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KYKYPY3A

YACTb 2: CNELUUDUKALIUA UCCIIEAOBAHUA ECTECTBEHHOHAYYHOM
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BBEOEHWUE

B 2018 rogy 6enopycckue obyvarowmecs BhnepBble MPUHANM ydactve B MexayHapogHowm
nporpaMme no OLeHKe obpasoBaTenbHbIX AOCTWXKEeHUN obyvatowmxca PISA. PISA — aTto
nccriegoBaHne, KOTOPOe OueHMBaeT ypoBeHb 3HaHWM 15-neTHuMX obyyalowmxcsi No KroYeBbIM
KOMMeTeHUusM, a Takke cnocobCcTByeT MOBbIWEHMIO KayecTBa UM 3PdEKTUBHOCTU
obpasoBaTenbHbiX cuctem. B 2018 rogy B mMexagyHapogHOM MCCRedoBaHWM MPUHANK yydactme
okosio 600000 nogpocTkoB 13 79 cTpaH.

KntoueBbiMM HanpaBneHuaMn uccriegoBaHmsa PISA aBnaoTca unTaTenbckasd, matemaTudeckas u
€CTeCTBEHHOHay4Hasi rpamoTHoCTb. B umkne 2018 roga akueHT 6bln caenaH Ha U3yYeHUn ypoBHS
YMTaTENbCKON rPaMOTHOCTM MOAPOCTKOB.

TecTnpoBaHue BkNo4aeT B cebsa 2 Gnoka 3agaHwui, HanpaefiEHHbIX Ha OMNpedesieHMe YPOBHS
rPaMOTHOCTM MOAPOCTKOB MO COOTBETCTBYHOLLUMM HamnpaBfieHMAM uccrnenoBaHusi. TecTupoBaHue
NPOBOAMTCA B KOMMbIOTEPHOM ¢hopMaTe. Ha BbINOMHEHUE 3agaHui TeCTMpPyeMbIM OTBOAMTCA 2
yaca.

lMepBas 4acTb OaHHOro nocobusa coaepXuT OTKpbITbie 3agaHus PISA no ectecTtBEHHOHay4HOM
rPamMOTHOCTM, MPU MOMOLLM KOTOpPbIX Oby4varowmecs CMOryT O3HaKOMUTbCS C pasHOOOpasHbIMU
dopmamMn M TMNamu BOMPOCOB, C KOTOPbIMM OHW MOFYT CTONMKHYTbCA NpPW y4yacTum B
uccnegosaHuun. Bece 3agaHusa conpoBoXaaroTcs npaBuibHbIMKM OoTBeTamMu. B HEKOTOPLIX 3agaHUAX
Takke npeacTtaBfneHbl OTBETbl, KOTOPble MOMYT 3acyuTbiBaTbCs YacTUYHO, W BapuaHThb
HenpaBUnbHbIX OTBETOB, K KOTOPbLIM MPMBOLATCH KOMMEHTaPUN U NOACHEHUS.

BTOpaFI 4acTb nocobus npeacrtaBndeT cobon CI'IeLI,I/I(*)I/IKaLl,I/II'O ncenegoBaHuA
eCTeCTBeHHOHay‘-IHOVI rPamMoTHOCTU. ,D,J'IFI COXpaHeHnda ayTeHTUYHOCTU MaTepuanoB U TOYHOCTU
TEeEPMUHONOINN CI'IeLl,I/ICbI/IKaLl,I/IFI npmnBOAONTCA Ha A3blKEe OpUrnHana.



YACTb 1: MPUMEPbI 3A0AHUN NO
ECTECTBEHHOHAYYHOW FIPAMOTHOCTM

CUHOPOM NrMBENN NYENWHbIX CEMEN

MYenuHbIM ceMbsiM MO BCEMY MUPY YrpOXaeT onacHoe
saBneHne. OHO Ha3bIBaeTCA «CUHAPOM rMbenu n4YenmHbIX
cemeny. OHO COCTOUT B TOM, YTO MYenbl NOKNAAIT CBOM
ynen. OTAeNMBLUMCH OT YIbsi, NYenbl NOrMbatoT, U Taknum
00pa3om cMHAPOM rMBenn NYENUHbIX CEMEN yxe
BbI3Ban rmbenb AeCATKOB MUNNMapaoB nyen. YyeHble
CUYMTAIOT, YTO CYLLECTBYET HECKONbKO NPUYUH rnbenu
NYenuHbIX CEMEN.
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Jliogsam, KOTOpble pa3BogdaT U N3y4atroT nyesl, O4eHb BaXXHO NOHUMAaTb, YTO Takoe CMHOPOM rmbenu
NYenMHbIX CEMEN, OAHaKo 3TOT CMHOPOM MOXET OKa3biBaTb BJIMAHME HE TOJIbKO Ha n4yernl. Jliogn,
n3yvarowme nNTul, Takke 3aMmeTusin ero BrinaHne. I'Io,u,conny CIMY>XUT UCTOYHUKOM NULLN 1 ONnA
nyen, n and HeKoTopbIX BMAOB NTUL. Myensbl nuTatoTCA HEeKTapoM noAcoJiHyXa, a NTulbl — ero
ceMeHaMn.

Bonpoc 1: CAHAPOM NBENU MNYENUHbLIX CEMEN

YunTbiBasi 3Ty CBSA3b, OOBACHUTE, NOYEMY UCHE3HOBEHME MYEN MOXKET NPMBECTM K COKPALLEHUIO
nonynauuM NTu,.

CUHOPOM M'MBENN NYENUHbIX CEMEW: OLLEHKA OTBETA HA BOIMNPOC 1
Omeem fnpuHumaemcsi NOJiIHOCMbHO

Kog 1: O6bsicHeHMe, B KOTOPOM YTBEPXKAAETCA UNKN Noapas3yMeBaeTcs, YTo LBETbI HE CMOTYT
oOpa3oBLIBaTb CEMeHa 6e3 OnbINeHus.

Omeem He npuHuUMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCYyTCTBYET.

Bos3pencTtBme ummaaknonpuaa

YueHble CYMTAIOT, YTO CYLLLECTBYET HECKONbKO NPUYMH rmbenu nyenuHbix cemein. OgHa uns
BO3MOXHbIX NMPUYUH — UHCEKTULMA NoA Ha3BaHWeM UMUAAKIONpUa, U3-3a KOTOPOro NYenbl MoryT
NoTepsiTb CNOCOBHOCTb OPUEHTUPOBATLCS BHE YIibsi.



YueHble NpoBeny 3KCNEPUMEHTI, YTOObI BbISICHUTL, NPUBOAUT N BO3AENCTBUE MMUAAKIoNpuaa K
rmbenu cemen. B HEKOTOPbLIX YNbAX B TEYEHUE TPEX HeAeNb A00aBNsANM B NULLY NYen UHCEKTULMA.
PasHble ynby nogBepranvcb BO3OENCTBUIO pasHbIX KOHLEHTPAUMIA UHCEKTULMAA, U3MEPSIEMbIX B
MUKpOrpaMMax MHCeKTUMLMAa Ha KunorpaMm nuim (MKr/kr). HekoTopble yrbu COBCEM He
noaBepranucb BO3AENCTBUIO MHCEKTULMAA.

Hwn ogHa 13 cemen He normbna cpasy e nocne Bo3gencTeus UHcekTULMaa. Tem He MeHee, K 14-i
HeOerne HEKOTopbIe yNbK onycTenn. PesynbTaThl 9KCNEPUMEHTOB OTPaXKeHbl Ha CneayoLem
rpachuke:
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Yucno Hegens nocne Bo3AenCTBUA UHCEKTUUMAA

Bonpoc 2: CUHOPOM M'MBENU NYENUHbIX CEMEN
OnvwunTe NpoBEeAEHHbIV YYEHBIMWU SKCNEPUMEHT, AOMNONHMB CreayloLLee NpeanoxXeHue:
YueHble n3yunnuv BnusiHue. ...
A. T'nbenu nyenuHbIX cemen
B. KoHueHTpaumu BewecTBa nMmmuaaknonpuaa B nuie
C. HeBocnpvum4MBOCTM NYen K UMyUaaKnonpuay
. Ha...
A. Tvbenb nyenuHbix cemen
B. KoHueHTpauuio BewecTBa nmmaaknonpuaa B nviie
C. HeBocnpuumumnBOCTb NYen K MMuaaknonpuay
CUHOPOM N'MBENU MNYENUHbIX CEMEW: OLIEHKA OTBETA HA BOMNPOC 2
Omeem npuHUMaemcsi NoJIHOCMbHO

Kog 1: YueHble nsyunnu snusaHne B. KoHueHmpauyuu eewecmea umudakrornpuda e nuuwje Ha A.
lubenb nyenuHbix cemed.

Omeem He npuHumaemcsi
Kog O: [pyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 3: CAHOAPOM MBENU NYENUHbIX CEMEN



Kakoli n3 npmBeaeHHbIX HXe BbIBOAOB COOTBETCTBYET pedyribTataMm, NokazaHHbIM Ha rpaduke?

A. Cembu, nogseprumecs Bo3aencTemio 6onbLUEero Konmyectsa ummaaknonpuaa, obbl4HO rMbHyT
GbIcTpee.

B. Cewmbu, nogsepruinecs Bo3gencTasno nmmaaknonpuaa, rmoHyt B TedyeHune 10 Hegenb nocne
BO3EeNCTBUS.

C. Bospgencteue nmungaknonpuaa B konvyecTse, MeHblueM 20 MKI/Kr, He BpeguT CeMbSIM.

D. Cembu, nogeepruinecs BO3AENCTBUIO MMMUZaKNonpuga, He NpoxueatoT gonblie 14 Hepenb.
CUHOPOM M'MBENU NYENUHbIX CEMEW: OLEHKA OTBETA HA BOMNPOC 3

Omeem npuHuUMaemcsi NosIHOCMbHO

Kog 1: A. Cembu, noasepriuvecs Bo3gencTeuto bonbLuero KonvyecTsa nmmaaknonpuaa, obbl4HO
rMBHyT BbICTpee.

Omeem He npuHuMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 4: CAHAPOM M'BENU MNYENUHbLIX CEMEN

MocmoTpuTe Ha pesynbTathl 20-T1 Hedesb SKCNepUMEHTa AN YrbeB, KOTOpPbIE YYeHble He
nogsepranu sosgencraemto umugaknonpuga (0 Mkr/kr). Yto aTn pesynbTaTbl FOBOPAT O NPUYUHAX
rmbenu uccnegyembix cemen?

CUHAOPOM 'MBENW NYENUHBIX CEMEW: OLIEHKA OTBETA HA BOINPOC 4
Omeem rnpuHumaemcsi NOJiIHOCMbHO

Kog 1: B oTBeTe ykasblBaeTCs, YTO JOSHKHA CyLLEeCTBOBATb Kakasi-To Apyrasi eCTeCTBeHHas!
npuynHa ans rmbenn NYenuHbIX ceMen Ans UccrneayemblX CEMen Unm YTo ynbu B
KOHTPOJBbHOM rpynmne He Obiny AoMKHLIM 06pa3oM 3aluLLEHbl OT BO3AENCTBUS.

Omeem He npuHuUMaemcs
Koa 0: [pyrve oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 5: CAHOAPOM MBENU NYENUHbIX CEMEN

YueHble npegnonaratoT ABe AOMNONHUTENbHbIE NPUYNHBI TMGENN CEMEN:



o Bupyc, nopaxatowimnn n yomneatrowmi nden.
o Myxa-napasuT, KoTopas oTKnagbiBaeT suua B Tefniax n4yen.

Kakon 13 npmBeaeHHbIX HUXKe pe3ynbTaToB NUCcCneaoBaHns NOAAEPXKUBAET NPeAnonoXeHue, YTo
nyenbl nornbatoT n3-3a Bupyca?

A. B ynbsax 6b1nm o6HapyXeHbl anla Apyroro opraHu3mMa.

B. B knetkax nyen 6binv obHapyxeHbl MHCEKTULMADI.

C. B knetkax nyen 6bina obHapyxeHa [HK, He npnHagnexawasa nyenam.

D. B ynbax 6binn obHapyxeHbl MEPTBLIE NYErbl.

CUHOPOM 'MBENW NYENUHLIX CEMEW: OLLEHKA OTBETA HA BOMPOC 5
Omeem npuHuUMaemcsi MOJIHOCMbIO

Kog 1: C. B kneTkax nyen 6bina obHapyxeHa [HK, He npuHagnexawasa nyenam.
Omeem He npuHuUmMaemcs

Kog 0: [lpyrme oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.
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UCKOMNAEMBbIE BUObl TOMJTNBA

MHorve anekTpocTaHUMM CXUratoT TONMBO HA OCHOBE YrnepoAa U BblAensatT YrieKUCnbii ra3
(COy). CO,, BbibpackiBaeMbI B aTMOcepy, OkasbiBaeT HeraTMBHOE BNUsIHWUE Ha rnobanbHbiv
Knumart. VHXeHepbl MCNONb3YT pasnuyHble cTpaTernm, 4Tobbl yMeHbLLNTb konndecTtBo CO,,

BblOpacbiBaemoro B atmocdepy.

OpHa 13 Takux cTpaTeruii 3aknoyaeTcsl B CKMraHum GuoTtonnmea BMECTO UCKonaemoro Tonnvea. B
TO BPEMS KaK UCKOMaemoe TONMNBoO 0b6pasyeTcs 13 AaBHO YyMEPLUMX OpraHn3mMoB, GMOTONNMBO
obpasyeTcs U3 pacTeHUIA, KOTOPbIE XU U YMEPNWN HEAABHO.

,El,pyra;l cTparteruna npegnonaraet ynaslinBaHne 4actu CO.,, Bblgensemoro ANEeKTpoCTaHunAaAMn, n
XpaHeHune ee FJ'Iy60KO noa 3emren unn B okeaHe. 9Ta CTpaTterna Ha3blBaeTCAd «ynasrinBaHUE U

XpaHeHue yrnepoga.

CO;, ucnonbayembli Npu GoTOCUHTE3E

buoTonnueo BoibpacbiBaetcsa B atmMocdepy

Tonnueo ang Bbibpockl CO2 ¢
3NeKTPOCTaHLM SNEKTPOCTAHLMN
Vckonaemoe Tonnueo XpaHVITCﬂ B OKeaHe

Bonpoc 1: UCKOIMNMAEMbIE BUAbI TOMNJIMBA

Mcnonb3oBaHue 6uotonnmea He Tak CUNbHO BNMUSiET Ha ypoBeHb CO, B aTtMocdepe, Kak
NCNonb3oBaHMe UCKoNaeMblX BUAOB Tonnvea. Kakoe n3 npMBedeHHbIX HUXKE YTBEPXKAEHWI Ny4Lle
BCEro 00bACHAET, NoYeMy Tak NpomcxoaunT?

A. Bwrotonnueo npu ropeHmmn He BbigensieT CO,.

B. PacteHus, ncnonbsyemble 4ns npomssBoactea bnotonnuea, noka oHn pactyT, nornowatt CO,
13 aTMocepsbl.

Mo mepe cropanHuns Guotonnmeo nornowaeT Yactb CO, n3 atmocgepsl.

D. CO,, Bblgendemblin 3NeKTpoCTaHLNAMN Ha BUOTONIMBE, UMEET MHblE XMMNYECKME CBONCTBA,
yem CO,, BbloenseMbI 3NEKTPOCTAHLUMSIMN HAa NCKOMAaeMOM TOIIMBE.
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MCKOMAEMbIE Bbl TOMJIMBA: OLULEHKA OTBETA HA BOMNPOC 1
Omeem npuHuMaemcsi NOJIHOCMbIO

Kog 1: B. PacteHus, ucnonbsyemble gnsi nponsBoactsa buotonnmea, noka OHM pacTyT,
nornowatoT CO, n3 atmocdepsi.

Omeem He npuHuMaemcsi
Kog 0: pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: UCKOIMNMAEMbIE BUAbI TOMJIUBA

HecmoTpsi Ha npeumyLLecTBa UCNOMb30BaHNS BUOTONNMBA AN OKPYXaloLen cpeabl, MckonaemMble
BMAObl TONNMBA NO-NPEeXHeMy LLUMPOKO Ucnonb3ytoTes. B cnenytoweit Tabnuue cpaBHUBaOTCS
KONMYECTBO aHeprum u konunyectso CO,, KOTOpbIe BbIAENSATCS NPU CKUraHUM HedTU 1 3TaHoNa.
HedTb sBnsieTcss uckonaembiM TONMBOM, a 3TaHO — GUOTONNMBOM.

Bblgensembiv yrnekucrbin ras
Bbioensemas aHeprusa K mr CO,/k[>k aHeprun,
McToYHMK TonnmBea A S (2L, ( /K0 P!
3Hepruu/r Tonnuea) BblpabaTtbiBaeMon 13
Tonnuea)
Hed1b 43,6 78
OTtaHon 27,3 59

OcHoBbIBasiCb Ha AaHHbIX, NPUBEAEHHbIX B Tabnvue, 06bsAcHUTE, NoYEMY KOMY-TO UCMONb30BaHMe
Hed TN BMECTO 3TaHoMNa MOXeT nokasaTbCsa npeanodTUTensHee, axe ecnu UX CTOUMOCTb
OoMHaKoBa.

OcHoBbIBasiCb Ha AaHHbIX, NMPUBEAEHHbIX B Tabnvue, 06bsicHUTE, B YEM 3akNtoyaloTcs
npevMyLLEeCTBa UCMOMb30BaHMS 3TaHOoNa BMECTO He(dTU NS OKpYKatoLLen cpeapbl.

MCKOMAEMBIE BUAbl TOMIUBA: OLLEHKA OTBETA HA BOINPOC 2

Omeem npuHumaemcsi NOJiIHOCMbHO

12



Kog 1: B oTBeTe Ha nepBbiil BONPOC yKasbiBaETCA, YTO MHOAM MOTYT NpeanoYnTaTb MCNofib3oBaHue
Hed TV No CpaBHEHUIO C 3TAHOSIOM, MOTOMY YTO OHa BbiAensieT Gonblue 3Heprum No ToW e
LleHe. B oTBeTe Ha BTOpOV BOMPOC yKa3blBAeTCs, YTO 9TaHOM UMEET IKoSormyeckoe
NPEMMYLLECTBO HaJ HE(TbIO, MOCKONbKY OH BbIAENAET MEHbLLE YINEKUCOro rasa.

Omeem He npuHuUMaemcs
Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT OTCyTCTBYET.

YnaBnuBaHue U XpaHeHue yrnepoaa

YnaBnvBaHue 1 XxpaHeHue yrnepoga npegnonaraet ynasnuesanue 4actu CO,, BbiaeNsieMoro
3MNEKTPOCTAHLUMSIMMI, N €r0 XpaHEHNEe B TaKOM MeCTe, OTKyAa OH He MOXeT OblTb CHOBA BblAENEH B
atMmocdepy. OgHO 13 BO3MOXHbIX MecT xpaHeHust CO, — 370 okeaH, Tak kak CO, pacTBopsieTcsi B
BOAE.

YuyeHble paspaboTanu matemaTnieckyto Mogenb ansa pacyeta gonm CO,, koTtopas dygeT
OCTaBaTbCs Ha XpaHEHMU B OKeaHe nocne Toro, kak CO, 3akayaloT B OKeaH Ha Tpu pasHble
rny6uHbl (800 meTpos, 1500 meTpos 1 3000 meTpoB). Mogenb npegnonaraet, 4to CO, 6bin
3akadaH B okeaH B 2000 rogy. MNMpuBeaeHHbIN HUXXe rpaduk NoKasbliBaeT pe3ynbTaThl AaHHOW
Moaenu.

100
90 1
80 1
70 1
60 1
a0 1
40 1
30 1
20 ¢
10 1

0

-

y KOTOPBIX OCTaeTcs Ha

XpaHeHuU B okeaHe (%)

CO,

2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500
lNop

wee  T1yb1Ha 800 meTpoB
rnybuta 1500 meTpos
rnybuna 3000 meTpos

Bonpoc 3: UCKOIMNMAEMbIE BUbl TOMJINBA

Ncnonb3ynTe aaHHble rpaduvka, 4Tobbl 0O6bACHUTDL, Kak rnybuHa BnuseT Ha adeKTMBHOCTb
aornroBpemMeHHoro xpaHeHusi CO, B okeaHe.



MCKOMAEMBIE BUAbl TOMUBA: OLLEHKA OTBETA HA BOINPOC 3
Omeem npuHumMaemecs rnoJIHoCMbHO

Kog 1: B oTBeTe ykasbiBaeTCs, YTO 3aKaunmBaHue yrrekncnoro rasa Ha 6onbLuyto rnybuHy B okeaHe
obecneunBaeT 6onee ahPEKTMBHOE XpaHEHME, YEM 3aKauMBaHME Ha MEHbLLYHO rMyOuHy.

Omeem He npuHuUMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.
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BYJIKAHWYECKUE U3BEPXEHUA

BynkaHunyeckue U3BepxeHUs 1 3eMneTpaceHns yrpoxatroT nogamM Bo MHOMMX pernoHax mupa. Ha
kapTe 1 NokasaHo pacrnonoxeHune ByrnkaHoB. Ha kapTe 2 nokasaHbl MecTa 3eMneTpsiCeHnn. PanoH,
Ha3blBaeMbli OrHeHHbIM KorbLioM, 0603Ha4YeH Ha obenx KapTax.

Kapta 2 — 3emneTtpsiceHus

Bonpoc 1: BYJIKAHUYECKUE U3BEPXEHUA

Bbibepute Ha npuBegeHHON HbKe KapTe MecTo, KOTOpoe, BEPOSATHO, MEeHee BCEro NoaBepXeHo
yrpo3se BYNKaHU4EeCKNX U3BEPXKEHUIN U 3eMNeTPSACEHNI.
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i A

BYNKAHUYECKUE U3BEPXXEHWUA: OLIEHKA OTBETA HA BONPOC 1
Omeem npuHuMaemcsi NOJIHOCMbHO

Kog 1: D.

Omeem He npuHumaemcsi

Koa 0: [pyrue oTBeThI.

Kog 9: OTBET OTCYTCTBYET.

BnusiHme Ha conHevyHoe uni3ny4vyeHue

Mpun n3BepxeHnn BynkaHoOB NPOUCXOASAT BbIGPOCHI BYNKaHUYECKOro nensa u CepHUCTOro rasa B
atmocdepy. [NpeacTaBneHHbIN HKe rpadrk NokasbiBaeT, Kak 3TU BbIBPOCHI BMSAIOT Ha
KONMYECTBO COSTHEYHOTO U3MYYEeHUS, AOCTUraloLWEero NOBEPXHOCTN 3emru.

ConHeuyHoe U3ny4yeHue, AOCTUraloLee NOBEPXHOCTM 3eMnun, B pa3Hbie rogbl

v KpynHbie u3BepXeHusi BynkaHOB
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Bonpoc 3: BYJIKAHUYECKUE U3BEPXEHUA

MoyeMy KONMYECTBO CONMHEYHOTO U3MYyYEHMUs], JOCTUTatoLLEro NOBEPXHOCTU 3eMn, MEHSIETCS
nocre U3Bep>KeHWN ByNKaHOB?

BYJNNIKAHWYECKUE U3BEPXEHUA: OLLEHKA OTBETA HA BOINPOC 3
Omeem npuHumaemcsi NoIHOCMbO

Koa 1: B oTBeTe npuBoanTcs 06bsiCHEHWE, AEMOHCTPUPYHOLLIEE NN NoApa3yMeBatoLLee, YTo
BYKaHMYECKME BbIGPOCHI OTPaXKaloT UMM NOTMOLAT COMHEYHYIO paguaumio.

Omeem He npuHuUmMaemcs
Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Yrnekucnbiv ras B atmocdepe

Mpwn n3eepxxeHnn BynkaHbl McnyckarT yriekucnoin ras (CO,). Ha cneaytowem rpadmke nokasaHa
KOHLEHTpauKs YrieEKMCIOro rasa, KoTopyto yyeHble namepsnu ¢ 1960 roga.

CO, B atmoccpepe B pasHble rogbl
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B cnepytowen Tabnuue nokazaH OTHOCUTENbHbIN BKa pasfnyHbiX MICTOYHMKOB B obLLee
COAEep)XaHue yrrnekuncnoro rasa B atmocdepe.
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Bknapg B oGuiee cogepxaHue yrinekucrnoro

UcTouHuk
rasa B atmocdepe
BynkaHuyeckue nssepxxeHus <1%
BbiGpochl, CBA3aHHbIE C AEATENBHOCTbLIO 20%
YenoBeka °
[bixaHne pacteHun 40%
[bixaHue n pasnoxeHne MUKpPOOpraHn3moB 40%

Bonpoc 4: BYJIKAHUWYECKUE U3BEPXEHUA

MNcxoasa 3 npeacTaBneHHbIX AaHHbIX, KaKoe BIUSHWE OKasblBaloT U3BEPXKEHNS BYIIKAHOB Ha
KOHLIEHTPaLMIO YIMeKMCnoro rasa B atMmocgepe?

A.
B.

D.

3HaunTenbHOE BNUsIHME, TaK Kak npPoncxoanT MHOro MssepmeHvuZ.

3HaunTenbHoOe BNUsIHWE, TaK Kak Npn KaXXOoM n3Bep>xeHnmn Bbl6paCbIBaeTCﬂ oonbluoe
KONnmM4ecTBO BELLIECTB.

Hes3HaunTtenbHoe BNUsiHME, Tak Kak BYJKaHbl BblAENAOT Mano CO, no CpaBHEHUIO C ApyrmMn
NCTOYHUKaMN.

HesHaunTtenbHoe BNUsiHME, Tak Kak YpPOBEHb CO,B aTMOCd)epe Npn N3BEPXEHUNAX CHMXKaeTCA.

BYNKAHUYECKUE U3BEPXEHUA: OLLEHKA OTBETA HA BOIPOC 4

Omeem fnpuHumaemcsi NOJiIHOCMbHO

Kog 1: C. HesHaunTenbHoe BrMsiHME, Tak Kak ByrfkaHbl BblaensaioT Mmano CO, No cpaBHEHMIO C

OPYr’MmMn NCTOYHUKaMW.

Omeem He npuHumMaemcsi

Kog O: [pyrue otseTbl.

Kog 9: OTBeT oTCYyTCTBYET.
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AOBbIYA NOA3EMHbIX BOA U SEMJIETPACEHUA

Teepaas 3emMHast kopa 06pasyeT BHeLLHWIA criovi 3emnn. 3eMHas kopa packonoTa Ha
NMTOCEPHbIE MNUTLI, KOTOPbIE ABWXYTCS MO CMOK YaCTUYHO pacnnaBneHHon nopoabl. MnuTbl
MMEIOT pa3pbliBbl, KOTOPbIE Ha3bIBAKOTCS pasnoMamun. 3eMneTpsiCEHUS MPOUCXOANAT, Koraa
HanpsKeHne, HaKomnneHHoe BAOMb pasnoma, ocBoboxaaeTcs, Bbl3blBasi CABUT YacTel 3eMHOW
kopbl. Mpyvmep caBura BAOMNb pasnoma nokasaH Huxe.

HanpasneHwve casura

Paznom
Bonpoc 1: AOBbIYA MOA3EMHbIX BOA, U 3EMIIETPSICEHUSA

3eMHada
kopa

f

Ha pa3nomMax eCteCTBeHHbIM o6pasoM HakanmnmMBaeTCcAa HanpsxxXeHume. I'Ioulemy 3TO I'IpOI/ICXO,EI,I/IT?

AOBbIYA NOA3EMHbLIX BOA U BEMJIETPACEHUA: OLUEHKA OTBETA HA BOINPOC 1

Omeem fnpuHumaemcsi NOJiIHOCMbLO

Kog 1: MpuBoaunTcst 06bsicHeEHME, B KOTOPOM rOBOPUTCS NN NOAPa3yMeBaeTCsl, YTO ABWKEHME
NUTOCKEPHBIX NANUT NPUBOAUT K HAKANMBAHUIO HAMNPSHKEHNUS U/ YTO ABUXKEHNE
KaMeHHbIX NNUT/3eMNN B pa3HbIX HamnpasneHnsix ocTaHaBnvMBaeTcs bnarogaps
BO3HMKHOBEHMIO HaNpsihkeHWs1 BOOSb pasrioma.

Omeem He npuHuUmMaemcs
Kog O: [pyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.
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HanpsxeHune B 3eMHOM Kope

YPOBHM HanpskeHUs B 3eMHOM Kope

Camoe BblcoKkoe
HanpskeHne

[

Camoe Hu3Koe
HanpstkeHne

Bonpoc 2: AOBbIYA NMOA3EMHbIX BOA U SEMNETPACEHUA

Ha kapTe, npeactaBneHHON Bbille, NOKa3aH YpOBEHb HAMPsXKEHWUsI B 3eMHOM KOpe B
onpeaeneHHoOM permoHe. Yetbipe ydyactka B 3TOM permoHe o6o3HadeHbl 6yksamu A, B C n D.
Kaxabli y4aCcTOK HaxoauTCS B 30HE pasnoMa, KOTOpbIN NPOXoaMT UMM HenocpeaCTBEHHO Yepes
3TOT YYacCTOK, Unn Heganeko OT Hero.

PasmecTtute y4acCTKM B nocrnenoBaTtesibHOCTU OT HauMeHbLLEero pucka K Ham6onbu.|emy PpUCKy
3eMIeTpAaceHNns.

Haunbonblmmn puck:

HanmeHbLLnin pUck:

AOBbIYA NMOA3EMHbIX BOA U 3EMJIETPACEHUA: OLUEHKA OTBETA HA BOINPOC 2
Omeem npuHumaemcsi No0IHOCMbO

Kog 1: Cneaytowan nocnenoBatenbHOCTb OTBETOB OT HaMbonbLUEero pucka k HaumerbLiemy: D, B,
C, A

Omeem He npuHuUmMaemcs
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCYTCTBYET.
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3emneTtpsceHue 2011 roaa B Jlopke

"opog Nopka, cnaHnsa, pacnonoxeH B panoHe, rae 4acto npoucxodart 3emnetpsiceHmsi. OgHo us
3emneTpsiceHnin npounsowsno B Jlopke B mae 2011 roga. Neonorn cumtaroT, YTO B OTNIMYME OT
npeablayLLmx 3eMneTpsiCEHNA B 3TOM panioHe, 3TO 3EMIIETPSICEHMNE MOINO ObiTb BbI3BAHO

JeATeNbHOCTLIO YernoBeka, B YaCTHOCTU, OTKa4YKkon noaseMHbiX Bod. CornacHo runotese reonoros,

Aobblya BoAbl M3-Mof 3eMiv cnocobCcTBOBaNa yBENMUYEHMIO HanpsbkeHnst B Gnivbkanwem pasnome,
YTO BbI3BArio CABUI, KOTOPLIN MPUBES K 3€MIETPSICEHMUIO.

Bonpoc 3: OBbIYA NOA3EMHbLIX BOO U 3EMINETPACEHUA
Kakoe HabntogeHne noaTeepxgaeTt rmnotesy reofnoros?
A. 3emneTpsiceHne oLLyLLanoch 3a MHOTO KUITOMETPOB OT JIopKu.

B. Casur Bgonb pa3noma Obln HanbonbLIMM B pa17|0Hax, roe oTkadka BOoAbl Bbi3Basna
Hanbonbluee HanpsaxeHume.

C. B Jlopke cnyyanucbk 3emneTpsiceHns 6onbluen marHuTyabl, 4em 3emneTtpsaceHne mas 2011
roga.

D. 3a 3emneTpsiceHnem nocnenoBarn psig MeHee CUIbHbIX 3eMMNETPACEHUIN B paioHe BOKPYT
JTopku.

AOBbIYA NOA3EMHbLIX BOA U 3EMJIETPACEHUA: OLULEHKA OTBETA HA BOINPOC 3
Omeem fnpuHumaemcsi NOJiIHOCMbHO

Koa 1: B. CaBur Boonb pasnoma bbin Hanbonblunm B parioHax, rae oTkayka BoAbl Bbi3Bana
HanborblIEe HaNPsHKEHME.

Omeem He npuHuMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 4: JOBbIYA NMOA3EMHbIX BOA U SEMNETPACEHUA

Yyalwumncs, npoxmearwLmin B 04HOM M3 ropoaoB B yaaneHHOM oT Jlopku panoHe, y3HaeT o
rmnoTtese reosioroB o 3emneTpsiceHnn 2011 roga B Jlopke. Yyalumincs 3HaeT, 4To gobblva
noa3eMHbIX BOA B paliOHe, rae OH XUBET, MPMBENa K CHUXEHNIO YPOBHSA NoA3eMHbIX Bog. OH
BGecnokonTcs No NoBo4Y BO3MOXHOIO 3eMneTpsiceHns B ero ropoge. Kakon unu kakve n3
crneayloLmx BONPOCOB cnefyeT paccMoTpeTb yyallemycs, YTobbl onpeaennTb, HaCKOSbKO BENUK
PUCK TOro, YTo Aobblva NOA3EMHbIX BOA BbI3OBET 3eMIIETPSICEHNE B €ro ropoge?

v' [MToMHUMe, Ymo MOXXHO 8blIbpamb 0OUH unu 6osiee sapuaHmMos8 omeema.
A. VmeloTcs nu pasnombl B 3€MHOK KOpe B €ro panoHe?

B. CywwecTByIOT NN €CTECTBEHHbIE NPUYMHBI, BbI3bIBAIOLLME HANPSHXXEHNEe B 3€MHOW KOpe B ero
pavioHe?

C. 3arpsisHeHa nv Boga, oTKaunBaemas U3-nog 3emsniv B 3TOM panoHe?
D. KakoBa cpegHecyTouYHasa TemrnepaTypa Bo3gyxa B 3TOM panioHe?

AOBbIYA NOA3EMHbLIX BOA U 3EMJIETPACEHUA: OLUEHKA OTBETA HA BOINPOC 4
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Omeem npuHumMaemcsi NOJIHOCMbHIO
Kog 1: OtBeThbl A 1 B.

Omeem He npuHumMaemcsi

Kog 0: [pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.
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«FONYBASA» SJNIEKTPOCTAHLUUA

[aHHaa nnnctpayus
AEMOHCTPUpPYeT HOBbIV BUA,
3NeKTpocTaHuuu,
pacnonaratowencsa Tam, rae
CXOASATCH NPEeCHOBOAHAs peka
N okeaHckada Boga. Ha
aneKTpocTaHuun ans
BbIpabOTKM SMNEKTPO3HEPrum
ncnonb3yeTtcs pasHuua
KOHLIEHTpauun conun B ABYX
Bogoemax. Ha anekrpoctaHuum
npecHasi Boga u3 peku
3aKaumBaeTcs Yepes Tpyody B
oaviH pesepsyap. ConeHas
BOAA M3 OKeaHa 3aKkaunBaeTcs
B Apyrow pesepsyap. [1Ba
pes3epByapa pasfeneHsl
mMembpaHon, koTopas
nporyckaeT TOMNbKO MOMEKynbl
BOAbI.

Monekynbl BoAbl €CTECTBEHHBbIM 06pa3oM NpPoxoaaT Yepes membpaHy 13 pesepByapa C HU3KOWN
KOHLIEHTpauMen cConn B pe3epByap C BbICOKOM KOHLIEHTpaUuen conn. 3to yBennimaet 06bem u
JaBneHue BoAbl B pe3epByape C CONneHon BOAOW.

3aTtem BoZa nog BbICOKMM AaBIiEHVEM B pe3epByape C COMeHo BO4OoW NpoXoauT no Tpy6e,
npvBOAS B ABMXEHME TypOVHY, BbipabaTbiBaloLLyO 371EKTPOIHEPTUIO.

Bug Yyepes yBeJlIm4nTernbHOe CTEKIO:

-

nNoToK BOALI De3
MONEKYN COnK

Cone

[
BOfA

Bonpoc 1: «TONYBASA» ANEKTPOCTAHLUNA

Ha anekTpocTtaHumu undpamm oTMeYeHbl YeTbipe ydacTka. Boga 3akaumBaeTcs U3 peku B y4acToK
1, OTMEYEHHbIN Ha PUCYHKE.

B kakux yyacTkax ganee no xoay npotecca MoXHO 06HapYyXUTb MOeKyrnbl BoAbl, KOTOpble
NocTynatT 13 pekn?
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lMomHUmMe, 4mo MOXHO ebibpamb 0OUH unu 6osee gapuaHmMos8 omeema.

YyacTtok 2

w > X

Yyactok 3

C. Yyactok 4

«ronyeAA» ANEKTPOCTAHUUA: OLLEHKA OTBETA HA BOINPOC 1
Omeem npuHuUMaemcsi NOJIHOCMbIO

Kog 1: OtBetbl A n C.

Omeem He npuHumaemcsi

Kog 0: pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: «<FTOJTYBASA» SNEKTPOCTAHLUA

Obpamume sHUMaHuUe Ha 8Ud Yyepes ysenu4umeribHOe CMeKsIo U 8blibepume npasusibHoe
3asepuweHue npedrnoxeHusl.

B peyHolt Boae KoHUEeHTpauus conn Huskas. MNMockonbKy MOMneKyrbl NPOXOAST CKBO3b MeMOpaHy,
KOHLEHTpaLMs Conu B pe3epByape C NPEeCHON BOAOW Mo8biwaemcs / CHUXaemcsi, a KOHLeHTpauus
CONnn B pe3epByape C CONeHol BOAOW r1o8biwaemcsi / cHUxaemcs.

«FONYBAA» ANEKTPOCTAHLUA: OLLEHKA OTBETA HA BOIPOC 2

Omeem npuHumMaemcsi NoJIHOCMbIO

Kog 1: Cnepylowas nocnegoBaTenbHOCTb OTBETOB: MOBbLILIAETCH, CHMDKAETCS.
Omeem He npuHumMaemcsi

Kog O: [pyrue oteeTbl.

Kog 9: OTBeT oTCYyTCTBYET.

Bonpoc 3: «FTONYBASA» SANEKTPOCTAHLUUA
Bbibepume npasuribHoe 3agepuieHue npeorioxeHUsl.

Ha anekTpocTaHLmMn NponcxoanT HECKONbKO BUAOB NpeobpasoBaHusa aHeprn. Kako Bua
npeobpasoBaHnsa IHepPrun naeT B TypGuHe n reHepaTtope?

TypbuHa n reHepaTop npeobpasyoT epasumauuoHHYH / TomeHyuanbHy / KUHeEMUYECKyo /
S/1IeKMPUYECKYIO SHEPTUIO B 2pagUMauyUOHHYH / MOMeHUUanbHy / KUHemMuYeckyr /
3/1eKMPUYECKYIO SHEPTUIO.

«FONYBAA» ANMEKTPOCTAHLIUA: OLLEHKA OTBETA HA BOINPOC 3

Omeem npuHumaemcsi NOJIHOCMbIO
Kog 1: Cnegytowias nocnenoBaTenbHOCTb OTBETOB: KUHETUYECKYHO, 3MEKTPUYECKYHO.

Omeem He npuHumaemecs
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Kog 0: [pyrue oTBeTHI.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 4: «<TOJIYBASA» SNEKTPOCTAHLUA

MHorune ANEKTPOCTaHUMN NCNOJIb3YHOT NMCKONaeMble BUAbl TOMNJINBA, TakKne Kak He(*)Tb n yronb, B
Ka4yeCcTBe NCTOYHMKA SHEPTUN.

MoyeMy 3Ta HoBasi ANEKTPOCTaHLUNS cYMTaeTCsl Gornee aKONOrMyYHOM, YeM INEKTPOCTaHLMN,
Mcronb3yoLWwune nckonaemble BUAbl Tonnmea?

«FONYBAA» ANIEKTPOCTAHUUA: OLUEHKA OTBETA HA BOINPOC 4
Omeem npuHumaemcsi NosIHOCMbO

Kog 1: MNpuBoautcs 06bsICHEHME, B KOTOPOM OMpeAensieTcsl, NoYeMy 3MeKTPOCTaHLUmu,
CXuUratoLme nckonaeMoe Tonnmeo, 6onee BpedHbl AN OKpyXakLein cpeabl, YeM HoBble
3NEeKTPOCTaHLMK, NoKa3aHHbIe B 3TOM 3a4aHuK, UNn onpeaenseTcs 0Co6eHHOCTb HOBOM
3NEeKTPOCTaHUMK, KoTopas AenaeT ee 6oree 3KONOrMYHOM.

Omeem He npuHuMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.
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MUIPALUA NTUL

Murpaumsa nTuu — 3To Ce30HHOE MacluTabHoe nepeaBukeHne NTul n3
MECT rHe3goBaHus U o6paTHo. Kaxabli roq BOrIoHTepLI BeayT noacyeT
NTUL, B ONpeaeneHHbIX MecTax. Y4YeHble OTNaBnmBaoT HEKOTOPbIX NTUL
1 MoMeYaloT X Nnanbl KOMOMHaUMel pasHOLBETHBIX Komnew, U raKKoB.
YyeHble UCNomnb3yoT CBEAEHMS O MOMEYEHHbIX MNTULLAX BMECTE C
AaHHbIMU BOSIOHTEPOB Ansi TOro, YTobbl ONpeaennTb MapLIpyThl
rnepemMeLLeHns NTu.

Bonpoc 1: MUT'PALIUA NTUL

BonbLMHCTBO MUrpupyowmx NTuy cobmnpaeTca B O4HOM MECTe, a 3aTeM OHU MUTPUPYIOT B
OonblKnX rpynnax, a He NooguHo4ke. Takoe noBefeHne — pesynbrart asonoumm. Kakon ns
NPUBEOEHHbBIX HUKE BAapUAHTOB SIBMISIETCS HaWUy4yLLMM HayYHbIM 0O bACHEHNEM 3BOSOLUN
nogobHoro noBegeHus y 60MbLUIMHCTBA MUTPUPYIOLLNX NTUL?

A. TITuubl, KOTOpble MUrPUPOBANKN NOOAMHOYKE UMW MarnbIMy rpynnamMu, pexe BbbK1Banu u
MMenn NOTOMCTEBO.

B. MMTuuam, koTopble MUrpypoBasn NOOAUHOYKE UM ManbiMK rpynnamu, Yalle yaaBanocb HanTm
nogxopasiiee nponuTaHue.

I'IepeneT 6onbwnmMm rpynnamm no3sondan gpyrum sungam ntul npucoegunHnTbLCA K Murpaumin.

I'IepeneT 6onbLnmMm rpynnamun gasan Kaxkaon ntuue Oonblle LWaHCoB HaWTU MEecTo anda
rHe3aoBaHUA.

MUIrPALIUA NTUL: OLUEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi NosIHOCMbO

Kog 1: A. TTnupl, KOTOpblIE MUTPUPOBAn NOOANHOYKE NIA MarbiMU rpynnamMu, pexe BbbKUBaNu m
MMenu NoTOMCTBO.

Omeem He npuHuUMaemcs
Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: MUT'PALUA NTUL

OnpepgennTe akTop, U3-3a KOTOPOro NOACHETbI NEPENETHbLIX NTUL, BOJIOHTEPaMM He SBNSTCS
TOYHbLIMU, N OBBSACHUTE, KaK AaHHbIN aKTop BMMSIET Ha NoAcYerT.

MUTPALUA NTUL: OLUEHKA OTBETA HA BOINPOC 2

Omeem npuHumaemcsi NOJiIHOCMbHO
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Kog 1: [Ansa Toro 4tobbl oTBET HbIN NOMHOCTLIO 3aCUHUTaH, ydallunecs LOMKHbI onpeaenuTb XoTH bl
O4MH haKTop, KOTOPbIA MOXET NOBMNUSATL HA TOYHOCTb NOACYEeTa.
e HabniogaTenu MoryT NponycTUTb HEKOTOPLIX MNTUL, MOTOMY YTO OHW NETHAT BbICOKO.
e Ecnu OHY N Ty Xe NTuly NoCHNUTAKT ABaXdbl, 3TO CUITbHO YBENMUYNUT pe3ynbTaThbl noac4yeTa.

e B GonbLumnx rpynnax nTuL, BOMOHTEPbI MOTYT MULLb NPEANONoXnTb NPUBNU3UTENBHOE KONYECTBO
nTuu,.

e HabniopgaTtenu MOryT ownbutbcs B onpepeneHnn snaa ntuubl, 4TO NpuBeaeT K 0L1JVI60‘-IHOMy
noacyeTy KonunyecTea NTuUL AaHHOro Buaa.

o [Itnubl MOryT nepenetarb B HOYHOE BPEMA.
e HabniopgaTtenu MOryT OWNBUTBLCS B BbIYUCTIEHUSX.
o (O6naka nnun goxap MOTYT CKPbITb HEKOTOPbIX NTUL,.

Omeem He npuHuMaemcsi
Kog 0: pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

3onoTble pXKaHKu

30M0Tble pXXaHKN — 3TO MUrpUpYtoLLIMe NTULbI, KoTopble rHesayTca B CeBepHon EBpone. OceHbio
NTMUbl NnepemeLLanTca B 6onee Tennble Mecta, rge MoXHO 406bITh nuLly. BecHon nTuupl
BO3BpaLLalOTCA K MECTaM rHe340BaHMs.

MpeacTaBneHHbIe HUXKE KapTbl OCHOBAHbI Ha U3YYEHUM MUTPALLIMK 30S10ThIX PXKaHOK, KOTOpOe
anunocb 6onee agecaty net. Kapta 1 AEMOHCTPUPYET HOXXHOE HanpasreHme MurpaLmmn 3010TbiX
PXXaHOK OCEHbIO, a Ha KapTe 2 MOXHO YBMAETb CEBEPHOE HarnpasrneHne Murpauum BECHOMN.
TeppuTtopum ceporo uBeTa — 3eMns, a 6enoro uBeTa — BOOHOE NPOCTPAHCTBO. TONWWHA JIMHUIA
CTPEeriok COOTBETCTBYET pasMepy MUrPUPYIOLLMX rpynn NTUL.

HanpaBneHuﬂ MUrpaummn 30N0TbIiX PXKaHOK

c

’-’; JU o ..:...-' L ad
Kapta 1: KOx)Hoe HanpaBneHue Murpamm Kapta 2: CeBepHoe HanpasneHue Murpaumm
OCEHbLK BECHOW
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Bonpoc 3: MUTPALIUA NTUL
Kakoe yTBepxaeHne o MurpaLmmn 30n0TbIX pXXaHOK NOATBEPXKAAETCS KapTamn?
v' [ToMHUMeE, YMOo MOXXHO 8blI6pamb 0OUH unu 6osiee sapuaHmMos8 omeema.

A. KapTbl NokasbIBaloT, YTO KONMYECTBO 30M10TbIX PXXAHOK, MUTPUPYIOLLMX B KXKHOM
HanpaBneHnu, yMeHbLUMMOCH 3a nocnegHue 10 ner.

B. KapTbl Nnoka3biBaloT, YTO CEBEPHbIE MapPLLPYThl MUrPaLMN HEKOTOPbIX 30M10ThIX PXKaHOK
OTNMYaITCSt OT MaPLUPYTOB B FOXKHOM HamnpaBreHuun.

C. KapTbl nokasbiBalT, YTO MUrPUPYHOLLME 30510TbIE PXKaHKN NPOBOAAT 3UMY Ha TEPPUTOPUSIX,
KOTOpble pacnonoXeHbl XXHee UK toro-3anagHee X MecT rHe3goBaHusl.

D. KapTbl nokasbiBatoT, YTO MapLUPYTbl MUTPaLLMKN 305T0TbIX PXKAHOK CMECTUNNCE OT NPUOPEXHBbIX
TeppuTopui 3a nocnegHue 10 ner.

MUTPALUUA NTULU: OLEHKA OTBETA HA BOINPOC 3
Omeem npuHumaemcsi NosIHOCMbO

Kog 1: [insa Toro 4tobbl OTBET ObIN NOMHOCTLIO 3aCYMTaH, yvalmecs AoMKHbI Bbibpats [1BA
BapuaHTa:
B. KapTbl nokasbiBalOT, YTO CEBEPHbIE MapPLLPYThl MUrPaL MM HEKOTOPbIX 30M10TbIX PXKaHOK
OTNNYAKTCA OT MapLLPYTOB B KXXKHOM HanpasrieHnN.
C. KapTbl NnokasbiBaloT, YTO MUTPUPYIOLLME 305I0ThIE PXKaHKN NPOBOAAT 3UMY Ha
TEPPUTOPUSIX, KOTOPbLIE PACMOSIOXKEHDI KOXKHEE UIN HOro-3anagHee Ux MeCcT rHe3qoBaHUS.

Omeem He npuHuUmMaemcs
Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.

28



METEOPOUAbI U KPATEPbGI

KocMuyeckne kamHK, KOTOpble NPOHMKAKOT B aTMocdepy 3emnu,
Ha3sblBalOTCA MeTeopouaamn. Meteoponabl HarpeBatTCsa U FOPAaT
TMELLNM NITaMeHeM No Mepe TOro, Kak OHM NagatT B atMmocdepe
3emnu. bonblMHCTBO METEOPOMAOB CropatoT A0 TOro, Kak KOCHYTCS
nosepxHocTtn 3emnun. Korga meteopouna ygapseTtcs o 3emrito, OH
MOXET OCTaBUTb sIMY, KOTOPYIO Ha3bIBAlOT KPaTEPOM.

Bonpoc 1: METEOPOU[bI U KPATEPbDI

Mo mepe TOro, Kak MeTeopond NpubnmkaeTca k 3emrne n ee
aTMocdpepe, oH yckopsieTcs. [lodemy 3To NponcxoanT?

A. MeTeopoua nputsrneaeTcs 6rnarogaps BpaweHuo 3emMnu.

B. MeTeopoua noatankmBaeTcsi CONHEYHbIM CBETOM.

C. MeTeopoung nputarnBaeTcsa maccomn 3emnu.

D. MeTeopoua BbITanknuBaeTcs KOCMUYECKUM BaKyyMOM.
METEOPOMObI N KPATEPbI: OLUEHKA OTBETA HA BOINMPOC 1
Omeem npuHuUMaemcsi MOJIHOCMbHO

Kog 1: C. MeTeopoug nputarmBaeTcs maccon 3emnu.

Omeem He npuHuUMaemcs

Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: METEOPOU[bI U KPATEPDI
Kak BnuseT aTmocdepa nnaHeThl Ha KONMMYECTBO KpaTEPOB HA MOBEPXHOCTM NAHETHI?
Bbibepume nipasurnbHoe 3agepuieHue rnpedrnoxXeHus.

Uem nnotHee aTmocdbepa nnaHeTbl, TeM MeHbwe / bonbwe kpaTepoB ByaeT Ha ee NOBEPXHOCTH,
Tak Kak MeHbwe / 6onbue meteoponaos byaeTt cropatb B aTMoOcdepe.

METEOPOUAbI U KPATEPbI: OLLEHKA OTBETA HA BOIPOC 2

Omeem npuHumaemcsi NOJIHOCMbIO

Kog 1: Cnepylowas nocnegoBaTenbHOCTb OTBETOB: MeHbLUe, 6onbLue.
Omeem He npuHuUMaemcs

Kog O: [pyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 3: METEOPOUbI U KPATEPbI

PaccMoTpuTe Tpu KpaTepa Ha PUCYHKE.
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N BN

Pasmectnte no NnopAOKY KpaTtepbl COrrmacHoO pasmMmepy Mmeteopouaa, no npn4nHe KOToporo OHn
BO3HUKITN, OT oonbLuero K MeHbLUIEMY.

Cambi 6onbLUon > CaMblli ManeHbKumn

Pasmectute KpaTepbl B nNopsaake BO3SHUMKHOBEHUA, OT CaMOro Ctaporo o camMmoro HoBoro.

Cambin cTaphbin > CambIn HOBbIN

METEOPOUAbI U KPATEPbI: OLLEHKA OTBETA HA BOIPOC 3
Omeem npuHumaemcsi NosIHOCMbHO

Kog 1: Cneaytowas nocrnegoBaTenbHOCTb OTBETOB ANs nepsoro sonpoca: A, C, B.
Cnegaytowasa nocnegosaTenibHOCTL OTBETOB ANd BTOporo Bonpoca: C, A, B.

Omeem He npuHumMaemcsi
Kog O: [ipyrue otseTsl.

Kog 9: OTBeT oTCyTCTBYET.
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LLIOKONAL

lMpoyumadlme Kpamkoe codepxxaHue cmambu 8 2azeme Daily Mail om 30 mapma 1998.

B raseTtHon ctatbe NogpobHO paccKkasbiBanoch 0 22-1eTHEN
CTyAEHTKe No MMeHm [xeccuka, KoTopas npuaepxmsanach
«LwokonagHon anetbl». OHa yTBEepXXAana, 4To He UcnbiTbiBana
npobnem co 300poBbeM, cTabunbHo Becuna 50 kr, ynotpebnana
90 nnNuTOK WOoKoNaga B HeAErno, He ena HUKaKou ApYyron nuLw,
3a VUCKIMIOYEHNEM OOHOMO «MNOJSTHOLEHHOro Gnoga» pas B NATb
OHen. CneunanucT no NUTaHUI NPOKOMMEHTMpPOBAn: « 4
YAMBIEH, YTO KTO-TO MOXET XWUTb, NpUaepXmnBascb nogobHowm
aveTbl. XKnpbl JatoT en 3Hepruto, HO OHa He nony4aeTt
cbanaHcMpoBaHHOro NuTaHus. B wokonage nmeTca HeKOTopble MUHEParbl U NUTaTeNbHbIe
BELLeCTBa, HO OHa Heaornony4YaeT BUTaMUHbl. OHa MOXET CTONMKHYTLCS C CEPbE3HBbIMU
npobnemamu co 30OpOBLEM B AaNbHENLLEN KUSHUY.

TABJIULA O LLOKOJAAE 1

B KHUre o nutTaTtenbHbIX LLEHHOCTAX YNOMUHAETCs crnegyowasi MHopMaums O LWoKonage.
Mpeanonoxum, 4YTo BCe AaHHbIE OTHOCATCS K TOMY TUMY LLIOKOMaaa, KoTopbl BCe BpEMS €CT
[xeccuka. MNpeanonoxmm Takke, YTo NNUTKX LWIOKONaaa, KoTopble oHa ecT, BecaT 100 rpamm
Kaxkaasi.

MNumamenesHas ueHHocme 100 epamm wokonada

MpotenHbl | XKupbl | YrneBoabl | MuHepansl ButaMuHbI O6wasn
(r) (r) (r) 3Heprusa
Kanbuun | XKeneso | A B (mr) (xOx)
(mr) (mr)
5 32 51 50 4 - 0,20 2142

CornacHo tabnuue 100 rpamm wokonaga cogepxart 32 rpamma XXnpoB 1 gatoT 2142 [k saHepruu.
CneuuanucTt no nuTaHuto ckasan: «Kupbl 4aloT el SHEPTUIO. .. »

Bonpoc 1: LLOKOJIAL

Ecnun kto-To cbegaet 100 r wokonana, Bca nu aHeprud (2142 k[x) nonyyvaetcs n3 32 rpamm
Xnpos? O6BbACHUTE CBOW OTBET, CCbINlasiCb Ha Tabnuuy.

LLUOKOJIAA: OLLEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi No0sIHOCMbO

Kog 2: laeTca otBeT «HeT» 1 npuBOANTCS 06BACHEHME, YTO YaCcTb SHEPrMn Nony4vaeTcs us
yrnesofoB Unn NPOTENHOB, UNW N3 YrNeBOAOB N MPOTENHOB.
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Omeem npuHumaemcsi HaCmu4Ho

Kog 1: OaeTtca otBeT «HeT» 1 npuBoanTCS 06BACHEHME, YTO YaCTb SHEPTUN NOMy4aeTcs u3
yrneBogoB UNu NPOTENHOB, UMW U3 YrIeBO4OB U NPOTENHOB, a TakkKe U3 BUTAMUHOB U
MWHEpParioB.

Omeem He npuHuMaemcsi

Kop 0: daetcs otBeT «da» nnu oteeT «HeT» 6e3 06bscHeHnn AJTA npuBoanTCcst 00bACHEHWE, YTO
(Tonbko) MMHepanbl Takke npon3BoasT aHepruio UJTN npusogmTca obbsicHeHue, 4YTo
Apyrne KOMNOHEHTbI LWOKoNaaa (He Ha3BaHbl) Takke BHOCAT BKNag B obpa3oBaHue
3Hepruu.

Kopg 8: OtBeT He no Teme.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: LLOKOJIA

Cneumanuct no nUTaHuo roBopuT, YTo [Keccuka HegononyyaeT BUTaMuHbl. OgHUM 13
BUTAMWHOB, KOTOPbIX HET B LLIOKONazae, sensietcs ButamuH C. BoaMoxHO, oHa morna 6Gbl
KOMMEHCUPOBAaTb €ro HeJoCcTaTokK, ecnv Gbl BKMOYMIA NPOAYKTLI, Goratble cogepkaHuem
BUTamuHa C, B CBOE «MOSHOLIeHHOe Brofo», KOTOPoe OHa eCT pa3 B KaKable NATb AHEN.

BoT nepeyveHb NpoayKTOB.

Pbiba
DpyKThI
Puc
OBoLm

PN~

Kakne gga tuna npoAayKToB N3 AAaHHOIo CnucKa Bbl Obl nopekomeHgoBarnu ,u)KeCCVIKe, YTOOLI
BOCMNOJIHNTb HEXBATKy BUTaMUHA Cc?

1n2
113
1n4
2n3
2n4

nmo o w>»

3nd

LLOKONAL: OLUEHKA OTBETA HA BOINPOC 2
Omeem npuHUMaemcsi NoJIHOCMbHO
Kog1:E.2un4

Omeem He npuHumaemcs

Kog O: fipyrue oteeTbl.

Kog 9: OTBeT oTCyTCTBYET.
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U3YYEHUE CKITOHOB

pynna y4yeHWKOB 3ameTuna 3HauuTenNbHbIe Pasnuyumsa Mexay pacTUTenbHOCTbIO Ha ABYX CKIOHax
AOMNVHbI: PacTUTENbHOCTb ropa3fo 3eneHee M obunbHee Ha CKoHe A, YeM Ha cknoHe B. PasHuua
NPOAEMOHCTPMPOBAaHa Ha PUCYHKE HUXKeE.

YyeHuku pewarT n3y4nTb, no4eMy pacCTUTEribHOCTb Ha CKITOHaX TakK pa3fin4aeTCA. OpaHon 13
yacTeln gaHHOro uccrnenoBaHus SBAgeTCs N3MepeHne cneayroumx Tpex 3KoNIorm4eckmnx (baKTODOB
B Te4yeHune onpeneneHHoro nepnoga BpemMeHu:

e ConHe4Hoe nany4deHwue: CKOJ1bKO COJTHEHYHOro ceeTa nony4yaet onpeneneHHoe MeCcto
e BnaxHocTb NOYBbI: HACKOILKO BraXkHas Noyea B onpegerneHHomMm MmecTe
e Ocapku: kako 06beM ocaaKkoB BbinagaeT B onpegeneHHom MecTe

C60p AaHHbIX

YyeHuku pasMecTunin No ABa U3 KaxXablX TpexX I'IpVI60pOB, npuBeOeHHbIX HUXKEe, Ha KaXOOM CKI1IOHeE.

[aTumnk conHeYHOro U3ny4eHuUn: N3MepseT KONMYEeCTBO CONHEYHOro cBeTa B
MerampKoynsx Ha ksagpatHbi meTp (MIOx/m?)

JaTuymkK BNaXXHOCTU NOYBbLI: namepaeT 06bem BOAbI Kak npoueHT o6bema noyBbl

Ocapkomep: n3amepsieT 06beM 0cagKoB B MUnnMmeTpax (Mm)
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Bonpoc 1: U3BYYEHUE CKITOHOB

Moyemy yyeHMKM pasMecTmnun No ABa Npubopa Kaxxaoro Buaa Ha KakaoM CKIOHe Npu U3yyYeHun
pasnNuunii B UX pacTUTENbHOCTN?

M3YYEHUE CKITOHOB: OLUEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi NoIHOCMbHO

Kopg 1: MpuBoautcsa o6bACHEHWE, CornacHoO KOTOPOMY UCMONb30BaHNE HECKOMbKNX
n3mepuTenbHbIX NPMOOPOB Ha KaXaoM CKIoHe 6onee NpaBuUbHO C HAYYHOW TOYKM 3pEHWS,
Hanpumep Ansa ydeta pasnuynin B yCrioBUAX Ha CKIMOHE UMW yBeSrTMYeHUa TOYHOCTHU
M3MepPEHUI ONs Kaxaoro CKoHa:

YT0ObI OHM CMOTMM ONpeaenuTb, SBNAITCA NN pasnuymsa Mexay CKIoHamMu CyLLECTBEHHbLIMU.

[MoTomy 4TO B Npegenax OAHOrO CKIIOHAa M3MepPEeHUs MOryT OTNNYaTbCs.

[ns yBennueHns TOYHOCTU M3MEPEHUIA ANS KaXA0ro CKIoHa.

HaHHble 6ygyT 6onee TOYHbIMMN.

Ha cnyyan ecnv oguH npubop 13 ABYX HEUCTNPaBEH.

[nsi Toro 4Tobbl CPaBHUTL Pa3NIMYHOE KONIMYECTBO CONTHEYHOrO CBETa Ha ckrnoHe [Crogo

«cpasHUMby nodpasymegaem, 4mo Mo2ym fpucymcmeosams pasiudusi].

Omeem He npuHumMaemcsi
Kog 0: [ipyrmue oteeTbl.

Koa 9: OTBeT oTCyTCTBYET.
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Bonpoc 2: USYYEHUE CKITOHOB
AHanus3 gaHHbIX

YUYeHUKN UCnonb3yoT cpeaHue 3Ha4YeHNsa nsMmepeHni, C06paHHbIX B Te4deHune onpegeneHHoro
nepuoga BpeMeHu C Kaxgon napsbl an6opOB Ha Ka)XOoOM CKNoHe, AnA BblYMUCNEHNs MOrpeLLIHoCcTu.
PesynbTaThl npeacraBneHbl B Tabnuue, npueeaeHHoOn Huxke. MNorpelHoCcTb HaxXoANTCsa nocrne
3HaKa «x».

CpepaHee conHevHoe CpeaHsist BNaXXHOCTb CpenHuit o6 bem 0caKos
n3nyyeHue MOYBbI
CknoH A 3800 + 300 MOx/m? 28 + 2% 450 £ 40 mm
CkroH B 7200 + 400 Mx/m? 18 + 3% 440 + 50 Mm

MHeHMsA ABOMX YY4EHUKOB MO NMOBOAY Pa3HULIbl BO BMAXKHOCTU MOYBbI Ha ABYX CKIOHAX He
coBMnaaaror.

e [lepBblii y4eHUK QyMaeT, YTO pasHuLa BO BNaXHOCTM NoYBbl 06ycrioBneHa pasHuuen B
COJTHEYHOM U3My4YEeHUM Ha ABYX CKIIOHaX.

e BTOpoit yyeHnk AyMaeT, YTo pasHuLa BO BNaXHOCTW NOYBbI 0GYCNOBEHa pa3HULEN B
KONMYeCTBE OCafKOB Ha ABYX CKIOHaXx.

YunTbiBasa AaHHble, onpeaenvTe, Kakon yY4eHUK npas, 1 06bSICHUTE CBOW OTBET.
A. TllepBbll y4eHUK

B. BTopow yyeHuk



N3YYEHUE CKIIOHOB: OLIEHKA OTBETA HA BOINPOC 2

Omeem npuHumaemcsi NOJIHOCMbHO

Kog 1: daetcsa otBeT A. [lepBblit y4EHMK 1 NPUBOAUTCHA OOBbSICHEHME O TOM, YTO MeXAy ABYMS

CKIMOHAMM CYLLIECTBYET pa3HULA B CONTHEYHOM U3MYyYeHU UMK YTO CyMMa 0CaaKoB He
pasnuyaeTcs, Hanpumep:

e CknoH B nonyyaet ropasao 60ornbLie CONHEYHOro U3NnyyYeHusl, Yem CKIOH A, HO TO e camoe

KOnn4ecTtBoO OCagKoB.
Het pa3Hnubl Mexay ocaakamMmun Ha OBYX CKITOHaXx.

MeXay COMHeYHbIM U3NyYeHeM, KOTopoe NosyYaloT ckoHbl A 1 B, cyliecTByeT Gonbluas
pasHuua.

Omeem He npuHuMaemcsi
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.
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KUCJTIOTHbLIE 0OXAOU

Ha doTorpadum, npuBeaeHHOM HUXe, n3obpaxkeHbl CTaTyun, HadbiBaemble Kapnatmugamu, Kotopble
6b1nn Bo3BeAeHbl B Akponone B AduHax 6onee 2500 net Hasaa. Ctatym Gbinv n3BasiHbl U3
ropHON Nopoabl, KoTopasi HasblBaeTcs MpamMopomM. Mpamop cocTouT u3 kapboHaTa Kanbuusi.

B 1980 roay noanvHHble cTaTyn Gbinn NnepeHeceHbl B My3er AKPOMNOrst, a X 3aMEHUITN KONMUAMMU.
MognuHHbIe cTaTym Bbiny pasbeaeHbl KUCNOTHBIMU SOXASMU.

Bonpoc 4: KWCJIOTHbIE 0OXOU

[lo norpyxeHnsa Ha HOoYb B YKCYC Kycodyek Mpamopa umen maccy 2,0 r. Ha cnegyowmin geHb aToT
Kyco4eKk BbIHUMAKT U3 yKCyca 1 BbiCylumBatoT. KakoBa ByaeT macca BbICyLLEHHOMO Kycouka
Mpamopa?

A. MeHble,yem 2,01

B. TouHo 2,0r

C. Mexgy20runz24r

D. bonbue, yem 2,41

KUCNOTHBLIE AOXXAWU: OLEHKA OTBETA HA BOIPOC 4
Omeem npuHUMaemcsi NoJIHOCMbHO

Koo 1: A. MeHblue, 4yem 2,0 1

Omeem He npuHumaemcs

Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 5: KWCJIOTHbIE 4OXAU

Yualmecsi, KOTopble MPOBOAMIMN 3TOT AKCNEPUMEHT, MOMECTUIIN HA HOYb KYCOYKM Mpamopa Takke
B YMCTYIO (QUCTUNNNPOBAHHYIO) BOAY.
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OGbsiCHUTE, ANS Yero yyalumecs BKIHOYUNN 3TOT ONbIT B CBOW 3KCNEPUMEHT.

KUCINOTHBLIE AOXAWU: OLEHKA OTBETA HA BOIPOC 5

Omeem npuHumaemcsi NoJIHOCMbIO

Koa 2: B otBeTe OEMOHCTPUPYETCA, 4TO KUCIOoTa (chyC) sABnsieTcs 00s3aTenbHbIM ycnosumem Ons
npoTeKaHuna peakunn.

[na Toro ytobbl y6eanTbCcst B TOM, YTO AN 9TOM peakuun aoxaesasi Boga JOmkHa ObiTh
KMCNOTHOW (KaK 1 B KUCINOTHOM A0XAe), U 4TO ¢ 0bbl4HOM BOAONM peakunn He Byaer.

[ns Toro 4Tto6bl NOCMOTPETL, ECTh NM APYIMe NPUYMHbI 511 06pa3oBaHUS N3bSAHOB B KyCOYKax
Mpamopa.

[MoTOMy YTO OH MOKa3bIBaAET, YTO KYCOUKM Mpamopa He pearnpytoT C JIoO0M XMAKOCTbIO, TaK Kak
BOJa ABNSETCS HEUTPanbHON.

Omeem npuHumaemcsi 4aCmu4Ho

Kog 1: B oTBETE 4EMOHCTPUPYETCS, YTO AAHHbIN ONbIT NPOBEAEH ANA CPaBHEHNSA C OMbITOM MEXAY
YKCYCOM U MPaMOpOM, HO 13 OTBETA He SICHO, YTO 3TO CAEeNaHo Anis Toro, 4Tobbl NokasaTb,
YTO KMCNoTa (yKCyc) aBnsieTca obsi3aTeNnbHbIM YCNOBMEM ANS NPOTEKaHUA peakuum.

[nsa Toro 4yTo6bl CPaBHUTL C pesynbTaToM B Apyron konbe.
[MocMoTpeTb, N3MEHATCS M KYyCOYKM MpamMopa B YMCTOWN BoAe.

Yyaumecs BKoYMnmM 3TOT ONbIT, YTOObI MoKa3aTth, YTO npouncxoauT, eciin HOpMaﬂbeIVI AoXab
nonagaeTt Ha Mpamop.

lMoTomy 4TO ANCTUNNMPOBAHHAsS BOAa He SABNAETCS KACMOTOMN.
Ons koHTpons.

Onsa Toro 4yto6bl NOCMOTPeTh, OyAeT nNu pasnuune Mexay HopMaribHOW BOAOW 1 BOAOW,
copepxalien KUCnoTy (YyKcyc).

Omeem He npuHuUMaemcs

Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT oTCYyTCTBYET.
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BETPO3JNIEKTPOCTAHLUUU

MHorune BepsT, 4To B OyayLleM B Ka4ecTBe UCTOYHUKOB SHEPrM ONs NPOU3BOACTBA
3NeKTpUYecTBa BMECTO HedpTU 1 yrns ByayT MCNONb30BaTbCA BETPOYCTAHOBKU. MexaHn3mbl,
NPOAEMOHCTPUPOBAHHBIE HA KAPTUHKE HIXKE, MPEACTaBMNAT co60N BETPSIHbIE MENbHULbI C
nonacTsiMu, NPUBOANMbIMU B ABUXXEHME BETPOM. [JaHHble BpaLLeHMs1 IPOM3BOASAT SNEKTPUYECTBO
NpY NOMOLLM reHepaTopoB, KOTOPbIE aKTUBUPYHOTCS BETPSIHBIMU MeNbHULaMMU.

BeTpoaneKkTpoctaHuus

Bonpoc 1: BETPOJJIEKTPOCTAHLUUN

Fpaq)leM HWXe AEMOHCTPUPYHOT CpeAHIOK CKOPOCTb BETPA B YETbIPEX Pa3HbIX MECTHOCTAX B
TeyeHue roga. Ha kakom 13 Fpa(bI/IKOB YKa3aHO caMoe noaxoasdiuiee mecto ana yCtaHOBKU
BETPO3JIEKTPOCTAHLINN C LieNnblo NPOn3BOACTBA SJ'IeKTpI/l‘-IeCTBa?
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BETPOJ3NEKTPOCTAHUMAU: OLEHKA OTBETA HA BOMNPOC 1
Omeem npuHuUMaemcsi NOJIHOCMbIO

Kon 1: C
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Omeem He npuHuUmMaemcs
Kog O: [ipyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: BETPOJ3JIEKTPOCTAHUUA

Yem cunbHee BeTep, TeM ObICTPEE CKOPOCTb BpaLLleHWs nonacTen 1 MoLHee Npou3BoACTBO
anekTpoaHeprun. OgHako B peanbHOM CUTyauum NpsiMoe OTHOLLEHUE MeXZy CKOPOCTbIO BETpa U
3M1eKTPO3HEpPrMen oTcyTcTByeT. Huxke nepeuncneHnbl YeTbipe Heobxoanmele ycrnoBus paboTbl npu
reHepauum areKTpPO3HepPruM Ha peanbHON BETPOINEKTPOCTAHLIMN.

e JlonacTtu BeTpSHOM MENbHULbI HAYMHAIOT BpawlaTbCH, KOorgaa CKOpoCTb BeTpa gocturaeT
Vi.

o [lpon3BoacCTBO aneKTposHeprum gocturaeTt makcumyma (W), korga ckopocTh BeTpa
paBHsieTca Vs.

o B uensx 6e3onacHocTy nonactn He MOryT AOCTMYb CKOPOCTU, NMPEBLILIAIOLLEN TY,
KOTOPYIO OHU pa3BmMBAlOT MPU CKOPOCTU BeTpa paBHoM Vo.

e JlonacTtu npekpaliatoT BpaLleHe Npn CKOPOCTU BeTpa paBHom V.

Kakown n3 rpacmkoB Hanboree TOYHO NoKa3biBaeT OTHOLLEHNE MEXOY CKOPOCTbIO BETPA U
NPOV3BOACTBOM 3IIEKTPOIHEPIMN B paMKaXxX AaHHbIX YCroBun paboTbl?
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BETPOJJIEKTPOCTAHLIUN: OLLEHKA OTBETA HA BOIPOC 2

Omeem npuHumaemcsi NOJiIHOCMbHO
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Koao 1: B
Omeem He npuHumMaemcs
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 3: BETPOJJIEKTPOCTAHLUN

Uem Gonblle BbiCOTa, TEM MeASieHHee BpalleHne rnonactei BeTPsHbIX MenbHUL, NPpU HEN3MEHHOWM
CKOpOCTY BeTpa.

Kakoe n3 yTBepm,quMﬁ Hauny4wumm o6pasoM 00OCHOBbIBAET MeANEeHHoe BpalieHune nonacrten
BETPAHbLIX MEJIbHUL, B ©onee BbICOKOW MECTHOCTU npun HEeN3MeHHOM CKOpPOCTH BeTpa’?

A. TINoTHOCTb BO3AyXa yMEHbLUAeTCa N0 Mepe YBENNYEHUS BbICOTbI.

B. TemnepaTypa cHMxXaeTca no Mepe yBenuyieHus BbICOThI.

C. Cwuna nputsxeHus yMeHbLUaeTcs N0 Mepe yBenM4eHus BbiCOTbI.

D. B 6onee BbICOKOW MECTHOCTW YaLle nayT JOXAW.
BETPOJJIEKTPOCTAHLUU: OLULEHKA OTBETA HA BOINPOC 3
Omeem npuHuMaemcsi NoJIHOCMbHO

Koa 1: A. TINOTHOCTb BO3A4yXa YMeEHbLUAeTCs N0 Mepe yBENMYEHNS BbICOTbI.
Omeem He npuHuUmMaemcs

Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: BETPOJJIEKTPOCTAHLUUA

MpuBeguTe 0OHO 3HAYMMOE AOCTOMHCTBO M OAUH 3HAYMMbIV HEOOCTaTOK UCTOSb30BaHS
BETPSHOWN 3HEpPruM Ansi Npon3BOACTBA MIEKTPUYECTBA B CPABHEHMMN C UCTIONb30BAHNEM
MCKOMaeMoro Tonnvea, Hanpumep, yris u HedTw.

) oo o)1= o 1 = o LA

BETPOJJIEKTPOCTAHLUUUN: OLUEHKA OTBETA HA BOIPOC 4
Omeem npuHumaemcsi NOJIHOCMbIO
Kop 2: MpuBoanTca 0AHO 3HaYMMOe JOCTOMHCTBO M OAUH 3HAYUMbIN HEOCTaTOK.

KoMMmeHTapuii no oueHKe: BO3MOXHO, 3aTpaThl HA BETPSIHbIE MESbHULIbI MOTYT BbITb BOCNPUHATHI
Kak NpenmyLLLeCTBO UMK HeJoCTaToOK B 3aBUCMMOCTM OT paccMaTpuBaeMoro acrnekra (Hanpumep,
OpraHM3aLMoHHbIe pacxodbl UNu Tekylme pacxodbl). Takum o6pasoM, YNOMUHAHNE «CTOMMOCTU»
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6e3 nocrenyoLLero o6bACHEHUS ABMNSIETCA HEAOCTaTOYHbIM Afsi onpeaeneHns Toro, sBnseTcs
3TO JOCTOMHCTBOM WM K€ HEeAOCTaTKOM.

[docToMHCTBO]

e He ocyuwecTtensietca Bbibpoc yrnekucrnoro rasa (CO,).

e He notpebnsieT uckonaemble B1Abl TONNMBA.

e Pecypc BETPSHON 3HEPTNN HENCCSKAEM.

¢ [locne ycTaHOBKM BETpOreHepaTopa CTOMMOCTb FeHepaLmm SNeKTPO3IHEPTM CTAHOBUTCS
MeHbLLe.

e OTCyTCTBME OTXOA0B W/UIM TOKCUYHBIX BELLECTB.

e lcnonb3oBaHWe NPUPOAHBIX CUM UMM 3KONOrMYECKU YNCTOM SHEPTUN.

e fBnsieTcsA OOBOJSIbHO 3KOMOrnM4eckn 6esonacHbIM 1 uMeeT 60NbLLIOW Nepuog ANUTENbHOCTMU.

[HepocTaToK]

e [eHepauus No Mmepe HeOHBXOOUMOCTH HEBO3MOXHA. [Tak KaKk CKOpOCMb eempa HeJslb3s1
KOHmMposnupogams.]

e OrpaHu4eHHOEe KONMYECTBO AEWCTBUTENBbHO XOPOLLMX MECT AN pasMeLLeHns BETPSIHbIX
MenbHUL,.

e BeTpsaHaa menbHuUa MOXeT ObITb NOBpPEXAEHa CIMLLKOM CUITbHLIM NMOPbLIBOM BETPA.

e Ob6beMm aHepruum, NPON3BOAMMBIN KaXXa0n BETPAHOM MEeNbHULEN, LOCTAaTOYHO Marl.

e B HekoTOpbIX cnydasx MoXeT NPUCYTCTBOBATL LUYMOBOE 3arpsi3HeHue.

e VHorga nTuubl nonagatoT B BUHTbI MENbHULLI U NornbatoT.

o U3meHeHuve nensaxa [BusyanbHoe 3agps3HeHue okpyxaroujeli cpeodbi].

e [lpouecc ycTaHOBKM AOBOMBHO JOPOrOCTOSLLMNA.

Omeem npuHuUmMaemecs 4acmu4Ho

Koga 1: MpuBoanTca nnbo 4OCTOMHCTBO, MO0 HeJocTaTokK (Kak mokasaHo B MpuMepax K NosiHoMy
OTBETY), HO He oba.

Omeem He npuHumMaemcs

Koa 0: He npeactaBneHo HM AOCTOUHCTBO, HU HegocTaTok. OTaenbHble NpuMepsbl

HenpuemMsemMblX JOCTOUHCTB U HE4OCTATKOB NPeACTaBlIEHbl HUXE.

e [logoxoaouT 4Nsi OKpY>KaKLLEN cpeapbl Uy NpMpoaHoro mupa. [[aHHbit omeem sienisemcs
obwuM OUEHOYHbIM cyx0eHuUeM.]

e OkasblBaeT Nroxoe BO3AENCTBUE Ha OKPYKaIOLLYIO cpegy Unun npupoaHbIA Myp.

e CTOMMOCTb NOCTPOEHMS BETPOINEKTPOCTAHLUN HAMHOTO HUXE, YEM CTOMMOCTb MOCTPOEHUS
3NEKTPOCTaHUUM Ha UcKkonaemom Tonnmee. [[JaHHoe ymeepxxOeHue yryckaem mom ghakm,
4Ymo 0r1s 2eHepayuu obbema sHepauu, MpPou3eoouUMO20 351ekmpocmaHyuel Ha UcKornaemom
monsuge, Heobxodumo bydem nocmpoumse bosiblWee KOIu4ecmaeo 8empoasiekmpocmaHyud.]

e CroumocTn 6yayT pasnnyHsbl.

Kog 9: OTBeT OTCyTCTBYET.
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BOJIbLUAA OMNEPALUA

Bonbline onepauunn, nposognmMble B cneyunaribHO O60py,D,OBaHHbIX onepaunoHHbIX,

OCYLLECTBNAKTCA ANA NevYeHna MHOXXeCTBa bonesHeln.

‘Q“

Bonpoc 1: BOJIbLUAA OMNMEPALUA

Bo Bpemsi 6onbluMx onepauuii naumeHTam BBOAUTCS HApKO3 ANsl TOro, YTOObl OHM He YyBCTBOBanNm

Hukakon 6onn. Hapkos — 9To Yalle Bcero ras, BBOAMMbIN Yepe3 Macky, NOKPbIBAOLLY HOC M POT.

3apgelicTBoBaHbl N crieayoLlmne aHTPOoNoreHHbIe CUCTEMBI B NMpoLiecce AENCTBUS Hapko3a?

O6BeanTte «da» unun «Het» OAnga KaXKaowm CUCTEMBI.

3agencTBOBaHbI NN crieaylolMe aHTPoNoreHHble CUCTEeMbI B npouecce
OEeNuCcTBUA HapKo3a?

Oa vnu Het?

MuwesapuTenbHasa cuctema Ja/ Het
HepsHas cuctema Oa/ Het
[bixaTtenbHas cuctema Ha / Het

BOJIbLUAA ONEPALNA: OLEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi MoJIHOCMbHO
Kog 1: Tpu npaBunbHbIX OTBETAa B crneaylowem nopsake: Het, Oa, da.

Omeem He npuHUMaemcs
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Kog 0: [pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 2: BOJIbLUAA OMNMEPALUA

Ob6bsicHuTE, novyemy Xmpyprmyeckme MHCTpyMeHTbl, UCMNoJib3yeMble B OnepaunoOHHbIX,
nogBeprarnTca ctepunm3adnin.

BOJIbLIAA OMNEPALUA: OLLEHKA OTBETA HA BOINPOC 2
Omeem npuHumaemcsi NosIHOCMbHO

Koa 21: YnomuHaeTcs kak He06xo0aAMMOCTb YOeanTbCsa B OTCYTCTBUMU GakTepuin/MMKpoOoB Ha
nHcTpymeHTax, TAK U To, 4TO CTepunuaaums npegoTepallaeT pacnpocTpaHeHme
GonesHen.

e [1nsa TOro 4ToObI NPeaoTBPaTUTL NonagaHne GakTepuit B opraHuaMm 1 MHUUUpoBaHme
naumeHTa.

e [Ing TOoro 4ytobbl HM OAUH MMUKPOB HE monan B OpraHu3m PYroro YenoBeka, KOTOPOMY TOXe
aenakT onepauunio.

Omeem npuHuUmMaemcs 4acmu4Ho

Kog 12: YnomunHaeTcst HeobxogumocTb yoeouTtbes B OTCYTCTBUN BakTepuii/Mmkpobos Ha
nHcTpymeHTax, HO He To, 4YTO cTepunusaums npegoTepallaeT pacnpocTpaHeHme
BGonesHen.

e [Ing Toro 4tobbl youTb MMKPOOLI HA HUX.

Koa 11: YnomuHaeTca To, 4TO cTepunmsauuns npeaoTepallaeT pacnpocTpaHeHme 6onesHen, HO
He HeobxoanmocTb YoeanTbCa B OTCYTCTBUM BakTepuUin/MMKpOBOB HA MHCTPYMEHTAX.
e [Ins Toro 4ytobbl NauneHT He Bbln MHPMLUPOBaH.
o [Ins npepoTBpalleHusa pacnpocTpaHeHus 6onesHu.

Omeem He npuHuUMaemcsi

Kog 01: Opyrue oTBeTHI.
(] ,D,J'IFI nogaepXxXaHua nx YNCTOThl.
(] |_|OTOMy YTO NauneHTbl 4OBOJIbHO yA3BMMbI BO BpeEMA onepauunun.

Kog 99: OTBeT OTCYTCTBYET.

Bonpoc 3: BOJIbLUAA OMNMEPALUA

Y naumeHToB MOryT GblTb TPYAHOCTU C NMPUHATUEM MULLM U BOAbI MOCNE onepawlmmn, No3ToMy Um
CTaBSAT KanenbHULY (MHAY3MOHHbIA PacTBOP), KOTOpasi COAEPXKUT BOAY, Caxap U MUHepanbHble
conu. MiHoraa B kanenbHuLy A06aBnstoT aHTUBMOTMKM U TPaHKBUINN3ATOPbI.

C kakow uenbto caxap 4ob6aBnsaoT B KanenbHULY?

A. YT0Obl n3bexkaTb 00e3BoXMBaHUA.
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B. YT06bI KOHTPONUpPOBATL NOCNeonepaUnoHHbie 6onu.

C. Ytobbl Nneuntb NnocneonepaunoHHble MHeKLnn.

D. Yto6bl NpegocTtaBuTh HEOHGXOOUMbIE NUTATENbHbLIE BELLECTBA.
BOJIbLUASA ONEPALUA: OLLEHKA OTBETA HA BOINPOC 3

Omeem npuHumMaemcsi NOJIHOCMbHO

Kog 1: D. YUtoObl NnpegocTaBuTbh HEOOXOANMbIE NUTATENbHbLIE BELLLECTBA.
Omeem He npuHumMaemcsi

Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: BOJIbLWAA ONEPALUA

lMepecagka opraHoB nogpasymMmeBaeT OorblUne Cepbe3Hble onepaunn, KOTopble CTaHOBATCS BCE
Oonee n bonee pacnpocTpaHeHHbIMU. Ha anarpaMmme HuKe JaHO KONMMYEeCcTBO onepauui no
nepecagke opraHoB, npoeaeHHbix B 2003 rogy B ogHon 6onbHuue.

60 ~ 49
50
40 4
30
20" g

10 - 2 2

D_

Konuuyecteo onepauwii
no nepecajke opraHoe

Moykwu MNeyeHs Cepaue Nerkue

[Nepeca>keHHbIA opraH

MoryT nn 6bITb CAeNnaHbl AaHHbIE BbIBOALI HA OCHOBE rpaduka Bbiwe? Obseante «a» unum
«HeT» ans Kaxgoro BbiBOAA.

MoxeT nu 6bITb cCAenaH AaHHbIM BbIBO4 Ha OCHOBe rpadumka? Oa nnn Het?
INpun nepecanke nerkux cepaue Takke HyXXHO nepecaxusaTtb. Oa/Hert
INo4YkM — cambIl rMaBHbBIA OpraH B opraHn3me YerioBeka. Oa/Het
BonbLUMHCTBO NALMEHTOB, NpoLleLllme onepaumio no nepecagke OpraHos, Oa/Hert
cTpaganu ot 3aboneBaHns NOYeEK.

BOJIbLUAA ONEPALUNA: OLUEHKA OTBETA HA BOINPOC 4
Omeem npuHumaemcsi MoJIHOCMbHO
Kog 1: Tpu npaBunbHbIX OTBETA B crieqytowem nopsigke: Het, Het, [a.

Omeem He npuHumMaemcsi
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Kog 0: [pyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 10N: BOJIbLUAA OMNMEPALUA
Hackonbko Bam uHTepecHa criegytowas nHdopmauma?

Ommembme morsbKo 00UH 8apuaHm omeema 6 Kaxxoom psidy.

OueHb CpedHuli
UHMepPEeCcHo UHmMepec

A. VayyeHne Toro, kakum obpasom
WNHCTPYMEHTbI CTEPUNNIYIOTCA

B. lNMonyyeHne nHdopmaumm o
TOM, Kakve Buabl Hapko3a
NCNonb3yTCH

C. NoHumaHue TOoro, Kak
KOHTpONnuMpyeTcsl ypoOBEHb
CO3HaHWSA NauueHTa Bo BpeMs
onepauuu
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KATAIUTUMECKUA HEUTPANTU3ATOP

MHorune coBpeMeHHble MalLlHbl OCHalLlEeHbl KaTarnnTn4ecknm HeIZTpaJ'IVISGTOpOM, KOTOprVI agenaet
BbIXJ1OMHbl€ ra3bl MEHEE BpeaHbIMU O5A nogen n 0|<py>|<a+ou_|,e|?1 cpenbl.

Okono 90% BpeOHbIX ra30B CTAHOBATCA MeHEE BpeaHbIMW. Hwxe npeacrtaBrieHbl HEKOTOpPbIE ras3bl,
KOTOpPbI€ NOCTYNakT B HeVlTpanmsaTop N TO, KaK OHN U3 HEro BbIXOOAT.

Fa3bl Ha Bxoge Fa3bl Ha BbiXoge

Aszor N, Asor N,

Yrnexkcunoiv raz CO; Yrnekcunwivi raz CO;

Boaa (nap) H,O Boaa (nap) H,0

\
Y

------

L ~ Yrapueiiras CO (10%)
YrapHbiii ra3 C% — Tt L o O~ S Yrmexvcwii ras CO; (90%)

Oxucu azota NO, NO; (10%)

Okucum asora

NO, NO;
Azor N; (90%)

Karanuruueckuii HeiAitpanusarop

Bonpoc 1: KATATIMTUMECKUA HEUTPATTU3ATOP

Ncnonb3ys nHgopmaLmio Ha pUCyHke Bbille, NpuBeanTe NPUMepP TOro, Kak KaTanmuTU4ecKkuin
HenTpanusaTop AenaeT BbIXIIOMNHbIE ra3bl MEHEE BPeaHbIMU.

KATAITUTUYECKUA HENTPANU3ATOP: OLIEHKA OTBETA HA BOMNPOC 1
Omeem npuHumaemcsi NosIHOCMbHO

Kog 1: YnoMmuHaeTca nepexon yrapHOro rasa unv OKMcemn asota B Apyrne cCoeanHeHus.
e YrapHblli ra3 NpeBpaLLlaeTCcs B YrNEeKNCIbIN ras.
e Okucn a3oTa nepexodsT B as3oT.
e OH genaet BpeaHble rasbl MmeHee BpegHbiMu. Hanpumep, us CO genaet CO; (90%).
YrnekucnbIv ra3 n asoT He Tak BpeAHbl Kak yrapHbIi ra3 1 ok1ucu asoTa.

Omeem He npuHumMaemcsi

Kog O: [ipyrue otseTsl.
e [a3sbl cTaHOBATCHA MeHee BpeaHbIMM.
e OH ounLaeT yrapHblvi ra3 u okncu asorta. [[IpumeyvaHue; HedocmamoyHO KOHKPemHo.]

Kog 9: OTBeT oTCYTCTBYET.
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Bonpoc 2: KATAIIUTUYECKUA HEUTPAITUSATOP

B kaTtanutuyeckoM HelTpanusaTope ¢ razaMu npomcxoasTt naMeHeHusi. O6bsicHUTE, YTO
NPONCXOAuUT C aTomamu /1 monekynamu.

KATANTUTUYECKUU HEUTPANTU3ATOP: OLIEHKA OTBETA HA BOINPOC 2
Omeem npuHumaemcsi NosIHOCMbHO

Kog 2: BblpaxkeHa BakHasi MbICIb O TOM, YTO aTOMbl NepecTpavBaloTcs Anst popMmnpoBaHms
APYrX MOMeKyr, UCnonb3ytoTcs oba 3TKX Crosa.

e Monekynbl pacnagatoTcsi, U aTOMbl epecTpamBaloTcs Anst POPMUPOBAHUS UHBIX MOSEKYI.
e ATOMbI NepecTpavBaloTCs AN CO34aHUst PYrMx MOMeKyn.

Omeem npuHuUmMaemcs 4acmu4Ho

Kog 1: BblpaxkeHa BakHas MbICfb O NEPECTAHOBKE, HO HE YNOMUHAIOTCS U aTOMbl, U MOFEKYIbI
WJTN He nokasaHa YyeTkasi rpaHuua Mexagy ponsMm atoMoB Y MOSIEKy!.
e ATOMBI nepecTtpanBaroTCcAa And co3gaHna Apyrunx BelecTB.
e Monekynbl npeBpaLLatoTcsa B gpyrne Monekynol.

e ATOMbI 1 MOSeKynbl COEANHSIOTCS U pasaensoTcs Ans Toro, YTobbl cosaaTb bonee 6e3BpenHble
rasbl. [[Tpumeyarue: HedocmamoyHo 06bSCHEHO pasfuyue posieli amomos U MosieKysl.]
e 2(NO,) = N, + 20,.

Omeem He npuHuUmMaemcs

Kog 0: [lpyrue oTBeTHI.
e YINeKnCnbli ra3 npeBpallaeTcs B yrapHbli ras.

e Monekynbl pasnaratoTtcs Ha aTomebl. [[IpumedyaHue: He ykaszaHo, Ymo amombl
nepecmpausaromcs.]

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: KATAITUTUYECKUA HEUTPAJTTU3ATOP

MN3yunTe rasbl, BblensieMble kKaTanutuyeckum HelnTpanusatopoM. KakoBa ogHa 13 npobrem,
KOTOPYIO MHXEHEpPbI U y4eHble, paboTatolme Hag kKaTanuTuYeckuMm HeMTpanm3aTopoMm, AOMKHbI
peLwmnTb, YTOObl OH NPOM3BOAN MEHbLLE BPeaHbIX BbIX/OMHbIX ra3oB?

KATANUTUYECKUA HEUTPANTU3ATOP: OLLEHKA OTBETA HA BOMNPOC 4

Omeem npuHumMmaemecs noJIHOCMbHO

Kog 1: NMoaxogswmne oTBeThl 4OMKHbI ObITh CBA3aHbI C COKpPALLEHNEM KONMYecTBa BpeaHbIX rasos,
nocTynarwLmx B atMmocgepy.
e He Becb yrapHbll ra3 npespaLlaeTcs B yriekucnbln ras.
e HenocTtaTtoyHoe KONMMYECTBO OKMUCEl asoTa nepexoasT B a3orT.
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¢ Hapo yBenuunTb MPOLEHT yrapHOro rasa, KOTOpbI NPeBPaLLAETCs B YITIEKUCTIbIV ra3, 1 NPOLEHT
oKucen a3oTta, KoTopble nepexoasaT B as3oT.
e [lpon3BoaMMbIN YIIEKUCTTLIN ra3 AOMMKeH ObITb CAepXXaH, a He BblAeNneH B aTMocdepy.

Omeem He npuHuMaemcsi

Kog O: [ipyrue otseTbl.
e bonee cnoxHbIli nepexo BpegHbIX ra3oB B MeHee BpeaHble. [Kak MuHuUMym 0OUH 8pedHbIl
8bIX/10MHOU 2a3 dormkeH 6bimb yrioMsHym.]
e  OHM AOMKHbI NOCTapaTbCA COKPaTUTL YMCIO BbiMyCKaeMbIX BPeOHbIX ra3os.
e  OHM JOMKHBI HANTK CNOCO6 MOBTOPHOIO NCMOMNBb30BAHNSA BPEeOHbIX BbIX/IOMHbIX Fa30B.
e OHu pgomkHbl nonpoboBaTh Co34aTh MaLUUHY, KOTOpas €34MT Ha MHOM XXMAKOM TonnuBe.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 10N: KATAJTIMTUMECKUA HEUTPAITU3ATOP
HaCKOJ'IbKO BaM NHTEpPECHAa cne,u,yrou_l,aﬂ VIHCbOpMaU,VIFI?

Ommembme mornbKo 00UH 8apuaHm omeema 8 Kaxoom psidy.

OyeHb CpelHuli lMouymu He

HeuHmepecHo
UHMepecHo UHmMepec UHMepPecHo

A. 3HaHue Toro, kak Buabl
MaLUWMHHOro TOMNMMBa OTNNYatoTCsa
KONM4eCTBOM MPON3BOAMNMBIX
TOKCUYHbIX ra3oB

B. Bonee rny6okoe noHvMaHune
paboTbl KaTanMTUYECKOro
HenTpanuaartopa

C. MNonyyeHue nHdopmaumm o
MaLLWHaXx, KOTOpble HE BbIAENAOT
TOKCWYHbIE BbIXJIOMHbIE rasbl
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PUCK ANA 300POBbA?

npeﬂ,CTaBbTe, YTO Bbl )KUBETE pAAOM C OonbLINM XMMUYECKNM 3aBO4OM, KOTOprVI npon3sognT
CEeNbCKOXO3SANCTBEHHbIE y/:|,06peH|/|;|. B nocneaHue roabl ObINO HECKOIBbKO cny4aes, Korga nogn
Ha OaHHOW TeppuUTopun ctpaganum ot AlnTesibHbIX npo6neM C AblxaHneM. MHorme mecTtHble
CHMTAKT, YTO BCE CUMMIMTOMbI Bbl3BaHbl BblAelIEHNEM TOKCUYHbIX ra3oB C 3aBOa.

Bbino nposeneHo obLecTBEHHOE 3aceaHne C Liernbto 060y>KLI,eHI/IF| BO3MOXXHOI OMNacCHOCTH
XMMUYECKOro 3aBoda ana 34opoBbA MECTHbIX Xutenen. YyeHsle caenanu crnegyrouimne 3asaBneHnA.

3asienieHue Y4Y€eHbIX, npedcmaenmotuux UHmMepechbl XumMmu4eCcKoaco 3aso0a

«MbI usydunu mokcu4Hocmsb ro4vebl Ha daHHoU meppumopuu. Mbr He o6Hapyxusnu HU eOUHO20
crneda MoKcu4ecKux sewecms 8 omobpaHHbIX obpasyax».

3asienieHue y4eHbIx, npedcmaesnisiiou,ux UHmepecbl 06eCrnoKOeHHbIX 2paX0aH

«MbiI paccmMompernu HeCKobKO criydaes 0numeribHbIX npobnem ¢ ObixaHueM Ha daHHOU
meppumopuu U cpasHusiu ux ¢ nodobHbIMU criydasmu y nirodel, npoxusaruux Ha
meppumopuu, pacronoxeHHoU gdarieke om xumMu4ecko2o 3asoda. MIHUudeHmos ¢
3aboneesaHUsIMU HaMHO20 6osibwe Ha nNPUbAUXeHHOU meppumopuu.

Bonpoc 1: PUCK ANA 30OPOBbA?

Bnageneuy xmmmn4eckoro 3aBoga Mcnosib3oBar 3asiBfieHMe yYeHbIX ero 3aBoga Aans Toro, Ytoobl
NOATBEPAUTL, YTO «BbIXIOMHbIE radbl C 3aBO4a He ABMNAITCHA PUCKOM AN 300POBbS MECTHbIX
XUtenem.

anIBe,D,I/ITe OA4HO AoKa3aTesibCTBO, MOMUNMO YXXe MMeloLerocqa 3adaBrieHna y4eHblix,
npeacrtaBnAarWLnNX MHTEPECHI 00€eCMnOKOEHHbIX rpaxnad, nogseprarowee COMHEHUIK TOT CbaKT,
YTO 3adBlieHMe y4eHblX 3aBoda noarBepXXagaeT aprymeHT Blagesbla.

PUCK OANA 300POBbA?: OLUEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi NoJIHOCMbO

Kog 1: daHo noaxoasiwee o60CHOBaHME, NOABEPrarLlee COMHEHNIO TOT akT, YTO 3asiBlieHne
y4YeHbIX, NpeacTaBnsAoLWmMX MHTEPECHI 3aBoAa, NOATBEPXKOAET apryMeHT BnagesnbLa.
o Bel.l.l,eCTBO, Bbl3blBawLLEeE I'IpO6J'IeMbI C AbIXaHeM, MOrno He paccMaTpuBaTbCA KakK TOKCUYHOE.
o |_|pO6J'IeMbI C AblXaHWeM Mornu ObITb Bbl3BaHbl XMMUKaTaMu B BO34yXe, a He B Nno4Bse.
e TOKCUYHbIE BelwecTtBa MoryTt VI3MeHFITbCFI/paCI'Ia£I,aTbCFI B Te4eHne BpeMeHN N NOABIIATLCA B

Ka4vecTBe HETOKCUYHbIX BeLWeCTB B No4Be.

e Henb3a 6bITb NONHOCTbLIO YBEPEHHbIM, 4YTO 06p83Ll,bI npeacTtaendar0T BCKO JAaHHYKO TEPPUTOPUIO.
e Tak Kak KoMnaHua nNnaTuTt Y4YEeHbIM.
e YyeHble 60anUCb NOTEPATL CBOKO paboTy.

Omeem He npuHumMaemcsi
Kog O: [ipyrue otseTsl.

Kog 9: OTBeT OTCYTCTBYET.
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Bonpoc 3: PUCK AJ1A 30OPOBbA?

YyeHble, npeacraBndrone NMHTepechl 06€ECMNOKOEHHbIX rpaxanaH, cpaBHWUITN KOJTMYECTBO
OOoNroBpeMeHHbIX np06r|eM C ObIXaHnem y niogen, npoXxuneBarwLWmnx y XuMmn4eCckoro sasoaa, C
JII0AbMW Ha oTAalneHHbIX OT 3aBo4a TEPPUTOPUAX.

OnuwnTe 0OHO pasnuyne Mexay AByMS TEPPUTOPUSIMI, KOTOPOE MOXKET NokasaTb, YTO CpaBHEHMEe
He BbINIo AocTaTO4YHO OBOCHOBAHHBLIM.

PUCK OJ1A 300POBbA?: OLUIEHKA OTBETA HA BOMNPOC 3
Omeem npuHumMaemecs noJIHoCMbHO

Kog 1: OTBeTbI A0MKHbBI ObITb COCPEAOTOYEHBI HA BO3MOXHbIX BaXKHbIX PA3NUYMaX Mexay
nuccrnegyemMbiMn TEPPUTOPUAMMU.
e KonuuecTso ntogewn Ha OBYX TEPPUTOPUAX MOXKET ObITb Pa3HbIM.
e Ha ogHown TeppuTopun MoxeT BbiTb Gonee kayecTBEHHOE MeauLMHCKoe obCcnyXnsaHme.
e Ha gByx TepputopusaX MOXeET ObITb pa3HOEe COOTHOLLEHME MOXMUITbIX N0AEN.
e Ha pgpyron Tepputopun MoryT 6biTb Apyrue 3arpsa3HUTENM BO3ayxa.

Omeem He npuHuMaemcsi

Kog O: [ipyrue oteeTbl.
e Paznunuusa Mexay TepputopmamMn MoryTt ObITb 3HAYUTENBbHBIMMU.

Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 10N: PUCK OJ1 30OPOBbA?
Hackonbko BaM MHTEpeCcHa crieaytowas nHpopmauma?

Ommembme morsnbKo 00UH 8apuaHm omeema 6 Kaxxoom psoy.

OueHb CpedHuli lNoymu He

HeuHmepecHo
UHMepPEeCcHo UHmMepec UHMepPEeCHo

A. MonyyeHne 6onee rny6oknx
3HAHMN O XMMUYECKOM COCTaBe
CEeNbCKOX03SMCTBEHHbIX
yaobpeHun

B. NoHumaHue Toro, 4to
NPOMCXOANT C TOKCUYHBLIMU
rasamu, BblaensseMbiMu B
aTtmocepy

C. N3yyeHne pecnmpaTopHbIX
3aboneBaHui, KOTOpble MOTyT
ObITb BbI3BaHbl XMMUYECKNMMN
BblGpocamu
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NMPOXOXAEHUE BEHEPbLI MO ANCKY COJIHLUA

8 ntoHs 2004 roga mbl MOrnv HabnwaaTk, kak NnaHeTa BeHepa npoxoanT nepea ConHueMm, 4To
ObINO BMAHO BO MHOMMX MecTax Ha 3emrie. [laHHOe sIBNeHME Ha3blBAETCS «MPOXOXKAEHNEMY
BeHepbl 1 cnyyaeTcs, korga ee opbuta HaxoguTca mexay ConHuem n 3emnen. MNpegpiaywee
npoxoxaeHne BeHepbl nponsowro B 1882 rogy, a crneayouiee nporHo3npyeTcs Ha 2012 rog.

Hwke npeactaBneHo nsobpaxeHue npoxoxaeHus BeHepol no gucky ConHua B 2004 roay.
Teneckon 661N HanpaeneH Ha ConHue, a n3obpaxeHne ObINO CNpPoeunpoBaHo Ha Genyto KapTy.

[MoBepxHOCTb ConHua

BeHepa ——

Bonpoc 1: MPOXOXAEHWE BEHEPbLI NO AUCKY COJIHLIA

MoyeMy HabnoaeHNe 3a NPOXOXAEHNEM OCYLLECTBIIANOCH NOCPEACTBOM MPOELMPOBAHUS
n3obpaxxeHns Ha 6enyto KapTy, a He Yepes NpsiMoe HabroaeHne Yepes Teneckon?

A. Cget ConHua 6b1T CULLIKOM SIPKUM 4181 Toro, YToObl pasrnsgets BeHepy.

B. ConHue n Tak goctaTtodHo 60nbLLOe, MO3TOMY €ro0 MOXHO YBMAETb 6€3 yBENn4eHus.
C. Habnioaenune 3a ConHueM Yepes Terneckon MoXeT HaBpeauThb rnasam.

D. W3o6paxeHne Hy>XHO ObINo yMEHbLUWUTL NyTEM ero NpoeLMpoBaHnNst Ha KapTy.
NPOXOXAOEHME BEHEPbLI NO OUCKY COJTHLUA: OLUEHKA OTBETA HA BOIMNPOC 1
Omeem npuHUMaemcsi MoJIHOCMbHO

Koa 1: C. HabntogeHne 3a ConHueM 4Yepes Teneckon MoXeT HaBpeauTb rnasam.
Omeem He npuHumaemcsi

Kog O: [pyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: MPOXOXAEHWE BEHEPbI MO ANCKY COJIHLA

MpoxoxaeHue no gucky ConHua Kakow M3 criefyroLwmx nraHeT MoXHO HabnoaaTtb ¢ 3eMnu B
HEeKOTopble NPOMEXYTKN BPeMeHN?

A. Mepkypuin
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B. Mapc

C. HOnutep

D. CartypH

NMPOXOXAEHWUE BEHEPDLI MO AUCKY COJTHUA: OLUEHKA OTBETA HA BOIPOC 2
Omeem npuHUMaemcsi MoJIHOCMbHO

Kog 1: A. Mepkypuii

Omeem He npuHumaemcsi

Kog O: [ipyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: MPOXOXXAOEHUE BEHEPbLI MO OUCKY COJIMHLUA
Heckonbko croB 6binun NoA4YepKHYThI B CNEAYoLWEeM YTBEPXKAEHUMN.

ACTPOHOMbI NpeAckasbIBaoT, YTO, KaK ye nokasan HenTyH, npoxoxaeHne CaTypHa BOOMb
nosepxHocTn CosHua NPoM30MaeT No3xe B HalleM BEKe.

Kakve Tpu 13 nogyepkHyTbiX cnoB 6yayT Hanbonee nonesHoiMu nNpu VIHTEpHET-Noncke nnm npu
noucke B GubnunoTeke AN HaXoXaeHus MHOpPMaL MM O TOM, Korga Npon3onaeT 4aHHoe
npoxoxageHne?

NPOXOXAEHMUE BEHEPbI MO AUCKY COJIHLA: OLEHKA OTBETA HA BOIPOC 4
Omeem nmpuHumMaemecs noJIHOCMbHO

Kog 1: OTBeTbI, KOTOPbIE COAePXaT TONbKO CrioBa npoxoxaeHne/HentyH/CaTtypH.
e CartypHa/HenTyH/npoxoxaeHue.

Omeem He npuHuUMaemcs

Koa 0: [pyrue oTBeThIl, BKIOYada Te, KOTopble cogepXaT 4 crosa.
o [lpoxoxaeHue/CatypHa/ConHua/HenTyH.
e AcTtpoHoMbl/npoxoxaeHue/CatypHa/HenTyH.

Kog 9: OTBeT oTCYTCTBYET.
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TECTO

YUTtobbl caenaTb TecTo Ansa xneba, nosap
CMeLLMBaeT MyKy, BoAy, COfb 1 apoxoku. MNMocne
CMeLLMBaHMA TECTO NOMELLAETCHA B KOHTENHEP Ha
HEeCKONbKO YacoB 1A 3anycka npowecca
OpoxeHus. B npouecce 6poxeHns B Tecte
NPOUCXOOUT XMMUYECKOE N3MEHEHME: OPOXOKM
(oOgHOKNETOYHbIE rPUOLI) MOMOoratT
TpaHCOPMUPOBATL Kpaxmar 1 caxap B Myke B
YrNEeKNUCHbIN ra3 1 ankorosb.

Bonpoc 1: TECTO

BpoxeHune aBnseTca NPUYMHOM NOAHATMA TecTa. [louemy TeCcTo nogHUMaeTca?

A. TecTo nogHMmaeTcs, NOTOMY YTO NPOM3BOAMTCS ankorornb U NpeBpaLlaeTcs B ras.
B. TecTto nogHMmaeTcsi, NOTOMY YTO B HEM Pa3MHOXAKTCA OOQHOKETOUHbIE FPUObI.
C. TecTto nogHMmaeTcs, NOTOMY YTO B HEM BblpabaTbiBaeTCA YrnekUcnbil ras.

D. Tecto nogHumaeTcs, NOToMy 4YTO BpoXXeHne npesBpallaeT Bogy B nap.

TECTO: OUEHKA OTBETA HA BOINPOC 1

Omeem npuHumaemcsi NosIHOCMbHO

Kog 1: C. TecTto nogHumMaeTcs, NOTOMY YTO B HEM BblpabaTbiBaeTCs yriekncnbln ras.
Omeem He npuHumMaemcs

Kog 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: TECTO

L-Iepe3 HEeCKOJ1IbKO 4YacoB nocrie 3amMellnBaHnga Tecta noBap B3BelLWMBAET €ro n BuguUT, YTo €ero Bec
YMEHbLUUICA.

Bec TecTa oaMHaKkoB B Ha4arne Kaxaoro U3 YeTblpex 3KCNEPUMEHTOB, NOKa3aHHbIX Hxe. Kakue
ABa 3KCNepyMeHTa NoBap OOMMKEH CPaBHWUTL AJ1si IPOBEPKU TOro, ABMSOTCSA NV BPOXKN
NPUYMHON YyMEHbLLEHNS Beca?
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/_Eﬂ— Mpobka

—— KoHTeunHep
Myka, BoAa,
COJlb €
OXCKaMu
Bechl AP
IKcnepumeHT 1
OTKpbITbIN
KOHTeuHep
Myka, BoAa,
AP OXCKaMm
Becnl

SKcnepuMeHT 3

[MoBap OOMKEH CPaBHUTL IKCNEPUMEHTLI 1 1 2.
lMoBap AOMKEH CpaBHUTbL AKCNEPUMEHTLI 1 1 3.

MoBap OOMKEH CPaBHUTb SKCNIEPUMEHTLI 2 1 4.

oo W »

MoBap JoMmKeH CpaBHUTb AKCNEPUMEHTLI 3 U 4.
TECTO: OLLEHKA OTBETA HA BONPOC 2

Omeem npuHUMaemcsi MoJIHOCMbHO

Koa 1: D. lNoBap goomKkeH cpaBHUTb 3KCNepuMeHThbl 3 n 4
Omeem He npuHumaemcs

Kog O: dpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: TECTO

/_Dj— Mpobka

—— KoHTevnHep
Myka,
cosb 6es
Bechl ApOXOKei
3KcnepMMeHT 2
OTKpbITbIN
KOHTelHep
Myka, BoAaa,

Bechbil

APOXCKEN

SKcnepumMeHT 4

B TecTe Apoxckm noMoratoT TpaHcopMupoBaTth Kpaxman u caxap B Myke. [poucxoaut
XMMmuyeckasa peakund, BO BpeMsi KOTOPON hOpMUPYIOTCS YINEKUCNbIN ra3 N ankororeb.

OTKyaa BO3HMKaOT aTOMbI Yrrepoaa, KoTopble CoAepXaTcs B YrNeKUCrioM rase v ankorone?
O6Beante «Hda» unun «HeT» ons kaxaoro u3 cnegyowmnx BO3MOXHbLIX 0O bACHEHWA.
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sABnseTca nu AaHHOe 06 bACHEeHMEe OTBETOM Ha BOMpPOC: OTKyAa
BO3HUKAKOT aTOMbI yrnepoaa, Kotopble cogepXatcd B Oa vwnu Het?
yrnekKucrnom rase n ankorone?

HekoTopble aToMbI yriepoga BO3HUKAKOT U3 caxapa. Oa/Het
HekoTopble aToMbl yrinepoga sBASTCA YacTblo MOSIEKYST COMN. Oa/Het
HekoTopble aToMbI yriepoga BO3HUKaOT U3 BOAbI. Oa/Het

TECTO: OLLEHKA OTBETA HA BOINPOC 3

Omeem npuHumMaemcsi NOIHOCMbIO

Kog 1: Tpu npaBunbHbIX OTBETA B criegytowlem nopsake: da, Het, Her.
Omeem He npuHumaemcsi

Kog 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: TECTO

Korga noaHsaToe (3abpoamBliee) TECTO MOMELL AT B AYXOBKY AN BbINEKaHWs, CKOMMEHWS ra3os u
napoB B TecTe yBenuuMBaloTCs B pa3mepe.

Moyemy ckonneHus ra3oB U NapoB YBENNYMBAIOTCH NPU HarpeBaHum?
A. WNx monekynbl cTaHOBATCA BornbLue.

B. Wx monekynbl gBuratotca ObicTpee.

C. Yucno nx monekyn ysennymsaeTcs.

D. Wx monekynbl pexe cTankmpatoTcs.

TECTO: OLIEHKA OTBETA HA BOINPOC 4

Omeem npuHumaemcsi NOJIHOCMbIO

Kog 1: B. X monekynbl asuratotca boicTpee.

Omeem He npuHuUMaemcs

Koa 0: [pyrve oTBeTHI.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 10S: TECTO

Hackonbko Bbl cornacHbl Co CreayloLwmnmM yTBepxaeHnem?

Ommembme morsnbKo 00UH 8apuaHm omeema 8 Kaxxaom psoy.
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A. A 661 6onblie nonarancs(aco)
Ha Hay4HbIA AoKnag, a He Ha
06bSACHEHME YMEHbLLEHMS Beca
TecTa, AaHHOE Nekapem

B. Xumunyeckuin aHanus — ny4winm
cnocob onpeaenuTb NPOAYKTI
OpoxeHns

C. NccnepoBaHne nameHeHun,
NPOUCXOASALLNX NPU
NPUroTOBNEHUN eapbl,
[EeNCTBUTENbHO BaXXHO

OyeHb
UHMEpPECHO
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aBonunA

Ha cerogHsaWHWI AeHb OONbLUNHCTBO nowagen HaxogaTcs

B XopoLwemM COCTOAHUN U MOryT Oeratb OENCTBUTENBHO

ObICTpO.

YyeHble o6Hapy>|<|/|r|V| OKaMeHerlble CKeJleTbl X)KUBOTHbIX,
HanoMuHarowmx nowagen. OHM cUUTaOT KX npeakamMmu

COBpPEMEHHDbIX nowagen. Y4eHblMun Takke Obin onpeageneH

nepunoa Xn3HuM gaHHbIX XNBOTHbIX.

Tabnuua Hke NpeaocTaBnsieT MHOPMaLMIO O TPeX NpeacTaBUTENsIX JaHHbIX OKaMEHEeNoCTeEN K
O COBPEMEHHON noLwlagu.

HA3BAHWE COBPEMEHHAA
VBOTHOTO: MPAKOTEPUWM | ME3OTUMMYCHLI | MEPUTUMNMYCbI NOWALb
MNepuvoa 55-50 39-31 MnnnunoH 19-11 MunnmoHoB 2 MUNNMOHa net
MWMNIMOHOB neT Hasag — HaLwn
CyLLeCTBOBaHUS: net Hasag JNeT Hasap,
Hasag OHU

CkeneT Horu (TOT
Xe macwTab):

Bonpoc 1: 3BONOLNA

Kakas nHpopmaums B Tabnuue SBNSeTCa OCHOBATENbHbLIM A0Ka3aTeNbCTBOM TOr0, YTO
COBpPEMEHHbIe NoLwaan NPOM30LLIM OT TPEX YKa3aHHbIX XUBOTHbIX?




3IBONIOUNA: OLEHKA OTBETA HA BOINPOC 1
Omeem npuHuMaemcsi NOJIHOCMbHO

Kog 1: OTBeThI, KOTOPbIE 3aTparMBaloT NOCTENEHHOE U3MEHEHWE (Pa3BUTNE) CTPYKTYPbI cKeneTa
HOM C Te4EeHUEM BpEMEHMN.
e (CkeneTbl HOrM AOCTAaTOYHO MOXOXW, OHWU NOCTENEHHO N3MEHUITUCD.
e [lanbubl cpocnnckb B nepuog 55-2 munnuoHa net Hasag,.
e KonnyecTtBo NanbLeB COKpaTUIIOCh.

Omeem He npuHumMaemcsi

Kog 0: dpyrue oTBeTHI.
e Hora nsmenunace. [[lpumeyvarHue; HedocmamoyHO MoyYHo.]
e OHwu HasbiBatoTCA [Unmycsl.

e [eHeTnyeckne MyTaumu Bbi3Banu TpaHcopmauum. [[lIpumevaHue: BepHo, HO He sensiemcsi
omeemom Ha 80r1poc.]

o Koctn Hor noxoxwu. [[IpumeyaHue: Heobxodumo yrnomMsiHymb Uiu HaMeKHymMb Ha
«rocmerneHHoe UsMeHeHue».|

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: 3BOJIIOLIUA

Kakue nocriegytoLume nccrnegoBaHns MoryT ObiTb NPOBEAEHbI ANS OnpeaeneHust Toro, Kak nowaam
pa3BMBanunCb C Te4EHNEM BPEMEHN?

O6eeaute «Ja» unn «HeT» anga Kaxxgoro n3 crieayroLwmnx BO3MOXHbBIX 06 bACHEHNIA.

[aHHble nccnegoBaHUA NOMOryT B onpeaeneHnn pa3BuTus

. a unum Het?
nowageun ¢ Te4eHnem BpemMeHun? a

CpaBHeHue ymcna nowagen, XnByLUnMxX B pasnuyHble nepuogbl. Ja/ Het

Mounck ckeneTos, npuHaaneXxawunx npegkam nowaan, KoTopble XXUin

50-40 MUNNMOHOB NeT Ha3ag. Na / Het

9BONOUNA: OLEHKA OTBETA HA BOINPOC 2

Omeem npuHumMaemcsi NOIHOCMbHO

Kog 1: [1Ba npaBunbHbIX OTBETA B cneaytoilem nopsaake: Het, da.
Omeem He npuHuUMaemcs

Koa 0: [pyrme oTBeTHI.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 3: 3BOTIOLINA
Kakoe 13 ytBepxaeHuin B HamborbLUen cTeneHy NPUMEHNMO K Hay4HOW Teopun 3Boniounun?

A. TeOpI/IFI ABIAeTCcd MaJ'IOBepOFITHOIZ, TaK Kak HeBO3MOXHO OTClneanTb naMmeHeHne BNaoB.
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B. Teopus aBonoLumM BO3MOXKHA ANS1 )KUBOTHbIX, HO HE NPUMEHUMA K NIoAAM.

C. 3BOJ'I}OLI,I/IFI — 3TO Hay4HadA Teopud, KOTopasd B Hactodlee BpemMma CTPOUTCA Ha
MHOTOYUNCI1IEHHbIX JOKa3aTesibCTBax.

D. 3Bontouna — ato Teopud, KoTopasd Obina OOKa3aHa C NoMoOLW b Hay4YHbIX 3KCNEepUMEHTOB.

3IBOJIOUNA: OLEHKA OTBETA HA BOINPOC 3

Omeem npuHumaemcsi NOJIHOCMbHO

Kog 1: C. OBontoumsa — 370 HayvHasi Teopust, KOTopasi B HacTosiLLee BpeMsi CTPOUTCS Ha

MHOrOYMCMEHHbIX foKa3aTenbCcTBax.
Omeem He npuHuUmMaemcs
Kog O: [ipyrue otseTbl.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 10N: 9BONKOUUA
Hackonbko Bam MHTEpecHa crneaytoLiast tHpopmauma?

Ommembme mornbKo 00UH 8apuaHm omeema 8 Kaxxoom psdy.

OyeHb CpelHuli lMouymu He
UHMEpPECHO uHmepec UHMepPEeCHO

A. 3HaHue Toro, Kak onpenennTb n
0OHapyXuTb OKAMEHENOCTH

B. bonee rnybokoe nsy4eHve
TEeopumn 3BOMOLMN

C. Nyywee noHnMmaHwe 3BoMOLNN
COBPEMEHHOM foLagmn
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BIIECK ONA TYB

Ta6n|/|ua HXXe COOEPXUT ABa pa3HbIX peuenTa Ard KOCMeTUKU, KOTOPYHO Bbl MOXETEe caeraTtb
camMn.

'ybHast nomaga TBepxxe Markoro 6necka onsa ryo6.

Bneck ansa ry6 lybHas nomapa
UHrpeaueHTbl: UHrpeguneHTbI:
5 r kacTopoBoro macna 5 r kacTopoBoro macna
0,2 r n4yennHoro Bocka 1 r n4enmnHoro Bocka
0,2 r nanbMOBOIro BocKa 1 r nanbMoOBOro Bocka
1 yanHas noxka Kpacutens 1 yanHas noxka Kpacurtens
1 kannsi BKycoBbIX 406aBOK 1 kanns BKycOBbIX 406aBOK
UHcTpyKUMK: UHcTpyKunK:
HarpeBanTe macno 1 BOCK B KOHTENHEpE, HarpeBalTe Macno 1 BOCK B KOHTENHepE,
pa3meLleHHOM B ropsidyen soae, 4o pasMeLLleHHOM B ropsiden Boge, 4o
NnosTly4eHust oqHOPOAHOM cmecn. 3aTemM Nnony4YyeHnst ogHOPOA4HOM cmecu. 3aTemM
nobaBbTe KpacuTenb 1 BKycoBble obaBkm U | Ao6aBbTe KpacuTernb 1 BKYCOBble A06aBKN K
nepemeLlanTe. nepemeLlanTe.

Bonpoc 1: BJIECK OJ1A I'YB

B npouecce npurotoBneHnsa 6necka ana ryé v rybHom nomagbl CMELLMBAKOT Macrio U BOCK.
Kpacutenb 1 BKycoBble oOaBku 4ODABNSOTCA MO3XKeE.

'yGHas nomaga, co3gaHHas no peuenTy, AOBOSbHO TSXKEnas v CroXHa B ncnornb3oBaHun. Kak 6ol
Bbl UI3MEHUITM NPOMNOPLUN UHIPEONEHTOB, YTOObLI caenath ryoHyo nomagy 6onee Msirkon u
nerkon?

BJIECK ANA ryb: OLLEHKA OTBETA HA BOINPOC 1
Omeem npuHumaemcsi NosIHOCMbIO

Kog 1: OTBeThI, yKa3biBaloLne Ha UCMNOnb3oBaHNe MeHbLuero konuvectasa Bocka /NI 6onbluero
KonnyectBa macna.
e MoXHO ncnonb3oBaTb HEMHOIO MEHbLLE MYENNHOro U NanbMOBOro BOCKA.
e [lo6aButb 6onblUe KaCTOPOBOro Macna.
e [loGaBuTb 7 r macna.

Omeem He npuHumMaemcsi

Kog O: [ipyrue otseTbl.
e HarpeaTtb cMecb gornblue, YTobbl CMSAMYUTL €e.
e He HarpeBaTb BOCK Tak cuUnbHoO. [B 8onpoce cripawusaemcs 06 UaMeHeHuUU npornopyul
uHepedueHmos.]
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Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 2: BJIECK ANA rybe

Macna 1 Bock — BelecTBa, KOTopble XOpoLIo cMellmBatoTcs. Macna He cmewmnBaloTcsa ¢ BOAOW, a
BOCK He pacTBOpPSETCS B BOAE.

Uto 13 cnepgytoLero NnpomM3onaeT ¢ 6onbLlen BEpPOSTHOCTLIO, ecnin ob6aBuTb 6osbLioe
KONM4YecTBO BOAbl B CMeChb rybHOM noMaabl BO BpEMS ee HarpeBaHusa?

A. Tlonyuntca 6onee nerkas n Markas CMecb.

B. Cmechb cTaHeT TBepxe.

C. Cwmecb egBa N noMeHseTcs..

D. MacnsaHucTble Kycku cmecu OyayT nnaBaTb Ha Bode.
BNECK ONnA rys: OUEHKA OTBETA HA BONPOC 2
Omeem npuHuUmMaemcsi NosIHOCMbHO

Kog 1: D. MacnsaHucTble Kyckun cmecu 6yayT nnaeaTtb Ha Boae.
Omeem He npuHumaemcs

Kog 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: BJIECK OANA ryb

Mpn ncnonb3oBaHMM BELLECTB, Ha3blBaEMbIX 3MyJibraTopamMu, Macna 1 BOCK MOryT CMEeLUMBaTLCS
C BOOOWM 4OCTaTOYHO XOPOLLO.

MouyemMy MbINO 1 Boga yaansawoT ryoHyto nomaay?

A. Bopga cogepXut amynbratop, KOTOpbI NO3BONSAET Mbly 1 r'yGHON NnomMage cMeLumBaTbCA.
B. MbIno gencreyeT Kak aMynbratop 1 No3BonseT Boge 1 rybHom nomage cMelmBaThCs.

C. Owmynberatopsbl B rybHON nomMage No3BOMSOT Mblfly U BOAE CMeLUMBaTbLCS.
D

Mbirio 1 rybHas nomaga cmelumBatoTcsa Ang opMUpoBaHnsa aMynbratopa, KoTopbin
CMeLLUnBaeTCcs ¢ BOOOW.

BNECK ONA ryg: OUEHKA OTBETA HA BOMNPOC 3

Omeem npuHUMaemcsi NoJIHOCMbHO

Kog 1: B. Mbino gencreyeT kak aMmynbratop v no3sonseT Boge v rybHor nomage cMelwmnBaThCs.
Omeem He npuHumaemcs

Kog O: [ipyrue otseTsl.

Kog 9: OTBeT OTCYTCTBYET.
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YINIbTPA3BYK

Bo MHormx ctpaHax MoXHO Nony4nTb n3obpaxeHne nnoga (passuBatoLLerocs pebeHka) npu
NMOMOLLM YNbTPa3BYKOBOM BM3yanu3auun (axorpadun). YnbTpassyk cumtaeTcss 6e3onacHbiM Kak
Ans maTtepu, Tak 1 ans nnoga.

o :.:l..

Bpay oepxuT gatyumk u ABUraeT ero no X1MBOTY MaTepu. YNbTpa3ByKOBbIE BOJHbI NEPESAOTCS B
XMBOT. BHYTpM XMBOTa OHU OTpaXarTCs OT MOBEPXHOCTM 3apoAbilla. TN OTpaxaemble BOSMHbI
BHOBb MOrMOLLAKTCS 4AaTYMKOM M TPAHCIMPYIOTCS Ha MallnHE, KOTopasi BOCNPOU3BOAUT
n3obpaxxeHue.

Bonpoc 3: YIIbTPA3BYK

[na dbopmmpoBaHus M306paxeHus yrbTpa3ByKoBasi MallMHa AOSKHA NoACYMTaTh pacCcTosiHUe
MeXay NNoAoM U 4aTYMKOM.

YnbTpa3ByKoBble BOSHbI NPOXOAST CKBO3b XXUBOT CO CKOpOCTbio 1540 M/c. Kakne namepeHuns
MallVHa OOSMKHA OCYLLECTBUTL Af19 pacdeTa pacCcToSHUNA?

YNbTPA3BYK: OLUEHKA OTBETA HA BOINPOC 3
Omeem npuHumaemcsi NOIHOCMbO

Kog 1: OHa gormkHa nsmeputb BpeMs, 3aTpayeHHoe yrbTPa3ByKOBOW BOSIHOW, HA MPOXOXAEHME
paccTosiHMSA OT 30HA4A A0 MOBEPXHOCTU 3apoabia n obpaTHO.
e Bpems npoxoxaeHus BOSHbI.
e Bpewms.
e Bpems. PacctosiHue = ckopocTb/BpeMs. [[pumeyaHue: Xoms ¢bopmyrna HernpasgusibHasl,
yqawudcsi npasusibHO onpederiun «8pPeMsi» Kak Omcymcmeyrouyro rnepemMeHHy.|
e OHa JomKHa BbIYMCNUTD, KOraa ynbTpasByk oGHapyxun pebeHka.

Omeem He npuHumaemcsi

Kog O: [pyrue oteeTbl.
e PaccrtosHue.

Kog 9: OTBeT OTCYTCTBYET.
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Bonpoc 4: YIIbTPA3BYK

l/I306pa>|<eHV|e nnoga Moxet ObITb TaKke nony4eHo npu ncnosfib3oBaHNM peHTreHOBCKOro
N3nyvyeHuns. OD,HaKO XEeHLWHnHaM COBETYIOT nsberatb PEeHTreHa XXxmBoTa BO BpeEMA 6epeMeHHOCTVI.

MoyeMy XeHLMHaM 0COBEeHHO CTOUT n3beraTb PEHTIEHOBCKOIo N3nyyYeHns obnactu XusoTa Bo
Bpemsi 6epeMeHHOCTN?

YNbTPA3BYK: OLUEHKA OTBETA HA BOINPOC 4
Omeem npuHumaemcsi NoIHOCMbHO

Kog 1: PeHTreHOBCKME Nnyyu BpeLHbl A4N4 nnoja.
e PeHTreHoBCKMe nyyun NoBpexaatoT nnoga.
e PeHTreHoBsckune JIy4n MOryT BbIi3BaTb MyTauuio nioga.
e PeHTreHoBckMe nyyYn MOryT Bbi3BaTb BPOXAEHHbIE AedeKTbl Y nnoga.
e [loTomy 4TO pebeHoK MOXEeT NOABEPTrHYTLCS pagnaumn.

Omeem He npuHumaemcs

Kog 0: [lpyrue oTBeTHI.

e PeHTreH He faeT sicHoe n3obpaxeHune nnoga.

e PeHTreH BblgenseT paguaumio.

e PebGeHok MoXeT npuobpectn cuHapom [ayHa.

e Papavauum BpegHa. [[lpumeyaHue: 3mozo Hedocmamoy4yHo. Bo3moxHbil eped Onsi noda
(pebeHka) domxeH bbimb yrnoMsiHym si8HbIM 06pasom. ]

e Jlyun MoryT 3aTpyaHWUTb nocreayroLyto 6epeMeHHocTb. [lIpumedaHue: Omo npuduHa
usbezaHusi Ype3amepHoO20 8030elicmeusi PEHM2EHOBCKUX flydell 8 uesiom.]

Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 5: YIIbTPA3BYK

MoryT nn ynbTpasByKoBble UCCrefoBaHMA GepeMEHHbIX XXEHLUMH AaTb OTBETHI HA crieayoLwme
Bonpocbkl? O6BeguTe «da» nnun «Het» ansa kaxgoro U3 cregylowmx BONPOCOB.

MoryT nu ynbTpa3ByKOBble UccrnenoBaHusi 6epeMeHHbIX Oa nnu Het?
XXEHLWMH AaTb OTBETbI Ha cneaylowme BONpochl?

>KeHwuHa 6epeMeHHa HECKONMbKMMU OeTbMIN? Ha/ Hert
Kakoro upeTta rnasa pebeHka? Oa/Het
PebeHok npaBunbHoOro pasvepa? Oa/ Het

YNIbTPA3BYK: OLUEHKA OTBETA HA BOINPOC 5
Omeem npuHumaemcsi No0sIHOCMbHO

Kog 1: Tpu npaBunbHbIX OTBETA B crneaylowem nopsake: Aa, Hert, da.
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Omeem He npuHuUmMaemcs
Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 10N: YIIbTPA3BYK
Hackonbko Bam uHTEpecHa crneayoLiast tHpopmauma?

Ommembme morsnbKo 00UH 8apuaHm omeema 8 Kaxaom psidy.

OueHb CpedHuli
UHMepPEeCHo UHmMepec

A. loHnmaHue Toro, Kak
yNbTpasBYK MPOHUKAET B TENO, He
NpUYMHAS eMy Bpeaa

B. Bonee rny6okoe nsyyeHue
pasH1Lbl Mexay PeHTreHOM 1
yNbTpPa3ByKOM

C. MNony4yeHune 3HaHUN O OpYyrnx
MEANLUNHCKUX MPUMEHEHNSX
ynbTpasByKa
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3BE30HbIUA CBET N

Poma no6ut cmoTtpeTb Ha 3Be3abl. OfHaKo OH He MOXeT HabnaaTh 3a

3Be34amMu B NOSTHOM Mepe, TakK Kak OH XMBET B ©onbLiom ropoae. St &

B npowriom rogy Poma noexan B AepeBHIO, rae snuaesn orpoMmHoe
KOnmn4ecTtBO 3BE3, KOTOPbIX OH HE BMUAEN B ropoae.

Bonpoc 1: 3BE3[HbIA CBET
Mouemy B oepeBHe BMAHO HaMHOro b6ornbLue 3Be34, YeM B 6onbLUnX ropogax?
A. JlyHa spye B ropogax, U OHa nepekpbiBaeT CBET OT MHOIMX 3BE3A.

B. B Bo3gyxe B AepeBHSIX HAMHOMO 60rblUe NbINKU ANSA OTPaXeHUs CBeTa, YeM BO3ayxe B
ropoaax.

C. ApkocTb ropoacknx orHen nenaet MHorne 3ses3abl HEBUOMMbIMU.

D. Bosgyx Tennee B ropogax us-3a Tenna, BblAeNSeMoro MalimHamMmm, TEXHUKON 1 JOMaMMU.
3BE3[0HbIV CBET: OLLEHKA OTBETA HA BOIMPOC 1

Omeem npuHumMaemcsi NOJIHOCMbHIO

Kog 1: C. ApKocTb ropoackux orHen genaeTt MHOrve 3sesabl HeBUOUMbIMU.

Omeem He npuHumMaemcsi

Kog 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: 3BE3[AHbIA CBET

Poma ncnonb3syet Teneckon ¢ nnH3omn 6onbLlIoro gnameTpa, 4Tobbl HabngaTe 3a 3Be3gamum
HW3KOW SIPKOCTW.

Moyemy ncnonb3oBaHWe Teneckona ¢ NMH30M 0oMNbLLIOro AMamMeTpa AenaeT BO3MOXHbIM
HabnogeHne 3Be3a HN3KOW SSPKOCTU?

A. Yem Gonblle nNuH3a, Tem borblue cBeTa OHa cobupaer.

B. Yewm Gonblie nuH3a, Tem 6onblue OHa yBennymBaeT.

C. Bbonblume nNnH3bI NO3BONAKT BUAETL 6onbLUyo YacTb Heba.

D. Bbonblune nuMH3bl MOryT ONpeaenuTb TEMHbIE LiBETA Ha 3Be34ax.
3BE3[HbI/ CBET: OLIEHKA OTBETA HA BOMNPOC 2

Omeem npuHuUMaemcsi NOJIHOCMbIO

Kog 1: A. Yem Gonblue nuH3a, Tem 6onblue ceeTa oHa cobupaer.
Omeem He npuHumMaemcs

Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT OTCYTCTBYET.
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KYPEHUE TABAKA

Tabak KypAT B curapeTax, curapax n Tpybkax. MiccnegosaHue nokasbiBaeT, 4TO OT 3abonesaHun,
CBSI3aHHbIX C KypeHnem, nornbaet okono 13500 nogen no BCeMy MUPY KaKAbIN AEHb.
MporHo3mpytoT, 4To k 2020 rogy 3aboneBaHusi, CBA3aHHbIE C KypeHMeM CTaHyT npuynHon 12%
CMepTEN No BCEMY MUPY.

TabayHbIn ObIM COOEPXXNT MHOIo BpeaHbIX BeLeCTB, CaMbiMN BpeAHbIMU N3 KOTOPbIX ABJTAOTCA
cMoIia, HUKOTUH U yrapr||7| ras.

Bonpoc 1: KYPEHUE TABAKA

TabauyHbin AblM BObIXaeTcs Yepes nerkne. Cmona oT AbiMa OCaXXaaeTcs B NMErkMX, YTO He AaeT UM
paboTaTb NpaBubHLIM 0Opa3oM.

Kakas n3 nepeumncneHHbix pyHKUnn 9BnsaeTcsa pyHKUMEn nerkmx?

A. lMepekaunmBaTtb KpOBb, HACLILLLEHHYIO KMCITIOPOAOM, BO BCE YacTu Tena.

B. [lNepepaBaTb HEKOTOpPOE KONMMYECTBO BAbIXaeMOro KUCNopoaa B KpOBb.

C. OumwaTtb KpoOBb NyTEM COKpaLLLEHUA COAEPXKaHUS YrNeKUCrnoro rasa Ao Hyns.
D. OcywecTBnaTb Nepexo MOSIEKYIT YrIeKUCoro ra3a B MOSIeKy bl KUCNOpoAa.
KYPEHUE TABAKA: OLULEHKA OTBETA HA BOINPOC 1

Omeem npuHumMaemcsi NOJIHOCMbHIO

Kog 1: B. NepepaBaTtb HEKOTOPOE KONMMYECTBO BALIXAaeMOro Kucnopoaa B KpoBb.
Omeem He npuHumMaemcsi

Kog O: [ipyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: KYPEHUE TABAKA
TabayHoe KypeHue MoBbILLAeT PUCK paka ferkmx 1 MHbIX 3aboneBaHui.

MoBbIWAeTCcsa Nu pUCK NPUOBPETEHNSA OaHHbLIX 3aboneBaHn n3-3a TabadHoro kypeHna? Obeegute
«Ja» unn «Het» anga kaxgoro cny4yas.

MoBbIWwaeTca N1 pUCK NPMOOpPeTEHNA AaHHbIX 3aboneBaHUN U3-

a wnu Het?
3a TabayHoro KypeHusn? A

BpoHxut Oa/Het
BLY/Cnna Oa/Het
BeTpsiHada ocna Oa/ Het

KYPEHUE TABAKA: OLLEHKA OTBETA HA BOINPOC 2

Omeem npuHumaemcsi NOJiIHOCMbHO
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Kog 1: Tpu npaBunbHbIX OTBETA B crieqytowem nopsigke: [a, Het, Hert.
Omeem He npuHumMaemcs
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 5: KYPEHUE TABAKA

HekoTopble noan ncnosnb3yoT HUKOTUHOBbIV NacTbipb ANs TOro, YTobbl 6POCUTL KypUTb.
MnacTblpb pa3MeLLaeTcsi Ha KOXe U BblAeNseT HAKOTUH B KPOBb. OTO 0BreryaeT Tary K KypeHuto v
abCTMHEHTHbIV CMHAPOM, Korga noam 6pocatoT KypuThb.

[ns n3yyeHusa acbdeKTMBHOCTN HUKOTMHOBOIO NNIACThIps CnyyYanHbiM o6pa3omM oTbmnpaeTcs rpynna
13 100 KypunbLLMKOB, KOTOPbIE XOTAT BpOCUTb KypuTb. 3a rpynnon 6yaeTt BeCcTucb HabnoaeHve B
TeyeHue 6 mecsaues. APPEKTUBHOCTb HUKOTUHOBOIO NNacTbipsa GyaeT n3amMepsiTbCA C y4eTOM TOro,
CKOMbKO IoAeN NpekpaTunm KypuTb K KOHLLYY UCCreaoBaHus.

YUTo 13 cnegytowero SBnNAeTCA AyyYwWwUM NiaHoM Ans SKcrnepumeHTa?
A. Bce uneHbl rpynnbl HOCAT NNACTbIPb.

B. Bce HOcAT nnacTbipb, 3a UCKIMOYEHNEM OAHOMO YeroBeka, KOTOPLIN NblTaeTcs 6POCUTL KypUTb
COGCTBEHHBIMU YCUIUSIMW.

C. Ilogun camm pewatoT, 6yayT OHWM HOCWUTb NNACTbIPb UMK HET.

D. Cny4vaiiHbiM 06pa3oM oTobGpaHHas NONoBMHA UCNOMb3yeT NNacTbipb, a Apyras HeT.
KYPEHUE TABAKA: OLLEHKA OTBETA HA BOINPOC 5

Omeem npuHuUMaemcsi MOJIHOCMbHO

Kog 1: D. CnyyariHbiM 06pa3om oTobpaHHas NonoBMHA UCNONb3YEeT NacTbipb, a Apyrasi HeT.
Omeem He npuHuUMaemcs

Kog O: fpyrue otseTbl.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 6: KYPEHUE TABAKA
CyLlecTBYyIOT pasnnyHblie MeTOAbl BNUSHWUSA Ha Ntofen ¢ Lenblo 6pocutb KypuTb.

OcHoBaHbl N crneaytowmne cnocobbl B3aMmogencTeus ¢ 3Ton Nnpobnemon Ha TexHonorum?
O6eeaute «Ja» unn «HeT» angd kaxgoro crny4asi.

OcHoBaH N AaHHbIN cNOCco6 60pPbLOLI C KypeHneM Ha TeXHONorum? Oa nnu Het?

YBenMuuTb CTOUMOCTb curaper. Oa/ Het

Mpon3BoANTb HUKOTMHOBBIN NNACTbIPb, YTOOLI MOMOYb NHOASM BPOCUTL

oo, Na/ Het
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Sal'lpeTVITb KypeHue B O6LlJ,eCTBeHHbIX MecTax.

Oa/ Het

KYPEHUE TABAKA: OLEHKA OTBETA HA BOINPOC 6

Omeem npuHuUMaemcsi NOJIHOCMbIO

Kog 1: Tpu npaBunbHbIX OTBETA B criegytowem nopsigke: Het, [a, Hert.
Omeem He npuHuUMaemcs

Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 10N: KYPEHUE TABAKA
Hackonbko Bam uHTepecHa criegytowias nHdopmauma?

Ommembme morsnbKo 00UH 8apuaHm omeema 6 Kaxxoom psody.

OyeHb CpelHuli lMouymu He
UHMEpPECHO uHmepec UHMepPEeCHO

A. lToHMmaHue Toro, Kak cmora B
Tabake yxyawaeT paboTy nerkumx

B. NoHumaHue Toro, novyemy
HUKOTWH BbI3blBAET 3aBMCMMOCTb

C. MNony4yeHune 3HaHUN O TOM, Kak
opraHu3Mm BOCCTaHaBnMBaeTcs
nocre TOro, Kak 4YenoBek 6pocun
KYpUTb
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NMOBEAEHUE KOJTIOLLKW

Kontowika — pbl6a, KOTOPYHO AOCTAaTOYHO JNNerko Aep>XaTb B akBapuyMe.

Camka — |

e B TeueHune neproga pasmHoOXeHUs cepebpuctoe 6poXo camua KOMIOLLKN OKpalLMBaeTCs B
KpacHbI LBeT.

e Camel KONIOLWKKN aTakyeT foboro KOHKYpUpPYOLLEro camLia Ha CBOeN TepputTopum n
NbITAETCA NPOrHaThb ero.

e Ecnu npubnmxaetcs cepebpuctasi camka KOMHLLKM, TO camel, NbiTaeTcsi HanpaBuTb ee B
CBO€ rHe3fo Ansi MeTaHusi UKpbl.

B aKcneprMeHTe y4eHUK Xo4eT U3y4nTb 0BCTOATENLCTBA, NMPU KOTOPbIX CaMeLl} KOMoLWKM 6yaeT
[AeMOHCTPUPOBaTb arpecCcMBHOE NOBEAEHNE.

CameL, KOMIOLLKN HaXO4MTCS OOMH B aKBapuyme y4eHuKa. YYeHuK caenan Tpu BOCKOBble MoAenNMu,
npuBsidaHHble K Kyckam npoBosiokn. OH crnyckaeT Ux B akBapuyM Mo OTAENbHOCTM Ha OAMHAKOBbIV
NPOMEXYTOK BpeMeHW. 3aTeM y4alLMACa CYMTAET KONMYECTBO pas, koraa camMel, KOHoLLKM
NposiBNsieT arpeccuMBHOE noBefeHne, bpocasch Ha BOCKOBbIE Urypbl.

PGSyJ'IbTaTbI OaHHOIro aKkCnepmnMmeHTa nokKkasaHbl HUXe.

A

Konuyecrso pas, 30
Koraa camey ———
KONIOWKM :
npossnseT 15 ;
arpeccusHoe Z
noBeAEHHe |
1

0

=T LS

Mogens 1 Moaens 2 Mogens 3
LiseT-cepebpucTelii LiseT-kpacHbiit LiseT- TemHo-kpacHbii

Bonpoc 1: MTOBEOEHUE KOJTHOLLUKWU
Ha kakol BONpocC OaHHbIN 3KCNEPUMEHT MNbiTaeTca AaTb OTBET?



NOBEAEHUE KOJTIOLUKW: OLLEHKA OTBETA HA BOIMNPOC 1
Omeem npuHumaemcsi NosIHOCMbO

Kog 1: Kakoi uBeT Bbi3biBaeT Hanbonee arpeccMBHOE NoBeAeHNe camMua KOMOLWKN?
e Cawmeu KontoLLKu 6onee arpeccuBHO pearnpyeT Ha KpacHy MoAesNb Unn XXe Ha cepedbpucTyo?
e ECTb nu cBA3b MeXAy LBETOM N arpecCuBHbLIM NoBeaeHnemM?
o LlBeT pbl6bl BIINAET Ha CTeneHb arpeCCuBHOCTb CaMLI,a?
e Kakon uBeT cameL, KOMOLWKN BOCMPUHUMAET Kak Boree yrpoXxatroLnin?

Omeem He npuHuMaemcsi

Kog 0: pyrue oTBeThl, BKNOYaA BCe OTBETLI, KOTOpbIE He 3aTparMBatT ugem

pasgpaxutens/moaenn/pbiobi.

e Kakon uBeT BbI30OBET arpeccuBHoOe NoBeAeHNe CO CTOPOHbI camua Konwkn? [lpumedaHue:
Hem cpasHumenbHoz2o acnekma.]

e LlBeT camKm KOMHOLIKM onpegensieT arpeccnBHocTb camua? [lpumedarue: lNepeabili
9KCrepuUMeHm He cesi3aH C os1080U npuHadnexxHocmbto pbib.]

¢ Ha kakyio Mmogenb camel, KOMIOLWKKN pearnpyeT Hanbornee arpeccuBHo? [[TpumeydaHue: Lisem
pbibbi/Moderniu QomkeH bbimb yrioMsiHym omaoesibHO. ]

Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 2: NTOBEAEHUE KOJTHOLLKH

B TeueHve neproaa pa3aMHOXEHWs, ECNM caMel,, KOSOLKM BUANUT CaMKy, OH MornblTaeTcs NpueneYb
ee yXxaXunBaHusIMU, KOTOpble BbIrMSAST kak HeGonbLIoN TaHel,. Bo BTOpoM akcrnepumMeHTe
N3y4aloTCsl 3TN YXaKMBaHMS.

CHoBa 1cnonb3yTCa TPU BOCKOBbIE MOAENW Ha Kycke npoBonoku. OaHa — KpacHas; Ase gpyrue —
cepebpucTble, y 0OQHOM U3 KOTOPbIX NNOCKOe BpLoxo, a y Apyron — Kpyrinoe. YYeHuk cuntaet
KONMYecTBO pa3 (3a onpeaeneHHbIN NPOMEXYTOK BPEMEHW), KOr4a cCaMel, KOMOLKK pearnpyeT Ha
Kaxxayto Mogerb, AEMOHCTPUPYS YXaXKNBaHUS.

PGSyJ'IbTaTbI OaHHOIro 3KkCnepmnMmeHTa nokKkasaHbl HUXe.

30
Konuuecteo pas,
Koraa camel,
AEMOHCTpUpyeT 15
yXaXuBaHus

KpacHble
CepebpucTble

&
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Kaxxgblii U3 Tpex y4eHVKOB caenan BbiIBoAbl Ha OCHOBE pe3yNnbTaToB BTOPOro 3KCNepuMeHTa.

MpaBunbHbI N MX BbIBOAbLI COrMacHo MHAoOpMaLmMK, NpeacTaBreHHon Ha avarpamme? O6eeanTe

«Ja» unu «HeTt» ans kaxgoro cnyyasi.

MpaBusbHbI N BbIBOALI COrnacHo nHgopmauun,
npeacTtaBfieHHON Ha gnarpamme?

Oa nnn Het?

OpoxoM, a He C NIOCKUM.

KpacHbii LBeT cnocobCTBYET yXaKMBaHMAM CaMLia KOSTHOLLKK. Ja/ Het
Camka ¢ nnockMm 6ptoxom Bbi3biBaeT 6orblUe yXaXKuBaHum co fa/ Het
CTOPOHbLI camua.

CameL KomMLKK NposBnsaeT 60nbLlUMIA MHTEPEC K CamMKaM C KPYribim fa/ Het

NOBEOEHUE KONKOLWWKW: OLLIEHKA OTBETA HA BOINPOC 2
Omeem npuHumMaemcsi NOIHOCMbIO

Kog 1: Tpu npaBunbHbIX OTBETA B crieqytowem nopsigke: Het, Het, [a.
Omeem He npuHuUmMaemcs

Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 3: NOBEAEHUE KOJTHOLLKHA

3KCI'IepI/IMeHTbI nokasanu, 4To CaMubl KOJNMKOLWKKN pearnpyrT arpecCMBHO Ha Moaesnmn € KpacHbIM

6pI'OXOM N NpoABNAT yXaXXnBaHUA K Mogensam C Cepe6pI/ICTbIM 6pI'OXOM.

B TpeTbeM 3KCnepunmMmeHTe cnepytouimne 4 mopenu Obinu MCNosb30BaHbI noo4vyepenHo:

Tpl/l anarpamMmbl HWXe NoKa3biBaloT BO3SMOXKHbIE peaKuu cCamMua KOJNMIOLWKKN Ha KaXayr U3

NpPUBEAEHHbIX MOAENEN.
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Konnuectso
peakuuu camua

B

A B

:] = Yncno nposABNeHU arpeccMBHOTO NOBeAEeHUA

[-7] = Ywcno nposenenuit yxaxvsaHuii

Kakyto 13 gaHHbIX peakumi Bbl NPOrHO3NpyeTe AMs Kaxaon ns 4 mogenen?

Hanvwute A, B nnn C kak pesynbTaT B3anMOLENCTBUSA C KaXO0W MOLENbIO.

Peakuus

Mopenb 1

Mopenb 2

Mogenb 3

Mopensb 4

NOBEOEHUE KONKOLWIKW: OLLIEHKA OTBETA HA BOINPOC 3
Omeem npuHUMaemcsi NoJIHOCMbHO

Kopg 2: YeTbipe npaBunbHbiX oOTBETa B criegytowem nopsake: C, A, C, B.
Omeem npuHUMaemcsi 4acmu4Ho

Kog 1: Tpu n3 yeTbipex npaBuibHbIX OTBETOB.

Omeem He npuHumaemcsi

Kog O: dpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.
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MbILLUHAA OCIA

CyLecTByeT MHOXECTBO TUMOB BUPYCOB OCIbl, KOTOPbIE BbI3bIBAKOT OCMY Y XMBOTHbIX. Kaxabin
TMN BMpYyca 0Bbl4HO 3apakaeT TONbKO OAMH BUA XMBOTHOrO. B XXypHane coobiaeTcs, YTo y4eHbIn
NCnomnb3oBas reHHyo nHxeHepuio ans nameHedms OHK mbiwmHom ocnbl. M3aMeHeHHbIN BUpYC
ybuBaeT Bcex 3apaXkeHHbIX UM MbILLEN.

YueHblii roBOPUT, YTO UCCINEAOBaHNE N3MEHEHWUSI BUPYCOB HEOOXOAMMO ANt KOHTPONS
BpeauTenen, KOTopble YHUUTOXAaKT YenoBeyeckyto eay. Kputukm aaHHOro noaxoaa roBopsit o
TOM, YTO BMPYCbl MOIYT BbINTY 3a Npeaenbl nabopaTopuin 1 3apasuTb APYrUX KUBOTHbIX. OHM
Takke 06eCrnoKOeHbl TeM, YTO MOANMULMPOBAHHLIN BUPYC OCMbl 4SS OAHOIO BUAA MOXET
3apasuTb U Apyrne Buabl, B TOM YnCrie U fnogen.

Iloan moryT 3apasnTbCs BUPYCOM OCHbl, KOTOPbIN Ha3blBaeTCHa HaTypanbHas ocna. HatypanbHas
ocna yousaeT 60MbLMHCTBO MHOMUMPOBAHHLIX e nogen. Jliogn gymaroT, YTo AaHHOe
3abonesaHne 6bino nctpebneHo, Ho o6pasLpbl BUpyca HaTyparbHOM OCMbl XpaHATCH B
nabopaTopusix N0 BCEMY MUPY.

Bonpoc 1: MbILLMUHAA OCIA

KpuTnku Bbipasunmn 6ecnokoncTeo nNo noBoAy TOro, YTO BUPYC MbILLMHOWM OCMbl MOXET 3apasnTb
nHble B1Abl. Kakasa n3 npeacraBrneHHbIX NPUYNH ABNSETCA Haunyywmum 000CHOBaHNEM AaHHOIO
OecnokoncTea?

A. [eHbl BUpyca HaTyparbHOM OCrbl U reHbl U3BMEHEHHOIO BUPYCa MbILLUMHOW OCMbl NOEHTUYHbI.
B. Mytauusa B JHK MbILLMHOW OCMNbl MOXET NO3BOMUTL BUPYCY 3apaxaTb APYrnX KUBOTHbIX.

C. Mytauusa moxet cgenatbe AHK mbiwmHom ocnbl aeHTnyHon OHK HaTypanbHOM ocnbl.

D. Yucno reHoB B BMpYyCe MbILLMHOM OCMbl TAKOe Xe, Kak U B ApYrMx BUpycax ocnbl.

MbILUMHAA OCIA: OLLEHKA OTBETA HA BOINPOC 1

Omeem npuHumMaemcsi NOJIHOCMbIO

Kog 1: B. Mytauua B [JHK MbILLMHOM OCNbl MOXET NO3BONUTbL BUPYCY 3apaxaTb APYruX XUBOTHbIX.
Omeem He npuHumMaemcsi

Koa 0: [pyrme oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: MbILLMHAA OCIA

YUenoBek, KpUTUKYIOLWUIA flaHHOE UccredoBaHue, Obirl 06eCnokoeH TeM, YTO M3MEHEHHbIN BUPYC
MbILLMHOW OCMbl MOXET BbIATU 3@ Npeaernbl nabopatopumn. TOT BUPYC MOXET Bbi3BaTb
NCYE3HOBEHME HEKOTOPbLIX BUOOB MbILLEWA.

Bo3MOXHbI N criegyrowime BapuaHTbl UCX0Aa COObITUI, eCrni HEKOTOPbIE BUABI MbILLEN NCHE3HYT?
O6Beante «da» unn «Het» onsa kaxagoro crnyyas.
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Bo3MOXHbI NU criegyolMe BapuaHTbl UCXxoaa cobbITUN, ecnn

. Oa vnu Het?
HeKoTOopble BUAbl Mbiller UCYE3HYT?

HekoTopble nuwieBble Lenu MoryT ObiTb HapyLUEHbI. Oa/Het

[lomalluHue KoTbl MOTYT YyMepeTb 13-3a HegocTaTKa efbl. Oa/Het

KonunuyecTBo pacTeHuii, cemeHa KOTOopbIX yNoTpebnsaoT MbILn,

Ha/ Hert
MOXET BPEMEHHO YBENUYUTHLCS.

MbIWLUHAA OCNA: OLEHKA OTBETA HA BONPOC 2

Omeem npuHumMaemcsi NOSIHOCMbIO

Kog 1: Tpu npaBunbHbIX OTBETA B crneaylowem nopsake: Ada, Het, da.
Omeem He npuHumaemcsi

Kog 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: MbILLMUHAA OCIA

OpHa komnaHus nbiTaeTca paspaboTaTb BUPYC, KOTOPbLIA caenaeT Mmblwen 6ecnnogHbiMu (T.e. He
UMELLMMWN BO3MOXHOCTb MMETb MOTOMCTBO). Tako BUPYC MOXET MOMOYb KOHTPONMPOBATL YNCIO
MbILLEN.

MpennonoXxum, 4YTo 3agyMaHHOE OCyLLeCTBNEHO ycneLwwHo. JomkHbl 1 ObiTb NONyYeHbl OTBETLI Ha
cnegyoLme BOMpockl, npexae 4em Bupyc oyaet BoinyweH? O6eegute «a» nnn «Het» ans
Ka)xgoro cny4as.

[JOMKHbI N1 O6bITb nolyly4yeHbl OTBETbl Ha cneAayrouwne BONpochl,

7
npexae Yem BUpPYyc 6yaeT BbinyleH? Oa vwnu Het?

Kakon nyywmnin meton Ans pacnpoctpaHeHust Bupyca? Oa/Het
Kak BbICTPO Y MbILLM Pa30BbLETCA UMMYHUTET K BUPYCY? Oa/Het
Bupyc noBnusieT Ha gpyrve Buabl >XMBOTHbIX? Oa/Het

MbILLUHAA OCNA: OLUEHKA OTBETA HA BONPOC 3
Omeem npuHumMaemcsi NOsIHOCMbHO

Kog 1: Tpu npaBunbHbix oTBeTa: Aa, Aa, [a.

Omeem He npuHumMaemcsi

Kog O: [ipyrue otseTsbl.

Kog 9: OTBeT OTCYTCTBYET.
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Bonpoc 10N: MbILLULMHAA OCIA
Hackonbko Bam uHTepecHa crneayoLiast tHpopmauma?

Ommembme mosbKo 00UH 8apuaHm omeema 6 Kaxxoom psidy.

OueHb CpedHuli
UHMepPEeCcHo UHmMepec

A. N3yyeHne CTpyKTypbl BUPYCOB

B. 3HaHue myTauum (M3meHeHus)
BMPYCOB

C. Nyywiee noHMMaHue TOro, Kak
opraHusm 3aluuiaeTcst ot
BMPYCOB
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TEMIMEPATYPA

Bonpoc 1: TEMIMEPATYPA

MeTp paboTaeTt Hag peMoHTOM cTaporo goma. OH octaBun GyThINKY BOAbI, HECKOSIbKO
MeTannmMy4ecKkmMx reo3gen 1 Kycok apeBecuHbl B 6araxkHmke mMalumHbl. [locne Toro, kak MalumHa
npobbina Ha conHue 3 Yyaca, Temnepartypa BHyTpy MalunHbl gocTturna 40°C.

YUto npomsowno ¢ npeameTamum B MawmnHe? O6seante «[a» unm «HeTt» ons kaxxgoro criyyas.

3T0 MOrno Npou3onTH ¢ NnpegmeTamm? Oa vwnu Het?
Y HUX y BCEX OfMHaAKoBas Temneparypa. Oa/Hert
Yepes Kkakoe-To BpeMs BoAa HauMHaeT 3akmnaTb. Oa/Hert
Uepes Kakoe-To BpeMsl MeTanfimyeckne rso3gm HauymHatoT HakanaTbCs. Oa/Hert

TEMNEPATYPA: OLEHKA OTBETA HA BOINPOC 1

Omeem npuHuUmMaemcsi NOIHOCMbIO

Kog 1: Tpu npaBunbHbIX OTBETA B criegytowem nopsiake: a, Het, Her.
Omeem He npuHuUmMaemcs

Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: TEMIMNEPATYPA

Y lMeTpa ecTb Yawka ropsdero kode (Temnepatypa 90 °C) 1 yawka XonogHON MUHEPanbHOW BOAbI
(temnepatypa 5 °C). Yawkm ogmMHakoBoro tuna, pasmepa n obbema. eTp octaBnseT Yallki B
KomHaTe ¢ Temnepartypon 20 °C.

Mocne 10-MMHYTHOrO HaxoXaeHns B KOMHaTe, kakasa byaeT TemnepaTypa Koge n MUHepanbHoOu
BoAbl?

A. 70°Cun10°C

B. 90°Cuns5°C

C. 70°Cun25°C

D. 20°Cun20°C

TEMNEPATYPA: OLEHKA OTBETA HA BOINPOC 3
Omeem npuHUMaemcsi NOsIHOCMbHO

Kog 1: A.70°Cun10°C

Omeem He npuHumMaemcs

Kog O: fipyrue otseTsbl.
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Kog 9: OTBeT OTCYTCTBYET.

Bonpoc 10N: TEMIMEPATYPA
Hackonbko Bam uHTepecHa criegytowas nHdopmauma?

Ommembme morsbKo 00UH 8apuaHm omeema 6 Kaxxoom psidy.

OueHb CpedHuli
UHMepPEeCHo UHmMepec

A. NoHnmaHue BAnAHUA opMbl
YallKM Ha npoLecc oxnaxaneHus
Kodbe

B. 3HaHMe pa3Horo pacnonoxeHusi
aTOMOB B epeBe, Boae 1
MeTanne

C. Nyywee noHnmaHue TOro,
novemy pasHble TBepable YacTuLbl
obnagatoT pasHomn
TENNonpoBOANMOCTbIO
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KAPUEC

EaKTepVII/I, XumByuine B Hallem pTY, Bbl3bIBAOT 3y6HOI7I Kapuec. KapMec ABNAETCA npo6neM017| C
1700-bIX rogos, Koraa us-3a pPa3BnUTUA caxapH0|7| NPOMbILLUNTEHHOCTN Caxap cTtarl O6LLI,GD,OCTyI'IHbIM.

Ha cerogHsALWHMI geHb Mbl 3HAeEM MHOroe o kapuece. Hanpumep:
e bBakTtepuu, Bbi3biBalOLLME Kapuec, MMTAOTCA CaxapoM.
o Caxap npeBpalaeTcs B KUCIOTY.
e Kucnota yHMYTOXaeT NOBEPXHOCTb 3yHOB.
e Yucrka 3yboB cnocobCTBYET NpeaoTBpaLLEeHUIO Kapueca.

3y6bl

1 —Caxap
2 — Kucnota
3 —MuHepans ¢ 3y6Hol 3manm

6akTepum

Bonpoc 1: KAPUEC

KakoBa ponb 6akTtepuii B pa3sutum kapmeca?
A. bakTepun nponsBoadaT amarb.

B. bakTepuv nponssoasTt caxap.

C. Bbakrepuu npor3BOaAT MUHEPArbI.

D. Bbaktepuu npon3BoaAT KACMOTY.
KAPUEC: OLEHKA OTBETA HA BOIPOC 1
Omeem npuHUMaemcsi NoJIHOCMbHO

Koa 1: D. bakTepun nponsBoadaT KACNOTY.
Omeem He npuHuUMaemcs

Kog O: [pyrue oteeTbl.

Kog 9: OTBeT oTCYTCTBYET.

Bonpoc 4: KAPUEC

Cneaytowun rpadmnk nokasbiBaeT NoTpebrneHne caxapa u KOMYeCcTBO ClnyyYaeB Kapmeca B pasHbiX
cTpaHax. Kaxgasa cTpaHa npegcrtaBneHa TOYKoW Ha rpadmke.
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CpeaHee noTpebaeHwve caxapa (rpaMMbl Ha Ye/oBeka B JeHb)

Kakoe 13 crnepgyowmx yTBepXaeHun MoxeT ObiTb NOATBEPXXAEHO MH(pOopMaLmnen,
npeacTtaBneHHon B rpaduke?

A.
B.
C.
D.

B HekoTopbIx CTpaHax noan YACTAT 3yObl Yalle, Yem B ApYrux.

Yem Gonblue caxapa nwoaun I'IOTpe6J'IFII'OT, Tem bonblue BEPOATHOCTb Kapueca.

3a nocnegHue rogbl KONNYECTBO crny4aeB Kapueca BbIPpOCIiO BO MHOIMMX CTpaHax.

3a nocneaHue roabl n0Tpe6neH|/|e caxapa 3Ha4ynTeribHO BbIPOC/10 BO MHOIMMX CTpaHax.

KAPUEC: OLLEHKA OTBETA HA BOIPOC 4

Omeem fnpuHumaemcsi NOJiIHOCMbHO

Kog 1: B. Yem 6onblue caxapa niogn notpebnstoT, Tem 6onblie BEPOATHOCTb Kapueca.

Omeem He npuHuMaemcsi

Kog O: fpyrue oteeTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 8: KAPUEC

CTtpaHa umeet 60nbLIOE KONMYECTBO CryvaeB Kapueca Ha YeroBeka.

MO>XHO N NyTEM HayYHbIX SKCMEPMMEHTOB MOMYYNTb OTBETHI HA CrieayroLmMe BONpochI?
O6eeaute «Ja» unn «HeT» anga kaxxgoro Bonpoca.

MOXHO N1 NnyTemM Hay4HbIX 3KCIEPUMEHTOB NOJTYYMUTb OTBEThI Ha
cnegywlume BoOnpochI?

Oa nnn Het?

Kakon acppekt ByaeTt okaszaH Ha 3y6 C kapnecom, ecrnv NnoMecTuTb
dTopnAa B BOAY?

fa/ Het

CKONbKO AOMKEH CTOUTb MOXOA K CTOMaTosory?

Oa/Hert
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KAPUEC: OLEHKA OTBETA HA BOINPOC 8

Omeem npuHumMaemcsi NOIHOCMbIO

Kog 1: [1Ba npaBunbHbIX OTBETA B cneaytollem nopgagke: a, Her.
Omeem He npuHuUMaemcs

Kog 0: [pyrue oTBeTHI.

Kog 9: OTBeT OTCYyTCTBYET.

Bonpoc 10N: KAPUEC
Hackonbko Bam uHTepecHa crneaytoLiast tHpopmauma?

Ommembme morsbKo 00UH 8apuaHm omeema 8 Kaxoom psidy.

OyeHb CpelHuli lMouymu He
UHMEpPECHO uHmepec UHMepPECHO

A. 3HaHue TOoro, Kak BbIrmsaaaT noa
MUKPOCKOMNOM GakTepuu,
BbI3blBaloLLME Kapuec

B. MNonyyeHune nHdopmaumm o
pa3paboTke BaKLMHbI NPOTUB
kapueca

C. Jlyywee noHMMaHue Toro, Kak
NpoayKTbl, He codepKaluue caxap,
MOryT BbI3BaTb Kapuec
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BUOPA3HOOBPA3UE

Buopa3sHoobpa3zue mexkcm 1
BEUOPA3HOOBPA3UE BAXXHO B OPTAHU3ALIMU OKPY>KAIOLLEW CPEQbI

JKocuctema, KoTopasi CoxpaHura BbICOKUIN YpOoBeHb BruopasHoobpasus (LUnpokoe pasHoobpasne
XMBbIX OPraHM3MOB), CMOXET C GonbLUEN BEPOATHOCTLIO MPUCNOCOOUTBLCS K UIBMEHEHUSAM B Cpese,
BbI3BAHHbIM 4YEIT0BEYECKOWN AeATENBHOCTbLIO, YEM 3KOCUCTEMbI C HU3KUM YPOBHEM
©nopasHoobpasus.

B3rnsHuTe Ha ABe nuLLEeBble Lenu, nokasaHHble Ha pucyHke. CTpernka Be4eT OT opraHu3ma,
KOTOPOro CbedaloT, K OpraHn3mMy, KOTopbili ero cbedaeT. [laHHble Lenu SBAsTCS YNPOoLEeHHbIM
BapuaHTOM B CPaBHEHWUM C NULLEBLIMM LIEMSIMU B pearnbHbIX 3KkocucTeMax. TeM He MEHee, OHM
AEMOHCTPUPYIOT OCHOBHYHO pasHuLly Mexay 6onee n MeHee CroXXHbIMU 3KOCUCTEMaMM.

Muwiesas uenb b nokasbiBaeT cMTyauUMo C O4EHb HU3KUM BropasHoobpasnem, rae Ha HEKOTOPbIX
YPOBHSIX NULLEBbIE NMYTU BKINOYAOT TONbKO OAWH TUMN opraHM3mMoB. [nweBas Lenb A nokasbiBaeT
Gornee CnoXHyl 3KOCUCTEMY W, KaK CNieACTBME, BKIHOYAET arnbTepHaTUBHbIE NULLEBLIE NYTU.

O6bI4HO NoTeps GuopasHoobpa3us ABNAETCA CEPbE3HON YTPO30M HE TONbKO M3-3a TOro, YTO
MHOMMe NCYE3HYBLUME OPraHM3Mbl ABNAKTCA 6ONbLION NOTEPEeN Kak C 3TUYECKON, TakK U
nparmaTmnyeckomn (None3HOCTb) CTOPOHbI, HO TaKKe MU3-3a TOro, YTO BbIKUBLUNE OpraHn3mbl
Haxo4ATCsA NoA Yrpo30i BbiIMMpaHua B GyayLiem.

NMALLEBAA LIETb A NMALLEBAA LIENb B
/a5 ]
fummal Yaioe »’lt‘(ml AxaynA l
Lisanra Niranxa Gaboum Unxkaasa

> ><].
A ¥

NS
Nayx HaeanHnk Menococ Haeaps

/
m | A

A
Uy I Narwmcran
CyMuaTan 3

CYMJATaA KyHuya
KyHHL2 CopoxonyT y I

Awepnya
HApoan

3»'»7!
CopokonyT

UctouHuk: AgantnpoBaHo n3 pabotsl Ctuea Mankonsma «buopasHoobpasne — ocHoBa ANS ynpaBrneHus
oKpyxatoLlen cpegony, The Age, 16 asrycta 1994.

82



Bonpoc 3: BUOPA3HOOBPA3UE

B ctpoykax 10 n 11 ckasaHo, 4To «[1weBas yenb A nokasbiBaeT 6onee CNoXHyH 3KOCUCTEMY W,
Kak crnefcreue, BKIOYaET anbTepHATUBHbIE NULLEBBLIE MYTUY.

MocmoTpute Ha MALLEBYHO LETMb A. Tonbko ABOE XXNBOTHbLIX U3 3TOM MULLIEBON LENb UMEIOT Tpu
(MPAAMBIX) NCTOYHMKA NULLK. YTO 3TO 3a XUBOTHbIE?

MatHucTaga cymyatas KyHuua u HaesgHuk
MartHucTasa cymuartas kyHiua n CopokonyT
HaesgHuk n LUukagka

HaesgHuk n MNayk

moow »

MaTHUCTasn cymyartas kyHuua u Megococ
BUOPA3HOOBPA3UE: OLIEHKA OTBETA HA BOINPOC 3

LIENb BOMPOCA: MNMpouecc: [lemMoHCTpauus 3HaHUA 1 MOHUMaHUS.
Tema: SkocucTeMbl.
O6nacTtb: Hayka B cdepe XnsHu n 300pOBbS.

Omeem npuHuUMaemcsi NoJIHOCMbHO

Koa 1: A. TlaTHucTas cymyartas KyHuua n HaesgHuk
Omeem He npuHuUMaemcs

Kog O: [ipyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 4: BUOPA3HOOBPA3UE

Muwesble uenn A n b HaxoasaTcsa B pasHbix MecTHocTaX. [peactasbTe, UTO LiMkagkn BbiMepnu B
o6eunx mecTHOCTAX. Kakon 13 cnegyrowmx NporHo30oB 1 Kakoe U3 06 bACHEHWI NOCNeACTBMI 3TOro
ABNAETCH Ny4wnm?

A. lMocnegcTteui 6yaeTt 6onblue B NueBon Lenu A, NOTOMy 4To Yy HaesaHuka eCcTb TONbKO OAUH
NCTOYHUK NULLIM B Lenu A.

B. MNocnegcteui 6yaet 6onblle B NuweBon Lenu A, noToMy 4To y HaesgHuka eCTb HECKOMNbKO
NCTOYHMKOB NMULLIK B Lenu A.

C. lMocneacteui 6yget 6onblue B nuwieBon Lenu b, notoMmy 4To y HaesgHuka ecTb TOMNbKO OAMH
WUCTOYHMK NULK B Uenu b.

D. lNocnepcteun dygeT 6onbLue B nuweson uenun b, notomy 4To y HaeagHuka eCTb HECKOMbKO
WCTOYHMKOB N B Lenn b.

BMOPA3HOOBPA3MUE: OLLEHKA OTBETA HA BOIPOC 4

LIEJTb BOIMPOCA: lMNpouecc: ®opmynmpoBka/oLeHKa BbIBOLOB.
Tema: JkocncTeMmbl.
O6nacTtb: Hayka B cdpepe Xn3HM 1 300pOBbSI.

Omeem fnpuHumaemcsi NOJiIHOCMbHO
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Kog 1: C. lNocnencteun 6yget 6onblue B nuweson uenn b, notomy 4to y HaesgHuka ecTb TOMbKO
OAWMH UCTOYHUK NULLM B Luenun bB.

Omeem He npuHumMaemcs
Kog 0: dpyrue oTBeTHI.

Kog 9: OTBeT OoTCYTCTBYET.
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ABTOBYCbI

Bonpoc 1: ABTOBYCblI

ABTObYC egeT no npsimon gopore. Bogutenb no umenun MNeTp noctaBun crakaH ¢ BOAOW Ha
NpMOOPHYIO NaHenb.

1 2
. BOMa

_— >
HanpaslieHne 0BUXEHWUA

Baopyr MeTp pesko HaxxMMaeT Ha Topmo3a.

YTo, ckopee Bcero, Npon3onaeT co CTakaHOM BOAbI?

A. Bopga B cTakaHe OoCTaHeTCs B FOPU3OHTarbHOM MOMOXEHUH.

B. Bopga BbinbeTcsi CO CTOPOHLI 1.

C. Bopaa BbINbeTCHA CO CTOPOHbI 2.

D. Bopa pasonbeTcsi, HO HEBO3MOXXHO ONpeAennTb, BbINbETCA NN OHAa CO CTOPOHbI 1 nnu 2.
ABTOBYCbIl: OLUEHKA OTBETA HA BOINPOC 1

LIENb BOMPOCA: MNpouecc: [leMoHCcTpauus 3HaHU 1 MOHUMaHUS.
Tema: Pusnyeckas cuna n OBMKEHME.
O6nacTtb: Hayka B cdpepe TeXHONOormn.

Omeem npuHuUMaemcsi NoJIHOCMbHO
Kog 1: C. Boaa BbINIbETCS CO CTOPOHDI 2.
Omeem He npuHumMaemcs

Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT OoTCYTCTBYET.

Bonpoc 4: ABTOBYCbI

ABTObYC lNeTpa, Kak n 6oNbLIMHCTBO aBTOBYCOB, UCNONb3YET B Ka4yecTBe Tonnmea 6eH3uH. Takme
aBTODOYCbI 3arpsi3HAIOT OKPY>KatoLLyo cpeay.

B HekoTOpbIX rogax e3gaT Tponnenbycel: OHM paboTaloT Ha anekTpoasuratTene. OnekTpuyeckoe
HanpsxeHne, HeobxoaMmMoe ANng ABuratens, NocTynaeT Mo NMHUAM anekTponepeaay (kak
anekTponoesaa).

OnNeKTpMYECTBO reHepPMpPYETCs Ha ANEeKTPOCTaHLMAX, MCNOMb3YIOLLMX NCKONAeMoe TOMMMBO.

CTOPOHHUKM MCMONb30BaHUA TPOMNendycoB B ropofaax roBOpAT, YTO 3TOT BUA TPaAHCMNOpTa He
3arpsi3HsieT OKpyXKaloLLyto cpeay.
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MpaBbl NI CTOPOHHUKM TPONNENBycoB B CBOMX CyxaeHuax? O6bsiCHUTE Ball OTBET.

ABTOBYCbIl: OLUIEHKA OTBETA HA BOINPOC 4

LEJIb BOMNPOCA: MNpouecc: [leMoHcTpauus 3HaHUN U NOHUMaHKS.
Tema: NpeobpasoBaHne SHEPruu.
O6nacTtb: Hayka B chepe 3emnu 1 OKpyxatoLLen cpeqbl.

Omeem npuHumaemcsi NOJIHOCMbHO

Kog 1: [laeTcsa oTBET, B KOTOPOM FOBOPUTCS, YTO ANEKTPOCTAHLUMN TOXE 3arpA3HSIOT OKPYXKatoLLyHO
cpeqy:
e HeT, NOTOMY YTO SMEKTPOCTAHLUM TOXE 3arpsA3HSIOT OKPYKaloLLyo cpeay.
e [la, HO 3TO OTHOCMUTCS TOMBKO K rOPOAY, Cam CTaHLMK, TEM HEe MEHEe, 3arpsA3HSIoT OKPY)KatoLLyto
cpeay.

Omeem He npuHumMaemcs

Kop 0: [laeTcs oTBET «HET» UK «Aa» 6e3 NpaBUNbHOrO OO bSCHEHMS.
Kop 8: OTBeT He no Teme.

Kog 9: OTBeT OTCYTCTBYET.

lpumepbl omeemoes

Kopg 1:
e U pa un HeT. ABTOOYChI HE 3arpsi3HSOT FOPOA, YTO XOPOLLO, a SMNEKTPOCTAHUUKN 3arpsi3HSAOT, YTO
nnoxo.
e ABTODOYCbI AENCTBUTENBHO 3arpA3HSIOT OKPYXKatoLLyo cpefy u3-3a NCnosib30BaHMsA NCKONaeMoro
TONMMBA, HO OHU He TaK CUIbHO BPeasT, Yem obblyHbIe aBTObYChl U ux rassl. [[lpumedyaHue:
BOmom omeem MOXHO MPUHAMb 8 MOoJIb3y MecmupyemMoeo.]

Kopa O:
e B HMX HeT BbIXNOMHbIX TPYD, NO3TOMY BpeOHbIN ra3, KOTOPbIN MOXET NOBPEAUTbL O30HOBbLIN CIOW,
He nornagaeT B BO34YX; NOMUMO 3TOro, 3f1eKTPUYECTBO, FTEHEPUPYEMOE C UCMONb30BaHUEM
nckonaemoro Tonnuea, Takke asnsdetca 6onee akonornyeckn 6esonacHbIM.
e [la. MNoToMy YTO 3MEKTPMYECTBO HE BpPeaUT OKpyXatoLen cpefe, Mbl NPOCTO UCMNOSb3yeM ras
3emnu.
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20

KNOHUPOBAHMUE

MawwuHa Ansi KONMPOBaHUA XUBbIX CyLLECTB?

Be3 coMmHeHus1, ecnn MOXHO 6bino 6bl BbIOpaTh
»uBoTHoe 1997 roaga, nobeauna 6el Jonnu! Jonnun — aTo
LoTnaHackas oBua, KoTopyto Bbl BUanUTe Ha ¢oto. Ho
Honnu He coBcem npocTas osua. OHa sBNAeTCs KNOHOM
apyron oBubl. KnoH — 310 Konus. KnoHnposaHue
0O3Ha4aeT KOMMpOBaHUE «eQMHCTBEHHOIO OpuUrMHana.
Y4yeHbIM yaanock cosgatb oBuy ([onnu), ngeHTU4YHyto
OpYyron oBLe, koTopas ABnsifiacb «OPUTMHANIOMY.

LWoTnaHackmn yyeHbin NaH BunbmyT cosgan «MallnHy
O5s1 KITOHMPOBaHUSA» oBel. [1ns 9Toro oH B35
reHeTU4eCKUN maTepuan B Buge HebonbLoro obpasua
BbIMEHW B3pocrion oBubl (oBua 1). M3 gaHHoro obpasua
yYeHbIV BblAENUN 94p0, a 3aTeM coeguHun S4po C
ANLEKNeTKoN apyron oBeyvkn (oBeyka 2). Ho nepep atnm
OH yAanun 3 ANLEKNeTKN BECb reHeTUYECKNI
mMaTepwuar, KOTopbl nepeHec Obl xapakTepPUCTMKN OBLbI
2 Ha sirTHeHKa, CO3JaHHOro 13 AaHHon snuekneTkn. Nax
BunbmyT nMnnaHTMpoBan SnLekneTKy oBLbl 2 B eLle
oaHy oBuy (oBua 3). OBua 3 3abepemeHena u poguna oseyky — donnu.

HekoTopble y4eHble cUMTaloT, YTO Yepes3 HECKOSbKO NeT NOSIBUTCS BO3MOXHOCTb KMOHUPOBaTb
ntogen. OgHako BO MHOTUX CTpaHax KIMoHMPOBaHWE NoAEN YKe 3anpeLleHo 3aKOHOM.

Bonpoc 1: KNOHUPOBAHUE

Kakas oBua sBnsieTca MOEHTUYHBIM OPUrMHANoM oBeykn donnun?
A. OBua 1

B. OBua?2

C. OBua 3

D. Oteu Jonnu

KINOHUPOBAHMUE: OLIEHKA OTBETA HA BOINPOC 1
Omeem npuHumMaemcsi NOSIHOCMbHO

Kog 1: A. OBua 1

Omeem He npuHuUMaemcs

Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: KNOHNPOBAHUE

B ctpoke 10 cka3aHO, 4TO reHeTu4eckum matepuanom 6bin HebonbLOK obpaseL, BbIMEHN
B3pOCIon OBUbI. Icxoast 3 TeKCTa, MOXHO NOHSATb, YTO NOAPa3yMeBasnocb No4 «HeGOoNbLLNM
o6pa3suomy.
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«HebonbLwon obpaseuy - 370 ...

A. kneTka

B. reH

C. kneTo4Hoe s4po

D. xpomocoma

KNOHUPOBAHUE: OLIEHKA OTBETA HA BOIPOC 2
Omeem npuHuUMaemcsi NOJIHOCMbIO

Kog 1: A. kneTka

Omeem He npuHuUmMaemcs

Kog 0: pyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: KNTOHUPOBAHUE

B nocnegHem npeanoXxeHuu ctaTby CKasaHo, YTO BO MHOIMMX CTpaHax 6bIno peLleHo 3anpeTntb
3aKOHOM KIOHUPOBaHWE Nogen.

[1Be BO3MOXHble NPUYUNHBbI AaHHOIO pelleHnda npeacrtaBiieHbl HUXe.
AsnatoTcs nNu gaHHble NPUYNHbI Hay‘-IHbIMI/I?

O6eeaute «Oa» unun «HeT» HaNPOTUB KaXKAON NPUYMHbI.

ABnserca nu gaHHas

MpuyumnHa .
npUYMHA Hay4YHOMN?

KJ'IOHIApOBaHHbIe ran MmoryTt ObITb Bonee BOCMPUNMYHUBDI K

Ha/Hert
onpeaeneHHbIM 6onesHsM, YemM OObIYHbIE MOAMW.

Jlloan He pomkHbl BpaTb Ha ceba ponb «Co3gaTens». Ha/ Hert

KNOHWPOBAHUE: OLIEHKA OTBETA HA BOINPOC 3

Omeem npuHUMaemcsi NoJIHOCMbHO

Koa 1: [1Ba npaBunbHbIX OTBETA B crieaytowem nopgagke: da, Her.
Omeem He npuHuUMaemcs

Kog O: fipyrue oTeeTbl.

Kog 9: OTBeT oTCyTCTBYET.
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CBETOBOW AEHb

AOJITOTA AHA 22 UIOHA 2002 TOOA

CerogHs B CeBepHOM NofyLlapumn oTMedaeTcs caMblii ASTIMHHbIN OeHb, B TO BPEMSI KakK Y
ABcTpanuiues 6yoeT camblin KOPOTKUIM OEHD.

B aToT AaeHb B ropoge MenbbypHe*, AscTpanusa, ConHue B3ongeT B 7:36 yTpa, a 3angeTt B 17:08, B
pes3ynbTaTe Yero NPoAoMKUTENbHOCTb MOSTHOMO CBETOBOIO AHS COCTaBUT 9 YacoB U 32 MUHYTLI.

CpaBHUTe AaHHble CerogHsILLHEro AHA ¢ caMbiM ANUHHBIM AHeM B rogy B KOXHOM nonywapun,
KOTOpbI BbiNnagaeT Ha 22 aekabps. PacceeT B 370T AeHb byaet B 5:55 yTpa, a 3akaT — B 20:42;
NPOAOCIHKNTENBHOCTb MOSTHOTO CBETOBOIO AHSA COCTaBUT 14 4acoB 1 47 MUHYT.

Mpe3nageHT ActpoHomunyeckoro CoobuecTtsa, Neppu Brnaxoc, 06bACHMM, 4TO CMEHa BPEMEH roga
B CeBepHoM 1 KOXXHOM nonyLuapusix cBA3aHa C yriom HaknoHa 3emMHon ocu Ha 23 rpagyca.

*MenbbypH — 3TO ropoq B ABCTpanum ¢ reorpacmyeckon LWMpoTon NnpuMepHo 38 rpagyca toxxHee aKkBaTopa.
Bonpoc 1: CBETOBOW AEHb

Kakoe yTBepxaeHne 06bACHAET CMEHY AHS U HOYM Ha 3emne?
A. 3emns BpauwlaeTcs BOKpYr CBOEN OCW.

B. ConHue BpaLLlaeTca BOKpYr CBOEN OCW.

C. Ocb 3emnu HaknoHeHa.

D. 3emns BpawaeTtcs Bokpyr ConHua.

CBETOBOW OEHb: OLIEHKA OTBETA HA BOMNPOC 1
Omeem npuHumaemcsi NOJIHOCMbIO

Kog 1: A. 3emngd BpawiaeTcsi BOKpYr CBOEW OCW.

Omeem He npuHumMaemcsi

Koa 0: [lpyrue oTBeETHI.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 2: CBETOBOW AEHb

Ha pucyHke nokasaHo, kak COMHEYHbIE Ny4n CBETAT HA NOBEPXHOCTb 3EMIN.

_____ é______
_____ é______
_____ - —— CorHeyYHble
nyum
_____ é______
_____ é______
3emnsa

PucyHoK: conHeuHble nyyu
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Mpegnonoxum, yto B MenbbypHe cerogHsa cambiii KOPOTKUIA AEHb B rogy.

N306pa3snte Ha pucyHke ocb 3emnu, CeBepHoe nonywapue, KOxXHoe nonyLapue 1 aksaTop.
O60o3HauybTe UX 1 NOANULLINTE.

CBETOBOW OEHb: OLLEHKA OTBETA HA BOMNPOC 2
MprmeyvaHne: Npu oueHKe OTBeTa Ha JaHHbIN BOMPOC HY>XHO YY4ecTb cneayloLlee:
1. Ocb 3emnu HapucoBaHa HaknoHeHHown K ConHuy B npegenax 10° u 45° oT BepTUKanbHOM

NUHUK. N3yunte cnegyrowmm pucyHoK:

WU3obpaxeHue ocu

(o]
;101 23° 3acyuThbiBaeTcAa

I

[
b ¢
I
1o

3a npegenamu 10° n 45° o1 BepTMKaNbHON NIMHWUMK: OTBET HE NPUHUMAETCS.

2. MpwucyTcTBrE UMK OTCYTCTBUE SICHO 0603Ha4YeHHbIX CeBepHoro 1 KOXXHOro nonyLiapuin unm
0603Ha4YeHne ogHOro nonyLlapusi, B TO BpeMs kak Apyroe noapasymeBaeTcs.

3. OkBaTop HapucoBaH noBepHyTbIM K ConHuy B npeaenax 10° 1 45° Bbiwe ropnsoHTanbHOM
nuHUKN. N3yunte cnegyrowmin pucyHok:

3KBaT0p HapucoBaH B Bnae ANNUNTUYECKON NUHUM UNK I'IpFIMOVI JINHUN.

W306paxeHune akBaTopa
3acYMTbIBaeTCA

3a npegenamm 10° n 45° OT ropnaoHTaNbHOM NIMHUKN: OTBET HE MPUHUMAETCH.
Omeem npuHumaemcsi NOJIHOCMbIO

Kog 21: Ha pucyHke akBaTop noBepHYT k ConHuy nog yrnom B npegenax 10° n 45°, a ocb 3emnu
nosepHyTa B cTtopoHy ConHua B npegenax 10° n 45° ot BepTukanbHon nnuHum, CeBepHoe
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n KOxxHoe nonywapus o603HavYeHbl BEPHO (MK 0603HaAYEHO OAHO nonyLwapue, opyroe
nogpasymeBaeTcs).

Ock

JkBaTop

Omeem npuHumaemcsi Hacmu4Ho

Kog 11: Yron HaknoHa ocu B npegenax 10° n 45°, CesepHoe u / unu KOxHoe nonywapus
0603HaveHbl BEpHO (MNn 0603HAaYEeHO TOMbKO OOHO, APYroe nogpa3yMeBaeTcsl), HO Yron
HaKIoOHa aKBaTopa He HaxoauTcs B npomexyTtke 10° n 45°; unun aKkBaTop OTCYyTCTBYET.

Ocb Ocb Ocb
JkBaTop
JkBaTop

Kog 12: Yron HaknoHa QkBatopa Haxogutcs B npegenax 10° n 45°, CesepHoe u / unn KOxHoe
nonywapus obo3HaveHbl BEPHO (Mnn 0603HA4YEHO TOMBKO OL4HO, ApYyroe
noapasymMeBaeTCcs), HO Yrosl HaknoHa ocu He HaxoauTcsa B npomexyTtke 10° n 45°; nnm ocb
OTCYTCTBYET.

Ocb Ocb
Ocb
dkBaTop SkBaTop dkBaTop

Kog 13: Yron HakrnoHa akBaTopa Haxoautcsa B npegenax 10° n 45°, yron HaknoHa ocu HaxoguTcs B
npeaenax 10° n 45°, Ho CeBepHoe un KOxHoe nonywapusa 0603Ha4YeHbl HEBEPHO (MK
0603Ha4YeHo TONbLKO OAHO, ApYroe noapasymeBaeTcs Unm xxe oba oTCyTCTBYIOT).
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Ocb
®3Kla'rop

Kog 01: CeepHoe n / unun KOxHoe lNonywapusa o603HayYeHbl BEPHO (MM 0603HAYEHO TONbKO
0[HO, Apyroe nogpasyMeBaeTCsl), BCe OCTanbHOe HEBEPHO.

Kon 02: Yron HaknoHa akBaTopa B npeaenax 10° n 45° asnseTtca eANHCTBEHHBIM BEPHbIM

obo3HavYeHneM.
<f§EE;;;:lKBaTOp

Koa 03: Yron HaknoHa ocu B npegenax 10° n 45° aensetca eANHCTBEHHLIM BEPHbLIM

obo3HaveHnemM.
fOCb

Kog 04: Bce 0603Ha4YeHns HEBEPHbI Uy Apyrue OTBEThI.

Omeem He npuHuUmMaemcs
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Kog 99: OTBeT OTCyTCTBYET.
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OHEBHUK 3EMMENbBAUCA

Tekct 1: AHEBHUK 3EMMEJIbBAACA

«Monb 1846 2oda. Ha cnedyrowel Hedene 51 cmaHy «[ ocrioOuHom [Jokmopom» & riepeol naname
poduribHo20 Ooma 2opodckol borbHUUbI 8 Bere. 5 ucrniyearcs, ko20a y3Har rnpouyeHm
cMepmHocmu cpedu nayueHmok e amou 6onsHuue. B amom mecsue om rocriepodoegoli
nuxopadku mam ymepru He MmeHee 36 u3 208 mamepel. PoxxOeHue pebeHKa yepoxxaem Xu3Hu
MOYHO Mak e, Kak U MHee8MOHUS

rnepeod cmerneHu». KonuuyectBo cMepTeu ot

nocrnepoaoBoW NMXopanku

OTN CTPOKM 13 AHeBHWKa UrHaua Konwsecrso [ Ha Kaxkable 100 poabl
3emmensBanca (1818-1865) onucbiBaloT  cmepren

yXXacHble NocrneacTBMs NOCNepoaoBon
nnxopaaku, NHPEKLNOHHOTO 15 |
3aboneaHusi, ybusLLEro MHOIMX
YKEHLUMH nocne poxaeHus pebeHka. Mepsan
3emmenbBanic cobrpan AaHHble O 10 L nanata
Konu4yecTse cMepTen OT NOCNepoaoBON
nMxopaaku B NepBo 1 BTOPOW nanartax

6onbHULBI (CMOTpUTE Ha rpaduke). 5 L
. Bropas
Bpauwn, B TOM yncne cam 3emmenbBainc, nanata
ObINY B NONTHOM HEBEAEHUN O NPUYUHAX
nocneponosomn nuxopaaku. O6paTumcst . S i—ro  Toa

- 1841 1842 1843 1844 1845 1846
K AHEBHUKY 3emMmenbBaica:

«[ekabpb 1846 2oda. Noyemy mak Mpacpmk

MHO20 XEHWUH ymupaem om amou

nuxopadku rocrie podos, rnpoweduwux 6e3 8csKUX OCIOXHEHUlU? MHozaue geka HaykKa
ymeepxxdarna, Ymo mamepeli ybusaem Hesudumas arnudemusi. lNpuduHamu moaym bbimb unu
U3MeHeHUs 8030yxa, Uslu 803MOXHOE UHOMIIAaHEMHOE 8/1UsIHUe, Uriu O8UXeHUEe 3eMHOU
108epxXHOCMU, 3eMIeMpPSICEHUE».

B Hale Bpemsi HeMHOrMe BEPSAT, YTO BO3MOXHOW MPUYNHON NTIMXOPaAKN MOXET ObITb
WHONJTAaHETHOE BNUSIHNE UNK 3eMneTpsaceHne. Ho Bo BpemeHa 3eMmenbBarica MHOrve noau,
Jaxe ydyeHble, Bepunu B ato! Cenvac HaM U3BECTHO, YTO NPUYMHON TOMY BbINIM CaHUTapPHO-
rMrneHn4eckmne ycrnoaus. 3eMMenbBanc cunTan ManoBeposiTHbIM TO, YTO NPUYMHOM BbIno
WHONMaHeTHoe BNUsSIHUE unu 3emneTpsaceHne. OH ykasan Ha JaHHble, cObpaHHble UM (CMOTpUTe
Ha rpadpuke), n ucnonb3osarsn ux, YTobbl yoeanTs CBOUX Konser.

Bonpoc 2: AHEBHUK 3EMMENbBANCA

MpeacTtaBbTe cebs Ha MecTe 3emmenbBanca. O6bsacHUTE (Ha OCHOBE faHHbIX, KOTopble cobpan
3emmenbBanc), noYemy 3emneTpsiCeHne Bpsaa N ABMSETCA NPUYMHON NOCNepPOa0BOM NTIMXOPALKM.

OHEBHWUK 3EMMENbBAUCA: OLUEHKA OTBETA HA BOIMPOC 2
LIEJTb BOIMPOCA: MNMpouecc: ®opmynmpoBka/oLeHKa BbIBOLOB.
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Tema: brnonorus yenoseka.
O6nacTtb: Hayka B cdhepe 1M3HM 1 340POBbA.

Omeem fnpuHumaemcsi NOJiIHoCMbH

Kog 21: B oTBeTe yunTbiBaeTCA pasHmLa Mexay KonmyecTBoM cmepTen (Ha kaxable 100 poabl) B
obewnx nanartax.
e Tak Kak ypoBeHb CMEPTHOCTU XEHLLMH B NEPBOW Nanare Bbllle, YeM BO BTOpPOM nanaTe,
CMEepTHOCTb He CBS3aHa C 3eMNeTPSICEHNSIMU.

e B nanarte 2 ymepno meHbLUe ntogen, a ecnuv 6ol 3emneTpsaceHne 6bino NpUYNHON, KONNUYECTBO
cMmepTen B ABYyX nanatax 6o 66l 0guHaKoBbIM.

e Tak Kak ypoBeHb CMEPTHOCTM BO BTOPOM Nanate He Takow BbICOKWUA, BO3MOXHO, Nnpobnema B
nepsow nanaTe.

L SeMJ'IETpﬂCGHI/IFI HEe MOl BbI3BaTb JINXopaAdKy, NOTOMY 4YTO YpOBEHb CMEPTHOCTU B ABYX
nanartax CIMLKOM OoTinin4yaeTc4.

Omeem npuHumaemcsi Hacmu4Ho

Kog 11: B oTBeTe yunTbiBaeTCA TOT (PAKT, UTO 3EMIIETPACEHMSI ObIBAIOT HE TaK 4acTo.

e 37O BPSA NV MOTNO MNPOU3OWTU N3-3a 3EMINETPACEHNIA, NOTOMY YTO 3EMIETPSCEHNS He
NMPOUCXOAAT NOCTOSIHHO.

Kog 12: B oTBeTE Y4MThLIBAETCA TOT (PAKT, YTO 3EMIIETPSCEHNS TaKKe BIMSAIOT Ha Ntogen 3a
npegenammn 60nbHULBI.

e Ecnu 6bl Toraa 6bino 3eMneTpsceHune, Y KeHLMH, HaxoasaLmxes 3a npegenamu 60nbHULbI,
Takke 6bina 66l nocnepogoBas nuxopagka.

e Ecnu 66l NnpnynHon 6binu 66l 3emneTpsaceHns, y nogen scero Mupa 6eina sl nocnepogosas
nmxopajka Kaxkgpln pas, koraa npovcxoausno 6bl 3eMneTpsiceHne, a He Tonbko B nanaTtax 1 u 2.

Koa 13: B oTBETE OTMEYAETCS, YTO, KOraa npoucxoanT 3eMnNeTpsiCeEHNE, Y MY>XUYMH HET
NnocnepoaoBON NMXOpaaKu.
e Ecnun 6bl MyX4nHa Haxogmnca B GOMbHULIE U B 3TO e BPEMS Hayanocb 3eMneTpsceHne, aTo y

Hero He BbI3Baro Obl nocneponoByko NMXxopaaky, crneaoBaTesibHO, 3eMiieTpAceHne He
ABNAETCA ﬂpVI‘-IVIHOIZ.

e [oTomy 4TO 3TO ObIBAET Yy AEBYLUEK, HO HE Y NapHEii.

Omeem He nNpuHUMaemcsi:

Kog 01: B oTBeTe yTBEPXKAAETCA (TOMBKO) TO, YTO 3EMMETPACEHUSA HE MOTYT BbI3BaTh JIMXOPAKY.
(] 3eMJ'IeTpF|C€HI/Ie He MOXeT TaK NMNoBJINATb Ha YyernioBeka Ui Bbi3BaTb Yy Hero 6OJ'Ie3Hb.
e Hebonblime BubBpaumnn He ABNAOTCA ONaCHbIMW.

Kog 02: B oTBeTe yTBEepxaaeTcs (TONMbKO) TO, YTO Y NMNXOpaaKM AOMmKHa ObiTb Apyras npuynHa
(BepHast N HeBepHas).

e Bo Bpems 3eMneTpsiceHUii B BO34yX HE BblAENSHOTCS SO0BUTbIE radbl. 3eMNeTpsceHus
CryyarTcst U3-3a ABMKEHNS U CMELLEHNUS MMTOCEPHbBIX NUT 3eMnu.

e [loTomy 4YTO Mexay ABYMS COObITUSIMU HET CBA3M, 3TO BCErO NULLL NPeApacCyaokK.

e 3emneTpsiceHue He BNUAET Ha NpoTekaHue 6epeMeHHOCTH. MpuunHon siBnseTcs
HegocTaTo4YHasi KBanMULMPOBaAHHOCTL Bpayell.

Kog 03: B otBeTe ckombunHmnpoBaHbl Kog 01 n 02.

e [locnepogoBasi nMxopagka He MOXeT ObiTb Bbl3BaHa 3eMETPSACEHMSIMU, MOTOMY YTO MHOrMe
KEHLUMHbI yMUpatoT nocre 6ecnpobnemMHbIX poaoB.

(] Cmepr Bbl3BaHa 6a|<Tep|/|9|M|/|, a 3eMneTpdaceHna He MOryT NoBJIINATbL Ha HUX.

Kog 04: [Ipyrve oTBeThbl.
e A gymato, 4To ObINO CEPbE3HOE 3EMIETPSICEHME, KOTOPOE BbI3BASI0O MHOMO paspyLUEHUN.
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e B 1843 rogy konn4ecTtBoO cMepTen B nanate 1 cokpaTUioch, a B Nanate 2 ToXe, HO He
HaCTONbKO.

e [loToMy 4TO B TEX MECTax He ObINIo 3eMeTpPsSICeHN, a ntoan Bce ewe 6onenu. [lIpumedaHue:
[NpednonoxeHue 0 MomM, Ymo 8 mo 8peMsi He bbifio 3emnempsiceHull, He8epHoO.]

Kog 99: OTBeT OTCYTCTBYET.

Tekct 2: AHEBHUK 3EMMEJIbBAACA

OpHUM 13 BUOOB ANArHoCTMKN B 6onbHMULE ObiNo BCKpbITUE. TENo ymepLuero YenoBeka
BCKpbIBanu, 4Tobbl onpeaennte NPUYMHY CMepTU. 3eMMeNbBaANC OTMETUN, YTO CTYAEHTbI,
paboTtatowme B nepBor nanate, 0ObIYHO NPOBOAMM BCKPLITME XEHLLMH, YMEPLUNX OHEM paHee, a
3aTemM OCMaTpuBani XeHLWH, KOTOpbIe TONbKO YTO poaunu pebeHka. OHM He 0cobeHHOo
TWaTeNbHO YMbIBaNu1Cchb Nocne BCKPbITUI. HeKoTopble U3 HUX AaxXe ropaunmcb TeM, YTO No UX
3anaxy MOXHO ObIfo NOHATb, YTO OHKU paboTanu B Mopre, NOTOMY YTO 3TO CBUAETENLCTBOBANO 06
nx Tpygontodun!

OauH u3 gpysen 3emmensbBarica ymep, NopesaBLInCch BO BpeMs BCKPbITUS. BCKpbITWe Tena apyra
rokasano, 4YTo y Hero 6binv Takme e CUMMNTOMbI KaK Y MaTepein, KoTopble ymepnu oT
nocnepoaoBon nuxopaakn. Ny 3emmensBarica nosisMnacb HoBasi uaesi.

Bonpoc 4: AHEBHUK 3EMMENbBANCA

Hoeasa noes 3emmenbBarica Obina cBsi3aHa C BbICOKMM NnpPoUueHTOM CMEepPTHOCTU Cpean XEeHLWH,
ymMmepLwmnx B poauribHbIX otaeneHundax, n ¢ AeATenibHOCTbO CTYAEHTOB.

Kakolt 6bina ata ngea?

A. Ecnu Obl CTyAeHTbl TWaTesibHO yMbIBarinuCb nocne BCKprTVII;l, cny4yaun I'IOCJ'IGpOD,OBOIZ
NInXopaaKkn CoKpaTuiinCb Obl.

CTyaeHTbl He LOMKHbI NPOBOAUTL BCKPbITME, MOTOMY YTO OHM MOFYT Nope3aTbCs.
OT CcTy4eHTOB UCXoaun 3anax, NOTOMY YTO OHM HEe YMbIBanMCb NOCIE BCKPbLITUS.

D. CTyaeHTbl XOTenu nokasaTb, YTO OHU TPYAOso6UBbIE, MOSITOMY OHU HEAOCTATOYHO OCTOPOXHbI
BO BPEMSI OCMOTPOB >XEHLLVH.

OHEBHWK 3EMMEJNIbBANCA: OLIEHKA OTBETA HA BOINPOC 4

LIENb BOMPOCA: MNpouecc: PacnosHasaHne BONPOCOB.
Tema: bruonorua yenoseka.
O6nacTtb: Hayka B cdhepe XM3HM 1 340POBbA.

Omeem npuHumaemcsi NoJIHOCMbHO

Kog 1: A. Ecnu 6bl CTygeHThl TWaTenNbHO yMbIBaNIMCb NOCNE BCKPbITUIA, Cllydan NocrnepogoBom
nuxopankn cokpaTUinck Obl.

Omeem He npuHuUMaemcs
Kog O: fipyrue otseTsbl.

Kog 9: OTtBeT oTCyTCTBYET.
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Bonpoc 5: AHEBHUK 3EMMENbBANCA

3emmenbBanc npeycnen B CBOMX MOMNbITKaX COKPATUTb KONMYECTBO CMEPTEN OT NOCNePOa0BON
nunxopagkn. OgHako NocnepoaoBas nNMxopaaka gaxe cerogHsa asnseTca 60ne3Hb0, KOTOpYHo
CNOXHO NOBOpPOTh.

TpyaHoM3neunmble NMxopanky 4o cux nop sSBNsoTCst NpobremMoin B 6onbHULAX.
MNpeanpYHUMaEeTCsi MHOXECTBO Mep Ans peLleHus 3Ton npobnembl. Cpeam HUX — cTupka
NPOCTbIHEN Ha BbICOKUX TEMMepaTypax.

O6bsACHMTE, NOYEMY Bbicokasi TemnepaTypa (Npy CTUPKe NPOCTbIHEN) CNOCOGCTBYET COKpaLLEHNIo
pvicka 3aboneBaHus NaUMeHTOB NIMXOPaaKOW.

OHEBHWK 3EMMENbBANCA: OLIEHKA OTBETA HA BOMNPOC 5

LEJTb BOTMNPOCA: MNpouecc: [leMoHCcTpauusa 3HaHUA 1 NOHUMaHUS.
Tema: brnonorus yenoseka.
O6nacTtb: Hayka B cdepe 1M3HM 1 300pPOBbA.

Omeem fnpuHumaemcsi NOJIHOCMbHO

Kog 11: B oTBETE roBOPUTCS, YTO 3TO NOMOraeT yHU4YmMoXxume 6akmepuu.
e [loTOMy YTO MPU BLICOKMX TeMMepaTypax MHorme 6akrepum ymupator.
e bBakTepun He NepeHOCAT BLICOKMX TemnepaTyp.
e Bbicokne TemnepaTypbl CxuraoT 6aktepun.
o bBaktepun csapusatotcs. [[TpumedyaHue: Xoms 8bipaxeHUsl «Cxuaaromy U «ceapusaromcesiy He
SBIISIOMCS 8EPHBIMU C HaYYHOU MOYKU 3peHusi, amom u npedbidywuti omeemsl credyem
3acyumame.]

Kog 12: B oTBETE roBOPUTCS, YTO 3TO NMOMOTAET YHUYMOXXUMb MAUKPOOPTraHU3Mbl, MMKPOObI 1in
BUPYChI.
(] |_|OTOMy YTO BbICOKME TEMNepaTypbl y6l/IBa}OT MeJiKme opraHm3mbl, KOTOpbl€ Bbl3bIBAKOT
6onesHb.
e MwuKpoGbl HE BbPKMBAKOT MPU BLICOKMX TemMepaTypax.

Kog 13: B oTBeTe roBoputcst 06 ydasieHuuU (He yHUUTOXEHUN) BakTepun.
(] EaKTepI/II/I NCHE3HYT.
o Konunyectso 6akTepuin yMeHbLIUTCS.
e [lpu BbICOKMX TemnepaTypax 6akTepmum CMbIBalOTCS.

Kog 14: B otBeTe roBoputcs 06 ydaneHuu (He YHUYTOXKEHUN) MUKPOOPraHN3MOB, MUKPOBOB 1nu
BUPYCOB.
(] nOTOMy YTO Ha Bawle Tesyio He nonaayTt MVIKpO6bI.

Kog 15: B oTBeTE roBOpUTCS O CTEPUNMN3ALNN NPOCTLIHEN.
e [1pOCTbIHM CTEPUINIYIOTCS.

Omeem He npuHumMaemcsi

Kog 01: B oTBeTe roBopuTCsi O TOM, 4YTO 3TO YomBaeT 60nesHb.
o |-|OTOMy YTO ropa4vaa soaa y6I/IBaET n+o6y+o 6onesHb Ha NPOCTbIHN.
e Bbicokas TeMneparypa y6MBaeT MXopagky Ha NpoCTbliHU, YTO YMEHbLIAEeT LWaHCbl 3apaXeHna.
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Kog 02: pyrue oTtBeThl.

e UYT06bI OHM HE NPOCTYAUNUCE.
e Bo BpeMsi CTUPKM BbIMbIBAOTCS MUKPOObI.

Kog 99: OTBeT OTCYTCTBYET.

Bonpoc 6: AHEBHUK 3EMMENbBANCA

MHorune 6onesHu MoryT GbiTb BbifieYeHbl aHTUBNoTUKaMn. OQHAKO NONOXUTENBHOE AENCTBUE
HEKOTOpbIX aHTUBNOTUKOB B Bopbbe NPOTUB NOCNEPOLOBON NMXOPaAKN COKpaTUIIOCh 3a
nocnepgHve roasbi.

KakoBa npuymnHa atoro?

A.
B.

D.

lMocne npon3BoacTBa aHTUOMOTUKOB OHM MOCTEMNEHHO TEPSIOT CBOK 3PPEKTUBHOCTD.
BakTepun cTaHOBATCA HEBOCNPUMMUMBBIMY K aHTUOMOTUKAM.

[aHHble aHTMBNOTMKM NOMOratoT TONBKO NPOTUB NOCNEPOAOBON NUXOpPaaKM, HO He NPOTUB
Apyrux 3abonesaHun.

HeobxoammocTb B 3TUX aHTMOMOTUKAX yMeHbLInnacb, NOTOMY 4YTO B nocnegHue roabl
3HA4YNUTENbHO YNYy4LUITUCb YCINOBUA OKa3aHUsA MeANLMHCKON NOMOLLIN.

OHEBHWK 3EMMENbBAMCA: OLIEHKA OTBETA HA BOINPOC 6

LIENb BOMPOCA: MNpouecc: [leMoHCTpauus 3HaHU 1 NOHUMaHUS.

Tema: bruopasHoobpasue.
O6nacTtb: Hayka B cdepe 1M3HM 1 300POBbA.

Omeem fnpuHumaemcsi NOJIHOCMbHo:

Kog 1: B. Baktepum cTtaHOBATCS HEBOCMPUMMYMBBLIMUK K aHTUOMOTUKAM.

Omeem He nNpuHUMaemcsi:

Kog O: fipyrue oteeTbl.

Kog 9: OTBeT OTCYTCTBYET.
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U3SMEHEHUE KITUMATA

Tekct 1: UBMEHEHUE KITMUMATA
KAKAA OEATENNbHOCTb YEJTIOBEKA CMMOCOBCTBYET UISBMEHEHUIO KITUMATA?

CxwuraHue yrns, HedpTH, NPUPOAHOrO rasa, Bbipybka NecoB 1 Apyrne cenbCKOX03sNCTBEHHbIE U
NpPOMbILNEHHbIe paboTbl NPUBOOAT K UIBMEHEHMIO COCTaBa aTMOCcdepbl, a TakKe K U3BMEHEHUIO
knumarta. [JaHHble Buabl 4eATENbHOCTU YenoBeKa NPUBENM K YBENNYEHNIO KOHLEHTpaLMM YacTuL
N NapHUKOBLIX ra3oB B atMocdepe. OTHocUTENbHAA BaXXHOCTb OCHOBHbLIX MPUYMH U3MEHEHUNS
TemnepaTtypbl NokasaHa Ha PucyHke 1. [oBbIlLEHHAA KOHLEHTPaLMs YriekUCnoro rasa u metaHa
MMeeT Tennosoe Bo3aencTame. [oBbllLeHHAas KOHLEHTpaUUsa YacTul, UMeeT ABa BapuaHTa
oxnaxpgatoulero acpekrta, koTopble Ha rpadmke oTMeYeHbl Kak «HacTuupl» n «Hactuubl Ha
obnakax».

OxnaxpeHue OTHocHUTeNbHas BaXHOCTb HarpeBaHue

Yrnekucnblil ras

MeTaH

YacTtuupl

Yactuubl Ha obnakax

. U3BECTHOE BNUAHUE

! BO3MOXHOE BNUSHUE

S

PucyHok 1: OTHOCUTEeNbHaA BaXXHOCTb OCHOBHbIX MPUYUH U3MEHEHUS TemnepaTypbl
aTmocdepbl

Ctonbubl ¢ NpaBo CTOPOHbI OT LieHTpa nokasbiBatoT ahekT HarpesaHna. CTonbubl ¢ ieBon
CTOPOHbLI OT LIeHTPa NokKasbiBaloT oxnaxaawwmn apdekt. OTHocuTenbHaa BaXXHOCTb «HacTuuy» u
«YacTtmy Ha obnakax» aBnseTca 4OCTaTOMHO HETOUHOW: B K&XA0M Crlydae BO3MOXHbIN 3ddhekT
HaxoauTCcsa B Npedenax ceporo useTa Ha rpaduke.

McTouHuk: agantupoBaHo 13 www.gcrio.org/ipcc/qa/04.html

Bonpoc 1: USMEHEHUE KITUMATA

C onopon Ha nHgopmauuto Ha PucyHke 1 npeanoxute apryMeHT B NOAAEPXKKY CHMKEHUS
BbIGPOCOB Yriekncrnoro rasa, KoTopble 06pasyoTca B pesynbTaTte nepeyncrieHHbIX JeNcTBUN
yeroBeka.

M3MEHEHUE KITMMATA: OLUIEHKA OTBETA HA BOINPOC 1

LIENTb BOMPOCA: MNMpouecc: ObuweHune.
Tema: 3emnsa kak yactb BceneHHonm.
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O6nacTtb: Hayka B cdhepe 3emnum 1 okpyxatoLen cpeqbl.
Omeem npuHuMaemcsi NoJIHOCMbIO

Kog 2: Yrnekucnbii ra3 sBNse€Tcst OCHOBHbIM (DaKTOPOM, CNOCOGCTBYHOLLIMM MOBbILLEHWNIO
aTtMocdepHon TemnepaTypbl/Bbi3biBaOLLMM N3MEHEHUS KNUMaTa, NO3TOMY CHUXKEHUE
konmyecTBa BblIGpOCOB OyaeT MMeTb HanbonbLuMi 3AEKT B COKpALLEHUN BIIUSAHUSA
YEenNoBEYECKON OeATENbHOCTU.

Omeem npuHumaemcsi HacCmu4Ho

Kog 1: Yrnekucnbli ra3 Bbi3blBaeT NoBbILLEHME TeMnepaTypbl aTMOCHepPLI/BbI3bIBAET N3MEHEHNE
KnumarTa.

Omeem He npuHuUmMaemcs

Kog O: [lpyrve oTBeTbI, BKIOYAS OTBETHI O TOM, YTO MOBbILLEHWE TEMMEpPaTypbl HEraTUBHO
NOBNMSIET HA COCTOsSIHME 3eMrn.

Koa 8: He oTHocuTCA K 3agaHuio.
Kog 9: OTBeT OTCyTCTBYET.
lpumepbl omeemoe

Kop 2:

e Bribpockl CO, NpMBOAAT K CyLLEeCTBEHHOMY HarpeBaHuio aTmocdepsl U, cregoBaTenbHo, X
HeobxoaMMo cokpaTuTb. [[IpumeyaHue: BoipaxeHue «Cyu,ecmeeHHOMY» MOXem
mpakmosambCsl KaK «CaMOMy 8bICOKOMY» .|

e B cootBetcTBUM C PrcyHKOM 1 CHUXEHUe BbIOPOCOB Yriekncnoro rasa aenseTcs Heobxoaumbim,
MOTOMY YTO OHU 3Ha4YUTENbHO HarpesatoT 3emnio. [[IpumeyvaHue: BoipaxeHue «3Ha4yumesbHO»
MOXXem mpakmoeambCsl KaK «bornble eceaox.]

Kopg 1:
e CxuraHue uckonaemoro TOMnmMBea, Takoro kak HedpTu, rasa u yrns NPUBOAAT K HAKOMMEHWUIO ra3oB
B aTMocdepe, 0AHMM 13 KOTopbIX ABnsieTcs yrnekucnein ra3 (CO,). 3ToT ras BnusieT Ha
noBbILLEHWE TeMNepaTypbl 3eMnn, YTO NPUBOAUT K NapHUKOBOMY 3DEKTY.

Kopg O:
e OTKas ot aBTOMO6VIﬂeI7I, npeKkpalleHne CKXUuraHua yrmnd, a Takke npekpawieHume Bblpy6KVI lecoB
NOMOXEeT YMEHbLLUNTb YPOBEHb Bbl6pOCOB YrmneKkucrioro rasa. [Hpumeanue: B omeeme
abCcoMomHo He paccmampusaemcsi 8/uUsiHUE yaieKucio20 2asa Ha memnepamypy.]
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MYXU

TekeT 1: Myxu

depmep paboTan ¢ MOSIOYHbIM CKOTOM Ha CESTbCKOXO3SANCTBEHHON SKCNEPUMEHTAlTbHON CTaHLMMW.
KonuuectBo Myx B cTonnax, rae CoAepXKarnmchb XXUBOTHbIE, Oblfo HACTONBKO BEMMKO, YTO 3TO
yrpoXxano 340pOoBbH0 XKUBOTHbIX. [MoaTomy hepmep obpaboTan cToinna n XMBOTHLIX PaCTBOPOM
CpPeAcCTBa 415 YHUUTOXEHUSA HacekoMbiX A. CpeacTBO YHUUTOXMIO NOYTM BCEX HACEKOMBbIX.
CnycTa kakoe-To BpeMsi, 04HaKo, KONIMYECTBO MyX CHOBa yBenuumnocb. ®epmep onstb
ncnonb3oBan cpeacTso AN YHUUTOXEHUST HaceKoMbIx. PesynbTaT 6bi CXOX C NepBbiM 3TarnomM
06paboTkn. CpeacTBO YHUUTOXNUNO BOMBLUMHCTBO MYX, HO He BceX. CnycTs HEKOTOPOE BPEMS MX
nonynsaums onsTb yBenNuuunach, 1 NPOTUB HUX BHOBb MPUMEHUIUN CPEACTBO A5 YHUYTOXEHUSA
HacekoMbix. Takas nocnegoBaTenbHOCTb NOBTOPUNACh NATb pas, Noka He cTano 04eBUAHO, YTO
CPeACTBO NPOTMB HAacEKOMbIX A TepsieT CBOK 3P EKTMBHOCTL B 6opbbe ¢ Myxamu.

depmep 3ameTunn, 4TO BO BpeMs Bcex 00paboTok Mcnonb3oBanachk ogHa v 1a xe bonbluas
nopuus pactesopa AaHHOro cpeacTsa. [10aToMy OH NPeanonoXun, YTo pacTBOP CPEACTBA NPOTHB
HaCEKOMbIX BbIBETPUIICS CO BPEMEHEM.

UcTouHuk: Teaching About Evolution and the Nature of Science, National Academy Press, Washington, DC,
1998, c. 75.

Bonpoc 1: MYXU

depmep cunTaeT, YTO pacTBOp BbIBETPUIICS CO BpeMeHeM. KpaTko 06bsicHUTE, Kak MOXHO
NpoBepUTb BEPHOCTb AAHHOIO NPEANONIoXEHMS.

MYXWU: OLUEHKA OTBETA HA BOIPOC 1

LIENb BOIMPOCA: MNpouecc: OnpeneneHne gokasaTenbCTB.
Tema: Xnmudeckune n usandeckme nameHeHuns.
O6nacTtb: Hayka B cdhepe 1M3HM 1 300POBbA.

Omeem npuHumaemcsi NoJIHOCMbHO

Kog 5: MNMpucyxgaeTtca 3a 0TBETbI, B KOTOPbIX YTOMUHAKOTCA Tpy dpakTopa (TMn Myx, CPOK rO4HOCTM
CpeAcTBa NPOTMB HACEKOMbIX U NoABepraHme BO34eNCTBUO cpeacrtea). Hanpumep,
CpaBHUTbL pe3yrbTaThl UCNOMb30BaHNA HOBOW NOPLMM pacTBOpa CpeacTea ¢ pesyfnbratamu
NCNonb30BaHNA CTapoin NopLUuK pacTBopa Ha ABYX rpynnax MyxX O4HOro Buaa, Kotopble
paHee He nNoaBepranucb BO3AENCTBUIO CpeacTBa NpOTUB HACEKOMBbIX.

Omeem npuHumaemcsi YacCmu4Ho

Kog 4: MNMpucyxaaeTtcs 3a 0TBEThI, B KOTOPbIX YTOMUHAKOTCA ABa U3 TpeX hakTopoB (TUM MyX, CPOK
rogHOCTM cpeacTBa NPOTUB HACEKOMbIX U MOABEPraHMe BO3OENCTBUIO CPeacTea).
Hanpumep, cpaBHUTL pe3ynbTaTbl MPMMEHEHNST HOBOW NOPLUK pacTBOpa C pesynbTatamu
NCNonb30BaHNSA CTapon NOpLUK HA MyXax B CTOWNeE.

Kog 3: lMNMpucyxgaeTtca 3a 0TBETHI, B KOTOPbIX YTOMUHAETCA OAUH N3 TpeX (hakTopoB (TUM MyX, CPOK
rogHOCTW CpeacTBa NPOTMB HAaCEeKOMbIX 1 MOABepraHue BO3AENCTBUIO CpeacTBa).
Hanpumep, (xumunyeckun) npoaHanuanposaTtb 00pasLbl CpeacTBa C perynspHbim
WHTEpBanom, 4Tobbl yBUAETb, MPOUCXOOAT NN USMEHEHUSA C TEYEHNEM BPEMEHM.

101



Kog 2: lNMpuMeHUTb K Myxam HOBYIO NOPLNIO CpeacTBa, He YNOMUHaeTCa (akT CpaBHEHNUS CO
CTapou nopuuen.

Kog 1: (Xmumunyeckn) npoaHanumanpoBaTb 06pasupbl cpeactsa 6e3 ynoMmHaHUsi CpaBHUTENbHOMO
aHanmsa B TeYEeHNe HEKOTOPOro BPEMEHM.
Mpumeyanne: Kog 1 Takke npucyxgaeTcs, ecnv ynoMmHaeTcsl oTnpaBka CpeAcTBa B
nabopatopuio.

Omeem He npuHuUMaemcs
Kog O: [ipyrue otseTbl.

Kopg 8: OtBeT He no Teme.
Kog 9: OTBeT OTCYTCTBYET.
lpumepbl omeemoes

Kopg 5:

e MOXHO B3Tb HECKOJIBKO MYX, MOMECTUTb UX B Pa3Hble KOHTEWHEPbl, MPUMEHUTb B OOHOM
KOHTeMHepe Nnopumio HOBOTro pacTBopa, a B APYroM KOHTEMHepe NopLMI0 CTaporo pacTeopa u
npoBepuTb, Kakow OyaeT pesyneTart. [[IpumeyaHue: [axe ecnu 8 omeeme He yrioMuHaemcs
Hanu4ue Myx oOHoz0 8uda, 8 omeeme rnodpasymesaemcs, Ymo 051 IKcnepuMmeHma
ucronb3yrmcs Myxu 00HO20 8uda U 4YImo pacmeop He UCIoib308asiCcsl MPomus Myx paHee.]

e Heobxogumo caoenatb 0gHy BOMbLUYIO MOPLUUIO pacTBopa, pasfaenuTb HEKOTOPOE KONMYECTBO
MyX Ha ABe rpynnbl U Kaxable WecTb MecsueB obpabaTtbiBaTe KaXayto rpynny 3TMM pacTBOPOM.
O6pabartbiBarite rpynny 1 pacTBOPOM 13 BOMbLLIOK NOpUUK, a rpynny 2 — Kaxabl pa3 HOBOW
nopuuewn pacteopa. [[IpumeyaHue: [axe ecriu 8 omeeme He yrioMUHaemcs Haau4due Myx 0OHO20
suda, 8 omeeme nodpasymesaemcsi, Ymo 01 IKCriepuMeHma Ucrofb3ytomcsi Myxu 00HO20
suda U 4mo pacmeop He Ucrosib308asicsl IPomue Myx paHee.]

Kopg 4:

e VcnonbayiTe HOBYIO BYThINKY pacTBopa, 3aTeM NodoXauTe HEKOTOPOoe BPeMS, Koraa Myxu CHOBa
NosIBATCSH, N CHOBA BOCMONb3ynWTECh pacTBopoM. [[IpumeyaHue: BocnpouseedeHue
SKcriepuMeHmos hepmepa, yrnomMuHaemcsi CPOK UCrob308aHus cpedcmeaea om HaceKkoMbix, a
makxe 8ud Myx (8bipaxxeHue «Myxu» rnodpasymesaem mMyx oOHo20 8uda).]

Kopa 3:
e Kaxable HECKONbLKO MecsLEeB NPOBEPSANTE HECKOSMBKO NOpPLMA CpeacTBa OT HACEKOMbIX Ha
OencTBEHHOCTb B nabopaTtopuun.

Kopg 2:
e CpgenanTte To Xe camMoe, HO Kaxbl pa3 NoKynamTe HOBYH NMOPLMIO pacTBopa, YToObl NPOBEPUTD,
ABNAETCA N ero npeanosfioxxeHne BepHbIM UM HEBEPHbIM.

Kopg 1:
e B03MOXHO, ecrnv Obl OH OTMPaBUI HOBYIO 1 CTapyto NOpUMIO A4a B nabopaTtoputo Ha NOBTOPHYHO
NpoBEpPKY, pe3dynbTaTbl CMOIIN Obl noaoreBepanTb €ro npeanonoxeHme.

Kopg O:

e OH MOXET KaXXabl1 rof, NpOBEPATL, He BbILIEN M Y pacTBOpa CPOK rOAHOCTU 1 SABNSAETCA NN OH
adbdpekTnBHbIM. [[TpumedaHue: Omeem He codepxum UHghopmayuu 0 Mmom, Kak cpedcmeo om
HaceKOMbIX HY>HO rnposepume.]

e B3aTb Myxy us ero ctorina u myxy U3 gpyroro ctownna n obpaboTartb Kaxayro cpecTBOM.
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Bonpoc 2: MYXU

depmep npegnonaraeT, YTO CPEACTBO BLIBETPUBAETCSH C TeYeHneM BpemeHu. [anTte aBsa
anbTepHaTUBHbLIX OOBACHEHMS, MOYEMY «CPEACTBO NPOTMB HACEKOMbIX A TepsSieT CBOKO
3P PEKTUBHOCTD ...»

OO ACHEHUIE T et e e

MYXU: OLLEHKA OTBETA HA BOIPOC 2

LIENTb BOMPOCA: MNpouecc: OnpeneneHne BONPoCcoB.
Tema: a) Pusmonornyeckme M3aMeHeHus.
b) Xumuueckune n dunsnyeckne nameHeHus.
O6nacTtb: Hayka B cdhepe 1M3HM 1 300POBbA.

Omeem npuHumaemcsi NoJIHOCMbHO

Kog 2: MNpepncraBneHo oaHO LenocTHOe 0ObsICHEHUE, YTO @) MyXU C YCTOMYMBOCTLIO K CPEACTBY
BbIXMBAIOT M NepeaaroT AaHHYH YCTONYMBOCTb CReayowwmm NoKoneHnam (tTakke
3acuYMThLIBAETCSA OTBET, COAEPXKALLMA TEPMUH KUMMYHUTET», XOTb OH N HE SIBNSIETCA
TOYHbIM CUHOHMMOM TEPMMHA «YCTONYMBOCTbY), @ TaKKe OOHO U3 CReayroLmnx
NpeanonoXeHui: b) aMeHeHNs B YCNOBUSIX OKpYXKatoLWwen cpeabl (Hanpumep,
TemnepaTtypa) Ui u3aMeHeHuss B cnocobe npMMeHeHus cpeacTea.

Omeem fnpuHumaemcsi 4aCmu4Ho

Kog 1: MNMpegnaraetcsa oanH BapnaHT 06bACHEHMSA: BapyaHT a) Ui oguH n3 npumepos B b). He
npunucbiBanTe ko 2 ABYM nNpumMepam u3 BapmaHTa b).

Omeem He npuHuMaemcsi

Kog 0: [pyrue oTBeThl, BKNOYAdA Te, B KOTOPbIX YTBEPXKAAETCH, YTO HOBbIE MYXW NpUNeTalT B
crtonna ¢ 6nuwkanwmnx (HeobpaboTaHHbIX CPEACTBOM) TEPPUTOPUN.

Kop 8: OTBeT He no Teme.
Kog 9: OTBeT OoTCYTCTBYET.
lpumepbl omeemoea:

Kop 2:

¢ OO6bsicHeHne 1: OT NOCTOSTHHOIO MCNONBb30BaHNEM OHOIO CPEACTBA OT HACEKOMbIX MYXU
BbipabaTbIBalOT UMMYHUTET K COCTaBY CPEeACTBa.
Ob6bacHeHue 2: CnycTst HEKOTOPOE BPEMSA XUMUYECKME INIEMEHTLI CPeACTBA OT HACEKOMbIX
NOAHMMAIOTCS Ha MOBEPXHOCTb BaHKM pacTBopa, a Ha AHe pacTBopa OCTAaeTCs pacTBOP HU3KON
KOHLleHTpauun (HeadPeKTUBHbLIN).
[[pumeyaHue: UmmyHUMem rnpuHUMaemcs Kak arbmepHamuea ycmoudusocmu. ]

¢ OObsicHeHue 1: Myxu npuobpeTtanu UMMYHUTET NPOTUB CPEACTBA.
O6bsacHeHue 2: OT nsMeHeHns TeMnepaTypbl CPeACTBO NOTEPSNO CBOK 3PAEKTUBHOCTb.

o OObsicHeHne 1: Bo3MOXHO, Myxu BbipaboTanu 3alnTHbIA reH, NO3TOMY CPEACTBa OT HACEKOMbIX
Ha HUX He JENCTBYIOT.
O6bsacHeHune 2: OH (dhepmep) Kaxabln pa3 UCMonb30Basn MeHbLLEE KONMYECTBO pacTBopa.
[[pumeyaHue: SawumHbil eeH MPUHUMaemcs Kak aflibmepHamusea ycmoudusocmu.]
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Kopa 1:

e Bo3MOXHO, OH HEMpaBWITbHO MCNOMNb30Bas PacTBop.

¢ Bo3mMOXHO, Myxu BblpaboTanu MUMMYyHUTET.

e Myxu 6binn pasHbIx BUAOB Kaxabl pas. [[lpumedaHue: B amom npumepe nposodumcsi Yemkoe
pasnuyue Mexoy pasHbIMu 8udamMu MyX; He noopa3ymMeearomcsi Ho8ble Myxu Ha 0aHHOU
meppumopuu.]

o OObsicHeHne 1: TemnepaTypa O4YeHb CUIBHO MOBBLICMITIACH M NOBMANA Ha CPeACTBO OT
HaCeKoMblIX.

O6bsacHeHue 2: OH HenpaBWUNbHO KUcnonb3oBan pacTeop. [[IpumeyaHue: NpednoxeHb! 8a
npumepa u3 gapuaHma b), npucyxdaime monbko Kod 1.]

Kopa O:
e B03MOXHO, MyXu pa3mMHOXanuchb.
e [loTOMy YTO KaXabIN pas, KOrga OH MUCMoNbL30Ban pacTBoOp, CPEACTBO CTaHOBUIIOCH MEHEE U
MeHee ahPEKTUBHBIM.
o CpeactBo siBnsieTcst bonee addeKTUBHbIM, ecnun B 6aHKke HaxoanTcst 6oNbLLOE KONMNYECTBO
pacteopa. [[lpumeyaHue: He npusodumcs yemkas ces3b obbema U KOHUeHmpauuu.]
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KINOHUPOBAHHDbIE TEJIATA

B despane 1993 roga uccnegosatensckas rpynna n3 HaunoHanbHoOro MHCTUTYyTa
CENbCKOXO3ANCTBEHHOrO nccnegosaHna B bpeccoH-Bunneps (PpaHums) cosgana 5 KNoHoOB Tengr.
CosgaHune KNOHOB (KMBOTHbLIX C TAKMM Xe reHeTUYeCKUM MaTepuanom, XoT OHM POaUNUCHL OT
NSATW pasHbIX KOPOB) ABMSAETCA TPYAHbIM MPOLECCOM.

MepBbIM AenoM nccrnegoBaTenu yaanunu okono Tpuauaty SMuekneToK Y KOpoBbl (MpeanonoxXum,
ee 3Banu 3opbka 1). Viccnepgosatenu yoganunu sgpa ua Kaxxaomn anuekneTkn 3opbku 1.

WcecnepoBatenu B3anm aMOGpUOH y Apyron Koposbl (Mpeanonoxmm, 3o0pbku 2). SMOpmoH
cofeprkarn oKomno TpuauaTu KneTok.

Wccneposatenu pasgenuniy CKonmneHne KneTok 3opbkn 2 Ha OTAenNbHbIe KNEeTKU.

3aTtem OHU yaanunu sigpa U3 Kakaow oTaenbHoOM KneTku. Kaxgoe a4po no oT4enbHOCTH
NOMECTUNKN BO BCe TpMALaTb KNeTok 3opbkn 1 (KNeTKn, n3 KOTopbIX Oblnn yaaneHsl sapa).

M HakoHeLl, TpuauaTb MHbELMPOBAHHbIX SALEKNETOK MMNIaHTUpoBanu B TpUALATL CypporaTHbIX
KOpoB. Yepes AeBsiTb MeCSILEB NSiTb CyppOraTHbIX KOPOB pOAUIIU KITOHUPOBAHHbIX TENST.

OpavH 13 uccnepoBaTenei ckasar, YTo NPUMEHeHUe AaHHOW TEXHUKM KNOHUMPOBAHUSA B LUMPOKOM
MacluTabe MoxXeT ObiTb (PUHAHCOBO BbIFOAHO A1 CKOTOBOAOB.

WcTounuk: Corinne Bensimon, LIBERATION, MapT 1993
Bonpoc 1: KNOHNPOBAHHbBIE TEJIATA

Pe3yJ'IbTaTbI JKCNnepnMmMmeHToB Haa KopoBaMn BO (DpaHLI,VII/I noaresepannin OCHOBHYO NAEHO. Kakas
OCHOBHad mnaesd npoBepdsiacb B paMKax AaHHbIX 3KCNepMMEHTOB BO CDpaHLI,MVI?

KINOHUPOBAHUE TENAT: OLUEHKA OTBETA HA BOINPOC 1

LIENb BOIMPOCA: MNMpouecc: OnpeneneHve BONpoCoB.
Tema: [eHeTNYEeCKNIN KOHTPOSb.
O6nacTtb: Hayka B cdpepe 1M3HM 1 300POBbA.

Omeem npuHumaemcsi NoJIHOCMbHO

Kog 1: Npegnaraetca nogxoasiLias OCHOBHas uaes.
o Mﬂeﬂ O TOM, BO3MOXXHO T/ KINOHUpOBaHWEe TENAT.
e OnpepgerneHne KONMYecTBa KMOHUPOBAHHbLIX TEMAT, KOTOPbIE MOMYT POAUTLCS.

Omeem He npuHumMaemcsi

105



Kog 0: Npegnaraetcsa otBeT 6€3 ynoMuHaHUA TenaT unu knoHuposanus, TN nosTopsieTcs
pasa «NpUMeHeHne AaHHON TEXHWKN KIOHUPOBAHWS B LUMPOKOM MacluTabe MOXeT ObITb
(PUMHAHCOBO BbIrOAHO 41151 CKOTOBOLOBY.

Koa 8: OTBeT He no Teme.
Kog 9: OTBeT OTCyTCTBYET.
lpumepbl omeemoes

Koa 1:
e YT0 KNOHMpOBaHne BO3MOXHO. [[TpumeyvaHue: Tom ¢hakm, ymo menssima/kopossl He bbinu
YMOMSIHYyMbl, MOXHO Npou2Hopupog8ams.]

Kopa O:
e Y10 BCE AMLEKNETKN KOPOB OANHAKOBSI.
e MaccoBoe KnoHnpoBaHue BO3MOXHO. [TIpumeyaHue: Criogo «Macco8oe» 8 3moM KOHMeKcme He
se519emcsi 6epHbIM. |

Bonpoc 4: KNOHUPOBAHUE TENAT

BepHbl nu cneaytowme yteepxaennsa? Obesegute [a nnn Het HanpoTuB Kaxxgoro.

YTBEepXxaeHue Oda vnun Het?
Bce natb TENAT UMET OQMHAKOBbLIA TUM FEHOB. Da/ Het
Bce natb TenaTt ogHoro nona. Da/ Het
Bce natb TenAT MeoT 0gMHAaKOBbLIN LBET BOJIOC. Da/ Het

KINOHUPOBAHUE TENAT: OLUEHKA OTBETA HA BOIPOC 4

LIENb BOIMPOCA: lMNpouecc: Co3gaHne / oLeHKa BbIBOAOB.
Tema: [eHeTUYECKNIN KOHTPOSb.
O6nacTtb: Hayka B cdepe 1M3HM 1 300POBbA.

Omeem npuHuMaemcsi NoOJIHOCMbIO

Koa 1: Tpu npaBunbHbix oTBeTa: Aa, da, da.
Omeem He npuHumMaemcsi

Kog O: [ipyrue oteeTbl.

Kog 9: OTBeT oTCYTCTBYET.
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20

O30H

ATMocdepa — okeaH Bo3ayxa U 6eCLeHHbIV NPUPOAHBIA pecypc ANA NOAAEPKAHUSA XKN3HM Ha
3emne. K coxxaneHuto, yenoBeyeckasi 4esTeNbHOCTb, OCHOBAHHAA Ha HaLMOHAMNbHbIX N NTNYHbIX
NHTEpecax, HaHOCUT Bpes 3TOMy O6LLEMY pecypcy, YTO NPOSBNAETCH B UCTOLLEHMUN TOHKOMO
030HOBOIO Cr10s1, KOTOPbIN OENCTBYET KakK 3alLMTHBINA 3KpaH ANS XKU3HK Ha 3emne.

Monekynbl 030Ha COCTOAT M3 TPEX aTOMOB KMCNopoaa B OTNiMYME OT MOSEKyYN Kncnopoaa,
KOTOpble COCTOAT M3 ABYX aTOMOB kucrnopoaa. Monekynbl 030Ha Ype3Bbl4aiHO peakue: Ha Kaxabiv
MUIIMOH MOJIEKYST BO34yXa UX NPUXOANTCA MeHblUe aecsatn. OgHaKo Ha NPOTSKEHUM MOYTH
Munnuapga fnet, nx NpucyTcTeme B aTMocdepe uUrpano peLlatoLLyo porib B COXPAHEHUN XKNU3HU Ha
3emne. B 3aBMCUMOCTM OT MECTOPACMOSIOXKEHNS 030HA, OH MOXET KakK 3alMaTthb, Tak M HAHOCUTb
Bpes »xmn3HM Ha 3emrne. O30H, Haxogawwmncs B Tponocdepe (Ha BbicoTe 4o 10 kKMNomeTpoB Hag
NMOBEPXHOCTbLIO 3emrnn), BNAETCA «BpeaHbIM» 030HOM, KOTOPbIN MOXET HaBpeauTb TKaHAM Nerknx
n pacteHusamM. Ho okorno 90 npoueHTOB 030Ha, Haxoasuerocs B ctpatocdepe (Ha BbicoTe oT 10
00 40 KnnomMeTpoB Haf NOBEPXHOCTbIO 3eMmun), ABNSAETCS «Nosie3HbIM» 030HOM, KOTOPbIN,
nornowasn onacHoe ynbTpaduonetoBoe nanyyeHne ConHua, BbINOMHSET Nones3Hyto paborTy.

Be3 a3Toro none3Horo 030HOBOrO Crosi, NoAn ObINK Obl 0oNee BOCIPUNMYMBLI K OnpeaeneHHbIM
3aboneBaHnsM, KOTOpble pa3BMBAOTCS BCreacTene obnydeHms ynbTpacdmoneTtoBbiMm fy4amm
ConHua. 3a nocnegHve 4ecaTuneTusl KoNM4YecTBO 030HaA yMeHbLUMnock. B 1974 rogy 6bina
npeanoXeHa rmnoTesa, YTo NPUYMHOM 3TOro MOryT ObITb XITOPdTOPYrNePoaHbIE COEANHEHMS
(CFC). do 1987 roga Hay4Hble nccrneaoBaHnsi MPUYNHHO-CIIEACTBEHHBLIX CBA3€EW HE AaBanm
ybeamTenbHbIX MOATBEPXKAEHUA NPUYACTHOCTN XITOPdTOPYrNEPOAOR K pa3pyLLUEHUO 030Ha.
OpHako B ceHTs16pe 1987 odmumanbHble NpeacTaBUTENN CTPaH CO BCEro Mmpa BCTPETUIMCH B
Monpeane (KaHaga) n 4oroBopunucb BBECTU CTPOrMe orpaHnyYeHnst Ha Ucnonb3oBaHne
XnopdTopyrneponos.

McTouHuk: Connect, UNESCO International Science, Technology & Environmental Education Newsletter,
Paspen ctatbn nog HassaHmneM ‘The Chemistry of Atmospheric policy’, Vol. XXII, No. 2, 1997
(npaBonvcaHue aganTupoBaHo).

Bonpoc 1: O30H

B TekcTe, NpeacTaBneHHOM Bbille, COBCEM HUYEro HE CKa3aHO O TOM, Kak 06pa3yeTcs 030H B
aTmocdepe. M3BecTHO, YTO Kaxkabl AeHb 06pa3yeTcs HEKOTOPOE KOMMYECTBO 030HA, @ HEKOTOPOe
KOnM4ecTBO ucyesaeT. MNopanok 06pasoBaHUs 030Ha NPOAEMOHCTPUPOBAH Ha CreayoLem
KOMMKCE.

SS

N

Mpennonoxum, y Bac ecTb AsSAsi, KOTOPbIN NbITAaeTCA NOHATb, YTO M300paKEHO Ha UNMKCTpaLMUNX.
OpaHako OH He Nony4nn B LUKOSE HUKaKkoro ob6pa3oBaHus Mo eCTECTBEHHbIM HaykaM U HE MOHMMaeT
06bsACHeHMe aBTOpa NocpeacTBOM KoMukca. OH NOHMMAET, YTO B aTMoCcdepe HET HUKAKNX
MarieHbKMX YENOBEYKOB, HO €ro MHTEPECYET, YTO N3006paKaloT MareHbKUe YeroBeYkn B KOMUKCE,
YTO O3Ha4YalT 3TK cTpaHHble Hagnucn O, n O3 1 Kakon NpoLuecc NpeacTaBneH Ha pucyHkax. OH
NpOCUT Bac 00bACHUTbL KOMUKC. [1peanonoXxmm, 4To Baw AS4S 3HaeT:
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o yT0 cumeon O o6o3HavaeT kmucnopog;
e YTO Takoe aTOMbl U MOSEKYIbI.

3anuunte o6bACHeHe KoOMUKca AN ASau.

B cBoeM 06bsicCHEHNN VICHOJ'IbSyVITG CrioBa «aTOMbI» U «MONEKYIbI» TaK e, KakK OHU
MCNONb3YyHTCA B CTPOKax 5ne6.

O30H: OLIEHKA OTBETA HA BOIPOC 1

LIENb BOMPOCA: MNpouecc: ObweHune.
Tema: Xrumumyeckne n nusnyeckmne n3aMeHeHus.
O6nacTtb: Hayka B cdhepe 3emnu 1 okpyxaroLen cpeabl.

Omeem fnpuHumaemcsi NOJiIHOCMbHO

Kog 31: [aeTtca oTBeT, B KOTOPOM NPUBOJATCS BCE TPU AnNemMeHTa:
MepBbIN aNeMEHT: MOMeKyna Kucnopoaa unm Monekyrnbl Kucrnopoga (kaxxkgas 3 Kotopbix
COCTOMUT 13 ABYX aTOMOB KMCMOPOAa) pacLuennsercsa Ha ABa atoma kucnopoga (PucyHok
1);
BTopon anemeHT: paclienneHne (Mosiekyn Kucropoga) npomcxoauT nog BO34eNCTBUEM
CONHeYHbIX nyyen (PucyHok 1);
TpeTuin anemMeHT: aToMbl KUCOpOAa COEANHSOTCA C APYrMMU MOMEKynaMm Kucnopoga u
0o6pasyoT Monekynbl 030Ha (PucyHkmn 2 n 3).

[MpuMeyaHns No NoBoay KaXaoro anemMeHTa
MepBblit 9NEMEHT:

» PacwenneHve JOMmMKHO OMUCbIBATbCSA C UCMONb30BaHNEM NPaBUITbHOW TEPMUHOIOMN,
npvBeaeHHon B cTpokax 5 n 6, ons O (atom nnu atomsbl) 1 ans O, (Monekyna unn Monekysbl).

> Ecnn O u/vnn O, onncbiBaloTCA Kak «4acTulbl» UK «MarneHbKue 4yacTu», 9TOT SNIEMEHT He
NPUHMMAETCS KaK NpaBUIIbHbIN.

BTopow anemMeHT:

» Bnuanne ConHua gomkHo 6biTb cBA3aHO ¢ paciuensieHnem O, (MoneKkynbl UM MOMeKyn
Kucnopogaa).

» Ecnu ykasaHo, uTo nog BnvsHvem CornHua n3 atoma KMcnopoaa v Mofekyrbl Kucrnopoaa
obpasyeTcsa monekyna o3oHa (PucyHkn 2 1 3), TO 3TOT 9fIEMEHT He NPUHMMAETCS Kak
npaBUITbHbIN.

MpumeyaHne: SnemeHTbl 1 1 2 06bIMHO YNOMUHAKOTCA B OAHOM MPEeanoXKEeHUN.
TpeTun anemeHT:
» OTOT 9rNeMeHT 3acynUTbIBAETCS Kak NpaBuibHbIV (JaeTca oanH 6ann) ToNbKo B cryyae, ecnm

OTBET BKMoYaeT onucaHne coegmHenus O ¢ O,. Ecnu obpasoBaHune o3oHa Oz onuckiBaeTcs
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Kak coefMHeHne (Tpex oTaenbHbIX) atoMoB O, TO AaHHbIN 3NIEMEHT He NPUHUMAaEeTCs Kak
npaBuUbHbIN.

» Ecnu O3 He onucbiBaeTcs kak MOneKyna unv Mofnekynbl, a, HanpuMep, Kak «rpynmna aToMoB»,
3N1eMEHT MOXHO MPUHATb Kak NpaBUSTbHbIN.

Mpumepbl Koga 31:

o Korga ConHue ceeTuT Ha monekyny O,, oHa AenuTcs Ha ABa atoMa. JTU ABa aTtoma 3aTeM
coeauHsaTcsa ¢ gpyron monekynown O,. MNMpu coeanHeHun O n O, obpasyeTcs Oz — 030H.

e Komukcbl unnoctpupytoT obpasoBaHue 03oHa. Ecniv monekyna kucnopoga HaxoauTca nog
Bo3gencTemem CornHua, OHa paclyenssieTcd Ha ABa OTAENbHbIX aTomMa. DT OTAENbHbIE aTOMbI
O npu BCcTpeye ¢ apyron monekynon O, obpasytoT monekyny Oz, COCTOSILLYIO U3 TPEX aTOMOB;
Tak obpasyeTcs O30H.

¢ ManeHbkne Yyenoseukn — ato O unm atomel kucrnopoga. Korga oHn obbeguHsioTcd, obpasyetcs
monekyna kucrnopoga O,. [Nog Bo3aenicTBem CornHua OHM ONSATb pacnagalTcs Ha OTAEeNbHbIN
kncnopog. Atomsl kucnopoga ns O, 3atem coeanHstoTcs ¢ monekynon O,, cozgasasd O; — 030H.
[TpumeyaHue: Omeem mMoxem cHumMamaCs NpasuribHbIM. Ecmb mornbko Heborbwas 02080pKa
(«amowmbi u3 O,» ocsie moeo, Kak 2080pusiocb 06 amomax Kucsopooa).]

Omeem fnpuHumaemcsi 4aCmu4Ho

Koa 21: NpuHMmaloTca Kak npaBuiibHbIE TOMBKO NEPBbIA N BTOPOW 3NIEMEHTLI.

e ConHue pacLuennseT Mornekysbl KUCNIopoAa Ha OTAerbHbIE aTOMbl. ATOMbI 06bEeANHSOTCS B
rpynnbl. Kaxxgas rpynna coctout u3 3 aTomoB.

Kog 22: NMpuHuMaloTca Kak npaBusibHbIe TOMBbKO NEPBbIA U TPETUI ANIEMEHTDI.

o Kaxgbll ManeHbk1 YenoBeyek npeacraensaet cobon atom kucnopoaa. O — aTo 0AMH aTOM
kucnopoga, O, — Monekyna kucnopoga, a O; — rpynna atoMoB, 06 beANHEHHBIX BMECTE.
PucyHku nokasblBaloT, YTO ogHa napa atoMoB kucropoga (O,) pacluennaeTcs U 3aTem Kaxabli
obbeavHseTca ¢ AByMs ApyruMu napamu, obpasysa ase rpynnbl 13 Tpex Os.

e ManeHbKkne 4yenoBeykn — aToMbl kucrnopoga. O, o603HayaeT ogHY MOMEKyny Kucrnopoaa
(nogo6HO Nape ManeHbKUX YENnoBEYKOB, AepXalmxcsa 3a pyku), a Oz o6o3HavaeT Tpu atoma
kMcnopoga. [1ea atoMa Kvicrnopoga n3 ogHow napbl pasbeanHAOTCS U KaXObIi COEAUHSIOTCS C
Opyron napon (U3 Tpex nap), obpasyeTtcsi ABe rpynnbl TPONHOW Monekynbl kncnopoga (O3).

Koa 23: lNpuHMMaloTca Kak npaBuiibHblE TONBKO BTOPON U TPETUN SNEMEHTHI.

¢ Kucnopog pacuiennsietca nog sosgerncrenem ConHua. OH genutcs nononam. [1se 4actu
00beguHATCA C OpYrMMu «4acTulammny kucnopoga, obpasyst 030H.

e B GonblunHcTBE cnyyaes uncTbivi knucnopog, (O,) B oKpyKatoLlen cpefe CoOCTOUT U3 ABYX, T. €.
umeeTcsa 3 napbl No 2. [Nape 1 cTano o4eHb XXapko U OHa pasneTenachk, obpasys ¢ opyron
napou O3, a He O,. [lpumeyaHue: Xoms onucaHue «llape 1 cmaso 0YeHb XapKo» He
s6519emcsi Hay4YHbIM ornucaHuem gosdelicmeusi ConHya, HO 8 3MOM Crly4ae MOXHO MPUHSIMb
8mopoli 35ieMeHm Kak npasursibHbIl; mpemul 35IeMeHm makxe rnpuHuUMaemcsi Kak
rpasuribHbIL.]

Kog 11: TonbKo nepBbIn aNeMeHT npaBunbHbIN.

e Monekynbl kucnopoga pacnagatotcs. OHu o6pasytoT atombl O. A Takke MHOr4a aToMbl 030Ha.
O30HOBBbIN CMON COXPaHAETCH, NOTOMY YTO OAHU MOSEKYMbl yMUPAIOT, @ HOBble MOMNEKYbI
obpasytoTcs.

Kog 12: Tonbko BTOPOW 3reMeHT NpaBuIibHbIN.
e O cootBeTcTBYET Monekyne kucnopoaa, O, = kncnopog, Oz = 030H. VIHorga o6e Monekynbl
kucropopa, 06beanHUBLLMCH, 3aTeM pasbeanHstoTcs nod Bosaeiicteuem ConHua. OTaenbHble
MOJIEKYIbl MPUCOEOUHSOTCA K ApYyror nape n oopasytoT 030H (O3).

Kog 13: TonbKo TpeTuin anemMeHT NpaBuibHbIN.
e Monekynbl “O” (kncnopoga) BbiHYxaeHbl 06beanHnTeCea ¢ O, (ABONMHAA Monekyna Kucrnopoaa),
n cospaetca Oj (TporHasa Mornekyna kucnopoga) noj sosgencrsmem tenna ConHua.

109



[[pumeyaHue: MNod4yepkHymasi Yyacmb omeema coomgemcmeyem aniemeHmy 3. Bmopoli
aneMeHm He npuHumaemcs, m. K. ConHye He ydacmeayem 8 obpasosaHuu o3oHa (O + O,), a
crilocobcmeyem moribKO pacuiernsieHuro cessel 8 kucriopode O..]

Omeem He npuHuMaemcsi

Kog 01: HeT HM ogHOro npaBunbHOrO afiEMeHTa.

e ConHue (yneTpadumoneToBble ny4n) CXUraeT 030HOBbLIN Crion 1 paspyLuaeT ero. ManeHbkne
YenoBeYKN COCTaBNSAOT O30HOBLIN CMOW, U OHKU y6eraloT oT ConHua, NOTOMY YTO OHO OYEHb
ropsivee. [[lpumeyaHue: Omeem He rnipuHUMaemcsi, 0axke ecriu Kak-mo yrnoMuHaemcs enusHue
ConHua.]

e ConHue cxuraet 030H Ha NepBOM puUcyHke. Ha BTOpoM pucyHke oHU B cnesax pasberatoTcs, Ha
TPETbEM PUCYHKE OHM BCe OOHMMAOTCS B Crie3ax.

¢ OueHb npocTo, aaas. “O” — aTo yacTnyka kucnopoga, psiaom ¢ “O” nokasaHoO YMCNO YacTUYeK B
rpynne.

Kog 99: OTBeT OTCYTCTBYET.

Bonpoc 2: O30H

O30H Takke obpasyeTcsa BO Bpems rpo3bl. bnarogaps emy nocne rpo3bl NOSBRASETCA XapaKTepHbI
3anax. B ctpokax Tekcta 9-14 aBTOp 0ObSICHAET pasHULy MeXay «BpeAHbIM» U «NOSEe3HbIM»
O30HOM.

Ncnonb3ys TepMuHbl, NpUBEAEHHbIE B CTaTbe, OTBETLTE Ha BOMPOC: KaKUM SIBNSIETCS O30H,
obpasyoLniics BO BPEMS FPO3bl, «MOME3HbIM» UMK «BPEAHBIM» ?

BbiGepute oTBET U 06bsSICHEHWE, KOTOPOE NMOATBEPXKAAETCS TEKCTOM.

BpeAaHbI 030H N None3HbIN? O6bsACHeHue
A | BpeagHbin O6pasyeTcst Npu NIIOXOW NOroge.
B | BpegHbin O6pasyeTtca B Tponocaepe.
C | MNonesHbin O6pasyeTcs B cTpaTocdepe.
D | lNonesHbin XopoLulo naxHer.

O30H: OLIEHKA OTBETA HA BOIPOC 2

LIENb BOMPOCA: MNMpouecc: ®opmMynupoBka/oLieHKa BbIBOAOB.
Tema: ATMochepHOE U3MEHEHME.
O6nacTtb: Hayka B cdhepe 3emnu n okpyxarowen cpeapl.

Omeem npuHuMaemcsi NoJIHOCMbHO

Kog 1: B. BpegHbin. O6pasyeTtca B Tponocgepe.
Omeem He npuHumMaemcs

Kog O: fipyrue otseTsbl.

Kog 9: OTtBeT oTCyTCTBYET.
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Bonpoc 5: O30H

B ctpokax 15-17 roeoputcs: «be3 3Toro none3Horo 030HOBOro cros, nogu owinm 6bl 6onee
BOCMPMMMYMBEI K OnpegenieHHbIM 3aboneBaHnsiM, KOTopble pa3BMBalOTCA BCreAcTBME 06yYeHns
ynbTpaduonetToBbiMn nydamm ConHuay.

HasoBute ogHoO 13 Takux 3aboneBaHuin.
O30H: OLIEHKA OTBETA HA BOINPOC 5

LIENb BOMPOCA: MNMpouecc: [lemoHCcTpauus 3HaHUA 1 MOHUMaHUS.
Tema: lNcuxornornyeckoe U3aMeHeHue.
O6nacTtb: Hayka B cdhepe M3HM 1 300POBbA.

Omeem npuHumaemcsi NOJiIHOCMbHO

Kog 1: YkasbiBaeT Ha pak KoXu unu gpyrune saboneBaHusi, CBA3aHHbIE C CONTHEYHbIM 00y4YeHNEM.
e Pak KoXu.

e MenoHoma. [lIpumedaHue: 3mom omeem MOXHO paccMampueams KaK npasusibHbIl, Xomsi OH
codepxxum owubkKy 8 HarucaHuu.]
o Kartapakta.

Omeem He npuHuMaemcsi

Koa 0: YkasbiBaeT Ha apyrov BapuaHT paka.
e Pak nerkux.

UJIN  Ccbinaetcsa ToNbKO Ha pak.
e Pak.

N Opyrue oTeeThl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 3: O30H

B KOHUEe TeKkcTa roBoputcsa 0 MexayHapoaHom KoHdepeHuun B MoHpeane. Ha aToi koHdepeHuun
o6cyXaanucb MHOMMe BOMpPOChI, KacarLwmecsi BO3MOXHOIo UCTOLLLEHWUS 030HOBOrO cno4. [1ea u3s
3TUX BONPOCOB NpuBeAEHbI B Tabnuvue Huxe.

MOFyT J1I1 Hay4Hbl€ UccnegoBaHnUA OaTb OTBET Ha NpuBedeHHbIe HNXKe BOI'IpOCbI?

O6eegute «Ja» unn «HeT» HanpoTUB Kaxgoro Bonpoca.

MoXHO N1 HanTK OoTBET C MOMOLLbIO

Bonpoc -
Hay4HbIX UccrneaoBaHUN?

[OMmKHbI M COMHEHUS ydeHbix o BnusaHum CFC
Ha 030HOBbIN COW BbITb NPUYMHON NACCUBHOCTU Oa/ Het
Bnacten?

Yemy 6bina 6bl paBHa koHUeHTpaums CFC B
aTmocgepe B 2002 roay, ecnu 66l B aTMOCcdepy Oa/ Het
nonarno 1o xe konunyectso CFC, 4to 1 cenyac?
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O30H: OLLEHKA OTBETA HA BOIPOC 3

LEJTb BOMNPOCA: MNpouecc: Pacno3HaBaHne BONPOCOB.
Tema: ATMocdepHoe 3MeHeHMe.
O6nacTtb: Hayka B cdhepe 3emnu n okpyxatowen cpeapl.

Omeem npuHumaemcsi NOJIHOCMbIO

Kog 1: [1Ba npaBunbHbIX OTBETA B cneaytowlem nopsagke: Her, Ja.
Omeem He npuHuUMaemcs

Kog 0: pyrue oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.

112



KYKYPY3A

ronnAHAEU UCMNOJIb3YET KYKYPY3Y B KAHECTBE TOMJIUBA

B neun Ayke depBepga CNOKOMHO ropAaT TUXMM NilaMEHEM HECKONbKO BpeBeH. M3 GymaxkHOro
MeLLKa, CTOSILLLEro psaoM C NneYbto, OH JOCTaeT ropCTb KyKypy3bl M Knaaet ee B neYb. OroHb TyT xe
BCMbIxmBaeT sipye. «locmoTpu, — rosoput depeepaa. — OKOLLKO B MEYN OCTaNoCh YNCTbIM U
npo3payHbiM. FopeHne 3aBepLueHo». PepBepaa roBOpUT, HYTO KYKYPY3y MOXHO UCNOMb30BaTh B
KayecTBe TONMMBA, a Takke kak kopm Ansi ckota. OH cuMTaeT, 4YTo 3To TonnMBo Byayuiero.

depBepaa yTBepXkOaeT, uUTO  KyKypy3a,
ncnonb3yemasi B ka4ecTBe Kopma Ans ckoTa,
Takke MoxeT bbITb TonnmMBoM. KopoBbl easT
KYKYpYy3y, YTOObI MONMYy4YnTb HY>KHYH SHEPTUIO.
OpHako depBepaa NOSICHAET, YTO Npoaaxka
KYKypy3bl Kak TOMnnuBa, a He Kopma Aans
XXUBOTHBIX MOXET ObITb 6onee NpubbINbHBIM
aenom ans doepmepos.

depBepaa yBepeH, 4To B OyayliemM Kykypysa
OyOoeT WMPOKO MCMONb30BaTbCsA B KayecTBe
TonnmBa. OH npedcTaenseTr, kak Oyger
npoucxogutb cbop ypoxas, kak 6yget
XPaHUTbCHA, CyWWUTbCA W  yNaKkoBbIBATbCS
3€epHO N0 MeLlKaM Ans Npoaaxu.

depBepga  cenvac U3yvaeT, MOXHO 1u
MCNONb30BaTh LENbHYO KyKypy3y B KayecTse
TOMAMBa, HO OH €lle He npuen K
OKOHYaTenbHOMY BbIBOAY.

Bonpoc 2: KYKYPY3A

Kpome aTtoro, ®epBepaa JOMKEH NOHATb, YTO
OonblUIOe BHUMaHWE yaensieTca yrinekucnomy
rasy. Yrnekucrnbli ras cuyuTaeTcs rraBHOM
NPUYNHON YCUINEHUs NapHUKOBOro adpdpekTa.
Cuutaetcqa, 4TO YycuneHue NapHUKOBOIO
adhdpekTa ABnNsSeTcAa MNPUYMHON MNOBbLILLEHNA
cpegHen TemnepaTypbl aTMocdepbl 3emnu.

Mo mMHeHumio PepBepga HUMYEro MIOXOro B
yrnekucnom rase HeTr. HaoGopot, OH
OTMEYaEeT, 4YTO pacTeHus MNOrnowamnT Wu
npeobpas3oBbIBAlOT €ro B KMCNOpo4 Afis
nogen.

OpgHako nnaHbl ronnaHgua MoOryT  He
coBnagaTtb C NraHamu rocygapcTtea, KoTopoe
npunaraet ycunus, 4tobbl  YMEHbLUUTb
KONmMyecTBo BbIOPOCOB yrnekucnoro rasa.
QepBepaa 3aaBndet:  «MHorme  yyeHble
yTBEPXKOAOT, 4TO VYIMEKUCNbIn  ra3 He
SBNAETCS [MaBHOW MNPUYUHOM MAPHUKOBOTO

addekTar.

depBepaa cpaBHUBAET KyKypy3y, UCMONb3yeMYIO B KAYECTBE TOMMMUBA, C KyKypYy30MH,

I/ICI'IOJ'Ib3yeMOIZ B Ka4yeCTBe NuLln.

B nepBoli KonoHke Tabnuupl, NPeACTaBNEHHON HKE, HaXOAUTCSA CMIUCOK TOro, YTO NMPOUCXOAUT C

KYKYpYy30H, Korfa ee cxuratoT.

MpouncxoasT Nn Te e NpoLecchl, koraa Kykypysa paboTaeT Kak TOMfMBO B Tere XMBOTHOIo?

O6eeauTte [a unun HeT HanNpoTWB KaXaoro yTBepXaeHus.

Koraa Kykypy3y cxuraior...

MpoucxoauT nu To e camoe, KOraa Kykypysa
paboTaeT Kak TONSIMBO B Tefe XXNBOTHOro?

MornowaeTtca kucnopog.

Ha/Het

BblpabaTbiBaeTcs yrnekucrbin ras.

Ha/Het
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BbipabaTbiBaeTcsa aHeprus. Oa/ Het

KYKYPY3A: OLLEHKA OTBETA HA BOINPOC 2
Omeem npuHuUMaemcsi NOJIHOCMbIO

Kog 1: Tpu npaBunbHbix oTBeTa: da, Aa, a.
Omeem He npuHuUmMaemcs

Kog O: fipyrue otseTbl.

Kog 9: OTBeT OTCyTCTBYET.

Bonpoc 5: KYKYPY3A

B naHHol cTaTbe onucbiBaeTcsa NpoLecc NpeobpasoBaHns YrneKkUCnoro rasa: «...pacTeHus
MornoLiaoT 1 NpeobpasoBbIBaOT €ro B KUCMOPOA. .. ».

B npeobpasoBaHnn, NOMMMO YIIIEKUCIIONO rasa n KUCIopoaa, y4acTBYHOT U ApYrue 3f1IEMEHTDI.
MpeobpasoBaHmne MOXHO NPeacTaBUTb CIIEAYIOLMM CMOCOBOM:

Yrnekucnsin ras + soga— Kucnopop + | |

Hanuwunte B oKoLLKEe Ha3BaHWe OTCYTCTBYIOLLIErO BELLEeCTBa.
KYKYPY3A: OLUEHKA OTBETA HA BOINPOC 5
Omeem npuHumaemcsi NosIHOCMbIO

Kog 1: OgHo 13 cnegylowmx Ha3BaHW:
* [I1I0KO33;
e caxap(bl);
e yrnesof(bl);
e caxapwua(bl);
e Kpaxmar.

Omeem He npuHuUMaemcs
Koa 0: [lpyrue oTBeTHI.

Kog 9: OTBeT oTCyTCTBYET.

Bonpoc 7: KYKYPY3A

B KoOHUe cTaTby ronnaHgel, pacckasbiBaeT O TOM, YTO YYEHble CHMTAtOT, YTO YrNEKUCNbIV ra3 He
SIBNAETCS rMaBHOW NPUYMHOM NAapHUKOBOrO adpdpekTa.

AHHa Hawna cnegytoLlyto Tabnuuy, KoTopas coaepXuT NHPOPMaLMIO O BAUSIHUN YEeTbIPEX Fa30B
Ha NapHWKOBLIN 3PEKT:
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OTHOCUTENbLHbIN NAapHUKOBLIN 3heKT Ha MoneKyny rasa

Yrnekucnbin ras

MeTaH

Okeup asoTa

XrnopdTopyrnesoabl

30

160

17 000

AHHa He MOXeT caenaTb BblBOA O TOM, KakoW ra3 aBnsieTca rmaBHOM I'IpVI‘-IVIHOIZ yCcuneHua
NapHWKOBOIO SQ)d)eKTa, OCHOBbLIBasICb TOMbKO Ha 3TOM TaGJ'II/ILI,e. D,J'Iﬂ 3TOro I/IH(bOpMaLl,VII'O n3

Tabnuubl HeO6X0ANMO SOMOMHUTL APYIMMU OaHHLIMU.
Kakyto nHdopmaumio JormkHa HanTn AHHaA?

A. ,D,aHHbIe O NMpPpOoUCXoXxXaeHnn 4eTbipex ra3os.

B. [aHHble 0 NOrnoLweHnn YeTbIpex ra3oB pacTEHUAMM.

C. [aHHble 0 pa3mepe Bcex YeTblpex TUMNOB MOMEeKyr.

D. [aHHble 0 cogepxaHum BCeX YETbIPEX ra3oB B aTMocdepe.

KYKYPY3A: OLLEHKA OTBETA HA BOIMNPOC 7

Omeem npuHumaemcsi NoJIHOCMbHO

Kog 1: D. [laHHble 0 cogepXaHuM BCEX YETbIpEX rasoB B aTMocdepe.
Omeem He npuHumMaemcs
Koa 0: [lpyrve oTBeTHI.

Kog 9: OTBeT OTCyTCTBYET.
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YACTb 2: CNELUNDPUKALUNA UCCNEOOBAHUA
ECTECTBEHHOHAYYHOW FIPAMOTHOCTM

INTRODUCTION: SCIENTIFIC LITERACY & WHY IT MATTERS

1. This document provides a description and rationale for the framework that forms the basis of the
instrument to assess scientific literacy — the major domain for PISA 2015. Previous PISA
frameworks for the science assessment (OECD, 1999, OECD, 2003, OECD, 2006) have
elaborated a conception of scientific literacy as the central construct for science assessment.
These documents have established a broad consensus among science educators of the concept of
scientific literacy. This framework for PISA 2015 refines and extends the previous construct — in
particular by drawing on the PISA 2006 framework that was used as the basis for assessment in
2006, 2009 and 2012.

2. Scientific literacy matters at both the national and international level as humanity faces major
challenges in providing sufficient water and food, controlling diseases, generating sufficient energy
and adapting to climate change (UNEP, 2012). Many of these issues arise, however, at the local
level where individuals may be faced with decisions about practices that affect their own health and
food supplies, the appropriate use of materials and new technologies, and decisions about energy
use. Dealing with all of these challenges will require a major contribution from science and
technology. Yet, as argued by the European Commission, the solutions to political and ethical
dilemmas involving science and technology ‘cannot be the subject of informed debate unless
young people possess certain scientific awareness’ (European Commission, 1995, p.28).
Moreover, ‘this does not mean turning everyone into a scientific expert, but enabling them to fulfil
an enlightened role in making choices which affect their environment and to understand in broad
terms the social implications of debates between experts’ (ibid. p.28). Given that knowledge of
science and science-based technology contributes significantly to individuals’ personal, social, and
professional lives an understanding of science and technology is thus central to a young person’s
‘preparedness for life’.

3. Becoming scientifically literate embodies the idea that the purposes of science education should
be both broad and applied. Thus, within this framework, the concept of scientific literacy refers both
to a knowledge of science and science-based technology. It should be noted, however, that
science and technology do differ in their purposes, processes, and products. Technology seeks the
optimal solution to a human problem and there may be more than one optimal solution. In contrast,
science seeks the answer to a specific question about the natural material world. Nevertheless, the
two are closely related. For instance, new scientific knowledge enables new technologies such as
the advances in material science that led to the development of the transistor in 1948. Likewise
new technologies can lead to new scientific knowledge such as the transformation of our
knowledge of the universe through the development of better telescopes. As individuals, we make
decisions and choices that influence the directions of new technologies e.g., to drive smaller, more
fuel-efficient cars. The scientifically literate individual should therefore be able to make more
informed choices. They should also be able to recognise that, whilst science and technology are
often a source of solutions, paradoxically, they can also be seen as a source of risk, generating
new problems which, in turn, may require science and technology to resolve. Therefore, individuals
need to be able to consider the implications of the application of scientific knowledge and the
issues it might pose for themselves or the wider society.

116



4. Scientific literacy also requires not just knowledge of the concepts and theories of science but
also a knowledge of the common procedures and practices associated with scientific enquiry and
how these 4

enable science to advance. Therefore, individuals who are scientifically literate have a knowledge
of the major conceptions and ideas that form the foundation of scientific and technological thought;
how such knowledge has been derived; and the degree to which such knowledge is justified by
evidence or theoretical explanations.

5. Undoubtedly, many of the challenges of the 21stcentury will require innovative solutions that
have a basis in scientific thinking and scientific discovery. Societies will therefore require a cadre of
well-educated scientists to undertake the research and the scientific and technological innovation
that will be essential to meet the economic, social and environmental challenges which the world
will face. To engage with the wider society, such scientists will also need to be both knowledgeable
about science and highly scientifically literate with a deep understanding of the nature of science,
its limitations and the consequences of its application.

6. For all of these reasons, scientific literacy is perceived to be a key competency (Rychen &
Salganik, 2003) and defined in terms of the ability to use knowledge and information interactively —
that is ‘an understanding of how it [a knowledge of science] changes the way one can interact with
the world and how it can be used to accomplish broader goals’ (p.10). As such it represents a
major goal for science education for all students. Therefore the view of scientific literacy which
forms the basis for the 2015 international assessment of 15-year-olds is a response to the
question: What is important for young people to know, value, and be able to do in situations
involving science and technology?

7. This framework offers a rationale and elaborated description of what is meant by the term
scientific literacy. It is this construct that forms the foundation of the PISA science assessments.
Within this document, the construct of scientific literacy is defined in terms of a set of competencies
that a scientifically literate individual would be expected to display. These competencies form the
basis of the construct to be tested (Wiliam, 2010).
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SCIENTIFIC LITERACY: TOWARDS A DEFINITION

8. Current thinking about the desired outcomes of science education is rooted strongly in a belief
that an understanding of science is so important that it should be a feature of every young person’s
education (American Association for the Advancement of Science, 1989; Confederacion de
Sociedades Cientificas de Espafia, 2011; Fensham, 1985; Millar & Osborne, 1998; National
Research Council, 2012 Sekretariat der Standigen Konferenz der Kultusminister der Lander in der
Bundesrepublik Deutschland (KMK), 2005; Taiwan Ministry of Education, 1999). Indeed, in many
countries science is an obligatory element of the school curriculum from kindergarten until the
completion of compulsory education.

9. Many of the documents and policy statements cited above give pre-eminence to an education
for citizenship. However, internationally many of the curricula for school science are based on a
view that the primary goal of science education should be the preparation of the next generation of
scientists (Millar & Osborne, 1998). These two goals are not always compatible. Attempts to
resolve the tension between the needs of the majority of students who will not become scientists
and the needs of the minority who will have led to an emphasis on teaching science through
enquiry (National Academy of Science, 1995; National Research Council, 2000), and new
curriculum models (Millar, 2006) that address the needs of both groups. The emphasis in these
frameworks and their associated curricula lies not on producing individuals who will be producers
of scientific knowledge. Rather, it is on educating young people to become informed critical
consumers of scientific knowledge — a competency that all individuals are expected to need during
their lifetimes.

10. To understand and engage in critical discussion about issues that involve science and
technology requires three domain-specific competencies. The first is the ability to provide
explanatory accounts of natural phenomena, technical artefacts and technologies and their
implications for society. Such an ability requires a knowledge of the major explanatory ideas of
science and the questions that frame the practice and goals of science. The second is the
competency to use a knowledge and understanding of scientific enquiry to: identify questions that
can be answered by scientific enquiry; identify whether appropriate procedures have been used;
and propose ways in which such questions might possibly be addressed. The third is the
competency to interpret and evaluate data and evidence scientifically and evaluate whether the
conclusions are warranted. Thus, scientific literacy in PISA 2015 is defined by the three
competencies to:

e Explain phenomena scientifically;
¢ Evaluate and design scientific enquiry; and
¢ Interpret data and evidence scientifically.

11. All of these competencies require knowledge. Explaining scientific and technological
phenomena, for instance, demands a knowledge of the content of science — referred to hereinafter
as content knowledge. The second and third competencies, however, require more than a
knowledge of what we know. Rather, they depend on an understanding of how scientific
knowledge is established and the degree of confidence with which it is held. Specific calls,
therefore, have been made for teaching about what has variously been called ‘the nature of
science’ (Lederman, 2006), ‘ideas about science’ (Millar & Osborne, 1998) or ‘scientific practices’
(National Research Council, 2012). Recognising and identifying the features that characterise
scientific enquiry requires a knowledge of the standard procedures that are the foundation of the
diverse methods and practices used to establish scientific knowledge — referred to here as
procedural knowledge. Finally, the competencies require epistemic knowledge — an understanding
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of the rationale for the common practices of scientific enquiry, the status of the knowledge claims
that are generated, and the meaning of foundational terms such as theory, hypothesis and data.

12. Both procedural and epistemic knowledge are necessary to identify questions that are
amenable to scientific enquiry, to judge whether appropriate procedures have been used to ensure
that the claims are justified, and to distinguish scientific issues from matters of values or economic
considerations. Of significance in developing this definition of scientific literacy is that, in their
lifetimes individuals will need to acquire knowledge, not through scientific investigations, but
through the use of resources such as libraries and the Internet. Procedural and epistemic
knowledge are essential to deciding whether the many claims to knowledge that pervade
contemporary media have been derived using appropriate procedures and are warranted.

Scientific Knowledge: PISA 2015 Terminology

This document is based upon a view of scientific knowledge as consisting of three distinguishable
but related elements. The first of these and the most familiar is a knowledge of the facts, concepts,
ideas and theories about the natural world that science has established. For instance, how plants
synthesise complex molecules using light and carbon dioxide or the particulate nature of matter.
This kind of knowledge is referred to as “content knowledge” or “knowledge of the content of
science”.

Knowledge of the procedures that scientists use to establish scientific knowledge is referred to as
“procedural knowledge”. This is a knowledge of the practices and concepts on which empirical
enquiry is based such as repeating measurements to minimise error and reduce uncertainty, the
control of variables, and standard procedures for representing and communicating data (Millar,
Lubben, Gott, & Duggan, 1995). More recently these have been elaborated as a set of “concepts of
evidence” (Gott, Duggan, & Roberts, 2008).

Furthermore, understanding science as a practice also requires “epistemic knowledge” which
refers to an understanding of the role of specific constructs and defining features essential to the
process of knowledge building in science (Duschl, 2007). Epistemic knowledge includes an
understanding of the function that questions, observations, theories, hypotheses, models, and
arguments play in science, a recognition of the variety of forms of scientific enquiry, and the role
peer review plays in establishing knowledge that can be trusted.

A more detailed discussion of these three forms of knowledge is provided in the later section on
Scientific Knowledge and in Figures 4, 5 & 6.

13. People need all three forms of scientific knowledge to perform the three competencies of
scientific literacy. Therefore PISA 2015 will focus on assessing the extent to which 15-year-olds
are capable of displaying these competencies appropriately within in a range of personal, local,
national and global contexts. This perspective differs from that of many school science
programmes which are often dominated by content knowledge. Instead, the framework is based on
a broader view of the kind of knowledge of science required by participating members of
contemporary society.

14. In addition, the competency-based perspective also recognises that there is an affective
element to a student’s display of these competencies — that is that their attitudes or disposition
towards science will determine their level of interest, sustain their engagement, and may motivate
them to take action (Schibeci, 1984). Thus, commonly the scientifically literate person would have
an interest in scientific topics; engage with science-related issues; have a concern for issues of
technology, resources, and the environment; and reflect on the importance of science from a
personal and social perspective. This requirement does not mean that such individuals are
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necessarily disposed towards science itself. Rather, such individuals recognise that science,
technology and research in this domain are an essential element of contemporary culture that
frames much of our thinking.

15. It is such considerations that have led to the following definition of scientific literacy for PISA
2015:

The 2015 Definition of Scientific Literacy

Scientific Literacy is the ability to engage with science-related issues, and with the ideas of
science, as a reflective citizen.

A scientifically literate person, therefore, is willing to engage in reasoned discourse about science
and technology which requires the competencies to:

1. Explain phenomena scientifically:

e Recognise, offer and evaluate explanations for a range of natural and technological
phenomena.

2. Evaluate and design scientific enquiry:

o Describe and appraise scientific investigations and propose ways of addressing questions
scientifically.

3. Interpret data and evidence scientifically:

¢ Analyse and evaluate data, claims and arguments in a variety of representations and draw
appropriate scientific conclusions.

Explanatory Notes

16. The following remarks are offered to clarify the meaning and use of this definition of scientific
literacy for the purposes of the PISA 2015 assessment.

a) The term “scientific literacy” rather than “science” underscores the importance that the PISA
science assessment places on the application of scientific knowledge in the context of life
situations.

b) For the purposes of the PISA assessment, it should be noted that these competencies will only
be tested using the knowledge that 15-year-old students can reasonably be expected to have of
the concepts and ideas of science (content knowledge), the procedures and strategies used in all
forms of scientific enquiry (procedural knowledge), and the manner in which ideas are justified and
warranted in science (epistemic knowledge).

c) Finally, throughout this document, the term ‘natural world’ is used to refer to phenomena
associated with any object or phenomenon occurring in the living or the material world.
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The Competencies Required for Scientific Literacy
Competency 1: Explain Phenomena Scientifically

17. The cultural achievement of science has been to develop a set of explanatory theories that
have transformed our understanding of the natural world, such as the idea that day and night is
caused by a spinning Earth, or the idea that diseases can be caused by invisible micro-organisms.
Moreover, such knowledge has enabled us to develop technologies that support human life
enabling such things as the prevention of disease and rapid human communication across the
globe. The competency to explain scientific and technological phenomena is thus dependent on a
knowledge of these major explanatory ideas of science.

18. Explaining scientific phenomena, however, requires more than the ability to recall and use
theories, explanatory ideas, information, and facts (content knowledge). Offering scientific
explanation also requires an understanding of how such knowledge has been derived and the level
of confidence we might hold about any scientific claims. For this competency, the individual
requires a knowledge of the standard forms and procedures used in scientific enquiry to obtain
such knowledge (procedural knowledge) and an understanding of their role and function in
justifying the knowledge produced by science (epistemic knowledge).

Competency 2: Evaluate and Design Scientific Enquiry

19. Scientific literacy implies that students should have some understanding of the goal of scientific
enquiry which is to generate reliable knowledge about the natural world (Ziman, 1979). Data
collected and obtained by observation and experiment, either in the laboratory or in the field, lead
to the development of models and explanatory hypotheses that enable predictions that can then be
tested experimentally. New ideas, however, commonly build on previous knowledge. Scientists
themselves rarely work in isolation and are members of research groups or teams that engage in
extensive collaboration with colleagues both nationally and internationally. New knowledge claims
are always perceived to be provisional and may lack justification when subjected to critical peer
review — the mechanism which the scientific community has established to ensure the objectivity of
scientific knowledge (Longino, 1990). Hence scientists have a commitment to publish or report
their findings and the methods used in obtaining the evidence. Doing so enables empirical studies,
at least in principle, to be replicated and results confirmed or challenged. Measurements, however,
can never be absolutely precise. Rather, they all contain a degree of error. Much of the work of the
experimental scientist is, therefore, devoted to the resolution of uncertainty by repeating
measurements, collecting larger samples, building instruments that are more accurate, and using
statistical techniques that assess the degree of confidence in any result.

20. In addition, science has well established procedures such as the use of controls that are the
foundations of a logical argument to establish cause and effect. The use of controls enables the
scientist to claim that any change in a perceived outcome can be attributed to a change in one
specific feature. Failure to use such techniques leads to results where effects are confounded and
cannot be trusted. Likewise, double-blind trials enable scientists to claim that the results have not
been influenced either by the subjects of the experiment, or by the experimenter themselves. Other
scientists such as taxonomists and ecologists are engaged in the process of identifying underlying
patterns and interactions in the natural world that warrant a search for an explanation. In other
cases, such as evolution, plate tectonics or climate change, science relies on arguments that are
an inference to the best explanation examining a range of hypotheses and eliminating those which
do not fit with the evidence.

21. Facility with this competency draws on content knowledge, a knowledge of the common
procedures used in science (procedural knowledge), and the function of these procedures in
justifying any claims advanced by science (epistemic knowledge). Procedural and epistemic
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knowledge serve two functions. First, such knowledge is required by individuals to appraise
scientific investigations and decide whether they have followed appropriate procedures and
whether the conclusions are warranted. Second, individuals who have this knowledge should be
able to propose, at least in broad terms, how a scientific question might be investigated
appropriately.

Competency 3: Interpret Data and Evidence Scientifically

22. Interpreting data is such a core activity of all scientists that some rudimentary understanding of
the process is essential for scientific literacy. Initially data interpretation begins with looking for
patterns, constructing simple tables and graphical visualisations such as pie charts, bar graphs,
scatterplots or Venn diagrams. At the higher level, it requires the use of more complex data sets
and the use of the analytical tools offered by spreadsheets and statistical packages. It would be
wrong, however, to conceive of this competency as merely a skill. A substantial body of knowledge
is required to recognise what constitutes reliable and valid evidence and how to present data
appropriately. Scientists make choices about how to represent the data in graphs, charts or,
increasingly, in complex simulations or 3D visualisations. Any relationships or patterns must then
be read using a knowledge of standard patterns. Whether uncertainty has been minimised by
standard statistical techniques must also be considered. All of this draws on a body of procedural
knowledge. The scientifically literate individual can also be expected to understand that
uncertainty is an inherent feature of all measurement, and that one criterion for expressing our
confidence in a finding is in terms of the probability that it might have occurred by chance.

23. It is not sufficient, however, to understand the procedures that have been applied to obtain any
data set. The scientifically literate individual needs to be able to judge whether they are appropriate
and the ensuing claims are justified (epistemic knowledge). For instance, many sets of data can
be interpreted in multiple ways. Argumentation and critique, therefore are essential to determining
which is the most appropriate conclusion. Whether it is new theories, novel ways of collecting data,
or fresh interpretations of old data, argumentation is the means that scientists and technologists
use to make their case for new ideas. Disagreement amongst scientists is therefore normal rather
than extraordinary. Resolution of which interpretation is the best requires a knowledge of science
(content knowledge) and critique. Through this process science has managed to achieve
consensus about key explanatory ideas and concepts (Longino, 1990). Indeed, it is a critical and
sceptical disposition towards all empirical evidence that many would see as the hallmark of the
professional scientist. The scientifically literate individual would understand the function and
purpose of argument and critique and why it is essential to the construction of knowledge in
science. In addition, they should have the competency both to construct claims that are justified by
data and to identify any flaws in the arguments of others.

The Evolution of the Definition of Scientific Literacy in PISA
24. In PISA 2000 and 2003, scientific literacy was defined as follows:

“Scientific literacy is the capacity to use scientific knowledge, to identify questions and to
draw evidence-based conclusions in order to understand and help make decisions about
the natural world and the changes made to it through human activity.” (OECD, 2000, 2003)

25. In 2000 and 2003 the definition embedded knowledge of science and understandings about
science within the one term ‘scientific knowledge’. The 2006 definition separated and elaborated
the term ‘scientific knowledge’ by resolving it into two components ‘knowledge of science’ and
‘knowledge about science’ (OECD, 2006). Both definitions, however, referred to the application of
scientific knowledge to understanding, and making informed decisions about, the natural world. In
PISA 2006, the definition was enhanced by the addition of knowledge of the relationship between
science and technology — an aspect that was assumed but not elaborated in the 2003 definition.
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26. The PISA 2015 definition of scientific literacy is an evolution of these ideas. The major
difference is that the notion of “knowledge about science” has been specified more clearly and split
into two components — procedural knowledge and epistemic knowledge.

27. In 2006 the PISA framework was also expanded to include attitudinal aspects of students’
responses to scientific and technological issues within the construct of scientific literacy. In 2006,
attitudes were measured in two ways — through the student questionnaire and through items
embedded in the student test. Discrepancies were found between the results from the embedded
questions and those from the background questionnaire with respect to ‘interest in science’ for all
students and the gender difference on these issues (OECD, 2009; see also: Drechsel, Carstensen
& Prenzel, 2011). More importantly, embedded items extended the length of the test. Hence for the
2015 framework attitudinal aspects will only be measured through the student questionnaire and
there will be no embedded attitudinal items. As to the constructs measured within this domain, the
first (‘Interest in science’) and third (‘Environmental awareness’) remain the same as in 2006. The
second ‘Support for scientific enquiry’, however, has been changed to a measure of ‘Valuing
scientific approaches to enquiry’ — which is essentially a change in terminology to better reflect
what is measured.

28. Finally, the contexts for assessment in PISA 2015 have been changed from ‘Personal, Social
and Global in the 2006 Assessment to ‘Personal, Local/National and Global’ to make the headings
more coherent.

29. In summary, the 2015 definition builds on and develops the 2006 definition. Other changes, for
example elaborating the concepts of procedural and epistemic knowledge, represent a more
detailed specification of particular aspects that were embedded or assumed in earlier definitions.
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ORGANISATION OF THE DOMAIN

30. For purposes of assessment, the PISA 2015 definition of scientific literacy may be
characterised as consisting of four interrelated aspects (see Figure 1).

Contexts Personal, local, national and global issues, both
current and historical, which demand some
understanding of science and technology.

Knowledge An understanding of the major facts, concepts and

explanatory theories that form the basis of scientific
knowledge. Such knowledge includes both knowledge
of the natural world and technological artefacts
(content knowledge), knowledge of how such ideas
are produced (procedural knowledge) and an
understanding of the underlying rationale for these
procedures and the justification for their use
(epistemic knowledge).

Competencies

The ability to explain phenomena scientifically,
evaluate and design scientific enquiry, and interpret
data and evidence scientifically.

Attitudes

A set of attitudes towards science indicated by an
interest in science and technology; valuing of scientific
approaches to enquiry, where appropriate, and a
perception and awareness of environmental issues.

31. Each of these aspects is now discussed further below.
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Figure 1. Framework for PISA 2015 Scientific Literacy Assessment

Competencies

Contexts

Require individuals to display How an individual does this is influenced by

Attitudes
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Contexts for Assessment Iltems

32. PISA 2015 will assess important scientific knowledge using contexts that raise issues and
choices that are relevant to the science education curricula of participating countries. Such
contexts will not, however, be restricted to the common aspects of participants’ national curricula.
Rather, the assessment will require evidence of the successful use of the three competencies
required for scientific literacy in important situations reflecting personal, local, national and global
contexts.

33. Assessment items will not be limited to school science contexts. In the PISA 2015 scientific
literacy assessment, the focus of the items will be on situations relating to the self, family and peer
groups (personal), to the community (local and national), and to life across the world (global).
Technology based topics may be used as a common context. Also, appropriate to some topics are
historical contexts which may be used to assess students’ understanding of the processes and
practices that are involved in advancing scientific knowledge.

34. Figure 2 lists the applications of science and technology, within personal, local, national and
global settings that are primarily used as the contexts for assessment items. The applications will
be drawn from a wide variety of life situations and will be generally consistent with the areas of
application for scientific literacy in the previous PISA frameworks. The contexts will also be chosen
in light of their relevance to students’ interests and lives. The areas of application are: health and
disease, natural resources, environmental quality, hazards, and the frontiers of science and
technology. They are the areas in which scientific literacy has particular value for individuals and
communities in enhancing and sustaining quality of life, and in the development of public policy.
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Figure 2. Contexts for the PISA 2015 Scientific Literacy Assessment

Personal Local/National Global
Health & Maintenance of health, Control of disease, Epidemics, spread of
Disease accidents, nutrition social transmission, food | infectious diseases
choices, community
health
Natural Personal consumption Maintenance of human Maintenance of human
Resources of materials and energy | populations, quality of populations, quality of

life, security, production
and distribution of food,

energy supply

life, security, production
and distribution of food,

energy supply

Environmental

Environmentally friendly

Population distribution,

Biodiversity, ecological

Quality actions, use and disposal of waste, sustainability, control of
disposal of materials environmental impact pollution, production and
and devices loss of soil/biomass

Hazards Risk assessments of Rapid changes [e.g., Climate change, impact

lifestyle choices

earthquakes, severe
weather], slow and
progressive changes
[e.g., coastal erosion,
sedimentation], risk
assessment

of modern
communication

Frontiers of
Science and
Technology

Scientific aspects of
hobbies, personal
technology, music and
sporting activities

New materials, devices
and processes, genetic
modifications, health
technology, transport

Extinction of species,

exploration of space,

origin and structure of
the Universe

35. The PISA science assessment, however, is not an assessment of contexts. Rather, it assesses
competencies and knowledge in specific contexts. The selection of these contexts, however, will
be chosen on the basis of the knowledge and understanding that students are likely to have
acquired by the age of fifteen.

36. Sensitivity to linguistic and cultural differences will be a priority in item development and
selection, not only for the sake of the validity of the assessment, but also to respect these
differences in participating countries. In developing any international test it is not possible,
however, to include the differences in traditional and local knowledge about natural phenomena
that exists between participating countries. This is not to deny, however, the contribution such
knowledge can and has made to their respective cultures.

Scientific Competencies

37. Figure 3a-c provides an elaborated description of the kinds of performance expected for a
display of the three competencies required for scientific literacy. The set of scientific competencies
in Figure 3a-c reflects a view that science is best seen as an ensemble of social and epistemic
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practices which are common across all sciences (National Research Council, 2012). Hence, all
these competencies are framed as actions. They are written in this manner to convey the idea of
what the scientifically literate person both understands and is capable of doing. Fluency with these
practices is, in part, what distinguishes the expert scientist from the novice. Whilst it would be
unreasonable to expect a 15-year-old student to have the expertise of a scientist, a scientifically
literate student can be expected to appreciate their role and significance and undertake an
approximation of the practice described.

Figure 3a. PISA 2015 Scientific Competencies

Explain phenomena scientifically

Recognise, offer and evaluate explanations for a range of natural and technological
phenomena demonstrating the ability to:

¢ Recall and apply appropriate scientific knowledge;

¢ Identify, use and generate explanatory models and representations;
o Make and justify appropriate predictions;

o Offer explanatory hypotheses;

o Explain the potential implications of scientific knowledge for society.

38. Demonstrating the competency of explaining phenomena scientifically requires students to
recall the appropriate content knowledge in a given situation and use it to interpret and provide an
explanation for the phenomenon of interest. Such knowledge can also be used to generate
tentative explanatory hypotheses in contexts where there is a lack of knowledge or data. A
scientifically literate person should be expected to draw on standard scientific models to construct
simple representations to explain everyday phenomena such as why antibiotics do not kill viruses,
how a microwave oven works, or why gases are compressible but liquids are not and use these to
make predictions. This competency includes the ability to describe or interpret phenomena and
predict possible changes. In addition, it may involve recognising or identifying appropriate
descriptions, explanations, and predictions.

Figure 3b. PISA 2015 Scientific Competencies

Evaluate and design scientific enquiry

Describe and appraise scientific investigations and propose ways of addressing
questions scientifically demonstrating the ability to:

¢ |dentify the question explored in a given scientific study;

¢ Distinguish questions that are possible to investigate scientifically;

e Propose a way of exploring a given question scientifically;

e Evaluate ways of exploring a given question scientifically;

¢ Describe and evaluate a range of ways that scientists use to ensure the
reliability of data and the objectivity and generalisability of explanations.

39. The competency of evaluating and designing scientific enquiry is required to evaluate reports of
scientific findings and investigations critically. It is reliant on the ability to discriminate scientific
questions from other forms of enquiry or recognise questions that could be investigated
scientifically in a given context. This competency requires a knowledge of the key features of a
scientific investigation, for example, what things should be measured, what variables should be
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changed or controlled, or what action should be taken so that accurate and precise data can be
collected. It requires an ability to evaluate the quality of data, which in turn depends on recognising
that data are not always completely accurate. It also requires the competency to identify if an
investigation is driven by an underlying theoretical premise or, alternatively, whether it seeks to
determine identifiable patterns.

40. A scientifically literate person should also be able to recognise the significance of previous
research in judging the value of any given scientific enquiry. Such knowledge is needed to situate
the work and judge the importance of any possible outcomes. For instance, that the search for a
malaria vaccine has been an on-going programme of scientific research for several decades.
Hence, given the number of people who are killed by malarial infections, any findings that
suggested a vaccine would be achievable would be of substantial significance. Moreover, students
need to understand the importance of developing a sceptical disposition to all media reports in
science recognising that all research builds on previous work, that the findings of any one study
are always subject to uncertainty, and that the study may be biased by the sources of funding. This
competency requires students to possess both procedural and epistemic knowledge but may also
draw, to varying degrees, on their content knowledge of science.

Figure 3c. PISA 2015 Scientific Competencies

Interpret data and evidence scientifically

Analyse and evaluate scientific data, claims and arguments in a variety of
representations and draw appropriate conclusions demonstrating the ability to:

¢ Transform data from one representation to another;

¢ Analyse and interpret data and draw appropriate conclusions;

¢ Identify the assumptions, evidence and reasoning in science-related
texts;

¢ Distinguish between arguments which are based on scientific evidence
and theory and those based on other considerations;

o Evaluate scientific arguments and evidence from different sources (e.g.
newspaper, internet, journals).

41. A scientifically literate person should be able to interpret and make sense of basic forms of
scientific data and evidence that are used to make claims and draw conclusions. The display of
such competency can require all three forms of knowledge of science.

42. Those who possess this competency should be able to interpret the meaning of scientific
evidence and its implications to a specified audience in their own words, using diagrams or other
representations as appropriate. This competency requires the use of mathematical tools to analyse
or summarise data, and the ability to use standard methods to transform data to different
representations.

43. This competency also includes accessing scientific information and producing and evaluating
arguments and conclusions based on scientific evidence (Kuhn, 2010; Osborne, 2010). It may also
involve evaluating alternative conclusions using evidence; giving reasons for or against a given
conclusion using procedural or epistemic knowledge; and identifying the assumptions made in
reaching a conclusion. In short, the scientifically literate individual should be able to identify logical
or flawed connections between evidence and conclusions.

Scientific Knowledge
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44. The three competencies required for scientific literacy require three forms of knowledge that
are discussed below.

Content Knowledge

45. Only a sample of the content domain of science can be assessed in the PISA 2015 scientific
literacy assessment. Hence, it is important that clear criteria are used to guide the selection of
knowledge that is assessed. These are that knowledge to be assessed will be selected from the
major fields of physics, chemistry, biology, earth and space sciences such that the knowledge:

e has relevance to real-life situations;

e represents an important scientific concept or major explanatory theory that has enduring
utility;

e is appropriate to the developmental level of 15-year-olds.

46. Therefore it will be assumed that students have some knowledge and understanding of the
major explanatory ideas and theories of science such as our understanding of the history and scale
of the Universe, the particle model of matter, and the theory of evolution by natural selection.
These examples of major explanatory ideas are provided for illustrative purposes and there has
been no attempt to list comprehensively all the ideas and theories that might be seen to be
fundamental for a scientifically literate individual.

47. Figure 4 shows the content knowledge categories and examples selected by applying these
criteria. Such knowledge is required for understanding the natural world and for making sense of
experiences in personal, local, national, and global contexts. The framework uses the term
“systems” instead of “sciences” in the descriptors of the content knowledge. The intention is to
convey the idea that citizens have to understand concepts from the physical and life sciences,
earth and space sciences, and their application in contexts where the elements of knowledge are
interdependent or interdisciplinary. Things viewed as subsystems at one scale may themselves be
viewed as whole systems at a smaller scale. For example, the circulatory system can be seen as
an entity in itself or as a subsystem of the human body; a molecule can be studied as a stable
configuration of atoms but also as a subsystem of a cell or a gas. Hence, applying scientific
knowledge and deploying scientific competencies requires consideration of which system and
which boundaries apply to any particular context.
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Figure 4. Knowledge of the Content of Science in PISA 2015

Physical Systems that require knowledge of:

Structure of matter (e.g., particle model, bonds)
Properties of matter (e.g., changes of state, thermal and electrical conductivity)
Chemical changes of matter (e.g., chemical reactions, energy transfer, acids/bases)

Motion and forces (e.g., velocity, friction) and action at a distance (e.g., magnetic,
gravitational and electrostatic forces)

Energy and its transformation (e.g., conservation, dissipation, chemical reactions)

Interactions between energy and matter (e.g., light and radio waves, sound and seismic
waves)

Living Systems that require knowledge of:

Cells (e.g., structures and function, DNA, plant and animal)
The concept of an organism (e.g., unicellular and multicellular)

Humans (e.g., health, nutrition, subsystems such as digestion, respiration, circulation,
excretion, reproduction and their relationship)

Populations (e.g., species, evolution, biodiversity, genetic variation)
Ecosystems (e.g., food chains, matter and energy flow)

Biosphere (e.g., ecosystem services, sustainability)

Earth and Space Systems that require knowledge of:

Structures of the Earth systems (e.g., lithosphere, atmosphere, hydrosphere)
Energy in the Earth systems (e.g., sources, global climate)

Change in Earth systems (e.g., plate tectonics, geochemical cycles, constructive and
destructive forces)

Earth’s history (e.g., fossils, origin and evolution)
Earth in space (e.g., gravity, solar systems, galaxies)

The history and scale of the Universe and its history (e.g., light year, Big Bang theory)
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Procedural Knowledge

48. A fundamental goal of science is to generate explanatory accounts of the material world.
Tentative explanatory accounts are first developed and then tested through empirical enquiry.
Empirical enquiry is reliant on certain well-established concepts such as the notion of dependent
and independent variables, the control of variables, types of measurement, forms of error, methods
for minimising error, common patterns observed in data, and methods of presenting data. It is this
knowledge of the concepts and procedures that are essential for scientific enquiry that underpins
the collection, analysis and interpretation of scientific data. Such ideas form a body of procedural
knowledge which has also been called ‘concepts of evidence’ (Gott, Duggan, & Roberts, 2008;
Millar, Lubben, Gott, & Duggan, 1995). One can think of procedural knowledge as knowledge of
the standard procedures scientists use to obtain reliable and valid data. Such knowledge is needed
both to undertake scientific enquiry and engage in critical review of the evidence that might be
used to support particular claims. It is expected, for instance, that students will know that scientific
knowledge has differing degrees of certainty associated with it and can explain why, for instance,
that there is a difference between the confidence associated with measurements of the speed of
light (which has been measured many times with ever more accurate instrumentation) and
measurements of fish stocks in the North Atlantic or the mountain lion population in California. The
examples listed in Figure 5 convey the general features of procedural knowledge that may be
tested.

Figure 5. PISA 2015 Procedural Knowledge

Procedural Knowledge

The concept of variables including dependent, independent and control variables;

Concepts of measurement e.g., quantitative [measurements], qualitative
[observations], the use of a scale, categorical and continuous variables;

Ways of assessing and minimising uncertainty such as repeating and averaging
measurements;

Mechanisms to ensure the replicability (closeness of agreement between repeated
measures of the same quantity) and accuracy of data (the closeness of agreement
between a measured quantity and a true value of the measure);

Common ways of abstracting and representing data using tables, graphs and charts
and their appropriate use;

The control of variables strategy and its role in experimental design or the use of
randomised controlled trials to avoid confounded findings and identify possible
causal mechanisms;

The nature of an appropriate design for a given scientific question e.g., experimental,
field based or pattern seeking.
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Epistemic Knowledge

49. Epistemic knowledge is a knowledge of the constructs and defining features essential to the
process of knowledge building in science and their role in justifying the knowledge produced by
science e.g., a hypothesis, a theory or an observation and its role in contributing to how we know
what we know (Duschl, 2007). Those who have such knowledge can explain, with examples, the
distinction between a scientific theory and a hypothesis or a scientific fact and an observation.
They would know that the construction of models, be they directly representational, abstract or
mathematical, is a key feature of science and that such models are akin to maps rather than
accurate pictures of the material world. They would, for instance, recognise that any particle model
of matter is an idealised representation of matter and be able to explain how the Bohr model is a
limited model of what we know about the atom and its constituent parts. They will recognise that
the conception of a ‘theory’ as used in science is not the same as the notion of a ‘theory’ in
everyday language where it is used as a synonym for a ‘guess’ or a ‘hunch’. Whereas procedural
knowledge is required to explain what is meant by the control of variables strategy, being able to
explain why the use of the control of variables strategy or replication of measurements is central to
establishing knowledge in science is epistemic knowledge.

50. Scientifically literate individuals will also understand that scientists draw on data to advance
claims to knowledge and that argument is a commonplace feature of science. In particular, they will
know that some arguments in science are hypothetico-deductive (e.g., Copernicus’ argument for
the heliocentric system), some are inductive (the conservation of energy), and some are an
inference to the best explanation (Darwin’s theory of evolution or Wegener’'s argument for moving
continents). Also understood would be the role and significance of peer review as the mechanism
that the scientific community has established for testing claims to new knowledge. As such,
epistemic knowledge provides a rationale for the procedures and practices in which scientists
engage, a knowledge of the structures and defining features which guide scientific enquiry, and the
foundation for the basis of belief in the claims that science makes about the natural world.

51. Figure 6 represents what are considered to be the major features of epistemic knowledge
necessary for scientific literacy.
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Figure 6. PISA 2015 Epistemic Knowledge

Epistemic Knowledge

The constructs and defining features of science. That is:
The nature of scientific observations, facts, hypotheses, models and theories;

The purpose and goals of science (to produce explanations of the natural world) as
distinguished from technology (to produce an optimal solution to human need), what
constitutes a scientific or technological question and appropriate data;

The values of science e.g., a commitment to publication, objectivity and the elimination of
bias;

The nature of reasoning used in science e.g., deductive, inductive, inference to the best
explanation (abductive), analogical, and model-based;

The role of these constructs and features in justifying the knowledge produced by
science.

That is:
How scientific claims are supported by data and reasoning in science;

The function of different forms of empirical enquiry in establishing knowledge, their goal
(to test explanatory hypotheses or identify patterns) and their design (observation,
controlled experiments, correlational studies);

How measurement error affects the degree of confidence in scientific knowledge;
The use and role of physical, system and abstract models and their limits;

The role of collaboration and critique and how peer review helps to establish confidence
in scientific claims;

The role of scientific knowledge, along with other forms of knowledge, in identifying and
addressing societal and technological issues.

52. Epistemic knowledge is most likely to be tested in a pragmatic fashion in a context where a
student is required to interpret and answer a question that requires some epistemic knowledge
rather than assessing directly whether they understand the features in Figure 6. For instance,
students may be asked to identify whether the conclusions are justified by the data or what piece of
evidence best supports the hypothesis advanced in an item and explain why.

Sample Items

53. In this section, three examples of science units are presented. The first is from PISA 2006, and
is included to demonstrate the linkage between the 2006 and the 2015 framework. Questions from
the unit are shown in the original paper based format and also how they might be transposed and
presented onscreen. The second example is a new onscreen unit illustrating the 2015 scientific
literacy framework. The third example illustrates an interactive simulated scientific enquiry
environment enabling assessment within a rich contextual setting.

Science example 1: Greenhouse

54. Science example 1 is titted GREENHOUSE and deals with the increase of the average
temperature of the Earth’s atmosphere. The stimulus material consists of a short text introducing
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the term “Greenhouse effect’” and includes graphical information on the average temperature of the
Earth’s atmosphere and the carbon dioxide emission on the Earth over time.

55. The area of application is Environment Quality within a global setting.
SCIENCE EXAMPLE 1: GREENHOUSE

Read the texts and answer the questions that follow.

THE GREENHOUSE EFFECT: FACT OR FICTION?

Living things need energy to survive. The energy that sustains life on the Earth comes from the
Sun, which radiates energy into space because it is so hot. A tiny proportion of this energy reaches
the Earth.

The Earth’s atmosphere acts like a protective blanket over the surface of our planet, preventing the
variations in temperature that would exist in an airless world.

Most of the radiated energy coming from the Sun passes through the Earth’s atmosphere. The
Earth absorbs some of this energy, and some is reflected back from the Earth’s surface. Part of
this reflected energy is absorbed by the atmosphere.

As a result of this the average temperature above the Earth’s surface is higher than it would be if
there were no atmosphere. The Earth’s atmosphere has the same effect as a greenhouse, hence
the term greenhouse effect.

The greenhouse effect is said to have become more pronounced during the twentieth century.

It is a fact that the average temperature of the Earth’s atmosphere has increased. In newspapers
and periodicals the increased carbon dioxide emission is often stated as the main source of the
temperature rise in the twentieth century.

A student named André becomes interested in the possible relationship between the average
temperature of the Earth’s atmosphere and the carbon dioxide emission on the Earth.

In a library he comes across the following two graphs.
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André concludes from these two graphs that it is certain that the increase in the average
temperature of the Earth’s atmosphere is due to the increase in the carbon dioxide emission.

Question 1: GREENHOUSE

What is it about the graphs that supports André’s conclusion?
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Figure 7. Framework Categorisation for GREENHOUSE Question 1

Framework categories

2006 Framework

2015 Framework

Knowledge type Knowledge about science Epistemic

Explaining phenomena Explaining phenomena
Competency scientifically scientifically
Context Environmental, Global Environmental, Global

Cognitive demand

Not applicable

Medium

56. Question 1 demonstrates how the 2015 framework largely maps onto the same categories as

the 2006 framework, using the same competency and context categorisations. The 2006

framework included two categorisations of scientific knowledge; knowledge of science (referring to
knowledge of the natural world across the major fields of science) and knowledge about science

(referring to the means and goals of science). The 2015 framework elaborates on these two

aspects, subdividing knowledge about science into procedural and epistemic knowledge. Question
1 requires students to understand not only how the data is represented in the two graphs, but also

to consider whether this evidence scientifically justifies a given conclusion. This is one of the
features of epistemic knowledge in the 2015 framework. The context categorisation is

Environmental — global. A new feature of the 2015 framework is consideration of cognitive demand
(see figure 23). This question requires an interpretation of graphs involving a few linked steps, and
is therefore, using the descriptors from the framework, categorised as medium cognitive demand.

Question 2: GREENHOUSE

Another student, Jeanne, disagrees with André’s conclusion. She compares the two graphs and
says that some parts of the graphs do not support his conclusion.

Give an example of a part of the graphs that does not support André’s conclusion. Explain your

answer.

Figure 8. Framework Categorisation for GREENHOUSE Question 2

Framework categories

2006 Framework

2015 Framework

Knowledge type Knowledge about science Epistemic

Explaining phenomena Explaining phenomena
Competency scientifically scientifically
Context Environmental, Global Environmental, Global

Cognitive demand

Not applicable

Medium
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57. Question 2 requires students to interrogate the two graphs in detail. The knowledge,
competency, context and cognitive demand are in the same categories as question 1.

Question 3: GREENHOUSE

André persists in his conclusion that the average temperature rise of the Earth’s atmosphere is
caused by the increase in the carbon dioxide emission. But Jeanne thinks that his conclusion is
premature. She says: “Before accepting this conclusion you must be sure that other factors that
could influence the greenhouse effect are constant”.

Name one of the factors that Jeanne means.

Figure 9. Framework Categorisation for GREENHOUSE Question 3

Framework categories 2006 Framework 2015 Framework
Knowledge type Knowledge about science Procedural

Context Environmental, Global Environmental, Global
Cognitive demand Not applicable Medium

58. Question 3 requires students to consider control variables in terms of the critical review of
evidence used to support claims. This is categorised as procedural knowledge in the 2015
framework.

59. The screenshots below illustrate how the Greenhouse question would be presented in an
onscreen environment. The text and graphs are essentially unchanged, with students using page
turners on the top right of the screen to view graphs and text as required. As the original questions
were open responses, the onscreen version also necessitates an open response format in order to
replicate the paper version as closely as possible, ensuring comparability between delivery modes
and therefore protecting trend.
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Figure 10. GREENHOUSE Presented Onscreen: Stimulus Page 1

2
Greenhouse Effect

Introduction
THE GREENHOUSE EFFECT: FACT OR FICTION?

Living things need energy to survive. The energy that sustains life on the Earth comes
from the Sun, which radiates energy into space because it is so hot. A tiny proportion of
this energy reaches the Earth.

The Earth's atmosphere acts like a protective blanket over the surface of our planet,
preventing the variations in temperature that would exist in an airless world.

Most of the radiated energy coming from the Sun passes through the Earth’s atmosphere.
The Earth absorbs some of this energy, and some is reflected back from the Earth's
surface. Part of this reflected energy is absorbed by the atmosphere.

As a result of this the average temperature above the Earth's surface is higher than it
would be if there were no atmosphere. The Earth’s atmosphere has the same effect as a
greenhouse, hence the term greenhouse effect.

The greenhouse effect is said to have become more pronounced during the twentieth
century.

It is a fact that the average temperature of the Earth’s atmosphere has increased. In
newspapers and periodicals the increased carbon dioxide emission is often stated as the
main source of the temperature rise in the twentieth century.
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Figure 11. GREENHOUSE Presented Onscreen: Stimulus Page 2

PISA 2015

Greenhouse Effect
Introduction

Now click on Next to view the first question.

A student named André becomes interested in the possible relationship between the
average temperature of the Earth’s atmosphere and the carbon dioxide emission on the
Earth.

In a library he comes across the following two graphs.
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André concludes from these two graphs that it is certain that the increase in the average
temperature of the Earth’s atmosphere is due to the increase in the carbon dioxide
emission.
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Figure 12. GREENHOUSE Presented Onscreen: Question 1

PISA 2015

Greenhouse Effect
Question 1/3

Type your answer to the question below.

What is it about the graphs that supports
André’s conclusion?

THE GREENHOUSE EFFECT: FACT OR FICTION?

Living things need energy to survive. The energy that sustains life on the Earth comes
from the Sun, which radiates energy into space because it is so hot. A tiny proportion of
this energy reaches the Earth.

The Earth's atmosphere acts like a protective blanket over the surface of our planet,
preventing the variations in temperature that would exist in an airless world.

Maost of the radiated energy coming from the Sun passes through the Earth’s atmosphere.
The Earth absorbs some of this energy, and some is reflected back from the Earth's
surface. Part of this reflected energy is absorbed by the atmosphere.

As a result of this the average temperature above the Earth's surface is higher than it
would be if there were no atmosphere. The Earth’s atmosphere has the same effect as a
greenhouse, hence the term greenhouse effect.

The greenhouse effect is said to have become more pronounced during the twentieth
century.

It is a fact that the average temperature of the Earth’s atmosphere has increased. In
newspapers and periodicals the increased carbon dioxide emission is often stated as the
main source of the temperature rise in the twentieth century.

141




Figure 13. GREENHOUSE Presented Onscreen: Question 2

PISA 2015

Greenhouse Effect
Question 2/3

Type your answer to the question below.

Another student, Jeanne, disagrees with
André's conclusion. She compares the two
graphs and says that some parts of the graphs
do not support his conclusion.

Give an example of a part of the graphs that
does not support André’s conclusion. Explain
YOur answer.

7 an

THE GREENHOUSE EFFECT: FACT OR FICTION?

Living things need energy to survive. The energy that sustains life on the Earth comes
from the Sun, which radiates energy into space because it is so hot. A tiny proportion of
this energy reaches the Earth.

The Earth's atmosphere acts like a protective blanket over the surface of our planet,
preventing the vanations in temperature that would exist in an airless world.

Most of the radiated energy coming from the Sun passes through the Earth’s atmosphere.
The Earth absorbs some of this energy, and some is reflected back from the Earth's
surface. Part of this reflected energy is absorbed by the atmosphere.

As a result of this the average temperature above the Earth’s surface is higher than it
would be if there were no atmosphere. The Earth's atmosphere has the same effect as a
greenhouse, hence the term greenhouse effect.

The greenhouse effect is said to have become more pronounced during the twentieth
century.

It is a fact that the average temperature of the Earth’s atmosphere has increased. In
newspapers and periodicals the increased carbon dioxide emission is often stated as the
main source of the temperature rise in the twentieth century.
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Figure 14. GREENHOUSE Presented Onscreen: Question 3

Greenhouse Effect
Question 3/3

Type your answer to the question below.

André persists in his conclusion that the
average temperature nse of the Earth's
atmosphere is caused by the increase in the
carbon dioxide emission. But Jeanne thinks that
his conclusion is premature. She says: “Before
accepting this conclusion you must be sure that
other factors that could influence the
greenhouse effect are constant™.

Name one of the factors that Jeanne means.

BN

Living things need energy to survive. The energy that sustains life on the Earth comes
from the Sun, which radiates energy into space because it is so hot. A tiny proportion of
this energy reaches the Earth.

THE GREENHOUSE EFFECT: FACT OR FICTION?

The Earth's atmosphere acts like a protective blanket over the surface of our planet,
preventing the variations in temperature that would exist in an airless world.

Most of the radiated energy coming from the Sun passes through the Earth’s atmosphere.
The Earth absorbs some of this energy, and some is reflected back from the Earth's
surface. Part of this reflected energy is absorbed by the atmosphere.

As a result of this the average temperature above the Earth’s surface is higher than it

would be if there were no atmosphere. The Earth’s atmosphere has the same effectas a
greenhouse, hence the term greenhouse effect.

The greenhouse effect is said to have become more pronounced during the twentiath
century.

It is a fact that the average temperature of the Earth’s atmosphere has increased. In
newspapers and periodicals the increased carbon dioxide emission is often stated as the
main source of the temperature rise in the twentieth century.

Science Example 2: Smoking

60. This new 2015 exemplar unit explores various forms of evidence linked to the harmful effects of
smoking and the methods used to help people to stop smoking. New Scientific Literacy items for
2015 will only be developed for computer-based delivery and therefore this exemplar is only shown
in an onscreen format.

61. All onscreen standard question types in the PISA 2015 computer platform have a vertical split
screen with the stimuli presented on the right hand side and the questions and answer
mechanisms on the left hand side.
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Question 1: SMOKING

62. This question requires students to interpret given evidence using their knowledge of scientific
concepts. They need to read the information in the stimulus about early research into the potential
harmful effects of smoking, and then select two options from the menu to answer the question.

Figure 15. SMOKING: Question 1

PISA 2015 Unit Name: SMOKING

Question 1/9

John and Rose are researching
cigarette smoking for a school project.

Read John's research on the right.
Then respond to the question below.

Select two reasons from the list below
that suggest why cigarette companies
could claim there was no evidence that
tar from cigarette smoke caused
cancer in humans.

U Humans are immune to tar

U Experiments were carried out with
mice

0 Chemicals from smoking
decreased the effects of tar.

U Humans may react differently from
mice

O Filter-tip cigarettes remove all tar
from smoke

John's Research

/In the 1950s research studies found that tar
from cigarette smoke caused cancer in mice.
Tobacco companies claimed there was no
evidence that smoking caused cancer in
humans. They also began to produce filter-tip
cigarettes.

~

-

) |
|
~

&

)
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63. In this question, students have to apply content knowledge using the competency of explaining
phenomena scientifically. The context is categorised as health and disease in a local/national
setting. The cognitive demand requires the use and application of conceptual knowledge and is
therefore categorised as a medium level of demand.

Figure 16. Framework Categorisation for SMOKING Question 1

Framework categories 2015 Framework

Knowledge type Content

Context Health an_d Disease,
Local/National

Cognitive demand Medium
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Question 2: SMOKING
64. This question explores students’ understanding of data.

65. The right hand side of the screen shows authentic data of cigarette consumption and deaths
from lung cancer in men over an extended period of time. Students are asked to select the best
descriptor of the data by clicking on one of the radio buttons next to answer statements on the left
hand side of the screen.

Figure 17. SMOKING: Question 2

PISA 2015 Unit Name: SMOKING

Question 3/9 Rose’s Research

Rose found a graph while doing
research on smoking.

Refer to Rose's research on the right. o o v
Then select the best rasponse to the i

question below. R — 300,00
4 People)

Which statement best describes the Cligarstte

data shown in the graph? Consumption

(men)

o The graph shows that all men who
smoked cigarettes developed lung
cancer

o The graph shows that more men
smoked cigarettes in the 1940's than
in 2010

o There is no link between
cigarettes smoked and deaths from
lung cancer 1900 1920 1940 1960 1980

o There is a positive link
hetween cigarettes smoked and
deaths from lung cancer

=

66. This unit tests content knowledge using the competency of interpreting data and evidence
scientifically.

67. The context is health and disease applied to a local/national setting. As students need to
interpret the relationship between two graphs, the cognitive demand is categorised as medium.
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Figure 18. Framework Categorisation for SMOKING Question 2

Framework categories 2015 Framework
Knowledge type Content
Interpret data and evidence
Competency o
scientifically
Context Health and Disease,
Local/National
Cognitive demand Medium

Science Example 3: Zeer pot

68. This new 2015 exemplar unit demonstrates a new feature of science assessment for 2015; the
use of interactive tasks using simulations of scientific enquiry to explore and assess scientific
literacy knowledge and competencies.

69. This unit is focussed on an authentic low cost cooling container called a Zeer pot, developed
for localised needs in Africa, using readily available local resources. Cost and lack of electricity
limit the use of refrigerators in these regions, while the hot climate necessitates food to be kept
cool to prolong the length of time food can be kept before bacterial growth renders it a risk to
health.

70. The first screen shot of this simulation introduces what a Zeer pot looks like and how it works.
Students are not expected to have an understanding of how the process of evaporation causes
cooling, just that it does.
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Figure 19. ZEER POT: Stimulus

PISA 2015 Unit Name: ZEER POT

Introduction

A zeer pot refrigerator is an invention Zeer Pot
to keep food cool without electricity,
usually found in African countries.

Inner clay pot.
Food is placed here

A small clay pot sits inside a larger clay
pot with a clay or fabric lid. The space
between the two pots is filled with sand.
This creates an insulating layer around
the inner pot. The sand is kept damp by
adding water at regular intervals. When
the water evaporates, the temperature

Layer of damp
sand

in the inner potis reduced. Outer —_—
clay pot
Local people make zeer pots out of
clay, a locally available resource.
Cloth or
e Stand
fabric lid

|

71. Using this simulation, students are asked to investigate the conditions that will produce the
most effective cooling effects (4°C) for keeping food fresh in the Zeer pot. The simulator keeps
certain conditions constant (the air temperature and the humidity), but includes this information to
enhance the authentic contextual setting. In the first question, students are asked to investigate the
optimum conditions to keep the maximum amount of food fresh in the Zeer pot by altering the
thickness of the sand layer and the moisture conditions.
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Figure 20. ZEER POT: Question 1

PISA 2015 Unit Name: ZEER POT

Task 1 Inner clay pot Layer of sand
You have been asked to investigate the Outer clay
best design of a Zeer pot for a family to pot lid
keep their food fresh. Stand a—
N . g
Food is best kept at a temperature of
4°C to maximise freshness and
minimise bacterial growth. Thickness of Amount of Sand moisture - i
Sand Layer (cm) |Food (kg) (DampiDry) I‘mp’m“ (’C)
Use the simulator opposite to work out
the maximum amount of food that can
be kept fresh (at 4°C) by varying the
thickness and moisture condition of the
sand layer.
You can run a number of simulations,
and repeat or remove any data findings.
Maximum amount of food kept fresh
at4°Cis kg
Constant variables
Thickness of
- san\: Iay“:srg(cm) é 2 9 “ © .
Amount of
- Food kg) A 4 3 12 16 20
Sand moisture  Damp Dry
O
AirTemp 32°C  Humidity 20% [Record Data] [ Clear Data |

72. When students have set their conditions (which also alter the visual display of the on screen
Zeer pot), they press the record data button which then runs the simulation and populates the data
chart. They need to run a number of data simulations, and can remove data or repeat any
simulations as required. This screen then records their response to the maximum amount of food
kept fresh at 4°C. Their approaches to the design and evaluation of this form of scientific enquiry
can be assessed in subsequent questions.

73. The knowledge categorisation for this item is procedural and the competence is Evaluate and
design scientific enquiry. The context categorisation is Natural Resources, although it also has
links to Health and Disease. The cognitive demand of this question is categorised as high because
students are given a complex situation, and they need to develop a systematic sequence of
investigations to answer the question.
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Figure 21. Framework Categorisation for ZEERPOT Question 1

Framework categories 2015 Framework
Knowledge type Procedural
Competency Evalqate and design scientific
enquiry

Context Natural Resources
Cognitive demand High

Attitudes

Why attitudes matter

74. Peoples’ attitudes towards science play a significant role in their interest, attention, and
response to science and technology, and to issues that affect them in particular. One goal of
science education is to develop attitudes that lead students to engage with scientific issues. Such
attitudes also support the subsequent acquisition and application of scientific and technological
knowledge for personal, local, national, and global benefit and lead to the development of self-
efficacy (Bandura, 1997).

75. Attitudes form part of the construct of scientific literacy. That is, a person’s scientific literacy
includes certain attitudes, beliefs, motivational orientations, self-efficacy, and values. The construct
of attitudes used in PISA draws upon Klopfer's (1976) structure for the affective domain in science
education and reviews of attitudinal research (Gardner, 1975; Osborne, Simon, & Collins, 2003;
Schibeci, 1984). A major distinction made in these reviews is between attitudes towards science
and scientific attitudes. While the former is measured by the level of interest displayed in scientific
issues and activities, the latter is a measure of a disposition to value empirical evidence as the
basis of belief.

Defining attitudes towards science for PISA 2015

76. The PISA 2015 assessment will evaluate students’ attitudes towards science in three areas:
Interest in science and technology, Environmental awareness and Valuing scientific approaches to
enquiry (see Figure 22) that are considered core to the construct of scientific literacy. These three
areas were selected for measurement because a positive attitude towards science, a concern for
the environment and an environmentally sustainable way of life, and a disposition to value the
scientific approach to enquiry are features of a scientifically literate individual. Thus the extents to
which individual students are, or are not interested in science and recognise its value and
implications are considered important measures of the outcome of compulsory education.
Moreover, in 2006, in 52 of the participating countries (including all OECD countries) students with
a higher general interest in science performed better in science (OECD, 2007, p143).

77. Interest in science and technology was selected because of its established relationships with
achievement, course selection, career choice, and lifelong learning. For instance, there is a
considerable body of literature which shows that interest in science is established by age 14 for the
maijority of students (Ormerod & Duckworth, 1975; Tai, Qi Liu, Maltese, & Fan, 2006). Moreover,
students with such an interest are more likely to pursue scientific careers. Policy concerns in many
OECD countries about the number of students, particularly female students, choosing to pursue

149



the study of science make the measurement of attitudes towards science an important aspect of
the PISA assessment and the results may provide information about a perceived declining interest
in the study of science among young people (Bae et al, 2011). This measure, when correlated with
the large body of other information collected by PISA through the student, teacher and school
qguestionnaires, may provide insights into the causes of any decline in interest.

78. Valuing scientific approaches to enquiry was chosen because scientific approaches to enquiry
have been highly successful at generating new knowledge — not only within science itself, but also
in the social sciences, and even finance and sports. Moreover, the core value of scientific enquiry
and the Enlightenment is the belief in empirical evidence as the basis of rational belief.
Recognising the value of the scientific approach to enquiry is, therefore, widely regarded as a
fundamental objective of science education that warrants assessing. Appreciation of, and support
for scientific enquiry implies that students can identify and also value scientific ways of gathering
evidence, thinking creatively, reasoning rationally, responding critically, and communicating
conclusions, as they confront life situations related to science and technology. Students should
understand how scientific approaches to enquiry function, and why they have been more
successful than other methods in most cases. Valuing scientific approaches to enquiry, however,
does not mean that an individual has to be positively disposed towards all aspects of science or
even use such methods themselves. Thus, the construct is a measure of students’ attitudes
towards the use of a scientific method to investigate material and social phenomenon and the
insights that are derived from such methods.

79. Environmental awareness is of international concern, as well as being of economic relevance.
Attitudes in this area have been the subject of extensive research since the 1970s (see, for
example, Bogner and Wiseman, 1999; Eagles & Demare, 1999; Rickinson, 2001; Weaver, 2002).
In December 2002, the United Nations approved resolution 57/254 declaring the ten-year period
beginning on 1 January 2005 to be the United Nations Decade of Education for Sustainable
Development (UNESCO, 2003). The International Implementation Scheme (UNESCO, September
2005) identifies the environment as one of the three spheres of sustainability (along with society
(including culture) and economy) that should be included in all education for sustainable
development programmes.

80. Given the importance of environmental issues to the continuation of life on Earth and the
survival of humanity, the youth of today need to understand the basic principles of ecology and the
need to organise their lives accordingly. This means that developing an environmental awareness
and a responsible disposition towards the environment is an important element of contemporary
science education.

81. In PISA 2015 these specific attitudes toward science will be measured by the student
questionnaire. For each of these attitudes, Figure 22 provides the details of the specific sub-
constructs that it is intended to measure in 2015.

Figure 22. PISA 2015 Areas for Assessment of Attitudes

Interest in Science

This is an attitude that is indicated by:

e A curiosity in science and science-related issues and endeavours;

o A willingness to acquire additional scientific knowledge and skills, using a variety of
resources and methods;

¢ An on-going interest in science, including consideration of science-related careers.
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These dimensions of interest in science will be measured through the following constructs:

Interest in Learning Science: A measure of how much interest students have in learning about
physics, human biology, geology and the processes and products of scientific enquiry.

Enjoyment of Science: A measure of how much students like learning about science both in
and out of school.

Future Orientated Science Activities: A measure of the level of interest students have in
pursuing scientific careers or the study of science after school.

Instrumental Motivation to Learn: A measure of the extent to which a students’ motivation to
learn science is extrinsically motivated by the opportunities science offers for employment.

General Value of Science: A measure of how much prestige the student holds about a range of
different careers including scientific ones.

Self-Efficacy in Science: A measure of how able the student perceives they are at science.

The Occupational Prestige of Specific Careers: A measure of how valuable the student sees
science to be for him or herself.

Use of Technology: A scale that measures how adolescents approach and use new
technology.

Out-of-School Science Experiences: A measure of the range of extra-curricular and out-of-
school science activities that students engage in.

Career Aspirations: A broad measure of the disposition that students have towards scientific
careers.

School Preparation for Science Career: A measure of how well the student feels that their
formal science education and school has provided them with the knowledge and skills needed
for a scientific career.

Student Information on Science Career: A measure of how well-informed the student feels
that they area about possible science careers.

Valuing Scientific Approaches to Enquiry

This is an attitude that is indicated by:

¢ A commitment to evidence as the basis of belief for explanations of the material world;
¢ A commitment to the scientific approach to enquiry when appropriate;
e A valuing of criticism as a means of establishing the validity of any idea.

Environmental Awareness

This is an attitude indicated by:

¢ A concern for the environment and sustainable living;
e Adisposition to take and promote environmentally sustainable behaviours.

These elements of environmental awareness will be measured using the following constructs:

¢ Awareness of environmental issues: A measure of how informed students are about
current environmental issues.

e Perception of environmental issues: A measure of how concerned students are about
environmental issues.

e Environmental optimism: A measure of students’ belief that their or human actions can
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contribute to sustaining and improving the environment.

82. Further detail of these constructs can be found in the Questionnaire Framework.
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ASSESSMENT OF THE DOMAIN

Cognitive Demand

83. A key new feature of the 2015 PISA framework is the definition of levels of cognitive demand
within the assessment of scientific literacy and across all three competences of the framework. In
assessment frameworks, item difficulty, which is empirically derived, is often confused with
cognitive demand. Empirical item difficulty is estimated from the proportion of the test taker
population that is successful in solving the item correctly and thus assesses the amount of
knowledge held by the test taker population, whereas cognitive demand refers to the type of
mental processing required (Davis & Buckendahl, 2011). Care needs to be taken to ensure that the
depth of knowledge required, i.e., the cognitive demand test items set to students, is understood
explicitly by the item developers and users of the PISA framework. For instance, an item can have
high difficulty because the knowledge it is testing is not well known but the cognitive demand is
simply recall. Conversely, an item can be cognitively demanding because it requires the individual
to relate and evaluate many items of knowledge — each of which are easily recalled. Thus, not only
should the PISA test instrument discriminate in terms of performance between easier and harder
test items, the test also needs to provide information on how students across the ability range can
deal with problems at different levels of cognitive demand (Brookhart & Nitko, 2011).

84, The competencies are articulated using a range of terms defining cognitive demand through
the use of verbs such as ‘recognise’, ‘interpret’, ‘analyse’ and ‘evaluate’. However, in themselves
these verbs do not necessarily indicate a hierarchical order of difficulty which is dependent on the
level of knowledge required to answer any item. Various classifications of cognitive demand
schemes have been developed and evaluated since Bloom's Taxonomy was first published
(Bloom, 1956). These have been largely based on categorisations of knowledge types and
associated cognitive processes that are used to describe educational objectives or assessment
tasks.

85. Bloom'’s revised Taxonomy (Anderson & Krathwohl, 2001) identifies four categories of
knowledge — factual, conceptual, procedural and meta-cognitive. This categorisation considers
these forms of knowledge to be hierarchical and distinct from the six categories of performance
used in Bloom’s first taxonomy — remembering, understanding, applying, analysing, evaluating and
creating. In Anderson and Krathwohl’s framework, these two dimensions are now seen to be
independent of each other allowing for lower levels of knowledge to be crossed with higher order
skills and vice versa.

86. A similar framework is offered by Marzano and Kendall's Taxonomy (2007) which also provides
a two dimensional framework based on the relationship between how mental processes are
ordered and the type of knowledge required. The use of mental processes is seen as a
consequence of a need to engage with a task with meta-cognitive strategies which define potential
approaches to solving problems. The cognitive system then uses either retrieval, comprehension,
analysis or knowledge utilisation. Marzano and Kendall divide the knowledge domain into three
types of knowledge, information, mental procedures and psychomotor, compared to the four
categories in Bloom's revised Taxonomy. Marzano and Kendall argue that their taxonomy is an
improvement upon Bloom’s Taxonomy because it offers a model of how humans actually think
rather than simply an organising framework.

87. A different approach is offered by Ford and Wargo, (2012) who offer a framework for
scaffolding dialogue as a way of considering cognitive demand. Their framework utilises four levels
that build on each other: recall, explain, juxtapose and evaluate. Although this framework has not
been specifically designed for assessment purposes it has many similarities to the PISA 2015
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definition of scientific literacy and the need to make more explicit references to such demands in
the knowledge and competencies.

88. Another schema can be found in the framework based on “Depth of Knowledge” developed by
Webb (1997) specifically to address the disparity between assessments and the expectations of
student learning. For Webb, levels of depth can be determined by taking into account the
complexity of both the content and the task required. His schema consists of four major categories:
level 1 (recall), level 2 (using skills and/or conceptual knowledge), level 3 (strategic thinking), and
level 4 (extended thinking). Each category is populated with a large number of verbs that can be
used to describe cognitive processes. Some of these appear at more than one level. This
framework offers a more holistic view of learning and assessment tasks and requires an analysis of
both the content and cognitive process demanded by any task. Webb’s depth of knowledge (DOK)
approach is a simpler but more operational version of the SOLO Taxonomy (Biggs & Collis, 1982)
which describes a continuum of student understanding through five distinct stages of pre-structural,
unistructural, multistructural, relational and extended abstract understanding.

89. All the frameworks described briefly above have served to develop the knowledge and
competencies in the 2015 PISA Framework. In drawing up such a framework it is recognised that
there are challenges in developing test items based on a cognitive hierarchy. The three main
challenges are that:

a) Too much effort is made to fit test items into particular cognitive frameworks which can
lead to poorly developed items;

b) Misclassification between intended and actual demand with frameworks defining
rigorous, cognitively demanding goals, and items which may operationalise the standard in
a much less cognitively demanding way;

c) Without a well-defined and understood cognitive framework, item writing and
development often focuses on item difficulty and uses a limited range of cognitive
processes and knowledge types, which are then only described and interpreted post hoc,
rather than building from a theory of increasing competency.

90. The approach taken for the 2015 Framework is to use an adapted version of Webb’s Depth of
Knowledge grid (Webb, 1997) alongside the desired knowledge and competencies. As the
competencies are the central feature of the framework, the cognitive framework needs to assess
and report on them across the student ability range. Webb’s Depth of Knowledge Levels offer a
taxonomy for cognitive demand that requires items to identify both the cognitive demand from the
verbal cues that are used, e.g., analyse, arrange, compare, and the expectations of the depth of
knowledge required.
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Figure 23. PISA 2015 Framework for Cognitive Demand

Explain Evaluateand | Interpret data Low /
phenomena |design scientific| and evidence
scientifically enquiry scientifically /
Content
Knowledge
Procedural /
Knowledge
Epistemic /
Knowledge

91. The grid above in Figure 23 provides a framework for mapping items against the two
dimensions of knowledge and competencies. In addition, each item can also be mapped using a
third dimension based on a depth of knowledge taxonomy. This provides a means of
operationalising cognitive demand as each item can be categorised as making demands that are:

e Low(L)
Carrying out a one-step procedure, for example recall of a fact, term, principle or concept or
locating a single point of information from a graph or table.

e Medium (M)
Use and application of conceptual knowledge to describe or explain phenomena, select
appropriate procedures involving two or more steps, organise/display data, interpret or use
simple data sets or graphs.

¢ High (H)
Analyse complex information or data, synthesise or evaluate evidence, justify, reason given
various sources, develop a plan or sequence of steps to approach a problem.

92. Thus items that merely require recall of one piece of information make low cognitive demands,
even if the knowledge itself might be quite complex. In contrast, items that require recall of more
than one piece of knowledge and require a comparison and evaluation made of the competing
merits of their relevance would be seen as having high cognitive demand. The difficulty of any
item, therefore, is a combination both of the degree of complexity and range of knowledge it
requires and the cognitive operations that are required to process the item.

93. Therefore the factors that determine the demand of items assessing science achievement
include:
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e The number and degree of complexity of elements of knowledge demanded by the item;

e The level of familiarity and prior knowledge that students may have of the content,
procedural and epistemic knowledge involved,;

e The cognitive operation required by the item e.g., recall, analysis, evaluation;

¢ The extent to which forming a response is dependent on models or abstract scientific ideas.

94. This four-factor approach allows for a broader measure of scientific literacy across a wider
range of student ability. Categorising the cognitive processes required for the competencies that
form the basis of scientific literacy together with a consideration of the depth of knowledge required
offers a model for assessing the level of demand of individual items. In addition, its relative
simplicity offers a framework for minimising the problems encountered in applying such
frameworks. The use of this cognitive framework will also facilitate the development of an a priori
definition of the descriptive parameters of the reporting proficiency scales (see Fig 27).

Test Characteristics

95. In accordance with the PISA definition of scientific literacy, test questions (items) will require
the use and application of the scientific competencies and knowledge within a context.

96. Figure 24 is a variation of Figure 1 that presents the basic components of the PISA framework
for the 2015 scientific literacy assessment in a way that can be used to relate the framework with
the structure and the content of assessment units. This may be used both synthetically as a tool to
plan assessment exercises, and analytically as a tool to study the results of standard assessment
exercises. As a starting point to construct assessment units, it shows the need to consider the
contexts that will serve as stimulus material, the competencies required to respond to the
questions or issues, the knowledge central to the exercise, and the cognitive demand.
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Figure 24. A Tool for Constructing and Analysing Assessment Units and Iltems

Contexts

! 3

4

Competencies (see Fig 3)

Cognitive Demand

97. A test unit is defined by specific stimulus material, which may be a brief written passage, or text
accompanying a table, chart, graph, or diagram. In units created for PISA 2015, the stimulus
material may also include non-static stimulus material, such as animations and interactive
simulations. The items are a set of independently scored questions of various types, as illustrated
by the examples already discussed.

98. The reason PISA employs this unit structure is to facilitate the employment of contexts that are
as realistic as possible, reflecting the complexity of real situations, while making efficient use of
testing time. Using situations about which several questions can be posed, rather than asking
separate questions about a larger number of different situations, reduces the overall time required
for a student to become familiar with the material in each question. However, the need to make
each score point independent of others within a unit needs to be taken into account. It is also
necessary to recognise that, because this approach reduces the number of different assessment
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contexts, it is important to ensure that there is an adequate range of contexts so that bias due to
the choice of contexts is minimised.

99. PISA 2015 test units will require the use of all three scientific competencies and draw on all
three forms of science knowledge. In most cases, each test unit will assess multiple competencies
and knowledge categories. Individual items, however, will assess only one form of knowledge and
one competency.

100. The need for students to read texts in order to understand and answer written questions on
scientific literacy raises an issue of the level of reading literacy that will be required. Stimulus
material and questions will use language that is as clear, simple and brief, and as syntactically
simplified as possible while still conveying the appropriate meaning. The number of concepts
introduced per paragraph will be limited. Questions within the domain of science that assess
reading or mathematical literacy will be avoided.

Item Response Formats

101. Three classes of items will be used to assess the competencies and scientific knowledge
identified in the framework. About one-third of the items will be in each of the three classes:

Simple multiple-choice: Items calling for

o selection of a single response from four options
o selection of a “hot spot,” an answer that is a selectable element within a graphic or text.

Complex multiple-choice: Items calling for

e responses to a series of related “Yes/No” questions that are treated for scoring as a single
item (the typical format in 2006)

e selection of more than one response from a list

o completion of a sentence by selecting drop-down choices to fill multiple blanks

e ‘“drag-and-drop” responses, allowing students to move elements on screen to complete a
task of matching, ordering, or categorising.

Constructed response: Items calling for written or drawn responses.

e Constructed response items in scientific literacy typically call for a written responses
ranging from a phrase to a short paragraph (e.g., two to four sentences of explanation). A
small number of constructed response items call for drawing (e.g., of a graph or diagram).
For computer delivery, any such items will be supported by simple drawing editors that are
specific to the response required.

102. Also, in 2015, some responses will be captured by interactive tasks, for example, a student’s
choices for manipulating variables in a simulated scientific enquiry. Responses to these interactive
tasks will likely be scored as complex multiple choice items. Some kinds of responses to interactive
tasks may be sufficiently open-ended that they will be treated as constructed response.

Assessment Structure

103. For PISA 2015, computer-based assessment will be the primary mode of delivery for all
domains, including scientific literacy. All new science literacy items will only be available in the
computer-based assessment. However a paper-based assessment instrument will be provided for
countries choosing not to test their students by computer which will consist only of the trend items.

104. Scientific literacy items will be organised into 30-minute sections called “clusters.” Each
cluster will include either only new units or only trend units. Overall for 2015, the target number of
clusters to be included in the main survey is:
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clusters of trend clusters of new
6 units in 2015 9 units in 2015
main survey main survey

Target number
of clusters

105. Each student will be assigned one two-hour test form. A test form will be composed of four
clusters, with each cluster designed to occupy thirty minutes of testing time. The clusters are
placed in multiple computer—based test forms, according to a rotated test design.

106. Each student will spend one hour on scientific literacy, with the remaining time assigned to
either one or two of the additional domains of reading, maths and collaborative problem solving.
For any countries taking the paper-based assessment instrument, intact clusters of 2006 units will
be formed into a number of test booklets. It is important to note that the paper-based assessment
will be limited to trend items and will not include any newly developed material. In contrast, the
computer-based instrument will include newly developed items as well as trend items. Care will be
taken when transposing paper-based trend items to an on-screen format that the presentation,
response format and cognitive demand remain comparable.

107. The desired balance between the three knowledge components, content, procedural and
epistemic knowledge, is shown in Figure 25 in terms of percentages of score points. Figure 26 also
shows the target distribution of score points among the various knowledge categories. These
weightings are broadly consistent with the previous framework and reflect a consensus view
amongst the experts consulted in the writing of this framework.

Figure 25. Target Distribution of Score Points for Knowledge

Systems
. - Total over

Knowledge types Physical Living Earth & Space systems
Content 20-24% 20-24% 14-18% 54-66%
Procedural 7-11% 7-11% 5-9% 19-31%
Epistemic 4-8% 4-8% 2-6% 10-22%
Total over 36% 36% 28% 100%
knowledge types

108. The target balance for scientific competencies is given in Figure 26. These weightings have
been chosen so that the assessment is evenly split between items that draw predominantly on
content knowledge and items that draw predominantly on procedural and/or epistemic knowledge.
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Figure 26. Target Distribution of Score Points for Scientific Competencies

Scientific Competencies % of score points
Ex.plalln'lng phenomena 40-50%
scientifically

Ev.alug’gng anq designing 20-30%
scientific enquiry

Int_erprgtlng data and evidence 30-40%
scientifically

TOTAL 100%

109. Iltem contexts will be spread across personal, local/national and global settings roughly in the
ratio 1:2:1 as was the case in 2006. A wide selection of areas of application will be used for units,
subject to satisfying as far as possible the various constraints imposed by the distribution of score
points shown in Figure 25 and Figure 26.

Reporting Scales

110. To meet the aims of PISA, the development of scales of student achievement is essential. A
descriptive scale of levels of competence needs to be based on a theory of how the competence
develops, not just on a post-hoc interpretation of what items of increasing difficulty seem to be
measuring. The 2015 draft framework has therefore defined explicitly the parameters of increasing
competence and progression, allowing item developers to design items representing this growth in
ability (Kane, 2006; Mislevy and Haertel, 2006). Initial draft descriptions of the scales are offered
below, though it is recognised that these may need to be modified as data are accumulated after
field testing of the items. Although comparability with the 2006 scale descriptors (OECD, 2007) has
been maximised in order to enable trend analyses, the new elements of the 2015 framework such
as depth of knowledge have also been incorporated. The scales have also been extended by the
addition of a level ‘1b’ to specifically address and provide a description of students at the lowest
level of ability who demonstrate very minimal evidence of scientific literacy and would previously
not have been included in the reporting scales. The initial draft scales for 2015 Framework
therefore propose more detailed and more specific descriptors of the levels of Scientific Literacy,
and not an entirely different model.
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Figure 27. Initial Draft Reporting Scale Proposed for PISA 2015

[Note: Currently these descriptors should be seen as a hypothesis. When the field trials have been
conducted, the data will enable these descriptions to be refined]

Level Descriptor

6 At Level 6, students are able to use content, procedural and epistemic
knowledge to consistently provide explanations, evaluate and design
scientific enquiries and interpret data in a variety of complex life situations
that require a high level of cognitive demand. They can draw appropriate
inferences from a range of different complex data sources, in a variety of
contexts and provide explanations of multi-step causal relationships. They
can consistently distinguish scientific and non-scientific questions, explain
the purposes of enquiry, and control relevant variables in a given scientific
enquiry or any experimental design of their own. They can transform data
representations, interpret complex data and demonstrate an ability to
make appropriate judgments about the reliability and accuracy of any
scientific claims. Level 6 students consistently demonstrate advanced
scientific thinking and reasoning requiring the use of models and abstract
ideas and use such reasoning in unfamiliar and complex situations. They
can develop arguments to critique and evaluate explanations, models,
interpretations of data and proposed experimental designs in a range of
personal, local and global contexts.

5 At Level 5, students are able to use content, procedural and epistemic
knowledge to provide explanations, evaluate and design scientific
enquiries and interpret data in a variety of life situations in some but not all
cases of high cognitive demand. They draw inferences from complex data
sources, in a variety of contexts and can explain some multi-step causal
relationships. Generally, they can distinguish scientific and non-scientific
questions, explain the purposes of enquiry, and control relevant variables
in a given scientific enquiry or any experimental design of their own. They
can transform some data representations, interpret complex data and
demonstrate an ability to make appropriate judgments about the reliability
and accuracy of any scientific claims. Level 5 students show evidence of
advanced scientific thinking and reasoning requiring the use of models and
abstract ideas and use such reasoning in unfamiliar and complex
situations. They can develop arguments to critique and evaluate
explanations, models, interpretations of data and proposed experimental
designs in some but not all personal, local and global contexts.

4 At Level 4, students are able to use content, procedural and epistemic
knowledge to provide explanations, evaluate and design scientific
enquiries and interpret data in a variety of given life situations that require
mostly a medium level of cognitive demand. They can draw inferences
from different data sources, in a variety of contexts and can explain causal
relationships. They can distinguish scientific and non-scientific questions,
and control variables in some but not all scientific enquiry or in an
experimental design of their own. They can transform and interpret data
and have some understanding about the confidence held about any
scientific claims. Level 4 students show evidence of linked scientific
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thinking and reasoning and can apply this to unfamiliar situations. Students
can also develop simple arguments to question and critically analyse
explanations, models, interpretations of data and proposed experimental
designs in some personal, local and global contexts.

At Level 3, students are able to use content, procedural and epistemic
knowledge to provide explanations, evaluate and design scientific
enquiries and interpret data in some given life situations that require at
most a medium level of cognitive demand. They are able to draw a few
inferences from different data sources, in a variety of contexts, and can
describe and partially explain simple causal relationships. They can
distinguish some scientific and non-scientific questions, and control some
variables in a given scientific enquiry or in an experimental design of their
own. They can transform and interpret simple data and are able to
comment on the confidence of scientific claims. Level 3 students show
some evidence of linked scientific thinking and reasoning, usually applied
to familiar situations. Students can develop partial arguments to question
and critically analyse explanations, models, interpretations of data and
proposed experimental designs in some personal, local and global
contexts.

At Level 2, students are able to use content, procedural and epistemic
knowledge to provide explanations, evaluate and design scientific
enquiries and interpret data in some given familiar life situations that
require mostly a low level of cognitive demand. They are able to make a
few inferences from different sources of data, in few contexts, and can
describe simple causal relationships. They can distinguish some simple
scientific and non-scientific questions, and distinguish between
independent and dependent variables in a given scientific enquiry or in a
simple experimental design of their own. They can transform and describe
simple data, identify straightforward errors, and make some valid
comments on the trustworthiness of scientific claims. Students can
develop partial arguments to question and comment on the merits of
competing explanations, interpretations of data and proposed experimental
designs in some personal, local and global contexts.

1a

At Level 1a, students are able to use a little content, procedural and
epistemic knowledge to provide explanations, evaluate and design
scientific enquiries and interpret data in a few familiar life situations that
require a low level of cognitive demand. They are able to use a few simple
sources of data, in a few contexts and can describe some very simple
causal relationships. They can distinguish some simple scientific and non-
scientific questions, and identify the independent variable in a given
scientific enquiry or in a simple experimental design of their own. They can
partially transform and describe simple data and apply them directly to a
few familiar situations. Students can comment on the merits of competing
explanations, interpretations of data and proposed experimental designs in
some very familiar personal, local and global contexts.

1b

At Level 1b, students demonstrate a little evidence to use content,
procedural and epistemic knowledge to provide explanations, evaluate and
design scientific enquiries and interpret data in a few familiar life situations
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that require a low level of cognitive demand. They are able to identify
straightforward patterns in simple sources of data in a few familiar contexts
and can offer attempts at describing simple causal relationships. They can
identify the independent variable in a given scientific enquiry or in a simple
design of their own. They attempt to transform and describe simple data
and apply them directly to a few familiar situations.

111. The proposed level descriptors are based on the 2015 framework described in this document
and offer a qualitative description of the differences between levels of performance. The factors
used to determine the demand of items assessing science achievement that have been
incorporated into this outline of the proficiency scales include:

The number and degree of complexity of elements of knowledge demanded by the item;
The level of familiarity and prior knowledge that students may have of the content,
procedural and epistemic knowledge involved;

The cognitive operation required by the item e.g., recall, analysis, evaluation;

The extent to which forming a response is dependent on models or abstract scientific ideas.
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SUMMARY

112. Science will be the major domain in PISA 2015 and the 2015 definition builds on and
develops the 2006 definition. In particular, the competencies required for scientific literacy have
been further elaborated and the concept of ‘knowledge about science’ has been defined as two
forms of knowledge — procedural and epistemic. In addition, the 2015 framework has articulated a
conception of the range of cognitive demand required of items. The 2015 framework therefore
represents a more detailed specification of particular aspects of scientific literacy that were
embedded or assumed in the earlier definitions.

113. The PISA 2006 definition of scientific literacy has its origin in the consideration of what 15-
year-old students should know, value and be able to do as “preparedness for life” in modern
society. Central to the definition and the assessment of scientific literacy are the competencies that
are characteristic of science and scientific enquiry. The ability of students to make use of these
competencies depends on their scientific knowledge, both their content knowledge of the natural
world and their procedural and epistemic knowledge. In addition, it depends on a willingness to
engage with science related topics. Their attitudes towards science-related issues are measured
separately in the background questionnaire.

114. This framework describes and illustrates the scientific competencies and knowledge that will
be assessed in PISA 2015 (see Figure 28), and the contexts for test items. Test items will be
grouped into units with each unit beginning with stimulus material that establishes the context for
items. A combination of item types will be used. Computer-based delivery for 2015 offers the
opportunity for several novel item formats, including animations and interactive simulations. This
will improve the validity of the test and the ease of scoring.

Figure 28. Major Components of the PISA 2015 Framework for Scientific Literacy

Competencies Knowledge Attitudes

e Explaining e Knowledge of the e Interestin science
phenomena content of science: . D

ientificall e Valuing scientific

scientinically > Physical systems approaches to

o Eva'lua.ting ar\d 3 > Living systems enquiry
designing scientific Envi tal
enquiry » Earthandspace |® FEnvironmenta

systems awareness

e Interpreting data and

evidence scientifically | ¢ Procedural
knowledge

e Epistemic knowledge

115. The ratio of items assessing students’ content knowledge of science to items assessing
procedural and epistemic knowledge of science will be about 3:2. Approximately 50 per cent of the
items will test the competency to explain phenomena scientifically, 30 per cent the competency to
interpret data and evidence scientifically, and 20 per cent their competency to evaluate and design
scientific enquiry. The cognitive demand of items will consist of a range of low, medium and hard.
The combination of these weightings and a range of items of varying cognitive demand will enable
proficiency levels to be constructed to describe performance in the three competencies that define
scientific literacy.
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