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I'TABA 1. METOAUMYECKUE ITIOAXOAbI K OPTAHU3AIIUU N3YUYEHUA
YUYEBHOI'O NPEJMETA «BUOJIOT USl» (YIJIYBJEHHBIN YPOBEHbD)
B 10 KVTACCE

[lepexon oOpa3oBaTeNbHBIX OpraHu3aluii kK padoTre 10 OOHOBJICHHOMY
benepanbHOMY TOCYIapCTBEHHOMY 00pa30BaTEIbHOMY CTaHAAPTy CPEIHEro OOIIEro
obpazoBanus (PI'OC COO) [1] 00ycnoBHI HEOOXOAMMOCTD OMPEACIICHHS TOIX0I0B
K ONITUMU3AIIAHU MPENOIaBaHMsl y4€OHBIX MPEAMETOB B KOHTEKCTE HOBBIX PUOPUTETOB
B ILEJIOCTHOM cHucTeMe oOmero oOpa3oBaHus. B ducine 3TUX NPUHOPUTETOB
NEPBOCTENIEHHOE 3HaYEHNE PUOOpea, B YaCTHOCTH, polJiemMa npeACTaBIeHUs Leen
cpeaHero odiero oOpa3oBaHus B (opMmare MIAHUPYEMBIX PE3YJIbTaTOB OOYy4YEeHHS,
JTOCTHKEHUE KOTOphIX, Kak YykazaHo Bo PI'OC COO, pomxHO oOecrneunBaThCA
Ha OCHOBE TpeOOBaHWII K pe3yJbTaTaM OCBOEHHUS OCHOBHOW 0Opa3oBaTeIbHOU
porpaMMbl  CpefHero oOmero oo6pazoBanuss. C METOAUYECKONM TOUYKH 3pPCHUS
peanm3aiys 3Toi mpoOIeMbl B IPENOJaBaHNU yIEOHBIX MPEAMETOB MPEIOJIATAET, 10
CBOCH CYTH, MOJYYEHHUE OTBETOB Ha TPATUIIMOHHO AaKTyaJbHbIE BOMPOCHL: «Yemy
YUUTD U KaK YUUTh ?», «Kakue s351ieMeHThl Hay4HbIX 3HAHUN U Ha KAKOM T€OPETUYECKOM
YPOBHE JIO/DKHBI OBITh YCBOCHBI OOydaronuMmucs?», «Kakue mMeroasl, CrocoObl U
MPUEMBl JIOJDKHBI CIY)KUTh TEJISIM ONTHUMHU3ALUU TPOIlecca OOYyYEHHUS COTJIACHO
OOIIUM TMPEACTABIICHUSIM O COBPEMEHHBIX TPUOPUTETAX B PA3BUTUU CPEIHETO
o0pa3oBaHUA?»

B »THx ycnoBusx npeameToM oco00il BAXKHOCTH CTAHOBUTCS YETKOE OCO3HAHUE
U TOHMMAaHWE CYIIHOCTH BHECEHHBIX B CTaHAapT W3MeHeHW# [3], kacarommxcs
BOMPOCOB  (DOPMHUPOBAHUS  COJIEPXKAHUS YUEOHBIX TMPEIMETOB 0a3oBOro0 U
YIJIyOJIGHHOTO YPOBHEW KakK JJIEMEHTOB CHCTEMBI MPO(QHIBHOTO 00pa3oBaHUs
Ha 3aBepmraromeM ypoHe mmkoibl B 10-11 kmaccax, o meranwm3anuul TpeOOBaHMIA
Kk pesynbrataMm ocBoeHus OOII COO wu nnaHupyemMbplM  pe3yJbTaram
OCBOCHHSI y4YEOHBIX MPEIMETOB, BBICTYMAIOIMIUM B KauyeCTBE COJEP)KATEIbHON |
KpUTEPUAIILHON OCHOBBI I OlpeneneHus (popM opranuszanuu yaeOHOro mpoiecca,
CIOCOOCTBYIOIIMX ONTUMM3AIMU OOYYEHHUS B IUIaHE pealu3aluu Lejel U 3aaay
o01iero oopa3oBaHus.

B npunoxenun x yueOHOMY mpeamery «buonorusy HampaBieHUE pPa3BUTHS
Omosornueckoro o0pa3oBaHUsS Ha YPOBHE CpeIHEro oO0Iero oOpa3oBaHUS 3a7aHO
«Konuenuuen IIperogaBaHus y4eOHOro peaMeTa «buonorus»
B 001Ie00pa3oBaTeNbHbIX OpraHuzanusax Poccuiickoit ®denepaiuu, peaynsyroumx
OCHOBHBIC 00pa30BaTeNIbHbIC TPOrpaMMbD» [4].



Yuebuwiii npeomem «buonoeusy na yenybieHHom yposHe

(0bwas xapakmepucmuka)

OOcyxeHrue TEepPEeUnCICHHBIX BBIIIE BOMPOCOB U OIpPENEICHHUE YCIOBUN
JUIA WX pealu3alk B pamMKax Hu3ydeHus nupeamera «buosorus» (yriyOseHHbIH
ypoBeHb) (10 kiacc) sBsSETCS TJIaBHOM 3amadeld MpeaiaracMoro METOAMYECKOro
nocodusi. OOpaiiaeM BHUMaHHE y4UTENIed Ha TO, YTO BBITIOJIHEHUE JaHHOM 3aJauu
OCYIIIECTBJIICHO Ha OCHOBE METOJMYECKONW WHTEPIPETAIIMU BHECEHHBIX B CTaHAAPT
W3MCHEHHI, O 4YeM CKa3aHoO B ¢eepalbHOi paboueld mporpamMme 1Mo y4eOHOMY
npeamety «buonorus»y (yriayOnéHHblii ypoBeHb), Bxozsmier B POII COO [2]
(mamee — ®PII COO, IIporpamma), KOTOpasi SBJISETCS OAHUM M3 JOKYMEHTOB,
BXOJISIIIUX B CUCTEMY HHCTPYKTHBHO-METOJMYECKOTO COIMPOBOXKICHUS CTaHAapTa.
JlanHasi MeToauYecKas WHTEpIpeTausi OCHOBHBIX M€ OOHOBJIEHHOIO CTaHIapTa
o0ecrieymiia BO3MOXHOCTh  PAaCCMOTPEHHsSI HUX CYIIHOCTH B  CONPSDKEHUH
co crenudukoil yueOHoro npeamera « buonorusi».

Tak, B wactHOCTH, B [Iporpamme orMmeueHo cnenyromee:

VYuebnsiii npeamer «buonorus» yriiyOJI€HHOTO YpOBHSI 3aHMMAET BaKHOE
MECTO B CUCTEME €CTECTBEHHO-HAay4dHOro o0pa3oBanus odydaroniuxcst 10-11 kmaccos.
B coorBercTBUM ¢ koHuenTtyalibHbIMUA mNojoxeHusMu OI'OC COO o Ha3zHauyeHUU
MpeIMeToB 0a30BOTO W YIUIYOJICHHOTO YpPOBHEH OH WMEET HaIlpPaBICHHOCTh
Ha peaTn3allii0 MPEeMCTBEHHOCTU C TMOCIEIYIONIUM TMOJIY9CHHEM OHOJIOTHUYECKOTO
oOpa3oBaHUs B paMKax U3YYCHHS CIICIUATBHBIX ©CTECTBCHHO-HAYYHBIX U
OMOJIOTMYECKUX TUCUHUILIMH B By3aX U OpraHu3alusax cpeaHero npodeccruoHaibHOro
oOpa3oBanusi. B 3Toli cBs3u wm3ydeHue mpeamera «buomorus» OpuEeHTHPOBAHO
MIPEUMYIIIECTBEHHO Ha PACIIMpPEHUE U YIIYOJICHHE TCOPETUIECKON U MPAKTUICCKON
MOJTOTOBKH 00 y4aroIIHUXCS.

[lpunmuner  oTOéopa  coaepxkaHus  ydeOHoro mnpenMera  «buonorus»
Ha yriy0JeHHOM YpOBHE OCYIIECTBIIEHBI C MO3ULUI KYJIbTYpOCOOOPAa3HOro MOAX0/1a,
B COOTBETCTBHHM C KOTOPHIM OOYYaroOIIMecs JOKHBI OCBOUTHh 3HAHUS M YMEHUA,
3HauYMMbIe I (HOPMHUPOBAHUSL OOIIEH KyJIbTYphI, OIPEACISIONIUE aJIeKBATHOE
MOBE/JICHUE YeJIOBEKa B OKpYXKarollell MNpUpOJHOM cpene, BOCTpeOOBAHHbBIE
B TTOBCETHEBHOM JKM3HU U TTPAKTUYECKOMN JCSITCIILHOCTH.

B Tlporpamme otrmeueHo, 4To B CTpykType ydeOHoro mimaHa COO mpeamer

«buonorus» (yriayOneHHBI YPOBEHB) SIBJISICTCSI KOMIIOHEHTOM MPEJAMETHOM 00J1acTh
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«EcTecTBEHHO-HAy4HbIE  TPEIMETbD»,  O0S3aTENIbHOE  H3YYEHHE  KOTOPBIX
MPEeyCMOTPEHO Ha 0a30BOM JIMOO Ha YIIyOJIEHHOM ypOBHE. B CBsI3M ¢ JaHHBIM
OOCTOATENBCTBOM MpH  (HOPMHUPOBAHMM COACP)KAHUS IpEeIMETa YYTEHBbl OO0IIHe
MOJIOKEHHSI CTaHAApTa O Pa3auyusax 0a30BbIX U YIITyOJIEHHBIX KYpPCOB.

D710 03HAYaeT, 4To y4eOHbIN npeameT «bronaorus» Ha ypoBHE CPEHETO 00ILEro
o0pa3oBaHUs OPUEHTUPOBAH HA PACHIUPEHHUE U YIIIYOJICHHE 3HAHHUM 00YyJaroniuxcs
0 JKUBOU MPHUPOJIC, OCHOBAX MOJIEKYJISIPHOU M KJIETOYHON OMOIOTHH, SMOPHOJIOTHH U
OHMOJIOTUU Pa3BUTHS, TEHETUKH, CEJIEKIIUU, OMOTEXHOJIOTUHU, YBOJIOLMOHHOTO YUCHUS
u skojorun. M3ydenue yuebHoro mpeamera «buonorus» Ha yriyOJI€HHOM YPOBHE
OPHEHTUPOBAHO HAa IMOATOTOBKY OOYYAalOMIMXCS K TOCIENYIOLEMY TOIYYSHHIO
Ouojoruyeckoro  oOpa3oBaHMs B By3aX M OpraHu3alusix  CpeaHEro
npodeccruoHanbHOro oopazoBaHusi. OCHOBY €ro COJEp)KaHMS COCTAaBJSIET CHUCTEMa
OMOJOrMYECKUX  3HAHWUM, TOJYYECHHBIX TIPU  HU3YYEHUHM  OOy4YarOIIHMHCS
COOTBETCTBYIOIIUX CUCTEMAaTUYECKUX Pa3AeIOB OMOJIOTMU B OCHOBHOM mikone. Tak,
paclIMpeHbl U YriryOJaeHbl OMOJIOTMYECKUE 3HAHUSI O PACTEHUSX, KUBOTHBIX, TpHOaX,
OaKTepusiX, OpraHu3Me YeJI0BEKa, OOIIUX 3aKOHOMEPHOCTAX KU3HU; TOMOIHUTEIHHO
BKJIFOUEHbl OMOJIOTMYECKHME CBEACHUS NPHUKIAJAHOIO M TOHUCKOBOI'O XapakTepa,
KOTOpbI€ MOYXHO HCIOJb30BaTh KaK OPHEHTHUPHI Ui MOCIEAYIoLero BbelOopa
npodeccun. Bo3moxkHa ~ Takke =~ HMHTErpamus — OHOJOTMYECKUX  3HAHHUM
C COOTBETCTBYIOIIMMH 3HAHUSMU, IMOJTYYCHHBIMU OOYYAIOINIMMUCSA MNPU H3Yy4YEHUU
bu3KKU, XUMUH, Teorpaduu U MaTEMaTUKH.

YueOnblii mpenmMet «buonorusp» Ha yriayOJI€eHHOM YPOBHE MPHU3BaH 00ECHIEUUTh
OCBOEHHE OOYYaIOIUMUCS OMOJOTHYECKUX TEOPUH W 3aKOHOB, WJEH, MPUHIIUIIOB U
MpaBWI, JIEXKAIIMX B OCHOBE COBPEMEHHOM €CTECTBEHHO-HAYYHOM KapTHHBI MUDA;
3HAaHUH O CTPOEHUHU, MHOT000pa3uu U 0COOCHHOCTSIX KJIETKH, OpraHu3Ma, MOMYJIAINH,
0 OMOLEHO03aX, IKOCUCTEMAX; O BBIJAIOIIMXCS HAYYHBIX JOCTUKEHHUSIX, COBPEMEHHBIX
UCCIICZIOBAHUAX B OHMOJOrMM,  TNPUKIAJHBIX  acHeKTaX  OMOJOTrMYECKHX
3HaHuM. JI71g pa3BUTHS U MOAJIEpKaHUS UHTepeca oOydarolmuxcsa K OMOJIOruu HapsIy
CO 3HAUYUTEIbHBIM OOBEMOM TEOPETUYECKOIO0 MaTepuaja B  COJIEpPNKAHUU
yueOHOro mpenmera «buonorus» mnpeaycMOTpEeHO 3HAKOMCTBO C HUCTOpUEH
CTAHOBJICHUSI U Pa3BUTHI TOM UM MHOM 00J1aCTH OMOJIOTHH, BKJIA1I0M OTEUECTBEHHBIX
U 3apyOeXHBIX YUEHBIX B PEUICHHE BaXXHEUIINX OMOJOTMYECKMX M SKOJIOTMYECKUX

poOJIeM.



Lenu u 3a0auu uzyyenus yuebHo2o npeomema «buonocusny

(venybaennviii yposens)

OTtmeTuM, d4YTO (QOPMUPOBAHHE COAEPKAHUS KOMIIOHEHTOB IpeaMeTa
«buonorus» yriayOJeHHOro ypoBHSA — L€ W 3aJad ero M3y4eHus; MIaHUPYEeMBbIX
pE3YJIbTATOB OCBOEHHS OCHOBHOM 00pa3oBaTeNbHOM Mporpammsbl; (popMm, METOIOB U
MPUEMOB OpraHu3ali yaeOHOro mpotecca — ocyiiecTnieHo B [IporpaMmme Ha ocHOBe
METOMYECKOW MHTEPIIPETALMU CYLIIHOCTU BHECEHHBIX B CTaHAAPT U3MEHEHUU. Tak,
B 4YacTHOCTH, B [IporpamMme oTmedeHoO, 4TO LEIM M 334a4d U3Y4YEHUs Ipeamera
OIpeNeleHbl C Y4YEeTOM NpoOJeM, KacaloIlUXCsl COBPEMEHHOIO COCTOSHUS U
TEHJCHLIUNA Pa3BUTHS CUCTEMBI CPETHETO 001Iero oopasoBanus. [ 1aBHYIO CyTh 3THX
poOJIEM COCTABIISIET:

— HaNpaBJI€HHOCTh Ipolecca OOy4eHHs] Ha pa3BUTHE M CaMOPA3BUTHE
JUYHOCTH, HAa (JOPMUPOBAHUE €€ UHTEIIIEKTA U OOIIEH KyIbTYpbI;

— OpUEHTalMs Ipouecca OOydyeHUsT M BOCIUTAHUS BBIIYCKHHUKA IIKOJIBI,
BJIQ/ICIOIIETO HE MPOCTO HAOOPOM 3HAHWM, a PYHKIIMOHAJIBLHOW I'PaMOTHOCTBIO, T. €.
CcrocobaMu W YMEHUSIMU aKTHBHOT'O IMOJIYYEHHUS 3HAHUW M YMEHUSMH IMPUMEHATH
3HAHUS IS PELICHUS TPAKTUYECKUX 33/1a4 B PEaIbHBIX JKU3HECHHBIX CUTYALUSX;

— HEOOXOAMMOCTh  OOEecrnedYeHus: yCIOBUW i1 pealu3alud  OJHOMU
U3 BaOXHEHIINX (QYHKIMHA Y4eOHBIX MPEIMETOB — OOYYEHMs IIKOJIbHHKOB YMEHHIO
YUUTBHCS U MPOAOIKATH CBOE 00pa30BaHUE CAMOCTOSITEIBHO.

B pesynbrare B COAEPXKATEINBHOW XapaKTEPUCTHUKE LEICH M 3a1a4 M3y4ECHUs
npeamera  «buonorus»  (yriyOJeHHBI — ypOBEHb)  BBIAEICHBI  CIEAYIOLINE
HaIIPABJICHMUSL:

— (opMmupoBaHHE OCHOB OMOJIOTMYECKOM HAYKH KaK O0JIACTM COBPEMEHHOI'O
€CTECTBO3HAHUSA, IPAKTUYECKOW  JIEITEIBHOCTH 4YEJIOBEKA M KAk  OJHOIO
U3 KOMIIOHEHTOB MUPOBOM KYJIbTYpHI;

— (opMUpOBaHUE HHTEJUIEKTYAJIbHO PAa3BUTOM JIMYHOCTH, (PYHKIIMOHAJIBHO
IpaMOTHOM M TOTOBOM K camMo00pa30BaHHUIO, KOTOpOE€ HapsAy ¢ (pOpMHUPOBAHHUEM
3HaHUM OCHOB HAayKd OMOJOTMH W 3HAaHUH O CTPYKTYPHO-(QYHKIIMOHATbHON
OpPraHM3alMy JKMUBBIX CHUCTEM pa3HOI0 paHra CTAHOBUTCS JOMHUHUPYIOIIUM
B COAEpP)KaHUU IIeJied U3ydyeHUs OMOJOTMU Ha YriayOJleHHOM ypoBHE. TeM cambiM
MOBBIIIAETCS OpUEHTAIUsl OOydeHHs] OMOJOTMU Ha PEIIeHHE 3a/ad BOCIHUTAHUS U
COLIMATIBLHOTO  pa3BUTUS  oOy4aloluxcs, Ha  QopMUpOBaHME Yy  HHX

OOLIEMHTEIJIEKTYaIbHBIX YMEHUH, YMEHHM palnuoHaIM3aluu y4yeOHOro TpyAa
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u 0606HICHHI>IX CIroco0oB ACATCIIBHOCTH, HWMCIOIIHNX MG)I(ZIPICIIHHJIHH&pHLIﬁ,

H&I[HpCIIMCTHI;IfI XapakKTcep.

Tpebosanus k obpazosamenbHbiM pe3yibmamam yiebrnoco npeomema « buonoeusy

(venyoieHublil yposeeHs)

OnHrM W3 BaXXHEWIIMX KOMIIOHEHTOB [IporpaMmbl, KOTOpBIM 3aCIyKHUBAET
0c000r0 BHUMAaHMS U OCO3HAHUs, sBISOTCS «llmaHupyemble pe3ynbTaTbl OCBOEHUS
yuebHoro npeamera». IMeHHO cosiepkaHue 3TOr0 KOMIIOHEHTA MOJIHOCThIO OTBEYAeT
npuHATbiM B 00HOBIeHHOM PI'OC COO wu3MEHEHHSM OTHOCHTEIHHO BEAYIIETO
npeaMeTa CTaHaapTu3aluu obpa3zoBaHus — «TpeGoBaHMIl K pe3yiabTaTaM OCBOCHUS
denepanbHOil 0oOpa3oBarenbHOM mporpamMmbl». [lo cBoeit cyTu MIaHUpyeMble
pe3yibTaThl OCBOeHUs mnpeaMera «buonorusy (yriyOJieHHBIA YPOBEHB) SIBIISIIOTCS
METOANYECKOW MHTEpPIpETAUEN LENer ero n3ydyeHus. B cBoel COBOKYIIHOCTH OHU
CIIy>)KaT OPHEHTHPOM i1 NMOHUMAaHUS TOr0, KaKMMH YMEHUSMH (IJEUCTBHSIMU —
y4€OHBIMH, JIMYHOCTHBIMH, ITO3HABATEIBLHBIMU), TIPETOMIIEHHBIMU Yepe3 CHeUupUKy
npenmMera «buonorus» (yriayOJieHHBIH ypOBEHbB), TOJDKHBI OBJIAJICTh OOYYarOIIUECs
B IIPOLIECCE OCBOEHHs €ro conepxkanus. lloaTBep)kIeHHEM ITaHHOTO ITOJIOKECHUS
SBJISIETCS ONUCaHKe (PYHKLIMOHAIBHOTO Ha3HAUCHUS IJIAHUPYEMbBIX PE3YJIbTaTOB.

IInanupyemvie pezynomamuol ocgoenusi npeomema « buonocusny:

1) YTOUHSIIOT U KOHKPETU3UPYIOT 00IIee TOHUMAHUE CYIIHOCTH YCTAHOBIICHHBIX
CTaHJApPTOM TpPeOOBaHUW K JIMYHOCTHBIM, METAaNpPEeIMETHbIM M TPEAMETHBIM
pesynbraram ocBoeHuss @OII COO, peranu3upyroT COIEpPKAHUE 3TUX PE3YJIbTATOB
IIPUMEHUTENBHO K COAECPKAHUIO NpeameTa «buonorusy;

2) XapaKTepU3yIT U ONKCHIBAIOT CIIOCOOBI NEHCTBHIA C YIeOHBIM MaTepUalioM,
OBJIa/ICHUE KOTOPBIMU [T03BOJIUT 00YYAIOIIUMCS YCIEIIHO PelIaTh yueOHbIe U y4eOHO-
IPAaKTHUYECKUE 3a/1a4, OPUEHTHPOBAHHbIE HA NOJy4yeHue, IpeoOpa3oBaHUE 3HAHUN U
IIPUMEHEHUE UX B HOBBIX CUTYalUsX;

3) SBISIFOTCS  CONICPIKATENIHHOW W KPUTEPUAIBHOW OCHOBOM JIJISI OTPEICIICHUS
CII0COO0OB, METOJOB M IPUEMOB, CIIOCOOCTBYIOIIMX IOBBIIIEHUIO ONTUMH3ALUU
oO0ydyenust 6uonorun ¢ yderoM TpeboBanuiit ®I'OC COO k pe3ynabTaraMm OCBOCHHUS
®OII COO;

4) BBICTYITAIOT B Ka4€CTBE COACPIKATEILHOW OCHOBBI B CHCTEME KOHTPOJIS U
OLIEHKH 00pa30BaTeNIbHbIX JOCTHKEHUN OOYy4alolUXCsi MO OCBOEHUIO MpeaMera

«buonorusy.



B crpykrype auunocmmuvix pesynbmamog ocBoeHus npeamera «bronorus»
Ha YriayOJ€HHOM YPOBHE BBIIESIOTCSA CIEAYIOIIUME COCTAaBJISIOLIUE: OCO3HAHUE
OOy4yalOUIMMHUCS  POCCUMCKOM  TPaKJAHCKOM  MJIEHTUYHOCTH — TOTOBHOCTH
K CaMOpa3BUTHIO, CAMOCTOSITEIbBHOCTH M CaMOONPEAEIICHHUIO; HAaJU4YMe MOTHBALUU
K OOY4YeHHIO OHWOJIOTHH; IIeJICHANPABICHHOE pPAa3BUTHE BHYTPEHHHUX YOeXKICHUIN
JMYHOCTH HA OCHOBE KJIFOUEBBIX LEHHOCTEM M MCTOPUYECKHX TPAJMULIMI Pa3BUTHUSA
OMOJIOTMYECKOTO  3HAHMS;  TOTOBHOCTh M CHOCOOHOCTh  OOyYaroluxcs
PYKOBOJICTBOBAaTbCA B CBOEU JIEATEILHOCTH LIEHHOCTHO-CMBICIOBBIMU YCTAaHOBKAMH,
NPUCYUIUMU CHUCTEME OHOJIOTMYECKOro O00pa3OBaHMs; HAIMYME IPABOCO3HAHUSA
HKOJIOTMYECKOM KYJIbTYphl, CIHOCOOHOCTH CTaBUTh WEIHM U CTPOUTHh KU3HEHHbBIC
TIJIaHBI.

JInyHOCTHBIE pe3ynbTaThl OCBOCHHS NpeaMera «bBHOJIOTHS) TOCTUTAKOTCS
B E€IMHCTBE Y4eOHOM W BOCHHUTATEIBHOM JI€ATEIBHOCTH B  COOTBETCTBHUH
C TPaAULMOHHBIMH POCCUHMCKHMH COLMOKYJIBTYPHBIMU, HCTOPHYECKUMHU U JTyXOBHO-
HPABCTBEHHBIMU IIEHHOCTSIMHU, MPHHATHIMH B OOIIECTBE MpaBWIAMA U HOPMaMU
MOBEJCHUS U CIOCOOCTBYIOT IMpOILIECCaM CAMOIIO3HAHUsS, CaMOBOCHMUTAHUSA U
CaMOpa3BUTHSA, PA3BUTUSI BHYTPEHHEW MO3UIUHU JIMYHOCTH, MATPUOTU3MA U YBAKCHHUS
K 3aKOHY M TPaBOIOPAIKY, YEJIOBEKY Tpylda M CTapuieMy MOKOJIEHHUIO, B3aUMHOIO
YBOKEHHS, OEpEXKHOr0 OTHOUIEHHS K KYJIbTYPHOMY HACIEIUIO W TPAIULMIM
MHOTOHAIMOHAIBHOTO Hapoaa Poccuiickont denepannu, NpUpPOAE U OKPYKAOLIEH
cpeze.

JIm4HOCTHBIE pe3ynbTaTbl OCBOEHUs y4yeOHoro mnpeamera «buonorus»
OTPaXKalOT TOTOBHOCTh UM  CHOCOOHOCTh  OOYYaIOIIMXCS  PYKOBOJCTBOBATHCS
chOpMUPOBAHHOW BHYTPEHHEW TMO3UIMEH JIMYHOCTH, CHUCTEMOW IIEHHOCTHBIX
OpUEHTAlM{,  MO3UTHUBHBIX  BHYTPEHHHX  YOEXKIECHHH,  COOTBETCTBYIOLIUX
TPaJIULIMOHHBIM LIEHHOCTSAM POCCHIICKOT0 00IIECTBA, pACIIMPEHHUE KUZHEHHOI'O OIbITA
U ONbiTa JEATENbHOCTH B MPOLECCE peaTu3allMd OCHOBHBIX HaIlpaBICHUUN
BOCIIUTATENBHON JEATEIbHOCTH.

[Tpunsteie B ooHOBIEHHOM PI'OC COO m3MeHeHus: B HaMOOJIbIIEH CTEIEHH
KOCHYJIUCh TPEAMETHBIX PE3YJbTAaTOB, KOTOPbIE, COMNIACHO CTaHIAPTY, BKIIOYAIOT
OCBOEHHBIE 00YYAIOLIMMHUCS B XO/I€ U3YUYECHHs y4€OHOro MpeMeTa HayyHble 3HAHMS,
YMEHHS U CIOCOOBI JIEUCTBUM, CrieU(PUIHBIC JUIsI COOTBETCTBYIOUIEH MPEAMETHON
obmactu. B ITlporpamMmme mpeaMmeTHble pe3yibTaThl, Kak YK€ ObUIO CKa3aHO BBIIIE,

METOMYECKH HHTEPIPETUPOBAHBI W TPENCTaBIeHBI B (opMaTe Ienell n3ydeHus



npeamera. [ JTaBHBIMH OpHMEHTHpAaMHM JUIsl ONPEAENEHUs UX COAEpPKATEIbHOU
XapAKTEPUCTUKU CITYKUJIN:

— JIOTHKA MOCTPOCHUs ydeOHOro Kypca «bruonorus» (yriryOJIeHHBIH YPOBCHB);

— crneuupurKka NOPEIMETHOrO 3HAHMS, BBICTYNAIOIIass B KauyeCTBE OCHOBBI
st (OpMHUpPOBaHUS  OMNPEACICHHOW COBOKYITHOCTH JEHCTBUM 1O OCBOEHHUIO,
peoOpa30BaHUIO U NPUMEHEHUIO 3HAHUM;

— JIOTWKa OpraHu3alyy yaeOHOro mpouecca o U3y4eHuIo npeaMera.

B crpykTrype mpeaMeTHbIX pe3yJbTaTOB Ha YIUIyOJIEHHOM YpPOBHE BbIIECIICHBI
cneruuyeckre s OMOJOTMM HaydyHble 3HAHUSI 0oJjiee BBICOKOTO, MO CPAaBHEHHIO
c 0a30BBIMHU KypCaMH, TEOPETHYECKOrO0 YpPOBHS M crenuuyeckue i MpeaMera
«buonorus» ydeOHble AEHCTBUS KOMIUIEKCHOTO XapakTepa IO OCBOEHHUIO 3THUX
3HAHUMU.

[IpenmeTHble pe3ysibTaThl Ha  YIUIYOJIGHHOM YPOBHE  OPUEHTHUPOBAHBI
MPEUMYIIECTBEHHO Ha MOJIOTOBKY OOYYaIOIIMXCS K MPOIOJKEHHUI0 O00pa3oBaHUs
B CPEJHHUX CICIHAIBHBIX U BBICHIMX YYEOHBIX OpraHu3alMsaX, B Y4eOHBIX TUIaHax
KOTOPBIX OHMOJIOTHS SBIISETCS OJHOM W3 NPUOPUTETHBIX AUCUMIUIMH. [IpenmerHbie
pe3ynbTathl B [IporpaMme npeacTaBiaeHbl IO rogaM U3y4YEHHs.

B Hacrosimiem mnocoOuM TpPENCTaBUM npeodMemHble pe3)abmambl OCBOCHUS
[Iporpammbl  yueObHOro mnpenmera «buosiorus» Ha  yriayOJEeHHOM  ypOBHE
s 10 kimacca. [IpeaMeTHbie pe3yabTaThl TOIKHBI OMpPadcams.

1) chopmuposannocmsy 3HaHWE O MecTe W PO OUOJOTUM B CUCTEME
€CTECTBEHHBIX HayK, B (OPMUPOBAHWUM €CTECTBEHHO-HAYYHOW KapTHUHBI MUDA,
B TIO3HAHUM 3aKOHOB TMPHUPOABI M  PEIIEHUH MpoOJeM  palOHATbHOIO
NPUPOIONONb30BAHUSA; O  BKIAJAE€  POCCUHUCKMX M 3apyOeXKHBIX  Y4EHBIX
B Pa3BUTUU OUOJIOTHH;

2) 61adeHue CUCTEMOW OWOJIOTMYECKUX 3HAHWM, KOTOpas BKIIIOYAeT
OCHOBOIMOJIararonye OMoI0ru4ecKrue TEpPMUHbBI U MOHATUS (KU3Hb, KJIETKA, OPTraHu3M,
METaboIU3M, roOMeocTas, caMOpETYJISALMNS, CaMOBOCIIPOU3BE/ICHUE,
HACJIEJICTBEHHOCTh, HM3MEHYMBOCTb, POCT M DPA3BUTUE), OHUOIOTMYECKHE TEOpUU
(xnerounas teopus T. IlIBanna, M. Illneiinena, P. BupxoBa; xpomocoMHasi Teopus
HacnencrseHHocty T. Moprana), yuenus (H. 1. BaBunoBa — o eHTpax MHOrooopaszus
U TPOUCXOXKJEHUS KYJIbTYPHBIX pacTeHHil), 3aKOHbl (eIuHOOOpa3usi MOTOMKOB
IIEPBOTO IIOKOJICHMs, PACILIECIUICHUS, YUCTOTHl I'aMET, HE3aBUCUMOI'0 HACJICIOBAHUSA
I Mengenss; TOMOJOTHYECKMX PSAJOB B HACIEICTBEHHOM HM3MEHYHUBOCTH

H. . BaBunosa), mpuHIUIBI (KOMIUIEMEHTAPHOCTH);
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3) 61a0eHue OCHOBHBIMM METOJAMH HAydHOTO ITO3HAHHS, HCIIOJIb3YEMbIMH
B OHOJIOTUYECKUX UCCJICNOBAHUIX IKUBBIX OOBEKTOB (ONMUCAHHUE, HW3MEPEHUE,
HaO0JII0/ICHHE, SKCIIEPUMEHT);

4) ymeHnue BBIACTATH CYIIECTBEHHBIC MPU3HAKK: BUPYCOB, KJICTOK MPOKAPHOT U
AYKapHUOT; OJHOKJIETOYHBIX U MHOTOKJIETOYHBIX OPTraHU3MOB, B TOM YHCIIe OaKTepui,
rpuOOB, PACTCHHM, )KMBOTHBIX M YEJIOBEKA, CTPOCHUS OPraHOB M CHCTEM OPraHOB
pacTeHul, KUBOTHBIX, YEIIOBEKA; MPOIIECCOB >KU3HEIACATEILHOCTH, MPOTEKAOIINX
B OpraHM3Max pacTeHH, )KUBOTHBIX M YEJIOBEKa; OMOJIOrMUECKHUX MPOIIECCOB: OOMEHa
BeIIECTB (MeTa0oNM3M), NPEBPAIICHUS DJHEPruM, OpPOXKEHHUs, aBTOTPOPHOTrO
rerepoTpoHOro TUMOB MUTaHUS, (HOTOCHHTE3a U XEMOCHHTE3a, MUTO03a, Meio3a,
ramMeToreHe3a, 53MOpUOTeHe3a, MOCTIMOPUOHAIBHOIO PAa3BUTHS, PA3ZMHOMXKEHUS,
WHJUBUIyaJIbHOTO PAa3BUTHUSL OpraHu3Ma (OHTOTeHe3a), B3aUMOJCIHCTBUSI TEHOB,
reTepo3nca; NCKYCCTBEHHOT0 0TO0pa;

5) ymenue yCTaHABIMBATh B3aMMOCBSI3U MEXIY Opra”HouaMu
KIETKH W UuX (QYHKOUSIMH, CTPOCHHEM KIETOK pa3HbIX TKAaHEH W UX
GYHKIIUSAMH;  MEXKIy OpraHaMd W CHCTeMaMHd OpPraHOB Y  PacTeHHH
JKUBOTHBIX M 4YEJIOBeKa W WX (DYHKIHMSIMHU; MEXKIY CHCTEMaMH OpPTraHOB W WX
GYHKIUSAMHU, MEXKIy JTanmaMu OOMEHa BEIIECTB, JTallaMu KJIETOYHOTO IUKJIa U
YKU3HCHHBIX IIUKJIOB OPTaHU3MOB; dTarlaMu dYMOPHOHATBHOTO PAa3BUTHS; TEHOTHIIOM U
dbenotunomM, peHoTUnoM u hakTopamu cpeabl OOUTaAHUS;

6) ymeHue BBISIBIATH OTIIMYMTEIbHBIC TPU3HAKN KUBBIX CUCTEM, B TOM YHCJIC
paCTEeHHI, )KUBOTHBIX U YEJIOBEKa;

7) yMeHue WCHONB30BATH COOTBETCTBYIOIIME APTYMEHTHI, OHOJIOTHYECKYIO
TEPMUHOJIOTUIO W CHMBOJIMKY JIJISl JTOKA3aTeIhCTBA POJCTBA OPTraHU3MOB Pa3HBIX
CUCTEeMaTHYECKUX TPYIIIT;

8) ymenue pemarhb OWOJOTHYECCKHE  33Ja4M;, BBIIBIATH  PUIMHHO-
CIICZICTBEHHBIC CBS3M MEXAY HCCJICIyeMbIMU OWOJIIOTUYECKUMU TMPOLIeCcCaMu
W SBJICHUSMH; JIeNIaTh BBIBOJILI W TPOTHO3BI HA OCHOBAHUU TOTYYCHHBIX
pE3yJIbTATOB;

9) ymeHnue BBIMOMHATH JTAOOPATOPHBIC M MPAKTHUECKHE PAaOOTHI, COOJIOAATH
npaBmIIa MpH paboTe ¢ y4eOHBIM U Ja00pPaTOPHBIM 000PYI0BAHUEM;

10) ymenue BBLABHTaTH THIIOTE3bI, MPOBEPSITh HX OSKCIEPHUMEHTAIbHBIMHU
cpenctBamu, (GOpMyIUpYsS TIeNb HCCIEAOBAHHS, AHAIU3UPOBATH TOJyYEHHBIC

PE3YJIbTAThI U ACJIATh BBIBOABI;
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11) ymenue y4acTBOBaTH B y4eOHO-HUCCIIEAOBATEILCKON pabOTe 1O OUOJIOTHH,
KOJIOTMM W MEAWIIMHE, TPOBOAMMONW Ha 0a3e  IMIKOJIbHBIX  HAaY4YHBIX
OOIIECTB, U MYOJIMYHO TMPEACTABIATH IMOJTYYCHHBIE PE3yJbTaThl HA YYCHUYECKUX
KOH(EpEeHITUX;

12) ymenue OIECHHWBATH STHYECKHE AaCMEKThl COBPEMEHHBIX HCCIICIOBAHUMN
B 00J1acTh OMOJIOTUH U MEIUITUHBI (KJIOHUPOBAHHUE, UICKYCCTBEHHOE OILIOIOTBOPEHHUE,
HaIpaBJICHHOE U3MCHEHHUE TeHOMA U CO3/IaHHE TPAHCTCHHBIX OPTaHU3MOB);

13) ymernue oCyIIECTBIATH OCO3HAHHBINA BBIOOpP OyayIiei mpodeccuoHanbHOM
JeSTEeNbHOCTH B 00JIacTU OMOJIOTUM, MEIUILIMHBI, OMOTEXHOJOTHUHU, BETEPUHAPUH,
CEJIbCKOTO XO0341CTBa, MHUIIEBOW MPOMBIIUIEHHOCTH; YIIyOJsiTh MO3HABATENbHbBIN
MHTEpEC, HANpaBJICHHBI HAa OCO3HAHHBIM BBHIOOP COOTBETCTBYIOLIEH Mpodeccuu u
MPOJOJHKEHUE  OMOJIOrMYEecKOoro  00pa3oBaHMs B YUPEXKICHUSIX  CPEIHETO

po(hecCHOHATBHOTO M BBICIIIEr0 00pa30BaHMSI.

Dopmul, MemoObl U Npuemvl Op2aHU3AYUU

yuebHo20 npoyecca buono2uu Ha yeryoieHHOM YPOBHe

CrnenyromuM 1O CBOEH 3HAYUMOCTH SIBISIETCSI BONPOC O CYIIHOCTH (opM,
METOJI0OB M NPUEMOB OpraHM3alUU Y4eOHOro IMpoLecca, MOCPEACTBOM KOTOPBIX
BO3MOKHO 00€CHEUYUTh YCIOBHS U MPENoAaBaHHs OUOJOTUU HA YriIyOJEeHHOM
ypoBHe ¢ yuerom TpeboBanuit ®I'OC COO x pesynbraTtam ocBoenust DOIT COO.

Kak yxxe oTmeuanoch panee, nepexoja o0pa3zoBaTelbHBIX OpraHU3aluil K pabore
no OOHOBJIEHHOMY CTaHAApTy OOYCJIOBUI HEOOXOAMMOCTH OIpPENETCHUs MOAXOI0B
K [pEenoAaBaHUI0 Y4YeOHBIX NPEIMETOB B KOHTEKCTE HOBBIX IPUOPUTETOB
B IOHMMAHUU LIeNed U 3a7ja4 B CUCTEME CPEAHETO 00pa30BaHMsL.

B c¢Bs31 ¢ 3TUM BO3HUKIIAa HEOOXOUMOCTh U3MEHEHHUS IPUOPUTETOB U B CAMOM
y4eOHOM Ipouecce. B Hacrosiiee Bpemsi cTaBUTCS 3ajada Iepexofa «OT o0ydeHus
IPEIMETHO-OPUEHTUPOBAHHOI'O, OCHOBHOM LIEJbI0 KOTOPOTO SIBIAIOTCS Iepenadya
CoZiepKaHUsl KOHKPETHON MpeAMETHON 001acTH, K 00y4eHHUIO, OPUEHTHPOBAHHOMY
Ha JIMYHOCTh YUYEHHKa, Ha (JOPMUPOBAHUE €TO MOTHUBALMOHHON C(epbl, HE3aBUCUMO
OT CTWJISI MBILLJIEHUS ¥ 001Iey4€0HBIX YMEHMID». DTO 03HAUAET, YTO C MO3UIUH JaHHON
3a7aud TPAJAWIIMOHHOE TOHMMaHHe 00 ydeOHOM mpoiiecce, Kak (HOpMUPOBAHUHU
3HAaHWH, YMEHUW W HABBIKOB OOYYAIOUIUXCS, CIEAYET 3aMEHHUTh Oojiee aJieKBaTHBIM
0 HEM TIPEJICTaBJIEHUEM KaK O MPOIIeCCe YIPaBIECHUS OCBOCHUEM Pa3IMYHBIMU BUIAMHU

y4eOHBIX JCHCTBHUIA.
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Metoauueckass MHTEpIPETAUsl 3TOTO MOJIOKEHHUSI MOXKET CIIY)KUTh OCHOBOM
JUIS CIEIYIOIIMX BBIBOJOB:

1) oBmajeHUE CUCTEMOM 3HAHUI, BKIFOUAIOIICH HAYYHBIC TIOHSTHUS, TCOPUU H
3aKOHBI, OOBEKTHUBHBIE (aKThl, OOOOIIEHUS MHUPOBO33PEHUYECKOTO XapakTepa,
CBEIEHHUS O  METoJaX  TMO3HAHUS  H3YYaeMbIX  OOBEKTOB  INPOUCXOIUT
Opd aKTUBHOM TIO3HABATEIBHOW JCSITENPHOCTH, B YCIOBHSIX HEMPEPHIBHOTO
TIOBBIIICHUS €€ HAyYHOTO YPOBHS, KOT/Ia YCIOXKHSIETCS pad0Ta MBITITICHUS, BO3PACTaeT
pOJIb TBOPYECKOTO BOOOpakeHUsl. IMEHHO B ATOM cllydae W MPOMCXOIUT Pa3BUTHE
criocobHocTel oOyvarouuxcs. «UenoBek, ero MbIIUICHUE, 3HAHUS, MPAKTUYECKHE
YMEHHUS, XapakTep, OTHOIIEHUS (POPMUPYIOTCS TOJIBKO B AEATEIBLHOCTHU, MpPUYEM
B JICITEILHOCTH aKTUBHOM M pa3HooOpa3Hoi» [15];

2) opraHu3aius 00y4eHHUsI Ha OCHOBE JICATSILHOCTH 00ECIICYMBACT MOTYICHUE
OPOYHBIX 3HAHUW, BIAaJEHUE YUYEOHBIMU JCHCTBUSIMH, KOTOpPBIE IOMOTAIOT
00y4aIOUIMMCSl YIUTHCSI YCTICITHO, Pa3BUBAIOT UX CAMOCTOSTEILHOCTh U CITIOCOOHOCTH
K camoopranuzanuu. [lonTBepikaeHueM TOMY SIBISIETCS MHEHHE TICHXOJOrOB, YTO
pa3BUBAIOIIMN TOTEHIIMAT HMMEIOT HE CTOJBKO CaMH 3HAHHS, CKOJBKO YMEHHS,
JICHCTBHSI, BUJIBI IEATEIBHOCTH, C(OOPMUPOBAHHBIE HA UX OCHOBE,

3) HeoO0XOAUMBIM yclOoBHEM Y(PPEKTUBHOCTH OOYUEHUS, OPUCHTUPOBAHHOTO
Ha pa3BUTHE JIMYHOCTH, SIBISAETCS AaKTUBU3AIMS TMpOLecCa TMO3HAHUA, KOTOPBIU
npeanonaraeT 03HaKOMJICHHE OOYYaroNIMXCsl ¢ alTOPUTMAMH BKHEUITUX YIeOHBIX

JEUCTBUN C U3y4a€MbIM MATEPHUATIOM.
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I')TABA 2. METOAUYECKUE PEKOMEH/JAIIUM 110 U3YUYEHUIO
OTAEJIBHBIX TEM B YYEGHOM IIPEJIMETE «bHOJIOTI U51»

2.1. MeToabl 1 NpueMbl, NPUMeHsieMble B Mpouecce H3y4eHUus yueOHOro

npeaMera «buosorus» Ha yriry0JIeHHOM YPOBHE B KOHTEKCTe TPeOOBAHUM
orocC COO

Hapsiny ¢ comepkanuem, NemsIiMU W 3aJadaMd OMOJIOTUHA HEMAJIOBAKHBIM
ABIIIETCA OMPEIETIEHUE METOJOB U MpueMoB o0yueHus. [Iponecc o0Oydenus Ouonoruu
B IIKOJE JOJDKEH pacCMaTpUBaThCS BO B3aMMOCBSI3M BCEX COCTABIIOIIAX €ro
KOMIIOHEHTOB: COICpXaHUs, 3a/1a4, METOJ0B 00y4eHHUs, yaeOHOro 000py10BaHUSI.

Jlis mperonaBaHus Kypca OHMONOTMHM Ha YIIyOJEHHOM YpPOBHE YUUTEIIO
HEOOXOMMO BBITIOJHUTH CICAYIOIIHNE TECHCTBUS:

1) chopMmyaHMpoBaTh IIAHUPYEMbIC PE3YJIbTAThl OCBOCHHS 00 Yy4JaroIIUMUCS
y4eOHOro ImpeaMeTa, a UMEHHO NPEIMETHBIE, METANIPEIMETHBIE U JINYHOCTHBIE;

2) OIpENENHTH IeTH NU3YYCHHsT KOHKPETHOW TEMBI;

3) chopmymupoBarh oOydaronue, BOCIUTATEIBHBIC W Pa3BUBAIONIUE 3a][a4d
TEMBI, JOCTHKEHHE KOTOPBIX MOKHO YETKO JUArHOCTUPOBATD;

4) onpeaenuTh OCHOBHOE COACPKAHUE H3y4acMOI TEMBI;

5) BbIOpaTh TEXHOJOTMU OOYYEHHUs (METOMABI, IPUEMbI, (JOPMBI OpraHU3AIMH
o0pa3oBaTeIbHOro IMporiecca);

6) ompenenuTh CpecTBa 00ydEHUs, HCOOXOAUMBIC JJI U3YUCHHUS TEMBIL,

7) yCTaHOBWTB CIIOCOOBI IPOBEPKU 3HAHUI 00YUYAIOIIUXCS 110 TEME;

8) paspaborarh cojep)KaHUE BHEYPOUYHOH W BHEKIIACCHOH JEsATCIIbHOCTH
OO0 yJaroIIMXCs 10 y4eOHOMY TIPOIIECCy.

Jlist Gonee moapoOHOTO OOCYKIEHHUS BOMPOCAa O BO3MOXKHBIX HAIPABJICHHSIX
aKTUBM3allMM  y4eOHOro Tpolecca TMpH HU3YYCHHH OHOJOTMH  O0OpaTHMCs
K COJEp)KaTeIbHONM XapaKTEPHCTUKE HEKOTOPHIX METOJOB W MPHEMOB, KOTOpHIC
B METOJMKE NpPErnojlaBaHusi OUOJIOTUU Ha Y2lnyO]leHHOM YPOG8He CUUTAIOTCS 0C000
3HAYMMBIMH.

Memoowvl — 310 criocoObl pabOThl YUUTENSI U YUYCHUKA, C MOMOIIBI0 KOTOPBIX
oOyJaromniiecs yCBaMBalOT OIpEeJCHHbIE 3HAHUS, Y HUX (OPMHUPYIOTCS YMEHUS
Y HaBBIKH, Pa3BHBAIOTCS MX I[MO3HABATEIbHBIC BO3MOXHOCTH [2]. Meton oOyueHwHs
SBIISIETCST  CIOCOOOM Tepenadd 3HAaHWW YYUTEIeM M OJHOBPEMEHHO CIOCOO0M

YCBOCHHUA HUX O6y‘-IaIOIHI/IMI/IC$I, T. €. BKJIIOYaeT B ceOs ACATCIIbHOCTL YUUTCIIA H
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ydeHuka. B metox oOyueHust BKIIO9aeTCsl IPEroAaBaTenbCcKas ACSITENbHOCTD YUUTEIs
U yueOHas JesTeNbHOCTh 00YJaroMXCsl Ha CTPOro OrpaHUYEHHOM OTPE3KE BPEMEHHU.
OTH BE CTOPOHBI TECHO CBSI3aHBI U COCTABISIOT €AMHCTBO TpoIiecca 00ydIeHuUs.

MeTtoa 00y4eHHsI MOXKHO OTPENCITUTh:

1) kak BHbI COBMECTHOM JEATEILHOCTH YYUTEIS M YUCHHKA, HAITPABJICHHBIC
Ha JOCTUKEHUE KaKOU-TMO0 yueOHOM 1enu;

2) Kak GopMy mepeaadn CoaepKaHus yaeOHOro Marepuana;

3) Kak COBOKYITHOCTH CPEJICTB M TPUEMOB, C MOMOIIBIO KOTOPBIX YUUTEIh
BOOPYXaeT 00yJaromMxcsi 3HaHUSIMU U GOPMUPYET YMEHHS.

Metoapl 00ydueHus: MHOT0OOpa3Hbl, B HACTOSIIEE BpeMsl MX OMUcaHO Ooiee
nByXcoT. Kaxzplii W3 HHUX BBINOJHAET ONpeleJeHHble (QYHKIMH, ObOecrednBast
pelleHre TeX WM UHBIX Y4eOHO-BOCIUTATENbHBIX 3a/1ad. JIJid yunuTens BaKHO UMETh
OPUEHTUPOBATHCSI B HUX BbIOOpe, oleHHBaTh 3(G(HEKTUBHOCTH pPabOThl METOJOB
pu 00y4YEHUH, BOCITUTAHUHU U Pa3BUTHH.

MeTtob! nenarT 6osiee THOKUMU npuemst 06yuenus ouonoruu. [lonpazaenenue
Ha METOAbl U METOJUYECKHUE TMPUEMBbl OTHOCUTENbHO. OIHU METOAUCTHI
paccMaTpHUBAIOT MPUEMBI KaK OTJIEIbHBIC TEHCTBHUS yUUTeNS U o0ydaromuxcs. Jpyrue
CUMTAIOT TPHEM OTJEIbHBIM METOJIOM, €CJIM OH OpPraHU3yeT OMpPENeTICHHBIN BUJT
yueOHOM nesarenbHOCTH. [103TOMY OZIMH M TOT e BUJ] IEATEIHHOCTH B OJTHUX CITyJasix
paccMaTpuBaeTCsl Kak METOJ, B IPYruxX — Kak npueM ooydenus. [IpuBenem mpumep:
eClii Y4HTeJIh BeIeT Oeceay O CTPOCHHWM CeMSH pAaCTeHHH U TOKa3bIBAeT HUX
KOJIJICKITUIO, TO €€ JEeMOHCTpaIlisl paccMaTpuBaeTCsl Kak mpuem. [Ipremsl oOyueHus
OpPraHu3yI0T MHOT000pa3HyI0 NESTENbHOCTh OOYYaIOIIMXCS, YCTpaHssl HEIOCTaTKU
OTJENbHOTO METOJa, MOBBIIIAS €ro OO0ydeHHe, BOCHUTHIBAIOUIME U Pa3BUBAIOLIUE
dbyakiuu. [Ipuemsl 00yueHus 6MOIOTUU MOTYT OBITh 00WuUMU, T. €. TIPUMECHIEMBIMH
B 00y4yeHHUH APYIUM MpeaMeraMm (padoTa ¢ yueOHMKOM, COCTaBJICHHUE CXEMBI U JIp.),
U CcneyuanbHulMu, HApUMep MpHEeMaMH, HCIOJIb3YEMBIMH TOJIBKO HpU OOydeHUU
ounonornu [11]. BeimensroT JIorndecKkue MpHEeMbl (TIPUEMBbI CO3JaHUs MPOOICMHOMN
CUTYallUH, MBICTUTEIILHON JIEATEILHOCTH), OPTaHU3AIMOHHBIEC MPUEMBbI (BBITIOTHEHUE
J7a00paTOPHBIX, MPAKTUYECKUX pabOT MO M3YUEHUIO JKUBBIX CHCTEM Pa3HBIX YPOBHEU
OpraHu3alnu), TEXHUYECKUEe mNpUeMbl (OOBEAMHSIOMME CIIOCOObI OpraHU3aluu
JESTEFHOCTA O0YJaromMXCsl C TMOMOIIbI0 ayJHOBH3yadbHBIX W KOMITBIOTEPHBIX
CPEACTB O0yUYCHUS).

Cpenr MHOTOUHCICHHOTO KOJMYECTBA METO/I0B, UCIIOJIb3yEMBbIX MPH 00y4YeHUN

OuoNoruy, Ha yriyOJIEeHHOM YpOBHE Ba)KHas pOJIb OTBEIE€HA METOAAM U3I0HCEHUs.
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yuumenem HO8020 mamepuand. ITa TPyIIia METOIOB BKIIOYAET B MEPBYIO OYEPE.b
METO/Ibl U3JI0KEHUSI Y4eOHOr0 MaTepuaa, KJI0UEBYIO POJib B KOTOPBIX UTPAET CIOBO
yuutensd. [lpy 3TOM B cOYeTaHMHM CO CJIOBOM YYHUTENs Ha YypoKax OHOJOruu
00513aTebHO HMCTIONB3YIOTCSl CPECTBA HATISAHOCTH, JEMOHCTPHPYETCS  OIIBIT,
OpraHu3yeTcsl CcaMOCTOsATeNIbHas pabora oOywarommxcs. Takum  00pazom,
IIPU UCIIOJIb30BAaHUU 3TUX METOJO0B OOBSICHEHUSI HOBOI'O MaTepualia peain3yroTcs Bce
TUAAKTUYECKHE MPUHIUIBI 00ydeHus. Pemaroiee 3HadeHHE 37€Ch MMEET CIIOBO
yuutenas. B HEKOTOpBIX cllydasX CIIOBECHOE H3JIOKEHHE Y4eOHOro Marepualia
SBIIICTCS TJIABHBIM CIIOCOOOM Tmepenadu 3HaHWi oOywaromumcs. Hampumep,
Opu COOOIIEHHH 00 OTKPBITUM KIETKH, SBOJIOLMOHHOW TEOPHH, OCOOECHHOCTSIX
oOMeHa BEIECTB B OPraHU3Me U T. 1.

Cuurarh, YTO MPU HCIOIB30BAHUU STHUX METOJOB OOyYarolluecs MacCUBHBI,
a y4YuTellb aKTUBEH NPUHIUIHUAILHO HEBEpHO. Bce 3aBUCHUT OT yuuTenss U Tex
IPUEMOB, KOTOPBIE OH UCIIOIB3YET B ATOM Cllydae. AKTUBHOCTh OOYUJaIOLTUXCSI MOXKET
OBITh KaK BBICOKOM, TaK M HU3KOI, MOXKET COUETAThCSI CO CPEJICTBAMHU HATJIATHOCTU U
C A6MOHCTpanuei onbIToB. Pojib c10Ba B 00yu€HUHN OUYEHD BEJIMKA, HO IIPU 3TOM BaXKHO
HE JOMYyCTUTh dopMann3mMa B OOy4ECHHH M PEaii30BaTh B MOJHOW Mepe MPUHIUI
AKTUBHOCTH 00YyJarOIINXCS.

Coo0b111eHre HOBOTO MaTepuaia MOXET MPOXOAUTh B BHJIE€ MOHOJOTHYECKOIO
U3JIOKEHHS UM B TUAOTOBOM popme. K HUM OTHOCAT cleayromre MEeTO/Ibl: paccKas-
MOHOJIOT; Oece1a-1uanor; JeKUUs — JIUTeIbHbIA MOHOJIOT.

Paccka3 3aHuMaeT 0cob60€ MECTO NPU M3YUYEHUU OMOJIOTHH B CpPEIHEH IIKOJe
Ha YrayOJeHHOM ypoBHe. Paccka3 — 3TO MOHOJOTMYECKHN METOJ| H3JI0KEHUS
y4e0HOr 0 MaTepuaa, KOTOPbIi Mpe/rnoiaraeT akTHBHOE BHUMaHUe 00y4aroIuxcs, HO
6e3 ux HenocpeacTBeHHoro yyactus. OcHOBHas (PyHKIHS pacckaza — oOydaromasi, u
3aKJII0YAEeTCS OHA B MOBBIIICHUU WH(POPMATUBHOCTH YpOKa, O0OYUYEHUHU HIKOJHbHUKOB
OTB€YaTh IO IIaHy, (JOPMHUPOBAHUM Y HUX BOOOpPa)KE€HUS, MBIIUICHUS, BHUMaHMUS,
MOJIOKUTENIBHBIX SMOLUN C IOMOIIIbIO 00pa3HON pedH IMpenoaaBaTess, OpraHu3aluu
HaOJIIOICHUI 32 O0BEKTaMHU KUBOW MPUPOJIBI. DTO JOBOJIBHO PAaCHpPOCTPAHEHHBIA U
IIMPOKO MCIOJB3YEMbIN MTpenojgaBaTeasiMu MeTol o0ydeHus. Eciu pacckas moctpoeH
IPaBUIIbHO, OH aKTUBU3UPYET JEATEIbHOCTh 00 yJarOITHXCA.

B nemsx moajepkaHus BHUMaHUS IIPH PaccKaze HEOOXOIUMO YepeaoBaTh €ro
C APYTMMHU METOJIaMH, HCIOJIb30BaTh Pa3HbIe CPEJCTBA HAIJISIAHOCTH, YKCIIEPUMEHT.

BaxxHo Bo30yauTh HHTEpEC 00YJAIOMUXCS K COACPKAHUIO paccKaza M CTUMYJIUPOBATh
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€ro HOBM3HOM M3j1araeMoro marepuaina. Paccka3z kak meton oO0ydeHus: 3QQpeKTuBeH
B CJICIYIOIIUX CITydasx:

1) korma wmaTepuay HE3HAKOM OOYYalOIMMCS, €CIM OHH HE HMEIOT
JIOCTAaTOYHBIX 3HAHHWH JJI1 OOBICHEHUS KaKOro-JIM0O OHOJOTMYEeCcKOro OOBEKTa,
npouecca, sisjieHus. Hanpumep, pacckas o ctpoenun moiekyssl JIHK;

2) ecnu JaeTcs UCTOPHUYCSCKUE 0030p, CripaBka, Ornorpadusi yaeHoro, HCTOPUS
oTkpbiTusi. Hanmpumep, pacckaz o0 wucropun oTkpeiThs ['. MeHneneM 3akoHOB
HACIIeZICTBEHHOCTH;

3) eciau HEOOXOAMMO KPAaCOYHOE ONMCAHUE SIBJICHUS WU MPEAMETa.

Paccka3 MmokeT coueraTbes ¢ IEMOHCTpaluel HaTypalbHbIX 00BEKTOB, TAOHII,
MOCOOMH; C TPOBEACHUEM OIbITA WM JIEMOHCTpAIlMell ero pe3yjbTaToB;
C HCIIONB30BAaHUEM ayJIWOBU3yaAIbHBIX CPEICTB HAIVIIIHOCTH, MYJIbTUMEIUHHBIX
MIPE3CHTAITNI; C CAMOCTOSTEILHON pabOTON 00YyJIarOIIIIXCA.

OTMETUM TIOJIOKUTEIBHBIE YEPThl pacCKa3a: yIUTEIb WMEET BO3MOKHOCTH
U3JIOKUTh U PACKPBHITh HOBBIM, HEM3BECTHBIA I OOy4alOIIUXCS MaTepuan Oolee
CUCTEMHO, JIOTMYECKH W TOCJelIoBaTeNbHO. M3 HeZoCcTaTKoB — 3TO MEHbINas
AKTUBHOCTH O0YUaIOIIMXCs, UX ObIcTpast yromisieMmocTs [13].

JlpyruM BasKHBIM METOJIOM H3JI0KEHHUS yIUTEIeM HOBOTO MaTepralia B CpeaHeit
IIKOJIE SIBJISIETCS Oeceda. becena — 3TO METO BOIPOCHO-OTBETHOT'O CITOC00a N3y4YEHUS
matepuana. [locTpoeHHas yauteneM Ha B3aMMOCBSI3aHHBIX MEXAy cO00# Bommpocax u
WX OCMBICIICHUH, TIPEIIOJIOKCHHUAX, BBICKa3bIBACMBIX OOYUYAIOIIMMHUCSA, OOMECHE
MHEHUSIMU Oecela COACHCTBYET aKTUBHW3AIMU JIEATEILHOCTH W  Pa3BUTHIO
MO3HABATEILHOTO MHTEPECA MKOJILHUKOB.

becena B mpouecce oOydeHus OHONOTMM Ha YrIyOJIEHHOM YpPOBHE MOXKET
HCITOJIb30BAThCS HA Pa3HBIX dTAmax:

1) Oecena npu 0OBSICHEHUH HOBOI'O MaTepHUaa;

2) BcrymuTellbHAs Oecela IMepe] paccka3oM IpU IMEpexojie K HOBOH Teme,
JUISL  ONpEeNleNIeHUs] YPOBHS 3HAHMM OO0Yy4aloIMXCs, 4YTOOBI TOBBICUTH HHTEPEC
K U3y4aeMOU TEME;

3) 3akmouunTenbHas Oecena, KOTOpas MPOBOJUTCS KaK 3aKpEIUICHUE BHOBb
M3YYCHHOTO MaTepHasia; BOMIPOCHI CTaBATCS KOHKPETHBIC, YTOOBI BBISICHUTD, YCBOWIIN
71 00ydJaroluecs: HOBbIM MaTepual;

4) mnpoBepouHas Oecea MpH OMPoce 00YIAIONIUXCS, YI€Te U KOHTPOJIC 3HAHU
CIIy’)KHT, C OJHOW CTOPOHBI, NPOBEPKOW 3HAaHHWHK, a C JPYrOoM — IOBTOPEHHUEM

M3yYE€HHOI'0 MaTepHana;
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5) moBTOpHUTENEHO-0000MIaroIIas Oeceia B KOHIIE BCSH TEMBI JIJIS TIOBEACHHS
UTOTOB, 0000IIEeHHS Yy4eOHOro Mmarepuana. 31ech Oecea HOCUT 0000IIaroIIniA
XapaKTep, BKIFOYACT BCIO COBOKYITHOCTh MOHSATHHN, MTOTYICHHBIX TIPH U3y4EHUN TEMBbI
WM pasJiena;

6) Oecema mpu MPOBEICHUHU SKCKYPCHH; B IIPOIIECCE MTPEABAPUTEILHOM Oeceabl
paccMaTpUBAarOTCS 1M W 3a7aud  JKCKYpCHHU, Xapaktep pabotel; Oecena
B XOJI€ OKCKYPCHUM HAIpaBJIsieT BHUMAaHHUE OOYJarONIMXCsl Ha OOBEKT WU SBJICHHE,
noOyX/1aeT CpaBHUBATh M COIMOCTaBIISATh OOBEKTHI, OBJIANECBATh OMOJIOTHYECKUMU
MOHATUSIMHU; Oece/la B KOHIIE SKCKYPCHUHU TPOBOAUTCS C IIEJIbIO MOABEACHUS UTOTOB U
00CYXIeHUs PE3yNIbTaTOB;

7) Oecema TpU BBINOJHCHUH CaMOCTOSITEIBHON pabOThI HANpaBIAET U
KOHTPOJIUPYET ACATEIHHOCTh 00YUaOIIUXCs, BEISBISICT MTPEIBAPUTEIBHBIN pe3ylIbTaT
paboThl, CTOCOOCTBYET KOPPEKITHH TOMYIIICHHBIX OIIHNOOK.

JInsi  akTHBU3alMM TIO3HABATEIIBLHOW JEATEIBPHOCTH OOydJaromuxcs Oecena
JOJDKHA HOCUTBH MPOOJIEMHBIN, MOMCKOBBIN Xapakrtep. s npoBeaeHus: npoOieMHON
Oecebl HEOOXOAMMO YETKO c(hopMynupoBaTh MNpoOJeMYy M IYTH €€ pPELICHUus,
MOJITOTOBUTDH BOIPOCHI, OMPEJIETUTH CPEJICTBA U CIIOCOOBI, KOTOPHIE TOMOTYT PEIIUTh
poosemy.

Eme ogHuMM METOMOM U3JI0KEHUs Y4YUTEIEeM HOBOI'O Marepuaia SBISIETCS
nekyusa. Heo6XxoauMoO OTMETHUTh, YTO C LENbI0 TOJATOTOBKH OOyYaromuxcs
K  JajgbHedreMy OOy4eHHI0O B YUPSKICHUSX  CPEIHET0 M BBICIIETO
npodeccuoHanbHOTO O00pa30BaHUs IIEJIECOO0pPAa3HO TIPU  HW3YyYEHUU OWOJIOTHH
UCIOJIb30BaTh JIEKIIMOHHO-CEMUHAPCKYI0 (popMy opranuzanuu yueoHou padotsl. OHa
o0ecreynBaeT BO3MOKHOCTh YUUTEITIO U3JIaraTh TEOPETUICCKUN MaTepHaIT Ha JICKITUN
IIEJIOCTHO, HE Jpo0s €ro Ha OTICNIbHBIC YacTH, TOBBICUT WH()OPMATHBHOCTH
COZICpKaHMs TUAAKTUYCCKUX CIUHUI] 33 CUeT WX yKperuieHus. Jlekuus dopmupyer
y 00ydJarmuxcss YMEHHE BHUMATEIBHO CIYIIaTh YYHUTENsI, aKTHBHO BOCTIPUHUMATH
yueOHYyI0 HH(GOPMAIIUIO, OCMBICIISATD, JIOTHUYECKH €€ YIIOPSAI0UUBATh U BBIICISATh B HEN
riaBHoe. JIeKiusi JaeT BO3MOXHOCTh YUYUTENI0 00ydaTh OOYYaroIIMXCS HaBbIKAM
MPABWJIBHOW MOHOJIOTHYECKONW peuH, MO3BOJSET MOBBICUTH TEMII 3alIMCH OCHOBHOTO
COJIEp’)KaHUsI U TMPUOOPECTH HABBIKM KOHCIEKTUPOBAHUSA, 3AT0KUTh TEOPETHUECKYIO
OCHOBY JJIsl pEIIeHUs] OMOOTUYECKUX 3a1ad 1Mo Teme. Vcmoiap30BaHue JEKIUU Kak
MeToma OOy4deHHUs BBICBOOOXKIAET BpeMs I Pa3BUTHS  WHIWBHIYAJTbHBIX
CHOCOOHOCTEW OOY4YaroIIMXCs, TPaMOTHOrO O(opmieHHs JabOpaTOPHBIX padOT U

IMPOBCACHHA 3a4CTHBIX YPOKOB.
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Jlekius npononHsiercs (GopMaMM  aKTHUBHOM  CAMOCTOSATEIbHOW  pabOThI
oOyyarouMxcs Ha CEMUHApCKUX 3aHATUAX. Ha HuX ocyliecTBisieTcss mnepBUYHAs
IpPOBEpPKa YCBOEHHUs Y4eOHOro MaTepuaja, OpPraHu3yeTcsl €ro cucTeMaTH3alus U
obo011eHue.

Heo6xoauMo OTMETUThH, YTO JIEKLUU HE BBITECHSIOT TPaAUIIMOHHBIE (POPMBI
OpraHu3anuu 00pa30BaTENIbHOIO Ipolecca Mo OUOJOTMU — YPOK, HMPAKTUUYECKYIO
paboty, abopaTopHbIC 3aHSATUSI, @ TOJBKO JIOMOJIHSIOT MPU U3YYEHUU OTICIBHBIX,
Hanboee moaxoasmux s 3Toro TeM Ilporpammbl. Takuwe Tembl AOKHBI OBITH
CPaBHUTEIHHO HEOOJBIIMMHU IO 00BEMY, XOPOIIO OCBEIICHBI Y4eOHBIMHU TTOCOOHSIMH,
JMTEPaTypOH JJIsl BHEKIIACCHOTO YTEHUS M COOTBETCTBYIOIIMMHU HHTEPHET-PECYPCAMH.

Ha ypokax Owonoruu yriybseHHoro ypoBHsa B 10 kimacce MOXHO

PCKOMEHIOBATh CIICAYIONIUE THITBI INKOJIBHBIX JeKIui (Tadi. 1).

Tabauya 1
Tunsl HIKOJIBHBIX JeKIMH
Tunsi Omnucanmne / [Ipumeps! Jeknumii
Beoouas nexyusi ObecrieunBaeT 3HAKOMCTBO C OCHOBHBIMU

TEOPETHUECKUMH TOJIOKEHUSMH TEMBI, pa3ziena,

Hay4YHOU IIPOOJIEMBI.

[Tpumep: «3aKOHOMEPHOCTH HACIETOBAHUS TPU3HAKOB
Yemanoeounas nekyus  Cxaroe, KOMIIAKTHOE, HETMOJIHOE U3JI0KEHUE OCHOBHOI'O

MaTepuana HeOOJIbIION TEMbI C MOCIEYIOINUM

M3y4eHHEM Ha CEMUHApe WM Ha YPOKe.

[Tpumep: «MeToabI CTPYKTYPHOU OUOTOTUM

Texywas, [TocpsimaeTcst U3y4eHUI0 OHOTO BaKHOTO BOIIpoca
memamu4ecKasl M poosieMbl. Tematuaeckast JISKITUS MOXKET
(pazosas) nekyus UCIIOJIb30BaThCs MIPU JIFO00M METOIMKE MPOBEACHUS

ypokoB. M3ydyaemas Tema J0KHA UMETh 3HAYUTEbHBIN
TEOPETUUECKUIN WJITH CIIOKHBIN ISl YCBOCHUS
O00y4JarOIIMMUCS MaTepHall.
[Tpumepsr: « buocunTes 6enka», «OOMEH BEIIECTB —
MEeTa00IU3M»
Oboobwarowasn nekyus  JlaHHas JEKIUs, KaK MPABUIIO, 3aBEPIIAIOIIAS
MIPY U3y4E€HUU TEMBI, pa3/iesia Uil BCETro Kypca,
[I0CJIE KOTOPOU MPEANOJIaraeTcs MpOBEpPKa 3HAHUU
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Tunsi Omnucanmne / [Ipumeps! Jeknuii

00y4JaromuXxcs 1Mo BCEMY H3y4EHHOMY MaTepuaiy.
Ha o0o0mmaromieid JeKiuu aHATM3UPYIOTCS KPYITHBIE U
aKTyajabHbIE TPOOJIEMbl OMOJIOTMU HA OCHOBE 0000IIEHUS
Y CUCTEMAaTHU3ALMK paHee MOJY4YEHHbBIX 3HAaHUH.
[Ipu ureHnn 0600UIAIONIEH JIEKIIUU Ba’KHO HE CBECTH
U3JI0KEHHE K MPOCTOMY MOBTOPEHHUIO y4EOHOTO
Marepualia. 31e€Cb BA)KHO BBIIEIUTH TJIABHYIO HJIEHO,
Ha €€ OCHOBE 0000IHTH (haKTUUECKHE 3HAHUS, YTOOBI
o0 yJarolrecs MOHSJIM CYTh MPOOIEMbl, 3aIIOMHHIIN
BAXXHBIN Marepuai. VMcrnonp30BaHne TaKOM JEKIIUU
00ecreynBaeT CUCTEMHOCTb Pa3BUTHUS MTOHSATHUH,
Hay4YHOCTb MBICIIH.
[Tpumep: «CtpoeHune U GyHKIUU KIETKI)

Ob630pnas nexyus Hcnonp3yercs ais pacCMOTPEHUS Y3JI0BBIX BOIIPOCOB
TEMBI, U3y4E€HHUE KOTOPOH Ipeiiaraercs
B 03HAKOMUTEIBLHOM IUIaHE, MaTepra SIBISIETCS
MHTEPECHBIM, HO HE 0053aTeIbHBIM, HEOOXOAUMO
co3J1aTh OOIIME MpeCTaBIeHUs O Ipodieme.
OHa yuTaercs u B TOM ciydae, €Ciau MaTepHral
B KaKOW-TO CTENEHH U3BECTEH 00YYAIOIHUMCS U MOXKET
M3y4aTbCsl CaMOCTOATENBHO. Ha Takon neknuum narTcs
JMIIb KPaTKUE CBEAEHUS 110 TEME.

[Tpumep: «3HaueHHE T€HETUKU JJIS1 METULIUHBDY

OOpatuM BHHMMaHHUE, YTO OTOOp COJEP)KAaHUS — 3TO OYEHb BaKHAS YaCTh
IIPU MOATOTOBKE K JICKIIUU. JJ1s1 KaXK10r0 THIIA JICKIIUU XapaKTePHbI CBOM OCOOCHHOCTH,
CBOSI pacCTaHOBKa akUEHTOB. OcoOyr0 3HaYMMOCTh M BaXKHOCTb MMEET COJIEp)KAHUE
VCMAaHO804HOU JEKIUH, KOTOPas BBOAUT B KYpPC TEMBI, IPOOJIEMBI, TEOPUH.

CopepxaHue yCTaHOBOYHOM JIEKIIMM MMEET MHOIO OOIIEro ¢ COAep:KaHuEM
6600HbIX JIEKIIMM, HA KOTOPHIX TAK)KE OXBATHIBAIOTCA MPOOJIEMBI B IEJIOM, JAIOTCS
oOIIIMe TMOJIOXKEHUs, ONOPHbIEC 3HAHUA Oe3 neranu3anuu. Ho ecth U CyliecTBEeHHBIC
OTIMYHS MEXIY dTUMU TUTIaMHU JIeKIUi. Bo-mepBbix, mpobiemaTruka yCTaHOBOYHOU

JEKIIMH YK€ BBOAHOW. BO-BTOpBIX, HA YCTAHOBOYHOMW JIEKIIMU M3J1aracéMbI€ BOITPOCHI
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OCBEI[AIOTCS JOCTATOYHO IIMPOKO, WHOTJIAa Ha MPOTSHKEHHH JBYX-TPEX JIEKIIHMH.
B-TpeThux, MEHSETCS COOTHOIIEHUE MEXIY OIMOPHBIMU U WHBIMU 3HAHUSAMH, J1a€TCS
Oosnee riyOOKMI HaydHbId aHaM3 TeMbl. HakoHel, B coaepKaHWM 3HAYUTEIHHOE
MECTO OTBOJUTCS OCBELICHUIO OCHOBHBIX AacCIEKTOB, JAIOTCA HHCTPYKIUH
Oo0y4JarIMMCs TI0 JaJbHEHIIIeMy U3Y4eHUIO TeMbl. B cofepskaHu BBOJHOM JICKITUU
JTOMUHHUPYIOT OMOPHBIE 3HAHUS. YPOBEHb KOHKPETH3allUM MaTepuaia HU3KUU,
oOBbsCHEHUsT W OOOCHOBAaHMSI JIalOTCSA B TOM Mepe, KoTopas HeobXxoauma
JUTSI TOHUMAaHWS HayYHBIX 3HAHUH.

B conepxxanuu mexyweti, Ui pazoeou, JEKIUN 00bICHEHNE U KOHKPETU3ALIHS
y4eOHOro Marepuana JOCTUTaloT MaKCUMyMa, HMMEIOT OOJbIIOW YAENIbHBIA Bec.
B »stom cinyyae oOywarommumcsl MpejuiaraeTcss IOJIHOE COAEp)KaHue YyueOHOro
Marepualia, paCKpbITUE BCEX TOHSTHIA.

Conepxanue obobwarowell TEKIMA UMEET MHOTO OOIIEro ¢ BBOAHOM — 3TO
BBICOKHM YPOBEHb 0000IIECHUS 3HAHUI, TPUMEPHO OJITMHAKOBOE COOTHOIIEHUE MEXTY
OCHOBHBIM M KOHKPETHBIM MaTepuasiom. Takas JEKIHsi CTPOUTCS Ha 0aze yxke
c(hOpMUPOBAHHBIX MOHATHI. B CBsI3M ¢ ATUM 311€Ch 11€71eCO00pa3HO BOCTIPOU3BOAUTH
TOJIbKO OOIIME TMOHATHS, 3aKOHOMEPHOCTH, IO3HAKOMHUTH C HOBBIMU HACIMH U
OTKPBITUSIMH, YCTAHOBUTH HOBBIE CBSI3U MEXKIY MOHSATHSIMH, OCBETUTh UX C JIPYrOU
cTOpOoHbI. DaKTUUECKHE 3HAHUS TOJIBKO YIIOMUHAIOTCS, 0€3 YTOUHEHUS.

B conpepxxanue 0630pHOU JIEKIMUA BKJIIOYAIOTCS TOJBKO CYILECTBEHHBIE U
3HaYMMbIE BOMPOCHL, (aKThl, KOTOpPbIE BaXHBI HJs (opMUpPOBaHMS OOIIETO
MPEACTaBIEHUS O MPEAMETE.

Ha ocHOBaHMUM BBIIIEU3NIOKEHHOTO OTMETUM, YTO JIEKIUS MpPEanojgaraet
OTIPEICIICHHOE BO3/IEHCTBHE Ha 00yJaronuxcs, (OpMHUPOBAHUE Y HUX KOHKPETHOTO
HAYYHOTO MHUPOBO33PCHUS, B3TJSA0B, yoexaeHUH. OCHOBHBIM CTEP)KHEM OO0 YyUCHHUS
(GyHIaMEHTAILHBIM TIOJIOKCHUSIM HAYKH SIBIISTIOTCSI HE CTOJBKO (DaKThI, CKOJBKO
KJIFOUEBBIE UJIEU U 3aKOHBI. HeManoBaxkHOM COCTaBIIAIONIEH JIEKIIUU SIBJITFOTCSL CCHUIKU
HAa AaBTOPUTETHbIE HWCTOYHHKH, OIEHKA JCSITCIbHOCTH YUYEHBIX, 3HAKOMCTBO
C HAYYHBIMH OTKPBITHSIMHU.

Ocob6oro BHUMaHHS TIPU OOYUYCHHH OMOJIOTUM 3aCTy>KMBAET TaKOW METOJI, KaK
WIKOIbHBLIL OUONI0ZUYECKUIL IKCnepumenm. DKCTIEpUMEHT (0T JjaT. experimentum —
npoba, OMBIT) — METOJA TMO3HAHUWSA, MPU MOMOIIUM KOTOPOT0 B KOHTPOJUPYEMBIX W
VIIPABIIIEMBIX YCIIOBUSX UCCIEAYIOTCS SBJICHUS NEUCTBUTENbHOCTU. OT HAOMIOACHUS

SKCIICPUMCHT OTJIIMYACTCA AKTUBHBIM OIICPHUPOBAHUCM C HN3YIACMbIM 00BEKTOM
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U OCYIIECTBIISIETCS HA OCHOBE TEOPUH, ONPEIECISIONIEH IIOCTAHOBKY 3a1ad U
MHTEPIPETALMIO €r0 Pe3ysIbTaToB. Hepenko riaBHOM 3a1a4eil SKCIIEPUMEHTA CIIYKUT
IIPOBEPKA TMITOTE3 U NPEACKA3aHNUN TEOPUHN, UMEIOIINX TPUHIIMINAIIBHOE 3HaYEHUE.

Bbuonornyeckuit skciepuMeHT BKJIIOUAET B ce0sl HAOI0ICHNE, aHAJIU3 U CUHTE3,
CpaBHEHHE, PACCYKJEHUE, YMO3aKIIOUEHHE, I0Ka3aTelIbCTBO, BOOOpaKEeHUE, peub U
JpYTrHe MpoLEeCChl ICUXUYECKOH eaTeNbHOCTH. Llesb OMoI0rn4eckoro skcnepuMeHTa
COCTOHUT B TOM, YTOOBI B IIPOLIECCE BO3ACHCTBUSL HA MCCIEAYEMBbI OOBEKT MOTYYUTh
Takyto MH(pOpMalHio, KOTopass 0e3 3TOro BO3ACHCTBUS HENOCTYIHA HAOIIOIEHUIO,
U3YYEHUIO U BOCIIPUSITHIO.

OcHoBHbIE TpeOOBaHUS K y4EOHOMY OMOJIOTUYECKOMY SKCIEPUMEHTY COCTOSIT
B CJENYIOIEM: OH JIOJDKEH OBbITh JOCTYNHBIM, HAIJSIAHBIM, 3HAYMMbIM
B MIO3HABATEJILHOM OTHOIIIEHUH. MHOIMEe YUeHHUYECKUE DKCIEPUMEHTHI 10 OMOJIOTUU
JUIMTEJIbHBI MO0 BPEMEHU HUCIOJHEHUs, HE YKIAIBIBAIOTCA B OJUH YPOK, IMO3TOMY
HE00XOAMMO 3apaHee 3aKJIabIBaTh OMBITHI, a 3aTEM UX PE3yJIbTaThl IEMOHCTPUPOBATH

B CBA3M C U3YYEHHEM COOTBETCTBYIOLIEr0 Y4eOHOIr0 MaTepHaia.

Knaccugurayus yueonvix 6uonoeuieckux sKkCnepumMesmos

[lo xapakTepy MOCTaBICHHBIX I1eJIeH yaeOHbIE SKCIICPUMEHTBI MTOAPA3ACISIIOTCS Ha:

® uccredosamenvckue onvlmvl, KOTOpbIE HaIlpaBI€Hbl Ha OOHAapyXeHHE
y 00BEKTa HOBBIX, HEU3BECTHBIX CBOMCTB;

® nposepouHble uccne0o8anusl, KOTOpbIE CITyXaT OCHOBOM
JUTISL TIOATBEPKACHUS TEX WIM UHBIX TEOPETUYECKUX TOCTPOEHHUM.

[To MeTonuke MpoBeNCHMS 1 3a/1a49aM Ha TIOJTy4eHUE PE3ybTaTa BUJIbI y4eOHOTO
AKCIIEPUMEHTA JIEIIATCS HA:

® KauecmeeHHvle, KOTOPbIE HOCAT IIOMCKOBBIM XapakTep, CTAaBAT 3a4ady
BBISIBUTh CaMO HAJIMYME WM OTCYTCTBHE TEX WM HMHBIX TEOPETUUYECKU
MPEATIOIaracMbIX SIBJICHUN, U HE HALIEJIEHbI Ha MOJyYeHUE KOJIMYECTBEHHBIX TaHHBIX;

® KoJIuuecmeeHHvle, KOTOpPbIE HANpPaBJICHbl HA IOJYYEHHE TOYHBIX
KOJIMYECTBEHHBIX JIAaHHBIX 00 OOBEKTE MO3HAHUS WJIM O TMpoIeccax, B KOTOPhIX OH
y4acTBYeET.

Hakoner, yd4eOHbINT OHOJOTMYECKHI HKCIEPUMEHT JIOJDKEH OTJIMYaThCS
CyOBEKTUBHOW HOBU3HOM JJII OOYYarONIUXCs, HMMETh MPAKTHYECKYIO 3HAYMMOCTh U

MPOOYKIATh X UHTEPEC K OMOTOTHYECKUM SIBIICHUSIM | MIPOIIECCaM, OCYIIECTBIISATHCS
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1OCJIEI0BATENbHO, CHOCOOCTBOBATH peanuzanuu WHIUBUTyaTbHO-
nuddepeHIupoBaHHOTO MOX0/1a B 00yUEHUH.

Jlabopamopuvie pabomvl KakKk OCHOGHOU 6UO YYEOHO20 OU0102UYECKO20
axcnepumenma. Conepxxanue yueOHoro npeamera «buonorus» BKIrO4aeT 00JbIIOE
KOJIMYECTBO PA3IMYHBIX JIADOPATOPHBIX UM MPaKTUYECKUX paboT, MepeueHb
00OpYyIOBaHUS JJII KaXJ0M pabOThl. DTOMY acCIeKTy YJeIeHO 0co00e BHUMAaHUE
B YIUIyOJICHHOM YpPOBHE H3y4Y€HHs OHOJOTMH, KOTOpPBIM MpeaycMaTpuBaeT Oolee
riiyOOKO€ OCBOEHME OOYYAIOMIMMUCS Pa3IUYHBIX HKCIEPUMEHTAIbHBIX YMEHUH.
Oco0oe BHUMaHHE YAENSETCS MCIOJIb30BAHUIO MPHU OPraHU3allUd U BHIOJHEHUU
OOY4YaIOIIMMUCS 3TUX BUJOB yueOHOH pabOThl HE TOJIBKO TPAJAUIIMOHHBIX METOAMK
MOCTAHOBKM OMOJIOTUYECKUX HAOMIOACHUN W JKCHEPUMEHTOB, HO U COBPEMEHHBIX,
HanpuMep HHGOPMAITMOHHO-KOMIIBIOTEPHBIX, TexHOoorui ([Ipunoxenue 12).

JlaGopaTtopHbie 3aHATHS, B OTIUYHE OT ypOKa, B CpEIHEH MIKOJE MPOBOAATCA
METOJIOM CaMOCTOSITEIbHOM paboThl — HaOmoAeHus u dKcrnepumeHTa. OHHU
MIPOHU3BIBAIOT BCIO CTPYKTYPY 3aHATHS, a HE SIBIIOTCA (parMeHTaMH, KaKk Ha YPOKE.
Ha naGopaTopHbIX 3aHATHSAX OCYIIECTBIISIETCS MPUHIIUI CBS3U TEOPUU C MPAKTHKOM,
dbopMUpPYIOTCS ClielHalIbHbIe W 00IeydeOHble YMEHUS U HaBBIKH, MPOUCXOIUT
000011IeHrE TTOJTyYEHHbBIX 3HAHU .

JlaboparopHasi pabora c opraHuzaiueid OHOJIOTHYECKOrO0 HSKCIEPUMEHTa
BKJTIOYAET 00sI3aTeNIbHBIC ITaIlbl, TAKUE KaK:

1) mocTaHOBKa MPOOJIEMBI, TUIIOTE3bI, LIEIU U 33]1a4;

2) MHCTPYKTaXK TEXHHYSCKUW U OPTaHN3alMOHHBIN;

3) BBIIOMHEHUE pabOTHI (ONpeesieHIe, HA0OCHHE, TTOCTAHOBKA OITBITA);

4) ¢ukcamus ~ pe3yabTaTOB,  KOTOpas  MPOBOAWUTCS  OJHOBPEMEHHO
C BBITIOJTHEHHEM pabOThI;

5) dbopmynupoBaHue BHIBOJIOB, OTBEYAOIINX HA MMOCTABJICHHBIH BOTIPOC;

6) cocraBiieHHE OTYETA WA COOOIICHHS O CBOCH paboTe Ha YpOKe.

BakHpIM MOMEHTOM SIBJIIETCS. PACKpPbITHE LIEIU J1abopaTOpHOM padoThI
U OIpeNIeICHUE 3aJlauil HMCCIel0oBaHus. XOpollo, KOrja BHOBb M3y4aeMblid BOIPOC
BO3HHUKAET KaK MpodiiemMa, KOTOPYIO HYKHO PELIUTh [l YIOBJIETBOPEHUS BOSHUKIIINX
y IIKOJIbHUKOB UHTepecoB. [locne co3nanus npoOieMHoON cuTyaluu U GopMyIupOBKU
npoOsieMbl  HEOOXOAMMO CPOPMYIHUPOBATH MPENANOJIOKEHHUE, T. €. THUIOTE3y
O CYIIHOCTH MpoOJeMbl, KOTOPYIO HYXKHO pEUINTh, 3aT€M COCTaBUTh IIJIaH

HCCICO0OBAaHM. HpaBI/IJ'IBHO BbIJIBUHYTAA T'III0TC3a 0OBIYHO onpecaciriCT, KaKMC OIIbIThI
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HYXKHO npoBecTH. O0y4arolnirecs: BHaualjie 00yMbIBAIOT OIbBITHI, & 3aTEM MTPOBOJIST UX
camMoCTOsITeIbHO. B wWTore cBoeil paboOThl Ha YpOKe OOy4aromuecs MPUXOJIsT
K (opMmynupoBKke HEOOXOIUMBIX BBIBOJJOB UM O0O0OIIEHUN 1O pe3yibTaTam
MPOBEJICHHBIX uccienoBanuii. OHU TOJDKHBI MPOAHATIM3UPOBATH PE3YJIbTaThl OMBITOB
¥ HaOMIOJIEHNUH, TPOCIEIUTh, YTO TMOATBEPAUIIOCH W UYTO BHIMAIO W3 paboueit
TUIIOTE3bl, COOTHECTH PE3YyJIbTATHI C LIEJSIMH U TIOCJI€ ATOTO C/ieNiaTh OOITUN BBHIBOJI.

B ornuune ot ypoka ompoc oOydaromuxcs Ha Ja0OpaTOpHOM 3aHSTHUM, KaK
MpaBWJIO, HE MPOBOIUTCS, OJIHAKO Oecela MOXKET MMETb MecTo. B xonme Oecenbl
1€71€CO00pa3HO aKTyalIM3UPOBATh TEOPETUUECKUE 3HAHUS O00YYarolIUXCs, KOTOpPbIE
HEOOXOJIMMBI JJIs1 BHITTOJIHEHUS PaOOTHI.

OOpaTtvM BHUMaHHUE €11l€ Ha OJJUH METO/1, KOTOPbI B METOJIUKE MPENoJaBaHus
OMOJIOTUU OTHOCST K YHUCIY 0CO00 3HAYMMBIX KOMIIOHEHTOB Y4eOHOI'o Mpoliiecca
B CpPEHEH IIKOJIE — ATO peuteHue Ouoa02uiecKux 3a0ay pasHoro ypoBHs CIOXKHOCTH.
['maBHOE OT/IMYME OMOJTOTUYECKUX 3a7a9 OT APYTrux HopM yIeOHBIX 3aJaHUN COCTOUT
B TOM, YTO II€JTh U PE3YJIbTATHI UX PEIICHUS HAIIPABJICHBI TIPEXKIE BCETO HA N3MEHEHUE
CaMoro y4eHHKa Kak Cy0ObeKTa yueOHO-TI03HaBaTEIbHOU €SI TEIbHOCTH, Ha OBJIAJICHUE
UM OIPEACTICHHBIMU CITIOCOOAMU MBICIUTEIBHON PaOOTHI.

buonoruueckass 3amaya B caMOM OOIIEM BHAE MPEIACTaBIsCTCS Kak
OIMKCHIBAIOIIAs KaKOW-TO OMOJIOTUYECKH 00BEKT SIBIIEHUE WK MPOIecC MHpopmarus,
coJieprKallias yCjIoBHE, MPOTUBOPEUNE U BOMPOC, OTBET HA KOTOPBIM MPHUBOIUT K €€
penieHuto. B oTaudue ot TpaAMIIMOHHBIX BOITPOCOB U 3a/IaHUIN OMOJIOTHYecKas 3ajada
BCET/Ia OPUCHTHPOBAHA HA TIPOBEPKY JOCTHKEHUS 00YJIaIONTUMUCI KOHCTPYKTUBHOTO
U DOBPUCTUYECKOTO YypOBHEH YCBOEHHUS y4eOHOro Marepuana, TpeOYoIux
O00OOIIIEHHBIX W CHUCTEMaTHU3UPOBAHHBIX TPOYHBIX 3HAHUA. MOXET CIOXKHUTHCA
CUTYyaIlsi, KorJa oOydaroluecs XOpOIIo 3HAIOT y4eOHBIH MaTepuali, HO HE MOTYT
PEIINTh Ty WIM MHYIO OMOJIOTMUECKYIO 3a/layy, BOCIIPUHUMAS €€ KaK TPaJullMOHHBINA
Bompoc. OCOOEHHOCTh OMOJIOTMYECKUX 3a/ady COCTOMT B TOM, YTO MHOTHE U3 HHUX
MPEINONIAraloT HECKOJIBKO MYyTEeH pacCyXI€HUsI, BBICTPAUBAHUS PA3HBIX JIOTUYECKHUX
IIEMOYCK, NPHUBOIANIMX K TMPEANojaraéMoMy OTBeTy, K BbIBOAY. Pemenue
OMOJIOTMYECKON 3a7aul B 3TOM CMBIC]IE HE TOJIbKO OTBET Ha CHOPMYJIUPOBAHHBIN
B HEW BoOIpoc-TpeOOBaHHE, a CHCTEMa YMCTBEHHBIX JEHCTBUM, COICHCTBYIOITUX
Pa3BUTHIO MBICTUTEIBHBIX CIIOCOOHOCTEH ydeHUKa, (DOPMHUPOBAHUIO YMEHUH BHIICThH
npoOsieMy W HaXxOIWTh MYTH €€ pemieHus. [IpudemM MBICTUTENbHBIC OIEpaluu

110 MMOUCKY PCHICHHA OMOJIOrMYECKOMN 3aaa4u HE MCHEC BaKHBI, YEM HpaBHHBHBIﬁ OTBCT.
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ITo cBoeil cTpykType Omosoruueckas 3ajaua pas/iejieHa Ha ABE YaCTU: nepeas —
npeonocvIIoyHas, HECYIllas ONpeAelIeHHYI0 HH(POPMALIMIO B BUIE YCIOBHS 3a/1ayu;
6mopas — 6onpocumenbHas, coaepxaiias GopMyIupoBKY BOIPOca, Ha KOTOPBINA HAJI0
JIaTh MPaBWIbHBIN OTBET. B ycioBUM OHOIOTrMYECKOM 3a/1a4u UMEIOTCS JaHHbIE, 4aCTO
B CKpHITOM U HesBHOM Bujae. COOTHOIICHHE JTHX JaHHBIX OINPEACNSeT THUI
OMOJIOTHYECKOM 3a7auu: ¢ HEOOXOAMMBIMU JTaHHBIMM; C HEAOCTAIOIIMMH JaHHBIMU;
C HAIMYUEM BCeX M J00aBICHHEM W30BITOYHBIX JaHHBIX, C HEAOCTATKOM
HEOOXOJAMMBIX U N30BITKOM HEHYXHBIX JTaHHBIX.

Bonpoc MoxeT cToATh B Havalle, CEepeAMHE WM B KOHIE OMOJIOTMYECKOM
3agayu. OT 4yeTkocTh ero (POpMyIMpPOBKM 3aBUCUT IMOHUMAHHUE OOY4arOUIUMUCS
CYIIHOCTH OIMUCBHIBAEMOI0 B OMOJIOrMUYECcKOil 3a/1aue 00beKTa, MPOIecca UK SBJICHUSI.
OTtBeT Ha Bompoc oOyyaroumecs A0DKHBI 0053aTeNbHO JJaTh HA OCHOBE YMCTBEHHBIX
paccyKIeHul, a He MnpocTtoro yranaeiBanus. Ilpuuem cam mnpomecc mnoucka
NPaBUJIBHOTO OTBETAa JIOJDKEH AaKTUBU3WPOBATH  MBICIUTEIbHBIE  OIEpallH,
OCYILECTBIISIEMbIE B PEKMME OOMEHa MHEHUSIMHU, TUCKYCCUH, CIIOpa, YTO OCOOEHHO
BaXXHO B Cllyyae, €CJIM OTBET Ha OHMOJIOIMYECKYIO 33aJauy SIBISIETCS MHOTOCIOWHBIM,
COCTOSILIIUM U3 HECKOJIbKMX Pa3BEPHYTHIX MPEIOKECHHM.

['1aBHOE yC1OBHE UCTIOJIB30BAHUS OMOIOTMYECKUX 33]1a4 B 00y4EeHUH OMOJIOTUU
Ha YriayOJIGHHOM YPOBHE — CHCTEMAaTHYECKOE€ MX NPUMEHEHHE Ha pa3HbIX ATamnax
00pa3oBaTeabLHOro MpoLecca:

1) B HayaJie U3yYCHHSI TEMBbI JIJIsl aKTHBH3AIMN [TO3HABATEIILHOW JIEATEIILHOCTH
oOyyaroumxcst ¥ npoOyXJIeHusI HHTepeca K y4eOHOMY MaTepuaiy;

2) Ha DJTame 3aKpelyieHHs ©W  O00OOIIeHHs HM3YyYCHHOrO  Marepuasa
JUTSl YOIPOUHEHUS, 3alIOMUHAHMS U IPUMEHEHHUSI 3HAaHUW B HOBBIX CUTYaIUSX;

3) Ipu KOHTPOJIC YCBOCHUS 3HAHWWA JUIS BBISIBJICHUS YPOBHS JOCTHUTHYTBIX
y4eOHBIX PE3YJIbTATOB.

[Ipomiecc  pemieHUs  0OydarOMIUMUCA  OMONOTHMUYECKHX 3aJad  COCTOUT
U3 TOCJEI0BAaTEIbHBIX JEHCTBHUI: BOCHPHUATHS M OCMBICICHUS YCJIOBUS 33]auH;
IIOUCKA BapUaHTOB peElICHUs 3aaud; (HOPMYJIMPOBKHM OKOHYATEIHHOI'O OTBETA
Ha BOMPOC 33Ja4H.

[IpuMep Takux AEHCTBUIM BHadalle MOJDKEH IMOKa3aTh yuutenb. OH maer
oOydJaromumcsi 00pasibl pelieHus OMOJIOrMYECKUX 3a7ad4 U OOBSICHSET alrOpUTM
paccyXJIeHUM: YTO U3BECTHO U3 YCIOBHUS 33[]a4M, YTO HAJ0 OOBSICHUTh, KAKUE 3HAHUS
UMEIOTCSL O TMpeIMeTe 3aJauyd U Kakue JOMOJHUTENIbHbIE CBEJCHUS HYXHBI Ui €€
pemienus. llenecooOpa3Ho mMpuU 3TOM MOCTPOUTH JIOTMYECKYIO LIETOYKY — XOJ
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paccyXJIeHuM, 0TOOpaXE€HHBIN JJIs1 HAaIJIAAHOCTU Ha JOCKe WiM Oymare. Jlornueckas
[ENOYKa TP OTOM MOXKET TMONyYUThCS Pa3BETBICHHOW WM HEpPa3BETBICHHOM.
B mnepBom ciydae oT yuurtens TpeOyeTrcs IOABECTHM OOy4aroluXxcs K IOHCKY
IPaBUIILHOTO OTBETA, MPEUIOKUB IO XOJY PacCYXJACHHUS HaBOSIINE BOMPOCHI U
COOOIIMB HEOOXOAMMBIE TOTIOJHUTENbHBIC CBEIACHHS 1O CYIIECTBY YCIOBHSL.
[TepedopmynrpoBaHue ycaoBusl OMOJOTHYECKON 3a]]aul — Ba)KHasl 4aCTh €€ PELICHMS,
MO3BOJISTOIIAS A0CTPAarupoOBaTHCS OT €€ COJepKaHMs, HAUTH HanOoJiee CyIeCTBEHHBIC
XapaKTEPUCTUKHU OMHUCBHIBAEMBIX B 3ajaue OMOJIOTMYECKUX OOBEKTOB, MPOLECCOB U
aprneHuil. OT oO0yJarommMxcsi Ha 3TOM JTale peUIeHHs OWOJOrMYecKOd 3aaayu
TpeOyeTcs yMEHHE BBIIBUTATh THIIOTE3bl, MpPEIJiaraTh CBOM BapUaHTHI PELICHMS,
OLICHUBATh BBICKA3bIBAaHUSl JIPYIMX YYaCTHUKOB 0Opa30oBaTENbHOTO IMpoIEecca.
Hekoropsie Tunore3bl MOTYT ObITh OIIMOOYHBIMU, HO TIPU PEIICHUN OMOIOTHYECKUX
3a71a4 Ba)KHO HE TOJIHKO HalWTH MPaBUIIbHBIE OTBETHI, HO U 000CHOBATh UX, IOTOMY YTO
4acTo, 3Hast OTBET Ha c(POPMYIMPOBAHHBIN B 33/]aU€ BOMPOC, 00yJaronecs He MOTYT
J0Ka3aTb €ro MpaBWIBHOCTb. [IpM MOCTpOeHHM JIOTMYECKOW IIEMOYKU OOJbIIOoe
BHUMaHUE CIIEAYET YACIATh UMEHHO HHTYUTUBHOMY TIOMCKY OTBETA, TaK KaK €JMHOTO
aJITOPUTMA peIIeHUs] OMOJOrMUECKHX 3aa4 HE CYIIECTBYET.

Takum 00pa3oM, pPa3BUTHIO MBIIUIEHUS OOYYarOIIMXCS CHOCOOCTBYET
O00OCHOBaHME WMH TMPABHJIBHOCTH XOAa pEIIeHHs OHOJIOrMYecKol 3aaayw,
BKJIIOYAIOIIETO aHallu3 YCJIOBUA, €ro mnepedopMyIMpPOBKY M IUIAHUPOBAHUE XOfa
pemenus. [IpoBepky MpaBUILHOCTH PEIICHHUS TYUIII€ BCErO OCYIIECTBISTH PEIICHUEM
o0OpaTHOM 3a1ayMl WM AAaHHOM 3aJayd, HO APYTUM CHOCOOOM. YMEHHE OOBACHATh
pelieHre  OMOJIOTMYECKOM  3ajaud  MOXKHO ~ CYMTAaTh BAXKHBIM  IPU3HAKOM
MI03HABATEJILHOW CaMOCTOATEIbHOCTH oOywaromuxcs. Pa3Burue »TOro kadecrBa
B 3HAYUTENHHOM Mepe 3aBUCUT OT CIHOCOOHOCTH OPHEHTUPOBATHCS B 3aJaHHOMN
curyaruu. OHa CKJIaJbIBAE€TCs U3 YMEHUS 00 yJaIOLIUXCsl COCTABIISATh OMOIOTHYECKYIO
3a71a4y, aHAJIOTHYHYIO PEIICHHOM; CPaBHUBATH IJIAHBI PEIICHUS MPSIMBIX U 00PaTHBIX
3a7la4; U3MEHATh HEKOTOpbIE 3JIEMEHTHI 3a7aud (YHMCIOBBIEC JaHHbBIE, OTHOLICHMUS,
BOIIPOC U Jp.), MOHUMATh, KaK BHECEHHBbIE W3MEHEHHUS OTpa3ATCi Ha pEIICHUU
OMOJIOTUYECKOM 3a/1a4M U OTBETE.

Taxast TBOpueckasi paboTa 00y4aroluXcsi B CpeHEN MIKOJIEe Ha yriayOJIeHHOM
YpOBHE MMEET 3HAYUTENIbHBIA O0YyJaromMil U pa3BUBAIONINN 3(PdEKT, YTO B IIEIIOM
MOJIOKUTENILHO CKa3bIBAETCS HAa pe3yJibTaTax 00pa3oBaTeNIbHOM 1eSITETbHOCTH.

HeorbemiieMoil dYacTbio YriayOJeHHOro OOY4YeHHs SIBISICTCS HPOEKMHAA

deamenbHocmby  OOy4alOUIUMXCsl, OpraHu3yemass M OLIEHMBaeMmasi  Y4YHUTENIEM.
26



B o6noBienHom ®PI'OC COO mno-mpexxHeMy OOJBIIOE BHUMAHUE YJIESETCS
Pa3BUTHIO MPOEKTHBIX KOMIETEHIMH OOyJaromMxcsi U 3TO HE ciaydaiiHo. MimMeHHO
IPOEKTHAs 1€ATENbHOCTh (METOJI IPOEKTA) MOJIb3YETCs! OOJIBLINM aBTOPUTETOM CpEIU
00y4aroUMXxcs U yuyuTesed o HECKOJIbKUM MPUYHHAM:

1) B yCIIOBHSX KIACCHO-YPOYHOH CHUCTEMBI 3aHATHI OHAa HauOoJee JIETKO
BIIMCHIBAETCS B Y4YEOHBIA Mpomecc. IJTa TEXHOJOTUs TO3BOJISIET JOCTUTaTh
MOCTAaBJICHHBIX JIFO00M MporpaMMoi, CTaHAApTOM OOpa30BaHUS IIeJiel Mo JH0oMYy
y4eOHOMY TIPEMETY, COXPaHssl IPU 3TOM JOCTH)KCHUS OTE€YECTBEHHOM JHMIIAKTUKH,
nearornyeckon MCUuxXol0ruu, YaCTHBIX METOAMK;

2) 3TOT METOJ| SIBJIACTCS TYMAHMCTUYECKHM, OH OOECIeYMBACT HE TOJBKO
YCHEIIHOE YCBOEHUE y4eOHOro Marepuaia, HO U MHTEJUIEKTYaTbHOE U HPAaBCTBEHHOE
pa3BUTHE  OOYyYalOLIMXCS, WX  CAaMOCTOSITEIBHOCTb,  JIOOPOXKENIATEIHbHOCTD
10 OTHOILIEHUIO K YYUTENIO U APYT APYTY;

3) IpPOEKTHI CIIAYUBAIOT OOYYAIOIIUXCS, PAa3BUBAIOT KOMMYHHKAOETHHOCTD,
JKEJTaHWe TOMOYb JPYrUM, yMEHHE padoTaTh B KOMaHAE W OTBETCTBEHHOCTh
3a COBMECTHYIO paloTy.

[Ipu pa3zpaboTke copep:kaHusi TaKoW pabOThI BAXKHO OMUPATHCS HA MPEAMETHBIE
3HaHUs, 0€3 KOTOPBHIX HEBO3MOXKHO OOBSCHATH MPHUYUHHO-CIEACTBEHHBIC CBSI3H,
pOOJIEMHBIE CUTYallMH, PAKTUYECKYIO0 3HAYMMOCTh TEOPETUYECKOr0 MaTeprana. ITo
MO3BOJISIET MIPEOJI0JIETh TOCTIOACTBO 3HAHUEBOIO MOAXO0A B MOJIb3Y JIEATEIbHOCTHOTO,
MO3BOJISIOLIET0 00yYaOIMMCS TPOAYKTUBHEE yCBaUBaTh MaTepual.

B ocHoBe Meroma MpoeKkTa JeXaT pa3BUTHE I103HABATENIbHBIX HABBIKOB
O0y4aroumxcsi, yMEHHE CaMOCTOSITEIbHO KOHCTPYHMPOBATH CBOM 3HAHUSA, YMEHUE
OPHEHTHUPOBATbCA B HWH(OPMAIIMOHHOM MPOCTPAHCTBE, pa3BUTHE KPUTUYHOTO
MbIIUIEHUsA. «MeTol MpPOEKTOB BCErAa OPUEHTUPOBAH HAa CaMOCTOSATEIbHYIO
NESTENbHOCTh OOYYaIOUXCd — WHAMBHAYaAIbHYIO, TApHYI0 WIA TPYHIOBYIO,
KOTOPYI0 OOy4YarIIMecs BBIIOJHSIIOT B TEUEHHE OINPEAECIECHHONO OTpe3Ka
BpeMeHm» [14]. DTOT METO OPraHMYHO COYETACTCS ¢ O0YIEHUEM B COTPYTHHUYECTBE.

Temaruka HpPOEKTOB MOXET KacaTbCsl KaKOro-TO TEOPETHYECKOI0 BOIPOCA
[TporpamMbl 1 mpecnenoBath 1N YIIyOJeHHUs] 3HAHUW OTIENIbHBIX O0Y4aroIIuXcs
o 3ToMy Borpocy. TeMbl IPOEKTOB MOTI'YT OTHOCHTHCSI K BOMPOCY, aKTyaJbHOMY
JUIs TPAaKTUYECKOM >KM3HM M BMECTE C TeM TpeOYIoUleMy IMpUBJICUEHUS 3HAHUM
o0yyarouxcss He MO OJHOMY MpEAMETY, a W3 pa3HbIX 00JIacTell, UX TBOPUECKOTO

MbBIITJICHUA, HCCIICAOBATCIIbCKNX HABBIKOB.
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[TonGop Tembl SIBISIETCSI OJTHUM W3 BaXKHBIX MOMEHTOB BCEr0 YUYEHHUYECKOIO
MPOEKTa OCOOCHHO Ha YpOBHE YIIIyOJICHHOTO W3ydeHus mnpeamera. HecomHeHHO,
BO MHOTHX y4€OHUKaX, METOAUYECKUX PEKOMEHIAIMIX MPUBEICHBI CITUCKH THUITOBBIX
TeM poekToB. Ho nmpobiema BriOOpa TeMBbI COCTOUT B TOM, YTO B HEKOTOPBIX CITydasix
3THU TEMBI:

1) o4eHb MPOCTHI MJIK MHOTOKPATHO PaHEe MCITOJIb30BAHBI,

2) TpeOYIOT CJI0KHOTO HEJOCTYITHOIO 000PY/I0BaHHMS,

3) HEBO3MOXKHBI K pealn3allMi B IIKOJIE H3-3a HECOBEPIICHCTBA METOJIHK,
OOBIYHO COMYTCTBYIOUIUX TEMAM.

Taxke YacTo mNpeAnoXKEHHbIE CHUCKU TEM IPOEKTOB OrpaHUYEHHBI U HE
OXBAaTBHIBAIOT BCEr0 MHOI0O0OpPA3Msi MIKOJLHOTO Hay4HOI'O TBOPYECTBA MO OMOJOTUH,
BO3MOXKHOT'O B CpEIHEH IIKOJIE.

3a4acTyl0 MCTOYHMKOM TEM CIYXHUT MPEAIICCTBYIOMIUNA OMBIT YYUTENS WU
HAy4HOTO PYKOBOJUTENSA. DTO XOPOUIMK BapUaHT, OMUPAIOLIMNCS HA HUMEIOIIUECs
KOMIIETEHIIUU Hay4dHOro Jjujepa. [lpoOiieMbl HauyMHAIOTCA Yepe3 HECKOJIbKO JIET
PYKOBOJICTBA IIKOJIbHOW MPOEKTHOM AESATEIBHOCTBIO, KOT/Ia UIEH U DHTY3Ma3M B UX
pa3paboOTKe UCCAKAIOT, HO paboTa [AODKHA MPOAOJDKAThCcs. Eciu  HaydHBIH
PYKOBOAUTENb SIBISIETCA JEHCTBYIOIIUM YUYEHBIM, TO MCTOYHHMKOM HJEH MOXKET
CIIYX)UTb €ro TEKyllas Hay4yHas JACsATENbHOCTh, HO, K COXXAQJICHHUIO, ATO MYTh
JUJIS1 HeOOJIBIIIOTO KOJIMYECTBA IIIKOJI.

Jlnst GonbIIO YacTH yYHMTENeH MCTOYHUKOM, TJ€ MOXHO HAWTH TEMBbI
MPOEKTHBIX PabOT, CIy)KaT MHOTOYUCICHHBIE PECYPCHI, MOCBSIIICHHBIC PA3BUTHIO
MIPOEKTHON U MCCIIEI0BATENBCKOM AesiTenpbHOCTH. OOpaTiM BHUMAaHHUE HA HEKOTOPHIC
U3 HUX.

[Ipexae Bcero 3TO MOXKET OBITh JHUTEpATypa, MOCBSIIEHHAS IIKOJIHHOMY
HAy4YHOMY OJKCIIEPUMEHTY, BKJIIOYAsl JIOMAIIHUM SKCIEPUMEHT U IKCICPUMEHTHI
B ctiiie DY, 31ech MOKHO MCIIONIB30BATh KAaK KHUTH, BKIFOUAsS HAYYHO-ITOM YIS PHYIO
JUTEPATypy, TaK W KypHAIbl — KaKk HAyYHO-TIONYJSIPHbIE, TaK M HAy4HO-
Meronuueckue. Takke B MOcieqHee BpeMsi Bce OOJNBIIYIO pOJIb UTPArOT Hay4dHO-
MONyJIApHbIE MOpTaibl. B Hamie BpeMsi HOCTYMHOCTHM aBTOMAaTHYECKOTO IEPEBOA,
OINMHMCAaHHBIE PECYPChl MOTYT OBITH HE TOJHKO HA PYCCKOM, HO M HA aHTJIUHCKOM WJIH

JIPYTOM SI3BIKE.

1 DIY — Do It Yourself (cnenait cam, anen.).
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VY SKCHEpUMEHTOB B 3TUX HMCTOYHHUKAX €CTh IUIIOCHI B BHUJE IMPOCTOTHI
WCIIOJIHEHUS U IOCTYITHOCTH 000py10BaHus. MUHYCOM K€ SIBJISIETCS TO, YTO HE BCEra
BO3MO)XHO IOCTaBUTh MPOOJEMHBI BOMPOC, CIYXKalIUM 3aBSI3KOW HCCIIEIOBaHUS,
au00 JKe CIOXKHO TMOCTaBUTh LeNb JUId pa3paOoTKu mpoekTa. Takke 3ayacTyro
OMMCAaHHBIE ONBITHI HWMEKT apXaWyHbl JW3alH, HE MO3BOJSIOIINN HANPSIMYHO
UCIOJb30BaTh ATH HApaOOTKU B COBPEMEHHOM mIKosie. TpeOoBaHUS K TEXHHUKE
0€30MMaCHOCTH B MOCJIETHEE BPEMSI TAK)KE CYHIECTBEHHO BBIPOCIIH, U TO, UYTO CUUTAIOCH
JIOITYCTUMBIM €lI€ OTHOCUTEIHHO HEOOJNbIlIOe BpeMs Has3al, ceiuac He MOXKET ObITh
BBITIOJTHEHO B paMKax cpeaHed mkoabsl. Hampumep, 3TO OTHOCHTCS K psay
MUKpPOOMOJIOTHYECKUX IKCIIEPUMEHTOB, CBSI3aHHBIX C HUCCIEIOBAHUEM MHKPOQIIOPHI
U3  BHEIIHUX  HCTOYHHMKOB,  COAEp)KAaUIMX  IOTEHUMAIbHO  IaTOr€HHbIE
MUKPOOPTaHU3MBI.

bonee mone3HbIM HMCTOYHUKOM MOTYT OBITH CHEIMATM3UPOBAHHBIC CETEBBIC
pECYpPCHI,  TOCBSIIIEHHBIE  Pa3BUTUIO  IPOEKTHOM WM  MCCIEAOBATENbCKOU
nestenbHocTH. OHM comepkKaT YK€ HE TOJIBKO OINHCAaHHS JKCIIEPUMEHTOB, HO U
TOTOBBIE BOIIPOCHI K HUM, OTBET Ha KOTOPBIE MOXET CIYXUTh MOAXOISALIEH LEIbIO
UCCIIEIOBAaTENbCKOM AesATeNbHOCTH. OHM JTOCTYIIHBI KaK Ha PYCCKOM SI3bIKE, TaK H
Ha MHOCTPAHHBIX f3bIKaX. OTHOCUTENBHON MPOOIEMON CIYKHUT TO, YTO B OOJIbLIEH
YacTH CIIy4aeB 3TH PECypPChl CO3/AaHbl, YTOOBI 3aMHTEPECOBATh HAYKOW IIKOJbHUKOB
MJIQJIIIMX KJIACCOB, W JIMILIb HEOObIAs YacTh pa3pabO0TOK JOCTYIHA JJisi aKTUBHOCTHU
oOyuaromuxcs 10—11 kmaccos.

B psne ciyyaeB MHTEpeC Y4MTENs COCTOUT HE TOJIBKO B TOM, YTOOBI 3aHSTh
00y4arouMxcsi MPOEKTHON AESITENbHOCTHIO, HO U B TOM, YTOOBI 3Ta JAEATEIHHOCTh
umena 3¢dekt, BbIpaXEHHBIH B MpHU3aX KOHKYPCOB M KOH(EPEHIUH pa3sIuYHOrO
ypoBHs. g Oosee HAAEKHOTO OMpeAeNeHUsl TaHHOTO YPOBHSA W ISl TIOMCKA HaeH
JUIS OCYILIECTBJIEHUS paOOThI C YUEHUKAMHU BIIOJIHE IIPUTOIHBI apXUBbI KOH(EpEeHIN
U KOHKYpCOB, COJepXkalliye Ju00 KpaTKue OolnucaHus paboT MpU3EpOB, MO KOTOPHIM
MOKHO BOCCTAHOBHUTb HUX COAEpKAaHME M OCHOBHBIE HJEH, JUOO MpPEe3eHTAlUU U
MOJIHBIE TEKCTHI, JAIOLIME BO3MOKHOCTh B MOJIHOM MEpE OLUEHUTh MCIOJb30BAHHbBIE
METOJIMKH U MOJTy4YEHHBIE pe3yibTaThl. Ha uX OCHOBaHMU BO3MOXHO ITOCTPOUTH CBOKO
paboTy ¢ 00y4arouMMucs, JTOCTUTaloIIYI0 MPU30BOro ypoBHA. KpoMme poccuiickux
KOHKYPCOB, €CTh TaKXe€ M MEXIyHapOJHbIC, apXUBbl KOTOPBIX TaKXKE OTKPBITHI
JUTST TOO0HOr0 aHaIn3a.

OO6patuM ocoboe BHIMaHUE Ha TeMbI pabOT MO CMEKHBIM TMpeaMeTaM (XUMUH,

9KOJIOTHH, Teorpadun u T. 11.). B coBpemeHnHoe Bpemsi B OOJIBITION HayKe BO3POCIIa POJIb
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MEXIUCIUIUIMHAPHBIX KOHBEPTEHTHBIX HcciieqoBannil. CoeMHEHNE B TeME OIHOMN
paboTHl MOAXOMOB ABYX-TPEX CMEXKHBIX NHUCHUIUIMH MOXET O0eCHeUHTh CBEKUU
B3MJISJT Ja)K€ Ha paHee M3BECTHBIE MPOOJIEMBl U JaTh IIKOJIHHUKY OCCIEHHBIA OIBIT
MHOT'OCTOPOHHETO U3yYEHHS aKTyaJbHBIX BOIIPOCOB.

Taxke crnenyer OTMETUThH, UTO Halle BpEMsl OTJIMYAETCS PE3KO BO3pOCHIEH
CTENEHbI0 LHU(POBU3ALMH HIKOJILHOTO 000pyAOBaHUs. TaMm, I/ie SKCIEPUMEHT paHee
3aHUMaJl Yachl U JHHU, COBpEMEHHBIC ITU(POBHIE TaOOPATOPUH MO3BOJISIFOT BBIITOJHUTE
aHAJIOTUYHBIA 00beM padoTHl 32 MUHYTHL. HO BO BHEIpEHHUH B MIKOJBHYIO MPAKTHKY
U(POBBIX JIAOOPATOPHI CYIIECTBYET MHOTO TpOOJeM, NajieKo He BCerjma aaxe
CBSI3aHHBIX C HEIOCTYIMHOCTHIO JAaHHOTO 000pyA0oBaHMs. MeToarueCcKue MaTepUalbl,
cofiepKalrecs B MOCOOUSX, MPUIaraéMbIX K IUGPOBBIM J1a0OpaTOPHSIM, JAJIEKO HE
BCErJa MOHSATHBI M JOCTaTOYHbl. OTCYTCTBHME HaBbIKa OOpalleHus C HU(POBBHIM
O0OpyJOBaHMEM Yy YUWUTENeW M OTCYTCTBUE KOJMUYECTBEHHOTO HSKCIEPUMEHTA,
OIOCPEOBAaHHOTO U(PPOBBIMH JTa00OPaTOPUSMHU, B MIKOJIHHOU MPOrpaMMe, TaKkKe HE
CHOCOOCTBYET Pa3BUTHIO JaHHOrO HampaiieHHs. Ho i mpoekTHOM AedaTeabHOCTH
UCIOJIb30BaHUE IU(POBBIX JIAOOPATOPUI OTKPHIBAET HOBBIE pPAaHEE HEAOCTYIIHBIE
TEMaTUKU. 3/1€Ch CIEAyeT OTMETHTb, YTO Ha cailTax KOMIAHUN-TPOU3BOAUTENEH
uudpoBsiXx  naboparopuii  OOBIMHO  NPUCYTCTBYIOT  MaTepHalibl,  BKJIOYas
BUJICOMAaTEpUalbl, TMOCBAIIEHHBICE MOHATHOMY MPUMEHEHHIO IaTUYMKOB ITM(PPOBBIX
nabopartopuii. [Ipu s3TOM HeoOs3aTENbHO, YTOOBI OMUCHIBAEMBIE TaTYMKNA OTHOCHIIUCH
UMEHHO K TE€M KOMIUIEKTaM, KOTOpbIE€ IOCTYMHBI B KOHKPETHOW IKoine. B cuiy
ennHOoOoOpa3ust  O0mIero  MOCTPOoeHHUs  MHUGPPOBBIX  JabopaTopuil  OMHCaHWS,
NpUBEICHHBIE Yy OJHOTO MPOU3BOJUTENS, MOTYT OBITh IepeHeceHbl Ha Ooiee
JOCTYIHYIO TEXHUKY APYTroro Mpou3BoauTeNs 0e3 MOTepH CMBbICIA B OOJIBIINHCTBE
CITy4aeB.

[lepeuncneHHbI€ BBIIE MOIXObI 1aI0T BO3MOKHOCTh CPOPMUPOBATH K HAYAITy
roja JOCTaTOYHBIM HA0Op TeM g TPOEKTHOM W/HMIM UCCIE0BATEIbCKON
JESATENILHOCTU 10 OMOJOTUM (M CMEXHBIM IpeAMETaM), YTOObl KayKIbIH >KeIaroInuii
IIKOJIbHUK MOT, UCTOJb3YS 3TH TEMBbl, BBHITIOJHUTh Ka4ECTBEHHYIO pabOTy, KOTOpas
IpU yAAYHOM packiiaje MPUBEIET €ro K Ipu3aM Ha KOHKypcax M KOH(EPEHIHUIX
IIKOJBHBIX PabOT Mo OMOJIOTMHU, JAIOIIUM, B TOM 4uclie, Oalbl B paMKax yuyera
JIOTIOJIHUTENIBHBIX JOCTHYKCHHUH TIPH IPUEME B BY3HI.

B wMeromuueckom mocobun (Ilpunoxkenune 11) mTpUBOAUTCS  CHHCOK
PEKOMEHIOBAaHHBIX TEM IMPOEKTHBIX M HCCIENOBATEIbCKUX pabOT B COOTBETCTBUU

¢ [Iporpammoti.
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2.2. MeTonuka u3y4eHusl oT/IeJIbHBIX TeM y4eOHOro npeamera «buosorus»

Ha yriayosneHnoMm yposHe B 10 kiacce

CeronHs WKOIbHOE 0Opa30BaHUE, B TOM 4HcI€ OMOIOTMYECKOE, OTIMYAETCA
KOHCEPBAaTUBHOCTHI0. OOpaTHast CTOPOHA 3TOT0 (paKkTa — MOCTOSTHHO PACTYILHMA pa3pbiB
MEXIY COAEp’KaHWEM NpeaMeTa W MepeaHUM KpaeM Hayku. buosnorus 3aciyKeHHO
MoJIb3yeTcs penyranueil Hambosee npopbiBHON Hayku XXI B. Hame monumanue
KUBOW MaTepuU CYHIECTBEHHO pACHIMPUIOCh B TOCJIEIHIO YETBEPTh BeEKa.
BosmoxHocTr mo npeodbpazoBaHui0 MUpa B 00JACTAX MEIUIMHBI, arpOTEXHOJIOTHH,
OMOTEXHOJIOTUY U MHOTHX JIPYTHX 3HAYUTEIHHO BBIPOCIIH.

B  koHmemumu — mpemnomaBaHus ~— ydeOHoro — mpenmera  «buomorusp
B 001Ieo0pa3oBaTenbHBIX OpraHu3anusix Poccuiickoit depepaiiuu, peamn3yrOIIUX
denepanbHble  00pa3oBaTeNbHBIC IMporpamMmbl [4], OTMEUeHO, YTO «HA YpPOBHE
cpemHero o0mero o0pa3oBaHMs pedb YXKE MOXKET HATH O MpeanpodhecCHOHATBHOM
OCBOCHHUH TEOPETHUECKUX OCHOB U MPAKTUUECKUX METOJI0B COBPEMEHHON OMOIOTUN».
OT0 OOHOBIEHHOE T[OHUMAHUE OHOJOTMM KaK HpeaMeTa ObUIo  3aJI0KEHO
B [Iporpammy.

Conepxanue ydeOHOro mpeamera «buosnorus» yriayOJeHHOTO YPOBHS
O00y4YeHUsI COOTBETCTBYET COBPEMEHHOMY YpPOBHIO OMOJOrMUecKMX Hayk. Tak, TeMbl
Kypca Ouosoruu yriayoneHHoro ypoBHs st 10 kiacca MOCBAIIEHBI pacCMOTPEHUIO
obmiell opraHu3aluy OMOJOTHYECKHX CHUCTEM U IPOLECCOB, OCHOB MOJIEKYJISPHON
OMOJIOTHH, IIUTONOTUH, OMOJIOTUN Pa3BUTHSA, TEHETUKH, CEJICKIIUU, OMOTEXHOJIOTHH;
MOBTOPEHHUIO MaTepraa no 00TaHUKe, 300JI0TUH, aHATOMUU U (PU3UOJIOTHH YETIOBEKa.
Beenenst B Ilporpammy HOBbie Tembl, Hanpumep: «Kiierounas Owuomorus»,
«bHOTEXHOJIOTHS U CUHTETUYECKasi OMOJIOTUS» U JIp., KOTOPbIE paHee OTCYTCTBOBAIU
B COJIEP)KaHUM y4eOHOTO MpeaMeTa.

PaccMoTpum HauOosiee TpyaHbIE TEMbI Ha YPOBHE, JTUKTYEMOM AaKTyaJbHOM
HOpMaTUBHOM 0a3oil. Takke yaenuM BHUMaHUE JTa0OpaTOPHBIM M MPAKTUYECKUM
paboTam, MO3BOJSIONIMM NPUOIU3UTh TOHMMAaHWE IMKOJIbHUKAMH COBPEMEHHOTO

YPOBHSI HAYKH OMOJIOTUH.

MeTonuueckne PEKOMEHIAINHA 110 TEME «buosorust Kak HayKa»

VYueOHbiit MaTepuan TeMbl «bHOJIOTHS Kak HayKa» pacCUUTaH Ha OJUH YPOK
«buonorus kak KOMIUIEKCHasT HayKa M KakK YacTh COBPEMEHHOIo OOIIECTBa» U

BKJIIOYa€T OCHOBHOC COACPIKAHNC!
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CoBpeMeHHasi OMOJIOTHS — KOMIUIEKCHas Hayka. KpaTkas ucTopus pa3BUTHS
Ouosornu. bruonorndyeckre HayKyu U U3ydaeMbie UMU ITpoOieMbl. DyH1aMEHTaIbHBIE,
MIPUKJIQIHBIE U TIOMCKOBBIC HaYYHBIC CCIIEIOBAHUS B OMOJIOTMU. 3HaUYeHHE OUOIOTHHT
B (popMUpOBaHUM COBPEMEHHOM €CTECTBEHHO-HAyYHOW KapTuHbI Mupa. [Ipodeccun,
CBs3aHHBIE C Owmosorued. 3HayeHHe OWOJIOTHHM B MPAKTHUUECCKOM JCATEIHHOCTH
YeJIOBEeKa: MEIUIIMHE, CETbCKOM XO3SMCTBE, MPOMBIIIEHHOCTH, OXpaHe TPUPO/IBI.

Metonbl M MeToaM4YecKHe NMpHeMbl 00y4deHMs. Marepuan JaHHOW TEMBI
HOCHUT KaK MOBTOPUTEILHO-0000IIAIONINM, TAK U MOTHUBAIIMOHHO-UH(POPMAITMOHHBIH
xapaktep. [loaToMy Ha ypoke 11e51eco00pa3Ho MUCIOIb30BaTh KaK MACCUBHBIE METO/IbI
oOydyeHus — pacckas, Oeceqy, PJIEMEHTHI JIEKIIUU, TaK U Oojiee aKTUBHBIC METO/IbI,
MIPEANOJIaralolue CaMOCTOSITEIbHYI0 paboTy oOyJarmuxcsi C  pa3IduyHbIMU
HCTOYHUKAMU HHQOpMAIlMM — TEKCTOM M PUCYHKaMHU y4yeOHHKA, pPa3gaTOUYHBIMU
MarepuagaMu, OTKPBITBIMU UCTOYHUKAMU.

MeTonuyeckue PpeKOMEHJAAIMH 10 OpPraHu3aluM o0pPAa30BaTEeIbLHOI O
npouecca. B xoje wu3ydeHUs [JaHHOM TEMBI II€JI€CO00pa3HO TMO3HAKOMUTH
O00y4YaroluXcs ¢ OCHOBHBIMM BEXaMU Pa3BUTHUSI OMOJIOTMYECKON HAYKU, C YUYEHBIMU,
BHECIIMMHU BKJIQJ, B pa3BUTHE Ouojoruu. PexomeHayeTcss MpoaeMOHCTPUPOBATH
oOy4JarImMMcsl TOPTPETHl U PUCYHKU C U300paxeHusiMu Apucrorensd, Teodpacra,
K. Jlunnes, K. b. Jlamapka, Y. {apsuna, Y. I'apses, ['. Mennens, B. N. Bepuaackoro,
M. II. IlaBmoma, M. WM. MeunukoBa, H. M. Basunoa, H. K. Koiblona,
H. B. Tumodeea-Pecorckoro, JIk. Yorcona, ®@. Kpuka, /1. K. benseBa u ap.

[Tocre 3HaKOMCTBAa ¢ MMEHAMHU YYCHBIX OOYUAIOIIUMCS MOXKHO MPEIOKHUTH

3aIOJTHUTH Ta0HIy «BKiax ydeHbIX B pa3BuTHe Onoorum» (Tadsi. 2).
Tabnuya 2

BKJIa)I YUYCHLIX B Pa3BUTHUC onosI0rum

Y4ensblit Bkiax B pasButue 0M010run

Jlns cucteMaruzaluu Matepuaia o 3Ha4ueHUH OUOJIOTUHU B IPAKTUYECKOM KU3HU
yeloBeka U (POpMUpOBAHUS yMEHHUS MpeoO0pa3oBbIBaTh WH(POPMALMIO M3 OJHOU
dbopMbl B ApPYryl0 OOydalOIIUMCS MOXET OBbITh NPEIJIOKEHO  3aJaHue

Ha CaMOCTOSITEJIbHOE COCTaBJIEHHE CXEMBbl «3HaueHUE OHOJIOTMH B HpaKTI/I‘ICCKOfI
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nesTenbHOCTH 4denioBeka» (cxema 1). Ilpm cocTaBieHHMH CXeMbI MOXKET OBIThH
MCIIOJIb30BaH TEKCT y4eOHMKA, a TAaK)KE MOJTOTOBJICHHBIC YUUTEIEM CTaThbU, CCHUIKU

Ha UHTCPHCT-UCTOYHUHKH.

| 3HauyeHue buonormm

|
) 3

Cxema 1. 3Hayenune OMOIOTUNA

C 1enpro 3HaKOMCTBA 00y4aIOIIUXCS CO CBSI3IMH OMOJIOTUY C APYTUMU HAYKaMH
Y BO3MOYKHBIMU BapuaHTaMU IPpO(QOpUEHTAIMH, CBSI3aHHOM ¢ OMOIOTHell, MOXKET OBITh
IPEUIOKEHO 3aJaHuEe Ha CcocTaBieHHE TaOmuubl «CBsi3u OHOJOTMHM C JAPYTUMHU

Haykamun» (Tabm. 3).

Tabnuya 3
CBs3u OHOJIOTMH € IPYTUMH HAYKAMH
CMmexHast
Hayka IIpeamer n3y4eHus IIpodeccun
AUCHMILIMHA
Nudopmatuka buonndopmaruka W3yuenue u pazpaboTka buonndopmaruk

KOMIIBIOTCPHBIX MCTO/10B,
IMOJIYYCHHUC, aHAJIN3,
XPaHCHUC, OpraHU3alnA
" BU3yaJIU3alusl

OMOJIOrHYECKHX JaHHBIX

Jns n1eMOHCTpaluyd KOMILJIEKCHOTO XapaKTepa COBPEMEHHOW OHOJIOTMH U
CHUCTEMaTU3aliy 3HAHUM OOYyYaroIIMXcsi O OMOJIOTMYECKUX HayKax IIeJIeCo00pa3HO
COCTaBUTh Tabiuiy «buojormyeckue Haykd W HU3ydaeMble MUMHU aCHEKThD» JIHO0

NPEIOKHUTH CACIaTh 3TO B KAY€CTBE TOMAIITHEro 3aaanus (Tadi. 4).
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Tabauya 4
buosornyeckue HayKu

Ha3Banue Hayku HN3y4yaemblie acnieKTbI

B xoxe ypoka Ttaxxe He0OX0IUMO PAaCKPBITh COIEPKAHUE TAaKUX MOHITHM, KaK
Hay4Hoe MUpPOBO33PEHUe, HAYYHASL KAPMUHA MUpd, HAYYHbIU Memoo, unomesd,
meopust, Memoowl ucciedosanus. Ha mocineayromux ypokax oHU OymIyT MpeACTaBICHbBI
KOHKPETHBIMU TpPUMEpaMH, OJHAKO HAa JaHHOM YpPOKE IIeJIecCO00pa3HO CO3/1aTh
HEOOXOMMBIE TPEATIOCHUIKK  JTaJbHEHIIET0  HWCIOJb30BaHUS  OMOJIOTHYECKON
TEPMUHOJIOTHH.

Jls1 3aKkperyieHus: OMOJIOTUYECKUX TEPMUHOB U MOHSATHN MOXKHO TPEIOKHUTH
OOy4JarImMMCsi OMOJIOTUYECKHUE 3a/1aul, PEHICHUE KOTOPBIX MOTPeOYyeT OT YYCHUKOB
YMEHHSI MBICJIUTH JIOTUYECKH, PACCYXK]IaTh, aHAJTM3UPOBATh, OMKUCHIBASI YCIOBUS WIIH
MIPOIIECCHI, JIenaTh BbIBOIbI. [IpuBenemM nmpuMepbl OMOIOTMYECKUX 3a/1a4.

3aoaua 1. Hayka HauMHAETCs ¢ TOTO, YTO YUCHBIC HA3bIBAIOT HAOIOICHUSIMU U
nojiyueHueM JaHHbIX. Ha crnemgyromem »sTane dopMynupyercss mpodjemMa u
BBIIBUTACTCA THUIIOTE3a, KOTOpas TMPUHUMAETCS, OTBEPraercs Wi W3MEHSETCS
B 3aBUCHMOCTH OT PE3YJIbTaTOB €€ IKCIIEPUMEHTAILHON TpoBepku. UTo HE0OX0arMO
JUTSL BBIABYDKEHUS THIOTE3bI? MOXKET JIM KOMITBIOTEP, €CIM B HEro BBECTH BCE
COOpaHHBIC B X0JI¢ HAYYHBIX HAOIIOICHNH JaHHBIC, BBIABUHYTH THUIIOTE3Y?

Omeem. He cyliecTByeT HHUKAKOTO «MEXaHHMYECKOT0» IMpaBWiIa, C MOMOIIBIO
KOTOPOT'0 MOYKHO OBIJIO OBl HA OCHOBAaHWH HAyYHBIX JAHHBIX BBIIBUTATh THIIOTE3Y.
Jis 3TOro ydeHoMy HEOOXOAMMO TBOpPUYECKOE BOOOpakKeHHWE, KOTOPOTrO HET
y KoMmmbioTepa. Hampumep, nanHbie o TuOeny M BEDKUBAHUHM 0COOEH B MPHUPOJAE HE
«MOABEAYT» KOMITBIOTEP K (POPMUPOBAHUIO UJIEU O €CTECTBEHHOM OTOOpE.

3aoaua 2. B 6uM0n0TUU CyIIECTBYIOT THIIOTE3bI O TOM, UYTO JUHO3aBPhI ObLIH
TEIMJIOKPOBHBIMU JKMBOTHBIMH M YTO OHU BBIMEPJIM IIOCIIC CTOJIKHOBCHUS 3EMIIH
c acteponsioM Wi kKoMmeTor. OOBSICHHUTE, MOYEMY ITH THIIOTE3bI HENb3s NMPHU3HATH
HAYYHBIMU TEOPUSAMH. B dem paznmuuune Mexay THIOTe30i U Teopuei?

Omeem. Hayunast Teopusi HOJDKHA OBITH JAOCTYIHA I SKCIIEPUMEHTATBLHOM
MIPOBEPKH, T. €. JO/DKHA CYIIECTBOBATh BOBMOXXHOCTh BBISICHUTH, BEpHA OHA MJIM HET.

Takol BO3MOXHOCTH I TMIOATBEPKACHUA THIIOTE3 O TCIINIOKPOBHOCTHU HJIN ruoenn
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AUHO3aBpPOB OT CTOJKHOBCHUA 3emiu ¢ ACTCPpOUIOM HIIU KOMETOM HE CYmCCTBYCT.
KpOMe TOro, HaydHasa TCOpUA HC JOJDKHA IIPOTUBOPCUYUTL APYIUM TCOPHUAM, KOTOPBIC

CUHUTAIOTCA B HACTOAIICC BPCMA ITOATBCPKIACHHBIMU.

MeToanyeckue peKoOMeHIaluu

1o Teme «7KuBble CUCTEMbI U UX U3YUYEHUE»

VYyeOnsblii mMatepuan TeMbl <«OKUBble CHUCTEMBI U HUX H3YyYEHUE» PACCUUTAH
Ha 2 yaca B HENENI0 M BKIIOYaeT Ypoku: «JKUBbIE CHUCTEMBI M HMX CBOMCTBa» U
«YpOoBHEBasE OpraHu3alus KUBbIX CUCTEM.

Metoabl 1 MeTOANYECKHE TPHEMbI 00y4eHusl. PEKOMEHTyeTcsl TpU U3Y4EHHUH
JTAHHOM TEMBbI HCII0JIb30BaTh COYETAHNE AKTUBHBIX M MACCUBHBIX METOI0B OO yUEHHS —
pacckasza, 3BpUCTHYECKOW Oecenbl, MpOOJEMHOTO H3JIOKEHUS, Pa3NU4YHBIX (HopM
CaMOCTOATETILHOU PabOoTHI M paboOThI ¢ HH(pOPMAIUEH.

Mertonuueckue peKOMEHJALMH 110 OpraHu3anuud 00pa3oBaTeIbLHOIO
npouecca. Marepuas JaHHOW TeMbl 0000IIAET 3HaHUS 00 YyUYaIOIIMXCS O MPU3HAKAX U
CBOMCTBAX MMUBBIX Opranu3smMoB. Ha mnepBoM ypoke «/Kuevie cucmemvr u ux
C60ilicmea» pacCMaTPUBAIOTCA TAaKUE CBOMCTBA MXHUBBIX CHCTEM, KaK €IWHCTBO
XUMHUYECKOr0 COCTABA, JUCKPETHOCTD U LIETOCTHOCTb, CII0KHOCTh U YIOPSAJOYEHHOCTh
CTPYKTYpPBl, POCT ¥ Pa3BUTHE, OTKPBITOCTh, PA3APAKUMOCTb, H3MEHUYHBOCTb,
caMOOpraHu3allus, caMoBOCIIpou3BeieHne. B cBsi3u ¢ 3TUM 11e1eco00pa3Ho NprUBECTH
IpUMEpBl TPOSIBJICHUS JTAHHBIX CBOWCTB JKMBBIX CHCTEM Y OOBEKTOB, H3y4EHHBIX
O0y4aroUIMMUCS B OCHOBHOM IIKOJIE. PACTEHUH, KUBOTHBIX, Y€lIOBEKa. TeM cambIM
JEMOHCTPUPYETCS €IMHCTBO CBOMCTB JKMBBIX CHCTEM M UX IPOSBICHHE HAa pa3HbIX
YPOBHSIX OpraHU3aluy.

Jlns  KOMILJIEKCHOW  XapaKTEpUCTHUKUM  OCOOEHHOCTEH  KUBBIX  CHCTEM
00y4arouMMcsi MOXKET OBbITh MPEJIOKEHO 33JaHUE Ha COCTaBJICHHE CPAaBHUTEIbHOMN

taOuibl «CBOMCTBA KHUBBIX cUCTeM» (TalII. 5).
Tabauya 5
CBoMCTBA KMBBIX CHCTEM

Ha3Baunmue cBoiictBa Omnpenenenne IIpumepsl nposiBJIeHUs
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Ha ypoke «¥Ypoenesaa opeanuzayusa dcuevlx cucmem) paccMaTpuBaAIOTCS
CIICIYIOINE YPOBHHU: MOJICKYJISAPHBIA, KIETOUYHBIM, TKAHEBBIN, OPraHU3MEHHBIM,
MONYJIAIIMOHHO-BUAOBOM, SKOCHUCTEMHBIH (OMOreOoneHOTHYECKUM), OMOCHEPHBIM.
Marepuan aHHOTO ypoKa TakXe HOCHT oOoOmarommuii xapaktep. OOydarommmces
3HAKOMBI OTJICJIbHBIC 3JIECMEHTHI YPOBHEBOM OpraHM3alluM >KUBBIX CHCTEM — KIICTKH,
TKaHW, OpraHbl, CHUCTEMBbI OpraHoB. HeoOXomuMo TMoOka3aTh WX B3aMMOCBS3b U
UEpapXUYecKuid  Xapakrep ypoBHeH opranuzauuu. LlenecooOpasHee  Bcero
MIPOJIEMOHCTPHUPOBATh 3Ty OCOOCHHOCTh Ha KOHKPETHBIX MpuMepax. Hanmpumep: atom
kuciopoaa — moyiekyia AT® — HepBHas KJIeTKa — HEPBHAS TKaHb — F'OJIOBHOM MO3T —
OOBIKHOBEHHBIN Kapach — cTas Kapaceh — npya — ounocdepa 3emian. Pexkomenayercs
WCIIOJIb30BaTh CPEACTBA BU3YyaJW3allUM. TAOJMUIBI MIIM CIIAWJIbl ¢ WU300paKEHUSIMHU
COOTBETCTBYIOIIUX OOBECKTOB.

OnuH W3 MOAOOHBIX MPUMEPOB MOXKET MPOAECMOHCTPUPOBATH YUUTENb, CIIIC
OJIMH-/IBA TIpUMEPA MPEITIOKUTH IPUBECTH 00ydaromuMcs. Pe3ynbTaT qanHoi paboTh

MOXET ObITh OOPMJIEH B BHJIE€ TAOIMIIBI «YPOBHU OPraHU3ALMU KUBOW MPUPOIBDY
(Tabm. 6).

Tabnuya 6
YpoBHU OpraHu3aluM KUBOI NPHUPOALI

YpoOBHM OpraHu3anuu Ipumep 1 IIpumep 2

Ha nanHOM ypoke Takke MpeaycCMOTPEHO M3y4E€HHE METOAO0B MOJEKYJSPHON
Ouonornueckoil Hayku. M3yueHue CTPYKTypbl HAaydyHOrO METOJA IO3HAHMUSA JaeT
BO3MO)XHOCTh TIOBTOPUTh U 3aKpENHUTh 3HAHUSA OOYYalOIIMXCs, TOJy4YeHHbIC
B OCHOBHOW IIKOJNE, 00 OOIIEHAyYHBIX AMIHMPHUYECKUX MeTojax (HalioaeHue,
U3MEpPEHHE, HKCIEPUMEHT), a TaK)K€ H3yYUThb CHCTEMY TEOPETUYECKHMX METOJOB
(aHanu3, cuHTE3, aOcTparupoBaHUE, MojJenupoBaHue u 1ap.). Ha srane
NEPBOHAYAJILHOTO O3HAKOMJIEHHS 00yUaroluXcs ¢ OCOOEHHOCTSIMU MPEICTAaBICHHBIX
METOJI0B Ba)KHO CTPYKTYPHUPOBATh IPECTABICHUS O KQXKI0M U3 HUX, a TAK)KE HAYYUTh
O0y4arouMxcsl IOJIb30BAaThCs TMOHSATHUIHBIM aIapaToM, KOTOPbI OO0eCHeuuT Hux
noHnMaHnue. Hampumep, TakuxX TOHATHN, KaK «THUIOTE3a», «IpodieMay, «hakTy,
«KOHTPOJIbY, «pe3yabTaT», «3aBHCUMAs HepeMEeHHas», «He3aBUCHMAas
nepeMeHHas» U T. 1. B nanbHeileM npu nu3ydeHuun oOmel 6uoaorum o0yvaronecs
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OynyT paccMmarpuBaTh OCOOEHHOCTM METOJIOB H3Y4YEHMsI JKUBBIX CHCTEM OoJee
JETAIBHO.

HeoOxonuMo, 4ToOBl IpH W3YYEHUH [aHHOM TeMbl OOyYarOUIMMUCA OBLIU
U3YYEHbI CIEAYIOLNE TOHITHS:

1) eunomesa — NPEANONOKECHUE WIH JIOTA/IKA, YTBEPXKICHUE, KOTOpOE TpeOyeT
JI0Ka3aTeIbCTBA;

2) Hyneeasi cunomesa — IPUHUMAEMOE 110 YMOITYAHUIO MPEIOT0KEHUE O TOM,
YTO HE CYIIECTBYET CBA3M MEXKY IBYMsI HAOIIOaeMbIMHU COOBITUSAMU, (DEHOMEHAMU;

3) yenvp onvima — ATO TO, YTO HAMEYEHO ISl MCCIEAOBaHMs (yCTAaHOBJICHHUS
HOBOT'0, MOJTBEP:KIACHHUS M3BECTHOT0), HAIPUMEP: BBISICHUTH, HEOOXOAUM JIM CBET
JUTsl 0Opa30BaHMs KpaxMasa B JTUCThSX;

4) 3asucumas (UsMeHAIOWANCS) NepemMenHds — U3MepseMasi B SKCTICPUMEHTE
nepeMeHHasi, W3MEHEHHMS KOTOpPOW CBS3BIBAIOT C W3MEHEHUSMU HE3aBUCHUMOU
IIEPEMEHHON;

5) muesasucumas (3a0asaemas) nepemennas — B SKCICPUMEHTE MEPEMEHHA,
KOTOpast HAMEPEHHO MaHUIYJIUPYETCs WM BBIOUpAETCs SKCIEPUMEHTATOPOM C LETBIO
BBISICHUTD €€ BIMSIHHE Ha 3aBUCUMYIO IIEPEMEHHYIO;

6) ompuyamenvhvlii  KOHmMpPOAL ~ —  DKCICPUMEHTAIBHBIH  KOHTPOJIb,
IpyU KOTOPOM U3y4aeMbld OOBEKT HE TOJBEpPraercs 3KCIEPUMEHTAILHOMY
BO3JICUCTBHIO;

7) pezyromam onvima — 3T0 TO (HAKTUYSCKOE 3HAUCHUE, KOTOPOE MOTYUHIIOCH
B ONBITE, HAMpHUMeEp: KpaxMald HUMeEETCsl TOJIbKO B TOM YacTH JHMCTa, KOTOpas
HaXOJWJIach HA CBETY;

8) 6v1600 u3 onvima — yMO3aKIIOUYEHHUE TI0 TOCTAHOBKE M PE3yJbTaTaM OIIbITA,
C/IEJTAHHOE B COOTBETCTBUM C LENBIO JAHHOIO OIbITA, HAIIPUMEP: CBET — HEOOXOANMOE
ycioBHE 00pa30BaHUs Kpaxmaa B JIUCThSX.

Oco0oe BHHMaHUE HEOOXOAUMO YACIUTh METOAOJOTUU OHOJIIOTHYECKOro
HKCIIEPUMEHTA, KOTOPBIM fABIsETCS HauOoJiee CIOKHBIM METOJIOM 3MIIMPHUYECKOTO
NO3HAHMSI, B CPABHEHUH CO BCEMH OCTaJIbHBIMU. DKCIIEPUMEHT YacTO BKIIOYAET B ce0s1
JIpYrue METONbl AMIIMPUYECKOr0 UCCIENOBAaHUA — HaAONIOJCHHE, HW3MEpEHHE,
OIHCaHUE.

OpHako SKCHEpUMEHT O00JafaeT pPsAOM BaXKHBIX, MPUCYIIMX TOJIBKO €My
OCOOEHHOCTEM:

1) SKCHIEPUMEHT TIO3BOJSICT M3YyYHTh OOBEKT B «YUCTOM» BHJE, 4TO

crocobcTByeT 0Oojiee TIIyOOKOMY MOHMMAHMIO CYTH SIBICHUN W MPOIIECCOB M JAET
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BO3MOKHOCTh KOHTPOJIMPOBATh BAXKHBIC MJI JAHHOTO SKCIEpUMEHTa (HaKTOphl U
BEJINYUHEL,

2) B XOJ€ 3KCIepUMEHTa OOBEKT MOXKET OBITh IOCTaBJICH B HEKOTOPBIC
HMCKYCCTBEHHBIC, DKCIIEPUMEHTAIbHBIE YCIIOBUS,

3) mpu U3yY4EHHH KAKOro-aumbo Tmporecca IKCIECPUMEHTATOp  MOXKET
BMCIIMBATbCSI B €ro XOJI, H3MEHATh OOBEKT HCCIEIOBaHUS, IIOMEIIATh €ro
B UCKYCCTBEHHBIC YCJIOBHS, aKTUBHO BJIMATH Ha €ro MpOTEKaHUE;

4) 0cOo0EHHOCTHIO MHOTHX JKCIIEPUMEHTOB SIBIIICTCS MX BOCIPOM3BOAMMOCTD,
T. €. BO3MOXHOCTh IOBTOPUTH WX HEOOXOAWMOE [Jisi TMOJY4EHHUS JTOCTOBEPHBIX
pe3yJbTaTOB KOJIMYECTBO pa3s.

Ha 3t ocoOeHHOCTH SKCIIeprUMEHTa He0OX0AMMO 00paTUTh 0CO00E BHUMAHHUE
00 yJarouxcs.

Jlns uutrocTparuu METOJI0JIOTHH DKCIIEPUMEHTa O0y4YaroIIMMCsT MOTYT OBITh
TIPEIJIOKEHBI 3aJIaHKS CIICTYIOIIEeTO THIIA:

Ilpumep 1. Y4eHBIA TIPOBENI IKCIEPUMEHT CO CIIOPTCMEHAMU-T0O0POBOJIBIIAMH,
OCYIIECTBIISIBIIMMUA TIOABEM B TOpy B JBa 3Tama. Y TPYIIbl CIIOPTCMEHOB TPHKIIbI
OCYIIECTBIISI 3a00p KpOBH: IMEpBbI pa3 Ha Bbicore 300 M — /10 MoabeMa B TOPHYIO
JIEPEBHIO Ha BBICOTY 2135 M Haj ypoBHEM MOps; BTOPOM pa3 — 4Yepe3 TPU HEAENN
IIPO’KABAHUS TaM; TPETUM pa3 — MOCIIE BTOPOTO 3Tarna — BOCXOXAEHUS Ha BbIcoTy 4050 M.

B aHaymM3ax oeHuBaIM KOJIMYECTBO SPUTPOLIUTOB BO BeeX 00pasiiax kposu (Tadi. 7).

Tabauya 7
AHaJIM3bI KPOBH CIIOPTCMEHA
3a0op kpoBH Kosn4ecTBO 3pUTPOUUTOB, MJIH/MM®
[epBbrit 55
Bropoii 7,2
Tpetnii 8,1

Bonpoc. Kakoit mapamerp ObLT 3alaH HSKCIIEPUMEHTATOPOM (HE3aBHUCHMAs
NepeMeHHasi), a Kakol mapaMeTp MEHsUICS B 3aBUCUMOCTH OT 3aJaHHOTO (3aBHCHMast
nepemenHas)? Mcxoas u3 GyHKIUUA 3PUTPOIIMTOB B KPOBU, OOBSICHUTE HAOIIIO1aeMOe
U3MEHEHHE MapaMeTpa KPOBH.

Omeem.

1) HesaBucuMmas (3amaBaeMasi SKCIIEPHMEHTATOPOM) IMEPEMEHHAas — BbICOTa

HaJT YpOBHEM MOps; 3aBUCHMAas (M3MEHSIOMIAACS B 3aBUCUMOCTH OT 3aJaHHOMN)
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IepeMEHHasi — KOJMYECTBO JIPUTPOLUTOB B KPOBU (JAOKHBI OBITH yKa3zaHbl 00€
MIEPEMEHHbIE).

2) DpUTPOLHUTHI TPAHCTIOPTUPYIOT KUCIIOPOJT K KICTKAM.

3) C yBenuyeHHWEM BBICOTHI HaJ YPOBHEM MOps MaplldajibHOE JIaBJICHUE
KHUCJIOPOo1a (KOHIIEHTpAIUsl KUCIOPOAa) B BO3IYXE YMEHBIIAETCS .

4) Jlnsg KOMIIGHCAIMU KHUCIIOPOJHOTO TOJOAaHUs (THUIOKCHH) KOJHYECTBO
SPUTPOLIMTOB B KPOBU YBETUUUBAECTCS.

Martepuai o MeToax OMOIOrMH MOKET OBITh PACCMOTPEH B X0/1€ MTPAKTUYECKON
pabotel «lcronb30BaHWE pPa3IMUYHBIX METOJOB MPU HU3YYEHUU IKUBBIX CHUCTEM).
Hcnonb3ys paznuyHble MICTOYHUKU MHGOpMaLUK, 00y4daroIuecs 3anoaHsI 0T TabauIy

«MeTtopl Ouosoruuny» (tadi. 8).
Tabauya 8
MeToabl ouo0run

Ha3Banue merona Conepxxanune MmeToga ObJs1acTh NpUMEHeHUs!

B xauectBe nomaiiHe paboThl 00y4arOIIMMCS MOKHO MPEIOKUTh HECKOJIBKO
BUJIOB 3aJIaHUMN.
1. CocraBbTe cxemy «HCTpyMEeHTaIbHBIE CPEJICTBA PEUICHUs] OMOTOTHYECKUX

3amau» (cxema 2).

| I- r|/|HCT[I)yI'\/IeHTaJ'IbHble

cpeacrea

Mukpockon

C I

Cxema 2. IHCcTpyMeHTaJIbHBIE CPEJICTBA PEIICHUS OUOIOTHYECKUX 3a/1a4
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2. PemmTe OMoOIOrHYecKUe 3a1auH.

3aoaua 1. buonorudeckue CUCTEMbl HEPa3PHIBHO CBSI3aHBI ¢ HEOPTAHUYCCKUM
MHPOM M TTIOAUYUHSIOTCS €ro 3akoHaM. Kakue cBsi3u )KMBOTO ¢ HEKUBBIM 00€CIICUUBAIOT
CYILIECTBOBAHHUE OMOJOTHMYECKUX CUCTEM Ha Pa3HbIX YPOBHSIX OpraHu3aiuu’?

Omeem. Ha  MONEKYyISIPHO-TCHETUYECKOM  ypPOBHE  JKHBOE  COCTOUT
13 XUMUYECKHUX DJIEMEHTOB; HA OPraHOUIHO-KJIETOYHOM M OPraHU3MEHHOM YPOBHSIX
OCYIIECTBIIIETCS. ~ CMHTE3  OpPraHUYeCKUX  BEIIECTB M HUX  PAaCIICIICHHUE;
Ha OMOTreOIICHOTHYECKOM YPOBHE IMPOMCXOJIUT Tepeaada BEUIeCTB M 3aKIOUYCHHOU
B HUX SHEPTUH TI0 MUIIEBHIM IETISIM; Ha OMOCPEPHOM — OCYIIECTBISETCS KPYTOBOPOT
BEIIIECTB.

3aoaua 2. C TOYKMA 3pEeHHUS XUMHUU OHOJIOTMYECKas CHCTEMa HaXOIMUTCS
B JIMHAMHYECKOM CTAllUOHAPHOM COCTOSIHMU: B HEE€ MOCTOSHHO IOCTYIAIOT U U3 HEe
MOCTOSIHHO BBIBOJSITCSI BEILIECTBA, HO CHUCTEMA B LIEJIOM IIPU 3TOM coxpaHsiercsa. Yto
HEOOXOAUMO NIJIsi OJIEpKAHUS OMOJIOTUYECKOM cucTeMoi AToro cocrosinusi? Kakue
e1lie Mmporecchl B Hel nmpoucxoaiaT? Kak 3To Bce MOKHO Ha3BaTh?

Omeem. Jlna mnoanepaHus OHOJOTMYECKONM CHCTEMOM JUHAMHUYECKOTrO
CTaI[MOHAPHOTO COCTOSIHUS, KOTOpPOE, MO CYIIECTBY, U €CTh *KU3Hb, B CUCTEME BCE
BpeMs ITPOUCXOIUT OOMEH BEIIIECTB M ITPEBPAIICHUE YHEPTHH, CAMOBOCIIPOU3BEICHHE,

caMoperyisinusa 1 CaMOpPa3BHUTHC.

MeToauueckue PEKOMECHIAIIMA 110 TEME «buosorust KJIeTKm»

YueOHblii maTtepuan TeMbl «buojorus KieTkW» paccuyuTaH Ha 2 4Yaca U
BKJIOYaeT ypoku: «Mcropus OTKpbITHS U u3ydeHue KieTku. Kiierounas Teopus»;
«MeTo/1bl MOJIEKYJISIPHON U KJICTOYHON OHOJIOTHI.

Meroabl 1 MeTOAMYEeCKHEe NpHeMbl 00ydeHHsl. PekoMmeHayeTcs MpOBECTH
npoOieMHy0  Oeceqy ¢ JEMOHCTpamuedl  n300pa3uTEeNhbHONW — HArSAHOCTH,
71a00paTOPHBIE U CAMOCTOSITENIbHBIE PAOOTHI.

Meroanueckue peKOMEHJAUUHM [0 OpPraHM3anuu o0pPa30BaTeJbHOI 0
npouecca. Ha ypoke «Ucmopus omkpeimus u uszyuenusa kiemku. Knemounasn
meopus» pPaccMaTPUBAECTCS UCTOPUS OTKPBITHS KJIETKM U CO3JIaHUs KJIETOYHOM
TeopuH. LlenecoobpazHo NpPOBECTH 3TOT YPOK B (pOpME MOTrpyKEHUs B UCTOPUUECKUN
KOHTEKCT, 4TOOBl y OOydarommxcsi copMUPOBAIOCH 3MOLMOHAIBHO-IUYHOCTHOE

oTHomeHHH K OTKpbITUAM P. I'yka, A. JleBenryka, T. IlIBanmna, M. Illneiinena,
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P. Bupxosa, K. M. bapa. J{ss1 3TOr0 Moryt ObITh HCIOJB30BaHbI (DaKThl OMOrpaduu
YUYEHBIX, CMOJIEJIMPOBAHbI CUTYALIUU, IPUBEILINE K OTKPBHITUSAM B 001aCTH KJIETOUHON
TEOPUH, CPOPMYIUPOBaHbl MPOOJEMHBIE BONPOCHL, IO3BOJIAIOIINE  IOHSTH
3aKOHOMEPHOCTH TOSIBJICHUS U Pa3BUTHUS 3HAHUU O KieTke. OOydaroniuMcss MOXXHO

NPEIOKHTD 3aMOJTHATE Ta0 Iy «[TosiBJICHUE M pa3BUTHE KJIETOUHOM Teopun» (Tao. 9).
Tabauya 9

ITosiBy1eHUE ¥ pa3BUTHE KJIETOYHON TeOpun
TI'on DaMuINsS Y4EHOI0 Briax B pa3BuTHe 3HAHUU O KJIETKeE

3ap09fcdeHue NOHAMUE O Kliemke

Bosuuknosenue kiemounou meopuu

Pa3zsumue xnemounotui meopuu

B nponecce u3ydeHHs MCTOPUYECKOrO0 MaTepualia 1ejecoo0pa3Ho MOABECTH
00y4aroUIXcs K CaMOCTOSTENbHOM (hOPMYITUPOBKE OCHOBHBIX MOJI0KEHUH KJIETOUHOMN
TEOPHH, YTO JACT BOZMOXKHOCTH MOHSTH JIOTUKY HAYYHBIX OTKPBITHI B OIIPECIICHHBIC
HCTOPUYECKUE MTEPUO/IBI.

Ha nanHOM ypoke HEOOXOIMMO aKTyalM3UpOBaTh 3HAHUSA OOYy4aroUIUXCs
00 OCHOBHBIX MOHSTHUSAX UUTOJIOTHH: KIEMKd, Op2aHelibl, 9YKapuomol, NpOKApUoOmbsl,
supycol, yumoinocus (kiemouHas d6uonocus). Jns opraHu3aniyd MOBTOPEHUS MOTYT
OBITh MCIIOJIb30BAaHbl CPEJCTBA HAIVIAJHOCTU: TaOJHUIbl, KOMIbIOTEPHBIE CIANIb,
WHTEPAKTHUBHBIE 33aJ]aHUsl HA YCTAHOBJIEHUE COOTBETCTBUI MEXIYy M300paKCHHUSIMU U
HA3BaHUSMU OPTraHOMIOB KJIETKH, THUIMAaMU KJIETOK, Ha3BaHUSMU U (DyHKIUSAMU

KJIETOYHBIX OpraHouaoB (puc. 1).
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el CTPOEHUE KNETKW npompuo«r7 ynakoBKa W HaKkonneHwe BelLlecTs pM6000Mb|
sepuuﬁp:::ev [ |
cdoTocUHTES AAacTABI
!
‘ 3auTa coaepXKMmMoro KneTku MU30COMBI
paspylueHWe OpraHUYeckux BeLiecTs uvTonnasma
CTONTE BHYTpPEHHAA cpefa KNeTku
ouasecl yie P annapar 1o},
HryTux
Kancyna
- TpaHCNopT BELLecTB MUTOXOHAPYIN
C
cuHTes Denka
TECTOBLIA  (0TOBO| ¥ Havany L SI_IC
a)
,  CTPOEHME XXMBOTHOWM KNETKW
| Muroxouapuy | e ,
‘ * OBansHbie Tensua OGDRJOHBNBI
Asyms memGpanamu
cnusucTas Kﬂﬂcyﬂﬂ PM60COMI:I HHK | N. OCYWeCTBNAT cuHTea AT® npu AbixaHum
KnetTo4yHasa cTteHka KrYyTUK UMTONAasMa i S« CNOCOBHBI K CAMOCTORTENBHOMY AGNEHIIO
| ACMOHCTPAUMONHIA noKazaTh BCE !‘W!KM () cnpaTaTe BCe _

Puc. 1. Bo3moxxHbIe BapUaHTbl MHTEPAKTUBHBIX 3a1aHUI
10 AKTyAJIM3alUK 3HAaHUHU O KJIETKE. g — 3aJJaHNs Ha YCTAaHOBJICHUE COOTBETCTBUS;
0 — 3a/1aHKs Ha IOBTOPEHNUE CTPOEHUS KIETOK

Ha ypoke mo teme «Memoovl MONEKYNAPHOU U KIeMOUHOU OUon0ZUU»
I[eJIeCO00pa3HO  TOBTOPHTH  IpaBMJIa PAabOTBl €  MHKPOCKOIIOM, TEXHUKY
IIPUTOTOBJICHUS, pAOOTHI M OIMCAHUS BPEMEHHBIX MpenapaToB. HeoOXoauMo Takke
pacIIupUTh 3HAHUS OOYYAIOMIMXCS O BO3MOXHOCTSX COBPEMEHHON MHKPOCKOIIHH,
MO3HAKOMHB WX C METOJaMH MPIKU3HEHHOTO HW3YYCHHs KIETOK, KOH(OKaIhbHOM
MUKpOcKomuei. [[st 3Toro MoryT OBITh MCIOJIb30BaHbI BHICOPPArMEHThI, PUCYHKH,
KOMITBIOTEPHBIC CITAWIbI.

Taxxe Ha ypoKe peKOMEH/I0BaHO MPOBECTU NPaKmuyeckyro pabomy « M3zyuenue
Memooos K1eMOYHOU buonozuu (xpomamozpagus, anekmpogopes,
oupgpepenyuanvroe yenmpugpyeuposanue, I11[P)».

Llenv pabomvi: TO3HAKOMHUTH OOYYAIOIIMXCS C COBPEMCHHBIMH METOJIaMH
OHMOJIOTMYECKUX UCCIICAOBAHNN, U3YYHUTh CIICIU(PHUKY HCITOIBL30BaHUS COBPEMEHHBIX

METOJI0B OUOJIOTHH.
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Memoouueckue pexomenoayuu. B Xo/e BBIMOJHEHUS JaHHOW MPaKTUYECKOU
paboThl O0YyYAIOIMMCS MPEJACTOUT TMO3HAKOMUTHCA C COBPEMEHHBIMU METOJIaMHU
OMOJIOTHYECKUX MCCIIEIOBAHUM, U3YUYUTh CHEIU(UKY HCIIOIb30BAHUS COBPEMEHHBIX
METO/I0B OMOJIOTHHU.

[lepen Hauagom paboOTHI HEOOXOIUMO TTOBTOPUTH OCHOBHBIC 3a/1a4M OHOJIOTHH,
aKTyaaIu3upoBaTh HHGOPMAIMIO 00 OCHOBHBIX OMOJIOTHYECKUX HAayKaX M U3y4aeMbIX
UMM acCleKTax, IT03HAKOMHUTBHCS C COBPEMCHHBIMH METOJAaMH OHOJIOTHYECKHX
UCCIIEIOBaHUN — HEHTPU(PYTUPOBAHUEM, XpOMATOrpauet, 3IeKTPOPOpe30M.

N3ydeHne TEOPETUUYECKOrO Marepuana  I1ejiecooOpa3HO  OpraHuM30BaTh
HEMOCPEACTBEHHO Mepe MPOBEICHUEM COOTBETCTBYIOIIUX OMBITOB. JTO MO3BOJSET
o0ecneyuTh HauTydlllee MOHUMaHUE CYIIHOCTH PUMEHSIEMbIX METOJIOB.

[lepen HavamoMm BBHINOJHEHHUS ATOW M MOCIEAYIOMIUX MPAKTHYECKUX PadOT
HEOO0XOMMO 03HAKOMHTHCS ¢ TEXHHUKOW Oe3ormacHocTH (cM. [puioxeHus).

Jlabopamopuasa paboma «Pa3zdenenue nuemenmos ucma — MemoooMm
xpomamoepaguuy (Ilpunoxxenre 1) MoXKeT OBITh BBINOJHEHA O0YYaIOIIUMUCS
camMoCTOsATENRHO. [Ipr 3TOM HEOOXOAMMO PEKOMEHIOBATh UM €IIe Pa3 03HAKOMHTHCS
C TEOPETUYECKUM MATEPHAIIOM JJIi HAWIY4YIIero TOHUMAHHS 3aKOHOMEPHOCTEH
pa3feieHus] MUTMEHTOB. DTH OCOOEHHOCTH MOYKHO HATJISITHO TTPOHAOIONATh B XOJIE
BBITIOJTHEHUST PAa0OTHl W yYWUTHIBATh TMPHU BBITOJTHCHUHM 3aJaHU B J1TAOOPaTOPHOM
KypHAJIC WU TETPAIIX 00 yJIarOIIMXCSl.

Jlnst 3aKkperyieHus: U CHCTeMAaTH3allid MaTepuaia O METoAaxX KIETOYHOM u
MOJIEKYJISIpHOW OHOJOTHHM 11eJecOo00pa3HO COCTABUTHh CPABHUTEIBHYIO TaOJIHUIly

«Knmaccnueckune MeTo/ bl KIIETOYHOM U MOJIEKYIIsipHOU Oroorum» (tadi. 10).
Tabauya 10
Kiiaccuueckne MeToabl KJI€TOYHON U MOJIEKYJISIPHON OHOJ10r A

Ha3Banmue MeToaa KpaTKaH XapaKTEpUCTHUKA

B kauectBe momarniHedt paOoThl 0OYyYaIOIIMMCS MOXKHO TPENJIOKHUTHh PEUTUTh
OHMOJIOTHYECKUE 3a/1auH.
3aoaua 1. Jlns mnomydeHuss H300paKEHUS B DIEKTPOHHOM MHUKPOCKOIIE

UCIIOJIb3YETCS TOTOK DJIEKTPOHOB, MPOXOIAIIMNA dYepe3 OOBEKT M CO3Jaroniuil
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n3o0paxkeHne Ha 3KkpaHe win (ortoruieHke. Ha kakom CBOHCTBE 3JIEKTPOHOB U
KJIETOYHBIX CTPYKTYpP OCHOBAHO YCTPOMCTBO TaKOI'O0 MUKpOCKoOMa?

Omeem. DNEKTPOHBI MPOXOJAT CKBO3b HM3ydaeMblil 0OBeKT. Pa3Hble uacTu
KJIETKH TIOTJIOUIAIOT UX, IPOMYCKAIOT CKBO3b C€0sl MM PAcCEUBAIOT, IPUYEM JIEIAIOT
3TO HEOJAMHAKOBO BCJIECTBHE PA3JIMYHON INIOTHOCTH.

3aoaua 2. Meton snexktpodopesa B Telie MO3BOJISIET pa3/IeTuTh CMECH BEIIECTB,
BBIJICJIEHHBIX U3 KJIETKH, ONPEACIIUTh UX XUMHUECKUH cocTaB. CocTaB refisi, KUCIOTHO-
OCHOBHOM OajaHc B Tejle, TMapaMmMeTpbl MPOIMYCKAEMOr0 TOKa  SBISIOTCA
CYLIECTBEHHBIMH YCIIOBUSIMM JUII YETKOIO pa3JelCHUs] KOMIIOHEHTOB CMECH.
OOpsacHuTe noyemy. Ha ueM ocHOBaHO pa3zesieHue MaKpoMOJIEKYJ1?

Omeem. PasgeneHue  MakpoOMOJEKyJ TNpU  MCHOJIb30BAHUM  METOJA
3JIeKTpo(hopesa B resie OCHOBAHO HA Pa3HUIIE X JIEKTPUUYECKOTO 3apsiia, 3aaBacMOro
pH cpensl, MonekynsipHOi Macchl U popMbl. B 3aBUCHMOCTH OT 3THX (PaKTOPOB COCTaB
reJisi 1 IMapaMmeTpsl 3JIEKTPUYECKOTO TOKA BIMSAKOT HAa CKOPOCThH JIBUKEHUS MOJEKYJI

IpH 3JEKTpodopese, UTO U TaeT BO3MOKHOCTD Pa3ICIICHHS.

MeTonnqecmle PEKOMEHIAINA 110 TEME

«XuMHYecKas opranm3anvs KICTKH»

Ha wusyuenue tembl «XuMuueckass opraHu3anus Kietku» B IIporpamme
orBoauTcs 10 4acoB ydeOHOTO BpeMeHHM. Tema BKIIIOYACT CICAYIONINE YPOKHU:
«XUMHUYECKUN COCTaB KJIETKH»; «OpraHudeckue BEIIeCTBA KIETKU — OCIKH»;
«OpraHuueckue BeIlecTBa KJIETKU — YIIeBOAb; « OpraHuuecKue BellecTBa KJIETKU —
munuaby; «HyknennoBele kucioThl. Ctpoenue u ¢ynkuum JIHK, PHK, ATOy;
«MeToJIbl CTPYKTYpPHON OHOJIOTHI.

Metoabl 1 MeToau4eckue npuemMbl 00yueHusi. [Ipy u3yuyeHun AaHHOW TEMBI
npeiaraeTcsi MpoBecTU MpooIeMHYI0 Oecely C IEMOHCTpalue n300pa3uTeNbHON U
HaTypaJIbHOW HAriasgHOCTH. Takke IUIaHUPYETCs MOCTAHOBKA JEMOHCTPAlMOHHBIX
OIIBITOB, JJAOOPATOPHBIX PAOOT; cCaMOCTOsATEIbHAS pab0Ta 00 yJarOIINXCS C YYEOHUKOM
U y4eOHBIM MMOCOOUEM; pellieHne OMOIOTUYECKUX 3a]1ay.

MeTonuyeckue PpeKOMEHIAlMd 10 OpPraHu3anuu o00pa3oBaTeJIbLHOr 0
npouecca. Ilpu wusydeHUM TEMbl YypoKa «XUMUYECKUI COCMAB KIAEemKU»
1enaecoo0pa3Ho chopMyIUpPOBATh OMPENETCHUS MAKPOINEMEHMbBL, MUKPOITIEMEHNIbL,

Yibmpamukpoajiemenmsl W OXapPaKTCPU30BATbL HX POJIb B JKHUBBIX KIICTKaXx.
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CI/ICTeMaTI/IBa]_II/IH JaHHOI'O MaTcpuajia 6y,£[eT CITOCOOCTBOBATH 3aIIOJIHEHUE Ta6J'II/II_[I>I

«DNeMEHTHBIN cocTaB KieTkn» (Tadi. 11).

Tabauya 11
DJ1eMeHTHBII COCTaB KJIeTKH
JIeMEeHThI,
Conep:xxanue
I'pynnsbi 3jieMeHTOB BXOJSIIIHE Poab 31eMeHTOB
B OpraHusmMe
B Ipynimy

Maxkpo3ieMeHTbI
MuxkpoaneMeHTsI

VY abTpaMUKpO3IEMEHTHI

Jnst  pacmvpeHuss 3HaHUM oOydalomUXca O OMOJOTMYECKOM 3HAY€HUU
XUMHUYECKUX DJIEMEHTOB MOXET OBbITh cocTaBieHa Tabimuua «buonmornueckas posib
XAMUYECKHX 3JieMeHTOB» (Tabi. 12). JlaHHas paboTa mpeamojiaraeT, uTo
O0Oy4aroIIrecs: CaMOCTOSITEIbHO 3aIlOHSIOT TaOIUIly ¢ moceaytonei GpoHTaabHON

IIPOBEPKOM.
Tabnuya 12
buosornyeckasi poJib XUMHYECKHUX 3JI€MEHTOB

Ha3Banmue djieMeHnTa 3Ha4yeHHe B )KMBBIX OPraHU3MAX

Hauyunas ¢ »TOoro ypoka M Ha TPOTSHKEHUHM BCEeW TEMbl PEKOMEHIYEeTCs
HCII0/Ih30BaTh 3HAHUS OOYYaIOIIMUXCS O THUIIAX CBS3EH MEXKAY aTOMaMU B MOJICKYJIax.
Ponb pa3nudHBIX XMMUYECKUX BEMIECTB, BXOMASIIUX B COCTaB KJIETKH, HEOOXOIMMO
pPacKpbIBaTh UCIOJIb3YsI IPUHIUIT «CTPOCHUE — CBOMCTBA — PyHKIIMKU». B 3TOM Cciiydyae
y oOydaronuxcsi (popMUpYeTCsi OCO3HAHHOE IOHHMMAaHUE BIUSAHUS OCOOEHHOCTEH
CBs3€H aTOMOB B MOJIEKYyJiaX Ha OTHOIIEHHE JAHHOTO BEIECTBA K BOJIE U JPYTUM
BEILIECTBAM, YTO OIpeALsieT €ro GYHKIUU U POJib B OPraHUuE€CKOM MHUPE.

J{nst WITroCcTpalviy posid BOJBI B )KMBOM OpraHU3ME 11€JIeCO00pa3HO 0OPATUThCS
K 3HaHUSM OOydJarouuxcsi 00 oOMeHE BOAbl B OPraHU3ME YeJIOBEKA, YTO IMO3BOJISIET
chopMyIHpOBaTh CBOWMCTBA BOJbI KaK PACTBOPUTENSI, peareHTa, PacKphITh €€ POJib

B CTPYKTYPUPOBAHUM KIIETKH, TEIUIOPETYIISLNH.
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[Ipy  wW3ydyeHWMH  MHUHEPATBHBIX  BEIIECTB  HEOOXOAMMO  PaCKPHITH
CMBICIT CJIENYIOUUX TOHATUM: mypeop, OygepHble cucmemvl, AHUOHbLL, KAMUOHbI U
MPUBECTH TMPUMEPHI JAHHBIX MPOIECCOB U OOBEKTOB U3 MPEABIAYIIMX PA3ICIOB
Ouosoruy.

JIns mOBBILLIEHUS TO3HABATEIBHOIO HMHTEpEca OOYYAOMIMMCS MOTYT OBITh
IPEIOKEHBI CIEAYIOINE OMOIOrMYECKHE 3a/1auH.

3aoaua 1. B kjeTke Bcex OpraHM3MOB HMeeTcss Boga. [lpu 3amepsanun
OHa PACHINPSIETCS U MOXKET Pa3opBaTh BHYTPEHHUE CTPYKTYpPBI KIETKH, TEM CaMbIM
BbI3BaB rubenp opraHu3MoB. [louemy >xe 3uMON HE MOrMOAIOT O3MMas MIICHHIIA,
JSATYIIKA, HACEKOMBIE W MHOTHE APYrde OPraHW3Mbl MPU OXJIAKICHUU HX Teia
Huxke 0 °C?

Omeem. 3uMyrolIE PacTEHUs, HACEKOMbIE, JIATYILIKN HAKaIlJUBAIOT BEIIECTBA
aHTU(PU3bI, KOTOPBIE CHIDKAIOT TEMIEpaTypy 3aMep3aHusi BOJHBIX PacTBOPOB, YTO
MPEIOTBPAILIAOT THOENb KJIETOK. TKaHW HEKOTOPBIX PAaCTEHUH MO CBOEW MpUPOJE
TaKOBBI, UYTO OHU HE MOBPEKIAIOTCS KPUCTAIIAMU JIbJA.

3aoaua 2. bydepHblit pacTBOp — 3TO PacTBOP, COACPKAITUN CMECh KaKOU-T100
112001 KUCIOTHI (MM c1adOro OCHOBAHMS) U €€ pACTBOPUMOIL con. JlelicTBHE TaKoro
pacTBOpa 3aKJII0YAETCsl B TOM, YTOOBI MPOTUBOCTOATH M3MeHeHus M PH. O0bsicHuTe,
KaK 3TO ITPOUCXOUT.

Omeem. Korga KUCIOTHOCTh (KOHLEHTpAIMsi MOHOB BOJIOPOZA) BO3PACTAET,
CBOOO/IHbIC AHMOHBI, MCTOYHUKOM KOTOPBIX CIY>KUT COJb, JIEr4€ COEIUHSIOTCS
CO CBOOOJHBIMHM MOHAMH BOAOPOAA U YAAIAIOT UX U3 pactBopa. Korma xuciaoTHoCTh
CHIDKAETCS, YCUJIMBAETCA TEHICHIMS K BBICBOOOXKIEHUIO MOHOB BOJIOpPOAA. Takum
oOpa3zoM OydepHBIN pacTBOP MOJIEPKUBACT cOalaHCHPOBaHHOCTH PH.

Bo Bpemst u3ydueHust TeMbl ypoka « Opeanuueckue eeuiecmea KiemKku — 0eiKuy
PEKOMEHAYETCS MPOBECTH JIEKIUIO C JIIEMEHTAMU ITPOOIEMHON Oece bl 0 XUMHUYECKOM
cocTaBe O€NKOB, CTPYKTypax O€IKOBOM  MOJEKYJIbl C  JEMOHCTpauuein
M300pa3UTEIbHON HATJIATHOCTH.

Ha npanHOM ypoke mnpenmnonaraeTcsi MPOBENCHUE .1ab0pamopHol pabomvl
«Obnapyoicenue benkos ¢ nomouvio kavecmeaennwvlx peaxyuily (Ilpunoxenue 2).

Llenv pabomwi: HaAydUTHCS OOHAPYKUBATh OCJIKM B OMOJOTHYECKUX OOBEKTaxX
MyTeM IMPOBEICHUS KAUYE€CTBEHHBIX pEaKIHui. BBIABUTH NPUYMHBI, BBHI3BIBAIOIIHE

JIEHATYpaInio OEIKOB.
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Memoouueckue pexomenoayuu. Ilpennaraemass mabopatopHass pabora
BKJIFOYAET HECKOJIbKO ATanoB: «Pabora Ne 1. Jlenatypariusi 6e1K0B Ipy HArpeBaHUUY,
«Pabota Ne 2. buyperoBas peaxuus», «Padora Ne 3. KcantonporenHoBasi peakius u
HUHTUJIPUHOBAS PEAKITUS.

B xoze BeInosHEeHNs JaHHOM J1abopaTopHOU pabOThl 00 yJarOITUMCS TIPEACTOUT
HAYYUTHCSI OOHAPYKUBATh OCJIKHM B OMOJOTHYECKHUX OOBEKTaX IMyTEeM IPOBEICHUS
KaueCTBEHHBIX PEaKIMi, a TaKKE BBISIBUTH MPUYHMHBI, BHI3BIBAIONINE JCHATYPAIUIO
oenkoB. Ilepen Hauamom mpoBefeHUsS PAOOThI PEKOMEHAYETCS IO3HAKOMUTH
OOy4JarIMXCA C HCTOPUEH OTKPBHITHS OENKOB, METOJAMH OIMPEICICHUsS OCIKOB
B Cpe/le, BBECTH MOHATHE KaUYeCTBEHHBIX Peakinii Ha Oelku. TeM caMbIM CO3ar0TCs
NPEANOChUTKA JJII M3Yy4EHUs HOBOrOo MmaTepuana. Takxke cleayeT MO3HAKOMHUTh
OOy4JalIMXCA C XUMUYECKHMM COCTaBOM, CTPYKTYpOM U CBOWMCTBaMHU OEJIKOB.
[Ipy 3HaKOMCTBE C TeopHel HEOOXOAUMO YIACIUTh 0CO00€ BHUMAHWE OIMHCAHUIO
KaueCTBEHHBIX peaKIuii Ha OCJKU U CBOMCTBaM OEJIKOB, YTO OYyJIEeT COCOOCTBOBATH
0ojee  OCMBICIEHHOMY BBIIOJHEHUIO OOYYAIOIMMHUCS TPAKTUYECKOW YacTh
nabopaTopHOi paboThl. BEIMOTHATE pabOTHI MOKHO B JIFOOOM MOPSIIKE.

Paboma Ne 1 «/lenamypayus 6enkoé npu Hazpesanuuy TO3BOJSET U3YUYUTh
3aBHCHUMOCTb CBONCTB OCJIIKOB OT TEMIIepaTypbl W JPYrUX YCIOBUU CpEIbI.
[lenecoobpa3Ho TPOBECTH JaHHYIO pa0OTy TpPH HU3YYEHHWU CBOWCTB OEJIKOB,
a TIOJIYYCHHBIC B XOJI¢ TTPOBEACHHUS ONBITOB PE3YJIbTaThl COOTHECTH ¢ MHpOpMaIuen
13 yueOHUKa OMOJIOTUH.

Pabomur Ne 2 « buypemosas peaxyusiy n Ne 3 «Kcanmonpomeunosas peaxyust
U HUHSUOPUHOBAS peaKyusy TPEACTABISIOT COO0N MPUMEpPhl Ka4eCTBEHHBIX PeaKIuil
Ha OeJIKU. YPOBEHb CIONKHOCTU JJAHHBIX PabOT MO3BOJISIET 00Yy4aOITUMCS BBITTOJIIHUTD
uX caMocTosTeNbHO. MHbopmanusa, HeoOXomumas sl OOBSICHEHUS PE3yJIbTaToOB
MIPOBEJICHHBIX PEAKIUNA, COMCPKHUTCS B HHCTPYKIIMA K paboTe. YUHTEIh MOXKET
MIPOBEPUTH MPABUIILHOCTD BBITTOJHEHUS 3aJaHUl, U3yYHUB COOTBETCTBYIOUIUE 3alIUCU
B TeTpaad yueHWKa. I[IpoBeneHHe HKCIEpUMEHTA MOXKET OCYIIECTBISITHCSA
napajuieIbHO HECKOJIbKUMHU TPYINIaMu 00y4aromuXxcs ¢ MOCIEAYIONUM CpaBHEHUEM
M aHAJM30M TOJIYYEHHBIX pEe3yJbTaTOB. JTO JAeT BO3MOXKHOCTH OOYyYarolmumcs
COMOCTaBJISITh  JAaHHBIE  HECKOJIBKUX  JKCIEPUMEHTOB,  JI€JIaTh  BBIBOJBI
0 HEOOXOIMMOCTH TOJYUYCHMsI JAHHBIX W3 Pa3HbIX WCTOYHUKOB IS TOJYYCHHS

OOBEKTUBHON MH(OPMAIIUU O PUPOAHBIX IPOLIECCAX U SBICHUAX.
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IIpn n3yuennu temel ypoka «Hykneunoevie kucnomol. Cmpoenue u )ynkyuu
JIHK, PHK, AT®) nupoBoauTCs JIEKIUS C DJIEMEHTaMu MpoOJieMHONU Oecembl
O CTPOCHUU U (PYHKIMIX HYKICMHOBBIX KUCJIOT U C IEMOHCTpalliel n300pa3uTeIbHON
HarsIAHOCTH (¢ Mcmoyib3oBanueM monenu Mojekyiasl JJHK). Ha ypoke m3ydarorcs
HykJenHoBbie kucnotel JJHK u PHK, crpoenue monekynbl AT®, a Takxke ynensercs
BHUMaHUE H3y4yeHUI0 Apyrux Hykineosuarpudocharo (HTD), cexBeHHpOBaHUIO
JHK (Bwmouass renomuHyro JIHK), coBpeMEHHBIM MeTOlaM  T'CHOMHKH,
TPAHCKPUNTOMHUKH, TPOTEOMUKH. 371eChb MOXKHO TMPEIOKUTh O0yJaIOIIUMCS
MOJITOTOBUTH COOOIIEHUSI C Mpe3eHTanue Ha TeMbl «OTKpBITHE ABOWHON CIUpPATN
JHK», «CexBennpoBanne JHK», «Merogsl reHomMuku». Te3ucbl OCHOBHOrO
COJIEp’KaHUsI COOOILIEHUI 3aUCHIBAIOTCS B pA00OYUX TETPAsX.

[Ipu u3ydueHnn COBpPEMEHHBIX Pa3AesioB MOJICKYJISIPHON OMOIOTUU — FTEHOMUKH,
TPAHCKPUNTOMUKH, IPOTEOMHUKH 11€JIECO00Pa3HO COCTABUTH CPABHUTEIBHYIO TAOJIHILY

«ITocTreHOMHBIE METOBI MOJICKYIIIpHOU OHooruuy (Tadir. 13)

Tabauya 13

IHocTreHoMHBIE METOABI MOJIECKYJISIPHOU OMOJIOT UM

Ha3Banue Hayku IIpeamer nzyyeHus Metoambl

I'enomuka
IIporeomuka

TpackpunrTomMuka

Taxxe HEOOX0AUMO chOPpMHUPOBATH MPECTABICHUE O CTPYKTYPHOR OMOJIOrUM
KaK O HayKe, M3y4aroulel MPOLECChl B )KUBBIX OPraHW3Max Ha YPOBHE U3MEHECHUM
IPOCTPAHCTBEHHON CTPYKTYpPBl OTAEIBHBIX MakpomoJekyil. [[ns oOyuaronmxcs 310
MOXXET CIY)KUTh MHPUMEPOM COBPEMEHHOTO KOMILJIEKCHOIO IMOJAXO0Aa K HM3YyYEHHUIO
pa3IMYHBIX OOBEKTOB, HAXOMSIIErOocsd Ha CTBIKE TpeX pa3IuuyHbIX HayK —
ouonoruu, ¢pusznku u xumund. Ha mpumepe oTKpwITHsS CTPYKTYyphl Mosiekynbl JJTHK
MOXXET OBITh MOKa3aH MPUHLMI OMOXMMHUYECKOTO U OMO(U3NUECKOTO UCCIEeIOBAHUS
CTPYKTYpbl OMOMOJIEKYJI, a TaKK€ METOJ MOJEIUPOBAHUSA CTPYKTYpPhl M (DYHKIIHIA
OMOMOJIEKY U UX KOMIUIEKCOB. Llenecoo0pa3Ho cOCTaBUTh CPABHUTENBHYIO TAOJIUILY

(Tabm. 14).
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Tabauya 14

MeTonbl CTPYKTYPHOM OMOJI0T MU

Ha3Banue merona Kparkas xapakrepucTuka

PeHTreHocTpyKTypHBIii
aHaIu3

Kpuosnekrponnas
MHKPOCKOMHS

SnepHbI MAarHUTHBIN
pE30HAaHC

KommberorepHoe
MOJCIIMPOBAHUE U JOKUHT

B kadecTBe 3akperuieHHs Y4eOHOro MaTepuana, OOYJaroIIMMCS MOYXHO
NPEUIOKUTh BBITIONHUTE J1abopamopHylo pabomy «HMccredosanue HyK1eUHOBbIX
KUCTIOM, 8blOEICHHbIX U3 KIeMOK pasiuuHvlx opeanusmosy (Ilpunoxenue 3).

Memoouueckue pexomenoayuu. B Xole BBINOJHEHUS JAHHOW J1aOOpaTOpHOMN
paboThl 00yYaroIIMECs MMEIOT BO3MOXXHOCTh HAOJI0/IaTh HYKJEUHOBBIE KHUCIIOTHI,
BBIJICJICHHBIE U3 KJIETOK Pa3JIMYHbIX OPraHu3MOB. [IpM HECOMHEHHOI aKTyaJbHOCTH
JTAHHOM Pa0OTHI 10 HEJJABHETO BPEMEHU €€ BHITMIOJIHEHUE HA MPAKTUKE OCYIIECTBIISETCS
JIOCTATOYHO PEIKO, OAHAKO MpeyiaraéMble METOIUYECKUE PEKOMEH AN [TO3BOJISIFOT
YCTPAHUTh JAHHOE HECOOTBETCTBUE.

[lepen HauamoM paboOTHI 11€7€CO00PA3HO TTO3HAKOMHUTE 00YJAIOITUXCS C POJIBIO
JIHK He ToipKO Kak cpe/cTBa XpaHSHUS HACJIECICTBEHHON MH(pOpMAIUU B KIIETKE, HO
u B OoJjiee MHUPOKOM MPUMEHEHHH — C PA3IMYHBIMUA BapHaHTaAMU HCIIOJIb30BAHUS
HYKJICMHOBBIX KHCJIOT B MEIUIIMHE, NpoMbIIieHHOCcTH, |T-cdepe, skomorum,
SBIISIONIETOCS] PE3YJIbTATOM HAay4HBIX pa3pabOToK. DTa HHQOpMAIUS IMOKa3bIBAET
JECATUKIACCHUKAM  TEpPCIEKTUBBl W  BO3MOYKHOCTH COBPEMEHHBIX HAyYHBIX
UCCIIeIOBaHUN, 4YTO sBIsieTcss A((EKTUBHBIM  CPEACTBOM  MPOPOpUEHTAIIUU
IIKOJIbHUKOB.

Taxxe 1enecoodpazHo 0OpaTUTHCS K TEOPETUUECKOMY MaTepually, MOBTOPUTH
CTPOCHHUE, XUMUYECKUM COCTAB, CTPYKTYPY U (YHKIIUU HYKICUHOBBIX KUCIIOT, YACJIUB
ocoboe BHUMaHue MetonaM pabotel ¢ JIHK, a Takke KauecTBEHHBIM pEaKIIUSIM
Ha JIHK.

[Ipu BbIMOIHEHUHU pabOTHI «Hccredosanue HYKIeUHOBbIX KUCIOM, 8bl0eNeHHbIX
U3 KIemoK pasiuyHblX Op2aHu3MOo8» O0y4alolluecs OCYIIECTBISIOT MPOIECC

Bbienenns JIHK u3 Tkaneil pacTeHuil, B KaueCTBE KOTOPBIX MOXKXHO HMCIOJb30BaTh
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wioAbl OaHaHa, S0JIOK, KMBM M JIp., a 3aT€M IPOBOASAT KAUECTBEHHYIO PEaKIHUIO
Ha Jie30Kkcupu0o3y. JlaHHyto paboTy pEeKOMEHYETCs BBINOIHATh 0] PyKOBOACTBOM
yuuTeNlsd, TaK KaK »3TO JaeT BO3MOXKHOCTb OOYYaromIMMCSl TO3HAKOMUTHCS
C aJITOPUTMOM BBITIOJTHEHUS] pabOThI, 0OCYIUTh MOTYyYEHHbIE PE3YyIbTAThl, OIYYUTh
IIOMOILb U KOHCYJIbTAL[MH 10 BO3HUKAKOUIUM 3aTpyaHeHUAM. [lo3TanHOE BBINOJIHEHNE
paboTHI COrJIaCHO MHCTPYKIMHU 103BoJIsIeT BhiienuTh JIHK u3 uccnenyembrx 06pasion
U TPOBECTH KAYECTBEHHYIO peakiuio ¢ audeHwnamuHoM. Heobxoanmo, 4ToObBI
B pe3yJbTare  TOJy4yeHUs  CHHEH  OKpacku  oOydarouigecss — 3amucaiu
B COOTBETCTBYIOUIEE IOJE BBIBOA O TOM, YTO 3TO CBHUAETENbCTBYET O HAIMYUU
B MCCIIEIyEMBIX 00pa3lax Je30KCUPUOO03bl. YUUTEIb MOKET OCYIIECTBUTH ITPOBEPKY
BBITIOJTHEHBIX PabOT, BOCIOIL30BABIIMCH 3aMTUCAMHU B TETPAASX 00yUaIOLIUXCSl.

B nabGoparopHoii paboTe MpemnycMOTpEeHbl KOHTPOJIbHBIE BOMPOCHI, KOTOPHIE
MO3BOJISIIOT IPOBEPUTH YPOBEHb YCBOEHHUS MaTepuala HE TOJBKO 10 TeEMeE
J7a00paTOpHOM PabOThI, HO U B IIEJIOM O CTPOCHHH, XUMUYECKOM COCTaBE, CTPYKTYpe
U (PYHKUIUAX HYKIEHMHOBBIX KUCIOT.

[locre u3ydeHHs] TEMbI ypoKa ILeecoo0pa3HO MPEMIOKUTh OO0YYarOMIMMCS

BBIITOJIHUTBG Psifl 3aJaHUN HAa IPOBEPKY MOJTYYECHHBIX 3HAHUU .

3aoanue 1. OTBETbTE HA BOIIPOCHI.

1. Yrto Takoe cexseHuposauue?

2. Onpenenute cBs3b Mexay [P u cekBeHnpoBaHuem.

3. Jlnst gero n300peTaroT U MPUMEHSIOT METObI CEKBEHUPOBAHMSI ?

4. HazoBuUTE WPHUYMHBI, IO KOTOPHIM HEOOXOAUMO BECTH WCCIIECIOBAHUS
B JJAHHOM HarpaBJCHUU.

5. NBoOpazute B3auMOCBsA3b METOAOB cekBeHupoBanus u [11[P-ananuza B Buae
cxeMbl. Kakoii U3 HUX ABIISE€TCS 3TANOM JJIs IPyroro?

6. [Ipoanamuzupyiite ortanbl  [I[[P-ananuza. CpaBHuUTe HX C 3Tanamu
peruIMKaIu B uaTepdase.

7. CMozmenupyiTe CUTyaluio: «B oOauowcatiwem 06y0ywem cexkeeHuposatue
cmanem maxkum dHce 00b10eHHbIM MemoO0OM UCCIe008AHUSL, KAK 0OWULL AHAU3
Kposuy. K KakuM 3KOHOMUYECKUM, COLIUATIbHBIM ¥ ’TUYECKUM MOCIEACTBUAM
MOXET MPUBECTU IIUPOKOE TPUMEHEHHUE ITOTO MeToj1a?

8. OOcynuTe U oleHUTe creayoniee MEeHHE: « CekseHuposatnue He nanayes u
oajxce He NpemeH3Uus HaA nalayero. MO 6ce20 UL ewje O0OUH

ouazHocmuyeckuil Memoo, Kak mepmomemp uau moromemp. Camo no cebe

50



CEeK6EHUpOBAHUE HUYecO He U3MeHUn HuU 6 d)apMaKOJZOZZ/lu, HU 6 mepanuu,

a MOJIbKO JIUULb 6 OUACHOCMUKE HACIEOCMEEHHbIX 3A001e6aHULY .

3adanue 2. Pemnte OUOIOrHYECKUE 3a4a4U.

3aoaua 1. JIMIIUTH KJIETKY T€HETHYECKOW MH(OpMALMU MOKHO, OOJIy4HB €€
OOJBIION [030M PEHTIEHOBCKUX Jy4Yed, KOTOpble pa3pyllaloT HYKIEUHOBbIE
KHUCJIOTBl — HOCUTEINHU 3ToM uHpopmarnuu. Cpa3zy mocye 00JydeHUs] HIKaKUX BUTUMBIX
M3MEHEHUI HE MPOUCXOUT, HO CIIYCTSI KOPOTKOE BpeMsl KiieTka nmorudaer. C yem 3To
CBSI3aHO?

Omeem. DBOJBIIMHCTBO KOMITIOHEHTOB >XMBOI'O HAXOAUTCS B JIMHAMHYECKOM
COCTOSIHMM: BEILECTBA IIOCTOSSHHO PACXOAYIOTCS M MOMNOJHSIOTCA. PazpymieHue
HYKJICMHOBBIX KHCIIOT JIeIaeT HEBO3MOKHBIM TMOMOJTHEHUE OEITKOB, U KJIETKa Or0aeT.

3aoaua 2. B ormuumne ot JHK, coxpanstomeiica B kierke, Mmosiekyiasl uPHK
JIOBOJILHO ~ OBICTPO  pacmajaroTcsi. Bpems uX CyllecTBOBaHHUS BapbUpyeTCs
OT HECKOJbKMX MHHYT y OaKkTepuil 10 HECKOJbKMX YacOB WJIM JHEW Y BBICIIHX
#UBOTHBIX. Kak 310 M0oxkHO 00BbsicHUTH? [louemy nPHK cTosb HenonroBeunsl?

Omeem. Ecin 661 Mosniexyibl ”PHK Obutn cTOJB 2k€ cTaOUITIBbHBL, KAK MOJIEKYJIbI
JIHK, To kieTka, oHaX/Ibl CHHTE3UPOBAB UX, YK€ HE MOTJjia Obl YIIPaBIIATh CHHTE30M

COOTBETCTBYIOIIUX OEITKOB, HAIIPUMEP TE€X, KOTOPHIE €i1 O0JIbIlIe HE HY)KHBI.

MeToauueckue PEKOMECHIAIIUA 110 TEME

«CTtpoeHne u QyHKIUHN KJICTKH»

N3zydyenne tembl «CtpoeHue U ¢yHKIUU KieTkn» B [Iporpamme mo Ouonoruu
paccunTaHo Ha 8 yacoB yueOHOTro BpeMeHU. OHU OTBEACHBI Ha MPOBEIEHUE YPOKOB:
«Tunsl knerok. [Ipokapuornueckas kiaerkay; «CTpOoeHUE dYKapUOTUUECKON KIIETKHU.
[loBepxHOCTHBIA  ammapar  kiIeTkw»; «lluromnmazma ©u  ee  OpraHouab;
«HemeMOpannbie  opraHougpl  kineTkn»; «CrTpoeHue U QYHKIUH  SOpay;
«CpaBHUTENbHAS XapaKTEPUCTHKA KIETOK IYKAPUOT.

Metoabl U MeTOAUYECKHE NPHeMbl 00y4YeHHsl. YUHTHIBAs, YTO MaTepHal
0 CTPOCHHUIO KIETKA OOYyJarolIMMCsI B OINpENEJICHHOW CTENEeHU M3BECTEH,
PEKOMEHyeTCSl  MCIOJIb30BaTh  JICKIIMOHHO-CEMHUHAPCKYI0  CHUCTEMY  3aHATHN
C IEMOHCTpaLKen N300pa3UTeNbHON HATJITHOCTH ; TPOBEJAEHUE JIa0OPaTOPHBIX PadOT
U CaMOCTOsITeIbHAs padoTa; perieHue OMOJIOrHYeCKUX 3a1ad.

MeTtonuueckue peKOMEHIANMH 10 OPraHu3aluu o00pPa30BaTeIbLHOIO

npouecca. [lepBblii ypoKk NpOBOAMTCS B BHUJAE JIEKIIMH, HAa KOTOPOM MOJIPOOHO
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paccMaTpUBaIOTCS CTPOCHHME M CBOWMCTBA IUIA3MATHUYECKOW MEMOpaHbl, MOCTYIICHHE
BEILIECTB uepe3 KIETOUHYI0 MeMOpany. Llenecoobpa3zHo mpemsioKuTh 00ydaronuMes

CaMOCTOSITEJIHO COCTaBUTh cXxeMy «DyHKIIMM MeMOpaHbDy (cxema 3).

OyHKUMN MeM6pa@

AN
JL

Cxema 3. OyHKIIUU MEMOpaHBI

O630pHO maercss Marepuan o0 OJHOMEMOpPAHHBIX, JIBYMEMOpPAHHBIX H
HEMEeMOpaHHBIX OpPraHOMJAaX KIETKH, KOTOPBIA MOXET OBITh CHUCTEMaTHU3UPOBAH

B BUjIe cXeMbl «OpraHou sl KiaeTkm» (cxema 4).

OpraHoungbl KNeTku |

@HomemﬁpaHHHB @BymemﬁpaHHua E'eMeMﬁpaHHbIQ
1 1.

1.

Cxema 4. OpraHouibl KJIETKU

OctanibHBIE 3aHATHUS TPOBOAATCS B (opMe CEeMUHApPOB, Ha KOTOPBIX
00CYXKJTaeTCsl CTPOCHUE KaXK]I0M TPYIIIBI OPraHOUIOB.

Tak npu wu3ydeHuun Tembl ypoka «lumonnazma u ee opzanoudvl»
PEKOMEHIYETCSI TPOBECTH JIEKIIUIO C AJIEMEHTAMH dBPUCTUYECKOM OeceIbl O CTPOSHUN
U (QPYHKIHSIX ITUTOIUIA3MBl U OPTAHOUJIOB DYKAPUOTHUECKOU KJIETKU. MOXKHO Takke
MPENJIOKUTh O0YYaAIOIMUMCST TIOJTOTOBUTH COOOIIEHUST 00 WCTOPUH OTKPBITHS
OpPTaHOUIOB KJICTKH.
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[lepen nHauanom ypoka IneinecooOpa3HO IOCTaBUTh HpoOeMHble BONPOCH
10 TEME:
1. Kak B3auMOCBsI3aHbl MEXy CO0OW OJHOMEMOpPAaHHbIE OPraHOMIbl KIETKU?
[Ipocneaure myTh BEIIECTB OT MOMEHTA MX CHUHTE3a JO MOMEHTa BBIXOZAA
n3 kierku. C KakuMH OpraHouJaMy CBA3aHbl 3TU Tpouecchl? YTo
MPEICTABIIAIOT COOOM MUILIEBAPUTEIbHBIE BAKYOJIM MTPOCTEUILINX?
2.B nBymeMOpaHHBIX OpraHouMJax BHYTpPEHHsi MeMOpaHa  HMeEeT
MHOTOYHUCJICHHBIE BBIPOCTBI, CKJIAQJKHM B BHUAE KPUCT U THUIAKOUJIOB.
OObsicHUTE HEOOXOAMMOCTb 3THUX BBIPOCTOB, MCXOHAs W3 (PYHKUIUNA HTHX
opranousoB. Kak MOXHO OOBSCHUTH HaJM4YMe€ B OTUX OpraHouAax
coocteennoit JIHK u pubocom, a Takke 1Byx MmeMOpaH?
3. Ot yero 3aBucHuT popma kieTku? Kakue cTpykTyphl €€ MoJIepKUBAOT?
[Ipy u3yyeHun 3TOM TeMbl BBINOJHAETCA npakmuyeckas paboma «H3zyuenue
O0BUICEHUSL YUTNONIA3MbL 68 DACMUMENbHLIX KIemKax» W jJabopamopHas paboma
«Hccnedosanue naazmonusa u 0enia3smou3a 8 pacmumenbHulX KIemKaxy .

Jns  npoBeaeHus npaxkmuueckou pabomwvl  «/leudcenue  yumoniazmol
8 pacmumesnbHbIX KIemKaxy KeaTelIbHO UCTIOIb30BATh HE MEHEE ABYX O0OBEKTOB. DTO
JIaCT BO3MOXKHOCTh CPABHUTD MPOLIECC IBHXKEHHSI IIUTOIIA3MbI B PA3JIMYHBIX KJIETKAX
U C/IeNlaTh MPAaBUIIbHBIE BBIBOJBI. [[JIs1 ycremHoro npoBeaeHus padboTel HE0OXoaMMa
IpeiBapuTeIbHAs MOJArOTOBKA 00BEKTOB, TaK KaK JIBUKEHUE IIUTOIUIA3Mbl HE BCEra
ylaetcs HaOMoaaTh. Jiodes 3y0uamasn — akBapuyMHOE PacTeHUE, OHO HEMPUXOTIMBO
U XOPOIIIO PacTeT B KOMHATHBIX yCIOBUsX. JlJist paboThI Jydllie HCIIOIb30BaTh JIUCThS,
KOTOpBIE HAa BETKE pacoJiaraloTcs B CEpeIMHE WM Ha BepiurHe. CpbIBaTh UX CIEAYET
OCTOPOKHO PYKOH MJIM Cpe3aTh OCTPHIM CKajbleleM. XOPOIIUM OOBEKTOM SIBISIETCA
U Jpyroe akBapuyMHOE DPACTEHHE — GaLIUCHEpus. Y HEe KIETKH 3HAYUTEIbHO
KpynHee, 4yTo oOjeryaer HaOmonaeHue. Kpome Toro, ABMKEHUE IUTOILIA3MBI HUIET
3HAYUTEIbHO MHTEHCHUBHEE U JOJBIIE B CAMBIX PA3HBIX YacTAX JucTa. BammucHepus
XOpOIIO JKMBET B aKBapUyMe€ U JOBOJIBHO JJUTEIBHOE BpeMsi B OaHKe.
JInsi mpUroTOBIEHHUS MUKpONperapaTa MPUTOJIHBI BCe 4YacTu Jucta. Eciam nmuctes
TOHKHE, TO JOCTATOYHO CPe3aTh YacTh JIMCTA CKayblesneM. EciM JHCT TOJCTBINA, TO
HEO0XOAMMO MPUTOTOBUTH cpe3. st 3TOro momMecTure JUCT MEXAY HECKOJIbKUMHU
CJIOSIMU TUIOTHOM OyMarw, CIIOKEHHBIMH B BHJI€ KHIDKEUKU. Ty/ma ke BBEIUTE JIe3BUE
OpUTBBL, COXKMHUTE KHUKEUKY U PACCEKUTE JIE3BUEM IUIACTUHY JHCTa BIOJb. Cpe3bl

HEO0OXO0IMMO TIEPEHECTH JIe3BUEM OpUTBHI B Haiky [leTpu ¢ Bomow it nambHEHIero
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coxpanenusi. O0y4aromrMcst BEIIAIOTCS TOTOBBIE cpe3bl. B kauecTBe 00bEKTOB MOXKHO
UCIIOJIb30BaTh M TaKME aKBApUYMHBIE PACTEHUS, KaK BOJIOPOCIH HUMENLY U 6000KPAC.
Jlo Hayasia 3aHATHUS BETOUKY 3JI0JIEU 11eJIecO00pa3HO MOJAePKaTh Mo Jammou 1-2 u,
a mucths BaummcHepun — 30 muH. Temmeparypa BOjbI, B KOTOpPOMl comepKarcs
pacTteHusi, He JoJpKHA mpeBbiaTh 36—37 °C. MoxxHO 100aBUTh B BOAY HECKOJIBKO
kanenb 96%-ro crmpra.

Jlis BeIONTHEHUS paboTHl HEOOXOIMMO UCIIOB30BaTh YBEIMYEHUE MUKPOCKOTIA
B 300400 pa3 (oobextus/okymsip 40/10 umum 20/15). JIBuKeHHE ITUTOIIA3Mbl MOXKET
OBITh 3HAYMTENBHBIM B OJHUX KJIETKaX U OTCYTCTBOBAaTh B ApyruX. OHO OOBIYHO
CTaHOBUTCS OoJiee akKTHBHBIM 4epe3 10—15 MuH mocie MpUroTOBICHHS IMpermapara.
VY snonen ABMKEHWE IUTOILUIa3Mbl OOHAPYKUBAETCSl BHAYAJIE BIOJb JKUJIKHU JIUCTA, a
3aTeM M B IPYTUX KJIEeTKaX. Y BaJUTMCHEPUH IB)KCHHE HHTEHCUBHEE B 00J1€€ KPYITHBIX
KJIETKaX.

[lepen mpoBeneHuem saabopamopuoli pabomwl «llnazmonrus u Oeniasmonus
6 pacmumenvHulx kiemkaxy (Ilpunoxenue 4) 1enecooOpa3Ho MPOBECTH
aKTyaJH3aIMIo 3HaHUN 00yJaIONINXCs ¢ UCTIOIB30BAaHUEM CIIEAYIOIIUX BOMPOCOB:

1. HazoBuTe r1aBHYIO CTPYKTYPY JHO00M KIETKH.

2. Uem mutazmaTudeckasi MeMOpaHa OTJIMYaeTcs OT KJIETOYHON 000I0YKH?

3. Kak B K11eTKy MOCTYIArOT BO/Ia, OCIKH, KATHOHBI U aHUOHBI?

4. KakuMmu cBOMCTBaMH 00JafaeT Mia3MaTuieckas meMOpana?

[Tocne Toro kak OyayT Ha3BaHbl CBOMICTBa IJIa3MaTHUYECKOH MEMOpaHbl —
AACTUYHOCTh W TOJYIPOHUIIAEMOCTh, MPEIJIaraeTcs MO3HAKOMUTHCS C JaHHBIMU
CBOMCTBAMHU B XOJI¢ MpPOBENCHUS omnbiTa. HeoOXoammo aKIeHTUPOBATh BHUMAHUE
IIKOJIbHUKOB Ha TOM, 4YTO MpPH TMOTepe BOABI OOBEM IHUTOIIA3Mbl B KIETKE
YMEHBIIIAETCs, a MPU MOCTYIUICHUH BOABI YBEIMUMUBACTCS JI0 MEPBOHAYAIBLHOTO. DTO
CBOMCTBO TIO3BOJISIET KJIETKAM TICPEHOCHUTh BpPEMEHHOE OOE3BOKMBAHHE |
MOJIJICPKUBATh TIOCTOSTHCTBO CBOETO cocTaBa. I[lma3smonm3 — HMCKYCCTBEHHO
BBI3bIBAEMOE OTCTaBaHUE IMUTOIIA3Mbl OT OOOJIOUKM KJIETKU. JlermnmazMonu3 —
MCYE3HOBEHHUE TUIa3MoJiM3a. B KauecTBe BEHIECTB, PACTBOPHI KOTOPHIX BBI3BIBAIOT
MJ1a3MOJIM3, WCIONB3YIOT HESJOBUTHIE BEIECTBA, C€JIa00 MPOHUKAIIINE Yepes
UTOIIa3My B Bakyojb. llerecooOpa3sHO NpeaIoKUTh OO0ydYaroUMMCsl Ha3BaTh
IpPUMEPHI BEIIECTB, C MOMOIIBIO KOTOPHIX MOXKHO HAOIIOIATh MPOIECC TUIa3MOJH3a
(comp, caxap). Cnenyet oOCYyIUTh ¢ 00YYaIOIMMHUCS 3HAYCHUE MOTYIPOHUIIAEMOCTH

MeMOpanbl. Heo6xoquMo obecieunTh MOHUMaHKE TOro, YTO eciii Obl MeMOpaHa Oblia
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NPOHUIIAEMOM, TO MPOUCXOINIO ObI BHIPABHUBAHHE KOHIICHTPAIIUN KJICTOYHOTO COKa
U TUIEPTOHHYECKOro pacTBopa myreM auddy3Horo mnepeMenieHus BOIbI H
PAaCTBOPCHHBIX BEILECTB U3 KJICTKH B pacTBOP U 00paTtHo. OiHaKo MeMOpaHa, o0asast
CBOMCTBOM TIOJYIPOHHUIIAEMOCTH, HE MPOIMYCKAeT BHYTPh KJICTKH PAaCTBOPCHHBIC
B BOJC BellecTBa. HampoTuB, TOJBKO BOJA, COTJIACHO 3aKOHAM OCMOca, OynmeT
BBICACHIBATHCS TUIIEPTOHUYECKMM PACTBOPOM M3 KJIETKH, T. €. MEPEABUraThCs depes
HOJIYIpOHHIIaeMy0 MeMOpany. O6beM BakyoaM yMEHbIIUTCS. LlpToriasma B CHITy
SIIACTHYHOCTH CIIEAYET 3a COKPAIIAIOIIEHCS BAKYOIIbIO M OTCTAET OT 00O0IOUKH KIETKH
CHayajla B YrojkaxX, 3aTéM BO MHOIMX MeECTax ¢ O0Opa30BaHHWEM BOTHYTHIX
noBepxHocTeil. [IpM TOrpyXeHMM IUIa3MOJIM3UPOBAHHOW KJICTKHM B BOILY WIH
TMIIOTOHWYECKUH pacTBOP HAOJIOAAETCS NCTLIa3MOJIH3.

[Tocnie mpoBemeHuss pabOThI  OOYYAIOMIMMCS  HEOOXOAMMO  OTBETHUTH
Ha KOHTPOJIbHBIE BOIIPOCHI, KOTOPHIE MOT'YT OBITh BKJIFOUCHBI B IOMAIITHEE 3aaHHe.

LlenecoobOpa3Ho Takxke 3amoHUTh Ta0auIly « CTpoeHre U QyHKIIMH OPraHOMI0B
kieTkn» (Tadm. 15).

Tabauya 15

Crtpoenue u QyHKUMH OPTraHOUAO0B KJIETKH

Haspanue opranonga  Oco0eHHOCTH CTPOCHUA DyHKUUA

Taxke oOydaronuMcsi MOXKET OBITh IPEUIOKEHO CaMOCTOSATEIIPHO COCTABHUTH
CpaBHUTEIbHYIO Ta0UITy (Tabds. 16).
Tabauya 16

CpaBHMTe/IbHAS XaPAKTEPUCTHKA PACTUTEIBHOM U »KMBOTHOM KJIETOK

PacruresbHas KuBorHas I'pudnasn

IIpusunak
KJIETKA KJIETKA KJIETKA

Knerounas creHka

3amacHoe MUTATEILHOE
BEILIECTBO

Hanumuue ninactun
Hentpuonn

Hanuuue Bakyonen
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IIpn n3ydenun temsl «Cmpoenue u ynkuyuu A0pa», y9uTeiab CTABUT LIEIIb:
cghopmuposamsb 3HAHUA O CTPOCHUHM W (PYHKIIMH Spa, O €r0 XUMHYECKOM COCTaBe,
POJIM XPOMOCOM B JKU3HeAeaTenbHOCTH KieToK ([Ipunoxkenue 9).

Tema ypoka BKIIFOUAET OCHOBHBIE JIEMEHTBI COACPKAHUS: SIIPO — IJIaBHAS YaCTh
KJIETOK TpUOOB, pPACTEHUH, >KUBOTHBIX, YEJIOBEKAa;, OCOOCHHOCTH CTPOCHHS siapa
HEJeAICHCS  KJICTKHU,  SACPHBIM  OCNKOBBIM  MaTPHKC, IPOCTPAHCTBEHHOE
pacMoJIOKEHHE XPOMOCOM B MHTEP(aA3HOM SJIpe; dYXPOMATHH U TEeTEPOXPOMATHH;
OCJIKM XpoMaTHHA — TUCTOHBI; JMHAMUKA SIACPHONW OOOJIOYKM B MUTO3€; SACPHBIM
TPAHCHOPT; KJICTOYHBIC BKIIIOUEHUS; CPAaBHUTEJIbHAS XapaKTEPUCTHUKA KIIETOK
9YKapHuoT (PacTUTENBHOM, )KUBOTHOM, TPHOHOIN).

[lepen HavamoMm ypoka y4uTEIb MOXET IMOCTaBUThH Mepes O00y4YarolUMUCS
npobeMHble BONPOCHL.

1. HazoBHTE OCHOBHBIE YACTH CTPOEHUS AJIpa KIETKU?

. Kak ocymiectBisieTcst 0OMEH BeIIeCcTBa MEXKY SPOM U ITUTOILIA3MON?

. Uto Takoe xpomaTuH?

. Kak ycTpoeHsI 1 13 4ero cocTosIT XpOMOCOMBI?

. Kak COOTHOCHUTCS 4MCII0 XPOMOCOM B COMAaTUYECKHUX U TOJIOBBIX KJIETKaX?
. Kakne xpoMocoMbl Ha3bIBatOT TOMOJIOTUYHBIMU?

. Uro Takoe kapuotun? Jlaiite onpeneneHue.

. Kakoit xpoMocoMHBII Ha0Op Ha3bIBACTCS TAIIONIHBIM ; TUTIJIOUIHBIM?

O© 00 N O O & W DN

. UTo Takoe AaphIKo?
Jlnst cuctemaTu3anuy 3HaHUH 00YJaroNUXCsl O CTPOSHUU siIpa 1eJIeco00pa3Ho

MMPCJIOKNUTH BBIITOJIHUTL 3adHNA.

3adanue 1. CaMOCTOSTENHHO 3aNI0JHUTH Ta0UIly «CTpoeHne U QYHKIIUU sIpay
(tabum. 17).

Tabauya 17

Ctpoenue u pyHkuum sjapa

Yacrtu saapa Oco0eHHOCTH CTpOoeHus! DOyHKIMSA
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3aoanue 2. Pemiuth OMOIOTUYECKHE 3a/1aUH.

3aoaua 1. o 40-x rr. XX B. oOpa3oBaHHe, OKpYXKalollee SIpO KIETKH,
Ha3bIBaJIN AJepHON MemOpaHoi. [lo3ke OHO MOIy4YniIo Apyroe Ha3BaHHUE — siIEpPHAs
obomnouka. Ilpeanonoxure, nouemy 3to npousonuio. Kakoit u3 3Tux OMOIOrHYECKUX
TepMUHOB Oosiee TOUHBIN? OOBsCHUTE TTOUEMY?

Omeem. B CBETOBOM MHKPOCKOIE, KOTOPBIA 0 cepenuHbl XX B. OCTaBajcCs
OCHOBHBIM CPEACTBOM IIMTOJIOTMYECKUX HCCIICAOBaHUN, MeMOpaHa, OKpYy)Karomas
PO, TpeacTaBisuiack oauHapHo. C M300peTeHHEM JJIEKTPOHHOTO MHUKPOCKOIA
CTaJIO SICHO, YTO BOKPYT sipa MMEETCS JIB€ MEMOpaHbI: Hapy>KHas W BHYTPEHH:S,
MO3TOMY MOSBUJIOCH APYroe, 6oiee TOYHOE Ha3BaHUE — sAJiepHas 000JI0UKa.

3aoaua 2. CylecTBYIOT OSYKapUOTHUUECKHE KJIETKH, HalpuMep 3peiibie
SPUTPOLIMTHI MIIEKOTIMTAIOIINX, Y KOTOPBIX Ha MPOTSHKEHUH OOJIbIIEH YaCTU UX KU3HU
Apa OTCYTCTBYIOT, XOTS OHM W HUMEIHUCh B TOT TMEPHOJ, KOrJa KIETKH ObLIU
mMomnoapiMu. C 4eM B JTaHHOM ciiy4dae CBS3aHO OTCYTCTBHE sifiep? UTO MOXKHO CKa3aTh
O TIPOAODKUTEIHHOCTH )KM3HU TAKUX KIETOK U UX CIIOCOOHOCTH K JICICHUIO?

Omeem. Sapo B »puTpolMTax HcUe3aeT B mpouecce AUPHEepeHIINPOBKU
MOJIOJIBIX KJIETOK U B CBSI3W CO CIIEIUANM3AIeN Mo QyHKIHsIM. [IpoaomKuTensHOCTD

YKU3HH 3pUTPOLUTOB HeBenrka (120 cyTok), 1 OHM HE CIIOCOOHBI IETUTHCA.

MeTozmqecmle PEKOMECHIAIIUA 110 TEME

«O0MeH BelecTB M NpeBpalieHle JHEPIUU B KJIIETKe»

Ha msyuenue templ «OOMEH BEIIECTB U NPEBPAIICHUE DHEPTUU B KIIETKE)»
B Ilporpamme otBogutTcs 9 wyacoB ydyeOHOro BpemMeHH. B maHHOW Teme
IPeyCMOTPEHbI ypoku: «OOMEH BemecTB — MeTabonm3m», «ABTOTPOGHBIA THIL
oomena BemecTB. DoTtocuHTE3’», «ABTOTpOPHBIH THI OOMEHa BEIICCTB.
XeMOCHHTE3», « JHEPTeTUIECKUH 0OMEH — TUCCUMUIISIIHSD.

Metoabl u MeToau4yeckue npuemMbl 00yueHusi. [Ipy n3ydeHun NaHHON TEMBbI
PEKOMEHAYETCs. MPOBOJAUTH JIEKIIMM C dJeMEHTaMu mpoOsieMHon Oecenpl. Taxoke
IUTAHUPYETCSl  JIEMOHCTpAIusi ~ M300pa3uTeNIbHOM  HArJsiJHOCTH,  MOCTaHOBKA
JIEMOHCTPAIIMOHHBIX OMBITOB; CAMOCTOSITEIbHAS Pa00Ta O0yJarOIINXCS ¢ YI€OHUKOM,
y4eOHBIM TIOCOOMEM M MHTEPHET-PECypcaMi; perieHrne OMOIOrMIeCKUX 3a/1ad.

MeTtonuueckue peKOMEHIANMH MO0 OPraHu3aluud o00pPa3oBaTeILHOI O
npouecca. J[anaas TeMa — 0J{Ha U3 CaMbIX CIIOKHBIX B Kypce OMOJIOTHH, TaK KaK B HEel

paccMaTpruBarOTCA XUMHYCCKHE ITPOLCCCHI, IMPOTCKAIOIMMUE Ha KICTOYHOM YPOBHC.
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Jnst moHuMaHus OMOXMMHH KJIETKH HEOOXOJUMO MPUBJIEYh 3HAHUSA [0 XUMHH U
¢usuke. Ha mnepBom ypoke «ObOmen eewecme — memadonuzm» TPOBOIUTCS
poOJieMHast JIEKIHS, Ha KOTOPOU paccMaTpUBAIOTCS OCHOBHBIE KJIFOYEBBIE BOIPOCHI
tembl. Ha BTOpoM ypoke «Aeémompoghnuiii mun oomena eeujecms. @omocunmesy
MIPOBOAUTCS CEMHUHAp, TNIe YIIYOJSIFOTCS, Pa3BUBAIOTCS M JOMOJHSIOTCS TOHSTHSA,
paccCMOTpPEHHBIEC Ha JIEKITHH.

[Tpu m3ydennn (oTOCHHTE3a OCHOBHAS TpoOJieMa COCTOUT B OMpEACIICHUHN
ATANOB MPEOOPa30BAHUS YHEPTUU COTHCUYHOTO CBETA B DHEPTHUI0 XUMUYCCKUX CBSI3EH
rmoKo3bl.  Kpome Toro, HeoOXOAMMO TPOCHIEIUTh IMyTh MPOTOHOB BOAOPOJA,

00pa30BaHHBIX MPH (POTOIM3E BOJBI.

H,0 - 2H' —» HAII® - 2H — C,H ,0,

[Ipu 0OBsicHeHUH 0coOeHHOCTEH (POTOXMMHUUYECKUX peaKIuii B CBETOBOU (aze
dboTtocuHTE3a CcleayeT akKTyaJlu3upoBaTh 3HAHUS OOydalIMUXCid MO0 (QU3MKE —
o otorddekre, M0 XUMUHN — 00 INEKTPOTUTHUECKON TUCCOLMALIMYI U OKUCIUTEIbHO-
BOCCTaHOBHTEJIbHBIX PEAKIIMSIX.

N3ydeHnue 5TarnoB JHEPreTUYECKOro OOMEHa B TeMe «IHepzemuuecKuil
oomen — Ouccumunayusay O0a3MPyeTcss HA 3HAHUAX OOYYAIOIIMXCS, MOTYyYEHHBIX
npyu u3y4eHUu pazgena «YenoBeK U €ro 310poBbe», 00 0OMEHEe BEIECTB,
OCOOCHHOCTSIX pACUICIUICHUS] MUTATENbHbIX BEHIECTB (OEIKOB, >KHPOB, YIJIEBOJOB)
B MUIIEBAPUTEIILHOM TPAKTE YeoBeKa. B 3TOil TeMe MHTEerpupyroTcsl TakKe 3HaAHUS
0 XMMUHU — O PEAKUHUAX THAPOIU3a, OKUCICHUS, TEIIOBOM 3P (PeKTe XUMHUYECKUX
peakiui. [lpm u3ydeHun mpouecca MOJHOTO OKHUCJIEHUS BEIIECTB, MPOTEKAIOIIErO
B MUTOXOHJAPHUAX, BAXHO OOBACHUTb, YTO BECh YIJEKUCIBIM ra3 oOpasyercs
pU JeKapOOKCHIIMPOBAHUU MUPOBUHOTPATHOM KUCIOTHI U JIPYTUX BEUIECTB B LIUKIIC
Kpebca. B pesynbTare mociieoBaTeIbHBIX pEaKIUid BOJIOPOJ  CBS3bIBACTCS
c mnepeHocunkoM HAJ[" u mnocTymaer Ha JABIXaTeNbHYIO IeNb (DEPMEHTOB,
PaCIOJIOKEHHBIX Ha KPUCTaX MUTOXOHApUM. Kwucmopon, KOTOpBIM IOCTyIAeT
B IPOLIECCE JIBIXaHHSI B MHUTOXOHIPHH, OKUCISIET BOJIOPOJ, IPU 3TOM BBIAEISAETCA
3HAYUTEIbHOE KOJIMYECTBO SHEPruHM, KOTOpas 3amacaercsi B Mosekynax ATO.
N3 kypca XUMHUU OOy4aroUIMMCs MpPEIaraeTcs BCOOMHUTB, YTO BOJOPOJ TOPUT
C BBIJICJICHUEM 3HAYUTEIBHOIO KOJMYECTBA SHEPTUU.

Ha mepBoM ypoke mpu H3ydeHHH Bompoca O (EPMEHTATHUBHBIX PEaKIUAX

oOMEHa BEIECTB U CBOMCTBAX ()ePMEHTOB BBITIOIHSIIOTCS J1BE J1a0OpaTopHbIe PabOTHI:
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«/ByyeHne KaTaJUTHYECKON aKTHBHOCTH (PEPMEHTOB (Ha MpUMEpe aMuja3bl WIH
Karanaszp» U «M3ydeHune (epMEHTAaTUBHOIO paCHICTUICHUS TEPOKCHUIa BOAOPOJIA
B PpAaCTUTENBHBIX M JKUBOTHBIX KIETKax». VX Iydiie mTpoBeCTM Ha OJIHOM
71a00paTOPHOM 3aHSITHUHU.

Lenb naHHBIX padoT: 0OOHapy)eHHE (PEPMEHTOB B JKUBBIX KJIETKaX, U3YUEHHUE UX
pOJIM B JKU3HEACATEIBHOCTU KIIETOK, yCTaHOBJIEHHE (EPMEHTATUBHOTO XapakTepa
peakiuii obOmeHa BemiecTB. Kpome Toro, yriyOunsitoTcs 3HaHHUS OOYyYaroIIMXCs
0 cBOMcTBax M (yHKUUSIX OEJIKOB B OpraHU3Me, JAOKa3bIBAETCS UX CIEUU(PUUHOCTH
10 OTHOIIICHUIO K CyOCTpaTy Ha MpUMeEpe JCHCTBUS aMIJIA3bl B PA3IMYHBIX YCIOBHUSX.

Jlabopamopnasa  paboma  «HM3yuenue  kamamumuyeckou — aKmMuSHOCMU
Gdepmenmos (na npumepe amunazol unu kamanasot)y (Ilpunoxenue 5).

Llenv pabomei: UccienOBaTh KATAIMTUYECKYIO AKTUBHOCTh O€IKOB-(DepMEHTOB
B KJIETKaX U €€ 3aBUCUMOCTh OT YCIIOBHI Cpe/Ibl; MOKa3aTh BHICOKYIO CIIEU(DUIHOCTh
0eKOB-(hepMEHTOB.

Memoouueckue  pexomendayuu. 1lpyu  BBIIONHEHHS JaHHOM  PaOOTHI
OOy4JalIMMCSl TPEICTOMT HCCIEO0BaTh KATAUTUYECKYI0 aKTHUBHOCTH OEIKOB-
(bepMEeHTOB B KJIETKAaX M €€ 3aBHCHUMOCTH OT YCJIOBUU CPEIbl; YOSIUTHCA B BHICOKOM
cneruuyHocTr  OenkoB-depmeHToB. [lpu mpoBegeHuu paboOThl  HEOOXOAUMO
aKIIEHTUPOBATh BHUMaHWE OOYYArOMIMXCS Ha OCOOCHHOCTH paboThl (hEPMEHTOB —
CTIOCOOHOCTH YCKOPSATh XUMUYECKUE PEAKIIUH, OCTABASCh ITPH 3TOM HEU3MEHHBIMH.

Ilepen mpoBeaeHueM pabOTHI I€JIECOO0pPa3HO M3YUYUTh TEOPETUUECKUU
MaTtepral 1o TeMe paboThl, 00OpaTHB MPU ITOM BHUMaHUE 00yUJaIOIIUXCS HA CBOMCTBA
dbepMeHTOB — CcHenupuIHOCTh, 3aBUCUMOCTh OT Temmeparypsl u pH cpensl,
a TaKk)Ke MO3HAKOMUTHCS CO CXEMaMH CTpOEHHUs (pepMeHTa M MeXaHW3Ma JEUCTBUS
dbepmenTa.

Paboma Ne I «Depmenmamusnsiii cuOpoau3 Kpaxmaia amuada’ou CIOHbLY
BKJIIOYAET TPH OMbITA: THAPOJIN3 KpaxMmaia, oOOHapyXeHue Kpaxmasa, oOHapyKeHue
INIIOKO3bl. B mepBoM  ombiTe  1ienecooOpa3sHO  0oOCYIUTh  HEOOXOIUMOCTH
MCITIOJIb30BaHMs ABYX MPOOMPOK — OMBITHOW U KOHTPOJbHOM. [Ipu mpoBeneHnu onbita
no OOHApYKEHHUIO Kpaxmala CIeAyeT He TOJBKO CPaBHHUTH OKPAaCKy pPacTBOPOB,
MOJTYYEHHYIO TIPH JO0ABIICHUH HOJia, HO M MPEIIOKUTh 00yJarOIIUMCS OOBSICHUTH
MPUYUHBI €€ pa3udusi, 3aUKCUPOBAB WX OTBETHI B JIAOOPATOPHOM >KypHAJIE WITH

pabo4mnx TeTpaasx.
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Paboma Ne 2 «Cneyugpuunocme oeticmsusi ¢hepmernmog» COCTOUT U3 OJIHOTO
ombita. [lo xomy paGoThl HEOOXOAMMO HCCIENOBATh JCUCTBHE (PEPMEHTOB CIIOHBI
Ha KpaxMmall U caxapo3y, a TakKe Kak jaelcTBue (pepMeHTa caxapas3bl Ha Kpaxmail U
caxapo3dy. B KoOHIle BBIIIOJIHEHHUS ONBITA HEOOXOAMMO OOBSICHUTH OKpPACKY
MOJTy4YEHHBIX PACTBOPOB B JIAOOPATOPHOM KYypHAJIE WIIM Pab0OUUX TETPaIsX.
[lo okOHYaHWM BBIMOJHEHUS PAOOTHI HEOOXOAMMO MPOBECTH KOHTPOJILHOE
TECTHUpPOBaHHE, BBISBIIONICE YPOBEHb YCBOCHUS MaTepHalia Mo TeMe J1abopaTopHOM
paboTHI.
[lepen npoBeaenuem tabopamopnoii pabomul « M3yuenue epmeHmamuenozo
pacweniienus nepokcuoa 8000pooda 6 pPACMUMENbHbIX U JHCUBOMHBIX KIemKaxy»
(ITlpunoxxenue 6) HEOOXOAMMO TIPOBECTH aKTyalU3allUI0 3HAHMM M CO3[aTh
MPOOJIEMHYIO CHTYAIIHIO.
J71s1 5TOro MOryT OBITh UCIIOJIB30BAHbI CIAEAYIOIINE BOMPOCHI:
1. Kakue oprannueckue MoJeKyJsbl BAM U3BECTHBI?
2. Kakue opraHmdeckue BEECTBA BXOAAT B COCTAB PACTUTENbHBIX, )KUBOTHBIX
OpraHu3MoB?

3. Uto MOXHO cKa3zaTh 0 MHOr0ooOpazuu GyHKIUNA OeIKOBBIX Mosekyn? JlaiiTe
OIpe/ieJICHUE IEHATypaluu.

4. OObsicHUTE sIBJICHHE peHaTypauuu. B uem Ouonormyeckoe 3HaUCHHE
JTAaHHOT O TIporecca?

5. KakoBbl npuunHbl HEOOPATUMOI IeHATypalK OEIKOBBIX MOJIEKYII?

6. Kak mMoxxHO yOequThCs B HAJIMUYME T€X WJIM MHBIX MOJIEKYJ OPraHMYeCKUX
BEIIECTB B TKAHIX PACTUTENIbHBIX U KUBOTHBIX OPraHU3MOB?

Llenv pabomwi: paclIUpUTh 3HAHUS O (YHKIUAX W CBOMCTBAX OEIKOBBIX
MOJIEKYJI, BBITIOJHHUB J1a0OpaTOPHYIO pPa0OTy TO H3YYEHUIO KAaTaIUTUYECKOM
aKTUBHOCTHU pepMeHTOB. B x071€ paboThl HEOOXOANMMO YCTAaHOBUTH HaIM4YMe (hepMEeHTa
KaTama3bl B OKMBBIX KIIETKaxX, J0Ka3aThb €ro CHEHMU(PUYHOCT W aKTUBHOCTH
B (puznonoruueckoit cpene.

Memoouueckue pexomenoayuu. B xone BbIIOMHEHUs 1a00OpPaTOPHON padOTHI
1eaecoo0pa3Ho MPOBECTH aHAIIU3 MPOOJIEMHOM CUTYAIlMU U TTOABECTH 00Yy4YaroIINXCs
K TOHHMAaHHUIO TOTO, YTO MEPEKUCh BOAOPOAA — HEYCTOMYMBOE BEIECTBO, KOTOPOE
pazpyiiaercs ¢ 00pa3oBaHHEM BOJIbI U MOJEKYJISIpHOro Kucnoposaa. [Ipu koMHaTHBIX
YCIOBHSIX, Ha CBETY Ipolecc HAeT MeajeHHO. Ha KHUBBIX TKaHSIX pacTUTENbHBIX
Opranu3MoB (KapTodelb, CBEKJIa, MOPKOBB), >KHBOTHBIX OPraHU3MOB (KypHIIa),
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rpuboOB (IpOAOKH) TMPOILECC MPOTEKAeT MPaKTUYEeCKH MrHOBeHHO. Ha Tkausx,
MOJIBEPIIINXCS TEPMHUUECKO 00paboTKe (HampuMep, BapeHbld KapTodesb, BapeHOe
MSICO), Pa3pyLICHHs] TEPEKUCH BOJOPOJA MPAKTHUUYECKH HE MPOUCXOAuT. B xome
BBITIOJTHEHUSI PA0OTBI W TOCTEAYIOIIETO OOCYXIEHUST HE0oOXOIHUMO, YTOObBI
oOydJarIuecss CMOTJIM OOBSCHUTh PAa3IUYHYI0 KATAIMTUYECKYI0 aKTUBHOCTD
dbepMeHTa KaTajiazbl B KJETKAaX TKAHEW PaCTUTENIbHBIX M KUBOTHBIX OPraHU3MOB:
KUBBIX TKAaHEW M TKaHEH, MOIBEPTIIUXCS TEPMUUECKOU 00paboTKe.

B xome mnpoBenmeHuss paboOThl MOXET OBITh MCIHOJIB30BAaH — CJICTYIOIIUMA
TEOPETUUYECKUI MaTepual: KaTana3a — GEepMeHT, KOTOPbIN KaTaJu3upyeT pas3ioKeHHe
oOpa3zyrouierocss B Mpolecce OMOJIOrMYEeCKOro OKHCIEHUs TEpOKCHla BOJIOPOJA
Ha BOJY U MOJIEKYJISIDHBIA KHUCIIOPOJ, & TAKXKE OKUCISET B MPUCYTCTBUU IMEPOKCU]IA
BOJOpPOAA HU3KOMOJIEKYJISIPHBIE CIIUPTHI U HUTPUTHI; COAEPKUTCS TOYTH BO BCEX
OpraHu3Max; y4acTBYeT B TKAHEBOM JbIXaHWM, OTHOCUTCA K XPOMOIPOTEUJIaM,
UMCIOIMM B Ka4eCTBE MPOCTETHUECKOW (HEOEIKOBOW) TPYNIBI OKHUCICHHBIM TeM.
CrnernuduuHOCTh KaTajga3bl B OTHOIICHUU K CyOCTpaTy-BOCCTAaHOBUTEIIO HEBEIUKA,
MO3TOMY OHA MOXET KaTalu3UpOBaTh HE TOJBKO OKHCIEHHE HEKOTOPHIX
HEOPraHUYECKUX BEUIECTB, HO M OKHUCJEHHWE HU3MIMX CIUPTOB. DYyHKIUS KaTasla3bl
CBOJIMTCS K Pa3pylIEHHUIO TOKCUYHOTO TIEPOKCHIa BOJOPOIa, 00pa3yIOIIErocsi B Xo/e
Pa3TUYHBIX OKUCIUTEIBHBIX MPOIECCOB B OpraHu3Me.

[Tocne BbImONHEHUs  JabopaTOpHOM  PabOTHI  HEOOXOIMMO  OTBETHTh
Ha KOHTPOJIbHBIE BOTIPOCHI U C/IEJIaTh BEIBO/ O HATMYUHU (hepMEHTa KaTana3bl B dKUBBIX
KJIETKAX, €T0 CICIU(PUIHOCTA U aKTUBHOCTH B (PU3HOTIOTHIECKOH Cpeie.

B xone u3yueHust JaHHON TeMbl MPEAYCMOTPEHO BBIIOIHEHUE NPAKMUUECKOU
pabomwi  «CpagneHue npoyeccog OpodceHusi U OvbiXamus», B XOJ€ KOTOPOM
HEOOXOIMMO BBISIBUTh YEPThI CXOACTBA WM pPa3IWudsl B TPOTEKAHHWH IPOIIECCOB
OpoxeHus U Jpixanus. OJHUM U3 BapUAHTOB Pa0OTHI MOXKET ObITh COCTaBJICHUE U

3aIl0JIHEHUE CPAaBHUTEIBHON TaOmuie! (Tads. 18).
Tabnuya 18

CpaBHI/ITeJILHaH XapaKTEepuCcTuKka nmpoueccons 6pO)KeHI/IH H AbIXaHHUA

IpuzHaku bpoxenne JAbixanue
JIns KakuX OpraHu3MOB XapaKTEPHO
Ji1s1 yero ciayxur

I'ne mpoucxoaut
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Ipusnaku bpoxenne JAbixanue

Hanuune GeckuciopogHoro srarna
(rmukomnm3a)

Hannune xkucnopoasoro sramna
dopma 3anacaHusl SHEPTUU

KonuuecTtBo BEICBOOOK JArOIIENCS
SHEPIUHU

KoHeuHbIe IPOAYKTHI

CxomHbIM 00pa3oM BBINOJHSACTCS npakmuueckas paboma «CpasHenue
npoyeccos pomocunmesa u XxemoCUHmMe3ay.

Llenv pabomol: cpaBHUTH TpoIecCchl (HOTOCHHTE3a U XEMOCHHTE3a, BBISBHUTD
0cOOEHHOCTH TIpoleccoB (OTOCHMHTE3a M XEMOCHHTE3a, BBUICHUTH 3HAUYCHHE
¢dorocuHTE3a U XeMOCUHTE3a AJIsi OHOChepBI.

B npomecce camocrosTenbHOW ~pabOThl € MaTepuasaMud  y4yeOHHKa,
JIOTIOJIHUTENILHON JTUTEpaTypoil, HMHTEpPHET-pecypcaMu OOydYaroImuecs 3amodHSIOT

CpaBHUTEIIbHYIO Ta0uITy (Tadm. 19).

Tabauya 19
CpaBHeHue npoueccoB (OTOCHMHTE3a U XeMOCHHTE3a

IIpu3Haku 1J151 CpaBHEHUS dorocuHTE3 XeMocHHTE3
Onpenenenne mporecca
I'ne mpoucxoaut

Hanmnuue cBeToBOU
¥ TEMHOBOM (a3

HcTounuk OHCPIUHU

B xakoMm BemecTBe 3arracaeTcs
SHEPTUs

Hannyne nurmeHTOB
Hcnonp3oBanue kuciopoaa
Hcrounuk yriepona
KoHeuHble TpoaYyKThI peakuuii

JIJ1s1 Kakux OpraHu3MoB
XapaKTepeH

Cnoco0 nmuTaHus OpraHu3MOB
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IIpusHaku 1J151 CpaBHEHUSA doTocuHTE3 XeMOCHHTE3
YpaBHEHUS peakuui

daMuIns Y4EHOTO,
OTKPBIBILIETO ITPOLIECC

buonornueckas pons nporecca

3HauveHue MpoIECCOB
B Ouocdepe

JInsi TOBBINIEHUS TIO3HABATEIHHOTO HMHTEpEca OOYUYarOMIMMCS MOTYT OBITh
MIPEAJIOKEHBI OMOJIOTMYECKUE 3a1a4H.

3aoaua 1. Ecnv 5TUIIOBBIM CIIUPTOM SKCTPArupoBaTh U3 JIUCTHEB XJIOPODUILT U
OCBETUTH ATOT PacCTBOP, TO OH HAYyHET (PIIyopecurpoBaTh — MOTJIOLICHHAS YHEPTUs
OyZIeT BRICBEUMBATHCS BUIITHEBO-KPACHBIM CBETOM IIPY BO3BPAIIEHUH BO30YKICHHBIX
AJIEKTPOHOB B «OCHOBHOE COCTOsIHHME». B XJlopomiacrtax 3TOro He MPOUCXOMT.
[Touemy? Kakoe 3HaueHue 3TO UMEET JIJIs mporiecca (poTocuHTe3a’?

Omeem. Monekynbsl  xjopodwuia B XJIOpOIUIacTaX  OpPraHU30BaHbBI
B MeMOpaHax TUJIAKOUJIOB TaKUM OOpa3oM, YTO BO30YKIICHHBIC AJICKTPOHBI HE
BO3BPAILIAIOTCS Cpa3y K€ B «OCHOBHOE COCTOSIHUEY, a IEPEIAt0TCS APYTUM MOJICKYyJ1aM
0 JICKTPOHHO-TPAHCIIOPTHOM 1IEMU CBETOBBIX peakiuii (poToCcuHTE3A.

3aoaua 2. ®OTOCHHTE3 B pPACTEHUU MPOTEKAET HEPABHOMEPHO B TEUEHUE
CBETOBOro JHS. YTpoMm, 00bMHO oOkojio 9-10 wuacoB, HaOmrojaercs HaumOoliee
WHTEHCUBHBIN (OTOCUHTE3, 3aTeM Mexay 12 u 16 yacamu oH cHuxkaercs, a k 17-18
gacaM OIsATh Bo3pacTtaeT. Eciu HapucoBaTh KpUBYIO IHEBHOTO X07a (hOTOCUHTE3a, TO
OHa OyJeT UMETh JIBa MaKCUMyMa: YTPOM M BO BTOPOH IOJOBUHE JHS, C MPOBAJIOM
B MOJNyJeHHbIE Yackl. C 4eM 3TO CBSA3aHHO?

Omeem. B mony/ieHHbIC Yachl B JIUCThSX HAKAIJIUBACTCS KpaxMall — MPOIYKT
dboToCcHMHTE3a, U YMEHBINACTCS KOJUYECTBO BOABI, HEOOXOMWMOW IS MPOTEKAHUS
peakiii CBeTOBOM (pa3bl, K TOMY K€ B KJIETKaX CHIXKACTCS TYyprop, 4To MPUBOIUT

K 3aKPBITHUIO YCTBbUI] U CHUKCHUIO ITOCTYINICHHUSA B JIMCT COZ

MeTonnqecmle PEKOMEHIAINA 110 TEME

«HaC.HeIICTBeHHaH l/IH(I)OpMa]_lI/ISI H €€ pecajin3anus B KIICTKE»

Tema «HacneacrBeHHas I/IH(i)OpMaI_II/ISI N €€ paim3alurAa B KIICTKE» H3Yy4dacTCs

B TeueHue 9 yacoB yueOHOro BpemeHu. OHa BKJIIOUAET ClEAYIOIINe ypoku: «Peakuyu
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MaTpPUYHOTO CHHTE3a»; «CuHTE3 OenKay; «MeXaHU3Mbl SKCITPECCUU FeHOBY; «OCHOBBI
Bupycoioruu. UudopmanmonHas OHMOIOTU».

Metonbl M MeTOAMYECKUE NIPUeMBbI 00yueHus. [Ipy n3ydeHnn TaHHOW TEMBI
npeajaraercss MpPOBOAUTH JIEKIMU C OJJeMEeHTamMu Oecelpl W JIEMOHCTpalHen
M300pa3UTENbHON M HATYpaJIbHOM HArSIAHOCTU. Takke IUIaHHPYETCsl MOCTaHOBKA
JEMOHCTPALlMOHHBIX OMNBITOB, JIa0OPATOPHBIX padOT; camMocTosATEIbHAs padoTa
oOydJaromuxcs ¢ y4eOHUKOM M Y4YEOHBIM MOCOOMEM; pelIeHHe OHOJOTUYECKUX
3ajau.

Merognyeckue peKOMEHJAUUHM [0 OpPraHu3anuu o0pa30BaTeJbHOI0
npouecca. 3ydyeHnro JaHHOW TeMbI PEAIIECTBYET H3YYEHHE XUMUYECKOI0 COCTaBa
U CTPOEHHUS KJIETKH, YTO CO3JaeT HEOoOXOAMMBIE MNPEANOCHUIKM ISl MOHMMAaHUs
CYLIHOCTH IIPOLECCOB, MPOUCXOAIIMX B XOAEC pealM3allid HacCJICACTBEHHON
uH(pOpMaIUH B KJIETKE.

N3yuenue Tembl ypoka «Peakuyuu mampuunozo cunmesa» LEIeCO00pa3sHO
HA4aTh HBPUCTUYECKON Oeceqoi, B IMpolecce KOTOPOH 00CYXIaroTcsi 0OCOOEHHOCTH
IUTACTUYECKOr0 OOMEHa KaK COBOKYIMHOCTH peakUuil OHOJIOrMYecKOro CHHTE3a,
B XOJle KOTOpPBIX OOpa3zyloTCsi CJIOXKHBIE OpraHWYecKue BelecTBa U3 Ooiee
IPOCTBIX.

B nauane Oecenpbl 11e1ecooOpa3HO MPEMIOKUTh OOYYAIOIIMMCS BCIIOMHHUTb,
KAaKU€ OpraHU4YeCcKre BEIIECTBA BXOAAT B COCTAB KJIETKU. DTOT BOIPOC, KAK MPaBUIIO,
HE BBI3BIBACT 3aTpPyJHEHUM, U OOy4aroliyecs B KaueCTBE OPraHMYEeCKUX BEIIECTB
HA3bIBAIOT OCNIKH, YIJIEBOABI, JHUMHIbI, HYKJIEHMHOBBIE KHCIOTHI JHOO MPHUBOISAT
KOHKPETHBIE IPUMEPBI 3TUX COEAUHEHUM.

Jlanee um npeasiaraeTcsi BCIOMHHTD, UTO SIBJISIETCSI COCTABHBIMU KOMITOHEHTaMHU
CIIO)KHBIX OPraHUYECKUX BEIECTB, IOCJIE YEro HYKHO MOJABECTH OOy4YaroIUXcs
K BBIBOJY O TOM, 4YTO B Tpolecce OHOJIOrMYecKOro CHHTe3a 00pa3yroTcs
MOJIMCAaXapyJIbl U3 MOHOCAXapuI0B, )KUPbI U3 IIUUEPUHA U )KHUPHBIX KUCIOT, OEIKU
U3 aMHUHOKHCIIOT.

MOXHO NpeAsIoKUTh 00ydaromuMcsi 0OPMHUTh 3TOT BBIBOJ B BUIE CXEMBI,
MOKAa3bIBAIOIIEH CXOIHBI MPUHLMI  OOpa30BaHUS  CIOXKHBIX OPraHUYECKHUX
coeIMHEeHn 13 0oJiee MPOCThIX BewecTB. CiaenyeT OTMETUTh 0oJiee MPOCTOM XapakTep
CUHTE3a YIJIEBOJOB M JHMIOUAOB KAaK CIEACTBUE OTCYTCTBHS CIEUU(PUUHOCTH

B CTPOCHHUHU OTHX BCIICCTB.
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CuHte3 OeNKOB, B OTJIIMYKE OT CUHTE3a YIIE€BOA0B, IPOTEKAET TOPa3ao CIOXKHEE.
Jnst Toro 4toOBl OOy4arIMecs CaMOCTOSATENbHO MPUIILIM K BBIBOAY O MPUYMHAX
0oJiee CIOXKHOI0 XapakTepa CUHTE3a Oelka, He0OX0UMO PEAJIOKUTh UM BCIOMHUTD
OTJIMYUTENIBHBIE  OCOOCHHOCTH  OclKOB  (CIIOXKHOE  CTpPOCHHE, HaWOOJIbIIee
KOJIMYECTBEHHOE OTHOLIEHUE, Pa3iuuHble (QYHKUUH, CIEUUPUUHOCTh AJII KaXKI0ro
OpraHu3Ma) U Kak CJICACTBUEC — Pa3HOOOpa3ue ero Mpu3HaKOB.

Hcxonass U3 3TUX OCOOEHHOCTEM, u3ydeHue TeMbl ypoka «Cunmes oOenka»
MIPE/ICTaBIISIET HAUOOJBIINN HHTEPEC C TOUKH 3PEHUS TOHMMAHUSI UHIMBUTYaJIbHOCTH
KaXJI0oro opraiu3ma. Ha mnpumepe nOpU3HAKOB 4YelOBEKa MOXKHO OOCYIUTh
c 00yJarouuMucs NPUYUHBI BAPUATUBHOCTH OJHUX MPU3HAKOB M CXOXKECTU APYTHUX.
MOXXHO TpeaIoXKUTh OOYYAIOIIMMCSl Ha3BaTh pa3jMYHbIE MPU3HAKU 4YEJIOBEKa U
MPEJIOKUTh OLEHUTh CTENEHb UX BAPUATUBHOCTHU Y Pa3HBIX JIIOJCH.

Taxxe 1enecoobpa3Ho 0OCYIUTh C OOYYAIOIIMMUCS MPUYUHY TOTO, MOYEMY
OJTHU TMpHU3HAKHU (LIBET Ija3, BOJIOC, POCT, MUIMEHTALUs KOKH) Oojiee pa3HOOOpa3HBI,
4eM IPHU3HAKH, OTBEYAIOIIME 3a >KM3HEHHO BaXKHBIE ITPOLIECCHI — pa3Mephl cepAla,
COCTaB KPOBH, CTpOEHUE MbIIII. B X01€ JaHHOro 00CyX/1eHNss HE00X0AUMO MOABECTU
oOyyaroumxcss K BBIBOJY O TOM, YTO HPOSIBICHHUS BCEX IPU3HAKOB YEJIOBEKa
OIPENIEISIIOTCS  OCOOCHHOCTSIMM CTPOEHHUsI OEJIKOB, KOTOpBIE, B CBOIO O4Yepeib,
OIPEAEIIAIOTCS MOCIEA0BATENBHOCTEI0 AMUHOKHUCIIOTHBIX OCTaTKOB.

Ha mpenpiaymmx ypokax oOydaromipecs HU3ydald CTPOCHHE HYKJIEHMHOBBIX
KHCJIOT ¥ UMEIOT MPeACTaBICHHE 00 UX POJIM B XpaHEHHUHU U TIepeiaue HACIeICTBEHHBIX
npu3HakoB. HeoOxommmo cBsi3aTh HpUMEPHl CXOACTBA M pa3iMyus MPU3HAKOB
yenoBeka ¢ HH(OpManuMed O CTPOGHUU TMEPBUYHOM CTPYKTYpbl HUX OEIKOB,
«3anrcanHon» B monekynax JIHK.

Ha mamHOM »dTame ypoka 1enecoodbpasHo moBTopuTh crpoenne JIHK,
BCIIOMHUTb, 4TO  eauHunend  crpoenus JHK  saBusdroTcs  HyKIeoTuasl.
JIns akTyanu3auuy 3HaHUM O CTPOEHHM HYKJIEMHOBBIX KUCJIOT OOYYarOIIMMCS MOTYT
OBITh MPEJIOKEHBI CIEYIOIINE BUIbI 3aaHUI:

1. Onpenenute TUN HYKJIEMHOBOM KUCTIOTHI IO CXEME U OOBSICHUTE, IO KAKOMY

KJIFOUEBOMY MPU3HAKY BbI 3TO CEIIAIH.
2. YCTaHOBUTE COOTBETCTBHE MEXIY THIIOM HYKJIEWHOBOW  KHCIIOTHI,
O0COOEHHOCTSIMU CTPOEHUS U (DYHKIUEH.

3. CooTHECUTE TEPMHUH C TUIIOM HYKJIEMHOBOW KUCIIOTHI.
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ITocne Toro kak Oynmer chopmMylIupoBaH BbIBOJ, 4TO B Hykjieotuaax JHK
XpaHuTcs  uUHPOpMaIUs O  TEPBUYHOM  CTPYKType  Oenka, HEoOX0auMo
chopMyIMpoBaTh MPOOJIEMHBIA BOMPOC: KaK 3aKOJUPOBATH JABAIATh AMUHOKH CIIOT,
BXOJISIIINX B COCTAB OEJIKOB, C TOMOIIIBIO YeThIipeX HykieoTuaoB JJHK?

Uepe3 neMOHCTpalMiO0 MPOCTOrO MpUMEpA U3 KOMOMHATOPUKU HEOOXOIUMO
MOKa3aTh OOYy4YaIOIMIUMHCS, YTO C TOMOIIBI0O YETHIPEX HYKICOTHIOB MOXKHO
3aKOJAMPOBATh BCETO YEThIPE aMUHOKHUCIOTHI, HO €CJIM B35ATh UX MO JiBa, TO YHCIIO
KOMOMHAIMA  BO3pacTeT 0 WIECTHAALATH, 4Yero, OJHAKO, HEJAOCTAaTOYHO
JUISl KOJUPOBAHUS BCEX AMUHOKHCIIOT.

Ho ecnu coctaBuTh KOMOMHALIUM U3 TPEX HYKIECOTUAOB — TPUIUIETHI, TO 3TOrO
BIIOJIHE JTOCTATOYHO, YTOOBI 3aKOJUPOBATH JIBA/ILIATh AMUHOKHUCIIOT, TaK KaK B TOM
CJIydae 4MCIJIO BO3MOXHBIX KOMOMHAIUMHN IOCTUTHET IIECTUECATH YEThIPEX BApUAHTOB.

Jlanee BBOJOUTCS TIOHSATHE 2eHemuyeckuii Koo, KOTOPOE MOXKET OBITh
paccCMOTPEHO B KOHTEKCTE€ MCTOpUM pacliMppoBku reHernueckoro koaa JIHK
I'. F'amoBbiM, M. Hupenbeprom u Ipyrumu y4eHbIMHU.

Hapsny c¢ damunusmMu 3apyOeXHBIX YYEHBIX, TMOJYUYMBIIUX MPU3HAHUE
Oyrarogapst OTKPBITUSIM B 00J1aCTH MOJIEKYJISIPHOM OMOJIOTHH, HEOOXOIUMO HA3BaTh UM
Huxonas KoncrantuHoBuya KoibioBa — pOCCHMMCKOIO W COBETCKOI'O YYEHOrO,
BBICKA3bIBABILIETO UJIEU, HA HECKOJIBKO JECATUIICTUN ONepeauBIIne cBoe Bpems. Emre
B niepBoii mosioBuHEe XX B. KOJNBIIOBBIM OBLIT OTKPBIT IUTOCKEJIET, BBIIBUHYTA TUIIOTE32
CTPOCHHUSI HACJIEACTBEHHBIX MOJIEKYT M CHOPMYJIUPOBAH MATPUUHBIA MPUHIIMIT
nepesadyn HaclIeICTBEHHON H(OpMaIuy.

[locne m3ydeHus UCTOpUM PacHIMPPOBKH T'€HETUYECKOTO KOAa HEOOXOAMMO
paccMOTpeTh CBOMCTBAa T€HETUYECKOrO KOAa — MPUniemuocms, 0OHO3HAYHOCHIb,
BLIPOHNCOCHHOCMb,  VHUBEPCANLHOCHb,  HENepeKpvleaeMoCcmy,  Henpepbl8HOCMYb,
KOTOpBIE IEJIECO00Pa3HO 3aMKCaTh B BUAE CXEMbl WK TaOIHUIBL.

[lepen wu3ydeHueMm mpolecca TPAHCKPUIILHUHA LEIECO00Pa3HO PACCMOTPETH
pUMeEp, MO3BOJSIIOIIMKM YCTAHOBUTH B3aMMOCBSI3b TOHSATUH XpaHeHue, nepeoaua,
peanuzayus uHgopmayuu.

YyamuMces npeajaraercsl CIeAyrollee 3aJaHue. Bbl XOTUTE HCHEYb NUPOT
Mo CTapuHHOMY perenty. Pemnent ecte B KHUTE, KOTOpas XpaHUTCS B OMOIHOTEKE.
Ho kHury Ha 10M HE BBLAAIOT, € MOXKHO MOJB30BaThCA TOJHKO B YUHUTAJIBLHOM 3aJi€.

Tam xe MOXKHO CACJIaTb KCCPOKOIIUIO. Onuimure J]Cf/iCTBHSI, KOTOPBIC ITO3BOJIAAT BaM
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UCIIE€Yb MMUPOT 110 CTAPUHHOMY PELIENTY, HECMOTPSI HA OTPAHUYEHUSI, YCTAHOBJICHHBIE
B OMOIMOTEKE.

[IpaBuibHOE pELIEHUE JOJDKHO COAEP)KATh CIEAYIOIME JEHUCTBUS: NMPUNATH
B OMONIMOTEKY, B3ATh KHHUI'Y, HAUTH HYKHYIO CTPAaHHUILY, CHATh KOIMIO U YHECTH €€
¢ coboii. Kynutb HyXHbIE TPOJYKTHI, I0Ma Ha TUIUTE MPUTOTOBUTH MUPOT.

JlaHHBIN TIpUMEp MO3BOJSIET OOJIETYUTh HU3YyYEHUE TPAHCKPHUIIIUU, TaK Kak
COZECPKUT HEOOXOIMMbIE aHAJIOTH KJIETOYHBIX CTPYKTYD.

Knura — sto JIHK, peuent — reH, coaepkaiuii nHdopmaIyo o0 o1HOM OeliKe,
kcepokonusi — wuHpopmanmonHas PHK, mpomykTel — aMHHOKHMCIOTHI, TUATa —
prudocoma, MUpor — OEJIOK.

[Ipn wu3ydyeHuu Tmpolecca TPAHCKPUIIUHU, LIEIECO00pa3sHO Ha MpUMepe
dbparmenta Monekyinsl JIHK, comepxkamero 12-15 HykiaeoTwaoB, TOKa3aTh, Kak
paboTaeT MNpPUHLMI KOMIUIEMEHTApPHOCTH, B XOJ€ KOTOPOrO CHUHTE3HPYETCS
uHpopmarmonnas PHK. Ilpu 3ToM HEoOX0IMMO BBECTH MOHSTUSA «CMBICJIOBAs W
TpaHCKpUOUpyeMas» IEMOYKH, «KOIOHY», «MATPHUIIA.

[Tpu HaJM4uu TEXHUYECKOU BO3MO>KHOCTH pEKOMEHAYETCS
MPOJAEMOHCTPUPOBATH ATOT MPOLIECC € MOMOIIbIO aHUMALIUH, TUHAMUYECKON MOJIENH,
BuneopparmMenta. Ilpm wW3ydeHUW TPAHCKPUIIMKU HEOOXOAMMO aKIICHTHPOBATh
BHUMaHue oOydaromuxcs Ha Haauuuud B Mosiekyne MPHK a3oTtucroro ocnoBanus
ypauui BMECTO TUMHUHA, Bxoasiero B coctas JIHK.

N3ydenue nporiecca TPAHCISIIIUU OCYIIECTBIISIETCSl aHAIOTMYHO. Tak Kak pedb
UJET O IMHAMUYECKOM TPOLIECCE, LIETECO00Pa3HO UCTIOIb30BaTh KOMIIBIOTEPHBIE HITH
MarHuTHbIE JAUHaMH4Yeckue Mozaenud. OHU MO3BONAIOT HAWIYYIIUM 00pa3oMm
MPOJEMOHCTPUPOBATH OCOOCHHOCTH COOPKH MOJUTENTUIHON IIEMTOYKU Ha pubocoMe.
B xone aemoHcTpaimu HeoOX0AUMO MOKa3aTh, Kak TpancnoptHeie PHK nocraBnstor
AMUHOKHUCJIOTBI K MECTY CUHTE3a O€JKa, MOSICHUTh, YTO TAKOE AHTUKOJOH, OTMETHTb,
4TO cylecTByeTr Oonee Tpuanaru pasHbix TPHK, uTro cooTBeTcTBYeT KOJIMYECTBY
KOJZIOHOB C YY€TOM BBIPOXKIEHHOCTH TPEThEeW NMO3ULMU. JJIs 3aKperuieHns] MaTepraa
MOXET OBITh UCIIOJIB30BaH COOTBETCTBYIOIIMI BUACOPPArMEHT.

[Ipy wu3ydyeHUH TPAHCISALMU HEOOXOJMMO aKIEHTUPOBAaTh BHUMAaHHUE
00yJaromuXcs Ha CISAYIOMNX €€ OCOOCHHOCTSIX:

— onHa wmoinekyna wuHpopMmanmonHor PHK 00b14HO CciyKuUT MaTpuiiei

JIJIs1 OTHOU O€JTKOBOM MOJIEKYJIBI,
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— OJIHOBPEMEHHO MOXET WITH CHHTE3 HECKOJIbKHUX IOJIMIIECNTUIHBIX LENeEH,
tak kak Ha ”PHK mMoeT HaxouTcst HECKOIbKO pudocom;

— pubocoMBl YHHMBEpPCAIbHBI, T. €. Ha HHUX MOIYT cOOMpaThCsi JHOObIE
NOJIMITENITUAHBIE LIETIH;

— TIpOlLIecC CUHTE3a OesKa peryiupyercs: GepMeHTaMu;

— MCTOYHHMKOM DHEpPruu A Onocunresa cinyxut ATO.

Jns Hauiydiiero MOHUMAaHUS B3aUMOCBS3M MPOIIECCOB TPAHCKPUIILIMKM U
TPaHCISILMM M JEMOHCTPAllMA MX MATPUYHOIO XapakTepa LEeIeco00pa3Ho ciaenaTh
CXEMAaTHYECKUI PUCYHOK, WITFOCTPUPYIOIIHNA TaHHBIE IIPOLECCHI.

Jns 3aKkpernieHuss Matepuana O poJId Pas3jIMYHbIX OPraHMYECKUX BEIIECTB U
OpPraHoMJIOB  KJIETKM B  OHOCHHTE3e OelKka pPEKOMEHAYETCSl  COCTaBUTh

COOTBETCTBYIOIIYIO Tabuiy (Tad:. 20).
Tabauya 20
YyacTHuKM OMOCHHTe3a 0esika U UX QYHKIUH

Y4yacTHUK OMOCHHTe3a 0eslKa DyHKIUA

MatpuuHblii XapakTep MPOLECCOB OMOCHMHTE3a MOXKET OBbITh TAaK)Ke IOKa3aH
B XOJI€ pellIeHNUs 3a7iay Ha CUHTe3 Oelka.

B kadecTtBe noMamIHero 3ajaHus OOY4YarOIIMMCS MOYKET OBITh IPEIJIOKEHO
MOJITOTOBUTH COOOIIEHHUSI 00 YUEHBIX, 3aHUMABIINXCS paciin(@pPOBKOM reHETHUECKOTO
Koja, O mnpoekre «['eHoM uyenoBeka» M BKJIAJAE POCCUUCKUX YYEHBIX B €r0
pean3aLuIo.

MerTonuyecKkue peKoOMeH Al UM 110 TeMe

«KU3HEeHHBIH TUKJ KJIETKI»

Ha uzydyenne temsl «OKuM3HEHHBIN LMK KiIeTkn» B IIporpamme orBoauTcs
6 yacoB yueOHOro BpemeHu. OHa BKJIIOYAET CleaAyrolne Ypoku: « Ku3HEeHHBIA UK
kieTkn», «Marpuunbslii cuate3 JIHK. Xpomocombdy, «/leieHne KIETKH — MUTO3»,

((Pel"y.HHLII/IH KHU3HCHHOI'O NUKJIAa KICTKH).
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Metonbl M MeTOAMYECKUE NIPUeMBbI 00yueHus. [Ipy n3ydeHnn TaHHOW TEMBI
Ipeajaraercss MpPOBOAUTH JIEKIIMU C DJJIEMEHTaMH Oecelbl W JeMOHCTpanuei
M300pa3UTENbHON M HATYpaJbHOM HArSIAHOCTU. Takke IUIaHHPYETCsl MOCTaHOBKA
JEMOHCTPALlMOHHBIX OMBITOB, JIa0OPAaTOPHBIX pPabOT; camocTosATENbHAs padoTa
OoOydJaromuxcs ¢ y4eOHUKOM M YYEOHBIM MOCOOMEM; pelIeHHEe OHOJOTUYECKUX
3a/1ay.

MerTonuyeckue PpeKOMEHJAlUMH 10 OpPraHu3anuu 00pa30BaTEJbHOIO
npouecca. [lepBoiil ypok 10 Teme «KU3HEHHBIN UK KJIETKW» MPOBOAUTCS B BUJE
npoOnemHoit Oecenpl. HeoOxomumo akTyanu3upoBaTh 3HAHHS O IMPOLIECCax,
MPOTEKAIONINX B KIIETKE; O 3HAYEHUU DHEPreTUUECKOro M IJIaCTHYECKOro 0OOMEHOB;
O BEIIECTBAX, CHHTE3UPYEMBIX B KJIIETKE; O TOM, KaK KJIETKa 00ECIIEUMBAECTCS SHEPTUEH.
VYpok no n3ydyenuro permmkanuu JIHK mpoBoauTcs B BUIE JEKIUU C BJIEMEHTAMU
pasbsicHsaone 0ecensl o penymukanuu JIHK, kineTouHoM 1ukie, cTaausXx MUTO3a
C AEMOHCTpalueil n300pa3uTeabHON U HaTypalbHOM HArAHOCTH (MUKpPOIIpEnapaToB
CpeAcTBaMM MYJIbTUMEIUNHHOW mpoekuuu). boree mnoxapoOHas uHopmanus

ML YHIUTCIE 110 TCMC ITPCACTABIICHA B HpI/IJ'IO)KGHI/IH 10.

MeToauueckue PEKOMEHIAIINUA 110 TEME

«Ce.]'leKlIl’lﬂ OpPraHu3MoB»

Ha m3yuenne Tembr «Ceneknus opraHu3MoBy B IIporpamme oTBoauTcs 4 daca
yueOHOro BpemeHd. OHa BKIIOYAeT YpPOKH 10 TemaM: «OCHOBHBIC TIOHSATHS
cenekun», «MeTonbl  celleKIMOHHOM  paboThl. CoxpaHeHue, U3y4YeHHE U
HCII0JIb30BaHUE TEHETUYECKUX PECYPCOBY.

MeTonbl U1 MeTOAMYECKHE MPUeMbl 00yueHus. [Ipy U3ydeHnn TaHHOW TEMBbI
npeayiaraeTcss MPOBOJAUTH JIGKIIMU C DJIEMEHTaMU SBPUCTHUYECKOM Oecenpl U
JEMOHCTpaIie  M300pa3uTeIbHOM M HATypaJbHOMW  HArjsigHOCTH.  Takke
IJIAHUPYIOTCS IIOCTaHOBKA JIGMOHCTPAIIMOHHBIX OIBITOB, JIA0OPAaTOpPHBIX pPabdoT;
caMOCTOsITeIbHAs paboTa OOydJaroIIUXCcs ¢ Y4EOHHMKOM M YYEOHBIM IOCOOHEM,
perieHrne OMOJIOrMYSCKHUX 3a1a4.

MeTonuyeckue PpeKOMEHJAalMd 10 OpraHu3anuu o00pa3oBaTeJIbHOI 0
npomecca. Ha ypokax npu u3ydeHHH TeMbl MOYKHO MCITOJIb30BaTh METO]T ITPOOJIEMHOM
Oecenpl, TPOBECTH CEMHHAphl CMENIAHHOIO THIIA Ha OCHOBE JOKJIAIOB, a TaKkKe
KOH(EPEHITNIO TI0 COBPEMEHHBIM ITPOOIeMaM CEJICKIIMH OPTaHU3MOB.
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Jns mpoBefeHUs CEMHUHapa lielecoo0pa3sHO MPEANIOKUTh O00ydaromumMcs
POOJIEMHBIE BOIIPOCHI 11T OOCYKICHUSI .

1. Kak 3aKk0oHBI TEHETUKH PEATM3YIOTCS MPH BBIBEACHUU COPTOB KYJIbTYPHBIX
pacTeHUi U MOpoJ JOMAITHUX KUBOTHBIX?

2. Kakoe mpakTHUecKoe 3HAYe€HHE HMEET 3aKOH  T'OMOJIOTHYECKUX
pANOB HaclienCcTBEHHOM wu3meHuuBoctd H. M. BaBuioBa B cenmekuuu
OpraHu3MoB?

3. KakoBbI MepCIIeKTUBBI Pa3BUTHS CEIICKIIUHA PACTCHHUI U YKUBOTHBIX ?

[lepBbIie ypoku HEOOXOMMO TIOCTPOHUTH B BUIE O€CeIbl, TaK KaK 4YacTh MaTeprasa
00yJaronmMcsl y’Ke U3BECTHA U3 CUCTEMAaTUIECKUX Pa3NeNioB Kypca Ouosoruu. BakHo
Ha ATOM J3Tane cHOpPMUPOBATh TOHIATHUS copm, nopooda, wmamm (KaKk UCKYCCTBEHHO
CO3/IaHHAas  TOMYJISAIMS  OpraHM3MOB  ofgHoro  Buja). OOydarommecs  4acTo
UACHTU(PUIIUPYIOT TTOHATUS «BHI» U «IIOPOJIAa», «COPT», CUUTas, YTO COpPTa U MOPOIBI
OpPraHrW3MOB — 3TO MCKYCCTBEHHO BBIBE/IEHHBIE BHJbI. [IpaBuiibHO copmMupoBaHHBIC
MIPEJICTAaBICHUSI 00 MCKYCCTBEHHBIX MOMYJISIUSAX B JajdbHEHIIIEM MOMOTrYT TMOHITh U
YCBOMTh 3aKOHOMEPHOCTH 3BOJIIOLMOHHOTO ITPoLiecca.

[Ipn wm3ydeHun maTepuajiia O IIEHTpaX MHOrooOpa3usi W IPOUCXOXKICHUS
KYJbTYPHBIX PACTCHUH U JOMAITHUX JKHUBOTHBIX OOyJaroIIuMCs MpeJjiaracTcs
MOATOTOBUThH JOKJIAJbl C TOCISAYIOUIUM OOCYXIECHHEM Ha ypoKe. DTOT MaTepual
MHTEPECEH W BIOJIHE JOCTYNEH ISl CaMOCTOSITENIbHOTO H3ydeHusd. PaccmoTperh
METOJIbl CEJICKIIMM PACTEHUM W >KMBOTHBIX JIYUIIE BCErO HAa CEMHHAPCKUX 3aHATHUSX
C OOCyXIEHHEM KIIOYEBBIX NPOOJEMHBIX BOMPOCOB. OOy4aroUMMCs MOXHO
MPENJIOKUTh HAalTU B MIHTepHETE MH(POPMAITHIO O PA3TMYHBIX MMOPOJIaX KUBOTHBIX U
COpTax pacTE€HUW W MOJATOTOBUTH COOOIIEHUS O METOJax MX BhiBeAeHUs. Ha stom
YpOKe clieyeT 00CYAUTh ¥ 3HAUEHHE 3aKOHA TOMOJIOTHYECKHUX PSIJIOB HACIIEICTBEHHON
n3MmeHunBoctd H. M. BaBunosa B ceniekumu opranu3moB. [locie n3ydeHus: Bcer TeMbl
PEKOMEHIYeTCS TPOBECTU IKCKYPCHI0 Ha J0OOW U3 OOBEKTOB, TJ€ MOXKHO
MO3HAKOMUTBCSI C  MPAKTHUYECKOM  cenekiued (B OMONOrMYecKUil  MyseH,
Ha CEJICKIIMOHHYIO CTAHIIUIO, TFIEMEHHYIO (DepMY, COPTOUCTBITATEIBHBIN Y4aCTOK WU
B TEIUIMYHOE X03siicTBO). Ilocime HSKCKypcuM MPOBOAUTCS 3aKIIOYUTENIbHAs
o0obmaromas KoHGepeHIIHs.

[Ipu u3yueHun TeMbl MPOBOJUTCS 1abopamoptasn paboma « M3yueHue memooos

cenexyuu pacmenutiy (IIpunoxenue 7).
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Memoouueckue pexomenoayuu. Ilepen HayanioM J1aboOpaTOpHON pabOTHI
HEOOXOJIMMO TMO3HAKOMUTH OOYUYAIOIIMXCS C MPEAMETOM U 3ajjadaMy COBPEMEHHOMN
CEJIEKIIH, UCTOPUEH BOBHUKHOBEHHUS CEJICKIINHM KaK HAyKH U OTPaciy MPOU3BOJCTBA.
OOOCHOBBIBAaTh ~ HEOOXOAMMOCTh  pa3pabOTKM  HOBBIX  METOJOB  CEJICKITUH,
OMMUPAIOIIUXCS HA JOCTHMIKEHUS PA3IUYHBIX OMOJIOTMYECKUX Hayk. MIMeHHO ¢ sTumu
METOIaMH H TIPSACTOMT TO3HAKOMHUTHCS OOYJAIOIIMMCS B XOJC BBITOTHCHUS
MPAKTUYECKON YacTh pabOThI.

s 6omee OCO3HAHHOT'O BBIMOJTHEHUS MPAKTHUECKOH YacTH IIeIeCO00pa3HO
O3HAKOMUTH 00 YyUYaIOIIUXCSl C OCHOBHBIMU OHSITUSIMU, KOTOPbIE OYAYT UCIIOJIb30BaHbI
B Xo/ie paboThl. PaboTa Mo M3y4yeHUIO METOJIOB CEJIEKIMU PACTEHUU MOXKET OBbITh
MpoBe/icHa B IBYX BapuaHTax. [lepBwiii BapuaHT, BKIrOUaromuil B ceds Pabomy Ne 1
«H3yuenue  uckyccmeeHnozo  ombopay», — TpENIoNaraeT — U3ydeHUue  poiiu
HCKYCCTBEHHOTO OTOOpa B CENEeKIMU pacTeHuil. B xome paboTel oOydvarommuecs Ha
MpUMEpPax TUKUX U KYJIbTYPHBIX (DOPM pa3IMUHBIX PACTCHHM W KUBOTHBIX U3Y4arOT
W3MCHCHHS, KOTOpPBHIC TMPOM3ONLIA Yy HUX TOJ BIUSHHEM HACIICICTBEHHOM
W3MCHYHMBOCTH ¥ TIPOBOIMMOTO YEJIOBEKOM 0TOOpa. [laHHas paboTa MpoBOIUTCS Kak ¢
WCIIOJIb30BAaHMEM HATypajbHBIX 00BEKTOB — MOOETOB KYJIBTYPHBIX M JUKOPACTYIIIHX
pacTeHui, MJIOAOB, KIYOHEH, Tak U C MCHOJb30BAHUEM H300pKEHUN pacTeHUN U
YKUBOTHBIX, Pa3MEIICHHBIX Ha Pa3IaTOYHBIX KaPTOUKaX.

Cnenyroupe nabopatopHble pabotTel:  Paboma Ne 2 «l'enemuueckas
mpancopmayus pacmenuily, Paboma Ne 3  «Bwigeoenue HO80U NOpoobLy,
Paboma Ne 4 « Cenexyusa XXI sexa: buomexnonoeus u 2eHHAs UHHCEHEPUsL HA CLyiHcOe
yenogexkay», MOTYT OBIThb BBIIOJHEHBI B (hOpMe BUPTYaJIbHOI J1aOOpaTopHOU padoTHI.
Cuenapuu TpoBeICHMs JaHHBIX Pa0OT pa3MelieHbl Ha caiite « EnuHoe comepikanme
obmero obpazosanus» (https://edsoo.ru/), B paznene «BupTyanbHble 1a00paTOpHBIC
paboThI.

B xome BBIMONHEHWS BUPTYaIbHBIX JIAOOPATOPHBIX pabOT oOydaromuecs
B MHTEPAKTUBHOW (opMe TMOoIydaT MPEACTaBICHUE 00 OCOOEHHOCTSIX CEeJIeKIIUU
pacTeHH, )KUBOTHBIX U MUKPOOPIaHU3MOB, NTO3HAKOMSITCSI C OCHOBHBIMH METOJIaMU
CEJICKITUH.

[Ipu BeIMONHEeHWUM TiepBOM uwactu Pabomwer MNe 2 «lenemuueckas
mpaucgopmayusi  pacmenutiy  M3y4alOTCSl METOJbI  KJIACCHUYECKOM  CENEeKIIUH,
C TTIOMOIIBI0 KOTOPBIX HEOOXOAMMO TIOYYUTh HOBBIN copT s10;10HU. [IpaBriibHast cxema

JTAaHHOTO TIpoIecca UMEET BUJI, OKA3aHHbBI HA PUCYHKE 2.

71


https://edsoo.ru/

@ leHeTUYecKasi TPaHCHOPMaLMA pacTeHMit: OCBaMBaeM MOLLAroBo (NosyunuTe CBOWM COpT)

Puc. 2. Cxema nomyueHust HOBOro copta si0JoHu

B Xxozme BBINIONHEHUS CIEAYIOUIETO 3aJaHus HEOOXOIUMO IONYyYUTh COPT
KapTodesns, YCTOMYMBBIA K BO3ACHCTBUIO KOJOPAIACKOIO KyKa. ODTO Mpolecc
OCYIIECTBISICTCS ~ METOAOM  arpoOakTepuaibHOW  TpaHcopmanuu. Brauaie
HeoOXOJMMO BBIICITUTh HYXKHBbIC reHbl u3 Oaktepun Bacillus thuringiensis (Bt) var.
s sroro xynsTypy Oaktepuu Bacillus thuringiensis (Bt) var. u ren 6enka GFP
NEepEeMEIIAlOT W3 TaHeI WHCTPYMEHTOB B IYCThIC SYEWKH pabodeld o0lacTH U
HAKUMAIOT KHOIIKY «Brinenenue reHa» (puc. 3).

e FeHeTUYecKan TpaHChOPMaLUMA PacTeHMIA: OCBaMBaeM MoLUaroso (NonyumnTe csoi copT)

Puc. 3. Beinenenue resa

3aTeM OCYIIECTBIISIIOT KIOHMPOBAaHUE BBIJEIEHHOTO TI'€HAa B OpraHu3Me
OakTepuu KuieyHor nmajgouku Escherichia coli. [{ist aToro HeoOX0MMO TOMECTUTH
B MYCTYIO SYEHKY OaKTEepHUIO KHUIIEYHON Malo4YKyd U HaxkaTh KHONKY «KomupoBaHue
rera» (puc. 4).
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@ leHeTuuyeckas TpaHchOPMaLUA PacTeHUN: OCBaMBaeM MoLUaroso (NosiyumTe CBOM copT)

‘\

KonupoBaHue reHa '

Puc. 4. KonupoBanue rea

[lanee B mycTyr0 sA4YEWKy NOMENIAETCA BEKTOpHAs IUIa3MHUIA, B KOTOPYIO

BCTPanBaACTCA HOJIy‘IGHHBIﬁ I'CH, AJId 4€ro HGO6XOI[I/IMO Ha>XaTb KHOIIKY «BCTpOI/ITb»

(puc. 5).

lNeHeTUYecKkas TpaHcdoOpMaUMA pacTeHUH: OCBaMBaeM MNolwaroso (Nony4YuTe CBOW COPT)

Puc. 5. BctpauBanue rena

[Tocne 3TOro OCyHIECTBISIETCS MEPEHOC MOJYYEHHOTO I'€Ha B PACTUTEIbHBIC
KIeTkn (OmobayumcTuyeckas TpaHcdopmanus). st 3TOro mojydeHHbIE TeHBI U

KyJIbTypa pacTeHUH MOMEIIAIOTCS B TEHHYIO MYIIKY (puc. 6).
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< .1
FeHeTUYeckas TpaHchOpMaLUS PacTEHUN: OCBaMBaeM MoLaroso gpon’y’_}fm*re CBOWM copT)

Puc. 6. PaGota renHoil mymku

3areM ocylecTBiseTca arpoOakTepuaibHas TpaHchopMaluss — TEpeHoC
TUIa3MUJIBI B arpobakTepuro (puc. 7).

NeHeTM4ecKan TpaHchoOpMaLMA PacTEHMKM: oCBaMBaeM nolwaroso (Nosy4ymTe CBOW COPT)

TpaHchopmaumsa ) /

Puc. 7. ArpobakrepuaiibHas Tpanchopmarus

Jlanee momy4aroT KaJUTyCHYIO KYJIbTYpY KapTodens. J[ms Toro uto6s! yoenuTbes
B YCIICITHOCTH TIPOBEICHHOM TpaHchopmaruu ¢ mnomomipio reHa Oenka GFP
BKJIIOYAIOT ylbTpaduoseToByto amny. ['en 6enka GFP BoieneH us Mopckoi Meay3bl,
CBETUTCS B yJbTpaduoiieTe W IMO3BOJSET OTCIEKHUBATH MPOIECC TpaHCHOpMAIUH
B cenekiuu (puc. 8).
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PacTeHMI: ocBanBaeM MoLuaroeo (NosyymTe cBoM CopT)

BKIIO4UTb YNIETPaUONETOBYIO Namny

2208

Puc. 8. OrcnexxuBanue nporecca Tpanchopmanuu
C TIOMOIIBIO YIBTPApHOIETOBOM JIAMITHI

3aKIIOUUTENIBHBIM ATAIOM SIBJISIETCSL PEreHepalldsl pacTeHWMl, B pe3yjbTare

KOTOPOU TMOJTy4aroT B3pOCIIbIe HHIUBUAYYMBI (pHc. 9).

OBO (nMosiyduTe CBOM COpPT)

PereHepauma pacteHun

Puc. 9. Pereneparus pacreHuit

[Tocne monydenust B3pocibix pacteHuil (puc. 10) HE0OXOIUMO BBIMOJHHUTH

3aJ1aHuUs B JTAOOPATOPHOM XKypHAJIe.
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leHeTu4eckan TpaHchopMaUMa PacTEeHM: OCBauBaeM MoLuaroeo (nosiyumTe csBoi copT)

Puc. 10. B3pocinbie pactenus

Paboma Ne 3 «Bvigedenue Ho60u nopoobly 3HAKOMUT O00YyYarOIIHXCS
C MeToJaMHu Kilaccuueckoil cenekuuu. JlanHyto pa®oTy oOydaromuecss MOTyT
BBITIOJTHUTH CAMOCTOSITENILHO.

3aganue «llomymaiite, kakue (OpMBI HM3MEHUMBOCTH MOTJHU CIIYKHUThb
MaTrepuajioM  JOJs  UCKYCCTBEHHOro  oroopa.  UTo  MOXHO  cKazarh
0 METOJaX CKpEIIMBAHMS, MPOBEJEHHBIX CEJNEKUHOHEpaMU B TNPOIIIOM?» —
HE TMpearnojiaraeT aBTOMAaTHYECKONW MPOBEPKH M JODKHO MPOBEPSATHCS BPYUHYIO.
KintoueBbIMU CIOBaMU, CBHUAETENbCTBYIOUIMMH O MPAaBUILHOM OTBETE, SIBIISIOTCS
CJIEIyIOIINe: MyTallUOHHAS U3MEHYMBOCTh, KOMOMHATUBHAS M3MEHUYUBOCTh, METOJIbI
CKpEIIMBAHUSI — MHOPUUHT, ayTOPUIUHT.

Paboma Ne 4 «Cenexyus XXI 6exa: O6uomexmonocus u 2eHHAsi UHMICEHepUs.
Ha cnyscoe yenogexkay TPEANoNaraeT H3ydyeHHE STamoB padOTHl CENEeKIMOHEpa
M0 TIOJYYEHUIO HOBBIX INTAMMOB MHKpoopraHuzMoB. Ha pucynke 11 mokaszana
MOCJIEOBATEILHOCTD ATAMOB PadOThl, MPUBOAIIUX K JOCTHXKEHHUIO TIAHUPYEMOTO

pe3yJibTara.
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a Cenekuus XX|I BeKa: 6UOTEXHONOIUSI U FreHHas PUA Ha cny

CTPYKTYpHbI@ reHbl

Pecrpuxrasa EcoR |
(6axrepun Escherichia coli)

B34ate pecTpukTaszy u nepeHecTu ee BHyTpb T-murazMuabl

e Cenekunn XX| Beka: GMOTEXHONOIrMA M FreHHaA MHKeHePUA Ha cny6e Yenoseka

Pectpuxrasa EcoR |
(6anvepun Escherichia coli)

(e Jolr Jolr o o2 (<]

CTPYKTYPHBI@ FreHbl

PecTpukraza BeIpeKET ONpeAEICHHBIE T€HBI T-T1a3MuIbl

@ Cenekuusn XX| Beka: 6MOTEXHONOMMA U reHHan PUA Ha cny

CTPYKTYpHbI@ reHb!

3axBaTUTh KypCOPOM HOBBIE I'€HbI M IEPEHECTH UX BHYTPb T-T1a3MHu bl
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@ Cenekuus XXI Beka: 6UOTEXHONOIrUA U reHHasn PURA Ha CRy»K6:

CTPYKTYypHbI€ reHbl

r-nnasmuga

Hogesle rens! BcTpauBarores B T-murasmuny

@ Cenekuma XX| Beka: 6UOTEXHONOIMA N reHHan PUA Ha cny

' e T ‘
“®
PN Z5.70\, O

£ :
£ R U

Ti-nnasmupga ‘

4

T-HHaSMI/II[a C HOBBIMHU CTPYKTYPHBIMH I'€CHaAMHU

Puc. 11. Dranbl paboThl CeNEKIIMOHEpa MO MOJIYyYEHUIO HOBBIX IITAMMOB
MUKpPOOPIaHU3MOB

MeTonuquKne PEKOMEHIAINA 110 TEME

«bHuOTEeXHOJI0TNsl U CMHTEeTHYeCKasi OMOJIOrus»

Ha wu3ydyenue TemMbl «bBHOTEXHOJNIOTHS ¥ CHHTETHYECKas OHOJIOTH
B IIporpamme otBomutcs 4 daca ydyeOHoro BpemeHu. OHa BKIIOYACT YPOKU:
«bHOTEXHONIOTUS KaK HaykKa W OTpacib MPOU3BOACTBa», «OCHOBHBIC HAIIPaBIICHUS
CHHTETUUYECKON OMOJIOrHn», «XPOMOCOMHAs ¥ TeHHAs WHXKEHEpUs», «MenummHcKas
OHMOTEXHOJIOTHSY.

MeTtoabl M1 MeTOANYECKHE MPUEMBbI 00yueHHsi. PekoMeHayeTcs MpOBOIUTH
npoOjeMHyl0 Oecely C JIEMOHCTpallMedl M300pa3uTeNbHOM U HATypalbHOU

HarJsiaAHOCTH. Taxxe IJIAHUPYIOTCA IIOCTAHOBKA JACMOHCTPAOMOHHLBIX OIIBITOB,
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nabopaTopHbIX PadOT, camocToATeNbHas paboTa OOydaroMMXCS C Y4EOHUKOM H
y4eOHbIM TOCOOHEM; pellIeHrne OMOIOrMUECKUX 3a/1a4.

MeTonuyeckue PpeKOMEHIAlIMH 10 OpPraHu3anuu o00pPa30BaATEJbHOI 0
npouecca. M3ydeHne AaHHOM TEMbl MPOBOJUTCS C HCIOIb30BAHHEM JIEKIIMOHHO-
CEMHMHApPCKOW CHCTEMBI 3aHATHN. BHauane peKoOMEeH1yeTcsl IPOYUTaTh OJHY WJIU JBE
YCTAaHOBOYHBIC JICKIIMH, B KOTOPBIX M3JI0KEHBI OCHOBHBIE METOAbI COBPEMEHHOM
ouorexHonoruu. Jlanee MNpoBOJATCS CEMHUHApPHI CMEIIAHHOIO THIIA, HA KOTOPBIX
MPENINONaraeTcs BBICTYIJIEHUE OOYYaIOLIUMXCS C COOOIIECHUSMHU, MX OOCYXICHHE,
JVCKYCCHH IO KJIFOUEBBIM BOIPOCAM KaXIOU TEMBI.

[Ipy wu3ydeHun TeMbl OOYYaAIOUIUMCA MOXKHO TMPEIJIOKUTh BBINOJIHUTD
npaxmuueckyro pabomy «llonyuenue morounoxucivix npooykmosy (Ilpunoxenue 8).
JlanHas mpakTtuueckas padoTa MMEET HECOMHEHHYIO MPaKTUYECKYI0 3HAYMMOCTb,
OJTHAKO €€ MPOBEACHHE TPeOyeT 3HAYMTENbHBIX BpEMEHHBIX 3aTpar. [loaToMy oHa
MOXXET OBITh NPEIJIOKEHA O00yJaromUMCcs JUII CaMOCTOATENIBHOIO MPOBEACHUS
B JOMAaIIHUX YCJIOBHUAX. [IpoMeXyTOUHbIE U OKOHYATEIbHBIE PE3YJbTaThl PaOOTHI
MOTYT OBITh IPOAEMOHCTPUPOBAHBI YUUTENIO U OJHOKJIACCHUKAM B BUAE (OTO- WK
BUJICOOTUYETA, a TAKKE B BUJIC TOTOBBIX MPOYKTOB.

Memoouueckue pexomenoayuu. Ilpu mnpoBeneHUU pPabOTHI HEOOXOAUMO
YUUTBIBATh, YTO 3aKBaCKa MHOrypTra B CTEPUIM30BAHHOM MOJIOKE Pa3MHOMXAETCS
B TeueHue 5 yacoB npu temrneparype +37...39 °C. Ecnu temneparypa 0yaeT HUxXe, TO
MOJIYUUTCSI HEBKYCHBIM HOrypT Tsarydyeil koHcucreHuuu. Ecnu Ttemmeparypa Oyner
BBIIIIE, TO CKBAIIIMBAHUS HE MPOU30MAET WK Mpoliecc CUIbHO 3aTsiHeTcs. Heobxoanmo
yIEepKUBaTh TEMIEPATYPY HA OJHOM YPOBHE C IMOMOUIbIO BOASHOW OaHHW, BOAY
B KOTOPOH CJIEAYET MOCTOSIHHO MOJOTPEBATb.

['oTOBHOCTH HOrypTa OnpenesnseTcs: N0 NpeBpalleHUI0 MOJIOKa B OJHOPOIHYIO
IUIOTHYKO MaccCy, KOTOpas MpU HAKJIOHE OAHKWM HE BBUIMBACTCS, a BBIBAJIMBACTCS
KPYNHBIMH KycKamu. IIpUroToBieHHBI HOrypT HEOOXOIMMO OXJaauTh. Ecmu
MOJIYYHUJICS. XOPOIITUM OJTHOPOJIHBINA TPOJYKT, TO YACTh €70 MOXHO OTJIOKHUTH B IPYTYIO
€MKOCTh, MOCTABUTh B XOJOJAWJIBHUK M B JaJbHEUIIIEM MCHOJIb30BaTh B KauyeCTBE
3aKBackuM. EciM KOHCUCTEHLMSI TPOAYKTa HEOJHOPOJHA, C BOJASHUCTHIMU
BKJIFOUCHUSIMHU, 3HAYUT, B MOJIOKE Pa3MHOXKUJIMCh MOJIOUHOKHUCIBIE OaKTEepUu U
o0pa3oBajICs APYrod MOJIOYHOKHUCIIBIN TPOYKT — TPOCTOKBAIIIA.

JInst MpUroTOBIICHUS PSIKEHKU MOJIOKO ACTEPU3YIOT IIpHU TeMmeparype +96 °C

B TeueHue 4-5 wyacoB. bmaromaps TakoW BBIIEPKKE U TEMIEPAType, MOJOKO
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MpUOOpETaeT KPEMOBBIN I[BET U CHEHUPUIECKUN BKYC, OHO CTAHOBUTCS TOIUICHBIM.
3aKBacKo JJI PSDKEHKHU CIY)KUT cMeTaHa (0JiHa cTojoBas jJoxka Ha 0,5 71 Mosoka).
ToruieHOe MOJIOKO 3aKBalIMBAIOT Mpu Temneparype +36...38 °C B TeueHnne 4—5 4acos.
['0TOBYIO PSI’KEHKY MOXHO OCTaBUTh IPH KOMHATHOM TEMIIEpaType WU MOCTABUTH
Ha XpaHEHUE B XOJIOAWIbHUK.

[Ipyn mpUroTOBIEHHWH TBOPOra MOJIOKO HEOOXOAMMO MPOKHUIIATHTH, a 3aTeM
OpIcTpo oxyanuTh ero a0 +32...36 °C. i 3TOro KacTprOJIK C MOJIOKOM HYKHO
OIYCTUTH B APYTYIO MOCYAY C XOJIOJHON BOAOW, HE JIOMYCKas IPU 3TOM €€ MOIaIaHus
B MOJIOKO. OXJIaXXJ€HHOE /10 HY)KHOM TeMIIepaTypbl MOJIOKO 3aKBallIMBAIOT, BBOJS
3aKBaCKy TOHKOH CTpyel MpH TIIATeIbHOM NepeMeninBanuu. KoianuecTBo 3aKBacku
JIOJKHO COCTABJIATh OKOJIO 5% OT KOJIMYECTBA 3aKBAIIMBAEMOr0 MOJIOKA. 3aKBaCKOM
MOXKET CITY>KUTb IMPOCTOKBAIIIA UM CMETaHa, KyIJICHHAas B Mara3suHe.

Kactpromio ¢ 3akBaieHHbIM MOJIOKOM CJIETYET HAKPBITh KPBIIIKOHN U MOCTaBUTh
Ha JIBOE-TPOE CYTOK B TEIJIOE MECTO JI0 0Opa30BaHMs CTyCTKa. 3aTeM HY>KHO OTACIIUTh
OT CTryCTKa IPO3PAaYHYI0 3EJIEHOBAaTOTrO IBETA CBIBOPOTKY. sl 3TOro CUTO WM
qypuuiar cieayer oopaborarh KUMSTKOM, Ha JIHO TOJIOXKHUTH JBa CJIOS Mapid M
NepeHecTu TyAa oOpa3oBaBluiica crycrok. Korga otneneHue  ChIBOPOTKHU
MPEKPATUTCS, TBOPOXKHYIO MAacCy CieAyeT OTKaTh. J[Jis 3TOro Ha TBOpOr B Mapiie
CTaBAT YKUCTYI0, OOpaOOTaHHYIO KUIMSATKOM Tapesiky, a Ha Hee HEOOIbIION Tpy3,

HanpuMep 0aHKy ¢ BoJoi. CripeccOBaHHBIN TBOPOTI MOMEIIAIOT B XOJIOJHOE MECTO.
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HPUJIOKEHUSA
IIpunoxenue 1. Jlaboparopuas padora

«Pasue.ﬂe}me IINI'MEHTOB JIUCTa METOAOM XpOMaTOI‘pa(l)I/lI/I»

Llenv: HayyuThCA PA3AENATH BEIIECTBA METOJNOM Xpomarorpaduu. BbIIBUTH
0COOEHHOCTHU CTPOEHHUS MOJIEKYJI, CIIOCOOCTBYIOIINE PA3EICHUIO BEILIECTB.

Obopyoosanue u mamepuanvl: Tnpooupku, nunerka [lactepa wm
aBTOMaThuyeckas mumnerka, ¢pappopoBas CTyNKa C MECTUKOM, XUMUYECKHE CTAKAHBI
Ha 100 M1, cTeKIIsTHHAS MMalloYKa, 3a)KUM KaHIIEISIPCKUH, HOKHHUIIBI, (PUITTPOBaTIbHAS
Oymara, IITaTUB C KOJbIIOM, BOPOHKA, CTEKJISIHHBIN TMECOK; CBEKHUE 3E€JICHBIEC JTUCThA,
85%-i1 BoHBIN pacTBOp alleTOHA, METL.

Xoo pabomui:

1. B dapdopoBoil cTynke Memaiite M meperpuTe oOpasibl JIMCTHEB, MENI U
CTEKJISIHHBIN MECOK.

2. K momydenHoil cmecu HeOONBIIMMHU TOpIUsAMU 00aBbTe 10 MII areToHa,
HEMPEPBIBHO pacTUpasi COAEP>KUMOE CTYIKHU.

3. Korna B crynke oOpa3yercst ogHOpojHasi Macca, OTQUIbTPYHUTE ee uepes
OyMaXHBIM PUIBTP B XUMUYECKUN CTAKaH.

4. B or(punbTpoBaHHBIN alleTOHOBBIN KCTPAKT U3 JINCTHEB OMYCTUTE HA 2—3 MM
nojiocy GUIBTPOBAJIbHOM Oymaru, VyKpemJjeHHY0 TMpH TOMOIIM 3aXHUMa Ha
CTEKJIIHHOM manouke. [lomocka Oymaru He JOKHA KacaThCsl CTEHOK CTaKaHa.

5. Cnycrs 20-30 MmuH HaOrOAaTe 30HAIBHOE pa3/ieieHUe Pa3HOOKPAIIEHHBIX
pPaCTUTENBHBIX MUTMEHTOB Ha Mojioce GUIbTPOBAILHOM Oymaru.

Cnenaiite BBIBOA 1O TMPOBEJECHHOMY OMBITY: O pa3leleHUU MUTMEHTOB
Ha Oymare CBHUJETENLCTBYIOT ... . Pa3geneHune NMUIMEHTOB NPOMCXOAUT 3a CUET
pa3HMIBI B WX ... . JIaHHBIA ONBIT ABJISIETCS HpUMEpoM Metoaa ... . (Omeem:
«O pazgeneHuH MUTMEHTOB Ha Oymare CBUJETENbCTBYIOT OKpAuieHHble HOJIOCHL.
PazneneHue NUTIMEHTOB MPOMCXOAMWT 3a CYET pa3HUIBI B UX 2uUopopobHocmu

(euopounvrocmu). JlaHHBIN OMBIT ABJISICTCS MPUMEPOM METOA XpoMamozpapuu.)
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IIpunoxkenue 2. JlabopaTopHas padora

«O0Hapy:keHHe 0€JIKOB € MOMOIIBI0 KAYeCTBEHHbIX PeaKI[Hii»

Lenv: HayduThCsl OOHAPYKMBATh OCJIKH B OMOJIOTMYECKUX OOBEKTAX MyTEM
MPOBEJICHNS  KAYeCTBEHHBIX  peakinuii. BBISBUT, NPUYWHBI,  BBI3BIBAIOIINC
JIEHATYpAINIO OEITKOB.

Obopyoosanue u mamepuanvi: BOHAsHas OaHs, INTaTUB C MPOOUPKAMH,
aBTOMaTU4YecKas MUIETKa Ui J00aBOK, JepKaTeNb A MPOOUPOK, XUMHYECKHNA
CTaKaH C SIMYHBIM O€JIKOM, KPYIJIOAOHHAs K0JI0a /Ui BOASHON OaHH, EMKOCTh C BOJOU
JUTsI BOJSIHOM OaHW, Topenka Jis BOASHOW OaHW, TojcTaBKa sl ropenku; 1%-it
pacTBOp yKcycHOM KucnoTbl, 10%-i1 pacTBop ykcycHoW Kuciaotsl, 10%-i pacTBOp

NaOH, 0,1%-i1 pactBop HUHTHIApHHA, 2%-11 pacTBOp CuSOa.

Paboma Ne 1. [lenamypayus 6enkos npu Hacpesaruu

1. CobGepute BoasiHyIO0 OaHIO JjIsl HArPEBAHUS PaCTBOPOB.

2. B getsipe mpoOupku HaneiTe mo 1-2 mu pacTBopa SMYHOTO Oernka.

3. bBenok B mepBoit mpoOupke HarperTe Ha BOASHON OaHE 10 KUTICHUS.

4. Tlpoananu3upyiTe MOTYYUBIIUNCA pe3yabTaT (MpUMEYaHHUE: MPOUCXOIUT
TepMHUYECKas JeHaTypaIus Oejika U pacCTBOP MYTHEET).

CnenaiiTe BbIBOJ IO MPOBEACHHOMY OIBITY: JIeHaTypalus Oeika ..., 0 4eM
CBUJICTEIILCTBYET ... . J|aHHBIN OMBIT SBISETCS MPUMEPOM ... JIEHATypaluu Oernka.
(Omeem: «Jlenarypanus Oenka npouszouiida, 0 Ye€M CBHICTEIBCTBYET HOMYMHEHUE
pacmeopa. J|aHHbBIN OMBIT SBISETCS PUMEPOM /mMepMuieckoli IeHATypauu Oenka.)

5. K pactBopy Oenka BO BTOpoi mpoOupke m00aBbTe OAHY Karumo 1%-ro
pacTBOpa YKCYCHOM KUCIOTHI.

6. Harpeiite pacTBOp /10 KUTICHUS.

7. [Ipoananusupyiite monyuusimiics pe3ynstar. ([I[pumeuanue: ocagok Oeska
BBINIJIa€T OBICTPO, IMOCKOJBKY 3aps]l MUIET HEUTpaM30BaH M OENOK OJIM30K
K U302JIEKTPUIECKOMY COCTOSTHUIO. )

Cnenaiite BBIBOJ 1O NPOBEJACHHOMY OMBITY: JAeHATypaius Oelka
B CIa0OKHUCIION cpelle CBUIETENbCTBYET O IMOTEpe yYacTUlaMu Oenka ... 3apsja.
(Omeem: «Jlenatypanus 0enka npouzouria. Beinadenue ocaaka B Cl1abOKHUCIION cpefie
CBHJICTEIILCTBYET O TMOTEPE YACTHIIAMU OCITKa ompuyamenbHo20 3apsiiay.)

8. K pactBopy Oenka B Tperheil mpoOupke nodaBbre 5—8 kamenb 10%-ro

pacTBOpa YKCYCHOM KUCJIOTHI.
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9. Harpeiite pacTBOp 10 KUTICHHS.

10. IMpoananu3upyiTe moayduBiImiics pe3yabrar. ([IpuMedanue: ocamok
HEe oOpa3yercs, TaKk Kak MULEIUIbl OeaKa MpuoOpenu MOJIOKUTEIbHBIE 3aps/ibl, YTO
ABIIIETCA CTAOMIM3UPYIOMIKUM (PAKTOPOM U MPENATCTBYET KOATYJISLIUHN).

CnenaiiTe BBIBOJ O TMPOBEJECHHOMY OMBITY: JeHaTypaius Oeika
B CWJIBHOKHCJION Cpelleé CBUAETENIBCTBYET O MPUOOpPETEeHHM yacTUIlaMHu Oeika
3apsifia, 9YTO SBISETCS OJHUM M3 (PAKTOpOB ... Oenka. (Omeem: «Jlenatyparus 6enka
He npousouina. Omcymcmeue oOcalka B CHIBHOKHCION Cpele CBUIETEIbCTBYET
0 TpUOOPETeHUH YacTUIlaMU OelKa IMOJIOKUTENBHOIO 3apsaa, YTO SIBISIETCS OJHUM
u3 (hakTOpOB ycmouuusocmu OCIKay.)

11. B uyerBepryto mnpobupky mpoOabisroT 5-—8 kamenb 10%-ro pactBopa
TUAPOKCUJIA HATPUS.

12. HarpeiiTe 10 KuneHusl.

13. [Ipoananu3upyiite momyduBimmiicss pesynbrar. ([Ipumeuanue: ocalok He
BBINAJAET, ITOCKOJbKY MHIICIUIBI 3aPSKEHBI OTPULIATEIIBHO. )

CnenaiiTe BBIBOA IO NPOBEACHHOMY OINBITY: JIeHaTypalus Oenka
B IIEJIOYHOM Cpefie CBUIETEIbCTBYET 00 YBEIMUECHUHU y O€JIKa ... 3apsA/a, UTO SBISETCS
OJIHUM U3 (paKTOpOB oenka. (Omeem: «Jlenarypanusi Oelka He npouzoulid.
Omcymcmeue ocajka B IIEJIOYHON Cpefie CBUIETENbCTBYET 00 YBEIMUEHUHU y Oeska
ompuyamenbHo20 3apsa, 4To ABJISCTCS OJHUM U3 (PaKTOPOB ycmouuusocmu OenKa.)

3anonHuTe TabMUIy (yKa3aHbl BEpHbIE OTBETHI).

Xapakrepuc- He#itpanbnas  Cnabokucnas  CunbHokucnas Illemounas
THKA Cpebl
Pe3yabTar PactBop Beimagaer Ocanok He Ocanok He
onbITa MYyTHEET 0CaJIoK oOpa3zyercs oOpa3zyercs
Oo6ocHoBanue IIpoucxoaut 3apsg yactuly  YacTuubl bemok
pe3yJbTara TepMuueckas  Oerka Oenka 3apsKEH
JEHATypalusi  HEUTpanu3o-  MpuodpeIn OTPUIIATEIILHO
Oenka BaH U 0eNoK MOJIOKUTENb -
OJIM30K HBIE 3apsJIbl
K U302JICKTPH -
YECKOMY
(271eKTpO-
HYJIEBOMY)
COCTOSIHUIO
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Paboma Ne 2. Buypemoeas peaxyus

1. B npoOupky Haneite 1-2 mu pacTBopa sMU4HOro OejKa.

2. B mpobupky no6aBbte paBHbIi 00beM 10%-T0 pacTBOpa rUAPOKCHIA HATPHSL.

3. PactBop mepememaiite u m00aBbTe MO 1-2 Kammm pacTBOp cCynbdaTa
meau(ID).

4. 3anonHuTe Ja00paTOpHBIN KypHaN. ([Ipumeuanue: TOABISACTCS KpPacHO-
¢duoneroBoe UM cuHe-hUOJIETOBOE OKpalirBaHue. B mienounoi cpeie 6enku, a Takke
IPOAYKTHI X THAPOIN3a — MOJUIENTHIBI JAI0T (PMOJIETOBOE MIIM KPAaCHO-(hHMOJIETOBOE
OKpaIlIMBaHUE C COSIMHU Meau. Peakius oOycioBieHa HATUYUEM MENTHAHBIX CBSI3EH.
[TonoxuTenbHass OMypeToBasi peakuus MPOSBISETCS Y COEAMHEHUM, COAepKAIIUX HE
MeHee JIByX NeNTUAHBIX Ipymi. NHTeHCUBHOCTh OKPACKU 3aBUCHUT OT JJIMHBI MENTH/IA
¥ BapbUPYET OT CHHE-(DUOJIETOBOM /10 KPaCHO-(PHOIETOBON M KPACHOM.)

[Ipoananu3upyiTe pe3ynbTaThl ONBITA U CETANTE BBIBO:

B ... cpene Oenku AaroT ... OKpalIMBaHUE C COJSIMH ... . Peakuus o0yciioBiieHa
HaJU4YueM ... cBszeil. (Omeem: «B wenounoil cpene OENKU Aal0T cuHe-guoiemosoe
OKpalllMBaHUE C COJSIMU Meldu. Peakuus 0OyCIIOBJI€HA HATIUYUEM HENnMUOHBIX

CBSI3CH».)

Paboma Ne3. Kcanmonpomeunosas peaxkyus u HUH2UOP UHOBASL PEAKYUS
(dannyto paboTy HEOOXOIMMO BBIMOJIHSITH, COOIIO1asi 0COOYI0 OCTOPOKHOCT!)
Yacts 1. KcanTonpoTenHoBas peakuus

1. B mpobupky Haneiite 2—3 mi1 pacTBopa Oejka

2. lo6asbTe 0,5—1 mu (23 kamim) KOHIEHTPHUPOBAHHOMN a30THOM KUCIIOTHI.

3. CMech OCTOPOKHO HarpemTe.

4. IlpoaHanu3upynTe MOIYYUBIINICS PE3yabTaT.

5. 3amonauTe Ma00OpaTOpHBIA KypHan (Tadbmuiy). ([Ilpumeuanue: BbITIATACT

0CaJIOK KEJITOTrO I[BETA.)

Ha3zBanue HaoOmwonaemasa  Yem o0yciioBjIeHA
PeakTuBbIl
peakuuu OKpackKa peakuus
KcanTonporennoBass HNO3 (koHir.) Kenras HutpoBannem
peakius apOMaTHYECKUX
KOJIEI]
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Yacts 2. HunruapuHoBas peakuus

1. B npoOupky Haneite 1-2 mu pacTBopa sMU4HOro OejKa.

2. lo6aswTe 0,1%-r0 cIUpPTOBOIT pacTBOP HUHTUIPHUHA.

3. HarpeaiiTe 0k0JI0 MUHYTBI HaJ] TOPEITKOH.

4. IlpoaHanu3upynTe MOITYYUBIIUICS pe3yabTaT.

5. 3anoaHuTe JJAbOpaTOPHBIN KypHa (Tadauny). (Ilpumeuwanue: pacTBop Oeaka

B IIPOOMpPKE MPHOOpETaeT KPacHO-(PHOJICTOBYIO OKPACKY.)

Ha3zBanue P Haomonaemasn Yem 00yci10BJI€EHA

peaxkmun oKpacka peaxmusi
Hunrugpunoas CoHeOs Kpacho- BzaumoneiictBuem
peaxkuus (HUHTHIPHH) ¢uoneroas anb(a-aMUHOKHUCIIOT

C HUHTUJAPHUHOM
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IIpunoxenue 3. JlaboparopHas padora
«HccnenoBanne HyKJI€HMHOBBIX KHCJIOT, BbIICJICHHBIX U3 KJIETOK

Pa3/INYHbIX OPraHnu3IMoOB»

Llenvy pabomobl: TO3HAKOMUTHCS C METOAMKOW BbiAeneHus reHomHo JIHK
U3 pacTUTEJIbHBIX UCTOYHHMKOB, HaOtonaTh cBoiicTBa Monekyn JIHK, BbigeneHHbIX
U3 KJIETOK Pa3IUYHbIX OPraHU3MOB.

Obopyoosanue u mamepuansl. CTyNKa C TECTUKOM, MajlO4yKa CTEKIJIIHHAs,
nunetkd Ilactepa (MM NHUOETKH aBTOMAaTUYECKUE C HAKOHEUYHHMKAMM), IIMNATElNb,
MITATHB C TPOOUPKAMU, 32)KUM JISI POOUPOK, BOPOHKA, MapJIsi, MAJIOUKa JIEPEBIHHAS,
CTaKaH XUMUYECKUM, OaHs BOASHAS, JJIEKTPOIUIUTKA, PACTBOP YISl JIU3KMCA, OOPA3IlhI
IJI0JIOB, MAHKPEATHH, CBEKUN COK aHAaHACA, ITUJIOBBIN (MM M30MPOMUIOBBIM CIIUPT),
0,4%-i1 pacTBOp THAPOKCUAA HATPUS, TU(ECHUTIAMUH.

Xoo pabombi:

1. [lpurotoBsTe pactBOp M Ju3uca. J[Jis MPUTOTOBIEHUS pacTBOpa HAJO
cmemath | M cpeactBa mis MbeITha nocyasl, 0,1 r moBapeHHOM comu U 9 M
JUCTUWUIMPOBAaHHON BOABL. JKenaTelbHO OXJIAIUTh PAacTBOP B MOPO3HJIBHUKE WIH
Ha JIb1Y.

2. C moMoIpio mmaTest oTaenuTe oopaser mwioga. [leperpure odpaszern mioaa
B CTYIIKE TIECTUKOM.

3. lo6aBpTe B crynky 1000 wmkn OydepHOro pacTBOpa Ui JU3UCA U
MepeMeIIuBalTe B TEUCHUE 2—5 MUH.

4. IlpounpTpyiiTe cycnensuio yepe3 3—4 cios mapiau (WM KalpOHOBBIN
YYJI0K).

5. Beigepkute eme S5—/ MUH IS JaJbHEHIIEro pas3jiokKeHUs Oelka.
Jnst Jtydiiero BbIACNEHUS MOXHO J100aBUTH MaHKPEATHH W3 alTEYyHOro Ipernapara
W/WJTU CBEXUI COK aHaHaca.

6. [lepemecTuTe CycrneH3uio B MPOOUMPKY € momombio munetkd Ilactepa
(I aBTOMATUYECKOM MUMETKU ¢ 00pe3aHHBIM HOCUKOM HAaKOHEYHHUKA).

7. JlobaBpTe Ha TMOBEPXHOCTh pacTBOpa ¢ TMomollbio nunetku I[lactepa
(WJIM aBTOMATUYECKOM MUMETKN) PaBHBIN 00BEM OXJIXKIECHHOTO CIUPTA.

8. HabGmopnalite B Teuenue 1—2 mMuH oOpa3oBaHue 00pa30BaHUs BS3KOTO CJIOS
JAHK Ha rpanuie cioes cnupra v BOJBI.

9. Akkyparno usBnekute yactb JHK c¢ rpanunsl mexay cnupTtoM U BOJOU

BpaliCHUEM JICpCBHHHOﬁ ITAJIOYKH. PaCCMOTpI/ITe IMOBCPXHOCTD ITAJIOYKH.
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10. Ilepenecute JIHK B uncTyro mpoOUpKYy.

11. Ilpuneitte B npooupky 1 mi 0,4%-ro pactBopa ruApoKCUIa HATPHUSL.

12. [unetkoit mpoGaBeTe B mpodupky 0,5 M nudeHumamuHa, 3aKpENHUTE
NpOOUPKY B IepKaTelsie U MOMECTUTE €€ Ha BOJAHYIO OaHIo Ha 15 MuH.

13. 1UzBnekute nmpobupky. O1ieHuTe OKPACcKy pacTBOpa.

14. Onuiuure cBoM HAOJIOAEHUS B XOJIE OIbBITA.

KoumponvHuvie 6onpocel u 3adanus

BriGepuTe ovH paBUIIbLHBIN OTBET.
1. KauectBennoii peakuueit Ha [IHK sBnsiercs peaxiusi:
1) ¢ ruApOKCHUIOM HATPHS
2) ¢ nudeHnITaMHHOM
3) ¢ KpacHOI KPOBSIHOM COJIBIO
4) ¢ mepMaHTaHATOM KaJlvs
(Omeem: 2.)

BoccTanoBuTe npaBUIbHYIO TOCIEA0BATENBHOCTD JIEUCTBHM.
2. ITpu n3Bneuenun JJTHK u3 pacTUTENbHBIX TKaHEH:
1) o00paboTka romoreHara CpefCTBOM ISl MBIThSI ITOCY/IbI, COEPKAIIAM
naypuicyiabhar HaTpus
2) oThUILTPOBBIBAHUE CMECH
3) moOaBjeHHE TUIOBOTO CIIUPTA

4) moaydeHne roMoreHaTa KJIeTOK PaCTUTEILHON TKAHH
(Omeem: 4123.)

JlaiiTe pa3BepHYTBI OTBET HA BOIIPOCHI.

1. 3auem B pacTBOp I JIU3UCA HAIO AOOABISATH CPEICTBO JUIsl MBIThS TIOCYIbI?

(Omesem: nys paspyiieHuss MeMOpaH KICTOK U U3BJICUCHUS B PACTBOP MOJICKYJI
JTHK.)

2. 3a4yeM B pacTBOp JJIs JIM3UCA HA0 JOOABISATH COJIb?

(Omeem: nnst co3maHvs U30TOHUYECKOT'O PACTBOpPA B CPeje JUIA IPOBEICHUS
JIM3KCa KIIETOK.)

3. 3aueM xenaTeabHO A00aBIATh MaHKPEATUH?

(Omeem: maHKpeaTHH COJCPKUT TMpOTEa3bl M JIMIA3bl, HX JICHCTBHUC
CIIOCOOCTBYET Jerpajalii >KUpOB U OEJKOB, UTO B CBOIO O4YEpPE/lb CIIOCOOCTBYET

BbIcBOOOXKeHMI0 JIHK.)
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4. 3aueM KeaTelbHo 100aBIITh CBEKHUN COK aHaHaca?

(Omeéem: coxk aHaHaca COAEPIKHT IIPOTEa3bl, MX JCHCTBHE CIOCOOCTBYET
Jerpaganun OeIKOB, UTO B CBOIO OYepeib CIIOCOOCTBYeT BhicBOO ok aeHuio JTHK.)

5. 3aueM puIBTPOBATH CYCIICH3HUIO TIOCIIE JTU3Kca?

(Omeem: nns ynaneHuss 0OCTaTKOB KJICTOYHBIX CTEHOK M OEJIKOBBIX arperaros.)

6. 3aueM J100aBIATH CIUPT K CYCIIEH3UU?

(Omeem: nns w3Bneuenus JIHK, koTopast HepacTBOprMa B CITUPTE. )
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Ipunoxenue 4. JlaGoparopuas padora

«Il1a3zMoM3 ¥ Jenjia3MoJin3 B PACTUTEC/IBHBIX KJIE€TKaXx»

Illenv  pabomei: TpoHAOMIONATH 32 IUIA3MOJM30M U JICTIIA3MOJIU30M
B pACTUTENIbHBIX KJETKaxX; yOeauThCsi B W30MpaTEeNbHON MPOHUIIAEMOCTH
M1a3MaTHYECKON MeMOpaHsbl.

ObopydosaHnue u mamepuaivl: MUKPOCKOI, TIPEAMETHBIE U TOKPOBHBIE CTEKIIA,
npemnapoBaibHas Urja, MUHIET, CTaKaH ¢ BOJIOM, MOJOCKH (MIBTPOBAIBHON OymMaru;
5%-i1 pacTBOp oBapeHHo# coyin, pacTBop |2 B Kl (wmm |2 B ciupte), 96%-ii 3TUIOBBIIM
CIUPT, KpacHbId WM (UOJIETOBBIM penyarblii JIyK, cpe3bl (PUOJIETOBBIX JIUCTHEB
TpaaeCKaHIIUU 3€0POUTHOM, JTUCThS STIOCH.

Tlopsoox evinonnenus pabomoi:

1. [IpuroroBbTEe MHUKpOIpenapar KOXHUIlbl Yelryu jyka. [lomecture B Karumo
BOJIbI HA TMPEIMETHOE CTEKJIO KYCOYEK KOXKMIIBI M HAKpOWTE MOKPOBHBIM CTEKIIOM.
YroObl yaamuTh My3bIpbKU BO3AYyXa, CIETKa MPHKMUTE TTIOKPOBHOE CTEKIIO UTJIOH.

2. llpoBenuTe OKpalMBaHWE TMpernapaTra pacTBOPOM HOJA, €CIA  3TO
HeoO0xoauMo. [[1st 3TOro ¢ OJHOW CTOPOHBI NMOKPOBHOI'O CTEKJIAa HAHECUTE KaIlIko
pacTBOpa uoja, a ¢ IPyro CTOPOHBI OTTSHUTE XKUAKOCTh (PUIBTPOBAIILHOM OyMaroii.
PaccMoTpute npenapaT nmpu MajioM YBETUYEHUH MUKPOCKOMA. 3apUCyHTE HECKOJIBKO
KJIETOK, 0003HAYMB ITUTOIIA3MY, 000I0UKY, SIPO.

3. C omHOW CTOpPOHBI TIOKPOBHOTO CTEKJIa HAHECUTE HECKOJbKO Karesb
pacTBopa noBapeHHo# coyu. C Apyroi CTOPOHBI, MOJOCKON (PHIIBTpOBAILHON Oymaru
OTTSHUTE H3IUIICK >XUAKOCTU. HaOmronmaiiTe moa MHUKpPOCKONIOM 3a H3MEHEHUEM
MOJIOKEHUST LUTOMIa3Mbl. 3apucyite 00bekT. CTpenkoil MOKaXuTe OTCTaBaHHUE
[UTOIJIa3Mbl OT 000JI0UKH KJIEeTKU. OOBSCHUTE, TOUYEMY MPOU3O0IIEN IIA3MOJIHU3.

4. Ha wMukpomnpemapaT HAaHECUTE€ HECKOJIbKO Kamellb BOJIbl U BHOBb
C TPOTHUBOIOJOXHOH CTOPOHBI ~ OTTSIHUTE HM30BITOK  JKUAKOCTH  TOJIOCKON
bunbTpoBambHOM Oymaru. He 3a0biBaiiTe KakIplii pa3 OpaThb YHCTyIO Oymary.
HaOmopaiiTe moJ MHKpPOCKOIIOM HW3MEHEHHE LUTOIUIa3Mbl. 3apUCyHTe OOBEKT.
CnenaiiTe BBIBOZ 0 HAaOII0Ja€MOM SIBIICHUH JIETIIa3MOJN3a B KIJIETKaX.

5. IlpurotoBbTe MHUKpOIpemapaT JucTa 3Jjoaed. PaccMoTpure OOBEKT
10T MUKPOCKOIIOM. [IpoBe/iiTe aHAIOTHYHBIH OIBIT (CM. OITUCAHKE, JaHHOE B I111. 2, 3).
3apucyiite 00BEKThl U 0003HAUbTE YBUACHHOE. Y 3JI0JIEU IUIa3MOJIHU3 OINpPENeseTCs

MO0 CMCIICHUIO XJIOPOIIJIaCTOB.
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6. Cnenaiite BbBog. OTMeTbTe, Kakoe 3HAUYEHUE HMEET IUIa3MOJU3 U
JIETUIa3MOJIN3 B JKU3HU pacTeHuil. C yeM CBsi3aHO siBieHue Iuta3monusa? Urto morio
OBbI IPOU3OUTH, €CIIU Obl KJIETKH OCTAJIUCh B PACTBOPE COJIU JIUTEIBHOE BpEMsI?

7. CHUMUTE TOKpPOBHOE CTEKIIO C TMpernapara KOXHIBI JIyKa U KaIHHUTE
Ha 00beKT 2—3 Karum cnupTa. PaccMoTpuTe mpemapar 1moja MUKPOCKOIIOM, OTMETHTE
U3MEHEHHue OKpacku oObekTa. HanecuTe Tenepp Karuio pacTBopa MOBapEeHHOM COJIH.
Habmomaercs mu tumasmonm3 B 3toM  ciaydae? OOBSICHHTE, UYTO MPOU3OIILIO

¢ xieTkaMu. CremanTe BBIBOJ.

Konmponvnvie sonpocur

1. Yro Takoe mua3zmMonaus?

2. Yto Takoe AenaazMonus3?

3. O Kakux CBOMCTBaX MEMOpPaHbl MOKHO TOBOPUTD, U3ydasi T1a3MOIHn3?

4. CriocOOHBI JIU TJ1a3MOJIM3UPOBATHCSI MEPTBbIE KileTku? Kak 310 noka3ars?

5. [Touemy MepTBBIE KJIETKH TEPSIOT CIIOCOOHOCTH K IIA3MOIU3Y?

6. [louemy mnpu  OONBIIMX  KPOBOIMOTEPSIX  YEJIOBEKY  MEPETUBAIOT
dbusnonornueckuit pactsop (0,9%-i pacrop NaCl)? Uto npou3onaeT, eciau KIeTKU
KpoBH nioMecTuth: a) B 0,09%-ii pactBop NaCl; 6) B 9%-ii pactBop NaCl?

7. Ilouemy mocyie oCcTpoii U COJICHOM MUIIM XOUETCS MUTh?

8. Ilouemy ynoTpeOJieHHE OCTPOM M COJICHOW MUIIM TPUBOJUT K TUTIEPTOHUU?

9.Tloyemy y TIPECHOBOJHBIX OJHOKJICTOYHBIX JKMBOTHBIX  Pa3BUTHI
COKpAaTHUTEILHBIC BAaKYOJIH, & Y MOPCKUX, KaK MPaBUJIO, OTCYTCTBYIOT?

10. Iloyemy B KJE€TKax MPECHOBOJHBIX MHOT'OKJIETOYHBIX KUBOTHBIX HET

COKpPATUTENbHBIX BaKyoJen?
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Hpuioxenue S. JlabopaTropHas padora «M3yuyeHne KATAJIUTHYCCKON

AKTHBHOCTH (pepMeHTOB (Ha MpPUMepe aMUJIa3bl WIN KaTaJla3bl))»

Ilenv: wuccnenoBaTh —KaTAIMTUYECKYIO aKTMBHOCTh  O€NKOB-(pepMEHTOB
B KJIETKAaX U €€ 3aBUCUMOCTh OT YCJIOBHM CpeIbl; MOKa3aTh BHICOKYIO CIIEIIM(UIHOCTD
0esKoB-(hepMEHTOB.

Obopyoosarnue u mamepuaivl: TPOOUPKH, TepKaTellb sl MPOOUPOK, TO/ICTABKA
JUTsl IPOOMPOK, BOjsHAs OaHs (TepMoOCTar), MUIETKA, TpaayrpoBaHHas Ha | wu,
pacTBOp CItOHBI, Boaa, 1%-il pacTBOp Kpaxmania, pacTBOp uoaa, 5%-il pacTBop

ruApoKcuaa Hatpus, 5%-it pacTBop cynbdara Meau.

Paboma Ne | « DepmenmamusHulil 2uOpoIU3 KPAXMALA AMULAZ0U CTTIOHBLY

Xoo pabomuwi

3aoanue 1. l'uoponus kpaxmana

1. B 1Be npoOupku HaneiTe 1o 2 cm® 1%-ro pacTBopa Kpaxmaia.

2. B npoOupky Ne 1 moneiire 1 cm® pasBeleHHON CIIIOHBL, a B MPOOHMPKY
Ne 2 — 1 cm® Bomb! (11 KOHTPOIIS) M IOCTaBbTE NPOOMPKK Ha 10 MMH Ha BOASHYIO
Oanro wmum B Tepmoctar, Harperbie 10 37-38 °C (BHMMATENbHO CIIEIUTE
3a TeMIIepaTypou, He OMyCKasl €€ MOBBIIICHU).

3.Ilo OKOHYAaHWM pEaKIWH CPABHUTE M OOBSICHUTE OKPACKY IOJYUYCHHBIX
pPacTBOPOB | CJENalTe BBIBOJI: OKpacka pactBopa B mpodupke Ne 1: ... ; B mpobupke
Ne 2 — ... . (Omeem: GecuperHas; OeciBeTHast.) Cle0BaTeNbHO, ... .

3aoanue 2. Obuapyoicenue Kpaxmana

1. U3 onbrtHO# (Ne 1) u konTposbHOM (Ne 2) mpobupok u3 3aganus 1 orneiTe
B ipoOupku Ne 3 u 4 o 1 cM® pacTBOpoB.

2. JIobaBpTe B KaXKIyI0 MNPOOWPKY MO OJHOM Kaljieé pacTBOpa HOJa H
IepeMeIIanTe.

3. CpaBHUTE OKpPACKY MOJTYYEHHBIX PACTBOPOB.

4. CnenaiiTe BBIBOJI: OKpacka pactBopa B mpoodupke Ne 3: ...; B mpooupke Ne 4 —
... . (Omeem: xopuuneBas; cunss.) Cne1oBaTeNbHO: ... .

3aoanue 3. Obuapyoicerue mMaibmosvl

1. K octaBmmmcs pactBopam onbITHOM (Ne 1) u koHTposibHOU (Ne 2) mpoOupok

no0aBbTE MO OAHOM Karule pacTBopa cyib(ara Menu W MO IMATh Kamellb pacTBopa

mcJI04u.
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2. BemmonHUTE 3a7aHWie W CAENAWTe BBIBOJA: OKpacka pacTBopa B IPOOMpPKE
Ne 1 — ...; uBer ocagka B npooupke Ne 2 — ... . (Omeem. WHTCHCHBHO-CHHSIS;
roiry6oii.) CieoBaresbHo: ... .

3. ConepxrmMoe MpOOUPOK NIEPEMEIIalTe U TOMECTUTE UX B KUIISILYIO BOJISIHYIO
0aHIo.

4. CpaBHUTE OKPACKY MOJTYy4YEHHBIX PACTBOPOB.

5. CaenaiiTe BBIBOJ. OKpacka ocajaka B mpoOupke Ne 1 — ...; B mpoOupke

Ne 2 — ... . (Omeem: opamxeBas; yepHasi.) Ciae10BaTEIbHO: ... .

Paboma Ne 2 « Cneyughuunocmo oeticmsusi pepmenmosy

Obopyoosanue u mamepuanvi: TPOOUPKH, JepkKaTedb JJs1 TPOOUPOK,
MOJICTaBKa JUisi TPOOMPOK, BOAsiHAs OaHs (TepMOCTAT), MUIETKA; PACTBOP CIIIOHBI,
pacTBOp caxapasbl (pepmeHT), 1%-ii pacTBOp Kpaxmana, 2%-i pacTBOp caxapo3bl,
pactBop noaa, 10%-it pactBop runpokcuaa Harpus, 5%-it pacTBop cyiabhara Meu.

Xoo pabomut.

1. B npobupku Ne 1 u 2 naneiire no 10 kanens 1%-ro pacTBopa kpaxmania.

2. B npobupku Ne 3 u 4 nanerite o 10 kanens 2%-ro pacTBopa caxapo3bl.

3. 3arem B mpobupku Ne 1 m 3 moGaBbTe 1O 4 KaIljiu CIFOHBI, Pa3BEACHHOU
B 5 pas.

4. B npobupku Ne 2 u 4 Haneite nmo 4 Karum pactBopa caxapasbl ((hepMeHT).

5. Ilepememaiite W moMecTUTe Bce TMNPOOMPKHM HA BOASHYIO OaHIO
nipu Temreparype 37 °C Ha 15 MUHYT.

6. Paznenure copepkumMoe BceX MNPOOMPOK TMOMOJIaM, JOIMOJHUTEIbHbIE
npoOupku mnponymepyite Ttak: 1.1, 2.1, 3.1, 4.1. [IlpoBeaure ¢ COAEPKUMBIM
npooupok Ne 1, 2, 3, 4 peakuuro ¢ nojgom. [locne nodaBieHus B mnpoOMPKHU THAPOKCH A
HATpUs, MPOBEAUTE C coiepxkuMbiM mpoOupok Ne 1.1, 2.1, 3.1, 4.1 peakuuio
C cynb(haToM Meu.

7. Pe3ynbTarhl oOIbITA 3aHECUTE B TaONMIly B JIAOOpATOPHOM >KypHAJe.

CpaBHI/ITe 1 OOBSICHUTE OKpPACKY IIOJTYUYCHHBIX paCTBOPOB: OKpAaCKa OCaJKa B HpO6I/IpKe

Ne 1 — ...; B mpobupke Ne 2 — ...; B mpobupke Ne 3 — ...; B mpoOupke Ne 4 — .. ;
B pobupke Ne 1.1 — ...; B mpobupke Ne 2.1 — ...; B mpobupke Ne 3.1 — ...; B mpoOupke
Ne 4.1—....(Omeem: kopruuHEBas, CHHSISA; KOPHUHEBAs, KOPUIHEBAs; KpacHasl; CHHSS;

CHHSIS, KpacHas.) Beisox: ... .

8. 3amonHuTe TaObNMITy (1aH BEPHBIN BapUaHT TaOIHUIIHI).
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Ne npoOupkn CyocTpar DepMeHT Peaknus ¢ nogom
1 Kpaxman Amnnasa -
2 Kpaxman Caxapaza +
3 Caxapo3za Amunaza —
4 Caxapo3za Caxapaza —
11 Kpaxman Amwunaza +
2.1 Kpaxman Caxapaza —
3.1 Caxaposa Awmmuaza —
4.1 Caxapo3sa Caxapaza +

Konmponvnvie sonpocwl u 3aoanus
1. B xako#t mpoOupke npoiaeT HoJ-KpaxMalibHas peaKkilusi, €ClId U3BECTHO, YTO

o0e TpoOMPKHU HAXOAMIHCh Ha BojssHON OaHe mipu 36—37 °C B Teuenue 10 muH?

f,—p-p CMNOHBI + Kpaxman Boda + Kpaxman

|~

b A

Ilpobupkra Ne 1 IIpobupra No 2

a) B mpooupke Ne 1

0) B mpobupke Ne 2

(Omeem: 6. Iloockaska: Tak Kak B CIIOHE COACPKUTCS (DEPMEHT aMumIasa,
pacuerusifomuid - 0-1,4-rMMKO3UIHYI0  CBSI3b  Kpaxmalla ¢ 00pa3oBaHHEM
OJIMrOcaxapHioB, KaUECTBEHHAsl peaklivsg Ha Kpaxmall B mpodupke Ne 1 mpoucxoauTh
He Oyzer.)

2. Yro mpoucxoaut B mpodupke ¢ cynbharom meau(ll) mpu nodbasnennu k Hemy
pacTBopa 1iesnoun?

a) oOpa3oBaHKE YEPHOI'0 HAJIeTa

0) U3MEHEHUEe OKpPacKH Ha (hHUOJIETOBBIM
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B) BBITAJICHUE TOTyOOro Ocajka

') BUIUMbBIX U3MEHEHU HET

(Omesem: B. [loockaska: B XOi€ PEaKIUU BBINAJACT OCAIOK T'OJyOOro IBETa
Cu(OH)2.)

3. ITouemy mociie nobGaBneHus B mpooupky Ne 1 omgHOM Kammm cyiabdara Meau
(CuSOs4) u maru kamens mmenoun (NaOH) u mocnenyroiiero HarpeBaHHs I[BET

pacTBOpa CTal sIPKO-OPaHKEBBIM?

_—P-p CrioHbI + Kpaxman

b

IIpobupka Ne 1

a) IPOM3O0LIJI0 OKUCIEHHE TUIPOKCUIIBHBIX Ipynn ¢ oOpazoBanueM Cu20

0) MPOU30IILJIO OKUCIICHUE albJCTUIHOM Tpymibl ¢ oOpazoBanuem Cu20

B) MPOM30IILIO OKUCJICHHE TUIPOKCHIIBHBIX Ty ¢ oopasoBanuem CuO

I') TPOU3OIILJIO OKUCIIEHHUE allbJIETUTHOM TpyIIIibl ¢ oOpazoBanuem CuO

(Omeem: 6. Iloockaska: npu nobasnennn B mpodupky Ne 1 cynbdara meau(Il)
U TUAPOKCHAA HaTpusi cHayana oOpasyercs ruapokcua meau(ll) romyboro usera,
py JaJIbHEWIIeM HarpeBaHUU MPoOupKu No 1 TpOUCXOIUT OKUCTICHUE aJTbICT U THBIX
rpynn MoHO- U onmrocaxapunoB ruapokcuaoM meau(ll) ¢ obGpazosanuem Cu20,
KOTOPBII UMEET SIPKO-OPAHKEBBIH IIBET.)

4. Yto mpou3oiaeT mociie 100aBieHus oaHOM Karm cynbdara meau (CuSOa)
u natu kanenb mienoun (NaOH) B mpoGupky Ne 2 u mocneayroiiero HarpeBaHUs

npooupKu?

a) BBITIQJICHUE TOJIyOOT0 OcaaKa
0) N3BMEHEHHE OKPAaCKHU Ha (PUOJETOBBIN
B) 00pa3oBaHUE OPAHKEBOI'O OCA/IKA

r) 00pa3oBaHHE YEPHOTO HAJIETA
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BOda + Kpaxman

|~

A

Ilpooupka No 2

(Omesem: r. Iloockaska: nipu nobasienuu B npobupky Ne 2 cymbdara menu
(CuSO4) m memoun (NaOH) oOpasyercs cuamid ocafok ruapokcuaa wmemu(ll),
KOTOPBIH MPU HarpeBaHuu paziaraercs Ha Boay U CuO. OOpa3oBaHHe YEpHOTO HAJIETa

CBHJICTEIBCTBYET O HaX0XkieHnU B pooupke CuO.)
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IIpunoxenue 6. JlaboparopHas padora
«HM3yyeHue (pepMEHTATHBHOI0 paclleNJIeHUs MepOoKCHIa BOAOPOaa

B PAaCTUTEJIbHBIX H )KUBOTHBIX KIE€TKAX»

Llenv pabomel. ycTaHOBUTH Hanuuue (hepMeHTa KaTayia3bl B JKUBBIX KIIETKAX,
JI0Ka3aTh €ro Ceu(PUIHOCTh U aKTUBHOCTD B (PM3UOJIOTHYECKON Cpe/ie.

Obopyoosanue u mamepuaivbl. MUKPOCKOT, MPEIMETHOE U MOKPOBHOE CTEKJIA,
CKaJIbIIeJIb, IITATUB C MPOOUPKAMH, CTaKaH C BOJIOW, MUHIIET, TuneTka; 3%-i pacTBOp
MEPOKCHUA BOIOPOAA, IUCTHS JI0ACH, TEPaHU, CHIPOI 1 BapeHbI KapTodens, KyCOUKH
CBIPOT'O ¥ BAPEHOT'O MsICa, MIEUYEHU WJIN TIOYEK KUBOTHBIX.

Xoo pabomsi

1. B npoGupku ¢ KycouykaMU CHIPOTO U BapeHOro wmsca (Ie4eHu, MOoueK),
BapEHOT0 U CHIPOT0 KapTodesis KalmHUTE M0 MATh Kaneib nepokcuaa Bogopoaa. Kakue
U3MEHEHUS MIPOUCXOJISAT B pooupKax C  pa3HbBIMH oOBbeKTamMu?
Onumure HaOIOAaeMble sBIEHUS. Pe3ynbTaThl OMBITOB 3aHecuTe B Tabmuiy 1.
OOBbsicHUTE, MTOYEMY B IPOOMpPKAX C BAPEHBIM KAPTOQPEIeM U MSICOM OTCYTCTBYIOT
U3MCHCHMUS.

2. IBmenpunte B (papdopoBoil CTYNMKE HECKOIBKO KYCOYKOB CHIPOTO
KapTodesisi, IEPeHEeCUTe PacTepTyr0 KaIIMIy B YUCTYIO TPOOUPKY M 100aBbTE MSAThH
Karesib Mepokcuaa Bogopoaa. CpaBHUTE M3MEHEHHUsI aKTUBHOCTH (PepMEHTATHBHOMN
pEaKIMy B LIEJION U U3MEIbYEHHON TKaHsIX. Pe3ynbTaThl ONbITOB 3aHeCUTe B Ta0MIy 1.
OOBbsICHUTE NPUYUHY SIBICHHUS.

3. Ha mpeameTHOe CTEKJIO B KAllIlO0 BOJABI IOMECTUTE JIMCT 3oneu. Hanecure
Ha JIMCT JBE Kalli TIEPOKCHJA BOAOPONA, HAKPONUTE TOKPOBHBIM CTEKJIOM U
paccMOTpUTE TIOJI MHUKPOCKOIIOM Ha MaJioM YyBenndeHuH. Eciam BbigeneHue
My3bIPHKOB ra3a HE3HAYUTEIbHO, TO CHUMHUTE MOKPOBHOE CTEKJIO, MUHLIETOM WIIU
UTJION HApylIbTe IEIOCTHOCTh JMcTa. HakpoilTe BHOBb MOKPOBHBIM CTEKJIOM H
paccMOTpUTE TIOJ MHUKPOCKOTIOM Ha MajoM yBeiauueHuu. Kak wu3MeHmIach
WHTEHCUBHOCTh  BBIJICTICHUS  My3bIpbKOB?  Pe3ymbTaTbl  OMBITOB  3aHECUTE
B Tabimuiy 1. OOBsicHUTE TpUUYMHY HaAOMIOJaeMbIX siBiieHH. Ha yem ocHOBaHbI
pa3nuyus B ONbITax?

4. Tlomectutre B MpoOOMPKY HM3METbUYEHHBIC JIUCThS Tepanu. JloOaBbTe Tpu-
YeThIpe KaIlTi MepoKcra Boopoaa. Uto Habmogaete? Pe3ynbTaThl OMBITOB 3aHECUTE
B Ta0uiy 1. O0bsicHuTe HaOI01aeMbI€ SIBJICHUSI.
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Tabnuya 1

AKTHBHOCTH KATAJIAa3bI

Oo0bekT Haouaronenust Oo0bsicHeHHe pe3yIbTATOB

5. CnenaiiTe BBIBOJBI M OTBETHTE HA BOIPOCHI:

B xakux ciiyqasx mposiBIsIeTCSl MaKCUMallbHasi aKTUBHOCTh KaTajias3bl?
— Kak u3menbyeHue BIMseT HAa MHTEHCUBHOCTh PEAKIINU?
— Bo Bcex nu kJieTkax coepkutcst pepMeHT KaTanaza’?

OTBETHI MOSICHUTE.
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IIpunoxenue 7. JlabopaTropHas padora

«I/Isyqem/le METOA0B CCJICKIINHN paCTeHl/Iﬁ))

Heﬂb.' IIOJIYYUTb IIPCACTABICHHC 00 0COOCHHOCTIX CCIICKIIUH paCTeHHﬁ,
KUBOTHBIX KW MHKPOOPraHH3MOB, IIO3HAKOMHUTBCA C OCHOBHBIMH MCTOAAMHU

CEJIEKIINN.

Paboma Ne 1. Hzyuenue uckyccmeenno2co omoopa

Obopyoosanue u  mamepuaivl.  HaOOpPbl  Pa3gaTOYHBIX  KapTOUEK
C U300paKEHUSAMHU AUKUX U KYJIbTYPHBIX (POPM Pa3IMUHBIX TOPOJI )KUBOTHBIX U COPTOB
pacTeHuil (BOJK — MOpPOAbI cOOaK, AMKas KpSAKOBas yTKAa — MOPOIbI YTOK, IHUKHIM
KabaH — MOpOAbl CBHHEW, AUKUN Typ — MOPOJBI KPYIMHOIO pOraTroro CKOTa, TUKHN
rojiyOb — MOPOJIbl TOJTyOeH U T. 11.); HaTypajbHble O0BEKTHI: TOOCTH AUKON SIOJIOHU U
COPTOBBIX $0JIOHb, MOOErM AMKOM TpyIId M COPTOBBIX TIpyIl, AWKas Quaika
U COPTOBBbIC (pHAIIKM; COUYETaHWE PUCYHKOB M HATYPaJlbHBIX OOBEKTOB: IIMIIOBHUK —
PO3bI, 3eMIISIHUKA JIECHAsl — KYJIbTYPHBIE COPTa, AUKUH KapTodenb — copTa KapToders
uT. I

Xoo pabomwi

3aoanue 1. PaccMOTpUTE HECKOIBKO COPTOB (TIOPOJT) OJHOTO BUJ1A KYJIBTYPHOTO
pacteHust (AKUBOTHOT0), HAMIUTE YEPThI CXOACTBA U PA3IUYUS MEKIY HUMU. OTBETHTE
Ha BOIPOCHI:

a) Kakue opranbl W TpU3HAKH KYyJbTYpHbIX (GopM 00s1agaloT OONbIIUM
CXOJICTBOM?

0) Kakume opranel ¥ TpHU3HAKH KYIbTYPHBIX (DOPM OTIMYAIOTCS OOJBIIMM
pazHooOpa3zueM MexXITy coooi?

3aoanue 2. CpaBHUTE 3TH COPTA U MTOPOJIBI C UX JUKUM POJOHAYATIBHBIM BUIOM.
OTBeThTE HA BOMPOCHI:

a) Kakue opranbl M NpuU3HAKK KYJIbTYpPHBIX (popM oTIM4aroTcss OONbIINM
CXOJICTBOM C OpraHamMH W MpU3HAKaMU JUKOTO BH1a?

0) Kakue opranbl M NpU3HAKK KYJIbTYPHBIX (OPM OTIMYAIOTCS OOIBIIUM
pa3HOO0Opa3ueM Mo CPaBHEHHIO C TUKUM BHIOM?

3aoanue 3. O0BsICHUTE, TTO]1 BIUSHUEM KaKuX (PaKTOPOB MPOU3OIILIO0 U3MEHEHUE

OpraHoOB paCTeHI/Iﬁ H JKUBOTHBIX U KaKOBA B 9TOM POJIb YCJIOBCKaA.
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Paboma Ne 2. ['enemuueckas mpancgopmayus pacmeHut

Xoo pabomut.

1. CmonenupyiiTe mpouecc CO31aHus HOBOI'O COpPTa KYJIbTYPHBIX pacTe€HUM
(Ha mpuMepe co3aHusl HOBOT'O COpTa I0JI0OHM).

2. [IpoBenuTe HKCIIEPUMEHT 10 CO3IAHUIO TPAHCTEHHBIX OPraHU3MOB METOIaMHU
arpo0aKkTepUaIbHON M OMOOATMCTHYECKON TpaHCchopManuy (Ha IPUMEPE CO3TaAHUS
TPaHCT'EHHOTO KapToders).

3. IIpoananu3upyiite pe3yJIbTaThl IIPOBEICHHON T€HETUYECKOU
TpaHCchOpMaIIHH.

4. IlpoBeauTe CpaBHUTENBHBIA AHAU3 HM3YYEHHBIX METOJIOB TI€HETHYECKOU

TpaHCchOpMaIIHH.

Paboma Ne 3. Beiseoernue Hogotl nopoowl

Xoo pabompi:

1. CmonenupyiiTe 3Tambl MOJYyYEHUs HOBBIX MOPOJ KMBOTHBIX (HA MpUMEpE
HEMaPHOKOIBITHBIX YKUBOTHBIX).

2. IByuute OCHOBHBIE palOHBI OJIOMAIIHWUBAHUS >KUBOTHBIX (IICHTPHI

JIOMECTHUKAITUN ).

Paboma Ne 4. Cenexyus XXI 6exa.: 6uomexnonocus u 2eHHAS UHHCEHEPUSL

HA C]ZnyC6€ yejloeeKka

Xoo pabompi:

1. I3ydurte anroputM pabOThl T€HHOTO HHXKEHEpa IO MOJYyYEHHIO HOBBIX
IITAMMOB OaKTepHil, yTUIN3UPYIOLIUX YIII€BOAOPOAbI HE(TH.

2. CMozenupyiTe Tpolecc CO3JaHud IITaMMOB  HOBOTO  ITOKOJICHHUS
C HCIIOJNBb30BAHUEM WHCTPYMEHTApHsl TEHHOIO WH)XEeHepa (TeHbl, (EepMEHTHI,
IIa3MUbI, 00pa3ibl OaKTEepHil).

3. [IpoBenuTe TPOBEPKY AaKTHBHOCTH HWCKYCCTBEHHOW IIJIA3MUIBI HOBOTO

ITIOKOJICHHUSA B COCTAaBEC 6aKT€pI/II/I.
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Ipunoxenue 8. Ilpakrnueckas padora

«HOJIy‘l €HMEC MOJOYHOKHUCIIBIX ITPOAYKTOB»

Llenv pabomwi: TOKa3aTh YCJIOBHUS TONTYYEHHUS MOJTOYHOKHCIBIX MPOAYKTOB
B JIOMAIITHUX yCJIOBUSX.

Obopyoosanue u mamepuanvl. 6anka ooremom 0,8 11, KacTprosst oobeMoM 3 I,
MapJis, BOAsSHas OaHs, TEPMOMETp, 3aKBacka HOTypTa, CMETaHa.

Xoo pabomuwi

IIpucomosnenue uozypma

1. B 6anky o0bemom 0,8 11 HaseHTEe CTEPHIN30BAHHOE MOJIOKO.

2. loGaBbTe 3aKBacKy HOrypra B CTEpPUIM30BAaHHOE MOJOKO U OCTaBbTE
Ha 5 yacoB npu Temnepatype +37...39 °C.

3. YnepxuBaiiTe TeMIeparypy Ha OJHOM YPOBHE C TIOMOIIBIO BOJSHON OaHw,
BOJlY B KOTOPOI Mpu HEOOXOAMMOCTH MO OTPEeBaTe.

4. '0OTOBHOCTB MOrypTa OMpEAeNIUTE MO MPEBPAIIEHUIO MOJIOKA B OJTHOPOIHYIO
IUIOTHYIO Maccy, KOTopasi MpH HakJIOHe OaHKU HE BBUIMBACTCS, a BBIBAJIMBACTCS
KPYIHBIMU KyCKaMHU.

5. OxmaauTe Moay4eHHBIA HOTypT.

Hpueomoeﬂeﬁue PANCEHKU

1. Bo3bmuTte 6anky 00bemoM 0,8 J1 sl IPUTOTOBICHUS PSYKEHKU.

2. Haneiitte B  0aHKy MOJIOKO, TMPEABAPUTEILHO  IMACTEPU30BAHHOE
npu temmeparype +96 °C B Tedenue 4-5 yacoB. (IIpumedaHue: MOJOKO HOKHO
pruoOPECTH KPEMOBBIH IBET U CIeU(UIESCKHUI BKYC TOIICHOT'O MOJIOKA).

3. Jlns 3aKkBacKU BO3bMUTE CMETaHy (0/IHA CTONOBas JIoxkKa Ha 0,5 11 MoJoKa).

4. 3akBachTe TOIUICHOE MOJIOKO npu Temneparype +36...38 °C B Teuenue 4-5
4acoB.

5. '0TOBYIO psI’KEHKY MOYKHO OCTaBUTh NpPU KOMHATHOM TEMIIEpaType WM

IMOCTAaBUTH HAa XPAaHCHNC B XOJIOANJIbHHK.

Hpueomoeﬂeﬂue meopoca

1. JI;ist mpuroTOBICHMS] TBOPOTa BO3BMUTE KaCTPIOJI0 00beMoM 3 J1.

2. HaneiiTe B Hee MOJIOKO Ml TIPOKHUIISTUTE.

3. OmycTuTe KacTPIOi0 ¢ MOJIOKOM B JIPYTYIO TIOCYZY C XOJIOAHOW BOJIOM, HE
JOMyCKasi MpU DTOM €€ TONajaHusi B MOJOKO, 4YTOObI MOJIOKO OXJaJWIOCh

1o +32...36 °C.
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4. 3akBachTe MOJIOKO MPOCTOKBAIICH WJIM CMETAaHOM, BBOJS 3aKBACKY TOHKOM
CTPYMKOM TIpH THIATEJIBHOM IepeMelinBaHun. KomnuecTBO 3aKBacKu JOJDKHO
COCTABJIATh OKOJIO 5 % OT KOJIMYECTBA 3aKBAILIMBAEMOI0 MOJIOKA.

5. KacTpromo ¢ 3akBalieHHbIM MOJIOKOM 3aKpPOMTE KPBIIMIKOM W TMOCTaBbTE
Ha JIBOE-TPOE CYTOK B TEIJIOE MECTO /10 00pa30BaHUsI CTYCTKA.

6. OTmenuTe OT CrycTKa TPO3pavyHyI0 3€JICHOBATOTO IIBETa CBIBOPOTKY.
J{nst 5TOrO CUTO WM Jaypuuiar o0padoTaiTe KUMATKOM, Ha JHO TOJIOXKHUTE JIBa CJIOS
MapJu ¥ IEpeHECUTe Tyaa 00pa30BaBIIUNCS CTYCTOK.

7. Korga otneneHue ChIBOPOTKU MPEKPATUTCS, TBOPOKHYIO MAcCCy OTOXKMHUTE.
J171s1 5TOT0 Ha TBOPOT B MapJie MOCTaBbTE YUCTYIO, 00pabOTaHHYIO KUTISITKOM TapEJKYy,
a Ha Hee HeOOoJIbILION rpy3, HanpuMep OAHKY C BOJOM.

8. CHp@CCOBaHHBIﬁ TBOPOT' IIOMCCTUTC B XOJIOOAHOC MCCTO.
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Ipunoxenue 9.
Tema ypoka: «Ctpoenune 1 QyHKIUH SAAPa»

Llenv ypoxa: chopMHpOBaTH 3HAHUS O CTPOCHUHM M (YHKIUU s7Ipa, O €ro
XUMHUYECKOM COCTABE, POJIM XPOMOCOM B )KU3HENIEATEIBHOCTH KIIETOK.

OcHoenoe codepoicanue memvl ypoka. SAapo. OOonouka szpa, XpOMaTHH,
KapuoIia3ma, SAPBIIIKY, UX CTpoeHHe U (PyHKuMH. SAnepHbIil OETKOBBIA MaTPHKC.
Xpomocomel. CtpoeHne xpoMocoM. lIpocTpaHCTBEHHOE pacIOIOKEHUE XPOMOCOM
B UHTEep(a3HOM sApe. DyXpOMaTHH U FreTepoXxpoMaTHH. beiaku XpomaTiHa — TUCTOHBI.
SAnpeimko, ero crpoenune W (GyHKuuu. J(MHaMuka simepHOd O0OOJIOUKH B MUTO3E.

SInepHslil TpaHCIIOPT.

Hngopmayus ons pabomeol

Snpo npUcyTCTBYET Y BCEX IYKAPUOT U YHACIIEOBAHO MU OT OOIIIUX MPEIKOB.
SAnpo — camast xapakTepHasi opraHesuia KJI€TKH 2yKapuoT. ¥ BCEX OMMCAHHBIX IO CHX
NOp NPOKApUOT — («IOSIAEPHBIX») — OaKTepuid M apxed — SApO WM TMOXOXKHE
CTPYKTYpPBl OTCYTCTBYIOT. Y BCE€X DJYKapHOT (SIEPHBIX», WIA OPraHU3MOB
C HACTOAIIUM SIAPOM) HE MPOCTO €CTh SIAPO — OHO CXOAHO MO TOHKHM JI€TaJIsIM
CTPOEHHUS. DTO TOBOPUT O TOM, YTO PO BO3HUKIIO OJHOKPATHO Yy OOIIMX MPEIKOB
BCEX COBPEMEHHBIX IYKapuOT.

Kak BO3HUKJIO S/IpO B XO/I€ 3BOJIIOLMHU, TOUHO HEM3BECTHO. OTHA U3 BO3MOXKHBIX
IIOCJIeIOBATEIbHOCTEH COOBITHI ToOKazaHa Ha puc. 1. IlompoOHee 006 3TOM MOXKHO

IPOYUTATH Ha caiiTe «DIEMEHThI OOJIBIION HAYKIY.
MPOVUCXOXAEHNE SYKAPUOT oo oreeneune
g e (@) B

N

73
\\ /r
HenonHas
AfepHan
nopa  PEeAYUMpOBaHHasA
KNETONHAs CTeHKa

i/ Apxes i
z{ (Gyaywee anpo) |

% faggany
'v' KNeToyHas
o CTeHK3

MHTOXOHAPHS,

ebibpaswanca
HOBaA BHEWHAR n33Nc D) ((

membpana NONHAA AAEPHaAn
nopa

Puc. 1. Bo3MoXHBIN TTyTh MOSBIICHUS spa dyKapuoT: 1-6 — cramuu pa3BuTus aapa
U3 LEHTPAILHON YaCTH [UTOILIa3Mbl IIPEIKOBOM apXen

! https://elementy.ru/novosti_nauki/433521
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B sigpe xpaHuTca HaciaeACTBeHHAss MHPOpMAaNMA W NMPOMCXOAUT CHHTE3
JAHK u PHK.

Kakue xe mpoueccbl npoucxonar B sape? Ilpexae Bcero TtaM HaxoIUTCS
OCHOBHAsl 4acTb 2eHoma sykapuoT — monekyisl JIHK, koropeie BMecTe ¢ OenkaMu
00pa3yroT XpoMOCoMbL.

Kpowme snpa, [IHK y sykapuoT cogepxutcs B MUTOXOHAPUSAX, & Y aBTOTPOPHBIX
OPraHM3MOB — €lIe U B IUIACTHJIaX. OTU OpraHejulbl COXPaHWJIM YacTh T'€HOMa
MPEIKOBBIX OaKTepUANbHBIX KIETOK, OT KOTOPhIX OHU MPOMU3OILIM B TMPOIECCE
cumOuoreneza. OCHOBHasi YacTb TE€HOMa TNIPEIKOB MUTOXOHIAPUM U TUIACTU[
MIEPEMECTUIIACH B PO KJIETKH. B MUTOXOHIPHUSAX M IJIACTUAAX TOXKE MPOUCXOIUT
ynBoenue JIHK, cunte3 PHK na JIHK (Tpanckpummus), a Takxke CHUHTE3 Oeika
(TpaHcsiusl) Ha puOOCOMAax, YHACJIEIOBAHHBIX ATUMU OpraHeilaMH OT MPEAKOB-
OaKTepHil.

Tam xe, B sape, NPOUCXOOUT Yy OBYKApPUOT M MPOLECCHl KOMHPOBAHUSA
HACJIEICTBEHHOM MH(OpMALMK JJIsl MEpeJadl €€ CICAYIOMIMM OKOJEHUSIM KIIETOK
WM OpraHu3MOB — yABoeHUe, uin penaukayus /JHK. OObMHO MOCE pEIUIUKAIUNA
JHK nenwures sapo, a mocie 3Toro — cama KJeTka.

WNuorna snpa Moryt AenuThes U 0e3 AeeHusl KIeTKU. Tak, Hampumep, €0
oOCTOMT B XOA€ JApoOJieHHud (HayaldbHOrO J3Tana AMOPHUOHAIBHOTO pPa3BUTHUSA)
y Ipo30QMiIbl U JIPYTrUX HACEKOMBIX. Y JpO30QMIIbl siApa 3apojbllia CUHXPOHHO
nenstcs 13 pa3 B o0Imieil Macce IUTOIIA3MbI Beero 3a 2,5 daca. M Tonmbko morom
3apOJbIII Pa3JIEAeTCs Ha KIIETKH.

Snpo He TOIBKO XpaHUT HACIEIACTBEHHYIO HH(POPMAIMIO, HO U YYaCTBYET B €€
peasm3anuu. YacTto TroBOpSAT, YTO SAPO «YHPABISAET KU3HBIO KIETKW». UTO Xe
32 KOMaH/bl U KaKUM CIOCOOOM MOCBUIAET SIAPO B OCTaJbHbIE YacTH KIIETKH? B siape
POUCXOIUT mpanckpunyusi — cuate3 Moiekyn PHK na marpune /IHK. B mepBom
npubmpkenuu monekyina PHK — sto konust ogroro rena. C JIHK B siape cuntbiBatorcst
Bce Bunpl PHK — undopmarnmonnas, wim marpuynas (uPHK), pubGocomanbhas
(pPHK), tpancnoptHas (TPHK). Bce stu Bumet PHK 3arem BbIXOmsT u3 snpa
B uroruiazmy (pPHK — B coctaBe cyOweaunuil pudbocom).

Kak Bbl yxe 3nHaere, pubocomanbHas PHK, Bxopmsmas B coctaB pubdbocowm,
o0pa3yeT MX KapKac U COEOUHSET aMMHOKUCIIOTHI B CHMHTE3UPYEMBIX UMHU OeJKax.
Tpauncnopraass PHK nocraBisier aMmuHOKHCTOTHI K pubocomam. A marpuuHas PHK

CIIY>)KUT MaTpUIIeH, MO KOTOPOM CTPOMUTCS KaxAblii O€JIOK, T. €. OHa IMepeaact
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IeHETUYEeCKYI0 MHpopMaluio (MHGOPMAIUIO O MOCIEI0BATEIbHOCTH aMHUHOKHCIIOT
B Oenkax) u3 sifjpa B IUTOILIa3My, K pubocomaM. OHA-TO U CIYKHUT «KOMaHIaMu»,
C MOMOIIBIO KOTOPBIX SIAPO YIPABISAET >KU3HBIO KIETKU: OT HAOOpa M KOJIUYECTBA
CUHTE3UpyeMbIX B a1ipe moiekyn nPHK 3aBucut cocraB 6€1K0B B KIIETKE, a OT COCTaBa
U KOJIMYeCTBa OEIKOB — paboTa BCEX €€ OpraHelll.

N3-3a Hamuuus anpa tpanckpunuusa (cunte3 PHK na JIHK) m Tpancasuus
(cunTe3 Oenka Ha pubOOCOMax) y SYKapuoT, B OTJIMYHME OT MPOKAPUOT, Pa300IIEeHbI
BO BPEMEHHM U MPOCTPAHCTBE. DTO PACHIMPSET BO3ZMOXHOCTH PETYISIIIMM CHHTE3a
oenkoB. Hampumep, 3a cuer anbrepHatuBHOro crutaiicuara uPHK mosiBiasercs
BO3MOXXHOCTh 3aKOJUPOBATh B OJHOM T€HE HECKOJIbKO OelkoB. MOXHO Takxke
npucoeauusaTh K ”PHK 6enku, KoTopbie yBeIMUMBAIOT CPOK €€ YKU3HH, U 3amacarhb
B HEAKTMBHOM BHJIE, 4 TIOTOM UCIIOJIb30BaTh; TAKOW MEXAHU3M JICHMCTBYET, HAIIPUMED,
B X0/1€ SMOPUOHAILHOTO PA3BUTHSI.

[Ipoucxondar B siape u apyrue npoueccol. Harmpumep, B sapbIIIKe (CM. HHXKE)
0o0pa3yloTcsi CyObeIMHUIIBI PUOOCOM, KOTOpBIE 3aT€M BBIXOASAT B IIUTOILUIA3MY.
[locTostHHO neWcTBYOT B sAape Mexanusmbl pemnapaunu JIHK —  ycrpanenus

BO3HMKAIOIINX B HEN MTOBPEKICHUN.

Snpo umeer 000,109Ky U3 ABYX MeMOpPaH U SIICPHOM JIAMHMHBI.

Anpo sykapuotr (puc. 2) OKPYKEHO A0epHOU 000104Kol. DTa 00010YKa
BKJIFOYACT JIBE SJICPHBIC MEMOpaHbI, HMEIONIUE TO K€ CTPOCHHE, YTO M HapyKHas
MeMOpaHa KJICTKH: KaXaas COCTOMT W3 JABOWHOTrO cjios JIMmuaoB. [IpocTpaHCTBO
MEXIy HHUMH Ha3bIBAaeTCs HepuHykaeapuoe npocmpancmeo. OHO OOBIYHO
coeuHsAeTCA ¢ mojocTaMH sHuomasmarudeckoil ceru (JIIC), T. e. cocraBisier

¢ OIIC enuHblil 0TCEK (KOMRapmmenm) KICTKU.

OBe

MembpaHbl

ApepHble
nopbl

XpomatuH (OHK)

Appbilwko

BHponnaamaTuyeckuin
PEeTUKYNyMm

Puc. 2. Ctpoenue sapa dyKapuoT?

! https://pediaa.com/difference-between-nucleolus-and-nucleus
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[Ton nBymMsi MeMOpaHaMu HaXOAUTCS A0epHasa samuna (TUIACTUHKA) — TUIOTHAs

CeTh U3 0COOBIX OCJIKOB tamunos (puc. 3).

BHELUHSIS
snepHas

anepHas membpaHa
obornouka BHYTPEHHSS

anepHas
mMembpaHa

mMembpaHa 3P

nonocTb
oP

saepHast
namuHa

nepuHykneapHoe
NPOCTPaHCTBO
AepHble Nopbl

Puc. 3. Sinepuas namuHa (MOPOBLIE KOMILIEKCHI HE MOKa3aHbI)!

OTU CTPYKTYpHbIE O€JIKH OTHOCITCS K TIpymnmne OeIKOB NPOMEKYTOUHBIX
(¢unaMeHTOB — DJIEMEHTOB IIUMTOCKeNIeTa. B JKMIOKOM 1HuTOIIa3Me Iy3bIpeK
U3 MeMOpaHbl — SIIpO — JOJDKEH HM3-3a MOBEPXHOCTHOI'O HATSIKEHUS MPUHUMATH
mapooopaznyo Gopmy. Ho BO MHOrux KieTKax SApO HMEET CIOXKHYI (opMy
(HanmpuMep, B KJIETKaX KPOBH 4eloBeka — HeUTpoduiiax u r03uHopuIax). CIoxKHYIO
dbopMy sIpo MOXKET MpUoOpeTaTh W MOAJAEPKUBATH Onarojaps JamuHam. M3HyTpu
K SJICPHOM JIaMUHE KpeMsTCs ONpeAesieHHble YydacTku xpomocoMm. K mamune
NPUKPEIUISIOTCS TakkKe OelKH sepHbix mop (cMm. puc. 3). OmHako 3TH OCNKH
BBITIOJTHSIIOT HE TOJIBKO CTPYKTYPHYIO (PYHKITHIO. MyTalusi 0JJHOTO U3 T€HOB JJAMUHOB
BBI3bIBAECT y YEJOBEKA JETCKYI MPOTE€pUI0 — YCKOPEHHOE CTAPEHHE B JIETCKOM
Bo3pacTe (puc. 4). Sapo y Takux OONBHBIX TPHOOPETAECT CMOPIICHHYIO (HOopMmy.
DTOT MpUMep MOKa3bIBACT, YTO JJAMHHBI MOTYT BIUSATH Ha pabOTy IPYruX T'€HOB —
B YaCTHOCTH TIOTOMY, YTO HWMEHHO K SJACPHOH JIaMHHE KpPEMATCS W3HYTPU

XPOMOCOMBI.

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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Puc. 4. Myranus B reHe JaMUHa A MPUBOJIUT K U3MEHEHUIO (DOPMBI sipa
¥ K PEAKOM HACIIEACTBEHHOM OOIE3HH — IETCKOM Iporepun’

OOBIYHO SAEPHYIO JIAMUHY CUUTAIOT YacTbi0 A0EPHOZ0 MAMPUKCA — CETH
CTPYKTYPHBIX M CBSI3aHHBIX C HUMH JIPYTHX OEJKOB, KOTOpasi MPOHU3BIBAET BCE SAPO.
Poutb simepHOro Marprkca HeAOCTaTOYHO U3ydeHa. [Ipeanonaraercs, 4To OH y4acTByeT
B Pa3srpaHUYE€HUH XPOMOCOMHBIX TEPPUTOPHUI (CM. HMXKE), a K ONpPEACIIEHHBIM €ro

yuactkam kpenutcst JIHK, u 6enku MaTpukca ydacTBYIOT B PETYJIsliUA pabOThI T€HOB.

TpancmopT BemecTB MexAy SAPOM W NUTOILUIA3MON 00ecneYnBalT
siiepPHbIE MOPBI.

SnepHas 060709Ka IPOHU3AHA A0EPHBIMU ROPAMU. DTO HE TIPOCTO OTBEPCTHS,
a BCTpPOEHHBIE B MEMOpaHy CJI0KHbIE OEJIKOBBIE KOMILJIEKCHI, COCTOSIINE U3 JECATKOB

Pa3HBIX OCIIKOBBIX MOJIEKYII (pHC. 5).

UMTO30MbHAR
$uGpunna BHELWHAR

membpana sapa
cyGueauHuua

Konsuesas ‘

LMTO30Mb

AanepHan
obonouka

NIOMEHanNbHan
cybveauHuya

nopaepxusaowan
cybveannuuya
l‘a

AaepHan =
namuxa BHYTPEHHSAS
membpana sapa
cyBveauHuua Konb

=i AnepHasn «KopauHa»

a) spepHan pubpunna 50 Hm

uuTO30NL

8) AIEPHBIA NOPOBLIA KOMNNEKC

0,1 mxm

Puc. 5. SInepHblii NOpoBbI OETKOBBIN KOMIUIEKC: @ — PEKOHCTPYKLHUS; 3JEKTPOHHbIE
MUKpodoTorpaduu: 6 — BUJ U3HYTPH; 6 — BUJ B Paspese; 2 — BUJI CHAPYKHU?

! https://ru.wikipedia.org/wiki/ITporepus
2 Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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UYepes siiepHble MOPBHI OCYILIECTBISIETCS OOMEH BEHIECTBAMH MEXKIY SIPOM
u uuroruiazmoi. Hekoropsle BemecTBa (BoAa, Ipyrue HEOPraHUYECKHE MOJIEKYIIbI
Y HOHBI, HU3KOMOJIEKYJISIPHBIE OPraHUYECKHUE BEUIECTBA, HEOOJbIIINE TIENTH Al MACCOU
no 30-60 xJla) mpoxonar uepe3 siACpHbIC MOPhl CBOOOAHO, MYTEM MAcCCHUBHOIO
tpancnopra (auddys3uu). Ho ocranbHbie BemiecTBa (KpYIMHbIE OCIKH U MOJICKYJIBI
PHK) TpancnoptupyroTcst u30uparesibHo, U UX TPAHCIOPT TPeOyeT 3aTpaT SHEPrUu.

W3 nuronnasmMel B iAPO MOCTYNAIOT OEIKU, KOTOPhIE YYAaCTBYIOT B pEIUIMKALIUN
u penapauuu JJHK u B Tpanckpunuuu, a Takxke OeIKU-TUCTOHBI (cM. HIke). U3 siapa
B nuToruiazmy BeixoasaT monekyiisl PHK. Hekotopeie Oenku (Hanpumep, BXonsilue
B COCTaB pUOOCOM) MPOAENBIBAIOT MYTh Yepe3 SAEPHbIE MOPbI JBAXIAbl — CHauyaja
BXOJISIT B SAJIPO, a 3aTE€M BBIXOJISIT U3 HETO B COCTAaBE CYObEIMHULL PUOOCOM.

[TopoBbie OenKOBbIE KOMIUIEKCHI Pa30MPAIOTCS HA YACTH B XOJI€ MUTO3a U BHOBb
coOuparoTcsi mociie ero OKoH4aHusi. MexaHu3M UX COOpKH 10 KOHIIAa HE H3Yy4eH.
Knerku Moryr peryampoBaTh KOJMYECTBO SJEPHBIX MOP B 3aBUCHUMOCTU OT (ha3bl

KJICTOYHOI'O IIUKJIA U APYI'UX YCHOBHﬁ.

SAnepHast 000/104Ka pacnagaeTcsi BO BpeMs JeJICHUS KICTKHU.

VY JKUBOTHBIX BO BpeMsl JI€J€HUs KJIETKH siiepHas 00oJiouka pacnajaaercs,
U COJIEP’)KUMOE sJIpa CMEIINBAETCS C LIUTOILIa3MOM.

SnepHast 000104Ka y MHOTHX 3YKapHOT pacragaeTcs BO BpeMs JelIeHus sipa, a
3aTeM cobOupaeTrcsi cHoBa. Eciau mpu muTo3e siaepHas 000J0YKa pacmagaercs,
TO TOBOPSIT, YTO 3TO OTKPBITHIM MUTO3. Pacman simepHoit 0007109KH TTO3BOISIET HUTSIM
BEpETEHA JEJICHUS IPUCOEANHUTHCSA K XpoMocoMaM. OTKpPBITbIE MUTO3bI XapAKTEPHBI
JUTSI BBICIIIMX PACTEHUM, MHOTOKJIETOUYHBIX dKUBOTHBIX U MHOTUX POTHCTOB. HO y psna
OpYTux OJyKapuoT (y MHOrHMX TrpuOOB, WHGY30pHil, 3BIICHBI 3€ICHOW U €e
POJACTBEHHHMKOB) siiepHas 000JOYKa COXpaHseTcss W B IEpUOJ MMTO3A.
VY 3TUX OpraHu3MOB MHUTO3 3aKpBIThIM. BepeTeHo neneHust mpu 3aKpbITOM MHTO3€
O0ObIYHO (OpMHUpPYETCSI BHYTPU sApa. PUCYHKM Takoro MuTO3a €CTb BO MHOTHUX
yueOHuKax 30010ruu. Ciaenyer OTMETUTh, UTO B HaCTO BCTPEUAIOIIEMCS B OIMMCAHUSIX
cillydae JelieHus sapa OOBIKHOBEHHOM aMmeObl Ha Jele MIPOUCXOAUT OTKPBITHIA
MUTO3.

Pacnan sinepHoit 0007104KM B X0/1€ MUTO3a HAUMHACTCA C Ghocghopuiuposanus

J1aMuHOB (puc. 6).
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Puc. 6. DochopunrpoBanre JaMUHOB 3aIlyCKaeT pacnaj SAepHON 000JI0UYKH (CIIeBa).
[Tocne nedocopunupoBaHus TaAMHHOB 000JI0UYKA BHOBh COOMPAETCS BOKPYT
OTJEIBHBIX XPOMOCOM, & 3aTEM CIIMBAETCA B AAPO?

dochopunrpoBanue — nprucoeAnHeHrne GochaTHOM TPYIIIBI K OCTaTKaM OAHON
WIA HECKOJBKUX aMUHOKHCIOT OeJiKa — OCYIIECTBIISIIOT CIEIHAIbHBIE (PEpMEHTHI,
nporenHkrHa3bl. DochoprimpoBanue MeHaeT Gopmy OETKOBONH MOJEKYJbl U 4acTO
UCIOJBb3YeTCS JJIsl Peryyisiliud CBOMCTB U palboThl OenkoB. [Ipyrue QepmeHTHl —
nporenHdocdarasbl — MOTYT OTIIEIUIATH (hOCaTHBIE TPYIIIBI OT OETKOBBIX MOJIEKYIL.
Anepubie mamMuHbl GOCHOPUIUPYIOT MPOTEUHKUHA3Y, KOTOPYIO aKTHUBUPYET OEI0K
M-UMKIIMH, CHHTE3UPYIOLIHUICS B KJIIETKE K HaYally JACJICHUS.

®dochopunupyroTcs: Takxke OeJIKH MOPOBBIX KOMILUIEKCOB, U OHU PaclagatoTcs
Ha yacTh. B wurore saepHas oOonouka pacrnanaercs. PaHbpiie cuuTanoch, 4TO
00pa3yroTcs OTAebHBbIE MYy3BIPbKUM M3 MeMOpaHbl (Be3uKynbl). Temepb IMOKa3zaHo,
4yTO O00O0JOYKa sapa TMpeBpaliaeTcs B MeMOpaHHbIE TPYOOUYKH, HEOTIMYUMBIC
ot ucrepH JIIC.

K xonmy aenenuss M-IMKIMH W JApyrue MOAOOHBIE OE€IKM pa3pylliaroTcs,
MPOUCXOUT AepocHopuIMpoBaHNEe TAMUHOB U OEJIKOB siIEpHBIX 1MOp. JIaMUHBI CHOBA
IPUCOEIMHAIOTCA K sIIEpHOM MeMOpaHe, a 3aTeM €€ (parMeHThl «OOJEIUIIIOT»
KaXAyl0 XpoMocoMy (puc. 6, cmpaBa). benku, OTBETCTBEHHBIE 3a COEAMHEHUE
C JJaMHMHAaMH, OCTalOTCAd Ha MOBEPXHOCTH XPOMOCOM BCE BpPEMsI; MOXHO CKa3arTh,
XPOMOCOMBI KAYT HE AOXKAYTCS, KOTJa K€ siiepHas 000JOYKa CHOBA OTICIUT UX
oT 1mToma3mMbl. Korma oO0OIOYKH OTAETBHBIX XPOMOCOM CIMBAIOTCS, BHOBB

dbopmupyercs sapo. [Ipu 3ToM BHYTpH sipa momnagaeT JUIllb MUHUMAIbHBIA 00beM

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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OUTOIINIA3MBbI; TaK YIA4CTCA M30aBUTHCA OT mommagaHvusa B AP0 HCHYXHBIX TaM

OUTOINIa3MAaTHYCCKHUX OCJIKOB.

Snpo 3an01HEeHO KAPUONIA3ZMOil.

Kapuonnazma (Hykneonna3zma) — BHyTPEHHEE JKUJKOE COAEPKUMOE sapa. ITO
I'YyCTOM, BA3KUI PACTBOpP, COCTOAILIMNA B OCHOBHOM M3 BOJbI U OenkoB. [lo cBoiicTBam
KapuoIiazmMa oxXoa Ha HUTOIUIa3My, HO OTJIMYAETCS 110 COCTaBy OEJIKOB, BXOASIIINX
B ee cocTaB. Kapuormiasma oOpa3zyer cpeAy Ajsi MPOTEKaHUS XUMUYECKUX peaKInil
B fAJIpe U COAECPKUT HEOOXOIMMBbIE AJIA ATUX peakiuil BemiectBa. Hampumep, B ee
cocTaB, Kpome 0enkoB, BXxoaat HykineoTu sl — MoHOoMephl JIHK 1 PHK, HeoOxoaumble
Uil Ux cuHTe3a. Kapuomiiasma cofepKuT U 0oJiee KpYMHbIE MOJEKYJISPHbIE
KOMIUJIEKCHI, Hampumep, cocrosmue u3 PHK u  GenkoB  cmaaiicocomul,

ocymectisiromue cnaaiicune PHK.

OcHOBHOI1 00beM /Ipa 3aHUMAET XPOMATHH.

OcHoBHOE coziepKUMOe sapa — xpomamun. Tax HazpiBatrOTCsA Mosekysl JJHK
(XpoMOCOMBI) B KOMIUIEKCE C OelKkamMu B sJIpe KJICTKU, KOTJa OHA HE JEJIUTCS.
XpoMaTUH XOpPOUIO OKpaIIMBAETCSI MHOTMMHU, MPEUMYIIECTBEHHO OCHOBHBIMU
KPacUTEIISIMH («XPOMOCY — LIBET).

B Henensimemcs siape TpyIHO pa3IMuUTh OTAEIbHBIE XPOMOCOMBI, U KaXKeTcH,

YTO OHU OECTOPSAIOYHO MepenyTaHbl (pyc. /) Ui BOOOIIE UCUE3JIH.

uurepcbasuoéﬂ um;o A meTtacasa
(xaoc?!) (nopsipok)

Puc 7. Cniupani3oBaHHbIE XPOMOCOMBI JCIISIIEHCS KIETKH (CIIpaBa) U XpOMaTHH
B SIPE MEXKIY JEIEHUAMU?

! https://nplusl.ru/news/2016/04/04/interactome, https://biomolecula.ru/articles/organizovat-genom-
zaputannaia-istoriia-gipotez-i-eksperimentov
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Kaxnas xpomocoma 3aHMMaeT B si/ipe onpeae/ieHHYI0 TEPPUTOPHIO.

[IpeacraBieHuss O TOM, YTO XPOMOCOMBI COXPAHSIIOT LEJIOCTHOCTh U
WHJIUBUTyaJbHOCTh B TEUEHHE BCErO KJIETOYHOrO IMKJIA, ObUIM JTOKA3aHbl pa3HbIMU
MeTojamMu eue B Hayaine XX B. M JIENNIM B OCHOBY XPOMOCOMHOM TEOpPHH
HACJIEICTBEHHOCTH. ' 0pa3no no3anee, k KOHY XX B., yIaJIOCh I0KAa3aTh, UTO KaXAas
XpPOMOCOMa 3aHUMAET B SIAPE OMPEIACICHHYIO TEPPUTOPUIO, U OHU MPAKTUUECKUA HE
nepekpbiBatOTCA. COBpPEMEHHBIE METOJbI MMO3BOJISIIOT OKPAaCUTh XPOMOCOMBI TaK,
yTOOBl KaXKJas MpH OCBEIICHUM IMperapaTa Mepeucnyckaga CBET C OINpeaesIeHHOU
JUIMHOM BOJHBI, T. €. B pa3Hble LBeTa. [lollydeHHbIE C MOMOIIBID 3TOr0 METOJa
M300pakeHUs SAep HEACIIIMXCS KIETOK (puc. 8) mokasaim, 4TO B HEIEISIIUXCS
KJIETKaX XpOMOCOMBI 3aHUMAIOT B SIJIPE ONPENCIICHHYIO XPOMOCOMHYIO MEPPUmMopuio,

U TCPPUTOPUHU PA3HBIX XPOMOCOM IMPAKTUYICCKU HC IICPCKPBIBAIOTCA.

Puc. 8. Xpomocomusie Tepputopu B sape GudpodracTa (KICTKU COSTUHUTEIHLHOM
TKaHM) yesjoBeka. BBepxy — (hOTOCHUMOK, MOTYy4EHHBIN € MOMOIIbIO KOH(POKATEHOTO
MHUKPOCKOIIa, PETUCTPUPYIOIIETO MEPEUCITyCKaeMblil CBET ((hIyopecLieHIInIO)
XpOMOCOM; BHU3Y — €r0 KOMIIbIOTEpHasi 00paboTKa ¢ yKazaHUEM TEPPUTOPUU
KaKIOH XpPOMOCOMBI!

! https://ru.wikipedia.org/wiki/Xpomocomuble_TeppuTopun
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Ecnu nocre oiHOTO AesieHrs XpoMOCOMBI, Hanipumep 21-g u 7-1, pacmnoiosKeHbl
B SIIPE PAIOM — TO U TOCJE CIEIYIOLIErO ACJICHUSI OHU OKAKYTCSA PAIOM, Ha CBOMX
MOCTOSIHHBIX TEPPUTOPUAX. BUIMMO, MpaBUIIbHOE pa3elICHHE TEPPUTOPUN BAKHO

JUTSI HOPMAJIBbHOTO (DYHKITMOHUPOBAHUS TEHOB.

JAHK »3ykapuor HakpyyeHa Ha O€JIKH-TMCTOHbI, KOTOpbie 00pa3yloT
HYKJICOCOMBI.

JAHK »yKkapuoT MOCTOSIHHO cOeAuHEeHa C OelKkaMmH, TrjaBHble M3 KOTOPBIX
2ucmonsl. B siape OONBIIMHCTBA 3YKApUOT COAEPXKUTCA IMATHh Pa3HbIX TUIIOB ATHUX
O0enkoB. UeTblpe pa3HbIX T'MCTOHA OOpa3ylOT OKTaMepbl — OYCHHBI, B KOTOPBIX

NPUCYTCTBYET IO JIBE MOJICKYJIbI KX 10ro Tuma (puc. 9).

no 2 MOJIEKY/IbI KK TOIr'o U3

H2A,H2B,H3,H4

|—— 11nm=——>|

Puc. 9. Cxema nykieocomuoit yknaaku JIHK sykapuor?!

JIHK namotana Ha Takue OycHHBI, 00pa3ysl BOKPYT KaX0i U3 HUX IPUMEPHO
nositopa Butka crnupanu. [Isateiil Tun ructonos (Hi) coenunsier konisl cniupanu [JHK
Ha «BXO/Ie» U Ha «BBIXOJIE» C OyCHH, CTaOMIN3UPYS BCIO CTPYKTYpyY. benkosast OycuHa
BMECTE C HAMOTaHHOW Ha Hee yacTbio MosieKkyibl JIHK HazbiBaercs Hykieocoma.

3a cuet Hykaeocomuout yknaoku nuth JIHK ykopauuBaercs npumepHo B 7 pas.
Ho oOmas nnuna Bcex xpomocoM (46 monekyn JIHK) B sape KiIeTku yeroBeKa
COCTABIIIET OKOJIO 2 M, a aiuameTp aapa — Bcero 5—10 mxm. [HonsitHo, uyto JJHK nomxua
CKpYUYMBATbCS B KaKue-TO OoJiee IUIOTHBIE CTPYKTYpbl. OJHAKO YMOPSAOYEHHOCTb
ATUX CTPYKTYp, ONMHMCAHHASI BO MHOTUX y4e€OHUKAax, B MOCJIEIHEE BpeMs IMOCTaBJICHA

MO COMHEHHE?.

! https://znanio.ru/media/urok-po-teme-stroenie-i-funktsii-kletochnogo-yadra-2594689

20u H. D. et al. ChromEMT: Visualizing 3D chromatin structure and compaction in interphase and mitotic

cells // Science. — 2017. — T. 357. — Ne. 6349. — URL.: https://www.science.org/doi/10.1126/science.aag0025.
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Ymiornennas JIHK — xpomarumH sapa — oOkazajgach Tropaso McEHee
YIOpsI0YEHHON 1 00Jiee NU3MEHUHUBOM CTPYKTYPOH, YeM JyMalld paHbIIIe.

['maBHast posib THCTOHOB, TAKUM 00pa3oM, COCTOUT He B kKoMmakTu3anun JIHK,
a B Peryisiuu paboThl T€HOB. ['MCTOHBI MOTYT MOAMMUIIMPOBATHCA C ITOMOIIBIO
dbepmenToB. Ecim Ha KakoM-TO yYacTKEe MPOMCXOAUT HX MeTHJIHPOBAHHUE
(MprcoeMMHEHNE METHIIBHBIX TPYII), TO TeHbI Ha 3ToM yuacTtke JIHK BeikimrouaroTcs.
Ecmm ke TpoucXomuT auemunuposéanue TUCTOHOB (IIPUCOCIWHEHHUE OCTAaTKOB
YKCYCHOM KHCJIOTBI), TO T€Hbl HAUMHAIOT pab0TaTh aKTUBHEE, T. €. C HUX CYUTHIBACTCS
o6onpme PHK.

OTH METKH — XHUMHYECKHUE MOAU(UKAIMK TUCTOHOB — MOTYT COXPAHSATHCS IPH
JICJICHUH KJIETOK, TAaKUM 00Pa30M B MHOTOKJICTOYHOM OPraHU3ME TOSBIISIIOTCS pa3HbIC

THIIBI KJICTOK. HapymeHH;I B pacipCaciiCHN MCTOK I10 TCHOMY MOT'YT ITPUBOAUTD K PAKY.

B siape npuCYTCTBYIOT 3yXpPOMATHH M FeTEPOXPOMATHH.

Ha snexkTpoHHbIX MUKpodOTOrpagusx B slpe HeAeNsulecs KJIETKW BUIHbI
Oosnee TeMHbIe (JIEKTPOHHO-IIJIOTHBIE) y4acTKH U Ooisiee cBeTible. bonee TemHble
Y4aCTKH TIPENCTaBIAIOT co0oil cwibHO yrmiotHeHHyto JIHK wu HaszwiBaroTcs
2zemepoxpomamun (puc. 2, 7). CBeTiibie y4acTKH — OoJiee PBIXJIO PaCIOI0KECHHBIC
nutu JJHK, ayxpomamun. I'ensl rerepoxpomatuHoBbiX ydacTkoB JJHK oObuHO HE
aKTUBHBI, C HHMX HE MPOUCXOAUT TPAHCKPUIUMUHU. ['€Hbl JyXpoMaTHHA MOTYT
aKTUBHUPOBATHCA, XOTS TOXKE HE BCETJa HAXOAATCS B aKTUBHOM COCTOSTHUU.

«HopmanbHOE» MOJIOKEHHE TeHa — BBIKIIOYEHHOE. B kaxmoil Tkanu (M Tem
Oonee B KaxJol KieTke) paboraer oObiuHO He Oosee 10% renoB. Baxnoe
WCKJIFOYEHUE — TOJIOBHOM MO3T, T/I€ B CyMM€E aKTUBHBI 0K0JIO 80% reHOB.

Wnorpa B rerepoxpomaTuH mpeBparaiorcs 6omnpiue 0ioku JJHK. HaunGonee

W3BECTHEIN npumep — menvye bappa (puc. 10).

Puc. 10. Tensue Bappa B sape GpuOpodaacTa KeHIUHb!

! https://ru.wikipedia.org/wiki/Tensine_Bappa
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OHo mpexacraBnsier co0OM WHAKTUBUPOBAHHYKD X-XPOMOCOMY CaMOK
MJIEKOIIUTAIONMX. Y CaMIIOB MJIEKONUTAIOUIMX HAOOp MOJIOBBIX XpoMocoM XY,
y camok — XX. 1751 Toro 4To0b KOJIMYECTBO MPOJYKTOB T€HOB X-XPOMOCOMBI OBLIO
B UX KJIETKaX MPUMEPHO OJMHAKOBBIM (J1030Basi KOMIIEHCAIs ), OAHA U3 X-XPOMOCOM
B KQKJIOM KJIETKE Y CAMOK OTKJIFOYAETCH.

[TockonbKy B HOpME Tenblie bappa npucyTCTBYeT B KJIETKaX TOJIBKO Y KEHIIUH
U €ro JIrKO BBISIBUTH C MOMOIIBIO CPABHUTENLHO MPOCTOrO OKPALIMBAHUS, aHAIHU3
Ha €ro Haju4yue IIMPOKO HCIHOJB30BAICA [JIsl ONPEACNICHUS T0Jia, Harmpumep,
y CIIOPTCMEHOB.

VY cymuyaThIX Bcerja MHAKTUBHpPYETCAd X-XpOMOCOMA, IMOJYYEHHAs OT OTUA,
a y IUIALIEHTapHbIX — CIy4ailHO «BBIOpaHHAs» XpOMOCOMAa, OTIIOBCKas WJIU
MAaTE€pUHCKasi. DTO MPOUCXOAUT HA CTAJAUM, KOTJa 3apOJbIII COCTOUT U3 HECKOIBKHX
JIECSITKOB KJIETOK. TakuM 00pa3oM, eciii B ABYX X-XpOMOCOMaxX CaMKH €CTh pa3HbIe
aJJIeNld OJJHOTO T€Ha, B HEKOTOPBIX M3 €€ KIETOK Oy/leT aKTUBEH TOJIbKO OTIOBCKUMN
aJyieNb, @ B HEKOTOPBIX — TOJBKO MaTepUHCKUU. Takum 00pa3oM, B T€HETUYECKOM
OTHOIICHUH CaMKH MJIEKOMUTAIOUIUX — 3TO MO3auKH, KOTOPbIE HMMEIOT KIETKH
C pa3HbIM TE€HOTUIIOM. MO3aMYHOCTh MPOSBISETCS TOJBKO B TEX Clydasx, KOrja
0eJoK, KoupyeMblii X -CIIETUICHHBIMUA TeHaMH, (QYHKIHOHUPYET BHYTPHU KJIETOK, KaK

B ClTy4dae ¢ 4eperaxoBoil OKpackoi komiek (puc. 11).

Tenbue bappa

3uroTta

Mopyna

Puc. 11. Mexann3M BO3HUKHOBEHHS YEPENAaXOBOM OKPACKU KoleK. B olHUX KieTkax
WHAKTUBUPOBaHA X-XpOMOCOMA, HECYILAs aJjuleslb pbhkel okpacku O,
B JPYI'HX — X-XpOMOCOMA C JIJIEJIEM YEPHOU OKPACKH (OTCYTCTBUE PBIKETO
MUrMeHTa) 0. M3 MOTOMKOB 3THX KJIETOK 3apobliia (OPMUPYIOTCS METAHOLIMTHI,
3aCEIISIOIINE KOKY M 00pasyIolye PbKUE U Y€PHBIE MATHA MEPCTH L

! https://schoolworkhelper.net/genetic-linkage-and-recombination/
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SlBienne  mMHakTHBaUMM ~ X-XpOMOCOM, KOTOPOE€  MHOIAA  Ha3bIBAIOT
«JTaloOHU3aLUs», OBLJIO OTKPBITO OpUTaHCKOM yueHor Mapu @pancuc Jlaiion B 1961 r.

YIUBUTENBHO, 4YTO KJETKA «3HAET», CKOJBbKO B Hel X-xpomocom. Ecmum
B pe3yJibTaT€ XPOMOCOMHOM MYTallMM B KIJIETKaX CAMKH OKAa3bIBA€TCA II0 TPU
X-XpOMOCOMBI, TO UHAKTUBUPYIOTCA JBE M3 HUX (mMpu Jr000oM Habope X-XpoMocoM
OJIHA U TOJILKO OJ{HA BCETJ]a OCTAETCSI aKTUBHOM).

B BbIKIIIOUEHMH X-XpOMOCOM Yy MIJICKOMMUTAIOIIMX TIJIABHYKO POJb HWIPAIOT
ocoopie Mosekyasl PHK (Xist), 3akoaupoBaHHbBIE B T€HE camMoil X-XPOMOCOMBI.
[Ipu ToM ke HabOpe MOJOBBIX XPOMOCOM y CaMIIOB U CaMOK AP030(dHUIIbI MEXaHU3M
JTI030BOM KOMIEHCAIIMHU Y HUX JIPYrOM — AUHCTBEHHAs! X-XpoOMOocoMa caMiia paboTaeT
BJIBO€ aKTUBHEE, YEM X-XPOMOCOMBI CAMKH.

Haubonee cuiibHO CMpamu3ylOTCsS XPOMOCOMBI B IMEPUO ACICHHS KIETKH.

B 310 Bpems TpaHCKpHUIILIKS TPAKTUUECKU MTOJHOCTBIO MPEKPAILAETCS.

Anpeimiko — HeMeMOpaHHasi opraHesia, oOpadyeMasi y4acTKaMu
XpPOMOCOM BHYTPH SIApA.

OOBIYHO BHYTPU Siipa TPUCYTCTBYET ONIHO, PEXKE — HECKOJIBKO A0pbluieK
(puc. 12).

Puc. 12. SInpeiiko Ha 3J€KTPOHHONU MUKpodoTorpadumn?t

! Buonorus: B 3 1. / JI. Teiinop, H. I'pun, V. Crayt; nox pex. P. Conepa. — M. : Bunom; Jlaboparopus 3Hanwuii, 2013. —
URL: https://farmf.ru/lekcii/kletochnye-struktury-yadro-tsitoplazma-ribosomy/
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Anpeimko — 3T0 HemMeMOpaHHas opraHeiia (OHO HE OKPY)KEHO MEeMOpaHOM).
OCHOBY SIPBIIIKA COCTABISIIOT A0pbluiKosble opeanuzamopst (puc. 13) — yuactku
pa3HbIX XpOMOCOM, CoJiep:Kaliue TeHbl, B KOTophix 3akogupoBanbl pPHK, TPHK u

HekoTopsble npyrue tunsl PHK.

«AAPbILKOBbIE OPraHM3aTopPbI»
L
— —
Ve

meTadazHblie XpPOMOCOMBbI

MHTepdasHbie MHTepdazHble

XpomMmocombl Xpomocombl

Puc. 13. SnpeikoBsie oprann3aTopbl HHTEP(HA3HBIX XPOMOCOM
COCTaBIIIIOT OCHOBY SIAPBIIIKA

BuyTpu siapeiiiek npoucxoaut curtes 3Tux tTunoB PHK. Bokpyr sapbiikoBbIx
OpPraHu3aToOpOB B HeAENsAIIeHcs KIIEeTKe, CONMMKEHHBIX APYr ¢ APYroMm, oOpasyercs
ckorienne  monekyn PHK, Momekyn OeaxkoB M HMX  KOMIUIEKCOB — —
puboHyKIeonpomeudos, B ToM uduciie cyobeaunul] pudocoM. VIMEHHO B sIApBIIITKAX
MIPOMCXOJIUT UX cOOpKa.

B wnawane penenus saapa (B mnpodase) XpOMOCOMBI CIUPATU3YIOTCA,
U SIPBIIIKOBBIE OPraHMU3aTOPBl PAa3HBIX XPOMOCOM OTACNAIOTCS APYr OT Jpyra
(cMm. puc. 13). Ilpu »ToM HpPOUCXOAUT M pa3dboOpka Bcero sapbiika. OHO CHOBa

coOupaeTcs U3 OTACIbHBIX KOMIIOHEHTOB B KOHIIE AesieHus (B Tenodase).

XpoMocOMBI MOTYT COCTOAATh U3 OHOM WJIH ABYX XPOMATH/.

Korma oOblyHas kieTka Tena 4YelnoBeKa (HampuMmep, KIEeTKa KOXH WIH
B-mumdonuT) nmogenuiaacek, Kakaas XpoMocoMa B HEH COCTOWT M3 OJTHON MOJICKYIIbI
(nBoitHoM cimpanu) JIHK. Takas monekymna JIHK B komIiekce ¢ GenkamMu Ha3bIBaeTCs
xpomamuoa. llocne neneHus KIETKH XPOMOCOMBI B HEU OOHOXpOMamuoHble
(puc. 14). Ilpu crnenyrolieM JEICHUU TAaKOW KJIETKH Tela (COMAaTUYECKOW KIIETKH)
JOJDKHBI TIOTYYUTHCA JIBE KJIETKH C UJIEHTUYHBIM Ha0OPOM XPOMOCOM, TAKHM XK€ KaK
B MaTE€pPUHCKOMN KjeTke. YTOObI MOPOBHY MOJEIUTh N'€HETUYECKHUI MaTepuan MEexXIy
JBYMsI TOYEPHUMH KJIETKAaMHU, J1a €1l TaK, YTOObI €ro KOJIMYECTBO OCTAIOCHh B KAXKION
KJIETKE TIPEKHUM, €r0 HY)KHO CHadana yJaBouThb. [loaToMy Mexay NByMs JEIEHUSAMU

KJIETKHA B HOpMe Bcera rmpoucxoaut yasoenue (perumkais) JJHK. [Tpu stom kaxxnas
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XpoMaTHIa JOCTPauBacT CBOI TOYHYKO KOIHIO — BTOpyko Momekyny JHK
(cecmpunckyro xpomamuoy).
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XpPOMOCOMa COCTOMT  XPOMOCOMa COCTOUT
N3 OOHOWN XpoMaTuabl U3 ABYX XpoMaTtug

Puc. 14. a) Xpomocowmsl 110 ynoenust [IHK —onHoxpomarunsie; 6) XpoMOCOMBI
nocie yasoenus JIHK — nByxpomaruansie. O6e XpoMaTHABI OJHON XPOMOCOMBI
oOpa3ytotcs B pesyibTare yaBoeHus: JJHK u sBIsStOTCS TOYHBIME KOTUSIMU JPYT

Jpyra (HEeCyT OJJMHAKOBBIE ajuiesid BceX reHoB). OObIYHO Kaxasi XpoMaTuaa
COIEPXKHUT OAHY ABOMHYIO crimpans JJHK, yaBoeHHass xpomocoMa COCTOUT
U3 CECTPUHCKUX XPOMAaTH]I, 00€ OHU COJIEPKAT OJMHAKOBBIC aJIJICIH
OJIHUX U TEX ke TeHOB!

JIBe oOpa3oBaBIInecss XpOMaTHBI (X HA3bIBAIOT CECMPUHCKUE XPOMAMUObL)
COEJMHEHBI BMECTE OCOOBIM OEJIKOM KOT€3MHOM U 00pa3yloT OJHY XpPOMOCOMY (CM.
puc. 14).

B HEKOTOpBIX XpoMOCOMax COAEPKUTCS He omHa wiu jaBe monekynasl JTHK,
a MHOXKECTBO MapaUIe]bHO YIOXKEHHBIX MOJIEKYN. Takue XpOMOCOMBI Ha3bIBAIOTCS
nonmmteHHbIMU. OHU cofiepIKaTcs, HalpuUMep, B TATAHTCKUX KIIETKAX CIFOHHBIX JKEle3
JMYAHOK JIPO30(GMIBI U MHOTUX JAPYTUX ABYKPBUIBIX. [Ipy M3y4eHWU MOIUTEHHBIX

XpoOMOCOM ObLTa MOJIydeHa BaxkHasi HHGopMalus 0 paboTe TeHOB U OOMEHE yuacTKaMu
MEK]ly XpOMOCOMaMH B XOJI€ MEH03a.

JUIsi KasKa0ro BHAA XAPAKTEPEH OINpedeJIeHHbI KAapHOTHI — YHCIO,
pa3mepsbl 4 popMa XPOMOCOM.
VY kaxaoro Buia 4ucio, pasMepbl U (opMa XpOMOCOM OOBIYHO MOCTOSHHBI.

Hanpumep, y yenoBeka BO BCEX KIIETKAxX TeJla COAEPKUTCA 060UHOU (OUNIOUOHbLIL)

! https://www.open.edu/openlearn/science-maths-technology/biology/what-the-genome-made-of/content-section-1.2
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Habop Xpomocom, KOTOphIM oO03HaUaercs kak 2N. s yenoBeka — 2n = 46. D10
O3HAYaeT, 4YTO KaXJas KJEeTKa Teia HeceT 23 mapel XpoMocoMm (23, MoiydeHHbIE
OT MaTepu, u 23 — oT 0THa), Bcero 46 XxpoMocoM. J[B€ XpOMOCOMBI OJTHOM Mapbl HECYT
OJTHU U Te€ K€ T'eHbl (HO 4acTO — pa3Hble UX auiedan). XpOMOCOMBI pa3HbIX Map HECYT
pa3Hble TeHbl U OTJIMYAIOTCS APYT OT Jpyra pazmepamu u dhopmoii. Yucio, pazmepsl 1
dbopMa XpoMOCOM, XapaKTEPHbIE ISl TaHHOTO BUJIA, — 3TO €T0 KAPUOMUN.

Hekoropble kieTkM 4eloBeKa colepxkar Oojee JByX HaOOPOB XpOMOCOM
(momumuionaus). Tak, KJIETKM IMEYEHUW YacTO TETparuiouaHbIe (COIEp)KaT YeThIpe
Habopa XpOMOCOM), a 4YacTh KJIETOK IUIAIIEHThl OKTAIUIOMJHBI (CoaepKaT BOCEMb
HabOPOB XPOMOCOM).

Kapuorun y caMok U caMIIOB 4acTo pasinyaercsd. Tak, y yenoBeka 22 mnapsl
XpPOMOCOM OJIMHAKOBBI Y MY)KUUH U KEHIINH; UX HA3bIBAIOT a@ymocomsl. 23-5 1apa,
no106ble XPOMOCOMBL, PAIAYAIOTCS: y JKEHIIWH JIBE€ OAUHAKOBBIE X-XPOMOCOMBI,
y MYXYHH OJHa X-XpOMOCOMa M OJIHa Y-XpOMOCOMA, CHJIbHO YMEHBLIEHHAas H
HEeCyIIasl.

Y MHOrmx BHJOB HaceKOMbIX ¢ X(0-MEXaHM3MOM ONPENEICHUs IOJIa CaMIbI
MMEIOT Ha OJIHY XpOMOCOMY MEHbIIIE, YEM CaMKH. A OBbIBae€T U TaK, YTO B IMpeaesax
BUJIa KapUOTUI W3MeH4YUB. Hampumep, B HEKOTOPBIX MOMYJSIIUSIX JOMOBOM MBIIIN
Mus musculus B FOsxHoit EBpore, kpoMe «HOpMaibHOro» Hadopa 2n = 40, ocobu
UMEIOT Habopbl xpomocoM 2n = 32, 2n = 24 u ap. Bo3nukaroT Takue HaOOpPHI
W3-32 CIUSHUA XpOMOCOM (poOepTCOHOBCKUX TpaHciokaruii). [Ipu aTom Bce MbIu
C UBMEHEHHBIM KapHUOTUIIOM BIIOJIHE HOPMAJIbHbBI U HEOTJIMYMMbI BHEIIHE.

Kapuotun mMoxkeT MEHAThCS U MPHU MaToNorusix. B pe3ynbrate XpoOMOCOMHBIX
aHOMaJIM JOCTaTOYHO YacTO 00pa3yroTCsi SMOPHOHBI C JIUIIHUMU XPOMOCOMAaMHU WJIH
HEJOCTAIOIMMHU XpOMOCOMaMHu OJIHOW W3 mnap (ameynaouodusn). llopaBnsioiiee
OOJIBIIMHCTBO TakuX SMOpHOHOB THOHET a0 poxaeHus. Ho miogm ¢ aumrHei
21-i1 XpOMOCOMOHM POXKJAIOTCS HAa CBET C TSKEJIOW HACIEACTBEHHOW OOJIE3HBIO —
cugapomoM /[layHa. BerpedaroTcst Takke aHEYIUIOMJIHUH IO ITOJIOBBIM XPOMOCOMaM.
KenmuHel ¢ ogHOM X-XpOMOCOMOM CTpajaroT OoT cuHApoma TepHepa. MyXK4YUHBI
C JMIIHEH Y-XpOMOCOMOH TMpaKTHUYECKH HOPMaJbHBI (MOAYMalTe IMoYeMy), a
MY>KYUHBI C IByMSI X-XpOMOCOMaMH M OJTHOU Y -XpOMOCOMOM CTPAJArOT OT TSXKEIOTO
3a0oneBanus, cuHapoma KnaitHenbrepa.

Yacto uW3MEHEHHBIM KapuoTUN (JIMIIHUE XPOMOCOMBI M XPOMOCOMBI,

OOMEHSBIIMECS] y4acTKaMH) HWMEIOT pakKoBble KIeTku. I3ydenwe kapuoTumna
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PaKOBBIX KJIETOK YacTO MPOBOMAT JJIA ONPEACIICHHUsS] PA3HOBUIHOCTH OITYXOJIH W
Habopa MyTanuid B HeW. DTO mMO3BOMSET MOA00parh Haubosiee 3(PdekTuBHOE

JICYCHHC.

Bonpocwvl k meme

1. Kakue QyHKIMM MOXET BBINOJHATH AP0 Y AYKApUOT (YEM BBITOJIHEE
XpaHUTh HACJEICTBEHHYIO MH(GOPMALIUIO B SIApPE, UEM B LIUTOILIa3Me)?

2. KakoBa mmrenbHOCTh MHTEP(]A3BI Y IMOPHOHOB APO30GUIIBI, €CIIM MHUTO3
y HUX JUIMTCS IpUMEpHO S MuHYT? Halinure B TekcTe 1aHHBIE, KOTOPBIE JatOT OTBET
Ha 3TOT BOMPOC.

3. Moryr 1 Ha HapyXHOW MeMOpaHe fA]apa HaXOAUThCs pHUOOCOMBI? OTBET
o0oCHYMTE.

4. 3auem HyxHa TpaHckpumnuua? [louemy Obl HE CHHTE3UPOBATH OEIKU MPAMO
Ha JIHK?

5. Hepenko mnumiyt, 4uto BO BpeMsl JENEHUS KIETKU sJAepHas o000youka
pactBopsieTcd. OOBACHUTE, TOUEMY TAKOE ONTMCAHUE HEKOPPEKTHO.

6. UTo mpoucXoauT mpyu METUIMPOBAHUU TUCTOHOB — ymutotHenue JJHK wumum
pa3phIXJICHUE XpOMAaTHHA?

7. TIoNHOCTBIO T MHAKTUBUPYIOTCS X-XPOMOCOMBI CaAMOK MJIEKOMUTAIOLINX?
Kakue naHHbIE TOBOpPAT B NOJB3Y 3TOro M npotuB 3toro? Ilommmure oTBeT
CaMOCTOSATEIIBHO.

8. Kak BBI mymaere, mpoAopKaeTcs JId BO BpeMs JeNeHUs! KIETKH (Hampumep,
B KJIETKaX ’MOpUOHOB) TpaHcianus? Kakumu cnoco6aMu 3To MOXKHO YCTaHOBUTH?

9. Moxer nu Tenblie bappa npucyTcTBOBaTh B KJIIETKaX MYXYHUHBI?

10. PenteccuBHbiii  TeH remodpmmmu A HaxomawTtcss B X-XPOMOCOME,
U TE€TEpPO3UTOTHBIMU B HOpPME MOTYT OBITh TOJIBKO >XKeHIIMHBI. HaOmronmaercs mu
y HUX IIOJIHO€ JIOMWHHPOBAHUE WM HenosiHoe? OT 4Yero 3aBUCUT OTBET Ha 3TOT
BOIpOC?

11. OOBIYHO CECTPUHCKHE XPOMATHIbl — TOYHBIC KOMHH JpYr Apyra (HecyT
OJIMHAKOBBIE aJJIEIN BCEX T'€HOB). B pe3ynpTaTe Kakux MpoLEeccoB ajjiesid B HUX MOTYT
CTAHOBUTHCS pa3HBIMU?

12. Kakwue BBITOJIbI MOKET IPUHOCUTD KJIETKE WIJIA OPTaHU3MY TTOJTUTUIOUIHS ?

121



Tecmogvle 3a0anust ¢ MHOMHCECMBEHHBIM 8bLOOPOM OMEEemd
1. Cunre3 Oenka B KJIETKE MPOUCXOIHUT

1) B sapseimke Ha pPHK

2) Ha XpoMOCcOMax

3) B 1MTOILUIa3ME Ha prOOCOMax

4) B MHTOXOHJIPUSX

5) B mmacTumax

6) Ha nosepxHocTH DIIC

7) BayTpH nucrepu IIIC
(Omeem: 3,4,5,6.)

2. Cunre3 pPHK B kiieTke nmpoucxoaut
1) B sape na uPHK
2) Bsape va JJHK
3) B SIOpBIIIKE HA SIPHIIIKOBBIX OPraHU3aTOpax
4) B mIacTUAAX
5) B MHUTOXOHAPHSIX
6) B pubocomax
7) BryrpH DIIC
(Omesem: 2, 3,4,5.)

3. I'ucronsl — 310
1) OenKu ¢ YeTBEPTUIHON CTPYKTYpOH
2) OeJKu, KOTOPhIC CHHTE3UPYIOTCS B SIIPe
3) Oenku, KOTOpbIE 00Pa3yIOT HYKICOCOMBI
4) 0OeJKH, UMEIOIINE CYyMMapPHBINA MOJ0KHUTEIbHBIN 3apsi/l
5) KOMIIOHEHTHI SICPHOTO MaTpUKCa
6) OeJikH, K KOTOPBIM MOTYT IPUCOCTUHAThCS Ipyrbl —CH3

7) ©Oenxu, ocymectrisromue cuntbiBanue PHK ¢ JJTHK
(Omeem: 1, 3,4,6.)

4. BeiObepuTe BEpHBIC YTBEP)KICHUS PO HHAKTUBALUIO X-XPOMOCOMBI.
1) OnHa NPOUCXOAUT Y BCEX JKUBOTHBIX.
2) OHa MPOUCXOAMT y APO30(HUIIBI.
3) OHa IPOHCXOIMT y MBIIICH, KOIIEK U JIFOCH.
4) 'V Mblieit Bceria MHAaKTUBUPYETCS OTIIOBCKAsk XpOMOCOMa.
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5) Ecmu y mojei B KIETKE TPU X-XpPOMOCOMBI, HHAKTUBHPYETCS OJHA
U3 HUX.

6) WuaktuBamus X-XpOMOCOMBI IIOJHAs, BCE €€ TEHBbI IICJTHMKOM
OTKJIFOYECHBI.

7) MuaktuBanus X-XpOMOCOMBI MOKET TPUBOIUTH K MO3AHUIIU3MY CAMOK.
(Omesem: 3, 6.)

5. Anpsimko
1) conepxut JTHK
2) conepxut PHK
3) comepkuT OenKu
4) CcomepKUT IeIble PUOOCOMEI
5) YacTo CONEPIKUT YUIACTKH Pa3HBIX XPOMOCOM
6) sBnsercs mectoM cuHTe3a TPHK

7) OKpY)KEHO OJHON MeMOpaHOM
(Omeem: 1,2, 3,5, 6.)
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Hpuiaoxenue 10.

Tema ypoka: «’ Ku3HeHHbIN IUKJ KJICTKI»

L]ens ypoka: chopMUpoBaTh 3HaHUS 00YUAIOMIMNXCS O KJIIETOYHOM IIUKJIE U MECTE
B HEM JICJICHHS KJIETKU — MUTO3a.

OcHoenoe cooepoicanue memul ypoxa. Kierounslii nukia. Muto3 u uatepdasa.
[lepuonsl untepdaspl. [enenue kietku — MuTo3. CTaauu MUTO3a U MPOUCXOJIAIINE
B HHX Iponecchl. Tumnbl MuTo3a. Kapnoknnes u uutoknHes. buonornueckoe 3HaueHue
MUTO3a. Perymsuuss MUTOTHYECKOTO HUKJIa KieTkd. [IporpamMmmupyemasi KieTodHas

rudelip — aronTos.

Unghopmayus ons pabomol

Pa3MHOMXkeHHE BCeX KUBBIX OPraHuW3MOB (KpOME BHUPYCOB, €CJIM CUUTATh UX
’KUBBIMHM) OCHOBAaHO Ha JICJICHUM KJIETOK, a JieJieHue KieTok — Ha yaBoeHuu JIHK.
HeynuButensHo, 4To nenenue kinerok u  yasoenue JIHK BeI3bIBatoT camoe
MPUCTAIBHOE BHUMAaHHME Yy4YeHbIX. OT MNpaBUJIBHON PETYJSALMU JEJICHUS KIETOK
3aBUCUT HOPMAJIBHOE PA3BUTHE OpPraHu3Ma, 3aKUBJICHUE pPAaH W pEreHepanus
MOBPEXKICHHBIX OPraHOB (Hampumep, KocTer uiu reuenn). [Ipu HapymeHuu aeneHust
KJICTOK BO3HHUKAIOT pa3IMYHbIC 3a00JICBaHUS — OT aHEMHUHU JO0 PAKOBBIX OMYyXOJCH.
VYnpaBneHue JeI€HUEM KIETOK MO3BOJISET BBIPAIIMBATH KIETOYHBIC KYJIBTYPBI
JUJIS1 IOJTYYEHHMS pa3HbIX BEIIECTB, UCIIBITAHUM JIEKAPCTB U IPYrux uenen. B mocneanue
TOJbl YIIPABJICHUE JENeHHEM W TU(PPEpeHIUPOBKON KIETOK TO3BOJISIET IMOIY4aTh
CTBOJIOBBI€ KJIETKM W BbIpalllMBaTh U3 HUX HOBBIE OpPraHbl, KIOHUPOBATh KUBOTHBIX,

NOJTy4yaTh IMMYHHBIE KJIETKU U O€NKU 111 O0pHOBI C paKoM.

KieTkn 3yKapuoT 00bIYHO JAeJIATCHA MyTeM MUTO03a WIH Meiio3a.

Yame Bcero KJIETKM 3YKapuoOT JAENATCS MyTeM MuTo3a. Mumo3z — 3TO Takoe
JIeJICHHE, TP KOTOPOM J0OUEpPHHE KJIETKH MMEIOT TaKOH k€ Habop XpOMOCOM, YTO U
MaTepUHCKasl, 1 TEHETUYECKHM HJICHTHYHA € (32 BBIYETOM CIIYYalHBIX MYTaIluii).
Takum 00pa3om, MUTO3 — OJIMH U3 BAPUAHTOB €CTECTBEHHOT'O KJIOHUPOBAHUS.

BaxxHO MOq4epKHYTh, YTO MUTO30M MOT'YT JIEJTUTHCS KJIETKU C JIF0OBIM HAOOpOM
XpOMOCOM — BEAb MEpPe]l MUTO30M KaXKJasi XpOMOCOMa JIOCTPAUBAET CBOK) TOUYHYIO
koruio (myrem yaBoeHust JIHK), a moToM 3T Komuu pacxomsiTCs B JBE JOUECPHUE

KJICTKH.
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W3penka y 3yKapuoT BCTPEUArOTCsI CIOCOOBI I€JIEHUS], KOTOPbIE MOKHO Ha3BaTh
«HeMuToTHYecKuMuy». Hampumep, B 1a00paTOpHBIX KyJIbTypax KIETKHM HWHOTAA
JEJSATCS TAK HAa3bIBAEMBIM aMHUTO30M, ITPYU KOTOPOM HE IMPOUCXOAUT YIIOPSAOYEHHOTO
pacnpenenceHuss XpOMOCOM MEXy NOYEpHUMH KieTKaMu. OTIeNbHBIE XPOMOCOMBI
TEpAIOTCS, U OOJBIIMHCTBO KJIETOK TaKOM KJIETOYHOW JIMHUM BCKOpE THUOHYT.
HeoObr4HbIM cIOCOOOM JIETATCS Takke Oonblne siapa (MAaKpOHYKIEYChl) HEKOTOPBIX
uH(py30puii: B HUX HET UEIOCTHBIX XPOMOCOM, a HMEIOTCS OTIEJIbHbIE T€HbI
(MUKpPOXPOMOCOMBI), KKl U3 KOTOPHIX MPEACTaBICH HECKOJIbKUMH ThICAYaMU
konui. Takoe AIpo MPOCTO NMEPEUIHYPOBBIBACTCS, U €r0 JIEJICHUE HEb3s CUHUTATH
MUTOTHYECKUM. OHAKO 3TO JIMIIb PEAKUE UCKIIFOUCHHUS.

Bropoii criocob neneHus KIETOK 3YKapuoT — meito3. OH €CTb TOJNBKO Yy TeX
JYKapuOT, KOTOpbIE O0JIAJAl0T MOJOBBIM pa3MHOXKEHHEM. Meio3, B oTinuue
OT MHUTO3a, COCTOMT M3 JIBYX KIJIETOUYHBIX JEIEHUN 0€3 MPOMEKYTOYHOrO YIBOCHHS
JAHK, 1 B pe3ynpTare moay4aroTcs KJIETKU C BABOE MEHBIIAM YHCIIOM XPOMOCOM, YEM
MaTepuHCKasi. MUTO30M CIIOCOOHBI AEIUTHCA TOJIBKO KJIETKH C JIBOMHBIM HaOOpOM
XpOMOCOM (MHOT/1a — NOJIMIIJIOUIHBIE, HO HE TAIIOUIHBIE).

B pycckosi3blUHON JUTEpaType MPUHITO CUUTATh IOJIOBBIM PA3MHOKEHHEM
napmenozene3 — pa3BUTUE OpraHU3Ma U3 HEOIIOJOTBOPEHHBIX SIMIEKIETOK, B TOM
yycie Takue ee (OpMbl, MPU KOTOPHIX SMUEKIETKH Ppa3BUBAIOTCS IIyTEM MHTO3a
(ameiloTHyecKHUil mapTeHOreHe3, CBOMCTBEHHbIN, HanpuMep, AapHusM U Tisim). Tyt
UCIIOJIb3YETCS 3BOJIOLHOHHBIN MOAXO0 — 3TO Pa3MHOKEHHE MPOU3O0ILIO OT MTOJIOBOTO
Pa3MHOXKEHHSI MPEAKOBBIX BUAOB. HO C TreHEeTMYeCKOW TOYKH 3pEHUS] TaKOU

MapTCHOI'CHEC3 — 3TO KJIOHAJIbHOC Oecrmoiioe Pa3MHOKCHHUC.

B :KHU3HEHHOM IMKJIE IYKAPHOT 00LIYHO YepPeayIoTCsl MUTO3 U Meiio3.

PaccMoTpuM Ha mpuMepe YenoBeKa, KaKyl pOJib MTPAlOT MUTO3 M MEHO03, a
3aTeM MMO3HAKOMHMCS TOJPOOHEe C KaKIbIM M3 HUX. XapaKTepHBIN MpU3HAK BUA —
OINpE/ICICHHOE YHCIO XpOMOCOM. Y 4YenoBeka B OOJBIIMHCTBE KIETOK Teja
(comamuueckux knemkax) wux 46. IlonoBeie KiIeTKU (2amemsbl) W WX
HEMOCPEJACTBEHHBIE TPEIIIECTBEHHUKHU COJIEPXKAT BIBOE MEHBIIIEE YHUCIO XPOMOCOM
(y uenoBeka — 23).

Otkyna Oepyrcst 46 XpoMocoM B 3uzome (OILIOJIOTBOPEHHOM SIMIIEKIICTKE),
U3 KOTOpOH pa3BUBAETCS OpraHu3M deloBeka? B MOMEHT omiogoTBOpeHUs

23 XpoMOCOMBI MOMAAAT Tylda U3 SIMUEKNEeTKH, 23 — u3 crepmarozouaa. Kaxmas
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XpOMOCOMa B 3UI'OT€ UMEET CBOIO IApy, BCEro B HEW MMeeTcs 23 mapbl XpOMOCOM.
HabGop xpomocoMm, B KOTOpPOM KaKJOTO BHJAa XpPOMOCOM IO JBa 3K3eMIULIpa,
Ha3bIBa€TCs JBOWHBIM (JUIUIOMAHBIM). B coMarmyeckux KieTkax IHOYTH y BCEX
KUBOTHBIX JMIUIOUJIHBIM Habop xpomocoM. B ramerax kaxngas Xpomocoma
COIEPKHUTCS B OTHOM IK3EMILIIPE, U TaKOW HaOOp XpOMOCOM Ha3bIBa€TCs OJIMHAPHBIM
(rarsjouIHbIM).

Kaxxnas u3 23 XxpoMocoM rarjionIHOro Habopa HeceT CBOM HabOp T'€HOB, U BCE
OHM COBEpIIEHHO HEOOXOAMMBI JIi HOPMAIbHOIO pPa3BUTHUS  OpPraHHU3Ma.
B nunnounHom Habope JBE XPOMOCOMBI, MOJY4YEHHBbIE OT OTLIAa U OT MarepH, U
HECYILKE I'eHbl, KOTOPbIE OTBEYAIOT 33 OJJHU U TE € MPU3HAKHU, HA3bIBAIOTCS TAPHBIMU
WM TOMOJIOTUYHBIMU. 1 0MO102UYHbIE XPOMOCOMBL CONIEPKAT HAOOPHI OJHUX U TEX
K€ T€HOB, HO MOT'YT COJIEpP>KaTh Pa3HbIE alJIeTIN TUX T€HOB, KOTOPbIE TPUCYTCTBOBAIIU
B FT€HOMAaX POJUTEIICH.

[Ipu neneHuwm 3UrOTHI MUTO30M U O0Pa30BAaHUU MHOTOKJIETOYHOTO OpraHu3Ma
YHICIJIO XPOMOCOM B OOJIBIIMHCTBE KJIETOK T€JIa OCTAETCA MOCTOSHHBIM, TAKUM K€, KaK
B 3Urote — AUIUIONAHBIM. [Ipr 0Opa3oBaHMU raMeT MmyTeM Meio3a YHCIIO XPOMOCOM
YMEHBIIIAETCS BABOE — HA0OOp CTAHOBUTCS TaINIONIHBIM.

Wtak, y >KMBOTHBIX MEHO3 MPOUCXOAUT MPH 0Opa30BaHUU IMOJOBBIX KIETOK —
ramerT. [Ipr 3TOM 4KCI0 XpOMOCOM YMEHBIIAETCS BIBOE, @ UCXOIHOT'O (JIUILJIOUTHOTO)
YyyCla JIOCTUTAET TOCE OMIOAOTBOPEHHUA. Y APYTUX OPraHu3MOB MEW03 MOMKET
urpaTb WHYyI poiib. Hampumep, y BBICIIMX pacTeHUW OH BCerja MPOUCXOIUT
npu o0pa3oBaHWM CIOp W oOecrmeunBaeT OECHoioe Pa3MHOXKEHUE, a TaMEThl
00pa3yroTcs y HUX B pe3yiibTaTe MuTo3a. OJIHaKO BO BCEX CIIydasiX MeHo3 MpaBUIbLHO
gepeayeTcs ¢ orogoTBopeHreM. OH UMeeTCs Yy TeX OpraHu3MOB (M TOJNBKO y HEX!),
y KOTOpPBIX €CTh IIOJIOBOE pPa3MHOXKEHHE (€CliM HE CUUTarb aMeHOTHYECKHUI
NapTEHOI'€HE3 MOJOBBIM Pa3MHOXKEHHEM). MUTO3 HMeeTcs y BceX 0€3 HCKIIOYEHUS

IYKApHOT.

buonoruyeckoe 3HaueHHMe MHUTO3a — 0ecmojioe pa3MHOKeHHe, POCT,
pereHepanusi ¥ 3aMeHa OTMHUPAIOLIUX KJIETOK.

Yacto roBopsT, 4TO OMOJOTMYECKOE 3HAYCHHUE MHUTO3a — TOYHAs Tepenaya
UJICHTUYHON TEeHETUYECKON MH(pOpPMAIIUU ABYM JOYEPHUM KJIETKaM OT MAaTePUHCKOMN
kieTku. Pa3zbepeM, B Kakux clydasx 3TOT CIOCOO JENeHHs] UCIOJB3YIOT pa3HbIe

OpPTraHU3MBl.

126



[Ipu pa3sMHOKEHUU JIEJICHUEM HAaJIBO€, KOTOPOE CBOWCTBEHHO OOJBIIMHCTBY
IPOTUCTOB, 00€ oOpasyroluecs KIETKM HMEIT TOT K€ Habop XpOMOCOM, 4TO
Y MaTEpUHCKasi, ¥ BO BCEM OCTAJIbHOM OHM TOKE YaCTO CTAHOBSITCSI HA HEE TTIOXOKUMH.
Takum 006pazoM, MUTO3 0OecTIeunBaeT OECIOIOe pa3MHOKEHUE OTHOKIICTOYHBIX.

Y MHOTOKJIETOYHBIX >KMBOTHBIX O€CIIOJIOE Pa3MHOXKEHHE C TIOMOIIBI0 MUTO3a
OTIENBHBIX KIETOK TPAKTUYCCKH HE BCTpedaeTcs (TONBKO WHOT/A, HalmpUMep
y THIPOWUJHBIX MEAYy3 WIM KOPAJUIOBBIX ITOJIUIIOB, HA OTICIbHBIC KJICTKH MOTYT
pacragaThCsl paHHUE 3apOABIINIM — ONACTyJbl, ¥ W3 KaXIOH KIETKH pa3BUBACTCS
MIOJTHOLIEHHBIM OpraHu3M). Y JKUBOTHBIX MHUTO3 OOECIIEYMBACT MPEKE BCETO POCT.
Kak yxe ToBOpuiioch, NpW Pa3BUTHH W3 3UTOTHI BO BCEX OHOSACPHBIX KIIETKAaX
OpraHu3Ma OOBIYHO COXPAHSIETCS TBOMHONW HAOOpP XPOMOCOM. 3HAYHT, BCE JCIICHUS,
MIPOUCXO/ISIIINE TIPYA Pa3BUTUHU OT 3UTOTHI 1O B3POCIIOT0 OpraHU3Ma, — MUTOTHYIECKUE.
3a cueT MUTO30B pa3BUBAIOTCA W3 3UTOTHI M BBICIINE pacTeHUs (TOYHEe, WX
JTUIUIONIHOE TIOKOJIEHUE CIOPOGUTHI; TaIUIOMAHbIE TaMeTO(QUTHI TOXKE 3a CUeT
MUTO30B Pa3BUBAIOTCS U3 CIIOPBHI).

HekoTtopbie opranu3mel (AepeBbsi, KPOKOAWJIBI W Jp.) PacTyT BCHO JKU3HD,
y APYTUX C HACTYIUICHHEM TOJIOBO3PEJIOCTH WM YyTh MO3KE POCT OCTAHABIMBACTCSI.
OmHako W B OTOM Cllyda€ MHUTOTHYECKOE JeNieHHE KIETOK HE TpeKpaliaercs.
Bo-miepBhIX, KIETKH Pa3MHOXKAIOTCA TPU 3KUBICHUW DPaH WIA BOCCTAHOBIICHUU
YTpA4eHHOW 4YacTH Tella — MPHU percHepanuu (OTJIOMAHHBIA XBOCT Y SIIICPHIIHI,
MOBPEKJCHHBIN YU4aCTOK KOXKHU WM TIEPEIOM KOCTH Y 4YesoBeka). Bo-BTOpbeIx, MUTO3
CIIY>)KHT OCHOBOHM BEreTaTHBHOTO pa3MHOKeHHs. Hampumep, Tak oOpa3yroTCsl MOYKH
y TUPBI, HOBBIE 0COOM PaCTeHUI M3 KOPHEBUII M JIYKOBUIL U T. TI.

Haxonerr, MUTO3 CIIy>KHT JJIsl 3aMEHBI TIOTHOAIONTUX KJIETOK. Jleno B ToM, 4To
CPOK JKM3HU MHOTHX KJIETOK MEHBIIIE, Ye€M CPOK JKM3HU OpraHu3Ma. Y 4ejIOBeKa TOJIbKO
UM (OITUTOB TPUMEPHO TPUIUTHOH (MIJITHOH MUJUTHOHOB); CPETHUM CPOK MX KU3HH —
OKOJIO TISITH CYTOK. PacdeThl MOKa3bIBAIOT, YTO 3a CEKYHIY B OpraHHM3Me uejoBeKa
MHUTO30M JenuTcsi He MeHee 10 MIIH KJIETOK JHIb IS 3aMEHbl THOHYIIMX
JTUM(DOITUTOB.

Jenstcss B opraHu3me 4eloBeKa OOBIYHO KIETKH HeauddhepeHIMpOBaHHEBIE,
T. €. HE BBITMIOJHSIONINE ONPEIeTICHHBIX PYHKITUHN, — C1MB0.108ble KlemKU U UX TIOTOMKH.
Cynp0a nByx 00pa3yromuxcsi KJIETOK YacTO HEOJUHAKOBA (XOTS HAOOp reHOB y HUX
OOBIYHO MJICHTUYEH): OJIHA W3 HUX OCTaeTcs HeaudQepeHInpoBaHHON (CTBOJIOBOM)

U TPOAODKAET NETUThCSA, Apyras — «BbIOMpaeT MPOQECCHIO» U YacTO TepecTaeT
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JEIUThCA. Y YelIOBEKa, HANpUMEpP, HE JIENATCS HEPBHBIE U MBIIICYHBIE KIIETKH,
OOJBIIMHCTBO KJIETOK KpoBH U Jp. U3 nuddepeHnnpoBaHHbIX KIETOK MPOIOIKAIOT
B ONpPENENECHHBIX YCIOBHUIX JEIUThCS (uOpoOIacTel (KJIETKH COCAMHHUTEILHON
TKaHM ), TUMQOLUTHI, KJIETKHA MOKEITYT0YHOM jKelie3bl, BHIpabaThIBAIOIINE UHCYIIVH,

1 HEKOTOpbIC JIPyTHE.

KiieTouHbII IIUKJI COCTOUT U3 JieJIeHUsI KJIeTKH U HHTep(da3bl.

B sTom pazmene MBI pacCMOTPUM KIIETOYHBIH MUK (TIEPUOA MEXTY IBYMS
JEJIEHUSIMUA  KJIETKH) ¢ MUTO30M. [lepmom Mexmy AByMsST MHUTO3aMU Ha3bIBACTCS
uHtepdazoit (puc. 1). DTOT mepuoj, B CBOKO ouepe/ib, ACIUTCS HA TP MEepUoja, Win
dazpr: G1, S u Go. B Teuenne S-nepuoaa npoucxoaut ynsoenue JJHK B siape kierku,
3TO cunmemuueckuii nepuod. Gy u G, (ot anri. Gap — mpoMeKyTOK) COOTBETCTBEHHO

npecuumemuuecxuﬁ nepum) U ROCIMCUHMEMUYECKUIL nepuoo.

M-PASA

L

' MUTO3

' (nenexwue
' sAppa)

: LUMTOKMNHES
' (nenexve
LUuTonnasmbl) -

' NHTEP®A3A

G-PA3A

S-OA3A
pennukaums AHK

Puc. 1. OcHOBHBIE ATallbl KJIETOYHOTO ITuKIIal

B unrepdaze npoucxonut He Toabko yasoenue JJHK, Ho u npyrue nponeccsl
JUIs TIOATOTOBKM K JeneHuro. Hampumep, Bo Bpemsi S-mepuona yIBauBarOTCS

yenmpuoau (Kaxzaas IOJIOBUHKA LEHTPUOJIM JOCTPAaUBAaET BTOPYIO IOJOBUHKY),

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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U TI0CJIe S-TIEPHOJIa KIemOouHblll Yenmp COACPKUT BE IEHTPUOIH. ITO HEOOXOIUMO
1151 00pa3oBaHuUsl BEpETeHA JICJICHUS B X0JI€ MUTO3a.

Kpome Toro, oObIYHO KJETKE Mepes] ACICHHEM HEO0OXOIUMO YBEIMYUTHCS
B pa3Mepax W HaKOMHUTh HEOOXOAMMBIN 3amac BEHIeCTB W opraHoujioB. Hampumep,
B CpeJHEM B KJIETKE uesioBeka cojaepkutcs 5—10 MiH pubocoMm, M BCEe UX KIIETKa
JIOJDKHA cOOpaTh B MPOMEXYTKE MexAy AeiaeHusMmu. [Ipoucxoast u Oojee TOHKHUE

HN3MCHCHUA, KOTOPBLIC MbI pACCMOTPHUM JaJICC.

JIVINTEIBLHOCTDh KJIETOYHOI0 IUKJIA Pa3iudyaeTcs B Pa3HbIX KJIeTKaX.

OOBIYHO B aKTHUBHO JCISIIMXCS KJIETKAX dYKapHOT JTUTEIBHOCTh KJIETOYHOTO
IUKJIa COCTAaBJIIET OKOJIO CYTOK, a JJIMTENbHOCTh MHUTO3a — 1-2 wyaca. Ho atum
MOKa3aTeIu MOTYT IIUPOKO BapbUpoBaTh. HampuMep, B KileTKaxX 3MUTEIUS POTOBUIIBI
MBIIITY KJICTOYHBIN UK JUIMTCS 72 4Yaca, a B KJIETKaxX 3apojiblilia JIATYIIKA — BCEro
30 muH. KieTku sSMOPHOHOB MOTYT TaK OBICTPO JAEIUTHCS, IIOCKOJBKY JACIATCS OOBIYHO
0€3 IeproI0B MPOMEKYTOUYHOT'O POCTa. Y MHOT'MX KHBOTHBIX Ha HayaJbHBIX dTalax
pa3BUTHSA (JI0 KOHIIA JPOOJICHUS) TOUTH HE UJIeT TpaHcKkpumus. MIHTepdasza rnpu 3Tom
PE3KO COKpAIaeTCs, U IMOYTH BCIO €€ 3aHUMAET S-TIEPUOI.

BoBIIMHCTBO KIETOK B3POCIIOr0 YeJIOBeKa U MHOTHX JIPYTHX OPraHW3MOB HE
nenstces. Torma roBopst, 9To o Haxoaatcs B haze Go. YacTo 3TO «COCTOSHUE TTOKOS
HeoOpaTUMO, HO HEKOTOpbIE KJIETKU MOryT mepertu u3 Go B Gi, a 3aTeM MpouTu
ynBoenue JIHK u B KOHIIE KOHIIOB MOAECIUTHCS. Tak, HalpuMep, BEIyT ce0sl KIETKU
MeYeHW, ©eCIAM dYacTh OTOT0 OpraHa yaajeHa WM 4YacTh KIETOK Moruoia

U3-3a2 BUPYCHOM MH(EKIINH.

JleJieHHe KJIETKH COCTOUT U3 MUTO03a (KAPMOKHMHE3a) U IUTOKNHE3A.

[loutn Bcernga neneHUIO KIETKU NPEIUIECTBYET neneHue ee sanpa. llpasna,
WHOT/Ia 3THU MPOIECChl pa3ollIeHbl BO BpeMeHu. Hampumep, y MalssipuiiHOTO
MJIa3MOJIUS U APYTUX MPOTUCTOB CHaYalla MHOTOKPATHO JIEIUTCS PO, a 3aTEM KJIeTKa
JenuTcs cpady Ha MHoro uacteil. Ilyrem pnenenust sigep 0e3 JAeJCHHS KIETKU
00pa3yroTCs MIa3MOUU U 'y APYTUX OPraHW3MOB, HATPUMEP Y TUTAHTCKOM MJIa3MOIUH
ciu3eBuka (¢uzapyma. beiBaeT Takoe Wy KUBOTHBIX, KaK YK€ YIOMHHAJIOCh,
y Apo30(uiIbl Ha HAYAJIBHBIX ATallax Pa3BUTHUSA siipa JEATCS B OOIIEH UTOIIa3Me, U

€€ PaHHUM 3apOJIbIII — TUITUYHBIN MIJIa3MOINM.
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Ho, kak mpaBwiio, y »KMBOTHBIX Cpa3y 3a JEJIEHHEM sapa CIeAyeT IeJCHHUE
KJIeTKH HajaBoe. IIporecc eleHus siipa HasbIBacTCs Kapuokuwne3. VIHorma 3TOT
TEPMHH CUUTAIOT CHHOHUMOM MHTO03a. OJJHAKO BO MHOTHX CIydasX TEPMHUHOM MHTO3,
i M-(daza, 0003Ha4alOT JCICHUE Sapa U CIAEAYIOIIee 3a HUM JIEJICHHE KIIETKH —
yumoxunes (cM. puc. 1).

Jlenenue sapa W JeJ€HUE KISTKM TECHO B3aMMOCBsA3aHbL. Bo BpeMst MHTO3a
U3MEHEHHS 3aTParMBalOT HE TOJBKO SAPO, HO M APYrME YacTH KIIETKH, B IEPBYIO
ouepenb ee IUTOCKeneT. Kpome TOro, mporeccsl KapuoOKHMHE3a M IIMTOKHHE3a
IIEPEKPHIBAIOTCS BO BPEMEHM — B XOJ€ IMOCIEAHe (assl MUTO3a, TeI0(asbl, yiKe
HAYMHAETCS [IUTOKWUHE3, M 3aKaHUYMBATHCS OH MOXKET MPAKTHYECKH OJHOBPEMEHHO

C MHUTO30M.

/lesieHHe KJI€TOK MHOIOKJIETOYHBIX KUBOTHBIX KECTKO KOHTPOJHMPYeETCs
BHEIIIHUMH M BHYTPEHHUMH (PAKTOpPaAMM.

Ecimu momecTuTh KJIETKM JKMBOTHOTO B Cpedy, Trae Oyaer onTuMaibHas
TEMITEpaTypa, COAEPKAHKUE YTIIEKUCIIOTO ra3a U KUCIOPOJa, TUTATEILHBIX BENIECTB — 3TH
KJIETKU BCE paBHO MOrHOHYT. JIJis1 BEDKUBAHMS, & YK TeM 0oJiee JIJIsl pocTa U ICJICHUS] UM
HYXKHBI CTIelU(DUYHBIC CUTHAJIBI OT OKPY>KAIOIIMX KJIETOK — (PaKTOphl BEDKUBAHMS, POCTa
U JieNieHus — OObIMHO, 3TO Oenku. [Ipu momMeleHud UCXOMHBIX KJIETOK B KYJIbTYPY
KOHIICHTpAIIUs 3TUX OCJTKOB TaM CIIMIIIKOM HU3Kasl, U JJI YCIEIIHOTO KYJIbTUBUPOBAHUS
KJICTOK TIPUXOIUTCA JO0ABJISITh B CPEAy CHIBOPOTKY KpPOBU (OOBIMHO €€ TOMy4aroT
OT TEJISAT), TAC COAEPKATCI HEOOXOUMBIE OCITKH.

Ho u B 1ienmom opranmsmMe OOJIBIIMHCTBO KJIETOK IETUTHCS HE MOJDKHBI. Ecim
nuddepeHupoBaHHas KJIETKAa HAXOIUTCS B COCTAaBe HOPMAJIBHOW TKaHU W €€
OKPYXKalOT COCEJIU — 3TO CUTHAJ K OCTAHOBKE JICJICHHS (KOHTAaKTHOE TOpMOxeHue). He
JIOJDKHBI JIENIATBCS TakKe KJIeTKU ¢ noBpexacHHon [HK wnm kietku, 3apaxeHHbIE
BUPYCAMU — Y HUX, KaK MPABHWJIO, KJIIETOYHBIA LUK OCTAHABIMBAETCA, U 3aIyCKaCTCs
MporpaMMa CaMOYHUUYTOXCHUSI — anonmo3. Bce 3TU MeEpbl CIIyXaT JJIs 3allUTh
OT BHUPYCHBIX HMHGEKIMHA, a TJaBHOE — JUIA 3alldThl OT PAKOBBIX OIyXOJICH.
beckoHTpoNbHOE JeNIeHHe KIIETOK — yrpo3a pa3BUTHS PAKOBOW OIMyXOJIM W THOENIn
opraHu3ma.

Yro0Osl cTaTh PaKoBOM, KIETKA JOJDKHA «B3JIOMAaTh)» MHOTO YPOBHEH 3alllUTHI
opranu3ma. OHa JODKHA TPUOOPECTH CHOCOOHOCTH JEIUTHCS 0e3 BO3IEHCTBUS

daktopoB genenus. OHa MODKHA YTPaTUTh UYYBCTBUTEIBHOCTh K KOHTAKTHOMY
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TOPMOZKCHHIO. B nen JOJIKHAa CJIIOMATbCA IIporpaMMa alloIlTo3a. OTH U Apyruc
0COOCHHOCTH PAKOBLIX KIICTOK (HaHpI/IMep, KJICTOYHOC 6CCCMCpTI/I€) BO3HHUKAIOT
B PC3YJIbTATC MYTaI_II/Iﬁ Pa3HBIX T'CHOB, KOTOPHBIC ITOCTCIICHHO HAKAIIMBAIOTCA B €C
IrcHOMC. HOCKOJ'II)I(y BO3HHKHOBCHHUC OIIPCACIICHHOI'O COUCTAHUA M}’TaHI/Iﬁ — PCAKOC
CO6BITI/IC, PAKOBBIC OITYXOJIM, KaK IIPAaBHUJIO, PAa3BUBAIOTCA B IIOKHUIJIOM BO3pacCTC, KOIrJa

KJICTKH YK€ YCIICIIM MHOI'O pa3 MOACIIMTLCSA U HAKOIIWJIN MYyTalluu.

B kj1€TOYHOM HHMKJIE €CTh KOHTPOJIbHbIE MYHKTHI.

B kieTouHOM 1MKIIE €CTh ATambl, KOT/Ia KJIETKa «IIPOBEPSET» caMmy ceOsi: Bce Jin
B TIOPSIZIKE ¥ MOXKHO JIM MPOJIOJDKATH TIOJITOTOBKY K JICJICHUIO WJIA camo jeneHne. Mx
HA3bIBAIOT KOHMPOJIbHblEe RYHKMbL VA YeK-TTOWHTHI (0T aHTII. checkpoint). I'maBHBIX
KOHTPOJIbHBIX IyHKTa Tpu (puc. 2): B Gi, mepen Hawasom S-nepuoaa; B Gp,
nepel HavyaJioM MHTO33; U B XOJIE CaMOr0 MHUTO3a, MPH Iepexoae OT MeTadasbl

K a”adaze (cM. jJajiee onucanue a3 MUTO3a).

Bce nv XxpoMocoMbl CBSA3aHbI
C BEpeTeHom?

MEPEXO[L OT META®A3LI
BnaronpuaTHbl Nu ycnosua? K AHA®A3E

Besa nu AHK pennuuuposaHa?

G,/M-KOHTPO/bHASA TOYKA [ 3BANYCK AHA®A3LI
Y NPOXOXIEHVE
BXOXXOEHUE B MUTO3 | LIMTOKMHE3A

/

KOHTPOIIEP

BXOXAEHWE B KNETOYHbLIN
LMKIT N NMPOXOXXAEHME S-®A3bI

KOHTPOIbHAA TOYKA CTAPT

BnaronpusaTtHel nin ycnosua?

Puc. 2. KOHTpOJIbHBIE MYHKTHI KJIETOYHOT'O nuknal

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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B Gi-daze kmeTka mpoBepsieT, OJaronpusTHBI JIA IS ACTCHHUS YCIIOBUS CPEIIbI
(XBaTaeT JIM MUTATENbHBIX BEMIECTB U (hakTOpoB pocta). Kpome Toro, oHa mpoBepsieT,
JIOCTATOYHBI JIM JIJIS1 IETICHHSI JOCTUTHYTBIE €10 pa3Mepbl U HET JIM B HEW MOBPEXKICHUIA
JHK. Ecnu Bce B nopsiake — MOKHO nipuctymnars K yasoeHuro JJHK. Ecim xe kakue-to
YCIIOBUSI HEOJIArONPUSITHBI JJIs ACTICHUS — KJICTOUHBIN IIUKJI OCTaHABJIUBACTCS, U KIIETKa
KJIET, KOT/Ia CUTYyallusl UCIIPABUTCS. B Kakux-To ciydasix OHa MOKET JIOJIT0 OCTaBaThCs
B mokosiieMcst coctosiHuu (B paze Go). B npyrux ciydasix, eciu, HanpuMep, He y1aaoch
ucnpasuth noBpexaeHus [JJHK, Moxxer BKIIIOUUTHCSA TporpaMMa amnorrosa.

AHaJOTHYHO BeneT ceOs KJIeTKa M B JAPYrUX KOHTPOJIbHBIX TYHKTAX: €CIH
YCIIOBUSA JIJIs1 IPOAOJDKEHUS LIMKIIA OTCYTCTBYIOT, TO OH OCTaHaBJIMBAETCSA 0 TEX MOpP,
IIOKA HE YAACTCA UCIIPABUTH MOJ0KEHUE. ECIN 7K€ NCTIPpaBUTh MOJIOKEHUE HE YAAIOCH,
BKJIIOYAETCA aronTo3, U KJIETKa Morudaer.

Bo BropoM koHTponbHOM nyHKTE (B G2-(hase) mpoBepseTrcs Mpexae BCero To,
yaBomnack i Bcs JJHK Bo Bpemst S-dasbl. B TpeTbeM myHKTE BO BpeMsi MHUTO3a
MIPOBEPSETCSA, BCE JIM XPOMOCOMBI MPAaBUIBHO MPHCOECIWHEHBI K MHKPOTPYyOOUKam
BEpeTeHa JIeJICHUS M HaxXoAsaTcs B MeTada3HOM IUJIACTHMHKE, W 31EeCh JIEUCTBYET
IPaBWIO «CEMEPO OJHOIO JKAYT» — JaXe €cld OJHAa XpoMOocoMma OTCTalla

OT OCTAJIbHBIX, MUTO3 OCTaHAaBJINBACTCA.

KiieTouHbIH MUK KOHTPOJUPYETCs OeJIKaMu IIUKJIMHAMMU.

KiteTouHbIi UK KOHTPOIMPYETCS OENKaMU YuKAUHAMU. DTH OSTTKA pabOTarOT
KaK «OMOXMMUYECKUE MEPEKITI0YaTeIn», KOTOpble MOr'yT ObITh B cocTostHHsIX BKJI
unmn BBIKJI. Onu ynpaBisioT Bcemu mporieccaMu. [lepekiroueHus: mpoucXoasT
10 OYepe/Iu, 3arycKas Ty Wi HHYIO (a3y UK.

B kaxmoi ¢asze KIECTOYHOro MHKJIA TMOSBISIOTCS CBOM IMKIMHBI (puc. 3).
[Torom, B cremyromyio a3y 1uKiIa, OHM pa3pyliaioTcs. B kieTkax denoBeka ecTh
YeThIpe OCHOBHBIX THIa NUKIMHOB: G1/S, S, M, G (Ha puc. 3 mokazaHbl U3MCHEHUS
KOHIIEHTpAIMH TPEX U3 HUX).

L{MKIMHBI aKTUBUPYIOT uuKaun-3asucumste npomeunkunasot (Cdk), koropsie
HEMOCPEJCTBEHHO YIPaBISIIOT KJIETOYHBIMH Tpoueccamu. IIpomeunkunazol — 310
0eJsiku, KoTopble MOTYT (hochopuniupoBaTh Apyrue OCIKH, T. €. MIPUCOEAUHATH K HUM
OJIHy WM HeCKOJbKO (ocdarHbix rpymnn (octatkoB (HOchHOpHON KHUCIOTHI),

HUCTOYHUKOM KOTOPBIX CIYXHT 0O0braHO AT®. Ilpucoenmnenue Qocdara Biamser
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Ha (hopmy U 3apsi OEITKOBOM MOJIEKYJIbI U MOXKET aKTUBUPOBAThH MM MHTHOUPOBATH

OEJIoK.
G,/S-umknnH S-UMKNUH M-LWKNKUH
Crapt_| i/Gzlm |_-MmeTadasa-aHadasa

[ @ O o ‘SN Q]

Puc. 3. I3MeHeHrE KOHIIEHTPAIUU OEIKOB-IIUKIMHOB, KOTOPas OTI0XKEHA

110 BEPTUKAIBHOM OCH, B X0/1€ KJIETOYHOr0 uKa. [IyHKTHPHBIC THHUN —

KOHTPOJILHBIE MTYHKTHI KIIETOYHOIO [UKJIa’

YroObl akTUBUPOBaThCs, Kaxaoi CAK Hy)KHO CBSI3aThCs ¢ COOTBETCTBYIOIIUM
ukanHOM. AkTHBHpoBaHHBIE CAK dochopunupyror apyrue OeiKd, KOTOPBIE YiKe
IPUBOSAT K IIEPEXOAY B CICAYIONIYIO a3y IHKIIA.

Hanpumep, ams mepexoma kK S-¢ase B KIETKE JOJDKHA OBITH aKTHBHPOBaHA
Cdk, cpssannas ¢ Gi/S-nmkimmHom. Ecmu B kietke ectb moBpexaenus JIHK,
ATO «UYYBCTBYET» CHEIUaNbHBIA Oenok p53. OH akTUBHUpPYET OEIOK-WHTHOUTOD,
KOTOPBIH  BbIKIIOYaeT KoMiwieke Gi/S-ukinumna ¢ CdK;  xiaeTousslii  muKI
OCTaHaBJINBAETCS.

Cr10)KHBIE MEXaHH3MbI OOPATHBIX CBSI3€H MPUBOAAT K TOMY, YTO IO 3aBEPIICHUH
KKI0H (a3bl I[HMKIa COOTBETCTBYIOIIME LHMKIMHBI paspymrarorcs, a Cdk

BBIKJTIOYAIOTCS (MHAKTUBUPYIOTCS).

Baxxneillnasi 4YacTb KJIETOYHOr0 INUKJIA — XPOMOCOMHBIN IHKJI,
Briovyawmui yaisoenue IHK u pa3gesienne xpomocom Ha XpoMaTH/IbI.

[Ipexxne dyem paccMarpuBaThb BC€  COOBITHS  KJIETOYHOIO  JICJICHMS,
pazbepemcsi, 4TO MPOUCXOAUT C XPOMOCOMAMHU B XOJI€ OIUIOAOTBOPEHHS, MUTO3a U
Meo3a.

B ramerax (siflieKiIeTKax U criepMaTo30u1ax) Habop XpOMOCOM TarIONIHbIN, U
OHM COCTOSIT U3 OJIHOM XpoMaTuibl. Takoit Habop o0o03HavyaeTcs OyKBOM N, y UeoBeKa
n = 23. KomuuectBo JIHK B ramionaHoMm Habope U3 OJHOXPOMATHUIHBIX XPOMOCOM

o0o3HavaeTcst OykBoii c. Takum oOpa3om, B Kaxaou ramere Habop Nlc.

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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Korga ramersl cimBaroTcsi U oOpasyercsl 3Urora, HaboOp XpOMOCOM B HeW
CTAaHOBUTCS ABOMHBIM (IUILIOUIHBIM). Takoil Habop o003HaUaeTCs Kak 2N, y 4eaoBeKa
2n =46 (23 + 23, mo 23 (n) XxpoMocoMbI OT Kaxaoro poautens). Komuaectso JITHK,
€CTECTBEHHO, TOXKE€ YBEJIMYHMBACTCS B 2 pa3a U COCTABJISIET TeNeph 2¢. 3UroTa mnocie
OILUIOIOTBOPEHHUS coAepuT 2N xpomocom 1 2¢ JJHK (2n2c).

Moxer nu Takas KJIE€TKa XOThb Kak-To nogenutbesa? Her! Ilepen nenenumem
B KJIETKE XPOMOCOMBI JOJIKHBI ObITh JBYXPOMATUIHBIMH, a JIJISl 3TOTO JTOHKEH MPOUTH
S-nepuoa. Tonbko nocne ynsoenust JJ{HK 3urora rorosa k nenenuro. [Ipu 3Tom uncio
XPOMOCOM OCTaJIOCh MPEeKHUM (2N = 46), HO Kaxaas XpoMocoMa Tereph COCTOUT
u3 1Byx xpomatua; konmdectBo JIHK yBemnumnocs B 2 pa3a u Tenepb COCTABISET 4¢
(2ndc).

Korpa 3urora wim imob6ast comaTuyecKkas KjeTka 4eJIoOBeKa ACIUTCSI MUTO30M, TO
B KQX/IYI0 JOYEPHIOIO KJIETKY MONaJaeT M0 OJTHON XpOMAaTH/IE OT K10 XPOMOCOMBI.
Jlnst 3TOro B Kakoi-To MOMEHT (Tipu mepexojie oT Meradasbl K aHadasze, CM. HUXKE)
XPOMATHUJIbl PA3ACIISIIOTCS U CTAHOBSTCS OTJEIBbHBIMU XpOMOCOMaMHU. B 3TOT MOMEHT
B KJIETKE €CTh MO YEThIPE KOMHHU KaXKJI0H XpPOMOCOMBI — TETpPAIUIOMIAHBIA HAOOp 4N
(y uenoBeka 4n = 92). Komuuecrso JJHK mpu 5TOM, €CTECTBEHHO, HE MCHSCTCS, TakK
yTo B aHada3e HaOOp y KJIeTKH cTaHOBUTCS 4n4c. Ilocie okoHYaHUS ITUTOKHWHE3a
B KaXJOW JIOYEPHEM KJIETKE OKa3bIBaeTcsl Habop 2N2C, Kak B SUILEKJICTKE IOCIe
or1oA0TBOpeHUs. [locie 3Toro MUK MOBTOPSIETCS.

[TocenoBaTeabHOCTh COCTOSTHUM XPOMOCOM B KJIETOUHOM LMKJIE TUTLUIOMIHON

KJIETKHA C MUTO30M MOXHO OIMCATh CXEMOIM:

2n2c¢ (G1l-¢asza) — 2n4c (G2-dasza) — 4n4c (anadaza MuTO3a) —
2n2¢ (Gl-da3za, nouepHue KICTKH)

Uem ke OTIMYAEeTCs KIETOYHBIM LUK C MEHO30M, KOTOPBIM y KHBOTHBIX
IPUBOAUT K popMUpoBaHuUio rameT ¢ Habopom 1nlc? Ilepen meiio3oM KileTka TOUHO
Tak ke gomwkHa yaBouth JIHK w  npuobpectn  mumuionpasbeii  Habop
U3 JIBYXpPOMaTHAHBIX XpoMocoM (2n4c). OnHako, 3aTeM Npu MeHo3e CIEAyIoT JBa
nenenus 6e3 ynsoenust JIHK mexxny Humu. B utore kaxxaas nouepHsst KjieTka (raMmera)
nosiydaer Habop 1nlc. B mepBoMm u3 3THX JeneHHil (PeIyKUMOHHOM) K MOJHOCaM
KJIETKH PACXOJATCS JIByXPOMATHUIHbIE XPOMOCOMBI. B NIByX JHOYEpHHUX KJIETKaxX yxe

HET MapHBIX (TOMOJOTHYHBIX) XPOMOCOM, TaK YTO OHU TAIUIOUIHBI U UMEIOT Ha0Op
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1n2c. Bropoe nenenne (SKBAIMOHHOE) aHAJTOTHIHO MUTO3Y — K TTOJTFOCAM PacX OsITCS
XpOMaTUABl KaKIOH XpOMOCOMBI. B HMTOTe 4MCIO XpOMOCOM B JOYEPHHX KIIETKAaX
Ipy ITOM JIeJieHuUW He MeHsietcsi, a konmumdectBo JIHK ymenwimaercs BinBoe — Tak

dopmupyetcst Habop 1nlc (puc. 4).

Mumo3
2n4c 2n4c 4n4c

. I
Meuio3s [

19)- g2 -<h- B

2n2c

2n4¢ 2n4c 2n4c n2e
Mpogasa | Memadgasa | Aragasza | 1erqba3a l
Medio3s Il
n2c¢ %g noe 2n2¢
Hpodoaaa 1" Memadpasa Il Axadasza Il TeAogasa Il

% 2n2¢ N Teaspuk
/\ - ) - {Q\%\f':gc)\:
ne ne

Puc. 4. CpaBHeHHE XPOMOCOMHOTO IIMKJIa PYU MUTO3€ U MIPHU Meilo3e. Y Ka3aHO YHCIIO

xpomocoM (N) u konmuectBo JJHK (c) Ha kieTky (Ha oHO sipo B Tenodase).
KpoccuHrosep mpoucxoauT B Ipodase nepBoro AejneHus Meiosal

! https://multiurok.ru/files/mitoz-i-meioz-zadanie-27.html
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JlomoHUTENbHOE OTJIMYME MEW03a — HaIM4YUe KpoccuHeosepa, T. €. oOMeHa
y4acTKaMu MEXIy TOMOJIOTHYHBIMH XPOMOCOMaMH B TIpodhasze mepBoro JIeJIeHUs.

WNHorja KpoCcCHHTOBEP MPOUCXOJUT U B COMATHUECKUX KJIETKAX MPU MUTO3E, a
B Melo03e Ipu 00pa30BaHUU TOJIOBBIX KJIETOK (HAIpUMeEp, Y CaMIIOB JIPO30(HIIbI) OH

MOJKCT IMPAKTHYCCKHU ITOJIHOCTBIO OTCYTCTBOBATD.

MuTto3 yc/ji0BHO aeauTcst Ha (a3bl.

[IpuHaTO TTOApPA3ACIIT, MUTO3 Ha 4eThipe (a3el. ITO npoghaza, memadhasa,
anaghaza n menogaza. B aHTIOSI3bIYHON JUTEpPAType 4YacTO BBIJICIAIOT €IlIe
npometadaszy Mexay mnpodaszoii U Meradaszoil, HO Mbl OyaeM clenoBaTh Ooiee
TPaIULIMOHHOMN JJI1 POCCUMCKOro IIKOJBLHOIO Kypca kiaccudukanuu $as. I'paHuisl
Mexay dazaMu Ha caMOM JieJie He OYeHb YETKHE, U BbIIECICHUE UX CKOPEE YCIOBHO.
Tem He MeHEe MOXKHO YKa3aTh COOBITHS, KOTOPbIE 3HAMEHYIOT IIEPEX0]1 OT OAHOM (hazbl
K JPYTrOW.

[lepexon or mnpodasbl k Meradaze HPOUCXOAUT, KOTJa BCE XPOMOCOMBI
MPUKPENIUINCh K HUTSIM BEpeTeHa JelieHus oT oboux ero momocoB. Meradaza
3aKaHYMBAETCS, KOTJa BCE XPOMOCOMBI DA3JCIUINCh Ha XpoMmartuiabl. AHadaza
3aBepIIaeTCsi, KOTJa XPOMOCOMBI MpEKpamaT ABMKCHHE K TMOJocaM |
OTKpEIUISIOTCS OT HUTEW BepereHa. Tenodasza 3aBepiiaercs (y BUAOB C OTKPHITHIM

MHUTO30M) (POPMUPOBAHUEM HOBOM AJIEPHON 00OJOUKH U OOPA30BAHUEM JBYX SIIEP.

B npogase popmupyercs BepeTeHo AeJIeHUs, K KOTOPOMY NP UKPEIUIAIOTCSH
XPOMOCOMBI.

Jns muTo3a HeoOXoauMa TMepecTpoilka LUTOCKeNeTa KIETKH, KOoTopas
HAYMHAETCH €llle B S-nepuojie. B kieTke NporucxoIuT yIBOCHUE LIEHTPUOJIEH, KaXKaas
U3 KOTOPBIX JOCTPAaWBAET BTOPOU LIMIIMHIPHUK U3 MUKpOTpyOouek. B Gz-daze equnbiii
KJIETOYHBIN LIEHTP COACPKUT JBE LeHTprosii. OHa U3 paHHUX COOBITHH mpodazbl —
pacxokJIeHHe LEHTpHOJeH K momtocaM KieTkd. Kaxnas u3 Hux cinyxut LIOMTom
(ueHTpoM 00pa3oBaHHMs MHUKPOTPYOOUEK), M Ha HUX OCHOBE M3 MHUKPOTPYOOUEK
bopMuUpyeTcs eepemeno oeienus.

VY HEKOTOpBhIX OpraHU3MOB (B TOM 4YHCIIE MPU MEHO03€ Yy YeJIOBEKa, MBIIIU H
MHOTUX Apyrux ®KuBOTHBIX) [IOMThI HE copepkaT LIEHTPUOJIEH, a MUHOT 1A (Harpumep,
y OOBIKHOBEHHOI amMeObl) BEpeTeHO He uMeeT U BhipaxkeHHbIX [{OMTos.

[TogpoOHee paboTra BepeTeHAa pacCMaTpUBAaeTCs B TeMe, IOCBAIICHHOU
nutockenery. OTMETUM TOJBKO, YTO B BEpETEHE JEJIEHUs €eCTh TpU THUIMa
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MHUKPOTPYOOUYEK — XPOMOCOMHBIC, CBOOOJHBIC MEPEKPBHIBAIONIINECS U acTpaibHbIC
(puc. 5).

Morntoc BepeTeHa XPOMOCOMB!
aeneHus (cecTpuHckme
XpomaTuapbl) KMHeToxopa
HERTROCOMA MOTOPHbIA
Benok +
+
+
+
+
+
acTparnbHble KMHETOXOPHbIE MEXMOIMCHbIE
MUKPOTPYBOYKM MUKPOTPYOOYKM MUKPOTPYBOYKN

Puc. 5. Tpu Tuma MuUKpOTpYOOUYEK BepeTeHa JEICHHS — acTpalbHbIC, XPOMOCOMHBIE

(KHHETOXOPHBIE) M CBOOOIHBIE EPEKPHIBAIOIIUECS (MEKITOMOCHBIE)!

XpOMOCOMHBIE MHUKPOTPYOOUKHM KpemsiTcs K KHHETOXOpaM XpPOMOCOM
(cM. HUXKeE); TMOocie pa3felieHus XpOMaTH] OHU YKOpauuBaroTci. AcCTpalibHble
MUKpPOTpYOOUKH 3Be3/1000pa3Ho pacxonarcsa oT [IOMToB u mMoryr nmpukperisiTbes
K Hapy»XHOW MeMOpaHe KJIETKH, YAep>KMBasi LICHTPUOIU Ha MECTE WIIM PaCTaCKUBask UX
K TomocaMm KkieTku. llepekpeiBarompecs MHUKPOTPYOOUKH TIOCTE pas/ielieHus
XpOMAaTHU/Jl YAJIMHSIOTCS, a 3aTEM CKOJIB3ST APYT MO IPYry, pacTAIKUBAs LIEHTPHUOJIU.
Bce atu niportiecchl mporcxoasaT 6yaroaapsi B3aMMOICHCTBUIO BEPETeHa ¢ MOTOPHBIMU
Oenkamu. B pesynbTare nBE TpyNIbl XpoMOCOM (MO OJHOM OBIBIIEH XpomaTuje
OT KaXJOW XPOMOCOMBI) OKAa3bIBAIOTCS Y TOJIIOCOB KJIETKH, UYTO TapaHTUPYET HUX

MnomnagaaHve B JiBa JOUCPHUX Apa, a 3aTEM B JIBC JOUYCPHUC KIICTKH.

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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B mnpodaze mpoucxogut pacnmag sigepHOd O000JOYKH W CHHPATH3ALUS
XpoMOCoM.

B mpodaze mmrosza mapamiensHO ¢ (HOpPMHpPOBAHHEM BepeTEHA JCIICHUS
y dYeloBeKa W JAPYTHX KMBOTHBIX sJIepHas 000JI0YKa pacragaceTcs. ITOT IMPOIecc
3anyckaer M-mkiuH B komiuiekce ¢ Cdk, docdopunmpyromieii smepHbie OeaKu-
JaMHHBL. OTOT ke KoMmiuiekc M-mmkimmH-CdK  3amyckaer — crimpaiuzaiuio
(KOHJICHCAITMIO) XPOMOCOM, B PE3yJbTaTe Yero OHU YKOPAYMBAIOTCS 1O CPABHEHHIO

¢ ucxoanou gnuHou mosnekynsl JJHK kak muaumym B 20 ThIC. pas.

Hutn BepereHa NPUKPEIVIAITCH K 0COOBIM 0€JIKOBBIM KOMILIEKCAM —
KHHETOXO0paM.

Tenepb cnupain30BaHHBIE XPOMOCOMBI HAXOMATCS B IUTOIUIA3ME, U K HUM
MOTYT  MPUKPENUTHCS ~ MHUKPOTPYOOUKHM  BepeTeHa jesieHus.  [Lmoc-KoHIIbI
MUKPOTPYOOUYEK TPUKPEIUISIOTCS K  CJIOXKHBIM  O€JIKOBBIM  KOMILUIEKCAM — —
Kunemoxopam. KHUHETOXOpP COEIMHSIETCS Ha CHEUUAIbHOM YYacTKE KaKI0H
XpOMaTuAbl —  YeHmpomepe, KOTOpPAas  COCTOMT M3  TIE€TEPOXpPOMAaTHHA

¢ onpeeieHHbIME mocnenoBateabHocTsIMu JJTHK (puc. 6).

pennuumnpoBaHHas
Xpomocoma

ueHTpomMepHas ‘ KUHEeTOXOop

obnactb
XPOMOCOMbI

KUHETOXOPHbIE
MUKPOTPYBOYKN

6) xpomaruaa

Puc. 6. a) KuneToxopsl KpermsTcsi K IEHTpoMepaM XpoMaTHI;

0) K 1ByM kuHETOXOpaM JBYXpPOMATHIHON XpOMOCOMBI B MeTada3e KpermsTcs

MHKPOTPYOOUKH OT PasHbIX MOJIKOCOB BEPETEHA JICIICHHU !

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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K kaxaoMy KMHETOXOPY y YEIOBEKa KPEMUTCA OKOJIO JIECATKAa MUKPOTPYOOUEK
(Ha cxeme MUTO3a JUIA MPOCTOTHI  OOBIYHO  PUCYIOT  TOJIBKO  OJHY).
CBs13p MUKPOTPYOOUEK C KMHETOXOPAaMHU OCTAeTCs HEMPOYHOM, MOKa K KMHETOXOpam
JIBYX XpOMaTHJ HE TNPHUCOCIUHATCS MHKPOTPYOOUKM OT JABYX Pa3HbIX
MOJIIOCOB BepeTeHa. B 3TOT MOMEHT CBfI3b CTAaHOBUTCS CTaOWIbHOM, M mpodasza

3aKaH4YUBacCTCA.

B MeTada3ze XpoM0oCcOMBI BICTPAMBAKOTCA 10 IKBATOPY KJIETKMU.

Meradaza — camas kopoTkas (aza mmTOo3a. Bxome Hee B pesymibTaTe
B3aMMO/ICUCTBUS HUTEW BEPETEHA, MOTOPHBIX OEIIKOB U XPOMOCOM BCE XPOMOCOMBI
BBICTPAMBAIOTCS HA DKBATOPE KIIETKH, HA PAaBHBIX PACCTOSHUSIX OT MOJIFOCOB BEPETEHA,
00pasysi Memaghaznuyio n1acmuHKy.

B 3TOT MOMEHT KJICTOYHBIN IIUKJI MOXKET OCTAHOBHUTHCS, €CITU KMHETOXOP XOTSI
OBl OIHOM XpOMaTH/Ibl HE MPUKPEIIEH K MUKPOTPYOOUKaM BEpeTeHa WM €CIIU OfHa
XpOMOCOMa «OTCTaja» M HE JOCTUTNIa 3KBaTopa. TONBKO KOT/Ja BCE XPOMOCOMBI
Ha MECTe, aKTUBUPYETCsl PEPMEHT, pa3pe3aroifii KOre3uH 1 IpakTUYeCKU CUHXPOHHO
pa3feAoMui KaXIyl0 XpOMOCOMY Ha JiB€ XpomaTuiabl. B 3ToT MOMeHT Meradaza

3aKaH4YUBACTCs, U HAYMHACTCA aHa(i)ae.a.

B xone anaga3bl XpoMOCOMBbI PACXOAATCH K IMOJHOCAM KJIETKH.

B pesynbraTe aHada3zbl o 0IHOM OBIBIIIEH XPOMATHIE OT KAXKIOW XPOMOCOMBI
(koTOpBIE Temepb CaMu CTadd OTACJbHBIMU XPOMOCOMAaMH) JIOJDKHBI IONACTh
K [POTHUBOIOJOXKHBIM MOJIOCaM KIETKH. OJTO JOCTHraercs 3a CYeT JBYyX
nporeccoB. Bo-mepBbIX, YKOpPauMBaIOTCA XPOMOCOMHBIE MHUKpoTpyOouku. Kak Hu
CTpaHHO, OHHM pa30UparOTCs MpPU ITOM C IUTIOC-KOHIIOB, KOTOPBIE KpEmsTCs
K KHHETOXOpaM, TMpU OTOM TPOAOIDKAS «TAHYTb» XPOMOCOMBI 3a COOOH.
MOXHO CpaBHUTb KMHETOXOp C YEJIIOBEYKOM, KOTOPBIM JIE3€T HA pyKax IO KaHary,
IpyU 3TOM OTKYChbIBasg U BBIIUICBBIBAS €ro KYCOUKH (AMMEpbl TyOynuHA
B clay4ae MHKpOTpyOouek). Bo-BTOpblX, CcBOOOJHBIE MEpPEKPBHIBAIOIINECS
MUKpPOTPYOOUKM CHauajga YJIMHSAIOTCA, a 3aTeM CKOJb3AT JApyr IO ApYrYy,
pasaBUras HEHTpUOIU. B urore, 1€ rpynmsl XpoMOCOM, KOTOPBIM MPEICTOUT MOMACTh

B pasHbIe JOYEPHUE KIIETKH, OKA3hIBAIOTCSA Y MPOTHBOIIOJIOKHEIX IOJIIOCOB BEPETEHA
(puc. 7).
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AHADA3A A AHA®ASA B

k %
e

YKOPOUYEHME KUHETOXOPHbIX (1) ckonNbXeHne MEXMNOMCHbIX
MUKpPOTPYBOUeK; ABMKEHNE MUKPOTPYBOYEK NPOTUBOMOMOXHbIX
[104€PHUX XPOMOCOM MOSCOB OTHOCUTENBHO APYr Apyra

Mo norncam; cunbl pacTankuBaeT Nnositoca; MeXrosntoCcHble
CO37alTCH B OCHOBHOM MUKPOTPYBOUKM TaKkKe YANMHAKTCS;

B KMHETOXOopax (2) TaHyLWas cuna HanpsiMyro BO3AENUCT-

BYET Ha nosrca n pacrtackmBaeT nx

KK :

POCT MEXMOMCHbIX
MUKPOTpPYyBo4ek
Ha nnc-KoHLax

Puc. 7. B xone anadasbl XxpOMOCOMHBIE (KUHETOXOPHBIE) MUKPOTPYOOUKHU
YKOpauuBaroTCs (ClieBa), a CBOOOAHBIC (MEKITOIIOCHBIC) YITUHSIIOTCS Ha CBOOOTHBIX
IUIFOC-KOHIAX U CKOJIB3AT APYT Mo apyry (crpasa)?

B xone Tesogaspl 00pa3yroTcs ABa J04YEPHUX SApPA.

B teuenue nocnenneit ¢hazpl MUTO3a — TENO(a3bl — HAUMHACTCA pa300pKa BepeTeHa
JeNieHUs.  XPOMOCOMBI  OTJAEJSIIOTCS OT MHUKPOTPYOOYEK BepeTeHa U HAYMHAIOT
JECTIMPATN30BBIBATECS. BOKPYT KaXI0i M3 JBYX TPYII XPOMOCOM BOCCO3AETCS
sfepHast 000JI04Ka, M B KJIETKE 00pa3yroTcs ABa HOBBIX siapa. [lapannensHo HaYMHAETCS

MOArOTOBKA K HUTOKHMHE3Y — CO6I/Ipa€TC}I COKPATUTCIIbHOC KOJILIIO.

KiieTku KUBOTHBIX JeJISTCH ¢ MOMOIIBIO NMEPEeTSKKU — COKPATUTEIbHOI 0
KOJIBIIA.

CoxpaTuTesbHOE KOJIBI0, TIEPETATUBAIOIIEe KIETKY IMOMojaM U MpeBpauiaromiee
ee B JIBE I0UCPHUE KIICTKU (IIMTOKWHE3), COCTOHT M3 OeJIka MUKPO(HIAMEHTOB aKTHHA U
MOTOpHOTO Oenka Muo3uHa (puc. 8). AKTUHOBBIE (PUITAMEHTHI, 00pa3yIoIIUe KOJbIIO,
KpEIsITCs U3HYTPHU K HapykKHOM MeMOpane. Korjja Muo3uH B3auMoieiCTBYET ¢ aKTUHOM,
pacuierisisi ipu 3ToM AT®, akTHMHOBBIE (PUIAMEHTHI CKOJIL3AT JPYT MO JPYTy, Kak
B KOJIbLIEBOM Mbmimie. Hapyxnas wMemOpaHa KJI€TKA TIPH O5TOM BTATHUBACTCS

BHYTPb, 00pa3ysl MEPETSHKKY, a 3aTeM JI0YEPHHE KIIETKHU MOJTHOCTBIO OTIEISIOTCS APYT

OT Jpyra.

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
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HWe, Kaxaaa U3 KOTOPbIX
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= uHTepdazHoi CTPYKTYPbI
MUKpOTpyBouek,

LMTOKKMHES Boposaa geneHus

COKDBTMTGI'I bHOE€ KONbUO

AKTMBMpOBaHHbIM ,_, Fo

AKTUHOBbIE dUNaMEHTEI MuosuH-11 T

;.gﬂ 4 K ¥
= = I p o

HyKnevpyemoe ¥
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Puc. 8. Cnesa: B Tenoaze coOupaercsi COKpaTUTENbHOE KOJBIIO (ITOKa3aHO KPACHBIM
B pa3pese), MIPUKPEIIEHHOE K MeMOpaHe H3HYTPH M 00eCIeYnBaromiee UTOKHHe3
CnpaBa: KOJbLO COOUPAETCS M3 MOJIEKYI aKTHHA U MUO3UHA?

VY pacteHudl KieTka AENUTCS Meperopoikor. B skBaTopuambHyIO IMIOCKOCTb
0 MUKPOTPYOOUKaM BepeTeHa JOCTABISIOTCS MEMOpPaHHBIE MYy3bIPhKHU. 3aT€M OHHU
CIIMBAIOTCS, W W3 HMX MeMOpaH oOpa3yloTcsi JBa CIMTHBIX ydacTka MeMOpaH,
pasfensonmx jaodepHue KieTku. ColepKUMoe My3bIPbKOB OKa3bIBACTCS MEXKIY
HOBBIMH MEMOpaHaMu U TMpEBpalllaeTCsl B MaTepual CPEeAUHHOM TUIACTUHKU
(B OCHOBHOM 3TO MEKTHHOBBIE BEILIECTBA, 0CO0asi pa3HOBUIHOCTh YIJIEBOJOB). 3aTEM
MOBEPX HOBBIX MEMOpPaH CHUHTE3UPYIOTCS HOBBIC YYACTKH KJIETOYHOW CTEHKH, a

CpCANHHAA TUIACTUHKA OKA3bIBACTCA MCKY HUMH U CKPCINIACT UX.

AnonTo3 — pa3HOBMJIHOCTH MPOrPaMMMPYEeMOH KJIETOYHOH CMEPTH.

Ceituac onucaHo yxe 0ojiee JeCsATH pa3HbIX MEXaHU3MOB KJIETOYHOW CMEPTH, U
BCE OHU (BKJIFOYAsi HEKPO3) B KAKOK-TO CTENEHU Mporpammupyemsbie. OTHAKO B IEPUOJT
OTKpBITUS anonrto3a, B 1970-e rr., oH paccMaTpuBajics Kak MNPOTHBOIIOJIOKHOCTh
HEKpO3y, KOTOpBIM CUMTAICA HEKOHTPOJIUPYEMOl Trubenpto KieTok. I[loatomy
anonmo3 (IEpBOHAYAIBHO 3TO CJIOBO 0003HAYAJIO B I'PEUYECKOM SI3BIKE «OMa/laHue
JMCTHEBY) MOJTYYHJI HA3BaHHUE IPOrPaMMUPYEMON KIIETOUYHOU CMEPTH.

ATIONTO3 OTIMYAETCSI OT HEKPO3a MHOTUMH XapaKTepucTukamu (puc. 9), B ToM

qucjae TeM, 4YTO TMpU HEKpo3e pa3pyliaeTcs HapykHas MeMOpaHa KIETKH, HU

! Alberts B. Molecular Biology of the Cell. Garland Science, 2008.
2 https://mmegias.webs.uvigo.es/02-english/5-celulas/7-actina.php
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y MHOTOKJIETOYHOTO OpraHu3Ma €€ COJIEpKHUMOE TIONaJaeT B MEXKKIETOUHOE
IpOCTPaHCTBO. YacTo 3TO BBI3BIBAET OCTPYIO BOCTIAIUTEIbHYIO PEAKIIUIO.

Takyto peaknuto (00ib, MOKpPAaCHEHUE, OTEK TKaHEH) MOXET BbI3BaTh,
HanpuMep, TMOJKOXHOE BBEIEHHE CTEPHJIBHOM  JUCTHIJIMPOBAHHOW  BOJBI.
Oxpyxaromme KJIeTKH MOTMOHYT MyTeM HEKpO3a — JIOMHYT OT OCMOTHUYECKOTO II0KA.
Bot nouemy siekapcTBa A5l MHBEKIUNA pacTBOPAIOT B (DU3HOJIOTUYECKOM PAacTBOPE —
AKHUJIKOCTH, B KOTOPOM KOHIICHTPAIMsI OCHOBHBIX BHEKJIETOUHBIX MOHOB TaKas ke, KaK
B KPOBH.

AmonTo3 OTIMYaeTcs OT HEKpo3a, B YAaCTHOCTH, TEM, YTO MpPHU arlomnTo3e
Hapy)XHasg MeMmOpaHa KJIETKU He pazpymaercs (cMm. puc. 9). B kneTtke paspyiaercs
JIHK, B He#l pacmagaercs Ha YacTW SApO, a 3aTeM caMa KIETKa pacrajaercs
Ha OKpY)XCHHbIE MEMOpPaHOI amoNnTOTHMYECKHE TeJbla, KOTOphIe, KakK IpaBUIIO,

(barouUTUPYIOT KJIETKH UMMYHHOU CHUCTEMBI (MJIU MPOCTO COCETHUE KIIETKH).

® Nospexaenun [AHK
® HepnocCrarok pocrosbix hakropos
WM NUTATENbHBIX KOMNOHEHTOB;

HOPMANBLHAA *® OTtkpennewue or cyberpara
KNETKA ® ATaKa UMTOTOKCHUYECKUX KNeTOoK

e Tpasma

ag

HEKPO3 & - <2 ANonTo3
rw6ens Knevok nocne » NporpaMmupoBaHHan

nonyvyeuun nonpemeuuﬁ Knevounan rubens

’ —
Knerka ( ' G ‘ DparmeHTayums
Habyxaer o anpa

erxa p aad - ®parmenTayma
aspuiBaercs ( ) KNeTKu
' d > 6 &‘ D

Anonroruueckue

j O‘ Tena
9 > o Mornowenue
Paissusaercs o> dparmenTos:
Eocnanurenbnan ] S D v ' : < BoCnanuTensHasn
peakuun 3 : peakuyus
~) ‘ \ He pa3suBaercs
.‘ K -y Daroymr

Puc. 9. Anonto3 u Hekpos!

! https://meduniver.com/Medical/genetika/apoptoz.html
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BriepBbie MOEKy/IIpHBIE MEXaHU3MBI alloNTo3a OBLIM U3YyYEHBbI Y MOJCIBHOIO
oObekTa OWOJOTMM — MaJeHbKOH HeMmaTozibl (kpyrioro uepss) Caenorhabditis
elegans. Y 3ol HeMaToIbI K&KIBIH OPraH COCTOUT U3 CTPOTO OIMPEICICHHOIO YKcia
KJIETOK, MTOCTOSSHHOT'O y BCEX HOPMAaJIbHBIX 0CO0€i BH/a (MIOCTOSHCTBO KIJIETOYHOTO
cocraBa). Knerok Bcero okonio 1000, 1 B X01€ HOPMAJIBLHOTIO Pa3BUTHUSL YEPBSI OKOJIO
130 cTporo ompeneneHHbIX KJIETOK MOTHOar0T MyTeM aronTo3a. YJajioch HaWTH
MyTalliy, HapyIIAOIIUe aronTo3, U BBISICHUTh (PYHKIIUM MHOTHUX OEJIKOB, KOTOPbHIC
3aJICCTBOBAHbI B amomnTo3e. JTO MOMOIJIO HAWTHU TMOXOXKHUE OCNKW W Y MBIIIH, U
y 4enoBeka (MU HAOOOpOT — U3YYEHHE TE€HOB MBIIIM IOMOIJIO HCCJEI0BaTENsIM
Hemaron). Okaszanoch, 4YTO 0a30Bble MEXaHM3MbI arfolTo3a y HeMaTroJ |
MJICKOMUTAIONIUX TMOX0XKH (XOTsl ecTh W cyuiecTBeHHble oTiuuusi). C. bpennep,
JIx. Cancron u P. Xopsui, uszyuasmme ¢ 1960-x rr. C. elegans, B 2002 r. noiayunin
HobGeneBckyro mpemuto mo (GU3HOIOTHM W MEAUIMHE «3a OTKPHITHS B 001acTh
TEHETUYECKOW PEeryJisiliui pa3BUTHS OPraHOB U 3a JOCTHKEHUS B HCCIEIOBAHUSIX

IIPOrpaMMHPYEM O KIIETOYHON CMEPTI».

AnonTro3 — TIJIABHBIA CHOCO0 YAAJCHHUS «HEKEJATEJIbHBIX» KJIETOK
Y MHOI' OKJIETOYHBIX KMBOTHBIX.

AnonTo3 UrpaeT BaXXHYIO pOJib B Pa3BUTHUU HE TOJIBKO y Hemaro. Hampumep,
MyTEM arornTo3a TMOHYT KJIETKH XBOCTa Yy TOJIOBACTHMKA U PEAYLUPYIOTCS MHOTHE
JIpyTHe JIMYUHOYHBIE OpraHbl. Y HA3eMHBIX ITO3BOHOYHBIX arloNTO3 HYXEH
JUTSI pa3BUTHS TABIIEB — CHaYaIa MKy HUIMH HET POMEXKYTKOB, a 00pa3yroTCsl OHH

3a cueT rudeIr MEeKIaIbIeBbIX KIIETOK 3a4aTKOB KoHeuHocTel (puc. 10).

a) 6)

Puc. 10. AtioniTo3 Bo BpeMsi HOPMAJIBHOTO Pa3BUTH KOHEYHOCTH MBIIIN: @ — KJIETKH,
TOJIBEPTILHECS ATONTO3Y, IPKO OKPALIEHBI; 6 — Ta )K€ KOHEYHOCTh J€Hb CITyCTs "

! Wood W. et al. Development, 2000, 127: 5245-5252. 1lur. no: Alberts B. Molecular Biology of the Cell.
Garland Science, 2008.
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[Ipn HapymeHun mporpaMMsl aronTo3a NabIbl OKa3bIBAKOTCSA CPOCIIMMMCS, a
IIPU €€ BUJOU3MEHEHHUM B XOJ€ HBOJIOLMHU MOT'YT BO3HHUKATH IIEPEIIOHKU MEXKIY
nanbliaMyd (KJIETKH, OOpa3ylollUe MEpPErnoHKY, HE 3alycKaroT amonrto3). Mbl yxe
YIOMUHAIM, YTO AaroITO3 CIYXWUT OJHUM W3 TJAaBHBIX MEXaHU3MOB 3allUTHI
OT 3JIOKaYECTBEHHBIX OITYXOJIeH U BUPYCHBIX MH(DekIuii. B HopMe KileTka, B KOTOPOit
BO3HUKJIA MyTallMu (M KOTOPOW HE yJajloCh UCHPABUTH UX IO TOPSAYUM CIIEAam»),
3allyCKaeT aronTo3 U «KOHYAeT *KU3Hb CaMOyOWWCTBOM» — Bellb NOCIEAYIOIIHE
MyTalyu, BEPOATHOCTb KOTOPBIX B TAKOM KJIETKE MOBBIIIEHA, MOT'YT IPEBPATUTH €€
B PAKOBYIO. B 3apa)k€HHBIX BUPYCaMH KJIETKAX TOKE B HOPME OCTAHABIIMBACTCS CUHTE3
OEJIKOB M 3aIyCKaeTCs aromnTo3.

Kietku mMmMyHHOU cHucTeMbl (Hampumep, T-Kuimepbl Wil UUTOTOKCHYECKHE
T-muM@ouunTel y MIEKONUTAIOMINX) OOBIYHO YOMBAIOT 3apaKEHHbIE BUPYCAMM WJIH
pPaKoOBBIE KJIETKH, 3aIlyCKas B HUX alonTo3. A HEKOTOpbIE BUPYCHI (HallpUMEp, BUPYC
OnmreiiHa — bappa — Bo30ynuTens HMHQEKIIMOHHOTO MOHOHYKJIE03a) CIIOCOOHBI
IIOJIABJIATH IPOrPaMMY aIloITO3a B 3apAKEHHBIX KJIETKaX.

ATIONTO3 TaK/KE UTPAET BAXKHEUIIIYIO POJIb B Pa3BUTUA UMMYHHOU CUCTEMBI. Bee
KJIETKH, KOTOpbIE MOTYT BbIpaOaThIBaTh aHTUTENA MPOTUB COOCTBEHHBIX OEIKOB
(B-mum@ountsl) i Moryt youBaTh coOCTBEeHHbIE KIETKU (T-mMMQpouuTsl), B HOpME
BBISIBIIFOTCSA [0 CO3pEBaHUsl M YCTPAHAIOTCA ITyTeM amnonTto3a. HapymieHus 3toro

nmpomnecca Moryr IpuBoAUTb K ayTOMMM YHHBIM OOJIE3HSM.

ANonTo3 y MJIEKONUTAIIUX 3alMyCKaeTcd HeCKOJIbLKHMHU Pa3sHbIMU
CrocodamMm.

MsI y)xe oTMeUainu, YTO KJIETKE MJICKOMUTAIONUX HYKHBI BHEIIHHUE (DAKTOPHI
(Oenxm) ISt BEDKUBAHMSL, pocTa U JeneHus. [ Bcex 3Tux ¢akTopoB Ha MeMOpaHe
KJIETOK €CTh OeIKU-perienTophbl. BBISCHUIOCH, UYTO Y KJIETOK €CTh M «PELENTOpPbI
cMepTu» nns  (HaKTOpoB, 3amycKarommx amonto3. lloxg BozaeiicTBHEM 3THX
dbakTopoB (4acTo 9TO MeMOpaHHbIE OCJKH COCEIHMX KIETOK) THOHET YacTh
«HexenaTenbHbIX» T-nmuMdoruToB B TuUMyce. A 3penble T-LIUTOTOKCHYECKUE
JUMQOLUTHI BO3ACHCTBYIOT HAa 3TH PELENTOPHI KIETOK-MUIICHEH, YTOOBI 3aIlyCTUTh
B HUX arlonTo3 U yOUTh, UJIK BBOJST B KJIIETKY CIEIIMaIbHbIe ()ePMEHTHI, 3aITyCKAIOIINE

aronto3 (puc. 11).
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anonToreHHbIx
daxTopos

Puc. 11. AnonTo3 MOXKET 3aIyCKaThCs Pa3sHBIMU CUTHATaMK L

Ho wamie amonTo3 y MO3BOHOYHBIX 3alyCKaeTCsl HM3HYTpU KIeTku. Ero
UHUIIMAPYIOT MUTOXOHIpUHU (cM. puc. 11), Hanmpumep, MpH OKUCIUTEIBLHOM CTpecce
(HaKOMJIEHUHU B KJIETKE aKTUBHBIX (POPM KHCIOPO/Ia), IPU HEXBATKE (DAKTOPOB pocTa U
JIPYTUX HEOIAronmpUATHBIX YCIOBUSAX. B TakuX cilydasx MOBBIIIAETCS MPOHUIIAEMOCTh
HApYKHOM MEMOpaHbl MUTOXOHJAPWUN, W W3 HUX B IUTOIJIA3MYy BBIXOMST
MPOANIONTOTUYECKUE (3AITyCKAIOIIKE Ao TO3) OEIKU. DTH OCJIKM aKTUBHPYIOT 0COObIE
dbepMeHThl — Kacmasbl. 3amyckaercss (epMEHTAaTUBHBIN KackaJ — OJIHA Kacrmasbl
aKTUBHUPYIOT Apyrue. Te, B CBOIO odepe/b, pa3pylialoT MHOTHE OENKU (B TOM YHUCIIE
OCJIKM sIepHOM JIaMMHBI M OCJIKH IMTOCKEJEeTa) W aKTUBUPYIOT (EPMEHTHI,
pacmemisiromue JJHK.

B knerke ecth u OeNKH, MONABIISIONINE aIloNTO3, KOTOPhIe PEAOTBPAIAIOT €ro
B OmaronpusaTHbIX ycnoBusix. IIpomykT rena p53 moAaBisieT aKTHBHOCTh TAaKHX
AHTHATIONITOTUYECKUX OEJIKOB, €CIIN KJIETKE He y/iaeTcs ucnpaButh nospexxaenns JTHK.

N3ydeHne MexaHU3MOB amonTo3a MO3BOJSIET pa3pabaThiBaTh HOBBIE CIOCOOBI

JICUCHHSI PAaKOBBIX, BAPYCHBIX U ayTOMMMYHHBIX O0JIe3HEH.

Bonpocwvl k meme

1. MoryT 1 1eIuThCS MUTO30M KJIIETKH C aHEYTIJIOUTHBIM HA0OPOM XPOMOCOM
(HanpuMep, KJIETKU YesnoBeka ¢ 47 xpomocomamu)?

2. U3 ananm3a kakux (DaKTOB y4YeHBIE CYHTAIOT, YTO aMEHOTHYECKUU

MapTCHOIcHE3 BO3HHUK Ha OCHOBE ITOJOBOI'O Pa3MHOXKXCHHA ITPCAKOBLIX BI/II[OB?

! https://elementy.ru/nauchno-populyarnaya_biblioteka/430845
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3. Kakue kierku oO0Opa3yroTcsi B pe3ysbTare Melo3a Yy XJIaMUJIOMOHAIbI,
y KapTtodess U y yIacTo Meay3bl?

4. B kakoil ¢asze KIETOYHOrO IHUKJIAa C MHTO30M OOBIYHBIE KJIETKHU
YEJIOBEYECKOr0 OpraHu3Ma CTaHOBSTCS TeTpariongubiMu? EcTh nm Takas daza
B KJIETOYHOM IIUKJIE C MEH030M?

5. IloctpoiiTe Tpaduku 3aBUCHUMOCTH OT BPEMEHU KOJUYECTBA XPOMOCOM
B OnHOUW kieTke u coaepkanusa JIHK B omHOM KieTke 1Jsi KJIETOYHBIX LHMKJIOB
C MUTO30M U C MEMO30M.

6. 'en p53 oTHOCUTCS K BaXXHEMIIMM T€HAM-CyIpeccopaM OINyXojed — ero
MyTallMM MPUCYTCTBYIOT Oojiee ueM B 60% pakoBbIX omyxoJiel yenoBeka. [louemy
MYyTaIM1 3TOT0 T'eHa (C moTepei GyHKIMHN) CIIOCOOCTBYIOT pa3BUTHIO paka?

7.3aueM MOXeT OBbITh HYXKEH alloNTo3 OJIHOKJIETOYHBIM oOpraHu3mam?
[IpenynoxuTe Kak MOKHO OOJIbIlIE BApHAHTOB OTBETA.

8. [louemy ocTaHOBKa CHMHTE3a O€Ka B 3apaK€HHBIX BHPYCOM KIIETKaX — 3TO

3aIUTHAS PeaKIus?

Tecmoegvie 3a0aHuUsi ¢ MHOMCECMBEHHBIM OMBEMOM
1. B KJIETOUHOM ITUKIJIE KJIIETOK YeJIOBEKA C MUTO30M
1) B mpodasze MPOUCXOIUT YABOCHUE ICHTPHOJICH
2) B anadase B KJIETKE TETPAILIOUIHBIN (YeTBEpHOI) HA0OP XPOMOCOM
3) B npodase mporcxoaut HochOoPHUITUPOBAHKE SIICPHBIX JTAMHUHOB
4) wmeradaza HAYMHACTCS, KOIJA BCE XPOMOCOMBI  MPUKPEILISIOTCS
K MUKPOTpYOOUKaMm OoT 00€HX MOJIF0OCOB BEPETEHA
5) K KaXIOMy KHHETOXOpPY MPUKPEILIICTCS OJHa MHKpPOTPYOOYKa OT
KaXKJI0r0 MOJII0Ca BepeTeHa
6) smepHast 000104Ka B Ipodha3e pacTBOPSACTCS
7) B JIOYEPHIOIO KJIIETKY IOMaaaeT 23 XpoMaTHIbl U3 XpOMOCOM OTIA U 23
XpPOMATHUJIBI U3 XPOMOCOM MaTepu
(Omeem: 2,3,4,7.)

2. B KJIETOYHOM IUKJIE C MEHO30M
1) B uTOre BCeraa 00pa3yrOTCs raMeThl
2) KPOCCHHIOBEp MPOMCXOJUT B HOPME MEKIY T'OMOJIOIMYHBIMU
XpPOMOCOMaMH

3) KpOCCHHTOBEp NMPOUCXOIUT B MeTadasze MepBoro JAeIeHUs Melo3a
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4)
5)

6)

7)

B pe3yJIbTaTe MEePBOIo JeJISHUs] 00pa3yrOTCs TalIONIHbIC KIETKH

B IIEPBOM JICJICHUM Meio03a K JIBYM KHHETOXOPaM OJHON XPOMOCOMBI
MPUCOCIUHSAIOTCS MUKPOTPYOOUKH OT JIByX Pa3HBIX IOJIFOCOB BEpeTeHA
JEJIEHNS

B JIOYEPHHE KJICTKH IOIMAIAI0T JU00 23 OTIIOBCKHE XPOMOCOMBI, 00 23
MaTEPUHCKHUE

B TICPBOM JICJICHUW Meio3a K JABYM KHHETOXOpaM OJHOM XPOMOCOMBI
MPUCOSAUHSAIOTCS MUKPOTPYOOUYKH OT JBYX Pa3HBIX IOJIFOCOB BepeTeHa

JEJICHUS

(Omeem: 2,4,7.)

3. Kakue coObITHSI MOXKHO CUUTATh HadaioM (a3 KJIETOYHOTO I[UKJIa CTBOJIOBOM

KJICTKH YeJioBeKa?

1)

2)
3)

4)
5)
6)
7)

Havajao npodasbl — (HocHOpUINpOBAHUE JTAMHHOB M pacmaja sACpHOM
000J104YKH

Havayio S-nepuoza — ycuienue cuare3a PHK u 6enkoB

Hayalo MeTadasbl — IPHKPEIUICHHE IIEPBBIX  MHKPOTPYOOUEK
K KHHETOXOpaM XPOMOCOM

Hayvajo aHagasbl — pa3IeiCHIE BCEX XPOMOCOM Ha XpPOMATH/IbI

Hayvajo Teyiodasbl — OTJCICHUE BCEX XPOMOCOM OT BEpETeHA

HAYaJI0 IUTOKMHE3a — COOPKA COKPATUTEIILHOTO KOJIbIIA

Hayano Gz-(ha3el — okonuanue yasoenus JJHK

(Omeem: 1,4,5,6,7.)
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Ipunoxenue 11. [IpumepHbIi epeveHb
NMPOEKTHBIX U Y4eOHO-UCC/IeI0BATEILCKAX PadoT

11 odyqarommxcs 10 kiacca (yriy0JieHHbI ypPOBEeHb)

Tema «buoxumusi. Monexkyasipaas ouosorus. Kiierounas omosnorus

1. Dkcrpakums ¥ pa3eieHre MMTMEHTOB 3€JICHOTO JINCTA Pa3HBIMU METOJIAMHU.

2. OOnHapyxeHHe Kpaxmalia B JJUCThSIX 3€JIeHBIX pacTenuil (onbiT Cakca).

3. OOnHapyxeHHe MpoaAyKTa IIHKOoM3a — mupoBuHOrpagHon kucioTsl (I1BK)
y IUBHBIX JAPOXIKEH C MTOMOIIBI0 MAHOMETPUUYECKOTO CrIoco0a.

4. BplACHeHHWE 3HA4YEHUS  Pa3HBIX  YYaCTKOB  COJIHEYHOTO  CIIEKTpa

I HHTCHCUBHOCTH IIPpOLCCCa (1)OTOCI/IHT€33,.

Tema «KiierouHnblii HuK/I. PasMHOXKeHHe U pa3BUTHE OPraHU3MOB))

1. WsrorosieHHe MpOBOJIOYHBIX MojieNel MeTada3zHbIX XPOMOCOM.

2. H3ydenue cnocoOOB BET€TaTUBHOI'O PA3MHOXKEHUSI KOMHATHBIX PACTCHUM.

3. M3ydeHue MOYKOBAHUS TEKAPCKUX JPOXOKEH W BIHSAIONIMX Ha HETO
(hakTOpOB.

4. HccnenoBaHue )KM3HEHHOTO LIMKJIA rpru0a MyKoOpa, WIH «OeJoi MIeceHn».

Tema «I'eHeTHKA: 3AKOHOMEPHOCTH HACJIACACTBCHHOCTH U U3BMCHYUBOCTH

OpraHm3mMoB»

1. Uzyuenme ocoOeHHOCTEH Tropoxa MOCEBHOTO KaK OOBEKTa T'€HETHUYECKUX
UCCIIEOBAHUN.

2. KaprouHas urpa Kak MoOJeJb HacleIOBaHUS PEOCHKOM T'€HOB MaTepu U
OTLA.

3. M3ydyeHue 3aKOHOMEPHOCTEH HAcCIEIOBaHUS TPYII KPOBH Y YEJIOBEKa:
npobiiemMa onpeie’IeHus OTIIOBCTRA.

4. WzydeHue 3akOHOMEpHOCTEW HaciemoBaHusi pesyc-pakropa  (Rh)
y 4esoBeKa: Mpo0aeMbl OEPeMEHHOCTH.

5. M3ydenwe 3aKOHOMEPHOCTEH  HAClIEIOBAaHUS  pbDKEH, YEpHOH U
yepenaxoBO OKPAcKH IIEPCTU Y KOLIEK.

6. CocraBineHue BapuaIlMOHHOTO Psijia U BApUAIIMOHHOM KPUBOM MO MIPU3HAKY.
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Tema «Ce.lIeK]_ll/lﬁ OpraHu3mMoB»

1. CpaBHeHue pe3ylbTaTOB HCIOJIb30BAHUS MAacCOBOW WM HWHAMBUIyaJbHOU
($hopM HCKYCCTBEHHOTO OTOOpa B CENIEKITUU KapTodes.

2. V3ydyeHue BHUAOB arpoTEXHUYECKHX padOT MO YyXOAy 3a TUIOJAOBBIMHU
KYJIbTYpaMHU.

3. M3ydenue cnocoOOB CENEKIIMOHHON pabOThI € ATOJTHBIMU KYJIbTYpamHu.

4. HaGmrogeHue 3aTyxaHusi TeTepo3uca B MOTOMCTBE THOPHUIIHBIX COPTOB
OT'ypIIOB.

5. Msydenue cnocoOOB OMUCaHUs KCTEphepa MIEMEHHBIX )KUBOTHBIX.

6. I'mazoMepHasi olLleHKa TEJIOCIOXKEHHUS MOPOJ KPYIMHOIO POraroro CKOTa.

OHpCI[eJ'IeHI/Ie HaHpaBJ'IeHI/Iﬁ IMPOAYKTHUBHOCTH KMBOTHBIX.

Tema «buoTEeXHOJIOr UA»

1. H3ydeHune METOJOB olpeeicHus (pepMEeHTaTUBHON aKTUBHOCTH.

2. Opnoknerounbie Bomopocan xmopema (Chlorella) u  crnenenecmyc
(Scenedesmus) kak 00BEKTHI MUKPOOHOJIOTMYCSCKON TEXHOJIOTHHU MOJTyYCHHS OelTKa.

3. Hcnonn3oBanue rpuba Penicillium roqueforti 8 mpousBoacTBe chipa.

4. VI3ydeHue TEXHOJOTMHM KBAIlICHHS: TIIOJydCHHE KBAIICHONH KamyCcThl M

rpuOoB.
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Hpuiaoxenue 12.

udpoBbie 1 3JIeKTPOHHBbIE 00pa3oBaTeIbHbIE PeCYPCHI

HasBanue pecypca

Anpec QR-kox

Bupmyanvnuie ypoxu no buonozuu

Poccuiickas 2iieKTpoHHAas
mkoiia. buonorus. 10 kmacc

Poccuiickas 35eKTpoHHas
mKkosa. buosorust. 11 kiacc

NutepueT-ypok. bruosorus

®okcdopsa. YueOHUK.
buonorus

SAKnacc. buomorus

Enunoe conepxxanue
o01ero oOpa3zoBaHusl.
buonorus

Ennnoe okHO nocTymna
K UH(OPMAIIMOHHBIM
pecypcaMm. buonorus

https://resh.edu.ru/subject/5/10/

https://resh.edu.ru/subject/5/11/

https://interneturok.ru/

https://foxford.ru/wiki/biologiya

https://www.yaklass.ru/p/biologia

Mamepuanwvt 0na yuumens

https://edsoo.ru/Predmet_Biologiya.
htm

http://window.edu.ru/catalog/?p_rub
r=2.2.74.2
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Ha3Banmue pecypca Anpec

Enunas kosueknus http://school-collection.edu.ru/

1007 001)010):3 5 0:¢

o0pa3oBaTeIbHbIX

pecypcoB

Poccuiickuii yueOHUK. https://rosuchebnik.ru/metodicheskaj

buonorus. Meroauueckas — a-pomosch/predmet-biologiya/
IIOMOIIIb

Jlabopamopuvie u npakmuyeckue pabomoi

HHTepakTHBHBIC https://content.edsoo.ru/lab/
J1abopaTopHbIC U

paKTHYECKUEe paboThI

1o OUOJIOTUH

1C-Ypok. bubanoreka https://urok.1c.ru/library/biology/ ORMO
HHTCPAKTHBHBIX E]
MarepuaioB. buosorus

Bupryansusie naboparopun  https://uchebnik.mos.ru/catalogue?su
1o 6“‘”10””} MockoBCkOH  piact program_ids=31937278,31937
DIICKTPOHHOM KO 341&aliases=laboratory

Tloozomoexa k sx3amenam

OtkpeiThIi OaHK TecToBbIX  http://0s.fipi.ru/tasks/6/a
3aganuii ®UIIN. buonorus

ObpaszosamenvHbvle pecypcbl N0 OMOENbHbIM PA30enam

[Mudporoii http://school-
obpasoBarenbHbIN pecypc  collection.edu.ru/catalog/rubr/1f5aae
«BHOTEXHOTOT M db-b05d-4d1d-afc8-

e247f48d3eb0/118918/?
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Ha3Banmue pecypca

[Mudposoii
oOpa3oBaTenbHBIN pecypc

«brnoxumusa»

[Hudposoii
oOpa3oBaTebHBIN pecypc

«/lecars cTynenen
OMOMOJIEK YIS pHOM
I'PaMOTHOCTH»

[Hudposoii
o0pa3oBaTeNbHBINA PECYPC

«Hcropust HaydHOTO
AKCIIEPUMEHTA

[Hudposoii

o0pa3oBaTeIbHBIN pecypc
«IBOJIFOLIUOHHAS
TabopaTopusi»

Anpec

http://school-
collection.edu.ru/catalog/rubr/947be
a92-5a16-bh954-69e0-8b9cceeda3es/

http://school-
collection.edu.ru/catalog/rubr/6fd30
000-08e5-11dc-8314-
0800200c9a66/93255/?

http://school-
collection.edu.ru/catalog/rubr/cd285
216-eb96-a7b2-0127-
01c6aldb4b31/114723/?

http://school-
collection.edu.ru/catalog/rubr/2f2df4
fb-6240-4c42-b476-1bf135380b678/

ObpaszosamenvHule catimol o OUOI02UU

Bcst ouonorus

I'ocynapcTBeHHBIN
JlapBUHOBCKHI MY3€H

[lasreorTONOrMUECKUI
my3eit PAH

buonornsa n meaunuHa

https://www.shio.info/

http://www.darwinmuseum.ru/

https://www.paleo.ru/museum/ =] ¢ [=]
L

http://medbiol.ru/
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Ha3Banue pecypca Anpec

buomorekyna https://biomolecula.ru/
AHTpOTIOTeHE3 https://antropogenez.ru/
DJIeMEHTHI https://elementy.ru/
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