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AHHOTANMA

JKuBBIE CHCTEMBI — 3TO OTKPBITBIE CHCTEMBI, B KOTOPBIX BA)KHYIO pOJIb HUIPAlOT 3aKOHBI HEPABHOBECHOMN
TepMoIuHaMUKH. [lo3TOoMy H3yueHHe >KMBBIX CHCTEM C TOYKHM 3pEHUS HEPABHOBECHOW TEPMOIMHAMMKH
SIBIISICTCS] KpaiiHe Ba>KHBIM JIJIs1 MIOHUMAHUSI IPOTEKAIOIIMX B HUX MPOIECCax U MX aJanTalud K N3MEHEHUSIM

BHEIIHUX YCJIOBUI.

OTOT Kypc MOCBALIEH HCTOPUM U COBPEMEHHOMY pa3BUTUI0 HEPaBHOBECHOM

TEPMOJIMHAMHKH, 0COOEHHO B OMOXHMHUYECKHX cucTemax. ClyIiaresn cMOTYT O3HAKOMUTBCS ¢ TEOPUSIMH U
MOZEJISIMU CTOXaCTHUECKON TePMOAMHAMMKH U MX MPUMEHEHHS JUI ONHCAHHUA OMOXMMHYECKHX PEaKIHid, C
OCHOBHBIMH KOHILICTILMSIMU U NPUOMIKEHUSIMH (MOZEISIMH) HEpPaBHOBECHBIX cucTeM. Kypc mpencraBiser
co00i1 Ty6oKoe NOrpyKeHHE B CIOKHBIC MPOLIECCHI, IPOTEKAOIINE B KUBBIX CHCTeMax. MeTopl UX aHaIu3a
U OLIEHKU JJIs1 pa3BUTHUSI OMOMEAMLIMHCKUX TEXHOJIOTHH.

1. leau u 3apauu

eap AUCUMNIMHBI

- SBISIETCSI OCBOEHHE CTYAEHTaMH IIOHATHII HEPABHOBECHON TEPMOIWHAMUKH W JUCCUIATHBHBIX
CTPYKTYp B KOHTEKCTE€ IIPOLIECCOB, IPOTEKAOIMX B JKUBBIX cUcTeMax. JlaTb npexacraBieHue
cilymarensiM 00 OCHOBHBIX METOJaX MW TMOAXOJaX K ONHCAHWIO, PacueTy M MOACTUPOBAHMIO
HEPaBHOBECHBIX IIPOLIECCOB B XKUBBIX CUCTEMAX.

3agauu AU CHUIIHHBI

- HAYYUTBHCA aHAJIM3UPOBATH U MOACIIMPOBATH CJIOKHBIC IIPOLICCCHI B )KUBLIX CUCTEMAX.

2. llepevyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 AnanusupyeT 3aaaqy, BBIAEISA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIICHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PEUICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT coOCTBEHHBIE CY)KJICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-2 CnocobeH uconbp30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTHHON AeATSIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl M MPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHUs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30MmacHOCTH

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITN) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
HCCIICIOBAHMSI

I1IK-1.1 Brnageer QyHIaMeHTaNbHBIMH — MOHSATHIMH,
3aKOHAMU M TEOPHUSIMH COBPEMEHHOU (DU3UKHU M OUOJIOTHH

[IK-1.2 Hmeer miyOokoe 3HaHME W IMOHMMaHUE Oa30BBIX
MaTeMaTHYEeCKUX JUCLUILUIMH

I[IK-1.3 Bmageer wMeTomamMu HaOIIOACHNS,
UJCHTU(DUKAIUH u Hay4HOM
OHOJIOTHYECKUX 00BEKTOB

OITMCAHHS,
KJIacCU(UKaIun

[1K-2 CnocoGen aHanu3upoOBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HUCCIIEI0BATEIBCKON pabOThI

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKU U
aHaJIM3a HayYHbIX JaHHBIX

I[IK-2.2 YMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBIICHUE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH




JIAHHBIC U JIeJIaTh HAyYHbIC BHIBOJIBI
(3aKITrOYCHMS )

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
00OCHOBaHMSI M J0Ka3aTelIbCTBA, HAYYHBIE MPOOJIEMBI U HX
pemieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIf
npoeCCHOHANIBHON ayAUTOPUU B IMUCBMEHHON M YCTHOU

dopme

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsiiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlleHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.1 3naer npuHIOHMIILI PabOTHI M JHANa3oHbl pabounx
apamMeTpoB HCIOIB3YEMOr0 HayYHOTO 000py/TIOBaHUS

[IK-3.2 3naer obmacTy W KPUTEPUHM NPUMEHUMOCTH
UCIOJb3YEMBIX TEOPETUYECKUX IIOAXONOB U  YMEHHE
OLICHUBATh TOYHOCTh MNPHUONMKECHHBIX aHAJIUTUYECKHX
METOJOB BBIYUCIICHUH

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIHUTENHHOU
CIIOKHOCTH  HCIIONIb3yeMbIX  alTOpUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh

npumMe

HUMOCTDB UCIIOJIb3YCMBIX MCTOJAUK U

METOIOB

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

[IK-4.2 3HaeT HCTOYHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOILLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI

3HAThb!

— PpOJb HEPAaBHOBECHBIX MPOLIECCOB B JKMBBIX CHCTEMAaX;

— OCHOBHBIE (haKTOPHI, ONPEIEIAIOINE BOZMOKHOCTh MOJICITUPOBAHUS ITPOLIECCOB;

— OCHOBHBIE HEPTeTHUECKHUE MPOIIECCHI Ha MOJICKYIISIPHO-KIIETOYHOM yYpPOBHE.
YMETb:

— aHAJIM3MPOBATh U MOJICIMPOBATH CIIOKHBIE TIPOLIECCHI B JKMBBIX CHCTEMaX.
BIIAJICTh!

POIYKTOB U TEXHOJIOTHUM.

MOJIYYCHHBIC 3HAHUSA W YMCHUA OOJIKHBI OBITH HCIIOJIB30BAHBI JJIs1 CO3JaHUA 6I/IOMe,Z[I/ILII/IHCKI/IX

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

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| PaBHOBecHasi TepMoaMHaMuKa U Ipenel 6 )
ee MPUMEHUMOCTH B )KHUBBIX CUCTEMAaX.
) 3HAaKOMCTBO c HEPaBHOBECHBIMHU 6 )
cUCTEMaMU.
OcHOBBI HEpaBHOBECHOU
3 TEPMOAVHAMUKH, JUCCUIIATUBHbBIE 6 2
CTPYKTYPBI.
4 Huddysus. 4 2
5 CrarucTHUecKHid TOAXON K JAWHAMHKE 4 2
KUBBIX CUCTEM.




6 XKuzHp B yCHOBHSX  CKYYEHHOCTH 4 5
(BNMUSIHHUE UCKITIOYCHHOTO 00beMa).

7 XUMHUYECKUE PEAKIIHH. 2 8

] YpaBHEHUST  CKOPOCTHM  peaknmuum U 4 6
JTMHAMUKA KJIETOYHBIX MPOIECCOB.

9 MonekyssipHbIE MOTOPBI. 3 8

10 SBieHusT TmepeHoca B XUMHYECKHX 4 3
peaKmusIX.

1 Camoopranu3anus JTUCCUTIATUBHBIX 5 g
CTPYKTYP.

12 HepaBHoBecHbie MeMOpaHHbBIE 4 3
MPOLECCHI.

13 buosnexrpuyectso u MOJEIIb 4 ]
XOoIKKHHA- X aAKCIIH.

14  |CgeT U XKUBBIE CUCTEMBI. 4 6

Uroro wacos 60 75

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 7 (OceHHwmi)

1. PaBHOBecHas TCPMOJUHAMUKaA U IpeAcy €€ IPUMCHHUMOCTHU B )KUBBIX CUCTCMax.

JleTepMUHHUPOBAaHHBIE M CTOXaCTUYECKUE MPOLECCHl B JKUBBIX CUCTEMaxX. bHOIOrnyeckue CHUCTeMBl,
KaKk MUHHMHU3aTOpBl. B KakuxX ciydasx paBHOBECHBIC MOJEIH MOTYT OBITh HCIIOJIBb30BaHBI IS
ONMCAHUS HEPaBHOBECHBIX TporeccoB. CBoOomHast dHeprust [MOOCa W OTKPBITBIE CHCTEMBI.
DHTPOIUS U TIPOU3BOJCTBO SHTPONHH. Teopus pa30aBICHHBIX PACTBOPOB. XUMHYECKOE PAaBHOBECHE.

2. 3HAKOMCTBO C HCPAaBHOBCCHBIMU CUCTCMAMU.

JloxanbHoe paBHOBecue. Kunernueckuii moaxon. H-teopema bombiiMana. SIBieHus mepeHoca B
XUMHYeCKuX u Ouojormueckux cucremax. CoorHomenune Credana-MakcBemna. XUMHUYECKHE
peakuuu. CLeIIeHHbIE IPOLIECCHI.

3. OCHOBBI HEPAaBHOBECHON TEPMOAMHAMUKY, TUCCUNIATUBHBIE CTPYKTYPHI.

Bropoii 3akoH TepMOIUMHAMUKY. YpaBHEHMs pPaBHOBECHS U IIPOU3BOIACTBO SHTponuu. COOTHOIIEHUS
Omnzarepa. IlpeoOpa3oBanne cwii ¥ MOTOKOB. TeronpoBogHocTs. Huddysus. [Ipumenumoctsb
nmuHeiiHoro npubmmwkenus. [lpuanun Kropu-lTlpuroknaa. MUHMMYM TPOU3BOJCTBA DHTPOIUH.
Teopus IUCCUTIATUBHBIX CTPYKTYP.

4. Tuddysus.

N3orepMuueckue U HEU30TEpMUUYECKUE cUCTEMBl. HenaeanbHple pacTBOphl. bUHApHBIE U TPOMHBIE
cucrtemsl. nddysus B HenneansHsix pactBopax. Juddysus B pactBope snekTponutoB. Juddysus B
Me30 M MaKpOMOPHUCTHIX cpeaax. Juddysns B OMOTOTHIECKHX TeNsX.

5. CTaTUCTUYECKUH MTOAXO0I K JUHAMHUKE KUBBIX CHCTEM.



Bona, kak cpena xuBbIX cucteM. OCOOCHHOCTH MPOTEKAaHHS IMPOIECCOB NMPH HHU3KHX 3HAYCHUSX
yrcna PefiHonbiaca. Bsiskoe TpeHue st OakTepuil M OENKOBBIX MOJEKYN. XapakTepHble BpeMeHa
IMCCUNIAlMA B JKUBBIX cucTemax. Juddysus B kierkax. DayopecleHTHbIE METOIBI OLECHKH
muddysnonnoii kuHetuku: FRAP (fluorescence recovery after bleaching) u FCS (fluorescence
correlation spectroscopy). Monenb HJeanbHOTO perienTopa. Kunernxa
11 Hy3MOHHO-TUMUTHPOBAHHBIX XMMUYECKUX PEAKLIUIL.

6. XXu3Hb B YCIIOBUSX CKYYEHHOCTH (BIMSHUAE UCKIIFOYEHHOTO 00beMa).

CpenmHee paccrossHUE MeEXaAy Mosiekynamu Oenka B kietke. “IloBepxHocTHas” Boja. Bnusnme
s dekra “nepenaceneHus”’ (KpayIWHT) HAa paBHOBECHE OMOXMMUYECKUX PEAKUUH M Ha KUHETHKY
pa3MUHBIX KIETOYHBIX MpoueccoB. Pemeryaras Monenp JIMTaHA-PELENTOp B3aUMOICHUCTBHSA B
yCIIOBUSX KapyauHra. D¢ ¢eKTHBHBIE CHIIBI NPUTSHKEHUS 3a cueT addexra uckimodenus (depletion
forces). Bo3HukHOBeHUe mopsiaka U3 Occmopsika. MckimodeHHBIH 00beM M TojuMepbl. Mojensb
@nopu. KpayauHr Ha moBepXHOCTH MeMOpaH, BIMSHHE Ha KUHETUKY MEMOpaHHBIX KaHAJIOB, Ha
TOIIOJIOTHIO MeMOpaHsbl, jJejeHne MmeMmOpan. Kapynuar u ckopoctu peakiuii. uddysus B ycnopusx
KpayJIuHra.

Cemectp: 8 (Becennuii)
7. XUMHUYECKHE pEaKLUU.

[MpuHIMN nerambHOTO paBHOBecHs. JlMccWmanys B XUMHYECKHX peakiusx. CKOpOCTH peakiuH,
HNOTOKM B XUMHYECKHX pEaKiusX. MHOXECTBEHHbIE XHMHYECKHE PEaKIUH. VYenosust
cranuoHapHocTH. CeTn OMOXMMHYECKMX peakuui. YpaBHeHHMEe Muxasnuc-MeHTeH M KHHETHKa
(hepMEeHTaTUBHBIX peakiuil. buoxumudeckue nukibl Gochopunrpoanus u audochopuarpopanus.
3aKOHBI COXPAHEHHS B CLIEIUICHHBIX XUMHYECKHX PEAKIIHSIX.

8. ypaBHeHI/ISI CKOPOCTH pCaKIIMM U TUHAMHKA KJICTOYHBIX ITPOLICCCOB.

Knerka kak xumuueckass ¢(abpuka. Poct Oakrepuu. Perymsiums pasmepa Oaktepuu U ee
MeTabonnyeckass akTUBHOCTh. JlnHaMuka nurockenera. KMHETHKa XMMHUUECKUX PEAaKLIUil B JKHUBBIX
cuctemax. KnHetnka nerpaganuy MoJeKysl. buMonekynsapHele peakuuy. JIMHaMIKa HOHHOTO KaHaa.
Mozens nonuMepHu3anuy/ IenoIuMepu3alui IUTOCKEeTa.

9. MonexyssipHbIE MOTOPBI.

[loctynarenbHble MOTOpbHI (KHMHE3WH, AWHEWH). COKpalleHHWEe MBIIIEYHOTO BOJOKHA (MHO3UH).
Bpamarensasie MoTopsl. [loanMmepusanuonabie MOTOPBL. bpOYHOBCKOE NIBIDKEHUE M MOJICKYIISIPHBIC
MoTOphl. CTarucThueckass Mojieidb paboThl MOJEKYISIPHOTO MOTOpa. J[BHXKeHHEe MOTOpa € TOUYKU
3peHust cBOOOAHOM sHepruu. KoopauHalis MOTOPHON aKTUBHOCTH. MOJIEKYIIpHbIE MOTOPHI C TOYKH
3peHwsl IETAILHOTO 0ananca U IPUHIIAIIA MUKPOCKOITMYECKOH 00paTuMOCTH.

10. SIBneHus nepeHoca B XMMHYECKUX PEaKIUsIX.

Heunzorepmuueckue peakunoHHO-IU(Gy3HOHHbIE cUcTeMbl. CBs3aHHash CUCTEMa XHMHYECKHX
peakuMii W TPAaHCIOPTHBIX IPOIECCOB. YpaBHeHusi OanaHca. JInHelHbIe (EHOMEHOIOTHYECKUE
ypaBHEeHUsI U (eHOMeHoorndeckne kodQduiueHTsl. DPPEKTHBHOCTh MPEOOPa3OBaHMs dHEPTHH
peakunoHHO-1U(pPYy3nOHHON cucTeMbl. HenmmHeliHas MaKpOKHMHETHKA B PeaKIMOHHO-TU(PPy3HOHHOI
cucreme. OG00IIEHHAS XMMUYECKasi KHHETHKA.

11. Camoopranuzanus JUCCUIATUBHBIX CTPYKTYD.

MaremaTndeckue acnekTbl CaMOOpraHW3aluu. J[eTepMHUHHCTHYECKHE METOIBL. YCTOMYHMBOCTBH IIO
JlanynoBy. Teopus Oudypkaumit. Teopus karacTpod. ABTOKAaTaTUTHYECKUE  MOAECIH.
JuccunaruBHble CTPYKTYphl U SBJIEHHMS CAMOOPTaHU3alMM. OBONIOLMA M JIUCCUIIATHUBHbIC

CTPYKTYpBHI.

12. HepaBHOBECHBIE MEMOpPAHHBIC MTPOIIECCHI.



[ToTepss MEXaHWYECKOTO PABHOBECHs M M3MEHEHHs! (HOpPMbI MEMOpAHHBIX CTPYKTYyp. IlaccuBHBIN 1
aKTHBHBIH TpaHCHoOpT depe3 MemOpanbl. Da3oBblid mepexom ¥ MeMOpaHHBIE JOMEHBI.
Peaknmonno-muddy3noHHbIe Mpoliecchl B Ouomornvecknx memOpaHax. CTpykTypa MeMOpaHHBIX
KOMITAPTMEHTOB W (PYHKIIWS TUCCHITAIIHH.

13. buosnekTpruyecTBO U MOAEb XOKKUHA- X AKCIIH.

Ponb smekrpuuectBa B KIIETKE. OJEKTPUYECKHH 3apsiag  kineTkd (ypaBHenwe HepHcra).
[Mponunaemoctr MeMOpaHbl W ToTeHIMan lombamana. MonHble kaHanmel W Hacockl. [loreHiman
necTBus.  DJEKTpUYecKas CXeMa akCcoHa. YpaBHeHue kabems. PacmpocTpaneHue BOJIHBI
Jenossipuzanio. Monenb XomKKrHa- X aKCIIH.

14. CBeT u )KUBBIE CUCTEMEL.

®orocunte3. KBanToBass MexaHuka B OMOJOTMYECKHX cHUCTeMax. Peakius mepeHoca 3JIEeKTpOHa B
dotocuntese. buosnepreruka u porocunTes. CBET U 3peHHUE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOXMMOM AJIsl OCYIIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebOHble ayTuTOpUH, OCHAIIEHHbIE MYJIBTUMEIUIHHBIM 000pyAOBaHNEM (3KpaH, IPOEKT, ayIu0 U
BHJEOANIaparypa, HOyTOyK ¢ OAKIIIOUeHUEM K ceTu «IHTepHeT», MUKpO(OHBI).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. TepMonmHaMHKa W KWHETHKA OMOJIOTHYECKUX TIporieccoB. [IpobieMbl HepaBHOBECHOM
TEPMOJIMHAMUKH, KHHETHKA [IEPEXOJHBIX IIPOLECCOB, IKCTPEMAIIbHbIC IPUHIIHIIBL, IEPEXOTHBIE
MPOIECCH B )KUBBIX cucreMax [Tekcr], [MoHOTpadus]/oTe. pen. A. U. 3otuH , -M., Hayxka, 1980
2. TepmoanHaAMUKa HEPABHOBECHBIX MPOLIECCOB JJISI XUMUKOB , C TIPHIIOKEHHEM K XUMHYECKOM
KMHETHKE, KaTallu3y, MaTepuajJoBEACHUIO U Onooruu: yuedHoe nocodue aj1s crynentos /B. H.
[Mapmon; HarmonanbHbI nccieaoBarenbckuil yHuBepcuTeT "HoBocHOMpCKUii rocy1apCTBEHHBIH
yausepcuret". Jonronpyansiii, UaTemnekt, 2015
3. TepMomuHamMHuUecKasi TEOpHUsi CTPYKTYPhI, yeTounBocTH U (urykryaruu [ Teker] = Thermodynamics
theory of structure, stability and fluctuations, monorpadus/I1. ['mencnopd, 1. Ilpuroxun , -M., Mup,
1973

JUTeparypa npenocrasiecHa 6a30Boi kadeapoit

Kuszea A.T. Benenue B TepMOJIMHAMUKY HEOOpaTuMBIX mpolieccoB. Jleknuu o mojensix. Uzn. «MBan
®enopon» Tomck 2014

JlononHuTeNbHAS TUTEPATypa
JUTeparypa npenocrasiecHa 6a30Boi kadeapoit

Yasar Demirel. Nonequilibrium Thermodynamics Transport and Rate Processes in Physical, Chemical
and Biological Systems. Third Edition. Elsevier. 2013

E.N.CrenanoBckux, JI.A.bpycuuiipina. HepaBHOBeCHBIE SIBIIEHNS B XUMHUYECKHUX TMIpolieccax.
W3narensctBo Ypansckoro yHusepcurera. 2013

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



s gactu 3aHsaTUN oTpedyercs SAHaeKe TeneMocT. SIHAeKC TUCK AT TOCTyIa K MaTepraliaM Kypca.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJIsl y4acTHsI B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUE Kypca TpeOyeT HapssKEHHON caMOCTOATENbHOM paboThl cTyneHTa. B mporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HE0OX0JMMOe BpeMs 1Sl pabOoThI CTY/IeHTa HaJl TEMOH.

CamocrosiTenbHas paboTa BKIIOUACT B CE0s:
— TpopaboTKy y4eOHOro MaTepuaia (1Mo y4eOHOH 1 HayqHOH TuTeparype);

- IOATOTOBKY OTBCTOB Ha BOIIPOCHI, NPEAHA3HAYCHHBIC ]I CaMOCTOATCIIBHOIO HU3YUCHUA,
J0Ka3aTrcJIbCTBO OTACIIbHBIX YTBep)K,E[eHPlﬁ, CBOICTB.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: CucreMHas ¥ CHHTETHYECKAsT OUOJIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa CHCTEMHON U CHHTETUIECKON OMOIOTHH

Kypc: 4

kBaTuuKkanus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
7 (oceHHui) - 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

Pa3paborunk: B.M. T'oBopyH, n-p 6uon. Hayk, nmpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-2 CniocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
IPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IS TeIBHOCTH, COOITIOas
TpeboBaHusg HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl W MNPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad = B
npodeccuoHaIbHON 0bnacTu

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30macHOCTH

[MK-1 CriocoGeH m1aHupoBaTh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Brnageer QyHIaMeHTaNbHBIMH  MOHSITHIMH,
3aKOHAMU M TEOPHUSIMH COBPEMEHHOU (DU3UKHU U OUOIIOTHH

[IK-1.2 Hmeer miyOokoe 3HaHME W IMOHMMaHUE Oa30BBIX
MaTeMaTHYeCKUX JUCLUILUIMH

I[IK-1.3 Bmageer wMeTomamMu HaOTIOAEHHS, OIMCAHUSA,
UJCHTU(DUKAIUH u Hay4HOM Kiaccuukanuu
OHOIIOTHMYECKHUX 00BEKTOB

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIC B
X07Ie HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW 0OpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[IK-2.2  VYmeer HaxoguTh  KIIOYEBBIE  MapaMeTpHl,
OTIpENICNIAIONINE HU3yyaeMoe SIBJICHHE, W IPOU3BOIUTH
YHCIIEHHBIC OLIEHKH T10 MOPSIIKY BETUIHHBI

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
000CHOBaHMS M J10Ka3aTeNbCTBA, HAYYHbIE NMPOOIEMBI M HX
pelieHUs] SCHO M TOYHO B TEPMUHAX, MOHITHBIX JUIA
mpoheCCUOHANBHON ayAUTOPUH B MUCHBMEHHOH W YCTHOU

dhopme

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW NpeAMETHOM 00IacTH

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHara3oHbl pabounx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pYyI0BaHUS

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

[IK-3.3 Ymeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0beMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

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

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.2 3HaeT WCTOYHUKM TIPOMCXOXKACHUS M yMEET
[IPOU3BOIUTH  OLIEHKY  IIOTPEIIHOCTH  WU3MEPEHHH WU
JIOCTOBEPHOCTH SKCIIEPUMEHTANIBHBIX PE3YIBTATOB

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




2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare wn3yuenus aucumiuinHbel «HepaBHOBecHble mpoueccsl B (DU3NYECKHX,
OMOJIOTMYECKUX CHCTEMaxX» 00yUalOIIMNACs JOJKEH:

3HAThb:

yMeThb:

POJIb HEPABHOBECHBIX MPOLIECCOB B XKMUBBIX CHCTEMAX;
OCHOBHBIC (haKTOPBI, OIPENISIISIONINE BOBMOKHOCTh MOJICIIMPOBAHUS ITPOIIECCOB;
OCHOBHBIE YHEPreTUUECKUE MPOLECCHl HAa MOJIEKYIISIPHO-KJIETOYHOM YPOBHE.

— AaHaJIM3UPOBATb U MOACIIUPOBATH CJIOXHBIC ITPOLECCHI B JKUBBIX CUCTCMAX.

BJA€Th:

XUMHYCCKUX H

IMOJIYUCHHBIC 3HAaHUSA W YMCHHA OOJDKHBI OBITh HCITOJIE30BAHBI JJIA CO3aaHMA 6PIOM€I[I/II_H/IHCKI/IX
MNPOAYKTOB U TCXHOJIOTHIH.

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

Bo BpCEMs TCKYIICTO KOHTPOJIA CTYACHT JOJDKCH YMCTh OTBECTUTDH HA CJICAYIOMIUC BOIMPOCHI:

e A Al ol

OOBSCHUTD CYyTh OMOJIOTHYECKUX CHCTEM KaK MUHUMH3aTOPOB
[Ipoueccor quddy3un

PaBHOBecHE U SHTPOITHIO

[TpUHIMITBI CTATHCTHKH B )KUBBIX CUCTEMAx

Konrenmust naeaabHOTO perentopa

Oddexr Kpaynunra

KuHeTnka XMMUYECKHX MPOIIECCOB B )KUBBIX CUCTEMax
[ToHsTHE MOJIEKYISPHBIX MOTOPOB

VYpaBHeHue OanaHca

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Tunossie BOIIPOCHI JIA 3a4CTa

1.
2.

I[eTepMI/IHI/IpOBaHHBIe " CTOXAaCTHUYCCKUC IMMPOLECChI B JKUBBIX CUCTCMAX.
buonornueckue CHUCTEMbI, KAK MUHUMHN3ATOPHI.

3. B kakmx Cllydasx paBHOBCCHBIC MOACIN MOT'YT OBITh UCITOJIE30BAHBI IJIA OITMCAaHU HEPABHOBCCHBIX
MpoLecCCOB.

® N R

9.

CBo0Oomnas sueprust [ m00ca v OTKPHITHIE CUCTEMBI.
DHTpONHS ¥ TPOU3BOJICTBO SHTPOIIUH.

Teopust pa30aBICHHBIX PACTBOPOB.

XHUMHUYECKOE paBHOBECHE.

JlokaneHOE paBHOBECHE.

Kunernueckuiit nogxon

10. H-teopema bonbiimana.

11. SIBneuns nepeHoCca B XUMHUUYCCKUX U OMOJIOTHYECKHUX CUCTEMAX.

12. Cootnomenne Credana-Makcseia.

Tumnossie Bonpocsl u1st [udGepeHIMPOBAHHOTO 3a4eTa

1.
2.
3.
4.

BTOpOﬁ 3aKOH TCPMOAUHAMUKHU. ypaBHCHI/ISI PaBHOBCCHUA U TPOU3BOACTBO DHTPOIIUH.

TenmmonpoBognocTs. Auddysus. [lpumeHnMOCTh TUHEHHOTO TPUOTIKEHUSL.
N3orepMuueckre 1 HEM30TepMUUIECKHE CUCTEMBI. HenneanbHble pacTBOPHI.
[IpuHiun neranpHOrO paBHOBECHS. Jnccunanus B XUMHUECKUX PEaKLUsIX.



5. Craructuyeckas MoAelb pabOThl MOJEKYISIPHOTO MOTopa. [IBMKEeHHE MOTOpa C TOYKH 3pEHHS
CBOOOJHOM 3HEPTHUH.

6. VYpaBHeHus OanaHca. JIuHeiiHble ()EHOMEHOJIOTMYECKHE YpaBHEHHS U (DEHOMEHOJOrHYECKHe
k03 pumeHTHI.

7. IloTeps MEXaHMUECKOTO PAaBHOBECHUS U U3MEHEHUS (POPMBI MEMOPAHHBIX CTPYKTYD.

8. PeaxnuonHo-nuddy3uonnsie mporecchl B Onojornueckux Memopanax. CTpykTypa MeMOpaHHBIX
KOMIIAPTMEHTOB M (DYHKIMS AUCCUTIAIHH.

9. Pounb anexTpudecTBa B KJIETKe. DINEeKTpHUUECKUl 3apsi kieTku (ypaBHenue HepHceTa).

10. ®ortocunTe3. KBaHTOBas MeXxaHWKa B OMOIIOTMUECKUX CUCTEMAX.

11. buosnepreruka u ¢porocuntes. CBET U 3peHHE.

12. Henunelinasi MaKpOKHMHETHKA B peakUMOHHO-TU(Py3noHHON cucteme. OO00MEHHAs XUMAYeCKast
KMHETHKA.

Kpurepun onennBanus

Onenka ommuyHO (10 OGamnmoB) - BBICTABISICTCSl  CTY/AGHTY, T[IOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHNH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HNPUHATHIX PELLICHAMN.

Onenka ommyao (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO (8 OamwioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

OHGHKa XOpo1Io (7 6aJ'IJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpuall, rpaMOTHO U
0 CymeCTBYy H3jaract €ro, ymeeT NpUMCHATH NOJYYCHHBIC 3HAHUA HAa MNPAKTHUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

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

Onenka xopomo (5 0aiIoB) - BBICTABISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO U IO CYLIECTBY H3JaraeT €ro, ymMeeT IPHUMEHSTb IOJIy4YEHHbIE 3HAHUSA Ha IIPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 334 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.

OueHka ymoBIETBOpUTENbHO (4 Oaia) - BBICTABIACTCS CTYACHTY, NOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTUMYECKOU IOCIIEIOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO Marepuaa, HO TIPH dTOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHOM HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MPUMEHSTH TOJTyYeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OueHka ymoBiIeTBOpUTENbHO (3 Oamia) - BBICTABIACTCS CTYACHTY, NOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOTPAMMHOTIO Marepuaia, ciado
BJIaJICET OCHOBHBIMH pa3JieiaMH yu4eOHO! MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIETBOPHUTENBHO (2 0aia) - BEICTABISCTCS CTYJCHTY, KOTOPBIN HE 3HAeT OOJbILEH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBieTBOpuTedabHO (1 Gayur) - BBICTABISETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiine ommOKd B (popMyITUpoOBKax
0a30BBIX HOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

OneHka «3a4TEHO» BBICTABIIAETCS CTYAEHTY, €CJIU OH II0Ka3aJl BCECTOPOHHHE, CUCTEMAaTU3UPOBaHHbIE,
IyOOKHe 3HaHUS yueOHOUM MporpaMMbl AUCHUIUIMHBI U YMEHHUE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.



OueHka «HE 3aU4TEHO» BBICTABISIETCS CTYAEHTY, KOTOPBIH HE 3HAeT OOJbIIEH YacTH OCHOBHOTO
copepkaHusi y4eOHOW NporpaMMbl JUCHMIUIMHBI, AOMYCKaeT rpyOble OmHUOKH B (HOPMYIHPOBKAX
OCHOBHBIX IOHSATHM IUCLMIUIMHBI M HE yMEET MCIIOJIb30BaTh IIOJYUYEHHbIE 3HAHMS IIPU PEILIECHUU
TUMOBBIX MPAKTUYECKUX 3a7ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBenenun 3adera u AudQepeHIUpPOBaHHOrO 3ayeTa oOydaromeMycs NpeaocTaBisercs 45
MHHYT Ha moaroroBky. Ompoc oOydwaromierocss He JOJDKEH IMPEBBIMIATh OJHOIO acTPOHOMHYECKOTO
yaca.



