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IlosicHuTeNBLHAS 3alIHCKA

Pabowas mporpamma Kkypca BHEYpo4yHOH nesitenbHOCTH «lIpakTkym mno xumum» g 10-11 kmacca

COCTaBJIEHA Ha OCHOBE CJIEYIOIMX HOPMATUBHO — MPAaBOBbIX U MHCTPYKTUBHO — METOJAMUYECKUX IOKYMEHTOB:

o OenepanpHoro 3akoHa «O06 obpazoBanuu B Poccuiickoit ®eneparum» Ne273- @3 ot 29.12.2012r. ¢
n3mMeHeHusMu ot 24 mapta 2021 rona.

e [Ipukaza MunucrepctBa I[IpocBemenmst Noe 712 ot 11 mexabpst 2020 r. «O BHECEHWM W3MCHCHUH B
HEKOTOpbIe (enepaibHble TOCYIapCTBEHHBIE 00pa30oBaTeNbHBIE CTAaHIAPTHI OOMIEr0 0Opa3oBaHUS MO
BOIIPOCaM BOCIIUTAHUS O0y4YarOIIUXCS».

e [lpuxkasa MunucrepcTBa o0Opa3zoBaHus 51 HAyKHU Poccuiickon denepanuu
or 17.12.2010 r. Ne 1897 (B pen. or 11.12.2020 r.) «OO6 yrBepxaeHun (eaeparbHOro
rocy/lapcTBEHHOI0 00pa30BaTEIbHOTO CTaHIapTa OCHOBHOTO O0IIEro 00pa30BaHus».

e Meroauueckux peKOMEHJAaUUid N0 CO3/JaHui0 U (YHKIMOHHUPOBAHHIO B 0O0II€00pa30BaTEIbHBIX
OpraHM3alysaX, PaclooKEeHHbIX B CEIbCKOM MECTHOCTHM M MaJbIX TOpojax, LEHTPOB 00pa30BaHUS
€CTECTBEHHOHAayYHOM M TeXHoJlornyeckoil HampaBieHHocTed («Touka pocTta») (YTBEp)KIEHBI
pacriopsbkeHreM MuHKCTepCcTBa npocBerenus Poccutickoit deneparuu ot 12 stuBaps 2021 1. Ne P-6);

Peanuszanust naHHOM mporpaMMbl MpeaycMaTpUBaeT HCIOJIb30BaHHE 00OpYHOBaHUS, CPEACTB OOydeHUS M
Bocriutanus LlenTpa «Touka pocray.

Opnna w3 3a7a4 00pa3oBaHUs HA CETOJHSI — BOCMHUTaHUE B PEOEHKE CaMOCTOSATENbHON MUYHOCTU. JlaHHAst
mporpaMMa CIIOCOOCTBYET Pa3BUTHIO y YYAIIMXCS CAMOCTOSTEIBHOTO MBIIUICHHS, (OPMHUPYET YMEHUS
npuoOperaTh U IPUMEHSTH, [TOJIydeHHbIE 3HAaHUS Ha MpakTuke. PazButue u popMupoBaHue BhIIIEYKa3aHHbIX
Ka4yecTB BO3MOKHO OJarofapsi pa3BUTHIO HAyYHO-TIO3HABATEIHHOTO HHTEpECa BO BpeMsl 3aHATHUH.

KoHnuenmus coBpemMeHHOro 00pa3oBaHUsl MOJpPa3yMEBaeT, UYTO YUUTENb MEPEcTaéT ObITh OCHOBHBIM
HMCTOYHUKOM HOBBIX 3HAHUIl, a CTAHOBUTCS OPraHU3aTOPOM IMO3HABATEJILHOM NESATENbHOCTH yYallluXcs, K
KOTOpOl MOXHO OTHECTH U UCCIIEOBATENbCKYIO JAeATelbHOCTh. COBpPEMEHHBIE SKCIIEPUMEHTAIbHBIC
UCCIIEIOBAaHUSI N0 XUMHUHU YK€ TPYAHO MPEACTaBUTh O€3 MCIOJIb30BaHUS HE TOJIBKO AaHAJOTOBBIX, HO U
uu(dpoBBIX M3MEpUTENbHBIX NpuOopoB. B denepanbHOM rocynapcTBEHHOM 0OO0pa30BaTeIbHOM CTaHAApPTE
(®I'OC) mpomnmcaHo, YTO OJHUM W3 YHUBEPCAIBHBIX YYEOHBIX ICHCTBUMA, MPUOOPETAEMBIX Y4YaITUMMCS,
JOJKHO CTaTh YMEHHE «IIPOBEACHHUS ONBITOB, MPOCTHIX SKCIIEPUMEHTAIBHBIX HCCIIECJOBAHHUM, MPSIMBIX U
KOCBEHHBIX U3MEPEHH C MCIIOJIb30BAHUEM aHAJIOTOBBIX U U(MPOBBIX U3MEPUTENBHBIX MPUOOPOBY». [l 3TOTO
YUUTENIb XUMHH MOET BOCIOJIB30BAThCSl YU4€OHBIM OOOpPYIOBAHUE HOBOTO TMOKOJEHUS — MH(PPOBBIMU
J1a00paTOPHUSIMHU.

Hudpossle naboparopuri MO XWMUU TPEACTABICHBl JaTUYMKAMM IS H3MEPEHUS M PETUCTPalUU
pa3IMYHBIX MapaMeTpoB, nHTepdeiicaMmu cOopa NaHHBIX U MPOTPAMMHBIM O0ecIeYeHUEM, BU3YATU3UPYIOIIIUM
SKCIEpPUMEHTAJIbHbIC JaHHble Ha 3KpaHe. [Ipu 3TOM 3KCIEpUMEHT OCTaéTcs TPAAULMOHHO HATYypHBIM, HO
JaHHBIE JKCIIepUMEHTa 00pabaThIBAIOTCS W BBIBOJSATCS Ha 3KpaH B pealbHOM MacuiTabe BpeMEHH U B
panMoHanbHOU rpaduyeckoit (opme B BHJE YMCICHHBIX 3HAYeHHUH, IUarpamMm, rpapukoB U TaOJIHII.
OcHOBHOE BHUMAaHHE Y4aIIMXCS I@pH 3TOM COCpelOTauMBaeTcs HE Ha cOOpke M HacTpoike
HKCIIEPUMEHTAIbHOM YCTaHOBKH, a Ha NMPOEKTUPOBAHUU PA3JIMYHBIX BAPHAHTOB MPOBEJCHUS IKCIIEPUMEHTA,
HaKOTUICHUH JAHHBIX, UX aHAJIM3€ U MHTEPIIpeTaluy, (GoOpMyIMpPOBKE BHIBOIOB.

C TouKH 3pC€HUAd HAYKH, OSKCIICPUMCHT — 3TO HCCIIeN0BATEIbCKUM METO/ 06yquI/151, KOTOpLIfI
MMOJHMMAET MO3HABATEIbHBIN HHTCPECC HA 00J1ee BBICOKHH YPOBCHb, YCUJIMBACT MOTHUBALIUIO CaMOCTOSTEIbHOM’
JIesaTenbHOCTH. MccienoBaTelnbCKUM METO SBJISETCS YCJIIOBUEM (bOpMHpOBaHHH HHTEPpCCA, HOTpGGHOCTI/I B
C&MOCTOSITCJ'ILHOI‘/’I, TBOp‘-ICCKOﬁ ACATCIIbBHOCTH Y4allluXCA.

HccnegoBaTenbCKuii nmponecc COCTOUT U3 HCCKOJIBKHUX ITAIlOB: Pa3/ICJICHUC CMCCHU BCIICCTB,



BBIJICJICHUEC MOJICKYJI onpenenéHHoro CTPOCHUA, UX I/IHGHTI/I(bI/IKaI_[I/ISI 1 U3YyUCHUC POJIU B MeTaboJIM3MeE.

3aHsaTus HHTCTPUPYIOT TCOPCTHUYCCKUC 3HAHUA, U IMPAKTHYCCKUC YMCHHA, W HABBIKKM Y4YaAllUXCA B
CANMHOM IPOUCCCC NACATCIILHOCTHU y‘-Ie6HO'I/ICCJIeI[OBaT€HBCKOFO Xapakrepa.

JlaHHBIIT Kypc COAEpKaTeabHO CBSi3aH C KypcaMH XUMHUHU, OWMOJOTHUH, QU3UKK U HOCHUT
WHTETPUPOBAHHBIN XapaKTep, CIIOCOOCTBYS Pa3BUTHUIO €CTECTBEHHO-HAYYHOT'O MUPOBO33pEHUs ydamuxcs. B
y4eOHOM IUIaHE 3JICKTUBHBIN Kypc «bHOXMMHS» SBISETCS 4YacThi0 IpeaMmeTHou obmactu «EcrecTBeHHO-
HaydyHbIC  TpeaMeThl».  Matepuan  mocoOusi  oOecrneunmBaeT:  3HAKOMCTBO € COBPEMCHHBIMHU
(dyHIaMEHTAIBHBIMU M PUKJIAHBIMU HCCIICIOBAHUSIMU B 00J1aCTH OMOXHMHH,

dbopmupoBaHre y 00YyJarOUIMXCsl KOHBEPTEHTHOI'O MBIIUICHUS; yriayOneHue u 000O0IeHne 3HaHUN
IIKOJFHUKOB O BBICOKOMOJICKYJISIPDHBIX BEIIECTBAX, METOJAX WX W3yYEHHUs, PACKPBITHE TPUHIIUIIOB
(YHKIIMOHUPOBAHUS KUBBIX CUCTEM; 3HAKOMCTBO C MCTOPHUEW pa3BUTHs €CTECTBO3HAHMSI M COBPEMEHHBIMU
pa3zpaboTkaMu Y4EHBIX; BOCIIUTaHHE OEpPEKHOr0 OTHOILIEHHUS K >KUBOW mpupoje, GOpMUPOBAHUE KYJIbTYPHI
nuTaHus; oOydeHHe apryMEHTHPOBAaHHOMY BEJIEHHUIO JUCKYCCHUHU; JKEeJlaHWe 3aHUMAaThCsi HAYy4HO-
MIPAKTUYECKON JIEATEIBbHOCTBIO.

[TocoGue copepkUT METOANYECKNE KOMMEHTAPUH IO OpraHu3alluK 3aHATUH (OCOOEHHOCTH, CTPYKTYpa,
coJlep’KaHue, BHbl JIEATENbHOCTH, (opMbl 3aHATHUH W T. A.). Ha 3aHATusAX ywammuecs pa3BHUBAIOT
aHAJIMTUYECKHE CIOCOOHOCTH TMpU MPOBEACHUU NPAKTUYECKUX pPadOT, YCTaHABIMBAIOT MPUYHMHHO-
CIIE[ICTBEHHbIE CBSI3U NPU H3YUYEHUU METOJO0B OMOXMMHUH, Y3HAIOT O BO3MOXKHOCTSIX WX NPUMEHEHUS B
MEUIINHE, MUIIEBON IPOMBILIUIEHHOCTH, (hapMalleBTHKE.

LleneBas ayaquropus

VYyammuecs 10 u 11 xkiaccos

Ilenp mporpamMMel

O3HaKOMHUTH ydYalIMXCS C OMOXMMHEH KaK HayKOW OJKCIEPUMEHTaJIbHOHM, codeTaromieii B cebe
OpraHMYEeCcKyI0 XUMUIO U 6nosoruto. Taxke JaHHBIN Kypc MOMOXKeET c(hOPMUPOBATH HaBBIKU

CaMOCTOSITENILHOM pabOThI ¢ HU(POBBIMU TaTYMKAMU, IPOBEACHUS U3MEPEHUI 1 00paboTKH
MOJIy4E€HHBIX U3MepeHuil. Pa3BUTh M03HABaTEIbHBIA HHTEPEC U METANIPEAMETHBIE KOMITETECHIIHH
oOyuaronuxcs yepe3 MpakTUYECKYI0 IEATENbHOCTh; PaCIIUPUTh, YIITYOUTh U 000OLIUTH 3HAHUS

O CTpPOCHUHU, CBOHCTBaX W (QYHKIMSIX OMOMOJIEKYN; CcHOPMHPOBATH YCTOWYUBBLIN HHTEpeC K
podeccHoHaANBbHOM e TEIHHOCTH B 00JIACTH €CTECTBEHHBIX HAYK.

HHaHI/IpyCMHe pe3yiabTaTbl OCBOCHUA yqe6Horo npeaMeTa XuMHUHU C OIMCAHHUEM YHUBCPCAJIBHBIX
yLIe6HI>IX HeﬁCTBHﬁ, J0CTUTaCMbIX O6y‘{aIOIJ_[I/IMI/IC$I

JlnunocTHbIe pe3ynbTaThl: OOydaromUACS MOMYYUT BO3MOXKHOCTH Ul (POPMHUPOBAHUS CIIETYIOIIUX
JIMYHOCTHBIX Y Y /JI:

¢ OIIpCACIICHUEC MOTHBAIINH U3YUCHUSA y‘-IC6HOl“O MaTtcpualia;

¢ OICHHUBAHUC YCBAaNBACMOI'O y‘-Ie6HOFO Marepuaia, uCXoasd U3 CONUAJIbHBIX U JINYHOCTHBIX HCHHOCTCﬁ;



* [IOBBIIIEHUE CBOEr0 0OpPa30BATEIBHOTO YPOBHS M YPOBHS TOTOBHOCTH K M3YYEHHMIO OCHOBHBIX
HCTOPHUYECKUX COOBITHIA, CBSI3aHHBIX C UCTOPUEH Pa3BUTH XUMHUHU U OOIIECTBA;

* 3HAHUE [IPaBUJI [IOBEICHMS B YPE3BbIYAWHBIX CUTyaLUAX;
* OIICHWBAHUE CONMATBHON 3HAYUMOCTH MTPOPECCUid, CBI3aHHBIX C XUMHEH;

* BJIQJICHUE NpaBHJIaMU O€30MacHOr0 OOpalleHus C XMMHUYECKHMHU BELIECTBAMU U 00O0PYIOBaHHUEM,
MIPOSIBJIEHUE IKOJIOTUYECKON KYJIBTYPBI.

MetanpeaMeTHbIE pe3ybTaThl:

PerynsatuBHbie

OOyyaromuiics MoJIy4uT BO3MOKHOCTD JUIsl (POPMHUPOBAHUS

CIIEIYIOLIUX PEryIATUBHBIX Y Y J]

* [[eJIENI0JIaraHue, BKIII0Yasl IOCTaHOBKY HOBBIX Lie€JIeH, MpeoOpa3oBaHUe MPAKTUYECKON
3aJlauM B MMO3HABATEIbHYIO, CAMOCTOSITENILHBIN aHAIU3 YCIOBUH TOCTHXKEHUS 1IeNI Ha
OCHOBE y4€Ta BBIJICJICHHBIX YUYUTEIEM OPUEHTUPOB ACUCTBHS B HOBOM YUeOHOM MaTepHuale;
* IJITAHUPOBAHUE ITYTH TOCTHKEHUS 1IeJIeH;

¢ YCTaHaBJIMBAHUE LECJICBBIX MIPUOPUTCTOB, BBIJACIICHUE aJIbTCPHATHUBHBIX CcII0co00B JOOCTHXXCHUA 1ICIIU U
BBIOOp Hanboiee 3(h(PeKTUBHOTO Ccrocooa;

* YMEHHE CaMOCTOSITEILHO KOHTPOJIMPOBATH CBOE BPEMS U YIIPABIIATH HM;

* YMEHHUE NMPUHUMAThH PEIICHHUS B MPOOJIEMHOMN CUTYaIlUH;

* IOCTaHOBKA YYEOHOM 3a7auu, COCTaBJICHHUE TUIAHA U MOCJIEI0BATEILHOCTH ICHCTBUM;
* Opra"u3anus pabouero MecTa Mpy BHITIOJJHEHUH XUMHUYECKOTO IKCIIEPUMEHTA,

* NIPOTHO3UPOBAHUE PE3y/bTaTa YCBOCHMS, OI[CHHBAHME YCBOCHHOTO MaTepuaia, OlleHKa KauyecTBa U
YPOBHS YCBOCHHS, KOPPEKLIUA B IUIaH U COCO0 NEHCTBUS MPU HEOOXOAUMOCTH.

Ilo3HaBaTeabHEIC

OO0yyaromuiics MOJIy4UT BO3ZMOXKHOCTH 17151 (POPMUPOBAHUS
CIEAYIOUIMX N03HaBaTebHbIX Y Y /1

* IOKMCK | BBIJICJICHUE HH(DOPMAITUH;

* aHANM3 YCIOBUW M TpeOOBaHUU 3a7a4yM, BHIOOP, COMOCTaBJICHHE M OOOCHOBaHHE CIIOCO0a pelieHus
3a7a4H;

° BLI60p HanboJee Bq)(i)eKTI/IBHBIX CII0CO00B peuICHus 3a4a41 B 3daBUCUMOCTH OT KOHKPETHBIX YCJIO BHﬁ;
* BBIABHM)KCHUC U 000CHOBaHHE THUIIOTE3hI, BLI60p cocoba eé IMPOBECPKHU,

¢ CaMOCTOATCIIBHOC CO3OaHHUC aJIrOpUTMa ACATCIILHOCTU IIPpU PCHICHUU Hp06J'ICM TBOPYECKOTO U
IIOHUCKOBOI'0 XapaKTCpa,

®* YMCHHS XapaKTCpU30BaTh BCHICCTBA 11O COCTABY, CTPOCHUIO N CBOﬁCTBaM;



* ONMCBHIBAHUE CBOMCTB TBEPABIX, JKUJKHUX, a3000pa3HbIX BELIECTB, BBIJCIECHUE HUX CYILIECTBEHHBIX
IIPU3HAKOB;

* M300pa)keHHWE COCTaBa MPOCTEHINIMX BEUIECTB C IOMOIIBI0 XUMHYECKUX (OPMYT U CYIIHOCTH
XUMHUYECKUX PEAKIUHN C IOMOIIBI0 XUMUYECKUX YPABHEHUN;

* MpOBEACHHUE HAOMIOJCHUN M ONUCAaHUE NPU3HAKOB M YCIOBUN TEUYEHUS XUMHUYECKUX PpEaKIIMi,
BBINIOJIHEHUE XMMUYECKOTO IKCIEPUMEHTA, BBIBOAbI HAa OCHOBE aHajIM3a HAOJIOJIEHUI 3a SKCIIEPUMEHTOM,
peleHue 3a1a4, NoIyuYeHIne XUMUIeCKONH HHPOPMAITUH 13

Pa3IUYHbIX HCTOYHUKOB;

* YMEHHE OPTaHU30BBIBATh UCCIIEIOBAHKE C LIETIBIO IPOBEPKH TUITOTES;

* YMEHHE JIeJIaTh YMO3aKII04UeHUs (MHAYKTUBHOE U 110 aHAJIOTUHN) U BBIBOJIBI;

* YMEeHHE 00bEKTHBHO OIIEHUBATh HH(OPMAIIHIO O BEIIECTBAX U XMMHUYECKUX MPOIECCAX,
KPUTHUYECKH OTHOCUTBHCSA K IICEBJOHAYYHON HHPOPMALIUH.

KommyHuKaTUBHBIE

OOyyaromuiics MOJIy4UT BO3ZMOXKHOCTD 7151 (GOPMUPOBAHUS

CHEAYIONIUX KOMMYHUKAaTUBHBIX Y Y /1:

* [IOJTHOE ¥ TOYHOE BBIPA)KEHNE CBOMX MBICIICH B COOTBETCTBHH C 3aJa4aMU U YCIIOBUAMH
KOMMYHHKAIIWH;

* a[ICKBaTHOE MCIIOJIb30BAaHUE PEUEBBIX CPEICTB I JUCKYCCHU U apryMEHTAalui CBOEH

MO3UIIMHU, YMEHHUE MPEACTABIATh, KOHKPETHOE COJIEpKAHUE C COOOIIEHUEM €ro B MUCbMEHHOM U yCTHOM
dbopme, onpeaeneHre cnoco00B B3aUMOIEHCTBUS, COTPYAHUYECTBO

B MOHUCKe ¥ cOope nHPOpMaIIHH;

* OIpeeNieHue CocoOOB B3aMMOJICHCTBHSI, COTPYTHHYECTBO B MOKMCKE M cOOpe mH(popMaImu, ydacTuie
B JMaJiore, IUIAHUPOBAaHUE OOIIMX CHOCOOOB PabOTHI, MPOSBICHUE YBAKHUTEIBHOTO OTHONICHUS K JPYTUM
00y4aeMbIM;

¢ OIIMCAHHEC COACPIKAHHA BBIIIOJIHACMBIX ,HeﬁCTBHfI C ICJIbIO OPUCHTHUPOBKU HpCﬂMCTHO'HpaKTquCKOﬁ
ACATCIIBbHOCTH,

®* YMCHHS YYUTBIBATH PA3HBIC MHCHUSA U CTPEMHUTHCA K KOOPpAWUHAIWU PA3JINYIHBIX HOSI/II_II/Iﬁ
B COTPYAHHUYECCTBE,

* ¢dopMynupoBaTh COOCTBEHHOE€ MHEHHE U TO3UIUIO, apryMEHTHPOBAaTh M KOOPAWHUPOBATH €€ C
MO3UIMSAMU MAPTHEPOB B COTPYIHUYECTBE MPH BHIPAOOTKE OOIIEro peleHus

B COBMECTHOM ACATCIIBHOCTH,
¢ OCYHICCTBJIATDH B3aHMMHBIN KOHTPOJIb U OKa3bIBATh B COTPYAHUYICCTBC HeO6XO,Z[I/IMyIO B3aMMOIIOMOIIIb,
¢ IJIaHUPOBATH 06IJ_II/Ie CITIOCOOBI pa6OTBI; OCYIICCTBJIATH KOHTPOJIb, KOPPCKIUIO, OIICHKY

neicTBUi mapTHEPa, yMETh YOeX1aTh;



* HCIIOJIb30BAaTh aJICKBATHBIE S3BIKOBBIE CPEACTBA JJIsi OTOOPAKEHUSI CBOMX UYBCTB, MBICJIEH, MOTHBOB H
norpebHOCTel; 0TOOpakaTh B peur (OmucaHue, OOBSCHEHHE) COACP)KaHUE COBEPIIAEMBIX NEHCTBUN Kak B
(bopme rpOMKOI COMANIN3UPOBAHHON PEUH, TaK U

B (hopMe BHYTpEHHEH peuH;

* pa3BWBaTh KOMMYHHKATUBHYIO KOMIIETEHTHOCTh, HCIIOJIb3YSl CpPEJICTBA YCTHOW W NHUCHBMCHHOMN
KOMMYHHKAIIMM TIpu paboTe ¢ TeKcTaMu Yy4eOHHMKA | JIOTIOJHUTEIBHOW JUTEPaTypOH, CIPaBOYHBIMH
Ta0JIMIIaMy, TPOSBIATH TOTOBHOCTh K YBOKCHHIO WHOW TOYKH 3PCHHS MPU OOCYXKICHUU PE3yJIbTATOB
BBITIOJTHEHHOU PaOOTHI.

[IpeameTHBIE pe3ynbTaThI

OOyyaromuiics Hay4uTCs:

* IPUMCHATH OCHOBHBIC METOAbI IIO3HAHHA: Ha6J'IIO}IeHI/Ie, HU3MCPCHUC, DOKCIICPUMCHT,
® XapaKTepu3oBaTb TCPMUHBI U ITOHATHUA, OOBSICHATH B3aUMOCBSI3b MCKIAY HUMU;

* 000CHOBBIBATh CHUCTEMY B3IJISJIOB Ha YKUBYIO MPHUPOAY, IPUMEHSISI OMOJIOTHYECKUE TEOPHU, YUEHUS,
3aKOHBI, 3aKOHOMEPHOCTH, TOHUMAaTh IT'PAHULBI UX IPUMEHUMOCTH;

* KJ1accu(UIUPOBATh OCHOBHBIE OMOJIOTHYECKHE MAKPOMOJIEKYJIbI;

* OMMHUCHIBATh (PYHKIMHU OEITKOB, HYKJICHHOBBIX KUCIIOT, YIJIEBOIOB U JTUTUIOB;

* YCTaHaBIIMBATh CBSI3b CTPOCHUSI U (DYHKIIMI OCHOBHBIX OMOJIOTMYECKUX MaKPOMOJIEKYII,
UX POJIb B IIpoleccax KJIETOYHOTO METaboIM3Ma;

* 00BSICHATH 3HAUEHUE MUKPO-, MAKPO- U YIBTPAMHUKPOAIJIEMEHTOB B KJIETKE;

* MMOHWMATh CYITHOCTh OMOCHHTE3a OCJIKOB, MexaHW3Ma nercTBus (pepmeHtoB, OmocunHre3a JHK wu
PHK, pacmana 6enkoB, 6mocuHTe3a 1 OOMEHA YriieBOJIOB, OMOCHHTE3a U 0OMEHA JIMMHI0B, OHOJIOTHYECKOTO
okucieHus u cuateza AT®, mexaHuzma JeHCTBUS CTEPOUIHBIX TOPMOHOB;

* pemarh 3a7adyd Ha onpejelneHue mnocnenoBareabHoctd HykiaeoTuaoB JHK u wPHK (MPHK),
anTtukonoHoB TPHK, nocnenoBaTenbHOCTH aMUHOKHUCIOT B MOJIEKYJE Oelika, MPUMEHsA 3HAHUS O PeaKLusix
MaTpPUYHOTO CHUHTE3a, TeHETUYECKOM KOJI€, IPUHIUIIE KOMIIJIEMEHTAPHOCTH;

¢ ACJIaTb BBIBOAbI 00 HU3MCHCHUAX, KOTOPLIC HpOHSOﬁHYT B IIponeccax MaTpuvHOI0 CHUHTE3a B CJIydac
HU3MCHCHUSA TTOCIICA0BATCIIbHOCTU HYKJICOTUIOB HHK,

* 000CHOBBIBATh B3aHUMOCBS3b IIJIACTHYECKOTO U QHCPIreTUYCCKOIO O6MCHOB; CpaBHHBATb

IpoueCChl INIACTHUYCCKOI0O W OSHEPICTHUUYCCKOIO O6M€HOB, NpOUCXOJAINMX B KIICTKAX JKHUBBIX
OpraHnu3MoB;

¢ XapaKTCepu3oBaTb METOAbL OHMOXMMHUYECKUX I/ICCJ'Ie,Z[OBaHI/II\/’I;

¢ IIPOBOIUTD y‘Ie6H0'I/ICCJ'IeI[OBaTeJ'ILCKy10 ACATCIIBHOCTDb: BBIIBUI'dTh T'MIIOTE3bI, INIAHUPOBATH pa60Ty,
OT6I/IpaTB u Hp606pa3OBLIBaTB HCOGXOI[I/IMYIO I/IH(i)OpMaI_II/II-O, IMPOBOIUTD

OKCIICPUMCHTBI, MHTCPIPCTUPOBATL PC3YJIbTAThI, ACJIaTh BBIBOAbBI HA OCHOBC IMNOJIYUCHHBIX PE3YJILTATOB,

O6yqalom1/1171c;1 MOJIYYHUT BO3MOXKXHOCTb HAYYUTHLCA:



* BBIJIBUTaTh U IIPOBEPATH HKCIIEPUMEHTAIILHO TMIIOTE3bl O XUMUYECKUX CBOMCTBAX BELIECTB HA OCHOBE
X COCTaBa U CTPOCHHUS, UX CIIOCOOHOCTH BCTYHAaTh B XMMHUYECKHE PEAKIHH, O XapakTepe U MPOJyKTax
Pa3JIMYHBIX XMMUYECKUX PEAKIIU;

® XapaKTCpU30BaATb BCHICCTBA II0 COCTaBy, CTPOCHUIO U CBOﬁCTBaM, yCTaHaBJIMBaTb MNPUYUHHO-
CJICACTBCHHBIC CBA3U MCKAY JaHHBIMU XAPAKTCPUCTHKAMH BCIICCTBA,

* BBIIBUTaTh U NPOBEPSITh IKCHEPHUMEHTAIbHO TUIIOTE3bl O PE3YNbTAaTax BO3JEHCTBUS Pa3JIMYHBIX
(axTOpPOB HAa M3MEHEHUE CKOPOCTH XUMHUYECKOH PeaKIInu;

¢ UCII0JIb30BAaTh HpI/IO6p€TéHHbI€ KIIFOUYCBBIC KOMIICTCHI WU ITPH BBINIOJIHCHHUU ITPOCKTOB U

y4eOHO-UCCIEA0BATEIbCKUX 3a7ad M0 H3YyYEHUI0 CBOMCTB, CIOCOOOB TMOJYYCHHUS W PACIIO3HABAHUS
BCIIECTB;

* 00BEKTUBHO OLICHUBATh I/IH(l)OpMaHI/IIO 0 BCHICCTBAX M XUMHUYCCKUX ITPOLECCAX;
¢ OCO3HaBaTb 3HAYCHUC TCOPCTUICCKHUX 3HAHHH 10 XUMHHU JUIA Hp&KTH'—IGCKOfI JCATCIIBHOCTH YCJIOBCKA,

¢ CO3JaBaTb MOACIUW H CXEMBI I PCHICHUSA y'-Ie6HI)IX N TII03HABAaTCJIBHBIX 3aJa4d, ITOHUMAThb
HeO6XOJII/IMOCTI) CO6J'IIOI[CHI/I$I Hpe]IHHCaHHﬁ, npearara€MbiX B HHCTPYKIOUAX IO UCIIOJIB30BAHUIO JICKAPCTB U

Ap.
@opMBI KOHTPOJIA

KonTpons pe3ynbratoB 0O0y4eHHST B COOTBETCTBHM C JaHHOW 0Opa3oBaTeIbHOW MPOrpamMMoOi
NpoBOAUTCS B (OpME NHUCBMEHHBIX M OKCHEPUMEHTAJbHBIX paboT, MpearnosiaraeTcsi MpOBeIeHUE
MPOMEKYTOYHOUM M UTOTOBOM arrectanuu. [I[poMexxyTouHas arrecTanus mpoBOIUTCS

B BHJIE TECTUPOBAHMSI 10 TEMaM Kypca, IPUHUMAIOTCS OTYETHI MO MPAKTUYECKUM paboTam,
CaMOCTOSITENIbHBIE TBOPUECKHUE PAaOOThI, HTOTOBbIE Y4eOHO-UCCIIE0BATEIBCKUE IPOEKTHI.

HUrorosoe 3aHsaTHE IIPOXOJUT B BUIAC Hay‘IHO'HpaKTquCKOﬁ KOH(bepeHI_[I/II/I WM KpYIJIOTro CTOJIa, IA€
3aCJIYIIUBAOTCA OOKJIAAbl yJallIUuXCs 110 BBI6paHHOfI TEMEC UCCIICAOBAHNA, KOTOPBIC

MOTYT OBITh IIpefcTaBiIeHbI B hopme pedepara wim oTuéTa Mo UCClIe0BaTEeNbCKOM paboTe.
Cpoku peanu3zanuu

[Iporpamma paccuutana Ha 2 roja oOy4deHus. [lepuoAUYHOCTD 3aHATUH: €KEHEENBHO.
JIIMTenbHOCTh OJTHOTO 3aHATHS — | akaJeMHYecKuii yac.

CDOpMLI 1 MCTOBI O6y‘~IeHI/I$I



Ne HasBanue pasznenos u tem KosnuecTBo yacos
Bcero Teopus IIpakTuka
10 knacc
Tema 1 BBoanbie 3aHATHA. 4 2 2
XHWMHWYECKUN DJKCIEPUMEHT U
1 poBbIe TA00PATOPUHN
Tema 2 BBegenne B OMOXMMHUIO 2 2
Tema 3 XUMUYECKUH COCTaB 4 3 1
OpraHu3MOB M 0Olee MOHSITHE
00 oOMeHe BeIlecTB M dHEpruu
B )KMBOU MPUPOJE
Tema 4 Benku. Pacman 5 8 6 2
OMOCHHTE3 OEJIKOB.
Tewma 5 DepMeHTHI 6 4 2
Tema 6 Butamunbl U HEKOTOpbIE 6 4 2
Ipyrue OMOJIOTHYECKHU
AKTHUBHBIE COSTUHEHUS
Tema 7 HyknenHnoBbie KUCIOTHI U 4 3 1
uX oOMeH
11 knacc
Tema 8 VYriaeBoasl 1 uX OOMeEH 5 3 2
Tema 9 Jlunmuaer 1 ux oOMeH 5 3 2
Tema 10 Buonoruueckoe 2 2
okucienue u cuare3z AT
Tema 11 l'opMOoHBI W uX poib B 8 6 2
oOMeHe BellecTB
Tema 12 B3aumocBs3b u perymsmus 4 2 2
oOMeHa BEIECTB.
[TpoGmembr
OMOXUMHYECKOH DKOIOTHHU
Tewma 13 IIpoekTHas paborta 10 2 8
Hroro 68 42 26




ConepxaHue porpaMmbl

Tema 1. Xumuueckuii SKCIEpUMEHT U LM (POBBIE 1a00paTopun

udpossie gatunku. O6ume xapakTepucTuku. Ouzmueckue 3QPEeKTs, UCIOIb3YeMbIe
B paboTe NaTUYNKOB.

Tema 2. BBenenue B OMOXUMUIO

bruoxumus — Hayka 0 KaueCTBEHHOM COCTaBe, KOJMYECTBEHHOM COJEpKaHUHM U MpeoOpa3oBaHUSX B
MIpoLIecCe JKU3HENEATENbHOCTH COSAMHEHNH, 00pa3yrouX KUBYI0 Matepuio. Mcropus pa3BuTus OMOXuMUU.
Ponb oTeyecTBEHHBIX yUEHBIX B pa3BUTUU OMOXUMUH. B3anMOCBs3b OMOXHMMUU € MOJIEKYJIIPHOM OHoJIOTHEH,
OMOpU3NKON M OMOOPraHMYECKOW XUMHUEH. 3HAUeHHWE OMOXMMHH IS Pa3BUTHS OWOJIOTHH, MEIUIIMHBI,
OMOTEXHOJIOTMH, CETbCKOTO X03sIICTBA, TEHETUKU U 3KOJOTMU. MeToabl OMOXMMHUYECKUX UCCIEOBAaHUN U UX
XapakTepucTuka. Vcnosib30BaHHE COBPEMEHHBIX CKOPOCTHBIX U aBTOMATHU3MPOBAHHBIX(PU3UKOXMUMUYECKUX
METO/I0B aHaJIn3a JUid OMOXUMUYECKHX 1iesiel. buoxumuyeckue MeTobl MOHUTOPUHTA OKPYXKAIOIIe cpebl.

Tema 3. Xumuueckuil coctaB OpraHu3MoB U 00111ee MOoHATHE 00 0OMEHe BEleCTB

" DHCPTUU B JKUBOU mpupoac TTonsatre o riaBHBEIX OMOT€HHBIX DJIIEMEHTAX. MaKpo- U MHUKPOJJICMCHTHI.
3aKOHOMEPHOCTH PACIPOCTPAHEHHS IEMEHTOB B )KMBOH mpupoe. [IoTpeOHOCTh OpraHu3MOB B XUMHUYECKUX
aNIeMeHTax. BHOTeoXUMHUYECKUil KpYroBOpPOT BEIIECTB B NPUPOAEC — OCHOBA COXPAHCHUS PABHOBECHS
onocdeppl. MacmTabbpl 0OMeHa BEIIECTB B KUBOW mpupone. [lmacTuyeckue W SHEPreTUYECKUE BEIIeCTBA.
buosornyeckn akTHBHBIC COCAWHEHHS, WX POJIb B JKM3HHM YEIIOBEKA, )KMUBOTHBIX M pacTeHuil. [lonsTHe o
MECTULIUAAX U UX BUJAX.

Tema 4. benxu. Pacnag u OnocunTe3 OEIKOB
Pob OenkoB B MOCTpOeHUH M (DYHKITMOHHUPOBAHUH JKUBBIX cUcTeM. [ToHsATHE O MpoTeome 1
MIPOTEOMHKE. AMHHOKHUCJIOTHBIN cocTaB OeKkoB. [TOHATHE O IPOTEMHOTCHHBIX AMUHOKHUCIIOTAX.

Crioco0 cBs3M aMUHOKHUCIOT B OenkoBoit Mosekyne. Ilentuabl. Ilpupomnsie menTtuasl (IJIyTaTHOH,
Ba30IPECCHH, SHKe(DaTHbI, SHAOP(UHBI U JIp.), X GU3UOTIOTHUECKOE 3HAYCHHE U UCII0JIb30BaHNE B KaUeCTBE
MEIUIIMHCKUX TpenaparoB. XUMHUYECKUNW CHHTE3 MENTHAOB 33JaHHOTO CTPOCHUS M BO3MOXKHOCTH HUX
npumeHenus. CTpykrypa OenkoBbix Mosekyn. [lepBuunast cTpykrypa OenkoB. I[IpHHIMIBI U METOJIBI
ompeeNieHus: IEPBUYHOM CTPYKTYpbl Oenka. BropuyHas u HaaBTOpHUYHAs CTPYKTYphl OenkoB. [lonsrue 06 a-
u PB-koHpopManuax nonunentuaHol uenu (padotsl JI. Tlonmunra). [Tapametpsl o-cnivpand NOJUNIEHTHIHOM
nenu. CBsA3b MNEPBUYHOW U BTOPUYHOM CTPYKTYyp OenkoBoi Mmonekynbl. Kiaccudukanus OenkoB 1o
AIIEMEHTaM BTOPHYHOUM CTPYKTYpHl. JIOMEHHBIN MPHHIMI CTPYKTYpHOU opranuzanuu OenkoB. [lonstue o
CTPYKTYPHBIX U (DYHKIIMOHAIBHBIX JOMEHAaX (Ha MpUMepe UMMYHOTJIOOYITUHOB M KaTaTUTHUYECKU aKTUBHBIX
6enxoB). Tpetnunas ctpykrypa 6e1koB. Tumsl cBs3eil, 06ecrieunBarouX MoAep KaHue

TPETUYHOH CTPYKTYpbl. JIMHAMHYHOCTh TPETHUHON CTPYKTYphbl OeiakoB. CaMOoOpraHu3aius TpeTUYHON
CTPYKTYpBI OEJTKOBOM MOJIEKYJIbI U POJIb CIIEU(PHUECKIX OEIKOB-IIAIEPOHOB B 3TOM

nporecce. [Ipeackazanue IpoCTPaHCTBEHHOTO CTPOCHUS OEITKOB UCXOS M3 UX IEPBUYHOM

CTpyKTyphl. UeTBepTHuHast CTpykTypa OenkoB. KOHKpeTHble NpuUMephl UYETBEPTUUHOH CTPYKTYpHI
0enkoB (reMorynoOuH, JakTaT-IAeruAporeHasa, karanasza u jap.). Homenknarypa u xiaccudukanus OeNKoB.
@OyHKIMOHANbHAS KIacCUpHUKAIMs OSTKOB M XapaKTepUCTHKA OTAEIbHBIX



TPYIIL: CTPYKTYPHBIX, COKPATUTEIBHBIX, 3AIIUTHBIX, TOKCHUYECKUX, PEHEHNTOPHBIX U PETYIATOPHBIX.
benku (MeTaIIOTHOHEHHBI, TEMOTJIOOHNH U Jp.).

Pacnan OenxoB. depMmeHThI, ocymiecTBIsIOmME pacnayn OenkoB. [IpoTeacoMbl — KOMIUIEKCHI
MPOTEOJIMTUIECKIX (PePMEHTOB. MaskOpHBIE OEIKU KPOBH KaK HCTOYHHUKH OMOJIOTHUYECKU

aKTHBHBIX MENTHI0B. MeTabonm3M aMUHOKUCIOT. KoHeuHbIe TPOAYKTHI pacrnajia OeIKOB U MyTH

CBSI3BIBAHUS aMMUaka B opranm3me. [lyrn HOBOOOpa3oBaHHsS aMUHOKUCIIOT. [IepBUYHBIC U BTOPHYHBIC
AMUHOKHCIIOTBL. 3aMEHUMBbIE M HE3aMEHHMMbIE AMHUHOKHUCIOTHL. buocunTe3 OenkoB. Marpuunas cxema
OnocuHTe3a 0eJIKOB. AKTUBHpPOBaHUE aMUHOKHCIOT (cuHTe3 amuHOAII-TPHK). Ctpoenne pubocom. Cocras
MPOKAPUOTHYECKUX M DdYyKapuoTudeckux pudocoM. [lomupubocompl. DTambl TpaHCHSIUU (MHUIIUAINSA,
AIIOHTalMs, TepMUHanus) U ux perymsinus. Kox OenkoBoro cunre3a. OCOOEHHOCTH T€HETHUECKOIro Koja
MHTOXOHJIPUH U XJIOPOIUIACTOB.

JlabopaTopHbIii pabOTHI

1. Onpenenenuie cpenbl paCTBOPOB aMHUHOKHCIIOT.

2. OnpeneneHne U303JIEKTPUUECKON TOUKHU KEJTATUHBI.

3. Onpenenenue TemMrnepaTypsl IJIaBICHUS aMHUHOKHUCIIOT.
4. BiusiHue TeMIepaTypbl Ha CBOICTBA OEJIKOB.

5. Biustnue n3menenust pH Ha cBoiicTBa OENIKOB.

6. LIBeTHBIC peakmy Ha OCTTKHU.

Tema 5. @epMeHTHI

Pa3nooOpa3ue KaTalMMTHYECKH AaKTUBHBIX MOJEKysl. Kartaimutudecku akxkTUBHBIE O€TKH (SH3UMBI),
karanutuuecku akTuBHbIe PHK (prbo3uMel), KaTaIMTUUECKH aKTUBHBIC aHTUTENA (a031MBI).

Karanutuueckas ¢pyHnkuus 6enkoB. Pa3nuuus B cBolicTBax (epMEHTOB U KaTaau3aTOPOB MHOU
npupo el CrienuduaHoCTh AeCTBUS (hepMeHTOB. Posib oTeuecTBeHHBIX yuéHbIX (M. I1. [1aBmos,

A. E. bpaynmreitn, B. A. DHrenbrapar u ap.) B pa3BUTUU 3H3UMOJIOTHH. [loHSATHE O CyOCTpaTHOM U
AIJIOCTEPUYECKOM IIEHTpaX B MoJiekyne ¢epMeHToB. DepMeHThl MOHOMEpHI (TPUIICUH, JH30LKUM) U
MYJIbTUMEPBI (TIyTaTHOH-penykTas3a). [loustue o kopepmentax. KobepMeHTh — MEPEeHOCUUKH BOAOPOJA U
anekrpoHoB (HAJ[, HAIA®D, ®AJT), u atomusix rpynm (ATD, kobpepment-A, HIAD-caxapa). MHOKEeCTBEHHBIE
dbopMbI PepMEHTOB U UX PYHKIMOHAIBHOE 3HAYCHHE.

N3odepmenTsl nakTaTneruaporeHasbl. 3Hau€HHWE HCCIEIOBAHHMS MHOXECTBEHHBIX (OpM (epMEHTOB
JUIS. MEJTUITMHBI, TEHETUKH, CEJICKIIMM 1 MOHUTOPUHTA OKPY)KaroIen cpenbl. MexaHus3m aeidcTBUs pepMeHTOB.
depMeHT-cyOcTpaTHbIe KoMIUIeKchl. KoHcTanTa muccouuanuu (epmeHT-cyocTpaTtHoro komruiekca (KS) u
koHcTaHTa Muxasnuca (KM). AKTUBAaTOpBI U MHTHOUTOPHI

bepMeHTOB. BinsiHue KCEHOOMOTHUKOB Ha aKTUBHOCTH (hepMeHTOB. HoMeHKIaTypa M Kiaccudukaius
depmenToB. [lpuniunel kinaccudukanuu  ¢GepMeHTOB. [IpOMBINIUIEHHOE TMOJYYeHHE W TMPAKTHYECKOE
UCTOJb30BaHue (QepMeHTOB. [lepCreKTHBBI MPAKTHUECKOTO HWCIOJIb30BaHUS PUOO3UMOB W a03UMOB IS
00pBOBI C 3200I€BaHUSIMH YEIIOBEKA.

JIaGopaTopHbIil paboThI

1. TepmonaOuIbHOCTH (hEPMEHTOB.



2. BiusiHue akTHBaTOPOB M HHTUOUTOPOB Ha paboTy (hepMEHTOB.
Tema 6. ButaMUHBI 1 HEKOTOPBIC IPYTHE OMOJIOTHISCKU aKTUBHBIC COSTUHEHUS

I/ICTOpI/IH OTKPBITHUS BUTAMHHOB. Ponp BUTAaMHMHOB B IMUTAHWHM YeJIOBEKa M JKUBOTHBIX. ABI/ITaMI/IHO3BI,
THIIOBUTAMUHO3BI, THIICPBUTAMUWHO3EI. CooTHOIIIEHHE BUTAMHUHOB U KO(i)epMeHTOB.

Buramepus. JKupopacTBopumMble BUTAMUHBL. BUTamMuH A 1 €ro ydactue B 3pUTEIIBHOM aKTe. BUTaMUHBI
D, K u E u ux pons B o6meHe BeiecTB. BoopactBoprumMble BUTaMuHbl. Butamunsl B

B2, B5, B6, B12, ux 3Hauenue B oOMeHe BemiectB. Butamun C (ackopOuHOBas Kuciiota). PazHooOpasue
OMOJIOTMYECKH AKTUBHBIX COCIUHCHHA: aHTHBUTAMUHBI, AHTUOMOTHUKH, (UTOHIUIBI, TepPOUIIUIBI,
neQoIuaHThl, POCTOBBIE BEIIECTBA (BaXKHEHUIINE MPEICTAaBUTENN U MEXaHU3MBbI IEUCTBUSA).

JlabopaTopHbie pabOTHI

1. KauecTBeHHas peakuysi Ha BUTaMUH A.

2. KonnuectBeHHOe onpenenenre ButamuHa P B yae.
Tema 7. HykienHOBBIE KUCTIOTHI U UX 0OMEH

I/ICTOpI/ISI OTKPBITUA W H3YUYCHHA HYKICUHOBBIX KHCIOT, HUX XAMHYECKHI COCTaB. XapaKTepI/ICTI/IKa
IMYPUHOBBIX U MUPUMHINHOBBIX OCHOBaHI/II\/’I, BXOOAMIUX B COCTaB HYKJICMHOBBIX KHUCJIOT.

JIBa Tuma HYKJIEWHOBBIX KHUCIOT: Ae30kcupuOonykienHoBas kuciora (JHK) u pubonykinemHoBas
kuciora (PHK). Pazmuums mexny JIHK m PHK mo cocraBy riaBHBIX a30THCTBIX OCHOBaHUWH, MEHTO3aM,
MOJIEKYJISIpHOM Macce, JTIoKaau3anuu B KieTke U QyHkiusam. CTpykTypa u GyHKIHH

JHK. Cognepxanue JIHK B opranmsme u mokanuzanus €€ B KIeTKe (SIp0, MUTOXOHIPUH, XJIOPOILIAcTa,
anucomsl). Pazmep u popmer monekyn JIHK. Konsrieas popma JIHK HexoTopsix

(haros, MuTOXOHAPUIA U XsoporuiactoB. [lepeuunas ctpykrypa JJHK. Ycenexu u nepcnekTuBsi B

pacmiupoBKe CTPYKTYpbl T€HOMOB MHUKPOOPraHM3MOB, PAacTeHUH U KHUBOTHBIX. [Ipoekt «I'eHom
yenoBeka». Bropuunas crpykrypa JHK (momens JIx. Yorcona m ®. Kpuka). KomrmiemeHTapHOCTH
a30TUCTBIX OCHOBAHUM U €€ 3HaUEHUE JIIsl BOCIIPOU3BEACHUS CTPYKTYpPhl T€HOMOB.

Tpernunas crpykrypa JHK. Ceepxcnupammzanus JIHK. M30bITOYHOCTP MU KOMITAKTHOCTH MOJICKYJI
JIHK. Crpoenne xpomaruna. Myranuu B JJHK u dakropsl, ux Bei3eiBatomue. Penapanus crpykrypst JJHK u
e€ 3HaueHue A coxpaHeHus BuoB. HacnencrBennsie 3a0osneBanus. PHK,

ux knaccudukanus (TPHK, pPHK, MPHK, msPHK, TMPHK, Bupycusie PHK). CpaBHutenbnas

xapakrepuctuka BuaoB PHK mo ux crpykrype u QynHkuusam. Mexanusm OuocuHTe3a (peruiMKaiuu)
JHK. ®epmentsl (PHK-monumepasa, JIHK-nonumepasa, JJHK-nuraza) u 6enkoBbie (hakTOpbl, y4acTBYIOIIUE
B perunkanuu JIHK. PernnkannonHas Buiika u stanbsl 6uocunTesa JJHK.

OcCoOeHHOCTH peIUIMKaluU Yy Mpo- U 3ykapuoT. buocunte3 PHK (Tpanckpunuus) u e€ perymsiuus y
npo- u sykapuoT. [lonsrue o TpanckpunToHax u onepoHax. Co3peBaHue (IIPOLECCUHT)

PHK. Crnunaiicunr u ero Buapl. Ayrocmiaiicunr. «Pegakrupoanue» PHK. Ob6patnas TpaHckpuniums u
e 3HaueHHWe JJIs CYIIECTBOBaHMs BHPYCOB (Ha MpuUMepe BHpyca MMMYHOJE(QUIIMTA YeTOoBeKa U BUPYCOB
rpUNa) ¥ BHyTPUTEHOMHBIX nepectpoek. [IoHATHe 0 MOABMKHBIX T€HETHUECKUX JEMEHTaX M UX 3HAaYeHUU
JUIS SBOJIIOLIMM IeHOMOB. [IoHATHE O reHeTMYecKol MH)KEHEepUH. [IpMHLIMIBI U CTpaTeruu MOJIEKYJISIPHOTO
KJIIOHUPOBaHUA. JJoCTHKEHUS U IEPCIIEKTUBBI



MOJICKYJISIPHON OMOTEXHOJIOTHH.

JIaboparopHbie pabOThI

1. Beigenenue HyKJI€ONPOTEUHOB U3 JPOKKEH.

Tema 8. YrieBoasl u uX 0OMeH

Krnaccudukarus yrieBonos. [IpocTeie yrieBoapl (MOHOCAXapUIbl) U MX IPEICTABUTEIIN

(pubo3a, rmoko3a, (pykrosza, ramakrosa). Cioxnble yrineBonsl. Jlucaxapuapl (caxaposa, JIaKTO3a,
ManbeTo3a). [lommucaxapuabl, WX CTPYKTypa M TpEICTaBUTENU (TJIMKOTEH, Kpaxmas, KJIeT4aTKa, XWUTHH).
OyHKINHU YTIIEBOIOB (3HEpreTndeckasi, MeTadoJuuecKas, pelenTopHas u ap.).

['mukonpoTenHbl Kak 1eTepMUHAHTHI rpynn kpoBu. OOMeH yriesooB. [lytu pacnana nonucaxa-
punoB. Perynauus pochoponusza npu yuactuu ropmoHoB, G-6enkoB, TAM® u npoTeMHKUHA3.

OOmMeH TII0K030-6-ochaTa (IMXOTOMHUECKHI U amoToMudeckuid mytd). OOMEH MHPOBHHOTPATHOU
kucnotThl. ['mukonus. CnuproBoe Opoxenue. [leiicTBue 3TaHosia HAa opraHu3M 4enoBeka. [lonuepMeHTHBIM
KOMILJIEKC OKHUCIUTEIBHOTO JeKapOOKCHUIMPOBAHMS MUPOBUHOTPATHONW KUCIOTHL. LMK TpHKapOOHOBBIX U
JTUKapOOHOBBIX KHUCIIOT, €T0 3HAUYCHHE B OOMEHE BEIICCTB W OOECIeYeHNH OpraHu3Ma dHeprueil. buocunres
yrieBosioB. [loHsiTHE O TEpBUYHOM OWOCHHTE3€ YIJIeBOJOB. [okoHeoreHe3. buocuHTe3 onuro- u
MOJINCAXapHUIOB.

JlabopaTopHbie pabOTHI

1. IIBeTHBIEC peakuK Ha Kpaxma.

2. KadecTBEeHHBIE PEAKIMIO HA MOHO- U JUCaXapHIbl.

Tema 9. JIunmuaer 1 ux oOMeH

OO6mrast XxapakTepucTuKa U Kiaccudukanus JunuaoB. CTpykrypa u GyHkuuu Junuaos. Pois

JUNUAOB B MOCTPOCHUU Ouosormdyeckux memOpanH. CTtpykrypa ¥ (yHKIHH JIUNONpoTenHOB. OOMeH
XKUpoB. Pacnaz »kupoB U B-OKUCIIEHNE BBICIIUX KUPHBIX KUCIOT. [ TMOKCHUIIEBBII LIMKII U

€TI0 POJIb BO B3aUMOCBA3H oOMeHa JIMIIUAO0B U YIJICBOJOB. MexaHu3M OHMOCHHTE3A BHICIITHNX
JKUPHBIX KHUCJIOT. buocuntes TPUTIALCPUIOB. HapymeHI/I;I B 0OMeHe JKUPOB. O)KI/IpeHI/Ie Hu €ro

npuuuHbl. Bocku, ux crpoenue, GyHKIMU U MpPEACTaBUTENHU (CriepManeT, MueauHblil Bock). CTepuabl.
Crepodsl (xo1ectepol, sprocrepoi u ap.). CTpykTypa u QyHKIUU CTEPOUIOB (XOJIEBASIKUCIOTA, CTEPOUIHBIE
ropmonsbl). ®Docdonunuasl. buonorudeckas ponb dochomunuaoB. DPocHoMHOZUTHABI KaK HUCTOYHHKHU
BTOPUYHBIX OCPETHUKOB TOPMOHOB.

JIaGopatopHble pabOThI

1. Onpenenenuie TeMepaTypsl IUIABICHUS U 3aTBEPACBAHMS JKUPOB.

2. OMynbIrupOBaHUE KHUPOB.

Tema 10. buonornueckoe okucinenue u cuntes ATO

HcTopust n3yueHus mpoLeccoB OMoIornyeckoro okucienus: padotst A. H. baxa, B. .

[Manmnamuna, O. BapOypra, B. A. DOwuremerapara. PasnHooOpasue ¢epMeHTOB OHOJIOTHYECKOTo
okucieHua. CHCTEMBl MHUKpPOCOMAJbHOIO OKHCIEHMs B Kierke. lLluroxpom P-450 u ero ponp B



JIETOKCUKAITMMKCEHOONOTUKOB. CynepoKCcHIMCMyTa3a, Karajaa M HMX poOJb B 3allUTE€ OpraHu3Ma OT
akTUBHBIX ¢dopMm kuciopoma. Comnpspkenue okucieHuss ¢ (docopummpoanuem. CyOcTpaTtHoe
dochopunmupoBanre u QochopuiupoBaHue Ha YpPOBHE OJIIEKTPOHHO-TpAaHCIOpTHOW menu. [loHsTHE O
comnpsratomeid memOpane mutoxouapuid. Ctpoenne npotonHoit ATda3pl 1 BepOsATHBIE MEXAHU3MbI CHHTE3a
ATO.

Tema 11. ['opMOHBI U UX POJIb B OOMEHE BEILIECTB

Knaccudukamus ropmonoB. CrepougHble TOPMOHBI: KOPTHKOCTEPOH, TECTOCTEPOH, 3SCTPaIHoI,
9KIM30H. MeXaHn3M NEeUCTBUS CTEPOUIHBIX TOPMOHOB. [lenTuHble TOPMOHBI. XapakTEpUCTUKA MHCYJINHA,
rOpMOHA POCTa, TUPEOTPOIIMHA, FacTpUHA, Ba3omnpeccuHa. MexaHnu3M JIeHCTBUS NENTUIHBIX FOPMOHOB (Ha
IpuMepe TIoKareHa U nueyanHa). CaxapHelil 1uaber u ero

BUJbl. [Ipoune ropMoHsl (apeHaNNH, ayKCUH, IMOOEepeNIMHbl, TUTOKUHUHBI, MPOCTArJIaHIuHbI), UX
CTpYKTypa U MeXaHu3M JeictBus. Punusunr-gakropst ropmonoB. Heiporopmonsl (3HIOpOUHBI U
sHKe(anuHbl). [[pumMeHeHne ropMOHOB B MEUIIMHE U CEIbCKOM XO3SIICTBE.

JlabopaTopHbie pabOTHI

1. KayecTBEeHHBIE peaKIIMN HA UHCYJIHH.

2. Peakuus afpeHanrHa C XJIOPHBIM KEJIE30M.

3. Peakuusd aipeHaqnHa ¢ MOI0M.

Tema 12. B3auMocBs3b U perymsiius oOMeHa BemecTB. [1po6iemMbr OHOXUMHUUECKOM SKOJIOTUH

OOmrre npencTaBIeHUs O B3aUMOCBSI3UM OOMEHa BEIIeCTB B KieTke. [IoHATHE 0 KITI0YeBBIX MeTabO0IMTax
(mupoBUHOTpaaHAsE KUCIOTa, KodhepMeHT-A u 1p.). B3auMocBs3p OETKOBOTO W HYKJICHMHOBOTO OOMEHA,
3HA4YCHUE PETYISATOPHBIX OETKOB. B3anMOCBsI3b yriaeBOJHOTO M OEIKOBOrO 0OMeHa. Pojb MUpOBHUHOTpAIHOM
KACIOTHI W 1uKina Kpebca B 3TOH B3amMOCBs3M. B3anMocCBsS3b OOMEHa YriIeBOJOB M JIUIHJIOB; POIb
aIleTUIIKOAH3UMAa-A B 3TOM TIpoliecce. YPOBHH PEryisiiiid OOMEHa BEIECTB: KJICTOYHBIH, OPraHU3MEHHBIH U
MOMYJISIIUOHHBIA.  TpaHCKPUITIIMOHHBIA  (ONEPOHHBIN) ypoBeHb perymsinud. OCHOBHBIE MEXaHH3MBI
perynsiuu oOMeHa BemecTB B KieTke. OpraHM3MEHHBIH YPOBEHb PEryisiuu. ['OpMOHAIbHAs pPEeryJsius
oOMeHa BEIEeCTB.

KaCKaI[HHﬁ MCXaHHW3M PErysiun ¢ yHaCTUEM 'OPMOHOB M BTOPUYHEBIX ITIOCPEAHUKOB. HOHYHHHI/IOHHBIP'I
YPOBCHb PCTYIIAALNH. AHTHOHOTUKHU MI/IKpO6OB, (1)I/ITOHLII/II[LI paCTeHHﬁ, TCICPIrOHBIKMBOTHBIX W UX BJIMAHUC
Ha IIpoHCCChbl KXHU3HCACATCIIbHOCTH. DKOJIOr0-0MOXUMHUYECKHE B3auMMOJACUCTBUS C yY4aCTueM pPa3IMIHbIX
rpymnmn OpraHu3MoB: MHKPOOPIraHU3MOB, FpI/I60B, BBICIIIHUX paCTeHHﬁ, JKUBOTHBIX. TOKCHUHBI paCTeHHﬁ.
ITumessie JACTCPPCHTBI U aHTI/I(bI/II[aHTBI. ITumeBsie ATTPAKTAHTBI W CTUMYIIATOPHI. XeMOper.]'IHTOpr,
BOSHCﬁCTBymH.IHC Ha II03BOHOYHBIX >XMBOTHBHIX. HakomieHue M HMCHOJIb30BAaHHE >KMBOTHBIMH BTOPHUYHBIX
MeTa00JIUTOB paCTeHHﬁ. AHTpOHOI‘eHHHe OHMOAKTHUBHEBIE BCIICCTBA U HpO6J'I€MBI XUMHUYCCKOT'O 3arpsA3HCHHUA
61/100(1)6131)1. DKOJIOTUYECKH 0€30IMacHbIC CIIOCOOBI BO3JCHCTBUS Ha Pa3JIMYHBIC BUABI JKUBOTHBIX, paCTeHI/Iﬁ n
MHUKPOOPraHU3MOB.

Tema 13. [IpoekTHas pabota
[Ipennaraercs Uit MPOEKTHOW pabOTHI ClIEAYIOIINE TeMbI (IPUMEPHBIE):
1. KayecTBeHHBIE peaKIIMl HA aMUHOKHUCIIOTHI U OEJIKH.

2. TlpuroTtoBieHue pacTBopa Oenka (SUYHOTO ansOymMuHa). Pa3nenenune OETKOB KypHHOTO SHIA MO UX
pactBopumocTu. JleHatyparus 6ei1koB (oOpatumMasi U HeoOpaTuMmas).



3. CpaBHUTENBHBIN aHATH3 TPOJTYKTOB KUCIOTHOTO U (DEPMEHTATUBHOTO THIPOJIH3a
T~ ¥ TIOJIMCaXapuI0B (Ha MpUMepe caxapo3bl U Kpaxmaia).

4. CneunduyHOCTH NeiicTBUS PEepMEHTOB (aMUIa3a).

5. BinusHue Ha aKTUBHOCTH (hepMEHTOB TemmepaTypsl, pH, akTUBaTOPOB M HHTUOUTOPOB.
6. Brigenenne puOOHYKICOPOTEHHOB U3 APOACKEH.

7. KauecTBeHHOE OTIpeiesieHre TIPOYKTOB THIAPOJIH3a PUOOHYKICOTTPOTECHHOB.

8. BblecHHE TIIMKOTeHA U3 TTIEYCHH KUBOTHBIX. COIMOCTABIICHNE CTPYKTYPHI TIIMKOTCHA U KpaxMaa.
9. Paznenenue yriaeBoJ0B METOJOM TOHKOCIOWHOW XpoMaTorpaduH.

10. Twmaponu3 )KUPOB MO ISHCTBUEM JIUIIA3HI.

11. BimsHue Keruyu Ha aKTUBHOCTB JIMTIA3HI.

12. KauecTBeHHBIC peaKIIMH Ha TOPMOHBI

13. buoreHHas KiacCHU(PHUKAIUSI XUMHISCKUX HIICMEHTOB.

buonornueckn akTUBHbBIE BelleCTBA. BUTaMHUHBI.

buonorndecku akTuBHBIC JOOABKU: TTPO(aHAIMS WIH MMTOJIB3a?

buonoruyeckas pojib BUTAMUHOB.

14. Buramun C u ero 3HadyeHue.

15. HckyccTBeHHBIE )KMPBI — yrpo3a 3I0POBBIO.

16. Hcnonb3oBaHHUE APOXIKEH B MUIIEBON MTPOMBIITUICHHOCTH.

17. HccnenoBanue pU3NKO-XUMUYECKUX CBOICTB MOJIOKA Pa3HBIX POU3BOIUTENEH,
MMEIOIIUX YKOJIOTHYECKUN cepTuduUKar.

18. Hona B mpoayKTax MUTAHUS U BIMSHUE €0 HA OPraHU3M YeIOBeKa.
JlaGopaTopHbie pabOTHI

JlaboparopHas padota Ne 1

«OrmpeneneHue cpeabl paCTBOPOB AMUHOKHUCIIOT

TeopeTrnueckas yactb

KucnotHo-ocHOBHBIE CBOMCTBA 0-aMUHOKHCIIOT

IIo HpOTOJ’IHTH‘-ICCKOfI TCOpHUU KHUCJIOT U OCHOBaHHﬁ, 0-aMHUHOKHCJIOTBI OTHOCATCA K aM(bOHHTaM, TakK
KakK COJCp:KaT B COCTAaBE€ MOJICKYJIbI KUCIIOTHBIT M OCHOBHOM LCHTPEIL. B BognOoM pacTBOpC MOJICKYJa O-
AMHWHOKHUCIIOTHI CYHICCTBYCT B BUJIC 6I/IHOJ'ISIpHOl"O HOHa.

B 3aBucumoctu ot pH cpenpl MokeT npeobiaiaTh TOT WM WHOU 3apsil.
B cunbHokucnbix cpenax (pH 1—2) popmupyetcst katnoHHas Gopma o-aMUHOKHUCIOTHI.

B cunpHOmenounoi cpene (pH 13—14) npeobnanaet annonHast popMa o.-aMHHOKUCIOTHI.



CymectBytoT 3HaueHuss pH crneneduyeckue s Kaxa0W aMHHOKUCIOTBI, B KOTOPOW KOJIUYECTBO
AaHWUOHHBIX ()OPM B PACTBOPE PABHO KOJUYECTBY KATHOHHBIX (opMm. [Ipu 3TOM HE0OXOIUMO YYHUTHIBATH
HaJIMYMe UOHOTCHHBIX TPYMIUPOBOK OOKOBOM LIEITH.

3nauenue pH npu KoTOpoM OOMmMIA 3apsii MOJICKYNIBI (-aMUHOKHUCIOTHI paBeH (), Has3bIBaeTCs
M303JIEKTPUYECKON TOUKOl a-aMuMHOKUCIOTH (pHAK).

Ecnu pH pactBopa cCOOTBETCTBYET M303JIEKTPUUECKOM TOUKE O-AMUHOKHUCIIOTHI, TO MPHU

anekTpodopese He MPOUCXOTUT JBIWKEHHS MOJIEKYIsl B pactBope. Ecmu pH pactBopa <pl, To
KaTHOHHAs (opma 0-aMHUHOKHCIOTHI JIBIKETCs K kKaroay. Ecimu pH pactBopa >pl, To anmoHHas ¢opma o-
aMUHOKHCIIOTHI ABMKETCS K aHoly. Ha aToM ocHoBaHo paznenenune AK metonom anextpodopesa.

I[J'ISI OOJIBIIHHCTBA OCIKOB JKUBOTHOT'O IMPOUCXOKIACHUA U30JICKTPUUCCKUC TOYKHU JICIKAT

B npenenax ot 5,5 no 7,0 (uckmouenue: nencud —pl = 1, campmun — pl = 12), T. e. 6enku o0nanawT
OoJtee BBIPAXKCHHBIMH KHCJIOTHBIMU CBOMICTBAMU

[Ipu pusnonornyeckux 3nauenus pH 7,34—7,36 invivo H1 OJHA 0.-aMHUHOKHUCIJIOTAa U HU

olMH O€lOK He HaXOJWUTCA B HU303JIEKTPUUYECKOM COCTOSIHHUHM, a IMpeolsajaeT aHHOHHAas Qopma,
OTpHUIATENbHBIN 3aps]l KOTOPOH ypaBHOBEIINBAETCS KaTnoHaMu HaTpus u kanus (Nat+ u K+).

[IpakTrueckas JyacTpb

Lenb: onpeaenuts pH pacTBOpOB aMMHOKHUCIOT W CAENATh BBIBOJ O 3aBUCHUMOCTU 3HaueHUs pH ot
CTpOEHHUSI aMHUHOKUCTIOT. [IpoAoKuTh N3yyaTh BO3MOKHOCTH JAaTYMKOB U IIporpammsbl RelabLite.

PeaxTuBbl n 0o0opynoBaHue:

1. KommsroTep.

2. KomnsrotepHsiii uatepdeiic cbopa manabix ReleonlLite.

Hatuuk onpenenenus pH, XxumMudeckue cTakaHbl, IPOMbIBAJIKA, BOJA TUCTHILIUPOBAHHAS,
0,01 M pacTBOpBI aMMHOKHCIIOT (TJIUIIMHA, AJJAHWHA, TITYTAMUHOBOW KUCIIOTHI, TU3HUHA).
WHucTpyKius 1o BBIMOJIHEHUIO J1a00paTopHOil paboThI:

1. 3akpenure matynk pH B jamke mrTaTHBa W MOAKIIOYUTE U €r0 K IJIAHIIETHOMY PErucTpaTopy
(xommbroTepy). 3amycTute nporpammy u3mepenuii ReleonLite.

2. B xumunyeckuii crakad Hanelte 30 M1 pacTBopa IiiMiuuHa, onyctute qatuuk pH. Konunk

YYBCTBUTCIILHOTO 2JICMCHTA NOJIKCH OBITH l'IOl"py}KéH B paCTBOp HC MCHEC 4YCM Ha 3 ¢cM U He KacaThbcs
HH JHA, HU CTCHOK CTaKaHa.

3. HaxxmuTte kHonKy «Ilyck». 3adukcupyiite nokasanus pH pacTBopa aMHUHOKHCIIOTHI.
4. TIpomoiTe NaTYMK U3 pacTBOPA JUCTUIUIMPOBAHHON BOJOM.

5. AHaJIOTMYHO MOBTOPUTE MNII. 2—4 171 APYTUX aMUHOKHUCIIOT.

6. Pe3ynbTarhl H3MepeHnii 3aHECUTE B TAOJIHUILY.

7. Cuenaiite BBIBOI.



Pe3ynbrarel u3MepeHuii/Ha0IroIeHU N
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JlaboparopHas pabota Ne2
Omnpenenenre U303JIEKTPUIECKON TOUKH KEITATHHBI
TeopeTrnueckas yactb

B I/I303J'ICKTpI/I‘-IeCKOI\/’I TOYKE pPACTBOPLI OCIIKOB HGYCTOﬁQHBBI. MOJ'ICKy.]'ILI Ocnka ¢ OJAWMHAKOBbBIM
KOJIMYCCTBOM IMOJIOKUTCIIBHBIX U OTPHUHATCIIBHBIX 3apA10B JICTKO BBIITAJJdalOT B OCaJI0K.

3HadeHue pH, COOTBETCTBYIOLIICC I/I303J'ICKTpI/I‘leCKOI71 TOYKEC, SBJIACTCA XapaKTCPpHbIM JISI KaXIO0TI'0
Oeka. Brimagenue Oelka B 0CaO0K MOKHO YCKOPUTDH ,Z[O62[BJ'ICHI/ICM BOJOOTHHUMAIOIINUX

BCIICCTB, HATPHUMEP 3THJIOBOTO CITUPTA.

XKenarnHa (KenmaTuH) — IMOJIUAECIIEPCHAs] CMECh MOJIMIENTHAOB (MoNeKymsipHas macca—50—70 ThIC.
J1), oGpazyemMas U3 KoJIIareHa.



XKenatuaa oOpaTuMO KOAryIMpyoIUi KOJUIOHI, MOJTydaeMblil u3 GpuopuiisipHoro Oenka

KOJIJIaT€HAa BBIBAPUBAHMEM B BOJIE ILKYPBI KMBOTHBIX, KOJKH, KOCTEH, XpsIIEH MU CYXOXWIHH, T. €.
MaTepHuala, B KOTOPOM COAEPKUTCS KojutareH. Koctu nepen KunsueHueM 0ObIYHO CHavyasia 00e3KHUpUBAIOT, a
UX MUHEpAJIbHbIE KOMIIOHEHTHI YIAISIOT, 00pabaTeiBas Kuciotoil. LIkypy, KoKy U CyXOXKHIINSI IPOMBIBAIOT
00pabaThIBaIOT U3BECTHIO, YTOOBI Pa3MATUUTh KOJJIAreH MEpe]] €ro MpeBpalieHneM B kenatuny. [lomydenue
JKEJIaTUHBI CXOJHO C IOJIY4YEHHEM KIesl, HO BBIBAPMBAHHUE B IIpoLiecCe €€ MPUTOTOBJIEHUS JJIUTCSA HE CTOJIb
JOJIT0O U HE NPHUBOJUT K IOJHOM JErpajlallii KoJUIareHa 10 KUIKUX KOHEYHBIX MPOAYKTOB, IOITOMY Yy
KEJIATHHBI KEJIATHHUPYIOIIAst CIOCOOHOCTD BBIIIE, YEM y KJIIEsL.

[Toutn 20% Beca xKeNaTUHBI COCTABIISIET AMUHOKHUCIIOTA TIUIMH. Takue OeTKOBBIE MPOIYKTHI, KaK MSCO,
OCHBI ATOW AMUHOKHCIIOTOM, SIBJISFOIICHCS OJHUM W3 HCTOYHUKOB DHEPIHH JUIS OpPraHW3Ma, IM03TOMY
KEJIATHHY MOYKHO CUHTATh IPEKPACHOU T0OABKOW K MSICHOMY PaIllioHYy.

B kadecTBe 00paTMMO KOaryiaMpyroolero KOJUIOMAA JKENaTHHA IPEeJOTBPAIacT KPUCTATUIU3ALUI0
caxapa; C 3TOH LeJIbl0 €€ MPUMEHSIOT B KOHJUTEPCKON MPOMBIIIJIEHHOCTH U MPU U3rOTOBJICHUH MOPOKEHOTO.
B npousBoacTBE MOpPOKEHOTO €€ HCIONB3YIOT TAKXKE A TOTr0, YTOOBbl YMEHBIIUTH CBEpThIBAaHUE O€jKa,
Ka3enHa, Ojarojaps 4yeMy U caM Ka3euH, W JKUp B MOJIOKE Jydlle ycBauBaroTcs. JKenaTuHy H00aBIsIOT BO
MHOTHE JOMalHue Onroa U B nosygabpukaTel TOPTOB U KeKCOB. B kauecTBe Oenka-MoaudukaTopa OHa
MOJXKET CIY>KUTh IIPEBOCXOHBIM PEAKTUBOM Jisi OOHAPYKEHHsI HEOOJIBIINX KOJTMYECTB TAaHUHA.

[IpakTrueckas JyacTpb

PeaktuBbl 1 obopynosanue: 0,5%-i pactBop xenatusbl; 0,1 M pactBop ykcycHo#l kucinotsl; 0,1 M
pactBop auerata HaTpusi; 96%-i STHIOBBIM cUPT, MPOOUPKHU; MEpHBIE MUIETKH, AATUYUK ompenenenus pH,
XUMUYECKHE CTaKaHbl, MPOMBIBAJKA, BoJa AUCTWLIMpoBaHHas. Kommberotep. KommbioTepHbiii mHTEpdElic
coopa nanHbix ReleonLite.

WNHCTpyKIUS 110 BBITIOJIHEHHIO JTa00PATOPHOM pabOTHI:

1. B naTh npoHyMEpOBaHHBIX MPOOUPOK MPHIICHTE pacTBOPHI YKCYCHOW KHCIOTHI U alerata HaTpus B
KOJIMYECTBAaX, YKa3aHHBIX B TaOIUIIE.

2. Tlocne yero B Kaxk1yto mpooupky n1o6asbte 1o 1 cmM3 pacTBopa skeaTUHBI M XOPOILIO TepeMeniaire.
3. B xaxayro npoOupKy rnpudaBbTe 1Mo 4 cM3 3THIOBOTO CIIUPTA U CHOBA MIEPEMEIIIANTE.

4. Yepe3 5—10 MuUH OpoCMOTPHUTE BCE MPOOUPKU M OLIEHUTE CTENEHb MYTHOCTU MOJYYEHHBIX CMECEH.
pH Hanbonee MyTHOI cMecH COOTBETCTBYET U30JIEKTPHUUECKON TOUKE KeJIaTHHA C IOMOIIbIO faTunka pH.



	 Приказа Министерства Просвещения № 712 от 11 декабря 2020 г. «О внесении изменений в некоторые федеральные государственные образовательные стандарты общего образования по вопросам воспитания обучающихся».

