denepanbHOe TOCYTapCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEIKICHUE

BBICHICTO O6paBOBaHI/I}I

«ToNBATTUHCKUI TOCYJaPCTBEHHBIN YHUBEPCUTET

b1.5.03

(unoexc Oucyunnumnovt)

PABOYASA TIPOT'PAMMA JUCHUITVIMHBI

MOI[eHI/IpOBaHI/IC TCXHUYCCKHUX CUCTEM

(HaumeHoB8anue OUCYUNTUHDL)

18.04.01 Xumunueckass TEXHOJIOTHUS

10 HAIMPaBJICHUIO TOATOTOBKH (CIEIUATIbHOCTH)

(k00 u HaumeHOB8aHUe HANPAGIEHUS NOO20MOBKY, cneyuanvhocmu ¢ coomsememeuu ¢ @I'OC BI10/ @I'OC BO)

PaI_[I/IOHaJIBHOG HCIIOJIB30BAHHUC IIPUPOIHBIX K CBIPHCBBIX PCCYPCOB B XUMHYECKOU
TCXHOJIOTHH 1 He(bTGXI/IMI/II/I

(ranpasnennocmov (npogunv)/cneyuanuszayus)

®dopma 00ydeHHs: OUHAas

['ox Habopa: 2019

PacnipenesieHue 4acoB AUCHMILIMHBI 10 CeMeCTPaM M BH/IaM 3aHATHI (110 y4eOHOMY IJIaHY)

KoauuyectBo 3ET 5
Yacos no PYII 180
Buabl KOHTPOJIA B IK3aMeHbI 3auvernl KypcoBbie KypcoBbie Koutpoabueie
cemecpax: TTPOCKTRI padoTbl (mast 32\?)?::01}11 dop-
MBI 00yYeHHsI)
1
NeNe cemecTpoB
1 2 4 6 7 8 9 10 11 Hroro
3ET no cemecTpam 5 5
Jlekuun 16 16
JlabopaTopHble
IIpakTn4yeckune 48 28
KonrakTHas padora 64 64
Cam. paGora 116 116
KonTpoan
Hroro 180 180

ToabarTu, 2019




PaGouast mporpamma coctasiera Ha ocHoBanuu OI'OC BIIO/®I'OC BO u
y4eOHOro0 IJIaHa HalpaBJieHHs ToAroToBkH (cnermanbaoctr) 18.04.01 Xumuyeckas
TEXHOJIOTHSI

(K00 u HaumeHo8aHUe HANPABTIeHUs NOO20MOBKU, cneyuanvHocmu 6 coomeemcmesuu ¢ PI'OC BI10/ @I'OC BO)

PeHeH3I/IpOBaHHe paﬁoqeﬁ nporpaMmmbl TUCHUIIJIMHBI:

OtcyTtcTByeT

V| Vuebnas (pabouast) mporpamma oqo0peHa Ha 3aceaannu Kadenpsl «PamuoHanbHOE TPUPO-
JIOTIONIb30BaHKUE U pecypcocOepexenue» (mporokon 3acemanuss Ne 1 ot «28» aprycra 2018

r).
Penensent
(OondicHocmy, yueHoe 36anue, cmenety) (noonucy) (U.0. ©amunus)
« _» 20 1.

Cpok neiicTBus padoueii mporpaMMspl AMCHHUILIMHBI 10 «28» aBrycra 2021 r.

HNudopmanus 00 akryanusanuu padodeil mporpaMmbl U CHUILIHHBI:

ITpoTtokon 3acenanus kadeapst Ne OT «__ » 20 r.

[Tpotokon 3acenanus kadeapsl Ne  oT «_ » 20 .

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

ITpoTtokomn 3acenanus kagenpsl No 0T «_ » 20 T
YTBEPX/AIO

3aBenyromuii kadeapoit «PalnroHanbHOe MPUPOONOJIb30BAaHUE U pecypcoche-
peKeHue

(paspabomasweii PIT]])

«_» 20 T M.B. Kpasuosa
(noonucv) (H.0. @Pamunus)




AHHOTALUS
AUCHHUILINHBI (Y4eOHOTr0 Kypca)
b1.5.03 MoaenupoBaHue TEXHUYECKUX 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 MOJICIUPOBAHUS TIPU MPOESKTUPOBAHUN TEXHOJIOTMUECKHUX MPOIIEC-
COB M aHAJIM3€ HKCIEPUMEHTAJIbHBIX JAHHBIX, & TaK k€ (opMUpOBaHHE HAYYHOTO U
WHKEHEPHOI0 MOAX0Aa K BOMPOCaM PAIMOHAIBHOTO MCIOJb30BAHUS HEPIrO - U Ma-
TEPUATBHBIX PECYPCOB, B XUMUYECKON TEXHOJOTUHU, HEPTEXUMUU U OUOTEXHOJIOTHUH.

3amaun:

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

2. ChopmupoBaTh COCOOHOCTh BBITIOJIHATH MPOEKTHBIE PACUETHI OTICIBHBIX
CTaJMi TEXHOJOTUYECKOTO MPOollecca C UCTIOIb30BAHUEM METOJI0B MaTEMaTUYECKOTO
MOJICIUPOBAHUS, C MPHUBJICYCHHEM CTaHAAPTHBIX CPEJCTB aBTOMATU3UPOBAHHOIO
MIPOCKTUPOBAHUS.

3. CdhopmupoBaTh y CTYJACHTOB HAaBBIKH CAMOCTOSTEIHLHOTO MPOBEACHHS TEO-
PETUYECKUX W MCCIICIOBAHUN Ha OCHOBE HCIIOIB30BAHUS METOJIOB MOJICITUPOBAHUS C
nocieayoieit 00paboTKON U aHAJIU30M PE3yJIbTATOB UCCIIEIOBAHUIM.

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 IOUC-
Ky, 00paboTKe, aHAIU3y
U CUCTEMAaTHU3ALNH
HAay4YHO-TEXHUYECKON

uH(poOpMaMu MO TeEME
UCCIIeIOBaHUsI, BBIOOPY
METOJAMK M  CPEACTB

pEIIeHUs 3aa4r
(TIK-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 uzyueHus 1

Buabl yuedHo# padoTsl Dopmbl Pexomennaye-
KonrakTHasi paGoTta C 6 TeKYIIero KOHTPOJIst Masi JIuTepa-
(B yacax) AMOCTOATEILHAsN paboTa (HauMeHOBaHHe Typa (Ne)
BCEro . tboprvl np(;seneﬂuﬁ HeobxomMbie ouenotcl:z;;) cpen-
Pazpeu, w » |8 = JIeK1Mii, 1ad6opaTop- MaTepHATbHO-
IToapa3nen, Tema 2 = |2 & HBIX, IPAKTHYECKHX v
MOAYJIb = = 2 |28 o = (opMbI OpraHu3anuu TeXHHYecKHne
g 2 | 8 | = 3ausruii, MeToabl 06y- 3] .
=4 e F | == s CaMoCTOSITeIbHOI pecypesl
2 = = |m S| 4eHHs, peaqusyiouue =
15} e | & . = @ padoThI
= 5 % |5 @| mpuMensemyio odpaso-
‘S 2 |T E| BaTeJIbHYIO TEXHOJIO-
S| |=
THI0
Monayas 1. Mo- | Jleknust Ne 1. Mo- | 2 Jlekuusa ¢ oane- MynbTumenuii- 1-2
ACJIHPOBAHUE, ACJIHPOBaHUE, OC- MCHTaMH JUC- HBbIC cpeacra:
OCHOBHBbIEC I10- HOBHbI€ TIIOHATHUSA KyCCHH. KOMIIBIOTCD WA

HATHA U, ONpe-
JeJIeHHsl, BUIAbI
U MeTOAbI
HAeHTH(PHUKA-
UM CTaTHYe-
CKUX MOJIesei.

U OmpeaeieHHs.
[TonsiTue mopenu-
pOBaHUA, MOJEIH.
Buget  monenupo-
BaHMs, BUJBI MOJIE-
neit. Knaccuduka-
uus mozeneun. Ma-
TEMAaTUYECKOE MO-
NeNMpoBaHKue, Ma-
TEMAaTUYECKHE MO-
JETH. Dopmsbl
MpeACTaBICHUS
MaTeMaTHYeCKUX
Mozeneil.  Crtpyk-
TYpHBIE CXEMBl |
METOJIbI UX TIPeoo-
pa3oBaHMUsl.

HOYTOYK, MpOEK-
TOP, PKpaH.




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 HC- 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.
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IIpakTuyeckoe
3anaTue Ne9. Mo-
NENUPOBAHUE  KU-
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

TOMOI'CHHBIX XHU-
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/lbTAaTOB  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-
METOJIMYECKOM ITOCOOHH.

«HC 3a4TCHO»

OT4eT Mo MPaKTUYCCKON pabOTe BKIIOYACT MEHEE
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 6annos:
BBICTyIUIeHUE (2 Oasa),
conepxanue (5 6ayon);
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.)

No Tembl

/11

1 MonenupoBaHie peakKTOPOB EMKOCTHOTO THIIA C IEPEMEITUBAHUCM.

2 MonenupoBaHe peakKTOPHBIX MPOILIECCOB B PEAKTOPaX 3MEEBUKOBOIO THUIIA.

3 MonenupoBanue nporeccoB abcopoimu B abcopbepax pa3IMyHOro THIIA.

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

5 MonenupoBaHHE TPOIIECCOB DKCTPAKIIMK B KOJOHHBIX M €MKOCTHBIX ammapa-
Tax.

6 MonenupoBaHue npouecca NEPBUYHON MEPETOHKH HEPTH.

7 MonenupoBaHUe MPOIIECCOB B PEAKTOPE KaTATUTHIECKOTO pudopMuUHTa C pa-
JIMAJIbHBIM BBOJIOM PEareHTOB.

8 MonenvupoBaHue MPOIECCOB B PEAKTOPE KaTaTUTHYECKOTO pudopmMuHra C
OCEBBIM BBOJIOM PEarcHTOB.

9 dopMupoBaHUE MAaTEMAaTUYECKUX MOJIENICH ISl pellieHus 3a7a4 CUTYaIllMOHHO-
T'0 YIIpaBJICHUS.

10 | PazpaboTka MoOJAEIM IHEPTO- pecypcocOeperarnmx 3KOJI0TUYecKu Oe3omac-
HBIX TEXHOJIOTHH JIJIsl IIPOU3BO/ICTBA KalpajlakTaMa Ha XUMHUYECKUX MPEIIPH-
ATHSIX.

11 | Pa3paboTka MOJIeTM HOBBIX TEXHUYECKUX U TEXHOJOTUYECKUX PEIICHUN st
poliecca YTHIN3AIMU TBEPABIX OBITOBBIX 1 KOMMYHAJIBHBIX OTXOJIOB.

12 | Co3naHue TEOPETUYECKUX MOJEIEeH TEXHOJOTUYECKHX TMPOIECCOB OYUCTKU
CTOYHBIX BOJ| HA MPEANPUATUSIX MUIIEBON TPOMBITIUICHHOCTH.

13 | Pa3paboTka MoAenr yCTAaHOBKHU JUTSI 3AIUTHl OKPY’KAIOIIEH Cpeiibl OT BHIOPO-
COB JIJIsI KOTEJIBHBIX, PACIIOJIOKEHHBIX B CETUTCOHON 30HE.

14 | Pa3paboTka MOJIENM YTHIIN3AIMs JOHHBIX OTJIOKEHUH HedTeniama.

15 | Pa3paboTka MOJEIN YTHIIU3AIMS 0CaIKa TOPOJACKUX OUYHUCTHBIX COOPYKCHHH.

16 | Pa3paboTka Mojeny 1o peKyJIbTUBAIINH TTOJTUTOHOB.

17 | Pa3paboTka Mojenu njisi TEXHOJIOTMH HMCIOJb30BaHUS HETPAJAUIIMOHHBIX HC-
TOYHHKOB YHEPTUU Ha MPOMBIIIICHHBIX MPEANPUITHSIX TOPOA.

8. Bompocel Kk 3a4eTy
No Bompocsr
n/n
1 [TonsiTne MomenMpoOBaHMs, MOJICIIH.
2 Bunbel monenupoBanus, Buapl Moaenen. Kiaccudukarus Moaenei.




MareMatruyeckoe MoJeIUpoBaHne, MaTeMaTuyeckue moaenu. dopmel npea-
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) CBsi3b MEXIy pa3IMYHbIMU (pOpMaMH MPEACTABICHUS MAaTEMaTUYECKUX 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 (u3nueckux mnpoueccos. [lo-
CTaHOBKA 3a/1a4M CTATUCTUYECKOTO MOJIEIMPOBAHUS CUCTEM.

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

10 | Metoasl 00paboTKH pe3ydabTaToB MojenupoBanus. OCOOCHHOCTH TMOJIyHa-
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 PETrpPecCu-
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 aKTUBHOTO AKCIIEpUMEHTa?

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 pacyeTa KOd(PGUIIMEHTOB ypaBHEHHUS PErPeCCUy 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 YPAaBHEHUS ?

24 | Yrto Takoe TpaHCUEHJEHTHAsl PErpeccusi U KOrjia OHa MIPUMEHSIETCs ?

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

9.1. lacnopT (oHAA OLIEHOYHBIX CPEICTB

Koxa xonTpoJsu-
Ne | KonTpoJsmpyemblie pa3jie/ibl | pyemMoil Komie- HaumeHoBaHmue
n/n (TeMbl) JUCIHHUAIIJIMHBI TCHIIMH (I/I.]II/I ce OLI€CHOYHOI' 0 CpeacTBa
YacTH)
1 Moayas 1. MonenupoBanue, oc- | OK 7, OK-9 OT4eTsl O MPAKTUYECKUM
HOBHBIE TIOHSTHS M, ONIPEICIICHNUS, 3aHaTusaM Ne 1-4 B sjiek-
BUJIBI U METOJIBI UACHTU(DHUKAIIH TpoHHOM BHjie. Cobeceo-
CTaTUYECKHUX MOJEIEH. BaHHE.
2 Mopyas 2. Marematuueckoe Mo- | OK-8, OK-9, OIIK-4, | OT4ersl 0 MpakTHYECKUM
JIETIMPOBAHUE TEXHUYECKUX CH- [1K-2 3angaThsaM Ne 5-12 B niek-
CTEM. TpoHHOM BHjie. Cobeceo-
BaHHE.
IIpoexr

9.2 TunoBble KOHTPOJbHbIC 33JaHUSI WJIH HHbIe MaTepUAaJbl, HE00XO0-
AUMBbIeE JJI OLleHKHU 3HAHUI, YMEHHUI, HABBIKOB U (MJIH) ONBITA 1eATeJIbHOCTH,
XapaKTepPU3yIIHUX ITanbl (OPpMHUPOBAHUSA KOMIIETEHIMHA B Mpouecce 0CBoe-
HHMS 00pPa30BaTE/IbHON POrPaMMBbI

9.2.1. TunoBbIe 3aJaHUs M0 NPAKTUHYECKUM 3aHATUAM

IpakTnueckoe 3anaTue Ne 1. IlocTpoeHue craTU4ecKHUX M JMHAMMYe-
ckux moaesei. IlocrpoeHue MMnupudecKux moaee. JIMHeNHbIM perpeccu-
OHHBIM AHAJIN3 VI MOCTPOCHUSI IMIIMPUYIECKUX MOJIeIel.

[IpakTruueckass paboTa BBIMOIHSIETCS METOJOM TBOpUYECKMX 3amaHuii. Ha
npuMepe, pa3oupacMoM Ha MPAKTUYECKOM 3aHATUH, CTYJEHThI y4aTcsl aHAIU3UPO-
BaTh JKCIEPHUMEHTAIbHBIE JaHHbIE, HAXOAUTh MAaTEMaTUYECKUE 3aBUCUMOCTH. B
KauecTBE TBOPYECKMX 3aJaHUN NpelsiararoTcsi TaOJMLbl SKCIEPUMEHTATbHBIX
JTAHHBIX, TIOJYYEHHBIX CTYJICHTAMH 3apaHee BO BpPeMs 3aHATUN HAy4yHOU pabOTOM.
[Ipu pemieHMM TBOPUYECKUX 3aJaHUM, CTYIAEHTHI MOTYT BBIIOJHSITH POJb JKCIIEP-
TOB, IOMOTas APYTUM CTyJI€HTaM B IPYIINE HAWTH MPABUIBHOE PEIIEHUE. DKCHEP-
TaMU BBIOUPAIOTCS CTYJIEHTHI, OBICTPO OCTPOUBIINE MOJIENb IIPOLIECCa.

PerpeccroHHbBIl aHAJIN3 MO3BOJISIET OLUEHUTH CTENEHb CBA3UM MEXKIY Iepe-
MEHHBIMH, MpeaJiaras MEXaHW3M BBIYMCIICHUS MPEANOJaracMoro 3Hau4eHus mepe-
MEHHOW M3 HECKOJBKMX YK€ M3BECTHBIX 3HAauC€HMU. Vcronwb3ys perpeccroOHHbIN
aHajau3, MOXHO IIPOJUINTH JMHUIO TPEHJA B AuarpaMMe 3a IPEAebl peaslbHbIX
JTaHHBIX [T peACKa3aHus Oy yluX 3HAUCHUH.

AJroputm padoThl:

1) mocTpouTh MaTEMaTHUECKYIO MOJIETh B BUIE SMIUPUUYECKON POPMYIIBI;

2) clenaTh OLEHKY MapaMeTpoOB MOJIENH;

3) npoBepUTh MOENb Ha aJIEKBATHOCTb.
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3ananue 1.

1. ObopmMuTh NCXOAHBIC TaHHBIC B BUJIE CBOHOM Tabmuisl Microsoft Excel.

2. C nomomibto Macrtepa quarpamm M. Excel moctpouts rpadux 3aBucumo-
CTH BCEro Juana3oHa JaHHBIX CBOJHON TaOJIUIIBI.

3. [TocTpouTh TUHUIO TPEHA.

4. JIis mOJIy4eHHBIX MAaTeMaTHUYEeCKUX MOJeNIel clieNlaTh OLIEHKY IapameT-
pOB:

a) MPOBECTU BBIYUCIICHUE CPEAHEN KBaIpaTUUHOM OMIMOKH O;

0) CpaBHUTH O C BEJIMUYMHON JOCTOBEPHOCTH ammpokcumanuu — R.

5. IlpoBepuTh MOJIETh HA aAEKBAaTHOCTh. DYHKINS, KOTOPOH COOTBETCTBYET
MUHHAMAJIFHOE 3HA4YCHHE O M MaKCHMaJIbHOE 3Ha4eHHWE R, sBiseTcs maremaThde-
CKOM MOJIeNbI0, HanboJiee OJIM3KO OIMKMCHIBAIOIIECH MCXOIHBIC TaHHbIC.

4.1ToArOTOBUTH OTYET MO MPAKTUYECKOU padoTe.

3aganue 2

B naGoparopHbIX yCIOBUSX OBUIO HCCIEAOBAHO BIMSAHHE (PEPMEHTHOIO
npenapara ritoKO300KCHIa3bl (X2) B COUYETAaHUU C aCKOPOUHOBOM KHCIOTOM (X1)
Ha KayecTBO xJjeba (tadi.). Heo6xomumo ¢ momombio OBM paccuurath, Kakoi
daktop (x1 wim x2) oka3piBacT 0oJIbIlIee BIMSHUE HA TOPUCTOCTh XJieOa; MOCTPO-
UTh SMIIMPUYECKYIO JUHEHHYI0 MOJENb 3aBUCHMOCTH TMOPUCTOCTH XJieba y OT
daktopa x1 win X2, OKa3bIBAIOIIETO HA HEro OOJIbIlIee BIUSHUE; BBISIBUTh, KaK U3-
MEHHUTCS TOPUCTOCTh XJyie0a, €CM BEIMYMHY TIFOKO300KCHIAa3bl YBEIWYUTH Ha
30% ot cpeaHero 3HaueHUsI BLIOOPKH.

Tabumua Buusinue (pepMeHTHOr0 mpemnapara rJIl0KO300KCHAA3bl B CO-
YEeTAHUH C ACKOPOMHOBOM KHCJI0TOH HA KA4eCTBO XJieda

KonuyecTBo ackopOnHOBOM kKrciio- | KoanuecTBo TitoK0300KCHIA3HI X2, [Topucrocts Y, %
ThI X1, % %
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 COOTBETCTBUE
c TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUYECKOM MTOCOOUH;

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

IIpakTuueckoe 3ansitue Ne2. PerpeccnoHHO-(pAKTOPHBIA aHAJIM3 TeX-
HOJIOTHYECKHX MoJ1es1ei.

3aganue 1.

TpeOyeTcst onpeaenuTb 3aBUCMMOCTh PAaCTBOPUMOCTH XJIopuaa Oapusi B BO-
ne (Y) u B npucyTcTBrM Xjaopuaa kansuus (X) npu 70°C. O6beM BEIOOpKH N=6.
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Onpenenuth KO3(PPUIMEHTH ypaBHEHUS JIMHEHHOW perpeccu BHUA
¥ = Db, + byx b u BEIGOPOUHEIH KOIPPUIMEHT KOPPEISALHH.
Tadauua IKcnepuMeHTAJbHbIE 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 comepxanust FeSO,, /1 (X), B MATOYHOM pacTBOpE: a) Ompe-
JenuTh KO3 (HUIMEHTHI MOTMHOMHAIBHOTO YPAaBHEHUSI PETPECCUH BTOPOTO TMOPSIA-
Ka; 0) onmpeaenuTh BEIOOPOUHBIN KOIPPUITUEHT KOPPETSAIIH.

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 OMpEACCHbl 3HAYCHUS KOHCTAHTBhI CKOPOCTH peakiuu K
1pu 6 pa3IMYHBIX Temieparypax t. 3aBUCUMOCTbh KOHCTAHThI CKOPOCTH PEAKIIMHU OT

abCoIOTHOM Temneparypsl 1’ BeIpaxkaeTcs OKa3aTebHON QyHKIIMEN BUIA:
E

K =Kye &rT
Haiitu yncnennsie 3Hadenus koddouuuentos Ky u E/R. DkcnepumenTas-
HBIC JIaHHBIE IPUBE/ICHBI B TA0JIUIIE:

T, °C 400 452 493 528 561 604

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

Kpurepum ouenku:

OIICHKA «3aUTEHOY» CTAaBUTCS CTYACHTY, €CIM OTYET MO MPAKTHUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpedyeMoro o6bema 1 BBITIOJIHEH B COOTBETCTBUE
c TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUUECKOM MTOCOOUH;

OIICHKA «HE 3aYTCHO» CTABUTCS CTYNIEHTY, €CIIH OTYET MPAKTHISCKOMY 3aH -
TUio BKIoUaeT meHee 50% ot Tpedyemoro oonema.

IpakTnueckoe 3ansiTue Ne3. 3a1auu napamMeTpu4ecKOl U CTPYKTYPHOIi
HICHTH(PUKALUN IMIIUPUYECKON MO/, ONMChIBAKILEH 3aBUCUMOCTD 1aB-
JICHUS] HACBIIEHHOI0 Napa HHAUBUAYAJIbHOI0 BELIECTBA 0T TeMIEepaTyphbl.

Heobxoaumo pemuTs 3a1auu napaMeTpudecKol U CTPYKTYpHOU uieHTudu-

Kallil SMIUPUYECKON MOJIENI, ONUCHIBAIONICH 3aBUCUMOCTD JIABJICHUS HACHIIICH-
HOT'0 Mapa MHIUBUYaJIbHOTO BEIIECTBA OT TEMIIEPATYPHI.
Ncnons3ytoTes JaHHbIe MAaCCUBHOTO 3KcniepumenTa (10 sxcnepruMeHTOB):

Bapuanr 1
T 20 27 43 51 58 69 81 93 98 110
P | 18,06543 | 22,1216 | 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 BUJa MOJIEJIEH:

E
A+=
1. P=e""r
B
2. P = €A+m
E
A+—+CT+DInT
3. P=e""T "
1. Omnpenenuts Ko3(h(GUIMEHTHl ypaBHEHUN pPETrpeccur yKa3aHHBIX 3

smnupuueckux wmojeneil. IlpencraButb B 00mieM W B YKCIOBOM  BHJE
IIPOU3BEACHUE TPAHCIIOHUPOBAHHOW M MCXOJHOM MAaTpHUIl HE3aBUCUMBIX BXOJHBIX

o —r=y"1
IMCPCMCHHBIX U YHCJIOBBIC 3HAYCHU A O6paTHOI/I MaTpHLbI IIPOU3BCACHHA (qf) qf)) .

2. OnpenenuTs aIeKBaTHOCTh YPABHEHUM PETPECCUN C MCIOJIB30BAHUEM
F-pactipenenenus @umepa u BbOpaTh Haubojee TOYHOE YpaBHEHHE C
UCTIONb30BaHUEM JHCIIEPCUU aJeKBAaTHOCTU. Pacué THoe 3HaueHWe KpHUTepus
duiepa B OTCYTCTBUU HapajlieIbHbIX ONBITOB OINpeAeseTcs o GopMyIie:

2

Fracy — &
Sg
ki SHCH Sxcrsy 2
§2 _ Z (™" — y ™)
& n—1

i=1
n IKEN
g
ysm‘nxz E }1
n
i={

VYcnosue agekBarHoctu: F 74 > F 7

[IpencraButh cBomHyto Tabmuiy koddduinmentoB A, B, C, D, nucnepcuii,
TaOJIMYHBIX U pacde THhIX kpuTepueB Duiepa /s Bcex MoJiesei.

Boiaenuth Hanbosiee TOUHYIO MOJETb.

3. JluHeapu3oBaHHbIE ypaBHEHHUsI MpeoOpa3oBaTh, BbIPA3UB BBIXOAHYIO
MEPEMEHHYIO0 U TIOCTPOUTH TpaduKky OMHMOOK ISl KaKIOTO ypaBHeHHS (Tpadukx
OIMOOK — TpaduK Pa3HOCTEH JKCHEPUMEHTAIBHBIX M pacye THBHIX 3HAYCHUN B
3aBHCHMOCTH OT 3HAYCHHS apTyMEHTA).

[Tono6pars MacmTad OCU OpJAMHAT, MO3BOJISIIOUINI OJAPOOHO PACCMOTPETh
dbopmy KpuBO# Ha rpaduke.

4.  TlpoBectu rpaduueckoe CpaBHEHHE IKCIIEPUMEHTAIBHBIX JTaHHBIX.

S. CdopmynupoBaTh BbIBOBI IO padoTe.

*He mepeBOAWTh 3HAYEHUS TEMIIEPATypbl B JAPYryl pa3MepHOcTh. He
MEHATh TOPSIOK KOIPPUIMEHTOB W HOMEpa 3aBUCUMOCTEH, HE MEHSTh
0003HaUYEHUH.

Kpurepuu ounenkmu:

OLIEHKA «3aUTEHO» CTAaBUTCS CTYAEHTY, €CIM OTYET MO MPAKTHUYECKOMY 3a-
HATHUIO BKIIOUaeT 6omnee 50% ot TpebyeMoro oobeMa 1 BHITIOJHEH B COOTBETCTBUE
c TpeOOBaHUSAMHU yKa3aHHBIMU B y4€OHO-METOIUYECKOM ITOCOOUH;

OLIEHKA «HE 3aYTE€HO)» CTABHUTCS CTYACHTY, €CJIM OTYET MPAKTHUECKOMY 3aHSi-
TU10 BKI0YaeT meHee 50% ot tpedyemoro oobema.
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IIpakTnueckoe 3ansitue Ne4. IloctpoeHue MareMaTH4eCKMX Mo/IeJIel 10

pe3yJbTaTaM aKTHBHOI'O IKCIIEPUMEHTA.

3aganue 1.
Heo6xonumo nogobpathk onTUMabHBIC 3HAYEHUS TeMIIEpaTypbl U BpeMEHU

MPEBPAILCHUS] YETHIPEXCTAAUNHON PeaKIuu:

A—P

I

S —Q
MPU KOTOPBIX KOHIEHTPALMS MPOMEKYTOYHOTO MPOIYKTa Oblia Obl MAaKCH-

MaJIbHOM.

3aJaH LEHTP IJIAHUPOBAHUSL:

Tyn = 330 K — TeMnieparypa npoBeeHUs peaKuu;

Tun- = /9 C— BpPEMSI IPOBEIICHUS PEAKIIHH.

HNuTepBan n3MeHeHUs NapaMeTPOB:

AT=x10K; At=+25c.

1. Ionubiit dakropHsiii skcriepuMenT ([ID3) Bkmrouaer ombiTel 14 u

HKCIIEPUMEHTHI B IIEHTpe TutaHa — onbIThl 9+14 (330 K, 75 ¢) — mis onpenenenus
JUCIIEPCUN BOCTIPOU3BOAUMOCTH.

Ha ocHOBaHMM 3KCIIEPUMEHTAIBHBIX JAHHBIX ONPEICIINTD:

a) Koo duiineH Tl TMHEHHOTO ypaBHEHUSI PETPECCUU

C:eo+91T+92’C

JUTsI KOMIIOHEHTA peakiuu (Harnpumep, P):

00, 01, 0,

0) [IpoBepuTh 3HAYMMOCTb KO3PHUIIMEHTOB YPABHEHHS PETPECCHH.

B) [IpoBepuTh aIeKBaTHOCTh YPaBHEHUS PETPECCUMU.

2. OpToroHaJIbHOE IIEHTPAIbHOE KOMITO3UInoHHOe mtanupoBanue (OLIKIT)

MO3BOJISIET HAUTH KOOPAMHATHI ONTUMAIBHBIX 3HaUYE€HUN (DAKTOPOB.

OKCHEPUMEHT JIOTIONHAETCS ONBITAMH B 3BE€ 3/IHBIX TOYKaxX (PaKTOPHOTO

NPOCTPAHCTBA: TOUKaMHU 5+6 ¢ koopauHatamu (7, . + aAT; T,,.) ¥ TOUKamMu 7+8 ¢
xoopauHaTaMu (7 .; Tun T GAT), TIC O — 3B 3HOE TUICYO.

Ha ocHOBaHUM 3KCIEpUMEHTAIBHBIX JaHHBIX ONPEICIUTb:

a) Koo duiineHTs HEMMHEWHOTO YpaBHEHUS

C=0g+ 0, T+H0,T+ 01, T+ 01, T2+ O51°

JUIsl KOMIIOHEHTA peakuuu (Hanpumep, P):

B0, 01, 02, 012, 011, 022

0) [IpoBepuTh 3HAYMMOCTH KOI(P(ULIMEHTOB YPABHEHUS PETPECCHH.
B) [IpoBepuTh aieKBaTHOCTh YpaBHEHUS PETPECCUMU.

r) Haiiti koopamaaTsl T, 1 skcTpemanbHOit Touky QyHKIMHK
C=f(Tr)

Cratuueckast 00paboTKa pe3ybTaTOB AKTUBHOTO AKCIIEPUMEHTA
Tabnuna Pe3ynbrarhl SKCIEPUMEHTA

Ne T, K 1,C CQ
1 320 50 0,5221
2 340 50 0,489
3 320 100 0,668
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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 82R F FTa6n Xju'n' Axi Zj
2,57 0,00028 0,4248 19,3 75 25 T 15
25
3amanue 2.

B naGopaTopHbIX YCIOBUSX UCCIEAyeTCs CUHTE3 nmoaumepa. CHUHTE3 MPOBO-
JAT B pacTtBope. M3yuaercs Biausinue Tpex pakTopoB: Z; — KOHIEHTpAIMs MOHOMeE-
pa (20-28%); Z, — koHIeHTpalus nHuIraropa nomuMepusanuu (0,15-0,25%); Z; —
temriepatypa (343-363 K) na Beixox nonumepa Y (%). Pe3ynbrarhl skcriepuMenTa

IMpCaACTAaBJICHLI B Ta6n1/1ue .

N Xl 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 AOITIOJIHUTCIIBHBIC ITapaJlJICIIBHBIC OIIbI-

ThI ¥ TIOJTYYEHBI CIIEAYIONIHE pe3yabTaThl: Y1=43, Y,=47,Y ;=48

3ananme 3.

[Tpu uccrnenoBanny MOKa3aTeNsi CTENEHN YCBOAEMOCTH aMMHuaka B Y B (poc-
(OPHBIX COCTUHECHUSAX M3YYaJOCh BIMSHUE TeMIepaTypbl amMmmoHu3amu Z; (20-
70°C), mpomOKUTENEHOCTE aMMoHM3amun Z, (15-20 muH), HopMa amMMuaka Zs
(100%-150%).

Pe3ynbTathl 3KCIepuMEeHTa MPEACTABICHBI B TAOIHUIIE:

N Xl X2 X3 Y
1 +1 +1 +1 13
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
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| 8 | -1 | -1 | -1 | 2 |
B nenTpe miaHa ObUTH IMOCTaBIICHBI IOMOJIHUTEIBHBIC MTAPAUIICIbHBIC OIBITHI
U TIOJTYYEeHBI ceAyronue pe3ynbTatel: Y=17,3, Y,=18, Y3=17,7.

Kpurepuu oneHku:

OIICHKA «3aYTEHO» CTaBUTCS CTYIEHTY, €CIIM OTYET IO MPaKTUYECKOMY 3a-
HATHIO BKIIIOUaeT 0osiee 50% oT TpedyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSMHU YKa3aHHBIMU B Y4€OHO-METOAMYECKOM MOCOOHH;

OILICHKA «HE 3aYTEHO)» CTABUTCS CTYICHTY, €CJIM OTYET MPAKTUUECKOMY 3aHS-
TUto BKIoYaeT meHee 50% ot Tpedyemoro oonema.

IIpakTuyeckoe 3ansaTue NeS. HccienoBanne ruipoAMHAMUKH HACAT0Y-
HOTro0 adcopoOepa.

Heab padoTsl

1. O3HaKOMHUTECS C METOOUKON COCTABJIECHUSI MaTeEMaTHUECKON MOJIEIIN TH/I-
POJIMHAMMKHN HACaJ04YHOTO abcopOepa.

2. IlpakTryeck OCBOMTH METOJIMKY HCCIEAOBAHUS TUIPOJMHAMUKH Haca-
JIOYHOTO abcopOepa ¢ UCIOIb30BAHUEM SUYEEUHOU MOJIEIH.

3. CpaBHUTH IKCIIEPUMEHTANLHBIE M PACUETHbIE KPUBBIE OTKIIMKA, MPOBE-
PHUTH MOJIEJIb HA aJIEKBATHOCTb.

HUcxonnble nanHbIC:

1. Beicora Hacagku L = 11,5 m.

2. Imomramp monepevyHoro cedeHus: abCopOMOHHON KOMOHHEI S =1,8 M2.

3. O6beMHas ckopocTh motoka V = 10 000 m>/u.

4. Konuenrpanus abcopoupyemoro komrnonenta C0, % o0.

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

YucrieHHble 3HaY€HUs JUIsl MYHKTOB 4 U 5 IpUBEJEHBI B TA0IUIIE.

Tabnuia Bapuantsl

BapuaHnTsl

Konnenrpanus 1 2 3 4 5 6 7 8 9 10

abcopOupyemMoro
0,155 | 0,18 | 0,40 | 0,05 | 0,20 |0,075| 0,18 | 0,35 | 0,10 | 0,20
komnoHeHTa Cq, % 00.

Konnenrpanus Ha Beixoze u3 abcopbepa, % 00.

Bpewms, ¢

0

00 (00|00 0000|000 00]00]00]/00

1 0,0025 0,001 {0,005 {0,006 {0,002 |0,014 /0,002 0,070 0,015 |0,100
2 0,0100 {0,008 0,020 (0,013|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
4 0,049010,0270,100 {0,025 0,040 0,047 (0,120 |0,240|0,059 (0,160
5
6

0,0720|0,045|0,140|0,030 (0,050 (0,051 0,140|0,290 0,067 |0,173
0,09000,075|0,180 {0,033 {0,080 (0,060 0,150|0,310 {0,074 0,180

28



7 0,1150|0,1000,220 {0,040 {0,085 (0,063 |0,155|0,320 0,081 |0,186

8 0,13000,120|0,260 {0,043 {0,087 |0,068 |0,159 0,330 {0,090 {0,190
9 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

Iopsiaok BeINOJTHEHUST PAa0OTHI

1. O3HaKOMUTBCSA ¢ METOAMKON MOJIETUPOBAHMS THIPOJIMHAMUKHU HAca104-
HOTO abcopbepa.

2. O3HaKOMHUTHCS CO CTPYKTYPHOM CXEMOM alrOpUTMa UCCIICIOBAHUS TH/I-
POAMHAMUKHU HACaJI04YHOTO abcopOepa.

3. IToAroTOBUTH UCXOIHBIE TAHHBIE.

4. BpiOpaTh ONTUMAJIBHOE YHCIIO STYEECK.

5. O6cynuth pe3ynbtarhl. CAenath BEIBOABI 1O padoTe.

Kputepuu onenkn:

OIICHKA «3aYTEHO» CTaBUTCS CTYICHTY, €CIIH OTYET IO MPaKTHYSCKOMY 3a-
HATHIO BKIIoUaeT 6osee 50% oT TpeOyeMoro o0beMa 1 BBIITOJIHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU YKa3aHHBIMH B YICOHO-METOAMYECCKOM ITOCOOHH;

OIICHKA «HE 3aYTCHOY» CTABHTCS CTYIACHTY, €CJIU OTUET MPAKTHYCCKOMY 3aHSI-
THIO BKJIFOYaeT MeHee 50% ot tpedyemoro oobema.

IIpakTueckoe 3anaTue Ne6. MoaennpoBaHue TemIO00MEHHbIX ama-
paToB B CTalMOHAapHOM pexuMe Mogean mnpoueccoB Temi000MeHa:

1.Term1i000MeHHUK THIIA «InepeMelIMBaHue-IepeMelInBaHue»,
2. Tenj1000MeHHUK THNA «BbITeCHEHHE-BbITECHEHHE).
3ananue

1. O3HaKOMUTBCS C IPUHITUTIAMA COCTABJICHHS TETUIOBBIX 0aJaHCOB MOTOKOB
U Pa3AeISIIONIe CTEHKU B TEIJIOOOMEHHBIX M PEAKIIMOHHBIX amnmnaparax XuMu4ie-
CKOM TEXHOJIOTUH TIPH TETIOOOMEHE Yepe3 CTEHKY.

2. OTMETHTHh 0OCOOCHHOCTH MAaTEMaTUYECKUX OTMHMCAHUI MPU Pa3HbIX CIIOCO-
0ax opraHu3alMK TETJIOOOMEHa.

3. BoimorHUTE BapuaHT 3aaHusl.

HUcxonnble nanHbIE:

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

Buytpennuit auametp tpyOst D1:=0.01m
Buemnuii tuametp tpyOst Dy:= 0.03m

Tonmuna crenku Tpyos1d:= 0.002m

Pexxum TedeHus MOTOKOB CTallMOHAPHBIN
O6beMHsIi pacxos xuakocTa Gr:= 0.2-10m%/cex
OO6bemubIif pacxo Boabl Gyx:=2G+

Kosddunment rermonepenaun K:= 10000 Br/m*K
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[110THOCTB KHUAKOCTH pr:= 1500 Kr/m°
TemmoemkocTs xuakocTu Cpr:= 2500 JIx/kr-K
[InotHOCTH BOZIBI px:= 1000 KI/M
TemmoemokcTh BoAbl Cpyx:= 4200 Ix/kr-K

HOCTpOI/ITI) l“pa(i)I/IK HU3MCHCHU TEMIICPATYP TCIIJIOHOCUTCILA U XJIaJJOT'CHTA

1O AJIMHC aIlliaparta.

JL1s IpOTUBOTOKA!

HcxonHble naHHBIE:

ORIGIN:=1

T,:= 235°C

T0:=25°C

Buytpennuit auametp tpyObr D1:=0.015 m
Buemnnii tuametp tpyost Dy:= 0.045 M

Tonmuna ctenku TpyOst 6:= 0.002 M

Pexxum TedeHUs TOTOKOB CTAIlMOHAPHBIN
O6BeMHbIH pacxoy xuakoctd Gr:= 0.35-10™ M>/cex
O6weMubIl pacxo BoJbl Gy:= 2G+

Koaddumment Termnonepenaun K:= 10000 Br/m*K
[1I0THOCTD KHUAKOCTH pr:= 1200 Kr/mM°
TemmoemkocTh xuakocTH Cpr:= 3000 JIx/kr-K

II10THOCTB BOIBI px:= 1000 Kr/m°
TennoeMmrxoctsb BoabI Cpyx:= 4200 JIx/kr-K
Tabnuna 6.2 - BapuaHnTtsl 3a1aHui

Hauvanbnas | OObéMHasg Tennoém-
Bapu- [ImoTHOCT®,
TennonocuTenb| TemIiepa- | CKOpOCTb, 3 KOCTB,
aHT KI/M
Typa, "C M /e JIx/xr-°C
1 T opstunit 180 2,3-10" 900 3,35-10°
XonoaHbI#H 25 5,1-10" 1000 | 4,19-10°
5 Topstamit 190 1,3-10™ 890 3,15-10°
X 00 XHbIiT 35 4,1-10" 990 4,1-10°
3 Topstanii 210 2,5-10™ 920 3,45-10°
X 00 XHbIiT 15 5,1-10" 1000 | 4,19-10°
4 Topstanii 280 2,0-10™ 910 3,4-10°
X010 XHbIit 25 5,1-10" 1100 4,4-10°
c Topstauit 250 3,3-10" 900 3,55-10°
X010 XHbIiT 45 4,51-10" 980 4,1-10°
6 Topstauit 185 2,83-10" 880 3,2-10°
X 00 XHbIiT 10 5,51-10" 1010 | 4,25-10°
, Topstunit 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
9 Topstamuit 170 2,8-10" 900 3,35-10°
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X 00 XHbIiT 15 5,2-10" 990 4,8-10°
10 Topstunii 220 2,4-10™ 900 3,53-10°
X OJIOIHBIHI 35 5,5-10" 990 4,0—103
1 Topstunit 190 2,3-10™ 890 3,0-10°
X OJIOIHBIHI 40 5,1-10" 1030 4,24—103
19 Topsunii 235 2,1-10™ 850 2,95-10°
X 00 XHbIiT 10 5,44-10" 1000 | 4,19-10°

Kpurepuu oneHku:

OIICHKA «3aYTEHO» CTaBUTCS CTYACHTY, €CIIH OTYET IO MPAKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% oT TpedyemMoro o0bemMa U BBITIOJIHEH B COOTBETCTBHUE
c TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOJIUYECKOM MTOCOOUH;

OIICHKA «HE 3aY4TEHOY» CTABHUTCS CTYICHTY, €CIIU OTYET MPAKTUUECKOMY 3aHSI-
TUIO BKIIoYaeT Menee 50% ot Tpedyemoro oobema.

IIpakTnueckoe 3ansitue Ne7. UcciienoBanme nmpouecca pas3jaejieHuss MHO-
TOKOMIIOHEHTHOI cMecH B ra30BOM cenaparope.

[enb paGoThI

1. O3HaKOMUTBHCS ¢ METOJIMKOM pacueTa mpouecca OJJHOKPATHOrO UcCIape-
HUSL.

2. IIpakTryeckun OCBOMTh METOAUKY MccienoBanus Ha OBM mpouecca pas-
JI€JICHUS YTJIEBOJAOPOAHON CMECU B Ta30BOM CENapaTope.

3. 3yunuTh BIWSHUE TEMIEPATyphl, JABJICHUS, COCTaBa ChIPbsl HA MPOLECC
pa3/ielIecHus] Ta30’KMIKOCTHON CMECH B KacKaJie CermapaTropoB M BeIOpaTh Addek-
TUBHBINA PEXKUM pabOTHI ¢ UCTOJIb30BaHIUEM MH(DOPMAITMOHHO-MOICTUPYIOIEH CH-
ctembl (UMC).

Hcxonanple maHHbIE OJi1 pacyuera Mpouecca pas3AaesieHHs] MHOTOKOMITOHEHT-
HOM YTJIEBOJOPOIHON CMECH

ra3 ras

CEIpBe
Cl1

|

Pucynok Cxema TEXHOJIOTHYECKOTO MPoIlEcca
Tabnumna BapuaHThl TEXHOJOTHYECKUX MMapaMETPOB MPoIlecca HU3KOTEMIIE-
paTypHOM cenapanuu

KHIKas da3a

Howmep BapuanTa TexHOIornyecKue napameTpsl 1o cenaparopam

1 cenapatop 2 cenapaTtop 3 cenapaTop
1 P,=13,8 Mna P;=9,7 Mma P;=5,4 Mma

T,=21,8°C T,=8,6°C T,=34,8°C
2 P;=10,1 Mna P1=9,4 Mna P;=5,1 Mna

T,=30,8°C T,=0,9°C T,=35,1°C
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3

P,=13,9 Mna P,=9.8 Mma P,=5,4 Mna
T,=16,5°C T,=3,2°C T,=34,5°C

JIisi mpoBesieHUsl pacyeTa cenapalMoOHHOTO OJIOKa Mpolecca pa3iesieHUs
MHOTOKOMITOHEHTHOM YTJIEBOJIOPOTHON cMECH HEOOXOIUMBI CIIETYIOIINE TaHHbIE:

1. Pacxon cbIpbs, KI/TO/I.

2. Temmepatypa B cemapaTopax, “C.

3. JlaBnenue, Ila.

4. CocTaB CbIpbs, MOJBHBIE JOJIU.

BapuanTsl 3a1anui

Tabnuna MccnenoBaHue BIMSHUS TEXHOJOTMYECKUX MapamMeTpoB Ha MPO-
1[ECC HU3KOTEMIIEPATYPHOU cenapanuu

Howmep 3aganue

BapuaHTa

1 HccnenoBarh BIUSHUE TEMIIEPATYPhI B IEPBOM CcelapaTope:
T1=16 oC; T2=12 oC; T3=19 oC

2 HccnenoBath BIUSIHUE JIaBJICHUS B IEPBOM cemapaTope:
P1=13,9 Mna; P2=11,2 Mna; P3=9,8 Mna

3 Hccnenosarh BIUSIHUE TEMIIEPaTyphl BO BTOPOM CenapaTope:
T1=-3 oC; T2=-6 oC; T3=-9 oC

4 HccnenoBarh BIUSHUAE TaBICHUS BO BTOPOM CEIMApaTope:
T12=-5 oC; P1=8 Mmna; P2=9 Mna; P3=10 Mna

5 HccnenoBarh BIUSHUE TaBICHUSI BO BTOPOM CEMapaTope:
P1=8 Mna; P2=7 Mna; P3=10 Mmna

6 HccnenoBath BIMSAHUE KOJIMYECTBA CEMApPATOpoOB: 1, 2, 3.
VY cioBus npoBeAeHUs polecca:
P1=14 Mna; T1=16 oC;
P2=11 Mna,; T2=-3 oC;
P3=9 Mna,; T3=-35 oC

7 HccnenoBarh BIUSHUE TEMIEPATYPhI B TPETHEM CeMapaTope:
T1=-34,5 oC; 72=-30,0 oC; 73=-37,5 oC

8 HccnenoBarh BIUSHUE TEMIEPATYPhI B TPETHEM CelapaTope:
P=5 Mna; 71=-30,0 oC; 72=-34,5 oC; 73=-37,0 oC

9 HccnenoBarh BIUSHUE JIaBICHUS B TPETHEM CeNapaTope:
73=-32,0 oC; P1=5 Mna; P2=7 Mna; P3=10 Mna

10 HccnenoBath BIUAHUE JABJICHUS BO BTOPOM CemapaTope:
P1=8 Mna; P2=9Mna; P3=10 Mna

11 HccnenoBarh BIMSAHUE TEMIIEPATYPhI BO BTOPOM CENapaTope:
T1=-3,2 oC; T2=-10 oC; 73=-15 oC

12 HccnenoBarh BIUSIHUE JIaBICHUSI BO BTOPOM CEIMapaTope:
P1=9,8 Mna; P2=8,8 Mna; P3=7 Mma

13 Hccnenosarh BIUSIHUE TEMIIEPATyphl B IEPBOM cemapaTope:
T1=10 oC; 72=20 oC; T3=30 oC

14 HccnenoBarh BIMsSIHUE 1aBJICHUS B IEPBOM cerapaTope:

P1=13,9 Mna; P2=11,0 Mna; P3=9,0 Mna
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Tabmuma CocTaB UCXOAHOW CMECH M TEXHOJIOTHUECKHE TTapaMeTphl MpoIecca
HU3KOTEMIIEPATYPHOM Cenapanuu

Howmep Bapu- | Kommnonents | Cocras, Mouiexk. IlnoTHOCTE TexHoor. TapaMeTphbl
anTa MOJIbH. JOJIH Macca, MOJIbH. | JKUAKOCTH, JaBJICHUE, | Temrepa-
JOJIH Kr/M3 Mma Typa, oC
1 CO2 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
MeTaHoa 0,0
2 CO2 0,0088 P1=9,0 T1=23,0
Aot 0,0289 pP2=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
Meranon 0,0
3 CO2 0,0054 P1=13,8 Ti=21,8
Aot 0,0265 P2=9,7 72=-8,6
CH4 0,8495 P3=54 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 1215 721,3
H20 0,0032
Mertanon 0,0003

Iopsinok BbINOJIHEHNSI PadOThI
1. O3HaKOMUTBCS ¢ METOJIUKOIN pacuera Mmpouecca OJHOKPATHOTO HUCIape-

HMU:.

2. IToaroToBUTH UCXOHBIE TaHHBIE JJIs pacyera.
3. Beimmoanuth pacuer.. McciaenoBarsh BIMSHUE TEXHOJOTUYECKUX MapameT-
POB Ha IIPOLIECC CeMapaLiy.
4. Pe3ynbTarhl pacuera MpeiacTaBUTh B BUAE TaOIUIl U rpadUKOB, BEIOPATH

7 (HEKTUBHBIN PEKUM pa3/ieICHUSI.

5. CocTaBuUTH OTYET.

Kpurepuu ouenku:
OILIEHKA «3aYTEHO» CTABHUTCS CTYJEHTY, €CIU OTYET 10 MPAKTUIECKOMY 3a-
HATHUIO BKIIoYaeT 6onee 50% ot TpeGyemMoro oobeMa 1 BBITIOJHEH B COOTBETCTBHE
C TpeOOBaHUSMH YKa3aHHBIMH B y4eOHO-METOIUIECKOM ITOCOOHH;
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OIIEHKA «HE 3aYTE€HO» CTABUTCS CTYACHTY, €CJIH OTUET MPAKTUYECKOMY 3aH -
TUI0 BKIt0YaeT meHee 50% ot tpedyemoro oobema.

IIpakTuyeckoe 3ansitue Ne§. MaremMaTn4deckoe MOAeJHPOBAHHE MPO-
necca pekrupuxkanmuu.

Heab padoThl

1. O3HaKOMUTBHCA ¢ METOAUKOW MAaTEeMaTUYECKOTO MOJICTUPOBAHUS MPOLEC-
ca pasJeNeHuss MHOTOKOMIIOHEHTHOM CMECH B PeKTU(PHUKAIIMOHHOMN KOJIOHHE.

2. BBINOJHUTB pacyeT MaTEPUAIBHOIO U TEILIOBOTO 0alaHCOB, COCTABOB I1a-
POBOI U KUAKOH (a3 mporecca peKTUPUKALIIH.

3. UccnenoBaTh BIMSIHUE TEXHOJIOTMYECKUX MMApaMETPOB HA MPOILECC pPEeK-
TU(UKAIUN.

IHopsnok pacueros

PemeHne npruBeneHHBIX BBILIE YPABHEHUN MATEMaTUYECKOW MOJIENIN PEKTH-
(UKaMOHHON KOJIOHHBI IPOBOJST B CIEAYIOIIEH MOCIIE0BATEIbHOCTH:

1. 3ajaroTcs JaHHbIE, HEOOXOAUMBIE JIJIsl pacyeTa KOJIOHHBI:

- kosimdectBo Tapeisiok (N);

- XapaKTePUCTHKH MOTOKOB MHUTAHUs: MacCOBBIN pacxoy (F), Temrepa-
Typa (Ts), cocTaB (Xi);

- MaCCOBBI pacxo AUCTWLIATA (D), KyOOBOTO MPOAYKTa (W), TIOTOKOB
otOopa kuaKocTH (U) U (aermel (Ly+1); 11 HayaldbHOTO MEpecueTa MacCOBBIX
pacxoJ0B B MOJIbHBIE 3a/1aI0TCSI OPUEHTUPOBOYHBIE 3HAUECHUS CPEIHUX MOJIIPHBIX
Macc KUJIKOCTH U mapa B fediermarope, Kyoe 1 Ha Tapesikax OTTOHa;

- TEeMIIepaTypbl MOTOKA KUAKOCTH, MOCTyNarouell u3 aeduermMaropa (T)
W TIOTOKa Tperoriero mapa u3 kyoa (Ty);

- nasyieaue B kosoHxe (P).

2. HagyanbHble TPUOIMKEHUS:

- HaYaJIbHBINA TPO(UIIb TEMIIEpaTyp - JIMHEHHBIN;

- Ha4yaJIbHOE MPUOJIMKEHUE L; U G; PACCUUTHIBACTCS M3 OOIIET0 MaTepH-
aJIbHOTO OajlaHca U MPEeIOJIOKEHUS, YTO PEKTU(PUKAIIIS SKBUMOJIIpHA.

3. Pacuétnas (uTepaumoHHas ) 4acTh:

- pacuét npoduisi KOHUEHTPAUUH (x, y) U3 MOKOMIOHEHTHOTO MaTepH-
aJIbHOTrO OayiaHca;

- pacy€T Temmneparyp Ha Tapeikax (T) U K; U3 MPEeANOI0KEHHS, UTO KU
KOCTb Ha TapeJiKe HaXOAMUTCS MPU TeMIlepaType KUIeHUS:

d
n+1
KoncTanTa (baBOBOFO paBHOBECHUS HAXOAUTCS IO YPAaBHECHUIO AHTyaHa

P.
_ i
5=

InP =4 —
TS TTEG

i

rze
Aj, Bj, Cj - k03¢ puImeHTs ypaBHeHUs AHTyaHa ;
T- TeMIieparypa npotecca, K;
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Pj - 1aBJICHUE j-c0 KOMIIOHEHTA B CUCTEME (MM. PT. CT);

P - o011Iee JaBJeHUE B cUCTeME (MM. PT. CT).

- pacyeT pacxoJ0B KUJIKOCTU U napa G U L, U3 TEIJIOBOrO U 00IEero Mare-
pUaIbHOrO 0aJIaHCOB.

[lepecyer KOHIIEHTpalUid, TEMIIEpaTyp U PACXOJOB MPOAOIKACTCS 0 TeX
nop, Noka He OyJeT HallIeHO pelleHne ¢ TpeOyeMol CTEeNeHbI0 TOYHOCTH.

Bapuantel 3amaHuii M HMCXOAHBIE J@aHHBIE JUIA pacyeTa Ipoliecca
pextudukanuu

Tabnmuma - HcxoaHble  TEXHOJIOTMYECKHE JlaHHbIE IS pacyeTa
pPEKTU(PUKAITMOHHON KOJIOHHBI

25 KonnuecTBo Tapenok
0 pacxo ra3000pa3HOro JUCTHIUISTA, KI/9
6200 |pacxoj >KMAKOTO TUCTUILIATA, KI/4
16000 |pacxon yermsl, Kr/u
0 pacxoJ mapa u3 Kyoa, Kr/4
20800 |pacxox KUAKOTO KyOOBOTO MPOIYKTA, KI/4
1,47 naBiicHUE B KoioHHe, MIIa
22,0 memmeparypa B aedaermarope, °C (mepBoe npuOImKeHIE)
190 Temiiepatypa B kyoe, °C (repBoe npuOImKeHue)
50 CpenHssi MOJsipHas macca mapa B jaeduiermMarope, r/mMoiib (TiepBoe
npUOIMKEHUE)
95 CpenHssi MOJIIpHas mMacca mapa B KyOe, r/mMoiib (1epBoe mpuOInKe-
HUE)
50 CpedHsiss MOJISIpHasi Macca XUJIKOCTU B Aediermarope, r/Moib (mep-
BOE TPUOJIMKEHUE)
95 CpelHssl MOJIsipHasi Macca >KMJIKOCTH B KyOe, I/Moib (mepBoe Mpu-
OJIKEeHHE)
ITuraHue sKUAKOCTHIO
1 KOJTMYECTBO MUTAIOIINX TaAPEJIOK
20 HOMeEpa MUTAIOIINX TAPEIIOK
27000 [pacxonpl MUTAHUS, KI/4d
110 TEMIIEPATYPBI BXOJIHBIX NOTOKOB, °C
CocTaBbl BXOJHBIX IOTOKOB, MOJIbHbIE MIPOIEHTHI
0,25 CH4
0,61 C2Hs
4,21 C3Hs
3,73 u-C4
7,86 H-C4
6,52 u-C5
7,63 a-C5
69,19 Ce+
Tabnuia - CocTaB NOTOKa MUTAHUS PEKTUPUKALMOHHON KONIOHHBI K
| HaumeHoBanue | Coneprxanue, MoJbH. %0 |
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KOMIIOHEHTA | I i v
CH4 0,25 0,1 0,67 12,02
C2H6 0,61 0,36 3,84 5,45
C3Hs8 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 -TexHomorndeckrue JaHHbIC 71 UCCIIEIOBAaHUS MpoIiecca
eKTHUhUKaIU
BapuaHnt r |3HayeHHs mapaMmerpa
3aTaHUS TexHOoJIOrn4eckuil napameTp 1 2 3 4
| Pacxon sxunkoro gucruiiadara, kr/g 6000 6100 6200 6300
Pacxon skxuakoro kyb6oBoro mpo-21000 20900 (20800 20700

TyKTa, KI/4q
Il [Pacxon dermsl, Kr/4 14000 {15000 {16000 (17000
11 [Homep nuTaromei Tapesku 16 18 |20 22
IV [Temneparypa nuranus, °C 100 110 120 230
V  [Temneparypa B kyoe, °C 170 180 190 |200

IHopsaok BeINOTHEHUs1 padoThI

1. O3HaKOMMTBCSI C MATEMAaTUYECKON MOJIEIBIO U METOJIMKOW pacyera Ipo-
1ecca peKTuduKaIum.

2. TloaroToBUTH UCXOJHBIE TaHHBIE JJI pacyeTa Mnpolecca peKTU(PUKALIH.

3. BBITONMHUTE pacyer..

4. Pe3ynbTaThbl pacueTa NpeJICTaBUTh B BUAE TaOIUI] U rpadMKOB, BHIOPATH
3 PEeKTUBHBIN PEXXUM pa3ieeHUs IS MOTyUYeHHs CTAOMILHOTO KOHJICHCaTa.

5. CocraBuUTh OTYET.

Kpurepum ouenkmu:

OLIGHKA «3aUTEHO» CTAaBUTCS CTYAEHTY, €CIU OTYET IO MPAKTUYECKOMY 3a-
HATHUIO BKIIoYaeT 6osee 50% oT TpebyeMoro oobeMa 1 BHIIIOJHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU yKa3aHHBIMU B yU€OHO-METOIUYECKOM ITOCOOHUY;

OLICHKA «HE 3aYTEHO» CTABUTCS CTYJIEHTY, €CJIM OTYET MPAKTUUECKOMY 3aH -
Tuio BKitouaeT Mmeree 50% ot Tpedyemoro oobema.

IIpakTnueckoe 3ansaTue Ne9. MoaesupoBaHue KMHETHKH TOMOTE€HHBIX
XUMHUYECKUX PeaKIuid.

Heab padoTsl
1. O3HaKOMUTBCS C METOAAMHU MOCTPOEHUS KUHETHYECKUX MOJIENIE TOMO-
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T€HHBIX XUMUYECKUX PEAKIIUH.

2. PaccuuTtarth U3MEHEHHE KOHIIEHTpAIUN B X0/I¢ XUMHUUECKOU PEaKII1H.

3. CpaBHUTH uucleHHbIE MeToAbl Junepa u Pynre-Kyrra npu pemenuu
MPSAMON KMHETUYECKOM 3aa4U.

4. HccnenoBaTh BIMSHHUE TEMIEPATYpbl HA BBIXOJ MPOJIYKTOB U CTEIEHb
MIPEBPALLECHUS.

5. JlaTh pexkoMeHaaluK MO yCIOBUSAM IIPOBEICHUS PEAKIUi C LEIbI0 MOJY-
YEHHSI MAKCUMAJIBHOTO BBIXOJA LEJIEBBIX MPOTYKTOB.

3apanuda:

OnpenenuTs KUHETUYECKUE 3aBUCHUMOCTH KOMIIOHEHTOB T'OMOTEHHOW I10-
CJIEI0OBATEIBHOCTH XMMHUUYECKON PEaKIUH, POTEKAIOMIEH IPU ITOCTOSHHOW TEMITE-
patype T ¥ npu NOCTOSIHHOM 00BbeMe peareHToB. M3BeCTHBI 3HAUYECHUSI KOHCTAHT
CKOPOCTH K;j KaKJIOW CTaJuu MPH TEMIIEPaType W Ha4yaJIbHBIC 3HAYCHHUS KOHIICH-
tpauuu komroreHtos Cj(0).

Ta0auna Bapuantsl 3a1annid
No ypaBHeHI/Ie xumnue-HayaiapHble 3Ha‘IeHI/Ie KOHCTAaHT3HAYECHUS OHCPI'MM aKTUBAllUU E,

3a/1aCKON peaKuu KOHIIEHTpanuu,ckopocteit pu T =]/ Moib
HUSA MOJIB/ T 580 K
ki ki k3 [Ei E2 E3
1 iy CA;=0,5 02 0,5 | 0,305 10* [10,110* |
2428+ C
kr
2 k CA0=0,3; 04 02 10,3 [11,51410%/9,524-10% [7,254-10*
24 > B+C CE0=0,2;
kr CDo=0,2
ks
D+E—>B
3 CA0=0,3; 02 02 0, [1244410%14,897 10%14,110
k, CD0=0,4
A2B+HC
k>
ks
B+D—(
7 CA0=0,2; 04 02 10,i5 [14,30510%12,594 10*13,51110*
¢ CB0=0,3;
A+ Be2C CD0=0,i
k>
ks
C+D—>FE
5 r CA,=0,2 04 D2 | 11,51410% [10,386 10%
L CBo=0,i
2A+BC
ke
6 k; CA0=0,6; 042 0,2 10,25 [11,354 10%9,592-10* 19,43110"
A+2CoB CC0=0,8
k,
k;
B—2D
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7 k) CA0=0,3 03 1025 [0,is [14,1810* [13,344-10%13,762 10*
A—>E+C
k2
2C«D
k3
8 ky CA(=0,4 05 0,2 1[04 [15,85210%15,01610" [14,389-10"
AeB+HC
ks
ks
24—D
0 k CA0=0,2; 0,37 0,16 | 12,71710% [13,727-10%
CB,=0,05
A<B
ky
10 k= B CA0=0,7; 04 2 |  [10,35110*[9,18010°
4 7 CBy=CC=0
e
11 ki B CA0=0,6; 0,19 0,2 10,12 [11,18310% 12,10310% [10,264-10"
CBy=CCy=0
A%
o C
12 ki CA0=0,2; 05 p2 p1 [10010° P,810° 9,510
CB0=0,1;
A—->B< C  |cco=0
kA
13 Ai}zB CA0=0,2 04 [014 p21 PpB810* 9510° 8,610
2 CB0=0,15
ks
B —»C+]]
14 CA0=0,46 0,38 0,24 0,11 [12,410* 110 9,6-10*
k n k;
A—> <k—’C
d 4 4 4
15 A fkam CA,=0,5 05 02 10,1 [2010* [1110 09,510
A—k3>2l[
16 C b CA0=0,44; [0,52 0,34 0,15 [8,510° 9,6-10° 10,510"
4B % =) [CBo=0,22
ks
17 CA,=0,25 0,2 0,08 0,28 P9,2-10* [9,810° [11,510°
k1 k3
A.._—>k 2B—»(
18 CA=062 044 [0,11 0,17 [10,210° [10,210° [11,510°
k ks
ZAq_k_“‘B—rC
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Iopsinok BeIMOJIHEHNSI PadOThI

1. CocraBuTh, B COOTBETCTBHUH C 33JaHHON CXEMOM peakIuii, HA OCHOBAaHUU
3aKOHa JICHCTBYIOIINX MAaCcC KHHETUYECKYIO MOJICIb.

2. Pazpaborath anroput™M pacuyéra COCTABJICHHOW KUHETHYECKONW MOJIEIH C
MCIOJIb30BaHMEM YHMCIIEHHBIX METO10B Jilsiepa u Pynre-Kyrra.

3. O6cynuTth pe3ynbTaThl. CaenaTh BHIBOJIBI IO paboTe.

4. CocTaBHUTH OTYET.

Kputepumn onenku:

OIICHKA «3aYTEHO» CTaBUTCS CTYICHTY, €CJIH OTYET IO MPAKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% oT TpedyemMoro o0bemMa U BBITIOJIHEH B COOTBETCTBUE
c TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOIUYECKOM MTOCOOUH;

OIICHKA «HE 3a4TEHOY» CTABHUTCS CTYIACHTY, €CIIU OTYET MPAKTUUECKOMY 3aHSI-
TUIO BKIIOYaeT Menee 50% ot Tpedyemoro oobema.

IIpakTnueckoe 3anaTue Nel(). MopeanpoBaHue KHHETHKH TeTePOreH-
HbIX XUMHYECKHX PeaKIuil.

Heab padoThl

1. O3HaKOMUTBCS C METOJIaMH TMOCTPOCHUS KMHETHYECKUX MOJIENeH rere-
POTEHHBIX XUMHUYECKUX PEAKIUN.

2. CocTaBUTh KMHETUYECKYIO MOJIEIbh T€TEPOTCHHON XUMUYECKON peaKIuu
B COOTBETCTBUU C 3aIaHHBIM MEXaHU3MOM.

3. BrIOpaTh 4KMCIeHHBIN METOI U pa3paboTaTh MporpaMmy pacdeTa.

4. WUccnenoBaTh AMHAMUKY W3MEHEHMSI KOHIEHTpAIMi pearupyrommux Be-
IIECTB PEAKIUU U MMPOMEKYTOUHBIX COCTUHEHUH.

-BapuanTsl 3ag1aHuii

Ne YpaBHeHHE XUMHYECKOH PeaKuMu HavaabHble KOHIIEH- | 3HaAYeHHSA
3aaa- TPAaUUM, MOJIbH. 10JIM | KOHCTAHT
HUSA cKopocrei
1 2 3 4
1 CsHyy + 24 k1 >2CsH|o Cc5H12(0)=0,64; k1=0,43;

i o ' Cc2H6(0)=0; k2=0,33;
2CsHjp «——7CyHg -C3Hg CC3H6(0)=0; k3=0,21;
zCoHg - C3Hg —)A?) z+CoHg +C3Hg %gjg;]i’z(o):o’ :2:%;8’2-72’

CsHjp ——CyHg +C3Hg ZC2H6 « ZC3H6 (0)=0
2 CyHg +2<L>zc4118 Cc4H8(0)=0,72; k1=0,38;
P Cc8H10(0)=0; k2=0,33;
z2CyHg +CyHg ——>zCgHy +3H> CHZ(O)ZO, k3:0’29’
zZCgHpq (k—3>Z+C8H10(KGI‘L'IOJI) Z(O):]-; k-120,13;
2 He > Collr 30 Z C4Hg (0)=0; k-3=0,07
“rals 8710 T2 Z C8H10(0)=0
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Peakuus 1ucnponopuMoHupoBanus  (Cc3n8(0)=0,73; k1=0,48;
‘ kKl Cc2H6(0)=0; k2=0,32;
Cyllg + 275 CC4H10(0)=0; k3=0,30;
. ‘ k2 . ‘ Z(0)=1; k-1=0,12;
2C3Hg +C3Hg <———>7C H o +CoHg 7 C3H4 (0)=0; k-2=0,08
i3 .
2Ly —2+CyHpg
Peakiis usomepusauuu neHTaHa  |CC5H12(0)=0,64; k1=0,32;
H-CsHy, +7¢ KLy oo CHy, Cuzo-C5H12(0)=0; k2=0,18;
Z(0)=1; k3=0,14;
sty =g > mo-CsHpy Zu-C5H12(0)=0; k-1=0,09;
i3 Zu30-C5H12(0)=0 k-2=0,08
7 - U30 — C5H12 ———>7Z + U30 — C5H12
Peakiust usomMepusaluy eHTaHa  (CC3HY(0)=0,73; k1=0,54;
H-CgH,, +7¢ KLy oo CHy, CC2H6(0)=0; k2=0,48;
CC4H10(0)=0; k3=0,38;
2CsHyy >z -mo-C5Hy, Z(0)=1; k-1=0,02;
i3 Z c3H 8 (0)=; k-2=0,11
7 - W30 — C5H12 ———>7Z+ W30 — C5H12 Z ¢4 H10 (0)=0
Peakuusa pucnponoprmonnposanus (CC3HS(0)=0,73; k1=0,54;
C3Hg + 7 k1 AC3Hg CC2H6(0)=0; k2=0,43;
CC4H10(0)=0; k-1=0,0;
k2 Z(0)=1: k-2=0,11
zCaHg + CgHg «——>2zC4Hyg +CoHg Z(((:)% H’8 (0):0 0,
zC 4Hyp L)Z +CyHy
2C3Hg — > CHHg + C4Hyg
N, +2< k1, N, CN2(0)=0,2; k1=0,32;
CH2(0)=0,8; k2=0,29;
2N, +3H, PRLCENGNS 3H, CNH3(0)=0; k3=0,44;
Z(0)=1; k4=0,25;
2N, - 3H, L)Z(NH3)2 ZN2(0)=zN2 3H2(0)= |k-1=0,32;
4 =Z(NH3)2(0)=0 k-2=0,29
Peakuus onuromepuszanuu CC3H6(0)=0,5; k1=0,15;
k1 CC6H6(0)=0; k2=0,10;
C3Hg +2 »#C3He CH2(O)(:0); k3=0,08;
k2 Z(0)=1, k-2=0,01;
#3te +C3te 203t - C3He Z(C§H6(O)=O' k-3=0,005

ZC:;H6 -C3H6 (k—3)Z + C6H6 + 3H2

2C3H6 —>C6H6 + 3H2

ZC3H6C3H6(0)=0
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) Peakiiysi oMroMepu3aim CC3H6(0)=0,5; k1=0,15;
C3lg +ZL>203H6 ZC6H6(0)=0; k2=0,10;
o CH2(0)=0; k3=0,08;
/C3Hg +CyHg ¢——>7C3Hg -C3Hg  Z(0)=1; k4=0,12
23 7C3H6(0)=0;
zC3Hg - C3Hg ———>2CgHg +3H7 7 C3H6*C3H6(0)=0
ZCgllg LZ +Cgllg
2C3H6 —>C6116 + 3H2
10 Peakuus onuromepusaumnu CC4HS8(0)=0,5; k1=0,2;
Catg + 21— s sC ot CC3H6(0)=0,5; k2=0,10;
CC7HS8(0)=0; k3=0,08;
zZCqHg +C4Hg L)ZC:;HG -CyHg CH2(0)=0; k4=0,1
. i3 , Z(O):l,
2C3Hg - C4Hg ———>7C7Hg +3H) ZC3H6(0)=0;
k4 \ ZC4H8(0)=0;
zCqllg 4>Z+(,7H8(T0JT_\,!0H) ZC7H8((O)):O
C3H6 +C4H8 4)C7H8 + 3H2
11 |Peakuust KPEKHUHIa C(0)=0,9;104uc  |k1=0,17;
Il CC2H6(0)=0; k2=0,12;
CyHyg +z¢—>2zC4Hyg CC2H4(0)=0; k3=0,095;
A 7(0)=1; k-1=0,051;
zCqHjg ¢——>2zCrHy +Crg ZC4H10(0)=0; k-2=0,043
3 Z c214(0)=0
ZC2H4 —> 7+ C2H4
C4H10 4)C2H6 + C2H4
12 k1 Cco(0)=0,26; k1=0,23;
CO+z > 20 Cix(0)=0,85; k2=0,41;
k2 CCH4(0)=0; k3=0,44;
2CO+3H, —=—zC0O-3H ’ St
2 “ 2 CH20(0)=0; k4=0,25
i3 7(0)=1;
2C0-3H, PO+ CHY G 000)=2c03H2(0)=

Ilopsiiok BbINOJIHEHHSI PadOThI

1. CocTaBuTh KHUHETUYECKYIO MOJENb F'€TEPOr€HHON XUMUYECKOU PEaKIUu.
2. BpiOpaTh MeTO[ pelieHus cucteMbl AuddepeHnaibHbIX YPaBHEHHH.

3. O6cyauTth pe3ynbTaThl. CaenaTh BHIBOJBI IO paboTe.

4. CocTaBUTH OTYET.

Kpurepuu oneHku:

OLIEHKA «3a4TEHO» CTaBUTCS CTYACHTY, €CIM OTYET MO MPAaKTHYECKOMY 3a-
HATHUIO BKIIOUaeT 6omnee 50% ot TpebyeMoro oobeMa 1 BHITIOJHEH B COOTBETCTBUE
C TpeOOBaHUSMH YKa3aHHBIMH B y4eOHO-METOIUIECKOM ITOCOOHH;

OLIEHKA «HE 3aYTEHOY» CTABHUTCS CTYACHTY, €CJIM OTYET MPAKTHYECKOMY 3aHsI-
Thto BKIouaeT meHee 50% ot Tpedyemoro oonema.
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IIpakTnueckoe 3ansatue Nell. MogesupoBaHue rOMOTeHHbIX XMMHUYe-
CKHMX PEaKkTOpPOB.

Heab padoThl

1. CocTaBUTh MAaTEMATHYECKYIO MOJIENIb XUMHUYECKOTO PEAKTOPA.

2. Paccuutarh M3MEHEHUS] KOHIEHTPAIMd pEearupyrommx BEIIECTB Ha
BBIX0JIC U3 peaKkTopa u mpoduib TeMIieparTyp.

3. HccnenoBarh BIMSIHHE BPEMEHM KOHTAKTa HAa BBIXOJ MPOAYKTOB pe-
aAKIIU.

4, CpaBHUTH NPOTEKAHUE XUMUYECKUX PEAKIIUN B PEAKTOpaX UICaTbHO-

T'O BBITCCHCHUA 1 NCAJIIBHOTO IICPEMCIINBAHMA.

-BapuanTel 3a1anuii

No HUcxonnas (DHEpPrun Temme
/i Tun peakuuu KOHLCHTpaLUs, KoHcTaHTHl [akTHBanuM,  [parypa,
KMOJIB/M° ckopoctu  |kJ[k/MOJIb K
1 Cc8H18 =0,0388 k1=0,12; E1=94,2; 610
k) ky k2=0,80 E2=81,2
k2
—PC4H10+C4H8
2 CH-c7; =0,0343  k1=0,18; E1=9511; 690
ky k2=0,29 E2=122,76
H*C'}H]ﬁ_’ C3H6 +C4H]O
ks
i—C4Hyg
3 Ccoms = 0,0296 k1=0,38; E1=59,48; 800
ky k2=0,14;  |E2=162,57;
2C,H,; —» C4Hg k3=0,11 E3=157,12
b Itk
i—C4Hg
4 k Cc2H6 =0,0175;k1=0,54; E1=96,14; 810
! Cc4H10=0,0117 |k2=0,12 E2=83,60
C2H6+C4H10<_ 2C3Hg
ks
5 K Cc5H10=0,0166; [x1=0,5; E1=101,21; 710
Cilly ¢ Tle—> Csllys 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
CsHiy—>» 2-meTpnneHTan k2=0,2 E2=94,18
ka
2.3-numeTHnoyran
7 2 MeTHIneHTAR Cc6H14=0,0394 |M=0,2; E1=95,31; 600
hy k2=0,4 E2=76,17
Cg¢H)
I
2, 3-auMeTundyTan
8 Cc6H14=0,0328 [x1=0,3; E1=79,64; 720
ki 2-02;  [E2=83,23;
CsHjy—» 2-merunneHTan k3=0,1 E3=107,11
k]| &
2 3-numernnbvran
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9 Cc6H14=0,0358 [kx=0,25; E1=87,23; 660
sl k2=0,10; E2=104,75;
CsH 4 «—— 2-MeTunneHTad K3=0,25 E3=78,61
k3N k2
2.3-numeTunoyTaH
10 L % Cc8H18 =0,036 [x1=0,12; E1=94,2; 620
1 2 . —
Oty i CyHys K2=0,80 E2=81,2
by
— C,4H,,+C Hy n
11 b CC7H16 =0,028 |ki=0,18; E1=95,11; 650
o~ CyH, > C3H, + C,H, K2=0,29 E2=122,76
ke
i-CyHyy
12 b Cc2H4 =0,0316 [x1=0,38; E1=59,48; 760
: ky H % k3=0,11 E3=157,12
i~CyHg
13 by Cc2H6 =0,016;/x1=0,54; E1=96,14; 790
2C,H, — C,Hy Cc4H10=0,016 k2=0,12 E2=83,60
ks H Ky
i—CyHy
14 ky Cc5H10—0,017; [*1=0,5; E1=101,21; 710
CsHyo+ Hy—> CsHps Cu2=0,014 *2=0,2 E2=115,05
kr §
i- CsHjz
15 K1 Cc6H14=0,0286 [k.1=0,4; E1=75,13; 680
C6H14 —® 2-MeTuimneHTaH K2=0,2 E2=94.18
i
2,3-aumeTunoyTaH
16 S METHITTEHTAH Cc6H14=0,0283 [x1=0,2; E1=95,31; 580
kL k2=0,4 E2=76,17
C6H]4/'
k2
\ 2,3-mumeTunbyTan

IHopsaok BeINOTHEHUs1 padoThI

1. B cooTBeTCTBHU € 33JaHUEM COCTAaBUTh MaTEMAaTUYECKOE ONHMCAHUE
XUMHUYECKOTO PEAKTOPA.

2. PazpaboraTh anropuT™m U MporpaMmy pacueTa.

3. [IpoBecTH pacy€Thl U3MEHEHUSI KOHLIEHTPALUi BELIECTB, TEMIIEPATY-
PBI, CTENIEHU IPEBPALLECHHS OT BpEMEHU U BPEMEHU KOHTAKTA.

4. TlonydeHHsle pe3ynbTaTbl 0QOPMUTH B BUAE TAOIUI] U IpadUKOB.

5. CocrtaBuTh OTYET O MpOEIaHHOM padoTe.

Conepxanue oruera

1.  IlpenctaBUTh MaTeMaTHYECKYIO MOJEIH PEaKTOpa CO BCEMH IMapameT-
pamu, aJITOPUTM U OIMCAHUE POTPAMMBI.

2. O06ocHOBATh BHIOOP YMCIEHHOTO METOA PEIICHHSI MaTEMAaTUIECKON
MO/IEJIH.

3. [IpencraBuTh TaOIUIBI U TpadUKU, OOCYKACHHUE PE3YIbTATOB, Cle-

JaTh BBIBOJBI IO MPOJIEIaHHOM padoTe.
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Kpurepuu ouenkmu:

OLICHKA «3a4TEHO» CTaBUTCS CTYIEHTY, €CIIH OTYET IO MPAKTUYECKOMY 3a-
HATUIO BKItodaeT 6osee 50% oT TpebyeMoro oobeMa 1 BBIIIOJHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU yKa3aHHBIMU B y4€OHO-METOIUYECKOM ITOCOOUY;

OLICHKA «HE 3aYTEHO» CTABUTCS CTYAEHTY, €CIIM OTYET IIPAKTUYECKOMY 3aHs-
Tuo BKiItouaeT Mmeree 50% ot Tpedyemoro oobeMa.

IIpakTuyeckoe 3ansaTue Nel2. Maremarnyeckoe MOJEIMPOBAHUE TEXHU-
YECKUX CUCTEM

3aJaHue: MPOBECTH MAaTEMaTHYECKOE MOJEIMPOBAHKE IIpOLecca MpeBpalle-
HUS HUTPOOEH30J1a A0 aHWIMHA B TpyOdatoM peakTope ¢ npumeHeHuem I1O
Mathcad.

Kpurepum onenkmn:

OIICHKA «3aYTEHOY» CTAaBUTCS CTYICHTY, €CIH OTYET IO MPAKTHYECKOMY 3a-
HATHUIO BKIFOUaeT 6osee 50% oT TpedyeMoro oobeMa 1 BBITIOJIHEH B COOTBETCTBHE
C TpeOOBaHUSAMHU yKa3aHHBIMH B y4€0OHO-METOIUYECKOM ITOCOOHH;

OIICHKA «HE 3aYTCHO» CTABHUTCS CTYJICHTY, €CITH OTYET MPAKTHICCKOMY 3aH -
THIO BKJIFOYaeT MeHee 50% ot tpedyemoro oobema.

TunoBble BONpoOCHI JJisl NPOBeJeHUsI codeceJOBaHUE MO MOAYJSAM JHC-
HUNJIHHBI:

Ne i/m | Bompocsl
MoayJs 1
1. | I[lonarue MoeIupoOBaHUsI, MOJICIIH.
2. Buapl MmogenupoBanus, Buabl Mojenei. Knaccudukaiuys Moenei.

3. | Marematndeckoe MOJCIMPOBAaHWE, MaTeMaThdeckue Mmopaenu. Dopmbl
MpECTaBICHUs] MaTeMaTUUeCKuX mojesieid. CTpyKTypHbIE CXEMbl U Me-
TOJbI KX TTPE0OPa30BAHUSI.

4. | IlonsTusa pyHKUMU OTKIMKA U (pakTOpoB. OCHOBHBIE JOMYIEHUS perpec-
CHOHHOTO aHAJIN3a

5. | ®opMynupoBKa 3amauM amnmpokcumanuu. Kputepuil MeTtona HanMMEHb-
VX KBaJpaToB. PeneHue 3a1aum anmnpoKCUManuu.

6. | OcHOBHBIC TIOJIOKEHUSI TEOPHUH TUTAHUPOBAHUS IKCIIEPUMEHTOB: TOJTHBIN
daktopHsiii dxcriepumenT ([IDID) u oOpaboTka ero pesyibraToB. bioku
CJIOKHOTO TMpoIlecca CHUCTEMbl — OCHOBA I TOCTPOCHUSI CTPYKTYPBI
CJI0)KHOTO TIPOIIECCa B TEXHOJIOTHIECKOM 00OBEKTE.

7. | Metonbl 00pabOTKU pe3ynbTaToB MoenaupoBaHus. OCOOEHHOCTH MOJY-
HaTYpPHOT'O MOJEJIUPOBAHUS CUCTEM.

8. | IlocTpoenue cratmyeckux U AMHAMHUYecKuXx mozenel. Iloctpoenue sm-
NAPUYECKUX MoJenen. JIMHENHbI PErpecCCUOHHBIM aHAIN3 JJIsl IOCTPOE-
HUsl SMIIUPUYECKUX MOJEIEN.

9. |Ilonstus pynkuuu otkinka u pakropoB. OCHOBHBIE AOMYIIEHUSI perpec-
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CHOHHOT'O aHaJIn3a.

10. | ®opmynupoBka 3afaud annpokcumanuu. Kpurepuil metoga HauMMEHb-
IIMX KBaJpaToB. Pemienne 3ajaun annpoKCUMalluu.

11. | OcHOBHBIE MOJIOKEHUS TEOPUM INIAHUPOBAHUS SKCIIEPUMEHTOB: IOJIHBIN
dakropubIil skciepumeHT (I1P) 1 06paboTKa ero pe3ynbTaToB.

12. | B yem npeuMyniecTBO aKTUBHOTO AKCIIEPUMEHTA?

13. | Kakue nepemeHHbIe Ha3bIBAIOTCS (hakTopaMu?

14. | Yto Takoe pakTOpHOE MPOCTPAHCTBO?

15. | laiiTe nOHSITHE MOBEPXHOCTU OTKJIUKA?

16. | B Buze, Kakoro ypaBHEHMs 4allle NPEACTAaBIISIOTCS YpaBHEHUS perpec-
cumn?

17. | Kakue Meroapl pacueTa KO3(pPUIMEHTOB ypaBHEHUSI PETPECCUU Bbl 3HAE-
Te?

18. | IlosicHuTE CYIITHOCTh METO/Ia HAMMEHBITTNX KBAPAaTOB?

19. | Cucremnslii cunTe3. CocTaBieHHUE MOJETH CIOKHOTO TEXHOJIOIMYECKOI0
00BEKTa KaK CJI0KHOM CHCTEMbI Ha OCHOBE CUCTEMHOTI'O aHAJIW3a U CUHTE-
3a.

20. | Ydert B3auMOJCHCTBUSI 00bEKTa MOJICTMPOBAHUSI CO CPEJIOH.

21. | I'paHuLibl NpUMEHEHMSI IETEPMUHUPOBAHHBIX METOJIOB.

22. | OCHOBHBIE CTATUCTHUYECKHE XaPaKTEPUCTUKU (DU3HMUECKHX MPOIECCOB.
[TocTaHoBKa 3a/1a4¥l CTATUCTHYECKOTO MOJICTUPOBAHUS CHCTEM.

23. | Metoap!l 1 alrOPUTMBI MOACITUPOBAHUS CIYYaHBIX MPOIIECCOB C 3aaH-
HBIMH CTATUCTHYECKUMHU XapaKTEPUCTUKAMH.

24. | Metonbl 00pabOTKU pe3ysnbTaToB MozenupoBaHusi. OCOOCHHOCTH MOMY-

HAaTYPHOTO MOJEIVUPOBAHUS CUCTEM.

10. O6pa3oBaTe/ibHbIe TEXHOJOTHM U METOAMYECKHE YKA3aHHUS MO0 OCBOe-
HHMIO IMCHUILIMHBI (Y4e0HOro Kypca)

[Ipu peanuzauuu yyeOHOro Kypca JIUCUUIIIUHBI UCMOJIb3YIOTCS CIIETYIOIINE

TCXHOJIOTHH:

TEXHOJIOI'MA TPaAUuIIMOHHOTO O6y‘l€HI/I$I, BKJIIOHaromas JCKIWKW U IIPpaKTU4C-
CKHC pa6OTBI, KOTOPLBIC IIPCAIIOIararoT IOCICAOBATCIbHOC M3JI0KCHHUC Ma-
TCpHaja IMpPCrIoaaBaTCICM. .HGKHI/IH C JJICMCHTAMH JTUCKYCCHUH, C HUCIIOJIb30-
BaHUEM TEXHOJIOTUM Pa3BUTHA KPUTHYCCKOI'O MBIIIJICHUA]. HpaKTqucxoe
3aHATHC C PCHICHHUCM 3aJdad, 06CY)KI[CHI/IC PE3YJIbTATOB JACATCIIBHOCTH, IIPO-
BOJUTCs 06CY)KI[€HI/IG PE3YJIbTATOB ACATCIILHOCTHU,

TCXHOJIOI'UA IIPOCKTHOI'O O6y‘-IeHI/I$IZ IMPUMCHSAIOTCS JICKIIUU-KOHCYJIbTAIUU C
HCIIOJIB30BaAHUCM MCTOAA 3alIUTEI IIPOCKTA.

MeToanyeckue peKOMeHAAIUN CTyIeHTaM

N3yunts yueOHBIM MaTepuan Mo AucHUIuIMHE «MoaenupoBaHue TeXHUYe-

CKHUX CHUCTEM», HCIIOJIBb3YysA HCKHHOHHBIﬁ MaTepual U MaTcpHrall OMOJIMOTEYHOTO
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doHa Mo JAaHHOW TeMaTHKe, aKIIEHTUPOBATh BHUMAaHHE HA M3YYEHUU BHUJIOB CH-
CTEM, 3aKOHOB INPOTEKAHUS PEAKIMM U MOJAEIMPOBAHUSA, OTBETUTh HA KOHTPOJIb-
HbIE€ BOIIPOCHI:

1. I[TonsiTve 0 MOAENN U MOJEIUPOBAHUH.
. Ilpumepsl MOIETMPOBAHUS B arPOHOMUM.
. Knnaccudukanus maremaTnueckux Mozesnen.
. OMIIMPUYECKHUE U TEOPETUUECKUE MOJIEIH, UX CYIIIHOCTh U IIPUMEPHI.
. CBoiicTBa ((pyHKITUN) MOJICTIH.
. [IpuHIMIIBI MOJETUPOBAHHSL.
. DTarbl MOJIETMPOBAHMS: BEIOOP THIIA U 0OOCHOBAHUE CTEIEHU €€ CIOK-
HOCTH, pa3pad0oTKa COJEpKaHUs MOJIEIH.

8. O0ycCIOBIEHHOCTh UCTIOIB30BAHUS PETPECCUOHHBIX MOJIeNIel 0COOCHHO-
CTSIMU AMITUPUYECKUX JIaHHBIX.

9. JlunaMu4yecKkue MOJEIH.

~N O Ok W

MoaenupoBaHue, OCHOBHbIE IOHATHS U ONPedeJIeHUS.

B nanHoM pasnene He0OXOAMMO M3YyUYUTh OCHOBHBIC MOHSATHS W MPUHIIMIIH,
JeXalme B OCHOBE MOJICIMPOBAaHMS. MaTeMaTH4eCcKOe MOJICIIMPOBAHUE BKIIFOUAET
B ce0s1 TpY OCHOBHBIX dTara:

1. ®opmanuzanuio H3y4aeMoro mpolecca - MOCTPOCHHUE MAaTeMaTH4eCKOu
MOieNiv (COCTABJIEHHE MATEMAaTHUYECKOTO OMUCAHNUA);

2. YCTaHOBIICHUS COOTBETCTBHS (ACKBAaTHOCTH) MOJEIH H3y4aecMOMY
npoueccy. CTyIeHT IpU U3yYEHUH MaTepuasia JOJIKEH pa3o0paThCsl C TeM, KaKkue
3aJlayyl PeIIaloTCs Ha KaXJI0M dTare.

Bomnpocs! 111 caMOInpoBEpKH.
1. Yto Takoe MoaieupoBaHue?
2. Kakue BubI MOJICIIUPOBAHUS BaM U3BECTHBI?
3. Kak mopapazaensroTcsi mapaMeTphl, BIMSIONIME Ha TapaMeTpbl O00bEeKTa
MO/JICTUPOBAHUS?
Kakue Benmu4rHbI Ha3bIBAIOTCS BXOIHBIMU ?
Kakune Benmu4yrHbI Ha3bIBAIOTCS YIPABIISFOIIME?
Kakue BeIMurHbI HA3bIBAIOTCS BO3MYIIAIOIIUMHU?
Uto Takoe BXOAHBIC BETUYUHBI?
B dem 3aknroyaeTcs cOCTaBICHUE MATEMATHYECKOTO OMTUCAHUSA?
. Kakoii npuHIUI NCNONIb3yeTCsl PU COCTaBICHUU MAaTEMAaTUYECKOTO OMUCAHUS?
10 Kakue 3agaum pemiaroTcs Ha BTOPOM 3Tare NOCTPOEHUsI MoAee?
11. Kakum 06pa3oM Npou3BOJIUTCS MIPOBEPKA MOJIETU HA aIeKBATHOCTh OOBEKTY?
duznyeckoe 1 MaTEMaTUYECKOE MOJIETUPOBAHME

CyuiecTByIOT /Ba BUZA MOJCIUPOBAHUS: (PU3NYECKOE U MaTEeMaTHYECKOE.
N3yuaemasi TeMa MOCBSIIEHA H3J0KEHUIO OCHOBHBIX MOJIOKEHUM STHUX BHUJIOB
MOJICJIUPOBAHUS, UX JIOCTOMHCTB M HeAocTaTkoB. Ocoboe BHUMAHHE CTYIEHT
JOJDKEH 0OpaTUTh Ha MPUHIIMIIGL, JISKAITUE B OCHOBE BUIOB MOJICIIMPOBAHUSI.

Bonpocs! miist caMonpoBEpKH.
1. Yro Takoe pusmueckoe MoieIupoBaHue?
2. B gyem 3akirodaeTcss MaTeMaTHIeCKoe MOJICTMpOBaHue?

©oo~N A
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3. Kakoit npuHIuN JIeXKUT B OCHOBE (PU3NUECKOTO MOIECTUPOBAHUS?

4. Yrto npeacrapisieT COO0H MPUHITUIT H30MOPPHOCTH?

5. Kakue nocTOMHCTBA M HENOCTaTKHM (U3HUECKOTO MOJCIMPOBAHUSA BaM
W3BECTHBI?

6. JlaiiTe onpenesieHre MaTEMaTHYECKONH MO ?

7. Kakue ypaBHEHUS BXOAAT B CTPYKTYPY MaTeMaTU4eCKOW Moien?

8. Ilepeuncnure TUMBI YpaBHEHHM, KOTOPbIE MOTYT BXOAUTh B MAaT€MAaTHYECKYIO
MOJENb?

Knaccudukanus moneneit

[To pexunmam paboThl OOBEKTAa MOJCITUPOBAHHS MOJCTH JACNATCS Ha:
CTaTUYECKUE U JUHAMHYECKHUE. ITo CBOMCTBaM o0BeKTa MOEJIN
KJIACCU(UILIMPYIOTCS HAa MOJEIM C PACHPECIICHHBIMH U C COCPEAOTOYECHHBIMU
napamerpamu. lLlenpr0 HW3y4eHHsT TEMbl SIBJISIETCS O3HAKOMIICHHME C JAaHHOU
KJaccuukanyen u OTINYUTEIBHBIMA OCOOCHHOCTSIMU MOJICIICH.

Bonpocs! miist caMOIpoBEpPKH.
1. JTaiiTe mOHATHE CTATUUECKON MOoaeIIN?
2. JlaiiTe MOHSATHE TUHAMUYIECKONU MOJIETN?
3. [lpuBenuTte npuMep MOJIEIH C paclpeieIEHHBIMU MTapaMeTPaMHU.
4. ITpuBeauTe MpUMeEp MOJIEIU C COCPEOTOUCHHBIMU ITapaMeTpamu.
5. IIpu pemeHun, Kakux 3a7ad HCIOJB3YIOTCS AUHAMUYECKHE M CTAaTUYECKHE
Mojenu?

Buner monenen

[Ipu wuccienoBaHUM XHWMHUKO-TEXHOJIOTUYECKUX CHUCTEM HCHOJIB3YIOTCA
pa3IMYHbBIE  MOJEIIH: WKOHOTrpaduuecKue, ONEPAllMOHHO-OMUCATENbHBIE,
CUMBOJIMYECKHUE, TOMOJOTUYECKUE, CETEBBIE U T. 1.

[Ipyn u3yueHun NAHHOW TEMbl HEOOXOAUMO BBISICHUTH, YTO MPEICTABIISIIOT
co0O# AT MOJENH, YeM OHHM OTJIMYAeTCS NPYr OT Jpyra, JJIs PEHIeHUs KaKux
3a71a4 UCIIOJIb3YOTCS.

Bomnpocs! 1t caMorpoBepku
1. JlaTh oHsAITHE UKOHOTPAQUUIECKONH MOJIEITH.
2. JlaiiTe IOHSTHE OTEPAIMOHHO-OMUCATEILHON MOJIEITH.
3. JlaTh OHATHE CUMBOJIMYECKON MOICITH.
4. B yeMm paznuure MeXIy TONOJIOTMYECKOU U CETEBOM MOJIEBIO?
5. TexHuyeckoe W NPOrpaMMHOE  OOECIeYeHHEe  MaTeMaTH4YEeCKOIo
MO/ICJTUPOBAHUS

B Hacrosiye BpeMs CyIIeCTBYET OOJIBIIIOE KOJUYECTBO MAKETOB MPOTrpaMm
pa3pabOTKM W TPOBEJACHUS MMHUTAIMOHHOIO MojenupoBaHus. Hauboiee
pacnpoctpanenasie MathCAD u MatLAB. BriOOp TEeXHMYECKHX CPEICTB IS
MPOBEJICHUS] MOJICTUPOBAHUS B OCHOBHOM OTIpeIeisieTcsl TpeOOBaHUSIMU, KOTOPHIC
MPEIBABISIOT MTAKEThl IMUTALIMOHHOTO MOJICIIMPOBAHHUS K peCypcaM KOMIbIOTEpPA.

Bomnpocs! aiist camonpoBepKu.
1. Kakue s3bIKH UCTIOIB3YIOTCS IIPU COCTABICHUH MPOrPaMM PacyeTOB MOJAENECH?
2. Kakue makeTsl mporpaMMbl MOTYT HCTIOJIB30BATHCS MPU MOICITUPOBAHUN?

[ToctpoeHne MareMaTH4ECKUX MOJAENEN CHCTEM 3SKCIIEPUMEHTAIbHBIM

METOJIOM
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[Ipu n3yyeHnn MaTepuaia CTyAEHT AOJDKEH YSCHUTh NOHITHUS: TACCUBHOTO U
aKTUBHOTO JKCIIEPUMEHTA, (HDaKTOPHOTO MPOCTPAHCTBA, (hpaKTOpa MOBEPXHOCTH
OTKJIMKA, YpaBHEHUSI perpeccud W ero Ko’ UIMEHTOB, KaKhue METO/BbI,
UCIIOJIB3YIOTCS JJI pacyeTa 3TuX K03 UIIMEHTOB.

Bomnpock! st camonpoBepKH.
1. Kakue BubI SKCIIEPUMEHTOB BbI 3HaeTe?
2. B yeM npenMymiecTBO akTUBHOTO SKCIIEPUMEHTA?
3. Kakue nepemenHblie Ha3bIBalOTCA (hakTopamu?
4. Yrto Takoe GhakTOPHOE MPOCTPAHCTBO?
5. JlaiiTe MOHsATHE MOBEPXHOCTU OTKJIMKA?
6. B Buze, kKakoro ypaBHEHHS Yallle MPEICTaBISIIOTCS YpaBHEHUS perpeccuu?
7. Kakue meTojibl pacueta Ko3((UIIMEHTOB YpaBHEHUSI PETPECCUU BbI 3HaeTe?
8. IlosicHuTe CYIIHOCTH METO/Ia HANMEHBIITNX KBaJApaToOB?

HaxoxaeHue ypaBHEHMI perpeccui 1o JaHHBIM [TACCUBHOTO 3KCIIEPUMEHTA

CTyneHT JOJDKEH O3HAaKOMHUTBCS C METOJAaMHU OIPEICIICHHsS] OLEHOK
napaMeTpoB YpaBHEHHM perpeccuu (KOppeysiluu) MO JaHHBIM [acCUBHOTO
DKCIIEPUMEHTA U IMPOBEPKU 3HAYMMOCTU IapaMETPOB M AJEKBATHOCTH MOJEIEH.
Bce 3T MeTOauKH npeaaraeTcsl U3y4uTh Ha NIpuMepax: JMHEHHON Perpeccuu oT
OJITHOTO TapaMmeTpa; MnapaboJIMYecKoil perpeccuu; TPAHCLEHIEHTHOM perpeccuu;
MHO>KECTBEHHOMN KOPpEIALUU.

Bomnpocs! miist caMonpoBeEpKH.
1. B yem 3aki104aeTcst METOJ PETPECCUOHHOIO U KOPPEISALIMOHHOTO aHaiu3a’?
2. Uto Takoe cuiia JIMHCWHOW CBS3M M KaK OHa OMNpPEACNIeTCS I YpaBHCHUS
JIMHEWHOW PErpeccuu OT JAHHOTO napamerpa’?
3. Ilo kakoMy KpHUTEPHIO TIPOBEPSIETCS aIEKBATHOCTh YPABHEHHSI?
4. Yto Takoe TpPaHCLEHJIEHTHAsl PErpeccus U KOrjaa OHa IPUMEHSIeTCs?
5. Kak omnpepensiercst TeCHOTa HEJTMHEHHOM CBSI3U?
6. Uto Takoe BRIOOPOUYHBIN KOIPPUITUEHT KOppEAIIUn?
7. Kak omnpezensercst Ko3QpGUIUEHT MHOKECTBEHHON KOPPETSAIUN?

8. [lomyueHue ypaBHEHUS pErpecCcuu Mo JaHHBIM aKTUBHOTO 3KCIIEpUMEHTa

MaremaTuueckyro MOJAENTb CTaTHUKH HUCCIEAYeMOro OOBEKTa MOXKHO
NOJIYYUTh II0 pe3yJbTaTaM aKTHUBHOIO 3KCIEPUMEHTA. AKTHBHBIA 3KCIIEPUMEHT
MO3BOJISIET COKPATUTh 3aTpaThl Ha pacyeT MoAeld. Meroabl IJIaHUPOBAHUS
DKCIIEPUMEHTA MO3BOJIAIOT CO34aTh IUIAH OINTUMAJbHBIX HccinenoBanuil. Ilpu
O3HAKOMJICHUU C MaTe€pHalioM HEOOXOIUMO pa3o0paThCsi ¢ METOAAMH TOJyUEHHUS
ONTUMAJIbHBIX IUJIAHOB M pacdera KOo3(p(UIMEHTOB YPaBHEHUSI PETPECCUU IO
pe3yibTaTaM aKkTUBHOT'O 3KCIIEPUMEHTA.

Bormpocs! mi1st camonpoBeEpKH.
1. Yto Takoe onTUMAaIbHBIN MJ1aH?
2. Uto Takoe ypoBeHb I1ana?
3. Kak onpenenuTh KOMUYECTBO OMBITOB B MOJTHOM (DAaKTOPHOM 3KCIEPUMEHTE?
4. Kak paccuuThIBatOTCS KO3(PPHUIIMEHTH YpaBHEHHsI PErPECCHH MO pe3yibTaTaM
MOJTHOTO (PAKTOPHOTO IKCIIEPUMEHTA?
5. B yem 3akirouaercs OeHKa 3HAYMMOCTH YPABHEHUS perpeccuun’?
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MeToanyeckue pekoMeHAauM Mo n3y4eHuro Moay.ro Ne2.

IIpu ocBOEHMH TeMBbI HEOOXOAUMO:

o U3y4UTh Y4YEOHBIM Marepuaq IO TEME, HCHOJIb3ysS OCHOBHYI U
JOTIOJIHUTENBHYIO  JIUTEpaTypy, a TaK K€ TEOPETUYECKHH  Marepuall,
IpEeJICTaBICHHBIN B JAOOpaTOPHBIX padboTax,

® BBIIOJIHUTH 33JIaHUE MOCIIE TEOPETUUYECKOW YacTH IO MPEACTABICHHOMY aJI-
TOPUTMY;
® OTBETUTh HA KOHTPOJIBbHBIE BOIPOCHI.

ITocTpoeHne MaTeMaTUYECKUX MOJIEIIEH CUCTEM aHATTUTHYECKUM METOIOM

[Tpu 3HaKOMCTBE C MaTepuajoM JIaHHOM TEMbl HEOOXOAMMO pa3o0paThCs C
NOPSIKOM ~ COCTaBJICHUST MAaTE€MaTHUYeCKOW MOJENH, YSICHUTb, YTO OCHOBOH
CTPYKTYPBl MAaTEMaTHYE€CKOTO ONMCAHMS SBISECTCA TMAPOJAMHAMUYECKAS] MOJEID,
3aIlIOMHATH OCHOBHBIE 3JIEMEHTAPHBIE IPOLECCHI, YPABHEHUsI KOTOPBIX BXOJIAT B
MaTeMaThyeckoe onucaHue. Bce MHoroodpasme maTeMaTHYECKUX MoJeel
MOTOKOB, BO3HHMKAIOIIMX B PA3JMYHBIX arlaparax, B 3aBUCHUMOCTH OT BHJA
(GyHKUMM pacnpeleseHUusT MOXKET OBIThb MPEACTaBICHO B BHJIE PsiAa THUIIOBBIX
Mozener. ONMMCaHUIO ATUX TUIOBBIX MOJEIIEH MOCBSIIEH MATEPUAII JAHHON TEMBI.
CrTyaeHT NOoKEeH OOpaTUTh CBOE BHHMAHHME HA pa3jiMyue MOJENed W Ha 00JacTH
UX MPUMEHEHHS.

Bormpocs! i1 caMoIpoBepKU
1.Yro npeniiecTByeT COCTaBICHUIO MATEMAaTUYECKOTO OITMCAHUS?
2. YUTto siBNsieTCsl OCHOBOW CTPYKTYpPbl MATEMAaTUYECKOTO ONUCAHUS?
3. YpaBHeHUs, KakuX 'IJIIEMEHTApHBIX" TPOILIECCOB BXOASIT B MaTeMaTHYECKOE
onvcanue?
4. Yo Takoe MOJEIb UJealIbHOE CMEILIECHUS ?
5. UTo Takoe MOJENb UI€aJTbHOTO BEITECHEHUS ?
6.UYem ommmuatorcs auddy3uoHHBIE MOIEAM OT MOJETCH  HICATbHOTO
BBITECHECHUS?
7. Jlns kakux annapaTtoB MOKET ObITh IPUMEHEHA siueeyHas MOAEIb?
8. Uto Takoe BpeMsi mpeObIBaHUS YaCTUIIbI B arnapare?
9. lnss 4ero HCMONB3YIOTCS JOMYIIEHUS MPH COCTaBJICHUU MaTeMaTH4YEeCKOTro
onucaHus?
10. Kaxkue rpynmsl 1onyieHuil Bbl 3HaeTe?
11. Kakue AonymieHus BXOIAT B KaXIYIO FPYIITy?

MareMaTtnyeckoe MOIEIMPOBAHUE TEIOBBIX ITPOLIECCOB

[Ipy MoaenupoBaHWU TEIIOOOMEHHBIX alMapaToB YCTAHOBJEHO, YTO
JBUYKEHUE MOTOKOB TEINIOHOCHUTEIIS M XJIaJar€HTa MaTeMAaTUYECKH OMHUCBIBAETCS C
JOCTAaTOYHOM CTENEHBIO aJIeKBaTHOCTHU JIBYMS IPOCTEUIIUMU
TUAPOJMHAMUYECKUMU  MOJENISIMU: HJI€aJbHOE BBITECHEHUSI M HJealIbHOE
cmenieHue. B 3aBUCHMMOCTH OT TOTO, KakOHM MOJEIBIO OIMCBHIBACTCS JBUKCHHE
TEIUIOHOCUTENS U XJIalar€HTa, MOKHO MOJIYYUTh 3 THUIIA MOJIEEN TEI000MEHHBIX
anmapatoB: 1) cMelieHWe - CMEUICHWE, 2) BBITECHEHHWE - BBITCCHEHHE, 3)
BBITECHEHUE - CMEIICHUE. 3HAUYUTEIBHO PEXE HCHONb3YIOTCA S4YeedHas |
¢ ¢y3noHHast Mojieny. boee cioKHble MOJIENH NPAKTUYECKU HE TPUMEHSIOTCA.
Kpome TOro, cCymecTtByrOT MOJENHU TEMJIOOOMEHHUKOB C YYE€TOM TEIIOBOM
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WHEPLUUOHHOCTH CTEHKM amnmapara W MOJENH, B KOTOPBIX  TEIJIOBOM
MHEPLUOHHOCTBIO CTEHKU IIPEHEOPETaloT.

Bompocs! 1151 camonpoBepku
1. Kakue pomymieHuss HPUHUMAIOTCS IIPU  MOJAEIUPOBAHUHU TEIJIOOOMEHHBIX
arnmapaToB?
2. Kakue arneMeHTapHble MOJENIN UCHOJIb3YIOTCS Il MAaTEMATUYECKOTO OMUCAHMS
TEIUI00OOMEHHBIX anmnapaToB?
3. Kakue BupI TEMI00OOMEHHBIX amliapaToB Bbl 3HaETE?

Matematuueckoe MOACINPOBAHNE MACCOOOMEHHBIX MPOIIECCOB

[Ipu MaTemMaTHYeCKOM MOJACIUPOBAHUN MacCOOOMEHHBIX ammapaToB B
COOTBETCTBHUH C OJOYHBIM MPHUHIIUIIOM HEOOXOAUMO CHOPMYINPOBATH JOMYIICHUS
OTHOCHUTEJIbHO THUAPOJMHAMUKU (TIEpBbIN OJIOK) M OTHOCUTEIIBHO Maccolepeaadu
(BTOpOI1 OJIOK).

B o60meM ciayyae npu MaTeMaTHYeCKOM OIMCAaHUM MacCOOOMEHHBIX
anmnapaToB MCIOJB3YIOT CaMble pa3HOOOpa3Hble T'MJIPOJUHAMHUYECKHE MOJEIH 3a
UCKJIIOYEHUEM MOJENIN MJICATbHOIO CMELICHUs, KOTOpash OMMCHIBAET IPOLECC
HEa/IeKBaTHO.

Bonpocs! 11 camonpoBepku
1. Kakue nomyuieHus: IpUHUMAIOTCS IIPY ONIMCAaHUU MAaCCOOOMEHHBIX anmnapaToB?
2. Kakue sneMeHTapHbIE MOJIEIN UCIIOJIBb3YIOTCA NP MaTEeMAaTUYECKOM ONUCAHUU
MaccOOOMEHHBIX anmnapaTtoB?
3. Kakue BupI MacCOOOMEHHBIX MTPOLIECCOB BBl 3HAETE?

MateMaTnyeckoe MOIETMPOBaHUE PEAKIIMOHHBIX MPOLECCOB
[Ipy TOCTPOGHMHM MAaTEMaTHYECKOTO ONUCAHUS XUMHUYECKHMX PEaKTOpOB
UCIIOJIB3YIOT CaMmble pPa3HOOOpa3Hble TUApOAUHAMUYECKHe Moaenu. OcCHOBHas
TPYAHOCTh TIOCTPOCHHUS MaTEMAaTHUECKON MOJENN 3aKJII0YaeTcsi B OTCYTCTBHUU
JIOCTaTOYHO HAJEKHONM KUHETHKU. I3BECTHO, 4YTO CKOpPOCTh XHMHUYECKOIO
IPEBpALICHHs] OMUCHIBAECTCA 3aKOHOM JAEMCTBYIOUIMX Macc, TPyIHEE YCTaHOBUTh
JICICTBUTEJILHBIN MEXaHWU3M PEAKIIUH.

[Tpu MaTeMaTH4ECKOM MOJECTUPOBAHNU XUMUYECKUX PEAKTOPOB IPUHUMAIOT,
YTO CKOPOCTh XMMHUECKOH PEeaKiid Wi U3MepsieTcss B MOIb/(MC) - FOMOreHHbIC
pEaKIuu - U ONPEAEISeTCS B COOTBETCTBUH C 3aKOHOM JIEHCTBYIOIIMX Macc.

MaremaTtuueckass MoOJeNb XHUMHUYECKOTO pEakTopa MPEeACTaBIsAeT CcoOou
YpaBHEHUs MATEPUAIBHOTO OanaHca MO0 KOMITIOHEHTaM BBIPAXKAIOIIUX 3aKOH
COXpaHEHUs] Maccbl M YypaBHEHHE TEIUIOBOrO OallaHca, COCTaBIsIEMOIO B
COOTBETCTBHUH C 3aKOHOM COXPAaHEHUS YHEPTHH.

Bormpocs! 1i1st camonpoBeEpKH.
1. Kakue Buabl cucteM auddepeHIuanbHbIX YPAaBHEHUN MOTYT OBITh pELIEHBI C
noMoms OBM?
2. Kakue yncnennbie MeTobl pemieHus quddepeHnanbHbIX YPaBHEHUN U CUCTEM
muddepeHINaTbHBIX YpaBHEHU BBl 3HaeTe?
3. Kakum oOpa3zoM MOXHO TIONyYHUTh MEPEAATOYHYI0  (PYHKIUIO U3
nuddepeHInaTbHOTO YpaBHEHUsA?
4.Kak ompenenuTh IUCKPETHYIO NEpeNaTOYHYI0 (YHKLIHIO MO HEMpPepbhIBHOMN
nepeaaToyHon QyHKIUU?
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5. Kakue TunoBsle 3a/1a4u MOJIEIMPOBaHUsI OOBEKTOB BbI 3HAETE?
6. Jliig yero ucnosib3yercst MaTeMaTH4eckas MOJIelb B KaK/10M TUIIOBOM 3aaue?
7. Kakue tunossie 3anaun MmoaeupoBanust ACP u CAY Bbl 3HaeTe?
8. Kakum oOpa3zom wucnons3ytorcas matematudeckue mojenn ACP u CAY B
pELICHUH TUIIOBBIX 3a/1a4?

11. YueOHo-MeTOoaMuYeckoe U MHGOPMALMOHHOE oO0ecleYeHHe TUCHH-
JIMHBI (Y4e0HOTo Kypca)

11.1. Ob6s13aTesibHAA IUTEPATYpPA

/o

bubnuorpaduueckoe onucanue

Tun (yuebHuK, yueOHOe 1moco-
Oue, yueOHO-METOIUIECKOe
nocoOue, MPaKTUKyM, JAp.)

KomanuectBo B
ouomorexe

I'ymepoB A. M.

MaremaTuyeckoe MoIeTuPOBaHHE
XUMHUKO-TEXHOJIOTUYECKUX TPO-
1I€CCOB [ DJIEKTPOHHBIN pecypc] :
yue0. nocobue / A. M. I'ymepos. -
N3n. 2-e, nepepad. - CaHKT-
[lerepOypr : Jlanp, 2014. - 176 c. :
ui. - (YueOuuku ajist By30B. Cre-

uanbHas JuTepatypa). - ISBN
978-5-8114-1533-5.

yue0. mocobue

9BC
"Jlanp"

IletpoB A. B.

MoaenupoBaHue NpoOLECCOB U CHU-
cTeM [ DIIeKTPOHHBIN pecypc] :
yue0. mocobue / A. B. Tletpos. -
Cankr-IletepOypr : Jlanb, 2015. -
288 c. : un. - (YueOHUKH 1Jis BY-

30B. CrieniuanbHas JurepaTypa). -
ISBN 978-5-8114-1886-2.

yue0. mocobue

9BbC

"HaHI)"

YucjieHHBbIE METOABI IPH MO/Ie-
JIMPOBAHHUM TEXHOJIOTHYECKUX
MAallluH U 000pyA0BaHMsA [DJeK-
TPOHHBIN pecypc| : yued. mocodue
JUTsl CTYZIeHTOB BTy30B / I'. B.
Aunekcees [u 1p.]. - Capartos : By-
30BCKOe 0Opa3oBanue, 2014. - 203
c. : ui. - (Breicmee oOpa3oBanme).

yue0. mocobue

2BC
"IPRbooks"

o1




11.2. JlomosHMTeJbHAs JUTEpaTypa W y4deOHbIe MaTepuaabl (ayauo-,
BH/1€0TIOCOOMS U JIP.)

e (¢onx HayyHoU Oubmmoteku TI'Y:

/o

bubnuorpaduueckoe onucanue

Tun (yueOHuk, yueOHOE
nocooue, yueOHo-
METOAMYECKOE TIoco0ue,
MPAKTUKYM, ayJI10-, BU-
JI€0-TI0COOMS M JIp.)

KoimuectBo B 0OuO-
JINOTEKE

Koueryposa E. A.
Teopus u MeTONIBI ONTHMH3A-
oA [DJIEKTPOHHBIA pecypce] :
yue0. mocodue / E. A. Kouery-
poBa ; TOMCKHI MTOJUTEXHUYE-
CKMM yHuBepcuTeT. - ToMck :
TIIY, 2013. - 133 c. - ISBN
978-5-4387-0237-5.

yue0. mocobue

9BC "IPRbooks"

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

yue0. mocobue

9BC "IPRbooks"

O0mas xuMHYecKasi TeXHO-
Jorusi  [DIEeKTpOHHBIH  pe-
cypc] : OCHOBHBIC KOHIIECMIUU
MIPOCKTUPOBAHMUSI XUMUKO-
TEXHOJIOTUYECKUX  CHCTEM
yueOnuk / . M. Ky3HenoBa [u
ap.] ; mox pen. X. O. Xapnam-
nuau. - U3a. 2-e, mepepad. -
Canxkt-IletepOypr :  Jlans,
2014. - 380 c. : un. - (YueOHu-
ki1 st By30B. CrnenuanbHas
auteparypa). - ISBN 978-5-
8114-1479-6.

y4eOHUK

9bC "Jlaus"

Cemaknna 0. K.
MarmmHbl ¥ anmaparbsl Ui Tie-
pepaboTKn MUHEPAIBHOTO ChI-
pbs [DneKTpoHHBIA pecypc]
yuaeb. mocobue / O. K. Cemaku-

yue0. mocobue

S9BC "IPRbooks"
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Tun (yueOHUK, yueOHOE
nocobue, yaeOHo-
Ne » Y1 KonuuectBo B 6uO-
bubnuorpaduueckoe onucanue METOAMYECKOe Iocoodue,
/1 JNOTEKE
MPAKTUKYM, ayJTHO-, BU-
JI€0-TI0COOMS M JIp.)
Ha, /[. A. T'opnyuiko ; Tomckuit
MOJIMTEXHUYECKUN  YHUBEPCH-
teT. - Tomck : TITVY, 2014. - 90
c. - ISBN 978-5-4387-0359-4.
e Jpyrue GOHIBI:
Mecro
Tun (yue6HUK, ydyeOHOE 1mo- XpaHeHUus
Ne cobue, yueOHO- (MeTonmueckuit
0 /;1 bubnuorpaduueckoe onucanue METOIMYECKOE Iocodue, KaOWHET Ka-
NPaKTUKYM, ayH0-, BH- denpsi, TOpo-
JIE0TIOCO0uS U Ap.) cKkue 0uoImo-
TEKH U Jp.)
Kpasiosa M.B. VYyebHo-
METOINYE-
1 METOANYECCKOC IIocooue 1Mo n3y- y‘Ie6HO'MCTOI[I/ILIeCKOC CKHif KabH
' YECHUIO JTUCHUIUIMHBI «Moaenupo- nocobwue
HET Kadeapsl
BaHUE TEXHUYECKUX CUCTEM.

COT'JIACOBAHO

JupexTop HayuyHOU OMOIHOTEKH A.M. AcaeBa
(noonucs) (U.0. Damunus)

« _» 20 T

MIIT

11.3. IlepeyeHb pecypcoB HH(OPMALMOHHO-TEJIEKOMMYHUKAIMOHHOMI
ceru ""UnTepuer"

e  WebofScience[DnekTpoHHbIlt pecypc] : MyJIbTUAWCHMUIUITMHAPHAS
pedepatuBHas 6a3a manueix. — Philadelphia: ClarivateAnalitics, 2016. — Pexum
nocrymna : apps.webotknowledge.com. — 3arun. ¢ skpana. — f3. pyc., anrd.

e  Scopus[DnexkTtpoHHbIli pecypc] : pedepaTuBHas O0a3za JaHHBIX. —
Netherlands: Elsevier, 2004. — Pexxum gocTyma : scopus.com. — 3aril. ¢ 3KpaHa. —
S13. pyc., aHruL

e  Elibrary[OnekTpoHHBIN pecypc] : HaydHas 3JIEKTpOHHas OMOJIMOTEKa.
— Mocksa : HOb, 2000. — Pexxum nocrtyma : elibrary.ru. — 3arn. ¢ skpana. — f3.
pyc., aHIL.

e  http://thescipub.com/journals/ajeas - peneH3UpyeMblid  KypHAI
American Journal of Engineering and Applied Sciences - myOiukyeT pe3yabTaThl
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http://thescipub.com/journals/ajeas

UCCIIEIOBAaHUM B 00J1aCTH MHXKEHEPHBIX HayK (mpukiagHas QU3uka v MpUKIaaHas
MaTeMaThKa, aBTOMAaTH3alusi | yIpaBJICHHUE, XUMHUYECKass TEXHOJOTHS,
KOMITbIOTEpHAsT TEXHUKa, WH(POPMATHUKY, WH)KCHEPHbIE JaHHbIE W pa3paboTKa
MPOrPaMMHOTO  OOECTEUEHHUsI, HKOJOTHYECKass WHXXEHEpHUs, DIIEKTPOTEXHHKA,
MPOMBIIIUICHHAs] WHXKEHEpHs, MH(OPMAIIMOHHbIE TEXHOJOTMM U HH(OpMaTHKA,
MaTepHaloBe/IeHNEe, U3MEPEHHUE U METPOJIOTHs, MAIIMHOCTPOCHUE, MEIULIUHCKAs
bu3nKa, F3HEpreTuKa, 00padoTKa CUTHAIOB U TEJIEKOMMYHUKAIUH.

e  http://rsta.royalsocietypublishing.org/ - xypuan  Philosophical
Transactions A mpeaocTaBisieT CBOOOIHBINA JOCTYN K HAYYHBIM MyOJUKALUAM IO
CIIEYIOIIMM TeMaM: HH)KEHEpHbIE, PU3NYEeCKIe, MAaTEMAaTHUYECKHE HAYKH.

e  http://www.medwelljournals.com/archive.php?jid=1816-949x —
xypHan Journal of Engineering and Applied Sciences (Medwell Journals)
OpEJCTaBIsIET CTaTbM C pe3yJbTaTaMM HAy4yHBIX MCCIEAOBaHUNH B 00JacTU
UH)XCHEPHBIX ~ HayK  (MareMaTHKa, DJJIEKTPOTEXHHKA,  MAaIllMHOCTPOCHUE,
HHEpPreTHKa, aBTOMOOWJIECTPOEHUE, OMOXMMHYECKAsi WH)KEHEPHs, CTPOUTENIbHAs
WHKXEHEPUS U T.11.).

e  http://www.Kirj.ee/engineering - MeXIyHApOJHBIA HAYYHBIH >KypHAI
The  Estonian Journal of Engineering, mnyOJuMKoBaBIIMII  Hay4HO-
uccinenoBarenbekue cratbu ¢ 1995 mo 2014 rr., npencrasistomue UHTEPEC IS
IIMPOKOI0 CHEKTPA MHKEHEPHBIX CIIELUAIBHOCTEN; BBITYCKAJICSA MPU MOIIEPIKKE
DCTOHCKOH aKaJIeMUU HayK.

e  https://doaj.org/ - pecypc, KoOTOpwlli oOOecrmeyrBaeT JOCTYI K
IIOJIHOTEKCTOBBIM  3JIEKTPOHHBIM JKypHaJlaM IIpEIHA3HA4eH [UIs [OWCKa I10
Ha3BaHUIO CTaThbl (>kypHasa) wiu 1no temMe. DOAJ cTaBUT LENbI0 BCECTOPOHHEE
OCBEIICHHE HAyYHON NEPUOJUKH, HAXOASIIECHCS B OTKPBITOM JOCTYyIE H
WCITIOJIb3YIOIIEH OIpeIeNIeHHbIE MEPbI, rapaHTUPYIOLIUE JOCTOMHOE KAayeCTBO HX
COJIEp KaHUSI.

e  http://www.sciencedomain.org/journal-home.php?id=6 - xypnan
British Journal of Mathematics &Computer my0aukyet pe3ynbTaThl HCCIICA0BAHHUI
B 00J1aCTH MaTeMaTUKU U HHPOPMAIIMOHHBIX TEXHOJIOTHUH.

e  http://www.enveurope.com - Cratbu xxypHana Environmental Sciences
Europe, nocBseHHoro 3amTe OKpy>Karomieil cpe/ibl.

e  http://www.gjesm.net - crateu xypHana Global Journal of Environ-
mental Science and Management, MOCBSIIEHHOTO 3aIMTE OKPYKAIOIICH CPEIbl,
MPOMBIIIUIEHHON SKOJIOTUU U YIIPABIEHUIO B 3TOM 00JIaCcTH.

e  http://www.sciencedomain.org/archives.php?iid=1160&id=16 - apxus
penenzupyemoro xypHaita American Chemical Science Journal, mocBsieHHOTO
OOIIMM BOMPOCAM XHMMHUHU B CIEAYIOIIUX MPEIMETHBIX O0JacTAX: OpraHuYecKas
XUMHUSI, HEOpraHU4YecKas XUMHUsI, (PU3nUecKas XUMHUs, TPOMBILIUICHHAs XUMHUS, XH-
MUYECKasi TEXHOJIOTHSI, aHATUTHYECKAss XUMUS, MEIUIIMHCKAsl XUMUs, CylpaMosie-
KyJISIpHAas XUMUSI BBICOKOMOJIEKYJISIPHBIX COEAMHEHUN W HAHOXMMHS U Jp. MpH-
KJIQJIHBIX JUCIUIUIMHAX XUMUYECKON HAYKH.

e  http://www.epo.org/searching/free.html - 6uGmmoTexa maTteHToB.
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http://www.epo.org/searching/free.html

e  https://patentscope.wipo.int/search/en/search.jsf - monck o mexayna-

POAHBIM N HAIIMOHAJIBHBIM IIATCHTHBIM q)OHHaM, IIOUCK KaK Ha PYCCKOM, TdK U Ha
APYIux s3bIKaxX.

11.4. IlepeyeHb NPOrpaMMHOI0 o0ecnevYeHust

Ne
n/n

HaumenoBaunmue I1O

KoianuecTBo
JUIEeH3HH

PexBu3uTHI 10TrOBOpa (1aTA,
HOMeEp, CPOK J1eiCTBHUA)

MathCAD

15

- Akt n/n or 21.07.09 (Toc.
Kontpakr 487 ot 28.05.09)
(OeccpouHblit)

Office Standart

1398

- Office Standart (oroBop Ne
690 ot 19.05.2015r., cpok
neiicteusi - O6eccpouno; Jloro-
Bop Ne 727 or 20.07.2016r.,
CPOK JICUCTBHS — OECCPOYHO).

Windows

1398

- Windows (loroBop Ne 690
or 19.05.2015r., cpox nei-
CTBUSI - OECCPOYHO).

11.5. Onucanue MaTepuaJbHO-TEXHHYECKOH 0a3bl, HEOOXOAUMON /I
oCylIeCTBJIEHUs 00Pa30BaTEJIbHOI0 MPOLECCa M0 JUCHUIINHE (MOTYJII0)

Ne
n/n

HaumenoBanue 060pyno-
BAHHBIX Y4eOHbIX Ka0u-
HeTOB, JJabopaTopuii, Ma-
CTePCKHUX M JIpP. 00bEKTOB
AJIs IPOBeiCHUS NPAKTH-
YeCKHUX M JIa00paTOPHBIX
3aHATHI

Ilepeyenb 0CHOBHOTO 000-

pyAOBaHHSs

dakTHYEeCKUIl aapec
y4eOHbIX KAOMHETOB,
JadoparTopuii, ma-
CTEPCKUX M Ap.

IMnomann, M’
KoanuecTBo
MOCATOYHBIX MECT

VYuebnas  ayautopus | CTOnbI

YYCHHUYCCKUC

445020 Camapckas

(*2)
N
-
o
(o)
(o]

JUIS IPOBEACHUSA 3aHS-
TUA JEKIMOHHOIO TH-
na. YdeOHas ayauTo-
pus Il TIPOBEACHMS
3aHATHI CEMHHApPCKOTO
Tuna. YueOHas aynu-
TOpUA ISl KypCOBOTO
MPOEKTUPOBaHUS (BbI-
MOJTHEHUSI  KYPCOBBIX
pabot). YuebHas aynu-
TOPHS JJIsI TIPOBEICHHS
TPYIIOBBIX U WUHAUBU-
yalIbHBIX KOHCYJbTa-
nui. YuyeOHas ayauTo-
pus Il IPOBENCHMS
3aHATHI TEKYLLETO
KOHTPOJISI U IIPOMEXKY-
TOYHOM aTTECTALUU.

(A-419)

TpeXMecTHble  (MOHO-
0JI0K), MOHOOJIOKH
JIBYXMECTHBIE, CTOJ
MpenoaBaTeNbCKUiA,

CTyJd  TNpernojaaBaTeib-
CKUH, J0CKa ayauTop-
Has (MesoBas), kadempa

obmacth, r. Tolb-
arti,  LleHTpans-
HBIN

p-H yi. benopyc-
ckas, 1. 16b

KoMnbroTepHslii Kilacc.

Crosibl  y4EHUYECKHE,

445020 Camapckas

43,40

10
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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)

VYyeOHass  ayautopus
JUIS TIPOBEACHUS 3aHs-
TUH JIEKIIUOHHOI'O TH-
na. YdeOHas ayauTo-
pusi s TPOBEICHUS
3aHSATUNA CEMHUHAPCKOTO
Tuma. YueOHas ayau-
TOpUS Ui IPOBEICHUS
mabopaTopHBIX PpadoT.
YyeOHass  ayauTopus
JUISE KypCOBOTO TPOCK-
TUPOBaHUS (BBIMOJHE-
HUS KYpPCOBBIX pador).
VYyeOHass  ayauTopus
JUISL TIPOBEJCHUS TPYI-
MOBBIX W HWHIUBUIY-
QJIBHBIX KOHCYJIbTAIIMHA
VYyeOHass  ayauTopus
JUIS TIPOBEACHUS 3aHs-
TH  TEKYIIEro KOH-
TPOJNSL M TPOMEKYTOU-
HOU aTTECTallUN.

(A-415)

CTYJIbS  YYEHHUYECKHE,
J0CKa ayAauTopHas (Me-
nosas), IIK, mpoekrop,
9KpaH MepeHOCHOH , pa-
00YMii CTOJ. MUCHMEH-
HbIA  YIJIOBOM  CTOII,
IpernojaBaT. CTOJI.

obmacte, r. Toib-
arty,  LenTpaib-
HBIN

p-H yn. benopyc-
ckas, 1. 16b

KomnsrorepHsiii kiacc.
ITlomemenue i camo-
CTOATEIBHONW pabOTHI.
YyeOHass  ayauTopus
JUISL TIPOBEACHUS 3aHs-
THA CEMUHApPCKOIO THU-
na. YdeOHass ayauTo-
pus IS KypCOBOTO
MPOEKTUPOBaHUS  (BbI-
MOJHEHUSI  KYPCOBBIX
pabor). YuebHas ayau-
TOpUS AJI1 IPOBEACHUS
TPYITIOBBIX W WHIWBU-
JyallbHBIX KOHCYJbTa-
nuid. YdeOHas ayauTo-
pus Il TPOBEACHUS
3aHATHI TEKYIIEero
KOHTPOJISI U TTPOMEXKY-
TOYHOM aTTECTAllUU.
(T"-401)

Croubl yueHHUECKHE,
CTyJIbs YYCHUYECKUE,
IIK ¢ BBIXOZOM B CETH
WNHuTtepHer

445020 Camapckas
00:1. r.TonpsarTy,
yi1. benopycckas,
14, mo TIT Ne 48

84,8
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