20. MeTton  HauMMEHBLIMX  KBaapaToB Tmpu  oOpabOTKe  pe3ynbTaToB
MHOTO()aKTOPHOTO dKCIEepUMeHTa. JIByXYpOBHEBBIH IUIAaH MOJHOTO (HaKTOPHOTO
skcniepumenTa [10D2". VpaBHeHus, MojydaeMble 10 Pe3yIbTaTaM Pealn3allii [UIaHOB
[I®D2". CratucTHuecKuil aHAIU3 3HAYUMOCTH OIEHOK K0d()(DUIIMEHTOB YpaBHEHUS, €T0
a/IeKBaTHOCTU M pabOTOCIIOCOOHOCTH.

21.  JlpoGueii  daxrtopHsii  skcmepument  J®I2™".  Ilmannpoanue
HKCIEPUMEHTA MpPU H3MEHSIOIIEMCS BO BPEMEHHM BIIMSHUM Ha IPOLECC HEYYTEHHBIX
daxropos. Hcrompsosarne mmiano I1DA2" JOI2™" s nonyueHus ypaBHEHHs
npoliecca B BUJIE 3KCIIOHEHIINAIbHOM 3aBUCUMOCTH.

22. MHoroypoBHeBble MHOTO()aKTOpHbIE IJIaHbl, HCIOJIb3YIOIIUE CBOMCTBA
JaTUHCKUX KBajapatoB. Iloctpoenue tuiaHoB. IlomydeHwe W UCHONb30BaHUE IS
ONTHMU3ALNHN YPABHEHUN PA3TUYHON CTPYKTYPHI.

23. [TpumeHeHHe METOAOB NPUOIMKEHHBIX BBIYUCICHUH NpU 00paboTKe
pe3ybTaTOB OJKCIEpUMEHTOB. OIEHKH TOYHOCTH W3MEPEHUH W TPUOIMKEHHBIX
BbluuciIeHU. OleHKa TOYHOCTH OKOHYATeJIbHOro pesynbraTta. [IpakTHueckoe
BBIYHCIICHHE OITHOOK.

YucneHHble METO/IbI pelIeHHs 3a/1a4, BO3HUKAIOIIUX TPU MOJICIIMPOBAHHUH:

24, Pemenne HeMMHENHOTO ypaBHEHMS METOJIOM JEJIEHHS OTPE3Ka MOIOoJIaM;
25. Pemenue HenMHeRHOTO ypaBHeHUs: MeTo1oM HbloToHA;

26. Pemenve HeTMHEHHOTO YPaBHEHHS METOJIOM XOPI;

27. Pemenne  nuddepeHnmanbHOrO  ypaBHEHUS — MeToAoM  Oneiipa.

MonudunrpoBanHblil MeToq Dinepa. AjganTanus MeTtofa Dijepa Ha ciydail cuctem
T depeHMaIbHbpIX ypaBHeHUH. OCOOEHHOCTH pelIeHus: cucTeM TudepeHIInaaIbHbIX
ypaBHeHul pu mojenupoannu XTI1I;

28. Pemenne nuddepennuanbHoro  ypaBHeHuss MeroaoMm  Pynre-Kyra
yeTBEpTOro mopsiaka. Apanramusa Mertona Pynre-Kyra Ha cioydail  cucrem
nuddepeHManbHbpIX ypaBHeHUH. OCOOEHHOCTH peleHus cucteM auddepeHnanibHbIX
ypaBHeHUH nipu MoaenupoBanun X TII;






ITpunoxxenune 2

7 OueHoYHbIe CpeCTBA JJIA POBeeHNsI IPOMEKYTOYHOM aTTecTAlNU

a) [lnanupyembie pe3yabTaThl 00y4eHHUs] H OLIEHOYHbIE CPeJACTBA /1JIsl IPOBEAeHHUSs

HpOMe)RyTO‘lHOﬁ aTrecranmum:

Kon
HWHIUKaTOpa

Nuaukatop JOCTHKEHUSI KOMIIETEHIUA

OneHouyHble CpeaCcTBa

OIIK-2: CniocobeH ucrob30BaTh MaTeMaTHYECKUe, PU3NIecKue, (PU3NKO-XUMHUYECKHE,
XUMHYECKHE METOJIBbI [Tl PEIICHHUS 3a]1a4 MPO(PeCCHOHAIBHOM eATeIbHOCTH

Ucnone3yet
¢dusnueckue,

OIIK-2.1:

XUMHYECKHE METOJIbI JUTsl PEIICHUS 3a1a4
poeCCHOHAIBHON e TEIHbHOCTH

MaTeMaTHYECKHe,
(U3NKO-XUMHUYECKHE,

1. Obmee mnpencraBieHue O
MOJICIIN. MaremaTtnueckue
MOJEIH: ompeecHue,

JIOCTOMHCTBA U HEIOCTATKH,
[0 CPaBHEHHUIO C JIPYTUMH
dbopmamu MpeACTaBICHUS
MOJEIH. Ilonsarue|
«MOJICTTUPOBAHHEY.
Knaccudukamms
MaTeMaTUYeCKNX MOJICIICH;
OcHOBHbIE MOHSTUS u
ompeneneHusi  (HopMalbHON
KUHETUKH: CKOPOCTH|
XUMHUYECKOU peakuuu,
crocoObl €€ BBIpaKEHUS,
MOJICKYJIIPHOCTh ~ PEaKIIHH,
MOPSAIOK PEaKIMu, YacTHBIN
MOPSAOK PEaKIUH, TMOCTYJaT,
XUMUYECKOU KHHETHUKH
(ypaBHenue ['ynpnbepra wu
Baare), xoHCTaHTa CKOpOCTH
XUMHYECKON peaxiuy|
(mpaBuiO Baut-T'odda,
ypaBHEHHE AppeHunyca);
Meron HAMMEHBIIINX
kBagpaTtoB.  [lmanupoBaHus
AKCIIEPUMEHTA B CPaBHEHUU C
HEIOCPEICTBEHHBIM
MIPUMCHEHHEM METO/14|
HAUMEHBIIINX KBAJIPATOB.




OIIK-2.2: Bri6upaer MaTeMaTHYeCKHeE,
¢dusnueckue, (U3NKO-XUMHYECKUE,
XUMHYECKHE METOJIbI TSl PEIICHUS 3a1a4
po(ecCHOHATILHOM JIeATEIIBHOCTH

PaccuuTaTh  MOHHO-MOJICKYJISIPHBIM]
cocraB B  mnpucyrctBun  KCN,
[PACTBOPEHHOTO B KOJMYECTBE C=10"
MoJIb / 1. 3ajaTbes 3HaYeHusMu PH B
patepBaie  0-14 w  4MCIIEHHO
[pacCuuTaTh ~ MOHHO-MOJIEKYJISIPHBIN
COCTaB IaHHOW cuCTeMBbl. Pe3ynbraThl

[IpE/ICTaBUTh rpaduvecku B
H(OPMAaTUBHOM BHJIE (MCIIOJIB30BATH
orapupMHUIECKyIO LIKaILY|
BHIXOJHOTO TapaMeTpa). Bee pacyérsl
[IPOU3BECTU B Ta0JIMIHOM
[poreccope.

Pemienue G hepeHIaTBEHOTO
ypaBHEHUS METOJIOM Dneiipa.

MonuduunpoBaHHblil MeTO Diliiepa.
AnanTtanuss  MeToja  Jiliepa  Ha
ciydail cucteMm audQepeHnranbHbIX
ypaBHEeHHH. OCOOEHHOCTH peLIeHUs
CUCTEM Qg depeHIraIbHbIX
YpaBHEHMH TP  MOAEIUPOBAHUN
X TTI,

OIIK-5: CnocobeH OCYIIECTBIATh OSKCIEPUMEHTAIbHBIE HUCCICAOBAHUS M HCIBITAaHUS TI0
3aJJaHHOM METOJIMKE, NPOBOJUTH HAONIOJCHHUS U U3MEPEHUS C y4eTOM TpeOOBAHUN TEXHUKHU

0e3011aCHOCTH. 00NA0ATRIRATE K HUHTENINETUNORATE AKCIIENVUMEHTANLHEIC TAHHEIC




OMNK 5.1:

BblbUpaeT u NpMmeHsieT MeToabl U
cpeacTBa U3MepeHua ans onpeaeneHmn
CBOWCTB MaTepuasioB 1 roTOBOM

npoAyKLMM

Pemenue G hepeHIHaTBEHOTO
ypaBHeHHss ~ MeTonoM  Pynre-Kyra
4eTBEPTOrO  TOpsAAKA.  AjanTarusy
Metona Pynre-Kyra Ha ciydait cuctem
I epeHIrmaIbHBIX ypaBHEHUH.
OcobenHoctu pelieHus CUCTEM
I pepeHMaIbHBIX  YPAaBHCHUH TpH
MoaenupoBanuu XTI

st HeoOpaTUMOW PEaKIuu TEPBOTO,
[opsijiKa:

A——>B
CocTaBUTH muddepeHraIbHOe
VpaBHCHHE  CKOPOCTH  HM3MEHEHHUS]
KOHIICHTpaluu A. Pemmth noiay4yeHHoe

g depeHmanpHoe yYpaBHEHUE
METOJIOM Ditnepa,
MOTU(UITMPOBAHHBIM METOAOM|

Diinepa, Pynre-Kyrra. Caenarb BbIBOJ

0 TOYHOCTH Ka)KJIOro H3 METOIOB B

CpPaBHEHHUH JIPYT C APYTOM.:

C°4= 0,7 moms/m; k;=0,001 1/c; h =0,1
(1Iar “HTErpUpPOBAHUSA).




OMNK5.2: MpoBoANT aKCNepUMeHTabHble [lo nmanHbIM paboTel [Kokc m xumwusi.
nccnepoBaHua u ucnonbyet ocHosHble (1978, Ne 8. C.12-14] na ocnose 11D
npuémbl 06paboTkM 1 NpeacTaBneHNna ot paccanTaTh 3HA4YCHUA
KOX((UIIMEHTOB JTUHEHHONW MOJIENH
JIsl  IPOTHO3MPOBAHUS  MOKa3aTesne
KaduecTBa KOkca Mps U Mjg, CpaBHHUTH|
MX C TPEUVIOKEHHBIMH B CaMOM
Hay4HOU CTaThe.

[Ipu xakom 3HaueHuu pH nocturaercs
[PaKTUYECKH MOJTHOE ocaxaeHne MnS
(ITPpns = 2.5*10'10), CoJIepKaIerocs B
pactBope B koiudectBe 0,005 modb,
npu  ynotpebnenun 50 % u30BITKA
ocanutend. Pacu€r npoussectu Ha 1 1

No21Iy4eHHbIX AaHHbIX

MCCIIeTyeMOTo pacTBopa. Bcee
YHCJICHHBIE PAcu€Thl TPOU3BECTH B
Ta0JIMYHOM rpoleccope,

QHATUTUYECKUE 3alUCH TPEIOCTABUTH|
B Oymaxxnom Buue. M3  Kkakux

COOOpakeHU I HAXOJIUTCS
KOHIIEHTpallUsl MapraHia [Mn2+],
MEXTY KaKUMH XUMHUYCCKHUMH
dbopmamu OCYIIIECTBIIACTCS
MaTepuaibHBI  OajllaHC 1O cepe
M30BITOYHON KOHIIEHTpaIuy|
ocaauTens?

0) Ilopsanox mnpoBegeHMs TNPOMEKYTOYHOHM aTTECTAMH, IOKA3aTeJM H KPHTEPHH
OlLICHUBAHMSA:

IIpomexxyTouHass arrecranus [0 AUCLUMIUIMHE BKIIOYA€T TEOPETUYECKHUE BOIPOCHI,
MO3BOJISIOIINE OLEHUTh YPOBEHb YCBOEHHS 00YYalOUIMMUCS 3HAHUM, U MpaKTHUYECKUE 3aJaHUs,
BBISBJISIFOIIME CTENEHb CQOPMUPOBAHHOCTH YMEHUN U BIAJEHHH, NPOBOIUTCS B (opme
IK3amena.

DK3aMeH N0 JAaHHOW JMCLUILUIMHE TPOBOAUTCS B YCTHOM (hopMe 1Mo 3K3aMEeHaIMOHHBIM
Ouieram, KaXkJIblil U3 KOTOPBIX BKIIIOUAET 2 TEOPETHUECKUX BOIPOCA U OJTHO MPAKTUYECKOE
3a/laHue.

IToka3zaTenu u KPUTEPHH OCHUBAHUSA IK3aMeEHa:

— Ha OLEHKY «OTJHYHO» (5 OamnoB) — oOOydaroumuiicss JEMOHCTPHPYET BBICOKUN YPOBEHb
c(OpMHUPOBAHHOCTH KOMITIETEHIINI, BCECTOPOHHEE, CHUCTEMATHUYeCKOe M TIyOOKOe 3HaHue
yueOHOro Marepuaiga, CBOOOJHO BBIMOJHSET IMPaKTUYECKHE 3a/laHus, CBOOOJIHO OIEepUpyeT
3HAHUSAMU, YMEHHUSIMH, IPUMEHSET UX B CUTYAIUAX MOBBIIICHHON CI0KHOCTH.

— Ha OIEHKY «xopomo» (4 Oamwia) — oOydaromuiics JI€MOHCTPUPYET CpeAHUH YpPOBEHb
c(OpMHUPOBAHHOCTH KOMIIETEHIMII: OCHOBHBIE 3HAHMS, YMEHHS OCBOEHbBI, HO JIOIYCKAIOTCS



HC3HAYHUTCIIbHBIC OIHI/I6KI/I, HCTOYHOCTH, 3aTPYAHCHUSA TP aHAIUTUYCCKUX OIICpalusix, IICPEHOCC
3HAHUH U yMeHI/Iﬁ Ha HOBBIC, HCCTAHAAPTHBIC CUTYyalluU.

— Ha OLIEHKY «yJI0BJIETBOPHUTEJbLHO» (3 6amia) — oOyyarouuiicss JeMOHCTPUPYET HOPOTOBBIN
YpOBEHb C(OPMHUPOBAHHOCTH KOMIIETCHIIUI: B X0JI¢ KOHTPOJBHBIX MEPONPUATHIA JOMYCKAIOTCS
OLIMOKH, MPOSBISIETCS OTCYTCTBUE OTAEIBHBIX 3HAHWW, YMEHHH, HABBIKOB, OOy4Yaromuucs
WCIIBITHIBACT 3HAUYUTEINbHBIC 3aTPYAHEHUS MPU ONEPUPOBAHUM 3HAHUSIMU M YMEHUSMH MPU UX
IIEPEHOCE HA HOBBIE CUTYALINH.

— Ha OLICHKY «HeY/J0BJIETBOPUTEJIBHO» (2 0ayuia) — oOydJarouuiics JeMOHCTPUPYET 3HAHUS HE
6onee 20% TeopeTUUecKoro MaTepuaa, JOMyCKaeT CYIIeCTBEHHbIC OIMOKH, HE MOYKET TTOKa3aTh
MHTEJUICKTYaJIbHBIC HABBIKU PEIICHUS MPOCTHIX 3a1ad.

— Ha OIICHKY «HEeYT0BJIeTBOPUTEIbHO» (1 Oain) — 0OyJaromuiics He MOXKET MOKa3aTh 3HAHUS HA
YPOBHE BOCIPOU3BEICHUS B O0BSICHCHHSI MHPOPMAITUHU, HE MOXKET IMOKa3aTh UHTCIUICKTyaIbHbIC
HAaBBIKH PEIICHUS MTPOCTHIX 3a7ad.



