09.08.24, 12:06 PDF.js viewer

51

OCEAN

YPOK 6

IHOJIOPO’K 10 XOJOJJHUX ITPOCOYEHDb
Sk BUeHI BUBUAKTH MeTaH B ADKTHYHOMY OKeaHi:
Ilnan ypoky 3 napHHM BHKJIaTaHHAM

DoKRycyEMOCS Ha:
XOJIO0IHHX MIPOCOYSHHSX: e BOHI 3HaXOIAThCH, IO TaM BIIOYBAE€THCSA Ta AK BUEHI IX BHBYAIOTE.

Hini HapyaHHL:

ITicag ypoky yuH1 OyIyTh MaTH 3MOTY:

1. BcTaroBIIOBATH 3B S3KH MUK PI3HIMI HabopaMmn KapTorpadidHiX JaHHX, CIIOCTEpIraroyun Ta
OIHCYIOUH HayKOBI KapTH.

2. Po3pI3HATH A10KCHI BYTUIEIO (BYTJISKHCIIHI Ta3) Ta METAaHOBHII ras.

3. IlposicHNTH HenlpaBIUIbHI VSIBISHHS [IPO MapHUKOBI Ta3M.

4. TlosicHUTH, IO TakKe XOJOIHI IIPOCOYeHHS Ta UOMY OLTBIICTH Ta3y / MeTaHOBHX TiIpaTiB
BIHHKA€ Ha KOHTHHEHTAIbHHX IIeIb(ax.

5. Ommcatn medKi 3 METOMIB, SKHMH KOPICTYIOTBCS BUeHI JUIA JIOKai3allii Ta BHBYEHHS
METaHOBHX / Ta30BHX T1paTiB.

Ilonepenni RuMorn:
ITepea uuM ypoKOM y4HI IIOBHHHI 03HAiIOMHTHCH 3 THM, SK KOPHCTYBATHCS KapTaMi, L0 Take
MOJIEeKyISpHa CTPYKTypa Ta SK BOHA 3B’g3aHa, 1110 TaKe IMapHHKOBHII e()eKT 1 TapHUKOBI Ta3MH.

Kawuosi ci10Ba:
ApPKTIYHII OKeaH, MeTaH. JI0KCII BYTJIEI0. Ta30BHII I'IpaT, X0I0IHe IIPOCOUeHHS, TTAPHIIKOBIII
Tas.

Ieil n1ax ypoxy 0ve pospobaeduil y mickiti cnienpayi 3 Coamazom MoxadxcepoM, Baidre Ayxe, Jxcyiianoio ITar epi ma Jasude OddorHe.

Penarysas: xymana [Tag’epi Ta Martsto Cremnep-Pege
Maget 1Tpadika: Xefixe Txefn [mnepyan

Moxamxep C, Ayre B, ITassepi [ix, Oxxore 1. [Tozopos 1o XoToaeHX npocodens. ¥: ITassept ik, CTimtep-Pis M. penaxtopn. CipHAHITIA
oxeany: [Inasm ypoxis. [ledriesa O. mepexaazan. Septentrio Educational. 2023(3). ¢. 51-67. https://do1.org/10.7557/8 7249
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KOPOTKO (JI.Td BUHTEJIA):

Ileit BimeoypoK MICTHTE 4 Bizeo (parMeHTH Ta 3 3aHATTA Y Kiaacl. [1i1 yac KIacHHX 3aHATH YUHI
OyayTh

1. oOroBoproBaTH BIAMIHHOCTI Ta CXOKOCTI IBOX ITAPHIKOBHX Ta3iB (METaHY Ta J1OKCHIY
BYTIIEITHO).

2. BHKOPHCTOBYBATH HayKOBI KapTH, 1100 crocTepiraTi Ta ONHCYBaTH Te, 110 BOHH 0ayaTs.

4

3. MOSCHIOBATH CBOKO HAYKOBY KapTy IHIIIM Ta BCTAHOBJIFOBATH 3B SI3KH MUK PI3HHMH KapTaMI,
1100 BIAMOBICTH Ha IIHTaHHA IIPO Te, JIe PO3TaIlIOBYIOThCA OLIBIIICTh Ta30BHX TiIPATIB 1 YOMY.

Buntens Moske BKIOYATH Bideo ¢gparMeHTH, GoTorpadii Ta IHINMI 10JIaTKOBHIT MaTepial, oo
3a0XOTHTH Ta MATOTYBATIH YYHIB 10 3aHATh, @ TAKO/K [TO3HATIOMIITII iX 3 JeAKIIMI IHCTPYMEHTaMIL,
SKIMIH KOPHCTYIOTHCS BU€H] [UIS BIBYEHHS XOJIOIHIX IPOCOUYEHb B OKEaHi.

Martepiaamu:

3 xaptu g gisotbHOCTell Ne 2 Ta Ne 3. BunpykyiiTe KapTH KOTBOPOBHM CIIOCOO0M, TTepeBaKHO
po3mipoMm 60x90 cM. KapTil moBuHHI OyTH HaIpyKOBaHi y TOMY & MacmTall 3 ICHO OKa3aHIMH
ngereHaamn. OTHOPITHICTE MacmTaly KapTH IOJETTYE TMOPIBHAHHS JaHNX 3 KapTH Ha KapTy.
PDF-alinn nux KapT J0Jar0Thed 10 YPOKY. BH Takok MoKeTe 3HAITH iX TYT:

Kapra 1: https://plateboundary.rice.edu/DPB_map_gifs/topo.grad.50percent. gif

Kapra 2: https://doi.org/10.1016/].dsr.2004.06.014

Kapra 3: https:/www.usgs.gov/media/images/map-gas-hydrates

Heo00B’13Kk0B0: Ha0lp MOJICKYISIPHOTO MOJICTIOBAHHS IS TISUTBHOCTI Ne 1 (SK aabTepHATHBY
MO’KHa BHKOpPHCTOBYBATH TIHHY IUIS MOJETOBAHHA Ta COJTOMHHKH JUTSI KOHCTPYKINI Mozeneit
MeTaHy Ta JIOKCHIY BYTJIEIII0).

Homatkori Qotorpadii, BiZeo3HIMAaHHS MOPCBHKOrO JHa Ta 3pa3Kil, OTPHMaHI 3a JIOIIOMOTOIO
amapaty 3 OUCTaHIUIHNIM KepyBaHHAM (ROV), Bcl 11 daiinn gogaroThed 10 YPOKY 1 JOCTYIIHI 3a

nocmragaaM; https://akma-project.com a6o Ha https://en.uit.no/project/akma
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Bisya/ipbHO-3BYROBHI MaTepiaJ:

[1e Biteoypok. Bam moTpiOHe ayaioBizyansHe o01a HaHHS (Ta [HTepHET-MIKTIOUeHHS, SKII0 BIT
IUTaHy€eTe TpaHCIIOBaTH Bifeo). [Ipubmi3Ho 20 XBUIHH YPOKY HaTaeThes Ha BieO Ta MOSCHEHHS
BunTend. Hmkue MH fogamn iHGOpMAIi0 IS BYNTENS CTOCOBHO KITACHHX 3aHATh. Mu
PEKOMEHIYEMO BUNTENSM MepersIsHYTH IIefl TiJg mepel BijeoypokoMm. Bimeo-rif A BUHTENS
TpuBae Omm3bko 7 XBIUHH. KpiM TOro, € J0AaTKOBHII BijeoMarepial, SKHIl BKIIOYAae BIIEO
MOPCBHKOTO JTHA T 3pa3KH, OTPHMaHI 3a I0TIOMOTOFO arapaTy 3 JIICTaHIIITHIM KepyBaHHIM (ROV)
- IOCTYIIHI 3a ajpecoro: https://akma-project.com abo Ha https://en.uit.no/project/akma

Yac HABYAHHA:
Bineoypok TpuBae mpuomi3Ho 60 XBIIH, 13 HHX 20 XBIUTHH YUHI CIYXaK0Th IOSCHEHHS BUEHOTO
1 BUATENA, TUTFOC 40 XBIUTHH KJIACHHX 3aHATh, SIKIMH KePy€e YINTeb.

BIJIEO, n1o cympoBOIKYe Iieii ITaH YpoKy: https://voutu.be/kOawmdQQITA
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JOJATKOBA IH®OPMAIIIA:
Ileii po3ai1 npU3HAYSHHIT 1711 THX, XTO 3all1KaBI€HHII B BHKOPICTAaHHI BLICOYPOKY Y CBOIX KJIacax.
1.II1o Take X0.10HI IPOCOYEHHS i YOMY BOHH BaKJINBi?

XoIoaHI MpocoYeHHS a00 X00/THI BHTOKH — I1e JTUTSHKH THa OKeaHy, 3B1IKN MeTaH (CHs) Ta 1H1III
ras3y BHXOJISTh Ta BIJIUIAIOTHCA B BOY. B MOT/IH 9yTH Ipo TiApoTepMaibHi JKepena (ado rapsdi
JUKeperna), e MOpPChKa BOJa IHPKYIIFOE Uepe3 rapgui BYJKaHIYHI MOPoaH. X0T0IHI MPOCOUYEHHS
BIPI3HSAIOTBCA BIA TIAPOTEpPMATbHHX [DKepel THM, IO BOHH BHHHKAKTh 3a XOTOIHHX
TemriepaTyp. TaM Je MH MaeMO XOJOJHI MPOCOYEHHS, MH MaeMO KapOOHaTHI mopoan. Born
VTBOPIOIOThCA Uepe3 peakini MeTaHy Ta MOPCHKOI BOJI. TakoXk Ha XOJOTHHUX MPOCOYEHHSX €
OaraTo MikpoOHOi akTHBHOCTI. 111 MiKpoOH OKHCIIOIOTE (a0 i14Th) MeTaH aHaepoOHO (B yMOBax
BIICYTHOCTI KHCHEO). XOIOIHI MPOCOUEHHS JIETKO PO3IMI3HATH 3a OaKTeplaTbHHMH KILTHMaMH
01710r0 KOJIbOPY, SKI I03HAYAOTH iX MICIIe3HAaXO/IKEHHS Ha JHI MOpA.

XoIoIHI IPOCOYEHHS € HeBIT €MHOI0 YaCTHHOK €KOCHCTeM TIHOMHHOTO OKeaHy. SIK 3a3HaueHo
BHIIIE, BOHH KHBIATH CIOUTBHOTH, 5Kl IIOTPe0yI0Th OaKTepii, Kl MepeTBOPIOIOTh XIMIUHI CITOTYKI
(HampmKIa;, MeTaH) Ha TKy. Jlegki 3 1mx OakTepiil yTBOPIOIOTH OLTI KILTHMH, K1 MOKHA 3HAHTH
Ha IHI MOps (IuB. 300pakeHHS HIDKYE), a JedKi KHBYTh y CHMO1031 3 ICTOTaMH, TaKHMH K
TpyOuacTi 4epB’skn abo mimii. IcToTH 3a0e3meuyroTh JKHTIO I OaKTepiil, a Ha 3aMiHy OakTepil
BHPOOIAIOTE TKY I 1cTOT. Ile poOHTH XOJ0IHI MPOCOUSHHS oOa3aMH y TIHONHAX OKeaHy!
X0JI0IHI MPOCOYEHHS TAKOK MOKYTh OYTH BazJIHNBIMH ()aKTOpaMi KIIMAaTHYHIX 3MiH, OCKLIbKI
BOHIH BHIUISIOTE MeTaH B OKeaH. KpiM TOT0, OCKLUTBKI XOJI0THI IPOCOYSHHS 3aTaI0M CBLIUATh PO
3HAYHI KUIBKOCTI BYITIEBOJHIB IiJ JHOM MOpS, IX MOKHAa BBaKaTH HOBHMH [UKepelaMn
BYIJICBOIHIB JUIS 3aJ0BOJICHHS HAIIIX 3POCTAKYIIX ITOTPed Y eHeprii.

IIpuxnad 6axmepiatbHUX KUAUMIG, 3HAUOEHUX HA OHI € APKIMUYHOMY OKedaHi.
3obpasxcennn: AKMA
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2. JIK BYeHi BHBYAKTb X0/I0IHi MPOCOYeHHS?

BueHi BHKOPHCTOBYIOTE MIIBOAHY T€XHOJIOTIK, TaKy AK JICTAHIIIIIHO KepoBaHi amapati (ROV)
Ta aBTOHOMHI iBoaHI armapati (AUV), mo0 BHBYATH X0I0dHI IIpocodeHHd. [i Mammun MaroTh
KITbKa KaMmep 1 IOTYKHHX IiXTapiB 14 (ororpadyBaHHA I'THOOKO B OKeaHl. BOHH Takox
o0namHaHI MPHCTPOSMH, IKI MOKYTh OpaTH 3pa3KH BIIKTaIeHb, TIPCHKIX TOPIA, O10JOTTUHIIX
CIILIBHOT, Ta3y Ta BOJM, a TAKOXK JI0IOMararTh B 0aTIIMeTpHIHOMY KapTorpadyBaHHI Ha OKEaHy.

IHITi iIHCTPYMEHTH, SIKi BHKOPHCTOBYIOThCS I BUBYSHHS MOPCBKOTO JIHa, — 1€ MYJIbTH-KOpEp,
TpaBITAIITHIIT KOpep, 30H TEILTOBOTO MOTOKY Ta CelCMIYHI TPIUTaiN, 9Ki JaF0Th 300pakeHHS
MII36MHOT0 pyXy piauH 1 rasy. 100 ai3HatHCS OLTbLIE MPO A€SK] 3 IHX METOIIB, MPOIIOHYEMO
TeperIgHYTH HaYKOBI Bieo Ha BeO-caiiTi mpoekty AKMA: https://akma- project.com abo 3 mita
2023 poxky Ha https://en.uit.no/ project/akma

AGIR 06000 - ye OoucmaHyiiiHo
KepoeaHuil anapam (ROV),
NpUBHAYEeHUll ona GUGHEHHSA
MopcbK020 OHA eyeHuM. Bin npaiioe
Ha eruounax oo 6000 mempie. £GIR
3Haxooumuvca ¢ Hopee3vkiili mopcokiil
pobomomexHiuHiil aabopamopii
vHigepcumemy  Bepzena (UiB).
Domo: Solmaz Mohadjer.
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3. Illo Take MeTaH i SIK BiH YTBOpIO€THCA

SIK 3a3Hauanocy BHUILE, METaH Ta 1HINI Ta31 BHAUBIIOTHCS B BOJly Ha XOJIOQHHX [IDOCOYEHHX. Alle
110 Take MeTaH 1 9K BiH yTBoproeThea? MetaH (CHs) - 11e BYITIeBOIEHE (CKIATAETHECA 3 OJHOTO
aToMa BYTJIEIO 3 YOTHPBOX aTOMIB BOJHIO) 1 TOJIOBHHII KOMIIOHEHT IIPHPOIHOTO rasy.

MerTaH 3ycTpIiuaeThes B IPHUPO/IL SIK 1T 3eMIIet0, TaK 1 1T MOPCHKIM JTHOM 3aBJISKH O10TOTTUHIIM
Ta TEOJOTIYHHM MporiecaM. ITil MOPCHKHM JTHOM MeTaH YTBOPIOETHCS MiKpOOpraHizMaMi, SKi
JKHBYTH Y TIapax ocazy. Ll1 oprasgizMi MOoBLTEHO IIePETBOPIOIOTH OPTaHIUHI MaTepialil Ha MeTaH.
OpraHiuHHMH MaTeplalaMH € 3adHIIKH 1HIIHX OpraHi3MiB, fKI KOJIHCh JKIJIH B OKeaHI,
OIyCTIITHCA Ha JHO OKeaHy, KON IIOMepI, 1 HapelITi CTaal YacTHHOK MOPCHKIIX OCaiB.

MerTaH, 110 BHIUISEThCS 3 MPHPOIHHX Kepel, CTAHOBHThH JIIIIE HEBETHKY OO0 3aralbHIX
BHKIIIIB METaHY B aTMocdepy. BUIBII HIK IOJOBIHA MeTaHy B aTMocdepl MOXOIITh 3 TFICHKO]
JISTIBHOCTI, TaKoi K BHI00YTOK Ha(TH Ta rasy, CLIhCHKOTOCIOAapChKa IISUIbHICTD Ta ii BIAXOII.
HacmpaBai piBeHb MeTaHY B aTMocdepl IepeBakKHO 3YMOBJICHHII BHKHIAMH Bl 3TOpaHHA
BIKOITHOTO TIA/TNBA, CLTBCHKOTOCTIONAPCEKOT TISTBHOCTI Td TRAPHHHIIITEA.

B MOKITIBO IyIIH PO KOPIB Ta IHIINX ICTOT, IK MPOIYKYIOTh MeTaH. Y HUX € MIKpOOH Y IITYHKY,
AKi JOmOMararoTh TBapHHAM IepeTpaBiaroBaTH DKy. Ii MIKpoOH NHpOOYKYIOTh MeTaH IIpH
po3KIamaHHl Tkl. MeTaH MoOKe MOTpamHTH J0 aTtMoc(epH, KOTH ICTOTH BUIPHTYIOTh ado
BHITYCKAOTh Ta3m.

HagiTh iX HaBI3 - Ile Miclle I MIKPOOIB, SKI TaM BOHH XHUBYTh Ta IPOIYKYIOTH IIle OuIbIe
MeTaHy. AHaTOTIYHO, PICOBI OIS MPH IIOBEHI CTBOPIOIOTH iIeanbHe cepeIoBHUINe (CMOKIiiHA BOIa
Ta HIBBKIII pIBeHb KHCHIO) 11 OaKTepiil, 0 BUpoOISoTh MeTaH. MiKpoOH TakoXK XKHBYTh Ta
MPOIYKYIOTh METaH Ha CMITTE3BATHIINAX Ta OUHCHIX CIIOPYAaX CTIYHHUX BOI.

MeTaH TaK0oX MOKE HaBMICHO a00 HEHAaBMIICHO BIILTATICS 3 HA()TOBHX 1 Ta30BIX CBEPILTOBIH
i yac OypiHHA Ta BUI0OYTKY, HaBiTh MICJIS TOTO, K CBEP/IOBHHA IIPHIIHHILIA po0oTy. Ie Moke
CTaTiCs, KON CBEPIOBHHH He 3a0HBAFOTHCHA HATCKHIM UHHOM 1 BHIUISIOTH BEIHKI O0CATH
METaHy B aTMocdepy.
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4. Illo Take npupoIHi rizpaTu MeTaHy (roproumii Jaix)?

IIpupoaHi rijipaTiH MeTaHy (TAaKOK BIIOMI SIK TOPFOYHIT JIiT) - IIe TBEp/Iil MaTepial, CX0KHIil Ha
71171 (He ra3), CKIIaIeHHIl 3 BOJII Ta METaHOBOTO Ta3y. I'a3 3a0/10k0BaHMI Y MOJTEKYIaX BOII, 1 SKIIO
BII BHKOIIA€Te IMMATOK IIbOTO MaTepialy 1 MigHeceTe CIPHIK J0 HbOTO, TO MOMITHTE, IO BIH HE
po3TaHe. 3aMiCTh IIHOTO BIH CTBOPHTh HIMITYYHIl ¢(eKT, a AKIIO BH MIANAINTE Oro, TO BIH
3aTOpHTHCA. [1/IpaTH MPHPOIHOTO Ta3y YTBOPKOKOTHCA 3a TEBHIX YMOB 3 BOJIN Ta Ta3y, gKi 3a
30BHINIHIMH O3HaKaMH CXO0kl1 Ha 3BHYAilHHII 711, MeTaH YTBOPIOEThCS, KoM OakTepii
PO3KIAIar0Th OPTaHIYHI POCTIHHI Ta TBAPHHHI PEIOBHHI, TOOTO 3 JKHBHX OPTaHI3MIB 1 BYTJIEIO
B THIUTHX 1 YaCTKOBO PO3KJIAJ€HNX POCTIHHIX 1 TBAPHHHNIX TKaHHHAX. ['a30T1IpaT 3HAXOISThCS
TaM, Jie € BIIK/IaJIeHHS OPTaHITHOI PETOBHHH, SKY CTIOKHBAIOTh MIKPOOH, 3a3BHYAIl Y3I0BXK KpaiB
KOHTHHEHTY, JIe TeMIlepaTtypa HH3bKa, a THCK BHCOKHIL. B oKeaHi MIH 3HAXO/IIIMO X Y XOTOIHIX
MIPOCOUSHHSX.

BemiuesHa KiTbKICT Ta30BHX TiIpaTiB METaHY ICHY€E Ha MOPCHKOMY JHI, X04a TOUHA KLTBKICTh Ta
MICIISL pO3TallyBaHHS He MTOBHICTIO BHBUeHI. [[1 TiipaTi 3araoM cTaOILTbHI, TOKH II0Ch Ha 3pa30K
TeIlT0i BOJIM He BTPYYaeThed. Y pasi mecTadimizamii, Il TIApaTH MOKYTh BHBIIBHSTH MeTaH 3
MOPCBHKOTO JHa B aTMOc(epy Ta HarpiBaTH ii, YTPHMYKOYH TaM TEILIO.

Gas
molecules

Water molecules 7.9

(3obpaxcerna aieopyy) cmpykmypa ciopany memawy y gopmi cmilbHuKA, (306paxceHHs
npPagopyy) CIMPYRMYpPa 2a306UX 2i0pamie: MoIeKyIl Memano6o2o 2asy (6enuxi Kyii) ve a3neni ¢
KTIMUHKAX, CMGOPEHUX MOTeKYAamMu €oou (MeHuli KVIi), AKUO KIIMUHKU PO30Ueaombes
(Hanpuxkaad, yepes 30iTbUIEHHA MeMHepamypil), Memanoeill eas GUXoOUNb HA GONH0 i Moxce
nompanumu € KonoHy eoou / ammocgepy. [Ixcepeno 306paxcenns:
https://worldoceanreview.com/en/wor-1/enerev/methane-hvdrates/
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5. YoMy BHKHAN MeTaHY MalTh 3HauYeHHA? AK IX Mo/kHA 3MeHIIHTH?

Bukian MeTany MarOTh 3HAUeHHS, OCKUTBKI MeTaH € TIOTYXKHIM MapHIKOBITM Ta30M, 31 37IaTHICTIO
HarpiBaTi atMoc(hepy B 40 pa3is OlIbIle, HIA ByIJIeKHCIHil ra3. [{e o3Ha4gae, 0 MeTaH CIUIbHIIIE
YTPHMYE TeILT0 B aTMocdepl, HizK BYTJIeKIICII ra3, TOMY HOTro IPHCYTHICTh B aTMoc(epl BILTHBAE
Ha TeMIepaTypy Ta KIIMaTHYHY CHCTeMy 3eMii. BiapmiicTe MeTaHy B aTMocdepi MOXOIHTh 3
AHTPOTIOTEHHIX [DKEPE (JTFOJIChKOI TISTIBHOCTI), @ HE 3 XOJOIHIX IPOCOYCHbD, KON METaHOBUIT
ra3 MOTPATILe 10 KOTOHH BOJI.

Barato yBarm mpHAUISETHCA IBOOKICY BYTJIEIO Y ANCKYCIIX PO 3MiHY Kmimary. Ile Tomy, mo
fioro Oarato B atMocdepi Ta KOHIIEHTpamis foro 30UIbNIYEThCA. J[BOOKHC BYIVICHIO MOKE
nepedyBatn B aTMocdepl cTomTrsMa. MeTary B atMmocdepi Hadarato MEHIIE 1 BIH 30epiraeTbes
TaM y cepelHbOMY JIHIIe OMI3bKO IecaTH pokiB. Ile o3Hauae, 110 METaH Ma€ BETHKIIl BIUIHB
MIPOTATOM BiTHOCHO KOPOTKOTO Tepioay gacy. TakiM THHOM, 3MEHIIIEHHS BUKHIIB METaHy MOKE
MAaTH MIBIIKNII 1 3HAUHMIT BIUTIB HA TIOTEHITIaT MOTEIUTIHHS aTMOC(epIL.
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Ilponeaypa HaBYAHHS:

JloTprmytiTeck poriecy. IO CYTIPOBOIKYE HaBUaIbHE BiJIEO:
https://voutu.be/kOawmdQQITA

I'pyniosa podora:
JismpHICTh 1 (TaeMHNYa IIMMIKa) 6a3yeThest Ha ICKYCIi i Moske OyTH IIPOBeIeHa K Y HEBEINKIX
Tpymax, TaK 1 B IILIOMY K1Tacl.

JIng misTpHOCTI 2 VUHI HOAUISIOTECS Ha TPH TPYII, KOJKHA 3 IKUX CTOITh OLTS MPI3HAYEHOI MaITI.
I'pyma | 3naxoautbed Outg Mamu | (batumetpist), rpyna 2 — Oug Mamm 2 (BMIicT opraHigHoro
BYTJICIII0 B MOPCHKUX BIJIKTaaax), a rpyna 3 npairoe outs Mammn 3 (MetaH / rasosi rigpati). [1[o6
PO3IUTHTH YYHIB Ha TPYIH, HOMPOCITh iX MOpaxyBaTics 1o 3, 1100 BU3HAUYNTH HOMeEp iX TPYIII.
ITe 3abe3meuye BiMaaKoOBHII BHOIP YIHIB Ha KOKHY Tpymy. OIHIIM 3 TIepeBar IbOT0 BHIIaIKOBOTO
BHOOPY € Te, IO YUHI IPAITFOIOTH 3a MesKaMH CBOIX 3BHYANHIX COIIATBHIX TPYIL.

Jlng mismpaOCTI 3 yuHI GOpMYIOTh TPH HOBHX rpynH (rpyma A, B 1 B). Ile Oyze 1anra rpyma y4HiB,
HIK Ta, 3 SKOK BOHH IIpaIlfoBalll MiJ Yac AisTbHOCTI 2. KokHa HOBa Ipyma MOBHHHA MaTH
MIpUHAIIMHI OIHY JIOIIHY 3 paHilre c)opMOBAHIX TPYII Hi Yac ILUTbHOCTI 2. Hampukian, rpymna
A TIOBHHHA MaTH TIPHHAIIMHI 01HY ToanHy 3 Tpym 1, 2 1 3. KokHa rpyma MoBHHHA TOCTII0OBHO
MIOTIPAIIOBATI 3 KOKHOK MAIlok, 00 03HallOMHTIICS 3 yCiMa.

PexoMeHaania:

KpiM 1HeTpyKIiil, HaBedeHNX HIDKYe, Oy/Ib TackKa, MeperisaHbTe po3/ul « BunTeno» poro Biieo
VPOKY IS OTPIMAHHS OUTBI JIeTaTbHHX IHCTPYKIIII.
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JlisabHicTh 1
TAEMHHNYA ILTAHIKA, 5 XBHJIHH:

I misuTpHICTE Oa3yeThes HA MCKYCli, 16 YUHIB IPOCITh OOTOBOPHTH, SK BIAPIZHUTH IUIIIKY 3
METAHOBUM Ta30M BiJl IUIAIIKH 3 BYTJIEKIICTHM Ta30M.

1. IlouniTe Bizeoypok. NOINBIThCA TepmIiil GparmMeHT. BueHnit Ha BiZeo Ta BUNTENb JalyTh
ToJIaTKOBY 1HGopMaIiio Ta npeacTaBiasTh [ismpHICT 1. [IpH3ynnHITE BijIeo B KiHI (parMenTa.

2. Po3aumiTh CBOIX YYHIB Ha HEBEJIHKI IPYIIH a00 IPOBEIITh JICKYCIIO 3 YCIM KIIacoM.

3. 3ammTaiiTe y4HIB, SK OH BOHH PO3PI3HSIHN IUINOIKY 3 METaHOM Ta BYIVIEKHCIHM Ta30M.
J103BoNbTe M BUIBHO BHCIOBIIOBATH 171€i Ta MOSICHIOBATH YOMY BOHH TaK BBaKarOTh. PO3TIIHbTE
MOKTHBOCTI 3aIlIcaTH IXHi 171ei Ha JOIIIIL.

4. Tlo 3aKiHYeHHI AHCKYcii (5 XBILTIH) MOBEPHITHCA 10 BLICOYPOKY, 1100 BKIFOTHTH HACTYITHHIT
(parMeHT, I Yac AKOTO BYCHHIT 3 BII€O Ta BUMTEIb MOSCHATH CXOKOCTI Ta PO30LKHOCTI MIK
ZIBOMa Ta3aMIl Ta IpeJIcTaBIaTh JIUTbHICTS 2.

JlisabpHicTH 2
PO3IIAJAEMO MAIII, 5 XBIINH:
[BizeodparmeHt 5:40 - 8:30]

Ilg BmpaBa A1 po3TIOaHHS Ta OMIICY HaCTYNHHX KapT: Mama 1 (barumetpis), Mamna 2 (Bwmict
OPTaHIYHOTO BYTJIEIIO B MOPCBKIX BiKIazax) Ta Mama 3 (MicnenepeOyBaHHS MeTaHY / Ta30BHX
riapatiB). KoxHY KapTy OmicaHo HIDKYE:

a. Mama | moka3sye Tomorpadiro (BrcoTa MMOBepXHI 3eMJI1) Ta 0aTHMETpito (TTIONHA OKeaHIB)
3emimi. Ha KapTi BHKOPHCTOBYEThCS KOTIP AIA IO3HAUEHHS Pi3HHX BICOT 1 IIHOHH 1
CIMYTIOEThCS COHSUHE 3aTIHeHHS, mob moxatn kKapti BiguyTTd 3D. Illkama Ha npaBoMy
Oo11i mOKa3ye IHTEHCHBHICTh KOTbOPIB Ha KapTi, AKI BIIMOBIIAI0Th BIICOTaM Y MeTpax.

b. Mana 2 mokasye 1100anpHIHIT PO3IIOILT 3aTabHOTO BMICTY OPTaHITHOTO BYTJICIIO (Maca y
%), 1110 MICTHTHCS ¥ MOPCHKHX BIIKIa1aX TTTHOHHOI MEHIIe HIXK 5 ¢M.

c. Mama 3 moxa3sye micrenepeOyBaHHS Ia30TiIpaTiB (MICIS BIUTyYeHHS, NPHIIYIIEHHA Ta
MIcCIIs OYpIHHA).
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1. ITepen ypokoM, HaapyKyiiTe 3 KapTH Ta MPHKPIMITH iX O CTIH KJIacy Ha J0CTaTHbOMY BiImaml
O7HA BIZ OfHOI, M00 Tpymu 3 8-10 yUHIB MOTJIH CTOSTH HABKOIIO KapTH if He 3aBaKaTH IHIMII
rpyni. MoHa HaJpyKyBaTH KapTH BeJIHKOIO pO3MIpy Ta 3alaMiHysaru ix. Jlus yuHIB Kpaile
00rOBOPIOBATH KapTIH CTOSUI, ajle AKIIO B 0OMesKeHI IPOCTOPOM, MOKeTe IPHUKPITIITH KapTH Ha
CTUT (HampHKIad, Ta0opaTOpHHIl CTLI) 1 JO3BOINTH YUHAM CHOITH. ITam gTaiiTe, IO Il KapTH
MO3KHa BHKOPHCTOBYBATH HOBTOPHO, OCOOIIBO SAKIIIO BH iX 3aJaMIHy€ETe.

2. Po3ainiTe y4HIB Ha TpH rpyni. KoiHa rpymna cToiTh HaBKOJIO CBO€1 KapTH (Hampnkiand, I'pyma
1 cToits o1t Kapti 1).

3. IlompociTh y4HIB O3HailoMHTHCS 3 KapTaMmi. BOHH MOBHHHI HNPOYHTAaTH TeKCT 300Ky, 1100
modaunTH, MO0 BIIOOpaXkaeThed Ta 9K Ile BITOOpakaeThed. YUHI TPAIOKTE VTPV,
OOTOBOPIOIOYH T€, Ha 10 ANBIATHCA. SIK TUIBKH BOHH O3HAIIOMISTHCS 3 KapTaMI, BOHI MOKYTh
IouaTH OMICYBAaTH Te, IO OauaTh. Y CBOEMY OIMIICI BOHH IOBHHHI BHKOPHCTOBYBAaTH CJIOBa
“ranbokuii” abo “HerIHOOKHIl ”, “BHCOKHII OpraHIYHHII BYTJIeIh” a00 ““HU3BKII OpraHIYHIII
Byriaenp”’ Tomo. Ilokm Yy4HI WpaIrolTh, O00XO0AbTe TPYIH, ciyxXaiiTe Ta IMOSCHIOIITe
HEe3pPO3YMITOCTI.

4., Tlicng ToOTO, 9K YUHI 3aKIHYATh BIBUSHHS CBOIX KapT (10 XBIIIH), TOBEPHITHCS 10 BIIEOYPOKY
Ta MOJWBIThCS HACTYIHHII CeIMeHT. BUeHNHIl Ha BIOeO Ta BUNTENIb PO3KaXyTh IIPO KapTH Ta
MIpeNCTaBIATh J{ISIBHICTD 3.

JigabHicTh 3
IIOB’s3AHI KAPTH, 15 XBHJINH:
[Bimeodparmert 8:45 - 9:50]

1. Po3aumiTh y4HIB Ha HOBI rpymn (rpymna A, B ta C). Ile Oyze iHmIa rpyma y4HiB, HUK Ta, 3 KOO
BOHM IIparrroBatn mmig yac J{igmeHocTi 2. YV KOKHIIN HOBII TPyl MOBHHHA OYTH IpHHAIIMHI O/THA
TI0IIHA 3 paHime chopMmoBaHoi rpynn y JisapHOoCTI 2. Hampukian, y rpymi A MOBHHHa OyTH
TIpHHAaiiMHI o1Ha MoanHa 3 ['pymm 1, 2 Ta 3. [{e 3a0e3me9nTh YIACHHKIB, K1 3HAHOMI 3 KOKHOIO 3
TPbOX KapT.
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2. Haranaiite cTyieHTaM TpH IHTAHHS, K1 BOHH OYIyTh 00TOBOPIOBATH:

a. Ha gxiii rmOmH1 po3TamoBYOThCS OLTBITICTh Ta30BIX T1/IpaTiB?
b. Jle Bi OaunTe BEMNKI KUTBKOCTI OPTaHITHOTO BYTJICI0 Y MOPCHKUX BiIKIaaax?
c. Jle BH OUIKY€Te 3HAINTIH Ta30B1 T1IpaTH Ta YoMy?

[ITo6 BiATOBICTH Ha Il TMHTAHHSA, YIHAM HOTPIOHO MOB’S3aTH TPH KapTH OJHY 3 OJIHOM.
PosrngubTe MOKTHBICTh HaMICATH 111 IHTaHHS Ha JOTIIIL.

3. IMTompociTh KOXKHY TPYIY BIIBIAATH KOXHY 3 KapT, mo0 o3HaiiomuTucs 3 yeima. ITig gac
KOKHOTO BI3HTY ‘eKcIepT o kapTi 3 J[isIpHocTi 2 npoindopmye rpyny. Hampukiiaa, Ko rpymna
A BiIBIIYe Many 1, Ti, XTO BiKe 3HailoMHIl Hero, IPOIHGOPMYIOTh PeINTy ITPYIH, 1 pa3oM BOHI
CIpoOVIOTE JaTH BIIIOBIIb Ha INTAHHA. YUHI MOKYTh 3aIlIIcaTH CBOI BIIIIOBLII B 0JJ0KHOT abo Ha
momrii. ITokn BoHN Iie poOasaTh, MOKETe CHOKINHO 00XOIHTH TPYIIH, CIYXAKTH Ta YTOYHIOKTI
BIZITTOB1IL.

4. SIK TUTBKH y9HI 3aKIHYATh (15 XB), MOBEPHITHCA 10 BIICOYPOKY 1 IIOAHBITHCS OCTAHHIO YaCTHHY.
Buenmii Ha BiZIeo Ta BUNTENIb 1aAyTh BIATOBIl HA TPH MHTAHHS Ta MOKaKYTh JesSKl IHCTPYMEHTIL,
SKHMH KOPHUCTYIOTBCS BYSHI [T JOCIKCHHS XOJOJHHX TpocoueHb. [le ocTaHHIN Bimeo-
(hparMeHT 1 KiHEeIlb YPOKY.

Tlogaabma quckycia

Temep, Ko BH JI3HATICS [IPO IPHPOIHL Ta IITYYHI BUKHIH METaHy, IPO XOJIOIHI IPOCOYEHHS
Ta Ipo Te, SK BUEHI IX 3HAXOAATh 1 BHBYAIOTh, MH PaJIIMO BaM CKOpHCTaTHCS I0JaTKOBHM
MaTepianoM (JIITB. IOCHIaHHS HIDKYe), 00 00rOBOPHTH HACTYTHI THTaHHS!

1. Sxy iH(QOpMaIifo MOKHA OTPHMATH 3a JOIOMOTOI0 TpaBiTalliiHoro kepHa? UmMm KepHI,
OTpPHMaHI 3a JOIMOMOIOK IIOTO METOIY. BiAPI3HAKOTHCS BiI IHIINX METO/IB BiIOOpY KepHIB

(mampuka, OaraToKaHATBHIX KePHIB Ta HATICKHIX KepHIB 3a JormoMorow ROV)?

2. Illo Bu MokeTe 3poOUTH (K oKpeMa ocoba), mod 3MeHMNTH BUKHAN MeTaHy? HaBemits 2-3
MpHKIaIN.

3. SIx BUeHI BHKOPICTOBYIOTE CefICMITHI JaH1 I JOKyMeHTYBaHHS BHKIIIB MeTaHy Ha TIIIOHHI
oKeaHy?

4. Yn e meTaH y aTMochepi Mapca? SIk Ha paxyHOK iforo mim3eMHnx gactia? 1o Moke 03HagaTH
ICHYBaHHA MeTaHY Ha Mapci?
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Ilocnaanus

AKMA HayKOBI BiJIeO:

https://akma- project.com a6o 3 mita 2023 poky Ha https://en.uit.no/project/akma
XoI0omHI MPOCOUSHHS:

https://oceanexplorer.noaa.gov/edu/themes/cold-seeps/

3MEHIICHHS BHKIIIB MCTaHY:
https://eos.org/editors-vox/menthanes-rising-what-can-we-do-to-bring-it-down

MikpoOHe CoKIBaHHS MeTaHy Ha MOPCHKOMY JIHI:
https://eos.org/research-spotlights/investigating-rates-of-microbial-methane-munching-in-the-

ocean
MapciaHChKHIT MeTaH:
https://eos.org/articles/how-scientists-search-for-martian-methane
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exercise developed by Dale S. Sawyer at Rice University (dale@rice.edu).

This map is pant of "Discovering Plate Boundaries," a clagsroom
Additional information about this exercige can be found at
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Kapma monozpaghii/6amumempiiz: https.//plateboundary.rice.edu/downloads.html (last access: 24.11.2022)

https://septentrio.uit.no/index.php/SapEdu/article/view/7249/7661 14/17



09.08.24, 12:06 PDF.js viewer

65

8000
4500
3200
2400
1600

800

400

200
100

50

-100
-200
-500
-1000
-2500
-3500
-6000
-7600

-10400

30 60 90 120 150 180

https://septentrio.uit.no/index.php/SapEdu/article/view/7249/7661 15/17



09.08.24, 12:06 PDF.js viewer

66

Mamna 2

-180 -120 60 0 60 120 180

180 120 40 0 60 120 180
TOC [wt%)]

<0.25 05075  1-125 1.5-2 253 354 4.5-5 5.56 657 >7

['moGanbHa KapTiiHa po3MOILTY BMICTY 3aralbHOro opradiuHoro Byriemto (TOC — total organic
carbon) y moBepXHEBHX BIIKIAIeHHIX (IJIHOMHA OCaIiB <5 CM).

Ceiimep, Kamepuna ma iH. «Bymicm opeaHiuHo2o eveneyw 6 NoGepXHeGUX GIOKTAOEHHAX —
GU3HAYEHHSA peioHanbHux npoeinyiiy. I muboxoeodni docniosxcenns. Yacmuna I: Oxearocpagpiuni
oocnioscenna 51.12 (2004): 2001-2026.
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Mana 2azoeux 2iopamie: I'eonociuna cavocoa CILIA: hitps.//www.usgs. gov/media/images/map-
gas-hvdrates (ocmaniit oocmyn: 24.11.2022)
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