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HOACHUTEJBbHASA 3AIINCKA

[Iporpamma no yuebHomy mpenmery "buornorus" (manee - 6uosorusi) Ha YpoBHE CpeJHEro OO0Iero
oOpasoBanus pa3zpaborana Ha ocHoBe DenepanbHOro 3akoHa ot 29.12.2012 Ne 273-d3 «O6 o6pa3oBaHuU B
Poccuiickoit @enepauun», ®PI'OC COO, Konuenmuu npenoaaBaHus ydeOHOro mpeaMera «buomorus» u
OCHOBHBIX TIOJIOKCHHUH (eaepanbHoi pabodeit mporpaMMbl BOCITUTAHHUS.

VYuebublil npenmet «buonorusy yriyonaéuanoro yposas uzyuenus (10—11 kiaccel) SBiusieTcs OAHUM U3
KOMIIOHEHTOB NpeAMeTHON obnactu «EcrecTBeHHO-HayuHbIe MpeaMeThl». CornacHo nonoxenusim OI'OC
COO mnpodunpHble y4eOHBIE MPEIMETHI, HM3y4aeMble Ha YIIIYOJEHHOM YPOBHE, SBISAIOTCA CHOCOOOM
mupdepeHnmany  00ydeHUsT Ha ypOBHE cpeaHero oOmero oOpa3oBaHUsS W IPU3BaHBI 00ECIICUUTH
MIPEEMCTBEHHOCTh MEXIYy OCHOBHBIM OOIIMM, CPEIHHM OOIIMM, CPEIHUM HMPO(ECCHOHATHHBIM U BBICIIHM
oOpazoBanueM. B To ke Bpemsi KaxAblii U3 3THUX Y4E€OHBIX MPEIMETOB JIOJKEH ObITh OPUEHTUPOBAH Ha
MPUOPUTETHOE PpEIICHHE O00pa30BaTEIbHBIX, BOCIUTATEIBHBIX W Pa3BUBAMOIIMX 3a7a4, CBS3aHHBIX C
npodopueHTanueit 00yyaronmxcs 1 CTUMYJIMPOBAHHEM HHTEpeca K KOHKPETHON 00acTh HAyYHOTO 3HAHMS,
CBSI3aHHOTO C OMOJIOTHEN, METUIIMHOM, SKOJIOTHEH, TICUXOJIOTHEH, CITIOPTOM UM BOCHHBIM JIETIOM.

[Iporpamma mo yuebHOMY npenmery "buonorus" ma€rt npeicTaBieHUE O LETU U 3a7a4axX HU3Y4YCHHS
yuebHoro mnpenmera «buosorus» Ha yriyOiaEHHOM ypoBHE, ompezesseT o0s3aresbHOe (MHBAPHAHTHOE)
[IPEIMETHOE COJIEpP)KAaHUE, €ro CTPYKTYpUPOBAHME IO pa3jeiaM MU TeMaM, paclpelielieHHe IO Kiaccam,
PEKOMEHAYET I0CIeI0BaTEeIbHOCTh M3Y4YEHHUs Y4eOHOro MaTepuajsa C Y4ETOM MEXIIPEIMETHBIX U
BHYTPHIIPEIMETHBIX CBSI3€H, JIOTMKA Y4eOHOTO IpoIlecca, BO3PACTHBIX O0COOEHHOCTEH oOywaromuxcs. B
porpaMMe o OMOJIOTUH peaii30BaH IMPHHLUI MPEEeMCTBEHHOCTH C HM3y4YeHHEM OHOJIOTMM Ha YPOBHE
OCHOBHOTr0 0011ero o0pasoBaHusi, Oyiarogapsi 4eMy IpOCMAaTPUBAETCS HAIpPaBICHHOCTh Ha IOCIEIYIOLee
pa3BUTHE OHMOJIOIMYECKMX 3HAHWH, OPHEHTUPOBAHHBIX Ha (OPMUPOBAHHE ECTECTBEHHO-HAYYHOI'O
MHPOBO33PEHHUS, IKOJIOTUYECKOTO MBIIIJICHUS, PEACTABIECHUIN O 3I0pOBOM 00pa3e *HU3HU, HA BOCIIUTaHHUE
Oepe’KHOro OTHOLICHUS K OKpYXKarollell npupoaHoil cpene. B mporpamme mo 6MOn0rum Takxke MOKa3aHbI
BO3MOXXHOCTH y4yeOHoro npenmera «buonorus» B peanuszanuu tpedoanuiit @®I'OC COO k niuaHUpyeMbIM
JMYHOCTHBIM, METAIlPEIMETHbIM M INPEAMETHBIM pe3ysbTaTaM OO0y4eHus U B (POPMUPOBAHMHM OCHOBHBIX
BUJIOB y4€OHO-TIO3HABATEIIbHOM JIEATEIBHOCTH, O0YUYaIOLIMXCSl IO OCBOEHUIO COJEPKaHUS OMOJIOTHYECKOTO
00pa3oBaHMs Ha YPOBHE CPEIHET0 001Iero 0opa3oBaHusl.

VY4eOuslif mpenaMeT «bronorus» Ha ypoBHE CpeIHEro 001Iero 00pa3oBaHus 3aBepIIacT OMOIOTHIECKOe
o0Opa3oBaHKe B IIKOJE€ U OPUEHTUPOBAH Ha PACIIUPEHUE M YIIIyOJIeHHWe 3HAHHM, 00ydJarommxcs O KMBOU
MPUPOJIE, OCHOBAX MOJICKYJISIPHOM M KJIETOYHOW OMOJIOTHUH, SMOPHOJIOTUM ¥ OMOJIOTUM PA3BUTHS, TEHETUKH,
CeJIeKIINH, OMOTEXHOJIOTHH, YBOJIOIIMOHHOTO YU€HHUS U YKOJIOTHUH.

Nzydenne yueOHoro npenmera «buonorus» Ha yriiyOlieHHOM YPOBHE OPHEHTHPOBAHO HA MOATOTOBKY
0o0yJarommxcsi K MOCJIEAYIONEMY TOJYYSHHI0 OMOJIOTMYECKOr0 O0pa3oBaHUsS B By3aX M OpPraHU3alUSIX
cpenHero npodeccruoHanbHOro o0pa3zoBanus. OCHOBY €ro COJEPKAHUS COCTABISIET CUCTEMA OMOIOTUYECKUX
3HaHWM, TOJYYEHHBIX TPHU H3YYCHUH OOYUYaIOMIMMHCS COOTBETCTBYIOIIMX CHCTEMATHUYECKUX pa3/IesioB
OMOJIOTHH Ha YPOBHE OCHOBHOTO 0011ero oopasoBanus, B 10—11 kmaccax 3Tv 3HaHUS TOMYYalOT pa3BUTHE.
Tak, pacmmpeHsl W yriayOjaeHbl OMOJOTHYECKHE 3HAHUS O PACTCHHSX, XUBOTHBIX, IprOax, OaKTepHsX,
OpraHM3Me 4YelOBeKa, OOIUX 3aKOHOMEPHOCTSX JKU3HHU, JOMOJHUTENHHO BKJIIOYEHBI OHOJIOTHYECKUE
CBEJIEHUSI TPHUKJIAJTHOTO W TOWCKOBOTO XapakTepa, KOTOPHIE MOXHO HCIIOIh30BaTh KaK OPUEHTHPHI IS
nocneayromero Beibopa mnpodeccun. Bo3MokHa Takke UWHTETpanus OWONOTHYECKHX 3HAHUM C
COOTBETCTBYIOIIUMH 3HAHUSIMH, TTOJTYICHHBIMH O00YYArOIIMMHUCS IPH U3YUICHUN (DU3WKHU, XUMHUH, Teorpaduun
1 MaTeMaTHUKH.

CrpykTypa mporpaMMmel mo yueOHOMY mnpenmeTy "buosmorus" oTpakaeT CHCTEMHO-YPOBHEBBIH WU
ABOJIFOLIMOHHBIA MOAXOAbI K U3ydeHHto Ouosoruu. CoryiacHO UM, U3y4aroTCsl CBOMCTBA U 3aKOHOMEPHOCTH,
XapaKTepHBbIE AJIs1 KUBBIX CUCTEM Pa3HOTO YPOBHS OpraHMU3AlMM, IBOJIIOLIMY OPraHUYECKOTO MHUpa Ha 3eMile,
COXpaHEHHUs OMOJIOTUYECKOro pazHooOpa3us miaHeTsl. Tak, B 10 kiacce U3y4aroTcsi OCHOBBI MOJIEKYJISIPHOM
U KJIETOYHOW OMONIOTHH, SMOPHUOJIOTUU U OUOJIOTUM Pa3BUTHS, TEHETHKH U CEJeKIHH, OMOTEXHOJIOTUU U
CUHTETUYECKON OMOJIOTHH, aKTyaJIM3UPYIOTCS 3HAHUSA OOYJaronIuXcs Mo OOTaHWKE, 300JI0TUH, aHATOMHH,



¢busnonorun 4yemoBeka. B 11 kiacce M3ydaroTcsi SBOJIOIMOHHOE YYE€HHUE, OCHOBBI SKOJOTHU M yYCHHE O
ounocdepe.

VYueOublii npeamer «buosiorus» mnpusBaH OOECHEUYUTH OCBOCHHE OOYYAIOIIMMHUCSA OMOJIOTHYECKHX
TEOpUN U 3aKOHOB, MJICH, NPUHLMUIIOB U IPABUJ, JIEKAIIUX B OCHOBE COBPEMEHHON €CTECTBEHHO-HAYYHOU
KapTUHBI MHpa, 3HAHUI O CTPOEHUHU, MHOTOOOPAa3UU U OCOOCHHOCTSIX KJIETKH, OpraHu3Ma, MOMYJISIHH,
OMOIIeH03a, JKOCUCTEMBI, O BBIJAIOMINXCS HAYYHBIX JOCTHKCHHSIX, COBPEMEHHBIX HCCIEAOBAHUIX B
OMOJIOTHH, TPUKIATHBIX acleKTax OWOJIOTMYECKMX 3HaHWW. [l pa3BUTHUS W MOJJAEpKaHUS HHTEepeca
o0yJaromuxcst K OMOJIOTUN HApSALy CO 3HAUYUTEILHBIM 00BEMOM TEOPETUYECKOTO MaTepHalia B COJIepKaHUH
MIPOrpaMMBbI MO0 OMOJIOTUU MIPETYCMOTPEHO 3HAKOMCTBO C HCTOPUEH CTAaHOBJICHUS U PA3BUTHUS TOM WM MHOM
obnacTu OHWOJIOTHH, BKIAJAOM OTCUECTBEHHBIX U 3apYOCKHBIX YYEHBIX B pEIICHHE BaKHEHIITUX
OHMOJIOTMYECKHUX U 9KOJOTHYECKHUX MpobIieM.

Llens wu3yuenuss yueOHOro mnpenmera «buonorus» Ha yriayOnEéHHOM YpOBHE — OBIAJICHHE
00y4JaroImMMUCS 3HAHUSAMU O CTPYKTYPHO-(PYHKIIMOHATIBHOW OpraHU3aIMy KHUBBIX CHCTEM Pa3HOTO PaHTa u
npuoOpeTeHne yMEHUH HCIOJIb30BaTh 3TH 3HAHUSA B (DOPMHUPOBAHMHM MHTEpeca K OompeAeiéHHO o0xacTu
npodecCHOHaIbHON AEATENFHOCTH, CBSA3aHHOM ¢ OWoOJOrHeid, wim K BbIOOPY Y4eOHOTO 3aBEACHUS IS
IIPOJOJKEHHSI OMOJIOTMYECKOT0 00pa30BaHusl.

JlocTikeHne Tenu u3ydeHus ydeOHoro mnpenmera «buomorus» Ha yriyOn€éHHOM — ypOBHE
o0ecreynBaeTcs pelIeHueM CIeIyoIuX 3a1au:

OCBOCHHE OOYYAIOIIMMUCS CUCTEMbI OMOJIOTUYECKUX 3HAHHIA: 00 OCHOBHBIX OMOJIOTMYECKHX TECOPHSIX,
KOHIICTIIIMAX, TUIIOTE33aX, 3aKOHAX, 3aKOHOMEPHOCTSX U MpaBWIaX, COCTABIIONIMX COBPEMEHHYIO
€CTECTBCHHO-HAYYHYIO KAPTUHY MUPA; O CTPOCHUU, MHOTOOOPa3HH U OCOOCHHOCTSIX OMOJIOTUIECKIX CUCTEM
(kJIeTKa, OpraHu3M, OMYJISIUS, BUJ, OMOTe0IeH03, Onochepa); O BBIIAOIIUXCS OTKPBITUSIX U COBPEMEHHBIX
HCCJIEIOBAHUAX B OMOJIOTHH;

O3HAKOMJICHHE OOYYaroMIMXCsS C METOJaMH IT0O3HAHUS JKUBOH MPHUPOMABI: HCCIICI0BATEIBCKUMU
MeToJlaMU OWOJIOTMYECKUX HayK (MOJIGKYJISPHONW M KIETOYHOW OHMOJOTHH, YMOPHOIOTHU U OHOJOTHH
Pa3BUTHS, TCHETUKU U CETIEKIINH, OMOTEXHOJIOTUN U CHHTETUUECKOW OMOJIOTHH, TAJIEOHTOJIOTHH, YKOJIOTHH ),
METOJIaMU CaAMOCTOSITEIBHOTO MPOBEIEHUSI OMOJOTHYECKMX MCCIEOBAaHUN B JAOOpPaTOpHH M B MPUPOJIE
(HabmoieHne, U3MEPEHHE, SKCIIEPUMEHT, MOJICTTUPOBAHNE);

OBJIaJICHHE 00YyYarolUMHCS YMEHUSIMHU: CaMOCTOSITENIbHO HAXO/UTh, AaHAJIM3UPOBATh U UCIOJb30BaTh
OMOJIOTHYECKYI0 MH(POPMALIMIO; TOJIb30BaTbC  OMOJOTMYECKOW TEPMUHOJOTHEH U  CHUMBOJHMKONM;
YCTaHABIIMBATh CBS3b MEXAY Pa3BUTHEM OHOJIOTUH M COLHAIbHO-3KOHOMUYECKMMH U 3KOJIOTHYECKUMU
pobjeMaMy YeI0BeYeCTBa; OLEHUBATh MOCIEICTBUS CBOEH JESITEIbHOCTH 110 OTHOILIEHHUIO K OKPY/KAIOIIEH
MIPUPOIHOM cpejie, COOCTBEHHOMY 3/10POBBIO U 3/I0POBBIO OKPYKAIOIIUX JII0/I€H; 000CHOBBIBATh U COOIIOAATh
Mepbl MPOQMIAKTUKY WH(EKIMOHHBIX 3a00J]eBaHUM, MpaBUa MOBEACHHUS B TNPUPOAE M OOecreueHHs
0€30MacHOCTH COOCTBEHHOM KU3HEAESITENHOCTHU B UPE3BbIYAMHBIX CUTYALUAX IPUPOAHOTO U TEXHOT€HHOTO
XapakTepa; XapaKTepH30BaTh COBPEMEHHbIE HAyUHbIE OTKPBITUS B 00JIaCTH OMOJIOTUH;

pa3BuTHE y 00y4alONINXCsl MHTEJUIEKTYAIbHBIX U TBOPUYECKUX CIIOCOOHOCTEH B Mpoliecce 3HAKOMCTBA C
BBIIAIOIIMMUCS OTKPBITUSMU U COBPEMEHHBIMHU UCCIIEIOBAHUSMU B OMOJIOTHH, PEIIAEMBIMHE €10 MPOOIeMaMH,
METO0JIOTUEH OMOJIOTHIECKOTO MUCCIIEIOBAHMS, POBECHHUS IKCTICPUMEHTAIBHBIX UCCIICIOBAHNN, pEIICHUS
OMOJIOTMYECKHX 3a]1a4, MOJICITUPOBAHUS OMOIIOTUYECKUX 0OBEKTOB U MPOIIECCOB;

BOCIIUTaHHUE y 00YJaIOLINXCS IIEHHOCTHOTO OTHOILIEHUS K JKUBOM MPHUPOJIE B IIETIOM U K OTACIbHBIM €€
o0BbEKTaM U SIBICHUAM; (OPMHUPOBAHUE SKOJOTUYECKOW, T€HETHUECKON I'PaMOTHOCTH, OOLIEH KyIbTYpHI
[IOBEJICHUS B IIPUPOJIC; MHTErPALIMU €CTECTBEHHO-HAYYHBIX 3HAHUH;

npuoOpereHne  OOyYaAIONUMUCS  KOMIIETEHTHOCTHM B pAIlMOHATBLHOM  MPHUPOAOIOJIB30BAHUN
(cobmronenne TpaBWiI TOBEICHUS B TPUPOJIC, OXpaHbl BHJIOB, IKOCHUCTEM, Ouochepsl), COXpaHEHUHU
COOCTBEHHOTO 37I0POBbS U 3/IOPOBBS OKPYKAIOUIUX Jt0JIel (CoOMt0ieHns Mep po(UIaKTUKA 3a00IeBaHUT,



obecnieueHre 6€30MaCHOCTH KU3HEACITETFHOCTH B UPE3BbIUAHHBIX CHUTYAIHSIX IPUPOJTHOTO H TEXHOTCHHOTO
XapakTepa) Ha OCHOBE MCIOJIb30BaHUsl OMOJIOTMUECKUX 3HAaHUI U YMEHHI B MOBCEAHEBHOMN KU3HU;

CO3JIaHHE YCIIOBH JUISI OCO3HAHHOTO BBIOOpa OOYYaIOMIMMHUCS WHIWBUAYaIbHOW 00pa30BaTEIbHOM
TPaeKTOPHH, CIIOCOOCTBYIOIICH MOCIIEAYIOIEMY TPOPECCHOHATLHOMY CaMOOIIPE/ICICHHUIO, B COOTBETCTBHH C
WH/IMBUyaIbHBIMUA UHTEPECAMU M MTOTPEOHOCTSMU PETHOHA.

Oo0111ee uncI0 YacoB, OTBEACHHBIX HAa N3yYeHHE OMOJIOTUU Ha YIIIyOJIEHHOM YPOBHE CpelHero o0uiero
oOpazoBanus, coctaisaeT 204 gaca: B 10 kimacce — 102 4gaca (3 gaca B Henento), B 11 ximacce — 102 gaca (3
yaca B HEJICIIO).

OTb60p opraHM3aIMOHHBIX (POPM, METOZOB M CPEICTB OOYUCHHSI OMOJIOTHH OCYIIECTBISETCS C YIETOM
CHelU(pUKA €ro CcoAepKaHUs W HaIMpPaBJICHHOCTH Ha MPOAODKEHHE OMOJIOrHYeckoro oOpa3oBaHUS B
OpTraHU3aMIX CPEAHEr0 MPOPEeCCHOHATBHOTO U BhICIIET0 00pa3oBaHusl.

OO0s13aTeNIBHBIM YCIIOBHEM MPU 00yYEeHUH OMOJIOTUU Ha YIIIyOJEHHOM YPOBHE SIBIISIETCSI TIPOBEICHUE
71a00paTOPHBIX M IPAKTUYECKUX paboT. Takxke yyacTue 0Oy4aronIuXcs B BBITOJHEHHH MPOCKTHBIX U Y4eOHO-
HCCIIIOBATENIbCKUX pabOT, TEeMaTHKa KOTOPBIX ONpEIENseTCS YYHUTEIeM Ha OCHOBE HMEIOIIUXCS
MaTEepHATLHO-TEXHUYECKUX PECYPCOB U MECTHBIX MPUPOIHBIX YCIOBHIA.

COJAEP)KAHUE OBYYEHUA

10 KJIACC

CogaeprxkaHue nporpaMMbl, BbIIEJIEHHOE KYPCUBOM, HE BXOJUT B IPOBEPKY T'OCYIAPCTBEHHOM
uroroBou arrectanuu (I'NMA).

Tema 1. Bnonorus kak Hayka

CoBpemeHnHast Ouojorusi — KOMIUIEKCHas Hayka. Kparkas wucropus pa3BUTHS OHOJIOTHU.
buonornyeckne Hayku W u3ydaemble MMH MpoOsiembl. DyHAaMeHTalbHbIE, MPUKIAJHbIE U TOUCKOBBIE
Hay4yHbIE UCCIIEIOBAaHUS B OMOJIOTHH.

3HaueHue Ouosoruu B (HOPMHUPOBAHMM COBPEMEHHOH €CTECTBEHHO-HAyYHOW KapTHHBI MHpa.
ITpodeccun, cBsizanHble ¢ Ouosorueil. 3HayeHHe OHMOJIOTMH B IMPAKTUYECKOM AEATENbHOCTH YeJOBEKa:
MEJUILIMHE, CEIbCKOM XO035MCTBE, IPOMBIIUIEHHOCTH, OXPaHE IPUPOBL.

JleMoOHCTpaLuu
[Toptpetsl: Apuctorens, Teodpact, K. Jlunneii, XK. b. Jlamapk, Y. Japsun, V. I'apseit, ['. Menaens,

B. W. Bepuanckuii, W. II. IlaBno, W. W. Meunuko, H. . BaBuno, H. B. Tumodeen-PecoBckuii,
JIx. Yorcon, ®@. Kpuk, /l. K. benses.

Tabmuirel U cxeMbl: «CBsI3b OMOJIOTUH C IPYTUMH HayKaMuy, «CuctemMa OMOIOTHYECKUX HAYK.
Tema 2. /KuBble cucTeMbl H X H3y4YeHHE
KuBpie cucreMnl Kak IpeaAMET HU3YUYCHUSA ouosornu. CBONMCTBAa JKUBBIX CHCTEM: €IUHCTBO

XUMHUYCCKOTIO COCTaBa, IAUCKPETHOCTH U HCIIOCTHOCTL, CIOXKHOCTb W YIIOPSAJOYCHHOCTb CTPYKTYPBHI,
OTKPBITOCTh, CaMOOPraHu3anus, CaMOBOCIIPOMU3BCACHUC, Pa3APaKUMOCTb, UBMCHYNBOCTL, POCT U Pa3BUTHC.



YpOBHU OpPraHM3ally >KUBBIX CUCTEM: MOJIEKYJISPHBIN, KJICTOYHBIM, TKAHEBBIM, OpraHU3MEHHBIN,
MONYJISIIIMOHHO-BUIOBOM, SKOCUCTEMHBIN (OMOTeoneHoTuIecKuii ), onocdepusiid. [Iporecchl, mpoucxoasime
B JKUBBIX cucteMax. OCHOBHBIE MPU3HAKK XKUBOT0. JKM3Hb Kak (opma cymecTBoBaHUs MaTepuu. Haykw,
M3YYaIOIINE )KUBBIE CUCTEMBI Ha PA3HBIX YPOBHAX OpraHU3alliu.

N3yuenue xuBbIX cucteM. MeTozsl Onosornueckoil Hayku. HaGumoieHue, usmepeHue, 3KCIepruMeHT,
cucremarusanus, MeraaHanus. [loHATHe O 3aBUCHMMOM M HE3aBUCUMOW IepeMeHHOH. [limanumpoBanue
skcnepumenTta. IloctaHoBka u mnposepka runore3. HyneBass rumnore3a. Ilonstue BbIOOpKHM U €€
JIOCTOBEPHOCTb. Pa30poc B Ouonornueckux gaHHBIX. OIEHKa JOCTOBEPHOCTH IOJIYYEHHBIX PE3yJIbTATOB.
[IpyunHBI HCKa)KEHUS PE3YyIbTATOB IKCIIEPUMEHTA. [IoHATHE CTaTHCTUYECKOTrO TecTa.

JemMoHcTpauMu

Tabmuiel 1 cxeMbl: «OCHOBHBIC MPU3HAKH KU3HNY, «bHOIOTHYECKHEe cUCTEeMBD», «CBOMCTBA KUBOM
MaTEpUn», «Y POBHU OpraHU3alUu )KUBOU IPUPOABD», «CTPOCHHUE JKUBOTHOU KIIETKW», «TKaHU )KUBOTHBIX»,
«CucTemMbl OPraHoOB YEIIOBEUECKOro opranu3May, «buoreornenosy», «buochepa», «MeTo bl H3ydeHUs )KUBOM
IIPUPOJBDY.

Oo6opynoBanue: naboparopHoe 000pyAOBaHHE [UIsi TPOBEACHHUS HAOMIOACHWM, W3MEpeHUi,
AKCIIEPUMEHTOB.

IIpakTuyeckass padora «/Icronb30BaHHE pa3INYHBIX METOAOB IPHU H3YYEHUHU KUBBIX CHCTEMM.

Tema 3. Buogorus KjieTku

Knerka — cTpyKTypHO-(QYHKIMOHANbHAs €IMHULA >KUBOro. VcTopus OTKphITUS KieTKU. PaboTsl
P.I'yka, A. Jleenryka. Knerounas teopus (T. IlIBann, M. [llneiinen, P. BupxoB). OcHOBHbIE MONOXKEHUS
COBPEMEHHOU KJIETOYHON TEOPUH.

Metonabl MOJNEKYISApHONH U KJIETOUYHOW OMOJOrMH: MUKPOCKOMHMSA, XpomaTtorpadus, 31IeKTpodopes,
METOJI MEUEHBbIX aTOMOB, Tu(ddepeHnaibHoe HEHTPUPYTrUpOBaHUE, KYIbTUBUPOBAHUE KIIETOK. M3yuenue
@ukcupoeannvix  Kiemox. DIEKTpOHHas MUKpockonus. Kongoxanvnas muxkpockonusa. Bumanvhoe
(npudicuznenHoe) uzyyeHue Kiemox.

JleMoOHCTpaLuu

Iloprpetsl: P. I'yk, A. JleBenryk, T. [lIann, M. lllneiinen, P. Bupxos, K. M. bap.

Tabmuubl U cxembl: «CBETOBOW MHKPOCKOIM», «DJIEKTPOHHBIH MHKpockom», «Mctopus pa3BUTHS
METOJI0B MUKPOCKOITUI.

OO0opynoBaHWe: CBETOBOM  MHUKPOCKOII,  MHKpPOIIpEnaparbl  pPacTUTEIbHBIX, IKUBOTHBIX U
OaKTepUaTHHBIX KIIETOK.

IMpakTuyeckas padora «3yueHue MeTo0B KJIETOUHOI Onosioruu (Xxpomarorpadus,
anekTpodopes, auddepennnanpHoe neHTpudyrupoanue, [ILIP)».

Tema 4. Xumuyeckasi OpraHu3alus KIeTKH
XHUMHUYECKUN COCTAaB KIETKU. Makpo-, MUKpO- U YJIbTPAMHUKPOXJIEMEHTHl. Boma u €€ posb Kak

pacTBOPHUTEIIS], peareHTa, y4acTie B CTPYKTYPUPOBAHUM KIIETKH, TEIJIOPEryIsiiui. MUHEpaabHbIE BEIIECTBA
KIJIETKH, MX OMoJorudeckasi poiib. Poiib KaTHOHOB ¥ aHMOHOB B KJIETKE.



Opranuyeckue BellecTBa KIETKH. buosornueckue nonumepsl. benku. AMHUHOKHCIOTHBIM COCTaB
OenkoB. CTpyKTypbl OCIKOBOM MoJieKyibl. [lepBudHas cTpykTypa Oenka, MenTuaHas CBsI3b. BropuuHas,
TpeTUYHasi, YeTBEpPTUYHAsA CTPYKTyphl. JleHatypauusa. CaoiictBa OenkoB. Kaccudukamnus Oenkos.
buonornueckue GyHkiuu 6enKkoB. [lpuonui.

VYrieBosbl. MoHOCaXapu/Ibl, IUCaXapuIbl, OJIMTOCaxXapuIabl U Mmojaucaxapu/asl. OOIIHiA I1aH CTPOSHUS
1 (PU3HKO-XMMHYECKHUE CBOMCTBA YTIIeBOI0OB. bruonornueckue GyHKIIMH YTIIEBOIOB.

Jlunuper.  TuapodwmibHo-ruApodoOHBIe cBolicTBa. Knaccudukamus mwmnunos. Tpuriaumepumsl,
dbochomunuabl, BOCKU, crepousl. buonorndeckue ¢yHkimu munuaoB. OOme CBOMCTBA OMOIOTHYECKIX
MeMOpaH — TeKy4eCTh, CIOCOOHOCTh K CaMO3aMbIKaHUIO, ITOJIYIIPOHUIIAEMOCTb.

Hyxneunoseie kucnotsl. JIHK u PHK. Ctpoenue nyxienHoBbix kucior. Hykneoruasl. [lpuniun
koMmruiemeHtapHoctu. [lpasuno Yapradda. Crpykrypa JJHK — nBoiiHas crimpanb. MecTOHAXOXKICHHUE H
ounonornueckue ¢pynkiuu JJHK. Buapt PHK. ®ynkiuun PHK B knetke.

Crtpoenue monekynsl AT®. Makposprudeckue cBsizu B monekyine AT®. buonornueckue §yHKImn
AT®. BoccTaHOBJICHHBIE TICPEHOCUMKH, WX QYHKIHH B KIETKE. /[pyeue Hykieozuompugpocgamol
(HT®). CexBenupoanue JJHK. Memoow: eenomuku, mpanckpunmomuxu, npomeomuxu.

CtpykrypHast Ouojorusi: OuHOXMMHUYECKHE U OHMO(PHU3MYECKHE UCCIEJOBaHMS COCTaBa M
MIPOCTPAHCTBEHHON CTPYKTYphl OHOMOINEKYNI. Modenuposanue cmpykmypsvl U QYHKYUl OUOMONEKYT U UX
Komniekcos. Komnvromepnulii Ouzauin u opeaHu4eckuti cunmes OUOMOaeKyl U UX HenpUpPOOHbIX AHANO208.

JleMoHCTpaLul
Hoptpertst: JI. [Tomunr, Ix. Yorcon, @. Kpuk, M. Yunkunc, P. ®panxiaun, @. Caurep, C. [Ipy3unep.

Z!I/Ial"naMMLIZ «PacnpeﬂeneHI/Ie XUMHYECKUX DJIEMEHTOB B HEKHBOMU IIpUpOACH, «Pacnpez[eneHI/Ie
XUMHYECKHUX 3JIEMEHTOB B JKHBOU mpupoacH».

Tabmunel u cxemsl: «llepuoguueckas Tabinia XUMHUYECKUX 3JEMEHTOB», «CTpOEHUE MOJEKYJIbI
BO/bI», «BemectBa B cocTaBe opraHu3mMoBy», «CTpoeHHe MOJeKyiabl Oenka», «CTpyKTypbl OeNKOoBOii
MOJIEKYIIbI», «CTpoeHHe MOJIEKYJI YIIIeBOJOB», «CTpOEHUE MOJIEKYI JIMIUA0BY», «HykIenHOBbIE KHCIOTHD,
«Ctpoenne Monekyiasl ATOy.

O6ODVI[OBaHI/IeI XUMHYECKad Iocyna u O60py,Z[OBaHI/Ie.

JlaGopaTopnasi pa6ora «O0HapykeHHe OETKOB C OMOIIbIO KAUECTBEHHBIX PEAKIIHII.

Jlaboparopnasi pa6ora «/ccienoBaHre HYKJIIEMHOBBIX KHCIIOT, BBIIEJICHHBIX U3 KJIIETOK Pa3JIMYHbIX
OpPTraHU3MOBY.

Tema 5. Ctpoenue U QyHKIMH KIETKH

THMbI KJIETOK: SyKapHOTHYECKas U MpokaproTHueckas. CTpyKTypHO-()yHKIIHOHAIbHbBIE 00pa30BaHUs
KJIETKH.

CtpoeHnue npokapuoTrueckoil kiaeTku. Knerounas crenka 6aktepuii u apxeir. OcoOEHHOCTH CTPOCHHUS
rerepoTpoHON U aBTOTPO(PHOMN MPOKAPHUOTUUECKUX KIIETOK. MecTo U pojib MPOKapUOT B OMOIIEHO3aX.

Crpoenne u (QYHKIIMOHUPOBAHHME OHyKapuoThueckoil kietku. [lmazmatuueckass memOpaHa
(mnazmanemma). CTpyKkTypa mia3mMaTHyeckoid MeMmOpaHbl. TpaHCHOPT BEIIECTB uepe3 IIa3MaTHUYEeCKYIO
MeMOpaHy: naccuBHbIA (quddys3us, obneruéHHas audQys3us), aKTUBHBIM (MEPBUYHBIA W BTOPUYHBIH



akTUBHBIN TpaHcnopt). [Tomynponunaemocts MeMOpanbl. PaboTa HaTpuii-kanneBoro Hacoca. DHJIIOLUTO3:
MUHOIUTO3, (aronuTo3. Dk3omuto3. Kierounas crenka. CTpykTypa ¥ (DYHKIIMM KIETOYHOM CTCHKH
pacteHuii, rpuboB.

Huronnazma. Lwurozons. [urockenmer. JIBwkeHue  uurToruiazMbl.  OpraHougbl  KIETKH.
OpnoMeMOpaHHbIe OPraHOUAbI KJIETKH: SHAoIUIa3MaTnueckas cetb (JI1C), anmapat ["oabakxu, TM30COMBI, UX
crpoenue M (GyHKIUU. B3auMoCBs3b OAHOMEMOpPAaHHBIX OpPraHoOMOB KIETKH. CTpoeHHe TpaHyISIpHOTO
petukynyma. Mexanusm umanpasnenus denxoe ¢ IIIC. CuaTe3 pacTBOpUMBIX OelkoB. CHHTE3 KJIETOYHBIX
MeMOpaH. ['magkuii (arpaHyJsIpHBIN) 3HIOTUIA3MATUYECKUN peTukyinyM. CekperopHas (GYyHKIUsS armapara
lonbmxu. Moougukayus  beakos 6 annapame Ionvooucu. Copmupoeka benkos 8 annapame
Tonvoorcu. TpancnopT BelecTB B KieTKe. Bakyonu pactutenbHbIX KieTok. Kiierounsiii cok. Typrop.

[ToryaBTOHOMHBIE OPTaHOUIBI KJIETKU: MUTOXOHIPHH, TUIACTUABL. [Ipoucxodicoenue MumoxoHopuil u
nracmuo. Cumobuoeenes (K.C. Mepeackosckuu, JI. Mapeynuc). Ctpoenne u (QYHKIIUM MHUTOXOHAPUN H
wiactufl. [lepBuyuHble, BTOPUYHBIC U CIIOXKHbBIE TUIACTUABI (DOTOCHHTE3UPYIOLIUX 3YKAPHOT. XJIOPOILIACTHI,
XPOMOILUIACTBI, JIEUKOIUIACTHI BBICIIMX PACTCHUM.

HememOpannbie opranouasl kietkun CTpoeHHne W (QYHKIHH HEMEMOpaHHBIX OpPTaHOWIOB KJICTKH.
Pubocomsl. IIpomesicymounvie  gpunamenmol.  MukpoduaaMeHThl. AKmuHo8ble  MUKPOQDUIAMEHMDbL.
MBpleyHble KIETKU. AKMUuHo8bie KOMNOHEHmMbl HeMblUeYHbIX KiemoK. MUKpOTpyOouKH. KieTouHbIii IeHTp.
CtpoeHrne M J[BIKEHUE KI'YTUKOB U pecHUYek. Mukporpybouku muroriazmel. Llentpuons. benku,
accoyuuposanuvie ¢ MUKpoguiamenmamu u muxpompyooukamu. Momopusie benxu.

SAnpo. Obonouka siapa, XpOMaTHH, KapuoIiazMa, SAPBIIKA, UX CTpOeHHEe W (YHKIMHU. SaepHbIi
OenxoBbIii MaTpuKc. [IpocTpaHCTBEHHOE PACTIONOKEHHE XPOMOCOM B MHTEP(A3HOM sIpe. Jyxpomamun u
ecemepoxpomamut. benku XpoMaTHHA — TUCTOHBL Junamuxa sdepHoll 000104KuU 6 mumo3ze. HoepHbiil
mpaucnopm.

Knerounsie BrmtoueHus. CpaBHHUTENbHAs XapaKTEPUCTHKA KIETOK JyKapuoT (pacTHTEIbHOM,
’KMBOTHOM, TPUOHON).

JleMoHCTpanuu
IToprpetsr: K.C. MepexkoBckuid, JI. Maprymnuc.
Tabmunel 1 cxeMbl: «CTpOeHHE 3YKapUOTUYECKOW KIETKH», «CTpoeHue KUBOTHOM KIIETKNY,

«CTpOCHI/Ie paCTHTeHLHOﬁ KJIICTKK, «CTpOGHI/Ie MHUTOXOHAPUWY, «ﬂI[pO)), ((CTpOGHI/IC HpOKﬁpHOTH‘ICCKOfI
KIICTKH».

OO6opyoBaHKe: CBETOBOMI MHKPOCKOI, MHUKpOIpenapaTbl PAacTUTEIbHBIX, >KMBOTHBIX KIIETOK,
MHUKpPOIIpenapaTsl OaKTepHaIbHBIX KIETOK.

JlaboparopHasi padora «/3ydeHne CTpOCHUS KIETOK PA3IMYHbIX OPTaHU3MOBY.

IMpakTuyeckas padora «3yueHue cBOWCTB KJIETOUHON MEMOPAHbBI».

Jladoparopnasi padora «/ccneqoBanue mia3zMonn3a 1 AeUIa3MoIIn3a B PACTUTEIBHBIX KIETKAX.
IpakTuyeckasi padora «/3yueHne ABMKEHUS HUTOIIA3MbI B PACTUTENIBHBIX KIETKAX.

Tema 6. O0MeH BeliecTB U NPeBpalliecHHe JHEPTHH B KJIeTKe

AcCCUMMIISINS ¥ AUCCUMUIISLIMS — IBE CTOPOHBI MeTabou3Ma. Tuiibl 0OMeHa BeIecTB: aBTOTPOHbII

U reTepoTpodHbId. YYacTHe KHCIOpoaa B OOMEHHBIX IMpoleccax. JHEpreTuiyeckoe oOecreueHne KIIETKU:
npeBpamieHne AT® B oOMeHHbIX mporeccax. @DepMEHTATHBHBIN XapakTep peakluil KIEeTOYHOTro



Mmetabonu3ma. DepMeHThl, MX CTpPOEHHE, CBOiicTBa M MexaHusM JeiictBus. Kodepmentsl. Otiauuums
(epMEHTOB OT HEOPraHWYECKUX KaTaau3aTopoB. benku-akTHBaTOpBHl M OCNKH-MHTHOUTOPHI. 3aBHCUMOCTH
CKOpPOCTH (PEpPMEHTATUBHBIX PEAKIIUN OT Pa3IMUHBIX (PAKTOPOB.

[lepBUYHBII CHHTE3 OPraHMYECKHX BEUIECTB B KieTKe. DOTOCHHTE3. AHOKCUCEeHHbIN U OKCUCEHHDII
@omocunmes y 6axmepuii. Céemocobupaiowue nNUSMeHmvl U NUSMEHMbl PeaKyuoHHO20 yeHmpa. Poib
XJIOPOILIACTOB B Mporecce porocunTesa. CBeToBas 1 TeMHOBas pa3pl. Pomoovixanue, Cs-, Cs u CAM-munut
@omocunmesa. IlpogyKTHBHOCTD (hOTOCHHTE3a. BiusiHue pa3andyHbIX (akTOpoB Ha CKOPOCTh (poTOCHHTE3A.
3nayeHue GOTOCUHTESA.

XemocuHTe3. PasHooOpazue  OpraHM3MOB-XEeMOCHHTETHKOB: HUTPUHUIMpPYIOLIHNE OakTepuw,
Kele300aKTepHun, CEpOOAKTEPUH, BOIOPOIHBIC OaKTepru. 3HAaUeHNE XEeMOCHHTE3a.

AHa’poOHbBIe opranu3Mbl. Buabel 6poxenus. [IpoaykTel OpOKEHUS U UX UCIOJIB30BAHUE YEIIOBEKOM.
AHa’poOHBIE MUKPOOPTaHU3MbI KaK 00BEKThl OMOTEXHOJIOTHH M BO30YIUTEIN OOJIE3HEH.

AdpOOHBIC OpraHM3MBI. DTallbl YHEPreTUUYEeCKOro oomeHa. [loaroroButenbHbIN 3Tan. [nmkonms —
OECKHUCIOPOIHOE PACIICIUICHUE TIIFOKO3BI.

buosiornueckoe oOkHCIEHME, WIM KIETOYHOE JAbIXaHue. Poiab MUTOXOHApPHI B mpoueccax
ouosornyeckoro okucieHus. Llukmudeckne peaknuu. OkucnaurenbHoe (hochopumupoBanue. JHepeus
Membpannoeo epaduenma npomonos. Cunmes AT®: paboma npomonnou ATD-cunmaszwi. [lpeumyiiecTsa
a’poOHOTO TTyTH OOMEHa BEIIECTB Niepe]] aHa3POOHBIM. DP(HEKTUBHOCTH SHEPTETUICCKOT0 0OMEHA.

JleMoHCTpaLul

[oprpersr: Jx. [Ipuctiu, K. A. Tumupsizes, C. H. Bunorpaackuii, B. A. Durensrapar, [1. Mutuens,
I'. A. 3aBap3uH.

Tabmuipl 1 cxeMbl: «DOTOCUHTE3», «IHEpreTHUeckuii oOMen», «buocunres Oenka», «CtpoeHue
bepmenTa», «XeMOCHHTE3Y.

OO6opynioBaHue: CBETOBOM MHUKPOCKON, O0OOpYJOBaHWE JUIsl MPUTOTOBICHHUS MOCTOSIHHBIX H
BPEMEHHBIX MUKPOIIPENIapaToB.

JlaGopaTopHnasi padora «/I3ydyeHne KaTaIuTHYECKON aKTUBHOCTH (DEpMEHTOB (Ha MPUMEpPE aMUIIa3bl
WJTU KaTajasbl)y.

JlaGopaTopnasi padora «3yueHue (epMEHTATUBHOIO pacllelyIeHUs] NepoKcuia BoAOpoAa B
PACTUTENBHBIX U KUBOTHBIX KIETKAX).

JlaGopaTopuas padora «CpaBHeHHUE NMPOLECCOB (POTOCHHTE3a U XEMOCHHTE3a».

JlaGopaTopHuas padora «CpaBHEHHUE NTPOLIECCOB OPOKEHUS U JBIXAHUS.

Tema 7. HaciiencrBenHasi uHgopMauus U peaju3ainus e€é B KJeTKe

Peakuuu matpuyHOoro cuHTe3a. [IpMHIMI KOMITJIEMEHTApHOCTU B PEaKIMAX MATPUYHOIO CHHTE3A.
Peanuzanus HacneactBeHHoU nH(popMaru. ['eHeTHUecKuit Koj, ero cBOMCTBa. TpaHCKPHUIIINS — MATPUYHBIN
CUHTE3 PHK. [TpuHIMITEL TPAHCKPUIILIUN: KOMIIJIEMEHTApHOCTb, AHTUINAPAJIIEIIBHOCTD,

acuMMeTpuIHOCTh. Cospesanue mampuunvix PHK 6 syxapuomuueckoii kiemke. Hexooupyrowue PHK.

Tpancnsauus u e€ stanel. Yuactue TpancnoptHeix PHK B 6uocunrese Oenka. YcnoBus 6MocHHTE3a
6enka. Koguposanue amunokucnot. Posib pubocom B GnocuHTe3e Oernka.



Coepemennvie npedcmasnenusi o cmpoeruu 2enog. Oprannsanysi FeHoMa y IPOKapuoT U 3YKapHOT.
Perynsmus akTMBHOCTH T€HOB y mpokapuoT. ['mmoreza omepona (P. XKako06, XK. Mano). MoxexyaapHule
MexaHusmMbl dKcnpeccuu 2eHos y aykapuom. Ponv xpomamuna 6 peeyiayuu pabomul eenos. Perynsuus
0OMEHHBIX MPOIecCOB B KieTKe. KieTounslit romeocTas.

Bupychl — HeksieTouHble POpMBI KU3HU U 00JIUraTHbie napasuThl. CTpOoeHHE MPOCTHIX U CIIOKHBIX
BHUPYCOB, pETPOBHPYCOB, Oakrepuodaros. Kusnennviti yukn JHK-cooepocawux eupycos, PHK-

cooepoicawux supycos, bakmepuogacos. Oopamuas mpaHckpunyus, pesepmasa, unmezpasd.

BupycHbie 3a0osieBanus 4enoBeka, >KMBOTHBIX, pactenuid. CIIMJ], COVID-19, comumanbpHbie U
MEUIIMHCKUE TTPOOIIEMBI.

buoungopmamuka: unmecpayus u aumanuz oOoavwux maccusos («bigdatar) cmpyxkmypHwix
ouonocuueckux dannvix. Hanomexnonozuu 6 ouonocuu u meouyure. llpoepammupyemvie Gynkyuu 6eaxos.
Cnocobwl 0ocmaesxu nekapcms.

JdeMoHcTpannn

[optpetst: H. K. Konbios, /1. Y. IBaHOBCKUH.

Tabmuubt u cxembl: «buocunTes 6enkay, «I'eHeTnueckuit Koy, «Bupyce», «bakrepuodarm.

IpakTnyeckas padora «Co3aHue MOJIEIIN BUPYCA».

Tema 8. JKu3zHeHHBIN UK KJICTKH

Knerounsnii 1k, ero mepuoasl u perymsinus. Matepdaza m mMuto3. OCOOEHHOCTH MPOILECCOB,
npoTekaromux B uHTEepdasze. [loaroroBka kieTku K neneHuto. [IpecuHTeTHYECKU (TOCTMHUTOTHYECKHIA),
CHUHTETHYECKUI U NOCTCUHTETHUECKUH (TPEeMUTOTHYECKUIN) TEpHOAbI UHTEp(ha3bI.

Matpuunsiii cunte3 JIHK — permkanus. ITpunnuner permkanuu JHK: xommiemenTapHOCTS,
MIOJIYKOHCEPBAaTUBHBIN CUHTE3, aHTUNapaienbHocTh. Mexanusm pemnukanuu JJHK. Xpomocomsl. Ctpoenue
xpomocoM. Temomepsl U Tenomepaza. XpPOMOCOMHBI HabOp KIETKH — KapuoTunl. JIMNiaouaHbli u
rarIonIHbIN Habopel XxpoMocoM. ['oMonoruuHbie XpoMocoMbl. [10510BbIE XPOMOCOMBI.

Henenune xnetku — muto3. CTaguum MUTO3a W MPOUCXONSAIINE B HHUX MpolecChl. THUMbl MHUTO3A.
Kapuokunes n nutoknnes. buonornueckoe 3HaueHrEe MUTO3a.

Perynsiust MUTOTHYECKOTO TIMKIIA KIeTKH. [[porpaMMupyemast KIieTo4uHast THOEIb — aromTo3.

Kierounoe sapo, Xpomocombl, (YHKIMOHAIbHAs T€HOMHUKA. Mexanusmvl  nponugepayuu,
oughghepenyuposku, cmapenus u eubenu xiemox. «L{ugposas kremkay — ouourHgpopmamuyeckue mooenu
DYHKYUOHUPOBAHUS KTIEMKU.

JleMoOHCTpaLun

Tabmuipl U cxembl: «KW3HEHHBIN MUK KIETKH», «Muto3», «CTpoeHne xpomMocomy, «Permmkarus
JTHK».

OO6opyoBaHue: CBETOBOI MUKPOCKOI, MUKponpernaparsl: «MuTo3 B KJIeTKaxX KOpelKa JyKay.

Jladoparopnasi padora «/3ydyeHrne XpoOMOCOM Ha TOTOBBIX MUKPOIIPENapaTax».



JlaGopaTtopunas pa6ora «HabmogeHne mMuTO3a B KJIETKaX KOHYMKA KOpEIIKa JyKa (Ha TOTOBBIX
MHUKpOIIpenaparax).

Tema 9. Ctpoenue u GyHKIIMH OPraHU3MOB

buonoruueckoe paznooOpazue opranu3zMoB. OIHOKIETOYHBIE, KOJIOHHAIbHBIE, MHOTOKIIETOYHBIE
OpraHu3MBbl.

OcoOeHHOCTH CTPOEHUS U >KU3HENEATEIbHOCTU OJHOKJIETOYHBIX OpraHu3MoB. bakrepuu, apxew,
OJTHOKJICTOYHbIE I'PUObI, OTHOKJIETOYHBIE BOJOPOCIIH, APYrue NpoTUcThl. KoloHNanbHbIE OpraHu3MBl.

BzanmocBsa3b 4acTell MHOTOKJIETOYHOI'O OpraHusma. TKaHI/I, OpraHbl U CUCTEMBI OpPraHoOB. OpFaHI/ISM
KakK €IMHOC 1ICJI0C. I'omeocras.

Tkanu pacteHuil. Tumbl pacTUTENbHBIX TKaHEH: oOpa3zoBaTelbHas, MOKPOBHAs, IPOBOAALIAs,
OCHOBHas1, MexaHn4yeckas. OCOOCHHOCTH CTpOeHUs, QYHKIMI 1 pacToI0oKeHUsI TKAaHEH B OpraHax pacTeHH.

TkaHu >KMBOTHBIX M 4YeJIOBEKA. THUIBI JKMBOTHBIX TKAHEW: JNUTEIHMAIBHAs, COCAUHMUTENIBHAs,
MbIlIeyHast, HepBHasi. OCOOCHHOCTH CTPOCHUS, (PYHKIMIA M PACIIONIOKEHHs TKaHEH B OpraHax >KHBOTHBIX H
YeJIOBEKa.

OpFaHLI. BereraTtuBHbie U T'CHCPATHUBHLIC OPIraHbl paCTeHHﬁ. OpraHBI U CUCTCMbI OPraHOB JKHBOTHBIX
1 4CJI0BCKa. q)yHKI_II/II/I OpraHoB U CUCTEM OpIraHOB.

Omnopa Tena opranu3moB. Kapkac pactenuii. CkeneTsl OJHOKJIETOUYHBIX W MHOTOKJIETOYHBIX
AKUBOTHBIX. HapykHbIil 1 BHyTpeHHMI ckeneT. CTpOEHUE U TUIIbl COEUHEHNS KOCTEH.

I[BI/I)KGHI/IG OpraHu3MoB. [[BI/I)KGHI/IS OJHOKJICTOYHBIX OPIraHU3MOB! aMé6OI/II[HOG, KT'YTHKOBOC,
PECHUYHOC. I[BI/I)KGHI/IG MHOT'OKJICTOYHBIX paCTeHHﬁI TPOIMU3MbI U HACTHHU. I[BI/I)KCHI/IG MHOT'OKJICTOYHBIX
JKHUBOTHBIX U YCJIOBCKA: MBIIICYHAs CUCTEMA. Pe(bneKc. CxeneTHbIE MBIIIIBI 1 UX pa60Ta.

[Tutanue OpTraHru3MOB. HOFJ’IOHIGHI/IC BOJBI, YIJICKHUCJIIOTO ra3da U MUHCPAJIbHBIX BECUICCTB PACTCHUSMMU.
Ilutanue >XKUBOTHBIX. BHYTpI/IHOJ'IOCTHOC U BHYTPHUKIICTOYHOC IMUIICBAPCHUC. IIutanue MO3BOHOYHBIX
KHUBOTHBIX. OTI[CJ'II)I MUIICBAPUTECIBHOI'O0 TPaKTa. HI/IHICBapI/ITeJ'II)HI)IC KEIIC3bI. HI/IHIGBapI/ITeJ'H)HaSI cHuCTeMa
YCJIOBCKaA.

Ipixanue opranu3moB. Jlpixanue pacteHuid. Jlpixanue kuBOTHBIX. Juddys3us razoB dyepes
MoBepXHOCTh KJeTku. KokHoe npixanue. JlpixatenbHasi MOBEpXHOCTh. JKabepHoe M JIETOUYHOE JIbIXaHHE.
JIpIXaHW€ TO3BOHOYHBIX JKMBOTHBIX M YEJIOBEKa. OBOJIOLMOHHOE YCIOKHEHHE CTPOEHUsl JIETKUX
MO3BOHOYHBIX KUBOTHBIX. JlpIXarenbHas cucTema 4YesnoBeka. MeXaHW3M BEHTWISIUU JETKUX y MTUL U
MIIeKOMUTAMUX. Perymsaus apixanus. JlprxarenbHbie 00bEMBI.

TpaHcnopT BeHIECTB y OpPraHU3MOB. TpaHCIOPTHBIE CHUCTEMBI pacTeHHil. TpaHCHOPT BELIECTB Yy
®KUBOTHBIX. KpoBeHocHass cuctema u e€ opranbl. KpoBeHOCHass cuUCTeMa MO3BOHOYHBIX JKUBOTHBIX H
yenoBeka. Cepile, KpOBEHOCHBIE COCYbI U KpoBb. Kpyru KpoBooOparieHus. DBOIIOLMOHHBIE YCIOKHEHHS
CTPOCHHS KPOBEHOCHOW CHCTEMBI TIO3BOHOYHBIX )KUBOTHBIX. PaboTa cep/ia u e€ perynsius.

Brinenenue y opranusMoB. Boeinenenue y pacrenuid. Boinenenue y kuBOTHbIX. COKpaTHTENbHbBIE
BAaKYOJIH. OpFaHI)I BBIACIICHUS. (DI/IJ'II)TpaI_[I/IH, CeKpeuus nu O6paTHOG BCaChIBAHUE KaK MCEXAaHH3MbI pa6OTBI
opraHoB BblenieHus. CBsi3b MOJOCTH Tejla ¢ KPOBEHOCHOW U BBIJECIMUTENILHOM cUcTeMaMu. Boijenenue y
MMO3BOHOYHBIX KUBOTHBIX W uenoBeka. [louku. Ctpoenue u dyHkunonupoanue Hedpona. OOpazoBaHue
MOYH Yy YEJIOBEKa.



3ammra y OpraHu3MoB. 3amuTa Yy OJHOKJIETOYHBIX OpraHu3MoB. Cropsl OakTepuil M LMCTHI
MPOCTEUIINX. 3alllUTa y MHOTOKJIETOYHBbIX pacTeHuid. Kyrtukymna. CpeacrtBa MacCMBHOW M XUMHYECKOH
3amuThl. PUTOHIUIEL.

3amuTa y MHOTIOKJIETOUHBIX JKMBOTHBIX. [IOKpOBBI M MX IpPOU3BOJHBIE. 3alllUTa OpraHU3Ma OT
Oonesneil. MiMmyHHas cuctema dYenoBeka. KJIETOUHBIH W TYMOpaJbHBIH MMMYHUTET. BpoxnéHHBIA W
npuoOpeTéHHbIi ciennduyeckuii UMMYHUTET. Teopust KioHaNbHO-CeneKTHBHOrO uMmyHurtera (I1. Dpnux,
®. M. bepuer, C. Tonerara). BocnanutenbHple OTBETHI OPraHU3MOB. Poib BpOXKIEHHOTO MMMYHHUTETa B
Pa3BUTUU CUCTEMHBIX 3a001€BaHUN.

PazgpaxxumocTe M peryisinys y OpraHu3MoB. Pa3ipaXMMOCTh y OJHOKIIETOYHBIX OpPraHU3MOB.
Takcucsl. Pa3npaxumMocTs U peryisinus y pacTeHuil. PocToBble BenecTBa U X 3HaYCHUE.

HepBHas cucrema u peduexTopHas peryiasius y >XUBOTHBIX. HepBHas cucrtema M e€ OTHEINbI.
OBOJIOIIMOHHOE YCIIO)KHEHHE CTPOCHUs HEPBHOM CHUCTEMBl Yy JXUBOTHBIX. OTHEIBI TOJOBHOIO MO3ra
MIO3BOHOYHBIX KUBOTHBIX. Pediexc u pedaexropras ayra. besycioBHbie U yCIOBHBIE pE(IICKCHI.

I'ymopanbHas perynsiuus U 3HAOKPUHHAS CHUCTEMA >KMBOTHBIX M 4esoBeKka. JKese3bl 3HAOKPUHHOK
CHCTEMBI M IX TOPMOHEI. J{eficTBrEe TopMOHOB. B3anMoCBs3b HEPBHOM M 3HAOKPUHHOM cucTeM. [ umoranamo-
runogu3apHasi CHCTEMA.

JleMoHCTpaL U
[Toprpert: . II. 11aBnos.

Tabmuipl B cxembl: «OTHOKIETOUHBIE BOJOPOCITNY, «MHOTOKJIETOYHBIE BOAOPOCINY, «bakTepumny,
«IIpocreitmue», «Opranbl LBETKOBBIX pacTeHU», «CHCTEMbl OpPraHoB TMO3BOHOYHBIX JKUBOTHBIX),
«BHyTpeHHee cTpoeHHe HaceKoMbIX», «TkaHu pacreHmit», «KopHeBbie cuctembl», «CTpoeHHE CTEOIs»,
«CTpoeHue JHMCTOBOM IIIACTUHKW», «TKaHM KUBOTHBIX», «CKeyneT uesoBeka», «lluieBapurenbHas
cucrtemay, «KpoBeHocHas cuctemay, «/IpixatenbHas cucremay, «HepBHasa cuctema», «Koxay, «MpleuHas
cucteMay, «BwinenurenbHas cucrema», «JHIOKpUHHAsA cuctemay, «CtpoeHue MbImiby, «MMMyHHUTETY,
«KumeunomnonoctHeiey, «CxemMa MUTaHUs pacTeHui», «KpoBEeHOCHBIE CUCTEMBI TO3BOHOYHBIX JKMBOTHBIXY,
«Ctpoenue ruzipel», «CTpoeHue niaHapuny, « BHyrpeHHee ctpoeHue 10k1eBoro uepss», «HepBHas cuctema
peiO», «HepBHas cucrema nsrymkny, «HepBHas cucrema mpecMbikaromuxcs», «HepBHas cucrema mTuipy,
«HepBHas cucrema MiaekonuTarmux», «HepBHas cucrema yenoBekay, «Pedmaexcey.

OO0opynoBaHMe: CBETOBOM ~ MUKPOCKON,  MHUKPOIpEnapaTbl  OJHOKJIETOYHBIX  OPTaHH3MOB,
MHKpOIPENapaThl TKAHEN, pAKOBUHBI MOJUTHOCKOB, KOJUIEKIIMM HACEKOMBIX, UTJIOKOKHUX, )KUBBIE IK3EMILIAPbI
KOMHATHBIX PacTeHUl, repObapuul pacTeHUI pa3HBIX OTAENOB, BIAKHBIE MpEnapaThl KUBOTHBIX, CKEIETHI
MMO3BOHOYHBIX, KOJUICKIIMM OECIO3BOHOYHBIX JKMBOTHBIX, CKEJIET 4YeJOBEKa, OO0OpyJIOBaHUE IS
JIEMOHCTPAIIMM TIOYBEHHOTO M BO3AYIIHOTO MUTAHHUS PACTEHUM, pacllerUIeHHs] Kpaxmaia U OelKOB IMOJ
neiicteueM (hepMEeHTOB, 00OPYJIOBaHUE MJIsi JEMOHCTPAIIMKM OMBITOB MO M3MEPEHUIO KU3HEHHOU E€MKOCTH
JIETKUX, MEXAHU3MA JbIXaTEJIbHBIX JIBUKEHUM, MOJEIU TOJIOBHOIO MO3ra Pa3JIMYHbIX KUBOTHBIX.

JlaboparopHasi padora «/3ydeHne TKaHEH PACTEHUI.
JlaboparopHasi padora «/3ydeHne TKaHEN JKUBOTHBIX.
JladopaTropnasi padora «/3ydyeHrne opraHoB IBETKOBOTO PACTEHHSI.
Tema 10. Pa3MHoOkeHHMe U pa3BUTHE OPTAHU3MOB

@DopMBbI pa3sMHOKEHUS OPraHU3MOB: Oecros0e (BKIKYas BEreTaTUBHOE) U I10J10Bo€. Byl 6ecnionoro
Pa3MHOXKEHHUS: TIOYKOBAHUE, CIIOPYJISIMS, pparMeHTalHsl, KIOHUPOBAaHUE.



ITonnoBoe pasmHokeHue. IlosnoBeie kieTku, wiam ramersl. Meio3. Craguu Mmeiiosa. [loBenenue
xpomocoM B Meio3e. KpoccunroBep. buonorndeckuii cMbICa Melo03a U MOJIOBOTO Mpolnecca. Meito3 u ero
MECTO B KM3HEHHOM LIUKJIE OPIaHNU3MOB.

IIpenzapoapimieBoe pa3ButHe. l'ameroreHe3 y >kMBOTHbIX. llosnoBble »xene3sl. OOpa3zoBaHue u
pa3BUTHE MOJIOBBIX KJIeTOK. CriepmaroreHes u oorenes. CTpoeHue MOJOBbIX KIETOK.

OmogoTBOpeHre U 3MOPHOHATIBHOE pa3BUTHE KUBOTHBIX. CIOCOOBI OIUIOAOTBOPEHUS: HAPYKHOE,
BHyTpeHHee. [lapTeHorenes.

WHauBUyalbHOE pa3BUTHE OPraHU3MOB (OHTOTEHE3). DMOPHOJIOTHST — HayKa O pa3BUTHH
opranu3MoB. Mopghozcenes — 00Ha u3 enasHvix npodnem smopuonocuu. Konyenyus mopgoecenos u mooenu
mopgpoeeneza. Cramguu >MOpUOTeHe3a JKMBOTHBIX (Ha mpumepe Jsarymku). Jpobmenue. Tumbl
npoOnenust. /[emepmunupogannoe U  HeoepMuHupoeanHoe Opobaenue. bracmyna, munvl  Oaacmyi.
OcobeHHOCTH APOOJICHUS] MIICKOIUTAIOIINX. 3apOJIBIIICBBIC JTUCTKH (TacTpyJisiius). 3aKiajKka OpraHoOB H
TKaHEH U3 3apOIbIIIEBHIX JUCTKOB. B3anMHOe BIUsSHUE YacTel pa3BUBAIOIIECTOCS 3apO/Ibiiia (3IMOpHOHATBHAS
WHAYKIMS). 3aKajKa [jaaHa CTPOSHHS KUBOTHOTO KaK Pe3yJabTaT UEPAPXUUECKUX B3aUMOJICHCTBUI I€HOB.
Brnusinue Ha SMOpHOHAIBHOE Pa3BUTHE PA3IMYHBIX (DaKTOPOB OKPYKAIOIICH CPEIIbI.

Poct u pa3zButue xuBoTHbIX. [locTamMOpronansHbii nepuo. [Ipsimoe u Henpsimoe pa3zsutue. Pazsutue
¢ Metamop(o30oM y OECrO3BOHOUYHBIX U MO3BOHOYHBIX KMBOTHBIX. bHOJOrMueckoe 3Haue€HUE MPSIMOTO U
HEIPSIMOT'O Pa3BUTHS, UX PACIPOCTPAHEHHUE B IPUPOAE. THIIBI pocTa KUBOTHBIX. DaKTOPHI peryJsALMU pOCTa
KUBOTHBIX M uenoBeka. CTaguu MOCTAIMOpPHUOHAIBLHOTO PAa3BUTHS y JKUBOTHBIX U yesoBeka. [lepuojbl
OHTOreHe3a yenoBeka. CTapeHue U CMepTh Kak OMOJIOTHYECKUE TPOLIECCHI.

Pasmuoxenue u pazsutue pacrenuil. ['amerodut u cnopodut. Melio3 B ®KU3HEHHOM ITUKJIE PACTEHUH.
OOpazoBanue crop B mpormecce Meiho3a. ['amerorenes y pacrteHuid. OIUIOJOTBOPEHHE W Pa3BHTHE
pPaCTUTEIBHBIX OPraHKW3MOB. J[BOWHOE OMIIOJOTBOPEHHUE Y IIBETKOBBIX pacTeHuil. OOpa3oBaHKe U pa3BUTHE
CEMEHH.

MexaHu3Mbl peryJisiiiui OHTOr€He3a Y PACTEHHUI U KUBOTHBIX.
JleMoHCTpaLuu
[oprpetsr: C. I'. HaBamun, X. [lIneman.

Tabmuubl  u  cxeMmbl: «BeretatuBHoe pa3sMHOXXeHHE», «Tumbl 0ecrosioro  pa3MHOXKEHH,
«Pa3MHOXKEHHE XJTaMHJOMOHAAbD», «Pa3MHOMXkEHHE 5BIVICHB», «Pa3MHOXKeHHE THApb», «Meio3y,
«Xpomocombl», «l['ameTtorenes», «CTpoeHHME SHLEKIETKM M CcHepMaro3onna», «OCHOBHBIE CTaauu
oHTOreHesa», «lIpsmoe wm Henpsmoe paszButue», «Pa3BurHme Mailckoro xyka», «Pa3BuTue capaHum»,
«Pa3Butne sArymknm», «JIBOolHOE OIUIOJOTBOPEHHME Yy LBETKOBBIX pacTeHMi», «CTpoeHHe ceMsH
OJIHOJOJIBHBIX U JIBYZIOJIbHBIX PACTEHUIN», «OKM3HEHHBIN IMKJI MOPCKOM KaIyCThbI», «OKMU3HEHHBIN UK MXa,
«OKn3HEHHBIN UK NAIOPOTHUKAY, «OKN3HEHHBIN LIUKII COCHBIY.

O6ODVI[OBE[HI/ICI CBETOBOM MHKPOCKOII, MUKPOIPCIIapaThbl SIAIEKIIETOK U CIIepMaTo30u10B, MOJCJIb
«I_II/IKJ'I Pa3BUTHUSA JIATYHIKHW.

JlabopaTopnasi pa6ora «l/3y4ueHne cTpoeHHs MOJIOBBIX KJIETOK Ha TOTOBBIX MUKPOIPENapaTax.
IIpakTuyeckas padora «BplsiBIEHNE TPU3HAKOB CXO/CTBA 3apO/IbIILIEH TO3BOHOYHBIX JKUBOTHBIX .

JlabopaTopnasi pabora «CTpoeHHE OPraHOB Pa3MHOKEHUS BBICIINX PACTEHUN».



Tema 11. I'eHeTHKa — HAyKa 0 HACJIEACTBEHHOCTH U H3MEHYHBOCTH OPraHU3MOB

Wcropuss CTaHOBICHMS M Pa3BUTUS T'eHETUKUM Kak Hayku. Pabotel I'. Mengpens, I'. ne ®pusa,
T. Moprana. Ponb oTedecTBeHHBIX yU€HBIX B pa3BuTuu renetuku. Paboter H. K. Koneriosa, H. Y. Basuiosa,
A. H. benoszepckoro, I'. /. Kapneuenxo, FO. A. @unumuenko, H. B. Tumodeesa-Pecosckoro.

OCHOBHbBIE TEHETUYECKHE TOHATHUS W CHUMBOJIBI. ['OMOJIOTMYHBIE XPOMOCOMBI, aJUICIbHBIE TEHBI,
aJbTEPHATUBHBIC NIPU3HAKH, JIOMHUHAHTHBIA U PELECCUBHBIN NPU3HAK, TOMO3UI0Ta, T€TEPO3UTOTa, YUCTASI
JTUHUS, THOpUABL, reHoTUIl, peHoTurl. OCHOBHBIE METO/Ibl TEHETHKHU: TUOPHI0JIOTUYECKUH, IINTOJIOTUYECKUH,
MOJIEKYJIIPHO-TEHETUYECKUM.

JleMoHCTpan U

Hoptpertst: I'. Mennens, I'. ne ®pus, T. Mopran, H. K. Konsios, H. Y. Basunos, A. H. benozepckuii,
I'. 1. Kapneuenko, }O. A. ®dunmunuenko, H. B. Tumodees-PecoBckuii.

TaOauibl U CXEMBI: «MeTtoasl T'CHCTUKHN), «CxeMbl CKPCIIUBAHU.

JlaGopaTopHnas padora «/[po3oduia kak 00BEKT FTeHETUIECKUX UCCIICIOBAHUIN.

Tema 12. 3aK0HOMEPHOCTH HACJIEICTBEHHOCTH

Monorubpuanoe ckpemuBanue. [lepBorii 3akon Menens — 3aK0H eMHO00pa3us THOPHUIOB MTEPBOTO
nokosieHus. IlpaBwiio noMuHupoBanus. Btopoli 3akoH MeHznens — 3aKOH pacIIEIICHUS IPU3HAKOB.
[uTonornyeckue 0OCHOBBI MOHOIMOPUAHOIO CKpEIMBaHus. [ MOTE3a YMCTOTHI TaMeT.

AHanuzupytolee ckpemuBaHue. I[IpomexxyTouHblii xapakTep HacienoBaHus. Pacuiernsienue
IPHU3HAKOB IIPHU HCIIOJIHOM JOMHUHUPOBAHWH.

Hurnbpumnoe ckpemuBanue. TpeTuil 3akoH MeHaens — 3aKOH HE3aBHUCHUMOTO HAcleOBaHUS
npu3HakoB. [luTonoruueckre 0CHOBBI TUTHOPUAHOTO CKPEIIMBAHUS.

CHCHHCHHOG HACJICJOBAHHUC IPU3HAKOB. Pa6oter T. MopraHa. CLICHJ'ICHHOC HaCJICaO0BaHUC T'CHOB,
HapyHmCHUEC CUCIICHUA MEXKAY 'CHaAMU. XpOMOCOMHaSI TEOpH HACICACTBCHHOCTH.

['eneTtuka mosia. XpOMOCOMHBIN MEXaHU3M OIPEACIICHHS 1M0Ja. AYyTOCOMBI U MOJOBBIE XPOMOCOMBI.
['omorameTHbIi ¥ TeTeporaMeTHbIl MmoJ. ['eHeTnyeckass CTPyKTypa MOJIOBBIX XpoMocoM. HaciemoBanue
MPU3HAKOB, CLUEIICHHBIX C ITOJIOM.

I'enoTun kak nenoctHas cucreMa. IInenorponus — MHOKECTBEHHOE IEMCTBUE reHa. MHOXKECTBEHHBIN
annenusM. BzaumoselictBue HeayuienbHbIX TeHOB. KommuieMenTapHocTs. Onuctas. [lonnmepust.

I'emeTnueckui KOHTPOJIb Pa3sBUTHUA paCTeHHﬁ, JKUBOTHBIX M YC€JIOBEKA, a TAaKXEC (1)I/I3I/IOJ'IOFI/ILIGCKI/IX
MIPOIIECCOB, MOBEIECHUS M KOTHUTUBHBIX (QYyHKIUH. ['eHeTHUeckne MexaHu3Mbl CUMOMOTeHE3a, MEXaHU3MBI
BSaHMOﬂeﬁCTBHﬂ «XO34MH — HapasuT» U «XO03iIUH — MI/IKp06I/IOM». I'enmeTnueckme acHeKTHI KOHTPOJIA U
M3MEHEHMs HaclleICTBEHHON MH(OpMaIK B MOKOJIEHUAX KJIETOK U OPraHU3MOB.

JleMoHCTpanuu

[Toptpetsi: I'. Menaens, T. Mopran.

Tabmunel u  cxembl: «llepBbiii u  BTOpoil 3akoHsl Mengens», «Tperuit 3akoH Mengens»,
«AHanu3upyollee ckpemybanme», «Henonnoe noMuHrpoBanne», «CLEINIEHHOE HACIEN0BaHUE TPU3HAKOB




y npozoduiey, «['eHeTrka monay, «Kapuotun uyenoBekay, «Kapuotun apo3oduiby, «KapruoTHIT TTHITBD,
«MHOeCTBEHHBIN aIeIn3M», «B3anMoaeiiCTBIE TEHOBY.

O0opy/IoBaHKe: MOJIENb JJIs AEMOHCTPAIIUU 3aKOHOB €IMHO00pa3usi THOPH/IOB MIEPBOTO MOKOJICHHS 1
paciieryicHus: MPU3HAKOB, MOJICNb JUIS JEMOHCTpAIMH 3aKOHA HE3aBHCHMOTO HACJICOBAHUS NPU3HAKOB,
MOJIETIb JJIS1 IGMOHCTPAIIMH CIETJICHHOTO HACISIOBAHHSI IPU3HAKOB, CBETOBOH MUKPOCKOI, MUKPOIIpEIapar:
«pozodunar.

IpakTuueckasi padora «V3yueHue pe3yabTaToB MOHOTHOPUIHOTO CKPEIIUBAHUS Y IPO30(DUIBI».

IMpakTHyeckas padora «3yueHue pe3yabTaTOB TUTHMOPHIHOTO CKPEUIMBAHUS Y IPO30(UIIBD».

Tema 13. 3aKoHOMepPHOCTH H3MEHYMBOCTH

BsaumopeiictBue renotuna u cpensl npu popmupoBanuu ¢deHorumna. M3MEeHUMBOCTh MPHU3HAKOB.
KadecTtBeHHbI€ U KOTMYECTBEHHBIE MPU3HAKKU. BUIbI N3MEHUMBOCTH: HEHACIICICTBEHHAS] M HACIICICTBEHHASI.

MoudukanonHas W3MEHYMBOCTb. Poimb  cpeapl B (OPMHPOBaHWH  MOAM(DHUKALMOHHOM
n3MeHuuBoctu. Hopma peakuuu npusHaka. Bapuaunonsslid psii u BapuannoHHas kpusas (B. Moranscen).
CBoiicTBa MOIU(PHUKAIIMOHHON U3MEHYMBOCTH.

I'eHoTHnIMUeckass N3MEHYNBOCTh. CBOMCTBA e HOTUIINYECKON N3MEHUYMBOCTH. BI/II[bI TeHOTHITUYECKON
N3MCHYHNBOCTHU: KOM6I/IH3.TI/IBH21$I, MyTallMOHHAas.

KoMmOuHaTtuBHass HW3MEHYMBOCTh. Meil03 © TMOJIOBOM TpoOLleCC — OCHOBA KOMOWHATHBHOM
M3MEHYUBOCTH. POJIb KOMOMHATUBHON N3MEHYMBOCTH B CO3/IaHUU T€HETUYECKOT0 Pa3HOOOpasus B mpeaenax
OJIHOTO BHJIA.

MyTaHI/IOHHaﬂ U3MCHYUBOCTS. BI/I)IBI MYTaHHﬁI T'CHHBIC, XPOMOCOMHBIC, TCHOMHBIC. CroHTaHHbIe U
HHAYOUPOBAHHBIC MYTallUH. H}JgeprIe U IOUTOIIa3MaTUYCCKUEC MYyTalluu. CoMaTHYecKhe M II0JIOBBIE
MyTauuu. [IpuyrHbl BOSHUKHOBEHUS MyTaluil. MyTareHsl U uX BIUSHUE HAa OPTaHU3Mbl. 3AKOHOMEPHOCTHU
MYTallMOHHOTO IIpoIecca. 3aKOH TOMOJIOTHYECKUX PsAIOB B HaciieAcTBeHHON u3meHunBocTy (H.M. BaBuos).
BuesaepHast U3MEHYUBOCTD U HACJIEICTBEHHOCTD.

Snueenemura u INUSCHOMUKA, POJIb dNUCCHEMUYECKUX gbaxmopog 6 HACIe008aHUU U USMEHYUBOCINU
qbenomunuttecmtx NPU3HAKOoe6 y OpeaHUuU3mMoe.

JleMoOHCTpaLuu
IToptpetst: I'. ne @pus, B. Moranucen, H. 1. BaBunos.
Tabauisl )4 cxXeMBbl: «Buabl W3MEHYUBOCTH Y, «MomudukarmoHHass  U3MEHYHBOCTHY,

«KomOnHaTHBHAS N3MEHUNBOCTHY, «Meto3y, «OmnoaoTBopeHney, «I eHeTnueckue 3a0071eBaHUs YeITOBEKAY,
«Bupl MyTanuiny.

Oo6opynoBaHue: KHUBbIE U repOapHbIe SK3EMIUISIPbl KOMHATHBIX pacTeHuil, pucyHku (Qotorpadun)
KUBOTHBIX C Pa3JINYHBIMU BUJAMH U3MEHUNBOCTH.

JlaGopaTopnasi padota «/ccienoBanue 3akOHOMEpHOCTEH MOAU(DUKAIIMOHHON H3MEHYUBOCTH.
[TocTpoeHne BapralMOHHOTO Psiia U BAPUALIMOHHON KPUBOI».

IMpakTuyeckas padora «Myrtaumu y  Apo3oduiasl (Ha TOTOBBIX  MHUKpOIpenaparax)y.



Tema 14. I'eHeTHKA Ye10BeKAa

Kapuotun uenoBeka. MexayHapoaHas INporpaMma HCCIEJOBaHMsS T'€HOMa 4YelloBeka. MeTonbl
U3yYeHHUs] TEHETHKH 4YeJOBEKa: TIeHEeaJOrMuecKuil, OJIM3HELOBBbIA, LUTOr€HETHYECKUH, MOMYJISIIIMOHHO-
CTaTUCTUYECKUH, MOJEKYJISIpHO-TeHeTn4Yeckuil. COBpEMEHHOE OINpEAE/IEHUE TE€HOTHIA: ITOJHOI€HOMHOE
CEeKBEHMPOBAHUE, TEHOTUIIMPOBaHKE, B TOM unciie ¢ noMouisto [1I[P-ananusa. Hacnencrsennsie 3a00neBaHus
yenoBeka. ['@HHbIE W XpOMOCOMHBIE  OOJe3HM  YeloBeKa. bonesHum ¢ HacleICTBEHHOMH
IIPEPACIOI0KEHHOCTBIO. 3HAYeHUE MEAULIMHCKON I'eHETUKU B MPEAOTBPAILEHUH U JIEYEHUN FeHETUYECKUX
3a0oJeBaHUl 4YeJoBeKa. MeTuKO-reHeTH4YecKoe KOHCyibTHpoBaHue. CrTBonoBble KieTkH. [lonsTue
«TEHETUYECKOT0 TIpy3a». OTHUYECKHUE aCHEeKThl HCCIEAOBAaHUM B 00JacTH pelakTUPOBAaHMsS T€HOMa H
CTBOJIOBBIX KJICTOK.

['eneTnueckue (hakTOpPbI MOBBIIICHHON YyBCTBUTEILHOCTH YeNIOBEKa K (PU3UUIECKOMY U XUMUYECKOMY
3arpsAA3HEHUIO OKPYIKaroIeH cpepl. I eHeTrndeckas mpeapaciooKEHHOCTh YeJIOBEKa K aTOJIOTUSIM.

JleMoHCTpan U

Ta6m/1u1,1 U CXCMBI: «KapI/IOTI/IH YCJIOBCKay, <<MGTOI[I)I HU3Yy4YCHUS T'CHCTHUKU  YCJIOBCKaA»,
«["eneTnyeckue 3a001€BaHNS YETOBEKAY.

IpakTnyeckas padora «CocTaBlieHUE U aHATIU3 POJIOCIOBHOI.
Tema 15. Cenexuusi opraHu3MoB

JlomecTukanus u cenekuus. 3apoXxAeHUE celleKIMM U nomectukanuu. Yuenue H. M. BaBunosa o
LlenTpax MPOMCXOKIACHUS U MHOrOOOpa3wsi KyJIbTYpHBIX pacTeHuil. Ponb cenekuuu B CO3IaHUHM COPTOB
pacTeHuil ¥ nopoJX KUBOTHBIX. CopT, mopoza, mWraMM. 3aKOH TOMOJIOTUYECKUX PAJOB B HACIEACTBEHHON
n3menunBoct H. M. BaBuiioBa, ero 3Ha4ueHUe AJIs CEICKITMOHHON paOOTHI.

MeTtonbl ceneKUMOHHON paboThl. VICKycCTBEHHBIM OTOOP: MAacCOBBI M MHJMBUIYaJbHBIA. DTaIlbl
KOMOMHAIIMOHHOH cenekiuu. McnbiTanue npousBoguTenei no notoMctBy. OT6Op 1Mo reHOTUILY C TOMOIIIbIO
OLIEHKH (pEHOTHUIIa TOTOMCTBA U 0TOOp MO FeHOTUNy ¢ noMoinpto ananuza J{HK.

HckyccTBeHHBIM MyTareHe3 Kak METOJ[ CENEeKIIMOHHOW paboThl. PanManvoOHHBIN U XUMHYECKUI
MyTareHe3 KaK HMCTOYHMK MyTallMii y KyJIbTypHbIX (opMm opranusmoB. Mcmonb30BaHHE TE€HOMHOTO
penakTupoBaHus U MeTo10B pekoMOnHaHTHBIX JIHK niist momydeHust ucxoanoro Matepuaa Jjisi CEJIeKIUH.

[Tonyuenue nonumionaos. BuyTpusunoBas rudpuansanus. bianskopoacTBeHHOE CKpelluBaHue, WIn
nHOpuuHr. HeponcTBeHHOE cKpelnuBaHue, Wik ayTopuauHur. ['etepo3uc u ero npuyuHsl. Vcnonbs3zoBaHue
rerepo3uca B cenekuuu. OtnanénHas rudpuamzamus. [Ipeogonenue Oecryiousi MEKBUAOBBIX THOPHUIOB.
JlocTuKeHUsI CeeKIUU PaCTeHUI U dKUBOTHBIX. «3€1EHas pesooyusLy.

CoxpaHeHue U U3yuyeHUe reHETHUYECKUX PEeCypCOB KYIbTYPHBIX PACTEHUH U MX AUKUX pPOAMYEH IS
CO3JIaHMsI HOBBIX COPTOB U THOPHUIOB CEIbCKOXO3IUCTBEHHBIX KYIbTYp. M3yuenue, coxpanenue u ynpagieHue
2EHEMUYECKUMU PeCYPCaMU CeNbCKOXO3AUCMBEHHbIX U NPOMBICIIOBbIX HCUBOMHBIX 6 UeNax YiyuuleHusl
CyWecmeyIowux U co30anus HO8bIX NOPOO, TUHUL U KPOCCO8, 8 MOM HUCILEe C NPUMEHEHUEM COBPEMEHHbIX
Memo008 HaAYUHbIX UCCIe008aHULL, NEepedosblX Uoell U NePCHEKMUBHBIX MEXHOLO2ULL.

JleMoOHCTpaLun

Ioprpetsr: H. Y. BaBunos, . B. Muuypum, I'. JI. Kapneuenko, II. I1. JIykesnenko, b. JI. Acraypos,
H. bopnoyr, 1. K. benses.



Tabmuiel U cxeMbl: «lIeHTphl TPOUCXOXKICHUS U MHOT000pa3us KyJIbTypHBIX PacTeHUI», «3aKOH
TOMOJIOTUYECKUX PSAJOB B HACIEACTBEHHOM W3MEHUMBOCTHY», «MeToabl cenekuuny, «OtnanéHHas
rubpuan3anmsy, «MyTareHes3y.

JlaboparopHasi padora «l3ydyeHue COpTOB KyJIbTYPHBIX PACTEHUI U IIOPOJ JOMAIIHUX KUBOTHBIX».
JlaboparopHasi padora «/3ydeHrne METOZI0B CEJIEKIIUU PACTCHUI.
IIpakTuyeckasi padora «lIpuBuBKa pacTeHUiI».

IOkckypeusi KOCHOBHBIE METOAbBl U JOCTH)KEHHS CEJIeKIMH pPAaCTeHUH U IKUBOTHBIX (Ha
CEJIEKIIMOHHYIO CTAHIIUIO, TUIEMEHHYIO (hepMy, COPTOMCIIBITATENILHBIA YIaCTOK, B TEIUIMYHOE XO3SHCTBO, B
1ab0paToOpUI0 arpOyHUBEPCUTETA UITU HAYYHOT'O LIEHTPA)».

Tema 16. BuorexHoJI0rus U CHHTEeTHYECKAasI OUOJIOT U

OOBEKTHI, UCIIOJIb3YyEMbIE B OMOTEXHOJIOIMH, — KJIIETOUYHBIE U TKAHEBBIE KYJIbTYpPbl, MUKPOOPTraHU3MBI,
UX XapakTepucTHka. TpagulMOHHAs OMOTEXHOJOrus: XJeOOoleyeHHue, IOIyYeHUEe KUCIOMOJIOUHBIX
MPOAYKTOB, BUHOJENWE. MukpoOuonornueckuii cuuTe3. OOBEKTHI MHKPOOHWOIIOTHYECKUX TEXHOJIOTHH.
ITpou3zBosacTBO Oenka, aMUHOKUCIOT U BUTAMUHOB.

COSI[aHI/Ie TEXHOJOTUN H HHCTPYMCHTOB LECJICHAIIPABIICHHOI'O HM3MCHCHHUA W KOHCTPYUPOBAHUS
ICHOMOB C LCJIBIO IMMOJIYYCHHUA OPraHnu3MOB U UX KOMIIOHCHTOB, COACPIKAIIUX HC BCTPCUHAIOIIHECS B IIPUPOIAC
OMOCHHTETHYECKHE IIyTH.

Knerounas HHXXCHCPHA. MeTto b1 KYJbTYPbI KIICTOK U TKaHeH paCTCHHﬁ N XUBOTHBIX. KpI/IO6aHKI/I.
Comarnueckast FI/I6pI/II[I/I3aI_II/I$I U COMaTHYeCKUI 3M6pI/IOFGHe3. HMcnonbp30oBaHue ramjioujioB B CEJICKIUHU
paCTCHHﬁ. HOﬂyquue MOHOKJIOHANbHBIX anmumen. Mcnonv3o06anue MOHOKIOHAIbHBIX U NOAUKTOHANLHBIX
aHmumein 6 Meduuuﬂe. I/ICKYCCTBCHHOC OILIOAOTBOPCHHC. PGKOHCTI)YKI_[I/IH HﬁHeKHeTOK U KJIOHUPOBAHUC
JKMBOTHBIX. MeTon TpaHCIUIaHTAlUK  AACP KIICTOK. Texnonoauu 0300p06ﬂ€Huﬂ, KyJlbmueupoearnust U
MUKPOKIIOHATIbHO20 PA3SMHONCEHUA CENbCKOXO3SAUCTBCHHBIX KyJlemyp.

XpoMOCOMHAsi W TeHHas WHXeHepus. VICKycCTBEHHbIH CHHTE3 Te€Ha M KOHCTPYMPOBAHUE
pexomOunantHeiX [IHK. Cosoanue mpanceennvix opeanuzmos. JJoCTHKEHNS U IEPCIEKTUBBI XPOMOCOMHOMN
Y TeHHOM MH)KEeHEepUU. DKOJOTHYECKHE U ATHUECKHUE TPOOIeMbl T€HHOW WHKEHEPUH.

Menunuackue OuorexHosoruu. IloctreHomHas 1umdpoBas MeauuumHa. [IIP-muarnocruka.
MeTaboa0MHBI aHaNM3, TeHOLEHTPUYECKUN aHaIM3 MpOTeOMa YelOBeKa JUIsl OLIEHKU COCTOSIHHS €ro
3710poBbs. Mcrionb30BaHKe CTBOJIOBBIX KJIETOK. TapreTHast Tepanus paka. 3D-0nonnxenepust 1 pa3paboTKu
(GyHIaMEHTAJIbHBIX OCHOB MEIUIIMHCKUX TEXHOJOIMH, CO3/1aHUsl KOMIUJIEKCHBIX TKaHEH CcoYeTaHUueM
TEXHOJIOTUI TPEXMEPHOro OMONMPUHTHHTA U ckapoyIuHIra A pelieHus 3ahad MEepCOHATU3MPOBAHHON
MEIULIVHBI.

Co31aHne BEKTOPHBIX BAKIMH C HEJIbI0 00ecTiedeHnss KOMOMHUPOBAHHON 3aIMThl OT BO30YyAUTENEH
OPBMU, ycraHoBieHHE MOJEKYJISpPHBIX MexaHu3sMmMoB (yHKunoHupoBanus PHK-conepkammx Bupycos,
BBI3BIBAIOLINX 0CO00 OMAaCHBIE 3200JI€BaHUS YEIOBEKA U KUBOTHBIX.

JAeMoHcTpanuu

Tabauubl u cxemsl: «lMcronap30BaHue MHUKPOOPTaHHU3MOB B IMPOMBIINIJICHHOM ITPOU3BOACTBCY,
«Kietounas HWHKCHCPUS, «I'ennas HWHKCHCPUSI».

JlaGopaTopHnas padora «/I3yueHre 00beKTOB OMOTEXHOIOTHMY.

IIpakTuyeckas padora «lloayuyeHne MOJTOYHOKHUCIBIX TPOAYKTOBY.



IOkckypeus «buorexnonorust —
OMOTEXHOJIOTNYECKOE TIPONU3BOJICTBO)Y.

BaXHEHIIAs IPOU3BOAUTENIbHAS CHJIa COBPEMEHHOCTH (Ha

TEMATHYECKOE INTAHUPOBAHMUE

Ne HaumeHoBaHue KounyecTBO 4acoB DJIeKTPOHHbIE
n/n pa3aeiioB U TeM (uudpossbre)
NMPOrpaMMabl Bcero | KonrpoubHnsbie | [IpakTtuuyeckue oOpa3oBaTe/ibHbIE
padoThI padoThI pecypcbl
1 | buonorus kak Hayka 1 0 0 Bubmmorexa IIOK
https://m.edso0o.ru/7f41c292
2 | )KuBble CUCTEMBI U UX HU3yUYEHUE 2 0 0 Bubmmorexka [IOK
https://m.edsoo.ru/7f41c292
3 buonorus knetku 2 0 0.5 Butnuorexa [JOK
https://m.edsoo.ru/7f41c292
4 | Xumuueckas opraHu3anus 10 0 1 Bubnuoreka [JOK
KIICTKH https://m.edso0o.ru/7f41c292
5 | Crpocnue 1 QyHKIMH KICTKH 8 0 2 Bubnmoreka [IOK
https://m.edsoo.ru/7f41c292
6 | OOMeH BelecTB U 9 0 1 Bubnmorexa [IOK
MpeBpAIleHe SHEPTUHU B KIETKE https://m.edsoo.ru/7f41¢c292
7 Hacnencreennas napopmanus 9 0 0.5 Bubnuorexa [JOK
U peanu3anus e€ B KJIeTKe https://m.edsoo.ru/7f41c292
8 JKY3HEHHBIN ITUKIT KJICTKH 6 0 1 Bubnnorexa I[JOK
https://m.edsoo.ru/7f41c292
9 | Crpoenue n GpyHKINH 17 0 1.5 Bubmmorexa LIOK
OpraHu3MOB https://m.edso0.ru/7f41¢292
10 | Pa3MHOXXEHHE U Pa3BUTHE 8 0 15 Bubnmorexa ITOK
OpraHu3MOB https://m.edso0.ru/7f41¢292
11 | I'eneruka — Hayka o 2 0 0.5 Bubmmorexa [IOK
HACJIECTBEHHOCTH U https://m.edsoo.ru/7f41c292
HW3MEHYMBOCTH OPTaHU3MOB
12 | 3akOHOMEpPHOCTH 10 0 1 Bubmmorexa LIOK
HACJIEACTBEHHOCTH https://m.edsoo.ru/7f41c292
13 | 3aKOHOMEPHOCTH 6 0 1 Bubnmorexa ITOK
HW3MEHYHBOCTH https://m.edso00.ru/7f41c292
14 | I'eHeTHKa yesilOBEKa 3 0 0.5 Bubnmorexa ITOK
https://m.edsoo.ru/7f41c292
15 | Cenexuust opraHu3mMoB 4 0 1 Bubmmorexa [IOK
https://m.edsoo.ru/7f41c292
16 | buortexHomorus u 4 0 0 bubnmoreka [JOK
CHUHTETHYECKAst OMOJIOTHs https://m.edso0.ru/7f41¢c292
17 | PesepBHOE Bpems 1 0 0 Bubimorexa ITOK
https://m.edsoo.ru/7f41c292
OBLIEE KOJIMYECTBO YACOB I10 102 0 13
IMMPOTPAMME
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IHOYPOYHOE INTAHUPOBAHHME

Ne Tema ypoka KoJsmnuecTBo yacoB Jara DJieKTpoHHbIE IH(POBBIE
n/m Bceero | Kontpoabubl | IlpakTuuec | JlaGopatop o0pa3oBaTe/IbHbIe pecypchl
e paboThbI KHe HbIe

padoThl padoThl

1 Buomorus xak 1 0 0 0 Bubnuoreka IIOK
KOMILICKCHAS HayKa U https://m.edso0.ru/863e8c60
KaK 4acTh
COBPEMEHHOT'O
o0ecTsa

2 JKuBbIC CHCTEMBI U UX 1 0 0 0 bubanoreka [JOK
CBOICTBa https://m.edso0.ru/863e8c60

3 | YposHeBas 1 0 0 0 Bubmuoreka [IOK
OpTaHU3aIHs )KUBBIX https://m.edso0.ru/863e8c60
CHCTEM

4 | HUcropus OTKPHITHA U 1 0 0 0 Bubmmorexa IIOK
H3YUCHHUS KIETKH. https://m.edso00.ru/863e8c60
Kiierounas Teopust

5 Mertonast 1 0 0,5 0 Bubnuoreka IIOK
MOJICKYIISIPHOU U https://m.edsoo.ru/863e8c60
KJIETOYHOM OUOIOTHH.

IIpakTuyeckas padbota
«3yueHue MeTON0B
KJIETOUHOH OHOJIOTHHI
(xpomatorpadus,
anekTpodopes,
muddepennmansHOe
UEHTPU(YTUPOBAHUE,
TI1IP)»

6 XUMUYECKHH COCTaB 1 0 0 0 Bubnmoreka IIOK
KJICTKH https://m.edso0.ru/863e8c60

7 | MuHepabHEIE 1 0 0 0 Bubmmorexa [IOK
BEILECTBA KIETKH, UX https://m.edso0.ru/863e8c60
OGuosoruvecKkast poyib

8 Oprannyeckue 1 0 0 0,5 Bubnmoreka IIOK
BEIECTBA KIIETKA — https://m.edso0.ru/863e8c60
6enku. JlabopaTopHas
pabota «O6Hapyx eHHE
6eJIKOB ¢ TOMOIIBIO
KaueCTBEHHbIX
peakiuii»

9 | CsoiicTsa, 1 0 0 0 bubmuorexa [TOK
kiaccudukanys u https://m.edso0.ru/863e8c60
(hyHKIIMK OENKOB

10 | Opranuueckue 1 0 0 0 Bubmmorexa [IOK
BEIECTBA KIIETKA — https://m.edso0.ru/863e8c60
YIIIEBOIBI

11 | Opranuueckue 1 0 0 0 Bubmmorexa [IOK
BEIECTBA KIIETKA — https://m.edso0.ru/863e8c60
JIMITUJIBI

12 | HyknenHoBble 1 0 0 0,5 Bubnmoreka LIOK
kuciotsl. JIHK u PHK. https://m.edso0.ru/863e8c60
Jlaboparopnas pabota
«Hccnenosanne
HYKJIGHHOBBIX KHCIIOT,

BBIJICJICHHBIX U3
KJIETOK Pa3IMIHBIX
OPTaHU3MOBY»

13 | Crpoenue u pyHKIUU 1 0 0 0 Bubmmoreka [IOK
AT®. [ipyrue https://m.edso0.ru/863e8c60
Hykieosunrpudocdar
bl (HT D)

14 | CexkBeHHpOBaHHE 1 0 0 0 Bubmmorexa [IOK

JIHK. MeTobt
T€HOMHUKH,

https://m.edsoo.ru/863e8c60
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TPAHCKPHUIITOMUKH,
MIPOTEOMUKH

15

Mertoas! cTpyKTYpHOU
OHOTIOTHH

Bbutnmoreka IIOK
https://m.edso0.ru/863e8c60

16

Twurms! KIETOK.
IIpoxapuoTnueckas
KJIETKa

Butmmoreka IJOK
https://m.edso0.ru/863e8c60

17

Crtpoenue
9YKapHOTHUYECKON
kietku. [IpakTudeckas
pabora «M3yuenne
CBOMCTB KJI€TOUHOH
MeMOpaHbD»

0,5

bubanoreka [JOK
https://m.edso0.ru/863e8c60

18

IToBepxHOCTHBII
anmapar KIeTKH

Bbubnanoreka [JOK
https://m.edso00.ru/863e8c60

19

OnHOMEMOpaHHBIE
OpTaHOU[HI KIETKH.
ITpakTudeckas padboTa
«3yueHune NBUKEHUS
LIATOILIa3MBI B
pacTUTEITBHBIX
KJIETKaxX»

0,5

Bubmmoreka IIOK
https://m.edso0.ru/863e8c60

20

[TonyaBTOHOMHBIE
OpraHonJbl KJICTKHU:
MUTOXOHIAPUH,
I1aCTUuabI.
Jlaboparopnas pabota
«UccnenoBanue
TUTa3MOJIA3a U
JIETIIa3MOJIH3a B
pacTUTEITBHBIX
KIICTKaX»

0,5

bubanoreka [JOK
https://m.edso0.ru/863e8c60

21

HememOpanHnsie
OPraHOUJBI KJICTKH

Bubnmoreka IIOK
https://m.edso0.ru/863e8c60

22

Crpoenue u QyHKIHH
siipal

Bubnuoreka IJOK
https://m.edso00.ru/863e8c60

23

CpaBHuUTENbHAS
XapaKTepUCTHKA
KJIETOK 3YKapHoOT.
Jlaboparopnas pabota
«3yueHue cTpoeHUs
KJIICTOK Pa3iIMYHBIX
OpPTaHU3MOBY

0,5

bubnuoreka IIOK
https://m.edso0.ru/863e8c60

24

AcCUMUIALNSL U
JUCCUMIIIALINS — JTBE
CTOPOHBI
MeTabonm3ma. THITel
oOMeHa BEIECTB.
Jlaboparopnas pabota
«3yueHue
KaTaJINTUYECKOU
AKTUBHOCTH
thepmenTOB (Ha
MpUMepe aMUIIa3bl WIH
KaTajasbl)»

0,5

Bubnuoreka [JOK
https://m.edso0.ru/863e8c60

25

DepMEeHTaTUBHBII
XapakxTep peakui
KJIETOYHOTO
MeTabou3Ma.
JlabopaTopHnas paboTa
«3yuenue
(hepMeHTaTUBHOTO
pacuierieHus
MepOKCHUIa BOJIOPO/Ia B
pacTUTENbHBIX U
JKHBOTHBIX KIIETKaX»

0,5

bubnuoreka IJOK
https://m.edsoo.ru/863e8c60
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26 | benku-akTHBATOPHI U 0 0 Bbu6mmorexa IIOK
O€JIKM-HHMOUTOPBI https://m.edso0.ru/863e8c60

27 | ABTOTPOGHBIN TUTT 0 0 Bubmmorexa IIOK
oOMeHa BEIIECTB https://m.edso0.ru/863e8c60

28 | ®oTocuHTE3 0 0 Butmmoreka IJOK

https://m.edso0.ru/863e8c60

29 | XeMmocuHTES. 0 0,5 Bubnuoreka IIOK
JlabopartopHas paboTa https://m.edso0.ru/863e8c60
«CpaBHeHHE
MPOLIECCOB
(dbotocuHTE3a U
XEMOCHHTE3a»

30 | AnaspoOHble 0 0,5 Bubnmoreka [IOK
OpraHu3Msbl. Bumst https://m.edso0.ru/863e8c60
OposKeHHS.

JlaGoparopras padoTa
«CpaBHeHHe
TIPOIIECCOB OPOKEHHUS
U JIBIXaHHSD»

31 | AspoOHBIC OpTaHU3MEL. 0 0 Bubmmorexa [IOK
Drarbl https://m.edso0.ru/863e8c60
9HEPreTU4eCcKOro
oOMeHa

32 | DHeprus MeMOpaHHOTO 0 0 Bubnuorexa IIOK
rpagueHTa mpOTOHOB. https://m.edso0.ru/863e8c60
Cunre3 AT®: pabota
npotorHoit AT®-

CHHTAa3bl

33 | Peakumu MaTpugHOTO 0 0 Bubmmorexa [IOK
CHHTE3a https://m.edso0.ru/863e8c60

34 | Tpanckpunmms — 0 0 Bubmmorexa [IOK
MaTPUYHBINA CHHTE3 https://m.edsoo.ru/863e8c60
PHK

35 | Tpancnsamus u eé 0 0 Bubmmorexa [IOK
STarbl https://m.edso0.ru/863e8c60

36 | KomupoBanwue 0 0 Bubnmoreka IIOK
aMHHOKHUCIIOT. PoJib https://m.edso0.ru/863e8c60
pubocom B GHOCHHTE3€
Oenka

37 | Opranusaiysi reHoma y 0 0 bubmuorexa [TOK
POKAPHOT M DYKAPHOT https://m.edso00.ru/863e8c60

38 | MoutekyspHbIe 0 0 bubmuorexa [TOK
MEXaHU3MBI https://m.edso0.ru/863e8c60
IKCIIPECCHU TEHOB Y
JYKapUOT

39 | Bupyce — 0,5 0 Bubmmorexa [IOK
BHEKJICTOUHBIE (HOPMBI https://m.edsoo.ru/863e8c60
JKH3HU U OOJIUTaTHBIE
apas3uThl.

[MpakTrveckas pabora
«Co3panue Mozenn
BUpYCa»

40 | BupycHsbie 0 0 bubnmoreka [JOK
3a001eBaHKs https://m.edso0.ru/863e8c60
YeJI0BeKa, )KUBOTHBIX,
pacteHui

41 | HaHOTEeXHOJIOTHH B 0 0 Bbutnuoreka IIOK
OMOJIOT MU M MEUIINHE https://m.edso0.ru/863e8c60

42 | JKu3HeHHBIH UK 0 0 Bbutnuoreka IIOK
KJIETKH https://m.edso00.ru/863e8c60

43 | Marpu4HbIii CHHTE3 0 0 bubnmoreka [JOK
JTHK https://m.edso0.ru/863e8c60

44 | XpoMOCOMBI. 0 0,5 Bubnmoreka IIOK

JlabopatopHnas paboTa
«M3y4yeHue XxpoMocoM

https://m.edsoo.ru/863e8c60
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Ha TOTOBBIX

MHKpOIIpenapaTax»

45 | JlencHue KICTKH — 0 bubnumoreka [JOK
MHTO3 https://m.edso0.ru/863e8c60

46 | TwuIsl KIETOK. 0,5 Butmmoreka IJOK
Kapunokunes u https://m.edso00.ru/863e8c60
IIUTOKHHES.

JlabopaTopHast paboTa
«Habmronenne murosa
B KJIETKaxX KOHYMKa
KOpellKka Jyka (Ha
TOTOBBIX
MHUKpOIpenapaTax)»

47 | Perymsanus 0 Bubmmorexa IIOK
JKA3HEHHOTO ITUKJIA https://m.edso0.ru/863e8c60
KIICTOK

48 | OpraHm3M Kak eIHHOE 0 Bubnuoreka IIOK
enoe https://m.edso00.ru/863e8c60

49 | TkaHH pacTCHHH. 0,5 Bubmmoreka IJOK
JlaGopaTopHast paboTa https://m.edsoo.ru/863e8c60
«3yueHue TKaHel
pacTeHui»

50 | TkaHu XKUBOTHBIX U 0,5 bubanoreka [JOK
JeJIoBeKa. https://m.edso0.ru/863e8c60
Jlaboparopnas pabota
«3yueHue TKaHeHl
JKMBOTHBIX)»

51 | Oprausl. CucTeMsr 0,5 Bubnuorexa IIOK
OpraHoB. https://m.edsoo.ru/863e8c60
JlabopaTopHnas paboTa
«/3y4eHne opraHos
[IBETKOBOTO PACTCHHUS»

52 | Omopa Tena 0 Bubmmorexa [IOK
OpraHu3MOB https://m.edsoo.ru/863e8c60

53 | JBmxeHwue 0 bubnuoreka [JOK
OpraHu3MOB https://m.edsoo.ru/863e8c60

54 | TluraHre opraHU3MOB 0 Bubmmorexa [IOK

https://m.edso0.ru/863e8c60

55 | Iurauue 0 bubmuorexa ITOK
MO3BOHOYHBIX https://m.edso0.ru/863e8c60
JKHUBOTHBIX.

ITumeBapurenbHas
CHCTeMa YelloBeKa

56 | JIpixaHue OpraHU3MOB 0 bubmuorexa [TOK

https://m.edso0.ru/863e8c60

57 | Jeixanue 0 bubnuoreka [JOK
MTO3BOHOYHBIX https://m.edso0.ru/863e8c60
JKMBOTHBIX U YeJIOBEKa

58 | TpancmopT BemecTB y 0 Bubmmorexa [IOK
OpPraHu3MOB https://m.edso0.ru/863e8c60

59 | KpoBeHocHas cucrema 0 Bubnmoreka LIOK
MO3BOHOYHBIX https://m.edsoo.ru/863e8c60
JKMBOTHBIX U YeJIOBEKa

60 | Beigenenue y 0 Bubnmoreka LIOK
OpraHU3MOB https://m.edso00.ru/863e8c60

61 | 3ammra y OpraHu3MOB 0 bubnmoreka [JOK

https://m.edso0.ru/863e8c60

62 | UmMmyHHas cuctemMa 0 Bubmmorexa IIOK
YeJI0BeKa https://m.edso0.ru/863e8c60

63 | Pazgpaxumocts u 0 bubnmoreka [JOK
peryisinust y https://m.edso00.ru/863e8c60
OpraHu3MOB

64 | I'ymopanbHas 0 bubnmoreka [JOK

perynsmnus u

https://m.edso0.ru/863e8c60
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OHAOKpPHWHHAaA CUCTEMA
JKNBOTHBIX M YCJIOBCKA

65

DopmMbI pa3MHOKEHHUSA
OpPTraHU3MOB

Bbutnmoreka IIOK
https://m.edso0.ru/863e8c60

66

ITonoBoe
pa3MHOXKCHHE

Butmmoreka IJOK
https://m.edso0.ru/863e8c60

67

Meiio3

Bubnuoreka IIOK
https://m.edso0.ru/863e8c60

68

T'amerorenes.
O6pa3oBanue u
pa3BHUTHE TOJIOBBIX
ki1eTok. JlaGoparopuas
pabora «M3yuenne
CTPOEHHMS TIOJIOBBIX
KJIETOK Ha TOTOBBIX
MHKpOIIpenaparax»»

0,5

bubanoreka [JOK
https://m.edso0.ru/863e8c60

69

WNupuBuayansHOE
pa3BUTHE OPTaHU3MOB
— OHTOrEHE3

Bubmmoreka IJOK
https://m.edso0.ru/863e8c60

70

3akazKa OpraHoB H
TKaHEH 13
3apOJBIIIEBBIX TUCTKOB

Bubnmoreka IIOK
https://m.edso0.ru/863e8c60

71

Poct u pa3zsurue
JKHUBOTHBIX.
Jlaboparopnas pabota
«BpIsiBIICHUE
MPU3HAKOB CXOJICTBA
3apoJIbIIieit
MO3BOHOYHBIX
SKUBOTHBIX)»

0,5

bubanoreka [JOK
https://m.edso0.ru/863e8c60

72

Pa3zmHoxeHue u
pa3BUTHE pacTCHUH.
JlabopaTopHnas paboTa
«CtpoeHue opraHoB
Pa3sMHOKEHUS BBICIIIUX
pacTeHuit»

0,5

Bubnmoreka IIOK
https://m.edso0.ru/863e8c60

73

Ucropus cranoBneHus
Y Pa3BUTHS T€HETUKU
KaK HayKH

bubnuoreka IIOK
https://m.edso0.ru/863e8c60

74

OCHOBHBIE TIOHATUS U
CHUMBOJIBI T€HETUKH.
Jlaboparopnas pabota
«Ipo3odmna xax
00BEKT reHETHIECKUX
UCCIIeIOBAHUI»

0,5

bubnuoreka I[IOK
https://m.edso0.ru/863e8c60

75

3aKOHOMEPHOCTH
HacJIe JOBaHU
MIPU3HAKOB.
MonorubpunHoe
CKpEIIHBaHUE.
[IpakTuaeckas pabota
"N3yuenne
pe3yabTaToOB
MOHOTHOPHUIHOTO
CKPEIIUBAHUS Y
Jpo3o¢puisr”

0,5

Bubnmoreka IIOK
https://m.edso0.ru/863e8c60

76

Huronornueckue
OCHOBBI
MOHOTHOPHTHOTO
CKpEIIMBaHus

bubnuoreka IJOK
https://m.edsoo.ru/863e8c60

77

AHanusupyromiee
CKpEIIBaHUE.
Henonnoe
JOMHWHHPOBAHNE

Bubmmoreka IJOK
https://m.edsoo.ru/863e8c60

78

Jurubpunzoe
CKpEIIMBAHUE.

0,5

butnuoreka IJOK
https://m.edso0.ru/863e8c60
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[IpakTrdeckas pabora

«3yyenue
pe3yJbTaToB
TIUTHOPUIHOTO
CKPCIUBAHUS Y
JPO30(HIBI»

79 | lluronoruueckue 0 0 Bubmuoreka [IOK
OCHOBBI IUTHOPUIAHOTO https://m.edso0.ru/863e8c60
CKPCIBAHUS

80 | Cuemnennoe 0 0 bubanoreka [JOK
Hacje0BaHNue https://m.edsoo.ru/863e8c60
MPU3HAKOB

81 | XpomocomHast Teopust 0 0 Bubnmoreka [IOK
HACJIEJCTBEHHOCTH https://m.edso0.ru/863e8c60

82 | I'enetuka mona 0 0 Bubmmoreka IIOK

https://m.edso0.ru/863e8c60

83 | I'enotum Kak 0 0 Bubmmoreka IJOK
LEJOCTHAS CUCTEMA https://m.edso0.ru/863e8c60

84 | I'eneTnueckuii 0 0 Bubnuoreka IIOK
KOHTPOJIb PA3BUTHS https://m.edsoo.ru/863e8c60
pacTeHuil, )KUBOTHBIX U
4eJoBeKa

85 | M3MeHYHBOCTH 0 0 Bubnuorexa IIOK
TpH3HAKOB. Bumst https://m.edso0.ru/863e8c60
U3MCHYHUBOCTHU

86 | MoaudukanuoHHas 0 0 Bubnuorexa IIOK
N3MEHYUBOCTh https://m.edso0.ru/863e8c60

87 | BapuanuoHHbIH psia U 0 0,5 Bubnuorexa IIOK
BapHaIMOHHAS KPHBasl. https://m.edso0.ru/863e8c60
Jlaboparopnas pabota
«HccnenoBanue
3aKOHOMEPHOCTEH
MOI(DUKAIIMOHHON
W3MEHYHUBOCTH.

ITocTpoenue
BapUAIMOHHOTO Psija U
BapUallMOHHOM
KpUBOI»

88 | I'eHoTHmHMyeckas 0 0 bubmuorexa [TOK
N3MEHYUBOCTD. https://m.edso0.ru/863e8c60
KombunatuBHas
U3MEHYUBOCTH

89 | MyranuoHHas 0,5 0 bubmuorexa [TOK
HU3MEHYHUBOCTb. https://m.edso0.ru/863e8c60
[MpakTrveckas pabora
«MyTtanuu y
Ipo30Quib (Ha
TOTOBBIX
MHKpOITpenaparax)»

90 | 3aKOHOMEpPHOCTH 0 0 Bubmmorexa [IOK
MYyTaI[HOHHOTO https://m.edso0.ru/863e8c60
npotecca.

DNHUreHeTHKa 1
SIIMT'CHOMMHMKA

91 | I'eHeTnka 4eaOBEKA. 0,5 0 Bbutnuoreka IIOK
[Mpaktiueckas pabora https://m.edso0.ru/863e8c60
«CocraBneHue u
AHAJIM3 POJIOCITIOBHOM»

92 | Meroasl MEIULIMHCKOMN 0 0 bubnuoreka IJOK
TeHETHKH https://m.edso0.ru/863e8c60

93 | 3nauenue 0 0 Bubmmoreka IJOK
MEJIMINHCKOH https://m.edso0.ru/863e8c60
TCHETUKH B

MPEJOTBPALICHAN H
JICUCHHUU I'CHCTUYCCKUX
3a00JIeBaHMI YeIOBEKA
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94 | OcHOBHBIE ITOHITHS 0 0,5 Bbubnmoreka IIOK
CEIIEKIIHH. https://m.edso0.ru/863e8c60
Jlaboparopnas paboTa
«/3yuyenue coptoB
KYJIBTYPHBIX PaCTCHHUN
U TIOPOJT TOMAITHUX
JKUBOTHBIX»

95 | Meroabl 0 0,5 Bbubanoreka [JOK
CENIEKIIMOHHON https://m.edsoo.ru/863e8c60
paboTHI.

JlabopaTopHast paboTa
«3yueHue METON0B
CEJEKIIMN PACTEHUID)

96 | JIoCTHIKEHHS CENICKIUU 0,5 0 Bubnmoreka IIOK
pacTEeHHH U KUBOTHBIX. https://m.edso00.ru/863e8c60
[MpakTudeckas pabora
«IIpuBHBKa pacTeHUIN»

97 | CoxpaHeHune, H3y4eHHE 0 0 Bbubmmorexa [IOK
1 HCIIOJIb30BaHHUE https://m.edso0.ru/863e8c60
TCHECTHYCCKUX
pecypcoB

98 | BuorexHOIOTHS KaKk 0,5 0 Bubnuorexa IIOK
HayKa H 0Tpacib https://m.edso0.ru/863e8c60
MIPOU3BOJICTBA.

IIpakTuyeckas padbota
«3yuenne 00bEKTOB
OHOTEXHOJIOTHI

99 | OcHOBHEBIC 0 0 Bubnmoreka IIOK
HArpaBJICHUsI https://m.edsoo.ru/863e8c60
CHHTETUYECKOU
OHOIOTHH

100 | XpomocomHas u 0 0 Bubmmorexa [IOK
TeHHAs HHXKCHEPHUS https://m.edsoo.ru/863e8c60

101 | Memguumuckne 0 0 Bubnmoreka IIOK
OHOTEXHOJIOTHH https://m.edso0.ru/863e8c60

102 | IoBTopeHwue, 0 0 bubanoreka [JOK
00001EeHNE, https://m.edso0.ru/863e8c60
CHUCTEMATHU3al A
3HAHUU

[Taceunuka B.B., Akuronepnoe obmectBo «M3narensctBo «lIpocsemenne»

YEBHO-METOAUYECKOE OBECITEYHEHUE OBPA30BATEJIBHOI'O NTIPOLECCA
OBA3ATEJIBHBIE YYEBHBIE MATEPUAJIBI U151 YYEHUKA
* buosnorus, 10 knacc/ [Naceunuk B.B., Kamenckuii A.A., PyOiioB A.M. u apyrue; noj peaaxkiyen

* buosnorus. buonoruueckue cucremsl u nporeccel, 10 kmace/ Tepemos A.B., Ilerpocosa P.A., OGmiecTBo C

orpanndeHHo# orBeTcTBeHHOCThIO « 1Ol MHEMO3MHA»
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