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Trai Bat con co6 thé xanh trong bao lau? Mot
mo hinh khi hdu dua ra khoang gia tri,
khong phai ngay tan thé

Hai mwoi chin mé phéng khi hau ba chiéu ddt cdc gidi han khdc nhau cho sinh quyén
quang hop ctia Trdi Ddt trong khodng 1,35 dén 1,87 ty nam ké tir nay. Cdc gid tri phu
thudc vao nhitng quy dao dwoc co y don gidn héa cho phong hoa dd, nhiét va mirc carbon
dioxide thdp nhdt ma thwc vat cé thé sit dung. Chiing khong du dodn khi nao moi thuc
vdt, moi sy song, nén vdan minh hay hanh tinh sé két thiic.
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Tréi Dat tuong lai

Trai Dat con co6 thé xanh trong bao lau? Mot mo
hinh khi hdu dwa ra khoang gia tri, khéng phai
ngay tan thé

Mot chiéc 14 ton tai trong mdt thoa thuan rat hep. N6 can anh sang, nuwdc, carbon dioxide va
mot nhiét do ma héa hoc ctia né co thé chiu duwgc. Trong mot doi ngudi, Mat Troi c6 vé 1a phan
c6 dinh ctia théa thuan d6. Trong mot ty nam thi khong.

Khi Mét Troi gia di trén day chinh, d¢ sdng clia né tang dan. Nhiéu dnh sdng Mat Troi hon
lam Trai bat d&m 1én, nhuwng hanh tinh cé mdt phan wng dai han: cdc phan &ng gitta nudc mua,
carbon dioxide va da silicat cé thé loai carbon dioxide khéi khi quyén. Piéu nay lam yéu hiéu
wng nha kinh va bu lai mdt phan sy &m lén. Nhuwng chinh phdn @ng lam mat hanh tinh cuéi
cung cling c6 thé l1am cdc sinh vat quang hop thiéu carbon dung dé tao mé séng.

Mot bai bao mdi trén Journal of Geophysical Research: Atmospheres héi gidi han nao c6 thé
dén trudc: qua néng hay qua it carbon dioxide. Cau trd 161 khong phai mot ngay Trai Dat “chét”.
Trén hai quy dao tuwong lai duwgc c6 y don gian héa, cac gidi han dwoc chon cho su song quang
hop nam trong khoang 1,35 dén 1,87 ty nam keé ti nay.

Khodng nay néi vé sinh quyén thwe vat: phan cia hé song trén Trai Dat duoc duy tri béi
cac sinh vat quang hop, dac biét 1a thyc vat va nhitng dang séng bién dnh sdng cung carbon
dioxide thanh vat chat sinh hoc. N6 khong phai du bdo cho moi vi sinh vat. N6 khéng phai tudi
tho cia nén van minh nhéan loai. Va cling khong phai tuéi tho ctia hanh tinh.

“BO diéu nhiét” hanh tinh c6 hai thiét 1ap chwua
chac chan

Bat dinh trung tdm la phong héa silicat. Carbon dioxide hoa tan trong nwéc mwa, phan wng
v6i da silicat va cudbi cung dugc van chuyén vé dai dwong va tram tich. Nui Itva trd carbon
dioxide lai khi quyén trén thang thoi gian dia chit. Cing nhau, cac qua trinh nay tao thanh
mot phan cda chu trinh carbonate-silicate, thwong duwgc mo td nhw mot bo diéu nhiét hanh
tinh.

Trong mot thé gigi &m va 4m hon, phong hda c6 thé ting toc va loai carbon dioxide nhanh
hon. Nhung cidc nha khoa hoc khong biét phan &wng nay sé chi phéi Trai Pat manh dén mic
nao dudi mot Mat Troi sang hon trong twong lai. Vi vay Jacob Haqqg-Misra va Eric Wolf khong
chon mot qui dao duy nhat duwoc cho la dang. Ho mé hinh héa hai trwwo'ng ho'p giéi han (end
members): nhitng treong hgp cuc doan c6 chd y dung dé kep khoang bat dinh.

Trong trweo'ng hop phong héa yéu, carbon dioxide khi quyén dwogc gitt & 400 phan triéu
trong khi Mat Troi sdng dan lam nhiét do tang.
Trong trweo'ng hg'p phong héa manh, nhiét do bé mat trung binh toan cau dugc giir & 288
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kelvin, khoang 15 d¢ C, trong khi carbon dioxide bi rit xuéng khi lvgng dnh sang Mt Troi
tang.

Khong nhéanh nao dugc trinh bay nhu twong lai that cia Trai Pat. Nhanh dau héi nhiét sé lam
gi néu carbon dioxide vin cao. Nhanh thit hai hoi thiéu carbon s& lam gi néu phong héa gitt
nhiét do trung binh toan cau gan mitc ngay nay.

Phong héa cé thé hoat ddng nhu mét bd diéu nhiét bang cach nao?

Phép so sdanh nay néi vé phan hoi, khong phai mot nim diéu khién theo nghia den. Khi
khi hdu 4m hon lam phong héa héa hoc tang nhanh, nhiéu carbon dioxide khi quyén
hon c6 thé két thdc trong vat chat hoa tan, khodng vat va tram tich. Viéc loai bd khi nha
kinh nay chéng lai mot phan sy &m 1én ban dau. Trén thang thoi gian rat dai, khi thoat
ra tir nui ltta dua carbon dioxide trd lai.

Do manh cta tirng mét xich phu thudc vao mua, da 16 thién, x6i mon, sinh hoc, kién tao
va hoa hoc dai dwong. B6 1a 1y do bai bao thtt cadc phan &ng gidi han thay vi coi “b0 diéu
nhiét” 1a mot c6 may da biét ro.

One brighter Sun, two illustrative limits

The study brackets uncertainty; it does not assign either future a probability.

( Sunlight rises slowly )

4 N )

WEAK WEATHERING RESPONSE

Carbon dioxide fixed at 400 ppm
Heat becomes the limit

STRONG WEATHERING RESPONSE

Global mean held at 288 K
Carbon dioxide becomes the limit

323K | 1.68 Gyr 338K | 1.87 Gyr 10 ppm 2.9 ppm 1 ppm?
most land plants all land plants 1.35 Gyr 1.64 Gyr 1.84 Gyr

ILLUSTRATIVE END MEMBERS, NOT FORECASTS

* each time is billions of years from now and conditional on its stated threshold

_________________________________________________________________________________
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Bai bao kep mot tuong lai chua chac chan bang hai trudng hgp gidi han minh hoa. Néu phong héa phan ting yéu,
nhiét tdng sé cham cac ngudng dugc chon cho thuc vat trén can. Néu phong héa phan (tnhg manh, carbon
dioxide giam sé& cham cac ngudng quang hdp dudc chon. Day la cac nhanh md hinh cé diéu kién, khéng phai
xac suéat hay déng hé dém ngudc.
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Hai muoi chin thé gidi mo hinh da on dinh, khong
phai mdét b6 phim dai hai ty nam

Cac nha nghién ctru dung ExoCAM, mdt mé hinh khi hdu toan cau ba chiéu, dé tinh 29 khi
hiu trang thai on dinh trén cac t6 hgp anh sang Mat Troi manh hon va carbon dioxide thap
hon. Méi truomg hop chay trong 70 ndim md hinh. ¢ day, mét ndim moé hinh 1a mot chu ky ndm
mo phong dudi cac diéu kién c6 dinh: dé 1a thoi gian chay dé khi hdu nhan tao 6n dinh, khong
phai mot budc trong du bao trng nam vé twong lai Trai Pat. 20 nam cudi dugc lay trung binh
sau khi khi hdu m6 phéng cé dud thoi gian 6n dinh.

29 treong hop do 1a cac thé giédi mo hinh riéng biét. Mo6i 1an chay 1a mot diém trén ludi, tra 101
ciu hoi “khi hau dd 6n dinh nao phu hop véi cap anh sing Mat Troi va carbon dioxide dugc
chon nay?”. May tinh khong bat dau tir Trai Dat ngay nay roi lién tuc tién héa khi quyeén, da,
dai duwong va sinh vat cia né trong hai ty nam ti€p theo. Thay vao doé, cac tac gia 1an theo hai
quy dao phong hoa so dd qua cac diém da tinh trwdc; phan duwong gitta cac diém khong dugc
mo phdng truc tiép.

Bang dudi day tai hién cac t6 hgp anh sdng Mat Troi va carbon dioxide trong kho dit liéu mo
hinh chinh thttc. ID treong hgp 1a nhan ho trg doc dugce thém ¢ day theo thi tu trong kho. S/S0
la hang s6 Mat Troi twong d6i: nang lwgng Mat Troi tdi duwgc dung trong mo hinh chia cho gia
tri hién nay, SO. Vi vay gia tri 1,2 cé nghia nang lwgng Mat Troi téi nhiéu hon hién nay 20%.
CO2 (ppm) 1a ty 1€ tron carbon dioxide khi quyén tinh theo s6 phén t& trén mot triéu phan t
khi quyén.

ID truong hgp  S/SO  CO2 (ppm)

1 1.0 400
2 1.0 180
3 1.0 11.25
4 1.0 1.40625
5 1.044 400
6 1.044 180
7 1.044 135
8 1.044 11.25
9 1.044 1.40625
10 1.081 400
11 1.081 180
12 1.081 11.25
13 1.081 1.40625
14 1.091 400
15 1.091 180
16 1.091 34
17 1.091 11.25
18 1.091 1.40625
19 1.143 400
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ID trwong hgp  S/SO  CO2 (ppm)

20 1.143 180
21 1.143 11.25
22 1.143 6
23 1.143 1.40625
24 1.2 400
25 1.2 180
26 1.2 11.25
27 1.2 1.40625
28 1.2 0.45
29 1.2 0

Trai Dt trong mo6 hinh van dé nhin ra nhung duoc ¢6 y gidi han. N6 ¢ kich thudc Trai Dat va
dung dia ly hién tai. N6 c6é mot dai dwong dang 16p don gian thay vi dai dwong tuan hoan day
dd, ap suat khi quyén dat gan gia tri hién nay ctia Trai Dat (mot bar) va methane c6 dinh. Quy
dao hoan toan tron (d6 léch tdm bang 0), va truc quay khong nghiéng (d6 nghiéng truc bang
0). M6 hinh khéng cé dit, tham thyc vat hay phan hoi tir sinh quyén dang thay d6i mot cach
twong minh. Quan trong nhat, mé hinh khi hau khong dugc ghép dong véi mo hinh phong
hoa da. N6i cach khac, ExoCAM khong tinh phong hoéa, dung né dé cap nhéat carbon dioxide
roi chay khi hau tiép theo trong mdt vong phan hoéi. Thay vao d6, cadc nha nghién cttu quy dinh
truwdc hai qui dao gidi han va lan theo ching trén ludi khi hau 29 truong hop.

“Trang thai n dinh" c6 nghia gi trong mé hinh khi hau?

Mot trwong hop trang thai 6n dinh 1a khi hau mé hinh dwgc phép 6n dinh dwdi mot Mat
Troi va khi quyén da chon. Thoi tiét van thay ddi tir ngay nay sang ngay khac va nam
nay sang nam khac trong mo phdéng, nhung céc gia tri trung binh dai han khong con troéi
manh.

biéu nay hitu ich dé héi “khi hau nao phu hop vai cac diéu kién nay?”. N6 khac véi viéc
dyu dodn chinh xdc con duong ma Trai bat that di tir mot tap diéu kién sang tap ké tiép.
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Twenty-nine climate snapshots, not one future-Earth movie

Each tile is a separate ExoOCAM world under prescribed sunlight and carbon dioxide.

29 SEPARATE CASES EACH CASE
1 2 3 4 5 6
70 model years
7 8 9 10 11 12
13 14 15 16 17 18 I
19 20 2 2 2 2 Final 20 years averaged
after the climate settles

EEEEIE)

the future paths are traced schematically through separate settled climates

Original diagram - The Clean Paper - CC BY 4.0

M&i & Ia mot 1an chay khi hdu ExoCAM riéng biét trong 70 ndm mé hinh, v6i 20 ndm cudi dudc 1ay trung binh.
Nghién ctiu lay mau 29 khi hiu da 6n dinh trén cac diéu kién anh sang M&t Trdi va carbon dioxide dugc quy
dinh; n6 khéng mé phdng mét Trai Bat duy nhat lién tuc tién hoéa trong hai ty ndm.
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Truong hop gidi han thiw nhat: du carbon dioxide,
quda nhiéu nhiét

Trong nhanh phong hda yéu, carbon dioxide duoc gitt c6 dinh & 400 phan triéu. Khi nang lugng
Mat Troi tdng, nhiét tré thanh yéu t6 gigi han.

Bai bdo dung hai ngudng nhiét d6 trung binh toan cau lay tir cadc nghién ctu trudec:

- O 323 kelvin, khoang 50 dd C theo trung binh nam toan cau, thé gi¢i dugc xem la qua néng
d6i véi phan 16n thuce vat trén can. M6 hinh dat ngudng nay sau khoang 1,68 ty nam.

- O 338 kelvin, khoang 65 dd C theo trung binh nam toan cau, thé gi¢i dugc xem la qua néng
do6i véi toan bo thuce vat trén can. M6 hinh dat nguong nay sau khoang 1,87 ty nam.

bay la cac giéi han sinh hoc dwgc chon, khéng phai nhiét do phé quat ma ¢ dé moi sinh vat
quang hgp chac chan that bai. Trung binh toan cau cling che gidu khac biét khu vuc rat 16n.
Nghién cttu c6 xem xét riéng noi cac té6 hgp nhiét do6 va nude c6 thé van phu hop, nhung mot
nhan trén ban d6 khi hiu khong thé liét ké moi noi tra an hay thich nghi trong tuwong lai.
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Truong hop gioi han thw hai: nhiét d6 chiu dugc,
qua it carbon dioxide

Trong nhanh phong héa manh, nhiét d¢ trung binh toan cau dugc gitt & 288 kelvin, khoang 15
dd C, trong khi carbon dioxide khi quyén gidm. &' day cau tra 1oi phu thudc vao lugng carbon
t6i thiéu ma céc con dudng quang hgp khac nhau cé thé s dung.

V6i ngudng truyén thong 10 phan triéu — 10 phin t& carbon dioxide trén méi mét triéu
phan t& khi quyén — gidi han cho quang hgp C4 dén sau khoang 1,35 ty nam. Quang hop
C4 dugc dung bai cac loai cdy nhw ngo va mia, va tap trung carbon dioxide quanh enzyme
cO dinh carbon.

Dung ngudng C4 thay thé 2,9 phén triéu dugc thio ludn trong nghién cttu trudc sé day
giéi han dén khoang 1,64 ty nam.

Mot ngudng 1 phan triéu mang tinh tham do, lién quan dén kha ndng mot s6 cdy CAM
— thue vat dung chuyén hdéa acid crassulacean, tach viéc thu carbon dioxide vao ban dém
khéi viéc str dung né ban ngay — hoac thye vat thiy sinh cé thé dung bicarbonate hoa tan,
sé day gidi han dén khodng 1,84 ty nam.

Con s0 cudi mang bat dinh sinh hoc 16n nhat. Cac tac gia ndéi rd gidi han mot phan triéu chi
mang tinh thdm do. Pay khong phai ngudng song sét dd dugc chirng minh bang thuc nghiém
cho moi cdy CAM hay tham thyc vat thiay sinh dwdi diéu kién Trai bat twong lai.

C3, C4 va CAM la cac chién lugc, khéng phai mét thang xép hang

Thuc vat dung cac con duong sinh hoa khac nhau dé thu carbon. Quang ho'p C3 pho
bién nhat. Quang ho’p C4, dugc cac loai nhu ngé va mia s dung, tdp trung carbon
dioxide quanh enzyme c6 dinh carbon va c6 thé hoat dong t6t hon khi carbon dioxide
khan hiém. Chuyén héa acid crassulacean (CAM) tach viéc thu va s& dung carbon
gitta dém va ngay, gitup nhiéu loai thyc vat tiét kiém nuéc.

bay la cac ho chién lwgc véi nhiéu khac biét ¢ cap loai, khong phai cac bac lién tiép caa
cdy “tot hon”. Cac ngudng carbon dioxide rat thap trong bai bao la gia dinh dé khao sat
cac gidi han kha di, khong phai bdo ddm rang mot hé sinh thai twong lai sé tién héa dé
dung chung.

Vi sao 1,86 ty nam khong phai ngay hét han

Udc tinh tiéu dé khoang 1,86 ty nam cua bai bdo 1a trung binh cda hai diém cudi lac quan
nhat: 1,84 ty nam trong nhanh bi gi¢i han badi carbon dioxide va 1,87 ty ndm trong nhanh bi
gi¢i han bai nhiét. N6 1a mot tom tat gon ctia hai kich bdn khac nhau. N6 khong phai mot két
qua mo hinh th ba ¢6 d6 chinh xac cao hon, va cling khong phai ngay wdc tinh t6t nhat.

Ngay ca khoang rong hon ttr 1,35 dén 1,87 ty nam cling khong di kem mot xac suat duy nhat.
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Gia tri thap va cao cia n6 phu thudc vao nhitng gia dinh phong héa khac nhau, cdc nguong

sinh hoc khdc nhau va mot cdu hinh mé hinh khi hau. Khoang nay do cac lya chon trong thi
nghiém nhiéu khéng kém gi do thoi gian.

The range is built from choices, not read from a clock

Change a path, threshold or model boundary and the endpoint can move.

4 )
1 | CLIMATE PATH 2 | BIOLOGY 3 | MODEL BOUNDARY
Weak weathering Heat limit Geography
or or Ocean .

. .. .. Atmosphere
strong weathering carbon-dioxide limit P
Feedbacks

prescribed end members adopted, uncertain thresholds one ExoCAM configuration

- J

1.35-1.87 billion years | under assumptions

1.35-1.87 Gyr is not a date for the end of all life

Original diagram - The Clean Paper - CC BY 4.0

Khoang 1,35 dén 1,87 ty ndm chi xuat hién sau khi chon quy dao phong hoéa, ngudng sinh hoc va bién mé hinh.
Day 1a mét ban dd gia dinh, khéng phai chiéc déng hé két thic bang su tuyét chiing cla toan b su séng.

The Clean Paper CC BY 4.0

Nhitng gi¢i han khac cé thé dén trudc

Céc wdc tinh dai nhat cho sinh quyén thye vat tién gan mat ranh gidi riéng va chwa chéac chan:
hiéu &ng nha kinh 4m hodc mat kiém soat c6 thé dan téi mat dai dwong quy mo 16n. Cic mo
hinh khi hu bat dong dang ké vé thoi diém nhitng trang thai nay bat dau khi anh sang Mat
Troi tang, dac biét & xa diéu kién hién nay. Mot s6 wéc tinh dat chung trudc gidi han quang
hop lac quan nhat.

biéu d6 c6 nghia nhanh trén khong thé dugc doc nhu 101 hita rang Trai Dat sé gitt dai duwong,
luc dia quen thudc hay diéu kién bé mat c6 thé & dwgc cho dén 1,87 ty nam nira. M6 hinh cling
khong bao gom kién tao mang twong lai, thay déi dién tich dat lién, hé sinh thai tién hdéa hay
mot dai dwong dong day du. Cac tinh toan vé cach khi quyén hap thu va phéat nang lugng cting
bi day vao nhitng ché do anh sang Mat Troi rat manh va carbon dioxide cwc thap, noi cac mo
hinh khac nhau bat dau phan ky.
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Thich nghi tién héa va can thiép cong nghé xuat hién trong phan thao luan cda bai bdo nhu
cac khd nang. Chung khong phai dau ra cia 29 moé phéng khi hdu. M6 hinh khéng cho thay
sinh vat twong lai tién héa mdt con duwong quang hop hoat dong & mot phan triéu, va cling
khong cho thdy mdt nén van minh quén 1y khi quyén trong mot ty nam.

bay khong phai két qua vé cudc khung hoang khi
hau hién nay

Mat Troi sang dan trén thang hang tram triéu dén hang ty nam. Sy &m 1én hién dai do con
nguoi gay ra dén tir khi nha kinh tdng nhanh trong vai thap ky va thé ky. bay la cac tac dong
cudng birc khac nhau, trén thang thoi gian hoan toan khac nhau, tra 161 nhitng cau héi khac
nhau.

Khong c6 diéu gi trong nghién cttu nay lam yéu bang chirng vé bién doi khi hau hién nay hay
la 1y do tri hodn hanh dong. Mot sinh quyén cé thé giit lai mot phan sy séng quang hop duwdi
mot kich bdn m6 hinh xa x6i khong dong nghia véi mot khi hau trong dé cac xa hoi va hé sinh
thai ngay nay van an toan.

Bai bao c6 gia tri vi né khién mot cau héi rat xa tréd nén c6 ky luat hon. N6 cho thay cac mo
hinh don gidn hon trudc day co6 thé lam Trai Dat nong qua mic khi &nh sang Mat Troi ting
trong luc carbon dioxide dugc gitr ¢d dinh, va sw séng quang hop cé thé cé nhiéu con duong
ton tai hon mot ngudng carbon kinh dién duy nhit ggi y. N6 cling cho thiy vi sao moi phan ty
nam dugc cong thém déu di kém mot chudi gid dinh.

Mat Troi nudi mot chiéc 1a dang thay doéi rat cham. Trai D4t con xanh thém 1,35, 1,87 hay mot
con s6 ty nam nao khéc sé phu thudc vao da, nudc, khi quyén va sy song cung phdn tng. Két
qua trung thyc khong phai mot ngay. N6 1a mot cai nhin rong hon vé théa thuan do.

Tém tat gon

Mot nghién ctu khi hau ba chiéu héi sinh quyén thuc vat — tic quang hgp — cia Trai Dat
c6 thé ton tai bao 1au khi Méat Troi dan sang hon. Cac nha nghién cu tinh 29 khi hau trang
thai on dinh riéng biét va lan theo hai trwong hop gigi han minh hoa qua ching. V4i phong
hoéa yéu va carbon dioxide cd dinh & 400 phan triéu, cac gi¢i han nhiét duwgc chon cho thuc
vat trén can xudt hién sau khoang 1,68 va 1,87 ty nam. V6i phong héa manh va nhiét d¢ trung
binh toan cau c6 dinh & 288 kelvin, khodng 15 d0 C, cac gigi han carbon dioxide dwgc chon
cho quang hgp xudt hién sau khoang 1,35, 1,64 va — dung mot ngudng mang tinh tham do
— 1,84 ty nam. Con s6 thwong duogc trich 1,86 ty nam chi 1a trung binh lam tron ctia hai diém
cudi lac quan nhat. Pay la cac khodng mo hinh phu thudc kich ban, khong phai ngay Trai bat,
nhan loai hay toan bd sy séng két thic. M6 hinh dung cac qu§ dao dugc quy dinh trudc, dia
ly hién tai, dai dwong dang 16p va khong cé ghép ndéi tuong minh dat-tham thyc vat hay khi
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hau-phong héa; cac wéc tinh dai nhat ciing tién gan nhitng gidi han chua chac chan vé hiéu
wng nha kinh va mat dai duong.

Danh gia thang than

Bai bao cho thay diéu gi: Trong cau hinh ExoCAM nay, khi hau ba chiéu néi chung am it hon
dudi &nh sang Mat Troi tang va carbon dioxide c6 dinh so véi cdc m6 hinh don gian hoa dung
dé so sanh. Trén hai trudng hgp gidi han phong héa dugc quy dinh va mét sé6 ngudng sinh hoc
dugc chon, gidi han cda sinh quyén thuc vat nam khoang 1,35 dén 1,87 ty nam keé tir nay.

biéu hop ly nhwng chwa dwgc xac lap: Mot s6 cdy CAM hodc thyc vat thuy sinh dung
bicarbonate hoa tan c6 thé duy tri quang hgp gan mot phan triéu carbon dioxide khi quyén;
thich nghi hoac cong nghé cé thé kéo dai sy séng quang hgp hon nira; va quy dao khi hau-
phong hda thyre sy sé nam gitta hai trudng hgp gidi han cda mo hinh.

Piéu nghién ciru khong cho thay: Mot ngay c6 dinh cho sy két thuc ctia moi thuc vat, moi sy
s6ng, nén van minh nhan loai, dai dwong Trai bat hay hanh tinh; mot mo6 phdng lién tuc duy
nhat cua hai ty ndm tiép theo; hay bat ky 1y do nao dé xem nhe bién doéi khi hau hién nay do
con nguoi gay ra.

Cac gioi han chinh: Hai muwoi chin treong hop trang thai 6n dinh tir mét ho mé hinh khi hau;
cac quy dao phong hoa dugc quy dinh thay vi ghép dong; dia ly hién nay; dai dwong dang 16p;
methane c6 dinh; d6 nghiéng truc va d¢ léch tam bang 0; khong cé dat, tham thwe vat hay phan
hoi sinh quyén twong minh; cdc ngudng nhiét va carbon dioxide chua chic chin; va bit dong
16n gitta m6 hinh gan céc diéu kién nha kinh 4m va mat kiém soat.

Mot doc gia pho théng nén tin twéng dén mivc nao? Tin tudng cao rang nghién citu mé
rong khodng mo hinh hop ly va xac dinh cac gid dinh chi phéi né. Tin tudng vira phai vao
khoang s6 nhu mot khung hitu ich trong mé hinh nay. Tin twédng thap vao bat ky ngay chinh
x4c nao, vi cac diém cudi xa nhat phu thudc vao cac quf dao khi hdu cuc doan c6 chu y va sinh
hoc chwa chac chan.
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