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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CyKaeHa U 0100peHa s peanusamnuu B 2023 - 2024
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00cyxaeHa u o100pena i peanusamnuu B 2024 - 2025
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadempoii A.C. iapquKo

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanuzanuu B 2025 - 2026
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl MeTauryprud 1 XUAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas nporpamma nepecMoTpeHa, 00CykieHa u ogo0peHa s peanuzanuu B 2026 - 2027
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTaryprud 1 XAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO




1 Ilesin ocBOeHM S IMCUMILINHBI (MOIYJIA)

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

OCBOEHHE CYHIECTBYIOIIUX OCHOBHBIX MAaTEMaTHYECKHUX MOJEJCH, HCIIOJIb3YyEMBIX IIPH
OIIMCAaHUU XUMHUKO-TEXHOJIOTMYECKHUX ITPOLIECCOB.

2 MecTo IMCHUILIMHBI (MOYJIs1) B CTPYKTYpe 00pa30oBaTe/IbHOM NPOrpaMMbl

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

JUis  w3ydeHus  JAWCHUIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHs,  BJAJICHUSA),
c(hopMHpOBaHHEIC B PE3yJIbTATE U3YUCHUS AUCIIUTLIINH/ TPAKTHK:

Marematuka

dusnyeckas XUMHs

XHUMHUYECKUE PEAKTOPBI

MaccooOMeHHbIE TPOLIECCHl XUMHUECKON TEXHOJIOTUU

TexHnyeckas TepMOJUHAMUKA U TEIIJIOTEXHUKA

[Iponeccsl 1 anmapaTbl XMMUYECKON TEXHOJIOTMHU

Komnonnnas xumus

OO0111ast 1 HEOPraHUYECKask XUMUS

OO01ast XuMu4eckasi TEXHOJIOTUs

KokcoBanue yriei

[ToaroroBka yrieiu 1uisi KOKCOBaHUS

3HaHus (YMEHHUs, BIaJIeHHs), OJIYYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI [Tl U3yYCHUS TUCIUTLTH/TIPAKTHK:

[TonroToBka K Mporeaype 3aliThl U 3alI1Ta BHITYCKHOW KBATH()PUKAIMOHHOW pabOTHI

VY4ebHo-Hccne0BaTeNIbCcKas paboTa CTyIeHTa

IIponsBoacTBEHHAs - IPEATUIIIIOMHAs IPAKTUKA

3 Komnerenuuu ody4arouierocsi, popMupyemMbie B pe3yibTaTe 0CBOCHUS
AUCHHUILUIMHBI (MOYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4eHH s
B pesynbrare ocBoeHMs IUCHMIUIMHBI (Monyns) «llmaHupoBaHue SKCIEpUMEHTa H
MOJICJIUPOBAHME XUMHKO-TEXHOJOTMUECKUX IPOLECCOB» OOydaroluiica TOJDKEeH 00i1a1aTh
CJIEYIOIIMMHU KOMIIETEHIUSIMU:
Kox nnnukaropa WNHaukaTop TOCTHKEHUS KOMIIETEHIIUT

OIIK-2 CrnocobeHn wucCnoyib30BaTh MaTremMaTudeckue, (Qusnueckue, G(U3HNKO-XUMHUECKHE,
XAMHYECKHE METOJIBI JIJIs PeIIeHUs 33124 TPOPeCCHOHATBHOM NeITeIbHOCTH

OIIK-2.1 Hcnonp3dyer  MaTemaruueckue,  (usnueckue,  (PUIMKO-XMMUYECKHUE,
XUMHYECKHE  METOAbl JJIi  pelleHus 3aJad  NpogeccCHOHaIbHON
JESTEIBHOCTH

OIIK-2.2 BeiOupaer ~ maremaTHuecKue, ¢dusnueckue, (bU3NKO-XMUMUYECKHE,
XUMHYECKHE  METOAbl  JJIi  pelleHus 3a1ad  NpodeccHOHaIbHON
JESATEIbHOCTH

OIIK-5 CnocobeH oOCyIlIeCTBIATh OSKCHEPUMEHTAIbHBIE MCCIEI0BAaHUS M HCIBITAHUA IO
3a/IaHHOM METOJMKE, MPOBOAUTH HAOIIOJACHHS M U3MEPEHHsI C y4eTOM TPeOOBaHUN TEXHHKHU
0€30IIaCHOCTH, 00pPadaTHIBAThL M MHTEPIPETUPOBATEL IKCIIEPUMEHTAIbHEBIC JaHHBIE

OIIK-5.1 Bri6upaeT v npruMeHsieT METO/IbI U CPEJCTBA U3MEPEHUS ISl ONpe/IesIeHUs
CBOMCTB MaT€pHUAIIOB U TOTOBOM NNPOAYKIIMHU

OIIK-5.2 [IpoBOAUT DKCIEPUMEHTAIBHBIE MCCIEAOBAaHUS U HCIIOIL3YET OCHOBHBIC
puE€MbI 00paObOTKH M IPECTABICHUS IOTYYEHHBIX JTaHHBIX




4. CTpykTypa, 00bEéM H coaep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM
51 (03) (K
— KOHTaKkTHas padora — 80,95 akan. 4acos:
—ayuTopHas — 77 akaj. 4acos;
— BHeayauTopHas — 3,95 aka. 4acos;
— caMocTosTenbHast pabota — 27,35 akaj. 4acos;
— B (hopMme nmpaKkTHIeCKOM MOATOTOBKU — 4 aKaJ. yac;
— MOJrOTOBKA K hK3ameHny — 35,7 akaj. yac

dDopMa aTTecTaiuu - 3K3aMCH

AynutopHast
KOHTaKTHast pabora
(B akaz. yacax)

®dopma TeKyIero
Bug KOHTPOJISI
CaMOCTOSITETIbHOM | YCIIeBaeMOCTH U
padoThI TIPOMEKYTOUHOM
aTTecTaluu

Kon
KOMIIETEHLINN

Pasznen/ tema
JCIUATIIUHEI

Cemectp

nab. | mpaxT.
3aH. | 3aH.

Jlek.

CamocTosiTennbHas
paboTa cTymeHTa

1. Pazmen "OOmme BOHpOCHI
MOIeTTPOBaHIS"

1.1 Ob6iee MTOHSITHE
MOJCIIH. MHoroo6pasue
hopm Mpe/ICTaBICHHS
MOJEIH. TTonsitue 0
MaTeMaTHIECKOM
MO/JICITUPOBAHUH.
OCHOBHBIE ~ MOAXOABI K
MOCTPOCHHUIO
MaTEeMaTHYECKUX MOJICIEH. OIIK-2.1,

N Brimonaenne
AHATUTUYECKUH TOJIXO0Md K OIlK-2.2,

MOICITHPOBAHIO. 3 4 7 [IPaKTUYECKUX Komnoksuym. OITK-5.1,
OKCIepUMEHTaNIbHBIN pador (brox Nel). OIIK-5.2
MOIX0J] K MOJETHPOBAHUIO.
KomOuHupoBaHHbIH
MOIX0J] K MOJETHPOBAHUIO.
OCHOBHBIC JTaIbl
MMOCTPOCHHUS
MaTEMaTHYECKUX MOJCICH.
TpuenuHcTBo mporecca
MOJICTIPOBAHMS:  MOJEIb,

1.2 IIpumepst
prreriemu e

JICITHP o 1 1 MIPAKTHYECKUX Konnoksuym. 7
Pa3NUYHBIX obnacreii pador (Biok Nel) OIIK-5.1,
3HaHUs ((U3UKa, BOEHHOE e OIIK-5.2

JIENI0, OMOJIOTHS).

Wroro no pazneny 4 4 8

2. Pazgen  "AHamuTH4YECKHH
MOJAXON K  MOJEIHPOBAHHIO
XHMHKO-TEXHOJOTHUYECKHX
MpoLEeccoB”




2.1 [TonsTHe 0
(PUBUKO-XMMHUYECKOM
MO/JICITUPOBAHUH.
OcHOBHbBIC ~ CBElIEHHMS U3
Kypca "®uzuueckas
xumus".  TepmonnHamuka
XHUMHYECKUX MPEBPAIICHUH.
Hampasnenne XuMHUECKHX

peaxuuil. YpaBHeHne
HU30TEPMBI XUMHYECKOH
peaxuuu. Crioco0sr

ONUCaHMsA  KOHLEHTPAaLHU
pearupymomux — BEILIECTB.

H3menenue SHEPTHU
I'm6bca B Xo0ne peakiuu.
YpaBHeHHe H30TEPMBI

XUMHUYECKOH peakuuu B
CTaHJAPTHBIX  YCJIOBHSIX.
CBs3b MEXly KOHCTaHTaMH
paBHOBECHS B 3aBUCHMOCTHU
oT cmocoba  ONMUCaHHs
cocTaBa PpEeaKLUMOHHOMN
CMecCH. I'ereporennoe
XMMHYECKOE  paBHOBECHE:
3aIuCh KOHCTaHT
paBHoBecus. OrmpenencHue
KOHCTaHT pPaBHOBECHs IpHU
pa3IMYHBIX TeMIeparypax.
Ilonatne o  smHEWHOU
3aBUCUMOCTH XHMHUYECKUX
peaxiuii. Meron
Témkuna-1lIBapumana s
pacuéra KOHCTAaHT
paBHOBECHSL. Pacuér
KOHCTaHTbl paBHOBECHS Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyommx BEIIECTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpAallMii Ha OCHOBE
KOHCTaHTbI paBHOBECHS.
Meronuka pacuéra
PaBHOBECHBIX
KOHILIEHTpaIMH npu
OJIHOBPEMEHHOM
MPOTEKAHUH  HECKOJIbKHUX
peakuuit (MeToauka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocTaBa
pactBopa).  OrpaHUYEHUS
TCPMOJANHAMNYICCKOI'O
oX0/1a B ciydae
MojenupoBanust  (pacuéra)
PaBHOBECHOTO cocraBa
pearupyoumx BemecTs.

12

Brinonnenue
MNPaKTUIECKHX
pa6ot (bnok Ne2).

Komnoksuym no
3agavam.

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

2.2 Kunerngeckue
0COOEHHOCTH  INPOTEKaHUS
XUMHUECKUX peakuuii.
Metoauka COCTaBJICHUS
CUCTEM ypaBHEHU,
OTHCHIBAIOIINX
PaBHOBECHBIC
KOHLIEHTpAllUd  BELIECTB,
MPUHUMAIONIMX y4YacTHE B
XUMHUYECKHUX PEaKIHsiX.

Brimonaenne
MPaKTHYECKUX
pabort (biox Ne3).

Komnoksuym no
3a7a4am.

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




2.3 JIuddepenuunansHbie
YpaBHEHHSI HETPEPHIBHOCTH
MOTOKA TUISL
HEYCTaHOBHBIIIETOCS
JIBIDKEHHUsI ~ HEC)KUMaeMOU
JKHIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
qupdy3un, KOHBEKTUBHOM
U dysnu; ypaBHECHHE
MarepuanbHOro  0OanaHca
JUISL DJIEMEHTapHOTO 00BEMa
peakTopa JOOOTO  THMA.
OO0u1re cBeICHUsI O TEOPUHU
noJ00us. OcHOBHbIE
KpUTEPUU MOJI00MS.
KpurepuanbHbie

2,35

IToaroroBka
CEMHHApCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

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

Uroro mo pazneny

14

20

6,35

3. Pazgen "OxcriepuMeHTaIbHbINH

noaxon"

3.1 CrarucTuyeckue
METOJIBI aHanm3a
AKCIEPUMEHTAIBHBIX
JTAHHBIX.
DKcnepuMeHTaIbHbIE
OLICHKH HCTUHHOTO
3HAYCHUS u3MepseMon
CIy49aifHO! BENWYHMHBI U e€
mucnepcun.  OnpeneneHue
rpyObIX  OMIMOOK  Cpean
pe3yJIbTaTOB MOBTOPHOCTEH
OTIBITA.
CpenHeB3BEeIICHHBIC
OLICHKH JMCIIEPCHH.
Amnanus OJIHOPOZHOCTH
MCXOIHBIX OLICHOK
pucniepcun.  OmnpeneneHue
JOBEPUTENBHON  OIIMOKH

9KCIEPUMEHTANbHOMN

OIICHKH U3MEPAEMOTo
napaMerpa. OmnpeneneHue
qrca HOBTOPHOCTEH
ombITa, OOECIEUUBAIOIICTO
TOJTy4eHUE 3aJaHHOI
JIOBEPHUTENILHOW  OIIMOKK
OIICHKH oIpesiensIeMoro
napamerpa. IIposepka

HOPMaJIbHOCTHU 3aKOHa

Brinonnenue
MIPaKTUIECKUAX
pabot (biox Ned).

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




32 [InanupoBanne u

o6paboTka pE3YIIBTaTOB
01HO(haKTOPHOTO
9KCHEPUMEHTOB.
dopmanmzanus
IKCTIEPUMEHTANBHBIX
JaHHBIX METOJIOM
HAWMEHBIIUX  KBAJpaTOB.
CUMMeTpHIHBINA u
PaBHOMEPHBIi TUIaH
01HO(haKTOPHOTO

skcniepuMeHTa.  IIposepka
aJIeKBaTHOCTH

HOJIy4YEHHOTO YpaBHEHUS U
€r0  HCIOJb30BaHUE UL
ONTHMH3ALUM  IIpolecca.

[omyuenune

9KCIOHEHIINATBHON

3aBUCHMOCTH o

pe3yibpTaTam

OJTHO(AKTOPHBIX

9KCIIEPUMEHTOB.

JIByXypOBHEBbIE TIJTaHBI

MHOTO(haKTOPHBIX

9KCIIEPUMEHTOB. Meron

HaWMEHBIINX  KBaJIPaTOB

pu o0pabotke

pe3yJIbTaToB

MHOT0()aKTOpHOI'0

JKCIIEPUMEHTA.

JByxypoBHeBbIit II71aH Brimonnenne OIK-2.1,
ITOJIHOTO (akropuoro 6 6/21 NPaKTUYECKUX 8g§_§%’
JKCIIEPUMEHTA [Id32n. pa6ot (binok Ne4). OHK- 5' 2’
VYpaBHEHHs, TOIyJIaeMble o
o pe3yibTaTam

peanu3anuu IUIAHOB

IId32n. Craructuyeckuit

aHaJIM3 3HAYUMOCTH OIIEHOK

K03 GUIIIEHTOB

ypaBHEHHS, ero

a/IeKBaTHOCTH "

paboTOCIIOCOOHOCTH.

JpoOusrit (axTOpHBIH

skcriepumert  JIPD32n-n'.

IInanupoBanue

IKCIIEPUMEHTA pu

U3MEHSIOIEMCS BO

BPEMEHH  BIUSHHM  Ha

porecc HEYYTEHHBIX

(axropos. cnonbzoBaHue

miaHoB [1®22n JAP32n-n'

JUISL TIOJTyYEHUs] YpaBHECHHUS

nporuecca B BUJIE

9KCHOHEHIIMAIbHON

3aBHCHUMOCTH.

PaccmoTpenue npumepos.

MHoroypoBHeBbIE

MHOTO(AKTOPHBIC  TUIAHHBI,

UCTIOJIB3YIOIIUE  CBOMCTBA

JIATUHCKUX KBaJIPaToB.

IToctpoenue TUIAHOB.

ITomyuyenune u

UCIIOJIb30BaHUE ULt

Hroro no pazneny 11 1021

4. Pazgen "KoMOumHMpOBaHHBIH

merox"




4.1 OcobeHHocTH
KOMOWHHPOBaHHBIX
MaTEeMaTHYECKUX MOJeleH.
PaccmoTpenne
MaTeMaTHYECKUX Moemneit
u3 obnactu
npodecCHOHATEHON
KOMITCTCHITUH
(IporHO3UpOBaHUE
nokasareneit KavecTBa
Kokca M25 u M10).

10

IToaroroBka k
CEMHHApPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

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

Hroro no pasgeny

10

5. Pazgen "Ok3amen"

5.1 Dx3amen

IToaroroBka k
SK3aMeHY

DK3aMeH

OIIK-2.1

Hroro no pasgeny

Uroro 3a cemectp

33

44/21

27,35

OK3aMCH

Hroro no JUCHUIIIINHE

33

44/21

27,35

OK3aMCH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jnst  JAOCTOKEHWsI  IUIAHUPYEMBIX — pe3yabTaroB  OOy4YeHHs, B  JUCHUIUINHE
«MoJienupoBaHue  XMMHUKO-TEXHOJIOTMYECKHX  IPOLECCOB»  HCIOJNB3YIOTCS  pa3iu4yHbIe
00pa3oBaTeNbHbIC TEXHOJIOTUU:

1. HWudpopmanMoHHO-pa3BUBAIOIINE TEXHOJOTWH, HAlpaBlIeHHbIE Ha OBJAJICHHUE
OOJIBIIUM 3allacoM 3HAHWM, 3alIOMHHAHUE W CBOOOJHOE OrepupoBaHWe MMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUECHUE TUTEPATYpPhl, IPUMEHEHHE HOBBIX
UH(POPMALMOHHBIX TEXHOJIOTUH JUISI CaMOCTOSITEIbHOTO TIOMOJNHEHUS 3HAHWM, BKIFOYAs
UCTIOJIb30BaHUE TEXHUUECKUX U JIEKTPOHHBIX CPEICTB HH(OPMAIINH;

2. JlesATeNpHOCTHBIC TPAKTHKO-OPUCHTUPOBAHHBIC TEXHOJOTHH, HAIIPABICHHBIC Ha
¢dopMHpoBaHHE CHUCTEMBI NPOPECCHOHATBHBIX MPAKTHUYECKUX YMEHHMHA TIpU MPOBEACHUHU
IKCIEPUMEHTATIBHBIX UCCIICAOBAHM, 00ECTICUNBAIOIINX BO3MOKHOCTh KAYECTBEHHO BBITIOIHSTh
po(hecCHOHATILHYIO e TEIIbHOCTD;

3. Pa3BuBaromue mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOTHH, HAaIPaBJICHHBIC Ha
dopmupoBaHHEe U  pa3BUTHUE TNPOOJIEMHOTO MBIIUICHUS, MBICIUTEIPHOW aKTUBHOCTH,
CIIOCOOHOCTH MPOOJIEMHO MBICIHUTD, BUIETHh U (OPMYITUPOBATH IPOOIEMBI, 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 JIeATEIIbHOCTH;

4. JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTUU 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 TEXHOJOTMH OOYUYCHHS PEaU3ylOTCs B
pe3ynabTaTe MHIUBUAYATLHOTO OOIICHUS IPEToAaBaTelisi M CTYJACHTAa Ha KOHCYJIbTAIHX, MPH
BBIMOJIHCHUH JIOMAIIHUX WHMBHyalbHbBIX 33JJaHHI, IOJrOTOBKE WHANBUAYAILHBIX OTYETOB 110
WH/IMBUYaJIbHBIM 33/IaHUSIM, PEIICHUH 3a71a4.

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)KEHHOM B YCTHOM (opme MM B BUIE
ClIaiiia WM BUIC03AITHCH, CTYICHTHI COBMECTHO C MPETOAaBaTeIeM 00CYKIAIOT 1 aHATU3UPYIOT
NpeJICTaBJICHHBIN MaTepHa,

- JIEKIHUA ¢ pa300poM HEpEeIIeHHBIX U MPOOJIEMHBIX BOIPOCOB TUCIHMITIHHBI — aHAU3 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

- mpo0seMHOe 00y4YeHne

- KOHTEKCTHOE 00y4YeHHNE

- o0yueHre Ha OCHOBE OTIBITa

- MeXIUCITUTUTMHAPHOE 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 KOHTPoJIsl. B KoHIlE ceMecTpa, CTyAeHThI, Ha0paBIne CyMMapHbIid pedtunr 50%
IIOJIyYalOT JIOIYCK K 9K3aMEHY.

6 YueOHO-MeTOIMYECKOE 0O0ecTIedeHHe CAMOCTOSITe IbHON padoThl 00y4arouXcs
[IpencraBieHo B puaoxeHuu 1.

7 OneHO4YHbIE CpeCTBA ISl IPOBeIeHH s POMEKYTOUYHOM aTTeCTAlNU
[IpencraBieHsl B IPUIIOKEHUU 2.

8 YueOHo-MeTOAUYecKOe M MHPOPMAIIMOHHOE 00eceyeHue JUCITUIIMHBI (MO1YJIs1)

a) OcHoBHas TUTEpaTypa:

1. Edpemos, I'. 1. MoaenupoBaHre XMMHKO-TEXHOJIOTHYECKUX MPOIIECCOB : YUYCOHHK /
[""U. EppemoB. — Mocksa : UHD®PA-M, 2019. — 255 c. + Jlon. maTepuansl [DIEKTPOHHBIH
pecypc; Pexxum noctyna http://new.znanium.com]. — (Bsiciee oO6pazoBanue: bakanaBpuar). —
www.dx.doi.org/10/12737/12066. - ISBN 978-5-16-103090-5. - Tekcr : anextponssIid. - URL:
https://new.znanium.com/catalog/product/989195 (nata o6pamenus: 05.03.2020)

2. 3arkeirim, A. HO. 3akreiim A. HO. OOmiass XxuMu4yeckass TEXHOJIOTHs: BBEICHUE B
MOJICTTUPOBAHUE XUMHUKO-TEXHOJIOTUYECKUX MPOIIECCOB [ DNEKTPOHHBIN pecypc] : yueb. mocodue
/ A. 1O. 3akreiiMm. - 3-e u3z., nepepad. u jom. - Mocksa : Jloroc, 2012. - 304 c. - (HoBas
yHHuBepcuTeTckas oubnuoreka). - ISBN 978-5-98704-497-1. - Teker : snextpoHHbid. - URL:
https://new.znanium.com/catalog/product/468690 (mata o6pamenus: 05.03.2020)

0) JlonmosiHuTebHAS JIUTEPATYpA:

1. CucreMHBIil aHanu3 MPOLIECCOB M allaparoB XMMHUYECKON TEXHOJOTMHU : Y4eOl.
nocobue / 3.J1. Banuuna, E.C. YepnskoBa, H.C. benunckas, E.H. MBamkuna ; Tomckuit
MOJIUTEXHUYECKUN YHUBEPCUTET. - ToMcK : M31-B0 TOMCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA,
2017. - 115 c.- ISBN 978-5-4387-0787-5. - Tekcr : »snekrtponusid. - URL:
https://new.znanium.com/catalog/product/1043896 (nata oopamenus: 05.03.2020)

2. Kapmanos, @. W. Cratuctudyeckre MeTo il 00pabOoTKH 3KCIIEPUMEHTAIBHBIX JaHHBIX
¢ ucnosp3oBanueM nakera MathCad: YueOnoe nocodue/®.J1.Kapmanos, B.A.OcTpelikoBckuii -
Mockpa : KYPC, HUIl UH®PA-M, 2015. - 208 c. ISBN 978-5-905554-96-4. - Tekcrt :
anektponHsld. - URL: https://new.znanium.com/catalog/product/508241 (nmata oOGpamenus:
05.03.2020)

3. Koznog, A. FO. Cratuctuueckuit ananus nanubix B MS Excel : yue6. mocobue / A.1O.
Koznos, B.C. Mxurapsu, B.®. lIumos. — Mocksa : UHOPA-M, 2019. — 320 c. — (Bsicmiee
obpasoBanue: bakanaBpuar). — www.dx.doi.org/10.12737/2842. - ISBN 978-5-16-101024-2. -
Texkcr : onextponHbif. - URL: https://new.znanium.com/catalog/product/987337 (nata
oOpatuenusi: 05.03.2020)

4. TonosueB, H.H. Oneprermka M HampaBlI€HHOCTh XHMHMUYECKHUX IIPOLIECCOB.
XuMuyeckass KMHETHMKAa M XUMHUYecKoe paBHoBecue : yueO. mocobue / H.H. T'onoBHes. -
Kpacnosipck : Cub. ¢enep. yn-t, 2018. - 148 c. - ISBN 978-5-7638-3783-4. - Tekcr :
anektponHbld. - URL: https://new.znanium.com/catalog/product/1031881 (mata oOGpamieHus:
05.03.2020)

5. Makcumenko U. U., Haropssiii 0. C., I'mymenko 1. M., Banuenko B. A. Bnu-saue
TEXHOJIOTUYECKUX (PaKTOPOB KOKCOBAaHUS Ha IMOKa3aTeNH MPOYHOCTU Kokca // Kokc m xumwus.
1978. Ne 8. C. 12-14.

6. Muxno B. II., Cxuap M. I'., Jlyppe M. B. n np. HMccnenoBanue 3aBUCHUMOCTH
¢bu-3u-K0-MEXaHMUECKUX CBOMCTB M BBIXOJAa KOKCa OT pexxuma KokcoBaHus // Kokc um xummus.
1975. Ne 2. C. 8-12.

7. CrankeBud A. C. O nporaose KOKCyeMOCTH yTJieli Ha OCHOBE UX MeTporpauyue-cKux
ocobennocreit // Koke n xumus. 1964. Ne 8. C. 5-7.



8. CrankeBnu A. C. OU3HKO-XUMHUECKUE METO/bl CHUKECHUS BIA)KHOCTU KOKCOBOH INUXTHI //
Kokc n xumus. 1967. Ne 4. C. 1-7.

9. CrankeBuu A. C., MbikosnbHuKOB 1. A. CocTaBiieHn€e YrolbHbIX HIMXT U POTHO3 UX
KOKCYEMOCTH Ha OCHOBE XUMHKO-TIETporpaduueckux mapamerpon yriei / Koke u xumus. 1973.
Ne 4. C. 3-7.

10. CrankeBuu A. C., 3onoryxun lO. A., IlpockypsikoB A. E., Ilesaukoa M. C.
3aBU-CH-MOCTh BHEIIHEH CTPYKTYpBI U CBOMCTB KOKCa OT METpOrpauieckoil XxapakTepuCTHKU
yroib-HbIX cMeceit // Koke u xumus. 1980. Ne 10. C. 13-17.

11. CrankeBuu A. C., 3onoryxun lO. A., Kanununa I'. U. u ap. B3aumocssase Mexny
MEXaHUYECKOM MPOYHOCTHIO KOKCA, XUMHUKO-IETpOrpaQuuecKuMH IapamMeTpamMu IIHUXT U3
Ky3-HELKHX yIIIed U pe>kuMoM ux kKokcoBanus // Kokc u xumus. 1981. Ne 2. C. 27-31.

12. CrankeBuu A. C., Mwomiep W. II., Jlenpbuyk B. W. Pacnpenenenue yrieit u
CO-CTaB-JICHUE YTOJIbHBIX IWIMXT JUJISi KOKCOBaHMs C IPOTHO30M KayecTBa KOKCa Ha OCHOBE
nuHerHoro nporpamvupoBanus // Koke u xumus. 1981.Ne 11. C. 4-8.

13. CrankeBuu A. C. Pacuer mIMXT M MPOTHO3 KauyecTBa KOKCA M3 YIJIEW BOCTOYHBIX
Oac-ceiiHOB Ha OCHOBe uX mnerporpaduueckux napamerpoB // Kokc m xumusa. 1983. Ne 9. C.
11-16.

14. CrankeBuu A. C., Tpery0 B. B., Anemnn B. U. u np. [IporHo3 kadectBa Kokca Ha
OCHOBE TlapaMeTpoB EQMHON NPOMBINIICHHO-TEHETHYeCKON Kiaccudukamuu yried // Koke u
xumud. 1990. Ne 12. C. 36-39.

15. CrankeBuu A. C., Yeronaesa H. A., Benc B. A., Uepemuckuna A. H. Ontumuza-1us
COCTaBa HIMXTHI JUIsl KOKCOBAHUS W MPOTHO3 KAayecTBa KOKCa MO XHUMHUKO-TETPOrpaduiyecKum
napamerpam // Koke u xumust. 1998. Ne 9. C. 11-17.

16. CrankeBuu A. C., Kpyrnmo B. H., Bopcuna /. B., 3onoryxun 0. A. Moxaens
ONTHU-MU3ALIMM TIOKa3aTejaeil MPOYHOCTM KOKCAa Ha OCHOBE XUMHKO-IETpOrpaduyecKux
napaMeTpoB yriiel U HelMMHeHHOro mporpamMmMupoBanus // Koke u xumus. 2000. Ne 5. C. 21-29.

17. CrankeBuu A. C., Sl6noukun H. B., Korres 1O. II. u ap. CocraBnenue muxrt ajs
KOKCOBaHUSI HAa  OCHOBE  ONTHMH3AallMM W  MOPOrHO3a  MPOYHOCTH  KOKca IO
XUMHKO-TIETporpadudeckuM rnokazatensm yriei // Koke n xumus.2002. Ne 3. C. 9-15.

18. CrankeBuu A. C., CmensHckuii A. 3., bepkyroB H. A. u np. PanmonansHoe
pac-Tmpe-zieJieHule yriieid 1 ONTUMM3AIMs cocTaBa MIMXT /it KokcoBanus // Kokc u xumus. 2003.
Ne 9. C. 8-16.

19. CrankeBuu A. C., CrenanoB lO. B., I'mnsazernunos P. P., [Tonosa H. K. IIporuos
IPOYHOCTH KOKCAa Ha OCHOBE XHMMHKO-TIETPOrpapMuecKux IMapaMeTpoB YTOJIBHBIX IIUXT C
yué-TOM X MHEBMoMexaHnueckol cenapauuu // Koke u xumus. 2005. Ne 12. C.14-21.

20. CrankeBuu A. C., I'mnsazernunoB P. P., Ilonmosa H. K., Komkapos /[. A. Moxens
nporuo3a mokazateneir CSR u CRI Ha ocHOBe XHMMHKO-TIETporpaduuecKkux MmapaMeTpoB
YTOJIb-HbIX IUXT U ycIoBUM HX kKokcoBaHus // Kokc u xumus. 2008. Ne 9. C. 37-44.

21. CrankeBuu A. C., CrankeBuu B. C. OmnpeneneHue TEXHOJIOTHYECKON IIEHHOCTH
yr-Jiel, UCTI0Nb3YeMbIX IS Tpou3BoAcTBa Kokca // Koke u xumust. 2011. Ne 6. C. 2—-10.

22. CrankeBud A. C., CrankeBuu B. C. Meronuka omnpeneneHusi KOKCYeMOCTH H
TEXHO-JIOTMYECKON LIEHHOCTH yriieH miactoB U ux cMmeceit // Koke n xumust. 2012.Ne 1. C. 4-12.

23. Craakesuu A. C., bazerckmii A. E. Ontummzanus kadectBa kokca OAO «EBPA3
3CMK» ¢ ydyerom ocobeHHocTell yronpHoM celpheBoit 6a3bl / Koke u xumust. 2013. Ne 10. C.
14-21.

24. Ammocos U. 1., Epémun U. B., Cyxenko C. U., Omypkosa JI. C. Pacuer mmxr nmis
KOKCOBaHUSI Ha OCHOBe mneTporpaduueckux ocodenHocreit yrieit // Koke u xumus. 1957. Ne 12.
C.9-12.

25. Epémun WM. B., T'arapun C. I'. Pacdyer mmuxXT Ui KOKCOBAaHHsS Ha OCHOBE
nerporpa-puueckoit moaenu // Koke u xumus. 1992. Ne 12. C. 9-15.

26. I'arapusn C. I'. Onienka netporpaduaeckoil MOAEIN MPOTrHO3a MPOYHOCTH KOKCa



Ha npuMmepe yriaeir Monronuu // Koke u xumus. 2011. Ne 4. C. 21-26.
27. berukoB, M. W. OcHoBbl mnporpammupoBanusi Ha VBA gns  Microsoft
Excel/berukoBM.U. - HoBocubupck : HI'TY, 2010. - 99 c.: ISBN 978-5-7782-1460-6. - Tekcr :

anexktpoHHbid. - URL: https://new.znanium.com/catalog/product/549331 (mara oOpaieHus:
06.03.2020)

28. leera, B.C. KomnbrorepHoe MojenupoBanue B HeTerazoBoM aene : yued. mocodue /
B.C. JleeBa ; Tomckuili nonautexHudeckuil yHupepcuter. - Tomck : M3a-Bo Tomckoro

noJauTeXHuYeckoro yuuBepcurera, 2018. - 86 c¢. - ISBN 978-5-4387-0806-3. - Tekct :
anektpoHHbd. - URL: https://new.znanium.com/catalog/product/1043846 (mara oOpamieHus:
06.03.2020)

29. Hazapos, C. B. [IporpammupoBanue B maketax MS Office : yue6. mocodue / C. B.
Hazapos, II. II. Menbnukos, JI. I1. CmonbHukoB U 1p.; nox pea. C. B. Hazaposa. - Mockaa :
®unanchl 1 ctatuctuka, 2007. - 656 c.: ui. - [SBN 978-5-279-02926-6. - TekcT : 37€KTPOHHBIH. -
URL: https://new.znanium.com/catalog/product/369386 (nara o6pamenus: 06.03.2020)

30. Auapees, C. M. MoaenupoBaHre 00bEKTOB U CUCTEM YIIPaBIICHUS : yueOHOe mocobue
/ C. M. Anapees ; MI'TY. - Marautoropck : MI'TVY, 2017. - 1 anextpon. ont. auck (CD-ROM). -
3arn. c TUTYJL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138
496/3337. pdf&view=true (mara oOpamenus: 04.10.2019). - MakpooObekT. - Tekcr
31eKTpOHHBIN. - [SBN 978-5-9967-1028-7. - CBenenus noctymusl Takxke Ha CD-ROM.

31. baxxenos, H. M. MeToapl 0lHOMEPHON K MHOIOMEPHON ONTHUMU3ALINU : MPAKTUKYM
no npucturiuHe "MoaenupoBanue cuctem" / H. M. baxkenos, E. C. Ps6uukosa ; MI'TY, Kadenpa
IIPOMBIIIJIEHHON KUOEPHETUKM M CUCTEM yrpaBieHus. - Marauroropck : MI'TY, 2011. -
anekTpoH. onTt. guck (CD-ROM). - 3arm. ¢ turyn. o9kpana. -  URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123
747/1344 pdt&view=true (mara oOpamenus: 04.10.2019). - MakpooOwsekt. - TekcT
AIIEKTPOHHBIN. - CBeieHus 1ocTynHbl Takke Ha CD-ROM.

32. TI'aBpmioBa, 1. B. NMuranmonHoe monenupoBanue : ydyeOHoe mocobue / M. B.
[MaBpuiioBa ; MI'TVY. - Maraurtoropck : MI'TY, 2016. - 1 anektpon. ont. auck (CD-ROM). - 3ar.
c TUTYIL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?7name=2836. pdf&show—dcatalogues/ 1/1133
202/2836.pdf&view=true (mara oOpamenus: 04.10.2019). - MakpooOsekT. - Tekcr
ANIEKTPOH-HBIN. - CBeneHus noctynHsl Takke Ha CD-ROM.

33. Kyxta, IO. b. KomnerorepHoe MoJenupoBaHHE TEXHOJIOIMYECKHX IPOLIECCOB :
yuebHoe nocobue / FO. b. Kyxrta. - Maruurtoropck : MI'TY, 2014. - 1 anekTpoH. ont. AMCK
(CD-ROM). - 3ar. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload7name=928.pdf&show=dcatalogues/1/11189
39/928.pdf&view=true (nata obpamenus: 04.10.2019). - MakpooOBeKT. - TeKcT : 37eKTPOHHBIH. -
Csenenus noctynHsl Takxke Ha CD-ROM.

34. JIykuna, O. A. Chemical and Oil Production. IIpakTuKyM 1o HHOCTpaHHOMY S3BIKY :
yuebHoe nocodue / O. A. JIlykuna, E. A. Ilukanosa. - Marautoropck : MI'TY, 2012. - 1 anexTpoH.
OIIT. JIICK (CD-ROM). - 3ar. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload 7name=986.pdf&show=dcatalogues/1/11191
22/986.pdf&view=true (mata obpamenus: 04.10.2019). - MakpooOBEKT. - TEKCT : 3MEKTPOHHBIH. -
Caenenuns noctynHel Takxke Ha CD-ROM.

[Iepnonnueckue u3gaHus:
Kypnan Koke n xumus. — ISSN 0023-2815. — TekcT : HEoCpe1CTBEHHBIN.

B) MeTonuyeckue ykazaHus:

1. MarepuanbHble U TEIJIOBbIE PACYEThl XMMUKO-TEXHOJIOTMYECKHUX MPOLIECCOB : yueOHOe
nocobdue / C. A. KpeutoBa, 3. U. Koctuna, . B. [lonypko, A. B. T'opoxos; MI'TY, [kad.
XTHMu®X]. - Marautoropck, 2011. - 50 c. : Tabn. - URL:



https://magtu.informsystema.ru/uploader/fileUpload7name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true (mata obpamenus: 04.10.2019). - MakpooOBbeKT. - TeKCT : MEKTPOHHBIH. -
NmeeTcs neyaTHbINA aHAJIOT.

2. KpsuioBa, C. A. BBeneHue B aHaU3 U CUHTE3 XMMHUKO-TEXHOJOTHYECKHX CUCTEM :
yuebnoe nocobue / C. A. KpsutoBa ; MI'TY. - Marauroropck : MI'TVY, 2016. - 1 31eKTpoH. OmT.
JINCK (CD-ROM). - 3ari. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/113146
4/25.pdf&view=true (mara oopamenus: 04.10.2019). - MakpooOBeKT. - TEKCT : JIeKTPOHHBIN. -
Cseaenus noctymnnsl Takxke Ha CD-ROM.

3. Kpeutosa, C. A. O6mias xumudeckas TexHojorus : yaueoHnoe nmocooue / C. A. Kpbiiosa,
P. H. A6apaxmanos, 1. B. Ilonypko ; MI'TY. - Maruutoropck : MI'TVY, 2017. - 1 a3nexTpoH. onrt.
JINCK (CD-ROM). - 3ari. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/113909
8/26.pdf&view=true (mara obpamienus: 04.10.2019). - MakpooObeKT. - TeKCT : AIMEKTPOHHBIH. -
Crenenus noctvitHk Takxke Ha CND-ROM.

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypcebi:

IIporpammHoe o0ecnieueHue

Haumenosanue [10 Ne morosopa Cpoxk neiicTBuUS JTULIEH3UU
7Zip CBOOOHO PAaCIPOCTPAHSIEMOE 6eccpoUHO
Linux Calculate CBOOOJHO PacIpOCTPaHIEMOE 0ECCPOYHO

IIpodeccnonanbubie 0a3bl JAHHBIX U HHPOPMAIMOHHBIE CIIPABOYHbIE CUCTEMbI
HasBanue xypca Cchplika
DOnekTpoHHas 0aza mepuoauyeckux u3ganuii East
View Information Services, OO0 «MUBHUC»

HanumonaneHass  nH(OpMalMOHHO-aHAIUTHYECKAS

https://dlib.eastview.com/

cucreMa — Poccuiickuii  wHaekc Hayunoro|URL: https://elibrary.ru/project risc.asp
nutuposanus (PHIL)
[TouckoBast cucrema Axkamemus Google (Google

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

HNudopmanmonnas cuctema - EquHoe okHO 1ocTtyna
K HH()OPMAIMOHHEIM Pecypcam
9 MaTepuaibHO-TeXHHYECKOE o0ecnevyeHne TUCIUILTHHBI (MOIYJIs1)

URL: http://window.edu.ru/

MatepuraabHO-TeXHUYECKOE 00ecreYeHNe IUCIUIUIMHBI BKIIOYAET:

VY4eOHble ayIUTOpUU IS MIPOBEIEHUS 3aHATUHN JIEKIIMOHHOTO Tuna (MyiabTUMeIUiHbIE
CpEJICTBA XpaHEHUs, IepelayM U NpeAcTaBIeHU HH(OpMALIUN)

VYyeOnass ayautopust [Uisl TmpoBeneHus mnpaktuueckux 3aHsatuii (IlepconanmbHbie
koMIbioTepsl ¢ maketoM MS Office, Bri-xomom B MHTEpHET U C JOCTYNOM B 3JIEKTPOHHYIO
UH(POPMAaLIMOHHO-00pa30BaTENbHYIO CPEly YHUBEPCUTETA)

VYyeOHBIC ayIUTOPUU I TPYNIOBBIX W WHAWUBUIYATbHBIX KOHCYJIBTAIlMN, TEKYIIETO
KOHTPOJISI ¥ TPOMEXKYTOUHOH aTrTectanuu ([{ocka, yaeOHbIE CTOMBI, CTYIIbS)

[lomemenuss g XpaHeHUss U OPOQUIAKTHYECKOro OOCTYXHBaHUS  y4yeOHOro
o0opymoBaHusl (CTeITaXKd JUIsl XpaHEHHUs OOOpYIOBaHMs, METOAMYECKas IuTepatypa Ais
VueOHBIX 3aHITHIA)

IIpuioxennel

6 YueOHO-MeTOAUYEeCKOE 00ecTieyeHHe CAMOCTOATEIbHOMH PadoThl 00yYar0 X CS

[To muctmmunae «IlmanupoBanue SKCIEPUMEHTA U MOJICTTUPOBAHNE XUMHKO-TEXHOJIOTHYECKUX
MIPOLIECCOBY MPEYCMOTPEHA ayIUTOPHAsl U BHEAYTUTOpHAs paboTa 00ydaromuxcs.



AynuropHas pa0oTa CTy/I€HTOB MPEIoJaraeT peleHue 3a1a4y Ha MPaKTUYECKUX 3aHATHSX.

AynutopHblie pabotsl. biok Ne (BJI):

BJI Nel «O6mmue Bonpockl MOAETUPOBAHUS

Nel. CocTaBuTh O6J0K-CXEMY Uil BBIYMCICHHUS CYMMBI KBaAPATOB MEPBBIX N UHCENl HATYPAIBHOTO
psna.

Ne2. CocraButh 0J0K-cxXeMy Ui perieHus 3aaaun. KakoBo Bpems maieHus Tela, €CIIU N3BECTHBI
BBICOTA, YCKOpEHHUE, HauaabHas cKopocTh. [IpuMeuanue: npeaycMoTpeTh KOPPEKTHYIO
00paboTKy BCceX BO3MOKHBIX CIy4aeB: pelIeHHE He UMEEeT KOPHEHl; OJI1H, 1Ba KOPHS; 3a/1a4ya He
uMeeT PU3NYECKOro CMBICTA.

BJI No2 «Ananutudeckuii moaxon Kk MojenupoBanuio XTIy

Nel. Paccuntarh HOHHO-MOJIEKYISApHBINA cocTaB B pucyTcTBuU KCN, pacTBOpEHHOTO B
konnuectBe C=10-5 monb / 1. 3agarbes 3HaueHusimu pH B untepane 0-14 u yncaeHHO
paccuuTaTh HOHHO-MOJIEKYJISIPHBIN COCTaB IaHHOM cucTeMbl. Pe3ynbTaThl mpecTaBUTh
rpaduvecky B ”HPOPMATUBHOM BHUI€ (MCITOIB30BATh JOTaPU(PMHUECKYIO IIKATY BEIXOJIHOTO
napamerpa). Bece pacu€rsl npousBecTy B TaOJIMYHOM IPOLIECCOPE.

Ne2. PaccuntaTh HOHHO-MOJIEKYISPHBINA COCTAB PAacTBOPA B MPUCYTCTBUU PACTBOPEHHOM
YIJIIEKUCIIOTHI BO3lyXa. 3anaThest 3HaueHusMu pH B untepBaie 0-14 1 ynciieHHO paccunuTaTh
MOHHO-MOJIEKYJISIPHBINA COCTaB TaHHOW CHCTEMBI. Pe3ynbTaThl IpeacTaBuTh rpaduyecku B
UH(OPMATHBHOM BHJIE (MCIIOIB30BATH JIOTAPHU(PMHUICCKYIO IIKAITY BBIXOJIHOTO TapaMeTpa). Bee
pacuéThl MPOU3BECTH B TAOIMYHOM IIPOLIECCOPE.

Ne3. 3nauenue pH pactBopa perynupyercst i3MEHEHHEM KOHIICHTPalluu cobl. PaccunTarhb
koHUeHTpanuio [CO3-] noHOB B pacTBOpE, C YU4ETOM PaCTBOPEHHOM YIIIEKUCIIOTHI BO3AyXa.
3anatecs 3HaueHusiMu pH B uHTepBane 0-14 1 yuciIeHHO paccUUTaTh HOHHO-MOJIEKYJISPHBIN
COCTaB JJaHHOM cucTeMbl. Pe3ynbTaThl npeacTaBuTh rpaduyeck B ”HGOPMATUBHOM BUJIE
(McnoIB30BaTh JOrapu(pMUUYECKYIO KAy BBIXOJIHOTO apamerpa). Bee pacuérsl mpoussectu B
TaOJIIMYHOM TIPOLIECCOPE.

Ned. TIpu xaxom 3HaueHuu pH nocturaercs npakTuuecku nonHoe ocaxaenue MnS (ITPMnS =
2.5*10-10), coneprkamierocs B pactBope B konuyectse 0,005 monb, npu ynotpednenun 50 %
n30bITKa ocaauTens. Pacuér mpousBecTH Ha 1 11 uccinenyemoro pactsopa. Bee unciennsie
pacy€Thbl MPOU3BECTH B TAOIUYHOM IPOLIECCOPE, AHATUTUYECKHUE 3aITUCH NIPEJOCTABUTh B
OymakHOM BuJie. M3 KaknX COOOpaKeHUI HaXOIUTCs KOHIIEHTpaIus Mapranna [Mn2+], u Mexmay
KaKUMH XUMUYECKMMH (OpMaMH OCYIIECTBIISIETCS MaTEpUaIbHBINA OallaHC IO cepe N30bITOYHON
KOHIIEHTPAlUHA OCATUTEIIS?

No5. Tlpumep 5. Paccunrtarh paBHOBECHBIN COCTAB Ta30BOM (pa3bl 1Jisi yCTAHOBUBIIETOCS
TEP-MOJIMHAMHYECKOTO PAaBHOBECHS TTOJIYISHUS BOASHOTO T'a3a MO PEaKIIHsIM:

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

CO+H20C>C02 +H2 (2)



B maHHOM 3a/1aHMH JTOCTATOYHO OTPAHUIHUTHCS BHIBOJIOM KyOHMUYECKOTO YPaBHEHHUSI OTHOCHUTEIBHO
pCO.

No6. OnieHUTH ¢ PUBHKO-XUMHYECKOU TOYKH 3pEHUs, TIPH KakoM 3HaueHuH pH nmpoucxoaut
nepexonx PbSO4 B Pb(OH)2. M3menenne pH npoucxoaut 3a cuét NaOH.

B cucreme npeamnojgaracTcsa MpoOTCKaHue CICAYIOIMUX XUMHUYCCKUX peaKHHﬁZ

PbSO, < Pb*,, +S0,” sy

(1)
Pb(OH), < Pb*,, +20H ,, @)
Pb(OH), < H',, +HPbO, 5y 3)

Pb(OH)"p-p <> Pb**pp + OH pp )
HSO, »» < H',p +SO,” p (5)
H,0&H +OH ¢

ypaBHeHI/Ie MaTCpruaJIbHOIO OaaHca:

[Na*]<>[OH ]+[PbOH)'] (7

YpaBHEHHE dIEKTPOHENTPATILHOCTH:
[Na®]+2*[Pb* ]+[Pb(OH)" ]+[H" ] < 2 *[SO42_] +[HSO, ]+[HPbO, ]+[OH ]

HpI/IMe‘{aHI/ICZ IIpU pCHICHUH 3a1a4Un HeO6XO,I[I/IMO M0 UMCHOINUMCA YPABHCHUAM COCTABUTDH
CUCTEMY HEJIUHEWHBIX ypaBHeHHfI, 13 He€ BBIBECTH YpaBHCHUC!

2K, *K, K [H ] +K, * K, *K  (2*K, +K, *K ) *[H' ] -
-K, *sz(Kl *sz +K, *K *K ) *[H"]-2*K, *K, *K >kKw4 =0

13 cripaBOYHBIX JaHHBIX HEOOXOMMO ONPEeNINTh KOHCTaHThl XuMuieckux peakuit K1 — K6
COOTBETCTBYIOIIMX peakiuii (1)-(6).

N3 mpakTH4ecKux cooOpaKeHN YCTAaHOBUTH, C KAKOW TOYHOCTHIO HEOOXOUMO BBIUUCIISATH
3HaueHue pH.

Henunelinoe ypaBHeHHE HEOOXOIUMO PEIIUTh YETHIPbMS METO/IaMU: TpaduyecKuM,
MOJIOBUHHOTO Jenenus, HptoToHa, xopa. Cnenars BbIBOJ 0 OBICTPOTE CXOAMMOCTH KaX10TO U3
METOJIOB IPH 33/1aHHOIN TOYHOCTH MOJIy4aeMOTr0 Pe3yJibTaTa, a TAKXKe MPUTOAHOCTH JUIsl peIlieHus
3a1a4i (PU3UKO-XUMUYECKOTO MOIETUPOBAHUSI.

PaccMoTpeTh 3BpUCTHUECKHI METO/I, OCHOBAaHHBIN Ha criel(UKe perraeMoi 3a7auu, petieHus
CHUCTEMBI HEJINHEVHBIX YPAaBHEHHM.



Bce BbIuncienust mpou3BECTH B TAOIMYHOM MPOLIECCOPE.

No7. TTonb3ysack pe3ynbTatamu 3a1a4n No6 UCKIIFOUUTh U3 CUCTEMbI HEIMHEHHBIX YPAaBHEHUN
ypaBHeHue (3). PemnTes Noay4eHHYI0 CUCTEMY YPaBHEHUN 3BPUCTUYECKUM MeTojoM. Crenarthb
BBIBO/JI O BJIMSIHUYU ypaBHEHUS (3) Ha MOJEIMPYEMYIO CUCTEMY U UTOroBOE 3HaueHue pH.

No8. TTonb3ysack pe3ynbratamu 3a1a4n No6 UCKIIFOUUTh U3 CUCTEMbI HEJIMHEHHBIX YPaBHEHUN
ypaBHenue (3) u (5). Pemuth nony4eHHyI0 CUCTEMY ypaBHEHUI 3BPUCTUYECKHM METO/IOM.
Crenatb BbIBOJ O BIMAHUU ypaBHEeHUS (3) u (5) HA MOJEINPYEMYIO CUCTEMY U UTOIOBOE
3Ha4yeHue pH.

No9. TTonb3ysack pe3ynbratamu 3a1a4n No6 UCKIIFOUUTh U3 CUCTEMbI HEIMHEHHBIX YPAaBHEHUI
ypaBHenue (1), (3), (5). Pemts noqydeHHYIO CUCTEMY YPaBHEHHUH 3BPUCTHUYECKUM METOJIOM.
Crenatb BbIBOJ O BIMSIHMM ypaBHeHUs (1) Ha MOJEIMpyeMyI0 CUCTEMY U UTOr0BOE 3HaueHue pH.

Nel0. Peuuts HenuHelHOE ypaBHEHUE U3 33[1a4H (6) C OMOIIBI0 BCTPOCHHBIX (QYHKIUH
cnenuanu3upoBanHoi mporpaMmMbel MathCad. CpaBHUTB MTOSTydeHHOE 3HAYCHHE C YKE
MOJIyYE€HHBIMH.

Nell. Pemuth cucteMy HEJIMHEHMHBIX YpaBHEHHM U3 3a/1a4u (6) C MOMOIIBIO BCTPOSHHBIX
¢ynkunii cienuanuzupoBanHoi mporpamMbl MathCad. CpaBHUTB MTOSTydeHHOE 3HAYCHHE C YKE
MOJIyYE€HHBIMH.

Nel2. Vicxons u3 MOHATHSI TUHEHHAS 3aBUCUMOCTE/HE3aBUCUMOCTh XUMHYECKUX PEaKIUH, C
MOMOIIBIO0 BCTPOCHHBIX MaTeMaTndeckux ¢pyHkuuit MathCad amnst cuctemsl peakiuii

C+H,0<CO+H, (1)
CO + HZO = C02 +H2 (2)
2*CO <= C+CO, 3)
C+2*H,0< CO, +2*H, &)
Onpenenuts KOJIMYECTBO JIMHENHO-HE3aBUCUMBIX XUMUUECKHUX peakiuid. YTo 3TO 03Ha4aer ¢
TOYKH 3PEHUSI MaTEMaTHUECKOTO ONHUCAHUS JAHHON CUCTEMBI pEaKLIUH.
Nel3. Ins HeoOpaTuMOii peakuy NepBoro mopsiaKa:

A——B

CocraButh nuddepeHnmanbHoe ypaBHEHHE CKOPOCTH U3MEHEHHUS KOHIIeHTpanuu A. Pemuth
norydeHHoe nuddepeHanibHoe ypaBHEHUE METOIOM Ditsiepa, MOIU(PUITIPOBAHHBIM METOOM
Oitnepa, Pynre-Kyrra. Cnenats BBIBOJ 0 TOUHOCTH KaX0TO U3 METO/I0B B CPABHEHHUH JPYT C
apyrom. [ns pacuéra npuHATH CleAYIOIINE 3HAUCHUS] HEM3BECTHBIX TapaAMETPOB:

CO0A= 0,7 mons/m; k1=0,001 1/c; h=0,1 (mwar uHTErpUpPOBAHUS).

Nel4. JIns nocnenoBaTenbHOM cxeMbl HEOOPAaTUMBIX XUMUYECKHUX PEAKIIUIA MepBOro nopsiaka: A



A——>B—-C

CocraBuTth cucteMy nuddepeHInalbHbIX YpaBHEHUH U PEIIUTh €€ ¢ MOMOIIBI0 MeTo1a Diliepa,
MoaudurpoBanHoro Dinepa, Pynre-Kyrra 4-oro nopsiaka. CaenaTs BEIBOJ O TOUHOCTH
II0JIy4ae€MOI0 PEIICHUs, CPABHUBAsI METOAbI MEXy cOO0M. [{1s1 pacu€Ta NpUHATH CIEAYIOLINE
3HAUEHUS1 HEU3BECTHBIX apaMETPOB:

CO0A= 0,5 momaw/m; COB= COC=0 mons/m; k1=0,05 1/c; k2=0,07 1/c; h=0,1 (mar
HUHTErpPUPOBAHUS).

BJI No3 «3DkcrniepuMeHTaIbHbINA MOIX01)

Nel5. C nagéxuoctsio P = 0,95 obecnieunth 0JTHOPOIHOCTH IPEJICTABICHHBIX B TA0IMIIE JAHHBIX,
UCKJIIOUMB TpyObI€ OILINOKH.

K 1 2 3 4 5 6 7 8

Yk o 54 53 54 30 46 52 55 54
Ay % 4,2 3,2 4,2 -19,8 -3.8 2,2 5,2 4,2
Ayk2,% 18 10 18 392 14 4,8 27 18

Penrenue naHHOM 3a1a4n OCYIIECTBUTh HA OCHOBE JIBYX METOJIOB: TIPaBUiIa 26 U KPUTEPHUs
MaKCHUMAaJIbHOTO OTKJIOHEHHUSI . Pac4éThl BBIMOIHUTE C UCTIOJIH30BAHUEM TAOJIUIHOTO
nporeccopa.

Nel6. C noMombto aHanu3a 0JTHOPOAHOCTH CPENAHUX. JlaTh 3aKI0OUEHNE O BO3MOKHOCTH
npeumyuiectsa (P = 0,95) ognoro annapara nepes Apyrum Mo Mpou3BOAUTEIBHOCTH.

Yink 1 2 3 4 5 6 7 8 9 10 z

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

Vi 193 192 189 194 195 192 194 198 196 195 1933

Pac4€Tbl BBIMOJIHUTG € UCIOIB30BAaHUEM TaOIMYHOTO MIPOLIECCOpa.

Nel7. JInst nmpoBepku npaBUIbLHOCTH BoJibTamnepomeTpudeckoit (BA) metoauku onpeneneHus
kaamusi Cd ucnosib30Basid aTOMHO-a0copOIIMOHHYI0 (AA) METOIUKY, HE COIEPIKAIIYIO
cucTeMaTuyeckoil norpemHocTy. [Ipu aHanuze 0HOTO U TOTO ke 00bEKTa MOTYyUEHBI
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

COI[Cp)KI/IT JIX BOJIbTaMIICPOMETPHUUCCKAA METOANKA CUCTEMATHUYCCKYIO HOFpCH_IHOCTB?

Pacu€Thl BRIMOTHUTE C UCTIOJIB30BAaHUEM TAOJIMYHOTO IIpolieccopa 6€3 UCIOJIb30BaHUS
CIielIMaIbHON HAJICTPOUKH.

Nel8. Pemuth 3amauy Nel7 ucnomnb3yst HACTPOUKY TaOJIMYHOTO MPOIEccopa.

Nel9. Ucnionb3ys TpH pa3iMuHbIX TEHEPUPYIOLIUX COOTHOIICHHS], COCTABUTD IJIAHBI
skcnepuMerToB JIPD25-2. 3anucatk hopmyssl A1 pacuéra KodhGHUIIMEHTOB JTHHEHHON MOJICIH.

Ne20. Ha ocHOBe TaTHHCKHX KBaJPATOB COCTABHUTDH MATHYPOBHEBBIH IIaH MATU(PAKTOPHOTO
HKCIIEPUMEHTA JIJIsl UCCIIEIOBAHUS Tpoliecca HH(PPAKPACHOH CYIIKH I'PaHYIMPOBAHHBIX
MaTepHaJIoB B BaKyyMe IIPU UMITYJIbCHOM 3Hepronoasoze. Ilonyunts MmaremMaTHuecKkyro B BUje
CYMMBI HEJIMHEHHBIX (YHKIMN 1 HAUTH ONTUMAJIbHBIE 3HAUEHUS PEXKUMHBIX I1apaMeTpOB
npoliecca: IIIOTHOCTH TEIIOBOro MOTOKA Ha MoBepXHocTH ciosd Matepuana Cl (B1/cm2),
tonuuHa cios npoaykra CII (mm), nnamerpa rpanyn CIII (mm), Benuuuns pazpsoxerus CIV (Mm.
pT.cT.) 1 ckBaxxHOCTH UMITysbea CV (%,0THOIIeHHnEe BpeMeH! paboThl HHYPAKpaCHON CYIIMIIKH K
o0mieMy BpeMeHHU peObIBaHMs B CYyIIHIIbHOW Kamepe). Beixomom mporecca y (py0/T) nim
KPUTEPHEM ONTUMAILHOCTH MPUHSATA BEIMYMHA TIPUBEAEHHBIX JI0OXOJI0B C YIETOM
IPOU3BOIUTENFHOCTH YCTAHOBKH U IOTPEOIIIEMOI MOIITHOCTH.

YpoBHH 1 2 3 4 5

CI (Bt/em2) | 0,50 0,75 1,00 1,25 1,50

CII (mm) 5 10 15 20 25

CIII (Mm) 2 3 4 5 6

CIV (mm. 0 150 300 450 600

pT.CT.)

[\ 0,2 0,4 0,6 0,8 1,0

x(0e3pazm.) -2 -1 0 1 2

u [Tnan ; u [Tnan ; u [Tnan ; u [Tnan ;
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 «KoMOMHUPOBAHHBIHN MOIX01»

Ne 21. ITo manabiM paboTsl [Kokc u xumus. 1978. Ne 8. C.12—-14] va ocroe [1D3 24 paccunrarhb
3HaueHUs KOAPPUIINCHTOB JTMHCWHON MOJIENN JJIs TPOTHO3MPOBAHUS IMOKA3aTele KauecTBa
Kokca M25 u M10, cpaBHUTB UX C MPETIOKEHHBIMUA B CAMOM Hay4HOU CTaThe.

Yka3zaHue K BBIIOJHEHUIO 3aanus: Ha aucte TI1 B muHpopMaTuBHOM BUE CO3/1aTh TaOJIUILYy
I1aHupoBaHus dkcriepumenTta [1PD 24, BBecTu cpeHue 3HaUE€HUS ITOKa3aTesel KayecTBa Kokca
M25 u M10 u paccuntath KO3hOUIIMEHTHI TUHESHHON MOJIEITH.

CopepxaHue MPaKTUYECKOr0 pa3zesia AUCIUIIINHbBI

1) ANTOpUTM pEeLlIeHUs] HEIMHEHHOTO0 YPaBHEHUSI METO/I0M XOPJI;

2) ANropuTM peleHHs HeJIMHEHHOTo ypaBHeHs: MeTo oM HbloToHa;

3) AJNTOPUTM pelIeHUus] HEITWHEWHOTO YpaBHEHUS METOJIOM JEeJCHUs OTpe3Ka
HO-TI0JIaM.

4) Hcnonp3oBanne makera npukiaaHeix mnporpaMm MathCad s pemenus
HEJIMHEHHBIX YPaBHEHU;

5) Anroputwm pemenus qudQepeHInaIbHbIX YPaBHEHUH METOIOM Diijiepa.

6) Anroput™m pemieHus JudQepeHIMaIbHbIX YpaBHEHUH MOIU(PUIHPOBAHHBIM
MeToI0M Ditniepa.

7) Anroput™m pemenus aud¢epeHIranbHbIX ypaBHeHH Meronom Pynre-Kyra
4eTBEPTOro NOPSAKA.

8) Hcnonb3oBanue makera npukiaaaHeix nporpamMm MathCad s pemenus
nudepeHIaIbHBIX YPaBHEHUI;

9) Pemenne cucrem nuddepeHIManbHBIX  ypaBHEHMH  MeTogoM  Diiiepa,

MoAUUIIMPOBAHHBIM METOIOM Diinepa, Pynre-Kyra.

10)  Hcnonw3oBaHue makeTa mpukiaaHbix nporpamMm MathCad nnst pemenus cucrem
mubdepeHIMaNbHbIX YpaBHEHUH.

11)  IIpakTHueckuil aHaIN3 CYIIECTBYIOIMX Mojenel B 00JacTu npodeccuoHaIbHON
KOMIIETEHIIMH (IPOrHO3UPOBaHME MTOKazaresel kauectBa kokca M25 u M10) B nakere MathCad.

12)  Hcnonw3oBaHue BCTPOSHHOMN HAJCTPOMKHM TaOIMYHOTO MpoLeccopa Ui pelieHus
3aJ1a4 MaTeMaTHYeCKOIro MPOrpaMMUPOBAHHUS.

13)  HUcnonw3oBanue mporpamMmbel MathCad nanst pemeHus 3ajad MaTeMaTH4ecKOro
IPOTPaMMHUPOBAHHUSL.

ITepeuenb BOIPOCOB K IK3aMEHY

O0111e BOPOChl MOJICTMPOBAHUS:




1. OO6mee mnpencraBaeHHe O Mojeaud. MareMaTHUeCKUe MOJENu: OIpeesIeHuE,
JIOCTOMHCTBA M HEAOCTATKH, IO CPABHEHHUIO C JPYrMMHU (OpMaMy HPEICTABICHHUS MOJEINH.
[Tonsitne «monenupoBanuey. Kinaccupukaius MareMaTn4eckKux MOJETICH;

2. CylIHOCTb AHAJIUTUYECKOTO IIOAXOJAa K MaTeMaTU4eCKOMY MOJCINPOBAHHUIO.
Mopemuposanue XTII npu aHaIUTUYECKOM MOIXOJE;

3. CymHOCTb 3KCIIEPUMEHTAIBHOIO ITOAX0/1a K MaTEMaTHYECKOMY MOJEINPOBAHUIO;

4. CymHoCTb KOMOMHUPOBAHHOTO IMOAX0/1a K MATEMATHYECKOMY MOJICITMPOBAHHIO;

5. TpuenuHCTBO IpU ONMCAHUU OOBEKTa MOJENUpOBaHUS. TpeOoBaHUSA K KaKIOH W3
COCTaBHOM YacCTH MPH ONHUCAHUH OOBEKTA,

6. OCHOBHBIE ATaIbl MOJIEIUPOBAHUS (C NOACHAIOLUIMMU IIPUMEPAMH).

AHanuTHYECKN! NOAX0/ K CO3/IaHUI0 MaTEMaTHUYECKUX MOJIEIICH:

7. VYpaBHEHHE M30TEPMbl XUMHUYECKOW pEaKIUH MPU PA3TUIHOM CIIOCOOE BBIPAKCHHS
KOHLIGHTpauuu. BelpakeHHe ypaBHEHUsT H30TEPMbl XMUMHUYECKOM pEaKIMU B CTaHIAPTHBIX
ycioBusx. CBs3b MEX/1y KOHCTaHTaMH PaBHOBECHS B 3aBUCHMOCTH OT CI10c00a OMMCAHUS COCTaBa
peakuuoHHor cmecu. CooTHomeHus s KoHcTaHT paBHoBecuss KN, Km, Kc B uaeanbHOM
pacTBope;

8. Meron Témkuna-IlIBapimMana pacyéTa KOHCTAHT PAaBHOBECUS XMMUUYECKON pEaKIUu.
IlonsiTHE O JMHEHHOM 3aBUCUMOCTH W HE3aBHUCHMOCTH YPaBHEHHUHW XHMMUYECKUX DPEAKLUN.
OcHoBHBIE CIIOCOOBI OTpeIeIeHHs] TUHEHHO He3aBUCUMBIX YPAaBHEHUN XUMUYECKUX PEaKLnit;

9. B03MOXHOCTH MOAENUPOBAaHUS IPU TEPMOJNHAMUYECKOM HOJIXOJE K ONPEIEICHUIO
PAaBHOBECHBIX 3HAYEHUM Yy4YaCTBYIOIIMX B XUMHUYECKMX peakuusx BemecTtB. (OCHOBHbIE
JIOCTOMHCTBA U HEJOCTAaTKU IIPU TEPMOAUHAMUYECKOM MOJIXOE.

10. OcHoBHbIE MOHATHS U onpeeneHus GopManbHOH KUHETUKH: CKOPOCTh XUMUYECKON
peakuuu, crnocoObl €€ BBIPAKEHMSI, MOJIEKYJISPHOCTb PEaKUUH, MOPSAOK peaKluu, YaCTHBIH
MOPSAOK pEaKIMH, IOCTyJNaT XUMHYecKoW KuHeTuku (ypaBHeHue ['ynpnbGepra u Baare),
KOHCTaHTa CKOPOCTH XUMHUYECKOW peakiuu (mpaswio Baut-I'odda, ypaBHeHue Appennyca);

11. CkopocTh HEOOPAaTUMBIX pEaKIUil MEepBOro, BTOPOro, n-oro mnopsankos. OOparumas
peakuus NepBoro MopsIKa;

12. OOpatumas peakuuss BTOPOro MOpsjKka (pa3oOpaTh TOJNBKO YacTHBIA Ciydaid:
OTCYTCTBHE B HayaJlbHbIii MOMEHT BPEMEHHU IMPOJIYKTOB pPEaKIIUM, HadaJIbHbIE KOHIIEHTpALUU
pearupyonux BeecTB paBHbl MeXy coboit). [lapannenbHble peakuuu;

13. TlocnenoBarenbHble peaklMK IEPBOTO NOPsAKa (11 TPEX XUMUYECKUX COEIMHEHUH).
Pa3zo0patb pa3nuyHble Cilydyal COOTHOIIEHUS MEXy COOON KOHCTAaHT XMMUYECKHX PeaKLuii;

14. OOmiee ypaBHEHHE TUHAMUKH U CKOPOCTH XMMHYECKOM pEakKIlMH, MPOTEKaromeld B
IOTOKE B pEXHUME HACATbHOr0 BbITecHeHMs. HeoOparumas peakius HEepBOro M BTOPOTO
MOPSAIKOB, MPOTEKAIOIINX B TOTOKE B PEKUME H/1€aJIbHOTO BHITECHEHMUS.

15. OOpatumas peakuusi HEPBOrO M BTOPOrO MOPSJIKOB, MPOTEKAONIIUX B IMOTOKE B
pexuMe ujeanbHoro BeiTecHeHus. [locnenoBarenbHas peakiiys NEpBOro NopsaKa, MpoTeKaroIas
B [IOTOKE B PEKHUME UICATBHOTO BHITECHEHMS.

16. KuHeTnka TOMOTE€HHBIX pEaKIHUi, MPOTEKAIUX B PEXKHUME HACATHLHOTO
nepeMeINBaHus.

OKCHEpUMEHTAJIBHBIN MOAXO0/ K CO3JaHUI0 MAaTEMAaTUYECKUX MOJEIEH:

17. Craructudeckue METObI aHAJIN3a SKCIIEPUMEHTAIILHBIX JaHHBIX: OLIEHKA HCTUHHOTO
3HAYEHUS M3MepsAEeMOl BETUYMHBI M €€ JUCHEepCHUHU; OIpeAesieHue TIpyObIX OIINOOK;
CPEIHEB3BEILICHHBIE OLICHKU TUCIIEPCUU; aHAIN3 OJHOPOJHOCTH UCXOIHBIX OLEHOK JUCIIEPCHUM.

18. OmnpeneneHue NOBEPUTEIHLHON ONIMOKK IKCIIEPUMEHTATBHON OIEHKH H3MEPSIEMOTO
napamerpa. OnpeeneHne yucia mnoBTOPHOCTEN ONbITa, 00ECIIEYMBAIOIIETO MTOTyYSHHE 3a1aHHON
JIOBEpUTENbHON OLIMOKHM OLEHKU olpezaensieMoro napamerpa. [IpoBepka HOpMaTbHOCTH 3aKOHA
pacpeneneHus.

19. Meton HauMmeHbIIMX KBaapaToB. CyYIIHOCTh IJIAHUPOBAHUS HKCIIEPUMEHTa B
CPaBHEHHUHM C HEINOCPEACTBCHHBIM IIPUMEHEHMEM METOJA HAMMEHBUIMX  KBaJpaToB.
CHUMMeTpHUYHBII U paBHOMEPHBIH IJ1aH 0/1HO(GaKTOPHOT O KcriepruMenTa [IpoBepka aekBaTHOCTH



IIOJIyUEHHOI0 YpaBHEHMS M €ro HCIOJb30BAaHUE IJs ONTUMHM3auMU mpouecca. llomyuenue
SKCIOHEHINAIbHOM 3aBUCMOCTH 1O pe3ybTaTaM OAHO()AKTOPHBIX SKCIIEPUMEHTOB.

20. Meron HaMMEHBUIMX KBaJpaTOB IMpH 00pabOTKe pe3yabTaToB MHOTO(AKTOPHOTO
JKCcTepuMeHTa. JIByX ypOBHEBBIH IIJ1aH MOTHOTO (hakTopHOTO 3KcnepumeHTa [1dD2n. YpaBHeHus,
MoJiy4aeMble 10 pe3yJibTataM peanu3aiuu mianoB [1OD2n. CtaTucTuueckuil aHanm3 3HAYUMMOCTH
OLICHOK K03 (UILIMEHTOB YpaBHEHHUS], €ro aIeKBaTHOCTU U pabOTOCIIOCOOHOCTH.

21. dpoGublii pakTopHbli skcriepuMeHT JDPI2n-n'. [InanupoBanue 3KCiepuMeHTa MPH
M3MEHAIOIIEMCS. BO BPEMEHHU BJIMSHUHM Ha Mpolecc Hey4YTEHHbIX (hakTopoB. Mcmonb3oBanue
wiaHoB [1®O2n JIPI32n-n' 11 noaydyeHUs: ypaBHEHUs IIpoliecca B BUJE AKCIOHEHIMAIbHOU
3aBUCUMOCTH.

22. MHOroypoBHEBbIE MHOTO()AaKTOPHBIE IUIAHBI, MCIOJIB3YIOIINE CBOHCTBA JATUHCKUX
kBaaparoB. [loctpoenne minanoB. [lonyyeHue u UCHONIb30BaHUE ISl ONTUMU3ALUN YPABHEHUN
Pa3IMYHOUN CTPYKTYPHI.

23. [lpumeHeHHe METOAOB MPUOIMKEHHBIX BBIYUCICHUN Mpu 00paboOTKe pe3ysbTaToB
IKCIEPUMEHTOB. OIEHKM TOYHOCTU H3MEPEHUM M NpuONMXKEHHBIX BblUMCIeHUH. OrneHka
TOYHOCTH OKOHYATEIbHOIO pe3yibTaTa. [IpakTuueckoe BEIUMCIEHHE OINOOK.

YuciieHHbIE METO/IbI PELICHUS 3a7a4, BOSHUKAIOIINUX IPU MOJEIUPOBAHHH:

24. PemeHue HETMHEHHOIO ypaBHEHUS METOJIOM JIEIIEHUSI OTPE3Ka IOIO0JIaM;

25. PemieHue HelMMHEHHOro ypaBHEeHUs MeTo10M HploTOHA;

26. PenieHue HEIMHEHMHOTO YpaBHEHHUS METOIOM XOP/I;

27. Pemenue nuddepeHunanbHoOro ypaBHeHus MeroioM Dinelipa. MoaupuiupoBaHHbIH
metox Ditnepa. AnanTanus MeToaa Diiiepa Ha ciaydaid cucteM qudepeHIualIbHBIX YpaBHEHUI.
OcobenHocTH penieHus cucrteM nuddepeHanbHbIX ypaBHeHUH npyu MoaenupoBanuu X T11;

28. Pemenne muddepenumansHoro ypaBHeHusi MetogoM Pynre-Kyra uerBéproro
nopsiaka. Ananranus merona Pynre-Kyra Ha ciyuail cucrem nud¢epeHuuanbHbIX ypaBHEHHH.
OcobeHHoCTH penieHus cucteM TuddepeHHaTbHbBIX YpaBHEHHI Ipy MoaenupoBannu X 111



Ilpunoscenue 2

7 OueHoYHbIE CPeCTBA /ISl MPOBeIeHH s POMEKYTOYHOM aTTeCTAMHU

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

HpOMe)RyTO‘lHOﬁ aTrecranmum:

Kon
HWHIUKaTOpa

Nuaukatop JOCTHKEHUSI KOMIIETEHIUA

OneHouyHble CpeaCcTBa

OIIK-2: CniocobeH ucroib30BaTh MaTeMaTHYECKUe, PU3NIecKue, (PU3NKO-XUMUYECKUE,
XUMHYECKHE METOJIBI JUISl PEIICHHUS 3a/1a4 MPO(PeCCHOHAIBHOMN eATeIbHOCTH

Ucnone3yet
¢dusnueckue,

OIIK-2.1:

XUMHYECKHE METOJIbI JUTsl PEIICHUS 3a1a4
poeCCHOHAIBHON e TEIHbHOCTH

MaTeMaTH4ecKue,
(U3NKO-XUMHUECKHE,

1.

O6miee mpeacraBieHUE O
MOJEIH. Maremarnueckue
MOJIEJIH: ompeecHue,

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




OIIK-2.2:

Bri6upaer MaTeMaTHYeCKHeE,
¢dusnueckue, (U3NKO-XUMHUECKHE,
XUMHYECKHE METOJIbI TSl PEIICHUS 3a1a4
po(ecCHOHATILHOM JIeATEIIBHOCTH

PaccuuTaTh  MOHHO-MOJICKYJISIPHBIM]
cocraB B  npucyrctBun  KCN,
[PACTBOPEHHOTO B KOJMYECTBE C=10"
MoJIb / 1. 3ajatbes 3HaueHusMu pH B
marepBaie  0-14 w  4MCIEHHO
pacCcuuTaTh ~ MOHHO-MOJIEKYJISIPHBIN
COCTaB IaHHOW cuCTeMBbl. Pe3ynbraThl

[IpE/ICTaBUTh rpaduvecku B
H(OPMaTHBHOM BHJIE (MCIIOJIB30BATH
orapupMHUIECKyIO LIKaILY|
BBIXOAHOTO TapameTpa). Bee pacuérsl
[IPOU3BECTU B Ta0JIMIHOM
[poreccope.

Pemienue G hepeHIHaTBEHOTO
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 OCYIIECTBIATh OSKCIEPUMEHTAIbHBIE HUCCICAOBAHUS M HCIBITAaHUS TI0

3aJJaHHOM MCTOJUKEC, ITPOBOJUTH Ha6JHO,Z[CHI/IH U U3MCECPCHHUA C YUCTOM Tpe6OBaHI/II71 TCXHHUKHU

0er0macHOCTU. 00NAOATRIRATE U MHTENTTNETUNORATE AKCITENUMEHTATTRHEIE TAHHKIE




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.  AjanTarwsy
Metona Pynre-Kyra Ha ciydait cucrtem
I epeHIrmaIbHBIX ypaBHEHUH.
OcobenHoctu pelieHus CUCTEM
I epeHIMaIbHBIX  YPAaBHCHUH TpH
MoaenupoBanuu XTI

/11 HeoOpaTUMOM peakiuu TepBOro
mopsiIKa:
A——>B

CocTaBUTH muddepeHraIbHOe
ypaBHEHUE  CKOPOCTH  HW3MEHEHUSs
KOHIIEHTpauuu A. PemmTh nonydeHHoe
g depeHmanpHoe ypaBHEHUE
METOJIOM Ditnepa,
MO U (DUITMPOBAHHBIM METO0M
Diinepa, Pynre-Kyrra. Caenarb BbIBOJ
0 TOYHOCTH Ka)KJIor0 M3 METOJOB B
CpPaBHEHHUH JPYT C APYTOM.:

C’s= 0,7 mons/m; k,=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
n* paccuuTaTh 3HAYCHUS]
KOd(DPUITMEHTOB JUHEHHOW MOJemH
U1 TIPOTHO3MPOBAHUS  ITOKa3aTenei
KaduecTBa Kokca Mys U Mjo, CpaBHUTH|
MX C TPEUVIOKCHHBIMH B  CaMOM
Hay4HOU CTaThe.

[Tpu xakom 3HaueHuu pH nmocturaercs
[IPAKTUYECKH TMOJIHOE ocaxaeHne MnS
(ITPyms = 2.5 *10'10), COJIepKallerocs B
pactBope B konmdectBe 0,005 wmodb,
npu  ynorpebsnenun 50 % u30bITKA
ocaaurens. Pacuér npoussectn Ha 1 1

CCIENYEMOTO pacTBoOpa. Bce
UM CJICHHBIC paCLIéTBI IMPONU3BCCTH B
Ta0JIMYHOM po1ieccope,

QHAJTMTUYECKUE 3aIlMCH TPEIOCTABUTH
B OymaxkHoM Bume. U3  kakux

COOOpaxKeHH HAXOUTCS
KOHIIEHTpalUsl MapraHia [Mn*], u
MEXITY KaKUMH XUMHUYECKHUMH
dhopmamu OCYIIECTBIISACTCS
MaTepuaidbHBI  OalaHc 1O  cepe
M30BITOIHON KOHIICHTPAITUY|

ocaguTens?




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

IIpomexxyTouHass arrecrauus [0 AWCLMIUIMHE BKIIOYAET TEOPETUYECKHUE BOIPOCHI,
MO3BOJISIOIINE OICHUTh YPOBEHb YCBOCHHS 0OYYaIOUIMMUCS 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, KaXkJIblil U3 KOTOPBIX BKJIFOYAET 2 TEOPETUUECKHUX BOIPOCA U OJIHO NMPAKTUYECKOE
3a/laHuE.

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.



