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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CyKaeHa U 0100peHa s peanusamnuu B 2023 - 2024
yueOHOM Toly Ha 3aceaHuu Kageapsl MeTauTypriu U XUMHYECKUX TEXHOJIOTHH

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00CcyxkaeHa u o100peHa i peanusamnuu B 2024 - 2025
yueOHOM rojly Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKUX TEXHOJIOTUH

IIporokomor 20 1. Ne

3aB. kadempoii A.C. iapquKo

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

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2026 - 2027
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTaryprud 1 XAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas nporpamma nepecmotpeHa, o0cyxieHa u ogoopena i peanuszanuu B 2027 - 2028
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 1. Ne

3aB. kadenpoii A.C. XapueHko




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

JucuummHa IInanupoBanue JKCIEPUMEHTA " MOJIETMPOBaHUE
XMUMHKO-TEXHOJIOTMYECKHX TIPOLIECCOB BXOAUT B 00sM3aTeNbyl0 4YacTh y4eOHOro IUIaHa
00pa3oBaTeNbHON IPOrPaMMBI.

Jns  W3ydeHUs  JUCHUIUIMHBL  HEOOXOMUMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(OpMHUPOBAHHBIE B PE3Y/IbTATE U3YUCHHSI AUCLHUILINH/ IPAKTUK:

MaccooOMeHHBIE TPOLECChl XUMUYECKON TEXHOJIOTUN

XUMUYECKUE PEAKTOPBI

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTHUU

TexHnyeckas TepMOJUHAMUKA U TEIIJIOTEXHUKA

dusnyeckas XUMHs

Maremaruka

dusuka

PU3HKO-XMMHYECKUE OCHOBBI METAJLUTYPTUYECKHUX IIPOLIECCOB

[ToaroroBka yrieiu 1uisi KOKCOBaHUS

OCHOBBI TEXHMYECKOI'O TBOPYECTBA

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

VY4ebHo-Hccne0BaTeNIbCcKas paboTa CTyIeHTa

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

3 Komnerenuuu ody4aromerocsi, popMupyemMbie B pe3yibTaTe 0CBOCHUS
AUCHHUILIMHBI (MOYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4eHH s
B pesynbrare ocBoeHMs IUCHMIUIMHBI (Monyns) «llmaHupoBaHue SKCIEpUMEHTa |
MOJICJIUPOBAHME XUMHKO-TEXHOJOTMUECKUX IPOLECCOB» OOydaroluiica IOJDKEeH 001anaTh
CJIEYIOIIMMHU KOMIIETEHIUSIMU:
Kox unaukaropa WNHaukaTop 1OCTUXKEHUSI KOMITETEHIIUI

OIIK-2 CmocobeH wucCHoab30BaTh MaTemMaTHueckue, (uzndeckue, (GU3NKO-XUMUYECKHE,
XUMHYECKHE METOJIbI JIJIS PEIICHUS 33,129 TPO¢heCCHOHATBHOM NeITeIIbHOCTH

OIIK-2.1 Ucnonszyer  maremaruueckuwe,  Quznueckue,  (GU3NKO-XUMHUECKHE,
XUMHYECKHE  METOAbl s  pelleHus 3anad  mnpodeccCHOoHaTbHON
JIeATEIIbHOCTH

OIIK-2.2 BreiOupaer  MaTemaTHueckue, ¢buznueckue, ($U3UKO-XUMHUYECKUE,
XUMHYECKHE  METOAbl I pelleHus 3a1ad  mnpodecCHOHaTbHON
JIeATEIIbHOCTH

OIIK-5 CnocobeH oOCylIeCTBIATh SKCHEPUMEHTAIbHBIE MCCIEI0BAaHUS M HCIBITAHUA IO
3a/IaHHOM METOJMKE, MPOBOANTH HAOTIOJACHHS M U3MEPEHHsI C y4eTOM TPeOOBaHUN TEXHHUKHU
0€30IIaCHOCTH, 00pPadaTHIBAThL M MHTEPIPETUPOBATEL IKCIIEPUMEHTAIbHEBIC JAaHHBIE

OIIK-5.1 Bri6upaeT v npuMeHsieT METO/IbI U CPEJCTBA U3MEPEHUS ISl ONpeesIeHuUs
CBOMCTB MaT€pHUAIIOB U TOTOBOM NPOAYKIIMHU

OIIK-5.2 [IpoBOANT 3KCHEPUMEHTAIBHBIE HCCIEAOBAHUS WU HCIOJIB3YET OCHOBHBIE
puéMbl 00paObOTKH U ITPEJICTABICHUS MOJTYYEHHBIX JAHHBIX




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

YUCJIC:

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

— BHeayauTopHas — 2,9 akaji. 4acosB;

— caMocTosTenbHas pabora — 120,4 akaz. 4acos;

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

— MOJTOTOBKA K AK3aMeHy — 8,7 akaj. yac

dDopMa aTTecTaiuu - 3K3aMCH

AynuropHas s e
KOHTaKTHas paboTa E 3 dopma TEKyIIEero
=
B aKaJl. yacax 5} Bu KOHTPOJIS
Pasnen/ Tema 2 (B aKan. =acax) == A . p Kon
> 3 © | camocTosATEeNBEHOM | ycIieBaeMOCTH U
JUCIUATIIAHBI N [~ . | xoMmereHHH
g £ padoThI MIPOMEKYTOUHOM
mab. [ mpakt. [ 3 & aTTecTauu
Jlek. s < 11,
3aH. 3aH. | Q =
1. Pazmen "OOmme BOMIpOCHI
MOIeTTPOBaHIS"
1.1 Ob6iee MTOHSITHE
MOJICTIH. MHoroo6pasue
hopm MIpeICTABICHUS
MO/JIEIIH. Tlonsitue 0
MaTeMaTHIECKOM
MO/JICITUPOBAHUH.
OCHOBHBIE  TIOAXOABI K CamocTosTenbHOe
MOCTPOCHHUIO U3ydeHHe y4eOHOM
MaTEeMaTHYECKUX MOJCIEH. 1 HAy4IHOH OIIK-2.1,
. CobecenoBaHnue,
AHATUTUYECKUH TOJIXO0Md K 2 20 JIATEpaTyphl. OMAILIHEE OIlK-2.2,
MOJIETIPOBAHHIO. TToaroroBka k 3an§HHe SK3AMEH OIIK-5.1,
DKCrepuMEHTATbHBIN cobeceJ0BaHUIO. ’ OIIK-5.2
MOJIXOJT K MOJICIIUPOBAHUIO. Brimoanenue
KomOuHupoBaHHbIH JlomarHero
MOJIXOJT K MOJICIIUPOBAHUIO. 3a1aHus
OCHOBHBIC JTaIbl 5
MOCTPOCHHUS
MaTEMaTHYECKUX MOJCICH.
TpuenuHcTBo mporecca
MOJICTUPOBAHUS:  MOJIEIb,
CamocTosTenbHOe
H3ydeHue ydaeOHoi
1.2 TIpumepnt yqn . 3:0171
MaTEMaTHYECKOIO Y OIlK-2.1,
JUTEPaTyPBI. CobecenoBanue,
MOJEJIUPOBAHUSA u3 OIIK-2.2,
o 1 5 TToaroroBka k JlOMalrHee
PasTHIHBIX obnacreii cobeceoBaHUIO. | 3amaHue, SK3aMeH OIK-5.1,
3HAHUS (puzuka, ’ ’ OIIK-5.2
Brimonnenue
Ouosorus).
JomaniHero
3a1aHNs
Uroro no pazneny 3 25
2. Pasmen "AHaIHTHYECKHH
MOJAXON K  MOJEIMPOBAHHIO

XHUMHUKO-TEXHOJOTHYECKIX
Mpo1eccoB”




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

peaxuuil. YpaBHeHHe
HU30TEPMBI XUMHUYECKOI
peaxuuu. Crioco0sl

ONUCaHHMsA  KOHLEHTPAalUHU
pearupymomux  BELIEeCTB.

H3menenue SHEPrHU
I'm6Oca B Xo0ne peaxIuu.
YpaBHeHHe HU30TEPMBI

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
3aJaHMs

CobecemoBanmue,
JIOMaIIHee
3aJaHue, dK3aMeH

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

2.2 Kunernueckue
0COOCHHOCTH  NPOTEKaHMS
XUMHAYECKHUX peaKkiui.
Meroauka COCTAaBJICHUS
CHCTEM YpaBHCHHUH,
OIUCKHIBAIOLIAX
pPaBHOBECHBIC
KOHIICHTpAIlUd  BELIECTB,
MPUHUMAIOIINX y94acTHE B
XMMHYECKUX PEAKLIUAX.

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 JIuddepenumnanbHbie
YpaBHEHHSI HEMPEPHIBHOCTH
NOTOKA  JUI1  JABW)KEHHS
HEC)KUMAEMON  JKUIIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
qupdy3un, KOHBEKTUBHOM
U dysnu; ypaBHEHHE
MarepuanbHOro  OamaHca
JUISL DJIEMEHTapHOTO 00BEMa
peakTopa JOOOrO  THMA.
OO0uIre CBECHUS O TEOPUHU
noJ00us. OcHOBHBIE
KpUTEPUU o100 UsL.
KpurepuanbHbie

28

CaMoCTOATEILHOS
u3ydcHHe y4eOHOMH
U Hay4HOH
JIUTEPATYypHI.
TToaroroBka k
co0eceI0BaHMIO.
Brimonnenue
JloMamnero
3a1aHNs

CobecenoBanue,
JIOMAIIIHEE
3a/laHue, dK3aMeH

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

Hroro no pazgeny

5/3,21

68

3. Pazpmen "DkcnepuMeHTaNbHBIN

mojaxona"

3.1 Craructudeckue
METObI aHanmu3a
AKCIEPUMEHTAIBHBIX
JTaHHBIX.
DKCIIepUMEHTAIbHBIC
OLIEHKH HUCTUHHOTO
3HAYCHUS HU3MepaeMon
CIy4aifHO! BENWYHMHBI U &
mucnepcuu.  OmpeneneHne
IpyObIX  OWMOOK  cpeau
pe3yIbTaTOB TIOBTOPHOCTEH
OTIbITA.
CpenHeB3BeIIeHHBIE
OLICHKH JUCTICPCHUH.
Ananus OTHOPOJHOCTH
UCXOJTHBIX OLICHOK
mucnepcuu.  OmnpeneneHne
JIOBEPHUTENILHOW  OLIMOKK
SKCHEPUMEHTAIBHON
OLICHKH U3MEPSEMOTO
napamerpa. Ompeznenenue
4yucia MOBTOPHOCTEH
OIBITa, O00ECIEYNBAIOLIETO
MoJTyuyeHue 3a/laHHOM
JIOBEPUTENIHOH  OLIMOKU
OLICHKH OIIpEeIeIIIEMOro

CaMoCTOATEIEHOE
M3y4eHne yueOHon
U Hay4yHOH
JUTEPaTypPHI.
ITogroroska k
cobecel0BaHuIo.
Brimonnenue
JlomarHero
3aIaHKs

CobecemoBanmue,
JIOMaIIHee
3aJaHKe, dK3aMeH

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




32 [InanupoBanne 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

ONTUMH3ALIMY TIpoLecca. CaMocTosTeNnbpHOe
JByXypoBHEBBIE TJIaHBI u3ydeHue y4eOHOH
MHOTO(aKTOPHBIX ¥ HAYTHOH OIK-2.1
JKCHEPUMEHTOB. Meron JIUTEPATypHI. CobecenoBanue, OIIK 2'2’
HAaUMEHBIIUX KBaJpaToB 6 ITogroroska k JOMaIITHee OIK 5' 1’
npu obOpaboTke cobeceoBanmIo. | 3amaHue, SK3aMeH OIK 5' 2’
Pe3yILTaTOB Beinonsenve '
MHOT0(aKTOPHOTO Jomamraero
OKCIIEPUMCHTA. 3aJaHus
JIByXypOBHEBBI IJ1aH
MIOJTHOTO (bakTopHOTO
JKCIIEPUMEHTA [IP52n.
VYpaBHEHHs, TMOIyIaeMble
o pe3ynbraTam
peanu3anuu IUIAHOB
TI®32n. CraTtucThyueckui
aHaJIM3 3HAYUMOCTH OIIEHOK
K03 GUIIIEHTOB
ypaBHEHHS, ero
a/ICKBaTHOCTH u
paboTOCIIOCOOHOCTH.
JpoOusrit (baxTopHbIH
skcriepumert  JIDPD2n-n'.
PaccmoTpenue npumepos.
Wroro no pazneny 3 12
4. Pasgen "KomOWHHMpOBaHHbII
Meton"
CaMocrosTensHoe
4.1 OcobeHHoCTH .
u3ydeHune yaeOHon
KOMOMHHPOBaHHBIX o
o Y HAYYHOH
MaTeMaTHUYECKHX MOJIEICH. OIlK-2.1,
JUTEPaTyPBI. CobecenoBanue,
PaccmoTpenune OIIK-2.2,
N 15,4 Tloaroroska k JioOMalHee
MaTeMaTHYECKHX MOJCCH OIIK-5.1,
cobecelOBaHMIO. | 3amaHue, SK3aMeH
u3 o0acti OIIK-5.2
o Brinmonnenue
npogecCUOHATEHON
JlomarHero
KOMITETeHIIUH
3ajaHus
Uroro no pazneny 15,4
5. Pazmen "Ox3amen"
OIIK-2.1,
Iloaroroska k OIlK-2.2
5.1 Dx3ameH A DK3amMeH ’
JK3aMEeHy OIIK-5.1,
OI1K-5.2
Hroro mo pazaeny
Hroro 3a cemectp 8/3,21 (120,4 JK3aMEH
Hroro no aucrurivye 8/3,211 (1204 9K3aMeH




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 orepupoBaHue MMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUEeHUE 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(heCcCHOHATLHYIO e TEIIbHOCTD;

3. Pa3BuBaromue mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOTHH, HAaIPaBICHHBIC 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 IEATEIIbHOCTH;

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
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 mperycMOTPEHBI 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 yIriiel U HelMMHeHHOro mporpamMmMupoBanud // 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 ycIoBHUM X 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 ynuBepcurera, 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 anexktpon. 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/fileUpload?7name=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 : yueoHnoe 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 ayIUTOPUH Ul IPOBEACHUS 3aHATUN JIEKIMOHHOro Tuna (MynbTuMeauiiHble
CpEJICTBA XpaHEHUs, IepelayM U NpeAcTaBIeHU HH(OpMALIUN)

VYuebHas ayauropus [Uid TpoBeleHHs npakTudeckux 3aHATHd (IlepcoHanbHbIE
koMIbioTepsl ¢ maketoM MS Office, Bri-xomom B MHTEpHET U C JOCTYNOM B 3JIEKTPOHHYIO
UH(POPMAaLIMOHHO-00pa30BaTENbHYIO CPEly YHUBEPCUTETA)

VY4eOHble ayIUTOpUU AJsl TPYNIOBBIX M WHAMBUAYAJIbHBIX KOHCYJbTAIMM, TEKYILEro
KOHTPOJIS M TPOMEKYTOUHOM arTecTanuu (ocka, yaeOHbIE CTOJIBI, CTYIIbS)

[lomemenuss g XpaHeHUss U OPOQUIAKTHYECKOro OOCTYXHBaHUS  y4yeOHOro
o0opynoBaHusi (CTeNIaXku Ui XpaHEHUs OOOpYJOBaHUS, METOJIUYecKas JMTeparypa JUls
yUeOHBIX 3aHIATUH).

IIpuioxennel

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

[To muctmmunae «I[lmaHUpOBaHME SKCIEPUMEHTA U MOJICTUPOBAHUE XUMHUKO-TEXHOJIOTHYECKUX
MIPOLIECCOBY MPEYCMOTPEHA ayIUTOPHAsl U BHEAYTUTOpHAs paboTa 00ydaromuxcsl.



AynuropHas pa0oTa CTy/I€HTOB IPEANoaraeT peleHue 3a1a4y Ha MPaKTUYECKUX 3aHATHSAX.

AynutopHublie pabotsl. biiok Ne (BJI):

BJI Nel «O06mue Bonpockl MOAETUPOBAHUS

Nel. CocTaBuTh OJ0K-CXEMY Uil BBIYMCICHHUS CYMMBI KBaJAPATOB MEPBBIX N UKCEN HATYPAIbHOTO
psna.

Ne2. CocraButh 0J0K-cXeMy Ui pelneHus 3agaun. 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 «Ananutudeckuit moaxon Kk MojenupoBanuto XTII»

Nel. Paccuntarh HOHHO-MOJIEKYISApHBINA cocTaB B mpucyTcTBuU KCN, pacTBOpEHHOTO B
konnuectBe C=10-5 monb / 1. 3agarbes 3HaueHusimu pH B untepsaine 0-14 u yncieHHO
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 ©3MEHEHHEM KOHIICHTPaluu cobl. PaccunTarhb
koHUeHTpanuio [CO3-] noHOB B pacTBOpE, C YYETOM PacCTBOPEHHOM YIIIEKUCIIOTHI BO3AyXa.
3anatecs 3HaueHusiMu pH B unTepBaie 0-14 u yuciIeHHO paccuuTaTh HOHHO-MOJIEKYJISPHBIN
COCTaB JJaHHOM cucTeMbl. Pe3ynbTaTsl npeacTaBuTh rpaduyecku B ”HGOPMATUBHOM BUJIE
(McnoIB30BaTh JOrapu(pMUUYECKYIO KAy BBIXOJIHOTO apamerpa). Bee pacuérsl mpoussectu B
TaOJIIMYHOM TIPOLIECCOPE.

Ned. TIpu xaxom 3HaueHuu pH nocturaercst npakTHuecku nosHoe ocaxaenue MnS (ITPMnS =
2.5*10-10), coneprkarmierocs B pactBope B konuyectse 0,005 monb, npu ynotpednenuu 50 %
n30bITKa ocaauTens. Pacuér mpousBecTH Ha 1 11 uccinenyemoro pactsopa. Bee unciennsie
pacy€Thbl MPOU3BECTH B TAOIUYHOM IPOLIECCOPE, AHATUTUYECKHUE 3aITUCH NIPEJOCTABUTh B
OymakHOM BuJe. M3 Kakux cOOOpaKeHU HAXOIUTCsl KOHIIEHTpaIlus Maprania [Mn2+], u Mmexmay
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 Ta3a MO PEaKIHUsIM:

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

CO+H,0& CO, +H, )



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. N3menenne pH npoucxoaut 3a cuét NaOH.

B cucreme npeamnojgaracTcsa MpoOTCKaHue CICAYIOIMUX XUMHUYCCKUX peaKHHﬁZ

PbSO,,, < Pb*,, +80,” s

418,

(1)

Pb(OH),, < Pb*,;, +20H 5, @)

Pb(OH),. < H*pp, + HPbO, 3)

Pb(OH) " < Pb*" -, +OH )
HSO, p-p & H'pp +S0,7 1y (5)
H,0&H +OH™ (4

YpaBHEHHE MaTepHATLHOTO OaaHca:

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

VpaBHEHHUE AIIEKTPOHESHTPATBHOCTH:
[Na*]+2*[Pb** ]+[Pb(OH)" ]+[H"] < 2*[SO,” 1+[HSO, ]+ [HPbO, ]+[OH"]

[Tpumeuanue: npu pelIeHu  3a1a41 HE0OXO0AMMO IO UMEIOLUMCS] YPaBHEHHUSIM COCTaBUTh
CHUCTEMY HEJIMHEMHBIX YPAaBHEHUH, U3 HEE BBIBECTH YPAaBHECHUE:!

2%K,P*K, *K *[H ] +K, *K, *K  (2*K, + K, *K ) *[H' ] -
—K, *K, (K, *K,” +K, *K, *K,)*[H']-2*K, *K, *K *K,* =0

W3 cripaBOYHBIX TaHHBIX HEOOXOIUMO OMPEIeIUTh KOHCTAaHThl XuMudeckux peakiuii K1 — K6
COOTBETCTBYOIUX peakuuii (1)-(6).

W3 mpakTH4eCKHX COOOpaKeHH YCTAHOBUTD, C KAKOW TOYHOCTHIO HEOOXOAMMO BBHIYUCIATH
3HaueHue pH.

Henuneiinoe YpaBHCHUC HCO6XO,Z[I/IMO PCUIUTL YCTBIPbMA MCTOJaMU: I‘pa(l)I/I‘-ICCKI/IM,
IIOJIOBUHHOT'O ACJIICHUA, HBIOTOHa, XopAd. CI[CJ'IaTB BbBIBOJ O 6BICTpOTC CXOAUMOCTH Ka>Xa0ro u3
MCTOZOB IIpU 3aJIaHHOM TOYHOCTH oJIyqa€Moro pe3yjibTara, a TakKe IMPUroJHOCTH AJId PCHICHUA
3agauun (I)I/IBI/IKO-XI/IMI/I‘-ICCKOFO MOACIINPOBAHUA.

PaCCMOTpeTL 3BpHCTPI‘-I€CKHI>i METOMI, OCHOBaHHBIN Ha CHeLII/I(pI/IKC peH.IaeMDfI 3aa4u, pCIICHUA
CHCTE€MBI HEJIMHEHHBIX ypaBHCHI/II\/'I.



Bce BbIuncienust mpou3BeCTH B TAOIMYHOM IIPOLIECCOPE.

No7. TTonw3ysack pe3ynbraramu 3aj1a4n Ne6 UCKIIFOUUTh U3 CUCTEMbI HEJTMHEHHBIX YPaBHEHUM
ypaBHeHue (3). PemnTes Noay4eHHYI0 CUCTEMY YPaBHEHUN 3BPUCTUYECKUM MeTojoM. Crenarthb
BBIBO/JI O BJIMSIHUU ypaBHEHUS (3) Ha MOJIEIUPYEMYIO CUCTEMY U UTOrOoBO€e 3HaueHue pH.

No8. TTonb3ysack pedynbraramu 3a1a4n Ne6 UCKIIFOUUTD U3 CUCTEMbI HEJIMHEUHBIX YPABHEHUI
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. TTonw3ysack pedynbraramu 3a1a4n Ne6 UCKIIFOUUTh U3 CUCTEMbI HEJIMHEHHBIX YPaBHEHUI
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 33a4H (6) C TOMOIIBI0 BCTPOCHHBIX (QYHKIUH
cnenuanupoBaHHor mporpammbel MathCad. CpaBHHTB MTOJTyd€HHOE 3HAUCHUE C YK
MOJTY4YCHHBIMH.

Nell. Pemuth cucteMy HEJIMHEHMHBIX YpaBHEHHM U3 3a/1a4u (6) C MOMOIIBIO BCTPOSHHBIX
dynkunii cienuanuzupoBanHoi mporpamMmel MathCad. CpaBHUTB MTOSTy4eHHOE 3HAYCHHE C YKE
MOJIyYE€HHBIMH.

Nel2. Vicxons U3 MOHATHSI TUHEHHAS 3aBUCUMOCTE/HE3aBUCUMOCTh XUMHYECKUX PEaKIUH, C
MIOMOIIBIO BCTPOCHHBIX MaTeMaTndeckux ¢pyHkuuii MathCad asist cucremsl peakiuit

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

OHpGI[CJ'II/ITB KOJIMYECTBO JINHEHHO-HE3aBUCUMBIX XUMHYECKUX peaKuHﬁ. Yr0 3TO 03HAYAET C
TOYKHU 3PCHUA MATCMATHYCCKOI'O OITMCaHUA HaHHOI\/’I CHUCTEMBI pCaKHHfI.
Nel3. lnst HeoOpaTHMOi peakiiu MepBOro MOPsIKa:

A—2 5B

CocraButh nuddepeHmanibHOe ypaBHEHHE CKOPOCTH U3MEHEHUs KOHIIeHTpauu A. Pemuth
nonyueHHoe nuddhepeHIaTbsHOe YpaBHEHNE METOIOM Ditniepa, MoIU(DUIIMPOBAHHBIM METOIOM
Oitnepa, Pynre-Kyrra. Cnenats BBIBOJ O TOUHOCTH KaXJA0TO U3 METO/IOB B CPABHEHUH JIPYT C
npyroM. s pacuéra npuHSTH ClIEAYIONME 3HAYEHNS] HEM3BECTHBIX MTapaMETPOB:

CO0A= 0,7 monw/m; k1=0,001 1/c; h = 0,1 (mar uHTErpUpPOBAHHUS).

Nel4. Tns mocnenoBaTenbHONM CXeMbl HEOOPATUMBIX XMMUYECKHX PeaKIUii epBoro nopsaka: A



A—8 B8 5C

CocraBuTth cucreMy nuddepeHInalbHbIX YpaBHEHUHN U PEIIUTh €€ ¢ MOMOIIBI0 MeToAa Diiepa,
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 MAPAMETPOB:

CO0A= 0,5 moaw/m1; COB= COC=0 mons/n; k1=0,05 1/c; k2=0,07 1/c; h=0,1 (mar
HUHTErpPUPOBAHUS).

BJI No3 «3JkcrnepuMeHTaIbHbIN TOAX01)

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

K 1 2 3 4 5 6 7 8

Ve g, 54 53 54 30 46 52 55 54
Mk o, 42 | 32 | 42 19,8 3.8 22 | 52 | 42
Ayk2’ y 18 10 18 392 14 48 27 18

Pemenne nanHoi 3a1a4u OCYIIECTBUTh HA OCHOBE JIBYX METOJIOB: MpaBuja 26 U KpUTEPHS
MaKCHMaJIbHOTO OTKJIOHEHUS I. Pacy€Thl BBINMONHUTD C UCTOIb30BAaHUEM TaOIMYHOTO
nporeccopa.

Nel6. C moMomnipio aHamu3a OAHOPOJAHOCTH CpeHuX. JlaTh 3aKIIFOUEHHE O BOZMOXXHOCTH
npeumymiectsa (P = 0,95) onnoro anmapara nepea Ipyrum 1o mpou3BOAUTEILHOCTH.

PRE 2 3 4 5 6 7 8 9 10 [z

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

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

Pac4€Thl BBIIOIHUTE C UCIIOJIb30BAHHEM TaOJIUYHOTO mpouneccopa.

Nel7. Ins mpoBepKu NMpaBUIIbHOCTH BOJbTaMIiepoMerpuueckoit (BA) MeToauku onpeaeneHus
kaamust Cd ucmonp30Baliv aTOMHO-a0COPOITMOHHYIO (A A) METOJUKY, HE COJIEPKAIIYIO
cUcTeMaTHYecKol NorpemHocTy. [Ipu ananuse 0THOTo U TOTO K€ 00bEKTa MOTY4EHBI
cienytomume pe3ynbratsl (Hr / M Cd):

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




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

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

Pacu€Tel BBIMOTHUTE C UCTIOJIb30BAaHUEM TAOJIMYHOTO IIpolieccopa 0€3 UCTOIb30BaHus
CIielIMaIbHON HAJICTPOUKH.

Nel8. Pemuts 3amauy Nel7 ucmomnbs3yst HAACTPOUKY TaOJIMUHOTO MPOIECCopa.

Nel9. Ucrnionb3yst Tpy pa3iMuHbIX FT€HEPUPYIOLIUX COOTHOIICHHS], COCTABUTD IJIAHBI
skcnepuMerToB JIPD25-2. 3anucarb hopmysasl 11 pacuéTa Ko PUITMEHTOB THHEHHON MOJICITH.

Ne20. Ha ocHOBe TaTHHCKHX KBaJPATOB COCTABUTDH MATHYPOBHEBBIH IJIaH MATU(HAKTOPHOTO
HKCIIEPUMEHTA JIJIsl UCCIIEJOBAHUS Tpoliecca HH(PAKPACHON CYIIKH I'PaHYTMPOBAHHBIX
MaTepHaJIoB B BaKyyMe IIPU UMITYJIbCHOM 3Hepronoasoze. Ilonyunts MmaremMaTHuecKkyro B BUje
CYMMBI HEJIMHEHHBIX (YHKIMN U HAUTH ONTUMAJIbHbIE 3HAUEHUS PEXKUMHBIX ITapaMeTpOB
npoliecca: IIIOTHOCTHU TEIJIOBOro MOTOKA Ha oBepXxHocTH ciiost Matepuana CI (Br/ecm2),
tonuHa cios npoaykra CII (mm), auamerpa rpanyn CIII (mm), Benuunnsl paspsokenus CIV (M.
pT.cT.) 1 ckBaxkHOCTH UMITysbea CV (%,0THOIIEHHE BpeMeHH padOoThl HH(PPAKPACHOW CYIIMIKHU K
o01ieMy BpeMeHHU peObIBaHMs B CYIIMIIbHON KaMepe). Berxogom mpouecca y (pyo/T) wiu
KPUTEPHEM ONTUMAILHOCTH MPUHSATA BEIMYMHA TIPUBEAEHHBIX JI0OXOJI0B C YIETOM
MPOM3BOIUTENIFHOCTH YCTAHOBKH M MOTPEOISIEMOI 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 «KoMOMHUPOBAHHBIN TTOIX0T»

Ne 21. ITo manabiM padoTsl [Kokc u xumus. 1978. Ne 8. C.12—-14] Ha ocHoe [1DD 24 paccunrarhb
3HaueHUs KOAPPUIINCHTOB JTMHCWHON MOJIENN JJIs TPOTHO3MPOBAHUS IMOKA3aTele KauecTBa
Kokca M25 u M10, cpaBHUTB UX € NPEJIOKEHHBIMU B CAaMOIl HAYYHOM CTaThe.

Yka3zaHue K BBIIOJHEHUIO 3aanus: Ha aucte TI1 B muHpopMaTuBHOM BUE CO3/1aTh TaOJIUILYy
I1aHupoBaHus 3kcriepumenTa [1OD 24, BBecTu cpeHUE 3HAUECHUS [T0KA3aTeled KauecTBa KOKca
M25 u M10 u paccuntath K03hOUIMEHTHI TUHESHHON MOJIEITH.

CopepxaHue MPaKTUYECKOro pa3jielia AUCLUIIINHBI

1) ANTOpUTM pellIeHUs] HEJIMHEHHOTO0 YPaBHEHUS METO/I0M XOP/L;

2) AJNropuTM peleHHs HeIMHEHHOro ypaBHeHus: MetoioM HeloToHa;

3) AJTOPUTM pelIeHUsT HEJIWHEWHOrO0 YpaBHEHUSI METOJOM JIeJICHHUS OTpe3Ka
HO-TI0JIaM.

4) Hcnonp3oBanne makera npukiaaHeix nporpaMMm MathCad s pemeHus
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 npukiaaHelx nporpaMMm MathCad s pemenus
nudepeHIaIbHBIX YPaBHEHUI;

9) Pemenne cucrem nud¢epeHIManbHBIX  ypaBHEHUH  MeTonoMm  Diinepa,

MoAU(UIIMPOBAHHBIM METOIOM Ditniepa, Pynre-Kyra.

10)  Hcnonw3oBaHue makeTa mpuUkIaaAHbIX nporpamMMm MathCad ans pemenust cucrem
mubdepeHIMaTbHBIX YpaBHEHUH.

11)  IIpaxkTHuyeckuil aHaIN3 CYIIECTBYIOIMX MOJENel B 00sacTH mpodeccuoHaTIbHON
KOMIETeHIIMH (IPOrHO3UPOBaHME MTOKazarTenel kauecTBa kokca M25 u M10) B nakere MathCad.

12)  Hcnonbp3oBaHHE BCTPOCHHOM HAJCTPOMKH TaOIMYHOTO MpoIieccopa JUIs pereHus
3aJ]a4 MaTeMaTHYeCKOTr0 IPOrpaMMHUPOBAHHUS.

13)  HUcnonw3oBanue mporpamMmel MathCad nanst pemeHus 3agad MaTreMaTH4ecKOTro
IPOTPaMMHUPOBAHHUSL.

ITepeuenb BOIPOCOB K IK3aMEHY

O0111e BOPOChl MOJICTMPOBAHUS:




1. OOmee mnpencraBieHHe O Mojend. MaTeMaTHUYeCcKue MOJENIU: OIpeesieHue,
JIOCTOMHCTBA M HEAOCTATKH, IO CPABHEHHUIO C JPYrMMHU (OpMaMy HPEICTABICHHUS MOJEINH.
[Tonsitue «monenupoBanuey. Knaccudukanus MmareMaTu4ecKux MOeNe;

2. CymHOCTb AHAIMTUYECKOIO IOAXOJAa K MaTeMaTUYeCKOMY MOJAEIUPOBAHHUIO.
MopemupoBanue XTII mpu aHaIMTUYECKOM IOAXOE;

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

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

5. TpueauHCTBO HpU ONMCAHUU OOBEKTa MOJENMPOBaHUA. TpeOoBaHUS K KaKIAOH W3
COCTaBHOM YacCTH MPH ONHUCAHUH OOBEKTA,

6. OCHOBHBIE ATaIbl MOJIEIUPOBAHUS (C NOACHAIOLUIMMU IIPUMEPAMH).

AHanuTHYECKN! NOAX0/ K CO3JaHUI0 MAaTEMaTHYECKUX MOJIEIICH:

7. VYpaBHEHHE M30TEPMbl XUMHUYECKOW pEaKIUH MPU PA3TUIHOM CIIOCOOE BBIPAKCHHS
KOHLIGHTpauuu. BelpakeHHe ypaBHEHUS H30TEPMbl XMMHYECKON pEaklMu B CTaHIAPTHBIX
ycioBusX. CBsI3b MEX/1y KOHCTAaHTaMH PaBHOBECHUS B 3aBUCHUMOCTH OT C110c00a OIIMCaHMsI COCTaBa
peakuuonHor cmecu. CooTHomeHusi aig koHcTaHT paBHoBecusa KN, Km, Kc¢ B uaeansHoM
pacTBope;

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

9. B03MOXHOCTH MOJEIUPOBAHUS IIPU TEPMOJAUHAMUYECKOM MOJIX0JIE€ K ONPEIECICHUIO
PAaBHOBECHBIX 3HAYEHUM y4YaCTBYIOIIMX B XHWMHUYECKMX peakuusx BemecTB. OCHOBHbIE
JIOCTOMHCTBA U HEJOCTAaTKU IIPU TEPMOAUHAMUYECKOM MOJIXOE.

10. OcHoBHbIE MOHATHS U onpeeneHus GopManbHOH KUHETUKH: CKOPOCTh XUMUYECKON
peakuuu, crnocoObl €€ BBIPAKEHMSI, MOJIEKYJISPHOCTh PEAKIUH, MOPSIOK PEAKIUH, YaCTHBIN
MOPSAOK pEaKIMH, IOCTyJlaT XUMHYecKoW KuHeTuku (ypaBHeHue ['ympnbepra u Baare),
KOHCTaHTa CKOPOCTH XUMHUYECKOW peakiuu (mpaswio Baut-I'odda, ypaBHeHue Appennyca);

11. CkopocTh HEOOpAaTUMBIX pEaKIUil MEepBOro, BTOPOro, nN-oro mnopsaakos. OOparumas
peakuus NepBoro MopsIKa;

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

13. TlocnenoBarenbHble peaklIMK IEPBOTo MOpsiaKa (A1 TPEX XUMUUYECKUX COEAMHEHUH).
Pa3zo0patb pa3nuyHble Cilydyal COOTHOIIEHUS MEXy COOON KOHCTAaHT XMMUYECKHX PeaKLuii;

14. OOmiee ypaBHEHHE TUHAMUKH U CKOPOCTH XMMHYECKOM pEakKIlMH, MPOTEKaromeld B
[IOTOKE B pEXHUME HACATbHOro BbITeCHeHHs. HeoOparumas peakuus NHepBOro M BTOPOTO
MOPSAKOB, MPOTEKAIOUINX B TOTOKE B PEKUME H/1€aIbHOTO BHITECHEHHS.

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 M3MepSAEMOl BETWYMHBI M €€ JUCHEPCUHU; OIpeJelieHne TrpyObIXx OIIHOO0K;
CPEIHEB3BEILICHHBIE OLICHKU TUCIIEPCUU; aHAIN3 OJHOPOJHOCTH UCXOIHBIX OLEHOK JUCIIEPCHUM.

18. OmnpeneneHue NOBEPUTEIHLHON ONIMOKK IKCIIEPUMEHTATBHON OIEHKH H3MEPSIEMOTO
napamerpa. OnpeeneHne yucia moBTOPHOCTEN OMbiTa, 00ECIIEYMBAIOIIET0 MOJIy4YeHHE 3aJaHHOM
JIOBEpUTENIHHON OLIMOKHU OLIEHKU ofpezenseMoro napamerpa. IlpoBepka HOpMaJIbHOCTH 3aKOHA
pacpeneneHus.

19. Meton HauMmeHbIIMX KBaapaToB. CyYIIHOCTh IJIAHUPOBAHUS HKCIIEPUMEHTa B
CPaBHEHHUHM C HEINOCPEACTBEHHBIM IIPUMEHEHMEM METOJa HAaMMEHBIIMX  KBaJpPaTOB.
CHUMMeTpHUYHBIN U paBHOMEPHBIN IJ1aH 01HO(GAKTOPHOT0 FKcniepruMenTa [IpoBepka ajiekBaTHOCTH



IIOJIyUEHHOI0 YpaBHEHMS M €ro HCIOJb30BAaHUE IJs ONTUMHM3auMU mpouecca. llomyuenue
SKCIOHEHIINALHOM 3aBUCMOCTH 110 pPe3yIbTaTaM OAHO(AKTOPHBIX SKCIIEPUMEHTOB.

20. Meron HaMMEHBUIMX KBaJpaTOB IMpH 0OpabOTKE pe3ylbTaTOB MHOTO(AKTOPHOTO
JKCTIepuMeHTa. JIByX ypOBHEBBIH IJ1aH MOTHOTO (hakTOpHOTO 3KcnepuMeHTa [1DD2n. YpaBHeHus,
MoJiy4aeMbl€ 10 pe3yJibTataM peanu3aiuu miaHoB [1OI2n. CtaTucTUUECKU aHANIN3 3HAUUMOCTH
OILICHOK KO3((UILIMEHTOB YpaBHEHHUSI, €r0 aIeKBaTHOCTU U pabOTOCIIOCOOHOCTH.

21. dpoGublii pakTopHbli skcriepuMeHT JDPI2n-n'. [InanupoBanue 3KCriepuMeHTa MPH
M3MEHAIOIIEMCS. BO BPEMEHHU BJIMSHUHM Ha Mpolecc Hey4YTEHHbIX (hakTopoB. Mcmonb3oBanue
wiaHoB [1®O2n JIPI32n-n' 11 noaydyeHUs ypaBHEHUs Ipolecca B BUJIE SKCIOHEHLMAIbHON
3aBUCUMOCTH.

22. MHOroypoBHEBbIe MHOTO()AaKTOPHBIC IUIAHBI, MCIIOJIB3YIOINE CBOMCTBA JATHHCKUX
kBaaparoB. [loctpoenne minanoB. [lonyyeHue u UCHONIb30BaHUE ISl ONTUMU3ALUN YPABHEHUN
Pa3IMYHOUN CTPYKTYPHI.

23. [lpumeHeHHEe METOAOB MPUOIMKEHHBIX BBIUYUCICHUN NpU 00pabOTKe pe3ysbTaToB
9KCHEepUMEeHTOB. OLEHKHM TOYHOCTH HU3MEPEHUH M NpUONMKEHHBIX BbhlYMCICHUN. OleHka
TOYHOCTH OKOHYATEIbHOIO pe3yibTaTa. [IpakTuueckoe BEIUMCIEHHE OINOOK.

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

24. PemeHune HEMMHEHHOIO YpaBHEHUSI METOJIOM JIEJIEHUS OTpEe3Ka MOI0JIaM;

25. PemieHue HeMMHEHHOTO ypaBHEHUs MeTo10M HploToHA;

26. PenieHue HEIMHEHMHOTO YpaBHEHHUS METOIOM XOP/I;

27. Pemenue nuddepeHunanbHoOro ypaBHeHus MeroioM Dinelipa. MoaupuiupoBaHHbIH
metox Diinepa. AnanTanus MeToaa Diiiepa Ha ciay4aid cucteM JudQepeHInaIbHbIX YPaBHECHHH.
OcobenHocTH penieHus cucreM nuddepeHualbHbIX ypaBHeHUH pu MoenupoBanuu X T11;

28. Pemenne muddepenumansHoro ypaBHeHusi MetogoM Pynre-Kyra uerBéproro
nopsiaka. Ananranus merona Pynre-Kyra Ha ciyuail cucrem nud¢epeHuuanbHbIX ypaBHEHHH.
OcobeHHoCTH penieHus cucteM nuddepeHIHaTBHBIX YpaBHEHHH pu MoaenupoBanu X T11;



ITpunoxxenune 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 [Tl PEIICHUS 3a1a4
poeCCHOHAIBHON e TEIHbHOCTH

MaTeMaTHYECKHe,
(U3NKO-XUMHUECKHE,

1.

O6miee mpeacraBieHUE O
MOJEIH. Maremarnueckue
MOJIEJIH: 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 Bant-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 TSl PEIICHUS 3a1a4
po(hecCHOHANTLHOM e TEIbHOCTH

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: CrocobeH OCyIIEeCTBISATh OSKCIIEPUMEHTAIBHBIC HWCCICAOBAHUS M HCIBITAHUS IO

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
cpeAacTBa U3MepeHua Ans onpeaeneHus
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 pepeHIMaIbHBIX  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 METOA0M
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
ocanurens. 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
MaTepualdbHBIA  OalaHc 1O  cepe
M30BITOIHON KOHIICHTPAITUY|

ocaguTens?




6) HOpﬂ)IOK NMpoOBEACHUA l'lpOMe)KyTO‘lHOﬁ aTTeCTaluu, IoKa3aTe/ii U KPUTEPUH
OICHUBaAHUA:

IIpomexxyTouHass arrecrauus [0 AWCLMIUIMHE BKIIOYAET TEOPETUYECKHUE BOIPOCHI,
MO3BOJISIOIINE OLCHUTh YPOBEHb YCBOCHUS OOYYAIOUIMMHUCS 3HAHUM, ¥ MIPAKTUYECKHUE 3aaHuUs,
BBISBIISIIOLINE CTENEeHb C(HOPMUPOBAHHOCTH YMEHHWH M BIIAQJACHUH, NpoBoAMTCS 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 OLCHUBAHUSA IK3aMEHA:

— Ha OLEHKY «OTJHYHO» (5 OamnoB) — oOyyarouuiicss JEMOHCTPUPYET BBICOKUN YPOBEHb
c(OPMUPOBAHHOCTH KOMIIETEHIINIH, BCECTOPOHHEE, CHUCTEMAaTH4eCKOEe W TIIIyOOKOe 3HaHHE
y4eOHOro MaTepuasia, CBOOOJHO BBINONHAET NPAKTHUYECKUE 3aJaHMs, CBOOOIHO ONEpUPYET
3HaHUSIMH, YMEHUSMU, IPUMEHSET UX B CUTYaLUAX IOBBILIEHHON CII0KHOCTH.

— Ha OLIEHKY «Xxopomo» (4 Oamna) — oOOydYaroIIMICS JEMOHCTPUPYET CPEIHHUM YpPOBEHD
Cq)OpMHpOBaHHOCTI/I KOMHCTGHHHﬁI OCHOBHBIC 3HaHHsA, YMCHUA OCBOCHBLI, HO JOITYCKArOTCA
HE3HAYUTEIIbHBIC ONIMOKU, HETOYHOCTH, 3aTPYTHCHHUS TIPU AaHATMTUYECKUX OTIEePaIUsX, IEpeHOCce
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 3HAHWN, YMEHHH, HaBBIKOB, OOyyaromuincs
UCTIBITHIBAET 3HAUUTENIbHBIE 3aTPYJHEHHS MPU ONEPUPOBAHUU 3HAHUSMHU U YMEHUSMH IIPH MX
HepeHOCe Ha HOBbIE CUTYAIUH.

— Ha OIEHKY «HEeY/I0BJIeTBOPUTEILHO» (2 Oamia) — oOydJarouuiicss JeMOHCTPUPYET 3HAHUS HE
6onee 20% TeopeTUUecKOro MaTepuaa, JOMyCKaeT CyIlleCTBEHHbIE OINOKH, HE MOXKET MTOKa3aTh
MHTEIJIEKTyadbHbIe HABBIKM PELICHUS MPOCTHIX 33/1a4.

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



