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 JMCHMILIMHE: buoduszuka
10 HANPABJIEHUIO: buotexnonorus
npopuiIb NOArOTOBKHU: buotexnonorus

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

(buzuku
Kypc: 3
KBaJIMpUKALS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au4. ex.: 3

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocraBui: K.H. KotyxoBa, cienuanuct

[Iporpamma obcyxneHa Ha 3aceflaHuu IIeHTpa 00pa30BaTeNbHBIX MporpaMM DU3TEX-IITKOJIbI OHOTOTHYECKON U
MeauimHckor ¢usuku 02.06.2023



AHHOTANMA

buodpusuka — nHayka o Hambonee mpocThIX M (yHIAMEHTAJIbHBIX B3aWMOICHCTBUSAX, JIEKAIIUX B OCHOBE
OHMOJIOTHYECKUX MpoleccoB. M3oKeHHBIN B Kypce Marepuan sBJsieTcs TeopeTHdeckoi 0a3oil s aHaim3a
OMOJIOTMYECKHUX SIBICHUI Ha Pa3HBIX YPOBHSX OPraHU3aLMH MPH BHIICHEHWH 3JIEMEHTAPHBIX MOJEKYISPHBIX
B3aMMOJICHCTBHIA U IMyTEH PETYNSINN ONOTOTHIECKHUX MPOIIECCOB.

HucuurnnnHa ¢opMupyeT 0a30Bble MOHATHS 00 OCOOCHHOCTAX CTPOCHHSA U YCIOBHAX (YHKLHMOHHPOBAHUS
OMOJIOTMYECKUX MOJIEKYd; OOydaeT CTYyAEHTOB IPHUHIMIAM IOCTPOCHHS TEOPETHYECKHX MOAEICH IpH
W3yYEHUH MEXaHU3MOB OHOJOTMYECKHX IPOLECCOB, IIOMOTaeT W3YyYWTh MNPUHLMIIEI  PETYJISIHUN
OMOJIOTMYECKHX IPOIECCOB HA  pa3IMdHOM YPOBHE OpraHM3aluM  (MOJICKYJISPHOM, KIJIETOYHOM,
MOMYJSIIUIOHHOM); O3HAaKaMJIMBaE€T C COBPEMEHHBIMU HKCIEPUMEHTAJIbHBIMH IOAXOJAaMH M METOAMKAMHU
OMo(U3NIECKUX UCCIIETOBAHUN.

1. lean u 3apa4un

Heap AucHUNIHHBI
OCBOCHHUE CTYJICHTAaMH OCHOB OHWO(QHM3UKHM — HayKd O HaumOosiee TPOCTHIX M (QyHIaMEHTaIbHBIX
B3aUMOJICHCTBUSX, JIGKANIMX B OCHOBE OMOJIOTHYECKMX HpPOLECcCOB. M3II0KEeHHBIN B Kypce MarepHal
SBJISICTCS. TEOPETHYECKOH 0a30i asi aHanu3a OWOJNOTMYECKHMX SBJICHUM HA pPasHBIX YPOBHSIX
OpraHHM3alUK MPU BBISICHEHUH DJIEMEHTAPHBIX MOJICKYIISIPHBIX B3aHMMOICUCTBHU M MYTEH PEryJsiud
OHMOJIOTUYECKHX TPOIIECCOB.

3anayu QUCHUNIHHBI
- (opmupoBaHue 0a30BBIX MOHATHH 00 OCOOCHHOCTAX CTPOCHUS W YCIOBUSX (YHKIIMOHUPOBAHUS
OMOJIOTMYECKUX MOJICKYIT;

- o0ydeHHe CTYIEHTOB MPUHIMIIAM HOCTPOCHUS TEOPETUUECKUX MOJENEH NMPU MU3y4eHHH MEXaHHU3MOB
OMOJIOTMYECKUX MPOLECCOB, HU3YyYCHHE MPHUHLMUIIOB PETYISIUH OHOJIOIMYECKUX TMPOLECCOB Ha
pa3IMYHOM YPOBHE OpraHu3aluy (MOJEKyYIIPHOM, KJIETOUHOM, MOILYJIILIUOHHOM);

- O3HaKOMJICHHE C COBPEMEHHBIMH 3KCIIEPUMEHTANIBHBIMH TIOAX0IaMH U METOAMKAMU OHO(PH3NUECKUX
HUCCIENOBAHUMN.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

Kon 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIUN
OIIK-1 CnocobeH u3yyarb, aHaJIU3UPOBATH, OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,
UCTIONIb30BaTh OMOJIOTHMYECKHE OOBEKTHI U HaMeyJaTh IMyTH €€ peIeHUs

MPOIIECCHI, OCHOBBIBASICH HA MATEMATUYECKUX,
(DU3NIECKUX, XHMUYECKHX, OUOJIOTHUECKUX
3aKOHAX, 3aKOHOMEPHOCTSIX U B3aUMOCBSI3SIX

OIIK-5 Criocoben yuactBoBarh B ipoBefieHnn  |OIIK-5.1 CnocoGeH pemarh ITOCTaBICHHBIE 3a/a9dl B
(dyHIaMEHTANBHBIX U MIPUKJIATHBIX obnacTu TEOPETHUECKUX u IKCIIEPUMEHTATBLHBIX
HCcCIeIoOBaHU 1 pa3paboTOK, CAMOCTOATEIBLHO |MCCIICOBaHUN U Pa3padOTOK

OCBaMBaTh HOBBIC TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTU4eCKUE METOJIbI UCCIIeIOBAHUI

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
- MECTO U POJIb OOIIMX BONPOCOB HAyKH B HAYYHBIX MCCIIEAOBAHUSAX;
- HOBEHIIME OTKPBITHS U TOCTHXKEHHUS OHOJIOTHH, (PU3UKHU, XUMHUU, MATEMAaTHKH;
- 0 B3aUMOCBSA3X U (yH/ITaMEHTAJIILHOM €MHCTBE €CTECTBCHHBIX HayK;
- IPUHLIUIIBI OPTaHNU3alUU OMOJOTHYECKUX CUCTEM U PErYIISIIUN OMOJIOTHYECKUX MIPOLIECCOB;
- 3HaThb OCHOBHBIC (PU3MKO-XUMHUYECKUX OCHOBBI (DYHKIIMOHHPOBAHUS OMOJOTHYECKHUX CHUCTEM BCEX
YPOBHEH OpraHu3aluy;
- OCOOEHHOCTH IIOCTAaHOBKM IPOOJIEM TEOPETHYECKOI0 U 3KCHEPUMEHTAIBHOTO HCCIIeIOBAHHS
($yHIaMEHTaIbHBIX OMOIIOTUYECKUX MPOLIECCOB U ABJICHUN METOaMHU OMO(PH3HKHY;
- BO3MOXKHOCTH M TpaHUIBl O€30MacHOCTH IPUMEHEHHUs pe3ylabTaToB (pyHIaMEHTaIbHbBIX
O0MopU3NIECKIX UCCIEIOBAHUN B IPUIIOKEHHSIX (OMOTEXHOIOTHSIX).




YMETb:

- 9((eKTHBHO HMCIOIB30BATh Ha MPAKTUKE TEOPETHYCCKHE KOMIIOHCHTBI HAyKH: IOHSATHS, CYXKICHHS,
YMO3aKJIFOUEHHs1, 3aKOHBI;

- IPE/ICTAaBUTh MTAHOPAMy YHHBEPCAIBHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;

- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;

a6CTpaFI/Ip0BaTLCH OT HCCYHICCTBCHHBLIX BIIMSIHUH npu MOACIUPOBAHHUU PCAJBHBIX (1)I/I3I/I‘I€CKI/IX

CUTYaLUiI;
- IJTAHUPOBATh ONTUMAJIBHOE TPOBEICHUE IKCIIEPUMEHTA.

BJIAJIETh:

- IJJAHUPOBAaHUEM, TOCTAHOBKON 1 00pabOTKOM pe3ylbTaToB OMO(U3NIECKOTO SKCIIEPUMEHTA;
- HAy4HOW KapTUHOU MUpa;

HaBBIKAMH CaMOCTOSTCIbHOMN pa6OTBI B Ha60paT0pI/II/I Ha COBPCMCHHOM OJKCICPUMCHTAJIBHOM

000pyIOBaHUY;
- MaTeMaTHYECKIM MOJICIHPOBAHHUEM 3a]1a4 OMO(PU3UKH.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 buoduszuka (hoTOOHOTIOTHUECKUX ] 6 10
MPOLIECCOB.
2 MornekynsipHast OMopHU3UKa. 6 6 8
3 Paguanuonnas Onodusuka. 6 6 9
4 Teopernueckas bnopusuka. 4 6 8
5 Dkonoruueckas Onopu3nKa. 6 6 10
Nroro yacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 6 (Becennuit)

1. buoduzmka GoToOHONIOrHIECKIX TPOIIECCOB.

B3aumozelicTBue KBaHTOB C MOJIEKYJIaMH. OBOJIOLMS BOJHOBOIO IAaKeTa U  PE3yJIbTaThl
(demrocekyHIHOH criekTpockonun. [lepBruuHble (OTOXMMUYECKUE PeaKInu.

OcHoBHBIE CcTaguH  (OTOOMOJIOTHYECKOrO mporecca. MexaHu3Mbl  (OTOOMOJIOTMYECKUX U
¢doroxumuyeckux ctaanidi. Knaerrnka gpoToOHOTOIrHYECKUX MPOIECCOB.

[Ipobnembl pazneneHus 3apsyioB W TepeHoca 3JCKTPOHA B TEPBUYHOM (POTOOHOIOTHIECCKOM
npouecce. Poib aeKTpoHHO-KOH()OPMAIMOHHBIX B3aUMOICHCTBUIA.

CrpykrypHas ~ opraHu3auusi ¥ (yHKIMOHHUPOBaHHE  (POTOCHHTETHYECKHX  MEMOpaH.
dorocuHTeTHUECKAs €AMHMLA. J[Ba THNA NUIMEHTHBIX CHCTEM W [BE CBETOBBIC pEAKIUH.
Opranmzanus ¥ (QyHKIMOHUpPOBaHUE (HOTOPEAKIMOHHBIX LEHTPOB. [IpoOiaeMbl MEPBUYHOrO aKTa
(dorocuHTe3a. DNEKTPOHHO-KOH(DOpMAIIMOHHBIE B3auMOoiecTBUS. DoTonH(MOPMAIIMOHHBIH TEPEXO]I.




Kunernka u ¢usnueckue MexaHU3Mbl IIEPEHOCA IEKTPOHA B JIEKTPOH-TPAHCHOPTHBIX LEMSIX MPH
¢dorocuHTe3e. MeXaHHM3MBI  CONPSKCHUS  OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX  pEaKIuid ¢
TpaHCMEMOpaHHBIM IIEPEHOCOM MTPOTOHA. MexaHu3Mbl POTOMHTHOMPOBAHUSI.

Oco0eHHOCTH U MeXaHU3Mbl (POTOIHEPreTHYECKUX PEeaKuil O0aKTe-pHOPOAOIICHHA U 3PUTEIBHOTO
[IUT'MEHTa POAOIICHHA.

OcHOBHBIE THUIBI (QOTOPETYIATOPHBIX PEAKUU PACTUTENBHBIX M MHKPOOHBIX OPraHW3MOB!
doromopdorenes, dororpornusm, QortoTakcuc, (GOTOMHIYIHPOBaHHBIA KapoTUHOTeHe3. CHEeKTpEHI
JefcTBUs, TPUPOa POTOPELEHTOPHBIX CUCTEM, MEXaHU3MbI IEPBUYHBIX (POTOPEAKIIUH.

duroxpoM — yHHBepcajibHas (POTOpeUenTOpHasi CHCTEMa PETYIALUU MeTaboNn3Ma PpacTCHHUH.
MornekynsipHbIE CBOWCTBA M CIEKTPalbHbIE XapaKTEPUCTUKU (GUTOXpoma. MexaHu3M o0paTHMOI
¢doroxonsepcun AByX popm ¢uroxpoma. [lonstre o (HOTOXpPOMHBIX MOJIEKyIax U (POTOXPOMHOM
MexaHu3Mme GoToakTBanuu GEpPMEHTOB.

doToxuMUYeCKHEe peakiuyd B Oellkax, JIMMUAax U HykIenHoBbIX kucnorax. JJHK kak ocHoBHas
BHYTPHUKJIETOYHAs] MUILEHb MpPH JIETAJILHOM M MYTAareHHOM JEHCTBMM YIBTPa(UOJIETOBOTO CBETA.
doToCeHCHOMIM3NPOBAHHBIE W JIBYXKBAHTOBbIC peaknuu npu noBpexiaennn JIHK. MexaHuszMmebl
¢doroguHaMuyeckux nponeccon. 3amuTa JJHK HEKOTOpbIME XMMHYECKUMU COETUHEHHUSIMH.

Db dexrrr poTopenapanuu u GortozammTel. PepMEHTATUBHBINA XapaKTEep U MOJIEKYISAPHBIA MEXaHU3M
¢doropeaktuBanuy. Poiab GOTOMHIYIIMPOBAHHOTO CHHTE3a OMOJIOTMYECKU aKTHBHBIX COEAMHEHUH B
npouecce (orozammrel. MexaHu3M (OTOCHHEPreTHYECKMX PEaKIMid Hpu KOMOWHUPOBAHHOM
JEUCTBUU Pa3HBIX JUTUH BOJH YIbTPa(HOIETOBOTO CBETA.

2. MonekynsipHasi Ouopusuka.

Makpomosiekyaa Kak OCHOBa opraHusanuu OuocTpykryp. IlpoctpancTBeHHast KoHQUrypauus
ouononumMepoB. CTaTuCTHYECKUH XapakTep KoHGopMauu OHONIOIMMEPOB.

VYcnoBust  craOunbHOCTH — KOH(Urypaumu Makpomonekyn. DazoBeie mepexonbl. llepexoabl
m100yna-kiyook. KoorepaTuBHble CBOWCTBA MakpOMOJEKYN. THIBI 0ObEMHBIX B3aMMOJICHCTBUN B
OeJKOBBIX MakpoMoJieKynax. Bomopoanble cBsizu: cuibl BaH-nmep-Baanbca; snexTpocTarmieckue
B3aMMOJICHCTBHSI, MOBOPOTHAS W30MEpHsi W DJHEPrusi BHYTPEHHEro BpaineHus. Pacder oOmieit
KoH(opMaIu SHEprur OHOTIOITMMEPOB.

dakTopbl cTaOUIN3ALUH MAKPOMOJIEKYJl, HAIMOJIEKYJISIPHBIX CTPYKTYp U OnoMeMOpaH.
BsaumopneiictBue wMakpomoniekyn ¢ pactBopureneMm. CocrosHue Bogsl U ruApodoOHbIE
B3aMMOJICHCTBHS B OMOCTpYKTypax. [lepexonbl criupaib-KiryOoK.

OcoOeHHOCTH TPOCTPAHCTBEHHON OpraHu3ald OeNKOB W HYKJIEMHOBBIX KHCIOT. Mozjenu
GuOPMIIISPHBIX U II00YSpHBIX OenkoB, KonnuecTBeHHAsS CTPYKTypHas Teopus Oerka.

CTpyKTypHBIE U dHepreTuyeckue (aKkTopbl, ONPEAeIIIONe THHAMUUECKYIO OABMKHOCTD OEJIKOB.
luneprioBepXxHOCTH ypOBHEH KOH(DOPMAIIMOHHON SHEPTHH.

JuHaMuyeckass CTPYKTypa OJMIONENTHIOB W  DIOOYSPHBIX  O€iKOB; KOH(OpMalMOHHAS
MOABWXHOCTh. MeToabl H3ydeHHs KOH(OPMALMOHHON TOIBM)KHOCTH: HM30TONHBIH  OOMEH,
JMOMHUHECHeHTHBle Meronsl, OIIP, ramma-pezonancHas chekrpockonusi, SIMP  Beicokoro
paspemieHus, HUMIyJIbcHble MeToAsl SMP, MeTompl MonekyaspHOW OWHAMUKH. ABTO- U
KpPOCCKOpPPESIHUOHHBIE ()YHKLIUM TOPCUOHHBIX YITIOB M MEKAaTOMHBIX paccTosiHuil. KapTel ypoBHei
CBOOOTHOM SHEPIUU NMENTUIOB.

Pesynbrarel uccienoBaHus KOHGOPMAIMOHHON MOABMXXKHOCTH. OrpannueHHas auddysus. Tumbl
IBIKEHUs B Oenkax. Mepapxus aMIUIUTY M BPEMEH pelaKCaluy KOH()OPMALMOHHBIX IBHKCHUIL.
CBs3b XapakTepUCTHK KOH(POPMAIIMOHHOW TOABMKHOCTH O€NKOB ¢ MX (PYHKUHMOHAIBHBIMU
cBoiicTBamH. JIMHaMHUKa >JIEKTPOHHO-KOH()OPMALMOHHBIX IepexofoB. Pomb BoOxel B JUHAMHKE
0emnxoB. Ponb koH(pOpMaIMOHHON NOABMKHOCTH B (DYHKIIMOHUPOBAHUU (PEPMEHTOB U TPAHCIIOPTHBIX
OeIKOB.

DNeKTpOHHBIE YPOBHU B Ouomonumepax. OCHOBHBIE THIIBI MOJEKYJSIPDHBIX OpOUTallell U
ANIEKTPOHHBIX COCTOSHUM, T-3JI€KTPOHBI, SHEPTus Aenokanu3anuu. Cxema SI6I0HCKOTO AT CIOKHBIX
monekyin. [Ipunuun @panka - Konnona u 3akonsl ¢uryopecueHyn. JlromuaecneHnus Onoaoruiaecku
BaXKHBIX MOJIEKYJ. MeXaHU3Mbl MUTPALUU SHEPIUU: PE30HAHCHBI MEXaHU3M, CUHIJIET-CUHIVIETHBIN
U TPUIUIET-TPUIUIETHBIA NEPEHOCHI, MUTpalusl 3KCUuToHa. [Ipuposa runepxpoMHOro ¥ THIOXPOMHOTO
3 deKTOoB.

Bo30yxeHHble cocTOsSHUSL U TpaHchopManus dHepruu B OuocTtpykrypax. IlepeHoc snekTpoHa B
ouocTpykTypax. Pasnuuneie puzndeckue Moneny nepeHoca sekTpoHa. TyHHeIbHbIN 3 (EeKT.
TyHHENTMpOBaHWE C  y4YacTHEM BHUPTYaJbHBIX YpPOBHEH. OIEKTPOHHO-KOH(POPMALMOHHBIE
B3aUMOJICHCTBHUS U PEIAKCAIIMOHHBIE IIPOLIECCH B OMOCTPYKTYypax.



CoBpemeHHbIE Npe/ICTaBICHHS 0 MeXaHU3Max (epMEHTaTUBHOTO KaTajmsa.
DNeKTpOHHO-KOH(OPMAIMOHHBIE B3aMMOJICHCTBHS B (epMeHT-CyOcTpaTHOM Komruiekce. Dopmyra
ISl KOHCTAHTBI CKOPOCTH 00pa30BaHKs MHOTOLIEHTPOBOM aKTHBHOW KOH(HTYpALIUH.

3. Pagnanmonnas Ouodwusmka.

Obmas duznyeckas XxapaKTepUCTHKAa HOHU3UPYIOIINX U HEMOHU3UPYIOIINX H3IydeHuil. M3nyuenuns
KaK MHCTPYMEHT MCCJEIOBAHUN CTPYKTYphl U CBOMCTB MOJEKyJ. ['aMMa- U pPEHTI€HOBCKHUE JIy4H.
PeHTreHoCTpYKTpHBIN aHaN3, JydeBas YIBTPAMHUKPOMETPHS, PaAUallMOHHO-XUMUYECKHE METOIBI.
VierpaduoneroBoe u BunumMoe u3nydeHus. Crnekrpockonus B YO u Buaumoit obnactu. JlazepHas
CHEKTPOCKONMS, HCCICAOBAHMS 3JIEKTPOHHO-BPAILATEIBHBIX CHEKTPOB, (POTOXHMHUYECKHE METOAbI
uccienoBanus. MHppakpacHoe u3nydeHue, MHPpakpacHas crekrpockonus. Pagmouactorsi: CBY,
YBY, BY HY. MukpoBonHoBas cnekrpockonus, cnekrpockonus IOIIP, SIMP, nusnexrpuueckas
CIIEKTPOCKOIIMSI, METO/IbI JIEKTPOIIPOBOJHOCTH.

Hcnonb3oBanue Ppas3IMIHbIX BUI0B I/I3J'Iy‘-IeHI/II\/'I B MCIUIIMHEC, TCXHUKEC U CCIIBCKOM XO3SIHCTBE.

Cneunguka nepBHYHBIX ((U3UUECKUX) MEXAaHW3MOB JIEHCTBUS Pa3IM4YHBIX BHIOB W3IY4YCHUH Ha
Monekynbl. [lornmomenne u pasmen sHeprun. KoHeuHbldi Ouosormueckuii 3ddext mpu necTBun
MOHU3UPYIOUIMX U HEMOHU3UPYIOLINX H3ITyYCHUI Ha OMOIOTHYECKUE OOBEKTHI M CUCTEMBI.

[lepBuuHble W HadanbHbIE OMOJOTMYECKHE IIPOLECCHl IOMVIOMIEHHUSI SHEPIUH HOHHU3HPYIOMINX
W3Ty4YeHHd. MeXaHW3Mbl TOIVIOIICHHS PEHTICHOBCKUX W TraMMa-H3Jy4eHUH, HEHTPOHOB,
3apsDKEHHBIX YacTUIl. DKCIO3MLIMOHHBIC U TONIONICHHBIE J03bl M3My4YeHni. EquHuIb akTuBHOCTH
pPaIMOHYKICOTHIOB. ENWHHIBI /103 HWOHU3UPYIOUIMX U3TydeHHd. DPakrop W3MEHEHUS O3Bl
oOiryueHusi. 3aBHUCHMOCTHh OTHOCHUTEILHOW OMONOTHYecKOl 3()()EKTUBHOCTH OT JMHEHWHBIX MOTEPh
SHEPTUH U3Ty4eHHd. HANBHUAYyabHBIC U CTAallHOHAPHBIC JO3UMETPHI.

[onstus "maneie" u "O0onbime" 10361 paguary. CTOXaCTUIECKUE U CTATUCTUICCKUE YPPEKTHI.
WuakTuBanumss MOJICKYJ B pe3yJbTare MpsiIMOTO M HETPSIMOTO JIEHCTBUSI HOHU3UPYIOIINX H3ITy4YCHUI.
Jlo3oBbie 3aBucumocTH. [Ipsmoe neiictBue paguannyu Ha GpepMeHTHI, OETIKH, HyKICHHOBBIC KUCIOTHI,
JUINUABI, YIIeBOAbL. [lepBHYHBIE NPOLECCHl, NMPHBOIIIINE K HWHAKTUBAIIMA MAaKpPOMOJICKYT MpU
IpsSMOM JielicTBUY paauanuu. [lepBudHbIe IPOAYKTH PaaMoIN3a U AajdbHENIIas cyap0a 00IydeHHbIX
MaKpOMOJIeKy. PaarodyBCTBUTEIEHOCTS MOJICKYN. Pamuonus Boabl ¥ JIUNUAoB. B3ammonelicTBue
PacTBOPEHHBIX MOJIEKYJ C MPOAYKTaMU paauonu3a pactBopurenei. Iddexr [eitna. ObpazoBanue
BO30Y)XICHHBIX MOJICKYJl, MOHOB W paauKaioB. KoimdecTBEHHas XapaKTEPHCTUKA HEIPSMOrO
JEeUCTBHA paaualiy B pacTBopax. Poib MoaudukaTopoB B paanoamnse MOIEKyII.

Pagmanmonnas 6nodusnka xietku. KoamyecTBeHHbIE XapaKTEPUCTHKH MO 0OTy4EeHHBIX KIETOK.
PenponykTtuBHas u uHTepdasHas TubOenb KiIeTok. Armonto3. [IpuHIMN mnonajxaHus, KOHLEMLUSA
MUILICHHA. DBOIOLUS ATHX MOHATHH. CTOXaCTHYECKUE MOICIIH.

OCHOBBI MHKPOZIO3MMETPUU HMOHM3HPYIOIIUX H3iIyuyeHHH. [lepBuuHbBIE (U3UKO-XMMUYECKHE
nporeccsl B OONyYeHHOW KiIeTKe. AHajaM3 MEXaHW3MOB JIyY4eBOTO IOPaKEHUS KIETOK. Poib
MOJIEKYJISIpHBIX MexaHn3MoB penapaiuu JJHK u penapannonHsix pepMEHTOB B JTy4€BOM HOPAXKEHUH
KJIeTKd. Ponb TOBpekIeHHsT OMOJIOTMYECKMX MEMOpaH B DPaJHAllMOHHBIX HAPYIICHUSX KIICTKH.
OxucnuTeNbHBIE TPOLECCHl B JIMIUAAX W AHTUOKHCIMTENIBHBIC CHCTEMbI, Y4YacTBYIOLIHE B
MEPBUYHBIX OMO(PU3MYECKUX U MOCIEAYIOMINX JIy9eBbIX PEAKIUSX.

BoccranoBuTEIbHBIE POLIECCHI TPH JTYY€BOM MOPaKEHUH KICTKU.

Monudukarus Ty4eBoro mopaxeHHst KJISTKH.

Pajgmanmonnass Ouodu3uKa CIOKHBIX cUCTeM. BpemeHHble u J030Bble d(dexTsl paguanum.
CpaBHUTEIbHAS PaINOYyBCTBUTEIBHOCTh OMOJIIOTHUECKUX OOBEKTOB M cucTeM. JleiCTBHE MaJbIX 7103
U XpOHHYECKOro oOmydeHus. OTHalieHHbIE MOCIEACTBUS MajbIX 103 paHalid Ha OpPTaHU3M.
OcoOeHHOCTH AEUCTBMS BHEUIHETO M HWHKOPIOPHPOBAHHOIO, OOILIETO M JIOKAIBHOTO, OCTPOTO H
XPOHUYECKOTO, OJTHOKPATHOTO ¥ MHOTOKPATHOTO OOITyUYeHHS.

4. Teopernueckas 6MopHU3NKa.

OcHOBHBIE OCOOCHHOCTH KHHETHKH OWOJOTHUYECKMX TmporneccoB. OnucaHue ITUHAMUKH
OHMOJIOTHYECKUX IMPOIECCOB Ha A3bIKE XMMUYECKON KMHETHKH. MaTeMaTHuecKue MoJeliu. 3ajiadu
MaTeMaTU4YeCKOTO MOJIENHpOBaHUS B Ouosnornu. OOIIHMe MPUHIMITEI TOCTPOSHUS MaTeMaTHIeCKUX
Mojenelt Ononornueckux cucteM. [ToHATHE aIeKBATHOCTH MOJIENIN PeaTbHOMY OOBEKTY.
JluHamMudecKue MoIeT OMOJIOTHYECKUX MPOIecCcoB. JIMHEHHbIC 1 HEMHEWHBIE MPOIIecChl. MeTobI
KadeCTBEHHOW TeopuH JudQPEepeHIUANBHBIX YpaBHEHHH B aHalIW3€e JWHAMHYECKUX CBOWCTB
Ounonorudeckux mnpoieccos. [lorsTre 0 ¢a3oBoii mIockocTr U (Ha30BOM IMOPTPETE CHCTEMEL.



Bpemennast uepapxusi ¥ NPUHIUI "y3KOTO MecTa" B OHMOJIOTMYECKHX CHUCTEMaX. YIPaBISIOIINE
napamMeTpbl. BeICTphIe U MeUIeHHBIE TIEpEMEHHBIE.

Cnoco0bl MATEMAaTHYECKOTO OIUCAHUS MPpOCTPAHCTBECHHO HCOAHOPOAHBIX CUCTCM.

CranyoHapHbIe COCTOSHUSL OMOJIOTHYECKHUX cHCTeM. MHOKECTBEHHOCTh CTallMOHAPHBIX COCTOSHUH.
YCTOMYHUBOCTh CTAMOHAPHBIX COCTOSIHUM.

Mopnenu tpurrepsoro tuna. [Ipumepst. CuiioBoe U mapamMeTpuyeckoe NepeKIoueHIe TpUrrepa.
I'mcrepesucusie sBnenus. KonmebarenbHble mpoueccsl B OHONOTHH. ABTOKOJIEOATENbHBIE PEKHUMBI.
[IpenenpHBIE HUKIIBI U UX YCTOWYUBOCTS. [IpuMepsl.

[IpencraBneHust 0 MPOCTPAHCTBEHHO HEOAHOPOIHBIX CTAIIMOHAPHBIX COCTOSIHUAX (AMCCUIATUBHBIX
CTPYKTYpPax) M yCIOBHUSIX UX 00pa30BaHMS.

Kunernka ¢epmeHTaTnBHBIX IpoueccoB. OCOOEHHOCTH MEXaHM3MOB (PEPMEHTATHBHBIX PEaKIU.
[lonsartue o ¢pusnke PepMEHTATUBHOTO KaTaan3a.

Kunernka mnpoctedmmx QepMEHTATHBHBIX pPEaKIUid. YCIOBHS pealu3alliil CTalMOHAPHOCTH.
VYpaBuenue Muxasnuca-MenreH. BnusHue MoaudukaropoB Ha KWHETHKY (DepMEHTATHBHBIX
pEaKUui.

[Ipumenenne meroma TpadoB I HCCIEAOBAHUS CTAlMOHAPHOM KHHETUKU (DepMEHTATHUBHBIX
peakuuii. O01IMe NPUHLIHKITEL aHAJIN3a O0JIee CIIOKHBIX (DepPMEHTATUBHBIX PEeaKLUUH.

Knaccudukanuss tepmommHamudeckux cucteMm. llepBeiii W BTOpPOW 3aKOHBI TEPMOJMHAMUKH B
ononornu. TerIoeMKOCTh U CXKMMaeMOCTh OeNIKOBBIX TIOOyN. Pacuers sHepreTndyeckux 3hdekron
peakuuii B OMOJIOTMUECKHX CHUCTEMax. XapaKTepucTHYecKue (PyHKIMM M UX HCIOJIBb30BaHHE B
aHaJM3e OMOJIOTMYECKHUX MPOIIECCOB.

N3meHeHne sHTpOnMU B OTKPBITEIX cucteMax. [locrynar IIpuroxxuna. TepmonunamMmuueckre ycioBus
OCYIIECTBJICHUSI CTALlMOHAPHOTO COCTOSHUA. CBSI3b MEXAY BEIMUYMHAMH XHMHUYECKOTO CPOJCTBA U
CKOPOCTSIMHM peakinuid. TepMoaMHAMHYECKOE CONpPSIKEHHE peakiuid W TeruioBble 3((deKTsl B
OMOJIOTHYECKUX CHCTEMAaX.

[TonsiTne OOGOOLICHHBIX CHJI M HOTOKOB. JIMHEIHbIE COOTHOIIEHHS M COOTHOIICHHS B3aUMHOCTH
Omnzarepa. TepmoaumHaMuka TpaHCHOPTHBIX MporeccoB. CTalMOHAPHOE COCTOSHUE W YCIIOBUS
MHHUMYMa CKOPOCTH IIpupocTta 3HTponuu. Teopema Ilpuroxuna.

[lpuMeHeHne NUHEWHOW TEPMOIWHAMHKH B OWONOTHH. TepMOAMHAMHYECKHE XapaKTePUCTHKH
MOJIEKYJISIPHO-3HEPTeTHUECKUX MpoLeccoB B Onocuctemax. HennueitHas TepMoauHaMuKa.

OO01e KpuTepun yCTOMYMBOCTH CTAllMOHAPHBIX COCTOSHHM M Mepexosa K HUM BOJIM3U U BAAIU OT
paBHOBECHS.

CBs13b 3HTpONMU U MH(POpMALUHK B OHOJIOTMYECKUX CUCTEMAX.

BnusHue Temmeparypsl Ha CKOPOCTh peakuuid B OHOJNOTHYECKHX CHUCTeMax. B3aumocBs3b

KHHETHYECKMX W  TEPMOJAMHAMHYECKHX TapameTpoB. Poib KoH(OpMAaIMOHHBIX  CBOMCTB
OHMOITOIMMEPOB.

5. Dkonoruueckas onopusuka.

Apanranusi, yCTOMYUBOCTD M HAJAEKHOCTh OMOJOTHMYECKUX CHUCTEM PA3HOTO YPOBHS OpraHU3allUH:
KJIETOK, OpPraHU3MOB, NOMyJsAui. PazHooOpa3ne OTBETHBIX Peakluil MHAMBHUIYYMOB B KJIETOYHBIX
aHcamOysax W mnomymauusx. JluHammuka »sHepro-macco oOmeHa. I[IporHo3upoBaHue ITUHAMHKH
YUCJICHHOCTH MOIYJIALUH.

Knaccuduranus Bozneiicreuii. Cnadbie (GoHOBBIE) Bo3nelicTBrst. KocMudeckrne U nepruouuecKue
Bo3zelicTBus. EcTecTBeHHBIN paanalnnoHHblii (OH U ypOBEeHb pajgoHa B cpene. [Ipobiaema 030HOBOI
IbIpbl. OM-U31ydeHUs: KOCMHUYECKMX M 3€MHBIX MCTOYHMKOB. MarnutHble nosisi CoiHla, 3Be3[,
raJlakTUK 1 Apyrux oovexToB Beenennoi. Lukinel ComHeyHON aKTHBHOCTH, MX BIUSHHE Ha 3eMIIIO.
Cset u Ouoputmbl. buonoruyeckue 4acsl.

HelictBue ontuyeckoro usinydyeHus. @orocunre3 B mope. I[IpUUnHBI TUMHUTHPOBAaHUS NEPBUYHON
nponykuun. DorounHrubupoBanne u  ¢orogecTpykums. DOTOperynsuus pocra  PaCTEHHS.
OnTuueckue CBOMCTBA JIMCTbEB BBICIIMX pPAacTeHMH U CIEKTpPAJbHBIE METOIbl  OLIEHKU
(YHKLIMOHAIIBHOTO COCTOSHUS (POTOCHHTETUYECKOTO anmapara.

HeiictBue Y®-uznyuenus. Monekyssipasie Mmexanu3mbl ¢oronoBpexaenus JHK npu neiicrBun YO
M3ITy4eHHUd 3K0JIoTHuYecKoro auamnaszona. Knerounsie cuctemsl penapanuu JJHK. ®oronospexnenue
u (oropeakTUBaUMA MUKpPOOpraHu3mMoB. KoMOWHUpOBaHHOE ACHCTBUE H3JIyYEHHUS Pa3HbIX IJIMH
BOJIH Ha KJIeTKy. DepMeHTaTHBHAs peakTUBAIs. MoKy IsIpHbIC MEXaHU3MBbI AEHCTBUS (OTOINA3BI.



OxucnuTenbHbIN cTpecc. MonekynsipHble MEXaHU3MBbI TTOBPEKIAIONIero AeicTBus kucnopoaa. [lyru
CBETOBOM M TEMHOBOM  AaKTHBAalMM  MOJIEKYJspHOro  kuciopopa. DepMeHTaTuBHbIE H
HeepMeHTaTUBHbIE peakunu. Poiab cBOOOAHO-paIUKAIBbHBIX PEaKIMi M CHHIJIETHOTO KHCIIOPOJA.
Metonpl M3yYeHHs] OKUCIUTENBHBIX ECTPYKTHUBHBIX IPOLECCOB B OHOJIOTMYECKUX CHCTEMax.
[Tpuponusie poToceHCHOMIN3aTOPHI (HOTOAECTPYKTUBHBIX IpoleccoB. [ToBpexkaeHus pacTeHuit npu
neicTBUM  TepOMIUAOB, 3arpsi3HUTENlel arMocdepbl, TOKCHUYECKHMX BELIECTB, 3a00JeBaHMSIX.
@darouuTo3 U CBEPXUYBCTBUTEIBHOCTh B CBA3M C MMMYHUTETOM >XUBOTHBIX M PacTUTEIbHbBIX
opranu3zmMoB. CTapeHue pacTeHU, MPOAYKTHI AeTPaJalliy JIUINUI0B U IUTMEHTOB.

MonekynsipHble MEXaHU3MBbI aJalTalluy KUBBIX OPIaHU3MOB K KCTPEMAJIbHBIM (haKTOpaM BHEIIHEH
cpeabl (TeMmieparypaM, OCBCIICHHUIO, 3aCOJCHHIO0, JEHCTBHIO KCEHOOMOTHKOB, THUIIOKCHH U
TUTIEPOKCHUH).

Onenka coctosHus cpenbl ooutanus. IlpeaenbHo HOMyCTHUMBIE KOHLIEHTPAaUl U OMOTECTUPOBAHHUE.
Mertononoruss OuorectupoBaHus. JlMCTaHIMOHHBIE MeTOnbl. lIpakTHdeckoe HCIONB30BaHHUE
OMOTEeCTUPOBAHMS [ISI OLICHKH KaueCTBa CPEIIbL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIEeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayIuTopHsl, IepCOHAIbHbIE KOMIIBIOTEPHI U MYJIBTHMEINITHOE 000pyi0BaHHE (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTepaTypa
1. buodusuka [Teker] : B2 T. T. 1 : yueOHuUK amns By30B. Teoperndeckas onopusuka / A. b. PyouH ;
Mock. roc. yH-T uM. M. B. JlomoHocoBa .— 3-¢ u3n., uctp. u non. — M. : U3n-so MI'Y : Hayxka, 2004
—448 c.
2. ®usuka Genka : Kypc seknuii ¢ IBETHBIMU CTEPEOCKOTNYECKUMHE MILTIOCTPALIUSMU H 33]]a4aMu
[Texcr] / A. B. ®unkensmreiin, O. b. [Itunea - M.K/Y,2014

JomnonHurenbpHas auTeparypa



PeKOMeHI[OBaHHaH JuTeparypa Ajd CaMOCTOATCIIbHOTO U3YUCHUA:

1. Py6un, A. b. buodpuszuka. B 2 1. T. 2. U3a-8o MI'Y : Hayka, 2004

2. Kynpsimos 10.5., bepeadensn b.C. OcHoBbl paguannonnoit onodusuku. — M.: Mznarenscteo MI'Y,
2004.

3. Puznnuenko I. FO. Jleknum no marematnueckum MoaensM B omonorun. — M.: M3parensctBo PX /I,
2011 r

4. Bnagumupos FO.A., TToranenko A.Sl. ®U3HKO-XUMHUYECKHUE OCHOBBI (POTOOHMOTOTHYECKUX
mporieccoB. — M.: JIpoda, 2006 .

5. 'enuc P. buomemOpanbl: MONeKyIsipHast CTPYKTypa U QyHKIMH. — M.: Mup, 1997 .

6. AaronoB B.®., Cmupnosa E.}O., llleBuenko E.B. Jlunuansie MmeMOpansl npu (azoBbIX
npeBpamieHusnx. — M.: Hayka,1992.

7. AptioxoB B.I', Kosanesa T. A., IlImenes B.I1. buodusuka. — Boponex: Uzngarenscto BI'Y, 1994.
8. Beesienue B MeMOpaHosiorurw. YueoHoe nocodbue / mon pea. A.A.BongsipeBa. — M.: M3narenscTBO
MI'Y, 1990.

9. Becenosa T. B., Becenosckwuii B. A., Uepnasckuii JI. C. Ctpecc y pacrenuii. buoduznueckuii
nonxox. — M.: M3pgarensctBo MI'Y, 1993.

10 Bnagumupos 0.A., Pomynkun JI.11., [Toranenko A.4., lees A.W. buodusuka. — M.: Menununa,
1983.

11. Bonbkenmreitn M.B. buodusuka. — M.: Hayka, 1981.

12. Tonuapenxo E.H., Kynpsimos 0.b. ['unore3a sngorennoro GoHa paguope3ucTeHTHOCTH. — M.
Hznarenscteo MI'Y,1980.

13. Konwe O. P., Makcumos I'. B., Panenosuu U.H. buodusuka purmMmuueckoro Bo30ykaeHus. — M.:
Hznarenscteo MI'Y,1993.

14. Kones C.B., Bonorosckuii 1.J1. @oTobuonorus. — Munck: U3marensctBo BI'Y, 1979.

15. Puzanuenxo [L1O., Pyoun A. b. Marematnueckre Mojiear OMOIOTHYECKUX MPOAYKITMOHHBIX
npoueccos. YuebHnoe nocodue. — M.: Uznarensctso MI'Y,2005.

16. Pyoun A.B. TepmoanHamuka OMOJOTHUYECKUX MPOIIECCOB. YUeOHoe nocobue. — 2-¢ uzganue. — M.:
HznparensctBo MI'Y, 1984.

17. Msatnes B. /1., [Tanuenxko JI.A., Puzanuenxko [1O., Tepexun A.T. Teopus BeposTHOCTEH U
MaTemMaTtnyeckas cTaTucThka. Maremarnyeckue Moneiu. — M: Akanemust,2009.

18. XomxkuH A. HepBHblit ummynbc. — M: Mup, 1965.

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

1. http://www.library.biophys.msu.ru/rubin/

2. http://mathbio.professorjournal.ru/
3.http://www.biophys.msu.ru/general courses/laboratory classes/
4. http://erg.biophys.msu.ru/wordpress/study

5. http://www.biophys.msu.ru/rus/general courses/mmb

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Microsoft Office, Adobe Rider, m000ii mpourpsiBatens Buaeodaiiiaos. B mponecce camocTosTenbHOM
paboThI 00yUarOMXCS BO3MOXKHO HCITONF30BAHUE TAKUX IPOTPAMMHEBIX CpecTB, kKak Mathcad, Scilab
u jp.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe OcCBoeHUE Kypca TpeOyeT OTBETCTBEHHOW CaMOCTOSTEIbHOM paboThl cTyneHTa. B
mporpamMme Kypca IpUBEACHO MUHUMAJIBHO HE0OXOAMMOE BpeMs JUlsl paboThl CTyIEHTa Haj TEMOM.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW IHUTeparype),
MIOATOTOBKY OTBETOB Ha BOIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIBHOTO H3yUeHHS;



— pelIeHHe 3a1a4, PeAIaraeMpIX CTYJCHTaM Ha JICKIUSX;
— TMOJITOTOBKY K UG GEPEHIIMPOBAHHOMY 3a4ETYy.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

Iloka3zareneM BiaieHUs MaTepUaoM CIYXKHUT YMEHUE pellaTh 3aaud U apraMEHTHUPOBAHHO OTBEYaThb
Ha Bompochl. llpu pemenun 3amad Kaxmoe AEHCTBHE HEOOXOOUMO apryMEHTHPOBATh, CCHUIASACH Ha
U3BECTHBIE CBE/ICHUS.

B Hauane 3aHATHS, Kak TpaBuio, NpoBoauTcs kopoTkud (10-15 MuHYT) ompoc mo marepuany
MPOLIEAIINX JEKIHA B yCTHOW WIIM MTUCHbMEHHOU (hopme.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

(buzukn
Kypc: 3
KBaJIMpUKALUS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: K.H. Kotyxoga, crienuanuct



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocoGeH u3yyarb, aHaTHU3UPOBATS,
HCIOJIB30BaTh OMOJIOTMYECKUE OOBEKTHI U
MPOLIECCHI, OCHOBBIBASICH HA MAaTEMAaTHYECKUX,
(U3NIECKUX, XUMUYECKHUX, OMOJIOTHUECKUX
3aKOHaX, 3aKOHOMEPHOCTSIX M B3aUMOCBA3IX

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

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

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

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydenus AucuUIUIMHBL «brHodr3nka» 00ydaronuics JOIKEH:

3HATb:

- MECTO M POJIb OOIMX BOIPOCOB HAYKH B HAYYHBIX UCCIICIOBAHMSX;

- HOBEHIIIE OTKPBITHA U JOCTIKEHUS ONOI0Tuu, GU3NKN, XMMUH, MAaTeMaTHKH;

- 0 B3aUMOCBA3SIX U (PyHIaMEHTaJIbHOM €IMHCTBE €CTECTBEHHBIX HAYK;

- IPUHIMIIBI OPTaHU3ALUH OMOJOTHYECKMX CUCTEM M PETYISILMN ONOJIOTHYEeCKUX MIPOIIECCOB;

- 3HaTh OCHOBHBIE (PH3MKO-XMMHUYECKUX OCHOBBI (DYHKIMOHMPOBAaHUSI OMOJIOTMYECKHX CHUCTEM BCEX

YPOBHEN OpraHu3aluu;

- OCOOEHHOCTH TIOCTAaHOBKM IPOOJIEM TEOPETUYECKOTO M IKCIEPUMEHTAIFHOTO HCCIIeTOBAHHS
(dyHIaMEeHTaIbHBIX OMOIIOTUYECKHIX MPOIIECCOB U SBICHUN METOIaMU OMO(pH3HKHY;

- BO3MOXKHOCTM M TpaHMIBl O€30MacHOCTH MPHUMEHEHUS pe3yJbTaToB  (yHIaMEHTAIbHBIX
OMO(U3NIECKIX UCCIICIOBAHUN B IPUIIOKEHHSIX (OMOTEXHOIOTHSIX).

yMeThb:

- 3(1)(1)CKTI/IBHO HCIOJIb30BATh HAa HPAKTUKEC TCOPCTUYCCKHUC KOMIIOHCHTBI HAYKHU: MOHATUA, CYXKICHUA,

YMO3aKITFOUCHUS, 3aKOHBI;

- IPEICTaBUTh MTAHOPAMy YHHBEPCAIBHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;
- alcTparupoBaTbCsi OT HECYIIECTBEHHBIX BIUSHHUN IMPHU MOJCITUPOBAHUH PEATBHBIX (PH3MUECKUX

CUTYaLUiI;

- IJIaHUPOBATh ONITUMAJIBHOC IMPOBCACHUC DKCIICPUMCHTA.

BJIaJeTh:

- IJJAHUPOBAaHUEM, TOCTAHOBKON 1 00pabOTKOM pe3ylbTaToB OMO(U3NIECKOTO SKCIIEPUMEHTA;

- HAy4HOW KapTUHOU MUpa;

- HaBBIKAMH CaMOCTOSTCIbHOU pa6OTBI B Ha60paT0pI/II/I Ha COBPCMCHHOM OKCICPUMCHTAJIBHOM

000pyIOBaHUY;

- MaTCMAaTU4YCCKUM MOACIIUPOBAHUCM 3a1a4 6I/IO(1)I/I3I/IKI/I.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

HpI/IMepBI TUITUYHBIX BOIIPOCOB JIA TCKYIICTO KOHTPOJIA YCIICBACMOCTHU.

1. Buasl unoHmsupyomux u3nydeHui. OOmas ¢usnyeckas XapakTepUCTHKA. [paHuIa MeExXIy
HMOHU3UPYIOLIUM U HEMOHU3UPYIOIIUM 3JIEKTPOMAarHUTHBIM U3/1y4EHHUEM.

2. benok u craructuueckuid momumep. JleHaTypanus W peHarypanus OelKOB, MOHATHS KiIyOka H

paCHJ’IaBHeHHOﬁ FJ'IOGYJ'ILI.

3. TpaHCHOPT 3NEKTPOIUTOB. DINEKTPOXMMUYECKUI moTeHIuan. VoHHOe paBHOBecHME Ha TpaHULE
MeMmOpaHa-pactBop. IIpodunu norennmana u KOHIEHTPALUU HOHOB B ABOIHOM JIEKTPHYECKOM CIIOE.

4. Bo30yxXaeHHbIE COCTOSHMSA M TpaHchopmanus SHepruum B MosieKynax. IlepeHoc amekTpoHa u
¢dusnyeckue MoJeNr epeHoca eKTpoHa. TyHHeIbHBIN 3 (eKT.

5. Bropuunas cTpykrypa Oenka. Ctpoenue, QyHKIUY, (PU3HUKO-XUMHUYECKHE CBOWCTBA M OCOOCHHOCTH

AMHHOKHCJIOTHOT'O COCTaBa.




6. OCHOBHBIE TOJIOKEHHS TEeOpuM MuTuena; dSJIEKTPOXUMHUYECKUN TPaJUEeHT IPOTOHOB;
SHEPTU3UPOBAHHOE COCTOSHME MeMOpaH; MeMOpaHHbIM MOTEHIHAT MUTOXOHAPHH, XJIOPOIJIACTOB U
xpomatodopos Oakrepuii; pons H+-ATda3bl.

7.  IlepBuuHnasi, BTOpHUYHAs, TPETUYHAs U YETBEPTUUHAs CTPYKTypbl Oenka. CBA3p MEXIy
AMUHOKHUCJIOTHOH TIOCJIEZOBAaTENbHOCTEIO W NMPOCTPAHCTBEHHOM OpraHu3anyell MOJIUMNENTHIA.
[Tapanokc JIeBunTAIIA.

8. OcHoBuble (pa3pl MOTeHNIMANA JACHCTBUS (JoKanbHBIA oTBet, [1][, cienoBbie moreHmansl). Pomb
JIOKaJIbHOTO TOTEHLMANa B TEHEpalul IOTEHIHala JCHCTBHS, PELENTOPHOTO W CHHANTHYECKOTO
noreHiuana. KabeabpHble CBOWCTBA BOJNIOKOH. PUTMHYEecKoe BO30YK/CHHE M CIIOHTaHHAsT aKTHBHOCTD
HEPBHOW U PaCTUTEIBHOU KIIETKH.

9. Css3p MeXIy CTpPOCHHEM MOJEKylbl Oenka u ero (ynkuuen. [moOynspuble, QuOpHUIApHBIE U
MyJIBTUCYOBeTMHIYHBIC OeKu. [ToHsITHE 00 aKTUBHOM IIEHTpE.

10. Jlo30Bble KpUBbIE BBDKHBAEMOCTH OOJIyUYEHHBIX KIIETOK (OCHOBHBIC XapaKTepHCTUKH). [IpuHIHM
[oNajaHus, MPUHLIMI MUIUCHW, [PUHIMI YCWIEHUS [IE€PBUYHBIX IOBPEXKACHUN U NPUHLHKIL
CHUCTEMHOTO OTBETa B PalnOOHOJIOTHH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

[TpumMepHBIit cITMCOK BONPOCOB K TU(PEPEHITMPOBAHHOMY 3a4ETYy.

1. Jlns mopmep:kaHHsl TMOCTOSHHOM TeMIlepaTypbl Tella YeOBEUECKH OpraHu3M TEpsieT JHEPTHUI0
MyTeM MCHapeHus BOABI C IOBEpXHOCTHU Tesa. KakoBa Macca BOzIbl, KOTOPYIO HCHApSET OPraHu3M, ECIH
HeoOxonuMo BeienuTh 104 k/[kx sHEepruum B JeHb, 0Opasyromieiicss B pesyibrare MeTa0OIHYeCcKuX
nporieccoB? YienbHas TEIIoTa UCTIAPEHHsI BOABI cocTaBisieT 2,2 kJHk/T.

2. Cnoprcmen maccoit 70 Kr A moaaeps>KaHust TOCTOSHHOM TeMiieparypsl Tena BeiienseT 600 x/x 3a
OIMH Yac TpeHUpoBKH. Ha CKombKo TrpaxycoB m3MeHWIach Obl Temreparypa Tena 3a 1 gac, eciau Obl
OpraHu3M ObLIT U30JUPOBAHHOM cucTeMoii? [IpuHAThH TemnoeMKkocTh Tena paBHoi 4,2 JIx/(r*K).

3. B OuonormueckoM MOJMMEpPE UMEET MECTO CIIEAYIOIIee MPEeBpallcHUe: HATHBHOE COCTOSHHE
MEPEXOUT B JCHATYpUpOBaHHOE. [IpH TMOBBIIICHUH TEMIIEPaTyphl PAaBHOBECHUE CIBUTACTCS BIPABO.
Kakos 3nak AG®,? Eciin ipu 60°C Benmumnaa AG® otpuriarenbHas, a AH® monoxurenbHas, Kakoi 3HaK
nMeeT BenuuuHa AS°?

4. TlepBblii U BTOPOW 3aKOHBI TEPMOJUHAMHKHM B OWoinoruu. Pacuersl sHepreTHueckux 3PQeKToB
peaknuii B OMOJOrHYECKUX CHCTeMaX. XapaKTepHCTHUECKUe (PyHKIIMU M UX MCIIOJIb30BaHHUE B aHAIIM3E
OHMOJIOTHYECKHX TPOIIECCOB.

5. Bo ckonbko pa3 u3MEHHUTCS KOHCTaHTa PAaBHOBECHS PEaKIUK MPH YBEIHMUCHUH TeMmeparypsl ¢ 25°C
1o 37°C, ecnu cBOOOIHAS YHEPTHS mporiecca paBHa —88,7 k/[x/Mon?

6. C TOYKH 3peHUS KIaCCUYECKON M CTAaTUCTUYECKOW TEPMOJMHAMUKH ONUIINTE U3MEHEHHE SHTPOIHUU
U TEMIIEPATYpbl OAHOTO MOJIS MI€aIbHOIO ra3a IIpU €r0 PaclIMPEHUHU B IIyCTOTY.

7. H3MeHeHME 3HTpPOIMM B OTKpPBITBIX cucteMax. lloctynar Ilpuroxkuna. TepmoguHaMuueckue
YCIIOBHUSI OCYIIECTBICHUS] CTAlMOHAPHOTO COCTOSIHUA. CBS3b MEXKIy BEIMUYMHAMH XHMHYECKOTO
CPOZICTBA M CKOPOCTAMH peakiuii. TepmoanHaMuieckoe CONpsKeHNe peakuii 1 TeroBbie 3 GEKTHI B
OMOJIOTHYECKUX CHCTEMAaX.

8. Csobomnas sHeprus. CBs3b C 3HTpONMEeH W TemaoBbIM 3(dexkrom mnpouecca. Bropoii 3axoH
TEPMOAMHAMUKH U CIEAAINE TTOTESHIHAIBI.

9. KoopmuHara peakiyuu u nmoHsATHE 00 aKTUBUPOBaHHOM KomIuiekce. [IpaBuno Bant-Todda u Teopus
Appennyca. Karanus.

10. Xwumuueckoe paBHOBecHE, KHHETHYECKUH U TepMoAMHaMH4YecKuil acmekTsl. KoHcTaHTa
paBHOBecHsT M DSHEpPrusl aKTUBAMK.3aJada O XUMHUYECKOM H JJIEKTPOXMMHUYECKOM pPaBHOBECHH.
XuMHu4ecKkuil noreHunal. Ypasuenue Hepacra.

11. Ananu3 maremMaTudyeckoil MoJeNU ABYX B3aUMOIEHCTBYIOIIMX BUAOB I0KAa3ajl, YTO CYILECTBYIOT
TaKUE 3HAYEHUs] NapaMeTpPOB CHCTEMBI, KOTJa JTaHHbIE BUJbl HE MOTYT COCYIIECTBOBAaTh, HE M3MEHSIA
MEePUOANYECKH CBOIO YHMCIEHHOCTh. IIpn 3TOM 3TH KonebGaHus MOTYT OBITH PAa3HBIMHU IO aMILIMTYJIE
(KaK HE3HAYUTEJIbHBIMH, TaK W JOBOJIbHO OONBIIMMH) M YyBCTBHUTEIBHBI K IpOLeccaM MUTpalty,
MPOUCXOAAIIMMHU B KaxaoW momynsuuu. [IpuBeaurte BapuaHT (ha30BOTO MOPTPETa TAKOH CHCTEMBI.
Bribepure KOHKpeTHBIE HavYajdbHBIC YCJIOBHUS, MOCTPOWTE COOTBETCTBYIOIIYI0 MM HHTETPAIbHYIO
KpuBy10. [IpuBeanTe COOTBETCTBYIOIIYIO BHIOPAHHBIM Ha4dalbHBIM YCJIOBHSM KMHETHKY AJS KasKIOTO
BHJIA. [IpOKOMMEHTHPYHTE COOTBETCTBYIOLIEE MOBEAEHUE CHCTEMBI.



12. AHanu3 MaTeMaTUyecKod MOAEIM ABYX B3aUMOJCHCTBYIOIMX BUIOB II0OKa3all, YTO CYILECTBYIOT
TaKUE 3HAYECHHS MapaMeETPOB CHCTEMBI, KOIJIa JaHHBIE BUABI MOTYT COCYIIECTBOBATh, TOIBKO U3MEHSSA
MEPUOAANYECKH CBOIO YMCIEHHOCTb. IIpn 3TOM 3TH KoseGaHUsl JOBOJBHO BEIMKH 10 aMIUIMTYIE U
YCTONYUBBI K HEOOJIBIINM BHEITHUM BO3JICHCTBUSAM U BHEITHEMY U3MEHEHUIO YHCICHHOCTH KaKA0H U3
nomynsiiuid.  [IpuBeaure BapuaHT (a3oBOro mopTpera TakoW CUCTEMBI. BrliOepuTe KOHKpETHEIC
HayaJbHBIE YCIOBUS, IIOCTPOWTE COOTBETCTBYIOLIYI0 KM HHTETpPaIbHYIO KpuByro. Ilpusennre
COOTBETCTBYIOIIYIO  BBIODAaHHBIM  HAyaJlbHBIM  YCIOBUSM  KHMHETHKY JUIi  KaXAOro  BHUJA.
IIpokoMMeEHTHPYITE COOTBETCTBYIOIIEE TOBENECHNE CUCTEMBI.

13. AHanu3 MaTeMaTUYecKod MOAEIM ABYX B3aUMOJCHCTBYIOIMX BUIOB IIOKa3all, YTO CYILECTBYIOT
TaKUE 3HAYEHUS MMapaMeTPOB CHCTEMBI, KOTJIa JTaHHBbIE BHUIBI COCYIIECTBOBATh He MOryT. IlpuBennre
BapuaHT ()a30BOTO MOPTPETa TAaKOH CHCTEMbI. BriOepruTe KOHKpETHBIE HadalIbHBIC YCIOBHS, IOCTPOITE
COOTBETCTBYIOLIYIO MM HWHTETpajbHYyl0 KpuByro. IlpuBeauTre COOTBETCTBYIOIIYIO BBIOPAHHBIM
HayaJIbHbIM YCJIOBUSM KHUHETHUKY M Kaxaoro Buaa. IIpoOKOMMEHTHpPYHTE COOTBETCTBYIOLIEE
MTOBE/ICHUE CUCTEMBI.

14. Tlpm asHanu3e BO3MOXKHOCTH TMOJACEIEHUS HOBOTO OKOJOTMYECKH ONM3KOro BHAAa B
c(hopMHpOBAaBILIEECS LICHOTUYECKOE COOOIIECTBO OBLIO MOKA3aHO, YTO BHE 3aBUCHMOCTH OT HAYaJILHOTO
COOTHOIIEHHS YHCIEHHOCTH OOOMX BHJOB CO BPEMEHEM B COOOIIECTBE OCTAHETCS TOJIBKO ONUH U3
BunoB. [IpuBenure BapuanT (a30BOro MOpPTpETa TaKOM cucTeMbl. BriOepuTe KOHKpETHBIE HadalbHbIC
yCJIOBUSI, IOCTPONTE COOTBETCTBYIOLIYI0 UM HMHTETpajlbHYI0 KpuByo. IIpuBennurte cOOTBETCTBYIOLIYIO
BBIOpaHHBIM ~ Ha4YajJbHBIM  YCIIOBMSIM KWMHETHKY Ui Kaxaoro Buzaa. [IpokomMmeHTHpYHTE
COOTBETCTBYIOIIEE [T0BEICHUE CUCTEMBI.

15. JleiictBue Y®-uznyuenuss. MonekyasipHele MexaHn3Mbl noBpexacHus IHK mpu neficteun YVO.
Knetounsie cucremsl pemapamuu JJHK. ®@ortonospexknenue u doropeakTrpanus. KoMOMHUpOBaHHOE
JefcTBUE U3IIy4YEHUS Pa3HbIX JJIMH BOJIH HA KIETKY. DepMeHTaTUBHAS PEaKTUBALIHS.

16. OcHoBHble Ouonoruueckue (axTOpbl, ONpeAesIomune pagrnodouonornyeckue 3PQeKTsl: BUA
’KMBOTO OpraHM3Ma, Bo3pacT (cTaaus pa3BuTHs), noi. IloHsTHe pagnodyBCTBUTEIBHOCTH.

17. OxwucnutenbHbIl cTpecc. AKTHUBHBIE (QOpPMBI  KHcIopona. MoleKyasipHble MEXaHU3MBbI
MOBPEXKAAIOLIETO ACHCTBUS KHciopoaa. IlyTu cBETOBOM M TEMHOBOH aKTHUBALMM MOJCKYIISIPHOTO
kucyopona. depmeHTaTUBHBIC ¥ He()EPMEHTATUBHBIC peakuu. Porb cBOOOHO-paIuKaIbHBIX PEAKIIUMA
U CHHIJIETHOTO KHCJIOPO/A.

18. TlpssmMoe W HempsiMoe JEHCTBHE HOHW3UPYIOIIMX H3IydeHui. Pamgmonu3 Bomel. Dddexr Jleiina.
PannannoHHO-UHAYUMPOBAaHHBIE OKHCIUTEIbHBIE MPOLECCHl B JIMNUAAX. AHTHOKUCIUTEILHBIC
CHCTEMbI, yJacTBYIOIINE B PETYISAIMN aKTUBHBIX (HOPM KHUCIOPOAA.

19. Jlo3pl HOHM3UPYIOIIMX HM3JIyYECHUH (DPKCIO3WIIMOHHAS, TOIIONICHHAS, DKBUBAJCHTHAs,
a¢hexTrBHAN) U UX STUHUIBL. MOIITHOCTH JIO3BI.

20. Tpaucnopt HeanekTponuToB. [Ipoctas u orpanmueHnas auddysus. 3akonbsl Duka. Caszb
MPOHUIIAEMOCTH MEMOpaH C PacTBOPHUMOCTHIO NPOHMKAIOIIMX BEUIECTB B Junuuax. OOierdeHHas

TP Py3us.

21. TloreHuuasn 1OKOs, €r0 IPOUCXOXJAEHUE U MHTEpIpeTalus Ha OCHOBE OSKBHUBAJICHTHOM
JNIEKTPUUYECKONH cxembl MeMmOpanbl. PaBHOBecHble moTeHumaibl Ayt MoHOB K m Na. AKTUBHBIN
TPAHCHOPT. DIEKTPOreHHBIH TpaHCHOPT MOHOB. Ponb AT®d-a3 B aKTHBHOM TpPaHCIOPTE HOHOB Yepe3
ouonornueckne MemOpansl. Lluki padotst Na/K nacoca u Ca-

Kputepun onennBanus

Onenka ommuyHO (10 OGamnoB) - BBICTABASIETCS  CTYNEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka ommyHo (9 OamioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka ommyHO (8 0amwioB) -  BBICTABISIETCSl  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.



OHGHKa XOpo1Io (7 6aJ'IJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MAaTCpuajl, rpaMOTHO U
0 CymeCTBy H3jarac€t €ro, ymeeT NpUMCHATH NOJYYCHHBIC 3HAHUA HAa NPAKTHUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIM OH TBEPJIO 3HAET MaTepHall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MNPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0aiIoB) - BBICTAaBISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO U IO CYIIECTBY W3JIaraeT €ro, yMeeT IPHUMEHATh [0JIyuY€HHbIE 3HaHMs Ha IPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

OreHKa yIOBJIETBOPHUTENHHO (4 Oamma) - BBICTABISICTCS CTYIACHTY, ITOKa3aBIIEeMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSTHH,
HapyUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuala, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HPOrpaMMbl, HEOOXOAMMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

Ouenka ynoBieTBOpUTENbHO (3 Oaia) - BBICTABISCTCS CTYIACHTY, ITOKa3aBIIEeMy (parMeHTapHBIN,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIETBOPHUTENBHO (2 0aia) - BEICTABISCTCS CTYCHTY, KOTOPBIN HE 3HAeT OOJbILEH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeynosieTBOpuTedabHO (1 Gayur) - BBICTABISETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Tpu npoBenennu yctHoOro auddepeHnpoBaHHOro 3aueTa o0y4aronemMycs npenocrasisiercst 30 MUHYT
Ha moarotoBky. Ompoc oOydvaromierocss mo Owiery Ha ycTHOM auddepeHmHpoBaHHOM 3aveTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



