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. Ieab u 3a7a4n TUCHUILIHHDI

1. Hean:
— OCHOBHOH ILIEJIbIO Kypca SIBISICTCS (POPMUPOBAHUE Y CTYJICHTOB CUCTEMBl 3HAHHH IIO

TCOPCTUUCCKUM OCHOBaM COBPEMCHHBIX MCETOAOB MHUKPOCKOIIMKM MW IICPCIICKTHBAX HX
HUCIIOJIb30BAHUA OJI U3YUYCHUS JKUBBIX CUCTCM.

33[[3‘11/[ JUCHUILJINHBI

1. ®opmupoBaHue 3HaHUN MO OCHOBAaM YCTPOWCTBA M HMPUHLMUMA PaOOThl COBPEMEHHBIX
JJIEKTPOHHBIX, CKAHUPYIOIIHUX 30HI0BBIX, OITUYECKUX U 30HIOBBIX MUKPOCKOIIOB;

2. V3ydyeHue pe3ylbTaTOB HOBEHIIMX HCCIECAOBAHUI B OHMOJIOTWH, BBIOJIHEHHBIX Ha
OCHOBE METOIOB AJIEKTPOHHON M KOH(OKAITEHOW MUKPOCKOIINH;

3. BeIOop a/ieKBaTHBIX METOIOB JJIsl BBIOJHEHHS HAyYHO-HCCIIEI0BATEIbCKIX PadoT.

1. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII BO

2.1. JucumrmmHa «CoBpeMEHHAss MHUKPOCKOIUS» OTHOCHUTCS K dYacTH, (OPMHUPYEMOM
ydacTHUKaMu 00pa3oBaTelbHbIX OTHOIIeHUU. M3yuaercs Ha 3 Kypce B 5 cemecTpe.

2.2. Jlns n3ydyeHUs JaHHON y4eOHOW AMCUUIUIMHBI HEOOXOIMMBI 3HAHUS, YMEHHS U HaBBIKH,
dopMupyemMble TPEAIMIECTBYIOUIMMH JUCHUIUIMHAMU Y4e€OHBIX MporpaMMm OakajiaBpuaTa,
U3ydyeHHe Marepuana JUCLUIUIMHBI Oa3upyeTcss Ha 3HaHMWAX, IMOJIYYEHHBIX B Kypcax
OpraHMYeCKON M HEOPraHUYeCKONM XHUMUHU, QU3UKH, OHMOXMMHHM, METOJIOB MOJEKYJSPHO-
TFeHETUYECKUX HUCCIIe0BaHUH, OMO(pU3UKY.

2.3. IlepeueHb MocneAyOMUX YU€OHBIX JUCLUIUINH, JUIsl KOTOPBIX HEOOXOAUMBI 3HAHUS,
YMEHMSI U HaBbIKU, (OpMUpPYEMBIE JTaHHON y4eOHON AMCLUUIIIIMHON: HAay4YHO-HCCIIEA0BATEIbCKAs
pabota, BermonHenue BKP.

1. TPEBOBAHUS K PE3YJIBTATAM OCBOEHHUSA JUCHUITJIMHBI
[Ipouiecc ocBOeHMS NUCUUIUIMHBI HampaBieH Ha (OPMUPOBAHHE KOMIETEHIMM B
coorBerctBUM ¢ ®I'OC BO wu OIIOII BO no wnHampasnenuto noxarotoku 06.05.01
«buonnxenepus n 6uonHpopmMaTuka», npoduib «bruonnxxenepus u 6MouHGOpMaTUKa»:

ITK-1: CnocoGen TBOpueCKM HCHONB30BAaTh U IIPUMEHATH (YHAAMEHTAIBHBIE IIPEICTABICHUS
6I/IOJ'IOFI/II/I, CMCKHBIX OUCHUIUIMH MW COBPEMCHHBIC MCTOJOJOTHUYCCKUC TIIOAXOAblI IJId
oTpesieNieHus] TEPCIeKTUBHBIX HAIPAaBJICHUN HAYYHBIX MCCICIOBAaHUN B cdepe MoTydeHus,
HU3YUCHUA W IMPUMCHCHUA PA3JIMYHBIX IMPUPOIHBIX, M3MCHCHHBLIX ITPUPOJHBIX OMOIOrMYECKUX
00BEKTOB, HCKYCCTBEHHBIX, OpPraHM3MOB, a Takke OHWOMaKpOMOJIEKYd, OOpaboTKy U
MOCJICTYIONIMI aHaIN3 OOJIBIIOTO MAacCHMBa MH(POPMAILIUU 110 OMOJIOTHYECKUM 00BEKTaM,

[IK-2: CrnocobeH miuaHUpOBaTh, OPTraHU30BBIBATH M  KOHTPOJMPOBATH  MPOBEICHUE
I/ICCJ'IGI[OBaHI/II\/'I, BBI6I/IpaTI) MCTOABI MU CPEACTBa PCHICHUSA IIOCTABJIICHHBIX 3a/ad, CTPOUTH
MaTeMaTHYeCKUe MOJIEIH, OCBAaMBaTh HOBBIE HH(OPMAIIMOHHBIE U MPOTPAMMHBIE PECYPCHI,
MOJTy4yaTh Hay4dHbIE PE3yJbTaThl C HCIOJIH30BAHHUEM COBPEMEHHBIX METOJOB, O00OpYIOBaHUS,
BBIUNCIIUTEILHBIX KOMIUIEKCOB B 00JIACTH CBOEH HpO(l)eCCHOHaHBHOﬁ JCATCIIBHOCTH, TOTOBUTH
TEKCThI OTYETHOM TOKYMEHTALUU U TTyOIUKAITHA.

ITepedyenb miIaHMpyeMbIX pPe3yJIbTATOB 00y4YeHHS MO0 JUCHHUIVINHE, COOTHECEHHBIX €
HHIMKATOPAMH J0CTHKEHHUs KOMIIeTeHIN



Komnerenuus HNuaukaropsl Pe3ysabTaTrnl 00yyeHus
KOMIIeTeHIH
ITK-1 CrnocobeH UK nx 11 3HaTh: IUTOJIOTUYECKUE U MOJIEKYJISIPHBIC
TBOPYECKU HCIIOJIb30BATH | 3HAET aKTyaJbHbIC | MEXaHU3Mbl (YHKIIMOHUPOBAHHS KIIETOK B
U IPUMEHSATh | IPOOJIEMBI, OCHOBHBIE | UX PAa3BUTHUH U BO B3aUMOJAEHCTBHM C
byHaamMeHTanbHbIC OTKpBITUSL B 00JacTW | APYIrUMHU KJIETKaMHU U (aKTOpaMy BHEUIHEH
IpeCTaBiIeHUsl OMOJIOTHUH, | U3YYCHUS KHBBIX | CPEIbI.
CMEXHBIX JUCHHMIUIMH U | OPTaHU3MOB 1 | YMeTb: HCIO0JIb30BATh NOJYyYEHHbIE 3HAHUS
COBpPEMEHHBIE OMOJIOTMYECKUX  CHCTEM | B CBOCH NMPaKTHUUECKON AEATEIbHOCTH.
METOI0JIOTUYECKUE pa3IMyYHbIX ypoBHe# | Brnagers: 3HaHUSIMH O  COBPEMEHHBIX
HOJIXO/1bI IUIsL | OpraHu3ali U CHOCOOEH | TEeHAEHLMIX pa3BUTHS KJICTOYHOM
olpezeNeHus UCII0JIb30BaTh Ouosioruu.
HEePCIEKTUBHBIX TEOpEeTUYECKHE 3HAHUA U
HANpaBICHUH  HAYYHBIX | yMEHUS B Hay4YHO-
UCCIIeIOBaHUH B cdepe | ucciaenoBaTeabCKon
NOJIyUYEHUs, H3YYEHMS] U | JeATEIbHOCTH
OPUMEHEHHUS  Pa3JIn4YHbIX
IPUPOJIHBIX, W3MEHEHHBIX UK ik 1.2 3HaTh:  OCHOBHBIE  METOAOJOTMYECKHE
HIPUPOAHBIX Ymeer UCIOJIb30BATh | HOJXO/bl B pelIeHUH NpoOiIeM KIETOYHOU
OMOJIOrMYECKuX OOBEKTOB, | pyHIaMEHTaIbHBIC 3HAHUS | OMOJIOTHH.
UCKYCCTBEHHBIX, u COBpPEMEHHBIE | YMETh: UCIOJIb30BaTh COBpPEMEHHbBIE
OpraHM3MOB, a  TaKXK€ | METOJOJIOTHYCCKUC METO/Abl ~ M3Y4YeHUS  KJIETOK H  HX
0MOMaKpOMOJIEKYII, MOJIXOJTBI IUIsl | KOMIIOHEHTOB B CBOEH IpoheccHOHaTIbHON
00paboTKy U | IEpCIEKTHBHBIX JESITEIbHOCTH.
HOCIE YO aHaJIM3 | HampaBlieHU  HayyHBIX | Bnagers: mnpuemMamMu — KJIacCHYECKUX U
00IBIIIOTO MacCHBa | UCCIICIOBAHHH, COBPEMEHHBIX  METOJOB  HCCIIEJOBaHMS
uHpOpMaLUU IO MOCTPOCHHUS KJIETOK U UX CUCTEM.
OHMOJIOrNYeCKUM O0BEKTaM | HH(POPMAITHOHHBIX
MoJieNIel U MPAKTHYECKUX
pazpaboTok B cdepe
npodeccuoHaNbHOM
JIeSITEJIbHOCTH.
HJIK k13 3HaTh. OCHOBHBIE MPUHIUMBI U TOAXOJbI
Braneer HaBbIKaMU | Ui pa3pabOTKU  HOBBIX  TEXHOJIOTUH,
TBOPYECKOIO NPUMEHEHHs | MATepHAJIOB JJIsl PEUIeHUS MEIUIIMHCKUX
METOJI0JIOTUYECKUX 3azay;

MOJIXOI0B JIJIsl pa3paboTKu
MOJICIIEH, HOBBIX
TEXHOJIOTHI, MaTepuasoB

u OHMOJIOTMYECKHUX
00BEKTOB c
IeJICHAIIPaBICHHO
M3MEHEHHBIMU
CBOMCTBaMH, METOJI0B
BBIPAOOTKH MPaKTHYECKUX
pPEKOMEHJalH TUIS
pelieHus 3a1a4
npodeCCHOHAIBHON
JIeITeIIbHOCTH

YMeThb: IpUMEHSATh HA IPAKTUKE
TOJTyYEHHBIC 3HAHUS

JUIs pa3paboOTKH HOBBIX TEXHOJIOTHIA,
MaTepuaioB U OUOJIOTHYECKUX 0OOBEKTOB;

Baagers: METOJAMH pa3paboTKu
MPAKTUICCKUX PEKOMEHIANN JIJIST PEIICHUS
3aJjady = B obnactH OMOWHKEHEPHBIX
TEXHOJIOTHH.




[1K-2

Cnocoben
IUTAHUPOBATh,
OpFaHI/ISOBBIBaTB nu
KOHTPOJIMPOBATh
MIPOBEJICHHE
WCCIICIOBAaHHUM, BBIOUPATH
METO/IbI 51 cpeacrsa
pCIICHUs  TOCTaBJICHHBIX
3aja4, CTPOUTH
MaTeMaTHYEeCKUe MOJENH,
OCBaMBaTh HOBBIC
uH(GOPMaITMOHHBIE u
IPOrPpaMMHBIE  PECYPCHI,
MOJTy4aTh HAy4YHBIC
PE3YIIBTATHI c
HCIIOJIb30BaHHEM
COBpeMCHHI)IX METO40B,
00opyI0oBaHU,
BBIYMCIUTEIBHBIX
KOMIIIEKCOB B 00J1acTH

cBOeH mpodeccruoHaTbHON

IESTEIILHOCTH, TOTOBUTH
TEKCTBI OTYETHOMN
JIOKYMEHTAIU! u
myOIHKaIui.

HJIK rik-2.1
3HaeT KJacCUYEeCKHe MU
COBPEMEHHBIC METOIBI
HCCIICIOBAaHUM, npu
peanu3anuu Hay4HBIX
MPOEKTOB MPUMECHSIET
nH(pOpMaIMOHHBIC
pecypchl U 0a3bl JaHHBIX,
MeTO/bl (hopMaTTU3aIuU U
pelIeHusl 3ajay, aHaluza
Hay4HBIX Pe3yJbTaTOB

3HaTh: JOCTWKEHMS W HMHHOBAIlMOHHBIC
yTH pa3BUTHS OMOMH)KEHEPHBIX
TEXHOJIOTUI B MEAULIMHE
YMmerb:  NpPUMEHSATH

COBPEMEHHBIE  METOJbl  HCCIIEJOBaHMH,
UHPOPMALIMOHHBIE  pecypchl U 0asbl
JTAHHBIX,  METoAbl  (opMaIM3aLUU U
pelieHrs  3aJad, ~ aHaiM3a  Hay4dHbIX
pe3yabTaToB

Biaagern: OCHOBHBIMH METOJIaMU,
cnocobaMM M CpPEeICTBAMM  IOJIy4EHHUS,
XpaHeHus, 00paboTKn U aHaym3a
NOJY4YeHHOW MH(OpPMaLUU MO0JIb30BAThCA
JNEHCTBYIOIMMU  HOPMAaTUBHO-IIPAaBOBBIMU
JOKYMEHTaMH NPH peau3aliy IPOeKTOB

KJIaCCHYCCKHEC n

HJIK ik 2.2
Cnocoben
poeCCHOHAIBHO
paboratb c
HCCIICIOBATEIILCKHIM,
UCTIBITATEIIbHBIM
00opyI0BaHEM u
YCTaHOBKaMH,
BBIYHCITUTEIbHBIMH
KOMILIEKCAMH,
CICIHATN3UPOBAHHBIMU
naKkeTaMy IporpaMm

3HATh: KJIAaCCHUYECKHE W COBPEMEHHBIC
METOJbl MCCIEAOBaHUS U 00OpYIOBaHHUE,
CIeIMaTU3UPOBAHHBIE TTAKETHI IPOrPAMM

YMeTb:  apryMeHTHUPOBAaHO  HW3Jararb
COOCTBEHHYI0 TO3ULIMIO 1O  BBIOOpY
METOJIOB u o0opynoBaHus, u

MHTEPIPETUPOBATh PE3YNIbTATHI HAYYHBIX
HKCHEPUMEHTOB, HCHOJIb30BaTh B pabore
UH(POPMALIMOHHBIE CHCTEMBI

Baapgers: HaBbIKaMU IIPUMEHEHUS
METOA0JIOTHYECKUX IIOAXO/0B JUTS
pa3pabOTKU HOBBIX TEXHOJIOTUI

HJIK k2.3
Bnaneer
CTaTHCTUYECKUMU
MeTOoIaMHI o0paboTKu
AKCIIEPUMEHTATIbHBIX
pe3ynbTaToOB;  CIIOCOOCH
HAaXOJUTh W OCBaWBaTh
HOBBIC IPOrPpaMMHBIC
pecypcbl U TPHUMEHATH
TIPHUKJTATHBIC
KOMITBIOTEPHBIC
MPOrPaMMHEIC
KOMIUIEKCBI; MPECTABISATh
pe3yIbTaThI
HCCIIEIOBAHU I u
pa3zpaboToK B BHJIC
OTYETOB, JTOKJTaJIOB,
nyOnuKanuii B Hay4yHBIX
U3JIaHUSX.

3HaTBh: COBpEMEHHble WH(GOPMAIMOHHBIE
TEXHOJIOTMH JyIsi cOopa, o0OpaboTKu U
pacmpocTpaHeHHs] HaydyHOH uH(OpMaLNH,
0a3bl JTaHHBIX, MPOTPAMMHBIC TPOIYKTHI H
pecypcbl B o0nacTd  OMOMH)KEHEPHBIX
TEXHOJIOTHI U CMEKHBIX OTpaclieid;

YMmerb:  NOpOBOAUTH  TOWCK,  aHAIM3,
AHHOTHUPOBAHHE u pedepupoBanue
COBPEMEHHOMN Hay4HOU JIUTEPATYPBHI,
CO37aBaTh AJITOPUTM HKCCIIEOBAHUSA 10
BBIOOPY U HMCTOJB30BAHUIO OHOJIOTHYECKHX
CHCTEM U TEXHOJIOTHH,

Baagerb:  CTaTUCTHMYECKUMHM  METOJAMH
o0paboTku AKCIIEPUMEHTAJIbHBIX
pe3ysibTaToB,  HaBbIKaMH  paboOTBl ¢

MEPUOINYECKUMH H3JaHUAMH, MOJTOTOBKH
Matepuana Ui HAy4YHBIX MTYOJIUKAIIHM,
HanmucaHuss W (HOPMHUPOBAHMS OTUYETOB,
JIOKJIaJIOB, IPE3EHTALIHM.




IV.COAEP/KAHUE U CTPYKTYPA JUCHUIIJIMHBI

Oobem AUCHHUIIMHBI COCTABJIACT 2 3aYeTHBIX CAMHHUIIBI, 72 yaca.

W3 HUX peanu3yeTcs ¢ MCIOJIb30BaHUEM 3JICKTPOHHOTO OOYyUYCHHS M JUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TeXHOJIOTH He MeHee 20% dacoB OT
aymuTopHoii paboTsl (10 gacos).

®opMa NPOMEKYTOUYHOM ATTECTAIUN . 3a4eT.

4.1 CoaepsxkaHue IMCUMILIMHBI, CTPYKTYPHPOBaHHOEe IO TeMaM, ¢ yYKa3aHHEeM BH/I0B Y4YeOHBbIX 3aHATHH M OTBEAEHHOT0 HAa HHUX
KOJIMYECTBA aKaJJeMUYECKHX YaCOB

Ne Paznesa nucuumiInHbl/ TEMA Buner yaeOHOI paboTHI, ®opMa TeKylIero
®
n/H $ | BKJIOYas CAMOCTOATEIBHYIO paboTy 00y4aroumxcs, | KOHTPOJIsI
= 5 MIPaKTUYECKYIO MOATOTOBKY U TPYIOEMKOCTh ycneBaemMocTu/
< % (B yacax) ®opma }
o F NMPOMEKYTOYHO
T oo, KonTakTHas paboTa mpemnoaaBares ¢ =
= e 2 arrecTauuu
=S 00yJaromuMucs =
@ i ) (mo cemecTpam)
= s & =
Q = ]
ol & = o =} s
5 : ; 5 Jexkuus | Cemunap/ KoucyabTanust 58
s = = = IpakTHyeckoe, E 8
8 <Q é’ S JaboparopHoe 8 =
R = 3aHsTHe/ =
1 2 3 4 5 6 7 8 9 10
1 Tema 1. Meroasl 3JIEKTPOHHON MHKPOCKOIIMH
Pedepar
(TeopeTHyeCcKHe MPEIIOCHIIKN). 5 2 2 4
2 Tema 2. Meroabl NOATOTOBKUA OMOIOTUYECKHUX
. o Pedepar
00pa3IoB Al MPOCBEUYHMBAIOIICH SIEKTPOHHOU | 5 2 2 4 bep
MHUKPOCKOIIHH.
3 Tema 3. PacrpoBas (ckaHupyromas) 5 5 9 4 Pedepar
AJICKTPOHHAS MUKPOCKOTIHSI.




4 Tema 4. DIeKTpOHHO-MHUKPOCKOMHUYECKAS 5 4 4 4 Pedepar
aBTOpaguorpadus.
5 Tema 5. Metog in Situ rudpuan3auu B Pedepar
MUKPOCKOIIHH. ) 2 2 4
6 | Tema 6. dmyopecreHTHas U Pedepar
KOH(OKaIbHas Ja3zepHast
5 4 4 4
ckanupytromas mukpockonus (KJICM).
7 Tema 7. Ckanupyrommas 30H7I0Bas | 2 9 4 Pedepar
MUKPOCKOIIHS.
4.2 TlnaH BHeayTUTOPHOI CAMOCTOAITETbHOI PaG0ThI 00YYAIOIIUXCSI 10 THCIUTIIHHE
CaMocTosiTenbpHas paboTa 00yJaroInuXCst Y4eOHo-
METOIHIECKOe
Ouenou”oe
Cemectp| HasBanmue pasaena, TeMBl N Cpoxu  |TpynoeMKocTh obecrieueHue
Buz camocrositenbHOM paboThl CPEACTBO .
BBITIOJTHEHUSI (uac.) CaMOCTOSITEIIbHOU
paboThI
Tema 1. MeromsifllonroToBka K  mpakThdeckomy — 3aHsatuio ¢ 1-2 men. Google Scholar
INMEKTPOHHOU UCIOJIb30BAHUEM PEKOMEHAYEMBIX HHTEPHET-PECYPCOB.
MHKDPOCKOTIHH Hanucanue pedeparoB mno TeMaM: «BOSMO)KHOCTI:I
UCIOJIb30BaHUS ~ TPAHCMUCCHOHHOM  3JIEKTPOHHOU
(Teopetrnyeckue Pedepar
5 MHUKPOCKOIIMM» B LUTOJOrMM»,  «Paspemaromas 4 Toxra
TpEATOCHLIKH). CIOCOOHOCTh 3JIEKTPOHHBIX MHMKPOCKOIIOB Pa3IMYHBIX A
THIIOBY.




CaMocCTosITeNIbHAs paboTa 00YYarOIIUXCS Yu4eOHo-
METOJHIECKOe
Onenovynoe
Cemectp| Haspanue pasnmena, Temsbl . Cpokn  |TpymoeMKocTs obecrieyeHue
Bug camocTosTensHOM padoTh CPENCTBO o
BBITIOJTHECHUS (dac.) CaMOCTOATEIIbHOU
paboTHI
Tema 2. Metonsi|IToaroroska K MPAKTUYECKOMY  3aHATHIO c| 3-4 men. Pedepar Google Scholar
HOJATOTOBKH HCIIOJIb30BAHUEM PEKOMEHYEMOM JINTEPATYPHI. Hoxnan
GOTOTHHUECKHX 06Pa3IIoB CamocrosiTenbHOe U3Yy4EHUE TEOPETUUECKOIO
. MaTtepuaia o BOIIPOCAM: «Crnenudpuueckue
U1 IPOCBEYMBAIOLIEH .
S . 0COOEHHOCTH TKaHEH M KIETOK PAa3JIMYHBbIX THUIIOB JUIS 4
HIICKTPOHHOH UX MOATOTOBKH IS JIEKTPOHHOM MUKPOCKOITMW.
MUKPOCKOIIHH.
Tera 3 [TogroroBka K  MPaKTUYECKOMY  3aHATHIO  ¢| 5-6 Hen. Google Scholar
' HCIIOJIb30BAaHUEM PEKOMEHYEMOU JTUTEPaTypHl.
PactpoBas P o patyp
CamocrosiTenbHOe U3Yy4YEHHE TEOPETUYECKOTIO
(cxkanupymomias)
5 |srexrponmas Marepuana 1o Bompocam: «MeToJ TOHKHX IUIEHOK», 4 Pedepar
P «MHKpOTOMHUSI OMOOOBEKTOB PA3IUYHOM MPHUPOIBI», Joxian
MUKPOCKOTIHSL.
«Metoib1 MTO3UTUBHOTO u HETraTUBHOTO
KOHTPAaCTUPOBaHUA», «VICONb30BaHUE CTEKISHHBIX U
JIMa3HBIX HOXKEW B MUKPOCKOIIHH.
IToaroroska K NPaKTUYECKOMY  3aHSATHIO c| 7-8 men. Pedepar Google Scholar
Tema 4. DaeKkTpOHHO-|UCIIOJIB30BAHUEM PEKOMEHIyEMOM JINTEPaTypBhI. Hoxman
5  |MHKpOCKOIn4ecKas CamocrosiTenbHOe U3y4YeHUE TEOPETUYECKOIO 4
aBTOpaauorpadus. MaTepuaiga Mo BompocaM: «BsicymmBanue o00pa3ios
METOJIOM IIEPEX0AA KPUTUUECKON TOUKH).
Tema 5. Meton in [MogroroBka Kk  mpaktuyeckomy  3anstuto ¢ 9-10 Google Scholar
situ HMCIOJIb30BAHUEM PEKOMCHIYEMBIX MHTCPHET-peCcypcoB.|  HEA. Pedepar
5 |ruOpumuzanuu B Hammcanne pedepara mno Teme: «Bo3moxnocTn 4 HOKJELH
MUKPOCKOIIHH. UCTOJb30BaHUS  aBTOpaauorpapuu sl U3yYCHHS

TpedPuHTra 6EITKOB 1 MOJUHYKICOTHIOB B KIICTKE).




CaMocCTosITeNIbHAs paboTa 00YYarOIIUXCS Yu4eOHo-
METOANYECKOe
Cemectp| Haspanue pasnmena, Temsbl . Cpokn  |TpymoeMKocTs Ouenounoe obecrieyeHue
Bug camocTosTensHOM padoTh CPEICTBO .
BBITIOJTHECHUS (dac.) CaMOCTOATEIIbHOU
paboTHI
Tema 6. [MogroroBka K  mpakTH4yeckoMmy  3aHstuio  c¢| 11-12 Pedepar Google Scholar
dayopecrieHTHas UCIOJIb30BAHUEM PEKOMEHYEMbIX MHTEPHET-PeCcypcoB.| HEXL. Hoxmaz
U KOH(OKaJIbHAS Hanmmcanue pedeparoB mo teme: «lcnonb3oBanue
5 [rasepas MeTo/ia THOpuau3almy in Situ B Onosorumy. 4
CKaHUpYIOLIas
MHUKPOCKOIHS
(KJIICM).
[MogroroBka K  mpakThdyeckomy  3aHstuto  c¢| 13-14 Google Scholar
HCIOJIb30BAHUEM PEKOMEHIYEMOH JINTEPaTypBhI. HeJl.
Tema 7. Ckanupyromas|CaMOCTOSTEIbHOE U3y4eHUE TEOPETUYECKOIO
5 [OHIOBAA MUKPOCKOMMA. |MaTepHana 1O  BOMPOCAM: «IlonmuknoHanbHple U 4 Pedepar
MOHOKJIOHQJIbHbIE ~ aHTHUTENA, MX T[OJY4eHHE U Joknan

HCII0JIb30BAHUE B MHKPOCKOMMHY», «THIBI MapKeposB,
UCIOJIb3YEMBIX B MHUKpOcKomum»,  «IIpOTOKOJIBI
MMMYHOMEYEHHSI OMOOOBEKTOBY.

OO0t 00peM caMOCTOATENBHOIN pabOTHI 10 TUCIHILIHHE (Jac) - 28

N3 Hux o0BbeM camocTOSTENbHON padoThl € HCIOJb30BAaHUEM JIIEKTPOHHOIO OOYYEHHUS

JVCTAaHIIMOHHBIX 00pa30BaTeNbHBIX TeXHONoruH (yac) — 10




4.3 ConepixaHue y4ueOHOTr0 MaTepuasa

Tema 1. MeToabl 3JIEKTPOHHOM MUKPOCKOINHNHU (TeopeTHYEeCKHE MPeANOCHIIKH).

Teopernueckue OCHOBBI 3JEKTPOHHOM MuKpockonuu. Mcropus pa3BUTHUS METOIOB
AIIEKTPOHHONH MHUKPOCKOMHU. OTKPBITHE DSJIEKTPOHA M BO3MOXXHOCTH (POKYCHPOBKH
3JIEKTPOHHOTO MOTOKA C IMOMOIIBIO MAarHUTHBIX JIMH3. OCHOBHBIE KJIACCHI 3JIEKTPOHHBIX
MHUKPOCKOIIOB (IIPOCBEYHBAIOIINE U CKAHUPYIOLIUE) U IPUHLIUIIBI UX paOOTHI.

Tema 2. MeToabl MOATOTOBKH 0HOJIOTHYECKUX 00PAa310B /51 MPOCBeYnBaKOLIei
3JIEKTPOHHON MUKPOCKOIIMH.

Bunsl QuxcaropoB u THmBl (¢ukcanuii Ouonmormueckux obOpasnoB. OcobeHHOCTH
Oy(epHBIX PacTBOPOB, UCIOJIb3YEMBIX B 3JIEKTPOHHONH MHUKpOCKONUU. OCMOJIAPHOCTD
¢ukcupyromux pactBopoB. Dukcanus, 00e3BOXKMBaHHME, 3alMBKa B  CMOIY,
HOJMMEpHU3alMsl U NodydyeHue OJ0KOB. 3aToyka OJOKOB M IOJIyYECHHE MOJYTOHKHX U
YIBTPaTOHKUX Cpe30B. M3roroBieHne M TOATOTOBKA CTEKJISHHBIX HOXEW s
nojay4deHuss cpe3oB. OCOOCHHOCTM MCIONB30BaHMS aidMa3HbIX Hoxed. Pabora Ha
ynbTpamukporome. [lomydyenue cepuiiHbix cpe3oB. [lpeaBapurenbHas oOKpacka
IIOJIyTOHKHUX Cpe30B. MOHTHMPOBaHHE CPE30B Ha CETOYKU. BHIbBI KOHTpacTHPYIOIIHX
pactBopoB. KoHTpacTupoBanue mnpenaparoB (IIO3UTUBHOE U HEraTMBHOE) M HX
xpaHeHne. OcobeHHOCTH (PUKCALMU TKaHE! U KJIETOK METOJIOM Nepy3HH.

Metonpl nuToxumMuu. MMMyHORJIEKTpOHHAasT MUKPOCKONHUA. 3ajaud, peliaeMble C
MIOMOUIbI0 UMMYHOJIEKTPOHHOW MHMKPOCKONUH. METObl UTOXMMHUYECKOTO MEUYECHUS
[JIMKOJUIHNIOB W  T[JIMKONPOTEUHOB: HCIOJb30BAaHUE JIEKTUHOB U  MEUEHBIX
UMMYHOIJI00ynuHOB. [ToHATHE 00 aHTUTreHaX U AaHTUTCHHBIX I€TEPMUHAHTAX MOJIEKY] U
onononnmepoB. KoHpOpManmoOHHO3aBUCHMBIE M CEKBEHIMAIBHBIE aHTHTEHBI. Pa3zmep
AQHTUTEHHBIX  JeTepMUHAHT. ToHkoe cTpoeHue aHturen. llonukioHanbHBIE,
MOHOKJIOHQJIbHBIE aHTUTENA, METOJAbl HMX MOJy4eHHs U XpaHeHusa. OCoOEHHOCTH
HOJy4EeHHUs] aHTUTEN K ranteHaM. AHTUT€HHOE CTpOeHHEe UMMYHOI100yaHOB. [lonarue
0 TICPBUYHBIX U BTOPHYHBIX (aHTHBUIOBBIX) aHTUTENAX. [IpsMbIe U HEMPSIMBbIE METOIbI
IUTOXUMUYECKOH  MOSHTU(UKAIMM  aHTUIE€HOB.  MeToJabl  OKpallMBaHHUA  C
ucrnonp3oBanueM OenmkoB A w  G. Merog ¢ HCIONB30BaHHMEM OWOTHH-
CTPENTaBUIMHOBOTO  COHJBMYA.  THUIBI ~ ONTHYECKHUX,  (IYOPECUEHTHBIX U
ANIEKTPOHOIIOTHBIX METOK ((eppUTUH U KOJUIOMIHOE 30510TO). Mcmonp3oBaHue
depmenTHbIX MeTOK. [Ipouenypa ummyHomeuenus. [lepmeadbunuzanus. [Ipeambenaunr
U noctaMOeauHr. MHTepnperanys nosyuyeHHbIX pe3ybTaToB, KOHTPOJIbHBIE pPEaKLUU.
MHUuKpO3JIeMEHTHBIN aHaTU3 OMOJIOTHYECKOT0 MaTepuaa Ha TOHKUX Cpe3ax.

Meron TOHKHX IIJIEHOK. MOHTHpOBaHWE IUICHOK U3 (opmMBapa Ha CETOYKH.
OcCOOeHHOCTH KOHTpPAacTUpOBaHUs OHMOOOBEKTOB (BUPYCHI, OakTepuu, OT/AEIbHbIC
KJIETKH, CyOKJIETOUHbIE KOMIIOHEHTHI M MOJIEKYJISIpHbIE KOMIUIEKCHI) ypaHUIAlleTaTOM U
JpYTMMHM  BELIECTBAMM, COAEpXKALIMMHU  TsDKenble  MeTaibl.  McnonbszoBanue
KOHTPAaCTUPYIOLIET0 HambUIeHUs. MeTol pemuK JUid H3Y4eHHUs MHUKpopenbeda
NOBEPXHOCTU KIETOK M TKaHe. HMneHtudukanms wu u3ydeHue ocoOeHHocTel
JOKaJIM3alMd MEMOpaHOCBS3aHHBIX OEJIKOB: METOJl 3aMOpPaXKMBAHUS-CKAJIbIBAHUS.
WnTepnperanvist U CTaTUCTUYECKUN aHAIHM3 TOJYYEHHBIX H300paK€HHH C MOMOIIBIO
nporpammbl Image-Pro Plus.

Tema 3. PacTpoBasi (CKAaHHPYIOIAsT) 3J1€eKTPOHHAS MHUKPOCKOMHUSI.

[Tpunuun pa®oThl CKAHUPYIOUIETO 3JEKTPOHHOTO MHKPOCKOMA. OTambl MOATOTOBKHU
OMOJIOTHYECKUX OOBEKTOB JUIs CKAaHUPYIOIIEH MHKPOCKONUHU (TepBHYHas oOpaboTka
npenaparoB, (ukcanus, 00e3BOKMBaHUE, BBICYIIMBaHHE, HamblIeHHE). BuicymmBanue
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[IpenapaTtoB METOJOM IIepexofa KPUTUYECKOM TOUYKH. MUKpPOIEMEHTHBIM aHAU3
OMOJIOTMYECKOT0 MaTepuara.

Tema 4. I1eKTPOHHO-MHUKPOCKONIHYeCKasi aBTOpaguorpadusi.

ABtopamuorpadus  (pagumoaBTrorpadusi) —  METOJ U3YYCHHUs  pacrpeaciieHUus
paZoaKTUBHO MEUYEHBIX BEIECTB B HccienyeMoM o0bekTe. Mcnonp3oBaHue MeToqa B
OMOJIOTUH ¥ MEIUIIMHE TIPU U3yYECHUU CHHTE3a U MUTPAIMH OUOTIOJMMEPOB B KIIETKAX U
TKaHsx. Teopernyeckue OCHOBBI MeToja. [loHsATHE O CTAOMIBHBIX M HECTAOMIBHBIX
(pammoakTuBHBIX) U3oToMnax. [locraHoBKa 3a/1aUu M aNTOPUTM €€ PEIICHUS C TOMOIIbIO
aBropaauorpaduu. IlnanupoBanue »skcrepmenta. lcnonab3oBaHue pajMOaKTUBHO
MEUEHBIX aMHHOKHCIOT M HYKJICOTHIOB. Paspemaromas crnocoOHOCTb METOoJa.
My bCHBIN ¥ UMITYJILCHO-TIOCIIEIOBATEIbHBIN METO bl aBTOpaauorpaduu. Hanecenue
PaAOYyBCTBUTEILHON 3MYJIbCUU. DKCIIOHUPOBAHUE, MTPOSIBJICHUE U KOHTPACTUPOBAHUE
npenapatoB. HTepripeTanust Moxy4eHHbIX H300paXeHHil.

Tema 5. Meton in Situ ruépuan3auu B MUKPOCKOIUH.

3ajaumn, peliacMbie ¢ MOMOIIBIO MeTojaa THMOpHau3auuu iN Situ: HUTOreHEeTHYECKHi
METO/, KOTOPBIA NPUMEHSIOT ISl BBIABICHHS CICHU(PHUUECKUX TI'e€HETUYECKUX
Hocjae0BaTeNbHOCTEN B KiIeTKax W TKaHsx. OcoOeHHocTu mpenapupoBanus. JTHK- u
PHK- 30H161. Tumbsl MapkepoB. Y clIOBHs IPOBEIACHUS THOpUaM3anu in Situ.

Tema 6. dayopecueHTHasi U KOH(OKATbHASA Jia3epHas
ckaHupyomas mukpockonusi (KJICM).

Teopernueckre OCHOBBI (DIYOPECIEHTHOW M Jla3epHON KOH(POKAITBHONH MHUKPOCKOIIHH.
[Tpuniun aedcTBus U npuMepsl uccienoanus. OrnunrenbHble ocooenHoctu KIICM.
ToueuHoe CKaHHMpPOBAHME JIa3epHBIM IIydkoM OuooObekTa U (opmupoBanue 3D-
n3o0paxkeHnii. OCOOEHHOCTM  MOJATOTOBKM  MpemaparoB A KOH(OKaJIbHON
MUKpockonuu. Mcnonp30BaHue MeUeHbIX (BIyopoXxpoMaMH aHTUTEN JUIsl OKpalIUBaHUS
CcyOKIeTOuHBIX CTPYKTYyp. llodydyeHue ranepen BUPTYaJIbHBIX Cpe30B M (pOpMUpOBaHHE
Z-crekoB. @parmenTanus 3-D n3o0pakeHUI MO0 HUTOXUMUYECKUM MapKepaM. AHalu3
uzo0paxkennit B mnporpammax ZEN 2010 (Zeiss) u Imaris® Bitplane 7.2.3.
Hcnonp3oBaHue crnenuanbHBIX KpacuTened s M30upaTesbHOM  BHU3yalM3aluu
HYKJICMHOBBIX KHUCJIOT, (YHKIMOHAJIbHO AKTUBHBIX MMTOXOHJpPUM, aKTUBHBIX (GOpM
KHUCJIOpO/J1a, MUKPO(QUIAMEHTOB U JAPYTUX KIIOYEBBIX BHYTPHUKIETOUHBIX OpPraHeul U
KOMIIOHEHTOB.

CoBpemeHHas BbICOKOpa3pelaroniasi MUKPOCKOMHSI: METO/Ibl BU3YyalIU3alluu OTAEIbHBIX
MOJIEKYT W CyOkjJeTouHbslX cTpykTyp. Stimulated Emission Depletion (STED)-
mukpockorus. Meton Stochastic Optical Reconstruction Microscopy (STORM).
N3yueHne MeXMOJEKYISAPHBIX M KOH(POPMALMOHHBIX B3aUMOJEHCTBUNA (M3MEHEHUN)
monekya (meron Fluorescence resonance energy transfer (FRET)). W3yuenue
JaTepalibHOM  MOABMXKHOCTH — Mojekyn (metox  Fluorescence  recovery — after
photobleaching (FRAP)). Metox cellular compartment analysis of temporal activity by
fluorescence in situ hybridization (catFISH) — wuccnenoBanue mUHAMHYECKUX
B3aMMOJCHCTBUI MOMyNsAUUd HEHPOHOB, OOECHEUMBAIOIIUX pa3IUYHbIE (HOPMBI
NOBEJICHUS OPTraHU3MOB M KOTHUTUBHBbIE (yHKIMH. VcciaenoBaHne TUHAMUYECKHX
MIPOLIECCOB B JKUBBIX KJIETKaxX (PErucTpanusi HOHHBIX TOKOB, OTJEIBbHBIX MOJIEKYT U UX
KOH(OPMALIMOHHBIX U3MEHEHUI C MOMOIIBIO (DITYOPECLIEHTHBIX MAapKEPOB).
TeopeTnueckre OCHOBBI ONTOI€HETUKM U €€ UCIOJIb30BaHUE B HEHPOOHOJIOTHH.
MeMOpaHHBI MOTEHIMAA HEPBHBIX KIETOK, JACMONSpHU3alis U TUIepHOJSpU3aIus.
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CBeTouyBCTBUTENIbHBIE HOHHBIC KaHabl uisi woHOB Na' u Cl”. Drambl onToreHeTuKu:
CO31aHHE T€HETUYECKON KOHCTPYKIIMH, BHEAPEHUE KOHCTPYKIIUU B BUPYCHBIC YaCTHIIBI,
BHECCHHE BHUpyCa B MO3I M HapaOOTKa MEMOpaHOCBS3aHHOTO OIICHHA, BHEIPEHUE
CBETOBOJA B MO3T >KMBOTHOI'O, aKTUBAlUsl HEUPOHOB MOJ AchcTBHEM cBeTa. IIpumepsl
UCTIOJIb30BaHUSI  ONTOTEHETHKH B HelpoOuonmormu  (OTMEHa  MPOOIEMBI  C
JOJITOBPEMEHHON NaMsThio, MIACHTU(UKAUS (YHKIMOHAIBHO AaKTUBHBIX KIIETOK).
TepMoreneTuka — HOBBIN CIIOCOO BO3/IECHCTBHS HAa HEPBHBIE KIIETKU. METOIbI U3yUCHHS
nposindepanyu ¥ 3aporpaMMHUPOBAHHON TMOEIH KIIETOK.

Otkpeitue (O. Cumamypa, P. Tcun u M. I[andu, 2008 r.) u H3ydeHHE 3EICHOTO
duyopecuentaoro 6enka (green fluorescent protein, GFP) meny3sr Aequorea victoria.
[TpeumymiectBa ucnonb3oBanust GFP u npyrux ¢iayopecueHTHBIX GEKOB B KJIETOYHOMN
U MOJIEKYJIIDHOM OWOJIOTHM U W3y4eHHs] SKCIPECCMM M TPAaHCIOPTa KJIETOUHBIX
OEIIKOB.

Tema 7. Ckanupymomas 30H10Basi MUKPOCKOIHS.

[TpuHuMnbl pabOThl CKAHUPYIOLUIMX 30HAOBBIX MHUKpOCKONOB. ®DopMupoBaHHE U
obpabotka C3M wuzo0pakeHU. ATOMHO-CHUJIOBAas MUKPOCKOMHS, HCIOJIb3yeMas IS
U3yUeHHUs] MHKpopeibeda IMOBEPXHOCTH OHONOTHYECKUX CTPYKTYp. KOHTaKTHBINH,
MOJIYKOHTAKTHBIA M O€CKOHTAKTHBIM PEKUM HCCIIEJOBAaHUS TOBEPXHOCTEH CIIeUaIbHO
MOJATOTOBJIECHHBIX OOBEKTOB.

4.3.1 TlepeyeHb CEMMHAPCKHUX, MPAKTHYECKUX 3aHATHH U J1a0OpPaTOPHBIX padoT

Ne Ne HaunmenoBanne TpynoeMKocThb OueHouHbIe dopmupyembie
I/H | pa3zeia CeMHHAPOB, (1ac.) cpeacTBa KOMIIeTeHIIUH
U TeMBbI NPAaKTHYEeCKUX U Bcero N3 Hux (MHIUKATOPBI)*
JIa0OPaTOPHBIX padoT | yacoB npaKkTuyec
Kast
MOATOTOBK
a
1 2 3 4 5 6 7
1 | Temal Tema 1. MeTtoasl 2 2 Pedepat IIK-1 MK k11
3JIEKTPOHHOIA Aoknan | TIK-2 MK yu 2.1
MHKPOCKOIIMHU
(TeopeTnueckue
MIPEANOCHIIKN).
2 | Tema?2 Tema 2. MeTonbl 2 2 Pedepar IIK-1 7K nx11
HOATOTOBKH Hoxnan | AAK nx12 MAK nxc1s
I1K-2 uik -2,
OUOJIOrMYECKHX AR w21
UK rx-2.2
00pasIos JUIS
MPOCBEUMBAIOIICH
BJIEKTPOHHOU
MUKPOCKOIIHH.
3 | Tema 3 Tema 3 2 2 Pedepar IIK-1 470K k11
: Joxman HIIK nx12 MK k13
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Pactpoas TIK-2 HIK nix rx-2.1
(cxkanupyromas HJIK rik-2.2

) BJIEKTPOHHAs

MUKPOCKOTIHS.

4 | Tema 4 4 4 Pedepar ITK-1 MK k14
Tema 4. DnexTpoHHO- Hoxman UK rxc2 UIAK k13
MHUKPOCKOTIMYECKast MIK-2 U1K yx rc-2.1
aBTopaarorpadus. UK k2.2

5 | Temab Tema 5. Meton 2 2 Pedepar MK-1 4K 1511
in situ Hoxnan UK k12 MAK rik1s
THOPUN3AIIN TIK-2 MK e 2.1
B WK rix-2.2
MHUKPOCKOTIHH.

6 | Tema6 Tema 6. 4 4 Pedepar MK-1 4K 1511
DyopecleHTH Hoxnan UK nxc12 UK ks
ast - IK-2 UK nax nk-2.1
KOH(OKaIbHAs HJIK k2.2
na3epHas
CKaHUPYIOMIas
MUKPOCKOTIHS
(KJIICM).

7 | Tema7 Tema 7. Ckanupyromas 2 2 Pedepar IIK-1 47K nx11

30HJ0BAS Hoxnan UK nxc12 MIK k13
MHUKPOCKOITHSI. ITK-2 1 2.1
WK rk-2.2

4.4. Meroanueckne YKa3aHusi [0 OPraHU3alMU CAMOCTOATEJbHOW PadoThI

CTY/ICHTOB

CamocrosiTenbHasi paboTa CTYACHTOB SIBISIETCSI COCTaBHOM 4acThio y4eOHOro mporecca u
UMEET LEeNbI0 3aKpelyIeHue M YIIyOJieHHWe TOJYYEeHHBIX 3HAHUM M HAaBBIKOB, IOHCK U
NpUOOpETEeHUE HOBBIX 3HAHMM, a TakXKe BBINOJIHEHHE YYEOHBIX 3aJaHUM, HOJITOTOBKY K
NPECTOSIIUM 3aHATHSAM, 3a4€TaM U SK3aMEHaM.

Jlnst  opraHu3alMM  CaMOCTOSITENIBHOM — pa®oTel 1o  auciuiuinHe  ««CoBpeMeHHas
MHUKPOCKOIHUSA», UCTIONB3YIOTCS CleaAyIoIne GOpMbl CAMOCTOSATENIbHON y4eOHON paboTHI:

- PaboTa Haj KOHCTIEKTOM JIEKIUH.

- [Ton6op, n3yueHue, aHaau3 peKOMEHJOBAHHON JINTEPATYPHI.

- CamoCTOSITENNbHOE U3YyUEHHE OTAEIBHBIX TEM, aparpados, HE U3T0KEHHBIX B JIEKIIUU.

- IloaroroBka K NIPAaKTHMYECKOMY 3aHATHUIO COCTOMT B TEOPETHMYECKOM IOATOTOBKE U
BBIMIOJTHEHUH MPAKTUYECKUX 3aJIJaHUH (pelieHre 3a7a4, OTBEThI Ha BOIIPOCHI U T.J.).

- Hanmcanue pedepaToB, HOArOTOBKA JOKJIAI0B.

- [ToAroToBKa K TECTUPOBAHHUIO.

- [ToaroroBka k 3ayery.

Iucomennvie pabomul. J{ns v3ydeHHUs] TeM, HE HU3JIOKEHHBIX B JICKLIUHU, PEKOMEHIYETCS
HCIIOJIb30BaTh OCHOBHYIO U JIONOJHUTENBHYIO JINTEPATYPY, a TAK)Ke UCTOUHUKH, HalJICHHBIE TIPU
MOMOIIN MH(OPMALMOHHO-CIIPAaBOYHBIX M TOMCKOBBIX CHCTEM. J[Isl 3akperjieHus Marepuana
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PEKOMEHJIyeTCsl JIeJaTh KpaTKue KOHCIEKThl o TeMe. B pamkax mucuurinibl « «CoBpeMeHHast
MUKPOCKOTISI»,» TaKke MPeTyCMOTPEHO BBIIOJIHEHNE MUCbMEHHBIX PadoT, B KOTOPBIX CTYIEHTHI
JIOJIKHBI COCTaBUTh CXeMY TPO(MUUISCKUX OTHOIICHUH B PA3IMYHBIX MUKPOOHBIX COOOIIECTBAX U
CXEMBbI KPYTOBOPOTOB psijla OMOTeHHBIX 3JeMeHTOB (cMm. 1. 4.3.2.). KadecTBO BBITIOJIHEHHOU
paboTHI OIICHUBAETCS B X0OJIe 00CYKICHUS JAHHBIX BOIPOCOB MPHU MPOBEICHUH KOJIJIOKBUYMA 10
COOTBETCTBYIOIICH Teme (cM. 11. 4.3.1).

Pegpepam — dopma THCHBMEHHOH padOThI, KOTOPYIO PEKOMEHIYETCS MPHUMEHSTH MpH
OCBOEHHUU BapUATUBHBIX (MPOGUIBHBIX) IUCHUIUIMH TpodeccuonanbHoro mukia. [Ipeacrasnser
co00i1 KpaTKoe U3JI0KEHHUE COAEPKaHHSI HAYUHBIX TPYIOB, JIUTEPATYpPHI 10 ONPEACIEHHON TEME.
O6nem pedepata MoxkeT gocturath 15-20 cTp.; BpeMsi, OTBOJMMOE Ha €ro MOATOTOBKY — OT 2
Henenb 10 Mecsna. IloaroroBka pedepara moapa3yMeBaeT CaMOCTOSTEIbHOE H3yYCHHE
CTYJCHTOM HECKOJBbKHUX JHMTEPATYpPHBIX HCTOYHUKOB (y4yeOHMKOB, MOHOTpaduil, HaydHBIX
cTareii W T.A.) MO ONpeAeiACHHOM Teme, He paccMaTpUBaeMOM TMOAPOOHO Ha JIEKIHH,
CHUCTEeMaTH3allNI0 MaTepuana U KpaTkoe ero uanoxenue. Llenp Hanucanus pedepara — npuBUTHE
CTYJICHTY HaBBIKOB KPAaTKOTO U JJAKOHHYHOTO TMPEJCTABICHUS COOpAHHBIX MAaTepUAIOB U (PaKTOB
B COOTBETCTBUU C TPEOOBAHUSAMU, PEIbIBISIEMBIMU K HAYYHBIM OTYETaM, 0030paM U CTAThSM.

CrpykTypa pedepaTa BKIIOYACT:

- TuTynbHBIN JIHCT.

- Conepxanue.

- Benenue, rae kpatko hopmynupyercs npodiema, 1eNb U 3a1auu pedepara.

- OcHOBHasi 4acTh pabOTHI COCTOUT M3 HECKOJBKUX Pa3/IesiOB, B KOTOPBIX M3JIAraeTcs CyTh
TeMbI pedepara.

- 3aKJIr04YeHHUE.

- CIMCOK HCIOJIb30BAHHOM TUTEPATYPHI.

I[Ipu odopmiennn pedepara ciaeayeT NPUICPKUBATHCA TEXHUYECKHX TpPeOOBaHUH,
MpeIbsIBISEMBIX K pedpepaTam U KypcOBBIM paboTaM, HMEIOIIUXCS Ha Kadeape.

Kpurepuu onieanBanmst pedepara:

- OLeHKa «OTJIMYHOY» BBICTABISIETCS B TOM cliydae, eciiu B pedepare MOIHOCThIO pacKphITa
Te€Ma, MPOAHATU3UPOBAHO COBPEMEHHOE COCTOSIHUE BOIIPOCA, MaTepuan M3JI0KEH JIOTHYHO,
Mocle0BaTeNbHO, MPUBEACHO He MeHee 10 muTepaTypHbIX HCTOYHHKOB (Cpedu KOTOPBIX
npeoOnagaeT JuTepaTypa 3a mociaeaHue S5 Jet), pedepaT opopMIieH B COOTBETCTBUU C
TEXHUUYECKUMHU TPEOOBAHUSIMHU, MPEABSIBIIEMbIMH K TAKOTO pojJa padoTam.

- O11eHKa «XOpOILI0» - TEMa PacKphITa, IPUBEIECHO JOCTATOYHOE KOJUYECTBO MaTepuasia, HO
Opy 5TOM MaTepHall B HEJOCTATOYHOW CTEMEeHU MpOoaHaTM3MPOBAH aBTOPOM, odopMmileHHe
pedepara COOTBETCTBYET TEXHUUYECKUM TPEOOBAHUSIM.

- OLleHKa «yJOBJIETBOPUTENBHO» - TEMA PACKPBITA TOBEPXHOCTHO, MaTeprall MPUBEACH Kak
nmpocTtasi KoHcTatanus (akToB, HE MPOAHAIM3UPOBAH, B O(QOPMIICHHH WUMEIOTCS TEXHUYECKHE
HEJIOCTATKH, CIUCOK JIMTEPATYPbl COAECPKUT MEHEE 5 UCTOUYHUKOB.

- OneHka «HEYJTOBJICTBOPUTEIBHO» - TEMa HE PACKPHITA, CKYIHBI 00bEeM MpPHUBEACHHBIX
MaTepHaoB.

Yemuwiii 0oknao — 3to cooOuienue B redenne 10-15 MuH, B KOTOPOM CTYAEHT B JJAKOHUYHOM
dbopMe TOIKEH M3II0KUTh MaTepHall IO COOTBETCTBYIOIIEH TeMe, MPUAEPKUBASIChH CIEIYIOIIETO
IUIaHA: BBEJEHUE, OCHOBHAs 4YacTb, 3aKiroueHue. JloKiaa compoBOXKIAeTcsl MNpe3eHTalueH,
OTpa)karollel OCHOBHBIE IMOJOKEHUSA MO COOTBETCTBYIOILIEH TEME, BKIIIOYAIOLIECH HarJISIAHBIE
Matepuanbl (cxeMbl, Tabmuipl, ¢oTo W T.A.). [lo OKOHWaHWM JOKJIana CTYACHTY 3aJar0T
BOIIPOCHI, KaK IMpernojiaBaTtellb, TaK M CTYIEHTbI, Ha KOTOpbIE JAOKJIAIYUK JIOJDKEH J1aTh
HCYEPITHIBAIOIINE OTBETHI.

Kpurepuu onenuBanust yCTHOTO JOKIaaa:

- OueHka «oTIMYHO». B JOK/Iame MOJMHOCTBIO pacKkpbiTa TeMa, MpOoaHAIU3HPOBAHO
COBPEMEHHOE COCTOSHHE BOIIPOCAa; CTYAEHT CBOOOJHO BJAJe€T MATEPUANIOM, H3JIaraeT ero
JIOTUYHO, TIOCIIEIOBATEIbHO, JIAKOHWYHO, COOJI0/Iass OCHOBHBIE TpaBUJia KYJIbTYPHl PEYH.
Joxnaa compoBOXKAAeTCsl MPE3CHTALMEH, KOTopas OTpakaeT OCHOBHBIE MOJIOKEHHS JOKJIaja,
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IPE3CHTAIMsI COCTaBJIeHA IPAMOTHO € COOJIOZICHHEM O0IIUX TpeOOBaHMA, MpaBWII MIPUPTOBOTO
odopmiieHUs, Mojga4Yu Tpaduueckoro maTrepuaia, UMEIOTCS CChUIKH Ha TpHUBEIACHHBIE (OTO,
PUCYHKH, CXEMBI U T.J., IPUBOJIUTCS CIIMCOK HMCIIONB30BaHHOM JuTepaTyphl. Ilpu oOcyxnenun
JIOKJIaJIa CTYIEHT JaeT WCYCpPIBIBAIONINE, apTyMEHTUPOBAHHBIE, KOPPEKTHBIC OTBETHI Ha
BOTIPOCHI.

- OneHka «xopoio». Tema packpsiTa, IPUBEACHO JOCTATOYHOE KOJIUYECTBO MaTepuaa, HO
IpY 3TOM MaTepHall B HEAOCTATOUYHOW CTETIEHHU MPOaHATM3UPOBaH aBTOpoM. IIpeseHTanus He B
TIOJTHOM CTETIeHW COOTBETCTBYET OOIUM TpeOoBaHUsM. OTBETHI CTYJCHTAa HE HAa BCE BOIPOCHI
SIBIISTIOTCSI HCUEPTIBIBAIOIIIMMHU M apTyMEHTHPOBAHHBIMH.

- OmeHKa «yJOBJICTBOPHUTEIBHO». Tema pacKpbiTa HE IOJIHO, MaTepHUal NPUBEACH Kak
npocTasi KOHCTaTanus (akToB, HE MPOAHATM3MPOBAH, CTYACHT MOKa3bIBACT IOBEPXHOCTHBIC
3HaHUS. [lpe3eHTanyss YacTUYHO COOTBETCTBYET YCTAaHOBJICHHBIM TpeOoBaHusM. [lpu
00CYX/IEeHUHU JOKJaJa CTYISHT HE BCErAa JaeT MpaBHJIbHBIC, MCUEPIBIBAIONINE OTBETHl HA
3aJ]aBacMbIe BOTIPOCHI.

- OneHka «HEYIOBIECTBOPUTENbHO». Tema JOKIaza HE pacKpbiTa, CKYAHBIH 00BeM
NPUBEJICHHBIX MAaTEePHAJIOB; MPE3CHTAIUsI OTCYTCTBYET. [Ipu 0OCy X IeHHH TOKJIafa CTYIEHT He
JIaeT OTBETHI WJIM OHU HE COOTBETCTBYIOT 33JaHHBIM BOIIPOCAM.

4.5. IlpuMepHasi TeMaTHKa KypPCOBBIX padoT (MPOEKTOB): HE MPEIyCMOTPEHbI Y4eOHBIM
IUTAaHOM.

V. YYUEBHO-METOJUYECKOE 1 TH®OPMALIMOHHOE OBECIIEYEHUE
JUCHUTIINHBI

a) mepeyeHb JUTepPaTypbl:

1. Hwuronorus [DnekTpoHHbI pecypc]: yued.-meton. mocobue. - IBK. - Upkyrck : UT'Y,
2012. - Pexxum nocryna: Y3 "bubnmorex". - Heorpanud. gocryr;+

2. Yennos, Opuit CepreeBuu. BBezaenwue B kiieTounyto ouonoruto [Tekcrt]: yueOHUK 15
cryn. yH-toB / FO. C. YeHnoB. - 4-¢ u3 ., nepepad. u gom. - M. : Akagemknura, 2005. -
495 c.: un., uB. ui. ; 22 cm. - bubnumorp.: c. 487. - ISBN 5-94628-105-4 (38 3k3);+

3. Bepemaruna, BanentiHa AnekcaHapoBHa.

OcHoBbl 0011e# nutonoruu [Tekct] : yueb. mocobue nms ctya. By30B / B. A.
Bepemaruna. - 2-e usg., nmepepad. - M. : Akanemus, 2007. - 172 ¢. : wr.; 21 cwm. -
(Bricmiee npodeccuonanbHoe o6pazoBanue). - bubnuorp.: c. 170. - ISBN 978-5-7695-
3744-8. — 78 7k3.+

4. TumakoBa T. K._Metoasl CBETOBOM U 3IEKTPOHHOM MMKPOCKONUM B OHOJIOTMH U
BeTepuHapuu: YdeOHo-meToauyeckoe mocodue_/ T. K. TumakoBa. - SpocrnaBckas
roCyJapCTBEHHAsl CEJIbCKOXO03sHCTBeHHas akanemus, 2014. - 72 c¢. Pexxum nocrymna: -
OBC "Jlansp". - Heorpanu4. goctyir. - ISBN 978-5-9963-2877-2

5. bamamaesa M. B., CepreeBa E. A., Karuue A. P. Onrtuueckas MUKPOCKONHS B
WCCJICIOBAHUM  CTPYKTYphl W (QyHKIui Oumosormdeckux oObekToB. Yacte 1.
HIupokomnosnbHas ONTHYECKass MHUKPOCKONHUsA: YdeOHO-Meroaunyeckoe mnocobue/ M. B.
banmanaeBa. - HanuoHnanbHbI MCciieoBaTenbCKkuil Hukeropoackuii rocy1apCcTBEHHBIN
yauBepcureT uM. H.M. JloGaueBckoro, 2012. - 58 c. - Pexxum nocryna: - 9bC "Jlanp". -
Heorpanud. jpoctyi. - ISBN 978-5-9963-2877-2 +

6. IlpuHIMIIBI U METOABI OMOXMMHUM U MOJIEKYJSIpHOI Onosoruu [DIeKTpOHHBINH pecypc] /
K. Vuncon, /Ix VYonkep. - DnekTpoH. TekcToBble naH. - MockBa : JlaGopaTtopus
3Hanuil"" (panee ""BMHOM. Jlaboparopus 3nanmit", 2020. - 855 c. - (Meroasl B
ouonorun). - Pexxum mocryna: - DBC "Jlawp". - Heorpanwd. moctym. - ISBN 978-5-
00101-786-8 +

0) mepuoguvecKne U3JIAHUS
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XKypnan «{utonorus» I'naBublil pegaktop : Tomunun Anekceit Hukonaesuy.
https://elibrary.ru/contents.asp?issueid=977918

B) 0a3bl JaHHBIX, HHPOPMAIMOHHO-CIIPABOYHbIE U OUCKOBbIE CHCTEMBI

1. Hayunas Dnexrponnas bubnmoreka http://www.e-library.ru

2. Undopmanmonnas cucrema «EquHOE OKHO JOCTyna K 00pa3oBaTebHBIM pecypcamy
(http://window.edu.ru)

3. DBC «FOPAMT». Anpec nocryma: https://www.biblio-online.ru/

4. Db Uznarenbckoro mneHTpa «Akamemwusi». Anpec mocrtyma: http:/www.academia-
moscow.ru

5. http://neuroscience.ru/ . TTomynsipHbINA POCCUIICKUI HHTEPHET-PECYPC, MOCBSIICHHBIH

aKTyaJbHBIM BOIIPOCAM COBPEMEHHOM HEHPOOUOIOTHH, KOTOPBIEC BOZHUKAIOT, B TOM

YHCIIe ¥ Ha CTBIKE C BOIIPOCAMHU CYIIECTBOBAHHS HMMYHOJIOTHUYECKUX MPUHIIAIIOB

(YHKIIMOHUPOBAHUS 3JICMEHTOB HEPBHOM CUCTEMBI,

6. http://lwww.fptl.ru/biblioteka/biotehnologiya.html

7. http://mwww.medbook.net.ru/010512.shtml

8. Coro3 00pazoBaTenbHBIX CAaiTOB - EcTecTBEHHBIE HAyKH

9. http://tusearch.blogspot.com - TIouCK 3JEKTPOHHBIX KHHT, MMyOJMKAIMid, 3aKOHOB,
I'OCTog Ha caifTax HayYHBIX 3JIEKTPOHHBIX ONOIHNOTEK.

9. Google Scholar —TTouckoBast cicTemMa 10 HAy4HOMH JTUTEPATYPE.

10. Science Research Portal - Hayuynas mnouckoBas cucTeMa, OCYIICCTBIISIOIIAS
MOJTHOTEKCTOBBIM MOUCK B XYpPHajJaX MHOTHUX KPYIHBIX HAayYHBIX W3JATEIbCTB, TAKHX KaK
Elsevier, Highwire, IEEE, Nature, Taylor & Francis u ap. Mmer craTb M JTOKYMEHTHI B
OTKPBITHIX HayuHbIX Oa3ax manHbiX: Directory of Open Access Journals, Library of Congress
Online Catalog, Science.gov u Scientific News.

VI. MATEPUAJIBHO-TEXHUYECKOE OBECINHEUEHUE JJUCIHUIIJINHBI
6.1. YueOHo-1a00paTopHOE 000py10BaHMeE:!

Aynuropus  Juis  TIPOBENEHUS  3aHATHH  JIGKMOHHOTO  THUma:  000pyJoBaHa
cCHenuanu3upoBaHHoON (yueOHOM) Mebenpl0o Ha 25 TMOCAJOYHBIX MECT; TEXHUYECKUMU
cpeactBamu oOyuenusi: mpoektop Epson EB-X03, mocka MapkepHas; ydeOHO-HarJsLIHBIMU
nocoOusiMU, 0OeCNeUnBaIOUIMMU TEMAaTUYECKHE WIUTIOCTPAllUK 10 JAUCHUIUIMHE: MpEe3eHTaluu
10 TeMaM IPOTPAMMBI.

Aymurtopus  JUIss  TPOBENCHMsS  3aHATUH  MPAaKTUYECKOro  Tuma:  o0opyaoBaHa
crenuanu3upoBaHHon (yueOHoW) MebOenpto Ha 10 mocagodyHbIX MECT; JOCKOM MEJIOBOM;
TEXHUYECKUMHU cpefcTBaMu oOyuyeHus:: mnpoekrop BenQ MSS521P  y4yeOHO-HarIsaHbIMU
MOCOOMSIMU: TIPE3EHTAIIUH 110 TEMaM ITPOTPaMMEI.

KowmmerotepHsiii  kmacc (yueOHast ayauTopusi) Uil TPYNIOBBIX M WHAWBHIYATbHBIX
KOHCYNIbTAIlMi, TEKYIIEro KOHTPOJS W MNPOMEKYTOYHOW aTTeCTallid, OpraHU3aluu
CaMOCTOSTENIbHOW paboThI: ayAuTOpuUsi 000pyI0BaHA CHENMATM3UPOBAHHON (yueOHOi) Mebemnbio
Ha 20 1oCagouyHBIX MECT, JOCKOM MeJIoBOM; 00OopynoBaHA TEXHUYECKUMHU CpPEICTBAMU
oOyuenus: cucteMHusblit 610k PentiumG850, monutop BenQ G252HDA-1 mit.; cucteMHBbIi 6510K
Athlon 2 X2 250, monutop BenQ G252HDA - 8 mr.; cucremusiii 610k PentiumD 3.0GHz,
moruTop Samsung 740N — 3 mT.; Mmono6mok IRU T2105P — 2 mir.; cuctemusiii 6110k Pentium
G3250, morutop BenQG955 — 1 mt.; cucremusiii 6ok Pentium G3250, monuTop BenQ
GL2250 — 1 mwr.; cucremusiii 6mok Pentium G3250, monutop Samsung T200 HD — 1 mT.;
cuctemHbiit 6710k Pentium G3250, monutop Samsung T190N — 1 mwit.; cuctemusliit 6510k Pentium
G3250, monutop Samsung 740N — 1 mT.; mpoektop BenQ MX503; skpan ScreenVtdiaEcot. C
HEOTpaHMYEHHBIM JOCTYIIOM K ceTh VHTepHeT W obecredyeHueM JOCTyla B DIEKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTENbHYIO Cpely OpraHU3alllu.
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[lomemenne A XpaHeHMS M NPO(UIAKTUYECKOTO  OOCIY)KMBaHUS  y4eOHOTO
000py/IOBaHUS: ayqUTOpUsl 00OpYIOBaHA CIIEHHAIM3UPOBAHHOM MeOenpl0 Ha 3 MOCagOYHBIX
MmecTa; HOyTOyK Lenovo T1580, mpoexktop BenQ MS521P.

6.2. [IporpamMHoe obecrieyeHnme:

DreamSpark Premium Electronic Software Delivery (3 years) Renewal (Windows 10
Education 32/64-bit (Russian) - Microsoft Imagine, Windows 7 Professional with Service
Pack 1 32/64-bit (English) - Microsoft Imagine, Windows Server 2008 Enterprise and
Standard without Hyper-V with SP2 32/64-bit (English) - Microsoft Imagine, Access 2016
32/64-bit (Russian) - Microsoft Imagine, Access 2010 32/64-bit (Russian) - Microsoft
Imagine). Jloroeop Ne03-016-14 ot 30.10.2014r.

Kaspersky Endpoint Security mis 6usneca - Cranmaptaeiii Russian Edition. 250-499.
®opyc Konrpakt Ne04-114-16 ot 14n0s6ps 2016r KES. Cuer NePCI[3-000147 u AKT ot
23H0s10ps 20161 JIum. Ne1B08161103014721370444.

Microsoft Office Enterprise 2007 Russian Academic OPEN No Level. Homep Jlunensun
Microsoft 43364238.

Microsoft Windows XP Professional Russian Upgrade Academic OPEN No Level.
Howmep JIunien3uu Microsoft 41059241.

Office 365 npodeccuonanbHblil TIIOC A8 yuamuxcs. Homep 3akaza: 36dde53d-7cdb-
4cad-a87f-29b2a19c463e.

6.3. Texunuyeckue M JIeKTPOHHbIE CPeACTBA:
IIpe3enTanuu mo Bcem TeMam Kypca.

VIil. OBPA3OBATEJ/IBHBIE TEXHOJIOT U

Jlnst ocBOEHMSI TUCHMITIMHBI ««COBpEMEHHAsh MUKPOCKOMHMSI»,» MPUMEHSIOTCS CIeIyIoIue
00pa3zoBaTeybHbIC TEXHOJIOTHUH:

- Ungopmayuonnas nexyus. JIekuus — 3T0 CkaToe U3JI0KEHNE OCHOBHBIX HAyYHbIX (DaKTOB,
YTO SIBJISIETCS 63011 IJIs1 aHATIM3a PACCYKICHUM, OI[CHOK.

- Jlexyusa-euzyanuzayus. YUUT CTYJEHTOB IpPeoOpa3oBbIBaTh YCTHYI0 M IHCbMEHHYIO
MH(OpPMaLIMIO B BU3YAJIbHYIO (OpMY, 4TO POPMHUPYET Y HUX NMPO(PECCHOHATBHOE MBIIUIEHUE 32
CUeT CHUCTEeMaTHU3allud M BbIIEICHUS HauOojee 3HAYMMBIX, CYIIECTBEHHBIX JJIEMEHTOB
colepkaHusi oOyuyeHus. 3ajaya IpernojaBaTeliss HCIOIb30BaTh Takue (OpPMbI HArIsAHOCTH,
KOTOpPbIE Ha TOJIBKO JOMOJHSIOT CIIOBECHYIO MH(OPMALIUIO, HO U CaMH SIBISIOTCS HOCUTENISIMHU
uHpopMaluu (CXeMbl, PUCYHKH, CIAWIbI-IPE3€HTAlUN, U T.I.). DTOT BHJ JEKUUHU JIydlle
BCErOMCII0JIb30BATh HA 3TaIle BBEJEHUS CTYACHTOB B HOBBIN pa3/iell, TEMY AUCLUIUIMHBIL.

- [Ipobnemnas nexyus. B otnuune ot copep:kanus HHOOPMALIMOHHON JIEKIIMH, KOTOPOE
IpejUlaraeTcsl IpenojaBaTesieM B BHJAE HW3BECTHOIO, IOMJIEKAIIETO JIMIIb 3allOMUHAHUIO
MaTepuaia, Ha TNpoOJEeMHOM JIEKIMHM HOBOE 3HAHUE BBOJIUTCS KaK HEU3BECTHOE IS
oOyuyaromuxcs. IIpoGnemHass Jekuus HaYMHAETCS C BONPOCOB, C IOCTAHOBKU HPOOJIEMBI,
KOTOPYIO B XOJI€ M3JIOKEHHMs] MaTepuana HeoOXOAUMO peuuThb. JIeKuus CTpOUTCS TakuM
0o0pa3oM, YTO MO3HaHUS OOYyYarolerocss MpUOMMKAIOTCS K IOMCKOBOM, HMCCIEI0BATENbCKON
JESTEIbHOCTH. 3JIeCh YYacCTBYIOT MBILIUICHHE 00YYarollerocs U €ro JUYHOCTHOE OTHOUICHHE K
yCBauBaEMOMY MaTepuaiy.

- Jlexyusa-6eceoa. llpenmomnaraeT HEMOCPEACTBEHHBIH KOHTAKT TMPENoOaaBaTeNisi C
aynutopueit. [lpenmyiecTBo JeKuu-0eceibl COCTOUT B TOM, YTO OHA IMO3BOJISET NMPHUBJIEKATH
BHHUMaHUE CTYJIEHTOB K HauOoJiee BaKHBIM BOIPOCAM TEMBI, ONPEAEIATh COAEpPKAaHUE U TEMII
U3JI0KEHHUs1 y4eOHOro MaTepralia ¢ yueToM 0COOEHHOCTEH CTYCHTOB.

- [Ipakmuueckue 3auamusi — 3TO 3aHATHE, IPOBOJAUMOE 0] PyKOBOJCTBOM IpernoaBaTens
B Yy4eOHOH ayIuTOpPHM, HAIPaBICHHOE Ha YIIIyOJeHHE HAayYHO-TEOPETHYECKMX 3HAHUN U
OBJIaJICHUE OINpEeAEIEHHBIMU METOJaMH CaMOCTOSITENIbHON palboThl, KoTopoe GopMUpyeT
npakTudeckue ymeHus. OaHoi u3 popM MPaKTUYECKUX 3aHATUN B By3€ SIBJISIETCS CEMUHAp.
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- Cemunap-uccneoosanue. TeXHONOTHS TPOBEACHUS TAKOTO CEMHHAapa MOXET ObITh
pa3IMYHOM, B 3aBUCUMOCTH OT TOTrO, KaKOM METOJ] 3aJ0XeH B €ro OCHOBY. B pamkax
JUCLUIUINHBL  «DKOJOTMSl MHKPOOPTraHU3MOB)» IPOBOJUTCS CEMHMHApP C MOATOTOBKOM U
3aciyllliBaHUEM pedepaToB MO aKTyalbHbIM MpoOIeMaM TEOPUU U MPAKTUKU U MOCIEAYIOIUM
uX 00CYX/IEHUEM.

- Camocmosmenvrasn paboma cmyoenmog (cM. 1.4.4).

- Jlucmanyuonnvie  obpaszoeamenvHvle  mexHonoeuu.  llon — TUCTaHIMOHHBIMU
00pa30BaTeIbHBIMU TEXHOJOTHSAMH ITOHUMAIOTCS 00pa3oBaTeIbHbIE TEXHOJIOIHH, peanu3yemMble
B OCHOBHOM C MPUMEHEHHEM MH()OPMAIMOHHO-TEIEKOMMYHHUKAIIMOHHBIX ceTed. [Ipu ocBoeHnn
JUCLIUIUIAHBI « DKOJIOTHSI MUKPOOPTaHU3MOBY HUCIOJB3YIOTCS CIELYIOIINE TEXHOIOIHH:

" KelicoBasg TeXHONOTUs — (¢opMa JUCTAHIMOHHOTO OOY4YEeHHs, OCHOBaHHAas Ha
IPEOCTaBIeHNH O0ydarouMcs HMH(GOPMAMOHHBIX 00pa30BaTENbHBIX PECYpCOB B BHJE
CTHEIMATU3UPOBAHHBIX HA0OPOB Y4€OHO-METOAMYECKHX KOMIUIEKCOB C HCIIOJIb30BAaHHEM
pas3IMYHbIX BUAOB HOCUTENIEH HHPOpMaLUH (KEHCOoB);

" WHTEPHET-TEXHOJOTHs — CIOCO0 TUCTAHIIMOHHOW Iepenadn MHGOpMalnuu, OCHOBAHHBIN
Ha MCII0JIb30BaHUHM IT100aIbHBIX U JOKAJIbHBIX KOMIBIOTEPHBIX CETEH 1y oOecrieueHus JocTyna
oOyyaromuxcst K HWH(POPMALMOHHBIM O0pa30BaTeNbHBIM pecypcaM H Ui (OPMHPOBAHUS
COBOKYITHOCTH METOJUYECKHUX, OPraHW3allMOHHBIX, TEXHUYECKUX U IPOrpaMMHBIX CPEICTB
peaM3aliii U YNpaBiI€HUS Y4YEOHBIM IPOLIECCOM HE3aBUCUMO OT MECTa HaXOXACHUS €ro
cyobekToB. Mcnonb3yercst O6paszoBarenshblii mopran UI'Y - educa.isu.ru.

VIill. OHEHOYHBIE MATEPHAJIBI VIS TEKYIIEI'O KOHTPOJIS 1
MMPOMEXYTOYHOM ATTECTAIINA

B kauectBe OLCHOYHBIX CPEACTB IJId BXOAHOI'O KOHTPOJISI OLCHKH YPOBHA 3HAHMI
CTYACHTOB HUCIIOJIB3YCTCA CO6€CCI[OB8.HI/IG. B mponecce CO6€C€,[[OB3HI/I$I OLICHUBACTCSA YPOBCHb
BJIaJACHUA 0a30BBEIMU 3HaHUAMU, YMCHUAMU, HABbIKAMU, HGO6XOZII/IMBIMI/I JJI1 Hadalia O6yT-I€HI/I$I
oo JUCHMIIIMHC «COBpeMeHHaﬂ MHUKPOCKOIIH», OINPEACIACTCA CTCICHDb BJAACHHUA HOBBIM
MaTCpHraJIioOM OO Ha4Yajia €ro n3y4CHus.

Ouenounvie mamepuansl mexKyuie2o KOHmpoasa opmupyromes ¢ coomeemcmeuu ¢ JIHA
YHUgepcumema

B pamkax gucruminabel «CoBpeMeHHass MUKPOCKOIIHS UCIIONB3YIOTCS Cleaytomue GopMel
TEKYIIEro KOHTPOJIS:

- YCTHBIW JTOKJIAJI;

- - pedepar;

- KOHTPOIIb CAMOCTOSITEIIHHON pabOTHI.

DOH/1 OIICHOYHBIX CPEJICTB BKIIOYAET!

- TEMaTUKa U MaTepUabl 3aIaHUH,

- TepedeHb TeM pedepaToB/I0KIaI0B,

- BOIIPOCHI it camocTositenbHoro nzydenus (CPC)

- BOIPOCHI JUIs TOJITOTOBKH K TECTUPOBAHUIO,

- KpUTEPHUH OIICHKH 3HAaHWH CTYJCHTOB.

Ha3nauenue o1leHOYHBIX CPEACTB: BBIABUTH chopMupoBaHHOCTH kKommereHmmit 11K-1, I1K-2

(em. . H1).
Temwvt pecpepamos

1. ]_II/ITOXI/IMI/I‘-IGCKI/IC MCTOAbI BU3YyaAJIM3allu BHYTPHUKIICTOYHBIX KOMIIOHCHTOB KJICTKH.

2. Tlpwxu3HEHHas] MUKPOCKOTIHS KIIETOK U TKaHEH.
3. Orenka JarepalbHON MOABUKHOCTH MEMOpaHOCBsSI3aHHBIX OenkoB MeTogoM FRAP.
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4. Vcnonp30BaHME WMMYHOXJICKTPOHHONH MHUKPOCKOIHH ISl M3ydeHUs TuQepeHIIupOBKU
KJIETOK Y TKaHEH,

W3ydeHne TMHAMUYECKUX MPOIECCOB B KIETKE C MOMOIIBIO MHAMKATOPoB HoHOB CaZ*,

WNnentudukanust akTUBHBIX (opM KHCITOpoJa B KJIETKE B KOHTpPOJIE M B XOj€

BO3JICHCTBUS CTPECCOPHBIX (HaKTOPOB.

7. HWcnonws3zoBanune OenkoB GFP (u apyrumx OenkoB ¢ aHaJIOTMYHBIMH CBOMCTBAaMH) B
U3y4ECHUH TPAHCIIOPTa BHYTPUKIIETOYHBIX OEJIKOB.

8. ATOMHO-CHIIOBasi MUKPOCKOIIHUSI BUPYCOB U OakTepui, aicopOMPOBaHHBIX HA TOKPOBHOM
CTEKJIE.

9. OueHka  CTPYKTYpPHO-(YHKIMOHAIBHOTO  COCTOSHUSI ~ MHUTOXOHJAPHHA  METOJaMH

JJIEKTPOHHOU M KOH(POKATLHONH MUKPOCKOIIHH.

oo

Temwvl Ooxna008

. Ucrionp30Banme cyneppa3peniariieii MUKPOCKOTTUN B OMOJIOTHH U METUIIUHE.
. Ucnionb30BaHne (GIryopecieHTHBIX 30H0B I M3ydeHns JuHAMUKH HoHoB CaZ*,
. Ucrionp30BaHKME ONTOTEHETUKY B PEIICHUH MPOOJIeM HeHPOOHOIOTHH.
. TepMoreHneTnka — HOBBIN C1IOCOO BO3/IEHCTBUS HA HEPBHBIE KIIETKHU.
[Ipumenenue (ryopecleHTHBIX OENKOB AN WM3YYEHUS SKCIPECCUU U TpaHCIopTa
BHYTPHUKJIETOYHBIX OCITKOB.
Hcnonp3oBaHue CHENHMANBHBIX KpacuUTeNned ainsi u30uparenbHOW BU3YyalH3aluu
BHYTPUKJIETOUHBIX OEJIKOB.
7. FRET-Mukpockonus afs U3ydeHHs] MEXMOJCKYISIPHBIX B3aHMMOJCHCTBHI B KUBBIX
CHCTEMaX.
8. XeMoreHeTHKa — TEXHOJOTHUS UCCIIeOBaHUS (PYHKIUN OTIEIBHBIX TPYII HEHPOHOB.

D~ WP

o

Ouenounvie mamepuansvl 0711 RPOMENCYMOYHOI ammecmayuu 6 popme 3auema.

®dopma NpoOMEKYTOUHON aTTecTaluu - 3auem. Cuctema oueHok: nsatudamuibHas. OC aToro
TUIA JOJDKHBI BBISBIATH CTENEHb OCBOCHMS TEOPETHMUECKUMX 3HAaHMM Kak 0Oa3zy s
dopMHpOBaHUS ~ KOMIICTCHIMH, YMEHHUS WX IPUMEHITh B CHTYalHUsAX, MOJCIUPYIOMIAX
npodeCCHOHATIBHYIO AEATENbHOCTh, a Takxke chopmupoBaHHOCTh kKommereHumi [1K-1, TTK-2,
3asiBieHHBIX B 1I. 111
3ayet npoBOIUTCA B (hOpME TECTUPOBAHUSI.

BOl'lpOCbI JJISA MOATOTOBKHU K TECTUPOBAHHUIO.

Tema 1. MeTtoabl 3J'IeKTp0HI-[Ol7[ MHUKPOCKOIITUHA (TeopeaneCKue Hpe)]l'[OCLIJ'lKl/I).

1. Teopernueckue OCHOBBI JIEKTPOHHON MUKPOCKOIIUH.

2. Hcropus pa3BUTHS METOAOB 3JIEKTPOHHON MUKPOCKOIIHH.

3. OTKpBITHE MEKTPOHA U BO3MOXKHOCTH (POKYCHPOBKH JIEKTPOHHOTO

IIOTOKA C TIOMOIIBIO MATHUTHBIX JIMH3.

4. OCHOBHBIE KJIACCHI AJIEKTPOHHBIX MUKPOCKOIIOB (ITPOCBEUMBAIONINE U CKAHUPYIOIIHE)
U MIPUHIIMIIBI X PaOOTHI.

Tema 2. MeToabl NOATOTOBKH 0HOJIOTHYECKUX 00Pa310B Il POCBEYNBAKOIIECH
3JIEKTPOHHOM MHUKPOCKOIHUH.

1. Bunsl ¢pukcaTopoB U TUIIBI (PUKCAIMI OMOTOTHYECKHX 00pa3LIOB.
2. ®ukcausi, 00e3BOKMBAHKE, 3aJMBKAa B CMOITY, MOJIMMEPU3AUS U TOJTYYCHUE
0JI0KOB.
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3. IlpenBaputenbHas OKpacka IOJYTOHKHMX cCpe30oB. MOHTHPOBaHHE CpE30B Ha
CETOYKH.

4. Bunel KOHTpacTupyrolux pacTtBopoB. KoHTpacTupoBaHue mpenapaTroB

(MO3UTHBHOE U HETaTUBHOE) U UX XpaHEHUE.

OcobenHocTy (pUKcauy TKAaHEH U KJIETOK METOJIOM Nepdy3u.

Mertoab! tuTOXUMHUU. IMMYHO3JIEKTpOHHAs! MUKPOCKOIIHSL.

7. 3amaum, pemraeMbie ¢ TIOMOIIBI0 UMMYHOSJEKTPOHHONH MHUKPOCKONHUU. MeToabl
LUTOXUMHUYECKOTO MEUEHHUs INTIUKOJIUIHJIOB U TNIUKONPOTEMHOB: UCIIOIb30BaHUE
JIEKTHHOB ¥ MEUYEHBIX HIMMYHOTJIO0YIHMHOB.

8. IlonsTe 00 aHTUreHaXx W AHTUICHHBIX JETEPMUHAHTAX MOJEKYl1 H
ouonomnmepoB. KoH(popManMoHHO3aBUCUMBIE W CEKBEHUUAIbHBIE AHTUTCHBI.
Pa3zMep aHTUreHHBIX AETEpPMUHAHT.

9. Tonkoe ctpoeHue aHTHTeN. [lONMKIOHANIBHBIE, MOHOKJIOHAJIbHBIC AHTHUTEINA,
METO/bI UX MOJYYEHUS U XpPaHEHHUS.

10. OcoOeHHOCTH TOJY4YeHHUsT AaHTUTEN K TanTeHaM. AHTHICHHOE CTpPOCHHUE
UMMYHOIJIOOyJIMHOB.

11.TloHATHEe O MEpPBUYHBIX U BTOPUYHBIX (AHTUBUAOBBIX) aHTUTENax. [Ipsmble u
HENpsIMbIE METO/1bl LUTOXUMHUYECKON UIEHTH(PUKALIUN aHTUT€HOB.

12. Meronas!l ¢ ucroib3oBanneM 0enkoB A u G. Mertox ¢ ucrnoib30BaHueM OMOTHH-
CTPENTAaBUIMHOBOIO CAHJBMYA. THIBI 3JIEKTPOHOIUIOTHBIX MeTok. IIponemypa
MMMYHOMEYEHHUsI, TepMeaduIn3ausl.

13. IIpesmOenauHT 1 MOCTIMOCIJIUHT.

14. Unrepnperaiysi MOJYYEHHBIX pPE3YyJIbTaTOB, KOHTPOJIbHBIE peakuuu. MeToj
TOHKHX TJICHOK.

15. OcobeHHOCTH  KOHTpPAcTUPOBaHHS  OHMOOOBEKTOB  (BUpPYCHI,  OakTepuwu,
OTJENbHBbIE KIETKM U HUX CYOKJIETOYHBbIE KOMIIOHEHTBHI) YpaHWJIALETaTOM U
JPYTUMH BEUIECTBAMH, COICPKAIINMHU TSKEIIIE METAJUIbI.

16. Hcnonb30BaHUEe KOHTPACTUPYIOIIETO HambUICHWs. MeTol peIuluK  Ajs
U3y4eHHsI MUKpoOpenbeda MOBEPXHOCTH KIETOK U TKaHEH.

17. WUnentudukamus u U3Yy4eHUE 0CcOo0eHHOCTEN JIOKAJIU3alluA
MeMOpaHOCBSI3aHHBIX OeJIKOB: METOJI 3aMOpa’KWBaHUS-CKAJIBIBAHNI.
MoHTHUpOBaHHE PEIUIMK HA CETOYKH.

18. UnTtepnperanuss M CTAaTHCTUYECKWN aHa M3 IIOJYYCHHBIX HW300paKEHUH C
HIOMOIIbIO TporpamMMsbl Image-Pro Plus.

oo

Tema 3. PacTpoBasi (CKaHUPYIOIIAs1) JJIEKTPOHHASI MUKPOCKOIHA.

1. Tlpunuun paboOThl CKAHUPYIOIIETO IEKTPOHHOTO MUKPOCKOIIA.

2. DTarbl MOATOTOBKU OMOJIOTUYECKUX OOBEKTOB Ul CKAHUPYIOIIEH MUKPOCKOITHA
(mepBuyHast 00paboTKa mpenaparos, pukcaius, 00e3B0OKMBaHNE, BHICYIINBAHHE,
HaIbUICHHE).

BricymmuBanue npenaparoB METOIOM Mepexoaa KpUTUIECKOM TOUKH.
Mukpo371eMeHTHbIN aHaIu3 OMOJIOrMYeCKOro MaTepuraia.

~ow

Tema 4. D1eKTPOHHO-MUKPOCKONMYECKAs aBTOpaauorpadus.

1. Astopaauorpadus (paguoaBrorpadus) —METOJ  M3y4EHHUs  paclpeaereHus
PaJMOaKTUBHO MEUYEHBIX BEIECTB B UCCIEAYEMOM OOBEKTE.

2. Hcnonp3oBaHue MeTOAAa B OMOJIOTMM M MEAULUHE IPU U3YyYEHUM CUHTE3a U

MUTpalyy OUOMOIMMEPOB B KJIETKAX U TKaHsX. TeopeTuyeckre OCHOBBI.

[TonsiTre 0 cTaOMIIBHBIX U HECTAOMIBHBIX (PalMOaKTUBHBIX) H30TOMNAX.

4. TlocTaHOBKa 337a4l U AITOPUTM €€ PELICHHS C TTOMOIIbIO aBTOPagHuOorpadu.
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[InanupoBaHue SKCIIEPUMEHTA.
Hcnonws30BaHne paguoaKTUBHO MEYEHBIX AMUHOKHCIIOT U HYKJIEOTHIOB.
WIMITyTbCHBIN ¥ UMITYJTECHO-TIOCIICIOBATEILHBIA METO Bl aBTOPAIUOTpad .
HaneceHnne pagnouyBCTBUTENBHON AMYJIbCHH.
OKCIIOHUPOBAHNUE, IPOSIBIICHUE U KOHTPACTUPOBAHUE IIPEIIapaToB.

. nTepnpeTaliyisi moxy4eHHBIX U300paXeHHI.

Tema 5. Metop in Situ ruOpUAM3ANMHA B MUKPOCKOMHH.

3ajgaum, pelraeMble C  [OMOIIbIO MeTOAa ruOpuau3anuu in  Situ:
LII/ITOI‘CHCTI/I‘-ICCKI/II\/JI METOAO, KOTOpLIﬁ IMPUMCHAIOT JJISL BBISIBIICHUA
crelupUUECKUX TCHETHYECKHUX MOCIIE0BATEIBHOCTEH B KJIETKaX U TKAHSIX.
Ocob6ennoctu npemnapuposanus. JJHK- u PHK- 301151

Turmel MapkepoB. Y CIIOBHsI TPOBEACHUS THOpHIM3AKH N Situ.

Tema 6. dayopecueHTHAs U KOH(POKAIBLHAS JIa3epHasi
ckanupyomasa Mmukpockonus (KJICM).

Teopernueckne OCHOBBI — ()JIyOPECHEHTHOW W  Jla3epHOW  KOH(OKAILHOMN

MHUKPOCKOIIHH.

[IpuHuun aeicTBust U npuMepsl uccienoBaHus. OTIMYUTENbHBIE OCOOEHHOCTU

KJICM.

Todeynoe ckaHWpOBaHUE JIA3EPHBIM MTy4YKOM OMo0OBeKTa U popmupoBanue 3D-

U300paXKeHHIHA.

Oco0eHHOCTH TTOATOTOBKH MpenapaToB sk KOH(POKATbHON MUKPOCKOIIHH.

Hcnonb3oBaHne MeuyeHBIX (IyopoxpomMamMu aHTUTEN I  OKpalluBaHUs

CYOKJIETOYHBIX CTPYKTYP.

[Tonmy4yenue ranepen BUPTYAIbHBIX CPE30B U (HOPMHUPOBAHUE Z-CTEKOB.

Oparmenrtanus 3-D n3o0paxkeHu MO MUTOXUMHUYECKUM MapKepaM.

Anamu3 m3obpaxenuid B nporpammax ZEN 2010 (Zeiss) u Imaris® Bitplane

7.2.3.

Hcnonp3oBanue crienualbHBIX KpacuTeNnen Uisl n30MpaTebHON — BU3yalu3alluu
KJIFOUEBBIX BHYTPUKJIETOYHBIX OPTaHEII U KOMIIOHEHTOB.

CoBpeMeHHass BBICOKOpa3pellaroasi MHKPOCKOMUS: METOJbl BHU3yalH3aluu

OT/ICNIBHBIX MOJICKYI M CyOKIIeTouHbIX cTpykTyp. Stimulated Emission Depletion

(STED)-mukpockorusi.

Meron Stochastic Optical Reconstruction Microscopy (STORM).

N3yuenne  MEXMOJIEKYIAPHBIX W  KOH(GOPMAIIMOHHBIX  B3aUMOJCHCTBUMN

(n3menenwmii) monekyst (Meron Fluorescence resonance energy transfer (FRET)).
W3yuenue narepanbHOU moaBrmxHOCTH Mosiekyn (meron Fluorescence recovery

after photobleaching (FRAP)).

Merton cellular compartment analysis of temporal activity by fluorescence in situ

hybridization (catFISH) — wuccrnemoBanne IMHAMHYECKHX B3aHMOIEHUCTBHIA

NOMYJSIIMA  HEWPOHOB, OOECHEUMBAIOIIUX pazIU4Hble (OPMbI MOBEACHUS

OpPTaHU3MOB M KOTHUTHBHBIC () YHKITUH.

HccnenoBanne QUHAMHUYECKHUX IIPOLIECCOB B JKHUBBIX KIIETKAax (perucrpanus

MOHHBIX TOKOB, OTJEJIbHBIX MOJIEKYIl M MX KOH(OpPMAIIMOHHBIX M3MEHEHUH C

MOMOIIBIO (hTyOPECIICHTHBIX MapKEPOB).

Teopernueckue OCHOBBI ONTOI€HETHKH U €€ UCIOIb30BaHUE B HEHPOOHOIOTHH.
MemOpaHHBIi ~ TOTEHIMAdl  HEPBHBIX  KJIETOK,  JEHojsipu3auuss U
TUIIEPIOJIIPU3ALINSL.

. CBETOUYBCTBUTENbHBIE HOHHEIE KaHabl 111 noHoB Na* u CI'.
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19. DTanel ONTOTEHETHKHU: CO3JAHHE TEHETUYECKOW KOHCTPYKIIMH, BHEAPEHUE
KOHCTPYKIIMU B BHPYCHBIC YaCTHIIBI, BHECEHHE BHUpyca B MO3T W HapaOOTKa
MeMOPaHOCBSI3aHHOTO OIICHHA, BHEAPEHHE CBETOBOJA B MO3T IKHBOTHOTO,
aKTUBAIHsI HEHPOHOB MO/ ICHCTBUEM CBETA.

20. ITpumepsl UCTIONB30BaHUS ONTOTEHETUKN B HEUPOOMOIOTUN (OTMEHA MPOOIEMBI
C JOJTOBPEMEHHOH NaMAThIO, HIACHTU(UKAIUS (YHKIIMOHATBHO aKTHBHBIX
KJIETOK).

21. TepMoreHeTHKa — HOBBIHA CITIOCOO BO3JICHCTBHSI HA HEPBHBIC KJIETKU. MeTOJbI
U3y4deHHsI TpoarQepariy U 3aporpaMMHPOBAHHON THOETN KIIETOK.

22. Otkpoitue (O. Cumamypa, P. Tcun u M. landwu, 2008 1.) 1 u3ydeHne 3eJIeHOTO
duryopecuientoro Oenka (green fluorescent protein, GFP) memy3s Aequorea
victoria.

23. IIpeumymiectBa ucnonb3oBanuss GFP um apyrux QiayopecleHTHBIX OEIKOB B
KJICTOYHOM Y MOJICKYJISIPHOM OMOJIOTHU ISt H3yYCHHS SKCIPECCHH U TPAHCIIOPTa
KJICTOYHBIX OEJIKOB.

Tema 7. CkaHupyomasi 30H10Basi MUKPOCKOMHSI.

=

[IpuHIMIBl PaOOTHI CKAHUPYIOIIMX 30HAO0BBIX MUKPOCKOIIOB.

®opmupoBanue u 06padorka C3M nzo0paxeHmii.

3. ATomHO-cHIIOBas MHKPOCKOIIHNS, UCIIONIb3yeMas JUTS HU3y4CHHUS
MHUKpOpesbeda MOBEPXHOCTU OUOJIOTHYECKUX CTPYKTYD.

4. KoHTaKTHbIN, MOJIYKOHTAKTHBIH M OECKOHTAKTHBI PEXUM MCCIEIOBaHUS

MOBEPXHOCTEN CHeMaIbHO MOArOTOBICHHBIX O0BEKTOB.

N

Paspaboruuk:
wary
W2 nouent Kmumenkos U.B.
(moamnuce)

[Tporpamma cocraBieHa B cootBeTcTBUM ¢ TpeboBanusimu ®PI'OC BO mo HampaBieHUro
06.05.01 «buonnxeHepust 1 OMOMHPOPMATHKAY.

[lporpamma paccMoTpeHa Ha 3aceqaHud  Kadeapsl (QHU3MKO-XUMHYECKOW OWONIOTHH,
ononmxkenepun u ononHpopmatuku 19.03.2025 r. mporoxon Ne 12.
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3aB. kapenpoi, 1.6.1., mpodeccop B.I1. Canosaposa @aa{fﬁ
Hacmosiwyas npoepamma, me modcem Ovbimb 60CNpou3sedeHa HU 6 Kaxou ¢opme 6Oe3

npeosapumenbHo20 NUCbMEHHO20 paspeueHus Kagheopvl-paspadbomyuuxa npozpammol.
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