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110 OMOJIOTHYSCKUM U MCIHUIIMHCKHUM HayKaM

BBenenue

B ocHOBy Hacrosimield mporpaMMbl MOJIOKEHBI CIEAYIOUINE pa3felbl: TeopeTHdecKas
onodusnka;, MojekyjsipHas Ouodusnka, OHMOopU3MKA KIETOYHBIX M MEMOpPaHHBIX
npoiieccoB; 6nopuszuka GoToOMOTOTHUECKUX MPOIIECCOB; paualliOHHas OnoQu3HKa.

[Iporpamma pa3zpaboTaHa 3KCHEPTHHIM COBETOM Bricmiel arTecTaniMoOHHONW KOMHCCHH
10 OMOOTUIECKUM HAayKaM.

1. TeopeTnueckasi OMopu3nKa

[Ipenmer u 3amaun Ouodusuku. buonormyeckue u ¢GU3MYECKUE TMPOLECCH U
3aKOHOMEPHOCTH B JKHMBBIX CHUCTEMax. MeTOJ0JOTHYECKUE BOIMPOCH OHMOPUUKH.
Ucropust pa3Butus oTeuecTBEHHOW Ouodusuku. 3anauyn OMOPU3MKKM B MPaAKTUKE
HapOJHOI0 XO3sHMCTBA.

1.1. Kunetuka OMOJOTHYECKUX TTPOIIECCOB.

OcHoBHbIE OCOOEHHOCTH KMHETUKHM OMOJOTHYECKHX IpoueccoB. OnucaHue TUHAMHUKU
OMOJIOTMYECKUX MPOLIECCOB Ha $3bIKE XUMHUYECKOW KUHETHKH. Maremartuyeckue
MOJIeNH. 3ajaud MaTeMaTU4ecKOoro MoJeINpoBaHUs B Ouonoruu. OOLIMEe MPUHIIMUIIBI
MIOCTPOEHUs ~ MAaTeMAaTHYECKUX  Mojene  Ouonormueckux  cuctem. llonsTue
aJICKBATHOCTU MOJIENU peajbHOMY OOBEKTy. J[MHaMHuecKue MOJeau OMOJIOrMYEeCKUX
npoueccoB. JIMHelWHbIE M HENMHEWHBIE TpoLecChl. MeToabl KayeCTBEHHOM TEOpUHU
i depeHIrnanbHbIX YPAaBHEHUN B aHajdu3€ JUHAMUYECKHX CBOMCTB OMOJIOTMYECKHX
npoueccos. [lonsaTue o ¢pazoBoil MIOCKOCTH U (pa30BOM MOPTPETE cUCTEMBI. BpeMeHHas
Uepapxusi U TPHUHIMI «Yy3KOr0 MECTa» B OMOJOTMYECKHUX CHUCTEMax. YIpaBJsiolIne
napaMmeTphl. BeICTpbIE U MEIJICHHBIE IEPEMEHHBIE.

CniocoOBI MAaTEMATHYECKOI'O OITUCAHMS MPOCTPAHCTBCHHO HCOAHOPOAHBIX CHUCTCM.

CrauuoHapHble COCTOSIHUSI OMOJOTUYECKUX CUCTEM. MHOXKECTBEHHOCTh CTAallMOHAPHBIX
COCTOSIHUM. Y CTOWYUBOCTD CTALlHOHAPHBIX COCTOSIHUM.



Mopenu tpurreproro tuna. I[Ipumepsl. CuinoBoe U MmapaMeTpU4EeCcKOe MEPEKIIOUYECHUE
tpurrepa. ['ucrepesucusie sBineHusi. KomnebarenbHble mponecchl B OHOJIOTHH.
ABTOKONEOaTENbHbIE PeKUMBL. [IpeenbHble HUKIIbI U UX YCTONYMBOCTb. [IpuMepsl.

[IpencraBiennss O MPOCTPAHCTBEHHO HEOJHOPOJHBIX CTAllMOHAPHBIX COCTOSIHUSX
(IMCCUTIaTUBHBIX CTPYKTYpax) U yCIOBUAX UX 00pa3oBaHUsI.

Kunernka pepmeHTaTHBHBIX TIpoiieccoB. OCOOCHHOCTH MEXaHW3MOB (hepMEHTATUBHBIX
peaxuuii. [Tonsitue o ¢pusuke GepMEeHTATUBHOTO KaTalu3a.

Kunernka mnpocredmmx  (QepMEeHTATUBHBIX  peakiuil.  YCIOBUS — peau3aluu
CTallMOHApHOCTH. YpaBHeHHME Muxariuca-MeHnreH. BiausHue wMoau¢ukaropoB Ha
KUHETUKY (pepmeHTaTUBHBIX peakuuil. [Ipumenenne merona rpadoB 17 UCCIEI0BaHUS
CTallMOHAPHOM KUHETHKU (epMEHTAaTUBHBIX peakuuid. OOIIMe NpUHLMIIBI aHaIu3a
0oJiee CI0XKHBIX (PEPMEHTATUBHBIX PEAKIIMA.

BnugHue TemmepaTypbl Ha CKOPOCTh peakuuid B OMOJOTMYECKHX CHUCTEMax.
B3auMoCBA3b ~ KMHETHMYECKMX W TEPMOJMHAMHMYECKMX  mapaMeTpoB.  Pounb
KOH(OPMAIMOHHBIX CBOMCTB OMOIOIMMEPOB.

1.2. TepmoarHamMuka OMOJIOrMYECKUX MPOIIECCOB.

Knaccudukanus TepMOAMHAMUYECKUX CUCTeM. [lepBelii W  BTOpOH  3aKOHBI
TEPMOJIMHAMUKU B Ouonoruu. TemmoeMKoCTh M CKUMAaEeMOCTh OEJIKOBBIX TJI00YII.
Pacuetst sHepretmdeckux 3(PGEeKToB peakiuid B OMOJIOTHYECKUX  CUCTEMax.
XapakTepucTuieckue (QYHKIIMM W HX HCIOJB30BAaHWE B aHANIHM3€ OHOJIOTHYECKUX
IPOIIECCOB.

N3menenne  oHTponmuMu B OTKpBITBIX  cucremax.  [loctymar  Ilpuroxuna.
TepmoanHaMUUYeCcKuEe YCIOBHSI OCYIIECTBIEHHS CTAallMOHAPHOrO CcOCTOsIHUS. CBsA3b
MEXIYy  BEIMYMHAMH  XUMHMYECKOTO  CpPOACTBA U CKOPOCTAMH  PEaKIUU.
TepMonnHaMuyeckoe CONpPSDKEHUE peaklui U TEIUIOBble 3(PPEKTh B OMOIOTMUECKHUX
CUCTEMAX.

[Tousitue 0OOOLIEHHBIX CHJI M IOTOKOB. JIMHEWHBIE COOTHOIIEHHS W COOTHOIIEHUS
B3auMHOCcTH OH3arepa. TepMOJIMHAMHUKA TPAHCIOPTHBIX IpoueccoB. CTannoHapHOE
COCTOSIHME Y YCJIOBHUSI MUHUMYyMa CKOPOCTH NMpupocTa 3HTponuu. Teopema [Ipuroxuna.

[Ipumenenue JHMHEWHOW TEPMOJMHAMUKH B  Ouosioruu. TepMoJIMHAMHUYECKHE
XapaKTEPUCTUKU  MOJEKYJISPHO-DHEPreTUYECKUX  TMPOIECCOB B OMOCUCTEMAX.
Henunelinas tepmoanHaMuka.

OO0uue KpuTepur yCTOMUYUBOCTH CTAIlMOHAPHBIX COCTOSTHUN M Mepexojia K HUM BOJIM3HU
Y BIQJIM OT PABHOBECHS.

CBs13b SHTpONMH U UHPOPMAIIUK B OMOJIOTHUECKUX CUCTEMAX.



2. MoJgekyasipaasi 0uopusnka
2.1. IIpocTpaHCTBEHHAs OpraHu3alus OMOMOIMMEPOB.

Makpomoiiekysla Kak OCHOBAa OpraHmzanmuu OuocTpykTyp. IIpocTtpaHcTBeHHas
koH(purypanust ~ OuomonumepoB.  CraTUCTHYECKUN  XapakTep  KOHGOpMAIHMH
OMOTIOIMMEPOB.

VYcnoBuss  cTaOUIBHOCTH  KOHGUTypauud Makpomolsiekysl. Da30Bble  MEpPEXOJibl.
[lepexoapl r00yna- kiyook. KoomepaTuBHbIE CBONHCTBA MaKpOMOJEKyJd. THIIbI
00BEMHBIX B3aMMOJICUCTBUN B OCIKOBBIX MaKpOMOJIeKyJaX. BogopoaHbie CBSI3U: CHIIBI
Ban-nep-Baanbca; snekTpocratMueckue B3aUMOJACMCTBUS; TMOBOPOTHAs H30MEpUs U
SHEpPrus BHYTpeHHero Bpaimienus. Pacuer oOmed koHbopMamuu  SHEPrUH
OHMOIIOTNMEPOB.

@DakTOphI CTAOMIN3AIMY MAKPOMOJIEKYJI, HAAMOJICKYJISIPHBIX CTPYKTYp U OoMeMOpaH.

B3aumopeiictBue MakpoMosekyn ¢ pactBoputesneMm. CocTosiHue BOABI U TUAPO(POOHBIE
B3aMMOJIEUCTBHS B OMOCTpYKTypax. [lepexoabl ciupaib-KiIyOoK.

Oco0eHHOCTH MPOCTPAHCTBEHHOW OpraHM3alli OCKOB U HYKJIECHHOBBIX KHCIIOT.
Mopenn QuOpUIUISIpHBIX W TI00YISpHBIX OenkoB. KonudecTBeHHass CTPYKTypHas
Teopus Oenka.

2.2. JluHamMH4YecKre CBOMCTBA TI00YISPHBIX OEITKOB.

CTpykTypHBIE ¥  JHEpPreTMdyeckue (akTOphbl, OMPEACNAINE JUHAMHYECKYIO
MOABMYKHOCTD O€IKOB. | HIIEprIOBEPXHOCTH YPOBHEN KOH(POPMALIMOHHON SHEPTHH.

JlnHamuyeckas CTpyKTypa OJIUTONENTHIOB U TJIOOYJISPHBIX O€IKOB; KOH(GOPMAIIMOHHAS
MOJIBDKHOCTh. MeTonibl  u3ydeHHus KOH(GOPMAIIMOHHON TMOJBH)KHOCTH: HW30TOMHBIN
oOMeH, JIFoMUHECIIeHTHbIe MeToabl, DIIP, ramma- pe3onaHcHas cnekrpockomwus, SIMP
BBICOKOTO pa3pelIeHUs], UMITYJIbCHbIE METOABI AMP, METOABI MONEKYIIAPHON AUHAMUKHU.
ABTO- U KPOCCKOPPENSIIIMOHHBbIE (PYHKIIUM TOPCHOHHBIX YIJIOB U MEXATOMHBIX
pacctostHuil. KapTsl ypoBHEW CBOOOIHOM YHEPTUHU TIENTUIIOB.

PesynmbraTtel  umcciemoBaHWs — KOH(DOPMAIMOHHOW  TOJMBIMOKHOCTH.  OrpaHWYCHHAS
muddysusa. Tumnbel nBwKeHUs B Oenkax. Mepapxus aMIUIMTYJ W BPEMEH pelaKCalliH
KOHPOpPMAIMOHHBIX  NBIWKeHUH.  CB3b  XapakTepUCTHK  KOHPOPMAIMOHHON
MOJIBMKHOCTH O€JIKOB ¢ MX (YHKIIMOHATHLHBIMH CBOWCTBaMH. J[MHAMHKa SJIEKTPOHHO-
KOH(OPMAITMOHHBIX  TepexogoB. Pons  Bombl B guHamuke  OenkoB.  Ponb
KOH(OPMAITMOHHOW TOJBMKHOCTA B (GOpMHpPOBAHUU (HEPMEHTOB M TPAHCHOPTHBIX
OEJIKOB.

2.3. DneKTpOHHbIE CBOMCTBA OMOMOIUMEPOB.

DOneKkTpoHHbIE YPOBHU B Ononoiaumepax. OCHOBBIHE THIIBI MOJIEKYJISIPHBIX OopOuTaneit u
ANIEKTPOHHBIX COCTOSIHUMN, JI-DJICKTPOHBI, PHEPrus nenokanu3anuu. Cxema S610HCKOTO



Ut CIOXKHBIX Mojekyn. [lpunmun ®panka - KoHmoHa u 3aKkoHBI (IyOpECIICHIINH.
JlromuHecueHIusl OMOJIOTUYECKH Ba)XXKHBIX MOJIEKYJ. MeXaHU3Mbl MUTPALMU SHEPrHUU:
PE30HAHCHBI MEXaHW3M, CHUHIJIET-CHHIJICTHBIN W TPUIUICT-TPUILIETHBIA MEPEHOCHI,
MUrpanus JKcuToHa. Ilpupoma TrUNEPXPOMHOTO U THUHOXPOMHOTo 3¢ (dEKTOoB.
Onruyeckas INIOTHOCTb.

Bo30OyxaeHHbie cocTtosiHug M TpaHchopmanus sHepruu B OuocTpyktypax. lleperoc
AJIEKTPOHA B OMOCTpyKTypax. Paznuunble ¢uznueckre MOAENIU MEePeHOoca dIEKTPOHA.
Tynnenvubii  3¢gdexr. TyHHeNIMpoOBaHHWE C Y4YaCTHEM BUPTYAIbHBIX YPOBHEH.
DneKTpOHHO-KOH(POPMAIIMOHHBIE B3aUMOJICUCTBUS M PEJIAaKCAI[MOHHBIE TPOIECCHl B
OMOCTPYKTYypax.

CoBpeMEHHbIE  MPEJCTaBIEHUS O MeXaHu3Max (EepMEHTATUBHOIO  Karaju3a.
DneKTPOHHO-KOH(POPMALIMOHHBIE B3aMMOJICHCTBHUS B bepmeHT-cyOcTpaTHOM
koMmIuiekce. O6pa3zoBaHME MHOTOIEHTPOBOW aKTUBHOM KOH(GUTYpaIUU.

3. buodusuka KJIeTOYHbIX NpoueccoB. buopuznka MeMOpaHHBIX POLECCOB
3.1. Crpykrypa u GyHKIIMOHUPOBAHUE OMOJIOTHUECKUX MEeMOpaH.

MemOpana Kak yHUBEpPCAJbHbIH KOMIIOHEHT OHOJIOTHYECKHX cucTeM. Pa3Butue
NpeACTaBICHUN O CTPYKTYPHOM opraHu3aiuu MeMOpaH. XapakTepuCcTHKa MEeMOpPaHHBIX
0enkoB. XapakTepucTka MEMOpPaHHBIX JIUMKUAOB. JIMHAMUKA CTPYKTYPHBIX 3JIEMEHTOB
MeMOpaHnbl. benok -nmunugHeie B3auMojedcTBUS. Boma kKak COCTaBHOM 2JIEMEHT
ounomeMOpaH.

MonenbHble MeMOpaHHBIE CUCTEMBI. MOHOCION Ha TpaHuile pazaena (a3. bucnoiinbie
MeMmOpanbl. [IpoTeonunocomsl.

OU3NKO-XUMUYECKUE MEXAaHU3Mbl cTabminzanuu MemOpaH. OcoOeHHOCTH (ha30BbIX
epexoJoB B MEMOpaHHBIX cUCTeMaX. BpaiarenbHas U TpacislMOHHAs TOJIBUKHOCTh
dbochomunuaos, haumn-daon nepexoabl. [lonBuxHOCT, MeMOpaHHBIX OeNKOB. BiusHue
BHEIIHUX (9KOJIOTUYECKHUX ) (bakTopoB Ha CTPYKTYPHO-(DYHKITMOHAJIbHbBIE
XapaKTEePUCTUKU OMOMeMOpaH.

[ToBepXHOCTHBIN 3apsi MEMOpPAHHBIX CHCTEM; MPOUCXOKIACHUE DIIEKTPOKHUHETHUECKOIO
noTeHIHala. SIBjieHrne moJigpu3anuu B MeMmOpaHax. /lucnepcust 31eKTponpoBOJHOCTH,
€MKOCTH, JUAJIEKTPUUECKOW MPOHUIAEMOCTH. 3aBUCUMOCTb JAMAIEKTPUUYECKUX MOTEPD
oT 4acToThl. OCOOEHHOCTU CTPYKTYPbI JKUBBIX KJIETOK U TKaHEH, JiexKallllie B OCHOBE UX
AIEKTPUYECKUX CBOWCTB.

CB0OOHBIE paJUKaIbl MPH IEIMHBIX PEaKIUAX OKHUCIACHHS JUIHI0B B MeMOpaHax M
JIPYTUX KIETOYHBIX CTpyKTypax. OOpa3oBaHue CBOOOJHBIX paJMKalOB B TKAHSIX B
HOPME M TIpU MATOJOTMYECKUX TMpolreccax. Poib akTUBHBIX (opM KucIopoja.
AHTHOKCHIAHTBI, MEXaHW3M WX OHWOJIoTMYECcKoro JjacucTBug. EcTecTBeHHBIC
AQHTUOKCUJAHThI TKAHEW U UX OUOJOoTUYecKas poJib.



3.2. buoduizuka npoueccoB TpaHCHIOPTa BEUIECTB Yepe3 OnoMeMOpaHsbl U
OMO3JIEKTPOTEHE3.

[TaccuBHBIN U aKTUBHBIN TPAHCTIOPT BEIIECTB Yyepe3 OMOMeMOpaHBbI.

Tpancnopt HeanekTpoauToB. [IpoHunaemocts MeMOpaH 1i1st Boaibl. [IpocTas nuddysus.
Orpannuennas auddys3usa. CBA3b MNPOHUIIAEMOCTH MEMOpPAaH C PACTBOPUMOCTHIO
MPOHUKAIOIIUX BemlecTB B junuaax. Ooneryennas nuddysus. Tpancnopt CaxapoB u
AMUHOKHUCIIOT Yepe3 MEMOpaHbl ¢ y4acTUEM MePEeHOCUUKOB. [IMHOLUTOS.

TpaHcnopT 37MEKTPOJUTOB. DIEKTPOXMMHUYECKUN NoTeHIuan. loHHoe paBHOBecHe Ha
rpanuiie Memopana-pactBop. [Ipodunm moreHnnana u KOHIEHTPAIMU HOHOB B JBOITHOM
anexkTpuueckoMm cioe. PaBHoBecue JloHHana. [laccuBHBIN TpaHCHOPT; IBMKYILNE CHUIIBI
nepeHoca MOHOB. JnekrpomuddyszuonHoe ypaBHenue Hepucra-Ilnanka. YpaBuenus
MOCTOSIHHOTO TOJI U NOTEHIIHAa U MIOHHOTO TOKa. [[poHMIIaeMoCcTh 1 mMpOBOAUMOCTb.
CooTHoIIeHne OAHOCTOPOHHUX MOTOKOB (COOTHOILIEHUE Y CCHUHTA).

[ToTeHuMan mOKOS, €ro MNPOUCXOXKJICHHE. AKTUBHBIA TPAHCHOPT. IDJIEKTPOrCHHBIN
TpaHCIOPT HOHOB. Yuacthe AT®da3 B aKkTUBHOM TpaHCIOPTE HOHOB Yepe3
Oouonornyeckue MeMmOpaHbl. VOHHBIE KaHANbI; TEOPHUS OJHOPSAIHOTO TPAHCIOPTA.
HNonodopel: mepeHOCUYNKH W KaHAI0o0Opasyromme areHThl. oHHas CeNeKTHBHOCTH
MeMOpaH (TepMOAMHAMHYECKUA W KUHETUYECKUH NOAXOAbl). Mojenb mnapauieabHO
(GYHKIIMOHUPYIOIIUX MACCUBHBIX U aKTUBHBIX MyTEH NepeHOoca HOHOB.

[Torenuuan npeiictBusi. Pons nonoB Na m K B reHepamnuu moTeHuUMana JICUCTBUS B
HEPBHBIX U MBIIICUYHBIX BOJIOKHAX; posib MOHOB Ca m Cl B reHepaiuu NOTEHIMalA
JNEHUCTBUS y IPYTHUX O0OBEKTOB.

Kunetnka m3MeHEHUI MOTOKOB HMOHOB Inpu BO36y>KI[eHI/II/I. MexaHu3MbI dKTUBallUl H
HMHAaKTHUBAaIluH KaHAJIOB.

Onucanrie HMOHHBIX TOKOB B MoJenM XO/UKKWHA-Xakcid. BoOpoTHbIE TOKH.
Marematuyeckas MoOJielb HEJIMHEWHBIX TPOIECCOB MEMOpPaHHOTO TPaHCIOPTA.
QnyTyakiud HAOpsDKEHUsT W MPOBOAMMOCTH B MOJIEIBHBIX M OMOJOTHUYECKHUX
MeMOpaHax.

Pacnpoctpanenue Bo30yxnenus. KaGenpHble CBOMCTBA HEPBHBIX BOJIOKOH. [IpoBeneHune
UMITYJIbCA 10 HEMHUEIWHOBBIM W MHUEJIMHOBBIM BOJOKHaM. MaTeMaTH4eCKue MOJENH
npolecca pacrnpoCTpaHEHUs HEPBHOTO HUMITYJIbca. DU3MKO-XUMHUYECKUE MPOILIECCH B
HEPBHBIX BOJIOKHAX MPH MPOBEJIECHUU PSAIOB UMITYJIHCOB (PUTMUYECKOE BO3OYKICHUE).
DHeproobecrnedeHne MpoIeccoB paclpoCTPaHEHUs BO30OYKICHUS.

OCHOBHBIE MOHSITHUSI TEOPUHU BO30YAUMBIX CPE/I.



3.3. MonexynsipHble MEXaHU3MBbI IPOLIECCOB IHEPTETUYECKOTO COMPSIKEHHUS.

Cs3p TpaHCIIOPTAa HWMOHOB M TIpollecca TEpPEeHOoca dJIEKTPOHA B XJIOPOIUIACTax U
MUTOXOHApUsX. Jlokanmu3amusi  SIEKTPOHTPAHCIOPTHBIX  Ileneil B~ MemOpaHe;
CTPYKTYpHBIC aCTEKThl (PYHKIIMOHUPOBAHMS CBS3aHHBIX ¢ MEMOpaHOW MEPEHOCUYUKOB;
acCUMeTpHsi MEMOpPaHBbI.

OCHOBHBIE TOJIOKEHUSA TEOpUM MuTUEna; dJEKTPOXUMHUUYECKUN TPAJUEHT MPOTOHOB;
HSHEPTrU3UPOBAHHOE COCTOSIHME MeMOpaH; pojb BekTopHO# 1-I'-ATda3e1. Conpsiratoiiue
KOMIUIEKCBI, HMX JIOKadu3auuss B MeMmOpaHe;, (QYHKUUU OTIENbHBIX CyObEIUHULL;
KOH(pOpPMaIMOHHBIE IEPECTPOIKHU B IIpoLiecce 00pa30BaHUs MAKpO3Pra.

[IporeonmunocoMbl Kak MOJENb JUId H3Yy4YEHUS MEXaHU3Ma DHEPreTHYECKOTO
conpsbkeHus. bakTepuopoAONCHH KaK MOJIEKYJISPHBIA (POTOANEKTPUUECKUI TE€HEPATOP.
PuU3NYECKNE ACTIEKTHI U MOJEIN YJHEPTETUUECKOTO CONPSKEHHUS.

3.4. buo¢usuka COKpaTUTETbHBIX CUCTEM.

OCHOBHBIC THIIBI COKPATUTCIbHBIX W IMMOABUKHBLIX CHUCTCM. MOJ'IGKyJ'ISIpHBIC MECXaHHN3MbI
IMOABHUKHOCTHU OCITKOBBIX KOMIIOHEHTOB COKPATUTCIIbHOT'O aIlllapaTa MBbIIIII. HpI/IHIII/IHLI
HpCO6p&30BaHI/IH OQHCPIUKM B MCXAHOXHMMHUYCCKHX CHCTCMax. TepMOIII/IHaMI/IIIGCKI/Ie,
OQHCPICTUYCCKUC U MOITHOCTHBIC XaPAKTCPUCTUKHN COKPATUTCIIBHBIX CUCTCM.

QOyHKIMOHUPOBAHUE TONEPEYHOIIOIOCATON MBIIIIBI MO3BOHOYHBIX. Monenmn Xakciw,
JemepeBckoro, Xuuia.

MOJ'IGKYJIHpHLIG MEXaHM3Mbl HEMBIILICYHOMN ITOABHUKHOCTH.

3.5. buoduszuka peuenium.

lopmonanbraas penenmus. OOmue 3aKOHOMEPHOCTH B3aWMOJICHCTBUS JIUTAHNIOB B
penenTopaMu; paBHOBECHOE CBA3bIBAHME TOPMOHOB. POJb CTPYKTYpHI I1a3MaTHYECKOU
MeMOpaHbl B TMpolecce TMepeJayd TOpPMOHAIBHOTO  cUrHaina. Penentop -
ONOCPENOBAHHBIN BHYTPHUKIIETOUHBIA TpaHcmopT. [lpemcraBieHns 0 IUTOILIA3MEHHO-
SICPHOM TpaHcnopTe. MeTopl UCCIIEI0BAHUSA TOPMOHAIBHBIX PELIENITOPOB.

Cencopnas peuernius. [Ipobrema conpspkeHUsT MEXTy MEPBUYHBIM B3aUMOJICHCTBHEM
BHEITHETO CTHUMYJia C PEHENTOPHBIM CyOCTpaTOM U TeHepalued pelenTopHoro
(renepatopHoro) moreHnuana. OOIME NPENCTaBICHUS O CTPYKType U (QYHKIUHU
PEIENTOPHBIX KJIETOK. MeCTO pelenTOpHBIX MPOIECCOB B PaOOTE CEHCOPHBIX CUCTEM.

@oropeuenuusa. CrTpoeHHE 3pUTEIBHOM KIETKM. MonekynsapHas OpraHu3anus
doTopenenTopHoii MeMOpaHbl, JAMHAMUKA MOJIEKYJIbl 3PUTEIBHOIO TMUIMEHTa B



MeMOpaHe. 3puTelIbHbIE TUTMEHTHI: KIAacCU(DUKAIUSA, CTPOCHHUE, CIEKTpaIbHbIC
XapaKTEepPUCTUKHU; (OTOXUMUYECKHE TMPEBpAIICHUS pojoINcuHA. PaHHWe W TO3aHHE
peLenTOpPHbIE MOTCHUUANBL. MeEXaHU3Mbl T'€HEpAlMd MO3JHET0  PELenTOPHOTO
ITOTEHLIAAJIA.

MexaHoperneniusi. PenienropHbie OKOHYAHUS KOXU, MIPOTIPUOPELIETITOPHI.
MexaHopenenTopsl OpraHoOB YyBCTB: OpraHbl OOKOBOW JIMHWH, BECTHOYJISIPHBIN
ammapar, KOpTHEB opraH BHYTpeHHero yxa. OOmme mpejacTaBieHus o pabore opraHa
ciayxa. CoBpeMEHHbIE MPEACTABICHUS O MEXaHU3MaX MEXaHOPEIEIIIMU; TeHePATOPHBIN
MOTEHIMA. DJIEKTPOPEICIIIIHS.

Xemopenenuus. ObousHue. Bocnpusarue 3anaxoB: NOporu, KiaccupuKalus 3amnaxos.

Bxyc. BkycoBbie kadecTBa. CTpoeHHE BKYCOBBIX KIETOK. MpoOieMa BKYCOBBIX
pelenTOPHBIX OCITKOB.

Penenuius meauaTtopoB U ropmMoHoB. [IpoGiema kiaeTodyHOro y3HaBaHus. MeXaHU3MBbI
B3aUMOJICCTBUS KJIETOYHBIX TOBEPXHOCTEM.

4. buopusuka GpoTodHOIOrHYECKUX MPOLECCOB

4.1. Mexanu3Mmsbl Tpanc(hopMaluy SHEPTUU B MEPBUYHBIX (DOTOOMOTOTUYECKUX
npoleccax.

B3auMopeiicTBuE KBAHTOB C MOJIEKYJIaMU. DBOJIFOLUS BOJIHOBOI'O NAKETa U PE3yJIbTaThI
(peMITOCEeKyHIHOU CIIeKTpOCKONUU. [lepBruuHbIe POTOXUMUUECKUE PEAKLIUU.

OcHoBHBIE cTaauK (HOTOOMOIOTHYECKOTO Mporecca. MexaHu3Mbl POTOOMOTOTUYECKHUX
u potoxumuyeckux craauil. Kunetnka porodromornyeckux mpoieccos.

[IpoGnembl  pasnmeneHuss 3apagoB M IMEpeHOca  JJIEKTpOHA B MEPBUYHOM
(poTOOMOIOrMYECKOM npolecce. Ponb ANEKTPOHHO-KOH(OPMAITMOHHBIX
B3aUMOJICHCTBUM.

4.2. buodusuka poTocuHTE3A.

CrpyktrypHas opranuzamnusi ¥ (GyHKIIMOHUPOBaHHWE (DOTOCMHTETHUECKUX MeMOpaH.
PoTOCHHTETHYECKAS €IMHULA. J[Ba THMa NHUTMEHTHBIX CUCTEM U JIBE CBETOBBIE
peakuuu. Opranuzanus 1 QyHKIIMOHUPOBaHUE (HOTOPEAKIIMOHHBIX IIEHTPOB. [IpobieMbl
NEPBUYHOrO akTa (HOTOCHHTE3a. DIEKTPOHHO-KOH(POPMAIIMOHHBIE B3aMMOJICHCTBHUS.
®dotonHbOpPMAITMOHHBIN MTEPEXO/I.

Kuneruka u pusnueckue MexaHU3Mbl MEPEHOCA JIEKTPOHA B AJEKTPOH-TPAHCIIOPTHBIX
Hensx npu GoTocuHTe3e. MeXaHU3Mbl CONPSIKEHUST OKUCIUTEIHbHO-BOCCTAHOBUTEIBHBIX
peakiuii ¢ TpaHCMEMOpPaHHBIM MIEPEHOCOM MPOTOHA. MexaHu3Mbl (POTOMHTMOUPOBAHUSI.



Oco0eHHOCTH U MeXaHU3MbI (HOTOIPHEPTETUUECKUX PEeaKIuil OaKTe-pHOpOJIONICHHA U
3pUTENIBHOTO MUTMEHTA POAOIICHHA.

4.3. ®oroperysTopHbie U (POTOAECTPYKTUBHBIC MTPOIIECCHI.

OcHOBHBIC THMBI (DOTOPETYNATOPHBIX PEAKIIUHA PACTHUTEIBHBIX ¥  MHKPOOHBIX
opranu3MoB: (oromopdorenes, (ororponusm, Qororakcuc, GHOTOMHIYIUPOBAHHBIN
kapoTuHOoreHe3. CIeKTphl ACHCTBUSA, MPUPoJa (POTOPEHENTOPHBIX CHCTEM, MEXaHU3MBI
NIEPBUYHBIX (POTOPEAKIIHH.

duroxpoMm - yHHBepcadbHass (OTOpELEeNTOpHas CHUCTeMa PEeryJsiiud MeTadboian3ma
pacteHuii. MoJeKysipHbIE CBOWCTBA W CIEKTPAJIbHBIC XAPAKTEPUCTUKH (UTOXpOMA.
Mexanu3m obOpatumoil  porokonBepcuu AByx Qopm ¢utoxpoma. Ilonstue o
(POTOXPOMHBIX MOJIEKYIaX U (POTOXPOMHOM MEXaHU3Me (POTOAKTHBALMHU (DEPMEHTOB.

DOTOXMMHYECKHE pEaKIMU B OeliKax, JUMuAax M HyKJIenHOBbIX kuciorax. JIHK kak
OCHOBHasi BHYTPHUKJIETOYHAs MHUILIEHb MPU JIETAIBHOM M MYTAareHHOM JIEMCTBUH
yIbTpadroneToBOro cBeta. MOTOCCHCUOMIM3UPOBAHHBICE M JBYXKBAHTOBBIC PEAKIIMU
npu noBpexacHun JIHK. Mexanusmel ¢oTomuramudeckux mpoiieccoB. 3ammura JJHK
HEKOTOPBIMU XHUMHUYECKUMH COETUHEHUSIMU.

Oddexts  doTopenmapanu U Goro3amuThl. DEpMEHTATUBHBIA  XapakTep U
MOJICKYJISIPHBIM MexaHu3M QotopeakTuBanuu. Poiab (POTOMHIYIUPOBAHHOTO CHHTE3a
OMOJIOTMYECKH AaKTUBHBIX COCJAMHEHUNA B Tmporecce (¢oTo3anmuThl. MexaHu3m
(dboToCHHEpPreTHUEeCKNX peakiuii mpu KOMOWMHUPOBAHHOM JCMCTBUU PA3HBIX JUIMH BOJIH
yJIbTpadUOIETOBOIO CBETA.

4.4. Dxonoruyeckast Ono(pU3MKH.

ApnanTanusi, yCTOMYMBOCTh M HAJEKHOCTh OMOJOTHYECKHUX CHUCTEM Pa3HOTO YpPOBHS
OpraHW3allid: KJIETOK, OPraHu3MOB, MOMyJysmnuil. PazHooOpa3zue OTBETHBIX peakInui
WHIUBUYYMOB B KJIETOYHBIX aHCAMOJISIX W MOMYJISIIUSX. DHEPTeTHUYECKOW CTOMMOCTD
(U3HOJIOTUYECKUX TIPOIIECCOB M €€ H3MEHEHHUSX B HEOJarompHsITHBIX YCIOBUSIX.
CrpykTypa monmyJisiiiui Kak OTpakeHue ee (PYHKIMOHAIBLHOTO COCTOSHUS. Tunuzamus
oco0eii B nomyJsanusax. [Iporno3upoBanre AMHAMUKN YUCICHHOCTH TTOMYJISIITUU.

Knaccudukanus BozaeiictBuii. Cnabbie ((poHOBBIC) Bo3ncicTBUA. KocMmuueckue wu
NepPUOUYECKrEe BO3EHCTBUA. ECTECTBEHHBIN paaralliOHHbINA (JOH U YPOBEHb pajiloOHA B
cpene. IIpoGnema 030HOBOW JBIppl. OM- H3Iy4eHHS KOCMHUYECKHX M 3E€MHBIX
ucTouHukoB. Marautaple mosis ConHIa, 3Be3N, TATaKTUK W JPYTUX OOBEKTOB
BcenenHol. L{ukibl COTHEYHOW aKTUBHOCTH, UX BIMAHHE HA 3eMiIt0. CBET U OMOPUTMBI.
buonornueckue yacel.



JerictBue onruueckoro uznydeHus. dorocuHTe3 B Mope. [IpuunHBl TMMUTUPOBAHUSA
nepBUYHON mpoAykiuu. DotonHrubmpoBanne u GoTomecTpykius. DoToperysus
pocta pacteHus. ONTUYECKHE CBONCTBA JIMCTHEB BBICIIMX PACTEHUM M CHEKTPAJIbHbBIC
METO/IbI OLIEHKU (PYHKIIMOHAILHOTO COCTOSIHUSL (DOTOCMHTETUUECKOTO armapara.

JetictBue Y ®- uznydenus. MonekyispHabie Mexanu3Mbl (oromnoBpexaenus JJHK mpu
nerctBur Y @ M3IIydeHHUs SKOJIOTUYECKOT0 Auana3ona. KierouHsle CUCTEMBI penapanuu
JHK. ®oronoBpexaenue u GoTopeakTuBaiusi MUKpoopranusmMoB. KomOnHupoBanHoe
JNEUCTBUE W3JIyUYCHUS PA3HBIX JUIMH BOJH Ha KIETKy. DepmMeHTaTMBHAs peakTUBALIUSL.
MonekyaspHble MEXaHU3MBbI IEUCTBUS (OTOJIUA3BI.

OkucnurenbHbId  cTpecc. MONEKYJISIpHbIE MEXAaHU3Mbl MOBPEKIAIOIIETO JICUCTBUS
kucimopona. Ilytm CBETOBOM M TEMHOBOW aAKTHUBALIMM MOJEKYJISPHOTO KHUCIOPOJA.
depmeHTaTUBHBIE W HedEepMEHTATHBHbIE peakiuu. Pojib CBOOOIHO-paMKaAIbHBIX
peakuMii Y  CHHIVIETHOIO  KHCIOpoaa. Meroapl  H3yd4eHUsT  OKHMCIIMTEIbHBIX
JNECTPYKTUBHBIX IIPOLIECCOB B OMOJIOTUYECKUX CUCTEMAX. [Ipuponusie
doToceHcnOmIM3aTopbl HOTONECTPYKTUBHBIX MporieccoB. [loBpexaeHus: pacTeHuii npu
JIEUCTBUM  TEepOMIUIOB, 3arpsi3HUTENed  aTMocdepbl, TOKCHYECKHUX  BEIIECTB,
3a0oneBaHusx. Daronmuro3 W CBEPXUYBCTBUTEIBHOCTh B CBS3M C HUMMYHUTETOM
KUBOTHBIX U PACTUTENIbHBIX OpraHu3MoB. CTapeHue pacTeHU, NpOIyKThl Jerpajaiuu
JIAMIUAOB Y MIUTMEHTOB.

MonekyasipHble MEXaHU3MBbl aJlallTallid KUBBIX OPraHU3MOB K OKCTpPEMajbHbIM
dakTopam BHEIIHEH cpeapl (TeMIepaTypaM, OCBEIICHHUIO, 3aCOJICHHIO, JIEUCTBHIO
KCEHOOMOTHUKOB, TUTIOKCUU U TUTIEPOKCHH).

Onenka coctossHUS cpenapl obutanusa. [lpenenbHO OMyCTHUMBIE KOHIEHTPALMU U
ouorectupoBanue. Metononoruss OMOTECTUPOBaHUA. J[MCTAaHUMOHHBIE METO[BI.
[IpakTryeckoe ucnoyib30BaHuE OMOTECTUPOBAHUS U1l OUEHKH KaueCcTBa CPEIbl.

5. Pagnanuonnas 6mopusnka
5.1. DneKTpOMarHuTHBIE U3TYUYECHHS U TIOJISI B IPUPOJIE, TEXHUKE U )KU3HH YEIIOBEKA.

OObmas gusnueckas XxapakKTepUCTHKA HOHU3UPYIOIIUX 1 HEHOHU3UPYIOIINX U3ITyYSHUH.
N3ny4yeHnst Kak UHCTPYMEHT MCCIEAOBAHUM CTPYKTYPBI M CBOMCTB MOJIEKYJI. ['amma- n
PEHTIEHOBCKUE JIy4YHM. PEHTr€HOCTPYKTYpHBIM aHAIW3, Jy4deBas yJIbTPAMUKPOMETPHSI,
paANallMOHHO-XUMUYECKUE METO/Abl. YIbTPa(PHOJETOBOE M BUAMMOE H3IyUYEHUS.
Crnekrpockonus B Y® u Buaumoil obnactu. JlazepHasi CieKTpOCKOIHUS, UCCIIEIOBaHUS
ANIEKTPOHHO-BPAIIATENbHBIX CHEKTPOB, (OTOXUMUYECKUE METOAbl HUCCIEIOBAaHMUS.
NudpakpacHoe uznyuenue, uHppakpacHas cnekrpockonus. Pagnoyactorsi: CBY, YBY,
BY HY. MukpoBoiiHOBasg  chnekTpockonus, cnekrpockonus  JOIIP,  SMP,
JTUDJIEKTPUYECKask CIIEKTPOCKONMS, METObI DJIEKTPOIIPOBOJHOCTH.

Hcnonb3oBaHue pa3iiMuHBIX BUJIOB M3JIYYEHHU B MEIUIMHE, TEXHUKE U CEIBCKOM
XO3SIHCTBE.



EctecTBennsbIil paguanonssiii GOH U YpOBEHBb pajioHa B cpene. [Ipobiema 030HOBOU
neipbl. OMU 1 OMII KocMUYECKUX U 36MHBIX UCTOYHUKOB. MaruutHbie 1osst CoJHIa,
3BE3]l, TAJIAKTUK U Apyrux o0bekToB Bceenennoil. [{ukiapl CollHEUHON aKTUBHOCTH, UX
BIMsiHUE Ha 3emunto. CBeT u OMopuTMBI. bruosornueckue yacel.

Crneunduka nepBUYHBIX ((HU3MUECKUX) MEXAHU3MOB JIEUCTBHS Pa3IUYHBIX BHJIOB
U3NydeHuil Ha MoseKybl. [lornomnenue u pasmen sHeprun. Koneunsiii OM0I0THYECKUN
abpdexT mnpu JAEHCTBUM HMOHUBHPYIOIIMX U HEUOHU3HMPYIOUIUX UW3IYyYCHUH Ha
OMONOTUYECKHUE OOBEKTHI U CUCTEMBI.

5.2. buonoruueckoe 1eMCTBUE NOHU3UPYIOIMINX U3TYUYECHHU.

[lepBuuHble W HayaJbHbIE OHOJOTMYECKHE TMPOLECCHl  IMOTJIOMIEHHUS SHEPIHH
MOHU3UPYIOLIUX W3JIy4YeHHW. MexXaHnW3Mbl TMOIVIOIIEHHUS] PEHTIEHOBCKMX M TamMMa-
U3JIyYEHU, HEUTPOHOB, 3apsDKEHHBIX YaCTUL. DKCIO3ULMOHHBIE U MOTJIOIIEHHBIE O3Bl
U3JIydyeHUu. EQMHALBI aKTUBHOCTH PaIMOHYKIICOTUIOB. EMMHALIBI 103 HOHU3UPYIOLIUX
u3nydyeHuid. DakTop HM3MEHEHUsS [03bl OO0Jy4YeHUs. 3aBUCUMOCTb OTHOCHUTEIbHOU
Oouonornyeckod A(PPEKTUBHOCTH OT JIMHEWHBIX TIOTEPh OSHEPIHUM  U3IYUYECHHH.
WNHuBuayalbHbIE U CTALIUOHAPHBIC TO03UMETPBI.

[TonsTHST «ManbIe» U «OoNbIINe» 036l paauanuu. CTOXaCTHYECKUE W CTATHCTUYECKUE
3¢ deKThI.

NuakTuBaiusa MOJEKyJ B pe3yJibTaTe MPSIMOTO U HEMPAMOTO ACHCTBUS MOHU3UPYIOLIUX
uznydenuid. JlozoBeie 3aBucumoctH. [lpsimoe neiictBue paauanuu Ha GepMEHThI, OETKH,
HYKJIEMHOBBIE KHUCJOTHI, JIMIUIbI, yIJI€BOAbl. llepBUUYHBIE MPOLIECCHI, MPUBOMSIINE K
MHAKTUBALIMM MaKPOMOJIEKYJI IIPU NMPSAMOM AEHCTBUM paguanuu. [lepBUyuHbIE MPOTYKTHI
paguonusa 51 JajpHenmas cynb0a 00JTy4YeHHBIX MAaKpOMOJIEKYIL.
PagnouyBcTBUTENBHOCTE MOJIEKYH. Pagmonus Boapl u smnuaoB. Bsanmmoneincrsue
PACTBOPEHHBIX MOJIEKYJ C MPOAYKTaMH paauoiin3a pactBoputeneir. Dddexr Jletina.
OOpazoBanue BO3OYXKJACHHBIX MOJICKYJ, HOHOB H paaukayioB. KomnuecTBeHHas
XapaKTepUCTUKA HEMPSIMOTO JEUCTBUSL paaraliuu B pacTBopax. Poibs MonudukatopoB B
paguoIn3€e MOJIEKYII.

Pannanmonnass Ouodu3nka KiIeTku. KonmuecTBEHHBIE XapaKTEPUCTUKHA THUOEH
0oOJTyueHHBIX KIIETOK. PemponaykTtuBHass W uHTepdaszHas TruOelb KIETOK. ATONTO3.
[TpuHMn nmonaganusi, KOHIENIUS MUIIIEHU. DBOJIONNS 3TUX NMOHATUH. CToXacTUuecKue
MOJIETIH.

OCHOBBI MUKpPOAO3UMETPUM HOHUBMPYIOUMX u3NydyeHuil. IlepBuunbie ¢usnko-
XUMHUYECKUE TPOLECChl B OONY4YEHHOW KJETKe. AHaIM3 MEXaHHU3MOB JIy4E€BOTO
NOpaKEHUs1 KJIETOK. Posb  MonekynsipHbIX MexaHu3moB penapaunn  JIHK u
penapanuoHHbIX (EPMEHTOB B JIy4EBOM IMOPAXEHUM KIETKU. Poib moOBpexaeHus
OMOJIOrMYECKUX MeMOpaH B paJMallMOHHBIX HAPYLIEHUSAX KIETKH. OKHUCINUTENbHbIE
IIPOLIECCHI B JIMIUAAX W AHTHOKUCIUTEIBHBIE CUCTEMBI, YYaCTBYIOIIUE B IEPBUYHBIX
O0MO(U3NUECKUX U MOCIETYIOIINX JIyYEBbIX PEaKIusiX.



BoccraHnoBuTenbHbIE TPOLECCHI ITPH JIYYEBOM MOPAKEHUU KIIETKH.
Moaudukanus JIy4eBOro nopakeHus KJIeTKH.

Pannanuonnas Ouodu3uka CIOXKHBIX cuUcTeM. BpemeHHble U 71030Bbie A((PEKTHI
paguaruu. CpaBHUTENbHAS PaTUOYYBCTBUTEILHOCTh OHOJIOTHYECKUX OOBEKTOB M
cucteM. JlelicTBre MallbIX 103 U XPOHUUYECKOro oOmydeHus. OTaaleHHbIe TOCIEACTBUS
MaJbIX 103 pamguanuu  Ha opradu3M. OcoOCHHOCTHM NEWCTBUS BHEIIHETO W
WHKOPIIOPUPOBAHHOTO, OOIIETO U JJOKATHHOTO, OCTPOTO ¥ XPOHUYECKOTO, OJJHOKPATHOTO
¥ MHOTOKPATHOTO OOJTyYeHHUs OPTaHU3MOB Pa3HBIMH THITAMH PaTHAIUH.

Otamnbl OTBETHBIX peakIMil Ha ocTpoe oOiyuyeHue: Quanyeckuit, OuoduznyecKkui u
oOmeononornyeckuif. CUHIPOMBI OCTPOTO JYyYEBOI'O MOPAXKEHHUS: KOCTHO- MO3TOBOM,
KUIIEYHBIA UM 1epeOpanbHblil. KpuTuyeckue opransl u cucteMbl. Kpurtuueckue
IIPOILIECCHI Ty4eBOT0 nopaxkenus. JlyueBoit Tokcuyeckuii agdexrt. Pons Onodusnueckux
UCCIIEIOBAHUN CIIOKHBIX CHCTEM B AHAJIU3€ MEPBUYHBIX U IMOCIEIYIOIIUX JYyYEBBIX
nponecco. [Ipobnema pucka. PDakTopbl, MOIUPUIUPYIOLUIUE JIyUEBOE IOPAKEHUE:
PaAMONPOTEKTOPl M PaJIMOCEHCUOWIM3ATOpPBhI, HMX XUMHUYECKas Mpupoja U
OHoJOornyecKoe aercTBre. DHAOTEHHBIN (POH paguoOpe3nCTEeHTHOCTH. JIlyueBble peakuuu
u ctpecc. Kucnopoauslii 3ppext u MexaHu3Mbl €ro IPOSBIICHHUS.

OcoOeHHOCTH XMMHYECKOH 3allMThl OpTraHW3Ma OT JEWCTBUS MalblX JI03 |
XPOHUYECKOTO 00JTyUECHHUS.
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