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®OH/JI OHEHOYHbBIX MATEPHUAJIOB

Pazpaboran ans yueOnor mucrumanabel b1.B.28 «CunteTnueckas OMoOI0THs» CIEeUaTbHOCTH
06.05.01 «buommxkenepus u OuomndopmaTtukay, Crenumanuzanus: «buonmkeHepus u
ouonHpopmaruka». @oH oueHOUHbIX MaTepuaioB (POM) BKIIOYAET OILEHOYHBIE MaTepUaNbl IS
MIPOBE/ICHUS TEKYIEro KOHTPOJISL, IPOMEKYTOUYHON aTTecTanuy B popMe dK3aMeHa.

OueHouHble  MaTepuadbl  COOTHECEHbI €  TpeOyeMbIMH  pe3yjbTaTaMH  OCBOCHHS
obpazoBatensHOU mporpammbsl 06.05.01 «buoumxkenepus u OnonmH(pOpMaTHKa», B COOTBETCTBHH C
cojepkaHueM paboueid mporpammbl yaeOHoH nucuuruiiHbl bl. B.28 «CuHTteTtnueckas OHMOJIOTHS» C
yuerom OIIOIL.

HopmatuBHBIE TOKYMEHTHI, periiaMeHTHpYIomre pa3padotky POM:

- cTaths 2, yacTh 9 @enepanbHoro 3akona «O6 obpazoBanuu B Poccuiickoit @enepamumy, O3-
273, 0129.12.2012 r,;

- ®IOC BO mno cneumansHoctu 06.05.01 «buoumxenepuss u OHOMHPOPMATHKAY,
YTBEP)KICHHBIA TTPHKa30oM MUHHCTEPCTBA HAYKH U BBICIIEro oOpa3oBaHusi Poccuiickoit deneparuun
12 aBrycra 2020 r. Ne 973.

1.Komnerenuuu, popmMupyemblie B mpoiecce u3ydeHus Aucuuminnsi (5 kype, 9 cemectp)

IIK-1: CnocoOeH TBOpYECKH UCIONB30BaTh W TPUMEHSATH (PyHIAAMEHTAIbHBIC IPEICTaBICHUS
OMOJIOTMH, CMEXHBIX AUCLUIUIMH U COBPEMEHHBIE METOJI0JIOTHYECKUE IMOAXObl JUIsl ONpe/esIeHus
MEPCIEKTUBHBIX HANIPABICHUN HAYYHBIX UCCIICAOBAHUM B chepe mosryueHus!, U3y4eHus: 1 IPUMEHEHUS
pa3NUYHbIX NPHUPOJIHBIX, HM3MEHEHHBIX NPUPOAHBIX OHOJIOIMYECKHX OOBEKTOB, HCKYCCTBEHHBIX,
OpPraHM3MOB, a TaKXKe OMOMAaKpOMOJEKYyJ, 00padOTKy M MOCIEIyIOUMK aHanu3 OOJBIIOr0 MaccHBa

nH(popManuu 1Mo OMOJOTUYECKUM 00BEKTAM

Komnerennun Nupukaropsl IInanupyemsie DopMBI U METOABI
KOMIeTeHuu i pe3yabTaThbl 00y4eHusI KOHTPOJIS U
OIIEHKH

1IK-1 HJIK 11 3HaTh: TUITBI OMOJIOTUYECKUX
CriocoOeH TBOPYECKH 3HaeT aKTyalbHbIe 00BEKTOB, 0OCOOCHHOCTH UX Texymmii
WCTIONIB30BaTh U Mpo0OJIeMbI, OCHOBHEBIE (YHKIIMOHUPOBAHHMS, IPUHIUIBl | KOHTPOJIb:
MIPUMEHSTh OTKPBITHS B O0JIACTH TeHHOU MHXEHEPHH, - YCTHBIH
(dhyHIaMeHTabHBIC W3YYCHUS KUBBIX OMOWH(POPMATHKH, UX orpoc,
MIPEJICTaBIICHUS OpPTraHU3MOB H WHTETPALINIO, a TAKXKe -YCTHBIN
OMOJIOTMH, CMEKHBIX OHOJIOTUYECKHUX CUCTEM (dbyHIamMeHTaIbHbIE U JOKJIa-
JVICITUTIINH U Pa3NMUYHBIX YPOBHEH TIPUKJIIaTHBIE ACTICKTHI MIpe3eHTaIus,
COBpEMEHHEIE OpTaHM3alHH U CIIOCOOEH COBPEMEHHEIX METOJIOB CUTYallMOHHBIE
METOJIOJIOTHYECKHE WCTOJIE30BaTh UCCIIeZIOBaHUS OMOTIOTHYECKUX 3a/1a4H,
TIOJIXOJTBI JITISt TEOPETUIECKUE 3HAHUS U CHICTEM, OLICHKY ITIOTEHINAIBHBIX | -TECTHPOBaHHE
OTIpeIeIICHIISI YMEHUS B HAY9IHO- PHUCKOB ¥ MOCIEICTBUI
MEPCTIEKTUBHBIX HCCIIEJIOBATENbCKOM HCIIOJIb30BAHMUS CHHTETHUECKOMN IIpomexyTounas
HaIpaBJICHUA HAYIHBIX JeSITEeTLHOCTH Ouooruu. aTrecTalus: 3a4eT

HccieIoBaHui B cepe
NOJYYCHUsI, U3YUCHUS U
MPUMCHCHUSA Pa3JIMYHBIX
MPUPO/IHBIX,
HU3MEHCHHBIX IMPUPOJTHBIX
OMOJIOTHYECKIX
00BEKTOB,
HCKYCCTBEHHBIX,
OpPraHU3MOB, a TAKKE
OMOMaKpPOMOJIEKYI,
00paboTKy u
MOCJIEAYIOIINN aHaIN3
00JIBIIIOTO MACCHBA

YMeThb: BEIOUPATh
METO0JOTMYECKUH ITOIXO0 K
CO3/IaHUI0 U COOpKe
OMOMaKpOMOJIEKYII, OpTaHU3MOB,
AHaJTM3UPOBATh U
HHTEPIPETUPOBATH TAaHHBIC
CEKBCHHUPOBAHUS, SKCIPECCUU U
(YHKITMOHUPOBAHUS OMOCHCTEM C
HCTIOJIb30BaHUEM
OHOMH(pOPMATHIECKIX
mIathpopm;

Bnapners: HayuHOM
TEPMUHOJIOTHEN U TOHSITUHHBIM




HHPOPMAIIH IO
OHOJIOTHYECKHM
00BeKTaM

anmapaToM CHHTETUYECKOU
OHOJIOTHH, METOJAMHU PabOTHI C
OMOJIOTMYECKUMU 00BEKTAMH,
coopku 1 Bepudukannu JJHK-
KOHCTPYKIIH, 00paboTKu
MaCCHBOB JaHHBIX O
OMONIOrYECKUX 00BEKTAX U
MOJICITUPOBAHUS OHOCHCTEM.

HJIK nx1.2

3HaTh: TCOPETUICCKUEC OCHOBBI

YMeeT UCTob30BaTh poeKTHpoBaHus ononorndecknx | Texyurmit
(yHIaMEHTANbHBIC 3HAHUS | CUCTEM, BKIIOYAasi MOAYJIBHOCTD, | KOHTPOJIb!
U COBPEMEHHBIC CTaHAAPTU3AIMIO, HEPAPXUICCKOE | - YCTHBIN
METOIOJIOTHYCCKHE KOHCTPYHPOBaHUE, IPOOIEMBI orpoc,
MOAXOABI IS 6100€3011aCHOCTH, OMOITHKHU U -YCTHBIN
MEPCIECKTUBHBIX OTBETCTBEHHOTO IIPUMEHEHHUSI JOKJIaI-
HaTpaBIICHUN HAYYHBIX HCKYCCTBEHHBIX OPraHU3MOB; MIpe3eHTanus,
HCCIIEIOBAHUH, IOCTPOCHHS | YMeTh: (OPMYIUPOBATH CUTYallMOHHBI
WH(POPMAITOHHBIX MOJIeNIel | IepCIIeKTHBHBIC HayIHBIC € 3a/1a4m,
U TIPaKTHYECKUX THITOTE3bI U 33J1a4U B 00J1aCTH -TeCTUPOBaHHE
pazpaboTok B cdepe CUHTETUYECKON OMOJIOTHH C
pohecCHOHATEHOM Y4eTOM TeopeTndeckuX 3HaHui 1 | [IpomeskyTounasi
JeSITETbHOCTH. COBPEMEHHBIX METOANIECKUX aTTecTalMs: 3a9eT

MOJIXOJIOB; OICHUBATH PUCKHU K

MOCJIEICTBUS BHEAPCHMUS

HCKYCCTBEHHBIX OMOCHCTEM,

BKITIOYas BIUSHHUE HA

OKPYXaFOIIYIO CPEeNy;.

Baaners: [IpumenenuemM

1a00pATOPHBIX TEXHHK, BKITIOYAsI

KyJIbTUBHPOBAHHE KJIETOK U

paboty ¢ GnonH()OPMATHICCKUMHU

HHCTPYMEHTAMHU
HJIK k13 3HaTh: CoBpeMeHHBIe
Brnanmeer HaBbIKamMu MeTomoNoTHH  penaktupoBanus | Tekyuruid
TBOPYECKOTO MIPUMCHEHHS TCHOMOB M T€HHBIX KOHCTPYKIUH, | KOHTPOJIb:
METOOOJIOTINYCCKUX TMIPUHIUTIIBI MeTa6OJ'IH‘ICCKOI71 - YCTHLIﬁ
MTOJIXOMIOB ISl pa3paboTKH | MHXKCHEPHUH, I3aifHa | Ompoc,
MOJIETIEN, HOBBIX OMOCUHTETHYECCKHX  TYTeH | | -yCTHBIN
TEXHOJIOTHI, MATCPHATIOB U | MUKPOOHBIX KOHCOPIIMYMOB, POJIb | MOKJIaI-
OMOJIOTMYECKIX OOBEKTOB C | OMOMH(GOPMATHKH B  JH3aliHE, | MPE3CHTAIMS,
IIeJICHANIPABIICHHO MpOBepKE W  MOJICITUPOBAHUM | CHUTYallHOHHBI
HW3MEHEHHBIMM CBOMCTBAMHM, | OMOJOTHMYECKHX IICICH; € 3aJ]a4u,
METO/IOB BEIPaOOTKH YMmersn: paboTaTh ¢ pa3IUYHBIMA | -TECTHPOBAHUE
MPAaKTUIECKIX 0a3aMu TaHHBIX, UCTIONB3YS UX
peKoMeHaaIui st JUTsl TIOUCKA, afjanTalyy U olieHKu | IIpomeskyTounasi

peleHus 3a1a4
poheCcCHOHATEHOM
JeSITEIbHOCTH

OmouacTeil, a TaKKe
MOJICJIMPOBATh MOBEICHHE
CHHTETHYECKHX CHCTEM;
Baapers: ymenuem
HHTEPIPETHPOBATh
JKCIIEPUMEHTAIbHBIC
pe3ybTaThl, BHOCUTh U3MCHEHHS
B JTU3aiiH, OILICHUBATh

3¢ (HEKTUBHOCTH CHCTEM, & TAKXKE
HMMETh HaBBIKH MTPEACTABICHHS
pe3yabTaToB U PopMaTe HAYIHOM
Mpe3eHTAINH, TOCTepa WK
nyOJIMKaIHY.

arrecraumsd: 3a4cT




2. OneHoYHbIe MATEePHAJIbI I IPOBEACHHUA TEKYIIero KOHTPOJIs

2.1 TectupoBanue

HNunexc u Muanuka Tun 3aganust 11 TEKyIIEH aTTecTaluu
COACPIKAHUC TOPBI
. . 3agaHue 3aKpbITOrO THIA 3amanue 3aganue 3ajaHue OTKPBITOTO
dbopmupyemoit KOMIIETEHIIUH
HA YCTAaHOBJICHUE COOTBETCTBHUS | 3aKPBITOTO THUIA HA | KOMOWHHUPOBAHHOTO THIIA TUIIA C Pa3BEPHYTHIM
KOMIIETEHLIN
1 YCTaHOBIICHUE C BEIOOPOM OJTHOTO WUIH OTBETOM
51
MOCJIENOBATEIILHOCT HECKOJIbBKMX BEPHBIX
u OTBETOB U3 YETHIPEX
MPEIIOKEHHBIX U
aprymeHranuei Bpioopa
ITK-1 HJIK nx-11 3aganmne 1 3aganmue 2 3aganue 3 3ananue 4
CnocoOeH TBopuecku | 3Haer Ipouumaiime 3a0anue u yxadcume | Ilpouumaiime 3adanue: | Buumamensno  npouumavime | Ilpouumatime 3a0anue u
HCIIOJIb30BATh M aKTyaJIbHBIC yugpy, coomsemcmeyrowyio 6udy | Y CTAHOBHUTE gonpoc u  @vlbepume  Gce | 3anuuiume pa3geEPHymulil
IPUMCHATD npobIEeMEI, npoyecca: NpaBUIbLHYIO 603MOJKCHbIE sapuanmel | oGocnoeannslii omeem:.
(yHmameHTaNbHBIC OCHOBHBIC YcraHoBure COOTBeTCTBHE | MOCIAE]0BATENLHOCTH omgema, obocnyime . ceot Mpennoxure
MPEACTABICHUS OTKPBITUSA B MeKIY Hay4yHo- | CO3JaHMsA igl op: CHHTETHYECKYI0
akme M3  CJIeIyIOUIUX
Ouosoruy, CMeXHBIX | 00nacTu MCCIIE0BATEILCKIMH  3aadamy | CMHTETHYECKOro e on H)’M(I)I; . OMOJIOrMYeCKyYI0  cHCTeMy,
WCIUIUTHH | H3yUYCHHUS
AuCIL Y M He00XOAUMBIMH HABBLIKAMH. Opl“anI/I:]{_erla y KoTOopas pemaer
COBpEMEHHbBIE JKHUBBIX TP p——— +—Hpoextyposan B | ppmiciamuyio  sajauy B
TeTHYECKHUX .
METOAOJIOTNYECKHE OpraHu3smMoB U 3a£[a‘{a HABEIK e MUHUMAJILHOTO Hp DICIEHTC (VY MeIUIUHe, M ONHUIINTE eé
MOIXOMbI JJIs OHMOJIOTUYECKUX TeHOMA l.HpomllsXcﬁw' MEXaHH3M JeflCTBHAL.
onpeaenacHus CUCTEM A. Tloctpoenue 1. PaGora ¢ 2 C 0 I/IHCkaﬂ{é K BARSHEHO O:xujaeMblii OTBET:
i . CuHre3 . AHT
NEpCIIEKTHBHBIX Pa3ITHIHBIX PeHETHYECKOi BEKTOPHBIMH il cucreme ' | SEIPIBAIOTCH [TpoexT: "uHTEIIEKTyanbHAs
HaTpaBJICHUH OBHEH arMeHTOB pon P
p yp KOHCTPYKIUU KapTamu bp A Ichrlpe - P HAMH Oaktepus", pacro3HaroIIas
Hay4YHBIX OpraHu3auu 1 . GPMHQAW OIIVXOICEVIO CDE
HCCIIEIOBAHUI B criocoden 2 VeIOL30BaHH 3. LOOpKa| 5 Cosnhuue 3. MYX Y0 Cpeay.
: XaHU3M:
chepe nonyyenus, UCIIOJIB30BaTh B. Anamus . IOJIHOTO TpaHcr :r%“%;FET_—HPQHHKaIOT CXAHH3
U3YYEHUS U TEOPETUYECKHUE AaHHBIX Guounopmarux | CHHTETHUCCKOTQ Mbime OCHOBARWS TPL _ KICTKU. — Mcnonb3yrorest cencopHbie
pYMEHEHHS 3HAaHMA U CCKBCHUPOBAHMA | reHoMa M BIMAIOT HA 3JIEMEHTBI, PAaCIO3HAIOLINE
Pa3IUYHBIX YMEHUS B 2 “paB““"mm“TBiT- A,CD | gusknii pH 1 moBbIeHHOE
TPUPOJIHBIX, HAYYHO- C. Mposesnienue . BCTaBKa 3 1o vuenme ' COJIEpKAHUE JIAKTATA.
U3MEHEHHBIX HCCIIEI0BATENBC MHKPOOHOIOrHY 3. PaGora b TCHOMA B KICTKYyrapomp Q}ﬁ&(wonaﬂﬁﬁm — IleneTnyeckas cxema
o A CTCPUIIbHBIX 1 UICHTUYHbI
HMPUPOAHBIX KoH ecroro YCIIOBHISIX PCLHAIHCHT (bepmetrainm n O%I/IFI/IH&J&I:)HBIM AKTUBUPYET SKCIPECCHIO
OMOJIOTHYECKHX JESATENBHOCTH OKCIICpUMCHTA E o o lippmotap (A) — TepaneBTHHUECKOro 6erKa
5 Hpeosepka SanycKaeT




00BEKTOB,
HCKYCCTBEHHBIX,
OpPTraHHU3MOB, a TAKKE
OHOMaKPOMOIIEKYII,
00paboTKy U
MOCIEYOLIAN
aHaJn3 OOJIBIIIOTO
MaccHBa
HHPOPMALIUH IO
OMOJIOTYECKUM
00BeKTaM

D Xu3HecTocooHgcFHlamyaenme TpaHCKpHHHIZ{}o (HanpuMep, ITUTOKMHA) TOJIEKO
Wisreprperanus 4 Maremartnueck || yHKIMi Oenka p p%%% TIPH COBMIAJICHUH YCIIOBHMA.
e Pexq i
GHONOLHUCCKIX ;e()ﬂeHI/IpOBaHI/Ie OtBer | KynmbType SKCIT c — Takke BKIIOYEH MEXAHU3M
o ery. eT aKTI/IBHOCTB
Mojenei L[] croxjrabakap CaMOYHHYTOXKEHHS BHE
[paMOTOpa OITyXOJIH, IPEOTBpaILas
IIpaBuJbLHBIA 0TBET y S
e Tepmunatop (D) — 0604HBIE IPPEKTHI.
SanumuTe BeIOpaHHBle WU@PEl oA || 1 |2 |3 |4 |5 3aBepIIaeT .
COOTBETCTBYIOIINMH GYKBAMH: ACKDH IO OTO MOXET CTaTh OCHOBOM AJIA
p PHIIL NIPELU3UOHHON
A B C D e AHTHKOJOH (B) — MIPOTUBOPAKOBOM TEPAITHUH.
vacth TPHK, HE
IIpaBuJbHBIH 0TBET TIpUMCHACTCA
HaNpsMYIO B
A B C D KOHCTPYKIUAX
CUHTETUYECKUX CXEM
1 2 3 4
HJIK nx-1.2 3ananue 5 3ananue 6 3aganue 7 3ananne 8
Ymeer Ipowumaiime 3adanue u yrkaxncume | 1Ipouumaiime 3adanue: | Buuvamenvno — npouumatime | [lpouumaiime  3adanue — u
HCIOJIb30BATh yugpy,  coomeemcmeyiowyio  6udy | Y CTAHOBHTE gonpoc u ewvlbepume 6ce | zanuwume PA36EPHY MBI
Gynnamenranb npuUMeHenuUs: NPaBUJIbHYIO B803MOJHCHbBIE ?apuanmbf 060CHOBAHHBILL OMNEeM .
b€ 3HAHUS U Y CTAHOBHTE cooTBercTBHe | MOCJAEI0BATENLHOCTL | omeema, 00ocHytme C60u Packpoiire 3HAYCHHE
COBPCMCHHBIC MexKIy MeTOodaMHu u nux HPI’I pa3pa60TKe 6’bl60p. MPOCKTUPOBAHUSA
METO/IOJIOTHYECK XApAKTEPHCTHKAMH: HOBOT0 Kakue THObBI | I MATBHOTO TeHOMA IS
W€ MOAXOABI IS pyHRIIHOHA -
nepCHI::KTfIBHII[ﬂx Merone! Xapaxrepucti OeJika. Jlbﬂl",ll ;Meﬂﬂi;al:cj;paxr::(i; '-CI)Z? e Béero CHITTTICCKON OHOAONMH
1 c6opku THK | xa ) p’ g Py me B¢ BamELATE Pa3BEPHYTHIi
HaIpaBJeHUI —Hpenexasat PiCI.[vf)_éBepllc?ﬂMé‘]iﬂiﬂ‘l‘eﬂ A IPHGhacHoBaniibli  OTBeT:
HaV4YHBIX 1. Ucnonws3yer b TH t [ ' . .
yi 5 A. Golden et HKTagg CTPYKTYPBI OLIKA 1oy TPOCKTUROBAMMM., | perdrEumaeMutii oTBeT:
uccjacoBanmy, Gate pectp 2 @ MEXIY %Is;ﬁgT HECKIX: 0 110BBIC xpsiddpbexTupoBaHue
HIOCTPOCHUS una I1S + "POPMUDOBIRIL 1 \uOHONONMYLGKHX CHCTEM oc T Hpii REMATEHOTO TeHOMA
Dy
nH(GOPMAITUOHH aMHHOKHCHOT}gﬁE A) CA -HpOFpaMMBI HOZBOIISET [OHSITE. KaKie
. BEP ’
BIX MOJEIIEN U . 2. OcHOoBaH Ha ocJaea0BaTell 2 fampui lin oy ey .
MIPAKTHYECKUX B. Gibson 9K30HYKJI€a3ax COOTBETLT, en(flo ggm%mHam’ TO0pI # HeOOYOMMEI A3
p Assembly y 1 TeopeTHi CTBOJIOBEIE I’iozmepncaH ust 6a30BBIX
paspaboTok B 1 HOMMEpase 3 A pacrpeng j@nﬁ? TORGARKFOPB! A @y HRAR kusmm. Do Baxwo,
chepe - AHaJIN3 (nanpupep, Photoshop) | aHHX RICTor o PETHYECKOTO
npoQeccuoHaIbH 3. Coenunenue CTaOMIILHOCTH 1 C) Cpelibl MaTeM@THYECKPTO | moRymanms 0CHOB GHOTOIHH
i C. HK c i13. M3mepe FOMOEVINTY UH[re3 ’
oit il Mo pUKaLHH PERkSTepbet LABUHIGE g HlpAKTHYECKOTO
NEATETHLHOCTH. HHFHpOBaHI/Ie IIOMOIIIBIO CHJIBI CBAMOPAY |)’Ip0BaHHI)Ie HHCY HII/III]){I?IMCHGEMH — Hanpumep
nurashl A. Bepudurarjs D) IDE| O3 PRi#ton Apyfux ’




(dbyHKIHA in Yitro (sanpupep, PyCharm) | Tepanessmaetme njaccH-OpraHU3MOB
x Gejigehassis), HA OCHOBE KOTOPBIX
ATl Otser: Otser_| D. MOXKHO "copupats"
5. PCR Jlpsamoe | | | | 4.CpaBHPII@OCHOBAAHAYKIINPOBAHH TepbQREABYEYB] ITOZ KOHKDETHBIC
6. - COeTMHEHHE CpeTHHX no | ble BAHKARATAUI: TIPPI3BOMICTBO
HECKOJILKY l]p IIOTCHTH
coopka (bparmenTos I . aBH/IBAOHK KIIETOABKAPCTB, QUOTOIINBA U JIP.
yepe3 PCR PABHJIBHBIH OIBPYIIIaM orget:|AlCC. D KICTKH
i) TepanipoeKT MUHUMAJIBHOTO
Qo0ocH : g
511 13 14 ACD Teroma Mycoplasma
-UHCTPYMEHTHI U ;
SanumuTe BHIOpAHHBE HPH MO MOTGIHDO BI;};MG " octiosa laboratorium cran BaxxHbIM
COOTBETCTBYIOIINMH OYKBaMH: P JIOCTHKCHHUEM B 3TOH 00JIaCTH.
HHKEHEPUH OHOCXEM.
Python — gacro
A B I D HCITIOJIb3yEeMBIH SI3BIK TSI
MOJIETTUPOBAHUS U aHAIIN3a
TAHHBIX.
IpaBuABLHBI 0TBET DoTOpEIaKTOPHl — HE
TIPUMEHSFOTCS JIS
A B C D MPOCKTUPOBAHUSI CUCTEM
1 2 3 4
HJIK nx-13 3aganme 9 3apanmue 10 3aganme 11 3agmanne 12
Braneer Ipouumaiime 3a0anue u ykaxcume | [Ipoyumatime 3adanue: | Buumamenvno  npouumaiime | Ilpouumaiime  3a0anue u
HaBBIKaMU yugpy, coomeemcmeyrowyio 6udy | YcCTAaHOBHTE eéonpoc u Gvlbepume 8ce | sanuuiume pa3eeEpHymulii
TBOPYECKOTO HA3HAYeHUs.: MOCJIe0BATEIBLHOCTD | G03MOJICHbIE sapuanmol | 060cHO6aNHbI OMEEN!
PUMEHEHHUS Ycranosure COOTBETCTBHE | 3TANOB omeema, obocnyume ceou | Kakme jTHYecKHE BONpPOCHI
METOOOJIOTNYECCK MEXKITY CUHTETHYECCKUMU KOMIILIOTEPHOI0 gbz6op; BO3HUKAKOT B CBA3N C
UX IMoaAxXo0a0B KOHCTPYKIMSAMHA )| ux MOAeJMPOBaHUs Kakue XapaKTepUCTUKH Pa3sBUTUEM CHHTETHYECKOH
Juist pa3spaboTKu | PYHKUMAMH reHeTHYeCKON BAKHbI  OpUH  co3xanum | Guonornu?
MOJEIIEH, HOBBIX CXEeMBI. HOBOro Oeaka ¢ 3aganHoii | OXkunaembIi OTBeT:
TEXHOJIOT U 1. Unrepnperanus |[§pyimienneii? Ortuyeckure BOTIPOCHI
’ Kouctpykiu | OyHKIMH cprpdran jeii ‘ p
MaTepHUaJIOB U pesyipTatos  HEHIA) IIpocToTa BKJIFOYAIOT:
% e Bo3MOXHOCTH cO3aHus
OMOJIOrMYECKUX A 1. Tenepupyer MOJEIUPQBaHUS lamuHOKHCITOTHO#M ! b 1
00BEKTOB ¢ . Perenepamociie 10BaTeIbHOCTH HUCKYCCTBEHHOMU
LIeJICHAIPABJIEHH Tenermueciuii | nepuoamieCKy 2 OnpenenenugsinesoB) ToutocTs 3HHA" 1 Ha CHUE
: JKU3HU" U HApYIICHU
OCITHJLISATOP € KojeOaHus . Py
O UBMCHCHHBIMHU KOMIIOHCHTRBATHOI MPOEHEPAHCTBECHHOU TpaHuL] IPUPOIBI
CBOMCTBaMH, B. 2. JIOTUKH pd0oOThI  [2CTPYKTYPHI
METOJIOB T'enetnueckuit | Ilepexmouaer CXEMBI [Tonyuen@y Katanmuruaeckas e Pucku BbIXoza
BBIPa0OTKH BBIKJIIOUATENIb | MEXAY JABYMs JHO0BIX | AKTHBHOCTh MOIU(DUITUPOBAHHBIX




MIPaKTHYECKUX
peKOMeH A
JUTSL PEIICHUS
3amaq

PO eCCHOHATTEH
OU JIeITEIbHOCTU

YCTOMYUBBIMU 3. MaremaTiyeehdecByfcToiuMBOCTS K
COCTOSIHUSIMU OINKCAaHKE| OBAHHBIXYCIOBHM CPEJIBI
(ODE/cToaXactaK
TBCT:
3 YECKUE MQJICITH) 30TBeT: |
. Cunres| O0ocHOBanue
C. [MonnepxxuBaer
bucrabunpHas Baﬂ b 4. Beox Y Iy By i
aBa HapaMeTpDRpyTIX PaBHJILHBIH
cxema YCTOMYMBBIX orger:. B, C, D
3AMYCK | TEPANeRTUICCI i
COCTOSIHUS OCHOBaHHE!
CUMYISAITHrIX OCTIHOR | , 5
4 4leqjcn MBHOCTb CJIKa
. onpeneliseTcs ero
D. AxTHUBHpyeTCS Otsert: [Tepconpaiu I/I§
. aKTHBHOCTEIO,
Jlornyeckuit TONBKO  TIPH OB3HHAf
| | | | CTaOMIILHOCTBIO, u
sanemeHT AND | Hanuuuu nBYX KJIIETOYHA ~ N
IIPaBUWIPHOM  CTPYKTYpOH.
BXOJIOB Tepanusg
IIpaBusbHBIN OTBET HpocToTa
M0CIIeI0BATEILHOCTH HE
3anummTe BRIOpAHHBIE ITUQPPHI IO
2 13 14 |1 00513aTeNbHO HPUBOIUT K
COOTBETCTBYIOIIMMH OYKBaMHU:
(hyHKIIMOHATPHOCTH —
A B c D BKHBI KOHKPETHBIC MOTHBBI
U cBEpTKa Oenka
IIpaBWIbHBIH OTBET
A B C D
1 2 3 4

OpraHu3MOB B
OKPYKAIOIILYIO CPey

Hcnonr3oBanue

TEXHOJIOTHH B
BOCHHBIX WA
OMOTEePPOPUCTHICCKH
X IEJISIX

IIpo6meMbr

0no00€e30I1aCHOCTH U
OMO3aIUTEI

HepagHsiii noctyn k

OMOTEXHOJIOTHAM B
pa3HBIX CTpaHax
Taxoke 00cykaatTcs
BOITPOCHI
MAaTEeHTOBAHUS )KUBBIX
OpraHM3MOB H
OTBETCTBEHHOCTH 32
MOTEHIUAIBHBII Bpe.I.




Kputepuu oneHkn pe3yibTaToOB TeCTHPOBAHUS

Ne Tun 3aganus

Kpurepun ounenku

Pe3yasbTar
OLleHHBAHMSA

3ajaHue 3aKpBITOTO TUIA HA
1 | ycTraHOBIEHUE COOTBETCTBUS

Cuurtaercs BEpHBIM, €CIIH
MPaBUIBHO YCTAHOBJICHBI BCE
COOTBETCTBUSI (TTO3UIIMH OJTHOTO
CTOJOIa BEPHO COOTHECEHBI C
MTO3UIMSIME IPYTOTO CTOIOIA)

[MomHoOE coBmameHue ¢
BEpPHBIM OTBETOM — 1 Oajr
Cosnazieaue 6onee
MOJIOBUHBI BAPUAHTOB C
BepHBIM 0TBeTOM — 0,5
Oaima

Bce ocranbabie ciyyan — 0
OaJIoB

3amaHue 3aKPBITOTO THIIA HA
2 | ycTaHOBJICHHE
MOCJIe0BATENLHOCTH

CuuraeTcst BEpHBIM, €CITH
MPaBUJILHO YKa3aHa BCS
MIOCJICZI0BATENBHOCTD UMD

ITomHoe coBnagenue ¢
BEPHBIM OTBETOM — 1 Gamt
Bce ocranbnbie ciyyan — 0
0aIoB

3ananue KOMOMHIPOBAHHOTO

3 | Tuma c BBIOOPOM OTHOTO WITU

HECKOJIBKMX BEpHBIX OTBETOB

U3 YETBIPEX MPEATI0KEHHBIX U
apryMeHTanuei Brioopa

CuuTaeTcst BEpHbIM, €CIIU
MPaBUIBHO YKa3aHbI HU(PHI
(OyKBBI) IPaBWIILHOTO OTBETA U
[IPUBEACHBI KOPPEKTHBIE
apryMeHThI, UCTIOIb3yeMbIe MTPH
BBIOOpE OTBETA

IlomHoe coBnagenue ¢
BEPHBIM OTBETOM — | Oasn
Cosnajgenune 0onee
MOJIOBUHBI BAPUAHTOB C
BepHbIM oTBeTOM — 0,5
Oamta

Bce ocranpapie cmyyan — 0
0aIoB

3ajaHue OTKPBITOTO TUIIA C
4 | pa3BepHYTHIM OTBETOM

Cunraercs BCPHBIM, €CJIM OTBET
COBITAJACT C 3TaJIOHHBIM OTBETOM
10 COAECPKaHUIO U ITOJITHOTE

ITonnoe cooTBeTCTBHE
3TaJOHHOMY OTBeTY — 1
Oarmt

CooTBeTcTBHE 001ICH CYyTH
stajgoHHoro oteera — 0,5
Oama

Bce ocranpapie cyyan — 0
0aJoB

[Ipouent OrneHnnBaeMble OrneHka

pe3yIbTaTUBHOCTH KOMITETeHIINN bamn (ormetka) | BepOanbHbIid aHaOT
86 % - 100 % IK -1 5 OTJINYHO
71% -85 % 4 XOPOIIO
51 % -70% 3 YJIOBJIETBOPHUTEIHLHO
0% -50 % 2 HEYJIOBJIETBOPUTEIEHO

2.2. YCTHBIN AO0KJIAJ € IPe3eHTaAluel

Yemuvui 0ooknao — 31o cooOuienne B TeyeHne 10 MHH, B KOTOPOM CTYAEHT B JIAKOHHUYHOU
(dbopMe OJIKEH U3JI0KUTh MaTepual Mo COOTBETCTBYIOIIEH TeMe, MPUIEPKUBASICh CIIETYIOIIErO
IUIaHA: BBEJCHME, OCHOBHAs 4acTh, 3aKiloueHue. Jlokiaa compoBOKIAAETCs IpPE3EHTaLUeEH,
OTpakarollled OCHOBHBIE IOJIOKEHUS IO COOTBETCTBYIOIIEH TeMe, BKJIIOYAIOIIeH HarisiHble
MaTepHaibl (CXeMbl, Tabuuiel, GpoTo 1 T.4.). Ilo OKOHUaHMM JTOKJIaa CTYAEHTY 3a/lal0T BOMPOCHI,
KaK TperojaBaTeib, TaK M CTYACHTHI, HA KOTOPbIE JOKJIAAUMK JOJDKEH AAaTh HCUYEPIIbIBAIOLINE
OTBETHI.

Pexomenoayuu no noocomoske npezenmayuu.
[Ipesentanuun — cnoco0 mpeacTaBieHus WHPOPMAlMU, coYeTaromuii B cebe TeKcT,
TUIEPTEKCTOBBIE CCHUIKHM, KOMITBIOTEPHYIO aHUMAIHIO, TpaduKu, BUJEO, My3bIKY U 3BYKOBOU psij,
KOTOpBIE OPTaHU30BAHBI B €IMHYIO cpeny. IIpe3eHTanust uMeeT CTpyKTypy, OPraHU30BaHHYIO IS
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ynobHoro Bocupusatus nHGopMmanuu. OTIHMIUTETEHON 0COOCHHOCTHIO MPE3CHTAIUH SBISIETCS €€
MHTEPAKTUBHOCTb, TO €CTh CO3/1aBaeMasi JUIsl I0JIb30BaTelsl BO3MOXHOCTh B3aUMOJECHCTBUS Yepes
2JIEMEHTHl yrpaBieHus. [Ipe3eHTanuss Bceraa COCTOMT M3 JBYX OCHOBHBIX KOMIIOHEHTOB:
nH(pOpMaLIUK, KOTOPYIO BBICTYMAIOIIUNA XOYET TOHECTHU IO ayAUTOPUU, U MaHEPhl HU3JI0KECHHUS.
Hanucanupiii Ha Oymare TeKCT momoraet 0oJiee YeTKO U MOCIIEA0BATENbHO U3JI0KHUTh MaTepHall.
IIpesenrtanuu o60buHO gematoT B PowerPoint, B Impress, nu6o B Acrobat. JKemarenbHo
NIPUACPKUBATHCSA IPUHIMUIIA: OAVH CJIAMJI - OHA MBICIb. TUTYJIBHBINA CIAi] AOJDKEH COIEpXKaTh
Ha3BaHME Mpe3eHTaluu, e€ aBTOpa, KOHTAaKTHYI0 uHopMainuio aBTropa. Ha BTOpoM craiine
OOBIYHO TIPEJCTAaBIICH IUIAH MPE3EHTALWH, OCHOBHBIC pa3/eibl WM BOMPOCHL, KOTOphIe OymyT
paccMoTpeHbl. OCTanbHBIE CIIAWIBI HY>)KHO CTPOUTH IO MOJENU: TE€3UC - apTyMEHTHI — BBIBOJ.
BrIBo/BI Beera JOMKHO OBITH JTAaHBI SICHO W JIAKOHUYHO HA OTIENbHOM criaiize. [Ipeanocneamii
Claiil JOJDKEH cojepxkaTb HHGoOpManuioo 00 HCIONb30BAHHBIX HCTOYHHKAX JIMTEPATYPHI,
UHTEpHET-pecypcax. [locneanmii cimaii MOXET TOBTOPSATH TUTYIBHBIA C Ao0aBieHHEM (pa3bl
«Cnacubo 3a BHuManue!» Ha cnaiifpl JOKHBI MOMACTh TOJBKO CaMmble BaXKHBIE TE3UCHI U
JaHHbIe, a TaKXke rpaduyeckuii Marepuan: IuarpamMMmbl, puUcyHKH, ¢ortorpaduu. Crapaiitech
JieNlaTh CIIaiIbl Ha OJHOPOIHOM CBETIIOM (OoHE ¢ OoJjiee KOHTPACTHBIM TeKcToM. KimtoueBsie cioBa
B MPEIJIOKEHUU JIYYIe BBIICISITh KAPHBIM MIPU(TOM KM IBETOM. TEKCT MHIIUTE KPYITHO,

IIJIOTHO Ha6paHHBII>i TCKCT CJIOKHCC BOCIIpUHHUMACTCA.

TeMbI 1O0KJIa10B

OCHOBBI CHHTETHYECKOM OMOJIOTHHU: OTJINYME OT TE€HHON MHXCHEPUU
MeTtoauka co3qaHusi CHHTETHYECKHX T€HETUYECKUX CXeM

Crannaptuzanusi OMOJOTHYECKUX KOMIIOHEHTOB: poiib BioBricks
Ucnons3oBanue CRISPR/Cas9 B cunTeTH4eckoi 61onoruu

JIHK kax mporpaMMHupyeMblii HOCUTEb HHPOPMALIUN

Coznanue CUHTETUYECKMX MUKPOOPTaHU3MOB JJIsl TPOU3BO/ICTBA JIEKAPCTB
HckyccTBeHHBIE KIETKU: OT TEOPUH K MTPAKTUKE

BbuoceHcopsl HOBOTO MOKOJIEHUS HA OCHOBE CHHTETUYECKUX CUCTEM
buoronanBo u3 cuHTETHYECKH MOANGMUIIUPOBAHHBIX OPTaHU3MOB

0. CuHTreTH4eckue opraHu3Mbl B 00pb0€E ¢ 3arpsi3HEHNEM OKPYKAIOIIEH CPeIbl

11. Tlepconanu3upoBaHHAs MEIUIIMHA U CHHTETUYECKasi OMOIOTHS

12. mMyHOTEpanus paka ¢ TOMOIIbIO CHHTETUYECKUX T-KIeTOK

13. Cunternyeckas 6uosorus B pa3paboTke BakiuH (Hanpumep, nmpotus COVID-19)
14. T'enernueckue ey JJIsl KOHTPOJS M TepPaiy XPOHUYECKUX 3a00eBaHUI

15. MukpoOnom 1 CUHTETHYECKas OMOJIOTHS: BOZMOXKHOCTH BMEILIATENbCTBA

16. Dtuueckue mpobIeMbl CO3JaHUS UCKYCCTBEHHOM KU3HU

17. BuobOe3omacHOCTE U OMO3AINTAa B CHHTETUYECKON OMOJIOTHHA

18. I'ennble apaiiBepbl U UX MOCIEICTBUSA I SKOCUCTEM

19. Bynymiee cHHTETHYECKOH OMOJIOTHH: KOHTPOJb HITH Xaoc?

20. TIpaBoBO€ perynupoBaHHe CHHTETHYECKONH OMOJIOTHH B PA3HBIX CTpaHaxX

21. Vcrionb30BaHWE CHHTETHUECKON OMOJIOTHH B KOCMOCE: KU3Hb Ha Mapce

22. buonorudeckue KOMIBIOTEPHI U JorHdeckue 1enu Ha ocHoe [JJHK

23. B03MOXXHOCTH CHHTETHUYECKON OMOJIOTHH B CO3J[aHMH UCKYCCTBEHHOTO MHTEIUICKTA
24. CuHTEeTHYECKHE OPTaHU3Mbl KaK OCHOBA OMOMH)KEHEPHOTO CTPOUTENHLCTBA

25. KoHcTpynpoBaHHEe HOBBIX ()OPM KH3HH: TPAHHIIBI BO3MOXKHOTO H JIOITYCTHMOTO
26. «bynymiee CHHTETHYECKONH OMOJIOTHI

BoOoo~Nooa~wONE
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KpuTtepun oneHUBaHNs YCTHOIO 10KJIa/1a C MPe3eHTalueH

OneHka JAoKIaza OCYILECTBJIACTCS B COOTBETCTBUE CO CIEAYIOIUUMH KPUTEPHIMMU:
YETKOCTh U3JIOKEHHUS OCHOBHBIX 3JIEMEHTOB; TIOHMMAaHUE W3y4yaeMoi MpoOIeMbl U METOI0JIOTHH;
YMEHUE BBIABIIATh CUIIBHBIE CTOPOHBI U HEAOCTATKU M3JIOKEHHBIX B HAy4YHOH JIMTEpaType TEOPUH
U HCHOJb30BAHHBIX  METOAOJOTMYECKMX  IOJIXOAOB;  BIaJ€HHE  MPOo(decCHOHATBHON
TEPMUHOJIOTMEN; YMEHHME OTBEYATh HA BOIIPOCHI ayIUTOPHH.

Kpurepuit OrieHuBaeMbIe Orenka
KOMIIETEHLIUU
Tema packpeiTa IMOJTHOCTHIO, TIPOAHATM3UPOBAHO OTJIUYHO
COBPEMEHHOE COCTOSIHHE BOIIPOCA; CTYACHT CBOOOJHO BJaaeeT IIK-1
MaTepHayioM, H3JaraetT ero JIOTHYHO, ITOCIICIOBATEIBHO,
JIAKOHHMYHO, XOPOIITAM HAyIHBIM SI3BIKOM. Jokman

COIIPOBOXKAAETCA IPE3CHTALUEH, KOTOpas COCTaBIE€Ha C
cobmoaeHreM o0mux TpeboBaHUH O(OPMIICHUS, COIEPKUT
CCBUIKM Ha IpUBEICHHBIE (POTO, PUCYHKH, cXeMbl U T.A. [lpu
00CYXJIEHUH CTYJEHT JIEMOHCTPHPYET NMOHHUMAaHUE H3ydaeMOu
npoOJIeMbl U METOAOJIOTUN HAYYHOTO HCCIICIOBAHUS, BIaleHHe
mpo(hecCHOHANPHON TEPMHUHOJNOTHEW W YMEHHE TPaMOTHO
OTBEYATh Ha BONIPOCHI AYAUTOPHHU.

Tema packpbITa, TPUBEACHO JOCTATOYHOE KOJIUYECTBO XOpOILIO
MaTepuana, HO MpHU 3TOM MaTepuasl B HEJAOCTATOUYHOM CTENeHU
NPOAHAIM3UPOBAaH  aBTOPOM.  lMeroTcs  Hemo4yeTel B
oQOpMIICHNH TIpe3eHTAlMM WJIM TPE3CHTAlMsi HE B ITOJHOW
CTETIEHH COOTBETCTBYeT oOmmM  TpeboBaHusaM. OTBeTHI
CTYAE€HTAa Ha BONPOCHI HE SBIISIOTCS HCUYEPIBIBAIOIIUMH H

ApryMEHTHPOBaHHBIMH.

Tema packpblTa He IIOJIHOCTBIO, MaTepual He YIIOBJIETBOPUTEI
MPOAHAIM3UPOBAH, CTYJIEHT I[IOKa3bIBAaeT IOBEPXHOCTHBIE BHO
3HAHUSL. [Ipe3enTanus YaCTUYHO COOTBETCTBYET

YCTaHOBJIICHHBIM TpeOoBaHusM. Ilpu o00CyXIeHUM JOKIana
CTYJICHT JaeT HeMPABWIbHBIC WM UCUYEPITBLIBAIONINE OTBETHI.

Tema He packpbiTa, NpPUBEACH CKYAHBIH 00BeM HEY/IOBJIICTBOPH
MaTepuana; Mpe3eHTAlusl OTCYTCTBYET WM HE COOTBETCTBYET TEJILHO
TpeOoBaHusIM. [Ipu 0OCYX)A€HHMM IOKJIaaa CTYJEHT HE Jaer
OTBETHI MJIU OHU HE COOTBETCTBYIOT BOIIPOCAM.

2.3. Bonipochl 1151 TeKylIero KOHTPOJIst
1. Yro Takoe cMHTeTHYeCKas OuoIorusi?
Omeem: CUHTETHYECKAsE OMOJIOTHS — HTO HOBas MEXKIUCIUITMHAPHAS 00J1aCTh, KOTOpas
00bEeTUHSICT OMOJIOTHIO, HH)KEHEPHBIC HAYKH, WHPOPMATUKY M XUMHIO JUIS CO3JIaHUS U
MPOrpPaMMHUPOBAHUS HOBBIX OMOJOTHUECKUX CUCTEM M OpraHu3MoB. B otnuune ot
TPaAUIIMOHHON OMOJIOTHH, OHA CTABUT IIEJIbIO HE TPOCTO U3YUYECHHE KUBOTO, 2 AaKTUBHOE
MPOSKTHPOBAHKE U CO3aHNE OMOCUCTEM C 3aJIAaHHBIMUA CBOHCTBAMH.

2. UYem cuHTeTHYECKAsI OMOJIOTHSI OTJIMYAETCS OT reHHON WHKeHepun?
Omeem: I'eHHAs UH)XEHEPUS — ITO METOJI BHECEHHSI U3BMEHECHHI B OTAEJIbHBIE T€HBI I
TeHOMBI JTst Mo uKanu oprann3MoB. CHHTeTHYECKast OMOJIOTHS KE OMMMPASTCS Ha
WH)KEHEPHBIC PUHIIUTIBL: CTAaHAAPTU3AINI0, MOAYJILHOCTh M CUCTEMHBIN MOX0/T, YTOOBI
CO3/1aBaTh CJIOKHBIE U TIPE/ICKa3yeMble OMOCUCTEMBI 3 CTAaHAAPTU3UPOBAHHBIX YaCTEH
(6buouacreii).
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3. Yro Takoe BioBricks?
Omesem: BioBricks — cranmapTu3oBaHHbIE OMOIOrHYECKUE YacTH (HapUMeEp, IPOMOTOPEI,
T'eHBI, TEPMUHALIMOHHBIC CUTHAJIBI), KOTOPBIE MOXKHO JIETKO KOMOMHUPOBATH B PA3ITHYHBIX
MOCJIE0BATEIBHOCTSIX VISl TIOCTPOCHUS CIIOKHBIX TeHETHYECKUX 1enedl. OHU UMEIOT
CTaHJAPTU3UPOBAHHBIC CANTHI PECTPUKIMHU, YTO YIPOLIAET COOPKY.

4., Kakue 0CHOBHbIE€ IPUHUIMIIBI CHHTETHYECKOI Onotorumu?
Omeem:

e MooynvHocmb: OUOCUCTEMBI CTPOSITCS U3 B3aMMO3aMEHSIEMBIX MOAYJIEH (JacTeit).

e Cmanoapmu3sayus: 9acTd UMEIOT CTaHAAPTHHIE pa3Mepbl U MHTEP(ENCHI s JIErKon
cOOpKH.

e Obpamnas c653b. UCTOJIb30BAHUE PETYISATOPHBIX CXEM Il KOHTPOJIS M CTaOMIM3aLUuH
paboThI CUCTEM.

5. Yto Takoe reHeTu4eckuii «rymoJaep» (toggle switch)?
Omeem: DTO TEeHETUYECKAs CXEMa, COCTOALAs U3 ABYX '€HOB, KOTOPbIE B3aUMHO MOJABIISIOT
IKCIIPECCHIO IPYT Jipyra. Takas cxema MOKET HaXOJUThCS B IBYX CTAOMIIBHBIX COCTOSTHUSX
(manpumep, skcnpeccus reHa A win reHa b), nepexitouasich 1o Bo31eiCTBUEM BHEIIIHETO
CUTHaJa, YTo JeNaeT e€ aHajIoroM JBOMYHOTO MEepeKIToYaTes.

6. HazoBure 1Ba ocHOBHBIX MeToAa cuHTe3a JIHK B cmHTeTHYECKOH OMOJIOTHH.
Omeem:.

e Gibson Assembly — meron 6e3 pecTpukTas, px KOTOPOM (BparMeHThI C
MEPCKPLIBAIOIMUMHUCA KOHIIAMU COCIUHAIOTCA C IIOMOIIBIO 3K30HYKJICA3bI, I[HK'HOJII/IMCPEBI)I n
JIUTA3bI.

e Golden Gate Assembly — meton ¢ ucrionb3oBanueM pectprkTas tuma IIS, koTopsie
PEXKYT BHE CBOMX CalTOB, MO3BOJIsISE COOMPATh HECKOJIBKO ()parMEHTOB OJHOBPEMEHHO B
HYXHOH MOCTIEN0BATEIBHOCTH.

7. s yero ucnoiab3yercss CRISPR-cucrema B cuHTeTHUYECKOI OMoI0THM?
Omeem: CRISPR-Cas9 — MourHbIit HHCTpYMEHT /71l TOYHOTO PEaKTUPOBAHHS T€HOMOB. B
CUHTETUYECKOI OMOJIOTHH €ro UCTOIb3YIOT JIJIsl BHECEHMSI LI€JICHANPABICHHBIX MyTAallHii,
CO3/1aHUS T€HETUYECKUX JIpaiBEpOB, YIPABIECHUS IKCIIPECCUEN TEHOB U J1aXke JUIs
JTUArHOCTHKU UH(EKITUH.

7. 4Yrto TaKoe MUHUMAJILHBIN reHoM?
Omeem: MUHUMAaNbHBIA TEHOM — 3TO HA0Op T€HOB, HEOOXOAUMBIN U TIOCTATOUHBIH JIJIs
YKUA3HEIEATEIIbHOCTH KJIETKU B KOHTPOJIMPYEMBIX YCIIOBUAX. MccnenoBanne MUHUMAaIbHBIX
T€HOMOB ITOMOTACT IMOHATH OCHOBBI )KU3HU U CO31aTh I/ICKyCCTBeHHI)IC KJICTKH.

8. Kakue MHUKPOOPraHU3MbI Yall€ BCEro UCIOJbB3YIOTCH B KAY€CTBE XO0CTOB /IJIAA
CHHTETHYECKHX CHCTEM?
Omeem: Escherichia coli u agposxoxu (Saccharomyces cerevisiae) — kiraccudeckne MOIEIH,
TaK KaKk OHU OBICTPO PaCTyT, XOPOUIO U3YYEHbI U UMEIOT MHO>KECTBO HHCTPYMEHTOB JIJIS
TeHEeTHUECKOU MO,Z[I/I(I)I/IKaI_II/II/I.

9. UYro Takoe 6mocencop?
Omeem: bruoceHcop — yCTPOUCTBO, KOTOPOE HCIOIb3yeT OMOIOTHIECKHI KOMITOHEHT
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(Hanpumep, GepMEeHT, aHTUTENO, PEIICHTOP) AJIsi OOHAPYKEHUS ONPeIeIEHHBIX BEIECTB,
npeBpariasi OMOJIOTUYECKUM CUTHAT B U3MEPUMBIN JJICKTPUYECKUHN MIIH ONTUYCCKUNA OTBET.

10. Kakue ocHOBHBbIE 3TANbI IPOEKTHPOBAHUA OHOCEHCOpa?
Omeem:.

e  Bribop 6uonoruueckoro peuenTopa, KOTopblii cieuGUuHO CBSI3BIBACTCA C I[EJIEBBIM
BELIECTBOM.

o  KoHcTpyHnpoBaHUE T€HETHUYECKOM CXEeMBbl, KOTOpas Oy/IeT pearupoBaTh Ha CUTHAI
CBSI3bIBAHUS.

° TGCTI/IpOBaHI/Ie " ONITUMU3al A YYBCTBUTCIBHOCTU U CHCLII/I(I)I/I‘-IHOCTI/I.

12. Yrto Takoe MeTadoInuecKasi HHKeHepus?
Omeem. Metabonndeckas HHXEHEPUS — 3TO U3MEHEHHE METa0OINYECKUX IMyTeil
MUKPOOPTaHU3MOB JJI YBETUUCHUS TPOU3BOACTBA MOJIE3HBIX BEUIECTB, HAITPUMED,
OMOTOIIINBA, JIEKAPCTB WU MUIIEBBIX 100aBOK.

13. Yrto Takoe MUKPOOHbIE KOHCOPLUUYMbI?
Omeem: D10 cOOOIIECTBA PA3IUYHBIX MUKPOOPTAaHU3MOB, KOTOPbIE B3aUMOJICHCTBYIOT JIPYT C
JIPyroM, OOMEHHUBAIOTCSI META0OIMTAMU U COBMECTHO BBIMOJIHSIOT ()YHKIIUH, HEBO3MOXKHbBIE
JJ11 OAUHOYHBIX IITAMMOB.

14. Ha3oBHuTE OCHOBHBLIE KOMIIOHEHTHI CHHTETHYECKOH L€ OHOCHHTE3a
AHTHOHOTHKA.
Omeem: B uenb BXOJAT T€HBI, KOAUPYIOMIKUE (DEPMEHTHI, KaTaTU3UPYIOITUE
MOCJIeIOBATEIbHBIC IIard CHHTE3a AHTUOWOTHKA, PETYIISTOPHBIE 3JIEMEHTHI, 00€CTICUNBAIOIITIE
KOHTPOJIb SKCIIPECCUH, U TIEPEHOCUUKH ISl BBIBEJICHHS MPOIYKTA.

15. Kakue 3a1a4u pemialoT HCKYCCTBEHHbIE KIEeTKU?
Omeem: VIcKkycCTBEHHBIE KJIETKH MOTYT CIIYKHTh MOAENSMU AJIsl U3YUYCHUS KU3HHU,
HOCHTETSIMU JIEKapCTB, OMOPEaKTOPHI AJIsi CHHTE3a BEIIECTB, HIJIM UCIIOIB30BaTHCS B
OMOCEHCOPUKE.

16. Yro Takoe CAR-T Tepanus?
Omeem. CAR-T — 510 MeTOA NeueHus paka, B KOTOpoM T-muMdonuTh marenTa
TeHETHYECKH MOAU(PHIUPYIOT, TOOABIISS PEUENTOPHI, KOTOPBIE Y3HAIOT H YHHUYTOXKAIOT
PaKoBbIE KIIETKH.

17. Kakue 3TM4YecKHe BONPOCHI BO3HUKAIOT B CHHTeTHYeCKOH Onoiornu?
Omeem. D10 0€30MaCHOCTh CO3/IaHMsI HOBBIX OPraHU3MOB, BO3MOKHOE BO3/I€HCTBHIE Ha
9KOJIOTHIO0, BOIPOCH! OMOITHKH, CBA3aHHBIE C TEHETUYECKUM BMEIIATEIbCTBOM B )KHBBIE
OpraHnu3MbI, a TAKXKC

18. Kak OmouH(popMaTHKA CBSI3aHA C CHHTETHYECKOIi Onoiorueii?
Omeem. buonHpopmaTtuka — 3T0 0071aCTh HAYKH, KOTOpask 3aHUMAETCS aHAJIU30M
OMOJIOrMYECKHUX JaHHBIX (T€HOMOB, 0elKOB). B cuHTeTHUeCcKoil OMOJIOrUK OHA UCTIONIb3YEeTCS
JUIS IPOEKTUPOBAHUS KOHCTPYKIIMM, TIpe/IcCKa3aHus pabOThl CUCTEM M aHAIM3a MOJYyYEHHBIX
pe3yJIbTaTOB.

19. Yro takoe crangaptbl RFC B cunTeTH4yeckoii 6uosornu?
Omsem: RFC (Request for Comments) — ¢opmarsl 1 npaBuia sl ONMHCAHHUS,
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JOKYMEHTUPOBAHHS 1 00MEHa OMOJIOTUYECKHUMHU YaCTsIMH, TTO3BOJISIONINE CTaHAAPTH3UPOBATh
WH(pOPMAIHIO B YIIPOIIATh COBMECTHYIO pabOTy HCClIeIoOBaTECH.

20. Kak pa6oraer meron Golden Gate Assembly?
Omeem: DTOT METOJI UCIIONB3YET pecTpukTasnl Tumna IS, koTopeie paspezator [JHK BHE cBOMX
CaiTOB paclo3HaBaHUs, YTO TO3BOJIIET TOYHO COOPATh HECKOIBKO (PPAarMEeHTOB B HY)KHOM
MOPSIAKE 33 OAVH 3TaIl JUTUPOBAHUS.

21. Yto Takoe OMOKOMIbIOTEPHI?
Omeem. BHOKOMITBIOTEPHI — 3TO CUCTEMBbI, OCHOBAHHBIC Ha OMOJIOTHUYECKUX MOJIEKYJIax
(JIHK, PHK, Genkax), KOTOpble ClIOCOOHBI BBITIOJIHATH JJOTHYECKHUE OTICPAIluU U 00padaThiBaTh
nHpOpMaIHIo.

22. UTo Takoe JUIMOCOMbI H KAK OHH CBSI3aHbI ¢ HCKYCCTBCHHBIMH KJeTKaMu?
Omeem:. JIMmmocoMbl — HNCKYCCTBCHHBIC ITY3BIPbKH M3 ﬂBOﬁHOFO CJI0s JIMIIN 0B,
MOACIIMPYIOIIUE KIICTOYHBIC M€M6paHBI. Hx HCIIOJIb3YIOT KaK 000JI0YKH HCKYCCTBCHHBIX
KJICTOK JJIs1 HHKAIICYJIAIUU 6I/IOMOJIeKy.]I.

23. Kakasi poJib peryJsiTOPHbIX 3J1eMEHTOB B FTeHETHYECKUX CXeMax?
Omeem: PerynsTopHbl€ 2JIEMEHTHI (IPOMOTOPBI, ONIEPATOPbI, SIHXAHCEPHI) YIIPABISAIOT
YPOBHEM M BPEMEHEM 3KCIIPECCUU T'€HOB, 00ECIIeurBas aJalTallui0 U TOUYHbIN KOHTPOJIb
paboThl OMOCHCTEMBI.

24. 1ns vero ucnoJn3yercs TinkerCell?
Omeem: TinkerCell — nporpammuoe obecrieueHue 11 BU3yaTbHOTO MPOCKTUPOBAHUS H
MOJIEIMPOBaHMS TEHETHYECKUX CETEH M CHHTETHYECKUX OHOIIOTMYECKUX CHCTEM C
BO3MOKHOCTBIO CUMYIISAIIUH UX JHHAMUKH.

25. Urto Takoe reHeTHYeCKUii ApaiiBep?
Omeem: T'eHeTHUECKUN ApaliBep — reHETUYECKUN FJIEMEHT, KOTOPBI 00ecrednBaeT
HACJIEeA0BaHUE OINPEICIICHHOTO I'€Ha B IOTOMCTBE C YaCTOTOW BBILIE, YEM ITPEyCMOTPEHO
KJIACCUUECKUMH 3aKOHAMH MEH/IeNIs1, YTO UCIIONIB3YETCsl 11l OBICTPOTO PACTIPOCTPAHEHUS
HY>KHBIX TPU3HAKOB B MOITYJISIUAX.

26. UYTo Takoe CTaHAAPTU3ALMSA B CHHTETHYECKOI OHOJIOTHM M OYeMYy OHA BaskHA?
Omeem: CTanaapTU3anys o3HayaeT co3/laHue YHU(PUIUPOBAHHBIX OMOJIOTHYECKUX YacTel ¢
YEeTKO OMMCAHHBIMU XapaKTEPUCTUKAMU U COBMECTUMBIMH MHTEpdeiicaMu, KOTOPbIE MOTYT
OBITH JIETKO COOpaHbI B CJIOXKHbBIE CUCTEMBI. ITO BaXKHO, IIOTOMY YTO IO3BOJIET YYEHBIM U
MHXeHepaM 0OMEHUBAThCS OMOYACTIMHU, TOBTOPHO UCIOIb30BaTh UX U MacIITAOMPOBATh
MPOEKTHI 6€3 He0OXOAUMOCTH KaX bl pa3 pa3padaTbiBaTh BCE C HYJIS.

27. Kakue npenMy1iecTBa 1al0T MUKPOOHbIe KOHCOPLMYMBI 110 CPABHEHHUIO €
UCNOJIb30BAHHEM OIMHOYHBIX IITAMMOB?
Omeem.: MUKpOOHbBIE KOHCOPLIMYMBI 00J1a/1at0T 60Jiee BBICOKON CTa0MIIBHOCTBIO U
(GYHKIIMOHATLHON THOKOCTHIO, TaK KaK Pa3Hble MUKPOOPTAaHU3MBI MOTYT CIIEIIHATU3UPOBATHCS
Ha pa3HBIX dTanax MeTaboyIn3Ma, MOAJIePKUBATh APYT APYra U alalTUPOBATHCS K M3MEHEHUSIM
cpeapl. DTO yBEIWYHBACT MPOTYKTHBHOCTh CHHTETUYECKUX MPOIIECCOB H MO3BOJISIET PEIIaTh
3aJ1auu, HeJOCTYITHBIE JUISl OT/IebHBIX OPTaHU3MOB.

28. B uyem 3akrouaercs npuHuun padorsl CRISPR-Cas cucreM M Kak OHH MOTYT
OBITH UCTOJIB30BAHBI VIS CO3/IaHUS TeHHBIX JApailiBepoB?
Omeem: CRISPR-Cas — 310 cucrema UMMyHHUTETa OakTepuil, ncnoib3yromias kopotkue PHK
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JUI paclio3HaBaHMsl U paspe3anus uyxxepogHoi [IHK. B reHHOl nH)XeHEepUH OHA IPUMEHSETCS
JUIS TOYEYHOTO peIaKTUpOBaHus renoMa. s cozmanus reHubix apaiisepoB CRISPR
HCIOJIB3YIOT, YTOOBI 00ECTIeUNTh HACIIEOBAHNE OMPEACIEHHBIX TCHETUYCCKIX U3MEHEHUH B
BBICOKOU MIPOMOPIIHUH, UTO YCKOPSIET PACIPOCTPAHEHHUE HY>KHBIX T€HOB B MOIMYJISILINH.

29. Kak 0HOKOMIIBIOTEPHI MOTYT H3MEHHTD MOAX0/ K PElIeHUI) BbIYNCIUTETbHBIX
3agaq?
Omeem. BUOKOMITBIOTEPHI HCITOJIL3YIOT OMOMOJIEKYJIBI JJIs1 BBITOJTHEHHSI JIOTHYECKIX
oreparuii u 06padboTku HHGOPMAIIUK TTAPaUIETHHO U C HEBEPOSITHON TUIOTHOCTHIO TAaHHBIX,
YTO TEOPETHUECKU MOXKET IIPUBECTH K CO3/IaHUIO BHIYHCIUTEIBHBIX CHCTEM C TOPA3JI0
MEHBIIIUM 3HEPronoTpedIeHneM 1 00JIbIeii OHOCOBMECTUMOCTHIO 110 CPAaBHEHHIO C
AJIEKTPOHHBIMU KOMITBIOTEPAMH.

30. Kakmue cymecTByIOT OCHOBHBIE MIP00JieMbl H BbI30BbI IPU CO3aAHUH
HCKYCCTBEHHBIX KJIETOK?
Omeem: OCHOBHbIE BBI30BBI BKIIIOUAIOT 00ECIICUEHNE YCTOMYMBOCTHU U KU3HECTIOCOOHOCTH
MCKYCCTBEHHBIX KIIETOK, TOYHOE BOCTIPOU3BEICHHE (DYHKIIHIA KHUBBIX KIJIETOK (HampuMmep,
peruMKanuu, Metabonnsma), KOHTPOJIb B3aUMOJICHCTBUS C OKPY KAIOIIEH cpeaoi, a Takxke
ATHUYECKHE U OE30MACHOCTHBIE BOIIPOCHI, CBSI3aHHBIE C BO3MOKHBIM BBIXOJIOM HCKYCCTBEHHBIX
KJIETOK B IPUPO.Y.

Kpurepun oneHuBanus padoThl CTyA€HTOB HA MPAKTUYECKUX 3aHATHAX

Kpurepuit OnenuBaeMblie Ornenka
KOMIICTCHIIMHN
CryneHT akTHBHO paboTaeT Ha 3aHATHSIX, OTJIIMYHO
JaeT MpaBUWIbHbIE OTBETHI. 11 MOArOTOBKH, KpOME IK-1

KOHCIIEKTa JIEKIIUH U PEKOMEHyEMOM JIMTEPATYPHI,
HCIIONB3YET JONOJHUTENBHBIC MATEPUAIIBL.

CryneHT akTHBHO paboTaeT Ha 3aHATHSIX, XOpoIIo
JAeT JOCTATOYHO TOJHBIE OTBETHI, TEMOHCTPHUPYS
XOpOILIYX0  IOATOTOBKY, OJHAKO IpU  3TOM
JIONTyCKaeT HeOOJIbIINE HETOYHOCTH.

CTyneHT OTBEYaeT Ha BOIIPOCHI, JOITyCKas yIOBIETBOPUTEILHO
OLIMOKU ¥ HETOYHOCTH.
CryneHt aer HEBEPHBIC OTBETEHI, HEYJIOBJIETBOPUTEILHO

IIOKa3bIBas OYCHb cna6y}0 IOATOTOBKY.

2.4. CuryauuoHHbIE 32124

Pemenne curyanmoHHBIX 3amad  (KelcoB) — 93To (opMa TEKyIIero KOHTPOJS
CaMOCTOSITENIbHOW PabOTHI CTYACHTA 10 CHCTEMATHU3aluu HH(GOPMAIMH B paMKaxX MOCTaHOBKH
WIN pelleHUs] KOHKPETHBIX mpobiem. CUTyallMOHHAs 3ajaya MpeAcTaBiseT coOoil omucaHue
CUTYaIluH, KOTOPYIO HaJl0 PEIINTh, OTBETHB Ha BOMPOCHI, HOCAIINE MPOOJIEMHBIN XapaKkTep H
(M7M) BBIMOJIHUB 3aJaHMs, KOTOPBIE JEMOHCTPUPYIOT C(HOPMHPOBAHHOCTh YMEHHUS PELICHUS
MPAKTUYECKUX 3aaHUM.

Kaxnas cutyaninoHHas 3agaya UMeeT CTPYKTYpY:

- OnucaHWe cuTyauuu (omucaHue NpoOJIeMbl), CBA3aHHOM ¢ Oyaymied mnpodeccrnoHalbHOM
JesITebHOCTbIO;

- BOTIPOC;

- OTBET, MOSICHEHHE

JInisi CUTYyallMOHHBIX 33aJaHWi OOBIYHO MOMOHMPAIOTCS HA3BaHUS, KOTOPBIE OTPAXKAIOT JIMOO
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OCHOBHOE COJIepKaHHe CUTYAINH, JTU00 pobeMy, Ha pelieHue KOTOPOH CUTyallus HalpaBieHa.

3anauya 1. 'enernueckuit TymoJ1ep (toggle switch)
Ycaosue:
Bbl mpoekTHpyeTe CHHTETHYECKYIO Iielb, B KOTOpOoi KieTtka E. coli MoxeT «mmepekiovaThes»
MEXIy NBYMsI CTaOMJIbHBIMU COCTOSIHUSIMH SKCIIPECCHH: T€H A BKIIOYeH / TreH B BkitoueH.
Ucnonb3ytores aa penpeccopa Lacl u TetR.
Bompoc:
Kaxkue cBsizu mexay Lacl, TetR u mpomoropamu oGecrieyat nmosenenue Tymonaepa?
OrBer:
I'en A xomupyer pemnpeccop Lacl, KOTOpbIii CBSI3BIBACTCS C OINEPATOPOM M IOJABIIACT
Tpanckpunuuio resa B. I'ew B xomupyer pemnpeccop TetR, KoTopelii, B CBOIO oOdYepens,
MOJaBIsieT HKcIpeccuto reHa A. Takas B3auMHas penpeccHs CO3/JaeT JBa CTaOMIBHBIX
COCTOSIHUS: TUOO aKTUBEH T'eH A | mojaBiieH reH B, nub6o Hao6opoT. IlepexmoueHrne Mexay
COCTOSIHMSIMH MOJKET ObITh BbI3BaHO mHAynepamu (Hanpumep, IPTG mns Lacl wnm aHummHOM
st TetR).
Hosicuenmue:
OTO KIIACCHMYECKHI TMpuMep OMCTaOWIBHON CHCTEMBI B CHHTETHYECKOW Omosiornu. B3ammnoe
Mo/IaBlieHuEe 00eCreYrBaeT yCTOMUYMBOCTh COCTOSIHUN M TIO3BOJISIET KIIETKE 3allOMHUHATH CBOE
COCTOSIHHE.

3agaua 2. buocencop Ha apceHar
Yciaosue:
Bam HyXHO co3aTh OaKkTepHalbHBIM CEHCOpP, KOTOPbI OYAET CBETUTHCS NPU HAIMYUH MOHOB
apceHaTa B BoJe. Bbl HaxonuTe mpuUpoHBIA IPOMOTOp arsR, akTMBHpyeMblil B IPUCYTCTBUU
apceHara.
Bompoc:
Kakoii reH cTouT noACTaBUTh 1101 KOHTPOJIb 3TOTO IPOMOTOpA /ISl BU3yaJIbHOM MHAMKALMU U
KaKOBa €ro poJjb?
Otser:
Hcnons3yercs red GFP, koTopslif kogupyet 3eneHslit GuryopecteHTHbIH 6enok. [Tox koHTponem
npoMoTopa arsR, akTuBHUpyeMoro nmpu HaJIM4YUKU HOHOB apceHara, skcrnpeccusi GFP no3Bosnser
BU3YaJIbHO OOHAPYKUTh 3arpsi3HEHNE — KJIETKA CBETUTCS 3€JIEHBIM.
IHosicnenue:
ITpomotop arsR perynupyercss Genkom ArsR, KOTOpBIM CBs3bIBaeTCs C MOHAMHU apceHaTa U
cHuMaet penpeccuro. [1ogo6HbIE OMOCEHCOPHI — YKOHOMHMYHBIN U OBICTPBIA CMOCOO JETEKIIUU
TOKCHHOB.

3agaya 3. YcToMYHMBOCTh K AHTHOMOTHKAM B KOHCTPYKTAX
Yciaosue:
Bbl coOupaerech MCHOIB30BaTh JABa IUIa3MHUIHBIX KOHCTPYKTAa B OJHOM KIIETKE, KaXKIbIH C
pasHbiMH OnodacTsiMu. O0a HECYT MapKep YyCTOMYMBOCTH K aMIULWILIIHHY.
Bomnpoc:
YT0 MOKET IOWTHU HE TAK, U KAK 3TO UCIIPaBUTh?
Orser:
Hcnoab3oBanne 0MHAKOBOIO Mapkepa ycroiunBocTd (AmpR) Ha ABYX Iuta3Muaax MpUBEAET
K HEBO3MOXKHOCTH OTOOpaTh KIJIETKH, Hecyliue o0e ruiasmMuabl. [Ipu KynbTHBHpOBaHUM Ha
aMIULWIINHE BBl HE CMOYKETE OTJIMUUTH KJIETKM C OJHOM IUIa3MHUAOW OT KIETOK C ABYMS.
Pemenne — wucnonb3oBaTh pazHble YCTOWYMBOCTH, Hampumep, AmpR Ha omHOl 1uiasmuzae u
KanR (kanamunun) Ha Apyroi.
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IHosicuenmne:
Kaxxnas mmazmua mopKkHa UMETh YHUKAIBHBIH Mapkep O0TOOpa Il KOHTPOJISI IPUCYTCTBHS U
MoJJIep>KaHusl 00euX KOHCTPYKIUN B KIIETKE.

3agaua 4. [IpodJiema Kpocc-peryasiuun
Ycaosue:
Bbl ucnonp3yere 1Ba MpoMOTOpa, aKTUBUPYEMBIX IBYMS pa3HBIMU WHAYKTOPAMH: apaOMHO30U U
nakTo30il. Ho skcrpeccus BTOporo reHa akTHUBUPYETCS Aa)Ke MPH HAIWYUHM TOJBKO IEPBOIO
MHIYKTOpA.
Bomnpoc:
KakoBa Bo3MOXxHasi MpUYMHA U KaK YCTPAHUTh TTPooIeMy?
OTser:
[TpoMoTOpBI apabUHO3BI U JIAKTO3BI MOTYT 00J1a/1aTh HEUICATbHOHN CICIIM(PUIHOCTHIO I UMETh
¢donoByro (leaky) skcmpeccuto. Eciam akcrpeccuss BTOPOro reHa akTHBUPYETCS IMPU MEPBOM
WHAYKTOpE, 3TO 3HAYMT, YTO-JIMOO MPOMOTOP HEJOCTATOYHO CHEIU(HUEH, JIMOO HHIYKTOPHI
B3aMMO/JICHCTBYIOT ¢ 000MMH peryisitopaMu. YToObl YCTPaHUTh TPOOIIEMY, MOXKHO:
e 3aMEHHUTH IPOMOTOPHI Ha OoJiee criennUIHbIE aHAIOTH;

e MCIIOJIb30BAaTh PCIIPCCCOPLI JJIA ITOAAaBJICHUA HeXeaaTelIbHON OKCIIPpECCCUU,
e OIITUMU3HUPOBATH KOHIUCHTPAIUU UHAYKTOPOB.

IlosicHenmue:
TO‘IHaSI peryﬂ;[um[ — KJIIO‘-IGBOfI MOMCHT B CUHTCTHYCCKHUX CXEMaXx. KpOCC-per.IDHII/Iﬂ CHHMXACT
TOYHOCTh pabOTHl OMOJIOTUYECKUX BEHTHIICH.

3amga4da 5. Ucnoab30BaHHeE JJOTHYECKHX BeHTHJIEH
YcaoBue:
Bbl npoektupyere cxeMy, B KOTOPOHl LEJIEBOM I'€H JIOJKEH IKCIPECCUPOBATHCS TOIBKO MPU
HaJU4HUH JIBYX MOJIEKYT: A u B.
Bompoc:
Kaxoit torudyecknii BEHTUIIb CHHTETUYECKON OMOJIOTUM BaM HYXEH, U KaK OH peaiu3yeTcs?
Orser:
Jljig sKcTpeccuy TeHa TOJIBKO MpU Halnuuuu ABYX Mosiekyn A u B Hyxen AND-BenTmib. Ero
MOYKHO PEAIM30BaTh YEPE3 IBYXYPOBHEBYIO CUCTEMY: HAIIPUMED, MEPBBIM UHAYKTOP AKTUBUPYET
TPaHCKPUIMIIMOHHBINA (PAaKTOp, KOTOPBIM HYKEH AJIsi AKCIPECCUU BTOPOTO, a BTOPOH HHIYKTOP
aKTUBUPYET APYroi pakTop, BMECTE OHM 3aIlyCKAIOT TPAHCKPUIILIMIO 1IEJIEBOTO IreHa.
IHosicnenue:
AND-BenTmiib — (QyHIaMEHTANbHBIA JJIEMEHT CHHTETUYECKOW OWOJIOTHH, MO3BOJSIOMINN
CTPOUTH JIOTUYECKUE CXEMBI U3 OMOIOTHYECKUX YacTeH.

3agada 6. MUHNMAJIBHBIA T€eHOM
YcaoBue:
B npoekTe co3naHus CUMHTETMYECKON KIIETKH Bbl XOTUTE MUHUMHU3UPOBATH KOJIMYECTBO I'€HOB.
[Tocne ynanenns 15% reHoB kieTka rmepecraia JIeTUThCS.
Bompoc:
Kaxoit Tun renoB, ckopee Bcero, ObLT yajieH, i Kak 9TO ONPEICTUThH?
Otger:
[Tocne ynmanenust 15% TEeHOB KJeTKa MepecTana NETUTHCSA, 3HAYUT ObUTM YHAJICHBI KU3HEHHO
Ba)KHBIE T€HBI, 4aCTO OTHOCsIUECS K «housekeeping» — oTBeTcTBeHHBIM 3a peruukaiuio JJHK,
TPAHCKPUIIIINIO, TPAHCISAIHUIO M KJIETOYHBIN ITUKJI. BBISBIEHHWE TaKMX T€HOB BO3MOXHO UYepe3
CPaBHHUTEIBHBINA aHAIHM3 C U3BECTHBIMU MUHUMAIBbHBIMU TeHoMamu, Hanpumep, JCVI-syn3.0, u
ononH(popMaTuueckue 0a3bl JaHHBIX.
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IHosicuenmne:

MuHUMaNbHBIE TEHOM — 3TO HA0Op TEHOB,

KOHTPOJIMPYEMBIX YCIOBUIX

3apaua 7. dTnyeckuii BbIOOP

YciaoBue:

HEOOXOIMMBIA s JKU3HH KIETKH B

CryneHueckasi KOMaHJa MpEAaracT MCIOJIb30BaTh T€HHO-MOAU(DHUIMPOBAHHBIC IPOXIKH IS

MIPOU3BOJICTBA MOpGUHA B TAOOPATOPHH.

Bompoc:

Kakue sTudeckue U peryisaTopHble BOIPOCHI HEOOXOJMMO PacCMOTPETh Mepes peanu3anueint

npoekra’?
OTtBert:

[Tpu ucnonp3oBannu ['MO 1 ipor3BoicTBa MOp(hHHA HEOOXOANMO YUECTh:
e Pucku 3noynorpebienust u OuoTeppopusma;

o CoOTBETCTBHE 3aKOHOAATEILCTBY U YBEIOMJIIEHUE PETYJIUPYIOLINX OPraHoB;

e Ob6ecnieuenne OM0OE30MacCHOCTH U KOHTPOJIb HaJ pacnpoctpaneHuem 'MO;

o DTHYECKHUE BOITPOCHI, BKIIKOYasa HHq)OpMHPOBaHHe M COTJIACOBAaHHE ¢ DTUYECCKUM KOMUTCTOM,

. Pa3pa60TKy CUCTCM KOHTPOJIA SKCIIPECCHUMH, YTOOBI HCKIIIOYUTH HCKOHTPOJIHNPYEMOC

IIpOU3BOACTBO.

IlosicHenmune:

OTHKA M PEryJslus — BaKHEHIIass COCTaBJISAIONIAsl CHHTCTHYECKONH OMOJIOTHH, OCOOCHHO MpHU
paboTe ¢ BelecTBaMu C BHICOKOM CTENEHBIO PHCKA.

KpnTepml OLICHKHU pEIICHUSA chyalmormoﬁ 3agaau

Kpurepun

OreHnBaeMbIe
KOMIIETEHIIU

OreHka

bann

OrMeTka

CurtyannoHHas 3a/1a4a BBIIIOJIHEHA
MPaBUWJIBHO C ONPEICIICHUEM
HeOOXOIMMBIX ITOKa3zaTeaeh. He
JIONYCKAIOTCS HETOYHOCTH B OTBETAX HA
BOIIPOCHI, ONPEIECIICHUH TTOKA3aTeIen U
pacuerax

CuryannoHHas 3a7a4a BbIIIOJIHEHA
npaBUIbHO. Jlomyckarorces HeOobIINe
OTKJIOHEHHS B OTBETaX Ha BONPOCHI K
CUTYAIIMOHHOM 3a/1a4e.

CuryannoHHas 3a7a4a BbIIIOJIHEHA
MIPaBUIIBHO. J{ONyCKarOTCsI HETOYHOCTH
B OTBETAax Ha BOIPOCHI K 3a7a4e, K
OLICHKE CUTYAllUH U ONPEACIICHUN psia
[1apaMeTPOB B 3aJaHUU.

Pemenue cutyainOHHOM 3a71a4u HE
MPaBUJIBHOE, OTBETHI OTCYTCTBYIOT WUJIU
CUTyallHOHHAs 3a/1a4a 10 BCEM
IapaMeTpaM BBIITOJIHEHA HEBEPHO.

[1K-1

10

OTJIMYHO

9-8

XOPpOLIO

YAOBJICTBOPHUTCIBHO

4n
MEHBIIIE

HCYAOBJICTBOPUTEIIb
HO

18



3. OnleHOYHbIE MAaTepHaJIbl, HCNIOJIb3yeMble NP NPOBeIeHNH
MPOMEKYTOYHOM aTTecTanuu (3a4er)

K 3adery momyckaroTcs CTYAEHTHI, BHINOJHUBIIKE B ITOJHOM O00BEME ayJUTOPHYIO HArpysKy,
CaMOCTOATENIbHYIO PabOTy, YCIIEIIHO CHABIINE BCE MPEIyCMOTPEHHbIE (OPMBI TEKYILEr0 KOHTPOJIS.
CTyzneHTbl, HMEIOUIME 33J0JDKEHHOCTh M0 TEKYIIEMY KOHTPOJIO, [OJDKHBI BBIOJHUTH BCE
o0s3aTeNbHBIC BUBI JCATEIBHOCTH 1O Y4eOHOMY IUIaHy, M TOJBKO 3aTe€M JIOIYCKAarOTCS K cjaade
3aJera.

3ayet npoBOIUTCS B (hOpME TECTUPOBAHMSA.

SanaHnﬂ AJIA TECTUPOBAHUA

I. TecToBble 3aJaHNUsl HA YCTAHOBJICHHE COOTBETCTBUS

3aganme 1

Ilpouumanime 3adanue u K Kajicoou no3uyuu, OaAHHOU 6 JesoM cmoadbye, noodepume
COOMBEMCMEYIOWYI0  HO3UYUIO U3 NPABO2O CIOIOYA:

YcranoBUTE COOTBETCTBUE MEKAY IKCIEPUMEHTAJBHBIMUA METOAAMM U MX HA3HAYECHHEM |

Meton Ha3nauyenune

A. Dnextpodopes 1. Paznenenne JIHK/6enkoB mo macce

B. TP 2. Ammmmdukanus pparmentoB JJHK

C. Mukpockornus 3. Busyanu3zanus KJI€TOK U OpraHesl

D. CexBennpoBanue 4. OnpeneneHue HyKICOTHIHON
TIOCJICIOBATEIIbHOCTH

3anummre BIOpaHHBIE HU(PHI IO COOTBETCTBYIOIIUMU OyKBaMH:

A B C D

IIpaBUIBLHBINA OTBET

A B C D
1 2 3 4
3aganue 2

Ipouumatime 3a0anue u K Kaxcoou no3uyuU, OAHHOL 8 Jle8oM Cmobye, nodbepume coOMEemMcmayIuo
RO3UYUIO U3 NPABO2O CIOAOYA:
YcraHoBuTEe COOTBETCTBHE MEKIAY HalpaBJICHUAMMU CHHTETHYECKOIi OMOJIOTMM M HX

NpHMeHeHHeM:
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HanpasJienue Ilpumenenune

1.00HapyxeHue TOKCHHOB u
A. buoceHncopsl Py

aTOr€HOB

2. IIpousBoncTBo 0enkoB, GepMEHTOB
B. Knerounsie pabpuku P a > bep

1 JIEKapCTB

3. Ouncrka OK aroIieil cpeapl OT
C. buopaznoxenue KpYHatot peAt

3arps3HUTENICH

" N 4. Co3aHue HOBBIX META0OIMUYECKUX

D. I'eneTtnueckuii nu3anu o

yTeu

3anummre BIOpaHHBIE HU(PHI IO COOTBETCTBYIOIIUMH OyKBaMH:

A B C D

IIpaBUIBLHBIA OTBET

A B C D
1 2 3 4
3ananue 3

Ipouumatime 3a0anue u Kk Kaxcoou nNO3uyUU, OAHHOU 8 Jle6OM Cmodye, nodbepume coomeemcmeayouyio
NO3UYUIO U3 NPABO2O CIMONOYA:

YcraHoBUTE COOTBETCTBHE MEKAY YPOBHAMU OHOAM3aliHA U 00bEKTAMMU

YpoBHU OuoaM3aliHA OO0BLeKTHI

A. I'eHeTUYECKUI DIIEMEHT 1. IIpomotop, onepaTop, reHsl
2. 'eneTnueckuil nepeKIrOyaTeINb
WM KOHTYP
C. Cucrema 3. COopKa U3 HECKOJBKUX MOJyJIeH
4. KuBoit opranusm c
CUHTETUYECKUM I'€HOMOM

B. Monyns

D. Opranuszm

3anumure BH6paHHBIe I_[I/I(I)pbl noxa COOTBECTCTBYIOIIUMU 6YKB3.MI/II

A B C D

IIpaBUIBLHBIA OTBET

A B C D
1 2 3 4
3aganmue 4

Tpouumatime 3a0anue u Kk Kaxcoou nO3uyuU, OAHHOL 8 Jle6OM Cmodye, nodbepume coOmMeemcmeayou o
RO3UYUIO U3 NPABO2O CIOAOYA:
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Ycranosure COOTBETCTBHEC MEXKIY COBPEMECHHBIMU 3agavyaMu 0MO0JIOTHYECKHX
HCCJIeOBAHUM 1 NPUMEHAEMBIMH NOAX0AMMU:

3amaun TToxxoapl/MeTOabI
A. V3ydyeHue SKCrpeccuu reHoB 1. TpanckpunromMuka
B. Anann3 6eKOB B KIIETKE 2. Ilporeomuka
C. Nzyuenue B3auMOCHCTBUN METAOOJIUTOB 3. MerabosioMuKa
D. HW3yyenue TreHETHYECKUX BapHaluii B A TToNy AIMOHAs  TeHOMUKA
MONYJISITUH

3anuiuTe BIOpaHHbIE HU(PHI 10 COOTBETCTBYIOIIUMU OyKBaMHU:

A B C D

IIpaBUIBLHBIA OTBET

A B C D
1 2 3 4
3aganue 5

Ipouumatime 3a0anue u K Kaxcoou no3uyuu, OAHHOL 8 jle6oM cmobdye, nodbepume cOOMEemMCmayIouo
NO3UYUIO U3 NPABO2O CIMONOYA:

YcraHoBuTe  COOTBETCTBHE  MEXKAY  HAYYHO-HCCICI0BATEJbLCKMMH  33Ja4aMu M
He00X0IMMbIMH HABBIKAMM :

3anaua Heo0xoanMpblii HABBIK
A. TlocTpoeHne reHeTHYECKOM
KOHCTPYKIUHU

1. PaGoTa c BEeKTOpHBIMU KapTaMH

2 .Ucnonp3oBanue

B. AHanu3 1aHHBIX CEKBEHHUPOBAHUS
OononH(pOpMaTHKH

C. IIpoBenenue
MHUKPOOHOJIOTHYECKOTO SKCIIEPUMEHTA

D. UnTtepnperanys 6M0I0rH4eCKUX 4 MaremaTuieckoe
MoJieen MOJIETTMPOBAHUE

3. PaboTa B CTEpHIIbHBIX YCIOBHIX

3anumure BH6paHHHe I_[I/I(I)pbl noxa COOTBECTCTBYIOIIUMU 6YKB3.MI/II

A B C D

IIpaBUIBLHBIA OTBET

A B C D
1 2 3 4
3aganue 6

[Ipouumaiime 3a0anue u K KaxicooU no3uyull, OAHHOU 8 1e60M Cmoadye, nodbepume coOmeemcmayouyio
noO3UYUIO U3 NPABO2o CMoIbYa:
YcraHoBUTE COOTBETCTBHE MEKAY METOA0M U €ro HA3HAYEHUEM:

‘ Metoabl Ha3nauenne ‘
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A. Drnextpodopes

1.Pa3nenenue KJIETOYHBIX
KOMITIOHCHTOB I10 IIJIOTHOCTHU

B. Xpomarorpadus

2.13mepenue KOHIIEHTPALUKU
HYKJICHHOBBIX KUCJIOT U OEJIKOB

C. CnextpodoTomeTpust

3.P83,H6J'IGHI/IG BCIIECTB IIO CKOPOCTHU
ABWIKCHUS B SJICKTPUYCCKOM I10JIC

D. llentpudyruposanue

4.Pa3neneHue KOMIIOHEHTOB CMECH Ha
OCHOBE MX CPOJICTBA K HEIOJABHKHOM
Y TIOJIBMOKHOM (paze

3anuiuTe BIOpaHHbIE HU(PHI 10 COOTBETCTBYIOIIUMU OyKBaMHU:

A B C D.
IIpaBUIBLHBIA OTBET
A B C D.
3 4 2 1
3aganue 7

Ipouumatime 3a0anue u K Kaxcoou no3uyuu, OAHHOL 8 jle6oM cmobdye, noobepume coomeemcmayOuy0
NO3UYUIO U3 NPABO20 CMONOUA.

YcraHoBUTE COOTBETCTBHE MEKAY NporpaMMaMu (MHCTPyYMeHTaMH) OMOMH(OpPMATHKHU H
UX QyHKIUAMMU:

HNucTrpymeHT DOyHkuus

A. BLAST 1.ITounck TOMOJIOTHYHBIX
I10CJIE0BATENBHOCTEN

B. Clustal Omega 2.MHOXECTBEHHOE  BBIPAaBHHUBAHUE
I10CJIEI0BATEILHOCTEMN

C. SWISS-MODEL 3.MonenupoBanne  3D-CTpyKTypbl
Oenka

D. SnapGene 4.Busyanuzauusi ¥ TPOEKTUPOBAHUE
JIHK-koHCTpYyKIMit

3anumure BH6paHHHe I_[I/I(I)pbl noa COOTBETCTBYIOIIUMU 6YKB3.MI/II

A B C D.

IIpaBUIBLHBINA OTBET

A B C
1 2 3

N>

II. TecTroBbI€e 32JaHUA HA YCTAHOBJICHHUE MOCAEI0BATEIbHOCTH

3ananme 8
Ipouumaiime 3adanue:

YcraHoBUTE NPABWIBHYIO MOCJIEA0BATEILHOCTh ITANOB COOPKH INeHHOM KOHCTPYKUMH
metogom Golden Gate:
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1. TlpoBeaeHne peakuu peCTPUKIINH U TUTHPOBAHHUS
2.IToaroroBka ¢parmentoB JIHK c calitamMmu pecTpuximu
3. Bei6op dpepmenTos tuma I1S

4. JlurupoBanue u GOPMUPOBAHHE TOTOBOI KOHCTPYKIIHH
5. BcraBka KOHCTPYKIIMH B BEKTOP

OTtBeT

IIpaBuJbHbBII OTBET

3aganue 9
Ilpouumaiime 3adanue:
YcranoBure NMPpaBUWIBHYIO ITIOCJIE€A0BATC/IbHOCTD 3TAllOB paspaﬁoTKu 6I/IOCCHCOPa:

1. Onpenenenuve 1eneBOro aHaJIUTa

2. BpIOOp Y4yBCTBUTEIBHOTO JIEMEHTA (CEHCOpa)
3. IlpoexkTupoBanue penoprepa

4. KoHCTpyHupoBaHHE F€HETUUECKON CXEMBI

5. TectupoBaHue 4UyBCTBUTEIBHOCTH

OtBeT

IIpaBUIBLHBINA OTBET

3ananue 10
Ipouumatime 3a0anue:

YcraHoBUTE MOCIEA0BATEIbHOCTh AHAJIN3a T€HHOH CXeMBbI ¢ IOMOIIbI0 MOJECJIUPOBAHUA

1. opmanuzanus cxemsl (ypaBHEHHMs], JOTUKA)
2.BBOJI TaHHBIX B MPOTPAMMHOE 00ecTieueHue
3. Hacrpoiika mapameTpoB MoJenu

4. IIpoBeneHue CUMYIISILIUU

OtBeT

I
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IIpaBUIBLHBINA OTBET

3aganmne 11
Ipouumaiime 3adanue:

Ycranosure NpaBUWIBHYIO IMOCJICAOBATC/IBHOCTL 3TAallOB CO3JaHUAA HCKYCCTBCHHOI'0 I'€Ha

AJIA SKCIIPpECCUU B HpOKapI/IOTI/I‘leCKOﬁ CHCTEME:

1. Ontumwuzanus KOJOHOB MO/ XOCT-OpTraHUu3M

2. OmpenesneHue xenaeMoil aMUHOKHUCIIOTHOH ITOCIIEI0BATEIbHOCTH

3. JlobamiieHHe peryasaTOPHBIX IeMeHTOB (mpoMoTop, RBS, TepMunaTop)
4. CuHTe3 1 BCTaBKa KOHCTPYKTa B BEKTOP

OrtBeT

IIpaBUIbHBIA OTBET

2 1 3 4

3aganue 12
Ipouumaiime 3adanue:
PacnoJsio:xure B NpaBUJIbHOM MOCJI€10BATEJIbHOCTH 1eliCTBUS MPH CO3IaAHUM

CHHTETHYeCKOIr0 MeTa001M4ecKOro MyTH:
1. COopka KOHCTPYKTa C HY>KHBIMU T€HaMH
2. BpIOOp epMEHTOB M KOAUPYIOUINX T€HOB
3. MHTerpanus nyTu B OpraHu3M-X03s1uH
4. Ananu3 BbIXOJa MPOIYKTA

OTtBeT

IIpaBUIBLHBIA OTBET

3ananme 13
Ipouumaiime 3adanue:
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YcTraHoBUTE NPABUJILHYKH MOC/IEI0BATEIbHOCTh Pa3paloTKM KOMIBITEPHOH MOeIn
MOBeIeHUsI CHHTETHYECKOi KJIeTKH:
1. COop sxcniepuMeHTaNbHBIX JaHHBIX

2. Tloctpoenue Moienu (CTPYKTypa, HapaMeTpbl, 3aBUCUMOCTH)
3. KanubpoBka Moienu u Bajauaanus
4. TIpoBeneHue NpeICKa3aHMil U ONITUMH3ALIUS TapaMETPOB

OTtBeT

IIpaBUIBLHBINA OTBET

3aganue 14

Ilpouumaiime 3adanue:

Pacnosiosxkure B JIOTMYECKOM  MOCJIE0BATEJLHOCTH JTamnbl  CO3JaHHMsI  TOJIHOM
CHHTETHYECKOH 0M0JI0rMYeCcKoil CHCTEeMBI /1JIs1 IPOU3BOICTBA OMOTOIIMBA!

1. IlpoexTupoBaHHE METAOOITHMUECKOTO TTyTH

2. TTogOop MpOMOTOPOB U PETYJISTOPHBIX HIEMEHTOB
3. Tpanchopmaiiys KOHCTPYKTa B MUKPOOHYIO KIIETKY
4. AHanu3 ¥ MacmTabupOBaHHUE MTPOU3BOJICTBA

OtBeT

IT1. TecToBBIE 3a1aHNsI KOMOMHUPOBAHHOIO THIIA (C BLIOOPOM OJIHOT0 UJIM
HECKOJILKHX BEPHBIX OTBETOB U3 YeTHIPEX MPeI0KEHHbIX) U
aprymeHTaumen
3aganue 15
BHMMameﬂbHO npoqumaﬁme 60]’1])00 u 6‘bl6€pum€ BCE BO3MOIHCHbBLE eapuaHmbl omeema, 0606Hy1/7m€ 06‘01/7
86100p:
KaKne leOFpaMMHbIe I/IHCprMeHTLI MOKHO HCIHO0Jb30BaAThH 1Jd MOHeJII/IPOBaHI/Iﬂ
CHHTETHYECKHX OmocucremM?

A. COPASI
B. Excel
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C. SBOL Visual
D. TinkerCell

Ortser:
AprymeHTanus

IIpaBuabHbIii oTBeT: A, D
AprymeHranms:
e COPASI (A) — nns MomeaMpoBaHus KHHETHKH OHOceTei

e TinkerCell (D) — BusyanbHOE MOJICTUPOBAHUE TCHETUICCKUX CXCM
e SBOL Visual (C) — Tonbko Bu3yaau3aiys, a He MOJCIMPOBAHHE

o Excel (B) — He crniermanu3upoBaH Ui MOACTUPOBAHKS ONOCHCTEM

3aganue 16
BHMMamefleO npouumaz}me eonpoc u 6bl6€pum€ 6Ce B603MOJICHbLE 6apuannivl omeemada, 0600Hy11me

C801 8bIO0P:
Kakmue yrBep:kaeHusi BepHsl Ajs1 0noopuxkos (BioBricks)?

A. D10 crangaptusupoBannbie pparmentsl JJHK
B. Ux moxHO cobupats no npuniuny LEGO
C. OHu uCcnonb3y0T caldThl pecTpukuuu tuna IS
D. Bce Ouobpuku SBISIOTCS KOAUPYIOIIUMU OCIKH
Ortger:
AprymMeHTanus
IIpaBuiabHbIi oTBeT: A, B
AprymeHTanms:
e A- BioBricks— crannaptasie 61oku JIHK ¢ onpenenéHHbIMU KOHIIAMHA

e B -IIpunnun "LEGO" — MonynpHas coopka
e C- Tun IIS — ucnonszyercs B Golden Gate, He B kiaccuuyeckux BioBricks
e D -He Bce 6noOpuku KogupyroT OelKu, ObIBAlOT HEKOAUPYIOIIKE

(HampuMmep, npomMoTopsl, RBS)

3aganmne 17
BHMJl/lam@]leO npoqumaﬁme SOI’IPOC u 6bl6epume 6CE BO3MOINCHbBLE GapuaHH’lbl omeema, 0600Hyﬁme

C6801 8bIO0D:
Kakue pucku 00Cy:K1a10TCsl IPU NPUMEHEHUH CHHTETHYeCKOoi Ouosiorumn?

A. Co3aHnie HEKOHTPOIUPYEMBIX (hOPM KU3ZHU

B. Yrpo3sl 6uoreppopusma

C. CHmKeHHME YPOKaWHOCTHU CEIbCKOXO03IUCTBEHHBIX KYJIbTYP
D. OTuueckue BOIpockl BMELIATENIBCTBA B TEHOM

Ortser:
AprymeHTanus
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IIpaBuabHblii oTBeT: A, B, D
ApryMeHTanus:

A. BO3MOXXHOCTb CO3J1aHHA OINIACHBIX OPraHNU3MOB

B . Ilorenuuan 3mo0ynorpelieHus: TEXHOIOIUAMU
D. Otuyeckue Bornpocsl

C. CHmxeHue ypoKallHOCTH — HE OTHOCUTCS K O0CYKJIaeMbIM pUCKaM CHUHOMOTEXHOJIOTUN

3aganue 18
Brumamenvro npouumatime 80npoc u evibepume 6ce 603MOICHbIE GAPUAHMbBL OMEema, 0b6OCHylme
€801 8bIOOP:
Kakue wu3 ciaexyommx 3jJeMEeHTOB MOIYT BXOAUTbh B COCTAB CHHTETHYECKOIO
reHeTHYeCKOro KOHCTPYKTHBA (TeHeTH4YeCKoii cxembl)?

A. Ilpomorop

B. depMeHT TpaHCKpHUIIIIUH

C. TepmuHaTOp TPAHCKPHUIIIIUN

D. Pu6ocomuoe cBs3zbiBaromiee mecto (RBS)

Ortser:
AprymeHranus

IpaBuabuelii otBet: A, C, D

AprymeHTanms:

[Ipomotop, TtepmuHarop u RBS — kitoueBble KOMIIOHEHTBI KOHCTPYKTA,
y‘-IaCTBYIOHII/IC B 150502000%850005051 nu SaBepHICHI/II/I TpaHCKpI/IHIH/II/I n TpaHCJU[III/II/I.
®epmeHT TpaHckpumiuu (Hanpumep, PHK-monmmmepaza) — 5To KIETOYHBIA Oenok, He

BKJIIOYAETCS] B TEHETUYECKYIO CXEMY, & B3aUMOJICHCTBYET C HEM.

3aganmue 19
Brumamenvno npoqumaﬁme eonpoc u 6b16epume 6Ce B603MOJICHbIE 6apuannmvl omeema, O6OCHyL7m€
C6801 8bIO0D:
YTo Ba:KHO YYUTHIBATH NPHU CO3AAHUU CHHTETHYECKOT0 MeTA00IN4Y€eCKOro MyTH B
OakTepumn?

A. COBMECTUMOCTH HOBBIX T€HOB C METa00OIM3MOM OpraHu3Ma

B. Bo3M0OXHOCTh TOPHU30HTAILHOTO MEpEHOCca

C. Hanmume xoepMeHTOB 1 CyOCTpaToB

D. [IBer nurmMeHTa, BIpabaThIBAEMOTO CUCTEMOMN

Ortser:
AprymeHTanus

IIpaBuabHbIii oTBeT: A, B, C
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AprymMeHTanms:

st 5pdekTruBHOTO HYHKIIMOHUPOBAHUS CHHTETUYECKOTO MyTH BAXKHBI OMOXHUMHYECK A
COBMECTUMOCTb, PETYJIALIUS U IKOJIOTMUYECKUE PUCKH (TIEPEHOC).

[{BeT murmMeHTa MoKeT OBbITh JKeaTeseH ISl OTCIICKUBAaHUS, HO HE SBJISIETCS KPUTUUECKU
BaXHBIM U1 IPOCKTHUPOBAHUA.

3apanue 20
Brumamenvno npouumaiime eonpoc u evibepume 6ce 603MOJCHbIE BAPUAHMbBL OmMEema, 0OOCHYlme
€801 8b1O0p:

Kakue n3 MEPECIHUCICHHBIX XaPAKTEPUCTUK OTHOCATCH K IIPEUMYyIlIECTBaAM METOda
Gibson Assembly?

A. Bo3MOXXHOCTb COOpKH HECKOJIBKUX (DparMEeHTOB 3a OJIHY PEaKLUIO
B. 3aBuUCHMOCTB OT CaliTOB PECTPUKIIHH

C. IIpocToii mpoTOKOJ O€3 JTUTa3sl

D. Beicokast TOYUHOCTh U COBMECTHMOCTH C in Vitro CHHTE30M

OTBeT:
AprymMmeHTanus

IIpaBuabHbIii oTBeT: A, D
AprymeHranus:

A. D. IToaxoauT 1j1st 0THOBPEMEHHON COOPKH HECKOJIbKUX (PparMeHTOB (A) B COBMECTHM C
cunretndyeckum JTHK

B. Meron He TpebyeT pecTpuKTa3
C. Ucnonp3yer 3K30HYyKJI€a3y, MOJIUMEpasy U JIUrazy

3aganue 21
BHrumamenvho npoyumaiime 6onpoc u evlbepume 6ce B03MONCHblE 8APUAHMbBL Omeemd, 0OOCHYUme
C601l 8bIOOD:

Kakue XAPaAKTEPUCTUKHU NPUCYHIH CUHTCTUYIECCKUM OCHUJLJIATOPaAM B KJeTKax?

A. IlopnepxkaHue NOCTOSHHON SKCIIPECCUU T'eHa

B. [luknndeckoe M3MEHEHHE aKTUBHOCTH I'€HOB

C. Hcnonp3oBaHue MOJ0KUTENBHON 00paTHOM CBI3U
D. Hanuune konebaHuii B 9KCIIpeCCUU T€HOB

Ortser:
AprymeHTtanus

IIpaBuabHblii oTBeTHI: B, D
AprymeHranms:

B, D. Ocumnnsatopsl BbI3BIBAIOT KOJI€OaHUS HKCIIPECCUN
A. IlocTostHHAs! aKCcTIpeccuss — XapaKTepHa Il KOHCTUTYTUBHBIX T€HOB

C. OOBIYHO UCTIONB3YIOT OTPULIATENIEHYIO OOPATHYIO CBSA3b, HE MOJIOKUTEIBLHYIO

IV. TecToBbI€ 32JaHUA OTKPBITOI0 THIA C 3TAJIOHHBIMU OTBETAMU
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3aganue 22
Ipouumatime 3a0anue u 3anuwiume pazeeprymviil 0O0OCHOBAHHBIN OMBENL:
OO0BbsICHUTE, KaK MOKHO HCIOJIb30BATh CHHTETHYECKYH) OHOJOTHI0 Jsl pelleHHus

IKOJIOTHYECKUX MPOdJIeM

O:xHugaeMbIi OTBET:

CuHTeTHuYeCcKass OMOJIOTHSI TTO3BOJISIET CO3/[aBaTh OPraHU3MBbI, CIIOCOOHBIC pasiaraTh
TOKCHYHbIC BellecTBa (HampuMmep, He(Tbh, IUIACTHK) WM (UKCUPOBATh YIVIEKUCIBIA ra3 u3
aTMOC(bepBI. Taxxe MOXKHO MMPOCKTUPOBATL MUKPOOPraHU3MbI JJI1 BOCCTAHOBJICHUS IMOYBLI U
OYHCTKH CTOYHBIX BOJ. Takue OpraHM3Mbl MOXHO BCTPOHTH B OHOCEHCOPBI, KOTOpBIC
OJTHOBPEMEHHO OOHApYKMBAIOT U O0E3BPEXKHUBAIOT 3arps3HuTenu. OIHAKO HEOOXOIMMO
YYHUTBIBaTh DKOJIOTHYECKUE PHCKH M BO3MOXKHOCTH HEKOHTPOJIHMPYEMOIO PacHpOCTPAHCHHUS
TAKUX OPraHu3MoOB

3aganue 23

Ipouumatime 3a0anue u 3anuwiume pazeeprymviil 0O0OCHOBAHHBIN OMBENL:

Cdopmyanpyiite 3Tanbl CO3JaHUST HCKYCCTBEHHOI0 T€HA, MNPEAHA3ZHAYEHHOr0 sl
JKcnpeccuu 0esika B MpPoOKapuoTH4Yeckoi kierke. Kakme pakTopbl He00X0AMMO y4ecTh
NPHU NPOEKTUPOBAHNHU TAKOI0 reHa?

O:xngaeMbIi OTBET:

Jransl BKJIIOYAIOT:
1. Onipenenenue xenaeMoii aMHHOKUCIIOTHOM TIOCIISIOBATEIbHOCTH OelKa.

2. O6parnsiii nepeson B JJHK ¢ yaéTtoM K010HOB, PEANIOYTUTENBHBIX 1T IPOKAPHOT.
3. Jlo6aBneHune npoMoTopa, puOOCOMHOTO CBSI3BIBAIOILETO Y4acTKa, TEPMUHATOPA.
4. OntuMu3zanus BTOpu4HbIX cTpykTyp MPHK.

5. BkiitoueHue 351eMeHTOB KOHTPOJIS 3KCIPecCHy (MHAYINOEIbHbBIE CHCTEMBI).

BakxHO y4YMTHIBaTh: COBMECTHMOCTh C IIaccH-opranm3Mom (Hampumep, E. coli),
TOKCHYHOCTB MIPOJIYKTa, CKOPOCTh dKCIpeccuu u crabuiabHocTh PHK.

3aganue 24

Ipoyumatime 3a0anue u sanuwiume pazeepHymviil 0O0CHOBAHHBIN OMBENL:

Onunmmure, KaK MOKHO MCII0JIb30BaTh UCKyccTBeHHbIe PHK-Mos1eky b1 (Hanpumep,
pudOCBMYM) AJIA peryasiunu reHos. [IpuBeaure npumep NpakTU4ecKOro NpuMeHeHM .

O:xunaeMblii OTBET:

PubocBuun — 5310 cunrermueckue PHK, koropble H3MEHSIOT CTPYKTYpy B
3aBUCHUMOCTH OT HaJIW4Ms CHEU(UYECKOro JIMraHjaa. OTO I[O3BOJIIET PEryiupoBaTh
TPAHCIALHUIO (Hanpumep, Onoxupys pUOOCOMHBIN JIOCTYII).
IIpumenenne:

— KonTponupyemas skcrnpeccus reéHa TOJIBKO NMPH HAIWYMM OIpPENeEHHOr0 MeTaboiuTa.
— Ilpumep: pubOCBUY, AKTHUBHPYIOUIUH CHHTE3 aHTUOMOTHKA TOJBKO MPU HPUCYTCTBHH
NaToreHa, CHIDKaeT MmoOouyHble 3((EeKThl M SKOHOMHUT pecypchl. IIpoananusupyiite, Kak
CTBOJIOBbIE KJIETKM MOTYT OBITh HCIIOJIb30BaHbl B pPEreHEpaTHBHOM MenuiuHe. B uém
3aKJII0YAI0TCS OCHOBHBIE TPYIHOCTH KIIMHUYECKOTO TPUMEHEHUS?
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3aganue 25
Ipouumatime 3a0anue u 3anuwiume pazeeprymviil 0O0OCHOBAHHBIN OMBENL:

Kak ¢ nmoMompio KOMNBITEPHOr0 MOJAEJIMPOBAHHUSA MOKHO IPeICKa3aTh MOBeleHHe
ouosiornyeckux cxem? Kakue Tunbl Mojesiei 1Ji1 3TOr0 UCNOJIb3YIOTCS ?

O:xugaeMblii OTBeT:.

KOMHBIOTepHOC MOACIIUPOBAHUEC  IIO3BOJIACT IIPEACKA3aTb JUHAMHUKY pa6OTBI
TeHETUYECKUX IIeTIeH J0 IMPOBEACHUA OKCIICPUMCHTA.

Ucnonb3yrores:
— JlerepmunupoBannbple Mojaenu (ODE) — misg KoJW4YecTBEHHOW OICHKH (Hampumep,
CKOPOCTH CHUHTE3a Ocnka).
— Croxactuyeckue MOJEIM — YYUTHIBAIOT CIy4YallHBIA XapakTep MOJIEKYISIPHBIX
B3aUMOJICUCTBUIA.
— AreHTHble MOAeNd — JUISI  ONMCAHUSA TIOBEJIEHUS KJIETOK B  MOMYJISIIHH.

MogenupoBaHie MOMOTraeT OLEHUTh YYBCTBUTEIbHOCTb, CTAOMIILHOCTh, KOJEOaHUs, U
n30exarh HeyJauYHbIX KOHCTPYKIIMH B 1a00paTOpUH.

3amanmne 26
Ipouumatime 3a0anue u sanuwiume pazeeprymviil 0O0CHOBAHHBIN OMBENL:

IIpuBeauTe npuMep MUCNOJAb30BaHUSI MAIIMHHOTO 00y4eHusi (AI/ML) B cuHTeTHYeCKOM
omosiorun. Kakyro 3agauy 0HO HOMOraeT peluThb?

OsxupaemMbli OTBeT:

MammHHoe 06ydeHue UCIOIb3YETCs IS TPeJICKa3aHus:
— aKTUBHOCTH ITIPOMOTOPOB,

— CTPYKTYpHBI OEIIKOB,

— 93¢ dexruBroctu pegakruposanusi CRISPR,

— CBOMCTB MOJIEKYJI (HalpuMep, aHTHOMOTHKOB).

[Tpumep: anroputmsl DeepMind (AlphaFold) mpenckaseiBator 3D-cTpykTypy O€ikoB, 4TO
yTpolIaeT MPOEeKTUPOBaHUE HOBBIX (epMeHTOB. Takxke ML npumensiercs st ONTUMHU3AIMH
MeTaboIMYECKUX MyTel — MPOTHO3UPYET, KAaKue MyTallui YBEINYaT IPOAYKTUBHOCTb.

Saganue 27
Tpouumatime 3a0anue u 3anuwiume pa3eepHymviil 0OOCHOBAHHBIU OMBENL:
OnuiuTe MOAX0J K CO3JIAHUIO NMOJHOCTHI0 CHHTETHYECKOr0 MUHUMAJIBHOI0 OpPraHu3Ma.

3a4yeM OH HYKEH M KaKHe eCTh CJIOKHOCTH?

O:xuaaemMblii OTBET:
Coznanue MUHUMAaBHOTO OpraHU3Ma BKITFOUYAET:
1. Omnpenenenne Habopa MUHUMAIHHO HEOOXOIUMBIX T€HOB.

2. IIpoexTupoBanue u cuHTe3 reHoma (Harpumep, JCVI-syn3.0).
3. BHenpeHne CHHTETHUECKOTO T€HOMA B KJIETKY-PELUIIHEHT.

[enb: MOTYYUTH KJIETKY, BHITOJHSIONIYIO TOJIBKO HEOOXOAUMBIE (PYHKIIUH,
MPUTOHYIO 7Sl OMOTTPOU3BOICTBA.

C0KHOCTH:
— HekoTopble GyHKIIUN peann3ytoTCsl HEOUEBUIHBIMU ITYTSIMH.
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— B3auMoCBsI3b TCHOB CIIOJKHA U HE TTOJIHOCTHIO U3y4YCHA.
— TpeOyeTcst BBICOKasi TOYHOCTh COOPKH T€HOMA

3aganue 28
Ipouumaiime 3a0anue u 3anuwume pazeepuymsiii 000CHOBAHHBIN OMBEEN.:
Kakne ocHOBHbBIE 3Tanbl BKJIKYAET pa3padoTKa CHHTETHYECKOr0 OMOCEHCOpa, U KaKue
00J1acTH €ro NnpuMeHeHusi?

O:xugaeMblii OTBeT:

Pa3paboTka CHHTETHYECKOTO OMOCEHCOPa BKIIIOYAET CIICAYIOIINE ITAIIBL:
Br16op 1ieneBoro ananauTa (BemecTBa, KOTOPOe HY)KHO OOHAPYKUTBH)

[Touck WM MPOEKTUPOBAHKUE YYBCTBUTEIHHOTO OMMOJICKYIIIPHOTO JIEMEHTa (Harmpumep,
perynsroproro 6enka win PHK)

KoHcTpynpoBaHue reHETHUECKON CXEMbI, CBSI3bIBAIOIICH JAETCKIIMIO C CHTHAIOM
(Hampumep, Kcrpeccueit GIyopecieHTHOro Oelka)

Banupamus u HacTpoiika B MOJIEIbHOW CUCTEME

TGCTI/II)OBaHI/Ie Ha 9yBCTBUTCJIBHOCTb U CHGHI/I(l)I/ILIHOCTI)

O6nacTH TPUMEHEHHUS:

MEIUIIMHA (JIMarHOCTHKA),
(oOHapy:keHue 3arpsi3HUTENEH ), TPOMBIIIJIEHHOCTh (MOHUTOPUHT YCJIOBUM MPOU3BOCTBA).

OXpaHa OKpYyKarolei

Kpurepun oneHkn pe3yibTaTOB TeCTUPOBAHMS

Ne Tun 3aganus Kpurtepun ouenkn Pe3yasbTar
OlIeHBAHNA
1 3ananue 3akpbiToro tuna | Cumraercss BepHBIM, ecid | [lonHoe coBmaseHne BEpHBIM
Ha yCTaHOBJICHUE MIPaBUIBHO YCTAHOBIICHBI BCE | C OTBETOM — 1 Oamn
COOTBETCTBHS COOTBETCTBHS (mo3umum | CoBriazmenue 6ojee
OJTHOTO  CTOJIOIIa  BEPHO | MOJOBWHBI BAPHAHTOB C
COOTHECEHbl C MO3MUUSAMH | BepHBIM oTBeTOM — 0,5 Oanna
JPYTOTO CTOJOIA) Bce ocranpnpie ciryuan — 0
OaioB
2 3ananue 3akpoiToro Tuna | Cumraercss BepHbIM, ecnu | [lodHOE coBmazeHue ¢
Ha yCTaHOBJICHHE MpaBWIBHO  yKa3aHa  BCsS | BEPHBIM OTBETOM — | Oast
M0CJIEJ0BATENEHOCTH [OCJIEeI0BaTENLHOCTD UMD Bce ocranbuble ciryuau — 0
OaioB
3 3ananue Cumraercs BepHbIM, eciu | [loaHoe coBmagenue ¢
KOMOWHHMPOBAaHHOI'O TUIIA | MPAaBWIBHO YKa3aHa Iudpa | BEpHbIM OTBETOM — | Oast
C BBIOOPOM OJTHOTO HITH (byxBa) mpaBuibHOrO oTBeTa | Bee octanbhble cmydan — 0
HECKOJIbKHUX BEPHBIX U TMPUBEACHBI KOPPCKTHLIC 6aJ'IJ'IOB
OTBETOB U3 YETHIPEX apryMEHTBI, HCIIOJIb3yeMbIe
NPEJIOKEHHBIX U pu BBIOOpE OTBETa
apryMeHTaiel Bioopa
4 3ananue oTkpeiToro Tuna | Cumraercss BepHBIM, ecnu | [loiHOE coBmazeHue ¢
C pa3BepHYTHIM OTBETOM | MPAaBWIBHO YyKa3aHbl LUQPHI | BEPHBIM OTBETOM — | Oast
(OykBBI) npasuwibHOTO | CoBnazeHue 6oee
OTBETAa u MPUBECACHBI | ITIOJIOBUHBI BAPHUAHTOB C
KOPPEKTHBIE apryMeHThl, | BepHbIM oTBeTOM — 0,5 Oaita

HUCIOJIB3YEMBIC IIpU BLI60pe
OTBETAa

Bce ocranbnble cirygan — 0
0au1oB

cpenbl
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[Ipouent OrnenuBae OrneHka
PE3YyABTATUBHOCTH MBbIE bann BepOanbHblii ananor
KOMIIETeH | (OTMETKa)
007051
86 % - 100 % [1K-1 5 OTJINYHO
71%-85% 4 XOpOIIO
51 % -70% 3 YIOBJIETBOPUTEIHHO
0% -50 % 2 HEYJIOBJICTBOPUTEIHHO
PaspaGoTunk:
é?l\w?zf’{ npogeccop B.I1. CanoBaposa
(mojimuce)
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