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AHHOTANMA

Kypc «BBemenume B KICTOYHYI0 M MOJCKYISPHYIO OHOJIOTHIO» SIBISETCS KIHOYEBBIM KOMIIOHEHTOM
00pa30oBaTeIbHOr0 Mpolecca, MOCKOJIbKY B HEM 3aKJIalIbIBAIOTCS IMOHATHS W MOAXOABI, HEOOXOOUMBIE IpHU
OCBOCHHH BCEX IMOCJIEAYIONMX OMONOrnueckux KypcoB. boiee Toro, B mpouecce oOydeHus y ciymiareneit
(dhopmHpyeTcs LeJT0CTHOE NpeAcTaBiIeHne O (GYHKIMOHUPOBAHMH OMOJIOTMYECKUX CHCTEM Pa3jIMYHOIO paHra.
B kypce 3akiaapiBaeTCs JIOIMKa UCCIIEA0BATENbCKOIO MBIIIJIEHUS U CTpAaTerys IIJIAHUPOBAHUS KaK OTIENIbHBIX
SKCIIEPUMEHTOB, TaK U MOJTHOLEHHBIX UCCIEOBAHUMN.

1. leau u 3apauun

eap AUCUMNIMHBI

Ilenpr0  OCBOGHUS JTUCUMUIUIMHBI  SIBJISIOTCS  (OPMHpPOBAaHHE IIEJIOCTHOIO MPEACTABICHHUS O
(YHKIIMOHUPOBAHUHM KJIETOK M OPraHW3MOB, 0a30BbIC MPHUHIMUILI CHUCTEMHOW KM CHHTETHYCCKOM
OHOJIOTHH.

3agaun AUCHMIIHHBI
- O3HAKOMHTH CIyIIaTeJeld C COBPEMEHHBIMU NPEACTABICHUSIMHU O CTPOCHHU M (YHKIIMOHMPOBAHHUU
KJIETOK TPO- U 9yKapHoT;
- chopMupoBaTh IEIOCTHOE TMPEICTaBIEHHE O KIETKE KaK O CaMOperyJupyromeics u
CaMOIIO/JICPIKUBAIOIICHCS OMOIOTUYECKOW CUCTEME;
- pa3BUTh Y cilyllarened MCCIeJOBaTebCKOE MBIIUIEHUE, YMEHUE aHaJU3UpOBaTh HAayuyHYIO
JIUTEPATYPY, HAyYHBIE CTATHU;
- HAy4YUTh CIIyIIAaTeNed CTaBUTh HCCIENOBATENbCKHE 3aa4d U IMPOEKTHPOBATH HKCIEPHUMEHTAIBHYIO
NeSITeIbHOCTD.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4Yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasnenne o0 akryanbHbix |OITK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
npoOiemMax HayKH U TEXHHKH B 00JIacTH cBOel |mMccie/ioBaHUil B oOnmactu  cBoed  mpodeccHoHambHON
poeCCHOHANBHON I TENFHOCTH, CIIOCOOCH | AESTENBHOCTH U UX MPAKTHYECKYI0 3HAYUMOCTD

Ha HAYYHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Bnageer mnpo¢ecCHOHAIbHOW TEPMUHOIOTHEH,
PO(eCCHOHAIBHBIC 324K HCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
auTepatype, o0azaeT HaBbIKAMH YCTHOTO M IHCBMEHHOTO
W3JIOKEHUS PE3YJIBTaTOB HAYYHOW JESATENBHOCTH B PaMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI
3HaTh:
- CTpOEHHUE U (PyHKIIUU OPraHOUIOB KIIETKH;
- 3TaIlbl KJIETOYHOTO JEJICHNUS;
- komnoHeHThl DL MUTOXOHIPHIA U XJTOPOILIACTOB;
- BHYTPHUKJIETOUHBIE CUTHAJIbHBIE KaCKAIbI.
YMETB:
- YUTaTb W AHAIM3HPOBATH HAyYHO-HCCIEAOBATENIbCKYIO JHUTEpaTypy MO TeMaM KIETOYHas U
MOJIEKyJIsIpHast OMOJIOTHS Ha AaHIIIMHICKOM S3bIKE;
- OpabarhIBaTh pe3yIbTaThl SKCIIEPUMEHTAIBHBIX TaHHBIX, OTYYECHHBIX PU UCCIC0BAaHNH KIIETKU;
- TPOEKTUPOBATh HCCIEIOBATEIbCKYIO JAEATEIbHOCTh B OONACTH MOJICKYJISPHOM M KJIETOYHOU
Ouosioruu.
BIIAJICTh:
- HaBBIKAMH HCCJIEIOBATEIbCKON JEATENBHOCTH;
- HaBBIKAMH CaMOCTOSITEILHOTO NTOMCKA HH(OPMAIIUH MO AUCIMILIMHE.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
No Tema (pazmen) TUCITUTUTHHEL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
[lpuHuMOBl OpraHu3alMM KIETKH Kak
1 OMOJIOTMYECKOH CcHCTEMBI. MeToasl H 2 2 8
MOAXO/bI KIETOUHON OMOoI0Tnu
OcHOBHBIE KJIaCCBI OHOMOJIEKYII.
2 [IpuHIMOBl peanu3anuu T€HETUYECKOM 1 1 6
MPOrpamMMBbl
[Mna3zmaruueckas MeMmOpaHa.
DU3NKO-XUMHUUECKHE MPUHLUTIBI
3 opraHuzanuu OWOJOTHYECKUX MeMOpaH. ) ’ 6
Tpancnopr qyepes MeMOpaHy.
DJeKTpuuecKue SIBIICHUS Ha
Ouosornuecknx MemOpanax
4 MemOpanHas 6uodHepreThka. /IpixaHue. ) ’ 6
®oTocuHTE3
5 Peanuzauus renetnueckoit H”HGOpPMaLUU 2 2 6
6 LuTOoCKeneT M TpPaHCIOPTHBIE CUCTEMBI 1 1 6
KJIETKU
7 [lepenada curuanoB BHyTpHU KIETKU 1 1 6
8 KneTtounslii uki. ATIONTO3 U OHKOI'€HE3 2 2 8
MornekynsipHble U KJIE€TOYHbIE ITPUHLIUIIBI
9 Opra"Hu3anuu MHOTOKJIETOYHOTO 2 2 8
OpraHusma
Hroro yacos 15 15 60
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. [TpUHIUIIBI OPraHU3aAIUK KIETKH KaK OMOJIOTHYECKOW CUCTEMbI. METOMbI U TIOAXOMbI KICTOUHOM
OMOJIOrHUH




OOume mnpexncraBieHusi O OWONOrMUECKMX cHucTeMax. [IpUHLOMOBI OpraHM3aldu  KHUBOTO.
[Monepxkennast ommOkam perunkanus. OOMeH BemecTB W 3Hepruu. [IpuHIMIBL yCTpoHCTBa
MPOKAPUOTHYECKON KJIETKH: TeHETUYECKUH ammapar, anmnapar OnocuHres3a Oeyika, MeTa0oInueCcKui
ammapart, Iula3MaTHueckass MeMmOpaHa. [MHoTe3sl NPOUCXOKICHUS JYKApUOTHUYECKHX —KIIETOK.
Cumbuorene3. Iumore3sl BO3HUKHOBEHHS KJIETOYHOrO sApa. BTOpWYHBIA W TpeTWYHBII
sHnocuMOno03. Ilockneroynble W HAAKIETOYHBIE CTPYKTYphl MHOTOKJIETOYHBIX OpPraHHU3MOB.
CHHIMTHH W CHMIUIAcCThl >KUBOTHBIX. Pparmobnacrema pactenuil. CudoHaJIbHBIE TaJUIOMBI
donopocneir.  [lnasmommanbHble  opraHu3mbl.  MeToabl  MHKpockonuu.  CBETONOJNbHAS,
TEMITHOMOJbHAsL, ()a30BO-KOHTpAcTHAs U Apyrue GOpMbl ONTUYECKON MUapOcKonuy. DirypecueHus.
dnyopecuienTHas MEKpocKonus. Dnyopodopsl, HCIoNb3yeMble BO (IyOpEeCeHTHON MHUKPOCKOIIHH:
oprannueckue Guyopodopsl, ¢uyopecueHTHble Oenku, KBaHTOBble To4kH. KoHdokanbHas u
light-sheet Mukpockonms. ®Pusnveckre MNPUHIMILI, HCHOIb3yeMble B  cyOaudpakiuoHHON
omrrueckoit  mukpockonuu. PALM, STORM, STED, PAINT, Expansion microscopy.
3D-pekoHCTpYKIUST TpH CYOAM(PPAKIIMOHHON ONTHYECKOW MHUKPOCKONMHUH. METOABI 3IEKTPOHHON
mukpockoruu. TEM, SEM. Koppensauust n300paxeHnil 3JeKTPOHHOM U ONTHYECKOW MUKPOCKOIINH.
Metox KJIETOYHBIX KyJAbTYp [UIi paboOThl ¢ KJIETKaMM MIIeKonMTaromux. lIpukperuieHHble U
CYCIIEH3MOHHBIE KJIETOYHBIE KYyJbTYyphl. BbIpalmuBaHuE KIETOK, TKaHEW M OpPraHOB YeJOBEKa M3
UHAYLUUPOBAHHBIX IUIIOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK. Mo3roBele opraHouzabl. MeTon 1moToyHOM
LUTOMETPUH.

2. OcHoBHBIE K1acchl OnoMonekyi. [IpruHIuns! peanu3anuy reHeTHYECKON IPOrpaMMBl

Bonnas n HenonsipHas ¢assl B kiieTke. OCOOCHHOCTH MOJIEKYJIBI BOJIbI, ONpeAeisonine Gpuznieckne
cBoiicTBa pacTBOpHTessi. [Iporiecc pPacTBOPEHUsI HENONSPHBIX, TOJMSPHBIX W 3apsSHKCHHBIX
coenuHeHuii. BydepHbie pacTBOpbI, cBoiicTBa Oy(epHBIX pacTBOpoB. Bydepsl, mcnonb3yembie B
KUBBIX KiIeTKax. OCHOBHbIE (YHKIMOHAIBHBIE TPYNIbl OpraHMYecKuX coenuHeHuil. Kiaccel
COC/IMHEHUH, CHHTE3UPYEMbIX B JKHBBIX OpraHu3Max. SIBieHue omrudeckod mzomepun. R/S u L/D
HOMeHKsatypa. Metabonom. IlepBuuHble M BTOpHYHBIE META0OMUTHL. MeTaboIMYeCKHe MyTH.
TepMogMHAMHYECKHE TPUHLIUIBI OpPraHU3alMd  METAa0ONMUeCKuX TmyTed. «Makposprudeckue
coenuueHus». Ilomumepsl. Kitacchl moiauMepoB: HalpaBlICHHBIC, PETYISpHBIC, HEpEryJspHbIC.
HeperynspHble nonuMmepsl ¥ TOABEP)KEHHAs OMMOKAaM PEIUTMKAIMS KaK CI0co0 BO3HUKHOBEHHS
HOBOM WMH(OpMAIMU B JKUBBIX CHCTeMax. MOHO-, M- M IOJMCAxXapHibl, MX pa3zHooOpasue u
¢ynkmu. Pa3HoOOpaswe MpPOTEMHOTEHHBIX aMHWHOKHCIIOT. OBOJIONUS TEHETHYECKOro KOAa.
Bropuunas crpykrypa Oecinka. dusnyeckue NPHHIMIBI, JEXKANMe B OCHOBE (OJIIMHTA OCITKOBBIX
Mmodnekyin. Tpernunas crpykrypa. [lapanoke JleBunrans u ero paspemenne. MyinbTHCYObeTMHIYHBIC
KomIuteKchl. @DepmeHThl. MoOTOpbl — ()EpMEHTBI, OCYIICCTBISIONINE MEXaHHYECKYyI0 padoTy.
Hykneorunapl, ux poss B kiietke. CriocoObl coenHeHust HykieoTua108. Hykneosnmmudocdarcaxapa.
HyxnenHoBbie KHUCOThL. PUO0O3UMBIL, MX pasHOOOpa3ue, PYHKIIUN U DBOJFOIIHS.

3. Ilnazmarnueckas MemOpaHa. DPHU3MKO-XHUMHUYECKHE IPUHIMIIBI OpPraHU3aldu OMOIOTHYECKUX
MeMOpaH. TpaHcnopT uepe3 MeMOpaHy. DJIEKTpHUUECKUE SIBICHUS Ha OMOJIOTHYECKUX MeMOpaHax

Kunxue kpucramnsl. CoiicTBa aunuanbix MemOpasn. duddys3us B nunuaHoil MemOpaHe U depe3
Hee. PasHooOpasue MeMOpaHHBIX JIMOHMJIOB: IIMLUEPOJIUNUABI, COUHTONUIUIBL, CTEPOHUJIBL,
JUIONOINCaxapuabl, Tl apxeil. CBolcTBa MEMOpPaHBI, ONpeAEsieMble €€ JTUITHIHBIM COCTaBOM.
JlunuaHe cocTaB pa3NUYHBIX MeMOpaH KIeTKH. JIMmuaHbple MEKpOIOMEHbI, padThl. MeMOpaHHbIE
6enxu. Tononorust TpaHcMeMOpaHHBIX OenkoB. DyHKUIMU MeMOpaHHBIX OenkoB. Bunel Tpancmopra
yepe3 MemOpany. @Ouznueckue NPUHIMIGI, OTPaHUYHMBAIONINE MPOCTYI0 JAuddy3uio coennHeHHH
yepe3 JMNuAHyI0 MeMOpany. IlepeHoc noHOB uepe3 HemossipHyro (azy. Obneruennas nuddysus.
AxBanopunbsl. PazHooOpasue HOHHbIX KaHajgoB. CoOCTOSHMA HWOHHOro KaHaia. VoHOQOpPSIL.
[lepeHocunkn Ha mpuUMepe MEPEHOCUYUKOB IIIOKO3BI. [lepBHUHO-aKTHUBHBIN TpaHcnopT. McTounuku
SHEPIUM JUIsl IEPBUYHO-aKTHBHOIO TpaHcHIopra. bakrepuopononcuHbl. DIEKTPOH-TPAHCIOPTHBIE
uenu. PasznooOpazue AT®a3. Bropuuno-aktuBHbIM TpaHcnopT. CoueTaHue pas3HBIX BHUIOB
MeMOpPaHHOTO TPAHCIIOPTa B SHTEPOLUTE, KIETKE N3BUTOTO KaHAJIBIIA, TAPUETAILHON KIIETKE JKEeNe3bl
xenynka. KanpnueBpsiii merabonmsm. YpaBHeHue HepHcrta. Ponb MOHHBIX KaHajoB B TeHEpalUH
MOTeHIana Ha MeMOpaHe. MeMOpaHHBIN MOoTeHIMaN 1mokos. JIokanbHble (IIyKTyalluy HOTEHIMAaIa
Ha MeMmOpane. [locTtcunantuueckue moreHuumansl. lloteHunan xkoHueBod miuactuHkd. [loreHnman
neucTBuss Ha akcoHe. IloreHnman geWcTBUS KapAMOMHMOLMTA. TOKCHHBI, BIHUAIOIIUE Ha
3IIEKTPUUYECKUE SIBIICHUS Ha MeMOpaHax.

4. MemOpanHnast 6nosnepretuka. Jpixanue. @oTocuHTE3



XeMHOCMOTHYECKOE  COTMpPSDKEHHWE Kak OCHOBa  OuodHepreTWkd. [IpwHIMIOBI  yCTpoiicTBa
UIEKTPOH-TPAHCIOPTHOW  Henu. I'pagueHT BOCCTAaHOBHUTENBHOIO IOTEHIMATAa  Pa3iIUYHbIX
MEPEeHOCUNKOB 3JeKTpoHa. HUKOTMHOBBIE M (DIaBUHOBBIE HYKICOTHIbl. XHWHOHBI. JKene3o-cepHble
knactepsl. Lutoxpomsl. OTL| mporobuonmormueckux cucreMm. OTL[ npixaHus MUTOXOHAPUIN
MIekonuTaomux. Jpixarensueie komruiekcebl. Kommonents! OTL — mutienn TokcuHoB. TepMorenes.
OTL mutoxonmpuii pacrenuid. [[pixarensubie OTL[ mpoxapwot. PasHooOpaswe THIOB AbIXaHUS
NPOKAPHOT: BHUIBI a’3pOOHOr0 W aHA’pOOHOro JbIxaHus. POTOCHHTETHUECKHUE MHTMEHTHI.
dotocuctemsl. AHTeHHBIE KoMIieKehl horocucteM. DT poTocunTesa mypmypHbix 6akrepuit. DTL]
¢dorocunTesa 3enenbix 6akrepuit. AT PoTocuHTE3a CHHE3EIEHBIX BOJOPOCTIEH U XJIOPOILIACTOB.

5. Peanmnzanus reneTnueckoi nHGOpMAIUH

JHK kak Hocutens reHermuecko mHpopmauuu. CocraB mocienosarensHocted JJHK mpo- u
sykapuoT. CTpyKTypa mpokapruoTudeckoro renoma. OneponHas cTpykrypa reHa. Karabonmueckue u
aHaOonuueckue onepoHsl. [IpuHIMITEI peryasuuu paboTsl MPOKApUOTHYECKOro reHoma. CTpykTypa
FEHOMA JYKapuoT. bropokparmyeckuil MOTOJNOK reHoma. Jlojas HMHTPOHOB B TI€HAaX Pa3HbIX
opranuzmoB. C-value mapagokc. KommoHeHTBI reHoMa »ykapwoT. lIpoucxoxaeHue M 3BONIOLHUSA
MOJIBIKHBIX 37eMeHToB reHoma. PHK-monmumepassr mpo- u sykapuotT. Ilpouneccunr npe-mPHK.
CrutaiicuHr. AJbTEpHATHBHBIN CIulaiicuHr. [leperacoBka 3K30HOB Kak MyTh CO3[aHUs pa3HOOOpasus
OenkoB sykapuor. Tpancmsammsa. Otambl TpaHciasauuu. Kon-HezaBucumas Tpancmauus. Perymsnums
skcpeccun Oenka npu nomouu Hekoaupytommx PHK. buocuares MeMOpaHHBIX GENKOB 3yKapHOT.
7S PHK.

6. LluTockeseT ¥ TpaHCIOPTHBIE CUCTEMBI KIETKH

KommoHeHTs! nuTockeneTa sykapuor. IIpokapuoruueckue OeIKU- MPeANIeCTBEHHUKN IUTOCKEIeTa.
TyOynun. MukpoTpyOouky, TymieTsl 1 TPUILIETHl. JuHaMu4eckast HeCTaOMILHOCTh MUKPOTPYOOUEK.
PacnonoxkeHne W JMHAMHUKa MHUKPOTPYOOYEK B JKWUBOW KIETKe. beku, acconuMupoBaHHBIE C
MUKpOTpyOOukamMu. MOTOpBI: TUHEMH M KUHE3WH. Poilb IWHEMHAa M KUHE3MHAa B TPAHCIOPTHBIX
npoueccax B kinerke. IloBenenne mMukporpyOodek mpu kKiertouHoM neneHuu. Ctpoenue m pabdora
J9YKapHOTHYECKOTO JKIFyTWMKa. Pa3HooOpaswe  KIryTHMKOB OJyKapuoT. Jlpyrue  CTpPyKTyphI
9YKapHUOTHYECKOW KJIETKH, 00pa3oBaHHbIE MUKPOTPYOOUKaMu. Akconoauu. TOKCUHBI, JCHCTBYIONTIE
Ha MUKPOTPYOOUKH: KOJIXHUIIMH, TaKCON. AKTHH. /InHaMrKa akTHHOBBIX (hruiaMeHToB. PacnionoxxeHue
akTMHa B KieTke. KopTHKampHBIM IMTOCKENeT, (GWIONOAWH, JaMEIUIONOoauH, (uiIonoauy,
J000TIOIUH, DPYNTUBHBIEC TICEBIONONNHU. belKku, accCOUMUpOBaHHbIE C aKTMHOBBIMU (PHIIAMEHTaMHU.
Ponp akTMHa B MO3WIIMOHUPOBAHMHM MEMOpaHHBIX OenkoB. Pa3nooOpazme muosuHoB. [IpuHIMI
paboTbel Muo3uHa. MBIIIEUHOE COKpallleHHe DIagKuX MbIml. KuHaza Jerkux merneid MHO3WHA.
MpllleyHOE COKpaleHUE IONEpPEYHOII0I0CaThIX CKEJIETHbIX MbIIL. TpOINOHMHOBBIM KOMILIEKC,
TportoMro3uH. CokpaiieHne KapJuoMuonuTa. TOKCHHBI, IeHCTBYIOIINE Ha aKTHHOBBIE (PHIIAMEHTHI:
LIUTOXAJa3MH, JaTPyHKYIHH, (ammonaun. SnepHas namuna. [IpeoOpa3oBaHus saepHOM JaMUHBI B
xozie kapuokunesa. [IpomexyTtounbie ¢punamMeHTsl. CIeKTpUHOBBIN UTOCKENeT. HelipodunameHTs!.
CozpeBanue keparuHonuTta. Bakyom. TpaHcmopr Be3WKyn B 3YKapHOTHYECKOW  KIIETKE.
SNARE-6enxku, COPI, COPII, knarpun. JluHamMuH. DK30- U 3HIOIUTO3 CUHANTHYCCKUX BE3UKYIL.
OHjoIUIa3MaTHUeCKUid  peTHKynyM. Amnmapar lombmku. SAnepras obonouka. Tpancmopt uepes
saepHbie Topbl. CTpyKTypa SIEpHOrO IMOPOBOro KoMmIiuiekca. CHCTEMBl SAEPHOTO HMIIOPTa M
skcriopra. NLS u NES.

7. Ilepenada CUTHAJIOB BHYTPH KJIETKH

[TpuHIMIIBI OpraHM3alUKM CUTHAJIBHBIX KackaaoB. llomoxwurenbHas W OTpuIaTenbHas oOpaTHas
CBSI3b. THIBI peLenTopoB: MOHHBIE KaHaibl, THpo3uHKHHA3bl, GPCRs. Curnamunar yepes GPCR.
Bera-anpeHoperienTop W CUTHaJbHBIN KackaJl B TedeHW. AneHwnarnukiaza. docdonumaza C.
I'yaaunarmuknaser. NO-curnanuar. Kanbriuessiii curnanmuar. MAPK-kackagel. ®ortopernemniius.
Perynsanus nonspusauuu kietkd. CUTHaJIMHT CTEPOUIHBIX TOPMOHOB.

8. KineTouHsbli UKII. AIOIITO3 U OHKOT€HE3



Tunbl Muto3a 3ykapuor. IloBeneHue nMrTOCKeNneTa B pa3iuyHbIX TUnax Mmuro3a. [loBenenue
XpoMocoM B xozie MurTo3a. Perymsmmst kinerouHoro mmkia. Cucrema mukianH-CDK. MexaHuzmbl
LUTOKKMHE3a. OHaomuro3. IlonuTeHHble XxpomocoMbl. Bo3HHMKHOBEHHE MeHO3a B SBOJIOLUM:
TUIOTE3bl U NpEeAnocbulku. IlonokeHne Meno3a B KM3HEHHOM LMKJIE Pa3IMYHBIX OPraHHU3MOB.
lenerneckass pexomOuHanus npu Mmeiiose. Poip Hekogupyromux PHK B mogaBneHnn mogBuKHBIX
TEHETHYECKHUX JJIEMEHTOB IpH Meio3e. THMbI KieTouHoH rudenu. MexaHu3Mbl 3allycKa arornTro3a.
Kacnaser 1 mpokacnaszsl. Anmontocoma. benok p53. Hekanonuueckue (HopMbl KIETOUHOW THOEINH.
Omnxorenes. [IpoTOOHKOT€HBI 1 OHKOCYIPECCOPHL. DTaIbl OMTyX0JIEBOH TPaHCOPMALIHH.

9. MOJ'IGKy.]'IHpHBIC " KJICTOYHBIC ITPUHIMUIIBI OPpTraHU3allui MHOTOKJICTOYHOTO OpraHn3mMa

Anresusnble Oenku. Kaarepunsl. IHTerpuHbl — CTpoeHue, pa3zHooOpasue u mpoucxoxaeHue. benku
IUIOTHBIX KOHTakToB. CHHAaNTHYECKHE aJare3uBHbIC OCJIKM: HEHpeKCMH W HeHponuruH. benku
KJIETOYHOIO MaTpHKca: KOJUIAIeHbl, 3JacTUHBI, JaMUHUHBL. Co3peBaHue kojutareHoB. CTpoeHue
0azanpHON TUIACTHHKH. DUOpPOHEKTHH. THUMBI KIETOYHBIX KOHTAKTOB. AJre3WBHbIE KOHTAKTBI,
IUIOTHBIE KOHTAKTHI, IECMOCOMBI, HOITYAECMOCOMBI, (POKAIbHBIE KOHTAKThI, HEKCYChl. XMMUYECKUI
cunaric. UmmyHonoruueckuii cunanc. [opmoHanbHas perymsinus. TkaneBast opranuzauus ryOok u
Tpuxoruiakca. OCHOBHBIE THUIIBI TKaHeN y Metazoa. TkaHeBas MHXEHEPHSI.

5. Onucanue MaTepuaJbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEJIHLHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

— y4eOHbIC ayAUTOPUH [T IPOBEACHUS 3aHATHH JICKIIMOHHOTO/CEMUHAPCKOTO THIIA;

— ayIUTOPUH, OCHAILICHHBIE KOMIIBIOTEPHOM TEXHUKOU € MOAKIIOYEHUEM K ceTh MIHTEpHET;

— KOMIIBIOTEP U MYJIBTUMEAUIHOE 000pyaoBaHUEe (IIPOEKTOP, 3ByKOBasi CUCTEMA);

— WH/AMBUYaJIbHbIE BEIYMCIUTENIBHBIE CPEICTBA CTYICHTOB (TIEPCOHAIbHBIE KOMITBIOTEPHI) UIAT
BBINIOJTHEHUS IOMAIIHUX 3aJaHHMH.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

Jlureparypa npenocrasinsiercs 6a30Boi Kadeapoi:

1. b. An6eptc [u np.] MonekynsapHast 6uonorus KineTku. - Mocksa: M3snarensctBo «Mupy», 1998 (2007
— TIPEANOYTUTEINBHO).

2. 10. U. Adanacees, H. A. FOpuna. ['uctonorus, uuronorus u smOpuosnorus. - M3nanue 5, - Mocksa:
Mepnununa, 2002

3. Knerku no Jlstouny / JI. Kaccumepuc [u ap.]. - nep. 2-ro anmi. uza. — M. : Jlaboparopust 3HaHUH,
2016. — 1056 c. : uB. uiI.

JomnonHurensHas aureparypa
Jluteparypa npenocrasinsiercs: 0a30Boi Kadenpoi:
1. B. JI. Beixos. [{utonorus u o6mas ructonorus. DyHKIIMOHAIBHAS MOPQOIOTHS KIETOK U TKaHEeH
yenoseka. - Cankr-Ilerepoypr: COTUC
2. K. Ceencom, I1. Ya6ctep. Kierka. - Mocksa: Mup,1980.
3. A. Potir, JIxx. bpocrodd, /1. Meitn. UmmyHonorus. - Mocksa: Mup, 2000
4. T'.-P. Bypmectep, A. Ilenyrto. Harnannas ummynonorus. - 3-e uzzn. - BUHOM, 2014

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

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Google Drive st octymna k Marepuanam Kypcea. [IpuBeTcTByeTcs HaU4ue BO BpeMsl 3aHITHI
CcMapTPOHOB/HOYTOYKOB JIJIsl y4aCTHs B UHTEPAKTUBHBIX YIPAKHEHUSX.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_IyJ'lﬂ)

CryneHT, M3y4arollui JUCHUIUIMHY, JIOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA AUCHUILIIIMHBIL,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI PCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— NpopaboTKy y4yeOHOro Marepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
MIpENoAaBaTelio.

Bo3MoxeH nMpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: AnropurMudeckast OuOJIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
IEHTpP 00pa3oBaTeNbHEIX MporpaMM DU3TEX-IIKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzukn
Kypc: 1
KBaJIMpUKALUS: MarucTp

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

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasnenne o0 akryanbHbix |OITK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
npoOiemMax HayKH U TEXHHKH B 00JIacTH cBOel |mMccie/ioBaHUil B oOnmactu  cBoed  mpodeccHoHambHON
poeCcCHOHANBHOM I TENFHOCTH, CIIOCOOCH | ASSTENBHOCTH U UX MPAKTHYECKYI0 3HAYMMOCTD

Ha HAYYHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Bnageer mnpo¢eccCHOHAIbHOW TEPMUHOIOTHEH,
PO()eCCHOHAIBHBIC 324K HCIIONIb3yEMOM B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

2. IToxa3zareu oneHUBAHHUSI KOMIIETEHIINIT
B pe3ynbrare n3ydeHus AUCIUIUIMHBI «BBeeHre B OHOIOTHIO» 00yYaIONIUICS JOIDKEH:

3HATh:
- CTpOCHUE U (PYHKIIUU OPraHOMIOB KIIETKH;
- 3TaIlbl KJIETOYHOTO JEJICHNUS;
- komnoHeHThl DTL] MUTOXOHIPHIA U XJTOPOILIACTOB;
- BHYTPHUKJIETOUYHBIE CUTHAJIbHBIE KaCKAIbI.
yMeTh:
- YUTaTb W AHAIM3HPOBATH HAyYHO-HCCIEAOBATENIbCKYIO JHUTEpAaTypy MO TeMaM KIETOYHas U
MOJIEKYJIsIpHast OMOJIOTHS Ha AaHIIIMICKOM S3bIKE;
- OpabarbIBaTh pe3yIbTaThl SKCIIEPUMEHTAIBHBIX TAHHBIX, OTYYCHHBIX PU UCCIC0BAaHNH KIIETKU;
- TPOEKTUPOBATh HCCIEIOBATEIbCKYI0 JAEATEIbHOCTh B OONACTH MOJICKYJISPHOM M KJIETOYHOU
Ouosioruu.
BJIaJeTh:
- HaBBIKAMH HCCJIEIOBATEIbCKON JEATENBHOCTH;
- HaBBIKAMH CaMOCTOSITEIHOTO NOMCKA HH(OPMAIIUH MO AUCIUILIMHE.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

1 gacte. Kietka — oOmime npeacTaBicHHUS.

1.1. Kakue mocTkiieTouHble CTPYKTYpbl BCTPEYAIOTCS B MHOTOKJIETOYHBIX opranm3max? Kak oHu
BO3HHUKAIOT, KAK YCTPOCHBI U Kakne (YHKLUHU BBHITOJIHSIOT?

1.2.  Kak marpuuHblii 0MOCHHTE3, B COUCTAHUH C CIIy4alHBIMU OLIMOKaMHU M €CTECTBEHHBIM OTOOPOM,
INPUBOAAT K IBOJIIOLUM OHosornueckux cucrem. IlpuBenure mpumepsl MarpudHoro 6uocunresa. B
KaKMX Clydasx OLIMOKM, BO3HHUKAIOIIME MPH MaTPUYHOM OHOCHHTE3€, MOTYT 3aKpENUThCS U
[epeaarTbCs IOTOMKaM, a B KaKUX Cilydasx — HeT?

1.3. Kakue cuiibl IPUHUMAIOT y4acTHE B CBOpauMBaHUM OeJIKOBOM Monekyibl? [louemy B pacTBopax c
BBICOKOM KOHILIEHTpALUeH CONeH MM 1eTepreHToB (IOBEPXHOCTHO-aKTHUBHBIX BEIIECTB) MHOTHE OEIIKU
neHatypupytor? B uem cocrouT nmapanokc JleBuHTams U Kak OH pa3peniaercs?

1.4. lameponst — k10 oHU? U 3a4eM OHM HYKHBI, €CJi (POJIMHT — CAaMOIIPOU3BOIILHBIN Tipotiecc?! U
Mo4yeMy CBOpauMBaHHE O€JIKa C y4acTHEeM IIANepoHOB (OMATH e, CaMONPOM3BOJIBHBIN mpomecc!!!)
Tpebyer 3arpar ATD?!

1.5.  Yto Takoe reHeTHYECKHI KOJ W KaK OH OTJIMYaeTcs y pasHbIX opraHuzmoB? Kakum oOpazom
(KBa3M)yHUBEPCATBHOCTh TEHETUYECKOTO KOAA MOXKET HCIONb30BaTbCAd YUCHBIMH TPH CO3AaHUHU
TpaHCreHHbIX opraHu3MoB? [louemy nHorna Bce e NPUXOAUTCS MEHATh KOAOHBI IIPU IIEPEHOCE TEHOB
U3 OAHOTO OpPraHM3Ma B APYTOM XOTA T€HETHYECKUE KOJbl MOTYT MOJHOCTHIO COBMAAaTh? — BOMPOC CO
3BE37J04KON *

1.6. Uem TpaHCKpHUIIIUS OTIMYAETCA OT peruMKauuu? A 4rto y HuX obuiero? B kakue mpoueccs
MoxeT ObITh BoBiieueHa PHK B kieTke sykapuot, nocie Toro, Kak ee TpaHCKpHUIus 3aBepiieHa? Kax
9YKapHOThI KYMYIPSIIOTCS» KOIUPOBATh HECKOJIBKO OEJIKOB HA OIHOM r'eHe?



1.7. Kakne mertompl ceroBoi Mmukpockornuun Bam u3BecTHbI? Uem cBeTOBasi MHKPOCKOIHS
OTIIMYAeTCs OT DJEKTPOHHON? Bbl H3yuaeTe MHUKPOCKOMMYECKOTO pauka-Iukiona. Bam HyxHO
BBITIOJIHUTH CIIeytolue HaOmoneHus: (A) MocMOTpeTh, KaK KMBOW pavyoK IuiaBaeT B Karuie Bofbl (b)
U3y4YUTh BHEILIHEE CTPOEHHE KOMIIOHEHTOB POTOBOIO ammnapara padka (B) mocmorpers pacrnosnoxeHue
MbII BHYTpu paudka (I') u3Mepurh pasmep MHUTOXOHAPHH B MblInax padka. Kakue meTonsl
MHUKpockonuu Bel Obl ucnons3oBanu? IlpumeM, 4To padok Mpo3padeH M CIMIIKOM Maj, YTOOBbI ero
MPEenapupoBaTh — MOXKHO WJIM CMOTPETH Ha HETO 1IeJI0r0, MM U3TOTaBINBAaTh TOHKHE CPE3bI.

1.8. Uro Takoe audpaknuoOHHBIA Tpeen paspenieHus? Kakue orpaHW4eHHss OH cO3laeT s
Mukpockoruu? Kakue Qusnueckue NPUHLUIB NPUMEHSIOTCI B MHKPOCKOIIUM CBEPXBBICOKOTO
paspemieHus Uit IpeooieHus JUPPaKIIMOHHOTO Oaphepa?

1.9. ®moopecuenys — B ueM ¢usndeckuii npuHimn? Kakue diayopecieHTHBIE MOJIEKYIIBI MOKHO
WCIOJIBb30BaTh Ul BU3yaJH3allMd BHYTPHUKIETOYHBIX CTPYKTYyp? Kak MMH MOXXHO METUTbH T€ Camble
BHYTPUKJIETOUHbIE CTPYKTypbl? Kak ycTpoeH ¢uyopecieHTHBIII MHKpPOCKOI, MO3BOJISIONIMN JaBaTh
MHOTOLBETHBIC KAPTHHKH?

1.10. Metox kimeTodHbIX KynbTyp. B uem xe oH cocrout? Kak um g Kakux 1eneld BbIpalluBaroT
KJICTKM MHOTOKJICTOUHBIX XHBOTHBIX BHe opranmzMa? Kakue ycioBusi HEoOXOAMMO CO31aTh st
HOAePKAHUS UX )KU3HECIIOCOOHOCTH

2 gactb. [nazmarnueckast MemMOpaHa: TPAHCIIOPT, KJIETOYHbIE KOHTAKTBHI.

2.1. Kakue NOBEpPXHOCTHBIE CTPYKTYpPHl MOTYT IPHCYTCTBOBaTb Ha KIETKax OakTepuii, rpuOos,
pacTeHui, )KUBOTHBIX 1 TpocTedmux? Yem onn ornudarorcs? [louemy y oqHUX KJIETOK MPUCYTCTBYET
IUIOTHASA KJIETOYHAs CTEHKA, a y Apyrux ee Het? Kak 370 cBs3aHO ¢ BOgHBIM OanaHncom?

2.2. Kakue KOMIOHEHTHI TPUCYTCTBYIOT B IUIa3MaTHueckoll MemOpaHe? I[louemy MbI Ha3blBaeM
MeMOpaHy <«KHIKAM Kpuctaiiom»? B yem ocoOeHHOCTH MeMOpaH apxeHd, OakTepuii, 3yKapuotr?
Kaknmu ciocobamu Geky MOTYT KpENUTHCS K TUTa3MaTHYecKoi MeMOpane?

2.3. Kakue QyHKIIUHM BBHIMONHSIOT MeMOpaHHble Ocenku? [lpuBeante nmpuMepsl MEMOPaHHBIX OCIKOB,
BBIMOJIHAIOIMX pasHele QyHKOuM. Yem omimvarorcs OenKu-KaHalbl, OEJIKU-TIEPEHOCUYUKH U
Oenku-Hacocel? IlpuBenure mpumep mporecca, B KOTOPbIM BOBJIEUEHB! BCE TPU TUIA TPAHCHOPTHBIX
OeJKOB.

2.4. Kakue coenrHeHMsI IEPEHOCATCS Yepe3 IUIa3MaTHYeCKy0 MeMOpaHy 0e3 yJacTHsl IEPEeHOCUYHUKOB U
nouemy? Ilouemy Boma, XOTd OHa M TOJSIPHA, MOXKET MPOXOAUTH MeMOpaHy Oe3 yuwacTus
nepeHocuukoB? [loyeMy B HEKOTOPBIX KIJIETKaX, STH MEPEHOCUYUKU JUIS BOIABI BCE K€ MPUCYTCTBYIOT?
[Touemy HaTpuii mepeHOCUT MeMOpaHy TOJIBKO IyTeM oOyierdeHHon auddy3uu, a BOT HOH 13- MoxeT
nepecexkars MeMOpany npocroi auddysueit?!

2.5. CooTHOLIEHNE IEPBUYHO-AKTUBHOTO U BTOPUYHO-aKTUBHOTO TpaHCHopTa yepe3 MmemOpany. Kakue
OenKM OTBEYAIOT 3a CO3/JAaHME PA3HOCTH KOHICHTPALUil MOHOB MO 00€ CTOPOHBI ILIA3MaTHYECKOM
MeMOpaHbl: >KMBOTHOH kieTku? Pacturtenbnoit kinetku? Kitetkn aspoGHoit Oakrepun? Kierku
OaKTeprHu-OpOTMITLIINKA?

2.6. Kanpumii. Kakue TpaHCHOpPTHBIE CHCTEMBI BOBJIECYEHBI B TPAHCIOPT KalbLHUs Yepe3 MeMOpaHbl
KJIeTKU. B Kakux BHYpHUKIETOUYHBIX Ipolieccax ydacTByeT Kaiblui? IlpuBenure npumepsl 3TUX
IPOLIECCOB.

2.7. Memb6panssbiil norenuuan. Kak on gopmupyercsa? Kak paccuntars paBHOBECHBIEC TOTEHIHAIBI IS
noHoB Ha MeMmOpane? Kak, 3Has paBHOBECHBIC KOHLEHTPAlMM HMOHOB pacCUUTaTh MEMOpaHHBIN
noreHuan? Kakue nonsl Hanbonee BaxkHBI 1Ji11 (OPMHUPOBAHUSI MEMOPAHHOTO TOTEHIKA A OOBIYHON
YKUBOTHOM KJIeTKu? Poib Kakux Bo3pacTaeT Mpu MoTeHuuanie neicreus Heipona? Kapauomuorura?
2.8. TloTeHnman neicTBUsT HEPBHOW KIETKW M Kapauomuonurta. M3 kakux (a3 coCTOMT MOTCHIUAT
NEeHCTBUS W KaKhe MEXaHu3Mbl ero oOecneuuBaror? UeMm MOTEHUMAl NEHCTBHUSA OTIMYACTCS OT
noreHnuana mokos? Kak anekrpudeckme cBoiicTBa MeMOpaHbl O00ECICUMBAIOT IEHCMEHKEPHYIO
JIeSITEIIBHOCTD cep/a’?

2.9. Kakue kjieToyHble KOHTAKThl MPUCYTCTBYIOT B SMUTENHANbHON KieTke? Omnuinute ux. Yem oHM
OTINYAIOTCA OT KOHTAaKTOB MUTpHpyomero ¢uodpobmacra? Kakue M3 3THX KOHTAKTOB SIBIISIIOTCS
KaJIbIIMH-3aBUCUMBIMH, a KAKHE-HET?

2.10. Cunanc. Onummure CTpOEHHE CHHarca. B deM cTpykTypHble W (YHKIMOHAIBHBIC OTIAYMS
ANIEKTPUUYECKUX U XUMUYECKUX CHHAINCOB? B WeM pasznnuus cuHarca HeHTpaIbHOW HEPBHOM cUCTEME U
HEPBHO-MBIIIEYHOro cuHarnca? OIUIIWTE OCHOBHBIE IIPOLECCHl, IPOTEKAolUe IpU Ilepenade
BO30YKIEHHA OT IPECHHAICa K TOCTCHHAIICY.

3 vacte. llutockener.

3.1. MukpoTpyOOUKu: CTpPOSHHE M pPACHOJOKCHHUE BHYTpH KiIeTKH. CTpYKTyphl, oOpa3yemble
MUKpoTpyOoukamu. Kakue 6eTKH-MOTOPEI CBS3aHbI ¢ MUKPOTPYOOUKaMK U KaKk OHU ()YHKIIMOHUPYIOT.



3.2. Ha uem ocHOBaHa aMHaMUKa MHKpOTpyOouek? B kakux mporeccax B KIETKE OHA MOXET
nposiBiATh ces1? Kakue sap1 BIMAIOT HA TUHAMUKY MUKPOTPYOOUEK B KIIETKe?

3.3. MukpodpuiaMeHTBl: CTPOCHHUE W PpaACHONOKEHHEe BHYTpU KieTkH. CTpPYKTyphl, 0Opaszyembie
Mukpoduiamentamu. Kakue Oenku, CBA3BIBasSCh C MUKpO(HUIAMEHTAMH, ONPEACISIIOT UX
CTaOMIIBHOCTD U CKpEIJICHHE IPYT C APYTOM M JPYTMMHU BHYTPUKIETOYHBIMU KOMIOHEHTAMH?

3.4. AmeOoumHoe IBWKCHUE VS KTYTUKH: Pa3IM4MsS W MEXaHM3MbBl. YeM pa3nuyaroTcsi pasHbIC
BapHaHThl aMeOOHTHOTO IBHKCHUSA?

3.5. Muo3uHbBI: pazHOOOpa3ue u MexaHW3M PaboThl. UeM OTIHYaroTCS MPOIECCHBHBIE MUO3WHBI OT
HerpoueccuBHBIX? MHo3uH V Kak IpUMep MPOIECCUBHOTO MHO3HHA.

3.6. Mpemmeunoe cokpamenue. Crpoenme muo3umHa II. Kak HeEmpoOIeCCUBHBI MHO3UH MOXET
y4acTBOBATh B MBIIIEYHOM coKpameHnn? Kakue Oelku y4acTBYIOT B PEryISIIUN COKPAIICHUS T KON
MBI ¥ TTOTIEpeYHO-TIoNIocaroii. Kak Bo3HMKaeT TpynmHOE OKOYCHEHHE?

4 yactb. buosnepreruka.

4.1. JlpxatenbHas 1ienb MUTOXOHApuN JKUBOTHBIX. CpaBHUTENIbHAS XapaKTEPUCTHKA JBIXaTCIhHOU
LETIM MUTOXOHJPHM )KUBOTHBIX U JIBIXATEJIbHON LENU MUTOXOHAPUN PACTEHUN.

4.2. CpaBHHTENbHAs XapaKTEPUCTHKA JBIXaTCILHON e MUTOXOHJPUH KUBOTHBIX U JBIXaTeIbHON
ey a3pOOHBIX OaKTEPHiA.

4.3. AbdpobHOe 1 aHa’poOHOE Abixanue. OTINYus AbIXaHuS 00 OpOKEeHHUS.
4.4. ®orocunrernueckas ITL - HEIMKINYECKUI TEPEHOC IEKTPOHOB.

4.5. ®dorocunrernueckas ITL - HUKINYECKUIl IEPEHOC 3JIEKTPOHOB.

4.6. CpaBHuUTeNbHAs XapaKTeprucTHKa POTOCHHTETHYECKOH 1 AbixatenbHon DTLL.
5 uyacTb. [eHeTHUEeCKHE KOMITOHEHTHI

5.1.  TpaHCKpHUIILUS MPO- ¥ 3YKAPUOT: CXOACTBA U PA3INUHSL.

5.2.  Opranuzanusi XpoMaTHHA B KJIETOYHOM sIZIpe.

5.3.  OcoOeHHOCTH OpraHu3aluHy SApa IMHO(PUTOBBIX BOAOPOCIEH.

5.4. OcoOeHHOCTH OpraHU3aluH SApa CIePMaTO301I0B.

5.5. Spepuslil nyanusm y HHQY30pHIA: YTO 3TO U 3aYEM.

5.6. MwuTO3 1 Mel03: CPaBHUTEIBHAS XapaKTEPUCTHKA.

5.7. Cynanba XpoMOCOM B X0JIe MUTO3a U Meiio3a.

5.8. Cynnba muTockenera B X0/Ie MUTO3a U MeH03a.

5.9. Tlosunus meilo3a B )KM3HEHHOM IMKJIE Pa3HBIX OpPraHU3MOB.

5.10. BoO3HUKHOBEHHE U POJIb ITOJOBOTO MPOLIECCA Y 3YKAPHOT.

5.11. CpaBHuTeNIbHA XapaKTEPUCTUKA CIIEPMATOT€HE3a U OOTeHE3a Y MIICKOIUTAIOIIUX.
6 UYactb. OCHOBBI HAyKH O TKaHIX

6.1. Txanu. PazHooOpasue 3nuTeInanbHbIX TKAaHEH.

6.2. CrpyKTypHBIE KOMIIOHEHTHI MEKKJIETOYHOTO MaTPUKCA.

6.3. Pacnpenenenue pa3inyHbIX TUIIOB IIUTEINEB B OPraHU3ME YEIOBEKA.
6.4. 'TuIbl CEKpeuu B JKeNe3ax.

6.5. PaszHooOpa3ue COeMHUTENBHBIX TKAHEH.

6.6. CrpoeHue u pacrpe/ielieHue CKEeJIETHBIX TKaHEH B OpraHU3Me YellOBeKa.

6.7. MbineyHas TKaHb: pas3iinuusg OpraHu3allii COKPATUTCIIBHOI'O amrmapara W peryisanuda
COKpalICHHUA B PA3HbIX TUIIAX MBIIIII.

6.8. MBpImieuHas TKaHb: CTPOCHHUE U JIOKAJIU3aIUs B OpraHu3Me.

6.9. InmanbHbIC KIETKU: pa3HOOOpasne U QyHKIHH.

6.10. T'emarosHnedanuueckuii Gapwep.

6.11. PazHooOpa3sue cuHarcoB. [IpuHIUIIEI Iepeaadn HHGOPMAIIMU B CHHATICE.
6.12. PakoBas TpaHchopMaius KJIETOK: OCHOBHBIC TEHETHYECKUE MAPKEPHI.
6.13. PakoBas TpaHchopMaius KIETOK: TIOAXOAbI K TepaIiu.

6.14. 3aboneBanwus, CBSI3aHHBIC C HAPYIICHUEM MEXKJIETOYHBIX KOHTAKTOB DIUTEIHATLHBIX TKaHEH:
MPUYUHBI ¥ TOJXOABI K TEPaIu.

6.15. 3a6OJ'IeBaHI/I$I, CBS3aHHBIC C HAPYHICHHUCM MCIKKIICTOYHBIX KOHTAKTOB HepBHOﬁ M MEBIIICYHOMN
TKaHU: NPUYIMUHBI 1 IOAXOAbI K TECpaIlnu.

6.16. 3aboneBaHwus, CBA3aHHBIC C HAPYIICHUEM MEXKKIETOYHOTO MAaTPUKCA: MPUYUHBI U TOJAXOABI K
Teparuu.

6.17. DopMmBI KIETOYHON CMEPTH: AllONTO3, HEKPO3 U MTPOYHE BAPUAHTHI.
6.18. MexaHu3Msl 3amycka anomnro3a. Pojib anonrto3a B pa3BUTHH MHOTOKJIETOYHOTO OpraHu3Ma.



6.19. Kacma3ssl: THIIBI 1 MEXaHU3MBI J€HCTBUA. AIOIITOCOMA.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. bakrtepusa comepxut ogHy Komuio KojblieBoil reHomHo¥ JIHK pasmepom 4x106 map ocHoBaHWMiA.
Ucnons3yiite Bemnunasl 6 x 1023 s uncna ABoraapo u 660 111 MOJEKYJIIPHOH Macchl 1 mapbl
ocHoBanuii IHK. JInuna 10 nap ocHoBanuii B tuHevHoi JIHK cocrasnser 3,4 Hm.

a. Eciiu aumametp sTo#i cdepuueckoit kietku 1 pm, To Kakoit Oyaetr momnsipHas konnentpanwus JJHK B
3TOH KJIeTKe?

b. Ecniu npeamonoxuts, uto koHGopMmarus JJHK coorBercTByeT npemioxkenHo YoTcoHOM U Kprkom,
TO Kakoi OyzeT anuHa 6akrepuanbhoit JTHK?

c. CKonbko OaKkTepHallbHBIX KJIETOK HeoOxoaumo Jutst nonyuenus 1 mr JJTHK?

2. Krnerka kuiiedHodl mnajaouku umeer GopMy LHWIMHIpA JIMHOW 2 um W mupuHOd 1 pm.
Buytpuxnerounsiii pH cocrasnser 7.6. Kakoe konn4ecTBO MPOTOHOB (B IITYKaX) COACPIKUTCS BHYTPH
KJIETKU OaKTepHUu.

3. Tlpennonokum, 4To ycpenHEHHasl KJIETKa MapeHXUMbl KIyOHS Kaprodenss mMeeT KyOHdYecKyro
dhopmy ¢ pedbpom 50 um. CKOITBKO KIETOK COJEPKUTCS B OJHOM KIyOHE KapTodels AuaMeTpoM 6 cM.
(popmy xiryOHST iprMeM 3a cdepy).

4. B HenasiekoM Oy/yIneM IpH MCCIIEI0BAHUM OTIAJCHHBIX y4acTKOB CONHEYHOMH CUCTEMBI (Harpumep,
cnyTHHKOB HOmuTepa) 4denoBeuecTBO MOXKET CTOJKHYTHCS C HOBBIMH OAHOKJIETOYHBIMH (opMaMu
KM3HU. HecMOTps Ha KOHBEpreHIMI0 OOIIMX HPUHIMIOB YCTPOMCTBA KIETOK M MeTabosin3Ma, OHU
MOTYT 3HAYUTEIBHO OTJIMYATHCS OT 3eMHBIX (Qopm >ku3HU. llpencraBere cebe, 4TO HpU aHAIU3E
«eBpo0OOB» (MUKPOOPTraHU3MOB, HailIeHHBIX Ha EBporie) BEISICHUIIOCH, YTO OHU UMEIOT OENKH, B IIEJIOM
BECbMa MOXOXHE Ha OEIKU 36MHBIX MUKPOOPTaHU3MOB, HO 3HAYUTEIIFHO OTIIMYAIOIINECS HYKJICHHOBBIC
KHCJIOTBI, Y KOTOPBIX B COCTaB caxapoochaTHOro OCTOBa BMECTO PUOO3bI M JIE30KCHPUOO03bI BXOAUT
caxap ajiio3a, a BMECTO a30THCThIX OCHOBAaHUH — IIECTh MPOU3BOAHBIX apOMATHYECKOTO YIIEBOAOPOIA
asysneHa. @opMyIibl ajuI03bl, a3yJIEHAa U €0 IPOU3BOIHBIX I0KA3aHbl HA PUCYHKE HUXKE.

1. Vkaxure, Kakue TpU KOMIIJIEMEHTApHBIE MTapbl MOT'YT 00pa30BbIBaTh YKa3aHHBIE aHAJIOTU a30THUCTBIX
OCHOBaHMH (reoMeTpHs B3aMMOACHCTBHI KoJiel] B Hape INOKa3aHa Ha PUCYHKE). 3alMIINTE Mapbl B
¢dopmare «A+B-» (A — HOMEp OCHOBaHUSI, B3aMMOJICHCTBYIOIIIETO CBOMM TPOIHIHEBBIM KOJBIIOM, B —
HOMEp OCHOBAHMsI, B3aWMOJECHCTBYIOIIETO CBOMM IMKJIONCHTAIHUCHOBBIM KOJIBLIOM, IUTIOC M MHHYC
—3apsbl Ha KOJIbIIax).

2. Kparko oObsicHuTe, B 4YeM OyOyT 3aKIOYaTrbCsi OTIMYMA CTAOWIM3aLMU CTPYKTYpPbl JBOWHOM
cnimpanu «/JHK» eBpoOoB (oHa aHTHTIapaieNbHa, HA BUTOK MIPUXOIUT MPUMEPHO 9 map OCHOBAHMUIA), U
B YeM OyAyT pasiauuus Bo B3aumojeictBuu ¢ takor «/JHK» Genkos.

bnaromapss mpHOpPHUTETY OTEUECTBEHHBIX YYEHBIX B H3yYEHHH €BpPOOOB, HMX HYKICOTHIBI IpU
COKpAIICHWU Ha3BaHUM MOIYYMIH MEKAYHApOIHble 0003HAUCHHs KUpUUIMYecKUMH OykBamu «bD»,
«I1ly, «D», «5I», «M», a Take «FO». [l pacimdpOBKH FeHETHUECKOTO KOJIa eBPOGOB OBLIH MOTyUCHb
HCKYCCTBEHHBIE TOJIMMEPBl ATHX HYKJICOTHAOB, C KOTOPBHIX Jajiee B JIM3aTe KJIETOK MPOBOAMIIACH
TPAHCIALMS in Vitro ¢ MOCIEAYIOMNM ONpeaeICHHEM aMMHOKHCIOTHOTO COCTaBa CHHTE3MPOBAHHBIX
nenTUa0B. Pe3ynbrarsl 3THX SKCIIEPUMEHTOB MIPUBECHBI B TAOIUIIE Jaliee.

3. JynieTHsIM, TPUILIETHBIM WJIM TETPAIUICTHBIM SIBJISIETCS T€HETUYECKUI KOz eBpoOOB (KO cunuTaiTe
HETIepEKPHIBAIOIIMMCS U HelTpepbIBHBIM)? OO0CHYHTE CBOIl OTBET.

4. O6nanaet 1 KoJ eBpoOOB CBOHCTBOM BhIpOXkaeHHOCTH? [IpHrBeauTe mpuMep AByX U Goliee KOJIOHOB,
KOJUPYIOLIUX OJHY aMHHOKHUCIIOTY.

5. Kakoii KotoH y eBpoOOB OTHO3HAYHO SIBJISIETCS CTOT-KOAOHOM?

6. Kakue nporenHOreHHbIE aMUHOKHCIIOTHI 3¢MHBIX MUKPOOPTaHU3MOB HE MCIIONB3YIOTCS eBpoOamMu?
7. llepeuncnute Bce KOJOHBI €BPOOOB, KOAUPYIOIINE METHOHHH, acllapariHOBYIO KHCIIOTY U THPO3HH.
8. VKaxuTe Ipu NOMOILIY I'OPU30HTAJIBHBIX JUHUM HaJl KOIOHAMU PaMKy CUMUTBHIBAHUS B CIEIYIOLIEH

KOJUPYIOIIEH  TOCIEAOBAaTENbHOCTH, MNOANMUIIATE MOJ  KOAOHAMH, KakHe€  aMHHOKHCIIOTEHI
3akoaupoBanbl: bl bl bl U bl 51 © 4 bl U 1O 1.

buner Nel.

1. Bakrepusa comepxXuT oqHy Komuro KoibleBod reHomHoil JJHK pasmepom 4x106 map ocHoBaHMIA.
Ucnonbiyiite Benuuuasl 6 x 1023 ana uncna ABoraapo u 660 mns MonexkymsipHOl Maccel 1 mapsl
ocHoBanuii [JTHK. JInuna 10 map ocHoBanuii B nuneitnoi [JHK cocTtaBnser 3,4 HM.



a) Ecim nuametp a0l cepudeckoii kineTku 1 um, To kakor Oymer monsipHas koHuentpanus JJHK B
3TOH KJIeTKe?

2. Tlpenarmonoxum, 4TO yCpeAHEHHAs KIETKa MapeHXUMBI KIyOHs Kaprodelss HMeeT KyOWdecKyro
dhopmy ¢ pedbpom 50 um. CKOITBKO KIETOK COJIEPKUTCS B OJHOM KIyOHE KapTodelns AuamMeTpoM 6 cM.
(popmy xiryOHST iprMeM 3a cdepy).

buner Ne4.

1.bakTepust comepKuT onHy Komuio koibueBoil reHomHor JIHK pasmepom 4x106 map ocHoBaHMA.
Ucnonbiyiite Benuuuasl 6 x 1023 ana uncna ABoraapo u 660 mns MonexkymsipHOil Maccel 1 mapsl
ocHoBanuii [ITHK. JInuna 10 map ocHoBanuii B nuneinon [JHK cocTtaBnser 3,4 HM.

B) CkospKo OakTepraibHBIX KJIETOK HeoOxoaumo ais nomydenust 1 mr JIHK?

2. Knerka xuineyHodl mnajodku umeer ¢GopMy IMHIUHIpPA JIMHOW 2 um W mupuHOW 1 pm.
Buytpuknerounsiii pH cocrasnsier 7.6. Kakoe koiauuecTBO MPOTOHOB (B LITYKaX) COACPKHUTCS BHYTPH
KIICTKU OaKTepuu.

Buner Ne2.

1. Kparko oObsicHuTe, B 4eM OydyT 3aK/IIO4YaTbCs OTIMYMA CTAaOWIM3alMK CTPYKTYpPbl JBOWHOM
cnimpanu «/JHK» eBpoOoB (oHa aHTHTIapaieNbHa, HA BUTOK IPUXOIUT MPUMEPHO 9 map OCHOBAHMUIA), U
B YeM OyAyT pasiauuus Bo B3auMojeictBuu ¢ takor «/JHK» 6enkos.

2. Kakue npoTenHOTeHHBIE aMIUHOKHCIIOTHI 3€MHBIX MUKPOOPTaHU3MOB HE UCTIOIB3YIOTCS eBpoOamu?
Buiet Neo7.
1. Kaxoii ko10H y eBpoOOB OJJHO3HAYHO SIBJISIETCS CTOI-KOJJOHOM?

2. YKaxuTte IpU MOMOIIM FOPU30HTAIBHBIX JIMHUN Hall KOJOHAMHM PaMKy CUMTBHIBAHUS B CIELyHOILEH
KOJUPYIOIIEH  TOCIEAOBAaTENbHOCTH, MOANMUIIATE MOJ  KOAOHAMH, KakHe€  aMHHOKHCIIOTEHI
3akoaupoBanbl: bl bl bl U bl 51 © 4 bl U 1O 1.

Kpurepun onennBanus
LEeH YTEHO" - CTABUTCS IIPU NIPABWILHOM OTBETE Ha BOIIPOCHI YerTy,
Orenka "3a4TeHO0" - CTaBUTC a OM OTBETE HAa BOIPOCHI K 3a4€
LIeHKa ""He 3a4TeHO" - CTaBUTCS [IPU HEIPABUILHOM OTBETE.
Or1enka "He 3a4Te€HO" - CTAaBUTC emnpa OM OTBETE

5. MeTonuyeckne MaTepuaJbl, onpeaesole NpoueIypbl OlleHUBAHUS 3HAHWIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mnpoBemenun 3adera oOyuaromemycs mpemoctaBisercs 30 MuHYT Ha moaroroBky. Ompoc
00ydJaromerocsi o BONPOCY Ha YCTHOM 3a4eTe HE JOJDKEH IPEBBIIATh OJHOIO acTPOHOMHYECKOTO
Jaca.



