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1. HEJIX OCBOEHUA JUCHUIITINHBI

Henbto kypca «buosnepreTuka» sBisgeTcss oOecrieueHne yJaluxcsi OCHOBaMU 3HAHUNA U
COBPEMEHHBIMU IIPEICTABICHUAMH O MOJIEKYJIIPHBIX OCHOBAX IIPEBPALLICHNS YJHEPTUU B KUBBIX
cucreMax, MexaHu3Max (OpPMHUPOBaHHS TPAHCMEMOPAHHBIX HIEKTPUYECKHX MOTEHIHAJIOB,
NPUHIOMNAX  B3aUMOJCHCTBUS  OOBEKTOB  OHMOJIOTMYECKOH  MPHUPOABl C  BHEIIHUMH
WHOOPMAIIMOHHBIME ~ TOJISIMH ~ PA3IMYHOM  NPHUPOJBI:  AJIEKTPHYECKUM,  MAarHUTHBIM,
IPaBUTALMOHHBIM, OO0 OCHOBHBIX SHEPro3anacarolluX W BSHEpPro3arpaTHbIX Ipoleccax Hu
peaKnusax, MPOTEKAIOMINX BHYTPU KJIETOK M CBSI3aHHBIX C JKU3HEHHO BAKHBIMH (DYHKIUSMH

OpraHu3sMma.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OITOII BO

Jucuunnuna «buosHepreTrka» BXoauT B 0a30BbIi 010k 1 mporpammel OakanaBpuara B
e BapuMaTUBHYIO YacTh, AUCHUIUIMHA 110 BeIOOpY (koa B1.B.JIB.B). Kypc HaxoauTtcst Ha cThIke
€CTECTBEHHOHAYYHBIX JUCLMIUINH, CBSI3aHHBIX C U3y4eHHEM MOpP(}OIorur U OMOPU3UKHU KUBBIX
cUCTeM, MX (QYHKIMOHUPOBaHMS. JlaHHAs IUCHUIUIMHA SIBISIETCA MNPEIIIECTBYIOMEH s
CIIEIYIOIUX KypcoB: Ouodusmka, OHOXMMHUS M MOJIEKYJsipHas OHOJIOTHs, BBEJCHHUE B

OMOTEXHOJIOTHIO, MEMOPAHOJIOTHS, OMOJIOTHS Pa3MHOKECHHS M PA3BUTHUS U JP.

3. KOMIETEHIIUM OB YYAIOIIETOCSl, POPMUPYEMBIE B PE3VJILTATE
OCBOEHUS M CHUATIIAHBI (MOYJIsT)

B pesyapTare uW3ydeHHs JUCHUIUIMHBI  «BbHORHEpreTWKa»  CTYICHT  JOJDKCH
JEMOHCTPUPOBATh CICAYIONIUE PE3YIIbTaThl 00Pa30BAHMUS:

1) 3unarth:

- 3HaTh W TPHMEHATh HPHHIUIBI CTPYKTYPHOW H (YHKIMOHAIBHOW OpraHU3aluu
OHMOJIOTMYECKHX OOBEKTOB W BIIAJICHUEM  MEXaHU3MOB T'OMEOCTATHYCCKOW  pEryJIsIHH,
BJIQJICHUEM OCHOBHBIMH (DH3HOJOrHYCCKUMHU METOJIaMU aHAJIN3a U OLCHKHA COCTOSIHUS JKHUBBIX
cuctem (OIIK-4);

- CIIOCOOHOCTBIO IPHMEHATH  3HAHHE MIPUHIIAIIOB KJICTOYHOW OpraHu3alHH
OMOJIOTHUECKHX 00BEKTOB, OMOPU3NUECKIX U OMOXUMHYECKHUX OCHOB, MEMOpPAHHBIX ITPOIIECCOB

U MOJICKYJIIpHBIX MexaHu3moB (OI1K-5).

2) Ymers:
- CHOCOOHOCTBIO MPUMEHATh COBPEMEHHBIE IPEACTABICHUS 00 ocHOBax
OMOTEXHOJOTHUECKUX U OMOMETUITMHCKUX  TPOU3BO/ICTB, T€HHOM  WHXEHEpHH,

HaHOOMOTEXHOJIOTUH, MOJIeKyIsipHOTO MoaenupoBanus (OITK-11).

3) Baangern:



- CIIOCOOHOCTBIO

HCIIOJIB30BaTh

3HaHHUC OCHOB U

npodeccuoHaIbHOU U connaibHol aesitenbHocTH (OT1K-12);

IPHUHIIUIIOB

OUOPTUKUA B

- CIIOCOOHOCTBIO NPHUMEHSATH COBPEMEHHBIE METO/bl 00paOOTKH, aHalW3a, W CHUHTE3a

MIPOU3BOJICTBEHHON U J1a00paTOpHO OMONOTHYECKOW HH(OpPMAIUK, TNpaBUJIa COCTABICHUS

HAYYHO- TEXHUYECKUX MPOeKToB U 0TueToB (I1K-4).

4. CTPYKTYPA U COAEP KAHME JUCHUIIJIMHBI (MOAY JIA)

OO6mas TpymoEMKOCTh TUCIUTIIMHBI COCTABISIET 2 3a4ETHBIX SJMHHUIIBI, 72 dYaca.
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I0JIS1 YEJI0BEUECKOIO
OpraHu3sma.

Crpykrypa u
(GYHKIMU  KJIETOYHBIX
MeMOpaH.

Hcropus U3y4YECHUs
CTpOeHHUsI MeMOpaH.

2/100%

[TpunIUIIBEI
YCTOMYUBOTO
JTUHAMHYECKOTO
HEpPaBHOBECHSI
OMOJIOTHYECKUX
CHCTEM

PetiTunr-
KOHTPOJIb
Nel

I'enepanus
MOTEHIHAIIA Ha
MeMOpaHe KIIETOK.

2/100%

Buyrpennsas sHeprus
CUCTEMBI. Popmsbl
Iepeaadyn >HEPruu B
JKUBBIX CHCTEMaX.

[IpeBpatmenus
SHEPrUh B KUBOU
KJIETKE. OcHoBHBIE
TIPUHIIUIIBI
OMOZHEPTETUKU.

10

MuTtoxoHIpun.
Du3NKO-XUMUYECKas
AKTUBHOCTh
MUTOXOHJIpUH

10

2/100%

11

Pa3nooOpasue myrei
MIPEBpAICHUS SHEPTUH
B )KHMBBIX KIJIETKaX

11

PetiTunr-
KOHTPOJIb
Neo2

12

N3omerpuueckue
BUPUOHBI BHUPYCOB
YKUBOTHBIX —
MIPUPOIHBIE
HaHOAKKyMYJISITOPbI
AIEKTPUUECKON
SHEpPIruu

12

2/100%

13

DHU3NKO-XUMUYECKUE
CBOIiCcTBa ATO.
CranpapTtHas
cBOOOJIHAs  PHEprus
ruaponn3a ATO.

13




14 | buosnexkTpuuecTtBo B
KJIACCUYECKOM mlcl gl g 4 2/100%
COBPEMEHHOM

IIOHMMAaHHH.

15 | 3akoHbI
OouosHepreTukd (IO
B.I1.CkynaueBy):
pOTOHHEL "l5l15 | 2 4 2/100%
HATPHUEBBIN
IIOTCHIINAII, TpH
3aKOHA
OMOIHEPTeTUKU

16 | Bausaue  dakrtopos
BHEIIHEW Cpenbl Ha 5| 16 ) 4 2/100%

KU3HEAEATEIBHOCTh
MHKPOOPTraHU3MOB

17 | Bugsr 3HepFI/II7L
OKUCIUTEIIHFHO- 5| 17 2 4 2/100%

BOCCTAHOBUTCJIIBHBIC
peaknuu

18 | OOue  MeXaHH3MBI Petitunr-
MOBpEXACHUS KIeToKk | 5 | 18 | 2 4 - KOHTPOJIb
No3

Bceero 36 72 22/61% | 3auer

COJAEPKAHHUE JUCHUIIJIMHBI

Ipeamer u 3amauyn OMO’HepreTuku. VicTopusi cTaHOBJIeHHSI OMOIHEPTreTHKH KaK
HAayKu. buosHepreTnka — HayyHas QUCIMIUIMHA, UCCIIEAYIONIAsl MPOIECCHl B KJIETKAaX, TKAHSX,
0co0siX, sKocucTeMax M T.J. buOsHepreTnka — 3TO AWCUHUIUIMHA, H3ydarouias IMpOIECChI
SHEPreTUUecKUX TpaHchopMaluii B MPOIECCE CYIIECTBOBAHUS OMOJOTHMUYECKUX OPTaHU3MOB U
¢byHKIIMOHUPOBaHUS Orochepsl B LIEIOM; OTpACcIb 3HAHUSA O €IMHOM MH(GOPMAIMOHHOM II0JIe, O

€ro BSaHMOﬂeﬁCTBHH ¢ OMOJIOTUYECKUMHU 00BEKTAMH BCEX ypOBHCfI CJIOJKHOCTH.

3aKoHbI TEPMOJAMHAMHUKH B OHMOJIOTHYECKHX cHcTeMaX. TepMoIuHaMUKa SBISIETCS
pa3znenoM (pU3MKH, B KOTOPOM H3y4aroT 3HEpruio, e mepenady M3 OJHOIO MECTa B JApPYyroe u
npeobpa3oBaHue U3 oAHOIN Gopmbl B apyryro. TepMoanHamMKiKa OCHOBaHA Ha HanOoJiee 00X
MPUHLUIAX, KOTOPbIE SBJISAIOTCS YHUBEPCATbHBIMU U 0a3UPYIOTCS HA OMBITHBIX JAHHBIX MHOTHX
HayK.

O)IHI/IM N3 OCHOBHBIX CHCLII/I(I)I/I‘-ICCKI/IX CBOMCTB JKUBBIX CyHICCTB SABJIICTCA UX



CIOCOOHOCTh MPEBpAIIaTh M XPAaHUTh SHEPTUI0 B paznuuHbIX (popmax. Bce Omonmormueckue
OOBEKTHI ISl TOJJIEpKAHUS KU3HH TpeOyloT MOCTyIJieHus SHepruu. Bce Oumosormueckue
MpOIeCcChl CBS3aHBI C mepepadeld sHepruu. PacteHus: cnocoOHBI MOTy4aeMyl0 MMH SHEPTHIO
COJIHIIA HaKalUIMBaTh B Tmpolecce (oTocuHTe3a B (HOpME HHEPTUM XUMHUYECKUX CBS3EH
OpraHMYEeCcKUX BelecTB. JKUBOTHBIE UCIOJIB3YIOT SHEPIUI0 XUMHUUECKUX CBSI3€H OpPraHU4eCcKUX
BEILIECTB, NOJy4aeMbIX ¢ muuieil. Bce mpoueccel mnpeBpalleHus HEPTUM B PACTEHUSAX U
YKUBOTHBIX IIPOUCXOJAT B IPEesiax OrpaHUUYEHUN TEPMOJMHAMUYECKUX IPUHLIUIIOB. OCHOBHbIE
MPUHIUIBI  TEPMOJUHAMHUKUA  YHUBEpPCAIbHBI Ui OJKUBOM M HEXKHBOM  MPHUPOIBI.

TepMoanHaMuka HMCHOJIB3YyEeT MOHATHE cUCTEMBbl. JIr006as COBOKYMHOCTb HM3y4aeMbIX
00BEKTOB MOKET OBbITh Ha3BaHA MeEPMOOUHAMUYUECKOU cucmemoii. [IpuMepaMu CUCTEM MOTYT
CITyUTb KJIETKa, cepaie, OpraHu3M, o6uocdepa u T.IL.

CymecTtByer Tpu BHAA TEPMOJMHAMUYECKHMX CHUCTEM B 3aBUCHUMOCTH OT HX
B3aUMOICCTBUS c OKpYy>Karoleu cpenoi:

Hzonuposannvlie cucmemsi He OOMEHUBAIOTCS C BHEIIHEH cpelold HU BHeprued, HU
BELIECTBOM. TaKHX CHCTEM B PeaJbHBIX YCIOBUSX HE CYIIECTBYET, HO MOHSITHE U30JUPOBAHHOM
CUCTeMbl HCHOJB3YIOT Ui TOHUMAaHMS TJIABHBIX TEPMOJAMHAMUYECKUX  IMPUHIUIIOB.

3akpvimvle cucmemvl OOMEHUBAIOTCS CO CPEOM dSHEpPrueil, HO HE BEIIECTBOM.
[Ipumepom Takoll cHUCTEMBI MOXET CIY)KUTb 3aKpBITBII TEPMOC C HAJIUTHIM B HEro YaeM.

Omkpoimosie cucmemvl OOMEHUBAIOTCS C BHEIIHEH Cpelod Kak DJHEprued, Tak |

BelecTBOM. Bee xuBbIe CymIeCTBa OTHOCATCA K OTKPBITBIM TCPMOJUMHAMUYCCKHUM CUCTEMAaM.

buosiexkTpuyecTtBo. buo3ljekTpuYeckne - MOTEHUHUAJbI.  BHOBIEKTpUUECTBO -
AIIEKTPUYECKHE SIBJICHUS W MPOLECCH, BO3HUKAIONIME B JKUBBIX TKAaHAX OpraHH3MA.
brosnexTpruiecTBo, eCTECTBEHHBIE AIIEKTPUIECKHUE MTPOIECCH B )KUBBIX OPraHU3MaXx, JISKAIIHE B
OCHOBE MHOTMX (DU3HOJIOTUYECKUX W  TOBEIeHUeckMxX peakimuii. K mpoGiemam
OMODJIEKTPUYECTBA OTHOCAT TaKKe BCE APPEKTHI, BOSHUKAIOIINE B OPraHU3Me Ha Pa3IMYHbIX €To
YPOBHSIX npu BO3/ICHICTBUU AJIEKTPUUYECTBA oT BHEIITHUX UCTOYHHUKOB.
HccnenoBanue OMO3IEKTPUYECTBA UMEET OOJIBIIOE 3HAYCHUE U1l TOHUMaHUS (PU3UKO-XHUMHY.
(U3MOJIOTHY. TIPOILIECCOB B JKHMBBIX CHCTEMaX U MPUMEHSICTCS B KIMHUKE C JIUArHOCTUYECKOM
nenpto  (dnmeKkTpokapauorpadus, anekrposHuedamorpadus, snekrpomuorpaduss u o ap.).

BuossiekTpuyeckne NOTEHHUANBI - OHOAIEKTPUYECKUE SBICHUS, JIEKTPHUUYECKUE
MOTEHIIMAJbI, BOSHUKAIOIINE B TKAHAX U OTACNBHBIX KIETKAX YeJIOBEKa, )KUBOTHBIX M PACTEHUH,
BaKHEHIIIHE KOMIIOHEHTBI MPOIIECCOB BO30YXICHUS u TOPMOYKECHHUS.

buonorennua - Pa3HOCTh TMOTCHIUAIOB MCKIAY ABYMSA TOYKAMU JKUBOM TKaHH,



OoTpaxkaromiasi ee¢ OWOAIEKTPUYECKYI0 aKTUBHOCTh, b. CIykar HMCTOYHHKOM HHQPOPMAIUH O
COCTOSTHUM ¥ (DYHKIIMOHUPOBAHUU PA3ITUIHBIX OPTaHOB.

Bo3HUKHOBEHME B JKUBBIX KJIETKAX 3JEKTPUUYECKUX MOTEHIIMAIOB U OMOTOKOB CBSI3aHO C
(U3HKO-XMMUYECKHUMH CBOMCTBAMU KIIETOUHBIX MEMOpPaH U KOMIIOHEHTOB ITUTOIIA3MbI. Mexay
HapY)KHOW TOBEPXHOCTHIO KJICTOYHOW MEMOpaHBI W BHYTPEHHUM COJCPKHMBIM KIETKH
CYIIIECTBYET BCEr/Ja Pa3HOCTh MOTEHIIMAIOB, KOTOpPAs CO3/IAETCS PA3TMYHOW KOHILIEHTpaIluu
noHoB K+, Na+, Cl- BHyTpy ¥ BHE KJIETKH U PA3IMYHON INPOHUIAEMOCTHU Ul HUX KIETOYHOM
MeMOpaHbl. DTa Pa3HOCTh TOTCHIIMAIOB HA3bIBACTCS «TOKOM TIOKOS», WM MEMOpaHHBIM
MOTEHIIMAJIOM, U COCTaBJsieT B cpennem 60—90 mB.

IJH/IOTeHHbIE YJIEKTPOMATHUTHBIE MOJIS YeJI0BEYEeCKOr0 OpraHusMa. JJIeKTpruiecKas
SHEPTHUsl - BEIMYaiilliee OTKPHITUE YEI0BEUYeCTBa, 0€3 KOTOPOTO IIUBUIIU3AIMH B €€ CETOTHSITHEM
BHJIC€ HE CYIIECTBOBAIO OBbl. DTOT BUJl PHEPTUU IIUPOKO HCIOIH3YETCS UYEIOBEYECTBOM, HO Y
MajJKd €CTh JBa KOHIA... DJIEKTPOMarHUTHOE T0JIe (DJIEKTPOMArHUTHOE H3IydeHHE) BCEraa
BO3HUKAET TMpHU JBWIKEHHWH CBOOOJHBIX DJEKTPOHOB B MPOBOJHHUKE, MOITOMY Tiepeaaya
ANEKTPUYECKON HSHEPTHH COMPOBOXKIACTCS WHTCHCHUBHBIM DJIEKTPOMArHUTHBIM H3ITyYECHUEM.

B omnpeneneHHBIX ciaydasx 3JIEKTPOMAarHUTHOE H3IydeHHE HMeeT Oojiee maryoHoe
BIIMSTHUE HA KUBOU OPTaHU3M, Ye€M paualliOHHOE U3NydyeHue. [[e1o B ToM, 4To pajaraiiioHHBIN
¢oH ObUT Ha HAIIEW TUIAHETE BCET/Ja W B ONpENEICHHBIC BpeMeHa (a Koe-rae W ceiuac) ero
YpOBEHb ObL BhIIIE YeM B UepHOOBLILCKOM 30HE OTUYXACHUS. Y POBEHD KE 3JIEKTPOMAarHUTHOTO
MOJIsI 3eMJIM C KaXKIbIM TOJOM TOJIBKO YBEIMYMBAETCA, 4YTO CBS3aHO C YEIOBEUYECKOMH
NeSITEbHOCTBIO.

OtpunarenbHOe BO3CHCTBUE 3JIEKTPOMAarHUTHBIX MOJIEH HA YEJIOBEKA U Ha T€, WM UHBIE
KOMITOHEHTBI SKOCUCTEM MPSIMO MPOMOPIHOHATBHO MOIIHOCTH IOJISI U BPEMEHHU OOIydeHUs.
HeGnaronpustHoe BO3/eHCTBHE 3JEKTPOMArHUTHOTO MMOJs, co3aaBaemoro JIDII, mposiBisercs
y>Ke TIpU HaNpsDKEHHOCTH MoJist, paBHOW 1 kB/M. VY denoBeka Hapymiaercs paboTa SHIOKPUHHOM

CHUCTCMBI, 0OMEHHBIE IMpOoUCCCHhI, (I)YHKI_II/II/I T'OJIOBHOT'O ¥ CIIMHHOI'O MO3ra u Jp.

CTpykTypa M (YHKIMH KJETOYHBbIX MeMOpaH. Bce xuBble opraHu3Mbl Ha 3emiie
COCTOSAT U3 KJIETOK, a KaXKas KJIeTKa OKPYXEeHa 3alIUTHO W 000J10uK0il — MeMOpaHoil. OHako
¢GyHKIMU MeMOpaHbl HE OTPAHUYMBAIOTCS 3AIUTON OPraHOUJOB U OTJEJICHUEM OJTHON KIIETKH
ot napyroi. Kierounas memOpaHa mpejacTaBiseT co00l CIOKHEHIINI MexaHu3M, HanpsiMylo
yYacTBYIOIIMN B pa3MHOKEHHUH, pereHepaluy, TUTaHUuH, IbIXaHUH U MHOTHX JIPYTUX Ba’KHBIX

(GYHKIUSAX KIETKH.

TepMI/IH «KJICTOYHAaA MeM6paHa» HCIIOJIB3YCTCHd YKC OKOJIO CTa JICT. CaMo0 c0BO

«MeM6paHa» B MCPEBOJAC C JIATBIHU O3HAYACT «IUJICHKA». Ho B cjIydyac B KJIE€TOYHOM


http://www.medical-enc.ru/22/cytoplasma.shtml
http://www.medical-enc.ru/15/pronicaemost.shtml

MeMOpaHOi MpaBHJIbHEE OyIET TOBOPHTb M COBOKYIIHOCTH JBYX IUICHOK, COEIMHEHHBIX
MEXJly COOOW OmpeneNeHHbBIM 00pa3oM, MPHYEM, Pa3HbIE CTOPOHBI 3TUX IUICHOK OO0IagaroT
pa3HbIMU CBOMCTBAMHM.

Knerounas  memOpana  (umronemMma,  IUIa3MaJieMMa) —  3TO  TpPEXCloiHas
JUIMONPOTENHOBAs (KUPO-OeIKoBas) 000JI0UYKa, OTICISAIONMAs KAKIAYIO KIETKY OT COCEIHUX
KJIETOK ¥ OKPY>KAIOIIEeH Cpeibl, U OCYIIECTBIISIIONIAs YIIPaBIsIEMbIii 0OMEH MEXy KIETKaMu
U OKPY’KaIOIEe cpenoi.

Pemaromiee 3HaueHwe B 3TOM OINpPEAEICHUM HMEET HE TO, YTO KJIETO4YHas 000J104Ka
OTJIENSIET OJIHY KJIETKY OT JPYTOM, a TO, YTO OHa 0OecreynBaeT e€ B3auMOJIeCTBIE APYrUMU
KJIETKaMU M OKpy»Karollel cpenoil. MemOpaHa — BecbMa aKTHBHAsl, IOCTOSIHHO paboTatoriast
CTPYKTypa KJIETKHA, Ha KOTOPYIO MPHUPOJOM BO3JIOKEHO MHOXKECTBO (pyHkuwmii. M3 Hamein
CTaTbM BbI y3HAETE BCE O COCTABE, CTPOCHUHU, CBOMCTBAX U (QYHKIUSAX KIETOYHOU MeMOpaHsbl,
a TaKkKe O TOW OMACHOCTH, KOTOPYIO MPEJCTaBISAIOT AJIS 3JOPOBbS UElIOBEKa HApYIICHUS B
paboTe KIETOYHBIX MEMOpaH.

IIpyHIUNBI YCTOHYMBOI0 AUHAMHYECKOI0 HEPABHOBECUS OHOJIOTMYECKUX CHCTEM.
OpBuHOM bay’spom B OCHOBY pa3pabOOTaHHOW WM TEOPHUH OMOJIOTHH ObLT MOJIOXKEH MPUHIIUIL:
«Jlns KUBBIX CHCTEM XapaKTepHO HMMEHHO TO, YTO OHHU 3a CYET CBOEW CBOOOJHON sHEpruu
MIPOU3BOJIAT PabOTy MPOTUB 0XKUIAEMOTO PABHOBECHSD.

3nech TOJA OXKHUJIAEMBIM PpPAaBHOBECHEM IIOHMMAETCS pPABHOBECHE, KOTOPOE MJOJIKHO
HaCTYIHUTh OTHOCUTEIIBHO OKPYXKArOUIEH Cpellbl B COOTBETCTBUU C 3aKOHAMM TEPMOJWHAMHKH,
TO €CTh PAaBHOBECHE, K KOTOPOMY CTPEMHUTCS HEXKHMBAsI IPUPOJA.

Kax cnegyer u3 aroro tpyna, no MHeHHIO D.bayspa XUBBIMU CHCTEMaMH COBEPIIAECTCS
HempepbIBHas padoTa, HAMlpaBJIeHHAs IPOTUB PaBHOBECHUS, IPHUYEM OHHM COBEPIIAIOT 3Ty paboTy
3a cueT cBoei cBoOOIHON sHepruu. ViMeHHO mMO3TOMY UIsi oOecredeHus >KU3HECIOCOOHOCTH
YKUBBIX CUCTEM «...MCKIIIOYAETCA BO3MOXHOCTb HE TOJBKO YCTOMYMBOIO, HO U HEYCTOMYHMBOIO
paBHOBecus. Ecnmu Obl MBI NPHHSUIA CYIIECTBOBAHME HEYCTOWYMBOTO PABHOBECHS, TO 3TO
MIPOTUBOPEUMIIO OBl ... caMUM (PaKTUUYECKUM JAHHBIM , U3 KOTOPBIX ObLT BBIBEJICH 3TOT MPUHIIUIIL
(MpUHLUO YCTOWYUBOTO HEPaBHOBECHS). ...HEYCTOMYHMBOE paBHOBECHE O3HAuaiao Obl, 4YTO
W3MEHEHUS B CHUCTEME MOTYT BBI3BIBATHCS JIMILIb IPU IOMOIIM JIETKUX HApYIICHHH, T.€.
W3MEHEHUN B OKpYXarolllel cpefe, Aaliee, YTO KaKJ0€ TaKOE€ HE3HAUUTEIbHOE MU3MEHEHHE B
OKPY)KAIOILIEH CpEZNe BBI3bIBAET M3MEHEHHE B COCTOSHMM CTPYKTYpPHlI CUCTEMBI M HAKOHEI-TO
moboe Maleiiee U3MEHEHHE BHEIIHEH Cpelbl BEET K COCTOSHUIO YCTOHYHMBOIO PaBHOBECHS,

T.C., UTO CUCTEMaA TCPACT CBOIO paGOTOCHOCO6HOCTL.



I'enepanusi nmoreHuuana Ha MeMOpaHe KJeTOK. EMkocte MemOpanbl u paboTa
MeTa0OJMYECKUX MOHHBIX HACOCOB MPUBOJAT K HAKOIUIEHUIO MOTCHLIUAIBHOW AJIEKTPUYECKOU
SHEPTMM Ha KIETOYHOH MemOpane B (opMe NOTEHIMajda MOKOsA. JTa HSHEPTUs MOXKET
O0CBOOOXKIIAThCS B BHJIE CHEUU(UUECKUX DJICKTPUUECKUX CHUTHAJIOB (MOTEHUHUANIA ICHCTBUS),
XapaKTepHbIX JUId BO30yauMbIX TkaHed. [loj moTeHIManoMm AEHCTBHS MOHUMAIOT OBICTpOE
KoJIeOaHHe MOTEHIMANa MOKOs, COMPOBOXKAAIOIIEECs, KaK IPaBHJIO, Hepe3apsAaKoil MeMOpaHsbI.
HeckoHuaeMblli IOTOK 3HEPrUU B KIETKE, IOTOK DHEPTUHM OT OJHOM KIIETKHM K JPYrod MU OT
OJTHOTO OpraHuM3Ma K JPYroMy M COCTaBISIET CYHIHOCTh >KM3HH. JKHBBIE KIETKH O0O0IamaroT
CIIOXKHBIMU U 3()(PEKTUBHBIMU CHCTEMaMU JUIsl IPEBpAIIEHUs] OJJHOTO BUAA SHEPTUU B APYroil.
[IpeBpalieHus: SHEPTrUU MPOUCXOIAT TJIaBHBIM 00pa3oM B JIBYX CTPYKTypaxX — B XJIOPOIUIACTax,
MMEIOIIUXCS Y 3€JIEHBIX PACTEHUM, U B MUTOXOHJPHSIX, UMEIOIINXCS B KJIETKaX, KAK PaCTCHUH,
TaK M >KUBOTHBIX. VM3ydeHueM IpeBpalleHUNl SHEPTMM B JKUBBIX OpPraHU3MAax 3aHUMAETCs
OuosHepreTrka. YenoBek ueprnaer 3HEPrHI0 U3 Pa3IMYHBIX HCTOYHHMKOB: IMEPBbI HCTOYHHK
SHEpruu JaeTcsi HaM B HACJIEICTBO W BbIpabaThIBa€T MNOTEHIUAIbHYIO SHEPTUIO; BTOPOI

HUCTOYHHUK — C)KUTaHHUEC KUCITIOPpOaa, TpeTI/IfI — C)KUT'aHUEC NTPOAYKTOB IIMTAHUS.

IIpeBpamenusi JHepruM B *KUBOH KjeTke. HecKOHUYaeMblil MOTOK PHEPTUU B KIIETKE,
ITOTOK 3HEPIUU OT OJHOM KJIETKH K APYTrOW WM OT OJHOTO OpPraHm3Ma K JpyromMy M COCTaBJIsET
CYIIHOCTh >KM3HH. JKUBBIE KJIETKH 00JAalOT CIOXHBIMA M 3((GEKTUBHBIMU CHCTEMaMH IS
MpEBpAIIEHUsI OJJHOTO BUJA SHEpPruu B Apyroi. [IpeBpamieHus 3HEpruu NpoucxosT IIaBHBIM
o0pa3oM B JBYX CTPYKTypax — B XJIOPOIUIACTaX, MUMEIOIIMXCS Y 3€JECHBIX pacTeHUil, U B
MUTOXOHJIPUSIX, HMEIOIIMXCA B KJIETKaX, KaK pPACTeHWH, TaKk W JKUBOTHBIX. M3yueHuem
MPEeBpAIEHUI PHEPTUM B JKUBBIX OpraHu3Max 3aHUMaeTcs OuolsHepreTuka. YenoBek yepriaeT
SHEPTUI0 U3 Pa3JIMYHBIX UCTOYHUKOB: MEPBbII MCTOUYHUK SHEPrUU JACTCS HaM B HACIIEJICTBO U
BbIpa0aThIBA€T NOTEHIUAIBHYIO SHEPTHI0; BTOPOH UCTOYHHUK — CKUTAaHUE KHCIOPOJa; TPETHH —

CKUT'AHUC ITPOAYKTOB IIMTAHUS.

Mutoxonapuu. P®U3MKO-XUMHUYECKAsi AKTHBHOCTb MHMTOXOHAPHiI. MUTOXOHIpHUH
3TO 0coOble OpraHeiuibl KJIETKH pa3MepoM 1-2  MKM, OObIUHO cdepudeckoid WiIH
uunHAprudeckod ¢Gopmbl. OHM oOpa3oBaHbl JBYMsI MeMOpaHaMu: TJaJKOW BHEIIHEH U
BHYTpEHHEH, oOpasyromel CKIaJku, WIM KpPUCTHI, 3alOJHEHHBbIE CTYJHEOOpa3HOW Maccoi
OenkoBoro xapakrepa (marpukcoMm). Ha MemOpaHax pacroyiokeHbl pa3iudHble (EpPMEHTHI.
Oco0eHHO MHTEepecHa BHYTPEHHAs MeMOpaHa, Ha KOTOPO HaxXoJATcsl (PepMEHTHI JIbIXaTelbHON

uenu U pepMeHTsl, 00yciaosnuBatomue cuare3 ATO.



HN3omerpuyeckue BHPHOHBI BHPYCOB SKHBOTHBIX - NPHUPOIHBIE
HAHOAKKYMYJISITOPBI 3JIEKTPHYeCKOH 3HepruM. MoJieKkylsspHbli MacCUB KUBBIX CHCTEM Ha
90% cOCTOUT M3 MOJSPHBIX MOJIEKYNl OEIKOB, HyKJIEMHOBBIX KHCIIOT, JUIHJIOB, YIJIEBOJOB U
BO/Ibl, IPEJICTABIISIFOIIMX COOOM CBSI3aHHBIE ANEKTpUUYECKUE 3apsiabl — aunoiu. [Ipu coueranun
YKa3aHHBIX BBILLIE 3JIEMEHTOB B HAJMOJIEKYJIIPHBIE CTPYKTYphl COXpPaHSETCS U HapacTaeT MX
AJIEKTpUYECKasl aHU30TPONUsS WM acuMMmeTpus. Ha MonexkyiaspHOM ypoBHE acUMMETpHsl B
CTPYKType OHOJIOTMUECKHUX MOJIEKYJ IPOSIBISETCS B Pa3/eleHUU 3apsSA0B U pacHpelleleHUH
Pa3MYHBIX MOJSPHBIX TPyMIl. JUTOIBHBI MOMEHT, ONPEICeICHHBIN I MaKpOMOJIEKYN Oerka,
HYKJIEMHOBBIX KHCIIOT, OakTeprno¢aroB, COCTaBISIET OT JAECATKOB J0 COTEH ThICAY, a OaKTepuil —
nopsiika MujuioHa JleGaes. [ cpaBHEHUS ClielyeT OTMETHTb, YTO Takasl MOJIsipHasi MOJIeKyJa,
KaK MOJIEKyJIa BOJIbl, UMEET AUMOJIbHBIA MOMeHT 1,85 D.

OTKpbITHE €CTECTBEHHOW 3JEKTPUYECKON MOJIAPU3ALUU KUBBIX CUCTEM SIBISIETCS HE
TOJIBKO OJHUM M3 (yHIAMEHTAJIbHBIX CBOMCTB UX OpraHu3ald, HO, TJaBHBIM OOpa3oM,
yKa3bIBaeT Ha TO, YTO HAPALY ¢ MOP(POJOTHUECKON CTPYKTYPOH B JKHUBBIX CHUCTEMAX CYIIECTBYET
JNIEKTpUYEcKasi, MPOSBISAIOLIASLCS Opy HUX  B3aUMOJEWCTBUHM  MaKpOCKOMMYECKUMH
AIIEKTPUYECKUMH TOISIMH UM TOKaMU. CEeHCAIMOHHBIM OTKpPBITHEM SIBUJIOCH OOHapyKeHUue y
OaKkTepuil  BIEKTPOINPOBOIHBIX NMUJIEH (HAHOMPOBOJIOK), Yepe3 KOTOpble OAKTepUu IMepeaaroT
ANIEKTPOHBI Ha Jpyrue KieTku. OTKphITHE «HAHOMPOBOJOK» OOBACHAET CYLIECTBOBAHUE U
(YHKIIMOHUPOBAHHUE aCCOIMALINNA MUKPOOPTaHU3MOB B BH/I€ OMOIIJICHOK.

B oGnactn HaHOOMOSHEPTETHKU C HWCIIOJIb30BAHHEM BHPYCOB OaKTEepUi yUEHBIMH W3
HanmonansHo#t  maGopatopuu B bepxmu (CIIIA) pa3pabotan cmoco® BBIPaOOTKH
AIIEKTPOIHEPTHH C  UCIOJIb30BAHHEM IbE303JEKTPUUYECKUX CBOWCTB Oakrepuodara M13,
pasmepbl kotoporo 880 HM B auuMHY W guamerp 6,6 HM. ['eHeparop BeIpabaThIBaeT TOK,

,Z[OCTaTO‘{HBII\/'I JIIA pa6OTbI HEOOJIBIIOTO KUAKOKPHUCTAIMYCCKOTO AUCIIIICA.

dusnko-xumnyeckne cpoicrea AT®. CranpaprHas cB0O0OJHAS HJHEPrus
rugpoauza AT®. Anenosuntpudocdopnas kuciora (ATD)— HykimeoTHnx urpaer
UCKITIOYUTENHFHO BAXKHYIO POJIb B 0OMEHE SHEPryu U BEIIECTB B OpraHM3Max B IEPBYIO OUepe/ib
COEIMHEHUE M3BECTHO KaK YHHUBEPCAIbHBIH HCTOYHHK SHEPTUU IJI BCEX OMOXMMHYECKHUX
MIPOLIECCOB, MPOTEKAIOIINX B JKUBBIX cucTeMax. Dmnupudeckas popmyna ATD: C1oH16N5013Ps.
MonexynsapHas macca 507,19 a. e. M. Cucremarnyeckoe HaumeHoBaHUE AT®, OTHOCUTCS K Tak
Ha3bIBAEMBIM MAaKpPOIPIUYECKUM COEAMHEHHSAM, TO €CTh K XHMHUYECKUM COCIUHECHMSIM,
COJIepXKAlllUM CBSI3M, MPHU TUAPOJIHM3E KOTOPHIX MPOUCXOJUT OCBOOOXKJEHHE 3HAUYUTEIBHOIO
KonuuecTBa 3Hepruu. ['maponus gochoapupHbix cszelt Monekynsl AT®, conpoBoxIaeMblit
oruieryienueM | uimn 2 octaTkoB (GochOpHON KHUCIOTHI, IPUBOAUT K BhlesneHUt0 oT 40 mo 60

k/x/Monmb. AT® + HO — AID + H3PO, + sneprus AT® + H O — AM® + HsP,0; +



9Heprusi. BbICBOOOKIEHHAST OSHEPrus HCMHONB3YyeTCs B pa3HOOOpasHBIX  MpoIleccax,

MPOTEKAIOIINX C 3aTPATON SHEPTUM.

3akonbl OmodHeprerukn (mo B.II.CkyjgaueBy): NpPOTOHHBIi W HaTpUeBbIH
NOTEeHIHAJI, TPH 3aKoHAa OuodHepreTuku. JlroOass >XuBas KIETKAa OO0ECIEYMBAET CBOU
SHEpPreTHYecKrue MOoTpeOHOCTH 3a CYET BHEIIHMX pecypcoB. Kak pecypchl, Tak U noTpeOHOCTH
OTIIMYAlOTCsl OOoNbIIMM pa3sHooOpazueM. PecypcamMum MOTYT CIYKUTh CBET (JUIsl 3€JE€HBIX
pacTeHM M  HEKOTOphIX OakTepuil) M  MHOTOUMCIICHHBIE IUTAaTEJbHbIE  BEIIECTBA,
pacIlerUIsSIonIecs: B KIETKE J0 MEHEee JHEPreTUYECKH IEHHBIX KOHEUHBIX MPOAyKTOB. UTo
KacaeTcsi MOTpeOHOCTEN, TO OHU CKIAAbIBAIOTCA M3 PA3IMYHBIX HHEPrOEMKHX IPOIIECCOB,
HEOOXOJIMMBIX JUISI COBEPILIEHUS OTAEIbHBIX BHUJAOB MOJE3HON padOThl KJIETKM W OpraHu3Ma.
Jaxxe y mpocTeMmuxX >KMBBIX CYIIECTB, KaKOBBIMM SIBIISIOTCA OaKTepUH, TaKUX IPOLIECCOB
HACUYMTHIBAETCS] HECKOJILKO AECATKOB. [103TOMYy HEyTMBUTENBHO, UTO JKMBasl KJIETKA pacrojaraer
0oco0oi '"sHepreTMdyecko BaOTOM'", Wrparolmield poJib HOCPEAHHKA MEXIy IpolLeccaMmu
3armacaHusi SHEPTUU U ee TpaTbl. J{onroe BpeMsi cUMTanoch, YTO €AMHCTBEHHBIM THUIIOM TaKOM
"BaJIFOTBI" CITY’KaT TaK Ha3bIBAEMbIE BBICOKOOHEPTETUUYECKUE XUMHUECKHE COCUHEHUS, 4 CPEIU
HUX npexjae Bcero ageHosuHtpudocdar (ATP). Onnako nocnegHue paboOThl OMOIHEPTETUKOB
omnpoBepriy 3Ty normy. Okasanoch, 4TO KIIETKa pPACIoaraeT He OJHUM, a TPeMs THUIIaMH
"sHepreruueckoit BamoThl". Hapsiny ¢ AT® Takyro poJib BBIMOJHSIOT IPOTOHHBIN U HATPUEBBIN

MOTEHITAJIbI Ha OMOJIOTHYECKHX MeMOpaHax.

Bunsinue pakTopoB BHEHIHEH cpelbl HA KU3HEAesITeJIbHOCTh MUKPOOPraHu3sMoB. K
yuciy (pu3nueckux (pakTopoB, OKA3bIBAIOUIMX BO3AECWCTBHE HA MUKPOOPraHU3MbI, OTHOCSATCS
TeMIlepaTypa, BIAXXHOCTh Cpelbl, KOHLIEHTpAlMs pPacTBOPEHHBIX BEIECTB B Cpele, CBET,
AIIEKTPOMAarHUTHBIE BOJHBI U YIBTPa3BYK.

Temnepatypa oauH U3 BaXHEHIIUX (akTOPOB BHEIIHEH cpeabl. Bce MUKpoOpraHu3Mbl
MOTYT pa3BUBaThCS TOJBKO B OMNpeAENeHHBIX TMpenenax Temmneparypbl. Haubonee
OnmarompusiTHas s MHUKPOOPTaHM3MOB TemIepaTypa Has3bplBaeTcs onTtuManbHoi. OHa
HAXOJHUTCS MEXAYy KpallHUMHU TEeMIIEpPaTypHbIMH YPOBHSMU — TEMIIEPATYpPHBIM MHHHMYMOM
(HU3MIel TemmepaTypoil) U TeMmIepaTypHbIM MaKCUMyMOM (BBICIIEH TeMIepaTypoil), mpu
KOTOPBIX €I11€ BO3MOYKHO Pa3BUTHE MUKPOOPTIaHU3MOB.

KuzHenesTenbHOCTh MUKPOOPTaHU3MOB MPOTEKAET B CpeliaxX, MPEACTaBISIONUX COO0M
Oonee WM MEHee KOHIEHTPUPOBAHHBIE pacTBOpHl BemiecTB. OJHU M3 MHKPOOPTraHU3MOB
oOWTAIOT B MPECHOW BOJE, TJe KOHIICHTpAIMs PACTBOPEHHBIX BEIIECTB HE3HAUWTENbHA W,
ClIeIOBaTeNIbHO, HEBEIMKO OCMOTHYECKOe NaBleHHe (OOBIYHO AECAThIE JOJIU aTMOCQEpHI).

Jlpyrue e MHKpoObI, HA00OPOT, KUBYT B YCJIOBUSAX BBICOKMX KOHILIEHTpAIMi BEUIECTB U



3HAQYUTEIIBHOIO OCMOTHYECKOIO JIABJICHMs, [JOCTHUIAIOIIET0 MHOrJA JECATKOB M COTEH
atmocdep.

CBer HEOOX0AUM ISl KU3HU TOJIBKO TEM MHUKPOOaM, KOTOPBIE HCHOJB3YIOT CBETOBYIO
SHEpPTruI0 s oOMeHa BemiecTB. MHOTUMM IIJIECHEBBIM TPHUOKAM Takke TpeOyeTcs CBeT,
IIOCKOJIBKY IPH €ro IOCTOSIHHOM OTCYTCTBHM HE IIPOUCXOJUT OOpa3oBaHMs CHOp, XOTS
MUIENUH  pa3BUBaeTCs HOpManbHO. [IpsiMOil  conmHeuHBIE  cBEeT TryOWTeNeH  yIs

MHUKPOOPraHu3MoOB, a paCCGﬂHHBIﬁ CBCT MMOAABIACT UX pa3BUTHC.

Buasbi 3Hepruii. OKHCINTEIBHO-BOCCTAHOBUTEIbHbIE peakunu. [loHsATue «3Heprus»
OTpeJieNeTCsl KaKk Mepa pa3InyHbIX (JOPM ABMKEHUS MAaTEPUH M KaK Mepa mepexoja ABHKEHUS
MaTepuu u3 ogHOU (GopMbl B Apyryr0. COOTBETCTBEHHO, BUABI M TUIIBI SHEPTUU PA3IUYAIOT MO
dbopmaM IBMKEHUSI MaTepuu. Yemouek MMeeT JeJ0 ¢ pa3IMuHbIMH BUaamMu 3Hepruu. [lo cyru,
BECh TEXHOJIOTMYECKHUH MpOIEecC e€CTh IpeoOpa3oBaHME OJHUX BUIOB 3HEpruu B japyrue. B
MpoLecce MPOXO0XKACHHUS TEXHOJOTHYECKOTO TpakTa AHEpPrusi MHOTOKPATHO IMpeoOpasyeTrcs u3
OJIHOTO BHJIa B JPYroi, 4TO BEAET K YMEHBIICHHIO €€ IMOJIE3HOr0 KOJWYeCcTBa U3-3a MOTEph U

paccesiHUs B OKpYy»Karolieil cpeze.

CeroaHs 4eI0BEYECTBO 3HAKOMO CO CICAYIOIIMMH BUJIAMU U TUTIAMH SHEPTHH:
e MexaHnuueckas
e DJeKTpuyeckas
e XuMHUECKas
o TemnnoBas
e (CseroBas (JIyancras)
e Slnepnas (AtomHas)
o Tepmosnepnas (TepmosiaepHOTro CUHTE3)

Kpome Toro, Ham HW3BECTHBI U JAPYrHe BUIbl SHEPTUU, Ha3BaHHUS KOTOPBIX MMEIOT HE
¢busznueckuii, a omHMcaTeIbHBIA CMBICT, TaKM€ KaK BETPOBas SHEPrusi, WU TeoTepMaibHas
sHeprusi. B momoOHbIX chnyyasx ¢usznueckas Qopma XapakTepa SHEPruu MOJAMEHSETCs
Ha3BaHHEM €€ HCTOYHHKA. [lo3ToMy MpaBUIBHO TOBOPUTH CKOpEe O MEXaHMUYECKOW SHEpruu

BCTpa, DHCPIruu 110TOKa BETpa, UJIU TEIIOBOM OHCPIruu recoTepMalibHbIX UCTOYHUKOB.

OO0mme MexaHM3Mbl NOBpeXIeHHUS KJeTOK. Ha ypoBHE KIETKM MNOBpEXAAONINE
(dakTopbl “BKIIOYAIOT’ HECKOJIBKO TATOT€HETUYECKHX 3BeHheB. K HX UHCIy OTHOCST:
pPaccTpoiCTBO MPOIECCOB SHEPreTUUYECKOTO oOecreueHus: KIETOK; MOBPEKIECHUE MeMOpaH W
(epMEHTHBIX CUCTEM; IMcOalaHC MOHOB U JKHJIKOCTH; HApyIIEHUE T€HEeTUYECKOW MPOrpaMMBbI

1500703078 €C  pcajin3alvu; paCCTPOﬁCTBO MECXaHHU3MOB peryisnun (I)yHKI_II/II/I KJICTOK.



HapymeHHe SHECPIrCTUUCCKOT'O obecrieueHust mponeccoB, IMPOTCKAOIMIUX B KIICTKAaX, 4YacCToO
SABJISICTCA MHULUAJIBHBIM W BCAYIIMM MCXAHU3MOM HX aJIbTCpalluu. 9HepI‘OCHa6)KCHI/IC MOXET

paccTpauBaThCs Ha 3Tanax cuHre3a AT®, TpaHcniopTa, a TakKe YyTUIN3aluu €ro S3HEPTUH.

5. OBPA3OBATEJIBHBIE TEXHOJIOT U

Texnonorus CymiHocts

TexHoa0rusi 00bSICHUTEIbHO HIIJTIOCTPATUBHOI'O oﬁyqem/m

Texnonorust popmupoBanust |JlaHHas TeXHOJOruMss OCHOBaHa Ha (OPMHPOBAHUH U
IPOCBEUICHUH CTYAECHTOB-OMOJIOTOB C OpraHuzanueil ux
penpoayKTUBHON aedTenbHOCTH. OCHOBHas ILeJib — 3TO
BbIpabOTKa  Kak  OOIl€Hay4yHBIX (opraHM3alnoHHBIX,
UHTEIJIEKTYalbHbIX, HH(OPMAIMOHHBIX © Jp.), TaK H
crenuaibHbIX (MpeaMeTHbIX) ymeHuil. Kak mpaBuno — 310
YCBOEHHE U BOCIPOU3BECHNE TOTOBOM yueOHOM nHpopmamu
C HWCIOJIb30BAaHUEM CPEJCTB HATJBITHOCTH (CXEMBI, TaOJIUIIHI,
MIPE3CHTAINH U JIP.)

MIPUEMOB yueOHON paboThI

TexH0JI0rMu JUYHOCTHO-OPUEHTHPOBAHHOIO (AN TUBHOI0) 00y4YeHUs

Texnonorus Cwmbicn muddepeHIMpoBaHHOTO O0yYEHUSI COCTOHWT B TOM,
Tu(pPEepeHIUPOBAaHHOTO  YTOOBI TNPWHWMAas BO  BHHMAaHHE WH/IUBHTyaTbHBIC
00y4eHUS OCOOGHHOCTH  KaXJOT0 OTIEIBHOTO CTyJAeHTa (YpOBEHb
MOJATOTOBKH, pa3BuUTHS, 0COOEHHOCTh MBIILIJICHHUS,

NIO3HABATENBHBIM HHTEPEC K MPEIMETY), OTIPEACIHUTD I HErO
HauboJsiee  1eIecOo00pa3HbIi u  3pQdeKTUBHBIN  BUL

JesITeNIbHOCTH, (POPMBI pabOTHI U TUIIBI 3a/IaHUH.

TexHomorus O6y‘IeHI/IH CYH_[HOCTB MOI[y.]'IBHOI\/'I TCXHOJIOTHH 3aK/III04acTCsA B
CaMOCTOATCIIBHOM CO CTOPOHBI CTyACHTa WM C IIOMOIIBIO
npenoaaBareid  OOCTHXXKCHHUHU KOHKPCTHBIX ueneﬁ yqe6Ho-
MO3HABATEILHOM JESITEIABHOCTU B mpouecce CO CICHUAIBHO
paBpa60TaHHOM MOAYJIEM HJIIH Q)YHKHI/IOHaHBHHM 6J'IOKOM,
BKIIIOYAOIIIMM B cebs COACPIKAaHUC H CIIOCOOBI OBJIaACHUA

OTHUM COACPIKAaHUCM

Texunonorust GopmupoBanus |YueOHas JIEATEIbHOCTh paccMaTpUBaeTcs Kak ocobas gopma

y4eOHOI IeITENbHOCTH  |y4eOHOM  aKTHUBHOCTH  CTYJACHTOB, HampaBJeHHas Ha
npruoOpeTeHne 3HaHUH ¢ TIOMOIIBIO PELIeHUs] pa3paboTaHHOMN
IpenojiaBaTeNieM CUCTeMbl y4eOHBIX 3aJad M TeCTOB Kak

(bOpMBI KOHTPOJISI 3HAHUH.




NudopmanmonHo- [IpencraBistor  co0Ol  COBOKYIHOCTH TEXHOJIOTUH,
KOMMYHUKAI[HOHHBIE obecnieunBaromux (ukcanuo napopmarum, e€ 06paboTky u
texHosioruu (MKT) uH(pOpMaIMOHHBIE OOMEHBI (mepenady, pachpoCTpaHEHUE,
packpsitue). K KT oTHOCAT KOMIBIOTEpHI, MPOrpaMMHOE

o0ecrieueHre U CpeICTBA IEKTPOHHOM CBS3H.

6. OHEHOYHBIE CPEJCTBA JJIs1 TEKYIIEI'O KOHTPOJIS YCIIEBAEMOCTU,
IMPOMEXYTOYHOM ATTECTAIIUU 1O UTOT'AM OCBOEHU S TUCHUTIJIMHBI U

YYEBHO-METOJANWYECKOE OBECIIEYEHUE CAMOCTOSTEJBbHOM PABOTHI

CTYJAEHTOB

[IporpamMma auctuniInHbl «bHOdHEPreTHKa» ONUpaercs Ha TPaAUIUMOHHBIE (GOpMBI O0yUYEHHUS U
COCTOMT U3 Kypca Jekuuii. B xoje u3ydeHus QUCUMILTUHBI 00pamaTh BHUMAaHNE CTY/IEHTOB Ha o0uue
3aKOHOMEPHOCTH CTPOCHHSI W (YHKIUH DHEPTeTHKH  OMOCTPYKTYpP, MHUKPO- U HaHOOPTaHWU3MOB.
[lpuBnekate 3HaHUS CTYJIEHTOB 110 TAaKUM TMpeaMeraM, Kak (U3WKa, XUMHS, OHOTEXHOJOTHH,
MoJIeKyisipHast Owoniorusi. [lepen HavaaoM HM3ydeHHs] COOTBETCTBYIONICH TEMbI MPH HEOOXOJUMOCTH

IOBTOPATH OCHOBBI BbIIIIEC HA3BAHHBIX IUCHUILIIUH.

Hcrounukm nadopmarmu. Karamoru. bubamorpadus. IlaterTsr. MexOHOINOTEIHBI a00HEMEHT

(MBA). DnexTponnbie 60a3bl JaHHBIX. [IpaBwia moncka HaydHOU WH(DOpPMAITUH U €€ UCIIOE30BaHUE.
[MpomexyTodyHas aTTecTaus - 3a4er

PelTHHT-KOHTPOIb — TEKYIIUI KOHTPOJIb

Bonpocsl k 3a4ety

1. Otkyna Gepercst CBOOOAHAS SHEPTUs B OMOJIOTMYSCKUX CHCTEMaX U KaK ¢ €€ MOMOIIbIO
coBepiaercs padora?

2. Tunbl XUMUYECKOH CBS3U. DHEPTUs aKTUBALIMKA 00pa30BaHUs U pa3pbhiBa CIa0BIX
XHMHYECKUX CBS3€EM

3. YpoBHHU B3aMMOCBSI3M MEXKy KaTaboau3MoM 1 aHaboan3MoM OOIue YepThl U pa3HUIa
aHa0oJIM3Ma U KaTaboJIn3Ma

4. CB00OIHAsI SHEPTHUS )KMBBIX CHCTEM M €€ CBOMCTBA

5. OcHOBHBIE 3TaIlbI pacnaaa yrieBoaosB, OCIIKOB U JKHUPOB

6. MexaHu3MBbl PEryisIiui MeTadoIn3Ma
7. BHyTpeHHss1 d3HEPTUs cuctembl. @OpMBI Iepeiaun SHEPTUU B )KUBBIX CUCTEMAX
8. [IpoTOHHBIN U HATPUEBBIA MOTECHIIUAIBI

9. PazHooOpasue myreil npeBpalieHns SHEPTUU B )KUBBIX KIIETKaX



10.
11.

12.
13.
14.
15.
16.

Ponb AT® B knerounoi s3uepreruke. Ctpoenue mosuekyiasl ATO

Tpu 3axona 6uosnepreruku no B.I1. Ckymnayesy.

[1epBbIii 3aKOH OMOIHEPTETUKH
Bropoii 3akoH OM03HEPreTUKH
Tperuii 3aKk0H OMO’HEPTETUKU
OcHoBHbIE «cTaTbl pacxoaoB» AT® B kieTke

Makpoapruueckue coequHenus. CTpykrypa u npejacraButenud. Huzkosnepretruueckue

docdar-opraHudecKre COSTUHCHUS

17.
18.
19.
20.
21.
22.
23.

OTnnuns OHECPIrCTUKU paCTHTeHBHOﬁ KJIICTKHU OT DHCPIr€TUKU JKUBOTHOM KJIETKH
Dransl SHEPreTUYecKOro ooMeHa

Crnioco6s1 oopazoBanust AT® B kieTkax

MUTOXOHIpUU: CTPOEHUE U PYHKIIUU

Knaccudukanus pepmeHToB

[lepeHoc AMIEKTPOHOB O ABIXaTEIFHOU IIETIH ¥ OKUCIUTENBbHOE (hochoprmmpoBanne

NHruburopsl, 6I0KUPYIOIINE TEPEHOC TEKTPOHOB B JIBIXaTEIbHOM 1IETH.

24. I'mnpaBinyeckas MOJIEIb IbIXaTeIbHOW e

25.
26.

XemuocmoTtuueckas reopus [lutepa Mutuenia.

BricBeunBanme SHEPIrrUU OKHUCIIUTCIbHO-BOCCTAHOBUTCIIBHBIX peaKuHﬁ B BUIC

6I/IOJ'IIOMI/IHGCI_[GHTHOFO HN3Ty4YCHUA

27.
28.

O6mmwme npeacrasiaeHus 06 ADOK .

AHTHOKCHJIAaHTHAs 3alIUTa KIETOK.
Bonpockl K peiiTUHHT-KOHTPOJIAM 3HAHUH CTY/J€HTOB

PeiiTuHr-KoHTpOJIBH Nel

buosnepreTuka - kak Hay4yHasi AUCHUILIMHA

Hctopus pa3BuTus Hayku OHMOIHEPIETUKH.

Crenuduka xxuBoro Bemectsa. OCHOBHbIE (DYHKIIUH JKUBOTO BEIIECTBA.

OCHOBHBIE BUJIbI SHEPTHA.

[IpencraBneHue o KU3HU ¢ MO3UIUH OnosHEepreTukr CBOOOHASI SHEPTHS JKUBBIX CUCTEM
H e€ CBOMCTBA

OTnAnuus 3HEPreTUKU PACTUTEIBHOM KIETKU OT SHEPT€TUKH KUBOTHOU KIIETKU
buonornueckoe okucIeHNE KaK OCHOBHOM UCTOYHHUK SHEPTUU

OcHoBHbI€ dTanbI MpeoOpa3zoBaHUs SHEPTUU B KHUBOM OpraHU3MeE

Anab0113M 1 KaTaboIM3M — B3aUMOCBSI3aHHBIE TTPOIECCHl 0OMEHa BEIIECTB U DHEPTHUH

YTto Takoe HYyTpUEHTHI?



e PeliTHHr-KOHTPOJIb Ne2
®opMbI IEpeIauy SHEPTUU B JKUBBIX CUCTEMAX (JIyducTasi, XMMUYecKasi 1 JIp.)
Crpoenne U QyHKIMH KICTOYHONH MEMOpaHBI.
[TaccuBHBII U aKTUBHBIN TPAHCIIOPT Yepe3 IUMUAHbIH Oucnoi. Ocmoc. [IpocTas u
oOnerdyenHas uddy3usi.
XapakTepucTUKa OCHOBHBIX OPraHeIlI KJIETKHA dyKapHuoT.
MUTOXOHAPUU: CTPYKTYpa U QYHKIUH.
MUTOXOHIpUSA: SHEPTETUYECKAs CTAHIIUS KIIETKH.
MUTOXOHIpUY U TEOPHUS KAIBLIIMEBOTO HAKOIUICHMS.
[IpuponHbIE U TEXHOT€HHBIE AJIEKTPOMArHUTHBIE MTOJISL.
[TonoxxuTenpHOE M OTPULATENBHOE BIMSIHUE IIPUPOJIHBIX 3JIEKTPOMArHUTHBIX
BO3/ICUCTBUS HA YEJIOBEKA.
DnekTpoU3nIecKrue CBOMCTBA IUTOTIIIA3MATUYECKO MEMOPaHBI.
[IpoTOHHBIV ¥ HATPUEBBIN NOTEHIIUAIIBI.

CoOcTBEHHBIE QJICKTPUYCCKHC IMOJIA OpraHu3Ma 4CJIOBCKa.

e PeilTuHr- KOHTPOJBb Ne3

MI/ITOXOH)IpI/II/I 1 TCOPHA KAJIbLIUCBOTO HAKOIIJIICHUA.

Kus3Hs B SJICKTPHUYCCKOM II0JIC.

3akonsl OnosHepretuku no B.I1. Ckynaueny.
Honsr CkymaueB u mpoOiiemMa CTapeHus.
Buppsl cBsa3ell B MAaKpOMOJIEKYTIax.
buosnexkrpuyeckue siBIEHUS B KJIETKE U 5KMBOM OpraHHU3Me.
Cuinbl Ban-nep-Baanibca — posib B MEKMOJIEKYISPHBIX B3aUMOICUCTBUSIX.
buosnexkrpuyeckas 1MarHoCcTUKa.
buonornuecknii 37eKTporeHe3 (OUOAIEKTPOTreHes).
buosnexkTpuyecTBO B KJIACCMYECKOM MOHUMAHUMU.
buosnekrpuyecTBO B COBpEeMEHHOM IMOHUMAaHHH.

Boz[opolea;[ CBs3b B MAKPOMOJICKYJIaX U B BOJC.

Bonpocsl ¥ 3a1aHus /151 CAMOCTOATEIbHON PadoThI CTY/AEHTOB

1. 3aKOHBI TEPMOAMHAMHUKH B OMOJIOTHYECKUX CUCTEMAX..

2. DHTpomus duonornyeckux cucteMm [1oTok OMOIOrMuecKoil SHEPTHH.

3. MeTabomu3M: OHITHE U (YHKIIHH.

4. MakpOCKOMMYECKHH aCleKT MeTaboIu3Ma.

5. ABToTpodsl 1 rerepoTpodbl. A3pOObI M aHAIPOOHI.

6. Merabonuyeckue MyTH: JHHEHHbIE M nuKiInueckne. Katabonuyeckre n aHabonnyeckue

YT U UX B3aUMOCBA3b.



7. llpenmet u 3amaun OMosHEpreTHKHU. MIcTopus cTaHOBIEHHSI OMOIHEPTETHKU KaK HAYKH.

8. IIpeBparieHus 3HEPTUH B )KUBOU KiIeTKe. OCHOBHBIE IPUHITUITBI OMOIHEPTCTHKH.

9. ApxutekTypa MUTOXOHApUil. Pacnpenenenne u nokanu3auus MUTOXOHIPHUM B KIIETKE.
XuMHuueckasi akTUBHOCTb MUTOXOHIPUA.

10.  JIpIxarempHas  IICHb. KommoneHnTsl  fgbIxaTelbHOM  LENW  MUTOXOHAPHUU.
[TocnenoBaTenbHOCTh (PYHKIIMOHUPOBAHUS IIEPEHOCUMKOB 3JIEKTPOHOB U IIPOTOHOB.

11. OkucnurensHoe (ochopunupoBanue. Perynsmus apixanus, pa3oOuieHrne 1 0OMEHHbIS
peaxkuuu.

12. XeMHOCMOTHYECKHI MEXaHU3M 3aIlaCAHUsl SHEPTUH JIbIXaHUS.

13. Xumnueckue cpoiictBa AT®. CranmaptHas cBoOomHas sHeprus ruaponmuza ATO.
BricokoanepreTnyeckne 1 HU3Ko3HepreTuueckue GpochaTsl.

14. AT®-cunraza. CTpykTypa U MeXaHU3Mbl (YHKIIMOHUPOBAHHUS.

15. [IpoTOHHBII MOTEHINAT KaK MCTOYHHUK SHEPTHH JJIs1 00pa30BaHUs TEIIJIOTHI.

16. MonekynspHble OCHOBBI OMOJIOTMYECKOM MOABMXKHOCTH. KpeatuHdocdaTHblii myTh
TPAHCIIOPTA SHEPTUU B MBIIIEYHBIX KIIETKaX.

17. Dueprernueckuii oOMeH B KapauomuonuTax. Hapymenus sHeprooOpazoBaHHs B
KJIETKaX CepIeYHON MBILILBI: IPUYUHBI U CIEACTBHSL.

18. Cnenududeckne MeTOIpI MEMOpPaHHON OMOIHEPTETHUKH.

19. 3akonbr 6uodHepreruku (B.I1.CkynadeBy): mpOTOHHBIN W HATPUEBBIN MOTEHITHAN, TPH
3aKoHa OMOd’HEpreTHKH. | eHeparms MoTeHraia Ha MeMOpaHe.

20. Crpykrypa OHOJOTMYECKMX MEMOpaH, WX pOJIb B MHUTOXOHIPHUSAX, XJIOpOIUIacTax,
Xpomarodopax.

21. Uctopus n3y4eHus CTPOCHHSI MEMOpaH.

22. Tunsl MeMOpaH B KiIeTke U ux (yHKIHH. COBpeMEHHBIC MPEACTABICHHS O CTPYKTYpE U
reorpaduu MeMOpaHHBIX JOMEHOB.

23. Obmume mpeacTaBieHuss 0 OMONIOrHYecKuX MeMOpaHax. MonekynsipHas U MeMOpaHHas
ouomnorus. @ynkius memopan. CoBpeMeHHbIE TPOOIeMbl MEMOPAHOIOTHH.

24. Teopusi crpoeHuss MemOpaH. MarpukcHas ¢(yHKuus memOpaH. ['ereporeHHOCTB
MeMOpaH. KoMnoHeHTHI OMOI0rnYecKuX MeMOpaH: JUIHbI, OSIIKU, YTIeBOJOPOAbI, BOJA.
25. MewmOpannbiii Tpancnopt. IlepeHoc BemiecTBa uepe3 MemOpany. M30upatenbHas
MIPOHMIIAEMOCTh MeMOpaH. PaBHOBecHe 110 pa3HbIe CTOPOHBI MEMOPAHHBI.

26. MemOpannbie cuctembl TpaHcmnopra: Na/K-AT®aza (nokamuzamusi, CTPYKTypa,
PEaKIMOHHBIN LIUKII).

27. HarpueBblii mNOTEHIMAJ, HATPUH-TPAHCIOPTUPYIOIAs JbIXaTelbHAs LENb, HaTpUi-
Tpancnoptupyomas AT®daza.

28. MCTO,Z[BI perucrpanuu TpaHCMeM6paHHOI7I Pa3HOCTH MMPOTOHHOI'O MOTCHIMAJIA.



29. VYrTwimzauuss HATPUEBOro TMOTEHIMANa [JJi OCMOTHYECKOM, XUMHUUYECKOM U
MEXaHUYEeCKOU paboThI.

30. JIprxaTenbublii koHTposib. CootHomenune AJ1D/P u P/O.

7. YHEBHO-METOINYECKOE U HTHOOPMAIIMOHHOE OBECIIEYEHUE
JUCHUIIVIMHBI MOY JIS)

a) OCHOBHAaf1 JINTeparypa:
1. IIpuHIMIBI 1 METOABI OMOXUMUU U MOJIEKYISIPHOM OMOJIOTUH [ DIEeKTPOHHBIHN pecypc]
/ penmaktoper K. VYuiacom wu Jx. VYoukep. - M.: BHUHOM, 2013. -
http://www.studentlibrary.
ru/book/ISBN9785996321261.html
2. du3uyeckas XUMUS JTUCTIEPCHBIX CUCTEM [ DIEKTPOHHBIN pecypc]|: yueOHUK st
CTYIEHTOB/ Epmos I0.A. - M.. I'SOTAP-Menna, 2013. -
http://www.studentlibrary.ru/book/
ISBN9785970424285.html
3. HanoOuortexHosornu [DnexkTpoHHbI pecypc] / moxn pen. A.b. PyOuna. - M. :

BMHOM, 2013. http://www.studentlibrary.ru/book/ISBN9785996322916.html

0) 1OMOJIHUTEJIbHAS JIUTEepaTypa:

1. KoHnenuuu COBPEMEHHOTO €CTECTBO3HAHUS [DJIEKTPOHHBIN pecypc| : Y4eOHHMK st
cTyneHToB By30B / H.M. Anb-Anu. - CII6. : [Tonmurexnuka, 2013.

2. be3omnacHOCTh KHU3HENEATENILHOCTH YeJIOBEKa B AJIEKTPOMATHUTHBIX MOJSIX [yuel.
nocooue / C.M. Anomronckuii, T.B. Kamsana, b.E. Cunganockmii. - CII6. : IToaurexHuka,
2012.

3. MukposneMeHTbl B OKpYXKarolleil cpene: OHOreoXumusi, OUOTEXHOJOTHUS U
ouopemenuanus : [HayuHoe uznanue] : nep. ¢ anri. / K. Anexcanap [u np.] ; mox pea. M. H.
[Ipacana, K. C. CamxBana, P. Haiiny .— Mocksa : ®usmatiurt, 2009 .— 815 c.

4. IIpakTUKyM 110 MOJIEKYJIsIpHOI 6uostoruu [DnekrpoHHbli pecype] / A. C. Konuues,
N. JI. LiBetkos, A. I1. ITonos u ap. - M. : KonocC, 2012.

5. DIeKTpOHHAsi MUKPOCKOMHS HaHOOAKTepUil M IPYTHX MpeACTaBUTEICH MHKpPO- U

HaHoMmupa : [MoHorpadus] / A. I1. [Tonomapés .— Brnagumup : UI1 XKypasnésa, 2011 .— 180 c.

B) NEPUOAUYECCKUEC U3TAHUA:


http://www.studentlibrary.ru/book/

1.bubauoreka 6uonora; http://lib.e-science.ru/book/?c=4

2. CkynaueB B.II. buoxumus mem6pan. Knura 6. buosnepreruka: MemOpaHnHbIe

npeobOpa3oBarenu sueprun: _http://freebooks4study.com/referat3683-down.html

3. [Mpupona: http://ras.ru/publishing/nature.aspx

4. Ycnexu coBpemeHHOM Ouosoruun: http://elibrary.ru/issues.asp?id=7753

5. DnemenTsl. CaliT HOBOCTEH (yHIaMeHTanbHON Hayku: http://elementy.ru/news
I') MHTEPHET pecypchl:

1. www.elibrary.ru

2. www.biblioclub.ru

3. www.znanium.com

8. MATEPHAJIbHO — TEXHUYECKOE OBECITEYEHUE JACIHUATLTAHBI
(MOJIYJIST)

HGKI_[I/IOHHaSI HaCcTb KaXI0ro 3aHATUSA COIPOBOKIACTCA HGMOHCTpaHI/Ief/'I HITIOCTPATUBHOT'O
Marepuana u3 VIHTepHET-pecypcoB, JMTEPATYpPHBIX MCTOYHHKOB, PHUCYHKOB, IIOMOTAIOIINE
BOCIIPpUATHUIO MaT€pHajia 1o pacCMaTpuBacMoOMy BOIIPOCY, a TaKKE HCIOJIB30BAHHUE APYIUX U
ANIEKTPOHHBIX HAYYHBIX OHMOIMOTEK /I TIOMCKA HEOOXOAMMOW JUTEpaTypbl, HampUMeEp
http://www.sambal.co.uk/biology.html;
http://en.wikipedia.org/wiki/Bioenergetics; http://www.molbiol.ru; http://www.biotechnolog.ru;
JleknMOHHBIA KypCc 4YHTaeTCsl B Kiaccumueckod aymuropuu (ayna. 133-1), ocHameHHOH
MYJIbTUMEAUHHBIME CpPEJACTBAMU  (IIEPCOHATBHBIM KOMIIBIOTEp, AuanpoekTop). Ilpe3enrtanuu,

HarJsiJHbIC nocoous u Aap.


http://lib.e-science.ru/book/?c=4
http://freebooks4study.com/referat3683-down.html
http://ras.ru/publishing/nature.aspx
http://elibrary.ru/issues.asp?id=7753
http://elementy.ru/news
http://www.biotechnolog.ru/

[Iporpamma cocrasiiena B cooTBeTcTBUM ¢ TpeboBaHusiMu @I'OC BO no nanpasnenuto 06.03.01

— «buonorusy» u npoduiato noaroToBku «brosHepreTrkay

Pabouyro mporpamMmmy coctaBui: AOKT. OHoJI. HayK, mpodeccop [Tonomapes A.I1.

Penenzent MAHHUH bopuc JleonnnoBny, KaHauaaT

OMOJIOTMYECKUX HAYK, BEAYIIMH Hay4HbIH COTpYAHUK «DenepalibHblil LIEHTP OXpPaHbl 310POBbS

KHUBOTHBIX».

[Iporpamma paccmoTpena u ojio0peHa Ha 3acefaHuy Kadeapbl OMOJOTHU U SKOJIOTHH

npotokoJ Ne6/1 ot «10» Hoa6ps 2014 rona.

3aBenyromuii kadeapoit Tpudonona T.A.

Pabouyas mporpamma paccMoTpeHa U 000peHa Ha 3aceJaHuu y4eOHO-MEeTOIM4YeCKOM

komuccuu HanpasieHus 06.03.01 - «buonorus» npotokos Ne2/1 ot «10» Hos16ps 2014 T.

[Ipencenarens yueOGHO-METOJMUECKOM KOMUCCUU Tpucdonona T.A.




MunncrepcrBo oopazoBanusi U Hayku Poccuiickoii ®@egepanun
denepanbHOE FOCYAAPCTBEHHOE OO/DKETHOE 00pa30BaTENbHOE YUPEKACHHE
BBICHIETO PO(ECCHOHANBHOTO 00pa30BaHUs
«BJy1aJMMHPCKU rOCyAapCTBEHHbIH YHUBEPCUTET

HMCEHHU A.]Ielcca}mpa FpnropLeBnqa u Huxoaas Fpnropbennqa CT0/1€TOBBIX»

(Bal'y)

«YTBEPXJIAIO»
IIpopekTop
10 y4eOHO-MEeTOqu4ECKOor padoTe

A.A. ITanduios
« » 2014rona

PABOYASA NIPOI'PAMMA JTUCHHUIIJIMHBI

«bUOOHEPI'ETUKA»

Hanpasnenue noarotosku — 06.03.01 «buonorus»

[Tpoduns noarotoBku - «O0Ias OHOJIOTH

ypOBeHB BBICHICTO O6pa30BaHI/I$I — 6aKaHaB[ZI/IaT

dopma 00ydyeHHs] — O4yHast

®dopma
Tpynoem- [Ipaktnu. | JIaGopar.
Jlexmui, CPC, IIPOMEKYTOUYHOI'O
Cemectp KOCTh 3aHATHH, pabor,
qac qac KOHTPOJIS
3a4.ej., yac qac qac
(9K3./3a4eT)
5 3(108) 36 - - 36 3a4eT
Htoro 3(108) 36 - - 36 3a4eT

Bnanumup, 2014r.




1. HEJIX OCBOEHUA JUCHUIIJIMHBI

Henbto kypca «buosnepreTuka» sBisgeTcss oOecrieueHne yJaluxcsi OCHOBaMU 3HAHUNA U
COBPEMEHHBIMU IIPEICTABICHUSIMU O MOJIEKYJISIPHBIX OCHOBAX IPEBPALCHUS SHEPTUU B KUBBIX
cucreMax, MexaHu3Max (OpPMHUPOBaHHS TPAHCMEMOPAHHBIX HIEKTPUYECKHX MOTEHIHAJIOB,
NPUHIOMNAX  B3aUMOJCHCTBUS  OOBEKTOB  OHMOJIOTMYECKOH  MPHUPOABl C  BHEIIHUMH
WHOOPMAIMOHHBIMH ~ TIOJISIMH ~ PA3IMYHON  NPHUPOJBL:  AJNEKTPHUYECKHUM,  MAarHUTHBIM,
IPaBUTALMOHHBIM, OO0 OCHOBHBIX SHEPro3anacaroliMX W HSHEPro3aTpaTHBIX IpolLeccax u
peaKnusax, MPOTEKAIOMINX BHYTPU KJIETOK M CBSI3aHHBIX C JKU3HEHHO BAKHBIMH (DYHKIUSMH

OpraHu3sMma.

2. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OIIOII BO

Hucuunnuna «buosHepreTrka» BXoauT B 0a30BbIi 650K 1 mporpamMMbl OakanaBpuaTa B
e BapUaTUBHYIO YacTh, AUCHUIUIMHA 110 BbIOOpPY (kox b1.B.JIB.B). Kypc HaxomuTcst Ha cThIke
€CTECTBEHHOHAYYHBIX JUCLMIUINH, CBSI3aHHBIX C U3y4eHHEM MOpP(}OIorur U OMOPU3UKHU KUBBIX
cUCTeM, MX (QYHKIMOHUPOBaHMS. JlaHHAs IUCHUIUIMHA SIBISIETCA MNPEIIIECTBYIOMEH s
CIIEAYIOIUX KypcoB: Ouodusmka, OHOXUMHUS U MOJEKyJIspHass OWOJOTHS, BBEICHHE B

OMOTEXHOJIOTHIO, MEMOPAHOJIOTHS, OMOJIOTHS Pa3MHOKECHHS M PA3BUTHUS U JP.

3. KOMIETEHIIUM OB YYAIOIIETOCSl, POPMUPYEMBIE B PE3VJILTATE
OCBOEHUS M CHUATIIAHBI (MOYJIsT)

B pesynapTare uW3ydeHUs JUCHUIUIMHBI  «BHO’HEpPreTHKa»  CTYACHT  JIOJDKEH
JEMOHCTPUPOBATH CIICIYIONIUE Pe3yIbTaThl 00pa30BaHMS:

1) 3unarth:

- 3HaTh W TPHMEHATh HPHHIUIBI CTPYKTYPHOW H (YHKIMOHAIBHOW OpraHU3aluu
OHMOJIOTMYECKHX OOBEKTOB W BIIAJICHUEM  MEXaHU3MOB T'OMEOCTATHYCCKOW  pEryJIsIHH,
BJIQJICHHEM OCHOBHBIMH (DPH3HOJOTHYCCKMMH METOJIAMH aHAJIM3a U OICHKH COCTOSIHHUS YKHUBBIX
cuctem (OIIK-4);

- CIIOCOOHOCTBIO IMPUMEHSTH 3HAHHE IPUHIIAIIOB KJIECTOYHOW OpraHu3aliu
OMOJIOTHUECKHX 00BEKTOB, OMOPU3NUECKIX U OMOXUMHYECKHUX OCHOB, MEMOpPAHHBIX ITPOIIECCOB

U MOJICKYJIIpHBIX MexaHu3moB (OI1K-5).

2) Ymers:
- CHOCOOHOCTBIO MPUMEHATh COBPEMEHHBIE IPEACTABICHUS 00 ocHOBax
OMOTEXHOJOTHUECKUX U OMOMETUITMHCKUX  TPOU3BO/ICTB, T€HHOM  WHXEHEpHH,

HaHOOMOTEXHOJIOTUH, MOJIeKyIsipHOTO MoaenupoBanus (OITK-11).

3) Baangern:



- CIIOCOOHOCTBIO

HCIIOJIB30BaTh

3HaHHUC OCHOB

npodeccuoHaIbHOU U connaibHol aestenbHocTH (OT1K-12);

U [IPUHIOUIIOB

OMOdITUKHA B

- CIIOCOOHOCTBIO NPHUMEHSATH COBPEMEHHBIE METO/bl 00paOOTKH, aHalW3a, W CHUHTE3a

MIPOU3BOJICTBEHHON U J1a00paTOpHO OMONOTHYECKOW HH(OpPMAIUK, TNpaBUJIa COCTABICHUS

HAYYHO- TEXHUYECKUX MPOeKTOB U 0TueToB (I1K-4).

OO6mas TpymoEMKOCTh TUCIUTIIMHBI COCTABISAET 2 3a4CTHBIX SAMHHMIIBI, /2

5. CTPYKTYPA U COAEPKAHUE JUCHUIIJIMHBI (MOAY JIA)

gaca.

Bunpl yaeOHOM paboTHI, O6bvem Dopass
BKJIIOYAsk CAMOCTOSTEIBHYFO yueOHOH
. 5 TEKYIIETOo
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an % (B wacax / pu T
HOM
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chcTeMax
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p 53| 2 2 2/100%
MMOTEHI[AAIEI.
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5| 4 2 2 2/100%
ANEKTPOMArHUTHBIC




I0JIS1 YEJI0BEUECKOIO
OpraHu3sma.

Crpykrypa u
(GYHKIMU  KJIETOYHBIX
MeMOpaH.

Hcropus U3y4YECHUs
CTpOeHHUsI MeMOpaH.

2/100%

[TpunIUIIBEI
YCTOMYUBOTO
JTUHAMHYECKOTO
HEpPaBHOBECHSI
OMOJIOTHYECKUX
CHCTEM

PetiTunr-
KOHTPOJIb
Nel

I'enepanus
MOTEHIHAIIA Ha
MeMOpaHe KIIETOK.

2/100%

Buyrpennsas sHeprus
CUCTEMBI. Popmsbl
Iepeaadyn >HEPruu B
JKUBBIX CHCTEMaX.

[IpeBpatmenus
SHEPrUh B KUBOU
KJIETKE. OcHoBHBIE
TIPUHIIUIIBI
OMOZHEPTETUKU.

10

MuTtoxoHIpun.
Du3NKO-XUMUYECKas
AKTUBHOCTh
MUTOXOHJIpUH

10

2/100%

11

Pa3nooOpasue myrei
MIPEBpAICHUS SHEPTUH
B )KHMBBIX KIJIETKaX

11

PetiTunr-
KOHTPOJIb
Neo2

12

N3omerpuueckue
BUPUOHBI BHUPYCOB
YKUBOTHBIX —
MIPUPOIHBIE
HaHOAKKyMYJISITOPbI
AIEKTPUUECKON
SHEpPIruu

12

2/100%

13

DHU3NKO-XUMUYECKUE
CBOIiCcTBa ATO.
CranpapTtHas
cBOOOJIHAs  PHEprus
ruaponn3a ATO.

13




14 | buosnexkTpuuecTtBo B
KJIACCUYECKOM mlcl gl g 5 2/100%
COBPEMEHHOM

IIOHMMAaHHH.

15 | 3akoHbI
OouosHepreTukd (IO
B.I1.CkynaueBy):
pOTOHHEL "l5l15 | 2 2 2/100%
HATPHUEBBIN
IIOTCHIINAII, TpH
3aKOHA
OMOIHEPTeTUKU

16 | Bausaue  dakrtopos
BHEIIHEW Cpenbl Ha 5| 16 ) 2 2/100%

KU3HEAEATEIBHOCTh
MHKPOOPTraHU3MOB

17 | Bunst SHEPIrUu.
OKucauTenbpHO- 5117 | 2 5 2/100%

BOCCTAHOBUTCJIIBHBIC
peaknuu

18 | OOue  MeXaHH3MBI Petitunr-
MOBpEXACHUS KIeToKk | 5 | 18 | 2 2 - KOHTPOJIb
No3

Bceero 36 36 22/61% | 3auer

COJAEPKAHHUE JUCHUIIJIMHBI

Ipeamer u 3amauyn OMO’HepreTuku. VicTopusi cTaHOBJIeHHSI OMOIHEPTreTHKH KaK
HAayKu. buosHepreTnka — HayyHas OUCIUIUIMHA, UCCIIEAYIONIAs MPOIECCHl B KJIETKaX, TKAHSX,
0co0siX, sKocucTeMax M T.J. buOsHepreTnka — 3TO AMCHUUIUIMHA, HU3ydyarouias IMPOIECcChI
SHEPreTUUecKUX TpaHchopMaluii B MPOIECCE CYIIECTBOBAHUS OMOJOTHMUYECKUX OPTaHU3MOB U
GbyHKIOHUPOBaHUS Orochepsl B LIEIOM; OTpACb 3HAHUS O €AMHOM WH()OPMALIMOHHOM II0JIE, O

€ro BSaHMOﬂeﬁCTBHH ¢ OMOJIOTUYECKUMHU 00BEKTAMH BCEX ypOBHCfI CJIOZKHOCTH.

3aKoHbI TEPMOJAMHAMHUKH B OHMOJIOTHYECKHX cHcTeMaX. TepMoIuHaMUKa SBISIETCS
pa3zaenoM (pU3MKHM, B KOTOPOM H3y4aroT 3HEPruio, e mepeiady M3 OJHOTO MECTa B IPYroe u
npeobpa3oBaHue U3 oAHOIN Gopmbl B apyryro. TepMoanHamMKiKa OCHOBaHA Ha HanOoJiee 00X
MPUHLUIAX, KOTOPbIE SBJISIIOTCS YHUBEPCATbHBIMU U 0a3UPYIOTCS Ha OMBITHBIX JAHHBIX MHOTHX
HayK.

O)IHI/IM N3 OCHOBHBIX CHCLII/I(I)I/I‘-ICCKI/IX CBOMCTB JKUBBIX CyHICCTB SABJIICTCA UX



CIOCOOHOCTh TPEBpAIIaTh M XPAaHUTh SHEPTHUIO B pasnuuHbIX (Gopmax. Bee Omonmormueckue
OOBEKTHI IS TOJJEPKaHHUS XU3HU TpeOyloT MOCTyIJIeHUs SHepruu. Bce Oumosormueckue
MpOIeCcChl CBS3aHBI C mepepadeld sHepruu. PacteHus: cnocoOHBI MOTy4aeMyl0 MMH SHEPTHIO
COJIHIIA HAaKalUIMBaTh B Ipolecce (oTocuHTE3a B (POopMe SHEPrMM XUMHYECKHX CBS3Ei
OpraHMYecKuX BelecTB. JKUBOTHBIE MCHOJIB3YIOT PHEPIHUI0 XMMHUECKUX CBSI3€M OpPraHUYEeCKUX
BEILIECTB, NOJy4aeMbIX ¢ muuieil. Bce mpoueccel mnpeBpalleHus HEPTUM B PACTEHUSAX U
YKUBOTHBIX IIPOUCXOJAT B IPE/esiax OrpaHUUYEHUN TEPMOAMHAMMYECKUX MPUHIMUIOB. OCHOBHBIE
MPUHIUIBI  TEPMOJUHAMHUKUA  YHUBEpPCAIbHBI Ui OJKUBOM M HEXKHBOM  MPHUPOIBI.

TepMoanHaMuKka HCHOJIB3YET MOHATHE CUCTEMbl. JIr00as COBOKYMHOCTh H3y4aeMbIX
00BEKTOB MOKET OBbITh Ha3BaHA MeEPMOOUHAMUYUECKOU cucmemoii. [IpuMepaMu CUCTEM MOTYT
CITyUTb KJIETKa, cepaie, OpraHu3M, ouocdepa " T.II.

CymectByer Tpu BHUAA TEPMOJMHAMUYECKUX CHCTEM B 3aBUCHUMOCTH OT HX
B3aUMOICCTBUS c OKpYy>Karoleu cpenoi:

Hzonuposannvlie cucmemsi He OOMEHUBAIOTCS C BHEIIHEH cpelold HU BHeprued, HU
BEIIECTBOM. TaKMX CHCTEM B PEaJbHBIX YCIOBHUSIX HE CYIIECTBYET, HO MOHATHE U30JIMPOBAHHON
CUCTEMbl HCHOJB3YIOT Ui TOHMUMAaHMSI TJIABHBIX TEPMOJAMHAMUYECKHUX MPUHIIUIIOB.

3akpvimvle cucmemvl OOMEHUBAIOTCS CO CPEOM dSHEpPrueil, HO HE BEIIECTBOM.
[Ipumepom Takoll cHUCTEMBI MOXET CIY)KUTb 3aKpBITBII TEPMOC C HAJIUTHIM B HEro YaeM.

Omkpoimosie cucmemvl OOMEHUBAIOTCS C BHEIIHEH Cpelod Kak DJHEprued, Tak |

BelecTBOM. Bee xuBbIe CyoIeCTBa OTHOCATCA K OTKPBITBIM TEPMOJUHAMHUYCCKUM CUCTEMAM.

buosiexkTpuyecTtBo. buo3ljekTpuYeckne - MOTEHUHUAJbI.  BHOBIEKTpUUECTBO -
ANIEKTPUYECKHE SIBJICHUS W MPOLECCH, BO3HUKAIONIME B JKUBBIX TKAHIX OpraHu3Ma.
brosnexTpuvecTBo, eCTECTBEHHBIE IIEKTPUIECKHE MTPOIECCHI B )KUBBIX OpraHU3Max, JIekKallue B
OCHOBE MHOTMX (DU3HOJIOTUYECKUX W  TOBEIeHUeckMxX peakimuii. K mpoGiemam
OMOBJIEKTPUYECTBA OTHOCAT TaKKe BCEe APPEKThI, BOSHUKAIOIINE B OPraHU3Me Ha Pa3IMYHBIX €ro
YPOBHSIX npu BO3/ICHICTBUU AJIEKTPUUYECTBA oT BHEIITHUX UCTOYHHUKOB.
HccnenoBanue OMO3IEKTPUYECTBA KMEET OOJIBIIOE 3HAYCHUE JIJISl TOHUMAaHUS (PU3HKO-XUMHY. U
(U3MOJIOTHY. TIPOILIECCOB B JKHMBBIX CHCTEMaX U MPUMEHSICTCS B KIMHUKE C JIUArHOCTUYECKOM
nenpto  (dnmekTpokapauorpadus, anekrposHnedanorpadus, snaekrpomuorpaduss u o ap.).

BuossiekTpuyeckne NOTEHHUANBI - OHOAIEKTPUYECKHE SBIICHUS, DIEKTPHUECKUE
MOTEHIIMAJbI, BOSHUKAIOIINE B TKAHAX U OTACNBHBIX KIETKAX YeJIOBEKa, )KUBOTHBIX M PACTEHUH,
BaKHEHIIIHE KOMIIOHEHTBI MPOIIECCOB BO30YXICHUS u TOPMO>KEHHS.

buonorennua - Pa3HOCTh TMOTCHIUAIOB MCKIAY ABYMSA TOYKAMU JKUBOM TKaHH,



OoTpaxkaromiass ¢ OHODIEKTPHUUECKYI0 aKTUBHOCTH, b. CIIy)kar UCTOYHWUKOM HH(OpPMAIMH O
COCTOSTHUM ¥ (DYHKIIMOHUPOBAHUU PA3ITUIHBIX OPTaHOB.

Bo3HUKHOBEHHE B )KHBBIX KIETKAX ICKTPHUUECKUX MOTEHIIUAIOB U OMOTOKOB CBSI3aHO C
(U3HKO-XMMUYECKHUMH CBOMCTBAMU KIIETOUHBIX MEMOpPaH U KOMIIOHEHTOB ITUTOIIA3MbI. Mexay
HapY)KHOW TOBEPXHOCTHIO KJICTOYHOW MEMOpaHBI W BHYTPEHHUM COJCPKHMBIM KIETKH
CYIIIECTBYET BCErJa pa3HOCTh MOTEHIMAIOB, KOTOpas CO3/1aeTCA PA3IMYHOM KOHIICHTpAIluu
noHoB K+, Na+, Cl- BHyTpy ¥ BHE KJIETKH U PA3IMYHON INPOHUIAEMOCTHU Ul HUX KIETOYHOM
MeMOpaHbl. DTa Pa3HOCTh TOTCHIIMAIOB HA3bIBACTCS «TOKOM TIOKOS», WM MEMOpaHHBIM
MOTEHIIMAJIOM, U COCTaBJsieT B cpennem 60—90 mB.

IJH/IOTeHHbIE 3JIEKTPOMATHUTHBIE MOJISA YeJ0BEYeCKOr0 OpraHusMa. JJIeKTpruiecKas
SHEPTHUsl - BEJIMYalliee OTKPHITHE YEIOBEUECTBa, 0€3 KOTOPOTO IIMBUIIU3AIUH B €€ CETOTHSAIITHEM
BHJIC€ HE CYIIECTBOBAIO OBbl. DTOT BUJl PHEPTUU IIUPOKO HCIOIH3YETCS UYEIOBEYECTBOM, HO Y
MajJKd €CTh JBa KOHIIA... DJIEKTPOMAarHUTHOE ToJie (DJIEKTPOMArHUTHOE H3IydeHHE) BCeraa
BO3HUKAET TMpU JBWIKEHWHW CBOOOJHBIX DJIEKTPOHOB B TIPOBOJHHUKE, IOATOMY Tepeaada
ANEKTPUYECKON HSHEPTHH COMPOBOXKIACTCS WHTCHCHUBHBIM DJIEKTPOMArHUTHBIM H3ITyYECHUEM.

B omnpeneneHHBIX ciaydasx OdJIEKTPOMArHUTHOE U3JydeHHWE HMeEeT Oojiee maryoHoe
BIIMSTHUE HA KUBOU OPTaHU3M, Ye€M paualliOHHOE U3NydyeHue. [[e1o B ToM, 4To pajaraiiioHHBIN
¢oH ObUT Ha HAIIEW TUIAHETE BCET/Ja W B ONpENEICHHBIC BpeMeHa (a Koe-rae W ceiuac) ero
YpOBEHb ObL BhIIE YeM B UepHOOBUTBLCKOM 30HE OTUYKIACHHS. Y POBEHb K€ JIEKTPOMArHUTHOTO
MOJIsI 3eMJIM C KaXKIbIM TOJOM TOJIBKO YBEIMYMBAETCA, 4YTO CBS3aHO C YEIOBEUYECKOMH
NeSITEbHOCTBIO.

OTtpuiarenbHOe BO3CHCTBUE 3JIEKTPOMArHUTHBIX MOJIEH HA YeJIOBEKa U Ha T€, WM UHBIE
KOMITIOHEHTBI SKOCUCTEM MPsIMO MPONOPLUUOHATIBFHO MOIIHOCTU TMOJS U BPEMEHU OOIyYeHUS.
HeGnaronpustHoe BO3/eHCTBHE 3JEKTPOMArHUTHOTO MMOJs, co3aaBaemoro JIDII, mposiBisercs
y>Ke TIpU HaNpsDKEHHOCTH 1M0J1s1, paBHOM 1 kB/M. VY denoBeka Hapymiaercs paboTa SHIOKPUHHOM

CHUCTCMBI, 0OMEHHBIE IMpOoUCCCHhI, (I)YHKI_II/II/I T'OJIOBHOT'O U CIIMHHOI'O MO3ra u ap.

CTpykTypa M (YHKIMH KJETOYHBbIX MeMOpaH. Bce xuBble opraHu3Mbl Ha 3emiie
COCTOSAT U3 KJIETOK, a KaXKas KJIeTKa OKPYXEeHa 3alIUTHON 000104Kkoi — MeMOpaHoil. OHako
¢GbyHKUIMU MeMOpaHbl HEe OTPAHUYMBAOTCS 3AILUTON OPraHOUIOB U OTAEICHUEM OJTHON KIETKU
ot napyroi. Kierounas memOpaHa mpejacTaBiseT co00l CIOKHEHIINI MexaHu3M, HanpsiMylo
y4YacTBYIOIIHUN B pa3MHOKEHHUH, pereHepaluy, TUTaHUM, IbIXaHUH U MHOTHX JAPYIMX BaXKHbBIX

(GYHKIUSAX KIETKH.

TepMI/IH «KJICTOYHAaA MeM6paHa» HCIIOJIB3YCTCHd YKC OKOJIO CTa JICT. CaMo0 c0BO

«MeM6paHa» B MICPCBOJAC C JIATBIHU O3HAYACT «IUJICHKa». Ho B cjlIydyac B KJI€TOYHOM


http://www.medical-enc.ru/22/cytoplasma.shtml
http://www.medical-enc.ru/15/pronicaemost.shtml

MeMOpaHOi MpaBHJIbHEE OyIET TOBOPHTb M COBOKYIIHOCTH JBYX IUICHOK, COEIMHEHHBIX
MEXJly COOOW OmpeesieHHBIM 00pa3oM, MPHYEM, Pa3HbIe CTOPOHBI 3TUX IUICHOK OO0JIagaroT
pa3HbIMU CBOMCTBAMHM.

Knerounass  mMemOpana  (muToiemMma,  IDla3MajieMma) —  3TO  TpPEXCloiHas
JUIMONPOTENHOBAs (KUPO-OeIKoBas) 000JI0UYKa, OTICISAIONMAs KAKIAYIO KIETKY OT COCEIHUX
KJIETOK U OKPYXKaroIlel Cpefibl, U OCYLIECTBIISIIONIAs YIIPaBIIeMbli 0OMEH MEXIy KIIeTKaMu
U OKPY’KaIOIEe cpenoi.

Pemaromiee 3HaueHwe B 3TOM OIpEAEICHUM HMEET HE TO, YTO KJIETO4YHas 000s04Ka
OTJIENSIET OJIHY KJIETKY OT JPYTOM, a TO, YTO OHa 0OecreynBaeT e€ B3auMOJIeCTBIE APYrUMU
KJIETKaMU ¥ OKpy»Karolel cpenoil. MemOpaHa — BecbMa aKTHBHAsl, IOCTOSIHHO paboTatoriast
CTPYKTypa KJIETKH, Ha KOTOPYIO MPUPOJOW BO3JIOKEHO MHOXKECTBO (PyHKiui. M3 Hamen
CTaTbM BbI y3HAETE BCE O COCTABE, CTPOCHUHU, CBOMCTBAX U (QYHKIUSAX KIETOYHOU MeMOpaHsbl,
a TaKkke O TOM OMACHOCTH, KOTOPYIO MPEJCTABIISIIOT ISl 30POBbS YEJIOBEKAa HApyLEHUs B
paboTe KIETOYHBIX MEMOpaH.

IIpuHUMIBI YCTOHYMBOI0 IMHAMHYECKOI0 HEPABHOBECHSI OHOJIOTHYEeCKUX CHCTEM.
OpBuHOM bay’spom B OCHOBY pa3pabOOTaHHOW WM TEOPHUH OMOJIOTHH ObLT MOJIOXKEH MPUHIIUIL:
«Jlns KUBBIX CHCTEM XapaKTepHO HMMEHHO TO, YTO OHM 3a CUET CBOEW CBOOOJHON »HEpruu
MIPOU3BOJIAT PabOTy MPOTUB 0XKUIAEMOTO PABHOBECHSD.

3nech TOJA OXKHUJIAEMBIM PpPAaBHOBECHEM IIOHMMAETCS pPABHOBECHE, KOTOPOE MJOJIKHO
HaCTYIHUTh OTHOCUTEIIBHO OKPYXKArOUIEH Cpellbl B COOTBETCTBUU C 3aKOHAMM TEPMOJWHAMHKH,
TO €CTh PABHOBECHE, K KOTOPOMY CTPEMHUTCS HEXKHMBAsI IPUPOJA.

Kax cnegyer u3 aroro Tpyaa, no MHeHHIO D.bayspa XUBBIMU CHCTEMaMH COBEPIIACTCS
HempepbIBHas padoTa, HAMlpaBJIeHHAs IPOTUB PaBHOBECHUS, IPHUYEM OHHM COBEPIIAIOT 3Ty paboTy
3a cueT cBoei cBOOONHON sHepruu. VIMeHHO mMoO3TOMY JUIsi oOecredeHus >KU3HECIOCOOHOCTH
JKUBBIX CUCTEM «...HCKIIFOYAETCAd BO3MOYKHOCTh HE TOJBKO YCTOMYHMBOIO, HO M HEYCTOWYMBOIO
paBHOBecus. Ecnmu Obl MBI NPHHSUIA CYIIECTBOBAHME HEYCTOWYMBOTO PABHOBECHS, TO 3TO
MIPOTUBOPEYMIIO OBI ... caMUM (PaKTUUECKUM JIaHHBIM , U3 KOTOPBIX OBbLIT BBHIBEJCH STOT MPUHIUI
(MpUHUUO YCTOWYMBOTO HEPABHOBECHS). ...HEYCTOMYMBOE pPABHOBECHE O3HA4aIo Obl, 4YTO
W3MEHEHUS B CHUCTEME MOTYT BBI3BIBATHCS JIMILIb IPU IOMOIIM JIETKUX HApYIICHHH, T.€.
W3MEHEHUW B OKpYXalollel cpene, Aaliee, UYTO KaKJI0€ TAaKO€ HE3HAYUTEIbHOE M3MEHEHUE B
OKPY)KAIOILIEH CpENe BBI3bIBAET M3MEHEHHE B COCTOSSHMM CTPYKTYpPhl CUCTEMBI M HAKOHEL-TO
moboe Maleiiee U3MEHEHHE BHEIIHEH Cpelbl BEET K COCTOSHUIO YCTOHYHMBOIO PaBHOBECHS,

T.C., UTO CUCTEMaA TCPACT CBOIO paGOTOCHOCO6HOCTL.



I'enepanusi moreHuuana Ha MeMOpaHe KJeTOK. EMkocte MemOpanbl u paboTa
MeTa0OJMYECKUX MOHHBIX HACOCOB MPHUBOJAAT K HAKOIUICHHUIO MOTEHIMAIBHOM 3JIEKTPHUECKOM
SHEPTMM Ha KIETOYHOH MemOpane B (opMe NOTEHIMajda MOKOsA. JTa HSHEPTUs MOXKET
0CBOOOXKIIAThCS B BHJIE CHEUU(UUECKUX DSIEKTPUUYECKUX CUTHAJIOB (MOTEHUHUANIA ICHUCTBUS),
XapakTepHBIX s BO30OyauMbIX TkaHed. [lon moTeHmmanoMm neicTBUS MOHUMAIOT OBICTPOE
KoJIeOaHHe MOTEHIMANa MOKOs, COMPOBOXKAAIOIIEECs, KaK IPaBHJIO, Hepe3apsAaKoil MeMOpaHsbI.
HeckoHuaeMblli IOTOK 3HEPrUU B KIIETKE, IOTOK SHEPTUHM OT OJAHOW KJIETKU K IPYroM MU OT
OJIHOTO OpraHu3Ma K JPYroMy U COCTaBJISIET CYLIHOCTb >KM3HHU. JKHBBIE KIETKM O0IaJaroT
CIIOXKHBIMU U 3()(PEKTUBHBIMU CHCTEMaMU JUIsl IPEBpAIIEHUs] OJJHOTO BUAA SHEPTUU B APYroil.
[IpeBpalieHus: SHEPTrUU MPOUCXOIAT TJIaBHBIM 00pa3oM B JIBYX CTPYKTypaxX — B XJIOPOIUIACTax,
MMEIOIINXCA Y 3€JIEHBIX PACTEHUM, U B MUTOXOHJPHSIX, UMEIOIINXCS B KIIETKaX, KAK PaCTCHHH,
TaK M >KUBOTHBIX. VM3ydeHueM IpeBpalleHUNl SHEPTMM B JKUBBIX OpPraHU3MAax 3aHUMAETCs
OuosHepreTrka. YenoBek ueprnaer 3HEPrHI0 U3 Pa3IMYHBIX HCTOYHHMKOB: IMEPBbI HCTOYHHK
SHEpruu JaeTcsi HaM B HACJIEICTBO W BbIpabaThIBa€T MNOTEHIUAIbHYIO SHEPTUIO; BTOPOI

HUCTOYHHUK — C)KUTaHHUEC KHUCITIOPOaa; TpeTI/II\/’I — C)KUT'aHUEC NTPOAYKTOB IIMTAHUS.

IIpeBpamenusi JHepruM B *KUBOH KjeTke. HecKOHUYaeMblil MOTOK PHEPTUU B KIIETKE,
ITOTOK 3HEPIUU OT OJHOM KIIETKH K APYrOd WIH OT OJHOIO OpraHu3Ma K JPYrOMY M COCTaBJISET
CYIIHOCTh >KM3HH. JKUBBIE KIETKH 00JIaaroT CIOKHBIMU U 3(PPEKTUBHBIMH CHUCTEMaMH ISt
MpEBpAIIEHUsI OJJHOTO BUJA SHEpPruu B Apyroi. [IpeBpamieHus 3HEpruu NpoucxosT IIaBHBIM
o0pa3oM B ABYX CTPYKTypax — B XJIOPOILUIACTaX, MUMEIOIIUXCS Yy 3€JIEHbIX PAcTeHHH, U B
MUTOXOHJIpUSIX, HMEIOIIMXCA B KIIETKaX, KaK pACTEHHWM, TaKk W JKUBOTHbBIX. M3yueHuem
MPEeBpAIEHUI PHEPTUM B JKUBBIX OpraHu3Max 3aHUMaeTcs OuolsHepreTuka. YenoBek yepriaeT
SHEPTUI0 U3 Pa3JIMYHBIX UCTOYHUKOB: MEPBbII UCTOUYHUK SHEPrUU JACTCS HaM B HACJIEACTBO U
BbIpa0aThIBA€T NOTEHIUAIBHYIO SHEPTHI0; BTOPOH UCTOYHHUK — CKUTAaHUE KHCIOPOJa; TPETHH —

CKUT'AHHC ITPOAYKTOB IIMTAHUS.

Mutoxonapuu. P®U3MKO-XUMHUYECKAsi AKTHBHOCTb MHMTOXOHAPHiI. MUTOXOHIpHUH
3TO 0coOble OpraHeiuibl KJIETKH pa3MepoM 1-2  MKM, OObIUHO cdepudeckord wiIu
uunHAprudeckod ¢Gopmbl. OHM oOpa3oBaHbl JBYMsI MeMOpaHaMu: TJaJKOW BHEIIHEH U
BHYTpEHHEH, oOpasyromel CKIaJkd, WIM KpPUCTHI, 3allOJHEHHBIE CTyJHEOOpa3HOW Maccoi
OenkoBoro xapakrepa (marpukcoMm). Ha MemOpaHax pacroyiokeHbl pa3iudHble (EpPMEHTHI.
OcoOeHHO MHTEepeCHa BHYTPEHH:ST MeMOpaHa, Ha KOTOPOH HAaXOJATCA (epMEHTHI bIXaTelbHOMN

1enu U pepMeHTsl, 00yciaosnuBatomue cuare3 ATO.



HN3omerpuyeckue BHPHOHBI BHPYCOB JKUBOTHBIX - NPHUPOIHBIE
HAHOAKKYMYJISITOPBI 3JIEKTPHYeCKOH 3HepruM. MoJieKkylsspHbli MacCUB KUBBIX CHCTEM Ha
90% coCTOUT M3 TOJSIPHBIX MOJIEKYJ OEJIKOB, HYKJICMHOBBIX KUCIIOT, JIUIHJIOB, YIIIEBOJAOB U
BO/Ibl, IPEJICTABIISIFOIIMX COOOM CBSI3aHHBIE JEKTpUUECKUE 3apsaabl — aunoiu. [Ipu coueranun
YKa3aHHBIX BBILLIE 3JIEMEHTOB B HAJMOJIEKYJIIPHBIE CTPYKTYphl COXpPaHSETCS U HapacTaeT MX
AJIEKTpUYECKasl aHU30TPONHUS WM acummeTpus. Ha MolieKynsipHOM YpOBHE acUMMETpuUs B
CTPYKType OHOJIOTMUECKHUX MOJIEKYJ IPOSBISETCA B pa3/ielieHUU 3apsA]loB U paclpeieieHUuu
Pa3MYHBIX MOJSPHBIX TPyMIl. JUTOIBHBI MOMEHT, ONPEICeICHHBIN I MaKpOMOJIEKYN Oerka,
HYKJIEMHOBBIX KHCIIOT, OakTeprno(aroB, COCTaBISIET OT JIECATKOB JI0 COTEH ThHICSY, a OAKTepuil —
nopsiika MusuioHa JleGaes. [l cpaBHEHUS ClieyeT OTMETHTb, UTO Takasi MOJIIpHas MOJIEKYJIa,
KaK MOJIEKyJIa BOJIbl, UMEET AUMOJIbHBIA MOMeHT 1,85 D.

OTKpbITHE €CTECTBEHHOW 3JEKTPUYECKON MOJIAPU3ALUU KUBBIX CUCTEM SIBISIETCS HE
TOJIBKO OJHUM W3 (yHIAMEHTAJIbHBIX CBOICTB UX OpraHu3ali, HO, TJIaBHBIM OO0pa3oM,
YKa3bIBaeT Ha TO, YTO HApALY ¢ MOP(HOJIOTUYECKON CTPYKTYPOU B )KMBBIX CUCTEMAaX CYIIECTBYET
JNIEKTpUYEcKasi, MPOSBISAIOLIASLCS Opy HUX  B3aUMOJEWCTBUHM  MaKpOCKOMMYECKUMH
ANIEKTPUYECKUMH TMOISIMH U TOKaMu. CeHCallMOHHBIM OTKPBITHEM SIBHJIOCH OOHapyXeHHe Yy
OaKkTepuil  BIEKTPONPOBOIHBIX MUJIEH (HAHOMPOBOJIOK), Yepe3 KOTOphble OaKTepHH MNepenaroT
ANIEKTPOHBI Ha Jpyrue KieTku. OTKphITHE «HAHOMPOBOJOK» OOBACHAET CYLIECTBOBAHUE U
(YHKIIMOHUPOBaHHE aCCOLMALUNA MUKPOOPTaHU3MOB B BUJIE OMOTIIICHOK.

B oGnactn HaHOOMOSHEPTETHKU C HWCIIOJIb30BAHHEM BHPYCOB OaKTEepUi yUEHBIMH W3
Hanmonansno#t  maGopatopuu B bepxmu (CIIIA) pa3paboran cmocod BeIpaOOTKH
AIIEKTPOIHEPTHH C  UCIOJIb30BAHHEM IbE303JEKTPUUYECKUX CBOWCTB Oakrepuodara M13,
pasmepbl kotoporo 880 HM B mnuMHYy W guamerp 6,6 HM. ['eHeparop BeIpabaThIBaeT TOK,

,Z[OCTaTO‘{HBII\/'I JIIA pa6OTbI HEOOJIBIIOTO KUAKOKPUCTATIIINYCCKOT'O JUCILICA.

dusnko-xumnyeckne cpoicrea AT®. CranpaprHas cB0O0OJHAS HJHEPrus
rugpoauza AT®. Anenosuntpudocdopnas kuciora (ATD)— HykmeoTHn Urpaet
UCKITIOYUTENHFHO BAXKHYIO POJIb B 0OMEHE SHEPryu U BEIIECTB B OpraHM3Max B IEPBYIO OUepe/ib
COEIMHEHUE M3BECTHO KaK YHHUBEPCAIbHBIA HCTOYHHK SHEPrUU s BCEX OMOXMMHYECKUX
MIPOLIECCOB, MPOTEKAIOIINX B JKUBBIX cucTeMax. Dmnupudeckas popmyna ATD: C1oH16N5013Ps.
MonexynsapHas macca 507,19 a. e. M. Cucremarnyeckoe HaumeHoBaHHE AT®D, OTHOCUTCS K Tak
Ha3bIBAEMBIM MAaKpOIPIrUYECKUM COEAMHEHHSAM, TO €CTh K XHMHUYECKUM COEIUHECHHUSM,
COJIepXKAlllUM CBSI3M, MPHU TUAPOJIHM3E KOTOPHIX MPOUCXOJUT OCBOOOXKJEHHE 3HAUYUTEIBHOIO
KonuuecTBa 3Hepruu. ['maponus docdospupHeix cBszeit Mosekynsl AT®, comnpoBokIaeMblii
otuieryieHueM | unm 2 octaTkoB GochOpHON KHUCIOTHI, MPUBOAUT K BbLAeneHuto oT 40 mo 60

k/x/Monmb. AT® + HO — AID + H3PO, + sneprus AT® + H O — AM® + HsP,0; +



sHeprusa. BpIcBOOOXKIEHHAs SHEPrus UCHONb3YeTcs B Pa3HOOOpPA3HBIX  IPOLECCAX,

MPOTEKAIOIINX C 3aTPATON SHEPTUM.

3akonbl OmodHeprerukn (mo B.II.CkyigaueBy): NpPOTOHHBIH M HaTpHeBbIH
NOTEeHIHAJI, TPH 3aKoHAa OuodHepreTuku. JlroOass >XuBas KIETKAa OO0ECIEYMBAET CBOU
SHEpPreTUYecKrue MOoTpeOHOCTH 3a CYeT BHEUIHHMX pecypcoB. Kak pecypcsl, Tak M moTpeOHOCTH
OTIIMYAlOTCsl OOoNbIIMM pa3sHooOpazueM. PecypcamMum MOTYT CIYKUTh CBET (JUIsl 3€JE€HBIX
pacTeHM M  HEKOTOphIX OakTepuil) M  MHOTOUMCIICHHBIE IUTAaTEJbHbIE  BEIIECTBA,
pacIlerUIsSIonIecs: B KIETKE J0 MEHEee JHEPreTUYECKH IEHHBIX KOHEUHBIX MPOAyKTOB. UTo
KacaeTcsi MOTpeOHOCTEH, TO OHU CKIAAbIBAIOTCA W3 DPA3IMYHBIX HHEPrOEMKHX IPOIIECCOB,
HEOOXOJIMMBIX JUIsI COBEPLIEHUS OTAENbHBIX BUAOB MOJE3HON padOThl KIETKH W OpraHu3Ma.
Jaxxe y mpocTeMmuxX >KMBBIX CYIIECTB, KaKOBBIMM SIBIISIOTCA OaKTepUH, TaKUX IPOLIECCOB
HACUYMTHIBAETCS] HECKOJIBKO JECATKOB. [103TOMYy HEYTMBUTENBHO, UTO JKMBasl KJIIETKA pacrojaraer
ocoOoi '"sHepreTMdyecko BaIOTON", Wrparolied poyib MOCPEAHHKA MEXIy IMpolieccaMu
3armacaHusi SHEPTUU U ee TpaTbl. J{onroe BpeMsi cUMTanoch, YTO €AMHCTBEHHBIM THUIIOM TaKOM
"BaJIFOTBI" CITY’KaT TaK Ha3bIBA€MbIE BBICOKOOHEPIETUUECKHE XUMUYECKHAE COETMHEHMS, A CPEIH
HUX npexjae Bcero ageHosuHtpudpocdar (ATD). OnHako nocnegHue padoTsl OMOIHEPTETUKOB
omnpoBepriy 3Ty normy. Okasanoch, 4TO KIIETKa pPACIoaraeT He OJHUM, a TPeMs THUIIaMH
"sHepreruueckoit BamoThl". Hapsiny ¢ AT® Takyro poJib BHINIOJHAIOT IPOTOHHBIA M HATPUEBBIN

MOTEHITAJIbI Ha OMOJIOTHYECKHX MeMOpaHax.

Bunsinue pakTopoB BHeEHIHEH cpebl HA )KU3HEAEATeIbHOCTh MUKPOOPraHu3mMoB. K
yuciy (pu3nueckux (pakTopoB, OKA3bIBAIOUIMX BO3AECWCTBHE HA MUKPOOPraHU3MbI, OTHOCSATCS
TeMIlepaTypa, BIAXHOCTb Cpelbl, KOHILIEHTpAlMs PAacTBOPEHHBIX BELIECTB B Cpele, CBET,
AIIEKTPOMAarHUTHBIE BOJHBI U YIBTPa3BYK.

Temnepatypa oauH U3 BaxHEHIIUX (akTOpOB BHEIIHEH cpeibl. Bce MUKpoOpraHu3mbl
MOTYT pa3BUBaThCS TOJBKO B OMNpeAENeHHBIX TMpenenax Temmneparypbl. Haubonee
OnmarompusiTHas s MHUKPOOPTaHM3MOB TeMIlepaTypa Ha3blBaeTcs onTuManbHOH. OHa
HAXOJHUTCS MEXAYy KpallHUMHU TEMIEpPaTypHbIMH YPOBHSMU — TEMIIEPATYpPHBIM MHHHMYMOM
(HU3MIel TemmepaTypoil) U TeMmIepaTypHbIM MaKCUMyMOM (BBICIIEH TeMIepaTypoil), mpu
KOTOPBIX €I11€ BO3MOYKHO Pa3BUTHE MUKPOOPTIaHU3MOB.

KuzHenesTenbHOCTh MUKPOOPTaHU3MOB MPOTEKAET B Cpelax, MPEACTaBISIONUX COO0M
0onee WM MEHee KOHIEHTPUPOBAHHBIE PacTBOpHI BemiecTB. OMHU U3 MUKPOOPTaHHW3MOB
oOWTAIOT B MPECHOW BOJE, TJe KOHIICHTpAIMs PACTBOPEHHBIX BEIIECTB HE3HAUWTENbHA W,
ClIeIOBaTeNIbHO, HEBEIMKO OCMOTHYECKOE IaBieHHE (OOBIYHO AeCAThIE JOTH aTMOCQEpHI).

Jpyrue e MHKpoObl, HA00OPOT, *HUBYT B YCIOBUSIX BBICOKMX KOHLEHTpAIMi BEIIECTB U



3HAQYUTEIIBHOIO OCMOTHYECKOIO JIABJICHMs, [JOCTHUIAIOIIET0 MHOrJA JECATKOB M COTEH
atmocdep.

CBer HEOOX0AUM ISl KU3HU TOJIBKO TEM MHUKPOOaM, KOTOPBIE UCHOJB3YIOT CBETOBYIO
SHEPruI0 A oOMeHa BemiecTB. MHOTMM IIJIECHEBBIM TPHOKaM Takke TpeOyeTcs CBET,
IIOCKOJIBKY IPH €ro IOCTOSIHHOM OTCYTCTBHM HE IIPOUCXOJUT OOpa3oBaHMs CHOp, XOTS
MUIENUH  pa3BUBaeTCs HOpManbHO. [IpsiMOil  conmHeuHBIE  cBEeT TryOWTeNeH  yIs

MHUKPOOPraHnu3MoB, a paCCGSIHHI)If/'I CBCT IMMOAABJIACT UX PAa3BUTHC.

Buapbi 3Hepruii. OKHCINTEIBHO-BOCCTAHOBUTEIbHbIE peakuuu. [loHsATue «3HEpTrus»
OTpeJieNeTCsl KaKk Mepa pa3InyHbIX (JOPM ABMKEHUS MAaTEPUH M KaK Mepa mepexoja ABHKEHUS
MaTepuu U3 ogHON (opMbl B pyryro. COOTBETCTBEHHO, BUIbI U THIBI SHEPTHH Pa3INyYaoT MO
¢dbopmamM IBMKEHHS] MaTepuu. Yemouek MMeeT 10 ¢ pa3IMyHbIMM BUamu 3Hepruu. Ilo cyru,
BECh TEXHOJIOTMYECKHUH MpOIEecC e€CTh IpeoOpa3oBaHME OJHUX BUIOB 3HEpruu B japyrue. B
MpoLecce MPOXO0XKACHUS TEXHOJOTHYECKOrO TpaKTa SHEPrusi MHOTOKpAaTHO MpeodOpasyercs U3
OJIHOTO BMJIa B JPYroi, 4TO BEAET K YMEHBIICHHIO €€ IMOJIE3HOr0 KOJWYEeCTBa U3-3a MOTEPh U

paccesiHUs B OKpYy»Karolieil cpeze.

CeroaHs 4eI0BEYECTBO 3HAKOMO CO CICAYIOIIMMH BUJIAMU U TUTIAMH SHEPTHH:
e MexaHnuueckas
e DJeKTpuyeckas
e XuMHUECKas
o TemnnoBas
e (CseroBas (JIyancras)
e Slnepnas (AtomHas)
o Tepmosnepnas (TepmosiaepHOTro CUHTE3)

Kpome Toro, Ham u3BeCTHBI M APYru€ BHUJBI HEPIHH, HA3BaHUS KOTOPHIX MMEIOT HE
¢busznueckuii, a omHMcaTeIbHBIA CMBICT, TaKM€ KaK BETPOBas SHEPrusi, WU TeoTepMaibHas
sHeprusi. B momoOHbIx chnyuyasx dusnyeckas Qopma XapakTepa SHEPruu MOJAMEHSETCS
Ha3BaHHEM ee¢ MCTOYHHKA. [lo3ToMy MpaBUIBHO TOBOPUTH CKOPEE O MEXaHUYECKOW SHEpPruu

BCTpa, DHCPIruu 110TOKa BETpa, UJIU TEIIOBOM OHCPIruu recoTepMalibHbIX UCTOYHUKOB.

OO0mme MexaHM3Mbl NOBpeXIeHUS KJeTOK. Ha ypoBHE KIETKH MOBpEXAAOIINE
(dakTopbl “BKIIOYAIOT’ HECKOJIBKO TATOT€HETUYECKHX 3BeHheB. K HX UHCIy OTHOCST:
pPaccTpoiiCTBO MPOIIECCOB SHEPreTUYECKOro obOecreueHus: KIETOK; MOBPEXJIeHuE MeMOpaH u
(epMEHTHBIX CUCTEM; IMcOalaHC MOHOB U JKHJIKOCTH; HApyIIEHUE T€HEeTUYECKOW MPOrpaMMBbI

W/ WIIH €C pcajin3anuu; paCCTpOﬁCTBO MCXaHHU3MOB peryisannn (I)YHKI_II/II/I KJICTOK.



HapymeHHe SHECPIrCTUUCCKOT'O obecrieueHus mponeccoB, IMPOTCKAOIMIUX B KIICTKAaX, 4YacCToO
SABJISICTCA MHULUAJIBHBIM W BCAYIIMM MCXAHU3MOM HX aJIbTCpalluu. 9H€pI‘OCHa6)KeHI/IC MOXET

paccrpauBaThcs Ha 3tanax cuHreza AT®, TpaHcnopra, a Takke yTUIM3ALUU €T0 SHEPTUU.

5. OBPA3OBATEJIBHBIE TEXHOJIOT U

Texnonorus CymiHocts

TexHoa0rusi 00bSICHUTEIbHO HIIJTIOCTPATUBHOI'O oﬁyqem/m

Texnonorust popmupoBanust |JlaHHas TeXHOJOruMss OCHOBaHa Ha (OPMHPOBAHUH U
IPOCBEUICHUH CTYAECHTOB-OMOJIOTOB C OpraHuzanueil ux
penpoayKTUBHON aedTenbHOCTH. OCHOBHas ILeJib — 3TO
BbIpabOTKa  Kak  OOIl€Hay4yHBIX (opraHM3alnoHHBIX,
UHTEIJIEKTYalbHbIX, HH(OPMAIMOHHBIX © Jp.), TaK H
crenuaibHbIX (MpeaMeTHbIX) ymeHuil. Kak mpaBuno — 310
YCBOEHHE U BOCIPOU3BECHNE TOTOBOM yueOHOM nHpopmamu
C HWCIOJIb30BAaHUEM CPEJCTB HATJBITHOCTH (CXEMBI, TaOJIUIIHI,
MIPE3CHTAINH U JIP.)

MIPUEMOB yueOHON paboThI

TexH0JI0rMu JUYHOCTHO-OPUEHTHPOBAHHOIO (AN TUBHOI0) 00y4YeHUs

Texnonorus Cwmbicn muddepeHIMpoBaHHOTO O0yYEHUSI COCTOHWT B TOM,
Tu(pPEepeHIUPOBAaHHOTO  YTOOBI TNPWHWMAas BO  BHHMAaHHE WH/IUBHTyaTbHBIC
00y4eHUS OCOOGHHOCTH  KaXJOT0 OTIEIBHOTO CTyJAeHTa (YpOBEHb
MOJATOTOBKH, pa3BuUTHS, 0COOEHHOCTh MBIILIJICHHUS,

NIO3HABATENBHBIM HHTEPEC K MPEIMETY), OTIPEACIHUTD I HErO
HauboJsiee  1eIecOo00pa3HbIi u  3pQdeKTUBHBIN  BUL

JesITeNIbHOCTH, (POPMBI pabOTHI U TUIIBI 3a/IaHUH.

TexHomorus O6y‘IeHI/IH CYH_[HOCTB MOI[y.]'IBHOI\/'I TCXHOJIOTHH 3aK/III04acTCsA B
CaMOCTOATCIIBHOM CO CTOPOHBI CTyACHTa WM C IIOMOIIBIO
npenoaaBareid  OOCTHXXKCHHUHU KOHKPCTHBIX ueneﬁ yqe6Ho-
MO3HABATEILHOM JESITEIABHOCTU B mpouecce CO CICHUAIBHO
paBpa60TaHHOM MOAYJIEM HJIIH Q)YHKHI/IOHaHBHHM 6J'IOKOM,
BKIIIOYAOIIIMM B cebs COACPIKAaHUC H CIIOCOOBI OBJIaACHUA

OTHUM COACPIKAaHUCM

Texunonorust GopmupoBanus |YueOHas JIEATEIbHOCTh paccMaTpUBaeTcs Kak ocobas gopma

y4eOHOI IeITENbHOCTH  |y4eOHOM  aKTHUBHOCTH  CTYJACHTOB, HampaBJeHHas Ha
npruoOpeTeHne 3HaHUH ¢ TIOMOIIBIO PELIeHUs] pa3paboTaHHOMN
IpenojiaBaTeNieM CUCTeMbl y4eOHBIX 3aJad M TeCTOB Kak

(bOpMBI KOHTPOJISI 3HAHUH.




NudopmanmonHo- [IpencraBistor  co0Ol  COBOKYIHOCTH TEXHOJIOTUH,
KOMMYHUKAI[HOHHBIE obecnieunBaromux (ukcanuo napopmarum, e€ 06paboTky u
texHosioruu (MKT) uH(pOpMaIMOHHBIE OOMEHBI (mepenady, pachpoCTpaHEHUE,
packpsitue). K KT oTHOCAT KOMIBIOTEpHI, MPOrpaMMHOE

o0ecrieueHre U CpeICTBA IEKTPOHHOM CBS3H.

6. OHEHOYHBIE CPEJCTBA JJIs1 TEKYIIEI'O KOHTPOJIS YCIIEBAEMOCTU,
IMPOMEXYTOYHOM ATTECTAIIUU 1O UTOT'AM OCBOEHU S TUCHUTIJIMHBI U

YYEBHO-METOJANWYECKOE OBECIIEYEHUE CAMOCTOSTEJBbHOM PABOTHI

CTYJAEHTOB

[IporpamMma auctuniInHbl «bHOdHEPreTHKa» ONUpaercs Ha TPaAUIUMOHHBIE (GOpMBI O0yUYEHHUS U
COCTOMT U3 Kypca Jekuuii. B xoje u3ydeHus QUCUMILTUHBI 00pamaTh BHUMAaHNE CTY/IEHTOB Ha o0uue
3aKOHOMEPHOCTH CTPOCHHSI W (YHKIUH DHEPTeTHKH  OMOCTPYKTYpP, MHUKPO- U HaHOOPTaHWU3MOB.
[lpuBnekate 3HaHUS CTYJIEHTOB 110 TAaKUM TMpeaMeraM, Kak (U3WKa, XUMHS, OHOTEXHOJOTHH,
MoJIeKyisipHast Owoniorusi. [lepen HavaaoM HM3ydeHHs] COOTBETCTBYIONICH TEMbI MPH HEOOXOJUMOCTH

IOBTOPATH OCHOBBI BbIIIIEC HA3BAHHBIX IUCHUILIIUH.

Hcrounukm nadopmarmu. Karamoru. bubamorpadus. IlaterTsr. MexOHOINOTEIHBI a00HEMEHT

(MBA). DnexTponnbie 60a3bl JaHHBIX. [IpaBwia moncka HaydHOU WH(DOpPMAITUH U €€ UCIIOE30BaHUE.
[MpomexyTodyHas aTTecTaus - 3a4er

PelTHHT-KOHTPOIb — TEKYIIUI KOHTPOJIb

Bonpocsl k 3a4ety

1. Otkyna Gepercst CBOOOAHAS SHEPTUs B OMOJIOTMYSCKUX CHCTEMaX U KaK ¢ €€ MOMOIIbIO
coBepiaercs padora?

2. Tunbl XUMUYECKOH CBS3U. DHEPTUs aKTUBALIMKA 00pa30BaHUs U pa3pbhiBa CIa0BIX
XHMHYECKUX CBS3€EM

3. YpoBHHU B3aMMOCBSI3M MEXKIy KaTaboau3MoM u aHaboau3Mom OOIe YepThl U pa3HUIa
aHa0oJIM3Ma U KaTaboJIn3Ma

4. CB00OIHAsI SHEPTHUS )KMBBIX CHCTEM M €€ CBOMCTBA

5. OcHOBHBIE 3TaIlbI pacnaaa yrieBoaosB, OCIIKOB U JKHUPOB

6. MexaHu3MBbl PEryisIiui MeTadoIn3Ma
7. BHyTpeHHss1 d3HEpPTrUs cuctembl. DOpMBI Iepeiaun SHEPTUHU B )KUBBIX CUCTEMAX
8. [IpoTOHHBIN U HATPUEBBIA MOTECHIIUAIBI

9. PazHooOpasue myreil npeBpalieHns SHEPTUU B )KUBBIX KIIETKaX



10.
11.

12.
13.
14.
15.
16.

Ponb AT® B knerounoi s3uepreruke. Ctpoenue mosuekyiasl ATO

Tpu 3axona 6uosnepreruku no B.I1. Ckymnayesy.

[1epBbIii 3aKOH OMOIHEPTETUKH
Bropoii 3akoH OM03HEPreTUKH
Tperuii 3aKk0H OMO’HEPTETUKU
OcHoBHbIE «cTaTbl pacxoaoB» AT® B kieTke

Makpoapruueckue coequHenus. CTpykrypa u npejacraButenud. Huzkosnepretruueckue

docdar-opraHudecKre COSTUHCHUS

17.
18.
19.
20.
21.
22.
23.

OTnnuns OHCPIrCTUKHU paCTI/ITeJ'IBHOI\/JI KJICTKHU OT SDHCPIrC€TUKU JKUBOTHOM KJIETKH
Dransl SHEPreTUYecKOro ooMeHa

Crnioco6s1 oopazoBanust AT® B kieTkax

MUTOXOHIpUU: CTPOEHUE U PYHKIIUU

Knaccudukanus pepmeHToB

[lepeHoc AMIEKTPOHOB O JBIXAaTEIFHON SN U OKUCIUTENNbHOE (hochopuarpoBaHme

NHruburopsl, 6I0KUPYIOIINE TEPEHOC TEKTPOHOB B JIBIXaTEIbHOM 1IETH.

24. I'mnpaBinyeckas MOJIEIb IbIXaTeIbHOW e

25.
26.

XemuocmoTtuueckas reopus [lutepa Mutuenia.

BricBeunBanme SHEPIrrUU OKHUCIIUTCIbHO-BOCCTAHOBUTCIIBHBIX peaKuHﬁ B BUIC

6I/IOJ'IIOMI/IHGCHCHTHOFO HU3JTy4YCHUA

27.
28.

O6mmwme npeacrasiaeHus 06 ADOK .

AHTHOKCHJIAaHTHAs 3alIUTa KIETOK.
Bonpockl K peiiTUHHT-KOHTPOJIAM 3HAHUH CTY/J€HTOB

PeiiTuHr-KoHTpOJIBH Nel

buosnepreTuka - kak Hay4yHasi AUCHUILIMHA

Hctopus pa3BuTus Hayku OHMOIHEPIETUKH.

Crnenuduka xxuBoro BemectBa. OCHOBHBIE (DYHKIIMH KUBOTO BEIIECTBA.

OCHOBHBIE BUJIbI SHEPTHA.

[IpencraBneHue o KU3HU ¢ MO3UIUH OnosHEepreTukr CBOOOHASI SHEPTHS JKUBBIX CUCTEM
H e€ CBOMCTBA

OTnAnuus 3HEPreTUKU PACTUTEIBHOM KIETKU OT SHEPT€TUKH KUBOTHOU KIIETKU
buonornueckoe okucieHne Kak OCHOBHOW UCTOYHHUK SHEPTUU

OcHoBHbI€ dTanbI MpeoOpa3zoBaHUs SHEPTUU B KHUBOM OpraHU3MeE

Anab0113M 1 KaTaboIM3M — B3aUMOCBSI3aHHBIE TTPOIECCHl 0OMEHa BEIIECTB U DHEPTHUH

YTto Takoe HYyTpUEHTHI?



e PeliTHHr-KOHTPOJIb Ne2
®opMbI IEpeIauy SHEPTUU B JKUBBIX CUCTEMAX (JIyducTasi, XMMUYecKasi 1 JIp.)
Crpoenne U QyHKIMH KICTOYHONH MEMOpaHBI.
[TaccuBHBII U aKTUBHBIN TPAHCIIOPT Yepe3 IUMUAHbIH Oucnoi. Ocmoc. [IpocTas u
oOnerdyenHas uddy3usi.
XapakTepucTUKa OCHOBHBIX OPraHeIlI KJIETKHA dyKapHuoT.
MUTOXOHAPUU: CTPYKTYpa U QYHKIUH.
MUTOXOHIpUSA: SHEPTETUYECKAs CTAHIIUS KIIETKH.
MUTOXOHIpUY U TEOPHUS KAIBLIIMEBOTO HAKOIUICHMS.
[IpuponHbIE U TEXHOT€HHBIE AJIEKTPOMArHUTHBIE MTOJISL.
[TonoxxuTenpHOE M OTPULATENBHOE BIMSIHUE IIPUPOJIHBIX 3JIEKTPOMArHUTHBIX
BO3/ICUCTBUS HA YEJIOBEKA.
DnekTpoU3nIecKrue CBOMCTBA IUTOTIIIA3MATUYECKO MEMOPaHBI.
[IpoTOHHBIV ¥ HATPUEBBIN NOTEHIIUAIIBI.

CoOcTBEHHBIE QJICKTPUYCCKHC IMOJIA OpraHu3Ma 4CJIOBCKa.

e PeilTuHr- KOHTPOJBb Ne3

MI/ITOXOH)IpI/II/I 1 TCOPHA KAJIbLIUCBOTO HAKOIIJIICHUA.

Kus3Hs B SJICKTPHUYCCKOM II0JIC.

3akonsl OnosHepretuku no B.I1. Ckynaueny.
Honsr CkymaueB u mpoOiiemMa CTapeHus.
Buppsl cBsa3ell B MAaKpOMOJIEKYTIax.
buosnexkrpuyeckue siBIEHUS B KJIETKE U 5KMBOM OpraHHU3Me.
Cuinbl Ban-nep-Baanibca — posib B MEKMOJIEKYISPHBIX B3aUMOICUCTBUSIX.
buosnexkrpuyeckas 1MarHoCcTUKa.
buonornuecknii 37eKTporeHe3 (OUOAIEKTPOTreHes).
buosnexkTpuyecTBO B KJIACCMYECKOM MOHUMAHUMU.
buosnekrpuyecTBO B COBpEeMEHHOM IMOHUMAaHHH.

Boz[opolea;[ CBs3b B MAKPOMOJICKYJIaX U B BOJC.

Bonpocsl ¥ 3a1aHus /151 CAMOCTOATEIbHON PadoThI CTY/AEHTOB

1. 3aKOHBI TEPMOAMHAMHUKH B OMOJIOTHYECKUX CUCTEMAX..

2. DHTpomus duonornyeckux cucteMm [1oTok OMOIOrMuecKoil SHEPTHH.

3. MeTabomu3M: OHITHE U (YHKIIHH.

4. MakpOCKOMMYECKHH aCleKT MeTaboIu3Ma.

5. ABToTpodsl 1 rerepoTpodbl. A3pOObI M aHAIPOOHI.

6. Merabonuyeckue MyTH: JHHEHHbIE M nuKiInueckne. Katabonuyeckre n aHabonnyeckue

YT U UX B3aUMOCBA3b.



7. llpenmet u 3amaun OMosHEpreTHKHU. MIcTopus cTaHOBIEHHSI OMOIHEPTETHKU KaK HAYKH.

8. IIpeBparieHus 3HEPTUH B )KUBOU KiIeTKe. OCHOBHBIE IPUHITUITBI OMOIHEPTCTHKH.

9. ApxutekTypa MUTOXOHApUil. Pacnpenenenne u nokanu3auus MUTOXOHIPHUM B KIIETKE.
XuMHuueckasi akTUBHOCTb MUTOXOHIPUA.

10.  JIpIxarempHas  IICHb. KommoneHnTsl  fgbIxaTelbHOM  LENW  MUTOXOHAPHUU.
[TocnenoBaTenbHOCTh (PYHKIIMOHUPOBAHUS IIEPEHOCUMKOB 3JIEKTPOHOB U IIPOTOHOB.

11. OkucnurensHoe (ochopunupoBanue. Perynsmus apixanus, pa3oOuieHrne 1 0OMEHHbIS
peaxkuuu.

12. XeMHOCMOTHYECKHI MEXaHU3M 3aIlaCAHUsl SHEPTUH JIbIXaHUS.

13. Xumnueckue cpoiictBa AT®. CranmaptHas cBoOomHas sHeprus ruaponmuza ATO.
BricokoanepreTnyeckne 1 HU3Ko3HepreTuueckue GpochaTsl.

14. AT®-cunraza. CTpykTypa U MeXaHU3Mbl (YHKIIMOHUPOBAHHUS.

15. [IpoTOHHBII MOTEHINAT KaK MCTOYHHUK SHEPTHH JJIs1 00pa30BaHUs TEIIJIOTHI.

16. MonekynspHble OCHOBBI OMOJIOTMYECKOM MOABMXKHOCTH. KpeatuHdocdaTHblii myTh
TPAHCIIOPTA SHEPTUU B MBIIIEYHBIX KIIETKaX.

17. Dueprernueckuii oOMeH B KapauomuonuTax. Hapymenus sHeprooOpazoBaHHs B
KJIETKaX CepIeYHON MBILILBI: IPUYUHBI U CIEACTBHSL.

18. Cnenududeckne MeTOIpI MEMOpPaHHON OMOIHEPTETHUKH.

19. 3akonbr 6uodHepreruku (B.I1.CkynadeBy): mpOTOHHBIN W HATPUEBBIN MOTEHITHAN, TPH
3aKoHa OMOd’HEpreTHKH. | eHeparms MoTeHraia Ha MeMOpaHe.

20. Crpykrypa OHOJOTMYECKMX MEMOpaH, WX pOJIb B MHUTOXOHIPHUSAX, XJIOpOIUIacTax,
Xpomarodopax.

21. Uctopus n3y4eHus CTPOCHHSI MEMOpaH.

22. Tunsl MeMOpaH B KiIeTke U ux (yHKIHH. COBpeMEHHBIC MPEACTABICHHS O CTPYKTYpE U
reorpaduu MeMOpaHHBIX JOMEHOB.

23. Obmume mpeacTaBieHuss 0 OMONIOrHYecKuX MeMOpaHax. MonekynsipHas U MeMOpaHHas
ouomnorus. @ynkius memopan. CoBpeMeHHbIE TPOOIeMbl MEMOPAHOIOTHH.

24. Teopusi crpoeHuss MemOpaH. MarpukcHas ¢(yHKuus memOpaH. ['ereporeHHOCTB
MeMOpaH. KoMnoHeHTHI OMOI0rnYecKuX MeMOpaH: JUIHbI, OSIIKU, YTIeBOJOPOAbI, BOJA.
25. MewmOpannbiii Tpancnopt. IlepeHoc BemiecTBa uepe3 MemOpany. M30upatenbHas
MIPOHMIIAEMOCTh MeMOpaH. PaBHOBecHe 110 pa3HbIe CTOPOHBI MEMOPAHHBI.

26. MemOpannbie cuctembl TpaHcmnopra: Na/K-AT®aza (nokamuzamusi, CTPYKTypa,
PEaKIMOHHBIN LIUKII).

27. HarpueBblii mNOTEHIMAJ, HATPUH-TPAHCIOPTUPYIOIAs JbIXaTelbHAs LENb, HaTpUi-
Tpancnoptupyomas AT®daza.

28. MCTO,Z[BI perucrpanuu TpaHCMeM6paHHOI7I Pa3HOCTH MMPOTOHHOI'O MOTCHIMAJIA.



29. VrTwimzanus HaTpPUEBOro IMOTEHIHAa [ OCMOTHYECKOM, XHMHYECKOW U
MEXaHUYEeCKOU paboThI.

30. JIprxaTenbublii koHTposib. CootHomenune AJ1D/P u P/O.

7. YY EBHO-METOANYECKOE U TH®POPMALIMOHHOE OBECIIEYEHUE
JUCHUIIJIMHBI MOAYJIS)

a) OCHOBHAaf1 JINTeparypa:
1. IlpuHIUIIBL ¥ METOJIBI OMOXUMUM U MOJIEKYIISIpPHOM Onosioruu [ DNeKTpOHHBIN pecypc]
/ penmaktoper K. VYuiacom wu Jx. VYoukep. - M.: BHUHOM, 2013. -
http://www.studentlibrary.
ru/book/ISBN9785996321261.html
2. ®dusndeckas XUMUS JUCIIEPCHBIX CHCTEM [ DJIEKTPOHHBINA pecypc|: yIeOHUK st
CTYIEHTOB/ Epmos I0.A. - M.. I'SOTAP-Menna, 2013. -
http://www.studentlibrary.ru/book/

ISBN9785970424285.html
3. HanoOuortexHosornu [DnexkTpoHHbI pecypc] / moxn pen. A.b. PyOuna. - M. :

BMHOM, 2013. http://www.studentlibrary.ru/book/ISBN9785996322916.html

0) 1OMOJIHUTEJIbHAS JIUTEepaTypa:

1. KoHnenuuu COBPEMEHHOTO €CTECTBO3HAHUS [DJIEKTPOHHBIN pecypc| : Y4eOHHMK st
cTyneHToB By30B / H.M. Anb-Anu. - CII6. : [Tonmurexnuka, 2013.

2. be3omnacHOCTh KHU3HENEATENILHOCTH YeJIOBEKa B AJIEKTPOMATHUTHBIX MOJSIX [yuel.
nocooue / C.M. Anomronckuii, T.B. Kamsana, b.E. Cunganockmii. - CII6. : IToaurexHuka,
2012.

3. MukposneMeHTbl B OKpYXKarolleil cpene: OHOreoXumusi, OUOTEXHOJOTHUS U
ouopemenuanus : [HayuHoe uznanue] : nep. ¢ anri. / K. Anexcanap [u np.] ; mox pea. M. H.
[Ipacana, K. C. CamxBana, P. Haiiny .— Mocksa : ®usmatiurt, 2009 .— 815 c.

4. IIpakTUKyM 110 MOJIEKYJIsIpHOI 6uostoruu [DnekrpoHHbli pecype] / A. C. Konuues,
N. JI. LiBetkos, A. I1. ITonos u ap. - M. : KonocC, 2012.

5. DIeKTpOHHAsi MUKPOCKOMHS HaHOOAKTepUil M IPYTHX MpeACTaBUTEICH MHKpPO- U

HaHoMmupa : [MoHorpadus] / A. I1. [Tonomapés .— Brnagumup : UI1 XKypasnésa, 2011 .— 180 c.

B) NEPUOAUIECCKUEC U3TAHUA:


http://www.studentlibrary.ru/book/

1.bubauoreka 6uonora; http://lib.e-science.ru/book/?c=4

2. CkynaueB B.II. buoxumus mem6pan. Knura 6. buosnepreruka: MemOpaHnHbIe

npeobOpa3oBarenu sueprun: _http://freebooks4study.com/referat3683-down.html

3. [Mpupona: http://ras.ru/publishing/nature.aspx

4. Ycnexu coBpemeHHOM Ouosoruun: http://elibrary.ru/issues.asp?id=7753

5. DnemenTsl. CaliT HOBOCTEH (yHIaMeHTanbHON Hayku: http://elementy.ru/news
I') MHTEPHET pecypchl:

1. www.elibrary.ru

2. www.biblioclub.ru

3. www.znanium.com

8. MATEPHAJIbHO — TEXHUYECKOE OBECITEYEHUE JACIHUATLTAHBI
(MOJIYJIST)

HGKI_[I/IOHHaSI HaCcTb KaXI0ro 3aHATUSA COIPOBOKIACTCA HGMOHCTpaHI/Ief/'I HITIOCTPATUBHOT'O
Marepuana u3 VIHTepHET-pecypcoB, JMTEPATYpPHBIX MCTOYHHKOB, PHUCYHKOB, IIOMOTAIOIINE
BOCIIPpUATHUIO MaT€pHajia 1o pacCMaTpuBacMoOMy BOIIPOCY, a TaKKE HCIOJIB30BAHHUE APYIUX U
ANIEKTPOHHBIX HAYYHBIX OHMOIMOTEK /I TIOMCKA HEOOXOAMMOW JUTEpaTypbl, HampUMeEp
http://www.sambal.co.uk/biology.html;
http://en.wikipedia.org/wiki/Bioenergetics; http://www.molbiol.ru; http://www.biotechnolog.ru;
JleknMOHHBIA KypCc 4YHTaeTCsl B Kiaccumueckod aymuropuu (ayna. 133-1), ocHameHHOH
MYJIbTUMEAUHHBIMU CPEACTBaMH  (NIEPCOHAIBHBIN KOMIBIOTEp, AWanpoekTop). IIpe3enTarum,

HarJsiJHbIC nocoous u Aap.


http://lib.e-science.ru/book/?c=4
http://freebooks4study.com/referat3683-down.html
http://ras.ru/publishing/nature.aspx
http://elibrary.ru/issues.asp?id=7753
http://elementy.ru/news
http://www.biotechnolog.ru/
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