denepanbHOe TOCYTapCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEIKICHUE
BBICIIICTO 00Opa30BaHUs
«TONMBATTUHCKUMN TOCYIaPCTBCHHBIH YHUBEPCUTET

b1.5.03

(unoexc oucyuniunoy)

PABOYAS TPOI'PAMMA JUCIUAIIJIMHBI

MO,ZIGJH/IpOBaHI/Ie TEXHUYCCKUX CUCTEM
(HaumeHoB8aHUE OUCYUNTIUHDBL)

110 HAIIPpAaBJICHUIO ITOAT'OTOBKHU (CHGHI/IaJ'ILHOCTI/I)
18.04.01 Xumuueckast TEXHOJIOTHS
(k00 u HaumeHOB8aHUe HANPABIEHUs NOO20MOBKY, cneyuanvhocmu ¢ coomsememeuu ¢ @I'OC BI10/ @I'OC BO)
XUMHS U TEXHOJIOTHUSA IMPOAYKTOB OCHOBHOI'O OPraHUYCCKOro 1 He(bTCXI/IMI/ILIeCKOFO CHHTE3a
(ranpasnennocmov (npogunv)/cneyuanusayus)

®dopma 00ydeHHs: OUHAas

I'ox Habopa: 2019

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

KoanuectBo 3ET 5
Yacos no PYII 180
Buabl KOHTPOJIA B IK3aMeHbI 3aueTsl KypcoBbie KypcoBbie KonTpoashsie
ceMecTpax: NMPOEKTHI padoThI (s 3';1?::0",; top-
MBI 00yYeHHsI)
1
NeNe cemecTpoB
1 2 3 4 5 6 7 8 9 10 11 HTtoro
3ET no cemecTpam 5 5
Jlexuun 16 16
JlabopaTopHbIe
ITpakTHyecKne 48 48
Kouraktnas pagora | 64 64
Cam. pabora 116 116
KonTpoan
Hroro 180 180

ToabsaTTH, 2019




PaGouas mporpamma cocraiena Ha ocHoBaHuu OI'OC BITIO/®T'OC BO u yuebHoro mian

HarpasJieHus MoAroToBku (crenuanbHocTH) 18.04.01 Xumudeckas TEXHOJIOTHUS
(KOO U HAUMEHOBAHUE HANPABTIeHUs: NOO20MOsKU, cneyuanbHocmu 8 coomeemcmeuu ¢ @I'OC BIIO/ @I'OC BO)

PeIIeH3I/Ip0BaHI/Ie paﬁoqeifl nporpaMmmbl ITUCHUIIJIMHBI:

x| OrcyrcrByer

x| YuebOnas (pabouas) mporpamma ogoOpeHa Ha 3aceqaHuu kadeapsl «ParmonansHOe MPUPO-
JIOTIONIb30BaHME M pecypcocOepekenney (mporokosn 3aceaanus Ne 1 ot 28 asrycra 2018 r.).

Penienzent

(OoaocHOCIb, YueHoe 386aHue, CeneHy) (noonucs) (U.0. amunus)

« » 20 T

Cpok neiicTBUs padoueii mporpaMMsbl AMCHHUILIMHBI 10 28 aBrycra 2021 r.

HNudopmanus 00 akryanusanuu padovei mporpaMmbl I CHUILIHHBI:

IIpoTtokoun 3acenanus kagenpsl No OT «_ » 20 1.

IIpoTtokon 3acenanus kagenpsl No  oT «_ » 20 T

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

ITpoTokomn 3acenanus kagenpsl No 0T «_ » 20 T
COT'JIACOBAHO

3aBenyromuii kKadeapoi «XuMus, XUMHUYECKHUE MPOIIECChl U TEXHOJIOTHUIDY

(8vinyckarowell Hanpaeienue (CneyuarbHOCmy))

«_» 20 T .. Ocranenko
(noonucsw) (M.0. @amunus)

YTBEPXIAIO

3aBenyromuii kKadenpoit «ParmoHalbHOE MPUPOIOTOIL30BAHNE U pecypcochepexe-

HHUECY (paspabomasweii PII/])
« » 20 1. M.B. Kpasiosa
(noonucs) (1.0. Pamunus)



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

(MHAEKC ¥ HAaMMEHOBaHUE AUCUMILUIMHBI (y4eOHOTO Kypca))

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

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

3amaun:

1. CdopmupoBaTh CIOCOOHOCTH MPUMEHSATH METOABl MATEMATHUYECKOTO MO-
JIETMPOBAHUS B KOMIUIEKCHOM MPOU3BOICTBEHHO-TEXHOJIOTUYECKOMN A TEIHHOCTH.

2. CdopmupoBaTh CIOCOOHOCTH BBITIOJIHSITH MPOEKTHBIE PACYETHI OTACIbHBIX
CTaJIMM TEXHOJOTUYECKOTO TPOIIeCcCa C UCIIOIb30BAHUEM METOJIOB MAaTEMaTUYECKOTO
MOJICIUPOBAHUS, C MPHUBJICYCHHEM CTaHAAPTHBIX CPEJCTB aBTOMATU3UPOBAHHOIO
MIPOCKTUPOBAHUS.

3. CdopMupoBaTh y CTYJCHTOB HaBBIKH CAMOCTOSITEIILHOTO MTPOBEACHUS TEO-
PETUYECKUX W MCCIICIOBAHUI HAa OCHOBE HCITOIh30BAHUS METOJIOB MOJCITUPOBAHUS C
nocieayrolIieit 00paboTKON U aHAJIU30M PE3yJIbTATOB UCCIICTOBAHUM.

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

HNannas qucruruinHa (y4eOHbIH Kypc) oTHOCUTCS K bioky 1 «/lucuurmiuHel
(Momynu)» (0a3oBasi 4acTh).

JucuuniauHel, ydeOHble Kypchl, HA OCBOCHHUU KOTOPBIX Oaszupyercsi NaHHas
mucuurimHa  (yueOHbli  kypc) — «Karanu3z B XMMHUYECKOM TEXHOJOTUNY,
«CoBpeMEHHbIE METOJIbI KOHTPOJISI KauecTBa MPOJYKTOB OCHOBHOTO OPTraHUYECKOIO
U HEPTEXUMUYECKOTO CUHTE3a».

JucruminHbl, y4eOHbIe KypChl, ISl KOTOPBIX HEOOXOAMUMBI 3HAHUS, YMECHHUS,
HABBIKH, TPHOOpETacMbIe B PE3yJIbTaTe M3YUYCHUS JAHHOW AUCIUIUIMHBI (Y4eOHOTO
Kypca) — «J/lonmoJHUTENbHBIE TJaBbl MPOLIECCOB U aNlapaToB XUMHUYECKOU
TEXHOJIOTUWNY, «/[0TIOTHUTEIFHBIC TJ1aBhI TEXHOJIOTHH HEPTEXUMHUECKOTO CHHTE3a).



3. Ilnanupyemblie pe3yJbTarTbl 00y4eHHMs 1O AUCHUILIMHE (yueOHOMY
Kypcy), COOTHECEHHbIe C INIAHMPYeMbIMHM pe3yJIbTATAMH OCBOeHHs1 00pa3oBa-

TEJbHOU NMPOTrPaAMMbI

dopmupyembie U KOH-
TPOJIMpYyeMble KOMIIe-
TEHUHHU

Ilnanupyemble pe3yabTaThl 00y4eHHUs

CIOCOOHOCTD Ha
NPAKTHUKE HCIIOJIb30BaTh
YMEHUSI U HAaBBIKH B
OpraHu3anuu
UCCIICIOBATCIILCKUX |
IPOCKTHBIX  paboT, B
yIIPaBICHUN
koyutektuBoM (OK-7)

3HAaTh:
— 0COOEHHOCTH OPTaHU3AIMU TPOCKTHBIX padOT

VYMeTs:
— OIICHUBATh COCTOSIHHME MHAPACTPYKTYPhI MPOU3BOJICTBA
B COOTBETCTBUHU C HOPMATHUBHBIMH TPEOOBAHUSIMHU

Bnanern:
— METOJaMH OpraHu3alvyd W MPOBEICHUS HAy4YHO-
HCCIIeIOBATEIILCKUX paboT

CITOCOOHOCTh HAXOIUTH

TBOPYECKUE  PCIICHHSI
COIMAJTBHBIX 1
po¢eCCUOHATIBHBIX
3a/la4, TOTOBHOCTBIO K
MIPUHSTHIO
HECTaHapTHHIX

pemenwuii (OK-8)

3HaTh:

— TEXHUYECKHUE CpPEACTBAa Jii HM3MEPEHHUS OCHOBHBIX
MapaMeTpoB OHMOTEXHOJIOTUYECKUX IMPOIIECCOB, CBOMCTB
CBIPbsI U IPOJTYKIIUHU

YMeTs:
— MPOU3BOJAUTH CTPYKTYPHBIA aHAM3 U CUHTE3 CIOXKHBIX
MIPOIIECCOB, MMPOTEKAIOIIMX B armnapaTax pa3JIM4yHbIX TUIIOB

Bnaners:

—  METOAWMKaMH  pacuera TMpud  MPOSKTHPOBAHUHU
KOHCTPYKIIMH aImapatoB W CHCTEM aBTOMAaTH3allid B
00JIaCTH XUMHUYECKON TEXHOIOTHHU

CIIOCOOHOCTH c
MTOMOIIIBIO
MH(pOPMAITMOHHBIX
TEXHOJIOTUI K
CaMOCTOSITEILHOMY
IPHOOPETCHUIO u
W CIIOJIb30BaHUIO B
MIPAKTUYECKOU
NEATEIbHOCTH  HOBBIX

3HAHUW W YMEHUH, B
TOM 4YHCIIE B 00JacTsIX
3HAHMU,

HETMOCPECTBEHHO HE
CBSI3aHHBIX €O cdepoit

3HaTh:
— OCHOBHbIE Hay4YHbIe MH(GOPMAIIMOHHBIE CUCTEMBbI

YMeTs:

— MPUMEHSATh MEKIUCITUTUIMHAPHBINA TTOJAXO0/ K aHAIHU3Y H
PEIICHHIO TIPOOIIEM

— TPUMEHSTh TNPUOOPETCHHBIE 3HAHUA TIPU AHAIIN3E
HKOJIOTUYECKUX CHUTYallMid TPUPOJHOTO U TEXHOTEHHOTO
XapakTepa

— TPUHUMATh TPABWIbHBIE PEIICHUS TI0 CHIDKCHHIO
HETaTUBHBIX MTOCJICICTBUMA

Bnanets:

— HaBBIKAMHU PEIICHUS KOHKPETHBIX TEXHOJIOTHYECKUX
3aj1a4

— HaBBIKAMM MPAKTHYECKUX PACUETOB IMPU UCCIIECIOBAHUU

nesitenbHocT (OK-9) peallbHBIX ~ XHMHMYECKHUX  MPOIECCOB  mepepaboTKu
MIPUPOJIHBIX IHEPTOPECYPCOB

TOTOBHOCThH K | 3HATh:

HCIIOJIb30BaHHIO — METOIbl pa3paboTKW MaTEeMaTUYECKHX  MOJIEeH

4




METOIO0B
MaTeMaTU4YECKOTO
MOJEIUPOBAHUS
MaTepuaioB "
TEXHOJIOTUYECKUX
MIPOIIECCOB, K
TEOPETUUYECKOMY
aHaIu3y "
AKCIIEPUMEHTAIIBHOMN
MIPOBEPKE
TEOPETUYECKUX THUIOTE3
(OIIK-4)

IMpOICCCOB B Pa3/IMYHBIX THUIIAX aIlllapaTax

- MCTO/bI MaTCMaTH4YCCKOI'O MOACIUPOBAHNA,
OIITUMH3AlIUKU U IIPOCKTUPOBAHUA ITPOLCCCOB XUMHYECKOMN
TCXHOJIOTHHK U 6I/IOTGXHOJIOFI/II/I; OCHOBHBLIC MOJCJIN
CTPYKTYPhBI IIOTOKOB, TEIJI00OMEHHBIX M MacCOOOMEHHBIX
MponeccCcoB, METOAbI I/II[CHTI/I(i)HKaHI/II/I [mapaMCcTpoOB MOACIN
N MCTOAbI YCTAHOBJICHHA aICKBATHOCTH MOJCJIN

YMeTh:

— pa3pabaTbIBaTh MaTeMAaTHYECKHE MOJIEIH MPOIIECCOB HA
OCHOBE  CTPYKTypHOTO  aHaluW3a ®  CHHTE3a C
HMCIIOAB30BAaHUEM  OJIOYHOI'O IIOJX0Ja K  OIMCAaHHIO
CJIOKHBIX TTPOIIECCOB

— IIPOU3BOJUTH MPOBEPKY aJCKBATHOCTH MaTEMaTHUYECKUX
Moaenen

— OCYIIECTBIISITh UJIEeHTU(PUKAITIIO rapaMeTpoB
MaTEMaTUIECKOU MOJIEIIH, MOJICITUPOBAHUE u
MIPOCKTUPOBAHKUE TPOIECCOB XUMHUYECKOW TEXHOJOTHH,
HepTEeXUMUU 1 OMOTEXHOJIOTHH

Bnaners:

—  METOJaMH  MaTEeMaTHYECKOTO  MOJCITUPOBAHHS
MPOIIECCOB HA OCHOBE CTPYKTYpPHOTO aHAINW3a U CHHTE3a C
UCITOJIb30BAaHUEM  OJIOYHOTO TMOJXO0Ja K  OMHCAHHIO
CJIOXKHBIX TTPOIIECCOB

— METOJaMH  OmpeAeNieHus (PU3NKO-XUMUYECKUX U
TEIJIOPU3NUECKUX CBOMCTB Il pacyeTa U BbIOOpa
OCHOBHOTO Y  BCIIOMOTATEIbHOTO  TEXHOJOTUYECKOTO
000py10BaHUs B 00JIACTH XUMHUYECKON TEXHOJIOTHH

TOTOBHOCTb K TIOHCKY,
0o0paboTKe, aHaIu3ly u
CUCTEMaTHU3ALINH
HAYyYHO-TEXHUYECKOU
uHbopMaIMu 1O TeMe
UCCJIEIOBAHUS, BBIOODY
METOJAMK U  CpPEICTB
pemenus 3anaun (I1K-2)

3HaTh:
— TpeOOBaHMS K IMPABOBBIM OCOOEHHOCTSIM 3aIlUThI
WHTEJUIEKTYalIbHOM COOCTBEHHOCTH

YMeTh:

— TPOM3BOJUTHL BHIOOp ammapara W PacCYUTHIBATH
TEXHOJIOTUYECKHE TMapaMeTpbl Mpolecca C  yYETOM
peanu3aliu 3a/1a4 SHEPro- U pecypcocOepekeHus

Bnanets:

— MeToJaMHu TIOMCKa W oOMeHa wuHpopMalueil B
KOMITBIOTEPHBIX CETAX, TEXHUYECKUMH W TPOTPAMMHBIMU
CpeICTBaMH 3allUThl HWH(POpPMAIMK, BKJIIOYAS TPUEMBI
AHTHUBUPYCHOUW 3aILUATHI




TemaTu4veckoe copep:kaHue TUCHUIINHBI (Y41e0HOr0 Kypca)

Paznea,
MOJYJIb

Ioapasaen, Tema

Mopayns 1. MogenupoBaHue, OCHOB-
HBIC TIOHATHS U, OTIPE/ICIICHHS, BUIBI U
METO/IbI HACHTH()UKALNKE CTATUISCKIX
MOJIeTIeH.

MopgenmpoBaHne, OCHOBHBIC OHSTHS U onpeneneHus. [IoHsITHe MoenmMpoBaHus, MOJIEIIH.
Buasl MomenupoBanust, BuAbI Mozeneit. Knaccudukanus mozgeneit. Matemarudeckoe
MOJICIMPOBAHUE, MaTeMaTH4Yeckue MoJien. PopMbI IPECTABICHHS MATEMaTHYECKHX
Mozeneil. CTpyKTypHbIE CXeMBI H METOBI UX IIPe0Opa30OBaHus.

IToHsATHE O CTATHCTHYECKOM MOJEIUPOBaHUHU. [TOHATUS QYHKIMH OTKIIMKA U (HaKTOPOB.
OCHOBHBIE JOITYNIEHHS PErpecCHOHHOTO aHanu3a. @opMyIIMpOBKa 3aJa4d arllpOKCHMa-
mun. Kpurepuii MeTota HanMeHbIHX KBagpaToB. OCHOBHEIE ITOJIOKEHUS TEOPUH TUIAHHU-
POBaHUS SKCIIEPHIMEHTOB: MTOJHBIN (akTopHbIH skcniepuMenT (I1IDD) u 06paboTka ero
pe3yJIbTaTOB.

Monyns 2. MaTeMaTH4ecKoe MOJIEH-
pOBaHUE TEXHUYECKUX CHCTEM

MogpenupoBaHHe CTPYKTYPBI IOTOKOB B anmapaTax.

[locTpoeHne MaTeMaTH4eCcKUX MOJETEeH CUCTEM aHATUTHYECKHM METOIOM.
Marematndeckoe MOACIHPOBAHHUE TEIUIOBBIX IPOLIECCOB.
MopgenupoBanre MacCOOOMEHHBIX TIPOIIECCOB XUMHUYECKOI TEXHOJIOTHHL.
MojaenpoBaHie KUHETHKH XMMUYECKUX peaKIyi.

OO01asi TPy10eMKOCTh TUCHMILIUHBI (YueOHOoro Kkypca) — 5 3ET.




4. CprKTypa H COACPKAaHUEC TUCHUIIIIUHBI (yqeﬁnoro Kypca) MojaeanpoBaHue TEXHHYECKHUX CHCTEM
(HaMMeHOBaHKe TUCLIUILIMHBI (yueOHOro Kypca))

Cemectp uzyuenus 1

Buanbl yueoHoii padoThI Dopmbl Pexomenayemast
KoHnTtakTHas padora CamocTosebnas padora TEeKYIIero KoH- auTeparypa (Ne)
(B yacax) TPOJIst
BCEro o ®DopMbl NPOBeIEHUST Heo0xoaumbie (HanMeHOBaHUE
Paszneu, Toapasaex, Tema E < § §_ JIeKIMid, naﬁopampnblf, . (bopMB1 oprammza- MaTepHAIbHO- OLIEHOYHOT'0
MOayJab = £ § £ £| MpaKTHYECKUX 3aHATHii, 3 e TeXHHYeCKHe cpeacTBa)
a E E : >§ MeTo/AbI 00yUeHHUsl, pea- g CAMOCTOSITEnHOI pecypcbl
g ) E |z E| Jusylollke npuMensie- @ paGoTeI
S S & E| My o0pa3oBaTeJbHYI0
= = | = TEeXHOJIOTHIO
Monyns 1. Monenu- Jlexmuss Ne 1. MopenupoBaHue, oc- 2 Jlexkmst ¢ aneMeHTaMHu MynbTuMeauiiHbIE 1-2
pOBaHHe, OCHOBHBIE HOBHbI€ IOHATHA M OIpEAeICHHUS. JIUCKYCCUH. CpelCcTBa: KOMIIBIOTED
MOHATHA U, onpenene- | IloHATHe MoOIENIUPOBAaHHA, MOMAEIH. WM HOYTOYK, IPOEK-
HHUS, BUIBI U METO/BI Buzsl MozmenupoBaHus, BUIBI MOJe- TOp, IKpaH.
UAeHTH(HUKAINH CTa- neit. Knaccuguxanus moneneid. Ma-
THUYECKUX Mojeneil. TeMaTUYeCKoe MOJIENUPOBAHUE, Ma-
Tematudeckue  mojenmn.  DopMsl
MpeCTaBICHUs MaTeMaTHYEeCKHX
mopenell. CTpyKTypHBIE CXeMBl H
METOJIBI HX IPe0Opa3oBaHusl.
Jlexuust Ne 2. Tloctpoenue sMnupu- 2 Jlekuust ¢ 3neMeHTaMHU MynbTUMenuiHbIE 1-2
YECKHX PETPECCHOHHBIX MOJeNel. JIUCKYCCUH. CpeicTBa: KOMIIBIOTED
W HOYTOYK, IPOEK-
TOP, 9KpaH.
IIpaktuueckoe 3anstue Nel. IToctpo- IIpakTuyeckoe  3aHATHE 8 IMoarotoBka oruera | Pazmatounslit  Mare- | OTuer mo mpakTu- 1-2
€HHE CTATHYECKHX W IMHAMHYECKUX BBINIOJIHSACTCS. ~ METOJOM [0 TPAaKTHYECKOMY | pHal, KOMIIBIOTED, | YECKOMY 3aHSTHIO
moneneit. [loctpoenue »mmupuue- TBOPYECKHX 3aJaHUH. 3aHSTHUIO. noctyn K cetu MH- | Noe 1 B 3neKkTpoH-
ckux mozenell. Jlunelnsiil perpeccu- TEPHET. HOM BHJIE.
OHHBI aHaNM3 UL MOCTPOCHUS M-
THPUYECKUX MOJENEH.
IpakTuueckoe 3ansTue Ne2. Perpec- IMpakTuyeckoe  3aHsTHE 8 IoarotoBka oruera | Pazmarounslit  Mare- | OTuer mo mpakTH- 1-2
CHOHHO-(DaKTOPHbIH aHAIM3 TEXHOJIO- BBINIOJIHSACTCS. ~ METOJOM [0 TPAaKTHYECKOMY | pHal, KOMIIBIOTED, | YECKOMY 3aHSTHIO
THYECKUX MOJIEIEH. TBOPYECKHX 3aJaHUH. 3aHATHIO. noctyn K cetu MH- | No 2 B 31eKTpoH-
TEepHeT. HOM BHJIE.
Ipaktuueckoe 3anstue Ne3. 3amaum [pakTHyeckoe 3aHATHE 8 IoaroToBka ortuera | Pazmatounslii  Mare- | OTuer Mo mpakTH- 1-2
mapaMeTpUIecKodl M CTPYKTypHOI BBIMIONIHACTCS.  PEIICHHEM [0 TPAaKTHYECKOMY | pHal, KOMIIBIOTED, | YECKOMY 3aHITHIO
MJICHTHOHUKALN SMIIHPUYECKON 3a71ay, obcyx)IeHnEM 3aHATHIO. Joctyn K cetm Mu- | Ne 3 B 31ekTpoH-
MOJIeIH, OTIUCHIBAIONIEH 3aBHCHMOCTh pE3yIbTaTOB  JESTENIHHO- TEpHET.. HOM BHJIE.
JIaBICHHS HACHIIIEHHOTO I1apa HHAU- cTH.
BUJIyaJIbHOTO BEIECTBAa OT TeMIlEpa-
TYpBL.




Mogayns 2. Marema-
THUYECKOE  MOJEIHPO-
BaHUE  TEXHUUECKUX
CHCTEM.

Jleximst Ne 3. Tlomstust yHKUIUH Jlekuust ¢ 3leMeHTaMu MynbTUMeuiiHbIE 1-2
oTkiMKa W (akropoB. OCHOBHBIC JTUCKYCCHUH. CPE/ICTBA: KOMIIBIOTED
JIOTYIICHHSI PETPECCUOHHOTO aHAJIU- WIH HOYTOYK, TPOEK-
3a. DopMyIMpOBKa 3a/1aud arIpoK- TOp, IKpaH.
CHUMalMH. Kpurepwnii MeToAa
HaMMEHBIINX KBaapaToB. OCHOBHBIC
MOJIOKEHUSI TEOPUU  IUIAHUPOBAHMS
9KCIICPHMEHTOB: IOJIHBIN (haKTOPHEII
skcriepument (IIOD) u obpaborka
€ro pe3yJbTaToB.
IIpaktuueckoe 3ansatue Ned.  Ilo- [IpakTuyeckoe 3aHsATHE C IoaroToBka ortuera | Pazmarounslii  Mare- | OTyer Mo mpakTH- 1-2
CTPOCHHE MaTEMaTHYECKUX MOJesei peleHueM 3aaad, o0CyxX- M0 MPaKTHYECKOMY | pHal, KOMITBIOTEp, | YECKOMY 3aHSATHIO
10 pe3yJbTaTaM aKTUBHOT'O HKCIIEpH- JIEHUE pe3yJbTaToB Jes- 3aHATHIO. noctyn K cetu MH- | Noe 4 B 31eKTpoH-
MEHTa. TEJILHOCTH. TEpHET, MaKeT TMpU- | HOM BHIE.
kimagHelx  nporpamm | CobecenoBaHue.
MathCAD.

Jlekmmuss  Ne 4. MogenupoBanue Jlekuust ¢ dIeMEHTaMH MynbTMeauiiHbIC 3-4
CTPYKTYpPBI IOTOKOB B aIlliapaTax. JIUCKYCCUH, C HCIIOJIB30- CpelcTBa: KOMIIBIOTEP

BaHMEM TEXHOJOTHH pa3- WIX HOYTOYK, IPOEK-

BUTHS KPHUTHYECKOTO TOP, 9KpaH.

MBIIIICHHS.
Ipaktuyeckoe 3ansatue Ne5. Hccrne- IIpakTuyeckoe  3aHATHS MoarotoBka ortuera | Pazmarounslii  Mmare- | OTyer mo mpakTH- 3-4
JIOBaHHUE THAPOJIMHAMIKH Hacal09- TIPOBOIUTCS [0 TPAKTHYECKOMY | pHal, KOMIIBIOTEp, | YeCKOMY 3aHSTHIO
Horo abcopbepa. C MCHOJIb30BaHUEM 3aHATHIO. noctyn K ceth MH- | Noe 5 B 31eKTpoH-

TEXHOJIOTHI TEpHET, MaKeT TMpU- | HOM BHUIE.

TPaJULIHOHHOTO  00yde- KIAIHBIX  [POTPaMM

HUs, OOCY)KIEHUE PE3yilb- MathCAD.

TATOB JIEATEILHOCTH.
Jlexuust Ne 5. TloctpoeHue matema- Jlexiusgs ¢ »3aeMeHTaMu MynbTMeauiinbIe 3-4
THYECKUX MOJICTICH CHCTEM aHAJIUTH- IIICKYCCUH, C HCIIOIb30- CpelcTBa: KOMITBIOTEP
YECKUM METOJIOM. BaHHEM TEXHOJIOTHH pa3s- I HOYTOYK, IPOEK-

BUTHS KPUTHUYECKOTO TOp, IKpaH.

MBIIIICHHS.
Jlexuust Ne 6. MareMaTH4ecKoe MO- Jlekuust ¢ dnueMeHTaM# MynbTHMenuiHbBIE 3-4
JIeTTMPOBAHUE TEIIOBBIX POIIECCOB. ICKYCCUH, C HCIIOIb30- CpeaCcTBa: KOMITBIOTEP

BaHUEM TEXHOJIOTHH pa3s- WM HOYTOYK, IPOEK-

BUTHS KPUTHUYECKOTO TOp, IKpaH.

MBIILICHHS.
Ipaktuyeckoe 3ansTue Ne6. Mone- [pakTuyeckoe 3aHATHE C IoaroToBka otuera | Pazmatounslii  Mare- | OTuer Mo mpakTH- 3-4

JTMPOBAHKE TEINIOOOMEHHBIX arlmapa-
TOB B CTAlIMOHAPHOM PEKUME.
Mogenn TpOIECCOB  TEIIO00MEHa:
1.TernooOMEHHHK THIIA «IIEPEMELIH-
BaHHUE-TICPEMEIIINBAHKCY,
2.Temno0OMEHHUK THIA «BBITECHE-
HUE-BBITECHEHHUEY.

peueHueM 3anad, oOCyxk-
JICHHE PpEe3y/bTaToB Jes-
TENBHOCTH.

0 TPAKTHIECKOMY
3aHATHIO.

pua, KOMIIBIOTED,
JocTyn K cetu HH-
TEpHET, IaKeT MpH-
KIaIHBIX  IPOrPaMM
MathCAD.

YECKOMY 3aHATHIO
Ne 6 B 371€KTpOH-
HOM BHJIE.




Jlexuus Ne 7. MonenupoBanue mac-
COOOMEHHBIX MPOLIECCOB XMMHYECKOM
TEXHOJIOTHH.

Jlekuust ¢ dneMeHTaMH
JIUCKYCCUH, C HCIIOJIB30-
BaHMEM TEXHOJIOTHI pa3-
BUTHS KPUTHYECKOrO
MBIIUTIEHUSL.

MynbTUMeuiiHbIE
CPE/ICTBA: KOMIIBIOTED
WM HOYTOYK, IPOEK-
TOP, 9KpaH.

IIpaktuueckoe 3ansartue Ne7. Hccine-
JIOBAaHUE IPOLIECCa Pa3JCICHUS MHO-
TOKOMIIOHEHTHOH CMECH B Ta30BOM
cernaparope.

INpakTiyeckoe 3aHATHE C
PEILLIEHUEM CHTYALHOHHBIX
3ama4, OOCYXKICHHE pe-
3yJIBTaTOB AESTEIBHOCTH.

IMoaroroBka oT4eTa
O IPAKTUYECKOMY
3QHATHIO.

Pasmarounelii  mare-
puai, KOMIIBIOTED,
noctyn k ceru Un-
TEpPHET, IakeT IpH-
KJIQJHBIX ~ TPOrpaMm
MathCAD.

Otuer mo mpakTU-
YECKOMY 3aHATHUIO
Ne 7 B 31€KTpOH-
HOM BHJIE.

3-4

Ipaktuyeckoe 3anstue Ne®. Mare-
MaTH4eCKOe MOJCIMPOBAHHE TIPOLEC-
ca peKTU(UKALHN.

IIpakTuueckoe 3aHsTHE C
PCILICHUEM CHTYaLHOHHBIX
3a1a4, oOCykIeHHe pe-
3y/bTaTOB AEATEIBHOCTH.

IToaroroBka oryera
0 MPAaKTHIECKOMY
3aHSATHUIO.

Paszmarounsiii  Mare-
puai, KOMITBIOTED,
noctyn kK ceru Un-
TEpHET, MaKeT MpHU-
KJIQJHBIX ~ TPOrpaMm
MathCAD.

Otyer NO NpaKTu-
4ECKOMY 3aHATHUIO
Ne 8 B 31€KTpOH-
HOM BHJIE.

3-4

Jlexuus Ne 8. MopenupoBaHue KUHe-
THUKH XUMHYIECKHUX PEaKIUii.

Jlekuust ¢ dmeMeHTaMH
IHCKYCCHH, C HCIIOIb30-
BaHHEM TEXHOJIOTHIl pa3-
BUTHSI KPUTHIECKOTO
MBIIUTCHHSI.

MynbTUMenuiiHbIE
CpeacTBa: KOMITBIOTED
WIN HOYTOYK, IPOEK-
TOP, 9KpaH.

IMpaktiueckoe 3amaTue Ne9. Mone-
NMPOBAHME KHHETUKM TOMOTEHHBIX
XUMHYECKHX peaKIui.

IIpakTuueckoe 3aHsATHE C
PEIICHHEM CHTYallHOHHBIX
3a1a4, OOCYXIEeHHE pe-
3yJbTaTOB JEATEITbHOCTH.

IToaroroBka oTyera
M0 TMPaKTHYECKOMY
3aHSTHUIO.

Paznarounsiii  mare-
puai, KOMITBIOTED,
noctyn k ceru Un-
TEpHET, MaKeT TMpHU-
KJIQJHBIX ~ TPOrpaMm
MathCAD.

Oruyer no npaxTu-
YECKOMY 3aHATHUIO
Ne 9 B 31€KTpOH-
HOM BHJIE.

34

IMpaktiyeckoe 3anarue Nel0. Mone-
JIMPOBaHHE KHHETHUKH TIeTepPOreHHBIX
XUMHYECKUX PeaKIui.

IIpakTuueckoe 3aHsATHE C
PEIICHHEM CHTYallHOHHBIX
3ajau, oOCyXjeHue pe-
3yJbTaTOB JEATENHHOCTH.

IToaroroBka oTyera
M0 TMPaKTHYECKOMY
3aHATHIO.

Paznarounsiii  mare-
puai, KOMITBIOTED,
JocTyn K cetu HH-
TEpHET, MaKeT IpHU-
KJIQJHBIX ~ TPOrpaMm
MathCAD.

Oruyer no npakTu-
YECKOMY 3aHATHUIO
Ne 10 B »1€KTpOH-
HOM BHJIE.

34

IMpaktiueckoe 3anstue Nell. Mogne-
JIMPOBAHKME TOMOTEHHBIX XMMUYECKHX
PEaKTopoB.

IIpakTuueckoe 3aHsATHE C
PEIICHHEM CHTYaIlHOHHBIX
3aj1au, oOcyxjeHue pe-
3yJbTaTOB JEATENHHOCTH.

IToaroroBka oTyera
M0 TMPaKTHYECKOMY
3aHATHIO.

Paszmarounerii  Mare-
puan, KOMITBIOTED,
JocTyn K cetu MH-
TEpHET, MaKeT IpHU-
KJIQJHBIX  TPOrpaMm
MathCAD.

Otdyer No npakTu-
YECKOMY 3aHATHUIO
Ne 11 B 31€KTpoH-
HOM BHJIE.

IMpaktiyeckoe 3anatue Nel2. Mare-
MaTHYeCKOEe MOJIETMPOBAHNE TEXHH-
YECKHX CUCTEM.

TpakTrueckoe  3aHsATHE
HPOBOIUTCS

C HCIOJIb30BaHUEM
TEXHOJIOTHH
TPaAULHOHHOTO  00yde-
HUsI, 00CYIKICHHE PE3yIib-
TATOB JCSTEIbHOCTH.

IToaroroBka otyera
M0 TMPaKTHYECKOMY
3aHATHIO.

Paszmarounerii  Mare-
puan, KOMITBIOTED,
JocTyn K cetu HH-
TEpHET, MaKeT MpHu-
KJIQJHBIX  TPOrpaMm
MathCAD.

Otdyer No npaxTu-
YECKOMY 3aHATHUIO
Ne 12 B 31€KTpOH-
HOM BUJIE.
Cobecenosanue.

34




CamocTosrenbHas pabora.

20

CamocTosTenbHas
pabora c Hay4HOH
JIUTEPaTypOil.
IoaroToBka npoex-
Ta.

Kommetotep, noctyn k
cetu MHTepHeT.

IIpoekr.
MIPOeKTa

3amura

HUroro: 180

16 48

64

116

5. Kputepun u HOpMBbI TEKYIIer0 KOHTPOJISI U MPOMEKYTOYHOH aTTeCTAIUN

@opMBbI TEKYIIETO KOH-
TPOJIS

YcnoBus nomycka

Kpurepun 1 HOpMBbI OLIEHKH

OTuetnl 110 IIpaKTHu4c-
CKHM 3aHATHAM B OJICK-
TPOHHOM BH/C.

I[OHYCK&IOTCSI BCC CTYACHTHI

«3a4YTCHO»

OTt4eT Mo mpakTUYecKol padoTe BKIIOYaeT Oojiee
50% ot TpebyeMoro o6beMa U BBIMIOJIHEH B COOT-
BETCTBHE C TPEOOBAHUSIMHU YKAa3aHHBIMU B Y4EOHO-
METOIMYECKOM MOCOOUH.

«HE€ 3a4TCHO»

OT4eT o nmpakTUYECKO paboTe BKIIIOYAET MEHEE
50% ot Tpebyemoro oobema.

CobecenoBanue. Hanuare oT4eToB 1Mo mpakTu- «3auteHo» | OTBET Ha OJIMH U3 TPEX BOIMIPOCOB IO KAXKIOU Te-
YECKUM 3aHATHUSM B JIEKTPOH- Me TTPAKTUYECKOTO 3aHSTHSI
HOM BHJie, HE MeHee 50% ot «He 3a4TeHo» | OTCYTCTBHE OTBETOB Ha BOIPOCHI.
KOJIMYECTBA MPOBEJICHHBIX 3a-
HATUU B MOZYIJIE.
[TpoexkT. Hanuure npe3eHTayu Mo mpo- | «3a4TeHO» [Ipu npencraBieHny MPOEKTa CTYJAEHT HabupaeT

EKTY.

7-11 6ay0B:
BBICTyIUIeHUE (2 Oana),
conepxanue (5 6ayoB);
KauecTBO opopmiieHus pe3eHTanuu(2 6amia);
OTBETHI Ha BOIPOCHI (2 Oasia)

«HCEC 3a4TCHO»

MeHee 7 0alIoB.
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dopma npoBeieHUs
MPOMEKYTOUHOM aTTe-

YcnoBus AOITyCKa

Kpurepuu 1 HOpMbI OLIEHKH

CTalluu
3a4eT Hanuuue 3awera mo pe- «3aYTEHO» CTyaeHT OTBEUYAET Ha JIBa TEOPETUUECKUX
(ycTHO) 3yJbTaTaM TEKYIIEro KOH- BOIIPOCA, XOPOIIIO BJIAJICET MATEPUAIIOM.

TPOJIi WJM BBIIIOJHEHHE
BOCBMU W3 [IBEHAJLIATU
MPAKTUYECKUX 3aAHITHI H
npexncrasiienne [Ipoekra.

«HE€ 3a4TCHO»

CTyneHT He OTBEYAeT HA OJMH WIIU J[Ba
U3 TEOPETUYCCKHX BOMPOCOB, HE MOXKET
OTBETUTh HU HA OJWH JOMOJHUTEIHHBIN
BOIIPOC.

11




6. Kputepun u HOpMBbI OLIEHKH KYyPCOBBIX padoT (IIPOEKTOB)

KypcoBsie paboThI (MPOEKTHI) y4eOHBIM IIJIAHOM HE MPEAYCMOTPEHBI.

/. IlpuMepHasi TeMaTHKa MUCbMEHHBIX pPadoT (KypcoBbIX, pedeparToB,

KOHTPOJILHBIX, pACYeTHO-TPpa(pueCKux u ap.)

Hepequb TEM IJIA BBIIIOJIHCHHSA IIPOCKTA

Ne Tembl

n/n

1 MojenvpoBaHue peakTOPOB EMKOCTHOTO THIIA C MIEPEMEITUBAHUEM.

2 MopenvpoBaHue peakTOPHBIX MPOIIECCOB B pEaKTOpax 3MEEBUKOBOT'O THIIA.

3 MoaenupoBanue nporeccoB abcopoiuu B abcopdbepax pa3InyHOro THUIIA.

4 MopenvpoBaHHE MPOIECCOB PEKTU(HUKAIIMN B TapelbuaThIX M HACATOYHBIX
KOJIOHHAX.

5 MoaenupoBaHHUE TTPOIIECCOB IKCTPAKITUU B KOJIOHHBIX U €MKOCTHBIX ammapa-
Tax.

6 MoaenvupoBaHue npouecca NEPBUYHON MEPETOHKH HEPTH.

7 MopenvpoBaHue MPOIECCOB B PEAKTOPE KATAIUTHUUYECKOrOo PU(POPMHHTA C
paJriaJIbHBIM BBOJIOM PEareHTOB.

8 MopenvpoBaHue MPOIECCOB B PEAKTOPE KATAIUTHUYECKOTO PU(POPMUHTA C
OCEBBIM BBOJIOM PEarcHTOB.

9 dopMupoBaHUE MaTEMaTHYECKUX MOJCICH IS PEIICHHS 3a7ad CUTyalOH-
HOTO YTIPaBJICHUS.

10 | Pa3paboTka Moaenn 2HEPro- pecypcocOeperaronux dKOJ0oTHIecKu Oe3omnac-
HBIX TEXHOJIOTHHA ISl TIPOM3BOJICTBA KalpaJlakTama Ha XUMHYECKHX Tpe/I-
IPUATHSIX.

11 | Pa3pabGoTka MOJEIM HOBBIX TEXHHYECKUX M TEXHOJIOTUYSCKUX PEIICHUN IS
MpoIlecca YTUIN3AIMU TBEPABIX OBITOBBIX 1 KOMMYHAJIBHBIX OTXOJIOB.

12 | Co3nanne TEOPETHUYECKUX MOJEIECH TEXHOJOTHYECKUX TMPOIECCOB OUYMUCTKU
CTOYHBIX BOJI Ha MPEIMPHUATUSIX MUIIICBOM MPOMBITUICHHOCTH.

13 | Pa3paboTka MOAenu YCTAaHOBKH IJisi 3alllUTHl OKPYXalolleld cpeabl OT BbI-
OpOCOB /TS KOTEIBHBIX, PACIIOIOKCHHBIX B CETMTEOHOM 30HE.

14 | Pa3paboTka MOJiesI yTHJIM3AIMs JOHHBIX OTJIOXKEHUM HedTelama.

15 | Pa3paboTka Mojenu yTHIIU3AIUS 0CAJIKA TOPOJCKUX OUYUCTHBIX COOPYKEHU.

16 | Pa3paboTka MojeNy 1O PeKyIbTUBAIMH TTOJTUTOHOB.

17 | Pa3zpaboTka MoAenu JJisi TEXHOJIOTHH MCIIOJIh30BAHUS HETPAIUITMOHHBIX HC-

TOYHHMKOB SHCPIUN HA HPOMBIIJICHHBIX MMPCANPUATHAX I'OpO/1a.




8. Bonpocsbl Kk 3a4eTy

Ne Bonpocsi

n/n

1 [ToHATHE MOIETUPOBAHMUS, MOJICIIH.

2 Bunbl monenupoBanus, Buabl Mojenen. Knaccuduxanus Moaenen.

3 MarteMaTnyeckoe MOAEIMPOBAaHUE, MaTeMaTHYECKe Moienu. PopMbl Mpe -
CTaBJIEHUSI MaTeMaTH4YeCKuX Mozesnei. CTpyKTypHbIE CXEMbl U METOJAbl MX
npeobpazoBaHusl.

4 Teopema Melicona. Moaenu B BHUAE YpPAaBHEHHUW COCTOSIHMS, BEKTOPHO-
MaTpU4Hble (OPMBI MPEACTABICHUS] MAaTEMAaTUYECKUX MOJEIeH JUHAMUKU
CUCTEM.

5 CBsi3b MEXKIy pa3nu4YHbIMU (hOpMaMU MPEICTABICHUS] MATEMAaTHUYECKIX MO-
JeJIen.

6 Cucremubiii cuHTe3. COCTaBICHHE MOJEHH CI0KHOTO TEXHOJIOTHYECKOTO
00BEKTA KaK CJIO0KHON CUCTEMBI HA OCHOBE CUCTEMHOI'0 aHAJIW3a U CUHTE3a.

7 VYyer B3auMoielicTBUSI 00bEKTa MOJCITUPOBAHUS CO CPEHOM.

8 OCHOBHBIE CTATHCTUYECKHE XapPaKTEPUCTUKH (Pu3anyeckux mpoueccoB. Ilo-
CTAaHOBKA 3a/1a4¥ CTATUCTUYECKOTO MOJIETUPOBAHMS CCTEM.

9 MeTtoasl 1 anrOpuTMbl MOAECIUPOBAHUS CIYYAMHBIX MPOLECCOB C 3aJJaHHBI-
MU CTATHCTUYECKHUMU XAPAKTEPUCTUKAMU.

10 | Metonbl 00pabOTKH pe3yabTaTOB MojenaupoBaHus. OcoOEHHOCTH TMOJTyHA-
TYPHOT'O MOJAEJIIMPOBAHUS CUCTEM.

11 | IloctpoeHue cTaTUYECKUX U AMHAMHUUYECKuX Mojenei. [loctpoenue smnupu-
YeCcKuX Mozenei. JIMHEeWHbI perpecCHOHHBIN aHAINW3 I TOCTPOEHHUS dM-
MAPUYECKUX MOJIEIIEH.

12 | IlonsTus QyHkuum oTKiIMKa U GakTopoB. OCHOBHBIC NOMYIIEHUS PETPECCH-
OHHOI'0 aHAJIN3A.

13 | ®opmynupoBKa 3ama4yu anmpokcuManuu. Kputepuii MeTo/la HAaMMEHBIIHNX
KBaJpaToB. PenieHue 3aqaun anmnpoKCUMaIHH.

14 | OCHOBHBIE TOJIOKEHHUSI TECOPUM IUIAHUPOBAHUS SKCIEPUMEHTOB: IOJIHbBIN
daktopHbIii skciepuMeHT (I1DD) n 06paboTka ero pe3yabTaToB.

15 | B yeM npenmyIecTBO akTUBHOTO SKCIIEPUMEHTA?

16 | Kakue nepeMeHHbIEe Ha3bIBAIOTCS (hakTopamu?

17 | Yto Takoe (hakTOpHOE MPOCTPAHCTBO?

18 | JlaiiTe moHATHE MOBEPXHOCTH OTKJIMKA?

19 | B Buze, kakoro ypaBHEHUs Yallle IPEJCTABISIOTCS YPABHEHHsI pErPECCUU?

20 | Kakue metozpl pacuera Kod(hPUITMEHTOB YPAaBHEHHSI PETPECCUH BbI 3HAETE?

21 | [losicHUTE CYIIHOCTh METO/Ia HAMMEHBIINX KBaJAPaTOB?

22 | Yro Takoe cuia JIMHEWHON CBSI3W U KaK OHA OIpeAesieTcs il ypaBHEHUS
JMHEWHOW PErpeccuu OT JAHHOTO napamMerpa’?

23 | Ilo kakoMy KPUTEPHIO MTPOBEPSETCS aIeKBATHOCTh YpaBHEHUS?

24 | Yto Takoe TpaHCIEHACHTHAsl Perpeccus 1 KOTJia OHAa MPUMEHSETCs?

25 | Kak onpenensieTcs TECHOTa HETMHEWHOM CBSI3U?
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26

Uto Takoe BEIOOPOYHBIN KO DUITMEHT Koppensiu?

27 | Yrto Takoe ypoBeHb IJIaHa?

28 | Kak onpeienuTh KOJIMYECTBO ONBITOB B NOJHOM (DAKTOPHOM SKCIIEPUMEHTE?

29 | Kak paccuntbiBatoTcs K03()(PUIIMEHTH YpaBHEHHUS PETPECCUU IO Pe3yJIbTa-
TaM MOJHOTO (PAKTOPHOTO IKCIIEPUMEHTA?

30 | B yem 3akirovaercs OlleHKa 3HAUUMOCTH YPaBHEHHSI PETPECCUH?

31 | YpaBHeHus, KakuX "3eMEHTapHBIX" MPOIECCOB BXOAAT B MaTeMaTHYECKOE
onucanue?

32 | Yto Takoe MOJENb UICAIbHOE CMEILIECHUS?

33 | Yo Takoe MOJENb UICATIbHOTO BBITECHEHUS ?

34 | Yem ornuuaroTcs nudPy3rmoHHBIE MOAETH OT MOJAENEH UACATbHOTO BBITEC-
HECHUS?

35 | Jlns Kakux anmapaToB MOXET ObITh MPUMEHEHA TYeeUHass MOJIETh?

36 | Uto Takoe Bpemsl peObIBaHMUS YaCTHUIIHI B anmapare?

37 | [lns 4ero MCIHOJNIb3YIOTCA JOMYIIEHUS MPU COCTABICHUU MAaTEMAaTUYECKOTO
ONMCaHUs?

38 | Kakue nomyimieHus MPUHUMAIOTCS IPU MOJCIUPOBAHUU TETJIOOOMEHHBIX
anraparoB?

39 | Kakue >neMeHTapHbIe MOJIEIH HCTOIB3YIOTCS i1 MATEMAaTHIECKOTO OIKCa-
HUSI TETJIOOOMEHHBIX anmnapaToB?

40 | Kakue BBl TETIJIOOOMEHHBIX alapaToB Bl 3HaeTe?

41 | Kakue nonyiieHHs] NPUHUMAIOTCS MPU OMMCAaHUM MAacCOOOMEHHBIX ammapa-
TOB?

42 | Kakue 31eMeHTapHble MOJENN UCHOJIb3YIOTCS IPU MaTEMAaTUYECKOM ONKca-
HUM MacCOOOMEHHBIX anmnapaToB?

43 | Kakue Bupl MAaCCOOOMEHHBIX MPOIIECCOB BbI 3HACTE?

44 | Kakue AOMymIeHUs] MPUHUMAIOTCS TIPU MOJECIUPOBAHUA XUMUYECKUX peak-
TOpPOB?

45 | Kakue siemMeHTapHble MOJIENTU MCHOJb3YIOTCS MPU MaTEMAaTUYECKOM OIKca-
HUM XUMUAYECKUX PEAKTOPOB?

46 | Kakue Buapl cucteM auddepeHmanbHbIX ypaBHEHUN MOTYT OBITh PEIICHbI
¢ nomouipro 9BM?

47 | Kakue ynciieHHbIe METObI pelieHns AU QpepeHnaibHbIX YpaBHEHUN U CH-
ctem auddepeHITMaIbHBIX YPABHEHH BBl 3HAETE?

48 | Kakum 00pa3oM MOXHO MOJYYUTh NepenaTounyro GyHkiuo u3 auddepen-
UAIBHOTO YPABHEHMS?

49 | BioKM CII0KHOTO Mpoliecca CUCTEMbI — OCHOBA JIJIsl TIOCTPOEHUSI CTPYKTYPbI
CJIOHOTO MPOIECCa B TEXHOJOTUYECKOM OOBEKTE.

50 | Kartanutuuyeckue peakTopshl ISl CUCTEM «Ta3 - TBEPAOE», «T'a3 — KUIKOCTHY,
«ra3 — XXUAKOCTb — TBEPA0E» MOJIEIN HACaTbHOTO BBITECHEHUS, U y3u-
OHHAasi MOJIENIb, MOJIENIb HUJEANTbHOTO MEPEMEIINBAHUS, Pa3IMYHbIE MOJAEIU
JUIs pa3HbIX (a3 B MHOTO(A3HBIX pPeakTopax.

51 | TapenbuaTble KOJIOHHBIE MAacCOOOMEHHBIE KOJOHHBI — SYEEYHAs] MOJEIb C

06paTHLIMI/I IIOTOKaMHn JJIsA X(H,HKOﬁ (1>a31>1 N MOJCJIb NACAJIBHOT'O BBITCCHC-
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HUS JUIsl TApOBOM (ha3bl.

52 | Hacamounble KOJIOHHBI JIJIs1 IPOIIECCOB PEKTU(HUKAIIMU— MOJIENb UJ1€aTbHOTO
BBITECHEHMS IS MMapoBoi (azbl, miis xKujakon dasel - nuddy3noHHas mo-
JIeJb WJIA MOJIEJIb UJ1€aTbHOTO BBITECHEHMS.

53 | Hacamounble KOJOHHBI U TPOIECCOB AKCTPAKIIMH— MOJIEIb HCAIBHOTO
BBITECHEHUS I JUCTIEPCHOU (ha3bl, I CIUIOMHOMN (a3bl - quddy3rnonHas
MOJIEJIb WJTU MOJIENb UJICAJIbHOTO BBITECHEHHUSI.

54 | PeakTophbl ¢ HEMOABWKHBIM CJIOEM KaTaju3aTopa, paboTaroiiie B aquadbaTu-
YECKOM PEKHUME C aKCHATBHBIM U PAJHAIBHBIM TOTOKOM PEareHTOB.

55 | M'mapoanHamuka MOTOKOB, TUAPABIMYECKOE COMTPOTUBIIEHUE CIIOS U pacipe-
JICTTUTENIbHBIX PEIIETOK.

56 | IBymepHBIE MOJEIM KATAIUTUYECKUX IMPOIIECCOB. AJTOPUTMBI PEIICHUS
YPaBHEHUUN MOJEJIEH.

57 | PaznuyHble TUIBI TETJIOBBIX PEKUMOB.

58 | AlIropuTMBI penieHusl ypaBHEHUN MOJIeNeH.

59 | Mogenb ueanbHOTO BEITECHEHUS — OCHOBHAS MOZEIIb PEAKTOPOB 3MEEBUKO-
BOTO THTIA.

60 | YcnoBusi npMEHUMOCTH MOJIEIH MJI€aTbHOTO BHITECHEHMUSI.

61 | Pacuer TemnoBoro pexxuma — ornpezesieHne KodpuiMeHTa Tersonepeadn
Y COCTABJICHHE YpaBHEHUs TEIJIOBOTO OajaHca.

62 |IIpoBepka amexkBaTHOCTH Monenu. [Ipumepsl TpoIECCOB, MPOBOIWMBIX B
peakTopax 3MEEBHKOBOTO THTA. PeXUMbI (yHKIIMOHUPOBAHUS U OTpeIese-
HUE OMPEeIEISIONINX TapaMeTPOB.

63 | Mozaenb uaeanbHOTO BHITECHEHHUS — OCHOBHAS MOJEIIb PEAKTOPOB 3MEEBUKO-
BOTO THUTIA. Y CJIOBUS MPUMEHUMOCTH MOJICTTH UACATBHOTO BHITECHEHUS.

64 | Onpenenennsi HEOOXOIUMOTO PEXKUMA TEUCHHUS W PACUET THUIPABIHMUYECKOTO
COTPOTHUBJICHUSI.

65 | Pacuer TemnmoBoro pexxuma — ornpezesneHne kodQpuIMeHTa Teronepeadn
U COCTaBJICHHE YpaBHEHHUs TEIIOBOTo OamaHca. [IpoBepka amekBaTHOCTH
MOJICTIH.

66 | Maremarnueckass MoJeNb Tpoiecca adcopOUMKM B KOJOHHBIX abcopOepax
Tapeap4aToro THUMaA.

67 | JIByxdaszHas MoJenb ¢ UCIOJIB30BAHUEM JIJIS )KUJIKOM (Da3bl sueeyHON MoJie-
7 ¢ OOpaTHBIMH MMOTOKAMHU M MOJIEIH HJICATHHOTO BBHITECHEHHSI JIJISl Ta30-
BOH (hasbl.

68 | Maremarmdeckas MOJeIb IIporiecca adcopOnMM B KOJOHHOM abcopoOepe
HACaJI0YHOTO TUMA. Moaenu uIeaaTbHOTO BBITECHEHUS IS KUAKOM U Ta3o-
BOH (has.

69 | Maremarnueckass MOJeNb IMpolecca abcopOIMU B €eMKOCTHBIX armaparax C
Memankamu. HMcnonbs3oBaHue MOJIEIM UACANIBHOIO TMEPEMEIIMBAHUS IS
YKUJIKOM (ha3bl ¥ ra30BOM (a3bl.

70 | CooTHomieHus s pacuyeTa 00bEMHBIX KOA(DPHUIIMEHTOB MacconepeaayH.

71 | Marematnueckas MoJienh abcopbepa ¢ pacblICHUEM KUAKOHN (a3bl.

72 | MaremaTtuyeckue MOJENIN TMPOIECCOB PEKTU(DHKAIMKU B TapelbyaThiX W
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‘ HaCaJO4YHbIX KOJIOHHAaX.

9. ®oHJ OLIEHOYHBIX CPEACTB JJIsl NMPOBeJeHUsI MPOMEKYTOUYHOH aTTe-
CTAIUM 00YYAIOIIUXCS M0 JUCHUIIMHE

9.1. lacnopT (poHAA OLIEHOYHBIX CPEJICTB

Koa xonuTpoJsmpye-
Ne | KonrTpoJsmpyemblie pa3aenl (Te- . POIHPY HaunmeHoBanue
MO KOMIIETEeHUH
n/n Mbl) JUCHUILIHHBI OLIEHOYHOI0 CpeACTBA
(WJIM ee YacTH)

1 Moayns 1. MoaenupoBanue, oc- OK-7, OK-9 OTyerbl MO MPAKTUYECKUM
HOBHBIE TIOHSTHS U, ONIPEACIICHUS], ansitusiM Ne 1-4 B anek-
BUJIBI U METOJIbI UACHTU(PUKAIIIT tpouHoMm Buzae. Cobeceno-
CTaTUYECKUX MOJIEJIEH. BaHUE.

2 Mopyns 2. MareMatuueckoe Mo- OK-8, OK-9, OIIK-4, | OT4ersl MO NPaKTUYECKUM
JEIIMPOBAHUE TEXHUYECKUX CH- [K-2 3aHsTUsAM Ne 5-12 B anek-
CTEM. tpouHoMm Buzae. Cobeceno-

BaHue. [Ipoexr.

9.2 TunoBble KOHTPOJIbLHbIC 3aJaHUSl WIH HHbIEe MaTepHaJbl, HE00XO-
AUMBbIeE JJI OLleHKHU 3HAHUI, YMEHHUI, HABBIKOB U (MJIH) ONBITA 1eATeJIbHOCTH,
XapaKTepPU3yIIHUX ITanbl (OPpMHUPOBAHUSA KOMIIETEHIMHA B Mpouecce 0CBoe-
HHMS 00pPa30BaTe/IbHON NPOrPaMMBbI

9.2.1. TunoBsble 3aJaHUs M0 NPAKTUYECKUM 3aHATUAM

IpakTnueckoe 3anaTue Ne 1. IlocTpoeHue craTH4ecKHMX M JMHAMMYe-
ckux moaesei. IlocrpoeHue MMnupudecKux moaeae. JIMHeNHbIM perpeccu-
OHHBIM AHAJIN3 VI MOCTPOCHUSI IMIIMPUIECKUX MOJIesel.

[IpakTuueckass paboTa BBIMOIHSIETCS METOJOM TBOpUYECKMX 3amaHuii. Ha
npuMepe, pa3oupacMoM Ha MPAKTUYECKOM 3aHSITHUU, CTYJIEHTHI y4aTcsl aHaJIU3UpO-
BaTh JKCIEPHUMEHTAIBHBIE JaHHbIE, HAXOAUTh MAaTEMaTUYECKUE 3aBUCUMOCTH. B
KauecTBE TBOPYECKUX 3aJaHUN NpejiararoTcsi TaOJMLbl SKCIEPUMEHTATbHBIX
JAHHBIX, TIOJYYEHHBIX CTYJICHTAMH 3apaHee BO BpPeMs 3aHATUN HAy4yHOU pabOTOM.
[Ipn pemieHMM TBOPUECKUX 3aJaHUM, CTYAEHTbI MOTYT BBINOJIHATH POJb JKCIIEP-
TOB, IOMOTas APYTUM CTYJI€HTaM B IPYIINE HAWTH MPABUIBHOE PEIIEHUE. DKCHEP-
TaMU BBIOUPAIOTCS CTYJIEHTHI, OBICTPO OCTPOUBILINE MOJIENb IIPOLIECCa.

PerpeccroHHbBIl aHAIN3 MO3BOJISIET OLUEHUTH CTENEHb CBA3UM MEXKIY Iepe-
MEHHBIMH, MpeAiaras MEXaHW3M BBIYMCIICHMS MPEANOIAaraéMoro 3Ha4yeHus mnepe-
MEHHOW M3 HECKOJBKMX YK€ M3BECTHBIX 3HAauC€HMU. Vcronwb3ys perpeccHOHHbIN
aHajau3, MOXHO IIPOJUINTH JMHHUIO TPEHJA B AuarpaMMe 3a IpPEAebl peaslbHbIX
JTaHHBIX [T peACKa3aHus Oy yluX 3HAUCHUH.

AJroputm padoThl:

1) mocTpouTh MaTEMaTHYECKYIO MOJIETb B BUIE€ SMIUPUUYECKON (POPMYIIBL;

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 Mactepa nquarpamm M. Excel moctpouts rpaduk 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 TOCTOBEPHOCTH ammpokcumarmu — 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 MPAKTUUECKOM padoTe.

3ananue 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) oka3pIBaeT OoJbllIee BIUSHUE HA TOPUCTOCTH XJieba; 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 TJFOKO300KCHIAa3bl YBEIWYUTH Ha
30% oT cpeHero 3HauYeHUs] BEIOOPKH.

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:

- OIIEHKA «3a4TEHO» BBICTABIISETCS CTYACHTY, €CIIM OTUET IO MPAKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpedyemMoro o6bema 1 BBITIOJIHEH B COOTBETCTBHUE
C TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUUECKOM TTOCOOUH;

- OIIEHKa «HE 3a4TEHO» BBICTABISIETCS CTYICHTY, €CIIM OTYET MPAKTUIECKOMY 3a-
HATHIO BKJITIouaeT MeHee 50% ot TpedyemMoro oobema.

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

3aganue 1.

TpeOyeTcst onpeaenuTb 3aBUCUMOCTh PAaCTBOPUMOCTH XJIopuaa 0apusi B BO-
ne (Y) u B npucyTcTBrM Xjaopuaa kansuus (X) npu 70°C. O6beM BEIOOpKH N=6.
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Onpenenuts KO3(PPUIMEHTH ypaBHEHUS JUHEHHOW perpeccuu Buia
¥ = b, + b;x b u Be1OOpOUHBII KO3)HUIIMEHT KOPPEIAINH.
Tabanna JxcnepuMeHTAJIbHbIE JAHHbIE

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

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

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

X, T/J1 50 60 70 85 100 105

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

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

abCoIOTHOM Temneparypsl 1 BeIpa)kaeTcs OKa3aTebHON QyHKIIMEH BUIA:
E

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

T, °C 400 452 493 528 561 604

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

Kpurepum ouenkmu:

- OIIEHKA «3a4TEHO» BBICTABISETCS CTYACHTY, €CIIM OTUET IO MPAKTUYECKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpedyeMoro o0bema 1 BBITIOJHEH B COOTBETCTBUE
¢ TpeOOBaHUSIMH YKa3aHHBIMHU B y4€OHO-METOIUYECKOM MTOCOOUH;

- OIIEHKa «HE 3a4TEHO» BBICTABISIETCS CTYICHTY, €CIIM OTYET MPAKTUIECKOMY 3a-
HATHIO BKITIouaeT meHee 50% ot Tpedyemoro oonema.

IpakTnueckoe 3ansiTue Ne3. 3aauu napaMeTpu4ecKOil U CTPYKTYPHOIi
HICHTH(PUKALUN IMIIUPUYECKON MOJE/IH, ONMCHIBAKILEH 3aBUCUMOCTD 1aB-
JICHUS] HACBIIIEHHOT0 Napa HHAUBUAYAJIbHOI0 BELIECTBA 0T TeMIepaTyphbl.

Heobxoaumo pemuTs 3a1auu napaMeTpudecKon U CTPYKTYpPHOU UACHTH(U-

Kallil SMIUPUYECKOM MOJIEIIN, ONKUCHIBAIOIIEN 3aBUCUMOCTD JIABJICHUS HACBHILICH-
HOTO apa WHJUBUAYAIBHOTO BEIIECTBA OT TEMIEPATYPHI.
Ncnons3ytoTes JaHHbIe MAaCCUBHOTO 3KcniepumenTa (10 skcrnepruMeHTOB):

Bapuanr 1

T 20 27 43 51 58 69 81 93 98 110

P [ 18,06543 | 22,21216 | 45,41489 | 73,71159 | 120,6918 | 298,497 | 961,7552 | 3747,484 | 6985,836 | 35632,02
Bapuanr 3

T | 20 | 3 | 38 | 48 | 6 | 72 | 8 [ 8 | 102 | 110 |
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[ P ]10,27458 | 8,900699 | 8,646845 | 8,315674 | 8,044362 | 7,919066 | 7,847013 | 7,777599 | 7,707871 [ 7,674528 |

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

U 3 BUJIa MOJEJIEN:

B
A+
1. _P = g T
B
2. _P = E‘A+m
B
A+=+CT+DInT
3. P=e""T "
1. Onpenenuts KOd()PUIIMEHTHl ypaBHEHUN PErpeccHUU yKa3aHHBIX 3

sMmnupuueckux wmopeneil. IlpeactaButh B 00meM W B YHUCIOBOM BHJIC
MPOU3BEICHNE TPAHCIIOHUPOBAHHOM U MCXOJHOW MATPHUI] HE3aBUCHUMBIX BXOJHBIX

o —Tr—y"1
IMNCPCMCHHBIX 1 YHCJIOBBIC 3HAUYCHU A 06paTHOI/I MaTpHuLbl IIPOU3BCACHHA (t;b (jD) .

2. OnpenenuTs aIeKBaTHOCTh YPABHEHUM PETPECCUN C MCIOJIB30BAHUEM
F-pactipenenenus @umepa u BbIOpaTh HauOoOJiee TOYHOE YpaBHEHUE C
UCIIONb30BaHUEM JHUCIIEPCUU aJeKBAaTHOCTU. Pacue THoe 3HaueHuEe KpUTepus
®uiiepa B OTCYTCTBHH MAapaJUICIbHBIX OMBITOB ONpeAeseTcs no Gopmye:

2

FPacs — e

2
SR
n IHEH IKCHEY 2
g2 _ E}’! -y :]
F Z n—1
i=1

n

PELLE
ysxc;zxz E J'!
T

i=0n

VYcnosue anexkBatHoctu: F 79> F 7"

[IpencraButh cBOAHYIO Tabuuiy koddduuuentoB A, B, C, D, nucnepcui,
TaOJIMYHBIX U pacue THBIX KpuTepreB duiepa it Bcex MOJENeH.

Boinenuts Hanbosee TOYHYI0 MOJIETTb.

3.  Jluneapu3zoBaHHBIC ypaBHEHHs MPeoOpa3oBaTh, BHIPA3UB BBIXOIHYIO
MEPEMEHHYI0 U TIOCTPOUTH TpaduKky OMHMOOK ISl KaKIOTO ypaBHeHHS (Tpaduk
omubOOK — rpaduK pa3HOCTEH AKCIEPUMEHTAIBHBIX M pacye THHIX 3HAYCHUH B
3aBUCUMOCTH OT 3HAYEHUs apTyMEHTA).

[Tomo6parhs macmTad OoCcu OpAMHAT, MO3BOJISIONINN MOAPOOHO PaCCMOTPETH
dbopmy KpuBO# Ha rpaduke.

4.  Tlpoectu rpaduueckoe CpaBHEHUE IKCIIEPUMEHTATBHBIX JaHHBIX.

5. CdopmynupoBaTh BEIBOJIBI IO paboTe.

*He mepeBoauTh 3HAUCHHUS TEMIIEpAaTypbl B JPYIYHO pa3MepHOCTh. He
MEHSATHh TOPSIOK KO3(PPUIIMEHTOB W HOMEpa 3aBHUCHMOCTCH, HE MCHSATh
0003HaYEHUH.

Kpurepuu ounenku:
- OLICHKA «3a4YTEHO)» BBICTABIIAECTCS CTYAECHTY, €CJIIM OTYET IO MPAKTHUYECKOMY 3a-

HATHUIO BKIIOUaeT 6osnee 50% ot TpeGyemoro oobeMa 1 BBITIOJHEH B COOTBETCTBUE
C TpeOOBaHUSMHU YKa3aHHBIMH B y4eOHO-METOIUIECKOM ITOCOOHH;
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- OLICHKA «HE 3aUYTE€HO» BBICTABJISICTCSI CTYIEHTY, €CJIM OTYET MPAKTUYECKOMY 3a-
HATHIO BKItouaeT meHee 50% ot tpedyemoro oobema.

IIpakTnueckoe 3ansitue Ne4. IloctpoeHue MareMaTH4eCKMX MoJieJIel 1O
pe3yibTaTaM aKTHBHOI0 IKCIIEPHMMEHTA.

3aganue 1.

Heobxoaumo mogo6parh onTuMaibHble 3HAUCHUSI TEMIIEpATypbl U BPEMEHU

IIPEBPAILEHUS] YETBIPEXCTAAUNHON PEAKLINHN:

A— ,I

\S —0

IIPU KOTOPBIX KOHILIEHTPALUs MPOMEKYTOYHOIO0 MPOAYKTa Oblia Obl MaKCH-
MaJIbHOM.

3ajaH UEHTp TUIaHUPOBAHUSA:

Tyn = 330 K — TeMnieparypa npoBeAeHUsI pEAKIUU;

Tun- = /9 C— BpeMsI IPOBEICHUS PEAKLIUH.

WHTepBan M3MEHEHHUs IApaMETPOB:

AT=x10K; At=+25c.

1. Ionubiit dakropHsiii skcriepuMeHnT ([ID3) Bkmrouaer ombiTel 14 u
HKCIIEPUMEHTHI B IIEHTpe TutaHa — onbITel 9+14 (330 K, 75 ¢) — mis onpenenenus
JUCIIEPCUH BOCTIPOU3BOIUMOCTH.

Ha ocHOBaHUM 3KCNIEPUMEHTANBHBIX TAHHBIX OMPEAEIINTS:

a) KoappuureHTsl IMHEWHOTO ypaBHEHUS! PErPECCUU

C=90+91T+621

JUTsl KOMIIOHEHTA peakiuu (Harnpumep, P):

00, 01, 0,

0) [IpoBepuTh 3HAYMMOCTH KOI(P(HUIIUEHTOB YpPaBHEHUS PETPECCHUH.

B) [IpoBepuTh aIeKBaTHOCTh YPaBHEHHUSI PETPECCUU.

2. OpToroHajibHOE IIEHTpaJIbHOE Kommo3uiinoHHoe rmianuposanue (OLIKII)
MO3BOJISIET HANTH KOOPAMHATHI ONTUMAIBHBIX 3HaUYE€HUN (HDaKTOPOB.

DKCIEpUMEHT JOTMONHSIETCS ONbITAMU B 3B€ 3JHBIX TOYKaX (PaKTOPHOTO
NPOCTPAHCTBA: TOUKaMHU 5+6 ¢ koopauHatamu (7, . £ aAT; T,,.) ¥ TOUKamMu 7=8 ¢
koopauHataMu (7 .,.; Ty T GAT), T 0. — 3B 3HOE IIIEYO.

Ha ocHoBaHUM 3KCHIEpUMEHTANBHBIX TAHHBIX OMPEACIIUTD:

a) KoaduiiueHTsl HEMMHEWMHOTO ypaBHEHUS

C= 60+ 91T+02T+ elgT‘H‘ 011T2+ 622’52

JUTsI KOMIIOHEHTA peakiuu (Harnpumep, P):

B0, 01, 02, 012, 011, 022

0) [IpoBepuTh 3HAYMMOCTb KOIPHUIIMEHTOB YPABHEHHS PETPECCHH.

B) [IpoBepUTh aIeKBaTHOCTh YPaBHEHUS PETPECCUU.

r) Haiitu koopamaaTsl T, 1™ sxcTpemanbHOit Touky QyHKIMHK

C=f(Tr)

Cratuueckas 00paboTKa pe3ysIbTaTOB AKTUBHOTO SKCIIEPUMEHTA

Tabimua Pe3ynpTaThl 3KCIEpUMEHTA
[ % | T.K | T, cQ |
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1 320 50 0,5221

2 340 50 0,489

3 320 100 0,668

4 340 100 0,665

5 316,8 75 0,5815

6 343,2 75 0,578

7 330 42 0,5017

8 330 108 0,6974

9 330 75 0,6543

10 330 75 0,6245

11 330 75 0,6241

12 330 75 0,6343

13 330 75 0,5772

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

0,6241 0,586025 -0,009 0,0805 |5| 0,0007 45,967 0,7079 6,3123
traon S’ F Fracn X" Axi Z
2,57 0,00028 0,4248 19,3 75 25 t—15
25
3aganue 2.

B nmaGopaTopHBIX yCIOBUSAX UCCIENyeTCs CHHTE3 onumepa. CHHTE3 MPOBO-
1T B pactBope. M3yuaetcs BiusHue Tpex (HaKTOpoB: Z; — KOHIICHTPAIHsI MOHOME-
pa (20-28%); Z, — koHueHTpanus naulraropa nomumepusamuu (0,15-0,25%); Z; —
temmnepartypa (343-363 K) na Boixon nosumepa Y (%). PesyabTarsl sKCriepuMeHTa

MpCACTAaBJICHLI B Ta6J'II/II_[€Z

N XI X2 X3 Y
1 +1 +1 +1 425
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 LHCHTPC IIJIaHa OBLIIM IOCTaBJICHBI AOIOJIHHUTCIIbHBIC ITApPaJIJICIIbHBIC OIIbI-

ThI U TIOJTYYEHBI Clleytomue pe3yiabTaThl: Y1=43, Y,=47,Y ;=48

3ananme 3.

[Ipu uccnenoBaHuM MOKa3aTelNs CTEIICHN YCBOSIEMOCTH aMMuaka B Y B ¢oc-
(GOPHBIX COCTUHEHUSAX M3Y4ajoCh BIMSHUEC TeMIepaTypbl ammonusaimu Z; (20-
70°C), IpOIOIKUTENBLHOCT, aMMOHM3atuu Z, (15-20 mMun), HOpMa amMmuaka Zs
(100%-150%).

Pe3ynbTarhl 3KCiepuMeHTa NpeACTaBIEHbI B TAOIUIIE:

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
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5 +1 +1 -1 14
6 -1 +1 -1 18
7 +1 -1 -1 13
8 -1 -1 -1 27

B nentpe mana ObUIH MOCTABIICHBI TOTIOJIHUTEILHBIE TAPaJIICIbHBIE OTTBITHI
¥ TIOJTYYCHBI CIIeayIomue pe3ynbrarel: Y =17,3, Y,=18, Y3=17,7.

Kpurtepun onenku:

- OLICHKA «3a4YTCHO» BBICTABJISACTCS CTYACHTY, €CJIH OTUYET IO MPAKTUYECKOMY 3a-
HATHIO BKIIoUaeT 6osiee 50% oT TpedyeMoro o0beMa 1 BBIITOJIHEH B COOTBETCTBUE
¢ TpeOOBAaHUSAMHU yKa3aHHBIMH B y4€OHO-METOIUYCCKOM ITOCOOHH;

- OILICHKA «HE 3aYTCHO)» BBICTABIIACTCS CTYJCHTY, €CIIM OTYCT IMPAKTUYCCKOMY 3a-
HATHIO BKJIIouaeT MeHee 50% ot Tpedyemoro oobema.

IpakTnueckoe 3ansaTue NeS. HcciienoBanue ruipoAMHAMUKHN HACA104-
HOro adcopoOepa.

Heab padoTsl

1. O3HaKOMHUTECS C METOOUKON COCTABJIEHUSI MaTeEMaTHUECKON MOJIEIIN TH/I-
POAMHAMUKHU HACaJI04YHOTO abcopOepa.

2. [IpakTrdeckn OCBOMTH METONWKY HCCIAEAOBAHHS TUAPOIWHAMUKH Haca-
JIOYHOTO abcopOepa ¢ UCIOIb30BaHUEM SUCCUHON MOJIEIH.

3. CpaBHUTH IKCIIEPUMEHTANILHBIE M PAaCUETHbIE KPUBBIE OTKIIMKA, MPOBE-
PUTH MOJIETTh Ha a/ICKBAaTHOCT.

HUcxonnble nanHbIC:

1. Beicora Hacagku L = 11,5 m.

2. Imomranpb monepevyHoro cedeHus: abCopOIMOHHON KOJIOHHBI S =1,8 M2,

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

4. Konuenrpanus abcopoupyemoro komrnonenta C0, % o0.

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

UucneHHble 3HaAUCHUS 1)1l TYHKTOB 4 U 5 MpUBEACHBI B TaOJIHIIE.

Tabnuia Bapuantsl

BapuanTsl

Konnenrpanus 1 2 3 4 5 6 7 8 9 10

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

Konnentpanus Ha Beixoze u3 abcopbepa, % 00.

Bpewms, ¢

0

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

1 0,00250,001 0,005 {0,006 {0,002 0,014 (0,002 |0,070|0,015 0,100
2 0,01000,008 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 0,049010,027 0,100 {0,025 0,040 0,047 (0,120 |0,240|0,059 (0,160
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5 0,0720|0,045|0,140|0,030 (0,050 (0,051 0,140 0,290 |0,067 |0,173
6 0,09000,075|0,180 (0,033 {0,080 (0,060 0,150|0,310 {0,074 0,180
7 0,115010,1000,220 {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 0,154010,160 0,380 {0,050 0,090 0,075 (0,166 |0,345|0,100 0,196

IMopsinok BHINOJTHEHHS PAdOTHI

1. O3HaKOMHUTBCS C METOAMKON MOACINPOBAHUS THAPOIMHAMUKY HACAI0U-
HOTO abcopbepa.

2. O3HaKOMHTHCS CO CTPYKTYPHON CXEMOU allrOpUT™Ma HCCISIOBAHUS TH/I-
POIMHAMHKHN HACaJ0uHOTO abcopoepa.

3. [ToArOTOBUTH UCXOIHBIC TaHHBIC.

4. BpIOpaTh ONTUMAIBHOE YHCIIO STYCCK.

5. O6cynuTh pesynbrathl. Cenath BEIBOJIBI IO padoTe.

Kpurtepum onenku:

- OIICHKA «3a4TCHO» BBICTABJISCTCSA CTYACHTY, €CIIM OTUYET IO MPAKTHICCKOMY 3a-
HATHIO BKJItOUaeT 6osiee 50% ot TpedyeMoro oobema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSIMHU YKa3aHHBIMHU B y4€OHO-METOIUUECKOM MTOCOOUH;

- OLICHKA «HE 3aYTEHO)» BBICTABIISCTCS CTYJEHTY, €CIId OTYET MPAKTUYECKOMY 3a-
HATHIO BKIIoYaeT MeHee 50% ot tpedyemoro oobema.

IIpakTuyeckoe 3ansaTue Ne 6. MogeaupoBaHue Tenjo00OMeHHbIX amma-
pPaToB B CTallMOHAPHOM pexuMe Mogeau mnpoueccoB TemI000MeHa:

1. Tenj1000MeHHUK THIIA «repeMelIMBAaHUe-TIepeMeIINBAHUEY,
2. Ten1000MeHHHMK THIIA «BBITECHEHHE-BbITECHEHHE) .
3axanue

1. O3HaKOMUTBCA C IPUHIUIIAMU COCTABJICHUS TETIOBBIX 0aJaHCOB MOTOKOB
U pa3AeIIsIIoNIeil CTEHKU B TEMJIOOOMEHHBIX U PEAKIIMOHHBIX anmnaparax XuMu4e-
CKOM TE€XHOJIOTUH IIPU TETNIOOOMEHE YePEe3 CTEHKY.

2. OTMETUTh OCOOCHHOCTH MAaTEMAaTUYECKUX OMUCAHUI MPU Pa3HbIX CIIOCO-
0ax opraHu3alMK TEMJI000MEHa.

3. BbINOAHUTH BapUaHT 3aJaHusl.

HUcxonnblie nanHbBIE:

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

Buayrpennuit auamerp tpyOosr Di:= 0.01m
Buemnuii tuametp tpyost Dy:= 0.03m
Tonmuna crenku Tpyos1o:= 0.002m
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Pexxum TedeHus: MOTOKOB CTallMOHAPHBIN

O6weMHbIN pacxon kuakoct Gr:= 0.2 10”Mm>/cex

O6weMHbIl pacxon Bojibl Gy:=2Gt

Kosddurment terwtonepenadn K:= 10000 Br/m*K

ITnotHOCTB XKUAKOCTH pT:= 1500 Kr/M°

TemmoemkocTth xuakocTu Cpr:= 2500 JIx/kr-K

[InotHOCTH BOJIBI px:= 1000 KI/M

TermmoemokcTh Boabl Cpx:= 4200 [Ix/kr-K

[TocTpouTs rpaduik U3MEHEHHUS TEMIIEPATYP TETUIOHOCHUTEIIS U XJIaJOTCHTA

110 UIMHC allriapara.

s mpoTUBOTOKA!

HUcxonupie faHHBIC:

ORIGIN:=1

T,:=235°C

To:=25°C

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

Tonmunua crenku TpyOst 6:= 0.002 m

PexxvM TeueHust TOTOKOB CTAllMOHAPHBIM
O6BeMHbIH pacxoy xuakoctd Gr:= 0.35-10™ M>/cex
OO6bemubII pacxon Boabl Gy:= 2Gt

Koadpunment termnonepenaun K:= 10000 Br/m*K
[ImoTHOCTB XKMAKocTH pr:= 1200 Kr/m>
TemmoemkocTh kUAKOCTH Cpr:= 3000 JIx/kr-K
II10THOCTB BOIBI px:= 1000 Kr/m°

TennoeMrxocTsb BoabI Cpyx:= 4200 JIx/kr-K
Tabnuma 6.2 - BapuaHTsl 3a1aHuit

Hauanphas | O0béMHAas Terutoém-
Bapu- [T;moTHOCTS,
TemoHoCHUTENB| TEeMIIEpa- | CKOPOCTb, 3 KOCTb,
aHT KI/M
Typa, "C M /c Jhx/xr-°C
1 Topstauit 180 2,3-10" 900 3,35-10°
X 0O XHbIiT 25 5,1-10" 1000 | 4,19-10°
) Topstanii 190 1,3-10™ 890 3,15-10°
X 0JI0XHbIiT 35 4,1-10" 990 4,1-10°
3 Topstanii 210 2,5-10™ 920 3,45-10°
X0n0HbBIH 15 5,1-10" 1000 4,19-10°
) Topstamuit 280 2,0-10" 910 3,4-10°
XonoaHsbIi 25 5,1-10" 1100 4,4-10°
c Topsunii 250 3,3-10™ 900 3,55-10°
X OJIOIHBIHI 45 4,51-10™ 980 4,1—103
6 Topstunit 185 2,83-10" 880 3,2-10°
X OJIOIHBIHI 10 5,51-10* 1010 4,25—103
7 Topstunit 160 2,53-10" 900 3,35-10°
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X 00 XHbIiT 25 5,21-10" 1000 | 4,19-10°
8 Topstunii 200 2,3-10" 900 3,35-10°
X OJIOIHBIHI 20 5,1-10" 1100 4,55—103
9 Topstunit 170 2,8-10™ 900 3,35-10°
X OJIOIHBIHI 15 5,2-10" 990 4,8—103
10 Topsunii 220 2,4-10‘f1 900 3,53-1933
X 0JIOAHBII 35 5,5-10 990 4,0-10
1 Topstamuit 190 2,3-10‘f1 890 3,0-1033
X 0JIOIHBIN 40 5,1-10 1030 4.24-10
19 Topstunit 235 2,1-10™ 850 2,95-10°
X 0JIOIHBIN 10 5,44-10™ 1000 4, 19-10°

Kpurtepum onenku:

- OIICHKA «3a4TCHO» BBICTABJISACTCS CTYACHTY, €CIM OTYET I10 IPAKTHYCCKOMY 3a-
HATHIO BKIItouaeT 6osee 50% oT TpeOyeMoro o0beMa 1 BBIITOJIHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU YKa3aHHBIMH B Y4COHO-METOAMYECCKOM ITOCOOHH;

- OILICHKA «HE 3aYTCHO)» BBICTABIIACTCS CTYJCHTY, €CIIM OTYCT IMPAKTUYCCKOMY 3a-
HATHIO BKJIIouaeT MeHee 50% ot Tpedyemoro oobema.

IIpakTnyeckoe 3ausaTue Ne7. UcciaenoBanue nmpoiuecca pasjaejieHusi MHO-
TOKOMIIOHCHTHOM CMeCH B ra30BOM cenaparope.

Ienb paGoThI

1. O3HaKOMHUTBCA € METOAMKOM pacyeTa IpoLecca OJHOKPAaTHOTO ucnape-
HUSL.

2. IIpakTryeckun OCBOMTh METOAUKY MccienoBanus Ha OBM mpouecca pas-
JIeJIEHUS] YTJIEBOIOPOIHOM CMECH B ITa30BOM CEMapaTope.

3. 3yuuTh BIUSHHE TEMIEPATYpPHI, JABICHHUS, COCTaBa ChIPbS Ha MPOLECC
paszeneHusi Ta30’KUJIKOCTHOM CMECH B KacKaJe cenaparopoB M BbIOpaTh 3(dek-
TUBHBIN pexKUM pabOThI ¢ UCIIOIB30BaHUEM MH(OPMAIIMOHHO-MOJISTUPYIOIIEH CH-
ctembl (UMC).

WcxonHble AaHHBIE ISl pacyeTa mpolecca pa3fesieHus] MHOTOKOMITOHEHT-
HOM yTJI€BOJOPOIHON CMECU

ra3 ras

CEIpbe
Cl

|

Prucynok CxeMa TeXHOJOTHYECKOro Mpolecca
Tabnuna BapuaHTbl TEXHOJOTMUECKUX MAPAMETPOB MPOIECCa HUZKOTEMIIE-
paTypHOU cenapauvu

AKHIKaA (aza

\ Howmep BapuanTa \ TexXHOIOrnYecKue nmapameTpsel o CEnaparopam
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1 cenaparop 2 cenaparop 3 cenaparop
1 P;=13,8 Mna P:=9,7 Mna P;=5,4 Mna
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
T1:30,80C T1:O,90C T1:35,10C
3 P:=13,9 Mna P1=9,8 Mna P:=5,4 Mna
T,=16,5°C T,=3,2°C T,=34,5°C

Jlns mpoBeneHUsl pacueTa cemapandoHHOro OJjioKa mpolecca pas3zieiaeHust
MHOT'OKOMITOHEHTHOM YTJICBOJIOPOJHOM CMECH HEOOXOIUMBI CEAYIOIHE JaHHbIE:

1. Pacxon chIpbs, KI/TO.

2. Temmepatypa B cemnapaTopax, °C.

3. JlaBnenwue, I1a.

4. CoctaB CbIpbs, MOJIBHBIE JOJIH.

BapuanTsl 3amanuii

Tabnuna VccnenoBaHue BIMSHUS TEXHOJOTMYECKUX MapamMeTpoB Ha MPO-
1[eCC HU3KOTEMIIEpaTypHOH cenapaluu

Howmep 3anaHue

BapUaHTa

1 HccnenoBath BIUsHUE TEMIIEPATYphl B IEPBOM CeMapaTope:
T1=16 oC; T2=12 oC; T3=19 oC

2 HccnenoBarh BIMSHUE ABJIICHUS B TIEPBOM cemapaTope:
P1=13,9 Mna; P2=11,2 Mna; P3=9,8 Mna

3 HccnenoBarh BIMSHUAE TEMIIEPaTyphl BO BTOPOM CelapaTope:
T1=-3 oC; T2=-6 oC; T3=-9 oC

4 HccnenoBath BIUSHUE JIaBJICHUSI BO BTOPOM CEIapaTope:
T2=-5 oC; P1=8 Mna; P2=9 Mna; P3=10 Mna

5 HccnenoBath BIUSHUE IaBJICHUSI BO BTOPOM CeIapaTope:
P1=8 Mna; P2=7 Mna; P3=10 Mmna

6 HccnenoBath BIMSHUE KOJIMUECTBA cENapaTopos: 1, 2, 3.
YcnoBus NpoBeEeHUS NpoIecca:
P1=14 Mna; T1=16 oC;
P2=11 Mna; T2=-3 oC;
P3=9 Mna, T3=-35 oC

7 HccnenoBath BIMSHUE TEMIEPATyphl B TPETHEM cemapaTope:
T1=-34,5 oC; 72=-30,0 oC; 73=-37,5 oC

8 HccnenoBath BIMSHUE TEMIEPATyphl B TPETHEM cemapaTope:
P=5 Mna; T1=-30,0 oC; 72=-34,5 oC; 73=-37,0 oC

9 HccnemoBarh BIMSHUC IABJICHUS B TPETHEM cellapaTope:
73=-32,0 oC; P1=5 Mna; P2=7 Mna; P3=10 Mna

10 HccnenoBarh BIUSIHUE JIaBICHUSI BO BTOPOM CEMapaTope:
P1=8 Mma; P2=9Mma; P3=10 Mmna

11 HccnenoBarh BIMSHUE TEMIIEPATyphl BO BTOPOM CelapaTope:
T1=-3,2 oC; T2=-10 oC; 73=-15 oC

12 WccnenoBarh BIMSHUE JIaBJICHUSI BO BTOPOM CeIapaTope:
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P1=9,8 Mna; P2=8,8 Mna; P3=7 Mmna

13 HccnenoBarh BIMSHUE TEMIIEPaTyphl B IEPBOM cemnapaTope:
T1=10 oC; 1T2=20 oC; 73=30 oC
14 HccnenoBarh BIMSHUE JIABJIICHUS B IIEPBOM cemapaTope:

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

Tabnuma CocTaB UCXOTHOW CMECH M TEXHOJOTHYECKUE MapaMeTphl Mpoiiecca
HU3KOTEMIIEPATYPHOI cenapaliu

Howmep Bapu- | Kommonentst | Cocras, Mounek. [InotHOCTH TexHosor. napameTpsl
aHTa MOJIBH. JJOJN Macca, MOJIbH. | KHAKOCTH, JaBICHUE, | TeMIepa-
J0JIH Kr/m3 Mna Typa, oC
1 CcOo2 0,0074 P1=8,7 T1=24,0
Aszor 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
Meranon 0,0
2 CcOo2 0,0088 P1=9,0 T1=23,0
Asor 0,0289 P2=8,7 T2=3,0
CH4 0,8544 P3=5,2 T3=-32,0
C2H6 0,0366
C3H8 0,0286
i-C4 0,0087
C-4 0,0112
i-C5 0,0023
C-5 0,0019
OST 0,0186 100,0 721,3
H20 0,0
Meranou 0,0
3 CO2 0,0054 P1=13,8 T1=21,8
Asor 0,0265 P2=9,7 72=-8,6
CH4 0,8495 P3=5,4 T3=-34,8
C2H6 0,0422
C3H8 0,0263
i-C4 0,0060
C-4 0,0055
i-C5 -
C-5 0,0083
OST 0,0297 121,5 721,3
H20 0,0032
MeraHon 0,0003

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

HH:A.

2. [ToAroToBUTH NCXOHBIE TaHHBIC TSI pacyeTa.
3. BemomuuTh pacyer.. MccnenoBaTh BIMSHHE TEXHOJOTHYECKUX MapaMeT-
POB Ha MPOLIECC CeTmapaIum.
4. Pe3ynbTaThl pacuera MpeacTaBUTh B BUJE TaOIUIl U rpadUKoB, BEIOpPATh

3 PEeKTUBHBIN PEXKUM pa3ieIeHUs.
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5. CocTaBUTH OTYET.
Kpurepuu oneHku:

- OIIEHKA «3a4TEHO» BBICTABIISETCS CTYACHTY, €CIIU OTUYET IO MPAKTUIECKOMY 3a-
HATHIO BKIIIoUaet 0osiee 50% oT TpedyeMoro o0bemMa 1 BBIIIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSAMHU yKa3aHHBIMH B y4€OHO-METOIUYECKOM ITOCOOHH;

- OIICHKA «HE 3aYTEHO» BBICTABIIICTCS CTYIEHTY, €CIIH OTYET MPAKTUICCKOMY 3a-
HATHIO BKITFouaeT MeHee 50% oT Tpedyemoro oobema.

IIpakTuuyeckoe 3ansaTue Ne8. Maremarudeckoe MOAeJUPOBAHUE TPO-
Hecca peKTH(PUKALMU.

Heab padoThl

1. O3HaKOMUTBECS C METOJUKON MAaTEMAaTHYECKOTO MOJEIMPOBAHUS MIPOLIEC-
ca pa3JeNeHuss MHOTOKOMIIOHEHTHOM CMECH B PEKTU(PUKAIIMIOHHOMN KOJIOHHE.

2. BpINonHUTHE pacyeT MaTEpUaIBLHOTO U TEIJIOBOro 0ajlaHCOB, COCTaBOB Ma-
POBOH U )KUJKOH (a3 mpouecca peKTU(QUKALINH.

3. HccnenoBaTth BIMSIHUE TEXHOJIOTMYECKUX IMApaMETPOB HA IPOLECC pPEK-
TUQUKAITIH.

IHopsizok pacueros

Pemienune npuBeAeHHBIX BBIIE YPABHEHUN MAaTEMATHUYECKON MOJEIN PEKTH-
(bUKaIMOHHON KOJIOHHBI IPOBOJISAT B CJIEAYIONICH MOC/IeI0BATEILHOCTH:

1. 3aaroTcs JaHHbIE, HEOOXOUMBIE ISl pacueTa KOJIOHHBI:

- kosmuecTBO Tapesiok (N);

- XapaKTEPUCTHKH IMOTOKOB MMHUTAaHUS: MacCOBBIN pacxon (F.), Temrepa-
Typa (Ts), cocTaB (Xgi);

- MacCOBBI pacxon mucTwuisiTa (D), KyOOBOrO MPOIYKTa (W), MOTOKOB
orbopa xuakoctu (U) u daermsl (Ly+1); Uis HauyaabHOIO IMEpecuyera MacCOBBIX
pacxo0B B MOJIbHBIE 3a/1aF0TCSI OPUEHTUPOBOYHBIE 3HAUECHUS CPEIHUX MOJIIPHBIX
Macc JKUJIKOCTH U mapa B JeduiermaTope, Kyoe 1 Ha Tapeskax OTIOHa;

- TEMIEpPaTypbl MOTOKA KUAKOCTH, MOCTYyNaoIel U3 aedaermaropa (T,)
U MOTOKa rperoriero mapa u3 kyoa (Ty);

- nasyieaue B kosioHHe (P).

2. HayanbHble TPUOIMKEHUS:

= HaYyaJIbHBINA TPO(UIIb TEMIIEPATYp - JIMHEUHBIN;

- HavyaJIbHOE MPUOJIMKEHUE L; U G; pACCUUTHIBAETCS M3 OOIIEro MaTepu-
aNbHOTO OajyaHca v MPEANOJIOKEHHS, UTO PEKTU(PUKALIMS SKBUMOJISIPHA.

3. PacuéTtHas (uTepaloHHas) 4acTh:

- pacuét npoduiIsi KOHUEHTPAUUK (x, y) U3 MOKOMIOHEHTHOTO MaTepH-
aJbHOrO OanaHca;

- pacy€T Temneparyp Ha Tapenkax (T) ¥ K; U3 MPEANOI0KEHHS, YTO KU
KOCTb Ha TapeJIKe HaXOAMUTCS MPU TEMIIEpAType KUIICHUS:

T, =T+

i
n+1
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KoHncranTa (ha3oBoro paBHOBECHS HAXOAUTCS IO YpaBHEHUIO AHTyaHa

P.
5=%

InP, = A, — —
TS TTYG

rae

Aj, Bj, Cj - k03¢ (ULIMEHTHI ypaBHEHHs] AHTYyaHa ;

T- Temneparypa nporiecca, K;

Pj - TaBJICHUE j-2o KOMIIOHEHTA B CUCTEME (MM. PT. CT);

P - oO11ee AaBJIeHUE B cUCTEME (MM. PT. CT).

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

[lepecyer KOHIIEHTpaUU, TEMIIEPATyp U PACXOAOB MPOAOJIKAETCS A0 TEX
nop, 1Moka He OyJIeT HalIeHO pelieHrue ¢ TpeOyeMoi CTENEeHbI0 TOYHOCTH.

BapuaHTbl 3a1aHuil 1 MCXOJHBIE JAaHHBIE JJISl pacyeTa mpouecca peKTudu-
Kaluu

Tabnuna - VcxoqHble TEXHOJOTUYECKUE JaHHbBIE JUIsl pacueTa peKTHU(PUKa-
IUOHHOI KOJIOHHBI

25 KosnmyecTBo Tapenok
0 pacxo]| ra3000pa3HOTo AUCTHILIATA, KI/4
6200 acXoJl KUIKOr0 JUCTUILIATA, KI/4
16000 |pacxox ermsl, Kr/4
0 acxoj mapa u3 Ky0a, Kr/4
20800 [pacxop >kuIKoro Ky0OBOTO MPOJIYKTA, KI/4
1,47 naBicHUE B kKooHHe, MIIa
22,0 memnepatypa B aedaermarope, °C (mepBoe npuOImKeHHe)
190 Temmeparypa B kyoe, °C (mepBoe npubInKeHne)
50 CpedHsiss MOJsipHas Macca mapa B jaeduermarope, r/Moib (mepBoe
MPUOJINKEHHUE)
95 CpelHssl MOJIIpHas macca napa B KyOe, r/mMoiib (1epBoe mpHuoIImxKe-
HUE)
50 CpeIHssl MOJISIpHAsi Macca KHUAKOCTH B jaediiermMarope, r/Moib (Tiep-
BOE TPUOIIMKEHUE)
95 CpeIHsisl MOJISIpHasi Macca >KHJIKOCTH B KyOe, T/Moib (mepBoe Mpu-
OJIMKEHHE)
IInTanue :;KUAKOCTBHIO
1 KOJINYECTBO MUTAIOIINX TaPEJIOK
20 HOMEPA MUTAIOIIUX TAPEIOK
27000 |pacxojabl MATAHUS, KI/9
110 TEMIIEpaTypbl BXOAHBIX TOTOKOB, °C
CocTaBbl BXOJHBIX IOTOKOB, MOJIbHbIE MPOLEHTHI
0,25 CHa
0,61 C2He
4,21 C3Hs
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3,73 u-C4
7,86 H-C4
6,52 u-C5
7,63 H-C5
69,19 Ce+
Tabnuia - CocTaB nOoTOKa MUTAHUS PEKTUPUKAIMOHHON KONOHHBI K
HaumeHnoBanue CopepxxaHue, MOJbH. %0
KOMITOHEHTa | I m IV
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
Ci1-C4 16,66 13,27 47,48 55,19

Ta6nuna -TexHomornueckre JaHHbIe IS UCCIEA0BAHUS MPoIlecca PeKTH-
dbukanuu

BapuaHt r [3HaueHHs mapamerpa
3aIaHUs TexHoJIOrn4eckuii napameTp 1 2 3 4
I Pacxon »xuakoro auctuiiara, kr/g 6000 6100 6200 [6300
Pacxon >kuakoro kybosoro mpo-21000 20900 (20800 {20700
TyKTa, KI/4
Il [Pacxon duermsl, Kr/4 14000 {15000 {16000 (17000
1l [Homep nuTaromeit Tapenku 16 18 20 22
IV [Temneparypa nuranus, °C 100 110 120 |130
V  [Temneparypa B KyoOe, °C 170 180 190 |200

IHopsinok BhINOJIHEHHsI PadOTHI

1. O3HAaKOMHTBLCS C MATEMATUYECKON MOJAEIBIO U METOAUKON pacdeTa mpo-
necca peKTuduKanuu.

2. IloAroToBUTH UCXOJHBIC JAHHBIC JIJIs pacyeTa mpoiecca peKTU(hUKaIUH.

3. BbInoysiHUTH pacuer..

4. Pe3ynbTarhbl pacueTa Npe/ICTaBUTh B BUAE TaOIUI] U rpaduKOB, BHIOPATH
3¢ (HEKTUBHBIN PEKUM pa3IeieHUS IS MOJIYyYeHHUsS] CTAOMIBHOTO KOHJIEHCATA.

5. CocTaBUTb OTYET.

Kpurepuu ounenkmu:

- OLICHKA «3a4YTEHO» BBICTABIIAECTCS CTYAEHTY, €CJIM OTYET MO MPAKTHUYECKOMY 3a-
HATHIO BKIItoYaeT 0osiee 50% oT TpedyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSIMU YKa3aHHBIMU B Y4€OHO-METOAMYECKOM MOCOOUH;
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- OLICHKA «HE 3aUYTE€HO» BBICTABJISICTCSI CTYIEHTY, €CJIM OTYET MPAKTUYECKOMY 3a-
HATHIO BKITIouaeT MeHee 50% ot Tpedyemoro oobema.

IIpakTuuyeckoe 3ansaTue Ne 9. MoaejmpoBaHue KMHETHKHA FOMOTE€HHbBIX
XUMHUYECKUX PEaKIUu.

Heab padoThl

1. O3HaKOMUTBCS ¢ METOAAMHU MOCTPOEHUS KMHETHYECKUX MOJIENEH TOMO-
TE€HHBIX XUMUYECKUX PEAKIIUH.

2. Paccumtath U3MEHEHHE KOHIICHTPAIUI B X0/1€ XUMHUECKON pPEeaKIIHH.

3. CpaBHuUTh yHUCIEHHbIE MeTONbl Ounepa u Pynre-Kyrra mpu pemenuun
MPSAMON KMHETUYECKOM 3aJaUHu.

4. HccnenoBaTh BIMSHHE TEMIEPATYPbl HA BBIXOJ HPOJYKTOB U CTEIEHb
IIPEBPALLECHUS.

5. JlaTh pekOMEHJAUM N0 YCIOBUIM IPOBEACHUS PEAKIUI C LEIbI0 MOy~
YEHUs1 MAKCUMaJIbHOTO BBIXO/1A LIEJIEBBIX IPOAYKTOB.

3aganus:

OnpenennTs KMHETHYECKUE 3aBUCUMOCTH KOMIIOHEHTOB T'OMOIE€HHOH IIO-
CJIEIOBATEIILHOCTY XUMHUUYECKON pEaKLUH, IPOTEKAIOIIEH IIPU ITOCTOSHHON TEMIIE-
patype T u npu moctossHHOM o0ObeMe peareHTOB. V3BeCTHBI 3HAUEHHS KOHCTAHT
CKOpOCTH Kj KaXIOHM CTaauu MpH TeMIIepaType W HadalbHbIC 3HAYCHUS KOHIICH-
tpamuu kommoreHtoB Cj(0).

Tabsauuna Bapuantsl 3a1anunid

Ne  |YpaBHenne xumunue-HavanbHbie 3HaueHMe KOHCTAHT3HAUEHUS dPHEPTUU akTuBaiuu E,
3a/1aCKON peaKLuu KOHIIEHTpauuu,ckopocteit mpu 7 =]x/Moib
HUS MOJIb/JT 580 K
ki ki k3 [Ei E2 E3
1 ,Cl CA;=0,5 02 0,5 | 0,305 10* [10,110* |
2428+ C
ks
2 ky CA0=0,3; 04 02 10,3 [11,51410%9,524-10* [7,254-10*
24 >B+C CE0=0,2;
k> CD0=0,2
I
D+E—>B
3 CA0=0,3; 02 0,2 [0, [12,44410%14,897 10%14,110*
, CD0=0,4
A2B+HC
ky
ks
B+D—(
7 CA0=0,2; 04 0,2 10,5 [14,30510%12,594 10%13,51110"
y @ CB0=0,3;
+Bo 2C CD0=0,i
k>
ks
C+D—>FE
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5 r CA,=0,2 04 02 | 11,51410% [10,386 10%
1 -0 i
CBo O,I
2A+BoC
k>
6 k, CA0=0,6; 0,42 0,2 10,25 [11,354 10%9,592-10% [9,43110"
A+2CoB CC0=0,8
k,
ks
B—2D
7 ky CA0=0,3 0,3 0,25 0,i8 [14,1810% [13,344-10%13,762 10*
A—-E+C
k2
2C«D
k3
8 ky CA,=0,4 05 02 1 5,85210%15,01610% [14,389-10
AB+HC
k>
ks
24—D
0 kl CA0=0,2; 0,37 0,16 | 12,71710% [13,727-10%-
CB,=0,05
AB
ko
10 k= B CA0=0,7; 04 2 |  [10,35110°[9,18010"
A Z CBQZCCOZO
e
11 ki < B CA0=0,6; 0,19 0,2 0,12 [11,18310"[12,10310" [10,264-10"
CBo=CCo=0
A %
o
12 ki k& CA0=0,2; 05 02 1 [10,010° [9,810° 1,510
CB0=0,1;
A—>B o C cco=o
ks
13 A <o [CA0=0,2 04 014 p21 9810° 510" 8,610°
2 CB0=0,15
ks
B —»C+]T
14 CA0=0,46 0,38 024 0,11 h2410* [1110° 0,6-10"
k % k;
A—> <k—' C
! 4 4 4
k =
15 A szBm CA,=0,5 05 02 01 [2010* Q1110 0,510
2
A2
16 CA0=0,44; 0,52 0,34 0,15 [8,510* 9,6-10* [10,510"
CBo=0,22

4B Ly 4—‘;_>D
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17 CA,=0,25 0,2 0,08 0,28 P9,2-10* [0,810° [11,510°
ky
A..—k_-zBﬁ»C
18 CA,=0,62 044 0,11 0,17 ho,210* [10,210* [11,510°
k ks
2A..—k_’B—>C

Iopsaok BeINOJTHEHUsI padOTHI

1. CocTtaBuTh, B COOTBETCTBHH C 33JJaHHON CXEMOW peaKilfil, HA OCHOBAHUU
3aKOHa JAEUCTBYIOUIUX MAacC KHHETUYECKYIO MOJIEIIb.

2. Pa3paboTarh anroputM pacuéra COCTAaBICHHONW KWHETHYECKOW MOJIEINH C
WCIIOJIb30BaHUEM YHCIEHHBIX METOA0B Juiepa u Pynre-Kyrra.

3. O6cynuth pe3ynbrarhl. CaenaTh BBIBOABI IO paboTe.

4. CocTaBUTb OTYET.

Kpurepuu oueHku:

- OLIGHKA «3a4TEHO» BBICTABISIETCS CTYACHTY, €CIM OTUYET IO MPAKTUYECKOMY 3a-
HATHIO BKIItOUaeT 6osiee 50% oT TpedyeMoro o0bemMa 1 BBITIOJTHEH B COOTBETCTBUE
C TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOIUUECKOM MTOCOOUH;

- OIICHKA «HE 3aUYTE€HO» BBICTABJISCTCS CTYACHTY, €CJIM OTYET MPAKTUYECKOMY 3a-
HATHIO BKITIouaeT MeHee 50% ot Tpedyemoro oobema.

IIpakTuyeckoe 3ansatue Ne 10. MoaequpoBanue KHHETUKH TreTepoOreH-
HbIX XMMHYECKUX peaKIuil.

ean padoThl

1. O3HaKOMUTBCS C METOJAMU MOCTPOCHHUS KMHETUYECKUX MOjeJeil rere-
POrE€HHBIX XUMUYECKUX PEAKIUH.

2. CocTaBUTh KMHETHUYECKYIO MOJENb T€TEPOreHHOW XUMHUUECKON peaKIiu
B COOTBETCTBUU C 33JaHHBIM MEXaHU3MOM.

3. BriOpaTh ynCiIeHHBIN METOM U pa3paboTaTh MporpamMmy pacdeTa.

4. HccrnenoBaTh IWHAMHUKY W3MEHEHHMS KOHILIEHTpALUW pearupyrollux Be-
HIECTB PEAKUUHU U MPOMEKYTOUHBIX COCTUHEHU.

-BapuanTsl 3agaHunii

Ne YpaBHeHHe XUMHYECKOH peaKkunu HavanbHble KOHLIEH- | 3HAYEeHUs
3aja- TPAlUU, MOJIbH. 10JIM | KOHCTAHT
HUSA CKopocTeii
1 2 3 4
1 CsHyy +24 k1, 2CsH|y Cc5H12(0)=0,64; k1=0,43;

) o ) Cc2H6(0)=0; k2=0,33;
zCsHyp «———7CHg -C3Hg CCc3H6(0)=0; k3=0,21;
ol Coflg Ot e Dl kpmoa2

CsHjp ——CpHg +C3Hg ZC2H6 « ZC3H6 (0)=0
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CyHg + 71570, Hg Cc4H8(0)=0,72; k1=0,38;
2 Cc8H10(0)=0; k2=0,33;
z2CyHg +CyHg ——>zCgHy( +3H» CHZ(O):O, k3:0’29,
7CgHyg (k—3>/ + CSHw(KcH;mJI) %(8)47_:"" (0)_0 E'éfg!ég’
2C4Hg —>CgH g +3H, - C8HiO(o)=c’> ’
Peakiys nucnponopuuoHupoBanus  (Cc3n8(0)=0,73; k1=0,48;
. kL Cc2H6(0)=0; k2=0,32;
Cyllg + 2705 CC4H10(0)=0; k3=0,30;
‘ . 2 . Z(0)=1; k-1=0,12;
2C3Hg +CaHg «——2C H 3 +CyHg 17 C3Hg (0)=0; k-2=0,08
ZC4HlO i>z+C4HlO
Peakiusi uzomepusanuy neHTaHa  (CC5H12(0)=0,64; k1=0,32;
H-C5Hyy +Z(L)Z-H—C5H12 CZ’I3')O'C5H12(O):0§ t2=0,18;
Z(0)=1, 3=0,14;
2CsHyy <Fp >z - mo-Csl 7u-C5H12(0)=0; k-1=0,09;
13 Zu30-C5H12(0)=0 k-2=0,08
Z - W30 — C5H12 —> 7 + 130 _C5H12
Peaxuus u3oMepH3aLuu NEHTaHa  [CC3H8(0)=0,73; k1=0,54:
HeCHon 42¢ 2 s L C.H CC2H6(0)=0; k2=0,48;
12 712 cCAH10(0)=0; k3=0,38:
2Ly 72 mo-CsHyy Z(0)=1; k-1=0,02;
3 Z c3H 8 (0)=; k-2=0,11
z-mwo - G5ty =z +mo ~C5Hy) 17 ¢4 H10 (0)=0
H— CSH]7 —> U30 — CSH] o)
Peakuus nucniponopuuonuposanust (CC3HS(0)=0,73; k1=0,54;
k1 CC2H6(0)=0; k2=0,43;
Caflg +aerCslis CCAHL0(0)=0: k-1=0,0;
k2 =1 -/ =
zC3Hg + C3Hg ¢«—>2zC4Hjg + CoHg g(g% |-]|-,8 (0):0 k-2=0,11
2C4Hyo L)Z +Cy4Hyp
2C3Hg ——>CHHg +CyHyp
N 42t oy CN2(0)=0,2; k1=0,32;
2 2 CH2(0)=0,8; k2=0,29;
Ny +3H, <250 30, CNH3(0)=0; k3=0,44;
Z(0)=1: k4=0,25;
N, -3H, — 5 /N 5), ZN2(0)=zN2 3H2(0)=  k-1=0,32;
” =7(NH3)2(0)=0 k-2=0,29
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8 Peakuust oauroMepusanuu CC3H6(0)=0,5; k1=0,15;
kl CC6H6(0)=0; k2=0,10;
Call +2 »7C3He CH2(0)(:8; k3=0,08;
k2 Z(0)=1, k-2=0,01;
23l +Callg <——2C3Hg - Callg Zé3)H6(O)=O; k-3=0,005
ACxllg - C3llg <257 1 Cgllg + 311, (ZC3HO6C3H6(0)=0
2C3H6 —)C6H6 + 3H2
0 Peakuus onuromepuszanuu CC3H6(0)=0,5; k1=0,15;
C3Hg +7—0 5 /03 H ZC6H6(0)=0; k2=0,10;
s CH2(0)=0; k3=0,08;
7C3Hg +C3Hg «——>2C3Hg -C3Hg Z(0)=1; k4=0,12
3 7C3H6(0)=0;
2C3Hg - C3Hg ——>7CeHg +3H Z C3H6*C3H6(0)=0
zZCgHg —)k4 z+CgHg
2C3H6 —>C6H6 + 3H2
10 Peakuus onuromepusanmnm CC4HB8(0)=0,5; k1=0,2;
Cag 47— s am, CC3H6(0)=0,5; k2=0,10;
: " CC7HS(0)=0; k3=0,08;
72CaHg + CyHg L)ZC3H6 -C4Hg CH2(0)=0; k4=0,1
‘ i3 . Z(O):l,
2C3Hg -C4Hg ——>2C7Hg +3H) ZC3H6(0)=0;
k4 ZC4H8&(0)=0;
7C7Hg (4)2+C7H8(T0."I}’OJ) ZC7H8((0)):O
C3H6 + C4H8 4)C7H8 + 3H2
11 Peakuus KpeKUHra C(0)=0,9;104nc  [k1=0,17;
1 CC2H6(0)=0; k2=0,12;
CyHyg +z¢—>2C4Hqg CC2H4(0)=0; k3=0,095;
PN 7(0)=1; k-1=0,051;
7ZCyHyjg <——>2zCHrHy +CHHg ZC4H10(0)=0; k-2=0,043
3 Z c214(0)=0
zCHhHy —>z+Chly
CyHjg —>CHrHg +CrHy
12 k1 Cco(0)=0,26; k1=0,23;
CO+z > 2O Ci1a(0)=0,85; k2=0,41;
20+ 3H,, k2 . .co. 3H, CCH4(0)=0; k3=0,44;
CH20(0)=0; k4=0,25
k3 7(0)=1;
-3H, ————>zH +CH ’
2031, 2O+ CHy 7ZCO(0)=ZCO-3H2(0)=
ZH20 k4 - H20 =zH20=0

Iopsiaok BeINOJTHEHUST PadOTHI

1. CocraBuTh KHHETHUYCCKYIO MOJICIIb I‘eTepOFGHHOﬁ XUMHYECKOU pE€aKnuu.

. Beibpate meToz perienust cucteMbl qudhepeHINanbHbIX YPaBHEHHI.

2
3. OO6cynuth pe3yabTarhl. Caenats BEIBOIBI IO padboTe.
4

. CocTaBUTH OTYET.
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Kpurepuu ouenkmu:

- OLIGHKA «3a4T€HO» BBICTABISICTCS CTYACHTY, €CIM OTUET MO MPAKTUYECKOMY 3a-
HATHIO BKIItoUaeT 0osiee 50% oT TpedyeMoro o0bema 1 BBITIOJIHEH B COOTBETCTBUE
C TpeOOBaHUSMU YKa3aHHBIMU B Y4EOHO-METOAMYECKOM ITOCOOHH;

- OLICHKA «HE 3aYTEHO» BBICTABIISECTCS CTYJEHTY, €CIId OTYET MPAKTUYECKOMY 3a-
HATHIO BKItouaeT meHee 50% ot tpedyemoro oobema.

IIpakTuueckoe 3ansatue Ne 11. MogesupoBaHue roMoOreHHbIX XMMHUYe-
CKHX PeaKTOpOB.
Heab padoTsl

1. CocTaBUTh MATEMATUYECKYIO MOJIENIb XUMUYECKOTO PEAKTOPA.

2. Paccuutarh M3MEHEHHS] KOHLECHTPAUUKA PEAarupyrolnxX BEIIECTB Ha
BBIXOJIC M3 PeaKkTopa U IpoQuiIb TeMIIepaTyp.

3. HccnenoBaths BIMSIHUE BPEMEHHM KOHTAKTa HAa BBIXOJ MPOAYKTOB pe-
aKInH.

4, CpaBHUTH NPOTEKAHUE XUMHUUYECKUX PEAKIIUM B peaKTOpax HiacaabHO-

IO BBITECHEHUSI U UJICAJIbHOTO MEPEMEITUBAHUA.
- BapuanTel 3aganui

No Ucxonnas (DHEpPruu Temme
/T Tun peaxuun KOHLICHTPAIHS, KoHcTaHTBI [akTHBanMu,  [paTypa,
KMOJIB/M° ckopoctu  |KJ[K/MOJb K
Cc8H18 =0,0388 |k1=0,12; E1=94,2; 610
ky ky k2=0,80 E2=81,2
k2
CH-c7; =0,0343  |k1=0,18; E1=9511; 690
ky k2=0,29 E2=122,76
H_C'?H]ﬁ_b CSHG +C4H]U
ks
i—C4Hjg
Ccons = 0,0296  |k1=0,38; E1=59,48; 800
ky k2=0,14;  |[E2=162,57;
2C,H, —* C,4Hg k3=0,11 E3=157,12
e
i—C,Hg
k Cc2H6 =0,0175;k1=0,54; E1=96,14; 810
! Cc4H10=0,0117  |k2=0,12 E2=83,60
CHetCyHjpe—= 2C3Hg
k2
i Cc5H10=0,0166; [k1=0,5; E1=101,21, 710
Cillyy ¢ TTo— Csflps Ch2=0,0166 k2=0,2 E2=115,05
k2 L
i- CsHi
k Cc6H14=0,0338 [k1=0,4; E1=75,13; 700
CgHjy—> 2-merpnnenTan k2=0,2 E2=94,18
ka
2.3-numeTHnGyTaH
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7 2 -meTHITEHTAN Cc6H14=0,0394 |M=0,2; E1=95,31; 600
ln/' k2=0,4 E2=76,17
CgH}
I
2, 3-auMeTundyTan
3 Cc6H14=0,0328 [x1=0,3; E1=79,64; 720
ki 2=0,2; E2=83,23;
Ce¢Hiy—>» 2-merunneHran k3=0,1 E3=107,11
k]| &
2 3-numernnbvran
9 Cc6H14=0,0358 [xx=0,25; E1=87,23; 660
ki k2=0,10; E2=104,75;
CsH 4 «—— 2-MeTunneHTad k3=0,25 E3=78,61
k3N k2
2.3-numeTunoyTaH
10 L ‘ Cc8H18 =0,036 [x1=0,12; E1=94,2; 620
1 2 . —
CoHyy Mg k2=0,80 E2=81,2
by
—> CyHjp+CyHy :
11 k CC7H16 =0,028 |ki=0,18; E1=95,11; 650
o CyH, CyH, +C,Hyg k2=0,29 E2=122,76
/czl
i-CyHyy
12 by Cc2H4 =0,0316 [x1=0,38; E1=59,48; 760
: k H ks k3=0,11 E3=157,12
i—C,Hg
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
by |4 &
i~ C,Hg
14 ky Cc5H10—0,017; [*1=0,5; E1=101,21; 710
CsHo+ H—> CsHys Cu2=0,014 *2=0,2 E2=115,05
k $
i- CsHjz
15 Kl Cc6H14=0,0286 [k.1=0,4; E1=75,13; 680
C6H14 —* 2-meTunmneHTaH K2=0,2 E2=94.18
2
2,3-aumeTunoyTaH
16 S METHTIEHTAH Cc6H14=0,0283 [k1=0,2; E1=95,31; 580
kl k2=0,4 E2=76,17
C6H]4/'
k2
\ 2,3-mumeTunbyTan

Iopsiaok BbINOJTHEHUST PA0OTHI

1. B cooTBeTCcTBUY C 3ajaHUEM COCTaBUTh MATEMATUYECKOE OTMCAHHE
XUMHUYECKOTO PEaKTOpA.

2. PazpabortaTh anropuT™m B MporpaMmy pacueTa.

3. [TpoBecTr pacu€Thl U3MEHEHNUST KOHIICHTPAIIUH BEIIECTB, TEMIIEPATY-
pBI, CTENIEHU TIPEBPAIICHHS OT BPEMEHU U BPEMEHU KOHTAKTA.

4. TlonydeHHsle pe3yJbTaThl 0QOPMUTH B BUJIE TAOIHUI] U TPaPUKOB.

5. CocraBuTh OTUYET O TIPOACIAHHON paboTe.
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Conep:xkanue oTyera

1. [TpencTaBUTh MAaTEMAaTUYECKYIO MOJIENIb PEAKTOPA CO BCEMU TTapaMeT-
pamu, anTOPUTM U ONHUCAaHUE TIPOTPAMMBI.

2. O60cHOBaTH BHIOOP YHCICHHOT'O METO/A PEUICHUSI MATEMAaTUYECKOU
MOJICTIH.

3. [IpencraBuTh TaOMMIIBI U TpadUuKu, OOCYKIEHHUE PE3YIbTATOB, C/Ie-

JaTh BBIBOJBI IO MIPOJIEIIAaHHOM padoTe.
Kpurtepum onenku:

- OIICHKA «3a4TCHO» BBICTABIISCTCSA CTYACHTY, €CIM OTUYET IO MPAKTHICCKOMY 3a-
HATHIO BKIItoUaeT 6osee 50% ot TpedbyeMoro o0bema 1 BBIMOJHEH B COOTBETCTBUE
c TpeOOBaHUSIMHU YKa3aHHBIMHU B yU€OHO-METOJIUYECKOM MTOCOOUH;

- OLICHKA «HE 3aYTEHO)» BBICTABIISCTCS CTYJEHTY, €CIIU OTYET MPAKTUYECKOMY 3a-
HATHIO BKJIIouaeT MeHee 50% ot Tpedyemoro oobema.

IIpakTnueckoe 3ansitue Nel2. Maremarndeckoe MOJEIMPOBAHUE TEXHHU-
YCCKUX CUCTCEM

3a,Z[aHI/ICZ IMPOBCCTHU MATCMATHYCCKOC MOACIMPOBAHHUC IIPpOOCCCa IIPCBpalIC-
HUS HUTPOOEH30JIa J0 aHWIMHA B TpyOuatoM peakTtope ¢ mnpumeHeHuem [1O
Mathcad.

Kpurepum ouenkmu:
- OIICHKA «3a4TCHO» BBICTABJISCTCSA CTYACHTY, €CIM OTUYET IO MPAKTHICCKOMY 3a-
HATHIO BKIItOYaeT 6osiee 50% ot TpedyemMoro oobemMa 1 BBITIOJIHEH B COOTBETCTBHUE
C TpeOOBaHUSIMHM YKa3aHHBIMHU B y4€OHO-METOIUUECKOM MTOCOOUH;
- OLICHKA «HE 3aYTEHO» BBICTABIISICTCS CTYJEHTY, €CIIU OTYET MPAKTUYECKOMY 3a-
HATHIO BKIIoYaeT MeHee 50% ot Tpedyemoro oobema.

TunosBbie BONPOCHI ISl MPOBeeHUsI co0ecel0OBaHUE MO0 MOXYJISAM JIHC-
UMIUIMHBI:

Ne n/m ‘ Bonpocel

Monyis 1

1. | I[lonarue MoienupoBaHUsI, MOJICIIH.

N

Buaer MmogenupoBanus, Buasl Mojienei. Kimaccudukaims Moienei.

3. | Marematuyeckoe MOJEIMpPOBaHWE, MareMmarnueckue mopaenu. Dopmbl
MPEICTABIICHUS] MaTeMaTHUeCKuX Mojeneid. CTpyKTypHbIE CXeMbl U Me-
TOJIBI UX MPE0OPa30BAHMS.

4. | IlonsTusa pyHKUMU OTKIMKA U (pakTOpoB. OCHOBHBIE OMYILEHHUS perpec-
CMOHHOTO aHaJIn3a

5. | @opMynupoBKa 3amauM anmnpokcumanuu. Kputepuii mMetona HauMeEHb-
X KBaJpaToB. PenieHue 3ajaun annpoKCUMAIIHH.

6. | OcHOBHbIE MOJOKEHUSI TEOPUHU TUIAHUPOBAHHS HKCIEPUMEHTOB: TMOJIHBIN
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daxTopubiii dkcriepuMmenT (IIDD) u o6paboTka ero pesyiabraroB. bioku
CIIO)KHOTO TIPOIlecCa CHCTEMbl — OCHOBa JJISl MOCTPOCHHS CTPYKTYPHI
CJI0)KHOTO TIPOIIECCa B TEXHOJIOTHIECKOM 00BEKTE.

7. | Metonbl 00pabOTKU pe3ynbTaToB MojeiaupoBaHus. OCcoOEHHOCTH TONY-
HaTYpPHOTO MOJIEJIMPOBAHUS CUCTEM.

8. | IlocTpoenue cratmdyeckux U AUHaAMHUYECKUX Mmojenel. [loctpoenue M-
MAPUYECKUX MOoJeel. JIMHENHbIN PErpeCCUOHHBIM aHAIN3 ISl IOCTPOE-
HUsl SMIIUPUYECKUX MOJEIEH.

9. | Ilonstus pynkuuu oTkiarnka U paktTopoB. OCHOBHBIE AOIMYIIEHUS perpec-
CHOHHOTO aHaJIMN3a.

10. | ®opmynupoBka 3afaud annpokcumanuu. Kpurepuil meroga HauMMEHb-
11X KBaJpaToB. Pemenue 3a1auu annpoKCHMALMH.

11. | OcHOBHBIE OJIOKEHUS TEOPUM INIAHUPOBAHUS SKCIIEPUMEHTOB: MOJIHBIN
(daktopHblii 3kcnepuMeHT (I1PD) n 00paboTKa ero pe3ysbTaToB.

12. | B yem npeuMymiecTBO aKTUBHOTO AKCIIEPUMEHTA?

13. | Kakue mepemeHHbIe Ha3bIBAIOTCS (hakTopaMu?

14. | Yto Takoe pakTOpHOE IPOCTPAHCTBO?

15. | aiiTe noHsTHE MOBEPXHOCTU OTKJIUKA?

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

17. | Kakue Metobl pacueta K03 (PUIIMEHTOB ypaBHEHUS PETPECCUU BbI 3HAE-
Te?

18. | TlosicHuTE CYIITHOCTHh METO/Ia HAMMEHBITNX KBAPAaTOB?

19. | Cucremnsiii cunTe3. CocTaBieHHEe MOJETH CI0KHOTO TEXHOJIOTHUECKOTO
00BEKTa KaK CJIOKHOM CHCTEMbI Ha OCHOBE CUCTEMHOTI'O aHaJIW3a U CUHTE-
3a.

20. | Yder B3auMOJICUCTBUS 00BEKTA MOJICIIMPOBAHUSI CO CPEIION.

21. | I'paHuiibl NpUMEHEHMsI IETEPMUHUPOBAHHBIX METOJIOB.

22. | OCHOBHBIE CTATUCTHUYECKHE XapaKTEPUCTUKU (PU3HMUECKHX MPOIECCOB.
ITocTaHOBKa 33a/1a4u CTATUCTUYECKOTO MOJICTUPOBAHUS CUCTEM.

23. | MeTonbl U aNropuTMbl MOJEIMPOBAHUS CIyYalHBIX MPOLECCOB C 3a/1aH-
HBIMHM CTATUCTHYECKUMU XapaKTEPUCTUKAMH.

24. | Metonpl 00paboTKu pe3ynbTaToB MozenupoBaHus. OCOOCHHOCTH MOMY-

HAaTYpPHOT'O MOJCIINPOBAHUA CHCTCM.
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10. Odpa3oBaTe/ibHbI€ TEXHOJOTHH U METOAUYECKHE YKA3aHUS MO OCBOe-
HHIO JUCHHUILIMHBI (YUeOHOro Kypca)

[Tpu peanuzanuu yueOHOro Kypca AUCHUIUIMHBI UCIIOJIB3YIOTCS CIIETYIOIINE
TEXHOJIOTHH:

- TEXHOJIOTHS TPAJULMOHHOTO 00Yy4YeHHMs, BKIIOYAIOIIas JIEKIUU U MpaKTUye-
CKUE paboThbl, KOTOPBIE MPEAINONAraloT MOCIEI0BATEIbHOE U3JI0KEHUE MaTepraa
npenojasareneM. JIekuus ¢ 3ieMeHTaMu TUCKYCCHH, C UCIOJIb30BAHUEM TEXHOJIO-
U pa3BUTHUS KPUTHUECKOTO MbIIUIEHUA. [IpakTuyeckoe 3aHsATUE C pelIeHnEM 3a-
nad, 00CyXICHHE PE3yJIbTaTOB JAESITEIbHOCTH, MPOBOIUTCS OOCYXKACHHUE PE3Yilb-
TaTOB AESTEIbHOCTH;

- TEXHOJIOTHUS IPOEKTHOTO O0YUYEHUS: IPUMEHSIOTCS JIEKIIMU-KOHCYIbTAI[UU C
UCITOJIb30BAaHUEM METO/Ia 3aIUThI IIPOEKTA.

MeToauueckue PEKOMECHIAINNA CTYACHTAM

N3yuuTh yueOHBIM MaTepuan 1mo AUCHUILIMHE «MoaenupoBaHUE TeXHUYe-
CKHUX CHCTEM», HUCIIOJNb3Ys JIEKIIMOHHBIA Marepuan U maTepuan OMOIMOTEYHOTro
dboHIa MO JaHHON TeMaTHKe, aKIIEHTUPOBATh BHUMaHUE HA W3YyYCHHH BHUJOB CH-
CTEM, 3aKOHOB IPOTEKAHUS PEAKIMN U MOAECIUPOBAHUS, OTBETUTHh HA KOHTPOJIb-
HBIE BOMPOCHI:
1. ITonsiTHE O MOJIENIM ¥ MOJEIUPOBAHUMU.
2. Ilpumepsl MOJETUPOBAHUS B aTPOHOMUM.
3. Knaccudukanus MaTeMaTHIeCKUX MOJICIICH.
4. DMOUPUYECKUE U TEOPETUUECKUE MOJCIIH, UX CYITHOCTh U IPUMEPHI.
5. CnoiicTBa ((pyHKIIUN) MOJIETTH.
6. [IpuHIIUTIBI MOJICTUPOBAHUS.
7. DTansl MOCIUPOBAHUS: BEIOOp THUIIA 1 OOOCHOBAHUE CTETIEHU €€ CJI0KHOCTH,
pa3paboTKa coaep>KaHMs MOJIEIH.
8. O0ycIOBIEHHOCTH UCTIOIB30BAHUS PETPECCHOHHBIX MOENIEH 0COOCHHOCTSIMU
AMITUPUYECKUX TAHHBIX.
9. JluHaMHuuecKre MOICIIH.

MoaenupoBaHue, 0CHOBHbIE TOHSAITHS U ONPe/IeJIeHHS.

B manHOM pasnene HEOOXOAMMO M3yYUTh OCHOBHBIC MOHSATHS W TPHUHIIHIIHI,
JIe)KaIlMe B OCHOBE MOJICIMPOBaHUs. MaTeMaTU4eCKOe MOJICIMPOBAHUE BKIIIOYAET
B ce0s TpU OCHOBHBIX JTama:

1. ®opManuzanuio M3y4aemMoro Mmpolecca - MOCTPOEHHUE MaTeMaTH4YeCKOU
MOJIeSId (COCTaBJICHHE MaTEMAaTUUYECKOTO OMTMCAHMS );

2. YCTaHOBIICHUS COOTBETCTBUA (aJ€KBATHOCTH) MOJEIH HU3y4aeMOMYy IpO-
neccy. CTyaeHT Npu M3y4eHUHU MaTepualia JOJDKEH pa3o0paThes ¢ TEM, KaKkue 3a-
Jlauy PEIIaroTCs Ha KaXKI0M dTarle.

Bomnpocs! ai1s camonpoBepku.
1. Yro Takoe MoaenupoBaHue?
2. Kakue BUIbI MOJICTUPOBAHUS BaM U3BECTHBI?
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3. Kak moapaszaensroTcsi mapaMeTpsl, BIHUSIONINE HA MapaMeTphl 00BEKTa MOJIEIH-
poBaHus?
Kakue BenmuurHbI Ha3bIBAIOTCS BXOIHBIMU ?
Kakue BenmuurHbI Ha3bIBAIOTCS YIPABIISIOMIUMU?
Kakue BenmnurHbI Ha3bIBAIOTCS BO3MYIIAIOITUMU ?
UTo Takoe BXO/IHbIE BETUYHHbI?
B ueM 3aknrogaeTcsi cocTaBlieHHE MaTEeMAaTUYECKOrO OMUCaHUs?
. Kakolt mpuHIUN UCHOJIb3yeTCsl IPU COCTABICHUH MAaTEMAaTUUECKOTO OMUCAHUS?
10 Kakue 3a1aum penaroTcs Ha BTOPOM 3Tare NOoCTPOEHUs Mojieien?
11. Kakum 06pa3oM MPOU3BOUTCS IPOBEPKA MOJIETU HA aJIEKBATHOCTh OOBEKTY?

du3nuecKoe 1 MaTeMaTHIECKOE MOJICTUPOBAHNE

CymiecTBYIOT JBa BHJIAa MOJICTUPOBaHUS: (U3UYECKOEC W MaTeMaTHYECKOE.
N3yuaemasi TeMa MOCBSIIEHA U3JI0KEHUIO OCHOBHBIX TMOJOKEHUI 3TUX BUIOB MO-
JEUPOBAHUS, UX JOCTOMHCTB U HEIOCTAaTKOB. Oc000€ BHUMAaHUE CTYJICHT JOJKEH
oOpaTUTh Ha MPUHIIUIIBL, JIEKAITUE B OCHOBE BHJIOB MOJCIIMPOBAHUSI.

Bormpocs! 1i1st camornpoBepku.

1. Yto Ttakoe pusnyeckoe MoaeIupoBaHUE?
2. B yem 3akirodaeTcst MaTeMaTHueCKoe MOJIeIMpOBaHue?
3. Kakoii mpuHIHUII JIEKUT B OCHOBE (PU3HUUECKOTO MOJICTUPOBAHUS?
4. Yro npencrapisier co00M mpUHIIMT n3oMopdHOCTH?
5. Kakue nocToMHCTBA U HEAOCTAaTKU (PU3UYECKOTO MOJEIUPOBAHUS BaM U3BECT-
HbI?
6. JlaiiTe onpeneneHue MaTEMaTHICCKON MOIeTTN?
7. Kakue ypaBHEHUS BXOAAT B CTPYKTYPY MaTeMaTHIECKOW MOICIN?
8. Ilepeuncnure TUMBI YypaBHEHHM, KOTOPBIE MOTYT BXOAWTh B MAaTeMAaTHUECKYIO
MOJENb?

Knaccuduxanus moaenei

[To pexxumam pabOThl OOBEKTa MOJCITUPOBAHUS MOJICTH ACNSITCS Ha: CTATH-
yeckue U quHamuueckue. [1o cBolicTBaM 00bekTa MOJEH KiacCU(PUIIMPYIOTCS Ha
MOJIENIA C PACTPEACIICHHBIMU U C COCPEIOTOUYCHHBIMU TapaMmeTpamu. Llenpio u3y-
YEHUSI TEMBI SIBIIICTCS O3HAKOMJICHHE C JAHHOW KJIACCH(PUKAIMUEH W OTIUIUTEIb-
HBIMH OCOOCHHOCTSIMH MOJIEJICH.

Bonpocs! miist caMoOnpoBeEpKH.

1. JlaiiTe MOHATHE CTATUUECKON MOJICIH?
2. JlaitTe moHATHE TUHAMHUYCCKOU MOJICIIH?
3. [IpuBenuTe nmpuMep MOJICTU C pacipeeICHHbIMU TapaMeTpaMHu.
4. [lpuBeauTe NpuUMEpP MOJICIIU C COCPEAOTOUYCHHBIMU MTapaMeTpaMH.
5. Ilpu pemniennu, Kakux 3aj1ad UCMOIB3YIOTCS TUHAMUYECKUE U CTATHYECKUE MO-
nenun?

Bunbl moaenen

[Ipu uccnenoBaHUM XWMUKO-TEXHOJIOTHUYECKUX CHCTEM HCIOJB3YIOTCS pa3-
JUYHBIC MOJICNN: MKOHOTpadUUYECKHe, OnepaluOHHO-OMUCATEIbLHbBIC, CHMBOIUYC-
CKHE, TOMOJOTUYECKUE, CETEBBIC U T. 1.

[Tpu n3ydeHnn JaHHOU TEMbI HEOOXOIUMO BBISICHUTH, YTO MPEACTABISIIOT CO-
OOM ATH MOJENH, YeM OHU OTIWYACTCS IPYT OT ApPyra, JUIsl pErieHus] KaKuxX 3aaad
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WCIIOJIB3YIOTCH.
Bormpocsl 111 caMOonpoBEpKU
1. 1aTh noHsATHE UKOHOTpA(UIECKON MOJIETIH.
2. JlaiiTe OHATHE ONEPALIMOHHO-ONUCATEILHOW MOJIEIH.
3. JlaTh mOHATHE CUMBOJIMYECKON MOJIEIH.
4. B yeM pazinnuue MeX.y TONOJOTHYECKON U CETEBON MOJIEbIO?
5. TexHuueckoe ¥ MporpaMMHOE 00eCrieYeHne MaTEMaTHUECKOTO MOJIEITMPOBAHMS
B nHacrosimme BpeMs CyIIeCTBYET OOJBIIOE KOJMYECTBO MAKETOB MPOrpaMM
pa3paboTKu U MPOBEACHUS UMHUTAIIMOHHOTO MojenupoBanus. Haubonee pacmpo-
crpanennbie MathCAD u MatLAB. BriObop TeXHUYECKHX CPEICTB IJIs MPOBETIe-
HUS MOJEIIMPOBAHUS B OCHOBHOM OIpeeNsieTcsl TpeOOBaHUAMH, KOTOPBIE MPEab-
SBJIAIOT AKEThl UMUTAIMOHHOTO MOJEIMPOBAHUSA K pECypcaM KOMIIbIOTEpA.
Bonpocs! st caMOnpoBEpPKH.
1. Kakue sI3bIKH HCTIONB3YIOTCS IPU COCTABICHUH ITPOTPAMM PacueToB MOJENIEN?
2. Kakue nakeTsl IporpaMMbl MOT'YT UCHIOJIb30BaThHCS IPU MOJIETUPOBAHUU?
[TocTpoeHrne MareMaTH4eCKUX MOJEIEH CHCTEM 3KCIIEPUMEHTAIbHBIM Me-
TOZOM
[Ipu n3ydeHun MaTepuaia CTyAEHT AOJDKEH YSCHUTh NOHATHUS: TACCUBHOTO U
aKTUBHOTO 3KCIIEPUMEHTA, (PaKTOPHOTO MPOCTPAHCTBA, (PaKTOpa MOBEPXHOCTU OT-
KJIMKa, YPaBHEHUS PErpeccuu U ero Ko3((ULIHUEHTOB, KaKME€ METObI, UCIIOJIb3Y-
I0TCS JIJISl pacuera 3TUX KO3(PPUIUEeHTOB.
Bomnpocs! miist caMonpoBeEpKH.
1. Kakue BuAbl SKCIIEPUMEHTOB BbI 3HaeTe?
2. B ueM mpenMyIiecTBO akTUBHOTO dKCTIEpUMEHTA?
3. Kakue nepemenHbie Ha3pIBatOTCA (hakTopammu?
4. Yto takoe ¢haKTOpHOE MPOCTPAHCTBO?
5. JlaiiTe nmoHsATHE TOBEPXHOCTH OTKJIMKA?
6. B Buje, kKakoro ypaBHEHHUs Yallle IPEJICTaBISIIOTCS YpaBHEHUS perpeccuu?
7. Kakue meToibl pacueta Ko3h(OUIIMEHTOB YpaBHEHUSI PETPECCUU BbI 3HaeTe?
8. IlosicHuTe CYIIHOCTh METO]a HAUMEHBIINX KBaApaToB?
HaxoxaeHue ypaBHEHMI perpeccut 1o JaHHBIM [TaCCUBHOTO 3KCIIEPUMEHTA
CTyAeHT NOKEH 03HAKOMUTBCS C METOJIAMH OIIPEIEIICHHSI OLICHOK IapameT-
POB YpaBHEHMI perpeccuu (KOPpESIMK) M0 JaHHBIM MACCUBHOI'O AKCIIEPUMEHTA
Y MPOBEPKU 3HAYMMOCTH MapaMeTpoB U aJ€KBATHOCTU Mojelel. Bee st Mmetoau-
KM [peIaracTcs U3y4duTh Ha IpUMEpax: JIMHEWHOW perpeccur OT OJHOIo Iapa-
MeTpa; napaboJIuYecKOl perpeccuu; TPaHCUEHIEHTHOM perpeccuu; MHOXKECTBEH-
HOU KOPPEJISILUH.
Bormpocs! mi1st camonpoBeEpKH.
1. B yem 3aKi1i04aeTcsi METOJ] PETPECCUOHHOIO U KOPPEIALIMOHHOTO aHain3a’?
2. Uto Takoe cuiia JMHEHHOW CBS3M M KaK OHA OMPEACNICTCS Il YPAaBHCHHUS JIN-
HEHHOM perpeccuu OT JAaHHOTO ImapaMeTpa?
3. Ilo kakOMy KpUTEPHIO IPOBEPSIETCS aIEKBATHOCTh YPABHEHHUSI?
4. Yto Takoe TpPaHCLEHEHTHAs PErpeccus U KOrjaa OHa IpUMEHSIeTCs?
5. Kak omnpezensercst TECHOTa HENTMHENHOW CBSI3U?
6. Uto Takoe BHIOOPOUHBIH KOA(D(OULIUEHT KOppensuun?
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7. Kak onpenensercs ko3pHUIIUEHT MHOKECTBEHHON KOPPEISIIUN?
8. IlomyuyeHue ypaBHEHHs pETPECCUH T10 TaHHBIM AKTUBHOI'O SKCIIEPUMEHTA

MaremaTuyeckyro MOJeNb CTaTUKU HCCIEAYEMOI0 OOBEKTa MOXHO IOJY-
YUTh MO Pe3yJbTaTaM aKTHUBHOI'O HKCIEPUMEHTA. AKTUBHBIA IKCIIEPUMEHT MO3BO-
JSIET COKPATUTh 3aTPaThl HA pacyeT Mojeau. MeToibl INIaHUPOBaHUS SKCIIEPUMEH-
Ta MO3BOJISIOT CO3/1aTh IUIaH ONTHUMAJbHBIX HcciaenoBaHuil. [Ipy o3HaKOMIIEHUH C
MaTepUajIoM HEOOXOIUMO pa3o0paTbCsi C METOJAMHU MOJYyYEHUS ONTHUMAJIBHBIX
IUTAHOB U pacyeTa K03(PPHUIINEHTOB ypaBHEHHS PETPECCUU 110 PEe3yJIbTaTaM aKTHUB-
HOTO KCIIEPUMEHTA.

Bomnpocs! miist caMonpoBEpKH.

1. Yto Takoe onTUMAaIbHBIN IJ1aH?
2. Uto Takoe ypoBeHb I1ana?
3. Kak onpenennTs KOMUYECTBO OMBITOB B MOJTHOM (DaKTOPHOM IKCIIEPUMEHTE?
4. Kak paccuuThIBatOTCs KO3()PPUIMEHThI YpaBHEHHsI PETPECCUM IO pe3yjIbTaTam
HOJIHOTO (PAKTOPHOTO IKCIIEPUMEHTA?
5. B ueM 3axirouaercs OLleHKa 3HAUMMOCTH YpaBHEHUS perpeccun’?

MeToanuyecKkue peKoOMeHIalun mo uyyenno Moayiro Ne2.

IIpu ocBOEHMH TeMBbI HEOOXOAUMO:

- U3Y4YUTh YYEOHBII MaTepuai Mo TeMe, UCIOIb3ysl OCHOBHYIO U JIONOJHU-
TEJIbHYIO JJUTEPATYPY, & TaK K€ TEOPETUUECKUI MaTepua, NIpelICTaBICHHbIN B Ja-
OopaTopHBIX paboTax,

- BBINOJHUTH 33JlaHUE MOCJIE TEOPETHYECKOM YacTh MO MPEICTABICHHOMY

AITOPUTMY;

- OTBETUTh HAa KOHTPOJIbHBIE BOMPOCHI.

[TocTpoeHne MaTeMaTUYECKUX MOJIENIEH CUCTEM aHATUTHYECKUM METOI0M

[Tpu 3HaKOMCTBE C MaTepuajoM JIaHHOM TeMbl HEOOXOAMMO pazo0paThCs C
NOPSIIKOM COCTAaBJIEHHSI MaTEMaTUYECKOM MOJEIH, YSICHUTh, YTO OCHOBOM CTpPYK-
Typbl MATEMAaTHYECKOTO OMMCAHUS ABJISIETCS TUAPOAMHAMHUYECKAsT MOJIENb, 3alI0M-
HUTH OCHOBHBIE AJIEMEHTAPHBIE IPOLIECCHI, YPABHEHUSI KOTOPBIX BXOJAAT B MaTeMa-
TUYecKoe onucanue. Bce MHOrooOpasue MaTeMaTHUECKUX MOJIENIE TOTOKOB, BO3-
HUKAIOIIMX B Pa3jMUYHBIX allllaparax, B 3aBUCUMOCTH OT BUAa (PYHKIIMH pacipese-
JeHUs] MOXET OBbITh MPEJCTABICHO B BUJIE psifia TUIOBBIX Mojenei. OnucaHuio
ATUX TUMOBBIX MOJIEJEH MOCBAIIEH MaTepuai JaHHOU TeMbl. CTyIeHT H0JKEeH 00-
paTUTh CBOE BHUMAaHUE Ha pa3jindKe MOJENe U Ha 00J1aCTH UX MPUMEHEHHUS.

Bonpocs! st caMornpoBepku

1. YTo nmpeaiiecTByeT COCTaBICHUIO MaTEMAaTUYECKOTO OITUCaHUs?
2. YTo sIBASIETCS OCHOBOM CTPYKTYPhl MATEMATUYECKOTO OMTUCAHUsA?
3. YpaBHeHUs, KakuX 'IJIIEMEHTApHBIX" MPOLECCOB BXOASAT B MaTeMaTHYECKOE
onucanue?
4. Yrto Takoe MOJENb UICATTBHOE CMEIICHUS ?
5. UTo Takoe MOJENb HI€aJTbHOTO BEITECHEHUS ?
6. Uem orimuarorcs AuQQy3MOHHBIE MOAEIU OT MOJEICH HIEaNIbHOTO BBITECHE-
HUs?
7. J1ns1 kakux anmapaToB MOXKET OBbITh IPUMEHEHA sS'YeeuHast MOJIENb?
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8. Uto Takoe BpeMs mpeObIBaHHs YaCTHUIIBI B anmapare?

9. /1151 yero ncnosyib3yroTcs AOMYLIEHUS MIPU COCTABIEHUU MAaTEMaTHYECKOIO OIH-
caHus?

10.  Kakwe rpynmsl 1onyIeHui Bl 3HaeTe?

11. Kakue pomyuieHust BXOJAT B KQXAYI0 TpymiLy?

MareMaTtnyeckoe MOIEINPOBAHUE TEIUIOBBIX ITPOLIECCOB
[Ipn MozmenupoBaHUM TEIIOOOMEHHBIX AaIApaTOB YCTAHOBJIEHO, YTO JBH-
YKEHUE MMOTOKOB TEIJIOHOCUTENS U XJIalar€HTa MaTeMaTUYECKH OMHUCHIBAETCA C J0-
CTaTOYHOM CTENEHbIO aJCKBATHOCTU ABYMS MPOCTEHIIMMH T'MAPOJAUHAMUYECKUMH
MOJICJIIMH: WJ€aJIbHOE BBITECHEHUS M HJealbHOE cMelleHue. B 3aBucuMocTu OT
TOTO, KAKOW MOJIENIbIO OIKCHIBAECTCSA JIB)KEHHUE TEIUIOHOCHUTENS U XJIaJarcHTa,
MOJKHO TIOJYYHTh 3 THIAa MOJENel TerIo0OMEHHBIX amnmapaTtoB: 1) cMmemieHue -
CMEIICHUE, 2) BHITECHEHUE - BBITCCHEHHE, 3) BBITCCHEHHE - CMEIICHWE. 3HAYH-
TEJIBbHO PEXKE UCIONb3YIOTCS siueeuHas u nuddy3nonHas Moaenu. bonee cioxHbie
MOJICJIM NMPAKTUYECKU HE NPUMEHSIOTCA. KpoMe Toro, CymecTByrOT MOJEIN TEll-
JOOOMEHHHUKOB € yYETOM TEIJIOBOM MHEPLMOHHOCTH CTEHKH armnapara u MOJENH, B
KOTOPBIX TEIJIOBOW MHEPLIMOHHOCTHIO CTEHKH ITPEHEOpEraor.
Bormpocs! i1 caMoInpoBepKU
1. Kakue nomyuieHus: NpUHUMAIOTCS TPU MOJIEIMPOBAHUM TEIJIOOOMEHHBIX amma-
paroB?
2. Kakue sneMeHTapHbIE MOJENN UCTOIB3YIOTCS IS MAaTEMAaTUYECKOTO OMUCAHMS
TEII0O0OMEHHBIX anmnapaToB?
3. Kakue BupI TEMI000OMEHHBIX allliapaToB BbI 3HACTE?
MateMaTnyeckoe MOIETMPOBaHIE MACCOOOMEHHBIX MTPOLIECCOB
[Ipyn MaTemMaTHYECKOM MOJIETMPOBAHMN MAacCOOOMEHHBIX alapaToB B COOT-
BETCTBUU C OJIOUHBIM MPUHIIUIIOM HEOOXOIUMO C(HOPMYIHPOBATh JOMYIIEHUS OT-
HOCUTEJIBHO THAPOJMHAMUKU (MEpBBIA OJIOK) M OTHOCUTEIIBHO Maccolleperiadyu
(BTOpOI1 OJI0K).
B oOmiem ciaydyae mpu MaTeMaTHYE€CKOM OMMCAaHUM MacCOOOMEHHBIX armapa-
TOB HCIOJB3YIOT CaMble pa3HOOOpa3Hble THAPOINHAMUYECKHE MOJEIN 33 UCKIIIO-
YEHUEM MOJEIH UACAITBHOIO CMEUIEHUS, KOTOPAsi OIMCHIBAET MPOLIECC HEAACKBAT-
HO.
Bomnpocs! 11 caMornpoBepku
1. Kakue nonyuieHus IpUHUMAIOTCS IPYU OMMCAHUU MAaCCOOOMEHHBIX arapaToB?
2. Kakue 3reMeHTapHble MOJIETTH UCIOJIb3YIOTCS TPU MaTeMaTHYECKOM ONMCAHUU
MacCOOOMEHHBIX anmnapaTtoB?
3. Kakue Buib MACCOOOMEHHBIX MPOIECCOB BbI 3HAETE?
MateMatnyeckoe MOIETMPOBAHUE PEAKIIMOHHBIX MPOLECCOB
[Ipn mocTpoeHMM MareMaTHUYeCKOro ONUCAHHUS XUMHYECKHX PEAKTOPOB HCIOJIb-
3yIOT camble pa3HOOOpa3Hble ruapoanHaMuieckiue Moaenu. OCHOBHAs TPYAHOCTh
NOCTPOEHUSI MAaTeMaTUYECKOM MOJENN 3aKIYaeTCs B OTCYTCTBHM JIOCTATOYHO
HAJEKHOW KUHETUKU. VI3BECTHO, YTO CKOPOCTh XMMHYECKOTO MPEBPALLICHUS OMH-
CBIBAETCS 3aKOHOM JEMCTBYIOIIMX MAaccC, TPYJIHEE YCTAaHOBUTH IEHCTBUTEIbHBIN
MEXaHU3M PEaKILIHH.
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[Tpn MaTeMaTUYECKOM MOJIEIMPOBAHUN XUMUYECKUX PEAKTOPOB NPUHUMAIOT,
YTO CKOPOCTh XHMHYECKOH PEaKiHH Wi H3MepseTCsi B MOIb/(MC) - FOMOrCHHBIC
PEeaKIMH - U ONPEEISIETCS B COOTBETCTBUU C 3aKOHOM JICUCTBYIOIIMX Macc.

Marematuyeckas MOJEIb XUMHYECKOTO peakTopa MpeACTaBiIseT co0oit
ypaBHEHUS MaTepUaIbHOr0 OajlaHca MO KOMIIOHEHTaM BBIPAXAIOIIUX 3aKOH CO-
XpaHEHHs] MacChl U ypaBHEHHE TEIUIOBOTO OajaHCa, COCTaBJISIEMOTO B COOTBET-
CTBUU C 3aKOHOM COXPaHEHUS SHEPTHUHU.

Bomnpocs! miist caMonpoBeEpKH.

1. Kakue Buapl cucteM audhepeHInaibHbIX YPABHEHUH MOTYT OBITh PEIIEHBI C
nomMonso IBM?
2. Kakue unciennbie MeTObI pemeHus qudGepeHnanbHbIX yPaBHEHUN U CUCTEM
UG pepeHInanbHbIX ypaBHEHUH Bbl 3HaETE?
3. Kakum 00pa3omM MOXKHO MOJIYYUTh MEpeNaTouHyro (QyHKIU0 U3 AuQdepeHin-
aJbHOTO YPABHEHHUS?
4. Kak omnpenenuTs TUCKPETHYIO MEPEAaTOYHYIO0 (PYHKIIMIO 110 HENpPEphIBHOMU Iie-
penaTouHoi GyHKIUN?
5. Kakue TunoBbie 3a/1a4u MOJIETUPOBaHUS OOBEKTOB Bbl 3HAaETE?
6. Jliig yero ucnosib3yercst MaTeMaTH4ecKas MOJIeNIb B KaK10M TUIIOBOM 3aaue?
7. Kakue tunossie 3anauu moaenupoanust ACP u CAY BbI 3Haete?
8. Kakum oOpazom ucnomns3ytorcs mateMaruyeckue mojaenu ACP u CAY B pere-
HUU TUTIOBBIX 33/1a4?
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11. YueOHo-MeTOoaM4Yeckoe U MHGOPMALMOHHOE oO0ecmeYyeHHE TUCHH-
IJIMHBI (Y4€0HOr0 Kypca)

11.1. O6s13aTesibHAA JTUTEPATYpa

/a

bubnuorpaduueckoe onucanue

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

KonnuectBo B
ounbamnoreke

I'ymepos A. M.

MaremaTrueckoe MOJEITHPOBAHIE XH-
MHUKO-TEXHOJIOTHYECKUX MTPOIECCOB
[DnexTpoHHbI# pecypc] : yueb. mocobdue
/ A. M. I'ymepos. - U3a. 2-e, nepepad. -
Canxkr-IlerepOypr : Jlans, 2014. - 176
C. : ui. - (Yuebuuku ans By3oB. Crenu-
anbHas muTepatypa). - ISBN 978-5-
8114-1533-5.

yueb. nmocodue

9BC "Jlaup"

IleTpos A. B.

MonenupoBaHue MPOIIECCOB U CUCTEM
[DnexTpoHHBIH pecypc] : yuel. mocodue
/ A. B. Ilerpos. - Cankt-IleTepOypr :
Jlanb, 2015. - 288 c. : un. - (YueOHUKHT
1uist By30B. CrieniuanbHas TuTepaTypa). -
ISBN 978-5-8114-1886-2.

yueb. nmocodue

9BC "Jlaup"

YucjieHHbIe METO/bI TPH MO/IeJIMPO-
BAHHM TEXHOJOTHYECKHX MAIINH U
o0opynoBanus [DNEKTPOHHBIN pe-
cypc] : yael. mocobue assi CTYyJeHTOB
BTYy30B / I'. B. Anekcees [u ap.]. - Capa-
ToB : By3oBckoe oOpazoBanue, 2014. -

203 c. : ni. - (Beiciiee o6pazoBanme).

yueb. nocobue

2OBC
"IPRbooks"

11.2. /lonoqHMTEIbLHAS JUTEPATYPa U Y4eOHbIe MaTepUabl (ayauo-,
BH/1€OTIOCO0MS U JIP.)

e (doun Hayunoit budmmorexu TI'Y:

Tun (yuebHuK, yueOHOE
No nocobue, y1eono- KomuuectBo B 0OmO-
bubnuorpaduueckoe onucanue MeTOoJIn4YecKoe mocoodue,
/1 JUOTEKE
MPAKTUKYM, ayJI10-, BU-
JI€0-TI0COOHS 1 JIp.)
Koueryposa E. A.
Teopuss W MeTOABI ONTUMHU3AINN
[DnekTpoHHBI pecype] : y4eb. mo-
4 coobue / E. A. Koueryposa ; Tomckuit yae0. mocodue OBC "IPRbooks"
MOJINTEXHUYECKUN YHUBEPCHUTET. -
Tomck : TITY, 2013. - 133 c. - ISBN
978-5-4387-0237-5.
boukapes B. B. " "
5 yae0. mocodue OBC "IPRbooks
Onrumusanus XUMHKO-
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Tun (yueOHUK, yueOHOE
nocooue, yueOHo-

Ne KonuuectBo B 6uO-
wn bubnuorpaduueckoe onucanue METOAMYECKOe Iocoodue, HOTEKE
MPAKTUKYM, ayJI10-, BU-
JI€0-TI0COOMS M JIp.)
TEXHOJIOTMYECKHUX MPOIIECCOB [DIIeK-
TPOHHBINA pecypc] : y4ued. mocodue /
B. B. boukapes ; Tomckuil nonurex-
HUYECKUM yHUBEpcHUTET. - Tomck :
TITY, 2014. - 263 c. - ISBN 978-5-
4387-0420-1.
O0mass xumMuYecKasi TEXHOJIOTHS
[DneKTpOHHBIN pecypc| : OCHOBHBIE
KOHIIEIIUN MPOCKTHPOBAHMS XUMHU-
KO-TEXHOJIOTUYECKUX CUCTEM : yuel-
nuk / . M. Ky3nenosa [u ap.] ; mox " "
6 pen. X. O. Xapaamnuau. - Uza. 2-e, yaeOHuK JBC "Jlans
nepepad. - Cankt-IlerepOypr : Jlanb,
2014. - 380 c. : wi. - (YueOHUKH 1JId
By30B. CrernuanbHasi JIUTEpaTypa). -
ISBN 978-5-8114-1479-6.
CemakuHa 0. K.
MammHbl U anmapaThl A Hepepa-
OOTKM MHUHEPAILHOTO CHIPbS [DJeK-
7 gogﬂélghf;;ggg i[.y;ie.6l;01;(1)10y(116111/<12 f yue0. mocodue 9BC "IPRbooks"
ToMCKUII TONUTEXHUYECKUM YHHU-
BepcurteT. - Tomck : TITY, 2014. - 90
c. - ISBN 978-5-4387-0359-4.
e 1pyrue GOoHMIbIL:
Mecro
Tun (yueOHUK, yueOHOe 1o- XpaHeHUs
No cobue, yueOHO- (MeTommueckuii
0 /;T bubnuorpaduueckoe onucanue METOJInYeCcKoe mocodue, KaOuHeT Ka-
MPaKTUKYM, ayIUO0-, BU- denpsi, Topoa-
JIE0TIOCO0uS U Ap.) ckue Oubmmo-
TEKH U JIp.)
KpaBuosa M.B. VYy4eOHo- .
METOTNICCKUI
METOAMYECKOE TMOCOOHE MO HM3YYEHMIO | y4eOHO-METOIMUYECKOe 0CO-
8 KaOWHET Ka-
JTUCIMIUTAHBL «MoJIeTMpOBaHNE TEXHHU- oue
benpet
YECKUX CHCTEM.
COI'TACOBAHO
JupexTop HayuyHOU OMOIMOTEKH A.M. AcaeBa
(noonucs) (U.0. Damunus)

« » 20 T
MII
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11.3. IlepeyeHb pecypcoB HHGOPMANMOHHO-TEJEKOMMYHHKAIMOHHOM
cetu ""UnTepHeT"

e WebofScience[DnekTpoHHBIII  pecypc] © MYJbTUAMCHUIUITMHAPHAS
pebeparuBHas 0aza nanHeix. — Philadelphia: ClarivateAnalitics, 2016— . —
Pexxum noctyna : apps.webofknowledge.com. — 3arn. ¢ skpana. — f3. pyc.,

aHrII.
e Scopus[DnekTpoHHBI pecypc] : pedeparmBHas 0aza JAaHHBIX. —
Netherlands: Elsevier, 2004— . — Pexxum moctyna : scopus.com. — 3ari. ¢

sKpaHa. — f3. pyc., aHri.

o Elibrary[OnexTpoHHblii pecypc]| : HayuyHas dJEKTpOHHAas OuOnMoTeKa. —
Mocksa : HOb, 2000- . — Pexxum goctyna : elibrary.ru. — 3ari. ¢ skpana. —
S13. pyc., aHrL

e http://thescipub.com/journals/ajeas - peneH3upyembiii >xypHa American
Journal of Engineering and Applied Sciences - myOnwkyeT pe3yibTaThl
UCCJIEIOBAHUI B O0JIACTM HMH)KEHEPHBIX HayK (MpHKiIagHas (Qu3nKa u
NpUKJIaJHas MaTeMaTUKa, aBTOMATH3alus WU YIOpaBi€HUE, XHUMHUYECKas
TEXHOJIOTHSI, KOMIIBIOTEpHAs TEXHHUKA, MH(POPMATUKY, NHKEHEPHBIC TaHHbIC
U pa3paboTKa MPOTrPaMMHOIO OOECleueHus, HKOJIOTHYECKas HHKEHEPHUs,
ANIEKTPOTEXHUKA,  MPOMBINUIIEHHAsS  WHXXEHepus,  MHGOPMAIMOHHbIE
TEXHOJOTMM M  HWHPOpMaTHKa, MaTEpUaJIOBEJICHUE, HU3MEpPEHHEe W
METpPOJIOTHSI, MAIIMHOCTPOCHHUE, MEIUIMHCKass (u3KMKa, DJHEpPreTHka,
00pabOTKa CUTHAJIOB U TEIEKOMMYHHKAIUH.

e http://rsta.royalsocietypublishing.org/ - >xypuan Philosophical Transactions
A mpenocraBisieT CBOOOIHBIM JOCTYNl K HAyYHbIM NYOJUKALMSIM 110
CJIEIYIOLIUM TEMaM: WHKEHEPHbIE, (PU3NUYECKHEe, MATEMATUYECKHE HAYKU.

o http://www.medwelljournals.com/archive.php?jid=1816-949x — ypHan
Journal of Engineering and Applied Sciences (Medwell Journals)
MPECTABIISICT CTaThU C pe3yjbTaTaMU HAYYHBIX UCCJIEIOBaHUI B 00JaCTH
WHXCHEPHBIX HayK (MaTeMaTHKa, OJJIEKTPOTEXHUKA, MAITUHOCTPOCHUE,
SHEPreTHKa, aBTOMOOUJIECTPOCHUE, OMOXUMHUYECKast WHXKEHEepUsl,
CTPOUTEJIbHAS UHKEHEPHS U T.11.).

e http://www.Kirj.ee/engineering - MeIyHApOIHBIM Hay4HbBIH >KypHan The
Estonian  Journal of  Engineering,  nyOnuKoBaBIIMKA  HAy4YHO-
uccienoBarenbckue ctatb ¢ 1995 mo 2014 rr., npeACTaBIISIOMINE UHTEPEC
JUIsl IIMPOKOT0 CHEKTPa WH)KEHEPHBIX CHELUATbHOCTEW; BBINYCKAJICS IPHU
NOJJIEP)KKE DCTOHCKON aKaJIeMHH HayK.

e https://doaj.org/ - pecypc, KOTOpbIi  oOecrmeyuBaeT  JOCTYyN K
MOJIHOTEKCTOBBIM 3JIEKTPOHHBIM >KypHaJIaM MNpeJHa3HA4YeH JUIsl MOWCKa I10
Ha3BaHUIO cTaThu (KypHasa) wuinu no Teme. DOAJ craBuT 1€mbto
BCECTOPOHHEE OCBEIICHUE HAYYHOU MEPUOJUKH, HAXOIAIEHCS B OTKPHITOM
JIOCTYIIE ¥ MCHOJIB3YIOIIEH ONpeleNieHHbIE MEpbl, TrapaHTHPYIOLIUE
JIOCTOMHOE Ka4yeCTBO MX COJICPKAHUS.
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http://thescipub.com/journals/ajeas
http://rsta.royalsocietypublishing.org/
http://www.medwelljournals.com/archive.php?jid=1816-949x
http://www.kirj.ee/engineering
https://doaj.org/

http://www.sciencedomain.org/journal-home.php?id=6 - xypuan British
Journal of Mathematics &Computer myOmukyeT pe3ysbTaThl UCCIICI0BAHHIMA
B 00JIaCTH MaTEMaTHUKHU U I/IH(l)OpMaHI/IOHHBIX TEXHOJIOTHUM.
http://www.enveurope.com - Ccrateu XypHaia Environmental Sciences Eu-
rope, MOCBAIIECHHOTO 3alIUTE OKPYKAIOLIEH CPEBI.

http://www.gjesm.net - craTeu xypHama Global Journal of Environmental
Science and Management, MOCBSIIIECHHOTO 3alllUTe OKPYXKAIOIICH Cpebl,
HpOMBIIHHCHHOﬁ 9KOJIOTHH U YIIPABJICHHUIO B ATOM 00J1aCTH.
http://www.sciencedomain.org/archives.php?iid=1160&id=16 - apxuB pe-
neHsupyemoro xypHaia American Chemical Science Journal, mocasieHHO-
Tro O6HII/IM BOIIpOCaM XMMHHU B CICAYIOMUX IMPCAMCTHBIX o0J1acTIXx: OpraHu-
YCCKasaA XUMHsA, HCOPTraHNYCCKasA XUMMUA, CI)I/I3I/I‘—ICCKa$I XUMHUs, IPOMBIIIJICH-
Hass XUMHWSA, XUMHYCCKasd TCXHOJOI'usA, aHAJIMTUYCCKAasA XUMUA, MCAUITUHCKAasA
XUMHSI, CYIIPaMOJIEKYISIpHAs XUMHUs BBICOKOMOJIEKYJISIPHBIX COCIMHEHUN U
HAaHOXHUMHUA U OP. HPUKIAAHBIX AUCHUIIIIMHAX XUMHYECKOU HayKH.
http://www.epo.org/searching/free.html - 6Gudmuoreka mareHToB
https://patentscope.wipo.int/search/en/search.jsf - mowck mo mexayHApO-
HBIM U HAITMOHAJIBHBIM ITATCHTHBIM (i)OHI[aM, IIOUCK KdK Ha PYCCKOM, TaK U
Ha IPYTUX sI3bIKaxX

11.4. IlepeyeHb NPOrPAMMHOI0 O0ecIeYeHHs

HaumenoBanue I1O KouunyecTBo | PekBM3UTHI 10r0BOpa (1ara,
JHULEeH3UH HOMep, CPOK AeHCTBHSA)

MathCAD 15 Akt m/m or 21.07.09 (Toc.
Konrtpakr 487 ot 28.05.09)
(6eccpouHbIii)

Office Standart 1398 JloroBop Ne 690 oT
19.05.2015r., cpok neucTBus -
06ecCpovHO

Windows 1398 JloroBop Ne 690 oT
19.05.2015r., cpok nencTBUA -
6eccpouno; [loroop Ne 727 ot
20.07.2016r., cpok neucTBUA -
06eccpouHo

11.5. Onucanue MaTepuaJbHO-TEXHUYECKOH 0a3bl, HEOOXOAUMON /A

OCyILIeCTBJIEHHSI 00Pa30BaTEILHOI0 MPOLEcca MO AUCHHUIVIMHE (MOTYJII0)

Ne HaumenoBanue 06opyno- | IlepeueHb 0CHOBHOIO 000- dakTu4ecKnii aapec N §

n/n BAHHBIX Y4eOHBIX Ka0u- PYAOBaHUA Y4eOHBIX KAOMHETOB, = g =

HETOB, JIa0opaTopHuii, Ma- Jiabopartopuii, Ma- é" § E

CTEPCKHX H JIP. 00bEKTOB CTepCKHX U Jp. g z g

AJI51 IPOBEIEHUS] MPAKTH- S 5 S

YeCKHX U 1a00paTOpHBIX = = §

3aHATHH =

1 | Yuebnas  aymurtopus | Ctomel  ydeHmueckue | 445020 Camapckas | 62,10 | 66

JUIA IIPOBEACHUSA 3aHsI- | TPEXMECTHBIEC (MoHO- | 0011. T. TompsTTH,
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http://www.sciencedomain.org/journal-home.php?id=6%20
http://www.enveurope.com/
http://www.gjesm.net/
http://www.sciencedomain.org/archives.php?iid=1160&id=16
http://www.epo.org/searching/free.html
https://patentscope.wipo.int/search/en/search.jsf

Ne

n/n

HaumenoBanue 060pyno-
BAHHBIX Y4eOHBIX Ka0Hu-
HeTOB, JJabopaTopuii, Ma-
CTePCKHUX M Ip. 00beKTOB
AJI51 IPOBe/IeHUs MPAKTH-
YeCKHUX H JIa00paTOPHBIX
3aHATHI

Ilepeyens 0CHOBHOTO 000-
pyaoBanus

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

IMaomanm, m°

KouanuecTBo
MOCAT0YHBIX MECT)

TUH JIEKIUOHHOI'O TH-
na. YueOHas ayauTo-
pus A TPOBEACHUS
3aHATHN CEMHHApPCKOIO
Tuna. YueOHas aynu-
TOpUA [JI1 KypCOBOTO
[IPOEKTUPOBaHUs  (BbI-
MOJIHEHUSI ~ KYPCOBBIX
pabot). YueOHas aynu-
TOpHUA JJIsI IPOBEICHUS
TPYIIOBBIX U HWHIWBU-
NyallbHbIX KOHCYJIbTa-
uui. YuebHasi ayauTo-
pus IS TPOBEACHHS
3aHATHH TEKYLIEro
KOHTPOJISI U TIPOMEXKY-
TOYHOM aTTECTAIHM.

0JI0K), MOHOOJIOKH
JIByXMECTHBIE, CTOIN
MPEIOIaBaTENbCKUM,

CTYJ  TpEero/iaBaTellb-
CKMH, JOCKa ayIHuTOp-
Has (MesoBas), kadenpa

yin.  benopycckas,
16 b, mo3unusg 1o
TII Ne 18, 4 stax,
(A-419)

KommnbrorepHslii kiacc.
VYyeOHass  ayauropus
JUIsl TIPOBEJICHUS 3aHs-
THH JIEKIIUOHHOTO TH-
na. YyeOHas ayauTo-
pus Uil TPOBENCHUS
3aHATUA CEMUHAPCKOTrOo
Thma. YueOHas ayau-
TOpHS JUIsl TPOBEICHUS
nabopaToOpHBIX  PaboT.
YyeOnast  ayauropus
JUISL KYpCOBOTO IPOEK-
TUPOBAaHUS (BBIMOJIHE-
HUSL KYPCOBBIX DPadoT).
VYyeOnast  ayauropus
JUIsl IPOBEJICHUS TPYII-
MOBBIX H WHIAWBHIY-
QIBHBIX KOHCYJbTAIUN
VYyeOnast  ayauropus
JUIsl TIPOBEJICHUS 3aHs-
TH  TEKyNEro KOH-
TPOJS U MIPOMEXKYTOYU-
HOU aTTECTallUH.

Cronbl  y4eHHUECKHUE,
CTyJbsl  YYEHHUYECKUE,
JI0CKa ayAuTOpHas (Me-
nosas), [1K, mpoekrop,
9KpaH NEPEHOCHOH, pa-
004Mil CTON NHCHMEH-
HBI  yIJIOBOM  CTOJI,
MpETNo1aBaTebCKUN
CTOIL.

445020 Camapckas
001. r. TomparTu,
yi.  benopycckas,
16 b, mo3unmsa 1o
TII Ne 20, 4 stax,
(A-415)

43,40

10

KomnbroTepHsiii Kiacc.
[Tomewmenune s camo-
CTOSITCIIBHOM  PaOOTHI.

CTosibl  yYEHHUYECKHE,
CTyIbsd  YYEHHYECKHE,
IIK ¢ BEBEIXOIOM B CEThH

445020 Camapckas
001 r.TonpsaTTH,
yi. benopycckas,

VYuebOnass  ayauropus | IHTepHET 14, no3uuus o TII
JUIS. TIPOBEJICHUS 3aHsI- Ne 48, 4 sTax,
TUH CEMHHApPCKOTO TH- (T"-401)

84,80

16
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Ne
n/n

HaumenoBanue 060pyno-
BAHHBIX Y4eOHBIX Ka0Hu-
HeTOB, JJabopaTopuii, Ma-
CTePCKHUX M Ip. 00beKTOB
AJI51 IPOBe/IeHUs MPAKTH-
YeCKHUX H JIa00paTOPHBIX
3aHATHI

Ilepeyens 0CHOBHOTO 000-
pyaoBanus

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

IMaomanm, m°

KouanuecTBo
MOCAT0YHBIX MECT)

na. YdeOHas ayauTo-
pus Uil KypCcOBOTIO
IIPOEKTUPOBaHUs  (BbI-
IIOJIHEHUSI ~ KYpPCOBBIX
pabot). YueOHast aynu-
TOpUS AJISl IPOBEIECHUS
TPYIIOBBIX ¥ WHIWBU-
IyaJbHBIX KOHCYJIbTa-
uui. YueOHasi ayauTo-
pus A7 IpOBEIEHUS
3aHATHI TEKYILETO
KOHTPOJISI U NPOMEXY-
TOYHOMW aTTEeCTalMU.

o1




