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TETPAZb 3AAAHUN: MIAZLLUASA TPYTA

BeeaeHune

Ba)XHoO

B pervoHanbHOM Type DCTOHCKOM OAMMMMaZbl MO ecTecTBeHHbIM Haykam 2025/2026
HeobxoaMMO pewunTb Tpu GonblMe 3a4auu, KaKaas M3 KOTOPbIX COAEPMKUT HECKONbKO
noasaaau.

Mepea Tem, Kak Tbl MPUCTYMNULb K PELIEHMIO 3aaHMIA, COBETYEM KPaTKO 03HAKOMMUTbCA CO
BCel paboToii, YTobbl NPaBMALHO pacnaaHMpPoBaTb Bpems. MNopsaaoK peleHns 3a4aHui He
BarkeH. MorKanyincra, obpopmMaAi OTBETbI KaK MOYXKHO YETKO MU KOPPEKTHO. B cnyyae Bonpocos
C MHOXeCTBEHHbIM BbiBOpOM c/iegm, YTobbl TBOM OTBETHI ObI/IM ACHO OTMEYEHbI!

e [lpu peweHnn 3a4a4 HeNb3A UCMNO/Ib30BaTb MOCTOPOHHIOK MOMOLLb.

e [laHHaA TeTpagb 3a4aHWUI BblAAETCA B Ne4aTHOM BuAe.

e JluCcT 3apaHui npegHasHayeH WCKAYUTENbHO ANA O3HAKOM/IEHMA C TeKCTamMu
3a4aHUI - peweHns cnepyeT 3anucaTtb B TeTpagb OTBETOB. YUTW, YTO AaHHbIA NUCT
3a4aHunit He ByaeT nepeaaH OLEHMBAKOLWEN KOMUCCUMN.

e B KOHUe nucTa 3a4aHKi Tbl Hanaewsb Tabauuy MeHgeneesa!

e OTBeTbl HEOHXOAMMO NUCATb LAPMKOBOWN MU YEPHUNBHOM PYYKOWN.

e JlUCT C 334aHMAMM BbISAETCA COPEBHYIOWMMCA B Hayane COPEBHOBAHMA M 3TUM
MOMEHTOM PUKCMPYETCA HAYaN0 COPEeBHOBAHUA.

e B 3apaHuMax c pacyetamum HeobxogMMO MOKasaTb XO4 peleHua (3anuwun ero B
TEKCTOBOM 610K B TETPAAU OTBETOB), MHAYe TBOW OTBET He byaeT 3acumTaH!

e Bce uncneHHble oTBETbl A0NXKHbI ObITb NPeAoCTaBAEHbl C NOAXOAALLMMM eANHULAMMU
namepeHums!

e [lpn ouUEHKe BOMPOCOB C MHOMECTBEHHbIM BblbOpoMm Mbl byaem yyuTbIBaTb
COOTHOLLEHWE BEPHbIX U HEBEPHbIX OTBETOB!

Dna peweHunn 3apaHuii y Teba ectb 4 yaca. OTcueT BpemMeHU HAaUMHAETCA C MOMEHTA,
KOrga KOMNEKT 3a4aHMIA NOKa3blBalOT COPEBHYIOLWMMCA, U 3aKaHYMBAECTCA MOMEHTOM,
KOrpa CopeBHylOLWMeECcA OTAaT CBOM KOMNIEKTbI peLleHUiA.

Mocne KoHLa PerMoHanbHOro Typa Tbl CMOKeLLb 03HaKOMMUTHCA C NPaBUIbHbIMU OTBETaMM U
faTb O0OpaTHYlO CBA3b MNPO PEerMoHafbHbi Typ Ha CTpaHWULE B WHTEpPHeTe
https://teaduskool.ut.ee/et/olumpiaadisusteem/loodusteadused!
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1. YIIEPOAHbIN LIUK/1 MUPOBOIO OKEAHA (61 6)

Knumat 3emnu TensneeT us-3a BbI6POCOB B aTMocdepy TaK HasbiBaeMbIX MAapPHUKOBbLIX ra3os, MpeXne BCero
yraekucnoro rasa (CO;). s noncka peweHuii 3Toin npobaembl BaxKHO NMOHUMATb, KaK Yraepos LMPKYAMpyeT B
NPUPOLHbIX cUcTEMax. Tponuyeckme AOXKAEBbIE fieca YacTO Ha3blBAKOT «ETKMMMU NAAHETLI», OAHAKO OHU He
CMOCO6HbI CYLLECTBEHHO YAANATb U3 aTMOChepPbl AOMNOAHMTENbHO nocTynatowmii CO,. Fopasgo pexe roBopsTt o
APYroi cucTeme, y4acTBYHOLLEN B YTEPOAHOM LMKAE, — OKeaHax. OHW ABNAIOTCA YPE3BbIYaHO BaXKHOM YacTbio
YFNepoAHOro UMKAa 3eMiu, NOCKOJbKY, NO OLEHKaM, XPaHAT oKono 40 TPUANMOHOB TOHH yrnepoga. Mexay
OKeaHamMM 1 aTMoCchePOM NPOUCXOLUT aKTUBHbIN 06MeH yriepoaom. MOCKOIbKY 3a nocnesHue Napy CTONETUM
copepyaHue yrnekMcaoro rasa B atmocdepe yBesmunaoch n3-3a CUraHua MCKoNaemoro TonamBea, Bcé bonblue
CO, pacTBOpAeTCcA U B OKeaHax, rae B pesynbrate pOTOCMHTE3A OH NPEeBpaLLaeTcA B OpraHMYeckme BeLLecTsa.
YacTb 3TUX BELLECTB OCAXKAAETCA B BUAE OT/NIOXKEHMI HA AHO OKeaHa. Taknm obpasom, M1poBoWi OKeaH aBaseTcA
BaXKHbIM Bydepom, cAep)KMBAIOWMM NOTENNEHWE KAMMaTa;, BMecTe C TemM 3TO 4Ype3BblYaiHO CIOXKHas M
yA3BMMAA CUCTEMA, U YYEHble BCE elé uccneaytoT, KakMuM MOXKeT bbiTb A0NrOCpoYHOEe BO3AeincTBMEe pocTa
KOHLeHTpaumm CO, Ha aKocucTembl MMpOBOro oKkeaHa.

B aTom 3agaHuu Tbl Byaelb n3yyaTtb cBA3bIBaHME U XpaHeHune CO, B MMPOBOM OKeaHe.

1.1. MupoBoi oKkeaH

MupoBOl i OKeaH pa3fenéH Ha NATb OKeaHOB: ATNAHTUYECKMN OKeaH, TUXWA oOKeaH, WHAWWCKWIA OKeaH,
CeBepHbI JleaoBuTbii OKeaH M HOXKHbI OKeaH. Huxe npuBegeHbl NATb ONUCAHUMN, KaXK4oe M3 KOTOpbIX
COOTBETCTBYET OAHOMY OKeaHy.

OKeaH C HauMeHbLUEel NAoWaAbio U FYyBUHOM, KOTOPbIN KPYTAbIi rog, YaCTUYHO MOKPLIT IbAOM.

A.
B. OKeaH, K Y4Ccny BHYTPEHHUX MOPel KOTOporo oTHocuTcA banTtuitckoe mope.
C. OKeaH c camoli TEénJioin BOAOMN.

D

. OKeaH c HanbonbLen naowaablo, B KOTOPOM TaKXXe HaxogauTtcAa Camasn I'J'Iy6OKaFi TOYKa MVIpOBOI'O
OKeaHa — MapuaHcKaa BnaguHa.
E. EAMHCTBGHHbIVI OKeaH, KOTOprVI OMbIBa€eT 6epera TOJZIbKO O4HOI0 MaTepukKa.

1.1.1. Ha pucyHKe 1 KapTa Mupa, rae Kaxablit okeaH o603HayYeH Homepom (1...5). CooTHecH KaxKAablit
OKeaH C NPaBUAbHbIM ONMUCaHMEM U HOMEPOM Ha KapTe B TeTpaau oTeeTos. (5 6)
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PucyHok 1. OkeaHbl mupa
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1.2. PactBopeHusa CO2 B MOpCKOi1 Boge
CHayana paccMoTpUM, KaKMm 06pa3om yrneKucablii ras nonagaeTt us aTmocdepbl B OKeaH.

ME)'KLI,V aTMOCCbepOﬁ M MNOBEPXHOCTHbIMU CNOAMU OKeaHa MNOCTOAHHO nNpouncxoauT rasoobmeH. Ecau
KOHLEHTpauUmMa YrIeKUcioro rasa B aTmocdepe Bbille MO CPAaBHEHMIO C KOHLIEHTpaLUMel YrieKUcnoro rasa B
Mmopckoit Boae, To CO, pacTBopAeTca B BoAe:

CO; (razoo6pasHblit) - CO; (pacTBOPEHHbIN).

Ecnn e Mopckas BoAa NO cpaBHeHWto ¢ atmocdepoit HacbiweHa CO,, yrnekucnbliii ras BbicBobOXAaeTca
obpaTHO B aTMOcdepy:
CO; (pactBopeHHbIit) - CO, (ra3oobpasHbiit).

PactBopumocTb CO, B OK€aHCKOW BoAe 3aBUCUT OT TEMNEPATYpPbl, AABAEHUA U APYTUX BELLECTB, PAaCTBOPEHHbIX
B BoZe. Mpaduk, NnpuBeAEHHbIN Ha PUCYHKE 2, ONUCbIBAET 3aBUCMMOCTb pacTBopumocTn CO, oT TemnepaTtypbl
BOAbI (417 YMCTOM BOAbI NPW aTMOCHEPHOM AaBAEHUM).
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PucyHok 2. 3asucumoctb pactsopumoctu CO, B BOAe OT TemnepaTypbl

1.2.1. YTO MOKHO 3aK/IIOYUTb Ha OCHOBAHMM NpuBeAEHHOrO Bbiwe rpaduka? OTmeTb B TeTpagu
OTBETOB, ABNAETCA /M YTBEPXKAEeHMEe BEPHbIM UM HeBEPHbIM, A,06aBMB Nocae 6yKBbl yTBEPXKAEHUA
3HaK +unan—. (2 6)

A. Mpu Temnepatype 20 °C B 04HOM INTPE BOAbI MOXKET pacTBopuTbea Ao 1,7 r CO,.

B. Yem Bbilwe TemnepaTypa Bogbl, Tem 6osblue pactBopumoctb CO, B BoZeE.

C. Ec/M yunTbIBaTb TO/IbKO 3aBUMCMMOCTb pacTBopumocTy CO, oT TemnepaTypbl, TO B MUpoBom
oKkeaHe CO, A0/IKEH ydlle pacTBOPATLCA Ha 60/1ee BbICOKUX LMPOTaX.

1.2.2. Ha pactBopumocTb CO, BANAET TaK¥Ke coaepKaHue, TO eCTb KOHLEHTpauuA, pacTBOPEHHbIX B
Boge conen. Yem 6osblue conelt pacTBOPEHO B BOAE, TEM HMXKe pacTBopumocTb CO, B BOZE.
3anuMwu Ha3BaHUe BeLLecTBa, KOTOpoe B OCHOBHOM onpegaenseT CONIEHOCTb MOPCKoii Boabl. (0,5 6)
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1.3. Buonoruyeckum yrnepoaHblii Hacoc u GOTOCUMHTES

Korga yrnekucblii ra3 pacTBOpeH B OKeaHe, OH MOMKET y4acTBOBaATb B PA3/IMUHbIX NpoLeccax. «YraepoaHbli
Hacoc» OKeaHOB (cMCTemMa KpyroBopoTa yrneposna) B 0606WEHHOM BUAE COCTOMT M3 ABYX KOMMOHEHTOB:
6uonornyeckoro 1 GpU3UYECKOro KPyroBopoTa yraepoaa. PaccMoTpmm, KaKk Kaxaas U3 aTUX CUCTEM yaanaet
yrnepopg us atmocédepsi.

Buonornyecknin yrnepoHblii HaCOC OCHOBAH Ha CMOCOBHOCTM OpraHM3MOB, 0buTaloWmMx B MUPOBOM OKeaHe,
NPOM3BOAMTL OpraHMYecKoe BeLecTBO W3  YIEKUCIOro  rasa aTMOCPEpPHOro  NPOUCXONKAEHMA.
O6pa3oBaBLlUeecs OPraHNYecKoe BELLEeCTBO NepemeLlaeTca no NULEBbIM CETAM OKeaHa M B XO4e KNeTOYHOro
ObIXaHWA MW NPOLLECCOB Pa3/IoXKeHUA MO0 BHOBb NPEBPALLAETCA B ANOKCUA Yriepoaa, IMbo nepeHocuTcA B
6onee rnybokue cnou okeaHa (>500 m) B BMAE MEPTBLIX OPraHM3MOB U OTXOZ0B. B rnyboKMX CNoAX oKkeaHa
yrnepos Takum obpasom MOKeT HaKanMBaTbCA HA OYEHb A/IUTeNIbHOE BPEMS — OT COTEH A0 TbICAY /€T,

1.3.1. Ha pucyHKe 3 npeactaBneHa cxema 6MONOTMYECKOTO KPYroBopoTa yriepoaa B okeaHe, rae
CTPENKM ONUCHIBAIOT NepemeLLeHMe YIAepoaa MeKay PasNnuiHbIMN 3BEHbAMM YrN1ePOAHOIO LMKAa.
3aBepwn cxemy B TeTPagM OTBETOB, YKa3aB B Ka)XAOM MNpPAMOYro/libHUKE HOMep,
COOTBETCTBYIOLLMIA NPABUIbHOMY NOHATUIO U3 NPUBEAEHHOIO HUXKE CMUCKa. (2 6)
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PUCYHOK 3. Buonormyecknn yrnepoaHolii Hacoc

Camblit BaXKHbIN NPUPOAHBLIA Npouecc ANA yAANeHUA YINEKMUCOoro rasa u3 atmocoepbl — 370 POTOCUHTES.
doToCcHMHTE3NPYIOWME OPraHU3Mbl, OHW Ke MNPOAYUEHTbl, cofepyaT ocobble BeuiecTBa (xnopodunbl,
KapoTMHOMAbI U Ap.), KOTOpble MOr/0oWatoT CO/MIHEYHOE M3nyyeHue. Mcnonb3ya 3Hepruto, noslyyeHHyo oT
CosHUQ, NPOAYLEHTbI CUHTE3UPYIOT HEOBXOAMMbIE UM NUTATENbHble BELWLECTBA, MPUMEHAA HAaxoAAWMMNCA B
aTmocdepe yrnekncabii ra3 B Kayectse UCXOAHOro BewecTsa. B xoae ¢poTocmHTEsa yrnekucabiit ras pearmpyet
c Bogoi, obpasya rnokosy (CeH1,06) M KnMcnopog, (0,). FNtoKo3a Mcnonb3yeTcs NpoAyueHTamMuM Aas 3anacaHun
3HEepruu, a TakXKe A1a NoCTPoeHMA COBCTBEHHbIX TKAaHEN U OpPraHoB.
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MpoTeKkaHuto peakumMm GOTOCMHTE3a B K/IETKax CnocobcTBYHOT ocobble MoneKyabl — (pepmMeHTbl, KoTopble
NO3BONAIOT PacWennaTb UK COeAUHATb APYr1ue MONeKybl, 06pa3ys HOBble XMMUYECKME COeAMHEHUA. Takum
06pasom, ckopocTb GOTOCMHTE3a, MTOMUMO AOCTYNHOCTU UCXOAHbIX BELLLECTB PeaKLMM U CONMHEYHOTO U3yYeHusn,
3aBUCUT TaKxKe oT depmeHToB. KoimuectBo Mosiekyn GepMeHTOB B KNETKE OFPAHUYEHO, U KaXKAan U3 HUX MOXKET
OAHOBPEMEHHO Y4acTBOBATb JIMLb B COEAMHEHUN UM pacLLeneHnn O4HON UM HeBONbLIOTo YnCna APYrux
Mmonekyn. 3ddeKTMBHOCTb GepPMEHTOB 3aBUCUT M OT TEMMEPATYPbI: Y KaXKAOro pepmeHTa ecTb NoAXoAALLMIM
(onTMManbHbI) AManasoH TemnepaTyp, NPU KOTOPOM peakLms, NpoTeKatowas ¢ ero yyactmem, AET Hanbonee
6bicTpo.

1.3.2. Pewuu, KaKoii rpaduK npaBuibHO NOKa3biBaeT 3aBUCMMOCTb CKOPOCTU peaKuumn ¢oTocuHTe3a
OT MHTEHCUBHOCTU COZIHEYHOrO CBETOBOrO U3/1ly4eHUs, U 06BeAU B TEeTPAAMN OTBETOB KPYXKKOM ero
o6o3HaueHue (A-D). (1 6)
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1.3.3. Pewmn, Kakoi rpadpuK npasuibHO NOKa3biBaeT 3aBUCMMOCTb CKOPOCTU peakuumn GpoTocuHTesa
OT TemnepaTypbl, U 06Beau B TeTpaaU OTBETOB KPYXKKOM ero o6o3HaueHue (A-D). (1 6)
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[noKko3a, obpasytowasca B npouecce ¢GOTOCUMHTE3a, B AasibHenwem npeobpasyetrca B 6osiee CAOXKHble
COeAMHEHUA, B TOM YMC/Ee B Pa3/INYHbIe NOAMMEPDI. DTO BELLECTBA, KPYMHbIE MONEKY bl KOTOPbIX COCTOAT U3
MHOXEeCTBa OAMHAKOBbIX MOBTOPAOLWMXCA 3BeHbeB (B ¢opmyne 6osblwoe uymcno 3BeHbeB ob603HayaeTcA
WMHOEKCOM n). BaskHEMW MM KOMMOHEHTOM K/ETOYHbIX CTEHOK PacTeHUW ABAAETCA Lennnosa — nojammep,
06pasyoWmii ANMHHbIE BONOKHA, CTPYKTYpa KOTOPOro BO3HWKAET NPU COeAUHEHUM MOEKY TIIOKO3bl MeXay
coboi c NOMOLLLbI0 COOTBETCTBYIOLWEro pepmMeHTa.

n CeH1206 = (CeH100s5)n + (n-1)H20

Peakuus 06pasoBaHMaA K CTPYKTYpHas Gopmyia Leton03bl MOKasaHbl Ha PUCYHKe 4.
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PucyHoK 4. CTpyKkTypHasa dopmyna LLennonosbl
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1.3.4. Onpepenu Ha pUCYHKe NOBTOpPAIOLLEECA 3BeHO B MOJIEKY/Ie Leantono3bl u 06Begu B TeTpaau
OTBETOB €ro Kpy»kom. (1 6)

Xota B npouecce $OTOCUHTE3a MPOAYLEHTbI CBA3LIBAIOT YI/IEKMCAbIA a3, B XOAE KM3HeAeATe/bHOCTM
NOCTOAHHO MPOWUCXOAWUT U €ero BblgeneHne. Bce opraHM3mbl JO/IKHbI AblWaTb, YTO6bI NOAyYaTh 3Hepruto. B
MpoLEcce KNeTOYHOTo AbIXaHWA HAaXOAAWAACA B K/IETKaX [/110K03a C MOMOLLbIO KMC/I0poAa CHOBa paclieniserca
[0 YINEeKUCAOro rasa v Boapl.

1.3.5. B MnpoBOoM OKeaHe OBWTAeT MHOMKECTBO Pas/MYHbIX (GOTOCUHTE3UPYIOLWMX OPraHM3MOoB,
KOTOpblE, B CBOIO 0Yepesb, CAYHKaT NULLEN ANA APYrMX MOPCKUX obutaTteneii. CocTaBb NULLEBYIO LieNb
U3 YeTbIPEX 3BEHbEB, KOTOPaA HauYMHAETCA C KaKoro-1mbo npoayueHTa, obutaloLlLero B okeaHe. (2
6)

1.4. OkeaHcKkue GOTOCMHTE3UPYIOLLME OPraHM3Mbl U UX MUTMEHTDI

Mo cpaBHEHUIO C YCNOBUAMM OOWUTAHMA HA3EMHbIX PACcTEHWI, BOAHAA cpefa CyWecTBEHHO BAMAET Ha
OOCTYMHOCTb  CO/IHEYHOro M3/yyeHusA. Mopckaa BOZa MOFIOWAET COJMIHEYHOE W3y4YeHue, TMo3Tomy
boTOCUHTE3MPYIOLWLME OPraHM3Mbl MOTYT 06UTATb NINLWb Ha Hebosbwow rnybuHe. FnybuHHYO 30HY MupoBoro
OKeaHa, B KOTOpOI1 BO3MOXKeH GOTOCMHTES, Ha3blBAOT CBETOBOM 30HOM OKeaHa.

1.4.1. HasoBM ewé ogHO PU3NYeCKoe fBlIeHMe, NOMUMO MOr/NIOWEHUSA, U3-3a KOTOPOro He BCE
COJIHEYHOEe Wu3/lyYeHue, Najawee Ha NOBEPXHOCTb BOAbI, AOCTUraeT (POTOCMHTEIUPYHOLLMUX
opraHusmos, obutaiowux 8 soge. (1 6)

MornoweHne ceBeTa MOPCKOM BOAOM 3aBUCUT OT A/INHBI BOAHbI cBeTa. CoNIHEYHOE U31yYeHMe COCTOUT U3 BOJIH
pasnnYHOM A/IMHBI; UBETaM, COOTBETCTBYIOLWMM AJIMHAM BOJIH BUAgMmoro ceeta (380-720 Hm), COOTBETCTBYET
CMEKTP CONHEYHOro M3/y4YeHus (NoKasaH B HUMKHEN YacTM PUCYHKOB 5 U 6). CBET C pa3HOW A/ MHOM BOJIHbI, TO
€CTb Pa3HoOro LBeTa, NOrNOLAETCA B BOAE B Pa3HOM CTENEHU U, cnefoBaTe/IbHO, MPOHMKAET B OKEaHe Ha PasHyto
rnybuHy. Ha pucyHKe 5 NoOKasaHo, Ha KaKyto rybuHy NpOHMKaeT CBET C onpeaenéHHON 4NNHON BOHbI (LLBETOM)
B TUNWYHOM OTKPbITOM OKeaHe M B Npubpe)kHoI 30He. ECM B OTKPLITOM OKeaHe CBETOBAaA 30HA MOXKET
[0CTUratb rnybuHbl okono 200 M, To Ha nobepexkbe, rae B BOAE COAEPHKUTCA BonbLie NUTaTENbHbIX BELLECTB U
YKMBbIX OPraHM3MOB, CBETOBAA 30HA MEHbLUE, NMOCKO/IbKY B3BELUEHHbIE B BOAE YaCTULbl (Hanpumep, 0CaKu U
MWKPOOPraHM3Mbl) MOFIOLLAIOT U PacCeNBALOT CBET, MPENATCTBYA ero NPOHUKHOBEHWIO B 6onee rnybokue cnom

BOAbl.
OTKpBITBIH OKeaH IIpudpexnas 3002
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200M JlanHa BOJIHBI cBeTa (HM)

PUcyHOK 5. PacnpocTpaHeHue ceeTa B ry6UHY OKeaHa B NPUBPENKHOM 30HE U B OTKPLITOM OKeaHe B
3aBUCMMOCTM OT A/IMHbI BOJIHbI
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doToCHHTE3UPYIOLME OPraHM3Mbl COAEPKAT 0CObble MUrMEHTbI (KpacuTenn), KoTopble NOrOWAOT CONHEYHoe
nsnyyeHune, Nnpeobpasyn ero B XMMMUYECKYI0 3Hepruto. PasHble MUrMeHTbl NOrOWAOT CBET Pa3HOro Lseta —
Hanpumep, xnopodunnsl A, B n C, cogeprKalimecs B pacTeHUaAX, NOrNOWAOT CUHUIA U KPaACHbI CBET, NO3TOMY
bOTOCUHTE3MPYIOWMM HA3EMHbIM PACcTEHUAM HeobXoouMMbl MMEHHO CUHME W KpacCHble Y4acTKM CheKTpa
COJIHEYHOTrO M3nyyeHusa. OgHaKo GOTOCMHTE3UPYIOLWME OpraHM3mbl, obuTalowme B Boge, MpUcnocobneHsbl
MCMNONb30BaTb CBET C Pas3/IMYHOW ANMHOM BOJIHbI B 3aBUCMMOCTM OT cpefbl 0butaHuA. [aa 3Toro, NOMUMO
xnopodunnnos, oHU BbipabaTbiBalOT U ApYyrMe NUrMeHTbl. Ha pucyHKe 6 npeacTaB/ieHbl CNEKTPbI NMOFIOLWEeHMA
Pas/IMYHbIX MUTMEHTOB, MOKa3blBalOLWMe, C KaKOW MHTEHCMBHOCTbIO CBET Pa3HOM ANMHbLI BONHbLI NOFNO0LWAeTcs

3TUMUN NUTMEHTAMU.
Xaopoduaa C

Xnopopuian B
Xaopoduin
A

DOHKOUHAHHH DHKOIPHTPHH

HHTEeHCHBHOCTE MONIOIEHHA CBETA

400 500 600 700

JIHHA BOJIHBI ¢BeTa (HM)

PMCVHOK 6. CI'IEKprI nornoweHnAa NMrMeHToB, KOTOPble MOPCKKME OPraHn3mbl MCNONb3YIOT ONA

doTocuHTE3a

1.4.2. Onpepenu AnA KaXXpo0ro yreepXaeHun, ABNAETCA I OHO BEPHbIM MU HEBEPHbIM, NOCTaBUB
+ unn — nopg, 6yKBOi yTBEpP}KAEHUA B TeTpaau oTBeToB. (6 6)

YTBepaeHue

A. MopcKasa Boa Nor/ioLLaeT KpacHbI CBET CUAbHEE, YeM CUHWUI CBET.

B. J/lyywe Bcero B MOPCKOM BOAE NOr/IOWaeTca CBeT € AJAMHOMN BOIHbI 500 HM.

C. Ucnonb3oBaHue GpUKOIPUTPUHA Ans GOTOCUHTE3A NO3BOJIAET NPOAYLEHTamM 0bUTaTb B Camoi
rnyboKoM YacTn CBETOBOM 30HbI OTKPBITOrO OKeaHa.

D. Okono bepera mopcKkaa Boga nornowaet 6o/blue CUHEro CBeTa, Yem BOAa OTKPbITOrO OKeaHa,
NoO3TOMY MCMOAb30BaHME X10poduana Ana GoTocMHTe3a B NPUBPENKHbIX BOAAX HEBO3MOMKHO.

E. Bogonas, nabiBywmin 6e3 poHapna Ha rnybuHe 30 m Heganeko ot bepera, BUAMT Nog BOAOM TONbKO
CUHUE U 3eNéHble OTTEHKN LBETOB.

F. Ons Bnpos, obutatowmx Ha rnybuHe 100 m, KpacHblh UBeT aBasetcs b6onee addeKTUBHOM
MaCKMPOBOYHOM OKPACKOM, YEM CUHUIA.

OCHOBHbIM NPOAYLEHTOM B OKeaHax ABASETCA GUTOMNNAHKTOH, MW PacTUTENbHbIN NAAHKTOH, COCTOAWMMI U3
MenbYyanwnx GoTocMHTE3NPYOWMX BaKTepuin, BOAOPOCAEN U APYrUX OPraHM3MoB. Ha pUcyHKe 7 nokasaHbl
CNEeKTPbl MOr/IOWEHNA CBETA, XapaKTepHble Ans TPEX GoTocuHTEesnpylowmx bakTepuid, obuTatowmx B BoAe.
dopma cnekTpa NOrIOLLEHUA CBETA OMUCLIBAET, NPU KaKUX A/IMHAX BOMH CBET CU/IbHEE BCEro MOr/OLWLAeTcA B
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KNeTKax AaHHoW 6akTepun. Popmy CneKkTpa MOrAoWeHMUA CBeTa OMpeaenstoT MUIMeHTbl, cogeprKalinecs B
KneTKe BakTepum.

bakrepus A bakrepus B baxrepus C

IMornomenue cBeTa
/

400 500 600 700 400 500 600 700 400 500 600 700

JliiuHA BOJTHBI cBeTa (HM)

PUCyHOK 7. CneKTpbl MOr/IOWEHUA CBETA TPEX POTOCMHTE3MPYIOLWMX BaKTepui

1.4.3. B cnegytowen Tabauue nepeyncsiieHbl OCHOBHbIE MUIMEHTbI, KOTopble OakTepus MoXKeT
ncnonb3oBaTh A1a GoTocuHTE3a. Pewun, Kakot 6aKTepun COOTBETCTBYET KaXKAblii Habop NnUrmeHTOB,
NOCTaBMB B TeTPaAM OTBETOB KPECTUK B NOAX0OAALLEN AUeiKe KaXKa0M CTPOKMU. (3 6)

MurmeHTbI baktepua A | baktepua B | baktepua C

Xnopoounnbl, KapoTUHONAbI, PUKOLMAHUH

Xnopodunnbl

Xnopodunnbl, KapoTUHOMAbI, GUKOIPUTPUH

1.4.4. Kaxgplli opraHuMam npucrnocobneH K BbIXKMBAHWIO B YCNOBUSAX CBOEW cpeabl 0buTaHwus,
ncnonbsya Ana ¢oToCUHTE3a AOCTyMHble A/MHbI BOAH CBeTa. Ha pUCYHKe 8 nokasaH ChnekTp
COJIHEYHOTO U3YyYeHUs B cpele 0bUTaHWA O4HOM M3 TPEX BbILEYNOMAHYTbIX baKTepuit.

MHTEeHCHBHOCTDH CBETA

400 500 600 700

Jnna BoHbI (HM)

PucyHoK 8. CneKTp CO/IHEYHOrO U3/1lyYeHUs B cpese 0buTaHuA paccmaTpuBaemol bakTepum

Kakasa u3 6akrepuit (1-3) nyywe Bcero npucnocobieHa K GOTOCUHTE3Yy B NOKa3aHHOW HA PUCYHKe
cpepe obutaHuAa? B aTom M cnepylowem 3agaHuM ob6Bean B TeTpaau OTBETOB KPYXKKOM HoOmep
nNpaBUAbHOro BapuaHTa oreerta. (1 6)

1. baktepma A 2. baktepua B 3. baKktepuna C
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1.4.5. KaKoi nUrmeHT uau rpynna nMrmeHToB, CKOpee BCero, ABASETCA OCHOBHbIM AnA $OTOCMHTEe3a
y aToi 6aKkTepun? (1 6)
1. Xnopodunnbi 2. KapoTtuHounapbl 3. ®UKo3IPUTPUH 4. duKounaHWH

1.5. Prochlorococcus

CambIM pacnpocTpaHEHHbIM GOTOCUHTEIUPYIOLMM OPraHM3MOM B OKeaHe ABAAeTCA Heboblias WapoBuaHan
6akTepus Prochlorococcus. B 1 mn mopcKoi Boabl MOXKeT coaep:katbca 6onee 100 000 KnetoK Prochlorococcus)!
Ha npumepe 370l 6akTepun paccMoTpmm, Kak GUTONNAHKTOH yyacTByeT B cBA3biBaHUM CO, U3 aTMocdepbl.

1.5.1. Prochlorococcus pasmHOXKaeTcA peneHnem — U3 OAHON OaKTepuasNbHOM KNEeTKM yepes
onpeaenéHHbIN NPOMEXKYTOK BpeMeHM 06pasyroTca ABe HoBble KaeTkM. Hapucyi B TeTpagu oTBeTOB
CXemy KNeTOYHOro AesieHusA, HauuHawweroca ot ogHoi Knetkm Prochlorococcus, nokasas Bce
KNeTKU TPEX nocneayowmnx noKoneHuu. (2 6)

1.5.2. MUKpOCKONMYECKNe OpraHMambl, obpasylowme OUTOMNIAHKTOH, Pa3MHOMKATCA 6bICTPO.
Prochlorococcus penvtca B cpegHem Kaskable 24 4aca, TO ecTb pa3 B CYTKW. B uccnegosaHuu
pa3mHoKeHun Prochlorococcus B momeHT BpemeHu t = 0 B Boay bbina fobaBneHa ogHa TONbKO YTO
obpasoBaBLUaACcA KneTka.

3anonHu Tabauuy B TeTpagm oTeeTos. NpeanonoKu, Yto AeneHue KNeTok NponUcXoauT Kaxablie 24
yaca M YTO HM OZLHa KNeTKa He nornbaet B Xxoge uccnegosanus. (1,5 6)

Bpemsa (aHun) 0 1 2 3 4 5 6 7

Yncno KneTok B nonynauum 1 2

1.5.3. MocTpoit rpadukK, nsobpaxkawwmii poct nonynauum Prochlorococcus B TeyeHne opHOI
Hepgenun. lna 3TOoro HaHecu B TeTpagUu OTBETOB HA NpPeAsIOXKEHHYH KOOPAWHATHYIO CETKY TOUYKMU
AAHHbIX ANA KaXKA0r0 AHA U3 Tabaunubl NpeAbIAYLLErO 3aAaHNUA U COEANHU TOUYKU NIABHOM IMHUEN.
Macwrab BepTUKasibHOW O0CcK BbiGepu camocToaTesnbHO. (3 6)

1.5.4. B xope KM3HeLeAaTe/IbHOCTU Kaxkaas KneTka Prochlorococcus ceasbiBaeT yrnepog (C) co
cpenHei ckopocTblo 2,5 dpemtorpamma B yac (¢r/u). 1 ¢r = 10" r. CkonbKo yrnepopga (¢r) ceasbisaet
oAHa Knetka Prochlorococcus 3a oauH UMKN aeneHuns B ngeanbHbix ycnosuax? (1 6)

1.5.5. CKonbKo yrnekucnoro rasa (¢r) ceAsbiBaeT ogHa Knetka Prochlorococcus 3a oguH uUKA
penenna? MaccoBas 405 yrnepoaa B YrAeKUC/NoM rase coctasnneT 27%. (2 6)

1.5.6. Mo paHHbBIM OZHOrO, CpegHEerofoBOe CYMMapPHOE KOJIMYECTBO KAeTOK Prochlorococcus B
OKeaHax MccnefoBaHuA cocTasaseT npubansutensHo 2,9 - 10%. Paccumtait, CKONIbKO Yr1EKMCAOro
rasa cBA3blBalOT nonynauumu Prochlorococcus Bo Bcex okeaHax mupa 3a oguH roga,. Mpeacrasb oTBeT
B MeraToHHax. (2,5 6)
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1.6. NorpyxeHune 6uomaccobl

B noBepxHOCTHOM CBETOBOI 30HEe OKeaHa obpasyeTcs 60AblIOE KOJMYECTBO OCTAaTKOB MEPTBbIX PacTeHUI U
YKMBOTHbIX, COAEPMKALLMX YrNepos, CBA3aHHbIA U3 aTmocdepbl B npouecce GOTOCUHTE3A. Bosiblas YacTb 3TUX
OCTaTKOB BbICTPO MOTPebaAeTcA, U YrAEKUCAbIN a3, BbICBOOOKAAOLWMIACA NPU Pa3NOKEHUU OPraHUYECKOro
BelLecTBa, NonagaeT B BoAy, rae CHoBa Mcnosib3yetcs B GOTOCMHTE3e MM BO3BpaLLaeTcs B atmocoepy. OgHaKo
HebOo/bllaA YacTb OCTAaTKOB, 06Pa30BaABLUMXCA B CBETOBOM 30HE OKeaHa, AOCTuraer 6osnee rnybokux cnoés
OKeaHa (Tak Ha3blBaeMblli K MOPCKOM CHer»), TeM cambiM CnocobCTBYA yaaneHuio yrnepoga U3 atmocoepbl.
YT106bI 3a4epKaTbCA B IYBMHHbBIX C0AX OKeaHa, NOrpyKatoLWwmecs YacTuLbl OCTaTKOB AO/IKHbI AOCTUYb I1YOUHbI
He meHee 500 m (B 3aBUCMMOCTM OT permoHa MUMpOBOro OKeaHa).

MorpyxeHne 6MoOYaCTUL, B OKEaHEe — CNOXKHbIA MPOLLECC, 3aBUCAWMIMA OT MHOXKecTBa (aKTOpPOB. YYéHble
HaYMHAOT U3yYEeHUE CNOMKHbIX CUCTEM C YNPOLLEHHBIX Moaenei. OanH M3 cnocoboB onucaTb ocesaHne YacTuL,
B Boge — 3aKoH Ctokca. C nomolLbio coOoTBEeTCTBYHOLWEN GOPMY/bl MOXKHO PaccinTaTb CKOPOCTb OCeAaHus
chepuyeckor YacTvubl € 33aJaHHbIM PaAMYCOM W MJIOTHOCTBIO B KWAKOCTU, MAOTHOCTb W BA3KOCTb
(conpoTnBNEHME TEYEHMIO) KOTOPOM TaKKe U3BECTHbI:

_ Zrzg(pqacmuua — Peoda)

= , rae:

u

V — CKOPOCTb OCeAaHMNA YacTULbl;
r —3bdEeKTUBHbIN paanyc YacTuubl;

g — ycKopeHue csoboaHoro nageHua, Ha 3emne 9,81 H/kr;

Puacmuya — MNOTHOCTb YaCTULLbI;

Pesoda — NNOTHOCTb BOAbI (418 MOPCKOM BoAb! B cpeaHem 1025 Kr/m3);

U — BA3KOCTb }MAKOCTU (A1a mopckoi Boabl B cpegHem 1 - 1073 Ma - ¢, nam H - ¢/ m3).

Mcnonb3yit 3akoH CTOKca npu oTBETE Ha c/ieaytolme BONpochl.

1.6.1. YKaxKuM B TeTpagu OTBETOB A/ OYKBbl KaXXAOro U3 nepeuvymncyieHHblX HUXKe ¢(aKTopos,
cnocobecteyeT AM OoH (+) wau npenatctByeT (—) BepTUKaZbHOMY nepeHoCy yriepoaa U3
NOBEPXHOCTHDbIX CNOEB OKeaHa B 6onee rnybokue sBoapl. (4 6)

A.K MépTBbIM BOOOPOC/IAM B MENKOBOAbE NPUINNAKOT NECHUHKN, 3aHeCEHHbIEe B BO4Y BETPOM C
6epera, NIOTHOCTb KOTOPbIX NpeBbillaeT NJI0OTHOCTb BO,CI,OpOCJ'IEVI.

B.B TPONMUYECKUX BHYTPEHHUX MOPAX N3-3a UHTEHCUBHOIO NUCNapeHNA CONIEHOCTD Bblle, YeM B
OTKPbITOM OKeaHe.

C. OaHOKNeTOoUYHble BOAOPOCAN 06pa3yoT KOIOHMM, B KOTOPbIX OTAE/bHbIE KNeTKM 06beanHatoTcA
B 60/1ee KpyrnHble CKOMIeHUA.

D. NnoTHOCTb OKeaHCKoM BO4bl yBE/IMYNBAETCA C YBE/IMYEHUEM I'I'ly6VIHbI.

3akoH CTOKca fiBAAeTcA nosiesHbiM ynpolieHWem, KOTopoe NMOMOraeT y4éHbIM OueHMBaTb 3aKOHOMEPHOCTH
ABUXKeHMA YacTul. OfHaKOo peasibHOCTb C/I0XKHEe, YeM NO3BO/IAET ONUCATb 3TO YPaBHEHME.

1.6.2. Hasoeu gBa (akTopa wnu sIBNIeHUs, KOTOpble He yUYMTbIBalOTCA ypaBHeHueM CToKca, HO
B/IMAIIOT Ha NepeHoc 6MomMacchbl B My6MHbI OKeaHa B peasnibHbIX yCroBusXx. (2 6)

10



% Eesti loodusteaduste olimpiaad 2025/26: PIIRKONNAVOOR, noorem rithm

Hebonbluasn 4acTb OpraHMYecKoro BeLWecTBa, NPoM3BeLEHHOIO B OKeaHe, B KOHEYHOM UTOre OCaXKAAETCA Ha AHO
OKeaHa B paMKax KpyrosopoTa yraepoga. 1o mepe HaKonJeHWA 0CafKOB Ha OKEAHCKOM JHE CO BPEMEHEM U3
norpebéHHbIX OTN0XEeHUM 06pasyloTcs ocafoyHble nopogbl. CBA3aHHbLIM B 0CaZOYHbIX MOpPoOAAX Yriepos
BK/IIOYAETCA B FE0/IOTMYECKUI KPYroBOPOT 3eMMU U MOXKET TaKMM 06pa3omM COXPaHATbCA B 3amace A0 COTeH
MWINNOHOB NleT. MHorne ocagouHblie nopoabl, chopmmpoBaBLIMECA TaKMM 06pa3oM, CerogHsa ABAAOTCA ANA
Hac Ba*KHbIMM NPUPOAHBIMU PECYPCAMMU; B TO XKe BPEMSA UX UCMOIb30BAHME ABAAETCA O4HOMN U3 NPAMbIX MTPUYUH
rno6anbHOro noTensieHus.

1.6.3. Ha3oBu aBe ocagouHble NOpPoAbl ICTOHMM, 06pas3oBaHHbIE NPEMMYLLECTBEHHO M3 OCTaTKOB
MOPCKMX OPraHU3MOB U ABAAIOLLMECA BaXKHbIMM NONE3HbIMM UCKonaembimu. (2 6)

1.6.4. Kakoe nonesHoe UCKoMaemoe, UCNOJIb3yemoe B ICTOHUMU B KauyecTBe UCTOYHUKA IHeprum,
AIBNAETCA OCHOBHbIM UCTOYHMKOM BblbpocoB CO, B cTpaHe? (1 6)

1.7. ®usnuecKmii yrnepoaHbi Hacoc: «6oNbLIOK OKeaHCKUiIi KOHBeliep»

®dusunyeckuii yrnepogHbii Hacoc 0603HaAYaET KPYroBOPOT PACTBOPEHHOIO B OKeaHe HEOPFraHMYECKOro yrnepoaa
C NOMOLLbIO OKEaHWYecKMx TevyeHU. Korga oboralwéHHasa c coeauHeHWAMM yraepoga Boga bnaropaps
TeyeHMsaM nonagaet B rNybuHbI OKeaHa U TepAeT HenocpeaCcTBEHHbIM KOHTAKT ¢ aTmocdepoi, yrnepos 6osnblue
He MOMeT BblaenATbca B aTMocohepy. Takum obpasom yraepos yaanserca us atmocdepbl 40 Tex nop, Noka
rnybuHHbIe BOAbI CHOBA HE MOAHMMYTCS K MOBEPXHOCTM BMECTE C TEYEHUAMM.

Boabl MwupoBoro okeaHa 6narogaps TeYeHMAM HaxXodAaTCcA B MOCTOAHHOM KpyroBopoTe. «bosblioi
OKEeaHMYECKMI1 KOHBEWEep», AU TEPMOXAZIMHHAA UMPKYAALMUA, — 3TO NPOLECC, MPU KOTOPOM BOAHbIE MACChl
MWpOBOro oKeaHa NepemMeLLaloTCa B BUAE KPYMHbIX TEYEHUI Yyepe3 OKeaHbl. ITW TeYeHUs BO3HUKAIOT M3-3a
pasfvunMii B MNOTHOCTU BOAHbIX Macc. B HeKoTopbIx palioHax MupoBoro okeaHa GoOpMUPYIOTCA XON0A4HblE
BOAHbIE MACChl C BbICOKOW NJIOTHOCTBIO, KOTOPbIE OMYCKAOTCA B IyOUHbI OKeaHa (Tak HasbiBaeMoe OMnycKaHue
NMOBEPXHOCTHbIX BOA); B APYrMX paoHax BOAHbIE MACCbl BHOBb MOAHMMALOTCA BBEPX (TaK Ha3blBaeMbIit MOABEM
rny6uHHbIX BoA). Mexay OonycKaHMeM MOBEPXHOCTHbIX BOA M NOABEMOM FNYBWMHHbLIX BOJ, BOAHbIE MAcCChl
nepemeLatoTcs No okeaHam B BUAE FTYOUHHbIX TEYEHUNA.

C
A

B

PUCYHOK 9. TepMmoxa/IMHHasA LMPKYNSALLUA OKeaHOB, UK «B0NbLION OKeaHUYECKUIN KOHBEEeP»
Ha mMupoBOit KapTe, NpMBeAEHHOMW Ha PUCYHKe 9, NoKasaHa CXema TePMOXaJIMHHON LMPKYAALMM OKeaHOoB.

CTpenkn Ha KpacHom ¢oHe 0603HayatoT BOAHbIE MAacChl, ABMXKYLWMecA B6IM3N NOBEPXHOCTU, @ CTPE/IKM Ha
CUHEeM ¢oHe — rnybUHHbIE TEYEHMA.

11
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1.7.1. Ha npuBeaéHHOM Bbille KapTe ob603HayeHbl Bce YeTblpe obnactu, rge npoucxoamt nmbo
OMyCKaHMe MOBEpPXHOCTHbIX BOA, AMBO Noabém rnybuHHbIX Boa (A—-D). Onpegenu ana Kaxkpoi
o6nactu, NPoucxoamuT M Tam ONyCKaHMe NOBEPXHOCTHbIX BOA WU NOABLEM rny6UHHbIX BOA.
OTmeTb B Tabauue B TeTpagm OTBETOB NoAXoAALLME AUEiKM KpecTuKom. (2 6)

O6nactb | OnyckaHMe NOBEepPXHOCTHbIX BOA, MNoabém rnybuHHLIX BOA

A

1.7.2. Kakoii U3 npuBeAEHHbIX HNXKe BApUAHTOB NPABUJIbHO ONUCLIBAET NYTb INY6UHHOI BOAHOM
maccbl, obpasoBasLueiica B CeBepHom JleaoBUTOM OKeaHe, Yyepe3 MupoBoii okeaH? O6segu B
TeTpaau OTBETOB KPYXKKOM NpaBwU/bHbIN BapuaHT oteerta. (1 6)

A. CeBepHblit JlegoBUTbIM OKeaH —> AT/NIaHTUYECKUIA oKeaH —» HOXKHbI OKeaH —> UHAWICKKUIA
OKeaH —» TUxuih OKeaH —» AT/IaHTUYECKUI oKeaH - CeBepHbIi Jlef0BUTbIN OKeaH

B. CeBepHblit JlenoBuTbI OKeaH —» TUXMN OKeaH —> UHAWNCKMIA OKeaH —» ATNaHTUYECKUM
oKkeaH —> CeBepHbli JlefOBUTbIN OKeaH

C. CeBepHblit JlegoBUTbIN OKeaH = ATAaHTMYECKMA OKeaH — HOXKHbI OKeaH = ATAaHTUYECKUIA
OoKeaH — CeBepHbiii JlegoBUTbIN OKeaH

D. CeBepHbliit JleaoBUTbIA OKeaH = ATNaHTUYECKUI oKeaH —> HOXHbIM OKeaH = UHAMNCKMI
OKeaH —» AT/IaHTUYeCcKuii okeaH - CeBepHbIN Jlef0BUTbIN OKeaH

1.7.3. Cnegylowmii TeKCT onucbiBaeT 06pasoBaHue rNybUHHbIX BOAHbIX MAcC B ABYX paiioHax
MupoBoro okeaHa — B CeBepHoOi1 ATNaHTUKe U B KOXKHOM OKeaHe. BHUMaTeIbHO NPOYNTAA TEKCT
M noAuvyepKHU B TeTpagu OTBETOB B KaXKAOW BblgesieHHOM KypCMBOM nape CA0BO, KOTopoe
noAaxoAuT No CMbiICAy B npeasoKeHue. (4 6)

OBVKYyWEN CUION TEPMOXa/SIMHHON UMPKYASLUW ABAAIOTCA Pas/vuvMA B MAOTHOCTU  MeEXAY
Pas/fIMYHbIMM BOAHBLIMW Maccamu OKeaHa. Pasnnuma B MNAOTHOCTM OBYCNOBAEHbI NpeEXAe BCero
pasHuLEeN TemnepaTyp, a TaKKe Pas/MuMAMM B CONEHOCTM BOAHbIX MacC (Ha KOTOPYIO BAMAET KaK
ucrnapeHve BoOAbl, TaK M 0OpasoBaHME M TasHWE /ibAa Yy MNOJIOCOB), — OTCIOAA W HasBaHWe
TepMoxanuHHas (rpey. thermos — Ténnblin, hdls — conb, CONEHbIN).

B ATnaHTMYeCKOM OKeaHe TEM/ble MOBEPXHOCTHblIE TEUYEHWA nepemeLlatoTca oT 3keamopa [/
nonsapHo20 Kpyaa B cTopoHy CesepHo2o / 03 HO20 nosoca. Yem 6anxe BoAa NOAXOAUT K NOJOCY,
Tem mennee / X0n100Hee CTaHOBUTCA BO3AYX, Ha2pesas / oxnaxdas Boay, ABVKYLLYIOCA B TEUEHUAX.
Cyxue BeTpbl NoAAPHbIX obsacTelt 4OMNONHUTENbHO Bbi3blBAlOT MHTEHCUBHOE MCMNApeHWE BOAbl, YTO
yeenu4yueaem / ymeHowiaem CONEHOCTb BOAbl. 04 BAMAHMEM 3TUX MPOLLECCOB MIOTHOCTb
NoBEPXHOCTHOI BOAbI yeeauqyusaemcs / yMmeHbWaAemcs, Bbi3blBas OMNyCKaHMe NOBEPXHOCTHbIX BOA, U
obpasoBaHMe HOBbIX INYyBUMHHbIX BOA, B CEBEPHOM YacTM ATNaHTMYECKOrO OKeaHa.

B HO)KHOM OKeaHe X0/I04Hble BETpPbl, AyHOLIME CO CTOPOHbI APKMUKU / AHMAPKMUKU, TaKxXe
OX/1aXK4atoT MOPCKYI0 BoAy. Mpy oXNaxkaeHUN BOAa 3aMep3aeT, MOCKOJIbKY PacTBOPEHHbIE B MOPCKOW
BOJE CO/IM He BCTPAMBAIOTCA B KPUCTANNIMYECKYIO PELIETKY ibAa M OCTAlOTCA B OKPYXKatoLLein MOpPCKoW

12
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BoAae, VBEHUHUBGH/VMEHbLUaFI CONIEHOCTb U NJIOTHOCTb BOAbI M TEM CaMbiM CO34aBasA noaxogAawimne
ycnosuma gna o6pa303ava FﬂY6VIHHbIX BOAHbIX macc.

1.8. Ponb oKkeaHoB B cBA3bIBaHUMU aHTponoreHHoro CO;

lpaduK, NnpeacTaBAeHHbIV HAa pUcYHKe 10, OCHOBaH Ha AaHHbIX HAy4HOW Nporpammbl Copernicus 1 NokasbiBaeT
oueHo4yHoe KonmdectBo CO,, yaanéHHoro okeaHamu m3 aTmocdepbl Mo rogam B nepuog 1985-2021 rr.
Mcnonb3yemas eauHuLLEa USMepeHnsa — rmratoHHsl yrnepoaa (Gt C) 8 roa. 1 Gt (ruratoHHa) = 10° TOHH. CUHUMMK

KpecTMKaMm NoKasaHbl PacCYMTaHHbIe 3HAYEHMA ANS KaXK40ro roga.

2.5 1

2,01

GtC/rono

15+

1,0 4

0,5 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

PucyHok 10. lopoBoe KONNYeCTBO yrnepoaa, ceazaHHoro Mmposbim okeaHom B 1985-2021 rr

CopepkaHne CO, B aTmocdepe YBEMUYMIOCH WM3-33 BbIOPOCOB, CBS3AHHLIX CO CHUrAHUEM
MCcKonaemoro TonanBea, M NosTomy Bcé 6osbliee Konnyectso CO, pacTBOPAETCA U B OKeaHax.

1.8.1. YKaxu B Tabnuue B TeTpagu 0TBETOB, KaKoe KOIMYECTBO yraepoaa ceasan MupoBoii okeaH B
1985 roay v B 2021 roay. (1 6)

1.8.2. Ha CKONbKO NPOLLEHTOB YBEANUYUAOCH roA0B0E KOIMUYECTBO Yrnepoaa, CBA3aHHOIo OKeaHamu,
B 2021 roay no cpaBHeHwuto ¢ 1985 rogom? (1,5 6)

1.8.3 MnobanbHble aHTPOMNOreHHble BbIGPOCHI YrEKMCAOro rasa B nepuog 1985-2021 rr. coctaBuau
npubamsumtenbHo 1030 Gt CO,; 1 cymmapHOe KONMYECTBO yraepoaa, CBA3aHHOrO OKeaHamu B Nepuoj,
1985-2021 rr., oueHuBaetcsa npumepHo B 63 Gt C. Kakoit npoueHT CO,, Bbl6poLIEeHHOro NloAbMU B
atmocdepy B nepuog 1985-2021 rr., 6611 cBA3aH MUPOBbLIM OKeaHOM? YuTu, uTo 1 TOHHe yrnepoaa
cooTBeTcTBYeT 3,67 TOHHbI yrAeKkucaoro rasa. (3 6)

1.8.4. Xota pactBopeHune CO, B BOoAe NMOMOraeT 3amMe/IMTb NoTernaeHne KAMmMaTta, 3T0 MOXKET UMETb
cepbésHble NoCAeACTBMA ANA 3KocucTem MUPOBOro okeaHa. Hanpumep, NoBbllEHME KOHLEHTPaUUn
CO; BbI3bIBAaET 3aKUCNEHUE OKEaHOB, MOCKOJIbKY YI/NIEKUC/bIM a3 pearnpyer ¢ BOZON, 0bpasys
YroIbHY0 KUCNOTY. B CBOO oUepeab yrosibHan KMCA0Ta MOXKET pearnpoBaTh C KapboHaTOM KanbLms B
N3BECTKOBbIX PAKOBMHAX, NAaHLMPAX AN CKENEeTaX MOPCKMX OPraHNM3MOB, Bbi3blBasi UX PacTBOpEHME.
Ha3oBu 0gUH OpraHM3m, KOTOPOMY YrPOXKAET PACTBOPEHNE U3BECTKOBOW PAaKOBUHbI, NaHLMUPA UK
CKenleTa B KUC/I0M mopcKoi Boge. (1 6)
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2. YENOBEK B KOCMOCE (48,5 6)

2.1. ®usunyeckana NOAroToBKa acTPOHaBTa Ha 3emae U BO BpemMA KOCMUYECKOro
nonéra

B TeueHne cnepylowero pecatunetna HaumoHanbHOe ynpaBseHME MO a3POHABTUKE M UCCAeLOBaHMUIO
KocMmuyeckoro npoctpaHctea CLUA (NASA) B coTpyaHMYECTBE C YaCTHOW KoMnaHuel SpaceX naaHupyeT nocne
6onee yem 50-neTHero nepepbiBa CHOBa OTNPaBWUTb At04en Ha JIyHy, a 3aTem M Ha Mapc. Kocmuyeckue
NyTeWecTBUA CUNbHO M MO-PA3HOMY HarpyKatT 4YenoBevyeckui opraHuam. Moatomy byayliMe acTpoOHaBTbI
HaUYMHAIOT TOTOBUTLCA K KOCMMYECKMM NONETam yxKe 3a rogpl A0 Havana muccum. OAMHAKOBO BaKHbl Kak
NCUXONIOTMYECKas, Tak M ¢um3nyeckaa noarotoska. OaHoW M3 uenenn GU3MYECKOW TPEHUPOBKM SBAAETCA
NOAroTOBKA CUCTEMbI KPOBOOBPALLEHMA KOCMOHABTA K YC/I0BUMAM HEBECOMOCTU. MPK AOCTaTOYHOM IHTY3MA3Me
M YNopcTBE, BO3MOXHO, M Tbl CMOXELWb CTaTb YYaCTHUKOM Oyayuiei Kocmumyeckon muccuum! Mostomy B
CNefyoLmX 3a4aHUAX Tbl CMOMKELb U3YYUTb, KaK FOTOBATCA K MOMIETY B KOCMOC, Kak KOCMUYECKUI NONET BAUAET
Ha Ye/I0BEYECKUI OPraHM3M M KaKue npeaesibl ero BbIHOC/IMBOCTU UCMbITbIBAOTCA.

YT106bl MOALEPHKMBATL OPraHM3M B MaKCMMasbHO XOPOLEM COCTOAHWW B HEECTECTBEHHbIX YC/OBUSAX,
aCTPOHaBTbl B KOCMOCE A0/IKHbI NPOBOANTL GU3MYECKYIO TPEHMPOBKY HE MEHee ABYX YacoB B AeHb. Huke
npuBeAeHbl ABe 3neKTpokapaunorpammbl (KM — rpadmk 31eKTPUYECKOro HanpsKeHus cepaua),
noKasblBatowme paboTy cepaua OAHOrO acTPOHaBTa BO BPemMA OAHOM M TOM e TPEeHUPOBKM Ha 3emne U B
YCNIOBUAX HEBECOMOCTU B KOCMOce. Yem Bosibluee HanpsKeHUe BO3HUKAET B cepAle BO BpemMs paboTbl, Tem
6oblue paboTbl cepaue A0KHO BbINONHATL 418 NEPeKaunBaHUA KPOBMU.
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PucyHoK 11. ®parmeHTbl IKI acTpOHABTA NPY TPEHMUPOBKAX B PA3/IMYHbIX YCA0BUSAX
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MopuepKHM B TETPaAMN OTBETOB NPaBU/IbHbIN BapuaHT. (1 6)
2.1.2. Nouyemy Tbi Bbi6pan(a) umeHHo 31oT rpaduk? (1 6)

2.1.3. YuyutbiBad NpOaHanu3MpoBaHHble TPaPUKMU U AaHHbIE, OLEHU, AO/KEH I acTPOHABT B
KoCcmoce TpPeHMpoBaTbCA 6oJsiblie AN MeHblle, YTObObl A0CTUYL TPEHMPOBOYHOro 3¢deKTa,
CONOCTaBMMOrO C ycnosuamu Ha 3emne. (0,5 6)

2.1.4. HasoBu ABa M3MEHEHUA B OpPraHM3Me 4YesIOBEKAa, KOTopble BO3HMUKAKT B pesysbrarte
perynspHbiX pU3n4ecKnx TPEHUPOBOK B TeHEHUE AAUTENIbHOro BpemeHHu. (1 6)

2.1.5. Kakue u3MeHeHMA KpaTKOBPEMEHHO NPOUCXOAAT B OpraHM3me uenoseKa BO BpemsA
MHTEHCMBHOW (GU3MYECKOI Harpy3Ku, Hanpumep, npu 6ere Ha 6eroBoit AopoxKke? OTmeTb B
TeTpaau oTeeToB nog 6ykBamu, BepHO 0603HaAUAIOWMMU NPOUCXOAALLNE USMEHEHUA, 3HAK +, a NOoA,
HeBepHOo o0603HayaloWMMM 3HaK —. (2,5 6)

A. ApTepmaanoe AaBaeHne CHMNxXaetca

F. PaboTa cepaeyHoli MbllwLbl yCUAMBaETCA

B. KpoBeHOCHbIe cocyabl MbILLL, CyKatoTCs

G. KpoBocHabKeHue MblilL, yBenymMBaeTcs

C. Mynbc yyawaerca

H. YpoBeHb KMCN0POoAa B KPOBM CHUMKAETCA

D. KpoBocCHabKeHne KULWEeYHUKA yayYLlaeTcs

I. YacToTa gbixaHma yBe/INYNBaAETCA

E. YcBoeHue Knucnopoaa ysenmumeaetca

J. TemnepaTtypa Tena cHU*KaetcA

2.2. KpoBb acTpOHaBTOB

Kpome ¢usmyeckoir noAroToBKKU, AOMKHO ObiTb Xopowum wm obliee COCTOAHME 340pOBbA KaHAaMaaTa B
acTpoHaBThbl. Mepes OTNPAaBKON B KOCMOC BCE KaHAMAATbI NMPOXOAAT PAL TECTOB, KOTOPble UCMO/b3YIOTCA ANA
OLEHKM UX 30,0P0BbA.

Mepes, NonéTom acTpoHaBTamM NPOBOAAT HECKO/IbKO aHa/IM30B KPOBM, B TOM YMC/E KNACCMYECKUU aHanu3
(remorpamma) BeHO3HOI KpoBW. KpOBb BbINOHAET B OPraHU3me BaXkHble QYHKLMM, CPesn KOTOPbIX CHabKeHue
KNETOK KUCAOPOAOM M MUTaTe/NIbHbIMW BeLLecTBamMM, yAaseHWe NPoAYyKTOB obmeHa BeLLEeCTB, nepenava
XMMWYECKO MHPOPMALMK, perynpoBaHue TemnepaTypbl TeNa U 3aLLUTa OPraHM3ma OT YyXKepOoaHbIX areHToB.
B KpoBM cofepiKaTcsA pas/inyHble BaXKHble KNEeTKU. Kucaopos 1 OCHOBHOWM NPOAyKT 0bMeHa — YrneKUcabli ras
— CBA3bIBAIOT W TPAHCMOPTUPYIOT KPACHbIE KPOBAHbIE KAETKU (3pUTPOLMTBI) C MOMOLLbI0 BoraToro enesom
COeAMHEeHUA — remornobuHa. benbix KPOBAHbLIX KAETOK, UAW NEWKOUUTOB, CYLLECTBYET HECKO/IbKO BWMAOB
(MoHOLMTBI, HENTpOPUAbI, TPOMBOLUTBI) — BCE OHM 3aLLMLLAOT OPraHM3m, 60pACb C MPOHUKLIMMW B HEFO
B03byauTeNnammn 3abonesaHnin. KpoBaHble MNAACTUHKK, UAW TPOMBOLMTBI, NOMOTatoT 3aKpbIBaTb paHbl. Kposb
LMPKYANPYET NO KPOBEHOCHbLIM COCyAam. ApTepum NepeHocAT 060ralléHHY B IEFKUX KUCI0POLOM KPOBb OT
cepALa K TKaHAM OpraHM3ma; OHW NPOXOAAT B INyOWHEe Tena U B HUX BbICOKOE BHYTPEHHEe AaBfeHue. Aptepumn
33aKaHYMBAOTCA TOHKMMM KamnuaiApamu, KOTOpble CHabKatoT KAETKM KUCA0POAOM, MOoayy4as B3ameH
YFNEKUCNBIA ra3 U gpyrue nNpoaykTbl obMeHa BellecTs. BeHbl BO3BpalLaloT M3 opraHM3ma Kposb, HoraTtyto
YFNEKUCNBbIM Ta30M; B HUX BHYTPEHHee [OaB/ieHWEe HWXKe, U B OCHOBHOM OHMW pacnosaratotca bamxke K

NnoOBEPXHOCTU TeNA.
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2.2.1. Onpeaenu AnNA KaXKAoro yreepaeHuna, ABNAETCA I OHO BEPHbIM WU HEBEPHbIM, OTMETUB
B TeTpaau OTBETOB NOA COOTBETCTBYIOLW e 6YKBOU yTBEPKAEHUA 3HAK + uam —. (3 6)

A. Bce dyHKUMM KPOBM CBA3AHbI C TPAHCMOPTOM BELLECTB B OpraHM3me.

B. lemornobuH obecneumBaeT AOCTaBKY KWUCAOPOAA M YIIEKMCNOrO rasa B KaXAayl KAeTKy
opraHusma.

C. HeitTpodunbl ABNSIOTCA OAHUM M3 TPEX NOATUNOB IEAKOLMTOB.

D. benble KpOBAHbIE KNETKU YHNUYTOXKAKOT OMNaCHbIE 6aKTepVIVI, aTakyowmne Hall OpraHn3m.

E. ApTepuu, B OTIMYME OT KanNUANAPOB, He Y4aCTBYIOT B CHabXKeHMUM KNEeTOK OpraHM3ma KMC0POA0M.

F. BaxkHoW dyHKLMEN BEH, NPOCBEUYMBAIOLLMX YEPE3 KOKY, ABNAETCA BblBeAEHWE YIIeKMUCIOro rasa
13 opraHusma.

2.2.2. NMouyemy aHanuU3bl KPOBU BepyT U3 BEH, @ He U3 apTepuit? Bo3aMmoXKHble pa3nnumuA B cocTaBe
KpoBM He yuuTbiBaii! (1 6)

PesynbTaTbl aHann3a KpoBu 06bIYHO MPEACTaBAAOT B BMAe Tab/uubl, B KOTOPOM BCce MoOKasaTenu
CPaBHUBAOTCA C HOPMa/IbHbIMKM 3HaYeHuaAMU. B cnegytowelt Tabamue 1 npreeaeHbl HOPMasbHble
3HAYEHMA HEKOTOPbIX OCHOBHbIX NMOKa3aTenei KPoBK U BO3MOXKHbIE MPUYNHBI OTKNOHEHMU I OT HOPMbI.
B Tabnmue 2 npeAacTaBnieHbl pe3yabTaThl aHaM3a KPOBK YETbIPEX aCTPOHABTOB A0 Havyana MUCCUMN.

Ta6nuu,a 1. Nokasartenn remorpammbl U X ANarHOCTU4HECKaAa MHTepnpeTauna

16



*

Eesti loodusteaduste olimpiaad 2025/26: PIIRKONNAVOOR, noorem rithm

HopmanbHoe | BO3MOMKHblE NPUYMHDBI OTKIOHEHMA OT HOPMbI
3HavyeHue (Ha
Mokasatenb JIUTP KPOBM) Bbiwe Hopmbl Hwu»ke Hopmbl
Konnuyectso 4,1..5,7 - 102 | AnutenbHas ¢du3smyeckas | AHemua (manokposue),
aputpouutos (RBC) Harpyska wuau npebbiBaHue B | aeduunt Kenesa
BbICOKOIopbe, KypeHue,
3aboneBaHUA noyek
Konunyectso 4,1..9,7 - 10° OcTtpoe BocnaneHue, uHoekuma, | Cencuc, onyxonu, BUPYCHbIe
nerikountos (WBC) 3a60/1eBaHUA KPOBU, OMYX0/N 3aboneBaHus
Konnuyectso 157..372 - 10° | Ctpecc n Tawénaa ¢wusmyeckas | Ankoronnsm, 6epemeHHOCTb,
TpombouuTos (Plt) Harpyska, enesogeduumnTHan | BUPYCHbIE BOCMNaNeHuMA
aHemusA, BocnasieHus
Konnyectso 0,24...0,8 - 10° | BakTepuasbHble BOCNaNEHMA NmmyHoaednumT, aHemmsn
MoHouuToB (Mono)
Konnyectso 1,9..6,7 - 10° baKkTepuanbHble BocnasneHua, | BupycHole BOCMaJieHuns,
HeliTpodumnos (Neut) OCTpble KPOBOTEYEHMA, ONYXOAU, | QYyTOMMMYHHbIE
6epeMeHHOCTb 3aboneBaHuA, aIKOrON3M
Konnyectso 1,3..3,1-10° BupycHble BocnasneHua, | AHemus, XumuoTtepanus,
nmmeoumTtos (Lymph) MeHCTpyaumn nopakeHue noyek
FemornobuH y | 121...150 dusnyeckaa Harpyska, notepsa | AHemus, 6epeMeHHOCTb
*eHwmH (Hb) rpamm UAKOCTU
FemornobuH y | 134..170 dusnyeckaa HarpysKka, noteps | AHemusa
MY*KumH (Hb) rpamm KUAKOCTU

Tabnunua 2. Pe3ynbTaTbl aHaM3a KPOBM YETbIPEX aCTPOHABTOB

Mokasatenb Tunt Teat TuiHa Teane

RBC 5,6 - 10%2 3,0-10% 5,4 -10% 5,2 -10%
WBC 8,7-10° 8,5-10° 5,7-10° 2,7-10°
Plt 249 -10° 394 -10° 321-10° 58 - 10°
Mono 0,67-10° | 0,73-10° | 0,39-10° | 0,45-10°
Neut 5,7-10° 6,2-10° 6,7 -10° 1,6 -10°
Lymph 2,0-10° 2,9-10° 1,7 -10° 8,8-10°
Hb 141r 112r 145r 141r

2.2.3. MpoaHanusunpyii aHaAn3 KPOBU KAXKA0ro KaHaMUAaaTa B aCTPOHaBTbI, ucnonb3ya Tabauuy 1, n
YKaXXu B TeTpagu OTBETOB NOKasaTe/sn, 3HAYEHUA KOTOPbIX BbIXOAAT 3a npeaenbl HOpmbl. AnA
Ka)XX[0ro OTK/JOHEHMA Haiigu BO3MOMKHble MpUUMHLI (Npobnembl co 3popoBbem) U caenan
MTOroBbIi BbIBOZ, O COCTOSIHUM 34,0POBbA KaXKA,0ro aCTpOHaBTa: NOCTaBb 3, €C/IM KaHAUAAT 34,0pP0B,
u b, echmn 6oneH. (4 6)
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2.2.4. Koro Ha 0OCHOBaHMM NOKa3aTesieii MOXXHO Cpa3y OTNPaBUTb B KOCMUYECKYIo muccuio? (1 6)
2.2.5. Komy cnegyet no6aBuTb B paunoH 6osblue NpoayKTOB, cogepKawmx xeneso? (0,5 6)
2.2.6. Kakue npoayKTbl eMy Uau et CToMT ynotpebaatb yawe? HazoBu Kak MMHMMYM ABa. (1 6)

2.2.7. Bpauu pganu KaHaupaty ¢ aedbuumnToMm Kenesa aBa mecaua, YTobbl NpUBECTU KOAMYECTBO
3pUTPOLUTOB U YPOBEHb remors06MHa B HOpMy. BO3MOXHO /1M 3TO TOJIbKO 3a CYET U3MEHEHUA
nutaHua? MNpu ynotpebneHnn 6oratbix Kenesom NpoayKToB nokasatenb RBC ysenuuusaerca B
cpeaHem Ha 0,02 - 10"*/n B aeHb, a ypoBeHb remornobuHa — Ha 0,2 r/n B aeHb. (3,5 6)

OaHMM 13 BbICTPbIX CNOCO60B NOAAEP!KaTb BOCCTAaHOBAEHME Npu aeduunTe Kenesa ABAAETCA BHYTPUBEHHOE
BBeAEHMe pacTBopa, COCTOALLEro U3 AeKCTpaHa »Kesesa (XMMUYecKoe coeMHeHNe, B KOTOPOM XKeneso CBA3aHO
B COCTaB KPYMHOM OpraHWYecKoi MoneKkynbl) U GU3MONOIrMYECKOro pacTBopa, Npeactasastowero cobon 0,9%
BO/HbIM pacTBop nosapeHHol conn (NaCl). Ana npurotoBaeHUss MHbEKLMOHHOIO pacTBopa Haao B3aTb 750 mr
OEeKCTpaHa »Kenesa U pacTBopuTb ero B 250 ma pUsmMonornyeckoro pactsopa.

2.2.8. CKO/NbKO rpaMMOB BOAbl U CONMU A0NXKEH B3ATb Bpay, 4To6bl CHayana npurotoButb 250 mn
¢usmnonormuyeckoro pacrsopa? NMpeanonoxku, YTo NIOTHOCTb GU3UONOTMYECKOrO PacTBOpa paBHa
TOouHO 1 r/mn. (2 6)

2.2.9. KakoBO cogeprkaHuMe AeKCTpaHa Kenesa (B npomuane) B NoNy4YeHHOM UHbEKLUOHHOM
pactBope? OauH NpoMu/e O3HAYaET OA4HY TbICAYHYIO Aoo. (2 6)

Ecnv BO Bpems KOCMUYECKOM MUCCUM aCTPOHABT NOYYUT CEPLE3HYIO TPaBMY U emy noTpebyeTcsa nepenmeaHue
KPOBW, €4MHCTBEHHbIMU BO3MOXKHbIMW AOHOPamKU ByayT ero Konnern no skunaxy. O4HaKo He Bce oM MOTyT
6bITb OHOPaMM KPOBM APYr AAA ApYra, TakK KaK CyLWecTBYHOT pasHble rpynnbl KPOBU. Y Yenoseka C rpynnown
KpoBM A Ha MOBEPXHOCTU 3PUTPOLUTOB MMEETCS aHTUreH A, y rpynnbl B — aHtureH B, y rpynnbl AB — o06a
aHTUreHa, a y rpynnbl O aHTUreHoB HeT. [1pn NnepennBaHUN KPOBU C YYXKEPOAHbIMW aHTUTEHAaMU BO3HUKaeT
HemeaNeHHanA peakLmMa MMMYHHOM CUCTEMbI, MPUBOAALLAA K CBEPTbIBAHMIO KPOBU M 0OPa30BAHUIO CMEPTEIBHO
onacHbix Tpomb0oB. Cneaytowan Tabnmua 3 NokasbIBaeT, KakMe rpynnbl KPOBU MOXKHO NepesinBaTh YENOBEKY C
KOHKPETHOM rpynnoi KpoBu.

Tabaunua 3. Bo3amoXKHOCTM AOHOPCTBA KPOBWU B 3aBUCUMOCTM OT rpynnbl KpoBu (cuctema ABO)

JoHop Kposu
Monyyatennb
KpOBM 0 A B AB
0 MOXHO | Henb3A Henb3a | Henb3A
A MOHO | MOXHO | Henb3a | Henb3A
B MOHO | Henb3a | MOXHO | Henb3A
AB MOXHO | MOXHO | MOXHO | MOXHO

Mo aHanormyHom NpuymMHe HeobXo0aMMO YUUTLIBATb pe3yc-paKTop, CBA3AHHDIM C HAIMUMEM TPETLENO BaXKHOTO
aHTUreHa Ha MOBEPXHOCTU 3pUTpoumnToB (D-aHTureH). Ecan  D-aHTUreH npwucyTcTByeT, pesyc-dpakTop
nonoxutenbHbln (Rh+), ecnu otcytctByeT — oTpuuatenbHbit (Rh-). Mpu nepenusaHum Kposu pesyc-
OTpPMLATENLHOMY NaLMEHTY AOMYCKAETCA NEPEeMBaTb TO/IbKO Pe3yc-0TPULATE/IbHYIO KPOBb.
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Huke npmBeseHbl KOMBMHMPOBaHHbIE TPYMMNbl KPOBK BCEX aCTPOHABTOB, YYaCTBYHOLWLMX B MepBON DCTOHCKOM

KOCMWUYECKON MUCCUMU.

Tnint

Teat

TayHo

TuiiHa

Teane

Tuny

0+

A+

B-

AB+

AB-

A+

2.2.10. OTmeTb B TabaMuUe, MOXKET N NepBblii aCTPOHABT B YKa3aHHbIX napax (Teat u Tuity, TeaT un
TwuitHa, Tuidt n TayHo, Teane u TayHo, TuitHa u Teat, TayHo u Teane) 6bITb AOHOPOM KpOBU ANA
BTOporo (+) unu Her (-). Takxe Aob6aBb cam(a) B Tabauuwy OAHY NOAXOAALYIO M OAHY
HenoaxoAaALWyIo Nnapy AOHOpa 1 noay4yartensa. (5 6)

2.2.11. inAa Koro M3 3KMnaXa He Haxo4uUTCA HU 04HOro nogxoaAwero goHopa? (1 6)

Ecnm ansa acTpoHaBTa B paMKax MUCCUM He HaxoaMTCA NOAXOAALLErO AOHOPa, OCTaéTcA eANHCTBEHHBIN BapuaHT
— 3aroToBMTb 3apaHee ero Co6CTBEHHYIO KPOBb. 3a 0AMH Pa3s AonyckaeTcs 3abupaTtb He 6oee 10% Bceit macel
KPOBM Ye/IoBEKA, MPU 3TOM KPOBb COCTaBAsET 06blYHO OKON0 8% macchl Tena. Mpeanonosu, 4To NAOTHOCTb
KpOBM paBHa TOYHO 1 r/mn.

2.2.12. CKONbKO MUANUIUTPOB KPOBM MOKHO B3ATb 32 O4UH Pa3 y acTpoHaBTa TayHo maccoii 80 Kr?
(16)

OAHaKo CaMOAOHOPCTBO OFPaHUYEHO TEM, YTO AOHOPCKAA KPOBb MOET XPaHUTbCA BHE OpraHM3ma YesioBeKa
0o 35 gHelt, nosToMy 3ab60p KPOBM HEOHXOAMMO MPOBOAUTL Yepes onpefesiéHHble MPOMEXKYTKU BpeMeH!.
Mocne KpoBonoTepu OpraHM3M HauMHaEeT YCKOPEHHO BblipabaTtbiBaTb HOBblE KAETKM KPOBM, HO B YC/NOBUAX
HEBECOMOCTM 3TOT MPOLECC MPOUCXOAUT MeaSIeHHee, Yem Ha 3eme.

2.2.13. Nocne caayun Kposu opraHMam TayHo Ha 3emne cnocobeH npoussoamtb 100 mmunnmapnos
3PUTPOLUTOB B AE€Hb, @ B KOCMOCE — Wb 75% OT 3Toro Kosimyectsa. CKOIbKO AHeil noTpebyeTtcs,
4yTO6bI KONMYECTBO 3PUTPOLUTOB Y TayHO BOCCTAHOBU/IOCH A0 YPOBHA A0 AOHOPCTBA Ha 3emne, U
CKO/IbKO AHeld — B Kocmoce? Y4YTu, YTo M3Ha4yasnbHO y TayHo 30 TPWUAAMOHOB 3PUTPOLMTOB, a
YKa3aHHOe KO/IMYeCcTBO BHOBb O0OPA3yHOLMXCA KIETOK CYMMAPHOE, TO eCTb YXKe y4uTbiBaeT rubenb
CTapbIX KNETOK. (2 6)

2.2.14. Ectb nn cmbicn TayHo caaBaTb CO6CTBEHHYIO KPOBb A5 3aroTOBKM O0HOPCKOWN KPOBU BO
Bpemsa Kocmuyeckoir muccumn? 06Bean KPYKKOM NOAXOAALWMA BapuaHT oTBeTa M Ao06asb
o6ocHoBaHue. (1 6)

2.3. ,D,OI'IOHHVITellebIe BO3AEﬁCTBMﬂ KOCMMUYECKOro NonéTta Ha YenoBekKa
NMoMnMo M3MeHeHUI B coCTaBe KPOBU, COCTOAHNE HEBECOMOCTHN BINAET NOYTU HA BCE ApYyrne acneKkTbl
3400poBbA. HMXKe npmBeaeHbl gpyrne nHtepecHble U3SMeHeHUA, KOTopble MPOUCXOAAT C YeNOBEYECKMM

OpraHM3mMom Bo Bpems NpebbiBaHUA B KOCMOCe. Bbibepu U3 cnucKa AN1A KaXK[0ro sBieHnA Hambonee
JIOTUYHYIO NPUYMHY M 06BeaU KPYXKKOM COOTBETCTBYIOLLYIO 6yKBY OTBeTa B TeTpaau oTBeToB. (5 6)
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2.3.1. YmeHbLUeHMe pa3mepoB cepaua

A. B KocmuuecKoi cpese 60/blie KMCNOPOAa, NO3ITOMY CEPALE MOXKET NMepeKkaunmBaTh TO Ke
KO/IMYECTBO KMCAOPOAa, BbINOAHAA MeHbLIYIO paboTy

B. M3-3a COCTOAHMA HEBECOMOCTM CepALy TpebyeTcs BbINOAHATL MEHbLUYHO PaboTy U HE HYXKHO
CTO/IbKO MbILLEYHOM MaCChl 418 NepeKkavnBaHMa KpoBu

C. Bo Bpems KOCMMYECKOro No/ETa OKPY»Kaloliaa TemnepaTtypa HUXKe, MO3TOMY cepaeyHasn
MbILLILA COKpaLlLaeTcs

D. W3-3a Bakyyma cepaue «CKMMaeTca» U CTaHOBUTCA MeHblLLe

2.3.2. YBennueHue pocrta Yenoseka

A. KoCTM cTaHOBATCA A/IMHHEE M3-3a OTCYTCTBMA CUAbI TAXKECTU

B. MblWwubl CTAHOBATCA AJIMHHEE M PACTATMBALOT TENO

C. Kocmuueckoe v3nyyeHMe CTUMYAUPYET BbIPabOTKY ropMmoHa pocTa B runoduse
D. W3-3a HEBECOMOCTU YBENUMBAIOTCA NMPOMEKYTKM MEXKAY NO3BOHKaMM

2.3.3. YxypLweHue 3peHus

A. Cepaue B KOCMOCE He MOYKET NMepeKkaunmBaTh AOCTAaTOYHOE KOJIMYECTBO KPOBU M KMCIOPOoAa
K rnasam

B. PaboTa Ha KOCMWYeCKOM KopabJie B 3HAUUTENbHOW CTENeHWU CBA3aHa C HabaaeHnem 3a
3KpaHaMU U MHAMKATOPAMM, YUTO MOBPEKAAET 3peHHe

C. Kocmuueckoe M3nydYeHue NoBpeKaaeT YyBCTBUTEIbHbIE KETKM rNasa

D. bosbluee KOMYECTBO KMUAKOCTM NepemelLaeTcs B 061acTb roioBbl M OKa3bIBaeT AaB/eHNe
Ha 3pUTENIbHbIN HepB

2.3.4. PaspexkeHue (ocnabneHue) Kocreit

A. Muuwa, npegHasHayeHHaa ANA KOCMWYECKMX MONETOB, HE COAEPMMUT A0CTaTOMHOro
KO/IMYeCTBa KanbLus

B. B ycnoBuax HeBECOMOCTM KOCTU Bosblue He AO/KHbI TaK CUMAbHO NOAAEPXMBAThL TENO,
NO3TOMY pa3pylUeHne KOCTHbIX KNETOK yCKopsAeTcs, a 06pa3oBaHMe HOBbIX 3ameansaeTcs

C. YcBoeHMe Kefnesa M3 MNUWM B YCNOBMAX OTCYTCTBMS TPaBUTALMKU  CTAaHOBUTCSA
HeapdEeKTUBHBIM

D. M3-3a KOCMWYECKOro M3/lyYeHMsA paspyluiaeTcs 6osbllie KOCTHbIX KNETOK, Yem ycrnesaeT
obpasoBaTbcA

2.3.5. OTéyHOoCTb /1ML

A. WM3-3a HEBECOMOCTU XKWOKOCTU B OpPraHM3Me pacnpegensatotca bonee paBHOMEPHO, U
60/1blle XMAKOCTM NepemeLlaeTca B 06,1acTb ro/10Bbl

B. B ycnoBuax HEBECOMOCTU MbillLbl 0c/iabeBatoT, U MOCKONbKY NULEBble MbIlLbl Henb3A
TPEHUPOBaTb, NPOUCXOAUT UX pacciabneHune

C. Jlnuo v apixatenbHble NyTU OTEKalT M3-3a GUABTPOBAHHOMO M UCKYCCTBEHHOTO BO34yXa Ha
KOoCcMMyecKkom Kopabne

D. /MU0 oTeKaeT 13-3a BOCMasieHUs, BbI3BAHHOTO KOCMUYECKUM U3/TydeHnem

2.4. KocmunyecKkoe usnyyeHue

Kocmunyeckoe n3nyvyeHnme — 3TO0 NOTOK YacTtuu, I'IpOMCXOAFILLI,Mﬁ oTr 3Bé3a. OHO cocTout
npenmywectBeHHO 13 3apAXKeHHbIX YaCTUl, — AA4epP aTOMOB 3/1eMEHTOB C Ma/ibiIM aTOMHbIM HOMEPOM,
Y KOTOPbIX yAanieHa 3/1EKTPOHHaA obosiouka. Kocmumyeckoe n3nyyeHune ABaAeTcA NOHU3UPYHOLWMUM
n3nyyeHnem (I'IO,£|,06HO PagnoakTuBHOMY VI3J'Iy‘~IEHVII'O), NMOCKOJIbKY WM3-3a BbICOKOA 9HEPIrnn OHO
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MOXKET NPeBPaLLaTb MOIEKY/bl B UOHbI, BbIBUBAA U3 HUX SNEKTPOHbI. MOHW3aumaA NoBpexaaeT KNeTKN
YyesioBeyeckoro opraHmMama. OcobeHHO onacHbl NOBPEXKAEHNA TEHETUYECKOrO MaTepuMana B KaeTKax
— [OHK: Takve noBpexKAeHUA MOTyT NPUBECTU K TMBENn KNeTKKU, HapyLUeHUo eé AeneHua UM,
HaobopoT, BbI3BATb HEKOHTPOAMPYEMOE AefeHue, 4YTO MPUBOAUT K pPasBuUTMO paka. [Mpwu
NAaHUPOBAHUN ANUTENBHBIX KOCMUYECKMX MNONETOB HEOBXO0AMMO Y4yMTbIBATb, YTO OPraHU3m
aCTPOHABTOB MOXeT ocnlabeBaTb M3-3a NOCTOAHHOIO BO34ENCTBUA KOCMMUYECKOTO M3/IyYEHUA, @ PUCK

PaKOBbIX 3aboneBaHui BO3pacTaerT.

2.4.1. Bo3geicTBMEe KOCMMUYECKOrO U3NIlyYEHUA MOXKET yBe/lIMYUTb PUCK 3aboneBaHUA 4YenoBeKa,
Hanpumep 6aKTepuanbHbIMM AN BUPYCHbIMU MHbeKunamu. KakoBa oCHOBHaA nNpuuunHa 3toro? (1
6)
A. V3nydyeHre NOBPEXAAET KNETKM MMMYHHOMN CUCTEMBI, CHUKaA €€ 3dEeKTUBHOCTD.
B. M3nyyeHue ycKopsieT pasMHOXKeHMe BaKTepuin U BUPYCOB B OpraHM3me.
C. MNop BO3AeNCTBMEM W3/IyYeHWA ypoBeHb PH B KpPOBM MOBbIWLAETCA, 4YTO cnocobereyeT
pacnpocTpaHeHuto Bo3byanTenelt 3ab6oneBaHni.
D. Ha BOCCTaHOB/IeHWE MOBPEXKAEHUM, BbI3BAHHbIX W3/lyYeHUEM, TPATUTCA MHOTO 3SHEpruwu,
NnosTomy eé oCTaétcsi MeHblUue a1s 60pbbbl ¢ BO3OyauTeneit 3abonesaHuni.

[Na CHUXKEHUA pUCKa Pa3BMTUA PaKOBbIX OMyXonel y acTPOHABTOB y4YéHble NASA paspaboTanu HOpPMaTMBbI,
onpeaensowme MakcMmasabHO 4OMNYCTUMYIO 403y U3/IYHEHUA BO BPEMSA KOCMUYECKON MUccun. [lo3a U3nyvyeHus
nsmepaeTcs B 3uBepTax (3B) ¢ YYETOM KaK KO/AMYECTBa, Tak M TMna usnydeHus. B Tabauue 4 npusepeHbl
OONYyCTUMbIE A03bl U3NYYEHMA B MUAAU3MBEPTax (M3B) B 3aBMCMMOCTM OT NoJia M BO3pacTa acTPOHaBTa A4/1f

KOCMWUYECKUX MUCCUIA npPoAO/TKNUTE/IbHOCTBbIO OAUH roA.

Ta6m4u,a 4. MaKkcMmansHo Aonyctuman rogosan o03a KOCMUYECKOro nsnyvyeHmna ona aCtTpoHaBTOB B
3aBUCUMOCTU OT BO3pPaCTa U Noa

MakcrMManbHO JoNyCcTUMan f03a M3nyyYeHus (mM3B)
Bospacr (ner) My>KUNHbI eHWnHbI
25 520 370
30 620 470
35 720 550
40 800 620
45 950 750
50 1150 920
55 1470 1120

Ha 60pTy MexayHapoaHon Kocmuueckor ctaHummn (MKC) acTpoHaBT nosyyaet B cpegHem 731 muKpo3smeepT
(mK3B) M3nyyeHMA B cyTKN. Ha noBepxHOCTM JIyHbl acTPOHaBT noJsiyyan(a) 6bl B cpeaHem 1369 MK3B U3yyeHus

B CYTKM.

2.4.2. PaccunTail, KaKylo 403y M3Ny4YeHUA NOAYYUT acTPOHaBT, ecamn oH(a) nposBenET oguH rog Ha
6opty MKC. NpepcTasb oTBEeT B MUAnususeprax (m3s). (1,5 6)
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2.4.3. MoxKeT nn 40-neTHUA acTPOHaBT-MyKUuHa nposectn 1 rop Ha 6opty MKC, He npesBbicuB
AONYCTUMYIO A03y M3nydeHusa? O6Bean KPYKKOM COOTBETCTBYIOLLYIO OTBETa B TeTPaAu OTBETOB.
(0,56)

2.4.4. CKONbKO AHEW MOXKeT NPOoBecTU 25-1eTHAA KEHLLUHA-aCTPOHABT Ha NoBepPXHOCTU JIyHbl, He
npeBbiCUB A0NYCTUMYIO 403y usnyueHma? (1 6)

2.4.5. Kakum o6pasom KocmuyecKoe Mu3ayuyeHUe MOXKEeT HenocpeAcTBeHHO Bbi3BaTb pa3BUTUE
pakosbix onyxonei? (1 6)

A. [nutencHoe BO34ENCTBME U3/YYEHUA HAPYLUIAET XMMUYECKOe pPaBHOBECME OPraHW3ma, yTo
NPUBOAMT K NPEBPALLEHMIO KNETOK HEKOTOPbIX TKAHEW B PaKOBbIeE.

B. MospexaeHne JHK KneTkn npneoanNT K €€ HEKOHTPOAUPYEMOMY Ae/IeHUIO.

C. BeuwectBa, nonagatolme B OPraHU3M M3 PaA3PYLUEHHbIX M3/lyYEHUMEM KETOK, Bbl3blBAtOT
He)KenaTtesibHble CUrHa/bl B APYrUX KAETKaX, YTO NPUMBOAMT K UX HEKOHTPOAUPYEMOMY
AeneHuio.

D. M3nyyeHne 0CNabAAET MMMYHHYIO CUCTEMY, U PaHEe CAEP*KMBAEMbI BUPYC Nosayyaer
BO3MOHOCTb 6ECKOHTPOJIbHO Pa3MHOKATbCA.

2.4.6. KakoBa npuuuHa Toro, 4to noaam 6onee crapwero Bo3pacta paspelleHO Bo3geicTBue
6onbliero KonnuecTea paguauyum? (1 6)
A. B nx opraHuame 6osblue KNETOK, MOSTOMY BEPOATHOCTb BO3HUKHOBEHMA OMACHON MyTauum
MeHbLue.
B. Oxuaaemoe Bpems, HeobxoaMmoe ANa pPasBUTUA CMEPTE/IbHO OMacHOM OMNyXosu,
NpPeBbILLAET 0XNAAEMYIO NPOAONKUTENBHOCTb ECTECTBEHHOM KMU3HWU MOXKUAbIX NHOAEN.
C. VMMMyHHas cMcTema pa3BMBAETCA HA NPOTAKEHUM KMU3HU U CTAHOBUTCA 6onee 3dPeKTUBHOM
B NpeLoTBPALLEHMM pPaKa.
D. KneTku yenoBeKa co BpemMeHeM CTaHOBATCA 60s1ee yCTOMYMBLIMM K PaKOBbIM 3a601eBaHUAM.

2.5. Bo3gyx u paneHue

Bo Bpemsa KOCMMWYECKUX MMCCUIA CEPbE3HYI0O OMACHOCTb NPEACTaBAAET MepemelleHre mexay obnactamu c
pasHbIM JaBAEHMEM, 3 TaKXKe YTEUYKN BO3A4YXa, NPMBOAALLME K NoTepe AaBneHua. ECM Ha KoCMUYeCcKol CTaHLMK
OaBNeHWe BO3AyXa CPaBHUMO C 3eMHbIM, TO B CKadaHApe OHO COCTaBAAET INLLb OKOI0 OA4HOM TPETU OT Hero (a
B OTKPbITOM KOCMOCE YCNoBuA BIU3KKM K BaKyyMy, TO eCTb AaB/leHWe Ype3Bbl4aiiHO HM3Koe). CANLWKOM HU3Koe
[aBNeHWe BO3yXa BbI3blBAET TaK Ha3blBAEMYHO KECCOHHYIO 601€3Hb — PACTBOPEHHbIE B KPOBEHOCHOW CUCTEME
rasbl 06pasytoT Ny3bipbKK, KOTOPbIE MOTYT NEpeMeLLaTbCa B pas/iMyHble YacTu Tena. CumnTombl 3aboneBaHus
BapbMPYIOTCA OT OLLyLLEeHUs aAuckombopTa A0 NeTaNbHOIO UCXoaa.

2.5.1. Npu nepexoge 13 cpeabl ¢ 6onee BbICOKMM AaBleHMEM B cpeay ¢ 6o/iee HU3KMM LaBleHUEM B
KpPOBEHOCHOW cucTeme o6pasyloTca rasosBble MNy3blpbkW. KaKoW BblBO4, MOXHO cAaenaTb Ha
OCHOBAHUM 3TOr0 GaKTa 0 PaCTBOPMMOCTM ra3oB B KUAKocTax? (1 6)

A. PacTBOPMMOCTb ra3oB B }KMUAKOCTAX YBE/IMYMBAETCA C NOBbILLEHUEM AABNEHWUA.

B. PacTBOPMMOCTb ra30B B }KMAKOCTAX YMEHbLUAETCA C NOBbILEHNEM AABAEHUA.

C. PacTBOPMMOCTb ra3oB B *KMUAKOCTAX HE 3aBUCUT OT AaBNEHUS.

D. T[a3sbl B XXMAKOCTAX HE PACTBOPAIOTCSA, HO NpU Boslee BbICOKOM AaBEHUM UX NY3bIPbKK

MeHblLLE 1 He BbI3bIBatoT Npobaem.
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2.5.2. PacnpocTpaHEHHbIN cnocob npeaoTBpaTUTh Bpes OT NageHUA AaBAeHUa — nepes BbIXO40M B
OTKPbITbIA KOCMOC BAbIXaTb CreumanbHbli ras, 4ytobbl yaannTb a3oT M3 TKaHel opraHuMama. Kakow
[0/1KeH bbITb cocTaB 3Toro rasa? (1 6)

A. 100% O,

B. 100% CO,

C. 50% 0,, 50% N,

D. 80% Ny, 20% O,

2.5.3. Kako# ele metog MoXKeT 6biTb 3¢ PpeKTUBHbIM ANA NpeaoTBpaLLeHUA KecCOHHOMU 6onesHn B
Kocmoce? (0.5 6)

A. YMeHbLMTb AaB/ieHNe BHYTpW cKadaHApa aCTPOHaBTa
B. YBenuuuTb AaBieHne BHYTPU cKadaHapa acTPpoHaBTa
C. YBe/NMuuTb AaB/IeHNE B KUJ/bIX MOMELLEHUAX aCTPOHABTOB

2.5.4. OauH 13 cnoco6oB 06aerynTb Nnepexopn, B cpeay C HA3KUM AaB/IeHUEM — NOBbICUTD

copepKaHue KUCNoPOoAaa B KUbIX NOMELLEHUAX aCTPOHABTOB, O4HAKO C 3TUM CBA3aH CepPbE3HbIiA
puckK. Kakoit nmeHHo? (1 6)

MpunoxeHue. lNepuoanyeckan Ta6nmu,a XUMUYECKNX 91€EMEHTOB

1 8
1A 8A
1 2
H 2 3 4 5 6 7 He
100 2A 3A° 4A 5A 6A 7A [ awm
3 4 5 6 F 4 8 9 10
Li Be B C N (o] F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 2018
11 12 8 9 10 13 14 15 16 17 18

Na Mg 3 4 5 6 7 8 no12 Al Si P S NN
2% 23 3B 4B 5B 6B 7B ‘ ‘ 1B 2B 2698 2809 3097 3206 | 3545 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K | Ca || Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.41 69.72 7264 74.92 78.96 79.90 83.80

37 38 39 40 41 42 43 a4 a5 46 47 48 49 50 5 52 53 54
Rb  Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 10291 10642 107.87 112.41 11482 11871 12176 12760 126.90 | 131.29

55 56 57-71 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
13291 137.33 178.49 180.95 183.84 186.21 190.23 192.22 195.08 19697 20059 20438 207.20 208.98 (209) (210) (222)

87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Ch Nh Fl Mc Lv Ts Og
(223) (226) (267) (268) (271) (272) (270) (276) (281) (280) (285) (284) (289) (288) 293) | (299) (294)

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

la Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

13891 14012 14091 144.24 (145) 15036 15197 15725 15893 16250 16493 167.26 168.93 173.04 174.97

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk ¢ E Fm Md No Lr
(227) 23204  231.03 23802 (237) (244) (243) (247)  (247) (251) (252) (257) (258)  (259)  (262)
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