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Tortio tou Apn.
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H €pnuog Atakdpo otn XuAn.
Auta ta Suo tomia eivol oAU TtapopoLa, aAAd o Apng
dev Ba npoodEPEL TTOTE £val TOTILO oAV AUTO:

H €pnuoc Atakdpa os avowon,
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2 TNV TIPAYLLOTLKOTNTO, KAWVELC orepoL Sev Umopei va
SWOEL VAV IKAVOTTOLTIKO OPLOULO YLt TN «{wr)».
Mapd v ENewpn evoc oadouc oplopol, EXOULLE
KATTOLEC LWOEEC YLOL TO TL Eivat N {wn Kot LEXPLOTYUNG,
o TAQVITNG ' Eivol To HOVO PEPOC TTOU ELVOLL YVWOTO
ot photevel {wr). Zwr) prtopel va Bpebet paktka
TIOVTOU OTOV TTAQVATN MOC, KON KO OE CUVONKEG
TIoV oG paivovrat aduvartes. Tetola {wvtava ovial
elval Ywwotd we akpalodpia.

H peAetn twv {wvtavwv ovtwv ovopadetat Booylo,
gvw N avadtnon yo {wr) o€ TIAAVITEC EKTOC TOU
rawvrtn ' ovopdideta aotpoPloloyia,
Bloaotpovopia ) e&wBroloyio. AuTn N ETILOTIUN
TEEPNOUBAVEL ETULOTAOVEC OO |LULOL TIOKIALL

KA wV: aotpoduoikouc, BloAdyouc, Bloxnuwouc,
doocodouc...

[evikA TioTEVETOL OTL N {WN &eKivnoe otn M, oA\
dev giva ywwoto wc. Mot AN Bewpla
UTIOoTNPLEL OTL ELOT BN Ao TO SLACTN L OTTO
LLETEWPITEC 1) KOUNTEC.



H eélowon Drake

N: tilBavog aplOuoc moAttlopwy oto yaAaéia poc.
R«: aplOUOC dotpwyv nov oxnuoatilovral kabe xpovo
oTtov yoAaéia pac.

AuTA N TIOPAPETPOC UIopEL TTAEOV val EKTIUNOEL
f,: avahoyia aotpwv pe mAavntec.
AuTtn N TOPAUETPOC UTTOPEL TTAEOV va eKTLUNOEL
Ne: LECOG OPLOUOG TTAaVNTWY TToU €lvat TBavo va
dlofevolv {wn ava aoTEPL Pe TTAAVNTEC.
f: KAAopa autwy Twv MAavnTwy OToU EXEL
eUPAVIOTEL TTpaypaTIKA {WN.
f.: KAaopa autwyv twv mMavntwv pe eudun lwn
(TtoALTLOMO).
f.: KAaopa mAavntwy pe eudur) {wn mou elval tkavol
KOl T(POBU oL VAL ETILKOLVWVOOUV.
L: pEon SLapKeLla eVOC TETOLOU TTOALTLOMOU O€ XpOvLaL.

Credit sciencenotes.org



To epwTnNoL TNG LTITOPENC AAAWV KOOWV, TWOOVWG
KOTOWKNMEVWV, EXELTEDEL oo v apxototnto. Asite
0 TUIMP no. 8.

Mwc Bat prtopouoae Vol Toug BPoUE;

To 1950, o puowkog Evpiko Oeppn (1901-1954) €Beoe
T0 epwtnat: «IMov eivaw;» Me dM\a AoyLa, ov
UTIAPXOUV EVPUELC e€wyr VoL, YLOTL OEV TOUC EXOULIE
NON cuvavtroeL, AUTO TO EPWTNHIAL, YVWOTO WG TO
Tiopado&o Tou DEpp, Exel Swoel adoppn Lo
QUUETPINTEC ATTOVTIOELS KOl CUVEXIEL VOL LEAETOTOL LLE
Baon Stadbopec UTIOBEDEL.

To 1961, o aotpodpuokoc Opavk Ntpeik (1930
2022) koBLEPWOoE Evay TUTIO TUOAVOTITOC YLOL TV
EKTINON TOU aPOOU TWV EEWYNA VWV TIONTLOUWY
LLE TOUG ortolouc Bal prmopoucaE VoL EPOOULIE O
eradr). OLTBavVEC omavVTNOELS Kupativovtal arto O
YLOL TOUG ototolo00E0UC EWC OPKETA EKATOUUUPLOL
YLOL TOUG aULoLOS0E0UC.



' . Katoknowun {wvn
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* Aktiva tpoxLac (to 1 elvat yla tTnv TpoxLd tng Mng)

H katownotun {wvn ylo TAavntes oto HALoko
2UO0TNHO KO VLol EEWTTAQVATEC.

H 'n Bploketa otnVv KOTtolkAoLUn {wvn Ko n
Adpoditn kat o Apng iva oAU Kovta.

Ta aoTEPLA AVILITPOCWTTEVOVTOL ATIO T TILO KOUTA
(oAU dwTEWVA, TEPAOTLO KOL UTTAE, APKETA OTIAVLAL)
E€wc ta 1o Puxpa (OxL oAU dwTELVA, ULKPA KOl
KOKKWa, TIoOAU adBova). H katolknopun {wvn ivat mo
KOVTQ OTO O0TEPL OTAV TO AOTEPL Elval AlYyOTEPO
oyKwOEC.

OL MTAOVATEC O0TNV KATOLKACLUN {WvN TWV KOKKLVWV
OLOTEPLWYV TILOTEVETAL OTL ELVOL APKETA KOVTA OTO
OOTEPL TOUC WOTE Vo TtapouoLalouv mavta to dLo
LEPOC TIPOC TO OLOTEPL.



Duowka, N {wn) €&w oo Tov Thavrtn ' pmopet va
elvar TToAU StadopeTikr) artd auTto TIou YWWwPL(OULE.
[EVIKA TUOTEVETOL OTLTO UYPO VEPO ElvolL Lot oo TG
arapalitntec poUmoBEoelS vt {wn. Ou
BLoXNMKES aVTIOPACELS OTTOUTOVV EVOL PEUOTO KALTO
VEPO TIOPAEVEL OE LYPI KOTAOTOLON OE €VaL EUPU
daopo BeppokpacLwy. To VEPO eival emiong evag
TIOAU KOAOC SLoAUTNC. TEAOC, TO VEPO €lval Evo ooto
TaL o AdOoval LOPLOL OTO ZUTTAV.

[0 TUEOELS TTOPOUOLEC e TNC NC, TO VEPO €ival UypO
otav n Beppokpaoia sivar petoy 0°C ko 100°C.
BaolopEVn 0€ AUTO TO EUPOC BEPIOKPAOLWV, EXEL
OPLOTEL LU0l € KOTOWKA 0N {wvn» YLOL TOUC TIAAVITTEG
oto HALo ZUotn oL Ko Yot EEwnALKoUC TIAAVHTEG,
SnAadr) TAavIteg rou BpioKkovtol o TPoXLAL YUPW
Qo AL QOTEPLAL

IMe auUTOV TOV OpPLOUO, N KATOKN oW {wvn
g&oiptarTon arto T BepoKPAOLa TOU ACTPOU KA TNV
QTOOTOLON OO TOV TAQVITN. AN QTR N Evvolal
LOXUEL LOVO WG TIPWTH TIPOOEYYLON).



H erudavela tou Apn onwe paivetat ano to Viking 1,
TO TPWTO SlaoTnUoOTAoLo Ttou pooedadioTnKe oTov
Apn, otLc 21 louAiou 1976. Aev uTtdpXOUV KavAALQ.

H NASA emuBepaiwoe tnv UTtapén evocg peyaAou
AOBEUATOC LYPOU VEPOU KATW aTto TNV MmipAveL

oL Apn.
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Avaieca otouc TIAAVATEG Tou HALKoU 2UGTAOTOG
o Bpiokovtal (A KoVTA) otV Katownoyn {wvn, n
Adpoditm £xeL UnepLOAKEC PUOIKEC CUVONKEC, e
eon Beppiokpaoial eriadvelog 464°C ko rtieon 90
bopEC peyaAUTepn arto o,tLotn . AANA iowc Bat
Lrtopouoa val {ioouV kel akpatopilot

O mMavitng Apnc PpaveTalL VoL Eivolt EVOLS TIo EUVOTKOG
urtoPndoc yla v avalditnon {wnc. H Yeudng
QWVIXVEUON TWV KOWVOALWV OTOoV Apn otd OPLOUEVOUC
ETUOTIMOVEC rtav Lot cUAoyKn Pevdaiobnon. To
SlaomuorAoto Viking Sev Bprike Kovevor KaVoAL
YLEPQL, TOL ECAUPETIKAL ETUTEVYHOTOL TNG OLOCTNUKAG
OOTPOVORILOLG KATESTN OOV SUVALTH) TNV OTTOCTOAN TOCO
otaBspwv 00O KoL KIVNTWV CUCKEUWV OToV Apn yLal
NV avalitnon eveiéewv wnc. H peAetn tou
apeLavol £6Ahouc Seiyvel OTLKATTOTE UTTNPXE LYPO
VEPO oTtov Aph Ko TBoVwE va eEotkoAouBEL val
UTTOLPXEL EVOLC UTTOYELOC WKEOVOC.



ALUVEG
vdpoyovavepakwy,
nebaviou kat atbaviou
otov dopudopo Ttava
Tou Kpovou.

QwTtoypadia tng
Evupwrnng, evog
dopudopou tou Ala,
o€ aAnBwo xpwpa mou
deixvel moAvapOuEC

PWYHEG.

Midakec VANC MAVW
arto ToV VOTLO TTOAO
Tou Eyk€éAadou, evoc
dopudopou tou
Kpovou.

MnAnwc dtadpopot Sopudpopot plhoéevouv kamola
Hopdn wNg;



OLTIAQVATEG TIEPQL OTTO TNV KOTOWKNoYun {wvn givol
YLYOVTLOL, OEPLOLTTAOVITEC OTOUG OTOIOUG Eivall
SduokoMo va pavtaoTel Kaveig {wn. AMA awtol ot
TAQVATEC XOLV TTIOAOUC TTOAD VOLOIDEPOVTEC
Sdopudpopouc. O Tirdvag, evac Sopudopoc Tou
Kpovou, £xel orpoodarpot kot Aivee puebaviou mtou
£XouV aviyveuBeL oo Slaotnuorola. H Eupwrn,
gvac 5opudopog tou Ala, EXEL EVOV WKEAVO LYPOU
VEPOU KOTW OO EVOL OTPWLLOL TIAYOU. UTTALPXOUV
oxeOLaL val oTAAOUV VIXVEUTEG YLOL VOL SLOTTEPACOUV
TOV TIAYO Kol VoL avalToouV {wr) O€ QLUTOV ToV
WKEQVO.

YroyeloL wKeavoL uypoU VEPOU EXOUV ETTONG
avokoAupBei otov Sopudpopo EykeAado tou Kpovou,
otov Sopudopo Mvuprdn tou Ala kot Tipoodarta
otov Sopudopo Mipo tou Kpdvou. Yrortreuovton Ko
OANOL UTTOYELOL WKEOWVOL.

ApoL UTtapXouV TIOAEC TUBOVOTNTEC Yo {wn!



Nitfous Oxide
- (N,0)
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Mepka tapoadelyporo Lopiwv Ttou aviyveubnkav otnv
atpoodopa evog e€wmAavitn ou Ba propovoay va
elvall BloUmoypadec, SnAadn mou uodeKvVUOUV TV
riapovoia {wnc (Mnyn: Meixner, et al. 2021, JATIS).
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To tporikd daococ tou Apaloviou gival n peyaAltepn
dutepEVN TtepLloxn otn M'n. Oa pmopoUvoe pLa TETOLa
BAdotnon va avixveuBel og Evav eEwmAhavitn;



To 1995, n avakaAun eEwNALKWV TAQVNTWV, 0Ito
TOUG OTIOIOUC OPKETEC XMAOEC lvor TIAEOV YVWOTO|,
aval{woyoVvNoE ECOUPETIKA TNV avalTnon EEwynvNg
(wnc. Acite To TUIMP No. 8. A0 TLG EKOTOVTAOEC
SLoEKOTOUUUPLOL TTAQVITTEG TTOU TILOOVWE UTIPXOUV
oto yoAagia poc, evolapepOpaoTe OUTEPO YLOL TOUG
Bpoxwdelg mhavrteg, SnAadn Toug n aEPLOUG
T\QWVNTEC TTOU BplokovTal otnv KAton o {wvn tou
QOTPOU TOUC.

MwC¢ opoULE VL OVXVEVUCOUE {Wr OE AUTOUC TOUC
TAQWVATEC, OTOV AlyoL ot alUToUG ivall opartol arto T
['n; OpLOEVAL OEPLOLTIOU UTTOSEIKVUOUV (Wi Ltopel
VOL UTTAPYOLV OTIC ATOOPOUPEC TWV EEWITAQVITTWV
ko Ba prtopovoa val oviyveuBouv oato ) M.
Mrtopel aopn kow va sivar Suvarto va
riopotnPnBoUV PEYAAEC TIEPLOXEC TIOU KOAUTTTOVTOIL
arto GUTA TwV oroiwv N YAwpopUAAN Ba prmopouoe
VoL OVIXVEUOEL

‘EXOULE TIEPLOOOTEPEC EPWTIOELS TIOPOL OTTOVTINOEL,
oA TO PENOV dativeToall TIoAU eNrtidodOpo Kalt
OUVOLPTTOIOTIKO.



Kouil
Moleg amo T akoAouBec dnAwaoelg eival
aAnBeic ko otec eivatl Pevdeic; ZnUelwoTe
OTL HItopel va urtapxouv TTOAAEC aAnBeic
TIPOTACELC ava B€pa.

1/ NMpogAevon tng {wWNC
a) H {wn oxnuatiotnke otov Aavntn M.
B) H {wn mpoEpyxetal amo to dtaotnua.
y) Aev yvwpiloupe akoun...

2/ Nopouacia vepou oto NALAKO cUCTNU

a) H I'n eivoil To pHovo PLEPOC 0To NALAKO
cuoTnUa OTou BploKkeTal vepo.

B) Ymapyouv apkeToi UTIOYELOL WKEAVOL O€
nAavnteg kat Sopudopouc.

3/ ExeL BpebBel Lwn o evav mAavAtn yupw
armo eva aotePL SladpopeTKO aro tov HALo
LLOLC.

a) AAnBec

B) Oxi, aAAQ n €peuva elval evepyn o€ AUTO
TO O€paL.



ATOLVINOELC
Ot aAnBeic mpotAoeLlC eival LE KOKKLVO XpWHLAL
Kol oL Peudelg pe ptAe.

1/ NpogAevon tn¢ {wWNC
a) H {wn oxnuatiotnke otov mAavntn M.
B) H {wn mpogpyxetal amo 1o daotnua.
y) Aev yvwpiloupe akoun...

2/ H mapouoia vepou oto HALako ZUotnuo
a) H 'n elvat to povo pEpog oto HALaKO
JUoTnua Omou BplokeTal vepo.
B) Ymapxouv apKeETOL UTTIOYELOL WKEAVOL O€
ntAavntec kot Sopudopouc.

3/ Exel Bpebel Lwny o€ €vav MAOVATN TTOU
Bploketal o€ TPOXLA YUPW ATIO EVOL OLOTEPL
SLadopeTko armo tov HALo pag.

a) AAnBEc

B) Oxt, aAAd n €peuva elval TTOAU evepyn o€
QUTOV TOV TOUEQL.



To Zuumav otnv to€nn pou No 19

AuTto t0 dUANASLo ypadtnke To 2025 amod tnv
Danielle Briot, amoé to Actepookormeio tou
Moaplolov, kal avaBewpndnke oo tov Jean
Schneider, emionc anod to AotepookoTmEeio Tou
MNaplolov.

Ewkova e€wdUAAOU: METOAALKO KOUTL TTOU TTEPLEXEL
Tov Xpu oo Aloko, o omoiog petadepOnKe pe Toug
aviyveutec Voyager 1 kat Voyager 2 ko tpoopiletol
yla tiBavni e€wynvn eudun {wn. 2To KOTTAKL UTTAPXEL
gva SLaypappa mou deixvel mwc va dtaBdoete tov
Siloko. O SloKkoGg MEPLEXEL ELKOVEC KOLL NXOUG OXETLKAL
LLE TOUC avBpwTouC KoL T {wn otn .

[0t VoL LOBETE TIEPLOCOTEPOL CXETUML LLE QUTIV T
OUN\OVH KOWLTOL BEIOTOL TIOU TIOPOUOIA{OVTOL OE
owto o BBNio, eTuokedOsite ™ SievBuvon
http://Mwwiuimp.org.

Metdadpaon: T{ivae MavoorovAou
TUIMP Creative Commons




