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1. HammeHOBaHMe JUCHUIIINHBI
Biological research methods in environmental engineering

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hanpasnenue noaroroku: 05.03.06 Dxonorust 1 mpupo10M0Ib30BaHUE

HAIMPAaBIEHHOCTb DKOJIOTHYECKasi HH)KEHEPHsI U HOBasi SHEPreTHKa



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus aucuuiuinesl Biological research methods in environmental engineering y
00y4aroImerocs T0JHKHbI OBITH CPOPMUPOBAHBI CIIEAYIOINE KOMITETEHIIUH:

05.03.06 Dxonorust ¥ MPUPOOINIOIL30BaHKE (HAPABIECHHOCTD | DKOJOTHUECKas MH)KCHEPUS U HOBas
JHEPTeTHKA)
YK.4 CiocobeH ocymniecTBIATh ASIOBYI0 KOMMYHHKAITUIO HA PYCCKOM M HHOCTPAHHOM SI3bIKaX B YCTHOM M
MUCbMEHHOU (popmax
HNuaukaropsl
YK.4.3 IlpencraBnser pe3yabTaThl ASSITEILHOCTH HA IyOJINYHBIX MEPONIPUATHUSAX B YCTHOU U
MUCbMEHHOU (popmax
OIIK.1 Brnageet 6a30BbIMM 3HAHUSIMH O COBPEMEHHON HAyYHOW KapTUHE MHpa Ha OCHOBE IOJIOKEHUH,
3aKOHOB M METOJIOB MAaTEMAaTUYECKUX U €CTECTBEHHBIX HAYK
HNuaukaTopsl
OIIK.1.1 Mmeet nmpencTaBieHUe O HAYYHOM KapTUHE MUPA Ha OCHOBE I0JIOKEHUH, 3aKOHOB U
3aKOHOMEPHOCTEN €CTECTBEHHBIX HAYK
OIIK.4 Cnioco6eH MpuMeHSITh 0a30BbIE METO bl SKOJOTHYECKIX UCCIICOBAHUN IS PEIICHUS 331249
npodeccHoHaNbHOM eATENbHOCTH
HNuauxkaropsl
OIIK 4.1 Ananu3upyeTr u HUHTEPIPETUPYET C MPUMEHEHNEM 0a30BbIX METOJIOB IaHHBIE HATYPHBIX U
71a0b0paTOPHBIX HAOIIOIEHUH, TEOPETUUECKUX PACUETOB U MOJIETUPOBAHUS
OIIK.4.2 Vicnonb3yeT qaHHBIC KOJOTHUECKUX UCCIEAOBAaHUH I pEIIeHU TPO(eCCHOHATBHBIX 3a/1a4
ITK.1 CriocoGeH oCyIecTBISTh BHITOTHEHUE SKCIIEPUMEHTOB U 0(pOPMIIEHHE PE3YIBTATOB UCCIIEIOBAaHUM U
pa3paboTok
Nupukaropsbl
IIK.1.1 ITocTaHOBKA, IIJIJAaHUPOBAHKUE U PEIICHUE HAYYHO-UCCIEA0BATEIbCKUX 3a/1a4 110 3aKPEIJICHHOU
TEMAaTHKE
IIK.1.2 cnionp3yeT B IpoeCcCHOHATBHOM AESITEIbHOCTH YKCIIEPUMEHTAIBHBIE U TIOJIEBBIE METOIBI
Hay4YHOT'O MCCIICIOBAHUS



4.

O0beM U coepkaHue TUCHHUILINHBI

HanpasjieHue moaAroroBKu

05.03.06 Dxonorusi U TPUPOIONOIL30BAHKIE (HAPABIEHHOCTD:
DKoJoru4ecKasi MH)KEHEpHs U HOBasi SJHEPTreTUKa)

¢opma o0yuenus

(ak.4ac.)

O4YHast
NeNe TpumecTpoB, 7
BbI/ICJICHHBIX 1JIS1 M3Y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 3
O0beM JUCHUILIMHBI (AK.YaC.) 108
KonTakTHasi padora ¢ 42
npenoaaBartesieM (aK.4ac.),
B TOM YHCJIE:
IIpoBenenue JeKIUOHHBIX 14
3aHATHI
IIpoBenenne NpakKTHYECKHUX 28
3aHATHI, CEMHMHAPOB
CamocTrosiTesbHast padoTa 66

@®opMbI TeKyl1ero KOHTPOJIS

Bxonnoe tectupoBanue (1)
3amuiiaemMoe KOHTpoJibHOe Meporpusitie (1)
Htorosoe koHTposnbHOE MeponpusTue (1)
ITuceMeHHO€E KOHTpObHOE MeponpusTue (1)

DopMbI IPOMEKYTOUHOM

3auer (7 TpumecTp)

aTTeCTAalluH




5. AHHOTI/IPOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Biological research methods in environmental engineering
As part of the development of the discipline "Biological research methods in environmental engineering",
modern biological methods of studying the environment are analyzed; modern terms of biological monitoring of
the environment and interrelated central concepts are explained; ideas about effective technologies for
bioremediation of technogenically polluted ecosystems are formed; methods for studying and preserving
biological diversity are studied.
The program of the discipline provides for the following types of control measures: entrance control in the form
of an oral survey, current control in the form of a written control work, protection of practical works.
The program in the discipline "Biological research methods in environmental engineering" is intended for the
preparation of bachelors in the specialty 05.03.06 Ecology and Nature management, specialization
Environmental engineering and new energy.
Certification for the assimilation of the content of the discipline is carried out in the form of a test. The program
of the discipline includes lectures (14 hours), practical classes (28 hours) and independent work of the student
(66 hours).

Introductory lesson
Input survey. Course structure and lesson schedule, basic concepts: anthropogenic impact, biomonitoring,
environmental regulation, bioindicator species, test object, test reaction, toxicant, xenobiotic, emergent
pollutant, synergism, antagonism, additivity, biodestruction, biotransformation, microbial fuel cells. The range
of existing approaches to determining the quality of the environment: physical and chemical
(instrumental), organoleptic, bioindication - their advantages and disadvantages.

1. Biological methods of environmental control. Bioindication and biotesting
Insufficient physical and chemical methods for environmental assessment. The concept of bioindication in a
broad and narrow sense. History of bioindication. Bioindicators. Features of plants, animals, and
microorganisms as indicators. Bioindication patterns at different levels of wildlife organization. Ecological
bases of bioindication. Types and types of bioindication. Bioindication methods: active and passive monitoring.
Biotesting and the tasks solved with its help.

2. Methods of studying biological diversity
The concept of biological diversity. International Program "Biological Diversity". Implementation of the
Convention on Biological Diversity. Levels of biological diversity. Human-made biodiversity. Measurement and
assessment of biological diversity. Parameters of biological diversity (alpha-diversity). Indexes of species
richness. Indexes based on the relative abundance of species. Beta diversity analysis: comparison, similarity, and
matching of communities. Gamma-diversity of terrestrial ecosystems. Application of diversity indicators.
Methods for collecting and analyzing geobotanical and demographic data. Indicators of biological diversity. The
use of biochemical, morphological, population and ecosystem methods in the monitoring of biological diversity.
Conservation of biodiversity at the species and population level. Legal and economic aspects of the conservation
of biological diversity.

3. Biological methods of polluted ecosystems remediation
The concept of bioremediation. Types and forms of bioremediation. Fundamentals of bioremediation.
Accumulation of pollutants. Biomagnification. Biodegradation. Incomplete degradation. Bioremediation of
various media: water, soil, air. Organisms used in biremediation. Phytoremediation. Bioplato: infiltration and
surface. Microbiological transformation. Biotransformation and bioavailability. Reactions of oxidation,
reduction, degradation, conjugation. Dehalogenation. Microorganisms-destructors. Dynamics of growth of
microorganisms-destructors and biological decomposition of xenobiotics. Biotransformation of xenobiotics.
Microbiological transformation of organic xenobiotics. Decomposition of oil and petroleum products.



Biodegradation of surfactants. Decomposition of PAHs. Biotransformation of halogen-containing organic
compounds. Decomposition of pesticides. Decomposition of nitriles and cyanides. Biodegradation of toxic and
explosive substances. Biotransformation of xenobiotics by algae and plants. Biodegradation of natural polymers:
basic natural polymers. Decomposition of cellulose. Biodegradation of lignin. Biodegradation of xenobiotics by
lignolytic microorganisms. The use of biocatalysts as a way to build waste-free technologies. Advantages of
biocatalysts over the

traditionally used catalysts of the chemical industry. Isolated enzymes and whole-cell biocatalysts.

Biofilms as catalytic agents. Methods of designing industrial strains of microorganisms. Natural microflora as a
source of strains of

microorganisms that are promising for industrial use and the creation of industrial producers on their basis



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. IlepeyeHb OCHOBHOM M IONOJTHUTEILHON Y4eOHOH JTUTEPATYyPHI
OcHoBHas:

1. Biodiversity, sustainability, and human communities: protecting beyond the protected/ed.: T. O'Riordan, S.
Stoll-Kleemann.-Cambridge:Cambridge University Press,2002, ISBN 0521813654.-317.-Includes
bibliographical references

2. Young J. KimUlIrich Platt, Man Bock Gu, Hitoshi Iwahashi. Atmospheric and Biological Environmental
Monitoring. Springer Netherlands 2009. Online ISBN 978-1-4020-9674-7. TekcT 351eKTpOHHBIH: //
https://link.springer.com/book/10.1007/978-1-4020-9674-7 https://link.springer.com/book/10.1007/978-1-4020-
9674-7

3. Khalid Rehman Hakeem. "Bioremediation and Biotechnology" Springer Nature Switzerland AG, 2020. ISBN
978-3-030-35691-0 Tekct anexTponHbIi: [caiit]. https://link.springer.com/book/10.1007/978-3-030-35691-0

JdomosHuTeIbHAS:

1. Moore J. W. Inorganic contaminants of surface water: research and monitoring priorities/J. W. Moore.-New
York:Springer,1991, ISBN 0387972811.-334.-Includes bibliographical references and index

2. Young J. KimUlrich Platt. Advanced Environmental Monitoring. Springer Science+Business Media B.V.
2008. Online ISBN 978-1-4020-6364-0. Tekct anextponnsiid: // https://link.springer.com/book/10.1007/978-1-
4020-6364-0 https://link.springer.com/book/10.1007/978-1-4020-6364-0



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://www.un.org/ru official UN portal
elibrary.ru Information and analytical portal in the field of science, technology, medicine and education,
containing abstracts and full texts of scientific articles
https://www.sciencedirect.com/ Sciencedirect
https://www.springer.com/gp Springer
10. Ilepeyenb UH(POPMAITUOHHBIX TEXHOJIOTHIA, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa30BaTeJIbHOI0 Mpoecca Mo AMCHUIINHE

O6pazoBatenbHbIi nporiecc o nucuuiuinae Biological research methods in environmental engineering
MIpeJIoJiaraeT NCIob30BaHUE CIEAYIOIIEro MPOrpaMMHOT0 obecrieueHus: 1 HHPOPMAIIMOHHBIX CIPaBOYHBIX
CUCTEM:
presentation materials (slides on the topics of lectures and practical classes); on-line access to the Electronic
Library System (EBS) access to the electronic information and educational environment of the university.

List of required licensed and / or freely distributed software:

1) office suite of applications (word processor, program for preparing electronic presentations);
2) video demonstration program (player);

3) an application that allows you to view and play the media content of PDF files;

4) programs for viewing and editing digital images;

5) programs for viewing and editing DjVu files.

The discipline does not provide for the use of specialized software.

[Tpu ocBoeHMM MaTepHalia U BHITOJHEHHS 3aITaHH MO JUCIUIUINHE PEKOMEHYETCs HCTIOIh30BaHNE
MaTepuasoB, pa3MemeHHbIX B JImunbix kabuHeTax ooyuaromuxcs ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AMCTaHIIMOHHOMN paOOThI U MMPOBEICHUH 3aHATHI B peXKUME OHJIAH MOTYT
MCTIOJIb30BAThCS:

cuctema BHuIcoKoH(epeHIICBsA3H Ha ocHOBE Tuiatdopmel BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopast moaIep>KkuBaeT BO3MOKHOCTh HCIIOJIb30BAHHUS
TEKCTOBBIX MaTEPUANIOB U MPE3CHTAIINH, ayJHO- U BUJCOKOHTEHT, a TaK )K€ TECThI, IPOBEPSEMbIC 3a1aHMUs,
3aJJaHuA JJ11 COBMECTHOI paboThI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepuaJIbHO-TEeXHUYECKOI 0a3bl, HEOOXOAMMOI JJIf1 OCYIIEeCTBICHUSA
00pa30BaTeJbHOI0 MpoLecca M0 JUCUUILIHHE

To conduct practical classes, you need a classroom equipped with specialized furniture, demonstration
equipment (projector, screen, computer / laptop) with appropriate software, chalk or marker board.

For independent work, the premises of the Scientific Library of the PSNIU are necessary. The premises of the
PGNIU Scientific Library provide access to local and global networks.

For carrying out the activities of the current control and intermediate certification, group and individual
consultations, it is necessary to have a classroom equipped with specialized furniture, demonstration equipment
(projector, screen, computer / laptop) with appropriate software, chalk or marker board.

[Tomemenust HayuHoii 6ubnuorexku [II'HUY mist o6ecrieueHns: caMoCcToATeIbHONU PabOThl 00yUYaOIUXCS:

1. Hayuno-6ubnuorpadudeckuii otaen, kop.l, aya. 142. O6opynoBan 3 nepcoHaIbHBIMH KOMIIBIOTEPA C
JIOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.



2. UnTanpHbIN 32J1 TyMaHUTApHOW JTUTEPATyphl, Kopi. 2, aya. 418. O6opyaoBaH 7 nmepcoHaTbHBIMH
KOMITBIOTEPAMH C JOCTYTOM K JIOKaJbHOU U TT100aTbHONH KOMIBIOTEPHBIM CETSIM.

3. UnTanbHbIN 331 €CTECTBEHHOM JIUTEpaTyphl, KOpIL.6, aya. 107a. O6opyaoBaH 5 nepcoHaTbHBIMH
KOMITBIOTEPAMH € JOCTYIOM K JIOKaJIbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

4. Otnen MHOCTPAHHOM JHUTEpaTyphl, Kopm.2 aya. 207. O6opynoBan 1 mepcoHaIbHBIM KOMIBIOTEPOM C
JIOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnuoreka ropuauyeckoro gaxynprera, Kopn.9, aya. 4. O6opynoBana 11 nepconanbHbIMU
KOMIIBIOTEpPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHON KOMIIBIOTEPHBIM CETSIM.

6. UuranbHbIi 3a1 reorpaduyeckoro paxyiabTera, Kopi.8, aya. 419. O6opynoBaH 6 mepcoHAIbHBIMA
KOMIIBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOH U I7T00AIbHOM KOMIIBIOTEPHBIM CETSIM.

Bce xoMIbioTepbl, yCTaHOBICHHBIE B TOMEUICHUAX HAyYHOU OMOIMOTEKH, OCHAILIEHBI CIICAYIOIINM
IPOrpaMMHBIM 00€CTIeYeHUEM:

Omnepanunonnas cuctema ALT Linux;

Odwucnrrii maket Libreoffice.

CrpaBouHno-nipaBoBas cucrteMa «Koncynsrantllnrocy



®oHbI OLIEHOYHBIX CPEACTB IS ATTECTAIUH MO TUCHHILTHHE
Biological research methods in environmental engineering

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILINHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK 4

Cnoco0eH npuMeHSITH 0a30BbIe METO/IbI IKOJIOTHYECKUX MCCIeI0BAHN JI PpelIeHus 32124
npogeccuoHAIbHON NeATeJIbHOCTH

AHaIM3UpyeT u
UHTEPIPETUPYET C
MpUMEHEHHEM 0a30BBIX
METO/IOB JIaHHBIE
HATYPHBIX
71a00paTOPHBIX
HaOJIIOICHUM,
TEOPETUUECKUX PACUETOB
U MOJICTTUPOBAHUS

analysis of data from field and
laboratory environmental
experiments, theoretical
calculations and modeling

Be able to analyze data from field
and laboratory observations
Possess methods of statistical data
analysis

Komnerenuus IInanupyemsle pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OIIK 4.1 Know the software used for the HeynosiierBopuren

Does not know the software used for the
analysis of data from field and laboratory
environmental experiments, theoretical
calculations, and modeling
Is not able to analyze data from field and
laboratory experiments
Is not familiar with the methods of statistical
data analysis
YnoBaerBopurTeabH

Has a partial knowledge of the software used for
the analysis of data from field and laboratory
environmental experiments, theoretical
calculations, and modeling
Has a superficial, unstructured knowledge of
analyzing data from field and laboratory
observations
Does not know the methods of statistical data
analysis

Xopomuro
Knows the software used for the analysis of data
from field and laboratory environmental
experiments, theoretical calculations, and
modeling
Is able to analyze data from field and laboratory
experiments
Has an unstructured knowledge of the methods
of statistical data analysis

OT1iu4HO
Has a structured knowledge of the software used
for the analysis of data from field and laboratory
environmental experiments, theoretical
calculations, and modeling
Has a deep understanding of data analysis from
field and laboratory experiments
Has a good understanding of statistical data




Komnerenmnus I[nanupyembie pe3yJibTaThI Kpurtepun onennBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OtiamnuyHo
analysis

OIIK 4.2 Be able to assess the impact of HeynoBiieTBopuren
Hcnone3yeT naHHbIe anthropogenic activities on the Is not able to assess the impact of anthropogenic
HKOJIOTUYECKUX environment and public health activities on the environment and public health
HUCCIIENOBAHUN s based on the use of biological based on the use of biological methods
pelieHus methods Does not participate in scientific research in the
podecCHOHATBHBIX Participate in scientific research in| field of ecology and environmental engineering
3amaq the field of ecology and Does not know the terms, approaches, and

environmental engineering
Know the terms, approaches, and
methods of biology for solving
problems in environmental
engineering

methods of biology for solving problems in
environmental engineering
Y10BJ1€TBOPUTEbH
Has a scattered understanding of assessing the
impact of anthropogenic activities on the
environment and public health based on the use
of biological methods
Does not participate in scientific research in the
field of ecology and environmental engineering
Has an unstructured knowledge about the terms,
approaches, and methods of biology for solving
problems in environmental engineering
Xopouo
Has a good understanding of assessing the
impact of anthropogenic activities on the
environment and public health based on the use
of biological methods
Is able to participate in scientific research in the
field of ecology and environmental engineering
Has a structured knowledge about the terms,
approaches, and methods of biology for solving
problems in environmental engineering
OTtiam4yHo
Has a deep understanding of assessing the
impact of anthropogenic activities on the
environment and public health based on the use
of biological methods
Actively participate in scientific research in the
field of ecology and environmental engineering
Has a structured knowledge about the terms,
approaches, and methods of biology for solving
problems in environmental engineering




OIIK.1

B.IIaIleeT 0a30BbLIMH 3HAHUSIMH O COBpeMEHHOﬁ HaquOﬁ KapTuHE MUpa HA OCHOBE HOJ'IO)KGHI/Iﬁ,
3aKOHOB 1 ME€TOJJ0B MATCEMATUYICCKHUX U €CTCCTBCHHBIX HAYK

Komnerenmnus I[nanupyembie pe3yibTaThI Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OIIK.1.1 Know about the position of HeynoBjieTBopures

Nwmeer npeacrasieHue o
Hay4YyHOH KapTHHE MHUpa
Ha OCHOBE IIOJI0KCHUH,
3aKOHOB H
3aKOHOMEPHOCTEN
CCTCCTBCHHBIX HAYK

biology and life sciences in the
system of natural sciences,
understand the need for
interdisciplinarity and an
integrated approach in solving
environmental problems

Be able to use biological methods
for a comprehensive assessment
of the environmental quality

Be familiar with the methods of
biotesting and bioindication, be
able to calculate indicators of
biological diversity, know the
methods of bioremediation of
contaminated ecosystems

Does not know about the position of biology
and life sciences in the system of natural
sciences, does not understand the need for
interdisciplinarity and an integrated approach in
solving environmental problems
Is not able to use biological methods for a
comprehensive assessment of the environmental
quality
Is not familiar with the methods of biotesting
and bioindication, is not able to calculate
indicators of biological diversity, does not know
the methods of bioremediation of contaminated
ecosystems

YnoBaerBopuTeabH
Has an unstructured knowledge about the
position of biology and life sciences in the
system of natural sciences, has a partial
understanding of the need for interdisciplinarity
and an integrated approach in solving
environmental problems
Is not able to use biological methods for a
comprehensive assessment of the environmental
quality
Is not familiar with the methods of biotesting
and bioindication, is not able to calculate
indicators of biological diversity, does not know
the methods of bioremediation of contaminated
ecosystems

Xopouo

Has a structured knowledge about the position
of biology and life sciences in the system of
natural sciences, has a good understanding of
the need for interdisciplinarity and an integrated
approach in solving environmental problems
Is able to use biological methods for a
comprehensive assessment of the environmental
quality
has a partial understanding of methods of
biotesting and bioindication, is not able to
calculate indicators of biological diversity, has a
partial knowledge about the methods of




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

Xopomuo
bioremediation of contaminated ecosystems
O1anyHo
Has a structured, systematic knowledge about
the position of biology and life sciences in the
system of natural sciences, has a good
understanding of the need for interdisciplinarity
and an integrated approach in solving
environmental problems
Has a deep understanding of biological methods
for a comprehensive assessment of the
environmental quality
Has a deep understanding of biotesting and
bioindication, is able to calculate indicators of
biological diversity, Has a structured knowledge
about the methods of bioremediation of
contaminated ecosystems

ITK.1

Cnoco0eH ocymecTB/IATh BbINIOJHEHHE IKCIIEPUMEHTOB H 0(hopMIIeHHE Pe3y/IbTATOB
HCCJIeJOBAHUI M pa3padoToK

Komnerenmnus Inanupyembie pe3yJibTaThl Kpurtepunu oneHnBanus pe3yjbTaToB
(MHaUKaTOP) o0y4eHHs o0y4eHus
IK.1.1 Possess the methods of biotesting HeynoiieTBopuren
[TocranoBKa, and bioindication, assessment of | Does not possess the methods of biotesting and

IJIaHUPOBAHUC U
PCHICHUC HAYYHO-
HUCCICIOBATCIIbCKHUX
3aaa4 110 SaerHHeHHOﬁ
TEMATUKC

biological diversity and have
knowledge about
&#8203;&#8203;bioremediation
technologies and the possibilities
of using them in solving problems
of environmental engineering,
possess professional terminology
when presenting the conducted
research, possess the scientific
style of presenting one's own
concept

Be able to correctly set tasks on
the selected topic, choose the
necessary methods for research;
apply the selected methods to
solving scientific problems, assess
the significance of the results
obtained

Know methods for solving urgent
and significant problems of

bioindication, assessment of biological diversity
and does not have knowledge about
??bioremediation technologies and the
possibilities of using them in solving problems
of environmental engineering, does not possess
professional terminology when presenting the
conducted research, does not possess the
scientific style of presenting one's own concept
Is not able to correctly set tasks on the selected
topic, can not choose the necessary methods for
research; does not apply the selected methods to
solving scientific problems, can not assess the
significance of the results obtained
Does not know methods for solving urgent and
significant problems of environmental
engineering using biological methods, does not
know professional terminology
YaoBaerBopuTeabH
Has an unstructured knowledge about the
methods of biotesting and bioindication,




Komnerenuus Inanupyemsie pe3yabTaThl KpuTtepuu oneHuBaHus pe3yabTaToOB
(MHAUKATOP) o0y4eHust o0y4eHust
environmental engineering using YaoBi1eTBOPUTEIbH

biological methods, know
professional terminology

assessment of biological diversity and
bioremediation technologies, misuses
professional terminology when presenting the
conducted research, does not possess the
scientific style of presenting one's own concept
Is not able to correctly set tasks on the selected
topic, can not choose the necessary methods for
research; does not apply the selected methods to
solving scientific problems, can not assess the
significance of the results obtained
Has a scattered understanding of methods for
solving urgent and significant problems of
environmental engineering using biological
methods, knows professional terminology
Xopoio
Has structured knowledge about the methods of
biotesting and bioindication, assessment of
biological diversity and bioremediation
technologies, uses correctly professional
terminology when presenting the conducted
research, possess the scientific style of
presenting one's own concept
Is able to correctly set tasks on the selected topic
and to choose the necessary methods for
research; applies the selected methods to solving
scientific problems, can not assess the
significance of the results obtained
Has good knowledge about methods for solving
urgent and significant problems of
environmental engineering using biological
methods, knows professional terminology
OtanyHo
Has deep and structured knowledge about the
methods of biotesting and bioindication,
assessment of biological diversity and
bioremediation technologies, uses correctly
professional terminology when presenting the
conducted research, possess the scientific style
of presenting one's own concept
Is able to correctly set tasks on the selected topic
and to choose the necessary methods for
research; applies the selected methods to solving
scientific problems, can assess the significance
of the results obtained




KoMnerennus

IInanupyemble pe3y/bTaThl

Kpurepun oneHuBanus pe3yibTaToB

(MHAUKATOP) o0y4eHust o0y4eHust
IIK.1.2 Know the range of field and HeynosiierBopuren
Hcnons3yer B experimental biological methods | Does not know the range of field and
npodecCuOHAIBHON in solving environmental experimental biological methods in solving
JeSITEIbHOCTH engineering problems environmental engineering problems

SKCIICPUMCHTAJIBHEBIC U
IIOJIEBBIC METO/IbI
HAay4YHOT'O UCCJICIOBAHUA

Be able to correctly apply
biological methods in solving
problems of environmental
engineering, be able to correctly
design an experiment, be able to
interpret the results using
statistical analysis tools

Know the methods of biotesting
and bioindication, assessment of
biological diversity, and
bioremediation technologies in
solving problems of
environmental engineering

Is not able to correctly apply biological methods
in solving problems of environmental
engineering, is not able to correctly design an
experiment, does not understand how to
interpret the results using statistical analysis
tools
Does not know the methods of biotesting and
bioindication, assessment of biological
diversity, and bioremediation technologies in
solving problems of environmental engineering
YnoBaerBopuTeabH

Has an unstructured knowledge of the range of
field and experimental biological methods in
solving environmental engineering problems
Is not able to correctly apply biological methods
in solving problems of environmental
engineering, is not able to correctly design an
experiment, does not understand how to
interpret the results using statistical analysis
tools
Has a scattered understanding of the methods of
biotesting and bioindication, assessment of
biological diversity, and bioremediation
technologies in solving problems of
environmental engineering

Xopouo
Has a good knowledge of the range of field and
experimental biological methods in solving
environmental engineering problems
Is able to correctly apply biological methods in
solving problems of environmental engineering,
is not able to correctly design an experiment,
does not understand how to interpret the results
using statistical analysis tools
Has a good understanding of the methods of
biotesting and bioindication, assessment of
biological diversity, and bioremediation
technologies in solving problems of
environmental engineering

OTtim4yHoO
Has deep, structured knowledge of the range of




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

OtiamnuyHo
field and experimental biological methods in
solving environmental engineering problems
Is able to correctly apply biological methods in
solving problems of environmental engineering,
is able to correctly design an experiment,
understands how to interpret the results using
statistical analysis tools
Has a deep understanding of the methods of
biotesting and bioindication, assessment of
biological diversity, and bioremediation
technologies in solving problems of
environmental engineering

YK.4

Crnoco0eH ocylmecTBJIATH Ae10BYI0 KOMMYHUKAIUIO HA PYCCKOM M HHOCTPAHHOM f3bIKAaX B
YCTHO# M MUCbMEHHOMH (popmax

Komnerenmuus Inanupyembie pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHaUKaTOP) o0y4eHHs o0y4eHus
YK.4.3 Know about communication HeynoBierBopures
[Ipencrasuser methods and effective Does not make an oral report at seminars, does
PE3yJIbTaThI communication techniques not participate in the discussion of other reports
JIeATEIbHOCTH Ha Be able to present the results of YnoBierBopuTebH
Ty GJINYHBIX independent work on the topic in | Makes an oral report at seminars, does not

MEpOTIPUATHSIX B YCTHOM
Y TUCBMEHHOU (hopmax

the form of an oral report at
seminars

Master the basic techniques and
methods of presenting results at
public events

answer questions about the report, does not
participate in the discussion of other reports
Xopouo
Makes an oral presentation at seminars, is well-
versed in the topic, does not answer all the
questions raised, participates in the discussion
of other reports
OtanyHo
Makes an oral presentation at seminars, is well-
versed in the topic, answers all the questions
raised, and actively participates in the discussion
of other reports




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema gocTaBku ;. ba3zoBas

Bupa MeponpusiTusi NPOMEKYTOYHOM aTTeCTALMH © 3a4eT
Cnioco0 npoBeeHnst MepoONPHUATHS MPOMEKYTOYHOM aTTecTanuy : OlEHKa 0 JUCHUIUIMHE B paMKax
IPOMEKYTOUHON aTTEeCTAllUU OIPEIEIETCSl HA OCHOBE 0aJI0B, HAOpAHHBIX 00YUYaIOIIUMCS Ha KOHTPOJIbHBIX
MEpOTNPHUATUSAX, IPOBOJUMBIX B TEUEHUE YUEOHOI0 MEPHOAA.
MaxkcumajbHOe KoIu4ecTBo 0asnos : 100

KonBeprauusi 60a/U10B B 0TMETKH

«oTJInyHo» - ot 81 no 100
«xopowmo» - ot 61 1o 80

«YJ0BJIETBOPUTEJbHO» - 0T 43 10 60
«HEeYIO0BJICTBOPUTEIbHO» / «He3a4TeHo» MeHee 43 Oaia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Introductory lesson
BxoaHoe TectupoBaHue

Know the basic terms and concepts on the
following topics: fundamentals of ecology;
fundamentals of nature management; urban
ecology, environmental monitoring

YK4.3

IIpencrasnseT pe3yabTaTbl
JIeSITEIbBHOCTH Ha Iy OJIMYHBIX
MEPOIPUATHUSIX B YCTHOM U
NUCbMEHHOU (hopmax

1. Biological methods of
environmental control.
Bioindication and biotesting
IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

Biological monitoring. The concept of
bioindication. Bioindicators. Features of
plants, animals, and microorganisms as
indicators. Bioindication patterns at
different levels of wildlife organization.
Types and types of bioindication.
Bioindication methods: active and passive
monitoring. Biotesting and the tasks solved
with its help.




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

MnK.1.1

[TocTanoBka, IMIIAHUPOBAHUE U
pelIeHne HayqHO-
MCCIIETIOBATEIBCKUX 33734 110
3aKpEIJICHHOW TeMaTHUKe

YK.4.3

IIpencrasnser pe3yabTaTbl
JEeSITETHHOCTH Ha ITyOJIMYHBIX
MEPONPHUATHAX B YCTHOH U
MUChMEHHOU (hopMax

OIlIK 4.1

AHaIM3UPYeT U UHTEPIPETUPYET C
pUMEHEeHHEeM 0a30BBbIX METOJIOB
JTAHHBIC HaTYPHBIX U
n1abopaToOpHBIX HAOIIOICHUH,
TEOPETHYECKHUX PACYETOB U
MOJICTTUPOBAHHS

2. Methods of studying
biological diversity
3amuiaemMoe KOHTPOJIbHOE
MeponpusiTiue

Has a basic knowledge of the methodology
of studying and preserving biological
diversity. He is able to analyze and evaluate
biodiversity at various levels of the
biosphere organization for practical
application in solving problems of
ecomonitoring and nature management.

OIIK.1.1

Nwmeer npeacraBieHne 0 HAyYHOU
KapTHUHE MHUpa Ha OCHOBE
MOJIOKEHU M, 3aKOHOB U
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

K.1.2

Hcnonbs3yeT B mpodecCuoHaTbHON
JIESTEIIbHOCTH
AKCIIEPUMEHTAJIbHBIE U TI0JIEBbIE
METO/bl HAYYHOT'O UCCIIEOBAHUS
OIIK . 4.2

Hcnons3yeT nanHbie
AKOJIOTUYECKUX UCCIETOBAHUM JIIs1
pelieHus npodeccuoHaIbHbIX
3a1a4

3. Biological methods of
polluted ecosystems
remediation

HTorosoe KOHTpPOJIbHOE
MeponpusiTHe

Modern biological methods for studying the
environment; biological monitoring of the
environment; effective technologies for
bioremediation of technogenically polluted
ecosystems; methods for studying and
preserving biological diversity.

Crnenudukanusi MeponpuATHI TEKylIero KOHTPOJIA

Introductory lesson

[IponoKUTENIbHOCTE TPOBECHUSI MEPOIPUATHS MPOMEKYTOUHOM aTTecTanuu: 1 yaca

YcnoBus IpoBEAEHUS MEPOTIPUSITHUS: B YAChl ayAUTOPHOM PadoThI

MakcumanbHbIH 0asul, BRICTABISIEMBIN 32 MEPOTIPUITHE MMPOMEKYTOUHOM arTectanuu: ()

[Tpoxoanoii 6amt: 0

Iloka3aTey OLEeHUBAHUA

Bajaasl

The student knows the basic concepts on all the topics discussed, confidently operates with

special terminology, actively participates in the oral survey

10




The student knows the basic concepts on some of the topics discussed, operates with special
terminology, and actively participates in an oral survey

The student partially knows the basic concepts of some of the topics discussed, does not use
special terminology, passively participates in an oral survey

The student does not know the basic concepts of the topics discussed, does not use special
terminology, does not participate in an oral survey

1. Biological methods of environmental control. Bioindication and biotesting

[TpoaomKUTET HOCTD MTPOBEICHUS MEPOTIPUATHUS IPOMEXKYTOUHOM aTTecTanuu: 3 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B HAChl ayINTOPHOI padoThI

MakcumanbHBIA 0ajll, BRICTABISEMBIN 32 MEPOTIPUITHE MPOMEKYTOUHOM atTectanun: 30
[Tpoxoxnoii 6amr: 13

Iloka3aTey OLIEHUBAHUSA

Bajaasl

The solution of the proposed text on the topic under study. Correct answers to 80-100 % are given

30

The solution of the proposed text on the topic under study. Correct answers to 65-79 % are given

20

The solution of the proposed text on the topic under study. Correct answers to 50-64 % are given

13

The solution of the proposed text on the topic under study. Correct answers are given less than
50%

12

2. Methods of studying biological diversity

[TpoaomKUTENT HOCTD MTPOBEACHUS MEPOTIPUATHUS IPOMEKYTOUHOM aTTecTanuu: 3 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChI ayINTOPHOI padoThI

MakcumanbHBIA 0asll, BRICTABISEMBIN 32 MEPOTIPUITHE MPOMEKYTOUHOM arTectanuu: 30
[Tpoxoxnoii 6amr: 13

Iloka3aTey OLEeHUBAHUA

Bajaasl

The results indicate that the student consciously possesses knowledge on the topic and is able to
use external sources of information. A complete and meaningful understanding of a specific
problem in the field of studying and preserving biological diversity is given, an analysis of the
problem in essence and ways to solve it is carried out. The presentation meets all the quality
requirements, the answers to the questions are extended, the student is fluent in terminology and
concepts.

30

The results indicate that the student consciously possesses knowledge on the topic. A complete,
but containing some gaps, understanding of the specific problem of studying and preserving
biological diversity is given, an analysis of the problem in essence and ways to solve it is carried
out. The presentation meets the basic quality requirements, the answers to the questions are
incomplete, the student knows the basic terms and concepts.

20

The results indicate that the student has an incomplete system of basic knowledge on the topic. A
general idea of the problem of studying and preserving biological diversity is given, a formal
analysis of the problem and ways to solve it is carried out. The presentation meets only the basic
quality requirements, the answers to the questions are inaccurate, the student has a poor command
of scientific terminology.

13

The results indicate the assimilation of only some elementary knowledge on the topic of the

12




studied section. There is no understanding of the problem of studying and preserving biological
diversity, there is no analysis of the problem, and there are no ways to solve the problem. The
presentation does not meet the generally accepted quality requirements, the answers to the
questions are unsatisfactory, the student does not know the scientific terminology.

3. Biological methods of polluted ecosystems remediation

[TpoaomKUTETEHOCTD MTPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM aTTecTanuu: 3 yaca
YcnoBus mpoBeaeHUS] MEPOTIPUATHUS: B YAChI ay/INTOPHOI padoThI

MakcumanbHBIH 0asul, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOUHOM arTecTanun: 40
[Tpoxoxnoii 6amr: 17

Iloka3aTeqy OLlEeHUBAHUA

Bajaasl

The student has deep knowledge in the field of biological monitoring, study and conservation of
biological diversity and bioremediation technologies. Fully answers all the main and additional
questions, has a systematic thinking and integrates the knowledge, skills, and skills acquired in the
course of mastering the discipline to solve a wide range of problems in the field of environmental
management.

40

The student is well versed in the field of biological monitoring, the study and conservation of
biological diversity and bioremediation technologies, but there are some gaps in the assimilation
of the material. Answers all the main and some additional questions, has a systematic thinking and
integrates the knowledge, skills, and skills acquired during the development of the discipline to
solve individual problems in the field of environmental management.

30

The student has a superficial knowledge in the field of biological monitoring, the study and
conservation of biological diversity and bioremediation technologies. Gives unversed,
unstructured answers to the main questions, finds it difficult to answer additional questions, does
not have a systematic thinking and does not integrate the knowledge, skills, and skills acquired in
the course of mastering the discipline to solve problems in the field of environmental
management.

17

The student has a superficial knowledge in the field of biological monitoring, the study and
conservation of biological diversity and bioremediation technologies. Does not answer all the
basic questions, is not able to answer additional questions, does not have a systematic thinking
and does not integrate the knowledge, skills, and skills acquired during the development of the
discipline to solve problems in the field of environmental management.

16




