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Hean, 3a1a4m ¥ IUIAHUPYeMbIe pPe3yJIbTAaThl 00yUeHHUsI N0 TUCHUILINHE

K wmemsm ocBoenus aucuuiinHbel «TemnomaccooOMeH U TUAPOJAMHAMUKA B
OropeakTopax» cieayeT OTHECTH:
- MOATrOTOBKA Marucrpa K PEHICHUI0 HAYYHBIX, MHXKEHEPHBIX U MPOU3BOJICTBEHHBIX BOMPOCOB
OMOTEXHOJOTMYECKOH OTpacii B KOMIUIEKCE C €€ JIOCTHKCHHSAMH U  BO3MOXKHBIMHU
TEXHOJIOTMYECKUMU PEIICHUSIMH;
- popMUpOBaHUE y CTYJICHTOB 3HAHWW W HABBIKOB IO MPOBEACHHUIO HAYYHBIX HCCIICIOBAHUU B
00J1aCTH COBEPIIICHCTBOBAHMS 000PYI0OBaHUS U TEXHOJOTUM noyueHus. bAB.

OcHOBHbIE 33]1a4l OCBOCHUS AUCIUTLINHBL
- O3HAaKOMJICHHE C METOJaMHU TEOpHUU IMOAOOMS M METOJaMH aHallu3a pa3MepHOCTeH MpH
M3YYEHUHM TIPOIECCOB, MPOTEKAIOMMX B OHOpeaKkTopax, U METOJOJIOTHEeH Hay4YHBIX
UCCIIEIOBaHMM B 00J1aCTH OMOTEXHOJIOTUH;
- MpUOOpEeTEeHHEe CTYACHTaMU HaBBIKOB PacueToOB MapaMETPOB M PEKUMOB TEXHOJIOTMUYECKOTO
npouecca noixydenust bAB;
- TpuoOpeTeHHe HaBBIKOB IO YIPABJICHUIO U peallu3allid MPOEKTOB MO HCCIEAOBAHUIO
MPOIIECCOB TEINIOMAcCOOOMEHHA M THIPOAMHAMUKHY B OMOpEaKTopax.

O6yuenne mo aucuuinHe «TermomaccooOMEeH M THAPOJMHAMUKA B OHMOpPEAKTOpPax»
HaNpaBJICHO Ha (OPMHUPOBAHNE Y O0YHAIOIINXCS CIEAYIONIMX KOMITETECHIIUNA:

Koa u HaumeHoBaHue NuaukaTopsbl 10CTHKEHUS] KOMIIETEHIIHH
KOMIIeTeHIHi

OIIK-4. CriocobeH BbIOUpATh U HNOIIK-4.1. 3naetr MeTObI, CPEACTBA U IPAKTUKA

HCIIOJIb30BaTh COBPEMEHHbIE IUITAHUPOBAHU S, OpraHU3alyy, IPOBEACHUS U BHEIPECHUS

MHCTPYMEHTAJIbHbIE METO/IbI U Hay4HbIX MCCIIEIOBAHUN U ONBITHO-KOHCTPYKTOPCKHUX

TEXHOJIOTMHU, OCBAaUBATHh HOBBIE pa3paboTok

METOABI U TEXHUKY HOIIK-4.2. T'0TOB K NPUMEHEHHIO HOBEHIIIMX METO/I0B

WCCIICIOBAHUM JUISl PEIIEHUS OMOTEXHOIOTHH, TPO(HECCUOHATTLHOM IKCILTyaTaI[uu

KOHKPETHBIX 3a]1a4 COBPEMEHHOT0 OMOTEXHOIOTHYECKOT0 000pyIOBaHHUS U

npogeccuoHaTBbHON Hay4YHBIX TpUOOPOB

JeATEIbHOCTH NOIIK-4.3. Bnageer MeToamu K npodeccHoHaNbHOM
JKCIUTyaTallid COBPEMEHHOTO OMOTEXHOJIOTHYECKOTO
000py/I0BaHUs U HAYYHBIX MPUOOPOB

1. MecTo AMCHMILIMHBI B CTPYKTYpe 00pa30BaTeIbHOM IPOrpaMMBbI
JucnuninHa OTHOCUTCS K 00s13aTenbHOoN yacTu 61o0ka b1 Juctunnuaet (Mogynn).
Z[I/ICI_[I/IHJ'H/IHa «TemmomaccooOMeH u rMApOJHAMUKA B 6I/IOpeaKTOan» B3aMMOCBs3aHa JTOTH4YCCKHU
" COACPKATCIbHO-METOAUYCCKNU CO CIACAYIONIMMU JUCHUIITIMHAMMU: «MCTOI[OJ'IOFI/IS{

pa3paboTKy OMOTEXHOIOTMUECKUX OOBEKTOB», «MeTOobl UCCIEeOBaHUSI B OMOTEXHOJIOTUNY,
«TexHomnorus pepMeHTHBIX MTPETIAPATOBY.

2. CTpyKTypa M coAep:KaHue IUCHUIITHHbI
OO011ast TPyI0€MKOCTb JUCIUTUTHHBI COCTABIISAET 2 3a4eTHBIE eIUHUIIBI (72 yaca).

3.1. Buabl yueOHOii paboThl M TPY10€MKOCTH

Ne KoauuecTBo Cemectpbl

Bup yue6Hoi1 padoTnl YACOB 5 -

1 | AyauTopHble 3aHATHSA 72 72 -

B tom yucie:

1.1 | Jlexkuunu 18 18 -




1.2 | CemuHapcKue/IpakTUUECKUE 3aHATUS 38 38
1.3 | JlaGopaTtopHbIe 3aHITHS - -
2 | CamocrosiTeJbHasi padoTa 16 16
3 | ITpoMexyTOUHAsI aTTECTALUS
3a4eT
Hroro 72 72
2.2. TemaTnyecKuii MIaH N3y4eHUsl TUCIUTUIMHBI
TpynoemkocTb, yac
AynutopHasi pa6ora =
S O 0] =
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Tewma 1. BBenenue B kypc 6 2 2 - - 2
Tema 2. Teopust og0OHsI TPOLIECCOB U 8 4 - - 2
METOJ aHAJIN3a Pa3MEPHOCTEH
Tema 3. Ceipbe 1 CBOWCTBA 8 2 4 - - 2
(bepMeHTAaTUBHBIX Cpell
Tema 4. 'maponnHaMuka 6MOPEaKTOPOB 10 2 6 - - 2
Tema 5. TerumooOMen B OnopeakTopax 14 4 8 - - 2
Tema 6. Maccomniepenada B 12 2 8 - - 2
OnopeakTopax
Tema 7. CoctaBiieHue MpoeKTa riana 14 4 6 - - 4
MPOBE/ICHUS KCIIEPUMEHTAITLHBIX
paboT Mo TUIPOAMHAMUKY H
TersioMaccoOMeHy B OMopeakTopax
HUroro| 72 18 38 - - 16

2.3. CopepxxaHue JUCHUNTHHBI

Tema 1. BBegenue B Kypc.
[Tpenmer u 3agaun kypca. CBs3b ¢ APYTUMHU TUCIUIUIMHAMU Kypca. THIIBI OHOpEakToOpOB,
MNPHUMCHACMBIX B TCXHOJIOTHYCCKUX CXCMaX.

Tema 2. Teopusi mogo0usi MPOLECCOB M METOI AHAJIN3a PA3MEPHOCTEN.

[IpumeneHre METOOB TEOPUH TMOAOOMS K H3YYEHHIO MPOIIECCOB, MPOTEKAIOIINX B
ouopeakTopax. Pu3myeckas MOJENb MpoOIecca, OCHOBHBIE YpaBHEHHs 3aJayd M YCIOBUS
€IMHCTBA pEIICHUs. YCJIOBHUS OJIHO3HAYHOCTH. ['eomeTpuueckoe U BpeMEHHOE TMojo0ue.
[Tono6ue monelt puznueckux BenuduH. Yuciaa mogoous.

Meron ananm3a pa3MepHOCTEN MPU U3YICHUH ITPOTEKAIONTUX MPOIIECCOB.

['uapaBnuueckue uncna moaoous. COOTHOIICHHE MEXITY TEOPHUEH MOI00MS W aHaTU30M
pa3MEPHOCTEN.

Tema 3. Coipbe U cBOlicTBa (hepMEHTATHBHBIX Cpe/l.

XapakTepucTuka 1 0COOEHHOCTH OCHOBHBIX HCTOYHUKOB CyOCTpaTOB JJIsl POIIECCOB
¢dbepmenTanuu. OU3NKO-XUMUYECKHE CBOMCTBA ()EPMEHTATUBHBIX CPE/l.

Oco0eHHOCTH ITPOLECCOB KYJIbTUBUPOBAHUS MUKPOOPTaHU3MOB Ha YIJIEBOICOIEpKAILEM
CBIPbE, HU3IINX CIUPTaX, yrIEpPOJHOM ChIpbE, MENACCE U JIp.




Tema 4. 'uapoauHaMuka 6MOPEaAKTOPOB.

I'mapoauHamudeckne Tpouecchl B Omopeakropax. [ MApoAMHAMHUYECKHE PEKUMBI
TEUCHHS BA3KOH KUIKOCTH.

MeTobl HcCeJOBaHUs THIPOAMHAMUYECKUX XapaKTePUCTHK (hepMEHTEPOB.

BnusiHue cTpykTyphl MOTOKOB B OmopeakTope Ha 3((eKTHBHOCTH ammapaTta. MeTossl
OKCIIEPUMEHTAIBHONW OLIEHKH CTPYKTYphl TOTOKOB. [ HIpOAMHAMUYECKOE MOJCIUPOBAHUE
anmapatoB. MaciuTaOHBIH epexo.

Tema 5. Temnoo0MeH B OnopeakTopax.

Temonepenadya B mpolecce OuocuHTe3a. MexaHM3MBbI Iepenayu Teruia. TeroBoe
101001€ ¥ OCHOBHBIE KPUTEPHUH TEIUIOBOTO nooousi. TeroBoit 6anaHc GpepmeHTepa.

Temmoornadya mpu CBOOOJHOM W BBIHYKJICHHOM JIBI)KEHUU JKUIKOCTH. Teruioornadya B
anmaparax ¢ Mmemankoil. [Ipouecc Tenmnonepenaun. TemioBble MOTEpH B ammnaparax. TernoBoid
a¢dekT mporecca GepMEeHTALINH.

Tema 6. Macconepenaya B OuopeakTopax.

MarepuanpHblii 06amaHc MacCOOOMEHHBIX THporeccoB. MoaupHUIMPOBaHHBIE YpaBHEHUS
Maccoornepeayu.

OKClIepUMEHTAbHBIE ~ METOABl  HMCCIENOBAaHHUA  MacOOOMEHHBIX  XapaKTEPHCTHUK
onopeakropa. OmpeneneHue CKOPOCTH TPAHCIOPTa KUCJIOPOJa U BEIMYMHBI OOBEMHOTO
Kod(ummeHTa Macconepeaayn KucIopoa.

Tema 7. CocTaBjieHHe NMPOEKTa IUIAHA NMPOBeJeHHUS IKCIEPUMEHTAJIbHBIX PadoT 1o
THAPOAUHAMMKH U TEIIOMACCOOMEHY B OMOpeaKTopax.

DopMyJIMPOBKA LIEJIEH, MYTEW NOCTHXKEHUSA, 3a7a4 3KCIEPUMEHTAJIbHBIX MCCIEIOBAHUI
paboTbl OuopeakTopoB. Pa3zpaboTka miaHa peanu3aluy MPOBEIEHHUS SKCIEPUMEHTAIbHBIX
HCCIeA0BaHUN OMOPEaKTOPOB. Bapuantsl HCCIIEN0BATEIBCKUX (J1abopaTOpHBIX )
(dbepMeHTalMOHHbIE ycTaHOBKH. [IporpaMma MOHUTOPHHTa peau3aliy UCCIIe0BAHUH.

24. TemaTnka cCeMMHAPCKUX/MPAKTHYECKHUX U JIA00PATOPHBIX 3aHATHIH
3.4.1. CemuHapckue/mpaKTUYECKUE 3aHATHS

Tewma 1. BBenenue B Kypc.

Tema 2. Teopust mogOOHS MPOLIECCOB M METO]] aHAJIN3a PAa3MEPHOCTEHA.

Tema 3. Coipbe 1 cBOWCTBA (hepPMEHTATUBHBIX CPE/l.

Tewma 4. 'mapoamHaMuka GMOPEAKTOPOB.

Tema 5. Tennmoo6MeH B OnopeakTopax.

Tema 6. Macconepenaya B Guopeakropax.

Tema 7. CocTaBiieHHE POEKTA IJIaHA TPOBEACHUS SKCIIEPUMEHTATIBHBIX Pa0dOT MO
THJIPOAMHAMUKHU U TEIIOMAacCOOMEHY B OMOpeakTopax.

Nook~wbhE

3.4.2. JIabopaTopHbIe 3aHATHS
JlabopaTopHblie pabOThI YIEOHBIM TUTAHOM HE MPETYCMOTPEHBI.

3. YueOHO-MeTOAuYecKoe 1 HHPOPMALIMOHHOE 00ecTiedeHue

4.1. OcHoBHas JuTEpaTypa

1. Opranuzanyst GMOTEXHOJIOTHYECKOTO POU3BOCTBA | y4eOHO€E OCOOUE ISt BY30B / IOJ] peIaKinei

A. A. Kpacnomranosoit. — Mocksa : Mznatenscto HOpaiit, 2026. — 162 ¢. — (Beiciiee

oOpazoBanue). — ISBN 978-5-534-20762-0. — Texcr : anekTpoHHbIH / OOpa3oBaTenbHast

wiatpopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/588135 (nara oopamenus: 13.07.2026).

4.2 JIonoJIHUTeILHASL JINTEPaTypa
2. Tlpomecch! u anmapatbl OMOTEXHONIOTHH: (PepMEHTAIIMOHHBIC aNNapaThl : YIeOHUK IS CPETHETO
npodeccHOHaTBFHOTO 00pazoBanms / o pepakmnueii B. A. beikoBa. — 2-e u3a., mepepad. u 1o, —
Mocksa : U3ngarensctBo FOpaiit, 2026. — 274 ¢. — (IIpodeccuonansroe obpazoBanue). — ISBN



978-5-534-14042-2. — TeKcT : 3JIeKTPOHHBII
// ObpazoBarenpHas mwiathopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/588617 (nara
obpamienus: 01.07.2026).

4.3 JInnieH3UOHHOE U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe
odecreueHue

1. ITporpammer makera Microsoft Office (Word, Excel, PowerPoint).

o o

7.
8.
9.

4.4 CoBpeMeHHbIE MPO(ecCHOHATbHbIE 0a3bl  JaHHBIX H
HH(OPMAIHOHHBbIE CTPABOYHbIE CHCTEMbI

www.elibrary.ru — nay4nas aneKkTpoHHas OMOIHOTEKA.

www.molbiol.ru - YueOuuku, HayuHsie MOHOTpaduu, 0030pbl, JTa0OPATOPHBIC TPAKTUKYMBI
B CBOOOJTHOM JIOCTYIIE€ HAa CaliTe MPAKTHUECKOW MOJIEKYJISIPHONW OHOIOTHY.

WWW.SCOpUS.com (Scopus) — enuHas pedeparTuBHas ¥ HayKOMeTpHueckas 0a3a JaHHBIX
(MHIIEKC HUTUPOBAHUA).

www.scincedirect.com/ (ApxuBHbIC KOJUICKIIMU JKypHaIOB wu3narenbcTBa Elsevier) —
apXUBHBIE KOJUJICKIIMU DPA3JIMYHBIX TeMaTWK, B ToM 4yucie Biochemistry, Engineering and
Technology.

http://www.fp7-bio.ru - HKT «buotexunomorum.
http://cyberleninka.ru/article/c/biotehnologiya - HayuHast sniekTpoHHas OuOIHOTEKA
«KMBEPJIEHHKA».

http://www.springerprotocols.com/ - moctyn k 6a3e nanubix SpringerLink.
http://grebennikon.ru/ - snexrponnast 6ubonorexa Grebennicon.
http://login.webofknowledge.com/ - pecypcsl Ha miardpopme Web of Knowledge.

10. https://www.garant.ru/ - cipaBouno-mpaBoBas cucrema «APAHT».
11. http://www.consultant.ru/ - cnipaBouHo-npaBoBasi cuctema «Koucynbrantlimtocy.
12. https://www1.fips.ru/ - ®enepanbHblii HHCTUTYT MPOMBIIIIEHHONH COOCTBEHHOCTH (IOCTYII K

JIOKyMEHTaM, TTIOMCKOBOM CUCTEME).

4.5. DyleKTPpOHHBbIE 00pa3oBaTe/bHbIE Pecypchl
D0P no nucuuIuiMHe He IPEeAYCMOTPEHBI.

5. MarepuajbHO-TeXHHYECKOe o0ecrieueHmne

VYuebnas aynuropus kadenpaipHoro ¢poHaa, 000py10BaHHAS KOMITBIOTEPHON TEXHUKOM,

My.]'[LTHMeI[HﬁHbIM IMPOCKTOPOM, UL MPOBECACHUS JICKIMOHHBIX U CCMUHAPCKUX 3aHATHH.

Peanuzanus O6p83OBaTeHLHOﬁ porpamMmaI obOecreunBaeTCs JOCTYIIOM KaXA0ro CTyJACHTa

K MH(pOPMALMOHHBIM pecypcaM — OuOianoTeuHoMy (hOHIY M ceTeBbIM pecypcam MHTepHer.

6. MeToanueckne peKoMeHIaIUu

6.1. MeToanuyeckue peKOMeHIANH ISl NIPenoAaBaTeJisi 10 OPraHu3aluu

o0yueHust

HpCHOIlaBaHI/IC JAUCHUIINIMHBI OCYHICCTBIACTCA B COOTBCTCTBUU C q)e)lepa.]'IBHBIM

rocyJIapCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM BBICIIETO MPO(HEeCCUOHATBFHOTO 00pa30BaHMS


http://www.elibrary.ru/
http://www.molbiol.ru/
http://www.elibrary.ru/
http://www.molbiol.ru/
http://www.scincedirect.com/
http://www.scopus.com/
http://www.scincedirect.com/
http://cyberleninka.ru/article/c/biotehnologiya
http://www.fp7-bio.ru/
http://www.fp7-bio.ru/
http://cyberleninka.ru/article/c/biotehnologiya
http://login.webofknowledge.com/
http://www.springerprotocols.com/
http://grebennikon.ru/
http://grebennikon.ru/
https://www1.fips.ru/
https://www1.fips.ru/
https://www.garant.ru/
https://www1.fips.ru/
https://www1.fips.ru/
https://www1.fips.ru/
https://www1.fips.ru/

JTUCIUIUIMHBL  TOJDKHO 0a3upoBaThCs HA HCIONB30BAHUM IOCTYMAIOMUX B OHUOIHOTEKY
MEePHOINYECKUX W HeMepruoandeckux uzganuii. C yueToM 3TOro pa3padaThiBalOTCs COJEpIKAHUE
Kypca W OCHOBHBIE METOJAMYECKHE PEKOMEHJAIMH, COOTBETCTBYIOIINE COBPEMEHHOMY YPOBHIO
3HAHUU B 00J1aCTH OMOTEXHOJIOTHYECKHUX TIPOU3BOICTB.

Wudopmanus o BpeMeHHOM rpaduke paboT cooOIraercs: mpenojaBareieM Ha IEepBOU
nexknuu. [IpermomaBarenp aeT ykazaHUs TakXKe 10 OPraHU3alUU CaMOCTOSTEIBHOW pPabOTHI
CTYJICHTOB, CEMHUHAPCKHX U TNPAKTHYECKUX 3aHATUH, MPOBEACHUS TEKYIIETO0 KOHTPOJISI
YCIIEBAEMOCTH U IPOMEKYTOUHOW aTTECTAIIHH.

B mpomecce dureHus JeKIMi TpenogaBaTrenb JODKEH (OPMUPOBATH Y CTYACHTOB
CHCTEMHOE TIpEJCTaBICHWE 00 W3y4yaeMoW JWCUUIUIMHE Kak Hayke, (GopMHpOBaTh
npodeccroHabHBIE HHTEPECH], BOCITUTHIBATH CO3HATEIILHOE OTHOIIEHUE K MpOoIleccy 00ydeHus,
CTpEMIICHHE K CaMOCTOSTEIIbHOM  TBOPYECKOH paboTe, BCECTOPOHHEMY  OBJAJICHUIO
CHEIMAILHOCThIO. B JIEKIMSIX HEOOXOAMMO HCIIONB30BaTh BHYTPU- U MEKIUCITUTUIMHAPHBIC
JIOTHYECKUE CBs3HM, 3HAaHHE (YHIAMEHTAIBHBIX W 00MENpPOo(EeCcCHOHAIBHBIX JUCIHILIHH,
BHEIPSTH MPOOIEMHBIE JIEKIIUU, UCTIONIB3YsI OOPATHYIO CBSI3b C ayTUTOPHUCH.

Jlist opraHW3anyyl M3YYCHUS AUCIUILIMHBI PEKOMEHIYETCS HCIIOJIb30BAaTh CICIYIOIINE
CpEe/CTBa: OCHOBHYIO M JIONIOJHHUTEIBHYIO JINTEPATYpy; YYCOHYIO MpPOrpaMMmy JTUCIHUILTHHBI;
METOJINICCKUE PEKOMEH/TAIINH.

[TpodeccnonanpHas MOATOTOBKA MAarwcTPOB IO JAHHOW TUCHUIUIMHE MPEAIOIaracT
pealm3anuio, pa3pad0TKy U MPUMEHEHHE COBPEMECHHBIX 00Pa30BaTEIbHBIX TEXHOJIOTHIA, BEIOOD
ONTUMAIILHOW CTPATETHH IMPEMOJIaBaHus U 1ieJiei 00yueHUs], CO3/IaHue TBOPUYECKOW aTMOCHEpHI
00pa30BaTENFHOTO TIPOIIECCA; BBISIBICHUE B3aMMOCBS3€H HAyYHO-UCCIEAOBATEIBCKOTO U
y4eOHOTO MPOIECCOB B BBICIICH IIIKOJIE.

6.2. MeTOJII/I‘{eCKI/le YKazanusd JIst oﬁyqamumxcﬂ 10 OCBOCHHUIO JUCIIUIIJINHBI

[Ipexxae yem mpUCTYNUTh K OCBOEHHUIO Kypca CTYAEHT I1IeJIeCO00pa3HO O3HAKOMUTBHCS C
paboueil mporpaMMOM TUCHMILIMHBL. JTO MO3BOJIMT OLEHUTh 00BbEM MpeACTOsALeH paboThl MO
W3YYEHHUIO Kypca, palMOHAIBHO pACHpeleNUTh BPEMs, O3HAKOMHTHCA C HH(POPMALMOHHO-
METOAMYECKUM 00eCIIeYeHHEM JTUCIMITIIMHBI U MOTYYUTh JOCTYN K HEOOXOIUMBIM yUeOHUKAM U
y4€OHBIM MTOCOOUSIM.

OOpariaeM BHUMaHUE CTYJI€HTA, YTO OCHOBHBIMH BHJIaMHU YYEOHBIX 3aHATUH SBISIOTCS
JEKUMU W TMPaKTHYECKHE 3aHATHSA, TMOCEHIEHHE KOTOPBIX SIBIsSEeTCS 00s3aTeiabHbIM. TeMaTuka
JeKIMi yka3zaHa B pabouell mporpaMme, YTO MO3BOJUT IPEIBAPUTEIBHO O3HAKOMHUTHCSA C
coJiep’KaHUEeM MaTepHuaa.

Jlexuuu UMEoT 1ENb:

- 1aTh CUCTEMATHU3HPOBAaHHbIE OCHOBBI HAYUYHBIX 3HaHUH 110 KYpCY;
- CKOHILIEHTpHUPOBAaTh BHUMaHHE Ha Hau0oJIee CI0KHBIX Y3JI0BBIX IPOOJIEMHBIX BOIIPOCAX.

B nporecce nexkuuu 1enecoo0pa3Ho BECTU CBOM KOHCIIEKT, KOTOPBIN MO3BOJIUT Jy4llle
YCBOUTB KypC U IOJTOTOBUTHCS K IPOMEKYTOYHOM U UTOTOBOW aTTECTALIUU.

CeMHHapCcKue M NPAKTHUUECKHUE 3aHATHUS JAIOT BO3MOYKHOCTb Ha IPAKTUKE MPOBEPUTH
OTJeNIbHbIE BOIIPOCH TEOPHH, TIy0’Ke€ BHUKHYTh B (PU3UUECKYIO CYLTHOCTh M3Y4aeMbIX SBJICHUN
Y TIOJTyYUTh HABBIKM CAMOCTOSTEIbHON MOJITOTOBKU U MPOBEACHUS SKCIIEPUMEHTA.

7. MOHI OLEHOYHBIX CPEIACTB

7.1. MeToabl KOHTPOJISA H OLICHUBAHHS Pe3yJIbTATOB 00y4YeHHS

C(I)OpMI/IpOBaHHOCTL KOMHCTCHLII/Iﬁ npu HU3YUCHUHU  OUCHUIUIMHBI  OIPCACIISACTCA
IMOCPEACTBOM OLECHKH COOTBETCTBUA OTBETOB W/WIA  BBINOJHEHUS SallaHI/Iﬁ 3as4BJICHHBIM
HHAUKATOpaM B paMKax MepOHpI/IHTI/Iﬁ TCKYIICTO KOHTPOJA H HpOMCX(YTOQHOﬁ arTTecranuu
(3auera).



7.2. kanau KpUTEPUH OLIEHUBAHUS Pe3yJIbTATOB 00y4eHHs

dopma IpoMEKYTOUHOM aTTeCTalluu: 3a4eT.

IIpomexxyTouHas

arrectanus oOyuarommxcsi B (QopMe 3adera MPOBOJUTCS IO

pe3ylibTaTaM BBIMOJIHEHHS BCEX BHJIOB yueOHOU pabOThl, MPEAYCMOTPEHHBIX YUEOHBIM IJIaHOM
[0 JAHHOW JUCHMIUIMHE, IPpU 3TOM YUMTBHIBAIOTCA pE3YyJbTaTbl TEKYLIErOo KOHTPOJIS
ycreBaeMOCTH B TeueHue cemectpa. OIEHKAa CTENeHH JOCTIDKEHUS OOy4JarouuMUCs
IUIAaHUPYEMBIX PE3yJIbTaTOB 00Y4EHHUS IO AUCLMILIMHE IPOBOJUTCS MPENOJABATENIEM, BEAYIIIUM
3aHATUS 1O JUCLUUIUIMHE METOJOM OJKCIEepTHOM oueHku. Ilo wuroram mnpomexyToyHoi
aTTecTaluy 10 JUCLMILIMHE BBICTABIISIETCS OLIEHKA «3aUYTEHOY, «HE 3a4TCHOY.

HIxaJia oneHNBaHUA

Onucanue

3aureHo

BrimonHeHbl Bce BUABI YI€OHOW pabOTHI, IPEIyCMOTPEHHBIC y4eOHBIM
mnaHoM. CTyleHT JAEMOHCTPUPYET COOTBETCTBHE 3HAHUM, YMEHUH,
HAaBBIKOB TMPHUBEACHHBIM B Tabmumax ToKaszaTeledd, omepupyer
MPUOOPETEHHBIMH 3HAHUSMHU, YMEHUSMH, HABBIKAMH, TIPUMCHSCT MX B
CUTyalusiX TMOBBIMICHHONW cloXHOCTH. Ilpu s3ToM Moryt ObITh
JOMYIIEHbl HE3HAYUTEIbHbBIE OIIMOKH, HETOYHOCTH, 3aTPyJHEHUS MpU
AQHAJIMTUYECKUX OIepalusax, NEePeHOCEe 3HAHUU UM YMEHUN Ha HOBBHIE,
HECTaHJAPTHBIE CUTYalUH.

He 3aureno

He Boimonnen oauH wiau  Oojee BUIOB  yuyeOHOW  paboThI,
MPEIYCMOTPCHHBIX y4eOHbIM I1aHOM. CTYAGHT JEMOHCTPUPYET
HEMOJIHOE COOTBETCTBHUE 3HAHWMN, YMEHWH, HABBHIKOB IPHUBEICHHBIM B
TaONMMIIAX  TOKa3aTesel, JONMYCKAKTCS 3HAYUTEIbHBIC  OIIUOKH,
MPOSIBIIICTCS. OTCYTCTBUE 3HAHWM, YMEHHWH, HABBIKOB TIO PSIY
MOKa3aTeJei, CTYJACHT HCIBITHIBACT 3HAYMTEIBHBIC 3aTPYAHCHUS TPU
OTIEPUPOBAHUY 3HAHUSMH W YMEHUSMHU TPH HX TICPEHOCE HA HOBBIC
CUTYAIIHH.

7.3. OueHoYHBbIE CpeaCTBA

3anaHus B OTKPBITOI (popme

1. HpI/IHIII/IHI/IaJ'IBHaH TEXHOJIOTMYECKAA CXeMa OMOTEXHOIOTMYECKUX IIPOU3BOJCTB.
OcHOBHBIE CTaJMH IpoLiecca.

2. Tunsl pepmeHTEPOB 11 TITYOMHHOTO KYJIbTUBUPOBAHUS MUKPOOPTaHHU3MOB.
JlocTOMHCTBA U HEAOCTATKU PA3JINYHBIX TUIIOB (DEPMEHTEPOB.

3. B uem HE0OX0AMMOCTE TEOPHH OJOOMS U OCHOBHBIE JOCTOMHCTBA pa3pabOTKH TEOPUU
0100 IPOIIECCOB.

4. Yro Takoe ycloBHs OJHO3HAYHOCTH. YTO OHM BKJIFOYAIOT B ceOsl.

S. Yro Takoe rpymmna noJoOHbIX MPOLECCOB.

6. I'eomerpuueckoe  momo0ME ammapaToB, BPEMEHHOE MOJI00HE MPOIIECCOB, T01001e
(bU3MYECKUX BEIUYHH, [T0100ME TPaHUYHBIX YCIOBUH U T.II.

7. B kakux cimy4asx BO3MOXHO IPUMEHEHHE METO0/1a Pa3MEPHOCTEH.

8. Kak ompenenuts  KOJMYECTBO YMCEN MOAO0MS, BXOISIIUX B YpaBHEHHE noaooust

HCCIIEIyeMOT 0 TIpoliecca

9. OcHoBHBIC TpC6OBaHI/ISI K CLIpBCBOfI Oaze MIPOMBIIIJIICHHOT'O MI/IKp06I/IOJ'IOFI/I‘-ICCKOF0

CHUHTEC3A.




10. VYTIeBOJOPOAHOE CHIPHE I MPOMBINUIEHHON OMOoTeXHOMOTHH. [IpOAYyKThI MeperoHKu
HedTH. [nzenbHast Gpaxiust mpsiMoil MeperoHKH.

11.  Tlonydenue H-apadUHOB IS KyJIbTUBUPOBAHHUS MUKPOOPTaHH3MOB.

12.  Ocobennoctu nporiecca GepMEeHTAIIMN Ha Pa3IMYHBIX CyOCTpaTax

13. BimsHHEe  TUAPOIUHAMUYECCKHX PEKUMOB B OMOpPEAKTOpax Ha POCT KIETOYHOU
TIOITYJISIINY.

14.  KonudecTBeHHas OI[CHKA TUAPOJMHAMHUKH MHOTO(A3HBIX IIOTOKOB B OMOPEAKTOPAX.

15.  BwIOop Mopenu CTpYKTYphl IOTOKOB B OMOpEaKTope.

16.  CymHOCTb 3KCIIEPUMEHTAILHON OLEHKH CTPYKTYPHI HOTOKOB.

17.  3navenue (QyHKIIMM WHTCHCUBHOCTH JUIS OLICHKM  HEOJHOPOJHOCTEH MOTOKA B
OnopeakTopax

18.  OmpeneneHue ONTUMANBHBIX PEKUMHBIX THAPOJUHAMHYECKHX ITapaMeTPOB PaOOTHI
OMOpEaKTOPOB.

19.  Pacuer cucrem peryaupoBaHUs TEMIIEPATYPhl KyJIbTHBHUPOBAHUS C YIETOM TEIJIOBOTO
s hexTa MUKPOOHUOIOTHYECKOTO CHHTE3a

20.  3aBHCHMMOCTH TEIUIOBBIACICHUS NMPU MUKPOOHOJIOTHYECKOM CUHTE3€ OT KOHLIEHTPAIHH
OroMacchl U CKOPOCTH POCTa

21.  TemnnoBoii 6amaHc pepMeHTEpa

22.  Meroapl omnpeneiacHUuss CKOPOCTH  a0COpOIMHM  WJIM OMOXUMHUYECKOTO MOTPeOICHUS
KHCJIOpOJia B OMopeaxkTope.

23.  BuwusiHHMe nepememuBaHus B OMOPEaKTOPE HA YBEIMYCHUE KOAPPUIIMEHTA MACCOOTAaYH
Y TIOBEPXHOCTh KOHTaKTa (pa3.

24.  Bupsl ypaBHEHUH AJis pacueTa K0d(pHUIMEHTOB Macconepenaun Kuciopoa (cucrema
ra3-)KUJIKOCTh) B OMOpEaKTOpax pa3IuYHbIX KOHCTPYKIIHIA

25.  OcobeHHOCTH Mpolecca Maccolepeadu mpyu adpoOHon pepMeHTaIm

26.  l3MeHeHME KOHIEHTpAIMM PACTBOPEHHOTO B Cpele KHUCIOPOAa NMPH HAKOIUICHHH
OMOMAacChI APOKIKEH.

27. BnusHMe KOHIICHTPALMU PACTBOPEHHOTO KUCIOPOJA Ha YIEIbHYIO CKOPOCTh POCTa
MHUKPOOPTaHNU3MOB.

28.  HccnemoBarenbckue (JTaOopaTopHbIe) (hepMEHTAIIMOHHBIE YCTAHOBKH.

29.  ®opmymupoBKa eNeH, MyTed  JTOCTWIKEHHS, 3a7ad MCCIeNOBaHUS  PabOThI
OHMOPEaKTOPOB.

30.  Meroabl OCYIIECTBICHNS MOHUTOPHHTA PEAM3alliH LEJIeH U 3a/1a9 HCCIIETOBAHUH.

TecToBBIC BOIPOCHI 110 TUCHUILIMHE

Bonpoc 1. UneansHoi ®KUAKOCTHIO HA3bIBACTCS:

a) "KUIKOCThb, B KOTOPOil OTCYTCTBYET BHYTPEHHEe TPeHue;

0) KHUAKOCTh, TOAXOAIIAs A1 TPUMEHEHHUS,

B) JKUJIKOCTbh, CITIOCOOHAS CKUMATHCS;

T') )KHJIKOCTb, CYIIIECTBYIOIIAs TOJIBKO B OTIPE/IETICHHBIX YCIOBUSIX.

Bonpoc 2. Maccy XuKOCTH 3aKII0UYEHHYIO B €/JMHHIIE 00beMa Ha3bIBAIOT:
a) BecoM;

0) yZIelbHBIM BECOM;

B) YJI€JIbHOM TNIOTHOCTHIO;

T') INIOTHOCTHIO.

Bonpoc 3. Bec xunkoctu B euHuUIE 00beMa Ha3bIBAIOT:
a) TNIOTHOCTHIO;
0) yaeJIbHbIM BECOM;



B) Y/I€TbHOM TIOTHOCTHIO;
') BECOM.

Bonpoc 4. BS3kocTb )KUAKOCTH 3TO:

a) CNOCOOHOCTH CONMPOTHBJIATHCH CKOJIbKEHHIO HJIU CABUTY CJIO€B KUJAKOCTH;
0) crlocOOHOCTH ITPE0/10JIEBATh BHYTPEHHEE TPEHHUE )KUIAKOCTH;

B) CIIOCOOHOCTH IPEOJI0JIEBATh CHITY TPEHUS KUAKOCTH MEKIY TBEPIABIMU CTCHKAMU;
I') CIOCOOHOCTh NIEPETEKATH 110 IOBEPXHOCTH 3 MUHUMAJIbHOE BPEMSI.

Bonpoc 5. TexkydecTblo KUAKOCTU HAa3bIBAETCA:

a) BeJIMYMHA MPSMO MTPOMOPIIHOHANIbHAS AMHAMUYECKOMY K03(puiineHTy BA3KoCTH;

0) BeJIMYMHA 00paTHAs AUHAMUYECKOMY KO3 (PULIHEHTY BA3KOCTH;

B) BEJIMYMHA 0OPATHO MPONOPLUOHATbHAS KHHEMAaTHYECKOMY KO3((DUIIUEHTY BSI3KOCTH;
I') BeJINYMHA IPONOPLUOHAIbHASA IpajlycaM DHIJepa.

Bomnpoc 6. [Tiomans nonepevyHoro ce4eHus oToka, NepHeHANKYIIpHas HallPaBJICHHIO
JIBYDKEHUS Ha3bIBACTCS:

a) OTKPBITHIM CEUECHUEM;

0) ’KUBBIM CeYeHHEM;

B) TIOJIHBIM CE€YEHUEM;

I') IUIOIAb pacxoja.

Bonpoc 7. O6beM KHUIKOCTH, MPOTEKAIOIIHH 32 €IMHUILY BPEMEHU Yepe3 KUBOE CEUCHHE
Ha3bIBAETCS:

a) pacxon;

0) OOBEMHBIN MMOTOK;

B) CKOPOCThH IOTOKAa;

I') CKOPOCTb pacxoja.

Bonpoc 8. ['uapaBnnyeckoe COMPOTUBICHUE ITO:

a) CONPOTHUBJICHUE KUJIKOCTH K U3MEHEHUIO (DOPMBI CBOETO pyca;

0) CONPOTHUBIIEHUE, IPETATCTBYIOIIEE CBOOOJHOMY MPOXOTY KHUIKOCTH;

B) CONPOTHUBJICHHE TPYOONPOBO/1a, KOTOPOE CONMPOBOKAAETCHA MOTEPSIMU IHEPTUH
KUJAKOCTH;

I') CONPOTUBJIEHUE, IPU KOTOPOM MAJAET CKOPOCTh ABMKEHUS )KUJIKOCTH 10 TPyOOIIpOBOAY.

Bonpoc 9. TeroBoii MOTOK — 3TO KOJIUYECTBO TEIJIOTHI:

a) IlepenaBaemoe B eAMHUIY BPEMEHH Yepe3 NPOU3BOJILHYI0 IOBEPXHOCTD.

6) [lepenaBaeMoe B €JMHUILY BpDEMEHHU Yepe3 €AUHUYHYIO TUIOLIA/b.

B) [Ipoxosiiee B eAMHUIY BpEMEHH Yepe3 eIMHUYHYIO TUIOIIA b IPU IPaJUEeHTe TEMIIEPaTyphl,
PaBHOM E€IUHUIIE.

Bonpoc 10. Koaddumnuent teruronpoBoanoctu A, Br/(M*K) xapakrepusyer:
a) CnnocoOHOCTH BelecTBA NepeaBaTh TEIIoTY.

0) HTEHCUBHOCTH TEIII000OMEHA MEK/Ty TOBEPXHOCTBIO TEJIa M CPEIOH.

B) IHTEHCUBHOCTH COOCTBEHHOTO U3JIy4YEHUs Tela.

Bonpoc 11. I'paguieHT TemnepaTypsl - 3T0:

a) BekTop, HanpaBIeHHBIN 10 HOPMAJU K H30TEPMUYECKOI MOBEPXHOCTHU B CTOPOHY YOBIBaHUS
TEMITEpaTypHbI.

6) KonmuuecTBo TEmI0Thl, KOTOPOE MPOXOIUT B €AUHUIY BPEMEHHU Yepe3 €MHUILY TOBEPXHOCTH.



B) BekTop, HanpaBieHHbIN 10 HOPMaIK K U30TEPMHUUECKON TTIOBEPXHOCTH B CTOPOHY
BO3pAaCTaHus TEMIIEPATYPhl U YUCICHHO PABHBIN IIPOU3BOAHON OT TEMIIEPATYPBI I10 3TOMY
HaIpaBJICHUIO.

Bonpoc 12. [IepeHoc TemnoTs! IpyU CONPUKOCHOBEHUH YaCTULL, UMEIOIUX Pa3IHYHYIO
TEMIIEPATYPY, Ha3bIBACTCS:

a) TermionpoBogHOCTHIO.

0) KonBekrueii.

B) U3nyuenuem.

Bonpoc 13. [TepeHoc TEIIOTH MAKPO 00beMaMU KUIKOCTH HJIM ra3a, Ha3bIBACTCS:
a) TermonpoBOIHOCTHIO.

0) KonBekiueii.

B) U3nyuenuem.

Bonpoc 14. B xakoM ci1y4ae HHTEHCUBHOCTh TEIUIOOTIA4U HIKE:
a) Ilpu kunenumu.

0) B cnyuae BBIHYKJIEHHOW KOHBEKIIUH.

B) B ciryyae cBo00/AHOI KOHBeKIMH.

15. O pexxrMe TeueHus )KUJIKOCTH CYAST [0 3HAUYEHUIO YHca:

a) Peiinosnbaca (Re).

0) HyccenbTa (Nu).

B) Ilpanarns (Pr).

Bonpoc 16. Teriootaayeil Ha3pIBaeTCs IEPEHOC TEILIOTHI:

a) OT KUAKOCTHU K )KUJIKOCTH Yepe3 pa3JeIsIioILyI0 UX CTEHKY.
0) Me:xay NOTOKOM KHAKOCTH (MJIM ra3a) U CTEHKOM.

B) MoeKysipHbIi EpeHOC TEMJIOTHI B TeaX.

Bonpoc 17. Kosddumuent Temmoornaun o, Br/(M?*K) xapakrepusyer:

a) CriocoOHOCThH BeIECTBa MPOBOIUTH TEIIOTY.

0) UHTeHCMBHOCTH COOCTBEHHOTO M3TyYCHHUS Tela.

B) UHTEHCHBHOCTH TEeNJ1000MeHa MeK1y MOBEPXHOCTHIO TeJIa U CPeloi.

Bonpoc 18. Vkaxwure uncio Peitnonbaca (Re).
a) aefo/A.

0) welO0/v.

B) V/a.

Bonpoc 19. Ykaxure popmyny Herotona-Puxmana (hopmyiy Temnooraadn).

CIH = _)“'—C;— G
a) on
=C = | .
6) q" 0 100

B) qn = a(Tn . T:c )

Bonpoc 20. KoaddunmenT termooraaun o

a) pacCUMThIBae€TCA U3 KpUTEpUaIbHOTO ypaBHeHUsI PeitHombaca

0) paccunThIBaeTCs U3 KpUTEpUATBLHOTO ypaBHeHus [Ipanaris

B) PACCUUTBHIBACTCS U3 KpUTepHaJIbHOro ypasHenus Hyccenbra
I') pacCUMTHIBAETCS U3 KPUTEPUAILHOTO ypaBHeHus I 'pacroda



Bomnpoc 21. [enp pacdeTa TETUI00OMEHHUKA COCTOUT B OTIPEICIICHUH
KOHEYHBIX [TapaMETPOB TEIJIOHOCUTENEH.

a) MOBEPOYHOI0

0) KOHCTPYKTHUBHOTO

B) THJIPABINYECKOTO

I') TEXHUKO-?KOHOMUYECKOTO

Bomnpoc 22. TBepaas NOBEPXHOCTh OXJAXKIAETCA B TOTOKOM KUJKOCTH. YKAKUTE HW3MEHEHUE
TEMIEPATYPhI MIOBEPXHOCTH MPU YMEHBIIICHHH KO3 (DUIIMEHTA TeTIOOT/IauH.

a) TemnepaTtypa noBepXHOCTH YBEJIUYUTCS.

0) TemnepaTypa MOBEPXHOCTH YMEHBIIUTCS.

B) Temmneparypa moBepXHOCTU HE U3MEHUTCH.

Bonpoc 23. TermooOMeHHMKOM Ha3bIBAIOT arliapar, IpeIHa3HAaYCHHBIN:

a) JUIs OTBOJIA TEIJIOTHI OT TEIUIOHOCHUTEIIEH

0) 17151 TIOJIBOJIA TETUIOTHI K TEIUIOHOCUTEIISIM

B) 1JIs1 COOOLIEHUS TENJIOTHI O/THOMY M3 TEIIJIOHOCUTEJIel B pe3yJbTaTe ero 0TBOAAa 0T
JAPYroro TernJIOHOCUTes

T) JJIs1 COOOIICHHS TETUIOTHI OJJHOMY U3 TETUIOHOCUTENICH B PE3YJIbTATE €r0 COOOIICHUS K
JIPYrOMY TEIIOHOCHUTEIIO

Bonpoc 24. Cransnas crenka, TonmuHoi 10 mm ¢ Act = 50 B1/(M*K) ¢ AByX cTOpOH oMbIBaeTCs
JKHUIKOCTBIO ¢ Kodddumuentamu temnooraaun o1 = 1000 Br/(M%*K) u 0z = 10 B1/(M?+K).
Onpenenuth KOYPPUIUCHT TEIIONEPEaaYH.

a) 10,1 Bt/(M2K).

0) 9,88 Br/(M2°K).

B) 9,65 B1/(M2°K).

Bomnpoc 25. [Tnockyro moBepXHOCTS ammapara ¢ remnepatypoit 340°C Hato u301MpoBaTh Taxk,
4TOGBI MOTepH Temnna He npesbimanu 300 Br/m2. TemnepaTypa Ha BHEIIHEi TOBEPXHOCTH
u3ossiiuu 40 °C. Halitu Tonmuny u305siuu. Ay =0,05 B1/(MK).

a) 0,5 m.

0) 0,05 m.

B) 0,1 m.

Bonpoc 26. Eciu A =1 B1/(MK), =100 mm, t1=500°C, t2=400°C , TO IJI0THOCTH TEINIOBOTO
noToka q B BT/M2 TBepaoro Tena, mokasaHHOTO Ha PUCYHKE,

paBHa... th
a) 1000
6) 0,001 :
B) 100 !
r) 10 \ t;
= (=Counst
0 5 - X

Bonpoc 27. Haiiti ko3¢ punimenT rernonepeaayn yepes CTeHKY OMOpeakTopa, eClid ee TOJIINHA
Ocr = 9 MM, Aer = 90 B1/(M*K) 1 0Ha MOKPHITA CIIOEM TETTOU3OIAIUH Ous= 30 MM, Aus = 0,3
B1/(m°K). Kooddumuents: temnoornaun: o = 100 B1/(M2+K), a2 = 10 Br/(M?K), Pacuer
IPOBECTH IO (OPMYITaM TUTOCKOM CTEHKH.



a) 4,76 Br/(m?**K)
6) 0,21 Br/(M?<K).
B) 9,1 B1/(M?+K).

Bonpoc 28. Onpenenure TEIIOBOM MOTOK B Kasiopudepe (Termoo0MEeHHOM anmapare s
HarpeBa BO3/lyXa B CUCTEME BO3IyXOIOJATOTOBKH U TEPMOCTATUPOBAHUSI PEAKTOPOB), €CITU B
HeM HarpeBaetcs 0,5 kr/c Bozmyxa ot t1 = — 10 °C go t2 = 40 °C. TermmoeMKOoCTh BO3IyXa
npuHATh paBHo# 1,006 x/[x/(kreK).

a) 19,76 xBr.
6) 21,83 kBT.
B) 25,15 kBrT.

Bonpoc 29. TeruoBoii 6ananc OnopeakTopa XapakTepu3yeT paBeHCTBO MEXK/1y KOJTHYECTBAMU
TETUIOTHI:
a) BblJIeJISIeMOIl U OTBEJEeHHOM
0) MOJIBEICHHOM U TepseMOK
B) TEpsEMOM U pacxoyeMoi

Bonpoc 30. PexyneparnBHBIM Ha3bIBACTCA TEINIOOOMEHHHK, Y KOTOPOTO:
a) IPOMCXOJUT Iepeiada TEIIOThI OT OJJHOI'O TEINIOHOCUTES K APYroMy

0) mepengaya TEIUIOTHI oT OJTHOT'O TEIUIOHOCUTES K Ipyromy
OCYILECTBIISICTCS Yepe3 Pa3eSoNLy0 UX TPaHUIly pa3/jerna

B) epefaya TemaoThl oT O/IHOTO TeNJIOHOCUTEJIst K ApYromy
OCyLIeCTBJIsIeTCS Yepe3 pa3ae s oIyI0 HX TBepAYI0 CTEHKY

) mepenaya TEeIJIOThI oT OJTHOT'O TEIJIOHOCUTEIS K Ipyromy

OCYIICCTBIISICTCS YePe3 PA3ICIIAIONIYIO UX HKHKOCTh

K104 K TeCTOBBIM 3aJaHUSIM:

Ne ponpoca | 1 2 3 4 5 6 7 8 9 10
OtBer a a o a o o a B a a
Ne Bompoca 11 12 13 14 15 16 17 18 19 20
OtBer B a o B a o B a B B

Ne Bompoca | 21 22 23 24 25 26 27 28 29 30

OtBer a a B 0 0 a a B a B




