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1.MosicHuTeILHAS 3AIHCKA:

HasBanue, aBTop 1
TOJl M3aHUS
aBTOPCKOM yueOHOM
IpOrpaMMBI, Ha
OCHOBE KOTOPOM
paspaboTaHa
Pabouas
nporpamMMa

Ilonomapee B. E. Peanuzayusn 00pazoeameibHblX nPOZPAMM HO XUMUU
u3 yacmu yueOHo20 niana, QYopmupyemoii yuacmHuKamu
o0pazoeamenbHblX OMHOWIEHUI, C UCNOIb306AHUEM 000PYO0BAHUA
oemckozo mexuonapka «IllIkonvuvtii keanmopuym». Memoouueckoe
nocooue. Mockea, 2021

Ilpumepnaa pabouaa npozpamma 31eKmueHwvlil Kypc

«lIpakmuxkym no xumuu ¢ 10 u 11 knaccax

¢ ucnonv3zoeanuem ooopyoosanusn «Illlkonvnozo keanmopuymay

Llenu manHoM
MIPOrPaMMBbI
oOydeHus B
obactu
(dbopMupoBaHUs
CHCTEMBI 3HAHMIA,
YMEHHUH.

O3HaKOMUTP y4aluxcs ¢ OHOXHMHUEH KaK HayKOH SKCIIEPUMEHTAIIBHOM,
coueTaroleH B ce0e OpraHMueCKy0 XUMUIO ¥ OHOJIOTHIO . Takke JaHHBIH Kypc
MTOMO>KET CPOPMHUPOBATH HABBIKH CAMOCTOSITETIFHON paObOTHI C UG POBBIMHU
JaTYMKaMu, IPOBeICHUS U3MEPEHNH 1 00paOOTKHU MOTyYEHHBIX H3MEPEHU .
Pa3BuTh Mo3HaBaTENBHBII HHTEPEC U METANPEAMETHBIC KOMIIETCHLIUH
00ydJaroIuxcs Yepe3 MPaKTUIECKYIO JeSITeNbHOCTh; PACIIUPHUTD, YIIYOUTh U
0000IINTH 3HAHKS O CTPOSHUH, CBOMCTBAX U (PYHKIUSIX OHOMOJIEKYIT;
chOopMHPOBaTh YCTOHUNBBIA HHTEPEC K MPO(ECCHOHATBHON AESTEILHOCTH B
00J1aCTH €eCTECTBEHHBIX HAYK .

3amaun JaHHOM
MIPOTPaMMBI
oOydeHus B
objactu
(hopMupoBaHUs
CHUCTEMBI 3HAHHH,
YMEHHUH.

Cr1ocoOCTBYET Pa3BUTHIO Y YUAIIUXCS CAMOCTOSATEILHOIO MBILIICHUS, (OPMHUPYET
YMEHUS IpUoOpeTaTh U IPUMEHSTh, OITy4YCHHbIE 3HAHHSI Ha PaKTHKE.
JlaHHBIN JIEKTUBHBIN KypC HANPABJIEH HA PealIM3alMIo CIECYIOIMX 3a0au:

¢ (dyHIaMeHTaJIbHas 0OUMIeXUMUYECKast TOATOTOBKA O0yYarOIIUXCH,
(hopMUpOBaHUE XUMHYECKOW KAPTHHBI PUPOJILI B 00IIIEM KOHTEKCTE
€CTECTBO3HAHUS HA CTHIKE XUMHH, OMOIIOTHUH U (PH3HKH;

® pa3BHUTHE Y O0YJArOIIUXCS JOTHKH U HHTEIIEKTYaTbHBIX YMEHHUN IS
JATTbHENIIEro OCBOCHHS (PYHIaMEHTANBHBIX TEOPETHUECKUX U
KIIMHUYCCKUX CIICHHUAJIBHBIX TUCIUIIIINH, B YaCTHOCTHU YMECHUSA
MIPOTHO3MPOBATH PEAKIIMOHHYIO CITIOCOOHOCTh OPTaHUYIECKIX BEIIECTB, a
TaK)Ke BO3MOXKHOCTh TPOTEKAHUS OMOXMMHUYECKUX MPOIIECCOB;

® OCO3HaHHuE yuyamuMucCsd 3HAYUMOCTU XUMHNYCCKUX 3HAHUU U yMCHI/Iﬁ BO
BCel MOCIeAyIoNIeH CBOCH TPOeCCHOHANILHOM ACITECIBHOCTH .

VYuebHo-
METOINYECKUN
KOMIIJIEKT.

Honomapes B. E. Peanuzanusi oOpa3oBaTeNbHBIX MIPOrpaMM MO XMMHUHU M3 YacTH
y4aeOHOTO TUTaHa, (OPMHUPYEMOH YIaCTHHKAMH OOpPa30BaTEIbHBIX OTHOIICHUH, C
UCMONIb30BaHUEM  O0OpymoBaHus  Jerckoro  TexHomapka  «lIIkonmbHBIH
KBaHTOpUyM». Memooduueckoe nocooue. Mockaa, 2021

Ilonomapes B. E. Peanuzanyns o0pa3oBaTeNbHBIX IPOTpaMM MO XMMHH U3 4aCTH
y4eOHOro 1iaHa, GOpMUPYEMON yuaCTHUKaMH 00pa30BaTeIbHBIX OTHOIIICHUH, C
HCTIOJIb30BaHUEM 000pyIOBaHUS IETCKOTO TexHomnapka «llIkombHbIH
KBaHTOpHYM». Memoduueckoe nocodoue. Mockesa, 2021




2. Il1aHupyeMsble pe3yabTaThl

JIuunocmmuule peynromamol:

OO0y4armuiAcs MOTYyYUT BO3MOKHOCTD JJIsl JOPMUPOBAHUS CISAYIOMUX JTHIHOCTHRIX Y'Y /I:
* ompeJereHre MOTUBALIMK U3yUeHUsl ydeOHOT0 MaTepuana;
* OLICHMBAHUE YCBAaMBAEMOT0 yueOHOTO MaTepHalia, UCXO/Is U3 COIIMAIBHBIX U JINYHOCTHBIX IIEHHOCTEH;
* MIOBBIIICHUE CBOETO 00PA30BATEIHLHOTO YPOBHS M YPOBHS TOTOBHOCTH K U3YYCHHUIO OCHOBHBIX
HCTOPUYECKHUX COOBITUM, CBA3aHHBIX C UICTOPHEN pa3BUTHSI XUMHHU U OOIIECTBA;
* 3HAHWE IIPABUJI IOBEJCHUS B UPE3BBIYANHBIX CUTYaLUAX;
* OIEHMBAHUE COIMAILHON 3HAUMMOCTH Mpodeccuii, CBI3aHHBIX C XUMHEH;
* BJIQJICHUE MTPABHJIAMU OE30ITACHOTO OOPAICHHS ¢ XHMHUSCKUMH BEIIECTBAMH U 000PY/I0BAaHUEM
* MPOSIBIICHUE HKOJIOTUYECKOM KYJIBbTYPBI.
MeTanpeaMeTHbie pe3yJibTAThI:

PeryasituBHble. O0y4aromuiicst HOJYYUT BO3MOXKHOCTD /17151 (GOPMUPOBAHUS CIEAYIOMINX PETYISTHBHBIX
VYA

LeJIenoIaraHye, BKIK4as IOCTAHOBKY HOBBIX 1I€JIei, IpeoOpa3oBaHue IPAKTUYECKOHN 3a1a4l B
ITO3HABATENIBHYI0, CAMOCTOSTEIBbHBIM aHAJIN3 YCIOBUHM JOCTUKEHUS LIEJIM HAa OCHOBE Y4€Ta BBIJICICHHBIX
YUMUTEJIEM OPUEHTUPOB ACUCTBHS B HOBOM YUYEOHOM MaTepHalie; INIAaHUPOBAHUE IYTH TOCTHKEHUS 1IEJIEH;

YCTaHaBJIMBAHUC LECJICBBIX IIPUOPUTETOB, BBIACIICHUEC AJIbTCPHATHUBHBIX CII0c000B JOCTUXXCHUS LICJIN U
BBEIOOpP HanOomee 3PpPEeKTUBHOTO cIIO0co0a; yMEHHE CaMOCTOSTEIIbHO KOHTPOJIUPOBATH CBOE BpeMs U
YIPaBJIATh UM; YMEHHE IPUHUMATh PEUICHUs B IPOOJIEMHOM CUTYallK; TOCTAaHOBKA yueOHOM 3a1auu,
COCTaBJICHHUE TUTaHA M TIOCIICIOBATEIbHOCTH JICHCTBHIA; OpPraHM3aIUs pad0Uero MecTa IpH BHIMOJTHEHUH

XHUMHUYECKOT0 IKCIIEPUMEHTA; IPOTHO3UPOBAHUE PE3YJIbTaTa YCBOCHUS, OLICHUBAHUE YCBOCHHOTO
MaTepHala, OI[CHKA Ka4yeCTBa M YPOBHS YCBOCHUS, KOPPEKIUS B TUIAH U CIIOCOO JACHCTBHS MIPH
HEOOXOIMMOCTH.



Ilo3HaBaTeJdbHBIE

OOy4aromuiics MOJIyIUT BO3MOKHOCTb JIJISI JOPMHUPOBAHUS CIICTYIOIINX MTO3HABATEILHBIX Y Y /1

MIOMCK U BBIICTICHHE HH(OpMAINK; aHAIN3 YCIOBUN B TpeOOBaHUI 3a/1au, BBIOOD, COMTOCTABICHUE U
o0ocHOBaHUeE crioco0a pelIeHus 3a1a9n; BeIOop HanOosee 3 (HEeKTUBHBIX CIIOCOO0B PEIICHHS 3a7a91 B
3aBHCHMOCTH OT KOHKPETHBIX yYCIIOBUH; BBIIBIKECHIE U 0OOCHOBAHHE THITOTE3bI, BEIOOP crocoba eé
MIPOBEPKH; CAMOCTOSITEIILHOE CO3/IaHUE AITOPUTMA JIEATEIHHOCTH IPH PEIICHUH MPOOIEM TBOPUYECKOTO U
MTOMCKOBOTO XapaKTepa; YMEHHUs XapaKTepH30BaTh BEIIECTBA 10 COCTABY, CTPOCHUIO U CBOICTBAM;
OIMCBIBAHUE CBOMCTB TBEP/BIX, KHUKUX, Ta3000pa3HBIX BEIIECTB, BBIACICHHE UX CYIIECTBEHHBIX
MIPU3HAKOB; U300paKCHHUE COCTAaBA MPOCTEUIITNX BEIIECTB C MTOMOIILI0 XUMHUYECKAX POPMYIT M CYIITHOCTH
XMMHAYECKHUX PEaKIUil ¢ TOMOIIBI0 XUMHUUECKUX YPaBHEHHIA; IPOBEICHNE HAOMIOICHNUIN 1 OICaHNe
IIPHU3HAKOB U YCJIOBI/Iﬁ TCUCHHUSA XUMHNYCCKUX peaKHI/IfI, BBIITOJIHCHUE XUMHWYCCKOI'0 SKCIICPUMCHTA, BBIBO/IbI
Ha OCHOBE aHaJIM3a HAOIIOICHUH 3a IKCIIEPUMEHTOM, PElIeHUE 3a7a4, MOTy4YeHHEe XUMHUIECKON
nH(OpMaLIUY U3 PA3NUYHBIX HCTOYHUKOB; YMEHHE OPraHU30BbIBATh UCCIIEAOBAHUE C IIETBI0 TPOBEPKU
THIIOTE3; YMEHHE JIeJIaTh YMO3aKIFOUEeHUS (WHIYKTHBHOE M 10 aHAJIIOTHUH) U BBIBOJIBI, YMEHHUE OOBEKTUBHO
OLCHUBATH I/IH(i)OpMaIII/IIO 0 BCHICCTBAX U XUMHUUYCCKUX IMpoHCCCax, KPUTUICCKU OTHOCUTBHCA K
NICEB/IOHAYYHOM MH(pOpMAaLIUH.

KoMMyHuUKaTHBHbBIE
OOyyaromuiics MOJyYUT BO3MOXKHOCTD JIJIsl POPMHUPOBAHUS CIEAYIONUX KOMMYHHKATHBHBIX Y Y /1

IOJIHOE U TOYHOE BBIPAXKEHUE CBOUX MBICIIEH B COOTBETCTBHH C 3aJja4aMU U yCIOBUSMHU KOMMYHHKALIUH;
aJIEKBaTHOE UCMOJIb30BAHUE PEUEBBIX CPEIICTB I IUCKYCCUHM M apTYMEHTAIIMU CBOEH MO3ULIUH, YMEHUE
MPEJCTABIATH KOHKPETHOE COJIEPKAHNE C COOOIICHUEM €To B MUCbMEHHOM U yCTHOU (opMe, orpeesieHue
Croco0OB B3aMMO/ICHCTBHSI, COTPYAHUYECTBO B MOKCKE U cOope HH(POpMaIiK; onpeaeIeHrne Crioco0oB
B3aMMO/ICHCTBUS, COTPYAHUYECTBO B MOUCKE U cOope MHPOpMAIUK, YIacTHE B AUATIOTE, INIAHUPOBAHUE
001X croco6oB paboThl, MPOSBICHUE YBAKUTEIHHOTO OTHOIICHUS K IPYTUM 00y4aeMbIM; OTHCAHUE
COZEPKAHUS BBIIOJHIAEMBIX IEUCTBUN C LIENBI0 OPUEHTUPOBKHU IIPEIMETHO- IIPAKTUYECKOMN NEATEIBbHOCTH;
YMEHHUSI YUUTBIBATh PA3HbIE MHEHUS U CTPEMUTHCS K KOOPJAUHALMHN PA3INYHbIX IO3UIUI B COTPYIHUUYECTBE;
(dbopMynupoBaTh COOCTBEHHOE MHEHHE U TIO3UIINIO, apTyMEHTHUPOBATh U KOOPJUHUPOBATH €€ C O3UIUSIMU
NapTHEPOB B COTPYAHUUECTBE MPU BBIPAOOTKE OOIIEr0 PEIICHUSI B COBMECTHOM JIEATEIbHOCTH;
OCYIIECTBIISATH B3aUMHBII KOHTPOJIb U OKa3bIBaTh B COTPYIHUYECTBE HEOOXOAMMYIO B3aMMOIIOMOIITb;
TUTAHUPOBATH OOIIHE CIIOCOOBI padOThI; OCYIIECTBIATH KOHTPOJIb, KOPPEKIIHIO, OIEHKY JCUCTBHUN MapTHEPA,
yMeTh YOX1aTh; UCIOIb30BaTh a/IEKBAaTHBIE SI3bIKOBBIE CPEJCTBA JIJIs1 OTOOpaKeHUsI CBOMX UYBCTB, MBICIIEH,
MOTHBOB H TTOTPEOHOCTEH; 0TOOpakaTh B peuu (OnucaHue, 00bICHEHUE) COICPKAHIE COBEPIITIACMBIX
NeCTBHI Kak B popMe IPOMKOM COLMATM3UPOBAHHON peun, TaK U B (hopMe BHYTPEHHEN peun; pa3BUBATh
KOMMYHUKATUBHYK KOMIIETEHTHOCTb, HCIIOJIb3YS CPEICTBA YCTHOM U MUCbMEHHON KOMMYHUKAMU [IPU
paboTte ¢ TekcTaMu y4eOHUKA U IOTIOJHUTEIbHON JIUTEpaTypOi, ClIPaBOYHBIMH Ta0JIMLIaMU, IPOSIBIISITH
TOTOBHOCTb K YBAKEHHUIO MHOM TOUKHU 3pEHUS IIPH 0OCYXKACHUN PE3YJIbTaTOB BBIOJIHEHHOW PabOTHI.

IIpenmeTHble pe3yabTaThl

OO0yyarmuiicss HAyYUTCS: TPUMEHSATH OCHOBHBIC METO/IbI ITO3HAHUS: HAOIIOICHHUE, U3MEPECHHE,
AKCHEPUMEHT; XapaKTepU30BaTh TEPMUHBI U MOHSITHS, OOBSICHATH B3aUMOCBS3b MEXIY HUMH;



000CHOBBIBATH CUCTEMY B3TJISA/IOB HA KUBYIO IPUPOTY, IPUMEHSISI OMOJIOTHYECKHE TEOPUH, YUEHHS, 3aKOHBI,
3aKOHOMEPHOCTH, TIOHAMATh I'PAHUIIBI UX IIPUMEHUMOCTH; KIIACCUPUITUPOBATH OCHOBHBIC OMOJIOTHYECKHE
MaKpOMOJIEKYJIbI; OMUCHIBATh (PYHKIIUU OEITKOB, HYKJICMHOBBIX KUCIIOT, YTJIEBOJAOB U JIMIIHIOB;
yCTaHABIIMBATH CBSI3b CTPOCHUS U (DYHKIUI OCHOBHBIX OMOJIOTHYECKIX MAaKPOMOJIEKYJ, UX POJIb B
rporieccax KJIETOYHOTO MeTaboInM3Ma; OObSICHATh 3HAUCHUE MUKPO-, MAKPO- B YIBTPAMHUKPOIIIEMEHTOB B
KJIETKE; TOHUMATh CYIIIHOCTh OMOCHHTE3a OeIKOB, MexaHu3Ma JeicTBus pepMeHToB, OnocunTe3a JJHK u
PHK, pacniana 6enkoB, OnocuHTe3a 1 0OMEHA YIJIEBOI0B, OMOCHHTE3a M 0OMEHA JIMITHI0B, OMOJIOTHYECKOTO
okucyeHus u cuare3a AT®, MexaHu3ma JIeMCTBUS CTEPOUIHBIX TOPMOHOB; PEIIATh 33Jja4l Ha ONPEICIICHUE
nocnenoBarenbHocTd Hykieotu0B JJHK u uPHK (MPHK), antukononos TPHK, mocnenosarensnocT
aMUHOKHCIIOT B MOJIEKYJie OeJiKa, MPUMEHSIS 3HAHUS O PEAKIUSIX MAaTPUYHOTO CUHTE3a, TEHETUYECKOM KOJIE,
MIPUHIIAIIE KOMIUIEMEHTAPHOCTH; JIeTIaTh BBIBOIBI 00 M3MEHEHHUSIX, KOTOPhIC MPOU30UIYT B MPOIleccax
MaTpPUYHOTO CHHTE3a B CIIy4ae U3MEHEHHUs mocliefoBarenbHocTy HykieoTnn0B JJHK; o6ocHOBBIBATH
B3aMMOCBSI3b TUIACTUYECKOTO U DHEPIeTUYECKOTO OOMEHOB; CPaBHUBATH MPOIIECCHI TNIACTUYECKOTO U
SHEPTreTHYECKOr0 OOMEHOB, IPOUCXOIAIINX B KJIETKaX KUBBIX OPTaHU3MOB; XapaKTEPU30BaTh METOIbI
OMOXMMHUYECKHUX UCCIEA0BAaHUI; TPOBOIUTE YI€OHO-UCCIIEI0BATEIBCKYIO IESITEIbHOCTD: BHIJIBUTATh
THUTIOTE3bI, ITITAHUPOBATh PadOTy, OTOMPATh U MPEOOPA30BHIBATH HEOOXOANUMYIO HH(POPMAIIHIO, POBOAUTH
SKCTICPUMEHTBI, HHTEPIPETUPOBATH PE3YJIBTATHI, I€JIaTh BHIBOJBI HA OCHOBE TMOJYYCHHBIX PE3YyJIbTATOB;

OO0yyaromuiicst OJTy4YUT BO3MOKHOCTb HAYUYUTHCS: BBIIBUTATh U MPOBEPSTH SIKCIIEPUMEHTATIBHO TUIIOTE3BI O
XMMHYECKHUX CBOMCTBAX BEIIECTB HA OCHOBE MX COCTaBa U CTPOECHHS, UX CIIOCOOHOCTU BCTYMATh B
XUMHUYECKUE PEAKIIMH, O XapAKTEPE U MPOIYKTAX PA3IMUYHBIX XUMUUYECKUX PEAKLIU; XapaKTepU30BaTh
BEILIECTBA 10 COCTaBY, CTPOCHUIO U CBOMCTBAM, YCTAHABIIMBATh IPUYNHHO-CIIECACTBEHHBIE CBS3H MEXKIY
JTAHHBIMU XapaKTEPUCTUKAMU BEUIECTBA; BbIIBUTATh U MIPOBEPATH SKCIEPUMEHTAIBHO TUIIOTE3bI O
pe3yabpTaTax BO3JACHCTBUS Pa3INIHBIX (DaKTOPOB HA N3MEHEHHE CKOPOCTH XUMHYECKON PEaKInu;
UCIIOJIb30BaTh MPUOOPETEHHBIE KIIOYEBbIE KOMIIETEHIIMH MTPH BBHITOJHEHUH MMPOEKTOB U y4eOHO-
UCCIIEeIOBATENIbCKUX 3a7[ay M0 U3YUYEHHIO CBOWCTB, CIIOCOO0OB MOMYUYEHUS U pACIIO3HABAaHUU BEIIIECTB;
OOBEKTUBHO OLIEHMBATh MHPOPMAIIMIO O BEHIECTBAX M XUMUYECKHUX MPOLECCaX; OCO3HABATh 3HAUCHUE
TEOPETUYECKUX 3HAHUU IO XUMUH VISl IPAKTHYECKON EATEIbHOCTH YEJIOBEKA; CO3/1aBaTh MOJIEIN U CXEMBI
JUIS pelleHus] yUeOHbBIX U MMO3HABATENBHBIX 33/1a4; TOHUMAaTh HEOOXOAMMOCTh COOTIOICHUS TIPEAUCaHH,
MPEJIaraéMbIX B HHCTPYKLHUSX IO UCIIOJIb30BaHUIO JIEKAPCTB U AP.

3. Coaep:kaHue Y4eOHOI0 IpeIMeTa, Kypca

Coaepsxkanue nporpamMmbl

Tema 1. Xumuueckuit 3kcnepumenm u yugpogwle nadopamopuu

udpossie natunku. O0mue xapakrepuctuku. Puznueckue 3pQeKTol, UConb3yemMble B paboTe 1aTYUKOB.
Tema 2. Beeoenue ¢ ouoxumuio

bruoxumust — HayKka 0 KaueCTBEHHOM COCTaBe, KOJIMYECTBEHHOM COJIEpKaHUU U MPEe0oOPa30BaHUIX B
nporiecce )KU3HEAeSITeIbHOCTH COSMHEHUH, 00pa3yIoLX )KUBYI0 MaTteputo. Mcropus pa3Butus
Oouoxumuu. Posib oTeuecTBEHHBIX YUEHBIX B Pa3BUTUN OMOXUMHH. B3auMOCBSI3bp OMOXUMUHU C
MOJICKYJISIPHON OMoJIoTHEH, OMOPU3UKON 1 OMOOPTaHNYECKON XUMUEH. 3HaUCHUE OMOXUMUH JIJIs1 PA3BUTHS
OMOJIOTHH, MEUIMHBI, ONOTEXHOJIOTHH, CETbCKOT0 X03sICTBA, TEHETUKU U KOJIOTUU. MeToabI
OMOXMMHUYECKUX MCCIICIOBAaHUN U MX XapaKTepHCcTUKa. Vcronp30BaHNe COBPEMEHHBIX CKOPOCTHBIX U
aBTOMATH3MPOBAHHBIX (PHU3UKO XMMHUYECKHX METOJIOB aHaJIM3a [yl OMOXUMHUYECKUX 1eneil. buoxumuyeckue
METOIbl MOHUTOPUHTA OKPY>KAIOIEeH CPEeIbl.

Tema 3. Xumuueckuii cocmae op2anu3mos u oouiee nonamue 006 06meHne euiecme u INEPZUU 8 HCUgoll
npupooe

[TonsTHE O rTaBHBIX OMOTEHHBIX dJIeMEHTaX. Makpo- 1 MUKpPO3JIeMEHThl. 3aKOHOMEPHOCTH
pacrpocTpaHeHHsI JIEMEHTOB B KUBOU npupoae. IIoTpeOHOCTh OpraHn3MOB B XUMUYECKHX 3JIEMEHTaX.
buoreoxumuueckuii KpyroBopoT BELIECTB B IPUPOJIE — OCHOBA COXPAHEHUs paBHOBecHUs Onocdepsl.
Macmrabpl 0OMeHa BelecTB B KUBOM npupoze. [Inactuueckue u sHepreTudeckre BelecTBa.



buonornyecku akTUBHbBIE COEAMHEHNS, UX POJIb B JKU3HU YEJIOBEKA, )KUBOTHBIX U pacTeHui. [lonarue o
MECTULNIAX U UX BUAAX.

Tema 4. benku. Pacnaod u 6uocunmes 6enkog

Posb 6enkoB B MOCTpOeHUH U (PYHKIIMOHUPOBAHUY JKUBBIX cucTeM. [IoHATHE O mpoTeoMe U MPOTEOMUKE.
AMUHOKHCIIOTHBIN cocTaB 0enkoB. [IoHsATHE O IPOTEeHHOTeHHBIX aMUHOKUCIO0TaX. Croco0 cBs3u
aMHHOKHUCIIOT B OenkoBoi Mosekyde. [lentuapt. [Ipupoaasie mentuabl (IrayTaTHOH, Ba30INPECCHH,
SHKe(AINHBL, SHAOPPHUHBI U JIp.), UX PU3UOJIOTMYECKOE 3HAUCHUE U UCTIOIb30BaHUE B KAYECTBE
MEAMLMHCKUX IpenapaToB. XMMUYECKHI CHHTE3 IENTHI0B 33JaHHOTO CTPOEHHSI U BO3MOXKHOCTH MX
npuMeHeHus. CTpykTypa 0enKkoBbIX MosieKyJl. [lepBuuHas cTpykrypa OenkoB. [IpuHIUIb 1 METOABI
OIpeIeNIeHus IEPBUYHON CTPYKTYphl Oenka. BropuuHas u HaBTOpU4Has CTPyKTypsl OeikoB. [TonsTue 06
a- U B-xoHpopmarusax noaunentuaHon nenu (padotst JI.ITonunra). [lapameTps! a-crimpanu
NOJUNENTHAHON 1enH. CBA3b NEPBUYHON M BTOPUYHOM CTPYKTYp OesnkoBoit Monekyibl. Kimaccudukarms
OEJIKOB I10 JIEMEHTaM BTOPUYHON CTPYKTYpPBI. JlIOMEHHBII NPHUHLIUT CTPYKTYPHON OpraHU3aIiy OEIKOB.
[ToHsATHE O CTPYKTYPHBIX M (PYHKIIMOHAIBHBIX JOMEHAX (Ha IPUMEpPEe UMMYHOIJIOOYJIMHOB M KaTAIUTHUECKU
AKTUBHBIX O€JKOB). TpeTuuHas cTpykTypa 0enkoB. THIIBI CBSA3EH, 00eCTICUnBAIONIUX MO IACPKaHNe
TPETUYHOM CTPYKTYphl. JJMHAMUYHOCTD TPETUYHOM CTPYKTYphl OenkoB. CaMoopraHu3anus TPeTHUHON
CTPYKTYpbI O€JIKOBOM MOJIEKYJIbI U POJIb CIELM(UUECKUX OCIKOB-IIAIIEPOHOB B 3TOM IIpoOIiecce.
[Ipenckazanue NpocTpaHCTBEHHOI'O CTPOEHUSI OEJIKOB UCXOS U3 UX NIEPBUYHOM CTPYKTYphl. UeTBepTUYHAS
CTpyKTypa 06enkoB. KoHKpeTHbIE MpuMephl YETBEPTUUHOM CTPYKTYpPbI OETIKOB (reéMOTI00MH, JTaKTaT-
JeruAporeHasa, katanasa u ap.). Homenknarypa u knaccudukanus 6enkoB. OyHKIMOHATbHAS
kiaccudukanus OEIKOB M XapaKTEePUCTHKA OTICIbHBIX TPYIIIT: CTPYKTYPHBIX, COKPATUTEIHHBIX, 3AIIUTHBIX,
TOKCHUYECKHUX, PELENTOPHBIX U PETYJIATOPHBIX. benku (MeTanaioTHOHEHHbI, FeMOTTIO0UH U Ap.).

Pacnan 6enxoB. @epMeHTHI, OCYIIECTBIIAONINE pacnal 0enkoB. [IporeacoMbl — KOMITJIEKCHI
IIPOTEOIUTUYECKUX (pepMeHTOB. MaskopHBbIE O€IKH KPOBH KaK HCTOYHMKH OMOJIOIMYECKH aKTUBHBIX
nenTuaoB. Merabonu3M aMMHOKUCIIOT. KOHeuHble TPOAYKTHI pacnaia OelIKoB U ITyTH CBS3bIBAHUSA AMMHUAKa
B opranusme. [yt HoBooOpa3oBaHUs aMUHOKUCIOT. [lepBrUHbIE 1 BTOPUYHBIE aMHUHOKHUCIIOTHI.
3aMeHUMbIC U He3aMEHUMbIE aMUHOKHUCIIOTHL. bruocunTe3 6enkoB. MatpuyuHas cxema OMOCHHTE3a OSIIKOB.
AkTuBHpOBaHNe aMUHOKUCIOT (cuHTe3 amuHoanuia-TPHK). Ctpoenue pudocom. Cocran
MPOKAPUOTHUYECKUX M 3yKapuOTHYeCcKuX pudocom. [Tonnpubocompl. DTarbl TpaHCIAUUN (MHUIMAIMS,
JIOHTralysl, TepMUHALKMSA) U UX peryisanus. Koa 6enkoBoro cuHreza. OcoO€HHOCTH F€HETHYECKOro Koia
MUTOXOHJIPHI U XJIOPOIUIACTOB.

Jlabopamopuwiii padbomot

1.0Onpenesienne cpeabl pACTBOPOB AMHUHOKHCJIOT.

2.0npenesieHue M303JEKTPUYECKON TOYKH KeJTATHHBI.

3.0npenesieHue TeMnepaTypbl JIABJIEHUA AMUHOKHUCJIOT.

4. BiimsiHue TeMIIepaTypbl Ha CBOICTBA 0eJIKOB.

5. Biusinue u3menenusi pH Ha cBoiicTBa 0eJikoB.

6. [{BeTHBIE peakuuu Ha OeJIKH.

Tema 5. ®epmenmut

PazHooOpasue KaTaauTUYeCKH aKTUBHBIX MoJIeKyJl. KatanuTtuuecku akTUBHBIE O€JIKU (3H3KUMBI),
karanmutuaecku akTuBHble PHK (pro3uMer), KaTaauTHYecKn akTHBHBIC aHTUTEIA

(a63mmpbl). KaTanmutudeckas pyHkmust 6enkoB. Pasnmuaust B cBoiicTBax (hepMEHTOB U KaTaJIM3aTOPOB MHOM
npuposl. CieundudyHocTs AeicTBUs pepMeHToB. Poib oreuectBeHHbIX yuéHbiX (M.I1.I1aBn0B,
A.E.bpaynmreiin, B.A.DHrensrapar u ap.) B pa3BuTuu 3H3uMosioruu. [Tousarue o cydecrparnom u
AJJIOCTEPUYECKOM LIEHTpax B MoJIeKyJie pepMeHTOB. DepMEHTbI MOHOMEPHI (TPHUIICUH, JTU30LUM) U
MyJIbTUMEDHI (TTyTaTHOH-peaykTa3a). [lonsarue o kopepmenrax. KodhepmMeHTh — MepeHOCUUKH BOIOPOIa U
anexktponoB (HAJl, HAI®D, ®AJ]), u atomubix rpynm (AT®D, kodhepment-A, HI{D-caxapa).
MHoxecTBeHHBbIE POpMBI (PEPMEHTOB U MX (YHKIMOHAIbHOE 3HaYeHue. M30pepMeHThI
JaKTaTAeruAporeHasbl. 3Haue€HHE UCCIeI0BaHU MHOXKECTBEHHBIX (hOpM (PEepMEHTOB JUIsl MEIULIMHBI,
TCHETHKH, CEIEeKIIMA 1 MOHUTOPUHTA OKpY Karomei cpenbl. Mexanusm neiictBus ¢pepmenToB. depmeHT-
cyocrpatnbie komruiekchl. KoncranTta qucconuanuu gpepment-cyocrparnoro komriekca (KS) u koncranra
Muxasnuca (KM).AKTUBaTOpBI 1 UHTHOUTOPHI (pepMeHTOB. BriusiHIe KCeHOOMOTHKOB HAa aKTHBHOCTD
dhepmenToB .HomenknaTypa u knaccudukamnus ¢epmeHToB .[IpuHumb! kaccupukanuu GepMEeHTOB.



[TpomblnIEeHHOE MOJTyYeHHe U TPAKTUYECKOEe UCIIONb30BaHKue (epMeHTOB. [lepcreKTuBbI MPaKTHYECKOT O
MCIIOJIb30BaHUs PUOO3UMOB M a03UMOB JJIsi OOPBHOBI C 3a00I€BaHUSIMH YEIIOBEKA.

Jlabopamopuwtit pabomot

1. Tepmo1aOuIbHOCTH (pePMEHTOB.

2. BansiHne akTHBATOPOB U MHTUOMTOPOB Ha PadoTy hepMEHTOB.

Tema 6. Bumamunul u HeKomopbule opyzue duon02uiecKu aKkmueHvle COCOUHEHUs

Hcropus oTKpbITHS BUTAMUHOB. POJIb BUTAMUHOB B MUTaHWU YEJIOBEKA U )KUBOTHBIX. ABUTAMUHO3BI,
TMIIOBUTAMUHO3bI, TUTIEPBUTAMUHO3bI. COOTHOIIIEHHE BUTAMHHOB M KO(epMeHTOB. Butamepusi.
’KupopactBopumble BUTaMuHbl. ButamMuu A u ero ydactue B 3puTenbHoM akte. Butamunsl D, Ku E n ux
poJsib B oOMeHe BemiecTB. BogopactBopumbie BuTamunbl. Butamunsl B1,B2, B5, B6, B12, ux 3naueHue B
obmene BemiecTB. Butamun C (ackopOuHOBas kuciiota). PaznooOpasne OMOJIOrMYeCKH aKTUBHBIX
COEIMHEHMI: aHTUBUTAMUHBI, aHTUOMOTUKH, (PUTOHITU B, TepOUIIUIbI, Ae(OTHAHTHI, POCTOBBIEC BEILIECTBA
(BaxxHEHIIIME TPEJICTABUTENIA U MEXaHU3MBI JICHCTBUS).

Jlabopamopnwvie padomut

1. KayecTBeHHas1 peaKkIusl HA BUTAMMH A.

2. KontuvecTtBeHHoe onpenesneHue BuTamuHa P B uae.

Tema 1. Hykneunoswie Kuciomol U ux oomen

Hctopust OTKpBITUS U U3YYEHUSI HYKIEMHOBBIX KUCIIOT, UX XMMUYECKUN COCTaB. XapaKTepUCTUKA
MIyPUHOBBIX U MUPUMHUJIMHOBBIX OCHOBAHUM, BXOJIAILMX B COCTaB HYKJIEMHOBBIX KUCIOT. J[Ba TUMIa
HYKJIEMHOBBIX KUCIIOT: Jie30kcuprOonykienHoBas kuciora (JIHK) u pubonyknenHoBas kuciora
(PHK).Paznuuusa mexny JJHK u PHK no cocraBy riaBHbIX a30THCTBIX OCHOBaHUH, IEHTO3aM,
MOJICKYJISIPHOM Macce, Jokanu3anuu B kietke u pyHkuusm. Ctpykrypa u dyuakmuu JJHK . Coneprxanue
JIHK B opranusme u nokanuzamnus €€ B KJIETKE (SIIp0, MUTOXOHIPUH, XJIOPOILJIACTa, AMHCOMBI).Pasmep u
¢dopmbl monekyn JIHK. Konbueas ¢popma JIHK HekoTOpbIX (haroB, MUTOXOHIPUNA U XJIOPOIJIACTOB.
[TepBuunas ctpykrypa JJHK. Ycnexu u nepcnekTuBsI B paciinpoBKe CTPYKTYpPbI TEHOMOB
MHKPOOPTraHU3MOB, PACTEHHI U )KUBOTHBIX. [IpoekT «I'eHom uenoBeka». Bropuunas ctpykrypa [JHK
(monens Ix.Yorcona u @.Kpuka). KomrieMeHTapHOCTh a30THCTHIX OCHOBAHUN U €€ 3HAYCHUE TSI
BOCIIPOM3BEJIEHUS CTPYKTYphl reHoMOB. Tpernunas ctpykrypa JHK. Ceepxcnupanuzanus JHK.
N36bITouHOCTh M KOMIakTHOCTH Mosiekyd JIHK. Ctpoenne xpomatuna. Mytauuu B IHK u dakTopsl, ux
BbI3bIBatone. Penapanus crpykrypsl JJHK u e€ 3Hauenue 11s coxpanenus suaoB. HaciencrseHHsie
3aboneBanus. PHK, ux knaccuduxanus (TPHK, pPHK, MPHK, msPHK, TmPHK, Bupycusie
PHK).CpaBuurenbnas xapakrepuctika BuaoB PHK no ux crpykrype u ¢pynkiusam. Mexanusm OnoCHHTE3a
(perwmukarumn) JIHK. ®epmentsr (PHK-monumepasa, JIHK-nmonmumepasa, JIHK-nmurasza) u 6enkosbie ¢ak-
TOpbl, yuactBytome B peruukaimu JJHK. Pennukanionnas Buika u stansl 6nocunresa JJHK.
Oco0eHHOCTH peIUIMKaluH Y Mpo- 1 3yKapuoT. buocunte3 PHK (Tpanckpumnius) u e€ peryisinusy npo- u
sykapuor. [lonstue o Tpanckpunronax u oneponax .Cozpeanue (nponeccunr) PHK. Crutaiicusr u ero
Bubl. Aytocruaiicunr. «PegaktupoBanue» PHK. OOpaTHas Tpanckpunims u e€ 3HaueHue AJis
CYILIECTBOBaHMsI BUPYCOB (Ha MpUMeEpe BUpyca UMMYHOAedUIIUTA YeIOBEeKa U BUPYCOB TpUIITA) U
BHYTPUT'€HOMHBIX nepecTpoekK. [IoHsATHE 0 MOABMKHBIX TEHETUUECKUX JIEMEHTAX U UX 3HAYEHUU IS
3BOJIIOLIMH FeHOMOB lIoHsATHE 0 reHeTnuecKoil nHxkeHepun. I IpuHIUIEL U CTpaTernu MOJIEKYJISIPHOTO
KJIOHUpOBaHUs. [loCTHKEHUS U TePCIEKTUBBI MOJIEKYJISIPHON OMOTEXHOJIOTHH.

Jlabopamopusie pabomut

1.BbiesieHre HYK/I€ONPOTEHHOB U3 IPOXIKeH.

Tema 8. Yene6oowt u ux oomen

Knaccudukanus yrneBogos. [IpocTeie yriieBo sl (MOHOCAXapH/Ibl) U X MpeacTaBUTe I (prdo3a, TIHK03a,
bpykro3a, ranakros3a).CinoxHble yriieBosl. Jucaxapuapl (caxaposa, JakTo3a, ManbpTo3a). [ lommucaxapusl,
UX CTPYKTYpa U IMpeicTaBuTeNu (TJIMKOreH, KpaxMall, KieT4yaTka, XuTHH ). QyHKIINH YTIIIeBOI0B
(aHepreruyeckasi, MeTabOINUECKasi, pelienTopHas U Jip.).l TMKONpPOTEeNHBI KaK AeTePMUHAHTHI TPYII KPOBU.
O6wmen yraesozos. [Iytu pacnaga nmonucaxapunoB. Perynsuus pocdoponuza npu ydactur ropMoHoB, G-
6enxoB, TAM® u nporennkuHa3. OOMeH riok030-6-pochaTa (IMXOTOMUYECKHH U aTOTOMUYECKUNA
nyTn).O0MeH MupoBUHOTpaaHOM KUCIoThL. [mukonu3. CnuproBoe Opoxenue. JleiicTBre sTaHoa Ha
opranusM uesnoBeka. [lonudepMeHTHBIN KOMIUIEKC OKUCIUTENFHOTO 1eKapOOKCHINPOBAHUS
MUPOBUHOTPAAHON KUCIOTHL. LUK TpukapOOHOBBIX U JTUKApOOHOBBIX KHCIIOT, €0 3HaYeHHE B 0OMEHe



BEIIECTB M 00ecreueHH opranu3mMa sHeprue .buocunres yriaesooB. [loHsTre o nepBu4HOM OMOCHHTE3€
yraeBo0B. [ mrokoHeorenes. buocuHTes omro- u noiaMcaxapuaoB.

Jlabopamopuwie pabomut

1.IlBeTHBIC peaKIIMH HA KPpaxMaJl.

2. KayecTBeHHbIE peaKIMI0 HA MOHO- M IMCAXAPHUABI.

Tema 9. Tunuowt u ux oomen

OO61as xapakTepucTyuka 1 kiaaccuuranus munuaoB. CTpykTypa v GyHKIUU TUOUAO0B .Posb TUMUI0B B
nocTpoeHnu buonoruueckux Memopan .CTpykTypa u pyHKIuH JunonporenHoB. OOMeH xupoB. Pacriazn
KHUPOB U [-OKHCIICHUE BBICIIUX KUPHBIX KUCIIOT. | TMOKCHIIEBBIH ITUKII U €TO POJIb BO B3aMMOCBSI3M OOMEHa
JUIUIOB U YIIIeBOJ0B. MexaHn3m OMOCHHTE3a BBICIINX KUPHBIX KUCIOT. BUOCHHTE3 TpUTIIULIEPHUIOB.
Hapymenus B oomene sxupoB. OkupeHue U ero npuuuHbl. Bocku, nx ctpoenue, GyHKIUU U MIPeICTaBUTENH
(cnepmarieT, mueauHbiid BocK).Ctepuabl. CTepoibl (X0JIecTepolt, 3proctepot u jp.).CTpykrypa u GyHKIUHA
CTEpOUIOB (X0JIeBasi KUCIOTa, CTepOUIHbIe TOpMOHBI). Docdonumuasl. bruonornyeckas poib
bochomununoB. PocHoMHOZUTHABI KAK HCTOUHUKH BTOPUYHBIX TOCPETHUKOB TOPMOHOB.

Jlabopamopuwie pabomut

1.0npeaenenue TeMnepaTypsbl NJaBJaeHHUs U 3aTBePAeBAHUS KUPOB.

2.9MyJbI'MpPOBaHME )KUPOB.

Tema 10. bBuonozuueckoe okucnenue u cunmesz AT®

Wcropus uzyuenus npoueccoB Ouonornueckoro okucienus: padorel A.H.baxa, B.J.[Tannaauna,
O.Bap6ypra, B.A.Durensrapara. Paznoobpasue ¢pepmMeHTOB OMOI0THYECKOTO OKHCaeHusI. CHUCTEMBI
MHUKPOCOMAJIBHOT0 OKUcIIeHus B kieTke .L{utoxpom P-450 u ero pons B J€TOKCUKAIIMM KCEHOOMOTUKOB.
CynepokcuincmMyTasa, KaTajasa U uX poJib B 3aIllUTE OpraHu3Ma OT aKTUBHBIX ()OPM KHCIOPOA.
Conpsixenue okucienus ¢ pochopunnpoBanueM .CyOctpaTHoe pochopunupoBanue 1 GochopuarpoBaHme
Ha ypOBHE 2JIEKTPOHHO-TPAHCIIOPTHOM 11enu. [loHsTHE O compsraroiie MeMOpaHe MUTOXOHIPHI
.Ctpoenue nporoHHoil AT®a3bl u BeposiTHbie MexaHu3Mbl cuHTe3a ATO.

Tema 11. I'opmonsl u ux ponv 6 06mene seuiecme

Knaccudukanus ropmonoB. CTepouHbIe TOPMOHBI: KOPTUKOCTEPOH, TECTOCTEPOH, ICTPATNO, SIKIU30H.
MexaHu3M JIeUCTBUS CTEPOUIHBIX TOPMOHOB. [lenTuaHbie ropMOHBI. XapaKTepUCTHKA UHCYJIMHA, TOPMOHA
pocTa, TUPEOTPONHHA, TaCTPUHA, Ba30IIpecCUHA. MeXaHu3M NeCTBYS MENTUIHBIX TOPMOHOB (Ha puMepe
TJIIOKareHa u uaeynuHa). CaxapHelid quader u ero Bupsl. [Ipourie ropMOHBI (apeHaInH, ayKCHH,
ru00epeITMHbL, ITITOKUHUHBI, IPOCTATIAHANHBI), UX CTPYKTYpa U MEXaHHU3M JeicTBUs. PUIu3uHT-(hakTophl
ropmoHoB. Heiiporopmons! (310pdunb! 1 SHKeanuusl). [[puMeHeHne ropMOHOB B METUITMHE U CEIHCKOM
XO35IICTBE.

Jlabopamopuvie pabomut

1. KayecTBeHHbIE peaKIIMU HA UHCYJIUH.

2. Peakums aipeHaINHA € XJIOPHBIM KeJIe30M.

3. Peakums agpeHaIuHa C HOAOM.

Tema 12. Bzaumoceasv u pezynayus oomena eewyecme. Ilpoonemvr 6uoxumuueckoii Ikoao2uu

OOm1re npeAcTaBIeHUS O B3aMMOCBS3H 0OMEHA BEIIECTB B KileTKe. [IoHATHE 0 KITIOYEBBIX META0OIUTaX
(mupoBHHOTpaHAS KUCIO0TA, KoepMeHT-A U Jip.). B3auMocBs3b 6€7IKOBOro ¥ HyKJIEHHOBOTO OOMEHa,
3HAa4YEeHHUE PEryJIATOPHBIX OETTKOB. B3aMMOCBs3b yIrieBoJHOTO 1 6eIKoBOro ooMeHa. Posib mupoBUHOrpaHOM
KHUCH0TH M nukia Kpebea B 3T0if B3anMocBs3u. BzanmocBsa3p 00MeHa yriieBo0B U JIMIHUOB; POJb
alleTWIKOIH3UMa-A B 3TOM Ipolecce. YPOBHH PEryysiuyu 0OMeHa BEIECTB: KJIETOYHbIH, OpraHu3MeHHbIH 1
MOMYJIAIIMOHHBIN. TpaHCKpHUMIIMOHHBIHN (OTIEPOHHBIN) YPOBEHDb peryisiuu .OCHOBHBIE MEXaHU3MBbI
peryisinuu oOMeHa BelecTB B kieTke. OpraHu3MeHHbIN ypoBeHb peryisiun [ opMoHanbHas peryssnus
oOMeHa BemiecTB. KackagHblif MEXaHU3M PETYJIALNN C Y4aCTHEM TOPMOHOB U BTOPUYHBIX TOCPETHUKOB.
[TomynAMOHHBIA YPOBEHB PEryNsalnu. AHTHOMOTUKYA MUKPOOOB, PUTOHLIUIBI PACTEHUH, TEIEPTOHbI
KMBOTHBIX U MX BJIMSHUE HA MPOLIECCH )KU3HEACATEIbHOCTU. DKOJIOT0-0MOXUMUYECKIE B3aUMOJICHCTBUS C
Y4acTHEM PA3JIMYHBIX TPYII OPraHU3MOB: MUKPOOPTaHU3MOB, TPHOOB, BBICIINX PACTEHHIHA, )KUBOTHBIX
.Toxcunsl pacrenwuii. [luiessie neTeppeHTsl U aHTU(GUAAHTHL. [IHIeBbIe aTTPAKTaHTHl U CTUMYJISATOPBIL.
XeMOoperyasTopsl, BO3JCHCTBYIONINE Ha TO3BOHOYHBIX )KMBOTHBIX. HakorieHne u ncnoib30BaHue
KUBOTHBIMH BTOPHUYHBIX METAaOOIHUTOB pacTeHUIl. AHTPOINIOreHHbIE OMOAKTUBHbIE BEIIECTBA U MPOOIEMbI
XUMHYECKOT0 3arps3HeHust 0nocdeppl. DKOIOTHUECKH 0e30MacHbIe CIIOCOOBI BO3ICHCTBUS HAa Pa3InyHbIe
BU/IbI )KUBOTHBIX, PACTEHUN U MUKPOOPIaHU3MOB.



4. YyeQHO-TeMaTHYeCcKOe INIAHUPOBAHNe 2 Yaca B Heaearo, 68 yacop

Ne HasBanue TeM u eau nzyyeHus XapakTepucTHKA CpeactBa
YPOKa
YPOKOB TeMbl YPOKa y4eOHOH HesiTeTbHOCTH o0yueHusi, B
yqammxcst TOM 4HCJIe
HUKT*

1-2 | BBoaHbIC 3aHATHSL. [No3HakomMuTH MIPUMEHSTH OCHOBHBIC O6opynoBanu
HudpoBbie qaTaukm. YUaImxcs ¢ METOJIBI TTO3HAHWS: e TP*:
OO6mue U (POBBIMHU HaOJIO/ICHUE, W3MEpCHHE, npoBEIE
XapaKTePUCTHKH. JATYNKAMH. IKCIIEPUMEHT; JATYUKH

XapaKTepU30BaTh METOJIbI
OMOXMMHUYECKUX
HCCIICI0BAaHUIA,

3-4 | ®uznueckue 3¢dextsl, | [TozHAKOMUTH XapaKTepu30BaTh METOBI ObopynoBanu
HCIIOJIb3YEMbIE B y4aImxcs ¢ OMOXMMHYECKUX e TP*:
pabore
JATYAKOB 1 poBBIMH UCCIICZIOBAaHUH; MPUMEHSTH udpoBsie

JaTYAKaMHu 1 OCHOBHBIE METOJIbI JATYUKH
0COOEHHOCTSIMH UX MO3HaHMA: HaOIIOJCHUE,
paboThI. M3MEpeHne, SKCIEPUMEHT;

5-6 | Ucropus pazButus Wzyunth ucropuro YMeTh OOBSCHITH POIh
omoxumuu. Pomb pa3BUTHA OTEYECTBEHHBIX YUYEHBIX B
OTEUYECTBEHHBIX YUEHBIX| OMOXIMUMU. Pa3BUTHH OHOXUMHUH
B Pa3BUTHUN OMOXHUMUM.

B3aumocBs3b
OroxuMun

C MOJICKYJISIPHOM
OHOJIOTHEH,
ouodu3nkon u
OHOOPraHNYECKOMA
XUMUEH.

7-8 | IlonsaTue 0 TIABHBIX U3yuuTh rinaBHble OOBSCHSTh 3HAYCHHE
OMOTEeHHBIX JIeMEHTaxX. | OMOTeHHBIC MHUKpO-, Makpo- H
Makpo- u AIIEMEHTHI YIIBTPAaMUKPOITIEMEHTOB B
MHKPOAJIEMEHTHI. KJIETKE;
3aKOHOMEPHOCTH
Pacnpocrpanenus
3JIEMEHTOB B )KMBOU
pupoie

9-10 | buonornuecku [To3HakoMHuTS C OOBSACHATH 3HAYCHHE

AKTHUBHBIE COEINHECHHS,
UX POJIb B KU3HU
YeJI0BEKA, dKUBOTHBIX U
pacTeHui.

OMOJIOTHYECKH
AKTHBHBIMHU
COEIMHEHUSIMHU U
WX POJIBIO

OMOJOTHYECKH AKTHBHBIX
BCUICCTB




11-13 | Posb OenkoB B W3yuuts pons 3HaTh POJIb OCITKOB M MIX OoopynoBanu
MIOCTPOECHUH U 0OEJIKOB, UX CTpPOEHHUE e TP*:
(YHKIMOHUPOBAHUU CTpOCHHE.

JKUBBIX CHCTEM. Haraux
orpeieIeHHs

1.Onpenenenue pH

CpeIBI PacTBOPOB

aMHHOKHCIIOT.

2.0npenenenue

H303JICKTPUYECKOM

TOYKH KEIATHHEI.

14-15 | HomeHnknaTypa u Wzyauth YMeTh KI1acCupHUIIPOBaTh O6opynoBaHu
KJIaccupUKanus HOMEHKJIATypy | OenKku, onpenenaTh e TP: natunx
0erKoB. KJIaCCU(UKAIINIO TEMIIepaTypy IIaBICHUS BBICOKOTEMIIEP
3 Onpenenere 0enKoB aTypHBIH, )

TEPMOTIAPHBIH.
TEMIIePaTyphl
TUTaBJICHUS
aMHHOKHCIIOT.

16-18 | Pacman Oenkos. M3yuuts OOBsCHATH pacnaj OoopynoBanu
DepMeHTHI, XUMHUYECKUN OEITKOBBIX MOJIEKYJTI e TP: naTumk
OCYIECTBIISIOIINE IpoIIECC pacmana TEeMIIePaTyphl
pacraj OeIKoB. OCITKOB. (TMTaTUHOBBIN),
4.Bimsinne Jatumk pH,
TeMImepaTypbl Ha
cBoiicTBa 0€JIKOB.
5.Biausinune
usmenenus pH na
cBoOiicTBa 0eJIKOB.

19-21 | buocunTe3 O0enkoB. Ma-| M3y4uth cuHTE3 JIeIaTh BBIBOIBI 00 OoopynoBaHue
TpuuHast cxema OCITKOBBIX MOJICKYJT W3MEHEHUSIX, KOTOpbIE TP*: narunk pH
OnocuHTE3a Oenka TPU30IIYT B Ipoleccax
6.1 BeTHBIE peakuun MaTpUYHOTO CHHTE3a B CITydae
Ha 0eJIKH. W3MEHEHUS MOCIIeIOBATEIbHOCTH

nykseorusioB JJTHK

22-23 | PaznooOpasue Paccmotperts JlenaTh BBIBOABI O
KaTaJTUTHICCKH pa3zHooOpa3HbIe pa3zHooOpa3HbIX hopmax
AKTUBHBIX MOJIEKYJT (hopMBI KaTaIM3aToOpPOB| KaTaIM3aTOPOB

24-25 | MHOX€eCTBEHHEIE ITo3HakOMHUTECS C JlenaTh BEIBOJEI O

(hopMBI PepMEHTOB U HX
(GyHKIMOHANBEHOE
3HAa4YEHHUE.

Pa3THYHBIMA
(dhepMeHTaMH ¥ BX
3HAYEHUEM

pasHooOpasHbIx popmax
(hepmeHTOB




26-28

JlaGopaTopHbIit
padoThI

1. TepmonaOuabHOCT
b ()epMEHTOB.

2. Bimsiane
aKTHBATOPOB H
MHTUOUTOPOB Ha
padoTy (epMEHTOB.

OoopynoBanu
e TP*: naTyuk
TEMITepaTyphl
(IIIaTUHOBBIN),
OoopynoBanu
e TP: matunk
pH

29-30 | Uctopust OTKpHITHS Paccmotperts OOBACHATH pOJIb BUTAMUHOB IIpe3enTanus
BUTaMHUHOB. Poib WCTOPHIO OTKPBITUSL | IS JKUBBIX OPTaHU3MOB
BUTAMUHOB B TUTAaHWU | BUTaMHHOB
YeJIOBEKA U )KUBOTHBIX.

31-32 | PazHooOpasue [ToznakomHuTh € YMeTb OOBACHATD MPUIHUHBI IIpe3enTanns
OuoIoTHIeCcKH OHOIOTHUeCKU pazHoobpasus
AKTHUBHBIX COCIMHEHUHN: | aKTHBHBIMHU OHMOJIOIrMYECKU aKTHBHBIX
AHTUBUTAMUHBI, COCMHEHUSIMU COETMHEHHI
aHTHOMOTHKH,

(bUTOHIUIBI,
repOUIIHIBI,
Je(OTMAHTEI, POCTOBBIC
BEIIEeCTBA (BaxKHEHIIIHE
NpPEACTAaBUTENN U
MEXaHU3MBbI 1eUCTBHUSA).

33-36 | JladopaTopHbIe Wzyanth Hcnomnp3oBath O6opynoBaHue
padoThbI KaueCTBEHHBIC o0opytoBaHHE ISt T Peaknus ¢
KagecTsenHad peakiuu Ha BuTamuHbl| [IpoBeeHUS KaueCTBEHHBIX XJIOPHBIM
peaxiys Ha BUTaMUH A. peaKImii scenesom.P*:
KonnuecrBennoe
ofpeaesieHue
ButamuHa PP B yae.

37 | Uctopus OTKpBITHS U | JIaTh YMeTb 00BICHATH COCTaB
W3YYEHUS HyKJIEHHOBBIX| XapaKTEPUCTUKY HYKJIEHHOBBIX KHCIIOT
KHCJIOT, IX XUMHUYECKUI| OCOOEHHOCTSIM
COCTaB. CTPOCHHUS MOJICKYT

HYKJIEHHOBBIX
KHCJIOT KaK

OHOIOJIMMEPOB.




38-39 | ITonsTue o ITo3nakoMHUTH HaspiBaTh nepcreKTuBbI OobopynoBanue
TeHEeTHYECKON MHXKEHE- | YJaIlluXcs C MOJICKYJISIPHON TP*:
pun. [TpuHIIUTIBL U TeHETHYECKOH OMOTEXHOJIOTHH KOMOHHHUPOBaH
CTpaTeruu HWHKEHEPUEH, Has OaHs
MOJIEKYJISIPHOTO MOJIEKYJISIPHBIM
KJIOHUPOBAHUS. KIIOHUPOBAHUEM.

Jloctmxenus u
MEPCIEKTUBEI
MOJIEKYJIIPHOU
OMOTEXHOJIOTUH.
JlabopaTopHble
padoThI

1. Beineneuue
HYKJICOIIPOTEHHOB
U3 JIPOAOKEH.

40-41 | Knaccudukanus CdopmupoBath OOBACHATH OMOTOTHIECKYTO
yraeBojoB. OyHKIMH | TIPEACTaBICHHS 00 POJIb YITIEBOIOB
YTJIEBOIOB YTIEBOJaX U UX

KJTACCHU(IKATTHIH.
42-44 | JlaGopaTopHbIe CosepuieHctBoBath | [IpakTuyecku noka3blBaTh
padoThI YMEHHE peliaTh Hann4re QyHKIMOHATBHBIX
Ka4eCTBEHHEIC TPYIIT B MOJIEKYJIaX
1. IIBeTHBIE peakIuu
XUMAYECKUE
Ha Kpaxmail. 3ama4n, coOmIomas
2.KauecTBeHHBIE TIpaBHIa TEXHHKH
PEAKIIHIO HA MOHO- I 0e30I1acHOCTH IPH
Jcaxapubl pabote ¢
HarpeBaTeNIbHBIMU
npubopaMu u
KOHIIEHTPUPOBaH-
HBIMH KHCIIOTaMHU
45 | OOwas O3HaKOMHUTE C OOBSICHATD

XapaKTePUCTHKA H
KJaccuukanms
nunuaoB. CTpyKTypa u
(GYHKIHUY JTUTTAOB

COCTaBOM,
CTPOCHHEM U
CBOMCTBaMH

KHUPOB, UX
OHOJIOTHYECKUM
3HAUYEHHUEM.
3aKpenuTh 3HAHUS O
crrocobax
YCTaHOBJICHUS
CTPOCHHUS MOJICKYIL.

OHMOIOTHYECKYIO POIIh
JKHPOB.




46-47 | JlaGopaTopHbIe CoBeplIeHCTBOBAaTh | YMETh IPOBOAUTH OGopyaoBanu
padoTsI YMEHUE HU3MEpPEHUs TEMIIEPATYPbl e TP*:
pacrio3HaBath BEIIECTB BBICOKOTEMITEP
1.Omnpenenex o
BEIIIECTBA C aTyPHBI
ue [TOMOIIIBIO JATYHK
TeMICpaTypel Ka4eCTBEHHBIX (Tepmortapa),
TUIaBJICHHA 1 peaxumit JIaTYUK
3aTBEP/IEBAHUS KHUPOB. TeMIepaTyphI
2. OMyIIBIApOBaH (MIaTHHOBBIN).
1€ JXHUPOB.
48-49 | Uctopus N3yuuts mporiecchbl 3HaTh BaKHEUIIHE PabOThI [Ipesenranus
U3YUCHUS OMOJTIOTUYECKOTO IO Tporeccam
MIPOIIECCOB OKHCJICHUSI. OHMOJIOTHYECKOTO
OHMOJIOTHYECKOTO OKHCJICHUSI.
OKHCJICHUS: pabOTHI
A.H.baxa,
B.N.Ilannamguna,
0O.Bap0Oypra,
B.A.DHrenerapara.
Paznoobpasue
(dhepMeHTOB
OHMOJIOrNYECKOro
OKHCJICHHSI.
50-51 | Knaccudukanus N3yunth YMeTh KiaccupuIUpoBaTh
TOPMOHOB pa3IM4HOro BUA
TOPMOHBI
52 | Caxapwubriii amader u ero| PaccMoTpeTh BHIBI 3HaTh OTJIMYME CaXapHOIO
BUJIBL. caxapHoro auabera nua0deTa pa3HOro BHIA
53-55 | JlaGopaTopHbIe CosepuieHcTBoBath | [IpakTudecku nokasblBaTh O6opynosan
padoThI YMEHHE Hajnyue QyHKINOHAIBHBIX u e TP*:
pacro3HaBath TPYIIT B MOJIEKYJIaX nmatuuk PH
1.KauecTBeHHbIE
BeIeCTBa C
PEaKIMN Ha HHCYIHH. | [ oy
2. Peaxuus Ka4eCTBCHHBIX
aZipeHallnHa ¢ peaKiin
XJIOPHBIM KEJIE30M.
3. Peakiiusa
aZipeHalnHa C
HOJI0M.
56 | [lpumenenne 3HaTh 3HaYEHHE YMeTh XapakTepu3oBaTh
TOPMOHOB B MEAMIIMHE | TOPMOHOB B TOPMOHBI
u CEIICKOM | METUIIMHE U
XO3AUCTBE. CEITbCKOM
X03s1iicTBE
57 OO0mue M3yunthb HNmets 00mue
MPeICTaBICHUS 0 | B3aMMOCBA3H MIPEJCTaBICHUS O

B3aHMOCBSI3H OOMEHa
BC€IICCTB B KJICTKCE.

0OMEHa BEILECTB.

mnponecce oOMeHa BCIICCTB




58-59 | AHTponoreHHbIe BrIsscHUTH CBSI3b IIpuBoasT CBOM 3HAHUS B
OMOAaKTUBHBIC MEXIY OMPEICICHHYIO CUCTEMY
BEIIECTBA U MPOOJIEMBI | BEIIECTBAMH H
XUMHYECKOTO JKoJIoTHen
3arpsisHeHHs Onochepsl.

DKOJIOTHYECKH
0e30IMacHBIE CIIOCOOBI
BO3JIENCTBUS HaA
pa3MyHbIC BUIBI
JKUBOTHBIX, PACTCHUH U
MHUKPOOPTaHU3MOB.
60-68 | IlpoexTHas pagoTa Pacumputs UCIIOJIB30BaTh TPUOOPETEHHEIE
KpYyro3op KJTIOUEBbIC KOMITCTCHIIMH MTPH
yUaImxcs, BBIIOJTHEHUH TIPOCKTOB U
chopMUpPOBATH U y4e0HO- HCCIeI0BaTEIBCKUX
COBEpIIIEHCTBOBATH 3a/1a4 10 U3YYCHHIO CBOICTB,
HaBBIKU Ccroco0O0B MOTY4YEeHUS U
CaMOCTOSTEIILHOM pacro3HaBaHUs BEIIECTB;
pabortsr;
IOJICPKUBATh
OJIar ONTPHUSATHBIN
TICHXOJIOTHYCCKHHA
KJIMMAT B
KOJIUIEKTHUBE,
pa3BHUBaTh YMCHHE
ITyOJIIMIHOTO
BBICTYIUICHUSI.
Y4eOHO-TeMaTHYEeCKHIl IJIaH
Ne Hazpanue pa3nenos u Tem
10-11 kmacc Bcero
Tema 1 | BBoxusle 3ansTHS. 4

XUMHUUECKHH SKCTIEPUMEHT U (P POBBIE Ta00paTOPHH

Tema 2 | BBenenune B OHOXHUMMUIO 2

Tema 3 | XuMHu4Yeckuii cOCTaB OPraHU3MOB U 00I1Iee MOHATHE 00 4
oOMeHe BEIIeCTB U PHEPTUH B )KUBOW IIpUpO/Ie

Tema 4 | Benku . Pacnag u OnocunTe3 OEIKOB . 11
Tema 5 | ®epmenTs 7
Tema 6 | BuramMuHBI 1 HEKOTOpPBIE IPYTUe OMOIOTHYECKU 8

AKTUBHBIC COCOMHCHUA




Tema 7 | HyknenHOBBIE KUCIIOTHI H HX OOMEH 3
Tema 8 | YraeBoawl u ux oOMeH 5
Tema 9 | JIunmas!l 1 ux oOMeH 3
Tema buonoruueckoe okucienue u cuate3 ATO 2
10

Tema ['opMOHBI 1 UX POJIH B 0OMEHE BEIIECTB 7
11

Tema B3anmocBs3p u perynsnus 0OMeHa BEeIeCTB . 3
12 [TpoGieMbr OMOXUMHYECKOH SKOJIOTHH

Tema [IpoexTHas paboTa 9
13

HUroro 68

cpeacTBa 00y4eHHUs MOTYT ObITh M3MEHEeHbI YUUTe eM, B 3aBHCMMOCTH OT YCJIOBHUIi MPOBeIeHUs YPOKa U

CTeNeHH MOATOTOBJIEHHOCTH YyUAIHXCS.
*Ucnonn3oBanue obopynosanusi Touku Pocta nmo mepe nocrynJieHus.

IIpennaraercsi 11 NPOEKTHOMH padoThI ciaeayoUIe TeMbl (IPUMeEpPHbIe):

1 . KauecTBeHHBIE PEaKIIMK HA aMUHOKHCIIOTHI U OCJIKH.

2 . IIpuroroBnenue pactBopa Oenka (ssuuHoro anpOymMuHa). Pasnenenue 0enkoB KypHHOTo siflia mo ux
pactBopuMocTu. [lenaryparnus 6enkoB (oOpatumasi u HeoOpaTumasi) .

3 . CpaBHUTENBHBIN aHATIU3 IPOJYKTOB KHMCIOTHOTO U (PEPMEHTATUBHOIO THAPOJIN3a IU- U MOJIMCAXapUI0B
(Ha mpuMepe caxapo3bl U Kpaxmana) .
. CietmmyHOCTh MericTBUS PEepMEHTOB (aMuIa3a) .
. BnusiHue Ha akTUBHOCTH ()EpPMEHTOB TeMIlepaTypsl, pH, akTHBATOPOB M UHTHOUTOPOB.
. Beiienenue puOoHyKIICONPOTEMHOB U3 JPOAOKEH.
. KauectBeHHOE omnpeneneHre npoayKToB I'Hpon3a puOOHYKIEONPOTEHHOB.

0o ~N o oM

. BeliesieHre rIiMKoreHa u3 neYeHn KUBOTHBIX. COIMOCTaBICHHE CTPYKTYPhI IIIMKOTEHA H KpaxMala .
9 . Paznenenue yrieBogoB METOJJOM TOHKOCTIOWHOM XpoMaTorpaduu.

10 . T'uaponu3 KUPOB MO ISHCTBUEM JIUTIA3HI.

11 . Bausgnaue >xeuu Ha aKTUBHOCTD JIMIA3HL.

12 . KauecTBeHHBIE peaKIMi HAa TOPMOHBI.

13 . buorenHas kiaccuuKanus XUMAYECKUX TEMEHTOB.

buonornuecku akTuBHBIE BeliecTBa. ButamMuubl. bruomorndecku akTHBHBIE T00aBKH: MpodaHalys UiIn
nojn3a? bruosornyeckas pojb BUTAMUHO .

14 . Buramud C u ero 3Ha4eHME.

15 . ickyccTBeHHBIE KUPBI — YTP0o3a 310POBbIO.

16 . icnonp30BaHuEe IPOXOKEH B MUIIEBON MPOMBIIIJICHHOCTH.

17 . UccnenoBanue (pU3MKO-XUMUYECKIX CBOMCTB MOJIOKA Pa3HBIX MIPOU3BOIUTENCH, HMEIOIINX
9KOJIOTMYECKU cepTudukar.

18. I/IOI[ B IPOAYKTAaX IMATAHUA U BIIMAHUEC €I'0 HAa OPraHU3M YCJIOBCKA.



5. Kputrepuu onifeHUBaHMS YUAIIMXCS M0 NPeIMETY

KouTponb pe3ynbraToB 00ydeHHs B COOTBETCTBUU C JAaHHON 00pa30BaTeIbHONM MPOrpaMMOil MPOBOJUTCS B

(opMe MUCBMEHHBIX M SKCIIEPUMEHTAIBHBIX PadoT, MPEANOIaraeTcs MpOBEACHNE MPOMEKYTOYHON U

HUTOT'OBOU aTTecTaluu . HpOMC)KyTO‘-IHaﬂ arTecralus NpoBOAUTCA B BUAC TCCTUPOBAHUS 110 TEMaM KypcCa,

MPUHUMAIOTCS OTUYETHI 10 MPAKTHYECKUM paboTaM, CaMOCTOSITEIbHbIE TBOPUYECKHE PAOOTHI, HTOTOBbIE

y4e0HO-UCCIIeIOBaTENbCKUE MTPOEKTHI . FITOroBoe 3aHATHE MPOXOJUT B BUJIE HAYYHO-TIPAKTUYECKON

KOH(EPEHIIMH WU KPYTIIOTO CTOJIA, T/Ie 3aCTyIIHBAIOTCS JOKIIAIbI yUaIIuXCs 110 BEIOpaHHOW TeMe
HCCIIeZIOBaHMs, KOTOPbIE MOTYT OBbITh IIPE/CTaBJICHbI B hopMe pedepara uiu oTuéTa 1o ucciae10BaTeIbCKon
pabore.

6. Onucanue MAaTePHAJILHO-TEXHHYECKOIr0 M VIeOHO-MeToAnYecKoro odoecneuenus Padouei
NPOrPaMMBbl.

ITonomapes B. E. Peanu3zanus o6pa3zoBarenbHbIX IPOrpaMM 110 XUMHUH U3 YaCTH Y4€OHOTO IIJIaHa,
(bopmMHUpyeMoil yuacTHHUKaMu 00pa30BaTeIbHBIX OTHOIICHUH, C UCIIOIB30BAHUEM 000PY10BaHHS AETCKOTO
texHonapka «llIkosnbHbIN KBaHTOpHYM». MeTonnueckoe nocooue. Mocksa, 2021

[Tpumepnas pabouast mporpamMma JIEKTUBHBIA Kype
«[Ipaktukym no xumuu B 10 u 11 kmaccax
C HUCI0JIb30BaHUEM 00opyioBaHus «1IK0IbHOrO KBaHTOPHUYMay

Oobopynosanue Touxku Pocra

JlaTunk TemnepaTypsl (TepMONapHbIi), CHUPTOBKA, JATYMK TEMIEPATyphl IJIATUHOBBIN, TEPMOMETD,
AJIEKTPHUECKAs IJIMTKA, TaTYUK JIEKTPOIPOBOTHOCTH, IU(PPOBONH MUKPOCKOII, TPHOOP /TSl OTBITOB C
AJIEKTPUUYECKUM TOKOM, BECHI 3JIEKTPOHHBIE, TPUOOP IS ONPEEeIIEHHs COCTaBa BO3yXa, JaTYUK
OINITUYECKOM MIIOTHOCTH, AaT4uK pH, 1o3aTop 00bEMa )KUIKOCTH, OIOpPETKa, 1aTYUK TEMIIepaTyphbl
IUTATUHOBBIM, JaTYMK JJaBJIEHUs, MAarHUTHAs MellajKa, Ipuoop AJIs MIUTIOCTPALIUMHU 3aBUCUMOCTH CKOPOCTH
XUMHUYECKON peaklMy OT YCIOBUH, anmapar JUisl IpoBeAeHUs XuMuueckux npoueccoB (AIIXP), natuuk
XJIOpU/I- HOHOB, IPUOOP IS OTy4YEHHUs Ta30B 1y anmnapat Kunma, 6ans koMOMHUpOBaHHAs
nabopaTopHas, MpUOOP AJIs1 OKUCIIEHHUS CIIUPTA HAJl MEIHBIM KaTalu3aToOpoM, TYpOUIUMETp (JaTuuK
ONTHUYECKON MYTHOCTH).

7. JIuct koppexuuu Padoueii nporpaMmMel

Ne mpukaza nupeKTopa HIKOJIbI Bun koppekiuu (coBMenieHue, Howmepa 1 TeMbl ypOKOB, KOTOpBIE
Ha OCHOBE KOTOPOTO BHECEHBI UCIIOJIb30BaHUE PE3EPBA) MOJIBEPTIIACH KOPPEKIIUU
W3MEHEHHUs B pabouyio

porpaMmy







