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KoanuectBo 3ET 5
Yacos no PYII 180
Buasl koHTpOJIS B IK3aMeHbI 3a4ersl Kypcosbie Kypcosbie Konrpoasatie
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NeNe cemecTpoB
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JlabopaTopHble
IpakTHyeckue 48 48
KonrakTHas padoTa 64 64
Cam. paGora 116 116
Koutpoan
Hroro 180 180

ToabsarTu, 2019




Pabouas mporpamma coctaieHa Ha ocHoBanun ®I'OC BIIO/®I'OC BO u yuebHoro miaHa
HarpaBjeHus moAroToBky (cneruaibHocTr) 18.04.01 XumMuueckast TEXHOIOTUS

(KOO U HaUMeHOoBaHUe HANPAasJieHust NOO20MOo8KU, cneyuarshocmu 6 coomsemcemeuu ¢ @I'OC BITIO/ @I'OC BO)

PeIIeH3I/Ip0BaHI/Ie pa60qeﬁ nporpaMmmbl THCHUILJIMHBI:

OtcyrcTBYyeT

v| VYuebnas (pabouas) mporpamma ogo0peHa Ha 3acenanun kadeapsl «ParmoHaibHOE TTPUPO-
JIOTIONIb30BaHUE U pecypcocOepexenne» (mporokon 3acenanus Ne 1 ot «28» aBrycra

2018r.).
Peuenszent
(OomxrcHocmb, yueHoe 36aHie, CmeneHs) (noonucy) (U.0. Pamunus)
« _» 20 T

Cpok neiicTBusl padoueil mporpaMMbl AUCHHUILIMHBI 10 «28» aBrycra 2021 r.

Nudopmanus 06 akryanuzanuu padouyeil nporpaMmMbl JMCHHUIIIMHbBI:

[IpoTokomn 3acenanus kadpeapst No OT «__ » 20 1.

ITpoTtokomn 3acenanus kagenpsl No 0T «_ » 20 T

[Tpotokon 3acenanust kadeaps Ne OT «__ » 20 .

[Iporokoin 3acenanus kageapbl No 0T «_ » 20 1.
YTBEPX/JAIO

3aBenyromuii kadenpoit «PannoHanbHOE TPUPOAONONL30BAHUE U PECYpPCO-
cOepeKeHUE

(8vinyckarowell HanpagieHue (CneyuaibHOCMyb))

«_» 20 r. M.B. Kpasuosa
(noonucsw) (H.0. @Pamunus)




AHHOTALUS
AUCHHUILINHBI (Y4eOHOr0 Kypca)
b1.5.03 MoaennpoBaHue TEXHUYECKHUX CHCTEM

(MHAEKC ¥ HAaMMEHOBaHUE AUCUMILUIMHBI (y4eOHOTO Kypca))

1. Heapb u 3aga4u U3y4YeHUus1 AUCHUILJIMHBI (Y4e0HOT0 Kypca)

Lens — popMupoBaHue y CTYyI€HTOB MPOPECCUOHAIBHBIX 3HAHUN MO UCTIOJb-
30BaHUIO METO/I0B MOJICIUPOBAHMS TIPU MPOEKTUPOBAHUU TEXHOJIOTHUYECKUX MPOIEC-
COB M aHAJIM3€ HKCIEPUMEHTAJIbHBIX JAHHBIX, & TaK k€ (opMUpOBaHHE HAYYHOTO U
WHKEHEPHOI0 MOAX0Aa K BOMPOCaM PAIMOHAIBHOTO MCIOJb30BAHUS HEPIrO - U Ma-
TEepUANBHBIX PECYPCOB, B XUMUYECKON TEXHOJOTUHU, HEHTEXUMUU U OUOTEXHOJIOTHH.

3amaun:

1. ChopmupoBath CriOCOOHOCTH MPUMEHSITH METO/IBl MATEMAaTUYECKOTO MOJIe-
JMPOBAHMS B KOMIUIEKCHOM MPOU3BO/ICTBEHHO-TEXHOJIOTUYECKON A TEIHHOCTH.

2. ChopmupoBaTh COCOOHOCTh BBITIOJIHATH MPOEKTHBIE PACUETHI OTICIBHBIX
CTaJIMi TEXHOJOTUYECKOTO MPOIIECcCa C UCIIOIb30BAHUEM METOJIOB MAaTEMaTUYECKOTO
MOJICIUPOBAHUS, C MPHUBJICYCHHEM CTaHAAPTHBIX CPEJCTB aBTOMATU3UPOBAHHOIO
MIPOCKTUPOBAHUS.

3. CdhopmupoBaTh y CTYJACHTOB HAaBBIKH CAMOCTOSTEIHLHOTO MPOBEACHHS TEO-
PETUYECKUX W MCCIICIOBAHUI HAa OCHOBE HCITOIh30BAHUS METOJIOB MOJCITUPOBAHUS C
nocieayrolIieit 00paboTKON U aHAJIU30M PE3yJIbTATOB UCCIICTOBAHUM.

2. MecTto nucuuiuiabl (yueOHoro kypcea) B crpykrype OITIOITI BO

HNannas qucruruinHa (y4eOHbIH Kypc) OTHOCUTCS K OTHOCUTCS K biok 1 «/luc-
UTUTUHBL (MOYIH)» (6a30Bast 4acTh).

JucuuniauHel, ydeOHble Kypchbl, HA OCBOCHHUHU KOTOPBIX OaszupyeTcsl NaHHas
nucuuruinHa (yueOHsiil kype) — «KaTtanus B XuMHUUECKO TeXHOI0Tun», «CoBpeMeH-
HbI€ METObl KOHTPOJIS Ka4eCTBA MPOAYKTOB OCHOBHOTO OPTaHUYECKOro U HePTeXu-
MHUYECKOI'O CHUHTE3a.

Jlucrumuinebl, y4eOHbIe KypChI, JIJIsi KOTOPBIX HEOOXOIUMBI 3HAHMS, YMEHUS,
HABBIKH, TPHOOpETacMbIe B Pe3yJIbTaTe M3YYCHHS JTaHHOW JUCIMIUIUHBI (Y4eOHOTO
Kypca) — «CoBpeMeHHbIE 2KOOHUO- U pecypcocOeperarmIme TeXHOJIOTHI, «MeTo bl
ONTUMM3AIMA W OPTaHHW3aAIMd DKOOMO- M pPecypcocOeperaroniux TEeXHOJIOTHI,
«Crnoco0bI mepepaboTKH ¥ YTUIIU3AIUNA OTXOO0BY.



3. Ilnmanmpyemble pe3yabTaThbl 00y4eHUsl MO JUCHUILINHE (YueOHOMY

KYPCY), COOTHECEHHbIE ¢ IVIAHUPYEMbIMHU pe3yJIbTATaAMHU 0CBOeHHS 00pa3oBa-

TEJbHOU NMPOTrPaMMbI

dopMupyemMbie U

I[Inanupyembie pe3yabTaThbl 00yYeHUsI

KOHTPOJIUpYeMble
KOMIIeTeHHH

- CHOCOOHOCTh  Ha | 3HATH:

IPAKTUKE  MCIOJIB30- | — 0COOEHHOCTH OpPraHU3aIMH MIPOEKTHHIX PaldoT.

BaTb YMEHHS U HABBIKU
B OpraHM3alM HCCIIe-
JIOBaTEIbCKUX M TIPO-
eKTHbIX  pador, B

yIpaBJICHUU KOJUICKTH-
BoM (OK-7)

VYMeTh:
— OIIEHUBATh COCTOSIHUE UH(PPACTPYKTYPHI IPOU3BOJICTBA

B COOTBCTCTBHH C HOPMATUBHBIMHA Tp€60BaHI/I$IMI/I.

Bnanetn:
— METOJIaMHU OpraHu3alliy U MPOBEICHU HAYYHO-
HCCIIeIOBATEILCKUX padoT.

-  CHOCOOHOCTH Haxo-
JTUTh TBOPUYECKHE pe-
IIEHUST COLMAIBHBIX U
npo¢eCCUOHATIBHBIX

3a71a4, TOTOBHOCTBIO K
MIPUHSATHIO HECTaH-
JIAPTHBIX pelIeHnn

(OK-8)

3HAaTh:
— TEXHMYECKHUE CPEJICTBA JJIsl K3MEPEHUSI OCHOBHBIX Tapa-

METPOB OMOTEXHOJOTUYECKUX MPOLECCOB, CBOIMCTB ChI-
pPbs U IPOAYKIINH.

VYMeTs:
— MPOU3BOJIUTH CTPYKTYPHBIN aHAJIU3 U CUHTE3 CJIOKHBIX

IIPpOHCCCOB, ITPOTCKAIOIIHNX B allllapaTax pa3JIM4YHbIX TH-
II0B.

Bnaners:

— METOIMKAMU pacyera npu NPOECKTUPOBAHUUA KOHCTPYK-
IIUI anmapaToB U CUCTEM aBTOMaTHU3AIlUU B 00JIaCTH
XUMHMUYECKOMN TEXHOJIOTHH.

- CcHOCOOHOCTHL C TIIO-
MOIIbIO  HUH(OpPMAaLU-
OHHBIX TEXHOJOTHM K
CaMOCTOSITEJIbHOMY

MPUOOPETEHUI0O U HC-
MOJb30BAHUIO B TIpak-
TUYECKOM  JIeATEIILHO-
CTH HOBBIX 3HAHUM U
YMEHHM, B TOM YHUCIIE B

3HaTh:
— OCHOBHBIE Hay4YHbIC UH(POPMAITMOHHBIE CUCTEMBI.

YMeTh:
— MPUMEHATh MEXIUCIUIUIMHAPHBIN TOAX0 K aHATIU3Y U
peIIeHuI0 TPodIIeM;

— MPUMEHATH NIPUOOPETEHHBIE 3HAHUS IPU aHAJIU3E KO-
JIOTUYECKUX CUTyalui IPUPOJHOTO U TEXHOTEHHOIO




001acTAX 3HAHUM,
HEIOCPEJICTBEHHO  HE
CBS3aHHBIX €O cepoit
nesrenbHOCTH (OK-9)

XapakTepa;

— IIPUHUMATH ITPABUJIBHBIC PCHICHHA 110 CHUIKCHHUIO HET'a-
THUBHBIX HOCHGHCTBHﬁ.

Bnanetn:
— HaBBIKaAMU PEIICHUS KOHKPETHBIX TEXHOJIOTUYECKUX 3a-

nag,

— HaBbIKaMU IPAKTHUUYECKUX PacYETOB IIPU UCCIIEIOBAaHUU
peallbHbIX XUMHUYECKUX TMPOIIECCOB MEPepadboTKU MpH-
POJHBIX YHEPTOPECYPCOB.

- TOTOBHOCTb K MCIIOJIb-
30BaHUI0 METOJOB Ma-
TEMATUYECKOTO  MOJE-
JMPOBAHUs MaTEPUAJIOB
151 TEXHOJIOTUYECKUX
IIPOLIECCOB, K TEOPETH-
YEeCKOMY aHalau3y W
DKCIIEPUMEHTAIIBHOMN

IIPOBEPKE  TeOopeThye-
ckux runote3 (OI1K-4)

3HaTh:
— METOJIbl pa3pabOTKU MaTEMATUYECKUX MOJIEIIEN MpolLiec-
COB B Pa3JIMYHBIX TUIAX anlaparax;

— METOJIBI MAaTEMaTHIECKOTO MOJICTTUPOBAHMS, ONITUMHU3a-
MU U IPOEKTUPOBAHUS ITPOIIECCOB XUMUUYECKON TEXHO-
JIOTUHM ¥ OMOTEXHOJIOTHH; OCHOBHBIE MOJICTIH CTPYKTYPBI
MTOTOKOB, TEIJIOOOMEHHBIX U MACCOOOMEHHBIX ITPOIIEC-
COB, METOJIbI HICHTU(DHUKAIINY TTAPAMETPOB MOJCIH U
METO/Ibl YCTAHOBIJICHUS aJIEKBATHOCTH MOJICIIH;

VYMeTh:

— pa3pabaThIBaTh MaTEMaTUUECKUE MOJIEIH MPOIIECCOB Ha
OCHOBE CTPYKTYPHOT'O aHaJIM3a U CHHTE3a C UCIOIb30-
BaHHEM OJIOUYHOTO MOX0/1a K OIMMMCAHUIO CIIOKHBIX MPO-
1IECCOB;

— MPOU3BOJUTH IPOBEPKY AICKBATHOCTH MAaTEMaTHUUYECKHUX
MOJICJICH;

— OCYHICCTBIIATH UACHTH(PUKAINIO TTAPAMETPOB MaTEMATH-
YECKON MOJICTTH, MOJISTTUPOBAHNUE U TTPOCKTUPOBAHKE
MPOIIECCOB XUMUYECKON TEXHOJIOTHH, HE(YTEXUMUHU U
OHMOTEXHOJIOTHH.

Bnanets:
— METOJlaMU MaTeMaTUYECKOTO MOJICJIMPOBAHHUS TTPOLEC-

COB Ha OCHOBE CTPYKTYPHOTO aHAJIN3a U CHHTE3a C UC-
MOJIb30BaHUEM OJIOYHOTO TOX0/1a K OIMCAHHIO CIOXK-




HBIX IIPOLECCOB,

— MCTOJaMH OIIPCACIICHNA CI)I/ISI/IKO-XI/IMI/FICCKI/IX H TCILIO0-
(1)I/I3I/ILICCKI/IX CBOMCTB I pacucTa u BI)I60pa OCHOBHOTI'O
H BCIIOMOT'aTCIIBbHOT'O TCXHOJIOTHYCCKOI'O 060py,Z[OBaHI/IH
B 00JIaCTH XMMHYECKOM TEXHOJIOTHH.

- TOTOBHOCTBIO K TIOHC-
Ky, 00paboTKe, aHAIU3y
U CUCTEMAaTHU3ALNH
HAay4YHO-TEXHUYECKON

uH(poOpMaMu MO TeEME
UCCIIeIOBaHUsI, BBIOOPY
METOJAMK M  CPEACTB
pemenus 3agaun (ITK-

2)

3HAaTh:
— TpeOOBaHUs K MPABOBBIM OCOOCHHOCTSIM 3allIUThl HHTEJI-
JIEKTyaJIbHOU COOCTBEHHOCTH.

VYMeTh:

— MPOU3BOJIUTH BHIOOP ammapara u pacCUYUTHIBATH TEXHO-
JIOTMYECKHUE MapaMeTPhI MPoIlecca C Y4eTOM peain3a-
MU 3a7a4 YHEPTO- U PECypPCOCOEpEeIKCHUS.

Buianers:

— METOJaMH MOMCKa U oOMeHa nH(popMaLrel B KOMIIbIO-
TEPHBIX CETAX, TEXHUYECKUMH U IIPOrPAMMHBIMH CPEJI-
CTBaMH 3allIUThl THPOPMALIMH, BKIKOYAs IPUEMbI aHTHU-
BUPYCHOM 3aILMTBHI.




TemaTuveckoe cogep:kaHue TUCHUIINHBI (Y41e0HOr0 Kypca)

Paznea,
MOJYJIb

Iloapa3zaen, Tema

Monyns 1. Moaenupoanue,
OCHOBHBIC IOHATHA U, OIpe-
JeNIeHNs, BUABI U METOJBI
UJCHTUQUKALIMK  cTaTHye-
CKHMX MOJEJICH.

MOIICJII/IpOBaHI/Ie, OCHOBHBIC TIOHATHUA W OHIPCACICHUA. ITonsarue
MOJIEIIUPOBAHUs, MOAEIN. Buabl MOAEeIupoBaHus, BUABI MOJEIIECH.
Knaccudukanus mozeneil. Maremarnyeckoe MOJEIMPOBAHUE, Ma-
TeMaTH4eckue Monenu. PopMbl IPEACTABICHUS MaTeMaTHYECKUX
Moeneit. CTpyKTypHBIE CXeMbI M METOJIBI MX TPE0Opa3OBaHUsI.
[lonarue o craructuueckoM MonaenupoBaHuu. lloHsaTus QyHKIUM
OTKJIKA U (hakTopoB. OCHOBHBIE OMYIIEHHUS PErPECCHOHHOTO aHa-
m3a. opmynupoBka 3agaun annpoxcuManuu. Kpurepuii Mmerona
HanMMCHBIINX KBaApaToOB. OCHOBHBIE TI0JIOKEHUS TCOpPUH IIAaHHUPO-
BaHUS SKCIIEPUMEHTOB: NOJIHBIN (QakTOpHbIH sKcnepumenT (I1PJ) u
00paboTKa ero pe3ysibTaToB.

Mopnynps 2. MaTemaTnueckoe
MOJICIUPOBAaHUE  TEXHHUYe-
CKHUX CUCTEM

MopenupoBaHue CTPYKTYphI IOTOKOB B aIlliaparax.

IlocTtpoeHne MaTreMaTHYECKMX MOJEIEH CHCTEM AHAJIUTHUYECKUM
METOJIOM.

MatemaTnueckoe MOJEINPOBAHKUE TEIIOBBIX ITPOLIECCOB.
MonenpoBaHue MacCOOOMEHHBIX IMPOLIECCOB XMMHUYECKON TEXHO-
JIOTHUH.

MopenupoBaHrue KUHETUKA XUMUYECKUX PEAKLIUN.

O0mas Tpy10eMKOCTh AUCHUILINHBI (YueOHoro kypca) — S 3ET.




4, CprKTypa H CoJiepKaHuE TUCIHUIIJINHBI (yqe6H0r0 Kypca) MoaeJupoBaHue TEXHUYECKHUX CUCTEM
(HauMeHOBaHME JUCIUILTHHEI (Y4eOHOTO Kypca))

Cemectp uzyuenus 1

Buabl yuedHo# padoTsl Dopmbl Pexomennaye-
KonrakTHas paGoTta C 6 TeKYIIero KOHTPOJIst Masi JIuTepa-
(B yacax) AMOCTOATEILHAs paboTa (HauMeHOBaHHe Typa (Ne)
BCEro , ®DopMbI IPOBEIEHNS HeoBxommmbie OIICHOYHOT'0 Cpea-
% ¢| mexumii, n1adopaTop- A CTBA)
Pazpeu, <] < - > MaTepHATbHO-
IToapa3nen, Tema 2 = |2 & HBIX, IPAKTHYECKHX -
MOayJ1b = = = = _g_ . < (hopmbl opraumsanun TEXHHUYECKHE
g & g8 |E 3aHATHI, MeTO/IbI 00Y- e .
= = T = CaMoCTOSITeIbHOI pecypesl
Z = 5 |m S| ueHus,peanusyiommue =
15} e | & . = @ padoThI
= 5 % |5 @| mpuMenseMyio odpaso-
‘S 2 |T E| BaTeJIbHYIO TEXHOJI0-
S| |=
THIO
Monayab 1. Mo- | Jleknusa Ne 1. Mo- | 2 Jlexkuusa c oane- MynsTuMeuii- 1-2
ACITHPOBAHUE, ACJIHpPOBaHUE, OC- MCHTaMH JUC- HBIC cpeacrBa:
OCHOBHBIE I10- HOBHbIC TIIOHATHUSA KyCCHH. KOMIIBIOTEP WA

HATHA U, Olpe-
AeJIeHUs, BUABI
U METO/bI
HAeHTH(PHUKA-
MU CTaTHYe-
CKHX MOJeJIeH.

U ompeJesieHus.
Ilonstue wMopgenu-
pOBaHMsI, MOJIEIH.
Bunger  monenupo-
BaHMs, BUBI MOJIE-
neit. Knaccuguxka-
U MOJeIeEi.
TEMaTU4ECKOE
JIeNIMPOBaHUE,
TEeMaTUYECKHE
JETH. Dopmsbl
MpeACTaBICHUS
MaTeMaTHYeCKHUX
Mozeneil.  Ctpyk-
TYpHBIE CXEMBl |
METOJIbI UX TIPeoo-
pa3oBaHMUsl.

HOYTOYK, NpOEK-
TOp, SKpaH.




Jlexusa Ne 2. Jleknmus ¢ dite- MynbTuMenuii- 1-2
[Toctpoenue smnu- MEHTaMH  JuC- HblE  CpejCTBa:

pUYECKHX perpec- KYCCHH. KOMIIBIOTED HWJIN

CHUOHHBIX MoOJIe- HOYTOYK, TPOEK-

JICH. TOP, DKPaH.

IIpakTHYeckoe IIpakTrHueckoe ITogroroBka ot- | Pazmarounsiii Otuer 1o 1-2
3ansatue Nel. Ilo- 3aHATUE BBIIOJI- yera MO IMpak- | MaTepuan, KOM- | MPAKTUYECKO-
CTpPOEHHE CTaTH4e- HSIETCS METOJIOM TUYECKOMY 3a- | IBIOTEP, JOCTYH | My  3aHSITHIO

CKUX M JTUHAMHUYe- TBOPUYECKUX 3a- HATHUIO. Kk ceru HMutep- | Ne 1 B anek-

ckux mozuenei. Ilo- JTaHHI. HET. TPOHHOM BHUJE.
CTpPOCHHE SMIUPH-

YECKUX  MOJEIEH.

JIuneiHbIl perpec-

CHOHHBIM  aHAIN3

UIe  TIOCTPOEHUs

SMIUPUYECKUX MO-

JENe.

IIpakTHYeckoe IIpakTrHueckoe ITogroroBka ot- | Pazmarounsiii Otuer o 1-2
3ansitue Ne2. Pe- 3aHATHE BBINOJI- 4yera IO IIpak- | MaTepuan, KOM- | IPAKTUYECKO-
IPECCUOHHO- HSIETCS METOJIOM TUYECKOMY 3a- | IBIOTEP, JOCTYH | My  3aHSITHIO
(bakTOpHBIN aHAIN3 TBOPUECKHUX 3a- HSATHIO. Kk ceru HMHtep- | Ne 2 B anek-
TEXHOJIOTUYECKHUX JaHUM. HeT. TPOHHOM BH/IE.

MOJIEJIEN.




IIpakTuyeckoe
3anaTue Ne3. 3a-
a4l TapaMeTpu-
YECKOM M CTpYyK-
TYpPHOU HIAEHTU(DH-
Kalluu  dMIUpUYe-
CKOHM MOJEIIH, OIH-
CBHIBAIOIICH  3aBU-
CHMOCTb JIaBJICHHSA
HACBIIIEHHOTO Tapa
WHIUBUAYAIBHOTO
BCIIECTBA OT TEM-
neparypel.

[IpakTnueckoe
3aHITHE BBIOJI-
HSIETCSl PelLleHU-
eM 3amad, 00-
CY)KICHHEM pe-
3yJIBTaTOB  Jesi-
TEIbHOCTH.

IToaroroska oT-
yeta MO IMpak-
TUYECKOMY  3a-
HSTHIO.

Pa3zgaTouHbii
Marepuai, KOoM-
NbIOTEP, JOCTYII
K ceru HWutep-
HET..

Otuer I10
PAKTHYECKO-
My  3aHSITHIO
Ne 3 B oIek-
TPOHHOM BHJIC.

1-2

Jlekuusa Ne 3. Ilo-
HATHUS byHKIIIN
OTKJIMKAa U (PaKTo-
POB. OcHOBHbIE
TOMYIICHUS pe-
I'PECCHOHHOI0 aHa-
m3a.  Dopmynu-
pOBKa 3ajaud ar-
MIPOKCUMAIINH.
Kpurepuii Merona
HAaMMEHBIINX
kBazapaToB. OCHOB-
HBIE  TOJIOKEHHS
TEOPUH  IIAaHUPO-
BaHUS IKCTIepH-
MEHTOB:  TIOJHBIH
(hakTOpHBIN 3KCIHe-
pument (IIO®3) wu
oOpaboTka ero pe-
3yJIbTaTOB.

Jlekiinga ¢ oie-
MEHTaMW  JMC-
KYCCHH.

MynsTrMeTuii-
HbIE  CPEACTBA:
KOMIBIOTEP WA
HOYTOYK, MpOEK-
TOP, 9KpaH.

1-2

10




IIpakTuyeckoe

3anaTue Ned. Ilo-
CTPOCHHE MaTema-
THYECKHX MOJIeNeH
o pe3ynbTaTam

[IpakTnueckoe

3aHSTUE C pellle-
HHEM 3ajad, o0-
CYy)KJIeHUE  pe-
3yJIbTaTOB  JIesI-

IToaroroska oT-
yeta MO IMpak-
TUYECKOMY  3a-
HSTHIO.

Pa3zgaTouHbii

Marepuai, KOoM-
NbIOTEP, JOCTYII
K ceru HWutep-
HET, MakeT MNpu-

Otuer I10
MPaKTUYECKO-
My  3aHSITHIO
Ne 4 B onek-
TPOHHOM BHJIC.

1-2

aKTHUBHOIO JKCIle- TEJIbHOCTH. knagHeix  1po- | Cobecenosa-
pUMEHTA. rpaMM HUE.
MathCAD.
Moayas 2. Ma- | Jlekuusa Ne 4. Mo- Jleknus ¢ dite- MynsTuMeanii- 34
TeMaTH4YecKoe | JIeIMPOBaHUE MEHTaMH  JIUC- HBIE  CpEJCTBa:
MO/ eJMPOBa- CTPYKTYpBl  IIOTO- KyCCUM, C MHC- KOMIIBIOTEP HJIU
HHMe TeXHHU4e- | KOB B almnaparax. II0JIb30BAaHNEM HOYTOYK, NpOEK-
CKHX CHCTEM. TEXHOJIOTUH pa3- TOp, DKpaH.
BUTUSL KpHUTHYE-
CKOrO0  MBIIILIE-
HUSL.
IIpakTHYeckoe IIpakTrueckoe ITogroroBka ot- | Pazmarounsii Otuer o 3-4
3ansaTue NeS. Hc- 3aHATHS yera II0 IIpaK- | Marepuana, KOM- | IIPAKTUYECKO-
CJIEIOBAHUE TU- IIPOBOJIUTCS TUYECKOMY 3a- | IBIOTEp, AOCTYI | My  3aHATHUIO

pPOANHAMUKH Haca-
J0YHOTO abcopbe-

pa.

C HCIIOIL30BaHU
€M TEXHOJOrui
TPAAUITHOHHOTO
oOydeHus, 00-
CYy)KJIGHHE  pe-
3yJIbTaTOB  J€sl-
TENHHOCTH.

HSTHUIO.

K ceru HWutep-
HET, MakKeT IpH-
KJIQJHBIX  MpO-
rpaMm
MathCAD.

Ne 5 B niex-
TPOHHOM BH/JIE.
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Jlexuusa Ne 5. Ilo-
CTpPOEHUE MaTeMa-

THYECKUX MOJIEJIEH
CHCTEM aHaJUTHYe-

Jlekiiug ¢  ome-
MEHTaMH  JIAC-
KyCCHUH, C HC-
M0JIb30BaHUEM

MynbTUMenuii-
HBIE  CpEJCTBa:
KOMITBIOTEP WJIU
HOYTOYK, TPOEK-

3-4

CKHM METOJOM. TEXHOJIOTHI pa3- TOp, DKpaH.
BUTUSL KpHUTHYE-
CKOrO  MBbIIILJIE-
HUSL.
Jlexkmusa Ne 6. Ma- Jleknus ¢ oie- MynsTuMeanii- 34
TEMAaTHYECKOE MO- MEHTaMH  JIUC- HBIE  CpEJCTBa:
JEJINPOBAHUE TeEIl- KyCCUM, C HC- KOMIIBIOTEP HJIU
JIOBBIX ITPOLIECCOB. II0JIb30BAaHNEM HOYTOYK, NpOEK-
TEXHOJIOTHI pa3- TOp, DKpaH.
BUTUSL KpHUTHYE-
CKOr0  MBIIILIE-
HUSL.
IIpakTHYeckoe IIpakTrueckoe ITogroroBka ot- | Pazmarounsii Otuer o 3-4
3ansaTue Ne6. Mo- 3aHATHE C pelle- yera IO TMpak- | MaTepuan, KOM- | MPAKTUYECKO-

JIeNIMPOBAHKE Tell-
JIOOOMEHHBIX arl-
MapaToB B CTAIHO-
HapHOM PEKUME.
Mogaenu npoueccos
TEIJI000MEHa:

1. TemnooOMeHHUK
THTIA  «TIEPEMEIIIH-
BaHHe-
MepEeMEITUBAHUEY,
2. Temioo0OMeHHUK
THIIa «BBITCCHEHHE-
BBITECHEHHUEY.

HHEM 3ajad, 00-
CyXJeHHue  pe-
3yJIbTaTOB  Jesl-
TCIBHOCTH.

THYCCKOMY  3a-
HATHIO.

NBIOTEP, JOCTYII
K ceru HWutep-
HET, MakKeT IpH-
KJIQJHBIX  MpO-
rpaMm
MathCAD.

My  3aHSATHIO
Ne 6 B oiek-
TPOHHOM BH/JIE.
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Jlexmusa Ne 7. Mo- Jlekuus ¢ oite- MynbTuMenuii- 34
JETMPOBAaHKUE MacC- MEHTaMU  JIMC- HbIE  CPEACTBA:
COOOMEHHBIX IPO- KyCCUH, C HC- KOMIIBIOTEP WJIU
LIECCOB XUMUYE- M10JIb30BaHUEM HOYTOYK, MPOCK-
CKOM TE€XHOJIOTHH. TEXHOJIOTHI pa3- TOP, SKPaH.

BUTHUSI KpUTHYE-

CKOrO0  MBbIIILIE-

HUSL.
IlIpakTn4yeckoe [IpakTryeckoe IToaroroBka ot- | Pa3maTouHEbIN Otuer o 34
3ansatue Ne7. Mc- 3aHATHE C pelle- yera IO IMpak- | MaTepuan, KOM- | PAKTUYECKO-
CIIeIOBaHUE  TPO- HUEM CUTYyalu- TUYECKOMY 3a- | IbIOTEp, AOCTYH | My  3aHATHUIO
necca pasaeiacHus OHHBIX  3ajady, HATHIO. Kk cetu HMutep- | No 7 B anek-
MHOT'OKOMIIOHEHT- oOcyxaeHue pe- HET, MAaKeT MNpH- | TPOHHOM BUJE.
HOW CMECH B Ta3o0- 3yJAbTAaTOB  JIed- KJIQJHBIX  MpO-
BOM cernapaTope. TEJIbHOCTH. rpaMm

MathCAD.

IIpakTHYeckoe IIpakTrueckoe ITogroroBka ot- | Pazmarounsii Otuer o 3-4
3ansiTue Ne§. Ma- 3aHATHE C pelle- yera IO TMpak- | MaTepuan, KOM- | MPAKTUYECKO-
TEMaTUYECKOE MO- HHUEM CHTYyallU- TUYECKOMY  3a- | IBIOTEP, JIOCTYN | My  3aHATHIO
JETMPOBAHHUE TMPO- OHHBIX  3ajady, HATHIO. Kk cetu HWutep- | No 8 B anek-
necca pektuduka- oOcyxaeHue pe- HET, MaKeT NpPHU- | TPOHHOM BHJE.
1005078 3yJAbTAaTOB  Jed- KJIQJHBIX  MpO-

TEJIbHOCTH. rpaMm

MathCAD.

Jlekmusa Ne 8. Jlexknus c¢ die- MynbTumennii- 34

MoaenupoBanue
KMHETUKH XUMUYe-
CKHMX PEaKLIHM.

MEHTaMH  JIHC-
KyCCUH, C HC-
MOJIb30BaHUEM
TEXHOJIOTUH pa3-
BUTHSI KpHUTHYE-
CKOTO  MBbIILIE-
HUS.

HBIE  CpeICTBa:
KOMIIBIOTEp WU
HOYTOYK, NpOEK-
TOp, SKpaH.

13




IIpakTuyeckoe
3anaTue Ne9. Mo-
NEIUPOBAHUE  KHU-
HETUKH  TOMOTEH-
HBIX XUMHYECKUX
peaKkuuid.

[IpakTnueckoe

3aHATHE C pellle-
HUEM CHUTYyalu-
OHHBIX  3ajad,
0o0CcyXIeHHEe pe-
3yJIBTaTOB  Jes-

IToaroroska oT-
yeta MO IMpak-
TUYECKOMY  3a-
HSTHIO.

Pa3zgaTouHbii

Marepuai, KOoM-
NbIOTEP, JOCTYII
K ceru HWutep-
HET, MakeT MNpu-
KJIQJHBIX  TIPO-

Otuer I10
PAKTHYECKO-
My  3aHSITHIO
Ne 9 B oek-
TPOHHOM BHJIC.

3-4

TEIbHOCTH. rpaMM
MathCAD.
IlIpakTn4yeckoe IIpakTrueckoe [ToaroroBka oT- | Paznarounsiii Ortuer o 3-4
3aHATHE Ne10. 3aHATHE C pelle- 4yera MO IIpak- | MaTepHUall, KOM- | IPAaKTHUYECKO-
MonenupoBanue HUEM CHUTyalu- TUYECKOMY 3a- | IBIOTEP, HOCTYN | My  3aHATHUIO
KUHETUKH TeTepo- OHHBIX  3ajad, HATHIO. k ceru HMurep- | Ne 10 B anek-
TEHHBIX  XHMUYe- oOcyxeHue pe- HET, MAKeT IpHU- | TPOHHOM BHJE.
CKHMX PEaKLIHM. 3yJIbTaTOB  Jesl- KJIIQOHBIX  IIPO-
TEJILHOCTH. rpaMM
MathCAD.
IIpakTHYeckoe IIpakTrueckoe ITogroroBka ot- | Pazmarounsii Otuer o 3-4
3anaTue Nell. 3aHATHE C pellle- yera II0 IIpaK- | Marepuana, KOM- | IIPAKTUYECKO-
MopenupoBanue HUEM CHUTyalu- TUYECKOMY 3a- | IBIOTEP, AOCTYI | My  3aHATHUIO

TOMOT'CHHBIX XU-
MUYECKUX PEaKTO-
pOB.

OHHBIX 3aja4,
oOcyxaeHue pe-
3y/IbTaTOB  Jesl-
TEJILHOCTH.

HSTHUIO.

K ceru HWutep-
HET, MakKeT IpH-
KJIQJHBIX  MpO-
rpaMm
MathCAD.

Ne 11 B niek-
TPOHHOM BH/JIE.
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IIpakTHYeckoe 4 [IpakTnueckoe 8 | [logroroska ot- | PazmaTounbiit Otuer 10 3-4
3aHATHE Nel2. 3aHITHE yera MO TMpak- | MaTepuan, KOM- | MPAKTUYECKO-
Matemaruueckoe MIPOBOJUTCS TUYECKOMY 3a- | IBIOTEP, JOCTYH | My  3aHSITHIO
MOZCIINPOBaHUE C UCIIOJIB30BaHU HATHIO. k ceru HMurep- | Ne 12 B anek-
TEXHUYECKUX  CH- €M TEXHOJIOTHH HET, MaKeT MpHU- | TPOHHOM BHJIE.
CTEM. TPAIUIIUOHHOTO knagHeix  1po- | Cobecenosa-
oOydenus, 00- rpaMm HUE.
CyXKJICHHE  pe- MathCAD.
3y/lbTaTOB  Jesi-
TEIHHOCTH.
CamocrosiTe/ib- 20 | Camoctosarens- | Kommerorep, mo- | Ilpoekr.  3a- 1-4
Hasi padora. Hass pabora c | cTym K cetr WMH- | muTa mpoekTa
HAy4YHOUM JIMTE- | TEpHET.
paTypou.
IToaroroska
MIPOEKTA.
1 4 11
HUTOIO: 180 6 8 5
64
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5. Kputepun u HOpMBbI TEKYIIEr0 KOHTPOJISI U MIPOMEKYTOYHOM aTTeCcTAIUM

@OopMBI TEKYIIETO KOH-
TPOJISt

YcnoBus AOITYCKa

Kpurepuu 1 HOpMbI OLIEHKH

OTuyeTsl 110 IMpaKTU4c-
CKHM 3aHATHAM B OJICK-
TPOHHOM BHJC.

I{OHYCK&I-OTCSI BCC CTYACHTHI

«3a4TCHO»

OTtyeT No mpakTHUYECKOW paboTe BKIIOYAeT Oojiee
50% ot TpebyemMoro oObemMa U BBIMOIHEH B COOT-
BETCTBHE C TPEOOBAHUSIMHU YKa3aHHBIMU B Y4EOHO-

METOIHUYECKOM IT0COOUH.

«HC 3a4YTCHO»

Oruer 110 HpaKTH‘IGCKOﬁ pa60Te BKJIIOYacT MCHCC

50% ot Tpebyemoro oobema.

CobecenoBanue. Hanuuue oTyeToB no nmpakTu- «3auteHo» | OTBET Ha OJIMH U3 TPEX BOIPOCOB MO KAKIOU TeMe
YECKUM 3aHSTUSIM B 3JIEKTPOH- IPAKTUYECKOTO 3aAHITHUS
HOM BHJEe, HE MeHee 50% ot «He 3a4TeHO» | OTCYTCTBHE OTBETOB HA BOIIPOCHI.
KOJIMYECTBA MPOBEICHHBIX 3a-
HSTUW B MOJYJIE.
IIpoexkT. Hanuuue npeseHTanuu 1o npo- |  «3a4TeHo» [Ipu npeacTaBieHUN MPOEKTa CTYACHT HAOUpaeT

EKTYy.

7-11 6anmnos:
BBICTyIUIeHUE (2 Oasa),
cojaepkanue (5 6amioB);

KauecTBO oopmMileHus mpe3eHTanun(2 6amna);

OTBETHI Ha BOMPOCHI (2 Oaia)

«HE€ 3a4TCHO»

MeHee 7 0auIoB.

dopma npoBeIeHUs
IIPOMEXKYTOYHOM aTTe-
CTalllH

YcnoBus nomycka

Kpurepnu 1 HOpMBI OLIEHKH

3audeT (yCTHO)

Hanuuune 3adera mo pesynbTa-

«3a4YTCHO»

‘ OTtBeT Ha ABa TCOPECTHUYCCKUX BOIIPOCA, CTYACHT
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TaM TCKYLICTO KOHTPOJIA HIIH XOopomo BJIaACCT MATCPHUAJIOM.

BBIIIOJTHEHUE BOCbMU U3 JIBEHA-
JIUATU IPAKTUYECKUX 3aHATUU U He oTBeuaeTr HM Ha OAMH U3 TEOPETHUYECKUX BO-
npexncrasienue lIpoekra. «HE 3a4TEHO» | MMPOCOB, HE MOXET OTBETUTh HU HA OJUH JIOMOJI-
HUTEJBHBIN BOMIPOC.
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6. Kputepun u HOpMBbI OLIEHKH KYyPCOBBIX padoT (IIPOEKTOB)
KypcoBbie paboThl (IpOEKTHI) yU€OHBIM IIJIAHOM HE MPEAYCMOTPEHBI.

/. IlpuMepHasi TeMAaTHKa MUCbMEHHBIX PadoT (KypcoBbIX, pedeparToB,

KOHTPOJILHBIX, pACYeTHO-TPpa(pueCKux u ap.)

HepequL TCM IJI1 BBIIIOJIHCHUSA IIPOCKTA

Ne TeMbl

n/n

1 MoenrpoBaHie peakTOPOB EMKOCTHOTO THIIA C IEPEMEITUBAHUEM.

2 MoenrpoBaH#e peaKTOPHBIX MPOIIECCOB B PEAKTOPAX 3MEEBUKOBOTO THUIIA.

3 MonenupoBanue nporeccoB abcopobimu B abcopbepax pa3InyHOro THIIA.

4 MopnenvupoBaHue MPOIECCOB PEKTHU(PUKAIMKU B TapeibuaThIX W HACATOYHBIX
KOJIOHHAX.

5 MonenupoBaHue MPOILIECCOB PKCTPAKIIMU B KOJOHHBIX M €MKOCTHBIX ammnapa-
Tax.

6 MonenupoBaHue Nporecca NEPBUYHON NEPETOHKH HEPTH.

7 MopenupoBaH#e MPOILIECCOB B PEAKTOPE KATAIUTUIECKOTO PUPOPMUHTA C pa-
JTMaJIbHBIM BBOJIOM PEarcHTOB.

8 MonenvupoBaHue MPOIECCOB B PEAKTOPE KaTaIUTHYECKOTO pudopmMuHra C
OCEBBIM BBOJIOM PEareHTOB.

9 dopMupoBaHUE MATEMAaTUYECKUX MOJIENICH ISl pellIeHUs 3a7a4 CUTYalluOHHO-
r'0 YIPaBJICHHUS.

10 | Pa3paboTKa MOJEIH DHEPro- pecypcocOeperaronmx 3KOJOTHYSCKH Oe3omac-
HBIX TEXHOJIOTHH JIJIsl IIPOU3BO/ICTBA KalpajlakTaMa Ha XUMUYECKUX MPEIIPH-
ATHSIX.

11 | Pa3zpaboTka MOJCIIM HOBBIX TEXHUYCCKUX W TEXHOJOTHYCCKHX PEIICHUH IS
poliecca YTHIN3AIMU TBEPABIX OBITOBBIX U KOMMYHAJIBHBIX OTXOJIOB.

12 | Co3maHue TEOPETHUYECKMX MOJICNICH TEXHOJIOTHUYSCKHX MPOIECCOB OYUCTKH
CTOYHBIX BOJ| HA MPEANPUATUSIX MUIIEBON TPOMBITIUICHHOCTH.

13 | Pa3paboTKa MOJEIM YCTAHOBKH IS 3aIIUTHI OKPYXKAroIIel Cpebl OT BHIOPO-
COB JIJIs1 KOTEJIbHBIX, PACTIOJIOKEHHBIX B CEIUTEOHOM 30HE.

14 | Pa3paboTKa MOJICIM YTHJIM3AIIMS JJOHHBIX OTJIOKEHUH HedTeniama.

15 | Pa3paboTka MOJICIH YTHIM3AIHSI 0CaIKa TOPOJICKHX OYMCTHBIX COOPYKCHHUM.

16 | Pa3paboTka MOJICITH 110 PEKYJIbTHBAIIMHU TIOJIUTOHOB.

17 | Pa3paboTka MOAETH JJIsl TEXHOJOIMH HCIOJb30BAHUSA HETPAAMIIMOHHBIX HC-
TOYHHKOB YHEPTUU Ha MPOMBIIIICHHBIX MPEANPUITHIX TOPOA.

8. Bonpochl K 3a4eTy
No Bompocsr
/1
1 [ToHsiTHE MOIEIMPOBAHUS, MOJIEIIH.
2 Bunbel monenupoBanus, Buapl Moaenen. Kiaccudukarus Moaenei.




MareMatrnyeckoe MoJeIUpoBaHne, MaTeMaTuyeckue mozaenu. Gopmel npen-
CTaBJICHUS MaTeMaTH4ecKuxX Mozenei. CTpyKTYypHBIE CXEMbl U METOJIbI UX
npeoOpa3zoBaHusl.

4 Teopema MeiicoHa. Mojenu B BHAE YPaBHEHUM COCTOSIHHUSI, BEKTOPHO-
MaTpU4YHbIE (DOPMBI MPEACTABICHUS MAaTEMAaTUYECKUX MOJEJICH TMHAMUKHU CH-
CTEM.

3) CBsi3p MEX]ly pa3iMYHbBIMU (OpMaMH MPEACTABICHUS MATEeMAaTUYECKUX MO-
Jenen.

6 Cucremsblii cuHTe3. COCTaBIEHUE MOJENH CJIOKHOIO TEXHOJIOTHYECKOTO
00BEKTa KaK CJI0KHON CUCTEMBI HA OCHOBE CUCTEMHOT'0 aHaJIM3a U CUHTE3a.

7 VY4er B3auMOJeICTBUS 00BbEKTa MOJECIMPOBAHHUS CO CPEIOH.

8 OCHOBHbBIE CTaTHCTUYECKUE XapaKTEPUCTHKHU (u3nyeckux mnporeccos. [lo-
CTAHOBKA 3a/1a4d CTATHCTUYECKOT0 MOJICIIMPOBAHUS CUCTEM.

9 MeToabl ¥ anropuTMbl MOJACIIMPOBAHUS CIIYHYAMHBIX MPOIIECCOB C 33JaHHBIMU
CTATUCTUYECKUMHU XapAKTEPUCTHKAMHU.

10 | Metoasl 00paboOTKH pe3ydabTaTOB MojenupoBaHus. OCOOEHHOCTH TMOJTyHa-
TYPHOT'O MOJEJIHPOBAHUS CUCTEM.

11 |IlocTtpoeHue craTUUECKHX U JTUHaAMU4eckux mozenei. Iloctpoenue smnupu-
YeCcKuX Mozenen. JIMHeMHBIN perpecCUOHHBINA aHAINU3 ISl IOCTPOECHUS dMIIU-
PHUYECKUX MOJIECNIEN.

12 | Ilonarus GyHKIuM OTKIUKA U (PakTopoB. OCHOBHBIE JOMYIIECHUS PETPECCH-
OHHOT'O AHAJIN3A.

13 | ®opmynupoBka 3amauyn anmpokcuManuu. Kpurepwii MeTona HaWMMEHBIITNX
KBaJpaToB. Penienue 3ajaun annpoKCUMALIMH.

14 | OcHOBHBIE MOJOKEHUS TEOPUU TIJIAHUPOBAHMS HIKCIIEPUMEHTOB: MOJHBINA (ak-
TopHbIN SKcriepuMeHT (I1D) n 06paboTka ero pe3ynbTaToB.

15 | B yem npenMyIiecTBO aKkTUBHOTO DKCIIEpUMEHTA?

16 | Kakue nepeMenHble Ha3bIBatOTCS (pakTopamu?

17 | Yto Takoe (hakTopHOE MPOCTPAHCTBO?

18 | JlaiiTe noHsTHE MOBEPXHOCTH OTKIMKA?

19 | B Buje, Kakoro ypaBHEHHUS Yallle MPECTABISIOTCS YPAaBHCHUS PErPeCcCUm?

20 | Kakue meToapl pacuera Kod(phUIIMEHTOB ypaBHEHHUS pErPECCUH Bbl 3HaeTe?

21 | IlosicHUTE CYIITHOCTh METOJIa HAUMEHBIITUX KBAPAaTOB?

22 | Yto Takoe cwiia JUHEHHOW CBSI3M U KaK OHA OMNpPEACNICTCS Il yPaBHEHHS
JIMHEWHOU perpeccuu OT JaHHOTO napamerpa’?

23 | Ilo kakoMy KPUTEPUIO MPOBEPSETCS aICKBATHOCTh YPABHEHUS?

24 | Yto Takoe TpaHCUEHJEHTHAsl PErpeccusi U KOrjia OHa NPUMEHSIETCs ?

25 | Kak onpenensiercst TeCHOTa HEJIMHEHHOM CBSI3U?

26 | Yto Takoe BbIOOPOYHBIN KOIDOUITUEHT KOppesiun?

27 | Yo Takoe ypoBeHb miaHa’?

28 | Kak onpenenuTh KOJIMYECTBO OMBITOB B MOJHOM ()aKTOPHOM KCIIEpUMEHTE?

29 | Kak paccunThiBatoTCst KOO(QPUIIMEHTHI ypaBHEHUSI PETPECCUHU 10 Pe3yIbTaTam
MOJIHOTO (DAKTOPHOTO IKCIIEpUMEHTA?

30 | B yem 3akirodaeTcs olleHKa 3HAYMMOCTH YPABHEHUSI perpeccuu’?
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31

YpaBHeHUs, KakuxX "3JeMEHTapHBIX' MPOIECCOB BXOJST B MaTEMaTHYECKOE
orncanue?

32 | Yo Takoe MOJIENb HI€abHOE CMEIICHUS ?

33 | Yto Takoe MOJENb UJ1€aJTbHOTO BHITECHEHUS ?

34 | Yem otnuvarorcs nuddy3noHHBIE MOAETH OT MOJIEICH UaeaThbHOTO BBHITECHE-
HUs?

35 | Jlnsg kakux anmapaTtoB MOKET ObITh MPUMEHEHA sT9eeuHas MOACIb?

36 | Uro Takoe BpeMs npeObIBaHUs YACTHIIBI B anmapare?

37 | Jng 4yero MCHONb3YIOTCA MOMYIIEHUS IMPU COCTABICHUM MaTeMaTHYECKOTO
ONMUCaHUS?

38 | Kakue pomnyiieHus IpUHUMAIOTCS MPU MOJEIMPOBAHUHU TETUIOOOMEHHBIX all-
11apaToB?

39 | Kakue snemeHTapHBIE MOJEIN HCIIONB3YIOTCS I MaTeMaTHYECKOTO OIHUCa-
HUSI TETUIOOOMEHHBIX anmnapaToB?

40 | Kakue BUIBI TENIOOOMEHHBIX aIMTapaToB BbI 3HACTE?

41 | Kakue nomymieHusi MPUHUMAIOTCS TPU OMMCAHMM MAacCOOOMEHHBIX ammapa-
TOB?

42 | Kakue »/eMEeHTapHble MOJIEIN HUCIOIb3YIOTCS MPU MaTEMaTUYECKOM OIuca-
HUU MacCOOOMEHHBIX anmapaTroB?

43 | Kakue BUIBI MACCOOOMEHHBIX TIPOIIECCOB BHI 3HaeTe?

44 | Kakue mOmyImeHus MPUHUMAIOTCS MPU MOJICTUPOBAHIN XUMHUYCCKUX PEaKTO-
poB?

45 | Kakue aJieMEeHTapHbIE MOJEIN HCIIOIB3YIOTCS MPH MAaTEMaTHYECKOM OIHCa-
HUW XUMHUYECKUX PEAKTOPOB?

46 | Kakue Bujbl cucteM nuddepeHImanibHbIX YPaBHEHUH MOTYT OBITh PEIICHBI C
nomoniso 9BM?

47 | Kakue yuciaeHHbIe METONbI pereHus nquddepeHnnanbHbIX YpaBHEHUN U CH-
cteM auddepeHnaIbHbIX YPAaBHEHUI Bbl 3HaETE?

48 | Kakum o0Opa3oM MOXKHO TMOJYYHTh NEpeaaTouHyro (GyHKuuo u3 auddepeH-
MAJIbHOTO YPABHEHUS ]

49 | BjOKHM CJIOKHOTO TPOIECcCa CUCTEMbl — OCHOBA JUISl MIOCTPOEHUS CTPYKTYPhI
CJIOKHOTO TPOIECCa B TEXHOJIOTUYECKOM OOBEKTE.

50 | KaranuTudeckue peakTopbl I CUCTEM «ra3 - TBEPAOE», «ra3 — KUAKOCTHY,
«ra3 — JKUIKOCTh -TBEPJ0E» MOJICTH HICaTbHOTO BBITECHEHUS, AU Yy3UOH-
Has MOJIeNIb, MOJIETh MJICATLHOTO TEPEeMEINBAHMS, PA3TUYHBIC MOJCTH IS
pa3HbIX a3 B MHOTO(DA3HBIX PEAKTOPAX.

51 | TapenpyaThie KOJOHHBIE MACCOOOMEHHBIC KOJOHHBI — slY€EUHAst MOJIEb C 00-
paTHBIMM TTOTOKAMH JIJIS1 JKUJIKOW a3kl U MOJIETh HJICaTbHOTO BBITECHEHUS
JUTsl TApOBOM (hazbl.

52 | HacagouHble KOJOHHBI ISl TIPOLIECCOB PEKTU(UKAIIMU— MOJIEb UI€aIbHOTO
BBITECHEHHMS JIJIsi TapoBOM (pa3bl, 11s1 skuaAKoi (asbl - quddy3roHHass MOJETb
WJIM MOJIETTh UICATBHOTO BHITECHEHUSI.

53 | HacagouHble KOJIOHHBI JIJISl POTIECCOB AKCTPAKIIMA— MOJICTTh UJICaTbHOTO BbI-

TECHEHUS I JUCTIepCHON (ha3bl, s CIuIonTHOU (a3wl - muddy3noHHas MO-
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ACJIb WJIN MOACIIb UACAJIBHOT'O BITCCHCHHA.

54 | PeakTophl ¢ HEMOABM)XHBIM CIIOEM KaTalau3aTopa, paboTaroiue B aanadaTu-
YECKOM PEKUME C aKCHAIbHBIM U PaIMAJIbHBIM TOTOKOM PEareHToB.

55 | ['uapoauHaMuka MOTOKOB, THAPABIMYECKOE COMPOTUBIICHUE CIIOS U pacIpe-
JCJIUTENbHBIX PEIIETOK.

56 | [IBymepHble MOJENU KAaTaJTUTHUYECKUX MPOLECCOB. ANTOPUTMBI pPEIICHUS
YPaBHEHHUI MOJEIEH.

S5/ | Pa3nuuHble TUIBI TETUIOBBIX PEXUMOB.

58 | AlroputMmbl pelieHus ypaBHEHUH MOJEIIEH.

59 | Mojenb uaeanbHOro BBITECHEHHSI — OCHOBHAs MOJIENIb PEAKTOPOB 3MEEBUKO-
BOT'O THIIA.

60 | YcioBusi MpUMEHUMOCTH MOJICNTH UCATHHOTO BHITCCHCHHUS.

61 | Pacuer TemioBoro pexuma — omnpenaeiacHue kKodpduimeHTa Terionepeaadn u
COCTaBJICHHE YPaBHEHHMsI TEIIJIOBOTO OaJlaHca.

62 | [IpoBepka agexkBatHOCTH Mojaenu. [Ipumepsl mpoiieccoB, MPOBOIUMBIX B pe-
aKTOpax 3MEEBHUKOBOTO THIMA. PeXWMbI (yHKIIMOHUPOBAHUS M ONpECICHUE
OIIpEACISAIONIUX TapaMETPOB.

63 | Monenp uaeanbHOro BHITECHEHUS] — OCHOBHASI MOJIENIb PEAKTOPOB 3MEEBUKO-
BOI'O THUMA. Y CJIIOBUSI IPUMEHUMOCTH MOJIETH UJI€aIbHOT'O BBITECHEHUSI.

64 | OnpeneneHus HEOOXOAMMOIO PEXKUMA TEUEHHS] M PacyeT THIAPABINYECKOTO
COTIPOTHBIICHUSI.

65 | Pacuer TemioBoro pexuma — omnpenenaeHne kKodpduimeHTa Teronepeaadn u
COCTaBlieHHE ypaBHEHHUs TemtoBoro Oananca. [IpoBepka ajgekBaTHOCTH MOje-
T,

66 | MaremaTudeckas MOJeIb Ipoiecca abcopOiuu B KOJIOHHBIX abcopOepax Ta-
pEJIbYaTOro TUIA.

67 | JIByxda3Has MOAEINb C UCTIOIB30BAHUEM JIJISl KUIAKOHN (ha3bl sUeeIHON MOJIeTTH
¢ OOpaTHBIMH MOTOKAaMHU M MOJIEJI WJCAIbHOTO BBITECHEHUS I ra30Boi (a-
3bI.

68 | MaremaTuueckasi MOJIeJb Mpoliecca abcopOIMu B KOJIOHHOM abcopOepe Haca-
JOYHOTO THMA. VICTIONB3yIOTCSI MOJIETH UACATFHOTO BHITECHEHUS IS KUIAKOM
U ra3oBoH (das.

69 | MaremaTuueckass Mojeib Ipoiiecca abcopOIMM B €MKOCTHBIX armaparax ¢
MerrankaMmu. Vcronb30BaHrne MOAETH UACATbHOTO TIEpeMEeITUBAHUS IS JKHU -
KoM (ha3wl ¥ Ta30BOI (a3bl.

70 | CooTHOmIEHUs /U1l pacyeTa 00heMHBIX KOA(h(DHUIIMEHTOB Macconepeayun.

71 | MaremaTtudeckas Mojelib abcopOepa ¢ paclibUICHUEM KUIKOHN (hasbl.

72 | MaTtemaTu4ecKue MOJIeSM MPOLECCOB PeKTU(MHUKAIIMKY B TapeiIbyaThiX U Haca-

JOYHBIX KOJIOHHAaXx.

21




9. ®OH OLEHOYHBIX CPEACTB AJIsl NMPOBeICHUsI NMPOMEKYTOYHON aTTe-
CTalUM 00y4AKOIIUXCS M0 TUCHUIINHE

9.1. lacnopT (oHAA OLIEHOYHBIX CPEICTB

Ne KonTposmpyembie pa3aesibl KO{I KOHTpO.IHpY€- HaumenoBanmue
n/n (TeMbI) TUCHHUILJIMHBI MO ROMIETCHIIH OLICHOYHOI'0 CPeACTBA
(UJ1M ee 4acTH)

1 | Moayas 1. Moaenuposanue, | OK-7, OK-9 OTtueThl O NpaKTUye-
OCHOBHBIE TIOHATHUS U, OIIpe- ckuM 3aHsaTusM Ne 1-4
JIeJICHUS, BUABI U METOIbI B DJICKTPOHHOM BHJIE.
HUISHTU(PUKAITNN CTATHYECKUX CobecenoBaHue.
Moene.

2 | MoayJas 2. Marematndeckoe | OK-8, OK-9, OTtueTsl MO NpakTHye-
moaenupoBanue Texandeckux | OITK-4, I1K-2 ckuM 3aHATHIM Ne 5-12
CUCTEM. B DJICKTPOHHOM BHJIE.

CobecenoBanue.
IIpoekT

9.2 TunoBble KOHTPOJIbHBbIE 33JJaHUS WIH HHbIE MATEPHAJIbI, HEOOXO0AUMbIE
JJIS OlleHKM 3HAHMH, YMEHHH, HABBIKOB U (WJIH) ONbITA JAeSATEeJbHOCTH, Xa-
PAKTePHU3YIOINHNX 3Tanbl (POPMUPOBAHUSA KOMIIETEHIMH B IMpoIlecce 0CBOEHMSsI
o0pa3oBaTeIbHOM NMPOrPaMMBbI

9.2.1. TunoBble 32IaHUSA MO NPAKTHYECKUM 3aHATHAM

IIpakTnuyeckoe 3anaTue Ne 1. IlocTpoeHue craTuyecKux M JMHAMHYe-
ckux mopeseii. Ilocrpoenue smnupuyeckux mopesieil. JlnneiHblii perpeccu-
OHHBIN AHAJIU3 VI IOCTPOCHUA IMITUPUYECKUX MOIeJICH.

[IpakTrueckass paboTa BBINOIHSAETCS METOJOM TBOpUYECKMX 3agaHuii. Ha
npumepe, pa3orupaeMoM Ha MPAKTUYECKOM 3aHSITHH, CTYJIEHTHI y4aTcsl aHaJTUu3upo-
BAaTh JKCIIEPUMEHTAJIbHBIE JAHHBIEC, HAXOAUTh MAaTEMaTHYECKHE 3aBUCUMOCTH. B
KayecTBE TBOPUECKHMX 3aJaHUM Mpeanaraiorcs TaOJUIbl SKCIEPUMEHTAIBHBIX
JTAHHBIX, TIOYYCHHBIX CTYJICHTAMH 3apaHee BO BPEeMs 3aHATUN HAydYHOW pabOTOM.
IIpn pemieHMn TBOPYECKUX 3aJaHHUM, CTYAEHTHI MOTYT BBIIOJIHATH POJIb JKCIIEP-
TOB, IOMOTast APYTUM CTYJIE€HTaM B IPYIIIIE HAUTH MIPAaBUIBHOE PEIICHHE. JKCIEP-
TaMU BBIOUPAIOTCS CTY/ICHTHI, OBICTPO TOCTPOMBIITHE MOJIEIH TIpoliecca.

PerpeccnoHHbBIN aHAIN3 IMO3BOJSIET OLEHUTH CTENEHb CBA3U MEXKIY Iepe-
MEHHBIMH, TIpEIJIaras MEXaHU3M BBIYMCIICHUS MPEANOJIAaracéMoro 3Ha4CHHs Iepe-
MEHHOHN W3 HECKOJIBKMX YK€ M3BECTHBIX 3Ha4eHMU. MConp3ys perpecCHOHHBIN
aHaIM3, MOXKHO NPOJUIMTH JIMHUIO TPEHAA B JHarpamMme 3a IIPeeiibl PeasIbHbIX
JaHHBIX JUIS IpeACKa3aHus Oy qyluX 3HAUCHUH.

AJITOpUTM padoThI:

1) nocTpouTh MaTEMaTHUUYECKYIO MOJIETb B BUE SMIUPUUYECKON POPMYJIBL;

2) cienaTh OLEHKY [TapaMeTpPOB MOJEINH;
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3) npoBepUTh MOJIENb HA aJICKBATHOCTb.

3ananue 1.

1. ObopmuTh HCXOAHBIC TaHHBIC B BUJIE CBOHOM Tabmuisl Microsoft Excel.

2. C nomomipto Macrtepa quarpamm M. Excel moctpouts rpaduk 3aBucUMO-
CTH BCEro Juana3oHa JaHHBIX CBOJHON TaOJIUIIBI.

3. [locTpouTh TUHUIO TPEHA.

4. I mOJIy4eHHBIX MAaTeMaTHUYeCKUX MOJeNIel clieNlaTh OLIEHKY HapameT-
pOB:

a) MPOBECTU BBIYUCIICHUE CPEAHEN KBaIpaTUUHOM OMIMOKH O;

0) CpaBHUTH O C BEJIMUYMHON JOCTOBEPHOCTH ammpokcumanmu — R.

5. IlpoBepuTh MOJIETh HAa aACKBAaTHOCTh. DYHKINS, KOTOPOH COOTBETCTBYET
MUHUMAJIFHOE 3HAaYCHHE O M MaKCHUMaJIbHOE 3Ha4YeHHWE R, sBiseTcs maremaThde-
CKOM MOJIeNbI0, HanboJiee OJIM3KO0 ONMKCHIBAIOIIECH MCXOIHBIC TaHHbIC.

4.I1oaroTOBUTH OTYET IO MPAKTUYECKOM padoTe.

3ananue 2

B naGoparopHbIX YCIOBUSX OBUIO HCCIEAOBAHO BIIMAHHE (PEPMEHTHOIO
npenapara rifoKO300KCHIa3bl (X2) B COUYETAaHUU C aCKOPOUHOBOM KHCIOTOM (X1)
Ha KayecTBO xJjeba (tadu.). HeoOxomumo ¢ momompio OBM paccuurath, Kakoi
daktop (x1 wim x2) oka3piBacT 0oJIbIlIee BIMSHUE HA TTOPUCTOCTD XJieOa; MOCTPO-
UTh SMIIMPUYECKYIO JUHEHHYI0 MOJENb 3aBUCUMOCTH TMOPUCTOCTH XJieba y OT
daktopa X1 wim X2, OKa3bIBAIOIIETO HA HEr0 OOJIbICe BIUSHUE; BBISIBUTh, KAK H3-
MEHHUTCS TOPHCTOCTh XJie0a, €CIM BEIMYMHY TIIFOKO300KCHIAa3bl YBEIWYUTh Ha
30% ot cpeaHero 3HaueHUs BEIOOPKH.

Tabdunua Biusinue (pepMeHTHOr0 mpemnapara rJil0KO300KCHAAa3bl B CO-
YEeTAHUH C ACKOPOMHOBOM KHCJI0TOH HA KA4eCTBO XJieda

KonnuecTBo ackopOuHoBoii kucno- | KommnuectBo rimoko3ookcuaassl xp, | [lopucrocts Yy, %
TBI X1, %0 %
0,003 0,0146 87
0,003 0,0853 85
0,017 0,0146 87
0,017 0,0854 85
0,000 0,0500 85

Kpurepum ouenkmu:

OLICHKA «3aYTE€HO0» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPAaKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpedyemMoro o6bema 1 BBITIOJIHEH B COOTBETCTBHUE
c TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUUECKOM MTOCOOUH;

OLICHKA «HE 3aYTEHO)» CTABUTCS CTYJEHTY, €CJIM OTUET MPAKTUYECKOMY 3aHS-
TUIO BKJIrOYaeT Menee 50% ot tpedyemoro odobema.

IIpakTuueckoe 3ansitue Ne2. PerpeccnoHHO-(pAKTOPHBIA aHAJIN3 TeX-
HOJIOTHYECKHX MoJ1es1ei.

3aganue 1.

TpeOyeTcst onpeaenuTb 3aBUCUMOCTh PAaCTBOPUMOCTH XJlopuaa Oapusi B BO-
ne (Y) u B npucyTcTBrM Xjaopuaa kansuus (X) npu 70°C. O6beM BEIOOpKH N=6.
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Onpenenuts KO3(PPUIMEHTH ypaBHEHUS JUHEHHOW perpeccuu Buia
¥ = b, + b;x b u Be1OOpOUHBII KO3)HUIIMEHT KOPPEIAINH.
Tabanna JxcnepuMeHTAJIbHbIE JAHHbIE

X,% 0 5 8 10 15 20
y,% 32 25 20 17 11 5
3aganue 2.

Haiitu 3aBucumocts conepxanus Fe, % (Y), B Kpuctamiax MEIHOTO KyIo-
poca CuSO,4-5H,0 ot conepxanust FeSO,, /1 (X), B MATOYHOM pacTBOpE: a) Ompe-
JenUTh KO3 (HUIIMEHTHI MOTMHOMHAIBHOTO YPAaBHEHUSI PETPECCUH BTOPOTO MOPSIA-
Ka; 0) onmpeaenuTh BEHIOOPOUHBIN KOIPPHUITUEHT KOPPETSAIIIH.

Kaxnplii onbeIT moBTOpsieTcs nBa pa3a. Pe3ynbTaTel ONBITOB NMPUBEACHBI B
TalbnuIe:

X, T/J1 50 60 70 85 100 105

y,% |0,65/0,84]096/0,84[093/1,2[1,33[1,47/1,75]1,86]|2,32]2,48

3amanue 3.
ONBITHBIM MYTEM OMpEACICHbl 3HAYCHUS KOHCTAHTBl CKOPOCTH peakiuu K
npu 6 pa3IMYHBIX TeMIieparypax t. 3aBUCUMOCTh KOHCTAHTBI CKOPOCTH PEAKIIMU OT

abCoIOTHOM Temneparypsl 1 BeIpa)kaeTcs OKa3aTebHON QyHKIIMEH BUIA:
E

K = K,e rT
Haiiti uncnennsie 3Hauenns kodddunmentos Ky u E/R. DkcnepruMeHTab-
HbI€ JIaHHbIE IPUBEICHBI B TAOJIHIIE:

T, °C 400 452 493 528 561 604

K 3,23 7,80 15,43 24,21 37,95 60,09

Kpurepum ouenkmu:

OLICHKA «3aYTE€HO» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPAaKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpebyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
c TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUUECKOM MTOCOOUH;

OLICHKA «HE 3aYTEHO)» CTABUTCS CTYIEHTY, €CJIM OTUET MPAKTUYECKOMY 3aHS-
TUIO BKJIrOYaeT Menee 50% ot Tpedyemoro odobema.

IpakTnueckoe 3ansiTue Ne3. 3ajauu napaMeTpu4ecKO U CTPYKTYPHOIi
HACHTH(PUKALUN IMIIUPUYECKON MOJE/IH, ONMCHIBAKILEH 3aBUCUMOCTD 1aB-
JICHUS] HACBIIIEHHOT0 Napa HHAUBUAYAJIbHOI0 BELIECTBA 0T TeMIepaTyphbl.

Heobxoaumo pemuTs 3a1auu napaMeTpudecKol U CTPYKTYpHOU uieHTudu-

Kallil SMIUPUYECKOM MOJIEIIN, ONKUCHIBAIOIIEN 3aBUCUMOCTD JIABJICHUS HACBHILICH-
HOT'0 Mapa MHIWBUYaJIbHOIO BEIIECTBA OT TEMIIEPATYPHI.
Ncnons3ytoTes JaHHbIe MACCUBHOTO 3KcriepumenTa (10 sxcnepruMeHTOB):

Bapuanr 1
T 20 27 43 51 58 69 81 93 98 110
P | 18,06543 | 22,21216 | 4541489 | 73,71159 | 120,6918 | 298,497 | 961,7552 | 3747,484 | 6985836 | 35632,02
Bapuanr 3
T 20 33 38 48 62 72 80 89 102 110
P | 10,27458 | 8,900699 | 8,646845 | 8,315674 | 8,044362 | 7,919066 | 7,847013 | 7,777599 | 7,707871 | 7,674528
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Bapuanr 4

T 20 27 41 51 59 73 80 91 103 110

P 138,5224 | 40,81495 | 1,575762 | 62,2587 | 193,2225 | 928,0922 | 1884,9 | 8340,345 | 48986,24 | 154828,1

1 3 BUJIa MOJIEJIEN:

B
A+o
1. P=e""r
B
2. P = e e
B
A+—+CT+DInT
3. P=e"'T "
1. Onpenenuts KO3(DPUIIMEHTHI YpaBHEHUH PETPECCHUU yKa3aHHBIX 3

OMITUPUICCKUX MOIIeﬂeﬁ. HpeﬂCTaBI/ITB B O6IHCM U B YHCIOBOM BHIC

IIPOU3BCACHUC TpaHCHOHHpOBaHHOﬁ )51 HCXOHHOﬁ MaTpull HC3aBUCUMBIX BXOJIHBIX
o —Tr=n"1

HepeMeHHBIX M 9UCJIOBLIC 3HAUCHUA O6paTHOI/I ManI/IHBI HpOI/ISBCI[CHI/IH (qf: d_‘)) .

2. OnpenenuTs acKBaTHOCTh YPABHEHUIN PETPECCUU C MCIOJIb30BAHUEM
F-pacnpenenenuss ®umepa u BbIOpaTh HaumboJee TOYHOE YpaBHEHUE C
UCIIONIb30BaHUEM JHUCIICPCUU aJCKBAaTHOCTU. Pacue THOe 3HaueHWEe KpUTEpHUs
durepa B OTCYTCTBUU MAPaJIICIBHBIX OMBITOB ONpeesaeTcs no Gopmyre:

2

pacy _ _E
F 2

S,

n
, (},l_smn_ ,srf.snx:]Q
S5 = E e
o n—

1
i=1 n
2 IWEN
ysxsmz E :}1
n
i=i

VYcnosue anexkBatHoctu: F 79> F 7"

[IpeacraButh cBoHYyIO Tabauny ko3dduuuentoB A, B, C, D, nucnepcuid,
TaOJIMYHBIX U pacue THBIX KputepreB duiepa it Bcex MOJIENEH.

Breienuth Hanbosee TOUHYI0 MOJICIb.

3. Jluneapu3oBaHHbBIE ypaBHEHHUs MpeoOpa3oBaTh, BHIPA3UB BHIXOAHYIO
NEPEMEHHYIO U MOCTPOUTH TpauKku OMMOOK ISl KaKIOTO ypaBHeHHs (Tpaduk
OIMOOK — TrpaduK Pa3HOCTEH SKCHEPUMEHTAIBHBIX M pacye THBHIX 3HAYCHUU B
3aBHCHUMOCTH OT 3HAUCHUS apTyMEHTA).

[Tomo6pars macmTad OCu OpAMHAT, MO3BOJISIONINN MOAPOOHO PaCCMOTPETH
dbopmy KpuBO# Ha Tpaduke.

4.  TlpoBectu rpaduueckoe CpaBHEHUE IKCIEPUMEHTAIbHBIX JaHHBIX.

5. CdopmynupoBaTh BEIBOJBI TIO padoTe.

*He mnepeBoauTh 3HAYEHUS TEMIIEpPATypbl B JAPYryi0 pa3mepHocTh. He
MEHATh TOPSAOK KOIPPUIIMEHTOB W HOMEpa 3aBUCUMOCTEH, HE MEHATh
0003HaYEHUH.

Kpurepuu oneHku:

OILICHKA «3aYTEHO» CTaBUTCS CTYIEHTY, €CJIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIItOYaeT 0osiee 50% oT TpedyeMoro o0bema 1 BBIIIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU YKAa3aHHBIMH B Y4EOHO-METOAMYECKOM ITOCOOHH;

OIICHKA «HE 3a4TEHOY» CTABUTCS CTYJCHTY, €CIIU OTYET MPAKTUUECKOMY 3aHSI-
Trto BKIoYaeT meHee 50% ot Tpedyemoro oonema.

25




IIpakTnueckoe 3ansitue Ne4. IloctpoeHue MareMaTH4eCKMX Mo/IeJIel 10
pe3yibTaTaM aKTHBHOI'0 IKCIIEPHMMEHTA.

3aganue 1.

Heobxoaumo mogo6parh onTuMaibHble 3HAUEHUSI TEMIIEPATypbl U BpEMEHU

MPEBPAICHUS] YETHIPEXCTAAUNHON PeaKlIuu:

A—> If

\S —Q

MPU KOTOPBIX KOHIEHTPALUS MPOMEKYTOYHOTO MPOIYKTa Oblia Obl MaKCH-
MaJIbHOM.

3aJaH LEHTp IJIAHUPOBAHUSL:

Tyn = 330 K — TeMnieparypa npoBeeHUs peakuu;

Tyn = (D € — BpeMsi IPOBEJICHUS PEAKIIUU.

WHTepBan M3MEHEHHUs 1apaMETPOB:

AT=x10K; At=+25c.

1. Ionubiit dakropHsii skcriepuMenT ([ID3) Bkmrouaer onbiTel 14 u
HKCIIEPUMEHTHI B IIEHTpe TutaHa — omnbIThl 9+14 (330 K, 75 ¢) — mis onpenenenus
JUCIIEPCUH BOCIIPOU3BOIUMOCTH.

Ha ocHOBaHUM 3KCIIEPUMEHTAIBHBIX JAHHBIX ONPEACIIUTD:

a) KoappuureHTsl IMHEHHOTO ypaBHEHUSI PErPECCUU

C=90+91T+621

JUTsl KOMIIOHEHTA peakiuu (Harnpumep, P):

00, 01, 0,

0) [IpoBepuTh 3HAYMMOCTb KO3(PHUIIMEHTOB YPABHEHHS PETPECCHH.

B) [IpoBepuTh aIeKBaTHOCTh YPaBHEHUS PETPECCUMU.

2. OpToroHajibHOE IIEHTpaJIbHOE KoMmMo3uiinoHHoe rmanuposanue (OLIKII)
NO3BOJIIET HATH KOOPAUHATHI ONITUMAJIbHBIX 3HAU€HUHN (PaKTOPOB.

DKCIEpUMEHT JOMOJHSIETCS ONbITAMH B 3B€ 3AHBIX TOUYKAX (PAKTOPHOTO
NpOCTPaHCTBA: TOUKaMu 5+6 ¢ koopauHatamu (7. + aAT; T,,.) ¥ Toukamu 7+8 ¢
koopauHataMi (7 . Ty + GAT), T 0. — 3B€ 37HOE ILIeYO.

Ha ocHOBaHMM 3KCNIEPUMEHTANIBHBIX TAHHBIX OIPENEIINTB:

a) KoadduiiueHTsl HEMMHENHOTO ypaBHEHUS

C= 60+ 91T+02T+ elgT‘C+ 911T2+ 622’52

JUTsI KOMIIOHEHTA peakiuu (Harnpumep, P):

B0, 01, 02, 012, 011, 022

0) [IpoBepuTh 3HAYMMOCTH KOIPHUIIMEHTOB YPABHEHHS PETPECCHH.

B) [IpoBepuTh aieKBaTHOCTh YpaBHEHUSI PETPECCHUMU.

r) Haiiti koopamaaTsl T, 1 skcrpemanbHOit Touky QyHKIMHK

C=f(Tr)

Cratuueckast 00paboTKa pe3ynbTaTOB aKTUBHOTO AKCIIEPUMEHTA
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Tabnuna Pe3ynbrarhl SKCIEPUMEHTA

Ne T, K T,C CQ

1 320 50 0,5221

2 340 50 0,489

3 320 100 0,668

4 340 100 0,665

5 316,8 75 0,5815

6 343,2 75 0,578

7 330 42 0,5017

8 330 108 0,6974

9 330 75 0,6543

10 330 75 0,6245

11 330 75 0,6241

12 330 75 0,6343

13 330 75 0,5772

14 330 75 0,63
Cq” Qo Q1 Q2 fe S% to t to

0,6241 0,586025 -0,009 0,0805 |5| 0,0007 45,967 0,7079 6,3123
tTa6n SZR F FTa6H Xju'H Ayi Zj
2,57 0,00028 0,4248 19,3 75 25 Ul
25
3axanue 2.

B naGopaTopHbIX YCIOBUSX UCCIAEAyETCS CUHTE3 nmoaumepa. CUHTE3 NpoBO-
JAT B pacTBope. M3ydaercs BausiHUE TpeX (HAKTOPOB: Z; — KOHUEHTpAIMsl MOHOMeE-
pa (20-28%); Z, — koHneHTpanus naunmraropa mommumepusanuu (0,15-0,25%); Z; —
temriepatypa (343-363 K) na Beixox nonumepa Y (%). Peynbrarhl skcriepuMenTa

IMpCaACTAaBJICHLI B Ta6n1/1ue .

N XI X2 X3 Y
1 +1 +1 +1 42,5
2 -1 +1 +1 52
3 +1 -1 +1 44
4 -1 -1 +1 54
5 +1 +1 -1 46
6 -1 +1 -1 54,5
7 +1 -1 -1 46
8 -1 -1 -1 62

B LOCHTPC IlJIaHa OBUIH TTOCTaBJIEHBI AOIIOJIHUTCIIbHBIC ITapaJlJICIIBHBIC OIIbI-

ThI U TIOJTyYEHBI CIeAyIonIre pe3ynbTatel: Y1=43, Y,=47,Y ;=48

3aganue 3.

[Ipu uccrnenoBaHuy MoKa3aTessl CTENEHN YCBOAEMOCTH aMmMHuaka B Y B (poc-
(GOpHBIX COCTUHEHUSX WM3Y4aJOCh BIMSHUE TeMIepaTypbl amMmmoHu3anmu Z; (20-
70°C), IpOIOIKUTENILHOCTE aMMOHM3aiuu Z, (15-20 MuH), HOpMa ammuaka Zs

(100%-150%).

PCBYJII)TaTBI OKCIICPUMCEHTA NPEACTABJICHEI B Ta6J'II/IH62

N

Xl

X2

X3

1

+1

+1

+1
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2 -1 +1 +1 15
3 +1 -1 +1 19
4 -1 -1 +1 18,6
5 +1 +1 -1 14
6 -1 +1 -1 18
7 +1 -1 -1 13
8 -1 -1 -1 27

B nentpe miana ObUIH MOCTABIIEHBI TOTIOJIHUTEIBHBIE TAPaJIICIbHBIE OTTBITHI
¥ TIOJTYYCHBI CIIeayIomue pe3ynbrarel: Y1=17,3, Y,=18, Y3=17,7.

Kputepuu oneHkn:

OIICHKA «3aYTEHO» CTaBUTCS CTYICHTY, €CIIM OTYET IO MPAKTUYECKOMY 3a-
HATHIO BKIIOUaeT 6osiee 50% oT TpedyeMoro o0bemMa 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSIMU YKa3aHHBIMU B Y4€OHO-METOAMYECKOM ITOCOOHH;

OIICHKA «HE 3aYTEHO)» CTABUTCS CTYJEHTY, €CIIU OTUET MPAKTUYECKOMY 3aHSI-
THIO BKJIFOYaeT MeHee 50% ot tpedyemoro oobema.

IIpakTnueckoe 3ansaTue NeS. HccienoBanue ruipoAuHAMUKH HACAA0Y-
HOTO abcopoepa.

Heab padoTsl

1. O3HaKOMHUTECS C METOOUKON COCTABJIECHUSI MaTeEMaTHUECKON MOJICIIN TH/I-
POJAMHAMUKHU HACaJI04YHOTO abcopOepa.

2. IlpakTUuecku OCBOUTh METOAUKY HCCIEIOBAaHUS TUIPOJAUMHAMUKHU Haca-
JIOYHOTO abcopOepa ¢ UCTIOIb30BaHUEM SUCCUHON MOJIEIH.

3. CpaBHUTH DKCHEPUMEHTAJbHbIE U PACUETHHIC KPUBBIE OTKIWKA, MPOBE-
PUTH MOJIEh HA aJIEKBATHOCTb.

HUcxonnble nanHbIC:

1. Beicora Hacagku L = 11,5 m.

2. Imomianpk monepevyHoro ceyeHus: abcopoIMOHHON KOMOHHBI S =1,8 M2.

3. O6beMHast ckopocTs motoka V = 10 000 m*/4.

4. Konnentpanus adbcopoupyemoro komrnonenta C0, % 00.

5. DkcnepuMeHTanbHas kpuBas pasrona Ce [0...K].

UucneHnHble 3HaUCHUS JJ1s1 IYHKTOB 4 U 5 MPUBEACHBI B TAOJIHIIE.

Tabnuia Bapuantsl

BapuanTsl

Konnenrpanus 1 2 3 4 5 6 7 8 9 10

abcopOoupyeMoro
0,155 | 0,18 | 0,40 | 0,05 | 0,10 |0,075| 0,18 | 0,35 | 0,10 | 0,20

komnoHeHTa Cq, % 00.

KonnenTpanus Ha Beixoze u3 abcopbepa, % 00.

Bpewms, ¢

0

00 (00|00 00 00|00/ 00])]00]00]00

1 0,00250,001 {0,005 {0,006 {0,002 |0,014 0,002 0,070 0,015 |0,100
2 0,0100 /0,008 {0,0200,013 {0,012 |0,023 0,050 (0,150 {0,030 0,120
3 0,02600,010|0,050{0,019 {0,030 (0,035 0,100 0,220 {0,047 {0,140
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0,04900,027|0,100 {0,025 {0,040 0,047 0,120 0,240 0,059 |0,160
0,0720|0,045|0,140|0,030 (0,050 (0,051 0,140|0,290 0,067 |0,173
0,09000,07510,180 0,033 {0,080 |0,060 0,150 (0,310 0,074 0,180
0,1150|0,1000,220 {0,040 {0,085 (0,063 |0,155|0,320 |0,081 |0,186
0,13000,120|0,260 {0,043 {0,087 |0,068 |0,159 0,330 {0,090 {0,190
0,14600,140|0,300 |0,045 {0,089 (0,071 0,161 {0,340 {0,095 |0,194
10 0,15400,1600,380 {0,050 {0,090 (0,075 |0,166 |0,345|0,100 |0,196

©O©| O N o o b~

Iopsinok BeIMOJIHEHNSI PadOThI

1. O3HaKOMUTBCS C METOAUKON MOJEIUPOBAHUSA THAPOIUHAMUKHN HACA04-
HOTO abcopbepa.

2. O3HaKOMHUTBCS CO CTPYKTYPHOM CXEMOU aJITOPUTMA UCCIEAOBAHUS THI-
POAMHAMUKHU HACaI04YHOTO abcopoOepa.

3. IToAroTOBUTH HCXOIHBIE TAHHBIE.

4. BeiOpaTh ONTUMAJILHOE YHCIIO STYEEK.

5. O6cynuth pe3ynbrarhl. CAenatrsh BEIBOABI 1O padboTe.

Kpurepuu ouenku:

OIICHKA «3aYTEHO» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 6osiee 50% oT TpedyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSMHU YKa3aHHBIMH B Y4€OHO-METOAMYECKOM ITOCOOHH;

OIICHKA «HE 3aYTEHO)» CTABUTCS CTYJCHTY, €CIIU OTUET MPAKTUUECKOMY 3aHS-
THIO BKJIFOYaeT MeHee 50% ot tpedyemoro oobema.

IIpakTnueckoe 3anaTue Ne6. MopaeanpoBaHue TemIO00MEHHbIX ama-
pPaToB B CTalMOHAapHOM pexuMe Mogean mnpoueccoB Temi000MeHa:

1. Tenj1000MEeHHUK THIIA «nepeMelIMBaHNe-TIepeMelIUBAHUE,
2. Ten1000MeHHHK THIIA «BBITECHEHHE-BLITECHEHHUE) .
3axanue

1. O3HaKOMUTBCS ¢ IPUHITUTIAMA COCTABJICHUS TETUIOBBIX 0ajaHCOB MOTOKOB
U Pa3ACIISIONIC CTEHKU B TEIJIOOOMEHHBIX M PEAKIIMOHHBIX amlmnaparax XuMu4ae-
CKOM TEXHOJIOTUH TIPH TETIOOOMEHE Yepe3 CTEHKY.

2. OTMETHTHh 0OCOOCHHOCTH MaTEMaTUYECKUX OTMMCAHUI MPU Pa3HbIX CIIOCO-
0ax opraHu3alMK TETJIOOOMEHA.

3. BoimoHUTE BapuaHT 3aaHusl.

Hcxonnbie n1aHHbIE:

ORIGIN:=1
T,:=200°C
T1:=100°C
To:=20°C

Buayrpennuit quamerp tpyOosr Di:= 0.01m
Buemnuii tuametp tpyOst Dy:= 0.03m
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Tonmunaa crerku Tpyosid:= 0.002m

Pexxum TedeHus MOTOKOB CTallMOHAPHBIN
O6BeMHbIN pacxo kuakoct Gr:= 0.2 10*Mm>/cex
O6weMHbIl pacxon Bojibl Gy:=2Gt

Kosddurment terwtonepenaun K:= 10000 Br/m*K
ITnotHOCTH XKUAKOCTH pT:= 1500 Kr/M°
TemmoemkocTts xuakocTu Cpr:= 2500 JIx/kr-K
II10THOCTB BOBI px:= 1000 Kr/m°

TermmoemokcTh BoAbl Cpy:= 4200 Ix/kr-K

[Toctpouts rpaduk U3MEHEHHs TEMIIEpaTyp TEIJIOHOCUTENS U XJ1aI0TeHTa

110 JUIMHEC allliapara.

s mpoTUBOTOKA!

HUcxonupie faHHBIC:

ORIGIN:=1

T,:=235°C

To:=25°C

Buyrtpennuit auametp tpyOsr D1:=0.015 m
Buemnnii tuametp Tpyost Dy:= 0.045 M

Tonmunua crenku TpyOs! 6:= 0.002 m

PexxuM TeueHus: MOTOKOB CTAllMOHAPHBIM
OO0bvemubI pacxon xuakoctu Gr:= 0.35: 107 m*/cex
OO0bemubII pacxo Boabl Gy:= 2Gt

Koadpunment tennonepenaun K:= 10000 Br/m*K

[TnotHOCTH XKMAKOCTH pT:= 1200 Kr/M°

TemmoemkocTh kuAKOCTH Cpr:= 3000 JIx/kr-K
[TnotHOCTh BOABI px:= 1000 Kr/™m

3

TermmoemkocTh Boabl Cpyx:= 4200 x/kr-K
Ta6numa 6.2 - BapuaHTsl 3a1aHuit

Hauanphas | O0bEMHAas Terutoém-
Bapu- [LnoTHOCTS,
TemnoHocHUTENL| TEMIIEpa- | CKOPOCTb, 3 KOCTb,
aHT KI/M
Typa, C M /c Jhx/xr-°C
1 Topstanii 180 2,3-10™ 900 3,35-10°
X 0JI0XHbIiT 25 5,1-10" 1000 | 4,19-10°
) Topstanii 190 1,3-10™ 890 3,15-10°
X 0J10/1HBIH 35 4,1-10™ 990 4,1-10°
3 Topstauit 210 2,5-10" 920 3,45-10°
X0n0HbBIH 15 5,1-10" 1000 4,19-10°
) Topsunii 280 2,0-10™ 910 3,4-10°
XonoaHbIi 25 5,1-10" 1100 4,4-10°
c Topstanii 250 3,3-10™ 900 3,55-10°
X OJIOIHBIHI 45 4,51-10™ 980 4,1—103
6 Topstunit 185 2,83-10" 880 3,2-10°
X OJIOIHBIHI 10 5,51-10* 1010 4,25—103
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. Topstanii 160 2,53-10™ 900 3,35-10°
X OJIOIHBIHI 25 5,21-10* 1000 4, 19-10°
8 Topstunit 200 2,3-10™ 900 3,35-10°
X OJIOIHBIHI 20 5,1-10" 1100 4,55—103
i Topsunii 170 2,8-10" 900 3,35-10°
X 00 XHbIiT 15 5,2-10" 990 4,8-10°
10 Topsunii 220 2,4-10‘f1 900 3,53-1933
X 0JIOAHBII 35 5,5-10 990 4,0-10
1 Topstanii 190 2,3-10™ 890 3,0-10°
X OJIOIHBIHI 40 5,1-10" 1030 4,24—103
19 T opstunit 235 2,1-10" 850 2,95-10°
X 0JIOIHBIN 10 5,44-10™ 1000 4, 19-10°

Kpurepuu oueHku:

OIICHKA «3aYTEHO0» CTaBUTCS CTYJEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 6osiee 50% oT TpedyeMoro o0bhemMa 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSIMU YKa3aHHBIMU B Y4€OHO-METOAMYECKOM ITOCOOHH;

OIICHKA «HE 3aYTEHO)» CTABUTCS CTYJCHTY, €CIIU OTUET MPAKTUYECKOMY 3aHS-
TUIO BKJIroYaeT Menee 50% ot Tpedyemoro oobema.

IIpakTnyeckoe 3ansaTue Ne7. UcciaenoBanue nmpoiuecca pasjaejieHusi MHO-
TOKOMIIOHCHTHOM CMeCH B ra30BOM cernaparope.

Ienb paGoTHI

1. O3HaKOMHUTBCA ¢ METOAMKOM pacyeTa IpoLecca 0OJHOKPAaTHOTO ucnape-
HUSL.

2. IIpakTueckn OCBOMTH METOJIMKY HcclienoBanus Ha DOBM mporecca pas-
JIeJIeHUs] YTJIEBOIOPOIHOM CMECH B ITa30BOM CEMapaTope.

3. 3yuuTh BIUSHHE TEMIIEPATYpPHI, JABJIEHHUS, COCTABA CHIPbS HA IPOLECC
paszeneHus: Ta30KUJIKOCTHOM CMECH B KacKaJe cenaparopoB M BbIOpaTh 3(dek-
TUBHBIN peKUM pabOThI ¢ UCIIOIB30BaHUEM MH(OPMAIIMOHHO-MOJISTUPYIOIIEH CH-
ctembl (UMC).

HcxonHbple HaHHBIE Ul pacyeTa Hpouecca pa3feseHHs] MHOTOKOMIIOHEHT-
HOM YTJIEBOJOPOIHON CMECH

ra3 ras,

CEIpbe
Cl

|

Pucynok CxeMa TEXHOJIIOTHYECKOTO IpoLecca

AKHIKad (aza
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Tabmuua BapuaHThl TEXHOJOTMYECKHUX IMAPAMETPOB MPOLIECCa HU3KOTEMIIE-

paTypHOM cenaparuu

Howmep BapuanTa

TexHonoru4eckue IMapaMCTpPLI 110 CCIIapaToOpaM

1 cenaparop

2 cemnaparop

3 cemnaparop

1 P,;=13,8 Mna P:=9,7 Mna P;=5,4 Mna
T1:21,80C T1:8,60C T1:34,80C
2 P,=10,1 Mna P1=9,4 Mna P;=5,1 Mna
T1:30,80C T1:O,90C T1:35,10C
3 P;=13,9 Mna P:=9,8 Mna P;=5,4 Mna
T,=16,5°C T,=3,2°C T,=34,5°C

Jlisi mpoBesieHUsT pacyeTa CenapalMoOHHOTO OJIOKa Mpolecca pas3iAesiCHUs
MHOTOKOMITOHEHTHOM YTJIEBOJIOPOTHON CMECH HEOOXOIUMBI CIICTYIOIINE TaHHbIE:
1. Pacxon cbIpbs, KI/TO/I.

2. Temmepatypa B cemapaTopax, “C.
3. JlaBnenue, Ila.
4. CocTtaB CbIpbsi, MOJIBHBIE JIOJIH.

BapuanTtel 3amanui
Tabnuna VccnenoBaHue BIMSHUS TEXHOJOTMYECKUX MapamMeTpoB Ha MPO-

LIECC HU3KOTEMIIEpATYPHOHU cenapanuu

Howmep 3aganue

BapHUaHTa

1 HccnenoBarh BIMSHUE TEMIIEpaTyphl B IIEPBOM cemapaTope:
T1=16 oC; T2=12 oC; T3=19 oC

2 HccnenoBarh BIUSIHUE TaBIICHUS B TIEPBOM celapaTope:
P1=13,9 Mna; P2=11,2 Mna; P3=9,8 Mna

3 Hccnenosarh BIMSIHUE TEMIIEPaTyphl BO BTOPOM CemapaTope:
T1=-3 oC; T2=-6 oC; T3=-9 oC

4 HccnenoBarh BIMSHUE JIaBJICHUS BO BTOPOM CeIapaTope:
T2=-5 oC; P1=8 Mmna; P2=9 Mna; P3=10 Mna

5 HccnemoBarh BIMSHUAE IaBJICHUS BO BTOPOM CEIapaTope:
P1=8 Mmna; P2=7 Mma; P3=10 Mmna

6 HccnenoBarh BIMsSHUE KOJIMYECTBA cenapaTopos: 1, 2, 3.
YcnoBus NpoBEIeHUs Mporecca:
P1=14 Mna; T1=16 oC;
P2=11 Mna; T2=-3 oC;
P3=9 Mna; T3=-35 oC

7 HccnenoBarh BIMSIHUE TEMIIEPATYPBI B TPETHEM CemlapaTope:
T1=-34,5 oC; 72=-30,0 oC; 73=-37,5 oC

8 HccnenoBarh BIMSIHUE TEMIIEPATYPHI B TPETHEM CEMapaTope:
P=5 Mna; 71=-30,0 oC; 72=-34,5 oC; 73=-37,0 oC

9 HccnenoBarh BIUSIHUE TaBJICHUS B TPETHEM CeTlapaTope:
13=-32,0 oC; P1=5 Mna; P2=7 Mna; P3=10 Mna

10 HccnenoBath BIMSHUE JIaBJICHUSI BO BTOPOM CeIapaTope:
P1=8 Mna; P2=9Mna; P3=10 Mmna
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11

HccaenoBarh BIMSIHUE TEMIIEPATYPhl BO BTOPOM cerapaTope:
T1=-3,2 oC; T2=-10 oC; 73=-15 oC

12 HccnenoBarh BIMSIHUE 1aBJICHUSI BO BTOPOM CEMApaTOpeE:
P1=9,8 Mmna; P2=8.8 Mna; P3=7 Mna

13 Hccnenosath BIUSHUE TEMIEPATYPhI B IEPBOM CEMapaTope:
T1=10 oC; 1T2=20 oC; 73=30 oC

14 HccnenoBath BIUSAHUE JABJIEHUS B IIEPBOM CEMApaTOpE:

P1=13,9 Mna; P2=11,0 Mna; P3=9,0 Mna

Tabnuna CocTaB UCXOAHOW CMECH U TEXHOJIOTMUECKHUE MTapaMeTphl Mpolecca
HU3KOTEMIIEPATypPHOU cenapanuu

Howmep Bapu- Komnonentsl | Cocras, Mounek. IInorHOCTH TexHoor. napaMmerpsl
aHTa MOJIBH. 10JIH Macca, MOJIbH. | XHIKOCTH, JaBJIeHHE, | TeMIepa-
JIOJIH Kr/m3 Mua Typa, 0oC
1 Cco2 0,0074 P1=8,7 T1=24,0
Azot 0,0257 P2=8,5 T2=0,0
CH4 0,8701 P3=4,8 T3=-28,0
C2H6 0,0344
C3H8 0,0253
i-C4 0,0065
C-4 0,0076
i-C5 0,0031
C-5 0,0027
OST 0,0172 120,0 721,3
H20 0,0
Meranou 0,0
2 Cco2 0,0088 P1=9,0 T1=23,0
Azot 0,0289 P2=8,7 T2=3,0
CH4 0,8544 P3=5,2 T3=-32,0
C2H6 0,0366
C3H8 0,0286
i-C4 0,0087
C-4 0,0112
i-C5 0,0023
C-5 0,0019
OST 0,0186 100,0 721,3
H20 0,0
Meranou 0,0
3 Cco2 0,0054 P1=138 T1=21,8
Azot 0,0265 P2=9,7 72=-8,6
CH4 0,8495 P3=5,4 T3=-34,8
C2H6 0,0422
C3H8 0,0263
i-C4 0,0060
C-4 0,0055
i-C5 -
C-5 0,0083
OST 0,0297 121,5 721,3
H20 0,0032
Meranon 0,0003

Iopsaok BeINOJTHEHUsI padOThI
1. O3HaKOMUTBCS C METOJIMKOM pacyera mpouecca OJHOKPAaTHOIO HcHape-

HUA.

2. IloAroToBUTH UCXOAHBIC TaHHBIC JIJIS pacyeTa.
3. BemonHuTh pacyer.. McciaenoBarh BIUSHUE TEXHOJOTUUECKUX TapaMeT-
POB Ha MPOIIECC CerapaluH.
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4. Pe3ynbTaThl pacueTa MpPEACTaBUTh B BUAE TAOIUIl U TpaduKOB, BHIOpAThH
() PEeKTUBHBIN PEKUM pa3IeTICHUs.
5. CocTaBuUTh OTYET.

Kpurepuu oneHku:

OIICHKA «3aYTEHO0» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 0osee 50% ot TpedyeMoro o0bemMa 1 BBIIIOJHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU YKa3aHHBIMH B YI€OHO-METOAMYECKOM ITOCOOHH;

OIICHKA «HE 3a4TEHOY» CTABHUTCS CTYICHTY, €CIIU OTYET MPAKTUUECKOMY 3aHSI-
TU1o BKIoYaeT MeHee 50% ot Tpedyemoro oonema.

IIpakTuuyeckoe 3ansaTue Ne8. Maremarndeckoe MOJAeJHPOBAHUE IPO-
Hecca peKTH(PUKALMU.

Heab padoThl

1. O3HaKOMUTBECS C METOJUKONM MAaTEMATUYECKOTO MOJEIMPOBAHUS MIPOLIEC-
ca pa3JeNeHuss MHOTOKOMIIOHEHTHOW CMECH B PEKTU(PUKAIIMIOHHOMN KOJIOHHE.

2. BpINonHUTE pacyeT MaTEpUAIBLHOTO U TEIJIOBOrO 0ajlaHCOB, COCTABOB Ia-
POBOM M )KUIKOH (a3 mporecca peKTU(UKALIHH.

3. HccnenoBaTth BIMSIHUE TEXHOJIOTMYECKUX IMapaMETPOB HA IPOLECC pPEK-
TU(UKAIUN.

IMopsinok pacueros

Pemienne npuBeAeHHBIX BBILIE YPABHEHUN MAaTEMATHYECKON MOJEIN PEKTH-
(bUKaIMOHHON KOJIOHHBI IPOBOJISIT B CJICAYIONICH MOCIIEI0BATEIbHOCTH:

1. 3ayaroTcs JaHHbIE, HEOOXOUMBIE ISl pacueTa KOJIOHHBI:

- kosmuecTBO Tapesiok (N);

- XapaKTePUCTHKK MOTOKOB MHUTaHMs: MAacCOBBIN pacxof (F), Temrepa-
Typa (Ts), cocTaB (Xi);

- MacCOBBI pacxon mucTwuisaTa (D), KyOOBOTrO MPOIYKTa (W), TOTOKOB
orbopa xuakoctu (U) U aermsl (Ly+1); UIs HauaabHOrO IMEpecuera MacCOBBIX
pacxoJ0B B MOJIbHBIE 33/IaF0TCSI OPUEHTUPOBOYHBIE 3HAUECHUS CPEIHUX MOJIIPHBIX
Macc JKUJIKOCTH U mapa B JeduiermaTope, Kyoe 1 Ha Tapeskax OTrOHa;

- TEMIEpPaTypbl MOTOKA KUAKOCTH, MOCTYyNaoIel U3 aedaermaropa (Tq)
W TI0TOKa Tperoriero mapa u3 kyoa (Ty);

- nasyieaue B kosioHHe (P).

2. HayanbHble TPUOIMKEHUS:

= HaYyaJIbHBIA TPO(UIIb TEMIIEPATYp - JIMHEHHBIN;

- HavyaJIbHOE MPUOJMKEHUE L; U G; pACCUMUTHIBAETCS M3 OOIIEro MaTepu-
aNbHOTO OajaHca v MPEANOJIOKEHHS, UTO PEKTU(PUKALIMS SKBUMOJISIPHA.

3. PacuéTHas (UTepallMOHHAs) 4acTh:

- pacuét npoduiIsi KOHUEHTPAUUK (x, y) U3 MOKOMIOHEHTHOTO MaTepH-
aJbHOr0 OaynaHca;

- pacy€T Temneparyp Ha Tapenkax (T) ¥ K; U3 MPEANOI0KEHHS, YTO KU
KOCTb Ha TapeJIKe HaXOAMUTCS MPU TEMIIEpAType KUIIEHUS:
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T,—T
n+1

KOHCTaHTa (I)&?;OBOFO paBHOBeCI/IH HaXo4AUuTC I10 ypaBHeHI/I}O AHTyaHa
P.
=7
InP.= A 5
nP =4 —
T T+ G

i

rae

Aj, Bj, Cj - K03 (dULIMEeHTH ypaBHEHUsI AHTyaHa ;

T- TeMneparypa npouecca, K;

Pj - 1aBJICHUE j-c0 KOMIIOHEHTA B CUCTEME (MM. PT. CT);

P - oO1Iee AaBJeHUE B cUCTEME (MM. PT. CT).

- pacueT pacxo0B KUAKOCTU U mapa G u L, U3 TEMJIOBOrO U O0IIero Mare-
pUanbHOrO 0aJIaHCOB.

Ilepecdyer KOHIIEHTpaUWW, TEMIIEPATyp M PACXOAOB MHPOIOJDKAETCS A0 TEX
1op, MOKa He OyAeT HallJIeHO pelleHne ¢ TpeOyeMOol CTENEeHbIO TOYHOCTH.

BapuanTtel 3amaHuil M HMCXOJIHBIE JlaHHBIE [UIsI pacyera Ipoliecca
pekTuduKanuu

Tabmuma - McxonHble  TEXHOJNIOTWYECKME  JaHHbIE JJI1  pacuera
PEKTU(PUKAITMOHHOMN KOJIOHHBI

25 KosnnuecTBo Tapenok

0 acxoj] ra3000pa3HOro MUCTHILIATA, KT/
6200 acXoJl KUIKOr0 JUCTUILIATA, KI/4
16000 |pacxon yermsl, Kr/4u

0 pacxoj mapa u3 Kyoa, Kr/4

20800 [pacxop >kuIKoro Ky0OBOTO MPOJIYKTA, KI/4

1,47 naBicHUE B kKooHHe, MIIa

22,0 memmepatypa B aedaermarope, °C (mepBoe npuOImKeHIE)

190 Temmeparypa B kyoe, °C (mepBoe npubInKeHne)

cCpedHsiss MOJsipHas Macca mapa B jaeduermarope, r/Moib (MepBoe

50
MpUOJIIKEHNE)

95 CpenHsisi MOJIIpHAas mMacca mapa B KyOe, T/mMoiib (1epBoe MpuOIIrKe-
HIE)

50 CpeIHssl MOJISIpHAsi Macca KUAKOCTH B jaeduiermarope, r/Moib (Tiep-
BOE NPUOITMHKEHHE)

95 CpelHssl MOJIsipHasi Macca >KMJIKOCTH B KyOe, I/Moib (mepBoe Mpu-
OJI>KEeHUE)

IInTanue :;KUAKOCTBHIO
1 KOJIMUYECTBO MUTAIOLIUX TAPEJIOK
20 HOMEpPA MUTAOIIMX TAPEJIOK

27000 |pacxojabl MUTAHUS, KI/9
110 TEMIIEPATYPhbl BXOJIHBIX TOTOKOB, °C

CocTaBbl BXOJIHBIX IOTOKOB, MOJIBHBIC IPOLCHTLI
0,25 | CH4
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0,61 C2Hs
4,21 C3Hs
3,73 n-C4
7,86 u-C4
6,52 n-C5
7,63 a-C5
69,19 Ce+

Ta6muma - CocTaB MOTOKa MUTAaHUS PEKTU(DHUKAIIMOHHONW KOJIOHHBI Kj

HaumenoBanue Coneprxanue, MoJbH. %
KOMIIOHEHTA I I m .
CH4 0,25 0,1 0,67 12,02
C2H6 0,61 0,36 3,84 5,45
C3H8 4,21 2,93 20,92 18,82
I-C4Hio 3,73 3,22 8,89 7,67
[1-C4H10 7,86 6,76 13,16 11,23
I-C5Hi2 6,52 6,22 8,07 7,00
n-C5Hi2 7,63 7,16 9,10 7,49
C6+ 69,19 73,25 35,35 30,32
HUTOI'O: 100,00 100,00 100,00 100,00
C1-C4 16,66 13,27 47,48 55,19

Tabnuma -TexHonornueckre AJaHHbIE IS UCCIEA0BaHUs ITpoLecca
pexTudukanuu
Bapuant r |3HayeHus nmapaMmeTpa
3a/laHUs TexHOJOrnyeckuii mapameTp 1 2 3 4
I Pacxon »xuakoro auctuiiara, kr/g 6000 6100 6200 [6300
Pacxon >kuakoro kybosoro mpo-21000 20900 (20800 {20700

TyKTa, KI/4q
Il [Pacxox ¢uiermsl, Kr/a 14000 15000 [16000 {17000
1l [Homep nuTaromeit Tapenku 16 18 20 22
IV [Temneparypa nuranus, °C 100 110 120 130
V  [Temmeparypa B ky6e, °C 170 180 (190 200

IMopsiiok BHINMOJTHEHUST PA0OTHI

1. O3HaKOMHTHCSI C MATEMAaTUYECKONW MOJIETHLI0O U METOJIMKON pacuera Mpo-
1ecca peKTuduKaIum.

2. TloarotoBuTh MCXOHBIC TaHHBIE IJIS pacdeTa Mmporecca peKTUHUKAIHIH.

3. BpInoysiHUTH pacuer..

4. Pe3ynbTaThl pacueTa MpeICTaBUTh B BUAC TaOIUI] U TpaduKOB, BEIOPATH
3¢ (HEKTUBHBIN PEKUM pa3eICHUS IS MOJYyISHHUsS] CTAOMIBHOTO KOHJIEHCATA.

5. CocTaBUTb OTYET.

Kpurepuu oneHku:
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OIIEHKA «3aYTE€HO» CTABUTCA CTYIEHTY, €CJIM OTYET MO MPAKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 0osiee 50% oT TpedyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSMHU YKa3aHHBIMU B Y4€OHO-METOAMYECKOM IMOCOOHH;

OILICHKA «HE 3aYTEHO)» CTABUTCS CTYJCHTY, €CIIM OTUET MPAKTUYECKOMY 3aHS-
TUIO BKIoYaeT meHee 50% ot Tpedyemoro oobema.

IIpakTuuyeckoe 3ansitue Ne9. MoaeupoBaHne KMHETHKH IOMOTE€HHBIX
XUMHUYECKUX PeaKIuii.

eab padoTsl

1. O3HaKOMHUTBCS ¢ METOAAMHU MOCTPOEHUSI KUHETHYECKUX MOJIENEH TOMO-
TE€HHBIX XUMUYECKUX PEAKIIUM.

2. Paccumtath U3MEHEHNE KOHIICHTPAIUI B X0/1€ XUMHUECKON pPeaKIIH.

3. CpaBHUTH uucCleHHble MeTonbl Oinepa u Pynre-Kyrra mpu pemenun
IPSAMON KUHETUYECKOU 3a1a4H.

4. HccnenoBaTh BIMSHHE TEMIIEpaTypbl Ha BBIXOJ IPOAYKTOB U CTENEHb
IIPEBPALLEHUS.

5. JlaTh pekOMEHJaUH MO YCIOBUIM IPOBEACHUS PEAKIUI C LEIbI0 MOy~
YEHUs1 MAKCUMaJIbHOTO BBIXO/1A LIEJIEBBIX IIPOAYKTOB.

3aganus:

OnpenenuTe KUHETUYECKUE 3aBUCHMOCTH KOMIIOHEHTOB T'OMOTEHHOMW II0-
CJIE0BATEIBHOCTH XMMHUUYECKON pEeaKUH, POTEKAIOIEH IPU MTOCTOSHHOW TEMITE-
patype T u npu noctossHHOM o0ObeMe peareHTOB. M3BeCTHBI 3HAUYEHUS KOHCTaHT
CKOpOCTH Kj KaXXI0H CTaauu MpH TeMIlepaType W HadalbHbIC 3HAYCHUS KOHIICH-
tpamuu komnoreHToB Cj(0).

Tabauna Bapuantsl 3a1anunid

NQ YpaBHeHI/Ie XI/IMI/I‘IC—Ha‘{aJ'IBHBIe 3Ha‘leHI/Ie KOHCTaHT3Ha‘IeHI/I}I 3HepFI/II/I AKTHUBAIlIlUN E,
3a7aCKON peakiuu KOHIIEHTpanuu,,ckopoctedt pu 7' =/[x/M0Ib
HUSA MOJIb/T 580 K
ki ki k3 [Ei E2 E3
1 ky CA;=0,5 02 D5 | 0,305 10* [10,110* |
2428+ C
ks
2 ky CA0=0,3; 04 0,2 10,3 [11,51410%9,524-10* [7,254-10*
24 > B+C CE0=0,2;
ke CDo0=0,2
ks
D+E—>B
3 CA0=0,3; 02 0,2 0, [12,44410%14,897 10%14,110*
k, CD0=0,4
A2B+C
ky
B+D—>C
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4 r CA0=0,2; 04 02 10,i5 [4,30510%12,594 10*13,51110*
1 CB0=0,3;
A+Bo2C CD0=0,i
ky
ks
C+D—>F
5 v CA,=0,2 04 D2 | 11,51410% [10,386 10*-
. e
CBo—O,I
2A+BC
ky
6 k, CA0=0,6; 0,42 0,2 10,25 [11,354 10%9,592-10% 9,43110"
AR2CoB CC0=0,8
k;
ks
B—2D
7 ki CA0=0,3 03 025 [i8 [14,1810" [13,344-10%13,762 10"
A—E+C
k2
2CD
k3
8 fy CA,=0,4 05 2 1,1 [15,85210%15,01610%[14,389-10"
AB+HC
k>
ks
24—D
9 ky CA0=0,2; 0,37 0,16 | 12,71710" [13,727-10°
CB,=0,05
AB
ky
10 ke B CA0=0,7; [04 2 |  [10,35110*9,18010° |
y 7 CB=CCg=0
R
11 ki B CA0=0,6; 0,19 0,2 10,12 [11,18310% 12,10310% [10,264-10"
CBOZCCOZO
A %
Y C
12 ki k& CA0=0,2; 05 02 1 [10,010° [9,810° 1,510
CB0=0,1;
A—>B o C  cco=o
kA
13 A <o [CA0=0,2 04 014 p21 p810° 510" [8,610°
2 CB0=0,15
ks
B —»C+]T
14 CA0=0,46 0,38 024 0,11 h2410* [1110° 0,6-10"
1(1 Q,B k2
A—» <k—' C
3
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k — Z Z 4
15 A TEB“ CA,=0,5 05 02 0,1 [2010* [1110 09,510
2
A—k3"2l[
16 ) N CA0=0,44: 052 0,34 0,15 [8,510° 9,6-10* [10,510"
A+B = ‘_k_’D CB,=0,22
X]
17 CA,=0,25 0,2 1[0,08 0,28 9,2-10* ,810* [11,510"
k1 k3
Aq—k—"2B—>C
18 CA,=0,62 0,44 0,11 0,17 [10,210* |0,210* [11,510%
k ks
2Aq_k_“‘B—>C

Iopsnok BbINOJIHEHUS PadOThI

1. CocTtaBuTh, B COOTBETCTBHH C 33JJaHHON CXEMOW peaKIfil, HA OCHOBAHUU
3aKOHA JEHCTBYIOIIMX MAaCC KUHETUYECKYIO MOJIEIIb.

2. Pa3pabotarh anroputMm pacuéra COCTaBICHHOW KMHETUYECKOW MOMEIH C
MCIIOJIb30BaHUEM YHCIEHHBIX METOAO0B Jiiniepa u Pynre-Kyrra.

3. OO6cyauth pe3ynbTaThl. CAenarb BHIBOBI IO padoTe.

4. CocTaBUTH OTYET.

Kpurepuu ouenku:

OIICHKA «3aYTEHO» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% oT TpedyemMoro oobemMa U BBITIOJIHEH B COOTBETCTBHUE
C TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOIUUECKOM MTOCOOUH;

OILICHKA «HE 3aYTCHO» CTABUTCS CTYJIEHTY, €CJIH OTYET MPAKTHISCKOMY 3aH -
TUIO BKJIrOYaeT Menee 50% ot Tpedyemoro odobema.

IIpakTuyeckoe 3ansitue Nel(). MogeJupoBaHue KHUHETHKH IeTepOreH-
HBIX XUMHMYECKHX PeaKIuii.

eab padoThl

1. O3HaKOMUTBHCS C METOJAMHU MOCTPOCHUSI KMHETUYECKHX MOJIEIEH reTe-
POTEHHBIX XUMUYECKUX PEAKIUN.

2. CocTaBUTh KMHETUYECKYIO MOJIEIh T€TEPOTCHHON XUMUYECKON pEeaKIuu
B COOTBETCTBUU C 33IaHHBIM MEXaHU3MOM.

3. BriOpaTh ynCiIeHHBIN METOM U pa3paboTaTh MporpamMmy pacdeTa.

4. VccnenoBaTh NMHAMHUKY W3MEHEHHS! KOHIIEHTpALMW pearupyromux Be-
HIECTB PEAKUUHU U MPOMEKYTOUHBIX COCTUHEHU.

-BapuaHTsbl 3a1aHuid

Ne YpaBHeHnne xumnuyeckoi peakunu | HayajabHble KOHIIeH- | 3HaYeHUs
3aja- TPAlUU, MOJIbH. 10JIM | KOHCTAHT
HUSA cKopocTeit
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2 3 4
k1 = N = -
canr ComINe o
k2 —\Y —\Y ’
2CsHyp «———>7CaHg -C3Hg Cc3H6(0)=0; k3=0,21;
k3 =1; -1=0,07;
ZoteCsHe — 2+ Colle +Catle é(congl’z(O):o- 20,12
CsHypp — > CpHg +C3Hg ZC2H6 « ZC3H6 (0)=0
CyHg + 2540, Hg Cc4H8(0)=0,72; k1=0,38;
i Cc8H10(0)=0; k2=0,33;
2CyHg +CyHg ——>2CgqHy +3H» CHZ(O):O, k3:0’29’
zCgHyp (k—3>Z+C8H10(KCH.'IOJI) 5(8)4:'_]'-! (O)—O E'%fg’égl
2C 4 Hg —>CgHyq +3H, - C8Hi0(o):(,) ’
Peakiys nucnponopuuoHuposanus  (Cc3u8(0)=0,73; k1=0,48;
. kL Cc2H6(0)=0; k2=0,32;
CiHg +z——2C4Hg CC4H10(0)=0; k3=0,30;
. . k2 . Z(0)=1; k-1=0,12;
2C3Hg +C3Hg <———>2CyH ) +CoHe 7 C3H, (0)=0; k-2=0,08
2C%H8 —)(Z,,H6 +C4H10
Peakuus nsomepusanuu neHraHa  (CC5H12(0)=0,64; k1=0,32;
e TA ¢ DU 1 SEN Cuz0-C5H12(0)=0; k2=0,18;
12 > 7(0)=1; k3=0,14;
ZC5H12 <5 72 |0 - C5H12 Zu-C5H12(0)=0; k-1=0,09;
i3 Zu30-C5H12(0)=0 k-2=0,08
7 - W30 — C5H12 ——>7 + 30 _C5H12
H— CsH] 2) —> U300 — C§H1 2
Peakuus nzomepusanuu rneHraHa  |[CC3HS(0)=0,73; k1=0,54;
H-C::H,, +z2 (L) z-u—C:H CC2H6(0)=0; k2=0,48,;
12 712 cCaH10(0)=0; k3=0,38;
2CsH 5 <=5 >z mo - C5H,, Z(0)=1; k-1=0,02;
53 Z c3H 8 (0)=; k-2=0,11
2 w0 —Cstyy — =2z +wmwo ~CsHyy 7 ¢4 H10 (0)=0
Peaxuus aucnponopuuonuposanust (CC3HE(0)=0,73; k1=0,54;
Callo +2¢ XL 5 com CC2H6(0)=0; k2=0,43;
8 s CC4H10(0)=0; k-1=0,0;
k2 =1: 2=
ZC3H8 +C3H8 (—)ZC4H10 +C2H6 é(g% I—JI-’8 (0):0 k-2=0,11
ZC4H10 L)Z + C4H10
2C3H8 —)C2H6 + C4H10
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7 Na 7KLy CN2(0)=0,2; k1=0,32;
2 2 CH2(0)=0,8; k2=0,29;
7N, +3H, <k—2>zN2 -3H, CNH3(0)=0; k3=0,44;
Z(0)=1, k4=0,25;
N,y -3H, —5 5 5NH 5), ZN2(0)=zN2 3H2(0)=  k-1=0,32;
4 =7(NH3)2(0)=0 k-2=0,29
ZNH 5), ———>z + 2NH;
N2 + 3H2 —_—> 2NH3
8 Peakumsi onuromepusanuu CC3H6(0)=0,5; k1=0,15;
k1 CC6H6(0)=0; k2=0,10;
C3te +2 »4-3te CH2(0)(:8; k3=0,08;
k2 Z(0)=1, k-2=0,01;
23l +Calle <205 - Callg ZE?3)H6(O)=O; k-3=0,005
/CHg - CaHg <25, 1+ CgH +3H, [ZC3H6C3H6(0)=0
2C3Hg —>CgHg +3H»
9 Peaxi1isi OJIMrOMEpH3aL1H CC3H6(0)=0,5; k1=0,15;
C3Hg + 27— 570 H ZC6H6(0)=0; k2=0,10;
o CH2(0)=0; k3=0,08;
72CyHg + CyHg ¢«——>2C3Hg - C3Hg Z(0)=1, k4=0,12
e ZC3H6(0)=0;
7C3Hg - C3llg ——>7Cgllg + 313 7 C3H6*C3H6(0)=0
2CgHg i)Z +CgHg
2C3Hg ——>Cgllg + 3y
10 Peakuus onuromepusanmnm CC4H&8(0)=0,5; k1=0,2;
k1 CC3H6(0)=0,5; k2=0,10;
CaH ——z(CqH o
36 e Zk 36 CC7HS(0)=0; k3=0,08:
zZCqHg +CyHg 42>ZC3H6 -Cyllg CH2(0)=0; k4=0,1
\ k3 Z(0)=1;
2C3Hg - C4Hg ———>2C7Hg +3H) 7C3H6(0)=0;
k4 ZC4H&(0)=0;
zCqllg (—>Z+C7H8(TO.'I}"O.'I) ZC7H8((0))=0
C3H6 + C4H8 4)C7H8 + 3H2
11 |Peakuysi KDEKHHTIA C (0)=0,9; 104 uc k1=0,17;
il CC2H6(0)=0; k2=0,12;
CyHyg +z¢<——7CHyg CC2H4(0)=0; k3=0,005;
s 7(0)=1; k-1=0,051;
2CyHjg<—>2C-rHy +CHHg ZC4H10(0)=0; k-2=0,043
2 Z c214(0)=0
ZC2H4 —> 7+ C2H4
C4H10 4)C2H6 + C2H4
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12 LEN Cco(0)=0,26; k1=0,23;
o o Cn2(0)=0,85; k2=0,41;

200 +3H, —25500.3H, CCHA(0)=0; k3=0,44;
CH20(0)=0; k4=0,25

. i3 7(0)=1:
A0-3H, P ALOFCHY b C00)=2c0-312(0)=

ZH20 k4 Z+H20 =zH20=0

Iopsaok BeINOJTHEHUsI padOThI

1. CocTaBUTh KHHETHYECKYIO MOJIETb T€TEPOr€HHON XUMHUYECKOW PEaKIIUH.
2. BrpiOpaTh MeTof perieHus cucteMsl JudGepeHInanbHbIX YpaBHEHH.

3. O6cynuth pe3yabTarsl. CaenaTs BBIBOJBI IO padboTe.

4. CocTaBUTbH OTYET.

Kpurepuu oueHku:

OIIEHKA «3aYTE€HO» CTABUTCA CTYIEHTY, €CJIM OTYET IO MPAKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 6osiee 50% oT TpedyeMoro o0bemMa 1 BBITIOJIHEH B COOTBETCTBUE
c TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOJIUYECKOM MTOCOOUH;

OIIEHKA «HE 3aYTEHO» CTABUTCS CTYACHTY, €CJIM OTYET MPAKTUYECKOMY 3aHSsI-
TUIO BKIroYaeT Menee 50% ot tpedyemoro odobema.

IIpakTnuyeckoe 3ansitue Nell. MopgequpoBaHue roMOreHHbIX XUMHYe-
CKHX PEaKTOPOB.
Heab padoTsl

1. CocTaBuUTh MAaTEMaTUYECKYIO MOJIENIb XUMUYECKOTO PEAKTOPA.

2. PaccuntaTh M3MEHEHHS KOHUEHTpAlM pEearupyromlnx BEUIECTB Ha
BBIXOJIE U3 PEaKkTopa U MpoPuiib TEMIIEpaTyp.

3. HccnenoBarh BIMSIHUE BPEMEHHM KOHTAKTa Ha BBIXOJl MPOAYKTOB pe-
aKIUH.

4, CpaBHUTH NIPOTEKAHUE XUMUYECKUX PEAKIIUN B PEAKTOPAX UICATbHO-

IO BBITECHEHUSI U UJICATILHOTO MEPEMELINBAHUA.
-BapuaHTel 3agaHui

No Hcxonnas OHepruu Tewmme
n/n Tum peaiuu KOHueHTpauI/I;l, KoHcTaHTBI [akTHBanMu,  [paTypa,
KMOJIb/M ckopoctH  |[kJ[k/MoIb K
Cc8H18 =0,0388 [k1=0,12; E1=94,2, 610
k ky k2=0,80 E2=81,2
CSHI g —» 1 —CSH] g—>
kZ
CH-c7q1 =0,0343  k1=0,18; E1=9511; 690
ky k2=0,29 E2=122,76
H _C7H1 G_b CSHG + C4H]U
ks
i—C4Hyg
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3 Ccops = 0,0296 k1=0,38; E1=59,48; 800
ky k2=0,14;  [E2=162,57;
2C,Hy —» C,Hg k3=0,11 E3=157,12
e
i—C,Hg
4 P Cc2H6 =0,0175;k1=0,54; E1=96,14; 810
! Cc4H10=0,0117 |k2=0,12 E2=83,60
C2H6+C4H10<_ 2C5Hg
ky
5 K Cc5H10=0,0166; [k1=0,5; E1=101,21; 710
CiTp | Tl—> Csty2 Ch2=0,0166 k2=0,2 E2=115,05
L 8
i- CsHia
6 k Cc6H14=0,0338 [x1=0,4; E1=75,13; 700
C¢Hyy—>» 2-merpnnenTtaH k2=0,2 E2=94,18
k2
2 3-numerunOyran
7 2 MeTHIneHTAR Cc6H14=0,0394 |M=0,2; E1=95,31; 600
I k2=0,4 E2=76,17
CeHyy
I
2, 3-auMeTundyTan
8 Cc6H14=0,0328 [k1=0,3; E1=79,64; 720
ky K2=0,2; E2=83,23;
C¢His—»  2-meTunmneHTaH k3=0,1 E3=107,11
k]| &
2 3-numernnbvran
9 Cc6H14=0,0358 [xx=0,25; E1=87,23; 660
ki k2=0,10; E2=104,75;
CsH 4 «—— 2-MeTunneHTad K3=0,25 E3=78,61
k3N k2
2.3-numeTunoyTaH
10 L i Cc8H18 =0,036 [xk1=0,12; E1=94,2; 620
1 2 _ _
Oty i CyHys K2=0,80 E2=81,2
by
—» CyH)p+CyHy -
11 b CC7H16 =0,028 |ki=0,18; E1=95,11; 650
i CoH, C3H +C,H, K2=0,29 E2=122,76
ke
i-CyHyy
12 by Cc2H4 =0,0316 [x1=0,38; E1=59,48; 760
2C,H; —*  C,Hy K2:O,l4, E2:162,57,
) ky H % k3=0,11 E3=157,12
i—C,Hg
13 b Cc2H6 =0,016;x1=0,54; E1=96,14; 790
2C,H, — C,Hy Cc4H10=0,016 k2=0,12 E2=83,60
by |4 &
i—C,Hyg
14 ky Cc5H10—0,017; [*1=0,5; E1=101,21; 710
CsHyo+ Hy—> CsHps Cu2=0,014 *2=0,2 E2=115,05
ky 4
i- CsHj»

43



15 K1 Cc6H14=0,0286 [k.1=0,4; E1=75,13; 680
CoH14 2-METHUIINEHTaH [<2=0,2 E2=94,18
e
2.3-numetunOyTan
16 J-METMTTEHTAH Cc6H14=0,0283 [x1=0,2; E1=95,31; 580
kL K2=0,4 E2=76,17
C6H]4/'
k2
2, 3-mumeTunbyTan

IlopsiioK BHINOJTHEHUST PA0OTHI

1. B cooTBeTCTBUY C 3ajaHUEM COCTaBUTh MAaTEMAaTUYECKOE OTMCAHUE
XHUMHYECKOTO PeaKkTopa.

2. PazpaboraTh anropuT™ U nporpaMmmy pacuera.

3. [IpoBecTH pacu€Thl U3MEHEHUSI KOHIIEHTPAIMH BEIIECTB, TEMIIEPATy-
PBbI, CTETICHU MIPEBPAIICHUS OT BPEMEHU U BPEMEHU KOHTAKTA.

4. TlomydeHHsie pe3ynbTaThl 0GOPMUTH B BUE TAOIUI] U TPadUKOB.

5. CoctaBuTh OTYET O MPOCIAHHON paboTe.

Copepxanue oryera

1.  IlpencTtaBUTh MaTeMaTHYECKYIO MOJEIH PEAKTOPa CO BCEMH MapameT-
pamu, aJrOpUTM U OMMCAaHUE TPOTPAMMBI.

2. O0ocHOBaTh BEIOOP YMCICHHOTO METOA PEIICHUS MaTeMaTHUECKOH
MO/IEJIH.

3. [IpencraButh TabMULBI U rpaduKh, 0OCYXKACHUE PE3YyIbTATOB, ClIE-

JIaTh BBIBOJIBI TIO MPOJIETIAHHOM padoTe.

Kpurepuu ouenku:

OIICHKA «3aYTEHO0» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIItOUaeT 6osiee 50% oT TpedyeMoro o0bemMa 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSIMHU YKAa3aHHBIMH B Y4€OHO-METOAMYECKOM ITOCOOHH;

OILICHKA «HE 3aYTEHO» CTABUTCS CTYNIEHTY, €CIIH OTYET MPAKTHIECKOMY 3aH -
TUIO BKJIrOYaeT Menee 50% ot Tpedyemoro odobema.

IIpakTnueckoe 3ansitue Nel2. Maremarndyeckoe MOJEIMPOBAHUE TEXHHU-
YECKUX CHCTEM
3aaHue: NMPOBECTU MAaTEMATUYECKOE MOJEIMPOBAHKE IIpoliecca IpeBpanie-

HUS HUTPOOEH30JIa 70 aHWIMHA B TpyOdatoM peakTope ¢ mnpumeHeHuem [1O
Mathcad.

Kpurepuu ouenku:

OLIEHKA «3aUTEHO» CTAaBUTCS CTYAEHTY, €CIU OTYET MO MPAKTHUYECKOMY 3a-
HATHUIO BKIIoUaeT 6onee 50% ot TpeGyemMoro oobeMa 1 BBITIOJIHEH B COOTBETCTBHE
c TpeOOBaHUAMHU yKa3aHHBIMU B y4€OHO-METOIUYECKOM ITOCOOUH;

OIICHKA «HE 3aYTCHO» CTABUTCS CTYJIEHTY, €CITH OTYET MPAKTHICCKOMY 3aH -
TUIO BKI0YaeT meHee 50% ot tpedyemoro oobema.
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Tunosblie BOIIPOCHI Ui MPOBEACHUSA coﬁeceszaHne mo MoayJjasaM JAUC-

HUITHHBI:
Ne n/m | Bormpocsl
Monyas 1
1. | IloHsiTHE MOAETUPOBAHUS, MOJIEIIH.

2. | Buasl mogenupoBanusi, Bujbsl Mogeneil. Knaccudukamms moaenei.

3. | Marematuueckoe MOJEIMPOBAaHHE, MaTeMaTH4eckue wmoaenu. DopMel
MPEACTABIICHUS] MaTEMaTHUYECKUX monesied. CTpyKTypHbIE CXEMBI U Me-
TOJIbI UX MPe0oOpa30BaAHMUS.

4. | Ilouatus pyHKUMH OTKIUKA U PakTopoB. OCHOBHBIE JOIYILIEHUS perpec-
CHOHHOI'O aHAJIM3a

5. | @opMynHpoBKa 3agaud anmnpokcumanuu. Kputepuii Metoga HauMEHb-
X KBaJpaToB. Pemenue 3ajaun annpoKCUMAIIHH.

6. | OcHOBHBIC TOJOKEHUSI TEOPUH TUIAHUPOBAHUS IKCIEPUMEHTOB: TMOJIHBIN
daktopHslii 3kcriepumeHT ([1PID) u oOpaboTka ero pesynbraToB. bioku
CJIOHOT'O TMpoIlecca CUCTEMbI — OCHOBA I NOCTPOEHUS CTPYKTYpbI
CJIOHOTO MPOLECCA B TEXHOJIOTUYECKOM OOBEKTE.

7. | Metonbl 00pabOTKU pe3ynbTaToB MojeaupoBanus. OCoOEHHOCTH TONY-
HaTYpHOT'O MOJEJIMPOBAHUS CUCTEM.

8. |IlocTpoenue craTU4ecKkux W IUHaMHUeckux mojeneit. [loctpoenue sm-
MMAPUYECKUX MoJese. JINHEWHBIN perpeCCUOHHBIA aHAIU3 IS IOCTPOE-
HUS SMIIUPUYECKUX MOJEIIEH.

9. | Ilonsatus pynkuum oTkinka U paktTopoB. OCHOBHBIE AOIMYIIEHUS perpec-
CMOHHOTO aHAJIM3A.

10. | ®opmynupoBka 3afaud anmpokcumanuu. Kpurepuii mMeToga HanMMeEHb-
IIMX KBaApaToB. Pemenue 3a1auu annpoKCHMALMH.

11. | OcHOBHBIE MOJIOKEHUS TEOPUM IJIAHUPOBAHUS SKCIIEPUMEHTOB: TOIHBIN
daktopHsIii sxciepuMeHT (I1DD) u 06paboTKa ero pe3ynbTaToB.

12. | B yem npenMyIiecTBO aKTUBHOTO DKCIIEPUMEHTA?

13. | Kakue nepeMeHHbIe Ha3bIBAIOTCS (haKTOpamu?

14. | Yto Takoe pakToOpHOE IPOCTPAHCTBO?

15. | JlaliTe mOHSITHE TOBEPXHOCTH OTKJIUKA?

16. | B Buze, kakoro ypaBHEHHs 4allle NPEICTAaBISIOTCS YpaBHEHUS perpec-
cumn?

17. | Kakue Meronpl pacuera ko3(h(HUIMEHTOB YpaBHEHUSI PErPECCUU BbI 3HAe-
Te?

18. | [losicHUTE CYIIHOCTh METO/1a HAMMEHBIIIUX KBAJPATOB?

19. | Cucremuslit cunte3. CocTaBieHHE MOJACIN CIOXKHOTO TEXHOJIOTHYECKOTO
00BEKTa KaK CJII0)KHOW CHUCTEMbl Ha OCHOBE CUCTEMHOTO aHAIN3a U CUHTE-
3a.

20. | Yder B3auMOCHCTBUS 00bEKTa MOJICTMPOBAHUSI CO CPEIOH.

21. | I'paHuiibl NpUMEHEHHSI IETEPMUHUPOBAHHBIX METOJIOB.

22. | OCHOBHBIE CTATUCTHYECKHE XAPAKTEPUCTHUKU (PU3MUECKHX MPOIECCOB.
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ITocTtanoBKka 3aJla4y CTaTUCTHUYCCKOIro MOACIUPOBAHNA CUCTCM.

23. | Meroapl 1 aJIrOPUTMBI MOJCITUPOBAHUS CIIYYaHBIX MPOIECCOB C 3aaH-
HBIMH CTATUCTHYECKUMHU XapaKTEPUCTHKAMH.
24. | Metonbl 00pabOTKU pe3ysibTaToB MoAenupoBaHus. OCOOEHHOCTH MOMY-

HAaTypHOTI'O MOJCIIMPOBAHUA CUCTCM.

10. O6pa3oBare/ibHbIe TEXHOJIOTUH U METOAUYECKHE YKA3aHUS 10 OCBOCHHIO
AUCUMILUIUHBI (Y4e0HOI0 Kypca)

[Ipu peanuzanuu yyeOHOro Kypca JUCHUILTUHBI UCMIOJIb3YIOTCS CIIETYIOIINE
TE€XHOJIOTUU:

— TEXHOJIOTHSI TPAAUIITMOHHOTO O0YUYEHUsI, BKIIIOYAOIIAsl JIEKIIMU U MIPaKTHY -
CKHE€ paboThl, KOTOpPbIE MPEANOIAraloT MOCIEA0BATEIBHOE U3I0KEHHE Ma-
Tepuana npenogaBareneM. JIEKIus ¢ 3€eMEHTaMU JIUCKYCCHH, C MCIOJb30-
BaHUEM TEXHOJIOTUU pa3BUTUSI KPUTUUECKOTO MblnuieHus. [IpakTudeckoe
3aHATHE C PEIICHUEM 3a7a4, 00CYX IACHUE Pe3yIbTaTOB JIEATEIbHOCTH, MPO-
BOJUTCS OOCYK/IE€HHE PE3YyIbTATOB JIESATEIIbHOCTH;

TEXHOJIOTHSI TPOEKTHOTO 00YYEHUS: MPUMEHSIIOTCS JIEKIUU-KOHCYJIBTALIMH C
UCIIOJIb30BaHUEM METO/IA 3AIUTHI POEKTA.

MeToauueckue PEKOMCHIAIUUA CTYACHTAM

N3yuuTh yueOHBIM MaTepuan mo AUCHUILUIMHE «MojaenupoBaHUE TeXHUYe-
CKHUX CHCTEM», MCIOJb3Ys JIEKIIMOHHBIA MaTrepuad U maTepuan OMOIMOTEYHOTro
dboHAa MO AAHHOW TeMaTHKEe, aKUEHTUPOBATh BHUMAaHUE HAa M3YyYEHUU BUIOB CH-
CTEM, 3aKOHOB IPOTEKaHUs PEAaKLUUN U MOJEIUPOBAHMs, OTBETUTH HA KOHTPOJIb-
HBIE BOIIPOCHI:

1.
. [Ipumeppl MOgETMPOBAaHUS B arpOHOMUM.

. Knmaccuduxkanus MaremMaTnueckux MOCIEH.

. OMIIUPUYECKUE U TEOPETHUUECKUE MOJIEIH, UX CYIITHOCTh U IPUMEPHI.

. CpoticTBa (pyHKIIMH) MOJICIIH.

. [IpyHUHMIBI MOIETUPOBAHUS.

. DTarnbl MOJIETMPOBAHMS: BEIOOP THIIA U 0OOCHOBAHUE CTENIEHU €€ CIOXK-

~NO Ok Wi

[TonsiTue o MOACIN U MOACIIMPOBAHNH.

HOCTH, pa3paboTKa COICPIKAHUS MOJICIH.

8.

OOyCIOBIEHHOCTD UCIIOJIB30BAHUS PETPECCUOHHBIX MO/IeNIel 0COOEHHO-

CTAMHU OMIIMPUUCCKUX JaHHBIX.

9.

JInHaMHU4eCcKue MOJCIIN.

MopeanpoBaHue, OCHOBHbIE IIOHATHS U OIpeleJIeHH.

B nmaHHOM pasnene He0OOXOAMMO M3YyYHUTh OCHOBHBIE MOHSATHS W MPHUHLIMIIBL,
JeXallue B OCHOBE MOJAEIUPOBaHUsA. MaTeMaTuuyeckoe MOJIETMPOBAHUE BKIIFOYAET
B €051 TpPH OCHOBHBIX dTarna:

1. ®opmanu3anyo M3y4aeMoro Ipouecca - IOCTPOCHHE MaTeMATHYECKOU
MOJIEH (COCTABIIEHUE MATEMATUYECKOTO OITUCAHMUS);
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2. YCTaHOBIIGHUS COOTBETCTBHUS (AJE€KBATHOCTH) MOJIETH H3y4aeMOMY
npoueccy. CTyIeHT Ipu U3yYEeHUHU MaTepHuayia JOJIKEH pa3o0paThCsi C TeM, KaKkue
3a/1a4M PELIAIOTCS Ha KaXKJIOM 3Tarle.

Bomnpocs! aiiga camonpoBepKH.
1. Yto Takoe MojenupoBaHue?
2. Kakue BUbl MOJCIUPOBAHUS BAM U3BECTHBI?
3. Kak mopgpazaenstoTcsi mapaMerTphl, BIMSIONIME Ha TapaMmeTpbl O00beKTa
MOJEIIUPOBAHUSA?
Kakue Be1nurHbI HA3bIBAIOTCS BXOJHBIMU?
Kakue BeInurHbl HA3bIBAIOTCA YIPABIISAIONIUMU?
Kakue BenmurHbI Ha3bIBAIOTCS] BOZMYIIAIOIIUMH?
YTo Takoe BXOJHBIE BEITUYHUHBI?
B 4em 3akirouaercsi COCTaBlI€HUE MATEMATUYECKOTO OMUCAHUS?
. Kakoli mpuHUHUN HCHOJIB3yeTCsl IPU COCTABICHUH MAaTEMAaTUYECKOTO OMUCAHUS?
10 Kakue 3a1aum penraroTcs Ha BTOPOM 3Tare NOCTPOEHUs Moieen?
11. Kakum 06pa3om Mpou3BOUTCS MIPOBEPKA MOJIETH Ha aIEKBATHOCTh OOBEKTY?

Pu3nyecKoe 1 MATEMATUYECKOE MOAEITUPOBAHUE

CyuiecTByIOT /Ba BUJa MOJCIUPOBAHUS: (PU3UYECKOE U MaATEeMaTHYECKOE.
N3yuaemasi TeMa MOCBSIICHA W3JI0)KEHUIO OCHOBHBIX IOJIOKEHHM 3THX BHJIOB
MOJICIUPOBAHUS, MX JOCTOMHCTB U HejocTarkoB. Oco0oe BHUMAaHUE CTYJEHT
JIOJKEH 00paTUTh Ha MPUHIIMIIBL, JIEXKAIUE B OCHOBE BUOB MOJICIUPOBAHMS.

Bompocs! miist caMonpoBeEpKH.
1. Yrto Takoe pusznueckoe MOACIUPOBAHUE?
2. B 4yem 3akimrovaeTcss MaTeMaTHIeCKoe MOCITMpOBaHTe?
3. Kaxkoit npuHIUN €XKUT B OCHOBE (PU3MUECKOTO MOICTUPOBAHUS?
4. Yrto npeacrapisieT COOON MPUHIIUATT U30MOPPHOCTHU?
5. Kakue 1oCTOMHCTBA M HEIOCTaTKHM (PU3HUECKOTO MOJCIUPOBAHUS BaM
W3BECTHBI?
6. JlaiiTe onpeneneHue MaTeMaTUIECKON MOJIeTTn?
7. Kakue ypaBHEHHS BXOASAT B CTPYKTYPY MaTEMaTUUECKON MOIen?
8. Ilepeuncnure TUMBI YypPaBHEHHM, KOTOPbIE MOTYT BXOAHWTh B MAaTeMAaTHYECKYIO
MOJENb?

Knaccuduxkarus moaenei

[Io pexumam paboTbl OOBEKTA MOJCIUPOBAHUS MOJCIHU JENATCS Ha:
CTaTUYECKUEC u JUHAMHUYECKHEC. Ilo CBOMCTBaM o0BeKTa MOJICIIN
KJIACCU(UIIMPYIOTCS Ha MOJIEIU C PACHPENCIICHHBIMH U C COCPEAOTOYEHHBIMU
napamerpamu. lLlenbr0 HM3y4eHHs] TEMbl SIBJISIETCS O3HAKOMIICHHME C JAaHHOU
KJ1accupuKayed U OTINYUTEILHBIMU OCOOCHHOCTSIMU MOJIETICH.

Bormpocsl 1i1st camonpoBepKH.
1. JlaliTe MOHSATHE CTATUUECKOM MOJIEITH?
2. JlaiiTe MOHSATHE TUHAMHUYICCKOW MOJICITN?
3. [IpuBenute mpuMep MOJIETH C pacipeIeIEHHBIMU TTapaMeTPaMHU.
4. [IpuBenuTe NpuUMEP MOJIEIIU C COCPEAOTOUYECHHBIMU MMApAMETPAMM.
5. IIpu pemieHuun, Kakux 3aqayd MUCHOJIB3YIOTCS JAUHAMUYECKHUE U CTATUYECKHUE
MOJEH?

©oo~N O~
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Bunel monenen

[Ipy wWccnenoBaHUM XUMHKO-TEXHOJIOTMYECKHX CHCTEM HMCHOJIb3YIOTCS
pa3vyYHbIE  MOJEIU: UKOHOTpaduueckre,  OMNepalMOHHO-OMUCATENbHBIE,
CUMBOJINYECKHUE, TOMOJIOTHYECKUE, CETEBBIE U T. II.

[Ipyn u3yuyeHuu AAaHHOW TEMbl HEOOXOIMMO BBIICHUTH, YTO MPEICTABISIOT
co0O 3THU MOJENH, YeM OHHM OTJIMYAEeTCS JPYr OT Jpyra, JJIs PEIICHUs] KaKuxX
3a/1a4 UCTIOJIb3YHOTCA.

Bomnpocs! miia camonpoBepku
1. laTh moHsATHE UKOHOTPA(UIECKON MOIETIH.
2. JlaiiTe MOHSATHE ONEPALIMOHHO-OMUCATEILHON MOJIEIH.
3. [laTh mOHATHE CUMBOJIMYECKON MOJICIH.
4. B yeM paznuure MeXIy TONOJIOTMYECKOU U CETEBOM MOJIEBIO?
S. TexHuueckoe UM NPOrpaMMHOE  OOECHEYEHHE  MaTeMaTH4eCKOro
MOJEJINPOBAHUSA

B nHacrosimue BpeMs cyliecTByeT OOJIBIIOE KOJIMYECTBO MAKETOB MPOrpaMM
pa3paboOTKM U MpPOBEIEHUS HMMHUTALMOHHOIO MojenupoBaHus. Haubonee
pacapoctpanenasie MathCAD u MatLAB. BriOOp TEeXHHYECKHUX CPEICTB IS
IPOBEJCHUS MOJICTUPOBAHUS B OCHOBHOM ONpeesieTcs TpeOOBaHUSIMH, KOTOPBIE
IPEABABISIIOT NAKEThl UMUTALMOHHOTO MOJIEIIMPOBAHUSA K pecypcaM KOMIIBIOTEpPA.

Bormpocs! 111 caMOITpoBEpPKH.
1. Kakue s3bIKH UCTIOIB3YIOTCS TTPU COCTABIICHUH MPOrPaMM PacyeTOB MOJEIICH?
2. Kakue makeTsl mporpaMMbl MOTYT UCTIOTIB30BATHCS MPU MOJICTUPOBAHHUH?
[locTpoeHne MaTeMaTUYECKUX MOJENE CHUCTEM HKCIEPUMEHTAIbHBIM
METOOM

[Ipu n3ydyeHnn MaTepuana CTyJAeHT AOJKEH YSCHUTh MOHSITHUS: MaCCUBHOTO U
aKTUBHOTO JKCIEPUMEHTA, (PaKTOPHOTO MPOCTPAHCTBA, (PAKTOpa MOBEPXHOCTH
OTKJINKA, YpPaBHEHMS PErpeccud U ero Kod3(pPUIMEHTOB, KaKue METOMbI,
UCIIOJIB3YIOTCS JJI pacyeTa 3TuX K03 OUIIMEHTOB.

Bonpocs! miist caMOINpoBEpPKH.

. Kakue BUbpI 3KCIEPUMEHTOB BbI 3HAETE?
. B 4yem npenMyniecTBo akTMBHOIO 3KCIIEPUMEHTA?
. Kakue nepemenHnbie Ha3bIBaloTCA (hakTopamu?
. Uto Takoe pakTopHOE TPOCTPAHCTBO?
. JlaiiTe MOHATHE MOBEPXHOCTU OTKJINKA?
. B Buge, kakoro ypaBHeHHUs yallle NpeJCTaBISI0TCS YpaBHEHUS perpeccun’?
. Kakue metop pacyeta k03pGUIMEHTOB ypaBHEHUS pETPECCUU Bbl 3HAETE?
. [TosicHuTe CyIHOCTh METO]a HAMMEHBIINX KBAJPATOB?

HaxoxaeHnue ypaBHEHHI perpeccuu 1o JaHHBIM MaCCUBHOTO 3KCIIEPUMEHTA

CTyneHT [OJKEH O3HAKOMHUTBCS C METOAAMHU  ONPENCIICHUS OLIEHOK
apamMeTpOB YpPaBHEHHUW perpeccud (KOppesisiuu) MO JaHHBIM I1ACCUBHOTO
HKCIIEPUMEHTA U MPOBEPKU 3HAYMMOCTU MApaMETPOB M AJEKBATHOCTH MOJEJEH.
Bce ati MeToauKu npeaaraeTcss M3y4uTh Ha NpUMeEpax: JUHEWHOW PErpecCUH OT
OJTHOTO TIapaMeTpa; MapaboIMYecKOil perpeccuu; TPAHCLEHICHTHON perpeccuu;
MHOKECTBEHHOM KOPPEIISALUU.

CO~NO OIS WN -
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Bonpocs! miist caMOnpoBEpPKH.
1. B yem 3akii04aeTcst METOJ] PETPECCUOHHOIO U KOPPEIALIMOHHOTO aHaIn3a’?
2. Yto Takoe cujia JIMHEWHOW CBA3M M KaK OHa OIpeAeNsercs s ypaBHEHUS
JMHENHOM perpeccuu OT TaHHOTO MapameTpa?
3. Ilo kakoMy KpUTEpUIO MPOBEPSETCA aIeKBAaTHOCTh YpaBHEHUs?
4. Yto Takoe TPaHCILICHJIEHTHAsI PErpeccus U KOrjia OHa IPUMEHSIeTCs?
5. Kak omnpezensiercst TeCHOTa HEJIMHEHHOM CBsI3U?
6. Uto Takoe BRIOOPOUYHBINA KOI(PPHUITUEHT KOPPEAITAN?
7. Kak onpenensercs ko3pHUIIMEHT MHOKECTBEHHON KOPPEISIUn?

8. [lomyuenue ypaBHEHUS PErpecCuu MO JAaHHBIM aKTUBHOTO 3KCIIEpUMEHTA
MaTeMaTH4ecKkyl0 MOJieJb CTaTUKM HUCCIEAYEMOIro OOBEKTa MOKHO

NOJIYYUTh IO pe3yJbTaTaM aKTHUBHOTO SKCIEPUMEHTA. AKTHBHBIA 3KCIIEPUMEHT
MO3BOJISIET COKPATUTh 3aTpaThl Ha pacyeT MoAeld. Meroabl IJIaHUPOBAHUS
DKCIIEPUMEHTA IO3BOJISIOT CO3JaTh IUIAH ONTUMAJbHBIX HccienoBaHui. Ilpu
O3HAKOMJIEHUHU C MaTepuaroM HeoOXOJUMO pa3o0paThCsi ¢ METOJAMH MOIYUYESHHUS
ONTUMAJbHBIX IUIAHOB M pacueTa KOA(P(PUIMEHTOB YPABHEHHsSI PETPECCHUU IIO
pe3yibTaTaM akTHUBHOT'O 3KCIIEPHMEHTA.

Bormpocs! 111 caMOITpoBEpPKH.
1. Yto Takoe onTUMAaIbHBIN IJ1aH?
2. Yto Takoe ypoBeHb I1aHa?
3. Kak onpenennTh KOMUYECTBO OMBITOB B MOJTHOM (DaKTOPHOM IKCHIEPUMEHTE?
4. Kak paccuuThiBaroTCsd KO3(PQGULUMEHTH YpaBHEHUS PErpecCUd MO pe3ybTaTaM
MOJIHOTO (PAKTOPHOTO HKCIIEpUMEHTA?
5. B yem 3akirouaercs oleHKa 3HaYMMOCTH YPABHEHUS perpeccuun?

MeToauveckue peKOMEHAAUMH 110 u3ydeHuro Moayuiro Ne2,

IIpu ocBoeHNHU TeMbl HEOOXOAMMO:

. U3YYUTh Yy4eOHBIM MaTepuasl IO TeMe, HUCIOJb3ys OCHOBHYIO U
JOTIOTHUTENBHYIO ~ JIUTEpaTypy, a TaK K€ TEOPETUYECKUA  MaTepua,
MIPE/ICTABJICHHBIN B 1a00OpaTOPHBIX paboTax,

® BBHINIOJIHUTH 33JIaHUE TOCIIE TEOPETUUECKON YacTH MO MPEACTABICHHOMY aJI-
TOPUTMY;
® OTBETUTh HAa KOHTPOJIbHBIE BOIIPOCHI.

[TocTpoeHue MaTeMaTUYECKUX MOJIETIEH CUCTEM aHATUTUYECKUM METOJA0M

[Ipu 3HAKOMCTBE C MaTepuajgoM JAaHHOW TEMbI HEOOXOIUMO Pa3o0paThes C
MOPSIAKOM COCTABJICHUSI MATEeMaTUYECKOM MOJENH, YSACHUTh, 4YTO OCHOBOM
CTPYKTYPbl MAaT€MaTHYE€CKOTO OIMMCAHHS SIBIISCTCS TUIPOJWHAMUYECKAS] MOJIETb,
3alIOMHUTh OCHOBHBIE€ 3JIEMEHTAPHBIE MPOILIECCHI, YPABHEHUSI KOTOPBIX BXOMST B
MaTeMaThyeckoe omnucaHue. Bce MHoOroodpasme maTeMaTHYECKUX Mojemei
MOTOKOB, BO3HHUKAIOIIMX B PA3JMYHBIX alaparax, B 3aBUCHMOCTH OT BHJA
GyHKUMM pacnpelesieHUusT MOXKET OBbIThb MPEACTaBICHO B BHJIE Psifa TUIIOBBIX
Mozeneld. OnUCcaHUIo 3TUX TUIIOBBIX MOJIENIEH MOCBSIIEH MaTepUall TaHHON TEMBbI.
CryaeHT nobKeH o0paTUTh CBOE BHMMAHME HA pa3jinyue Mofelied U Ha 00JacTH
UX MPUMEHEHHUS.
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Bomnpocs! niist camonposepku
1.Yro npenmecTByeT COCTaBICHUIO MATEMAaTUYECKOTO OITMCAHUS?
2. YUTo siBNsIeTCSl OCHOBOW CTPYKTYpPbhl MATEMAaTUYECKOTO ONUCAHUS?
3. YpaBHeHUs, Kakux '"AJIIeMEHTapHbIX" MPOLECCOB BXOJIAT B MaTEMaTHYECKOE
onucanue?
4. Yo Takoe MOJEIb UCAIbHOE CMEILIECHUS ?
5. Uto Takoe MOAEIb UACATBHOTO BHITECHEHUS?
6.Yem omimmuatorcs aud@y3uoHHBIE MOIEAHM OT MOJENCH  HICATbHOTO
BBITECHEHUS?
7. JIns kKakux annapaTtoB MOKET ObITh IPUMEHEHA siYeeyHast MOAEIb?
8. Uto Takoe BpeMs mpeObIBaHMS YaCTHUIIBI B anmapare?
9. /Ins1 yero WCMONB3YIOTCS JOMYIICHWS TPU COCTAaBICHHMM MaTeMaTHYECKOTO
OnMucaHusA?
10. Kakue rpynmsl 1onyieHuil Bol 3HaeTe?
11. Kakue pomyuieHust BXOJAT B KQXAYI0 TpymILy?

MareMaTtrnyeckoe MOIECIMPOBAHUE TETUIOBBIX ITPOLIECCOB
[Ipy MoaenupoBaHHWU TEIIOOOMEHHBIX alapaToB YCTAHOBJEHO, YTO

JBUYKEHUE IIOTOKOB TEIUIOHOCUTEIIS M XJIaJar€HTa MaTeMaTHYECKH ONMCBIBAETCS C
JOCTATOYHOU CTEIIEHBIO aJIcKBaTHOCTHU JIBYMS IIPOCTEUIIUMU
TMJIPOJMHAMUYECKUMU  MOJEISIMU: HJICAJbHOE BBITECHEHUS M HUACAIBHOE
cMmenieHre. B 3aBUCHUMOCTH OT TOTO, KakOM MOJENbIO ONUCBHIBAETCS JABU)KEHHE
TETUIOHOCHUTEIS M XJIalareHTa, MOKHO TIOJTYYUTh 3 TUIIA MOJIEIeH TeTI000MEHHBIX
anmapatoB: 1) cMmemieHue - CMeIIeHHWe, 2) BBITCCHCHHE - BBITECHEHHUE, 3)
BBITECHEHUE - CMEIICHWE. 3HAUUTEIbHO PEeXE HCIONb3YIOTCA SYeeuHas |
muddy3rnonHas Mmoaenu. boiee clioxkHbIE MOJENTN MPAKTUYECKH HE TPUMEHSIOTCS.
Kpome ToOro, cymecTBylOT MOJEIM TEMIOOOMEHHHKOB C Y4Y€TOM TEIJIOBON
WHEPIMOHHOCTH CTEHKM almapaTta W MOJEIM, B KOTOPBIX TEIUIOBOMN
MHEPLUOHHOCTBHIO CTEHKH IPEHEOPETaroT.

Bonpocs! miist caMmornpoBepku
1. Kakue pomymieHuss NPUHUMAIOTCS TPU  MOJAETUPOBAHUU TEIJIOOOMEHHBIX
anmnaparoB?
2. Kakue sneMeHTapHbIe MOJENN UCTIOIb3YIOTCS IJIs1 MAaTEMAaTUYECKOTO OMUCAHMUS
TEII00OMEHHBIX anmnapaToB?
3. Kakue Bubl TEMI000OMEHHBIX allapaToB Bbl 3HAETE?

MatemMatnyeckoe MOIeTMPOBaHIE MAaCCOOOMEHHBIX MTPOLIECCOB

[Ipy maremMaTH4YeCKOM MOJECIMPOBAHUM MACCOOOMEHHBIX alapaToB B
COOTBETCTBHUHM C OJIOUHBIM MPUHIUIIOM HEOOXOIUMO C(HOPMYIUPOBATH AOMYILICHUS
OTHOCUTEJIBHO THAPOJAMHAMUKHU (TEpPBbIMA OJIOK) U OTHOCUTENIBHO Maccomepenadyu
(BTOpOI1 OJI0K).

B o6meM cnayyae npu MaTeMaTHYeCKOM OIMCAaHUM MacCOOOMEHHBIX
anmapaToB MCIOJNB3YIOT CaMble pa3HOOOpa3HbIe THIPOJUHAMHYECKHE MOJETH 3a
UCKIIFOUEHUEM MOJIESIM HJICaJbHOTO CMEILIEHHUs, KOTOpas OIMCHIBAET IPOIECC
HEaJIEKBaTHO.

Bomnpocs! i camonpoBepku
1. Kakue nonymeHus IpUHUMAIOTCS IPY OMMCAaHUU MAaCCOOOMEHHBIX aIlapaToB?
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2. Kakue sneMeHTapHbIE MOJIEIHN HUCIIONB3YIOTCA MPH MAaTEeMAaTUYECKOM OMUCAHUH
MacCOOOMEHHBIX anmnapaTtoB?
3. Kakue Buibl MacCOOOMEHHBIX MPOIECCOB BbI 3HAETE?
MaremaTnyeckoe MOJEIMPOBAHNE PEAKIIMOHHBIX MPOLIECCOB

[Ipy 1OCTPOEHMM MATEMATHYECKOrO  OINUCAHUS XUMHUYECKHUX PEaKTOPOB
UCIIOJIB3YIOT CaMmble pPa3zHOOOpasHble TUApoAuHAMUYecKue Mojaenu. OcHoBHas
TPYIAHOCTh TOCTPOCHHSI MATEMATHYECKOM MOJEIM 3aKI0YaeTCsl B OTCYTCTBUU
JOCTATOYHO HAJIEKHOM KUHETUKH. WM3BECTHO, YTO CKOPOCTH XUMHUYECKOTO
NPEBPAILECHHS OMHCHIBAETCS 3aKOHOM JCHCTBYIOIIMX MAcC, TPYJIHEE YCTAaHOBUTH
JICVCTBUTEIBHBIA MEXAHU3M PEAKIIHH.

[Ipu MaTemMaTHYECKOM MOJICIMPOBAHUHN XUMUYECKUX PEAKTOPOB MPUHUMAIOT,
YTO CKOPOCTh XHUMHUYECKON peakiuu W U3MEPSETCS B MOJIB/(M°C) - TOMOTCHHBIC
pPEaKILHH - ¥ ONPEIEISIETCS B COOTBETCTBUM C 3aKOHOM JIEUCTBYIOIIMX Macc.

Marematuyeckas MOJEIb XHUMHYECKOTO peakTopa MPeJCTaBIsieT co0oit
ypaBHEHUS MaTepUaJbHOTO OajaHca IO KOMIIOHEHTAM BBIPAKAIOMIMX 3aKOH
COXpaHEHUs] MacChbl M YypaBHEHHE TEIUIOBOrOo OallaHca, COCTaBIsiEMOTO B
COOTBETCTBHUHM C 3aKOHOM COXPAHEHMS SJHEPIUU.

Bormpocs! 111 caMOITpoBEpPKH.

1. Kakue Buabl cucteM auddepeHuaibHbIX YPAaBHEHUN MOTYT OBITh PELIEHBI C
nomMouiso IBM?
2. Kakue yncieHHple MeTOAbI pereHus quddepeHIInaabHbIX YPaBHEHUH U CHCTEM
i pepeHIrnanbHbIX ypaBHEHUH Bbl 3HaeTe?
3. Kakum o0OpazoM MOXHO TIOJyYHTh IepeAaTouHyr0  (QYHKIHIO W3
U pepeHInanbHOT0 ypaBHEHUS ?
4. Kak omnpeaenutb JUCKPETHYIO MNEPeNaTOuHy0 (YHKIHMIO MO HENpepbIBHOMN
nepeaaToyHon pyHKIuu?
5. Kakue TunoBbie 3a1a4u MOJICTUPOBaHUS OOBEKTOB Bbl 3HAETE?
6. Jlng yero ucnosib3yercst MaTeMaTH4ecKasi MOJIeNb B KaK/10M TUTIOBOM 3a1ade?
7. Kakue Tunossie 3anauu moaenupoanusi ACP u CAY BbI 3Haete?
8. Kakum oOpazom wucnosns3ytorcss matematuueckue moienu ACP u CAY B
pEIlIeHUY TUMOBBIX 3a/1a4u?
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11. YueOHo-MeTOoaM4Yeckoe U MHGOPMALMOHHOE oO0ecleYyeHHEe TUCHH-
IJIMHBI (Y4€0HOr0 Kypca)

11.1. Ob6s13aTesibHAA TUTEPATYpa

/a

bubnuorpaduueckoe onucanue

Tun (yueOHuK, yaeOHOE MOCco-
oue, yaeOHO-METOANIECKOE
mocooue, MPaKTUKyM, Jp.)

KonnuectBo B
ounbamnoreke

I'ymepos A. M.

Marematniyeckoe MOAETUPOBAHUE
XUMHUKO-TEXHOJOTMYECKHUX MTPO-
LIECCOB [ DNEKTPOHHBIN pecypc] :
yue0. mocobue / A. M. I'ymepoB. -
N3n. 2-e, nepepad. - CaHKT-
[lerepOypr : Jlans, 2014. - 176 c. :
ui. - (YueOuuku st By30B. Crie-

nuagbHas aureparypa). - ISBN
978-5-8114-1533-5.

ObC

4ye0. mocobue
Y "JlaHb

IleTrpoB A. B.

MoenrpoBaHue MPOLECCOB U CH-
cTeM [ DIIEKTPOHHBIN pecypc] :
yue0. nocobue / A. B. Iletpos. -
Canxrt-IletepOypr : Jlans, 2015. -
288 c. : ui. - (YueOHUKH AJid BY-

30B. CrienanbHas JIurepaTypa). -
ISBN 978-5-8114-1886-2.

ObC

4ye0. rmocobue
y "JlaHb

YucjieHHBbIE METOIBI MIPU MO/1e-
JMPOBAHUHU TEXHOJOTHIECKUX
MAaIlIuH U 000pyA0BaHUSA [ DJEK-
TPOHHBIN pecypc| : yued. mocodue
JUTsl CTYZIeHTOB BTy30B / I'. B.
Aunekcees [u ap.]. - Capartos : By-
30BCcKOe 0Opa3oBanue, 2014. - 203

c. : wi. - (Boiciee o6pa3zoBanue).

9BbC

yue0. mocobue "IPRbooks"

11.2. /lomosiHMTEILHAS JUTEPATypa U y4deOHbIe MaTepuHaybl (ayauo-,
BH/1€OTIOCOOUS U JIP.)

e (doun Hayunoit budmmorexu TI'Y:

Tun (yueOHuUK, yueOHOE

rnmocooue, yueOHo-
» Y4 Konunuectso B 0uO-

bubnuorpaduueckoe onucanue METOAMYECKOe Iocooue,
n/m JNOTEKE
[IPaKTUKYM, ayau0-, BU-
JI€0-TI0COOMS 1 JIp.)
1. | KouerypoBa E. A. yue0. mocobue 9BbC "IPRbooks"
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/o

bubnuorpaduueckoe onucanue

Tun (yueOHUK, yueOHOE
nocooue, yueOHo-
METOAMYECKOE TIoco0ue,
MPAKTUKYM, ayJTHO-, BU-
JI€0-TI0COOMS M JIp.)

KoimuectBo B 0OuO-
JINOTEKE

Teopus m MeTONIBI ONTHUMH3A-
uuu [ONeKTpOHHBIN pecypce] :
yue6. mocobue / E. A. Kouery-
poBa ; TOMCKHI MOJUTEXHUYE-
CKMM yHMBEpCUTET. - TOMCK :
TIIY, 2013. - 133 c. - ISBN
978-5-4387-0237-5.

boukapes B. B.
Ontumuzanus XUMUKO-
TEXHOJIOTUYECKUX  IPOLIECCOB
[DnexTpoHHBIN pecypc] : yueO.
nocodue / B. B. boukapes ;
ToMCKHI  TMOJUTEXHUYECKUUN
yHuBepcuteT. - Tomck : TIIY,
2014. - 263 c. - ISBN 978-5-
4387-0420-1.

yue0. mocobue

9BC "IPRbooks"

O0mas xuMuYecKasi TeXHO-
Jorusi  [DJIEeKTpOHHBIH  pe-
cypc] : OCHOBHBIC KOHIEMIUU
IIPOCKTUPOBAHMS XUMHUKO-
TEXHOJIOTUYECKUX  CHCTEM
yaeOnuk / . M. Ky3nenosa [u
ap.] ; mox pen. X. D. Xapnam-
nunu. - W3g. 2-e, mepepad. -
Canxkt-IletepOypr :  Jlans,
2014. - 380 c. : ui. - (YueOHu-
K1 st By30B. CrnenuanbHas
nuteparypa). - ISBN 978-5-
8114-1479-6.

y4eOHUK

ObC "Jlanp"

CemaknHa 0. K.
MarmuHel U anmapatsl IS Tie-
pepabOTKH MHUHEPAJILHOIO Chl-
pbs [DNeKTpoHHBIA pecypc]
yue0. mocooue / O. K. Cemaku-
Ha, J[. A. T'opnymiko ; Tomckuit
MOJINTEXHUYECKUNA  YHUBEPCH-
teT. - Tomck : TITY, 2014. - 90
c. - ISBN 978-5-4387-0359-4.

yue0. mocobue

9BC "IPRbooks"
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e npyrue GOHIBL:

« »

20 .

MII

Mecto
Tun (yueOHUK, yaeOHoe 1o- XpaHeHus
No cobue, yaeOHO- (MeTomuuecKuit
0 /;1 bubnuorpaduueckoe onucanue METOAMYECKOE TIoco0ue, KaOMHET Ka-
HPaKTHKYM, ayJAHO-, BH- dbenps1, ropoa-
JIEOIoCcCo0us  JIp.) ckue 6ubamo-
TEKH | JIp.)
Kpasnosa M.B. VY4eOHo-
MeTOanYE-
1 MCTOANUYCCKOC Imocooue 1Mo n3y- yLIC6HO'MeTOI[HLIeCKO€ CKHif Kabu
| YCHMIO AMCHUILIMHBI «Moaenupo- nocobue
HeT KadeIphl
BaHUEC TCXHUYCCKUX CUCTEM».
COI''TACOBAHO
Jupextop Hay4yHOI OMONIHOTEKN A.M. AcaeBa
(noonucs) (1.0. Pamunus)

11.3. Ilepeyennb pecypcoB MH(OPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOMI
cetu ""UnTepHeT"
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J WebofScience[DnexkTpoHHblli  pecypc]| : MyJIbTHIAUCHUILIMHAPHAS
pebeparuBHas 6a3a manubix. — Philadelphia: ClarivateAnalitics, 2016. — Pexum
nocrtyna : apps.webofknowledge.com. — 3arun. ¢ skpana. — f3. pyc., aHri.

o Scopus[DnekTpoHHBI pecypc] : pedepaTuBHas 0aza AaHHBIX. —
Netherlands: Elsevier, 2004. — Pexxum goctymia : scopus.com. — 3aril. ¢ dKpaHa. —
3. pyc., aHri.

o Elibrary[ OnexTpoHHBIH pecypc] : HaydHas 3JIEKTpOoHHas OUOIMoTeKa.
— Mocksa : H9b, 2000. — Pexum goctyna : elibrary.ru. — 3ari. ¢ skpana. — 3.
pyc., aHTJL.

o http://thescipub.com/journals/ajeas - peleH3UpyeMbIii  KypHaI
American Journal of Engineering and Applied Sciences - myOiukyeT pe3yabTaThl
UCCJIEIOBAHUI B 00JIACTH MH)KEHEPHBIX HayK (NMpUKIagHas PU3MKaA U TPUKIIATHAS
MaTeMaTHKa, aBTOMAaTH3allsl U YIpaBlICHUE, XUMHUYECKass TEXHOJIOTHUSA,
KOMIBIOTEpHAs] TEXHWKA, HHPOPMATHKY, WH)KEHEPHBIE IaHHbIE W pa3zpaboTka
IpPOrpaMMHOTO  00ECNeYeHHs, SKOJOTHYeCKas WH)XCHEPHs, OJIIEKTPOTEXHUKA,
MIPOMBITIUICHHAS] WHXKCHEPHUs, WHGOPMAIIMOHHBIC TEXHOJOTHH W WHGOpMAaTHKA,
MaTepHaloBe/IeHHe, U3MEPEHUE U METPOJIOTHS, MAIIMHOCTPOCHUE, MEIUIIUMHCKAS
bu3nKa, F3HEpreTuKa, 00padoTKa CUTHAIOB U TEJIEKOMMYHUKAIUH.

o http://rsta.royalsocietypublishing.org/ - xypuan  Philosophical
Transactions A mpenocTaBisieT CBOOOTHBIN TOCTYN K HAYYHBIM MyOJUKAIUSAM TI0
CIIEYIOIIMM TEMaM: HH)KEHEpHbIE, PU3NIECKIE, MAaTEMAaTHIECKHE HAYKH.

J http://www.medwelljournals.com/archive.php?jid=1816-949x —
xypHan Journal of Engineering and Applied Sciences (Medwell Journals)
NpEJCTaBIsIeT CTaThM C pe3yJdbTaTaMH HAy4YHBIX KCCIEAOBaHUNH B 00JacTu
WHKCHEPHBIX ~ HAayK  (MaTreMaruka, OJJICKTPOTEXHHKA,  MAaIIUHOCTPOEHUE,
OHEPreTrKa, aBTOMOOUIIECTPOCHUE, OMOXMMHUYECKas WHXKCHEpPUs, CTPOUTEIbHAs
WH)XEHEpUs U T.1.).

o http://www.kirj.ee/engineering - MexayHapOJHbBIH HaydHBIH KypHA
The  Estonian Journal of Engineering, mnyOJuMKoBaBIIMII  Hay4HO-
uccienoBarenbckue ctatb ¢ 1995 mo 2014 rr., npeacTapiagiomue UHTEPEC A
IIMPOKOTO CHEKTPa MHKEHEPHBIX CHEIHMATbHOCTEH; BBITYCKAJICS MPH TOIEPIKKE
DCTOHCKOM aKaJieMUU HayK.

o https://doaj.org/ - pecypc, KOTOpbIH oOecneunBaeT JOCTYN K
MOJIHOTEKCTOBBIM  DJIEKTPOHHBIM JKypHajlaM TIpeIHa3Ha4eH JUIsi TOUCKa TI0
Ha3BaHMIO cTaThu (KypHasa) wiM 1o teme. DOAJ cTaBUT 11ebI0 BCECTOPOHHEE
OCBEIICHHE HAYYHOW TIEPUOJIUKH, HAXOMSIICHCS B OTKPBITOM JOCTYIE W
UCIIOJIB3YIOIIeH OMpeeIeHHbIE MEphl, TapaHTUPYIOIIUE JOCTOWHOE KaueCTBO HUX
COJIEp KaHMS.

o http://www.sciencedomain.org/journal-home.php?id=6 - xypHan
British Journal of Mathematics &Computer myonukyeT pe3yabTaThl HCCIICIOBAHMIA
B 00J1aCTH MaTEMAaTUKU U UHPOPMAIIMOHHBIX TEXHOJIOTHUH.

o http://www.enveurope.com - Crateu xkypHaia Environmental Sciences
Europe, nocBsIEeHHOro 3alUTe OKPYKAOIIEH CPE/bl.
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http://rsta.royalsocietypublishing.org/
http://www.medwelljournals.com/archive.php?jid=1816-949x
http://www.kirj.ee/engineering
https://doaj.org/
http://www.sciencedomain.org/journal-home.php?id=6%20
http://www.enveurope.com/

. http://www.gjesm.net - crarbu xypnaana Global Journal of Environ-
mental Science and Management, mOCBSIIEHHOTO 3aIMTE OKPYXKAIOIICH CPEbl,
HpOMBIIHHCHHOﬁ 9KOJIOTHH U YIIPABJICHHUIO B ATOM 00/1aCTH.

o http://www.sciencedomain.org/archives.php?iid=1160&id=16 - apxus
pernenzupyemoro xypHaita American Chemical Science Journal, mocBsmeHHOTO
06H_[I/IM BOIIpOoCaM XHMMHHU B CJICAYIOHNIHX IMPCIAMCTHBIX o0JyacTax: OopraHn4cCKast
XUMUsL, HCOPTraHNYCCKaA XUMMU, (1)1/131/1‘—1601(215[ XUMUS, TPOMBINIJIICHHAA XUMUS, XU~
MHYCCKasA TCXHOJIOTHA, aHAIIUTUYICCKAA XUMUA, MCIUIWNHCKAA XUMUS, CYIIpaMOJIcC-
KyJsipHas XUMHUSI BbBICOKOMOJICKYIIAPHBIX COGI[I/IHGHI/Iﬁ N HAHOXHUMHA WU Jp. HpPH-
KiIIaHBbIX TUCHUIIJIMHAX XUMHUYECKOUN HaYKH.

. http://www.epo.org/searching/free.html - 6udaroTeka mateHTOB

o https://patentscope.wipo.int/search/en/search.jsf - mouck mo mexayHa-
POAHBIM M HAIMOHAJIbHBIM IMATCHTHBIM (1)OHI[aM, IIOHUCK KaK Ha PpyCCKOM, TaK M Ha
JPYTHUX SI3BIKaX

11.4. IlepeyeHb NPOrPaMMHOI0 OOecneYeHust

PexBu3uTHI 10T0BOpA (1aTA,
HOMep, CPOK JAeHCTBHA)

Ne Haumenosanue 110 KoaunuyecTBo

n/n JULEH3UH

1 MathCAD 15 - Axt m/m or 21.07.09 (T'oc.
Kontpakr 487 ot 28.05.09)

(GeccpouHsblit)

2 Office Standart 1398 - Office Standart (JJoroBop Ne
690 ot 19.05.2015r., cpok
neuctBus - 6eccpouno; [oro-
Bop Ne 727 ot 20.07.2016r.,

CPOK JIEUCTBHS — 0€CCPOYHO).

3 Windows 1398 - Windows (JloroBop Ne 690
or 19.05.2015r., cpok neii-

CTBUS - OECCPOYHO).

11.5. Onucanue MarepuaJbHO-TEXHH4YECKOW 0a3bl, HEOOXOAUMON J1JIA
OCylIeCTBJIEHUS 00Pa30BaTEJIbHOI0 MPOLECcca M0 IUCHUIINHE (MOXYJII0)

Ne HaumenoBanue 06opyno- | IlepeueHb 0CHOBHOIO 000- dakTu4ecKknii aapec N §
n/n BAHHBIX YYeOHbIX KaOu- PYAOBaHUA Y4eOHBIX KAaOMHETOB, = g =
HETOB, JIabopaTopuii, Ma- JlabopaTopuii, ma- é“ § E
CTePCKHX M JIP. 00bEKTOB CTEPCKMX M Ap. g 2 =
JJIS1 IPOBEACHUS NPAKTH- g § %
YeCKHX H JIa00paTOPHBIX = = 8
3aHATHI =
1 | YuyeOnas  aymmropus | Ctomer  yueHmueckue | 445020 Camapckas | 62,10 66
JUIS TIPOBEICHUS 3aHS- | TPEXMECTHbIE  (MOHO- | 00JIacTh,
TUA JIEKIIMOHHOTO TH- | OJIOK), MOHOOJIOKH | T. TonpgarTH,
na. YdeOHas ayauTo- | IBYXMECTHBIE, croi | LleHTpanbHbIi p-H,
pust Uil TIPOBENICHMS | MPENoIaBaTEIbCKUM, yin.  benopycckas,
3aHATUNA CEMHUHAPCKOIro | CTyJl  mpenojasareinb- | 4. 16b, 4 srax,
Thma. Yd4eOHas ayau- | CKHi, J0CKa ayauTop- | mosumus 1o TII
TOpHUsL JJIsl KypcoBoro | Hasg (mesnoBasi), kaden- | Nel8.
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http://www.gjesm.net/
http://www.sciencedomain.org/archives.php?iid=1160&id=16
http://www.epo.org/searching/free.html
https://patentscope.wipo.int/search/en/search.jsf

Ne
n/n

HaumenoBanue 060pyno-
BaHHBIX Y4eOHbIX Ka0u-
HeTOB, JJabopaTopuii, Ma-
CTEPCKHUX M IP. 00bEKTOB
AJI51 IPOBe/IeHUs MPAKTH-
YeCKHUX M J1adopaTopHbIX
3aHATHI

Ilepeyens 0CHOBHOTO 000-
pyaoBanus

dakTHYeCKHUil aapec
Y4eOHBIX KAOMHETOB,
Jaboparopuii, ma-
CTEPCKUX M AP.

Inomanm, M’

KouanuecTBo
MOCAT0YHBIX MECT)

IIPOEKTUPOBaHUs  (BbI-
MOJIHEHUSI ~ KYpPCOBBIX
pabot). Yuebnas ayau-
TOPHS JIs IPOBEICHUS
TPYIIOBBIX U UHAUBU-
IyallbHbIX KOHCYJbTa-
uuid. YdeOHas ayauTo-
pus I TPOBEACHMS
3aHATHI TEKYIIETO
KOHTPOJISI U IIPOMEXKY-
TOYHOM  aTTECTALUU.

(A-419)

pa.

KommnsrorepHslii kiacc.
VYuebHas  ayauTopus
JUISL TIPOBEACHUSI 3aHs-
TUH JIEKIUOHHOIO TH-
na. YyeOHas ayauTo-
pus JUIs  TPOBEACHUS
3aHATHI CEMHHAPCKOTO
Tuna. YueOHas ayau-
TOpHUS Ui IPOBEICHUS
nabopaTopHbIX padoT.
YyeOHass  ayauTopus
Ul KypCOBOI'O IPOEK-
TUPOBaHUS (BBINOJIHE-
HUS KypCOBBIX paloT).
YyeOHass  ayauTopus
IUI IPOBEJEHUS TPyI-
MOBBIX W WHAWBUIY-
QJIbHBIX KOHCYJIbTAIUH
VYuebHas  ayauTOpHs
JUISL TIPOBEACHUSI 3aHs-
THM TEKYyIIEro KOH-
TPOJSL U MPOMEXKYTOU-
HOH aTTeCTalUHU.
(A-415)

Crosbl  yueHUYECKHE,
CTyJbsl  YYEHUYECKHE,
JIOCKa ayauTopHas (Me-
nosast), IIK, mpoekrop,
3KpaH MNEPEHOCHOM, pa-
060uMi CTOJN, MUCHMEH-
HBI  YIVIOBOM  CTOII,
IIpenojaBat. CTOJI.

445020 Camapckas
0071aCTh,

T. TonpsarTH,
LlenTpanbHbIil p-H,
yin.  benopycckas,
o. 16b, 4 »otax,
nosunuss  mo  TII
No20.

43,40

10

KommnsrorepHslii kiacc.
[Tomemenue s camo-
CTOATEIbHOW pabOTHI.
VYuebHas  ayauTOpHs
IUIs TIPOBEACHUS 3aHS-
TUA CEMUHAPCKOIO THU-
na. YdeOHas ayauTo-
pust A KypCOBOTO
MPOCKTUPOBaHUS (BBI-
MOJTHEHUS ~ KYPCOBBIX

Cronel  yd4eHMUECKHE,
CTyJIbs  Y4EHHYECKHUE,
[IK ¢ BbIXOZIOM B CETh
HNHurepHer.

445020 Camapckas
00J1aCTh,

T. TonpsTTH,
[leHTpanbHblil P-H,
yin.  benopycckas,
o 14, 4 osrax,
nosuimsgs 1o TII
No4S8.

84,80

16

S




Ne
n/n

HaumenoBanue 060pyno-
BaHHBIX Y4eOHbIX KaOu-
HeTOB, JJabopaTopuii, Ma-
CTEPCKHUX M IP. 00bEKTOB
AJI51 IPOBe/IeHUs MPAKTH-
YeCKHUX M J1adopaTopHbIX
3aHATHI

Ilepeyens 0CHOBHOTO 000-
pyaoBanus

dakTHYeCKHUil aapec
Y4eOHBIX KAOMHETOB,
Jaboparopuii, ma-
CTEPCKUX M AP.

Inomanm, M’

KouanuecTBo
MOCAT0YHBIX MECT)

pabot). Yuebnas ayau-
TOpPHUS IS TIPOBEICHUS
prnHOBBIX U UHAWUBU-
NyajdbHBIX KOHCYJIbTA-
nuid. YdyeOHas ayauTo-
pus I TPOBEICHHS

3aHATHI TEKYIIETO
KOHTPOJISI U IIPOMEXKY-
TOYHOM  aTTECTaIlUH.
(r-401)
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