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ITosicuuTenpHas 3amucKa

JlaHHas mporpamMma crocoOCTBYET Pa3sBUTHIO Y YUAIIMXCS CAMOCTOSTEIbHOTO MBIIIUIEHUS, GOPMHUPYET
yMeHHus TpuoOperaTh M NPUMEHSTH, NMOJYYCHHbIE 3HAHUS Ha NpakTuke. PasButne u (GopmupoBanue
BBIIIICYKA3aHHBIX KaueCTB BO3MOXKHO OJjaronaps pa3BHTHIO Hay4HO-TIO3HABATEIHLHOTO MHTEpECa BO BpEMs
3aHATHI.

Kypc npennazHauen uist yyaluxcs CTapliei IIKO0JIbl €CTECTBEHHO-HAyYHOT'0, TEXHOJIOIMYECKOT0 WU
YHHUBEPCAIBHOTO TpoQuiieit 00yueHwus.

KoHuenmus coBpeMeHHOro 00pa3zoBaHUs MOAPa3yMEBAET, YTO YYUTEIb NEPECTAET ObITh OCHOBHBIM
HMCTOYHUKOM HOBBIX 3HAHHUH, @ CTAHOBUTCS OPraHM3aTOPOM I03HABATEIbHOW JESATEIBHOCTH ydalluxcs, K
KOTOPOM MOXHO OTHECTH U HCCIIEIOBATENbCKYIO JeSATEIbHOCTb. COBpPEMEHHBIE SKCIIEPUMEHTAIbHbBIE
UCCIICIOBAHMS TI0 XUMHUH YyX€ TPYAHO NPEICTaBUTh O€3 MCIOJIb30BaHMS HE TOJBKO AHAJIOTOBBIX, HO H
U(POBBIX H3MEPUTENBHBIX MPHOOPOB. B denepanbHOM TOCyAapCTBEHHOM 00pa30oBaTEIbHOM CTaHAApTe
(®I'0OC) mpomwmcaHo, 4TO OAHUM M3 YHUBEPCAIbHBIX yYEOHBIX JCUCTBHH, MPUOOPETAEMBIX YYAIIUMHUCH,
JOJDKHO CTaTh YMEHME «IIPOBEIEHUS OIBITOB, IIPOCTBIX JKCIEPUMEHTAIbHBIX HCCICJOBAHUM, NPSAMBIX U
KOCBEHHBIX U3MEPEHUH C NCII0Ib30BAHNEM aHAJIOTOBBIX U IU(POBBIX U3MEPUTENIBHBIX TPUOOPOBY. [[i1st 3T0r0
YUUTEIb XUMHHM MOJKET BOCIIOJIb30BaThCS Y4E€OHBIM 00OpYHOBaHHE HOBOI'O IMOKOJIEHUS — LU(PPOBBIMU
J1a00paTOPUSIMH.

[ludpossie 1abOpaToOpuu MO XUMHUH IPEACTABICHbl AATYMKAMM JUIS HW3MEPEHUs M PEerucTparuu
pasNMYHBIX ~ HapaMeTpoB, UHTepdeiicaMmu cOopa  JaHHBIX W NIPOrPaAMMHBIM  OOECIIEYEHUEM,
BU3YaJIM3UPYIOLIUM DJKCIEPUMEHTaJbHbIE JaHHblE Ha OJKpaHe. IIpm 3TOM SKCIEpUMEHT OCTaETcs
TPaIUIIMOHHO HATYPHBIM, HO JTAHHBIE SKCIIEPUMEHTa 00pa0daThIBAIOTCS U BBIBOAATCS HA DKPAaH B PEATbHOM
MacmTabe BPeMEHH W B palMOHAIBHOW Trpaduveckoil Gopme B BHIE YHCICHHBIX 3HAYCHUH, JAUArPaMM,
rpa¢pukoB u Tabnauu. OCHOBHOE BHUMAaHHUE y4YalllUXCA IMPU 3TOM COCpPEAOTauMBaeTcs HE Ha cOOpke M
HACTPOMKE IKCIEPUMEHTAIbHOW YCTAaHOBKH, a Ha NPOEKTHPOBAHUM PA3IMYHBIX BAapUAHTOB MPOBEACHUS
HKCIEPUMEHTA, HAKOIUIEHUH JaHHbIX, UX aHAINU3€ U MHTEpIIpeTaluu, ((OpMYyIMPOBKE BHIBOJIOB.

C TOuKM 3peHHs HayKH, SKCIEPUMEHT — 3TO HCCIEN0BATEIIbCKUI MEeTOJ 0O0Yy4eHMs, KOTOPBII
MIOJIHMMAET MTO3HABaTENbHbIN HHTEpEC Ha 0oJiee BHICOKUI YPOBEHb, YCHIIMBAET MOTUBALINIO CAMOCTOSITEILHOM
nesTenbHOCTU. VccrenoBaTenbCKuil METO SIBJISETCS yciaoBUeM (OpMHUPOBAHMUS MHTEpeca, MOTPeOHOCTH B
CaMOCTOSITEIIbHOM, TBOPUYECKOM EATENBHOCTH YHalllUXCsl.

HccnenoBarenbCkuii MpoLECC COCTOUT M3 HECKOJIBKMX JTaloB: pa3/ieleHHEe CMECH BEIECTB,
BBIJICJIEHUE MOJIEKYJ OIpPENeNEHHOIO CTPOSHHs, UX WACHTU(HKAIMS M M3ydeHHE POJM B METa0oIU3MeE.
3aHATHSI UHTETPUPYIOT TEOPETUYECKHUE 3HAHUS, U NMPAKTUYECKUE YMEHUS, U HABBIKH YYalllUXCS B €IMHOM
npoliecce JeATeIbHOCTH Y4eOHO-UCCIIeI0BATENbCKOTO XapaKkTepa.

HeneBas aynuropus

VYyammecs 10 u 11 xmaccoB o0meo0pa3oBaTeNbHBIX ILIKOJ, Ha 0a3e KOTOPHIX CO3JaHbl JETCKHE
TexHonapku «KBaHTOpHYM».

Heab nporpammbl

O3HaKOMHTH yyaluxcs ¢ OMOXHMMHEM Kak HayKoW SKCHEpUMEHTAlbHOM, coueTaromeil B cebe
OpPraHUYeCcKyl0 XuUMHIO M Ouonoruto. Tarke [JaHHBIH Kypc TOMOXeT Cc(hOpMHpPOBATh HABBIKH
CaMOCTOSITENIbHOM paboThl ¢ HU(POBBIMU JAaTUUKAMH, MPOBEACHUS M3MEPEHUH M 00pabOTKU MOJyYEHHBIX
u3MepeHuil. Pa3BUTh mo3HaBaTeNbHBIN MHTEpEC U METalpeAMETHbIE KOMIETEHIIMH OOydaroluxcsl depes
MPAKTUYECKYIO JEATEeIbHOCTh;, PACIIUPUTh, YIIyOUTh M 0OOOIIMTH 3HAHUS O CTPOCHHUU, CBOWCTBAX U
GyHKIUAX OMOMONEKY; COPMUPOBATH YCTOMYMBBIA HMHTEpeC K MNPOPECCHOHAIbHOU AESITENbHOCTH B
00JIaCTH €CTECTBEHHBIX HayK.

[Inanupyembie pe3yabTaTbl OCBOEHHSI Y4yeOHOro mpeaMeTa XMMHMH C ONHCAHHEM
YHHMBEPCAJIbHBIX YU4eOHBIX 1efCTBHH, JOCTUIaeMbIX 00y4aI0IUMHUCH



JIn4yHOCTHBIE pe3yJIbTaThl:
OOyuaronuiicss HOTYYUT BO3MOXKHOCTD I (POPMUPOBAHUS CIEAYIONIMX JIMYHOCTHBIX Y'Y /I
. OIlpeJIeIeHNe MOTUBALIUY U3y4EeHUsl y4eOHOro MaTepuaa,;

*OlICHUBAaHUE YCBAaWBAaEMOT0 YYEeOHOr0 MaTepwania, HCXOJs W3 COIMUAIBHBIX U JHUYHOCTHBIX
LICHHOCTEH;

*[IOBBILICHUE CBOETO O0OPa30BaTENILHOTO YPOBHS M YPOBHS TOTOBHOCTH K HM3YyYEHHMIO OCHOBHBIX
HCTOPUYECKHUX COOBITHIA, CBI3aHHBIX C ICTOPUEH pa3BUTHS XMMHHU U OOIIECTBA;

o 3HaHUE MPABUII MOBEJICHUS B UPE3BbIYANHBIX CUTYAIIUSX;
o OIICHUBAHUE COIMATBHOW 3HAYMMOCTH MPOQECCUl, CBA3aHHBIX C XMMHEH;
o BIIQJICHHE TIpaBWJIaMH O€30MacHOTO OOpameHusT C XWMHUYECKUMHU BEIIECTBAMU U

000pyI0BaHUEM, IPOSIBICHUE SKOJIOTUYECKON KYIbTYPHI.

MeTanpeaMeTHbIe pe3yJbTAThI:

PerynsatuBHbie

OOyuarouuiics HOTYYUT BO3MOXKHOCTD [T (POPMUPOBAHUS CIEAYIOMINX PEryIATUBHBIX Y'Y [

. 1esernoiaraHie, BKIFoYas IIOCTAHOBKY HOBBIX LENeH, MpeoOpa3oBaHue MPaKTUUECKON 3a1a4n
B II03HABATEJIbHYIO, CAMOCTOSATENIFHBIN aHAIN3 YCIOBHU JOCTHMIKEHUS LIEJIM Ha OCHOBE y4ETa BBIIACICHHBIX
YUUTENIEM OPUEHTHPOB JICHCTBUS B HOBOM YU€OHOM MaTepuae;

. TUTAHUPOBAHKE ITYTH JOCTHIKECHUS LEIICH;

J yCTaHABJIMBAHUE LEJIEBBIX PHOPHUTETOB, BBIACICHUE aJTbTEPHATUBHBIX CITIOCOOOB JJOCTHKEHUS
ey 1 BeIOOp Hanbomee 3pPeKkTUBHOTO crmocooa;

J YMEHHE CaMOCTOSATENbHO KOHTPOJIUPOBATh CBOE BPEMS U YIIPABJIATH UM;

J yMEHHE MIPUHUMATD PEIlIeHUs] B TPOOJIIEMHOM CUTYalIUU;

J IIOCTAaHOBKA y4eOHOM 3aJ1auM, COCTAaBJIECHUE IJIaHA U M1OCJIE0BATEIbHOCTH JEHCTBHIA;

J OpraHusaius pabo4yero Mecta Ipy BbIIIOJHEHUN XUMUYECKOTO SKCIIEPUMEHTA;

J MIPOTHO3UPOBAHUE pe3yibTaTa YCBOCHHUSA, OIICHMBAHHE YCBOCHHOIO MaTepuaia, OIEHKa

KaueCTBa U YPOBHS YCBOCHUS, KOPPCKI U B IIJIaH U cIocoo JIeHCTBUSA npu HeO6XOI[I/IMOCTI/I. Ilo3HaBaTeIbLHEIE

O6yanOIHHﬁCH IMMOJIYYUT BO3MOKHOCTD JJIA (I)OpMI/IpOBaHI/IH CJICAYIOUIUX IMMO3HABATCIIbHBIX

VY I:

J MIOUCK U BBIJIENICHHE UH(POPMALIUY;

J aHaJIU3 YCIOBMM M TpeOoBaHWM 3aaayu, BBIOOp, COMOCTaBlieHHME M OOOCHOBaHME CIIOCOOA
peleHus 3a/1auu;

. BbIOOp Hanbosnee 3(pPEeKTUBHBIX CIOCOOOB PELIEHUS 3a7aul B 3aBUCUMOCTH OT KOHKPETHBIX
YCIJIOBHA;

. BBI/IBIDKEHNE M 00OCHOBaHHUE TMIIOTE3bI, BEIOOP CrI0co0a €€ MpOBEPKU;

. CaMOCTOSITENIbHOE CO3/IaHHE AITOPUTMA AEATEIbHOCTU IPU PELIEHUH PpodiieM
TBOPYECKOTO M TOMCKOBOTO XapaKTepa;

. YMEHUS XapaKTepH30BaTh BEIIECTBA IO COCTABY, CTPOCHHIO U CBOHCTBAM;

. ONMCBHIBAHUE CBOMCTB TBEPIBIX, JKUJAKHMX, TIa3000pa3HbIX BELIECTB, BBIJCICHHE UX

CYIICCTBCHHBIX ITPU3HAKOB,

hd I/1306pa)KeHI/IC cocCTaBa HpOCTCﬁH.IHX BCIICCTB C MOMOIIIBIO XUMHUYCCKUX (I)OpMy.TI " CYIIHOCTHU
XUMHUYCCKUX peaKuHﬁ C IIOMOIIBIO XUMHUYCCKUX ypaBHeHPIﬁ;

o MpoBeIeHNE HAOIIOJEHUI U ONMCaHNe MPU3HAKOB U YCIIOBUM TE€UEHUS XMMHUYECKUX PEaKIHii,
BBINIOJTHEHNE XMUMHUYECKOTO AKCIIEPUMEHTA, BBHIBOJBI HA OCHOBE aHaM3a HAOMIOJACHHUH 3a SKCIIEPUMEHTOM,
pelieHre 3aa4, NoJy4YeHue XUMUYecKo HH(OPMALIUY U3 Pa3IMUHbIX UCTOYHHUKOB,;

b YMCEHHUEC OpPTaHU30BBIBATE UCCIICAOBAHNE C LCIIBIO ITPOBEPKHU T'MITOTES;

b YMCHHC JCJIaTh YMO3AaKJIOUCHUA (I/IHI[yKTI/IBHOe " 110 aHaJ'IOFI/II/I) U BBIBOJbI,



J yMeHHe OOBEKTUBHO OIICHMBAThb WHGOPMAIMIO O BEIIECTBAX M XUMHUYECKHUX Ipolieccax,
KPUTHYECKH OTHOCUTBCS K MCeBAOHAay4YHOM nHpopmany. KoMMyHHKaTHBHBIE

OO0yuaromuiics MOTYYUT BO3MOKHOCTD JUIsl POPMUPOBAHUS CIACAYIOMNUX KOMMYHUKATUBHBIX Y'Y /1

hd IMOJIHOC U TOYHOC BBIPAKCHUC CBOUX MBICJIEH B COOTBETCTBHHU C 3aga4yaMi U YCIOBUAMU
KOMMYHUKAIIUU;
b AICKBATHOC HCIIOJIB30BAHUC PCUYCBBIX CPCACTB I OUCKYCCHU W apryMCHTAlUU CBOCH

MO3UIIMK, YMEHHE MPEJCTABIATh KOHKPETHOE COAEp)KaHHE C COOOLICHHEM €ro B NMHCbMEHHOW M YCTHOM
dopme, onpeesieHre cnoco00B B3aUMOCHCTBHS, COTPYAHUYECTBO B IOUCKE U cOOpe HH(OpMAIH;

. OIIPEeZIETICHUE CIIOCOO0B B3aUMOJCHCTBHS, COTPYAHUYECTBO B IIOUCKE U cOope HH(pOopMaIuH,
ydacTHe B JHAJIOre, MIIAHUPOBaHHUE OOLIMX CIOCOOOB paboThI, MPOSBICHUE YBAXKUTEIBHOTO OTHOIICHUS K
APYTrUM 00y4aeMbIM;

. OIMCaHUe COZIep’KaHUs BBITOJIHIEMBIX JeCTBHIA C LETIbIO

OPHEHTHPOBKHU
IPEAMETHO-TIPAKTUYECKOH JIESTeIbHOCTH;

. YMEHUsI YYHUTBHIBATHh PA3HBIE MHEHMS M CTPEMHUTBCS K KOOPAMHALMHU PAa3IMYHBIX ITO3UIUM B
COTPYHUYECTBE;

. (bopmMyIHpoBaTH COOCTBEHHOE MHEHHUE U TIO3ULIUIO, apTyMEHTHPOBATh U KOOPAMHUPOBATH €€ C
MO3ULUSAMU apTHEPOB B COTPYIHUYECTBE IPU BHIPAOOTKE OOIIIETO PEIIEHUSI B COBMECTHOM €ATEIbHOCTH;

o OCYIIECTBIISITh B3aUMHBIA KOHTPOJIb W OKa3blBaTh B COTPYJHUYECTBE HEOOXOAMMYIO
B3aMMOIIOMOLLIb;

o IUTAHUPOBATh 00IIMEe CrnocoObl pabOThI; OCYIIECTBISATH KOHTPOJIb, KOPPEKIHIO, OLICHKY

necTBUi mapTHEPA, yMETh YOeX1aTh;

. HCIOJIb30BaTh a/IEKBAaTHbBIE SI3bIKOBBIE CPEJCTBA ISl OTOOpPa)KEHUS CBOMX YYBCTB, MBICIIEH,
MOTHBOB U NOTpPEOHOCTEH; OTOOpakaTh B peuM (omMucaHue, OOBSICHEHHE) COAEpKAHHE COBEPIIAEMBIX
JelcTBUH KaKk B (popMe IPOMKOM COLIMAIM3UPOBAHHOM peun, Tak U B popMe BHYTpPEHHEH peun;

. pa3BUBaTh KOMMYHHUKAaTUBHYIO KOMIIETEHTHOCTb, UCIIOJIb3Ysl CPEICTBA YCTHOW U MUChMEHHOU
KOMMYHHKAIlMM Tpu paboTe C TEeKCTaMM Y4eOHHMKa M JIONOJHUTEIbHOM JUTEpaTypoil, CIpaBOYHBIMU
Ta0JIMLIaMH, TMPOSABIATH TOTOBHOCTh K YBaXEHHIO WHOM TOYKM 3pEHUS NpPU OOCYXKIEHUU pe3yJbTaTOB
BBINOJIHEHHON paOOTHI.

IIpenmernble pe3yabTarbl. O0ydaromuics Hay4YnuTCs:

. MIPUMEHSTh OCHOBHbBIE METO/Ibl IO3HAHMS: HAOIIOACHHE, U3MEPEHHE, IKCIIEPUMEHT;

o XapaKTepu30BaTh TEPMUHBI U MOHITHUS, OOBACHATH B3aUMOCBSI3b MEKIY HUMU;

. 00OCHOBBIBaTh CHCTEMY B3IJISI0B Ha JKUBYIO MPUPOAY, NPUMEHSST OMOJIOTHYECKUE TEOPUH,
Y4EHMS, 3aKOHBI, 3aKOHOMEPHOCTH, IOHUMATh IPAHULBI UX TPUMEHUMOCTH;

. KJIacCCU(UIIUPOBATH OCHOBHBIE OMOJIOTUYECKHE MAKPOMOJIEKYJIbI;

o OIUCHIBATh PYHKIUU O€JNKOB, HYKJIEUHOBBIX KHCJIOT, YIJIEBOJIOB U JIMIU/IOB;

. YCTaHABIIMBATh CBS3b CTPOEHUS U (YHKIMI OCHOBHBIX OMOJOTMYECKMX MaKpOMOJEKYJ, MX

POJTB B TIpOIIeccax KISTOYHOTO METaboIM3Ma;

. OOBSCHATH 3HAYCHUE MUKPO-, MAKPO- M YIBTPAMUKPOIJIEMEHTOB B KIIETKE;

J MMOHUMATh CYIIIHOCTh OMOCHHTE3a OENKOB, MeXaHu3Ma neicTBus pepmeHTOB, Onocunteza JHK
u PHK, pacmana GenkoB, OMocuHTE3a 1 0OMEHA YIIIeBOI0B, OMOCHMHTE3a U 0OMEHA JIUIIHUI0B, OUOJIOTHYECKOTO
okucieHus u cuare3a AT®, mexaHu3zMa AeCTBHS CTEPOUTHBIX TOPMOHOB;

spelIaTh 3aJaud Ha onpejaeneHue nocieaosarenbHoctd HykiaeoruaoB JHK m uPHK (MPHK),
anTukon0HOB TPHK, mocnenoBare1bHOCTH aMUHOKHUCIIOT B MOJIEKYJie Oelika, MPUMEHSISl 3HAHHSI O PEeaKIIUsIX
MaTPUYHOTO CUHTE3a, TCHETUYECKOM KOJIe, IPUHITUIE KOMITJIEMEHTAPHOCTH;



o JIeaTh BBIBOJIBI 00 M3MEHEHUSX, KOTOPBIC MPOM30MAYT B MPOIIECCaX MATPUYHOTO CHHTE3a B
cllydyae U3MEHEHUS MoceI0BaTeIbHOCTH HyKIeoTu 108 [JHK;

o 00OCHOBBIBaTh B3aWMOCBS3b IJIACTHYECKOTO M DHEPreTUYECKOro OOMEHOB; CpaBHUBATh
MIPOLIECCHI TTACTUYECKOTO U SHEPreTHYECKOr0 0OMEHOB, MPOUCXOAAIIUX B KJIETKAX JKUBBIX OPraHU3MOB;

. XapaKTepU30BaTh METOAbl OMOXMMHYECKHUX MCCIIEIOBAHUN;

o MIPOBOANTH Y4eOHO-HCCIIEIOBATENBCKYIO ICATEILHOCT: BBIBUTATh TUIIOTE3bI, TUIAHUPOBATH

paboty, oTOupaTth ¥ mpeoOpa3oBBIBaTH HEOOXOMUMYI0 HH(POPMALUIO, NPOBOAMTH AKCHEPHUMEHTHI,
MHTEPIPETHPOBATH PE3YNIbTATHI, JIEJIaTh BBIBOJIBI HA OCHOBE NOJYYECHHBIX PE3yJIbTaTOB;
OcHOBHOe cojiep:kaHMe MPOrPaMMBbI JIEKTHBHOT0 Kypca
YueOHO-TeMaTHYeCKHU i VIaH

Ne Ha3Banue pa3nesioB u TeM KoanuyecTBo 4acosB
BCero | Teopusl | MPaKTHKA
10 xknace

Tema | BBoauble 3aHATUSA. XUMHUYECKUM dKCIIEpUMEHT U | 4 2 2
1 U poBkIC TAOOPATOPUHN

Tema | Beenenue B OMOXUMUIO 2 2

2

Tema | Xumudeckwii cocTaB OpraHm3MoB u obmiee| 4 3 1
3 noHATHE 00 0OMEHe BEIIeCTB U SHEPTUH B

YKABOW MIPUPOJIE

Tema | Benku. Pacriag u 6uocuures OeKoB. 8 6 2
4

Tema | @epmeHTHI 6 4 2
5

Tema | Butamuubl U HekoTopble Apyrue Ouonorndecku | 6 4 2
6 aKTUBHBIE COCIUHEHMS

Tema | HykinenHOBbIE KUCIOTHI M UX 0OMEH 4 3 1
7

11 kaacc

Tema | YraeBoas! 1 ux oOMeH 5 3 2
8

Tema | Jlunuae! u ux oOMeH 5 3 2
9

Tema | buonoruueckoe okucinenue u cuare3 ATO 2 2

10

Tema | ['opMOHBI U UX POJIb B 0OMEHE BELIECTB 8 6 2
11

Tema | BzauMocBs3p u perynsaiusi oOMeHa BeEmIecTB. | 4 2 2
12 [Ipo6nembl OMOXUMHUYECKOM IKOJIOTUI

Tema | [IpoekTHas paboTa 10 2 8
13




UTOrO 68 42 26

Conep:kanue nporpammbl Tema 1. XuMu4ecKkuil 3KkcriepuMeHT U HudpoBbIe JJadopaTopun

[udpossie natunku. OOmme xapakrepucTuku. Pusndeckue >PQeKThl, UCHOIb3yeMble B paboTe
JaTYUKOB.

Tema 2. BBenenue B 0MOXHMHUIO

bruoxumust — Hayka 0 Ka4YeCTBEHHOM COCTaBe, KOJTMUYECTBEHHOM COJICPKAHUU U MPEeoOpa3oBaHUsAX B
npoliecce KU3HEAeSITeIbHOCTH COSTMHEHUH, 00pa3yIonX )XKUBYIO MaTteputo. Victopus pa3BUTHS OMOXUMUH.
Poib oTeuecTBEeHHBIX YUEHBIX B pa3BUTHH OMOXUMUH. B3anMOCBsI3b OMOXMMHHU C MOJICKYJISIPHOM OHOJIOTHEH,
Oouopu3uKoil n OnoopraHuueckod Xxumueid. 3HaueHHe OMOXMMHUHU s pa3BUTUS OMOJOTMM, MEIULMHBI,
OMOTEXHOJIOTHH, CEIbCKOI0 X035 CTBa, FEHETUKU U HKOJIOTUH. MeTo 1bl OMOXUMHUYECKUX UCCIET0BaHUM U UX
XapaKTepucTHUKa. Vcrosib30BaHNEe COBPEMEHHBIX CKOPOCTHBIX U aBTOMATU3UPOBAHHBIX (PU3NKOXUMHUECKUX
METO/0B aHaJIN3a JUIsl OMOXMMUYECKUX LieJei. buoxumuyeckre MeToabl MOHUTOPUHIA OKPY KaroIIel Cpeabl.

Tema 3. XuMHYeCKHI COCTAB OPraHU3MOB U 001ee MOHsSATHE 00 00MeHe BellecTB U YHEPruM B
JKMBOM Npupoae

[ToHaTHe O TIaBHBIX OMOTEHHBIX »JJIEMEHTaX. Makpo- M MHUKPOAJIEMEHThl. 3aKOHOMEPHOCTHU
pacnpocTpaHEeHHUs! 3JEMEHTOB B XKUBOH mpupoze. IlorpeOHOCTh OpraHM3MOB B XMMHMUYECKHUX 3JIEMEHTaX.
buoreoxumuueckuii KpyroBOpOT BEIIECTB B IPHUPOJE — OCHOBA COXPAHEHUsI PaBHOBECUs OHUOCHEpBHI.
Macmrabsl 0OMeHa BeIecTB B )kuBOW npupoie. [ImacTruueckne u SHepreTHIecKue BemecTBa. buomornaeckn
aKTUBHBIE COEIMHEHUS, UX POJIb B KU3HU YEJIOBEKA, )KUBOTHBIX U pacTeHui. [loHsATHEe 0 mecTunmgax u ux
BHJIAX.

Tema 4. beaku. Paciag u 6nmocunres 0eikoB Posib 0e1k0B B mocTpoeHun M GyHKIMOHUPOBAHUM
JKHBBIX CHCTEM.

[TonsTHE O IPOTEOME M IPOTEOMUKE. AMMHOKUCIIOTHBIHM cocTaB 6enkoB. [ToHATHE 0 IPOTEHHOTeHHBIX
amMMHOKHUCIIOTax. Croco® CBSI3M aMHUHOKHCIOT B OenkoBoil monekyie. Ilentuasl. [IpupogHsle menTuibl
(TIyTaTHOH, BAa30OINpPECCUH, OHHKeQaNuHbl, 3SHAOPGUHBI M JAp.), HMX (U3MOIOTHYECKOe 3HAaYeHHE U
HCI0JIb30BaHNE B KAYECTBE MEJUIIMHCKUX MPEnaparoB. XUMHUYECKUNA CUHTE3 NENTHIOB 3aJaHHOIO CTPOEHUS
Y BO3MOXHOCTHU UX NpuMeHeHust. CTpykTypa 0enkoBbIX Mosiekydl. [lepBuunas crpykTypa 6enkoB. [IpuHiumnel
U METOJbl ONpEeNieHUs] TIEPBUYHON CTPYKTYpbl Oenka. BTopuuHas m HaJBTOpUYHAs CTPYKTYphI OEIIKOB.
[Tonsitue 06 o- u Prondopmarusax nomunentuaHou 1enu (padotsl JI. [lomunra). Ilapamerps o-crimpann
nosunenTuaAHoN uenu. CBA3b MEPBUYHON M BTOPUUYHOM CTPYKTyp OenkoBoil Mosekyinsl. Knaccudukanus
O€JIKOB IO 3JIeMEHTaM BTOPUYHOW CTPYKTYpbl. JIOMEHHBIM MPUHLUI CTPYKTYpHOM OpraHu3aluu OEIKOB.
[ToHsATHE O CTPYKTYPHBIX M (PYHKIIMOHANBHBIX JJOMEHaX (Ha MpUMepe MMMYHOTTIO0YIMHOB M KaTaJIUTUYECKH
aKTHBHBIX OesikoB). TperuuHas CTpykTypa OenkoB. Tumbl cBsi3eil, oOecreyuBarOmMX MOAJIEpKAHHUE
TPETUYHON CTPYKTYpbl. [IMHAMUYHOCTH TPETUYHOM CTPYKTYpbl OenkoB. CamoopraHuzanus TpPeTHUHOU
CTPYKTYphl O€IKOBOM MOJEKYNIbl U pOJib cHernupuyeckux OeIKOB-IIAlEpOHOB B 3TOM IIpOIECCe.
[Ipenckazanue mpoCTPaHCTBEHHOTO CTPOEHUsI OEIKOB UCXOJI U3 UX MEPBUYHON CTPYKTYpbl. UeTBepTHUHAS
CTpykTypa OenkoB. KoHKpeTHbIe NpuMepbl YETBEPTUYHOM CTPYKTYphl O€NKOB (TeMOrjoOuH, JakKTaT-
JNETHApOTeHa3a, Karajmaza © jap.). Homenknmatypa u kimaccuukamuss OenkoB. DyHKIIMOHAIBHAS
KJaccuukanus O0eNKoB U XapaKTepUCTHKA OTAEIbHBIX TPYMIL: CTPYKTYPHBIX, COKPATUTENbHBIX, 3aIIUTHBIX,
TOKCHUYECKUX, PELENTOPHBIX M PEryISATOPHbIX. benku (MeTamaoTHOHEHWHBI, TeMorioouH u J1p.). Pacman
6enxoB. DepMeHTHI, OCYIIECTBIAONME pacnaj OenkoB. IIporeacoMbl — KOMIUIEKCHI MPOTEOTUTUUECKUX
¢bepMeHTOB. MaxkopHble OETKH KPOBM KaK MCTOYHMKH OMOJOIMYECKH aKTUBHBIX MENTHIOB. MeTabonn3m
amMuHOKHUCIIOT. KoHeuHble MpoAyKTHI pacnafa OelIKOB M IMYyTH CBSA3BbIBAHHSA aMMHUaka B opraHusme. Ilytu
HOBOOOpa30BaHUs aMMHOKHUCIOT. [lepBUUHbIE U BTOpUYHBIE AMUHOKUCIOTHI. 3aMEHUMBIE U HE3aMEHUMbIE
aMUHOKHCIIOTHI. bruocunTes 6enkoB. MaTpuuHas cxema 61ocuHTe3a 0enKoB. AKTUBUPOBAHUE AMUHOKUCIIOT



(cunTe3 amuHOAUI-TPHK). CTtpoenne pudocom. CocTaB mpOKapHOTUUECKUX U SYKAPUOTHIECKUX PUOOCOM.
[Tonupubocombl. DTambl TpaHCAAUMU (MHULMAIMS, O3JIOHTAlMsl, TEpMHUHaUuUs) U ux perymsiuud. Kox
0enkoBoro cuaTe3a. OCOOEHHOCTH TEHETHYECKOTO KO/1a MUTOXOHIPHIA U XJIOPOTIIACTOB.

JlaGopaTtopHbiii paboTel 1. Omnpenenenue cpeabl PacTBOPOB aMUHOKHUCIOT. 2. OmnpenencHue

M303JIEKTPUYECKON TOUKH kKenaTuHbl. 3. OnpeaeseHue TeMIeparypsl IUIABJICHUsS] aMUHOKUCIOT. 4. Biinsgaue
TEMIIEpPaTyphI Ha CBOMCTBA OenkoB. 5. Bausaue nsmenenus pH Ha cBoiicTBa 6enkoB. 6. [[BeTHBIE peakuu Ha
OenKu.

Tema 5. ®epmenTtbl PazHooOpa3ue KaTaIuTHYECKH AKTHBHBIX MOJIEKY.JI.

Karanmutuueckn aktuBHble Oenku (PH3UMBI), Karamutudecku aktuBHble PHK (puGo3umer),
KaTaJUTHYECKU aKTHBHbIC aHTHTeNa (ab3umbl). KaTanutuyeckas ¢ynkius 6enkoB. Pasnuuus B cBoiicTBax
(bepMEeHTOB U KaTaau3aTopoB MHOU npuposl. CriennuduuHocTh neicTBUs (hepMeHTOB. Posib 0TeuecTBEHHBIX
yuénbix (M. I1. [TaBnos, A. E. bpaynmreiin, B. A. DHrenasrapar u ap.) B pa3BUTUH dH3UMoJIorHH. [loHsaTHE O
CyOCTpaTHOM M QJIOCTEPUYECKOM LIEHTpax B MoJiekyie (epmeHToB. DepMEeHTH MOHOMEpPHI (TPHIICHH,
JU30LIMM) U MYJIBTUMEPHI (TITyTaTHOH-peaykTasa). [lorstue o kopepmentax. KohepMeHTH — nepeHOCUnKH
Bozopona u snektpoHoB (HAZl, HAAD, @A), u aromusix rpynn (ATD, kodepment-A, HJD-caxapa).
MuoxectBeHHsle  ¢opmbl  pepmMeHTOB M MX  (QyHKOHOHAIBHOE  3HauYeHHe.  M3odepMeHTHI
JAKTaTACTUAPOTreHa3bl. 3HAUEHUE KCCIEA0BaHUS MHOXKECTBEHHBIX (GopM (epMEeHTOB Ui MEAUIIMHBI,
TeHETHUKH, CEJIeKIMM U MOHUTOpPUHIA OKpYyXaromiei cpeapl. Mexanusm JaeiictBusi ¢pepmenToB. dDepmeHT-
cyOcTpatHbie KoMIuiekchl. KoHcTanTa nucconuanuu ¢pepment-cydcrparnoro komiuiekca (KS) u koncranta
Muxasmuca (KM). AkTtuBatopbl U WHTHOUTOPHI (pepMEHTOB. BiusHHEe KCEHOOMOTHKOB Ha AKTUBHOCTH
depmentoB. Homenknatypa u kinaccudukanus ¢epmentoB. Ilpunnumser kimaccudukanum (GepMeHTOB.
[TpoMBITITIECHHOE TOJIyYeHUE W MPAKTUYECKOE HCIONb30BaHHE (epMEHTOB. IlepCreKTHBBI MPAaKTUYECKOTO
WCTIOJIB30BaHUS pUOO3UMOB U a03MMOB /17151 O0PBOBI ¢ 3200JIEBAHUSMH YEIIOBEKA.

JlaGopaTopHBIif pabOoTHI

1. TepmonabuibHOCTE (pepMEHTOB. 2. BnusiHie akTHBaTOPOB U UHTMOUTOPOB Ha paboTy (hepMEHTOB.

Tema 6. ButamMuHBI 1 HEKOTOPbIE APyrue OHOJOrHYeCKN AKTUBHbIE COCAUHECHUS

Hcropust OTKpbITHS BUTAMUHOB. POJIb BUTAMUHOB B TUTAHUU YEJIOBEKA U KUBOTHBIX. ABUTAMUHO3BI,
TUTMIOBUTAMUHO3bI, TUMEPBUTAMHHO3bl. COOTHOIIEHHE BUTAMHHOB U KOpEepMeHTOB. Buramepus.
KupopacTBopuMbie BUTAaMUHBI. BUTaMUH A U €ro y4acThe B 3pUTEIIHHOM aKTe.
Buramunsl D, K u E u ux pons B oOmene BemiecTB. BogopactBopumbie Butamunbl. Butamunsl B1, B2, BS,
B6, BI12, ux 3HaueHue B oOmeHe BemiecTB. Butamun C (ackopOuHOBas kuciora). Pa3zHooOpasue
OMOJIOTUUECKN AaKTUBHBIX COCAMHEHUW: aHTUBUTAMHUHBI, AHTHOMOTHUKH, (UTOHUHUIBLI, TEpOUIIUIBI,
nedoMaHThl, POCTOBBIE BENIECTBA (BAXHEHIITNE MPEICTABUTENN U MEXaHU3MBI JCHCTBUA).

JlaGopaTopHbIe paOOTHI

1. KauecTBeHHas pcaKkuys Ha BUTAMHUH A. 2. KonnuecTBeHHOE OIMPECACIICHUC BUTaMHUHA P B yae.

Tema 7. Hyk/ieMHOBBIE KHCJIOTHI M HX 00MeH

Hcropust OTKPBITUS U U3Y4YEHHUS HYKJICHMHOBBIX KHMCIIOT, UX XUMUYECKHUN COCTaB. XapaKTEPUCTHUKA
IIyPUHOBBIX M NHUPUMHIMHOBBIX OCHOBAaHUW, BXOIAIIMX B COCTaB HYKJIEHHOBBIX KHUCIOT. J[Ba Tuma
HYKJIEMHOBBIX KHCIOT: Ae3okcupudonykienHoBas kuciorta (JIHK) u pubonykimennoas kucinora (PHK).
Paznnuung mexxny JJHK u PHK no coctaBy riiaBHbIX a30THUCTBIX OCHOBAHHM, IEHTO3aM, MOJIEKYJISIPHOM Macce,
nokanuzanuu B kietke u QynkuuaMm. Crpykrypa u ¢pynkuun JHK. Conepxanue JITHK B opranuszme u
Jokanu3anus e€ B KJIeTKe (1p0, MUTOXOHAPUH, XJIOpOILIacTa, 3nucomsl). Pasmep u popmsl monexyn JTHK.
Konbuesas ¢opma JIHK HexoTophix ¢aroB, MUTOXOHIpUI U XioporuiactoB. [lepsuunas crpykrypa JJHK.



Ycnexu u nepcrneKkTuBbl B paciupoBKe CTPYKTYPbl TEHOMOB MHUKPOOPTaHU3MOB, PaCTEHUI U KUBOTHBIX.
[Ipoekt «I'enom wuemoBeka». Btopuunas crtpykrypa JHK (momens [Ix. Yorcona u @. Kpuxa).
KoMIieMeHTapHOCTh a30THCTBIX OCHOBAaHMM M €€ 3HA4Y€HHE I BOCIPOM3BENEHUS CTPYKTYpbl I'€HOMOB.
Tpernunas crpykrypa JHK. Ceepxcnupanuzanus JIHK. M30bTounOCTs M KOMIakTHOCTH Mojekyn JJHK.
Crpoenne xpomaruna. Myrammu B JIHK u daxropsl, ux Bei3biBaromue. Penapamnus crpykrypsl JJHK u eé
3Ha4YeHue A5 coxpaneHus BunoB. Hacnencreennsie 3a0oneBanns. PHK, nx xnaccudpukanus (TPHK, pPHK,
MPHK, MsPHK, TMPHK, Bupycusie PHK). CpaBauTenbHas xapakrepuctuka BuoB PHK mo ux cTpykrype u
dbyakumsiM. Mexanausm omocunTe3a (perumkanuu) JJHK. ®epmentsr (PHKnommepasa, JIHK-mommmepasa,
JIHK-nura3za) u 6enkoBbie GakTopsl, yuyacTByromue B perumkanuu JIHK. PennukanuonHas BUJIKa U ATaIbl
ouocunte3a [JHK. OcobenHoctu perumukanuu y mpo- u dykapuot. buocunres PHK (Tpanckpunuus) u eé
perymsinusa y npo- u 3ykapuot. [louarue o Tpanckpuntonax u oneponax. CospeBanue (mpoueccur) PHK.
Crmnaiicunr u ero Buasl. Ayrocruiaiicur. «PemnakrupoBanue» PHK. O6paTHas TpaHcKpunius u e€ 3HaYeHHe
IUI CYIIECTBOBAaHUS BHPYCOB (Ha IpuUMepe BUpyca MMMYHOJE(QHIIMTA YelOBeKa M BHPYCOB TpUMIA) H
BHYTPUT€HOMHBIX TiepecTpoek. [loHATHE O MOJABMKHBIX T€HETUYECKUX 3JIEMEHTaX M MX 3HAYCHUU IS
3BONIOUMKA TeHOMOB. [loHATHE O TeHeTMueckoil WHyKeHepuu. [IpMHUMIIBI U CTpaTeruu MOJIEKYJISIPHOTO
KIIOHUPOBaHUS. J{oOCTHKEHHS U TePCIIEKTUBBI MOJICKYJISIPHON OMOTEXHOJIOTUH.
JlaGopaTopHbIe paboThI

1. Boigenenue HyKJICOMIPOTEHHOB U3 APOAIKEH.

Tema 8. Yruesoas! u nx oomen Kiaccndpukanus yriieBonos.

[IpocTeie yriaeBoasl (MOHOCAXapUAbl) U UX MpecTaBUuTeNn (prbo3a, TIoKo3a, GPyKTOo3a, TaJaKkTo3a).
Crnoxable yriaeBoasl. Jlucaxapuasl (caxaposa, JaKTo3a, MainbTo3a). llommcaxapuubl, UX CTPYKTypa H
npencraBuTend  (TIAMKOTeH, KpaxMal, KieTdyaTka, XUTHH). @OyHKIHK yIiIeBOJOB (dHEpreTHdecKas,
MeTabonuueckas, peenTopHas ¥ Jp.). | TMKONpoTenHbI Kak JeTEPMUHAHTBI Py KpoBU. OOMEH yIiIeBOJIOB.
[Tytu pacmaga monmcaxa puaoB. Perymsmmst pochoponmsa npu ydgactuu ropMoHoB, G-0enkoB, TAM® u
npoTenHkuHa3. OOMeH TIIoK030-6-pochata (auxoTromMuueckuil M amotroMuueckuid mytu). OOMeH
MUPOBUHOIPaJHON KucioThl. I'ukonu3. CrniuproBoe OposkeHue. JleificTBue 3TaHONa HA OPraHU3M YellOBeKa.
[TonndepMeHTHBIM KOMIUIEKC OKUCIUTENBHOTO JeKapOOKCHIMPOBAHHS MMPOBUHOTPATHON KUCHOTHI. Llukin
TPUKapOOHOBBIX M TUKApPOOHOBBIX KHCJIOT, €ro 3HaueHHe B OOMEHE BEIIeCTB M 00eCIeYeHMH OpraHu3Ma
sHepruedl. buocunTe3 yrieBomoB. I[loHsTHE O mNEepBHYHOM OHOCHHTE3E YIJIEBOAOB. [ IIFOKOHEOTEeHE3.
buocuntes onuro- u nonucaxapuaos. JlabopaTopHbie pabOThI

1. LiBeTHbIe peakuuu Ha Kpaxmai. 2. KauecTBEHHbIE peakIMI0 Ha MOHO- U TUCaxXapu/bl.

Tema 9. /Iunmuanl 1 HX 00MEH

OO011ast xapakTepucTUKa U kiaccudukarus aunuaoB. CTpykTypa U GyHKUUU TUNHI0B. Ponib tunumoB
B MOCTpOEHUM Ouojornyeckux MemoOpa. CTpykTypa u QyHKIuM JunonpotrenHoB. OOMeH xupoB. Pacnan
KUPOB ¥ [3-OKHCIICHHE BBICIINX JKUPHBIX KHCIIOT. | TMOKCHIIEBBIN IIUKII U €r0 POJIb BO B3aMMOCBSI3U 0OMeHa
JUIHAOB W YTJIEBOJOB. MeXaHW3M OHMOCHHTE3a BBICHIMX J>KUPHBIX KHCIOT. BHOCHHTE3 TPUTIMIEPUIOB.
Hapymenust B oOMeHe xupoB. OXupeHue u ero NpuIuHbl. BOoCKH, X cTpoeHHe, GYyHKIUU U PEICTABUTEIH
(ciepmarier, muenuHbii Bock). Ctepupl. CTepolisl (XosecTepot, 3procrepod u ap.). CTpykrypa u GpyHKuuu
CTEpOUIOB (XoJeBas KHUCJIOTa, CTepouaHble TopMoHbI). @ochonmunuasl. buonornyeckas posb
dochomununo. PochoMHOZUTHIBI KAK UCTOYHUKH BTOPUYHBIX TOCPETHUKOB TOPMOHOB.

JlaGoparopHble pabOThI

1. Onpenenenue TeMnepaTypsl IJIaBICHUS U 3aTBEPAECBAHUS )KUPOB. 2. DMYJIbIUPOBaHUE )KUPOB.

Tema 10. Buosornueckoe oxkucjieHue u cuHres AT

HcTopust usydyeHus rnpoieccoB Ouosorndyeckoro okucienus: padorsl A. H. baxa, B. U. Ilannanuna,
O. BapOypra, B. A. Durensrapara. PaznooOpasue depmeHTOB Omosiormdeckoro okucieHus. CucteMbl
MHKPOCOMATBHOTO OKHUCIEeHHsS B KieTke. [{utoxpom P-450 u ero posib B JE€TOKCHUKAIIUHM KCEHOOMOTHUKOB.



Cynepokcuanucmyrasa, KaTajgaza M HMX pOJIb B 3al[UT€ OpPraHM3Ma OT aKTUBHBIX (OPM KHCIOpOJa.
Comnpsixenue okuciienus ¢ pochopunupoBanueM. CyodcrpaTHoe dochopunupoBanue u GochopuanpoBaHme
Ha YpOBHE 3JIEKTPOHHO-TpaHCHOPTHOH Lenu. [Tonsarue o conpsraromeit MemOopane Mutoxonapuii. CtpoeHue
nporoHHoi AT®da3sl u BeposiTHbIe MexaHu3Mbl cuHTe3a ATO.

Tema 11. 'opMOHBI M UX POJIb B 00MEHe BelleCTB

Knaccugukamuss ropmoHoB. CTepouIHBIE TOPMOHBI: KOPTUKOCTEPOH, TECTOCTEPOH, AICTPaaUOI,
9KJIM30H. MexaHu3M AeUCTBUS CTEPOUIHBIX TOPMOHOB. IlenTuaHbie rOopMOHBI. XapaKTepUCTUKA UHCYJIMHA,
rOpPMOHA pOCTa, TUPEOTPONMHA, FaCTpUHA, BazonpeccuHa. MexaHu3M JeMCTBUS NENTHIHBIX FOPMOHOB (Ha
pUMepe IiroKareHa u uHeyiauHa). Caxapuelil auader v ero Bujsl. [Ipodre ropMoHsl (aipeHanuH, ayKCHH,
ru06epesIMHbI, IUTOKMHUHBI, IPOCTArJIaHInHbl), UX CTPYKTYpa U MEXaHU3M JeicTBUs. Punnu3uHr-gpakTops
ropmoHoB. Heiiporopmons! (3Hn0pduHE 1 3HKe(DanuHbl). [IpMeHeHre TOpMOHOB B MEAULIMHE U CETbCKOM
XO035HCTBE.

JlaboparopHble paboOThI

1. KauecTBeHHbIE peakuu Ha MHCYJIUH. 2. Peakuus ajpeHalnHa ¢ XJOpPHBIM Xkene3oM. 3. Peaxmus
aJipeHaJIMHa C HO/I0M.

Tema 12. BzaumocBsi3b u peryJsiiusa ooMeHa BemiecTs. [Ipo61eMbl 0HOXUMHMYECKOI IKOJIOTUM
OOme mpeacTaBIeHUs O B3aMMOCBSI3M OOMEHA BEIIECTB B KieTKe. [IoHATHE O KIIF0UEBBIX METaboIHMTax
(mupoBUHOTpagHas KUCIOTa, KOPEepMEeHT-A U ap.). B3aumocszp 0€IKOBOrOo UM HYKJIEMHOBOTO OOMEHa,
3HAa4YEeHHUE PEryJATOPHBIX 0eJIKOB. B3auMocBsA3b yriaeBoJHOro 1 0eiakoBoro oomMeHna. Posib nupoBuHOrpaaHoi
kuciaotel M 1ukia Kpebca B 3TOH B3auMocBs3u. B3auMocBsi3p oOMeHa yIJIeBOJOB U JIMIHUAOB; POJb
alleTUIKO9H3UMa-A B 3TOM Ipoliecce. Y POBHU PEryssiliuud 0OMEHa BEIIECTB: KJIETOUHbIH, OpraHu3MEeHHbIN U
HONYJIAUUOHHBIA. TpaHCKpUNIMOHHBIA (ONEpOHHBIN) ypoBeHb peryiasuud. OCHOBHbIE MEXaHU3MBbI
perynsauuu oOMeHa BellecTB B KieTke. OpraHu3MEHHbIH ypOBEHb peryisiiuu. ['opMoHanbHasl perynisuus
obmena BemecTB. KackagHplii MEXaHU3M PETYJSIMH C Y4aCTHEM TOPMOHOB M BTOPHYHBIX HMOCPETHHKOB.
[TomynAMOHHBIA ypOBEHb PEryisiud. AHTHOMOTHKH MHUKPOOOB, (PUTOHIWIBI PACTCHUH, TEIEPTOHBI
KMBOTHBIX W MX BIMSHHE HA MPOIECCHI )KU3HEACATEILHOCTH. JKOJIOT0-OMOXMMHYECKIE B3aUMOJICHCTBHUS C
y4acTHEM pa3JIUYHBIX TPYII OPraHU3MOB: MHMKpPOOPTaHM3MOB, I'PHOOB, BBICIIUX PACTEHUH, >KUBOTHBIX.
Tokcunbl pactenuit. IlumeBbie aereppeHTbl W aHTUGUAAHTHL. [luIieBble aTTpakTaHThl U CTUMYIISTOPHI.
XeMOperyasaTopel, BO3JCHCTBYIOIIME HAa TO3BOHOYHBIX JKMBOTHBIX. HakomeHne M HCNOIb30BaHUE
KMBOTHBIMH BTOPUYHBIX META0OJIMTOB pacTeHUil. AHTpPONOreHHble OMOAKTUBHBIE BEIECTBA U MPOOIEMBI
XUMHUYECKOTO 3arps3HeHHs] Ouocdeprl. IDKOJOTHUECKH Oe30macHble CrocoObl BO3JIEHCTBUS Ha pa3iNyYHbIE
BU/IbI )KUBOTHBIX, PACTEHUN 1 MUKPOOPTaHU3MOB.

Onucanne MarepHaJIbHO-TexHH4YecKoil 0a3bl  «llIkoJBLHOTO  KBaHTOpPHUYMay,
HCMOJIB3YeMOro /s  peaju3anuu  00pa3oBaTeJbHBIX MNPOrpaMM B  paMKax
npenojgaBaHusi XUMHHU

Kommnexkt o6opynoBanus «llIkompHOrO KBaHTOpUYyMa» MpPEACTaBIEH KaK COBPEMEHHBIMHU
npubopamu, Tak U KinaccuueckuMmu. [locneHue mpoIum MHOTOJETHIO apo0aluio B IIKOJIE U TOTYUHIIH
JOJDKHOE TIpU3HaHMe Yy yuutened xumuu. K HuUM OTHOCATCA: mpuOOp [UIs JEMOHCTPALlMU 3aBUCHUMOCTH
CKOPOCTH PEAKIMU OT pa3IM4HbIX (aKTOPOB, armapaT /Ui MPOBEACHHUS XUMUYECKUX PEeaKIui, mpubop s
ONBITOB II0 XUMHUU C DJIEKTPUYECKHMM TOKOM. YUHTHIBAS NPAKTUYECKUM OIBIT HMPUMEHEHUs JTaHHOIO
00opy/noBaHUs Ha YPOKAaX XUMHUH, 3/IECh IPUBOAUTCS JIUIIBL KpaTKoe onrcanue npudopoB. OCHOBHOM aKIEeHT
c/IeJIaH Ha MPUMEHEHUH U (POBBIX Ta0OPATOPUil U UX BOZMOKHOCTSIX.



Hcnonp3oBanne MaTepruaaIbHO-TEXHUUECKON 0a3bl B pamkax «buoxummumy

o0opynoBaHue Paznen

JlaTuuk TeMIiepaTypbl TEpMOIIAPHBIN MeTtoapl HayyHOTro 1o3HaHus1, OpraHuyecKas XUMHUs
Hatuuk pH Opranudeckasi XuMus, HEOpraHu4ecKasi XUMHUs
0aHs KOMOMHUPOBaHHAs JJAOOpaTOpHAs Opranuyeckasi XuMus, HEOpraHU4YecKasi XUMHUs

[TpubGop 11 oxuciaeHWs cnupra HaJg MeIHbIM | Opranudeckas XUMUS
KaTaJau3aTopoM

JAaTYUK SJICKTPOIIPOBOJHOCTH OpFaHI/I‘IeCKaH XHUMMUs, HCOPraHU4CCKasd XUMHUA

Jatunku ontuueckoi ioTHOCTH 525 HM 1 470 Hm | Oprannyeckasi XMMHUsI, HEOPraHUYECKask XUMMUSI

1a00paToOpHbIE BECHI Opranuyeckasi XuMusl, HeOpraHu4deckasi XuMus

CnpaBOYHUK.

HudpoBas (komnbioTepHas) Jadoparopus (LIJI) mocraBnsercs ¢ HAOOPOM JaTYMKOB,
MO3BOJISIIOIIUX PETHCTPUPOBATH 3HAYCHHSI PA3TIMYHBIX (DU3HMUECKUX BEIUYUH.

JaTyuk Temmeparypbl — IpPOCTOM M HAAEXKHBIM JaTyuK, MpeAHA3HA4YeH Ui HW3MEpPEHUs
TEMIIEpPaTypbl B BOJHBIX PACTBOpAx U B Ia30BbIX cpenax. Mimeer pa3nuuHblil [uana3zoH usmepenui or —30 1o
+120 0C. TexHrueckue XapaKTEPUCTUKH J1aTUMKa YKa3aHbl B MHCTPYKIUU 110 KCIUTyaTallUH.

JaT4uKk onTHYeCKOH IJIOTHOCTH (KOJIOPMMETP) TMpeAHa3HA4YeH Il M3MEPEHHUs] ONTUYECKON
IUIOTHOCTH OKpAIIeHHbIX pacTBopoB (puc. 1). Mcnons3yercsa npu usydenun tem «PactBopel», «CKOpOCTh
XUMHUYECKUX PEaKLUil», ONpPEeNeIEeHNN KOHLEHTPALUN OKPAIlIEHHbIX MOHOB WM COeIMHEHUH. B xommiekt
BXOJIAT JAaTYMKU C JUIMHON BOJHBI MOHOXPOMATHYECKOTO MCTOYHHKA cBeTa 525 HM (3enéusiil) u 470 HM
(cunnii). OOBEM KIOBETHI COCTABIISIET 4 MJI, ITTMHA ONTHYECKOro myTH — 10 MM.

JaTtuMk 3/1eKTPONPOBOAHOCTH IPEIHA3HAYEH JUIsI WM3MEPEHHUS YAEIbHOM 3JIEKTPONpPOBOJAHOCTH
KUIKOCTEH, B TOM UHMCJIE M BOJHBIX pacTBOpPOB BemiecTB. [IpuMmeHsieTcs npu H3y4EHUH TEOPUH
ANEKTPOJINTUYECKON JUCCOLMALNH, XapaKTEPUCTUK BOIHBIX PACTBOPOB.

Jatuuk pH npennaznauen st u3mMepeHus BojgopoaHoro mokaszarens (pH). B mactosiiiee Bpems B
HIKOJTY MTOCTYNa0T KOMOMHUPOBAHHBIE JATYMKHU, COBMEILAIOLINE B c€0€ CTEKIISTHHBIHM 3JIEKTPO/I C 3JIEKTPOIOM
cpaBHEeHHMs (puUcC. 2), 4TO JenaeT paboTy 1Mo U3MEPEHHIO BOAOPOAHOTO MoKa3aTens 0osiee KoM()OPTHOM.

Puc.1. [Jatuuk ontuueckon
nnotHoctu: 1 — reespo ana
KioBeTbl; 2 — KioBeTa ANA Uc-

cnegyeMmoro seuecrea



y S Puc. 2. Cxema ctpoeHus KoMBuHMpoBaHHOrO aatyuka pH:
1 — BHyTpeHHuit ByepHbiit PacTBOp CTEKNAHHOIO 3/1EKTPO-
> na, 2 — BHyTpeHHu#, pabouuit, anekTpoa (cepebpsHas npo-
BOJIOKa, NOKPLITAsA NacTon M3 xnopuaa cepebpa, B cocrase
CTEeKNAHHOrO 3neKkTpoga), 3 — creknaHHaa MembpaHa,
4 — pacTBOp 3NEKTPONUTa 3MEKTPOoAAa CpasHeHUs (BHeLHUN
I =t d pactsop), 5 — kopnyc 3nekTposa, 6 — BHewHuit anekTpoa
2 ‘\\ o  CpasHenns (cepebpsaHas NpPOBONMOKA, MOKPLITAA MAcToM M3
LT N \ AgCl B cocraee anektpopa cpaeHeHusn), 7 — auadparma,
N COEAMHAIOLLAA BHYTPEHHEEe MPOCTPAaHCTBO 3MeKTpoaa
o “7 € BHELWHWM, ANA CO3AAHWA NMEKTPONMTUHECKOTO MOCTHKA

e
l _—

CTEKJISHHBIN AJIEKTPOJI OTHOCUTCS K HMOHOCEIEKTHUBHBIM 3jekTpoaaMm (MCD), umeer Hambonbliee
IIPaKTUYECKOE IPUMEHEHHE JIJIS1 SKCIIEPUMEHTAIILHOTO olpeieneHus pH, NOCKONIbKY OTiIMYaeTcsl yCTOMYMBOM
paboroii B mupokxom untepsasie pH, ot 0—12 (pexel4), u B mpucyrcTBUM okucautesnei. Mcrnonb3yeres s
U3MEpPEHUs] BOJOPOJHOIO II0Ka3aTels BOJHBIX pAacTBOPOB, B pAa3IMUHBIX MCCIEAOBAHUAX OOBEKTOB
okpyxkaromei cpensl. [Ipu skcruryaranuu TpeOyer OepexHoro OoTHomeHus. HeoOXxoamMo MOMHHUTH, YTO
JaTYUK XPYIOK, TOITOMY MM HeNb3s HUYero nepemerinBaTh! Henmb3st Tporath 4yBCTBUTEIBHBIA 3JIEMEHT
pykamu. J[aT4uK XJIOPHUA-UOHOB MCHOJIB3YeTCA AJIsi KOJTUYECTBEHHOTO ONMPENCICHUS COIACPKAHUS XJIOPH]I-
nonoB Cl— B BOAHBIX pacTBOpax, mouse, NMpoaykrax nutanus. K garuuky noaxmrouaercsa MCD — pabouuit
ANEKTPO/, MOTEHIMAT KOTOPOTO 3aBUCUT OT KOHIIEHTPAIMHU OIpPEAETsEMOro HOHA, B JaHHOM CIy4yae OT
koHleHTpauuu aHuoHOB Cl—. ITorennman MCD omnpenensioT OTHOCHTENBHO 3JIEKTPOJA CPABHEHHMSI, KaK
MIPaBUIIO, XJIOPCEPEOPSHOTO.

Aamyuk Humpam-uoHo8 npegHasHaveH ANA KONUHECTBEHHOrO OnNpeaeNneHus HUTpar-
uoHoe NO;™ B BOAHbIX pacTBopax, noyse, npoaykTax nuranus. K aaruuky nogkniovaer-
ca UC3, noteHuman KOTOPOro 3aBMCUT OT aKTMBHOCTM HUTPAT-MOHOB B MCCNeAyeMOoM
pacreope.

Annapam 0nsa npoBedeHus XuMUYECKUX peakuyul
5 (AlIXP) npepHa3sHa4eH ANA NONYYEHUA WM AEMOHCTpauMu
CBOMCTB TOKCM4HbIX NAPOB U ra3os. JTH BELLeCTBa Nony4aioT-
csa B Konbe-peakrope, 1 npu HarpesaHuu (unu 6e3 Harpesa-
HWA) razoobpasHblie BelwecTsa, NPOXOAs Yepes3 NornoTUTe b=
Hble éMKOCTH (Hacaaku) C pacTBOpaMu peareHTos, BCTynaloT
C HUMU B peakumio (puc. 4). N36bIToK raza nornoLwaeTcs Xua-
KUMU U TBEPAbIMU peareHTaMu, a TaKKe aKTUBMPOBAHHbLIM
yrném. Annapar 4auie BCero MCnonb3yloT ANs NONYHeHWUA M
5 ° [eMOHCTpaLMM CBOWCTB XN0pa, Ceposoaopoaa.

[

)}
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- Puc. 4. Annapar ana nposegeHus xumuuyeckux peaxuun (AMNXP):
1 — neyropnas konba-peakrop; 2 — AenuTenbHas BOPOHKAa ANA
paboTbl C TOKCMYHBIMK BellecTeamu, nossonser gobaenate Heob-
XOAWUMOE KOMMYECTBO >KMAKOrO peareHTa B peakuMOHHYK CMECh,
He fonyckas pasrepmeTtusaunu npubopa; 3 — émkocTu (Hacaakm)

) ONA XUAKUX peareHToB (nornotutenei); 4 — Konnaku; 5 — ém-
% KOCTb (Hacazka) Ana cbiNy4Mx peareHTos

JaTuMk XJIOpPMI-HMOHOB HCIOJIb3YETCA Ui KOJIMYECTBEHHOTO OMPENENICHUs COJEp:KaHUs XJIOpU-
noHoB Cl— B BOAHBIX pacTBopax, mouse, Npoaykrax nutanus. K garuuky nogkmogaerca UCO



— pabouunii 3IEKTPOJ, MOTCHIIMAT KOTOPOTO 3aBHCHUT OT KOHIICHTPAIMU OMPEISISIEMOr0 MOHA, B JIAHHOM
ciydae oT koHIeHTparuu annoHoB Cl—. [Torennman MCD onpenenstoT OTHOCUTEIBHO 3JICKTPOIa CPAaBHEHHS,
KaK MPaBUIIO0, XJIOpCEePeOPsIHOTO.

Puc. 3. YcraHoBka ans onpeaeneHns KOHUEHTpauum (aKTMBHOCTH) XNOPUA-MOHOB B pac-
TBOpe. A: 1 — kopnyc aaruuka ans onpegenenusn Cl -uoHos; 2 — pasbvém Micro USB
ANA NOAKMOYEHUA K KoMnbioTepy; 3 — pa3bvém BNC ans nopkniouenus pabouero anek-
TpoAa; 4 — pa3béMm ANA NOAKNIOYEHUA INEeKTpoaa cpaBHeHun; b: 1 —uoHOoCeneKTUBHbIU
anektpop (pabouuit 3nekTpoa); 2 — 3NeKTPoA CpasHeHUA (xnopcepebpsHbii 3neKTpoa);
3 — MarHuTHaA mMewanka; 4 — AKOpPb MarHWTHOW MeLLanKu

Ha pucynke 3 moka3zana obmast cxema ucrnonb3oBanus MCD 11 KOMMYECTBEHHOTO OIPECIICHHS
KoHIeHTpauuu (akTuBHOCTH | ) pasnuanbix HOHOB: Cl—, NO3 —, NH4 +, Ca2+. OcHOBHO# KOMIIOHEHT JTIF000T0
NCDO — membpana, kKoTopas pa3JielsieT BHyTPEHHUH pacTBOP € OCTOSIHHOM KOHILIEHTpaLMeN ONpeaessieMoro
MOHA M MCCIIETYyEMBId PACTBOP, a TAKXKE CIY)KUT CPEIACTBOM 3JICKTPOIUTHUECKOTO KOHTAKTa MEXKIY HUMH.
MemOpana o6siagaeT MOHOOOMEHHBIMU CBOWCTBaMM, NPUYEM MPOHHUIIAEMOCTh €€ K MOHAM Pa3HOro TUIla
pasnuyHa. 3anpemaercs Tporarb MeMOpaHy 3JIeKTpoja NajlblaMH U NMPUBOJUTH €€ B CONPUKOCHOBEHHE C
TBEPBIMU TIOBepXHOCTAMU. [Ipu xpanennu CD gyBcTBUTENbHAS YacTh AaT4MKa (MeMOpaHa) 10JKHA ObITh
3alIMIIEeHa CTIeUaIbHBIM KoJnmaykoM. He omyckaercs Hcnob30BaTh 3J€KTPO/Ibl C HOJIMMEPHOH MeMOpaHoii
B Cpe/ax, COAep)KalliX JIeTy4re BEUIecTBa MM OPraHWYeCKHe pacTBOpHTeNH. He ciemyer MCronb30BaTh
NCD B cunpHbIX okuciutensx. Jnurensnoe HaxoxaeHue NCD B pacTBopax KpeNnKuX KUCIOT WM HIEI0YeH
MIPUBOAMT K PE3KOMY U HEOOPATUMOMY COKPAIIEHHIO CPOKA CITYKOBI DJIEKTPOA.

lMpubop Ona demoncmpayuu 3a8ucumocmu cKopo-
CMu XuMuyYeckux peakyuli om pasnu4Heix pakmo-
pOo8 “cnonb3yioT Npu UsydeHun Tembl «CKOpOCTb XUMK-
4YeCKOW peakumu» 1 Tennosoro 3ddekTa XMMHUYeCcKnx pe-
axkumi. Mpubop AAET BO3MOXKHOCTb IKCNEPUMEHTANIbHO
MCCNeAoBaTh BNUAHUE HA CKOPOCTb XMMUYECKUX PeaKLmu
cnegyiowmx GakKTopos: NPUPOAbl pearypylowmux Be-
LeCTB, KOHLEHTPaLMK pearMpyioLmMx BeLecTs, nnowanm
rpaHuubl pasgena ¢das B reteporeHHbix cucrtemax (no-
BEPXHOCTH CONPUKOCHOBEHHA MEXY pearvpytoLiMmMm se-
LiecTeamu), Temneparypbi, Katanusaropa, MHruburopa.

Puc. 5. MNpubop ans gemMoHcTpaumm 3aBMCMMOCTH CKOPOCTH
XUMHMYECKHUX PeaKLMin OT paznuuHbix aktopos: 1 — noacrae-
Ka; 2 — cocynpl Jlangonsta; 3 — maHoMmeTpuyeckue Tpybku




[TpubGop cocTOUT U3 MOACTABKH, Ha KOTOPOI 3aKpEIUICHbI IB€ MAHOMETPUUYECKUE TPYOKHU, KOTOPbIE

lMpubop Ons okucneHus cnupma HaAd MeAHbIM KAMANU3AMOPOM NPeaHa3HaYeH Ans
U3yYeHWA peaKkUMW OKUCNEHUA CNUPTOB KMCNOPOAOM BO3yXa Ha NMOBEPXHOCTU MEeAHOro

Karanusaropa (puc. 6).

Puc. 6. Mpubop ans okUCneHus cnupTa Hag MefHbIM Kataniu3aTtopomM:
1 — npobupka co scTpoeHHON Tpy6KOit M 6OKOBbLIM OTBOAOM;
2 — cnupans U3 MeJHOI NPOBOJIOKM, 3aKpenneHa B pe3MHOBOW Npobke;

3 — cnupT; 4 — npobupKa-NPUEMHHK

Munemka-do3amop — npucnocobnexne, HCNonb-
3yemoe B naboparopuu Ans oTMepMBaHUA onpeae-
nénHoro obvéma xmakoctu. MNunetku BbinycKaloTcs
nepeMeHHoro 1 NocTosHHoro obbéma. B komnnekToi
obopyaosaHua ANA MeAUUMUHCKMX KNAcCOB BXOAAT
yaobHble NUNeTKU-A03aTopbl OAHOKAHasbHble, NO-
3BONAIOLME HACTPOUTL HEOBXOANMbIH 06bEM OTOM-
paeMoi XMAKOCTW B TPEX Pa3NWuHbIX AuanasoHax
(puc. 7). Ucnonb3oeaHue coBpeMeHHbIX TEXHONOMMIA
M LBETOBOM KOAMPOBKM AManasoHa AO3WPOBaHUA
[AéT BO3MOXXHOCTb KayeCcTBeHHO, TouHOo, 6e3onacHo
BbINONHATL nunemupoBarue. NUNeTKU UMEIOT CMeH-
Hbl€ MNACTUKOBbIE HAKOHEYHUKH.

Puc. 7. [unetku-go3atopbl OfHOKaHANbHbIE EPEeMEHHO-
ro obvéma; 1 — 1—10 mn; 2 — 100—1000 mkn; 3 —

10— 100 mkn.

baHsA

KOMOBUHUpPOBaHHasA
npegHasHayeHa ans
HarpeBa CTEK/IAHHbIX U
¢dapdoposbIX  cocyaos,
Korga TpebyeTcs co3aaTtb

HarpeBaemoro

paBHOMepHoOe
TemnepaTypHoe  norne,
nsbexxaTb
MCMNONb30BaHMA
OTKPbITOrO NN1aMEHU U
pacKanéHHom
3NEeKTPUYECKON cnupanm

8). Kopnyc

Puc. 8. bansa kombuHupoeaHHaa nabopatopHas. A — soasaHas 6aHa. b — necuaHas 6awHs



COCUHSIIOTCA C cocyaamMu JIaHTobTa ¢ TOMOIIBIO TUTACTHKOBOM TPYOKH C mpoOkamu (puc. S5). Mexny
MaHOMETPHUYECKUMH TpyOKaMH Ha MaHeIu HaHeCeHa IIKaja JJisd HaOJI0IeHNs YPOBHS KUIKOCTU B TpyOKax.
OxpalleHHON KUAKOCTBIO MOXET OBITh pacTBOp IOOOTO KpacuTels B BOJE. BOKPYT cocyaa (puc.
KOMOMHHMPOBAHHOW OaHM cleNiaH u3 amoMUHUS. JKUIKOCTHAS 9acTh KOMOWMHUPOBAHHON OaHU 3aKpBIBACTCS
KOJIBLIAMH Pa3IMYHOTO AUaMETpa.

st narpeBanus cocynoB g0 100 °C B kauecTBe TEIIIOHOCHUTESI UCTIONB3YIOT BOMY, KOTJa TpeOyeTcs
co3zaTh Oosiee BBICOKYIO TEMIIEpaTypy, NMPHUMEHSIOT COJIEBbIE PAacTBOpPHI. TeIIOHOCHUTENEM MOXET OBbITh
rmnepud. OH obecnieunBaeT unteppai temneparyp ot 60 qo 180 °C. Beimie 3Toil TeMneparypsl TIULEepuH
HAYMHACT paslaratbCcsi W AbIMUTH. Jlis HarpeBanwst A0 0oJiee BBICOKHX TEMIIEpaTyp HCIOJIb3YIOT
UWIMHIPOBOE MAacjo WIM CHJIMKOHOBoOe. boiiee 0e30macHO MCHONB30BaTh ISl HAMOJIHEHUs OaHb CyXou
MEJIKO3EPHUCTHIN mecok. OQHAKO MecouHble OaHW MPOTPEBAIOTCS HEpaBHOMEpPHO. B cocraB komIuiekTa
BXOJIUT CUTO U1l IPOCEUBAHUS PEYHOro mnecka. MicTouHrKoM Terma uis KOMOMHUPOBAHHOM OaHU SBISAIOTCA
ANEKTPUYECKHUE TUIUTKU C 3aKPHITON CIHPATIbIO.
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