degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JUCHHUIIMHE: N306panHbIe I1aBBI KIIETOYHOM OMOJIOTHU
10 HAMPABJIECHUIO: Buorexnonorus
npopuJib NOArOTOBKHU: Buorexnonorus

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
IEHTpP 00pa3oBaTeNbHBIX MporpaMM DU3TEX-ITKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzuku
Kypc: 1
KBaJIMpUKALS: GakanaBp

CemecTp, hopMbI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUN) - 3aueT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy cocraBui: I''A. Hocos, phd (kana. 6uo:. HayK)

[Iporpamma obcyxieHa Ha 3aceflaHuu IIeHTpa 00pa30BaTeNbHBIX MporpaMM DOU3TEX-IITKOJIbI OMOIOTHYECKON U
MeauimHCcKon ¢usnku 17.08.2022



AHHOTANMA

Kypc «u30panHBIC TNaBbl KJIETOUYHOW OWOIIOTHM» SBISIETCS BaXKHBIM KOMIIOHEHTOM 00pa30BaTEIbHOTO
mporecca, MOCKOIbKY B HEM 3aKIIaJbIBAIOTCS TOHSATUS W TOAXOJbI, HEOOXOAWMBbIE NMPU OCBOCHWUHU BCEX
MOCIEYIOMINX OMOJOTHYECKUX KypcoB. Kypc CylIecTBEHHO paciIvupseT W IOTOJTHSET O0S3aTeNbHBIN Kypc
«BBEJICHNE B KJIIETOYHYIO M MOJICKYJISIPHYIO OMOJIOTHIO», Jieiasi YIop Ha MPaKTHUECKUX B dKCIIEPUMEHTAILHBIX
TTOJTX0/1aX, UCIIOJIb3YEMbIX B HayKaX O KJeTKe. boiee Toro, B mpoliecce 00ydeHus y cirymiareieil popmMupyercs
HEJOCTHOE MpeJcTaBieHe O (PYHKIIMOHUPOBAHUM OWOJOTHUYECKHUX CHCTEM pa3IMYHOTO paHra. B kypce
3aKJIAJBIBACTCS JIOTMKA MCCIIECIOBATEIIbCKONO MBIIUJICHUS M CTpaTerus IUIAHUPOBAHUS KAaK OTACIbHBIX
SKCTIEPUMEHTOB, TaK W TIOJHOIICHHBIX UcclienoBaHuid. [IporpaMMa mpeHa3HadueHa CTyJICHTOB OakaiaBpHara.
OcBauBaercs Ha 1 Kypce.

1. leau u 3apauu

eap AUCUMNIMHBI

- pacmmpeHue NPEACTABICHUS O (PyHKIMOHHUPOBAHWUH KJIETOK U OPTraHU3MOB, 0a30BBIC IPHUHIIUIIEI
CHCTEMHOM U CHHTETUYECKOI OMOJIOTHH.

3agaun AU COMIIHHBI
- O3HAKOMHTH CIyIIaTeJed C COBPEMEHHBIMM IPEICTABICHUSMH O CTPOEHHM M (DYHKIMOHHUPOBAHUU
KJIETOK TPO- U 9yKapHoT;
- chopMHpOBaTh LEJIOCTHOE TMpPEICTaBIEHHE O KIETKEe, KaK O CaMOpErylupylolencs u
CaMOIIOJJICPIKUBAIOIICHCS OMOIOTUYECKON CUCTEME;

- pa3BUTh Y clyllarened MCCIeJOBaTe]bCKOE MBIIUIEHUE, YMEHUE aHAJIU3UpOBaTh HayuyHYIO
JUTEpaTypy, HayYHbIC CTaTbH;

- HAYy4YUTb CHymaTeHeﬁ CTaBUTb HUCCJICAOBATCIILCKUC 3ada4ud W IMPOCKTUPOBATH IKCIICPUMCHTAJIIBHYIO
JCATCIIBHOCTD.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyer COBOKYMHOCTb B3aUMOCBS3aHHBIX
3aad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKCHHUE. Omnpenenser
OXHJIa€MbI€ PE3yJIbTaThl PEIICHUS TIOCTABICHHBIX 33134

YK-2 Cnocoben onpenensite Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOM LIEH U BEIOHPATh
OIITHMAJIbHBIE CTTIOCOOBI UX PELICHUS, UCXO/IS 13
JEHCTBYIOIUX ITPABOBBIX HOPM, UMEIOIIUXCS
PECYPCOB U OTpaHUYECHUI

VYK-2.2 IIpoektupyeT peleHue KOHKPETHOW 3ajadu
MPOEKTa, BBHIOWpAs ONTHUMAIBHBIA CHOCOO €€ pelleHHs,
UCXOAsI M3 JEHCTBYIOIIUX MPABOBBIX HOPM U HMMEIOLIMXCS
PECYPCOB U OTpaHUYEHUI

OIIK-2 CrniocobeH ucnonb3oBarh coBpemennsie |OITK-2.1 Crnocoben IPUMEHATh COBPEMEHHBIE
UH(POPMALMOHHbIE TEXHOJIOTHU U BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
HpOrpaMMHBIE CPECTBA NIPH PElICHUH 3a1a4  |00nacty (cdepe) mpodecCHoHaNbHON NeATEIbHOCTH
npoeCCHOHANBHON NeATENBHOCTH, coOmonas  |OIIK-2.3 3naer oCHOBHBIE TpeGOBaHMS MH(POPMAILMOHHON
TpeboBaHus HHPOPMAIIMOHHON 0E30MaCHOCTH  |Ge30MaCHOCTH

[MK-1.2 HMmeer rnyOokoe 3HaHWE W TMOHHMaHUE 0a30BBIX
MaTeMaTHYECKUX JAUCIUIUINH

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUICCKHUE
(aHaTMTHYECKIE M IMUTAIMOHHEIC)
HCCIICAOBAHHUS

I[IK-1.5 VYmeer cTpouTh MAaTEMaTUYECKUE MOACIH MAJIA
ONMMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

[IK-1.6 Bmageer HaBbikamMu 0Oe30MacHON pabOTBI  C
COBPEMEHHBIMH  HAay4YHbIMH TNPHOOPaMH H  JIPyTUM
OMOTEXHOJIOTUUECKUM 000pYJOBAaHUEM

[IK-3.1 3naer npuHOMIIBI PabOTHI M JHAana3oHbl paboumx
apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUH TNPUMEHHUMOCTH
[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb IMPUOIIKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM IS PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA




n30paHHON MTPEIMETHOM 00JIacTH

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  HCIIONB3yeMbIX  alrOpUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh

npumMe

HUMOCTDB UCIIOJIb3YCMBIX MCTOJAUK U

METOIOB

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00IacTu

[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCTOJIb3YEMBIX IIOHATHI U MOJENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCLUIIMHBI 00y4alOIINecs JOIKHbI

3HATb:

YMETB:

CTpoeHHEe ¥ (YHKIUM OPraHOMAOB KJIETKM, OTambl KIETOYHOTO JelieHHus, KOMHoHeHThl OTIL]
MUTOXOHJPUH U XJIOPOIJIACTOB, BHYTPUKIIETOUHBIC CUTHAIbHBIE KACKAIbI.

YUTaTh M AaHAJU3UPOBAaTh HAyUHO-UCCIICAOBATEIbCKYIO JIUTEpaTypy II0 TeMaM KJEeTOYHas H
MOJICKYJIIpHasi OMOJIOTHSl Ha aHIIUICKOM si3bike. OOpabaThiBaTh pPe3yJbTaThl SKCIEPUMEHTAIBHBIX
JAHHBIX, [I0JIyYE€HHBIX [IPU UCCIICAOBAHUM KIICTKH.

BJIAJIETh:

HaBBIKAMM HPOEKTUPOBAHUS HCCIIEOBATEIbCKOW JIEATEIBHOCTH B 00JaCTH  MOJEKYJISPHON

KJICTOYHOM OMOJIOTHH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
[lpuHUMOBl OpraHu3alMMu KIETKH Kak
1 Ononorudeckol CHUCTeMbl. MeTonsl H 4 3
MOJXOABI KIETOYHOH OMOJIOTHH.
OcHoBHBIE KJIaCCHI OMOMOIIEKYIL.
2 [IpuHIMOBI peanu3anuy TeHETHYECKOU 4 3
POrPaMMBI.
[Ina3maruueckas MeMOpaHa.
Du3NKO-XUMHUYECKHE HPUHIIMIIBI
3 OpraHu3anui OMOJOTHYECKUX MEMOpaH. ] 3
Tpancmopr qepes MeMOpaHy.
DneKTpudecKue SIBJICHUS Ha
Ouosornueckux MeMOpaHax.
4 MemOpannas 6uosHepreTuka. [[pixanue. 6 3
DoTOCHHTES.
5 Peanuzanus reneTrueckord HHPOPMAIUH. 8
Nroro yacos 30 15
[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh

45 ygac., 1 3au.ex.




4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. [TpuHIUTIBI OpTaHU3AIUHN KJIETKH KaK OMOJIOTMYECKON CHCTEMBbl. METOBI M MOJXOABl KIETOYHON
Ouosoruu.

OOmue mpencraBiaeHuss O OHOJIOTMYECKMX cHUCTeMax. [IpHMHIMMIBI OpraHu3alUy  HKHUBOTO.
[lonBepxennass ommuOkam perumkanus. OOMeH BellecTB M dHeprud. lIpuHIMIIBI ycTpoiicTBa
MPOKAPHOTUYECKON KIIETKH: T€HEeTUYECKUH ammapat, anmapar onocuHTesa Oenka, MeTaboIMuecKuii
amnmapar, Iula3MaTuyeckass MemOpaHa. [WMHoTe3bl NPOHMCXOKACHUS JSYKAPHOTHUECKHX KJIIETOK.
CumOuorene3. [wWrmore3sl BO3HUKHOBEHHS KJIETOYHOTO s/ipa. BTOpHUYHBIA H  TPETHUYHBIN
sHnocuMOn03. IlockieTouHble W HAAKIETOYHBIE CTPYKTYPHl MHOTOKJIETOYHBIX OPraHU3MOB.
CHHIMTHM ¥ CHUMIUIAcThl KMBOTHBIX. @Dparmobmactema pacteHuil. CHQOHaIbHBIE TaIJIOMBI
¢donopocneir.  [lnasmomuanbHble  opraHu3mbl.  MerToabpl  MHUKpockonuu.  CBETONOJbHAsA,
TEMITHOTIONbHAS, ()a30BO-KOHTPACTHAS U Apyrue (JOpMbI ONTHIECKOW MUApOCKONTNH. DirypecIieHIus.
OnyopecuentHas MuUKpockonus. diryopodopsl, Uconb3yeMble BO (IIyOpecleHTHOW MUKPOCKOIHU:
oprannueckue Qiayopodopsl, GuyopecieHTHbIE O€lKH, KBaHTOBbIE TOUkd. KoH(okampHas wu
light-sheet Mukpockonus. ®PuszndyecKkue NPUHLUINBI, HCIOIB3yeMble B CyOIU(PaKIMOHHOMN
ontuueckoir mukpockonmu. PALM, STORM, STED, PAINT, Expansion microscopy.
3D-pexoHCTpYKIMS TIpH CyOau(PpaKIMOHHON ONTHYECKONM MHUKPOCKOMHAUA. METOIbl 3JEeKTPOHHON
mukpockoruu. TEM, SEM. Koppensus n3o00paxxeHnid 3JeKTPOHHON U ONTUYECKOW MUKPOCKOIINH.
Meton KJIETOYHBIX KYJIBTYp Ui paboThl C KIETKaMH MIleKomuTaromux. [IpukpervieHHsle U
CYCIICH3UOHHBIE KJICTOUHBIE KyJbTYphbl. BbIpamuBaHue KJIETOK, TKaHEH U OpPraHOB YEJIOBEKa U3
WHAYLUUPOBAHHBIX IUTIOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK. MO3roBbIe OpraHouibl. MeTon moTOYHOM
LUTOMETPUH.

2. OcHoBHBIE Ki1acchl Onomoneky:1. IIpuHInnbI peann3anyuy reHeTHYeCKOi MPOTrpaMMBl.

Bonnas u HenonspHas asel B kieTke. OcoOOCHHOCTH MOJIEKYJIbI BOBI, ONpeensonme Gpuznieckrue
cBoiictBa pactBopuTens. Ilpomecc pacTBOpeHHs HEMOMSPHBIX, MOJSIPHBIX W 3apsSKEHHBIX
coenrHeHU. BydepHbie pacTBOpbl, cBolcTBa OydepHBIX pacTBOpoB. bydepsl, ucmonb3yemble B
KUBBIX KieTkaX. (OcHOBHbE (YHKUHOHAJIBHBIC TPYIIB OpPraHUYecKuxX coeauHeHuil. Kitaccw
COCJIMHEHUH, CHHTE3UPYEMBIX B JKUBBIX OpraHuzMax. SIBneHue onrtudeckoi m3omepuu. R/S u L/D
HOMeHKJarypa. Merabonom. IlepBuunbie W BrOpuuHbIE MeTaOONUTHL. MeTaboauuecKue IyTH.
TepMmonnHamMUUecKHe TPUHIUIBI OpPraHU3aluy  MeTaboindyeckux myTed. «Makpospruueckue
coenuHeHus». IlomuMepsl. Krnaccsl MOAMMEPOB: HaNpaBlIEHHBIE, PETYISIPHBIE, HEPETYIspHBIE.
HeperynsapHble nonumepsl M HMOABEp)KEHHas OMIMOKAaM pPEIUIMKAIMs KaK CIIoCOO0 BO3HHKHOBEHUS
HOBOM HH(OpManMu B KHUBBIX cUCTeMax. MOHO-, OU- W MOJMCaxapulbl, UX pa3HOOOpasue u
¢ynkuu. PasHooOpasue IPOTEMHOT€HHBIX aMMHOKHCIIOT. OBOJIONMS TE€HETHYECKOrO KOoJa.
Bropuunas crpykrypa Oenka. Pusnueckue NPUHIMIIBI, JISKAlIMe B OCHOBE (OJAMHTA OEIIKOBBIX
Monekyn. Tperuunas crpykrypa. [lapagokc JleBuntans u ero paspenienue. MynsTucyObeIMHUYHEIC
KoMIUTeKChl. DepMeHTHl. MoOTOpbl — (PepMEHTHI, OCYLICCTBISIONIME MEXaHHYECKylo pabory.
Hykneotunpl, ux pons B kietke. CrnocoObl coequHenns Hykineotunos. Hykneosunaugpocdarcaxapa.
Hyxnennossle kucnotel. Pubo3nmel, nx pasHoodpasue, GyHKIUN U SBOJTIOIHS.

3. Ilnazmarmyeckas MemOpaHa. DHU3HKO-XMMHUYECKUE TPHHIUIIBI OPTaHU3AIMU OWOJOTMYECKHX
MeMOpaH. TpaHcmopT uepe3 MeMOpaHy. DJNeKTpUIECKHE SBICHUS Ha OMOIOTHYECKUX MeMOpaHax.



Kunkue kpucramipl. CoiicTBa mUUAHBIX MeMOpaH. Juddysus B nunuaHoil MeMOpaHe U depe3
Hee. PasHooOpa3zue MeMOpaHHBIX JUIHIOB: DIHLEPONUNUABIL, COUHTOIUIUIBI, CTEPOUIIBL,
JIMIIOTIONMCAXapHU B, TUMUBI apxeil. CBoiicTBa MeMOpaHsbl, onpeesieMble €€ JINIHIHBIM COCTaBOM.
JlunupgHei cocTaB pa3nYHBIX MeMOpaH KieTKu. Jlunuaaeie MUKponoMeHsl, padTel. MemOpaHHbIe
oenxu. Tomonorust TpaHcMeMOpaHHBIX OenkoB. DyHKIIMKM MeMOpaHHBIX OelkoB. Buabl Tpancmopra
yepe3 MemOpany. Pu3nuecKkre NPUHLUIBL, OTPaHUYUBAIOIINE MPOCTYIO TUPPY3HUI0 COCTUHEHUN
Yyepes JUMUAHYI0 MeMOpany. [lepeHoc MoHOB Yepe3 HemoysipHyto ¢azy. O6neruennas auddysus.
AxBanopunbl. PazHooOpazue woHHBIX KaHaioB. CocrossHMA HOHHOTO KaHana. MoHodopsl.
[IepeHocuukHn Ha IpUMeEpe NEPEHOCUYMKOB INMIOKO3bl. [IepBUYHO-aKTUBHBIN TpaHCHOPT. MICTOUHUKH
SHEPruM ISl MEPBUYHO-aKTHBHOTO TpaHCHopTa. bakrepropomoncuHsl. DNeKTpOH-TPAHCIIOPTHBIE
nenu. PasHooOpasue AT®da3. Bropuuno-aktuBHBIM TpaHcrmopT. CodeTaHHe pa3HBIX BHJIOB
MeMOpaHHOT'O TPAHCIIOPTA B SHTEPOLUTE, KIETKE U3BUTOTO KaHAJbIIA, APUETAIBHON KIIETKE JKeJIe3bl
xenynka. KanbiueBblid Metabonm3Mm. YpaBHeHue HepHcrta. Poib MOHHBIX KaHalloB B TeHEpalluu
noTeHana Ha MmeMOpane. MeMOpaHHbBIN TOTeHUXAN MOKos. JIokanbHbIe (UIyKTyallMyd MOTEHIMaia
Ha MeMOpane. [locTcuHanTHyeckue moreHuuansl. [loreHnman koHueBod ruracTHHKU. [loTeHiman
neiictBuss Ha akcoHe. [loTeHuman JeHCTBHS —KapAMOMHOLMTA. TOKCHHBI, BIMAIOIIME Ha
ANIEKTPUUECKHUE SBICHUS HA MeMOpaHax.

4. MemOpanHast 6bnosnepretuka. Jlpixanue. ®oTOCHHTES.

XeMHOCMOTHYECKOE  COTMPSDKEHUE Kak OCHOBa  OuodHepreTWkd. [IpwHIMIOBI  yCTpoiicTBa
UIEKTPOH-TPAHCIOPTHOW  Henu. I'pagueHT BOCCTAaHOBHUTENBHOIO IOTEHIMATAa  Pa3iIUYHbIX
MEPEeHOCUNKOB 3JIeKTpoHa. HUKOTHHOBBIE M (hrIaBHHOBBIC HYKJIEOTHIBL. XHHOHBI. JKene3o-cepHble
knactepsl. Lutoxpomel. OTL[ mnporobuonorndeckux cucreM. OTLl apIxaHUsT MUTOXOHAPUI
MIekonuTaomux. Jpxarensupie komiuiekcebl. Kommnonentst DT — mumnenu TokcuHoB. Tepmorenes.
OTL mutoxoHmpuii pacrenuid. [[pixarenmbubie OTL[ mpoxapwot. PasHooOpaswe THIOB AbIXaHUS
INPOKApHOT: BHUABI a3pOOHOTO0 M aHa’pOOHOro AbIXaHusA. DOTOCHHTETHYECKHE ITUIMEHTBHI.
dotocuctembl. AHTeHHBIE KoMIiekcehl horocucteM. DT dorocunTesa mypnypubix 6akrepuit. DTL]
¢dorocunTesa 3enenbix 6akrepuit. AT PoTocuHTE3a CHHE3EIEHBIX BOJOPOCIIEH U XJIOPOILIACTOB.

5. Peanuzanus reneTnueckor HHGOpPMAIUH.

JHK kak HOcuTenbs renermueckoil mHpopmaumu. CocraB mnocnenoBarenbHocteid JHK mpo- u
sykapuoT. CTpyKTypa mpokaproTudeckoro renoma. OnepoHHas cTpykrypa reHa. Karabonmueckue u
aHaOonuueckue onepoHsl. [IpuHIMIBI perymsiuun paboThl MPOKApHOTHYECKOro reHoMa. CTpyKTypa
FEHOMA OJYKapuOT. DBIOpOKpaTWYEeCKUM MOTOJOK TeHOMA. Jloyisi MHTPOHOB B TI€HaxX pa3HbIX
opranuzmoB. C-value mapagokc. KommoHeHTBI reHoMa 3yKapuoT. [IporcxoxneHue U 3BONIOLUS
MOJIBIKHBIX 37eMeHToB reHoma. PHK-momumepassr mpo- u asykapuot. [Ipoueccunr mpe-mPHK.
CrutaiicuHr. AJbTepHATHBHBIN crutaiicuHr. [lepeTacoBKa 3K30HOB Kak ITyTh CO3JaHHS Pa3HOOOPA3Hs
OenkoB sykapuot. Tpancmsamusa. Dtanel TpaHcasaiuu. Kom-HesaBucumas TpaHcmsiuus. Perymsums
skcpeccun Oenka npu nomouy Hekoaupyoomux PHK. buocunres MemOpaHHBIX OEIKOB 3YKapHOT.
7S PHK.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)

— y4eOHbIC ayAUTOPUH IS TPOBEACHUS 3aHATHI CEMUHAPCKOTO TUIIA;

— ayIUTOPUH, OCHAILICHHBIE KOMIIBIOTEPHON TEXHUKOU € MOAKIIOYEHUEM K ceTh «IHTepHeT»;
— KOMIIBIOTEP U MYJIBTUMEANIHOE 000pyaoBaHe (IIPOEKTOP, 3BYKOBasi CUCTEMA),

— WHAMBUAYaJIbHbIE BEIYMCIUTEIBHBIE CPEJCTBA CTYICHTOB (TIEPCOHATIBHbBIE KOMITBIOTEPHI) IS
BBINIOJTHEHUS TOMAIIHUX 3aJaHHH.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



Jluteparypa npenocrasinsiercs: 0a30Boi Kadeapoi:

1. b.AnGeprc u ap «MonekyinsipHast OHOJIOTHS KIETKW», U31arenbcTBo « Mup» Mocksa, 1998 (2007 —
MPEOIOYTUTENBHO).

2. FO0.N.AdanacweB, H.A.FOpuna «['ucTonorusi, IUTONOTHS U SMOpUOIOTHsI», u3nanue 5, 2002,
MockBa «MenunmHay.

3. Knerku no JIstouny / JI. Kaccumepuc [u ap.] ; mep. 2-ro aHTI.
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JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Google Drive mis noctyna kK MarepuaiaM Kypca. [IpuBeTcTByeTcst HaIu4ne BO BpeMsl 3aHATHIA
CMapTPOHOB/HOYTOYKOB JIJISl YYaCTHS B UHTEPAKTUBHBIX YIPAKHEHUSX.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0CBOCHMIO JTUCHUIIINHBI (MO)_Iy.Tlﬂ)

B pasgene pmaroTcs yKkasaHHMsS IO OpPraHU3alMM  JAEATEIBHOCTH OOydaroIlerocs II0 OCBOEHUIO
JUCUWIUIMHBL: MOATOTOBKE K ayIUTOPHBIM 3aHATUSAM JIEKLMOHHOTO W CEMHHAPCKOTO THIIOB,
CaMOCTOSATEJILHONH paboThl, PEKOMEHJAMU 110 ONTHMAJBHON OpraHM3allMM Mpolecca H3Yy4eHHS
y4eOHOro Marepuaja AMCLUUIUIMHBIL, CCBUIKM HAa METOAWYECKHE pa3lelibl caita Kadeapbl, CIIHCOK
METOJMUYECKUX YKa3aHHH, NCIOIb3yEeMBIX B 00pa30BaTeIbHOM HPOLIECCE M0 JAHHON TUCIUIUINHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus
npopuJib NOArOTOBKHU: buorexnonorus
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
IEHTpP 00pa3oBaTeNbHEIX MporpaMM DU3TEX-IIKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzukn
Kypc: 1
KBaJIMpUKALUS: GakanaBp

CemecTp, hopMbI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - 3aueT

Pa3zpadoTunk: I"A. Hocos, phd (kanz. 6uos. Hayk)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 Cnocoben onpenensiTe Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOM LIEH U BEIOHPATH
OINITHMAJIbHBIE CTTIOCOOBI UX PELICHUS, UCXO/IS H3
JEHCTBYIOIUX ITPABOBBIX HOPM, HMEIOIIUXCS
PECYPCOB U OTpaHUYCHUI

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

VK-2.2 IlpoexTupyeT peuieHue KOHKPETHOM 3amadyu
MPOEKTa, BBHIOWpAs ONTHUMAIBHBIA CHOCOO €€ pelleHHs,
UCXOAsI M3 JEHCTBYIOIIUX MPABOBBIX HOPM U HMMEIOLIMXCS
PECYPCOB U OTpaHUYEHUI

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIC TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIonas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY W CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30MmacHOCTH

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeOMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[MK-1.2 Mmeer rnyOokoe 3HaHWE W IMOHHMaHUE 0a30BBIX
MaTeMaTHYECKUX JAUCIUIUINH

I[IK-1.5 VYmeer cTpouTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMsI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

[IK-1.6 Bmageer HaBbikamMu 0Oe30MacHONW pabOTBI  C
COBPEMEHHBIMH  HAay4YHbIMH TNPHOOPaMH H©  JIPYTUM
OMOTEXHOJIOTUUECKUM 000pYJOBaHUEM

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW peMETHOM 00IacTH

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHana3oHbl paboumx
[apaMeTpoOB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTUYECKHUX
METO/I0B BBIYMCIICHHMA

[IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTENHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0beMa
TpeOyeMBIX BHIYHCIUTEIBHBIX PECYPCOB

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.1 3naer ynciieHHbIe MOPSIIKN BEIUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

[IK-4.2 3HaeT UWCTOYHUKM TIPOMCXOXKACHUS M yMEET
[IPOU3BOIUTH  OLIEHKY  IIOTPEIIHOCTH  M3MEPEHHH U
JIOCTOBEPHOCTH SKCIIEPUMEHTANIBHBIX PE3YIBTATOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL <(I/I36paHHBIe [JIABBI KJIETOYHON OHOJIOTUM) O6y‘laIOH_[PII>'IC$I JOJIKCH:

3HAThb:

CTpOCHHUC U (I)YHKLII/II/I OpraHonuaOB KIJICTKH, OSTallbl KJICTOYHOIO [JCJICHUA, KOMIIOHCHTBI STH
MI/ITOXOHZ[pI/Iﬁ 1 XJIOPOILIaCTOB, BHYTPUKIICTOUHBIC CUTHAJIbHBIC KaCKa/Ibl.

yMeThb:

YUTaTh M AaHAJU3UPOBAaTh HAyYHO-HUCCIICAOBATEIbCKYIO JIUTEpaTypy II0 TeMaM KJIeTOYHas H
MOJIEKyJIsIpHass OMOJIOTHSI Ha aHIIUMCKOM s3bike. OOpabaThIBaTh pPe3yibTaThl IKCIIEPUMEHTATbHBIX
JAHHBIX, MOJIyYEHHBIX [IPH UCCIICAOBAHUH KIICTKH.

BJIA/IETh:
HABBIKAMU
KJIETOYHON OMOJIOTHH.

MMPOCKTUPOBAHUA HCCHCI[OBaTCHLCKOﬁ JACATCIbHOCTH B obmacTu MOJ'IeKy.]'ISIpHOﬁ n




3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

1 gacth. Kietka — oOmime npeacTaBicHHUS.

1.1. Kakmne mocTkiieTouHble CTPYKTYphl BCTPEUAIOTCS B MHOTOKJIETOYHBIX opranm3max? Kak oHu
BO3HHUKAIOT, KAK YCTPOCHBI U KaKne ()YHKLUHU BBITOJIHSIIOT?

1.2.  Kak MaTpu4HbIii OMOCHHTE3, B COYETAaHUH C CIyYalHBIMH OIIMOKAMH U €CTECTBEHHBIM OTOOPOM,
IPUBOAAT K IBONIONMHU OMONOrMYeckux cucrteM. llpuBeaure mpuMepsl MaTpudHOro OuocuHTesa. B
KaKMX CIIy4asx OIIMOKHM, BO3HUKAIOUIME NPH MATPUYHOM OHMOCHHTE3€, MOTYT 3aKpEluThCs U
HepeaarTbes IOTOMKaM, a B KaKUX Cilydasx — HeT?

1.3.  Kakue cuibl IPUHUMAIOT y4acTHE B CBOpaunBaHUH OesikoBoi mosekyibl? [loueMy B pacTBOpax c
BBICOKOM KOHLIEHTpaLueil coyieil Miu AeTepreHToB (IIOBEpXHOCTHO-aKTUBHBIX BELIECTB) MHOTHE OEJIKH
neHatypupytor? B uem cocrouT nmapanokc JleBuHTams U Kak OH pa3peniaercs?

1.4. Ilaneponsl — ko orn? Y 3aueM OHU HYXHBI, €cli (OJIUHT — CAMONIPOU3BOIBHBIHN Tporecc?! U
Mo4yeMy CBOpauMBaHHE O€JIKa C y4acTHEeM IIANepoHOB (OMATH e, CaMONPOM3BOJIBHBIN mpomecc!!!)
Tpebyer 3arpar ATD?!

1.5.  Uro Takoe reHETHYECKH KOJl M KaK OH OTIMYAETCS y pa3HbIX opranm3MoB? Kakum oOpazom
(KBa3M)yHUBEPCATBHOCTh TECHETUYECKOTO KOJa MOMKET HCIOJIb30BATHCS YYEHBIMH NpPHU CO3JAaHUH
TpaHCreHHbIX opranu3MoB? [louemy HHOIIA BCE K€ IPUXOIUTCSI MEHSTh KOJIOHBI IIPU NIEPEHOCE I'EHOB
W3 OJHOTO OpPraHM3Ma B JAPYrod XOTsl TeHETHYECKHE KOJIbl MOTYT IOJIHOCTBIO COBMAAaTh? — BOIIPOC CO
3BE37J04KON*

1.6.  Yem TpaHCKpHILHUS OTIAMYAETCS OT perimkanuu? A 4To y HuX obmero? B kakue mporecchl
MoxeT ObITh BoBieueHa PHK B kieTke sykapHoT, mocie Toro, Kak ee TpaHCKpHUIIUs 3aBepiieHa? Kax
9YKapHOThI KYMYIPSIIOTCS» KOIUPOBATh HECKOJIBKO OEJIKOB HA OIHOM r'eHe?

1.7. Kakue mertomsl cBeroBoil MuKpockonuu Bam wusBectHpl? UeMm cBeTOBas MHMKPOCKOIHS
OTINYaeTcss OT OJJEKTPOHHOH? Bbl H3ydaeTe MHMKpPOCKONHMYECKOTO padka-IuKiIona. Bam HyKHO
BBINIOJIHUTH CleAyIomue HabmoaeHus: (A) moCMOTpeTh, KaK KMBOH padyok miiaBaeT B Karuie Boasl (b)
W3y4YUTh BHELIHEE CTPOCHHE KOMIIOHEHTOB POTOBOTO ammapara padka (B) mocmoTpers pacnonoxeHue
MBIl BHYTpH pauka (I') u3Meputh pasMep MHUTOXOHAPHH B MbIMIAxX padka. Kakue MeToms
MuKpockonuu Bwl Obl ucnionb3oBann? Ilpumem, 4To pavyok Mpo3padeH U CIUIIKOM Mall, YTOObI ero
[IpEenapupoBaTh — MOXKHO UJIM CMOTPETH Ha HETO 1IEJI0r0, UJIM U3TOTaBINBaTh TOHKHUE CPE3bI.

1.8. Uro Takoe audpaxquOHHBIA Tpenen paspemieHusi? Kakue orpaHnveHuss OH co3maeT s
mukpockonuu? Kakue ¢usndyeckne NPUHIMIBI MPUMEHSIOTCS B MHKPOCKOIHMH CBEPXBBICOKOTO
paspeleHus i IpeoaoiaeHus AuPpakinoHHOro 6aprepa’?

1.9. ®moopecuenuus — B 4yeMm (puznueckuii npunnun? Kakue uyopecueHTHbIE MOIEKYIbI MOXKHO
UCIOJIb30BaTh Ul BU3yaJIU3alMy BHYTPUKIIETOUHBIX CTPYKTYp? Kak MMU MOXKHO METUTb T€ CaMble
BHYTPHUKJIETOUHBIE CTPYKTYphl? Kak ycTpoeH ¢uiyopecleHTHBII MHUKPOCKOI, MO3BOJIIOLINI JaBaTh
MHOTOLBETHbIE KAPTUHKU?

1.10. Meton KkieToyHBIX KylbTyp. B dem ke oH cocrout? Kak u Ay Kakux 1enieil BbIpalIuBaioT
KJIETKH MHOTOKJIETOYHBIX J>KMBOTHBIX BHE opranmsma? Kakue ycioBusi HeoOXOAMMO cO371aTh UL
MTOIICPIKAHUS UX KUZHECTIOCOOHOCTH?

2 gactb. [Ina3zmarnueckas MemOpaHa: TPaHCIIOPT, KJICTOYHBIC KOHTAKTHI.

2.1. Kakue TOBEpPXHOCTHBIE CTPYKTYphl MOTYT TPUCYTCTBOBaTh Ha KIJETKax OakTepuid, TpuooB,
pacTeHuH, )KUBOTHBIX | npocTedmmx? Yem oHn orimyarorcsi? [loueMy y OZHUX KIIETOK MPUCYTCTBYET
TUIOTHAS KIJIETOUHAs CTEHKA, a y Apyrux ee HeT? Kak 3To cBs3aHO ¢ BOJHBIM OamaHcoM?

2.2. Kakue KOMITOHEHTHI TNPHCYTCTBYIOT B IUIa3Marudeckod memOpane? I[louemy MBI Ha3biBaeM
MeMOpaHy <«KHJIKAM KpucTaiiom»? B dueM 0coOcHHOCTH MeMOpaH apxed, OakTepuii, 3ykapuor?
Kakumu crioco6amu OeJIKi MOTYT KPENUThCA K TIa3MaTHYeCKoi MeMOpaHe?

2.3. Kakue ¢yHKIUM BBIIONHAIOT MeMOpaHHble Oenku? IlpuBeante nmpuMepsl MEMOPaHHBIX OENKOB,
BBIMOJHAIONIMX pasHele (yHkuuu. Yem omimyaroTcst OelKH-KaHalbl, OCNKU-TIEPEHOCUUKH U
Oenku-Hacockl? [lpuBenure mpumep mpoiecca, B KOTOPBI BOBJIEYEHBI BCE TPU TUIA TPAHCHOPTHBIX
OeIKOB.

2.4. Kakue coeqHEHMsI IEPEHOCATCS Yyepes3 IIa3MaTHIecKyto MeMOpaHy 6e3 y4acTus NepeHOCUHKOB U
nouemy? Ilouemy Boma, XOTS OHAa W TIOJSIPHA, MOXET NPOXOJWTH MeMOpaHy Oe3 ydacTus
nepeHocunkoB? IloueMy B HEKOTOPBIX KIJIETKAX, 3TH NMEPEHOCUMKHU IS BOABI BCE K€ NMPHCYTCTBYIOT?
[Touemy HaTpuii IEpEeHOCUT MEMOpaHy TOJBKO IyTeM obierdyeHHor au¢¢ysuu, a BOT noH 13- Moxer
nepecekat MeMOpany npocroii guddysueii?!



2.5. CooTHONIEHUE TIEPBUYHO-AKTHBHOTO M BTOPUYHO-aKTHBHOTO TPAaHCIIOpTa uepe3 MeMOpany. Kakue
OeJKM OTBEYalOT 3a CO3AaHHE PA3HOCTH KOHLEHTPAaLWH HOHOB MO 00€ CTOPOHBI IUIA3MaTH4YeCKON
MeMOpaHbl: XMBOTHOH kieTku? PacturenbHoil kietkn? Kierkm aspoOHoit Oakrepuu? Kitetkn
OaxkTepuu-OpoaMIIbIINKA?

2.6. Kampiuii. Kakue TpaHCIIOPTHBIE CHCTEMBI BOBJICYECHBI B TPAHCIOPT KaNbLUs 4Yepe3 MeMOpaHbl
KJIETKH. B Kakux BHYpPHUKIIETOUHBIX Ipoleccax ywacTtByeT Kaibuuii? [lpuBemure mpumepbl 3THX
MPOLIECCOB.

2.7. Memb6pannblit notennuan. Kak on popmupyetcs? Kak paccuntarh paBHOBECHBIC TTOTESHIHAIBI JIsI
noHOB Ha MeMmOpane? Kak, 3Has paBHOBECHBIC KOHIIGHTpPAIMM HOHOB pPAcCYMTaTh MeMOpaHHBIH
noreHnuan? Kakue noHsl Hanbosee BaXHBI sl GOpMUPOBaHKSI MEMOPAaHHOTO MOTEHIIMANa OOBIYHON
’KMBOTHOU KJIeTKU? PoJb Kakux Bo3pacTaet npu rmoTeHmnuaie aeicTus neiipona? Kapnuomuornmra?

2.8. IloreHnman meicTBHUS HEPBHON KJIETKHM W Kapauomuonura. M3 kakux (a3 cOCTOMUT MOTEHIHAT
IEWCTBHS M KaKhe MeXaHu3MBEl ero obecmeumBaror? YeMm moTeHIMAN AEHCTBUSA OTIMYAETCS OT
noreHnuana mokosi? Kak smekrpudeckne cBOHCTBA MeMOpaHBI 00ECIeUMBAIOT TEHCMEHKEpHYIO
JEeSITENbHOCTD cepana’?

2.9. Kakue KIeTOYHbIE KOHTAKThl MPUCYTCTBYIOT B SIUTEIHAIbHON KieTke? Onummure nx. Yem oHM
OTIINYAIOTCA OT KOHTAKTOB MuUrpupytomero ¢uopobnacra? Kakue W3 3THX KOHTAKTOB SIBISIFOTCS
KaJIbLINI{-3aBUCIMBIMY, 8 KaKhe-HeT?

2.10. Cunanc. Onumwure cTpoeHHE cHuHanca. B dem cTpykrTypHble W (DYHKIMOHAJIBHBIC OTIMYHUS
ANMEKTPUUECKUX ¥ XMMUYECKHUX CHHAINCOB? B ueM pa3nuuus cuHarica eHTpaJbHOM HEPBHOW cHCTEME U
HEPBHO-MBIIIEUHOro cuHarca? ONUIIATE OCHOBHBIE MPOLECCHl, MNPOTEKAoLIe MpH Iepeaade
BO30YKJICHHUS OT ITPEeCcHHarca K oCTCHHAIICY.

3 gacte. [luTOCKemeT.

3.1. MukpoTpyOOUYKH: CTpOCHHE U paCHOJOKEHHEe BHYTpU KieTku. CTpYyKTyphl, 00pazyemble
MUKpoTpyOoukamu. Kakue 6eIKu-MOTOpPBI CBA3aHbI ¢ MUKPOTPYOOUKaMH U KaK OHU (DYHKLIMOHHUPYIOT.

3.2. Ha ueM ocHOBaHa AMHAMUKa MHKpPOTpyOouek? B kakumx mnporeccax B KJIETKE OHA MOXET
mposiBIAThL cebs1? Kakue s1pl BIUSIOT HA TUHAMHUKY MHKPOTPYOOUYEK B KIIETKe?

3.3. MuxpoduiaMeHTbl: CTPOCHHE U pPACHOJIOKEHHWE BHYTpH KIETKH. CTpPYKTYpbl, 0Opa3zyemble
Mukpoduiamentamu. Kakme Oenku, CBS3bIBasCh C MHUKpOQHIAMEHTaMH, ONPEACHSIOT HX
CTa0MILHOCTD U CKPEIUICHUE PYT C APYTOM M JPYTHMHU BHYTPUKICTOYHBIMU KOMIOHEHTAMH?

3.4. AmeOouaHOe IBUKCHHE VS KI'YTUKH: Pa3IU4Ms M MEXaHW3MBL. UeM pa3indarTcs pasHbIe
BapHaHThl aMeOOHTHOTO JIBHIKCHHUS?

3.5. Muo3uHbI: pazHOOOpazue U MexaHu3M paboThl. YUeM OTIMYarOTCS MPOIECCHBHBIE MHO3WHBI OT
HenpoueccuBHbIX? MH03uH V Kak npuMep NpOLeCCUBHOIO MUO3UHA.

3.6. Mpmednoe cokpamenne. Crtpoenune wmmoszuHa II. Kak HempoueccHUBHBIE MHO3MH MOXET
Y4acTBOBATh B MBIIICYHOM COKpaieHun? Kakue Oeku yqacTBYIOT B PeryJsiUH COKpAILECHUS I1aJKON
MBIIILBI ¥ TTONIepedHo-nonocaroil. Kak BO3HUKAeT TpynHOe OKOYEeHEeHHE?

4 wyactp. buosnepreruka.

4.1. JprxatenpHas 1nenb MutoxoHapuil KuBoTHbiX. CpaBHUTENbHAs XapaKTEPUCTHKA JbIXaTeIbHOM
LEeny MUTOXOHIPUN )KMUBOTHBIX U JIBIXaTEIbHOM LIEM MUTOXOHJIPUNA PACTCHHM.

4.2. CpaBHHTENIbHAS XapaKTEPUCTUKA JbIXaTeILHON e MUTOXOHIIPUIN KUBOTHBIX M JbIXaTEIbHON
e a9POOHBIX OAKTEPHIA.

4.3.  AbspobOHoe u aHa’pobOHoe Jpixanne. OTINYHS JbIXaHus 00 OpoKeHUsI.

4.4. ®orocunternueckas DTL] - HeUKINYECKUI TIEPEHOC SIEKTPOHOB.

4.5. ®orocunternueckas DTL] - muknu4UecKuii mepeHoc AMEKTPOHOB.

4.6. CpaBHHUTeNbHAs XapaKTeprucTHKa GoToCHHTETHYEeCKOH U AprxarenbHor DTLL.

5 4acte. [eHETHYECKHE KOMIIOHEHTBI

5.1.  TpaHCKpHUMIHS MPO- U DYKAPUOT: CXOJCTBA U PA3TUIHL

5.2.  Opranuzanysg XpomMaTvHa B KJIETOYHOM SIAPE.

5.3.  OcobOeHHOCTH OpraHU3alyH sApa TMHOPHUTOBBIX BOIOPOCIIEH
5.4. Oco0OeHHOCTH OpraHU3alHH SApa CIIePMAaTO301I0B

5.5. Snepuslit nyanusm y uHQY30pHii: 94TO 3TO U 3aUueM

5.6. Muto3 1 Meio03: CpaBHUTENbHAS XapaKTEePUCTHKA.

5.7. Cynnba XpoMOCOM B XOJIe MUTO3a ¥ MekHo3a.



5.8. Cynnba murockenera B Xo/1e MUTO3a 1 Melo3a.

5.9. Tlo3umus meiio3a B )KU3HEHHOM ITHKJIE PA3HBIX OpPTraHU3MOB.

5.10. Bo3HUKHOBEHHE U POJIb MTOJIOBOTO TMPOLIEcCa Y 3YKAPHOT.

5.11. CpaBHHTENTBHA XapaKTEPUCTUKA CIIEPMATOTeHe3a U OOTeHEe3a Y MIIEKOIUTAIOITHX.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. bakrepus comepxut onHy Komuio konblieBod reHomHor JIHK pasmepom 4x106 map ocHoBaHHIA.
Ucnone3yiite BenmmuuHsl 6 x 1023 mus umcna ABoragpo u 660 nins MOJEKyIsIpHON Macchl 1 mapsl
ocHoBanuii IHK. JInuna 10 nap ocHoBanuii B uHerHoi JIHK cocrasnser 3,4 Hm.

a. Ecim nuamerp sroii chepuueckoit kiaetkn 1 pm, To Kakoi Oyaetr momnsipHas koHueHtpamus JJHK B
3TOH KIiIeTKe?

b. Eciiu npeanonoxuts, uro xoHdopmanus JJHK cooTBeTcTBYeT nmpemnoxennoit YorconoM u Kpukowm,
TO Kakoi OyzeT anuHa 6akrepuanbhoit JTHK?

c. CKkonbko OaKkTepHallbHBIX KJIETOK HeoOxoaumo Jutst monyuyenus 1 mr JJTHK?

2. Knerka KuIleyHOH Majno4ykd uMeeT (opMy UWIMHApA UIMHOM 2 pum W mupuHOW 1 pm.
Buytpuknerounsiii pH cocrapnsier 7.6. Kakoe koinmuecTBO MPOTOHOB (B MITYKaX) COAEPKHUTCS BHYTPH
KJIETKU OaKTepuu.

3. Tlpenmonoxxum, 4TO yCpeAHEHHAs KJIETKA MAPEHXUMBI KIYOHS KapTrodels HMeeT KyOWdecKyro
dhopmy ¢ pedbpom 50 um. CKOITBKO KIETOK COJIEPKUTCS B OJHOM KIyOHE KapTodelns AuaMeTpoM 6 cM.
(popmy xiryOHST iprMeM 3a cdepy).

4. B HepanexkoM OyzylieM MpH UCCIIEI0BaHUU OT/JaJICHHBIX Y4acTKOB COJIHEYHOH CHCTEMBI (Harpumep,
cyTHUKOB lOmuTepa) 4YenoBe4ecTBO MOXKET CTOJNKHYTHCS C HOBBIMH OJHOKJIETOYHBIMH (hOpPMaMH
n3HU. HecMOTpsi Ha KOHBEPreHIHMIO OOLIMX MPUHIMUIIOB YCTPOWMCTBA KJIETOK W METaboIn3Ma, OHU
MOTYT 3HAYHUTEIFHO OTJIMYAThCS OT 3€MHBIX (opM ku3HHU. [IpencraBere cede, YTO TPU aHAIH3E
«eBpOOOB» (MUKPOOPraHM3MOB, Haii/ICHHBIX Ha EBpoIie) BBISCHHIOCH, YTO OHU UMEIOT OCIIKH, B LIEJIOM
BEChbMa MOXOKHE Ha OCJIKH 3eMHBIX MUKPOOPTaHU3MOB, HO 3HAYUTEILHO OTIMYAIONINECS HYKJICHHOBEIC
KHCJIOTBI, Y KOTOPBIX B COCTaB caxapoocaTHOro 0CToOBa BMECTO PUOO3bI M JIE30KCHPHUOO03bI BXOAUT
caxap ajuio3a, a BMECTO a30TUCTBIX OCHOBAHUI — MIECTh MPOU3BOIHBIX apOMAaTHYECKOTO YIIIEBOIOPOA
asysaeHa. @opMyIbl aJI03bl, a3yJeHa U €ro MPOU3BOAHBIX MIOKa3aHbl HA PUCYHKE HIKE.

5. Ykaxure, Kakue TpU KOMIUIEMEHTapHbIe apbl MOTYT 00pa30BbIBaTh YKa3aHHBIC AHAJIOTH a30THCTHIX
OCHOBaHMH (reoMeTpHsi B3aUMOACHUCTBUI KOJIell B Mape IOKa3aHa Ha PHUCYHKe). 3alUIIWTe Hapbl B
¢dopmare «A+B-» (A — HOMEp OCHOBaHUS, B3aMMOJICHCTBYIOIIETO CBOUM TPOMUIIMEBBIM KOJBIIOM, B —
HOMEp OCHOBaHUS, B3aMMOJICHCTBYIOIIEIO CBOMM LMKJIONEHTaINCHOBBIM KOJBIIOM, IUIFOC U MHHYC
—3apsbl Ha KOJIbIIax).

[Tomumep Ilentuaer  Ilomumep Ilentuner  IHomumep IlenTuas

nomu-M Tlonumernonuu (UbDn mnomuneiimua  (IIHO)n  MONHIIMLKH, TOMALHCTCHH

noma-® Tomutuposun  (MIO)n momumumerens  (II[S)n  mOMMIIMIMH, MOTUITYTaMUH

nonu-11[ Tlomurpunrodan (USHn  moNMTPEOHHH, NONMACTIAPArHH (bIFO)n  monuananuH,
MOJUIPOITINH

nonu-bl [ommananun  (OL)n nomuapruana  (bIS)n nonuanaHuH, NONMUTITYTaMHUH

nonu-l0  Tlonmunponun (®bl)n  monucepuH, NOAMICHIMH (fOS)n  monmacnaparuHoBast
KHCJIOTA

nosi-51 Tomurucruaus (®IO)n monucepu, nomuucrens  (M®In (LysPheArg)n
(Ud)n Momummsuu  (OS)n  momucepwH, MoIMACIAParkH (bIFOS)n (AlaGlnAsp)n

(U1L)n MOJUTPEOHUH, TMOTU(PEeHHATAIAHIUH (IIbDn MOJIUTITYTAMUHOBAsT KHCJIOTa
(IOAPUIMbDn (AsnPheAla)n u AspArg (nunentum)

6. Kparko oObsicHUTe, B uYeM OyQyT 3aK/IIO¥aThCs OTIMYMS CTAOWIM3aLUHM CTPYKTYPBI BOMHON
crimpanu «JJHK» eBpoOoB (OHa aHTHIIapaiUienbHa, Ha BATOK MPUXOIUT MPUMEPHO 9 map OCHOBaHHIA), U
B YeM OyAyT pasiuuusi BO B3auMojieiictBuu ¢ takoi «JJHK» Genkos.



brnaromapss mpuopHUTETy OTEYECTBEHHBIX YUYEHBIX B H3yUYEHUU €BPOOOB, WX HYKICOTHUIBI IPHU
COKpAIlleHUW Ha3BaHWH TONYYMIM MEKIAyHApOIHbIE 0003HAUCHHS KUpWIMYecKUMH OykBamu «bly,
«I1ly, «D», «5I», «H», a Take «FO». s pacindpoBKH FeHETHIECKOr0 KOJa eBPOOOB GbLIN TIOTyYeHb
WCKYCCTBEHHBIE IOJHMMEpPHl 3THX HYKJIEOTHIOB, C KOTOPBHIX Jajee B JIM3aTe KIETOK IPOBOAMIIACH
TPAHCISIMS in Vitro ¢ MOCIEAYIONUM OIPEIEICHHEM aMUHOKHCIIOTHOTO COCTaBa CHHTE3MPOBAHHBIX
MEenTHJI0B. Pe3ynbTarsl 3THX SKCIIEPUMEHTOB MTPUBEICHBI B TAOIUIIE JaJiee.

7. JyniaeTHbIM, TPUILICTHBIM WM TETPAIUICTHBIM SIBIISICTCSI TEHETHUECKUH KOJl €BpOOOB (KO cUMTaiTe
HenepeKpHIBAIOIINMCS U HellpepbIBHBIM)? OO0CHYHTE CBOIl OTBET.

8. Obmagaer 11 ko1 eBpoOOB CBOHCTBOM BhIpOkIeHHOCTH? [IpuBennTe npumep AByX U OoJiee KOIOHOB,
KOIUPYIOIINX OIHY aMHHOKHCIIOTY.

9. Kaxko#i k0/10H y €BpoOOB OJTHO3HAYHO SIBIISIETCS CTOI-KOJOHOM?

10. Kakue mpoTeMHOreHHbIE AMUHOKHCIIOTHI 36MHBIX MEKPOOPTaHU3MOB HE MCIIONB3YIOTCS €BpoOaMu?
11. IlepeuncnuTe BCce KOJOHBI €BPOOOB, KOAUPYIOIINE METHOHHH, aCIIAParnHOBYIO KHCJIOTY U TUPO3UH.

12. Ykaxxute npH MOMOIIM FOPU3OHTAIBHBIX JIMHUNA HaJ KOJOHAMM PaMKy CUMTBIBAHUS B CICAYIOIIEH
KOJAUPYIOLIEH  IIOCIIeAOBAaTeIbHOCTH, HOAMNMIUMTE II0A  KOJOHAaMM, Kaku€ aMHHOKHUCIIOTEHI
3axogupoBanbl: bl bl bI M bl S @ S bl U 1O L1I.

Buier Ne4.
1. akvie IPOTENHOTEHHBIC AaMUHOKHCIIOTHI 36MHBIX MHUKPOOPTaHU3MOB HE HUCITONIB3YIOTCS eBpoOaMu’?

2. Knerka kuiieyHOHW manodykd uMeeT (opMy MWIMHApA JUIMHOM 2 pum W MmUpuHOW 1 pm.
Buytpuknerounsiii pH cocrasnsier 7.6. Kakoe koiauuecTBO MPOTOHOB (B LITYKaX) COACPKHUTCS BHYTPH
KIICTKU OaKTepuu.

Buner Ne5.

1. Ipeamonoxum, YTO ycpeqHEHHAs KIIETKa MAapeHXWMBI KIyOHS Kaprodens mMeer KyOW4ecKyro
¢dopmy ¢ pedbpom 50 pm. CKOJIBKO KJIETOK COJCPKHUTCS B OJHOM KiIyOHE KapToders JuaMeTpoM 6 cM.
(popmy kiyOHS iprMeM 3a cdepy).

2. Kakoif ko/10H y €BpOOOB OJJHO3HAYHO SIBJISIETCS CTOM-KOIOHOM?

Kputepun onennBanus
Onenka "3auTeHo" - CTaBUTCS NP MPABIIBHOM OTBETE Ha BOIIPOCHI K 3a4ETY,

Onenka "He 3a4TeHO" - CTaBUTCA MTPU HENPABUIHLHOM OTBETE.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpems npoBeneHus 3auera 0Oydaronyecs MOTyT HOIb30BaThCS IPOrPaMMON TUCIUIUINHBL.



