MHHUCTEPCTBO HAYKHU 1 BbICIIET'O OBPABOBAHUSI
POCCHUUCKOU GENEPALINA

®eepabHOE roCy1apCTBEHHOE OI0/DKETHOE 00pa30BaTelIbHOE YUPEKICHHE
BBICIIIEr0 0Opa3zoBaHHs
«MarHuTOropcKuil rocy 1apcTBEHHBIN TeXHHYeCKui yHuBepcuteT uM. [.11. Hocosa»

YTBEPXIAIO
Jupexrop UMMuM
A.C. CaBuHOB

03.03.2021 r.

PABOYAS ITPOI'PAMMA JTUCHUIIJIMHBI (MO/XY JISI)

IHNNTAHUPOBAHHE 3KCIIEPUMEHTA H MOJEJIHPOBAHHUE
XHMHKO-TEXHO/IOTHYECKHUX ITPOL]ECCOB

HanpasneHue noAroToBKY (CIIeUaIbHOCTD)
18.03.01 Xumuyeckast TEXHOJIOTUS

HarnpasiieHHOCTS (IPO(UIIL/CrienHann3aIs) porpamMMbl
XuMHUYeCKasi TEXHOJIOTHS BEICOKOTEMIIEPATyPHBIX HEMETAITMYECKHX MaTepHaioB

VpoBeHs BbIciIero oo6pa3zoBanus - GakanaBpuar

®opma oOyueHus
3a04Has

Uncturyt/ pakyasrer  WHCTUTYT METAILTYPIHH, MAIIMHOCTPOCHHS M MaTepHanoo0paboTKu

Kadenpa Merajutypruu ¥ XHMUYECKUX TEXHOJIOTUH

%

Kypc &)

MarsuTtoropck
2021 ron



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

[Iporpamma npaxtuka/HAP paccmoTtpena u onobpena _Ha 3aceqaud Kadempsr
Meramtyprius 1 XUMHYECKHX TEXHOIOTHI

10.02.2021 nporokos Ne5 u/

A

3aB. kadenpoit .C. Xapuenko

IIporpamma npakraku/HUP ono6pena meroaudeckoit komuccueit UMMuM
03.03.2021 r. [Tporokon Ne 4 R B —
Ipeaceparens—~" < A.C. CaBuHOB

Y 4
I[Iporpamma cocraBieHa: / A

npodeccop kabeapsr MuXT, 1-p dus.-mar. Hayk i ,a/ A.H. CmupHOB

7

ciemramactr  HTIT TAHOIT IIAO "MMK" , xasjg TexH. HayK
E.H. Cremanos

1 WPy,
84192 %




MMHUCTEPCTBO HAYKHU U BBICIIEI'O ObPA3OBAHIA
POCCHUHNCKOU OEJEPAIINN

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

VYTBEPXJIALIO
Hupexrop UMMuM
A.C. CaBuHOB

03.03.2021 r.

PABOYASA NTPOTPAMMA JUCHUIIJIMHBI (MOAYJIS)

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

HarmnpaBnenue noaroToBku (CrenuaibHOCTh)
18.03.01 XumMuyeckast TEXHOJIOTUS

HamnpasnenHnocTs (nmpoduias/criennanu3ans ) IporpaMMbl

XuMuyeckast TEXHOJIOTHSI BBICOKOTEMIICPATYPHBIX HEMCTAINIMYCCKUX MATCPUATIOB

VYpoBeHs BrIcIIEro o0pa3oBaHus - 0aKajiaBpuat

®opma oOyueHus
3a04Has

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

Kypc 5

Maruuroropck
2021 ron



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

Pabouas mporpamma paccMoTpeHa u oo0peHa Ha 3acenanuu Kadeapsl Merautypruu u
XUMHYECKHX TEXHOJIOTHIA
10.02.2021, mpotokon Ne 5
3aB. kadenpoit A.C. XapueHko

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

[Ipencenarens A.C. CaBuHOB
Pabouas mporpamma cocraBieHa:
npodeccop kabeapsl MuXT, n-p ¢us.-mMar. Hayk A.H.
CmupHOB
Penensenr:

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




JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2022 - 2023
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTamTyprud 1 XUMHYECKUX TEXHOJIOTHIA

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanusaruu B 2023 - 2024
yuyeOHOM rofy Ha 3acefaHuu Kadeapsl MeTammyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

PaGouast mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzamnuu B 2024 - 2025
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2025 - 2026
y4eOHOM ro1y Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

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

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peanmsanuu B 2026 - 2027
y4eOHOM roy Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

IIporokomor 20 1. Ne

3aB. kadenpoit A.C. YapquKO




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

CBOOOJHOE BJAJE€HHE OCHOBHBIMH METOJAaMM IIOCTPOEHUS, YUCIEHHOI'O pPELICHMS,
peanu3anuu (MpeAcTaBiIeHNs ) U UCCIEI0BaHus ¢ noMolpio OBM maremarnueckux Moienei;

OCBOEHHE CYHIECTBYIOIIUX OCHOBHBIX MAaTEMaTHYECKHUX MOJEJCH, HCIIOJIb3YyEMBIX IIPH
OIMCaHUU XUMUKO-TEXHOJIOTMYECKHUX ITPOLIECCOB.

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

JucrumnamHa [TnanupoBanue IKCIIEpUMEHTA u MOJICITUPOBAHUE
XUMHUKO-TEXHOJIOTHYECKUX IMPOIECCOB BXOAWT B 00s3aTENbyI0 4YacTh Y4eOHOro IIaHa
00pa3zoBaTebHON MPOTPAMMBI.

JUis  w3ydeHus  JAWCHUIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHs,  BJAJICHUSA),
c(hopMuUpOBaHHBIC B pE3yJIbTaTE U3yUYCHUS AUCITUTUIHH/ TPAKTHK:

MaccooOMeHHBIE TPOLIECCh XUMUYECKON TEXHOJIOT MU

XHUMHUYECKUE PEAKTOPbI

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTHUU

TexHuueckass TepMOAMHAMUKA U TEIJIOTEXHUKA

duznueckas XuMus

Marematuka

dusuka

3Hanus (YMEHUS, BIaJICHUs), MOTYICHHBIC TIPH M3yYEeHUHW TAHHOW IUCIUTLIMHBI OyIyT
HEOOXOUMBI 7151 U3YUCHUS] JUCIUILITNH/TIPAKTHK:

YyeOHo-uccaenoBaTeNnbekas paboTa CTyIeHTa

[ToaroroBka K mporerype 3aluThl ¥ 3al1UTa BEITYCKHON KBATH(PUKAITMOHHOH paboThI

3 Komnerenuun odyyarouierocs, popMupyembie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJIS) U IVIAHUPYEMbIe pe3y/IbTaThbl 00y4eHHUs

B pesynbrare ocBoeHMs IUCHMIUIMHBL (Monynst) «llmaHupoBaHue 3KCIEpUMEHTa U
MOJICTTMPOBAHUE XMMHUKO-TEXHOJIOTHUECKHX IIPOLECCOB» OOYYaIOIIMICS JIOJDKEH 00JanaTh
CJIEYIOIIMMHU KOMIIETEHIUSIMU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

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

OIlK-2.1 Ucnone3yer  maremarmyeckue,  (usmueckue,  (HU3NKO-XMMHUECKUE,
XUMHAYECKHE  METOABl Ul  pelleHus 3agad  IpogecCHOHaTbHON
JEeSITeIbHOCTH

OIIK-2.2 BreiOupaer  MaTemaTHueckue, ¢buznueckue, (bU3UKO-XUMHUYECKUE,
XUMHUYECKHE  METOABl Ul  pelleHus 3agad  IpogecCHOHATbHON
JeSITeNIbHOCTH

OIIK-5 CnocobeH oOCyIIeCTBIATh SKCIHEPUMEHTAIbHBIE MCCIEI0BAaHUS M HCIBITAHUA IO
3a/laHHOM METOJMKE, MPOBOAUTH HAOIIOACHUS M U3MEPEHHsI C y4eTOM TPeOOBaHUN TEXHHKHU
0€30I1aCHOCTH, 00padaTHIBATh M MHTEPIPETUPOBATEL IKCIIEPUMEHTAIbHBIC JaHHBIE

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

OIIK-5.2 IIpoBOAMT 3KCHEpUMEHTAIBHBIE MCCIENOBAHUS U HCIOJB3YET OCHOBHBIE
prEMbI 00paOOTKH M IPECTABICHUS TIOTYYEHHBIX JaHHBIX




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
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 akaJi. 4acos;

— caMmocrosTenbHas pabora — 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
=
Paznen/ tema 2 (B axan. yacax) E [ Bux . KOHTpOJIA Kox
> 3 © | camocTosATEeNBEHOM | ycIieBaeMOCTH U
JIACIMTUTHHBI R S . | kommereHuM
Q & padoThI MIPOMEKYTOYHOM
na6. | mpakr. | € 3
Tex. - | WPAKT- | = o aTTecTauu
3aH. 3aH. | QU &
1. Pazmen "OOmme BOMPOCH!
MOIeTTPOBaHIS"
11 Oomee TIOHSTHE
MO/IEITH. MHoroo6pasue
hopm MIpeICTABICHUS
MOJICIIU. [TonsTue 0
MaTeMaTHIeCKOM
MO/JICITUPOBAHUH.
OcCHOBHBIE ~ HOAXOJBI K CaMocrosTensHoe
MOCTPOCHHUIO n3ydeHune yaeOHon
MaTEeMaTHYECKUX MOJeIeH. 1 HAy4IHOH OIlK-2.1,
. CobecenoBaHnue,
AHaIUTUYECKUHN TOJX0J K JIUTEPATYPHIL. OI1K-2.2,
2 20 JloMarHee
MOJIETIPOBAHHIO. IloaroroBka k OIIK-5.1,
. 3amaHue, SK3aMeH
DKCrepuMEHTATbHBIN cobeceJ0BaHUIO. OIIK-5.2
MOAXO/ K MOJAEIUPOBAHHIO. Brimonnenue
KomOuHupoBaHHbIH JlomarHero
MOAXO/ K MOJAEIUPOBAHHIO. 3aJaHus
OcHoBHbIE yrarmei| ©
MOCTPOCHUS
MaTeMaTHYECKUX MOJemneil.
TpuenuHcTBo mporecca
MOZENUPOBAHUSA:  MOJETb,
CaMocrosTensHoe
M3y4eHHe yueOHOH
1.2 TIpumepbt yqn Ha 3:0171
MaTeMaTH4YECKOIro 4 OIIK-2.1,
JUTEPaTyPBI. CobecenoBanue,
MOJICTTPOBAHHS u3 OIIK-2.2,
o 1 5 IToaroroBka k JlomarHee
pa3NIU4HBIX obnacreii OIIK-5.1,
cobecelOBaHMIO. | 3amaHue, JK3aMeH
3HaHUs ((pu3UKa, BOECHHOE OIIK-5.2
Brimonnenue
JIENI0, OMOJIOTHS).
JomaniHero
3aJaHus
Wroro no pazneny 3 25
2. Pazmen "AHalIUTHYECKHIA
MOJAXON K  MOJEIMPOBAHHIO

XHUMHUKO-TEXHOJOTHYCCKIX
Mpo1eccoB”




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 H30TEPMBI

XUMHYECKON peakuud B
CTaHJAPTHBIX  YCJOBUSX.
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
paBHOBECHS. Pacuér
KOHCTaHTbl paBHOBECHS Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyooumx — BEIIECTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpAallMii Ha OCHOBE
KOHCTaHTbI paBHOBECHSI.
Meronuka pacuéra
PaBHOBECHBIX
KOHILIEHTpaIMH pu
OJIHOBPEMEHHOM
MPOTEKAHUH  HECKOJBKHX
peakuuit (MeToauka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocrasa
pactBopa).  OrpaHUYEHUS
TCPMOJANHAMNYICCKOI'O
oX0/1a B ciydae
MoJienupoBanus  (pacuéra)
PaBHOBECHOTO cocraBa
pearupyoumx BemecTs.

321

20

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

CobecemoBanmue,
JIOMaIIHee
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,
MPUHUMAIOIINX y94acTHE B
XAMHYIECKUX PEaKInsX.

2/1,21

20

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

CobecenoBanue,
JIOMaIlHee
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,
JIOMaIlHee
3aJ]aHKe, dK3aMeH

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

Uroro mo pazneny

5/3,21

68

3. Pazgen "OxcnepuMeHTaIbHbINH

noaxon"

31 CraTucTudeckue
METOJIBI aHaM3a
AKCIEPUMEHTAIBHBIX
JTAHHBIX.
DKCIIepUMEHTAIbHBIC
OLICHKH HCTUHHOTO
3HAYCHUS HU3MepIeMon
CIy4aifHO! BENWYHMHEBI U &
mucnepcun.  OnpeneneHue
rpyObIX  OMIMOOK  Cpean
pe3yJIbTaTOB MOBTOPHOCTEH
OTIBITA.
CpenHeB3BEeIICHHBIC
OLICHKH JACTIEPCHHL.
Ananuz OZHOPOJHOCTHU
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
1 HAYIHOH
JUTEPATYPHI.
ITogroroska k
cobeceI0BaHMIO.
Bremonaenne
Jomamnero
3aJaHHs

CobecenoBanue,
JIOMaIHee
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  HUCIOJb30BaHUE UL
ONTHMU3ALUM  IIpoliecca.

[omyuenune

9KCIOHEHIINATBHON

3aBUCUMOCTH o

pe3yibpTaTam

OJTHO(AKTOPHBIX

9KCHEPUMEHTOB.

JIByXypOBHEBbIE TUTaHBI

MHOTO(paKTOPHBIX

HKCTIIEPUMEHTOB. Meton

HaNMEHBIIUX  KBaJpaToB

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 JIOMarHee o
SKCIIEpUMEHTA HP32n. cobecelOBaHMIO. | 3amaHue, SK3aMeH OIIK-5.1,
VYpaBHEHHs, TMOIyIaeMble BainosiHeHUE OIIK-5.2
o pe3ynbraTam JloMalIHero

peanmsanun IIJTAaHOB 3aJaHusg

IIdB2n.  Craructuyeckuid

aHaJIN3 3HAUUMOCTH OLICHOK

K03 GUIIIEHTOB

yYpaBHEHUS, ero

a/IeKBaTHOCTH "

paboTOCIIOCOOHOCTH.

JpoOusrit (baxTopHbIH

skcriepument  JIDO2n-n'.

IInanupoBanue

SKCIEpUMEHTA npu

U3MCHAIICMCA BO

BpEeMEHH  BJIMSHUM  Ha

porecc HEYYTEHHBIX

(axropos. cnonbzoBaHue

miaHoB I1®22n ADdI2n-n'

JUIsL TIOJTYYCHHs YpaBHCHUA

npoiiecca B BUIC

9KCTIOHEHIIMAIBHON

3aBHCHUMOCTH.

PaccmoTpenue npumepos.

MHoroypoBHeBbIE

MHOTO(aKTOPHBIC  IUIAHBI,

UCTIOJIB3YIOIIUE  CBOMCTBA

JJAaTUHCKHUX KBaJgpaToB.

IToctpoenue TUIaHOB.

ITomyuyenune u

UCIIOJIb30BaHNE Ui

Wroro no pazneny 12

4. Pazgen "KomOwHHMpOBaHHBII

merox"




4.1 OcobennocTtu

KOMOWHHMPOBaHHBIX CamocTosaTenbHoe
MaTEeMaTHYECKUX MOJeNeil. U3yueHHe y4eOHOH
Paccmotpenue U Hay4HOH OIK-2.1
MaTeMaTHYECKUX MoJIesei JIUTEPATYPHI. CobecenoBanue, OHK-2.2]
u3 obiacTu 15,4 ITogroroBka k JIOMAIIIHEe OIK- 5'1'
npodecCHOHATEHON cobeceoBaHM0. | 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 Ok3aMeH
9K3aMeHYy OIIK-5.1,
OIIK-5.2
Uroro mo pazneny
Hroro 3a cemectp 8/3,211 | 120,4 9K3aMeH
Hroro no aucnumnnuae 8/3,211 (120,4 DK3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

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

1. HMuadopmannOHHO-pa3BUBAIOIINE TEXHOJIOTUH, HAIMPABICHHbIE HA OBJIAJCHHE
OOJIBIIUM 3allacoM 3HAHWM, 3alIOMHHAHUE W CBOOOJHOE orepupoBaHue MMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUECHUE TUTEPATYPhl, IPUMEHEHHE HOBBIX
UH(POPMALMOHHBIX TEXHOJIOTUH JUISI CaMOCTOSITEIbHOTO TIOMOJNHEHUS 3HAHWM, BKIFOYAs
UCTIOJIb30BaHUE TEXHUUECKUX U JIEKTPOHHBIX CPEICTB HH(OPMAIINH;

2. JlesTenbHOCTHBIE MPAKTUKO-OPHEHTHPOBAHHBIC TEXHOJOIWH, HAIpPABJICHHBIC Ha
¢dopMHpoBaHHE CHUCTEMBI NPOPECCHOHATBHBIX MPAKTHUYECKUX YMEHHMHA TIpU MPOBEACHUHU
IKCIEPUMEHTATIBHBIX UCCIICAOBAHM, 00ECTICUNBAIOIINX BO3MOKHOCTh KAYECTBEHHO BBITIOIHSTh
po(heCcCHOHATLHYIO e TEIIbHOCTD;

3. Pa3BuBaromme mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOTHH, HaIPaBJICHHBIC Ha
dopmupoBaHHEe U  pa3BUTHUE TNPOOJIEMHOTO MBIIUICHUS, MBICIUTEIPHOW aKTUBHOCTH,
CIIOCOOHOCTH MPOOJIEMHO MBICIHUTD, BUAETHh U (POPMYITUPOBATH IPOOIIEMBI, BEIOUPATh CIIOCOOBI U
cpeAcTBa i HMX pemeHus. VICmonp3yloTcs CIeayromue BHIBI MPOOJEMHOTO OOydYeHUS:
OCBCIIICHUE OCHOBHBIX IMPOOJIEM HM3y4aeMOW IUCIMILIMHBI Ha JICKIHSX, YIeOHbIE JUCKYCCHUH,
pemieHre 3ajad  TOBBIMICHHOM CloXHOCTU. llpenomaBarens JWIIb CO3JaeT MPOOIEMHYIO
CHUTYAIIHIO, a pa3pemaroT e€ 00yJaeMbIe B X0/ CAMOCTOSTEIILHOM IEATEIIbHOCTH;

4. JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTMHM OO0y4YeHHs, oOecrneuuBarollie B XOJe
y4eOHOTO IMpolecca Y4eT pas3iMyHbIX CHOCOOHOCTEH 00ydaeMbIX, CO3JaHHE HEOOXOIMMBIX
YCIIOBHH ISl pa3BUTHUS UX MHIUBHIYaJIbHBIX CIIOCOOHOCTEH, Pa3BUTHE aKTUBHOCTH JTMYHOCTH B
y4eOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIC TEXHOJOTHMH OOYUYCHHS PEaU3ylOTCs B
pe3ynabTaTe MHIUBUAYATLHOTO OOIICHUS IPEToAaBaTelisi M CTYJACHTAa Ha KOHCYJIbTAIHX, MPH
BBIMOJIHCHUH JIOMAIIHUX WHMBHyalbHbBIX 33JJaHHI, IOJrOTOBKE WHANBUAYAILHBIX OTYETOB 110
VH/IMBUIYaJIbHBIM 33/IaHUSIM, PEIICHUH 3a]1a4.

Mertoanyeckast ~ KOHICTIUS  IPENOAaBaHUs  TUCHMIUIMHBI  «MonxenupoBaHue
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)KEHHON B YCTHOM (opme MM B BUIE
ClIaiiia WM BUIC03AITHCH, CTYICHTHI COBMECTHO C MPETOAaBaTeIeM 00CYKIAIOT 1 aHATU3UPYIOT
NpeJICTaBJICHHBIN MaTepHa,

- JIGKIUA C pa300poM HEpEeIIeHHBIX U MPOOJIEMHBIX BOIPOCOB TUCIMITIMHBI — aHAIU3 U
00CyX/1IeHHE BO3MOXHBIX BAPUAHTOB PEILIEHHSI ATUX BOIIPOCOB.

CamocrosTenbHas padoTa CTUMYJIUPYET CTYACHTOB K CAMOCTOSITEILHON popaboTKe TeM
B TIpollecce HamucaHus pedeparoB, BBHINOIHEHUS WHIAMBUAYAIbHBIX 3aJlaHUN, B MpOIEcce
MOJrOTOBKH K KOJUTIOKBHYMaM M UTOTOBOM aTTECTallNH.

WHTepakTUBHOE 00yueHHE BKIIOYAET CIIEIYIOLINE METO/IbI:

- paboTa B KOMaH/ie

- npo0seMHOe 00y4YeHne

- KOHTEKCTHOE 00y4YeHHNE

- oOyueHre Ha OCHOBE OTIBITa

- MEeXIUCITUTUIMHAPHOE O0yUEeHHE

- IBpHUCTHUYECKas Oecena

- yueOHast AUCKYCCHS.

JUisi OLIEHKM 3HaHMN PEKOMEHAYeTCs HCIOJb30BaTh PEHTHHTOBYIO CHCTEMY, KOTOpas
o0ecreunBaeT TUarHOCTUKY JOCTIKEHHS 00y4aeMbIM 3aJIaHHOTO YPOBHSI KOMIIETEHTHOCTH Ha
KaXJIOM 3Talle TeKYyIIero, MpOMeXyTOYHOT0 U pyOeKHOT0, UTOrOBOTr0 KOHTpoJs. Llens



CTyAeHTa — HaOpaTh MakcUMalbHOE Yncio 6amioB. [Ipu peTUHTOBOI crcTeMe pe3Ko BO3pacTaeT
POJIb TEKYIIETo KOHTPOJIsA. B KOHIIE cemecTpa, CTyneHThI, HabpaBiiue cyMmapHbIid peidTiuHT 50%
IIOJIyYalOT JIOIYCK K 9K3aMEHY.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4yaroIMXCcst
IIpencrasneno B npuiioxeHu 1.

7 OueHOYHBIE CPeACTBA AJIsl IPOBeeHHs POMEKYTOUHOI aTTecTAlMH
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHHBI (MOTYJIs1)
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Y4eOHble ayTUTOPUU JIJIsl TPOBECHUS 3aHATHI JEKIIMOHHOTO TUMa (MynbTUMEIHITHbIE
CpEeICTBAa XpaHEHUs, Iepeiayll U NpeAcTaBIeHUs 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 TPYNIOBBIX W UHIUBUAYATbHBIX KOHCYJIbTAIUM, TEKYIETro
KOHTPOJIS U TPOMEKYTOUHOM artecTannu (ocka, yaeGHbIE CTOJIBI, CTYIIbS)

[lomemenuss nans XpaHeHHs M NPOPUIAKTUYECKOrOo OOCTYXUBAaHUS Y4eOHOTO
o0opynoBaHusl (CTEJUTAXH JUIS XpaHEHUs O00OpyNOBaHMSA, METOIMYECKas JIMTepaTypa ajs
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 0JIOK-CXeMY ISl BRIYHCIEHUSI CYMMBI KBaIpaToB NiepBbiXx N urcen HaTypaibHOTO
psna.

No2. CoctaBuTh 0110K-cXeMy Jis perieHus 3aaaun. KakoBo Bpems majieHus Tea, eCiIu U3BECTHBI
BBICOTA, YCKOpPEHHE, HadalbHas CKOpOCTh. [IpuMeuaHue: MNpPEayCMOTPETh KOPPEKTHYIO
00paboTKy BCeX BO3SMOXKHBIX CIy4aeB: pelIeHHe He MMEET KOPHEH; O/IMH, Ba KOPHS; 3ajada He
uMeeT GU3NIECKOTO CMBICTIA.

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
paccuMTaTb HMOHHO-MOJIEKYJSIPHBIA COCTaB JIaHHOW CHCTeMbl. Pe3ynbTarel MpeicTaBUTh
rpadpuveckd B MHGOOPMATHBHOM BHJE (MCIIOJIB30BaTh JOTApU(PMHUECKYIO MIKATy BBIXOJHOTO
napamerpa). Bce pacuérsl npousBecTy B TAOIMYHOM MPOLIECCOPE.

Ne2. Paccumtarh MOHHO-MOJEKYJSPHBIH COCTaB pacTBOpa B MPHUCYTCTBUU PAcTBOPEHHOMN
VIJIEKUCIIOTHl BO3MyXa. 3afarbes 3HaueHussMH PH B uHTepBane 0-14 u YMCIEHHO paccUUTATh
MOHHO-MOJIEKYJIIPHBIA COCTaB JaHHOM cHCTeMbl. Pe3ynbrarhl mpelncTaBuUTh rpaduuecku B
UH(POPMATUBHOM BHJE (MCIOJIB30BaTh JIOrapu(hMUUECKYIO IIKaldy BBIXOJHOIO mapamerpa). Bece
pacyéThl MPOU3BECTH B TAOIMYHOM IIPOLIECCOPE.

Ne3. 3nauenne pH ?aCTBOpa perynupyercsd U3MEHEHHEM KOHIIEHTpaluu colbl. Paccuurarh
koHeHtpanuo [CO™| UOHOB B pacTBOpe, C y4€TOM pPacCTBOPEHHOW YTJIEKHUCIOTHI BO3IyXa.
3anatecs 3HaueHusMu PH B uHTepBane 0-14 W YHMCIEHHO paccuUTaTh MOHHO-MOJEKYISPHBIN
COCTaB JaHHOW cucTeMbl. Pe3ynbrarhl npeacTaBUTh rpaguuecku B HH(YOPMATUBHOM BHJE
(Mcnosb30BaTh JIOTapU(PMUUYECKYIO IIKaTy BBIXOJHOTO mapamerpa). Bee pacuérsl mpoussectu B
TaOJIMYHOM TTPOIIECCOPE.

Ned. Tlpu xaxom 3HaueHuu pH mocturaercst mpaktudecku nonHoe ocaxaeHue MnS (ITPyns =
2.5%10™°), comepskamerocs B pactBope B kommuectBe 0,005 Moub, TpH yroTpeGnennn 50 %
u30bITKa ocaautend. Pacuér mpowusBectw Ha 1 1 mcciexyemoro pactBopa. Bce uumciieHHbIE
pacuéTel MPOM3BECTH B TAaOJIMYHOM MPOLECCOpE, AHAIUTUYECKHE 3allUCH MPEelIOoCTaBUTh B
OyMaxxHoM Bujie. M3 Kakux cooOpaXeHHU HaXOIUTCSI KOHIIEHTPAIIHs MapraHiia [Mn2+], U MEXIY
KaKUMH XUMHUYECKUMU (opMaMH OCYIIECTBIIAETCS MaTepHalIbHbIN OallaHC 1Mo 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,O0<=CO+H, (1)

CO+H,0=CO,+H, (2

B nanHOM 3aaHuM TOCTaTOYHO OIPAaHUYUTHCS BBIBOJOM KYOMUYECKOTO YPaBHEHUSI OTHOCUTEIHEHO
Pco.

Ne6. Onenuts ¢ (PU3MKO-XMMHUYECKON TOYKH 3pEHHUs, NMpU KakoM 3HauyeHMH pH mpomcxomaut
nepexoq PbSO, B Pb(OH),. U3menenue pH npoucxoaut 3a cuét NaOH.

B cucreme npeanonaraercs NpoOTEKaHUE CAEAYIOIUX XUMUUYECKUX PEAKIIMMA:



PbSO,. < Pb?,+S0,” v (1)
Pb(OH), < Pb*,, +20H -, (2)
Pb(OH), <> H" o +HPDO, oy (3)
Pb(OH)*-p <> Pb*,, +OH , (4)

HSO, »» < H" 0y +SO,” 0y (5)

H,O&H +0OH  (6)

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

YpaBHEHHE 2IEKTPOHENUTPATILHOCTH:

[Na*]+2*[Pb* ]+[Pb(OH)*]1+[H'] < 2*[8042_]+[HSO4_]+[HPbOZ_]+[OH’]
[IpuMedanue: npu peleHUM 33Ja4d HEOOXOIUMO 10 HMEIOIIMMCS YpaBHEHUSM COCTAaBUTh
CUCTEMY HEJIMHEWHBIX YpaBHEHUH, U3 HEE BHIBECTH YPaBHEHHE:

2*Kzz *K4*K5 *[H+]4 + Kz*Ks *Kw(Z*Kz + K4*Kw)*[H+]3 -
_K4*KW2(K1*KW2 +K2*K3*K5)*[H+]_2*K1*K4*K5*KW4 =0
W3 cripaBOYHBIX JaHHBIX HEOOXOJUMO OMNpEAETIUTh KOHCTaHThl XuMuueckux peakuuit Ki — Kg
cootBeTcTBYOLMX peakuuit (1)-(6).
N3 mpakTudeckux cooOpaXeHHH YCTaHOBUTb, C KaKOHl TOYHOCTBIO HEOOXOIMMO BBIYUCIATH
3Ha4yeHue pH.
HenuneiiHoe ypaBHeHHE HEOOXOAMMO pEIIUTh YEThIPbMS MeETOAaMU: TIpadUuUyecKuM,
MOJIOBUHHOTO JeneHus, HptoToHa, xopa. Caenars BbIBOJ O OBICTPOTE CXOAMMOCTH KaXKJI0TO M3
METOJIOB IIPH 3a/IaHHOM TOYHOCTH IOJIy4aeMOT0 PE3yJIbTaTa, a TAK)KE IIPUTOIHOCTH I PEILEHUS
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 BIIUSIHUU ypaBHEHUS (3) Ha MOJIEUPYEMYIO CUCTEMY U UTOroBoe 3HaueHue pH.
Ne8. Ilonp3ysick pesynpTaTamu 3aaaud Ne6 MCKIIOYUTH W3 CHCTEMBbl HEIMHEWHBIX YpaBHEHUN
ypaBHeHue (3) u (5). PemmnTh monydeHHYI0 CHUCTEMY YpPaBHEHUN 3IBPUCTUYECKHUM METOIOM.
Cnenarp BbIBOA O BIMSHMM ypaBHeHHs (3) u (5) Ha MOAEIMPYEMYIO CHCTEMY M HMTOIOBOE
3HaueHue pH.
Ne9. ITonb3ysick pesynpTaTamu 3aaadd Ne6 HCKIIOYHUTH W3 CUCTEMBl 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
byukuuii crenpanusupoBanHoi mporpammbel MathCad. CpaBHHUTE HOTy4eHHOE 3HAUCHHE C YIKE
HOJy4EHHBIMH.
Nel2. Ucxons w3 MOHSTHS NTUHEHHAs 3aBUCUMOCTH/HE3aBHUCHUMOCTh XUMHUYECKUX PEAKIUH, ¢
MIOMOIIIBIO0 BCTPOEHHBIX MaTeMatndeckux ¢pyukmuii MathCad s cucremsl peakiiuit
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 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 CIeAyIOUINe 3HAaUeHNs HEU3BECTHBIX apaMeTPOB:
C%4= 0,7 moms/i; K1=0,001 1/c; h= 0,1 (ar uHTErpHpOBAHHS).
Nel4. JIns mocnenoBaTenbHOM cxeMbl HEOOPATUMBIX XUMUYECKHUX PEAKIIHIA IepBOro Mopsiaka: A
A——>B—2>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 nagéxuoctsio P = 0,95 obecnieunTh OJHOPOTHOCTH MIPEICTABICHHBIX B TA0IHIIE JAHHBIX,
VCKJIIOYMB TpyObI€ OIINOKH.

K 1 2 3 4 5 6 7 8
Yk % 54 53 54 30 46 52 55 54
AYK o 42 [ 32 | 42 19,8 38 | 22 | 52 | 42
2 18 10 18 392 14 4.8 27 18
Ayk 1 %

Pemenne naHHOM 3aauM OCYIIECTBUTh Ha OCHOBE JIBYX METOJOB: MPAaBWIA 2G U KPUTEPHUS
MaKCUMaJbHOTO OTKJIOHEHHsS [. Pacd€rbl BBIMONHUTH C WCIOJIB30BAHHEM TaOIUYHOTO
mporeccopa.

Nel6. C momomibo aHanmu3a OJHOPOJHOCTH cpenHux. [laTh 3akitoueHue O BO3MOKHOCTHU
npeumymectsa (P = 0,95) ogHoro anmapara nepea IpyruM 1o MpoOu3BOAUTEILHOCTH.

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

Vi1 188 192 189 193 190 191 190 188 190 |- 1711

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

PacuéTsl BBITOIHUTH € UCIIOJIB30BaHUEM TaOJIMYHOTO TIPOIIeccopa.
Nel7. Jlna nmpoBepku NpaBUIBHOCTU BoJbTammepomerpudeckoi (BA) meroauku onpeneneHus
kaamusi Cd  umcmosib30Baii  aTOMHO-a0COpOLMOHHYIO (AA) METOAWKY, HE COAEPKAIILYIO
cHUCTeMaTH4YecKol morpemHocTd. Ilpu aHamm3e OXHOTO M TOrO e OOBEKTa IMOTyYeHbI
cnenyromue pe3ynbTarsl (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 1 BOJILTAMIIEPOMETPUYECKAs METOMKA CUCTEMATUIECKYO TIOTPEITHOCTE?

Pacy€Tbl BBIMOJHUTH C HCIOJIB30BaHMEM TaOJMYHOIO Mpolieccopa 0e3 HCIOIb30BaHUS
CIIELUAJIbHON HAJACTPONKH.

Nel8. Pemuts 3amauy Nel7 ucmomnbs3yst HAACTPOUKY TaOJIMYHOTO MTPOIIeccopa.

Nel9. Hcnons3ys T}gn Pa3IUYHBIX TEHEPHUPYIOIIUX COOTHOIIEHUS, COCTaBUTh IUIAHBI
sKcrepuMeHToB [1PI2 2 3anmcars dbopmyIsl 1 pacuéra KodHPUITMEHTOB JIMHEHHONW MOJICITH.
Ne20. Ha ocHOBe JaTMHCKMX KBaJIpaTOB COCTABUTH MSATHYPOBHEBBIH IUIaH MATU(HAKTOPHOTO
JKCIIEPUMEHTa JJIsi HCCeOBaHUS Ipoliecca HH(GPAKpacHOMW CYIIKM T'paHyIUPOBAaHHBIX
MaTepuaiIoB B BaKyyMe MPU UMIYIHCHOM dHEpromnoaBoje. [lomydnTs MaTeMaTHUECKYIO B BUC
CyMMbI HEJMHEWHBIX (PYHKUMH M HaWTU ONTHMAlbHBbIE 3HAYEHUS PEKUMHBIX [apaMeTpPOB
mpoiiecca: MIOTHOCTU TEIIOBOIO MOTOKA HAa MOBEPXHOCTH ci10s Matepuana C, (BT/CMZ), TOJIIIMHA
cios npoaykra Cy (Mm), auametpa rpanyn Cyy (Mm), BeaudauHbl pa3pspkeHust Cpy, (MM. pT.CT.) U
ckBakHoCcTH uMITysibca Cy (%,0THOIIEHNE BpEMEHH pabOoThl HHPPAKPACHOW CYIIMIIKH K O0IIeMY
BpEMEHH MpeObIBaHUS B CYHIMIIbHON Kamepe). Brixomom mporecca y (pyo/T) wiu KpuTepueM
ONTHMAJFHOCTA TPHHATA BEJIMYMHA MPHUBEIEHHBIX JOXOJOB C YUETOM IPOHM3BOJAUTEIHHOCTH
YCTaHOBKH U MOTPEOIIIeMOIl MOIITHOCTH.

YpoBHU 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 [1nan y u [1nan y u [Tnan y u [lnan 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. ITo narabiM padoTsl [Koke u xumus. 1978. Ne 8. C.12—14] na ocnose [1DD 24 paccuurarb
3HaYeHUs K03()(PUIMEHTOB JTMHEWHOW MOAENH Ui NMPOTHO3MPOBAHUS IOKa3zaTelell KayecTBa
Kokca Mjs 1 Mg, CpaBHHUTB UX C IPEAJIOKEHHBIMU B CAMOW HAYYHOM CTaThe.

VYka3zaHue K BBIIOJHEHUIO 3aiaHus: Ha jucte TII B mHpOpMaTHBHOM BHUAE CO3/1aTh TAOIUILY
IJIaHUPOBAHMS dKcrnepuMenTa [1PD 2%, BBecTH CpelIHHE 3HAaYeHUs MOKa3aTeael KauecTBa KOKca
Mas 1 M1 1 paccuuTarh KO3QQPHUIUEHTH! JIMHEHHON MOIENH.

Cooeporcanue npakmuyueckozo pazoena OUCUUNIUHDL

1) Aneopumm pewienust HeTUHENHO20 YPAGHEHUSL MEMOOOM XOPO,

2) Aneopumm pewienus HenuHeliHo20 ypagHeHus memooom Hviomona;

3) Aneopumm peutenus HEMUHENHO20 YPABHEHUL MEMOOOM OelleHUsl OMpe3Kd
nO-noaam.

4) Hcnonvzosanue nakema npukiaouvix npoepamm MathCad ons pewenus
HENUHEUHbIX YPABHEHULL,

5) Aneopumm peuwtenusi OughghepeHyuanbHuIX YypasrHeHuti Memooom Jinepa.




6) Aneopumm pewenus OugppepenyuanrbHulx ypasHenut MoOUpUYUpo8aHHuiM
Memoodom Dunepa.

7) Aneopumm  pewenusi  OuppepeHyuanbHbLlX  YPaGHeHUll  Memooom
Pynee-Kyma uemeépmoco nopsoxa.

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

9) Pewenue cucmem ougpghepenyuanvuvix ypasuenuti memooom Jdinepa,
Moouuyuposarnrvim memoodom Diinepa, Pynee-Kyma.

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

11)  Illpakmuueckuii  aunanusz  cywecmeyrowux mooenei 8  obracmu
npogheccuoHanbHol KomMnemeHyuu (npocHo3uposane nokasamenei kavecmea kokca M25
u M10) 6 nakeme MathCad.

12)  HUcnonvzosanue 8cmpoeHnol HAOCMPOUKU MAOIUUHO20 npoyeccopa Ois
pewieHus 3a0ay Mamemamuiecko2o nPpocpamMMUpOBaHUs.

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

IlepeyeHb BONPOCOB K IK3aMEHY

OO61re BOonpocsl MOJIEIUPOBAHUS:

1. OOmee mpexncraBieHue O  MoJend. MaremaTHYecKUe  MOJAEIH:
OTIpeNieNieHne, JTOCTOMHCTBA M HEIOCTATKH, IO CPAaBHEHUIO C JAPYrUMH (popMaMu
npezcrasiaeHus mojenu. [lonstue «moaenupoBanuey». Kinaccudukanus MaTeMaTHIECKUX
MOJICIIEH;

2. CyuiHocTtb AHAJIUTHYECKOTO noaxona K MaTeMaTU4ECKOMY
MozennpoBanuto. MoaemupoBanne X TII mpu aHaIMTHYECKOM IMOAXO/E;

3. CylmHOCTh  AKCHEPUMEHTAIBHOIO  MOJXO0Ja K  MaTeMaTH4YeCKOMY
MOJETUPOBAHUIO;

4. CymHOCT,  KOMOMHHUPOBAHHOTO  TMOAXOAa K  MaTeMaTHYeCKOMY
MOJETUPOBAHUIO;

5. TpuenuHCTBO MPH ONMUCAHUU OOBEKTa MOJEIUPOBaHUSA. TpeOoBaHHS K
KaXJI0M M3 COCTAaBHOM YacTH MPHU ONMHUCAHUH O0BEKTA;

6. OcHOBHBIE 3TaIbl MOJEIUPOBAHUS (C TOSACHSIOIIMMHU IPUMEPAMH).
AHanuTHYECKUH TTOAXO0J K CO3JaHUIO0 MaTEMaTHIECKUX MOJIENIEH:

7. YpaBHeHHE HM30TEPMBl XUMHUYECKON peakiuu MpH Pa3IuIHOM Ccrocobde

BBIpQXXEHUS KOHIIEHTpaluK. BolpaskeHue ypaBHEHUS U30T€PMbl XUMHUUECKON PEaKIUH B
CTaHJApTHBIX YCJIOBUAX. CBSI3b MEXAY KOHCTaHTAaMH PAaBHOBECHS B 3aBUCUMOCTH OT
crnocoba omMcaHus cocTaBa peakuuoHHOW cMecd. COOTHOLIEHUS Il KOHCTaHT
paBHoBecust Ky, Kn, K¢ B uaeansHoM pactBope;

8. Meron Témkuna-I1IBapriMana pac4€éTa KOHCTAaHT PABHOBECHSI XUMHUYECKOU
peakuuu. [loHATHE O TMHEIHON 3aBUCUMOCTH M HE3aBUCUMOCTH YPABHEHUN XMMHUECKUX
peakuuii. OCHOBHBIE CITOCOOBI OMpENETICHUS JIMHEHHO HE3aBUCUMBIX ypPaBHEHHI
XUMUYECKUX PEaKIUi;

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

10. OCHOBHBIEC TOHATHUA M OIpeneneHus: (popManbHOM KUHETHKH: CKOPOCTh
XUMHYECKON peaklUu, CTocoObl €€ BBIPaXKEHHUS, MOJEKYISIPHOCTh pPEaKIUH, MOPSIOK
peaKklMK, YaCTHBIM MOPSIOK PEAKIUHU, MOCTYJAT XUMHUYECKOW KUHETHUKU (ypaBHEHUE
['ynmenbepra wu Baare), KOHCTaHTa CKOPOCTH XHMHYECKOW peakuuu (TIpaBUIIO
Bant-T'odda, ypaBuenue Appenuyca);



11. CKOpOCTh HEOOPAaTUMBIX PEaKIHMii MEPBOT0, BTOPOTO, N-OTO IMOPSIKOB.
OOparumas peakius IepBOro NopsiiKa;

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

13. [TocnenoBarenbHble peakUuu NEpBOro MOpsAKa (s TPEX XUMHUYECKHX
coenuHeHui). Pa3o0OpaTh pa3nuyHbie Clydal COOTHOIICHUS MEXTYy COOON KOHCTaHT
XUMHUYECKHX PeaKiuii;

14. OO0mee ypaBHEHUE JMHAMUKH W CKOPOCTH XHMHYECKOH peakiuu,
IPOTEKAIOIIEH B MOTOKE B PEXHME MJIaIbHOro BbITeCHeHUs. HeoOpatumas peakuus
IIEPBOIO M BTOPOTO MOPSAJIKOB, IPOTEKAIOIIMX B IIOTOKE B PEXHUME HAEaIbHOTO
BBITECHEHUS.

15. OOparumasi peaklids HEPBOIO U BTOPOTO IOPSJIKOB, MPOTEKAIOUIMX B
IOTOKE B pEXHME HJeaJbHOro BbITecHeHMs. [lociemoBaTenbHas peakuus IEPBOrO
NOpsAJKa, IPOTEKAIoLIas B IOTOKE B PEXKUME UJICAIbHOIO BHITECHEHUSI.

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

OKcIepUMEHTAIbHBIN MOAX0J] K CO3JaHUI0 MaTEMAaTUYECKUX MOJETICH:

17. CrarucTuyeckre METO/bl aHaJIu3a SKCIIEPUMEHTAIbHBIX JAHHBIX: OIICHKA
UCTUHHOTO 3HAYCHMs M3MEpsieMOll BeNMYMHBI M €€ JIUCIEPCHM; OIpelesieHHe IpyObIx
OmMOOK; CpPEeIHEB3BEUICHHBIC OICHKH AMCIEPCHUH; aHAIN3 OJHOPOJHOCTH HCXOIHBIX
OLIEHOK JTUCIIEPCHH.

18. Ornpenenenne JAOBEPUTEIHLHON OIMIMOKM HKCIEPUMEHTAIBLHON OICHKU
u3MepseMoro napamerpa. OrnpeeneHue yrcia MoBTOPHOCTEN OIbITa, 00eCIIeYHBAOIIETO
MOJIyYE€HUE 3aJaHHOW JIOBEpUTENbHON OIIMOKM OIICHKH ONPEeNIIeMOro HapamMmerpa.
ITpoBepka HOpMaAIBHOCTH 3aKOHA PACIPEIEIICHHUS.

19. MeTtoa HauMeHbIINX KBaApaToB. CyIIHOCTh IUIAaHUPOBAHUS IKCIIEPUMEHTA
B CPaBHEHUHU C HENOCPEACTBEHHBIM IPUMEHEHHEM METO/a HAaWMEHBIIMX KBaJpaTOB.
CUMMETpUUYHBII M paBHOMEPHBIN IJIaH OAHO(MAKTOpPHOro skcnepumMeHTta IllpoBepka
aJICKBaTHOCTU IIOJIyYEHHOTO YPAaBHEHUS M €ro HCIOJIb30BaHHE ISl ONTHUMHU3ALUU
nponecca.  llomydeHne — SKCIIOHEHIMANBHOM  3aBUCHMOCTHM [0 pe3yibTaTam
0JTHO()AKTOPHBIX 3KCIIEPUMEHTOB.

20. Merox  HauMMEHBIIMX  KBAApaToB TMpuU  00pabOTKE  pe3yJbTaToB
MHOTr0()akTOPHOTO  dKCIEepUMeHTa. JIByXYpOBHEBBIH IUIaH IOJHOTO (HhaKTOPHOTO
skcniepumenTa [10D2". YpapHeHus, moaydaemble MO pe3yjibTaTaM pealn3alliy ILIAHOB
[I®D2". CratMcTHYECKU aHAIM3 3HAYMMOCTH OIIEHOK KO9((UIIMEHTOB YPaBHEHHUS, €TO
a7IeKBaTHOCTU U pPabOTOCTIOCOOHOCTH.

21. JlpoGubiii  daxtopusiii  skcmepument  JA®I2"™".  Ilmannposanne
JKCIIEPUMEHTA TMPU H3MEHSIOIIEMCS BO BPEMEHHU BIMSHUU Ha IPOILECC HEYUYTEHHBIX
daxtopos. Hcnonssoanue mianos I[1PD2" JO2™™ s MOJIy4YEHUsI YpPaBHEHHUS
mpolecca B BUJI€ SIKCIIOHEHIIMAbHOM 3aBUCMOCTH.

22. MHoroypoBHeBble MHOTO(AKTOPHBIE IUIaHBI, HUCHOJB3YIOLINE CBOWCTBA
JaTUHCKUX KBaaparoB. Iloctpoenue 1utaHoB. IlomydyeHune W uWcCmosib30BaHUE IS
ONTUMU3AIMH YPAaBHEHUN PAa3TUUHON CTPYKTYPHI.

23. [Ipumenenre MeTonOB NPUOIMKEHHBIX BBIYHUCICHHM INpu oO0paboTke
pe3yibTaTOB 3KCIEepUMEHTOB. OIEHKM TOYHOCTH U3MEPEeHUl M NpHOIMKEHHBIX
BbluMcIeHU. OIEHKa TOYHOCTH OKOHYATENIbHOTO pe3yibrara. lIpakThueckoe
BBIYUCIICHHE OIIUOOK.

YucneHHble METO/IBI peIlIeHHs 3a/1a4, BO3HUKAIOIIUX TPU MOJCIUPOBAHHH:

24, Pemennie HeJIMHEMHOTO ypaBHEHUS METOAOM JEJIEHUS OTPE3Ka M0I0JIaM;

25. Pemenve HenmuHelHOTO ypaBHEHUS MeTo10M HbIOTOHA;

26. Pemenne HeIMHEMHOTO ypaBHEHUSI METOAOM XOPJI;



27. Pemienne  nuddepeHnManbHOIO — ypaBHEHHS — METOAOM  Oineipa.
MoaudunupoBaHHbeli MeTO Diiepa. ApanTamus MeToja Diiiepa Ha CIydall CUCTEM
muddepeHraIbHbpIX ypaBHeHUH. OCOOCHHOCTH PELIeHUsl CHCTEM IuQQepeHIIHaTbHbIX
ypaBHeHUH 1ipu MoaenupoBanuu XTII;

28. Pemenne nuddepennuanbHoro  ypaBHeHuss wmeronoMm  Pynre-Kyra
yeTBEpTOro mopsiaka. Apnantanmusa wMetona Pynre-Kyra Ha cioydail  cucrem
muddepeHraIbHbpIX ypaBHeHUH. OCOOCHHOCTH PELIeHUsl CHCTeM IuQQepeHIInaTIbHbIX
ypaBHeHUH 1ipu MoaenupoBanuu XTII;



ITpunoxxenune 2

7 OueHoYHbIE CPeCTBA /ISl IPOBeeHUs POMEKYTOYHOM aTTeCTAMU

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

HpOMe)RyTO‘lHOﬁ aTrecranmum:

Kon
HWHIUKaTOpa

Nuaukatop JOCTHKEHUSI KOMIIETEHIUA

OneHouyHble CpeaCcTBa

OIIK-2: Cnioco6eH uCIob30BaTh MaTeMaTHIeCKue, PU3nIecKue, (PrU3nKo-XUMUIECKUE,
XUMHYECKHE METOJIBI JUISl PEIICHHUS 3a/1a4 MPO(PeCCHOHAIBHOMN eATeIbHOCTH

Ucnone3yet
¢dusnueckue,

OIIK-2.1:

XUMHYECKHE METOJIbI JUTsl PEIICHUS 3a1a4
poeCCHOHAIBHON e TEIHbHOCTH

MaTeMaTHYECKHe,
(U3NKO-XUMHUECKHE,

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

JIOCTOMHCTBAa M HEJOCTaTKH,
[0 CPaBHEHHUIO C JIPYTUMH
dbopmamu MpeACTaBICHUS
MOJEIH. Ilonsarue|
«MOJIETUPOBAHUEY.
Knaccudukamms
MaTeMaTUYeCKNX MOJICIICH;
OcHOBHbIE MOHSTUS u
ompenenenusi  (HopMalbHON
KUHETUKHU: CKOpPOCTH|
XUMHUYECKOU peakuuu,
crocoObl €€ BBIpaKEHUS,
MOJIEKYJISIPHOCTh ~ pEaKluy,
MOPSAIOK PEaKIUu, YacTHBIN
MOPSAJOK PEAKLUH, TOCTYJaT,
XUMHAYECKOH KAHETHKH
(ypaBHenue ['ynpnbepra wu
Baare), xoHCTaHTa CKOpOCTH
XUMHUYECKOH peakiuu
(mpaBuiO Baut-T'odda,
ypaBHEHHE AppeHunyca);
Meron HAMMEHBIIINX
kBagpatoB.  IlmaHupoBaHus
HKCIIEPUMEHTA B CPAaBHEHUU C
HEINOCPENCTBEHHBIM
IPUMEHEHHEM MeTOo/1a)
HalMEHBIINX KBaJIpaToB.




OIIK-2.2:

Bri6upaer MaTeMaTHYeCKHeE,
¢dusnueckue, (U3NKO-XUMHUECKHE,
XUMHYECKHE METOJIbI JUUIsl PEIICHUS 3a1a4
po(hecCHOHANTLHOM e TEIbHOCTH

PaccunTaTh  MOHHO-MOJICKYJISIPHBIM]
cocraB B  mnpucyrctBun  KCN,
[PACTBOPEHHOTO B KOJMYECTBE C=10"
MoJIb / 1. 3ajaTbes 3HaYeHusMu PH B
marepBaie  0-14 w  4HCIEHHO
pacCcuuTaTh ~ MOHHO-MOJIEKYJISIPHBIN
COCTaB JIaHHOW cucTeMbl. Pe3ynbraThl

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

Pemienue G hepeHIaTEHOTO
ypaBHEHUS METOJIOM Dneiipa.

MonuduunpoBaHHblil MeTO Diliiepa.
AnanTanus  MeToja  Jiliepa  HA
ciydail cucteMm audQepeHnnanbHbIX
ypaBHEeHHH. OCOOEHHOCTH peLIeHHUs
CUCTEM Qg depeHraIbHbIX
YpaBHEHMH TP  MOJAEIUPOBAHUN
X TTI,

OIIK-5: CnocobeH OCyIIEeCTBISATh SKCIEPUMEHTAIbHBIE HCCICAOBAHUS M HCIBITAaHUS TI0
3aJJaHHOM METOJIMKE, NPOBOJUTH HAONIOJCHHUS U U3MEPEHUS C y4eTOM TpeOOBAHUN TEXHUKHU

0er0macHOCTU. 00NAOATRIRATE U MHTENTTNETUNORATE AKCITENUMEHTATTRHEIE TAHHKIE




OMNK 5.1:

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

npoAyKLMM

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

/11 HeoOpaTUMOM peakiuu TepBOro
mopsiIKa:
A— 5B

CocTaBUTH muddepeHraIbHOe
ypaBHEHUE  CKOPOCTH  HW3MEHEHUSs
KOHIIEHTpauuu A. PemmTh nonydeHHoe
g depeHmanpHoe ypaBHEHUE
METOJIOM Ditnepa,
MO U (DUITMPOBAHHBIM METOA0M
Diinepa, Pynre-Kyrra. Caenarb BbIBOJ
0 TOYHOCTH Ka)KJIOro H3 METOHOB B
CpPaBHEHHUH JIPYT C APYTOM.:

C°4= 0,7 moms/m; k1=0,001 1/c; h =0,1

(1Iar “HTErpUpPOBAHUSA).

OMNK 5.2:

MpoBOAMT 3KCNEPUMEHTA/IbHbIE
nccnenoBaHNA M UCNONb3YET OCHOBHbIE
npuémbl 06paboTKM M NpeacTaBaeHUA
NoJIy4YeHHbIX AAaHHbIX

[lo nanHbIM paboThl [Kokc m Xumwusi.
1978. Ne 8. C.12—14] na ocnoe [1D3
2 paccuuTaTh 3HAYCHUS]
KOd(DPUITMEHTOB JUHEHHOW MOJemH
U1 TIPOTHO3MPOBAHUS  ITOKa3aTenei
KayecTBa KOkca Mas u Mjg, CpaBHUTH|
MX C TPEUVIOKCHHBIMH B  CaMOM
Hay4YHOU CTaThe.

[Tpu xakom 3HaueHuu PH mocturaercs
MPaKTUYECKH MOJTHOE ocaxkaeHne MnS
(ITPpns = 2.5*10'10), COJIepKallerocs B
pactBope B konmdectBe 0,005 wmodb,
npu  ynorpebsnenun 50 % u30bITKA
ocanurens. Pacuér npoussectn Ha 1 1

CCIENYEMOTO pacTBoOpa. Bce
UM CJICHHBIC paCLIéTBI IMPOU3BECTU B
Ta0JIMYHOM po1ieccope,

QHAJTMTUYECKUE 3aIlMCH TPEIOCTABUTH
B OymaxkHoM Bume. U3  kakux

COOOpaxKeHH HAXOJUTCS
KOHIIEHTpalUsl MapraHia [Mn2+], u
MEXITY KaKUMH XUMHUYECKHUMH
dhopmamu OCYIIECTBIISACTCS
MaTepualdbHBIA  OalaHc 1O  cepe
M30BITOIHON KOHIICHTPAITUY|

ocaguTensa?




6) HOpﬂ)IOR NMpoOBEACHUA l'lpOMe)KyTO‘lHOﬁ aTreCTauu, IoKa3aTreJii U KpPUTEPUH
OICHUBaAHUA:

IIpomexxyTouHass arrecrauus [0 AWCLMIUIMHE BKIIOYAET TEOPETUYECKHUE BOIPOCHI,
MO3BOJISIOIINE OICHUTh YPOBEHb YCBOEHHS 0OYYaIOUIMMHUCS 3HAHUH, U MPAKTHYECKUE 3aJaHUS,
BBIABIISIIOLINE CTENEeHb C(HOPMUPOBAHHOCTH YMEHMH W BIAJCHUH, NPOBOAUTCS B (opme
IK3AMEHA.

DK3aMeH 10 JaHHOW AUCUUIUIMHE MTPOBOAUTCS B YCTHOM (hopMe 1o 3K3aMEeHAIIMOHHBIM
Ouiieram, KakJIblil U3 KOTOPBIX BKJIIOUAET 2 TEOPETUUECKUX BOIPOCA U OJIHO MPAKTUYECKOE
3aJlaHue.

IToka3zaTenu u KPUTECPHUHA OLICHUBAHUSA IK3aMEHaA:

— Ha OLEHKY «OTJHYHO» (5 OamnoB) — oOyyarouuiicss JEMOHCTPUPYET BBICOKUN YPOBEHb
C()OPMHPOBAHHOCTU KOMIIETEHIUI, BCECTOPOHHEE, CHUCTEMATUYECKOE WU IIyOOKOe 3HaHue
y4eOHOro MaTepuasia, CBOOOJHO BBINONHAET NPAKTHUYECKUE 3aJaHMs, CBOOOIHO ONEpUPYET
3HaHUSIMHM, YMEHUSIMU, IPUMEHSET UX B CUTYaLUSIX TOBBIILIEHHON CIOXKHOCTH.

— Ha OILIEHKY «Xxopomo» (4 Oamna) — oOOydYaroIIMICS JEMOHCTPUPYET CPEIHUM YpPOBEHD
Cq)OpMHpOBaHHOCTI/I KOMHCTGHHHﬁI OCHOBHBIC 3HaHHsA, YMCHUA OCBOCHBLI, HO JOITYCKArOTCA
HE3HAYUTENIbHBIC ONIMOKH, HETOYHOCTH, 3aTPYTHCHHS NIPU aHAJTUTUYCCKUX OTEPAIIHsX, TEPEHOCE
3HaHWI U YMEHHI HA HOBbIC, HECTAHIAPTHBIC CUTYAIIHH.

— Ha OLIEHKY «YyIOBJIETBOPHMTEJBbHO» (3 Oayia) — oOyyarouuiicss J€MOHCTPUPYET MOPOTOBBIH
ypOBEHb C(OPMHUPOBAHHOCTU KOMIIETEHIIUH: B X0JIe KOHTPOJBHBIX MEPONPUATHH JOMYCKaIOTCS
OLIMOKH, MpPOSBISETCS OTCYTCTBUE OTAEIbHBIX 3HAHWH, yMEHUI, HaBBIKOB, OOydarolMiics
UCTIBITHIBAET 3HAUUTENIbHBIE 3aTPYJHEHUS MPU ONEPUPOBAHUU 3HAHUSAMH U YMEHUSMH IPU UX
HepeHOCe Ha HOBbIE CUTYAIUH.

— Ha OIEHKY «HEeY/I0BJIeTBOPUTEILHO» (2 Oamia) — oOydJarouuiicss JeMOHCTPUPYET 3HAHUS HE
6onee 20% TeopeTUUeCcKOro MaTepuana, JOIMyCKaeT CYIIeCTBEHHbIE OIMOKH, HE MOXKET MOKa3aTh
MHTEIJIEKTyalbHbIe HABBIKM PEIICHUS MPOCTHIX 3a/1ad.

— Ha OLIEHKY «HeY/10BJIeTBOPUTEeJbHO» (1 Oamn) — oOyuaromuiicss He MOXeT IoKa3aTh 3HAaHHs Ha
YPOBHE BOCHPOM3BEACHUS U 00bsCHEHN UH(OPMAIIMH, HE MOXKET MOKa3aTh HHTEUIEKTyalbHbIE
HaBBIKU PELIEHUs MPOCTHIX 3ajay.



