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I[IepeyeHb KOMIIETEHIUI ¢ YKa3aHUEM ITAaNOB UX (popMHUPOBAHUA

Hnnexc Coneprxanue Orarbl GOPMUPOBAHKS KOMIIETEHITUN
Komnerenuun KOMIIETEHIIUU (yxasatp Bce Tembl u3 PITJT) HaumenoBanue
Jlaboparopubie OIICHOYHOT'O CPEJICTBA
Jlexuun IIpakTrueckue 3aHATHS
3aHATHS
T1IK-1 CIIOCOOHOCTBIO UCIOJIB30BATh
OCHOBHEBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIMIIINH
B II o@eCCHOHa}J;LHoﬁ o Cobecenonanme
I[eHI”)FeJ'IBHOCTI/I PHMEHSITS METO/TE! Tema 1, Tema 1, Tema 1, TectupoBanue,
» P Tema 6 Tema 6 Tema 6 Pedepar,
MaTeMaTUYECKOI'0 aHAJIM3a U N
Keiic-3amaua
MOJICTTUPOBAHUS, TECOPETUUECKOTO
Y OKCTIEPUMEHTAIBHOTO
HCCIIEIOBAHNS;
T1IK-2 CIOCOOHOCTBIO UCIOIb30BATh
OCHOBHEBIE €CTECTBEHHOHAYYHBIE CoOecenoBanne
y Tema 2, Tema 2, Tema 2, A
3aKOHBI JJIs1 IOHUMAaHUS TectupoBanue,
. Tema 7 Tema 7 Tema 7
OKPYXKAIOIIeT0 MUPa U SIBICHUN Pedepar
IPUPOJIBI;
TIK-3 CIOCOOHOCTHIO TUTAHUPOBATH
SKCIIEPUMEHTAJILHEIC CobecenoBanune
HccneE[OBaHm [10JIyYaTh Tema 3, Tema 3, Tema 3, Peq)JeI aT
' y ' Tema 8 Tema 8 Tema 8 N part,
00pabaThIBaTh U aHATM3UPOBATH Kelic-3amaua
MOJTyYEHHBIE PE3YJIbTATHI;
T1K-5 CIIOCOOHOCTBIO MOJICTTUPOBATH KonTponbnas pabota Nel,
9HEpro- u pecypcocbeperaromniue KonTponbaast pabota Ne2,
IIPOLIECCHI B TPOMBIILIIIEHHOCTH. Tema 5 Tema 5 Tema 5 Pacuetno-rpadpuueckas
paborta
Keiic-3amaua
I1K-8 YMEHHUEM IIPOBOJIUTH
HaTEHTHEIE UCCIIENOBAHUS C Tema 9 Tema 9 Tema 9

EIbI0 00ECIICUEHUS TTATEHTHON




YUCTOTHI HOBBIX MPOEKTHBIX
pelIeHu U UX
IMATEHTOCIOCOOHOCTH C
onpeieJIeHueM MoKa3aTesei
TEXHUYECKOTO YPOBHSI
MPOCKTHPYEMBIX U3JICITHIA




Ilepeuenv ouenounvix cpeocme no oucyunaune (Mooyo)

Hassaume Komn-Bo Min, 6annos Max, éanoe
(6azosvtit yposens) (nosvruennstit yposens)
Jlexmun 9 9 9
JlaboparopHbie pabOThI 9 18 18
Pedepatsl 2 8 12
CoOecenoBanue 2 10 14
Tecthl 1 4 6
PacuetHo-Tpaduueckas paborta 1 5 8
KonTponbHas padboTa 2 10 16
Keiic-3agaua 1 5 8
Hroro 60 100




IMoka3zaTe/in 1 KPUTEPUHU OLlEHUBAHUS KOMIETEHIMIA ¢ OMMCAaHUEM IIKaJ oneHuBanus (Gpopmupyromes ¢ OIl no nanpasnenuio
NOO20MOBKU U 6CMABTIOMCS 8 PAOOYYIO NPOSPAMMY NOCIE €€ YMBEPHCOCHUS)

Huoexc Ypoenu oceoenua komnemenuuu
Cooepircanue KomnemeHnyuu - N N
KomnemeHyuu Ilopozoswii Ilpoosunymutii Ilpesocxoonwiit
3HATB. IPUEMBI U CIIOCOOBI TPAMOTHOTO
HCITIOJIB30BaHUS OCHOBHBIX 3aKOHOB
3HaT]): OCHOBHBIC 3aKOHBI eCTeCTBCHHOHay‘-IHBIX JUCHUIIIINH, METOJ0B
eCTeCTBGHHOHay‘IHBIX JUCHUIIINH, MATEMATHUYCCKOI'O aHaJIn3a U
3HaTL: OCHOBHBIC 3aKOHBI METOAbI MATCMATUYCCKOI'O aHAJIN3a MOHGJ’II/IpOBaHHﬂ, TeOpeTI/I‘IeCKOFO nu
eCTeCTBCHHOHay‘IHLIX u nu MO,HeJ'II/IpOBaHI/IH, TeOpeTI/I‘IeCKOFO 3KCHepI/IMeHTaJ'II>HOFO HCCIICOOBAHUS B
MaTeEMaTHYECKNX OUCLUILINH, 1 SKCIEPUMEHTAIBHOIO cBOEH Ipo(eCcCHOHANBHON IS TeTHHOCTH.
YMeTL: HCIIOJIB30BAaTh OCHOBHBIC HCCIICJOBAHUS YMeTb: HpI/IMeHﬂTB COBpeMeHHLIe 3HAHUA
3aKOHBI eCTeCTBeHHOHay‘IHI)IX nu yMeTb: HUCIIOJIB30BAaTh HpI/IeMbI nu OCHOBHBIX 3aKOHOB eCTeCTBCHHOHay'—IHBIX
CIIOCOOHOCTH UCIIOJIb30BaTh N
MaTeMaTHYCCKUX JUCIUITIIINH METOAbI aHAJI13a JUCHUIIIINH B HpO(I)CCCI/IOHaHLHOI/I
OCHOBHBI€ 3aKOHBI
HpI/IMeHI/ITeHBHO K pea.]'IBHBIM eCTeCTBeHHOHaquBIX nu ACATCIIBHOCTH, paHI/IOHaJ'IBHO HCIIOJIB30BAaTh
eCTeCTBeHHOHay‘IHI)IX JUCILIUITIIINH
o HpOHeCCﬂM, JJIsd pemeHI/m MaTEMAaTHYCCKUX 3aKOHOB 1JIsd METOAblI MATEMATHUYECCKOI'O aHaJIn3a U
B IPOeCCHOHATBHOM
npodeccnoHaNBHBIX TPOOIIEM. rPaMOTHOI'0 MCTOJIb30BaHUs B MOJIEIMPOBAHMUSI, TEOPETUUECKOTO U
TIK-1 JIEATENLHOCTH, TIPUMEHSATH METOBI

MAaTEMaTU4YCCKOro aHajiu3a u
MOICIUPOBAHUSA, TCOPETUICCKOTO
1 SKCIICPUMCHTAJIBHOT'O
HCCJIICA0BAHUS,

Buaajgerh: 0CHOBaMHU HaBBIKOB
MPUMCHCHUS
€CTECTBEHHOHAYYHbBIX 3aKOHOB
JUTSL MOJICTUPOBAHUS,
TEOPETHUYECKOTO U
9KCICPUMEHTAILHOTO
MCCIIEJOBAHHUS TIPOIECCOB B
npodeccruoHaIbHOM
JIESITETBHOCTH.

IIPOEKTUPOBAHNH HEPTO- U
pecypcocOeperaronumx nporeccax
XMMHUUYECKOI TEXHOJIOTHH,
He(pTEXUMHUH 1 ONOTEXHOJIOTHH.
Baapgersb: npreMaMH 1 METOZaMH
MIPUMEHEHHS] €CTECTBEHHOHAYYHBIX
3aKOHOB JUISl MOJICTIUPOBaHHS,
TEOPETHYECKOTO U
9KCIIEPUMEHTAILHOTO UCCIIEJOBAHMS
HPOLIECCOB B IPO(eCCHOHATIBHON
JIeSITEIIEHOCTH.

SKCIIEPUMEHTAIILHOTO UCCIEA0BAHUS IS
MIPOEKTHUPOBAHHUS JHEPTO- 1
pecypcocOeperaroIux mpOMbBIILICHHBIX
MIPOIIECCOB; peIIaTh TBOPUYECKHE 3aadt Ha
OCHOBE UCCJIEI0BATEIIBCKUX TEXHOJOTHH C
3JIeMEHTaMHU MOJICTHUPOBAHNUS IPOIIECCOB.
Baagers: B oJgHOM Mepe, IpUeMaMu U
METOJIaMU TIPUMEHEHUS
€CTECTBEHHOHAYYHBIX 3aKOHOB JJIs
MOJICTTUPOBAHUS, TEOPETHUECKOTO U
SKCIIEPUMEHTAIILHOTO HCCEA0BaHUS
MIPOIECCOB B MPO(heCCHOHATBFHON
JIeSITCILHOCTH.




CHOCOOHOCTE UCITOJIb30BATh
OCHOBHBIC €CTCCTBEHHOHAYYHBIE

3HaTh. HauboIee BaXKHEIC
€CTECTBEHHOHAYYHBIC 3aKOHBI,
HEeOOXOUMBbIE IJII HOHUMAaHUS
OKPY>KaIOILEro MUPa U SIBJICHUI
TIPUPOJIBI.

YMeThb: UCIONB30BaTh Hanboee
Ba)KHBIE €CTECTBEHHOHAYYHBIE

3HaTh: 110 OOJNBIIIEH YaCTH BCE
OCHOBHBIE €CTECTBEHHOHAYYHBIE
3aKOHBI, HEOOXOUMBIE IS
MTOHUMAHWUSI OKPY>KAOIIeT0 MUpa U
SIBJICHUHA IIPUPOJIBI.

¥YMeThb. UCIIOJIB30BATh 110 OOJIbIIICH
YaCTH BCE OCHOBHBIC

3HaTh: BCE OCHOBHBIE €CTECTBCHHOHAYUYHBIE
3aKOHbI, HEOOXOIUMBbIE JJIsl TOHUMAaHHS
OKPYKAIOIIEro MUpPa U SIBIEHUH TIPHPOIbI.
YMeTh: UCIOIB30BaTh B IOJIHOM MEpE BCe
OCHOBHBIE €CTECTBEHHOHAYYHBIE 3aKOHBI,

€CTECTBEHHOHAYYHBIEC 3aKOHBI,
[1K-2 3aKOHBI ISl HOHUMAaHUS 3aKOHBI IS IIOHAMAaHUS HE00XOAUMBIE IJIsl TOHUMAaHUS
N . HEOOXOANMBIE JUIsl IOHUMaHUS N
OKpY Karollero MUpa u sSBICHUN OKpY>KalolLIero MUpa U sSBICHHUH . OKPY>KaIoIIero MUpa u sSBICHUH TIPHUPOIbI.
. OKPY’KaIOIIEeT0 MUpPa U SIBICHHUNA i
TIPUPOIHI, TIPUPOIHL. PHPOIEI BuiageTh: HaBbIKAMH FPaMOTHOTO
Baaners: B 11eJIOM yCHEIIHO, PYP : MIPUMEHEHHS] €CTECTBEHHOHAYYHbIX 3aKOHOB
Biagers: NOJHOLIEHHO HaBBIKAMU
HaBBIKAMU TIPUMEHEHUS JUTA TIOHUMAHHS OKPY’KaIOIIEero MUpa H
MIPUMEHCHHS €CTECTBEHHOHAYIHBIX .
€CTECTBEHHOHAYYHBIX 3aKOHOB SIBIICHUH TTPUPOJIBL.
3aKOHOB JIs1 IOHUMAaHHUA
JUTS IOHHUMaHHS OKPY>KaloIIero .
N OKPY>Karollero MUpa U SIBJICHUH
MUpa U SIBJICHUH TPUPOJIBL.
TIPUPOIHI.
) 3HaTh. OCHOBHBIE 3Talbl CTAAUN . .
3HaTh. HaJaNa TEOPHH U 3HaTh. B IOJTHOI Mepe METOAOIOTHIO
KOHCTPYHMPOBaHUS HAy4YHO- .
IMMPaKTUKKU aHaJIM3a pECIICHUA . IJIaHUPOBAHUA TEXHOJIOTUYCCKOU (1)3.31)1
TEXHUYIECKOTO MCCIEOBAHNUS: 3TAIl
MPOOIEMBI, OTPaKEHHBIX B HAyYHOTO UCCIICIOBAHNUS, COCTOSIIETO 13
N . oTpeeIeHus 3a1a4, ATamn
Hay4HOU JIUTEpaType; KaK . TEOPETHYECKOTO U IMITUPUYECKOTO ITAIIOB.
HCCIICIOBAHUS YCIOBUI PEIICHNS, .
MPaBUIHHO (OPMYIHPOBATH YMeTh: IPOBOJUTE U3MEPEHUS C
9Tan CO3JaHMs IPOrPaMMBbI N
3aJa4y UCCIIEOBaHMUSI. HCIIOJIb30BaHNEM HOBEUIINX
CIIOCOOHOCTB TUIAHUPOBATh : HCCIICIOBAHMS.
YMeTh: aHATU3NPOBATH ) M3MEPHUTENBHBIX CHCTEM, 00ECTICUMBAIOIINX
SKCIIEPUMEHTAIbHEIC YMeThb. UCTIONb30BaTh PE3yIBTATHI
MIOCTPOEHHBIE paHee TEOPHHU JUIS JOCTOBEPHOCTB 3KCIIEPUMEHTAIBHBIX
TIK-3 WCCJIEeIOBaHMS, ITOTYYaTh, OTIBITHO-3KCIIEPUMEHTAIBHBIX PabOT N
peIIeHHs aHAJIOTUYHBIX 3a/1a4. HCCIICIOBAaHHUH U TIPOU3BECTH 00pabOTKy U
00pabaThIBaTh U aHAJM3HPOBATH . JUTSI TIOJITBEPKICHUS AJTH .
Biamers: OCHOBHBEIMH METOTAMHU OLICHKY pe3yJIbTaTOB M3MEPEHHH.
MOJTy4YEHHBIE Pe3yJIbTaThl OTIPOBEP>KEHUS MPEIBAPUTEIHEHO )
NPOBECHUS 1a00PATOPHBIX U Biagers: HaBbIKaMU aHaIKM3a U
C/IeNTaHHBIX TEOPETUUECKUX
MIPOU3BOICTBCHHBIX . CUCTEMAaTH3aIl! PE3yIETaTOB
MTOCTPOCHHUN ¥ THUIIOTE3. M
OKCIICPUMEHTOB, TUITOBBIMU . o HCCIICA0OBaHUH, MPCACTABJICHUA MaTCPHUAJIOB
Baagers: MeTonamu meTanbHON .
IIpUeMaMH HHTEPIPETHPOBAHUS B BHUJIC HAYYHBIX OTYETOB, ITyOIMKAIHH,
anpoOanuu pe3yabTaToB ..
U TIPE/ICTaBJICHUS PE3yIbTaTOB o MPE3eHTAN{; IOATOTOBKU JaHHBIX IS
N HCCIICAOBAHUM, UX JIUTEPATYPHOTO
HaYYHBIX UCCJIEIOBAaHHH. COCTaBJIEHUs 0030POB.
o(OpMIICHHS U TTyOJUKAIMH.
I1IK-5 CHOCOOHOCTh MOJIECTMPOBATH 3HaTh. Ha YAOBJIETBOPUTEIHFHOM | 3HATh. OCHOBBI METO/IOB 3HATh. HA CHCTEMHOM YPOBHE




BHEPro- U pecypcocOeperaromnime
MPOLECCHI B IPOMBIILIEHHOCTH

YPOBHE TEOPHIO U CIIOCOOBI
MaTeMaTHIeCKOT0
MOJICTTUPOBAHUS B
MPOCKTHPOBAHUY MPOIECCOB
XHMHYECKOH TEXHOJIOTHH,
HEe(PTEXUMHH U OMOTECXHOJIOTUH.
YMeTh. UCIIOJIH30BaTh TOTOBBIC
MOJIC/IH TEXHOJIOTHYECKHUX
MIPOIICCCOB C IEIIBIO TOTYYCHHUS
pE3yIBTATOB.

Bnagern. ocHOBaMU METOIOB
MaTeMaTHYECKOTO
MOJICIUPOBAHUS X ONITUMH3AIIAN
MIPOEKTHPOBAHUS SHEPTO- H
pecypcocbeperaromux
MPOIIECCOB B XUMHUYECKOH
TEXHOJIOTUH, HEPTEXUMHUU U
OUMOTEXHOJIOTHH.

MaTEMAaTHYECKOTO MOICITUPOBAHIS B
MIPOEKTHUPOBAHUU IPOLIECCOB
XMMHUYECKOI TEXHOJIOTHH,
HEe(PTEXUMUH U OMOTECXHOJIOTHH.
YMeTb: pazpabarbiBaTh MOJICIH
HECJIOXKHBIX TEXHOJIOTHYECKHUX
MPOIIECCOB, MOJyYaTh PE3yJIbTATHI
MO/JICTTUPOBAHUSI.

Baamers: Ha XOponieM ypoBHE
METOJIaMH MaTeMaTHYECKOTO
MOJICIIUPOBAHUS U ONITUMH3AIINN
MPOCKTUPOBAHUSI IHEPTO- U
pecypcocOeperaroIux mpoIeccoB B
XMMHUYECKOI TEXHOJIOTHH,
HEe()TEXUMHUH U OMOTEXHOJIOTHH.

METO/I0JIOTMI0 MATEMATHIECKOTO
MOJICITUPOBAHUS B IPOCKTHPOBAHUU
MPOIIECCOB XUMHYCCKON TEXHOJIOTUH,
HEe(TEXUMHUH U OMOTEXHOJIOTHH.

YMeTh: Ha OCHOBE MOJEINPOBAHUS
000CHOBBIBATh IIPUMEHEHUE COBPEMEHHBIX
TEXHOJIOTHH I 00CCIICUCHUS CTPATCTHH
YCTOWYHMBOTO PAa3BUTHS TEXHOJIOTMYECKUX
MIPOIIECCOB.

BuiageThb: Ha OTJIMYHOM YPOBHE METOJaMHU
MAaTEeMaTHYECKOTO MOJICIHMPOBAHUS U
OINITHUMH3AIMHU POSKTUPOBAHMUS SHEPTO- U
pecypcocOeperaromux mporeccoB B
XMUMHUYECKON TEXHOJIOTHH, HeQTEXUMUU U
OHMOTEXHOJIOTHH.




I kaa oneHuBaHUA

Hudposoe |Boipa:xxenue B| CiioBecHoe Kpurtepun onieHKN HHIMKATOPOB A0CTHKEHHUS PH GopMe KOHTPOJIA:
BbIpa’KeHH e oaJ1ax: BbIpa:KeHHE 3auer
OneHka «3a4T€HO» BBICTABIISIETCS CTYACHTY, €CIM OTBETHl HAa BOIPOCHI IO TEMaM AMCLUIIIMHBI
[IOCJIEIOBATEIIbHB], JIOTUYECKU H3JI0KEHBI, JOIYCKAKOTCA HE3HAUYUTEIbHBIE HEIAOYETbl B OTBETE
- 60 - 100 3a9TCHO | cryienTa, TAKME KaK OTCYTCTBUE CAMOCTOSATENLHOIO BHIBO/A, PEYEBBIE OLIMOKH U TIp.
OneHka «HEe 3a4T€HO» BBICTABIJIAETCSA CTYJEHTY, €CIIU CTYACHT HE 3HAE€T OCHOBHBIX NMOHSATUN TEMBI
- Hwmxe 60 He 3aureno

AUCHUIUIMHBI, HC OTBCYACT HA JOIMOJHUTCIIBHBIC U HABOJAIIWEC BOIIPOCHI IIPCTIOAaBaATCIIA.




IlepeyeHb U KpaTKasi XapaKTepPUCTUKA OLIEHOYHBIX CPE/ICTB

CUTYaIHI0, HEOOXOANUMYIO TSI
pEIIeHUs TaHHOW TTPOOJIEMBI.

Nen/n | HammenoBanue | KpaTkas xapakrepuctuka oreHouHoro | [TpencraBicHue
OIIEHOYHOT0 Cpe/cTBa OIIEHOYHOTO
CpencTBa CpEACTBa B
donme
2 3 4
CpencTBo MpoBEPKU YMEHUM Komruiexr
KoHTposnpHas |IIPUMCHSTD TIOJYYICHHBIC 3HAHUS VISl |KOHTPOJIbHBIX
pabora pelieHus 3a7a4 ONpeIeJICHHOro TUMNa  |3aJaHui o
[0 TEME WM PA3IEIy. BapuaHTam
[IpobGiemHoe 3aaHKE, B KOTOPOM
oOy4aroniemMycst mpeJiararT Komruiekr
. OCMBICIIUTh PEAIBHYIO 3aIaHuI JJIs
Keuc-3ajlatne po¢heCCUOHATIBHO-OPUEHTUPOBAHHYIO | BBIITOJIHEHHUS

KeMc-3a1aun

Pedepar

[IpoaykT caMOCTOATENLHON PabOThI
CTYyJICHTA, MPEJICTABISAIOMIUN COO0M
KpPaTKOE U3JI0KEHUE B TUCbMEHHOM
BH/JIE TOJTYYEHHBIX PE3YJIbTATOB
TEOPETUYECKOr0 aHAIIN3A
ornpeeacHHON Hay4dHOH (yueOHO-
UCCIIEI0BATEIILCKOM) TEMBI, TJIC aBTOP
PAaCKpBIBAET CYTh UCCIIELYEMOMN
po0JIeMbl, TPUBOJIUT Pa3IUUHbIC
TOYKH 3PEHUS, a TAK)Ke COOCTBEHHBIE
B3IJISI/IbI HA HEE.

Tembl
pedeparton

CobecenoBanue

CpeacTBo KOHTPOJIS, OPraHU30BaHHOE
Kak crenuaibHas oecena
MpenoAaBaTesis Ha TEMbI, CBSI3AHHBIE C
M3y4aeMOW TUCUUILIAHON, U
pacCUYMTaHHOE Ha BBISICHEHHE 00beMa
3HAHHUK 00y4aroIerocs mno
OIIPEJICIICHHOMY pa3zeily, TEME,
npobJieMe u T.1I.

Bonpocel no
TeMam/pasieaam
JACLUILINHBI

Tect

Cucrema cTaHIapTU3UPOBAHHBIX
3aJlaH1, IT03BOJISIONIAS
aBTOMATHU3UPOBATH MPOLETYPY
U3MEPEHUS YPOBHS 3HAHUN U YMEHUM
oOyyJaromerocs.

®doua TecTOBEBIX
3aJITaHUH




MuHucTepCTBO HAYKH U BhIcIIero oopa3oBanus Poccuiickoit @enepanuu
HmxHeKaMCKU XUMHUKO-TEXHOJIOTHYSCKUN HHCTHTYT ((riinan)
benepanbHOTO TOCYAapCTBEHHOTO OO IPKETHOTO 00pa30BaTEILHOTO YUPEKICHUS
BBICIIIEr0 00Opa3oBaHuUs
«Ka3aHCKkHil HalIMOHAJIBHBIA UCCIIE0BATENBLCKUN TEXHOJOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHU4YECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

15.03.02 «TexHoiIornyecknue MaliiHbl U1 000pyI0BaHUE»
(kox ¥ HAMMEHOBAaHKE HAITPABJIEHUS TIOATOTOBKY/CITEIMAaTbHOCTH)

Oo6opynoBanue HedTerasonepepadbOTKu
(manmeHoBaHUe podUIIsL/HATIPABICHHOCTH/CIICIINAT3ALIH )

TecToBble 3anaHust
no guctuminae (Moayaio) «b1.B.08 «OcHOBBI MOICIUPOBAHHS IIPOLIECCOB U
anmnapaToB HedTerazonepepaboTKu»»

(HaMeHOBaHKE AUCHUUILIHHBI)

Tema Ne2: MoaenupoBaHue, KAk OCHOBHOM MeTO/l HAyYHOTI'0 MO3HAHUSA

1. BoiOepuTe BaskHOe CBOHCTBO CHCTEMBI :
®  Jemmocts

C U3MEPUMOCTh

© nenocrrocTh

© orHoCHTENBHOCTD

2. MaTepuajbHOIi MOJIEJIBIO SIBJISIETCS:
C Kapra
&

MakKeT caMoJieTa
C JarpaMmma
e

yepTex

3. K 3HaKoBoii Mo1e/ 11 HeJIb3sl OTHECTH
© horwt
C cxemy
C yepTéxK

@ MY3BIKY

4. Uu¢opMalinoHHOIi MO1eJIbI0, KOTOPAasi HMeeT CeTeBYI0 CTPYKTYPY, ABJIAETCSA
C ¢aiinoBas cucreMa KOMIIbIOTEPA
TeHEAIOTHYECKOE IEPEBO CEMBHU

KOMIIBIOTCpHAA CCTh I/IHTepHCT

~

CTPYKTypa IpEAIPUATHS



5. IlpeameT, mpouecc WJIH sIBJIeHUEe, MMeOIIee YHUKAIbHOe HMs M NpeJacTaBjsiomee codoii
eIMHOe 1eJ10€, HA3bIBAIOT

bopmyoi
MOJIEIIBIO

00BEKTOM

O™ O 0

AJITOpUTMOM

6. IIpouecc mocTpoeHust Moesieil Ha3bIBAETCS !
C KOHCTPYHPOBAHUE
@
MOJIETTMPOBAaHUE
C POEKTUPOBAHUE
C IKCIIEPUMEHTUPOBAHHE

7. Moaeanio 00bexkTa ABTomoouanr HE aBisercs

~

UTPYIIKa, BBIMOJIHEHHAs B MaciuTade

€ro 4YepTexu

-

pEKJIaMHBIN POJIMK O HEM

C MAaTCMAaTHUYCCKUC q)OpMy.]'IBI, HCITIOJIb30BAHHBIC IS €I'0 pacucTa

8. MOIleJII/IPOBaHHe, B Ipolecce KOTOPOro peajlbHOMY Oﬁ'beKTy NMPOTUBOMOCTABJAECTCA €I'0

YBC¢JIMYCHHAA WX YMCHBIIICHHANA KOIIUA, HMCHYIOT

C nacaJlbHbIM

C dopmManbHBIM
@

o

MaTCpHraJIbHbIM

aCCoOIIMaTUBHBIM

9. Mopenu, B KOTOPbIX HA OCHOBE aHAJIM3a Pa3IMYHBIX YCJOBUH NPHUHUMAeETCsl pelleHue,
Ha3bIBAIOTCH

C rpaduueckue

-

JIOTUYECCKHUEC

TaOJINUHEBIE

oD

CJIOBCCHBIC

. YnopsiioueHue nH(OPMAIMH 1O ONpeeIeHHOMY MPU3HAKY HA3bIBAETCH !
MoaenupoBanrem
dopmanuzanuen

CoptupoBkoii

S RO TS TS B

CucreMarusarmeii

11. O6mumM Ha3BaHHe Mojejeil, KOTOpble MPeACTABISIOT C000ii COBOKYNMHOCTH MOJIe3HOH W
HYKHOH HH(popManuu 00 00beKTe, ABJIsIeTCS
®

o

UH(POPMALIMOHHBIE

MPEAMCTHBIC



CJIOBCCHBIC

MaTCpHaAJIbHBIC

. 3HAaKOBOI MO/IeJILIO ABJISIETCH.
Iuarpamma
ro0yc

JACTCKHUC UT'PYIIKH

D00 0K

MOJIeIb KOpaodiis

. KOMH])IOTepHOC MOJAeJIMPOBAHUE - ITO .
IMponeccC MOCTPOCHUA MOJACIIN KOMIIBIOTCPHBIMU CPCACTBAMU
MMpoueccC UCCICA0OBaHUA 00BeKTa IMOCPCACTBOM €TO KOMHBI-OTCpHOfI MOACIN

MOCTPOCHUC MOJCIIN Ha 3KpPAaHC KOMIIBIOTCPaA

D0 0 08

pCeIICHNC KOHKpGTHOfI 3ala4y C IMIOMOIIBIO KOMITBIOTECPA

14. MoaenupoBaHue — HCCJeJOBAHUE KAKHMX-JM0O sIBJeHHIi, MPOUECCOB HJIH
00BbEKTOB NMyTeM

1) npoBeacHNUSA HATYPHOTO IKCIIEPUMECHTA.

2) MOCTPOEHUS U M3YUYEHHUS UX MOJEICH.

3) u3ydyeHus WX CBOWCTB Ha caMUX 00BbEKTaX, NpoIleccax MU SBICHHU.

4) MOCTPOCHHUS MX KONHU B HATYPaJIbHYI BEJIUYUHY.

15. Hoa MogensiIMU MOHUMAIOTCSH

1) Hekue uAealbHbIe 0O0BEKTHI, K KOTOPBIM HEOOXOJAUMO CTPEMHUTHCS MPU H3YUCHHUH
peanbHOTO 00BEKTA.

2) ocoObie 00BEKTHI PEaJbHOTO MHpPA, KOTOPbIE NOMYCKAaKT HCCIEJIOBAHUE CBOHUX
CBOWCTB.

3) Takue MaTepualbHbIE CHCTEMBbI, KOTOPbIC 3aMeEIIal0OT OO0BEKT HCCICAOBAHUSA U
CIYXaT UCTOYHUKOM MHPOPMAILIUU O HEM.

4) yMEHBIICHHBIC KOTMU pealibHBIX 00BEKTOB.

16. Moaeau BbHICTYNAKT TAKHMH aHAJIOTaMH OPUTHUHAJIOB,

1) xoTophie aOCONIOTHO HE CXOXHU C OPUTHHAIIOM.

2) KOTOpbIE JOJIKHBI 0053aTEIbHO 00ECEYUTh FeOMETPUIECKOe mogo0ue.
3) CXO0ACTBO KOTOPBIX JOJIKHO OBITH a0CONIOTHO MOJHBIM.

4) CXOJCTBO KOTOPBIX CYIIECTBEHHO, a Pa3JIMuKHe HE CYN[ECTBEHHO.

17. MoaeibHOe HcCcaeJOBAHNE UMeeT CJAEIYIIYI CTPYKTYpPY

1) mocTaHOBKaA 3a7a4M;

2) co3maHMe WK BHIOOP MOJCIIH,

3) mccieaoBaHUE MOJICIIH,

4) B CTPYKType HE J0CTaeT OJHOTO 3JEMEHTa <IEePEeHOC 3HAaHUS C MOJCIU Ha
OpHUTHHAI»

18. IIo wneassMm muccieA0BaHHSI Mojelieili B mnpouecce MNO3HAHUS MOJeEJH
NOoApPa3aeJqslTCHd HA

1) 3BpUCTHYECKHE U TUTAKTUYCCKHE MOJCIIH.

2) eCTECTBEHHBIC U HCKYCCTBEHHBIC MOJICIIH.



3) 3HAKOBBIC U BEIIECTBEHHO-TEXHUYECKUE MOJICIIU
4) cny4yaliHble U JeTCPMUHHUPOBAHHBIC.

19. Mo cnoco0y Bocnpou3BeJeHHMs B MoaeiassX HMHPpopMauuum 00 opurmHaie

MO/J€eJId MOAPA3AEJATCH HA

1) 3BpuUCTHYECKHE U TUJAAKTUUCCKUEC MOJCIIH.

2) 3HAKOBbBIC U BECI[ECTBEHHO-TEXHHUUYCCKHE MOJCIIH.
3) ecTecTBEHHBIE U HCKYCCTBEHHBIEC MOJICIIH.

4) cnyvaiiHple U TETEPMHUHUPOBAHHBIC.

20. TIlo cTemeHH Yy4YacTHs 4YeJOoBeKa B CO3JaHUHM MojeJei
noapa3aeiasiloTCs HA

1) 3BpUCTHYECKHE U TUTAKTUYCCKHE MOCIIH.

2) 3HAKOBbBIC U BCI[ECTBEHHO-TEXHUUYCCKHE MOJCIH.

3) ecTeCcTBEHHBIC U UCKYCCTBEHHBIC MOJICIIH.

4) cny4yaliHble U J€TCPMUHHUPOBAHHBIC.

21. ITo paxkTOpy BpeMeHH MO/JeJIH NOAPa3aeasl0TCd HA
1) sBpUCTHYECKHE U NTUTAKTUYECKHE MOJCIIH.

2) cny4ailHble M JIETCPMUHUPOBAHHEIC.

3) HenmpephIBHBIE U JUCKPETHBHIC.

4) cTaTHYeCKHUE W JUHAMHYECKHUE.

22. I1o paxkTOopy HeompeaeJeHHOCTH MOJAeJIM MOAPa3aea0TCHd HA
1) cnyuyaiiHbie U NTETEPMHUHUPOBAHHBIEC.

2) PBpUCTHYCCKUEC M AUJAAKTHICCKUEC MOJCIIH.

3) HenmpephIBHBIE U JUCKPETHBHIC.

4) cTaTUYEeCKHE U JHHAMHYCCKHE.

23. Ilo <d¢akTopy HenpepbIBHOCTH MOJeJHPYEeMbIX TIPOLECCOB
noapa3iejaslOTCs HA

1) cnyuaiinbie U TETEPMHUHUPOBAHHBIE.

2) HEeNpepbIBHBIC U JUCKPETHBIC.

3) 9BpHUCTHYECCKHE M IUJAKTUYCCKUE MOJICIIH.

4) cTraTUYeCKHUE U JUHAMHUYECKHUE.

24. Tlo THOY CBSI3H MeEXJAY MOJAeJHPYEeMBIMH JJieMeHTaAMHU
NnoApa3xeasilOTCHd Ha

1) cnyuvaiiHbie U TETEPMHUHUPOBAHHBIEC.

2) HenpepbIBHBIC U JUCKPETHBIC.

3) nuHEelHbIC U HEJIHHCHHBIE.

4) ctraTUYeCKUE U JUHAMHUYCCKHUE.

25. Iloka3aHHasi HA PUCYHKe cXeMa Mpouecca MoJAeJHPOBaAHHUSA
1) mocTpoeHa MpaBHIBHO.

2) He JOJKHA COJepPKaTh BETBICHHUS.

3) BKIOYaeT JUIIHUNA OJOK — «HOopMann30BaHHOE OTTHUCAHUECY.

4) noJKHA 3aMKHYTBHCS Ha pealbHBIH 00BEKT.

26. [loka3aHHas HA PHCYHKE CX€Ma nmpoumecca MoaecJdupoBaHus

MOaeJan

MOaeJaun

MOaeJaun

1) 3a OJIOKOM «BepI/I(bI/IKaI_II/ISI» AOJI’)KHAa HUMCTb BCTBJICHHUEC, KOTOPOC obecmeyuBaeT

UTEpaIuIo.
2) He MOJKHA 3aMBIKAThCS HA peajbHBIH 0O0BEKT.



3) BKJIMOYAET JHUIIHUNA OJOK — «Pe3yJIbTaThI».
4) mocTpocHa MPaBHUIBHO.

27. Bo BTOpoM 0/10Ke cXeMBbI Mponecca MOJAeJTUPOBAHUS NMPONYIIEHO:
1) nexoMmo3uI KA.

2) BepbanbHass MOJENb.

3) CTPYKTYpHBI# aHATHU3.

4) reomeTpHuuYecKas MOJCIb.

Kpurepuu oueHku:

[IpoueHT npaBUIBHBIX OTBETOB Ha OLICHKA
BOIIPOCHI TECTA
< 60% 0
> 60% ,H0 <74 % 4
> 74% ,10 <87 % 5
> 87 % 6




MuHucTepcTBO HAYKH U BhIcIEro oopazoBanus Poccuiickoit denepanuu
HuxHekaMCKU XMMHKO-TEXHOJIOIHUECKUH HHCTUTYT (rituan)
dbenepanbHOTO TOCYAAPCTBEHHOTO OO PKETHOTO 00Pa30BaTEILHOTO YUPEHKICHUS
BBICILIETO 00pa30BaHuUs
«Ka3aHCKHi1 HAlIMOHATIBHBIA UCCIE0BATEIHLCKUN TEXHOJIOTHYECKU YHUBEPCUTET

@axyromem _ MexaHUYECKUU

Kagheopa__Mainuu v annapatoB XUMHUYECKUX TPOU3BOJICTB

15.03.02 «TexHonorn4ecKknue MaiHbl U 000pyI0BaHUE
(ko ¥ HAaMMEHOBAHYE HAIIPABJIEHHUS TIOATOTOBKY/CIIEIIMATBHOCTH)

Oo0opyaoBaHue HedrerazonepepadoTKu
(mammenoBanue MPoGUIIA/HATIPABICHHOCTH/CIICIINATN3AITHH )

Keiic-3amaua
o qucruruimae (Moayiio) «b1.B.08 «OcHOBBI MOICIMPOBAHHUS ITPOIIECCOB U
arnmaparoB HedTerazonepepadOTKU»»

(HaMMeHOBaHKE AUCLUILIMHBI)

Tema Ne9. KomnbroTepHoe Moe/iMpoBaHue U MPOrpaMMHO-MHGOPMAIHOHHbIE
CHCTEMbI MO/JIeJIMPOBAHUSA XUMHUKO-TEXHOJOTHYECKUX CUCTEM

3ananue

IIpo6/ieMHO-0pHEeHTHPOBAHHAS CUTYALMSL:

CTpyKTypHBIY aHAIIW3 U ONTHMH3AIUS C TIOMOIIBIO TPOTPaMMHO-UH(DOPMAITMOHHBIX
CPEACTB MOJICTUPOBAHUS TO3BOJUIN pa3paboTaTh TexHoJornueckyro cxemy XTC.
HeobxoaumMo Ha OCHOBE TEXHOJOTHYECKONM CXEMBbl, HCIOIb3Yysl BEKTOPHBIN
rpadudecKkuil pesakTop WM TMOIXOJSIIYI0 CHCTEMY MOJICTUPOBAHMS, COCTaBUTH
onepatopHyto cxemy XTC :

BapuanTsi:

1) mpou3BoICTBA BOJOPOIa KOHBEPCHUEH METaHa.

2) POU3BOICTBA a30TO-BOJOPOIHON CMECH KOHBEPCHEH METaHa.

3) npou3BOCTBa aMMKaKa KOHBEPCHUEH a30TO-BOIOPOIHOM CMECH.
4) mpou3BOJICTBA pa30aBICHHON a30THOW KHUCJIOTHI.

5) Mpou3BOJCTBA U OYUCTKHA CEPHUCTOTO Ta3a.

6) MPOM3BOCTBA CEPHOM KUCIOTHI U3 OYHMILIEHHOTO CEPHUCTOTO ra3a.
7) IOTOYHOTO MPOM3BOJICTBA IPaHyJIMPOBAHHOTO cyriepdocdara.

8) nmpon3BoACTBa aMMHAYHON CEITUTPBHI.

9) npou3BoICTBa KapOaMua.

10) mpou3BOJCTBAa METAHOJIA U3 CHHTE3-ra3a.

11) mpou3BOACTBA ATAHOJIA KATATUTHYECKOW THpATAIEH ITHIICHA.
12) nerunpupoBanusi OytaHa B OyTHJICH.

13) neruapupoBaHus OYTUICHOB B JUBHHHUIL.

14) ycTaHOBKH KaTaIUTHYECKOTO KPEKUHTA.



15) ycTaHOBKH THIPOOYUCTKH OCH3HMHA.

16) ycTaHOBKH TUAPOOYUCTKH BAKyYMHBIX JTUCTUILISTOB.

17) ycTaHOBKH TIOJTYYECHHUS CEPHI U3 CEPOBOIopoa 1o merony Kiayca.
18) ycTaHOBKH KaTaIMTUYECKOTO PUPOPMHHTA.

19) ycraHOBKH H30oMepu3anuy dpaximu H.k.-62°C.

20) ycTaHOBKH OJIHOCTYIIEHYATOI'O THAPOKPEKUHTA.

Kpurepuu ouenku:

KpuTepuii MakcuMaabHOM oneHKkH — 8 0aJJ10B!

1) 3ajaya pernieHa B IMOJIHOM 00bEME;

2) OnepatopHas cxema X TC moctpoeHa 06e3 OIIMOOK;

3) s cuHTe3a CXeMbl KCIIOJIb30BaHA CHUCTEMa MOJCIHUPOBAHMS HWIIM BEKTOPHBIM
rpadudeckuit penakTop;

4) OniepaTtopHas cxema COIPOBOXKIACTCS MMOAPOOHBIM TEKCTOBBIM OITUCAHHUEM;

5) KoMroHOBKa CXEeMBbI BBIITOJIHEHA HATJISAHO U OJJHO3HAYHO.

6) HOoJIy4YeHHOE PEIICHHE YCIIEIIHO 3aIMIIICHO BO BPeMs ITyOIHMYHOTO 00CYKICHHS B
rpyI1Ie.

Kpurepuii ouenku Ha 6,5 6ana:

1) 3aaya perieHa B MOJIHOM 00bEME;

2) Omneparophas cxema XTC nocTpoeHa ¢ HEKOTOPBIMHU OIIHOKaMHU,

3) [yt cuHTE3a CXeMBI UCIIONIb30BaH MPOCTON Tpadudeckuil perakTop;

4) OmniepaTopHasi cCXemMa COIPOBOXKIACTCS HETTOIHBIM TEKCTOBBIM OMHCAHUCM,;

5) KoMImoHOBKa CXEMBI BHITIOJIHEHA HE CTOJIb HATIISIHO M OJTHO3HAYHO.

6) MmoJiydeHHOE PEIICHHUE XOPOIIO 3alUIIEHO BO BPeMsl MyOIMYHOrO OOCYKICHUS B
rpymre.

KpuTepuii MuHMMAJIbHON OLleHKH — S 0aJa:

1) 3aiaua pereHa B HEIOJIHOM 00beMe;

2) Onepartopnas cxema XTC mocTpoeHa co 3HAYUTECIIBHBIMH OIIMOKAMH;

3) Cxembl TmOCTpOoeHa ©€3 WCIIOJB30BAHUS CPEJACTB MOJCIUPOBAHUSA  HIIU
rpauyecKoro pelakTopa;

4) OmnepaTopHas CXeMa COIPOBOXKIACTCS TCKCTOBBIM OIMKMCAHUEM, COJEPIKAIIUM
3HAYUTETHHBIC OITHOKHY,;

5) KoMImoHOBKa cXeMBbI BHIITOJIHEHA HEA((DEKTUBHO U HE BCET/Ia OHO3HAYHO.

6) MoyiydeHHOE pEIICHUE YOBJICTBOPHUTEIBHO 3AIUIICHO BO BpeMs IyOJUYHOTO
00CYX/ICHHSI B TPYTITIE.

Kpurepuii oeHKH «HEyI0BJIETBOPUTEIbHOY!
OneHka «HEyJOBJIETBOPUTEIBHO» BBICTABIIAECTCS B TOM Cilydae, €CIM HE BBIIOJIHEH
XOTs Obl OJJUH MYHKT KPUTEPUEB MUHUMAIbHOU OLIEHKH.



MuHucTepCTBO HAYKH U BhIcIIero oopa3oBanus Poccuiickoit @enepanuu
HmxHeKaMCKU XUMHUKO-TEXHOJIOTHYSCKUN HHCTHTYT ((riinan)
dbenepaabHOTO TOCYIapCTBEHHOTO OI0PKETHOTO0 00Pa30BaTEIIbHOTO YUPEIKIACHUS
BBICIIIEr0 00Opa3oBaHuUs
«Ka3aHCKkHil HalIMOHAJIBHBIA UCCIIE0BATENBLCKUN TEXHOJOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHU4YECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

15.03.02 «TexHoIornyecknue MaliiHbl 1 000pyI0BaHUES»
(kox ¥ HAMMEHOBAHKE HAIIPABJIEHUS TOATOTOBKY/CITEIMAIBHOCTH)

Oo6opynoBaHue HedTerazonepepadoOTKu
(HaumeHoBaHKe MPOGUIS/HATIPABICHHOCTH/CIICIIMATM3AIIHH )

KomiuiekT 3aanuii 1Jisi KOHTPOJIbLHOH padoThI
no puctuminHe (Moayiio) «b1.B.08 «OcHOBBI MOACIUPOBAHHUS IIPOLIECCOB U
amnmaparoB HedTerazonepepadboOTKU»»

(HaMeHOBaHME AUCHIUTLIHHBI)

Koutpoabnasi padora Nel

Tema Ne/: MerToabl pemieHusi MATEMATHYECKHUX MOJAeJiedl MPOLECCOB XUMMKO-
TE€XHOJIOTHYECKHUX CHCTEM.

KontponsHas pabora mipegHa3HadyeHa [Jis OMNPEACJICHHS CTENEHH YCBOCHUS
CTyJICHTAMU YHCIICHHBIX M ACCUMMOTOTHYECKHUX METOJIOB PEILICHHS MAaTEeMaTUYECKHUX
MOJIEJIeH TEMIOBBIX U MAaCCOOOMEHHBIX MTPOIIECCOB XUMMHUKO-TEXHOJIOTUYECKUX CUCTEM.
3ananue

CpencrBamu VBA MS Excel paspaboraiiTe alropuTM pelieHHs MaTeMaTHYeCKOM
MOJENHN JJIsi MCCIEAOBaHUSA Mpolecca OXJAXKIACHUS I[UIACTUHBI W3 3aJaHHOTO
Marepuajia TMpU CUMMETPUYHOM KOHBEKTUBHOM  TEIUIOOOMEHE ¢ OOKOBBIX
ITIOBEPXHOCTEM.

TpeboBanus:

1. Ucnonw3ys cpenctBa VBA MS Excel, pa3pabotaiite sxkpanHyto ¢popmy i BBOIA
3a/IaHHBIX MAPaMETPOB.

2. Pa3mectute Ha 3TOM ke (hopMe KOMAHJHYIO KHONKY M CO3JaiTe MpOUEAYpy —
00pabOTYMK HAXKATHS HA ATy KHOTIKY.

3. Hcnonb3ysi MaTreMaTH4eCcKyr0 MOJENb TEIII0O0OMEHHOTO TMpoIiecca ¢ TPaHUYHBIMU
YCIOBUSIMM KOHBEKTHMBHOTO TEIUIOOOMEHA IUIACTHUHBI CO Cpeoi, pazpaboraiiTe
YUCJICHHBINA WJIM aCUMITOTHUYECKHI CIIOCO0 €€ perieHus.

4. Ha ocHOBE TMOJYyYEHHOTO pEHICHUS pa3paboTaiTe aaropuTM TPOTPAMMBI IS
MOJIETMPOBAaHMS 33JJaHHOTO IpoLEecca.

5. 3amycTtuTe mporpaMMmy Ha BbimoidHeHue. Eciu oHa paGoraer 0e3 OmIMOOK, BB
noiyunute Ha jucte MS Excel tabmmiry mns mocTpoeHus SMIOpbl TeMmIepaTyp Ha
TIOJIOBUHE TOJIIIMHBI TUTacTUHBI ¢ mHTepBasioM 100 cexyH.

6. [To maHHBIM TOJYYHUBIICHCS TaOIMIIBI, C IOMOIIBIO MacTepa auarpamm MS Excel
MOCTPONTE 6 SMI0p IS Pa3IMYHBIX MHTEPBAJIOB BPEMEHHM HA OJTHOM aarpamMmme.
Tun rpaguka — TOU€UHBIH.
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Pucynok. Bo3MOXHBIM BapuaHT NPEACTABICHUS PE3yJIbTaTa MOJCIMPOBAHUS

BapuanT 1

Marepuan mnactunsl — KBapiieBoe cTeKI10

Tommmua — 0,05 m.

IInotHOCTH MaTeprana — 2200 kr/m°.

Koadpdunuent rermnonpoBognoctu — 1,36

TemnoeMkocTh Matepuana — 729

Koad¢uiment rennoodmMena Mexay mIacTUHON U Bo3ayxom — 20
Havanbnas remneparypa minactunbl — 120 rpaa

Temmneparypa cpensl — 20 rpan

Bapuanr 2

Marepuan rmiacTuHbl — JIaTyHb

Tomnmmua — 0,05

[TnotrOCTH MaTepuana — 8600

Kosdpduuuent rermnonposognoctu — 111

TemmoemkocTh MaTepuaia — 385

Koadpdunuent rernnoodMena Mexay miacTHHON U Bo3ayxoM — 20
Havanenas Temneparypa miactuasl — 120 rpag

Temmneparypa cpensl — 20 rpan

Bapuanr 3

Marepuan mmactuabl — Menb

Tomnmmua — 0,05

ITmoTHOCTH MaTepuana — 8960

Koaddumnuent remnonpoognoctu — 384

TennoemkocTh MaTepuaia — 385

Koadunuent remmooOMena Mex a1y miaacTUHON u Bo3ayxoMm — 20
Havanenas Temneparypa miactuasl — 120 rpag

Temneparypa cpenst — 20 rpaj



Bapuanr 4

Marepuan mnactuasl — [IpoOka

Tommmua — 0,05

[TnmoTHOCTH MaTepuana — 150

KoadpummenT rermnonpoBognoctu — 0,05

Temmoemkocth Matepuana — 1380

KoaddunmenT remnooOMeHna Mexay miaacTuHON u Bo3ayxom — 20
Hauanbnas Temneparypa miactuasl — 120 rpan

Temneparypa cpenst — 20 rpag

Bapuanrt 5

Marepuan maactuabl — MonubieH

Tommmua — 0,05

[InoTHOCTH MaTepuana — 10200

Koaddumument remnonposognocta — 150

TemnoemkocTh MaTepuaia — 251

Koaddumnuent temnoodMena Mexay miacTHHON U Bo3ayxoM — 20
Hauanbnas Temneparypa miactunsl — 120 rpan

Temneparypa cpenst — 20 rpaj

BapuanTt 6

Marepuan nnactussl — Hukens

Tommmua — 0,05

[TnoTHOCTH MaTepuana — 8900

Koadpunment TenmnonpoBogHocty — 75,5

TemmoeMkocTh Matepuaia — 448

Koaddumment rennoodMena Mexay mIacTUHON U Bo3ayxom — 20
Hauanbnas Temneparypa miactunsl — 120 rpan

Bapuant 7/

Marepunan nnactunbl — CTEKI0

Tonmuaa — 0,05

[TnorrOoCTh MaTepuana — 2500

KoaddumuenT reronpoogaoctr — 0,97

TennmoemkocTh MaTepuana — 779

Koaddumument remnoodbMena Mex 1y miacTuHOM u Bo3ayxom — 20
Havanpnas Temnepatypa miactuasl — 120 rpag

Bapuanr 8

Marepuan maacTUHbI — AJTIOMUHUN

Tommmua — 0,05

[TnmoTHOCTH MaTepuana — 2700

KoadpummenT TemnonpoBoanoctu — 209

TemmoeMkocTh MaTepuaia — 896

Koaddumment remnoodOMena Mex 1y miacTuHoi u Bo3ayxom — 20



Havanbnas remneparypa mnactunbl — 120 rpaa
Temmneparypa cpeabl — 20 rpan

Bapuant 9

Marepuan mmactunbl — L{uHK

Tomnmmua — 0,05

[TnotHOCTH MaTepuana — 7133

Koadpdpunment remnonposognoctu — 110

TemmoemkocTh MaTepuaia — 389

Koadunment rennoodmMena Mexay miacTUHON U Bo3ayxom — 20
Havanenas Temnepatypa miactuasl — 120 rpag

Temmneparypa cpenbl — 20 rpan

Bapuant 10

Marepuan nactubl — beTtoH

Tomnmmua — 0,05

[TnotrOCTH MaTepuana — 2200

Koa¢pduument remnonposogHoctu — 1,5

Tennmoemkocth MaTepuaia — 920

Koaddumment remnoodbMena Mexay miacTuHOM u Bo3ayxom — 20
Havanpnas Temneparypa miactuasl — 120 rpag

Temneparypa cpenst — 20 rpaj

Kpurepuu oueHku:

KpuTepnii MakcuMaJIbHOM OlleHKH Ha 8 0aJJI0B:

BoinonHeHns! Bce TpeboBaHMs 3a/1aHusl K padore. BeiOpaHa cooTBeTCTBYIOIIAs 3a/1a4e
MaTteMaTudeckas Mojenb. [IpaBuinbHO chopMyITUpoBaHbl KpaeBble (HaYalbHBIC,
TpaHUYHBIC) YCJIOBUS MOJETH Ipoliecca. [ paMOTHO BBIMOJHEH MOI00pP MeToaa
pemienus. be3 ommOok pa3paboTan anropuT™ peuieHus 3aaadu. Tekct pazpaboTaHHON
IpOrpaMMBbI B MTOJIHOM MEpe COOTBETCTBYET pa3pabOTaHHOMY aaropuTMy. BeimoiaHeHa
BepU(PHUKAIUS MOJEINM M TeCTUpoBaHWE mporpamMmbl. C MOMOIIBIO MOJEIH
NPOU3BEACH  BBIUMCIMTENIBHBIM  3KCIepuMeHT.  [lomydeHHBlE  pe3yJbTaThl
IpeCTaBIEeHbl B HarIAIHOU (opme. Crenanbl MpaBUiIbHBIE BBIBOJBI IO PE3yJbTaTam
MOJEIUPOBAHUS.

Kpurtepnii onenku Ha 6,5 6a1710B:

Brinonaens! Bce TpeboBanus 3agaHus K padbote. BeiOpana cooTBeTcTBYyIOMmAsA 3a/1a49e
MaTeMaThdeckas Mojelb. [IpaBwibHO chopMynHpoBaHBl KpaeBble (HadabHBIE,
TpaHUYHBIC) YCIOBHS MOJEIW TMpolecca. BpIModHEH TOA00p HE CaMoro
3b(deKTUBHOTO MeTo/a pelieHus. B anroputme pemieHus: 3agaydl  UMEHOTCS
HECYyIIeCTBeHHbIe OMMOKU. TekcT pa3paboTaHHOW MPOTpaMMbl HECKOJIBKO HE
COOTBETCTBYET pa3paboTaHHOMY anropuTMy. He coBceM KOPPEKTHO BBIMTOJTHEHA
BEepU(UKAIUS MOJEIM H TeCTUpoBaHWE mporpamMmbl. C TMOMOIIBIO MOJEIH
NPOU3BEJCH  BBIYUCIUTENBbHBIA  JKcrepuMmeHT.  [lomydeHHBIE  pe3ysbTaThl
NPECTaBICHb B HATSIAHON (opMe, HO HE COBCEM YMOOHBI Ui TOCIEIYIOIIETO
aHanu3a. B Oomblmeid YacTW CAeNaHbl MPaBUIBHBIC BBIBOJBI 10 pe3yjIbTaTaM



MOJCIUPOBAHM.

Kpurtepuii MUHNMAILHON OLIEHKHU HA D 0AJLJI0B!

Brimonnensl He Bce TpeOoBaHMs 3adaHuss K pabore. BriOpaHa He BIOJIHE
COOTBETCTBYIOIIYIO 3ajadye maremaTudeckas Mozelb. B ¢dopmynupoBke KpaeBbIx
(HavaabHBIX, TPAHWYHBIX) YCIOBHH MOJAEIM MpoIecca HMMEIOTCS  OUIHMOKH.
HekoppekTHO BbINOAHEH MOAOOp METOJa pelieHus. B anropurme pemieHus 3anaydu
UMEIOTCSI Heo4eThl. TeKCT pa3padoTaHHOW MporpaMMbl B HEKOTOPOHM CTENEHU HE
COOTBETCTBYET pa3pabOoTaHHOMY anropuTmy. He BbimosiHeHa BepuduUKanus MOJAETU
WIM TeCTUpOBaHuE Iporpammbl. C MOMOLIBI0 MOJENH NMPOU3BEIEH BBIYUCIUTEIbHBIN
skcriepuMeHT. [lomydeHHble pe3ynbTaThl MPEACTABICHBI B Ipaduueckoil Qopme,
OJIHAKO WX HAIJMSJHOCTh HEBbICOKAa. (ChenaHbl BBIBOABI 1O  pe3yJbTaTaM
MOJIETTUPOBAaHUS, HO B UX (DOPMYITUPOBKE UMEIOTCS OIITHOKH.

Kpurtepuii olleHKH «HeY/10BJIETBOPHUTEIbHO!

Ecnn xoTs Obl OJIMH U3 NEPEUYUCIICHHBIX KPUTEPUEB JUIsi MMHUMAJIbHOW OLICHKU HE
coOJIt01aeTCs, BBICTABISETCA OLIEHKA «HEYOBJIETBOPUTEIbHO», pab0Ta BO3BpAILAeTCsI
Ha J10paboTKy.

KonTtpoabhasi pa6ora Ne2

Tema Ne6: Mcnosib30BaHne METOI0B ONTUMM3ALUM NPH MOAeTUPOBAHUM IHEPIO-
U pecypcocOeperaluiux Npou3BoaACTB

KonTponbHas pabora mpenHa3HaueHa JJig OIpPENEICHHUs] CTENEeHU YCBOCHMS
CTYyJIEHTaMH METOJOB ONTHUMM3ALUU TEIUIOBBIX M MacCOOOMEHHBIX MPOLECCOB,
IPOTEKAIOUIMX B alapaTax XUMHYECKOW TEXHOJIOTMM Ha OCHOBE PErpeCCHOHHBIX
MOJIEJIEN.

3aganue

[TonoOparh onTUMalbHBIE NapamMeTpbl pabOThl XMUMHUYECKOTO PEAKTOpa Ha OCHOBE
pa3pabOTKU pEerpecCUMOHHON MOJENIH MPOTEKAIOIIEro B HeM nponecca. OnTUMHU3aIII0
BBIIIOJIHUTh Ha OCHOBE TIPAaJUEHTHOTO MeTona. B KkadecTBE MOJENM pPErpeccuu
BbIOpaTh ypaBHEHHE TepBOro mnopsaka. OUEHUTh 3HAYUMOCTh KO3((UIIMEHTOB
ypaBHEHUS. BBINOIHUTH MPOBEPKY aAEKBATHOCTU MOAeIU. Mcronb3ysi MOCTPOEHHYIO
MOJIeb ONPEIENIUTh ONTUMAJIbHBIE MapaMeTphl mporecca. M3mMepeHus BBINOIHUTD C
MOMOIIIBIO TabopaTopHOTO cTeH1a «RegreF4».

BapuaHTsl padoTbl

KonTponbHast paboTa compskeHa € KOMIUIEKCOM M3MEPEHUN Ha 1a00paTOpHOM
crerze. [Ipy MX BBINOJHEHUM KaXAbIH CTYJEHT caM BBIOMPAET MCXOJHBIE 3HAYCHMS
JUIsl padoThl. DTO MO3BOJSET MOJIYYUTh YHUKAIbHBIM HaOOp MCXOIHBIX JAHHBIX JUIS
BBINIOJIHEHUS KOHTPOJIbHOW pabOThI, ONIPeAEISIONINIA €€ BapUaHT.

Kpurepuu oueHku:

Kpurtepuii MmakcumaabHO# olleHKH Ha 8 6aJ1J10B!

BoinonHeHs! Bce TpeboBaHMs 3a/1aHusl K padore. BeiOpaHa cooTBeTCTBYIOIIAs 3a/1a4e
MaTemMaTuyeckas Mojenb. lIpaBuibHO BBIOpaHBI HCXOAHBIE 3HAuY€HUS (HAKTOPOB,
OKa3bpIBAIOIIMX BIUSHHUE HA PE3yJIbTAT Iporecca. [ paMOTHO BBIIIOJIHEH HAaYaJbHBIN
3Tan MOJICJIMPOBAHMS, CBSI3aHHBIM C UW3MEpeHMsIMU Ha creHje. be3 ommbok



pa3paboTaH aJrOpuTM MOCTPOCHHUSI PErPECCUOHHON MOJienu. BrimojiHeHa MpoBepka
3HAYUMOCTU KO3 (UIIMEHTOB YpaBHEHMs pErpeccuu. BrinogHeHa nmpoBepka MoJeIu
Ha aJIeKBaTHOCTb. C MOMOIIBIO MOJIETU MPOU3BEAEH MOUCK ONTUMAJbHBIX YCIOBUU
pabothl anmapata. [logydeHHble pe3ynbTaThl NMPEACTABICHBI B HArJSAHOW (opme.
CrenaHbl TpaBUJIbHBIE BBIBOJIBI IO PE3YyJIbTATaM MOAECIHPOBAHUS.

Kputepuii onenku Ha 6,5 6a/110B:

BrinonHeHsl Bce TpeOoBaHUs 3a7aHus K padbore. BeiOpaHa cooTBETCTBYIOIIAs 3a/1aue
MaTeMatuyeckass Mojiesb. C HEKOTOPBIMU OIMIMOKaMU BBIOpaHBI UCXOAHBIC 3HAUCHUS
(bakTOpOB, OKa3bIBAIOIIMX BIMSHUE HA PE3yJIbTaT Mpoiecca. B 1menom mpaBuibHO
BBITIOJTHEH HAYyaJdbHbIN ATan MOJEIUPOBAHUS, CBSI3aHHBIM C U3MEPEHUSIMU Ha CTECHJIE.
C He3HAYUTENIbHBIMUA OLIMOKAMU pa3padOTaH alrOpPUTM MOCTPOEHUSI PErpecCUOHHOM
Mojieni. BrimloiHeHa mpoBepka 3HAYMMOCTUA KOI(PPUIIMEHTOB ypaBHEHHS PETPECCUMU.
BrinonHena npoBepka MOJAENH Ha aieKBAaTHOCTh. C MOMOIIBIO MOJEIU MPOU3BEICH
MOMCK ONTHMAJIBHBIX YCJIOBHM pabOThI arapara, OJHAKO HAlJCHHOE pelIeHHUE He
sBIgeTCS HawTy4IuM. [loydeHHbie pe3yapTaThl MPEICTABICHBI B HATJISIAHON (opMe.
Cnenanbl BBIBOABI IO pe3yJbTaTaM MOJICTUPOBAHUS, OJAHAKO B HHUX JOMYILECHBI
HEKOTOPBIE JIOTHYECKHUE OIIUOKHU.

Kpurtepuii MUHMMAIBLHON OLIEHKHU HA D 0AJLJI0B!

Brimonuensl He Bce TpeOoBaHus 3amaHusi Kk padore. He coBcem BepHO BbIOpaHa
COOTBETCTBYIOIIAS 3a7jaue Maremaruueckas Mojenb. Mcxoaubie 3HaueHus: (hakTopoB,
OKa3bIBAIOIIMX BIUSHUE Ha pe3yJbTaT MpoLEcca 3aJaHbl HE BIOJIHE KOppekTHO. Co
3HAYUTEIBHBIMU OIIMOKAMU BBIIIOJIHEH HAYaJIbHBIA 3Tall MOAEIUPOBAHUS, CBSI3aHHbBIN
C u3MepeHMUssIMM Ha cTeHge. Pa3zpaboran He camblii 3(PPEKTUBHBIA aNTOPUTM
MOCTPOEHUSI  PErPECCHOHHONW  Mojenu. BpllonHeHa MpoBepKa  3HAYUMOCTH
KOO(pGUIIMEHTOB ypaBHEHUs perpeccud. BbINogHeHa TpoBepka MOAETU Ha
aZeKkBaTHOCTh. CTemneHb aJeKBaTHOCTU MOJEIM HeBbICOKa. C MOMOIIBIO MOJETU
IpOU3BEJCHA TMOMBbITKA [OWCKAa ONTUMAalbHBIX YCJIOBMM pabOThl ammapara.
[lonydyeHHble pe3ynbTaThl MPEACTaBIECHBl B HarsiiHOM ¢opme. CrenaHa MHOMBITKA
(dbopMyIMpOBaHUS BEIBOJIOB IO Pe3yJIbTaTaM MOJCIUPOBAHHUS.

Kpurepuii onieHKN <HEy10BJIETBOPUTEIbHO»:

Ecnmu xoTst Obl OIMH W3 TIEPEUUCIICHHBIX KPUTEPUEB I MUHUMAJILHON OIICHKU HE
coOJI01aeTCs, BHICTABIISIETCA OLIEHKA «HEYJIOBIETBOPUTEIBLHO», pad0Ta BO3BpaIlaeTCs
Ha J0paloTKY.



MuHucTepCTBO HAYKH U BhIcIIero oopa3oBanus Poccuiickoit @enepanuu
HmxHeKaMCKU XUMHUKO-TEXHOJIOTHYSCKUN HHCTHTYT ((riinan)
dbenepaabHOTO TOCYIapCTBEHHOTO OI0PKETHOTO0 00Pa30BaTEIIbHOTO YUPEIKIACHUS
BBICIIIEr0 00Opa3oBaHuUs
«Ka3aHCKkHil HalIMOHAJIBHBIA UCCIIE0BATENBLCKUN TEXHOJOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHU4YECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

15.03.02 «TexHoIornyecknue MaliiHbl 1 000pyI0BaHUES»
(kox ¥ HAMMEHOBAHKE HAIIPABJIEHUS TOATOTOBKY/CITEIMAIBHOCTH)

Oo6opynoBaHue HedTerazonepepadoOTKu
(HaumeHoBaHKe MPOGUIS/HATIPABICHHOCTH/CIICIIMATM3AIIHH )

KommuiekT 3aianuii 11l BBINOJHEHHUSI pacdieTHO-Tpaguueckoii padoThl
no guctuminae (Moayiio) «b1.B.08 «OcHOBBI MOACIUPOBAHHUS IIPOIIECCOB U
anmnapaToB HedTerazonepepadoTKU»»

(HaMeHOBaHME AUCHIUTLIHHBI)

Tema Ne8: MoaenupoBaHue annapaToB XUMHYECKOH TEXHOJIOTHH

3aganue

Bapuanr 1

Hcnonb3yss BO3MOXXHOCTH TporpaMMupoBaHusi Tpapuku B cpene Visual Basic
pa3paboTaiite HarasAHO-TpapUUYECKyl0 MOJEIb C JJIEMEHTAaMU aHUMalWW s
OMMCAHUs MOBEACHUS XUMHUYECKOTO ammapara, (pyHKIHOHUPYIOIIETO B COOTBETCTBHUE
C MOJIETIBIO UJICATTbHOTO BBHITECHEHMUS.

Bapuant 2

Hcnonp3yss BO3MOXHOCTH TporpaMMupoBaHus rpaduku B cpeae Visual Basic
paspaboraiiTe HarIIIHO-TPAPUUECKYI0 MOJEIb C JJICMCHTAMHU aHUMAIUH IS
OIMCaHMs TOBEACHUSI XUMUYECKOTO amnmapara, (yHKIHOHUPYIOIIETO B COOTBETCTBHUE
C MOJIETIbIO HJICATbHOTO CMEIIICHUS.

Bapuant 3

Hcnonb3yss BO3MOKHOCTH TIporpamMMupoBaHus rpaduku B cpeme Visual Basic
pazpaboraiiTe HarjasgHO-TpapUUECKy0 MOJeNb € DJJIEMEHTAMU AaHUMAIUU IS
OMMCAaHUS MOBEJACHUS XUMUYECKOT0 armnapara, GQyHKIHOHUPYIOIIETO B COOTBETCTBUE
C IYEEUHOU MOJENBIO.

Bapuanr 4

Hcnonb3yss BO3MOKHOCTH TIporpamMmupoBanus rpaduku B cpeae Visual Basic
pazpaboTaiiTe HariasigHO-TpadUYEeCKyr0 MOJelb ¢ DJJEMEHTAMU aHUMAIUU IS
OIMCaHMsI TOBEJICHUS XUMUYECKOTO ammapara, GyHKIIMOHUPYIOIIETO B COOTBETCTBHUE
¢ 1 Py3noHHON MOICIIBIO.



Bapuant 5

Hcnonk3yst BO3MOXXHOCTH TporpammupoBaHus rpaduku B cpene Visual Basic
paspaboTaiite HarasAHO-TpapUUYECKyI0 MOJAENIb C OJJIEMEHTAaMU aHUMalWd JJs
OMHCaHUs MOBEACHUS XUMHUYECKOTO ammapara, (pyHKIHOHUPYIOIIETO B COOTBETCTBHUE
C PELMPKYJIALUOHHON MOJIENBIO.

Bapuaur 6

Hcnonb3yss BO3MOXXHOCTH TporpaMMupoBaHusi Tpapuku B cpene Visual Basic
paspaboraiiTe HarmIIgHO-TpapUUECKyI0 MOJENb C JJIEMEHTAMHU AaHUMAIUH s
OIMCaHMsI TTOBEJICHUSI XUMUYECKOTO ammapara, (yHKIIMOHUPYIOMIETO B COOTBETCTBHUE
CO CMEIIaHHON MOJEIBIO.

Bapuanr 7/

Hcnonp3yss BO3MOXHOCTH TporpaMMupoBaHus rpaduku B cpeae Visual Basic
pazpaboraiiTe HariasigHO-TpaUUECKyr0 MOJeIb ¢ DJJEMEHTAMU aHUMAIUU IS
ONMCaHUsl TOBEACHUS XUMHUYECKOrO ammapara, B  KOTOPOM  peau3yeTcs
MacCOOOMEHHBIH MpolIecc, ONMUCHIBAEMbIN HA OCHOBE JIETEPMUHUPOBAHHOTO TIOXO/IA.

Bapuaur 8

Hcnonb3yss BO3MOKHOCTH TIporpamMMmupoBaHusi rpaduku B cpeae Visual Basic
pazpaboraiite HariasgHO-TpapUUECKy0 MOJEIb C DJJEMEHTAMU aHUMAIUU IS
OMMCAHUS TOBEJCHHUS XUMHUYCCKOTO  amnmapara, B  KOTOPOM  peau3yeTcs
MacCOOOMEHHBIH TPOIIECC, OMMMCHIBAEMbBIN HA OCHOBE CTOXACTHUYECKOTO MOIX0/1a.

Kpurepuu onenku:

Kputepuii MmakcuMaJibHO# o1leHKH HA 8 0a/I0B:

BrinmonHensl Bce TpeOoBaHMS 3ajiaHus K padote. BriOpaHa coOTBETCTBYIOIIAS 3a7a4e
MaTeMaTuyeckas Mojeinb. [IpaBuibHO BBIOpaHbI HMCXOAHBIE 3HaY€HUs (HaKTOPOB,
OKa3bIBAIOIINX BIMSHUE HA pe3yJbTaT mpolecca. be3 ommbok pazpaboTaH aaroputm
NOCTPOCHUST Tpaduyeckoi Mojenu. Pa3paboTaH TEKCT OporpaMMbl U TPaMOTHO
BBITIOJTHEHO MPOTpaMMHUpOBaHue anroputma. DPEHEKTUBHO MPOBEJACHO TECTUPOBAHUE
nporpammbl.  [IpeagycMoTpeHa  BO3MOXKHOCTh —~ MacIITaOMpOBAaHUS ~ BPEMEHHU.
[TomyyeHnusie pe3ysabTaThl TPEACTABICHBI B HArasgHOW ¢opMe. AHHUMAIUSL
BBITIOJIHSIETCS. B IIOJTHOM COOTBETCTBHE C 3aJaHHBIM THUIIOM MOJIEIIM armnapara.
Cnenanbl MpaBUIIbHBIE BBIBOJIBI 110 PE3yJIbTaTaM padOThI.

Kpurepuii ouenku Ha 6,5 6a/1J10B!

BrinonHensl Bce TpeOoBaHus 3aianus K padote. BriOpaHa cooTBeTcTBYIOIIAsA 3a/1a4ue
maTemaruueckas Mojenb. C He3HaYyUTeNbHbIMM OIIMOKaMU BbIOpaHBI HCXOJHBIE
3HaueHUs (PaKTOPOB, OKA3BIBAIOIIMX BIMSHUE Ha pe3yJbTaT mporecca. PazpaboTan He
caMblii 3((EKTUBHBIN aIrOPUTM NOCTPOEHUs: rpaduyeckoil moxaenu. Pazpabortan
TEKCT MPOrPaMMbl ¥ C HE3HAUUTEIbHBIMU OIIMOKaMHU BBIIIOJHEHO POTrpaMMHUPOBAHUE
anrroputMa. B 1menoM nOpaBWIBHO IPOBEIEHO TECTHUPOBAHUE  MPOTPAMMBI.
Bo3moxHOCTP MacmTaOMpoBaHUsT BPEMEHM B IMporpamMme HeE MPEeayCMOTPEHO.
[TonmyyeHHbsle pe3ysbTaThl MPEACTABICHbBl B HArjasgHoW ¢opMe. AHHUMAIUS



BBIIIOJIHACTCA, HPAKTUYCCKHU, B IMOJHOM COOTBCTCTBHUC C 3aJaHHBIM THIIOM MOJCIIH
dallriapara. CI[GJ'I&HI)I BBIBOJbBI IIO PEC3yJIbTaTaM pa6OTBI, B KOTOpPBIX JOIIYIICHBLI
HE3HAUYMTEIILHBIC OIIMOKU.

Kpurtepuii MUHHMAILHOI OLIEHKHU HA 5 0aJ1J10B:

Brinonaens! He Bce TpeOoBaHMs 3a7aHus K padoTe. BriOpana He BIOJIHE KOPPEeKTHAs
JUIS periaeMou 3ajadd MaremMartudeckas mozeiab. Co 3HAaYMTENbHBIMH OIIMOKaMU
BBIOpaHbl HMCXOJHbIE 3HAYCHUS (PAKTOPOB, OKA3BIBAIOIIMX BIMSHUE Ha pe3yJbTar
npouecca. Pa3paboran Hedh EKTUBHBIN aJIrOpPUTM TMOCTPOCHUS TrpadudecKon
mozxenu. B anropurme pomymieHsl omuOku. PazpaboTaH TEKCT mporpaMMbl U CO
3HAUYUTEJIbHBIMU  OIIMOKaMH  BBIMIOJIHEHO  NPOTpaMMHUPOBAHUE  aJTOpPUTMA.
TectupoBanue IPOrpaMMBbl MIPOBEICHO MOBEPXHOCTHO. Bo3moxkHOCTh
MacImTabMpoOBaHUS BPEMEHH B TNporpamMme He mnpeaycmorpeHo. IlomydeHnHbie
pe3yabTaThl MPEJCTABICHbl B HArJSAHOW (opme. AHUMAIUS BBINOJIHAECTCS HE B
MOJITHOM COOTBETCTBHUE C 3aJlaHHBIM THIIOM Mojienu anmnapata. CaenaHbl BBIBOJBI 110
pe3yibTaTam padoThl, B KOTOPBIX JIOMYIIEHBI 3HAYUTEIbHBIC OIIHOKH.

Kpurtepuii OlieHKH «HEyI0BJIECTBOPUTEIbHOY!

Ecnn xoTs Obl OJIMH U3 NEPEUYUCIIEHHBIX KPUTEPUEB JUIsl MMHUMAJIbHOW OLICHKU HE
co0Jro1aeTcsl, BHICTABISIETCS OLIEHKA «HEYIOBJIETBOPUTEIHHO», paboTa BO3BpalaeTCs
Ha J10paboTKy.



MuHucTepCTBO HAYKH U BhIcIIero oopa3oBanus Poccuiickoit @enepanuu
HmxHeKaMCKU XUMHUKO-TEXHOJIOTHYSCKUN HHCTHTYT ((riinan)
dbenepaabHOTO TOCYIapCTBEHHOTO OI0PKETHOTO0 00Pa30BaTEIIbHOTO YUPEIKIACHUS
BBICIIIEr0 00Opa3oBaHuUs
«Ka3aHCKkHil HalIMOHAJIBHBIA UCCIIE0BATENBLCKUN TEXHOJOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHU4YECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

15.03.02 «TexHoIornyecknue MaliiHbl 1 000pyI0BaHUES»
(kox ¥ HAMMEHOBAHKE HAIIPABJIEHUS TOATOTOBKY/CITEIMAIBHOCTH)

Oo6opynoBaHue HedTerazonepepadoOTKu
(HaumeHoBaHKe MPOGUIS/HATIPABICHHOCTH/CIICIIMATM3AIIHH )

Temsbl pepepaToB
no gucrumminae (Moayiaio) «b1.B.08 «OcHOBBI MOAEIUPOBAHNUS IIPOIIECCOB U
anmnapatoB HedTerazonepepadoTKu»»

(HaMeHOBaHKE AUCIUTLIMHBI)

Tema Ne3. IlpoOJjiemMbl M NyTHM Pa3BUTHS JHEPro- M pecypcocOeperarommx
TEeXHOJIOTH i

1. MaremaTuueckre MOJIEIN PEaKTOPOB EMKOCTHOI'O THIIA C IEPEMEIIUBAHUEM.

2. MaremaTtnyeckue MOJENIHU PEAKTOPHBIX IMPOLIECCOB B PEAKTOpPaX 3MEEBHKOBOIO
THUTIA.

3. MaTeMaTuyeckue MOJEIHU MPoLeccoB abcopOIMu B abcopOepax pa3IMvyHOro THUIIA.
4. MatemaTuyeckue MOJENIM MPOIECCOB PEKTHUPUKAUMU B  TapeabyaTblX MU
HACaI04YHbIX KOJOHHAX.

5. Marematuyeckue MOJEIH TPOIECCOB JKCTPAKIUKA B KOJIOHHBIX M EMKOCTHBIX
anmnaparax.

6. AIropuTMBI ONTUMAIILHOTO YIIPABJICHUS.

7. Texuudeckue CpeicTBa peaju3allid CTPYKTYPHl YIIPABJICHUS C HCIOJIb30BAHUEM
QITOPUTMOB ONTHUMAIIEHOTO YIIPABJICHUS.

8. CocraBiieHue Mojiene KHHETUKY TOMOT€HHbBIX XUMHUECKUX PEaKIIUM.

9. CocraBnenne Mojienel TOMOT€HHBIX XUMUYECKHUX PEaKTOPOB.

10. Pa3paboTka MaTeMaTHUECKUX MOJIENIeH TETIOBBIX MPOIIECCOB.

11. [IpuMeHeHne CTaTUCTUYECKUX METO/I0B 00Pa0OTKHU 3KCIIEPUMEHTAIbHBIX JaHHbIX.
12. Pa3paboTka MaTeMaTUYeCKUX MOJIEle 3KCHEPUMEHTAIbHO- CTATUCTHYECKUMU
METOJaMH.

Tema Ned. MonpenupoBaHue NpPOUECCOB XMMHKO-TEXHOJIOTHYECKHX CHCTEM Ha
OCHOBE YPABHCHUI 02JIaHCOB IOTOKOB MAacC

1) MareMarudeckass MOJENb IpoIecca «ra3 — JKHAKOCTH» U BBIPAKCHHE IS
HA0JIF01aeMOI CKOPOCTH MPEBPAIICHUSI.

2) CkopocCTb IIpeBpaIlCHHS MTPOIIECCa «Ta3 — KUIAKOCTH» B Pa3HBIX PEKUMAX.

3) Bo3MOXkHOE YMEHBIIIEHUE CKOPOCTH MPEBPALICHUS B MPOIECCE «Ta3 — KUIAKOCTHY»



MIPU TOBBIIIICHUU TEMIIEPATYPHI.
4) CKOpOCTh TPEBPAIICHHUS B MPOIECC «Tra3 — JKUAKOCTH» B Pa3HBIX PEKHUMAX €ro
MPOTEKAHHUS.

5) Karamu3 u xataimsarop. BimsHue katamuzaTopa Ha PaBHOBECHE B XUMHUYECKOM
peaKIvH.

6) MaremaTHueckass MOJIENb Mpolecca B MOPUCTOM IUIOCKOM 3€pHE KaTalu3aTopa.
['paHnyHbIe yCI0BUS ypaBHEHHS MOJIETH IpoLEcca.

7) Ha ocHOBe MareMaTHUYECKOW MOJENIM TIpollecca B IMOPUCTOM IUIOCKOM 3€pHE
Karanu3zaropa - pachpefeleHue OTHOCUTEIbHOM KOHIEHTpallid B 3€pHE U
HaO0JIF01aeMasi CKOPOCTh TIPEBPAIIICHHUS .

8) CreneHpb MCIIONIL30BaHMS BHYTPCHHEH MTOBEPXHOCTH Karanu3aropa. [lapameTpsl, oT
KOTOPBIX OHA 3aBHUCHT.

9) BinsiHue KOHIICHTpAILIMU, TEMIICPATYPhI, pa3Mepa 3epeH KaTaau3aTopa U CKOPOCTH
NOTOKA Ha CKOPOCTh I'€T€POreHHO-KaTaTUTHUYECKOrO MPOLECCa.

10) MaremaTudeckass MOJeib Ipollecca Ha IOBEpXHOCTH paszaena (a3 («raz —
TBEPI0E», KaTATUTHUECKUI TIPOIIECC) C YUETOM TEIIOBOro 3P (eKTa peakiiu U CBS3b
KOHIICHTpAIUH (CTENICHH MPEBPAICHHUS) H TEMITEPATyPhl TOBEPXHOCTH.

11) I'pacdmyeckwmii criocoO onpesesieH sl TEMIIEPaTyPbl MOBEPXHOCTH B TETEPOreHHOM
mpoiiecce.

12) HeoTHO3HAYHOCTH CTAIMOHAPHOTO PEXKHIMA.

13) OOmmit mOaX0oA K IOCTPOCHHIO MAaTEeMaTHYECKOH MOJEIM Tpolecca B
XMMUYECKOM peakTope. baraHCoBbIe ypaBHEHUS MIPOLIEcCca B pEAKTOPE B OOIIEM BUJIE.

14) DrnemeHTapHbIi 00BEM, IS KOTOPOTO COCTaBJISIOTCS OalaHCOBBIC YPaBHEHUS
poLecca B peakTope. DJIEeMEHTAPHBIN 00BEM JJI1 EMKOCTHOI'O PEAKTOPA ¢ MEIIAIKOM.
15) TlogoOue MareMaTHYECKMX MOJCNICH pa3HbIX MpOIeccoB («ra3 — TBEpPAOE» U Ha
HEMOPUCTOM 3€pHE KaTtaiu3aTopa, B TpyO4aToOM peakTope ¢ HENPOTOYHOM
€MKOCTHOM, B peakTope O0apOOTa)KHOM U C TICEBIOOXKMKCHHBIM CIIOEM, B
ra30)KHJIKOCTHOM HACaJ0YHOM PEAKTOPE U BO BPAIAIOIIEMCS C TBEP/BIM PEarcHTOM).

16) IlpusHaku kinaccUpUKAIUMK XUMHYECKOTO MpoIiecca M XMMHYECKOTO PeakTopa
MOTYT OBITh UCIIOJIb30BAHBI MPU aHAIHM3E MPOIIECCa B XUMUYECKOM PEaKTOpE.

17) TlomoOwue W pasnuume Tpolecca B PeakToOpax HIACATBHOTO CMEIICHUS
NEPUOANYECKOM U UJICATTbHOTO BHITECHEHUS.

18) IlpenenbHOE MpeBpalleHUe, KOTOPOE MOXKHO MOJYYUTh B PEaKTOPE HACATHHOTO
CMEIIEHUS TIEPUOINIECKOM TIPH MPOTEKAHUKM OOpaTUMoi peaknuu. Maremarnueckas
MOJIEJb U TpahuuecKoe perieHue.

19) IlpenenbHOE MPEBpAIICHUE B PEAKTOPE HMJICATLHOTO CMEIICHHUS MEPUOANICCKOM
npy TMPOTEKAaHUU O0paTMMON peakiuu. Maremarnueckass MOJeNnb W rpaduydeckoe
pelieHue.

20) MaremaTtuyeckasi MOJIENIb TIPOIIECCa B PEAKTOPE HACATBHOTO BBITCCHEHUS IPH
NPOTEKAHWN CJIOKHOM peakluu: a) C MapajuleJbHOW CXEeMO# mpeBpaiieHus; 0)
MOCJIETIOBATENBHOM CXEMOM MTPEBPAIEHUS .

21) H3MmeHeHHME KOHIICHTpAIlMM BEIIECTBA IO O0BEMY MPOTOYHOIO peakTopa
UJICATBHOIO CMEILICHHUS.

22) TlpuuyuHBl OTKIOHCHHS PEKUMOB B IPOMBINUICHHBIX PEAKTOpax OT PEKHMOB
UJICATLHOTO CMEIICHUS U BHITECHEHUSI.

23) Tunbl TPOIECCOB, JJISI KOTOPBIX IEJIECOO0pa3HbI PEAKTOPhl B PEXKUMAX. a)



UJICAJILHOTO CMEILNCHHUS MEPHOIUYESCKOM; 0) HIeaJbHOr0 CMEIICHUS MPOTOYHOM; B)
UJICAJIBHOTO BBITECHEHMUS.

Kpurepun onenku:

MunumanabHoe yncio 6amioB — 4 6aia BBICTABISETCS IPU HEIOCTATOYHOMN CTETICHH
PACKpBITHS TEMbI B XOJIE CBOETO BBICTYIUICHHS, IPUBE/ICHUS HEYETKUX apryMEHTOB U
HE BIIOJIHE aKTHUBHOE y4acTHE B IMCKYCCHUHU MO MpodiieMe, KoTopas Oblia packpbiTa B
X0Jle JOKJIa/a.

MakcumanbHoe YnciIO OamioB — 6 OaloB BBICTABISETCS TMPU TOJHOLIEHHOM
PACKpBITUM TEMbl B XOJI€ CBOEIrO BBICTYIUICHUS, MPUBEACHUS YETKUX APTYMEHTOB U
JI0Ka3aTeNIbCTB, a TAK)KE aKTUBHOE y4acTUE B TUCKYCCHH MO MpolieMe, KoTopas Oblia
packphITa B X0/1€ JOKJIaAa.



MuHucTepcTBO HAYKH U BhIcIIEro oopazoBanus Poccuiickoit denepauuu
HumxHexkaMCKUl XMMHKO-TEXHOJIOTMUECKHA HHCTUTYT (ritna)
dbenepaabHOT0 TOCYIapCTBEHHOTO OI0PKETHOT'O0 00Pa30BaTEIIbHOTO YUPEKIACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3aHCKMi1 HAlIMOHATIBHBIA UCCIE0BATEILCKUN TEXHOJIOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHUYECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

15.03.02 «TexHonOrn4ecKnue MaliHbl 1 000pyI0BaHUE
(xom ¥ HAaMMEHOBAHKE HAIIPABJIEHUS TIOATOTOBKY/CIIEIMATIBHOCTH)

Oo0opynoBaHue HedTerazonepepadoOTKu
(mammenoBanue MPOGUII/HATIPABIEHHOCTH/CIICIIATTN3AITHH )

TeMbl 11 coOeceI0BAHUSA
no gucruminae (Moayiaio) «b1.B.08 «OcHOBBI MOAEIUPOBAHNUS IIPOLIECCOB U
annaparoB HedTerazonepepadoOTKU»»

(HarMeHOBaHKE AUCIUTLIMHBI)

Tema Nel. BBenenne

1) Paznuunbie HOpMBI IIPEACTABICHUS MOJICIIH.

2) MonenupoBaHue TPU UCCICTOBAHUN TEXHOIOTHUECKUX MTPOIECCOB.

3) UtepatuBHBIiA XapakTep Mpoiecca MOACTHPOBAHHS.

4) Knaccudukaiys MoJIeIIeH.

5) Martematudeckasi MOJIENb MTPOIEcCa.

6) Kitacc nmeTepMUHUPOBAHHBIX MOJICIICH.

7) Kinacc cToXacTHYECKHX MOJIEIIEH.

8) Maremarudeckasi MOJIE) b TEINIOOOMEHHOTO MPOIIECca.

9) Matematuyeckasi MOJieIb MAaCCOOOMEHHOI0 TIpoIiecca.

10) MaTemaTHyecKre MOJICITH KpAaeBbIX 3a]1a4.

11) Matematnyeckue MOJISIH OOpaTHBIX 3a/1a4 TEIJIO- U MacCoIepeHoca.

12) AHaIUTHYECKOE PEIICHUE MATeMaTHYECKUX MOJEICH XMMHKO-TEXHOJIOTHYSCKUX
IIPOLIECCOB.

13) YncneHHOe peIIeHHe MAaTeMaTHYeCKHMX MOJCNeH XUMHUKO-TEXHOJOTHYeCKUX
IPOLIECCOB.

14) AcuMIITOTHYECKOE pelieHue MaTEMaTUYECKUX MOJIEIIen XUMHKO-
TEXHOJIOTUYECKUX MPOIECCOB.

15) Bepudukaniys 1 aieKBaTHOCTBIO MOJICIIH.

16) AnropuT™ MPOBEPKHU aICKBATHOCTH MOJICIIH.

17) Mojenb uaealbHOTO CMEIIICHUST XHMHKO-TEXHOJIOTHUECKOTO TIpoIiecca.

18) Mojienb uaealbHOTO BBITECHEHUSI XUMHUKO-TEXHOJIOTHYECKOTO MpoIiecca.

19) Inddy3uonHas MOIEIb XUMUKO-TEXHOJIOTHYSCKOTO MpoIiecca.

20) SdeeuynHast MOJICITb XHMHKO-TEXHOJIOTHUECKOTO TIpoIiecca.

Tema Ne5. MoaeaupoBaHne NMPOIECCOB XHUMHKO-TEXHOJOTHYECKHX CHCTEM Ha
OCHOBe YpaBHeHMIi 0a/1aHCa OTOKOB YHEPIUHU



1) Pacckaxute 0 pasjMyYHBIX CIIOCO0AX OpPraHU3aIlMKM TEIUIOOOMEHA B XMMHYECKOM
peaxTope.

2) Bo3MOXKHBIE TeMIIEpaTypHbIC PEKUMBI MPOTEKAHUS PEAKIIMH U TEIUIOBBIC PEKUMBI
npouecca B peaktope. [lokaxkuTre cXemMbl PEakTOpOB, B KOTOPBIX OCYIIECTBIISIIOTCS
TaKHUe PEKUMBI.

3) Moaenp mporecca UAEaIbHOrO BBITECHEHUS C TEIUIOOTBOJOM W3 30HBI PEAKIIHU.
[TapameTpsl OT KOTOPBIX 3aBUCAT MOKA3aTENH MPOIIEeCcca.

4) BenuunHa aauabaTHYecKoro pasorpeBa. [lodeMy 93TOT mapamerp JIydile
XapaKTepu3yeT BIIMSHUE PEAKIUU Ha TEeMIIEPaTypHBIH PEKUM TEXHOJIOTHUECKOTO
mporiecca, 4eM TeIIoTa peaKIuu ?

5) Kak OynmeT MEHSAThCS CTENCHb MPEBpAIllCHUs M TeMIeparypa B peakTope
U/ICAJIbHOTO BBHITECHEHMS MIPH MPOTEKaHUU aauabaTuueckoro mnpoiecca. ConocraBbTe
ATH U3MEHEHHSI C U30TEPMUYECKUM TPOIIECCOM.

6) B kakom pexume amuabaTHUECKOro peakTopa (MIeallbHOTO BBITCCHEHUS WM
UJIeaIbHOTO CMEIICHHUs) TeMIIepaTypa Ha Beixojie OyeT 6ombine? OO0CHY#TE OTBET.
7) Tlpow3BOIUTENHFHOCT, KaKOTO M3 PEAKTOpOB OyaeT Ooiblle. WAaTbHOTO
BBITECHEHUSI WU UACATHHOTO CMENICHHWS TpU MPOTEKAHWHU aauabdaTHUdecKOro
nporiecca? O00CHYHTE OTBET.

8) Kak wMenseTcs Ttemmeparypa B TpyOuaTOM peakTope C TEIUIOOOMEHOM,
OCYIIIECTBIIIEMOM Ye€pe3 CTCHKY IMPH MPOTEKAHWUU: a) IK30TEPMHUYECKOW peakiu; O)
SHJOTEPMUYECKOU peaKIuu’?

9) B yeM 0COOCHHOCTH TEMIIEPATYPHOTO PEKUMA B IPOTOYHOM PEAKTOPE HIICATHLHOTO
CMEIICHHUS MTPH MPOTEKAHUU aradaTHIeCcKOoro mporiecca?

10) Yro Takoe cTalMOHAPHBIN PEXHUM, YCTONYMBBIA CTAllMOHAPHBIN pexuM? B kakoM
TUIIE PEAKTOpa MOXKET TPOSBUTHCS SBJICHUE HEYCTOMYMBOCTH CTAllMOHAPHOIO
pexuma?

11) Kak opraHuM30oBaH IPOIECC B aBTOTEPMHUECKOM peakrope? B dyeM ocoOCHHOCTH
€ro pexumMa?

12) [pu yBenuyenun temmeparypsl Ha 10 rpajycoB KOHCTaHTa CKOPOCTH PEaKIUH
BO3pocia B JBa pa3a. Ha CKOMBbKO HAg0 M3MEHHTH IJIMHY pEakTopa HACaTbHOTO
BBITECHEHUSI, YTOOBI MOJMYYUTh TO K€ mpeBpaimieHue. [loarBepanTe 3T0 ¢ MOMOIIBIO
MaTEeMaTUYECKON MOJIeTTH U n300pa3uTe rpaduyecKu.

13) KakoBa onTumanbpHas TeOpeTHYECKas TemIeparypa Uisi HeoOpaTUMOW u
oOpatumoi (9K30- ¥ FIHJAOTCPMHUUECKUX) XUMUICCKUX PEAKITUH.

14) Cdopmynupyit 3amady ONTUMHU3AIMH IOCISIOBATSILHOCTH KUAKO(DA3HBIX
PEaKTOPOB ¢ MeEIIAJKaMU U pemuTte ee (peakiys MepBoro mopsijakKa, TeMIepaTrypbl B
peaKTopax OJIMHAKOBEIE).

Kpurtepumn oueHku:

MaxkcumanbHoe 4ynciio OamnoB — 8 0amioB BBICTABISETCS €CIIM COOEceIOBaHUE
MpOTEeKaeT TMPH AaKTUBHOM OOMeHe WH(popManued MeXAy CTyJACHTaMH U
NperoaaBaTesieM; BOMPOCKI U OTBETHI CJIEAYIOT C OOEUX CTOPOH; OTBETHI
MIOJIHOIIEHHBIE W Pa3BEPHYTHIC; BO BpeMsi COOECETOBaHUS CTYACHTHI IMOJHUMAIOT
WHTEPECHBIC U OPUTHHATBHBIC TPOOTIEMBI.

MunumajgbHoe 4uciio O0ayioB — 5 Oajijia BBICTABIACTCS MPU MPEUMYIIECTBEHHO



OJIHOHAIPaBJICHHOM MOTOKE MH(pOpPMAILIMH; OTBETHI CTYAEHTOB OJIHOCIOXHBIE U 0€3
Pa3bACHEHMI; BOIPOCHl HOCAT TPUBHAIBHBIA XapakTep, BO Bpemsi Oecelsl
NPaKTUYECKA HE MOJHUMAIOTCA OCTpPbIE MPOOJIEMBbl U HE MPUBOIATCA B KayeCTBE
MPUMEPOB MPAKTUUECKUE CUTYAIINH.
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