MUHHCTEPCTBO HAYKH 1 BBICIIET'O OBPA30OBAHWSI
POCCHICKO OEIEPAIU

DenepanbHOE TOCY1APCTBEHHOE GIOIKETHOE obpasoBarenbHOE yupek/ieHue
BBICIIEr0 06pa3zoBanus
«MarauTOrOpCKHii roCy 1apCTBEHHBIH TeXHHYECKHiT yHuBeperter uM; F.U. Hocosay
S ann 2\
1 VTBEPKIIAIO
- _uJlipextop MMMuM
s — O, ~— V’A‘.CEEaBPIHOB

S="03.03.2021 1.

PABOYASI TIPOT'PAMMA JIMCLUTTIIAHBI (MOYJIsT)

IIV/TAHHPOBAHHE 5KCIIEPUMEHTA H MOJE/IHPOBAHHE
XHMHKO-TEXHO/IOTHYECKHX ITPOI[ECCOB

Hanpasnenune noarorosku (cnenuanbHOCTE)
18.03.01 Xumudeckas TeXHOIOrHS

Hanpasnennocts (npodmis/cnenmamisanms) IIPOrpaMMEI
XuMHIYeCKast TeXHOJOTHS IPHPOIHBIX SHEPrOHOCHTENCH 1 YTJIEPOTHBIX MaTE€pHAJIOB

VpoBens BbicIIero 06pazoBaHus - Gakanaspuar

Dopma 06yueHns
3a04Has

Hucratyr/ gakynsrer  UnctutyT Metamiypruu, MalIHHOCTPOCHHS M MaTepHaIoo0paboTKu
Kadenpa ¢ Meramtyprun 1 XUMHYECKHX TEXHONOTHiE

Kypc 5

Maruutoropck
2021 rox



Ilporpamma npaktukuw/HUP cocrasnena ma ocuose ®I'OC BO - 6akanaBpuat 10
HanpapyieHuio moxrorosku 18.03.01 Xumudeckas Texnonorus (mprkas Muno6prayku Poccun
0t 07.08.2020 r. Ne 922)

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

10.02.2021 nporokos Ne5 4}/

A

3aB. kadempoit .C. XapueHnko

IIporpamma npakruku/HUP ono6pena meroaudeckoit komuccueit UMMuM
03.03.2021 r. ITporokosn Ne 4 B o -

— ~

Ipencenarens— - = A.C. Casunos

[Iporpamma cocraBiena: / P

npodeccop kabeapsr MuXT, 1-p dus.-mar. Hayk C/LX ,u/ A.H. CmupHOB
d

ciemrammer  HTIT TAHOIT IIAO "MMK" , xaHjg TexH. HayK
E.H. Crenmanos



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
3a04Has

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

Kypc 5



Maruuroropck
2021 rox



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

Pabouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzamnuu B 2023 - 2024
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadempoii A.C. iapquKo

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl MeTauryprud 1 XUAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. ?apqemco

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamszanuu B 2025 - 2026
y4eOHOM roy Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. ?apquKo

Pabouas mporpamma nepecmMoTpeHa, o0cyxieHa u ogoopena st peanuszanuu B 2026 - 2027
y4eOHOM ToJTy Ha 3acefaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTHH

[Iporokom ot 20 1. Ne

3aB. kadenpoii A.C. XapueHko




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

Jucuunnuza [InanupoBanue JKCIIEpUMEHTA u MOJIEJINPOBAHUE
XUMHUKO-TEXHOJIOTHYECKUX IMPOIECCOB BXOAWT B 00s3aTENbyI0 4YacTh Y4eOHOro IIaHa
00pa3oBaTesbHOI TPOrPaMMBI.

JUis  w3ydeHus ~ JAWCHMIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHS,  BJAJICHUSA),
c(hOpMUPOBAHHBIE B Pe3yJIbTaTe U3yUEHUS TUCIUILINH/ PAKTUK:

MaccooOMeHHBIE TPOLIECCh XUMUYECKON TEXHOJIOT MU

XUMUYECKUE PEAKTOPBI

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTUU

TexHnyeckas TepMOJUHAMUKA U TEIIJIOTEXHUKA

dusnyeckas XUMHs

Maremaruka

dusuka

3nanus (YMEHHs, BIAJICHUS), TOTyYCHHbIE NMPH M3yYCHUU TAHHOM NUCIMILIMHBI OyIyT
HEO0XOAUMBI JUIsl U3yYeHUS UCHUILINH/TIPAKTHK:

VY4ebHo-Hccne0BaTeNIbCKas paboTa CTyIeHTa

[ToxroToBka K MpoIeaype 3aliThl U 3alI1Ta BHITYCKHOW KBaTH()PUKAIMOHHOW pabOTHI

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:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

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 TEXHHKHU
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

YUCJIC:

— KOHTaKkTHas padora — 14,9 akaj. 4acos:
— aynutopHas — 12 akaj. 4acos;

— BHeayuTopHas — 2,9 akaJl. 4acos;

— camocrosiTenbHas padbora — 120,4 akan. 4acos;

— B (hopMe NMPpaKTUYECKOM MOATOTOBKU — 2 aKa/l. yac;

— IMOATOTOBKA K 3K3aMeHy — 8,7 akaj. yac

dDopMa aTTecTaiuu - 3K3aMCH

AynuropHas s e
KOHTaKTHas paboTa E 3 dopma TEKyIIEero
=
Pasnern/ Tema 2 (B axaz. acax) £ Brn . KOHTPOIIA Kon
> 3 © | camocTosATEeNBEHOM | ycIieBaeMOCTH U
JUCIIUATUTAHBI N [~ . | xommereHIUK
Q & padoThI MIPOMEKYTOYHOM
na6. | mpakr. [ € 8
Tex. - | WPAKT- | = o aTTecTaluu
3aH. 3aH. | O &
1. Pazmen "OOmme BOMPOCH!
MOIeTTPOBaHIS"
11 Oobmiee MOHATHE
MOJICTIH. MHoroo6pasue
hopm MIpeICTABICHUS
MO/JIEIIH. ITonsartue o
MaTeMaTHYECKOM
MO/ICITUPOBAHUH.
OCHOBHBIE ~ TOAXOIBI K CamocTosTenbHOe
MOCTPOCHHUIO U3ydeHHe y4eOHOM
MaTEMAaTHYECKUX MOJENEH. U Hay4yHOH OIIK-2.1,
. CobecenoBaHnue,
AHaIUTUYECKUHN TOJX0J K JIUTEPATYPHIL. OIIK-2.2,
2 20 JIoMaIHee
MOJIETIPOBAHHIO. IToaroroBka k OIIK-5.1,
N 3aJjaHue, SK3aMeH
DKCrepuMEHTATbHBIN cobeceJ0BaHUIO. OIIK-5.2
MOJIXOJT K MOJICIIUPOBAHUIO. Brimonnenue
KomOuHupoBaHHbIH JlomarHero
MOJIXOJT K MOJICIIUPOBAHUIO. 3aJaHus
OCHOBHbIE STaIbl 5
MOCTPOCHHUS
MaTeMaTHYECKHX MOJIEICH.
TpuenuHcTBo mporecca
MOJICTUPOBAHUS:  MOJIEIb,
CamocTosaTensHoe
M3y4eHHE yI4eOHOU
1.2 TIpumepbt qu Ha 3:0171
MaTeMaTH4ECKOTO e };T o CobeceroBane OIlK-2.1,
MO/ICTUPOBAHUS u3 PaTyph. ’ OIIK-2.2,
o 1 5 TToaroroska k JIoMaIrHee
pa3NIU4HBIX obnacreii OIIK-5.1,
cobeceqoBaHMI0. | 3amaHue, SK3aMeH
3HaHUs ((pu3UKa, BOECHHOE OIIK-5.2
Brimonnenue
JIENI0, OMOJIOTHS).
JomaniHero
3a1aHus
Wroro no pazneny 3 25
2. Pasmen "AHanMTHYECKHUIt
MOJAXON K  MOJEIMPOBAHHIO

XHUMHUKO-TEXHOJIOTHYECKUX
MpoIeccoB”




21 [onsaTue 0
(PUBUKO-XMMHUYECKOM
MO/JICITUPOBAHUH.
OcHOBHbIC CBElIEHHS U3
Kypca "®uznueckas
xumus".  TepmonnHammka
XUMHYECKUX MPEBPAICHUI.
Hampasnenne XuMHUECKHX

peaxuuil. YpaBHeHHe
HU30TEPMBI XUMHUYECKOI
peaxuuu. CriocoOsl

ONUCaHHMsA  KOHLEHTPAalUHU
pearupymomux  BELIEeCTB.

H3menenue SHEPrHU
I'm6Oca B Xo0ne peaxIuu.
YpaBHeHHe HU30TEPMBI

XUMHYECKON peakuud B
CTaHJApTHBIX YCIIOBUSIX.
CBs3b MEXJy KOHCTaHTaMH
paBHOBECHS B 3aBUCHMOCTHU
oT cmocoba  OmMUCaHHs
cocTaBa PpEeaKkLUnOHHOMN
CMecCH. I'ereporennoe
XMMHYECKOE paBHOBECHUE!
3aIuCh KOHCTaHT
paBHoBecus. OrmpeneneHue
KOHCTaHT paBHOBECHs IPHU
pa3IMYHBIX TeMIleparypax.
Ilomatne o  smHEHHOHU
3aBUCUMOCTH XUMHUYECKHX
peaxiuii. Meron
Témkuna-1lIBapumana s
pacuéra KOHCTAaHT
paBHOBeECHS. Pacuér
KOHCTaHTbl paBHOBECHs Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyommx BEIIECTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpAallMii Ha OCHOBE
KOHCTaHTbI paBHOBECHSI.
Meronuka pacuéra
PaBHOBECHBIX
KOHILIEHTpaIMH pu
OJIHOBPEMEHHOM
MPOTEKAHUH  HECKOJBKHX
peakuuit (MeToauka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocrasa
pactBopa).  OrpaHu4eHus
TEPMOIMHAMHUYECKOTO
oJxo0/1a B ciydae
MoJieTupoBaHus  (pacuéra)
PaBHOBECHOTO cocraBa
pearupyoumx BemecTs.

321

20

CaMoCTOATEIEHOE
M3y4eHne yueOHon
U Hay4yHOH
JUTEPaTypPHI.
ITogroroska k
cobece0BaHuIo.
Brimonnenue
JlomarrHero
3aIaHMs

CobecemoBanmue,
JIOMAIIIHEee
3aJaHue, dK3aMeH

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

2.2 Kunetnueckue
0COOCHHOCTH  NPOTEKaHMS
XUMHAYECKHUX peaKkiui.
Meroauka COCTAaBJICHUS
CHCTEM YpaBHCHHUH,
ONMCHIBAIOIINX
pPaBHOBECHBIC
KOHIICHTPAIlMd  BEIIECTB,
NPUHUMAIOIINX y4YacTHe B
XUMHUYECKHUX PEaKIIHSX.

2/1,21

20

CaMoCTOATeIIbHOS
u3yueHHue y4eOHOH
Y HAy9HOH
JIUTEePaTyphl.
ITogroroBka k
cobece10BaHMIo.
Bremonaenne
Jomamrxero
3aaHHs

CobecenoBanue,
JIOMAIIIHEe
3ajaHue, 9K3aMeH

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




2.3 JuddepenumnanpHpie
YpaBHEHHSI HEMPEPHIBHOCTH
MOTOKA UL
HEYCTaHOBHBIIIETOCS
JIBIDKEHHUsI ~ HEC)KUMaeMoM
JKHIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
qupdy3un, KOHBEKTUBHOM
U dysnu; ypaBHEHHE
MarepuanbHOro  OamaHca
JUISL BJIEMEHTApHOTO 00BEMa
peakTopa JOOOTO  THMA.
OO0uIre cBeCHUS O TEOPUHU
noJ00us. OcHOBHBIE
KpUTEPUU o100 UsL.
KpurepuanbHbie

28

CaMoCTOATEILHOS
u3yucHHe y4eOHOM
U Hay4HOH
JUTEePaTypPBHI.
ITogroroBka k
cobece0BaHMIo.
Brmonaenne
JlomarHero
3aJaHHs

CobecenoBanmue,
JIOMaIHee
3aJ]aHKe, dK3aMeH

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

Hroro no pazneny

5/3,21

68

3. Pazgen "OxcnepuMeHTaIbHbINH

noaxon"

31 CraTucTudeckue
METOJIBI aHaM3a
AKCIEPUMEHTAIBHBIX
JTAHHBIX.
DKCIIepUMEHTAIbHBIC
OLICHKH HCTUHHOTO
3HAYCHUS HU3MepIeMon
CIy4aifHO! BENWYHMHBI U &
mucnepcun.  OnpeneneHue
rpyObIX  OMIMOOK  Cpean
pe3yJIbTaTOB MOBTOPHOCTEH
OIIBITA.
CpenHeB3BEeILICHHBIC
OLICHKH JACTICPCHH.
Ananus OZHOPOJHOCTH
MCXOIHBIX OLICHOK
pucniepcun.  OmnpenencHue
JOBEPUTENBHON  OLIMOKH
9KCIEPUMEHTANbHOMN
OLICHKH M3MEpSIEMOT0
napaMerpa. OmnpeneneHue
qucna MIOBTOPHOCTEN
ombITa, OOECIEUYUBAIOIICTO
TIOJTyYEeHUE 3a1aHHOM
JIOBEPHUTENILHOW  OLIMOKHK
OLICHKH OIIpEeAeIIEMOTO
napamerpa. IIposepka
HOPMAJIBHOCTH 3aKOHA

CaMOCTOSITEIbHOE
u3ydyeHue yueOHon
Y Hay4HOU
JIUTEPATYPHI.
IToaroroBka k
cobeceI0BaHMIO.
Bremonaenne
Jomamnero
3aJaHHs

CobecenoBanue,
JIOMalHee
3ajlaHue, JK3aMeH

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




3.2  IInanupoBanue U

o6paboTka pe3yJIbTaToB
01HO(haKTOPHOTO
9KCHEPUMEHTOB.
dopmanmzanus
IKCTIEPUMEHTANBHBIX
JaHHBIX METOJIOM
HAWMEHBIIUX  KBAJpaTOB.
CUMMeTpHIHBINA u
PaBHOMEPHBIi TUIaH
01HO(haKTOPHOTO

skcniepuMeHTa.  IIposepka
aJIeKBaTHOCTH

HOJIy4YEHHOTO YpaBHEHUS U
€r0  HUCIOJb30BaHHE UL
ONTHMU3ALUM  IIpoliecca.

[omyuenune

9KCIOHEHIINATBHON

3aBHCUMOCTH o

pe3yibTaTam

OJTHO(AKTOPHBIX

9KCIIEPUMEHTOB.

JIByXypOBHEBbIE TUTaHBI

MHOTO(paKTOPHBIX

HKCTIIEPUMEHTOB. Meton

HaWMEHBIINX  KBaJIPaTOB

pu o0paboTke

pe3yJIbTaToB CaMocrosTensHoe

MHOTO(aKTOPHOTO M3ydeHne yueOHon

SKCIIEPUMEHTA. 5 U HAy4IHOH OIK-2.1
JByxypoBHeBbIil II71aH JIUTEPATYPBI. CobecenoBanue, OHK-2.21
TIOJTHOTO thaxropHOro 6 IMonroroBka JIOMaIHee o
SKCIICpUMEHTA HP32n. cobecelOBaHMIO. | 3amaHue, SK3aMeH OIIK-5.1,
VYpaBHeHHs, TOTyJaeMble BbinoiHeHNE OIK-5.2
o pe3ynbraTam JloMalIHero

peanu3anuu TUIAaHOB 3a1aHus

IIdB2n.  Craructuyeckuid

aHaJIN3 3HAYUMOCTH OIIEHOK

K03 GUIIIEHTOB

ypaBHEHHS, ero

a/IeKBaTHOCTH "

paboTOCIIOCOOHOCTH.

JpoOusrit (baxTopHbIH

skcriepument  JIdO2n-n'.

IInanupoBanue

IKCIIEPUMEHTA pu

U3MCHAIICMCA BO

BPEMEHH  BIUSHUM  Ha

rpouecc HEYYTEHHBIX

(akropoB. HcmonszoBanue

mwianoB [1®32n ADI2n-n'

JUISL TIOJTyYCHUsl YpaBHECHUS

nporecca B BUJIE

9KCTIOHEHIIMAIBHON

3aBHCHUMOCTH.

PaccmoTpenue npumepos.

MHoroypoBHeBbIE

MHOTO(aKTOPHBIC  IUIAHBI,

UCIIOJIB3YIOIHE  CBOWMCTBA

JJAaTUHCKHUX KBaJgpaToB.

IToctpoenue TUTAHOB.

ITomyuyenune u

UCIIOJIb30BaHUE Ut

HWroro no pazneny 12

4. Pazgen "KomOumHHMpOBaHHBII

metona"




4.1 OcobennocTtu

KOMOWHHMPOBaHHBIX CamocTosaTenbHoe
MaTEeMaTHYECKUX MOJeNei. u3yucHHe y4eOHOM
Paccmotpenue U Hay4HOH OIK-2.1
MaTeMaTHYECKUX MoJIesei JIUTEPATYPHI. CobecenoBanue, OHK-2.2]
u3 obiacTu 15,4 ITogroroBka k JIOMaIIIHEe OIK- 5'1'
npodecCHOHATEHON cobeceoBaHMIO. | 3aqaHue, SK3aMeH OHK-5. 2‘
KOMITCTCHITUH BeinosHeHHE '
(IporHO3UpOBaHUE JloMaiHero
nokasareneit KavecTBa 3aIaHusI
Kokca M25 u M10).
Hroro no pasgeny 15,4
5. Paznen "Ox3amen"
OIIK-2.1,
TToaroroBka k OIIK-2.2,
5.1 Dk3amen A OKk3aMeH
9K3aMeHYy OIIK-5.1,
OIIK-5.2
Hroro no pazneny
Hroro 3a cemectp 8/3,211 | 120,4 9K3aMeH
Hroro no aucnumnnuae 8/3,211 (120,4 DK3aMeH




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 TUTEPATYPhl, 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, HAIPaBICHHBIC 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 PEaU3ylOTCs 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,

- JIGKIUA ¢ pa300poM HEpEeIIeHHBIX U MPOOJIEMHBIX BOIPOCOB TUCIHMITIMHBI — 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)
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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)

VYyeOHble ayqUTOPUH Ui TPYNIOBBIX W WHIUBUAYATbHBIX 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 3aHITUH ).



Ipuioxenne 1

6 YueOHO-MeTOqHYEeCKOE 0OOecTIedeHHe CAMOCTOATEIBbHOM padoThl 00y4Yarommxcst

ITo JACLIUIIIHHE «[InanupoBanue IKCIIEPUMEHTA u MOJICJTUPOBAHUE
XUMHUKO-TEXHOJOTHYECKHX MPOIIECCOBY» MPEIyCMOTPEHA ayAUTOPHAs M BHEAyIuTOpHas paboTa
oOyJaronuxcs.

AynuropHas paboTa CTyJIEHTOB MIPEIOJIaracT PenieHUe 3a/1a4 Ha IPAKTHYSCKUX 3aHATHIX.

AynurtopHsie padorbl. Biiok Ne (BJI):
BJI Nel «O0mme BOpochl MOIeJTMPOBAHUSD)

Nel. CocTaBuTh 6J0K-CXEMY Uil BBIYMCICHHUS CYMMBI KBaApaToB MepBbIx N dncesn HaTypanbHOTO
psna.

Ne2. CocraButh O10K-cXemy AJisl perieHus 3aaaun. KakoBo Bpems maieHus Tela, €CIi U3BECTHBI
BBICOTA, YCKOpPEHHE, HaudajbHasg CKOpOCTh. llpumedanue: mnpeaycMOTpeTh KOPPEKTHYIO
00paboTKy BCeX BO3SMOXKHBIX CIy4aeB: pelIeHHe He MMEET KOPHEH; O/IMH, Ba KOPHS; 3ajada He
uMeeT PU3NYECKOro CMBICTA.

BJI Ne2 «AHanuTn4yeckuii moaxoa Kk moaeaunposanno XTID»

Nel. PaccuutaTh HMOHHO-MOJEKYJISpHBIA cocTtaB B mnpucyrctBuM 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
rpadpuveckd B MHGOOPMATHBHOM BHJE (MCIIOJIB30BaTh JOTApU(PMHUECKYIO MIKATy BBIXOJHOTO
napametpa). Bce pacu€rsl mpousBecTy B TAOIUYHOM MPOIIECCOPE.

Ne2. Paccuutarh MOHHO-MOJEKYJSPHBIH COCTaB pacTBOpa B MPHUCYTCTBUU PAcTBOPEHHOM
VIJIEKUCIIOTHL BO3MyXa. 3afarbcs 3HaueHussiMu PH B uHTepBanie 0-14 u YMCIEHHO paccUUTATh
HMOHHO-MOJICKYJISIPHBI COCTaB JTaHHOW CHUCTEMBI. Pe3ynbrarel mpenctaBUTh rpaduyeckun B
nH(OPMATUBHOM BHJI€ (MCIOIB30BaTh JIOrapu(MUUECKYIO IIKaTy BBIXOJHOTO mapamerpa). Bee
pacyéThl MPOU3BECTH B TAOIMYHOM IIPOLIECCOPE.

Ne3. 3nauenne pH ?aCTBOpa peryinupyercs U3MEHEHHEM KOHILIEHTpaluuu cojbl. PaccumTaTh
koHeHtpanuo [CO™] MOHOB B pacTBOpe, C y4€TOM PACTBOPEHHOW YTJIEKHUCIOTHI BO3IyXa.
3anatecs 3HaueHusMu PH B uHTepBane 0-14 W YHMCIEHHO paccuUTaTh MOHHO-MOJEKYISPHBIN
COCTaB JaHHOW cucTeMbl. Pe3ynbrarhl npeacTaBUTh rpaguuecku B HH(YOPMATUBHOM BHJE
(ucmonb30BaTh JOrapu(PMHUUECKYIO MKy BBIXOJHOTO MapaMmeTrpa). Bce pacuérsl mpousBecTH B
TaOJIMYHOM TIPOIIECCOPE.

Ned. Tlpu xakom 3HaueHuu pH nmocturaercs mpaktudecku nonHoe ocaxzaeHue MnS (ITPyns =
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
pacuéTbl NpPOU3BECTH B TAOJMYHOM IPOLIECCOpE, AHAIUTUYECKHE 3allUCH IPEJIOCTaBUTh B
OyMaxxHoM Buje. M3 Kakux cooOpaKeHH HaXOIUTCsI KOHIIEHTPAIIHs MapraHiia [Mn2+], U MEXIY
KaKUMHM XMMHUYECKUMU (OopMaMH OCYIIECTBIIIETCS MaTepHalIbHbIN OallaHC 10 cepe M30BITOUHOMN
KOHLIEHTPALUU OCaTUTeNsA?

No5. Tlpumep 5. Paccuurtarh paBHOBECHBIM COCTaB ra3oBOW (a3bl IS yCTaHOBHMBIIETOCS
TE€P-MOAMHAMUYECKOTO PABHOBECHS TIOJIYyUYEHHS BOJSHOIO ra3a Mo peaklusIM:

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-XMMUYECKOH TOYKH 3peHHus, MpU KakoM 3HauyeHHH pH mpoucxomaur
nepexos1 PbSO, B Pb(OH),. U3menenune pH npoucxoaut 3a cuét NaOH.

B cucreme npeamnosaraercs NpoTeKaHUE CAETYIOIUX XUMUYECKUX PEaKIHii:



PbSO,. < Pb*,,+S0," s (1)
Pb(OH), . < Pb*,, +20H -, (2)
Pb(OH),. < H" oy +HPHO, 1o (3)
Pb(OH)"p-p <> Pb* oy +OH -, (4)

HSO, »» < H"p»+50, v (5)

H,O&H"+0OH  (6)

YpaBHEeHHE MaTepHATLHOTO OaaHca:
[Na"]<[OH ]+[Pb(OH)"] (7)

YpaBHEHHE 2IEKTPOHEUTPATILHOCTH:

[Na*]+2*[Pb* ]+[Pb(OH) ]+[H'] < 2*[80427]+[HSO47]+[HPbOzf]+[OH’]
[IpuMedanue: npu peleHUM 33Ja4d HEOOXOIUMO 10 HMEIOIIMMCS YpaBHEHUSM COCTAaBUTh
CUCTEMY HEJIMHEWHBIX YpaBHEHUH, U3 HEE BHIBECTH YPaBHEHHE:

2*K22 * K4 *Ks *[H+]4 + Kz * K5 *Kw(Z*Kz + K4 *Kw)*[H+]3 -
_K4*KW2(K1*KW2 _'_|‘<2*l‘<3*|‘<5)*[H+]_2*|‘<1*l(4*l<5~kl‘<w4 :O
W3 cripaBOYHBIX JaHHBIX HEOOXOJUMO OMNpEAETIUTh KOHCTaHThl XuMuueckux peakuuit Ki — Ke
cootBeTcTBYOLMX peakuuit (1)-(6).
N3 npakTudyeckux cooOpaKeHHH YCTaHOBUTb, C KaKOHl TOYHOCTBIO HEOOXOIUMMO BBIYUCIATH
3HayeHue pH.
HenuneitHoe ypaBHeHHE HEOOXOAMMO pEIIUTh YEThIPbMS MeETOAaMU: TIpadUuyecKuM,
N0JIOBUHHOTO Jenenus, HptoTona, xopa. Caenars BbIBOJ O OBICTPOTE CXOAMMOCTH KaXKJI0TO W3
METOJIOB IIPH 3a/IaHHOI TOYHOCTH II0JIy4aeMOT0 PE3yJIbTaTa, a TAK)Ke IPUTOIHOCTH I PELLEHUS
3a/1a4 PU3UKO-XUMHUYECKOTO MOJIEIIMPOBAHHUS.
PaccMoTpeTh 3BpHCTHYECKMI METOJ, OCHOBaHHBIM Ha crenu(puKe perraeMoi 3a1auu, pereHus
CHUCTEMBbI HEJINHEVHBIX YPABHEHHM.
Bce BbIuMcieHNs IpOU3BECTH B TAOIMYHOM MPOLIECCOPE.
No7. Tlone3yschk pesynabTaTaMu 3amaud Ne6 HCKITIOYUTH W3 CHUCTEMbl HETMHEWHBIX ypaBHEHHI
ypaBHeHHe (3). PemiuTh MOMyd4eHHYIO CUCTEMY ypaBHEHMH 3BpHUCTHUECKUM MeToaoM. Crenarb
BBIBO/JI O BJIUSIHUU ypaBHEHUS (3) Ha MOJIEIMPYEMYIO CUCTEMY U UTOroBoe 3HaueHue pH.
Ne8. Ilonb3ysick pesynpTaTamu 3aaadd Ne6 MCKIIOYHMTH W3 CHCTEMBl HEIMHEWHBIX YpaBHEHUN
ypaBHeHue (3) u (5). PemmnTh MONy4eHHYIO CHUCTEMY YpPaBHEHUN 3IBPUCTUYECKHUM METOIOM.
Cnenath BBIBOJ O BAMSHUU ypaBHeHHUS (3) u (5) HAa MOAETHPYEMYIO CHUCTEMY M HUTOTOBOE
3Ha4yeHue pH.
Ne9. Ilonp3ysice pesynpTaTamu 3aaadd Ne6 MCKIIOYMTH W3 CHCTEMBl HEIMHEWHBIX YpaBHEHUN
ypaBHenue (1), (3), (5). Pemmuts mony4eHHYIO CHCTEMY YPaBHEHHI SBPUCTUYECKUM METOJOM.
CraenaTh BBIBOJ O BIUSIHUM ypaBHEHUS (1) Ha MOZenTUpyeMyto CUCTEMY U UTOTOBoe 3HaueHue pH.
Nel0. Pemmmth HenuHelHOe ypaBHEHHME M3 33dadu (6) C MOMOULIBI0 BCTPOEHHBIX (DYyHKUMMN
cnienuanu3upoBanHoii mporpammbl  MathCad. CpaBHuth TONydYeHHOE 3HAUEHHE C YyXKe
MOJTy4YE€HHBIMH.
Nell. PemmuTh cucremy HENMHEHHBIX YpaBHEHMM W3 3agaud (6) ¢ MOMOIIBIO BCTPOEHHBIX
byHkIMid crieruanu3upoBanHoi nporpamMmel MathCad. CpaBHuTh monydeHHOE 3HAUYEHHE C yKe
MOJTy4YE€HHBIMH.
Nel2. Hcxons U3 MOHATHUA JHMHEHHas 3aBUCUMOCTBH/HE3aBUCHUMOCTb XHMHYECKUX PEAKIMH, C
MIOMOIIIBIO BCTPOEHHBIX MaTeMaTHueckux Gpynkiuii MathCad mist cuctemsr peakiuii
C+H,0&CO+H, (1)



CO+H,0<CO,+H, (2)
2%*CO <> C+CO, (3)
C+2*H,0CO, +2*H, (4)

Ornpenenutb KOJIMYECTBO JTUHEWHO-HE3aBUCUMBIX XMMUYECKHX peakiuil. YTo 3T0 03Haudaer ¢
TOYKH 3PEHUS MAaTEMaTHYECKOTO OMKUCAHUs JAaHHON CHCTEMBbI peaKLUi.
Nel3. lnst HeoOpaTUMOi peakiy MepBOro MopsIKa:
A——>B
CocraButh muddepeHIraIbHOe ypaBHEHHE CKOPOCTH M3MEHEHHs KOHIEeHTpanuu A. Pemmtsb
nosiyueHHoe AuddepeHInaIbHoe ypaBHEHHE METOA0M Dijiepa, MOAU(GUIUPOBAHHBIM METOJIOM
Oiinepa, Pynre-Kyrra. Caenath BbIBOJ O TOYHOCTH KaXKIOI'O U3 METOJOB B CPAaBHEHUHU JIPYT C
apyrom. J{is pacuéra npuHSATH CIeAyIOUIe 3HaUeHNs HEU3BECTHBIX TapaMeTPOB!
C°4= 0,7 moms/m; K1=0,001 1/c; h = 0,1 (ar uuTErpHpOBaHHS).
Nel4. Jlns mociaenoBaTenbHON CXeMbl HEOOPATUMBIX XMMHYECKUX PEAKIMK MepBOro mopsaka: A
A——>B—<>C
CoctaBuTth cuctemy auddepeHnaIbHbIX ypaBHEHUN U PEIIUTh €€ ¢ TOMOIIBIO MeToa Jiijepa,
MoauduurpoBanHoro Oiepa, Pynre-Kyrra 4-oro mopsnka. CnenaTs BBIBOJ O TOYHOCTH
MOJIy4aeMOr0 pelIeHUs], CPaBHUBAs METOAbl Mexay co0oil. J{is pacuéra NpUHATH CIEAYIOIIHE
3HAYCHHS] HEU3BECTHBIX MapaMeTPOB:
Co\= 0,5 momb/1; Co%= COCZO moae/it; K1=0,05 1/¢; k2=0,07 1/c; h= 10,1 (1uar “HTErpUpOBaHHS).

BJI Ne3 «kcnepuMeHTANbHBIA MOXX01»

Nel5. C magé&xnocthio P = 0,95 oGecniednTs 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
2 18 10 18 392 14 4.8 27 18
Ayk 1 %

Pemenne naHHON 3a7auu OCYHIECTBUTh Ha OCHOBE ABYX METOJOB: NpaBUia 26 U KPUTEpUs
MaKCHUMAaJbHOTO OTKJIOHEHHs [I. PacuéThl BBINOJIHUTH C HCHOJIB30BAHUEM TaOIMYHOIO
nporeccopa.

Nel6. C momomipto aHanM3a OAHOPOAHOCTU CpeAHMX. JlaTh 3akioueHHe O BO3MOXKHOCTHU
npeumymectsa (P = 0,95) ognoro anmapara nepea IpyruM 1o mpou3BOAUTEILHOCTH.

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

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

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

PacuéTsl BBITOIHUTH € UCIIOJIB30BaHUEM TaOJIMYHOTO TIPOIIeccopa.
Nel7. Ilns mpoBepky MpaBUIBLHOCTH BoJbTammepomerpudeckoir (BA) MeTOAMKU ompeeneHus
kaavmusi Cd  umcmosib30Baii  aTOMHO-a0COpOIMOHHYI0 (AA) METOAWKY, HE COAEPKAIIYIO
CUCTEeMAaTUYECKOW morpemHoctd. llpu aHanm3e OAHOrO M TOr0 ke OOBEKTa MOITYYECHBI
cienyromue pe3ynbTarsl (HTr / Mt Cd):

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

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




ConepXuT 1 BOJILTAMIIEPOMETPUYECKAs METOMKA CUCTEMATUIECKYO TIOTPEITHOCTE?

Pacy€rbl BBIMONHUTH C HCIOJB30BAaHMEM TaOJMYHOIO Mporeccopa 0e3 HCIOIb30BaHUS
CIIELUAJIbHON HAJACTPONKH.

Nel8. Pemuts 3amauy Nel7 ucmomnb3yst HAACTPOUKY TaOJIMYHOTO MTPOIIeccopa.

Nel9. Hcnmonw3ys Tpu pasIUYHBIX TEHEPHPYIOIIUX COOTHOIICHUS, COCTABUTh IUIAHBI
sKcrepuMeHToB [1PI2 2 3anmcars dbopmyIsl 1 pacuéra KodHPUITMEHTOB JIMHEHHONW MOJICITH.
Ne20. Ha ocHOBe JaTMHCKMX KBaJIpaTOB COCTABUTH MSATHYPOBHEBBIH IUIaH MATU(HAKTOPHOTO
JKCIIEPUMEHTa JJIsi HKCCIIENOBaHUS Ipolecca HWH(GPaKpacHONM CYIIKH T'paHyIMPOBAHHBIX
MaTepuaiIoB B BaKyyMe MPU UMIYIHCHOM dHEpromnoaBoje. [lomydnTs MaTeMaTHUECKYIO B BUC
CyMMbI HEJMHEWHBIX (YHKIMH M HaWTH ONTHMAaJbHbIE 3HAUEHUS PEXKHUMHBIX I1apaMEeTPOB
npoiiecca: MIOTHOCTU TEIIOBOIO MOTOKA HAa MOBEPXHOCTH ciios MaTepuana C, (Br/cM?), ToMmuHa
cios npoaykra Cy (Mm), nuametpa rpanyn Cyy (Mm), BeaudauHbl pa3pspkeHust Cpy, (MM. pT.CT.) U
ckBaxkHocT uMnyibca Cy (%,0THoIIeHHE BpeMeHH paboThl HH(PPAKPACHOW CYHIHIIKHA K 00LIEMY
BpeMEHHU TpeObIBaHMSA B CYIIMJIBLHON Kamepe). Beixogom mporiecca y (py0/T) wind Kputepuem
ONTHMATBFHOCTA TPHUHATA BEIMYMHA MPUBEIEHHBIX JOXOJOB C YUETOM IMPOHU3BOAUTEIHHOCTH
YCTaHOBKH U MOTPEOIIIeMOIl MOIITHOCTH.

YpoBHHU 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

Civ (Mm. | O 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 Hnman | y u Hnman | y u Hnman | y u [Tnan 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»

No 21. 1o nanabiM padoTsl [Koke u xumus. 1978. Ne 8. C.12—14] na ocnose [1DD 24 paccuurarb
3HaYeHUs K03(h(PUIMEHTOB JTMHEWHOW MOAENH Ui NMPOTHO3MPOBAHUS IOKa3aTelell KauecTBa
Kokca Mys 1 Mg, CPaBHHUTB UX C IPEAJIOKEHHBIMU B CAMOW HAYYHOM CTaThe.

VYka3zaHue K BBINOJHEHUIO 3aiaHus: Ha jucte TII B mHpOpMaTUBHOM BHUAE CO3/1aTh TAOIUILY
IJIaHUPOBAHMS dKcrepuMenTa [1PD 2%, BBecTH CpelIHHE 3HAaYeHUs MOKa3aTeael KauecTBa KOKca
Mas 1 Mo 1 paccuutath KO3QPHUIUEHTH! JIUHEHHON MOEIH.

Cooeporcanue npakmuyueckozo pazoena OUCUUNIUHDL

1) Aneopumm pewienust HeTUHENHO20 YPAGHEHUSL MEMOOOM XOPO,

2) Aneopumm pewienus HenuHelino2o ypasHeHus memooom Hetomona;

3) Aneopumm peulenus HEIUHENHO20 YPABHEHU MEMOOOM OelleHUsi OMpe3Kd
nO-NnoaaMm.

4) Hcnonvzosanue nakema npukiaouvix npoepamm MathCad ons pewenus

HelUHEeUHbIX YPAGHEHULL,
5) Aneopumm peuternusi OughghepeHyuanbHuIX ypasrneHut Memooom Jiepa.




6) Aneopumm pewienus OugppepenyuanrbHulx ypasHenut MoOupuUyUpo8aHHuiM
Memoodom Dunepa.

7) Aneopumm  pewsenusi  OuhhepeHyuanbHbIX  YPAGHEeHUl  MemoooM
Pynee-Kyma uemeépmoco nopsoxa.

8) Hcnonvzosanue naxema npuxnaouvix npoepamm MathCad ons pewenus
ougpepernyuanvHuIX YypasHeHutl,

9) Pewenue cucmem ougpgepenyuanvuvix ypasuenuti memooom Jiinepa,
Moouuyuposarnrvim memoodom Diinepa, Pynee-Kyma.

10)  Hcnonvzosanue naxema npuxiaouwvix npoepamm MathCad ons pewenus
cucmem OughghepeHyuaIbHuIX YPasHeHUll.

11)  Illpakmuueckuii  aunanusz  cywecmeyrowux mooenei 8  obracmu
npogheccuoHanbHol KomMnemeHyuu (NpocHo3uposanue nokazamenei kavecmea kokca M25
u M10) 6 nakeme MathCad.

12)  HUcnonvzosanue scmpoeHnoll HAOCMPOUKYU MAOIUYHO20 npoyeccopa Ois
pewieHus 3a0ay Mamemamuiecko2o nPpocpamMMupO8aHusl.

13)  Hcnonvzosanue  npocpammer  MathCad — Ons  pewenus — 3adau
MAmemMamuyecKo2o npocpammupo8ansl.

IlepeyeHb BONPOCOB K IK3aMEHY

OO61re BOonpocsl MOJIEIUPOBAHUS:

1. OOmee mpexncraBieHue O  MoJend. MareMaTHUecKue  MOJAENH:
OTIpeNieNieHne, JTOCTOMHCTBA M HEIOCTATKH, IO CPAaBHEHUIO C JAPYrUMH (popMaMu
npezcrasiaeHus mojenu. [lonstue «monenupoanuey». Knaccupukanus mareMaTHueCKUX
MOJICIICH;

2. CyuiHocTtb aHaJIMTUYECKOIO noaxonaa K MaTEMaTUYECKOMY
MozennpoBanuto. Monenmuposanue XTII npu aHanUTUYECKOM IMOAXOE;

3. CymHOCTh ~ 3KCHEPUMEHTAIBHOIO  MOJXO0Ja K  MaTeMaTH4eCKOMY
MOJETUPOBAHUIO;

4. CymHOCTh  KOMOMHHUPOBAHHOTO  MOAXOAa K  MaTeMaTHYeCKOMY
MOJETUPOBAHUIO;

5. TpuenuHCTBO MPH ONMUCAHUU OOBEKTa MOJEIUPOBaHUSA. TpeOoBaHHS K
KaXXJI0M M3 COCTaBHOM YacTH MPHU OMUCAaHUU O0BHEKTA;

6. OcHOBHBIE 3TaIbl MOJEIUPOBAHUS (C TOSACHSIOIIMMHU IPUMEPAMH).
Apanutnyeckui MOAX0] K CO3JaHUI0 MAaTEMAaTHIECKUX MOJICIIEN:

7. VYpaBHEHHE H30TEPMbl XMMHUYECKOW pEakluu TpU Pa3INuyHOM CIOco0e

BBIP@XCHUS KOHLIEHTpaluK. BolpakeHne ypaBHEHUS U30TEPMbl XUMUYECKOW peakluu B
CTaHJApPTHBIX YCJIOBUAX. CBS3b MEXIY KOHCTaHTAaMH PAaBHOBECHS B 3aBUCHUMOCTH OT
crioco0a OMHCaHUS COCTaBa peaknMOHHOW cmecu. COOTHOIICHHUS It KOHCTaHT
paBHoBecust Ky, Ky, K¢ B uaeansHom pactBope;

8. Meron Témkuna-11IBaprMana pacuéTa KOHCTAHT PAaBHOBECHSI XUMHUYECKOU
peakuuu. [loHATHE O TMHEIHON 3aBUCUMOCTH M HE3aBUCUMOCTH YPABHEHUN XMMHUECKUX
peakimii. OCHOBHBIE CITOCOOBI OMNpPEICICHHS JIMHEWHO HE3aBUCHUMBIX YpaBHEHUU
XUMHUYECKHUX PEAKIIUIL;

9. Bo3MOXHOCTH MOAETUpPOBaHUS TMPU TEPMOJUHAMHYECKOM IMOAXO0/E K
OIPEEIICHUIO PABHOBECHBIX 3HAUEHUH YJaCTBYIOIUX B XUMUYECKUX PEAKIUAX BEILIECTB.
OcHOBHBIE TOCTOMHCTBA U HEIOCTATKH MPU TEPMOIMHAMUYECKOM MOJIXO/IE.

10. OCHOBHBIE TIOHATHS M OIpeneneHus: (popManbHOM KHHETHKH: CKOPOCTh
XUMHYECKON peakliH, CIocoObl €€ BBIPaXKEHHUS, MOJEKYJISIPHOCTh PEaKIHH, MOPSI0K
peakiuy, YacTHBIM MOPANOK PEaKUUH, MOCTyJaT XUMHUYECKOM KUHETHKHU (ypaBHEHHE
['ynpnbepra u Baare), KOHCTaHTa CKOpPOCTM XUMHYECKOMW peakuuu (IpaBHIIO
Bant-T'odda, ypaBuenue Appenuyca);



11. CKOpOCTh HEOOPAaTUMBIX PEaKIHMii MEPBOT0, BTOPOTO, N-OTO IMOPSIKOB.
OOpatuMas peakius IepBOro Mopsaka;

12. OOparumMasi peakiusi BTOpOro mnopsiaka (pa3oOpaTb TOJBKO YacCTHBIN
cilyyail: OTCYTCTBHE B HadajbHbII MOMEHT BPEMEHU HPOAYKTOB PEAKIMH, HayaJIbHbIE
KOHIICHTPALIMH pearupyrolrx BeUIeCTB PaBHBI MeX 1y co0o0ii). [lapamienbHble peakuuu;

13. [TocnenoBarenbHble peakUuy NEPBOTrO HOpsiAKa (I TPEX XMUMHUYECKHX
coenuHeHui). Pa3o0OpaTh pa3nuyHbie Clydal COOTHOIICHUS MEXTYy COOON KOHCTaHT
XUMHUYECKHX PeaKiuii;

14. OO0mee ypaBHEHHE [WHAMUKA U CKOPOCTH XHMHYECKOH peakiuw,
IPOTEKAIOIIEH B MOTOKE B PEXHME MJIaIbHOro BbITeCHeHUs. HeoOpatumas peakuus
IIEPBOIO M BTOPOTO MOPSAJIKOB, IPOTEKAIOIIMX B IIOTOKE B PEXHUME HAEaIbHOTO
BBITECHEHUS.

15. OOparuMasi peakiysi IEpBOr0O M BTOPOTO TOPSJIKOB, MPOTEKAIOIIUX B
IIOTOKE B pEXHUME HJeaJbHOro BbITecHeHMs. I[locienoBaTenbHas peakuus IEPBOrO
NOpsJIKa, IPOTEKAIOLIas B IOTOKE B PEXXUME UJIEAIbHOIO BHITECHEHNUS.

16. KuHeTrka roMOreHHbIX peakLui, MPOTEKAIOIIUX B PEKUME HACATbHOIO
nepeMenInBaHusl.

OKcrepUMEHTAIbHBIN MOAX0]] K CO3JaHUI0 MaTEMAaTHUYECKUX MOJIEIICH:

17. CrarucTuyeckre METO/bl aHaJIu3a SKCIIEPUMEHTAIbHBIX JAHHBIX: OIICHKA
UCTUHHOTO 3HAYEHMsI M3MEpseMON BEIMUYUHBI U €€ JUCIEepPCUM; OIpelelieHue IpyObIX
OmMOOK; CpPEeIHEB3BEUICHHBIC OICHKH AMCIEPCHUH; aHAIN3 OJHOPOJHOCTH HCXOIHBIX
OLIEHOK JTUCIIEPCHH.

18. Ornpenenenre JOBEPUTETHLHON OIMIMOKM HKCIEPUMEHTAIBLHON OIICHKU
u3MepseMoro napamerpa. OrnpeeneHue yrcia MoBTOPHOCTEN OIbITa, 00eCIIeYHBAOLIETO
[OJIyUEHUE 3aJaHHOW JIOBEpUTENbHON OIIMOKM OIICHKU ONPEENIIEMOro IapamMmerpa.
[TpoBepka HOPMATILHOCTH 3aKOHA PACIPECICHMUS.

19. MeTtoa HauMeHbIINX KBaApaToB. CyIIHOCTh INIAHUPOBAHUS IKCIIEPUMEHTA
B CPaBHEHUHM C HEMOCPEICTBCHHBIM IPUMEHEHHEM METO/la HAaUMEHBUIMX KBaJ[PaTOB.
CUMMETpUUYHBII M paBHOMEPHBIN IJIaH OAHO(MAKTOpPHOro skcnepumMeHTta IllpoBepka
aJICKBaTHOCTU IIOJIyYEHHOTO YPAaBHEHUS M €ro HCIOJIb30BaHUE [JIs ONTHUMM3ALUU
nponecca.  llomydeHne — SKCIIOHEHIMANBHOM  3aBUCHMOCTHM [0 pe3yibTaTam
0JTHO()AKTOPHBIX 3KCIIEPUMEHTOB.

20. Merox  HauMMEHBIIMX  KBaJpaToB TMpu  00pabOTKE  pe3yJbTaToB
MHOTr0()akTOPHOTO  dKCIEepUMeHTa. JIByXYpOBHEBBIH IUIaH IOJHOTO (HhaKTOPHOTO
skcnepumenTa [1032". VpapHeHus, HodydaeMble 110 Pe3yIbTaTaM pealu3aliy [IaHOB
[1®D2". CratucTHYeCKUii aHAIM3 3HAYMMOCTH OIIEHOK KO9((UIIMEHTOB YPaBHEHHS, €TO
aJIeKBaTHOCTU U pabOTOCTIOCOOHOCTH.

21. JlpoGubiii  daktopusii  skcmepument  JA®I2"".  IInanmpopanue
HKCIEPUMEHTa IMPU U3MEHSIONIEMCS BO BPEMEHHM BIUSHUM Ha IPOLECC HEYUYTEHHBIX
(axropos. Hcnonssoanue mianos [1PI2" J®2™™ s MOJIy4YEHUsI YpPaBHEHHUS
npolecca B BUJI€ IKCIIOHEHIIMAIbHON 3aBUCUMOCTH.

22. MHoroypoBHeBble MHOTO(AKTOPHBIE IUIaHBI, HUCHOJB3YIOLINE CBOWCTBA
JaTUHCKUX KBaaparoB. llocTtpoenue 1utaHoB. I[lonydyeHune W HCIONIb30BaHHWE IS
ONTUMU3ALMH YPABHEHUH PA3IIUYHON CTPYKTYPHI.

23. [Ipumenenre MeTonOB NPUOIMKEHHBIX BBIYHUCICHHM INpu oO0paboTke
pe3yibTaTOB 3KCIEpUMEHTOB. OIEHKM TOYHOCTH U3MEPEeHUHl M NpHOIMKEHHBIX
BbluMcIeHU. OlEHKa TOYHOCTH OKOHYATENbHOTO pe3yibrara. [IpakTthueckoe
BBIYUCIIEHHE OINOOK.

YucneHHble METO/IbI PEILIEHUS 3a/1a4, BO3HUKAIOIIUX MTPU MOJEIUPOBAHUH:

24, Penennie HEIMHEMHOTO ypaBHEHUS METOJOM J€JIEHUS OTPE3Ka MOI0JIaM;

25. Pemienue HenmHEeMHOTO ypaBHEHHS METOA0M HbIOTOHA;

26. Pemenne HeIMHEMHOTO ypaBHEHUSI METOAOM XOPJI;



27. Pemenne  muddepeHnmanbHOrO  ypaBHEHUST — METOAOM  Dieiipa.
MopaudunupoBanHbelii MeTO Dnepa. ApanTamus MeToja Diiiepa Ha CIydal CHUCTEM
muddepeHraIbHbIX ypaBHeHUNH. OCOOEHHOCTH PEUICHUsT CHCTEM u(QepeHIIaTbHBIX
ypaBHeHUH 1ipu MoaenupoBanuu XTII;

28. Pemenne nuddepennuanbHoro  ypaBHeHuss wmeronoMm  Pynre-Kyra
yeTBEpTOro mopsiaka. Apnanramusa wMetona Pynre-Kyra Ha cioydail  cucrem
muddepeHraIbHbIX ypaBHeHUH. OCOOCHHOCTH pelieHusi cucteM TudepeHnaaIbHbIX
ypaBHeHUH 1ipu MoaenupoBanuu XTII;



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

MaTeMaTH4ecKue,
(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(OpPMUPOBAHHOCTH KOMIIETEHIINI, BCECTOPOHHEE, CHUCTEMATHMYeCKOe U TIy0OKoe 3HaHue
yueOHOro Marepuaiga, CBOOOJHO BBIMOJHSET IMPaKTUYECKHE 3a/laHus, CBOOOJIHO OIEepUpyeT
3HAHUSIMHU, YMEHHUSIMH, IPUMEHSIET UX B CUTYaIUSIX MMOBBIIIICHHOW CITOKHOCTH.

— Ha OLEHKY «xopomo» (4 Oamna) — oOydarouiuiics JEeMOHCTPUPYET CpPeIHUH YpPOBEHb
c(OpMHUPOBAHHOCTH KOMIIETEHIMII: OCHOBHBIE 3HAHMS, YMEHHS OCBOEHbBI, HO JIOIYCKAIOTCS



HC3HAYHUTCIIbHBIC OIHI/I6KI/I, HETOYHOCTH, 3aTPYAHCHUA TP aHAIUTUYCCKHUX OIICpaluiax, IICPEHOCE
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 OTCYTCTBHE OTACIbHBIX 3HAHWW, yYMEHHH, HABBIKOB, OOy4aromuiucs
WCIIBITHIBACT 3HAUYUTENIbHBIC 3aTPYJHEHUS MPU ONEPUPOBAHUM 3HAHUSMU M YMEHUSMH MPU UX
IIEPEHOCE HA HOBBIE CUTYALINH.

— Ha OLICHKY «HeY/J0BJIETBOPUTEJIBHO» (2 0ayuia) — oOydJarouuiics JeMOHCTPUPYET 3HAHUS HE
6osee 20% TeopeTuuecKoro MaTepuana, JI0MyCcKaeT CylleCTBeHHbIE OIIUOKH, HE MOXKET IOKa3aTh
MHTEJUICKTYaJIbHbIC HaBBIKU PEIICHUS MPOCTHIX 3a/ad.

— Ha OIICHKY «HEeYT0BJIeTBOPUTEIbHO» (1 Oain) — 0OyJaromuiics He MOXKET MOKa3aTh 3HAHUS HA
YPOBHE BOCIIPOU3BENICHUS U OOBSICHCHHSI MHPOPMAITUHU, HE MOXKET IMOKa3aTh WHTEIICKTYaIbHbIC
HAaBBIKH PEIICHUS MTPOCTHIX 3a7ad.



