MyHununajbHoe 001eodpa3oBaTebHOe YYpPeKIeHne
«Cpennsisi o01meodpasoBaresibHas mKojaa Nel r. 3eieHOKyMCKa

IpunsTa Y1BepikaeHna
Ha nepgarornueckom coBete [Tpuxa3 Ne ot 30.08.2021 rona
ITpoTokon Nel HMupexkrop MOV «COII Nel r. 3eneHokymcKa»
Ot 30.08.2021 roxa C.A.JleckoBa

JOINOJIHUTEJIBHAS OBIIEPA3ZBUBAIOIIASA ITPOT'PAMMA
«buoxumusa»

HampasneHHOCTh: ecTecTBEeHHOHAaYYHAs
YpoBeHb MporpaMmsbl: 6a30BbIH
Bo3spact yuamuxcs:15-17 ner
Cpoxk peammsarun:1 roxg (156 gacon)

ABtop-coctaButens: [lanapuna Bukropust AnekcanipoBHa

2021-2022 y4. rox




HOACHUTEJIBHASA 3AIIMCKA

HononHutenbHast oOmeoOpa3oBatenbHas Ilporpamma «buoxumus» (manee - Ilporpamma) mma 10-11 kmaccos
€CTeCTBEHHO-HAYyYHON HAMNpPaBICHHOCTH UMeeT 0a30BbIii ypoBeHb. [Iporpamma cmocoOcTByeT GOpMHUPOBAHUIO Yy YUAIIUXCS
OCO3HAHHBIX MPUHIIMIIOB 3JI0POBOr0 00pasa xku3Hu. Ocob0e BHHUMaHHE MPU U3YyUYEHUU OMOXHUMHUU YICNSIETCS OCOOCHHOCTSIM
XUMHUYECKOTO COCTaBa OpPraHM3Ma YeJIOBEKa C IMOMOIIBI0 OnoperymsTopoB (3(pdeKTopbl, BUTAMHHBI, TOPMOHBI); OOMEHA
BEIIECTB OPTaHU3Ma M CPABHUTEIIBHON XapaKTePUCTUKE OMOXUMUYECKHUX MTPOIIECCOB B COCTOSTHUM 3JI0POBBS M O0JIC3HHU.

[Iporpamma paccunutana Ha 156 dacoB (4 yaca B HEJEINIO)

Leab: ycBOGHHE yUYalIMMUCS 3HAHWH O MOJICKYJSPHBIX OCHOBAaX >KU3HEACSATEILHOCTH OpTraHW3Ma 4YeJloBEKa, MPUOOpeTeHUE
YMEHHH U HaBBIKOB, HEOOXOAMMBIX JJIs1 BEJICHUS UCCIIEI0BATEIBCKON pabOTHI.
3anaum:

* MpPUBUBATH IO3HABATEIBHBIA HMHTEPEC K HOBOMY IMPEIMETY uepe3 CUCTEMY Pa3HOOOpa3HBIX 3aHATHH, MPOBOAUTH
paKkTUYECKUe paboThl U 1a0OPATOPHBIE OMBITHI;

* co3JaBaTh YCIOBUSA ISl (POPMUPOBAHUS MPEAMETHOM U Y4EOHOUCCIIEA0BATENHCKOM KOMIIETEHTHOCTEN 00yUatoInXCs;

* oOecrneuynBaTh YCBOCHUE OOYYAIONIUMHUCS 3HAHUW OCHOB OMOXMMHUYECKOW HAYKW: BaKHEHIIMX (haKTOpOB, MOHSITHUH,
3aKOHOB W TEOpPUM, sI3bIKa HAYKH, JOCTYIHBIX OOOOIIEHHH MHPOBO33PEHUYECKOTO XapakTepa B COOTBETCTBUU CO
CTaHIApPTOM OMOJIOTUYECKOTO U XUMUYECKOT0 00pa30BaHMUs;

* cnocoOcTBOBaTh (HPOPMUPOBAHUIO MPEIMETHBIX YMEHUN U HAaBBIKOB: YMEHHS pabOTaTh ¢ XMMUYECKUM 000PYI0BAHUEM
U SIBICHUSIMH, CTABUTb XUMHUYECKHE OMBITHI, BECTH HAOIIOJCHUS YEPE3 CUCTEMY JTa0OPATOPHBIX U MPAKTHUYECKUX paboT;

* (opmMupOBaTh HaBBIKU 3I0POBOT0O 00pasa KM3HU MOCPEIACTBOM OMOXUMHUYECKOTO SKCIIEPUMEHTA.

B ocnoe Ilporpammel 3anoxenbl uaed (GyHKIIMOHHUPOBAHUS OpraHU3Ma YeJIOBeKa KaK €IMHOrO IEJIOTO MOCPEICTBOM
B3aMMOJICHCTBUS XMMHUUYECKUX BEIIECTB Yepe3 B3aMMOCBSI3h OOMEHA BEIIECTB, €r0 PETYISIUUA U TPOSBIIEMBIX (YHKIIHI
opraHuzma.

[Iporpamma criocoOCTBYET (hOPMUPOBAHUIO 310POBOrO 00pa3a KU3HU Ha OCHOBE TEOPETUUYECKUX 3HAHWM U MPAKTUYECKUX
yMeHui B oOiactu Omoxumuu. B xome peanmusamuum Ilporpammer y oOydaromuxcs (GOpMUPYIOTCS KOMMYHHKATHBHBIE H
BaJICOJIOTUYECKUE KOMIIETEHIIMH, BOCIIUTHIBAETCA OTBETCTBEHHOE OTHOLICHUE K MPUPOJIE, OepekHOE OTHOIIECHHUE K yueOHOMY



000pyZIOBaHHIO, YMEHHE KUTh U B3aUMOJICHCTBOBATH B KOJJICKTHBE.

N3ydyenne 6HMOXUMUU CIIOCOOCTBYET (DOPMHUPOBAHUIO Y O0YUAIONIUXCS HAYYHON KapTHHBI MHUPA, UX HHTEIJICKTYAIbHOMY
Pa3BUTHIO, BOCTIMTAHUIO HPABCTBEHHOCTH, TOTOBHOCTHU K y4eOe U TPyIy.
[To uroram peanuzanuu [Iporpammsl ydamuecs Oy1yT 3HATh:

. XapaKTEPUCTUKY OCHOBHBIX KJIACCOB COCIMHEHUN, BXOIAIINX B COCTAB JKMBOW MaTepuHu;
. BaKHCHIIIME pa3aesibl OMOXUMHM: OCIIKH, (DEPMEHTHI, JIMITUIBI, HYKIICHHOBBIC KUCIOTHI, BATAMHUHBI;
. OCHOBHBIE IMPUHIINIIBI, JIEKAIIUE B OCHOBE KOJIMYECTBEHHOI'O M KAYECTBEHHOI'O aHAJIN3A.

1o uroram peanuzauuu [Iporpammsl yuamuecs Oy1yT yMeTh:

° OonpCaACiIsATL HPUHAJICKHOCTD BCIICCTB K OIIPCACIICHHOMY KJIACCY COCHI/IHCHHf/i;

° IMPOBOJNUTH KAUYCCTBCHHLIC PCAKIIMN Ha 6GJ'IKI/I, (I)epMeHTI)I, BHUTaMHHBI,

° Ha6JHO,ZIaTI> " BCCTHU I'PAMOTHBIC 3aIIUCH Ha6JIIOJIaeMI>IX HBHCHHﬁ;

° ITPONU3BOOUTDH CpaBHHTeHBHBIﬁ AHaJIM3 IMOJYUYCHHBIX PC3YJIbTAaTOB, JACJIATh BHIBObI.

[TproOpeTeHHbIe 3HAHNUS U YMEHUS B IPAKTUUYECKOMN NEATETLHOCTH M MOBCETHEBHOM JKM3HU OYIyT CITOCOOCTBOBAT:

- GOpMUPOBAHUIO 3I0POBOTO 00pa3a KU3HH,

- DKOJIOTMYECKHU TPAMOTHOMY TIOBEJICHHIO B OKPYXKAIOIIEH cpee.

Pexomenayembie (pOpMBbI 1 METOABI 3aHATHI

ITo Ilporpamme TpemxyCMOTPEHO BBHINIOJHEHHE MPAKTHUYECKHX padOT, MMEIOIIMX HCCIEAOBATEILCKHM XapaKTep, KOTOpbIE
MOKHO PacIIMPUTh O PaMOK MPOEKTHO-HCCIIEN0BATENbCKON. TemaTuka MCClIeIOBaHU TpeajaracTcs CaMHUMHU y4YalluMHCS
WM UX poAUTEIsIMU. JI0Oble XMMUYECKHE HCCIETOBAHUS TPOBOIITCS C COONIOJCHHWEM TMpaBui Oe30macHOM paboTHl B
XUMHUYecKou jJaboparopun. [IpenmyiecTBEHHO UCTIONB3YIOTCS CPEACTBA «CYXOH XUMHU», PAa3HOOOpPa3HbIE TECT-CUCTEMBI, HE

TpeOYIOIINE CIEIUATBHBIX YCIOBUN JJIsl TPOBEACHUS SKCIIEPHMEHTOB.
@DopMbI ATTECTAIIUN U KOHTPOJISA

C uenpi0 KOHTPOJIA U OLEHKH PEe3yJbTaTOB MOJATOTOBKM M yueTa WMHIAMBUIYAIbHBIX 00pa30BaTENbHBIX JOCTHXKEHUI
00y4aroImuXcsi MPUMEHSIOTCA: BXOAHOW KOHTPOJIb; MPOMEKYTOUHAs aTTEeCTalUsl; UTOTOBasl aTTecTallusl.
BxonHolt KOHTpoJb (MpeaBapUTesbHAs aTTeCTalus) - 3TO OIEHKAa MCXOJHOTO YpPOBHS 3HAHHMM OOYydaroluxcsl mepen



HayajgoM o0pa30BaTeIbHOIO MpoLecca.

[IpomexxyTouHass aTTecTalus - 3TO OIEHKAa KayecTBa YCBOEHUs OOYYAIOIIMMHCS COJAEPkKaHUS JIONOJHHUTEIbHOU
obmiepa3BuBarotei [Iporpammel B mepruoa 00y4deHus o uroram I momyroaus.

HtoroBas aTTecTarus - 5T0O OLIEHKA YPOBHS JOCTHKEHUH 00ydaromuxcs no 3aBepiienun [Iporpammei.

[IpuHIIMIIBI aTTECTAWN:

y4eT WHIUBUIYAJIbHBIX U BO3PACTHBIX OCOOCHHOCTEH 00yUJarOIINXCS;

cB00Oa BBIOOpA MEJaroroM METOA0B U (hOPM MPOBEJCHUS U OLIEHKH PE3yIbTaTOB;
- OTKPBITOCTH PE3yJIbTATOB JJIS MEJATOTOB U POJIUTEICH.
Kputepusimu O1IeHKH pe3yabTaTUBHOCTH O0yYECHHUS SIBIISTFOTCS:

KPUTEPUHU OLICHKH YPOBHS TCOPETUUYCCKUX 3HAHHUI MPOrpaMMHBIM TPeOOBaHUSM; IIMPOTA KPYro3opa; cBo001a BOCTIPUATHS
TEOPETUUYECKON WH(OpPMAITK; Pa3BUTOCTh MPAKTUYECKUX HABBIKOB Pa0OTHI CO CIEIUATBHON JINTEPATYPOIi; OCMBICIICHHOCTh H
cB000/1a MCTIOIH30BAHMS CIIEIIUATIBHON TEPMUHOJIOTHH;
- KpUTEpUU OLICHKH YPOBHS IMPAKTHYECKOH MOArOTOBKH OOYYAIOIIMXCS: COOTBETCTBHE YPOBHS Pa3BUTHS MPAKTUYECKUX
YMEHHUH U HAaBBIKOB MPOTrPaMMHBIM TpeOOBaHMSIM; CBOOO 1A BIaIeHUS CIIEIIMATbHBIM 000PY0BaHUEM, OCHAIIICHUEM; KaueCTBO
BBITIOJIHEHUS IPAKTUYECKOTO 33/IaHUsT; TEXHOJIOTUYHOCTh MPAKTUYECKON NeATeNbHOCTH;
- KpUTEpUU OIEHKU YPOBHS Pa3BUTHUS U BOCIMUTAHHOCTH OOYYaIOIIMXCS: KyJNbTypa OpPraHHU3allMU MPAKTUYECKOTO 3aaHMs;
aKKypaTHOCTb U OTBETCTBEHHOCTb IIpU paboTe; pa3BUTOCTh CHEIHAIBHBIX CIIOCOOHOCTEH.

@dopMmoil aTTecTallMM M KOHTPOJIS SBJISIOTCA MPAKTHUECKHE M J1a0OpaTOpHbIE 3aHATHS, B XOJ€ KOTOPBIX
OCYILECTBIISIETCS :
* BBINIOJIHEHHE MMPAKTUYECKUX 3aJlaHuM (MPaKTUKYM, JabopaTopHas padboTa);
* TECTUPOBAHME;
* OIIPOC;

* MpoeKTHas 3auéTHas padoTa. _ _
YUYEBHbBIU (TEMATUYECKHUN) IIVIAH



TeMma 3anaTusa

KoanuecTBo 4acoB

BCero

Teopust

IpakTHKa

®opMa aTTecTAUMA 1

KOHTPOJISI

Bgenenue. Beenenue B
ouoxumuto. [IpaBuia TeXHUKH
0e3omacHocTd. MeTo 161
OMOXMMHYECKUX
HCCJICIOBAHUM.

1

4

benku.

Cocras, KaccupuKarms.
DU3NKO-XUMHYECKUE
CBOMCTBA U (PYHKIIUU OETIKOB.
[Tenrrunpr. Ipupoansie
nenTuAbl (TIyTaTHOH,
Ba30MPECCHUH, SHKE(PAITUHBI,
SHAOPPUHBI U JIp.), UX
(buzmoIorNYecKoe 3HaYCHUE 1
HCII0JIb30BaHNE B KAYECTBE
MEIUIIMHCKUX MTpernapaToB

20

12

IIpakmuueckas
paboma Nel
IIpakmuueckas
paboma Ne2

®epMmenThl. CBOMCTBA
tdhepmenToB. CylIHOCTH
(hepMEHTAaTHBHOTO KaTaJIH3a.
[IpumeHeHne B MeTUIIMHE.
Mexanusm nencTBus
(dbepmeHTOB. 3HaYeHHE
(hepMeHTOB 1 OOMEH BEIIECTB
B OpraHu3Me.

20

14

llpakxmuueckas
paboma Ne3
llpakxmuueckasn
paboma Ned

ButamuHbI 1 HEKOTOpBIE
pyrue OMOJOTUYECKH
AKTUBHBIE COCAMHEHUS.
Knaccudukarus BUTaMUHOB.
VYyactue BUTaMUHOB B OOMEHE
BELIECTB.

18

Ilpaxmuueckas
paboma Ne5

HyknenHoBble KHCIOTHI U UX
oOmeH. Knaccudukarus.
Cocras u crpoenue. JJHK,
PHK paznuusbIx BUIOB.

19

12

Ilpaxmuueckasn
paboma Ne6
llpaxmuueckasn
paboma Ne7

Pacnag u 6uocuHTE3 OCIIKOB.
DepMeHTHl,
OCYIIECTBIISAIOIINE PaCIiajl
6enxoB. [lepBuunble u
BTOPUYHBIC AMUHOKHUCIIOTHI.
Komx 6eIK0BOTO CHHTERA.

20

10

10

Ilpakmuueckas
paboma Ne§







YrneBoas! U uX 0OMeH.
Knaccugukamnus yrieBooB.
[Tonmcaxapupl, UX CTPyKTypa
U TIpeAcTaBUTEN! (TJIMKOTEH,
KpaxmaJ, KIeT4aTKa, XUTHH).
Oynkiun yrierogos. OoMeH
YII€BOJOB. | Tnkonms.
CrniuproBoe OpoxeHue.
[elicTBue 3TaHosa Ha
OpraHu3M YeJIOBEKa.

15

[ Ipakmuueckas
paboma

[ Ipakmuueckas
paboma Nel()

Ne9

JIMnuael 1 ©X OOMeH.
DU3NKO-XUMHUICCKHE
CBOMCTBA JINIIHUJIOB.
buonorudeckoe 3HaucHHnE
munuoB. OOMEH KHUPOB.
Hapymenust B oOMeHe KupoB.
OxupeHue u ero NPUIHUHEI.
Bocku, ux crpoenue,
(YHKIIUM U IPEICTAaBUTEITH.
CtpykTypa v PyHKIIIH
cTepouJoB. bruomornyeckas
postb GpochoaunmI0B

15

[ Ipakmuueckas
paboma Nel |

buosornueckoe okuciieHue u
cunte3 AT®. PaznooOpasue
(hepMEeHTOB OHOJIOTHYECKOTO
okucnenus. Karanasa u eé
pOJIb B 3aLIUTE OpraHu3Ma OT
aKTUBHBIX (hOPM KHCIOPO/a.
CrpoeHue npoTOHHOM
AT®a3bl 1 BEpOSITHBIE
MexaHu3Mbl cuHte3a ATO.

10.

I'opMOHBI 1 UX POJTb B OOMEHE
BeniecTB. Kimaccudukarus
TOpMOHOB. MeXaHU3M IeUCTBUS
CTEPOUHBIX TOPMOHOB.
XapakTepucTuka WHCYJINHA,
ropMoHa pocta. CaxapHbIit
IuabeT 1 ero BUAbl. Puian3unr-
(hakTOpbl TOPMOHOB.
IIpumeHeHre TOPMOHOB B
MEIUIIMHE U CEIBCKOM
XO3SIHUCTBE.

10




BelecTB B kietke. [lonsTue o
KJTFOYEBBIX META0OIHUTAX.
OCHOBHbIE MEXaHU3MBI
perynsinuu oOMeHa BEIeCTB B
KJIETKE. DKOJIOro-
OMOXMMUYECKUE
B3aMMOJICHCTBUS C Y4aCTUEM
Pa3IMYHBIX TPYI OPTaHU3MOB:
MHKPOOPTraHU3MOB, TpHOOB,
BBICIIIUX PACTCHUM, )KUBOTHBIX.
AHTpOTIOTeHHBIE OMOAKTUBHBIC
BEIIECTBA U MTPOOIIEMBI
XUMHYECKOTO 3arpsi3HEeHUs
onocdepsl.

HUTOrO: 156 66 90

COAEPKAHUE YYEBHOI'O (TEMATHUYECKOI'O) IINTAHA

Beenenue
Temal. BBenenue B Onoxumuro. [Ipasuia rexuuku 0e3onacHocTr. MeToabl 0MOXUMHYECKUX UCCJIEA0BAHUIL.

Teopus. buoxumust kak Hayka. Mictopus pa3BuTus OuoxumMuu. Pojb 0T€UECTBEHHBIX YUEHBIX B Pa3BUTUN OMOXUMHH (pabOThI
A. . Hauunesckoro, H. W. Jlynuna, A. H. baxa, B. A. Durenerapara, A. H. benozepckoro, A. C. Cnupuna, FO. A.
OBumnnukoBa, B. II. CkymaueBa u jap.). B3aumocBs3p OHMOXUMHUH C MOJEKYJISIpHOM Ouonorueii, Ounopus3nkoil wu
OuoopraHuyeckol xumuen. 3HaueHue OWMOXUMHUU JJIsi Pa3BUTHS OHOJIOTUM, MEAULIMHBI, OHMOTEXHOJOTHUH, CEIbCKOIro
XO35IMCTBA, TEHETUKU MU DJKOJOTHHU. MeTonbl OMOXMMHMUYECKMX HCCIEIOBaHMM M HX Xapakrepuctuka. lcnonb3zoBanue
COBPEMEHHBIX CKOPOCTHBIX M aBTOMAaTHU3UPOBAHHBIX (PU3MKO-XUMHUYECKUX METOJOB aHaIM3a Uil OMOXMMHUYECKUX Leieil.
buoxumudeckue METOIbl MOHUTOPUHTA OKPY KaIoIIel cpeibl. XMMHUECKHI COCTaB OpraHU3MOB U 0011ee MoHsATHE 00 0OMeHe
BEILIECTB Y SHEPTUHU B )KUBOU NPUPOJE.



Tema 2. beaku

Teopus. Ponp OenkoB B MOCTPOCHMHM W (YHKIMOHHUPOBAHUM >KMBBIX cuUCTeM. [loHSTHE O TpoTeoMe M MPOTEOMHKE.
AMUHOKUCTIOTHBIN cocTaB OenkoB. [IoHSATHE O MPOTEUHOTEHHBIX aMUHOKHUCIOTaX. Croco0 CBSA3M aMHHOKHCIIOT B OEIKOBOM
mosiekyne. Ilentunpl. Ilpuponmnbie mnentuabl (TIYTaTHOH, BAa30MPECCHUH, OHHKeaNWHBI, SHAOPPHUHBI W [Ap.), HUX
(U3HOIOTHYECKOE 3HAYEHHWE M KCIOJIB30BAHME B KAueCTBE MEIAMIIMHCKUX TMpenapaTtoB. XUMHUYECKHA CUHTE3 IMENTHIOB
3aJJaHHOTO CTPOCHUS U BO3MOXKHOCTHU UX MpuMeHeHus. CTPyKTypa OCIKOBBIX MOJIEKYII.

[lepBuynas cTpykTypa 6enkoB. [IpuHIIMTIBI 1 METOBI ONIPEACTICHUS TIEPBUYHON CTPYKTYpHI Oesika. ABTOMaTHYECKUE U
MOJIEKYJISIPHO-TEHETHUECKHE METOJIbI OINPEACIICHUS MEPBUYHON CTPYKTYypbl. KOMIBbIOTepHBIE OaHKU JaHHBIX O TIEPBUYHOMN
CTPYKTYpe OCIKOB. DBOIIOIHUS IEPBUIHON CTPYKTYPHI OCIIKOB (Ha MIPUMEPE IIUTOXPOMOB).

Bropuunas u HagBTOpUYHAs CTPYKTYphl OenkoB. [loHsTrne 00 a- u P- xoHGopManusx moaumnentuaHoun nenu (padoTs
JI. Tlonuara). [lapameTpsl a - ciMpaiu MOJMIENTAIHOW menu. HaaBTOpuYHBIE CTPYKTYphl B OelKax W WX 3HAUYCHHUE s
(GyHKUIMOHMpPOBaHUA crenuduueckux rpynmn OenkoB. CBs3b NEPBUYHONM M BTOPUYHOW CTPYKTYp O€IKOBON MOJIEKYIIBI.
Knaccugukanus 06e1KoB MO 37€MEHTaM BTOPUYHOM CTPYKTYpbl. JIOMEHHBIM NPUHIUII CTPYKTYPHOW OpraHu3alnu OEIKOB.
[loHsiTiE O CTPYKTYPHBIX M (PYHKIIMOHAJIBHBIX JOMEHAX (HAa NMPUMEpPE MMMYHOIVIOOYJMHOB M KATAJIUTUYECKH AKTUBHBIX
OCIIKOB).

Tpernunas cTpykrypa 6enkoB. Tumsl cBs3zel, odecrieunBarOINX NOAAEPKAHUE TPETUUHON CTPYKTYpPHl. JJHHAMUYHOCTD
TPETUYHON CTPYKTyphl OenkoB. CaMOOpraHu3anus TPETUYHOM CTPYKTYphl OEIKOBOM MOJIEKYJBI U POJb CHEHU(UUECKUX
OenKOB-1IANIEpOHOB B 3TOM Tporiecce. lIpenckasaHue MpoOCTPAaHCTBEHHOIO CTPOEHMsI OEIKOB, MUCXOIS U3 UX MEPBUUHOMN
CTPYKTYPBI.

UerBeptnuHasi cTpykTypa OenkoB. CyObenuHUIIBI (MMPOTOMEPHI) M SIMUMOJEKYIbl (MynbTUMEpPHI). KOHKpeTHbIE
MpUMEPbl YETBEPTHUUHOM CTPYKTYpbl OENKOB (IeMOrJIoOMH, JaKTaTACTUIpOreHasa, Kataigaza U Jp.). THIbI CBSI3e€d MEXIy
CcyObeAMHUIIAMH B TTUMOJIEKYIIE.

Homenknatypa u knaccudukanus 6enkoB. OyHKIMOHANbHAS KiIaccudUKasa OEIKOB M XapaKTEpUCTUKA OTAEIbHBIX
TPpyHI:  CTPYKTYPHBIX, COKpPATUTENIbHBIX, 3allUTHBIX, TOKCUYECKHUX, PELENTOPHBIX M  PEryJaTOpHbIX. benku
(MeTamI0THOHEUHBI, TEMOTJIOOUH U JIp.) KaK JeTOKCHUKAHThI KCEHOOMOTHKOB B OpraHU3ME.



IIpakmuxka. [Ipakmuyeckas paboma. Tema: «PazOenenue amunokuciom memooom pacnpeoerumenshol xpomamozpaguu na
bymazey.

IIpakmuueckas paboma. Tema: «Ilpucomosnenue pacmeopa benxa (Auunozo arvbymuna). Pazoenenue 6enkoe Kypunozo siya
no ux pacmeopumocmu. /lenamypayus 6eakoe (oopamumas u Heobpamumas)y.

Tema 3. ®epmeHTBI

Teopus. Pa3zHooOpa3ue KaTaIMTUYECKH AKTHBHBIX MOJEKyN. KaTanmuTUdeckd akTUBHBIC OCNKH (IPH3WMBI), KaTaJTUTHYCCKU
aktuBHble PHK (pubo3uMbl), kKaTaduTHUYeCKH aKTUBHBIE aHTUTeNa (a63umebl). Katanutudeckas ¢yHkius 6enkos. Paznuuus B
CBOMCTBaX (PEPMEHTOB M KaTaJIM3aTOPOB WHON mpupoabl. CrenuduuHocTh AeicTBUS (pepMeHTOB. Poib oTedecTBEHHBIX
yuenbix (M. I1. TTaBnos, A. E. bpaynmreiin, I1. A. DHrenbrapar u ap.) B pazButuu sH3uMoIioruu. [lousatre o cyoctpatHoOM U
AIUTOCTEPUIECKOM IIEHTPaxX B MoJieKyie ¢pepMeHTOB. DepMeHThI MOHOMEPHI (TPHUIICHH, JIU30IIUM) U MYJIbTUMEPHI (TITyTaTHOH -
penykrasa). Ilonstue o xodepmentax. Kodepmentst — nepeHocunku Bojopona u snekrpoHoB (HAJ, HAID, ®A), u
atomubIx rpymnn (AT®, kopepment-A, HID- caxapa).

MHuoxxecTBeHHbIE (OpMbI (PEpMEHTOB M HUX (PYHKIUMOHAIBbHOE 3HaueHue. 3odepMeHThl akTaTaeruaporeHasbl.
3HAaueHUE UCCIIEJ0BAaHNUS MHOXKECTBEHHBIX (OpM (PEpMEHTOB s MEIULMHBbI, T€HETUKU, CEJEKIMH M MOHUTOPHUHIA
OKpyXatouei cpeabl. MynbTHU3H3UMHBIE KOMIUIEKCHI, METAa0OJOHBI M NOJU(YHKIMOHANBHBIE (epMeHThl. MexaHusm
nectBust pepmMeHToB. PepMeHT - cyOcTpaTHble KoMiuiekchbl. KoHctanTa auccounanuu (hepMeHT-CyOCTpaTHOrO KOMILIEKCa
(Ks) m koncranta Muxasmuca (Kv). AKTHBAaTOpbl MU MHTHOUTOpPHI (hepMEHTOB. BiusHHEe KCEHOOMOTHKOB Ha aKTUBHOCTh
(hepMeHTOB.

Homenknatypa u knaccudukanus pepmentoB. [Ipunmnuns! knaccuduxanum GepMeHTOB.

[IpoMbIlsIeHHOE TMOJNYyYEeHHWE W MPAKTHUECKOe HCHOoJb30BaHue ¢GepMeHToB. MMMoOuUnu3oBaHHBIE (EPMEHTHI.
[lepcieKTUBBI MPAKTUYECKOTO UCTIOIB30BaHUs pUOO3UMOB U a03UMOB 17151 00pHOBI € 3200JIEBaHUSIMH YEIOBEKA.

Ilpaxmuxa. Ilpakmuueckas paboma. Tema: «CpasHumenvHvili aHaius nNpooyKmMos KUCIOMHO20 U HepMeHmamueHo20
2UOpoaU3a OU- U NOAUCAXAPUOO8 (Ha npuUMepe caxapo3vl U Kpaxmaia) ».
Ipaxmuuyeckasn paboma. Tema: «Bauanue na akmugsnocms pepmenmos memnepamypsi, pH, akmusamopos u uneubumoposy.

Tema 4. BuraMmuHBI U HEKOTOPLIEC IpyIrue OHOJIOTHYECKH AKTHBHbIE COCAMHCHMUSA



Teopus. Wctopusi OTKpPBITUS BHTaMUHOB. Pojb BUTAMUHOB B MHUTAaHUHM YEJIOBEKA W IKUBOTHBIX. ABUTaMHHO3BI,
TUTIOBUTAMHUHO3bBI, TUTIEPBUTAMUHO3bI. COOTHOIIIEHNE BUTAMUHOB M KOpepMeHTOB. Butamepusi.

XKupopacTBoprumbie BUTaMuHBI. Butamun A u ero ydactue B 3puTenbHOM akte. Butamunsl D, K u E u ux pons B oOMene
BemecTB. BomopacTtBopumbie BuTamMuHbl. Butammasl Bi, By, Bs, Bs, Biz, ux 3nauenue B oOmene BemecTB. Butamma C
(ackopOMHOBAS KHCIIOTA).

Pa3HooOpa3ue OMONOTMYECKH AKTUBHBIX COCJAWHCHUW: AHTHUBUTAMHUHBI, AHTUOMOTHUKH, (UTOHIMIBI, TEPOUIIUIBI,

neoIMaHThI, POCTOBBIE BEIIECTBA (BaKHEUIIINE IPEICTABUTEITN M MEXaHU3MBbI IEHCTBHS ).

Ipaxmuxa. Ilpakmuueckas paboma. Tema: «Kauecmeennvle peakyuu Ha UMAMUHBLY.

Tema 5. HykjienHOBbIE KMCJIOTHI U X 00MeH

Teopus. VIcTopus OTKPBITUS U U3YUYEHMS] HYKJIEMHOBBIX KHUCJIOT, MX XUMHYECKHUU COCTaB. XapaKTEpUCTHKAa MYPUHOBBIX U
NUPUMUJIMHOBBIX OCHOBaHUHM, BXOJSIIMX B COCTaB HYKIEMHOBBIX KHUCJIOT. JIBa TuUma HYKJIEUHOBBIX KHUCIOT:
nezokcupubdonykiennonas kuciota (JJHK) u pubonykinennosas kucinora (PHK). Paznuuusa mexny JJHK u PHK no cocraBy
IJIaBHBIX a30TUCTBIX OCHOBaHUM, INEHTO3aM, MOJEKYJSIPHOM Macce, JIOKaJu3aluHu B KieTke M (QyHKuusM. LleHTpanbHbI
nocTyiaTt MosiekyssipHoit ouonoruu: JJHK - PHK — Genok u ero passutue.

Crpykrypa u ¢pyakuuu JIHK. Conepxxkanme JIHK B opranusme u jokanuszanus €€ B KIETKE (SIp0, MUTOXOHJIPHH,
xJjioporiactel, snucomel). Pazmep u gopmsl monekyn JHK. KonsueBas popma JIHK HexoTopbix ¢aroB, MUTOXOHIpUN U
xyoporuiactoB.  Ilepsuunast crpykrypa JHK. VYcemexu wu  nepcnektuBel B paciiupoBKE CTPYKTYpbl T'€HOMOB
MHUKpPOOPTaHU3MOB, pacTeHuM U KUBOTHBIX. [IpoekT «['enom venoBeka». Bropuunas crpykrypa JHK (monens k. Yorcona
n ©. Kpuxka). KommieMeHTapHOCTh a30THUCTBIX OCHOBAHMW U €€ 3HA4Y€HHE JUIsi BOCHPOU3BEACHHSI CTPYKTYpbl T'€HOMOB.
[Honumopdusm Bropuunoit ctpykrypsl JIHK (A-, B-, C- u Z-popmsl IHK). Tperuunas ctpykrypa JJHK. Cepxcnupanuzanus
JIHK. N36srTounocTs 1 komnakTHOCTh MoJiekyl JIHK. Ctpoenne xpomaTuHa.

Mytauuu B JIHK u ¢akropsl, ux Bbi3biBatomue. Penapanus ctpykrypsl JJIHK u ee 3nHaueHue nisi coxpaHeHUs! BUIOB.
Hacnencrsennslie 3a00sieBaHus.

PHK, ux knaccuduxamus (TPHK, pPHK, MPHK, masPHK, TMPHK, Bupycusie PHK). CpaBautenpHas xapakTepucThka
Bun0B PHK no ux crpykrype u pyukuuam. Konuenuusa «Mup PHK». Mexanusm Ouocuntesa (permmukanun) JJHK. @epmenTtst



(PHK-nmomumepaza, JIHK-momumepasza, JIHK-nmuraza) m OenmkoBbie (¢akTopbl, ydacTtByromue B perukaruun J{HK.
Penmnmukanmonnas Buika u 3tanbl OnocunTe3a JJHK. OcobeHHOCTH perinKaiuy y mpo- | dyKapuoT. TeloMepHbIe TOBTOPHI B
JHK u JHK-tenomepassl. buocunre3s PHK (Tpanckpunuus) u ee peryisuus y npo-u 3ykapuot. [IoHaTHe 0 TpaHCKpUIITOHAX
u oneponax. Co3peBanue (nponeccunr) PHK. Crnalicunr u ero Buasl. Ayrocmiaiicunr. «PenaktupoBanue» PHK. O6paTtHas
TPAHCKPUIIIUS M €€ 3HAaueHWe s CYIIECTBOBAHUS BHUPYCOB (Ha MpuUMepe BUpyca MMMYHOJE(PUIIMTA YETOBEKa U BHUPYCOB
TPUIINA) ¥ BHYTPUTCHOMHBIX mepecTpoek. [loHATHE O MOMBMKHBIX T€HETHYECKUX 3JIEMEHTaX W WX 3HAYCHHUH JJISl DBOJIIOIUU
T€HOMOB.

[TonsTHE O TeHEeTHYeCKOW WHKEHEepUU. [IpUHIMIBI W CTpaTeTHMH MOJICKYJISPHOTO KIOHUPOBaHUSA. J[OCTHXKEHUS U
MIEPCTIEKTUBBI MOJICKYJIIPHON OMOTEXHOJIOTHH.
Ilpaxmuxka. Ilpakmuueckasn paboma. Tema: «BvlOenenue pubOHyKIeONPOMEUH08 U3 OPOHCHCELL.
IIpakmuueckas paboma. Tema: «Kauecmeennoe onpedenenue npooykmog 2uopoiu3a pudoHyKIeonpomeuHos».
Tema 6. Pacniag u OuMocunTe3 0e1K0B
Teopus. Pacnan 6enkoB. depMeHTHI, ocyllecTBIsAONME pacnaj OenkoB. I[IpoTeacoMbl — KOMILIEKCHI IPOTEOJUTUYECKUX
(bepmeHTOB. MaxxopHble O€IKM KPOBUM KAK MCTOYHUKHM OMOJIOTMYECKH AKTHUBHBIX MENTUIOB. MeTabosiu3M aMHUHOKHUCIOT.
Koneunsle npoaykThl pacrazna OEIKOB M MYyTH CBSI3bIBaHUS amMMuaka B opranusme. [lyTu HOBooOpa3oBaHUsS aMUHOKHUCIOT.
[lepBuuHble U BTOPUYHBIE AMUHOKHCIIOTBHL. 3aMEHHUMBIE U HE3aMEHUMbIE aMUHOKHUCIOTHI. buocunte3 OenkoB. MaTpuunas
cxema OuocuHTe3a OenkoB. AxkTuBHUpoBaHuE aMUHOKUCIOT (cuHTe3 amuHoaumi-TPHK). Crpoenune pubocom. CoctaB
MIPOKAPUOTHUYECKUX U JyKapuoTtuueckux pudocom. IlomupubOocombl. ITambl TpaHCHAUUU (MHULMALMS, SJIOHTaIus,
TEPMMHALIMS) U UX perysuusa. Bo3sMoXHOCTE epenporpaMMUpOBaHUs TPAHCIISIIIUH.

Kop 6enkoBoro cunrtesa. Mctopus ero otkpsitus; padbotsl M. HupenOepra, C. Ouoa, X. I'. Kopans! u ap. Ocobennoctu
T€HETHUUYECKOI'0 KOJIa MUTOXOHAPUHN U XJIOPOILIACTOB.
Ilpakxmuxa. Ilpakmuueckas paboma. Tema: «DH3uMamuuyeckuti memoo 8blOeleHUs U KOIUYEeCMBEHHO20 ONnpedeleHUs
MOYEBUHBLY.
Tema 7. YrieBoasl 1 uX 00MeH
Teopus. Knaccudukanus yriaeBoaoB. [Ipocteie yrimeBoasl (MOHOcaxapuibl) W UX mpeacTaBuTenu (pubo3za, TIIIOKO3a,



bpykTO3a, ranakro3a). CnoxHsle yriaeBosl. Jucaxapuasl (caxaposa, J1lakTo3a, ManbTo3a). [lomucaxapuabl, uX CTPyKTypa U
npeactaBuTenu (TJIIMKOTEH, KpaxMmalsl, KieTdyaTka, XWTuH). DyHKUMM YIJIEBOJIOB (dHEpreTHdeckas, MeTa0oiuyeckas,
perienTopHas u ap.). [ TUKONpOTeHHBI KaK AeTEPMUHAHTHI TPYII KPOBH.

O6men yrimeBomoB. Ilytm pacmama mommcaxapuaoB. Perymsmmst docdhoponusza nmpu ydactuu ropMoHOB, G-0enkoB,
HAM® wu mnporenHknHa3z. OOMeH TIIOK030-6- Qocdata (auxoTomMmueckuit u amoromuyeckuid mytu). OOMeH
MUPOBUHOTPATHON  KHCIOTHL. [ nmkonm3. CrouprtoBoe OposkeHue. JlelicTBue JTaHOJIAa Ha OpraHW3M  YeJIOBEKa.
[TonmudepMeHTHBII KOMITJIEKC OKUCIUTEIBLHOTO 1eKapOOKCUITMPOBAHUS MTUPOBUHOTPATHON KUCIOTHI. LUK TpukapOOHOBBIX U
TMKapOOHOBBIX KHCIIOT, €r0 3HAYCHHE B OOMEHE BEIIECTB M 00SCTICUCHUN OpraHu3Ma SHEPTHEH.

buocunTtes yrneBoaoB. IloHsTre o mepBHYHOM OWOCHHTE3€ YIJIEBOMOB. [ MrokoHeorene3. buwocuHTe3 onmro- u
MOJINCaXapUIOB.

Ipaxmuxa. Ilpaxmuueckasn paboma. Tema: «Bvidenenue pacmumenbHo20 Kpaxmana. Anamuz cmenenu 2uopoau3a Kpaxmaia ¢
nomouwvio uooomempuuy. Ilpaxkmuueckas paboma. Tema: «Kauecmeennvle peakyuu na y2ne6o0vl. Onpeoenenue
8000paACMBOPUMBIX V21660008 no Memoody bepmpanay.

Tema 8. Jlunuasl 1 ux 00MeH

Teopus. OO1as XapakTepUCTUKA U Kiaccuukanus aunuaoB. CTpykTypa U QyHKIMU TUNUA0B. Poap TUONAOB B IOCTPOCHUH
ouonoruueckux Mmemopas. CTpykTypa U (yHKIIUH JIUTIOIPOTENHOB.

Oo6wmen xupoB. Pacman >xupoB u C-3-OKuCIIEHHE BBICIIUX >KUPHBIX KHCIOT. I TMOKCUJIATHBINA IMKI U €ro POJib BO
B3aMMOCBSI3M OOMEHa JIMMHUAOB U yrieBoA0B. MexaHu3M OMOCHHTE3a BBICIIUX JKUPHBIX KUCIOT. BUOCHHTE3 TpUTIULEPHUIOB.
Hapymenus B oomene xupoB. OXKUpeHUe U ero NpuYrHbI.

Bocku, ux crpoenue, GyHKIMM U NpeacTaBUTENH (crepManer, muenuHbiii Bock). Ctepuabl. Ctepoiibl (Xosectepod,
sprocreposn U Jap.). CTpykTypa M (QYyHKIMM CTEpOMJIOB (XOJieBash KUCIOTa, CTEPOUIHBIE TOPMOHBI). Dochoaunumbl.
buonoruueckas poab poconunuaon. ochonHO3UTHABI KaK ICTOYHUKHA BTOPUYHBIX TOCPEIHUKOB TOPMOHOB.

Ipakxmuxa. Ilpakmuueckas paboma. Tema: «ludpoaus scupos noo deucmeuem aunasvl. BausHue dcenuu Ha aKmueHOCHb
JIUNA3slLY.
Tema 9. buosiornueckoe okuciaeHue u cuHte3 ATD



Teopus. VIcTopus U3y4eHHUs MPOIIECCOB OMOJIOTHYECKOTO OKucieHus: padboTel A. H. baxa, B. U. ITammagura, O. Bap6ypra, B.
A. Durensrapara. PaznooOpasue hepMeHTOB OMOIOTHYECKOTO OKHUCIICHHUS.

CucreMbl MUKPOCOMAJILHOTO OKHcIeHHUs B kietke. Llutoxpom P-450 u ero posib B JETOKCHMKAMM KCEHOOWOTHKOB.
CynepokcuanucMyTasa, KaTanasa ¥ UX poiib B 3alllMTE OpraHu3Ma OT aKTUBHBIX (POpM KUCTIOpOa.

Compsbxenue okucaeHus ¢ Gpochopunuposannem. CyoctpatHoe pochopunupoBanue u GpochopunupoBanre Ha YPOBHE
ANEKTPOHHO-TpaHCTIOPTHOMH 1enH. [ToHsATHE 0 compsTaronieil MemMOpaHe MUTOXOHIPHIA.

Tema 10. F'opMOHBI M MX POJIbL B 00MEHe BellecTB

Teopus. Knaccuduxaius ropmoHoB. CTEpOUIHBIE TOPMOHBI: KOPTUKOCTEPOH, TECTOCTEPOH, ICTPATUOI, IKIN30H. MexaHU3M
NEUCTBUSI CTEPOUIIHBIX TOPMOHOB. llenTuaHbie TOPMOHBI. XapaKTepUCTUKA WHCYJIMHA, TOPMOHA pOCTAa, TUPEOTPOIMHA,
racTpvHa, Ba3omnpeccuHa. MexaHu3M JAeUCTBUS NENTUHBIX TOPMOHOB (Ha MpUMEpE TiloKaroHa W WHCyJauHa). CaxapHbIi
nabdeT U ero BUJIBL.

[Ipoune ropMoHBI (apeHaMH, ayKCUH, THOOEPEINIMHBI, IMTOKUHUHBI, TPOCTATJIaH/IMHbI), UX CTPYKTypa U MEXaHU3M
neictBus. Punusunr-gaktopel ropmonoB. Hediporopmonsl (3HAopduHbl M 3HKedanunsl). IlpumeHeHne TOPMOHOB B
MEJIULIMHE U CEJIbCKOM XO35IMCTBE.

Tema 11. B3aumocssi3b u peryjsauus oomMeHa Bemects. [Ipo0aeMbl 0HOXMMUYECKOH IKOJIOTHHI

Teopus. OOmUe TpeACTaBICHUS O B3aMMOCBA3M OOMEHa BeleCTB B KieTke. [loHsATHE O KIIIOYEBBIX MeTaboIuTax
(mupoBUHOTpajgHasl KUCIO0Ta, KopepMeHT-A u Jp.). BzauMocBs3p O€IKOBOrO M HYKJIEMHOBOIO OOMEHa, 3HAYCHHE
PEryISTOPHBIX OeNKOB. B3anMoCBA3b yrieBoaHOro u 6enkoBoro oomeHa. Ponb nupoBuHOrpanHoil kuciaotel U nukia Kpebdca B
3TOW B3aUMOCBsI3U. B3auMocCBs3b 0OMEHa yrieBoI0B U JIMIHUI0B; POJb aleTHIKOPEpMEHTa-A B 3TOM IIpoLEcCe.

YpoBHU peryisiuu 0OMeHa BEIIECTB: KJICTOYHBIN, OPraHU3MEHHBIN U MOMYJISIMOHHBIN.

TpaHckpUNIIMOHHBIN (ONIEPOHHBIN) YPOBEHb peryisiuuu. OCHOBHbIE MEXaHU3MBI PETYJISLUA OOMEHa BELIECTB B KIETKE.
Opranu3MeHHbI ypOBEHb peryisuud. ['opMoHanbHas perynsuus oOMeHa BemiecTB. KackaaHblil MEXaHU3M PEryssiiuu C
y4dacTHEM TOPMOHOB M BTOPHYHBIX NOCPEAHUKOB. [lOMyNAlMOHHBIN ypOBEHb peTYISIIUU. AHTUOMOTUKH MHUKPOOOB,
(UTOHLINIBI PACTEHUMN, TEJIEPTOHBI )KUBOTHBIX U WX BIHUSHHUE HA MPOLIECCHI KU3HEIEATEIbHOCTH.

DKOJ0ro-0MOXMMHYECKHE B3aUMOJICHCTBUS C YYaCTHEM PA3IUYHBIX TPYII OPraHU3MOB: MUKPOOPTraHU3MOB, I'puOOB,



BBICIIMX PACTEHUMU, KUBOTHBIX. TOKCUHBI pacTeHuil. [IuieBbie neteppeHThl W aHTU(HUIaHTHI. [luieBble aTTpakTaHTH U
CTUMYJIATOPBI. XEMOPETyJSITOPbl, BO3JCUCTBYIOIIME HA MO3BOHOYHBIX JKMBOTHBIX. HakomieHne u HCHONb30BaHUE
KUBOTHBIMU BTOPUYHBIX META0OJIUTOB PACTCHUIA.

AHTpPOTIOTCHHBIC OMOAKTUBHBIC BEIIECCTBA M MPOOJEMBl XMMHYECKOTO 3arpsi3HCHHUS OHoChephl. DKOIOTHUYCCKH
Oe3oMmacHbpIe CIOCOOBI BO3ICHCTBUS HAa PAa3TUYHbIC BUJIBI )KUBOTHBIX, PACTEHUM U MUKPOOPTaHU3MOB.

IIpaxmuxa. 3awuma npoexma.

OPI'AHU3ALIMOHHO-IIEJATI'OI'MYECKHUE YCJIIOBUSA PEAJIM3ALINN
INPOT'PAMMBI

Y4eOHO-MeTouuecKoe o0ecTieueHne

[Mpu peanuzamuu [IporpamMMbl HCIOJB3YIOTCS METOJUYECKHE TOCOOMS, JMIAKTHYCCKUE MaTepuaibl, (OTO- H
BUJICOMATEPUAIBI.
[Ipu mpoBeneHUM 3aHATHIA UCTIONB3YIOTCS:
* BepOaJIbHbIE METO/bI OOYYEHUS: ICKINH, O0BSICHEHUS, Oece/Ibl, KOHCYIbTAIUH;
* HATJISIIHBIC METOJIbI OOYUCHHUSI: HATJISIHBIC TOCOOUS, HHTEPAKTUBHBIC YueOHBIE TTOCOOHS, BUACOMATEPHAIbI;
*  HCCIIEJOBATEILCKUE METO bl OOYUYCHHUSI: BBIOJIHEHHE 00YYArOIIUMUCS OTPEICICHHBIX HCCIE0BATEILCKUX 3aJaHHN.

MarepuanbHO-TEXHUYECKHE YCIOBUS peann3anuu [Iporpammbl

[MpomyKTHBHOCTh PabOTBI BO MHOT'OM 3aBHCHT OT KauecTBa MaTEPHUAILHOTEXHHMYECKOTO OCHAICHHS MpoIiecca.
[Iporpamma peanuzyercs B ayTUTOPHH O0Opa30BaTEIbHON OpraHU3aIMK C MPUMEHEHHEM TEXHUYECKHX CPEIICTB OOYYEHUS H
1a0b0paToOpHOro 00OPYAOBAHMS:

¢ KOMIIBIOTCPHI U IIJIAHIICTHI,
¢ HHTCpPAKTHUBHAs OOCKaA,

. nabopatopHoe 000pyI0BaHHE



