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1 eau ocBOeHMS TUCHUIIIIMHBI (MOIYJISA)

Lensimu ocBOEHUST AMCUUILIMHBL (MOayis) «MoaenupoBaHue XUMHKO-TEXHOJIOTHUYECKHUX
MPOLIECCOBY SBISIOTCS:

€c80000HO€ 61a0€eHUe OCHOBHBIMU MEMOOAMU NOCMPOEHUSL, YUCTIeHHO20 PeuleHUs, Pealu3a-
yuu (npedcmasnenust) u ucciedo8anus ¢ nomowvbro IBM mamemamuueckux mooeneu,

0C80eHUe CYUEeCmBYIOUUX OCHOBHBIX MAMEMAMUYecKUx mooeel, UCNOIb3YemblX npu Onu-
CaHUU XUMUKO-TNEXHOTO2UYECKUX NPOYECCOB;

CrnepncTBreM U3 MOCTABJICHHBIX 1eJIeH JOHKHA CTAaTh TJIaBHAs 11eJlb:

€80000HO€e umeHUue U NOHUMAHUe OMmedeCmEeHHbIX U 3aPYOEeNHCHbIX pabom, NOCEAUJeHHbIX
Mamemamuyeckomy MoO0eiuposanuto 8 ooiacmu npopheccuoHarbHou 0esmerbHoOCmu (KOKCoxu-
Mus).

2 MecTO TUCHUIJIMHBI (MOAYJIs]) B CTPYKTYpPe 00pa30oBaTe/ibHOI MPorpaMMbl
NMOAroTOBKM 0akajnaBpa (MarmcTpa, Cenmaaucra)

Juctumimna «MoaenupoBaHue XUMHUKO-TEXHOJOTHYECKUX IPOILIECCOB» BXOIUT B 0a3o-
BYIO 4acTh 00pa30BaTeIbHOI MPOTrpaMMBbl.

Jis u3yyeHus: AUCHUILTUHBI HEOOX0IMMBI 3HAHUS (YMEHUs, BIafeHus ), chopMupoBaHHbBIE
B pesynbrare nzydenust b1.5.09 Maremaruka, b1.5.11 Uuadopmaruka, b1.b.14 ®usndeckas xu-
Mmusi, b1.5.19 Xumnueckue peakTopsl.

3uaHus (YMCHUSI, BIIAJICHUS ), TIOTYYCHHBIC TTPH U3yUYCHUU JAHHOW TUCIUIUIMHBI OyIyT He-
ob6xomumer b1.B./IB.3.1 YUPC, b1.B./IB.3.2 [lnanupoBanue u opraHnusanus 3xkcnepumenta, b3
['ocynapcTBeHHast UTOTOBast aTTECTAIUS.

3 Komnerenunu odyyawuerocsi, GopMupyembie B pe3yJibTaTe 0CBOCHHUS
AUCHUIIMHBI (MOAYJsl) ¥ IIAHUPYeEMble Pe3yJibTaThl 00y4eHust

B pesynbrare ocBOoeHHA ~OUCHUIUIMHBI  (Momyns) «MojenupoBaHUE  XHMHUKO-
TEXHOJIOTHYECKHUX IPOIIECCOBY OOYYAIOUIUINCS JAOHKEH 00J1a/laTh CIENYIOIMUMHA KOMITCTCHIIH -
MU:

CTpyKTypHBII
JJIEMEHT [Tnanupyemble pe3yabTaTbl 00y4eHUs
KOMITIETEHIIMH

OIIK-5 BnajieHNeM OCHOBHBIMHM METO/IaMH, CIIOCO0aMH M CPEJICTBAMHU IOJIyYEHUs, XpaHEeHus,
nepepaboTku WHPOpPMAINK, HaBBIKAMU PAa0OTHI ¢ KOMITBIOTEPOM KaK CPEJICTBOM YIIPaBJICHUS
uHpopmanuei

3HaTh - HHTepq)eﬁC U OCHOBHBIC BO3MOXHOCTH IPOrpaMm O6I_I_I€1"O Ha3HA4YCHU
(SJIeKTpOHHHe Ta6J'II/II_U>I) " CIICHUATIU3UPOBAHHBIX HPOTrpaMM IJisI PCHICHUA 3a-
a4, CBA3AHHBIX ¢ MATECMATUYCCKUM MOJCIUPOBAHUEM,

- Bo3MOXkHOCTH TII IpU pCHICHUHN TUIIOBLIX 3a1a4,

Ymern —  €03/1aTh COOCTBEHHYIO (DYHKIIMIO B TAOJMYHOM IPOIIECCOPE;
—  HCTONB30BaTh Bo3MoxHOCTH TII mys peanuzanum ajroputMa mo OJOK-
CXeMe;
—  BbIoaHUTH B TI1 BeUMCIeHHS 110 HTEpAIIMOHHBIM (hopmynam,
Braners - MPaKTHYECKUMHU HaBbIKaMH pa0oThl B TabimuHoM miporieccope (TIT);
- MPAKTUYCCKIMH HAaBBIKAMH PA0OTHI B CHEITHATM3HPOBAHHBIX MPOTpaM-
Max;

IMK-16 ciocoOHOCTHIO TIAHUPOBATH U TPOBOJUTH (PU3HUYECKHE W XUMUYECKHE DIKCTICPUMEHTEI,
IPOBOJUTH 00PAa0OTKY UX PE3yJbTaTOB U OLEHUBATH MOTPEIIHOCTH, BBIIBUTATh TUIIOTE3BI U yC-
TaHABJIMBATh 'PAHUIIBI UX PUMEHEHUS], IPUMEHSATh METO/Ibl MATEMAaTUYECKOTO aHaJIN3a U MOJie-
JMPOBAHUS, TEOPETUYECKOTO U IKCIIEPUMEHTAIBLHOTO UCCIIEI0BAHUSI.

3HaThL — TIOHATHUA «MOJCIIb», «MaT€MaTHYCCKasa MOACIIb), HeO6XOJII/IMOCTI) HaJTH4uA
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CTpyKTypHBI
3IEMEHT

KOMIICTCHI UM

[Tnanupyemble pe3yabTaTbl 00ydeHUs

MaTEeMaTHYECKON MOJIENHN I OMMCAHUS XUMUKO-TEXHOJIOTHYECKOr0 Mpoliecca
1151 cephl TPOU3BOJICTBA;

—  (QU3UKO-XUMHUYECKUI METOJ MOJEIMPOBAHUS PABHOBECHOI'O COCTaBa CMe-
cH,

— TIOHATHE O JMHCWHOUN 3aBUCUMOCTH/HE3aBUCUMOCTH XUMUYCCKUX PEAKIUH;
— OCHOBHBIE OJIOK-CXEMBI JUIsl OITMCAHUS BBIYUCIUTEIBHOIO aITOPUTMA;

— OCHOBHBIE YHCJICHHBIE METO/IbI PEILICHUS YPAaBHEHUS, [I0Jy4aeMOI0 B X0/1€
(U3NKO-XUMHYECKOTO MOJCIIMPOBAHIS PABHOBECHOTO COCTaBa CMECH;

— ocHOBHbIE Au(depeHraIbHble ypaBHeHUs (OpMaTbHOW KUHETUKH;

— OCHOBHBIE METO/Ibl YHCIEHHOTO perieHus quddepeHInaIbHbIX YpaBHEHHUIH;
— 00LIYyI0 METOAMKY MOCTPOCHHUS (BbIBEACHNUS) MU PepeHINATBHBIX YpaBHe-
HUI HAa OCHOBE MaTEepHAJIbHOTO U TEIIOBOIO OajlaHca,

— nuddepeHmanbHbe YpaBHEHHsI HETIPEPHIBHOCTU TMOTOKA Ui HEYCTaHO-
BUBILIETOCS JABM)KEHUS HEC)KMMAEMOU >KUIKOCTH, TEIUIONPOBOAHOCTH, KOHBEK-
TUBHOH TEIUIOMPOBOAHOCTH, MU HY3UU, KOHBEKTUBHOUN nuddy3un; ypaBHEeHUE
MaTepuaIbHOro OanaHca AJis AJIeMEHTapHOro o0bEMa peakTopa Jirodoro TUma.
— DBJIEMEHTBI TEOPUH 000U (IIPOUCXOKICHUE KPUTEPUEB MTO00MS, KpUTe-
pPUAITBHBIX YpaBHEHHH, U3 OCHOBHBIX AU(PPEpEeHINATHHBIX YPABHEHUH, OTIHCHI-
BaIOIIUX MPOIIECC);

— YpaBHEHHE CTaHIAPTHOIO HOPMAJIBHOI'O PAaCIPEEIICHHUS, €r0 CBOWCTBA;

YmeTh

- BBIBECTU OCHOBHBIE YpaBHEHUsI (pOpMaIbHON KMHETHKHY;

- YMETh aHAIUTUYECKU PEIIUTh OCHOBHBIE YpaBHEHHs (HOpMaJIbHOW KH-
HETHKH;

- BBIBECTU Ha OCHOBE MAaTEPUAIbHOIO WU TEILIOBOIO OajaHCca OCHOBHBIE
g depeHnanbHble YPaBHEHUS: HENPEPbIBHOCTU IMOTOKA JUIsl HEYCTaHOBUB-
LIETOCs JBMKEHUS HECKUMAEMOM JKMJIKOCTH, TEIUIONPOBOJAHOCTH, KOHBEKTHB-
HOM TemaonpoBoJHOCTH, AUPQY3UH, KOHBEKTUBHOW Iupdy3uun; ypaBHEHHE
MaTepHaIbHOro OajaHca AJIs 3JeMEHTapHOro 00bEMa peakropa Jiro0oro TUIMa;

Bnanets

— METOJIOM CTaTUCTUYECKOTO aHAJIN3a OAHOPOJAHOCTU JUCTIEPCHIA;

— METOAOM CTaTHCTMYECKOTO aHalli3a BBIOOPKM Ha HaJMuue TpyObIX OIIU-
00K;

— METOJIOM CTaTUCTUYECKOTO aHaM3a OJHOPOAHOCTH CPEAHUX;

— MeToA0M HauMmeHbIux kBaapatoB (MHK);

— MeToAOM OOpabOTKH pe3ylbTaTOB MACCUBHBIX AKCIEPUMEHTOB Ha OCHOBE
MHK;

— wmeroaoM [IDI; aHanm3 moy4eHHOM MOJIETTH Ha aJIeKBaTHOCTh U paboToO-
CITOCOOHOCTD;

— wMetosioM J[DD;

— METOAOM TIOCTPOEHHUST MHOTOYPOBHEBOTO MHOT'O(AKTOPHOTO IIJIaHa, WC-
TMOJIB3YIOIIETO CBOMCTBA JJATHHCKUX KBAJIPATOB.




4 CTpyKTypa U cojlepKaHue TUCHMILTHHBI (MOYJIs1)

OO01mmast Tpy10€MKOCTh TUCHHUTIINHBI COCTABISACT 4 3a4eTHBIX equHul] 144 akaj. yacoB, B TOM YHUCIIE:
— KOHTakTHas pabora — 69,95 akan. yacos:

— ayauTopHas — 66 akaja. 4acos;

— BHeayauTopHas — 3,95 akaj. yacoB

— camocTosTenbHas pabora — 38,35 akaj. 4acos;
- B popmMe mpakTHYECKOM MOATOTOBKH 6 aKaj. 4acoB
— TOATOTOBKA K 3K3aMeHy — 35,7 akaj. yaca

<
=
AynutopHas B =
KOHTaKTHas paboTa S ~ 2 <
e (B akaz. yacax) w 5 o =
s 9 . ®dopMa TeKylIero KOHTPOJIs ycre- A==
Pa3znen/ Tema 3 T g Bun camocrosTensHOM S % E
g g 7 BaE€MOCTH U =g 8
JUCIATIIAHEL S = paboThI . &35 o
@) < . . =i MIPOMEXKYTOUHOM aTTeCTaIlN 5 =2 E
< ™
= 2 E| EE <IN = 3
2 | 82| &= g = g -~
o]
< S o <
= = o = (<2} c% M
Q
1. Pazgen O0mue BOIPOCH MOICIAPOBAHUS
1.1. Tema OO6uee moustre moneinu. [lousatue o mare-| 8 2 2 2 AP Nel Texymmii koHTpOb yereBaeMoctd | IIK 16 —3yB;
MaTHYeCKOM MojenupoBaHuu. Kiaccudukanms mate- OIIK-5 -3
MaTHYECKHUX MOJelell. AHATUTHYECKUN MOAX0M] K MO-
JIEIAPOBAHHIO. JKCIIEPUMEHTAIBHEIN MOIX0I K MOJe-
nmupoBaHnio. KoMOWHUPOBaHHBIA TMOAXO0J K MOJENH-
poBaHuio. TpHUEeAWHCTBO TMpoIecca MOJETUPOBAHUS:
MOJIENb, AITOPUTM, Tporpamma. OCHOBHBIE JTarlbl
MOJICITUPOBAHUSI.
1.2. Tema Ilpumepsl MareMaTHYeCKOrO0 MOAEIMpOBa-| 8 2 2/21 2 AP Ne2 (3amaum Nel, Ne2) Texymmii koHTpONb yerieBaemocty | IIK 16 —3yB,;
HUS W3 pa3iIW4HBIX oOmacTed 3HaHMA (pu3mka, BOEH- OIIK-5 —3;
HOE JIeJ10, OnoJIoTHS).
Hroro no pazneny 4 421 4 - Texyuit KOHTPOJIb YCIIEBAEMOCTH

2. Paznmen AHaIMTHYECKHUM TOIX0 K MOJICITUPOBAHHUIO
XTII
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2.1. Tema IloHsaTHE O (U3MKO-XMMHUYECKOM MOnenu-| 8 5 6/21 AP Ne2 (3amaum NeNe 3-12) Texymuii koHTpob yereBaemocty | IIK 16 —3yB;
poBanuu. TepMoaMHaMUKa XUMUYECKUX IIpeBpallie- OIIK-5 —3yB
Huil. HampaBieHue XUMHUECKUX peakluil. Y paBHEHHE
n30TepMbl XUMHUUYecKol peakiuu. [lonsitue o ¢yru-
TUBHOCTH M aKTUBHOCTU. CriocoObl ONHMCaHus KOHIIEH-
TpallMu pearupyroIux BeuiecTB. M3MeHeHne 3Hepruun
I'mb66ca B xome peakuuu. YpaBHEHHE H30TEPMBI XH-
MHUYECKOH peakiuu B CTaHIAPTHBIX YcJOBHAX. CBA3b
MEXAy KOHCTAaHTAaMHM PAaBHOBECHS B 3aBUCHMOCTH OT
criocoba onmMcaHusl cOcTaBa PEaKIMOHHOHW cmecu. ['e-
TEPOTeHHOE XMMHYECKOE PaBHOBECHE: 3allNCh KOH-
cTaHT paBHOBecus. OmpesneneHne KOHCTAHT paBHOBE-
CUSl NIPU pa3IMYHBIX TeMmmeparypax. Ilonstue o nu-
HEWHON 3aBUCUMOCTH XUMHUYECKUX PEaKLHUM.
8 5 6/21 AP Ne2 (3apaua Ne 13) Texywuii koHTpoJb ycrieBaemoctn  |I1K 16 —3yB;
2.2. Tema Kunerndeckne 0COOEHHOCTH NPOTEKAHUS OIIK-5 — 3ve
XMMHUYECKHX PEaKIMi B Pa3MUUHBIX cpefax. | paHHIIbI Y
MIPUMEHNUMOCTH TEPMOIUHAMHUYECKOTO MOAX0a K MO-
nenupoBanuio XTII. PaccMoTpenue 3a1ay pa3inaHon
CIOKHOCTU. MeToAMKa COCTAaBICHHS CHCTEM ypaBHe-
HUH, ONUCHIBAIOIIMX PABHOBECHBIE KOHILEHTPALUU
BEIIECTB, NPUHUMAIOLINX y4acTHE B XUMHUECKUX pe-
akiuax. CBeZieHHE CUCTEMbl HEIMHEHHBIX ypaBHEHHH
K OJJHOMY HEITMHEHHOMY ypaBHEHHMIO B 33Ja4ax Moje-
JIMPOBAHMS MPOTEKAIOMINX XUMHUYECKHUX PEaKIH.
8 5 421 AP Ne2 (Bamaua Nel4 Texymuii koHTpOJIb ycrieBaeMoctn  |I1IK 16 —3yB;
2.3. Tema JluddepeHnuanbHple ypaBHEHHs HeTpe- ( ) i oI Y OIIK-5 Y
PBIBHOCTH IIOTOKA IS HEYCTAHO-BUBILETOCS IBIDKE- ayB

HUSI HEC)KUMAEMOM IKHMIKOCTH, TEIUIONPOBOHOCTH,
KOHBEKTHBHOW TEIUIONPOBOAHOCTH, MUG(Y3UH, KOH-
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BeKTHBHOW 1 dy3un; ypaBHEHHE MaTepUaIbLHOTO
OanaHca I 3JIEMEHTapHOTo 00BhEMa peakTopa Jr000-
ro tuna. OOmue cBeaeHus o Teopuu momodus. Oc-
HOBHBIE KPUTEPUU MTOJJO0HSI.
Hroro no pasnery 15 16/61 |18 Texymiuii KOHTPOJIb YCIIEBAEMOCTH
3. Paznen DkcnepuMeHTaIbHBIA TTOIXO]]
8 5 511 |6 AP Ne3 (3agaum NeNe 15-18) Texymmii koHTpOb yereBaeMoctd | IIK 16 —3yB;
3.1. Tema CraTucTHYeCKHME METOAbl aHAIU3a JKCIIe- OIIK-5 — 3ve
PUMEHTAIBHBIX JaHHBIX. DKCIEPUMEHTAJILHBIE OIICH- Y
KM UCTHUHHOTO 3HAY€HHUs U3MepsieMOol ciyyalHOU Be-
T4uHEL 1 e€ aucnepcuu. OnpeneneHue rpyobIx omu-
OOK cpean pe3yiabTaTOB MOBTOpPHOCTEH ombita. Cpen-
HEB3BELICHHbIE OLEHKU AMCIEPCHU. AHAIU3 OJHO-
POZHOCTH MCXOJHBIX OIEHOK aucnepcuu. Onpenerne-
HHE JIOBEpUTEIHHONH OLIMOKH HKCIHEPUMEHTAIbHOU
OIIEHKH HM3MepsieMoro mapamerpa. OmnpeneneHune Juc-
Jla TIOBTOPHOCTEH OIBITa, 00ECIIEYHNBAIOIIETO MMOTyde-
HHUE 3aJaHHOM JOBEPUTEIFHON OIMIMOKH OIEHKH OTpe-
nensieMoro napamerpa. IIpoBepka HOpManbHOCTH 3a-
KOHa pacrpe/ieIeHusl.
8 5 4/11 |6 AP Ne3 (3agaun NeNe 19-20) Texymuii konTpons ycrneBaemoctu  |IIK 16 —3yB;
3.2. Tema IInanupoBanue n o0OpabOTKa PE3yJLTATOB OTTK-5 — 3ys

0HO(AKTOPHOTO  dKcrepuMeHToB. Popmanuzanms
9KCHEPUMEHTAIBHBIX JAaHHBIX METOJOM HAaUMEHBIIUX
kBagpaToB. CHMMETPUYHBIII M pPaBHOMEPHBIM IIaH
0HO(aKTOPHOTO dKcrepuMenTa. IIpoBepka anexBaT-
HOCTH TIOJy9IE€HHOTO YPaBHEHHMS M €r0 HCIIOJIb30BAHHE
Uil ontuMu3anuu mpounecca. IlomydeHne IKCIOHEH-
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LMaJbHOW 3aBHCUMOCTH 10 pPE3yJibTaTaM OJHO(AK-
TOPHBIX 9KCIIEPUMEHTOB.
JIByXypOBHEBBIE IIJIaHBI MHOTO(AKTOPHBIX JKCIIEPHU-
MeHTOB. MeToJi HauMEHBLIMX KBaJIpaToB IpH 00pa-
0OTKe pe3yJIbTaTOB MHOTO(AKTOPHOTO IKCIIEPUMEHTA.
JIByXypOBHEBBII IUIAH TIOJHOTO (PAKTOPHOTO 3KCIIe-
pumenta I1DD2". VpapHeHHs, MONydYaeMble MO pe-
3ynbTaTaM peanusanuu miaHos I1MD2". Cratuctuue-
CKMH aHalnu3 3HAYMMOCTH OLEHOK KO3((HUIMEHTOB
YpaBHEHHUsI, €T0 aJeKBaTHOCTH M PabOoTOCIIOCOOHOCTH.
JpoOHBIl (aKTOPHBIA SKCICPUMEHT JI®I2™™. Tlna-
HUPOBaHHE OJKCIIEPUMEHTAa IPH HM3MEHSIOUIEMCS BO
BPEMEHU BIIMSIHUM Ha MNpOLECC HEeYYTEHHBIX (aKTo-
poB. Mcrnons3oBanme miaso I1MD2" N2 s
MOJYYeHHs] YPaBHEHUsI Tpoliecca B BUE SKCIOHEHIH-
aJbHOM 3aBUCUMOCTH. PaccMoTpeHne npuMepos.
MHoroypoBHeBble MHOTO()aKTOPHBIE IUIAHBI, UCIOJb-
3yIOIMe CBOMCTBA JIATMHCKHMX KBaaparoB. Iloctpoe-
HHe TU1aHoB. [losydeHne u MCIOJIb30BaHUE ISl ONTH-
MU3alUH yPaBHEHUH pa3InYHON CTPYKTYPHI.
Hroro no pazneny 10 921 |12 - Texymuid KOHTPOJIb YCIIEBAEMOCTH
4. Paznen KoMOMHHUPOBaHHEIH MTOIXO
4.1. Tema OcobeHHOCTH KOMOMHHPOBAaHHBIX MaTeMa-| 8 4 4/21 4,35 AP Ne4 (3amaua Ne21) Texymuii konTpons ycrneBaemoctu  |IIK 16 —3yB;
THYeCKUX Mozeniel. PaccMoTpeHne MaTeMaTHYeCKHUX OIIK-5 - 3yB

Mojeneil U3 obnacTu npodeccHoHaTPHOW KOMIIETEH-
muu (TIPOTHO3MPOBAHKE TOKa3aTesiel KayecTBa KOKca
Mys 1 Myg). 3amaua MaTeMaTHYECKOro IPOrpaMMHUpO-
BaHUS JUI1 ONpEICNICHWs ONTHMAJbHOTO KadecTBa
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KOHTaKTHas paboTa S ~ 2 -
o, (B akaj. yacax) = & & 5
= s 9 . @dopma TeKyIero KOHTPOJIS ycIie- Al==1
Pasnen/ tema 3 S Bung camocTosTensHOM g EE
S é K BacMOCTH U > 2 [
JVCIUTITHHBI 5 o = paboTsI . Qg o
@) < S| s S g MIPOMEXYTOYHOH aTTEeCTALNH 5 2 =
= | &8 | EE e s =2
Z o R 2z R o 2 = R
5 | g2 22| ¢ S
= = o E c% ~
O
KOKCa ¥ €r0 CTOUMOCTH.
HUroro no paznery 4 421 4,35 - Texymiwii KOHTPOJIb YCIIEBAEMOCTH -
Hroro 3a cemectp 33 33/121| 38,35 - I[pome:xkyTouHasi aTTecTanus (IK- -
3aMeH)
Hroro mo aucunminue 33 33/12U1 38,35 — - -

W — B TOM umcIe, yackl, OTBE/ICHHBIE HA pa0OTy B MHTEPAKTUBHOM opMme.
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5 Oopa3oBaresibHbIC U HH(POPMALIMOHHBIE TEXHOJIOTHH

JUis BOCTHXKEHMsI TUTAHUPYEMBIX Pe3ylbTaToB 00ydeHMsl, B AUCLUIUIMHE «MoaenupoBa-
HUE XMMHUKO-TEXHOJIOTUYECKUX MPOILIECCOBY» UCIOJB3YIOTCS pa3iuyHble 00pa30BaTelbHbIC TEX-
HOJIOTHU:

1. UadopmannoHHO-pa3BUBAIOIINE TEXHOJIOTHH, HAIIPABJICHHBIE HA OBJIAJCHUE OOJIBIINM
3al1acoM 3HAHUH, 3allOMHHAHHE M CBOOOJHOE OIepupoBaHHE MMHU. Mcnoab3yercs JeKIHOHHO-
CEeMHMHAPCKHI METOJ[, CAMOCTOSATEIILHOE W3Y4eHHUE JTUTEepPaTyphl, IPUMEHEHHE HOBBIX WH(OpMa-
LIMOHHBIX TEXHOJIOTMH U1 CaMOCTOSITEJIbHOTO IIOIIOJHEHUS 3HAHWM, BKIIIOYas MCIOJIb30BAHUE
TEXHUYECKUX U AJIEKTPOHHBIX CPECTB UH(OPMAIINH;

2. JleaTenbHOCTHBIE NMPAKTUKO-OPUEHTUPOBAHHBIE TEXHOJIOIMHU, HalpaBleHHbIe Ha (op-
MHUpPOBaHHE CUCTEMbI MPO(PECCHOHANBHBIX MPAKTUYECKUX YMEHHUH NpU MPOBEACHUU HKCIEPH-
MEHTaJIbHBIX HCCIEIOBaHUN, 00ECIEeUnBaIOIIMX BO3MOXKHOCTh KAaYE€CTBEHHO BBIIOJHSATH MPO-
(eccCoHaIbHYIO IESTEIBHOCTH;

3. PazBuBaroniye npo0JeMHO-OPUEHTHPOBAHHBIE TEXHOJOTUM, HalpaBieHHbIE Ha (op-
MHUPOBAaHHE U PA3BUTHE NMPOOJIEMHOIO MBIIIIEHHSI, MBICIUTENbHON AKTUBHOCTH, CIIOCOOHOCTHU
poOJEMHO MBICIUTh, BUAETh U (POPMYJIMPOBATH MPOOJIEMBI, BBIOUPATh CIIOCOOBI M CPEJCTBA IS
ux pemieHus. Mcnoap3yroTes Claeayonue BIIbI MPOOIEMHOT0 00ydeHHs: OCBEIICHNE OCHOBHBIX
npobaeM M3ydaeMoW JUCLMIUIMHBI Ha JIEKIMAX, Y4eOHblE TUCKYCCUH, pELIeHHE 3ajay IOBbI-
HICHHOW CIOKHOCTHU. [IpenogaBarens JUIIb CO3AaeT MPOOJIEMHYIO CHTYAIHIO, & pPa3pemaroT eé
o0yuyaeMble B X0JIe CAMOCTOSTEIbHOM 1 TebHOCTH;

4. JIMYHOCTHO-OPHUEHTUPOBAHHBIE TEXHOJIOTMM OOYy4YEeHMs, OOECIEUMBAIOIIUE B XOJ€
y4eOHOro mpoliecca yyeT paziIuyHbIX CIOCOOHOCTEH 00ydyaeMblX, CO3/laHME HEOOXOIUMBIX YC-
JIOBUM JUIsl pa3BUTUS UX MHAMBHUAYAJIbHBIX CHOCOOHOCTEH, pa3BUTHE AKTUBHOCTU JIMYHOCTH B
yuebHOM nporecce. JIMUHOCTHO-OpUEHTUPOBAHHBIE TEXHOJIOTUM O0YUYEHHUs peanu3yloTcs B pe-
3y/lbTaTe€ MHAUBUAYAIBHOIO OOIIEHMSI MIPENoJaBaTelisl U CTYACHTa Ha KOHCYJIbTAlMsIX, IPU BbI-
IIOJIHEHUHU JOMAIIHUX WHAWBUAYAIBHBIX 3aJaHUN, IOATOTOBKE WHIMBUIYaJIbHBIX OTYETOB IIO
MHAUBUAYaJIbHBIM 331aHUSIM, PELLICHUY 3a/ay.

Metoauueckasi KOHLENIMS NPENOAABaHMUs AUCLHUIUIMHBL «MOJEINpPOBaHUE XUMHUKO-
TEXHOJOTHYECKHX IPOIIECCOBY MPETyCMAaTPUBACT aKTHUBHYIO (OpPMYy YCBOEGHMs MaTepuania, Ko-
TOopasi 00ecreynBaeT MaKCUMAJIbHYI0 CAMOCTOSITEIbHOCTh CTYJEHTa B PELICHUHM TEXHOJIOrHYe-
CKHX 3aJia4 IIPY BBIIIOJHEHUH 3a/1aHUH.

Taxxke npeaycMOTpeHbl pa3IMYHbIE BU/IbI JIEKIINOHHBIX 3aHATHN:

- JeKIUs ¢ pa3dopoM KOHKPETHOH 3aJauu, U3JI0)KEHHOH B YCTHOH (opme uiau B BUIE
cJlaiiia WM BUJIE03AITUCH, CTYJEHThI COBMECTHO C MPEIoIaBaTeseM 00CYKIal0T U aHAIU3UPYIOT
MPEJCTaBICHHBIN MaTepUal;

- JeKIHsl ¢ pa300pOM HEPEUIEeHHbIX U MPOOJIEMHBIX BOIPOCOB AUCLUIIIMHBI — aHAIU3 U
00CyXJIeHNE BO3MOYKHBIX BApUAHTOB PELICHHS 3TUX BOIIPOCOB.

CamocrodrenbHas paboTa CTUMYJIUPYET CTYI€HTOB K CAMOCTOSITENIbHON MPOPaboTKe TEM
B IIpolLiecce HamucaHus pedeparoB, BHINOIHEHNUS] MHIMBUYalbHBIX 3aJaHHi, B IIpoliecce MoAro-
TOBKH K KOJUIOKBUYMaM M UTOTOBOM aTTECTalUH.

HuTepakTBHOE 00yu€HHE BKIIIOYAET CIAEAYIOUINE METOIbIL:

- paboTta B KOMaH e

- mpo0sieMHOe 00yueHue

- KOHTEKCTHOE 00Yy4eHUe

- 00yueHne Ha OCHOBE OITbITa

- MEXTUCIUITIIMHAPHOE 00y4YeHne

- 3BpUCTHYECKas Oecena

- yueOHasi IUCKYCCHUS.

Jns oueHKHM 3HAaHUM PEKOMEHAYETCS MCIOJIb30BaTh PEUTHHTOBYKO CHCTEMY, KOTOpPAst
o0ecreynBaeT JIUArHOCTUKY JOCTH)KEHHUS 00yd4aeMbIM 3a/laHHOTO YPOBHSI KOMIIETEHTHOCTH Ha
KaXKJIOM 3Tare TeKyIIero, MpoOMeKyTOYHOI0 U pyOeKHOT0, UTOroBoro KoHTpouis. Llens crynenTa
— HaOpaTh MakcUMalibHOE uyuciio OayuioB. IIpu peHTHHroBOM cucTeMe pe3Ko BO3pacTaeT poJb



TEKYILIEro KOHTpoJisi. B KoHIle cemecTpa, CTyIeHTHl, HabpaBiiue cyMMapHbIi peiitunr 50% mo-
Jy4aroT JOIYCK K K3aMEHY.
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6 YueOHO-MeTOIMYeCKOEe 00ecleyeHne CaMOCTOSITeIbHOM padoThl 00y4YarOLIUXCsl

[To aucuummnae «MoenupoBaHHe XMMUKO-TEXHOJIOTHYECKUX MIPOLIECCOBY MPEIyCMOTpe-
Ha ayIMTOPHAs U BHEAYAUTOpHAs paboTa 00yJarommxcsl.

AynuTopHas paboTa CTYACHTOB IpPEIIoyiaracT peluieHHe 3aad Ha MPAKTHYCCKUX 3aHSITH-
AX.

AynurTopHblie padotsl (AP):
AP Nel «O0Ouiue Bonpochbl Moae M POBAHUA»

Nel. CoctaBuTh 0510K-CXeMy JAJIsl BBIUMCIICHUS] CYMMBI KBaipaToB nepBbix N uucen HaTypaibHO-
ro psaa.

Ne2. CocraButh O10K-cxemy s pemieHus 3aaaun. KakoBo Bpems majgeHus Telna, €ClIu U3BECTHBI
BBICOTA, YCKOpPEHHE, HaualbHasi CKOpOCTh. [IprMedanue: npeaycMoTpeTs KOPPEKTHYIO 00paboT-
Ky BCEX BO3MOXHBIX CIIy4aeB: PEIlIEHUE HE UMEET KOPHEW; OAMH, JABa KOpHS; 33a]a4a HE UMEET
(bu3UYECKOro CMBICIA.

AP Ne2 «Ananutu4yeckui nogxoa Kk moaeaunposanno XTID»

Nel. Paccuntath HOHHO-MOJIEKYIISIPHBIN cocTaB B nmpucyrcTBuu KCN, pacTBOpEHHOTO B KOJIUYe-
crBe C=10" monb / 1. 3amarbes 3Hauenmsmu pH B muTepBame 0-14 M 9HCIGHHO paccdYHTaTh
MOHHO-MOJICKYJISIPHBIA COCTaB JIaHHOM cuUCTeMbl. Pe3ynbTaThl mpeicTaBUTh IpadUyecKd B HUH-
(dopMaTBHOM BHJE (MCIOJB30BaTh JIOTAPU(PMHUUYECCKYIO IIKaTy BBIXOJHOTO mMapamerpa). Bcee
pacuéThl MPOU3BECTH B TAOJIUYHOM IIPOLIECCOPE.

No2. PaccunTaTh MOHHO-MOJIEKYJISIPHBIM COCTaB PacTBOpPa B MPUCYTCTBUU PACTBOPEHHOM yrie-
KHUCITIOTHI BO3yXa. 3agaThes 3HaueHus MU PH B untepBaiie 0-14 u 4ucieHHO pacCcUUTaTh HOHHO-
MOJICKYJISIPHBIA COCTaB JaHHOW CHCTeMBbl. Pe3ynbrarel mpenctaButTh rpaduyeckn B mHpoOpma-
TUBHOM BUJE (MCIOJB30BATh JIOrapu(MUYECKYIO MKy BBIXOJHOTO mapamerpa). Bece pacuérsi
MPOU3BECTU B TAOJIMYHOM ITPOIIECCOPE.

Neo3. 3nauenue pH pactBopa perynupyercs U3BMEHEHUEM KOHIIEHTPALMK coJibl. PaccunTaTh KOH-
[EHTPAIUIO [CO*] noHoB B pacTBope, ¢ Y4ETOM pacTBOPEHHOM YIIIEKUCIOTHI BO3/IyXa. 3a/1aThCs
3HaueHusiMu PH B uHTepBasie 0-14 U YUCIEHHO paccYUTaTh HOHHO-MOJIEKYIISIPHBIM COCTaB JaH-
HOM cuctembl. Pe3ynbTarhl npeacTaBuTh rpaguuecku B MHPOPMATUBHOM BUAE (MCIOJIB30BaTh
Jorapu(pMHUECKYIO IIKaly BBIXOJHOTO TapaMmerpa). Bce pacd€rbl mpous3BecTH B TaOIUYHOM
IIPOLIECCOPE.

Ned. Tlpu xakom 3HaueHuu pH nmocturaercs mpaktudecku monHoe ocaxkaeHue MnS (ITPyns =
2.5*10'10), cozepxarierocsi B pactBope B konnuectse 0,005 momnb, ipu ynorpednenuu 50 % u3-
ObITKa ocanuTens. Pacu€t mpousBectu Ha 1 11 uccnemyemoro pactBopa. Bee uncineHHbie pacu€Thbl
MIPOU3BECTU B TaOJIMUYHOM IPOLIECCOPE, aHATUTUYECKNE 3aIIUCH MPEJOCTaBUTh B OyMa)kKHOM BH-
ne. U3 kakux cooOpaxxeHHil HaXOAUTCS KOHIIEHTpaIMsl MapraHiia [Mn**], u MEXIy KaKUMHU XU-
MUYECKUMH (OpMaMU OCYILIECTBISETCS MaTepHalbHBIM OajlaHC M0 cepe M30BITOYHON KOHIIEH-
Tpauuu ocaauTtens?

Ne5. Tlpumep 5. PaccunTtaTh paBHOBECHBIN COCTaB Ira30BOW (ha3bl AJIsi YCTAaHOBUBIIETOCS Tep-
MOJMHAMHUYECKOTO PABHOBECHSI MTOIYUEHUS BOASHOTO T'a3a MO PeaklMsIM:

C+H,O0=CO+H, (1)

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

B nanHOM 3a7aHMM JOCTATOYHO OTPAHUYUTHCS BBIBOJOM KyOWYECKOTO YPaBHEHHSI OTHOCUTEIb-
HO Pco.

Ne6. OnieHuTh ¢ PU3NKO-XUMUYECKOW TOYKU 3PEHHUS, TPU KaKOM 3HaueHUU pH mpoucxonuT me-
pexon PbSO4 B Pb(OH),. U3menenne pH npoucxoaut 3a cuét NaOH.

B cucreme npenmnonaraerca NpoTeKaHue CAEAYIOMNX XUMUYECKUX PEaKIU:

PbSO, . < Pb*,,+S0, s (1)
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Pb(OH),,, < Pb*,, +20H 7, (2)
Pb(OH), <> H",p +HPDO, »yp (3)
Pb(OH)*,-, < Pb*,, +OH ., (4)
HSO, »» < H"pp +50,7 v (5)
H,O< H +0OH (6)

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

YpaBHEHHE 2IEKTPOHEUTPATILHOCTH:

[Na*"]+2*[Pb* ]+[Pb(OH)"]+[H'] < 2*[80427]+[HSO47]+[HPb027]+[OH_]
[TpuMedanue: mpu peLIeHnH 3a1a4d HEOOXOIUMO 10 UMEIOUIMMCS YPaBHEHUSIM COCTaBUTh CHUC-
TEMY HEJIMHEHHBIX YpaBHEHUM, U3 HE€ BbIBECTHU YpaBHEHUE:!

2*Kzz *K4 *Ks *[HJF]4 + Kz *Ks *Kw(Z*Kz + K4 *Kw)*[H+]3 -
_I<4*I<W2("<l*}<w2 +K2*KS*KS)*[H+]_2*K1*K4*K5*KW4 :O
W3 cnpaBOYHBIX AAHHBIX HEOOXOIUMO OIPENEIUTh KOHCTaHThl XxumMuueckux peakuuit K; — Ks
cootBeTcTBYrOIMX peaknuii (1)-(6).
W3 npakTryeckux cooOpaxeHU yCTaHOBUTD, C KAKOM TOYHOCTHIO HEOOXOAMMO BBIUUCIIATH 3HA-
yenue pH.
Henuneiinoe ypaBHeHHE HEOOXOJMMO PEUINTh YETHIPbMSI METOJAMU: rpapUueCKUM, MOJOBHH-
Horo jeneHus, HetortoHa, xopa. Caenatb BbIBOA O OBICTPOTE CXOAMMOCTH Ka)KJOr0 M3 METOJIOB
IIpU 33JJaHHON TOYHOCTH IOJy4aeMOro pe3yibTara, a TaKXKe IPUTOJHOCTH JIJIsl PEILICHUs 3a/1a4u
(U3UKO-XMMUYECKOT'0 MOJEIIMPOBAHMSL.
PaccmoTpeTs 3BpUCTHYECKHIT METOJl, OCHOBAaHHBIN Ha crenu(uke pemaeMoi 3a1a4yn, penieHus
CUCTEMBI HEJIMHENHBIX YPaBHEHUIA.
Bce BbruncneHus npon3BecTy B TaOJIMYHOM IPOLECCOPE.
Ne7. Ilonp3ysice pesynpTaTamu 3aaadd Ne6 MCKIIOYMTH W3 CUCTEMBI HEIMHEWHBIX YpaBHEHUN
ypaBHeHue (3). PemuTh nmoayyeHHYI0 CUCTEMY ypaBHEHUMN 3BpUCTHYECKUM MeTonoM. Crenarthb
BBIBOJ O BIIMSTHUM ypaBHEHMsI (3) Ha MOJIEIMPYEMYIO CUCTEMY U UTOroBoe 3HaueHue pH.
No8. Tlonw3ysick pesynapTaTaMu 3amaud Ne6 HCKIIOYUTH U3 CHCTEMbl HEJTMHEHWHBIX ypaBHEHUU
ypaBHeHue (3) u (5). Pemmth nonydeHHyro cucTeMy ypaBHEHHH 3BpUcTHYeCKUM MeTozoM. Cre-
JaTh BBIBOJ O BIMSHUM ypaBHeHUs (3) u (5) Ha MOAENUPYEMYIO CUCTEMY U UTOTOBOE 3HAUECHHE
pH.
Ne9. Tlonw3yschk pesynapTaTaMu 3agaud Ne6 HCKIIOYUTH M3 CHCTEMbl HEJTMHEHWHBIX ypaBHEHUU
ypaBuenue (1), (3), (5). Pemmte nonydeHHYI0 CHCTEMY ypaBHEHHUiIl 3BPUCTUYECKHM METOIOM.
Craenath BbIBOJ O BIUSHUU ypaBHeHHs (1) Ha MOAEIMPYEMYIO CHCTEMY M MTOTOBOE 3HAYCHHE
pH.
Nel0. Pemmuth HenmuHeltHOE ypaBHEHHE U3 3a7aud (6) ¢ MOMOIIBIO BCTPOCHHBIX (YHKIHM cre-
nuanu3upoBanHoil mporpammbel MathCad. CpaBHHTB MONTy4eHHOE 3HAUYEHHE C Y)KE MOTYyICHHBI-
MHU.
Nell. Pemmth cucreMy HEIMHEHHBIX YpaBHEHUH W3 3a1a4M (6) ¢ MOMOIIBIO BCTPOCHHBIX (DYHK-
uii crenuanusupoanHoil nporpamMbel MathCad. CpaBHUTB MOJyd4eHHOE 3HAYCHHE C yXKe TMO-
Jy4YEHHBIMHU.
Nel2. Vcxoas m3 MOHSTHS TUHEHHAs 3aBUCUMOCTH/HE3aBUCUMOCTh XUMUUYECKUX PEAKIUH, C TT0-
MOIIIBIO0 BCTPOEHHBIX MaTteMaTrueckux pynkuuit MathCad nist cucremsr peaximii
C+H,0&CO+H, (1)

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

Onpenenuth KOJUYECTBO JIMHEWHO-HE3aBUCUMBIX XMMHUYECKUX peakuuil. YTo 3TO o3HAdaeT ¢
TOYKH 3PEHUSI MaTEMaTHUECKOTO ONHUCAHUS JAHHON CUCTEMbI pEaKLIUM.
Nel3. Jlyis HEOOpaTHMOM pEaKIMK IEPBOTO MOPSIKA:
A——>B
CocraButh quddepeHranbHOe ypaBHEHHE CKOPOCTH M3MEHEHHUs KOHIeHTpauuu A. Pemmuth
nosiyueHHoe AuddepeHInaIbHOoe ypaBHEHHE METOA0M Dijiepa, MOAU(GUIUPOBAHHBIM METOJI0M
Oiinepa, Pynre-Kyrra. CaenaTs BbIBOJ O TOYHOCTH Ka)KIOrO M3 METOJOB B CPABHEHHUH JAPYT C
apyrom. J{is pacuéra npuHATH CIeAyIoNIe 3HaUeHNsl HEM3BECTHBIX TapaMeTPOB:
C°4= 0,7 moms/m; K1=0,001 1/c; h= 0,1 (uar uuTErpHpOBaHHS).
Nel4. Jlns mociaenoBaTenbHON CXEeMbl HEOOPATUMBIX XMMHYECKUX PEAKIIMK MEPBOro mopsaka: A
A——>B—2>C
CocrtaBuTh cucteMy nudQepeHIHaIbHbIX YPaBHEHHH U PEIIUTh €€ ¢ TOMOIIBI0 MeToAa Ditnepa,
moaudunupoannoro Jitnepa, Pynre-Kyrra 4-oro nopsinka. Cnenatb BbIBOJ O TOUHOCTH MOIY-
4aeMOoro peIIeHUs, CPaBHUBAs METOIbl MEXKIy co00M. [l pacuéra NpUHAThH CIEAYIOLINE 3HaUe-
HUSl HEM3BECTHBIX ApPaMETPOB:
C0A= 0,5 Moup/11; COBZ COCZO mob/it; kK1=0,05 1/¢; k,=0,07 1/¢c; h= 0,1 (1ar uHTErpUpPOBAHHS).

AP Ne3 «IkcnepuMeHTATbHBIA MOAX0MI»

Nel5. C napéxnoctsio P = 0,95 obecnieunth 0HOPOAHOCTH IPEJICTABICHHBIX B TaOJIUIE AaH-
HBIX, HCKJIFOUUB IrPpyObIe OITHOKH.

K 1 2 3 4 5 6 7 8
Yk o4 54 53 54 30 46 52 55 54
Ay % 4,2 3,2 4,2 -19,8 -3,8 2,2 52 4,2
18 10 18 392 14 4,8 27 18

Perennie nanHoi 3ajaun OCYIIECTBUTh HA OCHOBE JIBYX METOOB: MpaBuiia 26 U KPUTEPHUS MaK-
CUMAJIBHOTO OTKJIOHCHHMSI . PaCU&ThI BBHITIOJHUTE C HCITOJIB30BAHUEM TaOJMIHOTO TIPOIEeccopa.
Nel6. C nmomomipio aHanu3a OJHOPOAHOCTH cpenHuX. J[aTh 3akiIOYeHHe O BO3MOKHOCTH TIpe-
umytiecta (P = 0,95) ogHoro anmapara niepej Ipyrum 1o mpou3BOAUTEIILHOCTH.

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

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

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

PacuéTsl BBITOTHUTH € UCIIOJIB30BaHUEM TaOJIMYHOTO TIPOIIECccopa.
Nel7. Ilns mpoBepKky MpaBUIBHOCTH BoOJbTamMmepomeTpudeckoir (BA) MeToaMKH ompeneneHus
kaamusi Cd ucnosib30Bay aTOMHO-a0COpPOITMOHHYIO (AA) METOIMKY, HE COACPIKaITyI0 CUCTEMA-
TUYECKOH morpemHocT. [Ipy aHanM3e OAHOTO M TOTO k€ 00BEKTa MOMYyUYEHBI CIEAYIOIINe pe-
3ynbTatel (HT / M Cd):

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

AA:23,5;20,1; 19,9; 19,2; 19,0; 22,8
CO)]ep)KI/IT JIn BOHBTaMHepOMeTpI/I‘IeCKaH METOANKA CI/ICTeMaTI/I‘IeCKYIO HOFpeHIHOCTB?

Pacuérpl BBIMOTHUTH C MCMHOJIB30BAHUEM TAOJIMYHOIO IMpoleccopa 0e3 HCHOIb30BAHUS CIIELH-
AIbHOUN HAJICTPOUKH.

15




Nel8. Pemnts 3amaqy Nel7 ucnionb3ysi HAACTPOUKY TaOJIMYHOTO MPOLIECCOPA.

Nel9. Mcnonb3ys Tpu pa3idyHBIX T'€HEPUPYIOIIMX COOTHOIIEHHUS, COCTaBUTh IJIAHBI dKCIEPU-
mentos JI®D2°2. ammcars GopMyItbl U pacuéTa Kod(HUIMEHTOB THHEHHOMN MOIEIH.

Ne20. Ha ocHOBe JTaTUHCKUX KBaJpaTOB COCTaBUTh ISITHYPOBHEBBIN IJIaH MATH(HAKTOPHOIO IKC-
NEpUMEHTa JUIS UCCIIE0BAaHUS Mpoliecca HHPPAKPACHOH CYIIKH IPaHyJTUPOBAHHBIX MAaTEPHAJIOB
B BAKyyMe€ IIPHU UMITYJIbCHOM 3Hepronoasoe. I1oaydnTs MaTeMaTHYECKy 0 B BUJIE CyMMBI HEJIH-
HEHHBIX QYHKIMIA 1 HAUTH ONTUMaJIbHbIE 3HAUCHHUS PSKUMHBIX ITapaMETPOB IMpoIecca: MIOTHO-
CTH TEIIOBOTO MOTOKA HA MOBEPXHOCTH cyosi MaTepuana Ci (Br/cM?), TOMIIHEA CII0S MPOAYKTA
Cn (mm), nuamerpa rpanya Cy (MM), BenruuHbl paspsokeHust Cpy (MM. PT.CT.) U CKBaXXHOCTHU
umnynsca Cy (%,0THOIIEHHE BpeMEeHHM padoThl MHOPAKPACHOM CYIIWJIKM K OOLIeMYy BpEMEHH
npeObIBaHUs B CYyIIWIBHONM Kamepe). Brixomom npornecca y (py0/T) wim KpUTepUeM ONTHMAIIb-
HOCTH IPUHATA BEIMYMHA IPUBEAEHHBIX T0XOA0B C Y4ETOM IIPOU3BOJUTEIBHOCTH YCTAHOBKH U
noTpedJIIeMOI MOIITHOCTH.

YpoBHH 1 2 3 4 5

C, (Br/cm®) 0,50 0,75 1,00 1,25 1,50

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

Cwv (mm. | O 150 300 450 600

PT.CT.)

Cv 0,2 0,4 0,6 0,8 1,0

x(6e3pa3M.) -2 -1 0 1 2

u [Tnan y u [Tnan y u [Tnan y u [Tnan y
pyo/T pyo/T pyo/T pyo/T

1 11111 | 130 8 41352 | 270 15 21543 | 320 22 12345 | 200

2 23451 | 140 9 53142 | 320 16 44444 1 320 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

AP Ne4 «KoMOMHUPOBAHHBIH MOAX01

Ne 21. ITo nanubM paboTsl [Kokc n xumus. 1978. Ne 8. C.12—14] na ocnose [1PD 2 paccuyuTaThb
3HaueHUsl KO3(PPUIMEHTOB JMHEHHOW MOJENM JUId NMPOrHO3MPOBAHUS MOKa3aTelleld KadyecTBa
KOkca Mys 1 Mg, CPaBHUTB UX C IPEMJIOKEHHBIMU B CAMOM HAYYHOM CTaTheE.

VYka3zaHue K BBINOJMHEHUIO 3afaHusi: Ha jucte TII B mHDOpMATUBHOM BHIIE CO3[aTh TAOJIHUILY
MJIaHUPOBaHUS dKcrepuMenTta [ 1P 24, BBECTH CPEIHME 3HAUEHUs TMOKa3aTeJel KauecTBa KOKca
Mjys 1 Mg u paccuntarb KOd(PPUIIUEHTHI IUHEWHON MOJIEIIH.

Cooeprcanue npakmuuecko2o pazoena OUCYUnIUHbl

1) Aneopumm pewieHus: HeMUHENHO20 YPABHEHUSL MeMOOOM XOpO;,

2) Aneopumm peuwienus HenuHellHo2o ypaguerus memooom Hetomona,

3) Aneopumm peuienus HeIUHEUHO20 YPAGHEHUS MeMOOOM OeleHUsi ompesKd No-
NOLAM.

4) HUcnonvzosanue naxema npukiaouvix npoepamm MathCad ons pewenus uenu-
HEUHbIX YPABHEHU,

5) Aneopumm peuwterus oughghepenyuanvHuix ypasrnenuu memooom Jiliepa.

6) Aneopumm pewenus ouppepenyuanbrvix ypasHeHutl MoOUPUYUPOBAHHBIM Me-
mooom Diliepa.

7) Aneopumm pewtenusi oughghepenyuanvHulx ypasHneHutl. memooom Pynee-Kyma

uemeépmozo nopsoKa.
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8) HUcnonvzosanue naxkema npuxiaonvix npoecpamm MathCad onsa pewenus ougpge-
PEHYUATIbHBIX YPABHEHULL,

9) Pewenue cucmem ougghepenyuanvuvix ypasuenuii memooom iinepa, mMoougu-
yuposanHvim memooom diinepa, Pynee-Kyma.

10)  Hcnonvzosanue nakema npuxiaouwvix npoecpamm MathCad ons pewenus cucmem
ougpepernyuanbHvIX YypasHeHull.

11)  Ilpaxmuueckuil ananuz cywecmsyrowux mooenietl 6 001acmu npopheccuoHaIbHOU
KomMnemenyuu (npocHosuposanue noxkaszamenei kawecmea kokca M25 u MI10) 6 naxeme
MathCad.

12)  HUcnonvzosanue cmpoeHnol HAOCMPOUKY MAOIUYHO20 NPOYEccopa OJis PeUuLeHUs.
3a0ay Mamemamuiecko2o npocpamMmupO8aHusl.

13)  Hcnonvszosanue npocpammor MathCad 0ns pewenus 3a0ay mamemamuyecKo2o
NPOCPAMMUPOBAHUSL.

Hepeqenb BOIIPOCOB K 3K3aMEHY

OO61re BOnpocsl MOJIEIUPOBAHUS:

1. OOwee npencrasieHue o Mojenu. MaTeMaTuyeckue MOJEIH: ONpeeseHue, 10CTO-
MHCTBA W HEIOCTaTKH, 10 CPAaBHEHHIO C JpYruMu dopMamu mpeacraBieHust moaenn. [lonsrue
«mozenupoBanuey. Kiaccupukanus MaTeMaTH4eCKUX MOJIETICH;

2. CymHOCTh aHAJUTUYECKOTO MOAX0Ja K MaTEMaTHUYECKOMY MOJAEIHpPOBaHNUI0. Moje-
muposanue XTII npu aHamUTUYECKOM IIOAXOJE;

3. CymHOCTB 3KCIEPUMEHTAIBHOTO MOIX0a K MAaTEMaTHIECKOMY MOACITHPOBAHHIO;

4. CymHocTb KOMOMHUPOBAHHOI'O MOAX0/1a K MaTEMAaTHYECKOMY MOJIEIMPOBAHUIO;

5. TpueauHCTBO NpU ONMUCAHWU OOBEKTAa MOJACIHPOBaHUA. TpeOOBaHMA K KaXKIOW U3
COCTaBHOM YacTH MPU ONHUCAHUH OOBEKTa;

6. OCHOBHBIE ATAIbl MOJICTTUPOBAHUS (C TIOACHSIOIIMMU TIPUMEPAMH).

AHanuTHYeCKN NOAX0/ K CO3/JaHUI0 MaTEMaTHYECKUX MOJIEIICH:

7. YpaBHeHHE M30TEpPMbl XMMHUECKON PEAKIUU MPU Pa3IUYHOM CIIOCOOE BBIPAKECHUS
KOHLEHTpaluuu. BeipakeHne ypaBHEHNs U30TEPMbl XUMUUYECKOM PEAKIIMHU B CTaHIAPTHBIX YCIJIO-
BUAX. CBSI3p MEXJy KOHCTAaHTaMU PaBHOBECHUS B 3aBHCHMOCTH OT CIOcOOa ONMMCaHHs COCTaBa
peakunoHHOM cMmecu. CooTHOIIEeHUs A KOoHcTaHT paBHoBecus Ky, Ky, K¢ B naeansHom pac-
TBODE;

8. Meroxa Témkuna-1lIBapimana pacuéra KOHCTAaHT paBHOBECUS! XMMUYECKON peaklnu.
[TonsiTe 0 NMHEWHOHN 3aBUCUMOCTH U HE3aBUCUMOCTU YpaBHEHHM XUMHUecKUX peakuui. Oc-
HOBHBIE CIIOCOOBI ONpEIEICHUs IMHEIHO HE3aBUCUMBIX YPaBHEHUI XMMUUYECKUX PEeaKLUi;

9. BO0O3MOXHOCTH MOJECITUPOBAHUS TPU TEPMOJNHAMHYECKOM TIOAXO0/E K OMPEICICHUIO
PaBHOBECHBIX 3HAYEHUH Y4aCTBYIOIUX B XUMHUYECKHUX peakUusax BemecTB. OCHOBHBIE TOCTOUH-
CTBA Y HEJJOCTATKHU IIPU TEPMOANHAMUYECKOM TOJIXOJIE.

10. OcHoBHbIE MOHATHS U OTpeieNeHus: (POPMaNbHOM KHHETUKU: CKOPOCTh XUMHUYECKOM
peakuuu, crnocoObl €€ BhIpaKEHUsI, MOJIEKYJISIPHOCTh PEaKLUU, MOPSA0K PEaKIH, YaCTHBIN 10-
PSIOK peaklyu, MOCTYIaT XMMHUYecKoi kKuHeTukH (ypaBHeHue ['ynpadepra u Baare), koHcTaHTa
CKOPOCTH XUMHUYeckol peakiuu (mpasuio Baut-I'opda, ypaBHeHnne Appennyca);

11. CxopocTh HEOOPAaTUMBIX peakiuili MepBOro, BTOPOro, n-oro mopsakoB. OdpaTumas
peakuys NepBoro NopsaKa;

12. OGpatumas peakuus BTOPOro nopsijaka (pa3odpaTh TOJIBKO YaCTHBIN CIydaid: OTCYT-
CTBHE B HAaYaJbHBIII MOMEHT BPEMEHH NPOAYKTOB PEAKIIMM, HAYAJIbHbIE KOHIICHTPALlUH pearu-
PYIOLIMX BEILECTB paBHBI MKy co00i). [TlapannenbHblie peakuuu;

13. TlocnemoBaTenbHBIE PEAKIMH TEPBOTO TMOpPSAKa (s TPEX XMMHUYECKHX COCIIHE-
Huil). Pa3oOpath paziauuHble caydan COOTHOIIEHUS MEXAy cO00i KOHCTaHT XMMHUECKUX peak-
iy,
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14. OOmee ypaBHEHHE NUHAMUKH U CKOPOCTH XUMHUYECKOW pPEaKIUU, MPOTEKAIOIICH B
IIOTOKE B PEXHMME MJI€AIbHOTO BbITecHEeHHs. HeoOpaTuMas peakiysi nepBoro u BTOPOro mnopsii-
KOB, IIPOTEKAIOLINX B IOTOKE B PEKUME H1€aJIbHOTO BHITECHEHHUS.

15. OGpatumast peaxiysi IepBOro U BTOPOro MOPSAIKOB, MPOTEKAIOUIUX B MOTOKE B pe-
KUME UeanbHoro BeiTecHeHMs. [locieoBarenpHas peakiys NepBoro NopsaaKa, IpoTeKaroIas B
IIOTOKE B PEKUME UJIATIbHOIO BBITECHEHHUS.

16. Kunernka roMOreHHBIX pPEaKUUi, MPOTEKAOIIUX B PEKUME UACATHHOTO MEePEMEIIH-
BaHMSL.

OKCHepUMEHTAJIbHBIN MOAXO0/ K CO3JJaHUI0 MAaTEMaTUYECKUX MOJEIEH:

17. Craructuueckue METO/Ibl aHaIN3a HKCIEPUMEHTAIBHBIX aHHBIX: OLICHKAa HCTUHHOTO
3HAYCHHUS HM3MEpSEMON BEIMYMHBI U €€ IUCIEepPCHM; OIpelesieHue TPyOBIX OIIMOOK; CpenHe-
B3BELLCHHBIE OLICHKH JUCIIEPCUH; aHATIU3 OAHOPOAHOCTH UCXOIHBIX OLIEHOK JUCIEPCUH.

18. Ompenenenue AOBEPUTEIBHON OMIMOKHA 3KCIIEPUMEHTAILHONW OLEHKH HM3MEPSIeMOTro
napamerpa. OnpeneneHue yucia MOBTOPHOCTEN ONbITa, 00ECIIEYMBAIOLIETO MOJyUeHHUE 3a/laH-
HOM J0OBEPUTENBHOM OLIMOKYU OLIEHKHU OIpeaesseMoro napamerpa. [Iposepka HOpMalbHOCTH 3a-
KOHa pacIipeJieJIeHusl.

19. Meron HamMeHbmMX KBagpaToB. CYNIHOCTH IUIAHUPOBAHUS SKCIIEPUMEHTA B CPaB-
HEHHMHU C HETIOCPE/ICTBEHHBIM IPUMEHEHUEM METO0/1a HAUMEHbIINX KBapaToB. CUMMETPUYHBIN U
paBHOMEpHBIN IIaH OAHO(AKTOpPHOro sKcnepuMeHTa IIpoBepka ajeKBaTHOCTHU MOJYYEHHOTO
YPaBHEHMsI ¥ €r0 MCII0Jb30BaHME JUIsl ONTUMU3AMU Tpolecca. IloinydyeHne s3KkCroHeHIMaabHOM
3aBUCHUMOCTH 110 pe3yJbTaTaM 0JHO(AKTOPHBIX SKCIIEPUMEHTOB.

20. Meton HauMEHBIIMX KBaJIpaToB Mpu 00paboTKe pe3ynbTaTOB MHOTIO(AKTOPHOTO
SKCHEpUMEHTa. J{ByXypOBHEBBIH IIaH MOIHOTO (aKTOpHOro skcrepumenta I1MD2". Ypasne-
HUS, TIOJTyYaeMbIE MO Pe3yibTaTaM peanusamuy wianos [1®D2". Cratuctudeckuii anamus 3Ha-
YHMOCTH OLIEHOK KO3()(UIIMEHTOB YpaBHEHHsI, €r0 aJleKBaATHOCTH U PabOTOCIIOCOOHOCTH.

21. JIpo6merii dakroprsii skcrmepument JPI2"". TlnaHupoBaHHE KCIEPHMEHTA TIPU
M3MEHAIOIIEMCS BO BPEMEHHU BJIMSHUM Ha Ipolecc HEY4YTEHHBbIX (hakTopoB. lcnonb3oBanue
wiaoB [1DD2" I[q)92n'n' JUISL TIOJIy4€HHSI YPaBHEHUS Ipoliecca B BUJIE SKCIOHEHIMAIBHON 3a-
BHCHUMOCTH.

22. MHOroypoBHEBbIE MHOTO(AKTOPHBIE IJIaHbI, HCHOJIb3YIOLINE CBOMCTBA JIATHHCKUX
kBazparoB. [loctpoenue mianoB. [lonyuyeHne u ucnonb3oBaHUE AJS ONTHUMM3ALMKN ypaBHEHUI
pa3IM4HOMN CTPYKTYPBI.

23. IlpuMeHEeHHEe METOJIOB NMPHUOIMKEHHBIX BBIYUCICHUN MU 00paboOTKe pe3ysbTaToB
HKCHEepUMEHTOB. OLIEHKN TOYHOCTH U3MEPEHUN U MPUOIMKEHHBIX BbIYMCICHUNA. OIleHKa TOUHO-
CTH OKOHYATeJIbHOTro pe3yabraTa. [IpakTnyeckoe BbIYMCICHUE OMIMOOK.

YucneHHble METOBI PELLIEHNUS 3a]a4, BOZHUKAIOIUX [IPH MOJECIUPOBAHNH:

24. PemeHue HENMHEHHOTO YpaBHEHHS METOJIOM JIETICHHS OTpe3Ka MOIoJIam;

25. Pemenue HenmMHEHHOTO ypaBHeHUs MeTo oM HbroTOHA;

26. PemnicHue HETMHEWHOTO YPaBHEHUS METOIOM XOP/I;

27. Pemenue nu¢depeHunanbHoro ypaBHeHUs MeToioM Dneiipa. MoauuuupoBaHHbINH
MeToJ Dinepa. Axanrtanus Merosa Diiniepa Ha ciaydail cucteM quddepeHualbHbIX YpaBHEHUH.
OcobeHHOCTH pelieHus cucteM TuddepeHnanbHbIX ypaBHeHUH pu MoaenupoBanuu X T11;

28. Pemenne nuddepeHmansHoro ypaBHeHHs MetogoMm Pynre-Kyra werBéproro mo-
psnka. Apanrtaius Metoga Pynre-Kyra Ha cimywail cucrem auddepeHIManbHbIX YpaBHEHHM.
OcoOenHocTH pemieHus cucreM AuddepeHInanbHbIX ypaBHeHHH npu MoaenupoBanuu X TII;
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7 OueHoYHbIE CPeCTBA JIJIsl IPOBeIeHH s POMEKYTOYHOM aTTeCTALMU

a) [lnannpyemble pe3yabTaThbl 00yUeHHsI H OIIEHOYHbIE CPEICTBA /IJIs IPOBeeHUs] MPOMEKYTOYHOM ATTeCTAIUM |
CTpyKTypHBIii

AJIIEMEHT [TnanupyemMble pe3ynbTaThl 00yICHHUS OneHouHble CpeCTBA
KOMIIETEHINH

IIK-16 crnocoOHOCTRIO IUIAaHUPOBATb U IIPOBOJAUTD (1)I/ISI/I‘IGCKI/IC U XUMHUYCCKUEC OKCIICPUMCHTBI, ITPOBOJIUTDH o6pa60TKy HX PE3YJIbTATOB U OLICHUBATH IO pCHIHO-
CTH, BbIIBUT'AThb T'HIIOTE3bI U YCTAHABJIMBATE I'PAHUIIBI UX IPUMCHCHUSA, IPUMCHATH METOJAbI MATCMATHUYCCKOI'0 aHaJIn3a U MOACIMPOBAHUA, TCOPECTUUCCKOT'O U 3KC-
ICPUMCHTAJIbHOI'O NCCIICAOBAHUA.

3HaTe

NOHAMUSL «(MOOEbY, «KMAMeMamuyecKas
MOOeNby, He0OXOOUMOCHb HATUYUSL MAMeMd-
muyecKou Mooenu O0isl ONUCAHUS XUMUKO-
MEXHOI02ULECK020 npoyecca 0isi chepvl npo-
usso0cmea;

@u3UKO-XUMUYECKUL MeMmOO MOOeIUposa-
HUSL PABHOBECHO20 COCMABA CMECU;

noHsamue o TUHeUHOU 3a68UCUMO-
CMU/HE3a8UCUMOCU XUMUYECKUX PeaKYUll,
OCHOBHbLE OIOK-CXeMbl OJist ONUCAHUSL Gbl-
YUCTUMENbHO2O0 ANICOPUMMA,

OCHOBHblE YUCTIeHHble MemOoObl peuleHUs
VPABHEHUsL, NOTYYAEMO20 8 X00e PU3UKO-
XUMUYECKO20 MOOENUPOBAHUSA PABHOBECHO20
cocmasa cmecu;

OCHoBHble OughghepenyuanvHbvle ypasHeHus:
GopmanbHOU KUHEMUKU,

OCHOBHbLE MEMOObl YUCTIEHHO20 PeUleHUs
ougpepenyuanvHulx ypasHeHutl,

0010 MEMOOUKY NOCMPOeHUsl (8bleede-
HUsL) OuhepenyuanbHvix ypasueHuti Ha OCHO-
6e MAmMepuanbHo2o U Mmenio8o2o baianca,
ouggpepenyuanvrvle ypasHeHus  Henpe-

IlepeyeHb BONIPOCOB K 3K3aMeHY

OO611ue Bonpocsl MOJEIUPOBAHMUS:

OOmee npexacraBieHue o Mozeau. MaremaTuyeckue MOJAEIH: OINpeeeHue, 10c-
TOMHCTBA U HEJOCTATKH, [10 CPAaBHEHUIO C APYTUMHU (OpMaMH MPEICTAaBICHUS MOJAEIH.
[Tonsarue «monenupoBanue». Knaccuduxanus mareMaTHUECKUX MOJIENEH;

2. CyIHOCTh aHAUTHYECKOTO MOJX0Aa K MaTeMaTHYeCKOMY MOJICTUPOBaHUI0. Mo-
nenupoBanure XTII npu aHaTUTUYECKOM MOIXOE;

3. CymHOCTB KCTIEPUMEHTAIBHOTO MOIX0Aa K MAaTEMaTHUYECKOMY MOJCTHPOBAHHUIO;

4. CymHOCTh KOMOMHUPOBAHHOTO MO/IX0/]a K MAaTEMAaTHYECKOMY MOJIEJIMPOBAHUIO;

5. TpuenunctBo npu onuvcaHuu oObEKTa MojearpoBaHus. TpeboBaHUs K KaXJI0M U3
COCTaBHOM YacCTH MPU ONUCAHUH OOBEKTa;

6. OCHOBHBIE ATAITBI MOJICITUPOBAHUS (C TIOSCHSIOMIMMU TIPUMEPAMH).

AHaJIUTUYECKUN OIXO0/ K CO3/IaHUI0 MAaTEMaTHUYECKUX MOJIEIIECH:

7. YpaBHEHHE W30TE€PMbl XUMHUYECKON peaklUy MPU Pa3INdHOM CIIOCOOE BBIPAXKEHUS
KOHLIEHTpaluuu. BelpaxkeHne ypaBHEHHsI U30TEPMbl XUMUYECKOW pEaKLMU B CTAaHAAPTHBIX yC-
noBusiX. CBA3b MEX/1y KOHCTAaHTAMU PaBHOBECHUS B 3aBUCHUMOCTH OT Crioco0a ONmucaHHs cocTa-
Ba peakiMoHHOM cmecu. CooTHomeHus A KoHcTaHT paBHOBecus Ky, Ky, K¢ B uneansHom
pacTBope;

8. Merox Témxuna-llIBapumana pacuéra KOHCTAHT paBHOBECHS XMMHYECKOH peak-
nud. IToHsITHE O TMHENHOM 3aBUCHMOCTH M HE3aBUCUMOCTH YPAaBHEHUN XMMHUUYECKHX PEAKIUH.
OcHOBHBIE CIIOCOOBI OIpEIeIICHNS TUHEHHO HE3aBUCUMBIX YPAaBHEHUN XUMUYECKUX PEaKIIHii;

9. Bo3MOXHOCTH MOJENMPOBAHUS NMPU TEPMOAMHAMHUYECKOM IOAXOJE K Olpenene-

1.

HHUIO PaBHOBCCHBLIX 3HAUCHUMN YHaCTBYIOIIIUX B XMMHUUYCCKHUX PCAKIUAX BCHICCTB. OCHOBHEBIE




CTpyKTypHBIii
JIEMEHT
KOMIETEHINH

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeCTBA

PbIBHOCMU NOMOKA OJi1 HEYCMAHOBUBUUE2OCS
OBUIICEHUSL HECHCUMAEMOU HCUOKOCU, Men-
JIONPOBOOHOCMU, KOHBEKMUBHOU MENIonpo-
800HOCMU, OUPDPY3uUU, KOHBEKMUBHOU OUDY-
3Ull; YPABHEHUe MamepuaibHo2o Oananca 0s
eMeHmapHoco 06véma peaxmopa 1106020
muna.

—  2JeMeHmbl meopuu noooodus (NPouUcxodic-
OJeHue Kpumepueg nooooOus, KpumepuaibHblx
VpasHeHut, U3 OCHOBHbIX OughghepenyuanbHbix
VPaBHeHUll, ONUCHIBAIOUUX NPOYECC);
VPasHeHue CManoapmHo20 HOPMAIbHO20 PAC-
npeoenenus, e2o C8oUCmea;

JOCTOMHCTBA U HEAOCTAaTKU IIPA TEPMOAMHAMHUYECKOM IOIXOC.

10. OcHoBHbIE MOHATHA W OmpeneneHus: (GOopMaTbHOW KUHETHKH: CKOPOCTh XHMHYE-
CKOM peakiMy, CrocoObl €€ BBIPAKEHMSI, MOJIEKYJIPHOCTh PEAKIIMH, HOPSIIOK PEaKLUH, YacT-
HBIA TIOPSZIOK PEAKIIMH, IMOCTYyJIaT XUMHYECKON kuHetuku (ypaBHeHnue ['ynpabepra u Baare),
KOHCTaHTa CKOPOCTH XMMHUYecKo# peakiuu (npasuwio Bant-I'opda, ypaBHeHre Appenuyca);

11. CkopocTh HEOOpaTUMBIX peakluil MepBOro, BTOPOro, n-oro nopsakoB. O0parumas
peaxkuus NepPBOro NopsIKa;

12. OOpatumas peakuuss BTOPOTO TOpsiaka (pa3o0parh TONBKO YaCTHBIN CIydal: OT-
CYTCTBUE B HaYaJIbHBIII MOMEHT BPEMEHU NPOAYKTOB PEAKIMH, HAYaJIbHbIE KOHIIEHTPALUK pea-
THPYIOIINX BEIIECTB PaBHBI MEXAy co00ii). [lapamiensHbie peakiuy;

13. IlocnenoBarenbHblE peakLMU MEPBOro MOpPsAKa (U1 TPEX XUMHUUECKUX COEIAMHE-
Huit). Pa3o0OpaTh pa3nnyHble Cly4au COOTHOIIEHHS MEXIY COO0H KOHCTaHT XUMUYECKUX peak-
LM

14. OOmee ypaBHeHHE JUHAMHMKU U CKOPOCTH XMMHUYECKOW PEaKIMH, MPOTEKatolel B
MIOTOKE B PeXHMME UAealbHOT0 BeITeCHeHUs. HeoOpaTumas peakiusi IepBoro U BTOporo mopsii-
KOB, IPOTEKAIOIIUX B NOTOKE B PEKUME UI€ATbHOTO BHITECHEHMUS.

15. O6paTtumas peakuusi epBOro U BTOPOTO MOPSAIKOB, IPOTEKAIOIIUX B MOTOKE B pe-
KUME uaeanbHoro BeiTecHeHus. [locienoBarenpHas peakius nepBoro NopsaKa, IpoTeKaromas
B [IOTOKE B PEXKUME UCATBHOTO BBITECHEHUS.

16. KuHeTnka roMOTE€HHBIX PEaKIWH, MPOTEKAIOMINX B PEXHME HICATHHOTO TepeMe-
LIMBaHUS.

DKCMEepUMEHTAIBHBINA MOJIXO0/ K CO3/TaHUI0 MATEMATUYECKUX MOJENEH:

17. Craructuyeckue METO/bl aHATN3a IKCIIEPUMEHTAIBHBIX JaHHBIX: OLEHKA UCTUHHO-
ro 3HAUY€HHUS U3MEPSIEeMOI BETUUYMHBI U €€ TUCIIEPCUH; OIpe/ie]IeHre ITpyObIX OMNOO0K; CpesiHe-
B3BEIICHHBIE OLIEHKU JUCIIEPCUH; aHAJIN3 OJHOPOJHOCTH UCXOAHBIX OLIEHOK JTUCIEPCHH.

18. Ompenenenue TOBEPUTENHFHON OMIMOKH SKCIIEPUMEHTAIBHOMN OIIEHKH W3MEPSIEMOTO
napamerpa. OnpezaeneHne Ynucia MOBTOPHOCTEH OIbITa, 00eCIEeUNBAIOIIEro MOTYYeHUE 3aJaH-
HOM JTOBEpUTEIbHON OIIMOKM OLIEHKH ompesenseMoro mapamerpa. [IpoBepka HopMaibHOCTH
3aKOHA paclpeieeHusl.

19. Meton HanMeHbIIMX KBaapaToB. CyIIHOCTh IUIAHUPOBAHMSI HKCIIEPUMEHTA B CPaB-
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CTpyKTypHBIii
JIEMEHT
KOMIETEHINH

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeCTBA

HEHUU C HEMOCPEACTBEHHBIM IPUMEHEHHEM METO/a HAMMEHbIIUX KBaapaToB. CUMMETpUYHBIN
Y paBHOMEPHBI TIaH 0JHO(AKTOPHOTO dKcrepruMenTa [IpoBepka aeKBaTHOCTH MMOTYYCHHOTO
YpaBHEHHUS U €T0 UCIOIb30BaHME ISl ONTUMHU3aUH nporiecca. [lomyuenne skcnoHeHuanbHON
3aBUCHMOCTH TI0 Pe3yJIbTaTaM OJHO(AKTOPHBIX IKCIICPUMEHTOB.

20. MeTon HaMMEHBIIUX KBagpaTOB MpH OOpabOTKE Pe3yJbTaTOB MHOTO(AKTOPHOIO
SKCIepUMeHTa. JIByXypOBHEBBII IIaH HOJIHOro (akTOpHOro skcrepuMenta 11DD2". Vpapue-
HHSl, TI0JIy4aeMble [0 pe3ysbTaTtaM peanusanuu mianos [I0D2". CratucTudeckuii aHanus 3Ha-
YHUMOCTH OIIEHOK KO3 (PUIIUCHTOB ypaBHEHUS, €T0 aJIEKBATHOCTH U PAOOTOCIIOCOOHOCTH.

21. JIpo6Herii dakroprbrii sxcrnepument JDI2"". lnanupoBaHne SKCIEPHMEHTA TIPU
M3MCHSIFOIIEMCST BO BPEMEHH BIIMSIHMHM HA IPOIECC HEYYTEHHBIX (hakTopoB. Mcmonn3oBaHue
ruiasos [10D2" [[@92”‘"' JUIS TIOJIyYEHHUsI YPaBHEHUS Ipoliecca B BUAE IKCIIOHECHIIMAIbHOM 3a-
BHCHUMOCTH.

22. MHoroypoBHEBble MHOTO()AKTOPHBIE MJIaHbI, UCTIOJIB3YIOIINE CBOMCTBA JTATHHCKUX
kBazaparoB. [loctpoenue mianos. [lonydyeHne u ucnonb3oBaHue I ONTUMHU3AINKA YPaBHEHUH
Pa3TUYHON CTPYKTYPBHI.

23. IlpumeHeHrE METOJIOB MPHOIMKEHHBIX BBIYMCICHUN TIPH 00pabOTKE pe3ysIbTaToOB
9KcrepruMeHTOB. OIEHKH TOYHOCTH M3MEPEHUN U MPUOIMKEHHBIX BhIYMcIeHuil. OleHka To4-
HOCTH OKOHYATEJIHLHOTO pe3ysbrara. [IpakTuueckoe BHIYUCICHHE ONTHOOK.

YMmeTn

- 8bIBECU  OCHOBHbBLE YPABGHEHUsL (Pop-
MANbHOU KUHEMUKU,

- YyMemb AHATUMUYECKU Pelums OCHOG-
Hble YPasHeHUs POPMATbHOU KUHEMUKU,

- 8blIBECMU HA OCHOBE MAMEPUATbHO2O
unu mennogoeo 0Oanawca OCHo8Hvie Oupge-
PpeHyuanvbhvle  YPAaHeHUus: HenpepbiHOCmuU
NOMOKA Ol HEYCMAHOBUBUE20CS OBUNCEHUS.
HeCHCUMAeMOU HCUOKOCIU, MENIoNnpO8OOHO-
cmu,  KOHGEKMUGHOU  Meni0nposoOHOCIU,
oughghyzuu, xonsexmusnou oughghyzuu; ypas-

Nel. PaccuntaTe HOHHO-MOJIEKYIISIPHBIN cocTaB B nipucyrctBUd KCN, pacTBOPEHHOIO B KOJIH-
gecrBe C=10" Moub / J1. 3a1aThCsl 3HAYCHHUSIMH pH B nnTepBasie 0-14 1 4MCIEHHO pacCcUUTAThH
MOHHO-MOJIEKYJISIPHBIM COCTaB aHHOW cHcTeMbl. Pe3ynbTaThl MpeacTaBUTh rpaduyecku B UH-
(¢bopMaTUBHOM BHjE (KCIONB30BaTh JIOTapU(PMHUUECKYIO IIKAIy BBIXOJHOTO mapamertpa). Bee
pacy€Thbl MPOU3BECTH B TAOJIMYHOM MPOLIECCOPE.

Ne2. PaccuntaTh HOHHO-MOJIEKYJIIPHBII COCTaB pacTBOpa B IPUCYTCTBUU PACTBOPEHHOM yrile-
KHUCJIOTHI BO3/yXa. 3aaaThcs 3HaueHussMu PH B nnTepBane 0-14 U 4uCIEHHO paccUUTaTh MOH-
HO-MOJIEKYJISIPHBIN COCTaB JIaHHOM cucTembl. Pe3ynbTaTel mpeacTaBuTh rpaguuecku B HHGOP-
MaTHBHOM BHJI€ (MCIIOJIb30BaTh JIorapu(MUUECKYIO IIKaJdy BBIXOJHOTO mapamerpa). Bee pac-
YETHI MPOU3BECTH B TAOJIUYHOM IPOIECCOPE.

Ne3. 3nauenne pH pactBopa perynupyercs M3MEHEHHUEM KOHIEHTpaluu coibl. Paccuurarh
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HeHUue MamepuaibHo20 0ananHca Os djleMeH-
mapHo2o 06véma peakmopa 1100020 munda,

—  co30amb COOCMBEHHYI0 (DYHKYU 8 mao-
JUYHOM Ipoyeccope.

KOHIIEHTPAIIUIO [COS'] HMOHOB B pacTBOpPE, C YUETOM PaCTBOPEHHOM YTIIEKUCIOTHI BO3AyXa. 3a-
natbest 3HaueHussMU PH B untepBane 0-14 ¥ YMCIIEHHO paccuuTaThb HOHHO-MOJIEKYJISIPHBIN CO-
CTaB JTaHHOW cUCTeMbl. Pe3ynbTaThl mpeacTaBuTh rpaduuecku B MHPOPMATUBHOM Bujae (uc-
MOJIb30BATh JIOTapU(PMHUUYECKYIO IIKaJTy BBIXOJHOTO Tapamerpa). Bce pacdérsl mpou3BecTn B
TaOJIMYHOM MIPOLIECCOPE.

Ne4. Tlpu kakom 3Hauenun pH nocturaercst mpaktudecku nonHoe ocaxaenue MnS (ITPyps =
2.5*10'10), conepskamierocst B pactBope B konuyectse 0,005 monb, npu ynorpednenun 50 %
n30bITKa ocanutens. Pacuér mpomsBect Ha 1 11 nccneayemoro pactBopa. Bee uncinennsie pac-
4ETHI MPOU3BECTU B TAOJIMYHOM IPOLIECCOPE, aHATUTHUECKUE 3aMUCH MPEAOCTaBUTh B OyMaxk-
HOM Buje. M3 Kakux coOOpakeHHI HaXOAUTCSI KOHIICHTPAILUS MapraHiia [Mn2+], Y MEXIy Ka-
KHUMH XUMUYECKHUMH (OpMaMH OCYIIECTBISIETCS MaTepHallbHbIN OanaHc 1Mo cepe M30BITOUHOM
KOHLIEHTPALUU OCaauTeNs?

Ne5. Ilpumep 5. PaccunTtaTh paBHOBECHBIH COCTaB Ia30BOM (a3bl AJsi yCTaHOBUBIIETOCS Tep-
MOJIMHAMUYECKOT0 PaBHOBECHS MOJIYUYEHHS BOJSIHOTO Ia3a Mo peakLusIM:

C+H,0<CO+H, (1)
CO+H,0=CO,+H, (2

B nmaHHOM 3amaHWM JTOCTaTOYHO OTPAHUYHMTHCS BBIBOJIOM KyOHMUYECKOTO YpaBHEHHS OTHOCH-
TEJIBHO Pco.

Ne6. Onenutb ¢ PU3MKO-XMMHUYECKON TOYKH 3pEHHUs, Npu KakoM 3HadeHun pH mpoucxonut
nepexon PbSO,4 B Pb(OH),. U3smenenue pH npoucxoaut 3a cuét NaOH.

B cucreme npeamonaraercsi mpoTeKaHUE CISTYIONNX XUMUIECKUX PEaKIIHIA:

PbSO, < Pb*,, +SO, v (1)
Pb(OH),.. <> Pb*,,, +20H -, (2)
Pb(OH),.. <> H"pp +HPDO, 1 (3)

Pb(OH)*p-p <> Pb* ), +OH - (4)
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HSO, p» < H pp +SO,* v (5)
H,0 < H*+OH™ (6)

YpaBHEHHE MaTepHAITLHOTO OaaHca:
[Na"] < [OH ]+[Pb(OH)*] (7)

YpaBHEHHE 3IEKTPOHENUTPATILHOCTH:

[Na*]+2*[Pb* ]+[Pb(OH)" ]+[H'] 2*[8042_]+[HSO4_]+[HPbOZ_]+[OH’]
[Ipumedanue: Mpu pemIeHWH 3a/a4d HEOOXOIMUMO 10 MMEIOLIMMCS YPaBHEHHUSM COCTABUTH
CUCTEMY HEJIMHEWHBIX YPAaBHEHUM, U3 HEE BHIBECTU yPABHEHHUE:

Z*Kzz *KA *Ks *[H+]4 + Kz *Ks *Kw(Z*Kz + K4 *Kw)*[H+]3 -

_K4*KW2(K1*KW2 + K2 *K3*K5)*[H+]_2*K1*K4*K5 *KW4 :O
W3 cipaBOYHBIX JTAaHHBIX HEOOXOAMMO OINpPENeNUTh KOHCTaHThl XxuMHuueckux peakiuit K — Keg
cooTBeTcTBYONMX peaknuit (1)-(6).
W3 nmpakTHuecKuX CcOOOpakeHUIl YCTaHOBUTb, C KaKOW TOYHOCTbIO HEOOXOAMMO BBIYMUCIATH
3HaueHue pH.
HenuneitHoe ypaBHEHHE HEOOXOIUMO PEIINTh YETHIPbMS METOJaMU: rpa)udecKUM, MOJIOBUH-
Horo aeneHusi, HptoToHa, Xxopa. Crnenarb BBIBOJA O OBICTPOTE CXOAUMOCTH KaXKJI0TO U3 METO/10B
IIPH 33JJaHHOW TOYHOCTH IOJIY4aeMOI0 pe3yibTara, a TaKKe MPUTOAHOCTHU JUIs PELICHUs 3aa-
9l QU3UKO-XUMUYECKOTO MOJIETUPOBAHHUS.
PaccMoTpeTh 3BpUCTHUYECKUI METO/I, OCHOBaHHBIM Ha crielu(uKe pemaeMoi 3a/1auu, perieHus
CUCTEMBI HEJINHEWHBIX YPAaBHEHHM.
Bce BhIunceHHs TPOU3BECTH B TAOIMYHOM IPOLIECCOPE.
No7. Tlonw3ysce pe3ynbTaTaMu 3a1adyd Ne6 MCKIIOUWTH U3 CUCTEMbI HEJTWHEWHBIX YpaBHEHUU
ypaBHeHue (3). PemuTh noiyuyeHHY0 CUCTEMY ypaBHEHM 3BpUCTHYECKUM MeTojoM. Crenath
BBIBOJI O BJIMSIHUU ypaBHEHUS (3) Ha MOAETUPYEMYIO CUCTEMY U UTOTrOBoe 3HaueHue pH.
Ne8. Tlonb3ysch pesynbratamu 3aauyu Ne6 UCKIIOUUTH U3 CUCTEMbl HEJIMHEHHBIX YpaBHEHUU
ypaBHeHue (3) u (5). PemmuTh mosydeHHYI0 CHUCTEMY ypaBHEHHH IBPUCTHYCCKHM METOJIOM.
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Cnenatp BeIBOJ O BIUAHUU ypaBHeHUs (3) u (5) Ha MOJENUPYEMYIO CUCTEMY U UTOIOBOE 3Ha-

yenue pH.

No9. Tlonw3ysice pesynbTaTaMu 3aadyd Ne6 UCKIIOUUTh U3 CUCTEMbl HEJIMHEHMHBIX ypaBHEHUI

ypaBHeHnue (1), (3), (5). PemuTh nony4eHHy0 CUCTEMY ypaBHEHUH 3BPUCTUYECKUM METOJIOM.

Crnenatp BBIBOJ O BIUSHUM ypaBHeHHs (1) HA MOAETUPYEMYIO CUCTEMY U UTOTOBOE 3HAYEHUE

pH.

Nel0. Pemnth HenuHEHOE ypaBHEHHE U3 3a7aud (6) ¢ MOMOIIBIO BCTPOCHHBIX (DYHKIUH crie-

uan3upoBaHHoil nporpammbl MathCad. CpaBHUTH TOJyYEHHOE 3HAUCHHE C YK€ MOJYYCH-

HBIMU.

Nell. PeumnTh cuctemMy HENIMHEHWHBIX ypaBHEHUM U3 3a1aud (6) ¢ NOMOIIbIO BCTPOEHHBIX

byukmii crierpanu3upoBannoi mporpammbl MathCad. CpaBHHUTH MOJyYE€HHOE 3HAYCHHE C

YK€ MOJIy4eHHBIMHU.

Nel2. Hcxons u3 MOHATUS JHMHEHHAs 3aBUCUMOCTH/HE3aBUCHUMOCTh XMMHUYECKHX pEakUuil, ¢

MOMOIIBIO BCTPOCHHBIX MaTemaTnuecknx GpyHkimidi MathCad s cuctemsl peakiuit
C+H,0=CO+H, (1)

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

Onpenenuts KOJINYECTBO JTUHEHHO-HE3aBUCUMBIX XUMUYECKUX peakuuid. YTo 3TO O3HAYaeT C
TOUYKH 3PEHHUSI MaTEMaTUYECKOTO OMMCAHUS JAHHON CUCTEMBbI peakui.
Nel3. Jlnst HeoOpaTuMoOi peakliuy MepBOro MopsiiKa:

A——>B
CocrtaButh quddepeHraibHOe YpaBHEHHE CKOPOCTH M3MEHEHHsI KOHIEeHTparuu A. Pemmuts
noJiyueHHoe auddepeHnanbHOe ypaBHEHHE METOJIOM Jiiepa, MOIU(UIUPOBAHHBIM METO-
noM Oiinepa, Pynre-Kyrra. CaenaTe BBIBOJ O TOYHOCTH KaKI0TO M3 METOJIOB B CPAaBHEHUU
Apyr ¢ apyrom. st pacuyéra NpUHATH CIEAYIOLINE 3HAYSHHUs HEM3BECTHBIX apaMeTPOB:

C°= 0,7 monn/; k1=0,001 1/c; h=0,1 (IIar UHTErPUPOBAHHS).
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Nel4. Jlns mocnenoBaTeIbHOW CXEMbI HEOOPATHUMBIX XMMHUYECKHUX PEAKIUi MEPBOTO MOPSIKa:
A
A——>B—2-C
CoctaBuTth cuctemy nudQepeHuanbHbIX ypaBHEHUN U PEeUIUTh €€ ¢ TOMOIIbI0 MeTo1a Jiiie-
pa, MoaudunupoBanHoro JDinepa, Pynre-Kyrra 4-oro nmopsiaka. Cuenath BBIBOJ O TOYHOCTH
MOJIy4aeMOT0 pellIeHHs, CPaBHUBAsE METOIbI MEKIy cO00i. J{s pacuéra mpuHATH CIEAYIOIIIe
3HAQYECHHS] HEM3BECTHBIX MMAPAMETPOB:
Co%= 0,5 momb/1t; C%= COCZO MoJb/it; K1=0,05 1/¢; k=0,07 1/¢c; h= 0,1 (1ar uaTerpupoBa-
HUs).

Bnanets

—  NPAKMu4ecKUMU HABLIKAMU PAbOMbl 6
mabauunom npoyeccope (TI1);

—  NPAKMU4ecKUMU HABLIKAMU PAOOMbL 6
CReYUAnU3UPOBAHHBIX NPOCPAMMAX,

—  MemoooM CMamucmu4ecko2o aHaiu3a 00-
HOpPOOHOCMU OUCNEPCUL;

—  MemoooM CMAamucmuyecko20 aHaiu3d 6bl-
bopku Ha Hanuyue 2pyobIX OUUOOK;

—  MemoooM CMamucmu4yecko2o aHaiu3a 00-
HOPOOHOCMU CPEOHUX,

—  Memooom HAUMEHbUIUX
(MHK),

—  Memodom 00pabomku pe3yibmamos nac-
CUBHBIX IKCnepumenmog na ocnose MHK;

—  memoodom IIDI; ananus nonyuyeHHou Mo-
denu Ha aodeKkeamHocms U pabomocnocoo-
HOCMb,;

—  memoodom JIDI;

MEMOOOM NOCMPOEHUS MHO2OYPOBHEBO2O0
MHO20()AKMOPHO20 NAAHA, UCNOTb3YIOWYE2O

K8aopamos

Nel5. C nagéxnoctrio P = 0,95 obecneunTs 0OHOPOIHOCTH MPEICTABICHHBIX B TAOIHUIE JaH-
HBIX, UCKJIFOUMB IPyOble OTUOKHU.

K 1 2 3 4 5 6 7 8
Yk % 54 53 54 30 46 52 55 54
YK o 42 | 32 | 42 | -198 | -38 | 22 | 52 | 42
18 10 18 392 14 4.8 27 18

Pemrenne maHHOM 3a/auM OCYHIECTBUTH HA OCHOBE JBYX METOJOB: NMpaBHila 26 U KpHUTEpUs
MaKCUMAaJIbHOTO OTKJIOHEHUS I. Pacy€Thl BBIMOTHUTH C UCTIOIB30BAHUEM TAOIHMYHOTO MPOIIEC-
copa.

Nel6. C moMombpto aHanu3a OJHOPOJHOCTH cpelHuX. JlaTh 3aKIr0YeHHe O BO3ZMOXKHOCTH TIpe-
nmytiectBa (P = 0,95) ogHoro anmapara nepes IpyruM 1o Nporu3BOAUTEILHOCTH.

y \k |1 2 3 4 5 6 7 8 9 10 z
Vi1 188 (192 (189 (193 |190 (191 |190 |188 |190 |- 1711
Yio 193 | 192 |189 194 |195 |192 194 |198 |[196 |195 | 1933
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CBOUCMEA TAMUHCKUX Kea()pamoe.

Pacy€rbl BRIMONMHUTD € UCTIOIB30BAaHUEM TAOIMYHOTO MPOIIECCOPA.
Nel7. [lng npoBepky IpaBUIBHOCTH BoJbTaMIiepoMeTpuueckoil (BA) meToauku onpenenenus
kaamus Cd ucnosb30Baiid aTOMHO-a0copOIMOHHY0 (AA) METOMKY, HE COJIEPIKAIIYIO CHUCTE-
MaTH4YECKOW morpemHocTH. [Ipu aHanmse oJHOTO M TOTO XK€ 0OBEKTa MOJYYCHBI CIESAYIOIINE
pesynbratel (Hr / M Cd):

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

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

ConepXuT 11 BOJIbTaMIEPOMETPUYECKas METOMKA CUCTEMATHYECKYIO OIPEIIHOCTh?
PacdéTpl BBIMOIHUTH C UCIIOJIIB30BaHUEM TaOJIMYHOTO Tporeccopa 0e3 MCIOIb30BaHMs CIIeIH-
QJIbHOM Ha/ICTPOMKH.

Nel8. Pemruts 3amauy Nel7 ucmonbs3yst HaACTPOUKY TaOIMYHOTO MPOIECCOopa.

Nel9. Mcnonb3ys Tpu pa3indHbIX T€HEPUPYIOIIUX COOTHOIIECHHUS, COCTAaBUTh IUIAHBI 3KCIIEPH-
mentos JI®I2°2. ammcars bopMynbl 11 pacuéra KO3PPUIUEHTOB TMHEHHON MOJIEIH.

Ne20. Ha ocHOBe JIaTMHCKHMX KBaJIpaTOB COCTABUTH IMATHYPOBHEBBINA IUIAH MATU()AKTOPHOTO
9KCIIEPUMEHTA JJIsl UCCIIEeIOBaHMs Ipoliecca MH(pPaKpacHOM CYIIKH I'paHYJIMPOBAaHHBIX Mare-
pUaAJIOB B BAaKyyMe IIPpH HMITYJIbCHOM dHepromnozasone. [lonmyunts maTremMaruueckyro B BHJIE
CYMMBbI HETMHEWHBIX (QYHKIMI U HAalWTH ONTHMaJIbHbIE 3HAUEHUS PEKUMHBIX TapaMETPOB MPO-
1ecca: IJIOTHOCTH TEIUIOBOTO MOTOKAa Ha MOBEPXHOCTH cj0s MaTtepuana C, (Br/cm?), TommmHa
cinost mpoaykra Cy (MM), auametpa rpanyn Cy (MM), BenudauHbl paspsokeHus Cry (MM. pT.CT.) U
ckBaxHocTH uMItyibca Cy (%,0THOIIEHHE BpeMeHH paboThl MH(PaKpacHON CYLIMIIKU K 0OI1e-
My BpEMEHH MpeObIBaHMS B CYyIIUIBLHON Kamepe). Berxomom mporecca y (py0/T) uimu KputTepu-
€M ONTUMAJIbHOCTH MPUHATA BEIMUNHA IIPUBEAEHHBIX 10X00B C YUETOM IIPOU3BOIUTENBHOCTH
YCTaHOBKH U MOTPeOIIsIEMON MOLTHOCTH.

YpoBHH 1 2 3 4 5

C, (Br/em®) | 0,50 0,75 1,00 1,25 1,50
Cy (Mm) 5 10 15 20 25
C||| (MM) 2 3 4 5 6
Cv (mm. | 0 150 300 450 600
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pT.CT.)
Cv 0,2 0,4 0,6 0,8 1,0
x(6e3pa3M.) -2 -1 0 1 2
u [Inan y u [Tnan y u [Inan 9 u [1nan y
pyo/T pyo/T pyo/T pyo/T
1 11111 | 130 |8 41352 | 270 15 21543 | 320 |22 12345 | 200
2 23451 | 140 |9 53142 | 320 16 44444 1320 | 23 24135 | 170
3 35241 | 230 10 15432 | 200 17 512341390 |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 |1 340 |20 32154 | 220
7 34512 | 260 14 14253 | 180 |21 55555 | 40
Cooeporcanue npaKkmuueckozo pazoena OUCYUnIUHbL

1) Aneopumm pewienust HeTUHENHO20 YPAGHEHUSI MemOOOM XOpo;

2) Aneopumm pewienus HeIuHeliHo2o ypasHeHus memooom Hetomona;

3) Aneopumm peuwienuss HeTUHeUHO20 YPAGHEHUsT MemoOOM OelleHuUss Ompe3Ka no-
noaam.

4) HUcnonvsosanue nakema npukiaousix npocpamm MathCad ona pewenusi nenu-
HEUHbIX YPABHEHU,

5) Aneopumm pewenus oughghepenyuanvrvix ypasrenui memooom Jiliepa.

6) Aneopumm pewenus oughghepeHyuanvbHbIX YPAGHEeHUN MOOUPUYUPOBAHHBIM Me-
mooom Jilnepa.

7) Aneopumm pewenus ouggepenyuanrvhuvix ypaeueHuti memooom Pynee-Kyma
uemeépmozo nopsaoKa.

8) Hcnonvzosanue nakema npukiaonvix npoepamm MathCad ona pewenus ough-

pepeHyuanvrblx ypasHeHull;
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9) Pewenue cucmem oughgepenyuanvrvix ypasuenuti memooom Jinepa, moougu-
yuposanHvim memooom Junepa, Pynee-Kyma.

10) Hcnonvzosanue naxkema npuxiaonvix npoepamm MathCad ons pewerus cucmem
oughghepenyuanvuvix ypasHenuil.

11) Ipakmuueckuii anaiuz cywjecmayowux mooenei 8 ooaacmu npogheccuoHaib-
HOU KomnemeHyuu (npocHo3uposanue noxasameneu kavecmea kokca M25 u M10) 6 nakeme
MathCad.

OIIK-5 BnageHneM OCHOBHBIMH METOJIaMH, CIIOCOOAaMU U CPE/ICTBA

CPEICTBOM ympaBiieHus: nHbopMalmein

MM TIOJTy4EHHsI, XpaHEHHUs, TIepepaboTKu HH(OpMAITNH, HABBIKAMH pabOTHI C KOMITBIOTEPOM Kak

3Harthb —  uHTepdENc U OCHOBHBIE BO3MOKHOCTH 21) Perienue HeaMHEHHOTO ypaBHEHUSI METO/IOM JIEJIEHUS OTPE3Ka MOMoIaM;
nporpaMm oOIIero HazHaueHHsl (3JIEKTPOHHbIE 22) Pemenue HenuHeHOro ypaBHeHus: MeTo oM HploTOHA;
TaOJIMLBI) U CIEUUATU3UPOBAHHBIX MPOTpamMm 23) Pemenne HEMMHENHOTO ypaBHEHUS METOJOM XOPZ;
JUIsl peuieHus 3ajad, CBSI3aHHBIX C MaTeMaTHu- 24) Pemenne auddepeHunanbHoro ypaBHeHUs: MeTonoM Oneiipa. MoaudunupoBaH-
YECKUM MOJIEIINPOBAHUEM; HBIA MeTon Oiinepa. AnanTtauus MeTofa Diijepa Ha ciaydaid cucteM IudQepeHIHaTIbHbIX
—  Bosmoxnoctd TII Ipu penieHny TUIo- ypaBHeHUN. OCOOEHHOCTH pelieHus cucteM auddhepeHIuaIbHbIX YpaBHEHUN TP MOJACIUPO-
BBIX 3a]au; Banuu XTII,
25) Pemenne nuddepenunanbHoro ypaHeHus Metonom Pynre-Kyra yerBéproro mno-
psaaka. Anantauus merona Pynre-Kyra Ha ciydail cuctem aud@epeHInanbHbIX ypaBHEHUH.
OcoOeHHocTH peneHus cucteM AuddepeHnnanbHbIX YpaBHeHUH ipu mogenupoBanuu XTI,
YMeTh - cosmarh coOctBennyro (ynkuuio B |Ne 21. ITo nanneiv pabotel [Koke u xumus. 1978. Ne 8. C.12-14] na ocnose 110D 24 paccuu-

TaOJIMIHOM TMPOIIECCOPE;

- HCIIOJIB30BaTh BO3MOKHOCTH TII mis
pealn3aiuy aaropuT™Ma mo OJI0K-CXeMe;

— BRITOTHUTE B TII BBIUMCICHHUS 110
WTEpaIrMOHHBIM (popMyIiam;

TaTh 3HAUEHUS KOA(P(UIIMEHTOB JIMHEHHON MOJENN AJis IPOrHO3UPOBAaHMs MTOKa3aTeseil kaude-
CTBa KOKca M5 1 M1g, CpaBHUTB UX C NPEAJIOKEHHBIMHU B CaMOIl HAYYHOM CTaThe.

VYka3zaHue K BBINOJHEHUIO 3a1aHus: Ha jucte TII B uHpoOpMaTUBHOM BHUAE CO3/1aTh TAOIUILY
TTaHEPOBaHHs dKcepuMentTa 11D 2%, BBecTH cpe/iHie 3HAYCHNS MOKa3aTeleil KauecTBa KOK-
ca Mas u Mjp 1 paccuntaTh KO3 OUITMEHTH TUHEHHON MOJIEIH.

Cooepircanue npakmuyueckozo pazoena OUCUUNIUH b
14)  [lpaxmuueckuil ananus cywecmsylowux mooenel 8 obracmu npogheccuoHatb-
HOU KOMnemeHyuu (npocHo3uposanue noxkazamenei xavecmea kokca M25 u M10) 6 naxeme
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CTpyKTypHBIii
HIIEMEHT [Tnanupyemble pe3yabTaThl 00yUSHHS OrneHouHbIe CPECTBA
KOMIETEHINH
MathCad.
Braners - [IPaKTUYECKUMH HaBbIKaMH pabOTHI B
tabnuyHoM mpoueccope (TID); Cooepircanue npakmuueckozo pazoena OUCUUNIUHb
_ IIPAKTHYECKHMH HABBIKAMH PaGOTHI B 15) Hcnonvzosanue 6cmpoennou Ha0CMpoUKU mabiuduHo2o0 npoyeccopa 0is peuie-
CTHIENUAIM3HPOBAHHBIX IPOTPAMMAX; HUs 3a0a4 MamemMamu4ecko20 npocpammupo8aHusl.
16)  Ucnonvzosanue npoecpammor MathCad 0ns pewenus 3a0ay Mamemamuyecko2o
NPOCPAMMUPOBAHUSL.
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0) Ilopsinox mpoBeJeHUs] NMPOMEKYTOYHOH aTTeCTAlMH, NMOKA3aTeJH W KPUTEPUH
OLICHUBAHUS:

[Ipomexxyrounass  arrecranusi 1o  gucuuiuiiHe  «MoJenupoBaHHe — XUMHUKO-
TEXHOJIOTUYECKUX IIPOLIECCOB» BKIIIOYAET TEOPETHUYECKUE BOMPOCHI, MO3BOJISIONIUE OLIEHUTH
YPOBEHb YCBOCHHUSI OOYUYaIOUIMMMUCS 3HAHWHN, M NMPAKTUYECKHUE 3a/laHMs, BBIBISIOIINE CTETICHb
c(OPMHUPOBAHHOCTU YMEHUI U BIaJIEHUH, IPOBOAUTCS B OPME IK3aMEHa.

DK3aMeH M0 JIaHHOW JMCUUIUIMHE MPOBOJUTCSA B YCTHOHM (opMe MO SK3aMEHAIMOHHBIM
OuneraM, Kbl U3 KOTOPBIX BKJIIOYAET 2 TEOPETUYECKUX BOIPOCA U OJHO MPAKTHUECKOE 3a-
JTaHHE.

IToka3zaTenu ¥ KpUTEpUU OLIEHUBAHUS SK3aMEHa:

— Ha OLIEHKY «OTJIMYHOY» (5 6aioB) — 00yJarONUIUIiCs JEMOHCTPUPYET BBICOKUI YPOBEHb
OCBOCHMSI KOMIIETEHIIUI, BCECTOPOHHEE, CUCTEMAaTHUECKOE U IIyOOKOe 3HaHHe y4eOHOro mare-
puana, cBOOOAHO BBINMOJHSAET MPAKTUYECKHE 3aJlaHMsI, CBOOOIAHO ONEpPHPYeT 3HAHUSAMH, yMe-
HUSIMH, IPUMEHSIET UX B CUTYallUsAX MOBBIIIEHHOM CI0KHOCTH.

— Ha OLIEHKY «xopouio» (4 Oamra) — oOyyaromuiics 1€MOHCTPUPYET CPEIHUN YpOBEHB
OCBOCHMSI KOMIIETEHLIMII: OCHOBHbIE 3HAHUS, YMEHHUSI OCBOCHBI, HO JIONYCKAIOTCSI HE3HAYUTENb-
HbIE OIIMOKH, HETOYHOCTH, 3aTPYAHEHUS NPU aHATUTHYECKUX ONEpaIisIX, epeHOCe 3HAHUNA U
YMEHUH Ha HOBbIE, HECTaHJAPTHBIE CUTYALlUH.

— Ha OLIEHKY «YIOBJICTBOPUTEILHO» (3 Oaia) — 00ydaromuiicss IEMOHCTPUPYET TTOPOTo-
BbIi ypOBEHb OCBOCHUN KOMIIETEHLUH: B XOJ€ KOHTPOJBHBIX MEPONPUATHH JOMYCKAIOTCS
OIIMOKH, MPOSBISETCS OTCYTCTBHE OTACIBHBIX 3HAHWIA, YMEHHH, HAaBBIKOB, OOYUYaIOMIMNACS HC-
IBITBIBAET 3HAYUTEIbHBIE 3aTPYAHEHUS MPU ONEPUPOBAHUU 3HAHUSMU M YMEHUSMH IIPU UX I1e-
peHoce Ha HOBbIE CUTYaIUH.

— Ha OLIGHKY «HEYJOBJIETBOPUTENbHO» (2 Oamna) — oOyyaromuicss 1eMOHCTPUPYET 3Ha-
Hus He 6osee 20% TEOpeTHYecKoro Marepuaa, J10IMyCcKaeT CyleCTBEHHbIE OIIMOKU, HE MOKET
[OKa3aTh UHTEJUIEKTYaJIbHbIC HABBIKU PEIIEHUs NPOCTHIX 3a/1ay.

— Ha OIICHKY «HEYIOBJIETBOpUTENbHO» (1 Oamn) — oOyuaromuiicss HE MOXKET IMOKa3aTh
3HAHUS HAa YPOBHE BOCIIPOU3BENEHUS U OOBACHEHUs MHPOPMALMU, HE MOXKET I0Ka3aTh WHTE-
JIEKTYaJIbHBIC HABBIKM PEIICHUS TIPOCTHIX 3a/1a4.



8 YuedHo-MeTonM4eckoe U HHPOPMALHOHHOE o0ecneyeHne TUCHUIIINHBI (MOTYJIs1)

a) OcHoBHas JIMTEpaTypa:

8.1. MonenupoBaHre XHMHKO-TEXHOJIOTHYECKHX mporeccoB : yuebnuk / .. Edpemos.
— Mocksa : UHOPA-M, 2019. — 255 c. + Jlon. matepuansl [DIeKTpOHHBIN pecypc; Pexum
noctyma:  https://new.znanium.com]. — (Beicmmee oOpa3oBanme: bakamaBpuar). —
www.dx.doi.org/10/12737/12066. - Tekcr : 9JIEKTPOHHBI. - URL:
https://new.znanium.com/catalog/product/989195 (marta o6pamenus: 11.11.2019).

8.2. 3akreiim A. FO. O06m1ass xuMru4eckasi TEXHOJIOTHS: BBEJICHUE B MOJICTIUPOBAHUE XUMHU-
KO-TEXHOJIOTUYECKUX MPOIIECCOB [ DNEKTPOHHBIN pecypc] : yuebd. mocobue / A. FO. 3akreiim. - 3-
e u3 ., nepepad. u jgor. - Mocksa : Jloroc, 2012. - 304 c. - (HoBas yHuBepcurerckas Oubiamore-
ka). - ISBN  978-5-98704-497-1. -  Tekcr :  osmekrpouneid. -  URL:
https://new.znanium.com/catalog/product/468690 (marta obpamenwus: 11.11.2019).

0) /lomoJiHUTe/IbHAA JIUTEpaTypa:

8.3. CucTeMHbII aHaIU3 MPOIIECCOB U alIapaToB XMMHYECKONH TEXHOJIOTUH : y4el. moco-
oue / D.J1. UBanuuna, E.C. Uepnskora, H.C. benunckas, E.H. Bamkuna ; ToMckuii momuTeX-
HUYECKUM yHuBepcuter. - Tomck : M3a-Bo ToMckoro nomurexHuyeckoro yausepcurera, 2017. -
115 c¢. - ISBN 978-5-4387-0787-5. - Texcer : onekrponnsii. -  URL:
https://new.znanium.com/catalog/product/1043896 (mata ooparienus: 11.11.2019)

8.4. Craructudeckre METOIbl 00paOOTKH IKCIIEPUMEHTAIBLHBIX JAHHBIX C MCIIOIH30BAHU-
em makera MathCad: YyeOnoe mnocobue/®.M.KapmanoB, B.A.OctpeiikoBckuii - Mocksa :
KYPC, HUL] UHOPA-M, 2015. - 208 c.: 60x90 1/16 (O6aoxxka) ISBN 978-5-905554-96-4 -
Texkcr : anekrponnsid. - URL: https://new.znanium.com/catalog/product/508241 (nata obGparie-
Hus: 11.11.2019).

8.5. Craructuueckuii ananu3 ganHeix B MS Excel : y4e6. mocodbue / A.}O. Kosnos, B.C.
Mxurapsia, B.®. [IlumioB. — Mocksa : UTHOPA-M, 2019. — 320 ¢. — (Bsiciiee o6pa3oBanue:
bakamaBpuar). — www.dx.doi.org/10.12737/2842. - Tekcr : osnekTponHbii. - URL:
https://new.znanium.com/catalog/product/987337 (narta ob6paruenus: 11.11.2019).

8.6. IlIxnsaposa, E. 1. O6paboTka pe3ynbTaTOB MHOTOKpAaTHBIX u3MepeHuil. [Iposepka co-
OTBETCTBHUSI SKCIIEPEMEHTAILHOTO PaCIIpeiesICHUs] HOpMaJIIbHOMY (rayCcCOBY) paclpeesieHUIO 1o
cTatucTuyeckomy kputeputo Ilupcona (xu-kBaapat) [DnekTpoHHBINH pecypc] : Meroauueckue
yKa3aHusl MO BBITONHEHUIO JabopaTopHoi pabotel / E. M. [kmsaposa. - Mocksa : MI'ABT,
2010. - 12 c. - Tekct : snekrponnbiid. - URL: https://new.znanium.com (mata oOparieHus:
11.11.2019).

8.7. T'onosues, H.H. DHepreTruka u HampaBICHHOCTh XUMUYECKUX MPOIECCOB. XUMHUE-
CKasi KWHETHKa U XUMH4YecKoe paBHoBecHe : y4ued. mocobue / H.H. 'onoBHeB. - KpacHosipck :
Cub. denep. yu-1, 2018. - 148 c. - ISBN 978-5-7638-3783-4. - Tekcr : anekrponnsiil. - URL:
https://new.znanium.com/catalog/product/1031881 (nara oopamenus: 11.11.2019).

8.8. Makcumenko U. U., Haropunsiii 1O. C., I'mymenko 1. M., IBanuenko B. A. Bnu-
SHHE TEXHOJIOTMUECKUX (PaKTOPOB KOKCOBAHMsI Ha MOKa3aTeNu MpoyHocTu Kokca // Koke u xu-
must. 1978. Ne 8. C. 12-14.

8.9. Muxuo B. II., Ckusap M. T'., JIypse M. B. u ap. Uccnenosanne 3aBucumoctu Ghu-
3U-KO-MEXaHUYECKUX CBOMCTB U BBIXOJa KOKCa OT pexuma KokcoBanus // Koke u xumus. 1975.
Ne 2. C. 8-12.

8.10.  CrankeBuu A. C. O nmporHo3e KOKCYEMOCTH YTJIeld Ha OCHOBE HX IMeTporpaduye-
ckux ocobennocreit // Koke n xumus. 1964. Ne 8. C. 5-7.

8.11.  CrankeBud A. C. DU3NKO-XUMHUYECKIE METOJIbI CHIKEHUS BIIAXKHOCTH KOKCOBOM
muxThl // Kokc u xumust. 1967. Ne 4. C. 1-7.

8.12.  CrankeBuu A. C., MbikonbHuKOB 1. A. CocTaBieHne YyrolbHbIX HIMXT U IPOTHO3

X KOKCYEeMOCTH Ha OCHOBE XMMHKO-TeTporpaduieckux napameTpoB yriei // Kokc u xumus.
1973. Ne 4. C. 3—7.
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8.13.  CrankeBuu A. C., 3onoryxus lO. A., Ilpockypsikos A. E., IIbsakosa U. C. 3aBu-
CHU-MOCTh BHEIITHEH CTPYKTYPHI U CBOMCTB KOKCa OT NMETPOrpapuIecKOil XapaKTEPUCTUKH yrOJIb-
HbIX cMmeceit // Koke u xumus. 1980. Ne 10. C. 13-17.

8.14.  CrankeBuu A. C., 3onotryxuH lO. A., Kagununa I'. 1. u ap. B3aumocBs3p Mexny
MEXaHHYECKON MPOYHOCTHIO KOKCA, XMMHKO-TIETPOrpaUIECKUMHU MMapaMeTpaMu MIUXT U3 Ky3-
HEIKUX yriiel U pexkuMoM ux kokcoBaHus // Kokc u xumus. 1981. Ne 2. C. 27-31.

8.15.  Crankeuu A. C., Mromep U. I1., Jlenbuyk B. U. Pacnpenenenue yriei u co-
CTaB-JICHUE YTOJIbHBIX IUXT JUIsI KOKCOBAHUS C MPOTHO30M KauyecTBa KOKCAa Ha OCHOBE JIMHEHHO-
ro nporpammupoBanust // Koke u xumus. 1981.Ne 11. C. 4-8.

8.16.  CrankeBnu A. C. PacyeT mmXT ¥ NMPOrHO3 Ka4yeCTBA KOKCA U3 YIJIEH BOCTOYHBIX
Oac-ceifHOB Ha OCHOBe X nerporpaduueckux napamerpos // Kokc u xumus. 1983. Ne 9. C. 11—
16.

8.17.  CrankeBuu A. C., Tpery6 B. B., Anemun B. U. u ap. IIporno3 kauectBa Kokca
Ha OCHOBE MapaMeTpoB EnuHON npombIIeHHO-TeHeTHYecKol Kinaccudukaruu yriei / Kokc u
xumus. 1990. Ne 12. C. 36-39.

8.18. CrankeBuu A. C., Yeromaesa H. A., Benc B. A., Uepemuckuna A. H. Ontumu3a-
IIUs1 COCTaBa MIMXTHI JUISI KOKCOBAHUS U TIPOTHO3 KAYECTBA KOKCA 10 XMMHKO-TIETPOrpaduaecKum
napamerpam // Kokc u xumus. 1998. Ne 9. C. 11-17.

8.19.  CrankeBuu A. C., Kpyrnos B. H., Bopcuna JI. B., 3onoryxun FO. A. Monens on-
TU-MHU3alUU TI0Ka3aTelel MPOYHOCTH KOKCa HA OCHOBE XMMHKO-TIETporpaduuecKkux napaMeTpoB
yried u HenuHelHoro nporpamMmupoBanust // Koke u xumus. 2000. Ne 5. C. 21-29.

8.20. CrankeBuu A. C., S6moukun H. B., Korres IO. I1. u np. CocraBienue muxT ajis
KOKCOBaHUSI HAa OCHOBE ONTHMHU3AIMA W TPOTHO3a MPOYHOCTH KOKCA 110 XHMHKO-
neTporpadudeckum nokazarensm yriuei // Koke n xumus.2002. Ne 3. C. 9-15.

8.21.  CrankeBuu A. C., Cmensiackuit A. 3., bepkyroB H. A. u np. PanmonansHoe pac-
npe-JelieHne yriieid ¥ ONTUMH3aIUs cocTaBa uXT i kKokcoBaHus // Kokc u xumusa. 2003. Ne
9. C. 8-16.

8.22. CrankeBuu A. C., Crenanos 1O. B., I'unszernunoB P. P., [lonosa H. K. IIporunos
MIPOYHOCTH KOKCA Ha OCHOBE XMMHKO-TIETPOrpaUUISCKUX MapaMeTPOB YTONBHBIX IIUXT C y4&-
TOM UX ITHEBMOMeXxaHnveckoil cenaparuu // Koke u xumus. 2005. Ne 12. C.14-21.

8.23. CrankeBuu A. C., 'mnszeraunos P. P., [Torosa H. K., Komxkapos /[. A. Monens
nporro3a nokasareneit CSR u CRI Ha ocHOBe XUMUKO-TIETpOrpaduUIecKrX MapaMeTpoB yrolb-
HBIX IIUXT U ycioBuil ux kokcoBanus // Kokc u xumus. 2008. Ne 9. C. 3744,

8.24.  CrankeBuu A. C., CrankeBuu B. C. Omnpenenenue TEXHOJOTHYECKOW IEHHOCTH
yr-Jiei, NCIOB3yEeMBIX JIJIs Tpon3BocTBa Kokca // Koke u xumus. 2011. Ne 6. C. 2-10.
8.25.  CrankeBuu A. C., CrankeBuu B. C. Mertonuka omnpeneiaeHus KOKCYEMOCTH H

TEXHO-JIOTHYECKOM IIEHHOCTH yTiiel macToB u ux cMmecelt // Koke u xumust. 2012.Ne 1. C. 4-12.
8.26. CrankeBuu A. C., bazerckuii A. E. Ontumuzanms kadectBa kokca OAO «kEBPA3
3CMK» ¢ yuetoM ocobeHHOcTel yroiabHOU chipbeBoi 0a3bl // Koke m xumus. 2013. Ne 10. C.
14-21.
8.27.  Ammoco U. U., Epémun U. B., Cyxenko C. U., Omrypkosa JI. C. Pacuer muxr
JUIsl KOKCOBaHMs Ha OCHOBE meTporpapuueckux ocodeHHocten yrieit // Kokc u xumus. 1957. Ne
12. C. 9-12.

8.28.  Epémun U. B, I'arapun C. I'. Pacder muxT /Ui KOKCOBaHUS HA OCHOBE METPOrpa-
¢duueckoit mozenu // Kokc u xumus. 1992. Ne 12. C. 9-15.
8.29. Tarapun C. I'. Ouenka nerporpapuueckoil Moaean MporHo3a MPOYHOCTH KOKCa

Ha npumepe yrieir Monrommu // Koke n xumus. 2011. Ne 4. C. 21-26.

8.30.  Ocnosbl nporpammupoBanus Ha VBA st Microsoft Excel/berakoBM.U. - HoBo-
cubupck : HI'TY, 2010. - 99 c.: ISBN 978-5-7782-1460-6 - Tekcr : smekrpoHHbId. - URL:
https://new.znanium.com/catalog/product/549331 (mara o6pamenus: 11.11.2019).

8.31.  eera, B.C. KomnbrorepHoe MoiepoBaHUe B HEPTETa30BOM Jelie : yuel. moco-
6ue / B.C. JleeBa ; Tomckuii monutexHuueckuil yauusepcureT. - Tomck : M3a-Bo Tomckoro mo-
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JIUTEeXHUYeckoro yHuBepcutera, 2018. - 86 c. - ISBN 978-5-4387-0806-3. - TekcT : 351eKTpOH-
ueiid. - URL: https://new.znanium.com/catalog/product/1043846 (nara obparmienuns: 11.11.2019)

8.32. Hazapos, C. B. IIporpammupoBanue B nakerax MS Office [DnexTpoHHbI pe-
cypce] : yue6. mocodue / C. B. Hazapos, I1. I1. Menasnukos, JI. I1. CMmonbpHUKOB U Ap.; iof pex. C.
B. Hazapoga. - Mocksa : ®unancsl u cratuctuka, 2007. - 656 c.: nin. - ISBN 978-5-279-02926-6
- Tekcr : amektponnsbIii. - URL: https://new.znanium.com/catalog/product/369386 (mara oOpa-
menust: 11.11.2019).

8.33. Annpees, C. M. MoaenupoBanre 0ObEKTOB M CHCTEM YIIPABJICHUS : Yy4eOHOE MOCO-
oue / C. M. Auapees ; MI'TVY. - Marautoropck : MI'TVY, 2017. - 1 snekrpon. ont. auck (CD-
ROM). - 3arm. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138
496/3337.pdf&view=true (mara obpamienus: 04.10.2019). - MakpooObeKT. - TEKCT : 3JIeKTPOH-
HeIid. - ISBN 978-5-9967-1028-7. - Ceaenus noctynasl Takxke Ha CD-ROM.

8.34. baxxenos, H. M. Metoasl 0oqTHOMEpHON ¥ MHOTOMEPHOW ONTHMH3ALUH : TPAKTUKYM
no juctuiuinae "MonenupoBanue cucteM" / H. M. baxenos, E. C. Psouukosa ; MI'TY, Ka-
denpa npoMbIIIIIEHHON KUOEPHETUKH U CUCTEM yrpaBieHus. - Marauroropck : MI'TY, 2011. -
1 osnektpon. ont. jguck (CD-ROM). - 3arm. ¢ turyn.  o9kpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123
747/1344.pdf&view=true (mara obpamienus: 04.10.2019). - MakpooObekT. - TekcT : 3JIeKTPOH-
HBIA. - CBefeHus 1ocTynHbl Takke Ha CD-ROM.

8.35. I'aBpmiioBa, U. B. Mmuranmonnoe moaenupoBanue : yueoHoe nmocodue / M. B. I'as-
puiosa ; MI'TV. - Maruutoropck : MI'TVY, 2016. - 1 anekrpon. ont. auck (CD-ROM). - 3ari. ¢
TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2836.pdf&show=dcatalogues/1/1133
202/2836.pdf&view=true (mara obpamienus: 04.10.2019). - MakpooObekT. - TekcT : 3JIeKTPOH-
HBI. - CBefeHus 1ocTynHbl Takke Ha CD-ROM.

8.36. KyxTa, 0. b. KommbloTepHOEe MOICIMPOBAHNE TEXHOJIOTHUECKUX MPOIECCOB : yueo-
Hoe nocobue / KO. b. Kyxrta. - Marauroropck : MI'TY, 2014. - 1 snextpon. ont. auck (CD-
ROM). - 3ari. c THUTYJL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/11189
39/928.pdf&view=true (zata oopamienus: 04.10.2019). - MakpooObeKT. - TEKCT : AIEeKTPOHHBIH.
- CBenenus noctynHsl Takke Ha CD-ROM.

8.37. Jlykuna, O. A. Chemical and Oil Production. ITpakTukym 10 HHOCTPAHHOMY SI3BIKY :
yuebHoe nocodue / O. A. Jlykuna, E. A. Ilukanosa. - Marauroropck : MI'TY, 2012. - 1 snek-
tpon. onr. guck (CD-ROM). - 3Barm. ¢ THTyl. — 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/11191
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http://www.metallurgizdat.com/content.php?puid_name=journal2
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/1131464/25.pdf&view=true

4/25.pdf&view=true (mara oopamenus: 04.10.2019). - MakpooOBbeKT. - TEKCT : AIEKTPOHHBIH. -
Cepnenus goctynasl Takxke Ha CD-ROM.

r) IlporpammHuoe odecnieuenne u HTEpHET-pecypcehI:

1. ®epepanbHbIi MHCTUTYT MPOMBINIIEHHON coOcTBeHHOCTH : cailt POCITATEHTA /
OUIIC. — Mocksa : ®UIIC, 2009 — . — URL: http://www1.fips.ru/

2. Poccwuiickuii nnaekc Hayunoro uutupoBanus (PHMHILI) : nanuonanbhas 6uGnuo-
rpaduueckas 6a3a JaHHBIX HAy4HOro IuTHpoBaHus. — Tekcr: anekrponnsrii // eLIBRARY.RU :
Hay4yHas OJEKTpOHHas Oubnworeka : caiit. — Mocksa, 2000 -— . — URL:
https://elibrary.ru/project_risc.asp.

3. Axamemuss Google (Google Scholar) : mouckoBast cucrema : caiir. — URL:
https://scholar.google.ru/ .

4. EpuHOe OKHO JIocTyna K WH()OPMAIMOHHBIM pecypcaM : JJIEKTPOHHAs OHOIMoTeKa

caiit / ®TI'AY THUMU UTT "UHOOPMHUKA". — Mocksa, 2005. - . —URL:
http://window.edu.ru/.

5. [East View Information Services : DnekTponHas 0a3a NMepUOIUYCCKUX H3TaHUHN /
000 «MBUC. — URL: https://dlib.eastview.com/.

6. Poccuiickas ['ocynapctBennas Oubnuoteka. Karanoru : caiit / Poccuiickas rocy-

napcTBeHHass — OmOmmoreka. — Mocka @ PI'b, 2003 - . URL:
https://www.rsl.ru/ru/4readers/catalogues/.
7. DOnexktponnas Oubnmoreka MITY wum. I. WM. Hocoa. - URL:

http://magtu.ru:8085/marcweb2/Default.asp .

[TporpamMmmHoe obecrieueHrE

Haunmenosanue 110 No norosopa Cpok AeHCTBUS JTUICH3UU
MSWindows 7 J-1227 ot 08.10.2018 11.10.2021
H-757-17 ot 27.06. 2017 27.07.2018
MS Office 2007 Ne 135 ot 17.09.2007 0eccpovHO
Mathcad Education - Univer- | JI-1662-13 ot 22.11.2013 0eccpouHo

sity Edition (200 pack)

CBOOOJIHO pacrpoCTPaHsAEMOe

FAR Manager o

OeccpovyHO

7Zip CBOOOJTHO pacrpoCTpaHsemMoe | 6ecCpoyHO
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9 MaTepuajibHO-TeXHHYeCKOe o0ecneyeHnue JUCHUIJIMHBI (MOYJIs1)

MaTepI/IaJ'IBHO-TCXHI/I‘IeCKOG obecneyeHne JUCHUITIIIMHBI BKIIFOYACT:

Tun u Ha3BaHMe ayJUTOPUH

OcHallieHue ayIuToOpun

Y4eOHbIe ayTUTOPUU IS IPOBEJIEC-
HUS 3aHATUH JEKIIMOHHOT'O THUIIA

MynbTUMEIHMIHBIE CPEICTBA XPAHEHHUs], IIEpPEelayu U IpeJI-
CTaBJIEHUsI HH(OPMALIHH.

VYyeOHast ayauTopusi I TpOBeEJe-
HUS MPAKTUYECKUX 3aHSATUH.

[Tepconanbubiec KommbioTepsl ¢ makerom MS Office, BbI-
X0/10M B IHTEpHET U C JOCTYIIOM B 3JCKTPOHHYIO HH(OP-
MaIlMOHHO-00pa30BaTeIbHYIO Cpely YHHBEPCUTETA.

Y4eOHble ayAUTOPUH [UIS TPYIIIO-
BBIX M WHIUBHUIYAJIbHBIX KOHCYJIb-
Tallli, TEKYIIEro KOHTPOJISI U IIPO-
MEXXYTOUYHOM aTTecTaluu

Jlocka, yaeOHbIE CTOJBI, CTYIIbSI.

Y4eOHble ayqUTOpPUH JUIS  CaMo-
CTOATENIbHOM PadOTHl O0YyYaroIIMX-
co

[Tepconanbubie KoMmbioTepsbl ¢ makerom MS Office, BbI-
X0/10M B MIHTEpHET ¥ C TOCTYIOM B AJICKTPOHHYIO HH(POP-
MaIlIOHHO-00pa30BaTEJIbHYIO Cpe/ly YHHBEPCUTETA

[TomemeHust 1ast XpaHEHUSI U TPO-
(MIAKTHIECKOTO  OOCITY>KUBAHHUS
yueOHOro 060pyAOBaHHUS

Cremnaxu nns XpaHeHHus 00OpPYAOBaHUsS, METOIMYECKas
auTeparypa i y4eOHbIX 3aHATHIA
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