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: buodwusuka kneTkn
10 HAMPABJIECHUIO: Buorexnonorus
npopuJib NOArOTOBKHU: Buorexnonorus

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa MONEKYIAPHON U TPAHCIAIIMOHHONW MEIUIIHHBI

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
7 (ocennuit) - JlnddepeHnmpoBaHHbIi 3a4eT

8 (BeceHHHI) - DK3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4ucCIe:
nexuuu: 120 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 225, Bcero 3a4. ef.: 5
KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[IporpamMmy cocraBunu:

®.U. AraymraxaHoB, 1-p OO, Hayk, mpodeccop
M.A. llanTenees, o-p ¢u3.-Mar. HayK, npodeccop
A.T'. JlyOpoBckasi, cTapiuii CeIHAIMCT 10 y9e0HO-BOCIIUTATEILHON paboTe

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MOJEKYISIPHOHN U TpaHCIAunoHHON MeauuuHel 20.06.2020



AHHOTANMA

Lenpio MUCIMITIIMHBI SBJISETCS U3yYCHHE OMOJIOTHYECKUX MEXaHM3MOB HAaHOMETPOBOIO MaciTada B KHMBBIX
cUcTeMax M MPHOOpPETCHHE HABBIKOB TNPAKTHYECKOTO MMPUMEHEHHUS HAHOTEXHOJIIOTHYECKHMX METO/IOB B
MOJIEKYIIsIpHOU MemuiuHe. [[ucrurumaa "buodusnka kieTku" sBISETCS OCHOBOW I YTSHUS JUCUIUTLINH
Kadeaphl TPAHCISIIIMOHHON M PETeHepaTUBHON MEUIIUHBI.

3aauu JUCHUIUIMHBL: TIPUOOpETEHNE CTYyACHTaMU 0a30BbIX 3HAHUN B 00NacTH OMO(HU3UKH KIETKH, OCBOCHHE
CTyOeHTaMU OHO(QU3NYECKUX METOAOB HCCICAOBAHHUS CTPYKTYpHl, (YHKUHOHMPOBAHUS U PETrYISLUN
OMOJIOTHYECKUX CHUCTEM Ha KIIETOYHOM U CYOKJIETOYHOM YpPOBHE; KOHCYJIBTHPOBAaHHE W OKa3aHHWE MOMOIIU
CTYJCHTaM B MPOBEACHUU COOCTBEHHBIX TEOPETHUECKHUX M IKCIEPUMEHTAIBHBIX HCCIIEIOBaHUN B obnacTu
OMOMU3NKU KIICTKH.

1. lean u 3apa4n

Heab AuCHUILIMHBI
* K3yyeHHE OMOJOTMYECKMX MEXaHM3MOB HAHOMETPOBOTO MacmTaba B JKUBBIX CHUCTEMax U
NpUOOpPETEHNE HABBIKOB  NPAKTUYECKOTO INPUMEHEHHS HAHOTEXHOJIOTMYECKMX  METONOB B
MonekynspHoi MenuiuHe. JucumrumHa "buodusnka kineTku" sBISETCS OCHOBOM JJISL YTEHUS
JUCUUIUIMH KageaApsl TPaHCIALUOHHON U pPereHepaTuBHON MEINIIUHBI.

3agaum AUCUMIIHHBI
* IproOpeTeHNE CTyACHTaMu 0a30BbIX 3HAHUN B 00JaCTH OMO(QU3NKU KIIETKH;

* OCBOGHHME CTyICHTaMH OMO(U3NYECKUX METOJOB HCCIECIOBAHUS CTPYKTYPHI, ()YHKIMOHHPOBAHUS U
peryisuyu OMOJOTMYECKUX CHCTEM Ha KJIETOYHOM M CYOKJICTOYHOM YpPOBHE;

¢ OKa3aHHucC KOHC}’JIBTaI_H/II\/'I U TIOMOIIM CTYACHTaAM B MNPOBCACHUU COOCTBEHHBIX TCOPECTUUCCKUX H
OKCIICPUMCHTAJIbHBIX I/ICCJ'IG,I[OBaHI/Iﬁ B o0nacTu 6PIO(1)I/ISI/IKI/I KIJICTKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Ko 1 HanmMeHOBaHKE KOMIIETEHIINH WNnaukaTtopsl AOCTHKEHHUS] KOMIIETCHIIN
OIIK-1 CnocobeH u3yyarb, aHaJIU3UPOBATH, OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
UCTIONIb30BaTh OMOJIOTHYECKHE OOBEKTHI U MOJTy4EHHBIX Pe3yJIbTaTOB

MPOIIECCHI, OCHOBBIBASICH HA MATEMATUUYECKUX,
(DU3NIECKUX, XHMUYECKHX, OMOJIOTHYECKUX
3aKOHAX, 3aKOHOMEPHOCTSIX U B3aUMOCBSI3SIX

OIIK-4 CriocobeH ocymecTBIsITh cOop U OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH) oubnuorpaduyeckue mepeyHr u 0030pbl WHPOPMALIUU B
TEXHOJIOTUYECKON MH(POPMAIHH ISl pEIIeHUsT  |00IacTu CBOEi MpoQeCcCHOHANBHON e TeIbHOCTH

(byHIaMEHTAIBHBIX M IIPUKJIAJHbIX 33/1a4

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILINHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI

3HATh:
[l ¢ynnamenTanbHple TOHATUS, (U3NYECKHE NPUHOUIBI (YHKIMOHMPOBAHUS M  PETYISIUA
OMOJIOTHYECKHUX CUCTEM;
[l ¢usnyeckue OCHOBBI MaHHITYJIMPOBAHMS HAHOCTPYKTypaMH, OCHOBHOE 0OOpyZOBaHHE |
BBICOKOTIPOU3BOAMUTEIILHBIE CUCTEMBI JIJIsl OMO(DHU3HUKH;
[J coBpeMeHHbIE MPOOIIeMbl OMODU3NKU KICTKH.

YMETb:



[] abcTparupoBaThCsi OT HECYIIECTBEHHOTO TP MOJCIUPOBAHUHM PEATbHBIX OHOJOrMYECKHX
IPOLIECCOB;
[l ToNp30BaThbCid CBOMMHM 3HAHUSAMM JJsl pelieHus (yHAaMEHTalIbHBIX W TPHUKIAJHBIX 33734
HAHOTEXHOJIOTHIA;
] caMOCTOSITEbHO OCBaMBaTh HOBBIE pecypchbl (0a3bl NaHHBIX M MPOTPAMMBI) M HKCIIEPUMEHTAIbHBIE
METO/IbI HAHOTEXHOJIOTHA;
[] menarh KaueCTBEHHBIE BBIBOABI IIPU MEPEXO/IE K MPEIEIbHBIM YCIOBHAM B U3y4aeMbIX MPOOIeMax;
[J ocBauBaTh HOBBIC MpEIMETHBIC OOJACTH, TEOPETUUYECKHE IOAXOAbl M JKCIICPHUMEHTAIbHBIC
METOMKH;
[J onpeAessTh aKTyaJIbHOCTh LTI 1 3334 U IPAKTHUECKYIO 3HAYUMOCTh HCCIIEIOBAHUS;
] IPOBOAUTH aHAJIN3 PE3YJIHTATOB U METOAWYECKOTO OMBITA MCCIICAOBAHUS MPUMEHHUTENBHO K OOIIeH
(dbyHIaMeHTaNbHOH pobieme B M30paHHON 001acTH;
[ paboTaTh Ha COBPEMEHHOM, B TOM YHCJI€ BBICOKOIIPOM3BOANTEILHOM 000PYJOBaHUN.

BIIAJICTh!
] OCHOBHBIMH METOZIaMH PabOThl C HAHOCTPYKTYPAMHU;
[J OCHOBHBIMH IIpHeMaMH pabOoThl Ha BBICOKOTEXHOJIOTUYHOM 000pyIOBaHHH;
] KynbTypoi MOZIeNMpOBaHUS OMOMETUIIMHCKUX MCCIICI0BAHUI;
[J HaBBIKAMH TPaMOTHOW OOpaOOTKH pE3YJIbTaTOB OIBITa M COMNOCTABICHHA C TEOPETUUECKHUMH
TAHHBIMH;
[J MpaKTUKOW MCCIICAOBAHMS U PELICHUS TEOPETUUECKUX U MPUKIATHBIX 3334 On0oPHU3UKY;
[/ HaBBIKAMHM TEOPETHYECKOTO aHajiM3a 3a7ad OWOMEIUIMHBI, CBS3aHHBIX C HM3Y4YE€HHEM CBOICTB
OMOJIOTMYECKNX CHCTEM Ha HAHOMETPOBOM YPOBHE.

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

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

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Pu3nyecKuii MUpP KJIETKHU. 12 8
) Camoopranu3anus MOJIEKYIISIPHBIX 3 4
cucteM. [IpHHIMIIBI caMOOpTraHU3aINN.
3 MonexynspHsle UH(pOpMaLNOHHBIE 12 4
MPOLIECCHI B KIIETKE.
4 CranuoHapHble TOMOTEHHBIE CHUCTEMBbI 12 4
KJIETKH.
5 ®epmenThl. DepMEeHTATUBHAS KMHETHKA. 8 4
6 MonexymsipHble MaiiHbl. MOTOpBI. 8 6
7 OcHoBHbIE ~ MeTabonuueckue  OIOKH 3 3
KHU3HEOOECTIEUeHNUS KIETKH.
CrienuanibHbIe PEryJasiTOPHBIE MOJICKYIIBI.
3 VYnpassromue MeTabomuiecKne 3 6
cucteMbl.  Mepapxusi  ympapJisiIOLIMX
CHCTEM SPUTPOLIUTA.
9 Hecrammonapusle ¥ HETOMOT€HHbIE 12 7
cucteMbl. CBepTHIBAaHUE KPOBH.
10 |BHyTpHKIETOYHAsA CUTHAINA3ALMSL. 12 8
1 bruodpuzuka MONEKYISApHBIX CTPYKTYp H 3 3
MOJIEKYJISIPHBIX MAIIHH.
12 Henenne  kuerku. CamoopraHuzarus 12 3
MHUTOTHYECKOTO BepeTeHa JACTICHHUS.
Hroro yacos 120 75




[ToaroroBka k sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

225 ygac., 5 3au.eq.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 7 (Ocennuii)

1. ®uznueckuili MUp KIETKH.

BpeMenHo# ¥ mpocTpaHCTBEHHBIM MacmTad Owonormueckux mpormeccoB. CBOWCTBA BOABI M HX
MOCJIE/ICTBUSA: KOHIEHCHUPOBAaHHAs Cpela, TOJSPHBIA pacTBOPUTEIb, JTUCCOLMALNA, HWOHBIL.
bruskonetictBre. 3amaun U CrocoObl caMOOpraHU3alliid Ha KJIETOYHOM M MOJIEKYISPHOM YPOBHE.
OU3NKO-XUMHUYECKasi JIOTUKA YCTPOWCTBA KMBBIX CHUCTEM: BJIEMEHTBI, MOJEKYJbl, TPYMIbI, CBS3H,

CTPYKTYpBHI.

2. CaMOOpFaHI/ISHL[I/ISI MOJICKYIISIDHBIX CUCTCM. HpI/IHLII/IHLI CaMOOpTraHru3alu.

[lpuHIMOB caMoOOpraHu3anMM. 3afayd M CIOCOOBI CaMOOpPraHW3allMd Ha KJIETOYHOM U
MOJICKYJIIPHOM ~ ypOoBHE. MHOXECTBEHHBIE METAacTaOWIbHBIE COCTOSHUSI © HX pOjJb B
caMoOpraHu3any. JHeprerTudeckue JanamagpTsl. Poiabs 6apbepoB U JTOKATbHBIX MUHUMYMOB.

3. MonekyssipHble HHPOPMAIIMOHHBIE TIPOLIECCHI B KIIETKE.

Monekynsipaast mamsith - JIHK-PHK-6emox. Mup PHK. HubopMannoHHbIHA IITyM ¥ BOJTIOIIMOHHBIN
oroop. OcCHOBHBIE MOJIEKYJISIpHBIC OJIOKM 3BOJMIOLUH. TodedHble MyTalUH, IyIUTUKALHH,
TOPU3OHTAJIBHBIN IEPEHOC TEHOB. MexaHu3Mbl YCKOPEHHS 3BOJIOLMHM M OOpaTHBIE CBA3HM B
MH(POPMALIMOHHBIX IIPOIleCcCax.

4. CTaI_[I/IOHapHBIG TOMOI'CHHBIC CUCTCMbI KIICTKHU.

Merabonuueckue cucteMbl M Merabonmuueckue ceTH. CTeXHOMETpHs HOTOKOB, MX PETYIISALUs.
OCHOBBI TEOPUH PETYISILUHA OHMOIOTHYECKUX CUCTEM. | oMeocTa3 U cTabuiIn3anus B METa0OIMYECKUX
cUCTEMaX.

5. ®epMeHThl. DepMEHTATUBHAS KUHETUKA.

Nudopmanmonnsie mpornecchl Ha ypoBHe OenkoB.  ®epmentsl. KuHernka (epMeHTaTHBHBIX
peakuuii. Cxema Muxasnuca-Menrten. Teopema TuxoHoBa. KoonepaTuBHOCTh M ajiocTeprUuecKue
sbdextel. [emornobmn. Wurubutopel. Perynstoprbie cyObeauHunpl.  [locTTpaHCHsAIMOHHBIC
MogudHUKaIuy OEIKOB.

6. MonexymnspHble MalIuHbL. MOTOpHI.

Pa3uble THIBI paboThl, coBepmiaeMble B KieTke. Mexanuka u xumusa. CONpSDKEHHBIE MPOIECCHI.
MonekynspHbie npeoOpa3oBaHus DHEpruu. Mortopsl. ITonmnmepassl. [ITarrepoHsI.
YOUKBUTHHHPOBaHNE U N30UPATEIBHBIN IPOTEOIU3-IPOTEOCOMA.

Cemecrtp: 8 (Becennuit)

7. OcHOBHBIE META0OIMYECKHE OJIOKH KU3HEOOECIIEUeHUS KIIETKH.

Ocmoc. Crabunmzanusi odbema spurponuta. Kietounas memOpana. Crabwnmmsanus — oObema.
Hacocpl, kaHaubl.

8. CnenuanbHble PeryasiTOpHbIE MOJIEKYIBl. YIpaBisiomue meradoiauueckue cucteMbl. HMepapxus
YIPAaBJSIFOIIUX CUCTEM IPUTPOLIUTA.



CrnenunanbHble PETyIATOPHBIE MOJEKYJbl. YIpaBisiomue MeTaboauyeckue cuctemsl. Mepapxus
YIPABIIAIOIINX CUCTEM 3PUTPOLUTA.

[IpousBoncTBo Hepruu. Inmkonus. Merabonmnueckue CHCTEMBI M METaOOMMYECKHE CETH.
AHTHOKCHIaHTHBIE cucTeMbl kineTku. Kucnopon. I'moratnon. Buramun E. Manspus.

9. HecraunoHnapHble 1 HErOMOI'€HHbIE clcTeMbl. CBEpPThIBAHNE KPOBU.

[TpyHIMIIBL YCTPOWCTBA M METOABI MCCICIOBAHUS HECTAI[MOHAPHBIX CHCTEM KIETKH. IX OCHOBHBIE
Tunbl. DepMEHTaTUBHBIC KACKAIbl H UX PETYISMs. PoiH MOTOKUTEIBHBIX H OTPUIIATEIBHBIX CBS3EH
B CHTHAJBHBIX cucTeMax. [loporu, Oudypkanuu, koneOaHus. AKTHBHBIC CPEIbl M aBTOBOJIHOBBIC
nporeccel. [IpocTpaHCTBEHHAss OpraHW3alUs IPOIECCOB IPH ICJICHUU KICTKH. 3a TpelnesaMu
KJIETKH: CBEPThIBAHUE KPOBH, KOMIUIEMEHT, MOP(OTeHE3.

Iunpomunamuka kpoBu. @ubpuH. Kackax peakumii miia3MeHHOTO 3BeHa CBepThIBaHHA. KpoBb —
HeoObIYHast akTWBHas cpefa. Kiuertounwlii remocta3. dakrop ¢on-Bumnebpanra. [lutockener
TpomOouuToB. HTErprHbL. BHYTpUKIIeTOUHAsI CUTHAIM3AIHS B TPOMOOIIUTAX.

10. BHyTpHKII€TOYHas CUTHAIU3aLHs.

BuyTpuknerounas curHanuzauus. TWIbl pelenTOPOB M MEXAaHW3MBI IE€pellauyd CHUTHajla 4Yepes
MeMmOpaHy. KuHassl 1 BTopuuHBIE MecCeHIKephl. Perynsanus Meraboiaus3Ma IIMKOTeHa — HepapXus
SHEPreTMKW W TOpMOHaNbHOM  perymsuuu. HMonueie  kanHanel.  HepBHBIE — nMITyInbC.
3anporpaMMHpOBaHHAsl CMEPTh KJIETKH: allONTO3, HEKPO3, ayTodarusi.

11. Brnodusnka MOIEKyISPHBIX CTPYKTYP U MOJICKYJISIPHBIX MaIlIUH.

HepaBHoBecHast TepMoAMHaMuKa MUKpO- U MakpocucreM. CamoopraHusalys B HaHOMUDE.
dusnueckue NOPUHIMNBI  (QYHKIMOHUPOBAHUS  MOJICKYJSPHBIX MamuH. VIOHHBIE HAcOCHI.
[Tonumepu3alMoOHHbBIE JBIXKUTENM Ha OCHOBe akTHHA. JKryTtuku. MoTopHble O€NKH: MHO3HHBIL,
KUHE3UHbI, nuHenHbl. Pubocomsl. Llutockenet. IIpomexyrtounsie ¢umameHTs. MHUKPOTPYOOUKH.
AXTHHOBBIE (DUITAMEHTHI.

12. lenenue xiaetku. CaMoOpTraHU3alys MUTOTHYECKOTO BepeTeHa IeTICHUS.

Knerounsrii nukn m ero perymsuusi. Kinerounsie wacbl. Cdk w uukiussl. [lpuHnum paboTsr
KJ1eToYHbIX yacoB. Paza GO u yeknoiHTel. DyHKINYN pa3NUYHBIX IUKIMHOB IIPH MEpeKIoueHNH (a3
KJIeTouHoro nukia. Maeonorus yek-moiHToB. @aza GO, MexaHU3Mbl BXOAA U BbIXOza U3 Hee. S-(aza.
Vnsoenne JIHK, ymakoBka XxpomarmHa. MexaHu3M  pabOThl  PEIUTUKAIIMOHHOW  BHJIKH.
PacnakoBka/3anakoBka npu ayrmmkanud. CamMoopraHu3anusi MUTOTHYECKOTO BepeTeHa JIEICHUS.
Crparerus u ocHOBHbIE yyacTHHKH. CTaJiuy MHTO3a M COOBITHS, poucxonsdiue B HUX. CTpoeHne
BEpeTEHA [EJICHUS: LIEHTPOCOMBI, MHKpPOTPYOOYKH, MOTOPBl M TIACCUBHBIE KPOCC-JIMHKEPHI.
dopmupoBanue BepeTeHa jeneHus. MUKpoTpyOouku. JIBukeHue xpomocoM B muTo3e. CHITBL,
neiictyomue B MuTo3e. KOHTponb 3a KauecTBOM JAENCHHMS W 3aKPEIJICHHEM MHKpPOTPYOOUeK.
OmmOKy 3aKperuIeHus] XpOMOCOM B BepeTeHe JeneHHs. UyBCTBUTEIBHOCTh K MEKKHHETOXOPHOMY
HaTskeHuto. [panuent ABpopsl B u nucnipasnenue ommnbok. Tenodasza u tUTOKHHES.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Heo0xonrmoe obopynoBaHue 1Jist JIeKUIUN: yuyeOHas ayAuTOPHsl, OCHALLICHHAs KOMIIBIOTEPOM U
MYJIBTUMEIUHHBIM 000pyIOBaHNEM (IIPOEKTOP, 3BYKOBasi CUCTEMA).
ObecrieueHue caMOCTOSTENBHON paObOThl. DIEKTPOHHBIE PECYPCHI, BKJIIOYas TOCTYH K 0a3aM JaHHBIX.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. HepaBHoBecHas TepmoanHaMuka 1 pusnueckas kuHetuka [Texct] / U. I1. bazapos, O. B. I'eBopksi,
I1. H. Hukonaes - M.13a-80 MI'Y,1989



JomnonHurensHas aureparypa
PexomennoBaHHas nureparypa Ui CaMOCTOATENBHOIO N3yUEHUS:

1. lMpuroxxun V. Beesenne B TepMOAMHAMUKY HEOOpAaTHUMBIX TiporieccoB. M.: M31-Bo HHOCTpaHHOH
qurt., 1960.

2. Choi S. Introduction to systems biology. Humana Press Inc. 2007, 549 pp.

3. Konieczny L. et al. Systems Biology. Functional Strategies of Living Organisms. Springer
International Publishing, 2014, 553 pp.

4. Understanding the Dynamics of Biological Systems. Lessons Learned from Integrative Systems
Biology. Editors: Dubitzky, Werner, Southgate, Jennifer, Ful, Hendrik (Eds.) Springer-Verlag NY 2011
5. Dynamics of Biological Systems. Michael Small. Chapman and Hall 2014

6. Pomanosckuii 0. M., Crenanosa H. B., Uepnasckuii [[. C. Maremarnyeckoe MOAETIMPOBAHUE B
onoduzuke. M-Ixesck, 2004

7. Modeling Dynamic Biological Systems. Authors: Hannon, Bruce, Ruth, Matthias. Springer 2014
8. Bernhard O. Palsson. Systems Biology: Properties of Reconstructed Networks. Cambridge
University Press, 2006, 334 pp.

9. depmeHTaTHBHBIE IPE0OPa30BaTENIN SHEPTUU: NPUHIMILI QyHKIMOHNpoBaHus / A. E. Bykaruna;
Ots. pen. C. O. llInons ; AH CCCP, Un-T Onon. ¢pusuku. - M. : Hayka, 1988. - 191 ctp.

10. Apuonba B. U. I'eomerprueckne MeTosibl B TEOPUH OOBIKHOBEHHBIX AU (depeHInaabHbIX
ypaBaenuii. MIIHMO 2012, 384 ctp.

11. Banunkwit, I. P. Matemarnueckas ouodusuka kinetku. M. Hayka, 1978. 311 c.

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

http://www.ncbi.nlm.nih.gov

1. Konieczny L. et al. Systems Biology. Functional Strategies of Living Organisms. Springer
International Publishing, 2014, 553 pp.

2. Understanding the Dynamics of Biological Systems. Lessons Learned from Integrative Systems
Biology. Editors: Dubitzky, Werner, Southgate, Jennifer, Ful, Hendrik (Eds.) Springer-Verlag NY
2011.

3. Modeling Dynamic Biological Systems. Authors: Hannon, Bruce, Ruth, Matthias. Springer 2014.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

MS Office.
9. MeTonuuecKHe YKa3aHUs 151 00y4AIOMIMXCS 10 OCBOEHHIO TUCHUILTHHBI (MOTYJIsI)

CTyIeHT, MpoCIyIaBIIni Kypce, AOJKEH C OIHOW CTOPOHBI, OBJAJETh TEOPETHUECKUM  aIllnaparoMm
OMOGU3NKN KIETKH, a C IPYroll CTOPOHBI, JOJDKEH HAayYUTHCS NMPUMEHATH IOJyYCHHbIC 3HAHHS Ha
IpakTHKe. YCHENIHOe OCBOCHUE Kypca TpeOyeT caMOCTOATEeNbHON paboThl cTyaeHTa. B mporpamme
Kypca AJisl CaMOCTOSITeNIbHOW PabOThI CTYACHTA HaJl TEMOW OTBOAUTCS MUHHUMAJILHOE BPEMSI.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— ipopaboTKy ydeOHOTO MaTepurana (110 KOHCIIEKTaM JICKITUH, y4eOHOM 1 HaydyHOU JTUTepaType),
— YTEHHE U KOHCIIEKTUPOBAHUE JOTIOIHUTEIHHON JIUTEPATYPHI,

— TIOJITOTOBKY OTBETOB HA BOIMPOCHI, MPEIHA3HAYEHHBIX JIJISI CAMOCTOSITEIIBHOTO U3yUeHUs,

— peleHue 3a1a4, MpeiaraéMpIX CTyJICHTaM Ha JICKIUSX,



—  KOHTpOJb CaMOCTOSITEJIbHOM pabOThl CTYyJIEHTa OCYIIECTBIsSCTCS B (OpPME HHAWBHIYaIbHBIX
KoHCcynbraimid. [lokasarenmem BiageHHsT MaTepHalioM CIY)KAT YMEHHE pemars 3axadu. s
(GOpMHPOBaHUS YMEHHUS NPUMEHITh TEOPETHYECKUE 3HAHUS HAa IPAKTUKE CTYJICHTY HEOOXOAUMO
pe-maTh Kak MOXHO Oombmre 3amad. [lpw pemieHMu 3amad  Kaxkaoe JeHCTBHE HEOOXOIUMO
apryMEHTHPOBATh, CChIIAsACh HA PACCMOTPEHHBIN paHee TEOPETUUCCKHI amapar.

OOBIYHO MPUAEPKHUBAIOTCS CIESTYIOIICH CXEMbI: H3yUeHHEe MaTepualia JICKIHH 110 KOHCIIEKTY B TOT ke
JIeHb, Kora Obuta npociymrana Jiekius (10-15 MuHyT); MOBTOpeHHE MaTepHraia HakaHyHe Cleqyronen
nexiuu (10-15 MuHyT), MpopaboTka yueOHOro Marepuana 1o KOHCIIEKTaM JIEKIIUH, y9eOHOH 1 Hay4IHO
JUTEpaType, MOATOTOBKA OTBETOB HA BONPOCHI, penieHue 3a1ad (1 gac).

BaxHO 10OWTHCA MOHMMaHMS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYAHEHUH HW3YYCHMsl OTACIBHBIX TEM, BOIIPOCOB, CIIEIyeT OOpamaTbcsi 3a KOHCYJIBTALUSIMHU K
nekropy. OOs3aTenbHBIM TpeOOBaHMEM SBJSIETCS  BBINOJIHEHHWE JIOMAIHUX paboT, KOTOpBIE
CHCTEMaTHYECKU CIal0TCS Ha TIPOBEPKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus
npopuJib NOArOTOBKHU: buorexnonorus
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MONEKYIIPHON U TPAHCIAIIMOHHONW MEIUIIHHBI
Kypc: 4
KBaJupuKaAnus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHmpoBaHHbIi 3a4eT

8 (BeceHHHUI) - DK3aMeH
PaspaGorunkm:

@®.1. AraymiaxaHos, 1-p Ouon. Hayk, podeccop
M.A. Ilanrenees, A-p pus.-mar. Hayk, mpodeccop
A.T". JIyOpoBcKasi, CTapiifii CreruaiucT Mo yaeOHO-BOCTIUTaTeIbHON paboTe



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CriocoGeH u3yyarb, aHaTHU3UPOBATS, OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH
HCIOJIB30BaTh OMOJIOTMYECKUE OOBEKTHI U MOJTyYEHHBIX PE3YJbTaTOB

MPOLIECCHI, OCHOBBIBASICH HA MAaTEMAaTHYECKUX,
(U3NIECKUX, XUMUYECKHUX, OMOJIOTHUECKUX
3aKOHaX, 3aKOHOMEPHOCTSIX M B3aUMOCBA3IX
OIIK-4 CriocobeH ocymiecTBiIsITh COOp U OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
00pabOoTKy HayYHO-TEXHUYECKOH U (M) oubnuorpaduyeckue mepeyHn U 0030pbl MHPOPMALUHU B
TEXHOJIOTUYECKON MH(OPMAIUK ATl pelieHnst  |00nacTu cBoeil mpodeccnoHanbHON e TeIbHOCTH
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qucUIUIMHEL « brodn3nka KIeTKiy 00yJaronuiics JOIDKEH:

3HATh:
[0 ¢yHnamMeHTaIbHBIE TIOHATHSA, (U3UYECKUE TPUHIUINB (QYHKIHMOHUPOBAHUS W  PETYISIIUU
OHOJIOTHYECKUX CHCTEM;
[0 ¢u3uueckue OCHOBBI MAHWITYJUPOBAHUS HAHOCTPYKTYpPaMH, OCHOBHOE OOOpyIOBaHHE WU
BBICOKOITPOU3BOIUTEILHBIC CHCTEMBI JIJIsl ONOPU3NKY;
[ coBpeMeHHBIE MTPOOIIEMbI OMOGU3UKH KIETKH.

YMeTh:
[1 abcTparupoBarbCsi OT HECYIIECTBEHHOTO TIPH MOJCITUPOBAHWUU PEANbHBIX OMOJIOTHYESCKUX
MIPOLIECCOB;
[] mMonp30BaThCA CBOMMH 3HAHUSMHU JJIA peEIIeHUs (yHIaMEHTAIbHBIX M TPUKIATHBIX 3a7ad
HaAHOTEXHOJIOTHH;

] caMOCTOSITEeIBHO OCBaMBaTh HOBBIE pecypchl (0a3bl NaHHBIX M MPOTPAMMBI) H KCIIEPUMEHTAIbHBIC
METO/IbI HAHOTEXHOJIOTHiA;
[] menarth KaueCTBEHHBIC BBIBOBI ITPU TIEPEXO/IC K MPEACITBHBIM YCIOBHAM B H3y4aeMbIX MPOOIeMax;
[l ocBauMBaTh HOBBIC IIPEAMETHBIC OOJACTH, TEOPETHYECKUE IOIXOAbl M JKCIEPUMEHTAIIbHBIC
METOJIMKH;
[] onpenensTh akTyaJbHOCTB LIEJICH U 33a1a4 ¥ IPAKTUUECKYI0 3HAYMMOCTh UCCIICI0BAHHS;
] mpOBOAUTH aHAIIU3 PE3YJIBTATOB U METOAMYECKOTO OIBITA MCCIICAOBAHUS MPUMEHHUTEIBHO K OOIIeH
(dbyHIaMeHTaNbHOH pobiemMe B M30paHHO 00J1acTH;
[ paboTaTh Ha COBPEMEHHOM, B TOM YHCJI€ BBICOKOIIPOM3BOANUTEILHOM 000PYIOBAaHHH.
BJIA/IETh:
) OCHOBHBIMH METOIaMH PabOThI C HAHOCTPYKTYPAMHU;
| OCHOBHBIMH NpHUEMaMH PaOOThI Ha BBICOKOTEXHOJIOTHYHOM 000PY/I0BaHHH;
) KynbTypOii MOZICIIMPOBAaHUS OMOMETUIIMHCKIX HCCIICIOBAHUI;
(] HaBBIKAMH TIPaMOTHOH OOpaOOTKM pE3yNIbTaTOB OIbITA M CONOCTABICHUS C TEOPETHYECKUMHU
JaHHBIMHU;
[| IpaKTUKOW MCCIICIOBAHUS U PELICHUS TEOPETUUECKHUX U NMPHUKIIAIHBIX 33134 OMO(pH3UKY;
[/ HaBBIKAMH TEOPETHYECKOTO aHal HM3a 3a7ad OWOMEIWIMHBI, CBS3aHHBIX C HM3YYEHHEM CBOMCTB
OMOJIOTHYECKUX CHCTEM Ha HAHOMETPOBOM ypPOBHE.

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

[Tpumeps! KOHTPOJIBHBIX BOIIPOCOB ISl IIPOBEICHHS TEKYILEr0 KOHTPOJIS yCIIeBa€MOCTH.

1) Mutos. Crparerusi ¥ OCHOBHbIE YYaCTHHUKH.

2) Crpoenuie MUKpOTpyOOUuKH. /ITnHaMuka MUKpOTpyOouKH. /IlnHaMudeckas HeCTaOMIBbHOCTb.

3) Pomnp tuaponmuza ['T® B nuHamuike MHUKpOTpyOouek. CTpyKTypHas OCHOBa JWHAMHYECKOU
HECTaOMIBHOCTA MUKPOTPYOOUEK.

4) JIBuKeHHne XpoOMOCOM B MUTO3€

5) MonexynspHble MOTOPBI, HOPMHUPYIOIINE BEPETCHO JICICHUS

6) Crpykrypa 1 QpyHKIIMH KHHETOXOpa



7) W3mepenwue cuil, pa3BUBaeMbIX MEKPOTPYOOYKaMHU
8) ComnpsbkeHne pa3dopku MUKPOTPYOOUKH M IBUKEHHUST XPOMOCOM
9) Ommbku B 3aKperuieHuN XpoMocoM. KOHTpoITs 3a Ka4eCTBOM JIEIICHUSI.

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

[Ipumeps! Borpocos k nudepeHITnpOBaHHOMY 3a4€TYy.
1) Meroasl UcClieOBaHUS HECTAIMOHAPHBIX M MPOCTPAHCTBEHHO HEOJHOPOTHBIX OMOIIOTUYECKHUX
ceTen

2) CrpowutenbHble OJIOKM OMOIOTHYECKUX CUCTEM U UX (DYHKIIUU: KacKaJibl, 00paTHbIC CBSI3U, ITYHTHI
3) AKTUBHBIE cpe/ibl M AaBTOBOJHOBBIE MTPOIIECCHI

4) BHyTpuKIEeTOYHAsl CUTHATN3ALNA

5) Knerounas cmepthb

6) CsepthiBaHne KpoBHU. KomriieMeHT.

7) Knerounsiii nuki. das3sl KIETOYHOTO MUK

8) Kunerounsie yacel. Cdk u nukinunel. @a3za GO 1 YCKIONHTEHI.

9) MzbuparenbHblid POTEONN3. YOUKBUTUHUPOBAHHUE U IIPOTEOCOMBI.

10) Kore3uHs! u cenapassl

[Tpumeps! 3K3aMEHAMOHHBIX OMIIETOB

buner Nel

1. Opurpouut. I'eMor100uH, CBSI3b GU3NOIOTHH U OMOXMUMHU TPAHCIIOPTA
KHCJIOPOAA.

2. AKTHBHBIE CPEJIbl U aBTOBOJHOBBIE ITPOIIECCHI

buner Ne2

1. Opurpouunt. Membpana. [lurockener. Perynsnus oobema u GopMBL.

2. Kackaj mia3MeHHOTO CBEpPThIBAHUS KPOBU: OMOXMMHUYECKOE YCTPOHCTBO U
perynsus

bunet Ne3

1. Cucremsl )xu3HeoOecniedeHus KieTku. MIoHHbIM roMeocTas.

2. CurHanu3zaiusi B TpoMOOITUTax

buner Ne4

1. DHepretuka spuTponuTa. Perymsmus rmukoau3a.

2. Monekynsipablie MOTOpbl. KnHE3WHBI.

Kpurepun oneHnBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI  CTYACHTY, I[TOKa3aBIIEMY BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka ommyHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.
Onenka omamuHo (8 6auioB) - BBICTaBIAETCS CTYIEHTY, IIOKa3aBLIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.
Onenka xopomuio (7 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[I0 CYLIECTBY U3JaraeT €ro, ymMeeT IPUMEHSTh IIOJIyY€HHbIE 3HAHUS HA IPAKTUKE, HO HEAOCTAaTOUHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.



Onenka xopomio (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[I0 CYILLIECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE WM B PEIICHUH 3a/1a4 HEKOTOPbIE HETOUHOCTH.

Onenka xopomio (5 0aiIoB) - BBICTABISETCS CTYJCHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPAaMOTHO ¥ IO CYIIECTBY HM3JIaraeT €ro, yMeeT NPHMEHATH IOJyYeHHbIC 3HAHMS Ha IpPaKTHKE, HO
JOITyCKaeT B OTBETE MJIM B PELICHHH 3a/1a4 JOCTAaTOYHO OOJIBIIOE KOJINYECTBO HETOYHOCTEH.

OrneHka yanoBIeTBOpUTENBHO (4 06ajna) - BBICTABISIETCS CTYACHTY, IMOKasaBlleMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH IIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ynoBiaeTBoputTesibHO (3 0ana) - BBICTABISIETCS CTYACHTY, IMOKaszaBlleMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BAaTEeIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.

OueHka Hey10BIETBOPHUTENBHO (2 Oaa) - BEICTABISETCS CTYJCHTY, KOTOPBIi He 3HaeT OOoJbIIeH YacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka HeynosieTBopuTesbHO (1 Oamn) - BBICTABISETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BbIX TOHATHH AUCLHUIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu nposenennn audQepeHIUPOBAHHOTO 3a4eTa WM YCTHOTO DJK3aMeHa oOydaromeMmycs
npepocrasisiercss 30 MUHYT Ha TOAroToBKy. Onpoc 00ydaromerocs o OMIeTy Ha YCTHOM DK3aMEHE He
JOJDKEH TPEBBINIATh OHOTO ACTPOHOMHUYECKOTO Yaca.



