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AHHOTANMA

Z[I/ICL[I/IHHI/IHa HaIpaBJICHA HA MMOJYYCHUC CTYACHTAMU LCJIOCTHOIO MPCACTABIICHUS O MOJ'ICKynSIpHOﬁ ouonoruu

B KOHTCKCTC OCHOB CHCTEMHOM "

CHUHTETHYECKOMN

OuoJIOrMM  JUId  JalIbHEHWIIEro OCBOECHUS

AHAJIUTUKO-OKCIICPUMCHTAJIbHBIX MCTOAUK HCCICAOBAHMUA. 3HAKOMCTBO C COBPCMCHHBIMHU TCHACHLUUAMU H

JTOCTHDKEHUSAM C CUHTETHYECKOM OHOJIOTHH.
1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

- HOJYYCHHUC CTyACHTaMHU
AHAJIUTUKO-OKCIICPUMCHTAJIbHYIO
ACATCIIBHOCTD.

33]13‘[1/[ JAUCHUIIINHBI

npeaACTaBJICHUA O
HAay4YHO-HCCJICAOBATCIILCKY IO n

TpaHCHSIIMKA  (PyHIAMEHTANbHBIX 3HAHUHA B
OIBITHO-KOHCTPYKTOPCKYIO

- HAYYUTHCA [TIOHUMAHUIO CTPYKTYPhI U CUCTCMHBIX ITPOUECCChI B JKUBBIX CUCTCMAX;

- NOJIy4YUTb 0a30BEIC 3HAHUSA JJIs1 OCBOCHUSA 3KCIICPUMCHTAJIbHBIMU METOAUKAMH B MYJIBTUOMHKCHBIX

TCXHOJIOTUAX,

- HAy4YuTbCSA M3BJICKATb, AHAJIMU3UPOBATH MW MCIOJIB30BATH B CBOUX HCCICAOBATCIILCKUX LECIIAX

MOJTy4aeMyto HHPOPMAIHIO.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Crioco6eH u3yyarb, aHaTM3UPOBATH,
HCIOJIb30BaTh OMOJIOrHYECKUE OOBEKTHI U
MIPOLIECCHI, OCHOBBIBASICH HA MAaTEMAaTHUECKUX,
(pU3NIECKUX, XUMUYECKHUX, OMOJIOTHUECKUX
3aKOHaX, 3aKOHOMEPHOCTSIX ¥ B3aUMOCBA3IX

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3aady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00paboTKy HayYHO-TEXHUYECKOH U (MJIIH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIIK-4.1 Brnageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYEeCKHE METObI UCCIICIOBAHUM

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

[IK-1 CnocoGeH mi1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEIMETHOM 001acTH) U (M) TEOPETUIECCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

IK-1.1 Bnageer (QyHIameHTanpHBIMH  MOHSITHIMH,
3aKOHaMHM ¥ TEOPUSMHU COBPEMEHHON (PU3UKU M OHOJIOTHH

[1K-2 CnocoGen aHanu3upoBaTh MOTyUYCHHBIC B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JI€TIaTh Hay4YHbIE BHIBOJIBI
(3aKTrOueHMS)

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  MapaMeTpHI,
OIIpEeNeNIAIOIIME HU3yyaeMoe SBJIEHHE, W IPOU3BOIUTH
YHUCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
00OCHOBaHHSI M J0KAa3aTelIbCTBa, HAYYHBIE MPOOJIEMBI U HX
pemieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIf
npoeCCHOHAIBHON ayAUTOPUH B IMUCBMEHHON M YCTHOU

dopme

[IK-2.1 Bnangeer merojamMH CTAaTHCTUYECKOW OOpabOTKH U
aHaJM3a Hay4YHbIX JTaHHBIX

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




3. IlepeyeHb MJIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOAY.II0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HaTh:
- IPUHLIUIIBI yCTPOUCTBA OpraHU3Ma Ha MOJIEKYJISIPHOM YPOBHE;
- (hyHIaMEHTaIbHBIE OCHOBBI IKCIIEPUMEHTAIBHBIX METOIOB B MOJIEKYIIIPHON OHOIOTHH;
- OCHOBBI CHHTETHUYECKON OHMOJIOTHH.
YMETh!
- CTaBUThb LIEIM U 3a/laud, TOHMMAaThb IIOCTABJCHHBIC LIEIM U 3a/aud IPU CO3AAHUU AHAIUTUYECKUX
CHCTEM B MEIUKO-OMOJIOTHYECKHUX HCCIEIOBAHUSX;
- HCII0JIb30BaTh CBOM 3HAHMS IS PELICHHUS 3ajad U IPOBEIEHUS SKCIIEPUMEHTAJIbHBIX UCCIIEJ0BaHuU;
- OLICHUBAaTh KOPPEKTHOCTh IMOCTAHOBOK 33J1ad U CTPOUTH aJTOPUTMBI JOCTIKEHHS UX ONTHMAaIbHOTO
pelIeHns B pa3InuHbIX (B TOM YHCIIC MEHSIOIINXCS) YCIOBHSAX.

BJIAJIETh:

— HaBbIKamMH cOopa, CHCTEMaTU3allui ¥ aHajun3a HAyYHO-TEXHUYECKOW W JAPYrod MpodecCHOHATBHON
uHpopMaLuy;
— HaBBIKAMHU CaAMOCTOSITEIILHOM PaboThI B 1ab0opaTopuu.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 CuHTe3 W  CHUCTEMHOE  H3y4YeHHE ’ 4
MPOKAPUOTHYECKUX OPTaHU3MOB.
) O0630p METOAOB M MOAXOAOB MOIYYCHHUS 4 4
cunteTnuecknx gparmentos JTHK.
OO030p MHPOBOH TpPAaKTUKH B CHHTE3E
3 2 4
JHK.
4 Buner PHK. 2 4
5 Momudukanus PHK. 2 4
6 MexaHu3Mbl ~ PETYISIIMK  SKCIPECCUU 5 4
T'€HOB.
7 VYnpagieHne CBSI3bIBAHUEM PUOOCOM. 2 4
3 Mertonbl  aHanmu3a  MPECTABIEHHOCTH ’ 4
PHK.
9 YCTpONCTBO 3KCIPECCHOHHBIX E€IWHHUIL B 5 4
reHOMax pa3HbIX OPTaHU3MOB.
depmeHTaTHBHAS cOopka
10 OJINTOHYKJIEOTU/IOB B I'€HBl WJIM T'CHHBIE 2 6
O10KH.
1 DepMEeHTATUBHBIN CUHTE3 > 4
OJIMTOHYKJIEOTH/IOB.
12 Mertons in .Vi.VO pexombunanuu B E. coli ’ 6
u B S. cerevisiae.
Coznanue MpOCTOI TEHETUYECKOMI
MPOrpamMMbl B E. coli -
13 |rpanckpunuuoHHbd Qaktop (He u3 E. 2 4
coli) u perynmupyemblii UM TeH-pernopTep
(ren ¢ayopecueHTHOTO O€EiKa).




14 Vicropust BO3ZHMKHOBEHHS U pa3BUTHSA ’ 4
CHHTETUYECKOH OMOIOTHH.

Hroro yacos 30 60

IToaroTroBka K sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)
1. CuHTE3 M CUCTEMHOE M3YUYECHUE MPOKAPUOTHUECKUX OPraHU3MOB.

CymecTByeT Heckonbko MeTooB cuHTe3a JIHK, Takux kak xuMudeckuil cuuTe3, pepMEeHTATHBHBIH
CHUHTE3 M cuHTe3 ¢ wucronb3oBanueM [ILP. Xumuueckuil cuHTe3 sBisiercss Hanbojiee TOYHBIM
METOJIOM, HO OH TpeOyeT OOJIBIINX 3aTpaT BpeMEHU U pecypcoB. DepMeHTAaTUBHBIN CHHTE3 SBISAETCS
Oosiee OBICTPHIM M JCMIEBBIM METOAOM, HO OH MeHee ToueH. CuHTe3 c wucnons3oBanueM [ILIP
ABJISIETCS] Hanbolee pacpoCTpaHEHHBIM METOIOM, KOTOPBII coueTaeT B cebe TOUHOCTh XUMUYECKOTO
CHHTE3a U CKOPOCTh (PEPMEHTATHBHOTO CHHTE3a.

2. O030p METOJIOB | MOAXOIOB MOydeHUs CHHTeTHIecKuX (pparmenton JJHK.

XUMUYECKHH CHHTE3. DTO KJIACCHUECKUH METOJ CHHTE3a KOpOTKHX mocienosarensHocTed JHK ¢
UCTIONIB30BaHNEM (HOCHOPaMUIUTHEIX MOHOMEPOB. B 3TOM MeTone Kaskaplil HyKJIeoTH J0OaBIseTCs
K pactymei nenu JJHK B cooTBeTcTBHM € 33JaHHON NMOCJIENOBAaTENbHOCTBI0. XUMUYECKHA CHHTE3
ABJsIeTCsl Hanbosee TOUYHBIM MeTofoM mnoiydeHust ¢pparmentoB JIHK, HO oH TpebyeT cnennanbHOrO
000pyZIOBaHUS U HaBBIKOB.

CuHTEe3 Ha OCHOBE OJMIOHYKJIEOTHIHBIX MaTpull. DTOT METOI HCIIOJIb3YET OJUIOHYKIEOTHIHbIE
MaTpHIbl, KOTOPBIE MPEACTABISIOT c000i KopoTkue nocienoBarenbHocTH JJHK, kommnementapHble
KelaeMON TOocCie0BaTebHOCTH. MarpHilbl cly)aT OCHOBOW JUIsi CHUHTe3a Ooree JITMHHBIX
¢parmentoB IHK ¢ momompio depmentoB, Takux kak JIHK-momumepaza. DToT mMeTon mo3BoJsieT
noiydars Oosnee quuHHbIE (pparmentsl JIHK, yem xumudeckuil CMHTE3, HO TOYHOCTH MOXET OBITH
HIKE.

[ILIP (monmumepasHas 1enHas peakuus). DTOT METOA UCHONb3YeTCsl [T aMIUIM(UKaIuK (yBETUICHUS
konuuectBa) QparmentoB JIHK. TIIP Bkirouaer B ceOsi HECKONBKO IMKJIOB HArpeBaHus W
oxnaxnaeHust obpasua [AHK, uyto mozBonser depmenty AHK-monmumepase cuHTe3npoBaTh HOBBIE
ko parmenta JIHK. DToT MeTon MIMPOKO WCHONB3yeTCs B MOJICKYJISIPHOW OWOIOTUU U
FEHETHYECKON HHKEHEPHH.

PexomOMHaHTHBIE METOABI. DTH METOIBI UCHONB3YIOT pexomOuHantHyio JHK, xortopas coszmaercs
nyteM o0benuHeHust pparmentoB JIHK u3 paznbix ncrounnkoB. PekomOunanTaas JIHK moxeT OBITH
MOJy4eHa C MOMOLIbI0 METONOB, TAKMX KaK KJIOHUPOBaHME, TpaHC(hopMaus M PEeCTPUKIHOHHOE
KapTUpOBaHHE. DTH METOIbI MO3BOJIAIOT CO3/1aBaTh HOBbIE KOMOMHAIIMM T'€HOB M HCCIIEIOBaTh HX
(byHKUINH.

CuHTeTHYeCKME METObl HA OCHOBE MUKPOUMIIOB. MUKPOUUIIBI IPEACTABISIOT COOOH MUHHATIOPHBIE
wiaTrGopmMbl, Ha KOTOPBIX MOXKHO pa3Meliarb MHOXECTBO KOpoTkux ¢parmenroB JIHK wnmm
OJIMTOHYKJIEOTH0B. MUKPOUMITBI HCIIONB3YIOTCS ISl aHaJIU3a SKCIPECCUU T'€HOB, MACHTU(HUKALUU
MyTalUud U JpyTUX 33]1a4, CBA3aHHBIX C UCCIIEOBAHUEM [E€HOMA.

3. O630p MupoBoii mpaktuku B cuateze JJHK.

Muposas npaktuka B cuareze JJHK BkimtouaeT B ce6st pa3pabOTKy HOBBIX METOAOB M TEXHOJIOTHUH, a
Taoke mpuMmeHenne cuHteza JIHK ama pa3nuuHbIX 1enei, Takux Kak CO3/IaHHE HOBBIX JIEKapCTB,
pa3paboTka HOBBIX OMOTEXHOJIOTUH U Jp.

4. Buner PHK.

Buast PHK. YcTpoiicTBO SKCTIPECCUOHHBIX €AUMHUI] B TCHOMAaX PA3HbIX OPTaHU3MOB.




Undopmammonnas (marpuunas) PHK (WPHK wmu mPHK) — mnepenocur wundopmaiuio o
MocCJIeA0BaTeIbHOCTH aMuHOKKCIOT B Oenkax ot JJHK k mecTy cunTesa Oenxka.

» Tpancnopruas PHK (TPHK) — tpancnoptupyeT aMUHOKHCIOTH K MECTY CHHTe3a OejKa, IIe OHU
COGJIMHSIOTCS B IIETIOUKY, 00pa3yst HOBBIH OEIOK.

» Pubocomnas PHK (pPHK) — Bxoaut B coctaB puOocoM, KOTOpbIE CITyKaT Jijisi OMocuHTe3a Oenka
13 aMHUHOKHUCIIOT 110 33/IaHHON MaTpHIie Ha OCHOBE T€HETHYECKOW HH(POPMaLIUH.

OKCIIPECCUOHHBIE €MHHUIBI B TEHOMAaX Pa3HbIX OPraHU3MOB MOTYT Pa3jIM4arbCsi B 3aBUCUMOCTH OT
TUNa opranusMa u ero ¢yHkuumid. OIHAKO B LIEJIOM SKCIPECCHOHHAs €IMHUIAa BKJIIOYaeT B cebs
CJICAYIOLIHE IEMEHTBHI:

5. Momudwukanus PHK.

Momudukarus PHK. Crpykrypa PHK-monumepas u coorBerctByrommx ctpykryp B JJHK.
Crpykrypa PHK-nonumepas u coorBercTByromux ctpykryp B JJHK.

PHK-nonumepaza — 3to depmenT, kotopslii katanusupyet cuare3 PHK ¢ ucnonszoBannem JJHK B
Ka4ecTBE MaTpHIlpl. Y MpokapuoT cymecTByeT oauH Bun PHK-monmnmepas, xortopeie oTBeuaror 3a
TPaHCKPHUIILIMIO BCEX T€HOB. B To ke Bpems y sykapuot ectb Tpu Buaa PHK-noaumepas:

I — cunresupyer pudbocomusie PHK;

IT — cunTesupyer MPHK u Hekotopsie mainsie snepHsie PHK;

III — cunTesnpyet Tpancnoptaeie PHK, a Taxke mansie PHK.

VY stux ¢epMeHTOB ecTh 0o0uue YepThl B CTPOCHHM, HO €CTh M pa3nuuusa. PaccMorpum ux Ha
npumepe PHK-nmonmumepassr! 11 aykapuor.

Crpykrypa PHK-nmonmumepassr 11:

1. Karanuruveckuii eHTp — aKTUBHBIH ydacTok (epmenta, rie mpoucxoaut cunte3 PHK. On
coctouT U3 AByX cyosenuuui: RPB1 u RPB2.

2. KapkacHblii cTepkeHb — coctouT U3 cyObenununbl RPB3 u obecreunBaer cTabuiIbHOCTH
CTPYKTYpHI (pepMeHTa.

3. C-xonneBoit gjomern (CTD) — oTBewaer 3a B3auMojeiicTBHE ¢ JIpyruMu OellkaMu U pakropamu
TPAHCKPUIILUH. CTD COCTOHT u3 MTOBTOPSIOLIUXCS MOCIIeI0BaTEIbHOCTEH
Tyr-Ser-Pro-Thr-Ser-Pro-Ser.  3tu  mocnenoBarenbHOocTH — QocopuinpyroTcss BO  BpeMs
TPAHCKPUIILIH, YTO MTO3BOJISIET PETYIUPOBATh AKTUBHOCTD (hepMEHTA.

4. Tlanbipl — OTBEYAIOT 32 CBA3BIBAHHE C MPOMOTOPAMH M JIPYTMMHU PETYIATOPHBIMHU BIIEMEHTaMHU
JHK. [Mansusr coctosT u3 cyoseaunui; RPBS, RPB6, RPB7, RPBS, RPB9 u RPB10.

5. Bonbmoii manen — oTBeYaeT 3a MpaBHILHOE MO3UIMOHMpOBaHUE GepmeHTa Ha Marpuie JJHK.
Bonboit maner cocrout u3 cyoseaunaninl RPB11.

6. JlnuHHbIE TeTJIM — 00ecIeunBalOT rTMOKOCTH (PEPMEHTa U €r0 alaNTaltio K Pa3InYHbIM YCIOBUSIM
TPaHCKPUIILUH.

7. Jpyrue cyObeAMHHUIIBI — Y4YacTBYIOT B PETY/SILMHM aKTUBHOCTH (epMEeHTa U (OPMHUPOBAHUH
AKTHUBHOTO LIEHTPA.

B nenom, crpykrypa PHK-momumepasbl obecrieunBaeT €€ COCOOHOCTH CBSI3BIBATHCS C MaTpHUIICH
JHK, pacmnerars nBoiHylo crnmpais, cuaTesupoBarb PHK u ocBoOoxmaTecsi OT Marpuilsl mocie
3aBEpILEHUs CUHTE3a.

BaxHo ormeruts, uro cTpykrypa PHK-monmmmepas MoxeT paznudarscs y pasHbIX OPraHU3MOB U
JJaKe€ Y pa3HbIX BUJIOB OJHOTO OpraHu3Ma. JTO CBSI3aHO C TeM, uTo pasHble Buabl PHK Beinomnsstor
pasnuyHble GYHKUUHU U TPEOYIOT pa3HOM

6. MexaHu3MEl PEryidnuu 3KCIpeCCruu rcHoB.

Perymsinyst skcrpeccuu reHOB — 3TO IPOLECC, ¢ MOMOIIBI KOTOPOrO OpPraHW3M KOHTPOIHMPYET
MPOU3BOJACTBO OEJIKOB U JPYTUX IPOAYKTOB HA OCHOBE T€HETUUECKOH MH(pOpMaIMu. DTOT Mpolecce
MO3BOJIIET KJETKaM aJalTHPOBAThCA K HW3MEHSIOIIMMCS YCIOBUSAM OKpYXarollell cpeasl |
BBITIOJHATE CBOM (DYHKIIMH.



MexaHu3MBbl peryssiiy SKCIPECCUN FEHOB BKIIKOUYAIOT:

TpaHCKPUIIIIMOHHBIA KOHTPOJIb: PEryJsIUs aKTUBHOCTU I'€HOB Ha ypOBHE TPAHCKPHUIILIUH (CHHTE3a
PHK). D10 MOXXEeT OBITh JOCTUTHYTO Yepe3 B3aUMOACHCTBHE PETYIATOPHBIX OEJIKOB C IPOMOTOPAMHU
WJIM DHXaHCEPaMU T'€HOB.

[MoctrpanckpunuuonHslii KoHTpob: Moaudukanus PHK nocne e€ cunTesa, Hanpumep, CrulaiCHHT
(ynaneHue MHTPOHOB U COEIMHEHHUE YK30HOB), aTbTEPHATUBHEIN cIUTaiicuHT, penaktuposanue PHK.

TpaHCIAMOHHBIA KOHTPOJb: PEeryssiius TpPaHCISUMU (CHHTe3a Oenka) Ha OCHOBE JOCTYITHOCTH
MPHK u ¢akTopoB Tpanciauuu.

Kontpons crabunsnoctu PHK: perymsauus nponomkutensHocty xu3an PHK mytém mamenenus eé
Jerpajauy.

ONHUreHeTHYECKU KOHTPOJIb: M3MEHEHUE IKCIIPECCUM T'€HOB 0e3 M3MEHEHUS IMOCIIe0BaTelIbHOCTH
JHK, nanpumep, metunuposanue JJHK n moandurkanum ructoHoB.

PHK-uHTEephepeHnns: TMOAABICHUE OJKCIPECCHH ONpPEACIEHHBIX TCHOB C IOMOLIBIO MaJIbIX
unTeppepupyronmx PHK (siRNA) n mukpoPHK (miRNA).

[Tporeacomuas nerpajganusi OSNKOB: pa3pylleHHe OEJIKOB NMPOTEeacoMaMH B 3aBUCUMOCTH OT HX
CTPYKTYPbI U (PyHKIIHH.

OTH MeXaHW3MBbI MO3BOJIAIOT OPraHu3My OBICTPO pearupoBaTh HA U3MEHEHUS! OKpY>KalOIIeH Cpelsl,
peryimpoBaTh KJIETOYHbIE MPOLECCH M 00ecleunBaTh HOPMAIbHOE pa3sBUTHE U (YHKIIMOHUPOBAHNE
opranuzma. OHHM TaKXe MIPaloT BaXKHYIO POJIb B IATOTEHE3€ PAa3JIMUHbIX 3a00JIeBaHUM, TAKHX Kak
pak, ayTOUMMYHHbIE 3a00J1€BaHHS U HEHPOJETeHepaTUBHBIE pacCTPOiiCcTBa.

7. YrpasieHue cBSI3bIBaHUEM PHOOCOM.

Ces3biBaHMEe puOOCOM — 3TO Tpolecc npucoenuHenus pudbocomsr k Marpuunoii PHK (MPHK),
KOTOpasi COACPKUT HMHGPOPMAIMIO O TOCIIEA0BATEILHOCTH aMHUHOKHCIOT B Oelke. DTOT mpolecc
SIBJISICTCSI KJIFOYEBBIM 3TAllOM CHHTE3a OeJKa.

B nporuecce cBs3piBanust pubocoma HaxoauT craproBblil kKonoH Ha MPHK u npucoenunsiercs k Hemy.
3atem pubocoma HaumHaeT jBurarbcs BAonb MPHK, «cuuteiBas» mocienoBaresnbHOCTh
HYKJICOTUOB, KOTOpbIE KOAMPYIOT aMHHOKUCIOTHL. Kaknmas Tpoiika HyKI€oTHI0B (KOIOH)
COOTBETCTBYET OMpPENEIEHHOW aMHHOKUCIOTe. PuOocoma pacro3HaérT 3TH KOJOHBI C TMOMOIIBIO
criennaIbHBIX MOJIEKYI, Ha3biBaeMbIX TpancrnopTHeiMU PHK (TPHK).

anaBJIeHHe CBsA3bIBAHUEM pI/I6OCOM BKJIIOYACT HCCKOJIBKO OTAaIlIOB:

1. Mannmanmsa. Ha sToM 3Tame mpoOMCXOAWT HMPUCOEAWHEHHE Majlod CyOBeIMHMIBI pHOOCOMBI K
craptoBoMy kopoHy Ha MPHK. 310 mpoucxoaut ¢ momouipio crenuaibHOro KoMIiuiekca (pakropos
MHHULUALNN.

2. DOnonranus. [locne Toro kak manas cyOowbemuHHna mnpucoenuHuiack Kk MPHK, mpoucxomut
npucoeInHeHne OonblIon cyObenuHULBL. B pesynbrare oOpasyercs (YHKIHOHAJIBHO aKTHUBHAS
pubocoma. [lanee mpoucxoaut «cuutbiBanue» uHpopmammu ¢ MPHK: pubocoma neuxkercs Bmoib
MPHK ot ogHOTO KOZTOHA K IpyrOMY, CHHTE3UPYs OEIIOK.

3. Tepmunarus. Korma pubocoma mocruraer cromn-kogoHa vHa MPHK, cunTe3 Oenka mpekparmaercs.
[Mpoucxonur otnenenne pudocomsl oT MPHK 1 ocBOOOXKIeHIE CHHTE3UPOBAHHOTO OEITKa.

4. Perymsanus. B kiieTkax CyIecTByIOT MEXaHU3MBI PETYISIHN CHHTE3a OCJIKOB, KOTOPBIE TTO3BOJISIOT
KOHTPOJIMPOBATh KOJIMYECTBO U KAY€CTBO CHHTE3UPYEMBIX OEJIKOB. DT MEXaHU3MbI MOT'YT BIIUSThH Ha
ces3piBanne pudocom ¢ MPHK mim Ha ckopocTh cuHTe3a Oenka. Hanmpumep, HEeKOTopbie OEIKH MOTYT
CBSI3BIBAThCS C peryimsatopHbiMH ydactkamu MPHK n m3MeHsars €€ mocTymHOCTH Ui puOOCOM.
Jlpyrue OelIKd MOTYT peryjaupoBaTh aKTHBHOCTHh ()aKTOPOB MHUIIMAIIMH WJIHM JJIOHTAIWH, BIUSS Ha
CKOPOCTh CBSI3bIBAHUSI pUOOCOM WJIM CHHTE3a OelKa.

OTH TpOLECCH YHPABIAIOTCA PA3IMYHBIMU (aKTOpaMy, TAaKUMH Kak Haludue HEOOXOIUMBIX
KOMIIOHEHTOB (puOOCOMHBIE CyObEAMHUIBI, (AKTOPbl MHULHUALMK, 3JIOHTalMHd M TEPMHUHALINM),
nocTynHOCTh dHeprun (AT®), a Takke peryasTOpHbIC MOJEKYINbl, TAKHME KaK TOPMOHBI M IpYyrHe
CUTHAJIbHBIE MOJICKYIIBI.

8. Meronb! ananu3za npeactasieHHoctd PHK.



Mertonsl ananuza npeacrasieanocTn PHK. Ananutinueckue meronuku. Hopmanuzanus 6uGmmorex.
Anamn3 npencrasneHHocTH PHK — 3T0 MeTox, KOTOpBIN UCHONB3yeTes UIsl U3YyYEHHS SKCIPECCHU
I'€HOB B Pa3JIMYHBIX TKaHsIX U yCIoBUsAX. OH 1103BOJISET OIIPENENINTh, KAKHE FeHbl AKTUBHBI B JAHHBII
MOMEHT, U OLICHUTH YPOBEHb UX SKCIIPECCHUHU.

s ananu3za npeacrasienHoctn PHK ucnonb3yrores pazinyHble aHATUTHYECKUE METOJUKH:
CexsennpoBanue PHK (RNA-Seq) — »3to Haubonee pacrnpocTpaHEHHBIA METO[ aHaIM3a
npencrasneHHoctd PHK. On ocHoBan Ha cexkBenupoBanuu Bceld PHK, BeimenenHol u3 obpasia, u
MOCIIEAYIOIEM aHaIM3€e MOITYy4YeHHBIX AaHHbIX. RNA-Seq mo3Bossier nonydnTs HHPOPMALIKIO O BCEX
reHax, KOTOpbIe SKCIIPECCUPYIOTCS B JAaHHOM 00pasiie, 1 00 YpOBHE UX IKCIIPECCHH.

Mukpouunsl (microarrays) — 3To emé€ onuH Meron aHaiuza mnpenctasieHHoctd PHK. Onm
NPEACTAaBIAIOT cOo00i HeOONbIINEe IUIACTUHBI, HAa KOTOPBIX PACIHOJOKEHBI THICAYM KOPOTKUX
nocnenoBarenbHocTet JIHK, cootBercTByromux pasnuunbiM renam. O6paszen PHK nanocutcs Ha
MUKPOYHII, ¥ TiporcxonuT rubpunmzanus mexay PHK u JIHK. 3atem Mukpounn ckanupyercs, u
MOJTyYCHHbIE JaHHBIC aHATU3UPYIOTCA. MUKPOUHITHI TIO3BOJIIOT OBICTPO MOMYYUTh HHPOPMALIUIO 00
9KCIPECCUH ThICSIY '€HOB OJJHOBPEMEHHO.

Hopmanu3zanus OMOIMOTEK — 3TO MPOIECC, KOTOPHIM MO3BOJISET YCTPAHUTD PA3NINYMsl B KOJIMUECTBE
PHK, BblfienieHHBIX M3 pa3HBIX 00pa3ioB. ITO HEOOXOMUMO JUIsl TOTO, YTOOBI pe3yJIbTaThl aHAIN3a
OBLITM COMOCTAaBUMBI MEXKY Pa3HBIMH 00pa3IlaMH.

Cy1ecTByeT HECKOIBKO METOJI0B HOPpMAaU3aui OUOINOTEK:

1. Hopmanu3zaiuss mo KOJWYECTBY KIETOK. OJTOT METON mpenmnoiaraer, uro kommdectBo PHK,
BbIICISIEMON M3 00pasua, NPONOPLUOHAIBHO KOJIMYECTBY KJIETOK B 3ToM oOpasue. Jns
HOPMAaJIM3aIMH 10 KOJIMYECTBY KJICTOK HEOOXOIMMO 3HATh KOJIMYECTBO KJIETOK B KaXKJIOM 00pasie.

2. HopManuzauus 1no AjiMHe TPAaHCKPUIITA. DTOT METOA OCHOBAaH HAa TOM, YTO JJMHA TPaHCKPUIITA
00paTHO MPOMOPUUOHAIBHA €ro KOHIEHTpauuu. TakuM o00pa3oM, MOXXHO HOPMallU30BaTh
OnOIMOTEKN MO JJIMHE TPAHCKPUITA, YTOOBI YCTPAaHWTh pasziauuus B koHueHTpauuun PHK mexmy
oOpasnamu.

3. Hopmanu3anus ¢ MCIONIBb30BaHUEM KOHTPOJIS. DTOT METOJ 3aKJII0YaeTCsl B JOOABICHUH K KaXIOMY
oOpasuy m3BectHoro komuyectBa PHK w3 apyroro obpasma. DTo mO3BONISIET HOpMAall30BaTh
pasnuuus B 3¢ dexruBHOCTH BhIAeneHuss PHK mexny oOpaznamu.

4. Hopmanu3auus ¢ HOMOILIBIO MareMaTHYecKux MerofoB. CylIecTByeT psj MaTeMaTHYeCKHX
METO/IOB, KOTOpBIE TO3BOJIAIOT HOPMAaJM30BaTh OMOIMOTEKH 0€3 MCIOJb30BAHUS JOMOIHUTEIBHBIX
00pa3oB. DTH METOIbl OCHOBAHbI HAa CTATHCTUYECKUX MOIEISAX, KOTOPBhIE YUUTHIBAIOT Pa3iuius B
konmdecTBe U kadectBe PHK Mexny obpasmamu.

BBI60p MCTOJa HOpMaJIM3alluU 3aBUCUT OT KOHKPCTHBIX L[eJ'IeI\/’I n 3a1a4 UCCICAOBaHUA.
9. yCTpOﬁCTBO OKCIIPCCCUOHHBIX CAUHUI] B TCHOMAX PA3HBIX OPraHU3MOB.

Dkcnpeccusi TEHOB — 3TO MPOLECC, B XOJ€ KOTOPOTO HACJIEACTBEHHass MH(oOpManus OT TIeHa
npeobpasyercss B (pynkuuoHanbHbel npoaykT — PHK unu Genok. DkcnpeccrMoHHBIE €AMHUIBI B
TeHOMAaXx pa3HbIX OPTaHU3MOB MOTYT Pa3IN4aThCs MO CTPYKTYPE U (QYHKIHSIM.

B reHome nmpokapHoOT IKCIIPECCHOHHAs €AMHHULA OOBIYHO COCTOUT U3 OHOTO I'eHa M PETrYIATOPHBIX
[IOCJIEI0BATEIbHOCTEN, KOTOPHIE KOHTPOIUPYIOT €ro OSKCIPECCHUIO0. Y DJYKApHOT TEHBl YacTo
OpPraHM30BaHbl B KJIACTEPBl, COCTOAIIME M3 HECKOJBKHX T'€HOB, KOIUPYIOUIMX OEIKH ¢ OOIUMH
(GyHKUMSAMU. DTH TeHBl MOTYT OBITh pa3feficHbl HEKOOUPYIOIIUMH MOCIEJ0BATEIbHOCTAMH, TAKUMU
KaK UHTPOHBI, KOTOPBIE YAAJSIOTCS IIPU CIUIACUHTE.

VY 9yKapuOTH4ECKUX OpPraHU3MOB TaK)XXe €CThb I'€Hbl, KOTopble koaupyroT mosekyisl PHK, Takue kax
TPHK u pPHK. Onu 00bl4HO oOpranvM3oBaHbl B BHJE OIEPOHOB, I€ HECKOJIBKO TEHOB
TpaHcKpuOupytorcss BMecte B onHy mojekymy PHK. 3arem sta monekyna PHK monsepraercs
MPOLECCUHTY AJIs co3aanus QPyHKIuoHaIbHbIX Mosieky1 PHK.

10. CDepMeHTaTI/IBHaSI c6op1<a OJIMTOHYKJICOTUIOB B I'CHBI WJIX TCHHBIC OJIOKU.

depmenTaTuBHas cOOpKa OJIIMTOHYKJICOTHIOB B TEHBl WIM TeHHble Onoku. [lommmepasHas u
nurasHast coopku. [Tpobiaema ommbok npu cOopke U MeTo bl 6OPHOBI C OIIMOKAMH.



depMeHTaTHBHAS COOPKa OJMTOHYKJICOTHIOB B T'€HbI WM T'€HHBbIE OJOKH — 3TO MPOLIECC CO3IaHUs
TCHOB WJIM TEHOMHBIX IOCJIEOBaTebHOCTEH MyTéM coeArHeHus: KOpoTkux QparmentoB JIHK,
HA3bIBAEMBIX OJMTOHYKJICOTUAAMU. DTOT MPOLIECC BKIIOYAET B €0 HECKOIBKO 3TAIOB:

1. CuHTE3 OJIMTOHYKIICOTUAHBIX (PPArMEHTOB C IOMOIIBIO oMMMepa3Ho# nenHoi peakuu (I1LIP).
2. OT)ur ¥ THOPUIN3ALMS OJIUTOHYKIICOTHIO0B, YTOOBI OHM MOIVIM COEUHUTHCS APYT C APYTOM.

3. q)epMeHTaTI/IBHOG COCAUHCHUC OJIMTOHYKJICOTUAOB C HCIOJIb30BAHUCM (I)epMeHTOB, TaKuX KakK
JIMra3bl UK IIOJIMMEPA3EhI.

4. KoHTpoJb KauecTBa IOJIy4E€HHBIX [10CJIEA0BATEIbHOCTEN ¢ IOMOIIBIO CEKBEHUPOBAHHU.

[Momumepaznass  cObopka  ucnonwp3dyer  ¢epment  JIHK-mommmepasy s coefuHEHUs
onuronykneotunoB. I[lomumepasa mobaBisier HyKIEOTHAB! K 3'-KOHIY OAHOTO OJIMTOHYKJICOTHIA,
UCIOJNb3Ysl JPYyrod OJMIOHYKJIEOTHJ B KadecTBE Marpulibl. JTO I03BOJISIET COEIUHUTH JiBa
OJIMTOHYKJIEOTH/Ia B OJTHY MOCJIEN0BATEIBbHOCTD.

Jlurasnas cOopka UCIIONB3yeT (PEPMEHTHI JIMTA3bl ISl COSAMHEHHS IBYX OJMTOHYJICOTHIOB. JIurassl
coenuusroT ABa pparmenta JIHK uepes pochomurpupnsie cpsizu.

IIpu ¢depmenTaTuBHON COOpPKE OJNMTOHYKJICOTHIOB MOTYT BO3HUKATh OIIMOKH, TakKue Kak
HETpaBUJIbHOE CIIapUBAaHHE OCHOBAaHMHN, BCTABKM WJIM JAEIELUH HYKICOTHAOB. DTH OMINOKH MOTYT
MPHUBECTU K HEMPABWIBHOMY CHHTE3y OeJka MM HapyLIeHUIO QYHKLINHU TeHa.

Jliist 60pBOBI ¢ OmMOKaMu TIpH COOPKE UCTIONB3YIOTCS CIEYFOIIHE METOIBI;

Kontponp kadectBa ONMTOHYKICOTHIOB. OIUTOHYKICOTHIHBIE (parMeHTbl JOJKHBI  OBITH
CHUHTE3MPOBAHBI C BBICOKOH TOYHOCTBIO, YTOOBI MUHIMU3HPOBATh BEPOSTHOCTH OLIHOOK.
Hcnonb3oBanue GpepMEHTOB ¢ BBICOKOH crieqU(pUUHOCTBI0. DEepMEHTHI, UCTIOJIb3yeMbIe I COOPKH,
JIOJDKHBI UMETh BBICOKYIO CHENMPUIHOCTh K CBOMM cyOcTparam, 4TOObl YMEHBIIUTh BEPOSITHOCTD
HENPaBUWIBHOTO CIIAPUBAHUS OCHOBAHUH.

OnTumu3zanys yCclIOBUN peakuu. YCIOBHS peaklMy, Takue Kak Temreparypa, pH u KoHneHTpauus
peareHToB, MOTYT BJIHATH Ha TOYHOCTh COOpKH. ONTUMH3AIMs 3TUX MAapaMETPOB MOXKET MIOMOYb
CHHU3UTh BEPOSITHOCTh OIIMOOK.

CekBeHHpOBaHHE  NOJYYCHHBIX  mociepoBarenbHocTeil.  Ilocae  cOOpku  TOMy4eHHBIE
MOCIIEIOBATEIbHOCTH MOXHO CEKBEHHPOBaTh, 4YTOOBI YOETUThCS B WX MpaBwibHOCTH. Ecmm
0OHapy>KeHbI OIMIMOKU, X MOXKHO UCIPABUTH C IIOMOIIBIO JOIIOJTHUTEIbHBIX PEaKIIH.

Ot METOABI ITIO3BOJIAKOT ITOBBICUTH TOYHOCTH (bepMeHTaTHBHOfI C60pKI/I OJIMTOHYKJICOTUZIOB U
TMOJIYYUTD MOCIIEA0BATCIbHOCTU C MUHHUMAJIbHBIM KOJIMUCCTBOM OIIHOOK.

11. ®epMeHTATUBHBII CUHTE3 OJMTOHYKIECOTHUIOB.

@epMEHTATUBHBIA CUHTE3 OJIMTOHYKJIEOTUIOB. [loiaydeHHne NpOTSKEHHBIX IOCIEN0BATEIIBHOCTEN
JIHK w3 rennsix OokoB. Meto ['mbcona u ero Bapuanuu (pekoMOWHAIUS in Vitro).

DepMEHTAaTUBHBI  CUHTE3  OJNUTOHYKIICOTHIIOB — OSTO MPOLECC CO3MaHHUA  KOPOTKHUX
nocnenoBarenprocTert JJHK nim PHK ¢ ncnosnp3oBanuem gpepmentos, Takux kak JJHK-monmnmepasa.
DTOT METOJ| MIMPOKO UCIONB3YETCS] B MOJIEKYISIPHONH OMOJIOTHH M T€HHOW WHXKEHEPHUH JUIsl CHHTE3a
¢parmenroB JIHK, koTropsle MOTryT OBITh HCIONB30BAHBI JUIS PA3JIMYHBIX Ileiei, BKIOYast
KJIOHUPOBAHUE T€HOB, co3nanue npaimepon 11 [P u T.1.

[Monyuenne mpoTspkEHHBIX mocienoBarenbHocTel JIHK 13 reHHbIx O1okOB — 3TO 3amada, KoTopas
MOXeET OBITh pelleHa ¢ MOMOUIbIO Pa3IMYHBIX METOA0B MOJICKYJSIpHOU Onosornu. OZHUM U3 TaKHX
METOJIOB SIBJIsIETCSl MeTo/] [ mOCoHa 1 ero Bapuamnuu (peKoMOUHAIMS in Vitro).

Merton I'mbcona 6bi1 paspadoran B 2009 romy um mpezacraBisier co0ol MeTon cOopku TeHoMoB de
novo. OH OCHOBaH Ha WCHOJB30BaHUM JByxuenodeunsix Monekyn JHK, conepxammx
MEPEKPBIBAIOIIUECS TTOCIICAOBATCIBHOCTH, U CHENUPUUECKUX (EPMEHTOB pPEKOMOMHAIMU. ITH
(bepMeHTHI TI03BONISIOT coeauHATh (pparmentsl JJHK B Hy)kHOM mopsake, co3naBas TakuM 00pa3oM
npoTskEHHBIE TTocneaoBarenbHocT JTHK.



Bapuanuu merona I'mbGcoHa BKIIFOYAIOT MCIONIL30BAHUE PANMMYHBIX (DEPMEHTOB PEKOMOMHAITMHN U
MOIU(UKAIHN TTPOTOKOJIA, YTO MO3BOJSET JAalTHPOBATH METOJI 10J] KOHKPETHBIE 32/1a4W U YCIOBHUS
SKCIIEPUMEHTA.

12. Merons! in vivo pekomOuHaruu B E. coli u B S. cerevisiae.

Metonst in vivo pexomOumnammu B E. coli m B S. cerevisiae. Golden Gate um mpumepsl ero
npuMeHeHus. CHHTETHYECKUE TeHOMBI MUKPOPTaHU3MOB U XPOMOCOMHBIE COOPKH 3YKapHOT.
[Nonsatne «pexomOmuanTHast JIHK» TecHo cBsi3aHO ¢ MOHSATHEM «KIOHWUpOBaHHE». Eciu ¢ mepBbIM
TEPMUHOM BCE TOHSATHO — 3TO MOJIEKyJa, cocraBiieHHas u3 (parmentoB JIHK pasnoro
MPOUCXOXKICHHS, — TO CO BTOPBIM YacTO MPOUCXOAUT myTaHulla. Ecin pedb, Kak B 3TOH craTbe,
UAET O TEHHOW WH)XEHEPHUHU, TO MOJ KIOHHPOBAaHHEM OOBIYHO MOAPa3yMEBACTCA MOJIEKYJISIPHOE
KIIOHHPOBaHHWE, TO €CTh BBeJcHUE HHTepecyromero ¢pparmenra JJHK B Momekyiy-BekTop, KoTopas
BMeCTE C COO0H pa3MHOXKHT 3TOT ()parMeHT B KaKOM-TO KieTke. IHOTa TeH HyKHO He KOIMPOBAThH B
cocTaBe BEKTOpa, a BCTPOUTh B XPOMOCOMY KJIETKH, U TOTJa OH OyJIeT pa3MHOXaThCsl TOLKO BMECTE
C Hel, MPH KJIETOYHOM JIeJICHUH, a 3HAYHT, AAJICKO HE KaK Ha KCEPOKCe.

13. Co3panue npoctoii reHeTnyeckor nporpammsl B E. coli — Tpanckpununonssiii gaxrop (He u3 E.
coli) u peryiaupyembiii UM reH-pernoptep (reH ¢iyopeciieHTHOTO OenKa).

Co3pmanue mpocroii TreHeTHdeckod nporpammbl B E. coli — Tpanckpunimonnsiii pakrop (He u3 E.
coli) u perynaupyemsbiii UM reH-penoprep (reH (uryopecieHTHOTO OenKa).

MonenmupoBaHue peallbHOrO HAYYHOTO HCCIISNOBAaHHS M MPAKTUYECKask OTPadOTKa METOIOB T€HHOM
UHKCHEPUU

14. Mcropust BOSHUKHOBEHUS U PAa3BUTHSI CHHTETUYECKOW OMOIOTHY.

Hctopust BO3HUKHOBEHHST W  Pa3BUTHUS CHHTETHUYECKOW Owonoruu. MexayHapolnHsle U
OTEYECTBEHHBIC MPOEKTHI B 00IACTH CUCTEMHON M CHHTETUYECKON OMOIOTrHu.

Cunternyeckasi OMOJOTHSI — 3TO HOBOE HANpABICHUE, KOTOPOE 3aHHMMAETCSI CO3JaHHUEM HOBBIX
OMOJIOTMYECKUX CHCTEM MM MOAM(HUKALUEH CYIIECTBYIOIMX C LEJIBIO MOTYYEHHUs ONMpPEAeIEHHBIX
cBoiicTB winu (pyHkumii. CerogHsi CHHTETHYECKass OHONOTUs SBisAETCS OBICTPO pa3BHBAIOLICHCS
00JacThI0 HAayKH, KOTOpas MMEET UIMPOKUI CHEeKTp npuMeHeHus. CHUHTeTHYecKasi OMOIOTUSI MOXKET
OBITH MCIIONB30BaHA I CO3IAaHUS HOBBIX JICKAPCTB, BaKLMH, OMOCEHCOPOB, a TAKKe JISl PELICHUs
9KOJIOTHYECKUX IpolsieM. MeXayHapoiHble M OTEUECTBEHHBIE MIPOEKTHI B 00JACTH CHHTETHYECKOM
OMOJIOTMH HampaBiieHbl HA Pa3paOdOTKy HOBBIX TEXHOJIOTUH U METOJOB, KOTOPHIE ITO3BOJIAT YIIyUIIUTh
KayeCTBO XKU3HM JIFOAEH U OKPYXKAIOLIEH Cpebl.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYlIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPhI

OcHoBHas nuTeparypa
OcHoBHas InTepaTypa npeaocTaBieHa 6a3oBoii kadeapoi
Kynnenn H., bepurreitn P., Unarpam K., Xapt K.M., Ha nytu k cuaTeTHueckoii 6Moioruu
Konnues A. C., CeBactbsinoa [. A., [IBetkoB W. JI, MonekynspHast Ouoiorus, yueOHUK 1Jis1 By30B, 5S¢
U3JIaHNue

JononaurtensHas IMTEparypa
Jluteparypa npenocrasieHa 6a30Boi Kadeapoi
B.H.Kusirunaun u 1p., Mcroynnky HOBBIX HHAYCTpUi. Boinyck 2. CuHTETHYECKas OMOIOTHSI.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)



Caiit MOTU, Ha KOTOPOM BBUIOXKEHBI IIPE3SHTALIMN TIPEABIIYIIETO Kypca JEKINMI:
http://bio.fizteh.ru/student/files/mol_biology/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

st wacty 3ansituii notpedyercs Zoom. Google Drive mis qoctyna k Marepuainam Kypcea.
[TpuBeTcTBYeTCS HaMMUUE BO BpeMsi 3aHIATUI cMapT(GOHOB/HOYTOYKOB /ISl yU4aCTHSI B HHTCPAKTUBHBIX
YIPaKHEHHUSX.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYaromui JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUYECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaMpsDKEHHON CaMOCTOSATENLHOW Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuala, TOATOTOBKY OTBETOB HAa BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3yUCHUS;

— pelIeHue 3a/1a4, MPeAIaraéMbIX CTYICHTaM Ha 3aHATHUSIX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUI TEKYLIEH U IPOMEKYTOYHOM aTTecTaluu.

[Tokazarenem BrnajieHUss MaTepyaIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTIIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3YYCHHUsS OTJAEIbHBIX TEM, BOMPOCOB, CIEAYyeT OOpamiarthCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTeIio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: CucreMHas ¥ CHHTETHYECKAsT OUOJIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa CHCTEMHON U CHHTETUIECKON OMOIOTHH

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

Pa3paborunk: B.M. T'oBopyH, n-p 6uon. Hayk, nmpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CniocobeH u3yyarb, aHaJIU3UPOBATH,
UCTIONIb30BaTh OMOJIOTMYECKHE OOBEKTHI U
MPOLIECCHI, OCHOBBIBASICh HA MATEMATHYECKUX,
bU3NUECKUX, XUMUIECKHUX, OMOJIOTMYECKIX
3aKOHAX, 3aKOHOMEPHOCTSIX U B3aUMOCBSI3SX

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-4 CriocoOeH ocymIecTBIATE cOOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Bmageer weromamMu Hay4HOTO IIOWCKa U
WHTEIUIEKTYyallbHOTO aHaln3a WHGOpPMAIUK TIPH PEIICHUH
3a/1a4 Mpo(eCCUOHATBHOM JIEATENHHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3paboTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METObI HCCIICTOBAHUIA

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

OIIK-5.2 OOmagaerT cHOCOOHOCTBIO K OCBOECHHUIO HOBBIX
3HAHWI Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX CcTaTeit
U IPYTUX UCTOYHUKOB

[MK-1 CriocoGeH m1aHupoBaTh U MPOBOAUTH
Hay4HbI€ SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITN) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Brnageer QyHIaMeHTaNbHBIMH — MOHSATHIMH,
3aKOHAMU M TEOPHUSIMH COBPEMEHHOW (DU3UKU M OUOJIOTHH

[MK-2 CriocobeH aHanu3upoBaTh MOMTyUYCHHBIE B
XO0JIe HayYHO-HCCIIE0BATENLCKON paOOThI
JIAHHBIC U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOUCHMS )

[IK-2.2 YMmeer HaxOAUTh  KIIIOUEBLIC
OTIPECIIAIONINE H3y4yaeMoe SIBIICHUE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYUHBI

napameTpabl,
U TPOU3BOIUTH

[1K-2.3 Cnioco0eH npencTaBiATh HayYyHbIE YTBEPKACHUS, HX
000CHOBaHMS M JI0Ka3aTeNbCTBA, HAYYHbIE NMPOOIEMBI M HX
pelleHUs] SCHO M TOYHO B TEPMUHAX, MOHATHBIX IS
mpoeCCUOHANBHON ayAUTOPUU B MUCHMEHHON W YCTHOU

dhopme

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONIB3YEMbIX TIOHITUH U MOesIei

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC UYUCHUA NUCHUIIINHBI «MOJ’IGKYJ'IﬂpHaH 6I/IOJ'IOFI/I$I, BBCACHHUC B CUCTCMHYIO U CUHTCTUUYCCKYIO

OHMOIJIOTHIOY» 00YUAIOIIUICS JTOJIKEH:

3HATb:

- IPUHIUIIBI YCTPONCTBA OPTaHNW3Ma Ha MOJIEKYJISIPHOM YPOBHE;
- (hyHIaMEHTaIbHBIE OCHOBBI SKCIIEPUMEHTAIBHBIX METOIOB B MOJIEKYIIAPHON OHOIOTHH;

- OCHOBBI CHHTETHUYECKOH OMOJIOTHH.
yMeTh:

- CTaBUTh LIENM U 3a/laud, TOHMMATh IIOCTABJCHHBIC LM U 3a/aud IPU CO3AAHUU AHAIUTUYECKUX
CHCTEM B MEIUKO-OMOJIOTHYECKHUX HCCIIEeIOBAHUSAX;

- HCII0JIb30BaTh CBOM 3HAHMS IS PELICHU 3ajad U IPOBEIEHUS SKCIIEPUMEHTAJIbHBIX UCCIIEJ0BaHUM;

- OLICHMBAaTh KOPPEKTHOCTh MOCTAHOBOK 3aJa4 M CTPOUTH AJITOPUTMBI JOCTHKEHUS X ONTHUMAIbHOTO
pelIeHns B pa3InuHbIX (B TOM YHCIIC MEHSIOIINXCS) YCIOBHSAX.

BJIaJd€Th:




— HaBBIKaMH cOOpa, CHCTEeMAaTH3allMH U aHaJIM3a HAyYHO-TEXHUYECKOH M JPyro mpodeccHOHaIbHOMI
nHpOpMaIINY;
— HaBBIKAMHU CAMOCTOSATEIILHON paboThI B TaDOpaTOPHH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

. OnumuTe OCHOBHBIE 3TAlbl PA3BUTHS CHHTETHYECKON OMOJIOTHH.

. Kakue 3nHaunmble MeKayHapOIHbIE POCKTHI B 00J1aCTH CHHTETHYECKOW OMOJIOTUH BB 3HaeTe?
. Ilepeuncnure MEeTOIBI CHHTE3A MPOKAPUOTHYECKUX OPTaHU3MOB.

. Kakue noaxonpl mpuMeHsIOTCS 17151 ToNTydeHus cuHTetndeckux (pparmentos JJHK?

. B uem cocrout pasuuna Mexxay XUMHYECKUM U (pepMeHTaTuBHBIM cuHTe30M JJTHK?

1

2

3

4

5

6. HazoBure u oxapakrepusylite ocHOBHbIE Buasl PHK.

7. Kakosa crpykrypa PHK-nonnmepas u kak onn B3aumozeictsyior ¢ JJHK?
8. OOBsSICHUTE MEXaHU3MBI PETYJISILIUN YKCTIPECCHH T€HOB.

9. Kaxk ocymecTsisiercs: ynpasieHHe CBS3bIBAHHEM prOocom?

1

0. B yem 3axiro4aroTCs OCHOBHBIC HpO6J'IeMI>I 1 JOCTHXKXCHUA CHHTETHYECKOI Onoyorun?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. OnummTe Metonsl ananu3a npenacrasieHHoctd PHK u ux 3naunMocTs.
2. Kax ycTpoeHbl 3KCIPeCCUOHHBIE EANHUIIBI B TEHOMAaX MPOKAPHOT U 3YKapHOT?

3. Kakue ™metonmpl (pepMEHTATHBHOW COOPKH OJIMTOHYKJICOTHIOB HCIOJIB3YIOTCS B COBPEMEHHOM
onosiorun?

4. B ueMm coctouT MeTon [ mOcoHa u kak oH ucmonb3yercs A cuateza JJHK?

5. Obmwsicaute npouecck in vivo pekomOuHanuu B E. coli u S. cerevisiae.

6. KakoBbI OCHOBHBIE 3Tallbl CO3AaHUSI CAHTETHYECKUX T€HOMOB MUKPOOPTaHU3MOB?
7. Kakue maru BKIIIO4alOT B ce0sl co3AaHne reHeTndeckoii mporpammel B E. coli?

8. Kak nHopmanusyrorcst Oubmarorexku npu ananmuze PHK?

9. Kakue moaxoasl UCHOJB3YIOTCS ISl MONY4YEHUs JIMHHBIX nociaenoBarenbHoctet JIHK u3 reHHbx
0JIOKOB?

10. B uem 3axmrodaroTcs NepcreKTHBBl CAHTETHYECKOW OMOJIOTHH B pa3paboTke OMOTEXHOIOTHI?
[Mpumeps! OUIETOB:

buner 1

1. Tumbl Macc-cIeKTpOMETPOB. Buasl Macc-CleKTpOMETPHUECKOTO aHainu3a. Macc-CrieKTpoMeTpusl B
6uonoruu. Top—down—Bottom—up.

2. Nurtepakromuka. MeTobl onpeaesieHus MOCTTPaHCIAUMOHHBIX Moandukanuii (IITM).

burer 2
1. IlpuHnumnsl npurotoBiaeHus oubnmorek 1 cekBeHupoBanusa NGS. Hopmanuzanus 6ubnuorex.

2. Pemenne 3amaunm: neMOHCTpanus MpakTHUecKux ymeHHil: Co3mgaHue MPOCTOM TeHEeTHYECKOMH
nporpammsl B E. coli — TpanckpuniuonHsiii ¢paktop (He u3 E. coli) u peryiaupyemsiii um reH-penoprep
(ren dmyopectieHTHOTO OeiKa).

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.



Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTABJIAE€TCA CTYIEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEOUETAMH.

OHGHKa XOpouIo 7 0alIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHUA HaA IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTCpuall, rpaMOTHO
1 IO CYHIECTBY HU3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka yaoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYICHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

OreHka yHIOBICTBOPUTENIBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW ITOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33]1a4.

OreHKa HEYJIOBIETBOPUTENILHO | 0ajul - BBICTABIISICTCS CTYICHTY, KOTOPBI HE 3HA€T OCHOBHOIO
coziepKaHusl yu4eOHOW MpOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

AtTecTtanysi TO JUCIUILNIMHE oOcyliecTBisercs B Qopme nuddepeHiupoBanHoro 3aderta. [lpum
MPOBEJCHUN YCTHOTO JU(PPEPSHIMPOBAHHOTO 3a4eTa 00ydaroneMycs npeaocTaBisiercss 45 MUHYT Ha
noxrotoBky. Onpoc oOydaromerocst o OMJIETY NPHU YCTHOM OTBETE HE JIOJDKECH IMPEBBIIATH OJHOTO
aCTPOHOMHYECKOTO Yaca.



