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AHHOTaANuA

B Hacrosimiee BpeMsi MOCTIKEHUS OMO(DH3MKM, OMOTEXHONOTHMH W HAHOTEXHOJIOTHH
BBI3BIBAIOT 0OJBIION HMHTEpec B oOmiectBe. st pa3BUTHS JUYHOCTH MIKOJBHHKA TPETHETO
THICSYENICTUS HEOOXOMMO 00ECIIEYUTh €r0 COBPEMEHHBIMH 3HAHUSIMA OCHOB HayK, HOBEHITUMHU
METOJaMH TO3HAHUS 3aKOHOMEPHOCTEW Pa3BUTHS MPHUPOJABI M OOIIECTBA, CIIOCOOCTBYIONIMMHU
€ro OpPHEHTAIlMH B PA3IUUHBIX cdepax nesTenpbHOCcTH. COBpeMEHHOE O0Y4YeHHE MIKOJIHHUKOB
HEBO3MOXXHO 0€3 03HAaKOMIICHHS C MPUOPUTETHBIMU HAIPABJICHUSMH OMOJIOTUYECKUX HAYK, MX
MHTETPalluei C APYrUMHU MEPCIIEKTUBHBIMU CMEXHBIMH OOJIACTSIMH, YTO pacIIupsieT 001acTH ux
npoeCCHOHAIBHONW OpUEHTAlU. Takke Kypc CrnocoOCTBYeT (OPMUPOBAHUIO HAYYHOTO
MBIIUICHUSI U OOBEKTHBHOMY IOHMMAHUIO >KU3HEHHBIX SBICHHA M TPOIECCOB HAPYLICHHUS
KHU3HEIEATENIbHOCTH opraHu3MoB. CojepkaHue Kypca OObEKTHBHBIM 00pa3oM JIEMOHCTPUPYET
HEMPEPbIBHOCTh B M3YYCHHUH TMPHUPOJBI, IOKA3bIBas TECHYIO B3aMMOCBS3b (PU3UUECKUX,
XUMHYECKHX ¥ OMOJIOTHUYECKUX 3aKOHOMEPHOCTEH.

Jlanuelii Kypc peanusyercs Ha 0aze meHtpa «Touka pocra» ¢ HCIOIB30BaHHEM
nudposoit maboparopuu MO XUMHH, UTUPPOBOH TaOOpPATOPUU TI0 DKOJIOTHH, HHGPOBOM
nabopaTtopuu 1o (HU3NOIOTHH U IUPPOBOH 1aOOPATOPHH 110 OMOJIOTHH.

Kypc cnanupoBan kak MEXIUCUUIUIMHAPHOE ONMUCAHUE SIBJIEHWA M 3aKOHOMEPHOCTEH,
MPOTEKAIONINX B JKUBBIX OPraHW3Max Ha Pa3HBIX YPOBHSAX €r0 OPraHW3alMd U UMEIOIIHX
OMOpU3MYECKMIT ¥ TEXHOJIOTMYECKUN XapakTep. OJEKTHBHBIM Kypc TIpeIHa3HA4YeH Jis
OCHOBHOT0 00pa3oBaHus ydamuxcs 10kaaccoB, 00y4aromuxcs Mo HaIpaBICHUSIM €CTECTBEHHO-
HAYYHOTO M TEXHOJOTHYECKOro mpoduieid, a TakKe WHTEPECYIOMUXCI COBPEMEHHBIMH
npobjJeMaMu HayKH M TOTOBSIIMXCS K OOYYEHHUIO B By3€ Ha CIEIHAIBHOCTAX (PHU3UYECKOro,
OHMOJIOTUYECKOTO, XHMHUYECKOTO, MEIUIIMHCKOTO, WH)XEHEPHOTO M CeIbCKOXO03SHCTBEHHOTO
npodumns. B oCHOBY mporpaMMBbI 3JIEKTUBHOTO Kypca MOJIO0XKEHO COAepkKaHNe YIeOHBIX MOcoOuit
no ouodusuke (3aBecroBckas M.H., ['puropreBa M.C., ®pons A.A. Beenenne B OHOPHU3HKY.
Y4eOHO-MeTONYeCKOe IOoCOOHe Il YYEHHKOB CTaplIMX KJaccoB 00I1e00pa3oBaTeIbHBIX
mkon. - M.: HUAY MU®DU, 2020. - 56 c.), buorexnonoruu (I'opdenko H.B. buorexnomorus.
10-11 xmaccer: yueb.mocobue mist o6meodp. opranuzamnuii. — M.: [Ipocsemenue, 2019. — 143 ¢.)
n HanotexHonoruu (CeeryxuH B.B., fBrymenko HN.O. OcHoBel HaHOoTexHOJoTMH. 10-11
KJacchl: ydeb.mocobue st obmeodp. opranmzanuii. — M.: [IpocBemenue, 2019. — 112 c.),
ABTOPCKHUX MPOrpaMM W3 COOpHUKA MPUMEPHBIX paboYMX MpOrpamMM. DIIEKTUBHBIC KYPCHI IS
npouIBHON MIKOJBL: yuel.mocodue i odeodpa3zosar. opranu3zanuii/[H.B. Antunosa u ap.].
- M.: [Ipoceemenue, 2019. - 187 c.- (IlpodunpHas mKkosa)ais CpeTHUX 00Ieo0pa3zoBaTeIbHbBIX
YUPESKACHUH M HBIHE NEHCTBYIOIIME CTaHAAPTHI 0a3UCHOrO M NPOPHIBLHOrO OO0y4YeHHs Ha
cTapiel cTyneHu o01ero oopa3oBaHusl.

Conepxanue Kypca MOXET OBITh MCIIOJIB30BAaHO ISl NMPOBEJCHUSA (aKyIbTaTUBHBIX
3aHSATUH JUTsI YTIIyOJIEHHOW TMOJTOTOBKH IO €CTECTBCHHO-HAYYHBIM JHUCIUIUIMHAM: OWOJIOTHH,
¢u3uKe, XUMHH, MaTEMaTHKE, BO BHEYPOUHOU U MCCIIE0BATEIBCKOM 1EITETbHOCTH.

MecTo Kypca B 00pa3oBaTe/IbHOM Npouecce

Kypc «OcHOBbl OMOGU3MKM M OHMOTEXHOJOTMH» BBICTYNA€T B KayecTBE Y4eOHOIo
MpeaMeTa ¥ BHOCUT CYIISCTBEHHBIN BKJIAJl B CUCTEMY 3HAHHUI 00 OKpy’KarolieM Mupe. Y YeOHbIN
Kypc IpeaHa3HaueH JUis OCHOBHOTO oOpa3oBaHus yuamuxcs 10KIaccoB, MHTEPECYIOIIUXCS
COBPEMEHHBIMH TpO0JIeMaMHi HAyKH W TOTOBSIIUXCS K OOYYEHHUIO B By3€ Ha CIEIHATBHOCTSIX
¢u3nueckoro, OMOIOTHYECKOr0, XUMHUECKOTr0 M TexHosiorudeckoro mnpodwmirt. CoaepikaHue
Kypca BBIXOJHT 332 PAMKH IIKOJILHOW MPOTPaMMBI H MOKET OBITh UCTIOIB30BAHO TSI TPOBEACHUS
(bakyIbTaTUBHBIX 3aHITUN JJI YTITYOJICHHOM MOJATOTOBKH.

Ha u3yuenue anexkTuBHOTO Kypca BbifiesieHo 34 yaca B X kiacce(l yac B Henenro).

Lesn u 32724 U3yyeHust Kypca

OcHOBHas yenp Kypca: O3HAKOMHUTH IIKOJBHHUKOB C COBPEMEHHBIMH (U3NYCCKHMU
NOJIXO/JaMH B MCCJIEJOBAHUU JKHUBBIX OPTaHU3MOB, C(HOPMHPOBATH HHTEpPEC, a 3HAUUT H
MOTHUBAIUIO JIUIsl U3YYEHUS TUCIUILTIH €CTECTBEHHOHAYYHOTO TIPOQHIIS.



3aoauu kypca:

1. Jlatb pacmmpeHHble 3HAHUS 1O OCHOBaM OWO(HU3WKH, OWOTEXHOJIOTHH |
HAHOTEXHOJIOTHUH;

2. YrnyOuTh 3HAHHA, KacalollUecs MOJIEKYISPHO-KICTOYHBIX TEXHOJIOTUH B oOiactu
MEIWIIMHBI, >KHUBOTHOBOJCTBA, PACTEHUEBOJICTBA W COBPEMEHHBIX HAIPABICHUIX
MPOMBIIIIEHHOCTH;

3. Pa3BuTh ymeHHe aHanM3UpOBaTh, CPABHUBATH, 0000IIATh U yCTAHABIMBATH MPUIHHHO-
CIICICTBEHHBIC CBSI3M TIPH HM3YYCHHUH METOJOB OWOMU3UKH, OWOTEXHOJOTUU U
HAHOTEXHOJIOTUHU, OKAa3bIBAIOIINX HETMOCPEACTBEHHOE BIUSHUE HAa TEHETUYECKYIO
IporpaMMy pa3BUTHUS;

4. Pacmmmputh Kpyro3op 4epe3 caMOCTOSTEIbHYIO HAyYHYIO JIeATEIbHOCTb.

GbopMHpOBaHHE y YyYaIUXCS TMPEACTAaBICHUNA 00 OCHOBaX KBAaHTOBBIX 3(P(HEKTOB, IIUPOKO
UCTIOJIb3YEMBIX B HAHOTEXHOJIOTHSIX;

— (popmupoBaHue y yyammxcsi oOIIero npeAcTaBIeHUs] O HAHOTEXHOJIOTUU

Kak 0co00i1 oTpacinu HAyKH U IPOU3BOJICTBA;

— 3HAKOMCTBO YYaIl[UXCsl C OCHOBHBIMHU HAaIPaBJICHUSIMH U METO/IaMHU HUCCIIeI0BaHUI B 00JIacTH
HAHOTEXHOJIOTHif;

— (¢opmupoBaHHE TPEACTaBICHHS O TMPAKTUYECKOM 3HAUYEHHUU pa3pabaThIBaeMbIX
HAHOTEXHOJIOTUH JUIsI DJIEKTPOHHUKH, OMTOAJIEKTPOHHUKH, KOMIBIOTEPHONH TEXHHKH, BOCHHOTO
nenau T. 1.;

— 3HAKOMCTBO YYaIUXCS C MEPCIICKTUBAMU PA3BUTHS HAHOTEXHOJOTHH U MPOOYKIEHUE Y HUX
MHTEpeca K MPUII0KEHUIO0 COOCTBEHHBIX YCUJIUI B 00J1aCTH HAHOTEXHOIOTHIA.

Conep:xxanue Kypca

Paznen. 1. dusuka 6uonornueckux cucreM u nporeccoB(17 u.)
Tema 1. ®usuka Ononornvyeckux cuctem (6 4.)

[Ipenmer Onodu3MKa U MECTO €€ B CHCTeMe HayK. BHOTEXHOJIOTHS U HaHOTEXHOJIOTHUS
KaK MHTEHCHMBHO pa3BHUBAIOIIMECS COBPEMEHHbIE HaIlpaBJICHUS MPAKTUUYECKON peaau3aluu
JOCTHIKCHUM COBPEMEHHOM HAyKHU. ®u3n4ecKul HMHCTPYMEHTApui, IMPUMEHSAEMBIM B
ouonornueckux cuctemax. buonorumdeckue Cucrtemsr XKuzneOOecneuenus (BCXKO) nns
KOCMHMYECKHX JKCHEeTUIMiA. DKcrepuMeHTanbHble cuctembl «buoc-3», «buochepa-2», CEEF
CELSS. 3naueHue 3aMKHYTOCTH MOTOKOB BEHIECTB IS JUIMTENbHOTO cyiiecTBoBaHuss bCXKO.
MonekynspHas 6uodusuka. dusznyeckre Mpoueccs, 00yCIaBIMUBAIOLINE KU3HEACATEILHOCTD
KJIETOK U Pa3IMYHBIX OPraHu3MoB. DOTOpEryiIsaTOpHbIE cUCTeMbl. CTpoeHUE I1a3. Y CTPOUCTBO
IJ1a3a YWICHUCTOHOTUX. MexaHu3M (poTopeneniiu ria3a MISKOMUTAIOIIHX.

Obopyoosanue: 1ludpoas 1abopaTopust Mo XUMUHN (MYIbTHAATIUK «XUMUS 5», NaTIHK

pH, naTymk 30€KTpONpPOBOJMMOCTH, AATYUK TEMIIEPATyphbl IMJIATUHOBBIM, AATUMK ONTHYECKOMN
IUIOTHOCTH, XUMUYecKas 1ocy/a, peakTusbl, L{udposas nabopaTopus Mo 3KOJIOTUU C JATYNKOM
XJOPUA-UOHOB, IaTYMKOM HUTPAT-HOHOB, JATYUKOM pH, AaT4MKOM 3JI€KTpONpPOBOIHOCTH,
JAaTYNKOM TEMIlepaTyphl, JaTYMKOM MYTHOCTH, MJAaTYUKOM oOcBemeHHocTH. [ludposas
naboparopus 1o Ouosoruu (MynbTHIATYUK «bronorus 5», JaT4yuK TemmnepaTypsl MIATUHOBBIM,
JATYUK 3JICKTPONPOBOJAHOCTH, TATUYUK OTHOCHUTEIHHON BIAXKHOCTH, HU(PPOBOW MHKPOCKOII),
Hudposas nadGopatopuss mo (HU3MOIOTUM C JATYMKAMH YaCTOTHI JIbIXaHUSA, JaTYUKAMU
OCBEIICHHOCTH, JaTYMKaMH KUCIOPOa, JaTYMKAMU TEMIIEpaTyphbl.

Tewma 2. buoduznueckue nporeccor (11 4.)

Tepmonunamuka OMOJOTUYECKHIX MIPOIIECCOB. Oo6mas XapaKTepUCTUKA
($hOTOOMOTOTHYECKUX PEaKIMii U UX TUIBl. DOPMHUPOBAHUE CAMOCTOSATEIBLHBIX OMO(PU3NUECKHUX
TUCIUIUIMH - Ouonornyeckoit tepmoamaamuku (P. Maitep, I'. U. T'ecc, I'. 'enmbmromsi, HO.
JIubux, M. PyGuep, P. Kinaysuyc), poroduonorun (T. IOur, I'. ['enbmronsir), MeMOpaHO-TOTUH
(YO. bepumreiin, B. Ilpeddep, I'. ne @pus, P. OBepron), paanoduonoruu, 31eKTpohu3nonoruu



(JI. TaneBanu, A. Bonbra, K. Martreyun, 3. [{io0ya-Peiimon, JI. I'epman, FO. Bepumreiin, B.
Hepnct, H.E. Beenenckuii, b.®. Bepuro, B.}O. Haroserr), Ouoontuku u 6moakyctuku (T. FOHT,
I'. T'enbmronseir), OmokmHetnku (C. Appenuyc). OcHOBHbIE cTaguu (HOTOOHMOIOTUIECKOTO
mpouecca M HMX XapakTepucTHkd. CBeToBble U TEMHOBbIE CTaauu  (PoTocHHTE3A.
®oromopdorenes. Dotonepuoausm. DororponuzM. DOTOTAKCUC. 3PUTEIbHBIC MTUTMEHTHL
Mexanuzm U peryisius 3pUTENBHON dboTopeneniumm. BbuomromubecneHnusa Hu
OMOIIOMHUHECIICHTHBIE opraHu3Mbl. dnyopecrenuus. buomomunecuenus mops. [Ipumenenue
OMOJIFOMUHECIIEHTHBIX METO0B (Omodu3uKa, 3KoIorus, MeauiuHa). Biusaue VO-u3nydeHus
Ha JKMBBIE OpPraHU3MBbI (IeiicTBUe Ha OEJKM, HYKJIECHHOBBIE KHCIOTHI, MeMOpaHbl). D PeKThI
dotopenaparun U porozamuTbl. DPOTOOMOJOTHUECKHE pPEaKIMU B KOXE. OpuTeMa.
[MurmenTanust koxu (3arap), kanmeporeHe3. PoToceHCHOMUTN3AIUS, MEXaHU3MBI U TIPUMEHEHHE.
OcHOBBI (OTOTMHAMHYECKOM TEPAITUH.

JIBr>keHHe OpraHu3MoB — Ouodusuyeckuii mnpomecc. [IpuHIMD camoopraHu3anuu
MPOCTPAHCTBEHHOM  CTPYKTyphl Oenka  (mapagokc JleBuHTan, IIANEPOHBI, TPHOHBI).
depMeHTAaTHUBHAsT KHUHETHUKA. AHTHTENa KaK YHHKAJIBHBIA crenn(uiyeckuid Kiacc OEKOB.
Kunernka Muxasmuca-Menten. Koarynsmust 6emnka.

[Ipenmer paauanuonHol Omodusuku. PammodyBCTBUTENBHOCTH (PaaMOyCTOWYMBOCTD)
Ounonoruueckux OOBEKTOB W ee Monauduxanus. JlydeBble MopakeHHs KIETOK. MexaHH3MbI
paaMalMoOHHOW THOENM KIETOK (amonTo3 H  HEkpo3). [eHeTwdeckas HECTAOWIBHOCTD.
Panuanyionnsie 3QpeKxThl, perucTpupyemMbie Ha YpOBHE KJIETKH: 0030p COBPEMEHHBIX METO/I0B
Ouonornyeckoi a03uMeTpuu. EcTecTBeHHBIH paguanMoOHHBIN (OH 3eMiH, aHTPOMOTCHHBIN
paarannoHHbIA GoH. OCHOBHBIE PAIMOHYKIUIBI PAIUAIIMIOHHOTO (POHA U MX B3aWMOJEUCTBUE C
OpPTaHM3MOM HYEJIOBEKa W JKMBOTHBIX. Mcmoibp30BaHME PAaTMOAKTUBHBIX HM30TOMOB YEIOBEKOM.
Pacnpenenenne u murpanus paaiMoOHYKJIHJIOB B OpraHu3Me denoBeka. buodusuka B Kocmoce.
3D-0MONPUHTHHT KUBBIX OpraHoB. MeauuuHckas onodusuka. buonnpopmaruka.

buodusuka HazemHBIX 3KOCHUCTeM. Posb BhICIIUX pacTeHWil. JlepeBbs W TpaBbl.
Pacnpenenenne 6moMacchl M0 KOMIIOHEHTaM Ha3eMHBIX SKOCUCTEM. [leTpUTHBIC MUIIEBbIC LIEIH.
[TouBa m mpomMCXOAAIIME B HEW MpoIecChl TpaHcPopManuu BemecTBa. Poib >KUBOTHBIX,
Oakrepuii u rpuboB. Tpoduueckue ypoBHH. [IoTOKM BemiecTBa M YHEPTUU B OCHOBHBIX OHOMaX.
XapakTepUCTUKH MPOIYKIUU B HA3€MHBIX SKOCHUCTEMax Pa3HOro THUIIA: BIa)KHbIE TPOIHYECKUE
Jeca, TPOMUYECKUE CaBaHHBI M OopeaibHBbIC CTEMH, MYCTHIHH, JUCTOMAIHBIE U XBOWHBIC Jeca
YMEPEHHOW 30HBI, XBOWHBIE OopeanbHBIC Jeca (Taira), Oojora, TyHApa. B3ammoneiicTBue
MOMYJISIIIAA: KOHKYPCHIIHSI, «XUIIHUK-)KEPTBA», KOOMEpaIus, aMEeHCaTNu3M, KOMMEHCAIU3M,
«rmapa3uT-xo3siuH». OCHOBHBbIE TpaHC(POPMALMOHHBIE TMPOIECCHl KPUTHYECKUX  SIBICHUMN
(mokaphl, BCIBIIIKA MAacCOBOTO Pa3MHOXKEHUS HACEKOMBIX, BETpPOBajbl). BoccraHoBieHHe B
OopeanbHbIX Jecax. [mobanpHbIe 3D PEKTH B IKOCHCTEMAX OOpEATBHBIX JIECOB.

bruodusuka BogHbIX 3K0ocucTeM. Boja u ee MecTo B JKM3HHU 4yenoBeka. [loHsTue BogHON
9KocUCTeMbl. DUBUKO-XMMHYECKHUE YCTIOBHS Cpeibl OOMTAHMS U OTPaHUYECHHUS], HAKJIabIBaeMble
UMHU, Ha (QYHKIIMOHHPOBAHHME BOAHBIX dKOcHUcTeM. OCHOBHBIE CBOMCTBA BOBI (TEIJIOEMKOCTH,
MOBEPXHOCTHOE HATsHKEHUE, CIOCOOHOCTh OBITh PaCTBOPUTENIEM, 3aBUCUMOCTD TUIOTHOCTH BObI
OT TeMIlepaTyphl) U UX MPUYUHBL 3aKOoH MuHUMYMa JInOuxa. ['umore3a Tpoduueckoro kackana.
buomanunymsanus. Ponas MonenupoBaHMsi B BONPOCaX HCCIEIOBAHUS BOJHBIX HKOCHCTEM.
OcHOBHBIE TUIIBI MOJIENEH BOJHBIX IKOCHUCTEM.

Obopyodosanue: 1Lludpoas mabopaTopus Mo XUMUHN (MYIbTHAATIUK «XUMUS 5», NaTUHK

pH, IaTuuk 31EKTPONPOBOIMMOCTH, JATYUK TEMIEPATYphl IUIATUHOBBIM, JAaTYMK ONTHYECKOM
TUTOTHOCTH, XUMHYECKas 1MOCy/a, peakTuBbl, L{ndposas madbopaTopusi Mo IKOJIOTHH C JATIUKOM
XJIOPUI-UOHOB, JaTYMKOM HHUTPAT-UOHOB, HAaTYMKOM pH, IaTYMKOM 3IIEKTPOIPOBOIHOCTH,
JNATYNKOM TEMIIepaTyphbl, JAaTYMKOM MYTHOCTH, JaTYMKOM OCBEHICHHOCTH, JaTYUKOM
noHu3upyromiero u3nydenus. [ludposas madboparopus mo 6uosnoruu (MyabTuaaTduk «bromorus
5», TaT4UK TeMIepaTyphsl IUIATUHOBBIM, TATUYMK 3JIEKTPOIPOBOIHOCTH, JATYUK OTHOCUTEIHHOU
BJIKHOCTH, IU(PpoBoi Mukpockon), Lludposas maboparopus mo (pu3Honoruu ¢ AaT4ukamu



YacTOTBl  JbIXaHWs, JaTYMKaMU OCBEILUEHHOCTH, JaTYUKaMH  KHUCIOpPOJa, JaTYMKaMH
TEMIIEpaTyphl.

Paznen. 2. OcuoBbl Ouotexuonoruit (11 4.)
Tewma 1. HanpaBnenus 6uorexnonoruu (11 4.)

buorexHonorust — MynpTUANCIUTITNHAPHAS HayKa. OOBEKTHI M METOJIbI OMOTEXHOJIOTHH.
CBs131 GUOTEXHOJIOTUH C OMOTOTHYECKUMHU, XUMUUECKUMHU, TEXHUUYECKUMHU U IPYTUMH HayKaMU.
WsrotoBnenue BakIMH OWOTEXHOJIOTMYECKHMMH METOJaMH: CyObEAMHHYHBIC BAKIIUHBI,
MOJIMBAKIMHBI. JledeHne HacieICTBEHHBIX 3a0oiieBaHUM uenoBeka. [IpoayKThl muTaHuA Ha
ocHoBe I'M - coipbs. TectupoBanue ['M npoaykToB Ha 6€3011aCHOCTH, MX MapKupoBKa. CTpaHbl
noctaBimkn I'M pactennit 1 I'M npoaykroB nutanuss. Kontpons Han co3zganuem ['MO.
buostuka — 4YacTh 3THUKHM, M3y4dalollass HPABCTBEHHYIO CTOPOHY JEATEIbHOCTH YENOBEKa B
MeOuIMHE, ONOJIOTHH.

I'enernueckuii kox. Meroabl reHHOM WHXXeHepuu. Pacmm@poBka reHOMOB 4elIOBEKa,
JKUBOTHBIX U pacTteHuil. I[Ipoekt «l'éeHOM dYeloBeKa» W €ro MNpPaKTHYECKOE 3HA4YCHUE.
HacnencrBennbsie 3a0o0sieBaHMS: METOABI JUArHOCTUKH, TEPCIEKTHUBBI JiedeHHs. MeToauka
noydeHus: pekomOunantHor JIHK mo II. Jlo6any u II. Bepry. KoncrpynpoBanue KieTok ¢
W3MEHEHHOW HACJIEICTBEHHOCTBIO: PECTPUKINS, JIMTUPOBAHUE, TpaHcPOpMaimwus, CKPUHUHT.
[Toryuenne xuMepHBIX OETKOB B KJeTKax OakTepuil. BekTopsl uist paboThl B KJIETKaX BBICHIMX
opranuzMoB. CoOumosieHre 0e30MacHOCTH HpU padOTe TEHHBIX HHXKEHEPOB C IMAaTOTCHHBIMH
OpraHu3MaMH.

KynbpTuBUpOBaHUE KIETOK M TKaHEH, THOPUAN3AINS, PEKOHCTPYKIUS. TOTUIIOTEHTHOCTD.
Knon. KionupoBanume OeCrO3BOHOYHBIX M  IO3BOHOYHBIX JKMBOTHBIX. KIioHambHOE
MUKPOpPa3MHOXEHUE, PA3MHOKEHHUE BHE OpraHu3Ma. MeToJbl KJIETOYHON HWH)XEHEPUH.
Tpancrenos. Pecrpukrasel. TpaHcreHHble pacTeHUs U KUBOTHBIE. OCOOCHHOCTH MUTATEIBHBIX
Cpel W peKHMa BhIpalIMBaHUS. [paHCIUIAaHTAWs SMOPUOHOB JKUBOTHBIX. (coOeHHOCTH
KJIOHUpOBaHUs opraHoB. LleHTp penpoayKiuu 4enoBeka. DTUUYECKUE aCHEKThl KJIOHHUPOBAHMSL.
buonorust XWMEpHBIX W KIOHHPOBAaHHBIX WHAMBUAYYMOB. YTpara TOTUIIOTEHTHOCTH.
Tpancmanranua. Ummnantanys. @UTOrOpMOHBL: ayKCUHBI U KHHUHBI, UX pOJib. BeipamuBanue
pactennii B mpoOupkax. CTBOJOBBIC KJIETKH, UX OcoOeHHOocTH. OT TIa3MaTHYeCKON KIETKH
HaCJIEyeTCs CIMOCOOHOCTh K CHHTE3Y aHTHUTEN, a OT OMNYyXOJEBOM KJIETKH - CIIOCOOHOCTH
JUTUTEIbHO ~ KYJAbTUBHPOBATHCS BHE opraHu3Ma. OHKOreHHble BUPYCHL. PeTpoBUpPYCHI.
Tpancoykmuss — mpomecc mnepeHoca OaktepuanbHor JIHK w3 onmHoit kieTkm B JIpyryiro
6axrepuogarom. [Inasmuel, uX XapakTepHble OCOOCHHOCTH.

Obopyoosanue: 1Lludpoas madopaTopus Mo XUMUHN (MYIbTHAATIUK «XUMUS 5», NaTUHK

pH, maTtumk 37€KTPONPOBOAMMOCTH, AATYMK TEMIIEPATYpPbl IIATUHOBBIM, NAaTYMK ONTHUYECKOM
IUIOTHOCTH, XUMHUECKas 1MocyAa, peakTussl, L{npposas madopaTopust Mo 3KOJOTHH C JATYUKOM
XJOpPUA-UOHOB, IaTYMKOM HUTPAT-HOHOB, JATYUKOM pH, AaT4MKOM >3JI€KTpONpPOBOIHOCTH,
JAaTYUKOM TEMIlepaTyphl, JaTYMKOM MYTHOCTH, JAaTYUKOM oOcBemeHHocTH. [ludposas
naboparopus 1o Ouosoruu (MynbTUIaTUMK «bronorus 5», AaTyuK TemmnepaTypsl MIaTUHOBBIM,
JATYUK BJIEKTPONPOBOJAHOCTH, AATYUK OTHOCHUTENBHOM BIAXXHOCTH, LU(POBOH MHKPOCKOII),
Hudposas nmaboparopust 1Mo (GUUOJIOTMM C JATYUKAMH YACTOTHI JbIXaHUS, JaTYHMKAMH
OCBEILIEHHOCTH, AJaTYNKaMU KHUCIIOPO/1a, 1aTYMKAaMHU TEMIIEPaTypBhI.

Paznen 3. OCHOBBI HAHOTEXHOJIOTHIA (6 4.)
Tewma 1. HanorexHosoruu u HaHoMaTepuaibl (6 4.)

HaHoTexXHOIOTHY U TEeHOMBI: MUKPO- U HAaHOUYHUITBI. HAHOTEXHOIOTHH 1 HAHOMATEPHAIIBI.
Knaccudukanmst ~ HaHOMaTEpHAIIOB. NHCcTpyMEHTHI HaHOTEXHOJIOTHH. Yraeponnsie
HAHOCTPYKTYpPHI, HAHOYACTHIIB, HAHOIOPUCTHIE CTPYKTYPHI, HAHOTPYOKH, HAHOAWCIICPCHH,
HAaHOCTPYKTYPUPOBaHHbIE TOBEPXHOCTH U IUIEHKH, HAHOKPUCTAUNIMYECKHE MaTepHUaIbl.
TexHONOruy MOJIy4eHUsI HAHOMATEPHAIIOB «CBEPXY BHU3» U «CHHU3Y BBEPX», CAMOOPTaHHU3AIUs



U caMocOopKka B HaHOTeXHOJOrusX. OOpaTuMble U HEOOpAaTHUMbIe XUMHUECKUE peakiuu. Bus
XMMHYECKOTO paBHOBECHs. 3aKOH HAeucTByrommx macc. KoHcranTta paBHOBecus. BrusHue
pa3nuyHbIX (PAKTOPOB Ha cOCTOsiHUE paBHOBecus. Hanomokpeitus. Katanuzatopsl u GUiIbTpHL.
Hanorexnomoruu B  meaunuHe. HanorexHomormm B mapdoMepud W [HINEBOU
IIPOMBINIIEHHOCTH. HaHOTEeXHOI0TNY, UCHIOIB3YyEMBIE ITPU ITPOU3BOJICTBE CIIOPTUBHBIX TOBAPOB,
onexabl 1 00yBu. HanorexHnonoruu B BoeHHOM jeine. HanoanekTponuka 1 HaHOKOMITBIOTEPHI.
KBanToBbie koMnbroTepbl. CBeTOAMOBL. JIazepbl. MUKpO3JIEKTPOMEXaHUUECKHUE CTPYKTYPHI.
Obopyoosanue: 1Lludpoas mabopaTopust Mo XUMUH (MYIbTHAATIUK «XUMUS 5», NaTIHK

pH, maTduk 31EKTPONPOBOJMMOCTH, JATYUK TEMIEPATYphl ITUIATUHOBBIA, JATYMK ONTHYECKOM
IUTOTHOCTH, XUMHYECKas 1MOCy/a, peakTuBbl, L{ndposas madbopaTopusi Mo IKOJOTHH C JATYUKOM
pH, AaTYMKOM 3JEKTPONPOBOAHOCTH, TATYNKOM TEMIIEPATYPHI, TaTYNKOM MYTHOCTH, TATINKOM
ocsenieHHoCcTH. [{udposas maboparopus mo Omonoruu (MyabTuaaTIUK «buomorust 5», maT4uk
TCMIICPATYyPbL HHaTHHOBBIﬁ, AAaTYUK BJICKTPONPOBOJHOCTH, AATYHUK OTHOCHUTEIBbHOHU BJIaXXHOCTH,
U(pPOBOY MUKPOCKOIT).

Temarnueckuii mran 10

Ne | Has3Banue pa3zienioB v T€M | BCETO Bunbr yueOHbIX O6opynoBaH#e LIEHTPA
/T 4acoB 3aHATHI «Touka poctan
Teope | mpak | KOHT
THYEC | TUYE | pOJIb
KHX | CKMX | HBIX

Pasnen. 1. ®usuka 17 12 5

OMOJIOTUYECKHUX CUCTEM U

MIPOLIECCOB

1 | Tema 1. ®usuka 6 5 1 udposas maboparopusi 10

OMOJIOTUYECKHIX CUCTEM XUMHH (MyJTBTHIATIHK
«Xumuss  S5», patuuk pH,
TATYUK
ANEKTPONPOBOAUMOCTH,
JaTuYnK TEeMIIepaTypbl
MJIATUHOBBIH, JaTUYUK
OIITHYECKOH IJIOTHOCTH,
XUMHYECKas nocyza,
pEaKTUBBI, [Mudposas
nmabopaTopusi O IKOJIOTHHU C
JaTYNKOM XJOPUJ-UOHOB,
JIaTYNKOM HUTPAT-UOHOB,
natuvkom  pH,  marunkom
ANEKTPOMPOBOIHOCTH,
JATYUKOM TEeMIIepaTyphl,
JIaTYNKOM MYTHOCTH,

JMATYUKOM OCBCIIICHHOCTH.
udposas maboparopusi 1Mo
OHoIOrun (MyJIBTHIATIHK
«bunomnorus 5», NaTYUK
TEMIIEpPAaTyphl  TUIATHHOBBIH,
JaTUHK

3IEKTPONPOBOAHOCTH,

aTYNK OTHOCHUTEILHOU
BJIQ)KHOCTH, 1 poBor




MHUKPOCKOIT), Hudposas
naboparopust o (GpU3nOIOTUU
C  JaT4yuKaMd  YacTOTHI
JIbIXaHUS, JTaTYNKaAMH
OCBCIIICHHOCTH,  JaTYNKaAMH
KHCJIOPO/a, JTaTYuKaMHU
TEMIIEPATYPBHI.

Tema 2. buodusnueckue
HPOLIECCHI

11

[Mudposas naboparopusi 1O
XUMHH (MynbTHIATYHK
«Xumuss  S», patuuk pH,
JaTYuK
3IEKTPONPOBOAUMOCTH,
JaTYuK TeMIIepaTypbl
MJIaTHUHOBBIH, JaTUYUK
OITHYECKOM IUIOTHOCTH,
XUMHUYECKas nocyna,
PEaKTHBBI, Hudposas
naboparopusi MO SKOJOTHH C
JIaTYNKOM XJIOPU]I-UOHOB,
JaTYNKOM HUTPAT-UOHOB,
natyukom  pH, maTtumkom
3IEKTPONPOBOAHOCTH,
IaTYNKOM TeMIIepaTyphl,
JaTYNKOM MYTHOCTH,
JaTYUKOM  OCBEIICHHOCTH,
JATYMKOM  MOHHU3UPYIOIIETO
W3ITYYCHHUS. Hudposas
naboparopust 1o OHOJIOTUU
(mynbTHnaTuuk  «buonorus
S», JaT4uK TeMIlepaTypbl
TJTATUHOBBIH, JaTUYUK
3IEKTPONPOBOAHOCTH,
aTYNK OTHOCHUTEILHOU
BIIQ)KHOCTH, ¢ poBon
MHUKPOCKOIT), Hudposas
naboparopust 1o GU3HOJIOTUH
C JaTYNKAMH YaCTOTBI
JIbIXaHUS, JIaTYNKaMU
OCBEIICHHOCTH, JIaTYUKAMH
KHCIIOpO/Ia, JaTYNKaMU
TEMIIEPATYPBHL.

Pasxen. 2. OcHOBEI
OMOTEXHOIOT I

11

10

Tema 1. HanpaBnenus
OMOTEXHOIOT MU

11

10

[Mudposas naboparopusi 1O
XUMHHU (MyJIBTHAATYUK
«Xumuss  S», patuuk pH,
JAaTYUK

3JIEKTPONPOBOAUMOCTH,

JTaTINK TeMIepaTypbl
MJIaTHUHOBBIH, JaTUYUK
OIITHYECKOM IUIOTHOCTH,

XUMHNYCCKas rnocynaa,




PEaKTHBBI, Hudposas
naboparopusi MO SKOJOTHH C
JTaTYAKOM XJIOPU-UOHOB,

JAaTYNKOM HI/ITpaT-I/IOHOB,
natyukom  pH, matumkom
3IEKTPONPOBOAHOCTH,

JaTYINKOM TEeMITepaTypHI,
JAaTYNKOM MYTHOCTI/I,

JAaTYUKOM  OCBEIICHHOCTH.
[Mudposas naboparopusi 1O
Oounosornu (MyIBTHIATINK
«bnomorus 5», JaTYUK
TEeMIIepaTypbl  IJIATUHOBBIH,
JaTYnK
ANEKTPOIPOBOTHOCTH,
IaTYnuK OTHOCUTEIIbHOU
BJIQYKHOCTH, udposoit
MHUKPOCKOII), [Mudposast
naboparopust o GpU3NOIOTUU
C JTaTYNKaMU YacTOTHI

JIbIXaHUS, JaTYUKaMU
OCBEIICHHOCTH, JaT4YMKaMU
KHUCJIOPO/Ia, JaTYNKaMHU
TEMITePaTyPHI.

Pa3nen 3. OcHOBEI
HAHOTEXHOJIOT Ui

Tema 1. HanorexHomoruu
nu HaHOMaTepI/Ia.HBI

udposas maboparopusi 10
XUMHHU (MyJTBTHIATIHK
«Xumus  S5», patuuk pH,
TATYHK

3JIEKTPONPOBOJUMOCTH,

TATYUK TEeMIIepaTypbl
IUIAaTUHOBBIH, JIaTIuK
OIITHYECKOH IJIOTHOCTH,
XAMHUYECKast nocyza,
pEaKTUBBI, [Mudposast

nmabopaTopusi O IKOJIOTHHU C
natuyvkom  pH,  marunkom

ANEKTPONPOBOIHOCTH,
JATYNKOM TEeMIIEpaTyphl,
NaTYNKOM MYTHOCTH,

JTATYUKOM OCBCIICHHOCTH.
udposas maboparopusi 1Mo
OHoJIOrun (MyJTBTHIATIHK
«bunomnorus 5», NaTYUK
TEMIIEpPAaTyphl  TUIATHHOBBIH,
JaTUHK

ANEKTPOTPOBOTHOCTH,

aTYNK OTHOCHUTEILHOU
BIIQ)KHOCTH, ¢ poBon
MHUKPOCKOIT).

pes3eps




| uroro | 34 | 271 | 7 | |

Metoab! n popMbI 00yUeHHS

[Tpn peanm3anuy JaHHOTO Kypca MOTYT OBITh HCIIOJIB30BaHbI Pa3HOOOPAa3HBIE METOBI U
dopmbl  O0y4deHHs TIpU TPOBEACHUM KOMOMHHMPOBAHHBIX 3aHATUH, MPAKTHYECKUX U
MPOBEPOYHBIX PAOOT. B kauecTBe METOMOB OOYYEHHS MOKHO NMPUMEHSATH CJIOBECHBIE, HATJISIHBIC,
IMPAKTHYCCKHUE, YACTUIHO-ITIOMCKOBBIC, UCCIIEAOBATCIILCKUE Hp06.HeMHBIe, JUCKYCCUOHHBIC U IPOCKTHBIC.
PeaJ'II/I3yCMI:IC (l)OpMBI OopraHuvsanuunu yqe6Horo 3aHATHA: 6606)13; 3aliuTa IPOCKTOB; prI‘HLIfI CTOJI;
J'Ia60paTOpHOC 3aHATUC, JICKIIHA, «MO3rOBOM HITYypM», Ha6J'IIO)I€HI/I€; SKCIICPUMCHT. A Taxxke
NEeOaroru4eCKUe TCXHOJIOIMH, IMPHUMCHACMBIC IPU pCalu3alud MporpamMmbl, TAKHC KaK: TCXHOJIOTHA
pa3BUTHS KPUTHYECKOTO MBIIUICHUS, MPOEKTHAas TEXHOJOTHUS, TEXHOJIOTHS IPOOIEMHOIO
00y4YEeHHsI, UTPOBBIC TEXHOJIOTUHU, KEIC — TEXHOJIOTHsI, TPYIIOBBIE TEXHOJIOTHH U TPAAUIINOHHbIE
TEXHOJIOTHH (KJIACCHO-YPOYHAs CHUCTEMA).

OsxugaemMble pe3yJbTaThl H3yYeHHs Kypca

Pe3ynbraTsl 00y4eHHs Mo Mporpamme Kypca B CpeIHEW IIKOJe JOJDKHBI OBITh HarpaBlICHBI
Ha JJOCTM KEHUE 00Y4aroIUMHKCS CIEAYIOUINX Pe3yIbTaToB:
Yuawuiica nayuumes:
- OOBACHATH PoJIb OMO(PHU3UKH, OMOTEXHOJIOTHI, HAHOTEXHOJOTUNH B (POPMUPOBAHUU HAYYHOTO
MHUPOBO33PEHHUS U COBPEMEHHONECTECTBEHHO-HAyYHON KAPTUHBI MUDA;
- IOHUMAaTh €JUHCTBO KUBOW M HEXHUBOW IPUPOABI, POACTBO KUBBIX OPraHU3MOB;
-MHTETPUPOBATH 3HAHMS O 3aKOHOMEPHOCTSIX MPOTEKAHUS B JKUBBIX OpraHu3Max (pU3NYECKUX U
(U3NKO-XMMHUYECKUX MPOLIECCOB HA Pa3HBIX YPOBHAX OpPraHU3allMyd — OT CYOMOJIEKYISIPHOTO U
MOJIEKYJISIPHOTO 710 KJIETKH U IIeJI0T0 OPraHu3Ma;
- IOHUMAaTh B3aMMOCBSI3U (PU3UYECKUX U OMOJIOTMYECKUX MPOLIECCOB B JKUBBIX CHCTEMAX;
- IPUMEHATh OCHOBHBIEC (PU3NUECKUE METO/IbI NCCIIEIOBAHUS OMOJIOTHYECKUX O0BEKTOB;
- IOHUMATh POJIb OMOTEXHOIOTUH MHAHOTEXHOJIOTMH B IIEJIOM B )KU3HEESTEIbHOCTH YEJIOBEKaB
XXIB.;
-00BACHATh NPUHUUNHMAIBHOE BIUSHUE pPa3MEpPOB MAaKpOMOJIEKYJ M HAHOYACTUI[ Ha HX
buznYecKue CBOWCTBA;
- TIOHUMaTh NEpPCHEKTHBBI TaK HAa3bIBAEMOI0 MOJEKYSIPHOrO JAM3aiiHa, BKIIIOYAIOIIEro
HaHOCTPYKTYPbl ~ KaK  HEOPraHMYeCKOro, TaK M  OPraHHYeCcKOro  HMOMOJOTHMYECKOTO
IPOMCXOXKACHUS.
Yuawuiica nonyuum 603m04CHOCIb HAYHYUMbCA:
- paboTath co cpeiacTBaMHM HMH(OpPMaIMM, B TOM 4YHCIE€ KOMIBIOTEPHBIMH(YMETh HCKAaTh
0oTOMpaTh HH(OPMAIIHIO, CUCTEMAaTH3UPOBATh U KOPPEKTUPOBATH €€, COCTABIATH pedepaTsl);
- TOTOBUTb COOOIIEHHUS M JOKJIAbI U BBICTYNAaTh C HUMU;
- y4aCTBOBAaTh B TUCKYCCHUSIX;
- 0(OpPMIISATH COOOILEHHS U AOKJIa/Ibl B TUCBMEHHOM U JIEKTPOHHOM BHU/IE;
- moaluparh K JOKJIajaaM, CcoOOOLIeHHsM, pedepaTaM WIUIIOCTPATUBHBIM MaTtepual u
KOPPEKTUPOBATH €T0;
- HWCHOJB30BaTh NPUOOPETEHHBIC 3HAHMA W YMEHHS B MPAKTHUECKOW JESITEIbHOCTH U
IIOBCEHEBHOM KU3HU JUIsl CO3/1aHUS] KOMMYHUKATUBHOM CPe/ibl B IMAJIOTax U OOIIEHUH;
- HWCHOJB30BaTh NPUOOPETEHHBIC 3HAHUA W YMEHHS B MPAKTHUECKOW JESITEIbHOCTH U
MIOBCEHEBHOM JKU3HU JUIsl TIOCTPOEHUS TUIIOTE3bI IO CO3/1aHUI0 MOJEIIEH CTPOEHHUS BEIIECTB;
- HWCHOJB30BaTh NPUOOPETEHHBIC 3HAHMA W YMEHHS B TPAKTHUECKOW JESITEeIbHOCTH U
IIOBCEHEBHOM KM3HM JJIs HAXOXKICHHMS MPAKTUYECKOTO HPHUMEHEHHMs OCHOBHBIX SIBICHHH
(GU3HKY B )KU3HU YEIIOBEKA,
- HCIOJIb30BATh NPUOOPETEHHBIE 3HAHUS U YMEHUS B IPO(PUIBLHON MOATOTOBKE IIKOJIBHUKOB IS
MOCTYIUICHUSI Ha €CTECTBEHHO-HAy4YHbIE (DaKyJIbTEThl YHUBEPCHTETOB, MPEXKIE BCETrO 3a CYET

=



MpeaoCTaBJICHUA OGpﬂBOB&TGHBHBIX yciayr 10 COBpPCMCHHBIM HaITpaBJICHUAM HAYyKH,
JIOTIOJTHUTEIHHBIM K TPAIUITUOHHBIM Y4eOHBIM IIPOTPaMMaM;

- UCIIOJIb30BaTh MOTEHIMAN COJACPKaHMs IUCTAHIIMOHHON 00pa3oBaTenbHOM cpeasl B 001acTu
OMopU3NKH, OMOTEXHOJIOTUH U IPYTHX COBPEMEHHBIX HAyYHBIX HaIlPaBJICHUH.

®opMbI KOHTPOJISI YPOBHS JOCTHKEHU I YUAIIUXCA M KPUTEPHHU OLEHKHU

KoHTpons pe3ynbpraToB 00y4deHHS W OmeHKa (10 MITHOAUTPHOW CHCTEME) TPHOOPETEHHBIX
yYallMMHUCS YMEHUH W HaBBIKOB MPOU3BOASTCS TIPU BBINOJTHCHHM WMH TNPAKTUYECKUX paboT,
MPOBEPOYHBIX PabOT MO OKOHYAHWU KaXJIOTO pasfielia W 3amuTe mnpoekrta. [1o 2IeKTHBHBIM Kypcam
OIICHUBaHWE TPOU3BOIUTCS IO MSATHOAITFHON CHCTEME KaK CpeHee 3HaUCHUE TEKYIIUX OIICHOK.

JdonmosiHUTEIbHBIE 00yYaKOIME MATEPHAJIBI

Komnerotep

IIpoekrop

Hudposas nadoparopust mo XuMuu («XuMHs 5»)

[Mudposas nadopatopus no ouonoruu («buonorus 5»)

Hudposas nadoparopust o puznonoruu («Hayansie pazpnedeHus» (mpoduinp))
[Mudposas nadopatopust 1o sxkonoruu («Hayunslie pa3siedeHus» (IpoQuis))
Hudposas manenp

JlaGopaTopHoe obopynoBaHue
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